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1. HEPEYEHDb IIVTAHUPYEMBIX PE3VJIBTATOB OBYYEHMUS IO JUCIIUIIJIMHE,

COOTHECEHHBIX C

OBPA3OBATEJIbHOM ITPOTPAMMBI

Buja nesiTeIbHOCTH BHIMYCKHUKA

JlucuuIiuiiHa OXBaThIBAE€T KPYr BOIPOCOB, OTHOCSINHUXCS K HAYYHO-HCCIICIOBATEIBCKOM,
HpOI/I3BO[[CTBCHHO-TGXHOHOFH‘-IGCKOﬁ BUJI1amM HpOCpCCCI/IOHaJH)HOI\/JI NCATCIIBHOCTHU BI)IHYCKHI/IKa B
COOTBETCTBHHU C KOMIICTCHIIUAMU U BHJAaMU NCATCIIBHOCTH, YKaBaHHI)IMI/I B y‘-Ie6HOM IIJIaHE.

ean aucHMNINHBI

[ToaroToBka OOy4arOMMXCSs K CaMOCTOSTEIBLHOMY PEHICHHIO HAyYHO-HUCCIICIOBATEIIbCKIX
3a/1a4  JIECO3arOTOBUTEIBHBIX M JIEPEBOTICPEPAOATHIBAOIINX TPOU3BOACTB C HCIIOJIB30BAHHEM
COBPEMEHHOTO KOMITHIOTEPHOTO M MPOTPAMMHOTO 00ECTICUCHUSI.

3agauu AU CHHUIINHDBI

Hayunts
MIPUIIOKEHHUSX;

00yJaronuxcst

INJIAHUPYEMBIMMH

HCIIOJIB30BAaTh
HCIIOJIb30BaTh BO3MOXXHOCTH BBIUMCIUTCIBHONM TEXHHKH H IporpaMMHOIO

PE3YJIBTATAMU OCBOEHUA

MaTEMATHYCCKUEC METO/bI B TEXHHUYCCKUX

obecreueHust; CaMOCTOATENbHO (HOPMYITHPOBATh 337a4y HAYYHOTO HCCIEAOBAHMS, HAMETUTD MYTH
€€ PEIlIeHUs], OPTaHU30BaTh IPOBE/ICHNE HAYYHBIX HUCCIICIOBAHUM, JIEIATh BBIBOIBI M 00O0OIIEHUSI.

Kon Copnepxanue IlepeyeHb MIaHUPYEMBbIX pPe3y/IbTATOB
KOMIIeTeHIIUH KOMIIeTeHI Ml 00y4eHHs M0 JUCHUILINHE
1 2 3
OIlK-1 CIIOCOOHOCTh MIOHUMATh | 3HATh:
Hay4yHbIE OCHOBBI | - METOJbl IMOJIyYEHUS MaTeMaTHYeCKd MoJene
TE€XHOJIOTHYECKHUX TEXHOJIOTMYECKUX MPOIECCOB;
mpoueccoB B o0jacTd | - MaTeMaTHyecKue MeToAbl M mporpamMMmbl DBM
J1€C03arOTOBUTEIIBHBIX JUISL peLIeHns MoJenei.
IIPOU3BOJICTB yMeThb:
- WCIOJB30BaTh MaTeMaTUYeCKHE METOJbl B
TEXHUYECKUX MPHUIIOKEHHSIX;
- CaMOCTOAITeNbHO  (hopMynupoBaTh  3anauy
Hay4HOTO HCCIEIOBaHMs, HaMETUTb IyTH €€
pellleHus,, OpraHu30BaTh IPOBEIEHHE HAyYHBIX
UCCIIEIOBAaHUM, AenaTh BBIBOBI M 0000ICHNUS.
BJIaJeTh:
- MaTeMaTHYeCKUMH METOJaMM IUIAHUPOBAHUS
SKCIEpUMEHTA JAJs TOJY4eHUS MaTeMaTHYeCKUX
MoJiesIel ONTUCAHUS TEXHOJIOIMUECKUX IPOLIECCOB;
- METOJaMHU CTaTUCTHUYECKON 00paboTKn
pe3yinbTaToB JKCIEpUMEHTa U IIPOBEPKH
a/IeKBATHOCTU MaTeMaTHYECKOW MOJIeIH.
[1K-2 CNOCOOHOCTh UCMOJIb30BATh | 3HATH:

HaKeThl MPUKJIaTHBIX
nporpamMm  Uis  pacdera
TEXHOJIOTUIECKUX
apaMeTpoB TPOIECCOB U
000pynOBaHUS.

- METOJbl TMOJIyYeHUS MaTeMaTHUYeCKd MoJenen
TEXHOJIOTHYECKUX MPOIECCOB;

- MaTeMaTHYeCKHue METOJbl M mporpamMmmbl OBM
JUTSL pEeLLIEHUs] MOJIEJIEH.

yMeTh:

-  HCHOJb30BaTh MAaTEMaTHUYECKHE METOABI B
TEXHUYECKUX MPHUIIOKEHHSIX;

- CaMOCTOSITeNbHO  (hopMynupoBaTh  3adauy
HAay4yHOTO HCCIIEJOBaHMUsS, HAMETUTh IIyTH €€
pELlIeHNsl, OpraHU30BaThb IPOBEICHHE HaY4HBIX

HCCHGI[OB&HPIIZ, JA€JIaTh BBIBOJBI U 0606H_ICHI/I}I.




BJIA/IEThH:
- MAaTeMaTU4YCCKMMH MCTOJAaMU IIJIIAHWPOBAHUA
SKCIICpUMCHTA JIA IIOJYUCHHUSA MATCMATUUYCCKUX
MoJereil OMUCcaHus TEXHOJIOTUYECKUX TPOIIECCOB;

- MeToJaMHM  CTAaTUCTHYECKOW  0O0pabOTKH
pe3y/bTaTOB  OJKCIEPHUMEHTa M HPOBEPKH
aJICKBATHOCTH MAaTEeMAaTHYECKON MOJICIIH.

IK-12 CIIOCOOHOCTh BBIOMPATH U | 3HATh:
IPUMCHSITh -OCHOBHBIC TIOHSATHS M METOJbI MaTeMaTHYEeCKOTO
COOTBETCTBYIOIIIE METOMBI | aHATH3a
MOICTTUPOBAHUS yMeTh:
MEXaHWYCCKUX M (U3HUKO- | - HCIOJIB30BaTh MAaTEMaTHYCCKHE METOIbl B

XUMHUYCCKUX MMpOUECCCOB | TCXHUYCCKUX MMPUITOKCHUAX,
JI€CO3aroTOBUTCIBHBIX u | BJaJaeTh:

JiepeBoIIepepadaThIBAIOLINX | -CAMOCTOSTEIILHO (dhopMynupoBaTh 3a1auy
MIPOU3BO/JICTB. HAay4yHOTO HCCIIEJOBAaHUS, HAaMETUTh IIyTU €€
perieHus
-OpraHu3oBaTh MIPOBEJICHHE Hay4YHBIX

HCCIIEAOBAHUM, NeJIaTh BBIBOJILI U 0000ICHHS

2. MECTO [JUMCHUILUIMHBI B CTPYKTYPE OBPA3OBATEJBLHOM
INPOI'PAMMBI

Huctunnuna b1.5.14 Metoasr u cpencTBa HayYHBIX MCCIIEIOBAHUI OTHOCHTCS K 0a30BOi
YacTH.

Juctunmuaa MeTonbl W CpeicTBa HAYYHBIX MCCIICOBAHUM Oa3MpyeTcsl Ha 3HAHUSX,
MOJTYYCHHBIX TP HW3YYEHUW TaKuX YYEOHBIX [JUCHMIUIMH, Kak: Maremaruka, Pusmka,
Nudopmaruxka.

OCHOBBIBasICh HAa M3YYEHUHW TMEPECUMCICHHBIX NUCHIUILIAH, METONbI W CpeICTBAa HAYYHBIX
WCCAEAOBAaHUN TIPEACTABISIET OCHOBY JUIS WM3YYCHHMs] JUCHUIUIMH. TEXHOJOTHS KJIEEHBIX
MaTepUajoB W JPEBECHBIX IUIAT, [E€XHOJIOTHS 3aIIUTHO-ICKOPATHBHBIX MOKPBITHH IPEBECHHBI U
JPEBECHBIX MAaTEPHAIOB, TEXHOJIOTHS U3ICIHI U3 APEBECHHBI.

Takoe cuCTEeMHOE MEXIUCIUIUIMHAPHOEC M3yYeHHWE HANpaBJICHO Ha JIOCTH)KCHHUE
Tpedyemoro ®I'OC ypoBHS MOATOTOBKHU MO KBaJTM(UKAIIUN OaKajiaBp.



3. PACHPEJIEJIEHUE OB BEMA JTMCHUIIJIMHBI

3.1. Pacnpeneiienne o0beMa JUCHMILIMHBI 10 opMaM 00yyeHHs

Tpyooemxocme ducyuniunst 8 wacax

m N S Kypcosaa Buo
3 § v © 3 paboma npomesncy
Dopma & = § 3 S (npoexm), mounou
0byuenusn § £ Y § § Konmponena | 4Mmec-
3 5 3 3 Sz| 33| 8| npadoma, mayuu
< | 8 5 | 5| F|SE|EE| 85 peweram
S| 3 3 2| 8 |S§l&35 8¢S PI'P
= O Q = N NR SO
1 2 3 4 5 6 7 8 9 11
Ounas - - - - - - - - i
3aounas 3 180 18 6 8 4 153 9K3aMEH
3aouHas - - - - - - - - -
(yckopeHHoe
oOy4eHue)
OuHo-3204Han - - - - - - - - _

3.2. Pacnipenesienne 00bemMa TUCHUIIUHBI 10 BUAAM YUEOHBIX 3aHATHH H TPYA0EMKOCTH

6 m.u. ¢ P )
Tovoo- UHmMePaKmueHoil, acnpeoenenue
. Py AKMUBHOU, UHHO- o Kypcam, uac
Buo yuebnwvix 3anamuii eMKOCHIb .
6ayUUOHHOIL
(uac.)
gopmax, 3
(uac.)
2 3 4
|. KontakTHas padoTa 00y4aoniuxcs c 18 5 18
npemnojaBareieM (Bcero)
Jlexmm (JIk) 6 2 6
[Ipaktrueckue 3ausaTus (I13) 4 - 4
JlabopaTopnas padota (JIP) 8 - 8
['pynmoBsie (MHIUBU YA IbHBIE) KOHCYIIBTAIIUN + - +
I1.CamocTosiTenbHAsi paGoTa 00y4YarOIIUXCS 153 ) 153
(CP)
[TonroroBka K NPakTHYECKUM 3aHATUSIM 60 - 60
IToaroroBka K 9K3aMeHy B TEUEHHE CEMECTpa 36 - 36
Bremonnaenne mabopaTopHOi paboThI 57 - 57
I11. ITpomexyTOoUHAsI aTTECTANMS dK3aMEH 9 - 9
OOmmas Tpy10eMKOCThb TUCIMITIINHBI gac. 180 - 180
3ad. efl. 5 5




4. COAEP) KAHUE JUCIIUAITJIMHbI

4.1. Pacnipenesnienue pa3jiesioB JMCUMIIMHBI 110 BUJAM Y4eOHbBIX 3aHATHI
- 1J1s1 3204HOM opMbl 00yUeHus:

Ne
pas-
oenau
membol

Haumenosanue
pazoena u
mema OuUCUUNIUHDL

Tpyoo-
em-
Kocmb,
(uac.)

Buowt yueonvix 3anamuil, éxnrouan

camocmoamenvuyio padomy ooyyaruwuxca u

mpyooemKkocmau; (uac.)

ylleﬁﬂ blé 3AHAmMUA

nleKuuu

npakmuueckue
3aHamus

nadopamopH
vle pabomul

camocmosnmen
bHasa paboma
odyuarowuxcs

[y

2

6

OcHoBHbIE MOHATHUS U 3312491
HAYYHBIX HCCIeI0BAHUI B
0Tpaciu. IlepBuyHas
o0padoTka pe3yabTaToB
IKCNEPUMEHTOB.

73

1.1.

OCHOBHBIE TOHATHA U 3aJa4yu
Hay4YHBIX I/ICCJ’IC}IOBaHI/Iﬁ B
orpaciu. HaydyHoe TBOpuecTBo,
Hay‘IHO-TEXHOJ'[OI‘I/I‘IeCKI/Iﬁ Ipo-
leC - OCHOBa pa3BUTHI 00-
mecTra M mpousBojcTBa. llep-
BHYHasi 00paboTKa pe3y/IbTaToB
OKCIICPUMEHTOB. Cratucruyec-
KHEe  OIEHKH  Pe3yJIbTaTOB
HabOmoneHnii. Pacuer moBepu-
TENFHOTO WHTEpBAJIA Ul MaTe-
MaTrueckoro oxuganus. Onpe-
JeTieHre Heo0X0IMMOoro oobeMa
BEIOOpKH. OTOpacwkIBaHHWE Tpy-
OBIX M3MEPCHMI.

37

33

1.2

IIpoBepka OAHOPOIHOCTH ABYX
nucnepcuid. IIpoBepka onHO-
POMHOCTH HECKONBKUX IWCIIEp-
cuii, HaWJCHHBIX 110 BBIOOPKAM
ompHaKoBoro oovema. IIposep-
Ka OJHOPOMHOCTH HECKOIBKHX
JIMCTIEpCUM, HAWJEHHBIX MO
BBIOOPKAM Pa3IIYHOTO 00BhEMA.
[IpoBepka omHOPOMHOCTH Cpen-
Hux. [IpoBepka HOPMAIBHOCTH
pacnpenenenns. Koaddumuent
koppemsuuu. [Ipumenenue tab-
JIUT] COMPSKEHHOCTH ISl OIIeH-
KA B3aWIMOCBSI3M  IPU3HAKOB.
PanroBas xoppensuus. Mcnomns-
30BaHHE KOI(PUIIMEHTa KOH-
KOpJaluu Uit 00paboTKU dKC-
MEPTHBIX OIEHOK IIPH PaHXKH-
pOBaHHU.

45

40




Perpeccuonnblii ananus u Me-
TOABI TJIAHMPOBAHUS JKCIIe-
PHMEHTa ¢ [eJbI0 MaTeMaTH-
YeCcKOro ONMMcaHus 00bEeKTOB.
Metoabl 3KCIepUMEHTATbHOMN
onTuMH3anuu. MeToabl mia-
HMPOBAHHS IKCIIEPUMEHTOB €
Ka4eCTBeHHBIMH (pAKTOpaMHU.

89

80

2.1.

PerpeccuoHHbIN aHANN3 U METO-
bl  [JIAaHUPOBAHMUS  IKCIIEPH-
MEHTa C LEJIbI MaTeMaTHdec-
KOTr'O OIUCaHHUS OOBEKTOB. AK-
TUBHbIE M TACCHBHBIE, OJHO-
(dakTopHbIE 1 MHOTO(AKTOpHBIE
sKcrepuMeHThl. OCHOBHBIE 3a-
a4l TUTAHUPOBAHUS IKCIIEpHU-
MeHTa. OCHOBHBIE BHJBI MaTe-
MaTHYECKUX MOZENEH, INpuMe-
HAEMBIE TPU HCCIENAOBAHUSIX B
JIECHOM TPOMBIIIJIEHHOCTH. Me-
TOJl HAWMEHBIINX KBaJIPaTOB
JUTE MHOTO(aKTOPHBIX IKCIIEPH-
MeHTOB. CTaTHCTHYeCKHMi aHa-
JIN3  YPaBHEHHUSI  PErPECCHH.
Meroapsl  3KCIIEpUMEHTATILHON
ONTUMU3AINH.

44

40

2.2

[TnanupoBanne omHOMAKTOPH-
BIX DKCTIEPUMEHTOB TPHU TTOUCKE
ONTHUMAJIBHBIX ycioBuit. Oomme
cBefieHnsA. Meron IUXOTOMUH.
Meron 3omnororo cedeHus. Me-
TOJ TOKOOPAWHATHOTO TTONUCKA.
Merozap! MIaHUPOBAHHS HKCIIE-
PUMEHTOB C Ka4eCTBEHHBIMU
dakTopamu.  OmgHODAKTOPHEII
JIACTIEPCHOHHBIN aHau3.
[Ipumenenne nByxX(paxTOpHOTO
TCTIEPCHOHHOTO aHaju3a Mpu
WCCIIEIOBAHMUSIX B JIECO3ar0TO-
BUTEILHOM M JAepeBomepepada-
ThIBatollel orpacnu. [Ipumene-
HUE€ JTATUHCKUX KBaJApaTOB MpHU
WCCIIEIOBAHUSIX B JIECO3aroTO-
BHUTENBHON M JepeBoriepepada-
TBHIBAIOLLIEH OTPACIH.

45

40

NUTOro

181

153




4.2. Copepxanne JMCHHUILIMHBI, CTPYKTYPHMPOBAaHHOE 110 pa3/iesiaM U TeMaM

Pazjen 1. OcHoBHbIe MOHSITHS U 321244 HAYYHBIX HCCIe10BaHmil B oTpaciau. [lepBuunas o6padoTka
Pe3yJIbTaTOB 3KCIEPUMEHTOB.

Tema 1.1. OcHoBHBbIC OHATHS U 3aa4H HAYYHBIX MCCJIeI0BaHMii B oTpaciiu. HayuHoe TBopyecTBO,
HAYYHO-TEXHOJIOTHYECKUH Mpolecc-0CHOBa pa3BUTUsl o0mecTBa H mpou3BojacTBa. IlepBuunas
00padoTKa pe3yJabTaTOB JIKcHepuMeHTOB. CTaTHCTHYeCKHE OIEHKH Ppe3ybTAaTOB Ha0JIIOIeHHIl.
PacyeT 10oBepuTEILHOTO HHTEPBAJIA /LIS MaTeMaTHYecKoro oxuaanus. OnpenejieHue He0OX0AUMOT0
odbema BbIOOpKkH. OTOpacsiBanue rpyobix m3mepenuii. [IpoBepka 0JHOPOAHOCTH ABYX JAMCHEPCHIi.
IIpoBepka 0AHOPOAHOCTH HECKOJIBKHUX JAMCHEPCHii, HAlJEHHBIX M0 BLIOOPKAM OJHHAKOBOr0 00beMa.
IIpoBepka 0AHOPOIHOCTH HECKOJBKHX TUCHEPCHii, HAli/ICHHBIX M0 BLIOOPKAM Pa3InYHOro 00bemMa.

Hay4yHo TexHMuYecKuii mporpecc Ha COBPEMEHHOM JTale TMpEICTaBIsieT coOoi B3aUMOOOYCIOBIEHHBIN
MIPOIIECC Pa3BUTHS HAYKH M TEXHUKH, TTO3BOJIIONINNA YEIOBEKY BO3/IEHCTBOBATh HA OKPYXKAIOIIYIO CPEIY IS
MOJIyYeHMs] MaTepUalbHBIX M JIYXOBHBIX Ojar. Hayka Temeps mpeBpaTuiack B HEIOCPEACTBEHHYO
MIPOU3BOAUTEIBHYIO CIITY. [103TOMY METOABI HAYYHBIX UCCIETOBAHHNA JTOMKHBI COBEPIIICHCTBOBATHCL.
Crnemyer Takke OTMETUTh, YTO HayUYHO-TEXHUUYECKHH MPOrpecc B HACTOSIIECE BPeMsl MPOSIBIIIECTCS B opme
HayuHo-TexHu4eckol pepomtoruu (HTP). Ocobennoctssmu HTP sBiisitorcsi: Bo3pacraroiasi poiib HayKH;
BO3MO)KHOCTh aBTOMATH3allMd HE TOJBKO (PU3NYECKOro, HO W YMCTBEHHOrO TpyJa; OBICTPBIA pPOCT H
OOHOBJIEHHE HAay4YHO-TEXHMUYECKOW HH(OpManuu; ObICTpas CMEHa MaTepuajoB, KOHCTPYKIMH, MAIIHH,
TEXHOJIOTHYECKUX TPOIIECCOB; PE3KOE YBEIMUYCHHE PA3HOBHUIHOCTEH WHIKEHEPHBIX PEIICHUI; MOBBIIICHUE
YPOBHSI KOMITJICKCHON MEXaHHM3aIli! M aBTOMATH3AIMH [TPOU3BOJICTBA, a TaKXKe OYpHOE Pa3BUTHE CIOKHBIX
CHCTEM YIIpaBJICHUS.

CoBpeMeHHOE TPOM3BOACTBO TPEOYyeT OT CHENHAINCTOB yMEHHE CaMOCTOSTEIbHO CTAaBUTh W pellaTh
pa3InYHbIe, TPUHIMITAATEHO HOBBIC 33/1a4d. DTOT'O HENb3s JOCTUYL 0€3 OBIAJCHUS CTyICHTAMU METOIaMU
Hay4YHBIX HccienoBaHuid. TakuM oOpa3oMm , HaydHas MOATOTOBKA B By3aX-OAHA W3 BaXKHEHIINX CTOPOH
oOyuenus. Bemenme B ydeOHBINM Tmporiecc IUCHUIUTUHBI «OCHOBBI HAYYHBIX HCCIEIOBAaHWI B
ZepeBo00paboTKe» SBISIETCS OJHMM W3 BAXKHEHIIMX 3TAaIlOB Pa3BUTHS BHICIIEH IIKONBI. B pesymnbrare
W3Y4EHUS TAaHHOW NUCIUILINHBI CTYIEHT JODKEH OCBOWTH METOMOJIOTHIO HAYYHBIX FICCIEIOBAHUM, H3yUNTh
METO/IMKY IJIAHUPOBAHHWS W OpPTaHW3AlMH HAyYHO-HCCIICAOBATENBCKAX paboT, CrocoObl 00paboTKH |
aHanmm3a HeoOXOJUMON WH(OpMAalMH [0 TeMe HAyJHOrO HCCIeNoBaHUsA. KpoMme TOro OH JOIKEH yMeETh
(hopMyIHpOBaTh IENb U 3a/Ia4X dKCIIEPUMEHTa, pa3pabaThIBaTh TEOPETUUECKIE MPEAIOCHUIKH, TUTAHUPOBATh
W TPOBOAWTH OKCIIEPUMEHT; o00pabaThiBaTh pe3yNbTaThl W3MEPEHHH W OIEHWBATh ITOTPEUIHOCTH
HaOJFOJICHUIA; COIOCTABIISATh  PE3YNbTAaThl DKCIIEPUMEHTAa C TEOPETUYECKUMH IPEANOChUIKAaMHA |
(hopMyIHpOBaTH BBIBOJBI HAYYHOTO HCCIIEIOBAHMSL.

B necHoit m nmepeBooOpabaTHIBAOMICH ITPOMBINIUIEHHOCTH HWCCICMOBAHUS IIPOBOAAT YacTO C IIEIBIO
OTHICKMBAHUSI HAaWBBITOJAHEHIINX  YCIIOBHI MPOTEKAHHUA MPOIECCOB, ONTHMAIBHBIX PEKHUMOB pabOTH U
MapaMeTpoB MaIllMH U MEXaHU3MOB IIPH WX MTPOSKTUPOBAHUHU H MOJICPHU3AIINH.

[Ipu uccnenoBanmm 0O0T0 00BHEKTA, TEXHOIOTHUYECKOT'O MPOIlecca M BOOOIIE CHCTEMBI B OCHOBY JIOJIKEH
OBITh TIONMOXKEH CHUCTeMHBIH moaxonx. [loatomy mpexnae dYeM MNPUCTYNMUTh K  PacCMOTPEHHUIO
METOOJIOTHYECKUX aCIIEKTOB MCCIIEIOBAHMS, IOTOBOPHUM O CHCTEMAX M CYIIIHOCTH YIIPABICHUS UMHL.

[Ipu onTHMU3aK MPOU3BOACTBEHHBIX MPOIIECCOB YaCTO BO3HUKAET MPOMEXYTOUHAS 3aa9a-OTHICKUBAHUE
AHATUTUYECKOW 3aBHCHMOCTH ONTHMH3HPYEMOrO TapaMerpa OT HCCIeMyeMbIX (akTOpOB, T. €. TOIydeHue
MaTeMaTHYeCKOH MOJENH Tpolecca, MpUYeM 2JTa 3a7ada B OOJBIIMHCTBE CIy4yaeB pemaercs
AKCIIEPUMEHTAIIBHO MPH HEMOJTHOM 3HAHUHM MEXaHHU3Ma SBIICHHA.

Jis uccrienoBaHUs Ba)KHO TIOTYYUTh MaTEMAaTHYECKYIO MOJIENTh B TOH 00JIacTH M3MEHEHHSI IEPEMEHHBIX, T
HaxOJWTCS WHTEPECYIOIINNA €ro ONTHMYM,-TaK Ha3blBaeMas CTallMOHapHas obOmacTh. Ha mepBom ararre
HEOOXOAMMO IIPOBECTH CEPUI0 JKCIIEPUMEHTOB, KOTOpash YKaXkKeT, B KAaKOM HAIIPABJICHUH HaXOAUTCS
CTalFiOHapHAs CBS3b.

[IpuBeneHHbIi MprMep AaleKO HE HMCUEPIBIBAET BCEX 3aJlady, BO3HHUKAIOMIUX MPU IKCTIEPUMEHTAIHLHOM
MOAXO0€ K HM3YYEHHMIO TEXHOJIOrMYecKuX mpoueccoB. OH JUIIb WIUIIOCTPUPYET AKTYaJIbHOCTh TEOPHH,
MTO3BOJISIIONINI BBHIOMpPATh ONTHMAJBHYIO CTPATETHUIO HWCCIEAOBAHUA TPU HEMONHOM 3HAHWW Ipollecca-
MaTeMaTHYECKOH TEOPHH IKCTPEMAIHHBIX SKCIIEPUMEHTOB.

[larom Bmepen mo CpaBHEHHUIO C 3TUM METOJOM SIBIISIETCSl KIACCHUUYECKHM perpecCHOHHbIN aHamu3. OH 1o
MPS&KHEMY CTaBUT CBOEW 3ajadell MONy4YeHHE YpPaBHEHUS pPErpeccHH-(QyHKIIMOHAIBLHOW 3aBUCHMOCTH



HEKOTOpOro Mapamerpa Y, MOMISKALIEr0 ONTUMH3AIMK, OT K HE3aBUCHMBIX NEpPEeMEHHBIX- (DakTOpoB
X1,X2,...,Xk.

B sTOoM cimyuae craBUTCA YK€ MHOTO(AKTOPHBIA SKCHEPHUMEHT. OJTO 3HAYUT, YTO B XOAE KaXIOro
IKCIIEPUMEHTA MBI 33]]a€M OIpE/ICICHHbIC 3HAUCHUS KaKIoMy U3 K nccnenyeMbix GpakTopoB.

OcTaHOBUMCSl BKpaTlleé Ha pa3lIU4yHBIX HalpaBiIeHUSAX B TEOPUH IUIAHHPOBAHUSA 3KCTPEMAJIbHBIX
9KCIIEPUMEHTOB.

OmHMM M3 pa3/ielioB 3TOM TEOPHH SIBUJIACH METOJMKA IIAHWPOBAHUS IOJHOIO U JPOOHOro (haKTOPHOrO
JKcrepuMeHTa. B crnydae mianupoBanus 1-ro nmopsiaxa(IMHEHHOE ypaBHEHHE) STOT METOH YIOBJICTBOPSIET
MOYTH BCEM TPEOOBAHUSM.

Ecnmu nuHeliHoe ypaBHEHHE perpeccMd He JaeT TpeOyeMol TOYHOCTH, NPUXOJUTCS NPUMEHSTDH
IJTaHUPOBAHUC 2-ro mnopsjaka. B »stom CiIydya€ TCOopus IIJIAHUPOBAHUA OSKCICPUMCEHTOB HAaC€T MCETOAUKY
MOCTPOCHUS TJIaHA, MPU KOTOPOM OLICHKH KOX(PQPHUIMEHTOB PErPecCHH MONydYaloT HE3aBHCHMO APYT OT
Japyra. Takol IIaH Ha3bIBACTCS OPTOrOHAJIBHBIM.

AnanTanuoHHas ONTUMHU3AIMSA. MeTogaMu PeIIeHHs 3TOM 3a/auil SBISIOTCS, B YACTHOCTH, IBOJIOIIMOHHOE
IJIAHUPOBAHHE M CUMIUIEKC-TUTAHUPOBAHHUE.

PasButne TCOPUHU IKCIICPUMCHTA O0Ka3ajio BJIMAHUC HA IIPUHIUIILI ITOAXO0Ja K SKCIICPUMCHTAJIbHBIM 3aJavdaM.
B dacTHOCTH, /ISl 9KCIIEpUMEHTATOpa OUEHb BaXKHA WSl PaHIOMU3AINH, HMEIOIIAs [ENbI0 CBECTH 3P (eKT
BJIMSHUSL HEKOTOPOT'O0 HECIY4aiiHOro (pakTopa K ciydaiiHOW omuOke. PaHnoMu3anus ycaoBHi MPOBEIACHUS
SKCTIIEPHUMEHTA  TO3BOJISIET  HCCIIENOBATENIO OOOHTH  TPYAHOCTH, BO3HUKAIOUIME TIPU  IOMBITKE
CTa0MIIM3UPOBATh MeIIAroMIHe GaKTOpPbI.

OneIT TpUMEHEHWs] TEOpWH IIJIAHWPOBAHUSA DOKCIIEpUMEHTa B JepeBOo0OpabOTKE TIOKa3bIBaeT, dTO
3¢ (heKTHBHOCTP MCCIIEI0BAHNH 110 CPABHEHHIO C TPAIUIIMOHHBIM METOJOM BO3pOCia B HECKOIBKO pas.
3amaya 1. [ImaanpoBaHne SKCIIEPIMEHTA C IETHI0 MATEMAaTUIECKOTO ONTMCAHNUA 00BEKTaA.

Llenbo 9KCIEPIMEHTAIBFHOTO UCCIEA0BAHUS 3/I€Ch SBJSETCS MOMydeHHE 3MIHMPUIECKON MaTeMaTH4YeCKOi
MOICIIN OG’beKTa, T. €. OTBICKMBAHHUEC 3aBHCHUMOCTHU Kﬁ)K}IOf/i U3 BBIXOAHBIX BCINYNH 00BEKTa OT
BapbUPYEMBIX (PaKTOPOB.

3amada 2. OTcenBaroONIFe YKCIIEPUMEHTHI B TEXHOJIOTHUECKUX UCCIICIOBAHHUSX.

ITo3Bonser cTaBUTh HA MEPBBIX ATaNaxX MCCIENOBAHUSA MEHbBILIEE YHUCIIO ONBITOB, YeM YUCIO (aKTOPOB U MX
codeTaHue, B3AThIX M0 TOJI03PEHUE.

3amaya 37€Ch 3aKIIOYACTCsl B TOM, YTOObI B CJIOXKHBIX MAal0 M3Y4YEHHBIX IIPOIECCaX BBIICIUTH
JOMMHHUpYIOIUE (PakTopsl Cpean 04eHb OOJIBIIOrO YUCIa APUOPHO IIPUHSATHIX.

3anaua 3. [InaHupoBaHue SKCIEPUMEHTA [IPU IIOUCKE ONTUMAJIBHBIX YCIOBHUH.

[lenpi0 3TOrO HKCIIEPUMEHTA SBIACTCS OTHICKMBAHME TAaKUX 3HAUCHUI BapbUPYEMBIX (HaKTOpPOB, IIPH
KOTOPBIX BBIXOJHAs BEJIMYMHA OOBEKTa IPUMEHSET SKCTPEMAIBHOE, T. €. MAKCUMaJIbHOE WM MUHUMAJIbHOE
3Ha4YeHHe.

3amada 4. [ImannpoBaHue SKCIIEPUMEHTOB ¢ KAUeCTBECHHBIMH (PaKTOpaMHU.

OTOT METOJl IUIAHUPOBAHUS 3KCIIEPUMEHTOB SBISETCS Takke oOmenpuHsThIM. [IpuMeneHne storo meroxa
IUKTYETCs] HEOOXOIMMOCTBIO Pa3/leIbHON OLIEHKU PaccesHus, 00yCIOBIEHHOIO Pa3IMUHbIMI HCTOYHUKAMH.
Jpyrumu cioBaMu, 34€Ch Hy>KHO IPUMEHATh TAKYIO CXEMY PaCIONOKEHHSI ONBITOB, KOTOPas O3BONMIA OBl
Pa3I0KUTh CyMMapHYIO JUCIIEPCHIO HA OTAEIbHBIE COCTABIISIOILUE.

3amaya 5. [ImaanpoBaHne SKCTIEPIMEHTA TIPH N3YUYEHUH CBOHCTB CMECEH.

Meronpsl IUTAaHUPOBaHMSA OKCIEPUMEHTOB INPU IOCTPOEGHHHM JHArPaMM COCTAaB-CBOWCTBO IIMPOKO
UCIOJIB3YETCSl MPU HCCICAOBAaHUM OYECHBb CIIOXKHBIX ITOBEPXHOCTEH OTKIIMKA. 3ajada 3aKJII0Yaercs B TOM,
9yTOOBl HAaWTH ONTHMAJbHOE B HEKOTOPOM CMBICIE PACIIONIOXKEHUE TOYEK B (PaKTOPHOM MPOCTPAHCTBE C
LEJIBI0 OMMCAaHUs IUarpaMMBbl COCTaB-CBOMCTBO B BUJIE TOJIMHOMA.

3agaua 6. [InaHupoBaHue SKCIIEPUMEHTA PH SBOMIOLUOHHON ONTUMH3ALUU IPOU3BOACTBEHHBIX MTPOLIECCOB.
OTOT METOA 3aKII0YacTcss B HEMPEPHIBHOM IIPOBEIACHUH, KaK MPaBHIIO, (PAKTOPHOIO SKCIEPHUMEHTa B
paboueii obmactu mporecca. llocTaHOBKa TakuUX OSKCIIEPUMEHTOB O0a3upyercs Ha MPEIVIOKEHUH, YTO
BapbHUpyeMble IEpEMEHHBIE H3MEPUMBI.

Lenpio muaHUpOBaHUS SKCIEPUMEHTA SBIISIETCS MOJIyYEHHE MaKCHMajbHO BO3MOXXHOM HMH(OpMaunuu mpu
MUHUMAJBHBIX 3aTpaTax CpeACTB [0 CPaBHEHHIO C TPAaJUIHMOHHBIMM METOJAaMH  IPOBEICHUS
JKCIEPUMEHTOB.

Jltoboe »sKCIepUMEHTANbHOE HCCIEIOBAaHUE YCIOBHO MOXHO pa3leNuTb Ha 3 3Tama: IOATOTOBKA
JKCIEPUMEHTa- BKJIIOYaeT B ceOs BBIABICHHWE LENM M IIOCTAaHOBKY 3aJaud, HOAJEXAlled pelIeHHUIO;
IUTAHUPOBAHUE W IIOCTAHOBKA OIBITOB-3aKJIIOYAETCS B PasyMHOM W HauOolsiee 1ernecooOpa3HOM BblOOpe
METOAUKHU TJIAHUPOBAHMSI HKCIIEPUMEHTOB C LEJIBIO0 ONKCAaHMS TOBEPXHOCTH OTKIMKA. B crienytomeil dase
IUTAHUPOBAHUSL HEOOXOAMMO ONPEAENUTh HOPAJOK IIPOBEACHHS ONBITOB.; AHAJIN3 PE3YJBTATOB-TIEPBYIO (aszy



aHaJn3a HKCIEPUMEHTa HAYMHAIOT C IEPBUYHON 0OpaOOTKH OMBITHBIX AaHHBIX, IPH KOTOPOM OTOpachIBalOT
rpyObie m3MepeHus. Bropyio ¢a3y TpeTbero srama HayMHAIOT C BBIOOpa MeToga OOpaOOTKM OIBITHBIX
nanseix. Crenyronrylo ¢a3ly HauWHAIOT ¢ 0OpabOTKH ONBITHBIX JAaHHBIX IO BHIOPaHHOMY METONy U
MOJy4eHHUs] ypaBHEHHsI perpeccuu. B mocnenyromedt (ase NpoM3BOAMTCS aHAIU3 U HCCIEJOBaHUE
MOBEPXHOCTH OTKIMKa. [Ipeamocnenuss ¢aza TpeTbero sTama COCTOUT U3 MATEMaTHYECKOr'O OMHCAHHS
mporecca.

[InanupoBaHue 3KCIEpUMEHTa- 3TO IMOCTAaHOBKA ONBITOB IO HEKOTOPOH 3apaHee COCTaBIEHHON CXeme,
obnagatomieli HEKOTOPBIMH ONTUMAaJIbHBIMHA CBOHCTBAMHU.

[Ipu 3TOM XapaKTepHbI clIeayIoNue 0COOEHHOCTH:

l)cTpemiieHre K MEHUMHU3AIIUK YUCIIA OIBITOB;

2)OqHOBPEMEHHOE BapbUpOBaHHE BceMH (aKTOpaMH, ONPEACISIOIMME MpOTEKaHHe Mpolecca, Mo
CHeLHUaIbHBIM aJITOPUTMAaM;

3)ucnonb30BaHNE MaTEMaTUIECKOTO anmnapara, (GopMaIi3yIoIero MHOTHE JISHCTBUS SKCIIEPUMEHTATOPA;
4)Hanuure y OKCIEpUMEHTATOpa YETKOW CTpaTerud, IO3BOJSIONIEH €My NpUHUMATh OOOCHOBAaHHBIC
peuIeHus ocie KaX /10l IIPOBEAECHHON CEPUU OIIBITOB.

PacueTt noBepuTeIbHOr0 HHTEPBAJIA VI MATEMATHYECKOT0 OKMAAHUS.

[Tapamerpom mporiecca (ONTUMHU3AIMHN) ABJISIETCS XapaKTePUCTHUKA LU, 3aJJaHHAsI KOJIMYECTBEHHO.
[TapameTpsl ONTUMHU3AIMH YCIOBHO MOXHO Pa3/IE€NUTh Ha!

1)>KOHOMHYECKHE K HHM OTHOCATCS: MPUOBLIb, CEOSCTOMMOCTh, PEHTAOEILHOCTh IO OTHOIICHHIO K
KaIllTaJIOBJIOKEHHSIM, K CBOOOJHBIM OCHOBHBIM (OHJaM; 00OpauyMBaEMOCTh OOOPOTHBIX CPEJCTB;
MaKCHMAaJbHBII peasM30BaHHBIA J0XOJA; MUHUMAIBHBIM YPOBEHb 3aTpaT Ha MPOM3BOJICTBO; 3aTpaThl Ha
9KCIIEPUMEHT | JIp.

2)TeXHUKO-PKOHOMHYECKHE K HHM OTHOCSTCS: IPOM3BOAWTENBHOCTD; 3aJaHHAs CTPYKTypa acCOPTUMEHTa
BBIITyCKaeMOW MPOIyKIHUK; KO3 PUITMEHT TOIe3HOTr0 ASHCTBHS;, CTAOMIBHOCTD; HAJISKHOCTh XapaKTEPUCTHK
KadecTBa MPOJYKTa; JOITOBEYHOCTh

3)TEeXHOJIOTUYECKUE K HHUM OTHOCSTCS: BBIXOJ[ TPOJAYKTa; (U3NYECKHE W XUMHUYECKHE XapaKTEPHUCTUKU
MPOAYKTa; MUHUMAJIbHOE BpeMs IS JOCTH)KEHUS IIJIAaHUPOBAHHOTO Pe3yiIbTaTa; KauyecTBO MPOAYKTa H T. II.
4)pourie KPUTEPHH COCTABISIOT 0CO0yI0 Tpymimy. K HUM OTHOCSTCA: ICTETHYECKHE, TICHXOJOTHYECKHEe U
CTaTHCTUYECKHE.

K mapamerpam mporiecca mpeabsIBISIOTCS CIEAYIOINe TPeOOBaHU:

[Mapamerp mporecca JomkeH ObITh d(D(EKTHBHBIM C TOYKH 3PEHHS JOCTHIKEHHUS IENH, T. €. OH JOJDKCH
JEWCTBUTEIILHO OIICHUBATh J(P(GEKTUBHOCTh (HYHKIIMOHHPOBAHUS CHCTEMBI B ONPENCIICHHOM 3apaHee
BBIOPAHHOM CMBICIIE.

[Napamerp onTUMHU3aNUN JOIKEH OBITh YHHUBEPCAIBHBIM, T. €. CIIOCOOHBIM BCECTOPOHHE XapaKTepHU30BaTh
OOBEKT.

[lapamerp onTUMH3amWK MOMHKEH OBITh KOJNMYECTBEHHBIM, T. €. BBIPAXKATHCS OMHO3HAYHO HEKOTOPHIM
YHCIIOM.

[Napamerp omTuMm3anuy AOMKEH OBITH I(PGEKTHBHBIM B CTaTUCTUYECKOM CMBICHE, T. €. OH JOIDKEH
OMPENENATCS C BO3MOYKHO HAHOOJBIIIEH TOYHOCTHIO U JIETKO BHIYUCISITHCS.\

[Napamerp onTMH3aIMA AOIDKEH HMETh (PU3UUECKHIA CMBICIH, T. €. JIETKO HHTEPIPETUPOBATHCS.

[lapamerp onTHMH3aMu ODKEH OBITH OJHO3HAYEH B CTATHCTUYECKOM CMEICIEe. OJTO O3HAYaeT, 4YTO
3alaHHOMY Ha0Opy BXOJHBIX MEPEMEHHBIX MOKHO COOTBETCTBOBATH OMHO, C TOYHOCTHIO JUIS OIIMOKH
OITBITOB, 3HAYECHHUE ITapamMerpa 0ObeKTa.

Omnpeaesienue He00X0AMMOT0 00beMa BHIOOPKH.

daxTop-ymnpaBisemMas He3aBUCHMas TEpEMEHHAasl BEJIWYHMHA, KOTOpas NMPUHUMAET B HEKOTOPBIH MOMEHT
BPEMEHH OIpEAEICHHOE 3HAYeHHE M COOTBETCTBYET OJHOMY W3 CIIOCOOOB  BO3JEHCTBHA Ha OOBEKT
WCCIICIOBAHHS.

BreiOpanHbie U1 SKCIIEpUMEHTa KOJMYECTBEHHBIE W Ka4deCTBEHHBIC COCTOSHHUS (aKkTopa Ha3BIBAIOT
3HaueHWsAMH (akTopa B OKclepuMeHTe. HaumeHbIiee 3Ha4YeHHWe, KOTOpOE€ NpHUHHMAaeT (HakTop B
JKCIIEpUMEHTE, HAa3bIBAeTCs HIDKHUM YpPOBHEM BapbUPOBAaHHSA, a HaAWOOINbIIEe-BEPXHIUM YpPOBHEM
BapeupoBaHuid. CpefHee WX 3HAYEHHE HA3BIBACTCS LIEHTPOM OJKCIIEPUMEHTA, WM OCHOBHBIM YPOBHEM.
PaccrossHne Mexny OCHOBHBIM YPOBHEM M BEPXHUM HIIM HW)KHAM YPOBHEM HA3BIBAETCS HHTEPBAIOM
BapbUpoOBaHUS PakTopa.

[Ipu BEIOOpE MHTEPBaIa BApEUPOBAHMS HEOOXOAMMO PYKOBOJICTBOBATHCS CIEIYIOIIUMHU COOOPaKEHUSIMHU:
l)uHTEepBan BapbUPOBaHUS JOIDKEH OBITH OONBIIE YJBOCHHOW KBAJAPATUYHOW OIIUOKH (UKCUPOBAHUS
JaHHOTO (haKkTOpa
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WHTEpBal BApbUPOBAHUS;

0 )KpHBH3HY MOBEPXHOCTU OTKJIMKOB: MPH OOJIbIICH KPUBU3HE CIIENIyET CHUKATh HHTEPBAJ BAPbUPOBAHHUS;

B )IMAana3oH M3MEHEHHUs MapaMerpa ONTHMHU3aLUN B PAa3IUYHBIX TOYKAaX: YeM OH YK€, B CPaBHEHHH CEro
W3MEHEHUEM B IOBTOPHBIX OMBITaX, TEM IIHPE JOIKEH ObITh HHTEPBAI BAPLHUPOBAHUSI.

TpeboBanus, MpeabsBIsEMbIe K BAPbUPYEMBIM (aKTOPaM.

1 )Ympasisemocts. Kaxxipiii pakTop JOKEH OBITH TOYHOM XapaKTCPUCTUKON OMPEIEICHHOI0 BO3ACHCTBUS
Ha 00BEKT HUCCIIEOBaHUN, KOTOPHIM MOYHO YIPaBISTh

2 )He3aBHCUMOCTb — 3TO BO3MOXXHOCTh yCTaHaBIWBATh JII00OE 3HaYeHWE NAHHOro (akTopa B AMANa3oHe
BapbUPOBAHKME HE3aBUCUMO OT YPOBHEH BapbUPOBAaHUS OCTANBHBIX (PaKTOPOB.

3)CoBMecTHMOCTh (PAKTOPOB O3HAUaeT, YTO BCE WX KOMOWMHAIIMM, BO3MOXKHBIC IPH IUIAHUPOBAHUU H
MPOBENICHUN KCIIEPUMEHTA, MOT'YT OBITh PEaIn30BaHbI HA MMPAKTUKE M OE30MACHBI.

4)OnH03HaYHOCTh. DAaKTOPBI JOIKHBI HETOCPEICTBEHHO BO3CHCTBOBATH Ha MPOIIECC, HE JIOJKHBI SBJIATHCS
(dyHKIMEH Ipyrux (QakTopoB, NODKHBI TOYHO (UKCHPOBATHCS BO BCEH BHIOPAHHOW 00JAaCTH OINMpEAeiIeHUs
(hakTOpOB.

[Tpu HamMuMKM KaYeCTBEHHBIX ()aKTOPOB MIPUHUMAECTCS OJJHO M3 PEIICHUN:

a )HUCcielOBaHHE TPOBOAUTH OTAEIBHO Uil KaKAOro (akTopa, 3aTeM COIOCTABISATH IOTYYEHHBIC
pE3yNbTaThI;

0 )IPOBOJUTH DKCIEPUMEHT TPU OJHOBPEMEHHOM BapbHPOBAHMM M KOJIWYECTBEHHBIX M KAaueCTBEHHBIX
(haxTopoB.

OTtopacbiBaHue TPYObLIX U3MEpPeHHI.

Bri60p Monenu-cioxKHbIi mporecc, CBI3aHHBIA CO MHOTHMH 00CTOSTEILCTBAMH U COOOPasKEHHSIMHU.

Kak yxe oTMedasnoch BbIIIIE, [TO]] MATEMAaTHIECKONW MOJIENbI0 Oy1eM MOHUMATh BU (YHKIIMH OTKITUKA

Yy =(X1,X21. . Xk)

BriOpats Moienb 3To 3HaYUT BBIOpATh BUJ] 3TOM (PYHKIIMH, 3a1UcaTh e ypaBHEHHE.

Ha puc. U3o0pakena norapudmuueckas GpyHkiusa. Ha Hekoropom orpeske [ Xmin, Xmax] OHa ¢ TOCTATOYHOH
TOYHOCTBIO OIHCHIBAETCS ABYMsSI YPaBHEHUSIMHU:

y = logsX;

y =bx

B ypaBHenuu 2 b-kosdpuipent, KoTopblii MOXHO OLIEHUT, HAIIPUMED, 110 PE3YIILTATAM OMbITOB.
y
0 X

I'padudeckoe n3odpaxeHue sorapupMuIecKon GyHKIUU

Brinuimem monuHOMBI A1 cirydas IByX (aktopoB. OHM pa3iInyYaroTCs M0 MAaKCHMAJIbHBIM CTENIEHAM BXOISIIMX B HUX
NIEpEMEHHBIX.

[onuuom HyneBoit crenenu: y =b0.

[Monuuowm nepBoii crenenu: y =b0+blx1+b2x2.

[Monuuom Bropoit crenenu: y =b0+b1x1+b2x2+b12x1x2+b11x12+b22x22.

[Tonmurom TpEThEN CTETICHU: y
=h0+b1x1+h2x2+h12x1x2+b11x12+0b22x22+b112x12x2+b122x1x22+b111x13+h222x23.

Wrtak, MBI NpeICTaBHIM HEM3BECTHYIO HaM (YHKIHMIO moiaumHOMOM. Omnepanus 3aMeHbl OZHOM (YHKIMH ApYroi, B
KaKOM-TO CMBICIIE SKBUBAJICHTHON (DYHKIIMEH HAa3bIBACTCsI ANMTPOKCUMAIIHCH.

UroObl Mopenp TpeAcKa3blBala HAINpPaBICHHE HAWCKOPEHINEro yIy4IIeHHS IapaMerpa ONTHMHu3alud. Takoe
HaIpaBJICHUE HA3bIBAIOT HAIPABICHUEM TpajJieHTa. B 3TOM ciydae Jydle HCIONb30BaTh MOJIMHOM NEPBOH CTEICHH,
TaK KaK OH COACPKUT HH(POPMALHUIO O HATIPABICHHHU PAJUECHTA, U KpOME TOTr0, B HEM MHUHHMAJIEHO BO3MOXKHOE YH CJIO
K03 PHUIMEHTOB TIpH TaHHOM YHCIIe (PaKTOPOB.

IIpoBepka 0IHOPOAHOCTH IBYX JTUCIIEPCHUH.

MHOXECTBO 3HAYCHHH CITydaifHOH BEIMYMHBI, MOTYYCHHBIX B pe3ylbTaTe JKCIEPHMEHTA WIH HAaONIONCHUN HaJ
00BEKTOM HCCIEIOBAHMS, TNPENCTABIAECT COOOM CTATHCTHYECKYIO COBOKYHMHOCTh. CTaTHCTHYECKash COBOKYITHOCTb,
conepxamasi B ce0e BCE BO3MOXKHBIC 3HAUCHHE CIyYalHOW BEIIMYHMHBI, HA3BIBACTCS TE€HEPANIBHOW CTATHCTUYECKOMH
COBOKYITHOCTEIO. BEIOOpOUHOW CTATHCTHYECKOW COBOKYITHOCTBHIO HA3BIBACTCS COBOKYITHOCTH, B KOTOPOH COAEPIKUTCS
TOJIBKO HEKOTOpasi 4acTh 3JIEMEHTOB T'€HEPAIbHOW COBOKYMHOCTH. BBIOOpOYHYIO CTaTHCTHYECKYIO COBOKYITHOCTB
OyneM B JajbHEHIIEM Ha3bIBATh BEIOOPKOM, a YHCIIO ONBITOB N, COZIEpIKaIeecst B BRIOOPKE,-00beMOM BBIOOPKH.

BGJ'II/I‘H/IHy My HAa3bIBAOT MAaTEMATUYCCKUM OKUJAHHUCM, WM I'CHECPAJIbHBIM CPEAHUM cnyqaﬁﬁoﬁ BCJIMYUHEI.
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PaccenBanue ciyfaifHol | BEIHUMHEI OTHOCUTENFHO| MAaTEMaTHYECKOTO XapaKTepPU3YeTCsl BEIMYMHOM, Ha3bIBAEMOH
mucnepcueit obozgaugaercs) [ QUOTE [f [ [0 [
Hucnepcuro [ QUOTE [] [ [[J [J Ha3pIBaroT reHepajibHON qucnepcreil. KBagpaTHbIN KOpEeHb U3 JUCIEPCHU Ha3bIBAETCS
CpeIHUM KBaJpaTH4YedKUM| OTKJ[OHEHHEM|CITyHAHHOW BETMUUHBI HIIA CTAaHIAPTOM.

Hammyumeit oneHkoi [t MaTeMaTHHECKOTo 0XKHUJaHUS SIBIISIETCS cpeHee apuMeTHIECKoe
y=(yl+y2...+yn)/n —BbIOOpOUHOE CpEIHEE

3HaMeHaTeIh Ha3bIBACTCS YHCIIOM CTEIICHEH CBOOOIHI.
peobpasyem
Benuuuna

SIBIISIETCSI OLIEHKOM CPEIHEro KBapaTHYECKOro OTKJIOHEHHUsI BBIOOpKH. Ee Takke Ha3bIBalOT BEIOOPOUHBIM CTaHAAPTOM.
YacTo 15 OIIEHKH M3MEHUYMBOCTH (BapHaIMi) CITy4aiiHBIX BETMYMH UCTIONB3YIOT KOO GHUIMEHT Bapralium

Bri6opouHoe cpeHee y U BEIOOpOUHAs! AucTiepeust S2 OnpeneNsieTes Mo CIeayIHM GopMyam:

I'pacuk, mocTpOEHHBIN MO JAHHBIM CTATUCTUYECKOT'O Psijia, HA3bIBAETCSI THCTOTPAMMOM

I'ucrorpamma pacnpenenexnus
[1 Ecni OfHOBPEMEHHO C YBEJIMYEHHEM YHCJIA ONBITOB N  yBEIUYUBATh M KOJIMYECTBO HHTEPBAJIOB, TO JIOMaHasd,
OTpaHMYMBAIONIAS] TUCTOTPAMMY CBEpPXY, HPUOIIDKAETCS K HEKOTOPOW KPUBOW, Ha3bIBAEMOM KPUBOW pacIpeneseHus,
WIN KPUBOH IUIOTHOCTH BEPOATHOCTU. B Teopuu BEpOATHOCTEH 3TO COOTHOIIEHHE HA3bIBAETCA CTATUCTUYECKUM
pacipenenenueM. PacrpenencHue Ha3bIBAEMOE HOPMAlIbHBIM MIIM TayCCOBCKHM, KOTOpOE INpHMEHseTcs Haubonee
YaCTO U UTPAET BaXHYIO POJIb B TEOPHU BEPOSTHOCTEH U MaTeMaTHUECKOH CTATUCTHUKH.

KpuBas mioTHOCTH HOPMAaJIBHOTO paclpeeIeHIs
Pacuer noBepuTEIHHOrO HHTEPBAJA I MATEMATHYECKOTO OKHUTAHHS
BennunHa MakCHUMaIIbHOM OIIHOKH A
QUOTE -A<My<0l QUOTE [ 0 I I +A.
HepaBenctBom 3amaercss HHTEpBal, B KOTOPOM HAXOOUTCA 3HAYCHHUE MaTEMaTHUECKOro okufganusi My. DTOT HHTepBai
HA3BIBACTCS JOBEPUTEIBHBIM HHTEPBAJIOM JUII MAaTEMaTHYECKOTO OXHAaHWA. ByneMm Mmomp30BaThCs dalle BETHIHHON
0=1-p Ha3pBaeMOW ypOBHEM 3HAYMMOCTH. YPOBEHb 3HAUYMMOCTH 3aJaeTcs 3apaHee, A0 IPOBEICHUS pPAaCUETOB.
Tunmansie 3Haverns o q: 0,01; 0,05 u 0,1 wim B mponenrax: 1,5,10.
JloBepuTenbHBIA HHTEPBAT ISl MATEMAaTHIECKOT0 OKUIaHUS PaBEeH

Bennmunna S-omeHka craHmapTra, BeIMYMHA t Ha3plBaeTcs TaONMMYHBIM 3HayeHWeM t-kputepus CreiofeHTa. B
COOTBETCTBYIOIIEH TaONuUIIe ee CleAyeT OThICKATh IO MPEABAPUTEIFHOMY 3aJaHHOMY YPOBHIO 3HAUUMOCTH ( M YUCITY
crernenei ceoboas! =n-1.

OueHKy Ul MaTeMaTHYECKOr0 OKUIAHUS B BUJE HHTEPBAJA YaCTO Ha3BIBAIOT MHTEPBAJBHOIN OILICHKOM, B OTIMYUHU OT
OLICHOK 110 (popMysIaM H, KOTOpBIE Ha3bIBAIOT TOYCYHBIMHU OLIEHKAMH ISl MATEMATHIECKOTO OXKHIaHHS.

IpoBepka OJHOPOIHOCTH HECKOIBKUX ITUCIIEPCHiA, HAIICHHBIX 10 BEIOOPKAM OJJMHAKOBOTO 00beMa.

[Tycte TpeOyercs HalTH MHHHMAIbHOE YHCIO N TIOBTOPEHHH OIBITOB, IIPU KOTOPOM CpedHee aphu(MeTHYecKoe Y,
HalIcHHOE 10 3TOH BBIOOPKE, OTIMYAIOCH OBl OT MaTeMaTHYSCKOr0 OXKUIaHHUS He OoJiee 4eM Ha 33/IaHHYIO BEIUYHUHY
A. D10 10 cymiecTBy 3a7ada oOpaTHas npenpiaymeii. s ee pereHst HeoOX0IUMO 3HATE OIEHKY AUCIEPCHH S2. 31ech
MOXHO HCIIONIb30BaTh, HANpHUMEp pe3ylbTaThl IPOBEICHHBIX paHee HccieqoBaHWi. lVIckomoe 3Ha4YeHne n
orpezersercs no popmyie
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n =t2s2/A2

CraTtucTHueckass THUIOTE3a-HEKOTOPOE MPEANONOKEHHE OTHOCUTENIBHO CBOWCTB TI'€HEpaIbHOM COBOKYIHOCTH,

IIpoBEpsSiEMOE 110 BHIOOpKE. BBIIBUHYTYIO TMIOTE3y HA3bIBAIOT OCHOBHOHM HJIM HYJEBOH. [ MmoTe3y mpoTHBOpeYalyro

HYJIEBOW, Ha3bIBAIOT KOHKYpHpYIomei. s mpoBepkn HyslIeBOW TMIOTE3Bl HCIOIB3YIOT CHENUATbHO MOA00paHHYIO

CIy4aliHyI0 BEJIMUYUHY, paclpeieieHrue KOTOpOH H3BECTHO. Ee Ha3bIBalOT CTaTHUCTHYECKUM kputepueM. Ecnm oHO

HaXOJUTCSI BHYTPH HEKOTOPOH 3aJJaHHOHM 3apaHee 00JIacTH, HA3bIBAEMOH OOJNACTBIO NMPUHATHS THUIIOTE3bI, TO HYJIEBas

THIIOTE3a MPUHUMAeTcs. B NMPOTUBHOM cilyyae 3Ha4ye€HHE KPHUTEpHs IONagaeT B KPUTUYECKYIO O0JIacTh, W TOT/a

THIIOTE3a OTBEPraercs.

OmbKa 1mepBoro poja COCTOMT B TOM, YTO OTBEPraeTcs THIIOTe3a, KOTopas Ha caMoM Jerne BepHa. Omubka BTOporo

poJa COCTOUT B TOM, UTO TUIIOTE3a MPUHUMAETCS, a Ha CAMOM JIelie OHA He BepHa.

[IpoBepka 0OJHOPOJHOCTH HECKOIBKUX AMCIIEPCHH, HAMIEHHBIX M0 BBIOOPKaM pa3iIMyHOro o0bemMa

Cucrematnueckre OMUOKY TOPOXKIEHBI TPUYNHAMY, JIEHCTBYIOIUMH PETYIsPHO B OTHOM HAIpaBJICHHU.

Ciyyaiinple OIIMOKU TOSIBIISIOTCS HEpPEryJSIpHO, MPUYMHBI WX BO3HUKHOBEHHWS HEM3BECTHBI M YUECTh HMX 3apaHee

HEBO3MOXKHO.

Cucremarnueckre OIUOKM MOKHO Pa3JeIUTh HA CIEIYIOIIUE 5 TPYII:

1 )UHCTpYMEHTAJIbHBIE, CBS3aHHBIE C HAPYIICHHEM M3MEPUTEIBHBIX CPE/ICTB;

2 )oumOKy, BO3HUKAIOUINE U3-32 HETIPABUIILHOM YCTAHOBKH M3MEPHUTEIBHBIX CPEJICTB;

3)HorpemHocTH, ~ BO3HUKAMONIME  W3-32  HMHAWBUIYAIBHBIX  NCUXO()H3MOJIOTMYECKUX,  (HU3HOJOTMYECKHX,

AHTPOIOJIOTMYECKUX CBOWCTB UENIOBEKa,

4)omnOKH, CBSI3aHHBIE C TIOTPEIIHOCTSIMU METO/Ia M3MEPEHHI;

S)NOrpenHocTH, CBsI3aHHbIE C BIMSHHEM BHEIIHEH Cpe/bl: BIUSHUE 3JEKTPUYECKUX W MAarHUTHBIX MOJIel; BUOpauuii u

KoJeOaHUH [JBIDKYIIETOCsl TPAHCIIOPTa; aTMOC(EPHOro NaBJICHHS M BI@XHOCTH BO3/yXa, BBICOKMX M HHU3KHX

TEMIIEPATYP OKPYXKAIOLIEH Cpeabl.

Cucrematnueckue OLIMOKM 0053aTebHO HEOOXOIMMO HCKIOUNTh. ['pyOble HaOmroneHus (MpoMaxu) MOAJIekKaT

UCKJIIOUeHHUIO 13 BhIOOpKH. Jlanee BbrumciseM Beaumdauny tpacy=1 QUOTE [ [ [1 [ /s.

W3 Tabmun pacnpenenenuss CThiofieHTa MO BHIOPAHHOMY YPOBHIO 3HAYMMOCTH ( W YMCIY CTerneHeid cBoOoabl f,

CBSI3aHHOMY C OLEHKOH JUCIIepCHH S2, HaXOoJiIT Tabiu4yHOe 3HaueHue t-kpurepus tradn. Ecnm tpacull ttabn, To

HOHOBpCBaCMbIﬁ PEe3yJbTaT ABJSCTCA HNPOMAaxOM M JOJDKECH 6I)ITI:. HUCKIKYCH U3 BLI60pKI/I. Ecin Haumenee

COMHUTEJIBHBIN DJIEMEHT HE OKa3ajcs IpomMaxom,

tpacul] tTabu, TO ero NPUCOETUHSIOT K BEIOOPKE M UCCIEAYIOT CICAYIOIINI COMHUTENbHBIH JIEMEHT, U T. 1.

[TycTb umetorcst Be BEIOOpKH 00beMoM nl 1 n2 1mo KoTopbiM HaiiieHbl BeiOopounbie nucnepcun [ QUOTE [ [ [1 [ u
QUOTE [J [ [1[J. OHu sBISIOTCS OLieHKaMu Juisi TeHepanbHbix aucnepeunit [1 QUOTE (1 [0 [ [0 u [1 QUOTE [J

[1 [J ] cooTBeTCTBEHHO. BRIOOpOUHBIE AUCIIEPCHU HA3BIBAIOTCS OJHOPOAHBIMH, a PA3INUUe MEXAY HUMU OOBACHACTCS

BJIMSHUEM CITy4ailHBIX OIIMOOK. B mpoTuBHOM citydae reHepanbHble JUCTICPCHU HE PaBHBI APYT Apyry. Torzma roBopst

YTO pa3nuue MEXIy BEIOOPOUHBIMU JUCIIEPCUAMH 3HAUHMO.

J1J1st IPOBEPKH CTATUCTUYECKOM MMITOTE3bI 00 OHOPOIHOCTH ABYX IHUCIIEPCHid UCoNb3ytoT F-kpurepuit Guinepa. Ecnu

tpacul] traGi, TO BEIOOPOYHBIE AUCTIEPCHU CUMTAIOTCS HEOTHOPOIHBIMH JUIs BEIOPAHHOrO YPOBHS 3HAUMMOCTH (. Ecnu

tpacul] traGit , TO MO’)KHO PUHATH THUIIOTE3Y 00 OXHOPOAHOCTH AUCHEPCHH.

g mpoBepku Uctions30BaH kputepuil KoxpeHa.

[TycTs m-KOMM4YECTBO BEIOOPOYHBIX JUCIEPCHH, OXHOPOTHOCTh KOTOPBIX IpoBepsieTcss. O003HAaYNM 3TH AUCIIEpCHU: [

QUOTE , [ QUOTE [J J [ ..., 0 QUOTE J [J [J . Berancnsiercst pacueTHoeKoieHre o Gpopmyse

Gpacu=[] QUOTE 0 U U O +0 QUOTE [ U O U...+0 QUOTE OO O O).

B unciutene sTolt GopMynasl CTOMT HauOONbIIAS M3 PacCMaTPHBAEMBIX AWCIIEPCHH, a B 3HAMEHATENe-CyMMa BCEX

mucnepcuii. Jlanee oOpamatorcst k Tabmuiam Koxpena. Ecnu Gpacull Gradn, TO MOXHO TNPHHSTH THIOTE3Y 00

OIHOPOAHOCTH AWcCIIEpCUN. B IPOTUBHOM Cilydae OHa OTBEPracTCs.

Tema 1.2 IlpoBepka oqHOPOAHOCTH cpeanux. [IpoBepka HOpManbHOCTH pactpezneneHus. Koadduuuent koppensimu.
[Ipumenenne TabIHI CONPSKEHHOCTH AJISl OLIEHKH B3aHMOCBSI3H IIPU3HAKOB. PaHroBas Koppemsimust.

Hcnone3zoBanne ko3 puimenTa KOHKOPIALUH I 00pabOTKU SKCIIEPTHBIX OLIEHOK NPH paHKUpoBaHHU.B aToMm ciyuae
HCTONB3yIOT Kputepmit baptierra. [IpensapurensHo Berancisiror senununay [ QUOTE [ [ [ [, mpencraBmaiyto
co001i cpeiHee B3BEUICHHOE 3HAUYEHHUE QUICIIEPCHil, B3STOE C YIETOM YHCTa CTEIeHel CBOOOBI:

[0 QUOTE 0 O U=0 QUOTE ) U+ QUOTE UJ 00 J O +...+0 QUOTE [ J 0 0)0 QUOTE I 0 1[I
JHanee paccunteiBaroT BenmnunHy B, paBayro otHOomennio B=V/C. 3necs V i C COOTBETCTBEHHO PaBHEI:

l'umoresa o OHOPOAHOCTH AWCHEPCHiA TpUHUMaeTCs, ecin B<y 2t1abn. B manHO# nmpoBepke TpedyeTcs , 4ToObI 00BeM
Ka)XJI0i BBIOOpKH OBbLT He MeHee deThipeX. [lockonpky BemmurHa C 3aBeIoMO OO0JIbIIE SHHHLIBI, TO IIOCIIE BBIYUCICHHS
3HaueHUs V MOXHO yXe€ IPOBEpPHUTH BBHINOIHEHHE HepaBeHcTBa V< y 2T1abn. Ecnu oHO okaxkeTcs CripaBeIUTUBBIM, TO
TUIOTE3y 00 OJHOPOMHOCTH AWCHEPCHA MOXHO NpuHATh. Ecmm VI y 2tabm crmemyer Bbaucauth C W TOBECTH
MPOBEPKY JI0 KOHIIA.

3neck uccienyercs ABe BHIOOPKH, MMEIOIIME pas3iMyHble cpenHue apupmerndeckue. J[aHHas MpoBepKa MO3BOISET
YCTAHOBHTH, BBI3BAHO JIM PACXOKICHHUE MEXKAY CPEIHUMH CIyJalHBIMHM OMIMOKaMM M3MEPEHHs MM OHO CBS3aHO C
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BIIMSIHHEM KaKHX-JIO00 HeclydaiHbIX (akTopoB. IIpoBepka npoBoanuTcs kpureprieM CTBIOJEHTA.

IIpencrout paccMoOTpeTs ABa Cirydas

1 ) Ouenkn qucnepcnii [1 QUOTE [ [0 [J [0 u [0 QUOTE [J [ [ [] oxmHOponmHbl. Beramcisercs: pacueTHOE OTHOIICHHE
1o opmyie

Ecmu tpacul] trabim TO pacXoAeHHUE MEXIY CPSIHUMH 3HAYNMO. B MPOTHBHOM cly4ae MOXHO HPUHSTH THIIOTE3y 00
OJTHOPOJHOCTH CPETHUX.

2 ) Onenku guctiepcuii [ QUOTE [ [ [ 0 u [J QUOTE [I [ [J ommmponssl. Kak u mpeapimyieM cirydae 31ech
MOJKHO UCTIONIb30BaTh KpuTepuii CThIOZCHTA, HO (hopMyna OyIeT UMETh CIICAYIOIINN BUI:

JHanee Beraucisior BenuuuHy f mo gopmyne

HaiinenHoe 3HauyeHue f OKpYIJISIOT O LEJNOrO M NMPUHUMAIOT 32 YUCIO cTerneHed cBoOonsl. [lo 3Toi BenmumHe u
HaxoJs TabIumyHOe 3HaueHue. JampbHEHIIUI X0 MPOBEPKH HE OTIIMYAETCS OT MPEIBIIYIIEro Clrydasl.

IIpoBepka HOPMAIBHOCTH paclpeaeIeHHs

Ju1st aToro ucnons3yroT kputepuit [lupcona

Hcnonb3yrot Ghopmyny
7 QUOTE [] 111 [ d(z8)(zl),
Z1=( QUOTE -y)is; z2=( QUOTE -y)/s,

I'me y-cpenHee apudMeTuIecKoe BEIOOPKH;

S-cpelHee KBaIpaTHYeCKoe OTKIOHEHHE BBIOOPKH;
QUOTE -HW)KHSIS TPaHUIA 1-TO MHTEpBaa;
QUOTE -BEpXHsIs TPaHUIIA i-TO HHTEPBaJIa;

®(z)-HopmupoBanHas Qynkius Jlamnaca,

3naueHus ee s z=z1 wu z=z2 omnpexpensercs W3 Tadmun. [Ipu OThICKAaHMM 3HAYEHUH ATOM (YHKIUH IS
OTpHUIATENBHBIX 3HAUYEHUH apryMeHTa CIeAyeT UMETh B BUAY, 4To (yHKIms D(z) HeueTHas:

DO(-2)=-D(2).

Crenyronym 3TaroMm sIBJsIETCS BEIYHCIICHHE BETMYHMHBI Y2pacd 1o Gopmyie

Hanee naxoxuM o tabuuie. ['unore3y o HOpMaIbHOCTH PACTIPEACICHUI MOXKHO IIPUHATH, eciu y2pacul] x2tabur.
Koapdunuenr xoppensiuuu

Bo MHOTHX City4asx LEIbI0 IKCICPUMEHTAIBHBIX HCCIACIOBAHMI SIBIIFOTCS YCTAHOBICHHE M W3YYCHHE 3aBHCUMOCTU
MEXIy HEKOTOPHIMH BEIMYMHAMH. ECIH Kax[as M3 ITUX BEIHYUH SBISICTCS CIYYaiHOH, TO HCIOJIB3YIOT METOBI
KOPPEISILUOHHOTO aHaJIn3a.

JIIst OLCHKH CTaTHCTHYECKOH CBSI3HM IO JAHHBIM JKCIIEPHMEHTA IMHPOKO HCIIONB3YeTCsl BHIOOPOYHBIH KO HUIIHEHT
Koppessinun. PaccunteiBaercs mo Gopmyie

Kotopyro MmoxkHO nepemnucats B Buze, 6oiee y1o0HOM IS BEIYUCIICHUH:

Koapunument koppessinuu Beerna JIeXUT B npenenax -1<r<l. OH xapakTepu3yeT He BCIKYIO, a TOJbKO JIMHEHHYIO
3aBUCUMOCTD MEXIY CIIydallHBIMU BeMMYMHaMU. Takue ciaydaiiHple BeTMYNHbI Ha3bIBAIOTCS HEKOPPEITHPOBAHHBIMU.

Ee cpaBumBaror ¢ Tabnu4HBIM 3HadeHHeM Kpurepus CrbromeHta. Ecmm tpacull traGnm npHHUMAaeTcs THIIOTE3a O
HEKOpPPENMPOBAHHOCTH BEJIMYMH X M y. B mporuBHOM ciydae K0d(Q(OHLIUEHT KOPPESLUH 3HAYMMO OTIMYASTCS OT
HYJIS, T.€. MEXy BEJIMYMHAMH X M Y CYIIECTBYET JIMHEIHAsI CTATUCTHYECKas! CBS3b.

Ecim TtpeOyercs muccmemoBaTh CTaTUCTHYECKYIO CBSI3b MEXKIY Tpems H Oonee ClydailHBIMH BEeJIMYMHAMH, TO
TIOJB3YIOTCS KOAPPUIMEHTOM MHOXKECTBEHHOH KOPPEIISIUH.

PanroBas xoppemsiumsa. Mcnonp3oBanume Kod(D(UIIMEHTa KOHKOPAAIMH s OOpaOOTKM SKIEPTHBIX OIEHOK IIPHU
PaHXUPOBKH.

OmHuM W3 CHOCOOOB OIEHKH MEXAY ABYMsS KAaueCTBEHHBIMH IPH3HAKaMH SIBISICTCS BBIYMCICHHE KOd((HIMEHTa
panroBo#i koppernsunu Crimpmena. Gopmyna st HETO UMEeT BHJ

Koappunment panropoit KOppemisiuy MOXXET UCTIONb30BaThCS M TOT/IA, KOT/Ia PACCMaTPHBAEMbIC MPU3HAKHU SIBIISTFOTCS

KOJINMYCCTBCHHBIMH, HO IJIA [elIeil McCaemoBaHus JTOCTaTOYHO TMIPpOPaHXNPOBATH 00BEKTHI 10 BO3paCTaHUIO WIIN
y6BIBaHI/IIO KaXJ10ro nu3 HHUX.
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Paznen 2. PerpeccHoHHBI aHanM3 M METONBI IUIAHMPOBAHMS IKCIIEPUMEHTa C IeJIbI0 MAaTEMaTHYECKOr'O OIMMCAHUS
00bEKTOB. MeTobl 3KCIIEpUMEHTAIBHOW ONTUMHU3anrui. MeTozpl TUIAHUPOBAHUS SKCIEPUMEHTOB C KaueCTBEHHBIMHU
(axTopamu.

Tema 2.1 Pel"peCCI/IOHHHﬁ aHaJIM3 U MCTOAbl IUVIAHUPOBAHUSA IOKCIICPUMCHTA C HCJIbHO MATEMATHUYCCKOIO ONHCAaHUA
00BEKTOB. AKTHBHBEIE U ITaCCHUBHBIC, OHHO(I)EIKTOPHLIG u MHOFO(l)aKTOpHBIe OKCIICPUMCHTBI. OCHOBHEBIE 3agadn
IJIAaHUPOBAHUA SKCIICPUMCHTA. OCHOBHEIE BUAbI MAaTCMaTHUUYCCKUX Moaeneﬁ, MNPpUMCHACMBIC TIPpU HCCICIOBAHUAX B
JIECHOM MPOMBINUICHHOCTH. MeTO}I HaUMCHBbIIUX KBAaJApaToOB JIid MHOFO(baKTOpHHX OKCIICPUMCHTOB. CTraTHCTUYECKH I
aHaJIM3 YpaBHCHHA PEIrpeCCUn. MGTO}ILI SKCHGPI/IMGHTaHLHOﬁ OIITUMH3AIIUU. HﬂaHHpOBaHHe OZ[HO(I)aKTOpHLIX
OKCIICPUMECHTOB IIPU IMMOUCKE OITUMAJIbHBIX YCHOBHﬁ. O6IJII/I€ CBCICHUA. MeTOJI JUXOTOMMHHU. MeTOZ[ 30JIOTOr'0 CCUCHUA.
MeTOZ[ TIOKOOPpAWHATHOI'O ITOUCKA.

3amauaMyu  PETPECCHHHOTO aHaln3a SBISIOTCS: TOJYdeHHWE MaTeMaTH4ecKodl MOjenH TIpolecca; MNpoBepKa
aJIeKBATHOCTH TOJTYYCHHOIN MOJIENH; OLICHKA BIHSHHS KaXI0ro (hakTopa Ha MPOIEcC.

[penmnocsuiky, MpH KOTOPHIX MOKET OBITH HCIOIb30BAH PETPECCHHHBIA aHANW3 IS MOJYYCHUS MAaTEeMaTHYECKOH
MOJEIH:

1 ) HesaBucumble mepeMeHHbIC Xi He SIBISIFOTCS CIYJalHbBIMU BETUYMHAMH, U 33J]AI0TCSI OHH C BBICOKOH TOUHOCTBIO.

2 ) U3mepsieMble BBIXOIHBIC BEIUYMHBI Yi SIBISIFOTCS HE3aBUCHMBIMU HOPMAIBHO pacHpeIeICHHBIMU CIydalHbIMU
BETUYMHAMH, U U3MEPSIOTCS OHU C MEHBIIICH TOUHOCTBIO.

3 ) Kaxnas u3 HE3aBUCHMBIX IEPEMEHHBIX HE SIBISICTCSA JIMHEHHOW KOMOHMHAIMEH OCTaJbHBIX HEe3aBHCHMBIX
MepEeMEHHBIX.

4 ) NurepBan Mexay 3HaueHUSIMH (aKTOPOB B COCEIHHMX TOYKAaX HE JOJDKEH OBbITh MEHbIIE WIM PaBeH OUIMOKe, C
KOTOPOH 3aJ1aeTCst STOT UHTEPBAIL.

5 ) BHaueHus OTKJIMKA B TOUYKaX (paKTOPHOTO MPOCTPAHCTBA JTOMKHBI OMPEIENATHCA HE3aBUCUMO IPYT OT APYTa.

6 ) B uccnen-yeMom WHTEpBaie BApbUPOBaHHUsI (DAKTOPOB AMCIIEPCHH BOCIPOM3BOMMOCTH JODKHBI OBITH PABHBI, & UX
BBIOOPOYHBIE OIIGHKHM OJHOPOIHBI. [IpoBepka OIIEHOK IHUCIEPCHH Ha OJHOPOIHOCTH IMPOBOAMTCS IO KPHUTEPHUSIM
Oumepa, Koxpena u baptierra.

AXTHBHBIE U TIACCHBHBIE, OTHO(DAKTOPHBIE K MHOTO()aKTOPHBIE IKCIIEPHUMEHTHI.

3aBHCHMOCTh BBIXOJHOW BENWYMHBI (OTKIMKA) y OT Bapbupyembix ¢aktopoB X1,X2...., Xk, moiaydeHHas cC
NPUMEHEHHEM PErpecCHOHHOIO aHAIN3a, Ha3bIBAETCA PErpeCCHOHHOI MOAEIBIO:

y =f(X1,X2,...,Xk),

rae f(X1,X2,...,Xk)-o003HaueHne HeKOTOPOi (PYHKLIMHU OT BapbUPYEMbIX (haKTOPOB, HA3bIBaeMOK (DYHKIIMEH OTKIHKA.
YroOBl OLEHUTH NPHUMEHUMOCTh TOCTPOSCHHOH MOJIENH, COOTBETCTBUE €€ MCCICAYeMOMY OOBEKTY , B IUIAHUPOBAHUH
9KCIIEPUMEHTa IIPEeIyCMOTpEeHa CIeLHalbHas IpoLenypa, Ha3blBaeMas MPOBEPKOH aleKBATHOCTH DPErpecCHOHHOM
Mozend. Mogenb B BHAEC MHOIOWICHAa HEPBOrO MNOPsAKa COKPALIEHHO HA3bIBAIOT MOENBIO IIEPBOTO IMOPAAKA, HMIN
JUHeHHOW. B oOmem ciydae, npu Hamuduu k BapbHpyeMbIx ()aKTOpPOB JIMHEIHAsE perpecCHMOHHasi MoJielib 00bEeKTa
HUMeeT BUJ

y =B0+B1X1+B2X2+...+BxXXx,

rae: B0,B1,B2,...,Bk- ko3 duireHTsI, YUCIOBbIC 3HAYCHUSI KOTOPBIX OMPEAEISIFOTCS MO Pe3yabTaTaM dKCIEPHUMEHTA.
VX Ha3pBaroT KO3 PUIMEHTAMHU PETPECCHH, a YpaBHEHHE B OOLIEM CITydae-ypaBHEHUEM PErpecCHH.

Koappunuentsr B0,B1,B2,...,Bk, crosmme nepex oboznauenusimu ¢paxropoB X1,X2,...,XK, Ha3bIBAIOT JTHHEHHBIMU
ko3 duimeHTamMu perpeccun, a kodpduiment BO-ypaBHeHEM perpeccuu.

OOGpaTumMcs K pacCMOTPEHHUIO MOJIEIeH BTOPOro MOPsIAKa, TO €CTh MOAENIEH B BHE MHOTOYIEHOB BTOPOIO IOpsIKa OT
BapbUpyeMbIX (GakTopoB. [locTporm Moaens BTOPOro MopsiaKa HampuMep AT TPEeX BapbUpyeMbIX (aKTOpOB:

y= BO+B1X1+B2X2+B3X3+B11[J QUOTE [ [0 0+B2200 QUOTE [ [0 0J+B3300 QUOTE O[O
00 00 0 +B12X1X2+B13X1X3+B23X2X3.

Monens BTOpOro MOpSAKA BKIIOYAET KBaIpaTHYHBIC WICHBI, SBISIOIIMECS IPOHU3BENCHUSIMH Kod()(UIMEHTOB

perpeccun Ha Ksampatsl (axtopos: B117 QUOTE [ (10 (1,B¥3, ...BuX: u wieHs c HapHBIMA

B3aMMOJICHCTBUSAMH, KOTOPBIE WPEACTABIAIOT CO000W KOX(P(UIMEHTH perpeccud, yMHOKEHHBIE Ha
MIPOM3BEIICHNE ABYX PA3UYHBIX (DaKTOPOB, TO €CTh WieHbI Buaa B1,X; Xo1+B13 X3 X3+B23 X0 Xs.

OcHoBHBIE 33241 TJIAHHPOBAHUS IKCIIEPUMEHTA.

B naHHOM myHKTE paccMaTpuBaercs Hjes OCHOBHOTO METOJa O0O0paOOTKH pe3ylIbTaTOB IKCIHEPUMEHTa C
LENbI0  TIONy4YeHHs] MaTEeMAaTHYeCKOro OMucaHus O00beKTa-MeToAa HaWMEHBIMNX KBajparToB. Llems
HKCIIEPUMEHTA-TIONYYEeHHE PEerpecCHoHHOi 3aBucumoctu y=f(X;), KoTOpas C JOCTATOYHON TOYHOCTHIO
onKchIBaja Obl pe3ynbTaThl SKkcriepuMenTa. I'paduk 3aBucumoctr y=F(X;)-3T0 ickoMas kpuBasi.
3HaveHusMH PakTopa X;, paBHBIM X131, Xi2,...,X1N, COOTBETCTBYIOT TOYKH Ha KPUBOH Y1,Y2,. . .,YN-
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K obocHOBaHMIO MeTOIa HAMMEHBIINX KBaIPaToB
DTH TOYKH SIBIISIFOTCS] 3HAUCHUS BHIXOJJHOW BEJTMUYMHBI, PACCUUTAHHBIMU 110 ypaBHeHUI0 perpeccun y=F(X;):

¥y = flX44);
¥y = flX42);
Yy = FX )
Hatinem BenmuunHy 01=y;-y1, KOTOpas XapakTepu3yeT OTKIOHCHHE pe3yJbTaTa IKCICPUMEHTA Y1 B TOUKE Xig
oT 3HaueHus ¢yHkuuu orkivka y;=f(Xi1) B 9TOH ke ToUKe. AHAJIOTMYHO PACCMOTPHM OTKIOHEHHS 0=y,
Y25+ ,ONTYN-YN.
CornacHo Merony HanMeHbIMX kBajapaTtoB (MHK) oneHku ams k09 HUIIMEHTOB perpeccHy OTHICKHBAIOTCS
W3 YCIIOBHMSI MUHMMYMa CyMMBI KBaJ[paToB OTKJIOHEHUH @D, TO ecTh

‘:D' = SI + "55 + -+ 5]:'.- = [}’1 _}’13‘ + (}:r: - }sz‘ + -+ (}T‘l.‘.' _}’;\'rj‘ =

N

= T o— AT “ i
E [}} }}) —* LT
=1

BrinonHeHnue 3Toil mpolieaypsl Ja€T BO3MOXKHOCTh COCTABUTh CUCTEMY, YUCIIO YPAaBHEHUH KOTOPOM paBHO
YUCIy HCKOMBIX KO3(duimenToB perpeccun. Takas cucTeMa Ha3bIBaCTCS CHUCTEMOM HOPMaIbHBIX
ypaBuenuit (CHY).
Ucxons w3 chopMynmmpoBaHHOrO TpeOOBaHUs, HaWaeM (GOPMYIbI Ui BBIYHCICHUS KO3(QQHIIMEHTOB
perpeccHu B POCTEHIIEM ClTydae JIMHEHHON MOJIENTU C eIMHCTBEHHBIM (pakTopoM X;. ITO MOJIENb BUIA
v=E; +B,X,
@opMyJIbl AJ4 TaHHOW MOJIEIU TPUMYT BHU/I:

¥y =By + By Xy,

V; =By +ByXy;

V, =B, + B, X,
[loncraBuM Hali/IeHHBIE 3HAYEHUS Y1,Y2,...,yN B popmyiry. Torma

@ = (v, —By — ByXyy)® + (3, — By — ByXy)? + -+ (yy — By — ByXyy)®

Uro6b1 HaiiTn 3HaueHus B u By, mpu koTopsix cymma @ MHUHHMAaIbHA, BO3bMEM MTPOM3BoAHBIE OT @ 1mo By n
1o B; v npupaBHsieM UX HYIIO:

—— =2(y; —By — By Xy ) (—1)+ 20y, — By — By Xy, ) (1) + - +

dB,
+3[}’ﬁ — By — 51X11] (-1)=10
Jd
2B, =20y, — By — ByXyy)(—Xyy) + 2(y; — By — By Xy ) (—Xy5) +
1

+ -+ 3[}’,\-' — By — Bi‘x:l_.".-'] (_X:L.'-.-'j =0
ITocie areMeHTapHbIX TPEe0OPa30BaHUM ST YpAaBHEHHS TIPUMYT BH/T:
NE, + JlEi'1(}’{11 T X+t X:L.'-.-'] =y, TV ot Yy
BD[:Xii + X+t Xj_.\-'j + 51(;{121 +X§: + +X12_.\-':] =
=¥ Xy Ty X Tt vy Ay

Wnu, xopoue
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N N

NB, + B, Z 1j Z Vi
5. 8.y 1 = Y i,
j=1 j=1 j=1 /

ITonyyennas cucrema U3 IBYX JIMHEHHBIX YPAaBHEHHU ¢ ABYMs HEU3BECTHBIMU Bg u B; sBisercs cucremoit
HOPMaJIbHBIX YpaBHEHHI. Pemas ee, mpujeM K HCKOMBIM (hopMyram.

(Z,L ¥ )[Z} 1X1}) [Z""le })[2} 1X1})
N(Z,x3) — (E, %)
_ N[Z#—:ixlj}ri) _ [E;=2 }})[Z} 1X1})
N(ZL,x3) - (5, %y,)”

Jns npupaHus cucteme Oollee CHMMETPUYHOIO BUZA BBeleM (DUKTUBHBIA (akTop Xo. ITOT akrop He
uMeeT (QU3MYECKOr0 CMBICIa W B KaXKIOM OIBITE MPHHAMAeT OJWHAKOBBIE 3HAYCHUS, paBHEIC

Bl}z

Xo1=Xgz=...=Xon=1. Temepp perpeccHoHHYI0 MOJEIb MOXHO TPEACTABUTH CIEIYIONUM 00pa3oM:
y=B¢Xo+B1X3, a cuctemy c BBeJileHHeM (PUKTUBHOIO (hakTopa MOXKHO MEPENHcaTh B BUJC
N N N
\
=1 }‘1
J"l- }
5 Z ity ) 3 = Z %y

CucreMa HOpMAJTBHBIX YPaBHEHUI MMEET cnenyiomne oco6eHHocm:

1 )no pmaroHanmW JEBBIX YacTed ypaBHEHHWH IOJ 3HAKOM CYMMBI ITIOCIENOBATEIHHO CTOSAT KBAJPATHI
HE3aBHCHUMBIX TIEPEMEHHBIX;

2 )OTHOCHUTEIHHO DTOM JUAarOHAIN UMEETCSI CHMMETPHS,

3 )B mIpaBO# YacTH CHCTEMBI MO/l 3HAKAMH CYMMBI PacCIOJIO0KEHBI TPOM3BEICHUS, TTOTYICHHEIE B Pe3yIbTaTe
YMHOKEHHS CTOJIONA BBIXOJHOM BEJTMYMHBI HA CTONOEI] COOTBETCTBYIONIETO (haKTopa.

JlJis OTBICKMBAaHHS TPEX HEM3BECTHBIX KO3 HUIIMEHTOB perpeccun Bo, B; 1 By Hano pemmTs ClaeayroIyo

CHCTEMY U3 TpeX JIMHEHHBIX YpaBHEHUH C TpeMs HEHM3BECTHBIMHU:
N N N \

CRED YRS I

N

N N

B, Z}fl}- + BIZ ijﬁl + By, Z Xi,. = Z}rj-}flj; -
= = = =

5, th ; glth : gnth 3,

=1 /

[TycTs OBIT OCTaBJIEH SKCIIEPUMEHT B KOTOPOM (pakTopsl X1,X; u X3 IpUHAMAIH 3HAYCHUS X11,X12,. . ., XIN;
X21,X225,XoN; Xa1, X32,--,X3N. BBelleM (QUKTUBHYIO TepeMeHHYI0 Xo. COCTaBUM CHCTEMY HOPMAabHBIX
ypaBHEeHUH. Bo Bcex ypaBHEHUSIX pacronokuM ko3 uireHTs B B OAMHAKOBOM MOpSIKE
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N N N N N

BDZX +B ZX[,}.XU—I-B:ZXD}.X”-I-"--I-B Z o5 Xss Zxﬁm,

j=1 =1 =1 } =1
N N N
BQZ Xo; Xy, + Blz i+ B, Z XX+ + B, Z XXy, = Z X4y
=1 =1 j=1 _;l 1 .
N N N
BI}ZXD}'XU + Elz if + Bzleszj ot EJ{ZXI_JXJ{} ZXI_;I ¥ji
_;l':l =1 _;l'_l _;l 1

J"I-
BQZXH_JXI_;I+BIZX1}+B"ZX1}X" + - -I-B,{ZXMXJ{} inj },

Pemas coBmecTHO cucreMy noinyuuM 3HadeHus Bo,B1,B; u Bs.

CraTucTnyecKui aHAJIHU3 YPaBHECHHS perpeccuu.

TaGuuibl B KOTOPBIX 3alMCaHbl YCIOBUS OIBITOB HA3bIBAIOT MaTpULAMHU IUIaHOB. [Ipexae ueM MpoBOAUTH
BBIYMCIICHHUS, 3aIIUILIEM PErpPECCHOHHYIO MOJIENb B 0ojiee CHMMETPUYHOM BHJIE, BBEAS (UKTUBHBII (haKkTOp
Xo.

y=byxy+byx; +bhyx, ++bpx,

Homep | Xi | Xz | ... | X« Homep |Xo |Xi [Xo [... |X«
OIIBITa OIIBITA

1 X1 Xa1 s Xia 1 Xo1 Xu X1 Xia
2 K12 X2 see Kiz 2 Xoz X2 X2 X
3 Xig | XKog | ... Xig 3 Xos | Xiz | Xog Xis
N Kin | Xon | ... Kin N Xon | Xin | Xon Xin

Teneps Kaxa0My cllaraeMOMY MOJEIN COOTBETCTBYET OIPEICICHHBIH CTOIOCI 3TOM MATPHUIIbI: CllaracMoMYy
BoXo-cTonber Xo, B1X;-cronben X; u T. 1. Takas MaTpulla Ha3bIBa€TCS MaTPHIICH Oa3UCHBIX (YHKIIHIA.

N N N N \
50> 535, oty .Y s 55, Y =3 xo
=1 j=1 j=1 j=1
N N N N n-'
EDZXD}'Xl_J'-I_BlZ i}'+BZZX1}'X2j+ -+ By ZXI_JXJ{}'=ZX1}'}T}':
J"l =1 ,1'—1 i=1 j=1

J"I-

N N
=1 =1

J"ll- J"ll- J"ll- J"ll- J"ll-

B, Z ngx,{j + B, Z Xy;Xy; + B, Z Xy Xy; ++ By Z X,f;}. = Z Xy ¥5

=1 j=1 j=1 j=1 j=1
OTMETUM 4YTO YHCIIO ypaBHeHPII?I 9TOH CHCTEMBI PpaBHO YHUCITY KOB(i)(i)I/II.II/IeHTOB perpecCum, noaJICKamux
OIpe€ACI€EHNIO, T. €. B JaHHOM CJiy4dac k+1. Scno TaKX€, 4YTO B Cl1y4ac€ IMPUMEHCHUA METOJa HAaUMEHBIINUX
KBaJIpaToB YHCJIO OIIbITOB N JOJIDKHO OBITh HE MEHBIIIC YKCIIA P oneHuBaeMBIX K03(1)(1)I/ILII/IGHTOB perpeccuun:
sz HJ‘IaH, U1 KOTOpOro p=N Ha3BIBAa€TCS HACHIIIEHHBIM IIJJaHOM. HachllieHHbIE IUIaHBI HE ITO3BOJISIOT

IpOBEPUTH AICKBATHOCTb MaTeMaTH4eCKOn MOACIIN. HJ'IaH, AJIs1 KOTOPOro pN Ha3bIBACTCA HCHACBIIIICHHBIM

ITycts B skcmepuMmenTe Bapbupyercs K ¢dakrtopoB, u Xj-moboit u3 Hux, i-1,2,...,K. Ero muamaszon
BapbUPOBAHUS Ximin<Xi<Ximax. BemuunHa Xim.x Ha3bIBa€TCs BEPXHMM YpOBHEM (akTopa X, a BEIWYHHA
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Ximin-€r0 HWKHUM ypoBHeM. CepeluHy auana3oHa BapbUpOBaHHS (akTopa X; HA30BEM €ro OCHOBHBIM
YPOBHEM.

MeToabl IKCTIEPUMEHTAJBHOH ONTHMHU3ALMH.

unes oO0OOIICHUS METOla HAUMCHBIIMX KBAJpPaTOB Ha ATOT CIIy4aid 3aKIO4YaeTcs B TOM, 4YTO JitoOoe
MPOU3BEIcHHE (PAKTOPOB, WJIM UX CTECHb, MOXKHO PacCMaTpUBaTh B KauecTBe HOBOro Qakropa. IlycTs
HaInpuMep SKCIICPUMEHTATOpP, UCCIICAYS BIMSIHUE TPeX (PaKTOPOB Ha OOBEKT, PEIINI 33aThCs MOJICITBIO

y:B otB1X;+B 2X2+B11Ki+B 22}‘[% +B1,X1Xo.

3aMeHNM YIIeHBI BTOPOrO0 W Ooliee BBICOKOTO MOPs/AKa HOBBIMH JIMHEHHBIMH YJICHAMH K:HLZXS, X5=Xy,

X1Xo=Xs. B pesynabTate MicxomHas MOJIEIb 3aMCHEHa JIMHEHHOW ¢ MAThIO (akropamu. Takum o0paszom,
JaHHBIA CITy4ail CBOAWTCS K mpensiaymemMy. st Toro 94ro0bl BBIMUCATH CUCTEMY HOPMANBHBIX YpaBHEHUH,
aQHAJIOTHYHBIM 00pa30M COCTaBISIOT MaTpuIly OazucHbIX QyHKIMA. KaxmaoMy ciaraeMoMy MOAETH JOJKEH
COOTBETCTBOBAThH OIpPEENeHHBIN cTONOel MaTpuubl. [Io3TOMY OH BKIIOYAaeT BCE CTENEHH U MPOHU3BEICHUS
(hakTOpOB, KOTOPBIE (GUTYPUPYIOT B MOJICIIH.

Homep | Xo Xy X, X3 X3 XiX,
OITBITa

1 1 X1 Xo1 x3 X3, XuXa1
2 1 XlZ X22 Xaz X%: X12X22
N 1 Xin Xon X i-.'.- X 22 ; XinXon

C noMoIIIbIo 3TOH TaOIHUIIBI MOKHO COCTABUThH CUCTEMY HOPMAJIbHBIX YPaBHEHHU.

Tema 2.2. IlnanupoBanne OAHO(MAKTOPHBIX IKCINEPUMEHTOB MPH MOMCKE ONTUMAJILHBIX YCJIOBHIA.
Oo6mue ceenenusi. Meron Auxoromuu. MeTo/1 30710TOT0 cedeHUsi. MeTo MOKOOPAUHATHOIO MO CKA.
MeToa NJIAHUPOBAHUA DJKCIEPUMEHTOB ¢ KavyecTBeHHbIMM ¢akTopamMu. OaHo(aKTOpHBI
AucnepcHOHHbIH  aHanu3. IIpuMeHenne ABYX(AKTOPHOIO JHCHEPCHOHHOIO0 AHAJIM3A IPH
HCCJIeIOBAHUSX B JIECO3aroTOBUTEILHOM U 1epeBo00padaThIBalolleil oTpacin.

IlpumeHeHHe JIATMHCKUX KBaJPaTOB MNPH  HCCIEI0BAHMAX B  JIeCO3arOTOBUTEJ]BHOH H
JepeBo00paTHIBaOIIEH 0Tpacan

Jlucriepcusi  BOSIPOM3BONUMOCTH oGo3Hauaercss S{y}.  PacCMOTpHM CIIOCOOBI €¢ BBIYHCICHHS B
3aBHCHUMOCTHU OT METOIMKH TyOJIMPOBAHUS OIBITOB.

1 ) PaBHOMepHOe myOnmpoBanue. Kaxaprii n3 N 3ammaHipOoBaHHBIX OMBITOB MTOBTOPSIETCS] OAMHAKOBOE YHCIIO
N pas, To ectb uMeercsi N cepuii, B Kax 10l U3 KOTOPBIX CTaBUTHCS N TyOJIMPOBAHHBIX OINBITOB

O003HaunM pe3yNbTaThl OMNBITOB IIEPBOM CEPUU U€Pe3 Y11, Y22,--., Yin. 110 HHUM MOXKHO PacCUUTaTh
JUCIIEPCUIO MEPBOrO ONbITA 57 !

5% = [(}’11 _}_’1]2 + (}’12 _J'_:'ij2 + "'+(}’1n _}_’1]:]!"('”_ 1) =

i(}’n‘ _}_’1:]2!'"(“_ 1)

rae ¥i- CpeiHee M0 Cepur AyOIMPOBaHHBIX OIBITOB, PABHOE

]
v, = (}’11 T ¥ Tt }’1nj/n = z}’n‘f’”
i=1

AHanoruyHo PacCUUTBIBAOTCS CPEAHUC yj U JUCIIEPCUH & _; BCEX OCTAJIbHBIX OIIBITOB:
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n
5}.2 = Z [}rﬁ —}_?}.)zz}(ﬂ — 1] j=12 .., N.
i=1

OtmernMm, 4TO YHCNa CTENEHeH CBOOOIBI BCeX MHUCIepCHid oauHaKkoBbl U paBHbl N-1: fi=f=n-1. B kauectBe
2 N
Jucriepcun BoctiponsBoaumocti S{Y} Gepercs cpenHee apudMeTHueckoe qUCIEPCHit OMBITOR:
syl = sitsitodsy (g = 7)) F e 7))+ vy, — 7))+ (v — 70" +

N
(o = F)P o+ (Vo = 72 )2+ + (g — Fy) 2+ iy — ) ? + o+ + oy, — 70)° .
N(n—1) B
N n
=ZZ[}?}.E —}_Tj.)‘
J=1I1=1

Yucio creneneit cBo6op! fy 3T0i aucrepcny paBHO CyMMe YMCeNl CTeleHelH CBOOO/IBI IMCIIEPCHid OIBITOB!
N

f.=Z;g.=N(n—1j

HeoOxomuMpIMHu TIPEANIOCHUTKAMH CTATUCTHYECKOTO aHajdW3a SBISIETCS HOPMAIbHOCTH pacipeneieHus
BBIXOJIHOW BEJIMYMHBI U OJTHOPOJIHOCTh AMCIEpCUi onbITOB. IIpoBepka OAHOPOJHOCTH TUCIEPCUM OMBITOB
TIPH PaBHOMEPHOM WX JTyOJUPOBAHUU IIPOBOAUTCS 10 KpuTeprto Koxpena.

2 ) HepaBHOMepHOe ayOnupoBanue. Kax/plii j-i ONBIT TOBTOPSIETCS B 9TOM ClIy4ae HEKOTOPOE YUCIIO Nj pas.
Kak u B mpeapiayIeM ciydae, BEIYUCISIOTCS QUCITEPCHU TIEPBOTO, BTOPOTO,..., j-TO OIBITOB: Sf, S%,...,Sf.—,

TOJIBKO BMECTO N 37€Ch OyAET CTOATH N;:

S}': =i [}Tji _}?}')2/}[“}' - 1)

Yucna creneHelt cBOOOABI JUCTIepeHii, BooOmie ropopst, pasmmyssl: fi=nj-1. ucnepcus Bocpon3BOgUMOCTH
JUISL ATOTO CITydasi onpeensercs mno ¢popmyie

s =GiA+sih+ -+ sif)/(Ath++f)=

N N
= E sifi/ E f;
= =
Uwuco creneHelr cBOOOIBI €€ paBHO
N N

£=)5=) 51

Jns mpoBepKH OAHOPOJHOCTU AUCIIEPCUI B JAAHHOM CiIydyae HEOOXOIMMO BOCIIOJIB30BATHCS KPUTEPHEM
Baptnerra.

3 ) Paccmorpum dacTHBIN ciydail HepaBHOMepHOro ryOnmpoBaHwms, Korma U3 N IOCTaBIEHHBIX OITBITOB
DyOIupyeTcs TOJIBKO OJIUH, [UISl ONPeleIEHHOCTH-IIEPBhINA ¢ YUCIOM MOBTOPEHHUH Ny

IlocTpoenue 1 reomeTpuuecKasi HHTEpIPETALUs TOJIHOrO (PaKTOPHOTO IJIaHa

C naHHOW TIJIaBbl HA4YHEM pPAacCMOTPEHHE METONOB IUIAHWPOBAaHHUS MHOTO()AKTOPHBIX 3KCIEPHUMEHTOB.
Haunbonee conmepkaTtenbHBIMH PEKOMEHAALMUSIMH B IUIAHUPOBAaHMM HKCIEPUMEHTA SIBISIIOTCS OTBETHI Ha
BOIPOCHI: KaK, HA KaKUX YPOBHSX M B KaKMX COYETAHMAX BapbUpOBaTh (PAaKTOPHI B dKCHEpUMeHTe? DTUM
PEKOMEH IaLMsIM MOXHO CJIEZIOBATh, €CJIM BCE BapbUpyeMble (haKTOpPhI SABIISIOTCS YIPABISEMbIMU.

[lonapiMu  dakropusiMu  mmanamu  (IIDII) Has3pBaroT Takue MJIaHbl, B KOTOPBIX YHCIO YPOBHEH
BapbUPOBaHMs BceX (PAaKTOPOB OJMHAKOBO M BCEBO3MOXKHBIE KOMOMHALIMM 3THX YPOBHEH BCTpEUYAIOTCS
OJIMHAKOBOE KonuuecTBO pa3. Hmke moapoOHo paccmatpuBatotrcs [IDII, B KOTOPBIX YMCIIO YPOBHEH Kax-
noro ¢akTopa paBHO IByM. OTH IUIaHBl 0003HAUYalOTCs 2K, r1ie K - uucio ¢aktopos. Ilo pesynasratam I1DII
2K Bceraa MO>KHO MOJIYYUTh JTMHEHHYIO0 MOJIENb, TO €CTh MOZEIb BHA

y=Bo + B1X1+ B2X2 + ... + BkXk.
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Kak Oyzmer moka3aHo HWXXe, 3Ty MOJEIb MOXHO JAOMOJHUTH WICHAMH, COJICPXKAIIUMH TPOU3BEACHUS
(akTOopoB, HO B JIOOOM cllydyae MpHU TOCTPOSHHH PErpecCHOHHON MOIENU MO pe3yibTaTaM IOJIHOTO
(akTOpHOTrO MiIaHa 2K Mpennoaaraercs JuHelHasi 3aBUCHMOCTh BBIXOJHOM BEIMYHMHBI OT Ka)KAOTO U3 Bapb-
upyeMbIx (akTopoB. B nepeBooOpaboTKe, Kak U B Apyrux orpacisix, [IDI1 mmpoko npuMeHsIOT Ha MepBhIX
JTanax SKCIePUMEHTAILHOTO 3y4eHHsl 00BbEKTOB, ITPH OCTPOM Aeduiinte HHPOPMAIIH O 3aKOHOMEPHOCTSIX
uX (YHKIMOHUPOBAHHUSI.

HopmupoBanue 0003HaueHUI BappbUPYEMBIX (HaKTOPOB

Paccmorpum  MHOro(akTOpHBIE IUIaHBI (3KCIEpUMEHTHI). To ecTh OyleM cuHuTaTh, YTO Ha OOBEKT
HCCIIeIOBaHUH BO3ACHCTBYIOT Cpa3y HECKOIBKO, B O0IIeM ciydyae K, ()aKTOPOB, KOTOPHIE B HATYypaJbHBIX
obo3HaueHHUAX 3amuiieM tak: X1,X2,...,. Xk

X2 —= O6BeKT y
IITT| uccnenmoBaHHA
Ky

Puc. 'eomerpryeckoe npeacTaBiieHue 00bEKTa UCCIICIOBAHUS

[TycTh HekoTopsIi (akTop Xi BappupyeTcs B Auanazone Xi min < Xi < Xi max.. st ynpomienus

3allMCH YCJIOBUI JKCIIEpUMEHTa U OOpa0OTKH SKCIEPUMEHTAIBHBIX JaHHBIX WMEET CMBICH MepedTH OoT
HATYypaJbHBIX 0003HaueHH (aKTOPOB K Oe3pazMepHBIM (HOPMAIM30BaHHBIM) 0003HAYEHUSIM (aKTOPOB, T.
e. ot Xi Kk xi o opmye

Oco0eHHOCTH TONHBIX (PaKTOPHBIX TIAHOB 2K

Kaxnplii ¢akrop B TONHBIX (AKTOPHBIX IUIAHAX BapbUPYETCsl IMIIb Ha JBYX VYPOBHSX, KOTOpHIC
Hopmupytotest: (- 1) - Hmwkauit u (+ 1) - BepxHuil yposenb. B IIDII 2k peanusyroTcs BCe BO3MOXKHbIE
codeTaHus ypoBHe# (pakTopos.

O6mee yncino pasnuuHbix onbiToB B [IOIT N = 2k, rne k - 4ucio GakTopoB; 2 - YUCIO YPOBHEH HX
BapbUPOBaHMUA.

ITo pesynpraTam I[1DII 2/c, B 4aCTHOCTH, MOYKHO ITOJIYYUTh JIHHESHHOE YpaBHEHUE PErPECCUr

y=by+ byx;+ byx, + -+ bx,
Crnyyait 1ByX BapbHpyeMbIX (akTopoB (K = 2) B HOPMaJIHU30BaHHBIX 0003HAUYCHHUSIX
[I®IT s mByX (aKTOPOB JIETKO MOCTPOUTH IIepeOOpOM BCEX COUETAHWH MX BEPXHHX W HIDKHHX YPOBHEH.
Hampumep, B TabI1. mprBeeHbI 1Ba BO3MOXKHBIX BApPHAHTA, TJI€ CTPOKHA COOTBETCTBYIOT PAa3IMYHBIM OITBITAM,
a CTOJNOIBI - 3HAYCHHSIM (PAKTOPOB B OKCHEPUMEHTE. OTH TaOauIel OyJdeM Ha3blBaTh MaTpUIIAMHU
IJTAHUPOBAHMS dKCIIepUMeEHTa. M3 TabiuIl BUAHO, U4TO nBa 3HadeHus (aktopoB (- 1) m (+ 1) mpuHEMaroTCcs
BO BCEBO3MO)KHBIX COUETAHMSX, TO €CTh BCE NX KOMOMHAIINH PAa3THYHBI.

Home X1 |X2
1 -1 -1
2 +1 |1
3 -1 +1
A +1 |+1
Home [X1 [X2
1 1 1
2 -1 -1
3 +1 [+1
4 +1 1

HarmsagHoe mpencraBmeHue 00 yCIOBHSX TIOCTAHOBKM — ONBITOB MOXKHO TIOJIydUTh, TIOJNB3YSCh
T€OMETPUYECKIMH TIOHSATHSMHU. BBIJIO BBeMEHO MOHATHE (DAKTOPHOM IUIOCKOCTH - 3TO KOOpIWHATHAS
IJIOCKOCTD, 10 OCH a0CIIHCC KOTOPOW OTJIOKEHBI 3HAUeHHUS Xb a TI0 OCH OpJMHAT - 3HaueHus x2- [loctponm
X2 Ha OTOM IJIOCKOCTH  TOYKH, KOOPAHHATHI  KOTOPBIX
3 +1 4 COOTBETCTBYIOT KOOPJIWHATHBIM 3HAYEHUSIM (AKTOpPOB B
ombiTax 1, 2, 3 m 4 I1PIT 22
X, Touku 3TOro0 TTaHa 00Pa3yIOT BEPIIMHEI KBaApaTa, IEHTP KO-
T 0 ] TOPOro COBIAJAET C HAYaJIoOM KOOpAMHAT. BHYTpeHHOCTH

1 -1 2
Puc. 'eomeTpudeckoe nzo0paxeHue
[I®DII 1151 k - 2 B HOpMAIM30BaHHBIX 21
0003HaueHuAX GHaKToOpoB



KBaapaTta ABJIACTCA 00J1aCTBIO BapbUPOBAHUS HOPMATIN30BaHHBIX (baKTOpOB.

X
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T }l I2

0 04 1,2 4

Puc. 'eomerpuueckoe n3odpaxenue [1OI1
JUIS K = 2 B HATYypaJIbHbIX 0003HAYCHUSIX (haKTOPOB

Touku ATOro e TUIaHa JUIs HATYpaJlbHBIX 3HaYeHWH (DaKTOPOB MPEACTaBISAIOT coOOW MPsSMOYroibHUK B
3THX KOOPAMHATAX 001acTh BApbHPOBaHHs (PaKTOPOB MpeECTaBIIsIET COOOH BHYTPEHHOCTh IPSMOYTOIBHHUKA.
Hnst reomerpuueckoro m3oopaxkenust [IDIT 23 morpebyercs yxe (pakTopHOE TPOCTPAHCTBO C TpeMsi
koopauHatamMu X1, x2,x3. B atux koopamHaTtax ombiTam [IDIT 23 coOTBETCTBYIOT BEpIIMHBI Ky0a, a B
HATypaJbHBIX 00O3HAYEHUSX (PAKTOPOB - BEPIIMHBI IMapajuienenuiena. ['eoMeTpuieckue MpeacTaBleHUs
OKa3bIBAIOTCA IOJIC3HBIMHU U IIpU PACCMOTPCHHUU SKCIICPUMEHTOB C YHCIOM q)aKTOpOB K, OOJIBIINM TpeEX,
XOTsI B 3TOM Clly4ae W HET BO3MOKHOCTH M300pa3uTh TOUKH (PAaKTOPHOTO MPOCTPAHCTBA Ha yepTexe. Tak,
onbITel [1DIT 24 00pa3yroT BepIIuHBI Ky0a B YeThIpeXMEpPHOM IpocTpaHcTBe (akropoB. Takyo ¢urypy
00BIYHO HA3BIBAIOT THIIEPKYOOM.

Crioco6st octpoenus [TDIT ans moboro yncia Gakropos

Kak yxe ormeuanoch aisi 1ByX (DaKTOPOB BCE BO3MOXKHBIC COUETAHUs ypOBHEH (DAKTOpPOB Jerko HalTH
nepedbopom. C yBennyeHneM uucia (akTOPOB CIIeqyeT 3allOMHUTHh HEKOTOphIC MpHeMbl. PaccMoTpumM nBa
HaunboJee pacpoCTpaHEeHHbBIX TIpUeMa:

1.YepenoBanue 3HakoB GakTopoB. 31eck B cTondIe x1 Tabi. 6.4 3HaAKM MEHSIOTCSI IOOYEPEIHO, B CTONOIE
X2 depenyroTcs 1o 1Ba, B CTONOIE X3 1Mo 4eThipe. [Ipu OombireM xomndecTBE (PaKTOPOB B IKCIIEPUMEHTE
3HAKU U1 X4 HEOOXOIUMO 4YepenoBaTh yXKe MO BOCEMb W T. JI. TIO CTEMEHSAM JBOWKH. MOXHO 3arONHSATH
CTOJOIIBI HE ¢ MIEPBOIO, a ¢ JIF00ro ¢gakropa. B koHeuHoM cuere OyneT nonydeH ToT ke I1DII, Ho ¢ apyroi
HyMepaluel OIbITOB.

2.Mcnonb3oBaHue TpaBWiIa TEPEMHOXKEHUS CTOJNONOB IutaHa. [IpH MOCTPOYHOM TEPEMHOXKEHUU JIBYX
CTOIOLIOB TIIaHA MPOU3BEIEHNE EAMHUHII] C OJMHAKOBBIMY 3HaKaMu JaeT (+1) ¢ pasasivu (-1)

CBoiicTBa MOJNHBIX (JaKTOPHBIX IJIAHOB 2K

Ocoboe MecTo, 3aHUMaeMoe TIOHBIMU (DaKTOPHBIMH TUIAHAMU 2K B TEOPHU IKCIIEPUMEHTA, CBS3aHO C IIETbIM
PAIOM WX TOCTOMHCTB, IO CPAaBHEHWIO C JPYTHMMH IDIaHAMH, TO3BOJIIIOIIMMHE TIONXYYHTH PETPECCHOHHBIE
MOJIENT aHAJIOTUYHOTO BHUAA. OTH JIOCTOMHCTBA IIPOSIBIISIOTCS B IIEHHBIX CBOWCTBAaX PErPecCHOHHBIX
MoJlenel, MONydeHHBIX N0 pesynbratam peanmsamuu [IDII 2 : He3aBHCHMBIE OpYyr OT Ipyra OIEHKH
KOO(PUITMEHTOB perpeccuy, MUHHMAaJIbHBIE WX IWUCIEPCHH, a TaKKe MPOCTOTa 00pabOTKH pe3yahbTaToOB
akcriepuMeHToB. Xopoiure kadecTBa [IDI] 2 0OBICHSIIOTCS pSIIOM 0COOCHHOCTEH MaTPHIT 3THX TUIAHOB.
Martpuier [IOII 2k B HOpManmM30BaHHBIX OO0O3HAUEHHSX O00JaJaf0T CIEAYIONINMH XapaKTepHBIMH
CBOICTBaMU.

CHUMMETpUYIHOCTh OTHOCHUTENBHO IIEHTPa SKCIIEPUMEHTA.

Cymma 3HadeHHH TH000TO (haKTopa B HOPMAIM30BAaHHBIX OOO3HAYEHHSX UISI BCEX OMBITOB PaBHA HYIIIO

(anmrebpanueckasi cymMma 3JIEMEHTOB KaXKJIOT0 CTOJI0Ia paBHA HYITIO), TO €CTh
N

inj:ﬂ’ xg+x,++x,=0}

=1
HopmupoanHocTs. CyMMa KBaIpaTOB 3HAUSHHM KaXIIOro akTopa B HOPMAIM30BAaHHBIX 0003HAY €HUSAX 110
BCEM OIBITAM PaBHA YMCITy OMBITOB N (CyMMa KBaJpaTOB 3JIEMEHTOB KaXKJI0r0 CTONOIA PABHA YUCITY OIBITOB
N), To ecTh

N

foj. =N, {xj+xi++x5 =N}

=1
OproronansHocTh. CKaISIpHOE MPOU3BENECHUE ABYX JIFOOBIX cTO01I0B MaTpuibl [IDI] B HOpMan30BaHHBIX
0003HAUEHHSAX PABHO HYIIO, TO €CTh
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N

Zx:-}- =0, {xgxy trgx, et agx,y =0 iFw Lu=123 .k

J=1
Martpuupl 11aHOB, 00J1aAaI0UIHE CBOMCTBOM , Ha3bIBAIOTCSl OPTOTOHAIBHBIMHU.
CBoiicTBO poraTabenbHOCTH O3HayaeT, yTo Touku B [IPII mombuparorcs Tak, 4TO TOYHOCTH 3HAYCHUH
OTKJIMKA OJJMHAKOBA HA PABHBIX PACCTOSHUAX OT LEHTPA HKCIIEPUMEHTA U HE 3aBUCUT OT HAIIPABJICHUS.
[IponemoncTpupyem 3t cBoiicTBa Ha mpumepe. Ilycts manbl asa II®DII .Ompenenum, KOTOpbIM U3 HHUX
YIOBIIETBOPSET NIEPBBIM TPEM CBOMCTBaM.
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Tak ms I1DI1, mpuBenerHoro B Tab. uMeeM cienyromiee. CBOHCTBO CHMMETPUIHOCTH

TUTS

CBOICTBO HOPMHUPOBAHHOCTH

JUTSI TIEPBOT'O CTOJIOIA

xj Fal, bl bl balo bl bl bxf=+14+141+14+14+141+1=8
IUTSI BTOPOT'O CTONIOIIA

xh Fxh Fxd b bl bl b xl xS =11 4+1 414141414+ 1=8
IUTSI TPETHETO CTOI0Ima

x5 Fxh Fxd b xd b xd bl bxS xS =1 +H1 414141414141 =8
CBOWCTBO OPTOTOHAJIBHOCTH:

JUTS TIEPBOTO ¥ BTOPOTO CTONIOIIOB

Xy3Xgy + XppXpy F XaXag ot xpeipe = (1) (1) + (F1)(-1) +
+-DEFD+EFDED+HEDEDH GO ED +H DD +H (D) =0

JUTS. BTOPOTO U TPETHETO CTOIOIIOB

Xg1%gy + XppXgy F XpaXgz F o Xppxg = (—1)(FD) + (-D(-D +

++ (D +(FDED+HEDED+H (CODEFD+H GDED + FD(-1) =0

JUTS TIEPBOT'O ¥ TPETHETO CTONOIOB

X192y + XypXgy + Xyadgy + oot Xpxge = (CDEFD + (FD(-D +
+-1)(-D++UED+HEDED+H FDEFD+H CODED + (FD(-D =0
CBOMCTBO CUMMETPHUYHOCTH BBHITIONHSETCS JUTsl TPEX CTONOIOB Xb X2 M X3, Tak kKak 3HadeHud (- 1) u (+ 1)
BCTPEYAIOTCs OJJMTHAKOBOE YHCIIO Pa3 B KoM cToo1e. CBOWCTBO HOPMUPOBAHHOCTH TAK)KE BBHITTOIHSIETCS
s x1 x2 u x3, Tak kak (- 1) u (+ 1) maer riroc equHMAILY.

Pacuer koappuirieHTOB perpeccuu auHEHHON Mojenu 1o pe3ynbratam [1DIT 2*
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B ocHoBe pacyera ko3(ppuIIMEHTOB perpeccun MaTeMaTH4eCKOW MOJENH, MOIYYEHHOH MO pe3yiabTaram
[IPII, nexut merox HamMmeHbmux kBagpaToB (MHK), mompoOHO paccmoTpensblil Bbime. Ilpumenenue
3TOr0 Merofa TpeOyeT TPOMO3AKUX BBIUUCICHHNA: HEOOXOOUMO pELINTh ONpelnelieHHBIM 00pa3oM
COCTABJICHHYIO CUCTEMY M3 N JIMHEWHBIX YPABHEHUN C p HEU3BECTHBIMU, IJ€ P - YUCIO OLICHUBAEMBIX
ko3 unmentoB perpeccuu. CoiictBa Matpun [IDII 3HauntensHo obneryaror pacuer Kod(pQuuIHUEeHTOB
pEerpeccuu o pe3ysbTaTaM COOTBETCTBYIOIIEr0 3KCIIEPUMEHTA, CBOAS €r0 K IIPOCTEUIINM BBIUYMCIICHUSIM.
B cootBercTBHU ¢ MaTpulel 6a3uCHBIX (YHKIIMI COCTABUM CUCTEMY HOPMaJIbHBIX
YPaBHEHUM:

0 0 0 3\

N
A Z

2 N N
Xoj +b121x0}‘xij +bz IxU;x2j+bSle0)x3; =Z%y,xo;;
J= J= J= 2=
0 N 0
N 74 N v X 74 N v N
b"zn Xy, X, +b ;Z; x,, +b2}Z;xeU + blgxux” = ]Z:‘ VX,
j= J= = =] =

‘MZ

b,

Jj=1

40 N 40 ~N 20 (6.5)

N N N
2 — .
bozlx(,)x“ + blzlx,szj + bzzl X, + by x,x, =2 yX;
J= J= i=
o Ay A A u AN
bﬂzlxﬂ,lxif +blzlx];x1j+blz:dx21xij+ sz] x3j = Z!ijljn
= Jj= i= i=

=

Dddextr B3aumoneiicteuii Gaxropos [1DIT 2k
Bo MHOruX ciy4asix cTeneHb BIUSHHUS OJHOTO (PaKTopa 3aBHCUT OT YPOBHsI, Ha KOTOPOM HaXOIUTCS JPYron
¢axrop. Torga roBopsT o Hanmmuuy 3 dexTa B3aMMOIEHCTBUS MKy 3TUMH (pakTopamu.
[Monublt  QakTopHBI TUIAH 2K TO3BONSIET, KPOME JIMHEWHBIX KOI(PQHUIIMEHTOB pPErpEeccuH, OIEHUTh
BCEBO3MOXKHBIE 3(PQEKThl B3aUMOJEHCTBUS (aKTOPOB. PaccMOTpHM BHadaie OJKCIIEPHMEHT C JBYMS
(akTopamu. 37ech CyImIECTBYET €IMHCTBEHHOE - MApHOE - B3aMMOJACHCTBHE MeXAy ¢akropamu x1 m x2,
kodddurmenT npu xkoropom bl2 mMoxHO omeHuTh 1Mo pesynbratam [IDII. Takum 00pazoM, ¢ MOMOIIBIO
[1IDIT 22 MOXHO TTOCTPOUTH MOZEIHb BHAA

¥ = by +byxy + byby + byyxy%,
3aMeTuM, 9TO B TaKOH MOIETH 4Hcio p KoddHuImeHToB perpeccuu paBHO deTeipeM. OHO COBHAZacT ¢
quciioM N ITOCTaBJICHHBIX OIBITOB. DTO o3HadaeT, uro [IDII 22, mo pe3ynpTaTaM KOTOPOTO OTHICKUBACTCS
MOJIENIb , SABJSIETCS HAChIIEHHBIM. Bo3moxHocTs TIDII oreHuBath 3¢dextsl B3auMozehcTBUs (HaKTOPOB
OOBSICHIETCSI CBOMCTBAMHU MAaTPHIlbl 0a3UCHBIX GyHKImi [TDII.
Uucno k03 hUIIHEHTOB PETPECCUH ONPEILSIISIOT 10 (popMysaMm:

a) JUTSL JINHEWHOTO YpaBHCHHS
p=k+1
0) JUTS HEMOJTHOT'O KBaJPaTHOTO YPaBHEHUS
k(k +1)
=— "1
2
B) JUTS TIOJTHOT'O KBAJPATHOTO ypaBHEHUS
k(k +3)
== 1

Eme pa3 ormeruMm, 4YTO 4YHCIO BBIYUCIEHHBIX KOI(PQOHUIIMEHTOB HE [OHKHO OBITH OOINbINe dHcIa
MOCTAaBJCHHBIX ONBITOB, T. €. P<N. Ecimu p<N, mmaH Ha3bBaercs HeHachllleHHbIM. Ecnu p=N, mian
Ha3bIBaeTCs HACHILEHHBIM, U ecu p>N - CBEpXHACHILICHHBIM. [IpoBEepKY a1eKBaTHOCTH BBIIOIHSIOT TOJIBKO
JUIs1 HEHACBHIIIEHHBIX TUIAHOB.

CpoiictBa matpuusl [IPII ynpomarot He TOIBKO pacyer KO3()(HUIMEHTOB PErpeccuy, HO M CTATUCTUYECKUN
aHaJIN3 PErpecCHOHHON MOJEINH, MTOy4eHHON 10 Pe3yIbTaTaM €ro peaan3alyi.

bnaromaps stum cBoiictBam matpuma (XTX)-1 okaszpiBaercs nuaroHanbHOR. B pe3ynbraTe Bce KOBapHamuu
MEKAY Kod(h¢uIMEeHTaMu perpeccud paBHbl Hymo. CienoBarenbHO, KO3(GGUIUEHTH Perpeccuu
OIPEIENSIIOTCS HE3aBUCUMO APYT OT Apyra, ¥ OTHaJaeT HaJoOHOCTh B IEpecueTe UX BEIMYMH mocie oTopa-
CBIBAaHMsI HE3HAYMMBIX YJICHOB B ypaBHEHUH perpeccun. Kpome Toro, aucrepcuu BcexX Kod()(UIMEeHTOB
perpeccuy paBHBI MEXAY cOOOH onpenessstoTes no popmynam
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a) Ipu paBHOMCPHOM IIY6J'H/IpOBaHI/II/I OIIBITOB

si{b;} = s*{y}/ (nN)
rae s2{y} - OlleHKa TUCIIEPCUH BOCIIPOU30HUMOCTH;
N - 9YHCIIO OCHOBHBIX ONBITOB, 3ATUIAHUPOBAHHBIX MATPUIICH, T.€. YUCIIO CEPUH OIBITOB, KaXKIas U3 KOTOPhIX
COJICPXKUT I JyOJUPOBAHHBIX OMBITOB;
0) IIPH OTCYTCTBHH JyOJIMPOBAaHHBIX OIBITOB

s*{b;} = s*{y}/N
[Ipu paBHOMEpHOM AyOIMPOBAHUM OIBITOB COXPAHSIOTCS CBOHCTBA
MaTpHIIbl [JIAHUPOBAHUS, a CIICAOBATENbHO, U Bce nocrouHcTBa [IDII. dopmynbl mis ko3hdUIHEHTOB
perpeccuu, Kak y>Ke OTMEYaloch, TAKKE OCTAKOTCS CIIPABEMIUBEI C YYETOM TOT'0, YTO B KAUECTBE 3HAUCHUI
OTKJIMKA B HUX CIieAyeT OpaTh CpeTHHE TI0 pe3yabTaTaM cepuil TyOIUpOBaHHBIX OMBITOB.
HepaBHomMepHOe nyOnuMpoBaHWE OIBITOB HAapyIIaeT OPTOTOHANBHOCTH IJIaHa. llepednclieHHBIE BBIIIE
cBoiictBa marputipl [I®Il u dopmynsl s pacuera Kod(pHUIHEHTOB PErpeccMd MO €ro pesylbTaraMm
OKa3bIBAIOTCS HECTpaBeUIMBLIMU. st pacdyera Kod(pQPUIMEHTOB PErpeccHd B OTOM Cllydae MPUXOJUTCS
OJIb30BAThCS 00IIIEH (PopMyIIoi.
st omeHKH 3HaUMMOCTH K0d(QuIMeHTOB perpeccuu, HalijeHHBIX 1o pesyibratam [1DI1, ucnonssyercs,
Kak 1 B oOmem ciydae,t -kpurepuii Ctbtogenta. KoadduumeHTsl perpeccuu, Juisi KOTOPBIX BBITIONHSETCS
HEpaBEHCTBO , NMPUPABHUBAIOTCS HYIIO B YPaBHEHHH DPErpeccHH, MPH 3TOM IepecdeT K03 UIIMEHTOB
perpeccuu He IPOU3BOIUTCS.
ITo pesynpraTtam [IDII MOXKXHO OmpenenuTh HE3ABUCUMO APYI OT IpYra W JOBEPUTEIbHBIE UHTEPBANbI IS
Bcex Kod(h(UIIMEHTOB perpeccuu mo Gopmyiiam .
IIpoBepka ajnekBaTHOCTM MaTEMaTU4YECKOW MOJENM, MOCTPOECHHOM Mo pe3ynbraraMm peannsanuu [IDII,
MIPOBOJIUTCS TaK K€, KaK M B O0IIeM ciTydJae .

[Ipumep npumenennst [IDII 23 ans mccnemoBaHus BIAUSHUS (aKTOPOB THAPONH3a JAPEBECHOM Macchl Ha
MIPOYHOCTH JIPEBECHOBOIOKHUCTHIX TLIUT (IBIT)
OKcIiepMeHT ObUI IMOCTaBiicH B oObeauHeHun «booOpyiickapes» (JLU. Pewimyk). IlpeaBapurelbHbIME
WCCIIEIOBAHHUSIMU yYCTAHOBIICHO, YTO BaXKHEHIIMMHU (DaKTOpaMHu THAPONN3a JPEBECHOW MACCHI, BIHSIOMINMU
Ha Tpenen mpodHocT mpu nm3rude 0M3r> Mlla, sBistores: Temnepartypa t, °C; BpeMs T, MUH; KACIOTHOCTD
JipeBecHOM Macchl v, pH.
@dopmyrna CBs3bIBAIONIAS HOPMAIM30BaHHBIC U HATYpPAIbHBIC 3HAUCHHS (HaKTOPOB, UMEET B JIAHHOM CITydae
(N (14% 70111207 8:1 701
x;, = (t —40)/20;

x5 = (v —4,85)/0,35;
J1s TpOBepKH TUTIOTE3BI O HOPMAJIFHOM paclpeelIeHHH BEIXOIHONW BEIMYMHBI ObLTa TOCTaBJIeHa OTAeNbHAS
cepus u3 50 ompitoB B ycmoBusx: t = 20 °C; 1 = 0 mun; v = 5,2 pH. HopmanbHOCTh pacnpeneneHus

mpoBepsiach 1Mo kputepuio 2 Ilupcoma. BerumcienHoe 3HadeHHe =3,55 oKa3a;och MEHBIIE

HalAeHHOro mpu ypoBHE 3HaunMoctu q = 0,05 (32261 =5,99). DT0 MO3BONMIIO MPUHATH THIIOTE3Y O
HOPMAaJILHOM PacIipeielIeHUH BBIXOAHON BETUUNHBI SKCIIEPUMEHTA.
Jlanee Ha OCHOBE TOM K€ cepuu OBIJIO PACCUMTAHO HEOOXOOMMOE YHCIO TyOIMPOBAHHBIX OMBITOB, KOTOPOE
0Ka3aJloCh PaBHBIM I = 5.
Bbreina mpoBenena mpoBepka OTHOPOAHOCTH AMcIepcuil ombIToB. IIOCKONBKY B JaHHOM Cilydyae HMMEETCs
paBHOMEpHOE ITyONMMpOBaHWE, 37€Ch HCTONBb30BaNcs Kputepuid Koxpena. MakcumalsHOW M3 IUCIEPCHil
OKazalach aucnepers yerBeptoro onsita s42 = 2,2, IloaTomy
Gpace = 52/ (57 + 53+ +57) =2,2/11,25=10,196

W3 Tabmun pacnpenenenust Koxpena s q - 0,01, f=n-1=4 (umcio creneneit cB0OOIbI KaKa0i BHIOOPKH), T
= § (xonmuecTBO BbIOOPOK) Haxomum: Gradn = 0,46. [lonydenHoe cootHomenue Gpacy < Grabn mo3BossieT
MPHUHATH THIIOTE3y 00 OAHOPOIHOCTH JUCIIEPCHH OIIBITOB.

Haxonum oueHKy naucrmepcuu BOCIPOM3BOAMMOCTH SKCIEPHUMEHTa Kak cpefaHee apudmernyeckoe

zmcnepcnﬁ OIIBITOB:
g

s*{y;} = Zsf /B =11,225/8= 1,4

=1

25



CraTHcTHUeCKHI aHajM3 IONyYEeHHOTO YpaBHEHHS PErpeccMd HAauYMHAIM C OTBICKAHHWS AMCIEepCHid
ko3 unmenToB perpeccuu. Bece oHM OMMHAKOBHI U COTIIACHO (POPMYJIE PaBHBI

s*(b,} = s2{y,}/nN

s*{b}=14/5-8=0,035

Cpennee KBapaTHIeCKOE OTKIOHEHHE TS KaXXI0ro K03 (HUIIEHTa PErpecCHH COCTABISET

s{b,} =+/5%{b,} = 0,187

st OleHKH 3HaYMMOCTH KOI(QQHUIMEHTOB PErpeccCHy MPOBEPSUIOCH Ui Ka)I0r0 M3 HHUX COOTHOIICHHE.
Bennunna ttabn Haiinena u3 Tadbmui t-pacnpenenenust CTbloJieHTa P ypoBHE 3HaUYUMOocTH q - 0,01 u uncne
cTerneHeit cBo0ob! fy, CBI3aHHOM C AUCIIEPCUEH BOCIIPOU3BOIMMOCTH.

Hanee Obla poBepeHa aJeKBaTHOCTh MaTeMaTHYecKoi Mozaenu. [ucnepcust aieKBaTHOCTH OMpeieieHa 1o

dhopmyse:
N
San = saq/fm - HZ (7, -9,)/ W —p)
=1
31ech p - unciio ko3 HUIMEHTOB PErpeccHr aHaau3upyeMoi mojaenu (6.21), paBHoe 7,
y j - 3HaYCHUE OTKIIMKA B j- M OIBITE, pACCUMTAHHOE 0 ypaBHeHuto (6.21).
3ateM HaizeHo 3HaueHune Fpacu
Froea = S5/5°{y} = 8,62/1,4=6,15
W3 tabmun F-pactipenenenus mis q = 0,01 u gucen creneneit cBo6osi= N-p = 8-7=1 (auciurens) fy=N(n-
1) = 32 (3Hamenarens) Ob10 HalifieHo 3Hauenue FTabJl, paBHoe 7,57. Ilockonbky Fpacu < Frabmn, Obuia
MIPUHSTA THIIOTE3a 00 aJIeKBAaTHOCTH MOJIEIH
HpoOHbie  QakTOopHBIE TIUTAHBI W WX TIOCTPOEHHE. OKCIEPHUMEHTHI B JAepeBooOpabaThIBaromiei
MPOMBIIIUIEHHOCTH, ¥ 0COOeHHO B JieconuieHuu, B mnpomsBoacree JCtII, JIBII, ¢daHepbl oka3biBarOTCS
TPYLOEMKAMU U JTOPOTUMH.
[losTomMy axTyasnbHOHM sBIsieTcs MpoOiieMa COKpAIIeHUs 3aTpaT Ha OHKCHEPUMEHT W, B YaCTHOCTH,
YMEHBIIIEHNE YHCIa OMBITOB. B 3TON cHUTyaly HaXOAAT IMPOKOE MPHMEHEHHE paccMaTpHBaeMble HUKE
npoousie ¢akropubie mwiaHel (JDII). Ilpu 3amannom uncne daxtopo DIl comeprkaT MeHBIIEE YHCIIO
onbITOB 1o cpaBHeHUIo ¢ IIDII 2x. Ho »Ta 3KOHOMHUS MOCTHUTAETCS IIEHOW YIPOIIEHUS MaTEMaTHUYCCKOM
moxaenu. HamomuammM, uto mo pesynbraram [IDIT 2Kk MOKHO OIEHUTH CBOOOTHBIA WIEH B PETPECCHOHHOMN
MOJIeJIN, BCE JIMHEHHbBIC KO3()(UITUEHTHI perpeccuu U Bce B3auMoeicTBus (GakropoB. OHAKO BO MHOTHX
Cllydasix ydeT BCEX B3aMMOACHCTBUN (AKTOpDOB HE BBI3BIBACTCS HEOOXOAMMOCTBIO. Tak, mpu
MEpPBOHAYAIIFHOM HM3y4YeHHH OOBEKTOB YACTO CTaBAT JKCIEPHUMEHTHI C IENbI0 TONTYYeHHS JIMHEHHOW MO
nenu. J[mst k BappupyeMbIX (DaKTOpOB Takas MOJIENb UMeEeT, KaK M3BEeCTHO, BuA y=b0+b1x1+b2x2+...+bkxk
comepxut (K + 1) kKoddHUIUEHT perpeccuu. IKCIECPUMEHT, TTO3BOJISIIOIINHN OTBICKATh 3TH KO3 (HUIINECHTHI,
mon* sxeH comepkaTh He MeHee YeM (K + 1) ombIT. C TOUKH 3peHUS YKOHOMHI CPEACTB JKEIaTeIbHO, YTOOBI
9HCI0 OMBITOB N HE CIHUIIKOM MpeBHImano 3Ty Benuanny. C aroi nmosurmu [1PI1 mpu oTeickaHnN THHEHHON
MOJIENId HEYIOBJIETBOPUTENBHEL. JleficTBuTenpHO, uwcino onbitoB [IDIL, paBHOE 2K, CyIIEeCTBEHHO
MIPEBOCXOANT BeMUUMHY (K + 1), HaumHasg yxe ¢ Tpex ¢akropoB. Ecim ke, KpoMe OTHICKaHUS JTHHEHHBIX
KO3 (PUIIUEHTOB, HEOOXOANMO MPOBEPUTH AJEKBATHOCTh YPABHEHUSI PErpecCHH, TO HKCIEPUMEHT IOIDKEH
coctosaTh U3 N\ = k + 2 onbitoB. Torna: ma k =4, N=24=16; Nl =k +2 =4+ 2 =6, 1. e. numnux 10
OIBITOB; A K =6, N=26 =64; Nl =k +2 =6+ 2 =8, T. e. onbITOB Oopiie B § pa3; mis k=7, N =27 =
128; N1=k+ 2 =7 + 2 =9, cnenoBaTenbHO, JHUIITHUX OMBITOB Ooiee 4eM B 14 pas.
[IOII HEeIKOHOMUYHBI, AK€ €CIIM SKCIIEPUMEHTaTopa HHTEPECYIOT, KpOMe IHWHEHHBIX KO3(h(UIINEHTOB
perpeccur, HEKOTOpbIe (HO He Bce) B3auMoeHcTBUS ¢akTopoB. [o3TOMY >KemaTenpbHO COKpPATHTh YHCIIO
ormbIToB N 3a cder Toi WH(pOpMAaud, KOTOpas HE SBISETCA CYIIECTBEHHOW IMPH TOCTPOSHUU JMHEHHON
monenu. [Ipm »TOM HeoOXoamMo coXpaHUTh OCHOBHEIE cBoicTBa I[IDII, TO ecth 1) cHMMETPUYHOCTH
OTHOCHTENBHO IEHTPa JKCIIEPUMEHTa; 2) HOPMHUPOBAHHOCTh; 3) OPTOrOHAIBHOCTh. TakuM oOpa3om, Haiia
3a/1aya CBOJIUTCS K MUHMMHU3AIUY YHCIIA OIBITOB MPH orpaHudeHusx 1), 2), 3).
Huns ysacuenus unen noctpoenus DI odparnmcest cHavana k [IDII 22. B Ttabn. Bocnpoun3BeeHa MaTpuiia
0a3uCHBIX (PYHKIHI 3TOTO TUTaHA, COOTBETCTBYIOIIAS MOJIEIH.
[Ipenmonoxum, 4TO MO HEKOTOPHIM COOOPaKEHUSM MOXKHO MpeHeOpedb MapHbIM B3aUMOZAEHCTBHEM X 1X2.
Torma ocraBmmMiicss BakaHTHBIM cTonOen X1X2 MOXHO WCIIONB30BaTh, BapbUpPys B COOTBETCTBHH C
AJIEMEHTaMHU 3TOTO CTOJNOIA HEKOTOPBIN TPeTUil pakTop x3
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Takum o0pazom, JULST

Ne X0 (X1 X2 |(x3) Ne X0 X1 (X2 |X3 SKCTIEPHMEHTA Tpems
X1x2
(akTOpaMu MONy4YeH IUIAH U3
YeThIpex OIIBITOB, o
1 + - - [ 1 + | - | - + pe3yabTaTaM KOTOPOTO MOYKHO
2 + H - 2 + + - - MOCTPOUTH JTMHEHHYIO
3 + _ + _ 3 + - + - MOJEIIb.
4 + + + + 4 + + + +

OueBUHO, YTO MaTpulla IUlaHa B Tabi. 6.16, kak U MaTpuiia B Ta0j. 6.15, yIOBIeTBOpsIET CBOMCTBaM.
[Inaner Takoro tumna, nmomydeHHsle n3 [1DII 3aMeHOl HEKOTOPHIX B3aUMOACHCTBUI HOBBIMH (hakTOpamw,
Ha3bIBaIOT JpoOHBIMEH (QakTopHbIMU TuiaHamu (APII) niam npoOHBIME perUIMKaMu MOTHOrO (PaKTOPHOTO
iaHa. B gactHOCTH, TaH, MpUBEIEHHBIN B Ta0n. 6.16, Ha3bIBAIOT MOMypeIUTUKON (niu 1/2-pennukoit) ot
[I®DIT 23. Ero ob6o3nauaror 23-1. 3neck 3 - yucio (akToOpoB, a €AMHUIIA CUMBOJIM3UPYET TOT (PAKT, 4TO
TOJILKO OJIHO B3aMMOJCHCTBUE 3aMeHsAeTCS HOBbIM (pakTopoM. MmenHo takue JDII u Ha3bIBarOT
nonyperuikamMu. B JI®IT 23-1 ¢akrop x3 BapbUpyeTcss OAMHAKOBO C MapHBIM B3aMMOJICHCTBUEM XiX2.
[To3TOMy B YpaBHEHHH DErpecCHM Helb3s OTIEIUTh BIMAHHE (AKTOpPA X3 OT BIMSAHHS B3aUMONCHCTBHS
x1x2. Ecnu 0003Ha4unTh yepe3 [} UCTUHHBIC BEUMYMHBI COOTBETCTBYIONIMX KO3(P(PHUIIMCHTOB PErPECCHH, TO
MOXHO CKa3aTh, 4TO KO3(p¢UIMEHT b3 1aeT COBMECTHYIO, WM CMENIAHHYIO, OIIEHKY JBYX HCTHHHBIX
koddurmentos perpeccun: B3 u f2. CHUMBOIMUYECKH 3TO 3amuchiBaeTcs Tak: b3 B3 + f12.

Ecmu moctponTts ctonbubl x1x3 u X2X3, TO JErKo yOemIUThCS, 9TO OHU COBIIAIYT CO cTomOmaMu X2 u x1
CrnenoBaTenbHO, HMEEM JOMOTHHATEILHO CMEIIaHHbIe OlleHKH: b2-B2+f13; b1-B1+B23

st 6onbiero yrncna pakropo nomyuenne JJOIL, T. . MUHIMH3AIUS YKCTIa OMBITOB, CHIILHO YCIIOXKHSIETCS.
Hpobubie hakTOpHBIE TIaHBI PA3TUIHON APOOHOCTH

[MpumenuB npobHEIA dakTopHeli Tad (JIPIT) (Tabm. 6.16) 23-1 ¢ 4eThIpbMs ONBITAMH, MBI UCITONIL30BAITN
nosioBuny [1®I1 23, 1. e. monyperuuky (1/2-pemuky).

OO0benmMHUB 3TH [Be MONyperiuku, Mbl momyuuM [IDII 23 ¢ pa3genpbHBIME OIEHKAMH TIapHBIX
B3aUMOJICHCTBUI U IHHEHHBIX (P (EKTOB.

BosbMem Teneps Matpuily OasucHbiX ¢yHkimui ITOIT 23 (tabm. 6.17) U MOCTpOMM Ha €€ OCHOBE P
IPOOHBIX (haKTOPHBIX TUIAHOB.

Ecniu mpeHeOpeub TPOHMHBIM B3aUMOICHCTBHEM XiX2X3 M BMECTO HEro IOCTaBUTh X4, TO TMONYYHUM
TTOJTYPETUTHKY 24-1 oT T1DIT 24, Korma HU3BECTHO, 9TO
MOKHO MpeHeOpeub HEKOTOPHIMHU HIIM BCEMH HapHBIMU B3auMoaeHcTBUsAMH, TO U3 [IDII 23 noayuum psg
HOBBIX JIDII.

Tabnuma 6.17

Ne X1 X2 X3 X1x2 |[X2x3 |[XI1x3  [X1x2x3
1 - - - + + + -
2 |+ - - - + - +
3 L + - B - + +
4 |+ + - + - - -
5 - - + + - - +
6 |+ - + - | + -
7 | + + - + B -
8 |+ + + + + + +
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Tak, 3amersist x\x2 Ha X5, moiayunm 1/4-peruku ot [IOIT 25, kotopas obo3nayaercs 25-2. 3amenssa x2x3 Ha
x6, momyunm 1/8-pemmuku 26-3 ot [1DI1 26 u, Hakoner, 3amensist X1X3 na X7, momyunm 1/16-permku 27-4
ot [I®I1 27 nmpu N = 8 u k = 7. MoxHo Taxke noayuuts JPII g k = 15 ¢ uncnom onbeitoB N = 16. Toraa
ato Oyner 1/2048-peruku ot [IDIT 215, 1. e. JADII 215-11. Ins peanuszaruu [1DIT 215 norpedoBanocs Ob
MOCTaBUThH 32768 ONBITOB.

Bri6op 1/4-perunku U ee pa3periaromias CriocoOHOCTh

Wpnero moctpoeHust ApoOHBIX PEIUIMK MOXHO pa3BUBaTh Aaiblie, 3aMenss B [IDI1 ne ogno, a Gonblee 4ucio
B3aMMOJICUCTBHI HOBBIMU (hakTopamu. Ilpu 3ameHe AByX B3aMMOJCHCTBUI HOBBIMH (DaKTOpaMH MOTYYUM
4eTBepTh- perutnku (i 1/4-perunkn) [1OI1. Mx ycnoBHoe o0o3HaueHMe 25-2.

B Tabn. 6.22 mpuBeneH tiaH 1/4-permku s TSATH (GakTOpoB, MoidydeHHOW 3amenoi B [IDIT 23
B3auMoericTBHM X 1x2x3 n x2x3 dakTopamu x4 U X5 COOTBETCTBEHHO.

I'eneparopsl aToro miana: x4 = x1x2x3; x5 = x2x3.

Jnig monydeHus CUCTeMbl CMEIIMBAaHUS PACCMOTPUM COOTBETCTBYIOIIME OIpENeNsiomue KOHTPacThl: 1
=x1x2x3x4 1 1 =x2x3x5.

Tabnuna 6.22
Homep X1 x2 X3 X4 X5
OIIbITa
1 | - - - - +
2 + | - - +
3 . - -
4 + - -
5 - - + + -
6 + - + - -
7 - + -
3 + + +

Kpome Toro, mmeercs emie OJWH ONPENCISIONIMNA KOHTPACT, TONYYCHHBIH MEPEMHOKEHHEM JIBYX
3aIMCaHHBIX BBIIE KOHTpacToB: 1 = x1x4x5. Bece Tpu KOHTpacTa MOKHO 3alMCaTh B BUJE OJHOW IEIMOYKH
PaBEHCTB, KOTOpas Ha3bIBACTCS 0OOOIIAIOIINM OIpeaesomuM KoaTpacToM: 1 = X1X2X3X4 = x2x3x5 =
=X1 X4X5.

YMHOXas ero mociuenoBaTenbHo Ha X1 X2,..IOTyqInM TeHepaTophI:

Ay T AL T XXX ga T Mgy
Ay T A AL T A T X
Ay = A XXXy = XXz = XqX3%,5
Xy TEHRT T XpXg XX = Ay g
Ay T XXX g Xy = XaXg = Xq iy
AyXg T XgXy T X XgXg T Ay
XXz T XpXp T XXX T Agiaig
Aoy T A XL T A T A XA

Otcrona nMeeM CIenyoNyt0 CHCTEMY CMEIINBAHUS:

U3 nee cmemyer, 4uro B paccMaTpuBaeMOM IIIaHE Bce JIMHEHHbIE 3(Q(QEeKTsl CMEIaHbl C MapHBIMU
B3auMOJeHCTBUAMHU. Eciii 3TO HE ycTpanBaeT 3KCIIepUMEHTAaTOpa, TO MOXKHO IPUMEHHTh METO]I «IIepeBaia»
[1], cormacHO KOTOpOMY JAaHHBIA IJIaH JOMOJHSETCS. BTOPOM CEepUEl OMBITOB, TAaKXKE NMPEACTABIISIOLICH
coboii 1/4-pernky. Ty HOBYIO PEIUIMKY Hal0 BBIOpATH Tak, YTOOBI IO PE3yabTaTaM BCETO IKCIIEPUMEHTA B
nenoM nuHeiHble () (eKTh ObTH 0CBOOOXKIEHB! OT 3((EeKTOB MapHBIX B3auMmozercTBuil. OOo0maromuit
ONPENENSIIOIIMI KOHTPACT TaKOM PEIUIMKH IOMY4aeTcsl M3MEHEHHEM 3HAaKOB Iepel BCEMH TPOHHBIMHU
B3aMMOJCUCTBHSIMH B  OOOOLIAIONIEM ONPEACISIONEM KOHTpPAacTe IEePBOM YEeTBEPTh-PEIUIMKM  Ha
MPOTHUBOIIOIOKHBIE.

IIpu 3amene B II®DII Tpex B3ammoneiicTBuil HOBbIMH (akTopamu mnonyuatorcs 1/8-permku [1DII,
obo3Havaemble 26-3. AHaJOTMYHO CTPOAT PEITUKU OOJbIIeH JpOOHOCTH.

28



[Nockoneky mMatpuiel APII obnanaroT Temu ke cBoicTBamMH, uTo U Matpuubl [1DI1, pacuer koapuunenTos
perpeccun no pesynsraram J®DII, a Taxke CTaTUCTUYECKUN aHAIW3 IIOJMyYEHHOIO YPaBHEHUs PErPECcCUU
MPOBOAATCSL C NMPUMEHEHHEM TeX ke (OpMyJT M 1O TeM Ke MpaBHiaM, YTO M IS MOJMHBIX (PaKTOPHBIX
IIJIAHOB.

Paccmorpum mpumep npumenenus HDII. B MJITU (B .I'. buprokoB) uccienoBaau BIUSHUE OCHOBHBIX
TEXHOJIOrH4YecKuX (HaKTOpPOB Mpolecca mpeccoBanus (aHepsl Ha ee MPOYHOCTHBIE Mokas3arenu. [lepedeHnb
BapbUPYEMBIX (aKTOPOB MpHUBEIEH B Ta0M. 6.23.

B OCHOBY OJKCIEPUMEHTAJBHOrO IUIaHA MOJIOKEeHA 1/4- perurka oT [1DIT 26 c
reHepaToOpaMM:

Xy T A Hpdgi Xy = XXXy

Boapmne HCIIPUATHOCTHU HMCCIICAOBATCIIAM OOCTABJIAIOT CUCTEMATHUYCCKHUE OHII/I6KI/I. OHH HCKaXaroT
PE3YNIbTaThl IKCIIEPUMEHTA, a CIIEA0BATENBHO, U OL[EHKH KO3 QHIMEeHTOB perpeccud. [1bITasich N3MEHUTH UX
BIIMSIHAE, WCCIIEIOBATENd CTPEMATCS, MO BO3MOXHOCTH, CTAOMIM3UPOBATh (PAKTOPBI, CBSI3aHHBIE C
XapaKTepUCTUKaMU JKCIEPUMEHTAJIbHBIX 00pa3l0oB M YCIOBHUAMHU TOCTAHOBKH dKcriepuMeHTa. K
COXKaJICHWIO, 9TO HE BCEr/ia YAAeTcsi, 0COOSHHO Uil AKCIIEPUMEHTOB, MPOBOJUMEIX B IPOU3BOJICTBEHHBIX
ycinoBusix. Kpome TOro, pe3ynbTaThl SKCIIEPUMEHTa, MPOBEACHHOTO MPH JKECTKOH CTaOMIN3alid MHOTHX
MapaMeTpoB, UMEIOT OTPAaHUYEHHYIO [IEHHOCTbh, TaK KaK TaKhe Pe3ybTaThl IPUMEHUMBI TOIBKO B MTOJ00HON
CHUTYaIlUH, IIPH TEX K€ 3HAUCHHUSX CTAOMIM3UPOBAHHBIX (hakTopoB. ECiu mpu 3TOM yTpaTUTh YyBCTBO MEPHI,
TO pe3yJbTaThl IKCIEPUMEHTOB BOOOIIE HE OyayT BOCIPOU3BOIUMBI. MOXXHO, HAlpUMeEp, BCE OIBITHI B
SKCTIIEPUMEHTE, CBS3aHHOM C WCCIENOBAHMEM YCHIIMH pe3aHusi NpU TONEPEeYHOM packpoe OpeBeH,
BBINIOJIHUTh Ha 00pa3iiax M3 OJHOro OpeBHA, HO OOJIBIION MPAKTHUECKOM IIEHHOCTH PE3yJbTaThl TAKOTO
JKCIIEpUMEHTa TpeAcTaBiATh HEe OymayT. Teopus sKcreprMeHTa pPEeKOMEHIYET HCIOIb30BaTh HApsAy C
TPaJUIMOHHBIM  CITIOCOOOM  cra0Omim3anud  (AaKTOPOB,  BHOCSIIUX  CHCTEMAaTHYECKYIO  OIIHMOKY,
MPUHITATTHAIBHO IPYTOM MOAXO0M K X MCKITIOYSHHIO. JTO TaK Ha3sIBaeMas paHIOMH3anus (OT aHTIHHCKOTO
cioBa random - ciydaiiHblid). MeToa paHAOMH3AIlMU 3aKI0YaeTCss B TOM, 4TO Ui (aKTOpOB, BIIMSHHUE
KOTOpPBIX BHOCHUT CHUCTEMAaTHUYECKYIO OLIMOKY, 3aJal0T CiydailHble 3HauyeHHs. TeM caMbIM HMX BIMSHHUE
CKa3bIBaCTCAd YK€ TONBKO Ha BEIMYMHE CIIydailHOW OmMMOKH, KOTOpas HE HCKaXaeT OICHOK
MaTeMaTHYECKOr0 OKUIaHusI KO3(GUIIUSHTOB PErPECCHH.

ITockonpKy OIacHOCTb MOSIBJIEHUS] CUCTEMAaTUYECKUX OLUIMOOK BCEr/a CYILIECTBYET, PEKOMEHIyeTcsa BO BCEX
CllydasX paHIOMH3HPOBAThH IOCIEAOBATEIbHOCTh IIOCTAHOBKM ONBITOB WM IPUMEHSATh IpPYrHe CpeicTBa
YMEHBIICHHS] CHCTEMAaTHYECKUX OMIMOOK, KOTOpBIE OyIyT pacCMOTpEeHbI HIbKE. CHCTEMAaTHUECKHE OIIMOKH
MOI'YT HOSIBJIATBCS M3-3a HEYUUTHIBAEMOI'O BIIUSHHSI CBOWCTB 3KCIIEPUMEHTAIBHBIX OOpAa3lOB, I1O3TOMY
XKeJlaTenbHa PaHIOMHU3ALMs «I0 Chlpbioy». Ecnu, Hanmpumep, Ml IPOBEACHUS SKCIEPUMEHTa HEOOXOOUMO
HCIOJIB30BaTh HECKOJIBKO HapTHH 00paslLoB, JIydlle s Ka)KAOTO OIbITa CIydailHbIM 00pa3oM BHIOMpAaTh
MapTHIO, U3 KOTOPOM Oepercst oOpazer. AHAJOTHYHBIM 00pa30M paHIOMHU3HPYIOTCS MPH HEOOXOAUMOCTH U
JpyTrHe yCIOBUS IPOBEACHUS SKCIIEPUMEHTA.

Pa30unenne MaTpuIThl ITaHA HAa OPTOTOHABHEIE OJTOKH

B caywasx, ecim MOXHO IpeABHIETh MCTOYHHK CHCTEMATHYECKOW OHMIMOKM M €€ XapaKTep, BO3MOXKHO
MIPUMEHEHHE JIPYroro METOAa MCKIIUYEHHsS] CHUCTEMAaTU4YeCKUX OMHMOOK - pa3OMEeHUs] MaTpHUIbl IUIaHa Ha
opToroHaibHble 0J0ku. COrnacHO 3TOMY METOAY 3aIUIaHMPOBAHHBIE ONBITHL Pa30MBAIOTCA HAa HECKOJBKO
6nokoB (rpynm). IIpu peanuzanum IuiaHa cHavaja CTaBATCS ONBITHI MEPBOrO, IMOTOM BTOPOrO U APYTHX
6mokoB. Pa3Onenne Ha OJOKM MPOBOAWTCS TaK, YTOOBI MCKIIOUUTH BIMSHHE CHUCTEMATHYECKON OIMTHMOKH.
3mecr HCIONB3yIOTCS cBoOMcTBa Marpumbl Iana. Jms IIPII, kak wW3BEeCTHO, OIEHKH JHOO0TO
B3aMMOJCUCTBHS (PaKTOPOB OIPENEIISIOTCS HE3aBUCUMO OT OLEHOK OCTaJIbHBIX KO3((PULHEHTOB perpeccum.
Ecnn, BOCHONB30BaBIIMCH 3TUM, 3acTaBUTh (PAKTOp, BBI3BIBAIOIIMN CHCTEMAaTHYECKYIO OIIHOKY,
BapbUPOBATHCA TAK XK€, T. €. Ha TeX XK€ YPOBHAX, YTO U HEKOTOPOE B3aMMOICHCTBUE, KOTOPHIM JOIYCTHMO
npeHeOpedb, TO BIMSHUE CHCTEMATUYECKOW OMIMOKM HE CKaXeTCs Ha OIEHKaX BCEX OCTAJbHBIX
ko3 uumentoB perpeccuu. Ilpu sToM mpenmonaraercsi, 4To ()aKTOp, BBI3BIBAIOIIMN CHCTEMATHYECKYIO
omuoOKy, MPUHUMAET TOJIBKO JBa 3HAYEHUS, Kak U Bapbupyembie (axtopsl. [lycts, Hanpumep, mist [1OIT 23
MeIIaomui GakTop - U3MEHEHHE BHELIHUX YCIIOBHM - CKa3bIBA€TCsl HA PE3y/IbTaTax TOM IOJIOBUHBI OIBITOB,
KOTOpBIE TIOCTABJICHBI ITOCTIETHIUMH - K&KIBIH U3 HUX OyAeT UMETh CUCTEMATHYECKYIO OLIMOKY, PaBHYIO 0.
3nech mo-npexHeMy 4epes yj, j - 1,..., 8, 0003HaueHbI pe3ynbTaThl ONBITOB, CBOOOJHBIE OT CUCTEMATHYECKUX
omOok. Ipu Takoi MOCTaHOBKE ONMBITOB KOA(PPHUIMEHT 63, HAPUMEp, OKAKETCSI paBeH

by = 1;’5 (V1= ¥, — V3 —Va+ ¥ +¥, + ¥, +y) +8/2
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TO €CTh BBIYMCIISIETCS] C CHCTEMaTH4YecKol omuoOKoi 8/2. [lns pa3buenns 3Toid MaTpuIbl Ha OJIOKK BhIOEepeM
HanMeHee Ba)KHOE B3aMMOJICHCTBUE, KOTOPHIM MOXHO NpeHeOpedb. OObIYHO, MPH OTCYTCTBHH allPUOPHBIX
CBElICHHI, BBHIOMPAIOT B3aMMOJCHCTBHE HamOoiee BBICOKOrO MOpsiaka, B JaHHOM ciydae X1X2X3. C
YPOBHSIMH 3TOTO B3aMMOJCHCTBHUS CBsDKeM ()aKTOp M3MEHEHHs BHEUIHMX YCIOBHHA. MOXKHO CUUTATh, YTO
3TOT (PaKToOp TOKE MPUHUMAET J1Ba 3HAUEHHs: 3HaueHHe (-1) COOTBETCTBYET BpeMEHH MPOBEACHUS MEPBOM
MOJIOBUHBI OMBITOB, 3HadeHUe (+1) BpeMeHH NpoBeleHHsI BTOPOH MONOBUHBI OMBITOB. Tak Kak B TEpBOM
onmbiTe X1X2X3 = - 1, TO MepBHIA OMBIT JOIKEH HAXOJUTHCS B TEPBOM OJIOKE, TO €CTh CpeOu TMepBBIX
YeThIpeX MOCTaBJICHHBIX OMBITOB, BTOPOH OMBIT OyAET BO BTOpOM OJOKe, Tak Kak aist Hero X1X2X3 paBHO
(+1), Tperuii omBIT TakXkKe MOMAaJCT BO BTOPOIl OJIOK, YeTBEPTHIN - B MEpBbIi ONOK U T. A. Takum o0pa3oM, B
MepBOM OJIOKE OKaXKyTcs OMBITHL 1,4, 6, 7. VIX cTaBAT B IEpBYIO 04epe/ib, U UX Pe3yabTaThl OYAYT CBOOOIHBI
OT CHCTEeMaTH4ecKuX omuOoK. OnbITH 2, 3, 5 1 8§ 00pa3ytoT BTOpoii O10K. Pe3ynbTaThl 3TUX OMBITOB UMEIOT
cucremarnueckre omunoOku. KoaddunmeHt b3 npu Takoil MOCTAHOBKE OMBITOB OKAXETCsI PAaBHBIM

by = 1{5 [y =y +8) — (v +8) —y, + (s + Oty + v, + (0 + )] =

=g (v =32 — ¥ — ¥+ Y5 + 3 + 7+ 3)
Kak BugHO, koaddunuent b3 Oyner HalieH yxe 0e3 cucreMaTHueckod ommOku. ConocTaBieHne OIEHOK
OCTaNIbHBIX KOA(P(UIMEHTOB pErpeccMu MpH pa30MEeHHH MAaTpUlbpl IJ1aHa Ha ONoku u Oe3 pa3OueHus
MPEeIOCTABIISIETCS YUTATEIIO.
AHanornuHbsIM 00pa3oM MPOU3BOANTCS pa3OueHre Ha 1Ba Oyoka Matpuisl odoro [TOIT npu k > 3.
B-mutanel BTOporo nopsiaka
[Monuble u npoOHBIE GaKTOpHBIE TUIAHBI TIO3BOJSIOT MMOMYYUTh JIMHEHHOE ONMHMCaHNE 3aBUCHMOCTH OTKJIHKA
OT KaXJIOoro U3 BapbHpyeMbiX (akrtopoB. [lpu jgeranbHOM wW3y4eHHH OOJBIIMHCTBA MPOIECCOB
JIECOTIPOMBIIIIICHHBIX U JIEPeBOOOPaOATHIBAIONINX TPOU3BOJICTB TAKOE MPEJICTABICHUE OKA3BIBAECTCS CITUIII-
KoM TpyObIM. B Takoil cuTyanmuu HEOOXOMUMO OOpaTHTBCS K OKCIEPUMEHTAIBLHBIM IUIAHAM BTOPOTO
TOPSIIIKA.
[lmanamMu BTOpPOTO TOpPSJKAa HA3bIBAIOT TAaKHE IUIAHBI MHOTO(AKTOPHOTO JKCIIEPUMEHTa, C ITOMOIIbIO
KOTOPBIX MOYKHO MOJTyYUTh MaTEMaTHYECKOE OIMMCaHNne 0OBEKTOB B BUJIEe TIOJIMHOMOB BTOPOro mopsika. J{ist
Tpex (pakTOpOB COOTBETCTBYIOIIEE YPAaBHEHHE PErPECCUU 3aIIUCHIBACTCS B BUJIE
y =by +byxy + byxy + byxg + byyxyx, + bygxaxg + byxyxg + by x5+ by x3 + bagx]

B o6miem cirydae, Korjja 4iciio BapbUpyeMbIX (PAKTOPOB PABHO K, MOJICIH UMEET CIIECAYIOIINN BUI:

k k k
}::bD—FZE}EIE‘F Z bi}-xt-xj-l-z bff xiz
i=1 =1

ij=1
g

OTmeruM, 4YTO TUIAHBI, MTO3BOJISIONIME MOMYYUTH JIMHEHHYI0O MOAens oObekrTa, Hampumep, [IDIT u JIDII,

HAa3bIBAIOT TJIJAHAMU MEPBOI0 MOPSIKA.

PerpeccuonHble MoOIenM Ha3pIBAlOT, KaK YK€ OTMEYAIOCh, MOJEISAMHU BTOPOrO MOPSOKA, WU

KBaJIPaTHYHBIMHA MOACIIMHA. Yrcito K03 PhHUITMEHTOB perpecCuy TaKOH MOIETH COCTaBIISCT

k(k—1) =(k+1](k+zj

p=1+2k
2
7001
k(k +3) i1
P=——-
2
U3 BBIpaXkeHHMs BUJHO, YTO pPealu3allis IUIaHA BTOPOr0 MOPSAAKA MO3BONSAET OIHUCATh 3aBUCHMOCTD
BBIXO/HOM BEJIMYHHEI or KaX10r0 paktopa B BHIE  YPaBHEHUS mapaboJbL.

B cooTBercTBUE ¢ COBpEMEHHBIMU B3TJISIaMH, B TUIAHUPOBAHUH IKCIIEPUMEHTA CHHTE3 SKCIIEPUMEHTAIBHBIX
TIJIAHOB MTPOU3BOIUTCS C TIO3HIIHIA HEKOTOPOrO KPUTEPHS, CBSI3AHHOTO C OIEHKAaMH MapaMeTpOB MOIyYaeMoit
perpeccuoHHON Mozenu. Tak ObUTH MOCTPOEHBI OPTOTOHAIBHBIE TUTAHBI BTOPOTO IMOPSIKA, MO3BOJISIONIAE
MONTy4aTh CTATUCTHYECKH HE 3aBUCHMBIE IPYT OT Apyra OLEHKH KO3(PPUIHEHTOB.

C mno3ummii TepeurcIIeHHBIX KPHUTEPHEB OYEHb XOPOIIO OOCTOMT [eNI0 C JIMHEHHBIMH MOIEIISIMH.
Paccmorpennrpie B riaBe 6 [IDII u DIl sBustorcs mo OTHOMIEHWIO K 3THM MoxensiM A-, G- u D-
ONTUMABHBIMH, a TaKXKe 00JalaloT CBOHCTBAMH OPTOTOHAIBLHOCTH M pOTaTtadenbHOCTH. Bmecte ¢ Tem
noctpoeHue D-onTrManbHBIX JIAHOB BTOPOTO TOPSAKA ISl 33JJaHHOTO YHCJa ONBITOB - 33/1a4a, elle He
pemrenHas. OMHAKO M3BECTEH s/ IUIAHOB, ONMM3KUX K D-onTtuManbHbIM. TakuMu SBISIOTCS, B YaCTHOCTH,
paccMmarpuBaeMble HIKe B-ImaHbl BTOPOro mopsiika WM IDIaHbl Thra B*. DT miaHbl OKa3aluch OYEHb
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yOOOHBIMH UIsl KCIEPHUMEHTATOPOB M AEPEBOOOPAOOTUYMKOB M3-3a MPOCTOTHI WX MPUMEHEHHS W APYTHX
yIO0OHBIX CBOHCTB, O KOTOPBIX TOBOPUTCS HIKE.
B B-manax BTOporo mopsaka Kaxablid (akrtop Xi BapbUpyeTcss Ha TpeX YpPOBHSX, T. €. NPUHUMAaeT B

Ka)KJIOM OINbITE OJHO W3 TPEX 3HAuUCHWil: HaMMeHblIee Ximin, HauOombiee Ximax, u cpeanee  =(Xmin
+Zmax)/2.

B HOpMani30BaHHBIX 0003HAYCHHSIX 3TH YPOBHU 0003HAYAIOTCS, COOTBETCTBEHHO, (-1), (+1), 0.

HazoBem 3Be3gHO#l Toukoii B-miana ycnoBust ombiTa, B KOTOPOM OAWH U3 (DAKTOPOB NPUHHMAET
HOpMann3oBaHHoe obo3HaueHue (+1) umu (-1), a octanbHbIe QUKCUPYIOTCS HA OCHOBHOM "(pOBHE (HOJDH B
HOPMAaJIM30BaHHBIX 0003HaueHHsx). Hampumep, 3Be3[HbIE TOYKM UIA IUIaHa C Tpems QakTopaMu B

HOPMAaJIM30BaHHBIX 0003HAYCHHSIX

X% =41, x,=0, %3 =0;
¥ =—-1 % =0 x=0;
¥ =0, %, =4+1, % =0;
¥ =0, %x,=-1, % =0;
¥ =0, %,=0 x=+1;
¥ =0, %,=0 x=-1;

OueBnIHO, 4TO TpH umnciie PakTopoB k mMeeTcst 2K pa3THYHBIX 3BE3HBIX TOUCK.

B-tutan coctout 3 touek [IDII, k koTopbiM J00aBiIeHO 2 K 3Be3AHBIX Touek. OOIIee Yucio onbiToB B-
T1aHa, TakuM oOpaszom, paBHO N=2k +2k. Kpome Toro, nmpu umcie (GakropoB K >5 MOXKHO MOCTPOHUTH
pa3HOBUIHOCTH B-TutaHa, moctaBuB monypernky 2k-1u 100aBuB K Hel MO-TIpeKHEMY 2K 3BE3JTHBIX TOYEK.
Takoii mian Ha3piBaOT B-mmanoM ¢ momyperuinkoid. O comepxut N =2K-1;+2k onbiro. Tak, mis k=5 B-
wiad ¢ [IDI1 comepxur 25-1 + 2 » 5 = 42 ompita, a B-man ¢ momyperumkoi 25-1+ 2 « 5 = 26 omsiToB. B
Tab. 7.1 u 7.2 npusenensl B-rnansl i £ =2 u £ = 3.

Howmep onbiTa x1 x2 Howmep oneita x1 x2
-1 -1 -1 0
1
[1PIT [1PIT
1 +1 -1 g +1 0
2 4
3
4 -1 +1 0 -1
+1 +1 0 +1

Omprte! [IDIT u JIDII, BXomsmue B coctaB B-1m1ana, 0OBIIHO Ha3BIBAIOT €M0 OPTOTOHAIBHON YacThio. CBS3h

HOpPMAaJTM30BaHHBIX M HATYPaIbHBIX 0003HaueHw PpakTopoB B B-mmane 3amaercs popmymnoit

Tabauna 7.2

Howmep onbiTa x1 x2 x3 Howmep onbita x1 x2 x3
1 -1 -1 -1
2 +1 -1 -1 9 -1 0 0
3 -1 +1 -1 10 +1 0 0
4 +1 +1 -1 11 0 -1 0

Hotl 5 -1 -1 +1 Het 12 0 +1 0
6 +1 -1 +1 13 0 0 -1
7 -1 +1 +1 14 0 0 +1
8 +1 +1 +1

N3obpazum ombiTel B-mmana ams k-2 Ha dakTopHON 1tockoctH (Tadn. 7.1 u puc. 7.1). Kak BugHO U3 puc.
7.1, 3Be3nHble ToukH 5-8, nononustoume [IDII no B-nnana, pacnonoxensl B cepequHax CTOPOH KBaapaTa,
BepIIMHAMHU KOTOpBIX sBIsitoTCs Touku [IDII. B Gonmee obmem cimydae mpu K>3 OMBITBI OPTOTOHAIBHOU
YacTH IUIaHa 00pa3yloT BEPIIMHBI KyOa (THIepkyOa mpu K >4) B IpoCTpaHCTBE (PAKTOPOB, WM YaCTh €ro
BEpPLIMH NPY MOIypeIIuKe. 3Be3JHbIE TOYKHM IPEICTABISIOT COOOM LIEHTPHI I'paHel 3Toro Kyoa.
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| X,
3 8 4
+1
5 0 +1]6 _xl
1 =
1 7 2

Puc. 7.1. [IpencraBnenne onbITOB MtaHa B2 Ha dakTopHOM TII0CKOCTH

U3 reomerpuueckoro paccMOTpEHHs CIeAyeT, 4yTo 00JacTh BapbUpOBaHHs (akTopoB B B-mnane (kak u B
[PIT u ADII) sBrsiercss KyO (TUmepky0) B MPOCTPAHCTBE BapbUPYEeMBIX (HaKTOPOB. DTOT BBIBOJ JOIKEH
MPHUBJICYh BHUMAaHHUE HCCIICAOBATENS MIPH ONPECTICHUH IMANa30HOB BAapbUPOBaHUs (PAKTOPOB: HE
Oy/lyT M B ONBITaX OPTOrOHANBHOM YacTH HApyImIaThbCs YCIOBUS COBMECTHMOCTH JUIS BapbUPyEeMBIX
(haKkTOpOB M3-3a BO3MOKHBIX OTpPaHHYECHUH.
[Iman BTOpOoro mopsAaka, coiepXamudidi B CBOEM COCTaBe IUIAH TMEPBOrO TMOPAIKA, Ha3bIBAIOT
KOMITO3UIIMOHHBIM. [IpuMepamMu KOMITO3UIIMOHHBIX IUIAHOB CIYyXarT, O4YeBHIHO, B-mianel. CBOHCTBO
KOMITO3UIIMOHHOCTH OYeHb YHOoOHO Juiss wmccienoBaTens. OHO TMO3BOJSET IJIAHUPOBATh M IMPOBOIMTH
SKCIIEPUMEHT Io3TanHo. Ha repBoM 3Tamne MOXHO peanu30BaTh ILIAH IIEpBOro mnopsaka, Hanpumep I1DIL
O6paboTaB ero pe3ynabTaThl, MOJXYYUM JTHHEHHYIO MOJENb WJIM MOJENb, COACPKAIIyl0, KpOME JTMHEHHBIX
YIICHOB, B3auMOJiecTBHs (hakTopoB. Eciu Takas Mojenb OKaXKeTcsl HeaJleKBaTHOM, MOXKHO JIOTTOTHUTEIBHO
MOCTaBUTh OIBITBI B 3BE3JHBIX TOYKax. Bcs COBOKYIMHOCTH OITBITOB COCTaBUT Terepb B-MuiaH BTOpOro
nopsiika. O6paboTKa ero pe3yIbTaToB MO3BOIUT IMONYYHUTh yXKe KBaPaTHIHYIO MOJIEIb.
J1st TTIOCTpOEHUSI PETPECCHOHHON MOJENH MO pe3yibTaTaM B-miaHa HeT HeoOXOAMMOCTH 00pamaThCs K
OBM. HNmerorcs GhopMynbl Al CTAaTHCTUYECKHX OIEHOK KO3((HUIIMEHTOB perpeccuu, MPUTONHBIE I
«pyuHoro» cuera. OHM TPHUMEHUMBI U IIMPOKOrO Kiacca IJIaHOB, HA3bIBAEMBIX CHMMETPHUYHBIMH, K
KOTOPBIM OTHOCATCS B-Timanel BTOpOro mopsika.
1.01cyTcTBHE TyOMMpPOBAHHBIX ONBITOB (HE CUMTAs ONBITOB B IIEHTpe IaHa). B atom cmywae N - umcio
3aIUTAHUPOBAHHBIX OMBITOB. Hampumep, ms miana B, ¢ [1I®II1 B oproronanbHoit gactu u ¢ 10 ONMBITAMA B
LEHTpE IUIaHa.
2.PaBHOMepHOE nyOnupoBaHue. B aToMm ciydae ¢popMyiibl HO-TpeKHEMY CIIPaBEeUINBbI, HO IO/ IOHUMAETCsI
cpemHee aprudmeTnuecKoe Mo pe3ysbTaraM j-i cepuu ITyOTMpPOBAHHBIX OMBITOB; N - YHUCIO Cepuil mMyOIu-
POBaHHBIX OIIBITOB.
IIpumenenue B-nana BTOporo mpsiaka Jjisl MCCIENOBAaHUS CHJIOBBIX XapaKTEpUCTUK Ipolecca HMUJICHUS
JPEBECHHBI LEMHBIMA MOTOPHBIMU TUJIAMU
B skcriepumente, nmpoBogumoM B MJITU (I'. @. IlecrakoBckuif), Ob1 mcmonb3oBaH B-mman ¢ [IDIT B
OPTOrOHAJIBHON YacTU ISl UCCIIEIOBAHNS BIMSHUS T OCHOBHBIX (DAKTOPOB HA CHJIOBBIE XaPAaKTEPUCTHKH
Ipolecca MUICHHUs IPEBECUHBI LIETHBIMU MOTOPHBIMH ITHUJIAMHU.
@DopMmyIibl, CBA3BIBAIOLINE HOPMATN30BAHHBIE M HATYypaJlbHbIE 0003HA4YEHHUs, OyIyT B TaHHOM ClIydae UMETh
() (14% 10111207 8:37 01 %

%= (A—09)/03;

%, = (v — 13,5)/4.6;

%3 = (F, —90)/30;

x, = (1—20)/10;

x. = (L —48)/18.
Beixonnas BennuuHa 3KcrepuMenTa - ycwine nuieHns Fu ,H. OneiTel mpoBoaninck Ha qpeBecuHe Oepesbl.
Pe3ynbTaThl MpeaBapUTENbHO MPOBEACHHBIX IKCIIEPUMEHTOB MO3BOIUIIM MIPUHATH TMIIOTE3Y O HOPMAJILHOM
pacrnpeneneHny BEIXOJHOM BETMYUHBI - IPOBEPKA MPOBOAMIIACH 110 kKpuTepHio x2 Ilupcona. Ha ocHoBe 3THX
JaHHBIX OBUIO PAacCUMTAHO HEOOXOAMMOE YMCIIO I TyOJIMPOBAHHBIX OIBITOB, KOTOPOE OKa3ajloCh PaBHBIM
ISATH.
[IpuBenem HekoTOpbIE OOIIME BBIBOIBI, KACAIOLIMECS AHAIM3a M WHTEPIPETALUN KBaIPAaTUYHOH MOJIEIH.
Ji1s1 3TOrO0 JIydIlle BCEero MoJIb30BaThCsl ypaBHEHNEM B HOPMaJIM30BAHHBIX 0003HAYEHUAX (HDaKTOPOB.
Bbime ormeuanoch: eciad ypaBHEHHE PErpeccHM OTIMYAETCs OT JMHEHHOro, TO NMPOCTOE CPAaBHEHHE IO
a0COJIOTHOW BEIMYMHE JMHEHHBIX KO3((UIMEHTOB PErpecCHy HE OINpenelsieT OTHOCHTENbHYIO CTENEHb
BIMSHUSA (DAKTOPOB, OCKOJBKY MPHUCYTCTBYIOT €lIe KBaJpaTHUHbIC WICHbI M NapHble B3auMmoaencrBua. U
BooOIIe, /Uil KBaJApaTHYHOM MOJENU CTelleHb BIMSHHUS (akTopa Ha HW3MEHEHHE OTKJIHMKA HE SIBISIETCS
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noctostHHOM. OHa pa3iMyHa B pa3HbIX TOYKaX JUAana3oHa BapbUPOBAHUS JTAHHOTO (haKTopa, a MPU HAIUYUH
MapHBIX B3aMMOICHCTBHUI OMpeneNaeTcs eile U yPOBHAMHU (PaKTOPOB, BXOMAIINX B 3TH B3aUMOICHCTBHSL.
ITycTh, HanpUMep, IPU aHAIKM3€ KBAJApPaTUYHON perpeccnonHoi moxenu y=f(x1, x2,...,xk dakTopsr x3, x4,
..., XK 3a()MKCHPOBaHBI HA HEKOTOPBIX YPOBHSX, B PE3yJIbTATE YEro MO IPHOOpena BU

y = by + byxy + byxy + byyxi + by xi + byox,
Ecnu ke cpaBHUBATH (DAKTOPHI MO0 MAKCHMAJLHON CTETMIEHH WX BIUSHUS B JUANa30HE BapbUPOBaHHS, TO, B
o01eM ciydae, s i-ro (hakTopa KpUTEPUEM SBIIICTCS MAKCHMAJILHOE TI0 MOJYJIFO 3HAUCHHUE BEITMYUHBI

dy Z :
ai = 5%-3: bz‘ + Ebz'z'xz' + bi}-:r}-
i —
J=i
KOTOpPO€ paBHO

8umacl = 1041+ 2lb,l + Y [by ]

JEi
[Ipu n3y4eHUN BIUSHUS HEKOTOPOro (akTopa X, Ha M3MEHEHHE BBHIXOJHOW BETMYWHBI HANOOJIee HATIISIHBI
rpaduku 3aBUcHMOCTH y =f( Xi), TOCTpOEHHBIE TI0 YPaBHEHUIO PETPECCUU MPH Pa3IUYHBIX (PUKCHPOBAHHBIX
3HAYCHUSIX OCTANBHBIX (hakTopoB. [Ipu comocTaBieHWH TakKWX TpadUKOB BBISBISETCS COAEPkKATETbHBINA
CMBICJT TAPHBIX B3aMMOICHCTBUHN (haKTOPOB.
OO0pariasch K ypaBHEHHIO IapaOoJibl OOIIEro BUIa

vy = b, +bx, + biz-xf
HATIOMHHM CJICYIOIIHE (DaKThI:
ecnu bii>0, To ypaBHEHHE OIUCHIBAET BOTHYTYIO (DYHKIIUIO (BETBH MapaOoJibl HANPABICHBI BBEPX), a €CIH
bii < 0 - BeIyKJTyIO;
abciucca BepIIuHbI Tapaboiibl paBHa XiB = -bi /2bii. U3 3Toii GopMyIibl BEITEKAIOT OCTaIbHEBIC CBONCTBA;
€CII MMEET MECTO COOTHOIICHUE
|b,| = 2]b,|
TO BepIIMHA Tapabojbl HAXOMUTCS BHE JHMAalla30Ha BapbHpOBaHHS (akTopa Xt H, CIEIOBaTENbHO,
YpaBHEHHE OIMCHIBACT MOHOTOHHYIO  (yHKIHio. Ecin
MIPH DTOM biiCl 0, To 9Ta YYHKIHS MOHOTOHHO BO3pacTaroIas, a opu  bii<0 -
MOHOTOHHO YOBIBAIOIIAs;
[IPU HaJIM4YUHU COOTHOLICHUS

|b;| < 21by]
(YHKIMS HMMEET SKCTPEMyM BHYTPH JMara3oHa BapbHpoBaHMs (akropa Xi - MakCUMyM mpu bii< 0 uau
MUHUMYM pu bii> 0.
y. H |
120 ©
100 =,‘--"—“'—‘

E
5 I sl L. Km
-1 05 0 X 05X 1 X
Puc. 7.2. I'paduxu 3aBucumocteii y= f(L)

OtmMeruM, 4TO OT TpadUKOB, MOCTPOCHHBIX Ul HOPMAaJIM30BAaHHBIX (PAaKTOPOB, OUYEHb IIPOCTO NEPEUTH K
HaTypalbHbIM 0003HadeHusM (akTopoB. I 3TOro IOCTaTOYHO, HE M3MEHSS CaMOW KPUBOMW, MEperTH K
apyromy Macmrady mo ocu aOcoucc. DakTHYeCKM BMECTO YKa3aHHBIX Ha OCH a0cLucc 3HA4YeHUH
HOopManmn3oBaHHOro ¢akrtopa (-1) m (+1) Hago HamucaTh 3HAYEHHUs] HIDKHETO W BEPXHEro YpOBHEH
COOTBETCTBYIOIIET0 HATypabHOTO (hakTopa (cM. puc. 7.2).

Yuaudopm-porarabenbHble 1 HEKOTOPbIE APYrHe CUMMETPUYHBIE TUIaHBI BTOPOTO MOPSIIKa

[Toctpoenue yaudopm-poraTabebHbIX IJIAHOB

Paccmorpum emne OnuH IIMPOKO PaclpOCTPaHEHHBIH BUA IIJIAHOB BTOPOrO IOPSIKA - LIEHTPAJIbHBIC
KOMITO3ULIMOHHbIE YHU(POPM-POTaTaOENbHbIE IUIAHBI.

OpHOI U3 XapaKTEPUCTUK TOYHOCTH PErPECCHOHHON MOJIENHN ABIISETCS TUCTIEPCHUS 3HAUEHUM OTKIIMKA,
MPEACKA3aHHBIX YPaBHEHUEM PETPECCHUH.
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CBoiicTBO poTaTabenbHOCTH IIIaHA O3HAYaeT, YTO TOYHOCTh YPaBHEHHS PErpecCHH, MOIY4YeHHOTo IO
pe3ynbTaTaM €ro peainu3alid, OAMHAKOBA BO BCceX TOYKaX (PaKTOPHOTO MPOCTPAHCTBA, HAXONSIIIMXCS Ha
OJJMHaKOBOM PacCTOSIHUM OT LIEHTpa TiaHa. B yacTHoM ciydae AByX ()aKTOPOB TOUHOCTh MOJIENU OCTOSTHHA
JUISl BCEX TOYEK JII000H OKPYKHOCTH € IICHTPOM B Haualie KOOPAUHAT (DAKTOPHOM MIIOCKOCTH

s mnaHoB, o0nagarolux CBOMCTBOM POTaTa0eNnbHOCTH 0€3 APYIHX NOMOIHUTENBHBIX CBOMCTB, TOYHOCTH
MOJIETI YMEHBIIAETCS IPH YBEIMYECHUH paanyca 3TOH OKpY>KHOCTH. CBOICTBO YHH(OPMHOCTH B COYETAHUH
c poraTa OETBHOCTHIO O3HAYAET MOCTOSHCTBO IUCTEepcHu s2{y} HEKOTOpOH OKPECTHOCTH LIEHTpa ILIaHa.
Takum o0pa3oMm, yHUGDOPM-poTaTabeabHbIC IUIAHBI C XOPOIICH TOYHOCTHIO OMMCHLIBAIOT OOBEKT BOJIM3U
LEHTpa TJIaHa W CO 3HAYUTENBHO OONBIIEH MOTPENIHOCTEIO Ha TPaHUIAaX 00JaCTH BapbHPOBaHUS (HaKTOPOB.
Bnaromapss 3ToMy CcBOiCTBY poTarta0eibHblE IUIAHBI LENecOo00pa3HO MPUMEHATh Uil  OOBEKTOB
JepeBO0OPa0OTKH, MaTEMAaTHIECKOE OMMCAHUE KOTOPBIX MPEAIOIaraeTcs HCIoib30BaTh BIIOCIEICTBUN IS
ONTHUMM3ALMHU TIPOIIEcCca, MPHU YCIOBHH, YTO MCKOMBIA ONTHMYM OYZET HaXOAWTHCS HEAAJNeKO OT IEHTpa
wiana. CTpykTypa yHu(OpM-poTaTadeIbHOro IIaHa aHaJIOTHYHA CTPYKType B-mutana. PorarabenbHelii uian
SIBIISIETCS. KOMITO3UIIMOHHBIM M COJIEPKHUT B OPTOTOHAIBHOW YacTH TIOJHBIA (paKTOPHBIHN TUIaH JIMOO (TIpH K >
5) ero nonypern- Juky. K 3Tum onbiTam 100aBIIsIOTCS 2K 3BE3HBIX TOYEK U HEKOTOPOE 4Kcio 10 OmbITOB B
neHTpe ruiada. [Ipu 3Tom, B oTiMuYMe oT B-TuiaHa, ywcio ONBITOB B LEHTpEe YHU(OPM- pOTATaOeIbHOTO
IUTaHa 3ajlaeTcsd OJHO3HAYHO B 3aBHCHMOCTH OT YHCIa BapbUPyeMbIX (DaKTOPOB MCXOIs M3 TpeOOBaHUS
yHU(OPMHOCTH TuIaHa. Jpyroe otiimune poratabenbHOro MiaHa ot iana B* cocTout B ToM, 4TO 3HaUEHHS
(aKTOPOB YISl OMBITOB OPTOrOHANBHOW YacTH poraTadgigraoro miana (IOIT wmm ADIT) pacnonaratorcs He
Ha TPaHWIIaX JUAlla30HOB WX BapbUPOBaHHS, a BHYTPH HHUX. TeM He MeHee, 3HaYeHUs (aKTOpOB B ITHX
OIBITaX MPHUHATO 0003Ha4aTh (“1) v (+1), a HIKHHN ¥ BEpXHHUIA YPOBHU KaxI0ro ¢pakTopa 0003HaYaroTCs
COOTBETCTBEHHO (-a) U (+a), TJe a - MOJIOKUTENIbHOE YUCII0, Oobliiee 1, Ha3pIBaeMOe 3Be3AHBIM MieuoM. Kak
U B B-1utane, 3Be3/1HbIC TOYKH, BXOMSIINE B COCTAB POTATA0ENBHOIO TIaHA, IPEICTABIISIOT COOOH OMBITH, B
KOTOPBIX OJIMH M3 BapbUpyeMbIX (PAKTOPOB HAXOJMTCS HA BEPXHEM WIIM HIXKHEM YPOBHE, a OCTaJIbHBIC - HA
OCHOBHOM YpOBHE.
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Bennunna 3Be3nHOrO Iuieda a ompeaessercs mo gopmyine a = 2k/4, ecad B OPTOrOHAJIBHON YacTH TJIaHa
cogepkutcs [1PI1, mnbo mo popmyne a = 2(k-1)/4, ecnu mad coaepKUT MONYPETITHKY.

[TycTs U3BecTeH AMana3oH BapbUpoBaHUs HaTypanbHoro ¢gakropa Xi : Xi min < Xi <Xi max- Torzaa ypoBHIO
(-0) HAZO comocTaBUTh MHHUMaNbHOE 3HaUeHUe (hakTopa Xi: Xi(-a) = Xi min; ypoBHo (+) - MakcUMalbHOE
ero 3Havyenue: Xi(+a) = Xi max; yposHto (0) - cepeuHy quana3oHa BapbUPOBaHUS:

(a
X:‘ + [:Ximln+Ximaxjf2
YpoBHIo (-1) COOTBETCTBYET Clienylolee HaTypalbHOE 3HaUeHUe (pakTopa:
yU = X;‘D} ¥ (X;‘ﬂ:} _ X;‘D}};’rx

ypoBHIO (+1) — 3HaueHue

(+1) _ 00 (+a) (o}
0 =x®+ (259 -x)/a
C yderom 5TuUx o0Oo3HaueHuit ¢opmyna (5.27] mis nepexoga OT HOPMAIM30BaHHBIX (AKTOPOB K

HaTypaJIbHBIM B CIIy4dae IIPUMEHEHHs POTaTa0elIbHOro IIaHa OCTAETCs CIPaBEeUINBOI:

Xp = {X:' - XEE})Z}&:'
rjae Ai, paBHO ) )
A= J!{.5+1} _ X;‘

3 L

i) ) (-1}

—_ X_“

[}
= Xz" i
BenuunHa Al, 3/1eCh yKe HE paBHa [TOJIOBHHE JMara3oHa BapbUPOBaHus (pakropa
Meroap! MccienoBaHUs PETPECCHOHHBIX MOJIETE BTOPOTO MOPSAIKA IS PEIIeHN 3a1a4 ONTHMU3AINN
Perpeccuonnast Mozienb BTOPOro Mopsijika Jaer 0oratyro HHQOPMAIHIO O BIUSHUN BapbHPYEMbIX (pakTopoB
Ha BBIXOOHYIO BCINYHHY. 9Ty MOJCIIb MOXHO HCIIOJBb30BATh TAKXE I OIITHMH3alluU yCHOBI/II‘/’I
dbyakronupoBanus oO0bekTa. Mmeercs B BUAY OTHICKAHME TaKWX 3HAYCHUH BapbUPyeMBIX (HaKTOPOB
BHYTPU JAHAlla30HA HX BapbUpPOBAHUA, I KOTOPBLIX 3HAYCHUC BI)IXO)IHOI\/’I BCIIMYUHBI OKAa3bIBACTCA
MaKCHUMAaJIbHBIM WM MHHHUMAJIbHBIM. 9KCHepI/IMeHTa.HBHI)Ie MCTOAbl PCUHICHUA 3TOU 3a1a4Yu 6y21yT
paccMOTpEHEI B TJIaBe 9.
JU1st mcenenoBaHus MOBEPXHOCTH OTKIIMKA € IIENBI0 ONTUMH3AIMH OOBITHO MCIOJIB30BATIOCh KAHOHNYECKOE
peoOpa3oBaHUE YPaBHEHUSI PErPECCU
bonee >(QeKkTHBHEIM METOAOM OTHICKAHUS ONTHMAJBHBIX YCIOBUI (YHKIMOHHUPOBAHHSA OOBEKTa IO
YPaBHEHHUIO PErPECCUH BTOPOIO MOPsAKA SIBJIAETCSA JUCCOLUATHBHO-IIATOBBIN METO]
OCHOBHOI HMHTEpEC NPEACTABJIICT aHaIM3 MHOro()akTOpHOM MOMEIH, cojaepxkaiield K (aKTOpoB, MpHU
HaJIM4YMU IapHBIX B3aUMOIENUCTBUH. B 3TOM ciydae corsiacHO IMCCOIMAaTHBHO-IIArOBOMY METOY Ha OCHOBE
HCXOJHOM MOJENH 3alrChIBAeTCs K KBa3HMOAHOGAKTOPHBIX MOJENEH, TO €CTh MOAENEH, KaxXaas u3 KOTOPbIX
COZEP’KUT JIMHEHHbIE U KBaJAPAaTUYHBIC YICHBI TOJIBKO OJHOr0 (akTopa UCXOIHOW MOJEINH, a TAKXKe MapHbIe
B3aMMOJEUCTBHs 3TOro ¢akropa ¢ ocTaiabHbIMH. [lanbHeilmee n3aokeHue, pa3duToe Ha ITalbl, OyneTr
OTHOCHUTBCS K CIIy4ar0 OTBICKAHMS MakcuMyMmMa (QYHKOMM OTKIMKa. Ciydaili MUHMMH3AIMM CBOIUTCA K
NpEAbIIYIIEeMY H3MCHEHHEM 3HAaKOB BCeX KOI((UIMEHTOB perpeccMd B HCXOOHOH MoAenu Ha
IIPOTHUBOIIOIOKHBIE.
Oran 1. U3 cucrembl KBa3HMOAHO(DAKTOPHBIX MOZENEH, MONydEeHHBIX Ha OCHOBE HCCIEAYEMOW MOJEINH,
BBIOHMPAIOT T€, U KOTOPHIX bii>(. Jlms Bcex Takux Mojeneil MaKCMMyM JIOCTHTAeTCS Ha TPaHHIle 00IacTH
BapeUpoBaHus (PpakTOpa Xi, TO €CTh MpH Xi = +1 niw pu xi = -1. Eciau mpu 5TOM BEIIONHSETCS YCIOBUE

ESYN
}_

TO 3HAK XIOIT COBIIAJaeT CO 3HaKOM bi a uMeHHO: ecau bi, > 0, xionT = +1; ecinu

b <0, %, =-1L
Oran 2. Ecnu npu BeionHenun ycnosust bu > 0 ycnosue (7.34) He BBIIIONHSETCS, TO CIEAYET PACCMOTPETh
JIB€ KOHKYPHPYIOLIHE MOJIEJIU: OJHY, HOJYYEHHYIO U3 UCXOAHONW MoJesu npu xt = -1 (c yueToM HaiieHHbIX
paHee ONTHUMAaJbHBIX 3HaYEHUI (akTOpoB), APYrylo - mpu X, = +1. JlanpHelmeMy UCCIeI0BaHUI0 MOXKHO
MOJBEPraTh TOJIBKO Ty U3 3THX JABYX KOHKYPUPYIOIINX MOJEJIEH, Ul KOTOPOH cCyMMa aOCONIOTHBIX BEJIMYUH
CBOOOIHOTO WIEHA U BCEX JMHEHHBIX K03(PHIIMEeHTOB perpeccur HanbobILIas, TO €CTh

b, | +Z|bi| — max

| =3
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WmenHno no 3Toii Mozenu OyAeT MOoy4eHO MaKCHUMAIbHOE 3HAUYCHHNE OTKIINKA.
Ortan 3. /{715 Tex KBa3nogHO(PaKTOPHBIX MOAENeH

v; = by + biixf + b,x; + Z bi}-xix}-

=57
y KOTOpBIX bii < 0 1, KpOME TOr0, BBIMOIHSAETCS COOTHOIIEHHUE

| b, | +Z|b='f| = 2|b,l,

[ =]
BEJIMYMHA X/ONT OMPEACISICTCS U3 YCIOBHS PABEHCTBA HYJIIO MPOU3BOIHON PYHKIIUU 110 Xi:

ay,;/0x, = 2b,x, + b, + Z bij-xj- =0

j
Otcroaa

Xig = Xipme = — b/ 2by; — Z b:’_;l' x}'/zzbii
[ =57
TO €CTh XIOMNT MPEJCTaBIsieT cO00i nuHelHyo GyHKIHIo OoT Xj. [ToncTaHoBKa 3TOM (HYHKIIMK B UCXOIHYIO
MOJIC)Ib TIO3BOJISICT YMEHBIIWTh HA EIWHHUILY YHCIO IEPEMEHHBIX M TEPEHTH K CICAYIOIIEMY Ilary
ONTHUMHU3AIHH.
Oran 4. Eciu 115t Mojienu ¢ OTpULIATENIbHBIME KBaApaTUYHBIMU K03 hurenTamu, bii < 0, COOTHOIICHNE HE
BBIIIOJIHSIETCS, TO €CTh UMEET MECTO HEPABEHCTBO

bl + ) [by] > 21b,L

[ =]
TO IMPOBEPAIOT JOINOJIHUTEIBHOC YCIIOBUEC

|bi| _Z|bz'j| = Elbiilr

izj
Ecnu oHO BBIIOIHSETCS, TO X100T paBHO 160 (-1) mpu bi< 0, mu60o (+1) npu bi> 0. Eciau npu BEINOIHCSHHH
YCIIOBUSI COOTHOIIICHUE HE MMEET MeCcTa, TO JUIsS OJHOW YacTH Jrara3oHa BapbHUpOBaHUs (akTopa Xi Be-
JIUYHHA XIONT OIpeaensercs u3 GopMyIlbl, a Ul APYToi YacTH, XiONT MPUHUMAET rpaHruYHOe 3HaYeHne (-1)
niu (+1). [IppMeHenre HachIEHHBIX TPOOHBIX PETUIMK B POJIH IIAHOB OTCEHBAIOIIETO YKCIIEPUMEHTA
3ajaya TUTAHUPOBAHHUS OTCEMBAIOMIMX AKCHEPUMEHTOB COCTOMT B BBISBICHHH Ba)KHEHIINX (HaKTOPOB,
OIIPENENIIOMNX MPOTEKaHNe Mpoliecca, U3 OOMBIIOro Yncia 3THX (aKkTOpOB, BO3ACUCTBYIOMNX HAa O0OBEKT.
B mynkre 4.14 Obl1 paccMOTpEH METOA PEIICHHS JTON 3amadd C TIOMOINBI0 JKCIEPTHBIX OICHOK, 0e3
MIPOBEICHNS CIIEIUATBHOTO JKCIepUMeHTa. B JaHHOW TiIaBe M3MIararoTcs IKCIEePUMEHTaIbHBIE METOIBI
pelieHusi TMOCTaBJIeHHOW 3amadn. Ee 0COOeHHOCTM 3aKioYaloTcsi B HEOOXOIWMOCTH BKIIOYUTH B
JKCIIEPUMEHT MaKCUMAIIBHO BO3MOKHOE YHCIIO (DaKTOPOB M3 OMACEHHUS MPOITyCTUTh 3HAUNMBIE 3(PQEKTH U B
TOM, YTO OTCEMBAIOUIMI HSKCIEPUMEHT, KaK MPaBWIO, HE SBISAETCS KOHEYHBIM STAarlOM HCCIIEIOBAHUA:
JOMUHUpYIOIIKE (DaKTOPBL, BEBISIBICHHBIE HAa CTAIdd TIPOBEICHHS OTCEHWBAOIIEro OSKCIIEPHMEHTa,
MO/IBEPTAIOTCSl JAallbHEHIIEMy WCCIEeOBAHUIO, HAIpuMep, Ui TOCTPOSHHS MaTeMaTHYeCKOH MOaenu
o0bekTa. Pe3ymbraTel OTCEMBAIOMIEr0 OKCIEPUMEHTa, T. €. CIHCOK JOMHHHPYIONMX (HaKTOpOB,
CHpaBeUTNBHI TOIBKO MPH BEIOPaHHBIX JHana3oHax BapbUPOBaHUS (PaKTOPOB.
Jnisg guTaTens, O3HAKOMHUBIIETOCS C MPEABIIYIIMME TJIaBAMH ATONM KHHWTH, OYEBHUIHBI HJIEH, JIGKAIIUE B
OCHOBE OOJBIIMHCTBA 3TUX METOA0B. Eciu s K BapbUpyeMbIX (PaKTOPOB MONTYUHUTH AakKe MPUOIMKEHHOE
orcaHue OOBeKTa IJIMHEHHONW MONeNpl0, TO, CpaBHUBAas aOCONIOTHBIE BEITUYHHBI KOI(PPUIMEHTOB
perpeccur, MOXHO JIETKO BBISIBUTH Ba)KHEHIIHE (aKkTOphl: YeM OOoJbIlle aOCOMOTHAS BEIWYMHA JTUHEHHOTO
KO3(PUIIMEHTa PETPECCHH B HOPMAaM30BAaHHBIX 0003HAUYEHUSIX, TEM CHUJIbHEE BIIHMSHHE COOTBETCTBYIOIIETO
(bakropa. [lockoipKy OTCEMBarOIINe IKCIEPUMEHTHI TOIDKHBI BKITIOYATh BCE «IIOA03pEBaeMbIe» 3¢ PeKTHl, a
3HAYUT, KaK MPaBHJIO, OOJBIIOE YHCIO (PaKTOPOB, TO peaim3alysd WX TpeOyeT W 3HAYUTEIBHOrO 4YHcia
OITBITOB. B 3TOM ciiydyae HaJlo UCKaTh MpeAeTbHO IKOHOMHBIE IKCTIEPUMEHTAIIbHBIC TUIAHBI TIEPBOTO MTOPSIIKA.
[Ipu TuTaHUPOBAaHUU OTCEUBAIOIIETO IKCIIEPUMEHTA He 005A3aTEeNIbHO MPE/oaraTh MPOBEPKy aIeKBaTHOCTH
PETrpEecCHOHHON MOAENN, WMes B BHIY NPOAOIDKeHHe ucclenoBaHui. [losToMy B KadecTBe IIJIaHOB
OTCEHMBAIOIIETO0 OAKCIIEPUMEHTa IIeIecO00pa3HO TMONb30BATHCH  HACHINEHHBIMH WA  ONM3KHUMH K
HACHIIEHHBIM SKCIIEPUMEHTAIBHEIMHA TUTAHAMU, MO3BOJSIONIMMA TIONYYHTh JIMHEHHYIO MOJIENh OOBEKTa.
[Imanamu, yIOBIETBOPSIOIIMMHI 3TUM YCIIOBUSIM, SIBJISIFOTCS, B 9YaCTHOCTH, HACHIIIIEHHBIE APOOHBIE PETUIHKU
MOJTHBIX (DaKTOPHBIX TUTAHOB, PACCMOTPEHHBIC B MMyHKTE 6.7. [IprMeHeHre HachIeHHBIX APOOHBIX PEIUIUK B
POJH TIAHOB OTCEUBAIOIIETO AKCIIEPUMEHTA.
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[Mpumenenue mnana Ilmakerra-bepMaHa mpu BBIABICHWM JOMHUHUPYIOUIMX (AKTOPOB, BIMSIOIIMX Ha
niporiece numdoBaHus apeBecHocTpyxkeunbix T (JICTIT)

HpoOubie ¢akropubie Twianbl ([ADI]) MOXHO MOCTPOHMTH, KaK H3BECTHO, TOJBKO JUIS YHCIA OIBITOB,
SIBJISIFOIIETOCST CTEMEHBIO BYX, T. €. Js uucen N, paBHbIX 4, 8, 16, 32, 64 u T. 1. DTO OrpaHUYMBAET UX
MPUMEHEHHE B KaUeCTBE IJIAHOB OTCEUBAIOIEro dKcnepuMenTa. Eciu, HanpuMep, HeoOXOAMMO BKITIOYHTh B
skcriepuMeHT 20 ¢akTopoB, TO HAWMEHbBIIIEE YMCIO OMBITOB JaeT NApoOHas perumka 220-15 - 3to miaw,
colepkamuii 32 ombITa U. y>Ke He SBISIOMUNACS HAaChIIIeHHBIM. OKa3bIBa€TCsl, HACKHIIIEHHBIC OPTOrOHAILHEIC
IJIaHBI MOXKHO TIOCTPOMTH HE TOJIBKO JUIS YKa3aHHBIX 3Ha4YeHU N, HO M JUIsl JTFOOBIX Apyrux N, KpaTHbIX
yeTelpeM. Takue miaHbl Has3plBalOT IUIaHamu [lmakerra-bepmana. B kadecTBe IJIaHOB OTCEMBAIOLIETO
SKCTIIEPUMEHTA ATH TUIaHbl Hanbomee momyssipHbl it N = 12, 20, 24 u 36. Uncio BappupyeMbIX (akTopoB
paBHO, COOTBETCTBEHHO, 11, 19, 23 1 35. JInis MOCTPOCHHMSI STUX IJIAHOB HCIOJIB3YIOTCS KOMOWHAIIUN 3HAKOB
Cronben X2 Juisi TeX e OMBITOB MOJYYAIOT CABUIOM CTONOIA XX HA OJHY MO3WIIMI0 BHU3, TIPU 3TOM 3HAK
MHUHYC U3 TIOCJIEIHEH CTPOKH 3alKMCHIBAIOT B IIEPBYI0. AHAJIOTMYHO, CTONOCI /Ui OnbITOB 1-11 mpeacrasiser
co0ol mpeapIayMi cToaoer; *2, CABUHYTHIM BHU3 HAa OAHY IMO3HUIUIO, MPUYEM 3HAK IUIIOC BMeCTO 12-i
CTPOKH 3amuChIBalOT B 1-10. [1o TakoMy e mpaBuily 3alONHSIOT CTOJOIBI, COOTBETCTBYIOIINE OCTaIbHBIM
¢dakropaM. B kadecTBe 12-i CTpOKH 3aMUCHIBAIOT CTPOKY U3 MHUHYCOB. JTOT K€ MPHUHIIUI JISKUT B OCHOBE
MIOCTPOEHHUsI HachIIeHHBIX MiaHoB [lmakerra-bepmana mnig N = 20, 24 u 36. IIpun 3TOM HCHONB3YIOT,
COOTBETCTBEHHO, CTPOKH 2, 3,4 Tal0I. .

Home X1 X2 x3 x4 x5 [X6 [x7 [x8 X9 [X10 [X11
P

OITbITA

1 + - + | - - + H+ - +
2 + + - + - - - + + + -
3 - + + - + - - - + + +
4 + - + + - + - - - + +
5 + + |- + + - - - +
6 + + + - + + - + - - -
7 - + + O+ + H+ + -
8 - - + H+ B+ - + A+ F +
9 - - - + B+ - + H +
10 + - - - + + + - + + -
11 - + | - - + + + - + +
12 - - - - - - - - - - -

Bynyun maceimeHHsiMu, miaHsl [Imakerra-bepmana MO3BONSIOT MOMYyYUTH JIMHEHHYIO MOJENTh OOBEKTa C
4rciaoM (PaKTOPOB, Ha €JUHUILY MEHBINE, YeM YMCIIO MOCTABJICHHBIX OIBITOB. Pazymeercs, B uccieqoBaHue
MOXKHO BKITIOUUTH 4uciio (haktopoB u MeHbinee, eM (N - 1). Ilpu 3Tom ocraBimecs CTONOIBI MaTPHIIBI
IUTaHa POCTO HE MCIIOIb3YIOTCS.

[Inansr IInmakerra-bepmana oOnamaioT BCceMH CBOWCTBAMH TOMHBIX W APOOHBIX (PAKTOPHBIX IUTAHOB -
CBOMCTBaMU CUMMETPUYHOCTH, HOPMHUPOBAHHOCTH M OpTOroHaJbHOCTU. brnaromaps stomy K03()(UIIMEHTHI
JUHEHHBIX PETPECCHOHHBIX MOAENEH, MOJYyYEHHBIX IO pe3yjabTaTaM HPUMEHEHHUS pPaccMaTpUBAEMBbIX
TIJIAHOB, OIMPEIENSIOT 10 TeM ke Gpopmynam, uto u mis [TDIT u JIDII.

Meropn ciny4aitHoro 6anaHca

Kak yxe ormeudanoch, Meron ciay4yaiHoro OajiaHca NpeACTaBisieT CcOOOH METoA OTCEMBAIOLIErO
9KCIEPUMEHTA, TO3BOJSIOIIMI BBISIBUTH Ba)kKHEHIINe nuHEHHbIE 3(QQEeKTbl W NapHble B3aUMOICHCTBUS
¢akropoB. JlaHHBI METOX NMpennogaraeT NpUMEHEHHE CBEPXHACHIIEHHBIX IJIAHOB. JTO TaKWE IUIAHBL, IPH
KOTOpPBIX YHUCIIO HCclenyeMblX 3(@QeKkToB W MX B3aWMOJCHCTBHHA NPEBOCXOAUT UHMCIO ITOCTaBIECHHBIX
onblToB. OCHOBHAsE NPEANOCHUIKA, MPHU KOTOPOH MOXKET NPHUMEHSIThCS METOH ciydaiiHoro OajnaHca,
3aKIII0YaeTCs B CIEAYIOIIEM: Cpeau OONbLIOro 4mcia Noao3peBaeMbiX 3(¢QexkToB cymiecTByeT TOIBKO
HECKOJIBKO JIEHCTBUTENIBHO CYIIECTBEHHBIX, a BCE OCTaJbHbIE MOTYT OBITh NPU3HAHBI HE3HAYMMBIMU H
OTHECEHBI K «IIYMOBOMY IOJII0». HadyanbHBIM 3TamoM OTCEMBAOIIETO SKCIIEPUMEHTA ABIISETCS COCTABIEHUE
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MaTPHIIBI TUIaHa. VX CTPOST pa3aryHBIME CITOCOOaMHM, UCXOII U3 KPUTEPHS MUHAMYMa MaKCUMAaJIbHOTO KO-
s dunreHTa Koppeasuuu Mexay croibinamu. COCTaBICHHEM 3THX IUIAHOB MOJXKET 3aHATHCA W caM
skcriepuMenTatop [30], HO Oonee 3((QEKTUBHO UCHONB30BAHUE W3BECTHHIX ILJIAHOB C XOPOIIMMHU
xapakrepuctukamu [38].

OO6paboTKy pe3ynbTaTOB JKCIIEPUMEHTa IO METOAY CiydailHoro OamaHca MOMKHO BBIOJHATH C
HCTIONb30BAHMEM BBIYHUCIUTEIBHON TEXHHUKH WM BpydHyro. KommbioTepHas o0paboTka pe3yibTaToB
JKcIiepuMeHTa  siBiisgeTcst  Oonee  d(ddekruBHON. Ee BBIMOMHAIOT MO CHCHUAIBHBIM MPOrPaMMaM,
COCTaBJICHHBIM Ha OCHOBE aJIroOpUuTMa «BeTBHHICI\/'ICH CTpaTerun» WJIN II0CICAOBATCIBHOIO0 aJIrOpuTMa
Odpaumcona [38]. [Ipu Tpymoemkol py4HOH 00pabOTKE PE3ysIbTATOB AKCIEPUMEHTa YIO00HO MPOU3BOIANUTH
aHaM3 MaTepuala Tpauyecky, UCHONb3Ys JHarpaMMbl paccesiHUS Pe3yabTaToB HAOIIOCHUH M0 KaXKIOMY
1%3 (axropos (puc. 8.1).
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Puc. 8.1. [lnarpamMma paccesHus

+
5

IMo ocu abcumcc auarpamMMbl OTKIQJABIBAIOT YpOBHU (DakToOpoB (B MPOHM3BONBHOM Maclitade), MO OCH
OpIIMHAT - 3HaueHWs BbIxoja. [l Kaxjaoro (axkTopa HAHOCAT OJTHAKOBOE YMCIIO TOYEK, PABHOE YUCIY
orbITOB N. OTH TOYKM pa30WTHI Ha JBE TPYMIBI: OJHA W3 HUX OTHOCHUTCS K OIBITaM, TIe JaHHBIA (axTop
HaxOAWTCS HAa BEPXHEM YPOBHE, JApyras TpyMIa - K ONbITaM, rne (akTop HaXOOUTCS Ha HIDKHEM YpPOBHE.
CreneHp BIUSHMS JTaHHOTO (DaKTOpa HA OTKJIMK OLEHUBAIOT IO PA3HOCTH MEXIy 3HaYCHUSMH HEKOTOPOTO
[IOKa3aTellsl, XapaKTepU3yIOIIero eHTp IPYIIUPOBAHUS COBOKYIIHOCTU TOUYEK Ul pa3HbIX YPOBHEH OIHOrO
dhaxTopa.

B kauectBe Takoro mokaszaTens B MeToxe ciydaiiHoro OanaHca OOBIYHO HCIONB3YIOT MEIHaHy,
MIPUMEHEHNE'KOTOPO B JaHHOM ciydae Oomee 3dekTuBHO, yeM cpenHee apudmerndeckoe. Memmany
MIPOBOJIAT TaK, YTOOBI IO 00€ €€ CTOPOHBI YHCIIO TOUEK ObIIO OaMHAK0BO. Eciy obmiee 4nciio Touek B pamy
HEYETHO M paBHO (2T + 1), To Menuana mpoxomauT dyepes (T + 1)-fo Touky. Eciau 9uciio Todek 9eTHO U paBHO
2T, TO MeTMaHy OTBICKHBAIOT KaK cpenHee apu(MeTHuecKoe 3HaueHne OTKIMKa a1 m-i u (T + 1)-if Touek
(cuutas cHu3y BBepx). Ha puc. 8.1 menuanbl oTMEUEHB! FOPU30HTAIBHBIMU YEPTOUYKAMH, POBEACHHBIMU
MOCPEOUHE MEXY YETBEPTOU U MATOU TOUKAMM.

Ecnn anst kakoii-HUOy b KJIETKU OIBITHI OTCYTCTBYIOT, NIEPEXOAAT K TaOJIMIE C YUCIOM BXOJOB HA €AUHUILY
MeHblIe. [Ipy 3TOM HCKIIOYAOT OJWH U3 (PAKTOPOB - TOT, KOTOPBHIM MMEET HAUOOJBIIYIO KOPPEILSILIHIO C
OIJHUM M3 OCTaJbHbIX (aKTOpoB. Jlanee MOKHO BBIYHUCIIATH OLEHKU JIMHEWHBIX KO3(Q(QULIHMEHTOB perpeccuu
mo m3BecTHBIM Qopmymnam mis [IDPII. Omnako B Merome ciaydailHOro OaslaHca darie MONB3YIOTCS
YABOGHHBIMU JHMHEWHBIMH KO3 uimenTaMu perpeccur ai= 2bi. Mx Ha3pBaroT muHEWHBIME 3(]dekramu
(aktopoB. JInnaelHbI d3QdeKT hakTopa o CBOeMY (DH3UIECKOMY CMBICITY PaBEH, OUYEBHUHO, IPHUPAIICHUIO
OTKIMKAa TIpH TIepexoAe AaHHOro ¢akTopa ¢ HWKHErO YPOBHS Ha BepxHMH. 3Has (GopMynsl Uis
KOO(UIIUEHTOB PETPECcCHH, JIETKO HAMKMCATh WX I OLEeHOK 3¢ (dekToB QakxTopoB. B manHOM ciydae mx
MOXHO MPEICTaBUTh B CICAYIOIIEM BHUJE:

iy = (}_’1+}_’3 +¥s +}_’?jf4_(}_’: +}_’4+}_’5+}_’s]f45
iy = (}_’1 + ¥, +}_’5+}_’E.]f4_ (}_’3 + ¥, +}_’?+}_’3]f45

iy = (}_’1 + ¥, + 33 +}_’4]f4_ (}_’5 + ¥ +}_’?+}_’3]f45

Takum oOpaszom, as BeruncieHus 3¢ dexra hakropa HEOOXOAUMO PacCUUTATh CpelHee 3HAUEHUE OTKIIMKA
JUISL ONBITOB, IIOCTABJICHHBIX Ha YPOBHE «ILIIOC» JAHHOIO (PaKTopa M BBIUECTh U3 HETO CperHee sl yPOBHS
«MHUHYC».

Crenyrommii stan - Beraucienue [ '-kpurepust CTbrofeHTa 17151 BbIACIEHHBIX 3¢ GEKTOB 1o Gopmye:

t, = r::t-,.’.'::?J
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B aroit hopmyne nj - yrciao HAOMIOACHHH Bj-i KJIETKE; T - YUCIO KIETOK; s2R - ocraTtouyHas mucrepcus,
orpenenseMas o Gopmyiie:

m

I:'.Ij m
SR =ZZ[}F"” —5)/ Z[ﬂj - 1)
ji=1u=1 i=1

[locne BbImeneHHWs TEpBOM TPYIIBl 3HAYUMBIX 3()(EKTOB MPOU3BOAUTCS OIEpalus KOPPEKTHPOBaHUS
pe3ynbTaToB HaOmro/eHui, Ha3piBaeMmas cHATHEM. OHa COCTOMT B HWCKJIIOYEHUW BIMSHUS BBIJCIEHHBIX
(akTOpPOB M B3aUMOACHCTBHI Ha OTKJIHK, JJISI TOTO YTOOBI BBISIBUTH OCTAJBHBIE CYIIECTBEHHBIC 3(P(EKTHI.
Jdnst 3TOro M3 KaxJOro 3HAYeHWs OTKIWKA BBIUUTAIOT TPOU3BENCHHUS KOIPPHUIMEHTOB PErpeccuH,
COOTBETCTBYIOIIMX BBIJCICHHBIM d3(Qdekram, Ha 3HaueHue QaxrTopa (WM B3aUMOJACHCTBUS) B
COOTBETCTBYIOILIEM OIIbITE.

Hapsny ¢ ucnonbp3oBaHueM AuarpaMM paccesiHus, Py pyqHOH 00paboTke pe3ylibTaTOB MPUMEHSIETCS MEHee
TpyAoeMKHi TaOmn4HbIA MeToJl. [IpuMEeHHTENbHO K 3aj1aue BBISIBICHHS BRKHEHIINX (DaKTOPOB, BIMSIOUIHX
Ha IIEPOXOBATOCTh TMOBEPXHOCTH NHIOMATEpPHUaJOB TMPH PACHWIMBAHUK OpEBEH Ha JICHTOYHOIMJIBHBIX
crankoB. [ImaHupoBanne oTHO(HAKTOPHBIX YKCIIEPUMEHTOB MPH MOUCKE ONTUMAIBHBIX YCIOBU I

Meron nuxoroMuu

[yctb dpakTop X1 Bapbupyercs B nuanazone X1min < X1 < X1rtax. Ha nepBoM miare craBsrcs JBa ONbITa,
BO3MOXKHO OJIHIKE K cepelliHe uara3ona BapbrpoBanust. O003HAUYMM Yepe3 € Pa3HOCTh MEKAY 3HAUCHUSIMH
(aktopoB B »THX Toukax: € = X12 — X11(puc. 9.1). Toraa 3nauenune Paxropa x1 B mepBOM OMBITE PaBHO
X1 ly: x1(0) - /2, a Bo Bropom ombite X12 = X1{0) + &2, rue x10) ={X1min+X1max)2.

Vs
}'3 y:
g 1¢"
L

|~ €

X

)(lmin 1“3 Xu Xn-Xu X‘l;
Puc. 9.1. K 000cHOBaHHIO METOA TUXOTOMUH

Benmunna & BwIOMpaeTcs BO3MOXHO MEHBINEH, HO JOCTATOYHOM [UISI TOTO, YTOOBI MOXKHO OBLIO
3a(UKCUPOBATH pa3IMdHe B PE3yIbTaTaX MMOCTABICHHBIX OIBITOB.

B Meronme muxoTroMuu mo pe3ynbTaTaM KaXKIOW Maphl OMBITOB WHTEPBAJT, B KOTOPOM MOXKET HAXOAHUTHCS
WCKOMasl TOYKa ONTHMyMa, COKpAIaeTcsl IOYTH BABOE. JTOT WHTEpBajl HA3bIBAECTCS HHTEPBAIOM
HEOIPEeNeHHOCTH.

NuTepecHo cpaBHUTH 3((HEKTUBHOCTH PACCMOTPEHHOTO METO/Ia C MMAaCCHBHOW MPOIETypod, MpHU KOTOPOH
YCIIOBHSI TIPOBENEHUS BCEX OIBITOB JOKHBI OBITh 3aMaHbl 3apaHee. llpeamomoxum, Hampumep, YTO
3aIIaHMpOBaHa ocTaHoBKa N = 8 OIbITOB.

Y

e

012345678

Puc. 9.2. K ninmroctpauun MeToa NacCUBHOTO MOMCKA

Takum 0Opa3oM, MpH MOUCKE IO METOIY MTUXOTOMUW BEIMYWHA WHTEpBajia HEONPEIENEHHOCTH yOBIBaeT ¢
poctoM N TI0 3KCIIOHEHTE, a MPHU MACCHBHOM ITOMCKE - 00paTHO mporopinoHansHo yncity N. [lostomy, yem
oonbire N, Tem appekTruBHEE METO TUXOTOMHUU TI0 CPABHEHHUIO C ITACCUBHBIM TTOUCKOM.
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[Ipumenenue Meroa 30J0TOrO CEYSHUS TSl ONTUMHU3ALNH TIPOLecca OTBEPXKICHHUS JTAKOBOT'O MTOKPBITUS
Meron 30moToro cedeHus emie 6onee 3 eKTUBEH, YeM METOJ TMXOTOMUHU. Kak v B mpeaplayieM MeToe,
Ha MEpBOW UTEpaLuy CTaBATCA N1Ba onbITa. OJHAKO KX MOCIEAYIOMNN 3Tan TpeOyeT MOCTaHOBKU YKe
TOJBKO OJHOrO oOmbITa. JI7sl yHpoIueHHs MPEANONIoKUM BHavane, 4to Qakrop X\ Bapbupyercs Ha
ennanaHoM oTpeske 0 < X1 <1. K rtakomy OTpe3Ky HETpPyAHO MEpelTH, HOPMHpPYs JII00OH 3aJaHHBIH
IMana3oH BapeupoBaHus. [lo-mpexxHemMy mpeamonaraercs, 4To (QYHKIUS OTKIMKA yHHUMoAanbHa. Ilo
pe3ynbTaTaM MOCTAHOBKH MEPBBIX JBYX OINBITOB BO3MOXKHBI CIICIYIOIINE BAPHAHTHI:

y[l y2B 3TOM cllydae W3 JajbHEHIero paccMOTpeHHs MCKIodaercst orpe3ok (X12, 1), mpu ycrnoBun
MOMCKa MaKCUMyMa (pYHKITUH;

y[1 y2- uckmouaercst orpe3ok (0, X11)ator cnydaii nzobpaxkeH Ha puc. 9.3;

3) y =y2~ uckirodarorcs oba orpeska (0, X11) u (X12, 1).

y

P »

W

0,372 0618 X

0 Xy Xo X g
Puc. 9.3. K 060CHOBaHHIO METO/1a 30JI0TOrO CEYEHUS

OcraBmmiics OTPE30K IIpHU JIF0O00OM HNCXO€ BHOBL ACIWUTCA ABYMSA TOUKaMM Ha TPHU OTPE3Ka B TOM IXKC
ornomennn: 0,382 u 0,618. OcoOeHHOCTh JTaHHOTO METOJAa COCTOMT B TOM, YTO, HAYWHAs CO BTOPOU
uTepanu, 1mpu ACICHUU KaXA0ro O4€pCaHoro OTpe3ka B YKa3aHHOM OTHOHMICHHWH OJHA M3 TOUYCK JCICHUA
00s13aTeNIbHO (€CJIM HE PacCMaTPHUBATh Clydad TPH) COBIAIACT CO «CTApOW» TOYKOM, B KOTOPOH yiKe ObLI
TTOCTaBJIEH OMBIT. AHAJIOTHYHO CTABUTCS 10 OTHOMY OIIBITY Ha Ka)KJI0W MOCIEAYIONIEH HTepaIHH.

Meto NOKOOpIMHATHOTO MOKUCKA

OO6paTtumcst Terepb K ONTHMH3AIMOHHBIM JKCIIEpUMEHTaM, TPEAoaralonliM HaJMYHe YK€ He OHOTO, a
HECKOJIBKHUX BapbUPyeMBIX (akTopoB. Hamboree mpocTeiM, HO HEe caMbIM d(DPEKTUBHEBIM, SBIISIETCS METOI
TTOKOOPAMHATHOTO Toncka - meron I'aycca-3eimens. CorilacHO 3ToMy MeToay (DakTOpsl BapbHUPYIOTCS B
JKCIIEPUMEHTE TTO0YEPETHO, TO €CTh CTABUTCS HECKOJIBKO CEepUil OMHOPAKTOPHBIX SKCIIEpUMEHTOB. BHauase
3aaeTcd WCXOAHAs TOYKAa B KOTOPOW CTaBUTCS MEPBBI OMBIT. 3aTeM IOCIENOBATEIHHO H3MEHSIOTCA
3HAYEHMS TOJBKO OAHOro (hakropa, Hampumep X1, a ocraimbHbie pakTopbl X2,X3 .. XK (GUKCHPYIOTCS Ha
CBOHMX HadaJbHBIX ypoBHAX {X20,X3°...,Xk0). Eciiu BappupyroTcs aBa GhakTopa, TO 3TOMY COOTBETCTBYIOT I
TOUKkH 1—35 Ha dakTopHO mTockocty (puc. 9.4). Ha aTom prcyHke HaHECEHBI 1 TakKe JTMHUHM YPOBHS, HITH
JMHUHM PABHOTO BbIXoza. [yl BCeX TOYEK, JeKANMX \ HAa JAHHOW /- JMHUHM YPOBHS, 3HAUCHHE OTKIIMKA
OJMTHAKOBO M PaBHO HEKOTOPOMY 3HAYEHUIO Yt.

Puc. 9.4. 'eomeTprueckas WIUTIOCTPALMS METOIA TIOKOOPAUHATHOTO ITOMCKA

Cpenu TOCTaBJIEHHBIX OMNBITOB OTBICKUBACTCS HAWIYUIIHH, TO €CThb TOT, Ui KOTOPOrOo 3Ha4yeHUE Y
MaKCHUMaJIbHO, €CJI OTBICKMBAeTCsl MakcuMyM (puc. 9.4, onbIT 4). CooTBeTCTBYIOIIEE 3HaUeHHE (haKkTopa XX
¢ukcupyerca. B 3Tux ycnoBHsX MOCII€AOBaTEIbHO M3MEHAIOTCS 3HaueHUs ¢aktopa X2 (ombIThl 6-9, puc.
9.4). Jlnst onBITOB 3TOM CEpUU OTHICKMBAETCS HaWiTydlllee 3HaueHHe X2, KoTopoe u ukcupyercs (Touka 8,
puc. 9.4). B cnenytomieii cepun BaprupyeTcs ToIbKo daktop X3 (ecnu hakTopos OoIbIle IBYX) U TaK Jajee
110 XK.

3areM LUKJ 00YepeHOr0 BapbUpoBaHusl (PakTOPOB MPOBOIUTCS 3aHOBO, HaunHas ¢ X,. Bes ata npouenypa
MOBTOPSIETCS 10 TE€X MOp, OKa He Oy/eT HalIeHa TOUYKa, CMELIEHHE OTHOCUTEILHO KOTOPOH BapbUPOBaHUEM
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mo60ro (akTopa NPUBOJUT TOJIBKO K YXYALICHUIO pe3yinbraTa. OHa MpHHUMAETCS 3a TOUKY onTuMyma. Ha
puc. 9.4 nnsa ee orbickaHus (Touka 17) MOHAmOOMIOCH MATH CepHil OAHO(MAKTOPHBIX SKCHEPHUMEHTOB.
OTMeruM, 4TO B Ka)K/IOW CEpUH OMNBITOB OAHO(AKTOPHOTO SKCIEPUMEHTa MOKHO BMECTO BapbHPOBAHUS
(hakTOpa C MOCTOSIHHBIM IIATOM BOCIIOJIB30BATHCS OMHUM U3 PACCMOTPEHHBIX BBIIIE METO0B

JMXOTOMHUH HITH 30JI0TOTO CEUCHHUS.

Meron KpyTOro BOCXOXKAECHHS U ero MprMeHeHHe /1l ONTHMHU3AIIH MIPOLIECCOB 1ePEBO0OPabOTKU

Wnes merona

Haubonee 3¢ ¢ exTHBHO 1 MUPOKO MPUMEHSIEMbIE METO/IbI SKCIIEPUMEH TAIbHON ONTHMH3alUN OCHOBAHBI Ha
IPaJMEHTHBIX METOJaX MOHUCKa dKCTpeMyMa. Miero 3TUX METOIOB pacCMOTPUM BHavalle B MPEATIONOKEHUH,
4TO Bapbupyercsi equHCTBeHHbIH (akTop X1. Ha puc. 9.5 Toukamu a u b 0003HaueHbI TPaHMIIB AUaTa30Ha
BapbUPOBAHUSI 3TOTO (hakTopa.

y
‘L Ye Vs ¥
Tl
.\'\yl
b2
X
0 a 6 M5 4 3 1 2 b—

Puc. 9.5. K 060cHOBaHHIO TPaIMEHTHOTO METO/IA TIOMCKA SKCTPEMyMa

[Tycte M - abcrncca MCKOMOW TOYKH ONTHMyMa (ISl ONPENeNeHHOCTH - MakcuMyMa). BHadane cTaBuTCS
OITBIT B HEKOTOPOH MPOM3BOJILHON TOUKE | BHYTpH JMaria3oHa BapbupoBaHus paktopa X1PesynbTar ero: yl.
W3 Toukm 1 >kemaTenbHO CABHUHYTHCS B HAMPABICHWM TOYKM M, TO €CTh, B JaHHOM ciy4ae, BiaeBo. Ho
MTOCKOJIBKY TTOJIOKEHHE TOYKH M 3apaHee HEM3BECTHO, CHadaja JIelaeTcsl IPOOHBIN IIar B OJHOM U3 JBYX
BO3MOJKHBIX HaIpaBIIEHHUH, TO €CTh BJIEBO WJIK BIpaBo oT Touku 1. [lycTs, Hampumep, mpoOHBIN mar caeiaaH
BIIPABO - TOUKa 2 Ha puc. 9.5 - u pesynprar ero: y2. U3 toro, uto y2 < yl, MOXXHO cpa3y 3aKIIOYUTh, YTO
Touka M Haxomutcs JieBee Touku 1. IToaToMy ciemyrommii paGodmii mar jaenaercsi BIEBO OT TOYKH 1, B
Touky 3. Tak kak y3 > yl, To odepemHoi pabounii mar memaercs B TOM )K€ HAIpaBJICHUH, T. €. B TOUKY 4
(puc. 9.5), n Tak manee. [Ipuag B Touky 6, yoexxmaemcs, 9to yo < y5. 3Ha4uT, Touka M HaXOAUTCS MEXIY
ToukaMd 5 m 6. Ecim TO4HOCTB, C KOTOpO# HaifmeHa abciucca TOYKM M, HemocTaTodHA, IBIKCHHE
MIPOIOJDKACTCS BIPABO OT TOYKH 6 C YMEHBITICHHON JUTMHOM IT1ara.

[lycte Temepsr umcinoO BapbHpPyeMbIX (DaKTOPOB paBHO ABYM. il TEOMETPHUYECKONW HWILTIOCTPAllUHd METOna
CIIETyeT yXe PacCMOTpPeTh (aKTOPHYIO IJIOCKOCTh C KOOPAWMHATHBIME ocsiMH XX B X2 (puc. 9.6). IlepBrrit
OITBIT TI0- IPEKHEMY CTaBUTCS B HEKOTOPOM ITPOM3BOIBHOM TOUKE BHYTPH 00JIACTH BapbUPOBaHUS (aKTOPOB
(rouka A ¢ koopmuaatamu X\0), X20) Ha puc. 9.6). V3 3TO# TOUYKH MOKHO CMEIIATHCS Y)KE HE B OTHOM H3
IBYX BO3MO)KHBIX HAIIPaBIICHHM, KaK B MPEABIAYIIEM Cilydae, a B JIIOOOM W3 OECUMCIEHHOTO MHOXECTBA
HaIpaBlIeHUH Ha TUIOCKOCTH. [Ipu 3TOM NBIKEHHME TI0 HEKOTOPHIM W3 3THUX HAIPaBIICHHWH JaeT yBelIndeHHe
3HAYEHHS OTKJIMKA IO OTHOIIEHWIO K TOYke A (3TO, Hampumep, HampaBieHus 1 - 4), mo Japyrum
HaIpaBIIEHUSM TPUBOIUT K €r0 YMEHbBIIECHHUIO (HampaBieHHus 5 - 8). YUHTHIBas, 4TO MOIOKEHHWE TOYKH
ONTUMyMa HEW3BECTHO, IEIeCO00pa3HO CYHTATh, YTO HAWIYYIIMM HAIpaBIEHHEM, B KOTOPOM HAaIo
CMECTUTBCS U3 TOYKH A, ABISETCS TO, B KOTOPOM (YHKIHSA OTKJIMKA BO3pacTaer OBICTpee BCEro. JTO
HaIpaBlieHHE HAa3bIBAETCS TPaAMEHTOM (YHKIMH OTKIMKA. OTMETHM, YTO B KaXKJOH TOYKe (DaKTOpHOI
IJIOCKOCTH HampaBlIeHWE TpaiieHTa MepIeHINKYIIPHO KacaTeNbHOW K JIMHAN YPOBHS, TIPOBEICHHON uepes
Ty e TOUKY.

X2

0)
X2

X

0 x©
Puc. 9.6. K nonsituio rpaanenta QyHKIUNA OTKIHKA
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YcnoBus mo00ro onbiTa, HaXOJAIIErocs Ha JTMHUW TPaJUeHTa, IPOXOIsIIei Yepe3 HCXOAHYIO TOUKY, MOXKHO
MOJTY4NTh, U3MEHSAS 3HAUCHUE Ka)XI0ro U3 (akTOpOB B LEHTPE IUIaHA Ha BEIMYMHY, MPOMOPLHOHAIBHYIO
COOTBETCTBYIOIIEMY KO3((UIMEHTY perpeccuu JnHeWHoW Mmojenu. Takue ONbITHl Ha3blBAIOT ONBITAMHU
KPYTOrO BOCXOXKAEHHsS. 3HayeHUs (PaKTOPOB B OMBITE KPYTOTO BOCXOXKIEHHS OIPENENSIIOT, B cilydae
OTBICKaHM MakcuMyMa (DYHKIHMHU OTKJIMKA, 1T GopMmynam:

X, =X 4 Ab,A,;
X, = X% + Ab,A,;

X, =X + b A,,

3aTeM CTaBUTCS CIEQYIOIIas CEpUsl ONBITOB, IO Pe3yJbTaTaM KOTOPOH OTBICKMBAETCsl HOBOE HAIIPaBJIEHUE
rpajneHTa, u Tak gainee. OTMETHM, YTO MHOXUTENb A, mosBUiIcsS B popmynax (9.4) uz-3a Toro, 4o OHU
3aIMCaHbl yKe JUIs HATypaibHBIX (aKTOPOB.

[Mopsiok neicTBUS MCCIIeNOBATENS TP ONITUMH3AIUN 00BEKTa TI0 METOIY KPYTOTrO BOCX OXKICHHSI

st onpeiennéHHOCTH HUKE paCCMaTPUBAETCS CIIyqall OTHICKAHHS MAaKCUMyMa (PYHKIIHMH OTKIIHKA.

Beibupator 3HaueHusi GpakTopoB B ucxogHoi Touke X{0): X1 = ; X2= , Xk=X{k0). Oto ueHTp
IJIaHa B MepBoi cepun onbIToB (puc. 9.7). [lonoxxeHne NCXOAHON TOYKM 3aaeTCsl UCCIeI0BaTeNeM UCXO/s
W3 anpUOPHBIX TMPEACTABICHUN O MOJOKEHWH TOYKH ONTHMyMa. BrIOMparoT MHTEpBalbl BapbUPOBAHUS
(daktopoB B 3Tou cepuu: A,,A2,..,A*. Kaxmaplii U3 HUX JODKEH OBITh 3HAYUTEIHLHO MEHBIIE IOJIHOTO
Iriaria3oHa BapbUPOBAaHUS COOTBETCTBYIOMIEro (hakTopa BO BCEM JKCIEPUMEHTE H3-3a HEOOXOAWMOCTH
MOCTAHOBKU HOBBIX CEPHil OMBITOB B JIPYTUX YACTSIX ()aKTOPHOT'O MMPOCTPAHCTRA.

C UEHTPOM B TOYKE PEANTM3YIOT ITOJHBIN WK IPOOHBIN (hakTopHbIH muaH (Touku 1 - 4 Ha puc. 9.7).
Pesymprarel skcnmepuMmeHTa 00pabaTBIBAIOT C IEIbI0 TONyYeHUs JWHEeWHoW wMonenu. OIleHnBaroT
3HAYMMOCThH KO (PHUIIMEHTOB PErPECCHU U MPOBEPSIOT a/IEKBATHOCTH MOJICIIH.

C nomotipo GopMyIT pacCUUTHIBAIOT YCIIOBHSI BO3MOXKHBIX OIBITOB KPYTOTO BOCXOXJIeHUs. [10CKOIbKY U3
HaMEUYCHHBIX OIBITOB PEAIU3YIOTCS TOJIBKO HEKOTOPBIE, TAKUE OIBITHI HA3bIBAOT MBICIICHHBIMH.
IIpaxkTuyecku 3aech NOCTYNAOT CleAyOLUMM oOpa3oM. s kakaoro ¢axropa BEIMHCISAIOT IIPOM3BEIECHUE
biAi. ®akTop X1 11 KOTOPOro 3TO MPOM3BEACHUE OKA3alI0Ch MAaKCHMAaJbHBIM 10 aOCOIIOTHON BEIHYHHE,
Ha3bIBAIOT 0A30BBIM. J[Js1 HEro BEIOMPAIOT IIar BapbHpoBaHKsA 61 B OMbITE KPyTOro BocxoxaeHus. [1pu stom
3HaK 81, coBmamaer co 3HaKoM ko3 duureHTa bl mpu MoMCKe MaKCHMyMa M MPOTHBOIOIOKEH €My, €CIIU
OTBICKUBAETCS MUHUMYM (DYHKIIUH OTKJIMKA.

B cootBercTBHU C (hopMyIOH yCcI0BUS IIEPBOIO «MBICIIEHHOI0) OIBITA 3AIIUIIYTCS TaK:

¥V =x9 15, i=12 .,k

2 ont

©)
X,

0 X{U) X!on‘r X‘

Puc. 9.7. I'eomeTprueckas WIUTOCTPALMS METOAA KPYTOrO BOCX OKACHUS

a 3HauyeHHe J000ro (Qaxkropa B KaXKAOM IOCIEAYIOIIEM «MBICIEHHOM)» OIBITE KPYTOrO BOCXOXKACHUS
Mojydaercs Iociie NPUOABICHUS BEIWYMHBI LIara IO 3TOMY ¢dakTOopy K 3HAa4YCHUIO JaHHOTO
(akTOpa B IPEIBIAYIIEM OIBITE KPYTOr0 BOCXOXKICHHUS

Xi2 = Xil +01, u Tax Jgajee.

Peanuzyrorcss HEKOTOpBIE U3 «MBICIEHHBIX» omnbIToB. Ha puc. 9.7 3TO OmbITHL 5, 6, 7. Jlyymuid u3
HUX NpPUHUMAETCs 3a LEHTP HOBOrO IUIaHA, IIOCIE YEero npoleaypa NOBTOPSIETCS C IIYHKTa
2. Ha puc. 9.7 ny4mum U3 OMBITOB KPYTOro BOCXOXKIeHHS siBiseTcs: onbIT 6. Touku 8-11 oOpa3yror minaH
HOBOI cepuH, Mo pe3yJbTaTaM KOTOPOH pacCUMTaHbl  PEAIN30BAHBI OMBITH KPYTOro BocXoxkaeHus 12-15.
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6.Ilpr3HaKkoM OCTIDKEHHsI 00JacTH ONTUMYMa SIBJISICTCS HE3HAUYUMOro» BCeX JTUHEHHBIX K0d((UIIEHTOB
perpeccuy Ha OJHOM U3 3TamoB. B 3ToM ciydae mpouenypy KpyToro BOCXOXKIEHHS NMPEKpallaroT, a A
JIETANbHOTO OMHUCAaHUsI O0JACTH ONTHMYyMa OOBIYHO PEANM3YIOT IUIaH BTOPOTO TOpPSIKAa B OKPECTHOCTH
JIy4dled JOCTUTHYTOU TOYKHU.

3ameuyaHus:

B ciydae oTpickaHusi MUHUMYMa (PYHKIMH OTKJIMKA HCHONB3YIOT OMUCAHHYIO BBIIIC MPOLEAYPY C YUETOM
TOT0, 4TO B TPaBbIX yacTsx ¢opmyn (9.4) -

Terepb JOKHBI CTOSTH 3HAKUA «MHHYC».

@dakTopbl, COOTBETCTBYIOIINE HE3HAYMMBIM KO3(HIIMEHTaM perpeccuu, B OMbITaX KPYTOTO BOCXOXKJICHHS
He BapbHupytoTcs. OHHM CTAOMITM3UPYIOTCS. HA HEKOTOPOM YPOBHE, OOBIYHO - Ha HYJIEBOM.

[lpu  pemeHnu Bompoca O peanu3alMd «MBICICHHBIX» OIBITOB MPUHUMAIOT BO BHHUMaHHE PE3YJIbTaThI
MPOBEPKH a/IEKBATHOCTH Mozenu. Ecinu Mojienb oka3anach aJiekBaTHOM, TO, Kak PaBUIIO, Cpasy MPUCTYIAIOT
K pealu3aluyl TeX «MBICICHHBIX» OINBITOB, KOTOPBIE XOTS OBl MO OTHOMY (DaKTOPY BBIXOMAT 3a TPEAENbl
obracTi BapbUpPOBAaHWSI TEPEMEHHBIX B Tpensiayiiel cepuu. HeanekBaTHyr0 MoOJenb TOXe OOBIYHO
WCTIOJIB3YIOT JIJIsI TUIAHUPOBAHUS OIBITOB KPYTOTO BOCXOXKIeHH. Ho B 3TOM citydae 1iefecoo0pa3Ho HayaTh
C peai3alliy TeX U3 HUX, KOTOpble HaXOJATCsl BHYTPU 00JIaCTH BapbUPOBaHUS (PaKTOPOB.

[IpumeHeHne Meroma KpyTOro BOCXOXKIIEGHHS OKa3bIBaeTcsi HanOoniee 3(PQGEKTHBHBIM, €Cid aOCONIOTHBIE
BEIIMYHMHBI JIMHEWHBIX KOA(PQOUIMEHTOB PErpeccMH Ui MOJEIA C HOPMAaJIM30BaHHBIMU (haKTOpaMHu,
paccurTaHHbIE 10 pe3yabTaTaM OYepPEIHON CEPUH OMBITOB, MAJIO OTIMYAIOTCS JIPYT OT Apyra. ITOro MOXHO
JOOHUTHCS BBIOOPOM MHTEPBAJIOB BAPEUPOBAHUS (PAKTOPOB.

[Ipu peasmzanuu OMBITOB KPYTOro BOCXOXKJCHHWS BO3ZMOXKHBI pa3lIMYHbIe cTpaTerud. B wacTHOCTH, 3/1€Ch
MOXHO BOCIIOJIb30BaThCs OJHUM M3 OJHO(MAKTOPHBIX METOJIOB IOHMCKA 3KCTPEMyMa, HaIllpuMep, METOJIOM
30JIOTOTO CEUEHUSI.

[MpumMeneHue MeTO/Ia KPYTOTO BOCXOXKICHUS TSI ONITUMHU3AITUH MIPOIIecca CYIIKH MTPOMUTAHHOMN JIPEBECHHBI
[Ipumep cuHTE3MpOBaH Ha OCHOBE MccieAoBaHni B benopycckom TexHomornaeckom naerutyre (BTH, I'. M.
IllyroB). Bapsupyembie ¢akTopbl mpoiiecca: XX, C, - YCIOBHAas BS3KOCTH TEIUIOHOCHUTENS; X2, 9, -
MPOIOJDKUTENBHOCTD cymiku; X1, C, - temmepartypa mporecca cymku. Cylika MpoBOIUIIach B BaKyyMme
rnyounoir 7230 H/m2. TlapamerpoM ONTHMHU3AIUM SIBISUIACH BJIAXHOCTh JIPEBECHHBI y, %, 3HAUYCHHE
KOTOpPOM MUHUMHU3UPOBAJIOCH.

VYcinoBus U pe3ynbTaThl 3KCHEPUMEHTOB 10 METOAY KpPYTOTO BOCXOXIEHMS 3allMCBhIBAIOTCSI OOBIYHO B
Tabnuuax craHaapTHO# Gopmel. B meproii cepuu Obu1 peanuzoBan [1DIT 23

Jlanee IIaHUPYIOTCS OIBITHL KPYTOTO BOCXOXKIEHUS. Y UUThIBasA, YTO OThICKMBAETCSI MUHUMAJIbHOE 3HaUEHUE
napaMerpa ONTHUMM3allU¥, 3HaueHUs (AKTOPOB B H3TUX OMNBITaX MOIYy4YalOTCS IOCIIENOBATEIbHBIM
BBIYMTAHUEM 3HAUYEHHH I1ara U3 OCHOBHOI'O YPOBHsI (pakTOPOB:

(a)
i

; ; i X, — 4,1 Tak fanee.
[TocnenoBaTenbHBINA CUMILIEKC-METON

[ocnenoBatenpHbnii cumiuiekc-meto (IICM), kak M MeTOn KPYTOro BOCXOXKIEHFHS, MpeTHa3Ha4deH s
pelreHus 3a7ad AKCIepUMEHTaIbHON ONTUMHU3AIMU. B OCHOBE 00OMX METONOB JIGKHUT WIes IBIKEHUS B
HaIpaBlIeHUH TpaJueHTa (PpyHKIuU OTKIHKAa. ECIM MeTom KpyToro BOCXOXKISHHS dYalle MPUMEHSETCS B
mabopaTopHBIX yciaoBusx, To [ICM HaxoauT mpuUMeHeHne KaK MpY PEelIeHHH HCCIe0BATENhCKIX 3a/1a4, TaK
U JUTSL ONITUMU3AIMHN TEXHOJOTMYECKUX TPOIECCOB B MPOM3BOACTBEHHBIX ycioBusX. [Ipu Gombmiom uucie
(akropo u Hanmmuuu iomex [ICM s dextuBHEE MeTOna KpyTOro BocxoxkaeHus. [lonpobHOe paccMoTpenme
MeTOJIa TeNTeco00pa3Ho HavaTh CO caydas ABYX BapbHPyeMbIX (DAKTOPOB, TaK KaK 371€Ch BO3MOXHA yI00HAs
reoMerpuyeckas MHTeprnperanus. [ HOpMaau30BaHHBIX (akTopoB X\ W X2 paccMOTpUM (HaKTOPHYIO
IJIOCKOCTh C HAHECEHHBIMH Ha HEeW JHHUAMU YpOBHSA. Ha Kak[oil W3 HUX MPOCTaBHM COOTBETCTBYIOIIEE
3HauYEHHE OTKIIMKA, HAIIpUMep, BBIXO0/a MMPOIYKTa B MporeHTax (puc. 9.8).
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‘XZOI'IT

0
X

X0 x
Puc. 9.8. OTbickanne MakcuMyMa QYHKIMH ABYX MepeMeHHbIX X1 u X2

1 ont

[IycTh 1enblo dKCIEpUMEHTa SIBJISETCS OTBHICKAaHWEe MakcuMyMma (YHKIMHU JBYX mepeMeHHbIX x1 u x2. Ha
puc. 9.8 Touka MakcHMyMa UMeeT KoopauHathl Xlont u x2ont. [Ipu 1Byx BapbupyeMbix (PaKTOpPax OIBITHI
ncxoaHoi cepur B IICM mpezanaraercs cTaBUTh B BEPIIMHAX MPABHIIBHOTO TpeyroibHUKa (ombIThi1,2, 3 Ha
puc. 9.8). llenTpom TpeyroabHUKa SABJISCTCA HEKOTOpPasi MCXOAHAsI TOUka X°. M3 3THX ONBITOB BRIOMpAETCs
OIIBIT C XyJIINM 3HAY€HUEM OTKJIHMKA y. B maHHOM ciy4ae 3T0, Mo-BUAUMOMY, OIBIT 1, B KOTOPOM 3HAUEHHE
>> MEHBIIIE,

4yeM B ombITax 2 U 3. Jlayee CTposIT HOBBIN TPEYTONBHHUK, ABE BEPIIMHBI KOTOPOTO COBMAAAIOT C BEPIIMHAMU
2 ¥ 3 mpeapIayIIero TPEYroibHUKA, a TPEThs BEPIIMHA CHMMETPUYHA «XYIei» BepmrHe | OTHOCHTENBFHO
cTopoHBl 2-3. D10 TpeyronsHUK 2-4-3. B Touke 4 craBar ciuemyrommii ombIT. U3 omeitoB 2, 4, 3,
COOTBETCTBYIOIINX BEPIIMHAM HOBOT'O TPEYrOJIbHHKA, BHOBh BHIOMPAIOT XyAmwii ombIT. [TycTs 310 ombIT 3.
HoByto BepmmHy Cieayionero TpeyroibHUKa CTPOST CHMMETPHYHO BEPIINHE 3 OTHOCUTENHHO CTOPOHBI 2-
4. D10 BepmMHA 5, B KOTOPOH W CTaBAT CIEAYIONIUN OIBIT, M TaK jgaiee. /[BKeHHWe MO TaKoMy 3aKOHY
MIPUBOJIUT B 001aCTh OMTUMYyMaA.

PacipocTpaHuM 3TOT MeTOA Ha CIy9ail TPOM3BOIBHOTO dYhciaa (DaKTOpPOB. AHAIOTOM TIPAaBUIBHOTO
TPEYTONbHUKA B TPEXMEPHOM IPOCTPAHCTBE SIBJISETCS, OYEBHIHO, MPaBWIIbHAS TPEYroiibHAs MUpaMuia -
terpasap. lloatomy mis Tpex BapbuUpyeMbIX (PAaKTOPOB HCXOMHASI CEpUSi COCTOUT M3 HYETHIPEX OIIBITOB,
pacrorararonpxcsi B BEpIIMHAX TeTpadapa. Kakplid moCHeqyomuil OnbIT MPOBOIUTCS B BEPIIMHE HOBOT'O
TeTpas’apa, CHMMETPUYHON «XYAIIEeH» BepIIMHE MPEabIIylero Terpalapa. s mpou3BOIBHOTO YHcia K
(hakTOpOB BBEIEM TOHATHE "-MEPHOTO CHUMILIEKCA, K-MEPHBIM CHUMIUIEKCOM Ha3bIBAE€TCS MPOCTEHINN BBI-
MyKJIBII MHOTOTPaHHUK B TPOCTPAHCTBE pa3MEpHOCTH K, mMmerommil (kK + 1) BepmmHy. OTO, Hampumep,
TPEYTONBHHUK Ha TUIOCKOCTH, TPEYTONbHAS MMHPAMUAA B TPEXMEPHOM IpocTpaHcTBe. CHMITIEKC Ha3hIBAETCS
MIPaBIIIBHBIM, €CITH BCE PACCTOSTHHSI MKy 00pa3yIOIINMHU €ro BepIInHAMHU PaBHEL

Taxum o6paszom, B obmem ciydae K dakropoB ucxonaas cepust B [ICM comepxut (k + 1) onsiT. X cTaBsT B
BEpIIMHAX TMPABIJIBHOTO A>MEPHOrO CHMIUIEKCA. 3aTeM «Xy[Ilash BepIIMHa OTOpachIBaeTcs, a Ha
OCTaBILEHCS TPaHU CTPOST CAEAYIOMUN cuMIUiekc. Ero HoBasi BepIIMHA CUMMETPUYHA «XYLIEH) BEpLIMHE
HNpEeapIAYHIEro CUMIUIEKCA OTHOCUTEIBHO MPOTHUBOJIEKAIIECH I'paHd. B HOBOM BeplIMHE CTaBAT OnbIT. [Janee
AHAM3UPYIOT BBIXOABI B BEpIIMHAX HOBOTO CHMIDIEKca, H TIporecc moBTopsiercs. lloctpoeHHas
MTOCTIEIOBATENFHOCTS CHMILIEKCOB ITO3BONISIET MPUONM3HUTBECA K AKCTpemyMy. [lpm moctmkeHun obmactu
ONTUMyMa CHMITJIEKCHl HAaYMHAIOT BPAIaThCsl BOKPYT TOUKH onTuMyMa (ombIThl 14-20, puc. 9.8). Ecmm
Oonee uem

N, = 1,65k + 0,05k

TIOZIPSIT UAYIIMX CUMIUIEKCOB UMEIOT OOIIYI0 BEPIIMHY, TO OOJACTh ONTUMYyMa CUHTACTCS TOCTUTHYTOH, a
¥X 00Ias BepIrHA TPUHAMALETCS 32 TOUKY SKCTPEMYyMa.

Takum obpasom, Ha mo0oM stane IICM ecTh BO3MOXKHOCTh HOIYYUTh JTUHEHHOE OMMCAHME HCCIeqyeMOon
gacTu (PaKTOPHOTO MPOCTPAHCTBA aHAJIOTUYHO METOAY KPYTOTO BOCXOXIeHUs. [1nanbl Ha cUMITIIeKce MOTYT
WCIIONB30BATHCS M CAMOCTOSATENBHO KaK HACHIIMICHHBIE IUIAHBI TIEPBOTO IOPSIKA, HAPUMEp, B KadeCTBE
IIJJAHOB OTCEMBAIOIIETO IKCIIEPUMEHTA.

INTAHUPOBAHUME OKCIIEPUMEHTA C KAYECTBEHHBIMU ®AKTOPAMU

[IpumeHeHne TaTHHCKUX TUIAHOB TSl KCCIIEAOBAHUM B IepeBO0OpabOTKE

[InanupoBaHre IKCIIEPIMEHTA IO CXEME JIATHHCKUX KBaJIPaToOB

[Ipouenypy AWMCHEPCHOHHOrO aHalIM3a MOXHO PACIpPOCTPaHUTh Ha Clydyail Tpex u Oonibpliero yucia
¢akropos [19]. Oanako npu k > 2 nepebop Bcex coueTaHuid ypoBHEH (HakTOpoB (T. €. MOMHBINA (paK TOPHBIHI
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IUTaH) MPUBOIUT K OYEHb TPOMO3JIKUM 3KcliepuMenTaM. Tak, yxe Tpu ¢akTopa, BapbHpyeMble KaXablid Ha
YeThIpeX YPOBHAX, MPEAIONaralT MocTaHOBKY 43 = 64 onbIToB. [103TOMY 0COOBI MHTEpEC MPENCTABISIOT
METO/bI MJIAHWPOBAHMS IKCIIEPUMEHTA, TO3BOJISIOIINE MCCIIENOBATh BIMSIHUE HECKONBKHX KAa4eCTBEHHBIX
(akTOpPOB MpH COKpalleHMH O0beMa DJKCIIEPUMEHTa [0 CPaBHEHWIO ¢ MOMHBIM mepebopom. [lupokoe
MpPUMEHEHHUE 3/1eCh HAIIM KOMOMHATOPHBIE IUIaHbI, KOTOPbIE OCHOBAHbI Ha HCIOJIb30BAHUH JIATHHCKUX H
IPEKO-JIATHHCKUX KBAJAPaToB, KyOOB M IPYrMX KOHCTPYKUMH KoMOMHaTOpHOW anreOpsl. Ilo cymecTtBy atn
IUTaHBl TPEACTABIAIOT COOOM OMpeAeneHHbIM 00pa3oM COCTaBICHHBIE JPOOHBIE PEIUIMKH ITONHBIX
(haKTOPHBIX TJIAHOB.
JIaTHHCKMM KBaJIpaTOM TXT Ha3bIBAIOT KBAIPATHYIO TAOIHILY, COACPIKAIIYIO T Pa3IMYHBIX JIEMEHTOB (OYKB
WIH YHCEN), TaK, YTO KaKABIA SJIEMEHT BCTpPEYAeTCsl OAWH pa3 B KaXKIOH CTPOKE M B Ka)XIOM CTOJOIIE.
Hanpumep, B Tabn. 10.9 npuBeneHn natuHckuii kBaapaT 3x3 U3 Tpex dyeMeHToB - Oyks, B Tabm. 10.10 -
JMATHHCKUI KBajpaT 4x4, 3JIeMEHTHl KOTOpOro Yucia.dJieMeHTHl - uucia. CTaHmapTHBIM, HaIlpumep,
SBIISIETCSl JIATUHCKUK ~ KBaJpaT B

Tabmuma 10.9  TaGmwuma 10.10 TaGmuia 10.11 tabn. 10.9, Ho He B Tab6m. 10.10.
A B C 23 1 4 1 2 .3 4 | JIpocreimm crocobom

B C A 1 4 3 2 2 3 4 1
c A B 3 9 " ! 3 4 ) 5 | moCTpoeHus CTaHJAPTHOTO
4 1 2 3 4 1 2 3 JIATUHCKOT' O KBajpara  sBISETCA
JlatuHCKMiT KBaJpAaT HA3BIBAIOT CTAHIAPTHBIM, €CITH €ro MepBasi CTPOKa U OIHOIIAroBas HUKIINYCCKasd
TIEPBEII CTOJIOCI] PACIIONIOKEHBI B CTAHAAPTHOM TMOPSZIKE, T. €. B nepecTraHoBka CTpok. Tak, s
aN(paBUTHOM, €CIIM 3JIEMEHTHI KBa(pata OyKBbI, WU B TIOPSJIKE MTOCTPOCHUS CTaHJApTHOTO
HATYPaILHOrO PAsIa, €CIH JIATUHCKOTO KBajpata 4*4 Bo3bMeM

B Ka4eCTBE MEPBOM CTPOKM YhCiIa HaTypaiabHOro psaa (tadn. 10.11). B xauecTBe BTOpOI CTPOKH BO3BMEM
TIePBYIO, TIEPECTABUB MEPBEII €€ AJIEMEHT B KOHEI[ CTPOKH.

4.3. JlabopaTopHbie padoThl

Buo
3anamus 6
Ao Homep Haumenoeanue mem Obvem uHmepaKmueyuoﬁ,
i paszoena nabopamopubix pabom (wac) aKmMugHol,
OucCyunIuHb UHHOBAUUOHHOIL
popmax,
(uac.)
1 1. Onpenenenue napameTpoB CTATUCTUYECKOU 2 -
COBOKYITHOCTH.
2 1. Xapaxrep pacnpeneneHus cIydaiHON 2 -
BEJIMYNHBI.
3 2 Merton HaMMEHBIIUX KBaJpPaTOB. 2 -
4 2. Meronsl  IUITAHUPOBAHUS ~ MHOTO()AKTOPHBIX 2 -
IKCIIEPUMEHTOB.
HUTOro 8 -
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4.4. IlpakTHyeckue 3aHATHS

Buo
3AHAMUA 8
N Homep Haumenosanue mem ) Obvem unmepakmueftoz?,
i pazoena HpaKmuyecKux 3aHamuil (wac.) AKMUBHOI,
oucyunIuHbl UHHOBAUUOHHOUL
opmax,
(uac.)
1 1. Cratucruueckas 00pa0doTKa pe3ynbTaToB 0,5 -

U3MEpEHHI pe3aHus IPU PaCIUIOBKE
JIPEBECHHBI Ha KPYTJIONUIBHBIX CTAHKAX PU
OonpIIMX 00beMax BEIOOPKH.

2 1. ITocTpoeHune COBMEIIEHHOM THCTOTPaMMBbI 1 -
OIIBITHBIX JAHHBIX U KpHBOfI HOPMAaJIbHOT'O
pacnpenenenus. OnpeneneHue 10BepUTENbHbBIX
WHTEPBAJIOB MIPU YPOBHIX 3HAYMMOCTU 5% U

1%.

3 1. Brrsgsnenune JIMHEHHON CTATHYECKOMH 0,5 -
3aBUCHUMOCTH MEXTy CITy4aiHBIMU
BEJIMYHHAMU.

4 1. [IpuMmeHenue TaOMUI] CONPSOKECHHOCTH IS 1 -
OLIEHKU B3aMMOCBSI3U ITPU3HAKOB.

5 2. IIposepka THUTIOTE3bI 0 HOPMaJIbHOM 1 -

SMIIMPUUYECKOM paclpeiesieHud HaOmroneHui
1o kpureputo [Iupcona

HUTOIo 4 -

4.5. KoHTpoJIbHbIE MEPONIPUATHSI: KYPCOBOil MPOEKT (KypcoBasi padoTa), KOHTPOJIbHAas
padora, PI'P, pedepar.

Y4eOHBIM TUTAHOM HE TIPEAYCMOTPEHO.
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5. MATPUIIA COOTHECEHUSA PA3JIEJIOB YUEBHOM JUCIUILINHBI K ®OPMUPYEMbBIM B HUX

KOMIIETEHIUAM U OHEHKE PE3YJIBTATOB OCBOEHUSA JUCIIUIIJIMHBI

Komnemenyuu Kon-6o Komnemenyuu 5 Buo

Ne, naumenoeanue OIIK-1 | IIK-2? IIK-12 tcp, yac yueoHbIX Ouenka
pazoenos OuUCHUNIUHbBL wacos komn. 3aHamuil pe3yibmamos

1 2 3 4 5 6 7 8 9
1. OcHOBHBIC TIOHATHUS W 3a/la4ll HAYYHBIX HCCIICIOBAHUI B 92 + + + 3 30,66 | JIx, II3, JIP, | ox3ameH
OTpaciy. [lepuunas o0paboTka pe3ynbTaToB CP
9KCIIEPUMEHTOB.
2. PerpeccuoHHBIM aHaNU3 U METOAbl ILJIAHUPOBAHHS 89 + + + 3 29,66 | JIx, II3, JIP, | ox3ameH
JKCIIEpUMEHTa C MEIbI0 MaTeMaTHYEeCKOro  OMHCAHHUS CP
00BEKTOB. MeTrombl  AKCHEPUMEHTAIILHOM — ONTHUMU3AIINH.
Mertoapl TIAHUPOBAHUS KCIIEPUMEHTOB C KauyeCTBCHHBIMU
(haxTopammu.

6cezo uacoe 181 60,32 60,32 60,32 3 60,33
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6. HNEPEYEHb VYYEBHO-METOJIUYECKOI'O OBECHEYEHHUA JIA
CAMOCTOSTEJABHOM PABOTBI OBYUAIOIIUXCS IO JUCHUIIJINHE

1. OcHOBBI Hay4YHBIX UCCIEAOBaHMIA B AepeBooOpadoTke. Yueonuk mis BY3os / [Tmkypun A.A., ITmxypun
AA. —M.: MI'VJIL, 2005. - 304 c.

2. Meronp! 1 cpeacTBa HAYYHBIX UccienoBanuii: yueonoe nocobue / C.I'. ['ananmonbckuii, O.B. FOpoBa
CroikT. Jlecnoit nunctutyt- CoiktbiBKap : CJIN, 2013-60c

3. Meroas! ontumuzanun: yueoHoe mocodue / B. A. I'onuapos. - M.: FOpaiir, 2010. - 191 c. - (OcHOBBI
HAYK);

4. OCHOBBI HayYHBIX HCCIIEIOBaHUH : JabopaTopHblii npakTukyM / CumonsiH C. X. 2008. — 87 ¢

7. TEPEYEHb OCHOBHOM MW [JONOJHUTEJIBHON JINTEPATYPHI,
HEOBXOJIUMOM JIJIsI OCBOEHUSA TUCIHUATLIANHBI

Buo | Konuuecmeo
Ikzemnaapoe | Qbecneuen-

No Haumenoeanue uzdanus sans-
must 6 Hocmb,
(Ix, 113, | bubnuomexe, | (3x3./ yein.)
JIP) IIT.
1 2 3 4 5
OcHoBHas1 JUuTEpaTypa
1 Iananonbckuit C.I'. MeTopl U CpeCTBa HAYYHBIX UCCIIE- JIx oP 1,0

noBanuii : yueonoe mocodue / C.I'. Tanamonsckuii, O.B.
Opoga — CrixteiBrap: CJIN, 2013 — 60 c.
http://ecat.brstu.ru/catalog/Pecypcr1%20cB060an0r0%2010cTyna
/T"ananonscknii%20C.I". Meroap1%201%20cpenctsa%20nayynnl
x%20uccnenoBannii. Yued.mocooue.2013.pdf

2. I'ongapoB B.A. Meroapl oOnNTUMH3ANMK: ydeOHOE JIk 1 05
nmoco6wue / B.A. I'onuapos-M.: FOpaiit, 2015-191c¢

JonoaHuTebHAS JUTEpPATypa

3. IMmwxypun A.A. OcCHOBbI HAay4YHBIX HCCIICJIOBAHUN B JIP 145 1,0
nepeBoobpaboTke: Yuebuuk miast BY3os / Iwkypun A.A,
ITmwxypur A.A. —M.:MI'VJI 2005-304¢

4. CumonsstH  C.X. OCHOBBI Hay4HBIX HCCICAOBAHHHA : JIP 101 1,0
naboparopusrii mpaktukym / CumonsH C. X. bparck:
BpI'Y, 2008. - 87 ¢

8. IHEPEYEHD PECYPCOB NHHO®POPMAIIUMOHHO -
TEJEKOMMYHHUKAIUOHHOMU CETH «MHTEPHET» HEOBXOJANUMbIX
JJIs1 OCBOEHUA JUCHUITJIMHBI

1.DnexkTponHsbIil kaTanor 6ubanorexku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&7211D=

2. Dnekrponnas 6ubanoreka bpl'y

http://ecat.brstu.ru/catalog .

3. DNeKTPOHHO-OMOIUOTeYHAs cucrema «YHHUBEPCUTETCKAs oubnnoreka online»
http://biblioclub.ru .

4. DnekTpoHHO-OUONMHOoTeYHas cuctema «M3narenscTBo «Jlanpy

http://e.lanbook.com .

5. HUudopmanmonnas cucrema "EgumHoe oKkHO JgocTynma K oOpa3oBaTenbHBIM pecypcam"
http://window.edu.ru .

6. Hayunas snexkrponnas 6ubnnorexka eLIBRARY.RU http://elibrary.ru .

7. YHuBepcurerckas  uHpopmanmonHas  cuctema  POCCHUA  (YUC POCCH )
https://uisrussia.msu.ru/
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http://ecat.brstu.ru/catalog/�������%20����������%20�������/������������%20�.�.������%20�%20��������%20�������%20������������.����.�������.2013.pdf
http://ecat.brstu.ru/catalog/�������%20����������%20�������/������������%20�.�.������%20�%20��������%20�������%20������������.����.�������.2013.pdf
http://ecat.brstu.ru/catalog/�������%20����������%20�������/������������%20�.�.������%20�%20��������%20�������%20������������.����.�������.2013.pdf
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID=
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID=
http://ecat.brstu.ru/catalog
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/
https://uisrussia.msu.ru/

8. HarmmonanwHast anexktponHas oubnmorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOAMYECKHUE YKA3AHUA JIsA OBYYAIOILIUXCA IO OCBOEHHIO
JUCHUIIJINHBI

Wzyuenne oOydarommMucs y4eOHOW IUCHIMIDIMHBI «MeEToapl M CpeicTBAa HAYYHBIX
WCCIIEIOBAaHUIN» PACCUNTAHO HA OJTUH CEMECTP.

3auamus nekyuonno2o muna

B xone nexkmuii mpemogaBaTeNb W3JAracT M PasbICHAET OCHOBHBIE, HanboJiee CIOXKHBIC
MOHATUSL TEMBI, a TaK)KE CBS3aHHBIC C HEW TEOPETUYECKHE W MPAKTUYECKHE IMPOOJIEMBI, IaeT
PEKOMEHJIAIIMKM Ha BBIMOJIHEHHE CaMOCTOSATENbHOW paboTel. B xome nexmuii oOyuarommmcs
PEKOMEHTYeTCS:

- BECTH KOHCIIEKTHPOBAaHUE YUEOHOTO MaTepuana,

- oOpamares BHUMaHWE Ha KaTeropuu, (GOpMYyIHPOBKH, PACKPHIBAIOIINE COJCPKAHNE TEX HITU
WHBIX SIBJICHHA W TIPOIECCOB, HAYYHBIC BBIBOJBI W TIPAKTHYECKHE PEKOMEHIAIMH [0 WX
MIPUMECHCHHIO;

- 3aJaBaTh IMPEIOJABATENI0 YTOUYHSIONIME BOMPOCHI C IEJIhI0 YSICHEHUS TEOPETHUECKUX
ITOJIOKEHUH, Pa3peIIeHNs CIIOPHBIX CUTYaIIUM.

B pabounx KOHCHEKTax >KeIaTeNbHO OCTaBJISATH MOJs, Ha KOTOPBIX BO BHEAYIUTOPHOE BpPEMs
MOJKHO CZEJIaTh MOMETKH M3 YIeOHO-METOHMUECKOTO 00ECTIeUeHHS ISl CAMOCTOSTEIHONW pabOTHI
o0yJaromuxcs, TOMOJHSIONIET0 MaTepuail TPOCITYINIAHHOW JIEKIMH, a TakKe MOMETKH,
MO TYEPKUBAIOIINE 0COOYI0 BaXKHOCTh T€X WJIM MHBIX TEOPETHUECKUX MOJI0KEHUH. JIJIsl yCIIenHoTo
OBJIAZICHUSI KYPCOM HEOOXOJMMO TOCEIIaTh BCE JICKIMH, TaK KaK TEMAaTHYECKH OTIIEIbHBIC TEMBI
Kypca B3alMOCBSI3aHBI MKy co00i. B cimydasx mporycka 3aHsaTus oOydaromeMycs He00X0IuMo
CaMOCTOSITEIEHO M3YYUTh MaTepHal U OTBETUTh Ha KOHTPOJLHBIE BOTIPOCHI 110 MPOITYIICHHOH TeMe
BO BpeMs MH/IMBUyalbHBIX KOHCYJIbTAIIUH.

Ipaxmuueckue 3anamus. Jlabopamopnvle pabomul.

[Ipu moAroToBKE K MPAKTUYECKUM 3aHATUAM 00ydaromeMycsi He0OX0UMO U3y4UTh OCHOBHYIO
JUTEPaTypy, O3HAKOMUTHCS C JIOMOJHUTENBHOM JHUTEpaTypoil, MOJArOTOBUTH KOHCIEKT IO
METOAUYECKON JTUTEpaType ¢ y4eTOM peKOMEeHJaluil npenoaasarens. Ha nmpaktuyeckoM 3aHATHH
[JIaBHOE - YSICHUTH CBSI3b PEIIaeMbIX 3a7jad C TEOPEeTHYECKHUMH mojoxeHusmu. [Ipu perenun
MpeII0’KEHHOM 3a1a4i HY)KHO CTPEMHUTHCS HE TOJIBKO MOJIYYUTh MPABHIBHBIN OTBET, HO U YCBOUTh
oOuuii MeTo peleHus: MoJ0OHBIX 3a/1ad. PekoMeHayeTcsl MCHoJIb30BaTh CIEAYIOMIMI MOPSAI0K
3aMKCy PeleHus 3aauu:

- HCXOJIHbIE JTaHHbBIE JJIs PEeLleHUS 3a1a4u;

- 4TO TpeOyeTcs MONIYYUTh B PE3yJIbTaTe PEUICHHUS;

- KaKue 3aKOHBI U MOJIO’KEHUS JOKHBI ObITh IPUMEHEHBI;

- 001U TIaH (MoCIeI0BaTeILHOCTD) PEIICHUS;

- pacyersl;

- MIOJIY4EHHBIN pe3ylbTaT U ero aHalus.

Jlorudeckasi CBSI3b JIGKIIMM M MPAKTHUECKUX 3aHATHH 3aKI0YaeTcs B TOM, 4TO MHpopmanus,
MOJIyueHHAas Ha JIEKIMH, B TMPOIECCe CAMOCTOATEIbHOW pabOThl Ha MPAKTUYECKOM 3aHATUU
OCMBICIIMBAeTCA U TMepepabaTbIBaeTCs, IMpPU TOMOIIM IMpernojaBaTelis aHAIU3UPYeTcs [0
MeJIbYalIIuX MoAPOOHOCTEH, MTOCIIE YEr0 MPOYHO YCBAUBACTCS.

Camocmosmenvras paboma. I1o02omoska Kk 3aHAMUAM NeKYUOHHO20 U CEMUHAPCKO20 MUna

BaxxHoi#l 4yacThiO CaMOCTOSITENFHOM PabOThI SBISETCS YMEHHUE BBIIEIUTH OCHOBOIOJIATAIOIINE,
OTMpaBHbIE TOUYKH B MOHMMaHUM Marepuana. Ocobo BaXHYIO pojb B 3TOM Mpoliecce He0OX0TUMO
yIEIUTh KOHCIEKTY JEKIHUW, B KOTOPOM IMpernojaBaTelib CHOPMUPOBAN «CKETET», CTPYKTYPY
pasnena IUCHUIUIMHBL. UTeHueM ydeOHOW M Hay4yHOW JUTepaTypbl oOydaroluiics yrayOmiseT u
pacimupsieT 3HaHuA O mpenMere u3ydeHus. OcHOBHas (yHKIUsS Y4eOHUKOB — OpPHUEHTHPOBATH
CTyICHTa B CHUCTEME 3HAHWI, YMEHUU U HABBIKOB, KOTOPBIC JOJKHBI OBITh YCBOCHBI OyIyIIUMU
CHeluaTucTaMil 1o JaHHOW mucuumuinHe. [loAroTtoBka K 3aHATUSIM JIEKIIHOHHOTO THUIA
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MoJIpasyMeBaeT MpHOOpeTeHne OOyJaromUMCsl TEPBUYHBIX 3HAHUKA 10 TeMe JIeKIHH JUIA
MOATOTOBKH K CTPYKTYpH3allid OOBEKTa H3YYCHHs, KOTOPYIO NpPENoJaBaTellb BBIMOJHSICT Ha
nekiuu. V3ydeHue martepuana Mo TeMe JIEKIIUA UMEET IeJib YTOYHEHHUS OTJIIEIbHBIX MOMEHTOB.
[lepen mnpakTHYECKHM 3aHSATHUEM CIIEAyeT H3YyYUTh KOHCIEKT JCKIUH U PEKOMEHJIOBAHHYIO
MIPEero1aBaTelieM JINTEpaTypy, oOpainas BHUMaHHE Ha MPAKTUYECKOE NMPUMEHEHHE TEOPHHM U Ha
METOJMKY pCIIeHUs THUIOBBIX 3amad. llepen maGoparopHoit paboToii  0OydaroIIMiics
MOJrOTABJIMBAET 3arOTOBKY OTYETa, BBHIMONHAA KOHCIIEKT TEOPETHYECKOro Marepuaia IIo
METOMYECKON JIUTEPATYPEe C YIETOM PEKOMEHIANHI TPenoJaBaTes.

Camocmosmenvras paboma. [loocomoexa Kk d9K3ameHy

[ToaroToBka K SK3aMeHy MPEIOJIaraer:

- U3y4ECHHE OCHOBHOM U JIOIIOJIHUTEIIBHOM JINTEPATYPHI;

- U3y4€HUE KOHCIIEKTOB JICKIIU;

- U3y4YCHHUE KOHCIIEKTOB IPAKTHUECKUX 3aHATHI M OTYETOB 110 HUM;

[lepeyeHp BOMPOCOB K DK3aMEHY IPEJICTABIIEH B MPHIOXKEHWH 2 1. 2. bamisl 3a sKk3aMeH
BBICTABJISIFOTCS TI0 KPUTEPHUSAM, MPEACTABICHHBIM B IPUIOKCHHUH 2 T1. 3.

9.1. MeToanuyeckne yKa3aHusi JJs OOYYAIOIIUXCS 1O BBINMOJHEHHI) NPAKTHYECKHX
3aHATHUI/JIA00PaATOPHBIX PadoT.

IIpakTnueckoe 3ausarue Nel

Cratuctuueckas 00paboTKa pe3yabTaToB U3MepeHUl yaenbHoi paboTsl pezanus (K. M21>1</M3) pu
PaCInIOBKE JPEBCCUHBI HAa KPYIJIOMUJIIBHBIX CTaHKAaX IMPU 0o0JIBIINX 00BEMAX.

[enb paboThI: 1aTh CTYA€HTaM MPAKTHYECKUE HABBIKU IO BEIOOPY PAKTOPOB M BHIXOIHBIX BEJIMUUH
00BEKTA UCCIIEIOBAHNUS.
ConeprxaHue 3aHATUA:
PazoOparpe mousATHs: (akTOphl, OUana3oH BapbHUPOBAaHUS, HHTEPBAJl BAapbUPOBAHUS, YPOBHHU
BapbUPOBaHUA (DAKTOPOB, BBIXOIHBIE BEIMYUHBI, TApAMETPhI ONITUMHU3ALIUH.
JlaTh MOHSATHE TOYHOCTH YCTAaHOBKH (PaKTOpa, OIIMOKU €ro u3MepeHHUsl.
JlaTb METOAMKY BbIOOpA LIEHTPA SKCIIEPUMEHTA U BEPXHETO YPOBHEW BapbupoBaHUs (haKkTopa.
JlaTh IOHSATHE O HOPMAIM30BAaHHBIX (PakTOpax U hopmax mepexosa.
JlaTb 3a1aHKE HA JIOM.

OcHoBHas nuTepaTypa

1. Tananonsckuii C.I'. MeTozbl U CpeicTBa HAYYHBIX UCCIIen0Banuil : yuebHoe mocodue / C.I'. TaHAONbCKHIA,
0O.B. I0poBa —CrixteiBKap: CJIN, 2013-60c ccpinka:
http://ecat.brstu.ru/catalog/Pecypcb1%20¢B0o60aH0r0%20noctyna/Iananonscknii%20C. I . Meroan1%201%20cpencta%20u
ay4yHbIX%20uccnenoBanuii. Yue6.mocobue.2013. pdf
2. T'onyapos B.A. Metoapl ontumu3aiun: yaeonoe nmocoodue / B.A. I'onuapos-M.: FOpaiit, 2015-191¢

JlononnurensHas iureparypa
1. TImxypun A.A. OCHOBBI HAyYHBIX UCCIIEIOBaHUI B iepeBooOpadoTke: Yuebuuk mis BY30B / [Tiwkypun A.A,
[Mwxypun A.A. -M.:MI'YJI 2005-304c_
2. CumonsH C.X. OCHOBBI HayYHBIX HCCIEOBAHU : TabopaTopHEIi mpaktukym / CumonsH C. X. bpatck:
bpl'Y, 2008. - 87 ¢

IIpakTHyeckoe 3auaTne Ned.
[TocTpoeHne COBMENIEHHON TUCTOIPAMMBI ONBITHBIX IaHHBIX U KPUBOW HOPMaJIbHOTO
pacnpenenenus. OnpeaeneHre 10BepUTEIbHbIX HHTEPBAJIOB P YPOBHAX 3HaUMMOCTH 5% u 1%.

HCHL pa6OTLIZ AaTb CTYACHTAM IPAKTUYCCKUC HABBIKHU 110 BbI60py MaTeMaTUYECKOM MOJIeIHN
00BeKTa HUCCICIOBaHUs.
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ConepxaHue 3aHATUS:
I[aTB IIOHATHUEC O MAaTEMATUYCCKUX MOJCIIAX.
I[aTB IIOHATHUC O ITIOJIMHOMHUAIBHBIX MOJCIIAX UX JOCTOMHCTBAX U HEAOCTAaTKax.
Pazo6pare MeToIMKy BBIOOpA MOJIEIH Ha OCHOBE alipUOPHOI HH(OPMAIIHH.
JlaTb 3a1aHue Ha JI0M.

OcHoBHas uTeparypa

1. Tananonbsckuii C.I'. MeTozbl U cpeicTBa HAy4HBIX UCCIIeoBanuil : yueOHoe mocodue / C.I'. [aHanmonbCKuid,
0O.B. HOpora —CrikteiBkap: CJIN, 2013-60c ccpuika:
http://ecat.brstu.ru/catalog/Pecypcri%20cBoboaH0r0%20nocryna/l"ananonbcknit%20C. I'.Metonb %20u%20cpenctBa%20u
ayanbix%20uccnenoBanuii. Yued.nmocobue.2013.pdf
2. l'onyapoB B.A. Metoabl ontumm3aimu: yaeonoe nocoodue / B.A. ['onuapos-M.: FOpaiit, 2015-191c¢

JomnonHuTenpHas qureparypa
1. TImxypun A.A. OCHOBBI HAyYHBIX UCCIIEIOBaHUIl B iepeBooOpadoTke: Yueonuk aust BY3o0B / [Tikypun A.A,
Muxypunr A.A. -M.:MI'YJI 2005-304c_
2. Cumonsta C.X. OCHOBbI HayuHBIX MCCICIOBAHM ; TabopaTopHbIit pakTukym / Cumonsia C. X. bpatck:
Bpl'Y, 2008. — 87 c

IIpakTHyeckoe 3auaTue Ne3.
[TpoBepka rUMOTE3bI 0 HOPMATBHOM IMITHPUICCKOM pacipeieIeHUH HAOTIOICHHH 110
kpurteputo [Iupcona

Hem) pa60TI)IZ JaTh CTyAC€HTaM IMPAKTHYCCKHUE HABBIKH 110 MCITIOJIb30BAHUIO IIEPCOHAJIBHOI'O
KOMIBIOTEpa UIT O0OpaOOTKH pPe3yIhTAaTOB SKCIEPUMEHTA C IMOMOIIBI0 METO/Ia HAMMEHBIITNX
KBaJpaToB.

ConepxaHue 3aHATUA:
O3HakKOMUTH CTYIOEHTOB cO cTaHmapTHo mporpammoir MHK Ha mepcoHanbHBIX KOMIBIOTEpAX
CELERON 486 DX2.
O3HaKOMHUTBH C METOJUKON (HOPMHUPOBAHMSI MATPHUIBI UCXOJHBIX JAHHBIX I ypaBHEHU# 1-To U 2-
ro MopsJIKa.
PaccmoTpeTrs mpuMepsl O MOATOTOBKE UCXOJHBIX JTaHHBIX.
Paccuntarh ¢ HOMOIIBIO TEPCOHATILHOTO KOMITbIOTEPa KOA(PGUIIUEHTH ypaBHEHUS PErPECCUU.
Jath 3aganue Ha JIOM.

OcHoBHas nuTepaTypa

1. Tananonsckuii C.I'. MeTozibl U CpeicTBa HAyYHBIX UCCIIenoBanuii : yuebHoe mocooue / C.I'. TaHAONbCKHIA,
0O.B. IOpoBa —CrixteBKap: CJIN, 2013-60c ccpiika:
http://ecat.brstu.ru/catalog/Pecypcb1%20¢B060aH0r0%20noctyna/Iananmonscknii%20C. I . Meroan1%201%20cpencta%20u
ayuHbIx%20ucciietopannii. Yueb.mocobue.2013.pdf
2. 'onuapos B.A. Metoabl ontuMu3zaiun: yaeonoe nmocoodue / B.A. T'onuapos-M.: FOpaiit, 2015-191¢

JlononnurensHas qureparypa
1. TImxypun A.A. OCHOBBI HAyYHBIX UCCIIEAOBaHUI B iepeBooOpadoTke: Yuebuuk mis BY3o0B / [Tiwkypun A.A,
[Mmwxypun A.A. —M.:MI'YJI 2005-304c
2. CumonsH C.X. OCHOBBI HayYHBIX HCCIEIOBAHU : TabopaTopHEIi mpaktukym / Cumonsa C. X. bpatck:
bpl'Y, 2008. - 87 ¢

IIpakTH4yeckoe 3ausaTue Ned.
OueHka aIeKBaTHOCTH MOJIENH, TIOJIy4€HHOU ¢ ucnosb3zoBanueM [1DII.

Lenb paGoThI: JaTh CTYAECHTaM MPaKTHUECKUE HABBIKY 10 pa3paboTKe IIAHOB JUIS N3yUEHHS
peabHBIX TEXHOJOTHYECKUX MTPOLIECCOB.
Coneprxanue paOOThI:
PaccMoTpeTh 0COOEHHOCTH TEXHOJOTMUECKUX MPOIIECCOB JIEPEBOOOPAOOTKY C TOUKU 3pEHHUS
MIPOBEICHUS SKCIIEPUMEHTA.
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2. Jlatp mpuMep peagbHOTr0 TEXHOJIOTUYECKOTo Mporecca. PaccMoTpeTs 3KCIIepruMEHTaIbHBIN TIIaH
JUISL €TO U3YYCHHUS.

3. Paccmotperh OCHOBHBIE CBOMCTBa HanboJIee paclpoOCTPaHEHHBIX TJIAHOB.

4. JlaTh 3alaHuE HA JIOM.

OcHoBHas 1uTeparypa

1. Tananonsckuii C.I'. MeTozibl U CpeicTBa HAYYHBIX UCCiIenoBaHuil | yueOHoe mocobue / C.I'. [aHamonbCKuii,
0O.B. IOpoBa —CrikteiBKap: CJIU, 2013-60c ccpka:
http://ecat.brstu.ru/catalog/Pecypcri%20cBoboanoro%20mocryna/I"ananonbeknii%20C.I.Meronp1%20u%20cpencrBa%20u
ayanbix%20uccnenoBanuii. Yued.nmocobue.2013.pdf
2. l'onyapoB B.A. Metoabl ontumm3aiun: yaeonoe nmocoodue / B.A. ['onuapos-M.: FOpaiit, 2015-191c¢

JomnonHuTenpHas Mureparypa
1. TImxypun A.A. OcHOBBI HAyYHBIX UCCIIEIOBaHUI B AepeBooOpadoTke: Yueouuk mist BY3oB / [Tikypun A.A,
Mumxypur A.A. -M.:MI'YJI 2005-304c_
2. Cumonsa C.X. OCHOBbI HayuHBIX MCCICIOBaHU ; TJabopaTopHbIi pakTukym / Cumonsia C. X. bpatck:
Bpl'Y, 2008. — 87 c

IpakTHyeckoe 3ansaTHE No5.
BrisiBiieHHE TMHEHHON CTATHYECKOW 3aBUCUMOCTH MEXY CIIy4YalHbIMHU BEJTUYMHAMM.

Lenb paboTHI: JaTh CTyJACHTaM MPAKTHYECKHE HABBIKU MO BHIOOPY M OIIEHKE pa3pelIaroniei
CIIOCOOHOCTH APOOHBIX PETLTHK.
Coneprxanne pabOThHI:
JlaTh IOHSATHE U MHHAMU3AIMH YHCIIa OTIFITOB U IPOOHBIX PEIUIAKAX.
2. Pa3o0paTh OCHOBHBIE TPHHIIUITBI TOJYYEHHUS APOOHBIX PEIUIMK (TONyperuinka, Y4 perummkud, 1/8
PEIUIMKH U T.J.)
3. PazoOpaTh OCHOBHBIC NMPUHIMIIBI OICHKH pa3pelraroIieii CroCOOHOCTH APOOHBIX PEIUIUK, JaTh
MOHATHE FEHEPUPYIOLIETO COOTHOLICHHS U OTIPEENSAIONIEro KOHTPAcTa.
4. ]Jlath 3a1aHHE Ha JOM.

=

OcHOBHas JUTeparypa

1. Tanamonsckuit C.I'. MeTombI M CpeCcTBa HAYIHBIX MCCIIENOBaHmii : yueornoe mocobue / C.I'. TaHamomsCKuiA,
0O.B. I0pora —CrixteBKap: CJIN, 2013-60c ccpinka:
http://ecat.brstu.ru/catalog/Pecypcb1%20c¢B0o60aH0r0%20noctyna/Iananmonscknii%20C. I . Meroas1%201%20cpencta%20u
ayuHbIXx%20ucciietopannii. Yueb.mocobue.2013.pdf
2. 'onuapos B.A. Metoabl ontuMu3zaiun: yaeonoe nocobue / B.A. Tonugapos-M.: FOpaiit, 2015-191¢

JononHuTenpHas uTeparypa
1. TImxypun A.A. OCHOBBI HAyYHBIX UCCIIEI0BaHUI B iepeBooOpadoTke: YueOuuk miss BY3o0B / [Tiwkypun A.A,
Hmxypur A.A. -M.:MI'YJI 2005-304c_
2. Cumonsi C.X. OCHOBBI HAYYHBIX HCCIIEOBaHUH : TabopatopHbiil mpakTukyM / Cumonsia C. X. bpatck:
bpl'Y, 2008. - 87 ¢

IIpakTH4yeckoe 3auaTne Ne6.
[IpuMeHeHue TaOIuI] CONPSHKEHHOCTH ISl OLICHKH B3aUMOCBSI3U IIPU3HAKOB.

Llens paboOTHI: AaTh CTYyIEHTAM MPAKTHYECKHE HABBIKU IUIAHHMPOBAHUS SKCIEPHUMEHTA IIPH

HAJINYUH CUCTEMATHUYECKHX OLIHOOK.
Coneprxanue paOOThI:

Pazo6path pu3KKy BIUSHUS CUCTEMATUYECKUX OIIMOOK Ha pe3yIbTaThl IKCIIEPUMEHTA.
Jate nousTue 00 «3pPeKTe ChIphs».
Pazo6paTb MeTO]] paHIOMH3aLIUH.
Pazo6patb MeTo/] pa3bueHust MaTpuILl Ha OJIOKH.
JlaThb 3a7aHue Ha JIOM.
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OcHoBHas 1uTeparypa

1. l'ananonbckuit C.I'. MeTonsl U cpencTBa HayYHBIX HcclenoBaHui : yueonoe nocoodue / C.I'. 'ananonbckui,
0O.B. IOpoBa —CrikteiBKap: CJIN, 2013-60c ccplka:
http://ecat.brstu.ru/catalog/Pecypcr1%20cBobonH0r0%20mo0ctyna/I"ananonseknii%20C.I.Metonp1%20u%20cpenctBa%20H
ayanbix%20uccienoBanunii. Yued.mocobue.2013.pdf
2. 'onyapoB B.A. Metoabl ontumu3aiuu: yaeonoe nocoodue / B.A. 'onuapos-M.: FOpaiit, 2015-191c¢

JomnonHuTenpHas Mureparypa
1. TImxypun A.A. OCHOBBI HAYYHBIX UCCIICIOBaHUIl B iepeBooOpadoTke: YueOnuk mis BY3oB / [Tiwkypun A.A,
Muxypun A.A. -M.:MI'YJI 2005-304c_
2. CumonsH C.X. OCHOBBI HayUHBIX MCCIICIOBAHM ; TabopaTopHbIi npakTukyM / CumonsH C. X. bpatck:
Bpl'V, 2008. — 87 c

JlabopaTopnasi padora Nel.

OmnpeneneHne napaMeTpoB CTATHCTHYECKOH COBOKYITHOCTH.
[{enb pabOTHI-MTO3HAKOMUTH CTYAEHTOB CO CTATUCTUYECKUMU OLIEHKaMH Pe3yJIbTaTOB HAOIIOAECHNUS.
3ajaua paboThl: 1) ompeneneHue MapaMeTpoB MPEACTABICHHOW CTaTUCTHYECKOW COBOKYITHOCTH:
BBIOOPOYHOIO CPEHEro, AWCIEPCUM BBIOOPKH, KBaJAPaTHUYECKOIO OTKIOHEHMs, Kod(dduuneHTta
BapHalMy, CpeJHEeHl KBaJpaTHUeCKONW OIIMOKM CpEeJHEro 3HAuyeHHus, IOoKa3aTels TOYHOCTU
CpEIHEro, JOBEPUTEIHLHOTO HHTEpBaa, 00beMa BIOOPKH; 2) UCKIIIOUEHUE ITPyOBIX OMINOO0K U3 psijia
HaOJI0IeHUH.
BonbmmHCTBO MPOIIecCOB U SIBJICHUH, a TAaK)KE CBOMCTB OOBEKTOB B M3BECTHOMW CTETICHH SIBIISIIOTCS
cnydaiiHpiMU. 1lox ciaydallHBIMHM ITOHMMAKOT BBIXOJHBIE IapaMETPbl IPOLECCOB U SBIICHUM,
KOTOpbIE HEJb34 MPeJICKa3aTh TOUHO, a JIHIb C ONPEAEICHHON BEPOSITHOCTHIO P.
OTKJI0HEHHE pe3ynbTaTta OT UICTUHHOTO 3HAUYEHUS Ha3bIBaeTCs OIMUOKOM OIBITA.
PaznuyaroT Tpu Buaa ommoOOK: cucTeMaTu4yeckue, ciayJaiHble, rpyobie (mpomMaxu).
CucremMaTH4eCKUMH Ha3bIBAIOT OLIMOKHU, KOTOPbIE OCTAIOTCS MOCTOSTHHBIMU Ha MPOTSKEHUH BCEil
cepuu u3MepeHuii. OHU MOTYT 3aBUCETh:
OT HETOYHOCTH MPpUOOpa;
HEMPABUIILHOW YCTAHOBKHU CPEJICTB UBMEPEHUN;
BJIMSIHUS BHEIIHUX YCIIOBHIA;
MeTo/1a U croco0a U3MEepeHus;
AKCIEPUMEHTATOpa (3PeHHUs], POCTa, HEPBHOTO COCTOSIHHUA).
OT BceX CUCTEMATUYECKUX OMIMOOK MOYKHO H30aBUTHCS.
CnyyailHpIMU Ha3bIBAIOT OMIMOKHU, 3HAYEHUE KOTOPBIX PA3IMUHbI IPU MPOBEACHUH IKCIIEPUMEHTOB
Jla)Ke€ B OJIMHAKOBBIX YCIOBUSX.
I'pyObie ommbOKu sABISAIOTCA OpakoM SKCIepUMEHTaTopa MpU MOBTOPEHUU onbiTa. OHU CBS3aHBI C
PE3KUM HapyLIEHUEM YCIOBUI IKCIIEPUMEHTOB MM MPOCYETOM SKCIEPUMEHTATOPA MPU OTAEIBHOM
HaOmoAeHUU. ['pyOble OMMUOKKM JOHKHBI OBITH OTOPOIICHHI H OCHOBAHUM IIPOBEPKHU T10
CHEeUUaIbHBIM KPUTEPUSIM.
Bonpocsl [uis caMOKOHTPOAS
JlaiiTe onpenenene reHepaibHON CTATUCTUYECKONH COBOKYITHOCTH?
UYto Takoe BEIOOpKA; 00BEM BEIOOPKH?
Uto Ha3bIBAIOT MaTeMaTUYECKUM oxkuganueM. [Ipusenure hopmMyiy /Ui ero BHIYUCICHUSI.
UYTo sBiIsSIETCS OLIEHKOM MaTeMaTU4YeCKOro okuianus? @opmyna BEIYUCICHUS.
UYro siBrsieTcst OlleHKOM reHepanbHoi qucniepcun? [pusenute GpopMyiy Ais ee BHIYUCICHUS.
[TpuBenure ¢opmyiny Ul BBIUYMCIEHHUS CPEIHEr0 KBaJpPaTUYECKOTO OTKIOHEHHUS CiIydaiHOU
BEJINYMHBI.
YTo Ha3BIBAIOT CIly4allHOM BETMYMHON ?
Yro o3nauaet 3anuce: p=0,95?
[TpuBenure hopMyiy Al BEIYUCIEHHUS YPOBHS 3HAUUMOCTH (. OnpenenuTs TabIU4HOE 3HAYCHHE
kputepus kodpdunuent Cterogenta mis p=0.99; n=10.

10. ITpuBeuTe GopMyIbI U HAXO0XKISHUS TOBEPUTEIHHON HUKHEN U BepXHEl rpaHuI] MHTEpBaa.
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BoOoo~Nooa~wWdE

. IlokazaTeny TOYHOCTU CPETHETO 3HAUCHUS.

. Kakue MoryT BO3HUKHYTH OIIMOKH B Pe3yJIbTaTe MPOBEICHNUS OIbITa?

. Uro HasbiBaeTcs rpy0oil omnoOkon?

. ITo KakUM KpUTEpHUSIM MOTYT OBITH OTOPOILIEHBI TPYObIe OMIUOKHU?

. IlpuBeaure dopmyiy Ui pacyeTa BBIOOPOYHON AUCHIEPCUH.

. IlpuBeaute hopmyiy JUIs BEIYUCICHUS PacUeTHON BeWYHHBI IP-Kputepus CThIoJeHTa.
. B xakom ciy4ae COMHUTENBHBIN PE3yNbTaT SBISETCSA TPYyObIM U3MepeHrneM?

OcHoBHas uTeparypa

1. Tananonbsckuii C.I'. MeTozbl U cpeicTBa Hay4HBIX UcCieaoBanuil : yaeOHoe nocobue / C.I'. [aHanmONbCKHiA,
0O.B. IOpoBa —CrikteiBKap: CJIN, 2013-60c ccpnka:
http://ecat.brstu.ru/catalog/Pecypcr1%20cBoboaH0r0%20no0cryna/I"ananonscknii%20C.I'.Metonb1%20u%20cpenctBa%20H
ayanbix%20uccienoBanuii. Yued.nmocobue.2013.pdf
2. T'onyapoB B.A. Metoabl ontumu3aimn: yaeonoe nocoodue / B.A. 'onuapos-M.: FOpaiit, 2015-191¢

JomnonHuTenpHas tuTepaTrypa
1. TImxypun A.A. OCHOBBI HAyYHBIX UCCIIEIOBaHUIl B iepeBooOpadoTke: YueOnuk s BY3oB / [Tikypun A.A,
umxypur A.A. -M.:MI'YJI 2005-304c_
2. CumonsH C.X. OCHOBbI HayuHBIX MCCICIOBaHU ; TabopaTopHbIi npakTukym / Cumonsia C. X. bpatck:
Bpl'Y, 2008. — 87 c

JlabopaTopnasi padora Ne2.
XapakTep pacnpeejeHus CJIy4ailHON BeJIUYUHbI.

[{eap pabOTHI: YCTAHOBHUTH XapaKTep paclpeIeICHUs CIyIaiHONW BETMIUHBI.

3ajaga _paloThl: 1) TMOCTPOUTH CTAaTHUCTUYECKUH psAA, TUCTOTpaMMy M KPHUBYIO
HOPMAJILHOCTH PacIpeICIICHHSI,

2) MPOBEPUTH THITOTE3Y O HOPMAITBHOCTH PaCIpeIeIICHUS BHIXOHOUN BEIIMIMHBI.

Cratuctuueckass o0paboTka pe3yabTaTOB HAONIOJACHUN TPOUZBOAMTCS C  IICNIBIO
YCTaHOBJICHUSI XapakTepa paclpeiesieHusl CIy4allHON HucclieyeMOil BEIUYUHBI U OMpEeJesIeHUs
JIOBEPUTEIHHOTO MHTEpPBAJa JUIsl HEe.

Bapuannonnpiii  (CTaTUCTHYECKU) psa pa3OMBalOT Ha WHTEpBaibl (KBAaHTHI), YHCIIO
KoTOphIX R Berumcisitor mo gpopmyne R=1+3,2AqN.

Bonpoce! 1151 caMOKOHTPOJIS:
Kaxk pa36uThs BEIOOpKY Ha HHTEPBAJIBI?
Kak paccuurars qyimny uarepnaia’?
[IpuBeaute hopMyny JUIsl HAXOXKIEHUS CEPEUHBI HHTEpBaa.
Jaiite onpeneneHne NOHITUS CPETHEr0 apuPMETUIECKOTO.
3anumure hopMyy A pacyera, BBIOOPOUHOI TUCHIEPCHH.
UTO Ha3BIBAETCS OTHOCUTEIBLHOW YaCTOTOM COOBITHSA?
KakoBbI 0COOEHHOCTH KPHBOM pacripeaeieHus?
HazoBure cymiecTByroiue B Ipupoie pacipeeieHHUs.
Jaiite onpenenenue pacyetHoro kputepus [lupcona.
. B kakom cnydae mpuHUMAIOT TUIIOTE3y O HOPMAJIBHOCTH pactpeeeHus?

OcHoBHas nuTeparypa

1. Tananonsckuii C.I'. MeTozibl U CpeicTBa HAYYHBIX UCCIenoBanuii : yuebHoe mocodue / C.I'. TaHANONBCKHIA,
O.B. IOpoBa —CeikteiBKap: CJIU, 2013-60c ccblika:
http://ecat.brstu.ru/catalog/Pecypcer%20cBo0oanoro%20mocryna/I"ananonsckuii%20C.I".Meroas1%201u%20cpenctBa%20u
ayanbix%20ucciaenoBanuii. Yueb.mocodue.2013.pdf
2. Tonuapos B.A. Merozs! ontumusaiun: yueoHoe nmocobue / B.A. I'onuapos-M.: FOpaiit, 2015-191¢c

JomnonnurensHas nureparypa
1. Mwxypun A.A. OCHOBBI Hay4YHBIX HUCCIICIOBAHUIA B lepeBooOpaboTke: YuebHuk mist BY3o0s / [Tikypun A.A,
mxypur A.A. -M.:MI'YJI 2005-304c
2. Cumonsia C.X. OCHOBBI HAYYHBIX HCCIIeIOBaHUH : TabopaTopHblil mpakTukyM / Cumomnsia C. X. Bpatck:
Bbpl'Y, 2008. - 87 c
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13.
14.

0.
11.
12.

JlaGopaTopHas paGora Ne3.
MeToa HaUMEHbIIMX KBAJPAaTOB.

Lenb paboThl: 03HAKOMJICHHE C OCHOBHBIMH METOAAMH MaTeMaTHYEeCKUX MOJICNIEH,
IIPOBEJIEHUE PErPECCUOHHOTO aHAJIN3A.

[InanupoBaHue FKCIEPUMEHTA-ITO COBOKYITHOCTh IPUEMOB, ITO3BOJISIFOIIMX HUCCIIEI0BATEIIO
pa3yMHO NOCTAaBUThb IKCIEPUMEHT HMCXOJd U3 LEJIU HCCIEAOBAHUS, CO CTPEMJICHHEM IMOJIy4YUTh
MaKCUMaJIbHYI0 HH(POPMALIUIO TPH OTPAHUYECHHOM YHCJI€ OMBITOB, a TAKXKE MPaBUILHO 00paboTaTh
Y UHTEPIPETUPOBATH PE3YJIbTATHI IKCIIEPUMEHTA.

[Ipu neiicTBuM Ha 0OBEKT (PAKTOPBI U3MEHSIOT €r0 COCTOSTHHE.

@DakTOp-3TO M3MEHsIeMasi MEPEeMEHHas BEIWYMHA, NMPUHUMAIONIAs] B HEKOTOPHIH MOMEHT
BpPEMEHU OIIPEJIETICHHOE 3HaUCHHUE.

[TapameTp, MO0 KOTOPOMY CYIAT 00 U3MEHEHHH COCTOSTHUS 00BEKTa, HA3bIBAETCS OTKIMKOM
WJTU BBIXOJTHOM BEJIMUYUHON 0OBEKTA.

@DaKTOpbl MOTYT OBITh:

YIPaBISIEMBIMU:

MIEpEMEHHBIMU (BapbUPYEMBIME);

MMOCTOSTHHBIMH;

HEYMPAaBJISIEMBbIMHU:

HEKOHTPOJIUPYEMBIMHU;

KOHTPOJIMPYEMBIMH;

KOJINYECTBEHHBIMU;

KaueCTBCHHBIMH.

Bonpoce! U1 caMOonpoBEpKH:

Jaiite onpenenenne noHsaTHs «dakTopy». Kakue gpaktops! BbI 3HaeTe?

YT0 Ha3BIBAETCS BBEIXOAHON BEIMYNHON 00OBEKTA?

Uto Takoe ypoBeHb akTopa?

OO0bscHUTE, B UeM pa3HHUIAa MKy aKTUBHBIMH M TACCUBHBIMU SKCIIEPUMEHTAMH.
JlaiiTe onpeneneHrue NOHATUS «perpeccus»?

UTo Ha3bIBaETCA PErPECCUOHHON MOJIETBIO?

B ueM cocTOUT OCHOBHOE MPABUIIO METO1a HAMMEHBIIINX KBAApaToOB?

[IpuBenuTe ypaBHEHHUSI CyMMBI KBaJIpaTOB OTKJIOHEHHUI.

3anuuTe olliee ypaBHEHUE U CUCTEMY HOPMAaJIbHBIX B OOIIEM BH/IE.

Jlnst yero uccienoBaTenb NPOBOAUT MPOBEPKY aI€KBAaTHOCTH PErPECCUOHHOMN MOieIn?
Ha3oBute npeanoceuiku ajst MpOBEPKHU aIeKBATHOCTH PETPECCUOHHON MOJIEIH.

[To kakoMy KpUTEpPHIO IPOBOJAT MPOBEPKY OJHOPOJIHOCTH HECKOJBKUX IUCIIEPCUM, HAWIEHHBIX 110
BBIOOpKaM oJiuHaKoBoro oobema? [lpusenure hopmMyny JUisi BBIYUCICHUS.

B kakom cimyyae npumensitot kputepuit baptinerra. [IpuBeaure hopmyny 1isi BBIYUCICHUS.
[TpuBeaute hopmyny Uit BRIYUCIEHUS KpuTepust Ouiiepa.

OcHoBHas nuTeparypa

1. Tananonsckuii C.I'. MeTofibl U Cpe/ICTBA HAYYHBIX UCCiIenoBanuil | yuebHoe mocobue / C.I'. [aHamoMbCKuid,
O.B. IOpoBa —CeikteiBKap: CJIU, 2013-60c ccblika:
http://ecat.brstu.ru/catalog/Pecypcrer%20cBo00oanoro%20mocrymna/l anamonsckuii%20C.I". Metoab1%201%20cpeactBa%20u
ayanbix%20uccaenoanuii. Yueb.mocooune.2013.pdf
2. Tonuapos B.A. Merozs! ontumusaiun: yueoHoe nmocobue / B.A. I'onuapos-M.: FOpaiit, 2015-191¢c

JomnonnurensHas nureparypa
1. Mwxypun A.A. OCHOBBI Hay4YHBIX HCCIICOBaHMII B iepeBoobOpadoTke: YueOnuk st BY3o08 / [Tikypun A.A,
nxypur A.A. -M.:MI'YJI 2005-304c
2. Cumonsia C.X. OCHOBBI HAY4HBIX HCCIIeIOBaHUH : TabopaTopHblil mpaktukyMm / Cumownsia C. X. Bpatck:
Bpl'V, 2008. - 87 c
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1.
2.
3.

JlaGopaTopHas paGora Ned.
MeTtoabl INIAHMPOBAHUS MHOTO()AKTOPHBIX IKCIIEPMMEHTOB.

[{enb paOOTHI: MOCTPOUTH MATEMATUYECKYIO MOJICITb TNIAHMPOBAHUS SKCIIEPUMEHTA.

[Ipu mmanupoBaHUKM MHOTO(AKTOPHOTO aKTHBHOTO 3KCIIEPUMEHTa HEOOXOJUMO yUHUTHIBAThH
psia TpeOOBaHUi, PEIbABIAEMBIX K (hakTOpam:
yIIPaBIIIEMOCTh, T.€. BO3MOXKHOCTH MOJIEPKMBATh 3aJaHHOE 3HAa4YeHHE (haKTopa B XOJIE BCETO
AKCIEPUMEHTA;
COBMECTHMOCTbD, T.€. BO3MOYKHOCTb 33]]aBaTh JIFOObIE BO3MOXHBIE KOMOMHAINH (paKkTOpa;
HE3aBUCHUMOCTbh, T.€. BO3MOXXHOCTh YCTaHaBIMBATh 3HA4YEHUS (aKTopa HE3aBUCHMO OT YPOBHEH
Ipyrux (paKTopoB.;
OJTHO3HAYHOCTh, T.€. BO3MOXKHOCTH (pakTopa BCerga MPUHUMATh OJHO W TO K€ 3HAUCHHUE IPH
BBIIIOJIHEHUH OIIPEJICJIEHHBIX YCIOBUI;
HEMOCPEJCTBEHHOE BO3/IEHCTBHE HA OOBEKT.

Bompocsl Juist caMOIPOBEPKHU:
Haiite onpenenenue [1OI1?
Ha cxonbkux ypoBHSIX MOXKET BapbupoBaThecs (hakrop?
3anumute matpuity [1OIT 2°B HOPMaJIM30BaHHBIX 0003HAUEHUSX.
3anumute matpuity [1OIT 2%¢ MapHBIMU B3aUMO/IEHCTBUSIMU B HOPMAJIM30BaHHBIX 0003HAYEHUSIX.
Haiite onpenenenue NOHATHUS (HAKTOPHOH IIIOCKOCTH?
Uto Ha3bIBaeTCst 00JaCTHIO BApbUPOBaHUS (PAKTOPOB?
Kaxumu cBoiictBamu o6mamaror [TDIT 277
[TpuBeaute hopmMysbl 1Sl BEIYUCIEHUS KOA(G(UIIUEHTOB MapHbIX B3aUMOICHCTBUI.
[IpuBeaure Gopmyinbl A BbIUKCICHUS KOA(D(UIMEHTOB PErpeccHy JIMHEHHOW MaTeMaTH4ecKOn
MOJIENH.

. I1o xakoMy yCIOBUIO IPOBEPSIIOT 3HAYMMOCTh K03 (DULIHEHTOB perpeccuun?
11.
12.
13.
14.

Kak npoBepuTh a1IeKBaTHOCTh PErPECCUOHHON MOJETN?
Haiite onpenenenue noustus JPII?

Uto Ha3bIBaeTCsl 0000IIAOIINM OTIPEACIISIFOIITUM KOHTPAacTOM?
OOBsICHUTE TIOHATHE KTEHEPATOPY TIIAHA.

OcHOBHas JUTEpaTypa

1. Tanamonsckuit C.I'. MeTombI M CpeCcTBa HAYIHBIX MCCIIENOBaHmii : yueornoe mocobue / C.I'. TaHamomsCKuii,
0O.B. I0poBa —CrixteBKap: CJIN, 2013-60c ccpinka:
http://ecat.brstu.ru/catalog/Pecypcb1%20¢B0601H0r0%20noctyna/I"aganonsckuii%20C.I" . Metoas1%20u%20cpenctsa%20u
ayuHbIXx%20ucciietopannii. Yueb.mocobue.2013.pdf
2. 'onuapos B.A. Metoabl ontuMu3zaiun: yaeonoe nmocoodue / B.A. Tonuapos-M.: FOpaiit, 2015-191¢

JlonosHuTENBHAS TUTEPATYPA
1. TImxypun A.A. OCHOBBI HAyYHBIX UCCIIE0BaHUI B epeBo0OpadoTke: Yueouuk st BY30B / ITikypun A.A,
Hmxypur A.A. -M.:MI'YJI 2005-304c_
2. CumonsH C.X. OCHOBBI HayYHBIX HCCIEOBAHUM : TabopaTopHEIi mpaktukym / CumonstH C. X. bpatck:
bpl'Y, 2008. - 87 ¢

JlaGopaTtopHasi padora NeS.
IHocTpoenne B-miianoB (miian Kano).

[{enb paboThl: mocTpoeHue B-manoB (ruranoB BToporo nopsaka. [lnan Kano).

[Tonnbie u napoOHBIE (QaKTOpPHBIC IJIaHBI MO3BOJIAIOT TMOJYYUTh JIMHEHHOE ONHCAaHUE
3aBUCHUMOCTH OTKIJIMKA OT KaXKJIOTO U3 BapbUPYEMBIX (haKTOPOB.

[Inanamu BTOporo mopsnka (B-mmanamu) Ha3pIBalOT Takue IUIAaHBI MHOTO(AKTOPHOTO
HKCMEPUMEHTa, C MOMOIIBI0 KOTOPHIX MOXHO TOJYyYUTh MaTeMaTH4eCKoe ONucaHue 00beKTa B
BH/JIE TIOJTUHOMA (MHOTOYJIEHA) BTOPOTO MOPSIJIKA, T.€. KBAAPATHUYHYIO MOJIEINb.

Bompocsl 11 caMOIIPOBEPKHU:

Jaiite onpenenenue noHsaTus B-nnana?
Yem ornmuarorcst B-nnansr ot IIDIT?
Ha ckonbkux ypoBHSIX MOXET BapbupoBaThcs B-man?
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4. 3anumure MaTpuily B-mana as aByx GakTopos.
5. Jlaiite onpeneneHue NOHATUS (PAaKTOPHOH TIOCKOCTH?
6. Uro Ha3bIBaeTCs 007IaCThIO BapbUpOBaHUs (PAaKTOPOB?

7. IlpuBenure

bopmynbl s

MaTeMaTU4eCKOU MOJIENH.
8. IlpuBeaure GopMyIIBI Uil BEIYUCICHUS KOA(DPHUIIMEHTOB MAPHBIX B3aUMOICHCTBUIA.

BBIYMCIICHUA

KO3 PHUIIHEHTOB

perpeccun

KBaJpaTUYHOU

Yem otnmuarorcs B-mansl oT yaudopM paboToIaTenbHBIX ITaHOB?

OcHoBHas uTeparypa

1. Tananonbsckuii C.I'. MeTozbl U cpeicTBa HAy4HBIX UCCIIe0Banuil : yueOHoe mocodue / C.I'. [aHanmonbCKmid,
0O.B. IOpoBa —CrikteiBKap: CJIN, 2013-60c ccpnka:
http://ecat.brstu.ru/catalog/Pecypcbi%20cBoboanoro%20mocryna/l"ananonbeknii%20C.I.Metonp1%20u%20cpencrsa%20u
ayanbix%20uccienoBanuii. Yued.nmocobue.2013.pdf
2. T'onyapoB B.A. Metoabl ontumu3aimn: yaeonoe nocoodue / B.A. 'onuapos-M.: FOpaiit, 2015-191¢

JomnonHuTenpHas IuTeparypa
1. TImxypun A.A. OCHOBBI HAy4HBIX UCCIIEOBaHUIT B iepeBooOpadoTke: Yueouuk it BY3oB / [Tikypun A.A,
umxypur A.A. -M.:MI'YJI 2005-304c_
2. CumonsH C.X. OCHOBbI HayuHBIX MCCICIOBaHU ; TabopaTopHbIi npakTukym / Cumonsia C. X. bpatck:
Bpl'Y, 2008. — 87 c

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT UM, UCITOJIb3YEMBIX ITPH
OCYHECTBJEHHUU OBPA30BATEJBHOT' O NPOUHECCA 110 JUMCIHHUIIJIMHE

NudopmanronHo-koMmyHukatuHble TexHosnoruu (MKT) npenoaaBarens ucnonb3yeT Ams:
- HOJIYYCHUA I/IH(bOpMaIII/II/I IIpU MMOATOTOBKE K 3aHATUSAM;

- CO3JIaHUs TPE3CHTAMOHHOTO COMPOBOXKACHUS JICKITMOHHBIX 3aHATHI;

- pabOTHI B 3JIEKTPOHHOU HH(POPMAITMOHHOH Cpe/IE;

- OC Windows 7 Professional,

- Microsoft Office 2007 Russian Academic OPEN No Level,

- AuTHBHpYCHOE ITporpamMmHoe obecrieuenne Kaspersky Security.

11. ONMCAHUE MATEPUAJBHO-TEXHUYECKOWM BA3bI, HEOBXOIUMOMI
AJIS1 OCYIMECTBJIEHUA OBPA30OBATEJIBHOI'O ITPOLHECCA 11O JUCHUIIVIMHE

Buo Ht;uzgs:looea::e Ilepeuensv ocnoenozo Ao JIk. TI3JIP
( ﬂ}f"g;’l rgll’f};YP) '’ P obopyoosanusn IR
1 2 3 4
JIk MexaHn4eckoe UCIIBITAHUE - Ne 1-8
JPEBECUHBI U IPEBECHBIX
MaTepUajoB
113 Jucnneitnpiil knacc. N3mepurenbHbIe Neol-4
Kadenpa BocipousBoacTBa UHCTPYMEHTBI:
U TIepepabOTKU JICCHBIX KOMIIbIOTEpHI Pentium 4
peCypCoB. 113 Ne4
JIP JlucnnerHsIn Kiacc. N3zmeputenbHbIe Nel-5
Kadenpa BociponsBoacTBa UHCTPYMEHTHI:
U epepabOTKH JIECHBIX KoMmbroTepsl Pentium 4
pECYpCOB.
Cp U3l O6opynosanwue 10- -
K i5-2500/H67/4Gb
(moumrop TFT19 Samsung);
MPUHTEP HP LaserJet
P2055D
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®OHJA OHEHOYHBIX CPEACTB AJs NTPOBEJAEHUSA

IIpuiaoxenune 1

IMPOMEXYTOUYHOM ATTECTAIIUM OBYYAIOIIUXCSA MO JTUCIHUIIIAHE

1. Onucanue ¢GpoHaa OLIEHOYHBIX CPEACTB (ACHOPT)

Ne
KoMIleTe Jaement Pazgen Tema ®OC
KOMIIETEHLIMH
HI{UU
OIIK-1 CIOCOOHOCTh 1. OcHoBHBIE 1.1 OcHoBHBIE MOHATHSA U | DK3aMeHAH
IIOHUMATh HaquI)Ie IIOHATHA U 3aJa4U 3aJadyu Hay4YHBIX OHHLIf/i
OCHOBEI HayYHBIX WCCTIeIOBAaHUH B OTPACIIH. OuIeT
TeXHONOrMYecKkux | ACCICA0BaHMI B 1.2 TlepBuunas oOpaboTka
MPOIECCOB B orpacnu. [lepBuuHasi | pe3yJibTaToB
o0paboTka 3KCIIEPUMEHTOB.
obnactu
PE3yIBTaTOB CraTtucriueckue OLICHKH
JICCOSATOTOBUTEIBH. | o prepumenToB. PEe3yNbTATOB HAOIOICHNH.
bIX 1 1.3 TIpoBepka OJHOPOJHOCTH
JiepeBonepepadarsl CPEHUX. IIpoBepka
BAIOIINX HOPMaJIbHOCTH
TPOU3BOJICTB pacrpejieneHusl.
2. Perpeccuonnbiii 2.1 PerpeccruonHslii anamm3 | Dx3aMeHaIA
aHaJU3 ¥ METOJIBI U METOJBl TIUIAHWPOBAHUS | QHHBIN
TUTAHUPOBAHUS SKCIEPHUMEHTAa  C  LEIbIO | Guer
JKCIEPUMEHTA C MaTEMaTHYECKOTO OITHCAHHUS
ENBI0 00BEKTOB.
MaTEMaTHYECKOTO 2.2 Meron HaWMMEHBIINX
OIMHACaHUS OOBEKTOB. | KBAJpPaTOB TUTST
Mertoapt MHOTO(aKTOPHBIX
9KCIIEPUMEHTAIBHON | 3KCIIEPHMEHTOB.
ONTUMU3AIINH. Cratucruyeckuii aHam3
Merogsl YpaBHEHUS PErPECCUU.
TIJIAaHUPOBAHUS 2.3 Meronsl TIaHUPOBAHUS
9KCIIEPUMEHTOB C 9KCIIEPUMEHTOB c
Ka4eCTBEHHBIMHU KauyeCTBEHHBIMH (DaKTOpaMu.
(hakTopammu. OmaodakTopHBII
JIMCTIEPCHOHHBIN aHAJIN3.
3.ImuTtarnmonHoe 3.1 UccnenoBauus Ha | DK3aMeHalu
MOJIEHPOBaHHUE. WMUTAIIMOHHON MOJIEITH. OHHBIH
ouner
[1K-2 CIOCOOHOCTH 1. OcHOBHEIE 1.1. HayuHoe TBOpYecTBO, | DK3aMeHaIA
UCIIOJIL30BATH TIIOHATHUA U 3aJa4YU HaquO'TCXHOJ'IOFI/ILIGCKI/Iﬁ OHHBIﬁ
AKETEI HayJHBIX IPOLIECC-OCHOBA  Pa3sBUTHUA | Gyer
TPUKIA/THBIX WCCIIeJIOBAaHUN B 00IIIecTBa U MPOU3BO/ICTBA.
HPOrPAMM 1115t orpaciu. Ileppuunas | 1.2 Pacuer noBepUTENBHOrO
00paboTka WHTEpBala TUTS
pacuera
pe3yIBTATOB MaTeMaTHYECKOTO
TEXHOJIOTHUCCKUX | 51 criepuMeHTOB. OXKUIAHHSI. Onpenenenne
ITapaMeTpoB HEO00XOIUMOro o0peMa
HponeccoB U BBIOOPKH. Or0OpacbiBaHue
00opynoBaHUsI. rpyObIX U3MEPEHUIA.
1.3 Koaddumnuent
koppensiuu.  [Ipumenenue
Ta0JIUI CONPSHKEHHOCTH ISt
OLIEHKH B3aMMOCBS3H
IPU3HAKOB.
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2. Perpeccuonnbrii 2.1 AKTHUBHBIE U TTACCUBHBIC, | DK3aMEHALU
AHAJIU3 U METO/IBI 0THO(aKTOPHBIE Y | OHHBII
TUTAHUPOBAHUS MHOr0()aKTOpHBIE OuIeT
SKCIIEPUMEHTA C akcriepuMeHThl.  OCHOBHBIC
LENbIO 3a7a4u TJTAHUPOBAHUS
MaTeMaTUYECKOr 0 JKCIIEPUMEHTA.
onucaHus 0O0ObEKTOB. | 2.2 Meronasl
Meronan: 3KCIIEPUMEHTAIBHOU
SKCIIEPUMEHTAIBHON | ONTUMH3AIUH.
ONTUMU3AIINY. [TnanupoBanue
Mertoapt OJHO(paKTOPHBIX
TUTAHUPOBAHUS 9KCIICPUMEHTOB TIPU TIOUCKE
SKCIIEPUMEHTOB C ONTUMAJIBHBIX YCIIOBUH.
Ka4ueCTBEHHBIMU 2.3 [Ipumenenue
(dakropamu. JIBYX(aKTOpHOTO
JMUCIIEPCUOHHOTO  aHaIM3a
npu UCCIICIOBAHUAX B
J1€C03arOTOBUTEIBLHOMN u
JiepeBorepepadaThIBarOIIEH
OTpaciu.
3. Umurammonnoe 3.1 Meroapl UMHTAIMOHHOTO | DK3aMeHaIu
MOJIETTUPOBAHUE. MOJICTTUPOBAHUSL. OHHBIH
omter
T1IK-12 CITOCOOHOCTH 1. OcHOBHBIE 1.1. HaydHoe TBOpYecTBO, | DK3aMeHAIA
BBI6I/IpaTB " IIOHATHUA U 3aJa4YN Hay‘-IHO'TeXHOHOFI/IT-IeCKI/Iﬁ OHHBIﬁ
IPHMEHSITH HaydHBIX IPOLIECC-OCHOBA  PA3BUTHUSA | Grirer
COOTBETCTByIoIe | MCCTIEN0BAMMI B 001I1ecTBa 1 IIPOU3BOJICTBA.
METOIEL orpaciu. Ilepeuunas | 1.2 Pacder moBepHTETHEHOTO
obpaboTka WHTEpBaja JUTS
MOJIEJIUPOBAHUS
pE3yIBTaTOB MaTEMaTUYECKOTO
MCXaHHICCKHX 1 9KCIIEPUMEHTOB. OXKUIAHWSL. Onpenenenne
¢usnko- HEOOXOUMOTO o06bema
XUMHYECKUX BBIOOPKH. Or6paceiBaHue
MPOLECCOB rpyObIX WU3MEPEHUN.
JIECO3arOTOBUTEIIBH IIpoBepka OTHOPOTHOCTH
BIX U IByx naucnepcuil. IIpoepka
ﬂepeBonepepa6aTI.,I OJHOPOAHOCTH HECKOJIBKHX
BAIOIHX UCTIEPCHIA, HAWAEHHBIX TIO0
IIPOU3BO/ICTB. BBEIOOpKaM OJIMHAKOBOT'O
obBema. IIpoBepka
OTHOPOJTHOCTH  HECKOJBKUX
JUCIIEpCU, HAWAEHHBIX MO
BEIOOpKAM Pa3ITUIHOTO
o0bema.
1.3 PanroBas xoppemsuusl.
Hcnonb3oBaHue
ko3 duimenrta
KOHKOpAAIHH TUTS
00paboTKH IKCIEPTHBIX
OIIEHOK IPH PAHXUPOBAHHH.
2.  Perpeccuonnsrii | 2.1 OcHOBHEBIE BUABI | DK3aMeHau
aHaMM3 W METONbI | MAaTEMATHUYECKUX MOJENeH, | oHHBIM
TUTAHUPOBAHUS MIpUMEHSIEMbIS IPH | Guer
JKCIIEpUMEHTa C | CCTIEOBaHUSAX B  JIECHOM
EIBI0 MTPOMBIIIIIEHHOCTH.
MaTeMaTU4eCKOro 2.2 O6mue cBenenus. Meron

OMHUCAaHHUSI OOBEKTOB.

JIMXOTOMMHU. Meron

59




Merossi 30J0TOr0  cedeHus. Meros
3KCHCpHMeHTaJ'H:HOI>i IMOKOOPAWMHATHOI'O IOKUCKA.
OIITUMU3AIIHH. 2.3 HpI/IMCHeHI/Ie JJATUHCKUX
Meronbt KBaJpaToB pu
IJIaHUPOBAHUA HUCCIICAOBAaHUAX B
OKCIICPUMEHTOB C | JIECO3aroToOBUTCIBbHOU u
Ka4ueCTBEHHBIMU JiepeBorepepadaThIBAOIICH
(hakTopamu. OTpaciy.
3. Nmvuranmonnoe | 3.1 MeTosl *MUTAIMOHHOTO | DK3aMeEHAaLU
MOZEIUPOBAHUE. MOZEJIUPOBAHUA. OHHBIN
Hccnenoanus Ha | GuureT
UMHUTALIMOHHOU MOJICIIH.
2. JK3aMeHAIHOHHBIE BOMPOCHI
Ne Kommererunn 3K3AMEHAIIMOHHBIE BOMPOCHI Ne n
w/n HAaMeHOBaHUe
Kon Onpenesienune pa3aena
1 2 3 4 5
OIIK-1 | cocoOHOCTH 1. OcHOBHBIC TIOHATHS ¥ 337a4K Hay4YHbIX | 1. OcHoBHBIE
ITOHUMATh nccneaoBaHuid B oTpaciu. Haywynoe | HOHATHSA ¥ 3a1a4u
Hay4HbIE OCHOBBI | TBOPYECTBO, Hay4HO-TeXHuYeckuif | HAyIHBIX
TEXHOJIOTHYECKHMX | IIPOTPECC — OCHOBA Pa3BUTHA 00mecTBa p | MCCICAOBAHIT B
TIPOIIECCOB B | MPOM3BO/ICTRA. OTpac.
IlepBuunas
obnactu 2. TlepBuunasi 00pabOTKa pE3yJIbTAaTOB oBpaboTka
J1eCO3aroTOBUTENb | SKCIIEPUMEHTOB. pE3YIHTATOR
HBIX Y| 3.CratucTideckne OLEHKH pE3yIbTaTOB | IKCIICPHMEHTOB.
nepeBonepepadar HaGTI0NCHu
bIBAIOIIHAX 4. PerpeccHOHHBI aHanmM3 © METOABI | 2. PerpeccuonHblit
TIpOM3BOACTE IUIAaHUPOBAHUS DJKCIIEPUMEHTA C IeJIbI0 | dHAIM3 U METOIBI
MaTEMaTHIECKOTO OTIMCAHMS OOBEKTOB. TTaHNPOBAHM
1. 5. AXTHBHBIE u naccuBHbIE, | ONCHCPHMCHTA €
0olHOGAKTOpPHbIE U  MHOTO(aKTOpHbBIE HEIBIO
MaAaTEMaTHYCCKOI' O
JKCIIEPUMEHTHI. OcHoBHbIE 3afaud || o
IUTAHUPOBAHUS SKCIIEPUMEHTA. 06beKToB. MeTob!
6. OcHOBHBIC BHIBI MATEeMATHYECKUX | ykcriepUMEHTATBHO
Moenei, MIpUMEHSIEMbIE IPH | if  ONTHMH3AIMH.
UCCJIEIOBAHUSIX B JIECHOU | Mertosl
MPOMBIIIICHHOCTH. MeTO] HauMEHBIINX | IIAHUPOBAHUS
KBAaJIpaToB i1 MOJENEed C  OJHOM | IKCIICPUMEHTOB €
HepeMeHHOﬁ. Ka4eCTBCHHBIMHA
(dakTopamu.
7. Mertoner pMHUTalMoHHoro | 3. MMurtannonHoe
MOJICIUPOBAHUS. Hccnenosanus Ha | MOICITIHPOBAHUC.
UMUTAIIUOHHOM MOJETH.
I1K-2 CIOCOOHOCTh 1. Pacuer noBepuTenbHOTO MHTEpBaa s | 1. OcHoBHbIe
HCIOJIb30BaTh MaTeMaTH4YeCKOTro OXXUJaHug. | HIOHATHA W 3al1aqu
[MaKEThI Onpenenenne  HeoOXomumoro oObema | HAYHHBIX
) TPHUKITATHBIX BBIOOPKH. HCCICNOBAHMHY B
' porpaMm Asist 2 OrtOpacbiBaHue TpyOBIX HW3MEpPEHUH. gglﬁ?ﬁaﬂ
pacueTa [IpoBepka OJTHOPOJAHOCTH JIBYX 06§a6OTKa
TEXHOJIOTHYECKUX | TUCTIEPCHI. HpOBepKEl OZHOPOJIHOCTH | pesyryraton
napaMeTpoB HECKOJIbKUX JIUCIIePCH, HANJIEHHBIX IO
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MIPOLIECCOB U BBEIOOpKaM OJIMHAKOBOTO o0beMa. | SKCIIEPHUMEHTOB.
000pyIOBaHUSI. [IpoBepka OTHOPOAHOCTH HECKOJIBKUX
JMCIepCUl, HalJEeHHBIX IO BBIOOPKAM
pa3IUYHOTO 0OBEMA.
3. IIpoBepka OTHOPOTHOCTH CpPETHUX.
IIpoBepka HOPMAaJIbHOCTH
pacnpeneseHus. Koadduument
KOPPEJISLIH.
4. Mero HaMMEHBIIUX KBaApaToB Ui | 2. PerpeccroHHBbIH
MHOTO(aKTOPHBIX SKCIICPUMEHTOB. | aHallu3 H  MCTOJBI
Cratuctudeckuii  aHanu3  ypaBHeHwus | [V1AHHPOBAHMA
perCCCI/II/I. OKCIICPUMCHTA C
5. Metonanl AKCIEPUMEHTAIBHO N TETTBI0
MaTEMAaTU4YCCKOI' O
OTNITUMU3AIIHH. OTIHCANIS
[InanupoBanue OHODAKTOPHBIX | (oo oo MeTob!
JKCIIEPUMEHTOB npu TIOUCKE | skcrepHMEHTATBHO
ONTHMAJbHBIX ycIoBUi. OOImIKE CBEACHUS | ii  onTuMHU3AIMH.
Mertonasl
IJIAHUPOBAHUS
OKCIICPUMEHTOB C
Ka4y€CTBECHHbBIMHU
¢dakTopamu.
6.MeTo 16l UMUTAIIHOHHOTO 3. HMwuranmoHHOE
MoaenupoBanus. MccienoBanus Ha MOZACIMPOBAaHHUC.
HUMHUTAIIMOHHON MOJIENH.
1. Ilpumenenue Tadbmui conpspkerHoctn | L. OcHoBHbIE
JUIA OLICHKH B3aMMOCBSI3U IIPU3HAKOB. HOHATHA U 3aJa4u
Panrosast koppensiusi. HayqHBIX
2.  MHcmomw3oBanme  kod(duimenra | MCCICAOBAHIIT B
KOHKOPJIAITuu TUTST 00paboTku oTpacu.
ITepBuunas
CIOCOBHOCTD OKCIEPTHBIX OLEHOK NP PAHKUPOBAHHA | (oo e
BBIOMPATH U pe3yibTaToB
IIPUMEHATH OKCIICPUMEHTOB.
cootBercTBytomme | 3 Meron juxoromuu. Meron 3onororo | 2. Perpeccronmsrii
METO/IbI CECUYCHUA. Meton MOKOOpPAWHATHOIO | aHAIN3 W MCTOJbI
MOJIEJMPOBAHHS MOMCKA. MeTtoapl MJIaHUPOBaHMs | [IAHUPOBAHHA
MEXAHHUECKHX U | OKCIIEPUMEHTOB ~ C  KaueCTBEHHbIMM | OKCHCPUMCHTA €
I1K-12 ¢buzuko- hakropamu. LD
o - | MaTEeMaTHYCCKOI O
XUMHUYECKHUX 4.  OngHO(aKTOpPHBIA  AUCIIEPCHOHHBIN R
IPOLIECCOB ananmus. Ilpumenenne nBYX(PAKTOPHOIO | oo o o MeToms!
Jjjeco3aroToBuTeilb JAUCIICPCHOHHOTO aHaJin3a IIpu SKCIIEPUMEHTAIIBHO
HBIX U UCCIIE0BAaHMSX B JIECO3aTOTOBUTENIBHON U | §f  omTuMusaiumi.
nepeBornepepabar | AEPEBONEPEPAOATHIBAIOIIEN OTPACIIH, Meromst
BIBAOIIINX 5. IlpumeHeHue NaTUHCKUX KBAJAPATOB | IIAHMPOBAHUS
IIPOU3BO/ICTB. pu HCCIIETOBAHUAX B | OKCIICDUMCHTOB €
J1€C03arOTOBUTEIBHON y | Ka9CCTBCHHBIMU
(dakTopamu.

nepeBoriepepadbaThIBaIOIIEH OTPaCIy.

6. Metoasl HUMUTALIMOHHOT'O
MOJCIINPOBAHUS. HccnenoBanus Ha
HMUTAIIMOHHON MOJEIIH.

3. HmuranuonHOE
MOJICTTMPOBAHUE.
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3 Omnucanume mokasaresei u KpUTEPUEB OLICHUBaAHUSA KOMIIeTeHI Uil

ITokazarTenu Onenka Kpurepun
3HaTh OO0yyaromuiics JEMOHCTPUPYET
(OI1K-1): ry0OKoe ¥ MPOYHOE  YCBOGHHUE
-METOJIbI TOJyYCHHS Ma- OT.IMHHO OpOTPpaMMHOTO MaTepuana. YeTko
TEMaTHYECKHX MOJIeIen IIOCJIEA0BATENbHO U3J1araeT MaTepHall
TCXHOJOrH4CCKHX  ITPO- OO6yyaromuiics JEMOHCTPUPYET
LIECCOB; Xopoino TBepIOE 3HAHME MaTepuana. V3maraer
“MaTEMaTHICCKHE MCETO- Marepuai rpaMOTHO U IO CYIIECTBY.
el U nporpammel OBM =
JU151 pellIeHUs MOJCIICH. OOyuaromuiicsi IeMOHCTPUPYET 3HAHUS
(1IK-2) YAOBJIETBOPHUTEIbLHO TOJIBKO OCHOBHOro Marepuana. Ilpu
CMETOJb TOYHeHHs Ma- U3JI0KEHUM ~ MaTepuaia  JIOIyCKaeT
TEMaTU4EeCKHM  MOJENEH HeTOqHOCTH;
TEXHOJIOTUYECKAX  TIPO- Obyuarouyics ACMOHCTPHpPYCT
1[eCCOB: OTCYTCTBHE  3HAaHUS  3HAYUTEIBHOMU

-MaTEeMaTUYECKUe METO-
bl U mporpamMmsl DOBM
JUISL PEIIEHUS MOJIETICH.
(I1K-12)

-OCHOBHBIC TIOHSTUS U
METOJIbI MaTeMaTHYeCKO-
ro aHayim3a

Ymerb

(OI1K-1):

-ICMOJb30BaTh MaTeMa-

TUYECKUE METOJMbI B TEX-
HUYECKUX MPUIIOKEHUSX;
-CaMOCTOSITeIbHO  (op-
MyJIUpOBaTh 3ajadyy Ha-
YYHOTO  HCCIIEJJOBaHMUS,
HaMETHUTh IYTH €e pelie-
HUS, OPraHU30BaTh IPO-
BeJICHIE HAY4YHBIX HCCIIe-
JOBaHM, JejaTh BbIBO-
6l ¥ 00001IEHMS.

(TIK-2)
-UCMOJb30BaTh MaTeMa-

TUYECKUE METOJbI B TEX-
HUYECKUX MPUIIOKEHUSX;
-CaMOCTOSITeNNbHO  (op-
MyJIUpOBaTh 3aJadyy Ha-
YYHOTO  HCCIIEJOBaHUSA,
HaMETUTh MYTH €€ pelie-
HUS, OpPraHU30BaTh MpO-
BEJICHUE HAyYHBIX HCCIIe-
JOBAaHUM, JieJaTh BBIBO-
II6I U 0000IIEHNS.

Hey/10BJIETBOPHUTEIHHO

YacTH MporpaMMHoOro marepuana. [lpu
U3JIO)KEHWU  MaTepuana  JOIycKaer
CYIIIECTBEHHBIC OIITUOKH.
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(IIK-12)

- HCIOJB30BaTh MaTcMa-
THYCCKUE METONBI B TEX-
HUYECKUX TIPHIIOKCHUSX;
Biaagern

(OI1K-1):
-MaTEeMaTUYEeCKUMU Me-
TOJAaMU  TUIAHHUPOBAHUS
AKCIIEPUMEHTA IS TIOJTy-
YEeHUS MaTeMaTHYECKUX
MOJICIICHI OIMCAHMS TEX-
HOJIOTHYECKUX  TIpoliec-
COB;

-METOJaMH CTaTHCTHYEC-
Kol 00paboOTKH pe3yiib-
TaTOB DJKCIEPUMEHTa U
MMPOBEPKH aJCKBAaTHOCTH
MaTeMaTH4YeCKOl Moje-
JIH.

(TTIK-2)
-MaTEeMaTUYECKUMU  Me-
TOJAaMU  TUTAHHPOBAHUS
AKCIIEPUMEHTA IS TIOJTy-
YEeHUS MaTeMaTHYECKHX
MOJICJIEHl OIMCAHMS TEX-
HOJIOTHYECKUX  TIpOIIec-
COB;

METOJaMH CTaTHUCTHYEC-
KO 00paboOTKH pe3ysb-
TaTOB DJKCIEpPHUMEHTa U
MPOBEPKH aJICKBATHOCTHU
MaTeMaTH4YeCKOu MoJe-
JIH.

(IIK-12)
-CaMOCTOSITeIbHO  (op-
MYJIMPOBaTh 3agavy Ha-
YYHOTO  HCCJICIOBAHUS,
HaMETHUTh IYTH €€ pelie-
HHSA

-OpraHu30BaTh IIPOBEJIC-
HHE Hay4YHBIX UCCICAOBA-
HMH, HOelaTh BBIBOABI U
00001eHN
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4, MeToauueckue MaTepualibl, onmpeaecjadrmmue npouecaiypbl O€eHUBAHUA 3HaHHﬁ,
yMeHI/Iﬁ, HABbIKOB H OIIBITA J€ATCJIBbHOCTHA

HucuunnmHa «MeToasl M CpeACTBA HAyYHBIX  HCCICIOBAaHWI»  HANpaBJIEHA HA
npuoOpereHue y OOydaromMXCsl TEOPETUYECKUX 3HAHMA B OOJIACTH MaTeMaTHYECKOW MOJIEINH,
MOJEIMPOBAHUN U ONTHUMM3ALMM B JIECHOM IPOMBIIIIEHHOCTH U OXBAaTHIBAET KPYr BOIPOCOB,
OTHOCSIIIIMXCSL K Hay4HO-UCCIIEJOBATENbCKON MPOU3BOJICTBEHHO-TEXHOJOTUUYECKON AEATEIbHOCTU
OakaraBpa.

N3yuenne qucuuminHel «MeTOIbl U CpEeCTBA HAYUHBIX UCCIIEI0OBAaHUI» NIPEAyCMaTPUBAET:

— JIeKUUH,

— TMPAKTUYECKUE 3aAHITHS;

— nabopaTtopHbIe pabOTHI;

— DK3aMeH.

C unenplo ompeneneHuss YpOBHS OBJIAJEHUS KOMIIETEHUUSIMH, 3aKpEIJICHHBIMU 3a
JUCUMIUIMHOM, B 3a/JlaHHbIE MpernojaBaTelieM CpPOKHM MPOBOAUTCS TEKYIIMM KOHTPOJIb 3HAHUU,
YMEHHM M HaBBIKOB KaXIOro OOydaroulerocs, arrecraius MO0 UTOraM OCBOEHHUS JUCHMILIMHBL
Texkymuii KOHTPOJIb MPOBOAUTCA HAa ayIUTOPHBIX 3aHATHUSX C LENbIO OINpENEIeHHs] KauecTBa
YCBOEHMSI MaTepHaja 1o OKOHYaHUM U3YyYEHUsl OYepeTHON yuyeOHON TeMbl B cleayroumx popmax:
MMCBbMEHHBIN OMPOC, TECTUPOBAaHUE. ATTECTAIMs 10 UTOraM OCBOEHMSI TUCIUIUINHBI.

JlJis KOHTPOJISL YCBOEHUS JaHHOW AMCLUMILIMHBI YY€OHBIM IJIAHOM MPEIYCMOTPEH 3K3aMeH
(cempmoii cemectp). Ha sk3amene oOydaromuMcs OArOTaBIMBACTCA OTBET HA 3 BOMPOCA, CIHCOK
KOTOPBIX IpUBEJIeH B MpuiioxkeHuu 1 tabn.2. Ha moarotoBky Kk OTBETY CTyJAEHTaM BBIJENAETCS OT
30 o 40 munyt. Ha Bce BONpoChl CTYJIEHT TOTOBUT NMCbMEHHBIN KOHCIIEKTUBHBIN OTBET, KOTOPBIN
3aTeM JOKJIaJbIBAeT MPernoJaBaTelto.

B mnpouecce mnpoBeneHns NpPaKTUYECKUX 3aHATHM MPOUCXOIUT 3AKPEIUICHHE 3HAHWM,
(dbopMHpOBaHNE YMEHUI U HABBIKOB Pean3alliyl MPeACTaBICHUS O MOAECTUPOBAaHUE U ONTUMHU3AIUU
MIPOIIECCOB B IEPEBOOOPAOOTKH.

CamocTosATeTbHYI0 paboTy HEOOXOAWMO HAYMHATH C TPOPAOOTKH TEOPETHYECKOTO
Marepuaia o npouIeHHON TEME.

PabGota ¢ nuTeparypoil SBISETCS BaXXHEHIIUM 3JIEMEHTOM B TOJYYCHHH 3HAHUW TI0
mucuumuze. [Ipexae Bcero, HEOOX0AUMO BOCHOIB30BATHCS CIIMCKOM PEKOMEHIyeMOH Mo JaHHOU
JUCUUILIMHE JUTEPaTypou. JlONOJIHUTENbHBIE CBEIECHUS MO M3y4aeMbIM TEMaM MOXHO HAalTH B
nepuoinueckoit neuatu u Mutepuere.
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Ipuaoxenue 2

AHHOTAIMS
paﬁoqeifl nmporpaMmmbl TUCHHUIIIMHBI
MeTOI[LI U CpeACTBA HAYYHBIX I/ICCJ'IQJIOBaHI/Iﬁ

1. eapb u 3a1a494 M CHUNINHBI

]_IGJ'II)IO H3y‘IeHI/I$[ JOUCHUIIIIMHBI ABJIACTCA: ITIOAIOTOBKA 06yqa}01111/1xcs1 K CaMOCTOﬂTeHBHOMy
PCIICHUIO HAay4HO-HCCIICAOBATEILCKUX 3a7ad JIECO3arOTOBUTEIILHBIX U JIepeBorepepadaThiBa-
IOIMX TPOM3BOJCTE C HCIOJH30BAHHMEM COBPEMEHHOTO KOMIIBIOTEPHOTO M IPOTPAMMHOTO
oOecrieyeHusl.

3a)1aqel71 JOUCIIUIIJIINHBI SIBJISICTCA Hay‘-II/ITI) O6yanOHIHXC$I HCIIOJIB30BATh MAaTEMATHUUYCCKHNEC METO bl
B TCXHHYCCKHUX HpI/IJ'IO}KeHI/ISIX; HNCITIOJB30BATh BO3MOKXHOCTH BBI‘IHCHHTGHBHOﬁ TCXHUKU U
MIPOrPAMMHOTO 00ECIIEUCHHUS; CAMOCTOSTEIHLHO (OPMYITHPOBATH 3a/1a4y HAyYHOTO UCCIICIOBAHMSI,
HaAMCTUTH nyTH cc peIHCHI/IH, OpFaHI/I3OBaTL HpOBCZ[GHI/IC Hay‘-IHI)IX HCCHGI{OB&HHﬁ, JcJIaTh BBIBOAbI
1 00001IEHNS.

2.  CTpykTypa AMCHUTLINHBI

2.1 PacmpeneneHue TpPYAOEMKOCTH IO OTACIBHBIM BHIaM y4eOHOW paboOThI, BKIOYAs
CaMOCTOSITENIbHYIO paboTy: Jieknuu (6 9acoB), JadboparopHbie paboThl (8 4acoB), MPaKTUIECCKHE
3aHsaTHsA (4 yaca), camocrosiTeabHas padora (153 gaca).

OO6mast TpyI0€MKOCTh JUCIHUIUIMHBI cocTaBisieT 180 yacoB, 5 3a4eTHBIX €AMHMUIIL.

2.2 OCHOBHBbIE pa3aeiibl JUCUUILIUHBI:

1.0OcHOBHBIE TOHATHS U 33]]a91 HAYYHBIX UCCIIEAOBaHUH B oTpaciu. [lepeuuHas o6paboTka pe3yapTaToB
JKCIIEPUMEHTOB.

2.PerpeccuoHHBIN aHAIN3 U METOBI TUTAHUPOBAHUS SKCIIEPUMEHTA C [IEThI0 MATEMATHIECKOTO OITMCAHUS
00BeKTOB. MeTo/Ibl 9KCTIEpIMEHTATIBHON ONTUMU3AINHA. METOIBI IIIaHUPOBAHHS SKCIIEPUMEHTOB C
KaueCTBEHHBIMH (PaKTOPaAMH.

3.ImutanuoHHOE MOJICTUPOBAHHE.

3. IlimanupyemMble pe3yJbTaThl 00yUeHusl (MepedyeHb KOMIeTeHIHI)

[Ipouecc nzyueHus: AMCUUILIUHBI HAIIPaBJieH Ha POPMHUPOBAHUE CIEAYIOIINX KOMIIETECHIIHI:
OIIK-1 - cnocoOHOCTh MOHMMATh HAay4HbIE OCHOBBI TEXHOJOIMUECKHX IPOIIECCOB B o01acTu
JI€CO3arOTOBUTENBHBIX MPOU3BOJICTB.

[IK-2-ciocoOHOCTh ~ WCIOJIB30BaTh ~ MAKeThl  NPUKIATHBIX  [pOrpaMM  JUid  pacueTa
TEXHOJIOTHYECKHX MTapaMeTPOB MPOLIECCOB U 000PYAOBAHHUS.

[1K-12-ciocoGHOCTh BBIOMpaTh U MPUMEHSTh COOTBETCTBYIOIIME METOJABI MOJCIUPOBAHUS
MEXaHUYECKUX U (PU3HKO-XUMUYECKUX MPOIIECCOB JIECO3arOTOBUTENBHBIX U JiepeBoIepepadarhl-
BAIOIIUX MMPOU3BOJICTB.

4. Bu npoMesKyTOYHOI aTTeCTAIIMH: DK3aMeH
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Ipuaoxenue 3

IIpomoxkon 0 0ononHeHUAX U U3MEHEHUAX 6 paboyell nPozpamme
na 20__ -20 YueoHwlit 200

1. B paGouyro mporpamMMmy 1o JUCHUIUTMHE BHOCSATCS CIIEIYIOUINE JOTIOJTHEHUS:

2. B pabouyto mporpamMMy Mo JTUCIHIUTHHE BHOCATCS CIETYIOUINE U3MEHEHHS:

[Iporokon 3acenanust kapenpsl Ne OT« __ » 20 T.,

(paspabomuux)

3aBenyromnuit kadenpoit

(noonucw) (®.1.0.)
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IIpuiaoxenne 4

®OHJA OHEHOYHBIX CPEACTB AJIdd TEKYIIEI'O
KOHTPOJIA YCIIEBAEMOCTH 11O JIUCHUITJIMHE

1. Onucanue ¢GoHaa OLIEHOYHBIX CPEACTB (ACHOPT)

Ne 3
KoMIleTe JICMEHT Pazgen Tema ®OC
KOMIIETEHLIMH
HI{UU
OIIK-1 CIOCOOHOCTh 1. OcHoBHBIE 1.1 OcHoBHble mnoHATHSA U | OTYETHI IO
IIOHUMATh HaquI)Ie IIOHATHA U 3aJa4U 3aJadyu Hay4YHBIX HP u H3
OCHOBBI HayYHBIX UCCTIIOBAHUH B OTPACIIH.
TexHOIornueckux | HCCICA0BaHMIT B 1.2 TlepBuunas oOpaboTka
MPOIECCOB B orpacnu. [lepBuuHasi | pe3ynbTaToB
o0paboTka 3KCIIEPUMEHTOB.
obnactu
PE3YyIBTAaTOB CraTtucrrueckue OLICHKH
JICCOSATOTOBUTEILH | o repumenToB. PE3yNBTATOB HAOIOICHUH.
bIX 1 1.3 TIpoBepka OJHOPOIHOCTH
fiepeBonepepadarsl CPEHUX. ITpoBepka
BAIOIIUX HOPMaJIbHOCTH
TPOU3BOJICTB pacripejieneHusl.
2. Perpeccuonnbiii 2.1 Perpeccuonnsnii anamms | OT4YeThl IO
aHaJU3 ¥ METOJIBI U MeroApl rnaHupoBaHus | JIP yu [13
TUTAHUPOBAHUS JKCHEPUMEHTa C  IIENbBIO
JKCIEPUMEHTA C MaTEMaTHYECKOTO OITHCAHHUS
ENBI0 00BEKTOB.
MaTEMaTHYECKOTO 2.2 Meron HaWMMEHBIINX
OIMHCaHUS OOBEKTOB. | KBAJpPaTOB TUTST
Mertoapt MHOTO(aKTOPHBIX
9KCIIEPUMEHTAIBHON | SKCIIEPHMEHTOB.
ONTUMU3AIINH. Cratucruyeckuii aHam3
Merogsl YpaBHEHUS PErPECCUU.
TIJIAaHUPOBAHUS 2.3 Meroasl TIaHUPOBAHMS
9KCIIEPUMEHTOB C 9KCIIEPUMEHTOB c
Ka4eCTBEHHBIMHU KauyeCTBEHHBIMH (DaKTOpaMu.
(hakTopammu. OmHodakTopHBII
JIMCTIEPCHOHHBIN aHAJIN3.
3.UmutanuonHoe 3.1 UccnenoBanus Ha | OTYeTsl 110
MOJIEHPOBaHHUE. WMUTAIIMOHHON MOJIEITH. JIP u 113
[1K-2 CIIOCOOHOCTH 1. OcHOBHEIE 1.1. Hayunoe TtBOpuecTBO, | OTUYETHI O
HUCIIOJIL30BaTh TIOHATHA U 3a1a4n HaquO'TCXHOJ'IOFI/ILIGCKI/Iﬁ JIP u I13
HAKETEI HayJHBIX MPOIIECC-OCHOBA  Pa3BHTHUS
TPUKIA/THBIX WCCIIeJIOBaHUN B 00IIIecTBa U MPOU3BO/ICTBA.
HPOrPaMM 11115t otrpaciu. Ileppuunas | 1.2 Pacuer noBepUTENBHOIO
00paboTka WHTEpBaja TUTST
pacuera
pe3yIBTATOB MaTeMaTHYECKOTO
TEXHOJIOTHUCCKUX | 5k crepuMeHTOB. OXKUIAHHS. Omnpenenenne
apaMeTpoB HEO00XOIUMOro o0peMa
HponeccoB U BBIOOPKH. Or6pacbiBaHue
00opynoBaHUsI. rpyObIX U3MEPEHUIA.
1.3 Koaddumnuent
koppensiuu.  [Ipumenenue
Ta0JIUIl COMPSHKEHHOCTH IS
OILICHKH B3aUMOCBSI3H
IPU3HAKOB.

67




2. Perpeccuonnbrii 2.1 AxTuBHBIEC U naccuBHBIE, | OTYETHI IO
aHAJIU3 U METO/IBI 0THO(aKTOPHBIE u | JIP ull3
TUTAHUPOBAHUS MHOr0()aKTOpHBIE
SKCIIEPUMEHTA C skcnepuMeHThl.  OCHOBHBIE
LENbIO 3a7a4u MIJIAaHUPOBAHUS
MaTeMaTUYECKOr 0 JKCIIEPUMEHTA.
onucaHus 0O0ObEKTOB. | 2.2 Meronasl
Meronan: 3KCIIEPUMEHTAIBHOU
SKCIIEPUMEHTATBFHON | ONTUMM3AIUH.
ONITHMH3AIIUH. [TnanupoBanue
Mertoapt OJHO(paKTOPHBIX
TJIAaHUPOBAHUS SKCIIEPUMEHTOB TPU ITOUCKE
SKCIIEPUMEHTOB C ONTHMAJIHHBIX YCIOBUM.
Ka4ueCTBEHHBIMU 2.3 [Ipumenenue
(dakropamu. JIBYX(aKTOpHOTO
JMUCIIEPCUOHHOTO  aHaIM3a
npu UCCICIOBAHUAX B
J1€C03arOTOBUTEIBLHOMN u
JiepeBorepepadaThIBaOIICH
OTpaciu.
3. Umurammonnoe 3.1 Meroasl uMuTaioHHOro | OT4eTsl O
MOJIETTUPOBAHUE. MOJICTTUPOBAHUSL. JIP u I13
T1IK-12 CITOCOOHOCTH 1. OcHOBHBIE 1.1. Haywynoe TBOp4ecTBO, | OTYETHI 1O
BBIOUpATh U TIOHATHS U 3a]a91 Hay9IHO-TEXHOJOTHIeCKUH JIP u 113
IPHMEHSITH HaydHbIX MPOIIECC-OCHOBA  Pa3BUTHS
COOTBETCTBYloIe | MCCTIEN0BAMMI B o011ecTBa U MPOU3BOJICTRA.
METOEL orpacnu. Ilepuunas | 1.2 Pacuer moBepurenbHOro
obpaboTka WHTEpBaja JUTS
MOJIEJIUPOBAHUS
pe3yIBTaTOB MaTEeMaTHYECKOTO
MCXaHHICCKHX 1 9KCIIEPUMEHTOB. OXKUIAHWSL. Onpenenenne
usmko- HEOOXOUMOTO o06bema
XUMUYECKNX BBIOOPKH. OtbpacsiBaHue
IpoLEeCCOB TpyOBIX HU3MEpEHUH.
JIECO3aroTOBUTEIILH IIpoBepka OIHOPOAHOCTHU
BIX U IByx aucnepcuil. IIpoepka
ﬂepeBonepepa6aTBI OJHOPOAHOCTH HECKOJIBKHX
BaOIINX UCTIEPCHIA, HAWAEHHBIX TIO
TIPOU3BO/ICTB. BBEIOOpKaM OJIMHAKOBOT'O
obBema. IIpoBepka
OTHOPOJTHOCTH  HECKOJBKUX
JIMCTIEpCUA, HaWJEHHBIX IO
BEIOOpKAM Pa3ITUIHOTO
o0bema.
1.3 PanroBas xoppemsuusl.
Hcnonb3oBaHue
ko3 dumenta
KOHKOpAAIHH TUTS
00paboTKH 9KCIIEPTHBIX
OIIEHOK ITPU PAHXUPOBAHHH.
2.  Perpeccuonnsiii | 2.1 OcHoBHBIE BUIBI | OTYETHI 10
aHaMM3 W METONBI | MaTeMaTHUecKux Momene, | JIP u [13
TUTAHUPOBAHUS MIpUMEHSIEMbIC pu
JKCIIEpUMEHTa C | UCCTeOBaHUSIX B JIECHOU
(1) MTPOMBIIIIIEHHOCTH.
MaTEMaTHYECKOI'0 2.2 O6mwme cenenus. Merox
OIMUCaHUsI OOBEKTOB. | TUXOTOMUHU. Meron

Meronpl

30JI0TOr0 ceueHus. Meron
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9KCIIEPUMEHTAIBHOU

IMOKOOPAWMHATHOI'O IOKUCKA.

OITHMH3AIIHH. 2.3 IlpumeHeHre JATHHCKUX

Meronpl KBaJpaToB npu

MJIAaHUPOBAHUS HCCIEIOBAHUIX B

SKCIIEPUMEHTOB C | JIeCO3aroTOBUTEIBHOM Hu

KauyeCTBEHHBIMH JiepeBorepepadaThIBAOIICH

(hakTopamu. OTpaciu.

3. Wmutamuonnoe | 3.1 Meroasl uMutatioHHoro | OTueTsl o

MOJIEITUPOBAHUE. MOJICTTUPOBAHHUSL. JIP u 113
HccnenoBanus Ha

HUMUTAIMOHHON MOJEIIN.

2. Onucanue nmokasaresei u KPpUTEPUEB OLICHUBAHUSA KOMIIeTeHI Ml

IToka3zaTenau

Onenka

Kpurtepun

3HaTh

(OI1K-1):

-METO/IbI TIOJIYYCHHS Ma-
TEMAaTHYCCKUX MOJIeNeH
TEXHOJIOTHYECKUX  TIPO-
IIECCOB;
-MaTeMaTU4YeCKUe METO-
bl U mporpamMmsl DOBM
JUISL PEIIEHUS MOJIETICH.
(TIK-2)

-METOJIbI TIOJIYYCHHS Ma-
TEMATUUECKUX MOJEIIeNn
TEXHOJOTMYECKUX  TPO-
IIECCOB;
-MaTeMaTHYEeCKHUE METO-
bl U mporpammbel DOBM
JUISL PEIIEHUS MOJIETICH.
(TIK-12)

-OCHOBHEIC IIOHSATHS U
METOAbl  MaTeMaTHdec-
KOI'o aHajin3a

Ymern

(OIIK-1):

-HACIIOJIF30BaTh MaTeMa-
THYECKHE METOJBI B TEX-
HUYECKUX MPUIIOKEHUSIX;
-CaMOCTOSITeIbHO  (op-
MYJIHpPOBaTh 3aJady Ha-
YYHOIO  MCCIIEIOBAHUS,
HaMETUTh IYTH €€ pelie-
HUs, OPraHu30BaTh IPO-
BEJICHUE HAyYHBIX HCCIIe-
JOBaHHM, JelIaTh BBIBO-
II6I U 0000IIEHNS.

(TIK-2)

-HCHOJIb30BaTh MaTeMa-
THYECKUE METOABI B TEX-
HUYECKHUX TMPUIIOKEHUSX;

3a4YTECHO

OObyyaromuiics JEMOHCTPHUPYET
rIyooKoe W MPOYHOE

YCBOEHHE

IIPOrpaMMHOTO Marepuana. Yerko
HOCIIEI0BATENBHO M3JIaraeT MaTepual.

u

HE 3a4YTCHO

OTCYTCTBHE  3HAHMS

CYIIIECTBEHHBIEC OITHOKH.

OO6yyaromuiicst JEMOHCTPUPYET
3HAYNUTEIILHON
94acTH MPOTPaMMHOTO Marepuaina. llpu
U3JI0KEHUHM  MaTrepuania

JOTTyCKaeT
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-CaMOCTOSITENILHO  (hop-
MyJIMpOBaTh 3ajady Ha-
YYHOTO  WCCIIEJOBAHUSA,
HAaMETHUTh IyTH €€ pelle-
HUS, OPraHW30BaTh IPO-
BEJICHUE HAYYHBIX HCCIIE-
JIOBaHWH, 1elIaTh BBIBO-
II6I U 0000IIEHNS.
(T1K-12)

- HCIOJIB30BaTh MaTeMa-
THYECKHUE METOJbI B TEX-
HUYCCKUX TIPHIIOKCHUSX;
Baagern

(OI1K-1):
-MaTeMaTUYECKUMU Me-
TOAAMH  TUIAHUPOBAHUS
AKCIIEPUMEHTA JIJIS TTOJTy-
YEHUSI MaTEeMaTHYECKHX
MOJICJICHl OIMCAHMS TeX-
HOJIOTHYECKUX  IPOIIeC-
COB;

-METOJJaMH CTaTUCTHYEC-
KOl 00paboOTKH pe3yiib-
TaTOB DKCIEPUMEHTa U
MPOBEPKU  aJIeKBATHOCTHU
MaTeMaTH4YeCKOU Moje-
JIH.

(TIK-2)
-MaTEeMaTUYEeCKUMU Me-
TOJAaMU  TUTAHHPOBAHUS
AKCIIEPUMEHTA IS TIOJTy-
YEeHUS MaTEeMaTHYECKUX
Mojenel ONMCaHUsA TeX-
HOJIOTHYECKUX  TIpOIIec-
COB;

METOJAaMH CTaTHUCTHYEC-
KO 00paboTKH pe3ysb-
TaTOB DJKCIEPHUMEHTa U
MMPOBEPKH aJICKBATHOCTHU
MaTeMaTUYECKOH Moze-
JIN.

(TIK-12)
-CaMOCTOSITeIbHO  (op-
MyIUpOBaTh 3ajJadyy Ha-
YYHOTO  HCCIEJOBaHUSA,
HaMETHUTh MYTH ee pelie-
HHSA

-OpraHu30BaTh IPOBEJIC-
HUE HAyYHBIX HCCIIeI0Ba-
HHH, AeNaTh BBIBOJABI H
00001IeHHS
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[Iporpamma cocTaBieHa B  COOTBETCTBUM ¢  (pefepalibHBIM — TOCYIAapCTBEHHBIM
00pa30BaTeIbHBIM CTAaHIAPTOM BBICIIETO OOpa30OBaHMS IO HAIpPaBJICHHUIO MOAroToBKU 35.03.02
TexHOOTHs JIeCO3arOTOBUTENBHBIX U JepeBonepepadaThIBAIONINX TPOU3BOACTB OT «20» OKTIOps
2015 1. Ne 1164
s Haoopa 2014 roaa: u yuebusim mwanoMm GI'BOY BO «bpl'Y» ans 3a0unoit popmbl 00ydeHus
oT «03» urons 2018 r. Ne 413

s Hadopa 2015 roaa: u yue6usiM ianom ®I'BOY BO «bpl'Y» mist 3a0unoi hopmbl 00ydeHUs
ot «04» nexabps 2015r. Ne 770

s Hadopa 2016 roaa: u yue6usim ianom GI'BOY BO «bpl'Y» st 3a04HO# GopMbI 00ydeHus
oT « 06» utons 2016 1. Ne 429 ¢ uzmenenusimu ot 06.03.2017 r.Ne 126

s Hatopa 2017 roaa: u yuednsm wianoM @I'BOY BO «bpl'V» nnis 3a0uHOM Gopmbl 00yueHus
oT «06» mapta 2017 r. Ne 125

s Hatopa 2018 roaa: u yue6HsiM mmaHom ®I'BOY BO «bpl'Y» mniga 3a04Hoi popmbl 0OyueHus
oT «12» mapta 2018 1. Ne 130

IIporpammy cocraBuI:
IInotankoB Hukomaii [laBnoBud, JOLEHT, K.T.H.

Pabouyas mporpamma paccMoTpeHa U yTBepkAeHa Ha 3aceqannu kadenpsr BullJIP
oT « 25 » nexabps 2018 r., mporokoxn Ne 8.

3aenyromuit kadenpoit BullJIP NBanos B.A.
COI''TACOBAHO:

3aBeayromnuil BeIMycKaromiel kadeapoi NBanoB B.A.
JlupexTop OMOIMOTEKH Cotnuk T.D.

PaGoyas mporpamma o0100peHa METOINIECKONH KOMUCCHEH JIECOTIPOMBIIIIICHHOTO (haKyIbTeTa
oT « 27 » nmekabps 2018 r., mpoTokos Ne 4.

[Ipencenarens MeToIMYECKOW KOMUCCUU (aKyIbTETa Coipomaxa C.M.
Hauvanbeauk
y4eOHO-METOAUYECKOTO YIPaBICHUS Hexesen I'.I1.

Peructpanmonnsiit Ne

(memooduueckuil omoen)
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