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BBEJIEHUME

3a/iaua MpakTUYECKOro Kypca AUCLUUIUIMHBI COCTOUT B 3aKperuie-
HUM 3HAHUH O METOJaX IJIAaHUPOBAHUS MHOTO(AKTOPHBIX HKCIIEPHUMEH-
TOB, AJITOPUTMAX CTAaTUCTUYECKOIO aHAJIM3a M MPUHLUIIAX HAYYHOU HH-
TepIpeTaly JaHHBIX WCCIEIOBAaHUM, B NPHOOPETEHUU HABBIKOB U
YMEHUH B 00J1aCTH MJIaHUPOBAHUS MOJIEBBIX U JAOOPATOPHBIX UCCIIEN0-
BaHMMH, pa3pabOTKU U ONTUMH3ALMU CXEM OIBITOB, aHAJIU3a MOJTYUEH-
HBIX B HUX PE3yJbTAaTOB C IMOMOIIBIO METOJJOB MaTeMAaTUYECKON CTaTu-
CTUKH B Cpe€Zie KOMIIBIOTEPHBIX CPEJCTB 00paOOTKU JAaHHBIX U COCTaB-
JICHUsI arpOHOMUYECKH 000CHOBAHHBIX BBIBOJIOB.

Jlnist OLleHUBaHMsI YPOBHSI OCBOCHHUSI 00y4aeMbIMH JAUCIUILIMHAD-
HBIX YacTell KOMIETEHLIUN ITPH BBIIIOJTHEHUH MPAKTUYECKUX paboT MpHu-
MEHSETCS CIEAYIOLas IIKaa.

MakcuMalibHBIA YPOBEHb «5» (OTIWYHO) — OOYYaIOIIUUCS BBI-
HOJHUI 33JJaHUEe MPAKTHUECKON paboThl, 4eTKO U 0e3 omMrOOK OTBETHII
Ha BCE KOHTPOJIbHBIE BOIIPOCHI.

Cpenuuii ypoBeHb «4» (X0poIo) — 0Oy4aroIIuiics BBIMOIHUI
3a/IaHiEe TIPAKTUYECKON pabOThI ¢ HEOOIBIITMMU HETOYHOCTSAMH U OTBE-
THJI Ha OOJIBIIMHCTBO KOHTPOJIBHBIX BOIIPOCOB.

MuHnumanbHbIil ypoBeHb «3» (yAOBIETBOPUTENBHO) — 00yyaro-
IIMIACS BBIMOJHWI 33/laHUe MPAKTUYECKOW paboThl C CyLIECTBEHHBIMU
3aMEYaHMUsIMH, [IPU OTBETaX Ha JIOMOJHUTEIbHbIE BOMPOCHI JOITYCTUII
MHOI'O HETOYHOCTEM.

MuHUMaNbHbI ypOBEHb HE JOCTUTHYT «2» (HEYIOBIIETBOPU-
TEJIbHO) — OOy4Yaroliics He BBINOJIHUI WM BBINOJHWI HEMPABUIBHO
3a/laHue NPAKTUYECKOW pabOThl, OTBETUJI Ha KOHTPOJIbHBIE BOIPOCHI C
olIMOKaMU MM HE OTBETHJI Ha KOHTPOJIbHBIE BOIIPOCHI.
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1. IJIAHUPOBAHME UCCJIEJJOBAHUI 1
CTATUCTUYECKHI AHAJIN3 JIAHHBIX OIIBITOB B
PACTEHUEBO/ICTBE

1.1. PazpadoTka nojHbIX GAKTOPUAJIBLHBIX CXeM IMO0JIEBbIX
IKCINIEPUMEHTOB HA OCHOBE METO0B PACHICILIEHHBIX U
MEePEeKPECTHBIX TEJISTHOK

Hesab 3aHATHA — U3YYUTh OCOOCHHOCTH IUIAHUPOBAHMS U MOIY-

YUTh HABBIKK Pa3pabOTKH CXeM MHOTO()aKTOPHBIX TMOJIEBBIX OMBITOB HA

OCHOBE METOJIOB PACILEIUIEHHBIX U NEPEKPECTHBIX ACIISTHOK.
KonunuectBo yacoB — 2

3agaunue:

1. U3yunth cnenupuyHOCTH yCIOBHIA MPOBEICHHUS MOJIIEBOTO OMBITA U
e€ CIeICTBUS B OCOOEHHOCTSIX METOAMKH IUIAHUPOBAHMS UCCIEN0-
BaHUI B arpOHOMHHU. PacCKpBITh CyIIHOCTh MOHATHUS «MHOTO(DAKTOP-
HBIM TIOJIEBOM DJKCIEPUMEHT», IOKa3aTb €ro MpeuMyLIeCTBA H
pacIIMpPEHHBIE BOBMOXKHOCTH.

2. OxapakTepu3oBaTh NPOOJEMBI, COMYTCTBYIOIIUE MPOBEIACHHUIO
MHOTO(AKTOPHBIX MOJEBBIX OMBITOB U CBSI3aHHbIE C HUMH OTpaHHM-
yeHMsl. V3JI0KNATH CyIIHOCTh METOJNOB PACHICIUIEHHBIX M IIepe-
KPECTHBIX JIEISTHOK M YCIIOBHM UX 3((PEKTUBHOTO MPUMEHEHHUS.

3. Ilo mHOMBUAYanbHOMY 3aJaHMIO BBIIIOJIHHUTH IUIAHUPOBAHUE [IBYX-
(aKTOPHOTO MOJEBOIO OMbITA C 3AKJIAIKON 110 METOAY PaCILeIUIEH-
HBIX WIN NEPEKPECTHBIX ACISHOK.

4. Pazpabotarh mporpamMmy UCCIEIOBaHUN U KaJeHAapHBIN IUIaH Tpo-
BE/ICHUS YUETOB U HAOMIOACHU.

5. CoctaBuTbh OTYET O MPOJIEIAHHON paboTe.

®DopmMa NpoBeIeHUs — PEIICHUE CUTYallMOHHBIX 3314
MeToauka ¥ MOPAI0K BbINOJHEHUS
[onp3ysich NOCTYNMHOW HAay4YHOH, y4eOHOW, CIpaBOYHON JHUTEpaTy-

poii 1 nHGOPMAITMOHHBIMU UCTOYHHKaMU ceTd VIHTepHeT, U3y4uTh crie-
UQUKY YCIOBUI MPOBEIEHUS MOJIEBOTO OMbITA, CBI3aHHYIO C OCOOEH-
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HOCTSIMH OOBEKTa MCCIICIOBAaHUN — PACTUTEIBHOTO COOOIIecTBa MoJje-
BBIX KYJBTYp, C XapakT€pOM HEKOHTPOJIHUPYEMOIO BapbHUpPOBAHHUS IOY-
BEHHOTO TJIOJIOPO/IUA B TIPE/IeaxX OMBITHOTO Y4acTKa, CE30HHOCTBIO Be-
reTalMOHHOr0 nepuoja. O3HaKOMUTHCS C TIIABHBIMHM OTPHUIATEIbHBIMU
CJIEICTBHSIMH OCOOEHHOCTEH TIOJIEBOTO JKCIEPUMEHTA: €r0 OTHOCH-
TEJIbHO HHU3KOW TOYHOCTH, HEJOCTAaTOYHOM BOCHPOU3BOJIMMOCTU pe-
3yJIETaTOB, BO3MOYKHOCTH MX MCKAKCHHS CHCTEMaTHYCCKHMH OIIMOKa-
MU U3-3a JIOKAJIbHOTO KOMIIOHEHTA BapbUPOBAHMS IIOAOPOIMS MOYBHI,
CBs3aHHASI C CE30HHOCTBIO MOTPEOHOCTh B MPOAOKUTEIIBHBIX HCCIIE-
JOBaHUAX AJIsl o0ecrieueHus: TpedyeMoit Haq&KHOCTH UTOTOB.

O3HAaKOMUTHCS C OCHOBAMH TOHATHUS «MHOTO(MAKTOPHBIN MOJIEBOM
9KCIEPUMEHT». M3yunuTh €ro OTIMYHTEIbHbIE OCOOCHHOCTH U PaCIIH-
pEHHBIE BO3MOXKHOCTH, IIOKa3aTh MPEUMYINECTBA MHOTO(AKTOPHBIX
ONBITOB, OXAapaKTEPHU30BaTb MX POJb B PEIICHUM aKTYaJbHBIX 3aJa4
arpOHOMHYECKOW HAayKH M MPAKTHUKUA aKIICHTUPOBATh WX 3HAYUMOCTH B
MOJTYYEHUH JAAHHBIX [T pa3paO0TKU MaTeMaTUYECKUX MOJeNe yrnpas-
JICHUSI arpOTeXHUYECKUMH PEKUMaMH B TOYHBIX TEXHOJIOTHSIX BBIpa-
LIMBAHUS MOJIEBBIX KYJIBTYD.

O3HAaKOMUTBHCS C MPUHIMIIOM (DAKTOPUATLHOCTH U CBS3aHHBIMHU C
HUM OCHOBHBIMH MpoOIeMaMH U OTPAaHUYEHHUSMU, COMYTCTBYIOIIUMHU
MPOBEICHUIO MHOTO(AKTOPHBIX TIOJEBBIX OIBITOB BCJIEJICTBHE HX
MHOTOBapHaHTHOCTH. OXapakTepu30BaTh BIMSHUE PACIIUPEHUS ILIO-
18I TIOBTOPEHMSI TIOJIEBOTO OTBITA CBEPX HEOOXOAMMOM JIJIsl pa3Mele-
HUSL JOMYCTUMBIX METOIMKON 12...16 BapuaHTOB Ha CTENEHb HEOJHO-
POTHOCTH TTOYBEHHOTO TUIOOPOAMS BHYTPH TAaKOTO TIOBTOPEHHUS, HA CO-
MIOCTaBUMOCTbh BAPMAHTOB HA TEPPUTOPUAIIBHO YIAJEHHBIX ACNIAHKAX U
Ha TPYAOEMKOCTh M 3aTpaThl CPEACTB HA €ro mpoBeneHue. M3moxuTth
TEXHUYECKHE TPOOIEMBbI CBSI3aHHBIC C MPUPOION IKCIIEPUMEHTATHHOTO
MaTepualia WA TPOBEIACHUS OIepaluii HM3yYeHUH arpoTeXHUYECKHX
¢dakTOpoB B MHOTO(AaKTOPHOM IOJIEBOM OTIBITE.

M3yuuTh OTIMUHTENbHBIE OCOOCHHOCTH CXEMBbl PACIICTUIEHHBIX JIe-
JSTHOK M €€ Pa3HOBUIHOCTU — CXEMbI MEPEKPECTHBIX AENIHOK. OTMme-
TUTh OOCTOATENHCTBA IIEJIECOOOPA3HOCTH HCIIOIB30BAHUS METO/A pac-
HICTUIEHHBIX JEJSIHOK, UCXOJ M3 pazjMyuil B MOJAXOJaX K TOYHOCTH
onleHKA 3(PEeKTOB OTACHBHBIX (AKTOPOB M OCOOCHHOCTEH TEXHHUYE-
CKUX YCJIOBUU MPOBEIACHHS SKCIEPUMEHTa, TPeOYIOLUX Uis Ormpe-



NEeNEHHBIX HM3yYaeMbIX MPUEMOB arpoTEXHUKU Ooyiee KPYITHBIX JIeIsi-
HOK. O003HaYNTh TEXHHUYECKUE YCIOBUS MPOBEACHUS MOJIEBOTO OIBITA
1T 000CHOBAaHHOTO IPUMEHEHHUST METO/Ia MEPEeKPECTHRIX AesHOK. [1o-
Ka3aThb BO3MOXXHOCTb OOJErYeHHs NMPUMEHEHHMS MEeXaHU3UPOBAHHBIX
TEXHOJOTHYECKUX OTepalMii Ha IIaBHBIX JENSTHKaX W JICISTHKAaX-110JI0-
caX TaKOM CXeMbl, OTMETHTb €€ TMOCIEICTBUS HCIOIb30BAHUS Ha
TOYHOCTH OIICHOK TJIaBHBIX 3((HEKTOB (PaKTOPOB U UX B3aUMOICHCTBUSI.

Ilo 3amanHON mpobieme chopmynupoBaTb TeMy H OOO3HAYUTH
o0wekT uccienoBanuii. ChopMmynupoBarh pabodyro THUIOTE3Y, MOCTa-
BUTH LI€JIb U KOHKPETHBIE 331a41 UCCIIEIOBAHUH.

OG6ocHOBaTh BBHIOOpP OCHOBHOTO YPOBHsS (IIEHTpa OIBITA) M IIara
MEXY IpafalysMu KaXJI0TO H3y4yaeMoro (pakTopa. YCTaHOBUThH YHCIIO
rpajaliiii ¥ ONpeAeTUTh BapHaHTHl B pa3pe3e OTACTbHBIX (DaKTOPOB.
Pazpaborars nonuyio (akropuanpHylo cxeMy sKcnepumenta. [Ipencra-
BUTH €€ B TaOnmmuHOM dopme (Tadm. 1).

Tabnuna 1 — I[Tonnas gaxropuanbHas xema IByX()akTOPHOTO MOJIEBOTO
ombiTa (2*3)

Ne I'papanun dhakTopoB K N
BapHaHTa A B O/l BapuaHTa
! 0 0 00
2 0 1 01
3 0 2 02
4 ! 0 10
> ! 1 11
6 1 2 12

OTMeTUTh NpeuMyLIecTBa MOJHOIO (PaKTOPHAIBHOIO AKCIIEPUMEH-
Ta ¥ yKa3aTh Ha ero Hepoctarku. OOOCHOBAaTh M YCTAaHOBUTH IOBTOP-
HOCTb OIlbITa. B 3aBUCHUMOCTH OT cneuu(uku u3yyaembix (akTOpoOB U
TpeOOBaHUI K TOYHOCTH OIEHOK uX 3((deKToB 060CHOBATH pacmpere-
JeHue pa3MelleHus (GakTOpOB MEXy IIaBHBIMH JEISIHKaMU U cyoze-
JIIHKaMH OIIbITA.

Pazpaborars cucteMy peHIOMHU3ALMM BapUaHTOB OIbITA C Y4ETOM
0COOEHHOCTEH MeToJa pacHICIUIEHHBIX JeIsHOK. [IpeacraButh cxema-



TUYECKHUU TUIAaH pa3MENIeHHs BapUaHTOB Ha JIEJSHKAX C BBIIACICHHEM
IVIaBHBIX JEJSHOK 1o (hopme (Tadm. 2).
Tabnuna 2 — [nan pasmemenust 1ByxdakTopHoro omnbita (2*3)*4 meto-

JA0OM paCH_IeHJ'IéHHLIX JACIIAHOK

Iloemopenue

1 2 3 4

01 10 00 02
02 12 01 01
00 11 02 00
11 00 12 11
10 01 10 12
12 02 11 10

Ha cxemarmueckoMm 1mjiane AOMOJHUTCIIBHO MMOKa3aTbh BCC pa3MEpPhI C

y‘léTOM 3alUTHBIX IMOJOC U BO3MOKXHOCTHU IMPUMEHEHUA CPEACTB MEXA-
HH3alluH IT0JICBBIX pa60T IIPpU MOCTAaHOBKC SKCIICPUMCHTA.

B cooTBeTCcTBHY C MOCTABIIEHHOM HEIBIO U KOHKPETHBIMH 3aJa4aMn

paszpaboTarh TporpaMMy HCCICIOBAHUNA M COCTaBUTH KallCHAAPHBINA
TJIaH TIPOBEICHUS] OCHOBHBIX YUYETOB M HAONIONEHUN B XOJ€ IPOBEIE-
HMS OIIBITA.

N —

MarepuajJbHO-TeXHHYECKOe o0ecrneyeHue:
CrpaBouHblii ”HGOPMAIIMOHHBIN MaTepyai sl OCBOEHUS TEMBI.
Vuebnas aymutopus 1/213, A6ull; IlepcoHanbHble KOMIBIOTEPHI
Celeron 420 1,6GHz/512Mb/80Gb/17”LCD — 12 mrt.; Windows XP
Home OEM - MB4G-46QWS8-8DFWD-G989W-XXVRG;
LibreOffice — Mozilla Public License, v. 2.0.

KonTposabHbie Bonpochl:
Kakue nmpenmyiiecTBa UMeeT MHOTO(AKTOPHBIN MOJEBOM OIBIT I10
CPaBHEHHUIO ¢ OTHOPAKTOPHBIM?
VYKakuTe OCHOBHBIE OTIIMYUTEIbHBIE OCOOEHHOCTH YCIOBHIA MPOBE-
JICHUsI TI0JIEBOTO OMbITA U OXapaKTEepU3YHTE UX CIEACTBUS B OTHO-
LIEHUHM METOJUKH IUIAHUPOBAHUS arPOHOMUYECKUX UCCIIEIOBAHUM.
W3noxxute OCHOBHBIE MPOOJIEMBI, CBSI3aHHBIE C IPOBEACHHUEM
MHOTO()AaKTOHBIX TOJIEBBIX OIBITOB B PACTEHUEBOJICTBE.
B uém cocrout cymHoCTh METO/Ia paCHICINIEHHBIX JESHOK?
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. B uém 3axirouaeTcs oTaMuMe pa3MenieHHs OMbITa 0 METOAy Mepe-

KPECTHBIX JIENITHOK OT METO/a pacIleruI€éHHBIX JensHok? Kak 3to
BJIUSIET HA TOYHOCTH OLIEHOK 3(PPEeKTOB M3ydaemMbix (HakTopoB?
KakuM nmpuHIMIIOM clieyeT pyKOBOJACTBOBATHCS MPU pacrpesee-
HUHM HM3y4aeMbIX (DaKTOPOB MO HEPAPXUUYECCKUM YPOBHSIM IEIISTHOK
(TmaBHBIX JENSHOK, CYOIeNsIHOK, Cy0-CyOnenstHOK U T. 1.)?

VYKaXnuTe ¥ 0XapaKTepu3yHTe YCIOBHS MPEINOYTUTEIEHOTO BEIOOpa
JUIS1 IOCTQHOBKH IOJIEBOTO OMBITA METO/Ia MEPEKPECTHBIX JIEISTHOK.

Kpurepun onenku oryera:
YMenne paboTath CO CIpaBOYHOM HH(POpMAIEH TT0 TeMe 3aJaHusl.
TTosiHOTa ¥ TOTUYHOCTH BBITIOJIHEHUS 3aJaHUM.
CaMOCTOSATENBHOCTH MBILUICHUS U KOPPEKTHOCTH BHIBOJIOB.
Crunuctryeckasi TpaMOTHOCTD M3JI0KEHUS TEKCTA.
[IpaBunbHOCTH OPOpPMITEHUS OTUETA.

OcHoBHasi yueOHas auTeparypa:
[Tonoyc, I'Il. OcHOBHBIE 37IEMEHTHI METOAMKH MOJIEBOTO OMBITA :
yueonoe nocodue / I.I1. [Tonoyc. — Craspomnons : CTI'AY, 2009. —
96 c. — Pexum noctyma. — URL: https://e.lanbook.com/book/
5734 (nara obpamenus: 12.09.2019). — ISBN 978-5-9596-0615-
2. — TeKcT : AeKTPOHHBIM.

JlonoiHuTeIbHASL y4eOHAsA JIMTepaTypa:

AdanacneB, B.H. Cratuctuueckas METOI0JI0TUSI B HAYYHBIX HCCIIE-
noanusx / B.H. AdanaceeB, H.C. EpemeeBa, T.B. JleGeneBa. —
Openo6ypr : OI'Y, 2017. — 246 c. : un. — Pexxum goctyma. — URL:
http://biblioclub.ru/index.php?page=book&id=485266 (mara 00-
pamenus: 11.09.2019). — bubnuorp. B ku. — ISBN 978-5-7410-
1703-6. — TekcT : 37€KTPOHHBIH.

[ypun, K.B. MeTonuka n nmpakTuka IJIJAHUPOBAHUS M OpraHu3a-
nun skcnepumenta: npaktukym / K.B. Hlypun, I.A. Koceix. —
OpenOypr : OpeHOyprckuii rocynapcTBeHHbIN yHuUBepcutet, 2012.
— 185 c. : mn. — Pexxum poctyma. — URL: http://biblioclub.ru/
index.php?page=book&i1d=260761 (mara obpamenus: 11.09.2019).
— bubnuorp.: c. 177-178. — TekcT : 31eKTPOHHBIH.
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1.2. lucniepCHOHHBIN aHAIHU3 JAHHBIX MHOTOQaKTOPHOI0
10JIEBOI0 ONBITA HA OCHOBE METOAA PACIICIIEHHBIX JeJITHOK HA
9BM

Heab 3aHATHSA — U3YIUTh OCOOCHHOCTH M OCBOUTH ITPOBEICHHE
Ha OBM nucnepcroHHOro aHayiM3a JaHHBIX MOJIEBOTO OMbITA HA OCHO-
BE METOJA PACIIECTUIEHHBIX JIEIISTHOK

KommuecTBo yacos — 2

3ananue:

1. W3yunTh 0COOEHHOCTH JUCIIEPCHOHHOTO aHAJM3a JAAHHBIX MOJIEBO-
'O OIbITa Ha OCHOBE METO/Ia PACHICTIIEHHBIX JIETSHOK.

2. U3yuuTh 0COOEHHOCTH OLIEHKH YACTHBIX Pa3iIM4Uil B JaHHBIX OIbI-
Ta Ha OCHOBE METO0/1a PACLICIUIEHHBIX JACTSHOK.

3. U3yuuth uHTepdeiic U NopsioK paboThl ¢ KOMIBIOTEPHOH Mpo-
rpaMMOil TUCIIEPCUOHHOTO aHAJIN3a JAHHBIX TI0JIEBOTO OIbITA.

4. Ilo mHOMBUAyalbHOMY 3aJaHUI0 B Cpelle CIELMAIU3UPOBAHHON
IporpaMMbl BBIIOIHUT, HA DBM nucnepcuoHHBIH JaHHBIX MOJe-
BOT'O OIIBITa HA OCHOBE METO/1a PACILEIUIEHHBIX JEIISHOK.

5. arp arpobuonoruyeckoe 000CHOBaHUE MOITYUYEHHBIM Pe3yJIbTaTam
U cpOopMyIHPOBATH BBIBOJL.

6. CocTaBUTh OTYET O MPOJEITAHHOM padoTe.

dopMa npoBeJeHHs — PEIIEHUE CUTYallUOHHBIX 33/1a4.
MeTtoauka u NOpPsSiAOK BbITIOJTHEHUS

N3yunth 0COOCHHOCTH TUCIIEPCUOHHOTO aHAJIM3a JIAHHBIX IOJIEBO-
rO OIbITa, MPOBEAEHHOTO MO METOAY PAaCHICTUIEHHBIX AeNsSHOK. [aB-
HBIM OTIIMYUTCIIbHBIM ITPU3HAKOM METOOa paCHlel'IJ'IéHHI)IX JCIISTHOK sIB-
JsieTCs pa3MellleHue CyOIesTHOK BHYTPH IJIaBHOM JeistHKU. CriencTBU-
€M OTOI'O ABJIACTCA IMOABICHUC B JJAHHBIX OIIBITA JABYX OIINOOK: 11 A€~
JSHOK TIEPBOTO M BTOPOrO mopsnaka. OmmoOka s TIaBHBIX AENSHOK
BBIIIIE, TIOCKOJIBKY OHAa OCHOBaHA Ha BapraOEIbHOCTH OOJBIIUX IO Pa3-
Mepy U yAanéHHBIX aeisHOK. Omulka cyOnenstHOK 0OBIYHO HIDKE, TaK
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Kak B €€ OCHOBE JISKUT BapuabebHOCTh MEXy OIHM3KO PacroNoKeH-
HBIMU CYOJIeNITHKaMH BHYTPH IJIaBHBIX JIEISTHOK. JTO, B CBOIO OYepelb,
BeAET K YCJIOXKHEHHUIO JMCIIEPCHOHHOTO aHaliu3a M 3aTPyJHEHUSM B
OLIEHKE CYIIECTBEHHOCTH Pa3IMuuil MEX1y BapuaHTaMu ombITa. B ciy-
yae nByX(haKTOpHOTO ombITa (2%3):2 ¢ OMHUM ypOBHEM paCIICTIICHUS
JIeNISTHOK MOJTyYHMM IUIaH AUCIIEPCUOHHOTO aHanmu3a (Tabi. 3).

Tabmuma 3 — [1nan nucrnepcnoHHOTO aHar3a ABYX()aKTOPHOTO OIbITa

110 CXEME PaCUICIVIEHHBIX JEJISTHOK

Hcrounuk nucniepcun CreneHp cB0OOBI Df
CyOnensaku (SP) abr-1 23
I'maBHbIe nenauku (MP) ar-1 5
broku (R) r-1 2
Copt (4) a-1 1
Ommbka (MP) (r-1) (a-1) 2
Jo3a a3ora (B) b-1 3
B3aumoneiictue (4B) (a-1) (b-1) 3
Ommbka (SP) (r-1) [(b-D+(a-1) (b-1)] 12

Ommbky (MP) NpUMEHSIOT K OIleHKe 3HaYUMOCTH 3(h(HEeKTOB hakTo-
pa copra (4), BapuaHThl KOTOPOTO pa3MEIIEHBI MO ITIABHBIM JEISTHKAM.
OmmoOky (SP) ucronb3yIoT s oneHkH 3¢ (dekToB 103 azota (B) ¢ Ba-
pHaHTaMU Ha CyOJeNsTHKaX U B3auMoIeHcTBUs (AB).

B nenom, npu pacuérax HCP 111 o1ieHKH CyLIeCTBEHHOCTH Pa3Jiv-
YUl HCMONB3YIOT BaprabeIbHOCTh MEXAY HYKCIEPUMEHTATbHBIMU €11 -
HUIIAMH, Ha KOTOPBIX PACIOJIOKEHBI BapUaHTHI. B ciydae cxembl pac-
HICTNIEHHBIX JIETSTHOK UMEETCSl KaKk MUHUMYM, JIBa UICTOYHHKA OIIMOOK
— JUTSI OCHOBHBIX JIENISTHOK M JUIsl cyOnenstHok. Ecim mpoucxonsT cpas-
HEHHSI BapUaHTOB, PACTOJIOKEHHBIX B Mpelenax OTACNbHBIX ypOBHEH
OKCTICPUMEHTAIBHBIX SIUHUII, TO TPOOJIEM HE BO3HUKACT U IPUMEHS -
IOTCS. COOTBETCTBYIOIIME UM OIIMOKHU (A1 TJIaBHBIX AENSHOK WM IS
cyonensnok). Tak, B pacuéte HCPys muist onieHku pa3nuyuuii Mexay Ba-
pHAHTaMHM TJIABHBIX JENSHOK, B PaCCMAaTPUBAEMOM MpPHUMEPE, — MEXKIY
copTramu (A4), NCTIONB3YIOT COOTBETCTBYIOIIYIO UM OIHOKY (Ea), KpuTe-
puii CtpionenTa (f,) mo uuciy e€ cremeHeid cBoboawl (a-1), moBTOp-
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HOCTb OIIbITa (#) ¥ YKCJIO BapuaHTOB cyOaensiHoK (b). PacuéTsl BenyT
o ¢popmyie (1).

HCP =t M’ (1)
r-b

HCPys myist paznuuumii MEeXIy BapuaHTaMH CYOIENSTHOK — J03aMH
azora (B), paccuuThiBatoT 1o hopmyie (2).

2-(Eb)

ra

HCP,=t, ()

Opnako, B ciydae CpaBHEHMs CpeaHUX s cyoaensHok (SP) ¢ Ba-
pUaHTaMH, PacHOJIOKEHHBIMU Ha Pa3HBIX BapUaHTaX OCHOBHBIX JEJIs-
HOK (MP), uHTerpanpHas omuOka OyJeT BKIIOYATh B OIpPENeTIEHHON
HPONOPLUHU KaK OMHUOKY cyOnenstHoK (£D), Tak U OIIMOKY IJIaBHBIX Jie-
nsHOK (Ea). Ilpu pacuére Takoii cpenHeit B3BeleHHOM omnoku (Eab) B
KauecTBE BECOBOrO KOd(pUIMEHTa Uil OLIMOKHM IVIaBHOM NENSHKU
(Ea) mpuMEeHSIOT OJIHY CTENeHb CBOOOJBI, a JUIsl OMUOKH CYONETSTHKU
(Eb) — uncno creneHeit cBoOosl e€ BapuantoB (b-1). Torga 3HameHa-
TesieM 3Toro Belpaxenus npu pacuére HCPys Oyner #((1+b-1)= rb), tne
7 — IOBTOPHOCTH OIbITA (3).

2:[(b—1)-Eb+Ea]
rb

HCPab:tab~\/ : 3)

Cpennen3BelieHHOe 3HaueHue kputepus CrbrofieHTa (/) paccuu-
TBHIBAIOT 110 opmyie (4).

(b—1)-Eb-(t,)+Ea-(t,)

=T b1 EbvEa @
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CocTaBnsioT TabNMIly YacTHBIX CPEOHMX IO BapuUaHTaM OIIbITa,
CPeIHUX MO TNIaBHBIM 3¢ (dekraM (HakToOpoB M MPUMEHSIOT K OLEHKE MX
paznnuuii 3HaueHusi cooTBeTCTBYOMMUX HCPys.

3anmycTUTh MCIIOTHUMBIN (aiii mporpaMMbl anv5S.exe Ha BBITIOJHE-
Hue. M3yunth mHTEpdECc 1 MOpsaoK padOThl ¢ KOMIBIOTEPHOUN MpO-
IrpaMMOI JHCIIEPCHOHHOIO aHajlu3a JAHHBIX I0JIEBOro omnelta. O3Ha-
KOMHUTBCS C PAcIOJIOKEHHEM U Ha3HAY€HUEM JIEMEHTOB YIPaBJICHUS
Ha IJJAaBHOM OKHE MporpamMmsl (puc. 1).

-

@ﬂ,mcrﬁepcmomblﬁ aHanus =a=l X
®ain Oneim [aHdble OkHo  Cnpaeka
4 DakTopbl MoeTopeHuna
& Al B-2 1 2 | 3 | a
1 1 1
2 1 2
3 2 1
4 2 2
[
[
W3meneH X

Puc. 1. I'maBHOE OKHO MporpamMmsbl JUCIIEPCUOHHOTO aHAIN3a
JaHHBIX I1OJIEBOTO OIBITA

O3HAaKOMHTBCSA C COCTABOM ITyHKTOB ITIABHOTO MEHIO IPOTPaMMBI.
Boinonnus «®aiinm» — «Coxpanuth Kak...» coxpaHnuts B karayuor «JlaH-
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HbIe» MpOrpamMMbl (Daiil BXOIHBIX JAAHHBIX TUCIEPCHOHHOIO aHaJIM3a
II0J] COOTBETCTBYIOIIMM MMEHEM. B m1aBHOM MeHI0 «OmbIT» NOCIeno-
BaTEJIbHO BBINIOJHUTH BCE BIIOKEHHBIE TYHKTHI (pUC. 2).

@ Npumep_2 4.avd ) - - == ﬁ1
Marn M QaHthe OkHo  Cnpaexa
8 Cxema... [NosTopenma
# Crpyxiypa. 1 | 2 E
1 e e 234 = 225
| 2 OnucaHue... 2 280 273 275
3 1 3 331 324 34,0
4 1 4 341 36,3 358(
B 2 1 27,7 24,7 27501

Puc. 2. Menro BBOJlda YCTAHOBOK CXEMbI, MECTOAA IMTPOBCACHHUA U
OIIMCaHusA OIIbITA

B ywacTHOCTH, ¢ mOMoOMIBI0 MyHKTa «CXeMa...» BBI3BIBACTCS JTUAIIOT
BBO/Ia uncia ¢akropos omnbiTa (1...5) u uncna ux rpagamuii (puc. 3).

#

& Cxema onbita =y X

3 £ Yucno gaktopoe

Ywcno rpagaumni

2 2 A

-

4 = B

¥

[ v ) [xomms

Puc. 3. lnanor BBOAa yCTaHOBOK CXEMBI OMbITA

[Ipu 3TOM B ciiyyae MeTO/Aa pacIICIUIEHHBIX AETISHOK HEO0OXOAMMO
PUIEPKUBATHCS OYEPETHOCTH BBOJA M3Y4aeMbIX (PAKTOPOB, KOAHMPYe-
MBIX B IporpaMme Jutepamu oT A 1o E, B mopsiike ux pa3MmelieHus 1no



15

UepapXHH JEISTHOK MoJieBoro omnbita. [TyHKT MeHI0 « CTpyKTypa...» BBI-
3BIBAET JUAJIOT YCTAHOBKH MEPAPXHH JCTSTHOK OIBITA MO0 YPOBHIM pac-
HICTUICHUS], €CITM TAKOBBIE HMEIOTCS, U ISl YKa3aHusl popMaTa BXOIHBIX
TaHHBIX (pHC. 4).

@ Vepapxwa AeNAHOK W GOPMAaT AaHHbBIX = | (O] |-

[¥] Pacwennentbie nensnkn 1 2| [Ipo6Han YacTs JaHHbIX

YpOBHM paclienneHmna

=

o) (omen]

Puc. 4. /lnanor ycTaHOBOK HepapXuu AEISTHOK U popmaTa
BXOJTHBIX JTAHHBIX

L

Onaxok «Pacmennénnple NeasHKW» yKa3blBaeT HA OJHOMMEHHYIO
CXeMy OIIbITa U aKTUBUPYET JOCTYIMHOCTh BBOJA pacrpenesicHus (ak-
TOPOB 110 UEPAPXUUYECKON CTPYKTYype pacuierieHus aensHok. He ob6s3a-
TEJNBbHO YHUCIIO YPOBHEHN PACILEIUIEHUs AEISHOK JODKHO COOTBETCTBO-
BaTh YUCILy U3y4aeMbIX ()aKTOpOB, OHO MOXKET ObITh M MEHbIIIE, KOraa
Ha JEJIHKax OJHOIO YPOBHS pa3MEIa0T COUYETaHUs BapUAHTOB JBYX U
oonee ¢daxktopoB. DopmMaT BXOAHBIX JAHHBIX yCTAaHABIMBAIOT ITyTEM
yKa3aHMus 4Hcia JPOOHBIX paspsioB MOcie AecATUYHOH 3amsToi. Ha
OCHOBaHHHU C 3TOrO COOTBETCTBYIOIIMM 00pa3oM OKpYINISIeTCsS Ipen-
CTaBJICHUE BBIBOJIA PE3YJIbTATOB PACUETOB.

Memnto «HOBTOpHOCTI)...)) BBI3bIBACT OMAJIOr BBOJAA IMOBTOPHOCTH
OIbITA U BKJIIOUEHUS B €r0 CXEMY OPraHM30BAaHHBIX ITOBTOPEHMMH, VIS
BBIWJICHEHHUSI YacTH CHCTEMATHYECKOM BapI/Ia6eJ'II)HOCTI/I IIOYBE€HHOTI'O
IUIOJIOPOAMS U3 COCTaBa OMIMOKHU 3KCIIepUMeHTa (puc. 5).

Menro «OnucaHue...» BbI3bIBAET Jualior ornmucCaHuvs JaHHBIX, COOACP-
KalUil MHOTOCTPOUHBIA peAakTop [Uid BBOJAA He(hOpMATUPOBAHHOTO
Tekcrta (puc. 6).
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.

@ FormRepBlck ==y X

[¥] Bnokm-nosToperws

3 =| MosTopHOCTE

[ox ] [xomen]

Puc. 5. lnanor BBOa MOBTOPHOCTH OIBITA M BKJIFOUCHUS B
€ro CXeMy OpraHM30BaHHBIX IOBTOPEHUN

@ Onucanme AaHHbIX . E‘@&J

[Mpumep aByxdakTopHOro onkita (2*4)*3

MeToa pacliennéHHsix AenaHoK

A - CopT: 2 BapwaHTa

B - AsoTHoe yaobpeHue: 4 BapWaHTa

M3yuaeTca KOMNNEKCHOE AERCTBME Ha YDOXAaNHOCTL 03MMORA MWeHMUbI, LTa

29 [ X omens

Puc. 6. /lnamor onucaHust onpITa

Cnenyer oTMETUTh, YTO YPOBHE MpPOTpamMMbl HE IPETyCMOTPEHBI
TpeOOBaHUS K CTPYKTYpE ONUCAHUSI BXOJHBIX JaHHBIX M CXEMBbI OIBITA.
Hanmnune ommcanusi, ero 00bEM U MOAPOOHOCTH B TOJIHOW Mepe 3aBH-
CAT OT NMPEANOYTEHUH U 3a/1a4 uccienoparens. B obmem ciyyae onuca-
HHUE TpeJHa3HaYeHO JUId (PUKCHPOBAHUS TOJNE3HON mHpopMammu 00
O0COOEHHOCTSIX OMbITa U MOCIENYIOIEH CHCTeMaTH3allui Pe3yJIbTaToB
UCCIIEJOBAHUN.

[locne 3aBepiIeHUs] HACTPOEK MOXKHO MEpEeHTH K BBOJY AAaHHBIX
OTbITa B IVIaBHOE OKHO MPOTpPaMMbl, B KOTOPOM B COOTBETCTBHUH C YCTa-
HOBKAMHU CX€Mbl U IMOBTOPHOCTBIO OyeT cOpMHUpOBaHa peryispHas
Ta0JIUIa BAPUAHTOB (C YKa3aHHEM HMX KOJIOB) M IMIOBTOPEHMIA (puc. 7).

B HameMm ciydae mokazaHa Tabnuia MoJHOW (pakTopuabHON cxe-
MBI OnbITa (2%4):3 U3 BOCbMH BApUAHTOB B TPEXKPATHON OBTOPHOCTH.



@ Mpumep_2_4.avd - O x
®ain Oner  faddele Oxkso  Cnpaeka

8 DakTopsl [NoeTopexwA

# A-1 B-2 1 2 3

1 1 1 234 23,0 22,5
2 1 2 28,0 27,3 27,5
3 1 3 331 324 34,0
4 1 4 34,1 36,3
5 2 1

6 2 2

7 2 3

8 2 4

WzmeneH X

Puc. 7. 'naBHOE OKHO mpOorpaMMbl JUCIIEPCUOHHOIO aHaIu3a C pe-
TYJISIPHOU TaOJIUIIEH BXOJHBIX JaHHBIX

B Heé€ BBOAAT NaHHBIE C KJIABUATYpbl, (GUKCUPYs] OKOHUYAHUE BBOJIA
yrclia B aKTHBHYIO siueiKy HakatueMm knaBuim <Enter>. Ilpu stom
¢dokyc BBoza OyzeT cMemaTbest o TeKyIIe CTPOKE BapuaHTa BIIPABO,
K CIEAyIoLIeMy CTONOIy-noBTopeHuto. [locie 3amomHeHus] JaHHBIMU
OUEpPEHOM CTPOKM MIPOM30MIET MEPEXO] K CIEAYIOIIEMY BapUaHTY
OTIBITa C BO3BPATOM Ha MEpPBBIN cTonber-nmoBTopeHue. Kpome Toro, cy-
IIECTBYCT BO3MOXHOCTHL BCTAaBKHU OJ10Ka YHOOPAAOYCHHBIX JaHHBIX 4YC-
pe3 Oydep oOMeHa ¢ ucnonab3oBaHHEM KOHTEKCTHOTo MeHto. [locne 3a-
BEpIICHHS BBOJIa YCTAHOBOK M JIAHHBIX OMBITA IEIECO00pA3HO COXpa-
HUTbH CJIeJIaHHbIE H3MEHEHHUS, BEITOTHUB «Dailn» — « COXpaHUTh.

BrImiosTHeHHE pacuéToB 3aIyCKalT MOCPEICTBOM aKTHBAIIUHU ITyHK-
Ta «AHanu3...» MeHIo «/lanHbpie». B ciydae ycnexa otoOpaxkaeTcs Ta-
OMMyHAast CBOJIKA PE3yJIBTATOB IUCIIEPCUOHHOTO aHanu3a (puc. 8).

B neit mox xogom «SS» ykazaHa cymMMa kBajiparoB, «Df» — cTenenb
cB0OOIBI U «MS» — cpennuit kBagpar. Jlurepa «R» o6o3HagaeT moBTo-
PEHHUSI OTBITA.
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re Pe:yanam nncnc‘ep.n:-uor-moro ) aHanusa E‘Eﬂ
p ON1A AeWCTEMA QAKTOPOB

MCTOUHKWK Ancnepcum SS Df MS ‘ F-dakT. ‘ P-3Hau.
LNensnkn 2 (AB*R) 1554,69 23
lensnkn 1 (A*R) 53048 5
R 14,82 2 7412
A 505,08 1 505,084 95,569 0,01030
Owwbka 1 10,57 2 5,285
B 925,35 3 308,516 97477 <0,00001
AB 60,68 3 20,228 6,391 0,00781
Owmbka 2 3798 12 3165

Puc. 8. CBOI[Ka JAUCTICPCUOHHOI'0 aHalIn3a NAaHHBIX ITOJICBOI'O OIIbITAa

a - T —
@) Pesy/bTaTel AMCNEPCMOHHOMO aHANM3a E‘m
——— — i —

Ha [naenyto lleTansHo ToNLKO 3HauMmble

Puc. 9. [lona aeiictBus pakTopoB B BapHaOeTbHOCTH U3Y4aeMOro
MIpU3HAKa 10 BapHaHTaM OIbITa
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Ha Bropoii Bkitagke okHa <Pe3ynabTaThl IUCIIEPCUOHHOTO aHaIu3a™>
BBIBOJIUTCS CTONOYATAst AUarpamMma JoJe ydacTusi U3ydyaeMbix (aKTo-
POB U B3aUMOJICHCTBUI B I€TEPMHUHALINN BapUaOENbHOCTH CPETHUX 1O
BapuaHTaM onbITa (puc. 9).

Jlst oroOpakeHus1 TaOJIHIl CPETHUX TIO0 OTAEIBHBIM (DaKTOpaM WU
UX COYETAaHUSIM CJIeyeT MeperT K OCHOBHOMY OKHY BBIBO/Ia Pe3yJbTa-
TOB JTUCIEPCHOHHOTO aHalu3a — BKJIaaka <JlMCIepCHOHHBIN aHamu3™>
(cMm. puc. 8). B HéM B cTon01e «VICTOUHUK AUCTIEPCHUI» YKa3aTh Kypco-
POM MBIIIN HA CTPOKY C MHJIEKCOM HEOOXOIMMOTO OTAEIbHOrO (hakTopa
WM B3aUMOJIENCTBUS (B paccMarpuBaeMoM npumepe «AB») u BbI3BaTh
KOHTEKCTHOE MeHIo (puc. 10).

A 505,08 1 505,084 95,569 0,01030
Owwmbka 1 10,57 2 5,285

B 925,55 3 308516 97477 <0,00001
AB 20,228 6,391 0,00781
A Konwpoeate L

Owwmbka 2 3,185

Konvposate Tabamuy
MokazaTh 3HaueHWA <AB>

lobaswte Tabnmuy & OTueTt
CoxpaHuTe Tabnuuy...

Puc. 10. BriGop BeiBoAa cpenHux 3HaYeHH AB-BapuaHTOB 1O CTpO-
K€ CBOJKHU JMCIIEPCUOHHOTO aHaIn3a AByX()aKTOPHOTO OIbITa

AxtuBupoBarh NyHKT «lloka3are 3HaueHus <XX>» (B HaleM cly-
yae: <AB>) BcmsiBIIEro MeHIO. B pe3ynbrare mporpamma chopmupy-
eT TalNuIly CPelHUX C ABYMs BXoJdaMu: MO (akropy <A> — CTpOKH, U
no pakropy <B> — cTonOIIBI.

st cpenaux mepBoro (akTopa OydeT BBIACICH TOTOTHUTEIHHBIN
ctonber; TabauIb, 4711 CPEIHUX 0 BTopoMy (hakTopy — cTpoka. K HuM
JUISL OLEHKU CYIIECTBEHHOCTH DPA3JIMYUil OyayT NMpPUIIUCAHBI COOTBET-
ctBytommue 3HaueHust HCPys. CeTka Tabnuipl, 00OpazoBaHHas mepecede-
HUSIMH TPpaJaliiid yKa3aHHBIX (PaKTOpoB, Oy/eT 3al0IHEHa OTBEYAIOIIN-
Mu uM 3HaueHusiMu AB-cpegnux. Ilox Ttabmuueii BeiBogutcs HCPos
JUTSL OLIGHKH Pa3IMuuid 3TUX cpeauux (puc. 11).
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@ AHanuz AB-cpeaHmx =Nl=] X
TaBnvuia cpeasnx | Fpaduk cpearmx
DakTopel A Cpeanve B
B 1 2 | HCP=224
1 23,0 26,6 248
2 276 386 331
3 33,2 44,2 387
4 354 464 40,9
Cpeanwe A - HCP=4,04 29,8 390 Xcp.=344

l Ha TnaeHyto l l K ANOVA ] [nsa cpeanwx AB HCP=4,61

b

Puc. 11. UToroBas Tabmuiia BIBO/Ia CPETHUX IO IMMaBHBIM d(hdekram
¢daktopoB A u B 1 yactHeiM AB-3HaueHUSIM

JlJig HamISITHOCTH TIPEICTABICHHS STUX PE3yIbTaTOB U OOJIerYeHus
BBISIBJICHUS CYIIIECTBEHHOCTH Pa3IMunil MEX]y OTACIbHBIMU CPETHUMU
B IIpOrpaMMe IpeayCMOTpeHa BO3MOXKHOCTh MHTEPAKTHUBHOIO aHAINU3a
BU3YQIM3UPOBAHHBIX JTAHHBIX TAOIHUIIBI BBEIBOJA C TIOMOIIBIO THATPAM-
MbI Ha BKJIaake <['paduk cpenqaux> (puc. 12).

Ha »T0i1 BKJIaIke B COOTBETCTBUU CO CTPYKTYpOM TaONHUIBI BBIBOJA
MIpeICTaBIICH HAOOp PaJMOKHOTIOK JIJIsl BBIOOpa Habopa 0ToOpakaeMbIX
JTaHHBIX. B paccmarpuBaeMoii cuTyallMy yKa3aHbl YacTHBIE CPEIHUE B
coueTaHuu rpajganuii pakropoB A u B. 3aceuku ocu abciuce quarpam-
MBI TIPEICTABISIOT PAacCMaTPUBACMbIE BAPHAHTHI OIBITA M CHAOKECHBI
COOTBETCTBYIOLIMM MM YHCJIOBBIMU MHAEKcaMH. B Haiem ciydae s
AB-BapuaHTOB OHHM TPEICTABJICHBI JIByXPa3psAHBIMH YHUCIIAMH, TIE
nepBas uudpa obo3zHauaeT HOMep rpajganuu dakropa A, a Bropas —
¢daktopa B. Ock opnuHar rpaduka nporpaayupoBaHa B €IHHUALAX W3-
MEpEeHHUs pe3yJIbTaTUBHOIO MpHU3HAKa U MacliTabupoBaHa Mo Habtona-
€MOMY MHTEPBAILY 3HAYCHHIA.
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Puc. 12. JIlnarpamMmma MHTEpaKTUBHOI'O aHAJIM3a CYLIECTBEHHOCTHU pa3-
JMYUI CpeTHUX 10 33JaHHOMY KOMIUIEKCY BapUAaHTOB OIbITA

Cpennue 3HaueHHUs IO BapuaHTaM 0003Ha4YeHbl Ha Tpaduke pomOo-
BUJHBIMU MapkepaMmHu. MIX noBeputenbHble nHTEpBaibl, paBHble HCPys,
IIPEICTABIIEHBI «ycamMu» C 3aceukaMu. [Ipu aTom mapkep cpeaHeil Ha-
XOAWUTCS B CE€peAuHE 3TOro uHTepBana. s JUAarHOCTUKU pas3iInuui
JMarpaMMa JOTMOJHEHA MEPETACKUBAEMON TOPU30HTAIBHON JTMHEWKOM.
JIuHelika UMeeT ONIMIO0 «IPUMArHUYUBaHUS» K OMIpKaieMy Mapkepy
CpeIHe Mo BapuaHTy, 4To obneryaeT e€ nmosunuonupoBanue. Ha oocy-
kKaaeMoM Tpaduke 3To BapuaHT ¢ kogoMm 14. [Ipu 3ToMm cpenHue, uybn
JIOBEPUTEIIbHBIE MHTEPBAJIbl NIEPECEKAIOTCS C JOBEPUTEIbHBIM HHTEp-
BaJIOM TECTUPYEMOTO BapuaHTa (pa3nyus MEXAy CPEIHUMHU MEHbLIE
HCPys), o603HauaroTCs epekparimBaHieM pOMOOBHIHBIX MapKepoOB B
KpacHblil 11BeT. Cie10BaTeabHO, B HAIIEM NPUMEPE CPEIHUE 3HAUCHUS
YPOKalHOCTH, MOJyYeHHbIE Ha BapuaHTax 13 u 22 HEe UMEIOT 3Hauu-
MBIX Pa3U4Uil CO CpefHel TecThupyemoro BapuanTa 14. Takum e 00-
pa3oM B COOTBETCTBUHU C JIOTMKOM MCCIIEIOBAaHUS MOXXHO MPOBOJIUTH U
JIpyTUE CPABHEHMSL.
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BaxxHoil 0COOEHHOCTBIO THPOrpaMMbl  SBJISIETCS BO3MOXHOCTD
COXpaHEHUs PE3YyJbTaTOB JUCIIEPCUOHHOIO aHAJIM3a B PENAKTUPYEMOM
BUJIE VI aJIbHEHIIEro UCIIOJIb30BaHus B HAyYHbIX JOKyMeHTax. dop-
MHUPOBAaHUE OTUYETA CTAHOBUTCS JOCTYIHBIM IIOCJIE IPOBEACHUS pac-
Y€TOB U MOJIyYEHUS CBOJKU PE3yJIbTaTOB JMCIEPCHOHHOTO aHaau3a
(cM. puc. 8). Haumnast ¢ 5TOH NO3MLMH, AKTUBUPYIOTCS ITyHKTHI
KOHTEKCTHBIX MEHIO KakK TaOJMIl BXOJHBIX JaHHBIX U PE3YJIbTaTOB pac-
4yétoB — «Jlo0aBuTh Tabmuiy B OTY4ET», TaK U COOTBETCTBYIOIIUX UM
muarpamm — «Jlo6asuts uarpammy B Otuét». C MOMONIBIO 3TUX KO-
MaHJl KOMIIOHYIOT OTYE€T, IepeMelasich B XOJ€ aHajlu3a Mo pabouum
OKHAaM W UX BKJIaZKaM. [OTOBbIIl OTYET COXpaHSIOT B BUIE TECTOBOIO
daiina c pazmeTkoil Ha s13pike HTML 1 ¢ BHEqpEHHBIMU U300paXKEHMUS-
MU B aupektoputo [Pesymbrarei], BeimonHuB «®Paiim» — «CoxpaHUTh
Otuér...». [lo ymonuanuto B Hayajle OT4ETA pa3MELIAECTCs ONHCAaHUE
ombiTa (cM. puc. 6). B nanbuedimem html-otuer wnenecoodpasHo
OTKpPBITh C NOMOILBIO TEKCTOBOro mpoueccopa LO.Writer u 3atem s
ya0OCTBa JajbHEHIIET0 MCIIOJIb30BaHUSI NEPECOXPAHUTh B €ro BHY-
TpeHHEM (opmarte.

CocTaBUTh OTUET O IPOJIETaHHON paboTe, ONUCAB U MPOWLTFOCTPHU-
POBaB 3TaIbl €€ BBIIOJIHEHUS, C/I€]aTh COOTBETCTBYIOLUE BBIBO/IBI.

MarepuajJbHO-TeXHHYECKOe o0ecrneyeHue:

1. CnpaBounblii MH(POPMAITMOHHBIM MaTrepuana JUisi OCBOCHUS TEMBI,
JlaHHbIE TIOJIEBOTrO OIBITA, NMPOBEIEHHOIO IO METOLY pacCIIEIIEH-
HBIX JEJISHOK.

2. VYuyeOnas aynutopus 1/213, A6ull; IlepcoHaiibHble KOMIBIOTEPHI
Celeron 420 1,6GHz/512Mb/80Gb/17”LCD — 12 mr.; Windows XP
Home OEM — MB4G-46QW8-8DFWD-G989W-XXVRG; ANV —
FreeWare; LibreOffice — Mozilla Public License, v. 2.0.

KOHTpOJII)HI)Ie BOIIPOCHI:

1. HazoBute otmmuus METOJAa paCH_[eHJ'IéHHLIX JACIIAHOK U OXapaKTCpH-
3y171Te CBSI3aHHBIE C HUMU OCOOCHHOCTH €T0 MIPUMCHCHUA B IMOJICBBIX
OIIbITax.

2. Nz3noxwure MNPUHIUIIBI paHIOMH3allMK B IIOJICBBIX OIBITaXx € pac-
H.[eHHéHHLIMI/I JCIISITHKaMU.
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Kak n3MeHsieTcss TOUHOCTH OLIEHKH (DaKTOPOB B 3aBUCUMOCTH OT UX
pa3MellieHusl Ha JAeNITHKaX pPa3IMuHbIX YPOBHEH B HepapXHH pac-
IETIJICHUN ?

B uéM cocTosT 0OCHOBHBIE MPOOJIEMBI OLIEHKH CYIIECTBEHHOCTH pa3-
JUYUN MEeXIy BapUaHTaMH, pa3MELIEHHBIMU Ha JENSHKAaX Pa3HOro
nopsiaka?

N3noxute mopsiiok paboThl ¢ MPOrpaMMON JAUCTIEPCHOHHOTO aHa-
7132 MHOTO()AaKTOPHOTO MOJIEBOTO OIBITA.

KakoBa cymHocTh ko3(duieHTa neTepMHUHALMU B pe3yibTarax
JUCTIEPCUOHHOTO aHaJM3a MOJIEBOTO OMbITa?

Kpurepun onenku oryera:
YMeHne paboThl CO CIIPABOYHOM JIUTEPATYPOH ISl TEOPETHIECKOTO
oOecriedeHus 3aJaHusl.
HaBbiku paboThl ¢ MOpPUKIAIHBIM TMPOTPAMMHBIM 00O€cCTIedeHHEM
JUCIIEPCUOHHOIO aHAJM3a JAHHBIX MOJIEBOTO OIBITA.
[TonHOTa M TOTUYHOCTH BBINOJIHEHUS 3a1aHUM.
AJIEKBaTHOCTb CTAaTUCTHUYECKOTO 3aKJIIOYEHHUSI M arpOHOMHUYECKOE
000CHOBaHUE MO pe3ysIbTaTaM aHaln3a JaHHbBIX OIbITA.
CaMOCTOSATENBLHOCTh MBIIIJIEHUSI U KOPPEKTHOCTDH BBIBOJIOB.
Crunuctryeckas TpaMOTHOCTb M3J10KEHUS OTUETA.
[IpaBunbHOCTH O OpMIIEHHS OTUETA.

OcHoBHast yyeOHasi JuTeparypa:
[Tonoyc, I'I1. OcHOBHBIE 37IEMEHTHI METOAMKH MOJICBOTO OTBITA :
yaebHoe mocobue / I'.I1. [Tonoyc. — CraBpomnomns : CTI'AY, 2009. —
96 c¢. — Pexum noctymna. — URL: https://e.lanbook.com/book/
5734 (nara obpamenus: 12.09.2019). — ISBN 978-5-9596-0615-
2. — Tekcr : 2IIEKTPOHHBIMN.

JonosiHUTEeIbHAS yueOHAs JJUTepaTypa:
AdanacneB, B.H. Cratuctuueckas METOIONOTHSI B HAYYHBIX HCCIIE-
noanusix / B.H. AdanaceeB, H.C. EpemeeBa, T.B. JleOeneBa. —
OpenOypr : OI'Y, 2017. — 246 c. : un. — Pexum nocryna. — URL:
http://biblioclub.ru/index.php?page=book&id=485266 (mata 00-
pamenus: 11.09.2019). — bubnuorp. B kH. — ISBN 978-5-7410-
1703-6. — TekcT : 3MEeKTPOHHBIH.
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[ypun, K.B. MeToauka n nmpakTuka IJIJAHUPOBAHUS M OpraHU3a-
nun skcnepumenta: npaktukym / K.B. Hlypun, J.A. Koceix. —
Openbypr : OpeHOyprckuii rocynapcTBeHHbIN yHuUBepcutet, 2012.
— 185 c¢. : mn. — Pexxum poctyma. — URL: http://biblioclub.ru/
index.php?page=book&i1d=260761 (mara obpamenus: 11.09.2019).
— bubnuorp.: c. 177-178. — TekcT : 31eKTPOHHBIH.

1.3. [lnannpoBaHue M AHAJIN3 TAHHBIX MHOTO()AKTOPHBIX

perpecCHOHHBIX MOJIEBbIX IKCIIEPUMEHTOB ¢ UCMOJIb30BAHUEM
MeToaa 0JI0KOB

Heab 3ansiTus — M3y4nTh U MpakTHUYECKH OCBOUTH METOJIBI pa3-

paboTKH CXeM M aHalu3a MHOTO(AKTOPHBIX PETPECCHOHHBIX (aKTOpH-
QJIBHBIX IKCIICPUMEHTOB.

e

KonunuectBo yacoB — 4

3amanue:
[Tokaszare mpobiaeMy MaTeMaTHYeCKOro OOECIIEUEHHUs YIpaBICHUS
TEXHOJIOTHUECKUMHU MPOIECCAMU B arpOHOMHM M 00OCHOBaTh BO3-
MOJKHBIE ITyTH €€ pELICHUS.
OxapakTepu3oBaTb MHOTO(GAKTOPHBI PErpPECCHOHHBINA JKCIIepH-
MEHT KaK OCHOBHOW HCTOYHUK HH(OpPMAIMH Ui DPa3pabOTKH
IIPOM3BOJCTBEHHBIX (DYHKIMI B arPOHOMHHU.
N3n0XUTh OCHOBBI TUIAHUPOBAHUS CXeM (DAKTOPHAIIBHBIX OIBITOB C
KOJIMYE€CTBEHHBIMH I'PalallusIMHU.
N3n0xuTh OCHOBBI MeTOa OJIOKOB HA OCHOBE TEOPUHU CMEIIMBAHUSI.
OcBONUTB METOJ KOPPEKTUPOBKH OIBITHBIX JAHHBIX U IACIEPCHOHO-
r0 aHaJIM3a MOJIEBOTr0 SKCIEPUMEHTA Ha OCHOBE MeTo/1a OJIOKOB.
OcCBOUTH MOIIATOBBIN PErPECCHOHHBIN aHaW3 JaHHBIX MHOTO(dAaK-
TOPHBIX IOJIEBBIX OINBITOB HAa OBM
CdopmynupoBaTh arpoHOMHUYECKH OOOCHOBAaHHBIE BBIBOJBI U CO-
CTaBHUTb OTYET O MPOJIEIIAHHON padoTe.

(I)opMa NPOBECACHUSA — PCHICHNUE CUTYallMOHHBIX 3a1a4

MeToauka u MNOPAAOK BBINMOJHCHUA

OTMeTuThH HpO6J'I€My obecrieueHus COBPCMCHHBIX adalITUBHBIX

arpOTEXHOJIOTUN CUCTEMOM MOIJEPKKH NPHUHATHS YHPABISIONINX pe-
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HIEHUH B MEHSIOIIUXCS YCIOBHUAX NMPOU3PACTAHMSI MOJIEBBIX KYIBTYP.
[Toxa3ath BO3MOXKHBIE ITyTH €€ peIIeHUs] Ha OCHOBE KOHKPETHOTO MaTe-
MaTUYECKOTO MOJEIIMPOBAHUS 3aKOHOMEPHOCTEN NEeUCTBUS PA3IUYHBIX
(bakTopoB M MX B3auMOAEUCTBUI. OCBETHTH MPAKTUYECKYIO BO3MOX-
HOCTh TPUMEHEHUS! PErpecCHOHHBIX MOJeel — MPOU3BOJICTBEHHBIX
(byHKIUH, [UTS IPUIAHUS YKa3aHHBIM 3aKOHOMEpPHOCTSIM CTPOTON Marte-
MaTu4ecKoi GopMbl, yT0OHOU sl pacy€TOB, IPOTHO30B U YIPaBICHUS
TEXHOJOTMYECKUMHU MPOLIECCAMH B aTPOHOMUH.

[TokazaTh 0coOEHHOCTH MHOTO()aKTOPHOTO PErPECCUOHHOTO 3KC-
NepUMEHTa C KOJUYECTBEHHBIMHU TpajallisiMH H3ydaeMbIX (DakTopoB,
KaK OCHOBHOTO HCTOYHHMKA JAHHBIX JUISl MOJY4YEHUS YpaBHEHMM, OIH-
CBIBAIOIIMX COBMECTHOE JieiicTBHE (haKTOPOB OIBITa Ha PE3yIbTaTUB-
HBI mpu3HaK. {1 ONBITOB ¢ KOJIMYECTBEHHBIMU IpajalusiMu (paxTo-
POB PacCKpBITh MOJAXOABI ONPEAEICHUS €IUHULIBI BapbUPOBAHUS 103 U
YCTAHOBJICHUS MX KonudecTBa (Tabin. A.1). BaxxHbIM 00CTOSTEIBCTBOM
SBIISIETCS COOIONCHUS YCIOBHUSI BO3SMOXKHOCTH MOCTPOCHUS KPUBOM OT-
KJIMKa Ha OCHOBAaHUU JIO0CTATOYHOTO YHCIIa SKCIIEPUMEHTAIBHBIX TOYEK
— 3¢ ¢exToB BapuaHTOB. OXapaKTepH30BaTh BO3MOXKHOCTh MHOTO(aK-
TOPHBIX OIBITOB B OIleHKE d(PPEKTUBHOCTH KaK OTAEIbHBIX (haKTOPOB,
Tak ¥ 3Q(PEKTOB UX B3aUMOACUCTBUS U B3auMocBs3H. Ilokaszarh npuH-
UMbl pacyéTa UX CTATUCTUYECKOW 3HAUMMOCTH C OTAEJICHHEM CyIlle-
CTBEHHBIX 3((PEKTOB OT HECYIIECTBYIOUINX U WUTIO30PHBIX. YKa3aTh Ha
HEIOCTaTKU (paKTOPHAJIbHBIX CXEM, CBA3aHHBIX C UX MHOTOBAPUAHTHO-
cTbt0. OTMETHTH clielHUECKUe CBOWCTBA MOJEBHIX ONBITOB B arpo-
HOMHUU U BEPOSTHOCTh MOTEPU TOUHOCTH OLIEHOK B IPOMO3JIKUX MOBTO-
pEHMSX.

N3n0XuTh OCHOBBI MeTO/a OJIOKOB (METO/Ia «CMEITMBAHUS),
MO3BOJISIONIETO YBEJIMYMBATh YMCIIO BapHAHTOB 0€3 MOTEpb TOUYHOCTHU
omnbITa. [loka3arh 3aBUCUMOCTb OT pa3Mepa MOBTOPEHHsI KOMIIOHEHT Ba-
pHany MMOYBEHHOIO IUIOAOPOAUA (CiydallHOM M 3akoHOMepHOi). Ot-
METHUTh 3aKOHOMEPHOE YBEJINUYEeHHE OIIMOKU OMBITA BCIEACTBHUE SIBHOTO
MOBBIIIEHHS JIOKAJIbHOTO KOMIIOHEHTa B IOBTOPEHUAX OOJIBIINX pa3Me-
poB — cBblle 15...16 BapuaHTOB.

VYka3zaTb BO3MOXHBIM MyTh MPEOJOJCHUSI MPOTUBOPEUUS MEKIY
MHOTOBAPHUAHTHOCTHIO (DaKTOPUATBHBIX OMNBITOB M HEOOXOIUMOCTHIO
UMETh TEPPUTOPUATHHO KOMIIAKTHBIE OMBITHI 32 CUET OJIOKHPOBKU Ba-
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PUAHTOB B 3aHUMAIOIINE HEMHOTO MECTa, HEKOTOPhIM 00pa30M CpaBHHU-
Mble Tpymmbl (O710KK) BHYTPHU Ka)XJ0To MOBTOpeHHs. B 3ToMm ciydae
(dakTopuanbHbIIl HA0OpP BapUAHTOB Pa30MBAIOT HA HECKOJBKO B OIpe-
JeNIEHHOM CMBICIIE PAaBHOLIGHHBIX TPYIII TaK, YTOOBI MEX/1yOIIOKOBbIE
pa3nuuus COBMNAJAIM C KaK MPaBUIO HECYLIECTBEHHBIMU B IIOJIEBOM
OIBITE B3aUMOZECHCTBUSIMH BBICIIETO MOPsAKA. 31€Ch €CIU U MPOUCXO-
JUT NOTepss MHPOpPMALMK, TO OHA MaJla 1 OTHOCUTCA K Majlo3Havalei
e€ yactu. B cBA3u ¢ 3TUM pasiuuusg MEXAy CPEeIHEH YPOKaHHOCTBIO
0JI0KOB MOXHO MPUIHCATH B OCHOBHOM Pa3IU4UsIM IJIOJOPOAMS YacTeit
HOJIsI, KOTOpbIE 3aHUMarOT 3TH Onoku. Takum oOpaszom, onpenenéHHas
4yacTh BapHallud IOYBEHHOIO IUIOJOPOUS, XapaKTepu3yeMas pa3indu-
sAMU OJOKOB (B OCHOBHOM JIOKQJIbHBIH KOMIIOHEHT), CTAaBUTCS IOJ
KOHTPOJIb M HUCKJIIOYAETCs W3 OLIMOKHU OMbITa. JTO MO3BOJISIET Oojiee
TOYHO CPaBHMBATh BAPUAHTHI BHYTPH OJIOKA.

[loka3zaTh NpPUHLUIB NPAaBUWIBHOW TIPYyHIUPOBKUA BapHaHTOB
onkITa 2" Ha ocHose anroputma ®. Meiirca s BerancieHus >pgekTon
¢dakTopoB U B3auMonencTBui. [y onpenenenus coctaBa OJI0KOB K Of-
HOMY M3 HHUX OTHOCSAT BapHaHTHI, B KOTOPBIX UMEETCSI YETHOE YMCIIO
(akTOpOB paccMaTpuBaeMoOi COBOKYITHOCTH, K JPyrOMY — BapHaHTHI C
HEYETHBIM YUCIIOM TeX k€ (PaKTOpPOB. B CIOXKHBIX cUTyalMsIX, HAYMHAS
¢ 2° ¥ BBILIE, KOTJA BO3MOKHOE KOJIMYECTBO OJIIOKOB OobIne aByX (4,
8...) M YHCIO CMELIMBAEMbIX B3aUMOJCHCTBUN BBICOKHX MOPSIKOB
JIOJDKHO COOTBETCTBOBATh UMCIY CTENEHEH CBOOOABI CHCTEMBI OJIOKOB
(3,7...), HeoOxoauMo obecrnednuTh COATaHCUPOBAHHOCTh STUX B3aMMO-
nerctBuil. GopMaTbHBIM TPU3HAKOM COaTaHCUPOBAHHOCTH SIBIISICTCS
NpOM3BEIEHNE CUMBOJIOB (DaKTOPOB B3aMMOJICHCTBUN C OIMHAKOBBIMU
NoKa3aTesIMU CTETIEHU BcexX akTopoB (Tadm. A.2).

N310:XUTh MOPAZOK paclpeeeHns BAPHAHTOB 10 OJIOKaM B Ha-
Type Ha OCHOBE MPUHIUIA PaHI0MHU3ALUH.

ITpu 06paboTKe JaHHBIX MHOTO()AKTOPHOIO IMOJIEBOIO 3KCHEpPHU-
MEHTa C KOJIMYECTBEHHBIMU TIpajallisIMH «J03», HPOBEIACHHOIO Ha
OCHOBE MeTofa OJOKOB, HEOOXOIMMO YUYUTHIBATb OCOOEHHOCTHU
KOHCTPYKLIMU ombITa. B paccMmarpuBaemom npumepe TpéxdakTopHOro
onbiTa (4%x4x4)-2 kaxjaoe W3 IMOBTOPEHHH pa3MELIeHO B KBa3uia-
TUHCKOM KBazapare 8%8 (cm. Tabm. A.1, A.2), Tae ¢ MEeXIyOI0KOBBIMU
pa3nuuusaMu cMmelaHo TpoiHoe B3anmoznerictsue CHN. B stom ciy-
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yae, 4YTOObl IPUBECTH B COMOCTABUMBIN BHUJ JaHHBIE YPOKaWHOCTH Ha
BapHAHTaX OIbITa, TEPPUTOPHAIBLHO PACIMOJIOKCHHBIE B Pa3IUIHBIX
0sokax, HEOOXOIUMO YAAIUTh HCKakaronme 3(h(EeKThl JIOKaTbHOTO
¢dakTopa TOYBEHHOTO IUIOAOPOAUS TOCPEICTBOM MPUMEHEHHsS Tepe-
KpECTHBIX MONpaBoK. C 3TOM 1IETBI0 110 TOPU3OHTANBHBIM U BEPTUKAJIb-
HBIM KpasiM TaOJHIl YPOXKAWHOCTH B TOBTOPEHUSX CIIEAYET BHIBECTH
CyMMBI ypOkaeB 1Mo OJ0KaM-CTpokaMm U Ojokam-ctoiomam (tadm. b.1,
b.2). Ha ux ocHOBe paccuuTarb CyMMapHbI€ IOINpPaBKU I KaXA0ro
OTJENIbHOTO OJI0Ka, KOTOpBIE OYIyT paBHbI pa3HUIIE OT BHIYUTAHUS CyM-
MBI YpOXKaeB MO KOHKPETHOMY OJIOKY OT CpelHed CyMMBbl MO OJIOKam
naHHoro nostopeHus. [IpousBens mepekpécTHoe CyMMHpOBAHHME MO-
MPABOK COOTBETCTBYIOIIMX OJIOKOB (CTPOKH U CTOJOIA) U pa3fesiuB pe-
3yabTaT Ha 8 (YKCIIO NIEJSTHOK B OJIOKE), MOTYYUM HHIWBHAYATbHYIO
MOTIPABKY JIJISl KOKJOW JENSTHKU MMOBTOPEHHS OmbITa. [[puMeHuB Takue
MONPABKU K MOJAEISTHOYHBIM YPOXKasM, MOJIYYHM HX CKOPPEKTHPOBAH-
HbIe 3HaYeHus (Tabmn. B.1, B.2). [laiee coCTaBIAIOT CUCTEMATUYECKYIO
TaOIHIy KOPPEKTUPOBAHHBIX YPOXKAeB MO BapuaHTaM (Tao. 4).

Tabnura 4 — YpoxkaltHOCTh 03UMO#! MIIIEHUIIBI B 3aBUCUMOCTH OT CpOKa

cesa (C), nopmsi BeiceBa (H) u no3s1 azota (N), 1/ra
IloBTOpEHME CHN IToBTOpEHUE CHN IloBTOpEHME CHN IloBTOpEHUE

CHNI 2 1 2 1 2 1 2

000 | 19,0 | 163 | 100 | 342 | 33,6 | 200 | 28,9 | 292 | 300 | 14,7 | 10,5
001 | 21,9 | 21,2 | 101 | 343 | 351 | 201 | 31,7 | 30,9 301 | 14,0 | 12,1
002 | 232 20,1 | 102 | 382|357 | 202 | 338 |31,1| 302 | 14,0 | 143
003 | 18,9 | 21,5 | 103 | 38,2 | 36,2 | 203 | 32,8 | 30,3 | 303 | 13,8 | 11,9
010 | 31,5 | 28,7 | 110 | 432 | 445 | 210 | 40,8 | 372 | 310 | 22,5 | 21,2
011335 | 345 111 | 51,9 | 464 | 211 | 413 |412] 311 | 242 | 225
012 ] 36,8 | 36,1 | 112 | 52,1 | 523 | 212 | 41,4 | 43,6 312 | 27,0 | 23,6
013 | 36,9 | 33,8 | 113 | 50,6 | 51,2 | 213 | 45,6 | 45,5 | 313 | 26,4 | 26,9
020 | 33,5 | 30,5 | 120 | 47,0 | 45,6 | 220 | 44,7 | 442 320 | 29,3 | 24,8
021 | 37,5 | 394 | 121 | 54,8 | 534 | 221 | 49,5 | 49,7 | 321 | 30,0 | 27.8
022 | 41,6 | 39,9 | 122 | 53,0 | 53,7 | 222 | 49,6 | 48,8 | 322 | 35,1 | 29,8
023 | 402 | 403 | 123 | 57,2 | 54,9 | 223 | 53,1 | 51,4 323 | 348 | 31,1
030 | 37,6 | 353 | 130 | 49,4 | 504 | 230 | 44,8 | 43,8 | 330 | 28,1 | 252
031 40,3 | 40,2 | 131 | 56,0 | 53,8 | 231 | 49,6 | 52 | 331 | 293 | 282
032 ] 45,0 | 42,9 | 132 | 56,4 | 57,1 | 232 | 48,5 | 50,9 | 332 | 33,6 | 304
033 | 43,1 | 42,8 | 133 | 56,4 | 56,4 | 233 | 53,1 | 504 | 333 | 34,8 | 312
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C yuétoM 0COOEHHOCTEH MPOBENEHUS OIbITa JUCIEPCUOHHBIN
aQHaJIN3 CBOJUTCS K OIIPENEIICHUIO CYLIECTBEHHOCTH JIEHCTBUS ITIaBHBIX
3¢ ¢dekToB H3yyaeMmblX (AKTOPOB M UX MApHBIX B3aUMOACHCTBUI Ha
YPOXaiHOCTh 03UMOM MIeHULBL. |1 OLIEHKH WX 3HAYMMOCTH HE00XO-
JUMO PacCUMTaTh CyMMY KBaJpaToB, OOyCIIOBIEHHYIO OIIMOKaMHU JKC-
nepuMeHTa. C 3TOH 1IN0, BO-IIEPBBIX ONPEIENAIOT CyMy KBaJIpaToB
oOuieil aucrnepcuu U MOBTOPEHUN HAa OCHOBE MCXOJHBIX, HEKOPPEKTHU-
POBaHHBIX JaT ypokaiHOCTH (cM. Tabn. b.1, b.2). Bo-Bropsix, mo gaH-
HBIM T€X K€ TaOJIML[ PacCUUTHIBAIOT CYMMbl KBaJpaToB JUIsl OJIOKOB-
CTPOK U OOJIKOB-CTOJIOLIOB B pa3pe3e nopropeHuid. [1o koppekTrupoBaH-
HBIM JIaHHBIM HaXOJIT CyMMbI KBaJpaToB JJIs BAPUAHTOB OIbITA, IV1aB-
HBIX 3(PeKTOB (HAKTOPOB U UX MAPHBIX B3auMoaencTBuil. TpoiiHoe B3a-
umoneiicteue CHN He moayie:)KuT omeHKe, Tak Kak OHO IO YCJIOBHUIO Me-
TOZIa IPOBEICHUS OMBITA CMEIIAHO ¢ MEXTyOJIOKOBBIMH pa3nuyusiMu. B
pe3yJibTaTe MoJIyYruM CBOAKY JUCIEPCHOHHOTO aHanu3a (tadn. B.3). U3
He€ clelyeT, 4TO B CTPYKTYpE aHAJIM3UPYEMbIX JUCIEPCUM IIPUCYT-
CTBYIOT 3¢ (EeKThl TPONHOro B3aMMOJEUCTBUS, HE CMEILAHHBIE C pa3-
JUYUSIMH B CHCTEeME OJOKMPOBOK BapHaHTOB OmbITa. X MOXHO HcC-
NOJIb30BaTh U1 YKPEIUICHUS OLIMOKYU SKCIIEPUMEHTA.

B cBsi3u ¢ TeM, 4TO KOHEUHOM L1eNbi0 00pabOTKM JaHHBIX SBIISET-
Csl YCTAaHOBJICHHE ypaBHEHUS, KOTOPOE OTpa)kaeT ACUCTBUE H3yUaeMbIX
(bakTopoB Ha ypOKaWHOCTH 3€pHA, 1eIeCO00pPa3HO NMPUMEHUTh K HUM
perpeccuoHHbIN aHalu3, OCHOBAHHBIM Ha METO/IE HAMMEHBIINX KBapa-
ToB. CiieryeT OTMETUTh, YTO MPUHATAS B ONBITE CUCTEMAa OJOKUPOBKH C
KOHCTAHTHBIMU CYMMaMH /103 KaxkJ1oro ¢gakropa XC=XH=XN, ux kBaj-
paroB LC’=XH’=XN’ u mapusix B3aumozeiicteuii LCH=LCN=XHN
CBUJIETEIBCTBYET O CPAaBHUMOCTH OJIOKOB 10 MOJIYIIO PErPECCUU, BbI-
Pa’KeHHOM MMOJHBIM KBaAPAaTHBIM MHOTOWIEHOM (5).

y=ag+a,C+a,H+a;N+a,C’+asH +agN*+a,CH+asCN+a,HHN , (5)

Ha ocHOBe KOppeKTHpOBaHHBIX JaHHBIX (Tabi. 4) paccyuTarh
CpeAHHe 3HAYCHUS YPOXKAMHOCTH MO BapHaHTaM OIBITA M C IOMOIIbIO
CIIeIMATM3UPOBAHHON MPOTpaMMBbl TPpoBecTH Ha DBM perpeccuoHHbII
aHaJIM3 10 yKa3aHHOMY ypaBHeHMIO ¢ 10 mapamerpamu. B nonyduennon
CBOJIKE aHaJN3a UMEIOTCSI CTaTUCTUYECKHU HE3HAUMMBbIE YJIEHBI ypaBHE-
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Hus perpeccun (P>0,05), xapakrepusytoniue 3¢ ¢heKkTbl MapHBIX B3au-
monerictBuii: CH u CN (Tabmn. 5).
Tabmuna 5 — [1ocieqoBaTenbHOE UCKITFOUEHUE CTATUCTUYECKN HE3HA-
YHMBIX YWICHOB PETPECCHH

Hckitouenue — CN CH
[Mapamerp | Koaddu- | P-3nave- | Koapou- | P-3naue- | Koapdu- | P-3naue-
perpeccun HOUCHT HUEC HUCHT HUEC IMUCHT HUC

a 18,2941 | 0,0000 18,6108 | 0,0000 19,1964 | 0,0000
C 22,1731 | 0,0000 21,9619 | 0,0000 21,5716 | 0,0000
H 14,0139 | 0,0000 14,0139 | 0,0000 13,6236 | 10,0000
N 3,8316 | 0,0000 3,6204 | 10,0000 3,6204 | 0,0000
C? -8,2391 | 10,0000 -8,2391 | 0,0000 -8,2391 |  0,0000
H? -2,7547 | 10,0000 -2,7547 | 0,0000 -2,7547 | 0,0000
N? -0,8266 | 0,0001 -0,8266 | 0,0001 -0,8266 | 10,0001
CH -0,2603 | 0,0984 -0,2603 | 0,0977 - -

CN -0,1408 | 0,3671 - - - -

HN 0,4833 | 0,0029 0,4833 | 10,0028 0,4833 | 0,0032

Onu, He naBasi CKOJBKO-HHOYIb CYIIECTBEHHOM MH(OpMAILUH O
JICUCTBUM BAapUAHTOB OMNbITa HA YPOKAWHOCTh O3MMOW IIICHUIBI,
YCIOXKHSIOT PErpeccHio, BEAyT K YBETUYEHHUIO OMIMOKM YpaBHEHUS U
CHIDKAIOT TOYHOCTh MpOrHo3a. OT Takoro «CTaTUCTHYECKOTO MYCOpa»
clielyeT 0CBOOOIUTHCS, HO JIeNaTh 3TO HEOOXOIUMO C U3BECTHOM OCTO-
POXXHOCTBIO, MOCKOJIBKY B IpOLECCEe MCKIIOUEHUs! ocTaBiInecs Kodg-
(UIMEHTH perpeccun MOTyT MOMEHATh KaK CBOM 3HAYEHUs, TaK U CTa-
TUCTHUYECKYIO 3HAUUMOCTb. B CBS3M C 3TUM He3HayMMble YJIEHBI pe-
IPECCUHU CIEAYET UCKIIIOYATh MOATANHO, YAl 3a OJUH MPUEM TOJIBKO
0 OAHOMY KO3 (UIMEHTY ¢ HaUMEHbIIeH CTaTUCTUYECKON 3HAYMMO-
cTh10. 1 mocie kaX10ro NCKIFOUEHUS] BHOBb IIOBTOPSTH AHAJIN3 C Iepe-
cuéToM KOA((DHUIIMEHTOB PErpeccHMr W OICHKOW WX 3HAaYMMOCTH. B
paccMaTpuBaeMoM ciaydae (cM. Tabi. 5) ObUIM MOCIIeI0BaTENBHO yaale-
Hbl K03 uiueHTs!, onpeaensomue 3pdextsl B3aumoaencTsuii: CN
(cpok ceBa X mo3a azota) u CH (cpok ceBa x HOopMma BbiceBa). I[locne
MPOBEACHUS ITUX UCKIIOUEHUH MOITYyYHM UTOrOBOE ypaBHEHHUE perpec-
CUM, KOJJMYECTBEHHO OIMCBIBAIOLIEE JIEHCTBUE CPOKA CEBA, HOPMBI BBI-
ceBa M JI03bl a30Ta HAa YPOXKaHHOCTh O3UMOM MIIEHULBI (6).
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Y=19,2+21,57C+13,62 H+3,62 N—824C*~2,76 H*— 0,83 N°+0,48 HN , (6)

[Tomyuennoe ypaBHeHHe KOHTposmpyeT Oosee 98 % konebaHuit
YPOXKANHOCTH O3MMOM IIIEHHUIBI 110 BapuanTaMm ombita (R*=0,985) u
o0ecreurBaeT TECHYIO CBsI3b €€ HaOII01aeMbIX U PACUETHBIX 3HAUCHUHN
(R=0,992). JluciepcMOHHBII aHAIU3 MOJATBEP>KIACT BBICOKYIO CTaTH-
CTHYECKYIO 3HAUUMOCTb PErpeccrH B 1esioM (Tadm. 6).

Tabnuna 6 — Pe3ynprarsl AUCIEPCHOHHOTO aHAIN3a PErPECCHU yPO-
KaNHOCTH 03UMOM MIIIEHULIBI HA CPOKH CEBA, HOPMBI BBICEBA U JI03bI
a30Ta [0 MOJIETU C BOCEMbIO mapameTpamu (6)

Cymma | Crenens | Cpennuii | F-oTHO- | P-3Haue-
Hucnepcus
KBaJpaToB| CBOOOBI | KBaZpaT | MICHWE | HHE
Oobmas 9066,85 63 - - —
Perpeccun 8928,80 7 |1275,543 |517,426 | 0,0000
OwmuoKH ageKBaTHOCTH 138,05 56 2,465 1,112 0,3539
Ommbku skcriepumenta | 134,29 49 2,741 - -

Jlanee cnenyet mpoBEpHUTh aJIEKBAaTHOCTh 0OCYXIaeMoil perpec-
cuoHHOM Moaenu. OTHUM U3 YCIOBUH €€ TOCTUKEHUS SBIISETCS OTCYT-
CTBHUE CYIIECTBEHHBIX PA3INYUi MEXKIY AUCIIEPCUSIMH OCTATKOB OT pe-
IpecCUM U OLIMOKHU OIbITa, YTO MOATBEP)KAAETCS pe3yabTaTaMu JAHC-
nepcuoHHoro aHanuza. C Apyroi CTOPOHBI, aieKBaTHAsT MOJEINb IMpel-
nojiaraeT ciydaiiHoe pacrpenesieHue OTKJIOHEHHUH Mexay Habmronae-
MBIMU B OTBITE 3HAYECHUSMHU YPOKAWHHOCTH OT €€ BeTUYMH, TIPeCKa3aH-
HBIX perpeccueil (puc. I'1, I.2). Kak cieayer u3 gaHHbIX NPUIOKEHUS,
9TO YCJIOBHE MPUMEHUTENFHO K PacCMaTpUBaeMOMY IMPUMEPY TaKKe
BBITIOJTHSETCSL.

CrnenoBarenbHO, UIMEETCSI BOBMOXKHOCTh HUCCIIE0BaTh OCOOCHHO-
CTH 3aKOHOMEPHBIX OTKJIMKOB YPOXKalHOCTH 03MMOM MILIEHUIBI B COOT-
BETCTBUU C KOMOWHAIIUSAMU YPOBHEH (PaKTOPOB OMBITA.

B yacTHOCTH, B X07€ aHaM3a ObLIO BBISIBIEHO JI0Ka3yeMOe Hellu-
HEeilHOe BIMSIHME Ha YPOXKaWHOCTh TIIaBHBIX 3(PQeEeKTOB Cpoka ceBa
(puc. I'3), HopMmsbI BbiceBa (puc. I.4) u no3sl azora (puc. [.5). Kpome
TOTO, YCTAHOBJIEHO Hanmuuue 3PQeKxTa MOIOKHUTETHHOTO B3aUMOICH-
CTBHUS BO3PACTAIONINX /103 a30Ta U HOpM BbiceBa (puc. [.6).
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[To nHAMBUIYaTEHOMY 33/IaHUIO B COOTBETCTBUH C KOHCTPYKITH-
€il ombITa BBHINOJIHUTH KOPPEKTUPOBKY MCXOIHBIX JAHHBIX O OJIOKaM,
CKOMITOHOBaTh CHCTEMAaTHYECKYI0 TaOJUIly CKOPPEKTUPOBAHHBIX JaH-
HBIX, IPOBECTU JUCIIEPCUOHHBIA U PErPECCUOHHBIA AHAJIU3 C IIPUMEHE-
HUEeM TepcoHabHOW DBM. O000mUTE MONyYEHHBIE B XOJE€ 3aHSTHS
pe3yabTatThl, CHOPMYTUPOBATH ATPOHOMHYECKH 0O0CHOBAHHBIC BBHIBOJIBI
Y COCTaBUTh WJUTFOCTPUPOBAHHBIN OTUET.

MarepuajibHO-TeXHUYECKOe o0ecneuyeHme:

1. CmpaBouHblii ”HGOPMAIIMOHHBIN MaTepHall sl aHATN3a arPOHOMU-
YECKUX JIAaHHBIX.

2. VYuyeOnas aymurtopus 1/213, A6ull; IlepcoHaibHbIEe KOMIBIOTEPHI
Celeron 420 1,6GHz/512Mb/80Gb/17”°LCD — 12 mt.; Windows XP
Home OEM - MB4G-46QWS8-8DFWD-G989W-XXVRG;
Statgraphics Centurion XVII; LibreOffice — Mozilla Public License,
v. 2.0.

KonTpoabHbie Bonpochl:

1. ObGocHyiiTe BO3MOXKHBIE TyTH pa3pabOTKH HHGOPMAIIMOHHOTO
o0ecIiedeHrs: TOYHBIX TEXHOJIOTUH B arpOHOMHU Ha OCHOBE JIaHHBIX
(hakTopuaTbHBIX OMBITOB C KOMYECTBEHHBIMU TPAJALIUSAMU.

2. TlokaxuTe MNPOTUBOpPEUYHE MHOTOBAPHMAHTHOCTH (DAaKTOPHATBHBIX
PErpeCcCHOHHBIX SKCIIEPUMEHTOB ¢ TpeOOBaHHEM KOMIAKTHOCTH I10-
BTOPEHUH TOJIEBOTO OMBITA.

3. Ha ocHOBe KakuX IMOJIOKCHHUH BBIOMPAIOT YUCIIO TPaJalfidi KOJIude-
CTBEHHBIX (JAKTOPOB IMPH ILIAHUPOBAHUH PErPECCUOHHBIX OMBITOB?

4. YeMm 000CHOBAHO TMOJIOKEHUE O BO3MOKHOCTHU U LI€TIECO00Pa3HOCTH
CMENINBAHUS B3aUMOJICHCTBUI BBICOKUX TOPSAKOB C MEXKTYyOI0-
KOBBIMHU PA3NIUYUSIMU B (AaKTOPHAIBHBIX OMBITAX?

5. Kax BBIOMpAOT B3aUMOEHCTBHUS BBICIIUX MOPSIKOB JJIsi CMEIINBA-
HHS C MEKTYOJIOKOBBIMH PA3IMUMsIMK B (DaKTOPUAIBHBIX cXeMax 2°
U BbIIIE?

6. Kak pacnpenensitor BapuaHThl paKkTOpUaIbHON cXeMbl 2" 110 OJ10Kam
Ha OCHOBE cMemmuBaHUsA d(P(HEKTOB B3aUMOJEHCTBUI BBICIIUX IIO-
PAIKOB € MEXTyOIOKOBBIMU Pa3IUUUSIMU?
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Kakum 06pa3oM paHaoMU3UPYIOT BapUaHThl (PaKTOPHAITBHON CXEMBI
IIPU UX Pa3MELICHUHU HaType 1o 6aokam?

Kak Bnusier KOHCTPYKIMSI CUCTEMBI OJIOKHPOBOK B TIOJIEBOM OTIBITE
Ha MCXOJHYIO MOZIETIb PErPECCUOHHOTO aHAIIN3A.

O6ocHyiiTe 1enecoo0pa3HOCTh yAAICHUS U3 YPAaBHEHUS! perpeccuun
(mpon3BOACTBEHHON (PYHKIMM) CTaTUCTUYECKH HE3HAUYUMBIX 4Yile-
HOB.

. Kakue BUAbl CTaTUCTUYCCKOI'O U rpaq)nqecxoro aHajln3a OCTAaTKOB

WCIIONB3YIOT I TIPOBEPKH aAJEKBAaTHOCTH perpeccuu Habiromae-
MBIM JaHHBIM?

Kpurepun oueHku oryera:
YMeHue paboThl CO CIIPaBOYHOM TUTEPATypOr ISl TEOPETHUECKOTO
oOecrieueHus 3aJaHusl.
HaBpbiku paGoThl ¢ MpOrpaMMHBIM HHCTPYMEHTApUEM aHAJIN3a JIaH-
HbIX HAa DBM.
Bnanenue MeronaMu aHanu3a U MaTeMaTHYECKOTO MOJCIUPOBAHUS
arpOHOMHYECKUX 3aKOHOMEPHOCTEH C MCIOJIb30BaHUEM MPUKIAI-
HOTO MPOrPaMMHOTO 00€CTIEUeHHSI TIEPCOHATBLHBIX KOMIBIOTEPOB.
[TonHOTA M TOTMYHOCTH PACKPBITUS TEMBI 3aJaHUSI.
YpoBeHb UHTEPIPETALMH PE3YJIETATOB MOACIUPOBAHUS.
AJIEKBaTHOCTH U arpOHOMHYECKasi 000CHOBAaHHOCTH BBHIBOJIOB.
Crunuctudeckass rpaMOTHOCTD M3JIOKEHHUS TEKCTa U NMPABUIHLHOCTH
odopmiieHus: oTYETA.

OcHoBHasi yueOHasi iuTeparypa:
[Tonoyc, I'Il. OcHOBHBIE 37IEMEHTHI METOAUKH TOJIEBOTO OMBITA :
yaebHoe mocobue / I.I1. I[Tomoyc. — CraBpomnons : CTI'AY, 2009. —
96 c¢. — Pexum noctyna. — URL: https://e.lanbook.com/book/
5734 (nara oopamenus: 12.09.2019). — ISBN 978-5-9596-0615-
2. — TeKCT : ANEeKTPOHHBIH.

JonosnuTtesibHas yueOHasi JIuTeparypa:
NBanosa, T.U. IlporHozupoBanue 3(HeKTUBHOCTH YyHOOpeHHH C
WCIIOJIb30BaHUEM MaTeMaTHdeckux momeneit [Tekcr] : HayuyHoe u3-
nanvie / T. . iBanoBa ; Bcecoros. aka. c.-x. Hayk uM. B. U. Jlenn-
Ha. - Mockga : Arponpomusaat, 1989. - 233 c. - ISBN.
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2. Mengsenes, [1.B. Maremaruueckoe miaHUpOBaHUE SKCIIEpUMEHTA /
I1.B. MenBenes, B.A. @enoroB. — OpenOypr : OpeHOyprckuii rocy-
JIapcTBeHHBIN yHUBepcuTeT, 2017. — 98 c. : Tabmn., rpad., cxem., ui.
— Pexum gpmoctyma. — URL: http://biblioclub.ru/index.php?
page=book&id=481785 (mara obOpamenus: 12.09.2019). — bub6-
auorp.: c. 72-74. — ISBN 978-5-7410-1759-3. — TekcT : 351€KTpOH-
HBIH.

1.4. PazpadoTka HemoJIHbIX (paKTOPUATBHBIX CXeM
MHOTO()AKTOPHBIX PErPeCCHOHHBIX ONBITOB B PACTEHHEBOACTBE

He.]]b 3aHATHA — I/I3y‘II/ITB Hn OCBOUTH MCTOJbI p33pa6OTKI/I H OII-
THMU3allUHU HCIIOJHBIX CXEM MHOFO(l)aKTOpHI)IX ITOJICBBIX PETPCCCUOH-
HBIX SKCIICPUMCHTOB.

3amanne 1. Ha mpumepe dakropuanbHOW CXeMbl 2" M3yUHUTh H
OCBOUTH METONBI Pa3pabOTKH HETOJHOW KBa3M(aKTPHAIHHON CXEMBI
IIOJIEBOTO PETPECCUOHHOIO SKCIEPUMEHTA.

KonunuectBo yacoB — 1
1. W3yunth MH)OPMATUBHOCTD (hAaKTOPHAIBHBIX CXEM IOJIEBBIX IKCIIE-

PUMEHTOB U OTMETUTh UX HETOCTATKH.

2. OO60CHOBaTh BO3MO)XHOCTbh KOHCTPYHMPOBAHMS HEMOJIHBIX CHCTEMa-
THYECKHUX BBIOOPOK M3 (PaKTOPUATBHBIX CXEM 3a CUET MOTEpU HH-
(dopmaruy B3aMMOIEHCTBUNA BBICOKMX HOPSIIKOB.

3. HWzyuuth MeToABI pa3paboTKu KBa3H(PAKTOPHUAIBHBIX CXeM 2", OTMe-
TUTb UX MOJIOXKUTEIbHBIE 0COOEHHOCTH U HEAOCTATKH.

4. Ilo curyallMOHHBIM JaHHBIM 3aJlaHUsl 000CHOBATH U CKOHCTPYHUPO-
BaTh KBa3U()aKTOPHAIBHYIO CXEMY IIOJIEBOTO OIbITA.

5. Paszpaborare miaH pa3MeIlleHHs BapUaHTOB KBa3U(paKTOPUAIbHON
CXEMBI OIIbITA B HAaType.

6. IlpoBecTn 00CyX/JeHUE TONYUYEHHBIX PE3YJIBTATOB, OXapPaKTEPH30-
BaTh NIPEUMYIIECTBA U HEAOCTAaTKH CUTYallMOHHOH pa3paboTKu.

7. CdopMynnpoBaTb arpOHOMUYECKH OOOCHOBaHHBIE BBIBOJBI U CO-
CTaBUTb OTYET O MPOJIEIIaHHON paboTe.

dopMa npoBeeHNs] — PEILICHUE CUTYallHOHHBIX 3a7a4
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MeToauka u MOPAAOK BBIIMMOJTHCHUSA

VYKa3are MOJOKUTEIbHBIE CTOPOHBI MOITHBIX (PaKTOPHUATIBHBIX CXEM
MIOJIEBBIX OIBITOB C KOJUYECTBEHHBIMH TpajanusaMu (paxkrtopoB. M3y-
YUTh MH()OPMATUBHOCTH TAKUX CXEM HAa OCHOBE CpaBHEHHs 4HCJa CTE-
neHel cBoOO/IbI, BBIACIAEMBIX B ITpOLecce aHanu3a. PacKpbITh MOHATHE
00 akTyanpbHOU WHQPOPMAIINH, JOCTABISEMOM YKCIICPUMEHTOM: O CPEel-
HEM YpOBHE sIBIICHHsI, O IIaBHBIX 3((dekrax (pakTopoB U 0 MapHBIX B3a-
UMOJICUCTBHSIX. J]aTh XapaKTepuCTUKY BTOPOW Kareropuu HH(popMaTuB-
HOCTHU HKCIIEPUMEHTA — JOMOJHUTENbHON MH(pOPMALUU O B3aUMOJCH-
CTBUSIX BBICOKMX TOPSIIKOB, KOTOPYIO B ITOJIEBBIX OMbBITaX MOXKHO CUH-
TaTh Majo3Hayaieil. OG0CHOBAaTh TPAKTOBKY YKCIIa CTENEHEH CBOOOIbI
OCTaTOYHOW JHUCIEPCUU KaK XapaKTepPHCTUKY 0a30BOM HH(OpMAINH,
KOTOpYI0 OepyT 3a OCHOBY IpH OLIEHKE 3HAUMMOCTH OTHENBHBIX pe-
3yABTaTOB OMbITa. OTMETHTH UCKIIOYAEMYI0 MH(OPMAIIHIO O pa3IndH-
X MEX1y MOBTOPEHUSMH WM OJOKaMH MPH COOTBETCTBYIOIUX Orpa-
HUYEHHUAX PaHJOMHU3AlMU. YKa3aTh Ha MEepexo] Ha Mepexo] 4acTu J0-
HOJHUTENIEHOW HH(OPMALIMU B UCKITFOYAEMYI0 IIPU UCTIOJIb30BaHUU Me-
TOJA CMEIIMBAaHU: MH()OPMAIINIO, KOTOPYIO YHOCAT B3aMMOJCHCTBUS
BBICHIMX MOPSJIKOB, CMEIIIaHHbIE ¢ OJI0KaMH.

Ha ocHoBe pacuéroB TaOmu4HONM (GopMe naTh XapaKTEPUCTHKY W3-
MEHEHUSM aKTyaJbHOM M 6a30BOM MHPOpPMALMK B Cllyyae yBEJINYECHUS
yrcaa GakToOpoB U aHAJIOTHYHOM €My COKPAIeHWH MOBTOPHOCTH TPHU
COXPaHEHUU MOCTOSHHOI'O YHCIIa SKCIEPUMEHTATIBHBIX €ANHUIL I10JIEBO-
ro onbITa (Tadi. 7).

Tabnuna 7 — Yucno creneneil cBoOOIbI pa3InYHbIX KaTeropuil HHMop-
MaIMy NOJTHOTO (hakTopranbHOro onbita (N=64)
Ne Cxema 2} 24 2° 26
[ToBTOpHOCTH 8 4 2 1

Brnoxo

CpenHero ypoBHs
ImaBHBIX 3¢ dexToB
[TapHbIX B3auMoaeiicTBuil

OcCTalIbHBIX B3aUMOIEHCTBHIT

AxTyanbHas HHbOpManus

bazoast unpopmanus

R0 QNN B |W[N -

VctipaBnenHas akTyaigbHas HHGOpMAaLusI
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Paccuurats ¥ mpuBECTH 3HAYEHHs MOTEPH HWH(OPMATHUBHOCTH 32
CU€T HEOCTaTOYHO TBEPOM 0a3bl CpaBHEHUS MO OTHOLIEHUSAM Fos aiis
OCCKOHEUHOTO YHCJIa CTEeTeHeW cBOOOABI 0a30BOM MH(POpPMAIIUU K TEM
WIM WHBIM BETMYMHAM F-KpUTepueB IUIsl OTICNbHBIX 3HAYEHUH YHcel
creneHei cBoOOABl OMMUOKK OmnbITa. VCIONb30BaTh MOMyYeHHBIE KOA()-
(GUIMEHTHI 17151 KOPPEKTUPOBKH COOTBETCTBYIOIIUX 3HAYCHUN aKTyallh-
HOU HH(POPMAIIUH.

BBIOTHUTH aHAJOTMYHOE UCCIIEIOBAaHUE ISl CITydasl PacIIupEeHUS
yucna rpaganuii (103) ¢GakTopoB MPU COXPAHEHUH TOCTOSHHOTO HX
yrcna. [IpoBecTH cpaBHEeHHs U clenaTh BBIBOABI 00 3(ddexkruBHOCTH
PALMOHATILHOTO TUIAHUPOBAHUSI SKCIIEPUMEHTA.

OxapakTepu30BaTh I1e€CO00Pa3HOCTh MOBBIMICHUST 0a30BOM WH-
dopmanu ombiTa 3a CYET CTAaTUCTHUECKOTO «OaiacTta) B3aUMOJECi -
CTBUU BBICOKHX TMOPSIKOB B IOCJIEIOBATEIHHO PACIIUPSIONINXCS
MHOTOBAapUAHTHBIX TMOJIHBIX (DaKTOpUAJIBHBIX CXeMaX IO0JEBOTO OMbITA.
OTMeTHTh MOTPEOHOCTh HAXOXKIEHUS METOJa yYBEIWYCHHs YHclia rpa-
nanuii (akTopoB, HE BBIXOJIS 3@ JOIYCTHUMbIE MPEAesbl KOJIMYeCcTBa Ba-
pUAHTOB OTIBITA.

N3yunth criocod KOHCTPYHPOBAHUS CHCTEMATHUYECKOW BBIOOPKU U3
NOJTHOW (haKTOpUaIbHOW CXEMBI HA OCHOBE YCIOBHOTO ¢akrtopa (S) Ha
npumepe onbiTa 4x4x4, Tlepeiith 0T cXeMbl TPEX(PAKTOPHOTO ONbITa 2°
(ABC)  uersipéxdakropromy 2* (ABCS), npumnucaB 0CHOBHBIM (hak-
Topam 10361 0 1 2, a ycmoBHomy O u 1, uto B Tepmunax ABC Oyznert co-
orBercTBOBaTh Si=000 u S;=111. Cxemy ombiTa 2* pacnpenenurs Ha
nBa O10Ka 1Mo § BapuMaHTOB IO MPUHIUITY YETHOTO U HEUETHOTO YHCcia
¢ dexToB (HaKTOpOB, cMEIaB ¢ HUMHU B3aUMOJICHCTBHE BBICIIETO I0-
panka. Cinoxutb Tpé€x3Haunble ABC- KOJbl ¢ COOTBETCTBYIOIIMMH UM
YPOBHSIMH YCJIIOBHOTO (haKTOpa ISl TOMYyUEHUS] COKPAIIEHHOW CXEMBI B
TEPMUHAX TPEX U3yyaeMbIX (PAKTOPOB C YETHIPHMS TPAAALUIMHU KaXKI0-
ro u3 HuX. OTMeTUTH, uTo B TepMUHAX ABCS onbIT siBisieTcst pakropu-
aJbHBIM, a B TepMUHAX OCHOBHBIX (hakTopoB ABC OH TakOBBIM OBITH HE
MOJXET. B umuciie HeOCTaTKOB yKa3aTh MUCKIIOUEHUE U3 CXEMBI MAKCH-
MaJIbHO KOHTPACTHBIX COYETaHHUM 103 M3y4yaeMbIX (PAKTOPOB M KOHLIEH-
TpaIyio HAOMIOJAEMBIX TOYEK BIOJIb JUATOHAIU TPEX(HAKTOPHOTO MPO-
cTpancTBa. OTMETUTH, KAKMM 00pa30oM 3TO MOXKET CKa3aThCsl Ha Kaye-
CTBE PErPECCUOHHON MOJIEIIH.
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B cooTBeTcTBUM ¢ MHAMBUAYAIbHBIM 33JaHUEM pa3padoTaTh KBa3H-
(bakTopuanbHyIO CXeMY IOJIEBOTO OMbITa, 000CHOBATH YHUCIIO Ipaaluit
ero (akTopoB, CTENEHb IPOOHOCTU KBa3u(aKTOpUaIbHOW BBIOOPKH,
OTIpPEIeNIUTh COCTaB OJIOKOB HA OCHOBE TEOPUU CMELIMBAHUS.

Pa3paborarh miuaH pa3MenieHus ombiTa B HaType, MPOBECTU PaHJIO-
MU3AIMI0 BAPUAHTOB B COOTBETCTBUU OCOOEHHOCTSIMHU CUCTEMBI OJIOKH -
POBOK. Hpe)lCTaBI/ITB CXeMaTUYeCKUH IUIaH pasMCIICHUA OIlbITa, YKa-
3aTh pa3Mephl €r0 OCHOBHBIX JIEMEHTOB C yUETOM 3aIMTHBIX II0JIOC U
BO3MOXHOCTU MIPUMEHCHUA CPCACTB MCXaHU3AIUHN TTOJICBBIX pa60T npu
IIOCTAHOBKE KCIIEPUMEHTA. B COOTBETCTBUM C MTOCTABIEHHOM LENIBIO U
KOHKPETHBIMHU 3ajladyaMH pa3padoTarh MporpaMmy HCCiel0BaHUM U co-
CTaBUTh KaJCHIApHBIN IJIaH NMPOBEJCHUS OCHOBHBIX Y4ETOB M HAOIIO-
JICHUI B XO/I€ IPOBEICHUS OIBITA.

IIpoBecTn aHanu3 MHMOPMATUBHOCTH HOIYYEHHOW CXeMbl, 00CYy-
JUTb €r0 PE3y/bTaThl, 0XapaKTepU30BaTh IPEUMYIIECTBA U HEAOCTATKHU
CUTyallMOHHOU pa3paborku. CdopMynupoBaTh arpOHOMHUYECKH 000C-
HOBAHHBIC BBIBOJIBI U COCTABUTH OTYET O IIPOACIIAaHHON paboTe.

3amanue 2. M3y4nTh U OCBOUTH METOIBI Pa3pabOTKH HETIOTHBIX
(akTOpUaNTbHBIX CXEM IOJEBOIO PErPECCHOHHOTO SKCIEpUMEHTa Ha
OCHOBE «BIHICAHHBIX KYOOB).

KonnuecTBo vacos — 1.

7. W3yunTh NPUHIMITEI KOHCTPYHUPOBAHHS HEMOJTHBIX CXEM — CHCTEMa-
THYECKHUX BBIOOPOK M3 (PaKTOPUAIBHBIX CXEM, [0 Coco0y BIMCaH-
HBIX KyOOB.

8. O3HAaKOMHTBHCS C METOZOM OLICHKH MH(OPMATUBHOCTH BBIOOPOUHBIX
CXEeM 10 CI0CO0y BIUCAHHBIX KYOOB.

9. U3yuuth MeTOAbl OJIOKMPOBKU HEMOJHBIX (PAKTOPUATBHBIX CXEM,
0TOOpaHHBIX 110 CIIOCO0Y BINHCAHHBIX KyOOB.

10. OTMETUTh M OXapaKTepU30BATH IMOJIOKUTEIbHBIE OCOOCHHOCTH MU
HEJIOCTATK! HETIOJHBIX CXEM Ha OCHOBE BIIMCAHHBIX KYOOB.

11. 1o cuTyallMOHHBIM JAaHHBIM 3aJjaHUs 000CHOBaTh U CKOHCTPYHUPO-
BaTh CXeMY MHOTO(AKTOPHOTO PErpEeCCHOHHOTO TOJIEBOTO OIBITA HA
OCHOBE BIMCAaHHBIX KyOOB.

12. Pa3zpaborare miaH pa3MelIeHHs] B HaType BapUaHTOB CXEMbI OINbITA
Ha OCHOBE BIIMCAHHBIX KYOOB.
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13. TIpoBecTu 0OCYXJI€HHE TMOTYUYEHHBIX PE3yJbTAaTOB, OXapaKTEPU30-
BaTh NPEUMYIIECTBA U HEAOCTATKH CUTYAllMOHHOMN pa3paboTKu.

14. ChopmynupoBaTh arpOHOMHYECKH OOOCHOBAaHHBIC BBIBOABI U CO-
CTaBHUTb OTYET O MPOJIEIAHHON paboTe.

dopMa npoBeIeHUs — PELIEHUE CUTYallMOHHBIX 3a1ad.
MeTtoanka v NOPS/A0K BbHINOJTHEHUS

O3HAaKOMHUTBCS C OCHOBHBIMU TMPUHIUIIAMHU KOHCTPYHPOBAHUS
CHUCTEMAaTHYECKHUX BBIOOPOK M3 (PaKTOPHAIBHBIX CXEM 10 CIIOCO0Y BITH-
CaHHBIX Ky0OB. PaccMoTpeTsh cxeMmy 2° ¢ maroM, paBHBIM TPEM J03aM,
TO €CTh KyO C peOpOM B TPH €AUHUIILI B TPEX(HAKTOPHOM MPOCTPAHCTBE
¢ xoopauHatamu A, B u C. Bniucars B Hero MeHbIui Ky0 ¢ pedpom B
OIHY /103y W OIPEIENIUTh KOOPIWHATHI BEPIIUH O0OMX KyOOB B TpE-
Xpa3psIHOM YHUCIOBOM BhIpaskeHHH (puc. 13).

003 303
033 333
112 212
[77 222
111 211
121 221
000 300
030 330

Puc. 13. Ky6 2° ¢ peGpom B OIHY /103y, BIIMCAHHBIN B
Kyb 2°c pe6poM B TpH 03B
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CocTaBuTh U3 TPEX3HAYHBIX KOJIOB cXeMy U3 16 BapuaHTOB, B KO-
TOpOH J103bl KaXXI0T0 U3 TpEX ¢akTopoB A, B u C nmpuHumaroT 3Haue-
HUS B npenenax yeTblpéx yposHei: 0, 1, 2 u 3. Oxapakrepus3oBarb 3Ty
cxeMmy — (2°+2%), kak BbIOOPKY Y NONHON (PAKTOPUAIBLHOW CXEMBI
4x4x4 ¢ 64 papuantamu. OTMETUTH MOBBIIIEHHYIO KOHLIEHTPAIUIO JKC-
NEPUMEHTAJIbHBIX TOUEK B IIEHTPAJIbHON YacTU CXeMbl B yliepo eé me-
pudepun U BbIpaXEHHYIO KOHTPACTHOCTh BapHAHTOB BHEIIHEro KyOa
KaK OTpHULIATEIbHYI0 0COOEHHOCTh paccMaTpUBaeMol BEIOOPKHU.

Onpenenuts M NpeACTaBUTH B TaONMYHONU (hopMe KOIMYECTBO
uHGOpMAINHN B CTETICHAX CBOOOIBI, JOCTABIsAEMOM cxeMon Y4(4x4x4),
pa3paboTaHHOM 10 crioco0y BIUCAHHBIX KyOOB (Tadm. §).

Tabnuua 8 — Yucno creneneit cBOOOIBI pa3IUYHbIX KaTeropuilt HHQOp-
Manuu BeIOOpKH (2°42%) = Va(4x4x4)

Ne Kareropus Buennauii xy6 | BHyTpeHHUI Bcero
KyO

1 |Cpennuit ypoBeHb

2 |I'naBHbIC 3(h(heKTHI

3 |ITapHbie B3auMOEHCTBUS

4 | TpoiiHble B3aUMOICHUCTBHUS

OueHutbh HHGOPMATUBHOCTD TaKOW CXeMbl ¢ y4€TOM 0a3bl OLEH-
KU 3HAYUMOCTHU IJId CJIy4acB IOCTAHOBKHU OIIbITA 663 IMOBTOPHOCTHU U B
JIBYKpPaTHOW MOBTOPHOCTH (CM. cTp. 34). CpaBHUTH MOJY4YEHHBIE pe-
3YJIbTAThI U CACIIATH OGOCHOB&HHLII\/'I BBIBO.

W3yunts Bonpoc 610KMpOBKH 16-BapuanTHOI cxeMsl (2*+2%), nc-
MOJIb3yA JIA 3TOro OHY CTCIICHb CBO60,Z[BI TpOfIHOFO BSaHMOHeﬁCTBHH.
C aT0M 1enpio pa3ouTh BaApUAHTHI KKI0TO U3 KYOOB Ha JBE TPYIIIBI 110
npaBuwiIaM 00pa3oBaHUs OJOKOB NPH BOCBMEPHOH CXeMe U COEIMHUTH
STH TPYNIbl HakKpecT, o0pa3oBaB JBa OJOKa, B KOTOpPbIE BXOAAT IO
YeThIpe BapUaHTa U3 MPOTUBOIOIOKHBIX (YeTHAs + HeYeTHas, U Ha000-
pOT) Ipynn BHENIHETO M BHYTpeHHero KyoOoB. IIpoBeputh paBHO-
3HAYHOCTb CTPYNIUPOBAHHBIX OJIOKOB IO KPUTEPUIO TOCTOSHCTBA CyM-
MBI KBa/IpaToB KOZOB BapHAHTOB OJIOKA.

OGCY,Z[I/ITB BO3MOXHBIC IIYTU CMATYCHUA CBOMCTBEHHOI'O CXeMaM
Ha OCHOBE KyOOB 2" HeJI0CTaTKa — HeCOpa3MEepHO HU3KOW HACKIIICHHO-
CTHU SKCIICPUMCHTAJIBHBIMU TOYKAMU BHEIIHEH 4YacTU cxeMbl. PaccMOT-
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pPETh BO3MOKHOCTh HCIOJIB30BaHUS UIsl BHEIIHEH 000JI0YKHM Kyba Ha
OCHOBE CXeMblI 3", UMEIOIIEro B ciydae 3° 27 Toyek Habmonenus. Jars
aHamm3 cxeme (2°+3%). O6cynuTs cucTeMy OIOKHPOBKH JUIS 3TOTO CIIy-
yas. PacnpocTpaHUTh croco0 BHOMCAHHBIX KyOOB OT TpPEX(aKTOPHBIX
CXeM Ha ciy4yail 4eThIpéx u Oosiee (HakTOpOB, Meperass K paccMoTpe-
HUIO TUIIEPKYOOB.

[To cuTyallMOHHBIM JaHHBIM 337aHUsT 00OCHOBATh U CKOHCTPYH-
pOBaTh CxeMy MHOTO(AKTOPHOTO PErPEeCCHOHHOTO MOJIEBOTO OIBITAa Ha
OCHOBE BIMCAHHBIX KyOoB. Pa3paborarh cuctemy OIOKHPOBKH, 000C-
HOBaTh IMOBTOPHOCTH U MOCTPOUTH IJIaH Pa3MElLIeHUs B HAaType BapHaH-
TOB CXEMBI OTIBITA Ha OCHOBE BIMCAHHBIX KyOOB. OOCYIUTh MpeHMyIIie-
CTBa M HEJOCTaTKM pa3paboTaHHOM cxembl. Pa3zpaborarh mporpammy
uccnenoBanuii B omnbite. CPOpMyIHpPOBaTh arpOHOMHYECKH OOOCHO-
BaHHbIE BBIBOJBI M COCTABUThH OTYET O MPOJIEIIaHHON padoTe.

MarepuajibHO-TeXHHYECKOe o0ecrnedeHne:

1. CnpaBounblid HHPOPMAITMOHHBIN MaTepual sl aHAJIN3a arpOHOMHU-
YECKUX JIAaHHBIX.

2. Vwuebnas ayauropus 1/213, A6ull; IlepcoHasibHble KOMIBIOTEPHI
Celeron 420 1,6GHz/512Mb/80Gb/17”LCD — 12 mt.; Windows XP
Home OEM - MB4G-46QWS8-8DFWD-G989W-XXVRG;
LibreOffice — Mozilla Public License, v. 2.0.

KoHTpoJibHbIE BONIPOCHI:

1. Kakme kxareropuu mH(OpMAIMK TOCTABIsIET MHOTO()AKTOPHBIN TO-
JIEBOM OTBIT?

2. Kak omeHuBaroT MH(POPMATHUBHOCTH MHOTO(AKTOPHOTO IIOJIEBOTO
OTIbITa HA OCHOBE YMCIIA CTeNeHel cBoOobI?

3. Kax ompenensitoT U kakuM o0pa3oM YUMTBHIBAIOT MOTEpU MH(pOpMa-
TUBHOCTU MHOTO(aKTOPHOTO IOJIEBOTO OIMbITa OT COKpalleHus 6a-
30B0Oi1 MH(popmanun?

4. YTo npoUCXOIMT € aKTyaJlbHOM MH(pOpMalLnel ombITa B Cilydae yBe-
JMYEHHUs 4YHcha Tpajanuid (103) ucciaeayeMblXx (akTOpoB TpH
COXPaHEHUH YHUCIIA SKCIIEPUMEHTAIbHBIX €AMHULL?

5. Yro JEeKUT B OCHOBE 0OOOCHOBAHUS 11€7IECO00Pa3HOCTH PUMEHEHUS
HETIOJIHBIX (PAKTOPUANIBHBIX CXEM B MHOTO(AKTOPHBIX PerpeccHOH-
HBIX SKCTIEPUMEHTAaX B PACTEHHEBOJICTBE?
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11.

12.

13.

14.

15.
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W3noxkure NMPUHIUIBI TOTYYCHUST KBa3U(aKTOPHAIBHBIX BHIOOPOK
Ha OCHOBE cXeM 2".

Kakum oOpa3zoMm npuMeEHsIOT MeToj OJOKOB K KBa3H(aKTOpHallb-
HBIM CXEMaM IOJIEBBIX OIBITOB?

OnummTe MPUHIMIT TTIOCTPOCHHUS HETIONHBIX TPEX(PAKTOPHBIX CXeM
crocoOOM BITUCAHHBIX KyOOB.

OxapakTepu3yiiTe MOJIOKUTEIBHBIE CTOPOHBI HETIONHBIX CXEM Ha
OCHOBE CII0C00a BIIMCAHHBIX KyOOB.

Onummre TMOPSI0K OIEHKH HWH()OPMATUBHOCTH HETIOJHOW CXEMBI
MHOTO(aKTOPHOTO IOJIEBOIO ONbITa HA OCHOBE BIHMCAHHBIX KyOOB
(2°+2°) 1o umciy creneneit CBOGOIDL.

JlaiiTe XapaKTepUCTUKY OTPHULATEIbHBIM CBOWCTBAM HETOJIHBIX
CXEM Ha OCHOBE c11oco0a BIIMCAaHHBIX KyOoB 2".

W3noxuTe NpUHIUIBI CMITYEHUST HECOPa3MEPHO HU3KOM HACBILIECH-
HOCTH JKCIIEPUMEHTAIFHBIMU TOYKAMH BHEIHEH YacTW HETIONHOW
cxemsl (2"+2").

N3noxute mOPSAIOK COCTaBIEHHUs OJIOKOB MJISI HETOMHBIX CXEM,
CKOMITOHOBaHHBIX I10 CIIOCOOY BIIMCAHHBIX KyOOB.

Kak pangomMu3upyroT BapHaHThl MHOTO(AKTOPHBIX KBa3U(paKTOPH-
QJIbHBIX TOJIEBBIX OIBITOB C IPUMEHEHUEM METOa OJI0KOB?
OnummTe MOpsSAOK PaHIOMHU3AIMH BAPHAHTOB HEMOJIHBIX MHOTO(-
aKTOPHBIX CXEM Ha OCHOBE BIHMCAHHBIX KYOOB C HCIOJb30BaHUEM
MeToza OJIOKOB.

Kpurtepun ounenku oryera:
YMeHue paboThl CO CIIPABOYHOMN JTUTEPATYPOM I TEOPETHUECKOTO
obOecrieueHus 3a1aHusl.
HaBbiku ananusa nHGOPMATUBHOCTH MHOTO(AKTOPHBIX CXEM TOJIe-
BBIX OIBITOB C MPUMEHEHHWEM CIECIHAIM3UPOBAHHOTO MPOTPaAMM-
HOTro HHCTpyMeHTapus OBM.
Brnanenne weromamm pa3pabOTKM KBa3sH(PaKTOPUAIBHBIX CXEM
MHOTO(aKTOPHBIX MMOJIEBBIX OMBITOB.
Bnanenne Mmetonamu pa3pabOTKH BEHIOOPOUYHBIX CXeM MHOTO(aKTOp-
HBIX TIOJIEBBIX OIBITOB METOJOM BIHUCAHHBIX KYOOB.
OcBoeHre METO/MOB IUIAHUPOBAHUS YYETOB M HAOMIONCHUA B
MHOTO(aKTOPHOM PErpecCHOHHOM MOJIEBOM OTIBITE.
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[TonHOTa ¥ JTOTUYHOCTH PACKPBITHS TEMbI 33 JaHUS.

AJICKBaTHOCTb U arpOHOMHYECKasi 000CHOBAHHOCTH BBIBOJIOB.
CrurcTHyecKass TPaMOTHOCTh M3JIOKCHHUS TEKCTa M MPABUIBHOCTD
odopmiieHus: oT4ETA.

OcHoBHast yyeOHasi iuTeparypa:
[Tonoyc, I'I1. OcHOBHBIE 37IEMEHTHI METOAMKH MOJICBOTO OTBITA :
yaebHoe mocobue / I.I1. [Tonoyc. — CraBpomnomns : CTI'AY, 2009. —
96 c¢. — Pexum noctyma. — URL: https://e.lanbook.com/book/
5734 (nara obpamenus: 12.09.2019). — ISBN 978-5-9596-0615-
2. — Tekcr : 2IEKTPOHHBIM.

JlonoiHuTeIbHASL y4eOHAs JINTepaTypa:

Usanosa, T.U. ITlpornosmpoBanue >PpGEeKTUBHOCTH yAOOpEHUMN ¢
UCIIOJIb30BaHMEM MareMaTudeckux mopenei [Tekcr] : HaydHOe U3-
nanve / T. U. BanoBa ; Bcecoros. aka. c.-x. Hayk uM. B. 1. Jlenn-
Ha. - Mocksa : Arponpomuszar, 1989. - 233 c. - ISBN.

Mengenes, [1.B. Maremarndeckoe IiaHUpOBAHUE DKCIIEPUMEHTA /
I1.B. Mengenes, B.A. ®enoros. — Openbypr : OpeHOyprckuit rocy-
JMapcTBEHHBIN yHUBepcuTet, 2017. — 98 ¢. : Tabmn., rpad., cxem., Ul
— Pexum gpocryma. — URL: http://biblioclub.ru/index.php?
page=book&id=481785 (mara obOpamenus: 12.09.2019). — bub-
auorp.: c. 72-74. — ISBN 978-5-7410-1759-3. — TekcT : 251€KTpOH-

HBIH.
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CIIUCOK UCHTOJIb3OBAHHBIX UCTOYHUKOB

. AdanacweB, B.H. Craructuyeckast METO0I0THS B HAyYHBIX HUCCIENO-
Banusix / B.H. AdanaceeB, H.C. Epemeena, T.B. JlebeneBa. — OpeH-
oypr : OI'Y, 2017. — 246 c. : un. — Pexxum noctyna. — URL: http://
biblioclub.ru/index.php?page=book&id=485266 (mara oOpareHus:
11.09.2019). — bubmnuorp. B ku. — ISBN 978-5-7410-1703-6. — TekcrT :
3JIEKTPOHHBIN.
I'puropses, F0.J1. MeToab! ONTUMANBHOTO TUNIAHUPOBAHUS SKCIIEPH -
MEHTa: JIMHEeiHbIe MoJienH : yuebnoe nmocooue / FO./1. ['puropses. —
Cankr-IletepOypr : Jlans, 2015. — 320 c. — Pexum noctyna. — URL:
https://e.lanbook.com/book/65949 (nara obopamenus: 12.09.2019). —
ISBN 978-5-8114-1937-1. — TekcT : AIEeKTPOHHBIH.
Hpeiinep, H. Ilpuxmannoii perpeccMoHHbd aHanmu3: B 2-x KH.
[Texkcr] : mepeBoanoe uznanue. Ku. 1 / H. peiinep, I. Cmur ; nep. ¢
anr. 0. I1. Annep. - 2-e u3n., nepepal. u jgorn. - M. : ®uHAHCH U cTa-
THCTHKA, 1986. —366 c. : mi.
Wpanora, T.W. I[IporrHosupoBanue 3pPEeKTUBHOCTH yIOOpEHUH C HC-
MOJIh30BaHMEM MaTeMaTtudeckux mozneneit [Teker] : HayuHoe n3nanue /
T. N. Banosa ; Bececoros. akz. c.-x. Hayk uM. B. W. Jlennna. — Mocksa
: Arporrpomuznar, 1989. — 233 c. — ISBN 5-10-001379-6.
. Mengenes, I1.B. Maremarndeckoe IUTaHUPOBaHHWE SKCIEpUMEHTa /
I1.B. Mengenes, B.A. ®enotoB. — OpenOypr : OpeHOyprckuii rocynap-
cTBeHHBIN yHUBepcuret, 2017. — 98 c. : tabn., rpad., cxem., ui. — Pe-
xuM  poctyma. — URL:  http:/biblioclub.ru/index.php?page=
book&id=481785 (mara obpamenwus: 12.09.2019). — bubmuorp.: c. 72-
74. — ISBN 978-5-7410-1759-3. — TeKcT : 21€KTPOHHBII.
MogenupoBaHue pocta M HPOAYKTUBHOCTH  CEJIbCKOXO3SMCTBEH-
HbIX KyabTyp [Tekct] / mep. ¢ aurmn. O. . Cuporenxo ; pen. @. B. T.
[lennunr ne @pus. - JI. : T'ugpomereonsaar, 1986. — 320 c.
. Mouwucees, H.I. Teopusi mutanupoBanus u 00pabOTKH IKCIIEpUMEHTA /
H.I'. Moucees, }0.B. 3axapos. — Momkap-Omna : III'TY, 2018. — 124 c. :
ni. — Pexum poctyma. — URL: http:/biblioclub.ru/index.php?
page=book&id=494313 (mara obpamenus: 12.09.2019). — bubmuorp.:
c. 121. —ISBN 978-5-8158-2010-4. — TekcT : 21€KTPOHHBII.
. Honoyc, I'.Il. OcHOBHBIE AIEMEHTHI METOUKH ITOJIEBOTO OMbBITA : yueO-
Hoe nocobue / I'IL. [Tonoyc. — CraBpomnons : CTI'AY, 2009. — 96 ¢. —
Pexum nocryna. — URL: https://e.lanbook.com/book/5734 (nata 06-
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pamenusi: 12.09.2019). — ISBN 978-5-9596-0615-2. — Tekcr : amek-
TPOHHBIH.

Teopust BepoATHOCTEM M MaremMaThyeckas cTaTUcTUKa. Maremaruue-
ckue moxenu [Tekct] : y4ue0. mocoOue mist ctynentoB By3oB / B. JI.
Mstnes [u ap.]. - M. : Academia, 2009. - 314, 1 c. : wnn., rpad.
- ISBN 978-5-7695-4704-1.

lypun, K.B. Meronuka u npakTuKa IUIAHUPOBAHUS W OpraHU3alluu
skcnepumenTa: npaktukyM / K.B. Illypun, JI.A. Kocbix. — OpenOypr :
OpeHOyprckuii rocynapcTBeHHbINH yHUBepcuTeT, 2012, — 185 ¢. : mit. —
Pexum  mocryma. —  URL: http://biblioclub.ru/index.php?
page=book&id=260761 (nara obpamenus: 11.09.2019). — bubauorp.:
c. 177-178. — TekcT : 21NEeKTPOHHBIH.
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IPUJIOKEHUE A.
KBA3BUJIATUHCKHM KBAJIPAT 8x8

Tabmuma A.1 — I'paganuu GakTopoB CXEMbI OIBITA C 03UMOM
nuieHunen 4x4x4

®dakrop I'papauus Kon rpamanuun
C — Cpok cesa (mara) 25.09 0
10,10 1
25,10 2
09.11 3
H — Hopwma BbIceBa, MiIH./Ta 1,5 0
3,5 1
5,5 2
7,5 3
N — Jlo3a a3ora, Kr/ra 0 0
34 1
68 2
102 3

Tabnuua A.2 — Pa3menienue BapuanToB onbiTa 4x4x4 (TpEX3HauHBIH
ugpoBoit kog CHN) B KBa3WJIaTUHCKOM KBajpate 8%8

BIIOKH- bnoku-cron6ups

CTpOKH 1 2 3 4 5 6 7 8 V2
1 010 131 320 023 313 232 102 201 | 322788
2 122 003 212 111 221 300 030 333 | 322788
3 202 323 132 231 101 020 310 013 | 322788
4 113 032 223 120 210 331 001 302 | 322788
5 330 211 000 303 033 112 222 121 | 322788
6 021 100 311 012 322 203 133 230 | 322788
7 233 312 103 200 130 011 321 022 | 322788
8 301 220 031 332 002 123 213 110 | 322788

TV® | 322788 | 322788 | 322788 | 322788 | 322788 | 322788 | 322788 | 322788
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MPUJIOKEHUE b.
YPOXKAMHOCTDH O3UMOM NIIIEHUIIBI B
TPEX®AKTOPHOM ITOJIEBOM OIIBITE 4x4x4 C IBOMHOM
BJIOKUPOBKOM

Tabnuna b.1 — YpoxxaliHOCTh 03MMOI! MIIIEHUIIBI B IEPBOM TOBTOPEHUU
TpEX(PAKTOPHOTO MOJIEBOTO OIBITa B 3aBUCUMOCTH OT cpoka cesa (C),
HopMbI BeiceBa (H) u 10361 azora (N) mpu pa3MerieHny BapuaHToB B
KBa3WJIATHHCKOM KBajipate 8x8 (cM. Tabn. A.2), i/ra

bnoku 1 2 3 4 5 6 7 8 | X ctpok | IlonpaBku
1 34,9 | 59,7 | 31,0 | 39,1 | 26,3 | 52,3 | 43,2 | 32,4 | 3189 -17,2
2 50,7 | 16,9 | 37,4 | 45,2 | 43,8 | 12,8 | 37,0 | 29,8 | 273,6 +28,1
3 34,0 | 353 | 54,9 | 454 | 31,1 | 34,1 | 244 | 344 | 2936 +8,1
4 51,1 | 45,8 | 51,9 | 43,1 | 37,9 | 30,2 | 24,1 | 11,8 | 2959 +5,8
5 33,6 | 47,1 | 22,8 | 14,8 | 45,1 | 58,0 | 56,7 | 57,6 | 3357 -34,0
6 39,9 1 36,9 | 24,9 | 34,8 | 34,1 | 35,6 | 60,5 | 44,5 | 3112 -9,5
7 53,1 1 27,3 | 36,5 | 24,4 | 459 | 339 | 31,6 | 38,9 | 2916 +10,1
8 14,2 | 45,2 | 38,8 | 29,3 | 19,9 | 57,8 | 47,4 | 40,7 | 2933 +8,4
Y cronbuoB |311,5|314,2|298,2276,1 |284,1 |314,7324,9 1290,1 | 2413,8 0,0
Monpasku | -9,8 |-12,5 | +3,5 |[+25,6|+17,6|-13,0|-23,2 |+11,6| 0,0 301,7
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Tabnuma b.2 — YpoxaltHOCTh 03UMO¥ TIIIEHHUITHI BO BTOPOM
MOBTOPEHUHU TPEXPAKTOPHOTO TOJIEBOTO OMBITA B 3aBUCUMOCTH OT
cpoka cesa (C), Hopmbl BeiceBa (H) u 10361 azora (N) ipu pasMeneHnn
BapUAHTOB B KBa3WJIATUHCKOM KBajpare 8x8 (cM. Tabn. A.2), i/ra

Bioku 1 2 3 4 5 6 7 8 | X crpok | ITonpaBku
1 32,6 | 54,2 | 28,0 | 40,0 | 27,3 | 55,2 | 37,1 | 29,3 | 303,7 11,7
2 58,7 1 23,0 | 47,9 | 47,3 | 51,2 | 159 | 37,9 | 30,7 | 3126 20,6
3 34,1 | 30,6 | 59,4 | 50,9 | 34,6 | 34,0 | 21,8 | 31,3 | 296,7 4,7
4 53,31 41,5 | 52,8 | 43,5 | 35,8 | 30,7 | 20,8 | 10,8 | 2892 -2,8
5 26,6 | 39,1 | 17,0 | 9,2 | 40,7 | 54,1 | 47,8 | 49,3 | 2838 -8,2
6 37,5 | 28,2 1 19,9 | 30,1 | 24,4 | 28,9 | 52,1 | 36,4 | 2575 -34,5
7 56,3 | 26,0 | 41,4 | 30,9 | 52,8 | 40,8 | 31,2 | 40,3 | 3197 27,7
8 12,1 | 40,7 | 39,5 | 26,3 | 16,6 | 55,3 | 43,1 | 39,0 | 2726 -19,4
X cronbuoB | 311,2283,3|305,9278,2|283,4 314,9291,8267,1| 2335,8 0,0
Ionpaskn | 19,2 | 8,7 | 13,9 |-13,8| -8,6 | 22,9 | -0,2 |-24,9 0,0 292,0
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MPUJIO)KEHUE B. KOPPEKTUPOBKA JAHHBIX U
JTUCHEPCHUOHHBIN AHAJIN3 OIIBITA C IBOMHON
BJIOKUPOBKOM

Tabnuma B.1 — CkoppekTupoBaHHas o 0JIOKaM ypOKaHOCTh 03UMOM

TIIICHUIIBI B TIEPBOM MMOBTOPEHHUH TPEX(HAKTOPHOTO MOJIEBOTO OMBITA B

3aBucUMOCTH OT cpoka cesa (C), Hopmel BeiceBa (H) u no3s1 azora (N)
IIpH pa3MEIIeHUH BapHAHTOB B KBAa3WJIATHHCKOM KBajpare §x8§, 1/ra

Bnoku 1 2 3 4 5 6 7 8 X CTpOK
1 31,5 | 56,0 | 293 | 40,2 | 264 | 48,5 | 382 | 31,7 3018
2 53,0 | 189 | 414 | 51,9 | 495 | 147 | 37,6 | 34,8 3018
3 33,8 | 348 | 564 | 49,6 | 343 | 335 | 22,5 | 36,9 3018
4 50,6 | 450 | 53,1 | 47,0 | 40,8 | 29,3 | 21,9 | 14,0 301,7
5 28,1 | 41,3 | 19,0 | 13,8 | 43,1 | 52,1 | 49,6 | 548 3018
6 37,5 | 342 | 242 | 36,8 | 351 | 32,8 | 564 | 448 3018
7 53,1 | 27,0 | 382 | 289 | 494 | 33,5 | 30,0 | 41,6 301,7
8 14,0 | 44,7 | 40,3 | 33,6 | 23,2 | 57,2 | 45,6 | 43,2 3018
X cronbuoB | 301,6 | 301,9 | 301,9 | 301,8 | 301,8 | 301,6 | 301,8 | 301,8 | 24142

Tabnuma B.2 — CkoppekTupoBaHHas 1o OJIOKaM ypOKaiHOCTh 03UMOM

MIICHUIIBI BO BTOPOM TTOBTOPEHUU TPEX(HAKTOPHOTO MOIEBOTO OIBITA B

3aBUCUMOCTH OT cpoka cesa (C), Hopmel BeiceBa (H) 1 qo3s1 azora (N)
IIPY pa3MeEIICHUHU BAPHAHTOB B KBa3WJIATUHCKOM KBajpate §x8§, 1/ra

Bbnoku 1 2 3 4 5 6 7 8 % CTPOK
1 28,7 | 53,8 | 24,8 | 40,3 | 26,9 | 50,9 | 35,7 | 30,9 292,0
2 53,7 | 21,5 | 43,6 | 464 | 49,7 | 10,5 | 353 | 31,2 2919
3 35,1 | 31,1 | 57,1 | 52,0 | 351 | 30,5 | 21,2 | 338 291,9
4 51,2 | 429 | 514 | 456 | 37,2 | 282 | 21,2 | 143 292,0
5 252 | 41,2 | 163 | 11,9 | 42,8 | 52,3 | 48,8 | 534 2919
6 394 | 336 | 22,5 | 36,1 | 29,8 | 303 | 564 | 438 291,9
7 50,4 | 23,6 | 36,2 | 292 | 504 | 345 | 27,8 | 39,9 292,0
8 12,1 | 442 | 40,2 | 30,4 | 20,1 | 54,9 | 45,5 | 445 2919
Y cronbuoB | 291,8 | 291,9 | 292,1 | 291,9 | 292,0 | 292,1 | 291,9 | 291,8 | 23355
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Tabmuma B.3 — Pe3ynbraTsl IUCIIEpCHOHHOTO aHAN3a 3aBUCUMOCTH
YpOKaitHOCTH 03UMOM milieHu1Ibl 0T cpoka cea (C), HopMbI BeIceBa
(H) u mo3b1 azota (N) rpu pa3MenieHIH BapHAHTOB B KBa3MJIATHHCKOM

KBajpare 8x8, m/ra

Hucnepcus Cymma Crenens | Cpeanuii| F-otHo- | P-3Have-
KBaJgpaToB |CBOOONBI| KBaapar | IIEHHE HUE
Ob6mas 19528,57 127 - - —
IToBTOpenuit 48,39 1 - - -
BrokoB-cTpok 1 295,26 7 - - -
Brnoxos-cToibmnos 1 228,76 7 — — -
Bbroko-cTpok 2 395,94 7 - - -
Brnoxos-cToib110B 2 277,70 7 - - -
I'maBHBEIX 3 dexToB C 10355,9 3 |3451,955(1259,525| 0,0000
H 6916,36 3 12305,453| 841,197 | 0,0000
N 643,62 3 214,540 78,280| 0,0000
Bzaumopeticreuit  CH 62,05 9 6,895 2,516| 0,0187
CN 47,85 9 5,317 1,940 | 0,0678
HN 80,45 9 8,939 3,262 | 0,0035
Heewmemarmeix: pamo- 42,04 13 3234 1,180 -
JEACTBHI
Oummokn 134,29 49 2,741 - -
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MPUJIOXXEHMUE I'. PETPECCHOHHBIN AHAJIN3 IAHHBIX

INTOJEBOI'O OIIBITA
Habnoaaemele ¥ pacyeTHble 3HAYEHWA 3aBMCMMON NepeMeHHoR
O HabAwjaemble — MNpeicKasaHHbIE
OF
504 |
454
& 10/
(1]
L=
0
4354
3
I
EE
% :
(=]
(=}
>

25+

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
¥poxanHOCTE, W/Ta - NpeacKasaHma

Puc. I'.1. ComracoBaHHOCTE Ha6J'IIOI[aeMLIX B OIIBITC U TPCACKA3aHHBIX

MoJIeNbIo (6) 3HaYeHUH YpOyKalHOCTH MIIEHUITBI
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Pacnpe,ﬂemee YaCTOT OCTaTKOB OT DErpeccyK
—— HOpPMafbH&A KDHMEAA I:' UYaCTOThl OTKNOHEHMIA

121

b

Yactotel

o e e L ) ] L L
-45 -4 -35 -3 25 -2 15 -1 050 05 1 15 2 25 3 35 4 45
YpOoXahHoCTh, L/Ta - OCTaTKK

PacxoxaeHwe UacTOT OCTATKOB C HOPMA/bHEIM pacnpeieneHvem
Xw-ksagpat = 1,249 (0,9744)

Puc. I'2. Pacnipenenenne 4acToT OTKIIOHCHH HAOIIOAAEMBIX B OIIBITE U
NpeCKa3aHHbIX MOEIbIO (6) 3HAUCHHUH YPOXKAWHOCTH MIICHUITBI
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Otrnmm € 95%-M1 L0BEpUTENbHBIMYK NpEfenamMy NPOrHO308
— perpeccua Y — 95% npegensl AnA CpeAHUX
---- 95% npeaensl AnA HabAKLAEHWIA

P T
' '

98]
e
e

¥pomaAH ocTe, U,/ra
[*5] w
= 9

[ LD
= M
1 h

]
e

]
T

0 02 04 06 08 1 1.2 14 16 18 2 22 24 26 28 3
Cpok cesa, koa (C)
dakrops! hoHA

H 1,5

N 1,5

Puc. I''3. YpoxxaitHOCTh 3epHa 03UMOM MIIIEHUIIBI B 3aBUCUMOCTH OT
CpoKa ceBa: o Mojiend (6)
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OTKNMKM € 95%-MW A0BEDPUTENLHEIMK NPelenamMy NPOrH030e

— 95% npegensl 4NA CPeAHMK

¥poxaiHocTe, u/ra (¥) - PacueTHble

---- 95% npenensl Ana HabNKAEHWIA

........

08 1 1.2 14 16 18 2

Hopma ebicesa, kog (H)
®akrops! hoHa
C 1,5
N 1,5

Puc. I'4. YpoxallHOCTh 3epHa 03MMOM MIIEHUIIBI B 3aBUCUMOCTH OT

HOPMBI BBICEBA: 110 Mojieu (6)
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Otrnmm € 95%-M1 L0BEpUTENbHBIMYK NpEfenamMy NPOrHO308

— perpeccua Y

— 95% npegensl AnA CpeAHUX

¥powaAHocTe, u/ra (¥) - PacueTHble

---- 95% npeaensl AnA HabAKLAEHWIA

®daxrops! hoHA

04 06 08 1 1.2 14 16 18 2
Nosza asora, koa (N)

C

1,5

H

1,5

Puc. I'5. YpoxaliHOCTb 3€pHa 03UMOM MIIEHUIIBI B 3aBUCUMOCTH OT

JI03bI a30Ta: 1Mo Mojieu (6)
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WMCTBO OTKAWMKOE 3aBMCMMOW NEPEMEHHOKM

Ceme

95% npeaens A8 CPeAHMX

0

—N

2.8

6

4

2

24

2,2

12 14 16 18
Hopma ebicesa, kog (H)

1

®akrops! hoHa

1,5
NHOCTH 3epHa O3UMOU IMIICHUIIBI B 3aBUCUMOCTH OT

v

v

Puc. I.6. Ypoxa

HOPMBI BBICEBA MPHU PA3IUYHBIX J103aX a30Ta: Mo Mojenu (6)



3HakoB: 65005
I'papuka: 1789,2 cm?
Vei. aBT. nuct: 2,22
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