AHHOTALIS JUCITATITAHEI

«IInmannpoBanue s3KkcepruMeHTa, 00pabOTKa U aHANIU3 Pe3yJIbTaTOB UCIIBITAHUN
HNuctunnmuaa «llmaaupoBanue »KcnepuMeHTa, 00paboOTKa W aHAIM3
pPEe3yJIbTAaTOB HCIBITAHUI» SBISETCS YAaCThIO MPOrpaMMbl MarucTpaTtypbl «
[{udpoBeiec TEXHOJIOTUU MPOCKTHPOBAHUS CHUCTEM YNPABICHUS W KOHTPOJS
aBUAIIMOHHBIX JIBUTATENIE M DHEPreTHUECKUX YCTAHOBOK» MO HANPABICHUIO «
15.04.04 ABTOoMaTH3alMsl TEXHOJOTHYECKUX MPOILIECCOB U MTPOU3BOJICTBY.

Hean u 3a1a4u TUCHUNIMHBI

[Henr pucuummumabl: OCBOCHHE IUCHUILIMHAPHBIX KOMIETEHIIMH 110
OCHOBaM ILJIAHUPOBAHMS HAYYHOT'O SKCIIEPUMEHTA U MAaTEMaTHIECKOH 00paboTKH
pPE3yNbTaTOB HCIBITAHUN, KOTOPBIC TO3BOJSAT CTYACHTaM YCIENIHO pelIaTh
TEOPETUYECKUE U TPAKTHYECKHUE 3a7a4d B MPO(ecCHOHATBLHOU IeATEIbHOCTH,
CBSA3aHHOW C TIOCTPOCHHUEM MaTEeMaTHYECKUX MOJENe U  OTBHICKAaHUEM
ONTUMAJBHBIX  yCIOBUH  (QYHKIMOHHPOBAHUS  CIIOXKHBIX  DHEPTETHUYCCKHUX
YCTaHOBOK M BBIOOpA JJISI HUX ONTHMAJIBHBIX CUCTEMBI YIIPABICHHUS U KOHTPOJIS.
3amaun TUCHUIUTMHBL: * (OpMHpOBaHUE 3HAHUW O IEJIBHOM MPEICTABICHUU
HAayKd, KaK O CHCTeME 3HaHWUH H OpyIAUH T[O3HAHWS; * H3YUYCHHE 3alad
MJIAHUPOBAHMUSI W OPTaHW3alWM  JKCICPUMEHTA; METOJOB  YIPABICHUS
pe3yibTaTaMyd HAayYHO-HCCIIEIOBATEIbCKON NEATENbHOCTH; * W3Yy4YeHHE OCHOB
TEOPUU MOJICTTUPOBAHMUS, KIACCUDHUKAIIMIO MOJICNICH W METOJO0B MOJICIUPOBAHMUS;
OPUHIMIBL  TTOCTPOSHUS MOJeNiel, OCHOBHBIX METOJIOB MaTeMaTHYEeCKOTO
MOJICTUPOBAHUS OOBEKTOB U CHCTEM yIPABJICHUS; TUIIOBBIX METOAUK aHAIN3A U
MOJICTTUPOBAHUS TEXHUYECKUX 0OBEKTOB, TEXHOJIIOTHYECKUX TPOIECCOB M CUCTEM
WX yIpaBJIEHUS. * YMEHHE PACCMATPUBATh YPOBHU METOIOJIOTUU U OIMPENCIAThH
UX MECTO W 3HayeHWe B HAyYHOM T[IO3HAHWHW; W3JaraTh IpaBHIa
MPOTOKOJUPOBAHUS, 00pabOTKH Pe3yabTaTOB UCCIACIOBAHUS M HAOIIOACHUS, UX
n300pakeHusi; * (popMUpOBaHHE YMEHHH CHCTEMAaTH3MpPOBaTh HMHMOpMAIHIO 00
00BEKTax, CHCTEMAaX WJIU MPOIECCax; OCYIIECTBISITH BHIOOP HAMIYUIIETr0 METOa
MaTEMaTHYECKOTO OIMUCAHUS; BBIMOJTHATh OICHKY aJeKBAaTHOCTH MOJICICH;
OCYIIECTBISATh  ONTHUMAIBbHBIA  BHIOOp  TPOTPAMMHBIX  CPEACTB IS
MaTeMaTHYeCKOTO  MOJCIMPOBAHUS OOBEKTOB W  CHUCTEM  YIIpaBICHUS,
WHTEPIPETUPOBATh U AHAIM3UPOBATH PE3yJIbTAThl MOJICITHUPOBAHUS * BIAJCHUC
CYyThIO OOIIECHAYYHBIX M KOHKPETHO-HAYYHBIX METOJOB H MPHUHIUIIOB
UCCIICJIOBAHMSI B TEXHHKE; HABBIKAMU C OCHOBHBIMH TIpaBUJIaMH PaOOTHI C
HAyYHOH JIUTEPaTypOil M MOATOTOBKMA MaTEpPUAJIOB K IMEYaTH, B T.4. 0HOPMIICHHS
KYPCOBBIX M BBITYCKHBIX DPaboT; * (GOPMUPOBAHHE HABBIKOB WCCIICIOBAHUS
MaTEMaTUYECKUX MOJIeNIel TEXHUIECKUX 00BEKTOB, TEXHOJIOTHYECKUX TIPOIIECCOB
U CUCTEM YyIpPaBJIEHUS; UCIIOIb30BAHUS TUIIOBBIX amlNapaTHBIX M MPOTPAMMHBIX
CPEIICTB MOJICITUPOBAHNS OOBEKTOB M CHCTEM YIPABICHUSL. .



N3ydyaembie 00beKTHI M CHHUIITIMHBI

* CJIOKHBIE DHEPIreTUYECKUE YCTAHOBKU M UX MOJECIUPOBAHUE HA OCHOBE
IJIAHUPOBAHUS DKCIEPUMEHTA; ®* OCHOBHBIEC IOHATHSA TEOPUU MOJEIUPOBAHUS; ©
KJIacCu(UKaIUs MOJIeJIell U METOJ0B MOJEIUPOBAHUSA; * METObI (popMaIn3alUU
TEXHUYECKUX OOBEKTOB; * METOJbl OLEHKHU aJeKBaTHOCTEH MoJeJel; ¢ MEeTOJIbI
CHUHTE3a CHUCTEM YMPaBICHUS; MAaTEeMaTUUYECKUE METOJIbl OMHCAHUS OOBEKTOB U
CHCTEM YIIPABIEHUs; °* NPOrpaMMHO-AIlapaTHbIE CpPEACTBAa MOICIUPOBAHUS
00BEKTOB U CUCTEM YIIPABJICHUS. .

O0bemM n BUABI Y4eOHOI padoThI

Pacnipenenenne
N Bcero MO CEMECTPaM B Hacax
Bun yuebnoit paboThl
4acoB Howmep cemectpa
1
1. IIpoBeaenne yueOHbIX 3aHATUH (BKJIIOYAs
MpOBe/Ie-HUE TEKYIEr0 KOHTPOJIS YCIIeBaEMOCTH) 36 36
B popme:
1.1. KonTakTHas aynutopHas paboTa, U3 HUX:
- nexuuw (JI) 16 16
- nabopartopHbie paboTsI (JIP) 18 18
- IPaKTHUYECKUE 3aHATHS, CEMUHAPHI U (HITN)
npyrue Bubl 3aHATHI ceMuHapcekoro Tuna (I13)
- KOHTpOJIb camocTositenbHoi paboTsl (KCP) 2 2
- KOHTPOJIbHAs paboTa
1.2. CamocTtositenbHas padora ctyaeHtoB (CPC) 72 72
2. IlpoMexyTO4YHasl aTTeCTAIUs
DK3aMeH 36 36
JnddepeHnmpoBaHHbIl 3a4eT
3auer
Kypcogoii mpoexT (KII)
Kypcosas pa6ora (KP)
O0611ast TPy 10EMKOCTh AVCIUTUINHBI 144 144
Kparkoe conepxxanue 1M CUUIIMHBI
O0Bem
OOBeM ay TUTOPHBIX BHEAYIUTOPHBIX
HaumMeHoBaHNE Pa3leIOB IUCLMILUINHEL C KPATKHM | oo o oo BIIAM B 9aCaX |3aHATHI [0 BEAGM
coJleps)KaHuEM B gaCAX
1 | ap | m3 CPC

1-i1 cemectp
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O06beM ayTUTOPHBIX

3aHATHH I10 BHUJaM B 4acax

O0BeM
BHEAyIUTOPHBIX
3aHIATUH 110 BUIAM
B yacax

J

JIP

I13

CPC

HccrnegoBanue MaTeMaTUYECKHUX MOJEIICH

2

2

0

14

Tema 11 OcHOBHBIE METOBI UCCIIEIOBAHUS
Mozesied OCHOBHBIE MPUHLMUIIBI HCCIIENOBaHUS
MaTeMaTUYECKUX MOJIeei 0OBEKTOB U CUCTEM
yrpasiieHHs. [lacCUBHBIN U aKTUBHBII
pKcriepuMeHT. OCHOBBI TEOPUH IUTAHUPOBAHUS
pKcriepuMeHTa. OCHOBHBIE MOAXO0AbI U METOIbI
OLICHMBAHUS a/IEKBaTHOCTH MOJENEH. AIroputmM
MCCIIeIOBAaHNS MATEMAaTUYECKUX MOJIeTIei
00BEKTOB M CUCTEM ympaBieHus. [lonaTue
[MOJIYHATYPHOTO 3KCIIEpUMEHTA

Tema 12 [IporpammHbIe cpencTBa MOIAEIUPOBAHUS
17§

uccienoBanus Mojeneid. OCHOBHBIE TPOrpaMMHbIE
WHCTPYMEHTAJIbHbBIE CPEACTBA MOJICITMPOBAHUS
O0OBEKTOB U CUCTEM YIPABICHHUS.

[InaHupoBaHKE SKCIIEPUMEHTA

16

Tema 2 daktopsl 1 pakTOPHOE MPOCTPAHCTBO.
OO01ue npeacTaBieHus O MIaHUPOBAHUU
PKCIIEpUMEHTOB. OCHOBHBIE ONPEIEIICHUS.
AKTHUBHBIN 1

MMACCUBHBIN dKCTIEpUMEHT. Bb1Oop BuIa Moieny u
MOBEPXHOCTH OTKJIHMKA. DaKkTOphI, 00IIast
XapakTepucTuka (pakTopoB, (pakTopHOE
MPOCTPaHCTBO. BbIXoAHbIE TOKa3aTeNu,
XapaKTEepPUCTUKA UCCIIEAYEMBIX CBOMCTB WU
KayeCTB — OTKJIMK, (YHKLIHS OTKIINKA,
MOBEPXHOCTh OTKJIMKA. DKCIEPUMEHT KaK cHCTEMA
oTIeparyii, BO3JCHCTBHUIA U (MM ) HAOIIOICHHIH,
HaPaBJICHHBIX Ha TOJTy4YeHHE HHPOopMAIH 00
00BEKTE

MPU UCCIIEIOBATEIBCKUX UCTIBITAaHUSIX. OTBIT KaK
OTJIeJIbHAS DJIEMEHTapHAas YaCTh KCIIEPUMEHTA.
[1naH sKcrieprMeHTa — COBOKYITHOCTh JIaHHBIX,
ONpeAEISIOUINX YUCIIO, YCIOBUS U MOPSIIOK
peasinzanuu onelToB. [InanupoBanue
HKCIIEPUMEHTA KaK COBOKYITHOCTh

eiiCTBUI, HANpaBICHHBIX HAa Pa3pabOTKy
CTpaTerny SKCIEPUMEHTHPOBAHMS OT HAYaJIbHBIX
10 3aKJIFOUMTENIbHBIX 3TAIIOB U3yUYeHHs 00bEeKTa
nccie0BaHus (OT MOJYUYSHHsI allpHOPHON
nH(pOpMAIMK 10 CO3AaHUs pab0TOCTIOCOOHOM
MaTeMaTHYECKOM

MOJIENH WIH ONpPEeAeSICHUs] ONTUMAIBHBIX
YCIIOBHIA).

Tema 3 KoppensiuuOHHBIN U perpecCUOHHBIN




HanmeHoBaHue pa3aeioB TUCIUILTHHBI C KPATKAM
cofiepKaHuEeM

O06beM ayTUTOPHBIX

3aHATHH I10 BHUJaM B 4acax

O0BeM
BHEAyIUTOPHBIX
3aHIATUH 110 BUIAM
B yacax

J

JIP

I13

CPC

aHanu3. BeposTHOCTHAs B3aMMOCBSI3b MEXITY
pa3InYHBIMU TIepeMEeHHBIMU. Bb100pOYHBIit
koddduirent koppensaunu. Jluneitnas perpeccusi.
MeToa HauMEHbBIINX

kBasipaToB. PacueT ko3 puiineHTOB ypaBHEHUS
perpeccuu (mapaMeTpoB MaTeMaTHYECKON MOAETH
oObekTa uccnenoBanust). [lpoepka 3HaunmMocTu
KOX(GUITMEHTOB YpaBHEHHsI perpeccun. [IpoBepka
aJIeKBaTHOCTH MaTeMaTHYECKON MO/ 00BEKTa
uccieioBaHus. MeToa MHOXKECTBEHHOM
KOPPEJISALHH.

[Ipocreiiiiue ciyyan HETMHENHON KOPPESILIUH.
MeTo/ TuHeapu3auuu. Y paBHEHHE perpeccun u
ero Ko (HUIMEHTHI.

Tema 4 Pa3zpaboTka miaHa SKCIIepUMEHTA.
OCHOBHBIE IPUHLIUIIBI IJITAHUPOBAHUS
HKCTIIEPHUMEHTA, 00ECTIEYNBAIOIINE TIOTyYEeHUE
MakCUMyMa WH(GOPMAIUH TP MUHUMYME OTIBITOB.
OTka3 oT moJHOTO Mepedopa BO3MOKHBIX BXOIHBIX
coctosiHUt. Bp1bop yncna

YPOBHEH BapbUpOBaHUS 110 KaXI0MYy (PaKToOpy Ha
OCHOBaHUM BHJIa allIPOKCUMALNN (QYHKIHH
oTkiMKa. [IpuHIMN nocnenoBaTeabHOrO
[UIAHWPOBAHUS, IPEAYCMATPUBAIOLIHI [T0JTyYeHUE
[IPOCTEUIIEN

MaTeMaTHYeCKON MO/IEIN Ha OCHOBAaHUHU
HEOOJIBIIOTO YHCIA ONBITOB U, €CIIH MOJTy4YEeHHAs
MO/JIeJIb HE YJIOBIIETBOPSIET UCCIIEA0BATEL,
[OCTETIEHHOE YCIIO)KHEHUE MaTeMaTH4eCKOM
MOJIEIM HAa OCHOBE

[IPOBEJCHHS HOBBIX (JOMOJIHUTENBHBIX) OIBITOB JI0
TeX MOp, IOKa He OyJeT MoTy4eHa MOJIeINb,
KOTOPYIO MCCJIE0BATENb IPU3HAET I0OCTATOYHO
XOPOILIEH.

Matematudeckas 00paboTka pe3yabTaToB
PKCIIEPUMEHTA.

10

Tema 1. [locTanoBKka nenel u 3a1a4y
uccienoBanus. OnpezneneHue oObeKTa, mMpeaMera
WCCJICJIOBAHUS U OLIEHKA TOYHOCTH U3MEpPEHUI
HayuyHoe n3ydeHue kak OCHOBHasi popMa Hay4HOM
paboTsl. OO11ast cxema Xo/J1a HAy4YHOI 0
uccnenoBanus. OOOCHOBaHHE U JI0KA3aTEIbCTBO
aKTyaJTbHOCTH BBIOpaHHOM TeMbl. [locTaHOBKA
eI ¥ KOHKPETHBIX

3azau uccnenoBanus. Onpenenenue o0bEKTa U
MpeaMeTa UCCIIeIOBaHUS. DJIEMEHTHI TEOPUHU
omn6ok. HTepBagbHast OIleHKa OIMIMO0K




O0BeM

O06beM ayTUTOPHBIX BHEAYIUTOPHBIX

HanmeHoBaHHE pa3ieoB JUCLMILIMHBL € KPATKHM | 0o oo BUAM B 9aCaX |3aHSTHI 1O BAIAM
CoJlep’)KaHUuEM B qacax

J JIP I13 CPC
n3Mepenus. ickimrouenne rpyOobix ommooK.
[Ton6op smnupuyeckux Gopmyi. OTeICKaHHE
MmapaMeTpoB METOJIOM
HAaUMEHbBIIINX KBaIPaTOB.
[TocTpoeHne MaTeMaTHYECKUX MOJIENICH 4 4 0 16

OKCIICPUMCHTOB

Tema 5 BriGop ontumainbHoro miana. Kpurepuu
ONTUMAJIBHOIO TU1aHa. Pa3HOBUIHOCTH MJIaHOB
pKcriepuMeHTa. OCHOBBI IOCTPOEHUS
MaTEeMAaTUYECKUX MOJIENIEH TIaHOB
pKcriepuMeHToB. X xapakrepuctuku. Kpurepuun
ONITUMAIHHOCTH IIJIAHOB AKCIIEPUMEHTOB.
Kputepuu onTUManbsHOCTH, CBSI3aHHBIE C
TOYHOCTBIO OIICHOK

KOA(PUIIMEHTOB YpaBHEHHSI PErpecCcun
(MaTemaTHUeCcKON MOe 00BEKTa UCCIICTOBAHMS)
. Kpurepuu D-, A-, E- onTuMalibHOCTH 1
opToroHanabHoOCTH. [InaHMpoBaHue FIKCIEPUMEHTOB
TSI pEILIEHUs SKCTPEMAIIBHBIX 3a7a4. Buabl
MapaMeTpOB ONTUMHU3AIINU B TPEOOBAHMS K HUM.
O000meHHbIH MapameTp onTuMu3auu. Kpurepun
ONTUMATBHOCTH, CBS3aHHBIE C TOUHOCTHIO
MOJTyYEHUS OLIEHOK OTKJIHKA.

Kputepuu G- onTuManbHOCTH, POTaTa0EIbHOCTH U
YHU(POPMHOCTH IJIaHUpoBaHusl. OpToroHan3anus
[JIAHOB 3KCiepuMeHTOB. [locTpoenue niaHoB
OJM3KUX K ONTUMAJIBHOMY I10 HECKOJIBKUM
KPUTEPHUSIM.

Tema 6 ITnaHbl MHOTO(AKTOPHBIX SKCIIEPUMEHTOB.
[Tonusiii hakTopHBI SKcriepuMenT (I1DDI).
[TocTanoBKa 3a7auu, BHIOOP MapamMeTpoB
¢dakropoB. PakTopsl U TpeOOBAHUS,
[peIbsIBISIEMbIE K HUM. YTIPaBIsIEeMOCTb U
COBMECTUMOCTb, HE3aBUCUMOCT,
HEKOPPEIUPOBAHHOCTH (hakTopoB. OmnpenencHue
PKCIIEPUMEHTAIBHOM 00J1acTH (PaKTOPHOTO
rpoctpaHcTBa. OpraHuzanus NpoBeAeHUs
prcriepuMenTa 1o [1dD, 06paboTka 1 aHaNIN3 €ro
pe3ynbTaToB. J{poOHBIN (haKTOPHBIH SKCIIEPUMEHT
J[D3). Ocnopnas uaes JJDI. ADD s moxgenei ¢
B3auMoelicTBueM. Onepanys CMEeIUBaHus
OLICHOK

KOX(GUITMCHTOB YpaBHEHHS perpeccuu. [loHsaTus
TCHEPUPYIOIINX COOTHOIICHUI W OTPEACIISIONIIX
KOHTpacToB. CpaBHUTENbHAS OIEHKA APOOHBIX
peruuk. Paspermatornias




HanmeHoBaHue pa3aeioB TUCIUILTHHBI C KPATKAM
cofiepKaHuEeM

O06beM ayTUTOPHBIX

3aHATHH I10 BHUJaM B 4acax

O0BeM
BHEAyIUTOPHBIX
3aHIATUH 110 BUIAM
B yacax

J

JIP

I13

CPC

CIOCOOHOCTD peruIuKy. Opranu3amus
nmpoBeieHus dKcnepuMenTa o D3, o6padoTka u
aHaJu3 ero pe3ynbraroB. Pacuer koadduimeHToB
MOJIEJTH ¥ IPOBEPKA MX CTAaTUCTUYECKON
3HaunMocTH. [IpoBepka aleKBaTHOCTH MOJIEINH.
Wutepnperarus pe3yiabratoB. OcoOeHHOCTH
[UIAHUPOBAHUS U

OpraHu3aIMy YKCIIEPUMEHTA IPU HCIIOIB30BAHUT
PA3IMYHBIX CXEM TEXHOJOTHYECKHX IPOIIECCOB.

HHaHI/IpOBaHI/IC OKCTPEMAJIbHBIX OKCIICPUMCHTOB

16

Tema 8 Brigenenue cynecTBeHHBIX (aKTOPOB.
MeToIbI BBIJICTICHUS CYIIIECTBEHHBIX (DaKTOPOB.
[1aHupoBaHKE OTCEUBAIOIINX YKCIIEPUMEHTOB.
Vcnonp3oBaHle METO/1a CITydyaltHOro OanaHca npu
COCTaBJICHHUH IIaHAa OTCEUBAIOLIETO
pKcriepuMenTa. Opranuzanus, NpoBeIeHUE U
METO/Ibl aHAJIN3A PE3YIBTATOB OTCEUBAIOIINX
KCIIEPUMEHTOB.

Tema 9 Dtambl pa3paboTKH MaTeMaTHIECKIX
3aBHCHMOCTEN ONHUCAHUS PEATbHOTO

TCXHOJIOTUYCCKOI'O IIpouecca. ITocranoBka 3aJa4Hu.

OT160p (hakTOpOB M MapamMeTpoB. AHAIN3
anpuopHoi nHGopMaIK U BEIOOp BUaa
3aBHUCUMOCTHU. [l1aHupoBaHNE OCHOBHOTO
DKCIepUMeHTa. Peanusanust SKkcriepuMeHTaIbHOTO
TTaHa.

Tema 10 Bo16op Buia 3aBUCUMOCTH U
MTAHWPOBAHUE SKCTIEPUMEHTA

OnTtumuzanys 00bEKTOB UCCIEIOBAHMS.
[TocTanoBKa 3aauu onTUMHU3AMKH. MeToab!
ONTUMHU3AINN OJHO(DAKTOPHBIX 00BEKTOB. 3a1auun
ONTHMHU3ALUU U MAaTEMaTHYECKOE OMMCAHNE
BIIMSIHUS KOKIO0TO (pakTopa Ha (GYHKIUIO
onrruMu3anuu. [[oBepXHOCTh OTKIIMKA U ONITUMYM
byHKIUH.

NTOI'O no 1-my cemectpy

16

18

72

NTOI'O no aucuuiuinae

16

18

72




