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1. HEPEYEHDb IIVTAHUPYEMBbIX PE3YJIBTATOB OBYYEHMUSA 110 JUCHUIIJIMHE,

COOTHECEHHBIX C

OBPA3OBATEJIbHOM ITPOT' PAMMBI

Buj nesiTeJIbHOCTH BBINMYCKHUKA

JucuuriauHa OXBaThIBa€T KPYr BOIPOCOB, OTHOCAIIMUXCSA K HAyYHO-UCCIIEI0BATEIbCKOM,
MIPOU3BOJICTBEHHO-TEXHOJIOTHYECKON BHAaM MPOPECCUOHAIBHOM JCATEIHPHOCTH BBITYCKHUKA B
COOTBETCTBUU C KOMIIETEHIIUSIMH U BHJIAMH JICSITEIbHOCTH, YKa3aHHBIMU B YU€OHOM ILJIaHE.

eab AMCHUIIHHBI

[TonroroBka OOy4arommMXcs K CaMOCTOSTEIBPHOMY PEHICHUI0 HAayYHO-HCCIEAOBATEIhCKUX
3a/1ay JIECO3aroTOBUTEIBHBIX M JIepeBOINEpPepadaThIBAIOIIUX IPOU3BOJACTB C HCIIOJIH30BAHUEM
COBPEMEHHOTO KOMITBIOTEPHOTO M MPOTPAMMHOT0 00ECTICUCHUSI.

3agaun QM CHMILIMHBI

Hayuuts
IPWIOKEHUSX;

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 IKCTIEPUMEHTA u MIPOBEPKHU
aJCKBaTHOCTH MaTEMAaTHYECKON MOICIIH.
[1K-2 CITOCOOHOCTE MCHOJIH30BaTh | 3HATH:

- METOJbl IIOJy4EHUsT MaTEMATHYECKU MOJEIEH
TEXHOJOTHYECKUX MPOIECCOB;

- MaTeMaTH4ecKue METOolbl M mnporpamMmmsl OBM
JUISL pEIEHUS] MOJICIICH.

yMeTh:

-  HCMNOJb30BaTh MaTEeMaTUYECKWE METOJbl B
TEXHUYECKUX MPHIIOKEHUIX;

- caMmocCTosITeNlbHO  (opMynupoBaTh  3ajady
HAay4yHOTO HCCIIEOBaHMs, HAMETUTh IyTH €€
pellleHusl, OpraHu30BaTh MPOBEACHHE HAYYHBIX

HCCIIENOBAHUMN, IeJIaTh BEIBOALI K 0000IIEHMUS.




BJIA/I€Th:

- MareMaTU4YeCKUMU METOAaMH IUIAaHUPOBAHMS
DKCIIEPUMEHTa JUIS TOJIYYeHHs] MaTeMaTHYeCKUX
MOJIEJIEN ONMCaHUs TEXHOJOTUYECKUX ITPOLIECCOB;

- MeTOoJIaMHU CTaTHUCTUYECKOM 00paboTKu
pE3yJIbTaTOB JKCIIEPUMEHTA u MIPOBEPKHU
a/ICKBaTHOCTU MaTeMaTU4YeCKOW MOJIEIH.

[1K-12 CIIOCOOHOCTh BBIOMPATH U | 3HATh:
MPUMEHSTh -OCHOBHBIC TOHSTHS ¥ METOIbl MaTEeMaTUYECKOTO
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

HCCIIEA0BAHUMN, NeJIaTh BLIBOJALI U 0000IIEHHUS

2. MECTO JUCHMILIMHBI B CTPYKTYPE OBPA3OBATEJBHOUN
IHPOI'PAMMBI

Jucuunnuna b1.5.14 Metoasl U cpeacTBa HayyHBIX MCCIIEIOBaHUM OTHOCUTCA K 0a30BOM
YaCTH.

JucuunnuHa Mertonbl UM cpeAcTBa HayyHBIX HCCIENOBAaHUN Oa3zupyercss Ha 3HAHUSX,
NOJYYEHHBIX TMpPH M3YYEHUM TaKUX YYeOHbIX JUCUUIUIMH, Kak: Matematuka, ®Pusuka,
HNndpopmaruka.

OCHOBBIBasICb Ha M3YyYEHUU IEPEUMCICHHBIX IUCUUIUIMH, MeToabl U CpencTBa HaydHBIX
MCCJIEIOBAaHUM IPE/ICTaBIsIeT OCHOBY JUIsl M3Y4YEHHs NUCUUIUIMH: TeXxHudyeckoe oOCIyKUBaHUE U
PEMOHT JiecCHOro 000opy1oBaHus, TeXHOIOTUs U MALIMHBI JIECOBOCCTAHOBUTENIBHBIX paboT.

Takoe cucTeMHOE MEXIUCUUIUIMHAPDHOE M3yYEHUE HANpaBlI€HO Ha JOCTH)KEHHE
tpedyemoro ®I'OC ypoBHS MOJArOTOBKM O KBaTU(PHUKAILMK OaKalaBp.



3. PACITIPEJAEJEHUE OBBEMA JJUCIHHUIIVINHBI

3.1. Pacnpenesnenne od0beMa AMCUMILIMHBI IO oopMaM 00yUeHH s

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 10 4 4 2 161 JK3aMeH
3aounasn - - - - - - - - -
(yckopeHHoOe
oOyueHue)
O4Ho-3204Has - - - - - - - - -

3.2. PacnpenesieHue 00beMa JMCUMILUIMHBI 10 BUAAM Y4eOHBIX 3aHATHI U TPYI0EMKOCTH

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 ¢ 10 5 10
npenoaapareJieM (Bcero)
Jlexmu (JIk) 4 2 4
[paxTuueckue 3ausatus (113) 4 - 4
JlaGoparopnas padota (JIP) 2 - 2
I'pynmoBsie (MHAMBUIYAIbHBIE) KOHCYIbTAN + - +
I1.CamocTosiTesIbHAsE padoTa 00y4aIOLIUXCS 161 ) 161
(CP)
IToAroTOBKA K MPAKTUYECKUM 3aHATUSIM 68 - 68
[ToaroToBKa K 5K3aMEHY B TEUECHHE CEMECTpa 36 - 36
BrimonHenue 1abopaTopHOi paboThI 57 - 57
I11. IIpomexyTouHasi aTTeCTANMA dK3aMEH 9 - 9
OO6mrast TpyT0EMKOCTh AUCIIATLTAHBI yac. 180 - 180
3a4. efl. 5 N 5




4. COAEP)KAHUE JUCIIUITVINHBI

4.1. PacnipeesieHue pa3iesioB IMCHMILVIMHBI 10 BUIaM Y4eOHbIX 3aHATHI
- I 3204HOH (popMBI 00yUeHHs:

Ne
pas-
oenau
membl

Haumenosanue
pazdena u
mema OuCyUNIUHDBL

Tpyoo-
em-
Kocmb,
(uac.)

Buowt yueonvix 3anamuii, 6knrouasn
CamocmoamensvHylo padomy 00yuaruuxca u

mpyooemkocmu; (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

87

1.1

OCHOBHBIC TIOHATUS W 3aJa4u
HAy4YHBIX  HCCIENOBAaHWA B
oTpacnu. HayyHoe TBOpuUecTBO,
HAYYHO-TEXHOJOTHYECKHI TPO-
1eC - OCHOBAa pa3BUTUA 00-
uiecTBa U npousBoacTna. Ilep-
BUYHAsi 00paboTKa pe3ybTaToB
sKcriepuMeHToB. CraTucruyec-
KHE€  OIEHKH  Pe3ylIbTaToB
HaOmoneHnit. Pacuer mnoBepu-
TEJILHOTO WHTEpBaia JUIs Mare-
MaTH4eckoro oxumanus. Ompe-
JeJIeHrne Heo0X0auMoro oobsemMa
BbIOOpKH. OTOpackiBaHue TIpy-
OBIX U3MEpPEHUI.

42,5

0,5

40

12

IIpoBepka OAHOPOIHOCTH ABYX
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
pacnpeneneaua. 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.

49,5

0,5

47




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

79

74

2.1.

PerpeccuonHslil aHanu3 u MeTO-
bl IUIAHUPOBAHUS  SKCIEPHU-
MEHTa C LEJbl0 MaTeMaThyec-
KOTO OIMCaHWus OOBEKTOB. AK-
THBHbIE M MAaCCHUBHBIC, OIHO-
(baxTopHBIE 1 MHOTO(AKTOPHBIE
skcepuMeHThl. OCHOBHBIE 3a-
Jlayd [JIAHUPOBAHUS SKCIEPHU-
MeHTa. OCHOBHBIC BHIBI MaTe-
MAaTHUYECKUX MOJIENIeH, IpuMe-
HSEMbIE NPU HUCCIECIOBAHUAX B
JIECHOM MPOMBINUIEHHOCTU. Me-
TOJ HAUMEHBIINX KBaJpaToOB
JUTSE MHOTO(DaKTOPHBIX IKCIIEPH-
MeHTOB. CTaTUCTHYECKHUH aHa-
U3  YpPaBHEHHUS  PETPECCHH.
Mertoapl  AKCHEPUMEHTAIBLHOMN
ONTUMU3ALUH.

36,5

0,5

34

2.2

[ImarupoBanne oOMHO(AKTOPH-
BIX 3KCIEPUMEHTOB TIPU TIOUCKE
ONTUMABHBIX yciaoBuid. O0Ime
cBefieHnss. MeToJl JTUXOTOMHHU.
Meron 301010r0 ceueHus. Me-
TOJI TOKOOPAUHATHOTO 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.

42,5

0,5

40

HUTOroO

171

161




4.2. Copeprxanue JMCHMILIMHBI, CTPYKTYPHPOBAaHHOE 10 pa3jiesaM U TeMaM

Pa3nen 1. OcHoBHBbIE MOHATHS U 33/1a4H HAYYHBIX UCCae0BaHuil B oTpaciu. [lepBuunasi 06padoTka
pPe3yJbTATOB IKCIIEPUMEHTOB.

Tema 1.1. OcHoBHbIE OHATHS U 331a4M HAYYHBIX HCC/Ie10BaHuii B oTpaciu. HayuHoe TBopuecTBO,
HAYYHO-TEXHOJOTMYECKHIl TMpolecc-0CHOBAa pa3BUTHA o0wmecTBa M mpousBoacTBa. IlepBuuHas
o0padoTka pe3yJbTATOB JKCcIHEepUMeHTOB. CTaTHCTHUYEeCKHE OIEeHKH Pe3yJIbTATOB HAOJII0deHMIl.
Pacuyer noBepuTeJBHOr0 MHTEPBAJIA IJs1 MaTeMaTHYeCKOro oxuaanusa. OnpeneneHue He00X0AUMOT O
o0bema BbIOOpKkH. OTOpachiBaHue rpyobix udmepenuii. IIpoBepka ogHOPOAHOCTH ABYX AUCIEPCHIi.
IIpoBepka 0OIHOPOAHOCTH HECKOJIBKHX JMCHEPCHI, HAWIEHHBIX M0 BHIOOPKAM OAWHAKOBOro o0beMa.
IIpoBepka 0AHOPOAHOCTH HECKOJBKHMX AN CIIEPCHIl, HAWEHHBIX 110 BLIOOPKAM Pa3In4HOro oobema.

HayuHo TexHMYecKHil mporpecc Ha COBPEMEHHOM 3Tale IpeACTaBisieT co00i B3auMMOOOYCIIOBIECHHBII
NPOLIECC Pa3BUTHS HAYKU M TEXHUKH, MTO3BOJIIIOILMI YeIOBEKY BO3ACHCTBOBATH HA OKPY’KAIOILYIO 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
HayuHO-TexHu4eckoi pesomtoruu (HTP). Ocobennoctssimu HTP sBrstorcs: Bo3pacTaromasi posib HayKH;
BO3MOXHOCTh aBTOMATH3allMd HE TOJBKO (PU3UYECKOr0, HO M YMCTBEHHOTO TpyZa; OBICTPBIA POCT M
OOHOBJICHHE HAayYHO-TEXHHYECKON MH(popMauuy; OBICTpas CMEHa MaTepHajoB, KOHCTPYKLMH, MAallIWH,
TEXHOJIOTHYECKUX IMPOLECCOB; PE3KOE YBEIMUYCHHE PA3HOBUIHOCTEH MHXEHEPHBIX PELICHHI; MOBBILICHUE
YpPOBHA KOMIIIEKCHOM MEXaHM3allM U aBTOMAaTHU3alluu MPOU3BOACTBA, a TAKIKC 6ypHO€ PAa3BUTUC CIIOXKHBIX
CHUCTCM YIIPABJICHUA.

CoBpeMEeHHOE MPOU3BOACTBO TPeOyeT OT CIELHUAJIMCTOB YMEHHE CAaMOCTOSATENBHO CTaBUTh M PELIATh
Ppa3jIn4HbIC, TPUHIUIINAJIEHO HOBBIC 3a1a4u. DTOro Helb3s JOCTHYb 6e3 OBJIaACHUA CTYACHTAMHU MCTOJaMn
HaYYHBIX HccliegoBaHuid. Takum oOpa3oM , Hay4yHas MOATOTOBKAa B By3aX-OJHA M3 BKHEHIIUX CTOPOH
oOyuenusi. Bpenenne B y4eOHBIH mponecc ucuUIUIMHBL «OCHOBBI HAyYHBIX HCCIEIOBAaHMHA B
JIepeBooOpaldoTKe) SBISIETCS ONHUM W3 BaKHEHIIMX STAalloOB pa3BUTHS BbICIIEH MIKOJbI. B pesymbrare
HN3y4YCHUA I[aHHOﬁ JUCHHUIUIMHBI CTYJACHT AOJIKEH OCBOUTH METOAOJIOTMIO HAYUYHBIX HCCHGHOBaHHﬁ, HU3YUYUTH
METOAMKY IUIAHUPOBAHUSI M OPraHM3alMM HAyYHO-HCCIIECAOBATEIbCKUX PadoT, crnocoObl 00paboTKH U
aHanM3a HeoOXOoAMMOW MHGpOPMALUHU 10 TeME Hay4dHOro HcciiefoBaHua. Kpome TOro oH JOJKEH yMETh
(bopMyIMpoBaTh LIENb U 33/1a4K SKCIIEPUMEHTA, pa3padaThiBaTh TEOPETHUECKUE PEATIOCHUIKY, TNIAHHPOBATh
U TIPOBOAMTH 3KCIIEPHUMEHT; 00pabaThiBaTh pe3ylbTaThl HM3MEPEHHWH W OIEHHMBATh IOTPEIIHOCTH
HaOJIIOEHUH; CONOCTABISITh PE3yJbTAaThl 3KCIEPUMEHTAa C TEOPETUYECKUMH MPEANOCHUIKAMH U
(GbopMyIpoBaTh BEIBOABI HAYYHOTO HCCIICAOBAHMS.

B necHoit m pepeBooOpabaThiBaroliell MPOMBIIUIEHHOCTH HWCCIENIOBAHUSI TIPOBOAAT YacTO C IIETBIO
OTBICKMBAHUSI HAaWBBITOAHEHIINX YCIIOBHH HPOTEKaHHs IMPOLECCOB, ONTUMAJIBbHBIX DPEXKHUMOB PabOTHI U
napamMeTpoB MallllH U MEXaHU3MOB IPH UX MPOEKTUPOBAHUH U MOAECPHU3ALIUH.

ITpn uccnenoBanuu M0O60r0 00BEKTA, TEXHOIOIMIECKOTO MPOIECCa U BOOOIIE CHCTEMBI B OCHOBY JOJDKEH
OBITh TIOJIOKEH CHCTEMHBIM moaxoa. I[losToMy Tmpekne dYeM MPUCTYNUTh K PacCMOTPEHUIO
METOJOJIOTUYECKHX ACTIEKTOB MCCIIEA0BaHM, IOTOBOPUM O CHCTEMaX U CYIIIHOCTH YIPaBICHHUS UMHU.

HpI/I OINITUMH3AIINU IIPOU3BOACTBEHHBIX IMPOLECCOB YaCTO BO3ZHUKACT IMMPOMEKYTOYHAA 3a/la4a-OThICKMBAHUC
AHATMTHYECKOH 3aBUCHMOCTH ONTHMHU3UPYEMOTO TapaMerpa OT HCCIIEAYeMbIX (DakTopoB, T. €. MOIyYeHHE
MaTeMaTHYeCKOH MOJENH Ipolecca, MNpUYeM STa 3aja4a B  OOJNBIIMHCTBE CIy4YaeB peLIaeTcs
9KCIEPUMEHTAJIBHO NTPH HEMOJHOM 3HAaHUHM MEXaHHW3Ma SBICHUI.

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

HpHBeHeHHBIﬁ IMpUMEP OAJICKO HE HMCYEPIILIBACT BCCX 3aJiad, BO3ZHUKAIOUIMUX IIPU ISKCIICPUMCEHTAIBHOM
MOIXO0J€ K HM3YyYEHHUIO0 TEXHOJOIMYECKHMX MpoueccoB. OH JUIIb WIIIOCTPUPYET aKTyaJlbHOCTh TEOPHH,
MO3BOJIIONIMM BBIOMpATh ONTHMAIBbHYIO CTPATETHIO HCCIIEAOBaHMSA INPU HEMOJHOM 3HaHMU IIpolecca-
MaTEeMaTHYECKON TEOPUH IKCTPEMAIBHBIX SKCIIEPUMEHTOB.

[ITaroM Brepex MO CPaBHEHHIO C STMM METOAOM SBISAETCS KIACCMUECKUH perpeccHoHHbIN aHanmu3. OH mo
NpeXHEMY CTaBUT CBOEH 3ajadeil TONydeHHE YPaBHEHUS pPerpecCHH-(pYHKIMOHAIBHOW 3aBUCHMOCTH



HEKOTOPOro MapaMeTpa Y, IOUISKAIIEro 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.

OcTaHOBMMCSI BKpaTLle Ha pa3lMYHbIX HANpaBICHUAX B TEOPUM IUIAHUPOBAHUS 3KCTPEMAaJbHBIX
IKCTIIEPUMEHTOB.

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.

Ecnmu nuHelHoe ypaBHEHHME perpeccMd He Jaer TpeOyeMoil TOYHOCTH, TPHUXOJUTCS NPUMEHSThH
IUIAaHUPOBaHUE 2-ro Topsiaka. B aToM ciyyae Teopusl IUIAHHPOBAHHUS OSKCIIEPHUMEHTOB IAeT METOAMKY
IIOCTPOEHUS IJIaHA, NIPU KOTOPOM OLEHKH KO3((UIMEHTOB PErpeccHMy MOIY4aroT HE3aBUCHUMO IPYr OT
napyra. Takoi ruiaH Ha3pIBa€TCS OPTOrOHAIBHBIM.

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

Pa3ButHe Teopuu SKCIEpUMEHTa 0Ka3ajo BIMAHUE HA MPUHIIMIIBI TOIX0/a K SKCIEPUMEHTAIBHBIM 3a1a4aM.
B uwacTHOCTH, AJIS1 SKCIIEPUMEHTATOpa OYEHb Ba)KHA WAES PaHAOMH3ALWH, UMEIOIAs IEIbl0 CBECTH dPPEKT
BIIMSHHSI HEKOTOPOTO HECIyYalHOTO (akTopa K CIydaiHOW ommOKke. Panmomusanwus yCIoBUi TpOBEICHUS
IKCIEPUMEHTa II03BOJISICT  MCCIENOBAaTeN0 OOOWTHM  TPYOHOCTH, BO3HHMKAIOIIUME IPU  IOIBITKE
CTaOMIIM3NPOBATh MemarIHe (GaKTOPHI.

OnbIT NpUMEHEHHsT TEOpUW IUIAHHPOBAHHS OKCIEPHUMEHTa B JepeBOOOpaOOTKE IOKa3bIBaET, dYTO
3¢ $EeKTUBHOCTD HCCIEI0BAaHUN IO CPABHEHUIO C TPAAULUOHHBIM METOJJOM BO3pPOCIIa B HECKOJIBKO Pas.
3anayva 1. [ImanupoBaHne 3KCIEpUMEHTA C IETBbI0 MATEMAaTUYECKOTO OMHUCAHUS 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. OTCerBaIOIINE SKCIIEPUMEHTHI B TEXHOJIOTHUECKUX UCCIIECTOBAHUSX.

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

3amaua 37ech 3aKIIOYaeTCss B TOM, YTOOBI B CIIOKHBIX Majlo M3YYEHHBIX TMPOIECcCaX BBIICIHTh
JIOMHHUPYIOIIHE (PaKTOPBI CPpe OUYEHBb OOJIBIIOrO 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 00BbeKTa IMPUMEHSCT 3KCTPEMAJIBHOEC, T. €. MAKCUMAJIbHOC WJIN 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
JTUKTYeTCs HeOOXOUMOCTBIO pa3AebHON OIIEHKH paccesHus, 00YCIOBIEHHOTO Pa3IMYHBIMU 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 sKCIEpUMEHTA TTPHU NU3YUIEHUH CBOWCTB CMECEH.

MeTonpl TJIAHUPOBAHUS JKCIEPUMEHTOB MpPH IOCTPOEHUH JAMArPaMM  COCTAaB-CBOMCTBO IIHPOKO
UCIIONB3YETCA MPHU HCCIETOBAHMHM OYEHBb CIIOKHBIX MOBEPXHOCTEM OTKIMKA. 3ajaya 3akKiIr4aeTcs B TOM,
YTOOBI HAaWTH ONTHMAJIbHOE B HEKOTOPOM CMBICIIE PACIOJIOKEHUE TOYEK B (PaKTOPHOM IMPOCTPAHCTBE C
LENbI0 ONTUCAHNA AUArPaMMBbl COCTaB-CBOMCTBO B BHJIE€ IIOJTMHOMA.

3anayva 6. [ImannpoBaHue 3KCTIEPUMEHTA TPH IBOJIOLMOHHON ONTHUMHU3ALIMN TIPOU3BOICTBEHHBIX NTPOLIECCOB.
OTOT METOJ 3aKJII0YaeTcsi B HEMPEPHIBHOM IPOBEACHHUH, KaK MPaBHUJIO, (aKTOPHOTO HKCIEPUMEHTa B
paboueit obmactu mporecca. [locTaHOBKa TaKMX OKCIEPHUMEHTOB Oasupyercsi Ha TPEIIOKEHUH, UYTO
BapbUPyEMBIE IEPEMEHHBIE H3MEPUMBI.

Lenpio TuraHUPOBaHUS SKCIIEPUMEHTA SABIISETCS MONTyYeHHE MAKCHMAaJIbHO BO3MOXKHOW HMH(POpPMAIMH MPH
MHUHUMAJIbBHBIX 3aTparax CpeacTs 10 CpaBHCHUIO C TpaguIUOHHBIMU METOAaMU IIPOBCACHUA
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 M HauOollee 1LerecooOpasHOM 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 IIEPBUYHON 00pabOTKU OIBITHBIX JAAaHHBIX, IPU 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 perpeccud. B mocnenyromedl (asze NpoOW3BOAUTCS aHATU3 W HCCIEIOBaHUE
HOBEPXHOCTH OTKIMKA. [lpenmocrnennsas ¢asza TpeTbero srama COCTOMT M3 MAaTEMaTHYECKOTO OIMCAHUS
nporecca.

[MnaHupoBaHue SKCIEPHMEHTa- 3TO IMOCTAHOBKA OMNBITOB IO HEKOTOPOW 3apaHee COCTABICHHOW 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
CHEIUAIBHBIM alTOPUTMaM;

3)ucrnonb30BaHUE MaTEMAaTHIECKOTO anmnapara, HoOpMaTu3yoIero MHOrue ASHCTBUS SKCIIEPUMEHTATOPA;
4)Hanuure y OKCIIEPUMEHTATOpa YEeTKOW CTpaTerdu, MO3BOJIIONICH €My NpPUHHMAaTh OOOCHOBAaHHBIC
peLIeHus nocie Kaxa01 MPOBEICHHON CEpUU OMIBITOB.

PacueT 10BepUTEILHOTO HHTEPBAJIA /ISl MATEMATHYECKOTO 0:KHIAHHS.

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

1)9KOHOMHUYECKHE K HUM OTHOCSTCS: MPHUOBbLIb; CEO0SCTOMMOCTh; PEHTA0CIBHOCTh IO OTHOIICHUIO K
KallUTaJOBIOKEHUSIM, K CBOOOAHBIM OCHOBHBIM (OHIaM; 00OpPauYUBAEMOCTh OOOPOTHBIX CPEJNCTB;
MaKCHUMAJbHBIA PEaATN30BAHHBIA J0XOJ; MUHHUMAIBHBII YpOBEHb 3aTpaT Ha IMPOH3BOJCTBO; 3aTpaThl Ha
9KCIEPUMEHT U JIp.

2)TEXHUKO-PKOHOMHUECKHE K HUM OTHOCATCS: MPOHU3BOAUTENHHOCTD; 3a/laHHas CTPYKTypa acCOpPTUMEHTa
BBIITyCKAEMOM MPOAYKIMH; KO3()PHUIIUECHT TONE3HOTO NEHCTBUS; CTAOMIBHOCTD; HAJIC)KHOCTh XapAKTEPUCTHK
Ka4yecTBa MPOAYKTA; JOJITOBEYHOCTh

3)TexHONMOrMYeCKHe K HUM OTHOCSTCS: BBIXOJA TPOAYKTA; (PH3MYECKHE W XUMHYECKHE XapaKTEPUCTHKH
MPOAYKTa; MUHUMAJILHOE BpeMs [T AOCTHKEHUS JIAHWPOBAHHOTO PE3yNbTaTa; KaueCTBO MPOAYKTa U T. 1.
4)ipoure KPUTEPUH COCTABISIOT 0COOYI0 rpymmy. K HUM OTHOCSATCS: SCTETHYECKHUE, TICUXOJIOTHYECKUE U
CTaTUCTHYECKHE.

K mapamerpam mporiecca npeabsaBIsIOTCS Clelylomye TpeOOBaHus:

1) Tlapametp mporecca JOKEH ObITh 3()(HEKTHBHBIM C TOYKH 3PEHHS JOCTHXKEHHS LU, T. €. OH
JIOJDKEH JIEHCTBUTENBHO OLeHUBATh 3()(HEeKTUBHOCTh QYHKIIMOHUPOBAHHS CUCTEMBI B ONIPEEIICHHOM
3apaHee BEIOpAaHHOM CMBICIIE.

2) Tlapamerp ONTHMH3AlMM JIOJDKEH OBITh YHHBEPCAIbHBIM, T. €. CIIOCOOHBIM BCECTOPOHHE
XapaKTepU30BaTh OOBEKT.

3) Ilapamerp ONTUMH3AIMU JOJDKEH OBITh KOJIMYECTBEHHBIM, T. €. BBIPAKATHCS OJIHO3HAYHO
HEKOTOPBIM YHCIIOM.

4) TlapaMeTp ONTHMH3AINN JODKEH OBITh 3()()EKTUBHBEIM B CTATHCTHUECKOM CMBICTIE, T. €. OH JOJDKEH
OIIPEACIATCS C BO3MOXKHO HaUOOJIbIIIeH TOYHOCTBIO M JIETKO BBIYHUCIIATHCS.\

5) Tlapamerp ONTHMHU3AIKH JOJKEH UMETh (PU3UUIECKHIA CMBICI, T. €. JISTKO HHTEPIPETUPOBATHCS.

6) Ilapamerp onTUMH3AIMU JIOJDKEH OBITH OJTHO3HAUCH B CTATHCTHMYECKOM CMBICIIE. DTO 03HAYaeT, YTO
3aJaHHOMY HaOOpy BXOJHBIX IMEPEMEHHBIX OJDKHO COOTBETCTBOBATH OJIHO, C TOYHOCTBIO JJIst
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 CIOCOOOB  BO3ACHCTBHS 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 BapbUPOBAaHUS, a HauOOJbIlCe-BEPXHHM 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 MHTEPBAa BAPFUPOBAHUS HEOOXOIMMO PYKOBOJICTBOBATHCS CIEMYIOIINMHU COOOPaKEHUIMU:
1)uHTEpBal BapbUPOBAaHUA JOJDKEH OBITh OOJIbINE YABOCHHON KBaJpaTUYHOM OIIMOKHM (HUKCHPOBAHUS
JTAHHOTO (haKkTopa
2)uHTepBal BapbUPOBaHMSA HE JOJDKEH OBITh HACTONBKO BENHMK , YTOOBI BEPXHMH W HWKHUH ypPOBHHU
BBIXO/IMJIH 3@ TIPeNeNbl uccaenyeMoit oomacti. CleayeT yIuThBaTh:
a )TOYHOCTHh (PUKCHpPOBaHUA (HAaKTOPOB: YeM TOUHOCTH (PMKCHPOBAHHS MEHBIIE, TeM OOJIbINE AOHKCH OBITh
WHTEpBaJl BADbUPOBAHUS;
0 )KpHUBH3HY ITOBEPXHOCTH OTKJIIMKOB: TIPH OOIBINEH KPUBU3HE CIIEAYET CHIKATh HHTEPBAJl BAPbUPOBAHUS;
B )IMaNia30H M3MEHEHHS TapaMeTpa ONTHMHU3AIHNN B PA3IMYHBIX TOYKAX: YeM OH YK€, B CPaBHEHHH CEro
M3MEHEHHEM B IOBTOPHBIX OIBITaX, TEM IIHPE JOJDKEH ObITh HHTEPBANl BAPbUPOBAHUSI.
TpeboBanus, NpenbIBIsAEMBIE K BADBUPYEMBIM (PaKTOpaM.
1 )Ynpasmsemocts. Kakmprii (hakTop JOIHKEH OBITh TOYHOW XapaKTEPUCTHKOHN OIPEISIICHHOTO BO3ACHCTBIA
Ha 0OBEKT UCCIIEIOBAaHUN, KOTOPBHIM MOKHO YIPaBIISTh
2 )He3aBHUCUMOCTb — 3TO BO3MOKHOCTH YCTAaHABIMBAThH JII0OOE 3HAYCHHE JAHHOTO (hakTopa B AMANa3oHe
BapbUPOBAHHE HE3aBUCHMO OT YPOBHEH BaphUPOBAHUS OCTAIBHBIX (PaKTOPOB.
3)CoBMecTUMOCTh (PAaKTOPOB O3HAYAET, YTO BCE WX KOMOHWHAIMW, BO3MOXKHBIE TMPH IUIAHHPOBAHUU U
MIPOBE/ICHIH IKCIIEPUMEHTA, MOTYT OBITh PeaTM30BaHbI Ha MIPAKTHKE U O€30MacHbI.
4)OnH03Ha9HOCTH. DaKTOPHI JOHKHBI HETIOCPEIACTBEHHO BO3/ICHCTBOBATH HA MIPOIIECC, HE TOJKHBI SBISTHCS
¢dyHKIIHENH Mpyrux (HaKTOpOB, HOJDKHBI TOYHO (DHKCHPOBATHCS BO BCe BHIOpaHHOI 00MacTH OompeneneHUs
(hakTopoB.
[Tpy HanMYUKM Ka4eCTBEHHBIX (aKTOPOB MPHUHUMAETCS OJHO U3 PELICHUIA:
a )HCCIeOBaHWE NPOBOIUTH OTHEITBHO IS KakIoro (hakTopa, 3aTeM COIMOCTABIATH ITONyYCHHBIC
pe3yNbTaThI;
6 )HpOBOZ[I/ITI) OKCIICPUMCHT IIpU OAHOBPEMCHHOM BapbHPOBAaHWU M KOJHWYCCTBCHHBIX W KAa4YCCTBCHHBIX
(hakTopoB.
OTt0pacbiBanme rpy0obIX H3MepeHuid.
Br10op Mozaenu-crnoxKHbIH Mpoliecc, CBA3aHHBIA CO MHOTUMH 0OCTOSITEIBCTBAMH U COOOPaKEHUSIMH.
Kak ye oTMedanocs BbIILIE, 10T MATEMAaTHIEeCKOW MOJIeNbIO Oy1eM MOHUMATh BUJ GYHKIIMH OTKIINKA
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 OIMCHIBAETCS IBYMS YPaBHEHUSIMHU:

1. y=logyx;

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 TpeTLCfI CTCIICHU: Y :b0+b1X1+b2X2+b12X1X2+b11X12+b22X22+b112X12X2+b122X1X22+b111X13+b222X23.
Wtak, MBI NpeacTaBUiIM HEU3BECTHYIO HaM (QYHKIHMIO NMoJMHOMOM. Ormepanusi 3aMeHbl OJHOW (DyHKUIUH
JPYTOii, B KAKOM-TO CMBICJIC 3KBUBAJICHTHOW (DYHKI[UEH HAa3bIBACTCS AIIPOKCUMAITUCH.
YroObl MOZIENb MIpeCcKa3bIiBalla HANpaBJieHHEe HAUCKOPEHIIEero yayqIeH s apaMeTpa onTUMu3anun. Takoe
HaIpaBJICHUE Ha3bIBAIOT HAIpPaBICHUEM IpaJueHTa. B 3TOM cilyyae mydie MCIoib30BaTh MOJIMHOM MEPBON
CTEIIEHH, TaK KaK OH COJICPKUT WHPOPMAITUIO O HAIIPABJICHUH IPAJUEHTA, U KPOME TOTO, B HEM MHUHUMAIILHO
BO3MOXXHOE YHCII0 KOA(PDUIMEHTOB MPH JAHHOM YHCIIE (PaKTOPOB.
IIpoBepka 0HOPOAHOCTH ABYX JUCHEPCHIA.
MHOXECTBO 3HAUCHHUH CIy4alHON BEIIMYWHBI, MTOJYICHHBIX B pe3ybTaTe dKCIEPUMEHTA WU HAOII0IeHNH
HaJ OOBEKTOM WCCIIEOBAaHUS, NPEACTABIsAET COOOW CTATHCTUYECKYIO COBOKYIHOCTb. CTaTuCTHUYecKas
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COBOKYITHOCTB, cofiepXkamasi B cebe Bce BO3MOXKHBIE 3HAUCHHE CIy4YailHOW BENWYMHBI, Ha3bIBAETCS
TeHEPATbHON CTaTUCTUIECKOW COBOKYITHOCTEIO. BRIOOPOYHON CTAaTHCTUYECKON COBOKYITHOCTHIO HA3BIBACTCS
COBOKYIHOCTb, B KOTOPOU COIEPKUTCA TOJBKO HEKOTOpas 4acTh SJIEMEHTOB I'€HEPaJbHOM COBOKYITHOCTH.
BrI100pOUYHYIO CTATUCTHUYECKYHO) COBOKYITHOCTh OYIeM B JalibHEHIIIEM Ha3bIBaTh BRIOOPKOH, a UMCIIO OMBITOB
N, comepkarieecs B BBIOOPKeE,-00beMOM BEIOOPKH.

n
My =pyV, +PzVz+ "+ Pn¥n = Z'ps}’s
i=

BeJ‘II/I‘II/IHy 1\/[y Ha3bIBAIOT MATEMATUYCCKUM OKHUJAHUCM, UJIN I'CHEPAJIbHBIM CPCIHUM cnyqaﬁHoﬁ BCIIMYHNHBI.
T
gt = ZP;‘(}’E —My)
i=

PaccenBanue ciay4yallHOM BEIMYMHBI OTHOCHUTEIBHO MAaTEMAaTHYECKOTO XapaKTEpPU3YETCSl BEJIUYUHOM,
Ha3bIBAEMON qucnepcueii obo3navaercs T

Hucnepcuto 0% HaspBarOT reHepainbHOM aucrniepcueit. KBajpaTHbII KOpeHb U3 JUCIEPCUM Ha3bIBAETCS
CpPEIHHUM KBaJPATHUYECKUM OTKJIOHEHUEM CITy4allHON BEIMYHUHBI WK CTAHAAPTOM.

Hawnydineit orieHKoH 111 MaTeMaTHIeCKOTO OXKUIaHUS SBISICTCS CpeHee apudMeTnIecKoe
y=(Y1tY,...+Yn)/N —BBIGOpOUYHOE CpeHee

3HaMeHaTe b Ha3bIBAETCS YACIOM CTEEHEN CBOOOIBI.

f=n-1
[IpeoOpazyem
1 T
ST=—_ ZvF - ny?
n—1{Lt
I=1
Benuuuna

n

1 -

RN N I, o
ﬂ_li:1

ABJSIETCSl OLICHKOM CpefHero KBaJgpaTHYECKOro OTKJIOHEHHs BBIOOpKH. Ee Tarxke Ha3bIBalOT BHIOOPOUHBIM
CTaHAapTOM.
YacTo /17151 OIIEHKH M3MEHYHBOCTH (BapHalliK) CIIyYaHBIX BETUUUH UCTIONB3YIOT KOAQQHUIMEHT BapHUaIH

v =(5/5)100
BrI60poUHOE CpeHee y U BHIOOPOUHAs AUCTepeHs S” onpeeseTcs 1o ey oM GopMyIam:

k
-1 .
=13 im,
n.
=1
big
..5'= — ;Zmi(}ri— —_ '|.‘_:r)=
n—1. -
=1

r pa(bmc, HOCTpOCHHI)If/i 10 IaHHBIM CTaTUCTUYCCKOI'O ps/id, HA3bIBACTCA FHCTOFpaMMOfI

T'ucrorpamma pacrnpeieneHus
Ecnu ogHOBpEMEHHO C yBEJIMYEHHUEM 4YHUCIIA OIBITOB N YBEJIWYMBAaTh U KOJWYECTBO HHTEPBAJIOB, TO JIOMaHasil,
OTpPaHUYMBAIONIAS TUCTOTPAMMY CBEpXY, HPUOIIDKACTCS K HEKOTOPOW KPUBOW, HA3bIBAEMOW KPUBOW pacrpelieieHus,
WIM KPUBOM IUIOTHOCTU BEPOATHOCTH. B Teopum BEpOATHOCTEH OSTO COOTHOLIEHUE HA3bIBACTCS CTATUCTHYECKUM
pacmpeneneHueM. PacnpenencHue Ha3plBacMO€ HOPMAIbHBIM WM TayCCOBCKHM, KOTOPOE MPHMEHSCTCS Hamboiee
4acToO ¥ UrPaeT BaXHYIO POJIb B TEOPUH BEPOSITHOCTEH U MaTEMATHUECKONW CTATUCTUKH.
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KpuBas ni10THOCTH HOPMAIBHOTO pACIIPEACTICHUS
Pacuer noBepureabHOro HHTEPBAA AJI1 MATEMaTUYECKOTO OKUAAHUS
BennunHa MakCcUMabHOM OMIMOKH A
QUOTE -A<My< QUOTE +A.
HepaBeHcTBoM 3a1aeTcsi MHTEpBa, B KOTOPOM HAaXOJUTCS 3HAUEHHE MAaTEMaTHYECKOTO OKuAanusa My. DTOT HHTEpBal
Ha3bIBACTCS IOBEPUTEIHHBIM HHTEPBAJIOM ISl MATEMATHYECKOT0 OXKUIaHus. byemM nmoiabp30BaThCs yalle BeTUIMHON
g=1-p Ha3BpIBacMOl YPOBHEM 3HAYMMOCTH. ¥ POBEHb 3HAYUMOCTH 33J]aCTCs 3apaHee, 10 MPOBEJCHUS PACUCTOB.
Tunuuneie 3Hauenus A q: 0,01; 0,05 u 0,1 unu B mpouenrtax: 1,5,10.
JloBepuTenbHbBIN MHTEPBAN UIsI MATEMAaTUYECKOIO 0’KUaHUS PAaBEH

Bennunna S-orieHKa cTaHIapTa, BEIWIHHA t Ha3bIBaCTCS TAOINYHBIM 3HaUeHHEM t-kpurepust CTprofeHTa. B
COOTBETCTBYIOIIEH TabNHIlE ee CIeayeT OTHICKATh 110 MIPEABAPUTEILHOMY 3aJaAHHOMY YPOBHIO 3HAUUMOCTH ( U YUCITY
crernenei ceodoas! f=n-1.

OmeHKy A1 MaTEMaTHIECKOTO OKUIAHNS B BUJE HHTEPBAJIa YaCTO HAa3bIBAIOT HHTEPBAIHLHOM OLICHKOMH, B OTIHMYNH OT
OLICHOK 10 (hOpMyJIaM U, KOTOpPbIE HAa3bIBAIOT TOYEYHBIMU OIIEHKaMH JUUII MAaTEMaTH4YeCKOT0 OXKUAaHHS.

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

[Tycth TpeOyeTcst HAUTH MUHUMAIBHOE YUCIIO N MOBTOPEHHI OMBITOB, MPH KOTOPOM CpeHEe apru(pMeTHUECKOE Y,
HalJICHHOE I10 ITOH BBIOOPKE, OTIMYATIOCH OB OT MaTeMaTHYECKOTO OKHJaHuUs He Oojiee ueM Ha 3aJaHHYI0 BEJIHIHHY
A. Dto 10 cyuiecTBy 3a/1a4a oOpartHas npensiayiei. Jins ee perieHus He0OX0IMMO 3HaTh OLIEHKY Aucrepcun s2. 31ech
MOXHO HCTIOJIb30BaTh, HAIIPUMEP PE3YJIbTAThI IIPOBEICHHBIX paHee nccieqoBaHui. Vickomoe 3Ha4eHHE n
omnpezensercs o Gpopmyie

n =t2s2/A2

CratucTuyeckas THIIOTe3a-HEKOTOPOE MPEANOI0KECHAE OTHOCUTEIBHO CBOHCTB TeHEPAIbHOM COBOKYITHOCTH,
IpoBepsieMoe 110 BEIOOPKE. BBIIBHHYTYIO rHIIOTE3y HAa3bIBAIOT OCHOBHOM WIIM HYJIEBOH. I MIIOTE3y MPOTHBOPEYAIIYIO
HYJIEBOH, Ha3bIBAIOT KOHKYpHUpYIomeH. [l MpoBepKy HyJIEBOM TMIOTE3BI HCIIONIB3YIOT CIIEIMAIBEHO TT0A00PaHHYTO
CIIydaitHyIO BEJINUMHY, pacHperiesieHne KOTopoil n3BecTHO. Ee Ha3bIBaIOT CTaTUCTHUECKUM KpuTepueM. Eciu oHO
HaXOJUTCS BHYTPH HEKOTOPOI 3aJaHHOM 3apaHee 00JIacTH, Ha3pIBAEMOM 00JIACTHIO MPUHATHA THIIOTE3H!, TO HyJIeBas
THIIOTe3a IPUHUMAaeTCs. B MPOTUBHOM ciIydae 3Hau€HHE KPUTEPHs MONaaeT B KpUTHUECKYIO 001acTh, M TOT 1A
THIIOTE3a OTBEPraeTcs.

OmmbKa MepBoro pojia COCTOUT B TOM, YTO OTBEPraeTcsl THIOTe3a, KOTopas Ha caMoM jesie BepHa. Ommdka BTOporo
poJia COCTOHT B TOM, YTO THIIOTE3a IPHHUMAETCA, a HA CAMOM JieJie OHa HEe BepHa.

ITpoBepka 0THOPOTHOCTH HECKOJBKHUX JUCHEPCHH, HAMJEHHBIX IO BEIOOPKAM Pa3iIMIHOrO 00beMa

CucremMaTHuecKye OMNOKH OPOXKAECHBI MPUIMHAMH, NEHCTBYIOIUMH PETYJISIPHO B OJTHOM HAIPaBJICHHH.

CiyuaiiHble OIIMOKY TOSBIISIOTCS HEPETYJIPHO, IPUYMHBI X BOZHUKHOBEHUS HEM3BECTHBI U YUECTh HX 3apaHee
HEBO3MOXKHO.

CucremMaTtinuecKue OMNOKHA MOXKHO Pa3ZeinTh Ha CIEAYIOIHUE S5 TPYIIIL:

| )uHCTpYMEHTANbHBIE, CBSI3aHHBIC C HAPYIICHUEM N3MEPHUTENBHBIX CPE/ICTB;

2 )omnOKH, BOZHUKAIOIINE M3-3a HEIIPABUIIBHON YCTaHOBKH M3MEPHTEIBHBIX CPE/ICTB;

3)HOrpenIHoCTH, BOSHUKAIOIINE H3-3a UHIUBHIAYIbHBIX ICUXO()U3UOIOTHUECKHX, (PU3HOIIOTHYECKUX,
AQHTPOIIOJIOTHYECKUX CBOMCTB UEIOBEKa,

4)ommbKH, CBA3aHHBIE C OTPEIIHOCTAMHU METO0/1a U3MEPEHU;

5)HOrpenHoCTH, CBA3aHHBIE C BIMSTHAEM BHEITHEH CPEbl: BIMSHUE HIEKTPHUSCKIX M MATrHUTHBIX TOJIeH; BUOpami u
KoJie0aHMH JBIDKYIIErOCs TPAaHCIOPTa; aTMOC(EPHOTO JAaBIEHHS U BIaXXHOCTH BO3/1yXa, BRICOKHX U HU3KUX
TeMIIepaTyp OKpYKarollel cpeabl.

CucremMaTuuecKye OMmNOKH 00s13aTeIbHO HE00X0JUMO UCKITIOUNTb. [ pyOble HaOr0 1eHus (IIPOMaxH) MoJIeKaT
UCKIIIOUeHHIO U3 BbIOOpKH. Jlanee BeruncisgeM BeanunHy tpacu= QUOTE /s.

W3 Tabmun pacnpenenenus: CThIoI€HTa 110 BEIOPAaHHOMY YPOBHIO 3HAYMMOCTH ( M YHCITy CTeTleHel cBoO0ob! f,
CBSI3aHHOMY C OIIGHKOH JTUCTIEPCHUH S2, HaXOMAT Tabnn4Hoe 3HaYeHue t-kpurepus tradu. Ecmu tpacul ttadu, To
MI0JI03PEBAEMEBIi PEe3ybTAaT SIBIAETCS IPOMaXOM U JIOJDKEH OBITh HCKIIOUEH U3 BEIOOpKH. Ecin HanMenee
COMHUTEIBHBIH 3JIEMEHT HE 0Ka3aJICs TPOMaxoM,

tpacul] ttab:, To ero MPUCOEANHSIOT K BBIOOPKE U UCCIIEAYIOT CISAYIONINI COMHUTENbHBIA 3JIEMEHT, UT. 1.

ITycte nmerotcs aBe BEIOOpKH 00beMoM nl 1 n2 mo kotopsiM HakaeHs! Beibopounsie nucnepcin QUOTE u QUOTE
. Onu saBisitotcs ouenkamu it reHepanbHbIX qucniepenii QUOTE u QUOTE  coorBercTBeHHO. BBEIOOpOUYHBIE
JIICTIEPCHUHN HA3BIBAIOTCS OJTHOPOTHBIMHE, a PA3IHUINe MEXy HUMH OOBSICHIETCS BIUSHUEM CITydaifHbIX ommOok. B
MPOTUBHOM CJIy4ae FeHepaybHble AUCIEPCUH HE PaBHBI APYT Ipyry. Torna roBopsT 4To pasnudue MEXIy
BBIOOPOYHBIMHU JIUCTIEPCUSIMU 3HAYUMO.

J11s MpOBEpKH CTaTUCTUUECKOM IMITOTE3I 00 OJTHOPOIHOCTH ABYX JucHepcHuil ucnonb3yroT F-kputepuii duinepa. Ecian
tpacul] tradii, TO BBIOOPOYHBIE IUCIIEPCHU CYUTAIOTCS] HEOHOPOJHBIMH JUIsl BBIOPAHHOTO YPOBHS 3HAYMMOCTH q. Eciin
tpacul] tTadi , TO MOXKHO MPHUHSATH TUIOTE3Y 00 OJJHOPOJHOCTH JHCHIEPCHH.
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Jlnst mpoBepku ucmnosib3oBaH kpurepuit Koxpena.

ITycTs m-KOIMYECTBO BBIOOPOYHBIX IUCTIEPCHI, OTHOPOIHOCTh KOTOPBIX MpoBepsieTcss. O003HAUMM 3TH AUCTIEPCHH:
QUOTE , QUOTE ..., QUOTE . Beraucnsercs pacuerHoe G-0THOIICHHE IO (GOpPMyIIe

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

B uncnutene 3toit popMyIsl CTOUT HanOONBIIAS U3 PAaCCMaTPUBAEMBIX ANUCIIEPCH, 8 B 3HAMEHATENE-CyMMa BCEX
muctiepcnii. [lamee obpamatotcs k Tabmumam Koxpena. Ecniu Gpaca [l GTa0ii, TO MOXHO IPHHATE THIIOTE3Y 00
OJTHOPOJTHOCTH JTUCIIEpCHA. B MpoTHBHOM cityyae oHa OTBEpraeTcs.

Tema 1.2 [IpoBepka onHOpoaHOCTH cpeqHuX. [IpoBepka HopManbHOCTH pacnpeneaeHus. KoadGpuuueHT koppeasuum.
[IpumeHeHne TabIHIl CONPSKEHHOCTH ISl OLIEHKH B3aMMOCBSI3H MIPU3HAKOB. PaHroBast Koppensusi.

Hcnonp3oBanue K03 GpHUIHMEHTa KOHKOPAALUH JJ1sl 00paO0TKH 3KCIIEPTHBIX OLIEHOK IIPU paHXUpoBaHUK.B aToM ciiydae
ucTonb3yloT kpurepuit baptnerra. [Ipeasapurensro Berancistrot Benmanay QUOTE |, mpexacrasistontyto co6oit
CpezHee B3BEIICHHOE 3HAYCHHUE AMCIIEPCHH, B3ATOE C yIETOM YHCIIa CTEIICHEH CBOOOIBI:

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

Janee paccunThiBaroT Ben4anHy B, paBayto otHomernnio B=V/C. 3aecs V 1 C COOTBETCTBEHHO paBHBI:

I'umoTe3a o1 OAHOPOIHOCTH TUCTIEPCHI TIPUHUMAETCSI, eciii B<y 2Tabn. B manHoi# mpoBepke TpeOyeTcs , 4T00bI 00beM
Ka)kJJ0M BBIOOpKH ObLT He MeHee ueThipeX. [lockonbky Bemmuuna C 3aBeoMO 0OJIbLIE €MUHULIBI, TO TOCIIE BEIYHCICHUS
3Ha4YeHHs V MOXKHO YK€ IIPOBEPHUTH BHINOJIHEHUE HepaBeHCTBA V< y 21abiu. Eciau oHO Oka)eTcs cripaBeNIUBBIM, TO
THIOTE3Y 00 OJJHOPOJHOCTH TUCIIEPCHI MOXKHO NpHHATh. Ecin VI y 21abn ciaenyet BerauciuTh C U JOBECTH
MIPOBEPKY /10 KOHIIA.

31eck uccieayeTcst IBe BRIOOPKH, HMEIOIIHE Pa3IndHbIe cpeJHre apudmeTndeckue. JJaHHas MpoBepKa M03BONISET
YCTaHOBHTH, BEI3BAHO JIM PACXOXKICHUE MEKAY CPEIHUMH CITyJalHBIMH OIIMOKaMU U3MEPEHHS MM OHO CBSI3aHO C
BIIMSTHUEM KaKHX-THO0 HecmydaiHbIX GakTopoB. [IpoBepka nmpoBoanTcs kputepreM CThIOAEHTA.

IIpencrout paccMoTpeTh ABa Cirydas

1) Ouenku muctiepcuit QUOTE u QUOTE oxHOpomHBL. Brruncnsercs pacueTHOE OTHOIICHHUE 1O (popMyrie

Ecnu tpacul] tTabm TO pacxoxIeHHe MEXIY CPEAHUMH 3HAYNMO. B IPOTHBHOM ciiydae MOXKHO MPUHSTH THIIOTE3Y 00
OJTHOPOJHOCTHU CPEIHUX.

2 ) Ouenku nucnepcuit QUOTE u QUOTE neonnopoansl. Kak u npensiayiieM cirydae 34eCh MOXHO HCIOJIB30BaTh
kpurepuii CTbroieHTa, HO opMyIa OyJeT UMETh CIIeyIOLUIUN B!

Hanee Boruncisitot Benmuuny f o gpopmyse

Haiinennoe 3Hauenue f OKpyrJISIOT JI0 IIEJIOTO U MIPUHUMAIOT 3 YHUCIIO cTerneHel cBoOo bl [1o 3Toi BenmmunHe n
Haxozs TabJMdHOe 3HaYeHue. JanpHe RN X0/1 IPOBEPKU HE OTIIMYAETCS OT HPEIBIAYIIETo CIydast.
[IpoBepka HOPMAIBEHOCTH pacTIpeeTICHUS
st aToro ucnonb3yrot kputepuid [Tupcona
Ucnonb3ytot hopmyny
QUOTE ®(z2)-d(z1),
Z1=( QUOTE -y)/s; z2=( QUOTE -y)/s,
I'ne y-cpennee apudpmMernieckoe BHIOOPKH;
S-CpeaHee KBaIpaTHIecKoe OTKIIOHEHNE BEIOOPKH;
QUOTE -HmxHss rpaHulia i-TO HHTEPBAJA;
QUOTE -BepxHsist rpaHuIa i-ro HHTEpBaa;
®(z)-nHopmuposanHas pynkuus Jlamnaca,

3nauenus ee st z=z1 n z=z2 onpenensercs u3 Tabnui. I1pu oTbICKaHUK 3HAYEHUH ATOH QYHKIMN JUIS
OTpHIATENIFHBIX 3HAYCHUH apryMeHTa ClielyeT UMETh B BUAY, 4To QyHKIMs D(z) HeueTHas:
DO(-2)=-D(z).

CreyroIIuM 3TaroM SBISCTCS BEIYUCIICHIE BEIMIHHBI y2pacd 1o GopmyIie

[Janee HaxoanMm mo Tabmure. ['umore3y 0 HOpMaIbHOCTH pacHpeAeICHUsS MOXKXHO IPUHATD, ecI y2pacul ] y21alur.
Koadduument xoppensaiun

Bo mHorunx ClIydasax HEJIbI0 SKCIICPUMEHTAJIIbHBIX I/ICCHC]IOBaHI/Iﬁ SBJIIFOTCS YCTAHOBJICHUEC U U3YUCHUEC 3aBUCUMOCTH
MeXJy HEKOTOPBIMU BeluunHamMu. Eciy kaxkias U3 3TUX BEJIMYUH SIBISETCS CIIy4alHOM, TO UCIONB3YIOT METOBI
KOPPEALHOHHOI0 aHAIM3a.

J1J151 OLIEHKH CTaTUCTUYECKOH CBS3M 110 JAHHBIM KCIIEPUMEHTA NIMPOKO MCIOIb3YeTCs! BHIOOPOUYHBIN KO PUIIEHT
koppesiiun. PaccunteiBaercs o Gopmyiie
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KoTopyto MoxHO mepenncaTh B Buze, 6oiee yI00HOM [T BEIYHUCIICHHIH:

KoadduumenT koppensmun Beeraa JIexuT B npeaenax -1<r<l. OH xapakTepu3yeT He BCAKYIO, a TOIBKO JIMHEHHYIO
3aBUCHMOCTh MY CITydailHBIMU BeTMIMHAMH. TaKue ciydaifHble BEINYNHBI HA3bIBAIOTCS HEKOPPEINPOBAHHBIMH.

Ee cpaBHuBaroT ¢ TabmuuHbIM 3HadeHueM kputepust CrelogeHta. Ecnmu tpacul] tTabnm mpuHHMaeTcsi TMIIOTE3a O
HEKOPPEJIMPOBAaHHOCTH BEJIMYMH X M y. B mpoTuBHOM cityyae K03()(UIMEHT KOPpENSUKA 3HAYHUMO OTIMYAeTCs OT
HYJIS, T.€. MEX/ly BEJIMUMHAMH X U Y CYIIECTBYET JIMHEHHAs CTATUCTUYECKAS CBSI3b.

Eciu TpebyeTcs uccnenoBaTh CTATHCTHYECKYIO CBSI3b MEXIY TpeMsi M Oojiee CIy4allHBIMM BEJMYUHAMH, TO
MOJB3YIOTCS. KOAQQUITMEHTOM MHOXKECTBEHHOH KOPPEIISIHH.

PanroBas koppemsanus. Mcmonms3oBanne KkoddduineHTa KOHKOpHAIWU i OOpaOOTKH SKIEPTHBIX OIEHOK IIpH
PAaHKHPOBKH.

OnmHuM H3 CIOCOOOB OLEHKM MEXAy IBYMs KaueCTBEHHBIMH IPH3HAKaMH SBISETCS BBIYMCICHHE KodddHUuMeHTa
panrosoii koppensuuu Crnupmena. ©opmyia 11 HEro UMeeT BHA

KoaddunmeHt paHroBoii KOppesiiiuid MOXKET UCIIONB30BAThCS M TOT/d, KOTJa pacCMaTPUBAEMbIe TIPU3HAKU SIBISIFOTCS
KOJINUECTBECHHBIMK, HO [UIS IeJICH HCCIICOBaHUs JOCTaTOYHO MPOPAHKUPOBATh OOBEKTHI MO BO3PACTAHUIO HITH
yOBIBaHHIO KaXKIOTO U3 HUX.

Pasnen 2. PerpeccHOHHBIH aHAJM3 W METOAbI IMJIAHMPOBAHUSI JKCIEPUMEHTAa C LeJbIO
MaTeMATH4YeCKOro OMUCAHUS O00beKTOB. MeToabl 3KCIEPUMEHTAJNBHON onTuMu3auuu. Metoabl
IJIAHUPOBAHMS IKCIIEPUMEHTOB ¢ KA4eCTBEHHbIMH (PAKTOPaAMU.

Tema 2.1 PerpeccHOHHBIi aHAJIW3 M MeTOAbl IUVIAHUPOBAHUSI JKCIEPUMEHTAa ¢ LeJbI0
MaTeMaTHYeCKOr0 ONHCaHhsl O00beKTOB. AKTHBHbIE W IacCHBHBIC, OJHO(AKTOpHBIE H
MHOro(akTopHbIe 3KcnepuMeHThbl. OCHOBHBIE 3aa4H TUIAHMPOBAHMA JKcnepuMeHTa. OCHOBHBIE
BU/bl MaTeMaTH4YeCKHX MojeJiell, MpuMeHsieMble NPU HCCIeJ0BAHUAX B JIECHOH MPOMBILIJIEHHOCTH.
MeTtoa HAaMMEHBIINX KBaJApPATOB [JIsi MHOTO(QAaKTOPHBIX IKCHePUMEHTOB. CTATHCTHYECKHH aHAJIN3
YpaBHeHusi  perpeccur. MeToabl  3KcHepUMeHTANbHOW  onTumu3anuu.  IlnanumpoBanme
0IHO(AKTOPHBIX J3KCMEPUMEHTOB MNMPH TMOMCKe ONTHMAJBHBIX ycjoBHil. O0mme cBegenusi. Metox
AUX0TOMUHU. MeTo] 30J10TOro ceyeHusi. MeTo1 MOKOOPIAMHATHOIO NOMCKA.

3ajagyaMM PErpecCHHHOrO aHaJINW3a SABIIAIOTCA: MOJMYyYEHHE MaTEeMaTHYECKOM MOJEIM Ipolecca; NMpoBepKa
a/IeKBaTHOCTH MOJTYYEHHON MOJEIIH; OLIEHKA BIMSHHA KaX10r0 (hakTopa Ha Mpo1ecc.

[Mpeamocbulku, TpPU KOTOPHIX MOXET OBITh WCIONB30BAH PETPECCHHHBIN aHaNU3 IS TOJTy4eHHs
MaTEeMATHYECKOU MOJIEIIN:

1 ) He3aBucumble mepeMeHHBIE Xi HE SIBISIOTCS CIyYalHBIMU BEJIMYMHAMM, M 33Jal0OTCS OHU C BBICOKOH
TOYHOCTBIO.

2 ) H3mepseMble BBIXOJHBIE BEIHYHMHBI Yi SIBIAIOTCA HE3aBHUCHMBIMH HOPMAJIbHO PaCIHpeaelIeHHBIMA
CITy4alHBIMH BEITMUMHAMH, U U3MEPAIOTCS OHHM C MEHBIIEH TOYHOCTHIO.

3 ) Kaxxnas u3 He3aBUCUMBIX NIEPEMEHHBIX HE SIBJISICTCS JIMHEHMHOW KOMOMHAIMEH OCTAbHBIX HE3aBHCUMBIX
MEPEMEHHBIX.

4 ) UntepBan Mexay 3HaueHHAMH (aKTOPOB B COCETHHX TOYKAaX HE JOJDKEH OBITh MEHBIIEC WM PaBEH
omnOKe, ¢ KOTOPOi 331aeTCs STOT HHTEPBAJl.

5 ) 3HaueHHs1 OTKIIMKA B TOYKaX (PaKTOPHOTO MPOCTPAHCTBA JOJDKHBI OMPENENSATHCS HE3aBHCUMO JPYT OT
Apyra.

6 ) B ncciea-yemoM nHTEepBasie BapbUpOBaHHUA (PAKTOPOB TUCIIEPCHU BOCIPOU3BOJMMOCTU JOJKHBI OBITH
paBHBI, a UX BBIOOPOYHBIE OLIEHKH OTHOPOIHEL. [IpoBepKa OIeHOK qUCTIEpCHH Ha OJJHOPOTHOCT TPOBOIUTCS
o kpurepusam Puniepa, Koxpena u baptierra.

AKTHBHBIE H IACCHBHBbIE, 0THO(PAKTOPHBIE H MHOTO(PAKTOPHBIE IKCIIEPUMEHTHI.

3aBHCUMOCTH BBIXOJHOH BEJTMYMHBI (OTKJIMKA) Yy OT BapbUpyeMbix (aktopoB X1,X2,..., XK, MOIy4yeHHas C

NPUMEHEHUEM PETPECCHOHHOTO aHaJN3a, Ha3bIBACTCS PErPECCHOHHON MOJICIBIO:
y =f(X1,X2,...,Xk),
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rae f(X1,X2,...,Xk)-0603HaueHre HeKOTOPOil (QYHKIMH OT BApbUPYEMBIX (aKTOPOB, HA3BIBAEMOM (PYHKIHEH
OTKITHKA.

YroObl OLEHUTh MPUMEHUMOCTH IMOCTPOCHHOW MOJEIH, COOTBETCTBHE €€ HCCIeIyeMOMYy OOBEKTy , B
TUIAaHUPOBAHWUHM OKCIIEPUMEHTa TMPEIyCMOTpEHa CIelHanbHas TpolLeaAypa, Ha3blBaeMas IPOBEPKOI
aJICKBaTHOCTH PETPEeCcCHOHHON Mojaenu. Mojenb B BHAEC MHOTOYICHA MEPBOTO MOPSIKA COKPAIECHHO
Ha3bIBAIOT MOJICJIBIO TIEPBOTO TMOPSIKA, WK JIMHEHWHO#. B o0meM ciaydae, npu HaMu4uu K BapbHPYyeMbIX
(akTOpOB NTUHEHHAs PEerpecCHOHHAsI MOAETh 00BEKTa UMEET B

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

rae: Bg,Bi,Bo,...,Bi- ko3 dummenTs, dncioBeie 3HAYEHHWS KOTOPBIX OMPEACISIOTCS IO pe3yibTraTram
skcnepuMenTa. VX HaspiBaloT K03((UIMEHTaMH perpeccud, a ypaBHEHHE B OOIIEM cCilydae-ypaBHEHHEM
perpeccum.

Koadpdummmenter Bg,B1,Bs,...,B,, crosmme mepen ob6oznadeHusMu (akTopoB Xi,Xo,...,Xy, HA3BIBAIOT
TUHEHHBIME Kod(uumentamu perpeccud, a ko3ddupeHT Byo-ypaBHeHHEM perpeccuu.

OOpatuMmcs K pacCCMOTPEHUIO MOJEINIEH BTOPOro MOpsIIKa, TO €CTh MOJIeTie B BUAE MHOTOWICHOB BTOPOTO
nopsiika OT BapbUpyeMbIX (akropoB. [locTpouM MoJiellb BTOPOrO MOPSAKA HampuMep s Tpex
BapbUPyEMBIX (DAKTOPOB:

o b %4

y= BotB1X1+B,X+B3X5+B1; +By; +Bss +B1,X1 Xt B13X1 X3+B23 X0 X,
Mogens  BTOpOro  TOpsAKAa BKJIIOYAET KBAaJApaTHYHBIC WIEHBI, SBJISIONINECS  [POU3BEACHHAMH

X7 Xg

KO3 GUITMEHTOB PETPECCUH Ha KBaApaThl ()akTOpoB: Big ,B2o S - Y YJICHBI C
MapPHBIMH B3aUMOJICHCTBUSIMH, KOTOPBIC MIPECTABIISAIOT COO0H KOA(DMUIIMSHTHI PErpeCcCUH, YMHOKEHHBIC Ha
MPOM3BE/IEHHE JIBYX Pa3INYHBIX (haKTOPOB, TO €CTh WieHbI BUaa B1,X; X+ B13X 1 X31+B23 X0 Xs.

OcHOBHBIE 321244 MVIAHUPOBAHMS IKCIIEPUMEHTA.

B 1aHHOM TyHKTE paccMaTpUBacTCS HJEs OCHOBHOTO MeToja 0OpabOTKH Pe3ysIbTaTOB SKCIIEPUMEHTA C
[EeNBbI0  TONyYeHUS MaTeMaTHYeCKOro ONHCaHus OObeKTa-MeTo/la HaMMEHBIINX KBajipartoB. llems
9KCIIEPUMEHTA-TIONYYEHHE PErpecCHOHHON 3aBucuMocTH y=f(X;), KOoTOpas C HOCTATOYHON TOYHOCTHIO
OIUChIBaja Obl pe3ysIbTaThl IKcriepuMenTa. ' paduk 3aBucumoctu y=Ff(X;)-3T0 McKOMasi KpuBasi.
3naueHusmu pakropa X;, paBHbIM X1, X12,...,X1N, COOTBETCTBYIOT TOUYKH Ha KPUBOH Y1,Y2,...,YN-

K obocHOBaHUIO METO]a HANMEHBIIINX KBaJpaTOB
DTH TOYKH SIBISIFOTCS 3HAYCHHS BHIXOTHOI BEJIMUMHBI, PACCYMTAHHBIMHE TI0 ypaBHEHHIO perpeccun y=Ff(Xy):

:ﬁl = fﬂfl:.]:
J?: = f{XI:}:

V= f(Xaw):
Haiinem Benuuuny 6;=y;-y1, KOTOpasi XapaKTePU3yeT OTKIOHEHUE Pe3ysibTaTa SKCIIEPUMEHTa Y1 B TOUKe X711
OT 3Ha4YeHUs] (QYHKIMH OTKIUKA y1=f(X11) B 9TOH XK€ TOYKE. AHAJIOTMYHO PACCMOTPUM OTKIIOHEHHUS 0=y~
Y2,.. -,5N:}’N'YN.
CornacHo MeTony HauMeHbIuX kBajapaToB (MHK) omenku a1 KO3 GUIIMEHTOB PErpecCuy OTHICKUBAIOTCS
Y3 YCIIOBUSI MUHUMYMa CYMMBI KBaJIpaTOB OTKJIOHEHUH D, TO eCTh
=0 +83+ -+ =0V +02-F)+ -+ y—-In)i*=
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N
= Z(}rj —}_rj)z — min
i=

Brimonnenue 3Toi npoueaypsl JaeT BO3MOKHOCTh COCTaBUTh CUCTEMY, YUCJIO YPaBHEHUN KOTOPOW paBHO
YUCIy HCKOMBIX KO3(Q(HUIMEHTOB perpeccuu. Takas CHUCTeMa Ha3bIBACTCS CHUCTEMOW HOPMAJIBHBIX
ypaBuenwuii (CHY).
Ucxons w3 chopmynupoBaHHOro TpeOOBaHUs, Haijaem (OpMYJIBI Uil BBIYHCIACHHS KO3((UIIUCHTOB
perpeccuu B MPOCTEUIIIEM CITy4ae TMHSHHOW MOJICIH C €IMHCTBEHHBIM (hakTOpOM X;. DTO MOCIH BH/Ia
v=B,+E,X,
DopMyIibl 111 JAHHOW MOJENN MPUMYT BUJL:

Vy = Bg + By X1,

j}: = Bg + B X1z

Vn =By + By Xy
[loncTaBuM HaliieHHBIE 3HAYEHUS Y1,Y>,...,YN B hopMymy. Torma

Uro06s! HaiiTh 3HaYeHns By u By, mpu koTopeix cymma @ MHUHUMAabHA, BO3bMEM MPpon3BoIHEIE 0T O 1o By u
110 B; v npupaBHsAeM uX HyIIO:

o
35 =2y, - By - B, X110+ 20y, - By - By X))+ 4
o

dp

=2(y; — By - By X13)-X1)+ 20y - By - By X120 X12) +

+o 4 20y — By~ By X )X, y) =0
[Mocre aneMeHTapHBIX IPEOOpA30BaHUM STH YPaBHEHUS IPUMYT BUJI:
NBD + B‘lﬂfll +X1= + - +th..r] =V, +; + - + Vs
Bo(X13 + X2+ + X))+ BL(Xi + ij_: Tt X:.."f) =
= ¥1X13 + ¥z + -+ v

Wnu, xopoue

N N
NBo+By ) Xy = ) ¥y
j=1 j=1
N N N
Ba Z-’fu +5, ZXL' = ZXU}U'-
_j:]_ _j:]_ _.I:=1

Ilonyuyennas cuctema U3 ABYX JIMHEWHBIX YpaBHEHUH C NByMs Heu3BeCcTHBIMU By u B; sBisieTcst cuctemoit
HOpPMAaJIbHBIX ypaBHEHUM. Perras ee, mpuaeM K HCKOMBIM (opMyJiaMm.

Jnsa npugaHust cucteme 0ojiee CUMMETPUYHOrO BHIA BBeleM (GUKTHBHBIA (hakTop Xo. DTOT (axTop He
UMeeT (U3MYECKOTO CMBICIAa M B KAXKIOM ONBITE TNPUHUMAeT OAWHAKOBBIC 3HAUCHHS, DPAaBHBIC
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Xo1=Xp2=...=Xon=1. Temepr perpecCHOHHYI0O MOAETb, MOXKHO TIPEICTABUTH CJCAYIOMUM 00Opa3oM:
y=BoX¢*+B1X3, a cucremy ¢ BBezeHneM (PUKTUBHOTO (haKTOpa MOXKHO MEPEIICATh B BHJIC

J.r'.r J.r'.r J.r'.r

By ZX:_I + 5, ZXD_IX:I._I = zxnj}’j
j=1 i=1 i=1
N N N

Be ) XyjXe; +By Y X3 = ) Xy,
_j:j_ _j:j_ _.l:=1

CucTteMa HOpMaIBHBIX YPaBHEHUH HMEET CIEAYIOIe OCOOCHHOCTH:

1 )mo auaroHaau JIEBBIX YacTel ypaBHEHUI MOJA 3HAKOM CYMMBI IIOCJIE€JOBATEIbHO CTOSAT KBAAPAaThI
HE3aBUCHMBIX [I€PEMECHHBIX;

2 )OTHOCHTEIHHO 3TOH IMAarOHAIA UMEETCS CHMMETPHS;

3 )B mpaBoO# 4aCTH CHCTEMBI IO 3HAKAMH CyMMBI PacloIO>KEeHbI IPOU3BEICHHS, TOTYYeHHBIE B PE3YIbTaTe
YMHOKEHHSI CTOJIOIA BEIXOJHOM BETMYMHBI HA CTOJIOEL COOTBETCTBYIOLIETO (haKTopa.

st OTBICKMBaHUS TPEX HEM3BECTHBIX KOd((HUITMEHTOB perpeccun By, B; u By; Hazo pemmTh crnemyronyto
CUCTCMY M3 TPEX JIMHEMHBIX ypaBHCHI/Iﬁ C TpE€MA HEU3BCCTHLIMU

[TycTh OBLI MOCTABJICH 3KCIIEPUMEHT B KOTOPOM (hakTophl X1,X, U X3 IPUHAMAIN 3HAYCHUS X11,X12,...,X1N;
X21,X22,.0,XoN; K31, X32,--,%3n. BBeleM (UKTHBHYIO TepeMeHHYI0 Xo. COCTaBUM CHCTEMY HOPMAaJIbHBIX
ypaBHeHUH. Bo Bcex ypaBHEHUSIX PacIoNoXuM KO3PPHUIHEeHTH Bj B 0IMHAKOBOM MOpsIKE

Peuras coBMecTHO cucteMy noiayduMm 3HadeHus Bo,B1,B, u Ba.

CratucTuyecKuii aHAJIU3 YPABHEHUS perpeccum.

TaOnuiel B KOTOPBIX 3alMCAaHBl YCIOBHUS ONBITOB HAa3bIBAOT MAaTpHLAMH IIaHOB. [Ipexne uem npoBOAWTH
BBIYMCIICHHS, 3aIIUIIEM PErpecCHOHHYI0 MOJIENb B 0oJiee CUMMETPUYHOM BHUJE, BBEls (DUKTHBHBINA (HaKTOp
Xo:

¥ =byxg + byxg + byxy + -+ bpxy,

Homep | X, X2 . Xy Homep | Xo X1 X, s Xk
OIIbITA OIbITa

1 X1 X1 L Kt 1 X Xu Xa X1
2 X1 X22 see Xz 2 Xoz Xi2 X2 X2
3 X1 Xa3 a Xis 3 Xoz Xi3 X23 Xia
N Xin | Xon | ... K N Xon | Xan | Xon Xin

Teneps KaKI0My cllaraeMOMy MOJEIIA COOTBETCTBYET ONPEICIICHHBIN CTOJIOLI] STOW MaTPHIIBL: CIIaraeMOMYy
BoXo-cTronben Xo; B1X;-cronber X; u T. 1. Takasi MaTpUIla HA3bIBAETCS MAaTpUIlel 0a3UCHBIX (PYHKITUI.

OTMETHUM 4YTO YHUCIIO YpaBHEHWH 3TOW CHCTEMBI PAaBHO YMCITY KOX(QQHUIMEHTOB PErpecCHU, MOJUICKAIIHX
OIIpE/ICJICHHIO, T. €. B JJaHHOM ciiydae k+1. SIcHO Taxke, 4To B Cllydae NMPHUMEHEHUs METOJla HAaUMEHBIIHNX
KBaJpaTOB YUCIO ONBITOB N JOJKHO OBITH HE MEHBIIE YHCIIa ) OLEHUBAEMbIX KOA(Q(QHUINEHTOB PErPeCcCHu:
N>p. Ilnan, ans xoroporo P=N Ha3bpIBaeTCS HACHIIIEHHBIM IJIaHOM. HachIlieHHBIE IMJIaHBI HE TO3BOJSIOT
MIPOBEPHUTH aJEKBATHOCTh MaTeMaTHUecKoil Moaenu. [lnan, A KOTOporo P Ha3bIBaeTCA HEHACHIIIEHHBIM
[Mycte B skcnepuMeHnTte Bapbupyercss K dakropoB, m Xj-moboir u3 Hux, i-1,2,....,K. Ero nmamaszon
BapbUPOBaHUA Ximin<Xi<Ximax- BeMMuuHa Xim,x Ha3bIBACTCA BEPXHUM ypoBHeM (aktopa X, a BeJlMYHMHA
Ximin-€T0 HWKHUM ypoBHeM. CepenuHy uana3oHa BapbHUpoBaHUs (akTopa X; HA30BEM €ro OCHOBHBIM
YpOBHEM.

MeToabl IKCIIEPHMEHTAIBHON ONTHUMHA3ALMH.

ugest o00OIIeHWsT MEeTofa HAMMEHBIIUX KBaJpaTOB Ha OSTOT CIydall 3aKiII0YaeTcss B TOM, YTO JI00Oe
npou3BelieHre (HakTOpoB, WIM UX CTENEeHb, MOXKHO paccMaTpuBaTh B KauecTBe HOBOTO daktopa. IlycTh
HanpUMep 3KCIIEPUMEHTATOP, HCCIEAYS BIUSHHUE TpeX (GaKTOPOB Ha 0OBEKT, eI 33/1aThCSI MOJIEIBIO
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X %5

y:B0+B 1X1+B2X2+Bll +BZZ +B12X1X2.

X1

3aMeHHM 4IICHBI BTOpOro u 0oJiee BBICOKOTO nmopssaKka HOBBIMH JIMHEHHBIMH YJI€HAMU :X3,

Xb

=Xy, X1X;=Xs. B pesynbrate ucxomnas Mozelb 3aMeHEeHa TUHEWHOI ¢ ATk GakTopamu. Takum
00pa3oM, JaHHBIA Ciydaldl CBOJUTCS K TpeaslayniemMy. /st Toro 4To0bl BBITUCATh CUCTEMY HOPMaIbHBIX
ypaBHEHUWH, aHAJOTHYHBIM 00pa30oM COCTaBISIOT MaTpuily OasucHbBIX GyHKImMH. Kaxmomy crmaraemomy
MOJIEJIH JTOJDKEH COOTBETCTBOBATH OMpeeNIeHHbIN cTon0e MaTpullsl. [103TOMyY OH BKIIFOYAET BCE CTETICHU U
npousBeieHust (PaKTOPOB, KOTOPBIE GUTYPUPYIOT B MOJICIIH.

Homep | X, X3 X, X1Xo
OIIbITa
x1 x5
1 1 Xll X21 ij_l Xé:l. X11X21
X12 x22 Xja_z X-':!: x12X22
N 1 Xiv | Xon | X3y X3, XinXon

C IIOMOIIIBIO 3TOH Ta6J'II/ILILI MOXXHO COCTaABUTb CUCTEMY HOPMAJIbHBIX ypaBHeHI/Iﬁ.

Tema 2.2. IlnaHupoBanue OAHO(PAKTOPHBLIX IKCNEPHMEHTOB NPH MOMCKE ONTHMAJBHBIX YCJIOBHM.
Oomme ceenenusi. Merox Auxoromuu. MeToa 3010TOro cedeHusi. MeTox NOKOOPAMHATHOIO MOMCKA.
MeTtox mNJIaHUPOBAaHWA JKCIHEPUMEHTOB C KavyecTBeHHbIMH (aktopamu. OnHodaKkTOpHBII
aucniepcMoHHblii  aHaau3. llpuMeHeHMe JBYX(AKTOPHOIO AUCIEPCHOHHOIO aHAJM3a TIPH
HCCJICAOBAHMSX B JIECO3aTrOTOBUTEIBHOI 1 epeB0oo0padaThIiBaloIel 0TPacIun.

IlpuMeHeHne JIATMHCKHX  KBaJApaToB IPH  MCCIEJOBAHMAX B  JIeCO3arOTOBHUTEJBHOH H
AepeBoodpaThIBaIOLIeii 0Tpacan

Jlucrepcust BO3HPOM3BOAMMOCTH o0003HauaeTcss S{y}.  PaccMOTpuM CHOCOOBI ¢ BBIUHCICHHS B
3aBHUCHMOCTH OT METOJINKH AyOIUPOBAHUS OIBITOB.

1 ) PaBHOMepHOE nyOnmpoBanne. Kaxaprii n3 N 3ariaHIpOBaHHBIX OMBITOB IOBTOPSETCS OJUHAKOBOE YHCIIO
N pas, To ecth uMeeTca N cepuil, B Kax 10 U3 KOTOPBIX CTABUTHCS N IyOIMPOBAaHHBIX OMBITOB

O0603HaYMM pe3yNIbTaThl ONBITOB IEPBOW CEPUH Yepe3 Vi1, Y22,--., Yin. 110 HUM MOXHO paccyUTaTh
JIUCTIEPCUIO NIEPBOTrO OTbITA s

g3 — [0r11 - V1) + 1z - V) + = +0un — }_’1]=]/
1 {ﬂ

i = 32
; (Vai — 31) /{n _1

rae ¥1 - cpegHee 0 cepuH AyOJIMPOBAaHHBIX OTBITOB, PABHOE

—-1)=
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7, = 01ty + - m/
- = E’:‘l_ 1z!ﬂ

AHaJIOrHM4HO PaCCYUTHIBAIOTCS CPEAHUE Y| U ,Z[I/ICHepCI/II/I i’ BceX OCTAIBHBIX OIIBITOB:

= Yij
i = Z 'If.n
=1

5 05 =)
7 _ Vii — ¥j .
s _Z /{ﬂ_u j=12..N.

OTMeTnM, 9TO YWCia CTEICHEH 030602[51 BCeX Jucrepcuii oauHakoBsl U paBHel N-1: f=f=n-1. B xagectse
JICTIEPCHH BOCTIPOM3BOUMOCTH S 2{y} Gepercs cpennee apuhMETHIECKOE TUCIIEPCHIi OMBITOB:
S5} +53+ - +5h I P TY B G P i ‘|‘(}’m -+ - 4

2=
+(r22 - V2 o e — V2 4 (v - V)P +(}"".’- - }’N]‘ +o+ +n — V".’}‘
Nin—-1)
N n
Z Z(} i— "'
J=1i=1

Yucino creneHeit cBobos! fy 310l auciepcuy paBHO CyMMe YMCeI cTereHeit CBOOOIbI IUCTICPCHI OIBITOB:
N
fy=) fi=N@n-1)
j=1

HeoOxonumpIMi IPEANOCHUIKAMU CTAaTUCTUYECKOIO aHalu3a SBJSIETCS HOPMAJIBHOCTH PACHpPEAETICHUS
BBIXOJIHOW BEJIMYMHBI U OJHOPOAHOCTH JUCIEpPCHUN OnbITOB. IIpoBEpKka OJIHOPOAHOCTH AUCIIEPCUNA OIBITOB
NpY paBHOMEPHOM UX JyOIMpOBaHUM NPOBOAMTCS 1O Kputeputo KoxpeHa.

2 ) HepaBHoMepHOe ny6nupoBanne. Kaxaplit j-ii OIBIT HOBTOPSIETCS B 3TOM CIIydae HEKOTOPOE YHCIIO Nj pas.

Kak u B mpeapIIyleM ciiydae, BBIYMCIISIIOTCS JUCIIEPCUH [IEPBOTO, BTOPOTO,. .., -0 ONBITOB: 51 , §2 ,...,5N,
TOJBKO BMECTO N 37eCh OYAET CTOATH N;:

P EZ(}’;;‘ —T’;)Aﬂj _1)

Yucna crenenei cBoOOIbI AUcepcHii, BooOIe roBopst, pasauynsl: f;=n;-1. [lucnepcus BOCIpon3BOAUMOCTH
JUTSL 9TOTO CiTydasi onpezesiercs mo Gopmyse

2 [y _(sifi+sifa+ - +55fw) _
sT03= ! m/(f FhE )T

Uwucno crenieneld cBOOOIBI €€ paBHO
J.r'.r J.r'.r

f‘p = ij - Z(ﬂj
j=1

st IpoBepKM OMHOPOAHOCTH AMCIEPCHHA B JTAHHOM cnyqae HEOOXOJMMO BOCIIOJIB30BAThCS KPUTEPHEM
Baptnerra.

3 ) PaccMOTpuUM YaCTHBIM CITydail HEpPaBHOMEPHOTO JyOmpoBaHus, Korma w3 N MOCTaBIECHHBIX OIBITOB
IyOIMpyeTcst TOJIBKO OJIMH, AJISl ONPEAETICHHOCTH-TIEPBBIH C YUCIOM OBTOPEHUH Ny

ITocTpoenne u reoMeTpryecKas HHTEPIPETAIHS TOJHOTO (PAKTOPHOTO TIaHa

C naHHOW TIaBpl HAa4YHEM pPACCMOTPEHHE METOOB IUIAHMPOBAHHMS MHOTO(AKTOPHBIX SKCIIEPHUMEHTOB.
Haubonee coxmepkareiabHBIMH PEKOMEHIALMSAMHU B IUIAHUPOBAHMM SKCHEPUMEHTa SIBISIOTCS OTBETHI Ha
BOIPOCHI: KaK, HA KAKUX YPOBHAX M B KaKHX COYECTAHHAX BapbUPOBAaTh (PAKTOPHI B 3KCIEpUMEHTe? DTUM
PEKOMEHIAIMAM MOXKHO CIIEI0BATh, €CIIM BCE BapbHpyeMble (DaKTOPHI SBISIFOTCSA yIPaBISIEMBIMH.

[omubeiMu  QaxkropusiMu  mnanamu  (IIDII) Ha3pIBalOT Takue IUIAHBI, B KOTOPBIX YHCIO YpPOBHEH
BapbUpOBaHMUA BceX (HaKTOPOB OJMHAKOBO M BCEBO3MOXKHBIE KOMOHMHALMM 3THX YPOBHEH BCTpPEHalOTCs
OIMHAKOBOE KOJM4ecTBO pa3. Hmxe moapoOHo paccmatpuBatorcs [1PII, B KOTOPHIX YMCIO ypOBHEH Kax-
Joro (akropa paBHO JBYM. DTHU IUIaHBI 0003HAYAIOTCS 2K, IJie K - unucio ¢aktopos. [1o pesyiasratam [TDIT
2K BCerJa MOKHO MOITYYHTh JUHEWHYIO MOJEIB, TO €CTh MOJIENb BUAA

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

Kak Oyzer moka3aHO HWXKE, 3Ty MOJEIb MOXHO [JOIOJHUTh WICHAMM, COJAEPKAIUMM IPOU3BEICHUS
¢dakTOopoB, HO B JIOOOM Ciyyae MpH TIOCTPOSHHH PErpecCCHOHHONW MOJENH IO pe3yjibTaTaM IOJHOTO
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(bakTOpHOTO TUIaHa 2K TIpeIoiaraeTcs JIMHeWHasi 3aBUCHMOCTh BBIXOJIHOW BEJTMYMHBI OT KAXKJOTO U3 Baph-
upyembix (akTopoB. B mepeBooOpaboTKe, Kak U B Apyrux otpacisax, [IPII mmpoko NpuMEHSIOT Ha IEPBBIX
3Tanax KCIEPUMEHTAILHOTO U3YYCHUS 00BEKTOB, PU OCTPOM IehUIIUTe HHPOPMALIUU O 3aKOHOMEPHOCTSX
uX (QyHKIIMOHUPOBAHUS.

Hopmupoanune 0003HaueHHI BapbHPyEeMbIX (haKTOpOB

PaccmoTpum MHOTO(AKTOpHBIE TUTaHBI (dKCIIEpUMEHTH). To ecTh OyaeM cudWTaTh, 9TO HAa OOBEKT
UCCJICJIOBAHUN BO3MIEHCTBYIOT Cpa3y HECKOJIBKO, B OOIIEM ciiydae K, (DaKTOpOB, KOTOPHIC B HATYpPaIbHBIX
0003HaueHMaX 3anumieM Tak: X1,X2,...,. XK

TITl HccnemoBaHHA

Xo—=|  O6msexr y

X
Puc. 'eomeTpudeckoe npencTaBieHue 00beKTa UCCIICIOBAHUS
ITycte HexkoTopsIit pakTop Xi Bappupyercs B AuamazoHe Xi min < Xi < Xi max.. J{ns ynporienus
3allUCH YCJIOBUH S3KCIIEPUMEHTAa M OOpaOOTKU 3KCIIEPUMEHTAJbHBIX AaHHBIX MMEET CMBICI HEPEedTH OT
HATypalbHBIX 0003HaueHUH (aKTOPOB K Oe3pazMepHBIM (HOpMATU30BaHHBIM) 0003HAYCHUSAM (aKTOPOB, T.
e. oT Xi k xi mo popmyne
X =Xx?
ET T
Oco0eHHOCTH MONMHBIX (PaKTOPHBIX MIIAHOB 2K
Kaxnpiii ¢akrop B NOJHBIX (AaKTOPHBIX IUIAHAX BapbUPYeTCs JHLIb HAa JBYX YPOBHIX, KOTOpBIE
Hopmupytotcst: (- 1) - mHmwkuuit u (+ 1) - Bepxuuii yposenb. B TIOII 2k peanusyroTcss BCE BO3MOKHbBIC
coyeTaHus ypoBHEH (PakTOpOB.
Ob6mee uncno pa3nuyabix onbIToB B [IDII N = 2k, roe kK - 4nciao (GakTopoB; 2 - YHCIO YPOBHEH HX
BapbUPOBaHMUSL.
ITo pesynbraram [1DI1 2/c, B 4acTHOCTH, MO’KHO TIOJTYYUTh TMHEHHOE YpaBHEHHE PErpeccuu

y=by+byjx; +byx;,+ - +bpx,

Chnydaii 1ByX BappUpyeMbIX (akTopoB (K = 2) B HOPMaJIH30BaHHBIX 0003HAYCHUIX
[IDIT anst 1ByXx (QakTOpOB JIETKO MOCTPOUTH MEPeOOpOM BCEX COUYETAHMH UX BEPXHUX W HIKHHX YPOBHEH.
Hanpumep, B Tabi. mpuBeeHBI 1Ba BO3MOKHBIX BAPHAHTA, TJ€ CTPOKH COOTBETCTBYIOT PA3IMYHBIM OIBITaM,
a crosOupl - 3HaueHWAM (HAKTOPOB B OIKCIEpPUMEHTE. OTH TaOnuibsl OyneM Has3bIBaTh MAaTpUIIAMHU
TUTAHUPOBAHUS 3KCIIEpUMEHTa. M3 TabiuIl BUIHO, YTO JBa 3Ha4YeHUs GakTopoB (- 1) u (+ 1) npuHMMarOTCSA
BO BCEBO3MOXKHBIX COUETaHMSX, TO €CTh BCE MX KOMOWHAIINH Pa3IUYHbI.

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

Harnmsgaoe mpencraBieHne 00 YCIOBHSAX IIOCTAHOBKM — ONBITOB  MOXKHO —TOJNyYUTh, TOJIB3YSCh
FCOMETPHUYCCKUMHU TIOHATUSAMHU. BbUIO BBEACHO NOHATHE (AKTOPHOM IIOCKOCTH - 3TO KOOPAMHATHAs
MJIOCKOCTh, TIO OCH a0CIFICC KOTOPOI OTJIOKEHBI 3HAYCHHS Xb a TI0 OCH OPJUHAT - 3HaueHus x2- [loctpoum
Ha 3TOH IUIOCKOCTH TOYKH, KOOPAWHATHI KOTOPBIX COOTBETCTBYIOT KOOPIWHATHBIM 3HAYCHUSM (DaKTOPOB B
ombiTax 1, 2, 3 u 4 I1OII 22

Toukm sTOrO TIaHa 00pa3yIOT BEPIIWHBI KBaApara, IMEHTP KOTOPOTO COBMAJaeT ¢ HAYaJllOM KOOpPIHHAT.
X2 BHyTpeHHOCTh KBagpara sIBISIETCS OO0JIACTHIO BapbHPOBAHUS
3 +1 4 HOPMaJIM30BaHHBIX ()aKTOPOB.

X1

-1 0 +1

1 -1 2
Puc. 'eomerprueckoe nzodpakeHue
[1®DIT nns x - 2 B HOpMAIU30BAHHBIX 21
0003HaueHnsxX GHaKToOpoB



10 - ) 2
0 04 1,2 X

Puc. I'eomerpudeckoe m3odpakenne [1DI1
JUIS K = 2 B HATypaJIbHBIX 0003HaUYEHUIX (haKTOPOB

Touky 3TOTO ’X€ TUTaHA JJIS HATYpajdbHBIX 3HaUYEHUH (DaKTOPOB MPEACTABISIOT COOOW MPSIMOYTOMbHUK B
9THX KOOpAMHATAX 00JacTh BApbHPOBaHUS (PaKTOPOB MpeACTaBIAET cO00H BHYTPEHHOCTh MPAMOYTOJIbHHKA.
Hns reomerpuueckoro uzobpaxenus: [IDII 23 morpebyercsi yxke (akTOpHOE MPOCTPAHCTBO C TpeMs
koopauHaTtamu X1, x2,x3. B atux xoopaumHatax ombiTaM [IDII 23 cooTBeTCTBYIOT BepIIMHBI KyOa, a B
HaTypaJbHBIX 0003HAYEHUSIX (PAKTOPOB - BEPIIMHBI Mapajuiesenunena. ['eomerpuyeckue NpencTaBICHUS]
OKa3bIBAIOTCSI MOJIE3HBIMU U MPH PACCMOTPEHUH SKCIEPHUMEHTOB C YHCIOM (PAKTOPOB K, OONBLIMM TpeX,
XOTSI B 3TOM CJIy4ae M HET BO3MOKHOCTH HM300pasUTh TOUYKH (PAKTOPHOIO MPOCTPAHCTBA Ha uepTexe. Tak,
ombITel [1DIT 24 00pa3yroT BepmIMHEI Ky0a B YETBIPEXMEPHOM IMpocTpaHcTBe (akTopoB. Takyio ¢urypy
0OBIYHO HA3BIBAIOT TUIIEPKYOOM.
Crioco6s1 moctpoenust [1DI1 quist moboro uncna pakropos
Kak yxe ormeuanoch Al AByX (PaKTOPOB BCE BO3MOKHBIE COUETaHHs YpOBHEH (akTOpOB JIETKO HaWTH
nepebopom. C yBenudeHrneM 4drcia (pakTopoB clelyeT 3allOMHUTh HEKOTOpbIE MpHEeMbl. PaccMoTpum aBa
HaunboJiee pacpoCcTpaHEeHHBIX IpHUEeMa:
1.UepenoBanue 3HaKoB (hakTopoB. 3xech B cTonOIie x1 Tabn. 6.4 3HAKKM MEHSIOTCS MOOYEPENHO, B CTONOIE
X2 yepenyroTcs o 11Ba, B cTondue x3 mo uersipe. [Ipu Gomnpiiem xommuyecTBe (PaKTOPOB B IKCIICPUMEHTE
3HAKW Ui x4 HEOOXOIUMO YepeloBaTh YK€ MO BOCEMb U T. . M0 CTENEeHAM JBOWKUA. MOXKHO 3alONHATH
CTOJIOLBI HE C MIEPBOTO, a ¢ Jitoboro ¢paktopa. B koneunom cuete 6yzaer nomyder tot xe [1DII, Ho ¢ apyroi
HyMepanuen OIbITOB.
2.Hcnionb3oBaHue MpaBuiia MEPEMHOKEHHUS CTONOLOB IUIaHA. [Ipy MOCTPOYHOM MEPEMHOKEHUH JIBYX
CTOJIOLIOB TJIaHA MPOM3BEICHUE SAMHUHUIL C OJJMHAKOBBIMU 3HaKamu aet (+1) ¢ pazubivu (-1)
CBoiicTBa MOJIHBIX (HaKTOPHBIX IJIAHOB 2K
Ocoboe MecTo, 3aHIMaeMOoe MOTHBIMY (DAaKTOPHBIMHE TUIAHAMHU 2K B TEOPHHU IKCIIEPUMEHTA, CBS3aHO C IIeIIbIM
PSAIOM WX JOCTOWHCTB, TI0 CPABHEHHUIO C JPYTMMH IDIaHAMH, MO3BOJSIIOIMMH MOJYYUTh PErPECCHOHHBIE
MOJENIM aHaJOTMYHOTO BHIA. OTH JOCTOMHCTBA TNPOSBISIIOTCS B LEHHBIX CBOWMCTBAX PErPECCHOHHBIX
MoJenel, MolydeHHbIX Mo pesynbraTaM peanuzauuu [IOII 2 : He3aBUcHMBIE Apyr OT Opyra OLEHKH
K03 PUIIMEHTOB perpeccuy, MUHMMANbHBIE WX JTUCIIEPCHUHU, a TaKkKe MpocToTa 0O0pabOTKHU pe3ylbTaToB
3KcrepuMeHToB. Xopoire kagecta [IDII 2 00bacHAI0TCS PIIOM 0COOEHHOCTEM MaTpPHIL 3THX TJIAHOB.
Matpuupt II®PII 2k B HOpPMaIM30BaHHBIX OOO3HAUYEHMSX OOJNAAalOT CIEAYIOIIMMH XapaKTEPHBIMU
CBOMCTBaMHU.
CHUMMETpHUYHOCTh OTHOCUTENILHO IIEHTPA SKCIIEPUMEHTA.
CymMa 3HaueHuil J11000ro (akTopa B HOPMAIM30BaHHBIX OOO3HAYEHHUSX Ul BCEX ONBITOB PaBHA HYJIO
(anreOpanueckasi cyMMa 3JI€MEHTOB KaKJOr0 CTOJI0LA paBHA HYJIIO), TO €CTh
N
sz-}-:ﬂ, g txg++x,=0}
j=1
HopmupoBanHocTh. CyMMa KBaJpaToB 3HAYEHUH KaXJ0ro (hakTopa B HOPMAJIM30BAaHHBIX 0003HAUCHHSX TIO
BCEM OIBITAM PaBHA YUCITYy ONMBITOB N (CyMMa KBaJpaToB 3JIEMEHTOB KaXKJJOTO CTOJIOIA PaBHA YUCITY OIBITOB
N), T ecTb
N
fo}-:N, [+ x4+ +x3, =N}
=1
OproronansHocTh. CKangpHOE MPOU3BEIEHHE IBYX JIOObIX cT0a010B MaTpulisl [IPI] B HOpMan30BaHHBIX
0003HaYEeHUAX PABHO HYJIIO, TO €CTh
N
Zx:-}-xi}- =0, (i Xy 4 XizXuz + o+ XoyXuy = 0}, i#Fw Lu=123 .k
et
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Martpuiis! IIaHOB, 00JIAAIONTHE CBOMCTBOM , HA3BIBAIOTCSI OPTOTOHAILHBIMH.

CBoOIicTBO poTaTabebHOCTH O3HavaeT, 4to Touku B [IDII mogbmparorcst Tak, 9TO TOYHOCTH 3HAYCHUH

OTKJIMKAa OIMHAKOBA HAa PABHBIX PACCTOAHUAX OT HCHTPA SKCIICPUMCHTA U HC 3aBUCUT OT HaAIllpaBJICHHA.

[IponemMoncTpupyem 3Tu cBoiicTBa Ha mpumepe. Ilycts nmanwsl aa IIDII .Onpeaenum, KOTOPBHIA U3 HUX

YIOBJIETBOPSIET TIEPBBIM TPEM CBOWCTBAM.

Ne X1 [X22x3

e |

e A o O i
+1 -1 1
-1 +1 -1
+1 +1
ot A o O =
+1 -1 +1
-1 1+
+1 +1 |1

ONO O WN -
F*
—

No x1 [X22[x3

o A ¢ N
+1 1 |1
-1+ +1
+1 +1 |1
£ A ¢ N
+1 1 |1
1 +1 1
+1 +1 |1

Taxk ans [1®I1, npuseneHHoro B Tad. umeeM cienyroiiee. CBOMCTBO CHMMETPUYHOCTH:

JUTS

CBOIMCTBO HOPMUPOBAHHOCTH:

JUISL TIEPBOTO CTOJIONA

xf, v+xfvaf vl vl +xfg vl +axfy=+1+1+1+1+1+1+1+1=8
JUUISL BTOPOTO CTOJIOIA

xd +xd, vl v b bxd b= 4H1+1+1+14+14+1414+1=8
JUISL TPEThEro CTOJIONA

xd, vxd, vxd, i, v b i b =+H1+1+1+14+14+1414+1=8
CBOICTBO OPTOTOHATILHOCTH:

JUTSI TIEPBOTO U BTOPOTO CTOJIOIIOB

X12%zg + X1z¥og + Xqakog T+ X1g¥og = (L)1) + (F1)-1) +

HEDED + FDED) + CODED + )1+ C)ED 4 (D) =0

JJIsL BTOPOTO U TPETHETO CTOJIOIIOB
X39¥33 + XpzXag + Xpg¥ag + o+ Xog¥ag = (C1N(F1) + (-1)(-1) +

JUIS IEPBOTO M TPETHETO CTOJIOIIOB
X13%¥33 + Xq3¥ag + Xq3¥ag + o+ XXz = (CINF1) + (F1)-1) +
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+(—1)1) + (F1)(+H1) + (C1)(-1) + (H1)(+1) + (1) (+1) + (+F1)(-1) =0

CBOIICTBO CUMMETPUYHOCTH BBITIOIHACTCS ISl TPEX CTOJIOLOB Xb X2 M X3, Tak Kak 3HaueHus (- 1) u (+ 1)
BCTPEYAOTCS OJMHAKOBOE YUCIIO pa3 B Kaxa0M cTojbie. CBOHCTBO HOPMUPOBAHHOCTH TAaK)KE€ BBIITOIHICTCS
st x1 x2 m x3, Tak kak (- 1) u (+ 1) gaer mwiroc equHAILY.

Pacuet ko3¢ duineHToB perpeccun TMHEHHO MoAenH 1o peynbratam [1DIT 2*

B ocHoBe pacuera K03(}HUIMEHTOB PETPECCHH MaTEeMaTHUYECKOW MOJENH, MOJYYEHHOW IO pe3ysibTaram
[I®II, nexxut Meton HamMeHblnux kBaapaToB (MHK), moapoGHO paccMoTpeHHBIl Bbilie. [IpuMeHeHne
3TOr0 Meroza TpeOyeT TIpPOMO3AKMX BBIYMCICHHH: HEOOXOAMMO PEIIUTh OIPEAEICHHBIM 00pa3oM
COCTaBJICHHYIO cucTeMy M3 N JMHEMHBIX YpaBHEHHH C p HEHU3BECTHBIMH, TJE€ P - YHUCIO OLEHUBAEMBIX
kodduumentoB perpeccun. CpoiictBa Matpull [IDII 3HaumTensHO o0NeryaroT pacder KOIPPHUIUEHTOB
PETPECCHHU IO PE3YIbTATAM COOTBETCTBYIOLIETO SKCIIEPHUMEHTA, CBOAS €r0 K MPOCTEHITNM BBIYHCICHUSIM.

B cootBercTBUM ¢ MaTpuIleii 0a3UCHBIX (YHKIIMNA COCTAaBUM CHCTEMY HOPMaTbHBIX

YpaBHEHUN:

N 0 0 0
Nl e, \
2
b, Zl Xq, + bizlxojx,j +b,3 x, %, + bszlxo}x” = Z}ijol;
i= J= J= J=! J=l
0 N 0
N 74 N 74 N I N 72
b(,; X,,%,, + b% x;, +szz=;xuxh + blﬁxuxh = %iju ;
(6.5)
o N A AN A
. , 3 .
bﬂz]xOJx21 + b]z]xlij' + b')zl xlj + bijzlxhxh -gy;xlj ’
J= J= i= = =
/0 //0 N /0 //N M

N 4 N 4 N
-
bnE]xo,nxs_,- +blz;x1;x31 + szzlx2;x31+ bs JZI X5, = Jz;y;xa,.
= = = - =

J

O dextr! B3aumoaericteuii paxtopos IIDII 2k
Bo MHOrux cinydasx creneHb BIMSHHSA OIHOTO (DaKTopa 3aBHCUT OT YPOBHS, Ha KOTOPOM HAaXOIHUTCS APYTOi
¢axTop. Toraa roBopsaT o Hanuunu 3dexra B3auMoIeHCTBUS MEXKTY STHMHU (aKTOpaMH.
[Tonuplii QakTopHBIA IUIAH 2K MO3BOJIAET, KPOME JHMHEHHBIX KOI((UIMEHTOB PETPECCHH, OLEHHUTh
BCEBO3MOXKHBIE A(QQEeKThl B3auMoneicTBUs (akTOpoB. PaccMoTpuM BHauasie 3KCIEPUMEHT C ABYMS
¢dakTopaMu. 3/ech CylecTBYyeT €IMHCTBEHHOE - MapHOe - B3anMMOJACHCTBHE Mexay (akropamu x1 m X2,
ko3 duiment npu koropom bl2 mMoxHO oneHuTh 1Mo pesyiabratam [IDII. Takum 0Opa3oMm, ¢ MOMOIIBIO
[1DII 22 MOXHO IOCTPOUTH MOJENb BUAA

V=Dbo+byxy +bzb; + byzx,x;
3aMeTHM, Y4TO B TakOW MOAETH YHCIO p KO3()(UIIMEHTOB perpeccuu paBHO deTelpeM. OHO coBHamgaer C
yucyioM N MOCTaBIEHHBIX OMBITOB. DTO 03HaudaeT, uyTo [IPII 22, mo pesynbpraTaMm KOTOPOTO OTHICKHBAeTCS
MOJIENb , SIBJISIETCSl HACBhIIEHHBIM. Bo3mokHOCTh [IDIT omenuBarh 3QdekThl B3anMoJieiicTBUST (PaKTOpOB
00BsICHSIETCS CBOWCTBAMHU MaTpULbI 0a3ucHBIX (QyHKuuni [1DI1.
Yucno KodPHUINEHTOB PErpecchy ONPEEIISIOT 1Mo (hopMyIam:

a) JUTS TUHEWHOTO YPaBHEHUS
p=k+1
0) JUTSL HETIOJTHOTO KBaJIPaTHOTO YPaBHEHUS
k(k + 1) +1
LR
B) JUIs TIOJIHOTO KBaJPaTHOTO yPaBHEHUS
k(i + 3)
L

Eme pa3 oTMerum, 4YTO 4YHCIO BBIYUCICHHBIX KOA(PQUIMECHTOB HE JOJDKHO OBITh OOJbIE YHCIa
MOCTaBJIEHHBIX ONBITOB, T. €. p<N. Ecium p<N, miaH Ha3biBaeTcsi HeHachllleHHbIM. Eciu p=N, mian
Ha3bIBACTCS HACBHIIICHHBIM, U ecli p>N - CBEpXHACHIIICHHBIM. [IpoBepKy a/IeKBaTHOCTHU BBITIOJIHSIOT TOJBKO
JUIs1 HEHACBIIECHHBIX TUIAHOB.
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CgoiictBa Matpwuils! [IDII ympomaroT He TOIBKO pacdeT Kod(DPHUITUEHTOB PETPECCHH, HO U CTATUCTUICCKUAN
aHAJIU3 PErPECCHOHHON MOJEIH, TTIOJIy4€HHOU MO pe3ysIbTaTaM €ro pealn3alyi.

bnaromaps stum cBoiictBam matpuia (XTX)-1 oka3biBaeTcs AUaroHaNbHOM. B pe3ynbTaTe Bce KOBapHaluu
Mexnay kodddunmentamm perpeccun paBHbl Hymo. CriemoBaTenbHO, KO3(PQHUIMEHTH perpeccuu
OTIPEETISIOTCS. HE3aBUCHUMO JIPYT OT JAPYTa, ¥ OTMafaeT HaJoOHOCTh B IiepecdeTe WX BEIMYWH Mocie oTOpa-
ChIBaHMS HE3HAYMMBIX YICHOB B ypaBHEHUH perpeccun. Kpome Toro, jaucrepcun BceX Ko3(h(UIMEHTOB
perpeccun paBHBI MEXKAY COOOW OTPENETSIOTCs 1Mo GopMyIam

a) TIPH PAaBHOMEPHOM JTyOJIUPOBAHIH OTIHITOB

spa=""YY
(V)
rae s2{y} - OIleHKa TUCTIEPCUH BOCIIPOU30INMOCTH;
N - 4KCI0 OCHOBHBIX OIBITOB, 3aIUTAHUPOBAHHBIX MAaTPUIEH, T.€. YHCIIO CEPHId ONBITOB, KAXKIAs U3 KOTOPBIX
COJCPIKUT 1T JyOTUPOBAHHBIX OIBITOB;
0) IIPH OTCYTCTBHH JyOJUPOBAHHBIX OIBITOB

[Tpu paBHOMEpHOM AYOIMPOBAHUM OIBITOB COXPAHSIOTCS CBOMCTBA

MaTpUIBl TUTAHUPOBaHUS, a CIeA0BaTeNbHO, U Bce aocTonHcTBa [IDII. Gopmynsl mns kodddUIMEHTOB
pErpecCcHH, KaK YK€ OTMEYaNIOCh, TAK)KE OCTAKOTCS CIPABEUIMBBI C YUYETOM TOTO, YTO B Ka4eCTBE 3HAUCHHI
OTKJIMKA B HUX CIIeAyeT OpaTh CpeIHUE MO Pe3yNbTaTaM CepHidl AyOIMPOBAHHBIX OIBITOB.

HepaBHoMepHoe ayOnupoBaHHE ONBITOB HAapyIIaeT OPTOrOHAJIBHOCTH IIaHa. llepeuncrieHHble BbIIIE
cBoiictBa matpuisl [IDII u Gopmynsl mist pacdera ko3(pPHUIMEHTOB perpeccHd MO ero pe3ybTaraM
OKa3bIBAIOTCSI HecnpaBeAnuBbIMH. [l pacyera K03()(UIMEHTOB PErpeccMd B 3TOM CIIydae MPUXOAUTCS
MOJIL30BAThCS 00IIEeH (opMyIIoH.

Jnst onleHKHM 3HAYMMOCTH KO3(PPHUIIMEHTOB perpeccuu, HaieHHBIX 1Mo pe3ynabTatam [IDII, mcmonb3yercs,
Kak 1 B oOmmeM ciyyae,t -kpurepuid Cterogenta. KoadduuneHts! perpeccuu, A1si KOTOPBIX BBITOJIHIETCS
HEPaBEHCTBO , NPUPABHUBAIOTCA HYJII0 B YPaBHEHHH DPErPECCHU, NPH STOM TepecueT Kod()QHUIMEHTOB
pETPECCHH HE MPOU3BOIUTCA.

ITo pesynpratam [IDII MoKHO OnpeneNnTs HE3ABUCUMO APYT OT Apyra U JOBEPUTEIbHBIE MHTEPBAJIBI IS
BceX KOA((HHUIIUESHTOB PErpeccuu 1o Gopmysiam .

IIpoBepka aneKBaTHOCTH MAaTEMAaTUYECKOM MOJENH, MOCTPOCHHOM Mo pe3yiabraraM peannsanuu [1DII,
MPOBOJMTCS TaK K€, KaK U B OOILEM CITydae .

[Mpumep npumenenus [IDI1 23 mis uccnenoBanus: BIUsSHUA (HAKTOPOB THIPOIU3a JPEBECHOHW Macchl Ha
MPOYHOCTH JIPEBECHOBOIOKHUCTHIX TuHT ([IBIT)

OkcriepuMeHT ObUT mocTaBieH B oObeauHeHun «boOpyiickapes» (JL.U. Peimyk). IlpeaBapurenbHeiMu
WCCIIEIOBAHUSIMHI YCTAHOBJICHO, YTO BXXHEWIIMMHU (paKTOpaMH THIPOJIN3a APEBECHOW MAcChl, BIHUSIONIMMHU
Ha npeaen npoyHocTy npu uzrude 0M3r> Mlla, aensrotes: Temneparypa t, °C; BpeMs T, MUH; KUCIIOTHOCTb
JpeBecHOoM macchl v, pH.

®dopmyna CBs3bIBAIONIAS HOPMAIIM30BAHHBIC M HATYpaJbHBIE 3HAYEHUs (PaKTOPOB, UMEET B JIAHHOM CITydae

CIEYIOIUNA BUA;
_(t—40) _(r—3m
X1 = /2[]; X2 = /3{];

. — (v—4,85)
3 = 0,35;

J1s IpOBEPKY TUIMOTE3bI O HOPMAITBHOM PACIIPEIETICHUH BBIXOIHON BEJIMYMHBI ObLIIA TIOCTABJICHA OT/ICIbHAS
cepud u3 50 ombrToB B ycnoBuax: t = 20 °C; t = 0 mun; v = 5,2 pH. HopmansHOCTs pacmpeneneHus
mpoBepsuiack 1o kputepuro ¥2 Ilupcona. BeramcnenHnoe 3HadeHne =3,55 oKa3ajgoch MEHBIIE HAWIEHHOTO
npu ypoBHe 3Haummoctd = 0,05 (y2abx =5,99). DT0 MO3BONMMIO MPHHSTH THIOTE3y O HOPMaJIbHOM
pacripeqeieHiH BBIXOAHOW BEJIMYMHBI HKCIIEPUMEHTA.

[anee Ha ocHOBE TOil ke cepur OBIJIO paCCUUTaHO HEOOXOAMMOE YUCIIO AyOJIMPOBAaHHBIX OIBITOB, KOTOPOE
0Ka3aJIOCh PaBHBIM IT = 5.

bruta mpoBeseHa mpoBepka OJHOPOJHOCTH TUCTEpPCHd OMBITOB. [lOCKONBKY B IaHHOM Cilydyae HMMEETCs
paBHOMepHOE IyOnupoBaHME, 3[ech Hcmonb3oBajics kpurepuil Koxpena. MakcuManbHOW W3 AWCHEPCHM
oKazayiach TUCTIEPCHS 9eTBEpTOTro ombITa s42 = 2,2. Iloaromy
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W3 tabmun pacrpeneneans Koxpena mms q - 0,01, f=n-1=4 (uucimo creneneit cBoOOIBI KaXKI0# BEIOOPKH), T
= 8 (konuuecTBO BbIOOPOK) HaxoauM: Gradm = 0,46. [TonyuenHnoe coorHoirenne Gpacu < GTa0j1 HO3BOJISCT
MPHUHSATH THIIOTE3Y 00 OJTHOPOTHOCTHU JUCTIEPCUI OIIBITOB.

Haxomaum olleHKy JIuCepCHH BOCIPOM3BOJUMOCTH AKCIIEPUMEHTa KakK CpeaHee apuMeTHYecKoe
JIUCTIEPCUI OTIBITOB:

(%5=157)
Ty — VUTLTS
-4 1 =
b} 3= 11225
8=14
CTaTHCTHYECKUI aHAINW3 TOJyYEHHOTO YPaBHEHHS PETPECCHM HAYMHAIM C OTHICKAHUS JTHCIEPCHIA
k03 GuIeHTOB perpeccur. Bce OHM 0JMHAKOBBI U COTIIACHO (JOPMYJIE PaBHbI

2 _s? i}
spa=""0d

2 14
s*{b}="
b3 /5-8=EI,{]35
Cpemaee KBaipaTHIeCKOe OTKIOHEHHE TS KaXKI0T0 KOd((DHUIIMEHTA PETPECCHU COCTABIISICT

S{bi} = 'J.';:{bz']' = (0,187

s oLeHKH 3HAYMMOCTH KO3()(UIIMEHTOB PErpeccHr MPOBEPSUIOCh AN KaKIOr0 M3 HUX COOTHOILEHHE.
Benwunna ttabn HalineHa u3 Tabmul t-pacupeaeneHus CTpIOCHTa IPU YpOBHE 3HAUNMOCTH ( - 0,01 1 uncie
cTerneHel cBo0o bl fy, CBI3aHHOM ¢ AMCHEpCHEl BOCIIPOU3BOAMMOCTH.

Janee Obuta MpoBepeHa aeKBaTHOCTh MaTeMaTH4YecKol Mojeny. Jlucrnepcus afeKBaTHOCTU OINpeAeseHa 110

dopmyme:

3neck p - yuciio ko3 GUIIMEHTOB perpeccuu aHaauupyemon moaenu (6.21), papaoe 7;
y j - 3HAUE€HHE OTKIIMKA B j- M OIIBITE, PACCYUTAHHOE 110 ypaBHEHUIO (6.21).
3aTteM HailneHo 3HayeHue Fpacu

N3 tabnun F-pacnpenenenus anst q = 0,01 u gucen creneneit ceodomsi= N-p = 8-7=1 (uucnurens) fy=N(n-
1) = 32 (3HameHnarenp) Obu10 HaiineHo 3HaueHue FTabJl, pasHoe 7,57. Ilockonbky Fpacu < Frabm, Obuia
NPUHSATA THITOTE3a 00 aJeKBaTHOCTH MOJIEITH

JdpoOHble  QakTopHBIE TUIAHBI M HX T[OCTPOSHHE. OKCIHEPUMEHTHl B JiepeBooOpadaThIBaroliei
NPOMBIIIIEHHOCTH, U 0COOeHHO B JjeconmieHud, B npomssoactse JCtlIl, IABII, ¢aneps! okasbiBaroTcs
TPYAOEMKHMHU U JJOPOTHMH.

[TosTOMy akTyadbHOH sIBIIsIETCS MpOOJieMa COKpalleHWsl 3aTpaT Ha OKCIEPUMEHT U, B YacTHOCTH,
YMEHBIIEHHE YHCJIa OINBITOB. B 3TOH cuTyaluy HaxXOoIAT IIMPOKOE NPUMEHEHHE PAacCMaTpUBAEMble HIDKE
npobubie ¢dakropusie mnanel ([PII). Ilpu 3amanrom umcne dakropo DIl comepkar MeHbIee YUCIO
onbITOB 10 cpaBHeHnio ¢ [IDII 2x. Ho 3Ta sKOHOMHSI TOCTUTAETCS IIEHON YMPOIICHHUS MAaTeMaTHYECKON
mojnenu. HammomunMm, 4to no pesynbraram [1OIT 2k MOXKHO OIICHUTH CBOOOJHBIM YJIEH B PETPEeCCHOHHOM
MOJIENH, BCE JIMHEHHbIe Ko3(PULIMeHTH perpeccuy U Bce B3auMoaeicTBusl GpakropoB. OQHAKO BO MHOTHX
clydasix ydeT BCeX B3aMMOJICHCTBUH (AakTOpOB HE BBI3BIBACTCS HEOOXOoAMMOCThIO. Tak, npu
MIEPBOHAYAIIFHOM HM3y4YeHHH OOBEKTOB HaCTO CTaBAT IKCHEPUMEHTHI C IIENBI0 MOJY4YEHHS JIMHEHHOW MO
nenu. s kK BappupyeMbIX (PaKTOPOB Takasi MOJENb UMEET, KaK M3BECTHO, BUA y=b0+blx1+b2x2+...+bkxk
conepkut (k + 1) koapdunmenT perpeccun. IKCIEPUMEHT, TTO3BOJISIONINA OTHICKATh 3TH KO3()PUIIMEHTHI,
JIoJT* JKeH cozaepikarh He MeHee YeM (K + 1) ombIT. C TOYKH 3peHMsI SKOHOMHI CPEJCTB JKeJaTeIbHO, YTOOBI
YHUCIIO ONBITOB N HE CIMIIKOM MpeBbIIao 3Ty BeanuuHy. C 370 nozunun [1PI1 npu oTeickaHnM TMHEHHOM
MOJIETIM HEYAOBJIETBOPUTENbHBI. JlelicTBUTENbHO, umcio omnbiToB [IPII, paBHOE 2K, CyIIECTBEHHO
MpeBOCXOoANT BennduHy (K + 1), HaumHasg yxe ¢ Tpex ¢akrtopoB. Ecinu ke, KpoMe OTHICKAHUS JTHHEWHBIX
k03 uimeHToB, HEOOXOAUMO MPOBEPUTH AJCKBATHOCTH YPABHEHUS] PETPECCHU, TO IKCIEPUMEHT JIOJDKEH
coctosaTh U3 N\ = k + 2 omeitoB. Torma: st k =4, N=24=16; Nl =x +2=4+2 =6, 1. e. qumnuux 10
ONBITOB; T K =6, N=26=64; Nl =x+2 =6+ 2 =8, T. €. onbIToB 60JbIIE B § pa3; must k=7, N =27 =
128; N1=k+ 2 =7+ 2 =9, cieoBaTe/bHO, JUIIHUX ONBITOB Oojice ueM B 14 pas.

[IDII HEe’IKOHOMUYHBI, JaKe €CIH SKCIEPUMEHTATOpa HHTEPECYIOT, KPOME JIMHEHHBIX KO3((HUIMEHTOB
perpeccuu, HEKOTOpble (HO HE Bce) B3aMMOJEHCTBHs (akTopoB. [1o3TOMY KenaresbHO COKpPAaTUTh YHCIIO
ombITOB N 3a cueT ToW WHGOpPMAINK, KOTOpas HE SBISIETCS CYIIECTBEHHON MpPH MOCTPOCHHUU JMHEHHOU
Mozaenu. IIpu 3TOM HEOOXOAWMMO COXPaHWTHh OCHOBHBIE cBoicTBa IIDII, To ecTh 1) CHMMETPHUYHOCTH
OTHOCUTENFHO LEHTPa SKCHEPUMEHTA; 2) HOPMUPOBAHHOCTB; 3) OPTOrOHANBHOCTh. TakuMm oOpa3oM, Haila
3a/1a9a CBOAMTCS K MUHUMH3AIUA YUCIIa OIBITOB TP OrpaHudeHusx 1), 2), 3).
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Jns yacaenns unen noctpoenns DI odparumces cradana k T1DII 22. B tabda. Bocmpons3BeeHa MaTpuIia
0a3uCHBIX (PYHKIMI 3TOTO TIaHA, COOTBETCTBYIOIIAS MOJICIIH.

[Ipenmonokum, 4TO O HEKOTOPHIM COOOPaKCHHUSIM MOXHO MPEHEeOpeYh MapHBIM B3aUMOJIeHCTBHEM X 1X2.
Torma ocTaBmIWiiCS BaKaHTHBIM CTOJIOEN X1X2 MOXHO HCIOJb30BaTh, BapbHPys B COOTBETCTBHH C
AJIEMEHTAMH 3TOTO CTOJIOIA HEKOTOPBIKA TpeTHid pakTop X3

Takum obpasom, IS
N X0 X1 X2 [(x3) N X0 X1 [x2 X3 3KcnepI/IMeHTap -
X1x2 (hakTopaMu TOIYYeH IUIaH U3
YeThIpex OTIBITOB, o
1 + |- - 1 + | - | - + pe3yibTaTaM KOTOPOTO MOXHO
2 + - 2 + + - - MOCTPOUTH JTUHEHHYTO
3 + - + - 3 + - + - MOJIEJIb:
4 + O+ M 4 + + + +

OueBHuIHO, YTO MaTpWIa TUTaHa B TaOm. 6.16, kak u Marpuma B Ta0m. 6.15, ymoBIEeTBOpSET CBOHCTBaM.
[Tnanel Takoro THma, moinyuyeHHble u3 [IDI] 3amMeHOl HEKOTOPBIX B3aWMOJCHCTBHI HOBBIMH (DaKTOPaMH,
Ha3bIBalOT JpoOHbIME (akTopHbIMU TaHamu ([IDII) wmu qpoOHBIME perUIKaMu TOTHOTO (aKTOPHOTO
rana. B wacTHOCTH, TUTaH, MpUBEASHHBIN B Ta0n. 6.16, HAa3BIBAIOT MOMyperunkoi (v 1/2-permukoii) ot
[I®IT 23. Ero obo3nauator 23-1. 3aech 3 - uuciio (GakTopoB, a AMHMIIA CUMBOJIM3UPYET TOT (akT, YTO
TOJILKO OJHO B3aUMOJICHCTBUE 3aMEHSETCS HOBbIM (akTtopoM. Mmenno takue DIl u HasbiBarOT
nomyperumkamu. B JI®DIT 23-1 dakrop x3 BapbupyeTcsl OJWHAKOBO C MApHBIM B3aUMOJEHCTBHEM Xix2.
[To5ToMy B ypaBHEHHH PETpecCHH HeNb3s OTASIUTh BIUAHHE (DAKTOpPA X3 OT BIMSHHS B3aHMOLCHCTBHS
x1x2. Ecniu 0003HauMTh 4Yepe3 [} UCTHUHHBIC BEIIMYMHBI COOTBETCTBYIONIMX KOA(P(PUIIMCHTOB PErpecCUu, TO
MOXKHO CKa3aTb, 4TO K03(p¢uImMeHT b3 maer COBMECTHYIO, MM CMEIIAHHYIO, OLEHKY ABYX HCTHHHBIX
koadurmenToB perpeccun: 3 u f2. CUMBOIMYECKH 3TO 3amUchiBaeTcs Tak: b3 3 + f12.

Ecnu noctpouth cTonoubl Xx1x3 U Xx2X3, TO JIETKO YOSIUTHCS, YTO OHU COBIAIYT CO cToJIOamMu X2 u X1
CrnenoBaresbHO, IMEEM JOMOJIHUTENBHO CMEIIaHHbIe OLeHKH: b2-B2+P13; bl-B1+B23

s 6onpiero uucna ¢akropos noiayuenue DI, T. e. MUHIMH3ALUS YUCIIa OTBITOB, CUIIBHO YCIOXKHSIETCS.
JpoOHbie GakTOpHBIE IJIaHBI PA3JTUYHOMN TPOOHOCTH

[MpumenuB apoOHbIA ¢akTopublit twiad (JPII) (tabn. 6.16) 23-1 ¢ 4eThIpbMS OMBITAMH, MBI HCTIOJIE30BAIIN
nonoBuHy [IDII 23, 1. e. momyperuuky (1/2-pernuky).

OOvenvHUB 3TH JABE NOJyperuMkd, Mbl noimyunMm [IPII 23 ¢ pa3nesbHBIME  OLIGHKaMH IAPHBIX
B3aMMOJICHCTBUHN U TUHEHHBIX 3PPEKTOB.

Bospmem Temeps matpuily 0asucHbix ¢yHkmwid [IOIT 23 (tabm. 6.17) u mocTpouM Ha €€ OCHOBE P
JIPOOHBIX (DAKTOPHBIX TIJIAHOB.

Ecnu npeHeOpedb TPOWHBIM B3aUMOAEWCTBHEM Xix2X3 M BMECTO HETO TOCTaBUTh X4, TO TOJIy4dUM
MOJIYPEITUKY 24-1 oT [1DIT 24, Korga WU3BECTHO, 4TO
MOJKHO TIpeHeOpedb HEKOTOPHIMU WJIM BCEMHU MapHBIMH B3aumojeiicTeusmu, To u3 [IDII 23 momyuum psin
HOBbIX JIDII.

Tabmuna 6.17

Ne X1 X2 X3 X1x2 [X2x3 [X1x3 [X1x2x3
1 - - + + + -
2+ - - - + - +
3 L + - L " + +
4+ + - + - B -
5 - - + + - - +
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7 | + + - + -

8 + + + + + + +

Tak, 3amensist x\x2 Ha X5, ony4dum 1/4-permuku ot ITDIT 25, kotopast o603Hagaercst 25-2. 3amensisa x2x3 Ha
x6, momyunm 1/8-permmku 26-3 ot IIDII 26 u, HakowHer, 3amensist X1X3 Ha X7, nonyunm 1/16-permku 27-4
ot [I®II 27 mpu N = 8 u k = 7. MoxHno Taxoke nonyunts ADII qnsg x = 15 ¢ yucnom onsitoB N = 16. Torna
a10 Oyznet 1/2048-permmku ot [1DIT 215, 1. e. ADII 215-11. [nst peanuzanmu [1DI1 215 moTpedoBanocs Ob
MOCTaBUTH 32768 OMBITOB.

Bri6op 1/4-peruku u ee pazpemaronas cnocoOHOCTb

Wnero moctpoeHus IpoOHBIX PEIIMK MOKHO Pa3BUBaTh Jainblie, 3ameHsis B [IOI He ogHo, a Gombiee Yrcio
B3aMMOJEHWCTBUH HOBBIMU (pakTopamu. [Ipm 3ameHe ABYX B3anMOAEHCTBUI HOBBIMHU (DaKTOpPaMH ITOIYIUM
4yeTBepTh- peruuku (win 1/4-permuku) [1OI1. Mx ycnoBHoe o6o3HaueHue 25-2.

B Tabn. 6.22 mpuBeneH tiaH 1/4-peruMku At TATH (QakTOpoB, MoiydeHHoW 3amenoit B I[IDIT 23
B3anmMopercTBui X1x2x3 u x2x3 dakropamu x4 1 X5 COOTBETCTBEHHO.

I'eneparopsl 3Toro miana: x4 = x1x2x3; x5 = x2x3.

Jnis monmydeHus CHCTEMBl CMEUIMBAHUS PACCMOTPUM COOTBETCTBYIOIIUE OMNPEACISIONINE KOHTPACTHI: |
=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 elne OAWH ONPEAENSIONIMNA KOHTPACT, IIOJYYEHHBI MEPEMHOKEHHUEM JIBYX
3alMCaHHBIX BbIlIe KOHTpacToB: 1 = x1x4x5. Bce Tpu KOHTpacTa MOKHO 3alucaTh B BUJE OJHOM LIEMOYKU
PaBEHCTB, KOTOPasi Ha3bIBaeTCsl 000OMIAFOIIUM OTpeIeNIsTIoIMM KoHTpacToM: 1 = X1X2X3X4 = x2x3x5 =
=X1 X4X5.

VYMHOXas ero nociaeaoBaTeNbHo Ha X1 X2,..1T0IyYUM reHepaTophl:

Xy = XgXgXy = Xy XgXgXs = Xg¥s
Xz = X3XaXy = XgXg = X3 XgXaXs
Xg = X3XaXaXy = X3Xg = X3 Xa3Xgd
Xy = XyXgXg = Xg XgXeXs = X;X5
X = XqXgXglaXs = Xg Xg = Xp X,
X3Xg = XaXy = X3 XgXs = X3 X5
XyXg = XgXy — Xy Xg¥s = Xg X4Xs
XpXg = XXy = X5 = Xy XgXgigXs

OTcrofa UMeeM CIEAYIONIYI0 CUCTEMY CMEITUBAHUS:

W3 Hee cuemyeT, 4TO B paccMaTpUBacMOM ILUIaHE Bce JiMHEHHBIE 3(QeKThl cMeliaHbl ¢ NapHBIMH
B3aMMOJICUCTBUSAMU. ECITU 3TO HE yCTpanBaeT SKCIEPUMEHTATOPA, TO MOXKHO MPUMEHUTH METOJI «IIepeBaay
[1], cormacHO KOTOpPOMY NaHHBIM IJIaH JOMOJHSAETCS BTOPOM CEepUel OMBITOB, TAKXKE MPEACTABIAIONICH
co00it 1/4-pemuky. DTy HOBYIO PEIUIMKY Hal0 BRIOPATh Tak, YTOOBI 110 pe3yJbTaTaM BCEro SKCIIEPUMEHTA B
1esioM JinHelHbie 3 deKkThl ObUIM 0CBOOOXKIEHBI OT 3G (EKTOB MapHBIX B3aUMOACHCTBHI. OO00OIIAIOIIHI
OTIPEACISAIONINA KOHTPACT TAaKOW PEIUIMKU TOJIy4YaeTCs W3MEHEHHEM 3HAKOB IIEpell BCEMH TPOWHBIMH
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B3aMMOJEWUCTBUAMH B 0000IIarOmeM OIpeNeNsioneM KOHTpacTe TIEepBOM UYeTBEPTh-PEIUTUKHA Ha
MIPOTHUBOIIOIOKHBIE.

IIpu 3amene B IIDII Tpex B3amMomeilcTBHi HOBBIMH (akTopamu mnomydarotcst 1/8-pemmuku [1DII,
o0o3HayaeMbie 26-3. AHaJIOTHYHO CTPOSIT PEIUIMKH OONbIIeH APOOHOCTH.

ITockomeky matpuist API1 obxanatoT Temu xe cBoiicTBaMH, uyTo U MaTpuilsl [1DI1, pacuer koaddummenTos
perpeccun no pesynbratam J®PII, a Takke CTaTUCTUYECKUN aHAIU3 IOJYYEHHOI'O YPaBHEHUS PErpecCHU
NPOBOJSTCS C MPUMEHEHHEM TeX e (QOopMyl U 1O TeM K€ TpaBWiIaM, YTO M s MOJIHBIX (aKTOPHBIX
IIJIAHOB.

Paccmorpum mpumep npumenerwns JAPII. B MJITU (B .I'. buprokoB) mccienoBaiy BIUSHAE OCHOBHBIX
TEXHOJIOTHYECKHX (haKTOPOB Ipolecca MmpeccoBaHus (aHephl HAa €e MPOYHOCTHBIE Mokaszarend. [lepedyeHn
BapbUpyeMbIX (aKTOPOB MpHUBEICH B Ta0MI. 6.23.

B ocHOBy »JKCHepuMEHTaIpHOTO IUIaHa TOJOoXeHa 1/4- permmka ot IIDIT 26 c
reHepaTopaMH:

Xg = XgXgXg) Xg = X3XzXe:

Bonbiiiie HENPUATHOCTH HCCIEIOBATEISM JIOCTABJISIOT CHUCTEMaTHYeCKue OMmMUOKH. OHU HCKaXKaroT
pe3yNIbTaThl IKCIEPUMEHTA, a CIIEJIOBATEbHO, U OIICHKH K03 huimeHToB perpeccuu. IIpITasich H3MEHHUTH UX
BIIMSHHE, WCCIEOBATEH CTPEMSTCA, IO BO3MOXKHOCTH, CTaOWJIM3UPOBATh (aKTOPBI, CBS3aHHBIE C
XapaKTEPUCTUKAMU JKCICPUMCHTAIBHBIX O00pa3lOB M YCIOBHSAMM IIOCTAHOBKM dKcrepuMeHTa. K
COKaJICHHIO, 3TO HE BCErla yAaeTcs, 0COOCHHO JUIS AKCIEPUMEHTOB, MPOBOJIUMBIX B MPOU3BOJCTBCHHBIX
ycnoBusix. KpoMe Toro, pesynbTaThl SKCIIEPUMEHTA, MPOBEISHHOTO TPH JKECTKOW CTAOMIM3AIMN MHOTHX
MapaMeTpoB, UMEIOT OTPAHUYCHHYIO IIEHHOCTh, TAK KaK TAKUE PE3yJIbTAaThl IPUMEHUMBI TOJIBKO B MOI00HOM
CUTYAIUH, TIPH TEX )K€ 3HAYCHUSIX CTAOMITM3UPOBAHHBIX (DAaKTOPOB. ECIIM MpH 3TOM YTPAaTUTh YYBCTBO MEPHI,
TO PE3YIbTATHl IKCIEPUMEHTOB BOOOIIe He OyAyT BOCIPOHM3BOIWMBEL. MOXKHO, HAllpUMEp, BCE OTMBITHI B
OKCIIEPUMEHTE, CBSI3aHHOM C WCCIIEJJOBAHWEM YCHIIMH pe3aHus MpH TONEepPeYyHOM packpoe OpeBeH,
BBITIOJIHUTh Ha 00pa3siax M3 OJHOro OpeBHA, HO OONBIION MPAKTUYECKOH IIEHHOCTH PE3YJIbTAaThl TaKOTO
JKCIICPUMEHTA MPEACTaBIATh HEe OyayT. Teopus 3KCIEpUMEHTa PEKOMEHIYET HCIOJIb30BaTh HApAAY C
TPAIMIIMOHHBIM  CIIOCOOOM  cTa0mwnm3anuyd  (aKTOpOB, BHOCHIIUX  CHCTEMATHYECKYH)  OIIHOKY,
MPUHIMITHAIBHO JAPYro¥ MOIX0 K MX MCKIIOYCHHIO. DTO TaK Ha3blBacMasl PaHIOoMHU3anus (OT aHTJIHUHCKOrO
cnoBa random - ciydadHblif). MeTOJ| paHIOMHU3AlMK 3aKJIIOYAeTCsl B TOM, 4YTO JUIsl (haKTOPOB, BIIUSHUC
KOTOPBIX BHOCHUT CHUCTEMATHYECKYIO OMIMOKY, 33/Ial0T CIy4yailHble 3HAa4eHHs. TeM caMbIM WX BIHSHUE
CKa3bIBAaETCS YXKe TOJBKO Ha BEIWYMHE CIy4YailHOM OMHMOKH, KOTOpas HE WCKaXaeT OIEHOK
MaTEeMaTHYECKOTO OXKUIaHUS KOAPDUIIUSHTOB PErPECCHH.

ITockonmpKy OMACHOCTH TMOSIBIICHUS] CUCTEMATHYECKUX OITMOOK BCETJa CYIIECTBYET, PEKOMEHIIyEeTCs BO BCEX
CIIy4asX PaHIOMH3UPOBATh MOCIENOBATEIFHOCTh ITOCTAHOBKM ONBITOB WM NPHUMEHSATH NIPYTHE CPEACTBa
YMCHBILIEHUS] CUCTEMaTHYECKUX OLIMOOK, KOTOPhIe OyayT paccMoTpeHbl Hibke. CUCTEeMAaTHYeCKUE OIMIMOKU
MOTYT TMOSBJISATHCS HM3-32 HEYYUTHIBAEMOTO BIIMSHUS CBONCTB JKCIEPUMEHTAIBLHBIX 00pa3IOB, MO3TOMY
JKemaTenbHa paHAOMHU3aIUS 0 CBIPbIOY. Ecim, Hampumep, JUisi TPOBEACHUS DKCIIEPUMEHTa HEOOXOIUMO
MCIIOJIb30BaTh HECKOJIbKO MapTHii 00pa3IioB, JIyUlle JJIs KaKIOro OIMbITa CIIy4aliHbIM 00pa3oM BLIOUPATH
MapTHIO, U3 KOTOPOH Oepercs oOpasel]. AHAIOTHYHBIM 00pa30M PaHJOMHU3UPYIOTCS TIPU HEOOXOIUMOCTH U
JIPYTHE YCIOBHS MTPOBEICHHUS SKCIIEPUMEHTA.

Paz0Ouenune MaTpuIlbl I1aHa Ha OPTOTOHANBHEIE OJIOKH

B cnyyasx, ecid MOXHO NPEIABHAECTh MCTOYHHUK CHCTEMATHYECKOHW OLIMOKH M €¢ XapakTep, BO3MOXKHO
MPUMEHEHHUE APYroro MeToAa HCKIIOUEHHUS CHUCTEMAaTHYEeCKHX OINMMOOK - pa3OueHHs] MaTpUIbl IUIaHa Ha
opToroHanbHble 050KH. COTJIACHO 3TOMY METOIY 3alUIAHUPOBAaHHBIC OMBITHI Pa30MBAIOTCS HA HECKOIBKO
6okoB (rpymm). Ilpu peanm3amuu IUTaHa CHavajga CTaBATCS OIBITHI TEPBOTO, TIOTOM BTOPOTO M APYTHX
0siok0B. Pa3OueHue Ha OJIOKH HPOBOIUTCS TaK, 4TOOBI MCKIIOYHTH BJIMSHHE CHUCTEMATHYECKOH OIIHOKH.
3mech HWCHONB3yIOTCA cBoWcTBa Marpunbl Ituiana. [ms [I®II, xak uW3BeCTHO, OIEHKH JTHOOOTO
B3aMMOJICHCTBUS (PAKTOPOB OINMPEACIISAIOTCS HE3aBUCUMO OT OIICHOK OCTaIbHBIX KO3()(PHIIMEHTOB perpeccuu.
Ecnu, BOCHOJB30BABIINCH OSTHUM, 3aCTaBUTh (HAKTOP, BBI3BIBAIOIIMKA CHCTEMATHYECKYHO OIIHMOKY,
BapbUPOBATHCS TaK )K€, T. €. HA TE€X K€ YPOBHAX, YTO M HEKOTOPOE B3aUMOJICHCTBHE, KOTOPHIM JIOIYCTHMO
npeHedpeyb, TO BIMSHUE CHCTEMaTHYEeCKOM OMMOKM HE CKaXeTcs Ha OIEHKAaX BCEX OCTalbHBIX
koddurmento perpeccun. [Ipum 3TOM mpennonaraercsi, 9To (HaKTOp, BHI3BIBAIOIIMN CHCTEMATHYECKYIO
ommOKy, MPUHUMAET TOJIBKO JBA 3HAYCHHS, KaK U Bapbupyembie Gaktopsl. Ilycts, Hanpumep, mist [TDIT 23
MEIIAIUH (aKkTop - U3MCHEHUE BHEITHUX YCJIIOBUH - CKa3bIBACTCS HA PE3yJIbTaTaX TOH IMOJIOBUHBI OTBITOB,
KOTOpBIE TIOCTaBJICHBI MOCIEAHUMH - K&KIBIA U3 HUX Oy/IeT UMETh CUCTEMAaTHYECKYIO OINOKY, PaBHYIO .
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31ech mo-peKHEMY 4epe3 Vj, j - 1,..., 8, 0003HaYEHBI PE3yIBTATHI OMBITOB, CBOOOAHBIC OT CHCTEMATHIECKIX
omn6Ook. [Tpu Tako# MOCTaHOBKE OIMBITOB KO3 duiineHT 63, HanpuMep, OKaKETCsI paBeH
by = 1,}3 Cr-y-¥a— e tys sty )+ 9/,

TO €CTh BBIYMCIISIETCS] C CUCTEMAaTH4eCKO ommnOKoi 8/2. J{ng pazdoueHust 3Toii MaTpUIlbl Ha OJOKK BbIOEpeM
HaMMEHee BaXKHOE B3aMMOJICHCTBHE, KOTOPBIM MOKHO TipeHeOpedb. OOBIYHO, TIPU OTCYTCTBUU alpPHOPHBIX
CBEJICHHI, BBHIOMPAIOT B3aMMOJEiiCTBHE HamOoJiee BBICOKOTO MOpsIKa, B AaHHOM ciaydae X1X2X3. C
YPOBHSIMH 3TOT0 B3aUMOJICHCTBHS CBSXKEM (PAKTOP M3MCHCHHWS BHEIIHUX YCJIOBUH. MOXXHO CUUTATh, YTO
9TOT (aKTOp TOKE MPUHUMACT JIBa 3HAYCHUs: 3HaueHHE (-1) COOTBETCTBYET BPEMEHH IMPOBEACHHS MEPBOit
TOJIOBUHBI ONBITOB, 3HaYeHUE (+1) BpeMEHU MPOBEJCHUS BTOPOW IMOJIOBHHBI OMBITOB. Tak Kak B MEPBOM
ombiTe X1X2X3 = - 1, TO NEpPBBIA ONBIT JODKEH HAXOAMTHCS B MEPBOM OJIOKE, TO €CTh CPEIU IEPBBIX
YETHIPEX MOCTABJICHHBIX OIBITOB, BTOPOH OMBIT OyJIET BO BTOPOM OJIOKe, Tak Kak i Hero X1X2X3 paBHO
(+1), TpeTnii OMBIT Tak)Ke MOMAJAET BO BTOPOU OJIOK, YETBEPTHIN - B MEPBHIH 070K U T. A. TakuMm oOpa3om, B
NepBOM OJIOKE OKaXyTcs OMBITH 1,4, 6, 7. IX cTaBAT B IepBYIO 0uepelb, U UX Pe3yNbTaThl OyayT CBOOOIHEI
0T cUcTeMaTH4YecKuX omuoOoK. OnbITH 2, 3, 5 1 8 00pa3yroT BTopoii 6J10K. Pe3ynbTaThl 3THX OMBITOB HMEIOT
cucremarndeckue ommoOku. Koadduiment b3 npu Takoif MoCTaHOBKE OIBITOB OKAKETCS PAaBHBIM

by = 1,!3[_}’1 —02+0)-02+0)- 2 +0s5+0)+ys+y:+ 0 +0) =

Kak BumnO, kodhdunment b3 Oynmer HaiimeH yxe 6e3 cucreMaTHueckoil ommubOku. ComocTaBIeHHe OIEHOK
OCTaJbHBIX KO3(P(UIMEHTOB PErpecCuy INMpHu pa3OMeHUM MaTpUIbl IUIaHA Ha OJIOKM W 0e3 pa3OueHus
MPEJOCTABIISCTCS YATATEIIO.

AHanorngHeIM 00pa30oM MPOU3BOAUTCS pa3OreHue Ha aBa Ooka MaTpuils! srodoro [IDIT mpu x > 3.
B-nnanel BTOporo nopsiaka

[Monuble u ApoOHBIE (AaKTOPHBIE TUIAHBI MO3BOJISIOT MONYYUTh JIMHEHHOE OMMCAHNE 3aBUCUMOCTH OTKITMKA
OT KaxZoro wu3 BapbupyeMmbix (akropoB. Ilpu peranbHOM u3ydyeHMH OONBLIMHCTBA IPOLECCOB
JIECONPOMBILIICHHBIX U J€PEeBOOOPadaTHIBAIOMINX MPOU3BOJICTB TAKOE MPEICTABICHUE OKA3bIBACTCS CIIUIII-
KoM TpyObiM. B Takoil curyanmu HeEoOXOAMMO OOpaTHTBCS K OKCIIEPUMEHTAIBHBIM IUIAaHAM BTOPOTO
MopsIIIKa.

[lnanaMu BTOpPOrO MOPsIKA HA3BIBAIOT TAaKUE IUIAHBI MHOTO(AKTOPHOIO SKCHEPHUMEHTa, C IOMOLIBIO
KOTOPBIX MOKHO MOJIyYUTh MaTeMaTHYECKOE OMICcaHue OOBEKTOB B BUJIE TIOJMHOMOB BTOPOTO mopsiaka. Jlis
Tpex (akTOpoB COOTBETCTBYIOIIEE YPaBHEHHE PErPECCUH 3aIIUCHIBACTCS B BHJIE

V=Dbo+byxy +baXg 4 DaXg 4 DXy Xz + boaXaXa + DyXyxg + Dy X + Daax3 4 Dagxd

B o0miem ciywae, KOr/ia YUCIIO BApbUPYEMBIX (PaKTOPOB PaBHO K, MOJIENIb IMEET CIEAYIOIIHNA BHUI:

k k k
}f=bn+2b5x5+ z bi_,-xix_,-+2bﬁxf
i=1

i=1 i,j=1
fej
OTMeTuM, YTO IJIaHbl, MO3BOJIAIOLINE MOJNYYHUThH JIMHEHHYIO Mojaenb oObekTa, Hampumep, [IDII u JPDII,
Ha3bIBAIOT IUIAHAMHM MEPBOTO TOPSIKA.
Perpeccuonnple Mozenu Ha3bIBalOT, Kak YK€ OTMEUAJIOCh, MOJAEISAMH BTOPOro MOpsAAKa, WIH

KBaJpaTUIYHbIMH MOACIIAMU. Yucio K03(1)(1)I/II_II/ICHTOB perpeccun TaKoOM MOACIHU COCTABJIACT

il — 1) _ e+ 1)k +2)

p=1+2k
2
N
k(k + 3)
P 2
N3 BBIpaXXCHUA BHUAHO, YTO peajin3alusa IIJIaHa BTOPOTO IOpsAAKa IIO3BOJIACT OIMCATh 3aBUCUMOCTH
BBIXOTHOM BEJIMYUHBI oT KaXXJ0ro ¢akropa B BHUJIE YpaBHEHUS 1apaboJIbl.

B cooTBeTcTBUU ¢ COBPEMEHHBIMU B3IUIAIaMHU, B IJIAHUPOBAHUM SKCIIEPUMEHTA CUHTE3 KCIEPUMEHTAIBHBIX
TUTAHOB TIPOU3BOAMTCS C MO3UIMIA HEKOTOPOTO KPUTEPHS, CBA3AHHOTO C OIIEHKAMH MapaMeTpOB MOTydaeMon
perpeccHoHHON Mozenu. Tak ObUIH MOCTPOEHBI OPTOTOHAIBHBIE IJIAHBI BTOPOTO TOPSAKA, MO3BOJISIONINE
MOJTy4aTh CTATUCTHYCSCKU HE 3aBUCHMEIC JIPYT OT JPyTa OICHKH KOA(PDHUIIMCHTOB.
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C mno3unmii TepevHcIeHHBIX KPUTEPHUEB OYEHb XOpPOIIO OOCTOWT JEN0 C JHUHEWHBIMH MOJIEISIMH.
Paccmotpennsie B riaBe 6 IIDII u JPII sBisiroTcs MO OTHOIIECHUIO K 3TuM Moxeiasim A-, G- u D-
ONTUMAJBHBIMHU, a TaKKe O00JIaJal0T CBOMCTBAMH OPTOTOHAIBHOCTH W poTraTabeiabHOCTH. BMecte ¢ Tem
nocTpoeHue D-onTUManbHBIX TUIAHOB BTOPOIO MOPSAKA JJIS 33JJaHHOTO YMCIIa OIMBITOB - 33/aua, elle He
pemrenHasi. OHAKO W3BECTEH PsIJ IIAHOB, OMM3KMX K D-ontumanbHbM. TakuMmu SBISIOTCS, B YaCTHOCTH,
paccMmarpuBaeMble HIDKE B-ImaHpl BTOPOTO MOpsSAKa WM IDIaHBI THMa B*. OTH miaHpl OKa3aluch OYEHb
YAOOHBIMH JIJISl YKCIICPUMEHTATOPOB U JEPEBOOOPAOOTUYHUKOB M3-32 MPOCTOTHI UX MPUMEHEHHUS U APYTUX
YIOOHBIX CBOICTB, O KOTOPBIX TOBOPUTCS HUKE.

B B-muranax BToporo mopsaka Kaxaplii (aktop Xi BappHUpyeTcsa Ha TpeX ypPOBHSX, T. €. NMPUHUMAET B

KaKIIOM OIIBITE OJHO W3 TPeX 3HAUCHHWI: HauMeHbIee Ximin, HanOoblmee Ximax, U CpeaHee x; =(Xmin
+Zmax)/2.

B HOpMaTM30BaHHBIX 0003HAYCHHUSIX 3TH YPOBHH 0003HAYAIOTCS, COOTBETCTBeHHO, (-1), (+1), O.

HazoBem 3Be3gHO# TOuYKOW B-mmaHa yciaoBus ombeiTa, B KOTOPOM OAWH #3 (AKTOPOB NPHHUMAET
HOpMann3oBaHHOe obo3HadeHne (+1) wim (-1), a ocTanbHBIE (PUKCHUPYIOTCS HA OCHOBHOM "‘()OBHE (HOJb B
HOPMAJIM30BaHHBIX 0003Ha4YeHMAX). Hampumep, 3Be3qHBIC TOYKHM Ui IUIaHA C TpeMms (akTopamu B
HOPMAJIM30BaHHBIX 0003HAYCHHSIX

® =—1, x =10, x =10
wx =10, ®x =41, x =10
x =10, ®x =-1, x =10
wx =10, *x =10, x =+1;
= =10, » =10, ®x =-—1;

OueBuaHO, 4TO MpH uncie GakTopoB k nMeeTcs 2K pa3IUuHBIX 3BE3IHBIX TOUYEK.

B-mman coctout u3 touek IIDII, k koTophiM mo0aBieHO 2 K 3BE3MHBIX TodeK. OOIIee YMCIIO OMBITOB B-
iaHa, TakuM oOpazom, paBHo N=2k +2k. Kpome Toro, mpu uucie (GakTopoB K >5 MOXKHO HOCTPOHTH
PasHOBUAHOCTH B-1utaHa, mocTaBuB nosyperinky 2k-1u 100aBuB K Hel MO-NIpesKHEMY 2K 3BE3IHBIX TOUYEK.
Taxoit mian Ha3pBarOT B-mmanom ¢ nmomyperumkoi. On cogepkut N =2k-1;+2k onsitos. Tak, mist k=5 B-
wiaH ¢ [IPII cogepxur 25-1 + 2 « 5 = 42 ompita, a B-mian ¢ momypermkoit 25-1+ 2 « 5 = 26 onsiToB. B
Tabmn. 7.1 u 7.2 npuBeneHs! B-miuanp pig £ =2 u £=3.

Howmep omnbiTa x1 x2 Howmep omnbiTa x1 x2
-1 -1 -1 0
1 1
NI 2 NI 2
4 4

—
—
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+1 +1 0 +1

Omprtet [IOIT u JIPII, Bxoasmue B cocTaB B-mmana, 0OBIYHO HA3BIBAIOT €T0 OPTOTOHAILHOM YacThio. CBSI3b
HOpPMAJIM30BaHHBIX M HATYpalbHBIX 0003HaueHNH (pakTopoB B B-mmane 3amaercs popmymnoit
Tabmuma 7.2

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

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

Nzob6paszum ombrTel B-mmana mns k-2 Ha ¢axTopHON uiockoctd (tadm. 7.1 u puc. 7.1). Kak BumHO U3 puc.
7.1, 3Be3nHble TOukU 5-8, nononustowmue [IDII no B-nnana, pacnonaoxkeHsl B cepeilMHaX CTOPOH KBaJapaTa,
BEpIIMHAMHU KOTOPBIX sBIsitoTcs Touku [IDII. B Gomee obrieM ciydae mpu K>3 ONBITHI OPTOrOHAIBHOM
YacTH IUIaHa oOpa3yIoT BEpUIMHBI KyOa (ruiepkyba mpu K >4) B IpocTpaHCTBE (PaKTOPOB, MM YaCTh €ro
BEPLIMH IPU MOJIypeIUINKe. 3Be3IHbIEC TOUKU NPEACTABISIOT COO0H LIEHTPhI IpaHelt 3Toro Kyoa.

2

3 8 4
+1
5 o +1f6 X
-1 o
-1
1 7 2

Puc. 7.1. IIpencraBnenue onbiToB 1maHa B2 Ha (pakTopHO#t mmockocTi

W3 reoMeTprUuecKOro pacCMOTPEHUs CIEIyeT, YTo 00JacTh BapbHpOBaHUs (akTopoB B B-miaHe (kak u B
[OIT u JJPIT) sensercs kyd (THmepky0) B MPOCTPAHCTBE BapbUPYEMBIX (PAaKTOpOB. DTOT BBIBOJ JIOJDKEH
NpYBJIeYb BHUMAaHNE HCCIIEA0BATENS IPH ONpEe/ICHUN IMala30HOB BapbupOBaHus GakTOPOB: HE

OyIyT M B OIBITax OPTOTOHAJIBHOW YacTH HApPYyLIAThCS YCIOBUS COBMECTHMMOCTH [UISI BapbHPYEMBIX
(akTOpOB H3-32 BO3MOXKHBIX OTPaHUYCHUH.

[lnman BTOpOro MOpsIKA, COIEPXAIIMi B CBOEM COCTaBe IUIAaH IIEPBOTO IOPAJKA, HAa3bIBAIOT
KOMIIO3UIIMOHHBIM. [IprMepaMu KOMIIO3WIIMOHHBIX IUIAHOB CHyXaT, OYEeBHJIHO, B-mmansl. CBOHCTBO
KOMIIO3UIIMOHHOCTH OYeHb ymoOHO s wmccienoBarens. OHO TO3BOJSET IUIAHUPOBAaTH W MPOBOAWTH
9KCIEPUMEHT Nod3TanHo. Ha mepBoM 3Tane MOXHO peann3oBaTh IUIaH IEpBOro mnopsaka, Hampumep I1DII.
O06paboTtaB ero pe3ysbTaThl, MOIYYUM JIMHEHHYI0O MOJENb WM MOJIENb, COJIEPXKAaIlyl0, KPOME JIMHEHHBIX
YJIEHOB, B3aMMOJIEUCTBUS (pakTopoB. Eciu Takas Mozenb OKaKeTCsl HeaJeKBaTHOM, MOYKHO JOMOTHUTENIHHO
MOCTAaBUTh OIBITHI B 3BE3[IHBIX TOYKaX. BcAd COBOKYMHOCTH OITBITOB COCTaBUT Temeph B-mimaH BTOporo
nopsizka. O6paboTKa ero pe3yabTaToB MO3BOJIMT IMOIYYUTH YK€ KBaJAPATUUIHYIO MOJIEIb.

Jlns mocTpoeHusT perpecCHOHHONW MOJENH T0 pe3yiabTaTaM B-miaHa HeT HeoOXOTUMOCTH oOpamartbes K
OBM. Hwmerorcst GopMynbl JUIsi CTATHCTHYECKUX OLEHOK KOA(PQUIIMEHTOB PErpeccry, MPHUTOTHBIE JIIs
«pyuHoro» cuera. OHM NMPUMEHHMBI JUIs IIUPOKOTO KiIacca IUIAHOB, Ha3bIBAEMBIX CHUMMETPUYHBIMHU, K
KOTOpBIM OTHOCSTCA B-Tu1aHbl BTOPOTO NOpSIIKA.

1.0TcyTcTBHE AyONMPOBAHHBIX OMBITOB (HE CUMTAas OMBITOB B IIEHTpe IuIaHa). B atom ciywae N - gucio
3alyIaHUpPOBaHHbIX onbITOB. Hampumep, it miana B, ¢ II®II B oproronansHoi dactu U ¢ 0 oneiTaMu B
LEHTpE IUIaHa.

2.PaBHOMepHOE myOnupoBanue. B 3ToMm ciydae ¢popMysibl Mo-IipeXHEMY CIIPABEUINBBI, HO T10JI HOHUMAETCs
cpenHee apuMeTHYECKOe Mo pe3ysibTaTaM j-ii cepuu ayONMpoBaHHBIX OMBITOB; N - 4HCiIO cepuil ayOmnu-
POBaHHBIX OIBITOB.
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IIpumenenne B-muiana BTOpOro mnpsiaka il MCCIEAOBAHMSI CUIIOBBIX XapaKTEPUCTHK Ipolecca MWICHUS
JIPEBECUHBI LIETTHBIMU MOTOPHBIMU ITUJIaAMHU

B skcnepumente, nposogumom B MJITU (I'. ®. IllecrakoBckuii), Obu1 ucnonb3oBad B-ruran ¢ TIDIT B
OPTOTOHAJILHOW YaCTH ISl UCCIICAOBAHUS BIIMSHUS IISTH OCHOBHBIX (JaKTOPOB HA CHJIOBBIC XapaKTEPUCTUKU
Ipolecca MUICHUS APEBECUHBI [IETHBIMU MOTOPHBIMH IMHJIAMHU.

®DopMyBl, CBA3BIBAIOIINE HOPMATN30BAaHHBIE U HATypallbHbIe 0003HaYeHMs, OyIyT B JAHHOM CITy4ae UMETh

CIEAYIOLINNA BUA;
—_ R’
= @ D’gyﬂj:
— (v -13,5)
*a= /6
F,—90
xy = Fn 20,

=020 .
xg =48y

e

F
BrixonHast BenuurHa 3KcriepuMenTa - ycunue nwieHus Fu ,H. OneiTel npoBonmince Ha ApeBecuHe Oepesbl.
Pe3ynbTaThel NpenBapuTENbHO NPOBEACHHBIX 3KCIEPUMEHTOB MO3BOIWIN MPUHATh THIIOTE3Y O HOPMAIBHOM
pacnpeneneH!H BEIXOJHOW BEIMYMHBI - IPOBEpKa poBouiIachk no kpureputo x2 [lupcona. Ha ocHoBe 3THx
JaHHBIX OBUIO PacCYMTaHO HEOOXOAMMOE YHCIO I AyOIMPOBAaHHBIX OIBITOB, KOTOPOE OKA3aJoCh PAaBHBIM
IISITH.
[TpuBeneM HEKOTOpBIE OOIIME BBIBOJBI, KAcArOIIUecs aHaln3a W UHTEPIPETAlMHd KBaApaTHYHOH MOJEINH.
JJis 3TOTO MyHIle BCETo MOIb30BATHCS YPABHEHUEM B HOPMAIM30BaHHBIX 0003HAYCHUSIX (PaKTOPOB.
Belme oTMedanoch: €ClIM ypaBHEHHE PErpecCHM OTIMYAETCSl OT JIMHEHHOrO, TO NMPOCTOE CPaBHEHHUE IO
a0CONIIOTHON BEJIMYMHE JIMHEHHBIX KO3(D(UIIMEHTOB perpeccuu He ONpeAcisieT OTHOCHUTENIBHYIO CTeleHb
BJIHMAHUS (PaKTOPOB, MOCKOJBKY MPHUCYTCTBYIOT €lle KBaJpaTUYHbIC WICHBl U MapHbIe B3auMmojeicTeus. 1
BOOOIIE, /Uil KBagpaTUYHON MOAEIM CTEeNeHb BIMSHHUS (PakTopa Ha HM3MEHEHHE OTKJIHMKA HE SIBISIETCS
noctossHHOH. OHa pa3nuyHa B pa3HBIX TOUYKaX AUAara3oHa BAPbUPOBAaHUS AAHHOTO (hakTopa, a IpU HAIUYUU
MapHBIX B3aUMOJICHCTBUI ONpeeNsIeTCs elle U YPOBHAMH (PaKTOPOB, BXOMSIIMX B 3TH B3aUMOJICHCTBHSL.
[lycts, HapuMep, Tpu aHATU3€e KBaJpaTUYHOUN perpeccnoHHON monenu y=f(x1, x2,...,xk daxropsr x3, x4,
..., XK 3a(MKCHPOBaHbBI HA HEKOTOPBIX YPOBHSX, B PE3yJIbTaTe YEro MOAEIb Iprodpesa Buj
¥ = bg + byxy + baxz + byyxf + bagx3 + bygx;
Ecnu xe cpaBHUBaTh (hakTOPHI 10 MAKCUMaJIbHOM CTENEHU MX BIMSHHA B JAMANa30HE BapbHUpPOBaHUS, TO, B
obuieM ciydvae, Juist i-ro (hakTopa KpUTEPHEM SIBIISIETCS MAKCHMAITBHOE TI0 MOAYJIIO 3HAUYEHHE BETNYHHBI
0. =2 b 12bx, +Zb- X,
z_axi_z EE“L .-z_;l_;l
J=t
KOTOpOE PaBHO

195 max| = 1Bl + 215l + ) [y
J*l
[Tpy u3yveHun BIMSHUS HEKOTOPOro (akTopa X, Ha M3MEHEHHE BBIXOJHOM BEIWYMHBI HanOOJee HarJIsTHbI
rpa¢uky 3aBUCUMOCTH y =f( Xi), IOCTPOEHHBIE 10 YPABHEHHUIO PErPecCUH NP PAa3IHUYHBIX (PUKCHPOBAHHBIX
3HAaYEHUSIX OCTalbHBIX (pakTopoB. Ilpm comocTaBneHWH TakWX TrpadUKOB BBUIIBISETCA COJEPIKATEIbHBIN
CMBICJT TTAPHBIX B3aMMOJICHCTBUH (haKTOPOB.
OO0parmiasick K ypaBHEHUIO TapadoIIbl 00IIero Buaa
¥ = by + bx; + byx{
HAIlOMHHM ClIeyIonue (haKThl:
eciu bii>0, To ypaBHEHHE ONMMCHIBAET BOTHYTYIO (DYHKUHUIO (BETBM MapadoJibl HANpaBICHB! BBEPX), a €CIIH
bii < 0 - BeIyKJTYIO;
abcrucca BepIMHBI Tapabonbl paBHa xiB = -bi /2bii. U3 3T0ii (hopMyIbl BEITEKAIOT OCTAILHBIE CBOWCTRA,
€CJIM IMEET MECTO COOTHOILLICHHE
151 = 2151
TO BeplIMHa Tapaboibl HAXOAWTCS BHE JUAla3oHa BapbUpPOBaHUS (akTopa Xt M, CIEeIOBATENbHO,
ypaBHEHHE OMHUCHIBAET MOHOTOHHYIO  (yHKIMIO. Eciu
IpY 3TOM bii’] 0, To 9Ta QYHKLIUS MOHOTOHHO BO3pacTarouiasi, a npu  bii<O -
MOHOTOHHO YOBIBAIOIIas;
IPY HATMYUH COOTHOILICHUS
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Ib:1 < 21b
GYHKIMS HMMEET SKCTPEMyM BHYTPH JHara3oHa BapbupoBaHus (akropa Xi - MakcumyM mpu bii< 0 wim

MUHUMYM npu bii> 0.
yH |

120
100! |

B ﬁﬁi L km
1 05 0 X 05X Hox,
Puc. 7.2. I'paduku 3aBucumocreii y= f(L)

OTMeTuM, 4TO OT TPauKOB, MOCTPOSHHBIX AJS HOPMAalH30BaHHBIX (PAaKTOPOB, OYEHB MPOCTO TEPEUTH K
HaTypaJbHbIM 0003HA4YeHUSAM (hakTOpoB. IJis 3TOr0 JOCTaTOYHO, HE M3MEHSS CaMOil KpUBOM, MEPEHTH K
apyromy MacmTaly mo ocu abcmucc. PakTHYeCKHM BMECTO YKa3aHHBIX Ha ocH abciuce 3HauyeHHUH
HopManm3oBaHHOTO (hakrtopa (-1) m (+1) Hamo HammcaTh 3HAYEHHUS HIDKHETO W BEPXHETO YPOBHEH
COOTBETCTBYIOIIETO HATypalibHOTO (pakTopa (cM. puc. 7.2).

YHudopm-poraTabesbHble H HEKOTOPBIE IPYTUE CHMMETPHUYHBIC IUIaHBI BTOPOTO MOPSIIKA

IMoctpoenune yaupopmM-poraTaberbHBIX IAHOB

PaccmoTpum emie OAMH HIMPOKO pPacHpOCTPaHEHHBIN BUJA IUIAHOB BTOPOTO MOpsIKAa - LEHTpajbHBIE
KOMITO3UIIMOHHBIE YHU(POPM-POTaTabeIbHbIC TUIAHBI.

OnHoM U3 XapaKTEPUCTUK TOUHOCTH PErPECCUOHHON MOJEIIHU SIBIIECTCA JUCTIEPCHUS 3HAQUEHUH OTKIIMKA,
MIpeJICKa3aHHbIX YPaBHEHUEM PETPECCUU.

CBOIfcTBO POTaTadEeIbHOCTH IUIaHA O3HAYaeT, YTO TOYHOCTh YPAaBHEHHUS PErpeccuu, MOIYYEHHOTO IO
pe3yibTaTaM €ro peaau3alud, OAMHAKOBA BO BCEX TOUYKaX (PaKTOPHOTO NMPOCTPAHCTBA, HAXOAALIMXCS Ha
OJIMHAKOBOM PACCTOSHUM OT LIEHTpa IJiaHa. B yacTHoM ciyyae AByX ()akTOPOB TOYHOCTH MOAEIH [TOCTOSIHHA
JUTSL BCEX TOYEK JII0OOH OKPY)KHOCTH C IIEHTPOM B Havaie KOOpJUHAT (PaKTOPHOMN MIOCKOCTH

s naHoB, o6nanaromux CBOUCTBOM pOTaTa0eNbHOCTH 0€3 APYTruX JOMOIHUTEIbHBIX CBOMCTB, TOYHOCTh
MOJIEJIM YMEHBIIAETCS IIPH YBEJIIMUEHUH Painyca 3TOH OKpYyKHOCTH. CBONCTBO YHHU(POPMHOCTH B COUCTAHUU
¢ porata OENFHOCTHIO O3HAYAET MOCTOSHCTBO JAucHepcHd s2{y} HEKOTOPOW OKPECTHOCTH IIEHTpa ILIaHa.
Takum 00pazom, yHH(POPM-poTaTadelbHbIC IUIAHBl C XOPOIIEH TOYHOCTHIO OMNKCHIBAIOT OOBEKT BOIU3M
LEHTpa IUIaHa U CO 3HAUYMUTENHLHO OOJbIICH MOrPEelIHOCTHIO Ha IPaHUIaX 00JIACTH BapbUPOBaHUS (HaKTOPOB.
bnaromapss 3ToMy cBOiicTBy poTara0enbHbIE IUIaHBI LENECOOOpPa3HO MNPUMEHATh UII  OOBEKTOB
JepeBo0OpadOTKH, MATEMaTHYECKOE ONMCAHNE KOTOPBIX MPEIoNaraeTcsi UCIOJIb30BaTh BIIOCIEACTBUH IS
ONTUMM3ALMH TIPOLECCA, NPHU YCIOBUHU, YTO MCKOMBIM ONTUMYM OyIeT HaXOAWUTHbCA HENAIEKO OT LEHTpa
wiaHa. CTpykTypa yHu(pOopM-poTaTabeabHOro miaHa aHaJornyHa CTpykTrype B-mana. PorarabenbHblii mtaH
SIBTISIETCS KOMITO3UIIMOHHBIM M COJIEPYKUT B OPTOTOHANBHOW YacTH TOJNHBIH (pakTOpHBIH T1aH 160 (mpH K >
5) ero nonypern- Juky. K 3Tum omnbiTam 100aBIsOTCS 2K 3BE3HBIX TOYCK U HEKOTOPOE YHCIO 10 ONBITOB B
ueHtpe iana. [Ipu sTom, B oriamumne ot B-ruiaHa, 4uciao omeITOB B LEHTpe YHH(OPM- poTaTabensHOro
TUTaHa 33/1a€TCsl OJIHO3HAYHO B 3aBHCUMOCTH OT YHWCIIA BapbUPYeMbIX (PAKTOPOB HCXOAS M3 TpeOOBaHWS
yHH(QOPMHOCTH TuTaHa. Jlpyroe oTinnune poTatabenbHOro TU1aHa oT miaHa B* coctout B TOM, 4TO 3HaYeHHS
(baKTOpOB I ONBITOB OPTOTrOHANBHOW yacTu poraTabdensHoro miana (IIPIT nim JPII) pacnonaratorcs He
Ha IpaHUIax IMala30HOB UX BapbUPOBaHHA, a BHYTPU HHUX. TeM He MeHee, 3HaYeHHs (aKTOPOB B ITHX
OTbITax MPHUHATO 0003HavatTh (“1) mim (+1), a HIKHUI U BEPXHUN YPOBHH KaXKIOTO QakTopa 0003HAYAIOTCS
COOTBETCTBEHHO (-a) U (+a), Tzie a - MOJIOKHUTENbHOE YHCIIo, Oonbliee 1, Ha3pIBaeMoe 3Be31HBIM miieuoM. Kak
u B B-muiane, 3Be31HbIe TOUKHM, BXOASIINE B COCTAB POTATA0EIBHOTO IUIaHa, MPEACTABIAIOT COOOW OMBITHI, B
KOTOPBIX OJIMH U3 BapbUPYEMBIX (aKTOPOB HAXOJUTCS 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:

X:'(m + (Xi min +X:' ma.x)/
2

VpoBHIO (-1) COOTBETCTBYET CleyIolIee HAaTypalbHOE 3HAUEHHE (PAKTOpa:
FED X+ (xF9 ‘Xem)/
i o

ypoBHIO (+1) — 3HaueHHE
XED = O 4 (x5 ‘Xem)/ﬂ

C yuerom »3TMx o0Oo3HaueHuii dopmyna (5.27] s mepexoma OT HOPMaIW30BaHHBIX (aKTOPOB K
HaTypaJbHBIM B CITy4ae MPUMEHEHHs pOTaTa0eIFHOrO TUTaHA OCTAETCsI CIIPAaBEIIIMBOM:

)
x; = (X; — X} )/-—\e

rae Ai, paBHO
A=xEFD - x = x©_xto

Benuuunna Ai, 31ech yKe HE paBHa ITOJIOBUHE JUaria3oHa BapbUpPOBaHUs (hakTopa

MeTo1p1 MCCITEIOBaHUS PETPECCUOHHBIX MOJIENIel BTOPOTO TOPSAKA JUTs PEIISHUS 3a/1a4 ONTHMU3AIHH
PerpeccrnonHast MOZIeTTs BTOPOTO TOPsAKA JaeT 6oraTyro HHPOPMAIIHIO O BIMSHAN BapbUPYEMBIX (HaKTOPOB
Ha BBIXOJHYIO BEJIMYMHY. OTy MOJEIb MOXHO HCIIONB30BaTh TakKe I ONTHUMH3AIUU yCIOBUHN
(YHKIIMOHUpPOBaHUS 00BbekTa. MMeeTcs B BHIY OTBICKAHUE TaKHUX 3HAYCHUH BapbHPYEeMBIX (HaKTOPOB
BHYTPH JHama3oHa WX BapbHUPOBaHUS, /IS KOTOPHIX 3HAYCHHE BBIXOJHOW BEIWYHHBI OKa3bIBaeTCA
MaKCUMaJIbHBIM WJIM MHHUMAJIBHBIM. OKCIEPUMCHTAJIBHBIC METOABl pEIICHMs] 3TOM 3agaun  OymayT
PacCMOTpEHHI B TJ1aBe 9.

st uccnenoBaHus TOBEPXHOCTH OTKIIMKA C IIENTbI0 ONITUMHU3AIMU OOBIYHO UCTIOIH30BAIOCh KAHOHMYECKOE
mpeoOpazoBaHUe YpaBHEHUS PErPeccuu

bonee 3pdekTUBHBIM METOJIOM OTHICKAHHUS ONTHUMAJBHBIX YCIOBUH (DYHKIIMOHMpPOBaHHS OOBEKTa IIO
YpaBHEHUIO PETPECCHUU BTOPOTO TOPSIKA SBISETCS TUCCONUATHBHO-IIIATOBBIN METOT

OCHOBHOH WMHTEpec MPEACTaBIsIeT aHAIW3 MHOTO(GAKTOPHOW MOJEIH, COJAepkaliel K (akTopoB, IMpH
HaJIMYMHU MMApHBIX B3aUMOJICUCTBUI. B 3TOM cilyuae corjacHO JUCCOLUMATUBHO-IIArOBOMY METOJly Ha OCHOBE
HCXOJHON MOJIEIH 3aIllMChIBACTCS K KBa3UOIHO(DAKTOPHBIX MOJICNICH, TO €CTh MOJICNICH, KaXKaas U3 KOTOPhIX
COJICPKUT JIMHEWHBIC W KBaJpaTUYHbIE YIEHBI TOJIHKO OJHOTO (haKTOpa MCXOAHON MOJIENH, a TAKXKE IMapHbIe
B3aMMOJICHCTBUSL 3TOro (hakTopa ¢ OCTalbHBIMHU. JlanbHelInee M3JI0KEHUE, pa30uTOe Ha ITambl, OyAeT
OTHOCHUTBCS K CJIydar0 OTBICKaHUs MakcuMyMma (yHKIuM oTkiuka. Ciydaili MHUHAMHU3AIUU CBOJUTCS K
MPeNbIIyIeMy W3MEHEHHEM 3HAaKOB BceX KOX((GUIMEHTOB pEerpeccMd B MCXOJHOW MOJENd Ha
MIPOTHUBOIIOJIOKHEIE.

Ortan 1. U3 cucrembl KBa3uOAHO(AKTOPHBIX MOJENEH, MOJYYCHHBIX Ha OCHOBE HCCICAYSMOW MOJICIH,
BEIOMpPAIOT Te, JUIst KOTOPBIX bii>0. [y BceX TakuxX MoJieneil MaKCUMYM JOCTHUTaeTCs Ha TpaHuile 001acTh
BapbUpoBaHus (pakTopa Xi, To ecTh npu Xi = +1 unu npu xi = -1. Eciu ipu 3TOM BBITIOHSAETCS YCIOBUE

o2 ) i |
4

TO 3HAK XIOMNT COBITAJAET CO 3HAKOM bi a mmeHHo: eciu bi, > 0, xionT = +1; eciu

b; <0, x;,.=-1
Ortan 2. Ecnu nipu BeimonHeHu# ycnoBus bu > 0 yciosue (7.34) He BBITIOTHSAETCS, TO CIENyEeT pacCMOTPETh
JIB€ KOHKYPHUPYIOIIHE MOJICTH: OAHY, TOJIYICHHYIO0 U3 UCXOMHOW MOJenn npu xt = -1 (¢ y4eToM HalIeHHBIX
paHee ONTHUMAILHBIX 3HaYeHHWU (PaKTOpOB), APYryr - Tpu X, = +1. JlanpHelmeMy HccaeI0BaHUuI0 MOXKHO
MOJIBEPTaTh TOJIBKO TY M3 3TUX JIBYX KOHKYPUPYIOIIUX MOJEIEH, ISt KOTOPOH CyMMa aOCOTIOTHBIX BETUYHH
CBOOOIHOI0 YWiICHA U BCEX JIMHEHHBIX K0A()(DHUIIMEHTOB perpeccuu HauboJIbInas, TO €CTh

Ib:l + ) 1] — max

i=j
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NmenHo 1o 370 Moienu OyieT MoyYeHo MaKCUMallbHOE 3HAYCHUE OTKITUKA.
Oram 3. J[s TeX kBa3noaHO()AKTOPHBIX MOIeTICH

_'_!."E' = bﬂ + biix; + b:-xt- + Zbi}'xix}'
i=j
y KOTOpBIX bii < 0 1, KpOMe TOTO, BBIITOIHSIETCS COOTHOIIIEHHIE

15:1 + ZF?':';' = 2]b;1.
ixj
BETMUMHA X/ONT ONpeIeNsIeTCs U3 yCIOBHS PABEHCTBA HYITIO TIPOM3BOAHOHN (YHKIIHH TI0 Xi:

av;
:Fl/a.xi = Zbii;\:i + bi + Zbijxj = U
j
Otciona

TO €CTh XIONT MPEACTaBISAET cOO00H nuHeiHyo ¢yHKIHI0 oT Xj. [logcTanoBka 3T0#l pyHKINK B HCXOTHYIO
MOJIENTb  MO3BOJISICT YMEHBINIUTh HA CIUHHILy YUCIO TMEPEMEHHBIX M TMEPEUTH K CIEAyIoNIeMy IIary
OITHMM3AIIHH.

Oran 4. Eciu aj11 MoJienu ¢ OTpUIIATEeIbHBIMU KBaJpaTHUYHBIMK KO3 duiteHTamu, bii < 0, COOTHOIIIEHUE HE
BBIMOJTHACTCS, TO €CTh UMEET MECTO HEPABEHCTRBO

bl + ) by | > 21bgl.
(£ 3]
TO NPOBEPAIOT AOTIOJTHUTEIBHOC YCIIOBUE

il = Y [bi;| = 21,
i=]

Ecnu oHO BBITIONMHSETCS, TO XionT paBHO 7100 (-1) mpu bi< 0, mu6o (+1) mpu bi> 0. Eciu npu BeIMoOIHEHUN
YCIIOBUSI COOTHOLICHHWE HE MMEET MecTa, TO JJisi OAHOW YacTH JHara3oHa BapbHpoBaHUs (akTopa Xi Be-
JMYHMHA XI0NT onpezessiercs u3 GopMyJibl, a JUis Ipyroi 4acTv, XioNT NpUHUMAET rpaHuyHoe 3HaueHue (-1)
win (+1). IlpumeHeHne HachIEHHBIX IPOOHBIX PEIIMK B POJIM IJIAHOB OTCEHMBAIOIIET0 3KCIIEPUMEHTA
3agava IUTAHUPOBAHUS OTCEUBAIOIIMX SKCHEPUMEHTOB COCTOUT B BBISBJICHHM BaKHEHIIMX (HaKTOPOB,
OTIPEJISJIIONINX MTPOTEKaHUE Mpolecca, U3 OOJIBIIOTO YKcia 3THX (HaKTOPOB, BO3JEHCTBYIONINX HA OOBEKT.
B nynkre 4.14 Obul pacCMOTPEH METOA PELICHUs] 3TOM 3aJauyd C MOMOIIBI0 SKCIEPTHBIX OLEHOK, 0e3
NPOBENEHHS CIELHUATbHOIO 3KCIEpUMEHTa. B 1aHHOHM riaBe W3mararorcs SKCIEPUMEHTAJIbHBIE METOZbI
peleHns TOoCTaBlieHHOH 3amaun. Ee 0coOeHHOCTHM 3aKiovaroTcsl B HEOOXOAWMOCTH BKIIIOYHWTH B
IKCIEPUMEHT MaKCHMAIbHO BO3MOXHOE YUCIIO (DAKTOPOB M3 OMACEHHS MPOMYCTUTh 3HAUYUMBbIe () ()EKTHI U B
TOM, YTO OTCEHBAIOLIMH 3KCIIEPUMEHT, KaK INPaBHJIO, HE SBJISIETCS KOHEYHBIM 3TAllOM MCCIIEAOBAHMS:
JOMUHHpYIOIIHE (aKTOpbl, BBISBICHHBIE HA CTaJAWM TPOBEACHUS OTCEUBAIOIIETO HOKCIEPUMEHTA,
MIOJIBEPraloTCsl JTABHEHIIIEMY HCCIICAOBAHHIO, HANpUMeEp, s IMOCTPOSHHS MaTeMaTHYecKOH MOJeNn
oObekTa. Pe3ynbTarbl OTCEMBAIOLIETO O3KCIIEPUMEHTA, T. €. CHHCOK JOMHUHHUPYIOIIHX (aKTOpOB,
CHPaBEAJIMBHI TOJIBKO MIPU BBIOPAHHBIX AUANa30HaX BapbHUPOBaHUS (PAKTOPOB.
Jnist yuraTens, 03HAKOMHUBIICTOCS C TPEABIAYIIMMH TJaBaMHU STOH KHUTH, OYCBHIHBI WJIEH, JISKAIIUE B
OCHOBE OOJIBLIMHCTBA ATUX MeTOAoB. Ecnu i K BappupyeMbIX (PaKTOPOB MONYUUTH AaxKe MPHOIMKEHHOE
omnvcaHue OOBEKTa JMHEHHOM MOJAENbl0, TO, CpPaBHUBAas aOCONIOTHBIE BEJIWYHMHBI KOX(PPHUINEHTOB
perpeccun, MOXXHO JIETKO BBISIBUTh BakHeHIne (akTopsl: 4eM Oolibliie aOCOMIOTHASI BETMYMHA JTMHEHHOTO
ko duimenTa perpeccur B HOPMAaJIM30BaHHBIX 0003HAYCHUSX, TEM CHJIbHEE BIUSHHE COOTBETCTBYIOIIETO
¢axTopa. [lockonbKy OTCEMBarOIINE HKCIIEPUMEHTHI JOJKHBI BKIIIOYATh BCE «TIOA03peBaeMbIe» 3 PeKThl, a
3HAYHT, KaK TPaBUIIO, OOJbIIOE YUCIO (AKTOPOB, TO peaiu3anus WX TpeOyeT M 3HAYMTEIBHOTO YHCIIa
OTBITOB. B 3TOM citydae Hajio UCKaTh MpeieIbHO SKOHOMHBIE SKCIIEPUMEHTAIBHBIE TUIAHBI IEPBOTO MOPSIKA.
[Ipu mnaHupoBaHUM OTCEUBAIOIIETO SKCIEPUMEHTa He 00s3aTENbHO MpeAIoaraTb NPOBEPKY aJeKBaTHOCTH
PErpecCHOHHON MoJenu, MMes B BHUAY NpOJNOJDKeHHE HccienoBaHuil. [losTomy B KauecTBe mJIaHOB
OTCEMBAIOIIETO OAKCIEPUMEHTa IeJIeCO00pa3sHO TOJb30BaThCS  HACHINIEHHBIMH MM OJNM3KHMH K
HACBHIILEHHBIM HKCIIEPUMEHTAJIbHBIMU IJIAHAMH, MO3BOJIIOLIMMHU TOJNyYUTh JIMHEHHYI0O MOJeNb OOBEeKTa.
[Imanamu, yZOBIETBOPSIOMIMME 3TUM YCIIOBHSAM, SBIISIIOTCS, B YACTHOCTH, HACHIIEHHBIE IPOOHBIE PEIUINKU
MOJHBIX (PaKTOPHBIX TUIAHOB, PACCMOTpPEHHBIE B TyHKTE 6.7. [IpuMeHeHNe HACBIIIEHHBIX JPOOHBIX PETUTHK B
POJIM IUIAHOB OTCEUBAOLIETO IKCIIEPHUMEHTA.
[Ipumenenne mmana Ilnakerra-bepMaHa TpW BBISIBICHHHM TOMUHHUPYIOUIMX (HaKTOPOB, BIHSIOIIMX Ha
nporiecc numdoBaHus npeBecHOCTpykedHbIX T (JJCTI)
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Hpobubie dakropubie 1wianbl (JIPII) MOKHO TOCTPOHUTH, KaK HM3BECTHO, TOJIBKO JJISI YHCITA OIBITOB,
SIBJISTFOITIETOCST CTEMEHBI0 JBYX, T. €. I unced N, paBHBIX 4, 8, 16, 32, 64 u T. 1. DTO OrpaHUIHUBACT MX
MPUMEHEHHUE B KAYECTBE IUIAHOB OTCEHBAIOIIETO AKCIIepuMeHTa. Eciu, HanpuMep, He0OX0IUMO BKIIFOUUTH B
skcriepuMeHT 20 (aKTOpOB, TO HAMMEHBIIICE YUCIIO OMBITOB jJaeT ApoOHas perutuka 220-15 - 3to miaw,
coJiepKaniuii 32 OmbITa U. YK HE SBISIONINICS HACKIIICHHBIM. OKa3bIBACTCSl, HACBHIIIIEHHBIE OPTOTOHAIBHBIE
TUTAaHBl MOYKHO MOCTPOMTH HE TONBKO JJIsl YKa3aHHBIX 3HaueHWHd N, HO W s JIIOOBIX Apyrux N, KpaTHBIX
gyeTblpeM. TakuWe ITUIaHbl Ha3bIBAlOT IIaHaMmu llnakerta-bepmana. B kauecTBe IUIAHOB OTCEMBAIOIIETO
SKCIIEPUMEHTA STH IIaHbl Hanbosee nomyisapHsl At N = 12, 20, 24 u 36. Yucno Bapeupyemsix (HhakTopoB
paBHO, cooTBeTCTBEHHO, 11, 19, 23 1 35. J71s1 MOCTpOSHHS ATHX IIAHOB UCIONIB3YIOTCS KOMOWHAIIMH 3HAKOB
Cronber; X2 s TeX K€ OMBITOB MOJYYAlOT CABUIOM CTOJIOIA XX HAa OAHY IMO3UIUIO0 BHU3, TIPU 3TOM 3HAK
MUHYC U3 TIOCJICTHEH CTPOKH 3alKCHIBAIOT B MEPBYI0. AHAJIOTMYHO, CTOJIOECI] st onbITOB 1-11 mpencrasisier
co00i mpenpImymuii cronber *2, cIBUHYTHII BHH3 Ha OJHY MO3WIHMIO, IPUYEM 3HAK ILTIOC BMECTO 12-i
CTPOKH 3amuchiBatOT B 1-10. [0 TakoMy ke MpaBmily 3amOHSIOT CTOJIOIBI, COOTBETCTBYIONINE OCTAILHBIM
¢dakropam. B kauecTBe 12-ii CTPOKM 3alMCHIBAIOT CTPOKY M3 MHHYCOB. DTOT K€ MIPHUHIIUII JIC)KUT B OCHOBE
MOCTPOEHUSI HACHIMEHHBIX IIaHoB llmakerra-bepmana mns N = 20, 24 u 36. Ilpu 3TOM HCHIONB3YIOT,
COOTBETCTBEHHO, CTPOKH 2, 3,4 TaluL. .

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

OIIbITA

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

Bynyun HaceimeHHbIMH, 11aHbl [lnakerTa-bepMaHa MO3BOJSIIOT MOMYYHUThH JIMHEHHYIO MOJENb OOBEKTa C
yicIoM (aKTOpOB, HAa €IWHHILY MEHBIIIE, YeM YHCIIO IMOCTAaBICHHBIX OMBITOB. Pazymeercs, B Ucciel0BaHHE
MOKHO BKIIFOYHTH 4Hco (paktopoB U Menbliee, yeM (N - 1). [Ipu 3ToM ocraBimuecs: CTONOIBI MaTPHUIIBI
IUTaHA IPOCTO HE UCIIOIB3YIOTCSL.

IInansr Ilnakerra-bepmana o6mamar0oT BCeMH CBOWCTBAMH IIOJIHBIX M JPOOHBIX (DAKTOPHBIX IIIAHOB -
CBOWCTBAMH CUMMETPHYHOCTH, HOPMHUPOBAHHOCTH W OPTOTOHAJBHOCTH. biiaromapst aroMy KO3 GUIIMEHTHI
JMHEHHBIX PETPECCHOHHBIX MOAEJCH, MONy4YeHHBIX MO pe3ylbTaTaM NIPUMEHEHHUS paccMaTpUBaeMbIX
TUTaHOB, ONIPEAEIISIOT o TeM ke Gpopmynam, uto u ais [1PIT u JDII.

Merton ciryuyaitHOTO GanaHca

Kak yxke oTMmeuanoch, MeToa clydailHOro OajaHca MpeAcTaBiIseT co00il METOJ OTCEHMBAIOIIErO
OKCTIIEPUMEHTA, TO3BOJISIOMIMK BBIIBUTH BakHeiIue muHeHHble 3(Q¢eKTsl W TapHbIE B3aWMOJCHCTBUS
daxTopoB. JlaHHBIN METO TpeAIoNaracT MPUMEHEHHE CBEPXHACHIINIEHHBIX IJIAHOB. JTO TaKWe IUIAHBL, MPH
KOTOPBIX YHCIIO HCCIIEAyeMbIX 3(PQEKTOB M WX B3aWMOJEHCTBUI IMPEBOCXOJUT YHCIO TOCTABICHHBIX
onbIToB. OCHOBHasi MPEANOCHUIKA, MPH KOTOPOH MOXET NPUMEHATHCS METOA CilydailHoro Oanasca,
3aKIIFOYAETCsl B CIENYIOMEM: Cpelrd OOJNBIIOro YWclia IMOJ03peBacMbIX A(P(QEKTOB CYIIECTBYET TOJIBKO
HECKOJIBKO JEHCTBUTEJIBHO CYLIECTBEHHBIX, a BCE OCTAJIbHBIE MOIYT OBbITh IpPU3HAHBI HE3HAYMMBIMU U
OTHECEHBI K «IIyMOBOMY IOJIIO». HauaabHBIM 3TamoM OTCEMBAIOIIETO IKCIIEPUMEHTA SIBJISIETCS] COCTaBIICHHE
MaTpHIbl WiaHa. VX cTposT pa3auyHBIME CIIOCOOaMU, HCXOAS U3 KPUTEPUSI MUHUMYMa MakCHMaIbHOTO KO-
addummenTa koppemsauuu Mexay croibdmamu. COCTaBICHHEM OSTHUX IDIAHOB MOXET 3aHATHCA M CcaM
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skcriepuMmentatop [30], HO Oojiee 3(PPEKTUBHO HCIOJIL30BAHHE M3BECTHBIX ILIAHOB C XOPOLIUMH
xapakrepuctukamu [38].

OO0paboTKy pe3yJNbTaTOB 3KCIICPUMEHTAa 10 METONy CIy4YalHOro OajlaHCca MOXKHO BBINOJHATh C
UCIOJIb30BAaHUEM BBIYHCIMTCIBHON TEXHUKHM WM BpyuyHyr. KommbroTepHas o0paboTka pe3ysibTaToB
JKCTIIEpUMEHTa siBiseTcsl Oosiee A ¢exTBHOH. Ee BBIMONHAIOT MO CHENUANBHBIM — MPOrpamMMa,
COCTaBJICHHBIM Ha OCHOBE alTOPUTMa «BETBAIICHCS CTPATETMW» WM IOCICIOBATEILHOIO AITrOpUTMA
Odpaumcona [38]. [Ipu Tpynoemkoii pyuyHoi 00pabOTKe Pe3yIbTaTOB IKCICPUMEHTA YI00HO MPOU3BOINUTH
aHalM3 MaTepuaia rpaQuuecku, HCIOIb3ys TUArpaMMBbl paccesHUs PE3yJIbTATOB HAOIIOICHUH 110 KaXIOMY
1/}3 ¢daktopos (puc. 8.1).

|

900~ . L,. . . . .. . . .
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Puc. 8.1. [luarpamma paccestHus

Ilo ocm abcumcc muarpaMmbl OTKJIAIBIBAIOT YPOBHU (DaKTOpoB (B IPOM3BOJIHHOM MACIITa0e), MO OCH
OpAMHAT - 3HaueHHs Bbixoja. s KaxJoro ¢akTopa HAHOCIT OJUHAKOBOE YHCIIO TOYEK, PABHOE HYUCIY
onbIToB N. DTH TOYKH pa3OWUTHl Ha JABE IPYIIBL OJHA M3 HUX OTHOCHTCS K OINbITaM, € JaHHBIH (akTop
HaxXOIUTCS Ha BEPXHEM YpPOBHE, Apyras Ipymma - K OmbITaM, rzae (akTop HaxOAUTCS Ha HUKHEM YpPOBHE.
CreneHp BIMSHUS JTAHHOTO (DakTopa Ha OTKJIMK OICHUBAIOT MO Pa3sHOCTH MEXAY 3HAUYCHHSIMH HEKOTOPOTO
MOKa3aTelIsd, XapaKTepPU3YIOLIEro HEHTP IPyNIUPOBaHMs COBOKYIHOCTH TOYEK JUIS Pa3HBIX YPOBHEHM OHOTO
¢akropa.

B kauectBe Takoro mnokaszaresis B METOAE CiydalHOro OamaHca OOBIYHO HCHONB3YIOT MEIHaHy,
MPUMEHEHUE'KOTOPOH B JaHHOM ciydae Oojiee 3(pdekTHBHO, yeM cpemHee apudmeTHueckoe. Menuany
IPOBOJAT TaK, YTOOBI IO 00€ ee CTOPOHBI YHCIIO TOYeK ObUIO 0guMHaKoBO. Eciu ollee 4ncio Toyek B psimy
HEYeTHO W paBHO (2T + 1), To MennaHa mpoxoaut depe3 (T + 1)-ro Touky. Eciu uncio Touek 4eTHO U paBHO
2T, TO MeIMaHy OTBICKMBAIOT KaK cpeliHee apu(pMEeTHIEeCKOe 3HaUeHHe OTKIHMKA JuIst m-i u (T + 1)-if Touek
(cumrast cuusy BBepx). Ha puc. 8.1 meamansl OTMEUEHBI TOPU30HTAIBHBIMUA YEePTOUYKAMH, MTPOBEICHHBIMU
MOCPEINHE MEKAY YeTBEPTOH U IATOM TOUKaAMH.

Ecnu nans kakoi-HUOYIb KIIETKU OTBITHl OTCYTCTBYIOT, MEPEXOAAT K TaOIHUIIEe ¢ YHCIOM BXOJOB Ha CIWHUILY
MeHbine. [Ipu 5TOM HCKIIOUYAIOT OJUH W3 (AKTOPOB - TOT, KOTOPBIH MMEET HauOOJBIIYIO KOPPEISIHIO C
OJITHMM M3 OCTaJbHBIX (akTopoB. Jlanee MOXKHO BBIYMCIATH OLEHKH JTHMHEHHBIX KO3((UIMEHTOB perpeccun
no wu3BecTHBIM ¢opmynam janst [IPII. Opnako B Merome ciydailHOro OajaHca daiie MHOJIb3YIOTCS
YIBOCHHBIMHU JINHEWHBIMU K03 (duiienTaMu perpeccur ai= 2bi. X Ha3pIBalOT JIUHEHHBIMU 3 QeKTaMu
¢baxTopos. JIuneitnslii 3gdext paxTopa Mo cBoeMy GU3NIECKOMY CMBICIY PABEH, OUEBUIHO, IPUPALICHHIO
OTKJIMKa TpH Mepexofie NaHHOro (pakTopa C HIDKHErO YPOBHS Ha BepXHUM. 3Has (OpMynbl s
KO3 GHUIMEHTOB PErPeCcCHH, JIETKO HalKMcaTh MX Ul OlEeHOK 3(dekToB ¢akropoB. B maHHOM ciyuae ux
MOJKHO TIPEICTABUTH B CIEIYIOIIEM BUJIE:

a =':?1+J_’a +JT5+JT?],} _U—’:+}_i+?s+fn]; R
1 4 4"

a =E1+:F:+:F5+JF5},; _':}_’a"‘}_i"‘?F"'JTn}; ;

i _ _ _ 13 _ _ L N

. = O+ +x+ }"4},} _ sty t+r + }’n}; .

E 4 4
Takum oOpazoM, mias BeraucieHus dddexra hakropa HEOOXOAMMO PACCUUTATH CPEAHEE 3HAYCHHE OTKIIMKA
JUISL OTTBITOB, TIOCTABIICHHBIX Ha YPOBHE «ILIIOC» TAHHOTO (paKTOpa M BBIUECTH M3 HETO CPEIHEE I YPOBHS

«MHHYCY.
Crnenyromumii otamn - BeraucieHue [-kputepus CThI0eHTA T BBIICICHHBIX 3PQEKTOB 10 POopMyIIe:
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B s1oit hopmyiie nj - gucio HaOMOAEHUH Bj-i KJIETKe; T - YUCIO KIEeTOK; s2R - ocrarodnas mucmepcus,

ompezensemas o GpopmyIe:
o3 E : E Yu 3" E :

=1 u=1
[locne BblmeneHus NMEpPBOH TIPyNIbl 3HAYMMBIX 3c1)(1)eKTOB IPOU3BOJUTCS OIEpalsi KOPPEKTHUPOBAHUS
pe3ynbpTaToB HaOdroneHMid, Ha3biBaeMmas cHsATHEM. OHa COCTOMT B WCKJIIOUEHHMH BJIMSHUS BBIACIICHHBIX
(hakTOpOB M B3aUMOACWCTBHI HA OTKIHK, JJIsl TOTO YTOOBI BHIABUTH OCTaJIbHBIE CYIIECTBEHHBIC d(PPEKTHI.
i 3TOro W3 KaXAOro 3HAYCHMS OTKJIMKA BBIUUTAIOT IPOU3BEACHUS KO3((UIMEHTOB pPerpeccuy,
COOTBETCTBYIOIMX BBIIENCHHBIM d¢dekraM, Ha 3HadeHwe (akropa (WM B3aUMOICHCTBHA) B
COOTBETCTBYIOIIEM OITBITE.
Hapsiny ¢ ucrionp3oBaHueM JuarpaMM paccesHus, MpyU pPydHOH 00paboTKe pe3yabTaToB IPUMEHSIECTCS MEHEE
TPYZOEMKHH TaOIN4HBIA MeTol. [IpuMeHuTeNnbHO K 3a7a4ye BbISBICHHUS BaKHEHIINX (haKTOPOB, BIMAIOLINX
Ha MCPOXOBATOCTb MNOBEPXHOCTHU IMHUIOMATCPHUAJIOB IIPpU pacClUIMBAHUU 6peBCH Ha JICHTOYHOIIMJIBbHBIX
ctaHkoB. [I1aHnpoBanre 0THOPAKTOPHBIX SKCIIEPUMEHTOB TP IMOUCKE ONTUMAIBHBIX YCIOBHHA
Meroa nuxoroMuun
[Tycte daxtop X1 Bappupyercs B auanazoHe X Imin < X1 < X1rtax. Ha mepBom miare cTaBsTcs ABa OIBITA,
BO3MOXKHO OJIIDKE K cepeinHe Iuara3oHa BapbupoBaHist. O003HAUMM Yepe3 € pa3HOCTh MEXIy 3HAYCHUSIMH
¢akropoB B 3TuxX Toukax: € = X12 — X11(puc. 9.1). Torna 3Hauenue Qaxropa x1 B MepBOM OMBITE PABHO
X1 1y= x1(0) - €/2, a Bo Bropom ombiTe X12 = X1{0) + &/2, rne x10) ={X1min+X1max)2.
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IYlmin .X'|3 X14 X!IAVIZ X[m“
Puc. 9.1. K 000cHOBaHUIO METOIA TUXOTOMUU

BennunHa €& BbIOMpaeTcs BO3MOXHO MEHBIIEH, HO JIOCTATOYHOM JUIsI TOTO, YTOOBI MOMKHO OBLIO
3a(puKCHpOBaTh pa3IUUMe B PE3YJIbTATaX IOCTABICHHBIX OIIBITOB.

B merone nuxoroMuu Mo pe3yibTaTaM KaXJoil Maphl ONBITOB MHTEPBAN, B KOTOPOM MOXET HaXOAUTHCS
WUCKOMasi TOYKa OMNTHMyMa, COKpAllaeTcsl IOYTH BJBOE. OJTOT HWHTEpBaJl HAa3bIBAETCS HWHTEPBAIOM
HEOTIPENETICHHOCTH.

HHTepecHo cpaBHUTH 3(PQPEKTUBHOCTH PACCMOTPEHHOIO METOJla C MAacCUBHOW NMPOLEAYpPOH, IPHU KOTOPOI
YCIIOBUSI TIPOBEJICHHS BCEX OMBITOB JIOJDKHBI OBITH 3a/aHbl 3apaHee. [IpeamnoyiokuM, Hampumep, UTO
3aIJIaHMpOBaHa NocTaHoBKa N = 8 OIIBITOB.

g

L

0 2345678

Puc. 9.2. K nnmroctpanuu MeTozia mnacCUBHOTO MOUCKA

Takum 00pa3oM, MpH MOKMCKE 10 METOJy JMXOTOMHH BEIHMYMHA WHTEPBAJIa HEONPEACICHHOCTH YOBIBACT C
poctoMm N 1O 3KCIIOHEHTE, a MPH MACCHBHOM IOKCKE - 00paTHO IponopruoHansHo ncty N. [Toatomy, uem
6onbuie N, TeM 3ddeKTHBHEE METOI TUXOTOMHH TI0 CPABHEHHIO C TACCHBHBIM TIOMCKOM.

HpI/IMeHeHI/IC METO/Ja 30JI0TOTO CCUCHHUA JIA OIITUMHU3AalUU IPOLECCAa OTBCPIKACHUA JIAKOBOT'O IMOKPBITHUA
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MeTon 3010TOr0 ceueHus erie oonee 3PPEKTHBEH, YeM MeToJ] JuXoToMuu. Kak ¥ B mpensiayieM MeToJIe,
Ha TIEPBOW UTEPAIlUK CTABATCS JBa ombiTa. OMHAKO Kbl MOCIEIYIOIIUI 3Tal TpeOyeT OCTAHOBKH yXkKe
TOJBKO OJHOrO ombITa. JlJisi yHpolIeHHs TNPeIrnoiokKuM BHauaie, 4to (akrop X\ BapbupyeTcs Ha
equauaHoM otpeske 0 < X1 <I. K Takomy OTpe3Ky HETPyAHO MEpelTH, HOPMHUPYS JIIOOOH 3alaHHBIHI
JMana3oH BapbupoBaHus. [lo-mpekHeMy mpenmnoiaraercsi, 4to (YHKIOUS OTKJIMKa YHHMoJanbHa. [lo
pe3yibTaTaM MOCTAHOBKH MEPBBIX JIBYX OIMBITOB BO3MOXKHBI CIIEYIONINE BAPUAHTHI:

y[ y2B 3TOM cllyyae U3 JAajbHEHIIEro pacCMOTpEHUs MCKmouaercs oTpe3ok (XI12, 1), mpu ycnoBum
MOUCKA MaKCUMyMa (YHKIHH;

y[ y2- uckmogaetcs oTpe3ok (0, X11)aTor cirydait m3o0paxkeH Ha puc. 9.3;

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

y

»: »

W

0372] 6818 X

0 Xy X X 1
Puc. 9.3. K 000cHOBaHHIO METOIA 30JI0TOI'0 CEYEHHUS

OcraBumiicsi OTpE30K MpH JIOOOM HCXOJAE BHOBbH JEIUTCA JABYMsI TOUYKAMH Ha TPU OTpe3Ka B TOM JKe
otnomrenuu: 0,382 u 0,618. OcoOEHHOCTH JAHHOI'O METOAAa COCTOMT B TOM, YTO, HauyWHAs CO BTOPOU
UTEpalny, IPH JEJICHUH KaXXAO0T0 0YE€pPEIHOro OTPE3Ka B YKa3aHHOM OTHOIIEHHM OJHA M3 TOYEK ICJICHUS
00s13aTenbHO (€CNM HEe pacCMaTpHUBATh CIydail TPH) COBIIAJIAET CO «CTAapOi» TOYKOH, B KOTOPOH yKe ObLI
MOCTABJIEH OMNBIT. AHAJOTUYHO CTABUTCS 10 OJHOMY OINBITY Ha KaXXJI0M MOCIeAYIONIe nTepauu.

MeToa noKOOPAMHATHOTO TIOUCKA

OO6partumcst Tenepb K ONTHMHU3ALMOHHBIM 3KCIIEPUMEHTaM, MPEINOIaraloiuM HaJudue YK€ He OTHOro, a
HECKOJIBKHX BapbUpyeMbIX (akTopoB. Hanbomee mpocTeiM, HO HE caMbiM 3(PQGEKTHBHBIM, SIBISETCS METO]
MOKOOP/IMHATHOTO ToHcKa - MeTof [aycca-3eiinens. CormacHo 3ToMy MeTOAy (akTOpbl BapbHpYIOTCS B
9KCTIIEPUMEHTE IT00YEPETHO, TO ECTh CTABUTCS HECKOJIBKO Cepuil 0HO(GAKTOPHBIX 3KCIIEPUMEHTOB. BHavane
3aaeTcsl MCXOAHAas TOYKAa B KOTOPOM CTaBUTCS MEPBBIA OMBIT. 3aTeM IOCIEAO0BATENbHO H3MEHAIOTCA
3HAYCHMS TOJIBKO OJHOro (hakTopa, Hampumep X1, a octanbHbie GakTopsl X2,X3 ,... XK (GUKCUPYIOTCS Ha
CBOMX HavaJbHBIX YpoBHAX {X20,X3°...,Xk0). Ecnu BapsupyroTcs nBa haktopa, TO ’TOMY COOTBETCTBYIOT |
Touku 1—5 Ha akTopHOi mmockocTH (puc. 9.4). Ha aTom pucyHke HaHeceHBI | TakKe JTMHUW YPOBHS, WA
JIMHUM PaBHOTO BbIXona. [l BceX TOYEK, JISKAIUX \ HAa JAHHOW /-l JIMHUM YpPOBHS, 3HAYCHUE OTKJIMKA
OJIMHAKOBO U PaBHO HEKOTOPOMY 3HAYECHHUIO Yt.

Y2y Yidy
Ax, ¥ g vy, 8

XI ont

X9

| %
o
X(O) . X onr
PI/IC. 94 reOMeTpI/I‘{eCKaﬂ WIITIOCTpAalusa METOJa ITIOKOOPANHATHOT'O ITOUCKA

Cpenu TOCTAaBICHHBIX OIBITOB OTHICKMBAETCS HAWIYUYIIMH, TO €CTh TOT, JIsI KOTOPOrO 3HAYeHHE Yy
MaKCHUMaJbHO, €CJIM OTBICKUBAETCs MakCUMyM (puc. 9.4, onsIT 4). CooTBeTCTBYIOLIEE 3HAUeHUE (pakTopa XX
¢dukcupyercs. B 3TUX yCcIOBHSX MOCIIE0BaTEILHO U3MEHSIOTCS 3HaYeHus1 (aktopa X2 (ombITel 6-9, puc.
9.4). ]l OIIBITOB 3TOM CepUM OTHICKMBAETCs Hawiydlllee 3HaueHHe X2, KoTopoe U pukcupyercs (Touka 8,
puc. 9.4). B cnenyromieii cepun BapbupyeTcs Toabko (akTop X3 (eciu GpakTopoB OOJbILE ABYX) U TaK Jajnee
10 XK.

3aTeM IMKJI T00YePeTHOTO BapbUPOBaHHS (PaKTOPOB IPOBOJHUTCS 3aHOBO, HauMHas ¢ X,. Bes ata nmponenypa
MIOBTOPSIETCS 10 TEX MOP, OKa He OyJeT HaliJileHa TOUKa, CMELIEHHE OTHOCUTEIIFHO KOTOPOH BapbUPOBaHUEM
7100010 (aKTOpa MPUBOJHUT TOJBKO K YXYALICHUIO pe3yibrata. OHa IpUHUMAETCs 3a TOYKy onTuMyma. Ha
puc. 9.4 mns ee oTbickaHWsA (To4ka 17) MOHAMOOWMIOCH TATH CEpUi OTHO(PAKTOPHBIX IKCIEPHUMEHTOB.
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OTMmeTHM, 9TO B KaXKIOW CEpHUU OMBITOB OAHO(MAKTOPHOTO JKCIEPHUMEHTAa MOKHO BMECTO BapbHPOBAaHUS
(bakTopa C MOCTOSTHHBIM IIArOM BOCIIONIE30BATHCS OJTHAM U3 PACCMOTPEHHBIX BBIIIE METOJIOB

JIUXOTOMHUH WU 30JI0TOTO CCUCHMS.

MeTo1 KpyTOro BOCXOXK/ICHHS U €TI0 IPUMEHEHHE JJIS1 ONITUMH3AINH ITPOIIECCOB JePEBOOOPAOOTKH

Nnesa merona

Hawnbonee 3ppexTHBHO U MIUPOKO TPUMEHAEMBIE METOJIBI SKCTIEPUMEHTAIFHON ONTHMH3AINYA OCHOBAaHbI Ha
TPaIUCHTHBIX METO/IaX TOUCKA dKCTpeMyMa. et 3TuX METOJI0B paCCMOTPHUM BHAUYalIe B MPEIIOIOKEHUH,
YTO BapbUpyeTcs equHcTBeHHBIH (akTop X1. Ha puc. 9.5 Toukamu a u b 0603Ha4eHBI TPpaHUIBI AUATIa30HA
BE)I’pBI/IpOBaHI/ISI 3TOTO (haKTOpA.

)

Ye Vs

Y3
Yy
)

X

0 a 6 M5 4 3 1 2 b
Puc. 9.5. K 060cHOBaHHIO I'PaJUEHTHOTO METO/1a IOUCKA IKCTPEMyMa

ITycte M - abcmucca MCKOMOM TOYKH ONTUMyMa (711 OTIPEIETICHHOCTH - MakcuMyMa). BHavane craBuTcs
OTIBIT B HEKOTOPOW MTPOM3BONIBHOM TOUKe | BHYTpH Auama3oHa BapbupoBaHus ¢akropa X1Pesymprar ero: yl.
W3 Touku 1 xenaTenbHO CIBUHYTHCA B HAINpaBIEeHWH TOYKM M, TO ecTh, B JaHHOM ciyyae, BieBo. Ho
MIOCKOJIBKY TIOJIO’KEHHE TOYKH M 3apaHee HEM3BECTHO, CHayalla JeNaeTcsl MPOOHBINA IIar B OAHOM U3 IBYX
BO3MOJKHBIX HAaIPaBIIEHHU, TO €CTh BIIEBO WM BIpaBo oT To4ku 1. IlycTh, Hampumep, TpoOHBI mIar cienan
BIIPaBO - TOUKa 2 Ha puc. 9.5 - u pe3ynsbrar ero: y2. U3 Toro, uro y2 < yl, MOXXKHO cpa3y 3aKJIIOUUTh, YTO
Touka M Haxoautcs JieBee Toukd 1. [ToaTomy ciemyrommii paGo4uii Iiar aejiaeTcs BJICBO OT TOYKH 1, B
touky 3. Tak xak y3 > yl, To ouepeaHON paboOUMii mar AenaeTcs B TOM JK€ HAlpaBJICHUH, T. €. B TOUKY 4
(puc. 9.5), u tak panee. [lpuas B Touky 6, yoexxaaemcs, uro y6 < y5. 3HauuT, Touka M HaxoJIuTCs MEXIy
Toukamu S5 u 6. Eciu TOUHOCTB, ¢ KOTOpO# HaiiieHa aOcimcca TOYKM M, HEIOCTAaTOYHA, JBUKCHHE
MIPOJOJIKAETCS BIPABO OT TOYKH 6 C yMEHBIIEHHOM JJIMHOM IIara.

[TycTs Tenepr YMCIO BapbUPyEeMBIX (akTOpoB paBHO ABYM. /L1 reomeTpudeckoil WLTIOCTpanuy MeTona
CIIeNIyeT y)KE PacCMOTPETh (DAKTOPHYIO ITUIOCKOCTh C KOOPAMHATHBIMHU ocsiMu XX U X2 (puc. 9.6). [lepesiii
OITIBIT T10- MPEKHEMY CTABUTCS B HEKOTOPOH MPOM3BOJILHON TOUKE BHYTPH 00JaCTH BapbUPOBAaHUS (PaKTOPOB
(touka A ¢ xoopauHatamu X\0), X20) Ha puc. 9.6). 13 3T0i TOYKH MOKHO CMEIIAThCS Y)KE HE B OJJHOM M3
JBYX BO3MOXXHBIX HAIlPaBJICHWH, KaKk B MpeIbIAyHIeM ciydae, a B JOOOM M3 OECUMCIIEHHOTO MHOXECTBa
HaIpaBJIeHU Ha MI0CKOCTH. [Ipu 3TOM ABIKEHHE 10 HEKOTOPBIM M3 3THUX HAIPaBJICHUH JaeT yBeTWUYEeHHE
3HAa4YCHUS! OTKJIMKAa [0 OTHOIICHUIO K Touke A (3TO, Hampumep, HampasieHus | - 4), mo apyrum
HAIpPaBJIEHUSM TPUBOJAUT K €r0 YMEHBIICHHIO (HampaBieHHs 5 - §). YUHUThIBas, UTO MOJOXKEHHE TOUKH
ONTUMyMa HEHM3BECTHO, MeJIecO00pPa3HO CUMTATh, YTO HAWIYYIIUM HampaBlieHHEM, B KOTOPOM Hajo
CMECTUTBCA M3 TOYKM A, SBISETCS TO, B KOTOPOM (DYHKIMS OTKJIHMKa BO3pacTaeT ObIcTpee BCEro. JTO
HanpaBJIeHHE Ha3bIBaeTCs IpagueHTOM (QYHKOMM OTKIMKa. OTMETHM, YTO B KaXKHOH Touke (hakTOpHOI
TUIOCKOCTH HampaBJIeHHE TpaieHTa NEPIEeHANKYIISIPHO KacaTelbHOI K JMHUN YPOBHS, MMPOBEIEHHON Yepe3
Ty K€ TOUKY.

X

x5

0 X'(:»
Puc. 9.6. K monsTHio rpaarenTa GyHKINN OTKINKA
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YcnoBus nr000ro onbITa, HaXOAAIMIEr0Cs Ha JTUHUN rpajueHTa, MPOXOoAlIel Yepe3 HCXOAHYIO TOUKY, MOKHO
MTOJIYYHTh, U3MEHSIS 3HAUCHHE KaXKIOro M3 (HhaKTOpPOB B IICHTPE IUIaHA HA BEIIMUYWHY, TPOIIOPIHOHATLHYIO
COOTBETCTBYIOIIEMY KOX(PQOUIIUCHTY pPErpecCUd JIMHEHHOW Monenu. Takue OMBITHI HA3BIBAIOT ONBITAMH
KPYTOTO BOCXOXICHUA. 3HaueHus (I)aKTOpOB B OIBITC KPYTOr0 BOCXOXKACHHA ONPCACIAOT, B CJIydac
OTBICKAaHUS MaKCUMyMa (YHKIIUU OTKITHKA, 10 GopMyIIaMm:

Xy =X 4 abyay;

Xp=X9 4 dbyag;

[ 2]

X =X 4 Ab A,

3areM CTaBUTCS CIELYOLIasl CEpUsl OMBITOB, IO PE3yNbTaTaM KOTOPOH OTBICKMBAETCS HOBOE HAIlpaBiCHHE
rpagveHTa, u Tak gainee. OTMETHUM, YTO MHOXHTENb A, MosBWICA B Gopmynax (9.4) u3-3a TOro, 4To OHU
3alUCaHBbl yKe I HaTypalbHbIX (JaKTOPOB.

[lopsmok nefcTBUs Mccaea0BaTeNs IPH ONTUMHU3ALNUN 0OBEKTA I10 METOAY KPYTOr0 BOCXOXKIEHHS

st onpenenéHHOCTH HUXKE PacCMaTpUBAETCS CIIydail OTHICKaHUSI MAKCUMyMa (DYHKIIUH OTKJIHKA.

(0)
X

Bri6buparot 3HaueHus ¢pakTopoB B ucxogHon Touke X {0): X1 = ; X2=, Xk=X{kO0). 910 menTp
TUTaHa B MEepBOH cepuM onbIToB (puc. 9.7). IlonoxxeHne UCXOTHONW TOUKH 3aJaeTcs MCCleA0BaTeNeM UCXOd
U3 anpHOPHBIX NPEICTABICHUI O IOJOXEHWU TOYKH ONTHMyMa. BpIOMparoT MHTEpBajbl BapbHUpPOBAHUS
¢daktopoB B aToil cepun: A, ,A2,..,A*. Kaxaplii W3 HUX JODKEH OBITH 3HAYUTEIHHO MEHBIINE TIOJHOTO
JMana3oHa BapbUpPOBaHUS COOTBETCTBYIOIIETO (haKTOpa BO BCEM OKCIEPUMEHTE H3-32 HEOOXOJUMOCTU
MOCTAaHOBKH HOBBIX CEPHUI OMBITOB B IPYTUX YaCTAX (PaKTOPHOI'O MPOCTPAHCTBA.
C meHTpOM B TOUKE PEasTU3yIOT MOJHBIA Wi JpOoOHEIHN (hakTopHEIH maH (Touku 1 - 4 Ha puc. 9.7).
PesynpraTtel sKkcrieprMeHTa 00padaThIBAIOT C IIENBI0 TONy4YeHHs] JHHEeHHOH Moxaenu. OIeHHBAOT
3HAYUMOCTh KO(PPHUIMEHTOB PETPECCHH U MPOBEPSIOT aJIEKBATHOCTH MOJICITH.
C noMo1pio GopMyJT pacCUUTHIBAIOT YCIOBUS BOSMOXKHBIX OIBITOB KPYTOro BOCXOXkIeHHUs. [lockoibky U3
HaMEUYEeHHBIX ONBITOB PEAU3YIOTCS TOJILKO HEKOTOPhIE, TAKHUE OIBITH HA3BIBAIOT MBICTICHHBIMH.
[MpakTHyecku 37iech MOCTYMAIOT CIEIYIOMUM 00pa3oM. [t KaKaoro ¢akTopa BEIMHUCISIOT MPOU3BEACHUE
biAi. @akTop X1 1T KOTOPOro ATO MPOM3BEIEHUE 0Ka3al0Ch MAKCUMAIBHBIM 10 aOCOJIIOTHOM BEIMYUHE,
Ha3bIBAIOT 0a30BBIM. /11 Hero BHIOMPAIOT 1IAr BapbUpoBaHuA 01 B OIbITE KPYyTOro BOCXOKAEHUs. [Ipu sTom
3HaK 01, coBmagaer co 3HakOM Kod(ddunmeHTa bl npu morcke MakcUMyMa M MPOTUBOIIOJIOXKEH €My, €CITU
OTBICKHBAETCSI MUHUMYM (DYHKIIUH OTKIIMKA.
B cootBercTBHM ¢ POpMYIION YCIIOBHS NEPBOTO «MBICJICHHOTO» OIIBITA 3AIHIIYTCS TaK:

XM =x® 4 5:i=12 ..k

Xlorrr X-:I

Puc. 9.7. 'eomeTpuueckast HILTIOCTPAIUS METOJIa KPYTOT'O BOCXOXKICHUS

a 3HaveHWe JIOOO0ro (akTopa B KaXKIOM MOCIEIYIONIEM «MBICICHHOM» OIBITe KPYTOTO BOCXOXKICHUS
NOJy4aeTcsl Mocie NpUOaBIeHUs] BEIMYMHBI IIara IO 3TOMY ¢dakTOopy K 3HAYCHHIO JAHHOTO
(bakTopa B IPeNbIIYIIEM OIBITE KPYTOTO BOCXOXKIICHHS:

Xi2 = Xil +01, u Tak nmaiee.

PeanmnzyroTcs HEKOTOpPBIE U3 «MBICIEHHBIX» ombITOB. Ha puc. 9.7 9TO OombITHl 5, 6, 7. Jlyummii us
HUX TIpUHMMAETCA 3a LEHTpP HOBOIO IUIaHa, IIOCIE YEro MpoLEAypa MOBTOPSAETCS C IMyHKTa
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2. Ha puc. 9.7 nydmum U3 OINBITOB KPYTOTO BOCXOXKACHHUS sABIsACTCS onbIT 6. Touku 8-11 00pasyroT 1uiaH
HOBOM cepuH, TI0 Pe3yJIbTaTaM KOTOPOH PacCUUTAHBI U PEATM30BAHBI OTIBITHI KPYTOTO BOCXOXKaeHus 12-15.
6.IlpuzHakoM IOCTHKEHHsI O0JIACTH ONTHMYMa SIBJISIETCS HE3HAUYMMOT0» BCEX JIMHEHHBIX Ko3(UIIneHTOB
perpeccu Ha OJHOM M3 3TamoB. B 3ToM ciydae mpouenypy KpyTOro BOCXOKACHHS MPEKpallaroT, a s
JETaJbHOIO ONHCAHMS OOJACTH ONTHMYyMa OOBIYHO peaau3yloT IUIaH BTOPOTrO IMOpSAAKa B OKPECTHOCTH
Jy4lIeil JOCTUTHYTOU TOUKHU.

3ameuaHus:

B cnydae oTbickaHusi MMHUMyMa (DYHKIMH OTKJIMKA HCIIOJIb3YIOT ONMCAHHYIO BBIIIE MPOLEAYPY C Y4E€TOM
TOTO, YTO B TPaBbIX "acTsax hopmyi (9.4) -

Tenepb TOIDKHBI CTOSITh 3HAKH «MHHYCY.

DaKTOphl, COOTBETCTBYIOLINE HE3HAYUMBIM KOS GHUIMEHTaM PETrPEeCcCHH, B OMBITaX KPYTOTO BOCXOXKACHUS
He Bapbupytorcsa. OHM CTaOMITM3UPYIOTCS Ha HEKOTOPOM YPOBHE, OOBIYHO - HA HYJIEBOM.

[lpu  pemieHun BOMpoOca O peaM3allMid «MBICICHHBIX» OMBITOB NPUHUMAIOT BO BHUMaHHE PE3YJIbTaThl
MPOBEPKH aJIeKBATHOCTU MOAeNH. Ecian MoJens okazanack aJeKBaTHOM, TO, KaK MPaBUIIO, CPa3y MPHUCTYMAIOT
K pealn3aliy TeX «MbICICHHBIX» OIBITOB, KOTOPBIE XOTS Obl 10 OJHOMY (aKTOPY BBIXOIAT 33 IPEAEIbI
o0nacTH BapbUPOBaHMS NEPEMEHHBIX B Mpedblaymieil cepuu. HeangekBaTHyro MoJenb TOK€ OOBIYHO
WCTIONIB3YIOT AJISl IUIAHUPOBAHUS OTBITOB KPYTOro BOCXOKAeHUs. Ho B 3ToM ciydae menecooOpa3Ho HavaTh
C peau3alyy TeX U3 HUX, KOTOPbIE HAXOAATCS BHYTPH 00JIaCTH BapbUpOBaHUA (HaKTOPOB.

[IpumeHeHne MeToma KPYTOTO BOCXOXKISHHS OKasbIBaeTcsl HamOosee A(PQPEKTUBHBIM, €Cid abCONOTHBIC
BEJIMYMHBI JIUHEWHBIX KOAI(P(QUIMEHTOB PErpeccu UIsi MOJAETH C HOPMAIM30BaHHBIMU (haKTOpamu,
paccYrTaHHBIC 10 pe3yabTaTaM OYepEeIHON CEPUH OIMBITOB, MAJIO OTJIMYAIOTCS APYT OT Apyra. ITOro MOKHO
JIOOUTHCS BRIOOPOM MHTEPBAIOB BapbUPOBAHUS (DaKTOPOB.

[lpu peannzanyu OMBITOB KPYTOTO BOCXOXKIEHHS BO3MOXKHBI pPa3lIMUHbIC cTparerud. B wacTtHOCTH, 37ech
MOYKHO BOCHOJB30BaThCS OJHUM M3 OJHO(AKTOPHBIX METOAOB MOMCKA 3KCTPEMyMa, HaIpUMep, METOAOM
30JI0TOTO CEYEHHUSL.

[IpumeHeHue MeToAa KPYTOro BOCXOXKACHUS UL ONITUMH3ALUH [IPOLECcCa CYIIKU IPOIUTAHHON APEBECHHBI
[Tpumep cuHTE3MpOBaH Ha OCHOBE UccienoBanuii B benopycckom texnonornueckom uacruryre (bTH, I'. M.
lyroB). Bapweupyemsie ¢akTopbl mpolecca: XX, €, - YCIOBHas BSI3KOCTb TEIUIOHOCHTENs; X2, 4, -
npopoipkuTeNbHoCTh cymkn; X1, C, - temmeparypa mpouecca cymku. Cyika NpOBOAMIACE B BaKyyMe
riyounoit 7230 H/m2. IlapameTpoM ONTHMH3ALMW SBJSUIACH BJIAXKHOCTH JIPEBECHHBI y, %, 3HAYCHHE
KOTOPOH MUHUMU3HPOBAJIOCH.

VYcioBUsL M pe3yibTaThl SKCIEPUMEHTOB 10 METOAY KPYTOTO BOCXOXKIEHHS 3alMCBIBAIOTCS OOBIYHO B
TabImIax ctanaapTHoi popmel. B mepBoii cepun Ob1 peanuzoBan [1DIT 23

Janee miaHUPYIOTCS OMBITHI KPYTOTO BOCXOXKICHHS. Y YUTHIBAsI, YTO OTHICKUBACTCS MUHUMAIILHOE 3HAYCHHE
napamMeTrpa ONTUMM3AaLWHM, 3HAaueHUs (AKTOPOB B HSTUX OIBITaX MOJYYAIOTCS IOCIEN0BATEIBbHBIM
BBIYMTAHUEM 3HAUYEHHH I1ara u3 OCHOBHOTO YPOBHS (PaKTOpPOB:

XW=x®_5; xP =x® -5, = ¥ - 5, u Tax ganee.

[MocnenoBaTenbHBIN CUMILIEKC-METO/

[ocnenosarenpubiii cummekc-mero (IICM), kak W MeToJ KpyTOro BOCXOXIEHHS, NMpeAHa3HaueH Jis
peleHns 3a1a4 SKCHePUMEHTaIbHON onTuMu3anuu. B ocHOBe 000MX METOHOB JICKUT WACS ABHKCHUS B
HaNpaBJICHUH TpaJueHTa (QYHKIHUU OTKIMKA. ECM METo] KpyTOro BOCXOXJICHWS 4alle NpUMEHseTcs B
nabopatopHbIX ycnoBusax, To [ICM HaxoguT nprMEHEHHE KaK NpU PEHIeHUH UCCIIeA0BaTEIbCKHUX 3a/1a, TaK
W U1 ONITUMH3ALU TEXHOJIOTHYECKUX MPOLECCOB B MPOU3BOJACTBEHHBIX ycloBUAX. [Ipu Gosbmiom umcie
¢daxropor 1 Hammuuu nmomex [ICM addexTuBHEE METOIa KPYTOro BocxoxaeHus. [loapoOHoe paccMoTpeHne
METOo/1a 11eJIeco00pa3Ho HavYaTh CO Cy4as JBYX BapbUPYEeMbIX (JaKTOPOB, TaK KaK 3/leCh BOZMOXKHA yI00Has
reoMeTpuueckas uHTeprnperanus. s HopManu30BaHHBIX (DaKTOpoB X\ M X2 paccMOTpUM (HaKTOPHYIO
TUIOCKOCTh C HAaHECEHHBIMHM Ha Hell JMHUSAMH YpoBHS. Ha Kaxol M3 HUX MPOCTaBUM COOTBETCTBYIOIIEE
3HaYeHHe OTKJIMKA, HApUMep, BbIX0/1a IPOAYKTa 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 KoopauHathl X lont u x2ont. [Ipu 1BYX BapbupyeMbIX (hakTopax OIMBITHI
ucxoanoi cepun B [ICM npennaraercs CTaBUTh B BEpIIMHAX MPABHJIBHOTO TPEyrojibHUKa (ombIThI1,2, 3 Ha
puc. 9.8). LleHTpoM TpeyrompHUKA SBISIETCS HEKOTOpast UCXOAHas Touka X°. M3 3THX OMBITOB BhIOMpaeTcs
OIBIT C XyAIIUM 3HAa4€HHUEM OTKIIMKA y. B JaHHOM cilydae 3TO, HO-BUAMMOMY, ONBIT 1, B KOTOPOM 3Ha4eHHE
>> MCHBbIIIE,

4yeM B omnbITax 2 u 3. Jlamee CTpOsT HOBBIM TPEYTOJIbHUK, ABE BEPLUIMHBI KOTOPOTO COBIAAAIOT C BEPIIMHAMU
2 ¥ 3 Opeaplayliero TpeyrojibHUKA, @ TPEThSl BEPIIMHA CHMMETPUYHA «XYALIC) BepIIMHE 1 OTHOCUTENBHO
CTOpoHBI 2-3. OTo TpeyronbHuK 2-4-3. B Touke 4 craar cnegyrommid 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 BEPIINHE 3 OTHOCUTEIBEHO CTOPOHBI 2-
4. D10 BepuIMHA 5, B KOTOPOW U CTaBAT CICAYIOLIUI OMBIT, U Tak Aajee. JBH)KEHHE MO TaKOMY 3aKOHY
NPUBOJUT B 00JIACTh ONITUMYMA.

Pacnpoctpanum 3TOT MeTOJ Ha ciydaidl HpPOM3BOJIBHOTO 4ncia (akTOpoB. AHAJIONOM NPaBHIBHOTO
TPEYrOJIbHUKA B TPEXMEPHOM IPOCTPAHCTBE SBIIAETCS, OYEBHIHO, NPaBWIbHAS TPEYroJIbHAs NMUpaMuia -
tetpasap. [loaromy s Tpex BapbUpyeMbIX (DakTOPOB HCXOJHAs CEpHUsl COCTOMUT W3 HYETHIPEX OIBITOB,
pacroaralomxcsi B BepIIMHax TeTpaszapa. Kaxasiid mociae yomui onbIT MPOBOANUTCS B BEPUIMHE HOBOTO
TETpa3Apa, CUMMETPUYHON «XyALIE» BEpIIMHE NPEBIIYIIEro Terpajdapa. /g Npou3BOIBHOIO YHCHA K
(baKTOpoB BBEAECM IMOHATHE "-MEPHOTO CHMILIEKCA, K-MEPHBIM CHMIUIEKCOM HA3bIBAETCSI TPOCTEHUINHNIA BbI-
MyKJIBII MHOTOTpaHHUK B TPOCTPAHCTBE pa3MEpPHOCTH K, uMmeromuid (k + 1) BepmmHy. DTO, Hampumep,
TPEYTOJIBHHUK Ha IUIOCKOCTH, TPEYrOibHAasl MUPAMHIA B TPEXMEPHOM MpocTpaHcTBe. CUMILIEKC Ha3bIBaeTCA
NPaBUIIBHBIM, €CJIM BCE PACCTOSHUS MEXy 00pa3yIOIMMH €r0 BEPIIMHAMU PaBHBI.

Takum 00pa3zom, B o01IeM ciydae K pakTopoB ucxoaHas cepus B [ICM cogepxut (k + 1) omsiT. MX cTaBsr B
BEpLIMHAX MPAaBUIBHOTO A>MEpHOI0 CHMIUIEKCA. 3aTeM «XyAllas» BepIIMHAa OTOpachIBaeTcs, a Ha
OCTaBILEICS TPaHU CTPOSAT CIEAYIOMNNA cUMITIEKC. Ero HOBas BepIIMHA CHMMETpHYHA «XYIIEH» BEpIINHE
MPEJBIAYIIEr0 CUMIUIEKCA OTHOCUTEIBLHO NPOTHUBOJIEKAIEH IpaHu. B HOBOI BepilrHe cTaBAT onbIT. [Janee
aHAIM3HUPYIOT BBIXOJABI B BEpIIMHAX HOBOTO CHMIUIEKCa, W Tporecc mnoBTopsercsa. [locTpoennas
M0CJIE0BATEIFHOCTh CHUMIUIEKCOB IO3BOJISIET MPUONM3UTBCS K 3KcTpemyMmy. [lpu moctmkenun oOmactu
ONTHMyMa CHMILUIEKCHl HAUYWHAIOT BpaIIaThCS BOKPYr Todkd onTumyma (ombrtel 14-20, puc. 9.8). Ecim
Gonee uem

Ny = 1,65k + 0,05k3

NOJPS] UAYIIMX CHMIUIEKCOB UMEIOT OOLIYI0 BEPIIMHY, TO O0JIACTh ONTUMYyMa CUMTAETCS] JOCTUTHYTOH, a
uX 001as BepIIMHA MTPUHUMAETCS 32 TOUKY KCTpEMyMa.

Takum obpaszoM, Ha mrodom dtarne [ICM ecTh BO3MOXXHOCTh MOJTYYUTh JITHEHHOE OTMHCAHWE WCCIIETyeMOM
yacTu (PaKTOPHOTO MPOCTPAHCTBA AHAJIOTMYHO METOAY KPYTOro BocXoxkJIeHHs. [lnaHbl Ha cuMIUIeKce MOTYT
WCIIOJIb30BAThCS M CAMOCTOATENHHO KAaK HACHIIICHHBIE TUIAHBI MEPBOTO TOPsIKA, HAIPHUMeEp, B KadecTBe
TUTAHOB OTCEUBAIOIIETO IKCIIEPUMEHTA.

IINTAHUPOBAHUE OKCIIEPUMEHTA C KAYHECTBEHHBIMH ®AKTOPAMU

[IpuMeHeHre TaTHHCKUX TUIAHOB JJISl HCCIIEAOBaHUHN B IepeBooOpaboTKe

IInanupoBaHKe DKCIEPUMEHTA IO CXEME JTATHHCKHAX KBaJpaTOB

[Iponenypy AMCHIEPCHOHHOTO aHaliM3a MOXKHO PAaCHpPOCTPaHMUTh Ha Cilydail Tpex M OOJbIero uucia
¢axTopos [19]. Ognako npu K > 2 nepedop Bcex codeTaHUl ypoBHEH (PakTopoB (T. €. MOTHBIN (HaKTOPHBIH
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TUTaH) TIPUBOJUT K OYEHb TPOMO3JIKUM JKCIIEPUMEHTaM. Tak, yke Tpu (akTopa, BapbUPyEeMbIe KaXIbli Ha
YETBIPEX YPOBHSX, MPE/IIONAraloT MOCTaHOBKY 43 = 64 omnbIToB. [103TOMYy 0COOBIN MHTEpEC MPEICTABISIOT
METOABI TIAaHUPOBAHUS SKCIECPUMEHTA, MTO3BOJIMIONINE HWCCICAOBATh BIHMSHHEC HECKONBKUX KAaUeCTBEHHBIX
(akTOpOB TpHM COKpAIICHUH O0beMa 3KCIICPUMEHTa 10 CPaBHEHHIO C MOJHBIM mepedbopom. Illupokoe
MPUMEHEHUE 3]IeCh HAIUT KOMOMHATOPHBIC TUIAHBI, KOTOPhIC OCHOBAHBI HA HCIIOJB30BAaHUM JATUHCKUX U
TPEKO-JIATHHCKUX KBAJPaTOB, KyOOB U IPYTHX KOHCTPYKIMH KOMOWHATOpHOHM anreOpsl. [lo cymectBy 3tn
IJIaHBI TIPEICTABISAIOT COOOM OINpENEeICHHBIM 00pa3oM COCTaBIICHHBIC APOOHBIC PEIUIMKH TIOJTHBIX
(haKTOPHBIX TJIAHOB.
JlaTMHCKHMM KBaJpaTOM TXT Ha3bIBAIOT KBAJIPATHYIO TAOJIUILy, COACPKAIIYIO T Pa3IHYHBIX AIEMEHTOB (OYKB
WM YHCENT), TaK, YTO KaXABIH AJIEMEHT BCTPEUYASTCS ONWH pa3 B KaKIOH CTPOKE M B Ka)KIOM CTOJIOIIE.
Hanpumep, B tabn. 10.9 npuBeneH natuHckuid KBaapat 3x3 W3 Tpex 31eMeHTOB - OykB, B Tabm. 10.10 -
JMATUHCKUM KBaaparT 4x4, HSJIeMEHTHl KOTOPOTO YHCIA.9JEMEHTHl - uucia. CTaHAapTHBIM, HalpuMeEp,
SIBJISICTCSL  JTATHHCKAK ~ KBajpaT B

Tabmuma 10.9  Tabauua 10.10 Tabauua 10.11 tabn. 10.9, HO He B Ta6m. 10.10.
N

A B C 23 1 4 12 3 4 | TIIpocreiimum croco6om

B C A 1 4 3 2 2 3 4 1
c A B 3 N M 1 3 4 1 5 | MOCTpOeHHs CTaHIAPTHOIO
4 1 2 3 4 1 2 3 | JaTUHCKOrO  KBaapara  SBISIETCSA
JlaTuHCKU# KBaJpaT HA3bIBAIOT CTAHIAPTHBIM, €CIIH €TI0 TIEPBasi CTPOKA oaHomarosas HUKJINYCCKasd
MIEPBBIH CTOJOCI] PACIIOIOKEHBI B CTAHAAPTHOM IOPSIKE, T. €. B nepecraHoBka cTpok. Tak, s
an(aBUTHOM, €CIIU SIIEMEHTHI KBafpaTa OYKBBI, HJIH B IOPSAKE IIOCTPOEHUSA CTaHapTHOI'O
HATypaJBHOTO PANA, CCITN JATHHCKOTO KBajapaTta 4*4 Bo3bMeM

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

4.3. JIabopaTopHbIe 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. 1 -
4 2. MeToapl  IJIaHUPOBAHHS  MHOTO(AaKTOPHBIX 1 -
IKCIIEPUMEHTOB.
HUTOr'O 4 -
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4.4, IlpakTUyecKue 3aHITUHSA

Buo
3aHAmMUA 6
» Homep Haumenosanue mem Obven UHMEPAKMUBHOII,
n pazoena NPAKMUYeCKUX 3aHAMUil (wac.) aKMUsHOl,
OUCYURIUHBL UHHOGAUUOHHOU
popmax,
(uac.)
1 1. Cratuctuueckas 00padoTKa pe3yabTaToB 0,5 -

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

2 1. IlocTpoeHne coBMEIIEHHOM rMCTOrpaMMBbl 0,5 -
OTIBITHBIX TAHHBIX M KPUBOM HOPMAILHOTO
pacnpenenenus. OnpenencHue J0BEepUTEIbHBIX
WHTEPBAJIOB MIPHU YPOBHIX 3HAYMMOCTH 5% U

1%.

3 1. Brrgsnenme JIMHEHTHOM CTATUYECKON 0,3 -
3aBHCHUMOCTH MEXTY CITy4aiHBIMA
BCIIMYUHAMMU.

4 1. [lpumeHeHue TaOJMI[ CONPSIKEHHOCTH IS 0,3 -
OIICHKHU B3aMMOCBSI3H MTPU3HAKOB.

5 2. IIpoBepka THIIOTE3BI 0 HOPMaJIbHOM 0,4 -

SMIIUPUUECKOM PACHpPENIeNICHUN HaOI0aeHUH
1o kpureputo IIupcona

UTOro 2 -

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 ®OPMHUPYEMbBIM B HUX
KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIHUIIJIMHbI

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
CroikT. JlecHolt unctuTyT- ChIKTBIBKAp : CJIU, 2013-60c

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

4. OCHOBBI HaY4HBIX HCCIIEIOBaHUH : TabopaTtopHblil mpakTukyM / CumonsH C. X. 2008. — 87 ¢

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

Buo | Konuuecmeo
sana- | 2Kk3emnaapoe | Obecneuen-

Ne Haumenosanue uzoanusn
mus 6 HOCHb,
(Ix, 113, | Oubnuomexe, | (3K3./ 4ellL.)
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.
IOposa — CeixteiBkap: CJIN, 2013 — 60 c.
http://ecat.brstu.ru/catalog/Pecypcnr%20cBob0oanoro%20aoctymna
/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. METOANYECKHUE YKA3AHUSA 1JiI OBYYAIOLIIUXCA IO 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 coO0i. B ciydasx mporycka 3aHsATHS 00ydaromeMycsi HeoOX0a1uMO
CaMOCTOSITEJIbHO U3yUYNUTh MaTepUall U OTBETUTh HA KOHTPOJIbHBIE BOIIPOCHI 110 MPOMYLIEHHON TeMe
BO BpPEMSI HHIUBUIYAIbHBIX KOHCYJIbTAIIUM.

Ipaxmuueckue 3anamus. Jlabopamopnvie pabomui.

[Ipu moAroTOBKE K MPAKTHUYECKUM 3aHSATUSM O0ydYaroImeMycss HE00X0IUMO U3yYUTh OCHOBHYIO
JUTEPaTypy, O3HAKOMHUTBCS C JIONOJHHUTEIbHOM JIMUTEpaTypod, MOJATOTOBUTh KOHCHEKT IO
METOJMYECKON JINTepaType C y4eTOM peKOMEHIaIui npernogaBaTens. Ha mpaktuueckoM 3aHATHA
[JIaBHOE - YSCHUTH CBSI3b PEIIAEMBIX 337a4 C TEOPETHUECKUMHU MosoxkeHusMU. [lpu pemenun
MPEIOKEHHOM 3a/1a4K HY)KHO CTPEMHUTHLCS HE TOJIBKO MOJYyYUTh MPABWIBHBINA OTBET, HO U YCBOUTH
o0l MeToa pelmieHus: MoA0OHBIX 3a7ad. PekoMeHIyeTcsi MCIONIb30BaTh CIEAYIOUIUI MOPSI0K
3aMUCH PEILICHUs 3aa9H:

- ICXOJHBIE JAaHHBIE /17151 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 JICKIIMI U MPAKTUYECKUX 3aHATHI 3aKIII0UaeTcs B TOM, 4TO MH(opmarws,
MOJTydeHHasT Ha JIEKIMHM, B TIPOIIECCE CAaMOCTOSITENIbHOW pPabOThl Ha MPAKTUYECKOM 3aHATHU
OCMBICIIUBAaE€TCA W TepepabaTbiBaeTCs, MPU TIOMOIIM TMPENOoJaBaTeNs aHaIU3UPYyeTCs JI0
MeJThYaNIIIX MOAPOOHOCTEMH, ITOCIIE Yero MPOYHO YCBAaNBAETCH.

Camocmosmenvuas paboma. Ilo02omoeka K 3aHAMUAM IEKYUOHHO20 U CEMUHAPCKO20 MUNa

BaxxHOl 9acThI0 CaMOCTOSITEIBHOW PaOOTHI SIBISETCS YMEHHE BBIICTUTH OCHOBOIIOJIATAIOIIINE,
OTIpaBHbIE TOYKH B MOHUMaHUHM Marepuana. Oco0o BaXHYIO POk B ATOM MpPOIleccCe HEOOXOAUMO
YACIUTh KOHCIEKTY JICKIIMHA, B KOTOPOM IMIPENoaaBaTelib CPOPMUPOBAT «CKEIET», CTPYKTYPY
pazzena IUCHUIUTMHBL. UTeHHEM ydyeOHOW M HAyYHOW IUTepaTypbl oOydaromuiics yrayOmiseT u
pacmupsier 3HaHus O mpeaMmere u3zydeHus. OcHOBHas (PyHKUMS Y4eOHHKOB — OPUEHTHPOBATH
CTyJEHTa B CHUCTEME 3HAHUH, YMCHHA U HABBIKOB, KOTOPHIC MOJIKHBI OBITH YCBOCHBI OYIYIIMMHU
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’beKTa HU3YUCHHUA, KOTOPYIO MMPENoAaBaTC/ib BLIIIOJHACT Ha
jeknuu. M3yueHne marepuaia 1Mo T€Me JCKIIMH MMECT IeJIb YTOYHEHHS OTICIbHBIX MOMCHTOB.
Hepez[ MMPAKTUYCCKUM 3aHATHUCM CICAYCT HU3YUUTb KOHCIICKT JICKIMKM W PCKOMCHIAOBAHHYIO
nperojaBaTeseM JUTepaTypy, oOpaias BHHMaHHE Ha MPAKTUYECKOe MPUMEHEHHWE TEOPHH U Ha
METOJIMKY pCIICHUs TUIMOBBIX 3amad. llepex nmabopaTopHOW paboTO  OOydaroUIHiics
NOJrOTABJIMBACT 3arOTOBKY OTYETa, BBINOIHSAA KOHCIEKT TEOPETHYECKOrO0 Marepuayia 1o
METOJIUYECKOM JIUTEPATYPe C YUETOM PEKOMEHIALUI MPerojaBaTelis.

Camocmosimensnas paboma. I[looeomoeka Kk sK3ameHy

[ToaroroBka K 3K3aMeHy MPEATOJIAracT:

- U3y4CHHE OCHOBHOM U IOTTOJHUTEIILHOMN JIUTEPATYPHI;

- U3yYCHHUE KOHCIICKTOB JICKIIUH;

- U3y4YCHHE KOHCIIEKTOB MPAKTHYCCKUX 3aHATHI M OTYETOB T10 HUM;

[lepeueHb BOMPOCOB K 3K3aMEHY MPEICTaBJICH B NpuiokeHuu 2 1. 2. Bamiel 3a sk3ameH
BBICTABJISIFOTCS 110 KPUTEPHSIM, MIPEICTABICHHBIM B IPUIOKEHUH 2 1. 3.

9.1. Meroauyeckue yKa3aHMsl AJdsi O0y4alOIIMXCH 10 BBINOJHEHUI0 MNPAKTHYECKHX
3aHATHI/Ia00pPaTOPHBIX PadoT.

IIpakTHuyeckoe 3ausgarue Nel

Craructuueckas o00paboTKa pe3yabTaTOB U3MEPEHHH yaenbHOM padoThl pe3anus (K. MJDK/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:
Pa3oOparps mnoHATHA: (QakTOphl, IUMana3oH 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 BEPXHET0 YPOBHEH BapbUPOBaHUS (PaKTopa.
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,
0.B. IOposa —Ceiktbeiekap: CJIU, 2013-60c¢ ccbuika:
http://ecat.brstu.ru/catalog/Pecypcs1%20cBob60aH0r0%20n0cTYyna/I"ananonbcknit%20C.I".Metonp1%201u%20cpenctBa%20u
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 ¢

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

I{enb paboTHI: JaTh CTYACHTaM MPAKTHYECKHUE HABBIKK 10 BHIOOPY MAaTEMAaTHYECKON MOIEITH
00BEKTa UCCIIEIOBAHUS.
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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 nuTeparypa
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/Pecypcbi%20cBo60oan0r0%2010ctyna/l"ananoabekuii%20C.I".MeTtoap1%20u%20cpeactBa%20H

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 HCCIIEIOBaHM ; 1abopaTopHbii pakTukyM / CumonsH C. X. bparck:

bpl'V, 2008. - 87 ¢

IIpakTHyeckoe 3auaTue Ne3.
[IpoBepka runoTe3sl 0 HOPMAITBLHOM IMITUPUIECKOM PACIIPEACICHUHN HAOJI0ICHU 110
kputeputo [Iupcona

Lesnb paboOTHI: 1aTh CTyIEHTaM MPAaKTUYECKUE HABBIKU 110 MCIOJIb30BAHUIO TIEPCOHAIBHOTO
KOMIIBIOTEpa JUIsi 00pabOTKH pPEe3yJIbTaTOB JKCIIEPUMEHTA C TOMOINBI0 METOJa HAMMCHBIINUX
KBaJ[PaTOB.

ConeprkaHue 3aHATHS:
O3HAaKOMUTH CTYIEHTOB cO cTaHmapTHoi mnporpammoit MHK Ha mepcoHanabHBIX KOMIBIOTEpax
CELERON 486 DX2.
O3HAaKOMUTH C METOJMKON (POPMUPOBAHUS MATPUIBI UCXOAHBIX JAHHBIX JUIsl ypaBHEHU# 1-To u 2-
T'O TTOPSJIKA.
PaccmoTtpeTs mpuMepsl O MOATOTOBKE UCXOTHBIX TaHHBIX.
Paccuntarh ¢ OMOIIBbIO TEPCOHATIBHOTO KOMITbIOTEPA KOOPPUIIMEHTH! YpaBHEHHS PErPECCHH.
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%20uccrienoBanuii. Yueb.mocodue.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 MCCJIeI0BaHUM : 1abopaTopHbii npaktukyM / CumonsiH 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 pa3pa60TKe IIJIAaHOB IJI U3YUCHUA
peaTbHBIX TEXHOJIOTHYECKUX TPOIIECCOB.
Coneprkanue padoOTHI:
PaccMoTpeTs 0COOEHHOCTH TEXHOJIOTHYECKHIX MPOIECCOB AEPEeBO0OPaOOTKH C TOUKU 3PEHUS
NPOBE/ICHUS SKCIIEPHUMEHTA.
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3.
4.

arwdE

Jatb npumep peaibHOTO TEXHOJIOTUYECKOT0 Mpolecca. PaccMOTpeTh SKCIEpUMEHTANIbHBIN T1aH
AJId €T0 U3YUCHUA.

PaccmoTpeTh OCHOBHBIE CBOMCTBa HanboJee pacpOCTPAHEHHBIX TIAHOB.

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%20cBob60aH0r0%2010cTYyna/I"ananonbcknit%20C.I.MeTtonp1%20u%20cpenctBa%20H
ayuHbIx%20uccienoBanmii. Yue6.mocobme.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 3ausaTue Ned.
BrIsgBiienne MTMHEHHON CTAaTHYECKOHN 3aBUCHMOCTH MCKAY CJ'Iy‘IﬂfIHLIMPI BCIMYHMHAMM.

Iesnb pa®oThI: AAaTh CTYJEHTAaM MIPAKTUYECKHE HABBIKU MO BHIOOPY U OLIEHKE pa3pelIaoneil

CIIOCOOHOCTH JIPOOHBIX PEILIHK.
Copneprxanue pabOThI:

JlaTb MOHATHE U MUHUMU3ALIUY YKUCIIA OIBITOB U APOOHBIX PEIIUKAX.
Pa300paTtb OCHOBHBIE NPHHLMIIBI MOJIy4€HHUs! APOOHBIX PEIUIMK (MOJIyperiuka, 4 peruuku, 1/8
PEIUIMKH U T.1.)
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/Ibl M CpE/ICTBA HAYYHBIX UCCIe0BaHu : yueOHoe nocobue / C.I'. ['aHamOIbCKHiA,
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

JlononHuTENbHAS TUTEPATYypa
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.

Ilenp paboTHI: IaTh CTyAEHTaM MPAKTHYCCKUE HABBIKU IIAHUPOBAHUS SKCIIEPUMEHTA TIPH

HATMYUU CUCTEMAaTUYECKUX OIIMOOK.
Coneprkanne paboOTHI:

Pazo0path pu3uKy BIUSHUS CUCTEMATUYECKUX OITHMOOK Ha Pe3yIbTaThl 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. Mertoabl 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 HaAyYHBIX HCCIIEAOBaHMH : TabopatopHblil npakTukyM / CumonsiH C. X. Bparck:
bpl'V, 2008. - 87 ¢

JlabGopaTopHas padora Nel.

OnpenesieHue napaMeTpoB CTATUCTHYECKOH COBOKYITHOCTH.
[{enh paGOTHI-TO3HAKOMUTH CTYICHTOB CO CTATHCTHYECKUMU OIICHKAMH PE3YJIbTATOB HAOFOICHHUS.
3amaya pabotel: 1) ompeneneHue MapamMeTpoB MPEACTABICHHON CTaTUCTUYECKOW COBOKYIHOCTH:
BBEIOOPOYHOTO CPEIHETO, JIUCIEPCHH BBIOOPKH, KBAJAPATUYECKOTO OTKJIOHEHUS, Kod(dduimenrta
BapHalliM, CpeJHEel KBaJpaTHUecKol OmMOKM CpeaHEro 3HAYeHHUs, [OKa3aTelss TOYHOCTH
CPEIHEr0, I0BEPUTEIBLHOI0 HUHTEpPBaIa, 00beMa BEIOOPKH; 2) UCKIIOUEHHE TPYOBIX OIINOOK U3 psjia
HaOJIFO JEHUIA.
BOaBIIMHCTBO MPOIECCOB U ABJICHHM, a TAK)KE CBONCTB OOBEKTOB B M3BECTHOM CTEICHH SIBJISIFOTCS
cinyyaiiHbiMu. Ilox cinydailHBIMM TMOHHMMAKOT BBIXOJHBIE IMapaMETPhl MPOLECCOB U SBIICHUM,
KOTOPBIE HEJb3s MPEJCKAa3aTh TOUHO, a JIUIIb C ONPEACICHHONW BEPOSTHOCTHIO P.
OTkJI0HEHHE pe3ybTaTa OT HICTUHHOTO 3HAUYEHUs Ha3bIBACTCs OMIMOKOMN OTbITA.
PaznuuatoT Tpu Buga ommbOK: cuCTEMaTHYeCcKue, ciayJaiiHble, rpyobie (mpomMaxu).
CucreMaTH4eCKHMH Ha3bIBAIOT OLIMOKHU, KOTOPBIE OCTAIOTCS MOCTOSIHHBIMU HA MPOTSHKEHUU Bee
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 OMIMOOK MOXXHO M30aBUTHCA.
CrnyyaliHBIMU Ha3bIBAIOT OIMIMOKHU, 3HAUEHUE KOTOPBIX PA3TUYHBI IPH MPOBEACHUH YKCIIEPUMEHTOB
JIa’Ke B OJIMHAKOBBIX YCIIOBUSIX.
['pyOble OmMOKHU SBISIOTCS OpakoM JKCIEpUMEHTATopa MpU MOBTOPEHUU ombiTa. OHU CBSA3aHBI C
PE3KHUM HapyIIEHUEM YCJIOBUHM HKCIIEPUMEHTOB UM MTPOCUETOM IKCIIEPUMEHTATOPA MPHU OTAECTHHOM
HaOmoneHuu. ['pyOble OmMMUOKKM MOKHBI OBITH OTOpOIIEHBI H OCHOBAHMHM TIPOBEPKU IO
CIeIUATbHBIM KPUTEPHSIM.
Bonpocsl 1 caMOKOHTPOIs
[aiite onpeneneHne reHepaibHOM CTaTUCTUYECKON COBOKYITHOCTH?
Yro Takoe BbIOOpKaA; 00BeM BEIOOPKU?
UTto Ha3BIBAIOT MaTEMaTHYECKUM OxuaaHueM. [IpuBeaute GopMyiry it €ro BEIYUCICHUSI.
Uto siBIII€TCS OLIEHKOM MaTeMaTuuecKoro oxuganus? Gopmyna BEIYUCICHUS.
Uro sBIIsIeTCS OLIEHKOM reHepaibHON auctiepcuu? [puseaure hopMyny /uis €€ BBIYUCICHUS.
[TpuBenure ¢dopMyny s BBIYUCICHUS CPEIHEr0 KBaIpaTUYECKOTO OTKIOHEHHUS CIIy4aiiHON
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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HOOo~NoGAM~LNE

. IToka3aTeny TOYHOCTH CPEAHEro 3HAYCHUSI.

. Kakue MoryT BO3HUKHYTH OIIMOKH B Pe3y/bTaTe MPOBEACHHUS OTbITa?

. Uto Ha3pIBaeTcs rpy0oi ommoOKon?

. ITo KakuM KpUTEpUSIM MOTYT OBITH OTOPOILIEHBI TPYOBIE OMINOKU?

. IIpuBenure popMyiy st pacyera BEIOOPOYHON AUCHIEPCHU.

. IlpuBeaute GpopMyity JUIsl BHIYUCICHUS pacueTHON BeW4YHUHbI IP-Kputepust CThIOJCHTA.
. B KakoM cirydae COMHUTENBHBINA Pe3yabTaT SBISETCS IPyObIM H3MepeHuem?

OcHOBHas nuTeparypa

1. Tananonsckuii C.I'. MeToIbl ¥ CpeICTBa HAYYIHBIX UCCIe0BaHu : yaeoHoe nocodue / C.I'. ['aHAMOIbCKHiA,
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,
[Twxypusa A.A. —M.:MI'VJI 2005-304¢
2. Cumonsia C.X. OCHOBBI HayYHBIX HCCIIEIOBaHM ; JabopaTopHbii pakTukyM / CumonsH C. X. bparck:
bpl'V, 2008. - 87 ¢

JlabopaTopHasi padora Ne2.
Xapakrep pacnpeaesieHUs CJIy4YailHON BeJUYUHBI.

[{enp pabOThI: YCTAHOBUTDH XapaKTep paclpeleeHHs] CIy4ailHOW BeJTMYHHBI.

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

2) IpOBEPUTH TUIIOTE3Y O HOPMAJILHOCTHU PACIIPEAETICHUS BBIXOIHOW BETUUYHUHBI.

Cratuctuueckas 00paboTka pe3yiabTaToB HAOMIOJEHUII TMPOU3BOIUTCA C  LEJIBIO
YCTAHOBJICHMSI XapakTepa paclpeaesieHusl CIy4dailHOW HCCleyeMOil BENIMUYMHBI U ONpEeNICHUs
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 BIOOpPKY Ha MHTEPBAJIbI?
Kak paccuurath AnuHy nHTepBana’?
[TpuBeauTe hopmyIty s HAXOXKAECHUS CEpeIUHbI HHTEpBAIa.
[atiTe onpeneneHne MOHITHS CPEeTHETO apu(PMETHIECKOTO.
3anumure GopMyiy Ui pacyeTa, BBIOOPOUHOM TUCTIEPCHH.
UTto Ha3bIBaeTCsl OTHOCUTEIBHON YaCTOTON COOBITHS?
KakoBbl 0cOO€HHOCTH KpUBOI1 pacripeieneHus?
HazoBuTe cymiecTByroiue B IpUpo/Jie pacipeieieHus..
Maiite onpenenenne pacuetHoro kpurepus [Iupcona.

. B kakoM cityyae npuHUMAIOT TUIIOTE3Y O HOPMAaJIbHOCTHU pacIpeieTIeHUs?

OcHOBHas uTeparypa

1. Tananonsckuii C.I'. MeTo/Ibl M Cpe/ICTBA HAYYHBIX UCCIe0BaHui : yueoHoe nocodue / C.I'. [aHaMONbCKUiA,
0O.B. IOpoBa —CsiktbiBKap: CJIH, 2013-60c ccpuika:
http://ecat.brstu.ru/catalog/Pecypcr1%20cBo601H0r0%2010ctyna/I"ananonscknit%20C.I. Metone1%20u%20cpenctsa%20H
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.

0.
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 (HPAaKTOPBI U3MEHSIOT €T0 COCTOSIHUE.

@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:
yIPaBIsEMbIMU:

HEpPEMEHHBIMU (BapbUpyeMbIME);

MIOCTOSIHHBIMU;

HEYIPaBIISIEMbIMU:

HEKOHTPOJINPYEMBIMH;

KOHTPOJIMPYEMBIMU;

KOJIMYECTBEHHBIMU;

KaueCTBCHHBIMHU.

Bonpocs! U1 caMonpoBepKH:

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

Uto Ha3pIBaeTCS BBIXOHON BEIMYMHON 00BEKTa?

Yro Takoe ypoBeHb (akTopa?

OObsicHUTE, B UEM pa3HUIlA MEXKAY aKTUBHBIMH U TACCUBHBIMU SKCIIEPUMEHTAMHU.
JlaiiTe onpenenenne NOHATHS «perpeccus»?

Urto Ha3bIBaeTCs pErpecCUOHHON MOAENbI0?

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

[TpuBenuTe ypaBHEHUSI CYMMBbI KBaJpaTOB OTKJIOHEHUH.

3anumure obliee ypaBHEHHE U CHCTEMY HOPMAJIbHBIX B OOIIIEM BUJIE.

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

[To xakoMy KpUTEpHIO TPOBOIAT MPOBEPKY OAHOPOJHOCTH HECKOJIBKUX JUCIEPCUIA, HAalICHHBIX 110
BbIOOpKaM ofiiHakoBoro oowvema? Ilpusenute hopmyiy A BBIYMCICHHUS.

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

OcHoOBHas nuTeparypa

1. Tananonsckuit C.I'. MeTozb!I U cpeicTBa HAYYHBIX UCCeIoBaHuil | yueOHoe nocodue / C.I'. ["anamonbckuii,
0O.B. IOpoBa —CrixteiBkap: CJIN, 2013-60c ccpimka:
http://ecat.brstu.ru/catalog/Pecypcb1%20cBo60oaa0r0%2010cTyna/l"ananonsckmnit%20C.I".Metoab1%20u%20cpencrta%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 / [Tikypun 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 MATEMAaTHYECKYIO MOJIEIIb UTAHUPOBAHUS SKCIIEPUMEHTA.

[Tpu mnaHMpoBaHUU MHOTO()AKTOPHOTO aKTUBHOTO IKCIEPUMEHTa HEOOXOAMMO yYUTHIBATH
psia TpeOoBaHU, PeAbBIAEMbIX K (pakTOpam:
VIIPaBIsIEMOCTh, T.€. BO3MOXXHOCTH IOJJICPKUBATh 3aJlaHHOE 3HaueHHEe (aKkTopa B XOJIE BCETO
JKCIIEPUMEHTA;
COBMECTHMOCTbD, T.€. BO3SMOXKHOCTb 33]1aBaTh JIOObIe BO3MOKHBIE KOMOMHAIINU (haKTOPa;
HE3aBHCHUMOCTbH, T.€. BO3MOXKHOCTb yCTaHAaBJIMBaTh 3HAYeHUS (pakTopa HE3aBHCUMO OT YpOBHEH
Ipyrux (hakTopos;
OJIHO3HAYHOCTh, T.€. BO3MOXKHOCTHb (paKTopa BCerja MPUHUMATh OJHO M TO K€ 3HAYEHHE MpU
BBITIOJIHEHUH OTIPE/ICIICHHBIX YCIOBHIA;
HENOCPEICTBEHHOE BO3/ICHCTBHUE HA OOBEKT.

Bonpocs! juist caMonpoBepKH:
Haiite onpenenenue [1DI1?
Ha cxosbkux ypoBHSIX MOXKET BappupoBaThes (hakrop?
3anumute matpuily [1OI1 2’ HOPMaTH30BaHHBIX 0003HAUCHUSIX.
3anumute matpuiy [1PI1 2%c MapHBIMU B3aUMO/JIEUCTBUSAMU B HOPMAJIM30BaHHBIX 0003HAUEHUSX.
Jaiite onpenenenre NoHATUs (HaKTOPHOMN TIIOCKOCTH?
Urto Ha3bIBaeTCs 00JIaCThIO BaphbUPOBAHUS (PaKTOPOB?
Kakumu cBorictBamu o0magarot [1DI] 2R
[TpuBenuTe GOPMYIIBI IS BEIYUCIICHUS KOA(D(UIIUESHTOB MAPHBIX B3aUMOICHCTBUH.
[TpuBenute GhopMyIbl s BBIYUCICHUS KOA(D(UIHMEHTOB pEerpeccuu JTWHEHHOW MaTeMaTH4ecKOn
MOJIETH.

. ITo kakoMy yCIIOBHIO IPOBEPSIIOT 3HAYUMOCTH KO3 PHUIIEHTOB perpeccuun’?
11.
12.
13.
14.

Kak mpoBepuTh aIcKBaTHOCTh PETPECCUOHHON MOJIETH?
Haiite onpenenenne nousrus JDII?

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

OcHoBHas nuTeparypa

1. Tananonsckuii C.I'. MeToIbI M CpE/ICTBA HAYYHBIX UCCIeI0BaHu : yaeOHoe nocodue / C.I'. ['aHaMOIbCKHiA,
0O.B. IOpoBa —CrixteiBkap: CJIN, 2013-60c ccpinka:
http://ecat.brstu.ru/catalog/Pecypcn1%20cBo60aH0r0%2080cTyna/I"ananonscknit%20C.I.MeToab1%20u%20cpencta%20H
ayuHbIx%20uccrienoBanuii. Yueb.mocobue.2013.pdf
2. T'onuapoB B.A. Metoasl ontumusaimn: yaeoHoe mocobue / B.A. 'ondapos-M.: IOpaiir, 2015-191¢

JlononHuTenpHas 1ureparypa
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 (m1anoB BToporo nopsiaka. [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 IJIaHBI MHOTO(AKTOPHOTO
OKCIIEPUMEHTA, C TIOMOIIBIO KOTOPHIX MOXKHO TOJYYUTh MaTeMaTHYeCKOe OIMUCaHUE O00BbeKTa B
BU/JIE MOJIMHOMA (MHOTO4JIEHA) BTOPOTO MOPAJIKA, T.€. KBaJAPATUUHYIO MOJEINb.

Bonpocs! [uisi caMOpoOBEpKU:

[aiite onpenenenne nousatus 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  QopMmynbl Uil BBIUMCIEHUS  KO3()(UIMEHTOB  perpeccuu  KBaJpaTHYHON
MaTeMaTUYECKOIl MOJIeNu.
8. IlpuBeaurte hopMyIIbl 75l 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%20cBo60aH0r0%2010cTyna/I"ananonbcknit%20C.I".Meto 1 %20u%20cpencrsa%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,
[Mmwxypur A.A. —M.:MI'YJI 2005-304c_
2. Cumonsia C.X. OCHOBBI HayYHBIX HCCIIEIOBaHU ; JabopaTopHbii pakTukyM / CumonsH C. X. bparck:
bpl'V, 2008. - 87 ¢

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

WNnpopmannonHo-kommyHukaTuBHble TexHosioruu (MKT) npenonasartens ncnosib3yeT Ajs:
- IOJTy4eHUsl HHPOPMALIUU TIPU MOATOTOBKE K 3aHATUSAM;

- CO3JJaHMsI PE3EHTALMOHHOTO CONIPOBOXACHUS JIEKIIMOHHBIX 3aHITUI;

- 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-TEXHUYECKOM BA3bI, HEOEXOJIUMON
JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOT'O ITPOLHECCA ITO AMCIUIIJIMHE

Buo Ht:lm;t;l: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 KoMIbroTepsl Pentium 4
pECYpPCOB. 113 Ne4
JIP JlucnuneitHelii Kinacce. 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 ATTECTALIUU OBYYAIOIMXCS 10 JUCLUIIINHE

Ipunoxenne 1

OOHA OUEHOYHBIX CPEACTB JJIA ITPOBEJEHN A

1. Onwucanue GpoHAa OLIEHOYHBIX CPEJCTB (IIACTIOPT)

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 HCCIIEI0BAHUH B OTPACIH. OIUIeT
TexHoIorMyeckux | HCCICA0BaHMIl B 1.2 TlepBuunast o00paboTKa
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 aHau3
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
TaOMHL COMPSKEHHOCTH 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.
ONTHMH3AIINH. [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. MOJIEJIUPOBAaHMUSL. 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- He00XOIUMOTr0 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
o0Bema.
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 KBaJIpaToB 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 ucciaenoBaHuil B oTpaciu. Hayynoe | TIOHATHS M 331a4u
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. METO/T HaMMEHBITNX | 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 Omnucanue nokaszareiaei U KpUTEPUEB OLICHUBAHHS KOMIICTECHIIHIH

-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 MoJelen 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

4acTU 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 « METO/Ibl U CPEACTBA HAYYHBIX UCCIEOBAHUI IPEAyCMaTpPUBAECT:

— 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 ONITUMHU3ALIUN
MIPOIIECCOB B IEPEBOOOPAOOTKH.

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

PaGora ¢ nuTepaTypoil SIBISETCS Ba)XXHEHIIUM DJJIEMEHTOM B TIOJYYEHUW 3HAHUMA TIO
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

AHHOTALIUS
paboyeii MporpaMMbl 1M CHUTIITTHHBI
MeToabl M CpeaCTBA HAYYHBIX UCCJIEI0BAHUI

1. Heanb u 3a0a9u AUCHUILIMHBI

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

33[[3'—161\/'1 JOUCHHUIIIIMHBI SABJISICTCS HaquTb 06y‘-IaIOH_[I/IXCSI HUCIIOJIB30BATh MATECMATUYCCKUEC MCTOIbI
B TEXHMYECKMX MPHIOKCHHSIX; HCIOJIb30BaTh BO3MOKHOCTH BBIUYHCIUTCILHON TEXHUKH H
MIPOrPaMMHOTO 00ECIICYCHHUS; CAMOCTOSATEIBHO (POPMYJIMPOBATh 3a7a4y HAy4YHOT'O UCCIICIOBAHUS,
HAMETHTD IYTH €€ PELICHHUs, OPTraHU30BaTh MPOBEICHUE HAYYHBIX UCCIICIOBAHUMA, 1€TaTh BHIBOIBI
# 00001menus.

2.  CTpykTypa THCHHUILINHBI

2.1 PacmpeneneHue TPYJOEMKOCTH IO OTACIBHBIM BHJAM y4eOHOW paOOThI, BKIJIIOYAs
CaMOCTOSITENIbHYIO paboTy: Jiekiuu (6 yacoB), 1abopaTtopHbie paboThl (8 4acoB), MPAKTHUECKUE
3aHsaTUsA (4 yaca), camocTrosTenbHas padora (153 yaca).

OO6m1ast Tpy10€MKOCTh TUCHMIUIUHBI cocTaBiigeT 180 4acoB, 5 3a4€THBIX €IUHMII.

2.2 OcHOBHEBIE pasaciibl JUCHUIIIINHBI:

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

2.PerpeccroHHBII aHATNM3 M METO/IBI TUTAHUPOBAHMS SKCIIEPHUMEHTA C IIEJTbI0 MATEMAaTHYECKOTO OIMCaHUS
00BEKTOB. MeTOIbI DKCTIEPUMEHTATIBHOM ONTUMH3AINN. 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 ~ MCHOJB30BAaTh  MAaKeThl  NPUKIATHBIX  MIpOrpaMM Ui pacueTa
TEXHOJIOTUYECKHX NTapaMeTPOB MPOLIECCOB U 000PYTOBaHMSL.

[1K-12-ciocobHOCTh BBIOMpAaTh M MPUMEHSATh COOTBETCTBYIOIME METOJBl MOJCTUPOBAHMS
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 usMeHeHuAX 6 padouei 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 AUCHUITJIMHE

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 o0oOpaboTKa
MPOIIECCOB B orpacnu. Ilepuunas | pe3ynbTaToB
00paboTka 9KCIIEPUMEHTOB.
obnactu
pe3yabTaToB Craructiueckue OLICHKH
J1eCO3aroTOBUTEIRH 9KCTIIEPUMEHTOB. pe3yabTaTOB HAOIIOAECHHH.
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 PETPECCUM.
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.
1.3 Koaddpuuument
koppessauuu.  IIpumeHeHue
TaONUI CONMPSHKEHHOCTH JUIS
OLICHKHU B3aMMOCBS3U
IIPU3HAKOB.
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2. PerpeccroHHBIH 2.1 AxtuBHBIE U TIaccuBHBIE, | 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 9KCHEPUMEHTOB 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! nmMuTanMoHHOTO | 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 | MCCHEN0BaNMI 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.  OTtOpaceiBaHue
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 KOppeismus.
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 | JIECO3aroTOBUTEIBHOMN 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-
TEMAaTUYECKUX Mojenen
TEXHOJOTHYECKUX  IPO-
LIECCOB;
-MaTEMATUYECKHE METO-
Ibl U nporpamMmMmbl OBM
JUISL PELIEHUS] MOJIEIICH.
(TIK-2)

-METOAbl MOJIYYEHUS Ma-
TEMaTUYECKUX Mojenen
TEXHOJOTHYECKUX  MpO-
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 MPUIOKEHUSX;

3aYTCHO

OO6yuaromuiicst JEMOHCTPUPYET
rmy0oKoe H  TPOYHOE

YCBOCHHUC

IporpaMMHOTO Matepuana. YeTtko u
MOCIeI0BATENbHO U3NIaraeT MaTepual.

HE 3a4YTCHO

OTCYTCTBHC 3HaHHUA

CYILIECTBEHHBIC OIIMOKH.

OO6yuaromumiicst JEMOHCTPUPYET
3HAUYUTEIILHOMN
YacTU 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 TOITy-
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 MaTeMaTHYeCKHUX
MoJieJiel OmucaHusl TeX-
HOJIOTUYECKUX  IPOIIec-
COB;

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

(TIK-12)
-CaMOCTOATENbHO  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
TexHosOTHsI 16CO3aroOTOBUTENIFHBIX U JiepeBOIepepadaThIBAIONINX MPOU3BOJICTB OT «20» OKTAOpS

2015 1. Ne 1164

st Haoopa 2014 roaa: u yueoHsiM ianoM @I'BOY BO «bpl'Y» st 3a04H0i hopMbl 00yUueHus

oT «03» mromst 2018 r. Ne 413

IIporpammy cocraBui:
ITnorankoB Hukomait ITaBmoBudy, IOIEHT, K.T.H.

Pabouas mporpamma paccMOTpeHa U yTBepikJieHa Ha 3acenanuu kadenpsr BullJIP
oT « 25 » nexabps 2018 r., mpotokosa Ne 8.

3aBenytromnuii kageapoit BullJIP HBanos B.A.
COT'JTIACOBAHO:

3aBeyromuil BeIMycKaroen kapeapon NBanos B.A.
Jupextop OnOIMOTEKH Cotnuk T.D.

Pabouast mporpamma 0100peHa METOTUUECKONH KOMUCCHEH JIeCOTPOMBIIIEHHOTO (hakyabTeTa
ot « 27 » nmexabpst 2018 r., mporokoi Ne 4.

[Ipencenarens METOANYECKONH KOMUCCUH (PaKyIbTETa Ceipomaxa C.M.
Hauvanbauk
yu4e0HO-METOIMYECKOTO YIIPABICHUS Hexesen I'.I1.

Perucrpanuonnsiii Ne

(memoouueckuti omoen)
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