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5
HGHL OCBOCHHA AHUCIHHIIIINHBI «OCHOBEI HAay4HBIX HCCHGﬂOB&HHﬁ)) SABJIACTCA Q)OpMHpOBaHI/Ie y
00yJaromuXxcss CIIOCOOHOCTH OCYIIECTBIIATh MOUCK, KPUTHYECKUI aHAIU3 ¥ CUHTE3 WH()OPMAIMH, PUMEHSThH
CHUCTEMHBII IOAXOA MJsl PElIeHMs IOCTAaBICHHBIX 3aJad M HCCIENOBaTh aBTOMATH3MPYEMBIH OOBEKT H
MOATOTABIMBATh PEKOMEHJALMHA MO €ro aBTOMAaTH3alUd C YYETOM COBPEMEHHOIO YpPOBHSA Ppa3BUTHS

npodeccuoHaNBHON CepHl.

3anaun OCBOEHUS JTUCLMILIAHBIL
— chOpMHUPOBATH CIIOCOOHOCTh OCYIIECTBISATh MOMCK, KPHUTHYECKUI aHAIM3 M CHHTE3 WH(POPMAIIUH,
MPUMEHATh CUCTEMHBIN TIOJXO U1 PELIEHHS TOCTAaBIEHHbIX 3ajiay;

— cdopMHupOBaThH

CIIOCOOHOCTH

HCCIIEIOBATH

aBTOMATU3UPYEMBIH

O0BEKT U IIOATrOoTaBJIMBATh

PEKOMCHAAINHU IO €TO0 aBTOMATU3alU1 C YUYETOM COBPEMCHHOI'O YPOBHA pa3BUTHUA HpO(i)CCCHOHaHBHOIZ C(l)epbl.

IlepeyeHb miIaHMpyeMBbIX pe3yJbTAaTOB OOyYeHHS] 1O JAUCHHUILUIMHE

(MOayJII0), COOTHECEHHBIX

MNJAHUPYECMBIMHU PE3YyJIbTATAMH 0CBOCHHUSL 06pa30BaTeJ’le0ﬁ IMporpaMmmal

Kon, popmynuposka

Kopx, popmynuposka

[TnanupyemMsbie pe3yabTaThl 00YUYCHHUS 1O

IIOCTABJICHHBIX 3a/1a4

KOMIIETEHIINHI UHIUKaTOpa JIUCLMILINHE (MOYJII0), XapaKTepU3yoLIue
3Tarnsl OPMUPOBAHUST KOMIETECHIINH,
HMHIAKATOPOB
YK-1 Cnocoben | UJI-1 BeiziessgeT | IloporoBelii ypoBeHb
OCYMIECTBIATH HOHUCK, | IpOOIIEMHYIO CUTyalMIO, | HOHMMAET CYIIHOCTh CHCTEMHOIO II0AXO0Ja
KPUTHYCCKHI  aHamu3 | OCYILECTBIISIET €€ aHaJIU3 U | [IPU aHajIu3e pOoOJIEMHON CUTYaIUH
CHHTE3 HH‘POPMaHHH: JMATHOCTHKY Ha  OcHOBe | IIOBBILIEHHDIIi ypOBeHb
HPUMCHATH CHCTEMHBIN | ) e reMHOTO TIOIX012 NpUMeHsIeT CUCTEMHBIH MOJIXO0J MpPU aHaIN3e
Hoaxon  Aad pCINCHHA po0OJIEMHON CUTYAIHH

HU-2 ocymiecTBisieT TOMHCK,

Iloporosslii ypoBeHb

OTOOp ¥ CHCTEMATH3AIMIO | MPUMEHSIET  AIbTEPHATUBHBIE  BAPUAHTHI
MH(OpMaNUK JUIs ONPENETIEHUs | peleHni TpobIeMbl

AJIBTCPHATUBHBIX BapuaHTOB | [ToBbIIIEHHBIN YPOB€Hb

CTpATCrM4YCCKUX PCUICHHH B | oppenesisieT  aJIbTCPHATUBHBIC  BApUAHTHI

npoOIeMHON CUTYyaIH

pemeHnii mpobaemMbl Ha OCHOBE OTOOPaHHOU U
CHCTEMaTU3UPOBaHHON MH(OpMaLU

nia-3 OTIPEIEITSCT u
OIICHUBAET PUCKH BO3MOMHBIX
BapUaHTOB pelieHui
npoOIeMHON CUTYalH

Iloporosslii ypoBeHb
HCIO0JIB3YET METO/bI
peteHni mpooIeMBbl
IToBBIIIEHHBIN YPOBEHD

OLIEHUBAET PHUCKA BO3MOXHBIX PEIICHHUI
npoOJaeMbl, BEIOMPACT ONTHMAJILHBIA BapUaHT
€€ pelleHus

PUCKOB BO3MOKHBIX

npodecCHOHANLHON cdephl

IIPOU3BOJICTB

MK-1 Cnocoben | M-1 wianupyer | [loporoBsblii ypoBeHb

HACCJICIOBATh SKCTICPUMCHTAJIbHBIC paspalaTbIBaeT IUIaHBl JKCIIEpPUMEHTa B
aBTOMATU3UPYEMBIIl OOBEKT | HCCIIEN0BAHMUS, COCTABIAET | 0ONACTH ABTOMATHU3ALUH TEXHOJIOTHYECKUX
u HOJArOTaBIMBATh | HAYYHBIE OTYETHI M BHEAPSAET | MIPOLIECCOB W IPOM3BOIACTB,  COCTABISET
PEKOMEH Iall 10 €T0 | pE3yJbTaTbl HCCICAOBAHUU U Hay4HBbIE OTYETHI B COOTBETCTBHUU C
aBTOMAaTHU3allMd C Yy4eToM | pa3paboToK B 00J1aCTH | HOPMATUBHBIMHU TPEOOBAHUSIMH

COBPEMEHHOI'O YPOBHs | aBTOMATU3alUU IoBbIIEHHBIH YPOBEHD

pa3BUTHSA TEXHOJIOTHYECKHX MPOLECCOB U | opranmsyer BHE/IPEHHE pe3yIbTaToB

WCCIIEJIOBAHUN B MPAKTUYECKYIO JIEATEIEHOCTh
MIPOMBINUICHHBIX MPEANPHUITHA U OpraHU3aIHi

na-2 IIPOBOJUT
SKCIIEPUMEHTBI TI0 3aJaHHBIM
METOJMKaM, o0pabaThiBaeT u

IToporoBblii ypoBeHb
3HaeT MCTOAUKHU ITPOBEACHHUA OKCIICPUMEHTA
IloBbIIEHHBIH YPOBEHb

AHATIA3UPYCT UX PE3YJIbTATHI NPOBOAUT  DJKCIEPUMEHT IO  3aJaHHBIM
METOJIUKaM; TPOBOAWT MAaTEMaTHUECKyI0 U
CTaTHCTUYECKYIO0 00pabOTKY OMBITHBIX JAHHBIX
0 XapaKTepUCTUKAaX CPEACTB U CHCTEM
ABTOMAaTH3aIUH.

MUA-3 anammsupyer HayuHo- | [IoporoBslii ypoBeHb

TEXHMYECKYI0  MHQOPMALUIO, | BLIMOJAHSIET cOOp M aHajiu3  Hay4HO-




IIPOU3BOJICTB

OTEYECTBEHHBIN M 3apyOeKHBIH

OIIBIT 110 HaIPaBJICHUIO
UccienoBaHnii B oOJyactu
aBTOMAaTHU3alU

TCXHOJIOTHUYCCKUX MPOLICCCOB U

TEeXHUYECKOH HH(popMayu
IloBbIlICHHBIH YPOBEHb

BBIMOJIHAET COOp W  aHAIW3  HAYYHO-
TEXHHYECKOW WH(POPMAIIMH, OTCUSCTBEHHOTO H
3apyOeKHOTO OTIBITA B obmactu

aBTOMaTHU3alluUu TCXHOJOTHYCCKUX IIPOILCCCOB
W IIPpOU3BOACTB

HanmeHnoBaHMe NPaKTUYECKUX 3aHATUN

Ne
Tem
bl
JMC
LM
JIMH
bl

HanmenoBanne tem JUCHUITIIIMHBI, UX
KpaTKOC COACPIKAHUC

O0BeEM YacoB

3 aux
[IPAKTUYECKAsI
MOJATOTOBKA, YaCOB

odo

3¢o oo | 3do | o3do

03¢o

1

IIpakTHyeckoe 3ansaTHe Ne 1. OcnosHuie
onpedenenus u Kiaccugurxayus memooos
naanuposanus skcnepumenma. OCHOBHbIE
MOHATHSI TUTAHUPOBAHUS SKCIIEPUMEHTA.
KoHnenmus onTuMaabHOTO HCHOIB30BAHHS
¢axropHoro npoctpancrsa. [Tnans
AKCTPEMATILHOTO SKCIIEPUMEHTA.
Knaccudukanus MeTo10B IaHUPOBaHUS
HKCTPEMAIIbHOTO SKCIIEPUMEHTA.

1.5

IIpakTuyeckoe 3aHsaTHE Ne 2.
Tlpedsapumenvubiil sxcnepumeHm.

Br160op nepeMeHHbIX cocTosiHUSA. Bh16Op
¢dakropos. Coop nHPOpMaIHH B
MIpe/IBAPUTEILHOM IKCIIEPUMEHTE.

1.5

IIpakTuueckoe 3ansaTHe Ne 3. OcHogHoli
IKCnepumenm, niaHbl nepeoco nop;z&rca.
OcHogHble onpenenenus. KonupoBaHHbie
3HavyeHus pakropos. [loctpoenne
MaTpulbl IUNIaHUpOBaHus. Peanuzanus
MaTpHULIbI INIAHUPOBAHUSA. AJITOPUTM
pacudera noJHOro (pakTOPHOTro
skcriepuMenta tuna 2k. JipoOHbrit
(haKTOpPHBII SKCIEPUMEHT

1.5

IIpakTuueckoe 3anaTHe Ne 4. OcHogHol
IKCnepumenni. niaHsbl 6Mopoco nopﬂdka.
[TocTpoeHnre MaTpulbl IJIAHUPOBAHUSL.
Peanu3zanus Matpuiibl IJIaHUPOBAHUSL.
ANTrOpuTM pacuera ynpaBiIeHUs
perpeccuy BTOpOoro mopsiika.

1.5

IIpakTH4eckoe 3ansaTHE Nt 5.
Onmumuzayusi 06vexma uccied08aHus no
IKCNEPUMEHMATILHO-CIMAMU4eCKOL MoOeu.
[Touck ontumyma. Kanonnueckuit aHanus
MTOBEPXHOCTH OTKJIMKA

1.5

IIpakTuyeckoe 3anaTue Ne 6. Cocmasnenue
Mamemamu4ecKkor Mooeau npoyecca ¢
ucnonvzoganuem IBM.

1.5

IIpakTnyeckoe 3ansiTue Ne 7. Memoouka
ONMUMUZAYUY IKCNEPUMEHMATLHBIX

3.0
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8
INIAHUPOBAHUSA DKCIIEPUMEHTA

1.1 OcHOBHbIE OHATHSA IJIAHUPOBAHUSA IKCIIEPUMEHTA

OKCHEpUMEHT BCErJa CIYXKWJ CPEICTBOM II0O3HAHMS OKPYXKAIOLIEro MHpa,
KpUTEpPUEM HCTUHHOCTHU THUIOTE3 M Teopuil. Jlonroe Bpemsi cUUTaIoCh, YTO BBHIOOP
CTPAaTEruy 3KCHEPHUMEHTA U €ro pealn3alyy MOJHOCTHIO ONPEAEIISAIOTCS OINBITOM U
WHTYULIUEeW wucciaegoBaTens. MaremMaTUKU K€ MPUHHMAIM Yy4acTHE TOJbKO B
00paboTKe pe3yJIbTaTOB IKCIIEPUMEHTOB.

OpHako poct OOBEMOB 3KCIEPUMEHTANBHBIX HCCIECIOBAaHUN  clemall
aKTyaJIbHOW IOCTAHOBKY BoIpoca 00 3(h(EKTUBHOCTH HKCIEPUMEHTA; IOSBIICHUE
OBM oOTKpBUIO J0pOTYy Jis peanu3alMi TaKUX CXEeM JKCIIEpUMEHTHUPOBAHUS,
KOTOpPBIE PE3KO TMOBBICWIM €ro K.I.J. BO3HMKIM MareMarnyeckas Teopus
HKCIIEPUMEHTA U TUIAHUPOBAHKE IKCIIEPUMEHTA KaK €€ 4acTb.

CoBpeMeHHOE IUTAHMPOBAHHE OJKCIEPUMEHTa ObUIO 3aJokeHOo bokcom wu
Yuncomom B 1951 1., KOTOphle JAOMONHWIA (PaKTOpHOE TUTAHUPOBAHUE
000OCHOBaHHBIM JIBUIJKEHHEM B 00JIACTh ONTUMyMa M OINKCAIU €ro B BUJE MOJMHOMA
(opTOroHasIbHBIE IUTAHBbI). [IprHIMIIBL poTarabenbHOro IJITAHUPOBAHUS
chopmupoBanu bokc u Xanrep B 1957 r.

MeTonbl TUIAaHUPOBAHUS SKCIEPUMEHTA UCIONB3YIOTCA U MPHU UCCIEI0BAHUU
O00BEKTOB XUMUYECKON TEXHOJIOTHUH.

[Tpoueccrl, mpoTtekaromue B  OOBEKTaX  XUMHYECKOM  TEXHOJOTHH,
XapaKTEPU3YIOTCS MEPEMEHHBIMU, MEXAY KOTOPHIMH CYILIECTBYIOT OIpEAENICHHBIE
NPUYUHHO-CIIE/ICTBEHHbIE  CBS3U. llepeMeHHble, WurpalpIKue poyib  MPUYMH,
HA3bIBAIOTCS 6XOOHbIMU, A TIEPEMEHHbIC, OTPaKAIOIIME IOCIEACTBUS MPUYUH —
8bIXOOHLIMU. BXOIHbBIE TEepEMEHHbIE KOHTPOJUPYIOTCS, HMMH TaKKe€ MOXHO

YIIPABIISTH.

X — BEKTOP BXOJIHBIX EPEMEHHBIX;
Y — BEKTOpP BBIXOJHBIX
MIEPEMEHHBIX;

Z — BEKTOp BO3MYIIAKOIINX IEPEMEHHBIX.



1 OCHOBHBIE OIIPEJAEJEHUA 7 U KIACCHUKALIMA METO/10OB

OOBEKT XMMHYECKONW TEXHOJOTHHM, Ha KOTOPOM OYyJET OCYIIECTBISITHCS
MJIAHUPYEMBIN JKCIEPUMEHT, XapaKTepHU3yeTcs 00s3aTeIbHBIM YCIOBHEM — BCE
BXOJIHBIE TIEPEMEHHBIC JTOJDKHBI OBITH YIIPABISICMBIMHU.

O0603Ha4uM BXOJHBIC YMpaBJs€MbIe MEPEMEHHBIE X;, X2, ... ,X, M, COIJIACHO
NPUHATOM TEPMUHOJIOTUM HA30BEM UX @akmopamu:. BBIXOJHbIE TIE€PEMEHHbIC
0003HA4YUM )4, V,..., ¥n, BOSMYIIAIONIYIO IEPEMEHHYIO, KOTOpPAss HE KOHTPOJIUPYETCS
U ABJISACTCA CIIYYaWHOW MEPEMEHHOMN WJIM IMOMEXOW, UMEIOIIEN ONPEACIICHHBIA 3aKOH
pacnpenenenus 2.

OKCIEpUMEHT IUIAHUPYETCSd 1O  OIpEeJeSICHHOMY IUIaHy —  3apaHee
COCTaBJICHHOMY, OITUMAaJIbHOMY B CTPOTOM CMBICIIC QITOpUTMa HW3MEHEHUS
(bakTopoB, peanuzanus KOTOPOro MO3BOJIUT OCYLIECTBUTh KOMIUIEKCHOE BIUSHUE HA
IIEPEMEHHBIC COCTOSIHHUS 00BEKTa UCCIICIOBAHMUS.

[Imanbl SKCHEPUMEHTA COCTABJISIOTCA HMCXOAd W3 3aJaHHBIX LEeu
UCCJIEI0BAHUSI, KOTOPBIX MOXET ObITh MHOKECTBO. Pa3zHOOOpasue Lenei mopoxaaer
MHOT'000pa3ue MIAHOB KCIIEPUMEHTA.

1.2 Konuenuus ONTHMAJILHOIO HCIO0JIL30BAHUSA

(pakTOpHOrO NMpoOcTpaHcTBA

OnHOM M3 CaMbIX PACHPOCTPAHEHHBIX HUJIEH TEOPUU SKCIIEPUMEHTA SIBIACTCS
KOHIICTIIIUS ONTUMAJIBHOTO HCIOJB30BaHUA (PAKTOPHOTO IIPOCTPAHCTBA, HIIH
KOHIICTIIUSL MHO20()aKMOPHO2O IKCNePUMEHmMA.

CyTh ee 3akioydaeTcss B TOM, YTO COCTOSIHUE OOBEKTa B Ka)JOM OIIbITE
ompenensaeTcss IO  pe3yldbTaTy OJHOBPEMEHHOIO  BapbUpOBaHUA  (PaKTOPOB,
BBI3BIBAIOIINX M3MCHEHHE COCTOSHUS O0OBEeKTa. Takoe JKCIEPUMEHTUPOBAHHE
MPOBOJIUTCS B MPOTUBOBEC IOOYEPEAHOMY M3MEHECHUIO IEPEMEHHBIX, KOTrIa
COCTOSIHME OOBEKTa OMPENeNseTCS MO pe3yjibTaTaM HW3MEHEHUsS BHAadajie OJHOU
nepeMeHHo, 3areM Jpyroil u T.4. ONTUMalbHOE HCHOJb30BAHHE (PAKTOPHOIO
MPOCTPAHCTBA MO3BOJISIET JOOUTHCS 3HAUUTEIHLHOTO YBEJIIMYCHUS] TOYHOCTH pacuera

KOB(l)(bI/IHI/IGHTOB MaTEMaTHYECKOM MOJICIIN (TO‘IHGG — CHHI)KCHUA NUCIICPCHUU



1.4 Knaccupurkauusa MeronoB  10niaHupoBaHus 3KCTPEMAJIBLHOIO
IJle OHa pean30BaHa, MOoJIy4YeH 3HAUUTEIbHBIN TOJ0KUTENbHBIN 3P PEKT.

1.3 IL1aHbI 3KCTPEMAJIBHOT0 IKCIIEPUMEHTA

XUMUKU-TEXHOJIOTH  HaumOojee LIMPOKO TMOJb3YIOTCS — IJIaHaAMM  Tak
HA3bIBAEMOI'0 JKCTPEMAJILHOTO AKCIIEPUMEHTa, pa3pabOTaHHBIMU Jig ONpeaeleHus
ONTUMAJbHBIX YCJIOBUNH MPOTEKAaHUS MPOLECCOB B OOBEKTaX MCCIEIOBAHUA.
OnTtuMyM ompezensercs MO0 MaTeMaTHYeCKOW MoJAeNu OOBEKTa HCCIEIOBAHMUA,

KOTOPYIO MINYT B BUAC IMOJIMHOMHAJIbHOT'O YPABHCHUSA:

y= bo + k k 7

Zblj X, X Zbii X;

ji=l,j=i i=1 : (1)
KOTOPBIE YaCTO HA3BIBAIOT QYHKYUAMU OMKIUKA.

B maTtemaTuueckoil Teopuun dKCEepUMEHTa pa3padoTaHbl ONTUMAIbHBIE TTaHbI
MOJIYYCHHS] TAKUX MATeMAaTHMYECKHX MOJENed W HCIOJIb30BaHME WX JJisi TIOHCKa
IKCTpPEMyMa.

[ImaHbl AKCTPEMabHOTO JKCIEPUMEHTa pEANM3yIOTCS B COOTBETCTBUU C
KOHIICTIIIMEH TIOCJIeIOBAaTEIbHOTO aHaimu3a. B MocienoBaTelIbHOCTH pealn3aluu
MJIAHOB MOYKHO BBIICNIUTH CIACAYIOIINE dTaIlbI:

1) omenka anpuopHoid wuHpOpMaMKM W OTceuBaHWE  (AKTOPOB,
HECYIIECTBEHHBIX ISl KOHKPETHOTO 00BEKTa HCCIIEIOBAHUS;

2) moiy4yeHue MaTeMaTUYeCKON Mojenu o0beKTa B BUJE JMHEHHON (yHKUIUU
OTKJIMKA;

3) moucK oNTUMaNIbHOU 00J1acTH 00BEKTA 1O TMHEHHON PYHKIIUU OTKIIMKA;

4) moyiydyeHHEe MaTeMaTUYeCKOW MOJIeIN 00bEeKTa UCCIeAOBaHUs 00JacTu
ONTHUMYMa B BUJI€ HETMHEHHON QYHKIIUNA OTKINKA;

5) MOUCK ONTUMAIBHON KOOpAMHATHI (PaKTOPHOTO MPOCTPAHCTBA 00JIACTH

ONTUMYMa.



K03((PULIMEHTOB) U XOTA OCYILIECTBIECHUEIITON UIeH AEIIO CIO0KHOE, B TEX 3aj1ayax,

IKCIIEPUMEHTA

[TpennaraeTcsi HECKOJIBKO — KJIACCU(MKAIIMOHHBIX  MPU3HAKOB  METOJ/IOB
HKCTpEMaJIbHOTO FKcnepuMenTa. [Ipexe Bcero, pa3nuyaroT 0ObEKThl UCCIIET0BAHUS
OuHamuyeckue u cmamudecKue.

[To 5moruke METOIBI KCTPEMANBHOTO SKCIEPUMEHTa MOYKHO pa3leluTh Ha
METO/IbI ITPEIBAPUTENIBHBIX U OCHOBHBIX HUCCIICJOBAHUN.

K npeosapumenvnvim skcnepumenmam npuHaaieKar Te, KOTOpble OLEHUBAIOT
anpuopHyro HHpopMalnio 00 00bEeKTe (KOPPEISUOHHBIN aHaIN3, METO/Ibl PAHIOBOM
KOppeJsSIIMM U JIp.) WKW HCIONB3YIOTCS Uil OTCeMBaHUA (HDaKTOPOB M PEIICHUs
BOINPOCOB OpraHU3alM OCHOBHOI'O JKCHEpHMEHTa (MEeToJ Ciy4aiHoro OaraHca,
JTUCIIEPCUOHHBIN aHAIN3 U T.J.).

3amaya o0cCHOBHO20 IKChnepumenma — TOIYYEHHUE MaTEeMaTHYECKON MoJenu
npolecca W MCIONb30BaHME €€ JUIsl CTaTMYECKOM ONTUMHU3aluu  O0BEKTa
UCCJEeIOBaHUs. 3/€Chb HCIONBb3YIOTCI NIAHbl (DAKMOPHO20 IKCHepuMeHma JJis
NOJyYeHUs] JMHEHHBIX MOJENeH U KOMHO3UYUOHHblE NAaHbl Ul TOJIy4eHUs
HEJIMHENHBIX MOJIeed 00beKTa NCCIIeI0OBaHUS.

[Io cnocoOy opraHu3zalMd  pa3IMyYalOT  HACCUGHOE W  AKMUBHOE
JKCIEpUMEHTUpOBaHUE. bomee 3(PPexTUBHBIM  sBISETCS  ILieJIEHANpPaBIECHHOE
W3MEHEHHE  Tpolecca ©  perucrpamus  pe3yiabTaToB, T.€.  aKTHUBHOE
OKCIEPUMEHTUPOBAHNE. TONBKO AaKTHUBHBIA OSKCIEPUMEHT MOXKHO I[UIAHHPOBATD.
MeTtoapl, OCYLIECTBISIOIIME AKTUBHOE HKCIEPUMEHTHPOBAHME, HA3BIBAIOTCS
Memooamu NAaGHUPOBAHUA IKCHEPUMEHMA.

2 IPEJABAPUTEJIbHBIN DKCIIEPUMEHT

OObiuHO eme A0 ombiTa 00 OOBEKTE HCCIEIOBAaHUSI  CYIIECTBYIOT
OIpe/ieTICHHbIE, HO pa3pO3HEHHbIE CBeAeHMs. X cOOp MPUBOIUT K MOSIBICHUIO TaK
HA3bIBAEMOMW anpuopHol uH@dopmayuu.

YToObl UMETH NPECTABICHUS O TOM, KaK U3MEHSIOTCS NEpEMEHHbIE ITpoLecca,
HKCMIEPUMEHTATOP MPOBOAUT HECKOJBKO ONBITOB Ha JaOOpPaTOpHOM YyCTaHOBKE.

OnwITHI MOI'yT OBITH OpraHu30BaHbI I10 OIIPCACIICHHBIM ILJIaHAM.



1) ¢aktopel u  mnepeMeHHble12COCTOSAHMSI JIOJDKHBI HMMETh  00JacTH
BbIOOp (PAKTOPOB U NMEPEMEHHBIX COCTOSIHUSA, KOTOpPbIE€ BOWIYT B IJIaH OCHOBHOTO
JKCIepuMeHTa. Bce wucciienoBaHus, HalpaBi€HHbIE Ha pEIIEHUWE ATOW 3ajaud,
COCTAaBIIAIOT CYTh MIPEABAPUTEIILHOIO SKCIIEPUMEHTA.

2.1 Bp10op nepeMeHHBIX COCTOSTHUS

Pa3nnyaroT 3KOHOMUYECKHE M TEXHOJIOTMYECKHE NEPEMEHHBIE COCTOSIHUA. B
KaueCcTBE 3KOHOMHUYECKHX IEPEMEHHBIX HCHOJB3YIOT  MPOU3BOJUTEIBHOCTD,
ce0eCTOMMOCTh U IPYTHUE MOKA3aTENH.

TexXHOJOTHYECKUMH TEPEMEHHBIMU CIIyKaT KadecTBO MPOAYKTa, BBIXOJ
LEJIEBOr0 MPOAYKTAa, HAAEKHOCTh IMOJy4aeMbIX u3nenud u  1ap. Yacto
TEXHOJIOTHYECKHE ITEPEMEHHBIE COCTOSIHUS TECHO CBSI3aHbI C SKOHOMUYECKUMU. [Ipu
BBIOOpE NMEPEMEHHOM COCTOSIHUSL HEOOXOIUMO YUUTHIBATh CIIEAYIONIUE TPEOOBaAHMUS:

a) MepEMEHHAas COCTOSIHUS JOJKHA UMETh KOJUYECTBEHHYIO XapaKTEPUCTHUKY,
T.€. U3MEPATHCS;

0) mepeMeHHass COCTOSIHUS JIOJDKHA OJHO3HAYHO H3MepsATh A(PPEeKTHBHOCTH
00BEKTa UCCIEOBaAHUS;

B) TEpEeMEHHAas COCTOSHUSA JODKHA ObITh cratmuecku 3(()EKTUBHOH, T.e.
00J1a1aTh BO3MOKHO MEHbLIEH AMCIEPCUEN PU TPOBEICHUH OIBITOB.

[IpaBuibHBIM  BBIOOp TEPEMEHHON COCTOSIHUA OOBEKTa UCCIEeIOBaHUS
NOBBIIIAET HIAHCHI KCIIEPUMEHTATOPA HA YCIIEX.

2.2 Be10op ¢paxTopos

[Tpu BeIOOpE PaKkTOPOB HYKHO BBITIOHSTH CICTYIONTUE TPEOOBAHUS:

a) (akTop MOHKEH OBITh PETryJIUPYEMBbIM, T.€. C IMOMOIIBIO OIMpPEACICHHOTO
PEryJIupyIOIIEro yCTpOUcTBa (PaKTOp MOKHO M3MEHATH OT 3HAUCHUS X; JI0 X;.

0) TOYHOCTh M3MEpPEHUs W ympaBlieHUs (PaKTOpoB AOKHA ObITh M3BECTHA U
JIOCTATOYHOT'O BEJIMKA (XOTsI Obl Ha MOPSAOK BBIIIE TOUHOCTH U3MEPEHUSI BBIXOJHOM
TIEPEMEHHOMN ).

K dakropam u nepeMeHHbIM COCTOSIHUSI OJHOBPEMEHHO TAKXKE MPEAbIBIISCTCS

psn TpeOOBaHUM:



['maBHO# 3amaueit opranuzanuul lmOAOOHBIX  HCCIIEIOBAHUM  SABJISIETCS
OIIpEIEIICHMS, 3aJlaHHbIE TEXHOJIOTUYECKUMHU WIH MPUHITUTHATHHBIMH
OTPaHUYCHUSIMU;

2) Mexay (akTopaMd M TIEPEMEHHBIMU COCTOSHHUS JIOJDKHO CYIIECTBOBATH
OJTHO3HaYHOE COOTBETCTBHE; OHO ITO3BOJUT B OCHOBHOM JKCIIEPUMEHTE IOCTPOUTH
MaTEeMaTUYECKYIO0 MOJIEb OOBEKTaM MCCIIEIOBAHUS U PEIIUTh TTOCTABJICHHYIO 3374y
HKCIIEPUMEHTA.

2.3 Coop uH(popManyu B MPeABAPUTEIBHOM IKCIIEPUMEHTE

B npenBaputenbHOM SKCIEpUMEHTE MHQPOPMAIUI0 OOBIYHO COOMPAIOT TpeMms
crocobamu:

1 AnpuopHyio uHOpPMAIMIO TOMYyYalOT U3 JIUTEPATYPHBIX HCTOYHUKOB,
OIICHKOW pe3yJhTaTOB WCCIICNOBAHUS AHAJOTUYHBIX OOBEKTOB, a TakkKe Ha
OCHOBAHMH OIPOCA CIELHATIMCTOB-TEXHOIOTOB.

2 Yacte undopmanuu o0 0OBEKTE HCCIECAOBAHMS OIPEACISIOT U3 OMNBITOB,
KOTOPBIE POBOJAUT IKCIEPUMEHTATOP NIPH HAJIAJKE TaO0OPATOPHOI YCTAHOBKH.

3. OcHOBHyIO uYacTh HH(pOpPMAIMKU TPEABAPUTEIBHOTO  AKCIEPUMEHTA
MOJIYYarOT MOCTAHOBKOW HEOOJBIIIOrO YHCIA OIMBITOB IO OMPENEICHHBIM IUTAHAM.
OTU 3KCHEPUMEHTHl Ha3bIBAIOT omceusarowjumy, a TUIaHbl, N0 KOTOPHIM OHHU
CTaBATCS, — CBEPXHACLIUEHHbIMU, TIOCKOJIBKY YHCIO HCCIEIYyEMbIX NEPEMEHHBIX
Bcera OoJbIlle Yuciaax CaMUX IKCIIEPUMEHTOB.

MeTroapl TIOCTAaHOBKM OTCEHBAIOIIMX OSKCIEPUMEHTOB U HX 00paboTka
MpUBEJICHBI B padoTte [3].

B pesynbTaTe npeaBapuTenbHOT0 SKCIEPUMEHTA OTIPEICIISIFOTCS:

1) obnactu cymectBoBaHus (haKTOPOB;

2) UHTEPBAJIBI BAPbUPOBAHUS (DAKTOPOB;

3) npenBapUTEIbHOE YUCIIO MApaJUICIbHBIX OIBITOB;

4) yucno (GpakTOpPOB W WX B3aMMOJICHCTBHIA, BKIIOUYAEMBIX B TIAH OCHOBHOTO

OKCIICPUMCHTA.



1) ¢aktopel u  mnepeMeHHble12COCTOSAHMSI JIOJDKHBI HMMETh  00JacTH

CymHocTh  ()aKTOPHOTO DKCIMEPUMEHTa MEepBOr0 MOpsIKa COCTOMT B
OJIHOBPEMEHHOM BapbUpPOBAaHUM BceX (PAKTOPOB TMPH €ro MPOBEJACHUU TIO
OTIPEJICIICHHOMY IUIaHy, TPEACTAaBICHUM MaTeMaTudeckoi wojenu (dyHKIuu
OTKJIMKA) B BUJE JIMHEHHOrO0 MOJMHOMAa M MCCIEIOBAHUU IMOCJIEIHEr0 METOJaMu
MaTeMaTU4eCKOW CTATUCTUKH.

3.1 OcHoBHBIE OnpeaeIeHUs

Yposenem ¢haxmopa Ha3bIBalOT OIpEAEIEHHOE 3HaueHHe (akTopa, KOTOpOe
Oyner  ¢ukcupoBaTbcs ~ NpU  TMPOBEJACHUU  JKclepuMeHTta.  Hampumep,
AKCIEPUMEHTAILHOE M3yYECHHE IMpollecca MapoBOM KOHBEPCHM MPUPOJHOIO Tasza
MpOBOAAT NpHU TemrepaTypax Ha Beixoge 790 u 830°C, mpu paBienusax 3,8 u 4,2
Mlla.

O4eBuAHO, UTO YpOBHSIMH (DakTOpa «TemiiepaTypa Ha Bbixoae» Oyayt 790 u
830°C, ypoBHsamu (akropa «aaBieHue» — 3,8 u 4,2 Mlla.

Paznuuaror gepxuuii yposenv gpaxmopa — x5 (310 830°C, 4,2 MIla) u nHuswcHuti
yposenv paxmopa — x;m (310 790°C wu 3,8 MIla). Cpennue 3HadYeHUs
paccMmatpuBaeMblx HHTEpBaioB, T.e. 810°C u 4,0 Mlla, Ha3bIBaroTCs HYIEGbIMU
YpoeHaAMU — Xj, 3HAUCHHE (aKTopa B HATYpPAIbHBIX EAUMHUIAX, NpUOaBIECHUE
KOTOpPOTO K HYJICBOMY YpPOBHIO Ja€T BEPXHHM, a BBIYMTAHHWE — HUIKHUM YPOBEHBb
dakTopa, Ha3pIBaeTCs unmepsaniom sapvuposanus — (31o 20°C u 0,2 MIla).

Takum o6pa3zom,
X.
B = xl'o + Axl ,

.x b
H = . —_ .
] .X:JO A.X:‘] ‘

OKCepUMEHTAJIbHBIE 3HAYEHUS, KOTOpPbIE MOTYT MpPUHUMATh (aKTOPhI, HE
MEHSSI CBOMX (PU3MKO-MATEMATHUYECKHX CBOWCTB W HE MCKa)kas CYTH HCCIEAYEMOTO
IpoIecca, Ha3bIBAIOTCS ePaHUYaAMU CYuecmeo8anus hakmopos, a MHTepBa (X v —
X)) — obaacmouio onpedenenus pakmopos. Ha pucynke 2 31o obnacts L.

Pucynox 2 — T'eomempuueckas ummepnpemayusi  obaacmu

onpeoenenus pakmopos L u obracmu npogeoenus 3Kkcnepumenma

M



3 OEHOBHOW 3KCIIE PHHVEREED,] 48afhabiHskTIE PB OO dpOP 51 JTKRo ke H

COCTaBJIATh 4YacTb oOO0JacTH ompeaenacHus (akTopoB, eciu pemaercs 3ajada
ontumuzauuu. Ha pucyHke 2 o0yacTh IMpOBEIEHUS SKCIEpUMEHTa O00O3HaueHa
OykBoil M.

3.2 KogupoBaHHbIe 3HAYeHUs (PAKTOPOB

Jl71 cocTaBlieHUs] PETPECCUBHOIO YPaBHEHUSI UCIONB3YIOTCSA HE (PaKTUUYECKUE
3HaueHus (PAKTOpOB, a UX KOAMPOBAHHbIE 3HAaYeHUs. BepxHuil ypoBeHb (akropa
o0o3HavaeTcsi CUMBOJIIOM «+1». HwkHHil ypoBeHb (akTopa — CHMBOJOM «—1».
[lepexon oT (dakTuyeckux 3HaUY€HUM (AKTOPOB K KOJUPOBAHHBIM 3HAYEHUSIM

OCYILECTBIISIETCS 1O (hopMyIie

Axl- (2)
I[JI;I pPacCMOTPECHHOI'0 IpUMEpa KOJUPOBAHHBIC 3HAUYCHUA (I)aKTOpOB (BerHHe

Y HWOKHHE YPOBHU) CIIETYIOLIHUE:!

X fxlB_ ~ 830-23810 x| _Mm = 790 - — ]
B o7 = s X1 ‘5‘11;)T
* 20 X1
Xop — X _ Xor — X _
Xy = 228 — 0 _ 42 —-4,0 _ Xy = 2H ~ 20 _ 3,80 24,!) _ 1
X, ] X, ,
0,2

KoaunpoBanue (pakTopoB, Mo CyTH, O3HAYAET MEPEXOJ OT CUCTEMBI KOOPAUHAT
B HATYpaJbHBIX €IUHHIAX (PUCYHOK 3,a) K CHCTEME KOOPIMHAT B KOAMPOBAHHOM
dbopme (pucynok 3,0). Kaxxnas Touka ¢akropHoro npoctpanctsa — (+1,+1), (—=1,+1),

(+1,-1), (-1,-1) — 3TO OmIBIT B UCCIETOBAHUSIX.



a) — B HATypaJIbHbIX KOOPJAMHATAX 0) — B KOOpaAUHATHOU opMme

Pucynox 3 — I'eomempuueckas unmepnpemayus niauna 2 Ha niocKocmu
B o01eM cityyae SKCIEpUMEHT, B KOTOPOM PEAM3YIOTCSI BCE BO3ZMOKHbBIE COUETAHUS
YpOBHEH (haKTOPOB, HA3BIBACTCS MOHBIM (hakmophovim Ikcnepumenmom (I1DDI).
Ecnu kaxaplii (akTop BapbUPYETCS HA ABYX YPOBHSAX, TO mojydaercs [1MD tuma 2,
rae k — konuuecTBoO (pakToOpoB.

[TonHbIN (aKTOPHBIN AKCIEPUMEHT UMEET CJICIYIOIINE JIOCTOMHCTBA!

1) HE3aBUCUMOCTh JUCIIEPCUM TIEPEMEHHOM COCTOSIHUSL OT BpAIEHUS CUCTEMBbI
KOOpAMHAT B LIEHTPE IJIaHA;

2) OIMHAKOBYIO U MUHUMAJIbHYIO JUCTIEpCHIO KOAG(UIIMEHTOB PErpeccuu;

3) HE3aBUCUMOCTH OIpeesieHHs] KO3 (GUIIUEHTOB PErPeccuu Apyr OT APYTa;

4) npocTOTYy B BBIUUCIEHUAX KOADOUIIMEHTOB.

3.3 IlocTpoenue MaTpulbl NJIAHUPOBAHUS

[1naH, comepskaluii 3amuch Bcel KOMOMHAIMM ()aKTOPOB MJIM UX YacTH B
KOJUPOBAaHHOU (hopMe, Ha3bIBACTCS Mampuyetll nianuposanus. KoamdecTBo OnbITOB

— N 3aBUCHT OT KOJIMYECTBA U3y4aeMbIX (PAaKTOPOB U OMpeenseTcs mo Gpopmyre
N =2t
B taGnuue 1 npoBeaeHa MaTpuia miIaHUPOBAHUS JUIsl IBYX (PaKTOPOB Ha JBYX

YPOBHSIX.

Tabruya 1 — Mampuya naanuposanus I1DD 2°

[InannpoBanue Ilepemennas
OnBITHI X0
X1 X2 COCTOSIHUS Y
1 +1 +1 +1 Vi
2 +1 -1 +1 V2
3 +1 +1 -1 V3
4 +1 -1 -1 V4




Bo Bropoii rpade  TabmuiHi}6ripuBeneHnl  3HAUYCHHS — (PUKTUBHOM
NePEMEHHON X, (TOKIECTBEHHO paBHOU +1), KOTOpas MOHAAOOUTCS MPU BHIYUCICHUN
CBOOOTHOTO uJieHa MOJIMHOMA. B mepBoil cTpoke CrIlaHMpOBaH MEPBBIN OIbIT, KOTJA
(dbakTopamMu x; U X, NPUJAIOT MaKCUMaJIbHbIE 3HAYEHUSI; BO BTOPOM CTPOKE — KOTJa
dakTopy x; IPUAAIOT MUHAUMAIILHOE 3HAYEHHUE, a PaKTOpPy X, — MAKCUMAJIBLHOE | T.]I.

JIist OCTpOeHUs MAaTPUIbl IJIAHUPOBAHUS C OOJBIIUM 4YHCIOM (aKTOPOB
UCIIONB3YIOT Psifi mpueMoB. Yaille HMCHOJb3yIOT MPUEM YepeOBaHUsI 3HAKOB: B
MEPBOM CTOJIOLIE 3HAKU HE MEHSIOTCA, B TPEThEM OHHU YEPEyIOTCS uepe3 JBa, B

4eTBEpTOM — uepe3 4 u T.11. (CM. Tabmuity 2).

3.4 Peanu3zauus MaTpulbl INIAHUPOBAHUS

[Tocne nmocTpoeHus MaTPUILbI JITAHUPOBAHMS MIPUCTYIIAIOT HEMOCPEICTBEHHO K
skcriepuMeHTy. OOBIYHO MaTpUIly TUIAHUPOBAHUS MPEJCTaBISIIOT B BUAE, YI0OHOM
JUISL peaju3alliy OIBbITOB — BCE KOJMPOBAHHBIC 3HAYECHUS (PAKTOPOB 3aMEHSIOT
HaTypajdbHBIMH. Takyro MaTpHUIly TJIAHUPOBAHMS HA3bIBAIOT padouell.

[Inan nmubo peanu3yeT HECKOJIBKO pa3, Moyiydas m HapajljiebHbIX 3HAYEHUH
MEPEMEHHON COCTOSIHUS, JIMOO MapasuIeNbHBIE OIBITHI MPOBOAST TOJBKO B OJHOM
TOYKE, KaK MpaBW/IO, B LEHTpe IulaHa. llocienHuii MeToJ HCHOJb3YIOT, KOTrIa

HN3BCCTHA 3apaHCC XOopoias BOCIIPONU3BOANMOCTD OIILITOB HAa 00BEKTE HCCICAOBAaHUA.

2
OumOKy onbIToB ~ 0 paccUnTHIBAOT 110 hopMyIie

NO
sp= !

—mn: (yOn _)’0)2

: 3)

rac: Yo, — 3HA4YCHUA HepeMeHHOﬁ COCTOAHHA B LCHTPC ILJIAHA,

Yo cpenHee
3HaYE€HHME MEPEMEHHOM COCTOSHMS B LEHTPE IUIaHa; Ny — YMCJIO ONBITOB B IIEHTPE

IJ1aHa.



3.5 AJIrOpHMTM pacyera MoJHOro 17¢akTopHOro KcnepumMenTa tuma 2
AJroput™ pacuera M aHajaM3a MaTEMaTHMYECKOH MOJEIM IKCIEPUMEHTAIbHO-

CTaTUCTHUYCCKHUMHU MCTOAaMU IIPUBCIACH HAa PUCYHKC 4,

Tabauya 2 — Opaanuzayus mampuy naanupoeanus IIDD om 2° 0o 2°

Howmepa dakTopsl
OIIBITOB Xo X1 X2 X3 X4 Xs
1 +1 +1 +1 | +1 | +1 | +1
2 oD | +1 -1 +1 | +1 | +1 | +1
3 R B B B B B
4 [§ (06 +1 -1 =1 |+1]+1] +1
5 53 +1 +1 +1 -1 | +1 | +1
6 +1 -1 +1 —1|+1|+1
7 +1 +1 -1 -1 +1 | +1
8 e +1 -1 -1 —1|+1]|+1
9 Y +1 +1 +1 +1 -1 +1
10 TonHbrii +1 -1 +1 +1 -1 +1
11 (baKTOpHEIi +1 41 -1 1 1|+l
12 KCTIEPHMEHT +1 -1 -1 +1 -1/ +1
13 1D 2° +1 +1 +1 -1 -1 +I
14 +1 -1 +1 -1 -1 +I
15 +1 +1 -1 -1 -1] +1
16 +1 -1 -1 -1 -1|+I
17 +1 +1 +1 +1 +1 -1
18 +1 -1 +1 +1 +1 -1
19 +1 +1 -1 +1 +1 -1
20 +1 -1 -1 +1 +1 -1
21 +1 +1 +1 -1 +1 -1

N
[\

+1 -1 +1 -1 +1 -1




23

24

25

26

27

28

29

30

31

32

18

+1
+1
+1
+1
+1
+1
+1
+1
+1

+1




19

Pucynox 4 — brok-cxema aneopumma pacuema u anaiuza Mamemamuideckou
MOOenu IKCNEPUMEHMANbHO-CMAMUCMUYeCKUMU Memooamu
Jlist muHeliHoi hopMbl ypaBHEHHUS:
k
Y= zbixi
i=0 (i=201, .. k), 4)

rje k — nepeMeHHasi COCTOSIHUS pacueTHasl.

Ha ocHoBaHMM pe3yibTaTOB peaiu3alldd  MaTPUIbl  TUIAHUPOBAHUS
KO2(PUIIMEHTHI YPaBHEHUS PETPECCUH PACCUUTHIBAIOTCS IO (hopMyJie

b, =N

i
L3N x,

YiuV u=1 i=0 1, .., k). (5)



[Tocne BbIYHCIeHUA20K03 (P (HULIMEHTOB pErpeccur NEPEXOAT K
CTaTUYECKOMY aHAJIN3Yy YPaBHEHUSI PErPecCUr, KOTOPBIA COCTOUT U3 TPEX ITAIOB:

® OIICHKA OIMMOKHU OmbITa (10 ypaBHEHHIO (3));

® OIICHKA 3HAYUMOCTH KOA(D(DHUIIMEHTOB ypaBHEHUS PETPECCUN;

® OIICHKA aJIeKBATHOCTH MOJIEIIH.

O11eHKy 3HaYUMOCTH KO3 (DHUITUESHTOB PErPECCUH OCYILECTRIIIOT IO (hopMyIie

t ="
ip
S, (6)
t. _t
1 YCIIOBUIO i > (7)
;. ’
b.
rae ! — abconoTHOE 3HavYeHue Kod(ppuiueHTa perpeccuu; fr — TaOIMYHOE

3HaueHne kputepus CThIOACHTA, KOTOPOE HAXOIAT TI0 YUCTY CTENEHEH CBOOOIBI fy =
Ny — 1 u ypoBHIO 3HauuMOCTH ¢ (cMmoTpu Tabmuiy Al mpunmoxenus A.); Sy —
CPEHEKBAAPATUYHOE OTKJIOHEHUE.

Jucnepcrro ko3 (PpHUIMEHTOB perpeccuy HaxXoAT 1o (hopmyJie

2
S§2 _So
bi
N, (8)

T.€. JUCTIEPCUU BceX KO (PUITMEHTOB paBHbI, MIOCKOJIbKY 3aBUCST TOJIBKO OT OIIMOKHU

2
ombITa 0 M 9¥Ciia CTPOK MaTPHUIIbI ITITAHUPOBAHUS N (YHCIIa OMBITOB).

Ecnmu nnsa xakoro-to koddduruenta ycnoBus (6) u (7) HEe BBIIOIHSIOTCS, TO
COOTBETCTBYIOIIMI (H)aKTOp MOKHO MPU3HATH HE3HAUYUMBIM U HUCKJIIOYUTH €r0 W3
YpaBHEHHUS PETPECCUH.

[IpoBepka ajeKBaTHOCTH JIMHEHHOTO YPaBHEHHUSI PErPECCHUM OCYIIECTBIISETCS

IMIyTEM CpPAaBHCHHA JIBYX I[I/ICHepCI/Iﬁ — O0aHa IMOKAa3bIBACT PACCCAHNUC OIIBITHBIX HAHHBIX

MIEPEMEHHON COCTOSIHUS ), OTHOCHUTENBHO TEX 3HAYEHUN IEPEMEHHOM COCTOSHUS yAu
2

KOTOPBIE NPEICKa3aHbI I0JyYEHHBIM JINHEMHBIM YPABHEHUEM PETPECCHUM.
Ota aucnepcrs Ha3bIBAETCS JUCIIEPCUEN aIEKBAaTHOCTH U PaCCUUTHIBAETCS 10

dbopmye
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s2 ="
YNy -y )
ad . u
N-I , 9)
u=1

rJie m — YUCIIO MapajlyIeNbHbIX ONBITOB; / — YKMCIIO YWIEHOB B YPAaBHEHUHU PETPECCHUH,
OCTaBLIMXCS I1OCIIE OLEHKU 3HAYUMOCTH.
Bropas nucnepcuss — 3T0 ommuOKa onbiTa. AJIEKBAaTHOCTh MPOBEPAIOT,

OLICHHUBAas OTHOLICHUEC

S2

F = ad

p=§?
0 (10)

U cpaBHUBas pacyetHoe (Fp) u Tabmuunoe (F7) 3HadueHwe kputepus Duiiepa.
Kpurepuit ®ummepa Fr onpeaensercs Ajis CTENEHeH cBOOO b fu=N-—-1lufy=
N(m — 1) 1 3a1aHHOTO YPOBHS 3HAUMUMOCTH ¢ TI0 Tabnuie A2 NPUI0KEHUSI.

Ecnu BeImonHsIeTCS Fp<Frp ’ (11)

yCIIOBUE
TO JINHEWHOE YpaBHEHHE MPU3HACTCS A0eK8AMHbIM.

[Tony4yeHHBIN JTMHEHHBIA MOJTMHOM MOKHO MCIOJIB30BaTh ISl TOMCKA 001acTH
ontumMyma o0bekTa wuccineaoBanusa. Ecnmu ycnoBue (11) He BbIoNHSAETCS, TO
JUHENHOE ypaBHEHUE MpU3HACTCS HeadeksamHuiM. lIpu HeaneKBaTHOW JUHEHHOM
MOJIeNIM HaubOojee 4YacTO NPUHUMAIOT pelleHue OO0 YMEHbBIIEHWH HWHTEPBAJIOB
BapbUpOBaHUs (HaKTOPOB M TIOBTOPEHUU IKCIIEPUMEHTA.

3.6 IpoOHblii GaKkTOPHBIN IKCIIEPUMEHT

[TonHbI#t  (HaKTOPHBIN JKCIEPUMEHT SIBIAETCA BechbMa A(DPEKTUBHBIM IS
MOJIYYSHHUS] MaTeMaTUYeCKOW MOJIETH HCCIEAYEeMOro o0ObeKTa OCOOCHHO TPH YHCIIe
daktopoB k£ > 3. OmHako yBenW4YeHUE 4YHCIa (PAKTOPOB TMPUBOAUT K PE3KOMY
YBEJIUUEHUIO YHCIIa OnbITOB. Tak, IIMD 2° tpebyer moctanoBKU 64 ONBITOB, a 27 yiKe
128.

[IpakTrKa MOKa3bIBAET, YTO AJIA MOJIYYEHHUS JHOCTATOYHO TOYHBIX OIICHOK

KOA(PPUIIMEHTOB perpeccuu MOXKHO OOOMTHCH HEOOJBIIUM KOJUYECTBOM OIIBITOB,



BBE/S NOHATHE APOOHOro (HaKTOPHOro223KCIepuMeHTa (MU APOOHBIX PEILIUK),

KOTOPBIN MPEJICTABIISIOT COOOM HEKOTOPYIO YacTh

C

5 l)’ _ OT MOJIHOTO (DAKTOPHOTO IKCIIEPUMEHTA.
2 48
4 OCHOBHOM SKCITEPUMEHT. IVIAHBI BTOPOT O IIOPSIJTIKA
[Tocne nocTmxeHus: 006J1acTU ONTUMYyMa Tepe] UCCIIEeI0OBATEIeM BCTAET 3aa4a
JIETaJbHOTO M3YyYEHUS TMOBEPXHOCTH OTKIMKA. OmnucaTte 00JacTh ONTUMyMa
JMHEWHBIM YPAaBHEHUEM PErpecCUU HE YJaeTcsl M3-3a KPYTU3HBI THMIIEPILNIOCKOCTEH
bakTopoB U kBagpaTudHbIX ddekToB. [loaToMy 0b6sacTh ONTUMyMa ONUCHIBACTCS

MOJINHOMAaMHU 00Jie€ BBICOKMX MOPSIIKOB, CPEAN KOTOPBIX CaMble PaCHpOCTPAHEHHBIE

ypaBHEHUSI BTOPOTO MOPSIIKA:

yeb X k koo,
0 +> b;x; +D byxix 1D byx;

J
i=1 l"=1. i=1
J>1 (12)

Jig mosydeHHs MareMaTH4ecKoW Mojenu o0nacTd ONTHMyMa B BHJE
ypaBHeHUs (12) uCnonb3yroTcs ClieliualbHbIE TUIaHBI.
4.1 IlocTpoenne MaTpULbI IJIAHUPOBAHUSA
bokc m VYwmiCOH mnoka3aim, 4TO, JOIOJHUB JBYXypOBHEBbIM IuiaH [IDD
ONpEAENCHHBIMA  TOYKaMH  (AKTOPHOTO  MPOCTPAHCTBA, MOXKHO  IOJYYHUTb
HEOOXOUMBbIE IJIaHbl, KOTOPbIE HA3BIBAIOTCA YEHMPATbHbIMU U KOMHOZUYUOHHBIMU.
OO611ee YKCIIO ONBITOB IPU TAKOM IJIAHUPOBAHUU onpeeisaeTcs: GopMyIIoun:
N:l’l1+l’l3B + (13)
Mo
i€ 1; — YACIIO OMBITOB B SIIPE IUIAHA; M3z — YHUCIIO OMBITOB B «3BE3HBIX» TOUKAX; My
— YHCJIO OMBITOB B LIEHTPE IJIaHA.
PaccMoTpeHre KOMITO3UIIMOHHBIX TUIAHOB MOKHO MPOBECTH HA MpumMepe k = 2
(pucynok 4). Touku 1, 2, 3, 4 06pasyroT NOMHBINA (AKTOPHBINA SKCIEPUMEHT 2°,

TOYKH, 00O3HAUEHHBIE 3Be3noukaMu (5, 6, 7, 8) 00pa3ylOT «3BE3THBIC» TOUKH C



KOOpJAMHATAMHU (+0,0) u (0.x0) B23ueHTpe IJJaHa TMPOBOJSTCA HYJIEBbBIC

onbIThI ¢ KoopauHatamu (0,0).

Pucynox 4 — Pacnonooicenue mouex ¢haxmoprno2o npocmpancmeda
8 KOMNO3UYUOHHBIX NIAHAX 8MOPO20 NOPAOKA
HaubGonee wacto uCnosib3yrOT JABa THUMA LEHTPAIBHOTO KOMIO3UIIMOHHOTO
rmanupoBanust (LIKII) — opmoconanvnoe u pomamabenvroe. bonee HaaeKHBIM
CIIOCOOOM TOJIYYeHHsS] TOJMHOMA BTOPOW CTENEHH SIBISETCA pPOTaTadelIbHOE
IJJaHUPOBAHUE, OCHOBAaHHOE Ha TMIOCTOSHCTBE JIUCIIEPCUM B ONBITaX, PaBHO
yAAJIEHHBIX OT IIEHTPAIBLHOTO OTBITA, KOTOPOE M PACCMOTPEHO B HACTOSIIIEH padoTe.
OO01iee YUCIO ONBITOB, YUCIO «3BE3HBIX» W HYJIEBBIX TOUYEK, BEJIMYMHA

3BE3JTHOTO TIeYa O 3aBUCST OT uucia GakTopoB k (cM. Tadu. 3).

Tabnuya 3 — Iokazamenu pomamadenvbHbiX NIAHO8 8MOPO20 NOPAOKA

[TonHbli (hakTOPHBIMA HpoOHbIii
HaumenoBanue SKCIIEpMMEHT THma 2% @D Ttumna 2F°

k=2 1| k=3 | k=4 | k=5 k=5
YucsI0 ONBITOB sapa MaTpulbl —n; | 2°=4 | 2°=8 | 2*=16 | 2°=32 2>1=16
Uucno «3BE3IHBIX» TOUEK — M3z 4 6 8 10 10
Huco HyneBBIX TOYEK — Mg 5 6 7 10 6
OO011ee ynciio onsIToB — N 13 20 31 52 32
Benuuuna o 1,414| 1,682 | 2,000 | 2,378 2,000

N3 crpykrypsr LIKII cnenyer,

YPOBHSX:

YTO KaXIbli (aKkTop BapbUPyeTCs Ha MATU

Snpo nnanos LIKIT cocraBiser nonHbli GakTopHbIi sxcrepuMenT 25 npu k <
5 WK MoJyperviuka oT Hero npu k > 5. Bo3MOXHOCTb MCHOJB30BaHUS B Ka4ECTBE

A/pa TUIaHa TONYPEIUIMKK Tpu k > 5 00ycioBlIeHa TeM, YTO YK€ MOJyperinkKa
oOecreynBaeT IMOJyYEeHUE HECMENIaHHBIX OIEHOK g JUHEHHBIX 3()QekToB u

7 PeKTOB MapHOro B3aMMOACHCTBUSI.



B kauectBe npumepa B Tabiuue 424npeacTaBieHa MaTpULA MATHPAKTOPHOTO
KOMIIO3UIIMOHHOTO IUIaHa BTOPOro MopsAka. SIpo miaHa MpeacTaBiseT coOoif
HONYperMKy 2> ¢ TeHEpUPYIOUIMM IEPEMEHHBIX X (PasjIMuHbIX (PAKTOPOB) K

6e3pa3MepHBIM X; TpoBoaAUTCA 10 dhopmyde (2). Hanpumep, cM. Tabmuiry 2.

4.2 Peanu3anus MATPUIbI IVIAHNPOBAHMS

Ha ocHoBe Marpuibl IUIAHUPOBaHUS, MpPEACTAaBIECHHYIO B Tabiuuny 4,
COCTAaBJIIOT Pab0OUYyI0 MATPUILy TJIAHUPOBAHMS, B KOTOPOUM KOJUPOBAHHBIE 3HAUCHUS
¢dakropoB (1, 0, to) 3aMeHAIOT HAaTypalbHBIMU. Tak, HapUMeEp, NPU HU3YUECHHUH
mporecca MapoBOM KOHBEPCHHM MPHUPOAHOTO Trasa, IMEPEeMEHHBIMU (akTopaMu
SBJISIFOTCSL:

X; — TeMneparypa Ha Beixoze, °C;

X, — TeMIeparypa Ha Bxoze, ’C;

X3 — o0uiee gaBineHun B peakrope, Mlla;

X4 — MoabpHOe oTHOoIenne H,O/mpupoanslit a3, MOJIb/MOJIb;

X5 — 00bEMHAs CKOPOCTh, U™,

Tabauya 4 — Pomomabenvuoulil nian 6mopoco nopsaoxa OJisi nsamu

Gaxmopos (a.=2,000)

Howmep ®parMeHT
X X2 X3 X4 Xs y
OmbITa TJIaHa
1 AAPO +1 +1 +1 +1 +1 Yi
2 -1 +1 +1 +1 -1 Y2
3 +1 -1 +1 +1 —1 y3
4 -1 -1 +1 +1 +1 Va
5 +1 +1 -1 +1 —1 Ys
6 -1 +1 -1 +1 +1 \G




7 +1 -1 —1 +1 +1 V7

8 -1 -1 -1 +1 -1 ys

9 +1 +1 +1 -1 -1 Vo

10 -1 +1 +1 —1 +1 Y10
11 +1 -1 +1 —1 +1 Vi1
12 -1 —1 +1 —1 —1 V12
13 +1 +1 —1 —1 +1 ME
14 -1 +1 —1 —1 —1 Yia
15 +1 -1 -1 —1 -1 Yis
16 -1 -1 —1 —1 +1 Vie
17 3BE3/IHBIE + 0 0 0 0 Y7
18 TOUKU - 0 0 0 0 Vis
19 0 + 0 0 0 Y19
20 0 — 0 0 0 Y20
21 0 0 + 0 0 Y21
22 0 0 — 0 0 V22
23 0 0 0 + 0 ya3
24 0 0 0 — 0 Y24
25 0 0 0 0 + y25
26 0 0 0 0 — Ya6
27 LIEHTP 0 0 0 0 0 Y27
28 0 0 0 0 0 Vas
29 0 0 0 0 0 Y29
30 0 0 0 0 0 Y30
31 0 0 0 0 0 Y31
32 0 0 0 0 0 V32

HatypanpHble 3HaueHus ()aKTOPOB MPUBEACHBI B TAOJIHULIE 5.

Tabauya 5 — 3navenuss paxmopos
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DaxTopsl

HaumenoBanue o °C | oC X3, X4, Xs,

MIla | MmosB/MONIL | o -1
HyneBoi1 ypoBeH»b Xy 810 520 4,0 3,6 2500
WNurtepBan BapbupoBaHus, Ax; 20 10 0,2 0,4 500
BepxHuii ypoBeHb, X3 830 530 4,2 4,0 3000
HwxHnil ypoBeHb, X x 790 510 3,8 3,2 2000
VYpoBeHb «+2.0» 850 540 4.4 4.4 3500
YpoBeHb «—2.0» 770 500 3,8 2,8 1500
[Tocie  3TOrO0  MPOBOIATCA  OKCHEPUMEHTAIBHBIE  WCCIEAOBAHMS U

ONpPCACIIAOTCA 3HAYCHUA ;.

4.3 AsropuTm pacuyera ynpapJieHUsl perpeccuy BTOPOro mopsiika

Pe3ynbpTaThl peanu3anuu miaHoB JIyyllle Bcero oopadatsiBath Ha OBM. Pacuer

U CTAaTUCTUYCCKUU aHaJIu3 YpPaBHCHUA PETPECCHU 110 INIaAHY BTOPOIro IopsaKa

IMPOBOAUTCA B COOTBCTCTBHH C aJI'OPUTMOM PHUCYHOK 3, TOJIBKO H3MCHAIOTCA

pacyeTHble (HOPMYJIBI.

Koaddummentsr ypaBHeHus: perpeccuut (12) paccuMThiBalOTCS O JTaHHBIM

TabuIBl 4 O ciaeayomuM (Gopmyiam:
N k N




i=1

2a4[f+(K—N1)-

Vi +LZ Vi
i=1

27
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D=

Te; H

H=2a'[N-f+(K-1)-N-m—K].
N.
FN oK) N —(K—1),12
H ;
L==2a**,/H. G=0F-N*n)/H.
9 O 1 9

0=ml+2*a2  f=m+2*x"*

Jucnepcun k03QGUIIMEHTOB PACCUUTHIBAIOTCS 1O (hopMyiaM:

§ =D*

S2 —glx g2
b0 0; bij 1 0.
SP=[1*S g _prg?
bi 0 0; bjj 0

b

2
rac 0— AUCIICPCHA BOCIIPOU3BOAUMOCTH.

3HAYUMOCTh PACCUMTAHHBIX KOA(DPUITMEHTOB PpErpecCHr MPOBEPSIOT TIO

kpurepuro CTbIOJIEHTA:

tbi > tT(Q=ﬁ))

t
rne T q, /o
— TabauyHoe 3HaueHue Kkputepus: CThIOJEHTa, COOTBETCTBYIOLIEE (cMm.

Tabnuiy 1, npuaoxeHus);

=Ny — .
Jo 0 % —gucno creneneit cBOGOIBI AUCTIEPCUH BOCTIPOU3BOAUMOCTH;
q— YPOBEHBb 3HAYMMOCTH.
Pacuernble 3HaueHuss kputepust CTbIOJIEHTA PABHBI:

bi | bl bi |

[in =
SbO ; bij . Sbi

bj .
He3naunmble  korduiMeHTs  NpUHUMAOTCS  paBHble  Hymo. Ecnu

HC3HAYMMBIM OKa3ajCid OAWH HN3 KBaAPATUYHBIX B(i)(beKTOB, TO TIIOCIEC CIo



pacnopsKEHUN AKCIIEpUMEHTATOpA29UMeEETCsl ~ MaTeMaThu4eckass  MOJEIb,
3aHOBO.

I[I/ICHepCI/HO BOCIIPOHU3BOAMMOCTH OIIPCACIIAIOT 110 OIIbITAM B ICHTPC IIJIaHA:

no
D =)y
u=l1

no
LB

S =
Ny
. 9
9
a OCTaTOYHYIO JIUCTIEPCHIO 110 (hopMyIie
N
A N2
Z(J’i =)
S2 _ =1
ocm
focm s
rae JA/ — 3HAYCHUE IIEPEMECHHOW COCTOSIHUS, PACCUUTAHHOE [0 YPaBHEHUIO

i

=N -1 y y
perpeccuu; ff)cm ( ) — YHCIIO CTeTIeHEe CBOOOBI OCTATOYHOU aucrepcuu; [ —
YHUCJIO 3HAYUMBIX KO3(PPHUITMEHTOB B ypaBHECHUH PETPECCHH.
AJIGKBaTHOCTb YPAaBHEHHUSI PErpPeCCUU HKCIEPUMEHTY MPOBEPSETCS IO

Kpurepuro Oumepa

g2
Fp_ Si

2
rae @0 — qUCIepcHs aJieKBaTHOCTH, KOTOPYIO OMPEESIOT Mo popMyie

) S 2 - f _52.f
Sad_ ocm 0?7:() 0 0

rae Jao =oem o) _ YHCJIO CTETICHEH CBOOOIBI AUCIICPCHH aJICKBATHOCTH.

ypaBHCHI/Ie aZACKBAaTHO, CCJIIN

F
P<Fr(q: far> S0
Iy

rJIe
A — TabNMMYHOE 3HaYeHue kputepus durepa (cMm. Tadbauiry A2).



UCKIIIOYEHUS KOI(PPUIIMEHThI ypaBHEHUSA28pErpeccCun  HEOO0XOIUMO  IEePEeCUUTaTh
Ecnu 00paboTka sKCIIepUMEHTaIbHBIX TaHHBIX TUIAHOB BTOPOrO MOPSAIKA JaeT

AJICKBAaTHYIO MOJCJb, TO 3aJa4a HCCICAOBAHMA HA O3TOM OTAIIC BLIIIOJHCHA: B



pacnopsKEHUN AKCIIEpUMEHTATOpA29UMeEETCsl ~ MaTeMaThu4eckass  MOJEIb,
ONMHCHIBAIONIAsE 00JacTh onTUMyMma. JlampHelinee uCClIenoBaHUE 3aBUCHUT OT

IMOCTaBJIEHHOU 3aJa4H.

5 ONITUMMU3BAIINA OBBEKTA UCCIIEJOBAHUA
MO SKCINEPUMEHTAJIbLHO-CTATUYECKOU
MOJEJIN
5.1 llouck onTuMyMa
B skcTpemManbHOM HKCHEPUMEHTE CTAaBUTCS 3ajaya IMOKMCKA KOOpAMHATOpa
ONTHUMYyMa IO UMEIOIIECUC MaTEMATUYECKOU MOJIEIIH.
3agauM  CTaTUYECKOM ONTHMHU3ALUUM OYEHb YAaCTO PEMIAIOT IOMCKOBBIMU
METOJIaMU, KOTOPhIC OTJIMYAIOTCA OOJIBIIMM pa3sHooOpazueM. BMecTe ¢ pa3iuyHbIMU
MOAU(MUKAUSIMU HUX HACUUTHIBAIOT HECKOJBKO AECATKOB. K OCHOBHBIM MeTO/aMm
TOUCKAa MOYKHO OTHECTH CJIEAYIOIIHUE:
® METOJ I'PAJUECHTA;
® METOJ HAHUCKOPEHIIEro CIyCKa WK METOJI KPYITHOTO BOCXOXK/ICHUS;
e wmerop ["aycca-3eliaens;
® METOJ] CUMIIJIECKCOB;
® METOJ CIy4anHOI'o MOMCKA.
MHoromepHasi ONTUMH3AIMS 3aKIIFOYACTCS B MOUCKE DKCTPEMYMOM (YHKITUU
MHOTHUX MEPEMEHHBIX F(X;, X2, ...,X»).
Meton KOOPIMHATHOIO CIHyCKa 3aKJIIOYAETCd B MOOYEPEAHOM ITOMCKE
MHHUMYMa 10 KOOPJMHATE X;, 3aTeM X U T.4. [lociie HaXOXIeHUsI TOUYKM MUHUMYMa
10 KOOPJIMHATE X; MEPEXOJIUM K HAXOXKIECHUIO TOYKM MUHUMYMa [0 KOOPAUHATE X> U

T.H. ITouck BCACTCA C OJHWMHAKOBBIM II4arom, KOTOpBIﬁ YMCHbLIIACTCA IIOCIJIC

~

X’ yerey X

HAaXO0XICHUA BCECX 3HaquI/H\/’I —_
1m X2

nm_ TakuMm 00pa3oM, aJrOpPUTM

m
peanu3aluy 3TOro MeTo/1a Mo100eH alropuTMy METO/1a MOPa3PsTHOTO MPUOTUKECHUS
W JIMIIb JONOJHSAETCS LUKIOM 33JaHus MEPEMEHHBIX X;, X, ...,X, BHYTPH KOTOPOIO

OLCHHUBACTCH IMOIPCIIHOCTb HAXOKIACHUS Xy OIS K&)I(I[Oﬁ HCpCMCHHOﬁ.



5.2 KaHoHHWYeCKHd aHAJIN3 30moBepXHOCTH OTKJINKA

Jist  onTUMH3AIMU  UCCIEyeMOro OOBbEKTa, KOTOPHIA  OMHCHIBAETCS
YpPaBHEHUEM BTOPOTO MOPSAJKA, CYIIECTBYET MpeoOpa3oBaHUe, [O3BOJISIOLIEE
MOJIYYUTh TPAPUUYECKYI0 M AHATUTHYECKYI0 WHTEPIPETAlUi0 00JIaCTU ONTUMYyMa.
9710 npeobpa3oBaHNE HAZBIBAIOT KAHOHUUECKUM.

Kanonnueckoe mpeoOpazoBaHUE HCXOAHOTO YpPaBHEHUS PETPECcCUU BTOPOTO

MopsiJIKa

r r r
~N 2
i=1 i=1 i=1

i<
J

MPEICTaBIIAECT COOOM Mepexo] K CTaHAAPTHOMY YPaBHEHUIO

r

Y —Vs — ZBii‘X;2
i=1 ,
Vs 2

y y X;
rac — 3HAYCHHUC BBIXOJHOH INCPEMEHHOMN B LCHTPC MOBCPXHOCTH OTKIIMKA, I —

KAaHOHMYECKHUE ITIEPEMEHHBIE; Bi — K03 (PpUIIMEHTHl KAHOHUYECKOT'O YPaBHEHUS.
[

[Iepexon kK HOBOMY ypaBHEHHIO OCYUIECTBISIIOT MIEPEHOCOM Hayajaa KOOPAUHAT
B TOYKY LIEHTPA IOBEPXHOCTH OTKJIMKA U IIOBOPOTOM OCEM HA ONPEACIICHHBIM YTOJI.
[lepeHoc Hauana KOOpAWHAT YCTPaHSET JWHEWHBIC WIEHBI W CBOOOJHBIM YJIEH B
YpaBHEHUU: TOBOPOT OCEU MCKIIIOYAET B3aUMOAEHCTBUE (DaKTOPOB.

[Ipn yucne daxkTopoB r > 3 naTh HANIAIHOE NPEACTABICHUE O F€OMETPHH
GyHKUMHA OTKJIMKA HEBO3MOXHO, OJHAKO M B H3TOM Clydae KaHOHHYECKOE
npeoOpa3zoBaHuE JIAE€T XOPOIINE Pe3yJIbTAThl, €CIIM MOCIEI0BATENIBHO pacCMaTpUBATh
U3MEHEHHUE JBYX (PaKTOPOB IPU OCTAJIBHBIX 3aCTAOMJIM3UPOBAHHBIX. TakoW HpueM
MIO3BOJIAET MOJYYUTh CEPUI0 KOHTYPHBIX Ha MJIOCKOCTH.

[Tpn kKaHOHHYECKOM MPEe0OPa30BaAHUM YPABHEHUS PErPECCUN BTOPOTO MOPSAKA
JUTst IBYX (hDaKTOPOB (7 =2) MOTy4YaloT ypaBHEHUE:

Y =) =B xt+ » v
B .



31 B
st ypaBHEHUS (27) B 3aBHUCHUMOCTH OT 3HaKa M BEIUYMHBI ~ 11

)54 822
BO3MOZKHBI YCTBIPC BHAA KOHTYPHBIX KPHUBBIX C pPaBHBIMH 3HAYCHUAMH

napaMeTpa ONTUMH3aLNUH (PUCYHOK 5).

5.2.1 Koadhpunmentor By By MMEIOT OJIMHAKOBBIC 3HAKHU

KOHTypHBIE KpUBBIE B 3TOM CIIy4ae SBJIAIOTCS JIIUIICAMH.

B

[Tpu B, < 0 meHTp autuIca OyaeT MaKCUMyMOM, TIpu ¢ > () — MUHUMYMOM.

i i

Ecmu | Byl <| B, , To smumce BeITsmyT 110 OCH X,, TO B HA0GOPOT (PHCYHOK 5,3).

5.2.2 Koagpgpuyuenmot By, u By umerom pasHvle 3HaKu
KoHTypHBIE KpUBBIC B 3TOM clydae SBISIFOTCS rutniepbonamu. Llentp duryps

Ha3bIBACTCA «CCAJIOM» HIIM «MHUHHMAKCOM). B 3aBUCHMMOCTH OT COOTHOIICHHUS

aOCOJIIOTHBIX BEIMYHMH KOA(PPHUIIMCHTOB B11 B22 M3MeHeHHe BEIXOMHOI

u
MEPEMEHHOM 1O OCSM X, X> OyIeT pa3nuuHbIM (puc. 5,0).
Pucynox 5 — Konmypuvie kpusvle pynkyuu omrauxa ooiacmu onmumyma,
ONUCHIBAEMOLL YPABHEHUEM 8IMOPO20 NOPAOKA

5.2.3 Ooun u3 korppuyuenmoe 61U30K UIU PAGEH HYIO

B

Ecmu 722= (0 — meHTp HaxoguTcs Ha OCCKOHEYHOCTH. [IOBEpXHOCTH OTKIIMKA

npejacTaBisieT co0ol Bo3pacTaroiliee Bo3BhIlIeHHE 'Tpedensb". MHornma By ~O u
HEeHTp (GUrypsl HaxoguTcss B JI0OOM Mecte ocu X, [loBepXHOCTh OTKIIMKa
npeacTaBisgeT coboil '"craumoHapHoe BO3BbIIeHHME". Ha mpakTuke »3TOT ciydai
BCTPEYAETCS PEJIKO.

Anzopumm KaHOHUYUECKO20 NPeodpa308anus Ce0yIouuii:

a) Jlns mepeHoca Hayaia KOOpPAMHAT B HOBYIO TOYKY (DaKTOPHOTO
MPOCTPAHCTBA S ypaBHEHUE perpeccur BTOporo nopsaka (25) mudbdepeHuupyroT no
KOKJI0MY (pakTopy M NPUPABHUBAIOT Hyt0. Pemas cucreMy ypaBHEHUH, HaXOISAT

KOOPAMHATBI HOBOTO IICHTPA, IMOACTABIAIOT UX B YPABHCHUC PECTPECCHUU W TTOJIYYAKOT

3HAYEHUE BBIXOJHOM NEPEMEHHOU )



5.2 KaHoHHWYeCKHd aHAJIN3 30moBepXHOCTH OTKJINKA
B LeHTpe S. B ypaBHeHun pe rpeccun

HCYC3al0T YJICHBI nepBoﬁ CTCIICHU U U3MCHACTCSA CBO6OI[HI>H>'I YJICH.



4 [Tonck onTUManbHBIX 3HaquHH33LpaKTopOB Ha  OCHOBE  YpaBHEHUA

—Zb xx+zb

yS Jji,j

b

06) Ocu B HOBOM IIEHTpPE MOBOPAYMBAIOT JI0 COBMEIIEHHUS C IJIaBHBIMU OCSIMU
MOBEPXHOCTH (YHKIMHM OTKJIIMKA. JTa OMNEparus OCYIIECTBISETCS IO H3BECTHBIM
IpaBWJIaM aHAIUTUYECKON T€OMETPHH.

Hampumep, m1st » = 2 XapaKTepUCTUUECKUIN JETEPMUHAHT UMEET BUIL:
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Pemenue (29) 3anuceiBaloT B BUJIe ypaBHEHUS
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JIBa KOpHS TOTO ypaBHEHUS AAIOT HCKOMBIE 3HaUeHUs KOA(PPUIIMEHTOB ypaBHEHUE B

KaHOHUYECKOH (hopme.

B) [IpoBepsitOT MpaBUIBLHOCTH pacyeToB 10 hopmyie

ZBi = ibii
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6 COCTABJIEHUE MATEMATHYECKOM MOJIEJIH ITPOIIECCA
C UCHIOJIb30OBAHUEM 2BM
Jl1st cocTaBiieHUs: MaTEMaTUYECKON MOJIENTU UCCIEAYEMOro 0ObEKTa Ha OCHOBE
HKCIIEPUMEHTATILHBIX JAHHBIX, MOJYYEHHBIX B COOTBETCTBUM C pabodeil maTpuiieit
TUTAaHUPOBAHMUS, aHAIM3a 3TOM MOJIEJIM U €€ ONTHUMHU3AIMU pa3paboTaHa ImporpaMmma
Ha OBM «MMOD», koTopas BKIIOYAE€T HECKOJBKO MOANPOrpaMM M MO3BOJISET
MPOU3BOJIUTH CIICIYIOIIHNE PACUETHI:
1. Omnpenenenrie OIIMOKK ONBITA JIJIS1 pacueTa JUHEHHOTO PErPeECCUOHHOIO
YpaBHEHUS;
2. Pacuer TMHENHOTO PErpecCHOHHOIO YPaBHEHUS;

3. Pacuet ypaBHEeHUs perpeccuy;
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perpeccuu BTOPOro Nopsiaka;
5. KaHOHMuYeCckui aHanu3 MOBEPXHOCTH OTKJIMKA YPABHEHUSI BTOPOIO MOPsIKa
JUISL IBYX TIEPEMEHHBIX;

6. [locTpoeHune TabyIMIl Ha OCHOBE PErPECCUOHHOIO YPABHEHUSI.

7METOAUKA OITUMU3ALINN
IKCIIEPUMEHTAJIBHBIX
HUCCJEJOBAHUN

Huxe npuBeieH alropuT™ OpraHU3aluy 3KCIEPUMEHTAIBHBIX UCCIIEA0BAHMM,
NO3BOJISIIOIIMN NPU  MHHUMAJIBHOM KOJIMYECTBE SKCIEPUMEHTAIbHBIX OIBITOB
NOJIYYUTh JOCTOBEPHYKD MAaTeMaTHYECKYI0 MOJENIb HCCIEAyEMOro Ipolecca u
MPOBECTH AHAJIU3 MOJIEIIH:

1. BeiOpaTh (akTOphl, MHTEPBAJIBI KX BAPbUPOBAHUS U IEPEMEHHBIE COCTOSHUSA

2. IlocTpouTh MaTpHily IUIAHUPOBAHUSA MOJHOTO Wi ApoOHoro (mpu K > 5)
(bakTOpHOro 3KCHEPUMEHTA MEPBOIro MOPSAKA i1 BBIOPAHHOTO YKcia (GakTOPOB.

3. CocraBuTh palbouyl0 MaTpully IUIAHUPOBaHMS M MPOBECTH MO HeH
DKCIIEPUMEHTAJIbHBIE UCCIEAOBaHUs, a TAKXKE HECKOJIBKO IMapajlICIbHBIX ONBITOB B
LEHTpE MJIaHa JUIsl ONPEAEIICHHs OIUMOKU OMBITA.

4. PaccuMrtarth JIMHEWHOE PETPECCUOHHOE YpaBHEHUE M MPOBEPUTH €ro
aJICKBaTHOCTh  JKCIIEPUMEHTAJIbHBIM  JaHHbIM. Ecin  ypaBHEHUE aJ€KBaTHO
HKCIEPUMEHTAIbHBIM JaHHBIM, TO HEOOXOIMMO MPOBECTH ero aHanu3. Ecnu
ypaBHEHUE HEAJCKBATHO IKCIIEPUMEHTAIBHBIM JIaHHBIM, TO MEPEUTH K MyHKTY 5.

5. TlocTpouTh MaTpuily poOTaTabeNIbHOrO KOMITO3UIIMOHHOTO IUIAHUPOBAHMS
BTOPOI'O MOPSIIKA.

6. CocTaBuTh pabOUYyI0 MaTpUIly IJIAHUPOBAHUS U MPOBECTHU JOTOTHUTEIIbHbBIE
HKCIIEPUMEHTAJIbHBIE UCCIIEOBAHUS (B 3BE3IHBIX TOUKAX).

7. PaccuuTaTh pErpecCHOHHBIE YpPaBHEHHUs BTOPOIO IOPSJAKA W OIPEACINTH

€ro, aACKBATHOCTDb 3KCIICPUMCHTAJIbHBIM JJaAHHBIM.
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ONTUMAJIbHbIE 3HA4YeHUsI (HAKTOPOB, TMIO3BOJSIONIUE TIONYYUTh MAKCHUMAJIbHbBIE
3HAYEHUS] OTKIIMKOB.

9. [IlpoBecTn KaHOHWYECKOE TMIpeoOpa3oBaHUE MCXOJHOTO  YpPaBHEHUS
perpeccuu BTOPOTO MOPSAKA U OCYLIECTBUTH €r0 aHAJIN3.

NCHOJIb30OBAHHASA JIMTEPATYPA
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8. Ha ocHoBe mnoOMy4eHHOr034perpeCCMOHHOIO YPaBHEHUS ONPENEIINUTD

Tabnuya Al — 3uauenus kpumepusi Cmvrooenma

Hucro YpoBHU 3HAUMMOCTH ¢, Yo Hucro YpoBHU 3HAUUMOCTH ¢, Yo

CTerneHeu cTerneHen

CBOOOBL, [ 10 S 2 CBOOOIBI, f 10 S 2
1 6,31 12,72 | 31,82 11 1,8 2,20 2,72
2 2,92 4,30 6,96 12 1,78 2,18 2,68
3 2,35 3,18 4,54 13 1,77 2,16 2,65
4 2,13 2,78 3,75 14 1,76 2,14 2,62
5 2,02 2,57 4,03 15 1,75 2,13 2,60
6 1,94 2,45 3,14 16 1,75 2,12 2,58
7 1,89 2,36 3,00 17 1,74 2,11 2,57
8 1,86 2,31 2,90 18 1,73 2,10 2,55
9 1,83 2,26 2,82 19 1,73 2,09 2,54
10 1,81 2,23 2,76 20 1,72 2,09 2,53




Tabauya ANPUIKRERAphnepus Bbuepa ona ypoeualdbznauumocmu g=5%

Yucio crenneHen

cBOOOABI (11t

Uucno creneHeit cBOOOABI (1 YUCTUTENS — f;)

saverarens) — i 1 2 3 4 5 6 8 12 24 0

1 161,40 | 199,50 215,70 224,60 | 230,20 | 234,00 | 238,90 | 234,90 | 249,00 | 254,30
2 18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,45 19,50
3 10,13 9,55 9,28 9,12 9,01 8,94 8,84 8,74 864 8,53
4 7,71 6,94 6,59 6,39 6,26 6,16 6,04 5,91 5,77 5,63
5 6,61 5,79 5,41 5,19 5,05 4,95 4,82 4,68 4,53 4,36
6 5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,84 3,67
7 5,59 4,74 4,35 4,12 3,97 3,87 3,79 3,57 3,41 3,23
8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,12 2,93
9 5,12 4,26 3,86 3,63 3,48 3,37 3,23 3,07 2,90 2,71
10 4,96 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,74 2,54
11 4,84 3,98 3,59 3,36 3,20 3,09 2,95 2,79 2,61 2,40
12 4,75 3,88 3,49 3,26 3,11 3,00 2,85 2,69 2,50 2,30
13 4,67 3,80 3,41 3,18 3,02 2,92 2,77 2,60 2,42 2,21
14 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,35 2,13
15 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,29 2,07
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16 4,49 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,24 2,01
17 4,45 3,59 3,20 2,96 2,81 2,70 2,55 2,38 2,19 1,86
18 4,41 3,55 3,16 2,93 2,77 2,66 2,51 2,34 2,15 1,92
19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,11 1,88

4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 2,08 1,84
20 3,84 2,99 2,60 2,37 2,21 2,09 1,94 1,75 1,52 1,00
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BBenenune

Hacrosimee moco6ue pazpaboTaHo Ha OCHOBE:

— DenepanpHOTO 3aK0HA OT 29 nekadps 2012 r. Ne 273-d3 «O6 obpazoBanuu B Poccuiickoit
Denepanun»;

— @eziepallbHBIX TOCYJApPCTBEHHBIX O0pa30BaTENbHBIX CTaHAAPTOB BBICIIETO 00pa3oBaHUS
(manee ®I'OC BO);

— HOPMaTUBHO-METOIMYECKUX IOKyMeHTOB MuHoOpHayku Poccuu;

—¥YcraBa ®I'AOY BO «CeBepo-KaBkasckuii defepanbHbIil YHUBEPCUTETY;

—IIpukazom MunoOpnaykun Poccum ot 06.04.2021 N 245 «O06 yrtBepxkaeHuu Ilopsaka
OpraHM3alMi U OCYIIECTBICHHUS O00pa30BaTENbHON JAEATEIBHOCTH MO 00pa30BaTeIbHBIM IIPOrpaMMam
BbICIIEr0 00pa3oBaHWs - MporpaMMaM OakajaBpuara, MporpamMmaM CHelHajuTeTa, MporpaMmMam
Maructparyps» (3apeructpupoBaHo B Muntocte Poccun 13.08.2021 N 64644);

—JokanbHbIX HOpMaTtuBHbIX akToB DI'AOY BO «Cesepo-KaBkasckuii ¢enepanbHbIi
YHUBEPCUTETY.

Ha  coBpemeHHOM  pblHKE  TpylJa  KOHKYPEHTOCHOCOOHBIM  MOMET  CTaTb  TOJBKO
KBaJTM(PUIMPOBAHHBI PAOOTHUK COOTBETCTBYIOLIETO YPOBHS W HPOQHIsA, KOMIETEHTHBIH, CBOOOJIHO
BIIAJCIONIEH cBOEH mpodeccuell 1 OPUECHTUPOBAHHBINA B CMEXHBIX 00JIACTAX JACATEIHHOCTH, CIIOCOOHBIN K
3¢ deKTUBHON paboTe MO CHENHATbHOCTH HAa YPOBHE MUPOBBIX CTAHAAPTOB U TOTOBBIM K MOCTOSHHOMY
poeCCHOHATTEHOMY POCTY.

CamocrosarenbHass paboTa CTy/AE€HTa HampaBieHAa Ha JIOCTH)KEHHE Lesiell  MOJTOTOBKH
CHEIMATUCTOB-NPO(PECCUOHANIOB, AaKTUBHOE BKJIIOYEHHE O00y4aeMbIX B CO3HATEIbHOE OCBOCHHE
cojepxkaHusi o0Opa3oBaHus, oOecreyeHne MOTHUBAIMM, TBOPUYECKOE OBJAJICHHE OCHOBHBIMU CIOCOOAMH
Oynymie mpoQeCcCHOHAIIBHON ACATENBHOCTA. UTOOBI MOATOTOBUTH M O0YUYHUTh Takoro mpodeccronana,
BBICHIMM Y4YEOHBIM 3aBe/ICHUSIM HEOOXOIMMO CKOPPEKTUPOBaTh CBOM MOAXOJ K IUIAHUPOBAHHUIO H
OpraHu3alii y4eOHO-BOCTIMTATEILHOH pa0dOThl. DTO B PABHOW CTENEHU OTHOCHUTCS K W3MECHECHHIO
CoJiepKaHus U XapakTepa y4eOHOro nmpoiiecca. B cOBpeMEeHHBIX peanusx 3a/1aua MMperoiaBaTesis BbICIIeH
HIKOJIBI 3aKJIIOYAeTCsl B OpraHU3allid M HaINpaBJICHUU [103HABATEIbHOW MAESTEIbHOCTU CTYICHTOB,
3¢ PEKTUBHOCTh KOTOPOM BO MHOTOM 3aBHCHUT OT WX CAaMOCTOSTEIbHOH paboTel. B cBOlO ouepens,
camocTosiTeNIbHas paboTa CTYJIEHTOB JOJDKHA IMPEICTaBIsATh COOOM He MPOCTO caMoIlellb, a CPEICTBO
JOCTHMKECHHSI TPOYHBIX H T[IyOOKMX 3HAaHWH, WHCTPYMEHT (QOPMHUPOBAHUS AKTUBHOCTH W
CaMOCTOSITEIbHOCTH CTYJICHTOB.

B cBs3u c BBeseHueM B 00pa3oBaTeNbHBIA IMPOIECC HOBBIX 00pa3oBaTEIbHBIX CTAaHIAPTOB, C
YMEHBIIIEHUEM KOJIMYECTBA ayJUTOPHBIX 3aHATUI MO JUCHMILIMHAM BO3PACTAET POJIb CAMOCTOATEIbHON
paboThl cTyJeHTOB. Bo3HMKAaeT HEOOXOIUMOCTh ONTHMH3ALUU CAMOCTOSTEIBHONH pPabOTHl CTYICHTOB
(manee - CPC). IlosiBnsieTcsi HEOOXOIUMOCTh MOJIEPHHU3AIMN TEXHOJIOTHI OO0YUYEHHs, YTO CYIIECTBEHHO
MEHSIET MOAXO0/bl K YUeOHO-METOIMUECKOMY M OpPraHU3allMOHHO-TEXHUUYECKOMY 00eCIeueHHI0 yueOHOTro
nporecca.

JlanHas MeToauueckas pa3paboTKa COACPKUT PEKOMEHIALMU 0 OpraHM3allUH, YIPaBICHUIO U
oOecrnievyeHno 3((HEKTUBHOCTH CaMOCTOSATENIbHONM pabOThl CTYJIEHTOB B Ipolecce OOy4YeHMsI B LENIX
(dbopMHpOBaHUS HEOOXOIUMBIX KOMIETEHIIHH.

CamocTosiTenbHas paboTa CTY/IEHTOB SIBJISETCS 0053aTelbHBIM KOMIIOHEHTOM y4eOHOro Ipoliecca
JUISL KQXKJIOTO CTYJIEHTA M ONpenensercss y4eOHbIM IIaHOM. Buibl caMOoCTOsATeNbHONW pabOThl CTYACHTOB
OTIpeIeIIAI0TCS IpU pa3padoTKe pabounx MPOrpaMM M Y4eOHBIX METOAMYECKUX KOMITJIEKCOB TUCIUIUINH
cojepkaHueM y4yeOHOW mucuuiuinHbl. [lpu ompeneneHuu cojepkaHus CaMOCTOSTENBHONW paloThI
CTYJIEHTOB CJEAyeT YYHUTBIBaTh UX YPOBEHb CaMOCTOSITEILHOCTH U TpeOOBaHUS K YPOBHIO
CaMOCTOSITEIbHOCTH BBIITYCKHUKOB JJISi TOTO, YTOOBI 3a Mepuoj] oOyueHHs HCKOMBIH YpPOBEHb ObLI
nocTUrHyT. Tak, y/ienbHbIN Bec caMOCTOSTENIbHON padoThl pH 00yYEHUH B O4YHOI (hopMe COCTaBIsET 10
50% oT KoJIMuYeCTBa ayJUTOPHBIX YacOB, OTBEJAEHHBIX HAa M3Y4YCHUE MUCLUUIUIMHBI, B 3a0UHOU (opme -
KOJIMYECTBO YacOB, OTBE/IEHHBIX HA OCBOCHHE JUCIHUILIMHBL, yBeauuuBaeTcs 10 90%.



CamocTosiTenbHass paboTa ompenensieTcs Kak HWHIWBUAYyalbHAs WIM KOJJICKTUBHAS ydeOHas
JeSITeNIbHOCTb, OCYIIECTBIsieMas 0€3 HeIOCPEICTBEHHOTO PYKOBOJCTBA Ie/larora, HO MO €ro 3aJaHusM U
MOJ1 €r0 KOHTPOJIEM.

CamocrosiTennbHast ~ pabota — 3TO  T[O3HaBarelbHas  ydyeOHas  JEATEIbHOCTh,  KOTJa
MOCJIEIOBATEIbHOCTh MBIIIJIEHUSI CTYACHTA, €0 YMCTBEHHBIX M MPAKTUYECKUX OMEpalMid U JEUCTBUI
3aBUCUT W OIpejaenseTcss caMuM cTylaeHToM. CamocrosiTenibHas paboTa CTYIEHTOB CIIOCOOCTBYET
Pa3BUTHIO CaMOCTOATEIbHOCTH, OTBETCTBEHHOCTH U OPraHM30BAaHHOCTH, TBOPYECKOTO TOJXO0Ja K
pemieHuio mpodsieM yueOHOro MW MpoEeCCHOHAIBHOTO YPOBHS, YTO B WUTOTE€ MPHBOAUT K Pa3BUTHIO
HaBbIKA CAMOCTOSITEILHOTO TUIAHUPOBAHUS U PeaN3aluU JesTeIbHOCTH.

[lenpr0o  camMoOCTOATENBHOM  pabOTBI  CTYACHTOB  SIBIIICTCS ~ OBJIAJICHHUE  HEOOXOIMMBIMU
KOMIIETCHLIUSIMU TI0 CBOEMY HAIPABJICHUIO TOJTOTOBKH, OMBITOM TBOPUYECKOW M MCCIEI0BATEIbCKOMN
JEeSITeIbHOCTH.

Ha ocHOBaHMY KOMIIETEHTHOCTHOT'O MOIX0/a K pealn3ainu mpodecCHoHaTbHBIX 00pa30oBaTeNbHBIX
porpamm, BUIaMU 3aJIaHUuN JJIsl CAMOCTOSTEIILHON paOOThI SBIISTFOTCSI:

- 01 0671a0eHUsl 3HAHUAMU: YTeHHe TekcTa (yuyeOHMKa, MEePBOMCTOYHUKA, TOTOTHUTEIHHOU
JUTEpaTyphl), COCTaBJICHHE IUIaHA TEKCTa, Tpaduveckoe U300paKeHHe CTPYKTYphl TEKCTa,
KOHCIIEKTUPOBAHHE TEKCTA, BBIMMMCKA U3 TEKCTA, padoTa CO CIIOBAPSMHU M CITPABOYHUKAMH, O3HAKOMIICHHE
C HOpPMATHBHBIMHU JIOKyMEHTaMH, Yy4eOHO-UCCIIeJIOBaTeNbCKass padoTa, WCIOIB30BAHUE ayquo- |
BHJICO3AMUCEH, KOMITBIOTEPHON TEXHUKU U MH(GOPMAIIMOHHO- TEJIEKOMMYHHUKAIIMOHHON cetn VIHTepHeT n
Ap.

- 0J1A1 3aKpenjieHus U cucmemamu3ayuu 3HaHutl: pabota ¢ KOHCIIEKTOM JIEKIIHH, 00paboTKa TeKCTa
(yueOHMKa, IEPBOMCTOYHHKA, TOTIOJHUTEIBHOMN JINTEpaTyphl, ayTMO U BUICO3AIUCEI ), TOBTOpHAs paboTa
Ha/l y4eOHBIM MaTepUAIOM, COCTABIICHUE TUIaHA, COCTABICHUE TAOJIUIl JJI CHCTEMAaTU3alluu Y4eOHOTO
MaTepuaia, OTBET Ha KOHTPOJbHBIE BOIPOCHI, 3alI0JHEHUE paboueit TeTpaau, aHaIuTHIeCKas 00paboTka
TeKkcTa (aHHOTUPOBAaHME, PEIEH3UPOBaHUE, pedepUpPOBAHHE, KOHCICKT-aHAIM3 U JIp.), 3aBEpPIICHHE
ayJUTOPHBIX MPAKTUYECKUX paboT W odopmieHHe OTYETOB TO HUM, TOATOTOBKA MYJIbTHMEIHA
COOOULICHUI/IOKIAIOB K BBICTYIUIGHHIO Ha ceMuHape (KOH(EpeHINH), MaTepuanoB-Ipe3eHTALNH,
NoJroToBKa pedepara, cocrapinenue ouomorpadun, TeMaTHUYECKUX KPOCCBOPIOB, TECTUPOBAHUE U JIP.

- 01 ¢hopmuposanus ymeHuil: PEIICHUE 3amad W YOpaKHEHUH 1Mo oO0pasily, pelieHue
BapUATHBHBIX 3a/1a4, BBIMOJIHCHHE YEPTEkKEH, CXeM, BBIMOJTHEHHE pacdeToB (Tpaduueckux pabdoT),
peIlICHHEe CUTYalMOHHBIX (MPO(ECCHOHABLHBIX) 3a/1a4, MOJTOTOBKA K JEJIOBBIM UTpaM, IPOCKTHPOBAHUE
U MOJICIIMPOBAHKE PA3HBIX BHJIOB M KOMIIOHEHTOB MPOQPECCHOHAIBHON ACSITETbHOCTH, PeQIIeKCHBHBIN
aHaJn3 MPOQECCHOHANBHBIX YMEHHUH C UCIIOJIb30BAaHUEM ayTHO- U BUJCOTEXHUKH H JIP.

CaMocTosiTenbHass padoTa MOXKET OCYIISCTBIATHCS WHAWBHIYAILHO WU TPYMIIAMHA CTYJICHTOB B
3aBHCUMOCTH OT IIeJId, 00beMa, KOHKPETHONH TEMAaTUKU CaMOCTOSTEIBHOW pabOThl, YPOBHS CIOKHOCTH,
YPOBHSI YMEHHI CTYJICHTOB.

KOHTpOJIb pe3yIbTaTOB CAMOCTOSTEILHONW pa0OThI CTYIEHTOB MOXET OCYIIECTBISITHCS B MPEIEIax
BPEMCHH, OTBEJCHHOTO Ha O00s3aTelbHBIC y4YeOHBIC 3aHATHS M0 JUCHUIUIMHE W BHEAYJIUTOPHYIO
CaMOCTOSITEIIbHYI0 pabOTy CTYIEHTOB IO JAMCIUILUIMHE, MOXKET MPOXOAHWTh B MHUCbMEHHOMW, YCTHOW WIIH
CMEIIaHHOH (opme.

CamocrosTenbHas paboTa MPOBOAUTCS B BUJIC YIPAKHCHUH NMPH M3YYCHWH HOBOTO MaTepHala,
VOPaXHCHUH B TIPOIECCEe 3aKPETUICHUS W TMOBTOPCHHSI, YIPAKHEHUN TPOBEPOUYHBIX M KOHTPOJIBHBIX
paboT, a TakXke JUIsT CAMOKOHTPOJISL.

JU1st opraHu3aIyy cCaMoCTOSATENIbHONW PabOThl HEOOXOIUMBI CIIEAYIOUINE yCIOBHS:

1. TOTOBHOCTD CTYACHTOB K CAMOCTOATCIIbHOMY TPYAY,
2. HaJIM4ue U JOCTYITHOCTb H606XO,I[I/IMOFO yqe6H0—MeToz[quc1<oro H CIIPAaBOYHOI'O MaTCpHraa,
3 . KOHCYJIbTalUOHHAs IOMOIIb.

CamocrosaTenbHas paboTa MOXET MPOXOJIUTh B JIEKIIHOHHOM KaOWHETe, KOMIIBIOTEPHOM 3aje,
6ubnunoreke, foMa. CamocrosiTesnibHas paboTa crocoOCTBYeT (POPMUPOBAHUIO KOMIETEHLIUN, TPEHUPYET
BOJIIO, BOCITUTHIBAET pab0TOCIIOCOOHOCTh, BHUMAHUE, TUCIUIUIMHY U OTBETCTBEHHOCTb.
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1 O0mas xapaKkTepuCTHKA CAMOCTOSITeIbHOI padoThI CTyIeHTa NPH H3y4YeHUH THCHUTIIHHBI

JuctumniuHa «OCHOBBI HayUHBIX MCCIIEI0BAaHUI» OTHOCUTCS K JUCHUIUIMHE 6a30Boi yactu. OHa
HampaBiieHa Ha (opMUpoBaHHME MNPOPECCHOHANBHBIX KOMIETEHUMH 00ydJaromuxcsi B Ipoliecce

BBINOJIHEHUA padoT, onpeneneHHbx PI'OC BO.
HanmeHoBaHME KOMIETEHIUI:

Kopn, popmynuposka

Koa, popmynuposka HUHAUKATOPA

[Tnanupyembie pe3ysIbTaThl 00YUESHHUS IO

KOMIIETEHIIUH TUCTIATLINHE (MOYIIIO),
XapaKTepU3yIOIIUe 3Talbl (OPMUPOBAHNUS
KOMIICTCHIIMH, MHAWUKATOPOB

YK-1 Cnoco6en | MA-1 Boimensier mnpobiemuyto | [loporoBslii ypoBeHb

OCYIICCTBIIATD HIOUCK, | cUTyalMIO, OCYIIECTBIIECT €€ | HOHHMAaeT CYIIHOCTB CHCTEMHOTO

KPUTHYCCKUI  aHAMM3 U | gganqus  u JMAarHOCTHKY Ha | MOAXOJa MpH  aHajiu3e  NpoOaeMHON

CHHTES MHPOPMAWH, | (cHoBe CHCTEMHOTO MOAX0AA CUTYalllH

HIPUMEHSIThH CHCTEMHBIH TloBBILIEHHBIIi YPOBEHD

noaxon AN pemeHns NpUMeEHsIeT CHCTEMHBIM TOAXOA IpH

TIOCTABJICHHBIX 3a1a4

aHaJIHM3e IPOoOJIEMHON CUTYaITHH

HM-2 ocyuiecTBisieT mMOUCK, 0TO0p
W CUCTEMaTH3aluio WHPOpPMaLUH
U OTpEeeNICHHUs] albTEpHATHBHBIX
BapHAHTOB CTPaTETUYECKUX
peleHnii B mpoOIeMHOM CUTyaluu

Iloporosslii ypoBeHb

NPUMCEHACT aIbTCPHATUBHBIC BAPUAHTHI
peIIeHu MpoOIeMBI

IloBbIIEHHBIN YPOBEHb

onpeaeaser aJbTCPHATUBHBIC BapUaHTBI

pereHnit pOoOIEMBI Ha OCHOBE
OTOOpaHHONH W  CHUCTEMaTU3MPOBAHHOM
nH(bOpMaIIH

HN-3 onpenensier u OLEHHUBACT
PUCKM  BO3MOXHBIX  BapUaHTOB
peleHnii mpoOIeMHON CUTyaluu

Iloporosslii ypoBeHb

I/ICHOJ11)3yeT METO/JIbl PUCKOB BO3MOKHBIX
pereHui mpoOIeMBI

IloBbIIEHHBIN YPOBEHb

OLCHUBACT PHCKH BO3MOXHBIX peH.ICHI/Ifl
MpoOJIeMBl,  BBIOMpAaeT  ONTHMAJbHBIN
BapHaHT €€ pCUICHUA

K-1 Cnocoben | UJI-1 wianupyet | [loporoBslii ypoBeHb

HUCCJICNOBATh SKCIICPUMCHTAIbHBIC pa3palaTbIBaeT IUIAHBI 3KCIIEPUMEHTa B
ABTOMATU3UPYEMBIH OOBEKT | MCCIEeTOBAHHUA, COCTaBIISIET | 00aCTH aBTOMAaTHU3aLuN
" MIOATrOTAaB/IMBATE | HAYYHBIC OTYETBI M BHEAPSCT | TEXHOJOTHYECKUX MPOLIECCOB u
peKoMeHTanuu no €T0 | pe3yJIbTaThl UCCleI0BaHuN U | IpOU3BOACTB, COCTaBIISIET Hay4HbIE
aBTOMATU3alMU C y4€TOM | pa3paboTok B 00JIaCTH | OTYETHI B COOTBETCTBHH C HOPMaTUBHBIMU
COBPEMCHHOI'O YPOBHS | aBTOMATH3allMK  TE€XHOJIOTUYECKHUX | TpeOOBaHUSIMU

pa3sBUTUA mpouecCCOB U MPOU3BOJICTB IToBBILIEHHBIN YPOBE€Hb

PO eCCUOHATBEHON Chephl

opraHm3yerT  BHEJpPEHHE  pe3yJbTaTOB
HCCIIEIOBaHUI B IPAKTAYECKYIO
JESITeNbHOCTh MPOMBIIUIEHHBIX
NPENPUATAN U OpraHU3alMi

MJI-2 nposoaut skcnepumentsl 110 | [IoporoBbIii ypoBeHD

3a/lTaHHBIM MCTOJMKAM, | 3HaeT MCTOJIUKH MIPOBEACHUS

00pa0aTpIBacT M aHAIM3UPYET HX | HKCHEPUMEHTA

pe3yIbTaThl

IloBbIIEHHBIN YPOBEHb

MPOBOAMT DOKCIICPUMCHT II0 3aJlaHHBIM
METOJUKaM; IMMPOBOJUT MATEMATUYCCKYIO U
CTaTUCTUYCCKYIO 06p360TKy OIIBITHBIX
AAaHHBIX O XapaKTCPUCTUKAX CPCACTB H
CHUCTEM aBTOMATHU3aIlNN

na-3 aHaTN3UPYeT Hay9IHO-
TEXHUYECKYIO nHhOpMAITHIO,

Iloporosslii ypoBeHb
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OTCYECTBEHHBI W  3apyOC)KHBIN | BHIMOJHAET CcOOp M aHaIM3 HAy4YHO-

OITBIT 10 HaIpPaBICHUIO | TEXHUYECKOH nH(OpMaIuu

HCCIIEJOBAHNI B obnactu | [oBbINIEHHBIH YPOBEHD

aBTOMaTu3allun TEXHOJIOTHUYCCKUX | BLINOJHAET cGop M aHalIu3 Hay4dHO-

MPOLECCOB U MPOU3BOJICTB TEXHUYECKOH rH(pOpMAITHH,
OTEYECTBEHHOTO M 3apyOeXHOTO OIbITa B
obOiacta aBTOMAaTHU3aLUU
TEXHOJIOTHYECKHUX MPOLIECCOB U
MPOU3BOJICTB

B pamkax kypca gucummiuHbel «OCHOBBI HAy4yHBIX HCCIIEOBaHMI» caMocCTOsITeNbHAs paboTa
CTYZICHTOB HaXOJWUT aKTHBHOE MPUMEHEHHE U BKIIFOYACT B Ce0sI pa3IMYHbIC BHUIbI ACITEIBHOCTH:

- IMOATOTOBKA K NPAKTUYCCKHUM 3aHATUSAM, B TOM YHUCIIC pa60Ta C MCTOAUYCCKUMHU YKA3aHUSMU,
CpeAcTBaMu MacCcoBOW MH(pOpMAaIu;

- MOJITOTOBKA K JICKIIUSAM, B TOM YHCIIE CAMOCTOSITEIIbHOE YIIyOJIEHHOE M3YUYCHUE TEOPETHUECKOTO
Kypca 1o peKOMEHIOBaHHOM JTUTEPaATYPE;

- MOJITOTOBKA K MTPOMEKYTOYHOM aTTECTAIIHH.

HCHB CaMOCTOSITEIILHOU pa6OTBI CTYACHTA IIPU MOATOTOBKEC K JICKIIUAM 3aKJIH0OYAaCTCA B MMOJTYUCHHUN
HOBBIX 3HAHHH, TPUOOPETEHHBIX MPH OoJIee TITYOOKOM H3YYSHUH JINTEPATYPHI 110 AUCIHUILIHHE.

3agauu:

— TopaboTKa ¥ MOBTOPEHUE KOHCTIEKTOB JICKIINH;

— OCMBICIIEHHE COJEpkKaHUs JEKLUUH, JTOTUIECKON CTPYKTYPBI, BEIBOJOB.

Ilenb camocTOATENBHOW pabOTHl CTYAGHTAa TPU TOATOTOBKE K TPAKTHUYECKUM 3aHATHIM
3aKJII04YacTCA B YT J'Iy6JI€HI/II/I, paciMpCHun, ACTAIU3UPOBAHUN 3HaHI/II71, MOJIYYCHHBIX Ha JICKIUAX B
0006meHHoN hopme.

3agauu:

—  pa3BHTh CIIOCOOHOCTb NPUMEHSTH TIONy4YCHHBIC 3HAHUS HA TIPAKTHUKE IPH PEUICHUU
KOHKPETHBIX 3a]1a4;

— TPOBEPUTHh 3HAHHS CTYIECHTOB, MOJYYCHHBIC HA JICKIMSIX W MPHU CaMOCTOSTEIBHOM H3yYCHHU
JIUTEPaTypPhL.

2 Ilnan-rpauK BHINOJHEHHUS CAMOCTOATEILHOH PadoThI
Tabmuua 1 — Buasl camocTosTenbHON paboTH! 7151 04HOM (hopMBI 00yUeHHS

Koubl CpencrtBa u O0beM 9acoB, B TOM YHCIIE

A TEXHOJIOTUH CPC Konrtakth Bceero

peanusyembIx
o Bun nestenbHOCTH OLICHKU ast pabora
KOMIIETCHIINH,
CTYJIEHTOB C
uHauKaTopa(o
B) npenoaaBa
TEJIEM

nJI-1 YK-1 [ToxgroroBka k CobecenoBanue
NAa-2 yK-1 IPaKTUYECKOMY
na-3 yK-1 3aHATUIO
V-1 TIK-1 1,140 0,060 1,200
Wn-2 IK-1
-3 IIK-1
NJ-1 YK-1 CaMoCTOsITEIbHOE CobecenoBanue 35,910 1,890 37,800
na-2 yK-1 W3Yy4YEHUE JINTEPaTypPhl
W-3 YK-1
/-1 IK-1
NI-2 IIK-1




WJ1-3 TIK-1

WJ-1 YK-1
WJI-2 YK-1
WJI-3 YK-1
WJI-1 TIK-1
WJI-2 TIK-1
WJ1-3 TIK-1

BOHpOCLI K OK3aMCHY

CobecenoBanue

37,050 1,950

39,000

Hroro 3a cemectp

71,700 4,388

81,000

Hroro

71,700 4,388

81,000

3 KOHTpOJILHLIe TOYKH U BUABbI OTYETHOCTH 110 HUM

B pamkax peMTHHTOBOI CHCTEMBI YCIIEBAEMOCTh CTYJEHTOB MO KaXKI0H JTUCHMUILUIMHE OLEHUBACTCA
B XOJI€ TEKYLIEr0 KOHTPOJI U IPOMEKYTOYHON aTTECTALUU.

4 OnucaHue nNoKa3saTeJjien u KPpUTEPUEB OLEHUBAHUA KOMHeTeHl.ll/Iﬁ Ha pa3/IMYHbIX 3TAllaX
HnX (l)OpMPIpOBaHI/lﬂ, OolnMcCaHHue MKaJI OIl€eHUBaHHUA

YpoBHHU
c(hOpMUPOBAHHOCTH
KoMIIeTeHuu (1),
nHAUKATopa (OB)

Jeckpunropsl
MuHUMaTBEHBINA .
yPOBCHD He MuHuManbHBIN } }
JIOCTHIHYT YPOBEHb Cpennuii ypoBEeHb Bricokuii ypoBeHb
(HeyioBieTBOpHTE (YOoBIETBOPHUTEIHH (xoporo) (oTHM4HO)
15HO) 0) 4 6amra 5 batoB
2 Gamna 3 6amna

Komnemenyua: YK-1 Cnocoben ocywecmenam

cucmeMHulLl N00X00 0151 peleHus NOCMABIEeHHbIX 3a0ay

b NOUCK, KpumuueCKuﬁ anaiu3 u cuHmes uH(j)opmauuu, npumeHsms

Pesynbratel  00y4eHus | He MOHUMAET | HE B JOCTATOYHOM | MIOHUMAET MPUMEHSIET

o JUCLUIUTMHE | CYIIHOCTh o0beMe  TMOHHMMAET | CYIIHOCTh CHCTEMHBIH TOIXO0J
(Momyo): CHCTEMHOTO CYLIHOCTb CHCTEMHOT'0 npu aHaJm3e
Huouxamop: noaxo/a MpU | CUCTEMHOTO nojaxona npHu | MPOOJIEMHOM

/-1 YK-1 Bwimenser | aHaause nojaxoaa MpU | aHAJIN3€e CUTyallUH
MIPOOJIEMHYTO IPOOIEeMHOM aHalm3e MpoOIeMHON

CUTYaLHIO, CUTyauuu npobaeMHoN CUTyauuu

OCYILECTBIISIET ee CUTYyaluu

aHaIM3 U JMATHOCTHUKY

Ha OCHOBE CHCTEMHOTO

oJIX0/1a

na-2 VYK-1 | me NPUMEHSET | HE B JOCTaTOYHOM | IIPUMEHSET orpenenseT
OCYILECTBIISIET ~ TIOUCK, | albTepPHATHBHBIC o0beMe NpHUMEHSET | aIbTepHATUBHBIC JIbTEpHATUBHBIE
otbop W | BApUAHTHI PEIICHUH | aJbTepHATHBHBIC BapuaHThl PEHICHUH | BAPUAHTHI PEIICHUH
CHCTEMAaTHU3AIHIO poOIeMBbI BapHUaHTHl pEIICHUH | PoOIeMBbI poOIEMBI Ha
nHpOpPMaLUH JUISL poOIeMBI OCHOBE OTOOpaHHOI1
oTpeaeNeHHs u

IbTEepPHATUBHBIX CHCTEMaTU3UPOBAHH
BapHaHTOB oii uaopmanyn
CTPaTErMYeCcKUX

peleHuit B

poOJIeMHON CUTYaIH




NI-3 YK-1 ompenensier | He WCIIOJB3YET | HE B JIOCTATOYHOM | MCIOIb3YET OLIEHUBAET  PUCKHU

U OIECHHWBAECT PHUCKU | METOIBI PHUCKOB | 00bE€ME HCIOIB3YET | METOIBI PHUCKOB | BO3MOYKHBIX

BO3MOXXHBIX BapHaHTOB | BO3MOXKHBIX METOIBI PHUCKOB | BO3MOXHBIX penreHuit

pelIeHu MPOOJIEMHOM | pelIeHU BO3MOKHBIX peleHuin poOIEMBI,

CUTyaluHW,  BbIOMpaeT | mpoOIeMsbl peleHni mpodaeMbl | MPOOIEMBI BbIOMpaeT

ONTHUMAJIBHBII BapUaHT ONTHUMAJIbHBII

€€ peneHus BapUaHT ee
pelieHus

Komnemenyus: IIK-1 Cn

0cober uccnedosamo aemOMamuS’upyeMblﬁ 00BeKm u n0020MasIUsants peKOMeH()auuu no

€20 asMoMamu3ayuL ¢ Y4emom CO8PeMenH020 YPOBH pa3eumus npoghecCUOHaIbHOU chepbl

PesynmpraTel  0OydueHus | He pa3pabaTbiBaeT | HE B JOCTaTOYHOM | pa3pabaThIBaeT OpraHu3yeT

o JUCIMILINHE | TIaHbBI o0Beme TUTaHBI BHEJIpECHUE

(Momy0): JKCIIEPUMEHTA B | pa3pabaThIiBacT JKCIIEPUMEHTa B | pE3yJIbTaTOB

Hnouxamop: obmactu TJIaHBI obmactu HCCTIEIOBAHUMA B

NA-1 TIK-1 nnaampyer | aBTOMaTH3aIuN JKCIICPUMEHTA B | aBTOMAaTH3allN IIPAKTUYECKYIO

AKCIIEPUMEHTAIIbHBIC TEXHOJOTHYECKUX obnactu TEXHOJIOTHYECKUX JESATEITLHOCTh

WCCIIeIOBAHUSA, MIPOIECCOB U | aBTOMAaTU3aIlluu MIPOIIECCOB U | IPOMBIIIEHHBIX

COCTaBISIET  Hay4yHbIE | IPOU3BOJCTB, TEXHOJIOTMYECKUX MIPOU3BOJICTB, MPeIIPUATH] u

OTYETBI M  BHEAPAET | COCTABJIACT MPOIIECCOB U | cocTaBisieT OpraHu3anui

pe3yIIbTaThl HaydHBIE OTYETHI B | POU3BOJCTB, Hay4YHBIE OTYETHl B

WCCIIeIOBaHUN M | COOTBETCTBUHU C | cocraBser COOTBETCTBHH c

pa3paboTok B 00JacTH | HOPMATHBHBIMU HAy4YHBIC OTYEThl B | HOPMATHBHBIMHU

ABTOMAaTU3AIUN TpeOOBaHUAMU COOTBETCTBUH ¢ | TpebOBaHUAMHU

TEXHOJIOTUIECKIX HOPMaTHBHBIMHU

MIPOLIECCOB u TpeOOBaHUAMH

IIPOU3BOJICTB

WNA-2 TIK-1 mpoBoauT | HE 3Ha€T METOJWKHU | HE B JOCTATOYHOM | 3HACT  METOJIUKU | IPOBOJIUT

3KCIIEPUMEHTHI 0 | MPOBEACHHS o0BeMe 3HAeT | MPOBEACHUS IKCIIEPUMEHT 1o

3aJlaHHBIM METOJUKAaM, | SKCICPUMEHTA METOIUKH IKCIIEpUMEHTA 3aJIaHHBIM

oOpabaTsiBaeT u MPOBEICHUS METOJTUKAM;

aHAIIM3HUPYET 170:¢ JKCIIEPUMEHTA IIPOBOJNT

pe3yJIbTaTh MaTEMaTHYECKYI0 |
CTaTUCTUYECKYIO
00paboTKy
OTIBITHBIX JTAHHBIX O
XapaKTePUCTUKAX
CPEACTB H CHCTEM
ABTOMAaTH3AIIHI

na-3 IIK-1 | He BBITIONHSAET cOOp | HE B JOCTAaTOYHOM | BBITIOJNHSAET COOp W | BBINONHSET cOOp |

AHAIM3UPYET HAYYHO- | U aHajdW3 HAay4YHO- | OObeME BBIMOJIHSCT | aHAIH3 HAY4YHO- | aHAJU3 HAy4YHO-

TEXHUYECKYIO TEXHUYECKOU cOOp W aHanM3 | TEXHUYECKOH TEXHUYECKON

nH(pOopMaIuIio, uHpOopMaun Hay4HO- nHpOpMaIH nH(popMaIum,

OTEYECTBEHHBIN 51 TEXHUYECKOMN OTEYECTBEHHOTO W

3apyOexXHBII ONBIT TIO nH(pOpMAaITIH 3apy0eKHOTO OIBITa

HaIpaBJICHUIO B obmactn

HACCIIEA0BAHUN B aBTOMAaTHU3aLUH

obnactu TEXHOJIOTUYECKIX

ABTOMAaTHU3AIII MIPOIIECCOB u

TEXHOJIOTUIECKIX MIPOU3BOJICTB

MIPOLIECCOB u

MIPOU3BOJICTB

5 TemaTu4ecKkuii NJIAH IHCHUATNINHBI
Ne Pazmen (Tema) TUCIUTIIMHBI M KPATKOE COJEPKAHNE dopmMupyembie ouHas (popma
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KOMIICTCHIIMH,
HUHAUKATOPbI

KonrakTHas padora
00yJarOIIUXCS C
NpernojiaBareyieM
/w3 HUX B popme

MPaKTUYECKON

MTOITOTOBKY, YaCOB

Jlexknun
IIpakTruyeckue 3aHATUS
JlaGopaTopHbie pabOTHI

CamocrosTenpHas pa60Ta, JyacoB

3 cemecTp

TeopeTnyeckre OCHOBBI HAYYHBIX UCCIEAOBAHUM.

UJI-1 YK-1
UJI-2 YK-1
UJI-3 YK-1
WJI-1 TIK-1
WJI-2 TIK-1
WJ1-3 [IK-1

OpraHu3anuoHHoOe obecrieyeHue
TrOCYJapCTBEHHOIO  YIpaBlIeHUs B  o0OjacTu
MHTEJUIEKTYaIbHOW COOCTBEHHOCTH

UJ-1 YK-1
WJI-2 VK-1
WJI-3 VK-1
WJI-1 TIK-1
WJI-2 TIK-1
WJ1-3 TIK-1

[louck w  oOpabGoTka

uHpOpMaIH

Hay4YHO-TEXHUYECKOM

WJI-1 YK-1
WJI-2 VK-1
WJI-3 VK-1
WJI-1 TIK-1
WJI-2 TIK-1
WJ1-3 TIK-1

1.5

[ImanupoBanue
paboThl

HAay4YHO-UCCIEA0BATEIBCKON

UJ-1 YK-1
UJI-2 YK-1
UJI-3 YK-1
WJI-1 TIK-1
WJI-2 TIK-1
WJ1-3 [IK-1

1.5

[IpoBenenue u 00paboTKa HAYUHBIX UCCIICOBAHUN

UJ-1 YK-1
WJI-2 VK-1
WJI-3 VK-1
WJI-1 TIK-1
WJI-2 TIK-1
WJ1-3 TIK-1

1.5

Anamuz wun HHTEpHpEeTaliusd SKCIICPUMCHTAJIbHBIX
JaHHBIX

WJI-1 YK-1
WJI-2 VK-1
WJI-3 VK-1
WJI-1 TIK-1
WJI-2 TIK-1
WJ1-3 TIK-1

1.5




IToarotroBka otuera mo HUP n ero 3ammra -1 YK-1

NJI-2 VK-1

7 N-3 YK-1

WJI-1 TIK-1

WI-2 TIK-1

MJI-3 IIK-1
NTOI'O 3a cemectp 6 36
DK3aMeH 39
HUTOI'O 6 36

6. Bonnpocshl 1151 codece1oBaHust

1. Kak ocymecTBisieTcs MOMCK, KpUTUYECKHI aHAIM3 U cuHTe3 HHpopMarn?

2. TlpuMeHeHHE CHCTEMHOTO MOIXO0AA JUIsl pEIICHUs TOCTaBIEHHBIX 3a7a4

3. IlpumeHeHMEe OCHOBHBIX METOJOB, CIIOCOOOB M CPEICTB MOJYYEHHUS, XpaHEHHs, NepepaboTKu
uHGOpMaIU TPU PELICHUH 33/1a4 NPOodEeCCHOHATBHON ASITeTbHOCTH

4. [Torpebnenue — HayKa — TEXHUKA — POU3BOACTBO KaK CHUCTEMA.

5. Knaccudukanus nayk.

6. Hayka B cOBpeMEHHOM MHpE.

7. ['ene3uc u pa3BuTue HayKHu.

8. 3akoHOMeEpHOCTH pa3BUTHUS HAYKH.

9. BiusHHMe HayKH ¥ TEXHUKH Ha pa3BUTHE OOIIECTRA.

10. CtpykTypa npolecca HayqYHOro MO3HaHHUs.

11. Metoast u popMBI HAYIHOTO TIO3HAHUSI.

12. OcHOBHBIE 3aKOHOMEPHOCTH U TEHIECHLIUU PA3BUTHSI COBPEMEHHON HAYKH.

13. OOMIHOCTE U pa3THUKe SMIIUPUIECKOTO U TEOPETUUECKOTO YPOBHEH HAYYHOTO TTO3HAHUS.

14. OcHOBHBIE IOHATHA U OIpEeIICHHUS] UH()OPMAIIHH.

15. Hayuno-texHuueckasi ”HGOpMaIus.

16. Turbsl TOKYMEHTOB HAy4YHO-TEXHUYECKOH MH(OpMAIIHH.

17. cTOYHUKHN HAYyYHO-TEXHUYECKON TOKYMEHTAIUH.

18. McTounuku naTreHTHON HH(pOpMAIUH.

19. MexyHapoHas aTeHTHas KIacCH(pUKAIIHSL.

20. Iouck nnpopmanuu. Bunel nmorcka napopmanuu.

21. OcHOBHBIE METO/IbI, CTIOCOOBI U CPENICTBA MOTYUYEHHS, XpaHEeHHUs, IepepaboTKu nHPOpMaIny.

22. [Ipuemsl paboThI ¢ COBPEMEHHBIMU ATEHTHBIMH 0a3aMH.

23. CocTosiHME U MEPCHEKTUBBI PA3BUTUSI XUMHUYECKON TEXHOJIOTHH.

24. MeTo/pl CUCTEMHOTO aHaIu3a (PyHIaMEHTaIbHBIX CBOWCTB Pa3IMUHBIX (PU3HMUECKUX MPOIIECCOB.

25. CoBpeMeHHbIE METO/Ibl HCCIIE0BAaHUS TEXHOJIOTUYECKUX MPOLIECCOB U MPUPOIHBIX Cpe.

26. OCHOBBI CTaTHCTUYECKOI TEOPUH IUTAHUPOBAHUS U 00PaOOTKH.

27. DkciepuMEHTalIbHbIe  U3MepeHHsi. ToyHOoCcTh  u3MepeHuid. OlleHMBaeWe C  MOMOIIBIO
JIOBEPUTEIILHOTO UHTEPBAA.

28. IlaTeHTHBIE UCCIIEIOBAHUS.

29. O6paboTKa HAYYHO-TEXHUYECKOH MH(OPMAIIHH.

30. [TpuHIUIIEI TpyAOCOSpETAIOIICH TEXHOIOTHU 00pabOTKH HH(MOPMAITIH.

31. ITonsTue 00 3BPUCTHKE U METOJIAX AKTUBU3AIMH TBOPUYECTBA.

32. AcconpaTtuBHbIE METObI MOMCKA TEXHUYECKUX PEIICHUN.

33. Mo3roBoii ITypM.

34. Cunextuka. MeToJ KOHTPOJIBHBIX BOITPOCOB.

35. Mcnonp30BaHMEe CETEBBIX KOMIBIOTEPHBIX TEXHOJIOTUN U 0a3 JaHHBIX JUISI MOUCKA HHPOPMALIUH.

36. crionp30BaTh KOMIBIOTEPOB KaK CPEICTBA YIPABJICHHS HHPOPMAIIHECH;

37. Mcnonp30BaHMEe KOMIIBIOTEPHBIE CPECTBA B HAYYHO-UCCIIEI0BATEIbCKON padoTe.
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38. ChopmynupyiiTe 1eu W 3aJa4d HAyYHBIX UCCIEIOBaHMN, KaKHe METOJbl M CPEACTBA PEIICHHS
3a7a4 UCIIOJIb3YIOTCS?

39. Opranu3zanus 1 NpoBEACHNUE IKCIIEPUMEHTAIbHBIX UCCIIET0BAHUM.

40. [InanupoBaHye SKCIEPUMEHTA JJIs1 TUHEHHBIX PErPECCHOHHBIX MOJEIIEH.

41. IInanupoBaHue SKCIEPUMEHTA AJIs1 HEIMHENHBIX PErPECCUOHHBIX MOJEIEN.

42. OCHOBHBIE METO/IbI, CTIOCOOBI U CPEJICTBA MOTYUYEHUS, XpaHEeHUs, IepepaboTKu nHGOpMaInu.

43. Pabota ¢ TEXHMYECKOW IUTEPaTypoOil, HayYHO-TEXHHUYECKUMH OTYETAaMH, CIIPABOYHUKAMU U
JIpYrUMU HH(OOPMALIMOHHBIMU UCTOYHUKAMHU.

44. AHanu3 Hay4YHO-TEXHUYECKOH MH(DOpMAIUH.

45. PaboTa ¢ MUPOBBIMU HHPOPMAIIMOHHBIMU PECYPCAMH.

46. PaboTa ¢ KOMIBIOTEPOM KaK CPEACTBOM YIpaBJICHUs HHPOPMALIUCH.

47. CoBpeMEHHbBIE METO/Ibl HAYYHBIX UCCIIEAOBAHUM.

48. [InanupoBanue U 00pabOTKa pe3ysIbTaTOB HAYYHOTO SKCIIEPUMEHTA.

49. Pemenue cucteMbl YpaBHEHHSI MAaTPUYHBIM METOJIOM.

50. Pa3paboTka perpeccHOHHON MHOTro(akTOPHOH MaTeMaTHYECKOW MOJENH IO JaHHBIM aKTHBHOTO

JKCIIEPUMEHTA.

51. Ompenenennie  kK03(pPUIMEHTOB perpecCHOHHOro ypaBHeHMA. OrmpeneneHue 3HAYMMOCTH
KO3 UITUEHTOB.

52. MHorohakTopHbIN SKCTpEMATIbHBIN SKCTIEPUMEHT: aJITOPUTMBI KPYTOT'O BOCXOKIACHHUS, CUMILIEKC-
IUTAHUPOBAHMSL.

7 Metonnueckne peKOMeHAAIUH 10 U3yYeHHIO TEOPeTHYeCKOro MaTepuaJia

CamocrosaTrenbHas padoTa CTyJ€HTa B XOJ€ JEKIMOHHBIX 3aHATHIl BKIIOYAaET HU3yueHHE
BOIPOCOB TEOPHH, BHIHECEHHBIX HA CAMOCTOSITENIbHOE U3yUYE€HUE B COOTBETCTBUU C pabouell mporpaMMoit
JUCLUIUIMHBI, TPOpabOTKY JEKIHMOHHBIX MAaTepUaloB JUIsl TOATOTOBKM K KOHTPOJIO 3HAaHUM Ha
JICKIMOHHBIX 3aHATUSAX (OMPOC) M MOATOTOBKY BOIPOCOB I OOCYXACHHS NpPU KOHCYJIbTallUU C
[IPETIO1aBATEIIEM.

Pabota ¢ nekuMOHHBIM MaTepuajoM He 3aBeplIaeTcs Mo OKOH4aHuU jekiuu. Ha 2 yaca nexkuuun
HEOOXO0IMMO 3aTpaTUTh OKOJIO Yaca Ha paboTy ¢ KOHCHEKTOM. 3a 3TO BpeMeHsI Heo0X0AUMO NepeunuTaTh
3aIMCH, ITONOJHUTh UX JAHHBIMH, KOTOPBIE YAAJIOCH 3alIOMHUTh U3 PEYM IIPEMNOIaBaTells, HO HE yAAIOCh
3anucarb. PaboTasi ¢ KOHCIIEKTOM, HYKHO OTMETHTb HEMOHATHBIE BOMPOCHI JJIsl BBIACHEHHS KOTOpBIE Y
IIpenoiaBaresns Ha KOHCylabTauuu. OTAENBHO CIeAyeT BBIIACINUTh CBS3aHHBIE C TEMOM JIEKIMU BOIIPOCHI,
KOTOpBbIE MTPEeroiaBaTellb HOPYUIHII MpopadoTaTh CaMOCTOSTEIBHO.

AKTHUBHO TMpopabOTaHHBIH B TEUEHHUE CEMECTpa KOHCIEKT JIEKIUH B JalbHEWUIIEM CIYXHUT
OCHOBOM JJIs IIOATOTOBKH K DK3aMEHY.

Bormpocs! 1u1st caMOCTOATENbHOTO N3YUYEHUS ITPEACTABIICHBI B II. 5.

CamocrosaTrenbHas paboTa B XO[€¢ MPAKTHYECKMX 3aHATHI BKJIIOYACT BBINOJHEHUE 3aJaHUN K
IIPAaKTUYECKUM 3aHATUSM, B YaCTHOCTH PEIICHHE 3a4ad pPa3jJIu4yHOrO0 YPOBHS CIIOXKHOCTH. 3aladu
NPUBEICHBI B METOJMUYECKUX YKa3aHUAX K MPAKTHUECKUM 3aHATHAM U (POHIAX OIICHOUHBIX CPEJICTB.

3Hasi TeMy MNPAKTUYECKOTO 3aHATHS, HEOOXOIMMO TOTOBUTHCS K HeMy 3abimaroBpemMeHHO. [lns
3¢ (GEeKTUBHON MOATOTOBKH K MPAKTUYECKOMY 3aHATHIO HEOOXOAUMO UMETh METOAMYECKOE PYKOBOJICTBO
K MPaKTHYECKUM paboTam.

Kputepuu onieHHBaHUS MPaKTHUYECKUX 3aHATUN NPEICTABICHBI B (JOH/IE OLEHOYHBIX CPEJCTB.

IIpu poBepKe MPAaKTUYECKOTO 3aJaHus, OLEHUBAIOTCS: MOCIEI0BATEIbHOCTh U PALIMOHAIBHOCTD
U3JI0KEHUS] MaTepuana; IOJHOTAa M JOCTaTOYHbIH OOBEM OTBETa; HAyYHOCTh B ONEPHUPOBAHUU
OCHOBHBIMH IIOHATHUSAMM; UCIIOJIB30BAHUE U U3YUYCHUE JIONIOJIHUTEIBHBIX JIUTEPATYPHBIX HUCTOYHUKOB
Kputepun onieHnBaHus pe3ybTaTOB CaMOCTOSTEILHON pabOThI: BOMIPOCHI 1JIsl cOOece10BaHuUs 1
JK3aMeHa IpuBeeHbl DOHJIEe OLICHOYHBIX CPEACTB 0 TUCLHUIIINHE
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8 MeToguyecKue peKOMeH/Jal MM [0 OPraHU3any CaMOCTOSATE/IbHOM padoThI
CTYJ,€eHTOB

CaMmocrosiTenbHas padoTa SBISIETCS OJHUM U3 BUIOB YUEOHOU NESTEIIbHOCTH 00yYaromuXcs,
CHOCOOCTBYET Pa3BUTHIO CAMOCTOSITEILHOCTH, OTBETCTBEHHOCTH U OPTaHW30BAaHHOCTH, TBOPUYECKOTO
MOJIX0/1a K PEUICHUIO TPOoOJIeM yueOHOTo U MPOo(ECCUOHATIHLHOTO YPOBHSI.

AynutopHasi caMmocTosATeNbHass paboTa NO Y4YeOHON IUCHUIUIMHE OCYIIECTBISETCS Ha
y4eOHBIX 3aHATHUIX OJI HEMOCPEACTBEHHBIM PYKOBOJICTBOM MPEMOIABATEINS U IO €T0 3a/IaHUIO.

BueaynuropHas camocTosATenbHasi paboTa BBIMOIHIETCS 110 33JaHUI0 MpenogaBaTess 06e3 ero
HEMOCPEJACTBEHHOTO YUaCTHSI.

Bunpl 3amanuii 1711 BHEayJUTOPHON CaMOCTOATEIBHON paboThl, MX COACpP)KAHUE U XapaKTep
MOTYT UMETh BapUaTUBHBINA U MU (dHepeHIMPOBAHHBINA XapaKTep, YIUTHIBAThH CIICHU(UKY HU3ydaeMOi
y4eOHOM AUCITUTUTHHBI, HHANBUy JIbHBIE OCOOEHHOCTH 00YJarOIIerocsl.

KoHTposb caMOCTOSTENBHON pabOThl M OIICHKA €€ PEe3yJIbTaTOB OPraHU3yeTCsl KaK €IHMHCTBO
IByX (opm:

1. caMOKOHTpPOJIL M caMOOLIEHKA 0OYYAIOIIEroCs;

2. KOHTPOIIb U OLIEHKA CO CTOPOHBI IIPEMOJABATENS.

9 MeToAUYECKHE PEKOMEHAALMH TP pa6boTe HaJi KOHCIIEKTOM BO BpeMs
NpoBeeHNs JIEKIHHU

B XoJne NEeKUMOHHBIX 3aHATUI BECTH KOHCHEKTHpOBaHUE yyeOHoro marepuana. OOpaarth
BHHMaHUE Ha KaTeropuu, GopMyJIMPOBKH, PACKPHIBAIOLIUE COACPKAHUE TEX WIIM UHBIX SBJICHUN U
IIPOLIECCOB, HAy4YHbIE BBIBOJABI M IPAKTUYECKHE PEKOMEHNALNU, IOJOKUTENbHBIA OIBIT B
OpaTOpPCKOM HCKyccTBe. JKenareabHO OCTaBUTh B padOYMX KOHCHEKTaxX MOJjsl, Ha KOTOPBIX AeNaTh
IIOMETKHM U3 PEKOMEHIOBAHHOM JIMTEPATypPbl, AONOJIHAIOIME MaTepUal MPOCIYIIAaHHONW JIEKLINH, a
TaKXKe MOoJYepKUBarole 0co0y0 BaXXHOCTh T€X WU MHBIX TEOPETHUYECKUX IMOJIOKEHUH. 3a1aBaTh
IPENOAABATEN0 YTOYHSIONIME BONPOCHI C ILEJIBI0 YACHEHUS TEOPETHYECKHX IOJIOKEHHUH,
pa3pelieHns: CIOPHBIX CUTYaluil.

B Xxozme moaroroBkM K ceMHMHApaM H3Y4YMTb OCHOBHYIO JIUTEPATypy, O3HAKOMHUTBECS C
JIOTIOJTHUTENBHON JIUTEPATYpPOl, HOBBIMU MyOJUKALUSAMU B NMEPUOJUUYECKUX H3JIAHUAX: JKypHaJax,
razerax M T.4. [Ipy 3TOM yuYecTb peKOMEHIAlMU MpenojaBaTenss U TpeOoBaHHA Yy4eOHOMH
nporpammel. JlopaOaTeiBaTh CBOIl KOHCIEKT JIEKIIMM, A€jas B HEM COOTBETCTBYIOIIME 3aIUCH U3
JUTEPaTyphl, PEKOMEHJOBAHHOM IpernojaBaTesieM U IMPeIyCMOTPEHHOM y4ueOHOW MporpaMMoi.
[ToaAroToBUTH TE3UCHI AJIS BBHICTYIUIEHUH 1O BCEM Y4eOHBIM BOIPOCAM, BHIHOCUMBIM Ha CEMHUHap.
I'oToBsACH K AOKIaMy UM peepaTUBHOMY COOOLIEHUIO, 00PAIAThCS 32 METOANYECKOH MTOMOLIBIO K
npenoaasarento. CoCTaBUTh IIAaH-KOHCIEKT CBOETO BHICTYIUIEHUA. [IpogyMaTs nmpuMepsl ¢ LEnbio
o0ecrieyeHHss TECHOM CBsA3M M3yyaeMoil TeopuM C peaJbHOW >kHM3HbIO. CBOEBpEeMEHHOE U
Ka4eCTBEHHOE BBITIOJTHEHUE CaMOCTOSTENILHOW pabOTHl Oazupyercs Ha COOJIOJCHUH HACTOSIIMX
PEKOMEHIAMI U U3YYEHUH PEKOMEHIOBAHHOM JUTEepaTypbl. CTYJEHT MOYKET JOIOJIHUThH CIHCOK
UCIIOJIb30BaHHOW JIMTEpPaTypbl COBPEMEHHBIMU HCTOYHMKAMH, HE TNPEJCTABIEHHBIMH B CIIHCKE
PEKOMEH/IOBAaHHOM JUTEpaTyphl, U B JaJbHEHIIEM MCIOIb30BaTh COOCTBEHHBIE MOJTrOTOBJICHHBIE
yueOHble MaTepraibl IPU HaTUCaHUK padoT.

10 MeToanyeckue PEKOMEHAal U IO IMMTOATO0TOBKE K IPAKTHYE€CKHUM 3aHATHAM

[IpakTuyeckoe 3aHsATHE — OJWH M3 CcaMbIX 3()()EKTUBHBIX BHUIOB Y4YEeOHBIX 3aHATHH, Ha
KOTOPBIX CTYIEHTHI y4aTcsi TBOPUECKH PabOTaTh, apryMEHTHPOBATh U OTCTaWBaTh CBOIO TO3UIIHIO,
NPaBWIBHO U JOXOAYMBO HM3JIaraTb CBOM MBICIU Tepen ayauropueil. OCHOBHOE B TMOATOTOBKE H
IPOBEJICHUH TPAKTHYECKUX 3aHATHH — 3TO CAMOCTOSATENbHAs paboTa CTyAEHTa HaJ H3yYCHHEM
Ttembl. CTyJIeHT 00s3aH TOYHO 3HATh IJIaH 3aHATUS JM00 KOHKpETHOE 3a7aHue K Hemy. Ha 3ansatun
00CY)XIatOTCSl y3JIOBBIE BOIIPOCHI TEMBI, OJHAKO TaM MOTYT OBITh M Takue, KOTOpble He OBbLIH
IpeMETOM PAaCCMOTPEHHUS Ha JIEKIMH. MOryT OBITh M CIIEIIaIbHbBIE 3a1aHUsI K TOM WM HHOU TeMe.
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l'otoBuThCST K nabopaTopHOil paboTe cienyer 3apaHee. Heo0XxoanmMo BHUMATEIbHO
O3HAKOMHTHCSI C IUIAHOM M JPYTMMH MaTepualaMy, YSCHUTh BOIIPOCHI, BBIHOCUMBIE Ha
oOcyxjaeHue. 3areM HyXHO M0A00paTh JUTEpaTypy MW JpYroidl HEOOXOAMMBbIM, B T.U.
PEKOMEH/I0BaHHBINM, MaTepuan (uepe3 OuMOIMOTEeKy, yuyeOHO-MeToAMYecKUid KaOuHeT Kadeapbl U
np.). Ho mpexne Bcero, cinenyer oOpaTUThCs K CBOMM KOHCIEKTaM JIEKIIHMH U COOTBETCTBYIOIIEMY
pazneny yueOHuKa. M3yueHne Bcex HCTOYHUKOB JTOJIKHO MJITH MO YTJIOM 3pEHHUsS MOMCKa OTBETOB
Ha BBIHOCUMBIE Ha MPAKTUKO-OPUEHTUPOBAHHBIE 3aHATUS BOIIPOCHI.

3aBepuIarOmMid 3Tan MOJATOTOBKU K 3aHSATUSIM COCTOMT B BBINOJHEHUHM WHAWBHIYyaJbHBIX
3alaHUM.

B cnyuae npomycka 3aHSTHS CTyI€HT 00s3aH MMOATOTOBUTH MaTepuall U OTUUTATHCS 10 HEMY
nepea IperojaBaTesieM B 0O0ycClIOBIEHHOE BpeMs. MokeT OBITh TPEAJIOKEHO OTAETHHBIM
OakanaBpaM, BBUIY UX cinaboi MOAroTOBKH, Oosiee TNyOOKO OCBOMTH MaTepHal W NpPUNHTH Ha
UHIMBUAyaJIbHOE coOeceI0BaHue.

CryneHT He JOoMycCKaeTcsi K 3a4eTy, €ClIM Yy HEero ecTh 3aJI0JKEHHOCTh MO MPaKTUYECKUM
paboram.

13



	ПЛАНИРОВАНИЯ ЭКСПЕРИМЕНТА
	1.1 Основные понятия планирования эксперимента
	1.2 Концепция оптимального использования факторного пространства
	1.3 Планы экстремального эксперимента
	эксперимента
	2 ПРЕДВАРИТЕЛЬНЫЙ ЭКСПЕРИМЕНТ
	2.1 Выбор переменных состояния
	2.2 Выбор факторов
	2.3 Сбор информации в предварительном эксперименте
	3.1 Основные определения
	3.2 Кодированные значения факторов
	3.3 Построение матрицы планирования
	3.4 Реализация матрицы планирования
	3.6 Дробный факторный эксперимент
	1 , 1)
	4 ОСНОВНОЙ ЭКСПЕРИМЕНТ. ПЛАНЫ ВТОРОГО ПОРЯДКА
	4.1 Построение матрицы планирования
	4.2 Реализация матрицы планирования
	4.3 Алгоритм расчета управления регрессии второго порядка
	5 ОПТИМИЗАЦИЯ ОБЪЕКТА ИССЛЕДОВАНИЯ ПО ЭКСПЕРИМЕНТАЛЬНО-СТАТИЧЕСКОЙ МОДЕЛИ
	5.1 Поиск оптимума
	5.2.2 Коэффициенты
	имеют разные знаки
	5.2.3 Один из коэффициентов близок или равен нулю
	Алгоритм канонического преобразования следующий:

	6 СОСТАВЛЕНИЕ МАТЕМАТИЧЕСКОЙ МОДЕЛИ ПРОЦЕССА С ИСПОЛЬЗОВАНИЕМ ЭВМ
	7 МЕТОДИКА ОПТИМИЗАЦИИ ЭКСПЕРИМЕНТАЛЬНЫХ ИССЛЕДОВАНИЙ
	ИСПОЛЬЗОВАННАЯ ЛИТЕРАТУРА
	Основы научных исследований

	Введение
	1 Общая характеристика самостоятельной работы студента при изучении дисциплины
	2 План-график выполнения самостоятельной работы
	3 Контрольные точки и виды отчетности по ним
	4 Описание показателей и критериев оценивания компетенций на различных этапах их формирования, описание шкал оценивания
	5 Тематический план дисциплины
	7 Методические рекомендации по изучению теоретического материала
	8 Методические рекомендации по организации самостоятельной работы студентов
	9 Методические рекомендации при работе над конспектом во время проведения лекции
	10 Методические рекомендации по подготовке к практическим занятиям
	Студент не допускается к зачету, если у него есть задолженность по практическим работам.

