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1. HEPEYEHDb IINTAHUPYEMBIX PE3YJIBTATOB OBYYEHUA 110 JUCIUIIJIMHE,

COOTHECEHHBIX C

OBPA3OBATEJIbHOM ITPOT' PAMMBI

Buj nesiTeJIbHOCTH BBINMYCKHUKA

JucuuriauHa OXBaThIBa€T KPYr BOIPOCOB, OTHOCSIIUXCA K HAyYHO-UCCIIEI0BATEIbCKOM,
MIPOMU3BOJICTBEHHO-TEXHOJIOTHYECKON BHAaM MPOPECCHOHAIBHOW JCATEIHPHOCTH BBITYCKHUKA B
COOTBETCTBUU C KOMIIETEHIIUSIMH U BHJIAMH JICSITEIbHOCTH, YKa3aHHBIMU B YU€OHOM ILJIaHE.

eab AMCHUIIHHBI

[TonroroBka OO0y4arommMXcs K CaMOCTOSTEIBPHOMY PEHICHUI0 HAYYHO-HCCIEAOBATEIhCKUX
3a/1ay JIECO3aroTOBUTEIBHBIX M JIepeBOINEpPepadaThIBAIOIIUX IPOU3BOJACTB C HCIIOJIH30BAHUEM
COBPEMEHHOTO KOMITBIOTEPHOTO M MPOTPAMMHOT0 00ECTICUCHUSI.

3agaun QM CHMILIMHBI

Hayuuts
IIPWIOKEHUSAX;

o0yJaronuxcs

INIAHUPYEMbIMHM

HCII0Jb30BaTh
HUCIIOJb30BaTh BO3MOKHOCTH BBIUHUCIUTEIBHON TEXHHKU U IIporpaMMHOI'0

PE3YJIbTATAMU OCBOEHUA

MaT€MaTH4ICCKHUEC METOAbBI B TCXHHUYCCKHUX

obecrieueHust; cCaMOCTOATENbHO (HOPMYIUPOBATh 3a/ady HAYYHOTO MCCIIEIOBAHUS, HAMETUThH MyTH
€e pelIeHHs], OpraHN30BaTh MPOBEICHNUE HAYYHBIX HCCIEA0BAaHUH, 1eJaTh BBIBOABI M 0000IICHHUS.

MAKEThI TPUKJIATHBIX
mporpaMMm  JUIsL  pacdera
TEXHOJIOTHUECKUX
napamMeTpoB IpPOIECCOB U
00opymoBaHUsI.

Kona Conepxanue IlepeyeHb MIaHUPYEMBIX Pe3yJIbTATOB
KOMIIETEHIIMH KOMIIeTeHIIN 00y4eHHUs 0 JUCHHUILINHE
1 2 3
OIIK-1 CIIOCOOHOCTD NOHUMATh | 3HATh:
Hay4YHBIC OCHOBBI | - METOJBI TOJYYEHUS MaTeMaTH4YEeCKH MOJENeH
TEXHOIOTHYECKUX TEXHOJIOTHYECKHUX MPOIIECCOB;
mpoueccoB B o0nacTu | - MareMaTH4ecKUe METoAbl U mporpammel OBM
JIECO3arOTOBUTEIbHBIX JUISL pEILICHUS MOJICIICH.
MIPOU3BOICTB yMeThb:
- HCIOJB30BaThb MaTEMaTUYECKHE METONbl B
TEXHUYCCKHUX TPUIIOKEHUSIX;
- caMmocTosTeNnbHO  (opMynHpoBaTh  3agady
HAy4YHOTO WCCJIEAOBAHUS, HAMETUTh IYTH €€
pellleHus, OpraHU30BaTh MPOBEAECHUE HAYYHBIX
HCCIIEIOBaHUM, AeIaTh BEIBOALI 1 0000IIEHUS.
BJIAJIETh:
- MaTeMaTHYeCKMMH METOJIaMH TUIAHUPOBAHHUS
DKCIIEPUMEHTa JUIS TONYYSHHs] MaTeMaTHYeCKUX
MoO/IeJIel ONTMCAHUs TEXHOJIOTUUECKHUX MPOIIECCOB;
- METOAaMH CTaTHCTHUYCCKOM o0paboTku
pe3yIbTaTOB IKCIIEPUMEHTA u MIPOBEPKHU
aJCKBaTHOCTH MaTEMAaTHYECKON MOICIIH.
[1K-2 CITOCOOHOCTE MCHOJIH30BaTh | 3HATH:

- MeTOAbl TMOJIYYCHUS MAaTeMaTHYEeCKH MOJIeNei
TEXHOJIOTUYECKHX TPOIECCOB;

- MaTeMaTHYecKue MeTOJbl W mporpammsl OBM
JUISL pEIEHUS] MOJICIICH.

yMeTb:

- HCIOJIb30BaTh MaTEMAaTHYECKHE
TEXHUYECKHUX MPUIIOKEHUSIX;

- CaMOCTOSTeNIbHO  (OpMyIHpOBaTh  3ajady
HAyYHOTO UCCIICJIOBaHUS, HAMETHTh WyTH €€
peIIeHus, OpraHu30BaTh IMPOBEIACHUE HAYYHBIX
HCCIIENOBAHUMN, NeJIaTh BEIBOALI K 0000IIECHMUS.

METOOBI B




BJIA/I€Th:

- MareMaTU4YeCKUMU METOAaMH IUIAaHUPOBAHMS
DKCIIEPUMEHTa JUIS TOJIYYeHHs] MaTeMaTHYeCKUX
MOJIEJIEN ONMCaHUs TEXHOJOTUYECKUX ITPOLIECCOB;
- MeTOoJIaMHU CTaTHUCTUYECKOM 00paboTKu
pE3yJIbTaTOB JKCIIEPUMEHTA u MIPOBEPKHU
a/ICKBaTHOCTU MaTeMaTUYECKON MOJEIH.

[1K-12 CIIOCOOHOCTh BBIOMPATH U | 3HATh:
MPUMEHSTh -OCHOBHBIC TOHSATHS ¥ METOIbl MaTEeMaTUYEeCKOTO
COOTBETCTBYIOILIIE METOMBI | aHAJIH3a
MOJIETTUPOBAHUS yMeTh:
MEXaHHYECKUX W (HU3MKO- | - HCIOJIB30BAaTh MAaTEMaTHYECKUE METOIbl B

XHUMHUYCCKUX IMPOLECCOB | TEXHUYCCKUX IMPUITOKCHUAX
JIECO3aroTOBUTCIBHBIX n | BJIaJd€Th:

L[epeBonepepaGaTblBanmHX -CaMOCTOATCIIBHO (bOpMy.TII/IpOBaTb 3aavy
IIPOMU3BOJCTB. HAay4YHOro HMCCJICOAOBaHUs, HAMCTUTb IIYyTH €€
PCUICHUA
-OpraHu3oBaThb IMPOBCACHUC Hay4YHBIX

HCCIIEA0BAaHUMN, 1eJIaTh BBIBOALI 1 0000IIECHH

2. MECTO JUCHMILIMHBI B CTPYKTYPE OBPA3OBATEJBHOUN
IHPOI'PAMMBI

Jucuunnuna b1.5.14 Metonsl ¥ cpeacTBa HayyHBIX MCCIIEIOBAaHUI OTHOCUTCS K 0a30BOil
YaCTH.

JucuunnuHa Mertonbl M cpeicTBa Hay4dHBIX HCCIIEIOBaHMM Oa3zupyercs Ha 3HAHUSX,
NOJYYeHHBIX MpPH M3YYEHWH TaKUX Y4eOHbIX JUCHMIUIMH, Kak: MaremaTtuka, @usmka,
HNndpopmaruka.

OCHOBBIBasICb Ha M3YyYEHUU IEPEUMCICHHBIX IUCUUIUIMH, MeToabl U CpencTBa HaydHBIX
MCCJIEIOBAaHUM IPE/ICTaBIsIeT OCHOBY JUIsl M3Y4YEHMs NUCHUIUIMH: TexHudyeckoe oOCIyKUBaHUE U
PEMOHT JieCHOro 000py1oBaHus, TeXHOIOTUs U MALIMHBI JIECOBOCCTAHOBUTENIBHBIX paboT.

Takoe cucTeMHOE MEXAUCHUIUIMHAPHOE M3yYEHHE HAIpaBICHO HA  JIOCTHXKEHHUE
tpedyemoro ®I'OC ypoBHS MOJArOTOBKH MO KBaTU(PHUKAIMK OaKaaBp.



3. PACIIPEJAEJIEHUE OB BEMA JTUCIHUIIJIMHBI

3.1. Pacnpenesienne o0beMa TUCUMILJIMHBI 10 popMaM 00ydeHUs!

Tpyooemkocms oucyunaunvl ¢ uacax
m g S Kypcosas Buo
S § % o 3 padooma npomescy
Dopma o = § 3 S (npoexm), mouHol
o0yuenus § S & § § Konmponsna | 4Mmmec:
s 5 3 2 Sz 5% £ s A padoma, mavuu
o $ S § g §‘§ § § S § pegpepam,
S8 2|3 & |8g|ds|8%|
< ) Q < N R RS|OS
1 2 3 4 5 6 7 8 9 10 11
Ounas - - - - - - - - - -
3aounas 3 - 180 14 4 6 4 157 JK3aMeH
3aounasn - - - - - - - - -
(yckopeHHoOe
oOyueHue)
O4Ho-3204Has - - - - - - - - -

3.2. Pacnpenenenue o0beMa TMCUMIJIMHBI 10 BUIAM Y4eOHbIX 3aHATHIH U TPYI10eMKOCTH

em.u. ¢ P )
Tovoo- UHMEPAKMUGHOII, acnpeoenenue
N Py AKMu6HOU, UHHO- 1o Kypcam, Hac
Buo yueonwvix zanamuii eMKOCHLb .
6AUUUOHHOTL
(uac.)
gopmax, 3
(uac.)
1 2 3 4
|. KonTakTHasi padoTa 00y4yaromuxcs ¢ 14 5 14
npenoaapareJieM (Bcero)
Jlexmu (JIk) 4 2 4
[paxTuueckue 3ausatus (113) 6 - 6
JlaGoparopnas padota (JIP) 4 - 4
I'pynmoBsie (MHAMBUIYAIbHBIE) KOHCYIbTAN + - +
I1.CamocTosiTesIbHAsE padoTa 00y4aIOLIUXCS 157 ) 157
(CP)
IToAroToBKa K MPaKTHYECKUM 3aHATHSIM 64 - 64
[ToaroToBKa K 5K3aMEHY B TEUECHHE CEMECTpa 36 - 36
BrimonHenue 1abopaTopHOi paboThI 57 - 57
I11. IIpomexyTouHasi aTTeCTANMA dK3aMEH 9 - 9
OO6mrast TpyT0EMKOCTh AUCIIATLTAHBI qac. 180 - 180
3a4. efl. 5 N 5




4. COAEP)KAHUE JUCIIUIIVINHBI

4.1. PacnipeesieHue pa3iesioB IMCUMILIUHBI 10 BUAAM Y4eOHBIX 3aHATHI
- I 3204HOM (popMbI 00yUeHHS:

Ne
pas-
oenau
membl

Haumenosanue
pazdena u
mema OuCyUNIUHDBL

Tpyoo-
em-
Kocmb,
(uac.)

Buowt yueonwvix 3anamuii, 6kirouan
CamocmoamensvHylo padomy 00yuaruuxca u

mpyooemkocmy; (uac.)

yueOHbvle 3aHAMUA

AeKuuu

npaxkKmu4deckue
3anamus

nabopamopu
vle pabomul

camocmoamen
bHasa padboma
ooyuarowuxcs

[EEN

2

6

OcHoOBHBIC TOHATHA U 321241
HAYYHBIX HCCJIeI0BAHUNA B
0TpACIH. IlepBuunas
oOpadoTka pe3yJibTaToB
IKCIEPUMEHTOB.

92

86

1.1

OCHOBHBIC TIOHATUS W 3aJa4u
HAy4YHBIX  HCCIENOBAaHWA B
oTpacnu. HayyHoe TBOpuUecTBO,
HAYYHO-TEXHOJOTHYECKHI TPO-
1eC - OCHOBAa pa3BUTUA 00-
uiecTBa M mpou3BoacTna. Ilep-
BUYHAsi 00paboTKa pPe3ybTaToB
sKcriepuMeHToB. CraTucruyec-
KHE€  OIEHKH  Pe3ylIbTaToB
HaOmoneHnit. Pacuer noBepu-
TEJILHOTO WHTEpBaia JUIs Mare-
MaTH4eckoro oxumanus. Ompe-
JeJIeHrne Heo0X0auMoro oobsemMa
BbIOOpKH. OTOpackiBaHue TIpy-
OBIX U3MEpPEHUI.

43

40

12

IIpoBepka OAHOPOJHOCTH JABYX
nucniepcuil.  [IpoBepka ogHO-
POJTHOCTH HECKOJIBKHUX JHCIIEp-
CUl, HaWJIEHHBIX 10 BHIOOpPKaM
onuHakoBoro odwsema. IIposep-
Ka OJHOPOJHOCTH HECKOJIbKHX
JUCTepCUil, HAWIEHHBIX MO
BBIOOPKaM pa3InyHOro o0beMa.
IIpoBepka OQHOPOIHOCTH Cpen-
Hux. IIpoBepka HOpMaJBHOCTH
pactpeneneausa. Koadpduument
koppessiuuu. Ilpumenenue tab-
JIUI] COTPSKEHHOCTH IS OIeH-
KM B3aWMOCBSI3M ITPHU3HAKOB.
Panrosas xoppensuus. Ucnons-
30BaHMe KOX(pPUIMEHTa KOH-
KOpIaluu s 00pabdOTKHU 3KC-
MEPTHBIX OLIEHOK TPU pPaHXKH-
pOBaHUMU.

49

46




PerpeccnonHsbIii aHATH3 B Me-
ToAbl IUIAHMPOBAHMSA JKCIIe-
PMMEHTA C HeJbK) MaTeMaTH-
YeCKOro ONMcaHusi 00bHEKTOB.
MeToabl 3KCIEPUMEHTAIbHOM
onTumMm3anuu. MeToasl mia-
HUPOBAHHUS IKCIEPUMEHTOB C
Ka4eCTBEHHbIMU (paKTOpaMu.

79

71

2.1.

PerpeccuonHslil aHanu3 u MeTO-
bl IUIAHUPOBAHUS  SKCIEPHU-
MEHTa C LEeJbl0 MaTeMaThyec-
KOTO OIMCaHWus OOBEKTOB. AK-
THBHbIE M MAaCCHUBHBIC, OIHO-
(baxTopHBIE 1 MHOTO(AKTOPHBIE
skcepuMeHThl. OCHOBHBIE 3a-
Jlayd [JIAHUPOBAHUS SKCIEPHU-
MeHTa. OCHOBHBIC BHIBI MaTe-
MaTHUYECKUX MOJIENIeH, IpuMe-
HSEMbIE NPU HUCCIECIOBAHUAX B
JIECHOM MPOMBINUIEHHOCTU. Me-
TOJA HAUMEHBIINX KBaJpaToOB
JUTSE MHOTO(DaKTOPHBIX 3KCIIEPH-
MeHTOB. CTaTUCTHYECKHUH aHa-
U3  YpPaBHEHHUS  PETPECCHH.
Mertoapl  AKCHEPUMEHTAIBLHOMN
ONTUMU3ALUH.

39

35

2.2

[ImarupoBanne oOMHO(AKTOPH-
BIX 3KCIEPUMEHTOB TIPU TIOUCKE
ONTUMABHBIX yciaoBuid. O0Ime
cBefieHnss. MeToJl JTUXOTOMHHU.
Meron 301010r0 ceueHus. Me-
TOJI TOKOOPAMHATHOT'O TTOUCKA.
MeTopl TIIAHUPOBAHUS IKCIIE-
PUMEHTOB C KadeCTBEHHBIMHU
dakTopamu.  OmHOPAKTOPHBIH
JTUCTIEPCUOHHBIH aHaIu3.
[Ipumenenne ABYX(paKTOPHOTO
JTUCTIEPCHOHHOTO aHajn3a Mpu
WCCIIEJIOBAHUAX B JIECO3aroTo-
BUTENBHON W JaepeBorepepada-
ThIBarOLEl orpaciu. IIpumene-
HUE JIATHHCKUX KBaJIpaToB IpHU
UCCIIEIOBAHUSAX B JIECO3aroTo-
BUTENILHOH M JiepeBornepepada-
THIBAIOILIENA OTPACIIH.

40

36

HUTOroO

171

157




4.2. Copeprxanue JMCOMILIMHBI, CTPYKTYPHPOBAaHHOE 110 pa3/fie]aM U TeMaM

Pa3nen 1. OcHoBHBbIE MOHATHS U 33/1a4H HAYYHBIX HCCJeq0BaHuii B oTpaciu. [lepBuunasi 06padorTka
pPe3yJbTATOB IKCIIEPUMEHTOB.

Tema 1.1. OcHoBHbIE OHATHS U 331a4M HAYYHBIX HCC/Ie10BaHuii B oTpaciu. HayuHoe TBopuecTBO,
HAYYHO-TEXHOJOTHYECKHIl TMpouecc-0CHOBAa pa3BUTHA o0wmecTBa M mpousBoacTBa. IlepBuuHas
o0padoTka pe3yJbTATOB JKcHepUMeHTOB. CTaTHCTHUYEeCKHE OLEHKH Pe3yJIbTAaTOB HAO0 I0deHMId.
Pacuyer noBepuTeJBHOr0 MHTEPBAJIA IJs1 MaTeMaTHYeCKOro oxuaanusa. OnpeneneHue He00X0AUMOT O
o0bema BbIOOpKH. OTOpachiBaHue rpyobix usmepenuii. IlpoBepka 0gJHOPOAHOCTH ABYX AMCHEPCH.
IIpoBepka 0OQHOPOAHOCTH HECKOJIbKHX JMCHEPCHIH, HAHIEHHBIX M0 BHIOOPKAM OJWHAKOBOIO o0beMa.
IIpoBepka 0AHOPOAHOCTH HECKOJBKHMX AN CIIEPCHIl, HAWEHHBIX 110 BLIOOPKAM Pa3In4HOro oobema.

HayuHo TexHMYeCKHil mporpecc Ha COBPEMEHHOM 3Tale IpeACTaBisieT co00i B3auMMOOOYCIIOBIEHHBII
NPOLIECC Pa3BUTHS HAYKU M TEXHUKH, MTO3BOJISIOILMI YeI0BEKY BO3ACHCTBOBATh HA OKPY’KAIOIIYIO CPELy AJIs
MOJIyYeHUs] MaTepUANBbHBIX M JyXOBHBIX Oyar. Hayka Temeph mnpeBpaTwuiack B HEMOCPEICTBCHHYIO
IMPOU3BOJUTCIIbHYIO CHUITY. HOC—)TOMy METO/Ibl HAYUYHBIX I/ICCJ'IGI[OBaHI/II‘/'I AOJIKHBI COBEPIICHCTBOBATHCA.
Crenyer Takke OTMETHUTb, YTO HAYYHO-TEXHHUYECKHI MPOrpecc B HACTOsIIEE BpeMsl MPOsBIsIeTcs B hopme
HayuyHO-TexHu4eckor pesomtonnu (HTP). Ocobennoctssmu HTP sBnsrorcs: Bo3pacTaromias poiib HAyKH;
BO3MOXHOCTh aBTOMATH3allMd HE TOJBKO (PU3UYECKOr0, HO M YMCTBEHHOTO TpyJa; OBICTPBIA POCT W
OOHOBJICHHE HAayYHO-TEXHHYECKON MH(popMauuy; OBICTpas CMEHa MaTepHajoB, KOHCTPYKLMH, MAallIWH,
TEXHOJIOTHYECKHUX IMPOLECCOB; PE3KOE YBEIMUYCHHE PA3HOBUIHOCTEH MHXEHEPHBIX PEILIEHHH; MOBBIIICHUE
YpPOBHA KOMIIIEKCHOM MEXaHM3allM U aBTOMAaTHU3alluu MPOU3BOACTBA, a TAKIKC 6ypHO€ Pa3BUTUC CIIOKHBIX
CHUCTCM YIIPABJICHUA.

CoBpeMEeHHOE MPOU3BOACTBO TPeOyeT OT CIELHUAJIMCTOB YMEHHE CAaMOCTOSATENBHO CTaBUTh M PELIATh
Ppa3In4HbIC, TPUHIUIINAJIBHO HOBBIC 3a1a4u. OTOro Helb3s JOCTHUYb 0e3 OBJIaACHUSA CTYACHTAMH METOJaMU
HaYYHBIX HccliegoBaHuid. Takum oOpa3oM , Hay4yHas MOATOTOBKAa B By3aX-OJHAa M3 BKHEHIINX CTOPOH
oOyuenusi. Bpenenne B y4eOHBIH mponecc ucuUIUIMHBL «OCHOBBI HAyYHBIX HCCIEIOBAaHMHA B
JnepeBooOpaldoTKe» SABISETCS ONHMM W3 BaXHEHIIMX S3TaloB pa3BUTHs BbICIIEH MIKONbl. B pesynbrare
HN3y4YCHUA I[aHHOﬁ JUCHHUIUIVMHBI CTYACHT AOJIPKEH OCBOUTH METOA0JIOTMIO HAYUYHBIX I/ICCHCI[OBBHI/II\/’I, N3Yy4YUTHb
METOAMKY IUIAHUPOBAHUSI M OPraHM3alMM HAyYHO-HCCIIECAOBATEIbCKUX PadoT, crnocoObl 00paboTKH U
aHanM3a HeoOXoAMMOW HMH(OpPMALMHU 10 TeME HAay4YHOro HcciiefioBaHMsA. Kpome TOro oH JOKEH yMETh
(bopMynIHpoBaTh LIENb U 33/1a4K SKCIIEPUMEHTA, pa3padaThiBaTh TEOPETHUECKUE IPEATIOCHUIKH, TNIAHHPOBATh
U TIPOBOAMTH 3KCIIEPHUMEHT; 00pabaThiBaTh pe3ylbTaThl HM3MEPEHHWH W OIEHHMBATh IOTPEIIHOCTH
HaOJIIOEHUH; CONOCTABIATh PE3yJbTAaThl 3KCIEPUMEHTAa C TEOPETUYECKUMH MPEANOCHUIKAMH U
(GbopMyIpoBaTh BEIBOABI HAYYHOTO HCCIICAOBAHMS.

B necHoit m pepeBooOpabaThiBaroliell MPOMBIIUIEHHOCTH HWCCIENIOBAHUSI TIPOBOAAT YacTO C IIETBIO
OTHICKMBAHUSl HAWBBITOAHEHIINX YCJIOBHH HPOTEKaHHUs IPOLECCOB, ONTUMAJIBHBIX DPEXKHUMOB pPabOTH U
napamMeTpoB MallllH U MEXaHU3MOB IIPH UX MPOEKTUPOBAHUH U MOAECPHU3ALIUH.

ITpn uccnenoBanuu M0O60r0 00BEKTA, TEXHOIOIMIECKOTO MPOIECCa U BOOOIIE CHCTEMBI B OCHOBY JOJDKEH
OBITh TIOJIOKEH CHCTEMHBIM moaxoa. I[lodToMy Tipekme dYeM MPUCTYNIUTh K PAaCCMOTPEHHIO
METOJOJIOTHYECKHX ACTIEKTOB MCCIIEA0BaHM, IOTOBOPUM O CHCTEMaX U CYIIIHOCTH YIPaBIEHHS UMHU.

HpI/I OINITUMH3AIINU IIPOU3BOACTBEHHBIX IMPOLECCOB YaCTO BO3ZHUKACT IMMPOMEKYTOYHAA 3a/la4a-OThICKMBAHUC
AHATUTUYECKON 3aBHCHMOCTH ONTHMH3MPYEMOTO MapaMeTpa OT MCCIEAyeMBIX (haKTOpOB, T. €. MOIydEeHHE
MaTeMaTHYeCKOH MOJAENH IMpolecca, MNpUYeM dTa 3ajJada B  OOJBIIMHCTBE CIy4YaeB peLIaeTcs
9KCIEPUMEHTAJIBHO NTPH HEMOJHOM 3HAaHUHM MEXaHHW3Ma SBICHUI.

21.1'[5[ HCCIICAOBAaHWA BaAXXHO IMMOJTYYUTh MaTEMAaTUICCKYIO MOACIIb B TOU 00JIaCTH N3MEHEHUS IMEPEMECHHBIX, A€
HaXOJIUTCA WHTEPECYIOIIMI ero ONTHMYM,-TaK Ha3blBaeMas CTaluoHapHas obnactb. Ha mepBom stare
HEOOXOIUMO MPOBECTH CEPUI0 HKCIEPHUMEHTOB, KOTOpash YKaKET, B KAKOM HANpaBICHUH HAXOIMTCS
CTallUOHAPHAS CBSI3b.

HpHBeHeHHBIﬁ IMpUMEP OAJICKO HE HMCYEPIILIBAECT BCEX 3aJa4, BO3HHUKAIOIIUX IMPHU SKCIICPUMCHTAIbHOM
MOJIXO0J€ K HM3YyUEHHUIO0 TEXHOJOIMYECKHX mpoueccoB. OH JIMIIb WUIIOCTPUPYET aKTYaJbHOCTh TEOPHH,
MO3BOJIIONIMM BBIOMpATh ONTHMAIBbHYIO CTPATETHIO HCCIIEAOBaHMSA INPU HEMOJHOM 3HaHMU IIpolecca-
MaTEeMaTUYECKOH TEOPHH IKCTPEMAIbHBIX SKCIIEPUMEHTOB.

[ITaroM BHepea MO CpaBHEHHIO C ATMM METOAOM SBISETCS KJIACCHUUECKUH perpeccHoHHbIN aHanmu3. OH 1o
NpeXHEMY CTaBUT CBOEH 3ajadeil TONydeHHE YPaBHEHUS pPerpecCHH-(pYHKIMOHAIBHOW 3aBUCHMOCTH



HEKOTOPOro MapaMeTpa Y, IOJUISKAIIEro ONTUMH3ALUH, OT K HEe3aBUCHMBIX HEepeMEHHBIX- (akTopoB
X1,X2,....Xk.

B stoM cmydae craBUTCS YK€ MHOrO(AKTOPHBIM SKCIEPUMEHT. JTO 3HAYHUT, YTO B XOJE KaKIOTO
IKCIIEPUMEHTA MBI 33]]a€M OIPE/ICICHHbBIC 3HAUCHUS Kaxx1oMy U3 K nccienyembix GpakTopos.

OcTaHOBUMCSI BKpaTLle Ha pa3lIWYHbIX HANpaBICHUSIX B TEOPUM IUIAHUPOBAHUS AKCTPEMaJbHBIX
IKCIIEPUMEHTOB.

OpHUM M3 pa3genoB STOH TEOPUH SBHJIACh METOJMKA IJIAHUPOBAHUS MOJIHOTO M ApOOHOro (haKTOPHOTO
JKCIepuMeHTa. B ciydae ruiaHupoBanusi 1-ro mopsaaka(JIMHEHHOE ypaBHEHHE) 3TOT METOJ yIOBIETBOPSET
MTOYTH BCEM TPEOOBAHMM.

Ecnu nuHeliHoe ypaBHEHHME perpeccMd He Jaer TpeOyeMod TOYHOCTH, NPUXOIUTCS HPUMEHSTH
IUIAaHUPOBaHUE 2-ro Topsiaka. B aToM ciyyae Teopusl IUIAHHPOBAHHUS OSKCIIEPHUMEHTOB IAeT METOAMKY
IIOCTPOEHUS IJIaHA, NIPU KOTOPOM OLEHKH KO3((UIMEHTOB PErpeccHMy MOIY4aroT HE3aBUCHUMO IPYr OT
npyra. Takol rutaH Ha3pIBa€TCS OPTOrOHAIBHBIM.

AjnanTanyoHHas ONTUMHU3aLUsA. MeTofaMu pelieHus 3TON 3a7auu SBISIFOTCS, B YaCTHOCTH, 3BOJIOIMOHHOE
IUTAHUPOBAHUE U CUMIUIEKC-TNIAHUPOBAHHUE.

Pa3ButHe Teopuu SKCIIEpUMEHTa OKa3aj0 BIMSHUE HA NPUHIMIIBI TOIX0/a K SKCIEPUMEHTAIBHBIM 3a/1a4aM.
B wacTHOCTH, AJIs1 SKCIIEPUMEHTATOpa OUYEHb BaKHA HMICS PaHAOMH3alNHU, UMEIOIIas IeJbl0 CBECTH dPPEKT
BIIMSHHSI HEKOTOPOTO HECIyYalHOTO (akTopa K CIydaiHOW ommOKke. Panmomusanwus yCIoBUi TpOBEICHUS
IKCIIEPHUMEHTa II03BOJISICT  MCCIENOBAaTeN0 OOOWTHM  TPYOHOCTH, BO3HHMKAIOIIUME IPH  IOIBITKE
CTaOMIIM3NPOBATh MemarIHe (GaKkTOPbI.

OnbIT NpUMEHEHHsT TEOpUW IUIAHHPOBAHHS OKCIEPHUMEHTa B JepeBOOOpaOOTKE IOKa3bIBaET, dYTO
3¢ $EeKTUBHOCTD HCCIEI0BAaHUN IO CPABHEHUIO C TPAAULUOHHBIM METOJJOM BO3pPOCIIa B HECKOJIBKO Pas.
3anayva 1. [I1anupoBaHue 3KCIEPUMEHTA C IS0 MATEMAaTUIECKOT'O OIMMMCAHUS 00BEKTA.

Lenpio 3KCIEpUMEHTAIBLHOTO HCCIEOBAHUA 3/1€Ch SBISIETCS MONTYy4YeHHE SMIIMPUYECKON MaTeMaTH4ecKon
Monenu OOBEeKTa, T. €. OTHICKMBAaHHE 3aBUCHMOCTH KaXJOM M3 BBIXOOHBIX BEJIMYUH OOBEKTa OT
BapbUpyeMbIX (HaKTOPOB.

3amaua 2. OTCerBaOIINE SKCIIEPUMEHTHI B TEXHOJIOTHUECKUX UCCIICIOBAHUSX.

ITo3BonseT cTaBUTH Ha IEPBBIX 3TAllaxX UCCICAOBAHUA MCHBIICEC YMUCJIIO OIIBITOB, YEM YHCJIO (I)aKTOpOB Hn X
coYeTaHue, B3ATHIX 0] T0I03PEHHE.

3agaua 37ech 3aKII0YaeTcss B TOM, YTOOBI B CIOXKHBIX Malo H3YYEHHBIX IpoIeccax BBIICIUTD
JIOMHHUPYIOIIHE (PaKTOPBI CPeiv OUCHb OOJBIIOrO YKC/Ia AalPUOPHO MPUHATHIX.

3agaua 3. [InaHupoBaHue SKCIIEPUMEHTA MPH TOUCKE ONTUMAIBHBIX YCIIOBUH.

Llenpl0 3TOTO 3KCIIEPUMEHTA SIBISETCSl OTHICKMBAaHWE TAaKMX 3HAUYEHHH BapbUpyeMbIX (DaKTOpoOB, HpHU
KOTOPBIX BbIXOJHAs BEIMYWHA 06’beKTa IMPUMEHACT SKCTPEMAJIBHOEC, T. €. MAKCUMAJIbHOC NJIN MUHUMAJIBHOC
3HaYCHUE.

3agaua 4. [InaHupoBaHue SKCIIEPUMEHTOB C KaU€CTBEHHBIMH (DaKTOpaMH.

DTtoT MCTO/J IIJIAHUPOBAHUA SKCIICPUMCHTOB ABJIACTCSA TAKIKC O6IIIerI/IH$ITLIM. HpI/IMeHeHI/Ie 3TOT0 METOAa
JUKTYETCS HE0OXOIMMOCTBIO pa3ielIbHOM OIEHKH paccesHust, 00yCIOBICHHOTO Pa3INYHBIMU UCTOYHUKAMH.
Jpyrumu cioBamy, 37€Ch HY’>KHO NPUMEHSTH TAKyI0 CXEMY PacIlOJIOKEHHUS ONBITOB, KOTOpAs I03BOJIMIIA ObI
Pa3iIoKUTh CyMMapHYIO JUCIIEPCHIO Ha OT/IEIbHBIE COCTABIISIONIHE.

3anayga 5. [ImannpoBanne sKCIEepUMEHTA TTPHU N3YUYEHUH CBONCTB CMECEH.

MeTonpl TJIAHUPOBAHUS JKCIEPUMEHTOB MpPH IOCTPOEHUH JAMArPaMM  COCTAaB-CBOMCTBO IIHPOKO
UCIIONB3YETCA MPHU HCCIETOBAHMHM OYEHBb CIIOKHBIX MOBEPXHOCTEM OTKIMKA. 3ajaya 3akKiIr4aeTcs B TOM,
yTOOBI HAWTH ONTHMAJIHHOE B HEKOTOPOM CMBICJIE PACIOJIOKEHHE TOYeK B (PAKTOPHOM IMPOCTPAHCTBE C
LEJIBIO OMMCAHUS TUarpaMMbl COCTaB-CBOMCTBO B BHIE MOJIMHOMA.

3anayva 6. [ImannpoBaHue 3KCTIEPUMEHTA TPH IBOJIOLMOHHON ONTHUMHU3ALIMN TIPOU3BOICTBEHHBIX NTPOLIECCOB.
OTOT METOJ 3aKJII0YaeTCsi B HEMPEPHIBHOM IMPOBEJCHHWH, KaK MPaBUiIO, (AKTOPHOTO 3KCIEPUMEHTa B
paboueit obmactu mporecca. [locTaHOBKa TakKMX OKCIEPHUMEHTOB Oasupyercsi Ha TPENJIOKEHUH, YTO
BapbUpyeMble [IEPEMEHHbIE U3MEPUMBI.

Lenpio TuraHUPOBaHUS SKCIIEPUMEHTA SABIISETCS MONTyYeHHE MAKCHMAaJIbHO BO3MOXKHOW HMH(POpPMAIMH MPH
MHUHUMAJIbBHBIX 3aTparax CpeacTs 10 CpaBHCHUIO C TpagIUuIUOHHBIMHA METOJaMU ITPOBCIACHUA
9KCIEPUMEHTOB.

Jlroboe sKCIepUMEHTATBFHOE MCCIEJOBaHUE YCJIOBHO MOXKHO pa3lenuTh Ha 3 JTama: NOArOTOBKA
SKCIEpUMEHTa- BKIIOYAaeT B ceOs BbIIBJIEHHE LEIM U IIOCTAHOBKY 3a/aud, MHOJUIeKalleld peLIeHUIo;
IUIAHUPOBAHUE U IIOCTAHOBKA OIBITOB-3aKJIIOYAETCS B Pa3yMHOM U HaumOoJsiee 1LeaecooOpa3HOM BbIOOpE
METOAMKH TUITAHUPOBAHMSI DKCIIEPUMEHTOB C 11eJIbI0 ONMCAHMs TIOBEPXHOCTH OTKIMKA. B cienyromeii dase
IUTAHUPOBAHUSI HEOOXOAMMO OIPEAEIUTh HOPSIOK IIPOBECHNUS OIBITOB.; aHAJIU3 PE3YJIbTATOB-NIEPBYIO (azy



aHaJIM3a HKCIIEPUMEHTA HAYMHAIOT C MIEPBUYHON 00pabOTKU ONBITHBIX JAHHBIX, IPH KOTOPOM OTOPACHIBAIOT
rpyOsie m3MepeHus. Bropyro a3y TpeThero sTama Ha4YMHAIOT C BBIOOpa MeToaa OOpaOOTKH OMBITHBIX
nanaelx. Creayromyro (asy HadMHAIOT ¢ OOpaOOTKM OINBITHBIX JAHHBIX 10 BBIOPAHHOMY METONY U
MOJy4YeHHUs] ypaBHEHHUs perpeccuu. B mocnenyromedl (aze MpoOW3BOOUTCS aHATU3 W HCCIEIOBaHUE
HOBEPXHOCTH OTKIMKA. [lpenmocrnennsas ¢asza TpeTbero srama COCTOMT M3 MAaTEMaTHYECKOTO OIMCAHUS
nporecca.

[MnaHupoBaHue SKCIEPHUMEHTa- 3TO IMOCTAHOBKA OMNBITOB IO HEKOTOPOW 3apaHee COCTaBJICHHOW CXeMe,
o0anaromeil HeKOTOPHIMH ONTUMATILHBIMHA CBOWCTBAMHU.

[Tpu 3TOM XapaKTepHHI CIEAYIOIHE OCOOCHHOCTH:

l)cTpemiieHre K MUHUMH3ALUHU YUCIia OTBITOB;

2)OMHOBPEMEHHOE BapbUpOBaHHE BCceMH (DaKTOpaMH, OIPEACIAIONMME IPOTEKAaHWE TIpoIecca, I10
CIHENHANBHBIM alTOpPUTMAaM;

3)ucrnonb30BaHUE MaTEMAaTHIECKOTO anmnapara, GOpMaTu3yoIero MHOrHe ASHCTBUS SKCIIEPUMEHTATOPA;
4)Hanuure y OKCIIEPUMEHTATOpa YEeTKOW CTpaTerdu, MO3BOJIIONICH €My NpPUHHMAaTh OOOCHOBAaHHBIC
peLIeHus nocie Kaxa01 MPOBEICHHON CEpUU OMIBITOB.

PacueT 10BepUTEILHOTO HHTEPBAJIA [IJISl MATEMATHYECKOT0 0:KHIAHHSI.

[MapameTpom mporiecca (ONTUMH3AINHN) SIBISICTCS XapaKTEPUCTHKA 1S, 3aJ[aHHas KOJTMYECTBEHHO.
[MapamMeTpbl ONTHMU3AIMH YCIOBHO MOXHO Pa3/CiHuTh Ha:

1)9KOHOMHUYECKHE K HUM OTHOCSTCS: MNpPHOBLUIb; CEOSCCTOMMOCTh; PEHTA0CIBHOCTh IO OTHOIICHUIO K
KallUTaJOBIOKEHUSIM, K CBOOOJHBIM OCHOBHBIM (hOHIaM; 00OpauMBaEMOCTh OOOPOTHBIX CPEJHCTB;
MaKCHUMAJbHBIA PEaATN30BAHHBIA J0XOJ; MUHHUMAIBHBII YpOBEHb 3aTpaT Ha IMPOH3BOJCTBO; 3aTpaThl Ha
9KCIEPUMEHT U JIp.

2)TEeXHUKO-PKOHOMHYECKHE K HUM OTHOCATCS: TPOM3BOAUTENLHOCTD; 3allaHHAs CTPYKTypa acCOpTUMEHTa
BBIITyCKAEMOM MPOAYKIMH; KO3()PHUIIUECHT TONE3HOTO NEHCTBUS; CTAOMIBHOCTD; HAJIC)KHOCTh XapAKTEPUCTHK
Ka4yecTBa MPOAYKTA; JOJITOBEYHOCTh

3)TexHONMOrMYeCKHe K HUM OTHOCSTCS: BBIXOJA TPOAYKTA; (PH3MYECKHE W XUMHYECKHE XapaKTEPUCTHKH
NPOAYKTa; MUHUMAJILHOE BpeMs [T AOCTHKCHUS INIAHWPOBAHHOTO PE3yNbTaTa; Ka4eCTBO MPOIYyKTa | T. 1.
4)ipoure KPUTEPUH COCTABISIOT 0COOYI0 rpymmy. K HUM OTHOCSATCS: SCTETHYECKHUE, TICUXOJIOTHYECKUE U
CTaTUCTHYECKHE.

K mapamerpam mporiecca npeabsSBIsIOTCs Cilelylomye TpeOoBaHus:

1) Tlapamerp mporiecca IODKeH ObITh d(M(PEKTHBHBIM C TOYKH 3PCHHUS JOCTIDKCHHUS IIEIH, T. €. OH
JIOJDKEH JIEHCTBUTENBHO OLeHUBATh 3()(HEeKTUBHOCTh QYHKIIMOHUPOBAHHS CUCTEMBI B ONIPEEIICHHOM
3apaHee BEIOpAaHHOM CMBICIIE.

2) IlapameTp ONTHUMHU3AIMH JOJDKEH OBITh YHHBEPCAIbHBIM, T. €. CIOCOOHBIM BCECTOPOHHE
XapaKTepU30BaTh OOBEKT.

3) IlapameTp ONTHMHU3ALWK JOJDKEH OBbITh KOJMYECTBEHHBIM, T. €. BBIPAKATHCS OJHO3HAYHO
HEKOTOPBIM YHCIIOM.

4) TlapameTrp ONTHMHU3AIIUK JOJKEH OBITH 3PPEKTUBHBIM B CTATUCTUYECKOM CMBICIIE, T. €. OH JOJDKEH
OIIPEACIATCS C BO3MOXKHO HaUOOJIbIIIeH TOYHOCTBIO M JIETKO BBIYHUCIISATHCS.\

5) TlapameTp ONTUMH3AIMH JTODKEH UMETh (DU3UUECKUI CMBICI, T. €. JISTKO HHTEPIIPETHUPOBATHCSL.

6) IlapameTp onTHMHU3aLUK JOKEH OBITH OJHO3HAYEH B CTATHCTHYECKOM CMBICIIE. DTO 03HAYAET, YTO
3aJaHHOMY HaOOpy BXOJHBIX INEPEMEHHBIX OJKHO COOTBETCTBOBAaTH OJHO, C TOYHOCTBIO JUIS
OImMOKH OIBITOB, 3HAUEHHE TTapamMeTpa 00beKTa.

Omnpenenenne He00X0AMMOro 00beMa BLIOOPKH.

®dakTop-ynpasisieMas: He3aBUCHMasl TIEpEMEHHasl BEIWYMHA, KOTOpas NPUHUMAET B HEKOTOPHIH MOMEHT
BpPEMEHH OIpE/eIeHHOE 3HAYeHWE M COOTBETCTBYET OJHOMY M3 CHOCOOOB  BO3IEHCTBHS Ha OOBEKT
UCCIIeIOBAHUSI.

BreiOpanHbIe Ui 3KCIIEPUMEHTa KOJWYECTBEHHbIE W KA4YeCTBEHHBIC COCTOSIHUSI (pakTopa Ha3bIBAIOT
3HaYeHUsIMH (akTopa B OIKcrepuMeHTe. HaunMeHblee 3HaueHHe, KOTOpPOe NpUHUMaeT (GakTop B
JKCIEPUMEHTE, HAa3bIBACTCS HWKHUM YPOBHEM BapbUPOBaHHWS, a HaWOOJbIEe-BEPXHHUM YPOBHEM
BapbupoBanus. CpelnHee WX 3HAUCHHE HA3bIBACTCS IICHTPOM OSKCIIEPUMEHTa, WM OCHOBHBIM YPOBHEM.
PaccTosiHre MeXIy OCHOBHBIM YPOBHEM M BEpPXHMM WJIM HIKHHM YPOBHEM HA3bIBACTCSl MHTEPBAIOM
BapbUpOBaHMs (pakTOpa.
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IIpu BeIOOpE HHTEPBAa BAPEUPOBAHUS HEOOXOIMMO PYKOBOICTBOBATHCS CIEAYIOIIMMU COOOPaKEHUIMHU:
1)uHTEpBal BapbUPOBAaHUA JOJDKEH OBITh OOJIbINE YABOCHHON KBaJpaTUYHOM OIIMOKHM (HUKCHPOBAHUS
JTAHHOTO (haKkTopa
2)uHTEepBall BapbUpOBaHMs HE JOJDKEH OBITh HACTOJNIBKO BENHK , YTOOBI BEPXHUH W HWKHUH YPOBHH
BBIXO/IMJIN 3@ TIPeNenbl uccaenyemMoi oomactu. CleayeT YIuTHIBATh:
a )TOYHOCTHh (PUKCHpPOBaHUA (HAaKTOPOB: YeM TOUHOCTH (PMKCHPOBAHHS MEHBIIE, TeM OOJIbINE AOHKCH OBITh
WHTEpBaJl BADbUPOBAHUS;
0 )KpUBH3HY ITOBEPXHOCTH OTKJIIMKOB: TIPH OOIBINEH KPUBU3HE CIIEAYET CHIKATh HHTEPBaJl BAPbUPOBAHUS;
B )IMaNa30H M3MEHEHHS IapaMeTpa ONTHMH3AIHNN B PA3IWYHBIX TOYKAX: YeM OH YK€, B CPaBHEHHH CEro
M3MEHEHHEM B IOBTOPHBIX OIBITaX, TEM IIHPE JOJDKEH ObITh HHTEPBANl BAPbUPOBAHUSI.
TpeboBanus, NpenbIBIsAEMBIE K BADBUPYEMBIM (PaKTOpaM.
1 )Ynpasmssemocts. Kakmprii (hakTop JOIHKEH OBITH TOYHOM XapaKTEPHUCTUKOH OMpeneIeHHOTO BO3ICHCTBIS
Ha 0OBEKT UCCIIEIOBAaHUN, KOTOPBHIM MOKHO YIPaBIISTh
2 )He3aBHUCUMOCTb — 3TO BO3MOKHOCTH YCTAaHABIMBAThH JII0OOE 3HAYCHHE JAHHOTO (hakTopa B AMANa3oHe
BapbUPOBAHHE HE3aBHCHMO OT YPOBHEH BaphUPOBAHUS OCTAIBHBIX (PaKTOPOB.
3)CoBMecTUMOCTh (PAaKTOPOB O3HAYAET, YTO BCE WX KOMOHWHAIMW, BO3MOXKHBIE TMPH IUIAHHUPOBAHUU U
MIPOBE/ICHIH IKCIIEPUMEHTA, MOTYT OBITh PeaTM30BaHbI Ha MIPAKTHKE U O€30MacHbI.
4)OnmH03Ha9HOCTE. DaKTOPHI JOKHBI HETIOCPEACTBEHHO BO3/ICHCTBOBATH Ha MPOIIECC, HE JOJDKHBI SBISITHCA
¢dbyHKIIHENH npyrux (akTOpoB, HOJDKHBI TOYHO (DMKCHPOBATHCS BO BCei BHIOpaHHOM 001acTh ompeieNeHUs
(hakTopoB.
[Tpy HanMYUKM Ka4eCTBEHHBIX (aKTOPOB MPHUHUMAETCS OJHO U3 PELICHUIA:
a )HCCIeOBaHWE TPOBOIUTH OTHENBHO JUIS KakAoro (akTopa, 3aTeM COIMOCTABIATh IONydeHHBIE
pe3yNbTaThI;
6 )HpOBO[II/ITI) OKCIICPUMCHT IIpU OAHOBPEMCHHOM BapbHPOBAHWU M KOJHWYCCTBCHHBIX W KAaYCCTBCHHBIX
(hakTopoB.
OTt0pacbiBanme rpy0obIX H3MepeHuid.
Br10op Mozaenu-crnoxKHbIH Mpoliecc, CBA3aHHBIA CO MHOTUMH 0OCTOSITEIBCTBAMH U COOOPaKEHUSIMH.
Kak yxe oTMeuasioch BBIIIIC, TI0]] MATEMATHUECKON MOIEIBIO OyAeM MOHUMATh BUT (DYHKITUH OTKJIMKA
Yy =(X1,X2'. . Xk)
Br1OpaTh MOZIEIb 3TO 3HAUMT BHIOPATH BUJI ATOW (DYHKIIMH, 3aIIUCATh €€ YPaBHCHHE.
Ha puc. N3o06paxena norapupmudeckas pyHkius. Ha HekoTopoMm otpeske [Xmin Xmax] OHa C JOCTaTOYHON
TOYHOCTBIO OITMCHIBAETCS IBYMS YPaBHEHUSIMHU:

1. y=logx;

2. y=bx

B ypaBHenun 2 b-ko3dhunmeHt, KOTOpbIit MOXKHO OLICHUTH, HAIPUMED, TI0 PE3YJIbTATaM OIBITOB.

y

X
I'padmnueckoe n3o0paskeHue norapupMuaecKkon GyHKIUH
Bemumem monuHOMBL Jiist cirydasi OByX (aktopoB. OHU pPa3NUYalOTCS MO MaKCHMAILHBIM CTETEHSM
BXOJISIIIIAX B HUX ITEPEMEHHBIX.
[onuHOM HyJI€BOI cTEeneHu: Y =hy.
TTomuaOoM mIepBoii crenenu: Y =hy+hiX;+b,X;,
ITonuaOM BTOpOfI CTCIICHU: Y :b0+b1X1+b2X2+b12X1X2+b11X12+b22X22.
TTonuHOM TpeTLeﬁ CTCIICHU: Y :b0+b1X1+b2X2+b12X1X2+b11X12+b22X22+b112X12X2+b122X1X22+b111X13+b222X23.
Wtak, MBI NpeacTaBUiIM HEU3BECTHYIO HaM (QYHKIHMIO NMoJMHOMOM. Ormepanusi 3aMeHbl OJHOW (DyHKUIUH
JIPYTOii, B KAKOM-TO CMBICJIC 3KBHUBAJICHTHOW (DYHKITUEH HAa3bIBACTCS AllMPOKCUMAIIUEH.
YroObl MOZIENb MIpeCcKa3bIiBalla HANpaBJieHHEe HAUCKOPEHIIEero yayqIeH s apaMeTpa onTUMu3anun. Takoe
HaIpaBJICHUE Ha3bIBAIOT HAIpPaBICHUEM IpaJueHTa. B 3TOM cilyyae mydie MCIoib30BaTh MOJIMHOM MEPBON
CTEIIEeHH, TaK KaK OH COJICPKUT WHPOPMAITUIO O HAIIPABJICHUH IPaIUCHTA, U KPOME TOTO, B HEM MHHUMAIILHO
BO3MOXXHOE YHCII0 KOA(PDUIMEHTOB MPH JAHHOM YHCIIE (PaKTOPOB.
IIpoBepka 0HOPOAHOCTH ABYX JUCHEPCHIA.
MHOXECTBO 3HAUCHHUH CIy4alHON BEIIMYWHBI, MTOJYICHHBIX B pe3ybTaTe dKCIEPUMEHTA WU HAOII0IeHNH
HaJ OOBEKTOM WCCIIEOBAHUS, NPEACTABISAET COOOW CTAaTHCTUYECKYI0 COBOKYITHOCTh. CTaTUCTHUYECKas
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COBOKYITHOCTB, cofiepXkamasi B cebe Bce BO3MOXKHBIE 3HAUCHHE CIy4YailHOW BENWYMHBI, Ha3bIBAETCS
TeHEPATbHON CTaTUCTUIECKOW COBOKYITHOCTEIO. BRIOOPOYHON CTAaTHCTUYECKON COBOKYITHOCTHIO HA3BIBACTCS
COBOKYIHOCTb, B KOTOPOM COIEPKUTCS TOJBKO HEKOTOpPAsl YacTh 3JIEMEHTOB I'€HEpPaIbHOM COBOKYIHOCTH.
BrI100pOUYHYIO CTATUCTHUYECKYHO) COBOKYITHOCTh OYIeM B JalibHEHIIIEM Ha3bIBaTh BRIOOPKOH, a UMCIIO OMBITOB
N, comepkarieecs B BBIOOPKeE,-00beMOM BEIOOPKH.

My, = p1y1 + D2y + -+ PpYn = EPiYi

BeJ'II/I‘II/IHy My Ha3bIBAIOT MATECMATUYCCKUM OKHUJAHUCM, WU I'CHEPAJIbHBIM CPCIHUM cnyqaﬁHoﬁ BCIINYMUHBI.

o2 = Epi(yi - My)z
i_

PaccenBanue ciyyallHOW BEIMUYMHBI OTHOCUTENBHO MAaTEMaTHUECKOTO XapaKTepU3yeTcs BEITUYHUHOM,
HA3BIBAEMOIT AUCIIEpCHeil 0003HAYACTCS O 2
JIucriepcnio 0 2Ha3bIBAIOT TeHepasibHOM aucrepcueii. KBampaTHbi KOPEHb M3 JMCIEPCHH HA3bIBACTCS
CpCOAHUM KBAAPATUICCKHUM OTKIIOHCHUEM CJIYHYaHOU BECIIMYMHBI NI CTAaHAAPTOM.
Hawyuiueit onieHkoil Ui MaTeMaTu4ecKoro 0>KUAaHHs SIBJISIETCS cpeliHee apuMeTHIecKoe
y=(Y1tY,...+Yn)/N —BbIGOpOUYHOE CpeHee

o2 0n- Y2+ @ =9+t (= )?

B n—1

3HaMeHaTeIb Ha3bIBAETCS YUCIIOM CTEIEHEH CBOOOIBI.

f=n-1

n
1 _
§*=—— ny—nyz
i=1

s—F—FZ(yl 7)?

SIBJIICTCS. OLICHKOW CPEIHEr0 KBaJPaTUYEeCKOro OTKJIOHEHMs BhIOOpKH. Ee Takke Ha3bIBalOT BHIOOPOUHBIM
CTaHAAapTOM.
Yacto JJIs1 OHEHKHW U3MECHYNBOCTHU (BapI/IaI_II/II/I) CHy‘IaﬁHBIX BCJIMYMUH HUCIIOJIB3YIOT KOSq)(i)PILIHeHT Bapuanmun

v =(s/¥)100
BrI60poUHOE CpeHee y U BHIOOPOUHAs AUCTepeHs S oNpeneseTcs 1o ey oM GopMyIam:

k

_ 1 \

y=—=7Yim
n .

[IpeoOpazyem

Bennunna

=1
k
2 1 * )2
2= m( - 7)
i=1

I'paduk, MOCTPOCHHBIN 10 IAHHBIM CTATUCTHYECKOTO PsIJia, HA3bIBACTCS THCTOTPAMMOKN

T'ucrorpamma pacrpeneiaeHus
Ecnu ogHOBpeMEHHO C yBEIMUYEHHEM YHCIA OINBITOB N yBEIWYMBATh WM KOJUYECTBO HMHTEPBAJIOB, TO JIOMaHas,
OTPaHUYMBAIOIIAsI TUCTOTPAMMY CBEpXY, MPHUOIIKAETCS K HEKOTOPOW KPHBOM, HA3BIBAEMOUW KPHBOM pacrpeeIcHHs,
WA KPUBOHM IIIOTHOCTH BEPOSATHOCTH. B TeopHm BEpOSITHOCTEH STO COOTHONICHHWE HA3BIBACTCS CTATHCTHUECKUM

12



pacmpenenenueM. PacnpeneneHne Ha3plBaeéMO€ HOPMANbHBIM WM TayCCOBCKHM, KOTOpOE IPHUMEHSETCS Hamboiee
4acTO W UTPAET BAXKHYIO POJIb B TEOPUU BEPOSITHOCTEH M MAaTEMaTHIECKON CTaTUCTHKH.

KpuBas mioTHOCTH HOPMANBHOTO pacIpeaeaeHus
Pacuer noBeputeabHOro HHTEPBAJIA AJII MATEMATHUECKOTO OKUIaHHs
Benanurnaa MakcHMMalbHOM OMIMOKH A
QUOTE -A<My< QUOTE +A.
HepaBeHcTBoM 3a1aeTcsi MHTEpBa, B KOTOPOM HaXOJUTCS 3HAUCHHUE MAaTEeMAaTUYeCKOro oxuaanus My. DTOT HHTepBa
Ha3bIBACTCS IOBEPUTEIbHBIM HHTEPBAJIOM ISl MATEMAaTUUECKOIO OXKUIaHUs. byieM noab30BaThes yalle BENTMUYUHON
g=1-p Ha3BIBaeMOH YpOBHEM 3HAYHNMOCTH. Y POBEHb 3HAYMMOCTH 33Ja€TCs 3apaHee, 10 IPOBEJCHUS PacueTOB.
Tunmansie 3aadenns s q: 0,01; 0,05 u 0,1 wmu B mponenTax: 1,5,10.
JloBepuTenbHbIN MHTEPBAN UIsI MATEMAaTUYECKOIO 0’KUJAaHUS PAaBEH

Bennunna S-orieHKa cTaHIapTa, BEIWIHHA t Ha3bIBaeTCS TAOIMYHBIM 3HaUeHHEM t-kpurepust CTprofeHTa. B
COOTBETCTBYIOIIIEH TabNHIE ee ClIeayeT OTHICKATH 10 MPeIBAPUTEIHHOMY 3aJaHHOMY YPOBHIO 3HAYMMOCTH ( U YUCITY
creneneit ceo6op! f=n-1.

Or11eHKy A7 MaTeMaTH4eCKOT0 OKUIaHKS B BU/I€ HHTEPBaJIa YacTO HA3bIBAIOT HHTEPBAJIBLHON OLEHKON, B OTJIMUUHU OT
OLICHOK 110 (hopMyJiaM U, KOTOpBIE HAa3bIBAIOT TOUEYHBIMU OLIEHKAMH JUI MaTeMaTHYECKOTO OKHIaHUSI.

[TpoBepka 0JHOPOTHOCTH HECKOJIBKUX AUCIIEPCUH, HAWACHHBIX 110 BEIOOPKAaM OJMHAKOBOTO 00beMa.

[TycTs TpeOyeTcst HATH MUHUMAIBHOE YHCIIO N OBTOPEHHH OIBITOB, TP KOTOPOM CpeAHee apu(pMETHIECKOE Y,
HaWJIeHHOE IO 3TOH BBIOOPKE, OTINIATIOCH OB OT MaTEMaTHYECKOTO OXHIAHUS He Ooiee yeM Ha 33aHHYIO BEIUYNHY
A. Dto 1o cyniecTBy 3a1a4a oOparHas npensiaymeit. [ ee pemenns HeoOX0ANMO 3HATH OIEHKY ANCTIEpCHH S2. 31ech
MOJKHO HCIIOJIb30BaTh, HAPHMEDP PE3yIbTAaThl NPOBEAEHHBIX PaHee HecnenoBanuil. ckoMoe 3HadeHne n
omnpezensercs o Gpopmyie

n =t2s2/A2

CraTucTudeckas THIOTe3a-HEKOTOPOe MPEANOI0KEHNE OTHOCUTEIHHO CBONCTB I'eHepaIbHON COBOKYITHOCTH,
IpoBepsieMoe TI0 BEIOOpKe. BEIIBUHYTYIO FHUIIOTE3y HAa3BbIBAalOT OCHOBHOM MM HYJEeBOH. | MIloTe3y NpoTHBOpEYaIyro
HYJIEBOH, HAa3bIBAIOT KOHKYpHUpYIomeH. [y mpoBepKH HyJIE€BOM THITOTE3bI HCHOIB3YIOT CIENUANBHO M0I00paHHYIO
CIIy4aiiHyIO BEJINYMHY, pacHpereseHne KOTopoil n3BecTHo. Ee Ha3pIBaloT cTaTcTHYeCKUM KputeprueM. Ecimu oHO
HaXOJUTCsI BHYTPH HEKOTOPOH 3aJaHHOM 3apaHee 001acTH, Ha3pIBaeMOI 001aCThIO IPUHATHS THIIOTE3bI, TO HyJIeBas
THIIOTe3a IPUHUMAaeTCs. B MPOTUBHOM ciIydae 3HauU€HHE KPUTEPHs MONaJaeT B KPUTHUECKYIO 001acTh, M TOT 1A
TUIOTE3a OTBEPIaeTCs.

OmnOKa 1mepBoro posia COCTOUT B TOM, YTO OTBEPraeTcs THIIOTe3a, KOTOpast Ha caMoM Jejie BepHa. Ommbka BTOporo
poJa COCTOMT B TOM, UTO TMIOTE3a IPUHUMAETCS, @ HA CAMOM JIEIIE OHA HE BEpHa.

IIpoBepka 0THOPOTHOCTH HECKOJBKHX JUCIEPCHI, HAHJEHHBIX 110 BEIOOPKAM pa3IMdyHOTro 00beMa

CucremMaTiHuecKye OMNOKH OPOXKAECHBI MPUIMHAMH, NEHCTBYIOIUMH PETYJIIPHO B OJTHOM HAIPaBJICHHH.
CiydaiiHble OIMOKH TOSIBIITIOTCS HEPETYIJISIPHO, TIPUYMHBI UX BOZHUKHOBEHHS HEM3BECTHBI U YUECTh UX 3apaHee
HEBO3MOJXKHO.

CucreMaTHuecKue OMHUOKN MOXKHO Pa3/eiNTh Ha CIEAYIONIHe 5 TPy

1 )UHCTpYMEHTaNbHBIE, CBA3aHHBIE C HAPYIIEHHEM N3MEPUTEIIBHBIX CPEJICTB,;

2 )omnOKH, BOZHUKAIOIINE U3-3a HEIIPABUIBHOIN YCTAHOBKH U3MEPHUTENIBHBIX CPEICTB;

3)ImorpenrHoCcTH, BOSHUKAIOIINE U3-3a HHANBHYaIbHBIX ICUXO()U3NOIOTHIECKNX, (PU3HOTOTHIECKIX,
AHTPOIIOJIOTUUECKUX CBOWCTB UEIOBEKA,;

4)ommOKH, CBSI3aHHBIE C TIOTPELIHOCTSIMUA METO/Ia U3MEPEHHIT;

5)TmorpeIHoCTH, CBI3aHHbIE C BIMSHUEM BHEIIHEH Cpe/Ibl: BIMSHHUE 3JIEKTPUUYECKUX U MarHUTHBIX IT0JIeH; BUOpanuii u
KoJie0aHMH BIDKYIIErOCs TPAHCIIOPTa; aTMOC(EPHOTO AaBJIEHHS U BIaXXHOCTH BO3/yXa, BBICOKMX U HU3KHX
TeMIIepaTyp OKpYKarollel cpeabl.

CucremaTuuecKkue OMNOKH 00s13aTeNIbHO HE00X0JUMO UCKITIOUNTb. [ pyOble HabmroeHns (MpoMaxu) HoAJIexKat
WCKITIOYEHHIO M3 BeIOOpKH. Jlanee BeruucisieMm Benuunny tpaca= QUOTE /s.

N3 tabnui pacupenenenuss CThIOJEHTA IO BRIOPAHHOMY YPOBHIO 3HAYUMOCTHU ( U YUCITY CTereHei cBOOO kI f,
CBSI3aHHOMY C OIICHKOW JUCTIEPCHU S2, HAXOAT Ta0IMuHOE 3HaUeHue t-kpurepus ttabn. Eciu tpacul tTabm, To
MI0JI03PEBAEMEBIi Pe3yIbTAaT SBISETCS IPOMaXOM U JIOJKEH OBITh HCKIIOUEH U3 BEIOOpKH. Ecin HanMenee
COMHUTEIBHBIH 3JIEMEHT HE 0Ka3aJICsl IPOMaxoM,

tpacul] ttab:, To ero MPUCOEANHSIOT K BBIOOPKE U UCCIEAYIOT CIESIYIONINI COMHUTENbHBIN JJIEMEHT,  T. JI.

[TycTs nmerorcst aBe BBIOOpKH 00beMOoM nl 1 n2 1o KOoTopbsiM HaiaeHs! BeiOopounsle qucriepcin QUOTE u QUOTE
. Onu sBnsiroTCs onlenkamu Jutst reHepanbHbix guctiepcuii QUOTE u QUOTE  cootBeTcTBeHHO. BBHIOOpOUHBIC
JIMCIIEPCHU HA3bIBAIOTCS OJJTHOPOJHBIMH, a pa3JInuue MKy HUMH OOBSICHSCTCS BIMSIHAEM CITy4aiHbIX omnOoK. B
MPOTUBHOM CJIy4ae FeHepaybHble AUCIEPCUH HE PaBHBI APYT Ipyry. Toraa roBOpsT 4TO pa3nudue MEexIy
BBIOOPOYHBIMHU JIUCTIEPCUSIMU 3HAYUMO.
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JIi1st MpOBEpPKH CTATUCTHUYECKOH TUTIOTE3BI 00 OJTHOPOTHOCTH JIBYX TUCTIEPCHE UCTIONB3YIOT F-kputepuit @umepa. Ecin
tpaculJ tTabum, TO BEIOOPOYHBIEC AUCIIEPCHH CIUTAIOTCS HEOTHOPOTHBIMHE JUISI BRIOPaHHOTO YPOBHS 3HAYUMOCTH (. Ecii
tpaculJ tTeH11 , TO MOYKHO TIPUHSTDH THIIOTE3Y 00 OJXHOPOTHOCTH IHCIIEPCHH.

st npoBepku ncnosib3oBaH kputepuid Koxpena.

[TycTh m-KOMTUIeCTBO BEIOOPOYHBIX AUCIICPCHIL, OMHOPOIHOCTD KOTOPHIX MpoBepsiercs. O003HAYNM TH JUCIICPCHH:
QUOTE , QUOTE ..., QUOTE . Beraucnsercs pacuerHoe G-0THOIICHHE IO (GOPMyIIe

Gpacu= QUOTE + QUOTE ...+ QUOTE ).

B uncnutene atoil popMysibl CTOUT HanOOINBIIAS U3 pacCMaTPUBAEMbIX AUCIIEPCHIL, a B 3HAMEHaTelle-CyMMa BCeX
mucnepcuii. [lanee oopamatrotcst k Tadbmunam Koxpena. Ecnu Gpacu [l GTabii, TO MOXHO NPUHATH THIIOTE3Y 00
OJTHOPOJHOCTH AucIepcuil. B mpoTUBHOM cilydae OHa OTBEpraercs.

Tema 1.2 [IpoBepka omHOpOaHOCTH cpeanux. [IpoBepka HopMambHOCTH pacnpeneneHus. Koaddumment xoppensann.
[Iprmenenne TabIHI CONPSKEHHOCTH IJIs1 OIIEHKH B3aNMOCBSI3H MIPU3HAKOB. PaHroBas Koppensmnus.

Hcnonp3oBanne KoapPUIMEHTa KOHKOPAALIUH U 00paOOTKH SKCIIEPTHBIX OIICHOK IPH paHKUpOBaHHUU.B 3TOM cirydae
ucTonb3yloT kputepuit baptierra. [Ipenapurensro Berauciaor Bemmanay QUOTE |, npexcrasmstontyto co6oit
CpezHee B3BEIICHHOE 3HAYEHHUE ANUCIIEPCHUIl, B3ATOE C yIETOM UYHCIIa CTEIICHEH cBOOOIBI:

QUOTE =QUOTE + QUOTE +...+ QUOTE )/ QUOTE .

Janee paccunthiBaroT BenduHy B, paBayto otHorenuio B=V/C. 3aeck V u C COOTBETCTBEHHO PaBHBI:

I'unoTe3a o1 OAHOPOIHOCTH JUCTICPCUI TIPUHUMAETCS, eciid B<y 21abn. B nanHoii npoBepke TpeOyeTcst , 4TOOBI 00beM
Ka)J10¥ BEIOOpKHU ObLT He MeHee yeThipeX. [lockosbky BennynHa C 3aBe0MO OOJIBIIIE SAUHUIIBI, TO MOCIIC BEIYUCICHHS
3Ha4YCHHSI V MOXKHO YK€ TIPOBEPHUTH BHIITOJHEHNE HepaBeHCcTBa V< y 2T1abn. Eciin oHO OKakeTcs CIpaBeINIUBBIM, TO
TUIIOTE3Y 00 OAHOPOTHOCTH JUCTIEpCH MOXKHO NpUHATE. Ecm VI y 2t1abn cnexyet Berauciuth C 1 10BeCTH
MIPOBEPKY 10 KOHILIA.

3mech uccieayeTcs ABe BEIOOPKH, MMEIOIIHE PAa3INdHbIC CpefHre apudmerndeckue. [lanaas mpoBepKa MO3BOJIIET
YCTaHOBHTH, BRI3BAHO JIH PACXOKICHIE MEKIY CPESIHUMH CIYIaliHBIMHU OMIMOKaMH U3MEPEHHUS MM OHO CBS3aHO C
BIIMSTHAEM KaKUX-JIHO0 HecIyIalHBIX (pakTopoB. [IpoBepka nmpoBoautcs kpureprueM CTHIOJCHTA.

IIpencrout paccMOTpPETh ABa Cllydast

1 ) Ouenku nucnepcuit QUOTE u QUOTE omHOpozaHbl. BeuuciseTcs pacyeTHOE OTHOLICHHE 10 (OpMyIIe

Ecnu tpacul] tTali TO pacXxoXEPHHE MEXKAY CPEIHUMH 3HAYNMO. B IPOTHBHOM CiTydae MOXHO NPUHATH TUIIOTE3Y 00
OJTHOPOJHOCTH CPEIHUX.

2 ) Ouenku nucnepcuit QUOTE u QUOTE neomnoponusl. Kak u mpensiaymieM cirydae 31eCh MOXKHO UCTIOIb30BaTh
kpurepuii CTbI0OZIeHTa, HO hopMyIa OyJIeT UMETh CIIeTyIOIUi BU:

[Janee BeruncinstoT Benmauny f mo gpopmyse

HaiinenHoe 3HaueHue f OKPYTIIAIOT 10 EJIOTO W MIPUHUMAIOT 32 YUCIIO CTeTeHel cBoboabl. [1o 3ol BenmmunHe
HaX0[is TabMYHOE 3HaYeHUE. JJanbHEeHINi X0/ MPOBEPKH HE OTIIMYACTCS OT MPEIBIAYIIEro CiryJas.
ITpoBepka HOPMATIBHOCTH PACIIPEACICHHS
Jnst aToro ucnone3yroT kputepuit [lupcona
Ucnonb3ytot hopmyy
QUOTE ®(z2)-d(zl1),
Z1=( QUOTE -y)/s; z2=( QUOTE -y)/s,
I'me y-cpenHee apudmeTnieckoe BHIOOPKH;
S-cpelHee KBaJIpaTHIeCKOe OTKIIOHEHHE BBIOOPKY;
QUOTE -HmxHss rpaHuLa i-TO HHTEPBAJA;
QUOTE -BepxHsist rpaHuIa i-ro HHTEpBaa;
®(z)-nopmupoBanHas pynkuus Jlamnaca,

3HaueHus ee st z=z1 W z=z2 omnpenensercs u3 Tadumil. [1pu OThICKaHWN 3HAYCHHIA dTOW QYHKIIUU ISt
OTpHUIATENILHBIX 3HAYEHUI apTyMEeHTa ClieyeT MMETh B BUY, 4TO GyHKIMs D(z) HeUeTHAs:
O(-2)=-D(z).

CreyromuM 3TaroM SIBISETCS BEIYUCIICHIE BEIMIHHBI y2pacd 1o GopmyIie

[Janee Haxoxum 1o Tabnune. ['unore3y o HOpMaIbHOCTH pacHpe/iesIeHHsT MOXKHO TPUHSATS, €ciH y2pacyul | y2tabi.
Koaddunment xoppensmn

Bo MHOrHX citydasix LeJIbI0 9KCIEPUMEHTAIBHBIX HCCIICAOBAHUI SBIISIOTCS YCTAHOBICHNE U M3YYCHHE 3aBUCUMOCTH
MEK1y HEKOTOPBIMU BeIMYMHAMU. ECin KaXk1ast U3 3TUX BEJIMUUH SIBIISICTCS CIIy4aifHOM, TO MCIOJIB3YIOT METObI
KOPPEJSLHOHHOTO aHAJIN3a.
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JJ1s OLIEHKHM CTATHCTUYECKOM CBS3M MO AAHHBIM 3KCIIEPUMEHTA IIMPOKO HCIIONIB3YETCS BEIOOPOUHEIH K03 duitneHT
Koppensun. PaccunteiBaercs mo gpopmyie

Kotopyro MoxHO niepenucath B BUaE, Oonee ynoOHOM IS BBIYUCIICHUH:

Koaddunuent koppensuuu Bceraa JexkuT B npegenax -1<r<1. OH xapakTepHu3yeT He BCAKYIO, a TOJIbKO JINHEHHYIO
3aBHCUMOCTb MEXY CIy4alHbIMU BelM4YMHAMU. Takue cilydaliHble BEeTMYUHBI Ha3bIBAIOTCSI HEKOPPEIUPOBAHHBIMU.

Ee cpaBHuBaroT ¢ TabmuuyHbIM 3HadeHueM kputepus CrbioseHta. Ecnm tpacul] tTabnm mpuHHMaeTcsi TMIIOTE3a O
HEKOPPEIMPOBAaHHOCTH BEJIMYMH X M y. B mpoTuBHOM ciydae kodpUIMEHT KOppensuuy 3HAYMMO OTJIMYAEeTCS OT
HyJISl, T.€. MKy BEIMYMHAMH X U Y CYIIECTBYET JIMHEIHAsI CTATUCTUYECKAS CBSI3b.

Ecimm TpebGyercss mcciemoBaTh CTaTHCTHYECKYIO CBSI3b MEXIYy TpeMs M Ooiee CIy4ailHBIMH BEJIHYMHAMH, TO
HOJIB3YIOTCS KO3 (DHUIIEHTOM MHOKECTBEHHOI KOPPEIISLIH.

PanroBas koppemsmus. Mcmonmbs3oBanne koddduineHTa KOHKOpHAUWU Ui OOpaOOTKH SKIEPTHBIX OIEHOK IIpH
PAaHKHPOBKH.

OnmHMM W3 CIOCOOOB OLECHKM MEXIY ABYMS Ka4eCTBEHHBIMH IPH3HAKAMH SBISICTCS BBIYUCICHHE KOd((HIIEeHTa
panroBoii koppensiuu Criupmera. @opmyia A HETO UMEET BUJT

KoadduiineHT paHroBOM KOPPEISIIIMKA MOKET MCIOIb30BATHCSA U TOTA, KOTJa PacCMaTPUBACMBbIC TIPU3HAKHU SIBJISTIOTCS
KOJINUECTBECHHBIMK, HO [UIS IeJicH HCCIICAOBaHMS JOCTATOYHO MPOPAHIKHUPOBATE OOBEKTHI MO BO3PACTAHHUIO MU
yOBIBaHHIO KaXKIOTO U3 HHX.

Pasnen 2. PerpeccHOHHBI aHAJIM3 W MeETOAbl IJIAHMPOBAHUSI JKCIEPUMEHTa C LeJbI0
MaTeMATH4YeCKOro OMUCAHUS O00beKTOB. MeToabl 3KCIEPUMEHTAJNBHON onTuMu3auuu. Metoabl
IJIAHUPOBAHMS IKCIIEPUMEHTOB ¢ KA4YeCTBEHHBIMH (PAKTOPAMHU.

Tema 2.1 PerpeccHOHHBINi aHAJIWM3 M MeTOAbl IUVIAHUPOBAHMS JKCIEPUMEHTa C LeJbI0
MaTeMaTH4eCKOro ONHCaHWs O00beKTOB. AKTHBHbIe ¥ TNAaCCHBHBbIC, OIHO(AKTOPHBIE H
MHoOro(akTopHble 3KcnepuMeHThl. OCHOBHBIEC 3aJa4d TUIAHMPOBAHMA JKcnepuMeHTa. OCHOBHBIE
BU/AbI MaTeMaTH4YeCKMX MojeJiell, NpuMeHsieMble NMPU HCCIeJOBAHUAX B JIECHOH NMPOMBIIIEHHOCTH.
MeTtoa HaMMeHBIIUX KBAJAPATOB 1JIsi MHOTO(aKTOPHBIX IKCcHepuMeHTOB. CTaTHCTHYeCKUH aHAJIH3
ypaBHeHusi  perpeccur. MeToabl  3KcHepUMeHTANbHOW  onTumu3anuu.  IlnanumpoBanme
0IHO(AKTOPHBIX JKCINEPHUMEHTOB NPH MONCKE ONTHMAJBHBIX ycJoBHil. O0mme cBegenusi. Merox
AUX0TOMUHU. MeTo/ 30J10TOro cedeHusi. MeTo MOKOOPIAMHATHOIO NMOMCKA.

3ajgayaMy PErpecCUMHHOrO aHalld3a SIBJSIIOTCA: MOMYYeHHUE MaTeMaTUUYeCKOW MOJENH Ipoliecca; MpoBepKa
a/IEKBaTHOCTH MOJYYEHHON MOJIEIIH; OIICHKA BIUSHHS KX/I0T0 (paKTopa Ha MPOIIecC.

IIpenmnocsuiky, TpPU KOTOPHIX MOXKET OBITH FWCIIONIB30BAaH PETPECCHHHBI aHaNW3 Ui TOJYYeHHS
MaTeMaTHYECKONW MOJIENIHN:

1 ) He3aBucumple mepeMeHHbIE X; HE ABISIOTCS CIy9alHBIMH BEIMYMHAMH, W 33JAf0TCS OHH C BBICOKOM
TOYHOCTBIO.

2 ) Uzmepsemble BBIXOIHBIE BEJIMYMHBI Y SABJSIOTCA HE3aBUCHMBIMU HOPMAaJbHO pacHpene’IeHHBIMU
CITy4alHBIMH BEJTMUMHAMH, U U3MEPSAIOTCS OHHU C MEHBIIEH TOYHOCTHIO.

3 ) Kaxmast 13 He3aBUCUMBIX TIEPEMEHHBIX HE SIBISICTCS] TUHEHHOW KOMOMHAITNEH OCTABHBIX HE3aBUCUMBIX
MIEPEMEHHBIX.

4 ) UntepBan Mexay 3HaueHHAMH (aKTOPOB B COCETHMX TOYKAax HE JOJDKEH OBITh MEHBIIE WIH PaBeH
ommnoOKe, ¢ KOTOPOH 337a€TCsA ITOT UHTEPBAJI.

5 ) 3HaueHHs1 OTKIIMKA B TOYKaX (PaKTOPHOTO MPOCTPAHCTBA JOJDKHBI OMPENENATHCS HE3aBHCUMO JPYT OT
Jpyra.

6 ) B nccren-yemoM nHTEpBasie BapbUpoBaHHs (PaKTOPOB AUCIIEPCUU BOCIPOM3BOAMMOCTU JOJKHBI OBITH
paBHBI, a UX BRIOOPOYHBIE OLIEHKN OTHOPOIHEL. [IpoBepKa OIleHOK JUCTIEpCHH Ha OJHOPOTHOCTE TPOBOTUTCS
no kputepusaM @uiepa, Koxpena u baprnerra.

AKTHBHBIE H TIACCHBHBbIE, 0HO(AKTOPHBIE H MHOTO()AKTOPHBIE IKCIIEPUMEHTBI.
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3aBHUCHMOCTh BBIXOZHOH BEIIMYMHBI (OTKJIMKA) Y OT BapbUpyeMbiX (akTopoB X1,X2,..., XK, IOIyYCHHAS C
MIPUMEHEHUEM PETPECCHOHHOTO aHalIN3a, Ha3bIBAETCS PETPECCHOHHON MOJIEIBIO:

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

rae f(X1,X2,...,XK)-0603HaueHre HEKOTOPOW (PYHKIIUHU OT BapbUPYEMBIX (haKTOpOB, Ha3bIBaeMOH (DyHKIMEH
OTKJIMKA.

UTOoOBI OIIEHUTh MPUMEHUMOCTH IOCTPOSHHON MOJENH, COOTBETCTBHE €€ HCCIEAyeMOMY OOBEKTYy , B
TUIAaHUPOBAHWUHM OKCIIEPUMEHTa MPEIyCMOTpEHa CIelHanbHas TpoleaAypa, Ha3blBaeMas IPOBEPKOi
aZIeKBaTHOCTH PErPecCHOHHOW Mojaenu. Monens B BHAE MHOTOWIEHA IEPBOTO IOPSIKAa COKPAIICHHO
Ha3bIBAIOT MOJICJIBIO TIEPBOTO TOPS/IKA, WK JIMHCHHOH. B o0Imem ciydae, npu Hanu4uu K BapbHPyeMbIX
(akTOpOB TUHEHHAs PEerpecCHOHHAsI MOAETh 00BEKTa UMEET BH]

y :B0+B1X1+B2X2+. . .+BKXK,

rae: Bg,B1,Bo,...,.Bi- ko3 dummenTs, dncioBeie 3HAYEHHS KOTOPBIX ONPEAETSIOTCS IO pe3ysbTaTaMm
skcnepuMenTa. VX HaspiBaloT K03((UIMEHTaMH perpeccud, a ypaBHEHHE B OOIIEM cilydae-ypaBHEHHEM
perpeccum.

Koadpdummmenter Bg,B1,B,,...,B,, crosmme mepen ob6oznadeHusMu ¢(akTopoB Xi,Xo,...,Xy, HA3BIBAIOT
JTUHEHHBIME KO3 HUIMEHTaMU perpeccuy, a KodappuimeHT Bo-ypaBHEeHHEM perpeccH.

OOpatuMmcst K paCCMOTPEHUIO MOJIEIIE BTOPOTO MOPSIIKA, TO €CTh MOJIeTIei B BUAE MHOTOWICHOB BTOPOTO
MopsiZIka OT BapbHpyeMbIx ¢akTopoB. [locTpomM Momens BTOPOTO TOpSIKa HampuMep Uil Tpex
BapbUPyEMbIX (DAKTOPOB:

y= Bo+B1X;+B;Xo+BsX5+B11X5+B X5+ BgsX5+B12X 1 X+ B13X1 X+ Bos X, Xs.

Mogens BTOpPOrO TOpSAKAa BKJIIOYACT KBAAPAaTUYHBIC WIEHBI, SBISIONIMECS  TPOHU3BEICHHUIMHU
k03 dHUIHEHTOB perpeccun Ha KBaapaThl (GakTopoB: BiiX2,ByX3, ...BwX? M WICHB C HApHBIMH
B3aMMOJICUCTBUSAMH, KOTOpBIE TMPENCTABISIIOT C000i Kod(D(UIIMEHTHI perpeccuy, YMHOXCHHBIE Ha
MPOU3BE/ICHHUE JIBYX PA3JIMYHBIX (haKTOPOB, TO €CTh WieHBI BUAa B1oX;X,+B13X 1 X3+B2sXoXs.

OcHOBHBIE 321241 IUIAHMPOBAHUS IKCIIEPUMEHTA.

B ngamHOM myHKTE paccMaTpuBaeTCs WAes OCHOBHOTO MeTona oOpaboOTKH pe3yinbTaToB JKCIIEPUMEHTa C
HENBI0  TMOJyYeHUs] MaTeMaTHYECKOTO ONHCaHui OOBEKTa-METOla HaWMEHbIIMX KBaapaToB. Llems
IKCIIEPUMEHTA-TIONyYeHUE perpeccHoHHoi 3aBucumoctn y=f(X;), KoTOpas ¢ JOCTaTOYHOW TOYHOCTHIO
OIUChIBaJIa ObI pe3ysIbTaThl SKcriepuMenTa. I'paduk 3aBucumoctu y=Ff(X,)-3T0 ckomast KpuBasl.
3uaueHusMu pakropa Xi, paBHbIM X1, X12,...,X1N, COOTBETCTBYIOT TOUKH HA KPUBOH Y1,Y2,...,YN-

K obocHOBaHUIO METO]a HANMEHBIIINX KBaJPaTOB
DTH TOYKH SIBISIFOTCS 3HAYCHHUSI BBIXOTHOM BEJIMYMHBI, PACCYMTAHHBIMU 110 YpaBHEHHUIO perpeccun y=Ff(X,):

Y1 = f(X11)5)
Vo = f(X12);

eee see see vse sen

Inv = fXn);/
Haiinem BenmuuuHy 6;=y;-y1, KOTOpasi XapaKTepU3yeT OTKIOHEHUE Pe3ysIbTaTa SKCIIEPUMEHTA Y1 B TOUKe X711
OT 3Ha4YeHUS] (QYHKIMH OTKIHUKA y1=f(X11) B 9TOH XK€ TOYKE. AHAJIOTMYHO PACCMOTPUM OTKIIOHEHHUS 0=y~
Yo,.. -,5N:}’N'YN.
CornacHo merony HanMmeHbIHX kBajapaToB (MHK) omneHku mist KO3 GUIIMEHTOB PerpecCcuy OTHICKUBAIOTCS
W3 YCIIOBUSI MUHUMYMa CYMMBI KBaJIpaTOB OTKJIOHEHUH D, TO eCTh

O=6l+65++65= (%1_}_’1)2"'(}’2_}_’2)2+“‘+(J/N_}_’N)2 =
—_\2 )
=D (3 -5)" - min
=1

Beimonnenue 3Toi npoueaypsbl 1aeT BO3MOKHOCTh COCTaBUTh CUCTEMY, YHCJIO YPaBHEHUU KOTOPOW paBHO
YUCITy HMCKOMBIX KOX(p(HUIIMEHTOB perpeccuu. Takas cucTeMa Ha3bIBaeTCsl CHCTEMOW HOPMalIbHBIX
ypaBHenuii (CHY).
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Ucxons w3 chopmynrpoBaHHOro TpeOOBaHUs, HaieM (OpMyJbl JUIsl BhIYHCICHUS KOA(PUIHESHTOB
perpeccuu B MIPOCTEUIIIEM CITydae TUHESHHOW MOJICIH ¢ AMHCTBEHHBIM (pakTopoM X;. DTO MOIETH BUIA
y = B¢+ B1X,
DopMyIbl AJ19 JAHHOW MOAEIU MIPUMYT BU/I;
Y1 =By + B1X11
Y2 = By + B1 X1,

Yn =By + B1Xiy
[ToncraBuM HaliieHHBIE 3HAYCHUS Y1,Y2,...,yN B popmyiy. Toraa
® = (y; — By — B1X11)? + (y2 — Bo — B1X12)?* + -+ (yy — By — B1X1y)?
YroOr1 HaiiTh 3HaueHus By u By, mpu koTopeix cymma @ MuHHMabHa, BO3bMEM Mpou3BogHbIE OT @ 1o By 1
1o B, ¥ npupaBHAEM UX HYIIO:

ood

TN = 2(y; — Bo — B1X11)(=1) + 2(y, — By — B1X1,)(=1) + - +
0

20 +2(yy — By — B1X11)(=1) =0

3B 2(y1 — By — B1X11)(—X11) + 2(y, — By — B1X15)(—X12) +
1

+++ 2y — By — BiXin)(—=X1y) =0
[Tociie 31eMeHTapHBIX TPe0OPa30BaHU AT yPaBHEHHS IPUMYT BHIL:
NBy+Bi(X11 + Xip+ -+ Xin) =y +y2+ -+ yns
Bo(Xn + X+ + XIN) + B1(X121 + X122 + -+ X12N) =
= ¥1X11 + Y2 X12 + -+ ynXan,

N N 3\

j=1 j=1

N N N
BOZX1j+BlzX12j =lejy,-.
j=1 j=1 j=1 J

ITonydyennas cucrema U3 JByX JIMHEHHBIX YPaBHEHUU C JBYMS HEM3BECTHBIMU By u B sBisiercst cucremon
HOPMaJIbHBIX YpaBHEHHH. Pemast ee, mpuaeM K HCKOMBIM (GopMyiaMm.

N N y2 N N
()@ xE) - (B Xy (BN X))
= > :
N y2 N
N(2j=1X1j - (Zj=1X1f)
N N N
_NEL X)) - (B y) (B Xy)
= 5 )
N y2 N
N(Zj=1X1j) - (Zj=1X1j)
s npupanus cucteme 0ojiee CUMMETPUYHOIO BUIAa BBeAeM (QUKTHUBHBIA (akTop Xo. DTOT (akTop HE
UMEeT (U3NYECKOTO CMBICIA M B KaXKJIOM ONBITE TNPUHUMAET OJWHAKOBBIC 3HAUYCHHS, paBHBIC

Xo=Xoz=...=Xon=1. Temepp perpecCHOHHYI0 MOJEIb MOXHO TMPEJICTaBUTh CIEAYIOUIMM 00pa3oM:
y=BoX¢+B1Xi, a cucremy ¢ BBesileHHEM (PUKTHBHOTO (paKTOpa MOXKHO TIEpenucaTh B BUC

N N N \
BOZng + Blzxojxlj = Zxojyj
j=1 j=1 j=1
N N N
BOZXIJ-XOJ- + Blzxfj = lejyj
j=1 j=1 j=1 J

Cucrema HOPMaJTbHBIX YPaBHCHUHN UMEET CIICAYIONINE OCOOSHHOCTH:

1 )mo auaroHamu JIEBBIX YACTEH ypaBHEHUWH TIOJ 3HAKOM CYMMBI IIOCIICJOBATEIBHO CTOST KBaJApaThI
HE3aBHCHUMBIX TIEPEMEHHBIX;

2 JOTHOCUTEIHHO ATOH TUArOHAIA UMEETCS CUMMETPUS;

Wnu, xopoue

B
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3 )B mpaBoif YaCTH CHCTEMBI TTOJI 3HAKAMHU CyMMBI PaCIIONIOKEHBI TIPOU3BEICHISI, TIOJyUYCHHEIE B PE3yIbTaTe
YMHOCHHSI CTOJIOIA BRIXOIHOM BEJIUYHMHBI Ha CTOJIOEI] COOTBETCTBYIOIErO (haKTopa.
Jl1st OTBICKMBAHUS TPEX HEU3BECTHBIX KO3 (GUIMEHTOB perpeccun By, B; u By Hazo pemmth crieayromnyto
CHCTEMY U3 TPEX JIMHEUHBIX YPaBHEHUH C TPEMSI HEU3BECTHBIMU:

N N N
NB, + Bllej + anxfj = Zy,-;
j=1 j=1 j=1

N N N N
B, ZXU + B, fojBl + By; foj = Z viXij;
j=1 j=1 j=1 j=1
N N N N
By 2 X%+ B, 2 X7+ By 2 Xt = Z VX3
Jj=1 j=1 Jj=1 j=1 J

"

[TycTh OBIT OCTABIEH IKCIIEPUMEHT B KOTOPOM (GakTOphI X1,X; U X3 IPUHAMAIN 3HAYCHHS X11,X12,- - -, XN}
X21,X22,.0,XoN; K31, X32,--,X3n. BBeeM (UKTHBHYIO TepeMeHHYI0 Xo. COCTaBUM CHCTEMY HOPMAaJIbHBIX

ypaBHeHu#. Bo Bcex ypaBHEHHUAX pacnoiokuM Ko3¢dduureHTs! B B ommHakoBoM nopsinke

N N N N N 3
BOZng + BlZXOlej + B, ZXonzj ot BRZXO]'XR]' = ZXOJ'YJ';

j=1 j=1 j=1 j=1 j=1

N N N
BOZXOJ'XIJ' + BlzXlzj + BZZXUXZJ' T

j=1 j=1 j=1

N N N
BOZXOJ-XU +Blzxfj +BZZX1,-X2]- + o

j=1 j=1 Jj=1

N N N
BOZXOJ-XU + Blzxfj + BZZXUXZJ- + -
j=1 j=1 j=1

Pemias coBMecTHO cuctemy noiryuuM 3HaueHus By,B1,B; u Bs.

CTaTHCTHYeCKU aHAJIN3 YPAaBHEHHUS Perpeccuu.
T36HI/IHLI B KOTOPLIX 3allMCaHbl YCJIOBUA ONBITOB HA3bIBAOT MaTpUllaMH ILIAHOB. Hpemae YEM IIPOBOAUTH
BBIYHMCIICHHS, 3alIMIIEM PErPeCCUOHHYI0 MOJENb B 0ojiee CUMMETPUIHOM BUIE, BBeIs (UKTHBHBIN (HaKTOp

Y = boxg + b1xq + byxy + -+ byxy

N N
+Be ) Xy = ) Xy
=1 =1
N N
j=1 =1

N N
+ Bkleijj = Zleyj;
j=1 j=1 J

Xo:

Homep | X; Xz Xk
OIIbITa

1 Xll X21 Xkl
2 X12 Xzz Xk2
3 X1z | Xa3 Xis
N XlN XZN XkN

Homep | Xo Xy X5 Xk
OIIbITa

1 X | Xu X1 Xia
2 Xz | Xip | X X
3 Xoz | X1z | Xy Xia
N Xon | Xin | Xon Xin

Ter[epb KaKAOMY CjiaraeMoMy MOZACIIN COOTBECTCTBYCT OHpe,I[eHeHHLIﬁ CTOJ'I6€LI JTOH MaTpullbl: CJIaraCMOMYy

BoXo-cTronben Xo; B1X;-cronber X; u T. 1. Takasi MaTpUIla Ha3bIBAETCS MAaTpPUIlei 0a3UCHBIX (PYHKIIUH.

18



N N N N N
BOZng + B1ZX01X1J + B, ZXOJ'XZJ' oot BRZXOJ'XRJ' = ZXOJin
= =1 = = =
N N
BOZXOJle-I_BlZX +BzZX11X2] .“+BkZX1]Xk]=2X1]y];
j=1 j=1
N N
j=1 j=1 j=1 j=1 j=1

BOZX Xk]+BlzX1]Xk]+B22X2]ij+ +Bksz] EXk]y],
J

OTtmeTnM ‘ITO YHCIIO ypaBHeHI/II/I 3TOH CHCTEMBI paBHo YHCITY Koa(b(bI/IuI/IeHTOB perpecCHH, MOUIEKALINX
OIpE/ICICHHIO, T. €. B JaHHOM ciy4ae k+1. SIcHO Takke, 4TO B Ciiydae MPHUMEHEHHUsI METO/Ia HAUMEHBIITHX
KBaJIpaToB YnCiIO OnbITOB N JTOMIKHO OBITh HE MEHBIIIE YMCIa P OLIEHUBAEMBIX KOA(P(MHUIIUCHTOB PErPECCHH:
N=>p. Ilnan, st kotoporo P=N Ha3pIBaeTCs HACBHILIEHHBIM IUIaHOM. HachllieHHbIC IUIAHBI HE MTO3BOJISIOT
IPOBEPHTH A/ICKBATHOCTh MaTeMaTHYecKoi Mozenu. [lnan, ais kotoporo PN Ha3bIBaeTCsl HEHACHIICHHBIM
[lycte B skcmepumente Bapbupyercss K dakrtopoB, m X-moboit u3 Hux, i-1,2,....K. Ero nuanmason
BapbUPOBAHUS Ximin<Xi<Ximax. BenmuunHa Xjm.x HA3BIBAETCS BEPXHUM YypoBHeM (akTopa Xj, a BeIWYHHA
Ximin-€T0 HIDKHUM ypoBHeM. CepeouHy Ouana3oHa BapbUpoBaHus (akropa X; HA30BEM €ro OCHOBHBIM
YpOBHEM.

MeToabl IKCIEPUMEHTAILHOI ONTUMHU3ALMH.

uzaes o00OLICHNS METOAa HAaMMEHBLIMX KBaJpaToB Ha J3TOT CiIyyail 3akKiIioyaeTcs B TOM, 4YTO JiroOoe
npousBelieHre (aKTOpoB, WIM UX CTENEeHb, MOXKHO paccMaTpuBaTh B KauecTBe HOBOro ¢akrtopa. IlycTsb
HanpUMep SKCIIEPUMEHTATOP, HCCIEAYs BIUSHHAE TpeX (GaKTOPOB Ha 00BEKT, PN 33/1aThCSI MOJIEIBIO
y:B0+B1X1‘|‘B2X2+B11X§+B22X%+B12X1X2.

3aMeHMM HIIeHBI BTOPOTO M 0OIe BHICOKOTO MOPSKA HOBBIMH IHHEHHBIME wieHamu Xo=Xj X3=X,,
X1X,=Xs. B pesynbrate mMcxomHas MOJENh 3aMEHEHAa JHHEWHOW C TsAThio (pakropamu. Takum obOpazom,
JAHHBINA CITy4aidl CBOAMTCS K Hpeablaymemy. st Toro 4ToObl BEIMKUCATh CHCTEMY HOPMAalIbHBIX ypaBHEHU,
aQHAJIOTHYHBIM 00pa30M COCTaBIIIOT MaTpully Oa3sucHbIX QyHKuMHA. KaxmoMmy ciaraeMoMy MOJENH JOIKEH
COOTBETCTBOBATh ONpENeNeHHbIH cTo0er MaTpulpl. [103TOMYy OH BKIIIOUAET BCE CTEHNEHU M MPOM3BEICHUS
(hakTOpoB, KOTOPEIE (GUTYPUPYIOT B MOJICITH.

HOMep Xo Xl X2 X% X% X1X2
OoInbITa

1 1 X1 X1 Xfl X221 XX
2 1 X1z Xy X 132 X 222 X12X22
N 1 Xin Xon X3y | X2y | XawXan

C noMomipo 3Tol TabIHUIIEI MOKHO COCTABUTH CUCTEMY HOPMAJIbHBIX YPABHEHHIA.

Tema 2.2. IlnaHupoBanue OAHO(PAKTOPHBIX IKCIEPHMEHTOB NPH MOMCKE ONTHMAJBHBIX YCJIOBHM.
Oo0mue ceenenns. Meron nuxoromun. Mertos 30/10Toro ceyeHusi. MeTol NOKOOPANHATHOIO IIOUCKA.
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MeTtoa mNJaHUPOBAaHWSA JKCIHEPUMEHTOB C KayecTBeHHbIMH (aktopamu. OnHodakTOpHBII
aucniepcoHHblii  aHaau3. llpuMeHeHMe JBYX(aKTOPHOI0O AUCIEPCHOHHOIO aHAJM3a TIpPH
HCCJIeIOBAHMSAX B JIECO3Ar0TOBUTEILHOM U 1epeBo00padaTbiBaloleii 0Tpaciu.

IIlpumeHeHune JATMHCKHUX KBQJAPaTOB TMNPH  HMCCJAEJOBAHUSIX B  JIECO3arOTOBUTEJLHON M
AepeBooOpaThIBalOLleil oTpacan

Jlucrepcust BO3IPOM3BOAMMOCTH o0003HauaeTcss S{y}.  PaccMOTpEM CHOCOOBI ¢ BBIYHCICHHS B
3aBHCUMOCTH OT METOJIUKH Ty OJIMPOBAHHUS OIBITOB.

1 ) PaBHomepHOe myonmupoBanue. Kaxaprit m3 N 3armmaHIpOBaHHBIX OTBITOB MTOBTOPSIETCS OJIMHAKOBOE YHCIIO
N pas, To ecth uMeeTcs N cepuii, B KaXI0H 13 KOTOPBIX CTABUTHCS N IyOJIMPOBAHHBIX OIBITOB

O003HaYUM pe3yJIbTAThl ONBITOB IEPBOW CEPUU YepPe3 Vi1, Y22,..., Yin. 110 HUM MOXKHO pacCcuuTath

JICTIEPCHIO TIEPBOTO OIBITA 52

si = —y)* + 7(13’12 — 72+ Y =¥/ (= 1) =
PICTRENIICESY
i=1
T/ V1- CpeaHee 1Mo cepuu IyOIHPOBAHHBIX OIBITOB, PABHOE
n
y1=0ut+yt+ Y1n)/n = ZJ’u/"
i=1

AHajoruyHo PaCCUUTBHIBAIOTCA CPEAHUC yj " JUucriepCumn sz BCECX OCTAJIBHBIX OIIBITOB:

n
yi = Zyij/n
i=1

n
—\2 .
57 = Z ;i = 5)°/(n = 1) j=12..,N.
i=1

OrmMeTuM, 4TO 4HCNa CTETEHeH CBOOOIBI BCEX AUCHEPCHI OXMHAKOBBI M paBHBI N-1: fi=f=n-1. B kauectse
JIUCTIEPCUU BOCITPOU3BOAUMOCTH Sz{y} OepeTcs cpenHee apuMETHIECKOE TUCTIEPCUI OTTBITOB:

st 4s5+ -+ sk _ D11 =712+ G2 =702+ +in = VD)2 + (V21 — 72)% +

s*{y} =
+2 = V) 2+ o+ o =722+ + v — I 2+ vz = In)2 + o+ +vn — In)? _
Nn-1)
N n
N2
= ZZ(J’ﬁ /)
T=11=1

Yucio creneHeit cBobos! fy 9T0M aucniepcuy paBHO CyMMe YMCeI CTeleHeit CBOOOIbI UCTICPCHI OIIBITOB:

N
fy=) fi=Nm-1
=1

HeO6XOJII/IMBIMI/I MMPEAITIOChbUIKaAMU CTATUCTUYCCKOI'0 aHajln3a ABJIACTCA HOPMAJIBHOCTH PaCHpCaACIICHUA
BBIXO/IHOHM BEIMYMHBI U OJHOPOJHOCTH JUCHEpPCUil OombITOB. [IpoBepka OMHOPOMHOCTH TUCHEPCUI OIBITOB
NpY paBHOMEPHOM HUX JyOIMpOBaHUM NPOBOAMTCS 10 Kputepuio KoxpeHa.

2 ) HepaBHOMepHOe ny6nupoBanne. Kaxuplit j-if OIBIT HOBTOPSETCS B 3TOM CIydae HEKOTOPOE YHCIIO Nj pas.
Kak u B npezbIayIiem cirydae, BBIYUCISIOTCS JUCIEPCHU MIEPBOTO, BTOPOTO,..., |-TO OIBITOB: 512, 522 ,...,S,%,,
TOJBKO BMECTO N 371eCh OYAET CTOATH N;:

sf = Zn: i —5) /(- 1)

Yuca creneHen CBO60,I[BI ;[chepcnﬁ, B006H.[e TOBOPs, pa3JINYHbI: fj:nj-l . I[I/ICHCPCI/IH BOCITPOU3BOJUMOCTHU
AJId 3TOr0 Ciiy4das OnpeaAcasaCTCs 1o (1)OpMyJ'IC

styy=(sthi+sifat+sif)/(i+ ot 4 f) =
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fi

N N
=ZSJ.2f]./Z

J=1 J=1

=) =) (-1
j=1 j=1

i mpoBepKH OJHOPOIHOCTH AMCIEPCHM B JAHHOM Cllydae HEOOXOAMMO BOCIOJIB30BATHCS KPUTEPHUEM
Baptnerra.

3 ) PaccMoTpuMm uacTHBIA cilydaid HEpaBHOMEPHOTo AyOiupoBaHus, Koraa 3 N HOCTaBIECHHBIX OIBITOB
IyOImupyeTcst TOJIBKO OJIWH, AJISl ONPEAETICHHOCTH-TIEPBBIH C YUCIOM TOBTOPEHUH Ny

[TocTpoeHne u reoMeTpuyecKas HHTEPIIPETays HOJTHOro (PaKTOPHOTO MyIaHa

C [aHHOW TJIaBl HAa4YHEM PAcCMOTPEHHE METOJOB IUIAHWPOBAHHS MHOTO(AKTOPHBIX SKCHEPHUMEHTOB.
Haubonee comepkatelbHBIMH PEKOMEHIAIMSMHU B IUIAHUPOBAHMM SKCHEPUMEHTA SIBISIOTCS OTBETHI Ha
BOIIPOCHI: KaK, HA KAKUX YPOBHSAX M B KaKUX COYETAHMAX BapbUpPOBaTh (PAKTOpHI B 3KcIepuMeHTe? DTUM
PEKOMEHIAMSAM MOXKHO CJIEI0BATh, €CJIM BCE BapbUpyeMble (PaKTOPHI SBISIOTCS YIIPABIISIEMbIMH.

[Monueimu  dakropusiMu  manamu  ([IDIT) Ha3piBalOT Takue IUIAHBI, B KOTOPBIX UHCIO YpPOBHEH
BapbUpOBaHMUA BceX (PaKTOPOB OJMHAKOBO U BCEBO3MOXKHBIE KOMOMHALMM 3THX YPOBHEH BCTPEHaIOTCS
OJIMHAKOBOE KOJMM4YecTBO pa3. Hmxe moapodHo paccmatpuBatorcs [IDII, B KOTOPBIX YMCIO ypOBHEH Kax-
Joro Qakropa paBHO ABYM. DTHU IUTaHBI 0003HAYAIOTCS 2K, I/Ie K - uncio ¢aktopos. [1o pesynasratam [1DI1
2K BCeTJa MOXHO MOJIYYUTh JIMHEUHYIO MOJIEIb, TO €CTh MOJICTh BUA

y =Bo + B1X1+ B2X2 + ... + BkXk.

Kax Oyner mokazaHo HmKe, 3Ty MOJETh MOXHO JOMOJHUTH WICHAMH, COJACPKAIIUMH IPOU3BEICHUS
(dakTOopoB, HO B JIOOOM Ciyyae MPH TOCTPOSHHH PErpeCCHOHHONW MOJENU IO pe3yibTaTaM IIOJHOTO
(baxTOpHOro IIaHa 2K MpearoaaraeTcs JUHeHHass 3aBUCHMOCTh BBIXOJHOW BEJIMYMHBI OT KXKIOI'0 U3 Baph-
upyembix (akTopoB. B mepeBooOpaboTke, Kak U B APYrux otpacisx, [IPI] mmpoko mpuMeHSIOT Ha TIEPBHIX
JTanax SKCIePUMEHTATFHOTO H3Y4YEeHUs 0O BEKTOB, TIPH OCTPOM JAedulnTe HHOOPMALIUN O 3aKOHOMEPHOCTIX
uX (YyHKLIMOHUPOBAHUSI.

Hopmuposanue 0003HaueHni BappUpyeMbIX (pakTopoB

PaccmoTpum  MHOTO(aKTOpHBIE TMJaHbl (PKCHEpUMEHTHI). To ecTb OyaemM cydWTaTh, 4YTO Ha OOBEKT
WCCIIEIOBAHNH BO3/ICHCTBYIOT Cpa3y HECKOJBKO, B 00IIeM ciiydae K, ()aKTOpPOB, KOTOPbIE B HATYpPaJbHBIX
0003HayeHusaX 3anumieM Tak: X1,X2,...,. XK

Uucno creneHeit cB0OOABI €€ paBHO

X

X2 = O0beKT Y
I MccllenqoBaHUA

Xy

Puc. 'eoMeTpuueckoe mpeacTaBiieHne 00beKTa UCCIIETOBAHUS

[Tycte HEexoTOpBIH akTop Xi Bapsupyercs B AuanazoHe Xi min < Xi < Xi max.. J{ns ynporienus

3allUCH YCJIOBUH 3KCIIEPUMEHTAa M OOpabOTKM 3KCIIEPUMEHTANBHBIX JAHHBIX MMEET CMBICH HepeiTH oT
HATypaNbHBIX 0003HauUeHUH (aKTOPOB K Oe3pazMepHBbIM (HOpMATU30BaHHBIM) 0003HAYCHUSAM (aKTOPOB, T.
e. ot Xi k xi mo popmyne

Oco0eHHOCTH MONHBIX (PAKTOPHBIX MJIAHOB 2K
Kaxnpiii ¢akrop B mONHBIX (DAKTOPHBIX IUIaHAX BapbUpyeTCs JHIIbL Ha JBYX YPOBHIX, KOTOpBIE
Hopmupyrotest: (- 1) - Hwkauid u (+ 1) - BepxHuit ypoBeHb. B IIDII 2k peanusyroTcs BCe BO3MOKHBIC
coyeTaHus ypoBHeH (pakTopoB.
Obmee uyucno pa3nuysbix onbIToB B IIDII N = 2k, rae k - uncno (akTopoB; 2 - YUCIO YPOBHEH HX
BapbUPOBaHMUSL.
[To pesynbraram [1DII 2/c, B 4acTHOCTH, MOKHO TIOJTYYUTh JIMHEHHOE YpaBHEHHE PErpeccun

y = bo + b1x1 + b2x2 + -+ bkxk
Cryuaii 1ByX BappHUpyeMBIX (akTOpOB (K = 2) B HOPMaJIM30BAaHHBIX 0003HAYEHUIX
TI®IT mas AByX (haKTOPOB JIETKO MOCTPOUTH IMEPEOOPOM BCEX COUYCTAHWM MX BEPXHHX M HIDKHHX YPOBHEH.
Hanpumep, B Tabi1. mpuBeeHb! 1Ba BO3MOKHBIX BAPUAHTA, IJI€ CTPOKU COOTBETCTBYIOT Pa3IMUHbIM OIIBITaM,
a crosOupl - 3HaueHWsAM (HAKTOPOB B OIKCIEpPUMEHTE. OTH TaOnuibpl OyneM Has3bIBaTh MAaTpHUIIAMHU

21



IUTAHUPOBAHUS dKCIIEPpUMEHTA. M3 TaOmuIl BUAHO, YTO JBa 3Ha4YeHUsA GakTopoB (- 1) u (+ 1) npuHHMarOTCSA
BO BCEBO3MOXKHBIX COUETAHUSX, TO €CTh BCE X KOMOMHAIIMU Pa3THYHbI.

Home (X1 (X2
1 1 [
2 +1 |11
3 -1 +1
4 +1 1
Home X1 [X2
1 1 1
2 -1 -1
3 +1 +1
4 +1 -1

Harnsgaoe mpencraBieHue o0  YCIOBHSAX IIOCTAHOBKM — ONBITOB  MOXHO —TOJYYUTh, TOJB3YSCh
TCOMETPUYCCKUMH TOHATHUSAMH. BBIJIO BBEIEGHO MOHATHE (PAKTOPHOW IIOCKOCTH - 3TO KOOPAWHATHAS
TUIOCKOCTh, TTI0 OCH a0CIHCC KOTOPOH OTIOXKEHBI 3HAUSHHSI Xb a TT0 OCH OpAWHAT - 3HaueHus x2- [loctponm
Ha 3TOH IIOCKOCTH TOYKH, KOOPAWHATHI KOTOPBIX COOTBETCTBYIOT KOOPIWHATHBIM 3HAUYECHUSM (aKTOPOB B
ombiTax 1, 2, 3 u 4 I1OII 22

Touku 3Toro miaHa oOpa3ylOT BEPIIMHBI KBajapaTa, LEHTP KOTOPOTO COBMAJaeT C HA4YaJOM KOOPIWHAT.
BryTpeHnHOCTh KBaipaTta sBisieTcss 0071acThI0 BaphUPOBAHISI HOPMAaTH30BaHHBIX (JaKTOPOB.

X
X, 3 4
3 +1 4 20
X 10 b
-1 0 [+ L 2
0 04 1,2 X
1 1 ) Puc. 'eomerpudeckoe nzobpaxenne [1DI1

Puc. TeoMeTprueckoe H300pakenne IUI K = 2 B HaTYpaJIbHbIX 0003HAUYEHHUIX (PaKTOPOB

[TDIT m1st x - 2 B HOpMAITM30BAHHBIX

Touku 3TOrO *e IUIaHa JJis HATypaJbHBIX 3HaYCHUN (HaKTOPOB
0003HaYeHUSIX (HAKTOPOB

MPECTaBISIIOT co00i MPSMOYroNbHUK B 3THX KoopauHaTax
o0acTh BapbUpOBaHUs (PAaKTOPOB MPEACTABISET COOOH BHYTPEHHOCTh NPSMOYTOJIbHUKA.

Hns reomerpuueckoro uzobpaxenus [IDII 23 morpedyercs yxke (akTOpHOE MPOCTPAHCTBO C TPEMs
koopauHatamu X1, x2,x3. B atux koopamHatax ombitaM [1®IT 23 cooTBETCTBYIOT BepLIMHBI Ky0a, a B
HaTypaJbHBIX 0003HAYEHUSIX (PAKTOPOB - BEPIIMHBI Mapajuiesenunena. ['eomerpuyeckue NpencTaBIeHUsS]
OKa3bIBAIOTCSI MOJIE3HBIMU U MPH PACCMOTPEHUH SKCIIEPHUMEHTOB C YHCIOM (PAKTOPOB K, OOJNBIIMM TpEX,
XOTSl B 3TOM CJIy4ae M HET BO3MOXKHOCTH M300pa3uTh TOUKH (DAaKTOPHOTrO MPOCTPAHCTBA Ha uyepTexke. Tak,
onbiTel [IDII 24 oOpa3yroT BepMHBL Ky0a B YeTHIpEXMEPHOM HpocTpaHCcTBe (akTopoB. Takywo ¢urypy
0OBIYHO HA3BIBAIOT TUIIEPKYOOM.

Crnoco6s1 moctpoenust DI anst moboro uncna pakTopon

Kak yxe ormedanoch Juis JByX (akTOpoB Bce BO3MOXKHBIE COUYETaHHsI YPOBHEH (haKTOPOB JIETKO HaWTH
nepebopom. C yBenuyeHrneM 4drcia (pakTopoB clielyeT 3allOMHUTh HEKOTOpble MpHeMbl. PaccMoTpum aBa
HauboJee pacIpoCTpaHEeHHBIX ITPHEMa:

1.Yepenosanue 3HaKOB (akTOpoB. 31ech B crondie x1 Tadn. 6.4 3HAKH MEHSFOTCS IIO0YEPENIHO, B CTOJIOIE
X2 yepenyroTcs 1o 11Ba, B cTosndue x3 mo uersipe. [Ipu Gonbmem xomuuecTBe (HPaKTOPOB B IKCIICPUMEHTE
3HaKM U1 X4 HEoOXOAWMO YepenoBaTh YK€ MO BOCEMb M T. [. MO CTEHNEeHSM JBOWKHA. MOKHO 3alOIHATH
CTOJIOIBI HE ¢ MEPBOTO, a ¢ Jitoboro daktopa. B koHeunoMm cuete Oyzner momyueH Tot xe [1DII, Ho ¢ apyroi
HyMepalyen OIbITOB.

2.Mcnonb3oBaHue MNpaBuiia NEPEMHOKEHHsI CTOJOLOB IutaHa. [Ipw MOCTPOYHOM NEPEMHOXKEHHH IBYX
CTOJIOIIOB TJIaHA MPOM3BEICHUE AMHUHUIL C OJJHHAKOBBIMU 3HaKamu aet (+1) ¢ pasubimu (-1)

CBoiicTBa MOTHBIX (PaKTOPHBIX TIAHOB 2K

Ocoboe MecTo, 3aHIMaeMOoe MOJTHBIMY (PAKTOPHBIMH TUIAHAMHU 2K B TEOPHUHU IKCIIEPUMEHTA, CBA3aHO C LIEIIBIM
PsIIOM HUX JOCTOUHCTB, IO CPAaBHEHUIO C JPYIMMH IUIaHAMH, MO3BOJLIIOLIMMU IOJIYYUTh PErPECCUOHHBIE
MOJENIM aHAJIOIMYHOTO BHJA. OTH JOCTOMHCTBA IPOSBIIOTCA B LIEHHBIX CBONCTBAX PErpeCCHOHHBIX
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MOJCIIeH, MOTYYEHHBIX MO pe3yiabTaTam peanm3aruu [IDIT 2 : He3aBUCHMEBIE Opyr OT Apyra OICHKH
K03 PUIIMEHTOB perpeccuy, MUHHMANbHBIE WX JUCIIEPCHHU, a TaKkKe MpOcToTa 0O0pabOTKH pe3ylbTaToB
3KCIIEPUMEHTOB. Xopoinue kauectBa [IDI1 2 00bACHSIOTCS PSIIOM OCOOCHHOCTEH MaTPUIl 3TUX IJIAHOB,
Matpunbl TIOII 2k B HOpMaNIM30BaHHBIX O003HAYCHUAXK OONAJAIOT CICIYIOIIUMU XapaKTEPHBIMU
CBOMCTBaMHU.

CHMMETPHYHOCTh OTHOCHTENBHO IIEHTPA SKCIIEPUMEHTA.

Cymma 3HadyeHHH JI000ro (pakTopa B HOPMAIM30BAHHBIX OOO3HAYCHUSX JJIS BCEX OINBITOB paBHA HYIIIO

(anreOpardeckas cyMMa 3JIEMEHTOB KaX/I0TO CTOJIOIA paBHA HYIIO), TO €CTh
N

inj =0, {xy+xp+-+xy =0}

=1
Hopmuposanrocts. CyMMa KBaJpaToB 3HAYCHHI KaX10r0 (akTopa B HOPMATHU30BAHHBIX 0003HAYECHHSX 10
BCEM OITBITAM paBHA YUCITY ONBITOB N (CyMMa KBaJIPaTOB 3JIEMEHTOB Ka)KIOTO CTOJIOIA paBHA YHCITY OIBITOB

N), To ecTb
N

inzj =N, {x}+x%+-+x3 =N}
=1
OproronansHocTh. CKangpHOE MPOU3BEIeHHE IBYX JIOOBIX cT00110B MaTpulisl [IDI1 B HOpMaIN30BaHHBIX
0003HaYCHUSAX PABHO HYJIO, TO €CTh
N

injxij =0, {xjxy1 +X2xy +-+xyx,y =0}, i#=u; ,u=123, ..k

j=1
Martpuupsl naaHoB, 00JIaJaoLIe CBOHCTBOM , HA3bIBAIOTCS OPTOrOHAJIBHBIMH.
CBoiicTBO poTarabenbHOCTH o3HaudaeT, uyTo Touku B [IDII mogbuparorcs Tak, 4YTO TOYHOCTh 3HAYCHUH
OTKJIMKA OJIMHAKOBA Ha PaBHBIX PACCTOSHUSX OT I[EHTpa SKCIIEPUMEHTA 1 HE 3aBUCUT OT HaIlpaBJICHUS.
[IponemMoHcTpupyem 3TH cBoicTBa Ha mpumepe. Ilycte nanel aa IIDII .Onpeaenum, KOTOPBIA U3 HUX
YIOBJIETBOPSIET IEPBBIM TPEM CBONCTBAM.

%
o)
<
@)
S}

X3
-1 -1 1

-1 +1 11
+1 +1 +1
-1
+1 -1 1
o O =
+1 +1 -1

ONOYOIBRWNE
T
—
T
—

%
>
=

X22[x3

-1 -1 +1
+1 1 |1
-1 +1 [+
+1 -1
-1 -1+
+1 1 |1
-1 +1H+1
+1 +1 -1

oNOOIPBRWNEF
+
—

Tak mys IIDI1, mpuBenenHoro B Taba. uMmeeM cieayromee. CBOWCTBO CHMMETPHYHOCTH:
JUIst
CBOIMCTBO HOPMUPOBAHHOCTH:
JUISL TIEPBOTO CTOJIONA

xh A xi rx txb xi b xi txi txg=+1+1+14+1+1+1+1+1=38
JUTSL BTOPOT'O CTOJIOIA

X5+ X5y + X5y + X5y + X + X5+ X2, +x2g=4+1+1+1+1+1+1+1+1=8
IUTSL TPETBHETO CTONIONA
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X5 A x2, Fx +xi, txt+xi txt, +xg=4+1+1+1+1+1+1+1+1=38
CBOICTBO OPTOTOHATTLHOCTH:
JUTSL IEPBOTO U BTOPOTO CTOJIOLIOB
X11X21 F X12X92 + X13X3 + -+ + XygXpg = (1) (=1) + (+1(=1) +
+(-DHD+EDED+ EDED+HHDED + (EDHD + DD =0
JUTSL BTOPOTO ¥ TPETHETO CTOJIOIOB
Xp1X31 F Xa2X32 + Xp3X33 + o+ + XpgXzg = (=D (+1) + (=1 (=1) +
++DEED+HHDDED +HEDED +HEDHEHD +FHEDHEHD +F DD =0
JUTSL TIEPBOTO U TPETHETO CTOJIOIOB
X11X31 + X12X32 + Xy3X33 + -+ + XygX3g = (D (+1) + (+D(-1) +
+-DEED+HDDED+FEDED+HHDED +FEDHD +F DD =0
CBOMCTBO CHMMETPHUYHOCTH BBITIONHSACTCS IS TPEX CTONOMOB Xb X2 M X3, Tak Kak 3HadeHus (- 1) u (+ 1)
BCTPEYAOTCS OJMHAKOBOE YUCIIO pa3 B KaxaA0M cTojone. CBOHCTBO HOPMUPOBAHHOCTH TAaK)KE€ BBIITOIHICTCS
st x1 x2 m x3, Tak kak (- 1) u (+ 1) gaer mwiroc equHAILLY.
Pacuet ko3¢ duineHToB perpeccun TMHEHHON MoAenH 1o pesynbratam [IDIT 2*
B ocHoBe pacuera KOX(QHIMEHTOB perpeccuyd MaTeMaTHYECKOH MOJIENH, MOITYYEeHHOH MO pe3yiabTaTam
[I®I1, nexut Meton HamMeHblnux kBaapaToB (MHK), moapoGHo paccmorpenHbiii Bbimie. [IpuMeHeHue
3TOrO0 MeToia TpedyeT TPOMO3IKHX BBIYHCICHHNA: HEOOXOIUMO pEIIUTh OIpeAeJIeHHBIM 00pa3oM
COCTaBIICHHYIO0 CUCTEMY M3 N JIMHEWHBIX YpaBHEHUW C p HEU3BECTHBIMH, TZI€ P - YUCJIO OLEHHUBAEMBIX
koaduumento perpeccun. CpoiictBa Matpul [1DII 3naunTensHO oONeryaroT pacdeT KOdQQHUIUEHTOB
perpeccuu 1o pe3yiabTaTaM COOTBETCTBYIOIIETO SKCIIEPUMEHTA, CBOS €r0 K MPOCTEHIITUM BBIYHCIICHUSIM.
B cootBercTBUM ¢ MaTpuIleii 0a3UCHBIX (YHKIMNA COCTaBUM CHCTEMY HOPMaTbHBIX
YpaBHEHUI:

N 0 0 0
N 2// N 7 » w v v \
bU Z] xU} + b! ]xDij' +bzz%xajx2j + bzz;xojxh = }Z;ijoj ;
j= i= = = =
0 N 0
N 4 N, 7w N 74 N voN
buzlxbjxu + bIZ{xU +b2_z]xux21 +b321x11x31 = ;iju ’
= = Iz Jo =
(6.5)
. AN AN AN AN )
] ) _ .
boZ!onxz; + blzlxuxh + b, Z x, + bBJZi:xhxh = IZ)y}xz_,. ;
i= = = = =
o AN A A AN
bu Z;:xnsz_, +b;zlxuxn * szZ;:ijxu + bz le Xy, = IZ;J’;-’%J .
J= = =! = ~
J

O dexTr! B3aumoaeicteuii paxtopos I1DII 2k
Bo MHOrux cimy4asx creneHb BIMSHUS OJHOTO (PaKTOpa 3aBUCUT OT YPOBHS, HA KOTOPOM HAaXOAMTCS APYTroi
¢axTop. Toraa roBopsaT o Hannunu 3dexra B3anMoIeHCTBUS MEeXKTY STHMHU (aKTOpaMH.
[Monublii QakTopHBIA TAaH 2K TO3BOJSET, KPOME JHMHEHHBIX KOI()(MUIMEHTOB PETPECCHH, OIECHHTH
BCEBO3MOXKHBIE A(QQEKThl B3auMoneicTBUs (akTOpoB. PaccMoTpuM BHauasle 3KCIEPHUMEHT C ABYMS
¢akTopamu. 31ech CyLIecTBYeT €IMHCTBEHHOE - MapHOE - B3aUMOJACHCTBHE Mexay (akropamu x1 um X2,
koddurment npu koropom bl2 mMoxHO oneHuTh 1Mo pe3yibratam [IDII. Takum o0Opazom, ¢ TTOMOIIBIO
TIDII 22 MOXHO MOCTPOUTH MOJIETH BUAA

y = by + byx; + byb, + byyx.%,
3aMeTHM, YTO B TaKOW MOJEIH YHCIO P KO3()PHIMEeHTOB perpeccuu paBHO deTbipeM. OHO COBMajaeT ¢
yuciioM N TOCTaBIEHHBIX OMBITOB. DTO 03HadaeT, uTo [IPII 22, mo pesymprataM KOTOPOTO OTHICKHUBAETCA
MOJENb , ABJseTCSl HachlleHHBIM. Bo3moxkHOCTh [IDII onenuBath 3¢QexTsl B3auMoeicTBUSI (PaKTOpoB
00BsICHSICTCSA CBOWCTBAMHU MaTpULbI 0a3ucHBIX (yHKuuni [1DI1.
Yucino ko3P PHUIIMEHTOB PErPECCHH ONPEACIAIOT 10 (hopMyJiam:

a) JUTS. TMHEWHOTO YpaBHEHUS
p=k+1
0) JUTSL HETIOJTHOTO KBaJIPaTHOTO YPaBHEHUS
k(k+1)
=——"+1
2
B) IUTS TIOJTHOTO KBAaIPATHOTO YPaBHEHUS
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k(k +3)
==t
Eme pa3 oTMmermM, YTO 4YHCIIO BBIYHCICHHBIX KOX(D(HUIIMEHTOB HE MIOJDKHO OBITH OOJBINE YHCTIA
MOCTaBJICHHBIX OMBITOB, T. €. p<N. Eciam p<N, 1uiaH Ha3pIBaeTCS HEHACHINICHHbIM. Ecmu p=N, mmiaH
HA3bIBACTCS HACBIIICHHBIM, B €Cli p>N - CBEpXHACHIIICHHBIM. [[pOBEpPKY a/IeKBaTHOCTH BBIIOIHSIOT TOJIBKO
JUTS. HEHACBIIICHHBIX TUTAHOB.

CeotictBa Matpuirsl [1DI1 ynpomaroT He TONBKO pacdeT KOAPHUIIMSHTOB PErPeCcCUy, HO U CTATUCTUYCCKUIMA
aHaJIN3 PETPECCHOHHON MOEIH, TIOIYIeHHOU M0 pe3yIbTaTaM e€ro pean3allim.

bnaromaps stum cBoiictBam matpuma (XTX)-1 okaspiBaeTcs AuaroHanbHOM. B pesynbraTe Bce KOBapHaIiu
Mexay koddduumentamu perpeccur paBHbl  Hydo.  CriemoBaTenbHO, KO3(DQUIMEHTH perpeccuu
OTIPECIISAIOTCS HE3aBUCUMO JIPYT OT JIpyra, ¥ OTNajaeT HaJoOHOCTh B TIEpECUeTe UX BEIMYUH MOCEe 0TOpa-
CHIBaHMA HE3HAYMMBIX WICHOB B ypaBHEHHUH perpeccur. Kpome Toro, amcrepcnn BceX Kod(D(UIIMEHTOB
perpeccuu paBHBI MEXKAY COOOM ONMPEACSIOTCS M0 (GopMyIam

a) MIPY PAaBHOMEPHOM JIyOJTUPOBAHUH OTIBITOB

s¥{b;} = s*{y}/(nN)
rae s2{y} - OlleHKa TUCTIEPCHH BOCIIPOU30IUMOCTH;
N - 4KCII0 OCHOBHBIX OIBITOB, 3aIUTAHUPOBAHHBIX MATPHUIICH, T.€. YHCIIO CEPHd OMBITOB, KAXKIas U3 KOTOPBIX
COJICPIKHT I JyOJTUPOBAHHBIX OIBITOB;
0) MIPH OTCYTCTBHH JyOJUPOBAHHBIX OIBITOB

s?{bi} = s*{y}/N

ITpu paBHOMEpHOM AyOJIMPOBAHUM OIBITOB COXPAHSIOTCS CBOMCTBA
MaTpUIbl TUTAHUPOBAHUs, a CIEA0BaTeNIbHO, U Bce jgoctoumHcTBa [IDII. dopmynbl s ko3(hOUIMEHTOB
pETrpeCCHH, KaK YK€ OTMEYANIOCh, TAK)KE OCTAKOTCS CIPABEUIMBBI C YUYETOM TOTO, YTO B Ka4eCTBE 3HAUCHHMI
OTKJIMKA B HUX CJIeAyeT OpaTh CpeAHUE M0 PE3yIbTaTaM CepHil AyOIMPOBaHHBIX OIBITOB.
HepaBHoMepHOe myOiMpoBaHHE OMBITOB HAapyIIaeT OPTOTOHAIBHOCTH IUTaHa. [lepednciieHHbIE BBIIIE
coiictBa Marpuubl [IDIl u dopmynsl ans pacuera Kod(Q(OUIMEHTOB PErpecCHH IO €ro pe3yibTaram
OKa3bIBAIOTCS HecnpaBeAnuBbIMH. st pacdera KO3()(UIIMEHTOB PErpeccMH B 3TOM CIIydae MPUXOAUTCS
MOJIL30BAThCs 00IIEeH GopMyIIoi.
JJisl OlleHKH 3HAYMMOCTH KO3 (QHUIMEHTOB PETPECcCHH, HakJIeHHBIX 1o pesynbTaram [1OII, ucnonb3yercs,
Kak 1 B oOmem ciyyae,t -kpurepuid Cteiofenta. KoadduuneHTs! perpeccuu, Aj1si KOTOPBIX BBITOJIHIETCS
HEPaBEHCTBO , NPUPABHUBAIOTCA HYJII0 B YPaBHEHHH DPErPECcCHH, NPH 3TOM IepecueT Kod(pQPHUIHUEHTOB
perpeccun He MPOU3BOJUTCA.
ITo pesynpratam [IDII MoKHO OnpeneNnTs HE3AaBUCUMO APYT OT Apyra W JOBEPUTEIbHBIE MHTEPBAJIBI IS
BceX KOA((UITMEHTOB perpeccuu 1mo GopMmyinam .
IIpoBepka ajeKBaTHOCTH MAaTEMAaTUYECKOM MOJENH, MOCTPOCHHOM Mo pe3yiabraraMm peannsanuu [1DII,
MIPOBOJIMTCS TaK K€, KaK ¥ B O0IIEM ciIydae .

[Mpumep npumenenus [IDI1 23 mis uccnenoBanust BIUsSHUA (HAaKTOPOB THIPOIU3a JPEBECHOHW MacChl Ha
MPOYHOCTH IPEBECHOBOJIOKHUCTHIX TTUT ([IBII)
OkcrepuMeHT Obll mocTaBieH B oObeauHeHun «bobOpyiickapes» (JL.U. Peimyk). IlpeaBapurenbHbiMu
MCCIICIOBAHUSIMHI YCTAHOBJICHO, YTO BaKHEUIIMMHU (paKTOpaMH THIPOJIK3a APEBECHOW MacChl, BIHSIOLIMMHU
Ha mpezen npoyrocty npu m3rude O0U3r> Mlla, seistoTcs: Temreparypa t, °C; Bpems T, MUH; KHCJIOTHOCTh
JpeBecHOl Macchel v, pH.
®opmyna CBs3BIBAIONIAS HOPMAJIM30BAHHBIE U HATypaJibHbIE 3HAUYeHHs (JaKTOPOB, UMEET B JaHHOM CIydae
CIEYIOIUNA BUA;

x, = (t — 40)/20; x, = (t — 30)/30;

x3 = (v—4,85)/0,35;

JJ1s IpOBEPKY TUIOTE36I O HOPMAIBHOM PACIPEAETICHUH BBIXOIHON BEJIMUMHBI ObLIa IIOCTABJICHA OTACIbHASL
cepud u3 50 ombrToB B ycnoBuax: t = 20 °C; t = 0 mun; v = 5,2 pH. HopmansHOCTE pacnpeneneHus
nposepsiack 1o Kputepuio ¥2 Ilupcona. BelumcneHHOe 3HauYeHME)Z,., =3,55 OKa3aloch MEHBbIIIE
X2 6 HalieHHoro npu ypoBHe 3Haunmoctu = 0,05 (}2a6n =5,99). DT0 MO3BOJIMIO MPUHATH TUIIOTE3Y O
HOPMaJIBHOM pacHpeesICHUH BEIXOAHON BEIMYMHBI 3KCIIEPUMEHTA.
[lanee Ha ocHOBE TOIl ke cepuH ObLIO PacCCUUTaHO HEOOXOAMMOE YUCIIO AyOJIMPOBAaHHBIX OIBITOB, KOTOPOE
0Ka3aJ0Ch PaBHBIM I1 = 5.
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bruta mpoBeneHa mpoBepka OJHOPOTHOCTH TUCTEpCHil OmMBITOB. 1I0CKOIBKY B JaHHOM Ciydae HMEeTCs
paBHOMEpHOE AyONmpoBaHWE, 37€Ch HMCIONB30BaiICH kputepuii Koxpena. MakcuManbHOW W3 AHMCICPCHN
OKa3ajach JCTIepcHs ueTBepToro onbita s42 = 2,2. [loatomy
Gpacy = S5/(s7 + 55 + - +5§) =2,2/11,25 = 0,196

W3 tabmun pacrpeneneans Koxpena mms q - 0,01, f=n-1=4 (uucimo creneneit cBoOOIBI KaXKI0# BEIOOPKH), T
= 8 (konmmuecTBO BbIOOPOK) HaxoanM: Gradm = 0,46. [Tonydaennoe cootnomenne Gpacd < GTali MO3BOIAET
MPHUHSATH THIIOTE3Yy 00 OJTHOPOTHOCTH JUCTIEPCUN OIIBITOB.

Haxonmum ouLeHKy IucmepcMd BOCIPOM3BOJUMOCTH SKCIEpPUMEHTa Kak cpegHee apudMeTHuecKoe

JIUCTIEPCUH OTIBITOB:
8

sy} = Zs,? /8 =11,225/8=1,4
j=1
CTaTI/ICTI/I‘leCKI/Iﬁ AHAJIM3 TMIOJIYYCHHOTO YPAaBHCHUA PErpeCCUM HAYUHAJINU C OTBICKAHUA I[I/ICHGpCI/If?I
ko3 umenToB perpeccun. Bce oHM 0MHAKOBEI M COTTIACHO (popMyJie paBHEI
s?{b;} = s*{y;}/nN
s{h;} = 1,4/5-8= 10,035
CpenHee KBaapaTHIeCcKOe OTKIIOHEHHUE IS KaXKI0TO KO DHUIIMEHTa PETPEeCCHU COCTABIISET

S{bl‘} = \/Sz{bi} = 0,187

s oLeHKH 3HAYMMOCTH KO3()(UIIMEHTOB PErpeccHy MPOBEPSUIOCH A KKIOr0 M3 HUX COOTHOILICHHE.
Benuunna ttabn HalineHa u3 Tabmur t-pacupeaeneHus CTbIOCHTa IPU YPOBHE 3HAYNMOCTH ( - 0,01 1 uncie
cTerneHel cBo0o bl fy, CBI3aHHOM ¢ AUCHEpCHEl BOCIIPOU3BOANMOCTH.

Hanee Obuta MpoBepeHa aeKBaTHOCTh MaTeMaTHYeCKol Mojieny. Jlucrnepcus aleKBaTHOCTH ONpe/esieHa o

dopmyme:

N
Sazu = San/ﬁa\a = nz (}_7] - yj)z/(N - P)
=1
3neck p - uncio ko3 GUIMeHTOB perpeccun ananu3upyemon moaenu (6.21), papaoe 7;
y j - 3HaYEHUE OTKJIMKA B j- M OTIBITE, pACCUUTAHHOE 10 ypaBHEHUIO (6.21).
3areM HaiineHo 3HaueHue Fpacu
Foacu = $%,/5*{y} = 8,62/1,4 = 6,15
W3 tabnun F-pacnpenenenust ais q = 0,01 u yucen creneneit cro6oapi= N-p = 8-7=1 (uucautens) fy=N(n-
1) = 32 (3HameHnarenp) OO HaiineHo 3HaueHue FTabJl, pasHoe 7,57. Ilockonbky Fpacu < Frabm, Obuia
MIPUHATA TUTIOTE3a 00 aJIeKBATHOCTH MOAEITH
JdpoOHble  QakTopHBIE TUIAHBI M HMX [OCTPOSHHE. OKCIHEPUMEHTHl B JiepeBooOpadaThIBaroliei
NPOMBIIIJIEHHOCTH, U 0COOeHHO B JneconmieHud, B npomssoactse JCtIl, IABII, ¢aneps! okasbiBaroTcs
TPYAOEMKHMH U IOPOTUMHU.
[TosTOMy akTyadbHOH sIBIIsIeTCS MpOOJieMa COKpalleHWsl 3aTpaT Ha OKCIEPUMEHT W, B YacCTHOCTH,
yYMEHbIIIEHHE YHCIlIa OMBITOB. B 3TOH cuTyanuu HaxoAsT MIMPOKOE MPHUMEHEHHE paccMaTprBaeMble HIDKE
npo6ubie ¢dakropusie mnanbl ([®PII). IlIpu 3amanrom umcne dakropo DIl comepkar MeHbIee 4UCIIO
onbIToB 1o cpaBHeHUIO ¢ [IDII 2x. Ho 3Ta SKOHOMHSI TOCTUTaeTCsl LIEHOM YNPOILIEHUS MATeMAaTHUYECKON
mojenu. HammomunMm, 4to no pesynbratam [1OIT 2k MOXKHO OIEHUTH CBOOOJHBIN YJIEH B PErpecCHOHHOMN
MOJIENH, BCE JIMHEHHbIe K03((PULIMEeHTH perpeccuy U Bce B3auMoaecTBus GpakTopoB. OQHAKO BO MHOTHX
Cllydasix y4yeT BCeX B3aMMOJCHcTBUMI (akTOpoB He BBI3BIBACTCS HEOOXOAMMOCTHIO. Tak, mpH
MIEPBOHAYATIFHOM HM3y4YeHHH OOBEKTOB YaCTO CTABIT IKCHEPUMEHTHI C IIENBI0 TONYYEeHHS JIMHEHHOW MO
nenu. Jist k BapbupyeMbIX (GaKkTOPOB Takash MOJAEIb UMEET, Kak u3BeCcTHO, BuI y=b0+b1x1+b2x2+...+bkxk
conepkutT (k + 1) koapumeHT perpeccun. DKCIEPUMEHT, TTO3BOJISIONIMNA OTHICKATh 3T KO3(DPUIIMEHTHI,
0S¥ JKeH cozaepikarh He MeHee YeM (K + 1) ombIT. C TOUKH 3peHMsI SKOHOMHI CPEJCTB JKeJaTeIbHO, YTOOBI
YHUCIIO ONBITOB N HE CIIMIIKOM MPEBHIIaio 3Ty BenuduHy. C 370i mozuiun [1PI1 npy oThbicKkaHNH JTHHEHHOM
MOJENIH HEYJIOBIETBOPUTENbHBI. JleiicTBuTenbHO, uucio omnbiToB [IDII, paBHOEe 2K, CyIIECTBEHHO
NPEBOCXOJUT BeNMUYUHY (K + 1), HaunHas yxe c¢ Tpex ¢akTopoB. Ecnu jxe, KpoMe OTBICKaHUsI JIMHEHHBIX
k03 puImeHToB, HEOOXOAUMO MPOBEPUTH AJEKBATHOCTh YPABHEHUSI PErPECCHHU, TO DKCIEPUMEHT JOJDKEH
coctosaTh U3 N\ = k + 2 omeitoB. Torma: st k =4, N=24=16; Nl =x +2=4+2 =6, 1. e. qumnux 10
OTBITOB; M K =6, N=26=64; Nl =x+2 =6+ 2 =8, T. ¢. olIbITOB OoJbIe B 8 pa3; mist k=7, N =27 =
128; N1=k+ 2 =7+ 2 =9, cienoBareibHO, JUIIHUX ONBITOB Oojice ueM B 14 pas.
TIDIT HEOKOHOMHYHBI, JaK€ €CIH DKCIIEPUMEHTATOpa HWHTEPECYIOT, KpoMe JIHHEHHBIX Kod(h(HImeHTOB
perpeccun, HEKOTOpble (HO HE BCe) B3aUMOACHCTBHA (akTopoB. [103TOMY KenaTenbHO COKPATUTh YHCIIO
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onbIToB N 3a cdeT ToW MH(pOpMAITUU, KOTOopas HE SBISICTCS CYIISCTBEHHOW IMPH MOCTPOCHUH JIMHCHHON
Mozaenu. IIpu 3TOM HEOOXOAWMMO COXPaHWTHh OCHOBHBIE cBoicTBa IIDII, To ecTh 1) CHMMETPHUYHOCTH
OTHOCUTENFHO LEHTPa SKCIEPUMEHTA; 2) HOPMUPOBAHHOCTB; 3) OPTOrOHANBHOCTh. TakuMm oOpa3oM, Haiia
3ajiaya CBOIUTCS K MUHUMH3AIMU YMCIIa ONBITOB NPU orpannyeHusix 1), 2), 3).

Hns ysacuenns unen nocrpoerust JPII obparumces cHagama k [IPII 22. B Tabn. Bocipon3BeneHa MaTpHuiia
0a3ucHBIX (PYHKITHI 3TOTO MJIaHa, COOTBETCTBYIOIIAS MOJIEIIH.

[Ipeamonoxkum, 4TO IO HEKOTOPBIM COOOPaXKEHUSAM MOXHO NpeHeOpedb MapHBIM B3auMojeicTBueM X 1x2.
Torma ocraBmmiicss BakaHTHBIM cTONMOen X1X2 MOXHO HCIOJB30BaTh, BapbUPys B COOTBETCTBHH C
AIIEMEHTaMH 3TOTO CTOJIOIA HEKOTOPBIKA TpeTHid pakTop X3

Ne X0 X1 X2 [(x3) Ne X0 X1 X2 X3 | |@knM  oOpasom, . AmA
JKCIIEPUMEHTA TpeMst
X1x2 (hakTopaMu TOIYYeH IUIaH U3
YEeThIPeX OTIBITOB, o
1 + |- - 1 + | - | - + pe3yibTaTaM KOTOPOTO MOXHO
2 + O+ - - 2 + + - - MTOCTPOUTH JTMHEWHYIO
3 + - + - 3 + - + - MO/IEJIb.
4 + + + + 4 + + + +

Od4eBUIHO, YTO MaTpHIla IUTaHa B Ta0y. 6.16, kak u Marpuma B Ta0m. 6.15, yJOBIETBOPSIET CBOHCTBaM.
[Tnansl Takoro THma, moiny4yeHHble u3 [IDI] 3amMeHOl HEKOTOPBIX B3aWMOJCHCTBHI HOBBIMH (DaKTOPaMH,
Ha3bIBalOT JOpoOHbIME (akTopHbIMU TiaHamu ([DII) wmu qpoOHBIME peruIKaMu TOTHOTO (aKTOPHOTO
iaHa. B wactHOCTH, TUIaH, MPUBEACHHBIA B TaO. 6.16, Ha3BIBAIOT MONypEITUKON (MK 1/2-pennukoii) ot
[I®IT 23. Ero obo3nauator 23-1. 3xech 3 - uuciio (GakTopoB, a AMHHIIA CUMBOJIM3UPYET TOT (akT, YTO
TOJIBKO OJHO B3aMMOZCHCTBHE 3aMeHseTcs HOBBIM QaktopoMm. Mmenno Ttakue DIl u HazpBarOT
nonmyperumkamu. B JI®DIT 23-1 dakrop x3 BapbupyeTcs OIWHAKOBO C MApHBIM B3aUMOJEHCTBHEM Xix2.
[To5ToMy B ypaBHEHHH PETpPecCHH HeNb3s OTASIUTh BIUAHHE (DAKTOpPA X3 OT BIMSHHS B3aHMOLCHCTBHS
x1x2. Eciiu 0003HauuTh 4Yepe3 [} UCTHUHHBIC BEIIMYMHBI COOTBETCTBYIONIMX KOA(PQPUIIMCHTOB PErpecCUu, TO
MOXKHO CKa3aTb, 4TO K03(p¢uuueHT b3 1aeT COBMECTHYIO, WM CMEIIAHHYIO, OLEHKY JABYX HCTHHHBIX
ko3 durmentor perpeccun: B3 u 2. CuMBOIMUYECKH 3TO 3amuchiBaeTcs Tak: b3 B3 + f12.

Ecnu noctpouth cTonoOnbl x1x3 U Xx2xX3, TO JIETKO YOSIUThCS, YTO OHU COBIAIYT CO cToJIOamMu X2 u X1
CrnienoBaTeNbHO, UMEEM JIOTIOTHUTENBHO CMeNIaHHbIe OlleHKHu: b2-B2+13; b1-f1+p23

st 6onpirero yucna ¢akropos noiayuenue DI, . e. MUHUMH3ALUS YUCIIa OBITOB, CUIIBHO YCIIOXKHSIETCS.
JpoOHbie GakTOpHBIE IJIaHBI PA3JTUYHOMN TPOOHOCTH

IMpumenuB apoOHbIi (akTopHblil wian (JIPIT) (tabm. 6.16) 23-1 ¢ 4eThIPbMSI OIBITAMH, MbI HCIIOIb30BAN
nonoBuHy [IDII 23, 1. e. monmyperuuky (1/2-peruky).

OO0benquHNB 3TH JBe NoNyperuiku, Mbl momyuum [IDII 23 ¢ pa3genbHBIMH OLIEHKaMH TapHBIX
B3aMMOJICHCTBUH M IMHEHHBIX 3PPEKTOB.

Bospmem Teneps matpuily 0asucHbix ¢yHkmwid [IOIT 23 (tabn. 6.17) u mocTtpouM Ha €€ OCHOBE P
JpOOHBIX (HaKTOPHBIX TIIAHOB.

Ecmu npeHeOpedb TPOWHBIM B3aUMOJEWCTBHEM XiX2X3 M BMECTO HETO TIOCTaBUTh X4, TO TOJIY4HUM
MOJIYPEILIUKY 24-1 oT [1PIT 24. Korna U3BECTHO, 4TO
MOYKHO IpeHeOpedb HEKOTOPHIMU WIJIM BCEMHU MapHBIMH B3auMoneicTBusamMH, To u3 [IDII 23 nmomyunm psg
HoBbIX JIDII.

Tabmuma 6.17

Ne X1 X2 X3 X1x2 [X2x3 [XIx3 [X1x2x3

1 - - - + + + -
2 + - - - + - +
3 + - - + +
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Tak, 3amensist x\x2 Ha X5, ony4dum 1/4-pemmuku ot [TPIT 25, kotopast o603Hagaercst 25-2. 3amensis x2x3 Ha
x6, monyuum 1/8-perumku 26-3 ot [1DII 26 u, nakonen, 3ameHss X1X3 Ha x7, momyunm 1/16-permku 27-4
ot [I®II 27 mpu N = 8 u k = 7. MoxHo Taxxke nomyuuts APII ansg k = 15 ¢ unciaom onsitoB N = 16. Toraa
a10 Oyznet 1/2048-permmku ot [1DIT 215, 1. e. ADII 215-11. [nst peanuzammu [1DIT 215 motpeboBanock 061
MOCTaBUTh 32768 ONBITOB.

Bri6op 1/4-peruku u ee pazpemaromas cnocoOHOCTb

Nnero mocTpoerns qpoOHBIX PEIUINK MOXKHO pa3BUBaTh qaunblie, 3ameHss B [IDII ve ogHO, a GomnbIree 4rcio
B3aMMOJEHCTBUH HOBBIMU (pakTopamu. [Ipm 3ameHe ABYX B3aMMOAEHUCTBUN HOBBIMH (PAKTOPAMH TIOIYIHM
4eTBEepPTh- periuku (wiu 1/4-perwmuku) [1DI1. x ycnoBHoe 0003HaueHUE 25-2.

B Ttabm. 6.22 mpuBemeH tuaH l/4-perumkum i maTtH (DaKTOpOB, MONy4eHHOH 3ameHod B I[IDIT 23
B3anmMoaercTBui X 1x2x3 u x2x3 dakropamu x4 1 X5 COOTBETCTBEHHO.

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

Jnis monmydeHus: CHCTEMBl CMEUIMBAHUS PACCMOTPUM COOTBETCTBYIOIIME ONPEACISIONINEe KOHTPACThL: |
=x1x2x3x4 un 1 =x2x3x5.

Tabmuma 6.22
Homep [X1 X2 X3 X4 X5
OIIbITa
1 | - | - - | - +
2 + | - - + +
3 - + -
4 + + - -
5 - - + + -
6 + - + - -
7 - + -
te] + + +

Kpome Toro, wmmeercs emne OAMH ONPEAETSIONIMNA KOHTPACT, IIOJYYEHHBIH TEPEMHOKEHHEM [IBYX
3alMCaHHBIX BbIlIe KOHTpacToB: 1 = x1x4x5. Bce Tpu KOHTpacTa MOKHO 3alucaTh B BUJAE OJHOM LIEMOYKU
paBEHCTB, KOTOpasi Ha3bIBaeTCs 0000IAONTNM ONpeesstonuM KoHTpacToMm: 1 = X1X2X3X4 = x2x3x5 =
=X1 X4X5.

YMHOXas1 ero nociaeaoBaTeabHo Ha X1 X2,..1I0y4YUM FreHepaTophl:

X1 = XpX3Xy = X1X3X3Xs = X4Xs
Xy = XqX3X4 = X3X5 = X1XpX4 X5
X3 = X1X2X3X4 = XoXs = X1X3X,5
X4 = XqXpX3 = XpX3X4Xs = X1 Xs
Xs = XqX3X3X4Xs = XpX3 = X1 X4
X1Xp = X3X4 = X1X3Xs = XpX4Xs
X1X3 = XpX4 = X1X3Xs = X3X4Xs
XpX3 = X1X4 = Xg = X1X2X3X4 X5

Ortcroia UMeeM CIEeYIOUIYI0 CUCTEMY CMEITUBAHUS:

W3 Hee cueayeT, 4TO B paccMaTpHBAcMOM IUIaHE Bce JIMHEHHBIE 3(PQEKThl CMEIaHbl C MapHBIMH
B3auMoeUcTBUsIMU. Ecliu 3TO HE ycTpauBaeT SKCIIEPUMEHTATOPa, TO MOKHO IPUMEHUTH METOJI «IIEpeBaIay
[1], cormacHO KOTOpPOMY NaHHBIM IJIaH JOMOJHSAETCS BTOPOM CEpUel OMBITOB, TAKXKE MPEACTABIAIONICH
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co00it 1/4-pemuky. DTy HOBYIO PEIUIMKY Hal0 BRIOPATh Tak, YTOOBI IO pe3ysibTaTaM BCErO SKCIIEPUMEHTA B
1esoM JinHeiHbie 3 deKThl ObUIH 0CBOOMXKIEHBI OT 3(h(EKTOB MapHBIX B3auMozeicTBui. O0O0OIIarOIIHi
OTIPEACISAIONINI KOHTPACT TAaKOW PEIUIMKU TOJIYy4aeTCs W3MEHEHHEM 3HAKOB IEpell BCEMH TPOWHBIMH
B3aUMOJICHCTBUSIMH B O0OOIIAIONIEM  OIpPEICIsIONeM KOHTpacTe TIepBOW YEeTBEPTh-PEIUIMKUM  Ha
MIPOTHUBOIIOIOKHEIE.

IIpu 3amene B IIDII Tpex B3ammopeiicTBmii HOBBIMH (akTopamu momydatorcs 1/8-perumku 1O,
o0o3HayaeMbie 26-3. AHaJIOTHYHO CTPOSIT PEIUIMKH OONbIIeH APOOHOCTH.

ITockomeky matpuist IAPI1 obxanatoT Temu xe cBoiicTBaMu, uTo U MaTpuilsl [1DI1, pacuer koaddummenTon
perpeccun no pesynbraram DIl a Takke CTaTUCTUYECKUN aHANIU3 IOJYYEHHOI'O YPaBHEHHUS PErpeccuu
MPOBOJATCS C MPUMECHEHUEM TeX ke (JOpPMYJNI U IO TeM JK€ MpaBWIaM, 4TO U JJIsS IOJHBIX (DaKTOPHBIX
TUTAHOB.

Paccmorpum mpumep npumernerus HAPII. B MJITU (B .I'. buprokoB) nccienoBaiy BIUSHAE OCHOBHBIX
TEXHOJIOTHUYECKHX (haKTOPOB Ipolecca MmpeccoBaHus (aHephl Ha ee MPOYHOCTHBIE Moka3arend. [lepedeHn
BapbUpyeMbIX (PaKTOPOB MpHUBEICH B Ta0MI. 6.23.

B ocHOBy »JKCHepuMEHTaIpbHOTO IUIaHa TOJOoXeHa 1/4- permmka ot IIDII 26 c
reHepaTOpaMH:

X5 = X1XX3;, Xg = X1X2X4;

Bonpime HEMPUATHOCTH WCCIENOBATENSM JIOCTABISIOT CHCTeMaTHdeckne omuoOkun. OHH  HCKaKaroT
pe3yJbTaThl KCIIEPUMEHTA, a CJICJI0BATEIBHO, M OIICHKH K03 (QUIIMeHTOB perpeccuu. [IbITasich M3MEHHUTD UX
BIMSHHUE, WCCIEOBATEH CTPEMSTCA, IO BO3MOXKHOCTH, CTaOWJIM3UPOBaTh (aKTOPBI, CBS3aHHBIE C
XapaKTePUCTHKAMH OKCIEPUMEHTANFHBIX O00paslloB ¥ YCIOBUSIMH IIOCTAaHOBKH OKcrepuMeHTa. K
COKaJICHHIO, 3TO HE BCErla yAaeTcs, 0OCOOCHHO JUIS AKCIEPUMEHTOB, MPOBOJUMBIX B MPOU3BOJCTBCHHBIX
ycioBusix. KpoMe Toro, pe3ynbTarhl SKCIIEPUMEHTA, MPOBEICHHOTO MPH YKECTKOW CTaOMIM3AI[MM MHOTHX
MapaMeTpoB, UMEIOT OTPAaHUICHHYIO [IEHHOCTh, TaK KaK TaKHe Pe3yJbTaThl IPUMEHUMEI TOJIBKO B TTOIOOHOM
CUTYAIUH, TIPH TEX )K€ 3HAYCHUSIX CTAOMITM3UPOBAHHBIX (DAaKTOpOB. ECIIM MpH 3TOM yTpaTUTh YYBCTBO MEPHI,
TO PE3YJIbTAaThl AKCICPUMEHTOB BOOOIIE HE OyAyT BOCIPOHM3BOIUMBL. MOXXHO, HAllpUMEp, BCE OIMBITHI B
OKCIIEPUMEHTE, CBSI3aHHOM C WCCJICJOBAaHWEM YCHWIIWI pe3aHus TpH TONEpeYyHOM packpoe OpeBeH,
BEITIOJTHATH Ha 00paslax W3 OJHOTo OpeBHA, HO OONBIION MPAKTUYECKOW IEHHOCTH PE3yIbTaThl TaKOTO
SKCTIIEPUMEHTa TPENCTaBIAT, HE OymayT. Teopus JKCIEepUMEHTa PEKOMEHAYeT HCIOIh30BaTh HapsIy C
TPAIUIIMOHHBIM  CIIOCOOOM  cra0mnm3anud  (akTOpOB, BHOCHIIUX  CHCTEMATHYECKYH)  OIIHOKY,
MPUHLIUITHAIBHO APYTO¥ MOIX0 K X MCKIIOYSHHUIO0. DTO TaK Ha3bIBaeMasl PaHIOMU3anus (OT aHTIHICKOTO
cnoBa random - ciydadHbiif). MeTOJ] paHIOMHU3AlMK 3aKJIIOYAETCsl B TOM, 4YTO JUIsl (haKTOPOB, BIIMSHUC
KOTOPBIX BHOCHUT CHUCTEMATHYECKYIO OIIMOKY, 3a/Jal0T Cly4yaiiHble 3Ha4eHHUs. TeM caMbIM HX BIIUSHUC
CKa3bIBAaeTCS yXKe TOJNBKO Ha BEIWYMHE CIy4aiHOH OmuOKHW, KOTOpas He HWCKaXaeT OICHOK
MaTEeMaTHYECKOTO OXKUIaHUS KOAPPUIIUSHTOB PErPECCHH.

ITockosbKy OMACHOCTH MOSIBJICHUSI CUCTEMATHYSCKUX OIIMOOK BCErja CyIIEeCTBYET, PEKOMEHIYETCS BO BCEX
ciayvasix paHJAOMHU3UPOBATH MOCIENOBATEIBHOCTh IOCTAHOBKU ONBITOB WM NMPUMEHATH APYTUE CPEIACTBa
YMEHBIIIEHUS] CUCTEMAaTHYECKUX OIIMOOK, KOTOphIe OyAyT paccMOTpeHbl Hibke. CucTteMarndeckue ONIMOKH
MOTYT TMOSBJISATHCS HM3-32 HEYYUTHIBAEMOTO BIIMSHHUS CBONCTB JIKCIEPUMEHTAIBLHBIX 00pa3IOB, MO3TOMY
JKenaTtelbHa PaHIOMU3aAINs «II0 CBIphIo». Ecim, Hampumep, IS MPOBEISHUS IKCIIEPUMEHTa HEOOXOIMMO
WCIIONIb30BaTh HECKOJBKO MapTHii 00pa3IoB, JIydlle I KaXKIOTO OMbITa CIIy4alHbIM 00pa3oM BBIOMPATH
MapTHIO, U3 KOTOpPOH Oepercs oOpaser]. AHAIOTHYHBIM 00pa30M PaHIOMHU3UPYIOTCS TIPU HEOOXOIUMOCTH U
JIPYTHE YCIOBUS TPOBEICHUS IKCIIEPUMEHTA.

Paz0Ouenue MaTpuIlbl I1aHa Ha OPTOTOHAIBHEIE OJIOKH

B cnywasx, ecnmu MOXHO TpEABUAETh UCTOYHHK CHUCTEMATHYECKOW ONIMOKM W €€ XapaKTep, BO3MOXKHO
MPUMEHEHUE JIPYTOoro METOJ/Ia WCKITIOYCHHSI CHCTEMATHYECKUX OIMMOOK - pa3OWeHWs MaTpWIbl IDIaHa Ha
oproroHanbHble 050KH. COTIIACHO 3TOMY METOAY 3aIlUIAHUPOBAaHHBIC OMBITHI Pa30MBAIOTCS HA HECKOIJBKO
osoxoB (rpymm). Ilpu peanmzanuu miaHa CHadaia CTaBATCS OIMBITHI IIEPBOTO, MOTOM BTOPOTO W JPYTHX
0siokoB. Pa3OueHne Ha OJIOKM IPOBOJUTCS TaK, YTOOBI MCKIIOYMTH BIMSHUE CHCTEMATHUYECKOH OIIHOKH.
3mech HCMONB3YIOTCS CBoiicTBa Matpumbl twraHa. Jlms IIDII, kak W3BECTHO, OIICGHKH Jt000TO
B3aMMOJICUCTBHUS (PAKTOPOB OIPENEISAIOTCS HE3aBUCUMO OT OIICHOK OCTAIBHBIX KOA()(UIIMEHTOB PErPECCHH.
Ecnmu, BOCHONB30BaBIIMCH 3THUM, 3aCTaBUTh (PAKTOpP, BBI3BIBAIOIIUN CHCTEMAaTHUECKYIO OIINOKY,
BApbUPOBATHCS TAK )K€, T. €. HA TEX )K€ YPOBHSX, YTO U HEKOTOPOE B3aUMOJEHUCTBHE, KOTOPHIM JIOIIyCTHMO
npeHeOpeyb, TO BIMSHUE CHCTEMATHYCCKON OMMOKM HE CKaXETCs Ha OIEHKaX BCEX OCTAJBHBIX
KO3 GUIMEeHTOB perpeccun. [lpu 3tom mpenmonaraercsi, 4To (haKTOp, BBI3BIBAIONINA CHCTEMAaTHYECKYIO
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ommOKy, MPUHUMAET TOJIBKO JBA 3HAYCHHS, KaK U Bapbupyembie Gaktopsl. Ilycts, Hanpumep, mist [TDIT 23
METIAMUN (akTop - K3MEHEHHE BHEITHUX YCIOBHH - CKa3bIBaeTCs Ha pe3ybTaTax TOW TOJOBHHEI OMBITOB,
KOTOpbIE IOCTaBIICHBI HOCJ'ICI[HI/IMI/I - K& JIblii U3 HUX OyIeT MMETh CHCTEMAaTHYECKYIO OIIMOKY, PaBHYIO J.
3nech nmo-npexxHeMy 4epes yj, j - 1,..., 8, 0003HaueHbI pe3yabTaThl OMBITOB, CBOOOHBIE OT CUCTEMATHYECKHX
omm0OoK. ITpw Takol MOCTAaHOBKE OMBITOB KO3 duItneHT 63, HampuMep, OKaKETCS paBeH

s =1/g(-M = Y2 = Vs — Yo+ Vs + Vs +¥s +¥5) +6/2
TO €CTh BBIUYHCIIACTCS C CHCTeMaTH4YecKol ommoOkon 8/2. [l pa3obueHns 3Toi MaTpHUIlsl Ha OJIOKH BhIOEpEM
HaMEHEe BaKHOE B3aMMOJEWCTBHE, KOTOPHIM MOXHO IpeHeOpeds. OOBIYHO, P OTCYTCTBHU ANPHOPHBIX
CBE/ICHUH, BBHIOMpAIOT B3aMMoOJIeiicTBUE HamOojee BBICOKOTO MOpsiaka, B NaHHOM ciydae X1X2X3. C
YPOBHSIMH 3TOTO B3aMMOJEHCTBHSA CBKEM (PAKTOpP M3MEHEHHWS BHEIIHWX YCIOBHH. MOXXHO CUHTATh, UTO
3TOT ()aKTOp TOKE MPUHUMAET J[Ba 3HA4YeHHs: 3HaueHHue (-1) COOTBETCTBYET BpEeMEHHU MPOBEACHUS IEPBOU
MOJIOBUHBI ONBITOB, 3HaYeHUe (+1) BpeMeHU MPOBEACHUS BTOPOW IMOJIOBHHBI OIBITOB. Tak Kak B MEPBOM
ombiTe X1X2X3 = - 1, To mepBbIil ONBIT JOKEH HAXOAWUTHCS B MEPBOM OJIOKE, TO €CTh CPEAM MEPBBIX
YETHIPEX MOCTABIEHHBIX OIBITOB, BTOPOH OMBIT OyIET BO BTOPOM OJIOKE, Tak Kak it Hero X1X2X3 paBHO
(+1), TpeTuii omBIT TakXKe MONaAeT BO BTOPOH OJIOK, HETBEPTHIH - B MEPBEIi OJ0K 1 T. 1. Takum o0pazom, B
NepBOM OJIOKE OKaXKyTcs OMBITH 1,4, 6, 7. IX cTaBAT B IEpBYIO OUepellb, U UX Pe3yNbTaThl Oy IyT CBOOOIHEI
OT cucTeMaTHIeCKuX ommOoK. OnbITH 2, 3, 5 1 8§ 00pa3yroT BTOpOi OJIOK. Pe3ymbTaThl 3THX OMBITOB HMEIOT
cucremarndeckue ommOku. Koadduiment b3 mpu Takoif MocTaHOBKE OIBITOB OKAKETCS PAaBHBIM

:1/8[_3’1_(J’Z+5)_(J’3+5)_3’4+(y5+5)+3’6+3’7+(y8+5)]:

=1y =y —ys— v+ ys + V6 +¥7 +¥5)

Kak BumnO, kodhdunment b3 Oymer HaiimeH yxe 6e3 cucreMaTHueckoi ommoOku. ComocTaBIeHre OIeHOK
OCTaNbHBIX KOI(P(PUIMEHTOB pPErpeccHy MpH pa3OWeHWN MaTpUIbl IUIaHAa Ha ONokM u 0e3 pa3dueHus
MPEIOCTABISCTCS YATATEINIO.
AHaIIOTHYHBIM 00pa30M NPOU3BOAUTCS pa3dueHue Ha ABa 0yoka MaTpuikl rodoro [TOIT npu k > 3.
B-nnanel BTOporo nopsiaka
IlonHble M )Z[pO6HbIe (I)aKTOpHBIC IIJIaHBI TTO3BOJIAIOT IMOJYYUTH JIMHEMHOE OMNHCaHue 3aBUCHUMOCTH OTKJIHMKA
OT Kaxaoro w3 BapbupyeMmbix (akropoB. Ilpu peranbHOM uW3ydeHMHM OOJNBIIMHCTBA IPOIECCOB
JIECONPOMBILIUICHHBIX U J€PeBOOOPadaTHIBAIOIINX MMPOU3BOJICTB TAKOE MPEICTABICHUE OKA3bIBACTCS CIIMII-
KoM rpyOpiM. B Takoil curyanuuum HE0OXOAMMO OOpPAaTHTHCS K 3KCIEPUMEHTAIbHBIM IUIAHAM BTOPOTO
MopsIIKa.
[lnanaMu BTOpPOrO MOPsIKA HA3BIBAIOT TAaKUE IUIAHBI MHOTO(AKTOPHOIO SKCHEPHUMEHTa, C IOMOLIBIO
KOTOPBIX MOKHO IOJIyYUTh MaTeMaTHYECKOE ONMCaHUue OOBEKTOB B BUJIE IIOJIMHOMOB BTOPOTro nopsiaka. s
Tpex (akTOpoB COOTBETCTBYIOIIEE YPaBHEHHE PErPECCUH 3aITUCHIBACTCS B BHJIE

Yy = by + byx; + byxy + b3xs + bypx1 X + bysXpXs + byXy X3 + by X7 + byyx2 + bygx:
B o0miem cnyyae, Koraa 4nciio BapBI/IpyeMLIX q)aKTopOB PaBHO K, MO,E[GJ'IL HUMeEeT CIIeLy IO BU;

—b0+bel+Zbuxx]+Zb”x

Lj=1
i<j

OTMeTHM, YTO IUIaHBI, MO3BOJISAIONINE TONYYHUTh JHHEWHYI0 Mojenb oobekra, Hanpumep, [1DIT u JIDII,
Ha3bIBAIOT IIAHAMH IIEPBOTO MOPSIKA.

Perpeccuonnble Mozenu Ha3bIBalOT, Kak YK€ OTMEUAJIOCh, MOJAEISAMH BTOpPOro MOpsAAKa, WIH
KBaJpaTHYHBIMHU MoJensiMu. Yucno k03 (HUIHEeHTOB perpeccun Takoi MOJIENTH COCTABIAET

k(k—1)  (k+ 1Dk +2)

p=1+2k > = >
501040
k(k+3)
=3t
N3 BBIpaXXCHUA BHUAHO, YTO peaju3alusa IIJIaHa BTOPOTO IOpAAKa IIO3BOJIACT OIMCAaTh 3aBUCUMOCTH
BBIXOZ[HOI71 BCJIMYHUHBI oT KaXa0ro (baKTopa B BUJC YpaBHCHUSA Hapa60J'[I:I.

B cooTBeTcTBHM ¢ COBpEMEHHBIMH B3TUISIaMH, B INIAHUPOBAHUH YKCIICPUMEHTA CHHTE3 dKCIIEPHUMEHTAIBHBIX
TJIAHOB TIPOU3BOIUTCS C TIO3UIMA HEKOTOPOTO KPUTEPHSI, CBI3aHHOTO C OIICHKAMH TTapaMeTPOB MOTyIaeMOn
perpeccHoHHON Mojenu. Tak ObUIH MOCTPOSHBI OPTOTOHAJTBHBIE IIAHBI BTOPOTO TOPSAKA, MO3BOJISIONIUC
MOJTy4aTh CTATUCTHYCSCKU HE 3aBUCUMEIC JIPYT OT JIPyTa OICHKH KOA(PDUIIMCHTOB.

C mno3unuii TepevHcIeHHBIX KPUTEPHUEB OYEHb XOpPOIIO OOCTOWT JAeN0 C JHUHEWHBIMH MOJIEISIMH.
Paccmotpennsie B riaBe 6 IIDII u JIDII sBusiroTcs MO OTHOIIGHUIO K 3TuM Monemsim A-, G- u D-
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ONTUMANLHBIMH, a TaKXKe 00JaJaroT CBOHCTBAMHU OPTOTOHAIBHOCTH M poTaTabenbHOcTH. Bmecte ¢ Tem
noctpoeHrne D-ONTHMaNBHBIX TUIAHOB BTOPOTO MOPSIKA JUIS 33/JIaHHOTO YHCIa OMBITOB - 3aja4a, ele He
peurenHas. OJTHAKO M3BECTEH Psij IUIAHOB, ONM3kuX K D-onTumanbHeiM. TakUMU SBISIOTCS, B YaCTHOCTH,
paccMmaTtpuBaeMble HIDKE B-IutaHbl BTOPOTo MOpsAKa MM IUIaHbl TMHa B*. DTH milaHbl OKa3ajiuch OYCHBb
yIOOHBIMU TSI SKCIIEPUMEHTATOPOB H JIepPEeBOOOPAOOTUYNKOB HM3-3a MPOCTOTHI MX TMPUMEHEHHS U JAPYTHX
yIIOOHBIX CBOWMCTB, O KOTOPBIX TOBOPHUTCS HUXKE.
B B-mmanax BToporo mopsijaka Kaxaslid ¢akrop Xi BapbUpyeTCs Ha TpeX YpPOBHSX, T. €. NMPHUHUMACT B
KaXXIOM OIIBITE OIHO M3 TPeX 3HAuCHMI: HamMeHblmee Ximin, HanOonbliee Ximax, u cpeanee X L-O =(Xmin
+Zmax)/2.
B HOpMasTM30BaHHBIX 0003HAYCHHUSIX 3TH YPOBHH 0003HAYAIOTCS, COOTBETCTBEHHO, (-1), (+1), 0.
HazoBeM 3Be3gHO# TOuYKOW B-mmmaHa yciaoBus ombeiTa, B KOTOPOM OAWH #3 (AKTOPOB NPHUHUMAET
HOpMamnn30BaHHOe oOo3HaueHue (+1) mwm (-1), a octanbHbIe GUKCUPYIOTCS Ha OCHOBHOM “(OBHE (HOJb B
HOPMAaJM30BaHHBIX 0003HaueHWsx). Hampumep, 3Be3qHbIC TOYKH JJIs TUIaHAa € TpeMs (akropamu B
HOPMAaJIM30BaHHBIX 0003HAYCHUSIX:

X1 =41, X, =0, x3 =0;

x1=-1, x, =0, x3 =0;
X1 =0, X, =41, x3 =0;
X =0, x, =-1, x3=0;
X, =0, X, =0, x3 =+1;
=0, x,=0, x3 =-1;

OueBuAHO, 4TO MpH Yncie GakTopoB k uMeeTcst 2K pa3TUUHBIX 3BE3IHBIX TOUYCK.

B-mman cocrout u3 touek IIDII, x koTopbiM moOaBieHO 2 K 3Be3MHBIX TOuek. OOmiee 4rcio OmbIToB B-
TUTaHa, TakuM oOpa3zoMm, paBHO N=2k +2k. Kpome Toro, mpu umncie ¢akTopoB K =5 MOXKHO MOCTPOUTH
Pa3sHOBUAHOCTH B-1uiaHa, mocTaBuB Monypernky 2k-1u 100aBuB K Hel MO-pekHEMY 2K 3BE3THBIX TOUYEK.
Takoit ian Ha3piBaloT B-mianoM ¢ nonypemmukoit. O cogepkutr N =2k-1;+2K ombitoB. Tak, aist k=5 B-
wial ¢ [IDII conepxur 25-1 + 2 « 5 = 42 oneita, a B-mnan ¢ nonypemiukon 25-1+ 2 « 5 = 26 onbiToB. B
tabi. 7.1 u 7.2 npusenensl B-ruianbl s £ =2 u £ = 3.

Howmep omnbiTa x1 x2 Howmep onbita x1 x2
-1 -1 -1 0
1
[oI11 [oI1 2
1 +1 -1 3 | *1 0
2 4
3
4 -1 +1 0 -1
+1 +1 0 +1

Omnpitel [1OIT u DI, Bxonsmue B coctaB B-murana, 00bIYHO HA3BIBAIOT €r0 OPTOTOHATBHON YacThio. CBS3b
HOPMAaJIM30BaHHBIX U HATYpaJIbHBIX 0003HaueHH (akTopoB B B-mmane 3amaercs Gopmysoi
Tabmuma 7.2

Howmep omnbiTa x1 x2 x3 Howmep omnbiTa 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

N E 1 1 1 et 7 0 +1 0
6 +1 -1 +1 13 0 0 -1
7 -1 +1 +1 14 0 0 +1
8 +1 +1 +1

W3o6pas3um onbiTel B-rutana s k-2 Ha daktopHoit miockoctH (Tadm. 7.1 u puc. 7.1). Kak BugHo u3 puc.
7.1, 3Be3nHbIe TOUKU 5-8, momommstontue I1DII mo B-mutana, pacmosaokeHsl B cepeIMHaX CTOPOH KBaaparTa,
BEpITMHAMH KOTOPBIX sABISAIOTCS Touku [IDII. B Gomee obmeM ciaydae mpu K>3 ONBITHI OPTOTOHATBHOMN
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YacTH TUIaHa 00pa3yloT BEPIIMHEI KyOa (rumepky0a mpu K >4) B IPOCTPAHCTBE (PAKTOPOB, WIH YACTh €ro
BEPIIVH NPH MOTypEIUTHKE. 3BEe3THBIE TOUKHU MPEJICTABISIOT cOO0M IIEHTPHI IpaHell 3Toro kKyoda.

2
3 8 4
1
5 o, +16 X
-1 g

1 7 2

Puc. 7.1. [IpencrapieHne onmpITOB TUTaHa B2 Ha (haKTOPHOU IJIOCKOCTH

W3 reoMeTprUuecKOro pacCMOTPEHHS CIEIyeT, YTo 00JacTh BapbHpOBaHMs (akTopoB B B-miane (kak u B
[IOIT u JPDIT) aensercs kyd (THmepky0) B MPOCTPAHCTBE BapbUPyeMbIX (PakTOpOB. DTOT BBIBOX OJDKEH
IpUBJIeYb BHUMAHNE HCCIIEAOBATENS IPY ONPEASICHUN AUAla30HOB BapbUpOBaHUs (GaKTOPOB: HE
OyAyT 1M B ONBITaX OPTOTOHAIBFHOH YacTW HAPYIIAThCS YCIOBHS COBMECTUMOCTH [UIS BapbHUPYEMBIX
(aKTOpOB M3-32 BO3MOXKHBIX OTPaHUYCHUH.
IInan BTOpOrO mMOpsIKA, COMAEpXKAIUMKA B CBOEM COCTaBe IUIAaH MEPBOrO MOPSAKAa, Ha3bIBAIOT
KOMIIO3UIIMOHHBIM. [IprMepaMH KOMIIO3WIIMOHHBIX IUIAHOB CIyXaT, OYEBHIHO, B-mmansl. CBOMCTBO
KOMITO3UIIMOHHOCTH OYeHb YAO0OHO miisi uccienoBatens. OHO TO3BOJISIET IUIAHHPOBAaTH M TPOBOAUTH
AKCIIEPUMEHT Mo3TanHo. Ha mepBoM sTame MOKHO pealii30BaTh IUIAH MEepBOro nopsaka, Hanpumep [IDIL
OO6paboTaB ero pe3ysibTaThl, MOIYYUM JIMHEHHYIO MOJENb WM MOJEINb, COIEPXKAIIyl0, KPOME JIMHEHHBIX
YJICHOB, B3auMoJiecTBUs (akTopoB. Eciiu Takas MoJiesib OKakeTcsl HeaJeKBaTHOM, MOKHO JTOTIOJIHUTEIBHO
MOCTABUTh OIBITHI B 3BE3JIHBIX TOYKaX. BcAd COBOKYMHOCTH OIBITOB COCTaBUT Temepbh B-mimaH BTOporo
nopsiika. O6paboTKa ero pe3yabTaToB MO3BOIMT IOIYUUTH YK€ KBaAPATUUHYIO MOJEIb.
Jis mocTpoeHUsl perpecCHOHHON MOJIENIM MO pe3ynibTaTaM B-muiaHa HeT HeoOXOJMMOCTH O0OpamaThCs K
OBM. Hwmerorcsi GopMynsl Uil CTATHCTHUECKUX OLIEHOK KOA(PQHUIMEHTOB DPErpeccuy, MPHUTOTHBIC IS
«pyuHOoro» cdera. OHM HPUMEHHMBI JUIsl IIUPOKOTO KiIacca IUIAHOB, Ha3bIBAEMBIX CHMMETPHUYHBIMHU, K
KOTOPBIM OTHOCSTCA B-TU1aHBI BTOPOTO MOPSIIKA.
1.0OTcyTcTBHE AyOIMPOBAHHBIX OMBITOB (HE CUMTAas OMBITOB B IIEHTpe IUIaHa). B atom ciywae N - uucio
3aIUIAHUPOBAHHBIX onbITOB. Hampumep, mis mnana B, ¢ IIDII B oproronansHoM yactu U ¢ 10 onblTamu B
LEHTpE TUIaHa.
2.PaBHOMepHOE nyOnmpoBaHue. B aToM ciydae ¢hopMyIbl O-TIpeKHEMY CIIPaBETHBEI, HO IO/ [IOHUMAETCS
cpennee apudMeTHYECKOE 10 pe3ysbTaTaM j-i cepuu JyOIMpPOBaHHBIX OMBITOB; N - 4HCIIO cepuil ayOim-
POBAHHBIX OIBITOB.
IIpumeHenne B-mutaHa BTOPOro MpsiiKa JUIsl MCCIEAOBAaHUS CWIIOBBIX XapaKTEPHCTHK Ipolecca MWICHUS
JIPEBECHHBI LIETHBIMA MOTOPHBIMH MTHJIAMHU
B sxcnepumente, nposogumom B MJITU (I'. ®. lllecrakoBckuit), Obu1 ncnonb3oBad B-muran ¢ [IDII B
OpPTOTOHAJILHOM YacTH YIS UCCIICAOBAHMS BIMSHHUS MIATH OCHOBHBIX (PaKTOPOB Ha CHUIIOBBIE XapaKTEPHUCTUKU
Tporecca MUJIeHNs APEBECHHBI [IETTHBIMU MOTOPHBIMH MTUIAMHU.
DopMyITBI, CBSA3BIBAIOIIIE HOPMATM30BAHHBIE U HATYpaJIbHBIE 0003HaYCHNUsI, OYAyT B IAaHHOM Cllydac NMETh
CIEeAYIOIUN BUI:

x; =(4-0,9)/0,3;

x, = (v—13,5)/4,6;

x3 = (F; —90)/30;

x, = (l—20)/10;

xs = (L —48)/18.
BrixogHas BennuuHa 3KcriepuMenTa - ycunue mwienns Fu ,H. OnsITel mpoBoamiMcey Ha apeBecruHe Oepesbl.
Pesynprarhl mpenBapuTENsHO MPOBEACHHBIX IKCIEPUMEHTOB MO3BOJIIIN MPUHATH TUIIOTE3Y O HOPMAIbHOM
pacnpenencHiy BBIXOJHOW BEIMUMHBI - IPOBEpKa MpoBoMIach 1o kpureputo x2 [lupcona. Ha ocHoBe 3THX
JaHHBIX OBUIO PacCYMTaHO HEOOXOIMMOE YHCIO I JyOIMpPOBAaHHBIX OINBITOB, KOTOPOE OKa3aJoCh PaBHBIM
TISATH.
[IpuBenem HexoTOpble OOILIME BHIBOABI, KACAIOMIMECS aHAIM3a M WHTEPHPETALUH KBaIpaTUYHOW MOMEIIH.
s 3TOTO JMyHdIlle BCETo MOJIB30BATHCS YPAaBHEHHEM B HOPMAJIM30BaHHBIX 0003HAYEHUSIX (PaKTOPOB.
Belme oTMedanoch: €ClIM ypaBHEHHE PErPeCCHM OTIMYAECTCS OT JIMHEHHOrO, TO IPOCTOE CPaBHEHHUE IIO
a0COMIOTHOHN BeMWYHMHE JMHEHHBIX KOI(PQUIMEHTOB PErpeccHy HE ONpelelsieT OTHOCHTEIBHYIO CTETeHb
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BIIHMSHUS (aKTOPOB, MOCKOJIIBKY TMPHUCYTCTBYIOT €lie KBaJPaTUYHbIC WICHBI U MapHbIe B3auMmoeiictus. 1
BOOOIIE, /Ui KBaJpaTHYHON MOJEIH CTeleHb BIUsSHHS (akTopa HAa W3MEHEHHWE OTKIMKA HE SIBISETCS
noctossHHON. OHa pa3inyHa B Pa3HbIX TOYKAX JUANa30Ha BapbUPOBaHUS JAHHOTO (aKTopa, a P HATUYUN
MAPHBIX B3aUMOJICHCTBUI ONPEJICIIICTCS CIlle U YPOBHAMH (PaKTOPOB, BXOSIINX B 3TH B3aUMOICHCTBHSL.
Ilyctp, HanpuMmep, Tpy aHaNM3€e KBaApaTUIHON perpeccronHon monemn y=f(x1, x2,...,xk ¢akropsr x3, x4,
..., XK 3a(pHKCHPOBaHBI HA HEKOTOPBIX YPOBHSIX, B Pe3yJIbTaTe Yero Moesb Mprodpera BUjI
y = by + byx; + byxy + by1x% + byyx3 + by,

Ecnu ke cpaBHMBaTh (DakTOphl IO MAaKCUMAIILHOW CTETICHU WX BJIMSHHS B JHANa30HE BapbHUPOBAHUS, TO, B
o0miem ciyvae, )i i-ro (pakTopa KpUTepreds ABISICTCS MAaKCUMAIILHOE 110 MOAYJIIO 3HAUCHUE BETUNYHHBI

ay
ai = a_x,' = bi + Zbiixi + Z mbJ
j#i
KOTOpPO€ paBHO

10i max| = |b;| + 2|by| + Zlbijl
VE

[Tpu u3yvyeHun BIMSAHUS HEKOTOPOro (hakTopa X, Ha M3MEHEHHE BBIXOAHOW BENWYMHBI HanOosee HarsTHbI
rpaduku 3aBUcuMocTH y =f( Xi), TOCTpOCHHBIE TI0 YPABHEHUIO PETPECCHH MPH PA3IMYHBIX (PUKCHPOBAHHBIX
3HAQUEHMAX OCTANBHBIX (hakTopoB. IIpm comocTaBieHHH TakuX TPadUKOB BBIABISETCS COIEpPIKATEIBHBIN
CMBICTI TTAPHBIX B3aUMOZCHCTBUHN (PaKTOPOB.
OO0paiasich K ypaBHEHUIO apa0oJbl 00IIIero Buaa

y = bO + bl-xi + bil-xiz
HAIOMHHM CJIeIyIoIue (aKThl:
eciu bii>0, To ypaBHEHHE OMMCHIBAET BOTHYTYIO (DYHKIHUIO (BETBU Mapa0oIibl HATPaBICHBI BBEPX), & €CIIH
bii < 0 - BeImyKJTYIO;
abcmucca BepIIuHbI Tapabosl paBHa XiB = -bi /2bii. VI3 3T0# (opMyIIBl BEITEKAIOT OCTALHBIE CBOWCTBA;
€CII UMEET MECTO COOTHOLICHHE

|b;| > 2|by|
TO BepmMHa Tapaboibl HAXOAWTCS BHE JUala3oHa BapbUpOBaHUS (akTopa Xt M, CIeI0BaTEeNbHO,
ypaBHEHHE OIMCHIBAET MOHOTOHHYIO  (yHKImio. Ecin

[PH 5TOM bii’1 0, To 9Ta PYHKIIUS MOHOTOHHO BO3pacraroiias, a npu  bii<0 -
MOHOTOHHO YyOBIBaIOIIIas;
IPU HATUYUH COOTHOILICHUS

|b;| < 2|byl
GYHKIUS HMMeEeT DKCTPEeMyM BHYTPH Juana3oHa BapbUpoBaHHs (akropa Xi - MakcuMyM mpu bii< 0 wmu

MUHUMYM pu bii> 0.
y. 0y

P

{30 . 4 B 66| L km
-1 -0,5 0 Xeg 05X +1 Xs
Puc. 7.2. I'paduxu 3aBucumocteit y= f(L)

OTMeTuM, 4TO OT TPaQUKOB, MOCTPOSHHBIX JIJIsI HOPMAM30BaHHBIX (AKTOPOB, OYEHBb MPOCTO TEPEUTH K
HaTypaJbHBIM 00O3HAa4YeHUsIM (akTopoB. [lji 3TOro AOCTaTOYHO, HE M3MEHSSI caMOW KPHBOM, MEpEerTH K
Jpyromy MacmTaly 1o ocu abcmucc. PakTHyecKM BMECTO YKa3aHHBIX Ha oOcH alciucc 3HaYeHHUH
HopManu3oBaHHoro ¢akropa (-1) m (+1) Hamo HammcaTh 3HAYEHUS HIDKHETO W BEPXHETO YPOBHEH
COOTBETCTBYIOIIETO HATYpalbHOTO (hakTopa (cm. puc. 7.2).

Yuaudopm-porarabenbHble 1 HEKOTOPbIE APyTrue CUMMETPUYHBIE TUIaHBI BTOPOTO MOPSIIKA

[Toctpoenne yaudopm-poratabenbHbIX IUIAHOB

PaccmoTpuMm emie OAMH IIMPOKO PAaclpOCTPaHEHHBIH BUJA IIJIAHOB BTOPOTO IMOpsAIKA - LEHTPaJIbHbIE
KOMITO3UIIMOHHBIE YHU(POPM-POTaTabeIbHbIC TUIAHBI.

OnHOI U3 XapaKTEPUCTHK TOYHOCTH PErPeCCHOHHON MOJEIH SBJISIETCS JUCTIEPCHUS 3HAYCHUH OTKIIMKa,
IPECKAa3aHHBIX YPAaBHEHUEM PETPECCUM.
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CBoiicTBO poTaTabelbHOCTH IJIaHa O3HAYaeT, YTO TOYHOCTh YpPaBHEHHS PErPecCHH, MOJYyYEHHOTO IO
pe3yibTaTaM ero peaiu3alud, OJMHAKOBA BO BCEX TOYKaxX (DAKTOPHOTO MPOCTPAHCTBA, HAXOMSIIMXCS Ha
OJIMHAKOBOM PACCTOSHUM OT LIEHTpa MaHa. B yactHoM ciydyae AByX ()akTOPOB TOYHOCTH MOAEIH MOCTOSIHHA
JUTSL BCEX TOYEK JII0OOH OKPY>KHOCTH C IEHTPOM B Havaie KOOpAUHAT (PaKTOPHOHN MIOCKOCTH

s mmanoB, o0iagaromux CBOHCTBOM pPOTaTabeNbHOCTH 0€3 APYTUX JOMOIHUTENBHBIX CBOWCTB, TOYHOCTD
MOJIEJIM YMEHBIIIAETCS TIPY YBETTMYEHUH paguyca dTOH OKpYXHOCTH. CBOWCTBO YHH(OPMHOCTH B COUYETAHUN
C porata OENBPHOCTHIO O3HAYAET MOCTOSHCTBO AucHepcHH S2{y} HEKOTOPOW OKPECTHOCTH LIEHTpa ILIaHa.
Takum oOpazoM, yHH(OpPM-poTaTabeNnbHbIe IUIAHBI C XOPOIIeH TOYHOCTHIO OMHCHIBAIOT OOBEKT BOIH3U
[EHTpa IJIaHa ¥ CO 3HAYUTEIHHO OOJBIIEH MOrPEIIHOCTHIO Ha TPaHUIaX 00JIACTH BapbUPOBAHUSA (PAKTOPOB.
bnaromapss 3ToMy CcBOiicTBy poTaTta0enbHbIE IUIaHBI LENeCOOOpPa3sHO MPUMEHATh Ui  OOBEKTOB
JepeBooOpadOTKH, MaTeMaTHYECKOE OMHMCAHNE KOTOPBIX MPEAIoIaraeTcs UCTONb30BaTh BIIOCIEACTBUM AJIS
ONTHMH3ALNN TIpoIlecca, PH YCIOBHH, YTO MCKOMBIH ONTHMYM OyIeT HaXOAWTHCS HEeNaleKo OT LEHTpa
riaHa. CTpykTypa yHu(OpM-pOTaTabenbHOro IlaHa aHaJornyHa CTpyKType B-mana. PotarabenbHblii mtan
SBJISICTCSl KOMITO3UIIMOHHBIM M COJIEPKHUT B OPTOTOHAILHOW YacTH MOMHBINA (hakTOPHBIN miad 1100 (pu K >
5) ero momypen- JuKy. K 3TiM ombiTam 100aBIstOTCS 2K 3BE3HBIX TOYEK W HEKOTOpPOoe Yrcio 1m0 OMBITOB B
neHTpe 1wiaHa. llpu sTom, B oTimume oT B-mumaHa, 4mcio OMBITOB B HEHTPE YHH(POPM- pOTaTabETHHOTO
TUTaHa 33/1a€TCsl OHO3HAYHO B 3aBHCHUMOCTH OT YHMCIIa BapbUPYeMbBIX (PAKTOpOB HCXOAS M3 TpeOOBaHHUS
yHHQOPMHOCTH TuTaHa. J[pyroe oTimune poTatabenbHOTO TUIaHa OT miaHa B* coctout B TOM, 4TO 3HaYEHHS
(haKTOpOB IS OTBITOB OPTOTOHANBHOM YacTh poraradginpHoro 1uraHa (I1PI1 nwmm JIPII) pacnonararorcst He
Ha TpaHUIaxX JMala3oHOB WX BapbUPOBaHHA, a BHYTPH HHUX. TeM He MeHee, 3HaYCHUS (aKTOPOB B ITHX
OTBITax MPHUHATO 0003Ha4atTh (“1) mim (+1), a HIKHUI U BEPXHUH YPOBHH KaKAOTO (akTopa 0003HAUAIOTCS
COOTBETCTBEHHO (-a) U (+a), TIe a - MONOXKHUTEITHHOE YMCII0, OombInee 1, Ha3pIBaeMoe 3Be3IHBIM TiedoM. Kak
U B B-muiane, 3Be3/1HbIC TOYKH, BXOJSIIUE B COCTAB POTATA0CIBHOTO TUIaHA, IPEJCTABIIAIOT COO0M OMBITHI, B
KOTOPBIX OJIMH U3 BapbUPYEMBIX (aKTOPOB HAXOJIUTCS HA BEPXHEM WIIM HWKHEM YPOBHE, a OCTANbHBIC - HA
OCHOBHOM YpOBHE.
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BenmnunHa 3Be3nHOrO IUieya a ompenensercs mo ¢opmyie a = 2k/4, eclii B OPTOTOHAJIBHOM YacTH IIaHa
conepskutcs [1DII, mu6o o popmyie a = 2(k-1)/4, eciu 11aH COACPKUT MOTYPEIUIHKY.
[TycTh M3BeCTEH qMana3oH BapbUpOBaHHs HaTypanbHoro ¢aktopa Xi : Xi min < Xi <Xi max- Toraa ypoBHIo
(-0) HAIO cOnOCTaBUTH MUHUMaJIbHOE 3HaueHue Qakropa Xi: Xi(-o) = Xi min; ypoBHIO (+) - MAKCHMaJIbHOE
ero 3HaueHne: Xi(+a) = Xi max; yposHio (0) - cepeanHy 1ruana3oHa BapbHUPOBAHI:
0
Xi( ) + (Xi min T Ximalx)/2
YpoBHIO (-1) cooTBeTcTByeT clemyrolee HATypaJbHOC 3HAYCHHE
(akropa:
(-1 _ y(0) (+a) (0)
XV =x"+ X" -x")/a

ypoBHIO (+1) — 3HadeHHE
XD =X 4 (10— X0
C yuerom »3THx oOo3HaueHuii ¢opmyna (5.27] mis mepexoma OT HOPMATW30BaHHBIX (AKTOPOB K
HATYpaJbHBIM B CITy4ae IPUMEHEHHS POTaTa0CIHLHOIO TUTAHA OCTACTCSI CIIPABEIITMBOM:
x; = (X — X))/
rae Ai, paBHO
A= XOD _x© = x© _ x(D

Benuuuna Ai, 31ech yke HE paBHA MMOJIOBHHE TUANAa30Ha BAphUPOBAHUS (akTopa

MeToabl UCCTIeIOBaHUS PETPECCUOHHBIX MOJIEIICH BTOPOTO MOPSIKA IS PEHICHUS 3329 ONTHMHU3aUH
PerpeccronHas MoJienlb BTOPOTO MOPS/IKA TaeT OOraTyro HHGOPMAIHIO O BIUSHUU BapbUPYEMbIX (aKTOPOB
Ha BBIXOJHYIO BEIHYUHY. Ty MOJAETh MOXHO WCIOIB30BATh TAKXKE IS ONTUMH3ALWU YCIOBUH
(byHKUMOHUpOBaHUST 0OBeKTa. VIMeeTcss B BHAY OTBHICKAHME TaKMX 3HAUYCHUH BapbUPYEMBIX (aKTOpOB
BHYTpU [JHana3oHa WX BapbUPOBAHMUSA, A KOTOPHIX 3HAUCHHE BBIXOJHOW BENWYMHBI OKa3bIBACTCS
MaKCUMAaJIbHBIM WM MHHUMATBHBIM. OKCIEPUMCHTABLHBIE METOIBl PEHICHUS JTOW 3amaud  OyayT
pPacCMOTpEHHI B TJ1aBe 9.

Junis rccnenoBaHusl MOBEPXHOCTH OTKIMKA € IIETbI0 ONTUMH3AIHUN OOBIYHO MCIIOJIB30BAIOCH KAHOHHYECKOE
npeoOpa3oBaHue YPaBHEHHS PErPECCHU

bonee > PeKTUBHBIM METOJAOM OTBICKAHUS ONTHMAIBHBIX YCIOBUH (YHKIMOHUPOBAHUS OOBEKTA IO
YPaBHEHHUIO PErPECCUU BTOPOTO MOPSIIIKA SBIISIETCS JUCCOLUATHBHO-IIATOBBIA METO,T

OCHOBHOM HHTEpeC MNpPEICTABISIeT aHajdu3 MHOTo()aKTOPHOM MOJENH, coaepkaieil k Qakropos, npu
HAJIMYMH TAPHBIX B3aUMOJICHCTBHI. B 3TOM ciydae coracHo AMCCONMATHBHO-IIIATOBOMY METOy HA OCHOBE
WCXOJTHOW MOJIENIN 3aIUChIBAETCS K KBa3HMOJIHO(DAKTOPHBIX MOJIENeH, TO eCTh MOJIeIeH, KaKaast U3 KOTOPhIX
COJICPKUT JIMHEHHBIC ¥ KBAIPATUYHBIC YWIECHBI TOJBKO OJHOTO (PaKTOpa UCXOTHON MOJEIH, a TaKXKe TapHbIe
B3aUMOJICHCTBUS TOr0 (akTopa ¢ OCTadbHbIMH. JlanbHeilliee M3NOXKEHUE, pa3OMTOe HA ATambl, OymeT
OTHOCUTBCS K CIy4alr0 OTHICKaHUS MakcuMyMa (GyHKUIuM OTKiuKa. Ciydaii MUHUMH3ALUH CBOAUTCS K
OpefpIyIieMy HW3MEHEHHEM 3HaKOB BceX KO3(Q(UIIMEeHTOB perpeccid B HCXOAHOW MOJENU Ha
MPOTHBOTOJIOKHBIC.

Oran 1. U3 cucrembl KBa3nogHO(MAKTOPHBIX MOZEJIEH, MOJYyYCHHBIX Ha OCHOBE HCCIEIyeMOM MOJIENH,
BBIOMPAIOT Te, JUIsl KOTOpBIX bii>0. [y BceX TakKuX MOJIENeH MaKCHUMyM JOCTUIaeTCsl Ha TpaHulle 00aacTu
BapbUpoBaHus (aKTopa Xi, TO ecTh Mpu Xi = +1 wim npu xi = -1. Eciu nipu 3TOM BBITIOTHSIETCSI YCIIOBUE

| by ZZ|bi1‘|
J

TO 3HAK XIOIIT COBIIAJAeT CO 3HAKOM bi a UMeHHO: ecii bi, > 0, xiont = +1; eciu
b; < 0, Kionr = -1.
Ortan 2. Ecnu nipu BeimonHeHun ycnosus bu > 0 yciosue (7.34) He BBITIOTHSAETCS, TO CIENLyEeT pacCMOTPETh
JIB€ KOHKYPUPYIOIINE MOAEIH: OAHY, TOJYYSHHYIO U3 UCXOJHON Moaenu mpu xt = -1 (c y4eToM HaiJIeHHbIX
paHee ONTHUMAaJbHBIX 3HAYEHUH (PaKTOpoB), APYryI0 - Opu X, = +1. JlanpHelmemMy UcCIeI0BaHUI0 MOKHO
MOJIBEPraTh TOJIBKO Ty M3 ATHX JIBYX KOHKYPUPYIOIIUX MOJIEJIEH, IUIsl KOTOPOi cyMMa aOCOIOTHBIX BEJIMYUH
CBOOOJHOTO WJIeHa U BCEX JIMHEHHBIX KO3 PUIMEHTOB perpeccuy HanbonplIas, TO €CTh
el + ) Iby| — max
i#j
HmenHo 110 371011 Mozienu OyeT MoJydeHO MaKCUMAaIbHOE 3HAUEHUE OTKIIMKA.
Oran 3. [ns Tex kBa3noIHO(aKTOPHBIX MOAETeH
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— 2
Vi = bo + bu-xi + bixi + Z bi]-xixj
i#j
Yy KOTOpBIX bii < 0 1, KpOMe TOTO, BHIITOIHSAETCS COOTHOIIIEHHE
Ibil + ) [by| < 21bgl,
i#j
BEJIMYMHA X/ONT OTPEAETSeTCS U3 YCIOBHS PaBEHCTBA HYIIO MTPOU3BOAHON (PYHKIIMHA TIO Xi:
dy;/0x; = 2byx; + b; + Z by x; =0
j
Otciona

Xis = Xionr = —bi/2b;; — Z bi; x;/2by;
1#)

TO €CTh XIONT MPEICTABIIACT cOO00M IMHeiHy0 GyHKIMIO OT Xj. [logcTaHoBKa 3TO PyHKIIMK B UCXOIHYIO
MOJIENTb MO3BOJISIET YMEHBIIUTh HAa CIUHHILy YUCIO ITEPEeMEHHBIX M TEPEeHTH K CIEyIoNeMy Imary
OIITUMU3ALIHH.

Oran 4. Eciu a1 MoJienu ¢ OTpUIIaTEIbHBIMU KBaJApaTHUHBIMUA KO3 duitueHTamu, bii < 0, COOTHOIIICHUE HE
BBIMOJTHACTCS, TO €CTh UMEET MECTO HEPABEHCTBO

| b +Z|bij| > 2|byl,

i#j

| b _Z|bij| > 2|byl,
i#j

Ecnu oHO BbITIONHSAETCS, TO XionT paBHO 1160 (-1) mpu bi< 0, 1160 (+1) npu bi> 0. Ecnu npu BeIoTHEHUH
YCIIOBUSI COOTHOLICHHWE HE MMEET MecTa, TO JJisi OAHOW YacTH JHara3oHa BapbHpOBaHUS (akTopa Xi Be-
JMYHMHA XIONT onpeessiercs u3 GopMyJbl, a Ui IPyroi 4acTH, XioNT MPUHUMAET rpaHudHoe 3HaueHue (-1)
win (+1). IlpumeHeHne HachIEHHBIX IPOOHBIX PEIIMK B POJIM IJIAHOB OTCEHBAIOIIET0 3KCIIEPUMEHTA
3agaua TUIAHUPOBAaHUSI OTCEMBAIOIIMX SKCIEPUMEHTOB COCTOUT B BBISABJICHHM BaKHEHIINX (HaKTOPOB,
OTIpeJIeJIAIONINX MTPOTEKaHUe MpolLecca, U3 OOJIBLIOTO YHucia 3TUX (HaKTOPOB, BO3ACHCTBYIONUINX HAa OOBEKT.
B nynkre 4.14 Obul pacCMOTPEH METOA PELICHUs] 3TOM 3aJauyd C MOMOIIbI0 SKCIEPTHHIX OLEHOK, 0e3
NPOBEJICHHS CIEIMATBHOTO SKCIEpUMEHTa. B JaHHOW riiaBe W3iararoTcsi SKCIIEPUMEHTAJbHBIE METObI
peleHns ToCTaBlieHHOH 3amaun. Ee 0coOeHHOCTH 3aKiovaroTcsl B HEOOXOAWMOCTH BKIIIOYHWTH B
9KCIEPUMEHT MaKCUMAaJIbHO BO3MOXKHOE YHCIIO (PaKTOPOB M3 OMACEHUS IPOITYCTUTh 3HaYMMBbIe 3 HEKTH U B
TOM, YTO OTCEHBAIOIIMIA JKCIEPUMEHT, KaK TMPaBHJIO, HE SIBISIETCS KOHEYHBIM JTallOM HCCIICIOBAHMS:
JOMUHHpYIOIIHE (aKTOphl, BBISBICHHBIE HA CTaJAWM TPOBEACHUS OTCEUBAIOIIETO HSKCIEPUMEHTA,
MOJBEPraloTCcsl NAJbHEHIIEeMy HCCICAOBAHUIO, HAampuMep, A IOCTPOCHHS MaTeMaTH4ecKOM MOJesn
o0bekTa. Pe3ynpTarbl OTCEMBAIOLIETO 3KCIEPUMEHTA, T. €. CHHCOK JOMUHHMPYIOIIMX (aKTOpOB,
CIpaBe/IMBHI TOJIBKO MPH BHIOPAHHBIX IWANa30HaX BapbUPOBaHUS (PaKTOPOB.
s yuraTensi, 03HAKOMHUBIIETOCSl C NPEABIIYLUIMMU TJIaBaMHM 3TOW KHUTH, OYEBHUIHBI HJIIEH, JISKAIIUEe B
OCHOBE OOJIBLIIMHCTBA ATHX MeTO#OB. Ecnu i K BappHpyeMbIX (DaKTOPOB MOIYUUTH Jake MPHOIMKEHHOE
ornucanue OOBEKTa JIMHEHHOM MOJENbl0, TO, CpPaBHUBAas aOCONIOTHBIC BEJIWYHHBI KOXPQPHUIIMEHTOB
perpeccun, MOXXHO JIETKO BBISIBUTh BakHelIne (akTopsl: yeM Oolblie abCOMIOTHAS BEMYMHA JTMHEHHOTO
ko3 duimenTa perpeccu B HOPMaJIM30BaHHBIX 0003HAYECHUSIX, TEM CHJIbHEE BIMSHHE COOTBETCTBYIOLIETO
¢axTopa. [TocKoNbKy OTCEMBAOIIUE DKCIIEPUMEHTHI JIOJDKHBI BKIIFOUYATh BCE «I10703peBaeMbiey» 3D (eKThl, a
3HAYHT, KaK TPaBUIIO, OOJbIIOE YHCIO (PAKTOPOB, TO peanH3anus WX TpeOyeT W 3HAYMTENHHOTO YHhClia
OMBITOB. B 3TOM citydae Hafo UCKaTh MPeeIbHO IKOHOMHBIE SKCIIEPUMEHTAIbHBIE TUIAHbBI IEPBOTO MOPSIIKA.
[Ipu mnaHupoBaHUM OTCEUBAIOIIETO SKCIEPUMEHTa He 00s3aTENbHO MpeAIoaraTb NPOBEPKY aJeKBaTHOCTH
pEerpeccCHOHHON MOJIeNTd, WMes B BHUJIY NpOJNOJDKEHHE HccienoBanuil. [loaroMy B KauecTBe IUIAHOB
OTCEMBAIOLIETO AKCIEPHUMEHTa IeJeCO00pa3HO TONb30BaTbCA  HACHILEHHBIMH MM OJNM3KUMH K
HACBHIILEHHBIM HKCIIEPUMEHTAJIbHBIMU IJIAHAMH, MO3BOJIIOLIMMHU TOJyYUTh JIMHEHHYI0O MOJeNb OOBEeKTa.
[Tnanamu, yI0BIETBOPSIONIMMEI 3THM YCIIOBHSM, SIBIISFOTCS, B YACTHOCTH, HACKHIIICHHBIE JIPOOHBIC PETUIHKA
MOJHBIX (PAaKTOPHBIX TUIAHOB, PACCMOTpPEHHBIE B TyHKTE 6.7. [IpuMeHeHe HACBIIIEHHBIX JPOOHBIX PETUTHK B
POJIM TUIAHOB OTCEMBAIOLIETO IKCIIEPHUMEHTA.
[Ipumenenne 1rana Ilnakerra-bepMaHa Tpu BBISIBICHMH JOMUHHUPYIOUIMX ()aKTOPOB, BIMSIONIMX Ha
nporecc nmumdoBanus apeBecHOCTpYkeuHbIX muT (J1CTII)
HpoOubie dakropubie mianel (JPII) MOKXKHO TOCTPOWTH, KaK HM3BECTHO, TOJNBKO JUIS YUCIA OIMBITOB,
SIBJISIFOIIETOCS. CTEMEHBIO ABYX, T. €. A uuced N, paBHbIX 4, 8, 16, 32, 64 u T. 1. DTO OrpaHUYUBAET UX
IIPUMEHEHHUE B KaUECTBE IIJJAaHOB OTCEHBAIOIIEro 3KcnepuMenTa. Eciy, Hanpumep, Heo0X0IUMO BKIIIOUUTh B

TO MPOBCPAIOT JOIMMOJIHUTEIILHOC YCIIOBUC
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skcriepuMeHT 20 (aKTOpOB, TO HAMMEHBIIIEE YUCIIO OIBITOB JaeT ApoOHas pemiuka 220-15 - ato miaH,
coJiepKaniuii 32 OombITa U. yKE HE SBISIONINICS HACKIIICHHBIM. OKa3bIBACTCsl, HACHIIIEHHBIE OPTOTOHAIILHBIE
TUTAHBI MOYKHO TOCTPOMTH HE TOJIBKO JUIsl YKa3aHHBIX 3HadueHUil N, HO u Juist JII0OBIX apyrux N, KpaTHBIX
yeTblpeM. TakuWe IUIaHbl Ha3bIBAlOT IUIaHaMu llnakerta-bepmana. B kauecTBe IUIAHOB OTCEMBAOIIETO
SKCIIEPUMEHTA STH IIaHbl Hanbosee nomyssapHel At N = 12, 20, 24 u 36. Yucno Bapeupyemsix (hakTopoB
paBHO, cooTBeTCTBEeHHO, 11, 19, 23 1 35. J71s1 MOCTpOSHHS ATHX TIAHOB UCIONIB3YIOTCS KOMOWHAIIH 3HAKOB
Crouber; X2 s TeX K€ OMBITOB MOJYYAlOT CABUIOM CTOJIOIA XX HAa OHY MO3UIIMIO0 BHU3, TIPU 3TOM 3HAK
MUHYC U3 TIOCJIeTHEH CTPOKH 3alHCHIBAIOT B MEPBYI0. AHAIIOTHYHO, CTONOEI] Tt onbITOB 1-11 mpencraBmisier
co00i mpenpImymuii cronber *2, cIBUHYTHII BHU3 Ha OJHY MO3WIMIO, IPUYEM 3HAK ILTIOC BMECTO 12-i
CTPOKH 3amuChiBatOT B 1-10. [1o TakoMy ke MpaBHITy 3alOJHSIOT CTOJIOIBI, COOTBETCTBYIOIIME OCTATIHLHBIM
¢dakropam. B kauecTBe 12-if CTPOKM 3alMCHIBAIOT CTPOKY M3 MHHYCOB. DTOT K€ MPHUHIIUII JISKUT B OCHOBE
MOCTPOCHUST HACHIMEHHBIX IIaHoB llmakerra-bepmana mns N = 20, 24 u 36. Ilpu 3TOM HCHONB3YIOT,
COOTBETCTBEHHO, CTPOKU 2, 3,4 TalII. .

Home X1 [X2 x3 x4 x5 [X6 [x7 X8 [X9 [X10 [X11
P

OITbITa

1 + - + - - - + + |+ - +
2 + + - + - - - + + + -
3 - + + - + - - - + + +
4 + - + + + - - + +
5 + + |- + M4 - + - - - +
6 + + M- + + + - - -
7 - + H+ O+ - + M- + - -
8 - - + + + - + + - + |
9 - - - + + + - + + - +
10 + - - - + + + - + + -
11 - + - - - + |+ + - + +
12 - - - - - - - - - - -

Bynyun HaceimeHHbIMH, 11aHbl [lnakerTa-bepMaHa MO3BOJSIIOT MOMYYHUThH JIMHEHHYIO MOJENb OOBEKTa C
yicIoM (aKTOpOB, HAa €IWHMILY MEHBIIIE, YeM YHCIIO MOCTAaBICHHBIX OMBITOB. Pazymeercs, B Ucciel0BaHHE
MOYKHO BKJIFOUMTH 4Hciio (pakropoB u MmeHbliee, yeM (N - 1). Ilpu 3TOM ocraBiinecs: CTONOIBI MaTPHULIbI
IUIaHa MIPOCTO HE UCTIONb3YIOTCS.

[Tnanwr [Inakerra-bepmana ob6namaroT BCEMH CBOWCTBAMH MOJHBIX U JPOOHBIX (PAKTOPHBIX IUIAHOB -
CBOWCTBAMH CUMMETPHYHOCTH, HOPMHUPOBAHHOCTH M OPTOTOHAJBHOCTH. biaromapst 3ToMy KO3 GUIIMEHTHI
JMHEHHBIX PETPECCHOHHBIX MOAEJeH, MOIy4YeHHBIX MO pe3ylbTaTaM NPUMEHEHHUS paccMaTpUBaeMbIX
TUTAHOB, OTIPEJICTISIIOT MO TeM ke dopmyam, uto u st [1DPIT u JJDII.

Meron ciryuaitHoro GanaHca

Kak yxke oTMmeuanoce, MeToa cly4ailHOro OajaHca MpeAcTaBiIseT co00il METOI OTCEHBAIOIIErO
OKCTIIEPUMEHTA, TO3BOJISIOMIMK BBIIBUTH BakHeHIue muHEHHble 3(QQeKTsl M THapHbIE B3aWMOJCHCTBUS
daxTopoB. JlaHHBIN METO TpeAIoNaracT MPUMEHEHHE CBEPXHACHIIIIEHHBIX IJIAHOB. JTO TaKWe IUIAHBL, MPH
KOTOPBIX YHMCIIO HCCIIEAyeMbIX 3(PQEKTOB M HX B3aUMOJCHCTBUI IMPEBOCXOJUT YHCIO IOCTABIEHHBIX
onbIToB. OCHOBHasi NPEANOCHUIKA, MPH KOTOPOH MOXET NPUMEHATHCS METOA CilydailHoro OanaHca,
3aKIIFOYAETCSl B CIENYIOMEM: Cpelrd OOJNBIIOro YWClia IMOJ03peBacMbIX J(P(EKTOB CYIIECTBYET TOJIBKO
HECKOJIBKO JIGHCTBHUTENLHO CYNIECTBEHHBIX, a BCE OCTAJbHBIE MOTYT OBITh NMpPU3HAHBI HE3HAYMMBIMH W
OTHECEHBI K «IIYMOBOMY ITOJIIO». HauaabHBIM 3TarmoM OTCENBAIOIIEr0 IKCIIEPUMEHTA SIBJISIETCS] COCTABIICHHE
MaTpHIIbI TUIaHa. VX cTposT pa3iruyHbIME CIIOCOOaMU, HCXO/IS U3 KPUTEPUSI MUHUMYMa MaKCHMAJIBHOTO KO-
addummenTa koppemsauuu Mexay croibdmamu. COCTaBICHHEM OSTHUX IDIAHOB MOXET 3aHATHCA M caM
skcnepumentarop [30], Ho Oonee 3(PQHEKTHBHO HCHOIB30BAHUE HW3BECTHHIX IUIAHOB C XOPOLIMMHU
XapakTepucTHKaMH [38].
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O6paboTKy pe3yabTaTOB »JKCIIEPUMEHTa II0 METOMy CiIydaiiHoro OamaHca MOHO BBIIONHITH C
UCIIOJIb30BAaHUEM BBIYHCIUTEIILHON TEXHUKW WM BpydHyr0. KommblorepHas o0paboTka pe3ylbTaToB
JKCIICPUMEHTa sBiseTCs Oosiee 3PQekTuBHONW. Ee BBIMONHAIT 1O CHEIUAIBLHBIM IpOrpamMmam,
COCTaBJICHHBIM Ha OCHOBE aJrOpUTMa «BETBAIICHCS CTPATETHW» WU TOCICHAOBATEIIEHOTO aJITOPUTMa
O¢dpaumcona [38]. [Ipu Tpymoemkoii pydHoi 00pabOTKe Pe3yIbTaTOB IKCIIEPUMEHTa YI0OHO TTPOU3BOINTH
aHalM3 MaTepuaia rpaQuuecku, HCIOIb3ysl TUArpaMMBbl paccesHUs PEe3yJIbTATOB HAOIFOICHUH 110 KaXIOMY
1/13 ¢akropos (puc. 8.1).
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Puc. 8.1. lnarpamma paccessHust

[To ocm abcuucc AuMarpaMMbl OTKJIAABIBAIOT YpOBHU (DakTOpoB (B MPOM3BOJILHOM MacliTade), Mo OCH
OpAMHAT - 3HaueHHs Bbixoja. s Kaxkaoro ¢akTopa HAHOCIT OJUHAKOBOE YHCIIO TOYEK, PAaBHOE HYUCIY
onbIToB N. DTH TOYKHM pa3OWTHl Ha JABE IPYIIBL OJHA M3 HUX OTHOCHTCS K OINbITaM, € JaHHBIH (hakTop
HaXOJIUTCS Ha BEPXHEM YpPOBHE, Apyras rpyImia - K OnbITam, rae (GakTop HaXOAWTCS Ha HIKHEM YpPOBHE.
CreneHp BIMSHUS JTAHHOTO (akTopa Ha OTKJIMK OICHUBAIOT MO Pa3sHOCTH MEXAY 3HAUYCHHSIMH HEKOTOPOTO
MIOKAa3aTesl, XapaKTePU3YIOIIEero LEHTP IPYIIIMPOBAHUS COBOKYITHOCTH TOYEK VISl Pa3HBIX YPOBHEH OHOTO
¢akropa.

B kadecTBe Takoro TmokazaTellss B METOAE ClydyailHOro OanaHca OOBIYHO WCIONB3YIOT MEANaHY,
MIPUMEHEHUE'KOTOpOil B NaHHOM ciydae Oonee 3(dexTHBHO, 4eM cpemHee apudmeTHueckoe. MeanaHy
MPOBOJAT TaK, YTOOBI IO 00€ ee CTOPOHBI YHCIIO TOYeK ObUIO 0JuMHaKoBO. Eciu ollee 4nucio Toyek B psimy
HEYeTHO M paBHO (2T + 1), To MenuaHa mpoxoaut 4yepes (T + 1)-1o Touky. Eciau uncio Touek 4eTHO U paBHO
2T, TO MeIMaHy OTBICKMBAIOT KaK cpeliHee apu(pMeTHIeCKOe 3HaUeHHe OTKIHMKA JIst m-i u (T + 1)-if Touek
(cumras cHu3y BBepx). Ha puc. 8.1 MennaHbl oTMeUeHBI TOPH30HTAIBHBIMH YEPTOYKAMH, MPOBEACHHBIMHU
MOCPEMHE MEXK/Ty UETBEPTOM U MATON TOUKAMHU.

Ecnu nans kakoi-HUOY/Ib KIIETKU OTBITHl OTCYTCTBYIOT, MEPEXOAAT K TaOIHUIIe ¢ YHCIOM BXOJOB Ha CIWHUILY
Mmenble. [Ipu 3TOM HCKiIIOYalOT OMH W3 (AKTOPOB - TOT, KOTOPBIH MMEET HauOOJIBIIYIO KOPPESLHIO C
OJITHMM U3 OCTaJbHBIX (akTopoB. Jlanee MOXKHO BBIYUCISATH OLIEHKH JTHMHEHHBIX KO3((UIMEHTOB perpeccun
no wu3BecTHBIM (Gopmynam jans [IDIl. OpHako B MeTone ciydailHOro OamaHca daie MOJIb3yIOTCS
YIIBOCHHBIMHU JINHEWHBIMU K03 (duimienTaMu perpeccur ai= 2bi. X Ha3pBalOT JTHHEHHBIMH 3 QpeKTamMu
¢baxTopos. JIuneinslii 3gdekt paxTopa Mo cBoeMy PU3NIECKOMY CMBICIIY PaBEH, OUYEBUIHO, IPUPALICHHIO
OTKIIMKa TIpH TMepexojic JaHHOro (akropa C HIKHErO YpPOBHS Ha BepXHUHA. 3Has (OPMYNbBI s
k03 pUIIMEHTOB perpeccuu, JIETKO HalUcaTh WX JJIs OneHOK 3ddekToB dakropoB. B manHOM cinydae ux
MOJKHO TNIPEICTABUTh B CIEIYIOIIEM BUJIE:

a; =G+ V3 + Vs +)/4— o+ Va+ V6 +Va)/4;
a; :(321 +322 +335+326)/4’_(3_73 +:)_74+327+328)/4;
a3 =tV + V3 +V)/4— s + V6 + V7 + V5)/4;

Takum oOpa3zoM, ajas BeruucicHus 3ddexra hakTopa HEOOXOAMMO PACCUMTATh CPEAHEE 3HAUCHHE OTKIIMKA
JJId OIIBITOB, IIOCTABJICHHBIX HAa YPOBHE «ILIIOC» JAHHOI'O q)aKTopa " BbIYECTb U3 HEI'O0 CPEAHEEC JId YPOBHA
«MHHYCY.
Crnenyromumii stamn - Berauciienue [-kputepus CThIoIeHTAa T BBIIEICHHBIX 3PQPEKTOB 110 PopMyIIe:

ti = a; / Sp

Sp:SR
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B aToit dopmysie nj - yrcimo HAOMIOACHHUHA Bj-i KJIETKE; T - YHCIO KIETOK; 2R - ocrarouHasl gucmepcws,

ompenensemas mo popmyie:
m

1 m
Sk = Z v —93)"/ Z(ni - 1)
j=1 u=1 j=1

[locne BblmeneHus NmepBOM TIpymmbl 3HAYMMBIX 3(P(EKTOB NPOM3BOIUTCA OmEpaLusi KOPPEKTHPOBAHUS
pe3yibTaToB HaOdroneHMid, Ha3biBaeMmas cHsATHEM. OHa COCTOMT B MCKIIOUEHHH BIHMSHHUS BBIICICHHBIX
(hakTOpOB M B3aUMOACUCTBHI HA OTKIHK, JJIsI TOTO YTOOBI BHISBUTH OCTAJIbHBIE CYIIECTBEHHBIC d(PPEKTHI.
s 3TOro W3 KaXAOro 3HAYCHMS OTKJIMKA BBIUYUTAIOT IPOU3BEAEHUS KO3(Q(UIMEHTOB Perpeccuy,
COOTBETCTBYIOIIMX BBIJCICHHBIM d¢QekTaM, Ha 3HaueHue (akropa (WA B3aUMOACHCTBHS) B
COOTBETCTBYIOILIEM OIIBITE.

Hapsany c ucnons3oBanueM quarpaMm paccesHusl, Ipyu pydHOH 00paboTKe pe3yabTaToB IPUMEHSIETCSI MEHEe
TPYROEMKHH TaOIN4HbIH MeTol. [IpuMeHUTeNnbHO K 3a7aye BbISIBICHHS BXKHEHIINX (PaKTOPOB, BIMSFOIIUX
Ha [IEPOXOBAaTOCTh MOBEPXHOCTH NHJIOMATEPHAJIOB MPH pPAaCHUIMBAaHUKA OpEeBEH Ha JIGHTOYHOMMIBHBIX
cTaHKoB. [I1aHupoBaHne OAHO(PAKTOPHBIX FIKCIEPUMEHTOB P TOUCKE ONTUMAIbHBIX YCIOBUN

MeTox IHXOTOMHH

[Mycts paktop X1 Bappupyercs B auanazone X1min < X1 < Xlrtax. Ha mepBom miare craBsiTcs Ba OIBITA,
BO3MOXKHO OJIIDKE K cepeivHe uara3oHa BapbupoBaHust. O003HAUMM Yepe3 € pa3HOCTh MEXKIy 3HAYCHUSIMH
¢akTopoB B 3TuX Toukax: € = X12 — X11(puc. 9.1). Torga 3HaueHnue daxropa x1 B mepBOM OIBITE PaBHO
X1 1y= x1(0) - &/2, a Bo Bropom onbiTe X12 = X1{0) + &/2, rae x10) ={X1min+X1max)2.

A

X

IYImin XF13 Xu Xll -le2 le“
Puc. 9.1. K 000CHOBaHHIO METOJA TUXOTOMUHU

Bennuuna € BbIOMpaeTcs BO3MOXHO MEHbBIIEH, HO JOCTATOYHOM MJsl TOro, 4YTOOBI MOKHO OBLIO
3apuKCcHpOBaTh Pa3IUUME B PE3YJIbTATAaX IOCTABICHHBIX OIIBITOB.

B meronie nuxoroMuu Mo pe3yibTaTaM KaxJoi Mapbl ONMBITOB MHTEPBAl, B KOTOPOM MOXET HaXOIUTHCS
UCKOMasi TOYKAa ONTHUMYyMa, COKpallaeTcsi IOYTH BABOE. OTOT HWHTEPBaJ HA3bIBACTCS HMHTEPBAIOM
HEOIPEeTICHHOCTH.

HHTepecHo cpaBHUTH 3PQPEKTUBHOCTh PACCMOTPEHHOTO METOJIa ¢ MACCHBHOW MPOLEAYPOH, TIPU KOTOPOH
YCIIOBUSI TIPOBEJICHHS BCEX OIBITOB JIOJDKHBI OBITH 3ajJaHbl 3apaHee. [IpearnosiokuM, Hampumep, UTO
3aIJIaHAPOBAHA IOCTaHOBKA N = 8 OIBITOB.

y

il

0123 45678
Puc. 9.2. K wumrocTpanuy MeTo/1a MacCUBHOTO TTOUCKA
Taknm 06pasoM, IIpU MOMCKE MO METOAY AMXOTOMHU BEIMYMHA MHTEpPBAJIa HCONPECACICHHOCTH y6BIBaeT C
poctoMm N 10 3KCIIOHEHTE, a MPU ACCHBHOM IOKCKE - 00paTHO mponopiroHansHo yncity N. [Toatomy, yem
oomnbire N, TeM 3QpeKTUBHEE METOT JIUXOTOMHH IO CPABHEHHUIO C TACCHBHBIM ITOMCKOM.

IIpumeHeHne MeToAa 3010TOrO CEYEHUS ISl ONTUMU3AIMH MTPOLIECCa OTBEPHKACHUS JJAKOBOTO MOKPBITUS

Meton 3010TOr0 ceueHus emie Oonee 3PPEeKTHBEH, YeM MeToJ| JuXoToMuu. Kak ¥ B mpenbiaynieM MeToJe,
Ha [EpBOM UTEpalluy CTAaBATCS JBa omblTa. OAHAKO KaKbIH MOCIIEIYIOLMH 3Tal TpeOyeT IOCTAaHOBKU YXKe
TOJBKO OJHOrO oOmbITa. JlIsi YHpOIIeHHS TNPEIIoNoXKUM BHauane, 4to (akrop X\ BapbupyeTcs Ha
equauaHoM otpeske 0 < X1 <I. K TakoMmy OTpe3Ky HETPyAHO MEpedTH, HOPMHUPYS JIIOOOH 3alaHHBIHA
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JMana3oH BapbupoBaHus. [lo-mpexkHeMy mpenmnoiaraercsi, 4to (YHKIUS OTKJIMKa YHHMoJanbHa. [lo
pe3yibTaTaM MOCTAHOBKH MEPBBIX JIBYX OIBITOB BO3MOXHBI CIIEYIONIHE BAPUAHTHL:

y[ y2B 3TOM clly4ae U3 JAbHEHINEro pacCMOTPEHHUs HCKIIouUaeTcs oTpe3ok (XI12, 1), mpu yciaoBuu
MOKMCKa MakCUMyMa (PyHKIIUY;

y[ y2- uckmogaetcst otpe3ok (0, X11)aTor cirydait m3o0paxkeH Ha puc. 9.3;

3) y =y2~ uckimogarotcs o6a orpeska (0, X11) u (X12, 1).

be)

0.372] 0618 X

0 Xy X Xis 1
Puc. 9.3. K 060cHOBaHMIO METO/1a 30JI0TOTO CEYEHUS

OcraBHIMiics OTPE30K MpHU JIOOOM HCXOAE BHOBb HENUTCA ABYMsI TOUKaMHM Ha TPU OTpPE3Ka B TOM K€
otHomrenuu: 0,382 u 0,618. OcoOEHHOCTH JAHHOI'O METOAAa COCTOMT B TOM, YTO, HauyWHAs CO BTOPOU
UTEpalny, P JIEICHUH KaKAO0TO 0YepPEeTHOrO OTpe3Ka B YKAa3aHHOM OTHOIICHUH OJHA U3 TOYEK JIEICHUS
00s3aTenbHO (€CM HEe paccMaTpHUBATh CIydail TPH) COBIIAJIAET CO «CTAapOi» TOYKOH, B KOTOPOU yKe ObLI
MIOCTABJICH ONBIT. AHAJOIMYHO CTABUTCS 10 OAHOMY ONBITY Ha KXKIOW MOCIEAYIOIIEH HTEPALIH.

MeToz TOKOOPIAUHATHOTO MOMCKA

OO6partumcst Terepb K ONTHMHU3ALMOHHBIM 3KCIIEPUMEHTaM, MPEIOIaralouM HaJudue YK€ He OTHOro, a
HECKOJIbKHX BapbHpyeMbIX (hakTopoB. Hambomee mpocTeiM, HO HE caMbiM 3(pPEKTHBHBIM, SBISIETCS METOT
MOKOOPAWHATHOTO TMoucka - Metol [aycca-3eiimens. CormacHo 3ToOMy MeTOAy (axkTOpbl BapbHpYIOTCS B
9KCIEPUMEHTE TIOOUYEPEHO, TO €CTh CTABUTCS HECKOJIBKO cepHil 0THO(AKTOPHBIX YKCIIEPUMEHTOB. BHauae
3aJaeTcs MCXOAHAs TOYKA B KOTOPOW CTAaBUTCA IEPBBIA ONBIT. 3aTeM IIOCJIEAOBATEIbHO H3MEHSIOTCS
3HAYCHHS TOJBKO OJHOrO (hakTopa, Hampumep X1, a octanbHbie GakTopsl X2,X3 ,... XK (GUKCUPYIOTCS Ha
CBOMX HavaJbHBIX ypoBHIX {X20,X3°...,Xk0). Eciu BapsupyroTcs 1Ba pakTopa, TO 3TOMY COOTBETCTBYIOT |
Touku 1—5 Ha dakTopHOit mockocTH (puc. 9.4). Ha sTom pucyHke HaHeceHbI | Takke TUHUH YPOBHS, WIH
JIMHUU PaBHOTO Bbixona. sl BceX TOYEK, JIeKAlMX \ Ha JAHHOH /-il JIMHUM YPOBHS, 3HAUCHHE OTKIIMKA
OJIMHAKOBO U PaBHO HEKOTOPOMY 3HAYECHHIO Yt.

x9

I | x5

X(f) : Xl onr
Puc. 94 FeOMeTpI/I‘-IeCKaH WIITIOCTpanusa ME€ToJa IIOKOOPANHATHOT'O ITOUCKA

Cpeny TNOCTaBJIEHHBIX OMBITOB OTBICKMBAETCS HAWIY4YIIMH, TO €CThb TOT, JUII KOTOPOrO 3HAYEHHE Y
MaKCHUMAaJIbHO, €CJIM OTBICKUBaeTCss MakcuMyM (puc. 9.4, onbiT 4). CooTBeTCTBYIOIICE 3HAUeHUE (pakTopa Xx
¢dukcupyercs. B 3TUX yCcIOBHSX MOCIIEN0BaTENIFHO U3MEHSIOTCS 3HaYeHus1 (aktopa X2 (ombITel 6-9, puc.
9.4). [1na onBbITOB 3TOM CepuM OTHICKMBAEeTCs HawjIydllee 3HaueHHe X2, KoTopoe u gurcupyercs (Touka 8,
puc. 9.4). B cneayronieit cepun BapbupyeTcs ToJbKO hakTop X3 (eciu (hakTopoB O0JIbIIE IBYX) U TaK JIajee
10 XK.

3areM LUKJ MO0YEePETHOr0 BapbUPOBaHUs (PaKTOPOB MPOBOIUTCS 3aHOBO, HaunHast ¢ X,. Bes ata mpouenypa
MIOBTOPSIETCS 10 TEX MOP, OKa He OyJeT HalJeHa TOUYKa, CMELICHUE OTHOCUTEIFHO KOTOPOU BapbUpOBAaHHEM
M000ro (akTopa MPUBOJIHUT TOJIBKO K YXYALICHUIO pe3yibrata. OHa IpUHUMAETCs 32 TOYKY onTuMyMa. Ha
puc. 9.4 nmust ee orbickaHusi (Touka 17) MoHamOOMIOCH TATH cepuil OJHO(AKTOPHBIX SKCIEPUMEHTOB.
OTMeTuM, 4TO B KaXKIOH CEPHM OMBITOB OAHO(PAKTOPHOTO SKCHEPHUMEHTa MOXKHO BMECTO BapbHUPOBAHUS
(axTopa ¢ MOCTOSHHBIM IIIAIOM BOCIIOIB30BATHCS OJTHAM M3 PACCMOTPEHHBIX BBIIIE METOOB

JUXOTOMUU MJIH 30JI0TOTO CE€UEHUS.
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MeToa KpyToro BOCXOXKJICHHUS H €T0 MPUMEHEHHUE [T OTHUMHU3AITUH ITPOIIECCOB JAepeBO0OPadOTKI

Nnesa merona

HaunGonee 3ppekTHBHO U MUPOKO MPUMEHAEMBIC METOJIbI IKCTICPUMEHTAIILHOW ONTHMH3AIMA OCHOBAHbI Ha
TPaIUCHTHBIX METO/IaX MOUCKA dKCTpeMyMa. et 3THX METOJJOB paCCMOTPUM BHAYaje B MPEIITOIOKEHUH,
YTO BapbUpyeTcs equHcTBeHHBIH (akTop X1. Ha puc. 9.5 Toukamu a u b 0603Ha4eHBI TPpaHUIBI AUATIa30HA
BapbHUPOBAHMS 3TOTO (DaKTOpa.

' ¥
yf— S_Hy“
Y3
\\'}‘1
)
X
0 a 6 M5 4 3 1 2 b

Puc. 9.5. K 060cHOBaHHIO I'PaJJUEHTHOTO METO/1a IOUCKA IKCTPEMyMa

ITycte M - abcmucca MCKOMOM TOYKH ONTUMyMa (JIJIsi OTIPEIECTICHHOCTH - MakcuMyMa). BHavane craBuTcs
OTIBIT B HEKOTOPOW MPOU3BOJIBHOM TOUKe | BHYTpH Juana3oHa BapbupoBanus ¢akropa X1Pesynerar ero: yl.
N3 touku 1 xenaTenbHO CIBUHYTHCA B HAINpaBI€HUW TOYKM M, TO ecCTh, B JaHHOM ciy4yae, BieBo. Ho
MIOCKOJIBKY TIOJIO’KEHHE TOYKH M 3apaHee HEM3BECTHO, CHayalla JeNaeTcsl MPOOHBINM IIar B OAHOM U3 IBYX
BO3MOJKHBIX HAIPaBIIEHHUM, TO €CTh BIIEBO MM BIIpaBo OT TO4KH 1. [lycTh, HampumMep, mMpoOHBIi mIar caeaH
BIIpaBO - TOUKa 2 Ha puc. 9.5 - u pe3ynbrar ero: y2. U3 Toro, uro y2 < yl, MOXXHO cpa3y 3aKIIOUHTh, YTO
touka M Haxomutcs yneBee Touku 1. [losTomy ciemyrommii pabouwii miar aenaeTcsl BIEBO OT TOYKH 1, B
touky 3. Tak xak y3 > yl, To odepeaHON paboUMii mar AelaeTcs B TOM JK€ HANPABICHWH, T. €. B TOUKY 4
(puc. 9.5), u tak panee. [lpuas B Touky 6, yoexxaaemcs, uro y6 < y5. 3HauuT, Touka M HaxoIuTCs MEKIY
Toukamu S5 u 6. Ecim TOYHOCTB, ¢ KOTOpO# HaiimeHa aOcimcca TOYKM M, HEIOCTaTOYHA, JBUXKCHHE
MIPOAOJIKAETCS BIPABO OT TOYKH 6 C yMEHBIIEHHOM JJIMHOM IIara.

[TycTh Temepr YMCIO BapbUPYEMbIX (AKTOPOB paBHO IBYM. [ reomMeTpHyecKoil MILTIOCTpaluy MeToja
CIIeNIyeT y)Ke PacCMOTPeTh (DAKTOPHYIO ITUIOCKOCTh C KOOPAMHATHBIMHU ocsiMu XX U X2 (puc. 9.6). [lepssiii
OTIBIT T10- MPEKHEMY CTABUTCS B HEKOTOPOH MPOU3BOJILHON TOUYKE BHYTPH 00JaCTH BapbHUPOBaHUS (PAaKTOPOB
(touka A ¢ xoopaunatamu X\0), X20) Ha puc. 9.6). M3 3T0i TOYKH MOKHO CMEIIAThCS Y)KE HE B OJJHOM M3
JBYX BO3MOXXHBIX HAIlPaBJICHWH, KaKk B MpeIbIAyHIeM ciydae, a B J0OOM M3 OECUMCIIEHHOTO MHOXECTBa
HaHpaBJIeHI/Iﬁ Ha IIJIOCKOCTH. HpI/I OTOM ABMKCHHE IO HCKOTOPBIM M3 3THUX HaHpaBJIeHI/If/'I JAac€T YBCIIMYCHUC
3HAa4YCHUS! OTKJIMKAa 110 OTHOIICHUIO K Touke A (3TO, Hampumep, HampasieHus | - 4), mo apyrum
HaIpaBJIEHUSIM TPUBOJIUT K €ro YMEHBIICHWIO (HampaBieHHs 5 - 8). YuMThIBas, UTO MOJOKEHHE TOUYKU
ONTUMyMa HEHM3BECTHO, MeJIecO00pPa3HO CUMTATh, YTO HAWIYYIIUM HampaBlIeHHEM, B KOTOPOM Hajo
CMECTUTBCA M3 TOYKH A, fBISETCS TO, B KOTOPOM (DYHKIMS OTKJIMKa BO3pacraeT ObIcTpee BCEro. JTO
HanpaBJICHHE Ha3bIBAeTCA TPaJUCHTOM (QYHKIMM OTKIMKa. OTMETHM, YTO B KaXKHoil Touke (hakTOpHOI
IJIOCKOCTH HAIIPaBJIICHUE I'PaJUEHTa MEPIECHIUKYISIPHO KAacaTeIbHOW K JIMHUM YPOBHs, IIPOBEJICHHON uepe3
Ty %€ TOUKY.

X,

0
X3

X,

0 x®
Puc. 9.6. K nonsiTHio rpajivenTa GyHKIUU OTKIIMKA
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YcnoBus II000T0 OIBITA, HAXOAIIETOCS Ha IMHAW TPagueHTa, MPOXOISIICH Yepe3 UCXOAHYIO0 TOUKY, MOXKHO
MTOJIYYHTh, U3MEHSIS 3HAUCHHE KaXKIOro M3 (HaKTOpPOB B IIEHTPE IIaHA HA BEIMYHUHY, MPOIOPITHOHAIBHYIO
COOTBETCTBYIOIIEMY KOX(PQOUIIUCHTY pPErpecCUd JIMHEHHOW Monenu. Takue OMBITHI HA3BIBAIOT ONBITAMH
KPYTOTO BOCXOXICHUA. 3HadyeHHUs (I)aKTOpOB B OIBITC KPYTOI0 BOCXOXACHUS OHNPCACIIA0T, B Cliy4dac
OTBICKAaHUS MaKCUMyMa (PYHKIINU OTKITHKA, TT0 OpMyIIaMm:

X, =X + by A

X, = X 4 2b,A,;

Xk = XIEO) + AbkAk,

3areM CTaBUTCS CIEIyolas Ceprs OMBITOB, TI0 PEe3yJIbTaTaM KOTOPOH OTBICKUBAETCS HOBOE HAINpaBIICHUE
rpagueHTta, u Tak gaigee. OTMETHM, 9TO MHOXHUTENs A, MosBIICA B ¢opmynax (9.4) n3-3a TOro, 4YTO0 OHH
3aIMCaHbl yKe ISl HATypalbHBIX (DaKTOPOB.

[Nopsinok nefcTBYs UCCEOBATENS IPU ONTUMU3AIMH 00BEKTA M0 METOAY KPYTOTO BOCXOXKICHUS

Jlnis onpeienéHHOCTH HUXKE PACCMATPHUBACTCS CITydail OTHICKAHUS MAaKCHMyMa (DYHKITUH OTKITUKA.

BeiOupatot 3Hauenust GakropoB B ucxogHoi touke X{0): X1 :Xgo) ; X2=Xgo) , Xk=X{k0). Oto uenrp
TUTaHa B MEepBOH cepuM onbIToB (puc. 9.7). IlonoxxeHne UCXOTHONW TOUKH 3aJaeTcs MCCleA0BaTeNeM UCXOId
U3 anpUOPHBIX NPEICTABICHHH O IMOJOXEHHHM TOYKH ONTHMyMa. BBIOMpaloT MHTEpBaibl BapbHPOBAHUS
¢dakrtopoB B 3TOM cepuun: A, ,A2,..,A*. Kaxaplii U3 HUX JOJDKEH OBITh 3HAYMTEIBHO MEHBIIE TMOJHOTO
JMana3oHa BapbUpPOBaHUS COOTBETCTBYIOIIETO (haKTOpa BO BCEM OKCIEPUMEHTE M3-32 HEOOXOJUMOCTU
MIOCTaHOBKH HOBBIX CEPHIl OIBITOB B IPYTHX YaCTIX (PAaKTOPHOTO IMPOCTPAHCTBA.

C meHTpOM B TOUKE PeasTU3yIOT MOJHBIA WK JpOoOHEIHN (hakTopHEIH maH (Touku 1 - 4 Ha puc. 9.7).
PesynbpTaTel akcmepuMeHTa 00pabaTBHIBAIOT C LENbI0 IONy4YeHUs JHHEWHOW Monenu. ONeHHBAIOT
3HAYUMOCTH KOA(P(UIIMEHTOB PEerpeccHy 1 MPOBEPSIOT aIeKBATHOCTh MOJICIIH.

C nomomrpio GopMyIs1 pacCCUUTHIBAIOT YCIOBHS BO3MOXKHBIX OIIBITOB KPYTOTO BOCXOXAeHHs. [IoCcKONMbKY M3
HaMCUYCHHBIX OIIBITOB PCAIU3YIOTCA TOJIBKO HEKOTOPLBIC, TAKHUE OINBITHI HA3bIBAOT MBICJICHHBIMH.
[MpakTuyecku 37ech MOCTYMAIOT CIEXYIOMUM 00pa3oM. it KaKaoro ¢akTopa BEIYHUCISIOT MPOU3BEACHUE
biAi. @akTop X1 18 KOTOPOTrO TO MPOU3BEICHNE OKA3aJ0Ch MAKCHMAIILHBIM 1O a0CONIOTHOM BeNWYMHE,
Ha3bIBaIOT 0a30BBIM. /11 HEro BEIOMPAIOT IIAr BapbUpoBaHus 01 B ONBITE KPYyTOTO BOCXOKACHUS. [Ipu sTOM
3HaK 01, coBmagaer co 3HakOM Kod(ddunmeHTa bl npu morcke MakcUMyMa M MPOTUBOIIONIOXKEH €My, €CITU
OTBICKUBAETCS MHHIUMYM (DYHKIIMH OTKIIHKA.

B cooTtBercTBHU ¢ (OPMYIIOii yCIOBHS IIEPBOTO «MBICIIEHHOTO» OITBITA 3aIHIIYTCS TaK:

Xi(l) - Xi(O) +6;i=1.2,..,k,

X lont E

Puc. 9.7. 'eomeTpudeckast MILTIOCTPALINS METOAA KPYTOTO BOCXOXKACHHUS

a 3HaveHWe JOOO0ro (akTopa B KaXKIOM IOCICIYIONIEM «MBICIIEHHOM) OIBITe KPYTOTO BOCXOXKICHUS
MOJTy4aeTcsl Mociie MPUOaBIEHUS BETUYMHBI IIara 10 3TOMY ¢dakTopy K 3HAYCHHIO J[AHHOTO
(axTOpa B IpeIbIYIEM OIBITE KPYTOTO BOCXOXKICHHS:

Xi2 = Xil +01, 1 Tak maiee.

Peanmn3yroTcst HEKOTOPBIE U3 «MBICIEHHBIX» OmbITOB. Ha puc. 9.7 3TO ombITHI 5, 6, 7. Jlyummii u3
HUX TIPpUHMMAETCA 3a LEHTP HOBOIO IUIaHA, IIOCIE YEro MpoLEAypa MOBTOPSAETCS C IyHKTa
2. Ha puc. 9.7 ny4mum U3 ONBITOB KPYTOro BOCXOXKIeHHUs siBisieTcst onbIT 6. Toukn 8-11 obpasyror miaH
HOBOM cepuH, TI0 Pe3yJIbTaTaM KOTOPOU PacCUNTAHBI M PEATM30BAHBI OTIBITHEI KPYTOTO BoCXOKaeHus 12-15.
6.IIpu3HaKkoM NOCTHKEHHS O0JAaCTH ONTHMYyMa SIBISCTCS HE3HAYMMOT0» BCEX JIMHEWHBIX KoddduimeHToB
perpeccuy Ha OJHOM M3 3TamoB. B 3ToM ciyuae mpoueaypy KpyTOro BOCXOKIAEHMs MPEKpallaroT, a Ul

42



JICTAIHOTO OIMCaHHUsA O00JAacTH ONTHMyMa OOBIYHO pEaM3yIOT IUIaH BTOPOTO IOPSIKA B OKPECTHOCTH
JIy4IlIed TOCTUTHYTOM TOUKH.

3ameuaHus:

B cnywae oTbickanus MUHUMYyMa (PYHKIHH OTKJIMKA MCIOJB3YIOT ONMMCAHHYIO BBIIIE NPOLEAYPY C YUETOM
TOTO, YTO B TIPaBbIX HacTsax hopmyir (9.4) -

Teeph TOJDKHBI CTOSTh 3HAKU «MHUHYC).

DaKTOphl, COOTBETCTBYIOIINE HE3HAYUMBIM KOA(GGHUIMEHTaM PETrPEeCcCHH, B OMBITaX KPYTOTO BOCXOXKACHUS
He BapbupytoTcsa. OHM CTaOMIM3UPYIOTCS Ha HEKOTOPOM YPOBHE, OOBIYHO - HA HYJIEBOM.

IIpu  pemeHnu BOIIPOCA O PEANU3ALMH «MBICICHHBIX)» ONBITOB INPUHUMAIOT BO BHHMAHHE PE3YJIbTaThl
MIPOBEPKU a/IeKBaTHOCTH MoJienu. Eciiu Mozens okaszanack aieKBaTHOM, TO, Kak MPaBUIIO, Cpa3y MPUCTYNAIOT
K pealu3aliy TeX «MBICICHHBIX» OIBITOB, KOTOPBIE XOTS OBl MO OJHOMY (aKTOPY BBIXOIAT 3a MPEAEibl
o0nacTy BapbuUPOBaHMSA INEPEMEHHBIX B Mpenblayinedl cepuu. HeanekBaTHyro Mognenb ToKe OOBIMHO
WCTIONIB3YIOT AJIS IUIaHUPOBAHUS OMBITOB KPYTOro BocxoxkAeHus. Ho B 3ToM ciydae meiaecooOpa3HO HAa4aTh
C peanu3alyy TeX U3 HUX, KOTOPbIE HAXOISATCSI BHYTPH 00JIAaCTH BapbUPOBaHHS (aKTOPOB.

IIpumeneHre MeToma KPYTOTO BOCXOXKIEHHWS OKa3biBaeTcsi HamOoiee 3(()EeKTHBHBIM, ecii aOCONIOTHBIE
BEJIMYMHBI JIMHEHHBIX KO3(Q(QUIMEHTOB PErpeccud UIsi MOAEIH C HOPMAIM30BaHHBIMU (DaKTOpaMy,
paccunuTaHHbIE IO pe3ybTaTaM O4YepeqHON CepUH ONMBITOB, MaJO OTINYAIOTCA JIPYT OT JApyra. OTOro MOKHO
JIOOUTHCS BEIOOPOM MHTEPBAIOB BaphbUPOBAHUA (DaKTOPOB.

IIpu peasm3anyuy OMBITOB KPYTOTO BOCXOXKICHHMS BO3MOXKHBI pa3iIMuHbIe cTpareruu. B wactHocTH, 37€Ch
MOYKHO BOCHOJB30BaThCS OJHUM M3 OJHO(AKTOPHBIX METOJIOB MOMCKA 3KCTPEMyMa, HaIpuMep, METOAOM
30JI0TOTO CEYEHHUSI.

[IpumeHeHne MeToAa KPYTOro BOCXOXKICHUS ISl ONTUMM3ALIUH ITPOLIECCa CYILKU POITUTAHHON APEBECHHBI
[Tpumep cuHTE3MpOBaH Ha OCHOBE UccienoBannii B benopycckom texnonornueckom uacruryre (bTH, I'. M.
yroB). Bapweupyemsie ¢akTopbl mpolecca: XX, €, - YCIOBHas BSI3KOCTb TEIIOHOCHTENs; X2, 4, -
npoaoKuTeNbHOCTh cymkn; X1, C, - temneparypa mpouecca cymku. Cynika NpoBOAMIACHE B BAKyyMe
rryounoit 7230 H/m2. IlapameTrpoMm ONTHMM3aLUM SIBJSUIACh BIAXHOCTH APEBECUHBI Y, %, 3HAa4YeHHE
KOTOPOH MUHUMU3HPOBAJIOCH.

VYcinoBust u pe3ynabTaThl dKCIEPUMEHTOB 10 METOAY KPYTOTO BOCXOXKJICHHSI 3alMCBIBAIOTCS OOBIYHO B
TabIMIax cTaHaapTHoi Gopmel. B mepBoii cepun O0b1 peanuzoBan [1DIT 23

[lanee muiaHUPYIOTCS OMBITH KPYTOTO BOCXOXKAECHHUS. Y YUTHIBAs, YTO OTBICKMBAETCS MUHUMAJIPHOE 3HAUECHHUE
napamMeTrpa ONTUMH3ALMU, 3HadeHHss (AKTOPOB B OTHUX OMNBITAX IOJYYAIOTCS MOCIE0BATEILHBIM
BBIYMTaHUEM 3HAUYEHHH 11ara 3 OCHOBHOT'O YPOBHS (hakTOPOB:

Xl.(l) = Xl.(o) -6 Xi(z) = Xi(l) -6, = Xi(o) — §;, U TaK Jjaee.

ITocnenoBaTeNIbHBIN CUMILIEKC-METO]]

IMocnenoBatenbHbil cummuiekc-meto (IICM), kak ¥ MeTOI KPYTOTO BOCXOXKIIEHUS, IMpEIHA3HAYECH I
pelieHHs 3a/1a4 SKCIePUMEHTALHON onTuMuU3aud. B oCHOBE 00OMX METOMOB JICKHUT Ues JBHXKCHUS B
HaNpaBJICHUM TpajveHTa (PYHKIMU OTKIMKA. ECIM METOoa KPyTOTro BOCXOXKIEHHS 4Yallle HMPUMEHSCTCS B
71a00PaTOPHBIX yciaoBusX, TO [ICM HaxoauT MpUMEHEHUE KaK MPU PELICHUH UCCIICIOBATEeIbCKUX 3a/1a4, TaK
W JUISE ONITUMHU3AIUHN TEXHOJOTHYECKHUX MPOIECCOB B MPOU3BOJACTBEHHBIX ycnoBusx. [lpu OonbioM gucne
¢daxropor 1 Hanmruuu nmomex [1ICM addexTuBHEE METOIa KPYTOro BocxoxaeHus. [logpoOHoe paccMoTpeHne
METOo/1a 11eJIeco00pa3Ho HavYaTh CO Cy4as JBYX BapbUPYyeMbIX (PaKTOPOB, TAK KaK 3/IeCh BOZMOXKHA YI00Has
reoMeTpuueckas uHTeprnpeTanusa. Jns Hopmamu3oBaHHBIX (akTopoB x\ U X2 paccMOTpuM (DAKTOPHYIO
TUIOCKOCTh C HAHECEHHBIMU Ha HEH JMHHUSAMU YpoBHA. Ha Kak[ol M3 HHX MPOCTABUM COOTBETCTBYIOIIEE
3HAYCHHE OTKJIMKA, HAIIPUMEp, BBIXOa MPOAYKTa B mporeHTax (puc. 9.8).
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Puc. 9.8. OTbickanre MakcuMyMa QYHKIMH ABYX NepeMeHHbIX X1 u X2

[lycTh menmpio SKCTIIEpUMEHTA SIBIIIETCS OTHICKaHWE MakcuMyMma (YHKIMH ABYX nepeMeHHBIX x1 u x2. Ha
puc. 9.8 Touka MakcuMyMa uMeeT KoopauHathel X lonT u x2ont. [Ipu n1ByX BapbUpyeMbIX (pakTOpax OMBITHI
ucxonHou cepuu B [ICM mpeniaraercsi CTaBUTh B BEpIIMHAX MPABIILHOTO TPEYroibHUKA (OMBITHIL,2, 3 Ha
puc. 9.8). LleHTpoM TpeyrompHUKA SBISIETCS HEKOTOpast UCXOAHas Touka X°. M3 3THX OMBITOB BhIOMpaeTcs
OTBIT C XyAIIUM 3HA4€HHEM OTKIIMKA y. B JaHHOM cilydae 3TO, HO-BUAMMOMY, OIBIT 1, B KOTOPOM 3Ha4YeHHE
>> MEHBIIIE,
4yeM B omnbITax 2 u 3. Jlamee CTpOsT HOBBIM TPEYTOJIbHUK, ABE BEPLUIMHBI KOTOPOTO COBIAAAIOT C BEPIIMHAMU
2 ¥ 3 Opeaplayliero TpeyrojibHUKA, @ TPEThSl BEPIIMHA CUMMETPUYHA «XYALIC) BEpIIMHE 1 OTHOCUTENBHO
CTOpoHBI 2-3. OTo TpeyroibHUK 2-4-3. B Touke 4 craBsaT cnenyrommid onbiT. M3 ombitoB 2, 4, 3,
COOTBETCTBYIOLIUX BEPIIMHAM HOBOT'O TPEYroJbHUKA, BHOBH BHIOMpatOT XyAmuil onsIT. [lycTh 310 ombIT 3.
HoByro BeplInHy CIEAYIOIIETO TPEYTONBHUKA CTPOST CUMMETPUYHO BEPIIMHE 3 OTHOCUTEIBHO CTOPOHBI 2-
4. D10 BepuIMHA 5, B KOTOPOW U CTaBAT CICAYIOLIMM ONBIT, U TaK Aajee. JBUKEHHE MO TaKOMYy 3aKOHY
NPUBOJUT B 00JIACTh ONITUMYMA.
Pacnpoctpanum 3TOT MeTOJ Ha ciydaidl HpPOM3BOJIBHOTO 4ncia (akTOpoB. AHAJIONOM NPaBHIBHOTO
TPEYrOJIbHUKA B TPEXMEPHOM IPOCTPAHCTBE SBIIAETCS, OYEBHIHO, NMPAaBWIbHAS TPEYroJIbHAs NMUpaMuia -
tetpasap. [loaromy s Tpex BapbUpyeMbIX (DakTOPOB HCXOJHAs CEpHUsl COCTOMUT W3 HYETHIPEX OIBITOB,
pacroaralomxcsi B BepIIMHax TeTpaszapa. Kax sl mociae yomui onbIT MPOBOANUTCS B BEPIIMHE HOBOTO
TETpasApa, CUMMETPUYHON «XyALIEC» BEpIIMHE NPEbIIyIIEro Terpajdapa. /g Npou3BOIBHOIO 4HCIA K
(baKTOpoB BBEAECM IMOHATHE "-MEPHOTO CHMILIEKCA, K-MEPHBIM CHMIUIEKCOM HA3bIBAETCSI TPOCTEHUINHNIA BbI-
MyKJIBII MHOTOTpaHHUK B TPOCTPAHCTBE pPa3MEpPHOCTH K, uMeromuid (k + 1) BepmmHy. OTO, Hampumep,
TPEYTOJIBHHUK Ha IUIOCKOCTH, TPEYTOJIbHASI MUPAMHUIA B TPEXMEPHOM NPOCTpaHcTBE. CUMILIEKC Ha3bIBAETCS
NPaBUIIBHBIM, €CJIM BCE PACCTOSHUS MEXy 00pa3yIOIMMH €r0 BEPIIMHAMU PaBHBI.
Takum 00pa3zom, B 00IeM ciaydae K pakTopoB ucxoanas cepus B [ICM conepxurt (x + 1) ombit. MX cTaBsT B
BEPLIMHAX MPAaBUIBHOTO A>MEpHOr0 CHMIUIEKCA. 3aTeM «Xy[Allas» BepIIMHAa OTOpachiBaeTcsi, a Ha
OCTaBILEICS TPaHU CTPOSAT CIEAYIOMNNA cUMITIEKC. Ero HOBas BepIIMHA CHMMETpHYHA «XYIIEH» BEpIINHE
MPEABIAYIIEr0 CUMIUIEKCA OTHOCUTENIBHO MPOTUBOJIEkKAUIEH rpaH. B HOBOM BepuiMHe cTaBsT onbIT. Jlanee
aHAIM3HUPYIOT BBIXOJABI B BEpIIMHAX HOBOTO CHMIUIEKCa, W Tporecc mnoBTopsercsa. [loctpoenHas
M0CJIE0BATEIFHOCTh CHUMIUIEKCOB IO3BOJISIET MPUONM3UTBCS K 3KcTpemyMmy. [lpu moctmkenun oOmactu
ONTHMyMa CHMILUIEKCHl HAUYWHAIOT BpaIlaThCs BOKPYr TOUKH onTumyMa (ombITel 14-20, puc. 9.8). Ecim
Gonee uem

Ny = 1,65k + 0,05k2
NOJPS] UAYIIMX CHMIUIEKCOB UMEIOT OOLIYI0 BEpPILIMHY, TO 00JIACTh ONTUMYyMa CUHTAETCS JOCTUTHYTOH, a
uX 00IIas BepIIMHA IPUHUMAETCS 32 TOUKY SKCTPEMyMa.
Takum oOpa3om, Ha Jr00oM 3tarne [ICM ecTh BO3MOXKHOCTH MOJYYHUTh JUHEHHOE OMHCAHHE HCCIICIyeMOM
yacTu (aKTOPHOTO MPOCTPAHCTBA aHAJIOTHYHO METOIY KPYTOTrO BOCXOXKJIeHHs. [11aHbl HA CHMIUIEKCE MOTYT
UCIIONIB30BaThCSl M CaMOCTOATENBHO KaK HACBIIICHHBIE IUIAHBI MEPBOrO MOPSIKA, HAIPUMEP, B KadyecTBE
TUTAHOB OTCEUBAIOIIETO IKCIIEPUMEHTA.
INTAHMPOBAHUE OKCIIEPUMEHTA C KAYHECTBEHHBIMU ®AKTOPAMU
[IpuMeHeHre TaTHHCKUX IUTAHOB 7Sl KCCIIEA0OBAaHUH B IepeBooOpadoTke
[InannpoBaHMe SKCIEPUMEHTA MO CXEME JaTHHCKHUX KBaJpaTOB
[Iponenypy AMCHEPCHOHHOIO aHajIM3a MOXKHO pPACHPOCTPAHUTh Ha cCiydail Tpex M OoJbllIero uucia
¢axTopos [19]. Ognako mpu K > 2 nepebop Bcex codeTaHUi YpOBHEH (akTOpoB (T. €. MOJHBIN (aKTOPHBIN
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TUTaH) TIPUBOJUT K OYEHb TPOMO3JIKUM JKCIIEPUMEHTaM. Tak, yke Tpu (akTopa, BapbUPyEeMbIe KaXIbli Ha
YETBIPEX YPOBHSX, MPE/IIONIAraloT NOCTaHOBKY 43 = 64 ombIToB. [103TOMYy 0COOBIN MHTEPEC MPEICTABISIOT
METOABI TIAaHUPOBAHUS SKCIECPUMEHTA, MMO3BOJIMIONINE HCCICAOBATh BIMSHAEC HECKOJBKUX KAUeCTBEHHBIX
(akTOpOB TpHM COKpAIICHUH O0beMa 3KCIICPUMEHTa 10 CPaBHEHHIO C MOJHBIM mepedbopom. Illupokoe
MPUMEHEHUE 3]IeCh HAIUTM KOMOMHATOPHBIC TUIAHBI, KOTOPHIC OCHOBAHBI HA KCIIOJB30BAaHUM JATUHCKUX U
TPEKO-JIATHHCKUX KBaJpPaTOB, KyOOB W JPYTHX KOHCTPYKIMA KOMOMHaTOpHO# anreOpsl. Ilo cymecTBy sTH
IJIaHBI TIPEICTABISAIOT COOOM OINpENEeICHHBIM 00pa3oM COCTaBIICHHBIC APOOHBIC PEIUIMKH TIOJTHBIX
(haKTOPHBIX TIAHOB.
JlaTMHCKHMM KBaJpaTOM TXT Ha3bIBAIOT KBAJIPATHYIO TAOJIUILy, COACPKAIIYIO T Pa3IHYHBIX AIEMEHTOB (OYKB
WM YHCENT), TaK, YTO KaXIBIA AJIEMEHT BCTPEUYACTCS OMWH pa3 B KaKIOH CTPOKE M B Ka)KIOM CTOJIOIIE.
Hanpumep, B Tabn. 10.9 npuBenen natuHckuii KBaapat 3x3 W3 Tpex 31eMeHTOB - OykB, B Tabm. 10.10 -
JMATUHCKUM KBaapaT 4x4, HJIEeMEHTBHl KOTOPOTO YHCIA.9JE€MEHThl - uucia. CTaHAapTHBIM, HaMpUMED,
SIBJISICTCSL  JTATHHCKAK ~ KBajpaT B

Tabnuna 10.9  Tabnuna 10.10 Tabmuma 10.11 tabn. 10.9, HO He B Ta6m. 10.10.

A B C 2 3 L4 12 3 4 Tlpocreimum crocobomM
B C A 1 4 3 2 2 3 4 1

c A B 3 2 M 1 3 4 1 5  TOCTpOCHHUS CTaHIAPTHOIO

4 1 2 3 4 1 2 3 JIATUHCKOrO  KBajapara  SBJISIETCSA

JlaTuHCKH# KBaJpaT HA3BIBAIOT CTAHIAPTHBIM, €CIIH €TO TepBasi CTPOKa oaHomaroBas HUKINYCCKasd

MIEPBBIH CTOJOCI] PACIIOIOKEHBI B CTAHAAPTHOM IOPSIKE, T. €. B nepecraHoBka cTpok. Tak, s

an(aBUTHOM, €CIIU SIIEMEHTHI KBafpaTa OYKBBI, HJIH B IOPSAKE IIOCTPOEHUSA CTaHapTHOI'O

HaTypaJbHOTrO psifia, eCiIn JATHHCKOTO KBajapaTa 4*4 Bo3pMeM

B Ka4yecTBE MEPBOM CTPOKM YMClia HaTypainbHOTro psaa (tabm. 10.11). B kadecTBe BTOpOii CTPOKH BO3BMEM
NIEPBYI0, IEPECTABUB MEPBBIH €€ 3JIEMEHT B KOHELl CTPOKHU.

4.3. JIabopaTopHble padoThI

Buo
3anamus 6
» Homep Haumenoeanue mem Obven unmepakmusynoﬁ,
i paszoena nabopamopHuix padbom (wac,) AKMueHoi,
OUCHUNTIUHBL UHHOBAUUOHHOU
¢opmax,
(uac.)
1 1. Ornpenenenue napaMeTpoB CTATUCTHUECKOM 1 -
COBOKYITHOCTH.
2 1. Xapaxrtep pacnpenieneHus clydaitHOM 1 -
BEJINYHHBIL.
3 2 MeTo1 HAUMEHBIINX KBaJPaTOB. 2 -
4 2. MeToapl  IUTAHUPOBAaHUS ~ MHOTO(AaKTOPHBIX 2 -
IKCIIEPUMEHTOB.
HUTOr'O 6 -
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4.4, IlpakTUyecKue 3aHITUHSA

Buo
3aHAMUA 6
» Homep Haumenosanue mem Obven UHmMEPAKMUBHOL,
n pazoena NPAKMUYeCKUX 3aHAMUIL (wac.) aKMUsHOl,
oucyunIunbl UHHOBAUUOHHOTL
popmax,
(uac.)
1 1. Cratuctiueckas 00paboTKa pe3yabTaToB 1 -

WU3MEPCHHI PEe3aHUsl TPYU PACIIHIIOBKE
JIPEBECHHBI HA KPYTJIOMHIBHBIX CTAHKaX MPU
OoJBIITX 00bEMax BEIOOPKH.

2 1. IlocTpoeHne coBMEIIEHHOM rMCTOrpaMMBbl 1 -
OTIBITHBIX TAHHBIX M KPUBOM HOPMAILHOTO
pacnpenenenus. OnpeneneHne J0BepUTEIbHBIX
WHTEPBAJIOB MIPHU YPOBHIX 3HAYMMOCTH 5% U

1%.

3 1. Brrgsnenme JIMHEHTHOM CTaTUYECKOH 1 -
3aBHCHUMOCTH MEXTY CITy4aiHBIMA
BCIIMYUHAMMU.

4 1. [lpumeHeHue TaOJMI[ CONPSIKEHHOCTH IS 0,5 -
OIICHKHU B3aMMOCBSI3H MTPU3HAKOB.

5 2. IIpoBepka THIIOTE3BI 0 HOPMaJbHOM 0,5 -

SMIIUPUUECKOM PACHpPENIeNICHUN HaOI0aeHUH
1o kpureputo IIupcona

UTOro 4 -

4.5. KoHTpO/1bHBbIC MEPONIPUATHSA: KYPCOBOM NPOEKT (KypcoBasi padoTa), KOHTPOJIbHAS
pabora, PI'P, pedepar.

YueOHBIM IIJITAHOM HE MIPETYCMOTPEHO.
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMUPYEMbBIM B HUX
KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIHUIIVIMHbI

Komnemenuuu Komnemenuuu Buo

Ne, naumenosanue Kon-60 OIIK-1 | IIK-2 1IK-12 o t.,, uac yueoHvIX Ouenka
pazoenoe OuCyUnIUHb wacos Komn. P 3auAmMuUIl pe3ynbmanos

1 2 3 4 5 6 7 8 9
1. OcHOBHBIC TIOHSTHS W 3aJa4d HAYYHBIX UCCICIOBAaHUI B 92 + + 3 30,66 |JIx, II3, JIP, | ox3aMeH
OTpacIIy. [lepBuunas obOpaboTka pe3yIbTaTOB CP
JKCIIEPHMEHTOB.
2. PerpeccuoHHBIIi aHaTU3 W METOIbI IUIAHUPOBAHHS 79 + + + 3 26,33 | JIx, II3, JIP, | sx3ameH
SKCIIEPUMEHTAa C IIEJbI0 MATEeMAaTHYECKOrO  OIMHMCAHUs CP
00BeKTOB. MeTombl SKCIIEPUMEHTATBHONH ONTHMU3AIINH.
MeTopI TUTAHUPOBAHUS IKCHEPUMEHTOB C Ka4eCTBEHHBIMU
¢dakTopamu.

6Ce20 4acoe 171 56,99 56,99 56,99 3 57
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6. HEPEYEHb ~ YYEBHO-METOJAUYECKOI'O OBECIIEYEHHM A JULA
CAMOCTOATEJNIBHOU PABOTBI OBYUAIOIINXCA 11O AUCLHUITJIMHE

1. OcHOBBI HAyYHBIX HCCIEOBaHMi B 1epeBooOpaboTke. YueOHuK s BY3o0s / [Tkypun A.A., [lnxypun
A.A.—M.: MI'VJI, 2005. - 304 c.

2. Merofpl U CpeCTBA HAYIHBIX UCcienoBanHuil: yueoHoe nocodue / C.I'. I'anamosbckuii, O.B. FOposa
CrikT. JlecHolt unctuTyT- ChIKTBIBKAp : CJIU, 2013-60c

3. Meroas! ontuMuzanun: yueOHoe nocobue / B. A. T'onuapos. - M.: FOpaiit, 2010. - 191 c. - (OcHOBBI
HAYK);

4. OCHOBBI HAYYHBIX HCCIIeIOBaHUH : TabopatopHblil mpakTukyM / CumonsH C. X. 2008. — 87 ¢

7. TIEPEYEHb OCHOBHOH " JOMNOJHHUTEJIBHOW JIUTEPATYPBI,
HEOBXOJIANMOMU 1JIs1 OCBOEHUA JUCHUITJINHBI

Buo | Konuuecmeo
sana- | 2Kk3emnaapoe | Obecneuen-

Ne Haumenosanue uzoanusn
mus 6 HOCHb,
(Ix, 113, | Gubnuomexe, | (3K3./ 4eJ.)
JIP) IIT.
1 2 3 4 5
OcHOBHas JIUTEpaTypa
1. lananonbckuii C.I'. MeToapl U cpeJcTBa HAyYHBIX UCCIIS- JIx oP 1,0

noBanuii : yue6roe mocobue / C.I'. Tananonsckwuii, O.B.
IOpoBa — CeixteiBKap: CJIN, 2013 — 60 c.
http://ecat.brstu.ru/catalog/Pecypcri%20cBo60oanoro%20aocrymna
/Tananonscknii%20C.I".Metoa61%201%20cpeacTsa%20HaydHb!
x%20uccnenoanwuii. Yued.mocooue.2013.pdf

2. l'onyapoB B.A. Meronpl ontuMuzanuu: ydeOHOE JIk 1 0,5
nocobue / B.A. T'onuapos-M.: FOpaiit, 2015-191c¢

JlonoJIHUTeIbHAS JIUTEpaTypa

3. IMmwxypun A.A. OcHOBBI HaydHBIX MCCIEIOBAaHUH B JIp 145 1,0
nepeBoobpadoTke: YueOnuk st BY30B / Ilmkypun A.A,
Mmxypua A.A. —M.:MI'YJI 2005-304c

4. CumonssH C.X. OCHOBBI Hay4HBIX HCCIICJIOBAaHUH ! JIP 101 1,0
naboparopuelii npaktukyM / CumonsH C. X. bBpatck:
bpI'Y, 2008. —87 ¢

8. IHEPEYEHD PECYPCOB NHPOPMAIIMOHHO -
TEJEKOMMYHUKAIIMOHHOW CETU «MHTEPHET» HEOBXOJUMBbIX
JJIs1 OCBOEHUSA AUCHUITJIMNHBI

1.OnexkTponHsbIii kaTanor 6ubanorexku bpl'y

http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?L NG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z211D=

2. DnextpoHHas oubnuoreka bpl'y

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

3. DeKTPOHHO-OMOINOTEYHAS cucTeMa «YHUBEpCUTETCKAA oubimoreka  online»
http://biblioclub.ru .

4. DnekTpoHHO-OUOMHOTeUHas cuctema «M3natenberBo «JlaHby

http://e.lanbook.com .

5. Wudopmammonnas cucrema "EgmHoe oKHO pgocTyma kK oOpa3oBaTenbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas oubnmuoreka eLIBRARY.RU http://elibrary.ru .

7. YHuBepcurerckas nH(popMaImoHHas cucrema  POCCUA (YHUcC POCCHSA)
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. HantmonanwHas snexkTponHast oubiamorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOANMYECKHUE YKA3AHUSA JIsd OBYYAIOUIUXCSA MO OCBOEHHIO
JAUCHUITINHBI

N3ydyenne oOydarommmucs y4eOHOU AucCHMIIMHBI «MeEToasl M CpPEeACTBa HAYYHBIX
MCCJIEI0BAHMI» PACCUMTAHO HA OJIMH CEMECTP.

3anamus 1eKyuoHHo20 muna

B xonme nexkuuii mpenopaBaTenb H3JaraeT U PasbsCHIET OCHOBHbBIC, Hauboyiee CIOXKHbBIC
MOHSTHST TEMBI, a TAKXKE CBSI3aHHBIC C HEW TEOPETHUYECKUE W MPAKTUYCCKHE MPOOIEMBI, TacT
PEKOMEHIallMi Ha BBIMIOJIHEHUE CAMOCTOATENbHOM paboThl. B xoxe nekuuit oOyuarommmcs
PEKOMEHTyeTCsl:

- BECTU KOHCIIEKTUPOBaHUE Y4eOHOr0 MaTepuana;

- oOpamaTh BHUMaHUE Ha KaTeropuw, GOpMyIHpPOBKH, PACKPHIBAIOIINE COMCPIKAHNE TEX HIIN
MHBIX SBJIEHUM M MPOLECCOB, HAYYHbIE BBIBOJABI M IMPAKTUYECKHE PEKOMEHJAUMU 10 HX
MIPUMEHEHUIO;

- 3aJaBaTh IMPENOAABATENI0 YTOYHSIOIIME BOIPOCHl C LEIbI0 YACHEHUS TEOPETUYECKHUX
IIOJIOKEHUH, Pa3pELICHHs] CIIOPHBIX CUTYALUH.

B pabounx KOHCIEKTax >KelaTelIbHO OCTaBISAThH MOJIA, HA KOTOPHIX BO BHEAYJUTOPHOE BpeMs
MOJKHO CJIaTh MOMETKU M3 y4eOHO-METOIUYECKOT0 00ECIIEYCHHS ISl CAMOCTOSATEIHbHONU PaboThI
o0y4Jaromuxcs, JOMOJNHAIOIIET0 MaTepuan MpOCAYUIaHHOW JIeKIMHM, a TakkKe IOMETKH,
MOAYEPKUBAIOIINE 0COOYI0 BaXKHOCTh T€X WJIM MHBIX TEOPETHUYECKUX IMOJOXKEHUU. J[Jis ycnenHoro
OBJIAJICHUS] KypCOM HEOOXOIMMO TOCEeHaTh BCE JIEKIUU, TaK KaK TEMaTHYECKH OT/EIbHBbIE TEMbI
Kypca B3aMMOCBSI3aHbI MeXAy coOoi. B ciaydasx mporycka 3aHsATHs 00ydaromeMycsi He00X0IuMOo
CaMOCTOSTEJIbHO U3yUYNUTh MaTepUall U OTBETUTh HA KOHTPOJIbHBIE BOIIPOCHI 10 MPOIMYILIEHHONW TEME
BO BpPEMSI HHIUBUIYAIbHBIX KOHCYJIbTAIIUM.

Ipaxmuueckue 3anamus. Jlabopamopnvie pabomui.

[Ipu moAroTOBKE K MPAKTHUYECKUM 3aHATHSAM O0yUYaromeMycss HE00X0IUMO U3yYUTh OCHOBHYIO
JUTEPaTypy, O3HAKOMHUTBCS C JIONOJHHUTEIbHOM JIMUTEpaTypod, MOJATOTOBUTh KOHCHEKT IO
METOJMYECKON JINTepaType C y4eTOM peKOMEHIaIui npernogaBaTens. Ha mpaktuueckoM 3aHATHA
IJIaBHOE - YSICHUTH CBSI3b PEIIAEMBIX 337a4 C TEOPETHUYECKUMHU MONoKeHusMH. [lpu pemeHun
MPEIOKEHHOM 3a/1a4K HY)KHO CTPEMHUTHLCS HE TOJIBKO MOJYyYUTh MPABWIBHBINA OTBET, HO U YCBOUTH
o0l MeToa pelmieHus: MoA0OHBIX 3a7ad. PekoMeHIyeTcsi MCIONIb30BaTh CIEAYIOUIUI MOPSI0K
3alUCH PEIICHUS 3a/1a4H:

- ICXOJHBIE JAaHHBIE JJIs1 PEILICHUS 3aa4H;

- 4TO TpeOyeTcs MOMYyUYUTh B pe3yJbTaTe PEIICHHUS;

- KaKue 3aKOHBI U TIOJIOKEHUS JTOKHBI ObITh TPUMEHEHBI;

- 00mwmit TuTaH (TOCIeIOBATEIFHOCTD) PEIICHUS;

- pacyerTsl;

- MIOJIyYEHHBIN PE3yJIbTAT U €r0 aHaJIN3.

Jlorudeckasi CBSI3b JICKIIUH U MPaKTUUYECKUX 3aHATHI 3aKIF0YaeTcsl B TOM, 4TO WHpopmanms,
MOJTydeHHasT Ha JIEKIMHM, B TIPOIIECCE CAaMOCTOSITENIbHOW pPabOThl Ha MPAKTUYECKOM 3aHATHU
OCMBICIIUBAaE€TCA W TepepabaTbiBaeTCs, MPU TIOMOIIM TMPENOoJaBaTeNs aHaIU3UPYyeTCs JI0
MeJThYaNIIIX MOAPOOHOCTEH, ITOCIIE Yero MPOYHO YCBAaUBACTCA.

Camocmosmenvuas paboma. Ilo02omoeka K 3aHAMUAM IEKYUOHHO20 U CEMUHAPCKO20 MUNa

BaxxHOl 9acThi0 CaMOCTOSITEIPHOM PabOTHI SABISETCS YMEHUE BBIICIUTH OCHOBOTIOJIATAIONIHE,
OTIpaBHbIE TOUKH B MOHUMaHUH Marepuana. Oco00 BaXHYIO POJb B 3TOM MpoIecce HEOOX 0MMO
YACIUTh KOHCTEKTY JIEKI[MH, B KOTOPOM IIpEenojaBaTelib CHOPMUPOBAT «CKEIET», CTPYKTYPY
pazzena IUCHUIUTMHBL. UTeHHEM ydyeOHOW M HAyYHOW IUTepaTypbl oOydaromuiics yrayOmiseT u
pacmupsier 3HaHus O mpeaMmere u3zydeHus. OcHOBHas (PyHKUMS Y4eOHHKOB — OPUEHTHPOBATH
CTyJEHTa B CHUCTEME 3HAHWI, YMCHHI W HABBIKOB, KOTOPHIC TOJKHBI OBITH YCBOCHBI OYTYIIMMHU
CreHuagucTaMd 1O JaHHOW jucuuiuinHe. [loAroroBka K 3aHATHAM  JIEKIIMOHHOTO —THIIA
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nojipa3yMeBaeT MNPUOOpPETEHHE OOyJYarONMMCS MEPBUYHBIX 3HAHUA IO TEMe JICKIMU IS
MOATOTOBKHU K CTPYKTYpH3allUH O6’b€KTa HU3YUCHHUA, KOTOPYIO MPCIIOAaBaTCI/Ib BBIIIOJIHACT Ha
jeknuu. M3yueHne marepuaia 1Mo T€Me JCKIIMH MMECT IeJIb YTOYHEHHS OTICIbHBIX MOMCHTOB.
Hepez[ MMPAKTUYCCKUM 3aHATHCM CJICAYCT MH3YUUTb KOHCIICKT JICKIMKM W PCKOMCHIOBAHHYIO
nperoaBaTeseM JUTepaTypy, oOpaias BHHMaHHE Ha MPAKTHYECKOS MPUMEHEHHUE TEOPHU U Ha
METOJIMKY pCIICHUs TUIMOBBIX 3amad. llepex nmabopaTopHOW paboTO  OOydaroUIHiics
NOJrOTABJIMBACT 3arOTOBKY OTYETa, BBINOIHSAA KOHCIEKT TEOPETHYECKOrO0 Marepuayia 1o
METOJIUYECKOM JIUTEPATYPe C YUETOM PEKOMEHIALUI MPerojaBaTelis.

Camocmosimenvnas paboma. Ilooeomoeka Kk sk3ameHy

[ToaroroBka K 3K3aMeHy MPEATOJIAracT:

- U3y4CHHE OCHOBHOM U IOTTOJHUTEIILHOMN JIUTEPATYPHI;

- U3yYCHHUE KOHCIICKTOB JICKIIUH;

- U3y4YCHHE KOHCIIEKTOB MPAKTHYCCKUX 3aHATHI M OTYETOB T10 HUM;

[lepedyeHb BOMPOCOB K 3K3aMEHY MPEJCTaBICH B NMpHIOXKeHHH 2 1. 2. Bamiel 3a sKk3aMeH
BBICTABJISIFOTCS 110 KPUTEPHSIM, MIPEICTABICHHBIM B IPUIIOKEHHUH 2 T1. 3.

9.1. Meroanyeckue YyKa3aHMsl AJsl OOyYAalOUIIUXCH 10 BBINOJHEHHI0 NPAKTHYECKHX
3aHATHI/Ia00pPaTOPHBIX PadoT.

IIpakTHuyeckoe 3ausgarue Nel

Craructudeckast 00paboTKa pe3ysIbTaTOB H3MEPESHUN yenbHON padoThl pe3anus (K. MIK/M®) npu
pacIuIOBKE APEBECHHBI HA KPYTJIOMWIBHBIX CTaHKAX MPH OOJIBIIUX 00beMax.

Llenb pabOTHI: AaTh CTYACHTAM MPAKTHYECKUE HABBIKH 10 BEIOOPY (DaKTOPOB M BBIXOJIHBIX BETHYNH
00BbEKTa UCCIICTIOBAHUS.
CoaepxaHue 3aHATHS:
PazoOparpy mnoHsATHSA: (QaKTOphl, OUana3oH BapbHUPOBAaHUS, WHTEPBaJ BapbUPOBaHUS, YPOBHU
BapbUPOBaHUs ()AaKTOPOB, BBIXO/IHBIE BETUYHHBI, TAPAMETPHI ONTUMHU3AIUH.
JlaTb MOHSATHE TOYHOCTH YCTAaHOBKH (PaKTopa, OIIMOKH €ro H3MEpEeHUsl.
JlaTh MeTOAMKY BBIOOpPA LIEHTPa SKCIIEPUMEHTA U BEPXHETO YPOBHEN BapbUpoBaHus GakTopa.
JlaTh MOHSATHE O HOPMAIM30BAHHBIX (DaKTOpax U Gopmax mepexo/a.
JlaTh 3a1aHKE HA IOM.

OcHoOBHas nuTeparypa

1. Tananonsckuii C.I'. MeTo/IbI M CPE/ICTBA HAYYHBIX UCCIeI0BaHuH : yaeOHoe nocodue / C.I'. ['aHamOIbCKHiA,
0O.B. IOpoBa —CrixteiBkap: CJIN, 2013-60c ccpinka:
http://ecat.brstu.ru/catalog/Pecypcri%20cBo60aH0r0%20m0cTyma/Tananonbeknit%20C. . Metonpi%20u%20cpenctBa%20H
ayuHbIx%?20uccienoBannii. Yueb.mocodue.2013.pdf
2. TonuapoB B.A. Metoabl ontumusaimn: yaeoHoe mocobue / B.A. T'onyapos-M.: IOpaiit, 2015-191¢

JlononHuTenpHas 1ureparypa
1. [Mwxypun A.A. OcHOBBI HayYHBIX UCCIIEOBaHUIl B 1epeBooOpadoTke: Yueonuk aust BY3oB / [Tiokypun A.A,
IImxypun A.A. -M.:MI'VJI 2005-304c_
2. Cumonsta C.X. OCHOBBI HAyYHBIX HCCIIeI0BaHuH : TaboparopHbiil mpakTukyM / CumonsH C. X. Bparck:
bpl'V, 2008. - 87 ¢

IIpakTuueckoe 3ausgTue Nel.
[TocTpoeHre coBMEIEHHON THCTOrPAMMBI ONIBITHBIX IAHHBIX U KPUBO HOPMaJIbHOTO
pacrnpenenenus. OnpeneneHne T0BepUTEIbHBIX HHTEPBAJIOB MPH YPOBHIX 3HaunMocTh 5% u 1%.

Ienb paboOTHI: JaTh CTYJACHTaM MPAKTHYECKHE HABBIKK IO BEIOOPY MAaTEMAaTHIECKON MOICITH
00BEKTa UCCIIEAOBAHUS.
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ConeprxaHue 3aHATHS:
JlaTb NOHSATHE O MATEMATUYECKUX MOAECTIX.
JlaTh MOHATHE O MOIMHOMHUAIBHBIX MOJAEISX UX JOCTOMHCTBAX M HEJOCTAaTKaX.
Pazob6patp MeToMKy BBIOOpA MOJIEH HA OCHOBE alipuOpPHON HH(OpMAIUH.
JlaTb 3a1aHue Ha JIOM.

OcHOBHas nuTepaTypa

1. Tananoneckuii C.I'. MeToIbI M CPEICTBA HAYYIHBIX UCCIe0BaHuH : yaeoHoe nocodue / C.I'. ['aHAMOIbCKHiA,
0O.B. IOpoBa —CrixteiBkap: CJIN, 2013-60c ccrimka:
http://ecat.brstu.ru/catalog/Pecypcb1%20cBob0aH0r0%2010cTyna/"ananonbeknii%20C.I".MeTtonp1%20u%20cpencrBa%20u
ayuHbIx%20uccaenoBannii. Yue6.nmocooue.2013.pdf
2. I'onuapos B.A. Meroabl ontuMu3zaiun: yaeonoe mocooue / B.A. I'onuapos-M.: FOpaiir, 2015-191¢

JlononHuTenpHas IMreparypa
1. IMmwxypun A.A. OCHOBBI Hay4HBIX UCCIICAOBaHUIl B iepeBooOpadoTke: Yueonuk aust BY3oB / [Tiokypun A.A,
Mmxypua A.A. -M.:MI'VJI 2005-304c_
2. Cumonsia C.X. OCHOBBI HayYHBIX HCCIIEIOBaHU ; 1abopaTopHbii pakTukyM / CumonsH C. X. bparck:
bpl'V, 2008. - 87 ¢

IIpakTHyeckoe 3auaTue Ne3.
[IpoBepka runoTe3sl 0 HOPMAILHOM IMIUPUUIECKOM paCIIpEACIICHUH HAOIIOICHUN 110
kputeputo [Iupcona

Lesnb paboOTHI: 1aTh CTyIEHTaM MPAaKTUYECKUE HABBIKU 110 MCIOJIb30BAHUIO TIEPCOHAIBHOTO
KOMIIBIOTEpa Il 0O0pabOTKH pPEe3yJIbTaTOB JKCIICPHUMEHTA C TOMOINBI0 METOJa HAMMEHBIINX
KBaJ[PaTOB.

ConeprkaHue 3aHATHS:
O3HAaKOMUTH CTYJEHTOB cO CcTaHmapTHOM mporpammoit MHK Ha mepcoHalbHBIX KOMIBIOTEpax
CELERON 486 DX2.
O3HAaKOMUTH C METOJMKON (POPMUPOBAHUS MATPUIBI UCXOAHBIX JAHHBIX AJI ypaBHEHUH 1-To 1 2-
T'O TTOPSJIKA.
PaccmoTtpeTs mpuMepsl O MOATOTOBKE UCXOTHBIX TaHHBIX.
Paccuntarh ¢ moMoOIIbIO IEPCOHATIEHOTO KOMITbIOTEPA KOAPHUIIUEHTH YPaBHEHUS PETPECCUU.
JlaTh 3a1aHKe HA IOM.

OcHoBHas nuTeparypa

1. Tananonsckuii C.I'. MeTO/IbI M CPE/ICTBA HAYYHBIX UCCIeI0BaHuH : yaeOHoe nocodue / C.I'. ['aHamOIbCKHiA,
0O.B. IOpoBa —CrixteiBkap: CJIN, 2013-60c ccpinka:
http://ecat.brstu.ru/catalog/Pecypcs1%20cBo60aH0r0%20n0cTyna/I"ananonbckuit%20C.I.MeTtoap1%20u%20cpenctBa%20H
ayuHbIx%20uccnenoBannit. Yue6.nocobue.2013.pdf
2. T'onuapoB B.A. Metoas! ontumuzaiyn: yaeoHoe mocodbue / B.A. 'ongapos-M.: FOpaiir, 2015-191¢

JlononHuTEebHAS IUTEPATYypa
1. MTwxypun A.A. OcHOBbI HAyYHBIX UCCIIE0BaHUIT B 1epeBooOpadoTke: YueoHuk aist BY3oB / [Tikypun A.A,
IImxypun A.A. —-M.:MI'VJI 2005-304c_
2. Cumonsta C.X. OCHOBBI Hay4HBIX MCCJICI0BaHUM : JabopaTopHbii npakTukyM / Cumonsia C. X. bparck:
bpl'V, 2008. - 87 ¢

IIpakTHyeckoe 3ausaTue Ned.
OrneHka aJIeKBaTHOCTH MOJEINH, MOJY4€HHOH ¢ ucnoib3oBanuem [1DII.

HGJ'IB pa6OTI)IZ AaTb CTyJACHTaM IMPAKTUYCCKHUE HABBIKU 10 paspa60TKe IIJIAHOB JJIs1 U3YUCHUA
peaTbHBIX TEXHOJIOTHYECKUX TPOIIECCOB.
Coneprkanue padoOTHI:
PaccMoTpeTs 0COOEHHOCTH TEXHOJIOTHYECKHIX MPOIECCOB AEPEeBO0OPaOOTKH C TOUKU 3PEHUS
NPOBE/ICHUS SKCIIEPHUMEHTA.
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2.

3.
4.

arwdE

Jath npumep pealibHOTO TEXHOJIOTUYECKOTO Tpolnecca. PaccMOTpeTh SKCIiepUMEHTaIbHbIN TIJ1aH
AJId €T0 U3YUCHUA.

PaccmoTpeTh OCHOBHBIE CBOMCTBAa HanboJee pacpOCTPaHEHHBIX TJIAHOB.

JlaTb 3amaHue Ha IOM.

OcHoBHast TuTeparypa

1. Tananonsckuit C.I'. MeTozb!I 1 cpeicTBa HAYYHBIX UCCIeI0BaHui : yueOHoe ocodue / C.I'. ['anamonbckuii,
0O.B. IOpoBa —CsiktbiBKap: CJIU, 2013-60c ccpuika:
http://ecat.brstu.ru/catalog/Pecypcp1%20cBo60aH0Tr0%20m0cTyma/I"anamonscknii%20C.I. Metons%20u%20cpenctBa%20H
ayuHbIx%20uccienoBanmii. Yaeb.mocoodue.2013.pdf
2. T'onvapoB B.A. Meroabl ontumuzaiyu: yaeoHoe nmocoobue / B.A. 'ongapos-M.: IOpaiir, 2015-191¢

JononHuTenpHas IUTEpATypa
1. ITwxypun A.A. OcHOBBI HAyYHBIX UCCIIEAOBaHUIT B 1epeBoodpadoTke: Yueonuk st BY3oB / ITikypun A.A,
IMmwxypun A.A. —M.:MI'VJI 2005-304c_
2. Cumonsta C.X. OCHOBBI HAYYHBIX HCCIIeI0OBaHMH : TabopatopHbiil mpakTukyM / CumonsH C. X. Bparck:
bpl'Y, 2008. — 87 ¢

IIpakTHyeckoe 3anaTue Ned.
BrIsgBiienne MTMHEHHON CTAaTHYECKOHN 3aBUCHMOCTH MCKAY CJ'Iy‘IﬂfIHLIMPI BCIMYHMHAMM.

Iesnb pa®oThI: AaTh CTYJEHTaM MIPAKTUYECKHE HABBIKU IO BHIOOPY M OLIEHKE pa3peliatoeit

CIIOCOOHOCTH JIPOOHBIX PEILIHK.
Copneprxanue pabOThI:

JlaTb MOHATHE U MUHUMU3ALIUY YHUCIIA ONBITOB U APOOHBIX PEIUTUKAX.
Pa300paTtb OCHOBHBIE NPHHLMIIBI MOJIy4€HHUs! APOOHBIX PEIUIMK (MOJIyperiuka, 4 peruuku, 1/8
PEIUIMKH U T.J.)
Pa3o0paTh OCHOBHbBIE NMPHUHLMUIBI OLIEHKU pa3pellarolieil CrocoOHOCTH APOOHBIX PEIUIUK, 1aTh
MOHSITHE TEHEPUPYIOLIETO COOTHOUIEHHSI U ONPEIEIISAIONIEro KOHTPacTa.
JlaTb 3a1aHME HA 10M.

OcHoOBHas nuTeparypa

1. Tananonsckuii C.I'. MeTo/IbI M CpE/ICTBA HAYYHBIX UCCIeI0BaHuH : yaeOHoe nocodue / C.I'. ['aHaOIbCKHiA,
0O.B. IOpoBa —CsixtbiBKap: CJIU, 2013-60c ccpuika:
http://ecat.brstu.ru/catalog/Pecypcb1%20cBo60aH0r0%2010cTyna/I"ananoabekuit%20C.I".MeTtoab1%20u%20cpeactsa%20u
ayuHbix%20uccaenosanuii. Yue6.nocooue.2013.pdf
2. T'onuapoB B.A. Metoas! ontumusaiun: yaeoHoe mocodue / B.A. T'onuapos-M.: FOpaiir, 2015-191c

JlononHuTEeNbHAS IUTEPATYypa
1. IMmwxypun A.A. OcHOBBI HAyYHBIX UCCIIE0BaHMUIT B iepeBoodpadoTke: YueoHuk st BY3oB / [Tikypun A.A,
IMmoxypun A.A. —M.:MI'VJI 2005-304c_
2. Cumonsta C.X. OCHOBBI HAyYHBIX HCClieI0oBaHuH : TaboparopHbiil mpakTukyM / CumonsiH C. X. Bparck:
bpl'V, 2008. - 87 ¢

IIpakTH4yeckoe 3auaTue Ne6.
HpI/IMeHeHI/Ie Ta6J'H/III COHpSI)KeHHOCTI/I 11 OOCHKU B3aNNMOCBS3U HpI/I3HaKOB.

[lenp paboOTHI: 1aTh CTYACHTaM MPAKTHICCKUE HABBIKK TUIAHUPOBAHUS SKCIICPUMEHTA TIPH

HATMYUU CUCTEMAaTUYECKUX OIIMOOK.
Coneprkanne paboOTHI:

Pazo0path (pu3uKy BIUSHUS CUCTEMATUYECKUX OMIMOOK Ha PE3yNIbTaThl SKCIIEPUMEHTA.
Hate monsitue 00 «d9PdexTe CrIphsi».
Pazo0path MeTo1 paHIOMH3AIUH.
Pazo0pate MeToa pa3OueHust MaTpuIl Ha OJIOKH.
JlaTh 3agaHue Ha JIOM.
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OcHOBHas uTeparypa

1. Tananonsckuit C.I'. MeTozbI 1 cpeicTBa HAYYHBIX HUCCIeI0Banuil | yuebHoe nocodue / C.I'. I'aHamonbekuii,
0O.B. IOpoBa —CrixteiBkap: CJIM, 2013-60c ccrimka:
http://ecat.brstu.ru/catalog/Pecypcbi%20cBo60oan0r0%2010cTyna/l"ananoabekuii%20C.I".MeTtoap1%20u%20cpeactBa%20H
ayuHbIx%20uccaenoBannii. Yue6.nmocooue.2013.pdf
2. I'onuapos B.A. Meroabl ontuMu3zaiun: yueonoe mocooue / B.A. I'onuapos-M.: FOpaiit, 2015-191¢

JlononHuTenpHas IMreparypa
1. IMmwxypun A.A. OcHOBBI Hay4HBIX UCCIICAOBaHUIl B 1epeBooOpadoTke: Yueonuk aust BY3oB / [Tiokypun A.A,
IMmxypua A.A. -M.:MI'VJI 2005-304c_
2. Cumonsia C.X. OCHOBBI HaAyUHBIX HCCIIe0BaHMH : TabopatopHblii npakTukyM / Cumonsa C. X. Bpartck:
bpl'V, 2008. - 87 ¢

JlabGopaTopHas padora Nel.

OnpenesieHue napaMeTpoB CTATUCTHYECKOH COBOKYITHOCTH.
[{enh paGOTHI-TO3HAKOMUTH CTYACHTOB CO CTATUCTHYECKUMU OIICHKAMHU PE3YJIbTaTOB HAOTIOACHHMS.
3amaya pabotel: 1) ompeneneHue MapamMeTpoB MPEACTABICHHON CTaTUCTUYECKOW COBOKYIHOCTH:
BBEIOOPOYHOTO CPEIHETO, JIUCIEPCHH BBIOOPKH, KBAJAPATUYECKOTO OTKJIOHEHUS, Kod(dduimenrta
BapHalliM, CpeJHEl KBaJpaTHYecKOW OIMOKH CpeIHero 3Ha4YeHWs, IOoKa3aTelis TOYHOCTU
CPEIHETO0, TOBEPUTEIILHOTO HHTEpBaIa, 00beMa BRIOOPKH; 2) HCKIIIOYSHHE TPYOBIX OMMOOK U3 psia
HaOJIFO JEHUIA.
BOaBIIMHCTBO MPOIECCOB U ABJICHHM, a TAK)KE CBONCTB OOBEKTOB B M3BECTHOM CTEICHH SIBJISIFOTCS
cinyyaiiHpiMu. Ilox ciy4alHBIMM NOHHMMAIOT BBIXOJHBIE MapaMeTpbl MPOLECCOB U SBJICHHH,
KOTOpBIE HENb3s MPECKa3aTh TOUHO, a JUIIb C ONPEACIICHHON BEPOSITHOCTHIO P.
OTkJI0HEHHE pe3ybTaTa OT HICTUHHOTO 3HAUYEHUs Ha3bIBACTCs OMIMOKOMN OTbITA.
Paznuuatot Tpu Buga ommbOK: CUCTEMAaTUYECKUE, Cly4yaiiHble, IpyOble (ITpoMaxu).
CucreMaTH4eCKHMH Ha3bIBAIOT OLIMOKHU, KOTOPBIE OCTAIOTCSI MOCTOSIHHBIMU Ha MPOTSIKEHUH BCei
cepun n3mepeHuid. OHU MOTYT 3aBUCETh:
OT HETOYHOCTHU TIpuOOpa;
HEIMPaBUIbHON YCTAHOBKH CPEJICTB U3MEPEHMUIA;
BIIMSIHUS BHEIITHUX YCIIOBHIA;
METOJIa U crioco0a U3MEPEHNs;
HKCIIEPUMEHTATOpPA (3pEHHUsI, POCTa, HEPBHOT'O COCTOSIHUS).
OT BCcex CUCTEMATUYECKUX OMUOOK MOKHO H30aBUTHCH.
CrnyyaliHBIMU Ha3bIBAIOT OIMIMOKHU, 3HAUEHUE KOTOPBIX PA3TUYHBI IPH MPOBEACHUH YKCIIEPUMEHTOB
JIa’Ke B OJIMHAKOBBIX YCIIOBUSIX.
['pyOble omMOKHU SBISIOTCS OpakoM JKCIEpUMEHTaTopa MpH MOBTOPEHUHU omnbiTa. OHU CBSA3aHBI C
PE3KUM HapyIIEHUEM YCJIOBUHM HKCIIEPUMEHTOB WJIM IIPOCYETOM IKCIIEPUMEHTATOPA IPH OTAEIHHOM
HaOmoneHuu. ['pyOble OmMMUOKKM MOKHBI OBITH OTOpOIIEHBI H OCHOBAHMHM TIPOBEPKU IO
CIeIUATbHBIM KPUTEPHSIM.
Bonpocsl 1 caMOKOHTPOIs
[aiite onpeneneHne reHepalbHOM CTaTUCTUYECKON COBOKYITHOCTH?
Yro Takoe BbIOOpKaA; 00BeM BEIOOPKH?
UTto Ha3BIBAIOT MaTEMaTHYECKUM OxuaaHueM. [IpuBeaute GopMyiry it €ro BEIYUCICHUSI.
Uto siBIII€TCS OLIEHKOM MaTeMaTuuecKoro oxuganus? Gopmyna BEIYUCICHUS.
Uro siBIIsieTCst OLIEHKOM reHepanbHou nucriepcun? [puBeaure hopmymny s €€ BEIUUCTICHUS.
[TpuBenute dopMyny s BBIYUCIEHUS CPETHETO KBaIPAaTUYECKOTO OTKIOHEHUS CIIyd4alHOMN
BEJTMYUHBI.
Yro Ha3bpIBAIOT CIIy4yailHOW BEITUYHUHOMN?
Urto o3navaet 3anuck: p=0,95?
[TpuBenute GopMyiy A BEIYUCICHUS YPOBHS 3HAUMMOCTH (. OnpenenuTs TabIMYHOE 3HAYCHUE
kputepust kodddumuent Cteroaenta misa P=0.99; n=10.

10. ITpuBeaute GpopMyIIbl JUTsl HAXOXKICHHS JOBEPUTEIbHON HUKHEN M BEpXHEH rpaHul] HHTEpBaa.
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. IToka3aTeny TOYHOCTH CPEAHEro 3HAYCHUSI.

. Kakue MoryT BO3HUKHYTBH OIIMOKH B Pe3yJIbTaTe MPOBEACHHUS OTIbITa?

. Uto Ha3pIBaeTcs rpy0oi ommoOKon?

. ITo KakuM KpUTEpUSIM MOTYT OBITH OTOPOILIECHBI TPYObIE OIINOKHU?

. IIpuBenure popMyiy st pacyera BEIOOPOYHON AUCHIEPCHU.

. IlpuBeaute GpopMyity JUIsl BHIYUCICHUS pacueTHON BeW4YHUHbI IP-Kputepust CThIOJCHTA.
. B Kakom cirydae COMHUTEIBbHBINA PE3yIbTAaT SBISETCSA TPYOBIM H3MEpeHneM?

OcHOBHas nuTeparypa

1. Tananonsckuii C.I'. MeToIbI ¥ CpEICTBA HAYYHBIX UCCIe0BaHu : yaeoHoe nocodue / C.I'. ['aHAMOIbCKHUIA,
0O.B. IOpoBa —CrixteiBkap: CJIM, 2013-60c ccrimka:
http://ecat.brstu.ru/catalog/Pecypcb1%20cBob0aH0r0%2010cTyna/"ananoabeknii%20C.I".MeTtonp1%20u%20cpencrBa%20u
ayuHbIx%20uccaenoBannii. Yue6.nmocooue.2013.pdf
2. I'onuapos B.A. Mertoabl ontuMu3zaiun: yaeonoe mocooue / B.A. I'onuapos-M.: FOpaiit, 2015-191¢

JlononHuTenpHas Mreparypa
1. IMmwxypun A.A. OcHOBBI Hay4HBIX UCCIICA0BaHUIl B iepeBoodpadoTke: YueoHuk st BY3oB / [Tikypun A.A,
[Twxypusa A.A. —M.:MI'VJI 2005-304¢
2. Cumonsia C.X. OCHOBBI HayYHBIX HCCIIEIOBaHU ; JabopaTopHbii pakTukyM / CumonsH C. X. bparck:
bpl'V, 2008. - 87 ¢

JlabopaTopHasi padora Ne2.
Xapakrep pacnpeaesieHUs CJIy4YailHON BeJUYUHBI.

[{enp pabOThI: YCTAHOBUTDH XapaKTep paclpeeeHUs] CIyJailHOW BeTHUNHBL.

3ajaya paloTbl: 1) MOCTPOUTH CTATUCTMUECKUN psAl, THCTOIpaMMy U KpPHUBYIO
HOPMAJIBLHOCTH pacIpeieieHHUs;

2) IpOBEPUTH TUIIOTE3Y O HOPMAJILHOCTHU PACIIPEAETICHUS BBIXOIHOW BETUUYHUHBI.

Cratuctuueckas 00paboTka pe3yiabTaToB HAOMIONEHUN TPOM3BOAMTCA C  IEIBIO
YCTAHOBJICHMSI XapakTepa paclpeaesieHusl CIy4allHOM HCClIeyeMOW BEJIMYUHBI U ONpeesICHUs
JIOBEPUTENBHOIO MHTEPBAJIA /7Sl HEE.

Bapuanmonssiii  (ctaTucTuueckuil) psna pa3OMBalOT Ha UMHTEpBaibl (KBAaHTHI), YHUCIIO
KOTOpbIX R Beuucisior no popmyne R=1+3,2AqN.

Bonpocs! juist caMOKOHTPOIA:
Kak pa30uth BBIOOPKY Ha HHTEpPBaIbI?
Kak paccuurath AnuHy nHTepBana’?
[TpuBeauTe hopmyIty s HAXOXKAECHUS CEpeIUHbI HHTEpBAIa.
[atiTe onpeneneHne MOHITHS CPEeTHETO apu(PMETHIECKOTO.
3anumure GopMyiy Ui pacyeTa, BBIOOPOUHOM TUCTIEPCHH.
UTto Ha3bIBaeTCsl OTHOCUTENBHON 4aCTOTOM COOBITHSA?
KakoBbl 0cOO€HHOCTH KpUBOI1 pactipeieneHus?
HazoBuTe cymiecTByroiue B IpUpo/Jie pacipeieieHus..
Maiite onpenenenne pacuetHoro kpurepus [Iupcona.

. B kakoM cityyae npuHUMAIOT TUIIOTE3Y O HOPMAaJIbHOCTHU pacIpeieTIeHUs?

OcHoOBHas nuTeparypa

1. Tananonsckuii C.I'. MeTo/Ibl M Cpe/ICTBA HAYYHBIX UCCIIe0BaHuil : yueoHoe nocodue / C.I'. [aHAMONbCKHIA,
0O.B. IOpoBa —CsiktbiBKap: CJIH, 2013-60c ccpuika:
http://ecat.brstu.ru/catalog/Pecypcr1%20cBo6oaHOr0%20n0ctyna/I"ananonscknii%20C.I". MeTtonp1%201n%20cpencra%20n
ayuHbix%20uccaenoBannii. Yue6.nmocooue.2013.pdf
2. T'onuapoB B.A. Metoasl ontumuzaiyn: yaeoHoe mocodbue / B.A. 'ongapos-M.: FOpaiir, 2015-191¢

JlononHuTenbHAS IUTEPATYypa
1. ITwxypun A.A. OcHOBbI HAyYHBIX UCCIIE0BaHUIT B 1epeBooOpadoTke: YueoHuk aist BY3oB / [Tikypun A.A,
IImxypun A.A. -M.:MI'VJI 2005-304c_
2. Cumonsia C.X. OCHOBBI Hay4HBIX HCCIIeA0BaHMH : TabopatopHbiil npakTukyM / CumonsiH C. X. Bparck:
bpI'Y, 2008. — 87 ¢
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13.
14.
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1.
12.

JlabopaTopnasi paGora Ne3.
MeTtoa HauMeHbIINX KBA/PATOB.

Ilenb paboThl: O3HAKOMJIEHME C OCHOBHBIMM METOJAMHU MaTE€MaTHYECKUX MOJEIEH,
IIPOBEJCHUE PErPECCHOHHOTO aHAIN3A.

[InanupoBaHue 3KCIEPUMEHTA-3TO COBOKYIIHOCTb IIPUEMOB, ITO3BOJIAIOIIMX HCCIIEIOBATENIIO
pa3syMHO IIOCTaBUTh SKCIEPUMEHT MCXOHA U3 LEJIU MCCIEAOBAaHUA, CO CTPEMIICHHEM IIOJy4YUTh
MaKCHUMAaJIbHYIO HH(OPMAIIHIO TIPU OTPAHUYEHHOM YHCIIE OIBITOB, a TAK)KE MPABUIHLHO 00paboTaTh
Y MHTEPIIPETUPOBATH PE3YJIbTAThl IKCIIEPUMEHTA.

[Tpu neiicTBUM Ha 0OBEKT (PAKTOPHI U3MEHSIIOT €T0 COCTOSHUE.

@DakTOp-3TO M3MEHsAEMas INEPEMEHHAs BEIWYMHA, INPUHUMAIOIIAs] B HEKOTOPBII MOMEHT
BPEMEHHU OIIPENICIICHHOE 3HAaYCHUE.

[TapameTp, Mo KOTOPOMY CyIAT 00 U3MEHEHUH COCTOSIHMS OOBEKTA, Ha3bIBACTCS OTKIMKOM
WJIM BBIXOJHON BEIMUYMHOM 00BEKTA.

@DaKTopbl MOT'YT OBITH:
yIPaBIsiEMbIMU:

HEpPEMEHHBIMU (BapbUpyeMbIME);

MIOCTOSIHHBIMU;

HEYIPaBIISIEMbIMU:

HEKOHTPOJINPYEMBIMH;

KOHTPOJIMPYEMBIMU;

KOJIMYECTBEHHBIMU;

KaueCTBCHHBIMHU.

Bonpocs! U1 caMonpoBepKH:

Haiite onpenenenue nouarus «pakrop». Kakue gpaxtops! Bbl 3HaeTe?

Uto Ha3pIBaeTCS BBIXOTHON BEIMYMHON 00BEKTA?

Yro Takoe ypoBeHb (akTopa?

OObsicHUTE, B UEM pa3HHUIlA MEXKAY aKTUBHBIMH U MACCUBHBIMH 3KCIIEPUMEHTAMH.
JlaiiTe onpenenenne NOHATHS «perpeccus»?

Urto Ha3bIBaeTCs pErpecCUOHHON MOAENbI0?

B 4em cocTonuT OCHOBHOE ITPaBUIJIO METOJ]a HAUMEHBIINX KBaJpaToB?

[TpuBenuTe ypaBHEHUS! CYMMBbI KBaJpaTOB OTKJIOHEHUH.

3anumure ob1iee ypaBHEHHE U CUCTEMY HOPMaJIbHBIX B OOIIEM BUJE.

[l yero uccnenoBarenb NPOBOIUT MPOBEPKY a€KBATHOCTU PETPECCUOHHON MOJIEH?
HazoBuTe npeanocbuiky Juisi IPOBEPKH aJ€KBATHOCTH PETPECCUOHHON MOJEIIH.

[To xakoMy KpUTEPHIO IPOBOASAT MPOBEPKY OAHOPOJHOCTH HECKOIBKUX JUCIEPCU, HAEHHBIX 110
BbIOOpKaM ofHakoBoro oowvema? Ilpusenure popmysty A BHIYUCICHUS.

B kakom cinyuae npumensitot kputepuid baptierra. [IpuBeaure Gopmyiy aisi BBIUUCICHHUS.
[TpuBenute hopmyty As BIYMCICHUs KpuTepus Ouiepa.

OcHoOBHas nuTeparypa

1. Tananonsckuit C.I'. MeTozbI U cpeicTBa HAYYHBIX UCCeI0BaHuil | yueOHoe nocobue / C.I'. ['anamonbckuii,
0O.B. IOpoBa —CrixteiBkap: CJIN, 2013-60c ccpimka:
http://ecat.brstu.ru/catalog/Pecypcni%20cBo60ar0r0%20m0ctyma/Tananonbcknit%20C.I. Metompi%20u%20cpenctBa%20H
ayunbIx%20ucciienoBanmii. Yueb.mocodue.2013.pdf
2. TonuapoB B.A. Metoabl ontumusaimn: yaeoHoe mocobue / B.A. T'onyapos-M.: IOpaiit, 2015-191¢

JlononHuTenpHas 1ureparypa
1. [Mwxypun A.A. OcHOBBI HayYHBIX UCCIIEOBaHUIl B 1epeBooOpadoTke: Yueonuk aust BY3oB / [Tiokypun A.A,
IImxypun A.A. -M.:MI'VJI 2005-304c_
2. Cumonsta C.X. OCHOBBI HAyYHBIX HCCIIeI0BaHuH : TaboparopHbiil mpakTukyM / CumonsiH C. X. Bparck:
bpI'Y, 2008. — 87 ¢
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1.
2.
3.

JlaGoparopHasi padora Ne4.
MeToabl NJIAHNPOBAHUSA MHOTO(AKTOPHBIX IKCIIEPUMEHTOB.

[{enb pabOThI: MOCTPOUTH MATEMAaTUYECKYIO MOJIEIIb IUTAHUPOBAHUS SKCIIEPUMEHTA.

[Tpu mnaHMpoBaHUU MHOTO()AKTOPHOTO aKTUBHOTO IKCIEPUMEHTa HEOOXOAMMO yYUTHIBATH
psia TpeOoBaHUM, PEAbSBIAEMbIX K (pakTOpam:
YIPaBIsieMOCTh, T.€. BO3MOXXHOCTH MOJJEPKUBATh 33aJaHHOE 3HAUeHUE (aKkTopa B XOJE BCETO
JKCIIEPUMEHTA;
COBMECTHMOCTb, T.€. BO3SMOXKHOCTD 33JIaBaTh JIFOObIC BO3MOXHBIC KOMOMHAIINU (HaKTOPA;
HE3aBHCHUMOCTb, T.€. BO3MOXKHOCTb yCTaHaBJIMBATh 3HAYEHUS (PakTopa HE3aBHUCUMO OT YPOBHEU
Ipyrux (hakTopos;
OJIHO3HAYHOCTh, T.€. BO3MOXKHOCTh (aKTopa BCerja MPUHHUMATh OJHO U TO K€ 3HAYCHHE IPHU
BBITIOJIHEHUH OTIPE/ICIICHHBIX YCIOBHIA;
HENOCPEICTBEHHOE BO3/ICHCTBHUE HA OOBEKT.

Bonpockl Ui caMONIPOBEPKU:
Haiite onpenenenue [1DI1?
Ha ckoJIbKuX ypOBHSIX MOXET BapbUPOBATHCS (hakTop?
3anumute matpuily [1OI1 2’ HOPMaTH30BaHHBIX 0003HAUCHUSIX.
3anumute matpuiy [1PI1 2%c MapHBIMU B3aUMO/JIEUCTBUSAMU B HOPMAJIM30BaHHBIX 0003HAUEHUSX.
Jaiite onpenenenre NoHATUs (HaKTOPHOMN TIIOCKOCTH?
Urto Ha3bIBaeTCs 00JaCThIO BaphbUPOBaHUS (haKTOPOB?
Kakumu cBorictBamu o0magarot [1DI] 2R
[TpuBenuTe GOPMYIIBI IS BEIYUCIICHUS KOO (UITUESHTOB MAPHBIX B3aUMOICHCTBUH.
[TpuBenute GhopMyIbl s BBIYUCICHUS KOA(D(UIHMEHTOB pEerpeccuu JTWHEHHOW MaTeMaTH4ecKOn
MOJICIIU.

. ITo kakoMy yCIIOBHIO POBEPSIOT 3HAUUMOCTH K03 (PHUIIMEHTOB perpeccun?
11.
12.
13.
14.

Kak mpoBepuTh aIcKBaTHOCTh PETPECCUOHHON MOJIETH?
[Haiite onpenenenune nonsrus JDII?

Uto Ha3bpIBaeTCs 000OIIAIOIINM ONPEACIISIFONTAM KOHTPacToM?
OOBbsICHUTE TIOHATHE «KT€HEPATOP) IIaHA.

OcHoBHas nuTeparypa

1. Tananonsckuii C.I'. MeTo/IbI M CpE/ICTBA HAYYHBIX UCCIeI0BaHuH : yueOHoe nocobue / C.I'. ['aHamoIbCKuid,
0O.B. IOpoBa —CrixteiBkap: CJIN, 2013-60c ccpinka:
http://ecat.brstu.ru/catalog/Pecypcni%20cBo60ar0r0%20m0cTyma/Tananonbeknit%20C.I. Metombi%20u%20cpenctea%20H
ayuHbIx%20uccrienoBanuii. Yueb.mocobue.2013.pdf
2. T'onuapoB B.A. Metoasl ontumusaimn: yaeoHoe mocobue / B.A. 'ondapos-M.: IOpaiir, 2015-191¢

JlononHuTenpHas nureparypa
1. ITmxypun A.A. OCHOBBI Hay4YHBIX HCCIIEIOBaHUil B iepeBoobpabdoTke: Yueonuk 1t BY3oB / [Tikypun A A,
IImxypun A.A. —-M.:MI'VJI 2005-304c_
2. Cumonsta C.X. OCHOBBI HAyYHBIX HCCIie0oBanul : maboparopHbiil mpakTukyM / CumonsH C. X. Bparck:
bpl'Y, 2008. - 87 ¢

JlabopaTopnasi paGora NeS.
IocTpoenne B-mianos (m1an Kano).

[{enp paboThl: mocTpoeHue B-manoB (m1aHoB BToporo nopsaka. [Lnan Kano).

[lonuble u npoOHBIE (PaKTOpHBIE IUIAHBI MO3BOJISAIOT MOJYYUTh JIMHEMHOE OINMCaHue
3aBUCHUMOCTH OTKJIMKA OT KaXKJO0TO U3 BapbUPyEMBIX (DaKTOPOB.

[Inanamu BTOporo mnopsaka (B-mimanamu) Ha3pIBalOT Takue IJIaHBl MHOTO(AKTOPHOTO
OKCIIEPUMEHTa, C TIOMOIIBI0 KOTOPBIX MOXHO TOJTYYHUTh MaTeMaTHUeCKOe OMucaHue OOBEeKTa B
BU/JIE MOJIMHOMA (MHOTO4JIEHA) BTOPOTO MOPAJIKA, T.€. KBaJAPATUUHYIO MOJEINb.

Bonpocs! [uisi caMOpoOBEpKU:

[aiite onpenenenne noHsatus B-mnana?
Yewm otnuvarorcst B-mnaner ot [1DI1?
Ha ckonbkuX ypoBHSAX MOXET BapbUpOBaThcs B-muian?
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4. 3anumurte MaTpuily B-tutana s AByx (akTopoB.
5. JlaiiTe onpexneneHue NOHATHS (PaKTOPHOM MIIOCKOCTH?
6. Uro Ha3bIBaeTCs 001aCThIO BapbUpOBaHUs (PaKTOPOB?
7. llpuBenure  GopMynbl Uil BBIYMCICHUS  KO3(PUIMEHTOB  perpeccuu  KBaIpaTHYHOM
MaTeMaTUYECKOIl MOJIeNu.
8. IlpuBeaute hopMyIIbl 17151 BEIYUCICHUS KOA(D(DUIIMEHTOB MAPHBIX B3aUMOICHCTBUN.
Yem otnuyarotcst B-manel ot yaudopM paboTogaTenbHbIX IIaHOB?

OcHOBHas nuTeparypa

1. Tananonsckuii C.I'. MeToIbI ¥ CpEICTBA HAYYHBIX UCCIe0BaHu : yaeoHoe nocodue / C.I'. ['aHAMOIbCKHUIA,
0O.B. IOpoBa —CrixteiBkap: CJIM, 2013-60c ccrimka:
http://ecat.brstu.ru/catalog/Pecypcbi%20cBo60an0r0%2010cTyna/l"ananonbekuii%20C.I".Metoap1%20u%20cpeactBa%20H
ayuHbIx%20uccaenoBannii. Yue6.nmocooue.2013.pdf
2. I'onuapos B.A. Mertoabl ontuMu3zaiun: yaeonoe mocooue / B.A. I'onuapos-M.: FOpaiit, 2015-191¢

JlononHuTenpHas Mreparypa
1. IMmwxypun A.A. OcHOBBI Hay4HBIX UCCIICA0BaHUIl B iepeBoodpadoTke: YueoHuk st BY3oB / [Tikypun A.A,
[Mmwxypur A.A. —M.:MI'YJI 2005-304c_
2. Cumonsia C.X. OCHOBBI HayYHBIX HCCIIEIOBaHM ; JabopaTopHbii npaktukyM / CumonsiH C. X. bparck:
bpl'V, 2008. - 87 ¢

10. MEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOI' Mid, UCIIOJb3YEMBIX ITPA
OCYHECTBJIEHUU OBPA30BATEJIBHOI'O NPOLECCA IO JUCHUIITIMHE

WnpopmanmonHo-kommyHukatuBHble TexHosoruu (MKT) npenogaBaTenb nCoab3yeT JUIS:
- IOJTy4eHUsl HHPOPMALIUU TIPU MOATOTOBKE K 3aHATUSAM;

- CO3JIaHUsI IPE3EHTALMOHHOIO COITPOBOK/ICHUS JIEKIIMOHHBIX 3aHATUH;

- paboTHI B AJIEKTPOHHON MH(POPMALITMOHHON Cpeae;

- OC Windows 7 Professional;

- Microsoft Office 2007 Russian Academic OPEN No Level;

- AaTuBHUpycHOe nporpamMmHoe obecrieuenue Kaspersky Security.

11. OMUCAHUE MATEPUAJIbHO-TEXHUUYECKOM BA3bI, HEOEXOJIUMON
JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOT'O ITPOLHECCA ITO AMCIUIIJIMHE

Buo H(:lm;tsll:loosa::e Hepeuenb OCHOBHO20 No Ik H3,.]IP
( ﬂ:%}’"gg };IP ) Y P obopydoeanusn T
1 2 3 4
JIk MexaHn4yeckoe UCIIbITaHUE - Ne 1-8
JPEBECHUHBI U JPEBECHBIX
MaTepUajoB
I13 JlucnuneitHelii Kinacce. N3mepurtenbHbie Nel-4
Kadenpa BocriponsBoacTea MHCTPYMEHTBI:
1 niepepabOoTKH JIECHBIX KoMIbroTepsI Pentium 4
pECYpPCOB. 113 Ne4
JIP JlucnuneitHelii Knacce. N3mepurenbHble Nel-5
Kadenpa BocriponsBoacTea UHCTPYMEHTBI:
1 niepepabOTKH JIECHBIX KoMIbroTepsl Pentium 4
pECYpCOB.
CP 431 Oo6opynoBanue 10- -
K i5-2500/H67/4Gb
(monmTop TFT19 Samsung);
MIpUHTEP HP LaserJet
P2055D
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IIPOMEXYTOUYHOUN ATTECTALIUHN OBYYAIOIMUXCS 10 JUCLUIIINHE

Ipunoxenne 1

OOHA OUEHOYHBIX CPEACTB JJIA ITPOBEJEHN A

1. Onwucanue GoHAa OLIEHOYHBIX CPEICTB (MIACTIOPT)

Ne
KOMIIEeTe JneMeHT Paznen Tema DdPOC
KOMIIeTeHUNH
HUUM
OIIK-1 CIIOCOOHOCTH 1. OcHOBHBIC 1.1 OcHoBHBIE NOHATHA U | DK3aMeHaIU
INOHUMATh HaYy4YHbIC IOHATHA U 3aJa4n 3aJauu HAy4HBIX | OHHBIN
OCHOBEBI Hay4HBIX HCCIIEI0BaHUN B OTPACIIH. OIUIeT
TexHoIorMyeckux | HCCICA0BaHMIl B 1.2 TlepBuunast o0oOpaboTKa
HPOIIECCOB B otpacnu. IlepBuuHas | pe3ynpTaToB
obpaboTka JKCIIEPUMEHTOB.
obmactu
pe3yIbTaToB Cratuctuueckue OLICHKH
JICCO3ATOTOBUTCIBH | o crieprmenToB. pe3yAbTaTOB HAOIIONICHHH.
bIX 1 1.3 IIpoBepka OHOPOAHOCTH
JiepeBonepepadbarel CPC/HHUX. ITpoBepka
Baromumx HOPMaJIbBHOCTH
IPOU3BOJCTB pacnpesiesieHusl.
2. PerpeccroHHBIN 2.1 PerpeccuoHHblii aHanu3 | DK3aMeHAIA
aHaJIU3 U METOABI W METOAbl IUIAHUPOBAHUS | OHHBIH
TUTAHUPOBAHUS OKCIIEPUMEHTa € LENBIO | Gurer
9KCIIEPUMEHTA C MaTEeMaTHYECKOI'0 OIUCAHUS
LEJIBI0 00BEKTOB.
MaTeMaTHYECKOTrO 2.2  Meron HaMMEHBIINX
onucaHus 0OBbEKTOB. | KBaJIPaToB JUIs
Mertoasl MHOT0()aKTOPHBIX
9KCMEPUMEHTAIBHON | SKCIIEPUMEHTOB.
ONTHMHU3ALINH. Cratuctuueckuit aHaIu3
Mertoasl YPaBHEHUS PErPeCcCu.
IJIAaHUPOBAHUSA 2.3 Meroapl IUIaHUPOBAHUS
9KCIEPUMEHTOB C JKCIIEPUMEHTOB c
KauyeCTBEHHBIMHU Ka4eCTBEHHBIMU (haKTOPaMHU.
¢bakTopamu. OnHodaxkTopHBIH
JIMCIIEPCUOHHBIN aHAIN3.
3.MMutaronHoe 3.1 UccnenoBanus Ha | DK3aMeHalu
MOJIEIIUPOBAHUE. HWMHUTAMOHHON MOJIEINH. OHHBINI
ouser
T1K-2 CIIOCOOHOCTH 1. OcHOBHEBIE 1.1. HayuHoe TBOpYeCTBO, | DK3aMEHaIN
UCIIOJB30BaTh IIOHATHA U 3a1a4YN HaYLIHO-TeXHOJIOFI/I‘IeCKI/Iﬁ OHHBIﬁ
HAKETHI Hay4YHBIX IPOLECC-OCHOBA  PA3BUTHUSA | Grrer
IPHKIIa THBIX WCCJIEIOBAHNH B 00IIeCTBa M MPOU3BOJICTBA.
TpOTpaMM IS otpacnu. [lepeuunas | 1.2 Pacuer noBeputenbHOro
obOpaboTka WHTEpBaja JUTS
pacuera
pe3yabTaTOB MaTeMaTH4ECKOT o
TEXHOTOTHICCKIX 9KCIEPUMEHTOB. OKUJaHMsL. Onpenenenue
[apaMeTpoB HEO0OXO0IHMOT0 o6bema
IIpONECCOB U BeIOOpKH.  OtOpachkiBaHue
000py/I0BaHHS. rpyOBIX U3MEpEHUil.
1.3 Koaddpuuument
koppensiuuu.  [IpumeHeHue
TaONHL CONMPSKEHHOCTH IS
OLIEHKH B3alMOCBS3H
IIPU3HAKOB.
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2. PerpeccroHHBIH 2.1 AxTuBHBIE U TIACCHBHBIE, | DK3aMeHAaIH
aHaJU3 ¥ METOABI 0HO(aKTOPHBIE U | OHHBIH
TUTAHAPOBAHUS MHOTO(aKTOpPHBIE OIUIeT
SKCIIEPUMEHTA C sKcriepuMeHTel.  OCHOBHBIE
LENbI0 3a/1a4uu TUTAHUPOBAHUS
MaTeMaTHYECKOTO JKCIIEPUMEHTA.
onucaHusi OObeKToB. | 2.2 Mertonsl
Mertoabt 3KCIIEPUMEHTAIBHOU
9KCIEPUMEHTAIBHON | ONTUMM3ALNH.
ONTHMHU3AIINH. [Inaruposanne
MeTtoast 0JTHO(haKTOPHBIX
TUTaHUPOBAHUS 9KCIIEPUMEHTOB TPHU TIOMCKE
SKCIIEPUMEHTOB C ONITHMAJTBHBIX yCIIOBHA.
Ka4eCTBEHHBIMHU 2.3 [Ipumenenne
¢akTopamu. IBYX(aKTOPHOTO
JTUCTIEpCHOHHOTO  aHalu3a
IIpH  UCCIIEJOBAHUAX B
JIECO3arOTOBUTENBHOU u
JiepeBonepepadaThIBaIOIICH
OTpAaCIIH.
3. UMuTanuonHoe 3.1 MeToapl UMUTAIMOHHOTO | DK3aMeEHAIA
MOJIETTPOBaHHUE. MOJIEJIUPOBAHMUSL. OHHBIH
ouier
[1IK-12 CIHOCOOHOCTH 1. OcHOBHBIC 1.1. HayuHoe TBOpYECTBO, | DK3aMeEHaLA
BI)I6I/IpaTB u IOHATHA U 3aJa9N Hay‘lHO-TﬁXHOJIOFI/I‘IeCKI/Iﬁ OHHBIN
IPHMCHSITD HaydqHBIX NPOLECC-OCHOBA  PA3BUTHA | Grrer
COOTBETCTBYIOIME | MCC/IE/0BAMMI B 00IIeCTBa U MPOU3BOJICTBA.
METOIbI otpacnu. Ileppuunas | 1.2 Pacuer noBEepUTEIBHOIO
obpaboTka WHTEpBaJa JUTS
MOJEIUPOBAHUS
pe3yabTaToOB MaTeMaTH4YeCKOTO
MCXaHWHCCKHX 1 9KCIIEPUMEHTOB. OKUJIaHMSL. Onpenenenue
(puzmko- He00X0IUMOTr0 o0BeMa
XHMUYCCKHX BeIOOpKH.  OtOpackiBaHHe
IIPOLECCOB rpyOBIX M3MEpEeHHH.
JIECO3arOTOBUTEIBH [IpoBepka OJTHOPOJTHOCTH
BIX U IByx nucnepcuil. IIposepka
ﬂepeBOHepepa6aTLI OAHOPOAHOCTHU  HECKOJIBKUX
BAOIINX JTUCTIepCUli, HaWIEHHBIX IO
IPOM3BOJICTE. BBIOOpKaM OJIMHAKOBOTO
o0bema. IMpoBepka
OJIHOPOJHOCTH  HECKOJBKHUX
JUCTIepCUil, HAWIEHHBIX IO
BbIOOpKaM Pa3IMYHOrO
o0nema.
1.3 PanroBas Koppemnsuus.
Hcnons3zoBanue
ko3¢ dunmenTa
KOHKOPJIAI[UH JUTS
00paboTKu 9KCTIIEPTHBIX
OIIEHOK IIPY PAHXUPOBAHHH.
2.  Perpeccuonnsiii | 2.1 OcHoBHBIE BHJIbI | DK3aMeHaIU
aHalM3 W METOABl | MATEMAaTHUECKUX  MOJENEH, | oHHBIH
TUTaHUPOBAHUS MIpUMEHSIEMBIE OpY | Grirer
JKCIIEPUMEHTA C | McceoBaHUsAX B JIECHOM
ENBIO MIPOMBIIIJICHHOCTH.
MaTEMaTHYECKOTO 2.2 O6mue cBenenus. Meroq

OIMCAHUS OOBLEKTOB.

JTUXOTOMHUH. Merton
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Metoas 30JI0TOr0  cedeHus. Meroq
BKCHCpHMCHTaﬂbHOﬁ MOKOOPAWHATHOT O IMOUCKA.
ONTHUMU3AIIHNH. 2.3 IlpuMeHeHHE JTATHHCKHUX
MeTtoabt KBaJIpaToOB npu
IJIaHUPOBAHUA HCCIICA0OBAHUAX B
SKCIICPUMEHTOB C | 1€co3aroToBUTENLHOMN nu
KaYECTBCHHBIMU ZepeBonepepadbaTrBatoei
(baxkropamu. OTpACITH.
3. Nmurtanuonnoe | 3.1 MeToapl UMUTAIIMOHHOTO | DK3aMeHAIA
MO/JICIIMPOBAHHUE. MOJICITUPOBAHUS. OHHBIH
Hccnenosanus Ha | Gumer
HMHUTAIUOHHOU MOJCIIN.
2. JK3aMeHaIlHOHHbIE BONPOCHI
Ne Komnerennuu 9K3AMEHAIIMOHHBIE BOITPOCBI New
w/n HauMEHOBaHHe
Kon Omnpenesenune pa3aena
1 2 3 4 5
OIIK-1 | cmocoOHOCTE 1. OcHOBHBIC MOHATHUS | 337a4d HAy4HBIX | 1. OCHOBHbIE
IIOHUMATh ucciaenoBaHuii B oTpaciu. Hayynoe | TIOHATHS M 3a1a4u
Hay4yHbIE OCHOBBI | TBOPYECTBO, Hay4HO-TEXHMYECKuH | HAYTHBIX
TEXHOJIOTHYECKHMX | IIPOTPECC — OCHOBA Pa3sBMTHA 0oOIecTBa p | MCCICAOBAHIT B
MPOIECCOB B | IPOU3BOCTBA. OTpaciu.
obnactu 2. llepBuuHasi 00paboTKa pe3yJIbTATOB ?gp:gl;{;&;ﬂ
JIECO3arOTOBUTEND | SKCTICPUMEHTOB. pe?l,)y.HI)TaTOB
HBIX M1 3.Craructiyeckie OLECHKH pPE3YNIbTATOB | YKCIICPUMEHTOB.
nepeBornepepadar HaG/TIO e HHMi
BIBAIOIIHX 4. PerpecCHOHHBIM aHaAM3 W METOIbI | 2. PerpeccuoHnblit
NPOM3BOACTE IUIAHUPOBAHMSA DOKCIIEPUMEHTA C IeJIblo | aHAJIN3 M MCTOJBI
MaTeMaTUYSCKOT0 OIUCAHMS O0OBEKTOB. IIAHAPOBAHNA
1. 5. AKTUBHBIE u NaccUBHEIE, | ~KCMCPHMEHTA €
onHOGAKTOpHbIE W  MHOTO(aKTOpHBIE HCIIbIO
MaAaTEMATUYCCKOTI'O
AKCTIEPUMEHTHI. OcHoBHBIE 3ajaum | oo
MJIAHUPOBAHUS YKCIIEPUMEHTA. 06bexToB. MeTozb!
6. OcHOBHBIE BHIBI MaTEMAaTHUYECKHUX KCIIEPUMEHTAIIBHO
MOJCJIEH, IMPHUMCHACMBIC Inpn | i1 OIITUMHU3AIINH.
HCCICA0BaHUIX B JIECHOM | MeTtompl
MPOMBINIUICHHOCTH. METOJT HaMMEHBINX | IJIAHUPOBAHMS
KBaJgpaToOB JUIi MOJENEM C OJHOW | KCICPHUMECHTOB  C
HepeMeHHOﬁ. Ka4€CTBCHHbBIMHU
¢dakTopamu.
7. MeToanl AMUTAIMOHHOro | 3. MMuranunonHoe
MOJEIITNPOBAHMUS. Uccnenosanus Ha | MOJICIUPOBAHUC.
HMUTAIIOHHON MOJICIIH.
[1K-2 CIIOCOOHOCTh 1. Pacuer noBeputenbsHOTO HHTEpBana st | 1. OcHoBHbIE
HCII0JIb30BaTh MaTEMATHYECKOI'0O OXXugaHus. | IIOHATHA W 3a4a4du
[TAKEThI Omnpenenenne HeoOxoaumoro obObema | HAYHTHBIX 5
) HPHUKIIATHBIX BBIOOPKH. HCC/ICTOBAHIH B
' Iporpamm JJis 2 OrOpaceiBanue TPYOBIX W3MEPEHUI. OHTp aci.
pacuera [TpoBepka OJIHOPOJIHOCTHU JIBYX Oggsgl:;?
TEXHOJIOTHYECKUX | TUCTICPCHUH. HpOBepKit O,Z‘[IHOpOI[HOCTI/I DE3YITHTATOR
napameTpoB HECKOJIbKMX JMCHEPCHI, HAWJEHHBIX IO
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MIPOLIECCOB U BbIOOpKaM OJINHAKOBOTO 00beMa. | SKCIIEPUMEHTOB.
000pyIOBaHUSI. [IpoBepka OAHOPOJAHOCTH HECKOJIBKUX
JTUCTIepCUii, HalIEeHHBIX IO BBIOOpPKaAM
pa3IuyHOro o0BeMa.
3. TlpoBepka OJHOPOJHOCTH CPEIHHUX.
IIpoBepka HOPMAaJIbBHOCTH
pacnpeeneHusl. Koapdumment
KOPPEJIALIMH.
4. Merox HaMMEHBIIMX KBaapaToB Jyis | 2. Perpeccuonnblit
MHOTO(aKTOPHBIX SKCIEPUMEHTOB. | aHAJIH3 W METOIbI
CratucTuyeckuid  aHanu3  ypaBHeHus | [VIAHHPOBAHMA
pPErpeccHl. IKCHEPUMEHTa  C
S. Meronsl AKCIIEPUMEHTAIBHON HEIbIO
ONITHMU3ALIHH. MaTEMATHYCCKOI'O
OITHCaHUusA
[InanupoBanue ONHO(AKTOPHBIX | (oo oo MeTomb!
JKCIIEPUMEHTOB npu TOHMCKE | 5xcriepHMEHTATBHO
ONTHUMANIBHBIX yca0BUi. OOIIME CBEACHNUS | {i  omTuMu3aIMH.
Mertonbl
[JIAHUPOBAHUS
SKCIICPUMECHTOB C
Ka4€CTBCHHBIMHU
¢dakTopamu.
6.MeToabl UMHUTALIMOHHOT'O 3. Hmwuranmonnoe
MoJaenupoBanus. MccneqoBanus Ha MOZICIINPpOBAHHE.
MMUTALMOHHON MOJIEIIN.
1. [IpumeneHue TabIHI] COMPSKEHHOCTH 1. OCHOBHBIE
JUIS1 OLICHKU B3aUMOCBSI3HM MPU3HAKOB. HOHATUA U 3a]a4u
Panrosas koppessnus. HayqHbIX
2.  MHcmombzoBannme  kod(pdurmenra | MCCICAOBAHII B
KOHKOPJIAITuu VTS 00paboTku OTpacit.
ITepBruunas
CIIOCOGHOCTD SKCIIEPTHBIX OLEHOK NPH PAKHPOBAHMA | oo6omen
BBIOMPATH U pe3yJIbTaToB
NPUMEHATH OKCIICPUMCHTOB.
cooTBeTcTByfomuMe | 3- MeTox muxoromun. Merton 3omororo | 2. Perpeccuonmbiii
METOIbI ceucHus. MeTton MOKOOPAUHATHOIO | AHAIM3 W MCETOABI
MOJICIIUPOBAHUS MOHMCKa. MeTtob1 MJaHUpOoBaHus | [VAHUPOBAHMA
MEXaHHUYECKUX U SKCIIEPUMEHTOB c KayecTBeHHbpIMY | JKCTCPUMEHTa €
MIK-12 | dpusuko- axropamu. HEIBIO
™ -~ | MAaT€MaTu4€cCKOro
XUMHUYECKHIX 4.  OnHOGMAKTOPHBIH  NHUCTIEPCUOHHBIN ONCAHIS
TIPOLIECCOB ananus. [lpumenenne ABYX(haKTOPHOTO | (oo oo MeTosl
JIECO3aroToBUTElIb | AUCIICPCHOHHOTO aHaJin3a npu SKCHEPUMEHTAILHO
HBIX 1 UCCIIEIOBAHMAX B JIECO3ATOTOBUTENLHON U | i omruMu3alyy.
Hepe30nepepa6aj nepeBonepepa6aTLIBafomeI71 oTpaciiu. Metonabl
BIBAIOIIINX 5. IlpuMeHeHUE IaTUHCKUX KBAJpPATOB | IIaHUPOBAHMS
MIPOU3BOICTB. npu HCCJIETOBaHUSIX B | OKCIIEPUMEHTOB  C
JIEC03arOTOBUTEIBHOM y | Ka4CCTBCHHRIMU
(akTopamu.

JepeBoriepepadaThIBAOIICH OTPACIIH.

6.Mertoabl UMHUTAIIUOHHOTO
MOJIETUPOBAHUS. Uccnenosanus Ha
UMUTALIMOHHON MOJIEIIN.

3. Hmwuranmonnoe
MOJICJTUPOBaHHE.
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3 OmnwucaHue NoKaszareneld 1 KpUTepUeB OLCHUBAHUS KOMITETCHIIUN

-MaTeMaTUYECKUe METO-
bl 1 nporpammel OBM
JUISL PELIEHUS] MOJIEIICH.
(ITK-12)

-OCHOBHBIE TIOHSTHS |
METO/Ibl MaT€MaTUYECKO-
ro aHanausa

YMmerh

(OI1K-1):

-MCIOJIb30BaTh MaTeMa-
TUYECKHE METOJIbI B TEX-
HUYECKHUX MPUIOKEHUSX;
-CaMOCTOSITETLHO  (pop-
MyJIMpOBaTh 3aJady Ha-
YYHOTO  HCCIICJIOBAHUS,
HaMETUTh IIYTH €€ pelle-
HUs, OPraHU30BaTh IPO-
BEJICHUE HAYYHBIX HCCIIe-
JIOBaHWM, 1eJIaTh BBIBO-
bl ¥ 0000IIEHNS.

(TIK-2)

-MCIOJIb30BaTh MaTeMa-
TUYECKHE METOJBI B TEX-
HUYECKUX MPUIIOKEHUSX;
-CaMOCTOSTETLHO  (hop-
MyJIMpOBaTh 3aJady Ha-
YYHOTO  HCCIICJIOBAHUS,
HaMETUTh IYTH €€ pellle-
HUS, OPTaHU30BaTh IPO-
BEJICHUE HAYYHBIX HCClIe-
JIOBaHUM, JeJaTh BBIBO-
6l ¥ 0000IIEHNS.

HEYAOBJIETBOPUTEC/IBLHO

Iloka3zarenn Ouenka Kpurepun

3HaTh OO6yuaronimiics JEMOHCTPUPYET
(OIIK-1): MIyOOKOE W TMPOYHOE  YCBOCHHUE
-METO/Ibl TMOJYYCHHS] Ma- OT/IHHIHO MporpaMMHOI0 Marepuaia. Yerko u
TEMaTHYECKHX MOJesen MOCIIeI0BATEIbHO U3JIaraeT MaTepuanl.
TEXHOJIOTHYECKUX  IIPO- OO6yyaromuiics JIEMOHCTPUPYET
1IECCOB; Xopouro TBEpIOE 3HAHWE MaTepuana. M3maraer
-MaTeMaTu4cCcKkue MeETo- MaTepual rpaMOTHO U TI0 CYIIECTBY.

Ibl U nporpamMmMmsl OBM =

1A pelIenns Moee. OOyuaronuiics AeMOHCTPUPYET 3HAHUS
HK-Z) YAOBJIETBOPUTEIbHO TOJIBKO OCHOBHOI'o Martcpualia. HpI/I
SMGTOI[BI HoMyYeHus Ma- U3JI0)KEHUU ~ MaTepuana  JOIyCKaeT
TEMaTH4YEeCKH  Mojene HeTOqHOCTH;

TEXHOJIOTHYECKUX  IPO- Obyuaromutics ACMOHCTPHPYCT
LeCCOB; OTCYTCTBHE  3HAHHUS  3HAYUTEIBbHOMN

4acTH MporpaMMHOro marepuana. [lpu
U3NIOKEHUU  MaTepuana  JOIMYyCKaeT
CYILIECTBEHHBIC OIIMOKH.
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(ITK-12)

- UCTOJBh30BaTh MaTeMma-
TUYECKUE METOJbI B TEX-
HUYECKHUX MPHIIOKEHUSX;
Bnanets

(OI1K-1):
-MaTeMaTUYEeCKUMH  Me-
TOJaMU  TUIAHUPOBAHUS
SKCIIEPUMEHTA I MOJTy-
YCHHUSI MaTEeMATHYECKHUX
MojieJIel OnmucaHusi Tex-
HOJIOTUYECKUX  IPOIIec-
COB;

-METO/IaMU CTaTHCTHYEC-
KO 00paboTKH pe3ylib-
TATOB JKCIEPUMEHTa U
MIPOBEPKU a/IeKBAaTHOCTH
MaTeMaTUYeCKOu MoJie-
.

(TIK-2)
-MaTeMaTUYEeCKUMH  Me-
TOJaMU  TUIAHUPOBAHUS
SKCIIEPUMEHTA JIs TOIy-
YeHHUS MaTeMaTHYCCKHX
MoJieJIel OMUCaHUsl TeX-
HOJIOTUYECKUX  IPOIIec-
COB;

METOJIaMU CTATHCTUYEC-
KOl 00paboTKu pe3yiib-
TATOB JKCIEPUMEHTa U
MIPOBEPKU  a/IeKBAaTHOCTH
MaTeMaTU4YeCKoOu MoJie-
.

(T1K-12)
-CaMOCTOATENbHO  op-
MyJIUPOBaTh 3aady Ha-
YYHOTO  HCCIIEIOBaHUSA,
HAMETHThH IyTH €€ pelle-
HUS

-OpraHu30BaTh IPOBE/Ie-
HUE HAYYHBIX HCCIIEI0BA-
HUH, Jenath BBIBOABI M
000011eHus
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4. Meroanueckue MaTepualibl, OINpPEACNSIONMe MPOLEAyphl OLEHUBAaHUS 3HAHUM,
YMEHHIA, HAaBBIKOB M OMBITA ACSITETbHOCTU

Jucuunimaa  «MeToapl MW CpeACcTBA HAy4YHbIX MCCIEJOBAHUI»  HalpaBi€HAa Ha
npuoOpeTeHne y oO0y4Yaromuxcs TEOPETUUYSCKUX 3HAHWUK B 00JIACTH MaTEMaTHYECKOH MOJIEINH,
MOJICJIMPOBAHUM M ONTUMH3ALMU B JIECHOM MPOMBINUICHHOCTH M OXBaThIBAET KPYr BOIIPOCOB,
OTHOCSIIUXCA K HAay4HO-MCCJIEIOBATEIbCKOW MPOU3BOICTBEHHO-TEXHOJIOTUYECKON AEATEIbHOCTU
Oaxanaspa.

N3ydenue qucuumuinHbl « METOIbl U CPEACTBA HAYYHBIX UCCIEOBAHUI) IPEAYyCMaTPUBACT:

— JICKIIHH,

— TMPAKTUYECKUE 3aHATUS;

— nabopaTopHbie pabOTHI;

— DBK3aMeEH.

C uenplo oOmpeiesieHUs YPOBHS OBJAJCHUS KOMIIETCHLMSIMH, 3aKpEIJICHHBIMH 32
JUCLUUILJIMHOM, B 3a/JaHHbIE IPENOJaBaTeIeM CPOKU MPOBOAUTCS TEKYIIUA KOHTPOJIb 3HAHWIA,
YMEHUW U HaBBIKOB KaXXIOT0 OOYYaromIerocs, arTecTalys M0 WTOTaM OCBOCHHUS IUCIMIUIUHBIL.
Texkymuil KOHTPOJb NPOBOJUTCS HA ayJUTOPHBIX 3aHATHSAX C LEJIbI0 ONpPENENCHUs KadecTBa
YCBOCHHUS MaTepuaja 10 OKOHYAHWU U3YYCHUs OYepeTHON yueOHOU TeMbl B CleAyrommx (hopmax:
MMUCHbMEHHBINA ONPOC, TECTUPOBAHUE. ATTECTAIUS 110 UTOraM OCBOCHHUS AUCIUTUIAHBI.

J1s1 KOHTPOJIsE YCBOSHUST JaHHOM JAUCIHUIUIMHBI YY€OHBIM TIJIAHOM MPETYCMOTPEH K3aMEH
(cempmoit cemectp). Ha sx3aMeHe 00y9aronuMCsi MOArOTaBIMBACTCS OTBET Ha 3 BOMPOCA, CIHCOK
KOTOPBIX MPUBEIEH B npuiiokenuu 1 tabdn.2. Ha moAroToBky K OTBETY CTYIEHTAM BBIJEISAETCS OT
30 1o 40 munyT. Ha Bce BONpoCHl CTYJEHT TOTOBUT MMCbMEHHBIN KOHCIIEKTUBHBIN OTBET, KOTOPBII
3aTeM JIOKJIJIbIBAET IIPETIO1aBaATEIIO.

B mnponecce mnpoBeneHHUs MPAKTUYECKUX 3aHATHM MPOUCXOAUT 3aKpeIJICHHE 3HaHUU,
(dbopMHUpOBaHKE YMEHUN U HABBIKOB peaTM3alliy MPEICTABICHUS O MOJICTUPOBAHNE U ONITUMHU3AIIUN
MIPOIIECCOB B IEPEBOOOPAOOTKH.

CaMocTosTeNnbHYI0O paboTy HEOoOXOIMMO HauyMHAaTh C MpOpabOTKHM TEOPETHUYECKOIrO
MaTrepuaa 1o IpouIeHHON TeEME.

PabGora ¢ nuTepaTypoil SIBISETCS Ba)XXHEHIIUM DJJIEMEHTOM B TMOJYYEHUW 3HAHUN 1O
mucrumnae. [Ipexae Bcero, HEOOXOAMMO BOCIIONB30BAThCSA CIIHCKOM PEKOMEHIYyeMOi Mo JaHHOH
JTUCIUIUIMHE JIATEPATYypoil. [[OMONHUTENBHBIE CBEACHUS MO HM3YYaeMbIM T€MaM MOKHO HAWTH B
nepuoanyecko neyatu u MaTepuere.
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Ipunoxenne 2

AHHOTALIUASA
paboyeii MporpaMMbl 1M CHUTIITTHHBI
MeToabl M CpeaCTBA HAYYHBIX UCCJIEI0BAHUI

1. Heanb u 3a0a9u AUCHUILIMHBI

Llenpto M3ydeHUsT MUCHUILUIMHBI SBJISIETCSA: IOJArOTOBKA OOYYAIOMIMXCS K CaMOCTOSTEILHOMY
PCIICHUIO HAYyYHO-HUCCIICAOBATCILCKUX 3a/ad JIECO3arOTOBUTEIBHBIX M JIepeBOmepepadaThiBa-
IOIIMX IPOM3BOJCTB C HCIOJIB30BAHUEM COBPEMEHHOIO KOMIIBIOTEPHOIO M IPOrPaMMHOIO
obecrieyeHus.

33[[3'—161\/'1 JOUCHHUIIJIMHBI SABJISICTCS Hay‘-H/ITB 06y‘{aIOH_[I/IXCSI HUCIIOJIB30BATh MAaTEMATUUYCCKHNEC METOIbI
B TEXHMYECKMX MPHIOKCHHSIX; HCIOJIb30BaTh BO3MOKHOCTH BBIUYHCIUTCILHON TEXHUKH H
MIPOrPaMMHOTO 00ECIICYCHHUS; CAMOCTOSATEIBHO (POPMYJIMPOBATh 3a7a4y HAy4YHOT'O UCCIICIOBAHUS,
HAMETHTD IYTH €€ PELICHHUs, OPIraHU30BaTh MPOBEICHUE HAYYHBIX UCCIICIOBAHHIA, IEIaTh BBIBOIBI
# 00001menus.

2.  CTpykTypa THCHHUILINHBI

2.1 PacmpeneneHue TPYJOEMKOCTH IO OTHACIBHBIM BHJIAM Y4eOHOW pPa0OThI, BKIIOYAS
CaMOCTOSITENILHYIO paboTy: Jiekiuu (6 gacoB), mabopatopHbie paboThl (8 4acoB), MPAKTHICCKHE
3ansaTus (4 yaca), camocrosteabHas pabora (153 yaca).

OO6m1ast Tpy1I0€MKOCTh TUCHHUIUIUHBI cocTaBiigeT 180 yacoB, 5 3a4€THBIX €IUHMII.

2.2 OcHOBHEBIE pa3aciibl JUCHUITIIINHBI:

1.0OcHOBHBIE TOHSTHUS U 33724l HAYYHBIX HCCIIeJ0BaHMI B oTpaciu. [lepBudHas 00paboTKa pe3ynbTaToB
IKCIIEPUMEHTOB.

2.PerpeccroHHBII aHATNM3 M METO/IBI TTAHUPOBAHMS SKCIIEPHIMEHTA C IIeTbI0 MATEMAaTHIECKOT'0 OIIMCaHUS
00BEKTOB. MeTOIbI DKCTIEPUMEHTATIBHOM ONTUMH3AKH. MeTO/Ibl TUTAHUPOBAHUS SKCIIEPUMEHTOB C
KayeCTBEHHBIMH (haKTOPaMH.

3.MIMuTanioHHOE MOJICITUPOBAHHE.

3. Ilnanupyemble pe3ybTaThbl 00y4eHHUs! (epeyeHb KOMIIeTeHIM)

[Ipouecc n3yueHus: AUCUUIIIMHBI HAIIPaBJIeH HAa (OPMUPOBAHUE CIAEAYIOLIUX KOMITETEHIIUI:
OIIK-1 - cnocoGHOCTh NMOHMMATh HAyYHBIE OCHOBBI TEXHOJIOTMYECKHUX IPOLECCOB B 00JacTu
JI€CO3arOTOBUTEIbHBIX MPOU3BOJICTB.

[1K-2-cnocoGHOCTh ~ MCMOJB30BAaTh  MAKEThl  MPHUKJIAIHBIX  MporpamMM s pacuera
TEXHOJIOTUYECKHX NTapaMeTPOB MPOLIECCOB U 00OPYAOBaHMUSL.

[1K-12-ciocoOHOCTh BBIOMpPAaTh M NPUMEHSTH COOTBETCTBYIOLIME METOIbl MOAEIHPOBAHUS
MEXaHUYECKUX U (PU3MKO-XUMUYECKUX MPOIIECCOB JIECO3arOTOBUTEIBHBIX U JIepeBoIepepadaThl-
BAaIOIMX ITPOU3BOJICTB.

4. Buj poMeKyTOYHOI aTTeCTANUH: YK3aMeH
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Ipunoxenne 3

IIpomoxon 0 0ononnenusx u usmMeHeHusAX 6 padoueil npozpamme
na 20__ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpst Ne OT «___ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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IIpunoxenue 4

OOHA OLNEHOYHbLIX CPEJCTB JIA TEKYIIEI'O
KOHTPOJIA YCIIEBAEMOCTH 110 IUCHUITJIMHE

1. Onwucanue ¢poHIa OLIGHOYHBIX CPEICTB (ITACIIOPT)

Ne
KOMIIETE JNeMeHT Paznen Tema DOC
KOMIIETEHLMH
HIUH
OIlK-1 CIIOCOOHOCTD 1. OcHOBHBIE 1.1 OcnoBuble noHsATHA H | OTYETHI 11O
MMOHUMAaTh Hay4YHble | MOHATHA U 331241 3aga4u HaydHbIX | JIP u 13
OCHOBBI HaYYHBIX HCCIIeIOBAHUHN B OTPACIH.
TexHOMOrMyeckux | HCCIeI0Banuii B 1.2 TlepBuunast o00paboTKa
MPOIIECCOB B orpacnu. Ilepuunas | pe3ynbTaToB
00paboTka 9KCIIEPUMEHTOB.
obnactu
pe3yabTaToB Craructiueckue OLICHKH
J1eCO3aroTOBUTEIRH 9KCTIIEPUMEHTOB. pe3yabTaTOB HAOIIOACHHH.
bIX U 1.3 IIpoBepka 0HOPOTHOCTH
JiepeBonepepadbare CpEIHHX. [TpoBepka
BarOIIUX HOPMaJHHOCTH
MPOU3BOJCTB pacnpesieeHusl.
2. PerpeccroHHbIN 2.1 Perpeccuonnsiii anamu3 | OQT4eTH IO
aHaJu3 ¥ METO/bI U MeToAsl TulaHupoBaHus | JIP y [13
TUTAHUPOBAHUS IKCHEPUMEHTa C  LEJbIO
9KCIIEPUMEHTA C MaTEeMaTHYECKOI'O OIUCAHUS
LEIIbIO 00BEKTOB.
MaTeMaTU4YeCKOro 2.2 Merog HauUMEHBIIHUX
onucaHus 0ObEKTOB. | KBaJpaToB JUIst
MeTtost MHOTO(aKTOPHBIX
IKCTIEPUMEHTAIILHON | SKCIIEPUMEHTOB.
ONTUMM3ALINH. CrarucTiueckuit aHam3
Mertobt YpPaBHEHHUS PETPECCHUM.
IJIaHUPOBAHUS 2.3 Meroapl IIaHUPOBAHUS
HKCIIEPUMEHTOB C JKCIEPUMEHTOB c
Ka4eCTBEHHBIMU KayeCTBEHHBIMH (DaKTOpaMu.
¢dakTopamu. OnHodakTopHBIH
JMICTIEPCUOHHBIN aHAIU3.
3.Imurammonsoe 3.1 Uccnenosanus Ha | OTYeThI 11O
MO/JICITUPOBAHUE. UMHTAIIOHHON MOJIEIH. JIP u I13
T1K-2 CIIOCOOHOCTH 1. OcHOBHBIE 1.1. Hayunoe TBOpuecTBO, | OTYETHI 11O
HUCIIONB30BATh TIOHATHSA U 3a/1a41 HAYYHO-TEXHOJIOTHYECKHUI JIP u 113
aKeTEH HaYYHBIX MpoIecc-OCHOBA  Pa3BHUTUS
TPUKIIaIHBIX UCCIIEIOBaHUH B 00IIeCTBa M MPOU3BOJICTBA.
TpOTpaMM s orpacnu. [lepeuunas | 1.2 Pacuer noBeputenbHOro
obOpaboTka WHTEpBaja JUTS
pacuera
pe3yIbTaToB MaTeMaTHIECKOT0
TEXHOTOTHICCKIX 9KCTIEPUMEHTOB. OKU/IaHUSL. Omnpenenenue
[apaMeTpoB HEO0OXO0IHMOT0 ob6bema
IIpONECCOB U BeIOOpKH.  OtOpachkiBaHue
000py/I0BaHHS. rpyOBIX U3MEpEHUil.
13 Koaddpumument
koppessauuu.  IIpumeHeHue
TaONUI CONMPSHKEHHOCTH JUIS
OLICHKHU B3aMMOCBS3U
IIPU3HAKOB.
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2. PerpeccroHHBIH 2.1 AxtuBHBIE U TIaccHBHBIE, | OTUYETHI 11O
aHaJU3 ¥ METOABI 0HO(aKTOPHBIE u | JIP u II3
IUTAHUPOBAHUS MHOT0()aKTOpHbIE
IKCIIEPUMEHTA C 9KCHEpUMEHTHl.  OCHOBHBIE
LENbI0 3aJa9u TUTAHUPOBAHUS
MaTEeMaTHYECKOTr0 JKCIEPUMEHTA.
onucaHusi OObeKToB. | 2.2 Mertonsl
Mertoabt 3KCIIEPUMEHTAIBHOU
9KCIIEPUMEHTAILHON | ONTUMH3ALNH.
ONTUMM3ALINH. [InanupoBanue
Mertoast 0JTHO(haKTOPHBIX
TUTaHUPOBAHUS 9KCHIEPUMEHTOB TIPU TOUCKE
9KCIIEPUMEHTOB C ONTUMAJIbHBIX YCIOBUH.
Ka4eCTBEHHBIMHU 2.3 [Ipumenenne
¢akTopamu. IBYX(aKTOPHOTO
JTUCTIEpCHOHHOTO  aHalu3a
IpU  HUCCIEAOBAaHMAX B
JIECO3arOTOBUTENBHOU u
JiepeBonepepadaThIBaIOIICH
OTPACIIH.
3. UmuranuonHoe 3.1 Metoas! umMuTanMoHHOTO | OTYETHI IO
MOJIETTPOBaHHUE. MOJIEJIUPOBAaHMUSL. JIP u I13
[1IK-12 CIIOCOOHOCTD 1. OcHOBHBIE 1.1. Hayunoe TtBOpuecTBO, | OTYETHI IO
BBI6I/IpaTB U MOHATHUA U 3aJa4YU HEly‘IHO-TCXHOJIOFH‘I@CKI/Iﬁ JIP u I13
IPUMCHSIT HaydHBIX MIPOIIECC-OCHOBA  Pa3BUTHUSA
COOTBETCTBYlowpe | MCCHEN0BaHMI B 00I1IeCTBa U MPOU3BOJICTBA.
METOJIEL otpacnu. Ileppuunas | 1.2 Pacuer noBepUTEIBHOIO
00paboTka UHTEpBaja TUIst
MOJEIUPOBAHUSA
Pe3yIbTaToB MaTeMaTHYECKOTIO
MCXaHIMICCKIX 1 9KCTIIEPUMEHTOB. OKU/IaHUSL. Omnpenenenue
usnko- HEOOX0IMMOTO ob6bema
XUMHICCKHX BeIOOpKH.  OtOpackiBaHue
nponeccoB rpyObIX U3MEPEHUH.
JIECO3aroTOBUTEIILH IIpoBepka OIHOPOJAHOCTU
BIX U IByx aucnepcuid. IIposepka
nepeBornepepadaTs OJTHOPOJIHOCTH  HECKOJIBKHX
BAIOIHX JIUCTIepCui, HaWJIEHHBIX 10
IIPOU3BO/ICTB. BbIOOpKaM OJIMHAKOBOT'O
o0Bema. IIpoBepka
OJHOPOAHOCTH HECKOJIBKUX
JIMCTIEpCUI, HAWJEHHBIX TI0
BBIOOpKaM pa3JInyHOro
o0bema.
1.3 PanroBas Koppemsnus.
Hcnons3oBanue
ko3 dunmeHTa
KOHKOPJAILNH JULst
00paboTku 9KCIEPTHBIX
OLICHOK ITPY PaHKUPOBAHUHU.
2.  Perpeccuonssiii | 2.1 OcHoBHBIE BuAbl | OTYETHI 110
aHaM3 W MeTOJBI | MaTeMaTHYecKux  MojeneH, | JIP i [13
TUTAHUPOBAHUS MIpUMEHsIEMbIe npu
9KCIIEPUMEHTA C | MCCIIEOBAaHMUAX B JIECHOH
LEJBI0 MIPOMBIIIJICHHOCTH.
MaTeMaTHYECKOI0 2.2 O6mue cBenenus. Merog
ONUCaHUsA OOBEKTOB. | TUXOTOMUHU. Meron

Metoasl

30JI0TOr0 ceueHusI. MeToj,
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AKCTIEPUMEHTAIBHOU

MNOKOOPAWHATHOT O IMOUCKA.

ONTUMM3ALIUH. 2.3 IlpuMeHeHHE JTATUHCKUX

MeTtoabt KBaJIpaToB npu

MJIAHUPOBAHUS HCCIIEJOBAHUIX B

SKCIIEPUMEHTOB C | JIECO3aroTOBUTEIBHOM Hu

KaueCTBCHHBIMH ZepeBornepepabdbaTeBatoei

(dhakTopamu. OTpacyu.

3. Nmuranuonuoe | 3.1 Metoasl uMutaniioHHOro | QOT4YeThl 1O

MOJICIIUPOBaHHE. MOJICTUPOBAHUSL. JIP u T13
UccnenoBanms Ha

HUMHUTAIIMOHHON MOJEITH.

2. Onucanue moxasartejie u KPUTCPUECB OLICHUBAHUSA KOMHCTCHHI/Iﬁ

IMoxka3zaTenn

Onenka

Kpurepun

3HaTh

(OIIK-1):

-METOAbl MOJIYYEHUS Ma-
TEMaTUYECKUX Mojelen
TEXHOJOTHYECKUX  IPO-
LIECCOB;
-MaTEMATUYECKHE METO-
Ibl U nporpamMmMmbl OBM
JUISL PELIEHUS] MOJIEIICH.
(TIK-2)

-METOAbl MOJIYYEHUS Ma-
TEMAaTUYECKUX Mojelen
TEXHOJOTHYECKUX  IPO-
L[ECCOB;
-MaTEMAaTUYECKHE METO-
Ipl 1 mporpamMMmel OBM
JUISL PEIEHUS] MOJIECIIEH.
(TIK-12)

-OCHOBHBIE TIOHATHS H
METOABl ~ MaTeMaThyec-
KOr'0 aHaJin3a

Ymers

(OI1K-1):

-MCIOJIb30BaTh MaTeMa-
THUYECKHUE METOJbI B TEX-
HUYECKUX MPUIIOKEHUSX;
-CaMOCTOSTETLHO  (pop-
MyJIMpOBaTh 3aJady Ha-
YYHOTO  HCCIIEIOBaHUA,
HaMETUTh IIyTU €€ pelie-
HUSI, OpPraHU30BaTh MPO-
BEJICHUE HAYYHBIX HCCIIe-
JIOBaHUM, JeJaTh BBIBO-
6l ¥ 0000IIEHNS.

(TIK-2)

-MCIOJIb30BaTh MaTeMa-
TUYECKHE METOJNBI B TEX-
HUYECKUX MPUIIOKECHUSX;

3aYTCHO

OO6yuaromuiicst JEMOHCTPUPYET
rmy0oKoe H  TPOYHOE

YCBOCHHUC

IporpaMMHOTO Matepuana. YeTtko u
MOCIeI0BATENbHO U3NIaraeT MaTepual.

HE 3a4YTCHO

OTCYTCTBHC 3HaHHUA

CYILIECTBEHHBIC OIIMOKH.

OO6yuaromumiicst JEMOHCTPUPYET
3HAUYUTEIILHOMN
4acTU MNporpaMMHOro marepuana. [lpu
W3JIOKEHUM  MaTepuania

AO0ITyCKaeT
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-CaMoCTOsATEeTLHO  (op-
MyJIUpOBaTh 3a1ady Ha-
YUYHOTO  HCCIIEI0BaHUSA,
HAMETHThH IYTH €€ pellie-
HUSl, OPraHHU30BaTh IPO-
BEJICHUE HAYYHBIX UCCIIe-
JIOBaHWM, JenaTh BbIBO-
6l ¥ 0000IIEHNS.
(TIK-12)

- UCTOJBh30BaTh MaTeMa-
TUYECKUE METOJIbI B TEX-
HUYECKHUX MPHIIOKEHUSX;
Bnanets

(OI1K-1):
-MaTeMaTUYEeCKUMH  Me-
TOJaMU  TUIAHUPOBAHUS
SKCIIEPUMEHTA JIs TOIy-
YeHHUS MaTeMaTHYCCKHX
MoJieJIel OMUCaHUsl TeX-
HOJIOTUYECKUX  IPOIIec-
COB;

-METOJIaMU CTaTHCTHYEC-
KO 00paboTKH pe3ylib-
TATOB JKCIEPUMEHTa |
MIPOBEPKU  a/IeKBAaTHOCTH
MaTeMaTUYeCKOu MoJie-
.

(TIK-2)
-MaTeMaTUYEeCKUMH  Me-
TOJaMH  TUTAHUPOBAHUS
AKCTIEPUMEHTA ISl Oy~
YeHHUS MaTeMaTHYCCKHX
MoJieJiel OmucaHusl TeX-
HOJIOTUYECKUX  IPOIIec-
COB;

METOJIaMU CTATHCTUYEC-
KOl 00paboTKu pe3yib-
TATOB JKCIEPUMEHTa |
MPOBEPKU aJIEKBAaTHOCTH
MaTeMaTUYECKOH MoJe-
.

(TIK-12)
-CaMOCTOSATENbHO  op-
MyJUPOBaTh 3a1ady Ha-
YYHOTO  HCCIIEIOBaHUSA,
HAMETHThH IyTH €€ pelle-
HUS

-OpraHu30BaTh IPOBE/IE-
HUE HAYYHBIX MCCIIEI0BA-
HUH, Jenath BBIBOABI M
00001eHus
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[lporpamma coctaBieHa B COOTBETCTBHM C  (pefepaibHBIM  TOCYJapCTBEHHBIM
00pa30BaTeNbHBIM CTaHIAPTOM BBICIIEr0 OOpa30BaHUS IO HamNpaBieHUIO moarotoBku 35.03.02
TexHosOTHS 1€CO3arOTOBUTENIFHBIX U JiepeBOepepadaThIBAIONINX TPOU3BOJACTB OT «20» OKTAOpS

2015 1. Ne 1164

st Haoopa 2015 roaa: u yueoHnbm mwianoMm ®I'BOY BO «bpl'Y» nist 3aounoit hopmbl 00yueHus

oT «04» nexadbps 2015r. Ne 770

A5 Hatopa 2016 roaa: u yue6usM ianoM ®I'BOY BO «bpl'Y» s 3a04H0i popmbl 00ydeHus

oT « 06» nroHsa 2016 1. Ne 429 ¢ usmenennamu ot 06.03.2017 r.Ne 126

st Haoopa 2017 roaa: u yueoHbM wiaHoMm ®I'BOY BO «bpl'Y» st 3aounoit hopmbl 00yueHus

ot «06» mapra 2017 r. Ne 125

st Haoopa 2018 roaa: u yueousim mmanom @I'BOY BO «bpl'Y» miis 3ao0unoit hopmbl 00yueHus

oT «12» mapra 2018 r. Ne 130

IIporpammy cocraBui:
IInorankoB Hukosait I1aBmoBrdy, O1EHT, K.T.H.

Pabouas nporpamma paccMoTpeHa U yTBEpKIeHa Ha 3aceqaHuu kapeapsl BullJIP
oT « 25 » nekabps 2018 r., mpotokos Ne 8.

3aBenytromuii kadeapoit BullJIP HBanos B.A.
COT'JTACOBAHO:

3aBeyromuil BeIMycKaromen kadeapon NBanos B.A.
Jupexkrop O6ubIMoTEKH Cotnuk T.D.

Pabouas nporpamMmMa 07100peHa METOTUIECKON KOMUCCHEH JIECOTPOMBIIIIICHHOTO (haKyIbTeTa
ot « 27 » nmexabpst 2018 r., mporokoi Ne 4.

[Ipencenarens MeToM4eCKOil KOMUCCHH (DaKyIbTETA Ceipomaxa C.M.
Havanpauk
y4eOHO-METOIUUECKOr0 YIPaBICHUs Hexesen I'.I1.

Peructpanmonssiit Ne

(memoouueckuti omoen)
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