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1. Heau ocBOeHHUS THCIUIIUHBI

K HEJbK OCBOCHUA IUCHUIIJIINHBI «Maremartnueckoe MOJCIIMPOBAHUC 61/IOTCXHOJIOFI/I‘ICCKI/IX
MIPOLIECCOB Ml CUCTEM)» SIBJISICTCS

— ¢opMmupoBaHUE Yy CTYACHTOB 3HAHUN M YMEHUW B OO0JIACTH TOCTPOSHUS MAaTEMaTHYECKHX
MOJIeTIeH XUMHUKO-TEXHOJIIOTHYECKUX U OMOTEXHOJIOTHUECKUX TPOIIECCOB.

K ocHOBHBIM 3aayaM OCBOCHHUS JUCIHMIUIUHBI «MaTeMaTH4ecKoe MOJICITHUPOBAHUE
OMOTEXHOJIOTMYECKHUX MPOIIECCOB U CUCTEM) CIIEIYET OTHECTH:

— (¢opMHUpOBaHUE Yy CTYICHTOB 3HAHWH OCHOB MOJCITUPOBAHUS XHMHUKO-TECXHOJIOTHUYCCKUX H
OMOTEXHOJIOTMYECKHIX TPOIIECCOB;

— (dopMmupoBaHHE YMEHUH B O00JACTH YHCICHHOTO MOJCITHPOBAHUS TEXHOJIOTHUSCKUX
MPOIIECCOB M OOPAOOTKU HKCIIEPUMEHTAIbHBIX JTAHHBIX.

— INOJYUCHHUC MMPCACTABIICHUA 00 OCHOBHBIX TOIIOJIOTHASIX XUMHUKO- TEXHOJIOTHUYECKUX MponecCoB;

— MOJIYUCHHUC MMPEACTABIICHUA 00 ABTOMATU3UPOBAHHOM MOJACIIMPOBAHHNN OMOTEXHOJIOTHYECKUX
MIPOIIECCOB M CUCTEM.

2. Mecto aucuuminnbl B cTpykrype OOII 6akanaBpuara

HuctummmHa «MareMaTndeckoe MOJISTHPOBAaHHE OMOTEXHOJIOTHUYECKUX MPOIECCOB M CUCTEM»
OTHOCHUTCSI K YUCITy BapUATUBHBIX YYCOHBIX AMCIUTUINH. OCBOCHHWE STOW JUCIUTUIMHBI JTaeT 3HAHMS,
MTO3BOJISIFOIIME OCYIIECTBIISATh MOJCITUPOBAHUE XUMHUKO-TEXHOJIOTHUECKAX W OMOTEXHOJIOTHYECKUX
MPOIIECCOB M CHCTEM, IMPOBOJUTH, KPUTUYCCKHHA aHAIN3 CYMIECTBYIOMIUX TEXHOJOTHYECKHX CXEM,
aHAMM3UPOBaTh AP(HEKTHBHOCTH UX PaOOTHI U UCTIOJIb30BAHUS.

JuctummmHaa «MaTteMaTndeckoe MOJISITMPOBAaHHE OMOTEXHOJIOTHUYECKUX TPOIIECCOB M CHCTEM»
B3alMOCBSI3aHa JIOTMYECKU M COJEPKATEIbHO-METOAUYECKA CO CIEIYIONIMMHU JUCHUILUIMHAMH U
npaktukamu OOIT:

B 6aszo06o0ti uacmu bnoka 1 «/Jucyuniunsl (MoOyau)».

«Dusnkay;

«BpIcmias maTemMaTukay;

«adopmarnkay;

«OO011ast 1 HeOpraHu4ecKas XUMUS.

Ilepeyens MUIAaHMpYeMBIX Ppe3yJbTATOB O0yYeHHsl MO AWUCUMILIMHE, COOTHECEHHbIE C
IUIAHMPYEMbIMH Pe3yJIbTATAMH 0CBOEHHUSI 00Pa30BaTeIbHO MPOTrPaMMbl

B pesynpraTe OCBOGHMS AMCHUIUIMHBI Yy OOydYaromuxcsi (QOpPMHUPYIOTCS — CIEAYIOLIUe
KOMIIETEHIIMM U JOJDKHBI OBITh JIOCTUTHYTBHI CIEAYIOUIME pe3yJbTaThl OOy4YeHMs] Kak JTall
(hopMHUPOBaHMS COOTBETCTBYIOUIMX KOMIETCHIIMIA:

B pe3yabTare

OCBOEHHUS
Kon o0pa3oBaTe/IbHOM IlepeyeHb MIAHUPYEMBbIX Pe3yJbTATOB
KOMIEeTEeHI[HH NPOrpaMmblI 00y4yeHHs MO TUCHUILINHE
00y4YarOIIHIiCs JOIAKEH
00J121aTH
IK-1 Cnocoben UIIK-1. 3Haer METO/IBI
MPOBOIWTL  PabOTHl MO | appupoBAHKS 151 Opra’u3anuu

00paboTKe W aHaNIu3y

. UCCIIEIOBAaHUA M pa3pabOTOK, METOJIbI
HAaYyYHO-TCXHHUYCCKOU

aHaiM3a U 000OIIEHHUS OTEYECTBEHHOI'O

uHpOpMaLun u _
DPe3yIIBTaTOB U MEXIyHAapOJHOrO ONbITa B CBOEH
HCCIIeI0BaHU 00J1acTH UCCIeqOBaHUH.

NITIK-2. Ymeer IIPUMEHSATH
HOPMAaTUBHYIO JOKYMEHTALMIO B
COOTBETCTBYIOIIEH 00JIACTH 3HAHUU,




0(OpMIISTH PE3yJIHTATHI

HAY4YHO-UCCIIEI0BATEIBCKUX u
ONBITHO-KOHCTPYKTOPCKUX pabor,
OPUMEHSATh METOJbl aHalM3a Hay4HO-
TEXHUYECKOU MH(pOopMaluu

NIIK-3. CnocobeH aHanu3upoBaTh
HAay4YHO-TEXHUYECKON

uHpopManuu, MPOBOJUTH
AKCIIEPUMEHTHI, 00padaThIBaTh U

0000111aTh MMOJyYEHHBIE JAHHbIE

3. CTpyKTypa u cofep:KaHue AUCHUIINHBI

OOrast TPy/I0EMKOCTh JUCIMILIMHBI COCTABIIACT 2 3aUeTHBIX €AUHHIBI (72 aKaJqeMHYeCKHX
yaca, n3 HUX 36 YacoB — caMOCTOsITeNbHass paboTa CTYJIEHTOB) B miecToM cemectpe. CTpykTypa u
coZiep)KaHne TUCIUIUIHHBI «MaTeMaTndeckoe MOJEIUPOBaHUE OMOTEXHOJOTHYECKUX MPOIECCOB U
CHCTEM» IO CpOKaM U BHUJIaM paboThl oTpakeHsl B [Ipunoxenun 1.

6 cemecTp:

Jlexmuu — 1 yac B Hemenmo. Beerol8 yacos.

nmaboparopHbie pabotel — 1 gac B Henenmo. Beero 18 wacos.

dopma KOHTPOJIA — 3aU€T.

Tema 1. OcHOBBI MATEMATHY€CKOT0 MOIEJTUPOBAHMS
TpeGoBanusi, mpenbsaBIseMble K MaTeMaTUYeCKMM MOJEISAM. OTalbl MOCTPOCHUS MOJEIEH.
AHanuTuyeckue, 3KCIepruMeHTaIbHbIe, IKCIIEPUMEHTAIbHO-aHATUTUYECKUE MOJIENI, UX OCOOEHHOCTH,
npeuMyniecTBa U HegocTaTku. HWnentudukamus wozaenu. [lapamerpuueckas wuaeHTU(UKALIMS.
[IpoBepka agekBaTHOCTH MOAETN. MOAETU CTATUKA U JTUHAMUKH.

Tema 2. [locTpoenne ruIpoAUHAMUYECKUX MOJIeJIei
Mertonuka coctaBieHHs OalaHCOBBIX YpaBHEHHH IS OOBEKTa C COCPEJIOTOYCHHBIMHU U
pacrpenelieHHbIMUA KoopauHatamu. [locTpoeHne Mopeny THIPOAMHAMUYECKOW MOJEIH, COJCpIKAIICH
AJIEMEHTHl WJICAIBHOTO CMEIICHUS W WJICAIBHOTO BBITECHEHUS C OallmacoM ¥ IHPKYJISIHCH.
Judbdy3roHHas v sueedHass MOJICIH.

Tema 3. [locTpoenne Moesiell TEMJIOBbIX MPOIECCOB
Mopnenu TemnooOMeHHUKOB. TernaooOMeHHHK HICaNbHOTO CMEUICHHS C PyOallkod HAeambHOro
cMmemieHusd. TermnooOMeHHUK HWICalbHOTO BBITECHEHHMsI C pyOalIkoil HIealbHOTO BBITECHEHHS.
KoxyxoTpyOHblii  TemmooOMeHHUK.  KOXXyXOTpyOHBIH  CEKIIMOHHPOBAHHBIN  TEMIOOOMEHHHK.
Tennooomennuk MC -IB. Mopenb pereHepaTuBHOTO TETUIOOOMEHHHKA.

Tema 4. [locTpoenune Moaesieit MaccoOOMEHHBIX MPOLECCOB
Mozens aacopOIMOHHO-1eCOPOLIMOHHOTO Tpolecca. Mozenb abcopOIMOHHO-eCOPOIIMOHHOTO
nporuecca. Moaenb peKTUPHUKAITMOHHON KOJIOHHBL. Mo/Iesb CYIIKU B TICEBAOOKUKEHHOM CJIOE.

Tema 5. IlocTpoenne Mojesieil GHOTEXHOJOTHYECKUX M XUMHYECKUX TPOLeccoB
Mojens XMMHYECKOTO peakTopa ¢ Memankoi u pydamxoid. Mogenn pocra, OHOCHHTE3a,
OTMUpaHusi OuoMaccsl. Moienb MPOIEcCOB B OMOTEXHOJIOTMUECKUX anmnapaTax B peKuMe HIeaaIbHOIro
CMELIEHUS.



Tema 6. IlocTpoeHre aHATIUTHYECKUX MOJIeJIel ¢ HCI0Ib30BAHHEM NMPOrPAMMHBIX CPE/ICTB

PaGora B cpene LabVIEW. Iloctpoenue wunHTepdeiica mosb30BaTeNs Ui HCIOJIb30BAHUS
MOJIENH, ITOCTPOCHUE OJOK-TUarpaMMbl IpOrpaMMbl MOJEIUpPOBaHus. M crosb30BaHNE BCTPOEHHBIX U
CO3JIaHHE MOJIB30BATEIBCKUX TOIPUOOPOB.

Tema 7. IlapameTprueckast nAeHTH(PUKANHSA

Perpeccuonnslii aHanu3, OCHOBHbIE jomnyiieHus. OmnpeneneHue MnapameTpoB JHHEHMHOTO
YpPaBHEHMsI PETPECCMU METOJ0M HauMEHBIIMX KBajparoB. OmpenerneHue MnapameTpoB JMHEHHOTO
YPaBHEHMSI PETPECCUU C UCIOJIB30BAHUEM CTATUCTHUECKUX XapaKTepUCTHK. OnpeseneHue napameTpos
JUHEWHOTO YypaBHEHHsSI perpeccud B MarpuuHod ¢opme. Tabmuma ITUCTIEPCHOHHOTO aHAJIM3a.
Ormpenenenre HaJIMYUS PETPECCHOHHON 3aBUCUMOCTH C HCHojib3oBaHMeM F - oTHomienus. Metozwl
IIOCJIEIOBATEIILHOTO YTOYHEHHS CTPYKTYpPBl PErpPECCHOHHOTO YPAaBHEHHs: METOJ BKIKOYEHUH, METOJ
HCKJIFOYEHHM, METO/I TIOIIArOBOM pErpeccuu

Tema 8. IlpoBepka ageKBaTHOCTH MoJeeii
[lonsTe o 3akoHax pacnpezeneHusi: HopmanbHoe, "Xu-kBaapat', CreiogeHta u Dumepa.
[ToHsiTHE O CTAaTUCTUYECKHX THIOTE3aX M METO/AaX UX MpoBepKu. P- 3HaueHume. OLEHKH CiydalHBIX
BEJIMYMH, TPEOOBAHMSI K HUM.

Tema 9. CTpykTypHasi HAeHTHPUKANA
[IpoBepka 3HauMMOCTH MapameTpoB. MHOXKecTBeHHbIN ko3 dunneHT koppensuuu. [lonstue o
4acTHOM Koaduurente koppemsuu. OnpeneneHne ero 3HauyuMOCTH.

Tema 10. [TocTpoeHne IKCIEPUMEHTAILHBIX MO/IeJIel ¢ HCIOJIb30BAHMEM MPOrPAMMHBIX
cpeacTB
Pabora B cpene Matcad. Vcrmons3oBanue (GyHKIM pabOThl ¢ MaTpPHIIAMHU, CTAaTHCTHYECCKUMU
pacnpeneneHusMu, MG pepeHInanbHbIMU YPAaBHEHUSMU JUIsI MOJICTTUPOBAHUSL.

4. Oo6pa3oBarejibHbIe TEXHOJIOTHHU

Meroauka IpenoaaBaHus JMCIUITITHHBI «Maremarnueckoe MOJICTTMPOBaHHE
OMOTEXHOJOTMYECKUX MTPOLIECCOB U CUCTEM» U PealTi3alysi KOMIIETEHTHOCTHOTO TIOAX0/a B U3JIOKECHUU
Y BOCIIPUSITHH MaTepraia mpeaycMaTpUBaET UCTIONb30BAHUE CIIEAYIOMNX aKTUBHBIX M HHTEPAKTUBHBIX
dopM mpoBeAeHHS TPYNIOBBIX, WHIMBUAYAIbHBIX, ayJUTOPHBIX 3aHATHH B COYETAaHHU C
BHEAYZUTOPHOW pPaboTOil ¢ 1enpi0 (OPMHUPOBAaHMS M PA3BUTHS MPOQPECCHOHAIBHBIX HABBIKOB
00yJaroImxcs:

— MOJIrOTOBKA K MMPAKTUYECKUM padoTaM B ayAUTOPUSAX BY3a;

— MPOBE/ICHHE KOHTPOJILHBIX padoT.

VY enbHbI Bec 3aHATUH, NPOBOAMMBIX B MHTEPAKTUBHBIX (hopMax, OINpeJesieH TJIaBHOH LeJIbIo
00pa3oBaTeNbHOM TMPOrpaMMbl, OCOOCHHOCTHIO KOHTHHTEHTAa OOYYalOUIMXCS U  COAEp)KaHHEM
IUCHUILTMHBL «MaTteMaTn4eckoe MOAETHPOBAaHHWE OMOTEXHOJIOTHUECKHX IPOIECCOB M CHUCTEM» M B
LEeJIOM M0 JUCHUIUIMHE cocTaBisieT 33% ayAMTOpPHBIX 3aHATUH. 3aHATUSA JIEKIUOHHOIO THIIA
cocTaBisitoT 50% oT oObeMa ayAUTOPHBIX 3aHATHI.

5. OueHo4HbIe cpecTBA 1/l TEKYLIEro KOHTPOJIS YCIeBAeMOCTH, IPOMEKYTOYHOM
aTTecTalliy 110 HTOIaM OCBOCHHS JMCIHILIMHBI M y4e0OHO-MeToAuYecKoe odecnedeHue
CaMOCTOSITEJIbHOH Pa0dOTHI CTYACHTOB
Texkymunii KOHTPOJIb YCIIEBAEMOCTH MPOBOAATCS IO CIEAYIOIINM KPUTEPHUSIM:

— aKTUBHOE y4acTHe B 00CYJACHUU 33/1aHU JUIs MPaKTHUYeCKOi paboThl, paboTa y 10CKH;

— 3aIllMTa Pe3yJbTATOB BBHIIIOJHEHUS 33/I1aHUI JTOMAITHUX KOHTPOJIBHBIX padoT.

OOpa31pl TOMAITHUX KOHTPOJIBHBIX paboT, KOHTPOJIBHBIX paboOT Ui TEKYIIEro KOHTPOJI,
BOIPOCOB JJIs TOATOTOBKH K 3a4éTy, 3aJaHUi Ha KypCOBYIO paboTy, npuBeaeHsl B [Ipunoxenun 2.



00pazoBaTeNbHON IPOTPAMMBI.

6.1. ®oH/1 OLIEHOYHBIX CPEACTB VI NPOBeJCHUS NPOMEKYTOYHOM aTTecTaluy 00y4arommuxcs
1o AUCHUNINHE (MOAYJII0)
6.1.1. TlepeyeHb KOMIETEHIMH C yKa3aHMEM O3TamoB WX (POPMHUPOBAHHS B MPOIECCE OCBOCHHUS

B pesynbrare ocBOeHUs AUCHUIIIHHBI (JOPMUPYIOTCS CICTYIONINE KOMIIETCHIIHH

Kon B pesyabTaTe ocBoOeHHs1 00pa3oBaTEJbLHOH POrPaAMMBbI
KOMIIeTeHIIM U o0yuaruuiicsi 10J1:kKeH 00/1a1aTh
IK-1 CriocoGeH MpOBOIUTH pabOThl MO 00paboTKe W aHANM3y HAy4YHO-

TEXHUYECKON MH(OPMAINH U PE3yJIbTATOB UCCIECTOBAHNN

B mnporecce ocBoeHus oOpa3oBaTenbHONW MPOTpaMMbl JAHHbIE KOMIIETEHIIMH, B TOM YHCIE HX
OTJIEJIbHbIE KOMIIOHEHTBI, (POPMHUPYIOTCS IO3TAIHO B XOJI€ OCBOEHHUS OOYyYarOIIMMUCS AUCLUHUILIIMH
(Momynel), MpakTUK B COOTBETCTBUM C YYE€OHBIM IUIAHOM M KalleHAAPHBIM TIpa@UKoM y4eOHOTro
mporecca.
6.1.2. Onucanue noka3sareieii 1 KpUTepUeB OLEHUBAHHMS KOMIeTeHUUH, ¢popMHUpyeMbIX MO
UTOraM OCBOEHUSI IMCUMILJIMHBI (MOAYJIf), ONMCAHUE IIKAJ OLleHUBAHUSA

[Tokazarenem olLleHMBAaHUS KOMIIETEHIIMH Ha pa3MUHBIX dSTanax HUX (OPMHUPOBAaHUS SBISETCS
JOCTHKEHHE 00yJaroIMMHKCS IJIAHUPYEMbIX Pe3yJIbTaTOB 00yUeHUs MO JUCHMIINHE (MOAYIIIO).

D0EH MPOBOAUTH PAOOTHI MO 00pPabOTKE M aHATU3Y HAYYHO-TEXHUYECKOW NH(DOpPMALUU U pe3yIbTaTOB UCCIIEOBAHUI

Kpurtepun oueHuBanus

HeynoBierBopureiabn
o YAOBJIETBOPHTEIBHO XOPOILO
OO6yuaromuiics OOyyaromuiicss IeMOHCTPUPYET OO0yuaromuiics JIEMOHCTPHPYET
MCETOABI | ACMOHCTPUPYET IMMOJIHOEC | CYIIECTBECHHBIC HEAOYEThI, KOTOPBIC | HE3HAYUTCIbHBIC HCOOYCTHI, KOTOPBIC | IO
nu | OTCYTCTBHUE WA | BOCHOJIHACT IIOCJIC SIBHOI'O YKa3aHHUs | CaMOCTOATCIBHO HCIIPaBJIACT B | II
SCJ'ICI[OBaHI/Iﬁ HCAOCTAaTOYHOC npenoaaBaTeiis B CJIeaAyromux [Q)(137410)11175,¢ 3HAHUU: — OCHOBHGEIC | C.
<, MeTojpl | COOTBCTCTBHC  CICAYIOUMX | 3HAHWH: — OCHOBHBIC 3aKOHBI | 3aKOHBI PACHPENCIEHUS  CITyYaldHbIX
00001IeHUS 3HaHMU: - OCHOBHBIC | pacpeacIcCHUs cnyqaﬁHLIX BEJINYHH; 3
) p | 34KOHBL  PACHPEACIICHUA | BEIMYMH, — MaTeMaTUYE€CKHE OCHOBBI ME€TOMA | P
ro ompra B | CIYYAHHBIX BEIMYHH; — MaTEMaTH4YCCKUE OCHOBBI | HAMMEHBIINX KBaJApaTOB, IPAHHULIBI €ro | C
obnactu - MaTeMaTU4eCKUC | MeToAa HAUMEHBIIUX KBAJPATOB, | MPUMEHUMOCTH, IOHSATHE 00 | B
OCHOBBI METOJla | TpaHulbl  €r0  MNPUMEHHUMOCTH, | anbTepHatnBax MHK;
HaNMCHBINHUX KBAaZIpAaTOB, | MOHATHE 00 albTCpHATHBAX - MaTeMaTHYECKUE OCHOBEI | M
TPaHHIIBI ero | MHK; PErPECCHOHHOIO W JIMCIIEPCHOHHOTO | O
MNPpUMECHUMOCTH, IIOHATUC — MAaTCeMaTH4YCCKHEC OCHOBBI | aHajIM3a JaHHBIX. H
00 anprepHatuBax MHK; | perpeccuonnoro u K
—  MaTeMaTHYECKHE | THUCIEePCHOHHOrO aHaiamn3a e
OCHOBBI PErpECCUOHHOIO | JaHHBIX. 1
u JUCIIEPCUOHHOTO a
aHaIM3a JaHHBIX. )\
M
0
p
A




OO0yuaromuiics HE OOyuaromuiics  ymeer B OOyyaromuiicss yMeeT BBIJIBUTATh U
MIPUMCHATDL | YMCCT NN B | BBIABUTATh U MPOBEPATH 'MIIOTE3bI U | IPOBCPATH THUITOTE3bI u IMPOBOOUTDL | [
OKYMCHTAIIUIO He[IOCTaTO‘-IHOI\/'I CTCIICHU | MIPOBOAUTL IPOBEPKY AJACKBATHOCTU | MPOBEPKY aAACKBATHOCTHM B 3HAKOMBIX | II
yYMECT BbIABUT'aTb W | TOJBKO B 3HAKOMBLIX IIpUMEpPaAX. nmpumepax, C HE3HAYUTCIBHBIMU | C.
HoLIeH MPOBEPATH CTATUCTUYECKHUE MOTPELIHOCTSMHU IIPH IIEPEHOCE HA OPYTHE | —
, O(QOPMIIATH | TUTIOTE3BL; MIPUMEPEL.. II
— MIPOBOIUTHL IIPOBEPKY C
3HAYNMOCTH Haﬁ):[eHHLIX T

UX U | mapaMeTpoB u

KTOPCKUX AACKBATHOCTHU II0JIYUCHHBIX II
HATh METOJIBI | MOJIEJIEH. H
~-TEXHUYECKOU I
a
II

OO0yuaromuiics HE OO0yuaromuiics BIIAJICET OOyuaromuiicss BIajeeT  HaBBIKAMU
HaJIM3UPOBATh | BJIaJCCT HIJIN B | HaBBIKaMH NPUMEHCHHUA | IPUMCHCHUA NPOTPAMMHBIX IMAKETOB JId | IT
CKOM HeZIOCTaTO‘-IHOﬁ CTCIICHU | IPOTpaMMHBIX IIaKE€TOB JUISL OGpaGOTKI/I u MMpEACTaBJICHHUA | B.
, IIpOBOIWTH | BJIaJeeT CIieruaibHON | 00paboTKH u MPEIACTABIIEHUS | DKCIIEPUMEHTAIBHBIX JAHHBIX cl|lmo
O6pa6aTI)IBaTI) TepMHHOHOFHeﬁ obiacTu OKCIICPUMECHTAJIBHBIX JaHHBIX CO | HE3HAYUTCJIbHBIMU 3aTPYAHCHUAMMU. . II
cUCTEM ABTOMAaTHU3aIlUH, | 3HAYUTEIFHBIMA 3aTPYIHECHUSIMH. . v
MOJTy9E€HHBIE | AaBTOMAaTHYECKOTO KOHTPOJIS 0
W MOHHUTOPHHTA, KOHTPOJISI v
KauecTBa n3aenui u k)
MIPOIYKIIHH. i

a. lIkanpl oueHMBaHUS Pe3y/JbTATOB NPOMEKYTOYHOM aTTeCTALUM U UX ONKMCAHUE:
@®opMa NPOMEKYTOUYHOM ATTECTANUM: 3a4ET.
[IpomexyTounast arrectanus oOydaromuxcs B ¢dopMe 3K3aMeHa HPOBOAMUTCS IO pe3ysbTaTaM
BBITIOJIHEHUSI BCEX BUJOB Yy4eOHOW paboOThl, MPEAYCMOTPEHHBIX YYE€OHBIM IUIAHOM IO JIaHHOM
TUCHMIUTMHE (MOJYJI0), MPU 3TOM YUUTHIBAIOTCS PE3YJIbTaThl TEKYILEro KOHTPOJS yCIIEBAaeMOCTH B
TeyeHne cemecTtpa. OIlleHKa CTENeHH JOCTHXKEHUSI OOYYaloIIMMUCSA IUIAHUPYEMBIX pe3yIbTaToOB
o0yueHus Mo AUCHUIUIHHE (MOJIYIII0) MPOBOIAUTCS MPENOJaBaTEeIeM, BEYIIIUM 3aHATHUS M0 TUCIUIUIMHE
(MOIynI0) METOJIOM 3KCHepTHOM oueHku. [lo mToram mpoMexyTOUHOH aTTecTaluu MO AUCHUIUIMHE
(MOJyIT0) BBICTABIISIETCS OLIEHKA «3aYTEHO» HITU «HE3aYTCHOY.
K npomexxyTouHO# arTecTanuu AOMyCKAIOTCs TOJIBKO CTYIEHTHI, BHIITOJHUBIINE BCE BUIbBI YUEOHOM
paboThl, peaycMOTpeHHbIe pabouel mporpaMMon Mo AUCHUIUTHHE « MaTeMaTH4eckoe MOAeTUPOBaHUE
OMOTEXHOJIOTMYECKUX TMPOIECCOB U CHUCTEM» (MPOLUTH MPOMEKYTOYHBIM KOHTPOIb, BBIOIHWIA H
3alUTUIIA KYPCOBYIO pabOoTYy, BHIMOJTHUIN JOMAIIIHAE KOHTPOJIBHBIE paOOTHI).

IIkana oueHUBaAHUA

Onucanue

3autreHo

BrimonHeHbr Bce BHABI y4eOHOH pabOThHI, MPeIyCMOTPEHHBIE Y4YeOHBIM
maHoM. CTyZIeHT IEMOHCTPHPYET COOTBETCTBHE 3HAHWH, YMEHHH, HAaBBIKOB
TabnuIax IOKa3aTemsM,
3HAHWSMH, YMEHHSMH, HaBBIKAMHU, MPUMEHSET UX B CHTYaIMAX MOBBIMIEHHON
cinoxkHoctd. [Ipm 3TOM MOTryT OBITH AOMYNIEHB HE3HAYUTEIBHBIC OIIMOKH,
HETOYHOCTH, 3aTPYJHEHHS MPU aHAJIUTHUYECKUX OIEpalusix, IMepeHoce 3HaHUH 1

NPpUBCJACHHBIM B

yMeHHI;’I Ha HOBBIC, HCCTAHIAPTHBIC CUTYAllUH.

orepupyer NpuOOpPEeTSHHBIMHU




He BrmonneHn onuH mim 6osiee BUAOB yueOHOI paboThI, MPeyCMOTPEHHBIX
yueOHbIM TuIaHOM. CTYIEHT JEMOHCTPHPYET HEIMOJIHOE COOTBETCTBHE 3HAHHH,
YMEHHH, HABBIKOB NpPUBEJCHHBIM B TaONUIaX IOKAa3aTelsM, JIOMYCKAIOTCS
3HAYNTENbHbIE OLINOKH, MPOSBISIETCS OTCYTCTBHE 3HAHWH, YMEHHH, HAaBBIKOB IO
psny TOKa3aTelel, CTyIEHT HUCIBITBIBAET 3HAUUTENIBHBIE 3aTPyAHEHUs IpH
ONEePUPOBAHUY 3HAHUAMU U YMEHUSAMHU IIPU UX IIEpEHOCE Ha HOBBIE CUTYyallHH.

Hezaurteno

DOoHABI OLIEHOYHBIX CpEaACTB MpeACTaBJICHBI B Hpnnomennn 2K paﬁoqeﬁ nmporpaMmme.

7. Y4eOHO-MeTOANYeCKOe U MH(opMaLuOHHOEe o0ecnieyeHne
Pazoen 1. Ocnosnas numepamypa:

1. AxwmeroB, H.C. MaremaTtnyeckoe MOAETUPOBAHUE OMOTEXHOJIOTMUYECKUX TMPOIECCOB M
cucTeM. [DNeKTpoHHBIH pecypc| — Onektpon. man. — CII6. : Jlams, 2014. — 752 c. — URL:
http://e.lanbook.com/book/50684.

Pazoen 1. Jlononnumenvras aumepamypa.

1. Kadapos, B. B. Maremarnyeckoe MOAEIMPOBAHNE OCHOBHBIX IPOIECCOB XUMHUYECKHX
MIPOM3BO/ICTB : yueOHOe mmocodue i akajaemudeckoro Oakanaspuara / B. B. Kadapos, M. b. I'ne6os.
— 2-¢ wu3x., nepepad. M morm. — Mocksa : UsnmatensctBo FOpaiit, 2019. — 403 ¢. — (bakanasp.
Axagemudecknii kypc). — ISBN 978-5-534-07524-3. — Texkcr : snextponssiii // DBC FOpait [caiT].
— URL: https://biblio-online.ru/bcode/441786

2. Manprmes, H.I'. YrpaBienue aBToMaTH3upOBaHHBIM MpoekTrpoBanueM / H.I'. Manprimes. —
Mockga : ®UBMATIIUT, [6. r.]. — Kuaura 1 : Konnenmuu, moaenu, Metos! ynpasneaus — 2017, —
176 c. — ISBN 978-5-9221-1779-1. — TekcT : 3NMeKTPOHHBIH // DIEKTPOHHO-OMOIHOTEUHAsI CUCTEMA
«Jlanby : [caiit]. — URL.: https://e.lanbook.com/book/104978

IIpoepammnoe obecneyenue u uHmepHem-pecypcyi:

— http://v.michm.ru/index.php/MoaenupoBanre XUMHUKO-TEXHOJOTHYECKHX IPOIIECCOB -
y4eOHBII MaTepHal AJisl CTYJEHTOB [0 MOJCIIMPOBAHUIO XUMUKO-TEXHOJIOTUYECKUX MTPOLIECCOB

Pazoen 2. Ocnosnas numepamypa:

1. I'puropses, 10.JI. MeTop1 ONTUMATIBLHOTO TJIAHUPOBAHUS SKCIIEPUMEHTA: JTUHEHHBIC MOICIIN
: yuebHnoe noco6ue / FO.J1. I'puropbeB. — Cankr-Ilerepoypr : Jlans, 2015. — 320 ¢. — ISBN 978-5-
8114-1937-1. — TekcT : >MeKTPOHHBIA // DIEKTPOHHO-OMOMMOTEUHAsT cucTema «JlaHpy : [caiT]. —
URL.: https://e.lanbook.com/book/65949.

Paszoen 2. Jlononnumenvras aumepamypa.

1. CungnseB, H.M. Crartuctudeckuii aHamu3 W TEOpUs IUIAHUPOBAHUS OSKCIIEPUMEHTA
Mertonudeckue ykazanusi / H.U. Cunusie. — Mocksa : MI'TY um. H.O. baymana, 2017. — 200 c. —
ISBN 978-5-7038-4707-7. — TekcT : 3eKTPOHHBIN // DAeKTpoHHO-OMOIMoTeyHas cucrema «JIaHpy :
[caiir]. — URL.: https://e.lanbook.com/book/103275.

2. BepOunkuii, B.M. Ontumuzanus NOpoHECCOB C IMOMOUIBIO OJKCIEpUMEHTa @ Y4eOHO-
Mmetoauueckoe nocodue / B.M. Bepouuxuii, A.FO. Kopotuenko. — Mocksa : MI'TY um. H.D. baymana,
2010. — 20 c. — TekcT : 21eKTPOHHBIN // DNeKTpOHHO-OMbIMoTeuHas cucreMa «Jlaup» : [calfT]. —
URL.: https://e.lanbook.com/book/52172.

IIpoepammnoe obecnevenue u unmepHem-pecypcol.
— http://v.michm.ru/index.php/MoennpoBaHue XHUMHUKO-TEXHOJIOTHYECKUX ITPOLIECCOB -
y4eOHBII MaTepHal Ui CTyICHTOB 10 MOJECITHPOBAHHIO XMMUKO-TEXHOJIOTUIECKHIX MPOIIECCOB
8. MarepuanbHO-TeXHHYECKOE ofecredeHne TUCHUTIIHHBI
Jns mpoBeleHHsT MPAaKTUYECKHX paboT Ha COBPEMEHHOM YpoBHe B ayautopuun AB4403
HPEeyCMOTPEHO UCIIOIb30BaHHUE CIIEAYIOMIEr0 000pyI0BaHHUS:
1. TepconansHble KOMIBIOTEPHI ¢ yeTaHOBIeHHBIM [10 (LabVIEW).



9. MeToauveckne peKOMEHIANNHU IJIs1 CAMOCTOATEIbHOM PadoThl CTY/IEHTOB

YcnenrHoe u3ydeHre Kypca TpeOyeT MOCEHICHUs JICKIIUi, aKTUBHOM pabOThl HA CEMHUHAPCKUX[
3aHSTHUSX, BBIOJIHCHUS BCEX YYEOHBIX 3aJaHMl MpErojaBaTelisd, O3HAKOMIICHHS C OCHOBHOW U
JOTIOJIHUTEIBHOM JIUTEPATYPO. BO BpeMst JIeKIUU CTYJIEHT JOJDKEH BECTH KPaTKUK KOHCIEKT. Jloma
CaMOCTOSITENILHO paboTas ¢ KOHCIEKTOM, CTYJISHTY HEOOXOJAMMO TOMETHUTh MAaTepHaJbl, KOTOPBIC
BBI3BIBAIOT 3aTPyJHEHUs Ui TOHMMaHus. [Ipum 3TOM oOydJarommiics OJKEH HAWTHU OTBETHI Ha
BOIIPOCHI, UCIOJIB3Ysl PEKOMEHAyeMyto nuteparypy. Ecim emy camomy He ynaeTcsi pa3oOpaThCs B
Martepuaine, Heo0XouMo chOPMYIIMPOBATH BOMPOCH U OOPATUTHCS 3a MOMOIIBIO K TPEoIaBaTelio Ha
KOHCYJIbTAIIMU WK Oyvbkaiired jekiuu. OOydaromeMycsi HEOOXOAMMO PETYJIIPHO OTBOJUTH BpPEMS
JUIS TIOBTOPCHHSI TPOWJCHHOIO MarepHualia, IpOoBepsis CBOM 3HAHUS, yYMEHUS W HAaBBIKH TI0
KOHTPOJIBHBIM BOITPOCAM.

Kaxxnpiit cTyZeHT JOHKEH caM IUITAaHUPOBATh CBOIO CAMOCTOATENbHYIO paboTy, UCXOS U3 CBOUX
BO3MOXKHOCTEH M MPUOPHUTETOB. DTO CTHUMYJMPYET BHITIOJIHEHHE PabOThI, co3/aeT 0ojiee CIOKOMHYIO
00CTaHOBKY, YTO B UTOT€ TIOJIO)KUTEILHO CKa3bIBACTCSI HA YCBOCHHH MaTepuara.

BaxxHo mosHee y4ecTh 0OCTOATENbCTBA CBOEH pabOThI, YSICHUTH, YTO SIBISIETCS TJAaBHBIM Ha
JAHHOM JTare, KakKyl IOCJIeI0BaTeIbHOCTh pabOThl BBHIOpaTh, YTOOBI BBITIOJHUTH €€ JIYYIIe U C
HAaUMEHBIIIMMH 3aTpaTaMHi BPEMEHU B SHEPTHUH.

Jlnst mmogoTBOPHOW paboOThl HEMAJTOBAKHOE 3HAYCHHE HMEET OOCTaHOBKA, OPTaHMU3AIUs
pabouero mecta. Hy>kHO 100UTHCS, 4TOOBI MECTO pabOThI IO BO3MOKHOCTH OBLIIO TOCTOSIHHBIM. PaboTa
Ha TIPUBBIYHOM MeECTE JelaeT ee Oosiee II0A0TBOpHOU. [IpoayKTMBHOCTH pPabOTBI 3aBUCHUT OT
MPaBUWIILHOTO Ye€pEeIOBaHUS TPy/Ja U OTAbIxa. [l09TOMY Kak/ble Yac WM JIBa CIEAyeT JelaTh TepephiB
Ha 10-15 MunyT.

[Ipu camocrosiTenbHON MPOpabOTKE AOMANIHUX 33/laHUi ¥ HAMCaHWs UHAUBUIYaJIbHBIX paboT
CTyJICHTaM PEKOMEHIYETCSl TOJb30BaThcs OMOMMOTEYHBIM (OHAOM JUTEpaTyphl (y4eOHUKaAMU U
MEePUOJUYECKUMH  U3JAaHUSMH), a TakkKe METOJMYECKUMH YKa3aHUSMH 1O  BBIMOJIHEHHUIO
CaMOCTOSITEIIbHBIX Pa0oT.

10. MeToanuyeckue peKOMeHIAUM J1JIsl IPenoaaBaTesist

OcHOBHBIM TpeOOBaHHEM K MPENOAABAHMIO JUCUUIUIUHBI SIBISIETCS TBOPYECKUH, MPOOIEMHO-
JIAJIOTOBBIIl MHTEPAKTUBHBIA MOAXO/[I, MO3BOJSIONINI MOBBICUTh MHTEPEC CTYICHTOB K COJAEPKAHUIO
y4eOHOr0 MaTepHaia.

OcHoBHast (opMa H3yueHUS W 3aKpeIUICHUS 3HAHUU MO 3TON AMCUUIIMHE — JIGKIHOHHAs U
npakTudeckas. lIpernomaBarens MOMKEH MOCIEAOBATEIbHO BBIUYUTATh CTYJICHTAM Psiji JICKIMA, B XOZ€
KOTOPBIX CIJIEyeT COCPEIOTOYHTh BHUMAHHE Ha KJIIOYEBBIX MOMEHTaX KOHKPETHOT'O TEOPETUYECKOTO
Marepuana, a TaKKe OpraHu30BaTh IPOBEJICHUE CEMUHAPCKUX 3aHATUN TakUM OOpa3oM, UTOOBI
aKTUBU3UPOBATh MBIIUICHHE CTYACHTOB, CTHUMYJIUPOBATh CAaMOCTOATEIbHOE W3BJIICYCHHE WMH
HeoOxouMoi MHGOPMAIIUU U3 PA3IUYHBIX MCTOYHUKOB, CPABHUTEIBHBIM aHAIM3 METOIOB PEIICHH,
COIIOCTABJICHUE TOJMYUYEHHBIX PE3yNIbTAaTOB, (DOPMYIHUPOBKY M apryMEHTAllMI0 COOCTBEHHBIX B3TJISI0B
Ha MHOTHE CIIOPHBIE MPOOIEMBI.

OcHOBY y4eOHBIX 3aHATHH MO TUCIUIUIMHE COCTaBIsAIOT JeKuuu. B mporecce oOyueHUs
CTYJICHTOB HCIOJB3YIOTCS Pa3UYHbIE BHJbI Y4EOHBIX 3aHATUN (AyAUTOPHBIX W BHEAYAUTOPHBIX):
JIEKIMU, CEeMUHApPCKUE 3aHATHs, KOHCYIbTalluu M T.A. Ha mepBoM 3aHATHU MO JaHHOU ydeOHOU
JTUCIUILTMHE HEOOXOAMMO O3HAKOMUTH CTYJCHTOB C MOPSIKOM €€ M3y4YeHHS, PACKPBITh MECTO U POJIb
JUCHUIUIMHBL B CHCTEME HAayK, €€ MpaKTU4YeCKOe 3Ha4yeHHe, TOBECTH 10 CTYIEHTOB TpeOOBaHUs
Kadeapbl, OTBETUTH Ha BOIIPOCHI.

[Ipy mOArOTOBKE K JEKIIMOHHBIM 3aHATUSAM MO Kypcy «MaTtemaruueckoe MOIETUPOBaHUE
OMOTEXHOJIOTMYECKUX TMPOLECCOB W CHUCTEM» HEOOXOAUMO TpOoAyMaTh IJIaH WX MPOBEIACHMUS,
COJIep’KaHUE BCTYNUTENbHON, OCHOBHOW ¥ 3aKIIOYMTEIHLHOM YaCcTH JIEKIUH, O3HAKOMHUTBCS C
HOBUHKaMHU y4€OHOW M METOJMYECKON JTUTEepaTyphl, MyOIMKAIUIMU MEPUOJUIECKON MMeYaTH 1Mo TeMe
JIEKIIMOHHOT'O 3aHATHS, ONPENEIUTh CPEJICTBA MATePHATbHO-TEXHUYECKOT0 00eCrieueHuUs JTeKIIMOHHOTO
3aHATUS W TIOPSAOK WX HCHONB30BAaHUS B XOJ€ UYTEHUS JIEKIHMHU. YTOYHHTH IUTAH TPOBEACHHUS
MIPAKTUYECKOTO 3aHATHS 110 TEME JIEKITHH.



B Xoie JNEKIMOHHOTO 3aHATHS TPENoAaBaTelhb TOHKCH Ha3BaTh TeMy, y4eOHBbIC BOIPOCHI,
03HAKOMHTbH CTYJICHTOB C MIEPEYHEM OCHOBHOU M JIOTIOJHUTEIBHOM JIUTEPATYPhI IO TEME 3aHSTHSL.

Bo BcTynuTenpHONW 4YacTH JIEKIMA OOOCHOBATH MECTO M POJIb U3y4aeMOH TeMbl B Y4eOHOM
JTUCIUILIUHE, PACKPBITH €€ NMpaKTUUeCcKoe 3HaueHue. Eciiu yntaeTcst He nepBas JIEKIUsl, TO HE0OX0IUMO
yBs3aTh €€ TeMY C MPEIbIAYIICH, He Hapyluas JIOTMKA H3JIOKEHHUs ydyeOHoro marepuana. Jlekiuro
clielyeT Ha4MHaTh, TOJIBKO YE€TKO 0003HAUYMB €€ XapaKTep, TEMY M Kpyr T€X BOMPOCOB, KOTOpHIE B €&
Xoze OyayT pacCMOTpPEHBI.

B ocHOBHOW wYacTHM JIEKIIMU CJEAyeT pacKpbiBaTh CoOJEpKaHUE Y4eOHBIX BOIIPOCOB,
aKIICHTUPOBAaTh BHHUMAHHE CTYJEHTOB Ha OCHOBHBIX KaTEropusx, SBJICHHSIX U MpoIleccax,
OCOOCHHOCTSIX WX NPOTEKaHWs. PacKphIBaTh CYIIHOCTh W COJACPIKAHUE PA3IMYHBIX TOYCK 3PEHUS H
Hay4HBIX TOJXO0JIOB K OOBSICHEHUIO T€X WJIM UHBIX SIBJICHUH U mporeccoB. Ciaeayer apryMeHTUPOBAHO
000CHOBaTh COOCTBEHHYIO TMO3UIIUIO TIO CIIOPHBIM TEOPETHYECKUM BorpocaM. [IpuBOIUTE TpPUMEPHI.
3ajaBaTh MO0 X0y U3JIOKEHUS JICKIIMOHHOTO MaTepraja pUTOPUUYECKHUE BOMPOCHI U CaMOMY JlaBaTh Ha
HUX OTBET. ITO CITOCOOCTBYET aKTUBU3AIIMH MBICIIUTEILHON NEATEIHFHOCTU CTYJEHTOB, TTOBBIIIEHUIO X
BHUMAaHHUSI U MHTEpEca K mMaTepuaiy JIEKIUH, €€ coiepkaHuio. [IpenomaBarens MOKEH PYKOBOAUTH
paboTOl CTYJEHTOB MO KOHCIEKTHPOBAHUIO JICKIIMOHHOTO MaTepHalia, MOJYePKUBATh HEOOXOIMMOCTh
OTpa)XEHUS B KOHCIIEKTAaX OCHOBHBIX IMOJIOXKEHUW HM3ydyaeMOW TeMbI, 0CO0O BBIACISAS KaTerOpUMHBIN
anrmapar.

B 3akmounTenbHOl yacTu JIEKIMH HEOOXOIUMO CPOpPMYJIUPOBATH OOIIME BHIBOJABI MO TEME,
PaCKpBIBAIOIINE COJIEPKAaHUE BCEX BOIMPOCOB, MOCTABJICHHBIX B JEKIUH. OOBSBUTH TUIAH OYEPETHOTO
CEMHUHAPCKOT0 WJIH JJA0OPATOPHOTO 3aHATHUS, IaTh KPAaTKHUE PEKOMEHIAINH T10 TTOATOTOBKE CTYACHTOB K
CEMUHapy WK JabopaTopHOIl padoTe.

IIpn 3TOM BO Bcex 4YacTAX JEKIUU HEOOXOJUMO BECTH AHANOr CO CTyJEHTAaMU U J1aBaTh
CTYJEHTaM BO3MOXHOCTb JUCKYTHPOBATh MEXIY COOOM.

Lenp mnpakTU4YecKUX 3aHATUN O00€CleYUTh KOHTPOJb YCBOGHHUS Y4eOHOro marepuana
CTYJEHTaMM, pacllupeHue M yriayOJeHue 3HaHUM, TMONYYeHHBIX HMHU Ha JEKIUSIX U B XOJe
camocTosTeNbHOM paboThl. [loBbimieHne >PPEKTUBHOCTH MPAKTUUYECKUX 3aHATHI JTOCTUTaeTcs
MOCPEACTBOM CO3JaHUSI TBOPUECKON OOCTAaHOBKH, pacrojararoieil CTyJIeHTOB K BBICKa3bIBAHUIO
COOCTBEHHBIX B3IJIAJIOB U CYXACHUN MO 00CYXKIaeMbIM BOIIPOCaM, >KEJIaHHUIO Yy CTYJEHTOB MOpaboTaTh
Yy JOCKH IIPH PEUICHUU 3a]1a4.

[Tocne kax10r0 JEKUMOHHOTO U MPAKTUYECKOIO 3aHATHS ClIeJIaTh COOTBETCTBYIOILLYIO 3aIKCh B
KypHaJIax y4era MOCelIaeMOCTH 3aHITUN CTYJEHTaMU, BBIACHUTh Y CTAPOCT YUEOHBIX IPYIII MPUYUHBI
OTCYTCTBHSI CTYJEHTOB Ha 3aHATUIX. [IpoBoAMTH TpynmnoBble M MHAUBUIYAIbHBIE KOHCYJIbTAlLlUU
CTYJICHTOB [0 BOIIPOCAM, BO3HHUKAWOIIMM Y CTYACHTOB B XOJI€ HX NOAIOTOBKM K TEKyLleHd u
MIPOMEXYTOYHOM aTTeCTally M0 y4eOHOU JAUCUUIUINHE, PEKOMEHI0BATh B MOMOIIs Y4eOHbIE U IpyTrHe
MaTepuaibl, a TAKXKE CIIPAaBOYHYIO JINTEPATypy.

B JeKnuOHHBIX WM MPaKkTHYECKHX HEOOXOAMMO BECTH IHANOT CO CTYISHTaMH U J1aBaTh
CTYJEHTaM BO3MOXHOCTb JUCKYTHPOBATh MEXAY COOOM.

[IpenonaBatenb, NPUHUMAIOIIUN 3a4€T, JIMYHO HECET OTBETCTBEHHOCTh 3a IPABUIIBHOCTH
BBICTABJICHUSI OLIEHKH.
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19.03.01 BuorexHoJiorusa

CHeHI/IaJII/IL’.aIII/IiI «bBHOTEXHOJI0THSD)

(baxanaBp)
ouHasi (hoopMa oOydeHus

[punoxenune Nel
CrpykTypa U cofep>KaHue TUCUUILTUHBI « MaTeMaTuyeckoe MoeJJMPOBaHue OMOTEXHOJIOTHYeCKUX MPOLECCOB M CHCTEM) 10 CIEIUATbHOCTH

Bunel yueOHoI pabOTHhI, BKIIIOUast

< Bunel camoctosiTenbHON paboThl ®opmsl
CaMOCTOSITENIbHYI0 PaboTy
= CTY/IEHTOB aTTeCTalu
e | 8 CTYZCHTOB M TPYJOEMKOCTh B 4acax
Paznen S z
5 | = o
O |8 J C Jla. | CPC | KCP | KP | KIT | PTP Ped. K/P C 3
2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
6
1. Beenenume. OCHOBBI MaTEMAaTUYECKOI'O 5 1 2 0 2
MOJICJIUPOBAHUS
2. HOCTPOCHI/IG THIPOTMHAMHHYECKHX | o 23 2 2 4 + +
Mojieseit
3. [loctpoenne  Mozeneil  TEMJIOBBIX 5 45 2 2 4 + +
IIPOLIECCOB
4. IloctpoeHue Mozeneii | 6-7 2 0 4 +
MaccOOOMEHHBIX TPOLIECCOB
5. [TocTtpoenue Moaeneil XUMHUUECKUX U 5 8-9 4 4 4 + +
OMOTEXHOJIOIMYECKHX IPOIIECCOB
6. [TocTpoeHne aHaIUTHYECKUX MOJeNei
C  HCIOJIb30BaHMEM  mporpamMMmHueix | 6 | 10-13 0 4 8 +
CpeACTB
7. ITapameTpuueckasi HASHTHPUKALNS 6 | 14-15 2 2 4 +
8. [IpoBepka ajgeKBaTHOCTH MOJIETIeH 6 16 2 0 2 +
9. CrpykrypHasi HISHTUUKALHS 6 17 2 2 2 +

11




10. [TocTpoeHue IKCIePUMEHTATBHBIX

MOJIEJIEN C UCII0JIb30BAHUEM 6 18 0 2 2 +

[IPOrPAMMHBIX CPE/ICTB

dopma aTTeCTAIUN 6 +
Bcero 4yacoB mo JMCHUILUIMHE B 18 18 36 +
LIECTOM CEMeCTpe

Hroro no kypey 72 18 18 36 +

3aBenyromuii kadenpoit « Xumbuorex»

JIOIIEHT, K.X.H.

PykoBourens
00pa3oBaTenbHOM MpOrpaMMbl

IT.. T'pomoBsIx/

[E.C. Topmmna/
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[Mpunoxenne 2
MMHUCTEPCTBO HAYKH U BBICILIET'O OBPA3OBAHMS POCCUMCKON ®EJEPALINA

DEAEPAJIBHOE TOCYAAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE YUYPEXJIEHWE BBICIHIEI'O OBPA3OBAHU A
«MOCKOBCKHH NOJJUTEXHUYECKU YHUBEPCUTET»
(MOCKOBCKHUH MMOJIUTEX)

CrnenuansHocTh: 19.03.01 Buorexnonmorus
OII (cneunanu3zanus): «buorexnonorus»
®opma o0yueHus: ouHast
Bun npodeccruonanbHOM IeSTENBHOCTH:
HAYYHO-HCCIIE0BATEIILCKAS

®OH/L OUEHOYHLIX CPEACTB

1O JUCHHUIIVIMHE «MaTtemaTu4ecKkoe MO/IeJIMPOBaAHME

OMOTEXHOJIOTHYEeCKHUX nmpoueccoB 1 CHCTEM»

Cocrag: 1. [Tactiopt poHa OLICHOYHBIX CPE/ICTB
2. Onucanue ONEHOYHBIX CPEJICTB:
2.1. O06pa3iel 3a0aHUN KOHTPOJIBHOM paboThI ISl pyOEKHOT'O0 KOHTPOJIS IO KYpCy
2.2. O0pa31el 3aaHUK  JOMAITHEH KOHTPOJIBbHON paboThl sl pyOSKHOTO KOHTPOJIS IO KypCy
2.3. Bormpoch! 1151 MOATOTOBKH K 3a4ETY

CocTaBuTeJIb:

3y60B JIMuTtpuit Bnagumuposuy

Mocksa, 2021
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MOKA3ATEJb YPOBHA COOPMUPOBAHHOCTHU KOMIIETEHIIUI

Tabmmuma 1

Oﬁlllaﬂ H XUMHYECKasi TEXHOJIO0I'usl

®dI'OC BO 19.03.01 «bBuorexHoJorus»

B nporiecce ocBOCHUS JaHHOM TUCIMILIMHBI CTYJICHT (DOPMUPYET U ICMOHCTPUPYET CISAYIOIINE

o0menpogeccuoHAIbHBIE M TPoeccHOHATbHbIE KOMIIETEHIINH

KOMIIETEHIIUA IlepeueHb KOMIIOHEHTOB TexHoJi0rus ®opma Crenenu ypoBHeii
UHIEKC | ®OPMYJIMPOBKA dopmupoBanus OLIEHOYHOI0 | OCBOEHMS KOMIIETeHIHU
KOMIIeTeHIU i cpeacrBa®*

OIIK-2 CrocoOHOCTEL M TOTOBHOCTL | 3HATH: JIEKLIHS, K/P, Ba3zoBblii ypoBenb
WCIIOJIb30BaTh OCHOBHBIE — OCHOBHBIE THUITOBbIE MOJETH XUMHUKO-TEXHOJIOTHYECKUX CaMOCTOsATENbHAS JK/P, - BOCIIPOH3BOZICTBO
3aKOHBI MIPOLIECCOB, MCIIOIb3YEMbIE JOMYIIEHUS U 00JIacTH paborTa, TMOJTyYeHHbIX 3HAHUH B
€CTECTBEHHOHAYYHBIX MPUMEHUMOCTH; CEMHHAPCKHE XOJIE TeKyIIIEro
JUCLUIUIMH B — OCHOBHBIE CTPYKTYPBI XUMHKO-TEXHOJIOTHYECKUX CHCTEM; 3aHATUSA KOHTPOJIS
npogecCHOHaTbHON — 0COOCHHOCTH MOJICIMPOBAHHUSI, MACIITAOMPOBAHHUS U IoBbINIEeHHbBIIT
JeSITeIbHOCTU, TPUMEHSTH ONTUMHU3AIMK OMOTEXHOIIOTHYECKUX CXEM U ITPOIIECCOB; ypOBeHb
METOJIBl MATEMaTHYECKOTO — 3aKOHOMEPHOCTH KHHETHKH POCTa MUKPOOPTAHU3MOB H - npaKTHUeCKoe
aHaJM3a ¥ MOJICTIMPOBaHUs, | 0Opa30BaHUs MPOIAYKTOB METa0OIM3Ma; MOJIEIH POCTa U ] p——
TEOPETHUECKOTO U 00pa30BaHUs IPOTYKTOB. sHammit B MpoTIECCe
SKCIIEPUMEHTAIBHOTO yMeThb: [OATOTOBKH K
HCCIIeIOBAaHU — OCYIIECTBIIATH TEKOMIIO3HIINIO, AHATIM3 U CHHTE3 XUMHUKO- CeMHHAPCKHM 32HSTHSM

TEXHOJIOTHYECKUX CUCTEM;

— IPOBOJUTH MOJEITUPOBAHNE XUMUKO-TEXHOJIOTHUECKUX CHCTEM.
BJIAJIETh!

— HaBBIKAMH pabOTHI CO CTAHIAPTHBIMH IIPOTPAMMHBIMH
CpEeICTBaMU aBTOMATH3AIIMH MOJICITHPOBAHIIS,

— METOIaMH MOJETMPOBAHUS U MacIITAOMPOBAHUS
OMOTEXHOJIOTHYECKOTO TPOIIecca.

IIK-10 BIIaICHHE TUTAHUPOBAHUEM 3HATD. JICKITHS, K/P, BasoBblii yposenn
SKCIIEpUMEHTa, OOpAOOTKH U | — OCHOBHBIEC IPHHIIUIIHI INIAHMPOBAHUS HAYYHOTO YKCIIEPHMEHTA; CaMOCTOSITeITbHAS JK/P, - BOCIIPOH3BOJICTBO
MIPEICTaBICHIS — OCHOBHEBIE CTPYKTYPBI SKCIIEPUMEHTAIBHBIX MOIEIICH; paborta, TTOJTyYEHHBIX 3HAHHI B
TIOJTy9YeHHBIX PE3YIIbTaTOB — OCHOBHBIC 3aKOHBI PACIIPE/ICTICHUS CITyJYaifHBIX BEINUHH; CEMHIHAPCKHE XOJIe TEKYIIIEro

— MaTeMaTHYECKHEe OCHOBBI METO/Ia HANMEHBIIINX KBAJIPATOB, 3aHATHUS

TPaHHMIIBI €TO IPUMEHUMOCTH, TTOHsTHE 00 anprepHaTnBax MHK;
— MaTeMaTH4YECKHE OCHOBBI PErPECCHOHHOrO U AUCIEPCHOHHOTO
aHaJIM3a JAHHBIX.

KOHTPOJIA
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YMeETB:

— OCYIIECTBIIATH BBIJICTICHUE 3HAYUMBIX M HE3HAYMMBIX
MapaMeTpoB, MIPOBOIUTH CTPYKTYPHYIO H TApaMETPHUCCKYEO
HUICHTA(QUKAIIIO MOJICTICH;

— BBIJIBUTATh U IPOBEPSATH CTATUCTHYCCKUE THITOTE3BI;

— IPOBOJMTH IPOBEPKY 3HAYMMOCTH HAWICHHBIX TTApaMETPOB U
a7ICKBATHOCTH TOJTYYCHHBIX MOJICIICH.

BJIAJIETD.

— METOJIMKOH COCTaBJICHHS TJIAHOB ITOJIHOTO M IPOOHOTO
(haKTOPHOTO IKCIICPUMEHTA;

— HaBBIKAMH NMPUMEHEHHS TPOTPAMMHBIX TAKETOB ISt 00pabOTKU
1 IMPEACTABJICHUSA SKCIICPUMCHTAJIbHBIX JTaHHBIX.

IToBBINIEHHBIH
YPOBeHb

- IPaKTUYECKOE
MIPUMEHEHHE MTOTYYEHHBIX
3HaHMI B Ipoliecce
MOATOTOBKH K
CEMUHAPCKUM 3aHSTHSIM

**- CokpamieHnst HopM OLEHOYHBIX CpeacTB cM. B Tabmuie 2.
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Tab6mmna 2
Hepe'{eHL OLCHOYHBIX CPEACTB IO JUCHUIIJINHE «MareMaTH4eckoe MOJEC/IMPOBaAHUE
GI/IOTeXHOJ]OFI/I'leCKI/IX nmpoueccoB U CUCTEM

HaumenoBanue IIpencraBnenune
Ne
oC OUEHOYHOTO KparTkasi XxapaKTepHCTHKA OIIEHOYHOTO CPEeACTBA OUEHOHOTO
cpeacrea cpeacrea B ®OC
CpeACcTBO TPOBEPKH YMEHHI MPHUMEHSATH MOJYyYCHHbBIC Kommekr
KonTponsHas pabora pea posepat y P y N
1 (K/P) BHAHUS JUTS PEICHHS 3a/1a4 ONPEeICHHOrO THIA M0 TEME | KOHTPOJIBHBIX 33 aHHi
WK pasfeny 110 BaApHAHTAM
Jomarissis CucteMa CTAaHIAPTU3MPOBAHHBIX 3aJIAHUH, MO3BOJISIOIIAS Komrekr
2 | KOHTpoJBbHAst paboTa [ABTOMATH3HPOBATH MPOLICIYPY U3MEPEHHS YPOBHS 3HAHUN | KOHTPOJBHBIX 3aJaHUH
(AK/P) M YMEHHI 00YYaroNerocs. 10 BapHaHTaM
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[Mpunoxenne 2.1
O0pa3ubl KOHTPOJILHBIX PadoT ISl py0e;KHOT0 KOHTPOJIA
BapHaHT b .o e
3aI[aHI/IC 1. BLIZ[GJ'II/ITL 30HBI C OJAHOTUIIHBIM THUAPOAWHAMUYCCKHUM pPEKUMOM, BBECTH HCIAOCTAIOIIUC
0603Ha‘leHI/Iﬂ, 3alMCaTh YPABHCHU S MATCPUAJTIBHBIX U SHCPICTUICCKUX 0aJIaHCoB.

p2s szanaTzo

XUMHUYECKUI

peaxtop

A 4
CaoCroG10Tho P Cp,G, T,
Ty
pla Cpl ’Gl )
2A —B+
Q G,
S ———
BaPHAHT 2 .ot

BanaHMe 1. BBUIGJ'II/ITL 30HBI C OJHOTUIIHBIM TUAPOAWMHAMHWYCCKHUM PEXKUMOM, BBECTH HCIOCTAIOIIUC
0603Ha‘-leHI/I$l, 3alucaTh YpaBHCHUS MAaTECPUAJIbHBIX U SHEPIETUUCCKUX OaJIaHCoB.

pz’ szaG2sT20

XUMHUECKUN
peaktop

P1Ca0 G100 Tio_ Py CppGlk T, T

p]a CppG] >

A T 2B+Q

BapHaHT 3 ...
3amanue 1. Beigenuts 30HBI C OZHOTUIHBIM THAPOIMHAMHYESCKMM PEKHMOM, BBECTH HEIOCTAOLIME
0003HaYCHHSI, 3AIHCATh YPABHEHHS MATEPHAIBHBIX U SHEPICTHYCCKUX OaaHCOB.

2A —B+Q TG,

XHUMHYECKUH
peaktop v

CAO’Glo’

J
TlO G1 [ /V \ G,T

K7 1k

\4
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BapHaHT 4 ..o

3aI[aHI/Ie 1. BLIZ[GJ'II/ITB 30HBl C OJAHOTUIIHBIM THUAPOAWMHAMUYCCKHUM PEKUMOM,

O603Ha‘leHI/I${ 33.HI/IcaTB C}’paBHCHI/ISI MAaTCpUAJIbHBIX U QHEPICTUYCCKUX 0aJTaHCOoB.

nC AoG.a; P.Ta sCR: T,
T,
[legeNy, N

X HMBECERE
peakTap PrCPeT 5
Ty
Ta nCpT,
[ I
R anCreCP PCpOx
L+IB— DHIEHD l
BapHaHT 5 ...

3a11aH1/1e 1. BBUIGJ'II/ITL 30HBI C OJAHOTUIIHBIM TUIAPOJMHAMHWYCCKUM PEKUMOM,

0603Haqum{, 3alucaTh YpaBHCHUS MaTECPUAJIBHBIX U OQHEPIE€TUYCCKUX 0ajIaHCOB.

p,C -G ,Cp. T, PCp.Gp,Cp, Ty

A0’

XHUMHYECKHAH
peaktop

»
>

P:Cri-CricCP

AK> ~BK>

A+2B—* D+3E+Q

BapHAHT 6 ...
Bamanwe 1. BoumennTs 30HBI C OAHOTHITHBIM THAPOAMHAMHYECKAM PEKIMOM,

0003HaYEHHNS, 3aMUCATh YPAaBHEHHUS MaTEPUAIbHbBIX M SHEPIeTHUECKUX OalaHCOB.

P.CrpGaCp.T, p,Cpp G, Cp, Ty
Tﬂ
P.CCpCp.T,
Xumuueckuit
peaxrop \ P3Cp;T5,Gy
l Tt)
T, p.Cp.T,

I F—»
P-CaCCP p.Cp,Gr

A+2BT— D+3E+Q l

BBCCTH HCAOCTAIOIIHUC

BBCCTH HCIOOCTAKOIUC

BBECTH HCIOCTAIOIIHEC
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BapHAHT 7 ..o s
3aI[aHI/Ie 1. BI)IZ[GJ'II/ITL 30HBI C OJHOTUIIHBIM THUAPOJAMHAMHWYCCKUM PCKUMOM, BBCCTHU HCIOCTAIOMINEC
O603Ha‘leHI/I${, 3alIMCaTh YPABHCHHUA MATCPUATIBHBIX U SHCPICTUUCCKUX 0aJIaHCOB.

P:CrpG A Cp, T, 0.C.Gp.Cp, T,y

p.C,Cp.Cp,T,

XuMH4eckuit
peakTop

S —
P:C i CpirCP

A+2BT— D+3E+Q

B aAHT 8 ... s
?)allaHI/Ie 1. Bl)llleJ'II/ITb 30HBI C OJHOTUIIHBIM TUAPOJUHAMHUYCCKUM PEKUMOM, BBCCTU HCEAOCTAIOIIUC
O603Ha‘ICHI/Iﬂ, 3alucaTthb ypaBHCHI/Iﬂ MaTCepHUAJIbHBIX U SOHEPICTHYCCKUX 6aJ'laHCOB.

p,C,0:G,.Cp, T, p,.Cp.Gp,Cp, Ty

p,C,,Cp.Cp,T,

T

 —
2A+Be—" D+E+Q P,C i CiiCP p,Cp,Gx

Kpurepuu onenku:

OIIEHKA «OTJMYHO» BBICTABISIETCS CTYACHTY, €CJIH MPABUIILHO BBIACICHBI 30HBI U 3BCHBS,
3alicaHbl JIOMYIICHUS, BBEACHBI BCE HEOOXOAMMBbIC O0O3HAYEHHsI, YKa3aHbl Pa3MEPHOCTH
UCIIOJIb3YEMbIX ~ BEJHMYHMH, 3alliCaHbl ypaBHEHHs MaTepHaJbHBIX OajlaHCOB IO BCEM
KOMIIOHEHTaM, 3alliCaHbl YpPaBHCHHS OJHEPreTHYCCKHX OallaHCOB, YKa3aHbl Ha4yallbHbIC W
TpaHUYHBIC YCIIOBHsI, YpaBHEHUS TpeoOpa3oBaHbl JI0 BHUJA, TO3BOJSIOIIEIO IMPOBECTH
AHAJTMTHYECKOE/YMCIICHHOE PEIICHHUE, 3a[aHbl YPABHEHUS CBS3H MEXKIy NTEPEMEHHBIMH.

OLIEHKA «XOPOIII0» UMEIOTCS OTJIEIbHBIC IPOOEIBI B PA3MEPHOCTSX HUJITH
HayvaIbHBIX/TPAHUYHBIX YCIIOBHUSIX, BCE YPAaBHEHHS BEPHO 3alMCaHbl, HO He IPpeo0pa3oBaHbl 10
HEOOXOIMMOI'0 COCTOSHUS.

OLICHKA «YyJIOBJIETBOPUTEIHLHOY» MPOIYIICHB HEKOTOPBIC YPABHEHUS M UMEIOTCS
OTJCIIbHBIC HECOTJIACOBAHHOCTH B Pa3MEPHOCTSIX, 00BEKT MPABUIILHO Pa30UT HA 30HBI M BBEJICHA
OoutbIast yacTh 0003HAUCHHIA, IMEIOTCS TIPOOEIIBI B IOMYIIICHHSIX.

OLICHKA «HEYIOBJIETBOPUTEIHHO» OOBEKT HEMTPABWIBHO PAa30MT Ha 30HBI, JIOMYIICHUS
WA Pa3MEPHOCTH HE COOTBETCTBYIOT YPABHEHHUSM MOJICIH, CYIIICCTBEHHBIC TPOOEIIBI WITH
OLIMOKU B ypPaBHEHHUSX MOJCIH.
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[Mpunoxenne 2.2

OO0pa3ubl JOMANIHUX KOHTPOJIbHBIX PadoT /151 py0esKHOr0 KOHTPOJIst

Bapmuanr 1

CI€JIaTh BBIBO/J 00 eé aJICKBATHOCTH

O©CoOoO~NOoO O WNBE

3amanue 1. [TocTpouTh MO SKCHEPUMEHTANBHBIM JaHHBIM Momenu Buma Y =Db, +bX,,

x1
0,5
0,5
1
7,5
2
15
2
8,5
8
2,5
0,5
7,5
4
2
3

o
3

O1Oo1 010101 W N O

y
7,22
6,6
8,46
23,85
10,32
9,09
10,69
26,3
25,56
12,16
6,97
23,87
15,14
10,83
13,21
21,78
20,36
22,62
12,68
18,3
18,27
17,64
18,37
17,66

3amanue 2. OmnpenenuTb CTPYKTYpYy M TMapaMeTpbl MOJIEIH, CHAeNaTh BBIBOA 00 e&

aJICKBATHOCTH

X1
2,64
2,13
4,27
0,03
4,94
4,02
3,57
3,41
1,03
0,67
1,66
0,52
2,67
5,36
0,18
4,72
3,95
2,51
2,30
5,47

X2
0,48
0,85

-0,90
0,03
-0,97
-0,77
-0,42
-0,27
0,86
0,62
1,00
0,50
0,45
-0,80
0,18
-1,00
-0,72
0,59
0,75
-0,73

X3
4,67
1,99
0,57
2,50
1,27
0,67
1,64
0,45
0,13
5,53
4,32
0,22
2,25
5,99
0,75
1,28
3,60
4,31
0,89
1,45

X4
-1,00
0,91
0,54
0,60
0,96
0,62
1,00
0,43
0,13
-0,68
-0,92
0,22
0,78
-0,29
0,68
0,96
-0,44
-0,92
0,78
0,99

X5
4,67
2,49
2,82
2,40
2,80
3,37
3,77
5,56
2,97
0,13
4,85
5,64
1,30
4,49
2,36
5,02
4,04
2,12
4,36
1,90

X6
-1,00
0,61
0,32
0,68
0,33
-0,23
-0,59
-0,66
0,17
0,13
-0,99
-0,60
0,96
-0,98
0,70
-0,95
-0,78
0,85
-0,94
0,95

Y
20,98
14,98
12,45
11,87
17,84
12,60
16,70

9,94
2,98
21,41
17,84
2,59
16,68
33,82
5,42
17,44
20,99
19,52
10,50
19,72
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Bapuant 2. Iloctpouts

10

OKCIICPUMCHTAIIbHBIM

y =Db, +b,X; +b,X,, crenars BeIBOI 00 €€ ageKBaTHOCTH

O©CooO~NOoO Ok, WN P

x1
10
2,5
6,5
3
7
15
45
3,5
1
7,5
7,5
9,5
55
4
2,5
9,5
9,5

©
Y
W W www

X2
6
8
2

6,5

3,5

6,5
4
6

8,5

0,5
1

10

7,5
8
3

9,5

2,5

45
3

45

45

45

45

45

y
33,96
11,46
32,04
15,11
30,81
11,81
23,79
17,36

6,62
36,89
36,84
25,18
19,90
15,54
20,25
26,03
38,76
29,21
38,17
19,03
18,80
19,19
19,31
18,51

JaHHBbIM

3aganue 2. OnpenenuTh CTPYKTYpy W TapaMeTpbl MOJECIH,

aJICKBATHOCTH

X1
1,89
0,71
2,56
3,83
3,57
1,76
3,80
3,73
2,91
2,21
4,09
5,07
3,97
0,55
0,35
0,81
1,05
2,34
0,23
5,83

X2
0,95
0,65
0,55

-0,64
-0,42
0,98
-0,61
-0,56
0,23
0,80
-0,81
-0,94
-0,74
0,52
0,34
0,72
0,87
0,72
0,23
-0,44

X3
4,53
4,70
4,63
2,85
4,77
0,74
3,96
4,23
2,53
1,91
2,07
3,08
1,86
4,76
5,31
5,64
4,45
3,69
0,39
5,04

X4
-0,98
-1,00
-1,00

0,29
-1,00
0,67
-0,73
-0,89
0,57
0,94
0,88
0,06
0,96
-1,00
-0,83
-0,60
-0,97
-0,52
0,38
-0,95

X5
5,34
0,28
2,61
2,61
2,18
3,30
1,67
0,85
4,27
3,12
5,82
4,15
5,76
0,29
5,75
4,64
2,39
2,89
3,87
0,23

X6
-0,81
0,28
0,51
0,51
0,82
-0,16
1,00
0,75
-0,90
0,02
-0,45
-0,85
-0,50
0,29
-0,51
-1,00
0,68
0,25
-0,67
0,23

MOJCIHN

BHUJa

crenars BBIBOL 00 €€

Y
18,97
17,23
20,67
19,94
23,23

8,50
21,25
21,72
17,68
14,89
19,11
22,65
18,28
17,16
19,46
22,39
17,02
17,89

3,16
28,99
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BapHaHT 3 ...

3amanue 1. IlocTpouTh 1O SKCIIEPHMEHTANBHBIM JAHHBIM MoAenH Bupa Yy =D X +b,X,,

CI€JIaTh BBIBOJ 00 eé aJICKBATHOCTH

O©oo~NoO o wWwNBE

24

x1
6,7
49
9,7
2,3
2,3
3,4
3,5
8,8
4,1
2,9
7,6
57
6,4
3,3
1,7
9,1
10
3,4
4
2,6
2,6
2,6
2,6
2,6

X2
9,7
6,1
10
8,3
0,6
7,4
8,1
6,4
8,8
4.8
9,9
2,5
0,2
1,4
3,6
51
7,6
5,7
9,9
8
8
8
8
8

y
33,02
22,26
41,28
19,69

5,84
20,9
22,19
32,53
25,05
14,91
35,75
17,83
15,32
9,73
9,69
30,86
37,67
17,71
26,87
20,01
19,95
19,9
19,9
19,93

3ananue 2. 3aganue 2. OnpenenuTh CTPYKTYPY U apaMeTpbl MOJIENH, CAENaTh BBIBOJ 00 €&

aJICKBATHOCTH

X1
5,08
1,38
0,27
2,64
4,29
4,57
2,30
2,36
1,02
0,95
4,57
4,48
2,81
5,50
1,57
0,94
4,71
5,06
0,42
1,52

X2
-0,93
0,98
0,27
0,48
-0,91
-0,99
0,75
0,70
0,85
0,81
-0,99
-0,97
0,33
-0,71
1,00
0,81
-1,00
-0,94
0,41
1,00

X3
3,19
2,20
1,40
5,16
0,50
2,19
3,36
0,90
2,47
5,21
0,77
2,87
1,04
4,55
1,76
3,85
1,54
3,95
5,68
4,22

X4
-0,05
0,81
0,99
-0,90
0,48
0,81
-0,22
0,78
0,62
-0,88
0,70
0,27
0,86
-0,99
0,98
-0,65
1,00
-0,72
-0,57
-0,88

X5
0,75
2,27
5,26
3,47
2,60
0,61
2,64
0,10
2,53
0,93
3,68
1,10
5,23
1,57
0,45
0,76
3,56
3,72
2,61
0,10

X6
0,68
0,77

-0,85
-0,32
0,52
0,57
0,48
0,10
0,57
0,80
-0,51
0,89
-0,87
1,00
0,43
0,69
-0,41
-0,55
0,51
0,10

Y
64,83
38,62
39,41
77,12
47,04
52,58
56,18
24,23
39,55
52,98
56,55
59,82
54,15
82,75
27,33
41,19
63,10
85,62
61,43
44,91
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BaPHAHT 4 .. s
3amanue 1. [TocTpouTh MO SKCHEPUMEHTANBHBIM JaHHBIM MOAENH Bupa Y =Db, +b X,

CI€JIaTh BBIBOJ 00 eé aJICKBATHOCTH

O©CoO~NOUA,WNPE

24

x1
7
4.5
3,5
1,5
6,5
5,5
5
4.5
7
6,5
6
3,5
8
8,5
3
8,5
6,5
4.5
9
5,5
5,5
5,5
5,5
5,5

y
22,79
16,09
13,75

8,56
21,13
18,69
17,62
16,14
22,59
21,36
20,05
13,73
25,02
26,27
12,58
26,44

21,2
16,11
27,43
18,81
18,68
18,64
18,81
18,83

3ananue 2. 3aganue 2. OnpenenuTh CTPYKTYPY U apamMeTpbl MOJIENH, CAENaTh BBIBOI 00 €&

aJICKBATHOCTH

X1
3,37
4,53
3,45
0,22
1,86
3,46
3,30
4,88
5,27
1,72
0,51
4,73
0,87
5,35
4,72
0,04
1,16
1,27
3,94
4,35

X2
-0,23
-0,98
-0,30

0,22
0,96
-0,31
-0,16
-0,99
-0,85
0,99
0,49
-1,00
0,76
-0,80
-1,00
0,04
0,92
0,96
-0,72
-0,94

X3
1,91
1,29
3,24
5,34
2,54
4,16
0,27
4,92
4,12
1,31
5,96
1,98
2,11
2,76
2,15
0,48
3,89
2,34
0,60
4,95

X4
0,94
0,96

-0,10
-0,81
0,57
-0,85
0,27
-0,98
-0,83
0,97
-0,32
0,92
0,86
0,37
0,84
0,46
-0,68
0,72
0,56
-0,97

X5
2,18
1,75
2,78
5,33
0,22
3,68
1,76
5,06
0,88
5,95
5,46
4,16
1,79
2,44
2,44
1,85
4,87
3,30
2,51
2,33

X6
0,82
0,98
0,35

-0,82
0,22
-0,51
0,98
-0,94
0,77
-0,33
-0,73
-0,85
0,98
0,65
0,65
0,96
-0,99
-0,16
0,59
0,73

Y
5,17
6,23
7,80
5,58
6,30

12,58
4,18
17,86
9,88
8,94
6,55
16,89
-1,21
10,91
8,62
-5,09
10,75
6,59
7,15
7,20
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BapuaHT 5 ..o

3amanue 1. [TocTpouTh MO SKCHEPUMEHTANBHBIM JaHHBIM MOAENH Bupa Y =Db, +b X,

CI€JIaTh BBIBOJ 00 eé aJICKBATHOCTH

O©CoO~NOUA,WNPE

24

x1
3

0
NN NSNNog

y
14,1
17,55
7,85
26,15
18,15
22,25
26,45
24,15
30,15
3,65
33,9
12
36,2
13,85
4,45
6,05
16,45
36,45
37,9
30,5
30,35
29,75
29,9
29,65

3ananue 2. 3aganue 2. OnpenenuTh CTPYKTYPY U apameTpbl MOJIENH, CAENaTh BBIBOI 00 e&

aJICKBATHOCTH

X1
4,20
2,82
5,68
5,93
3,94
2,51
0,14
1,73
2,80
4,12
0,00
3,60
4,23
0,38
4,69
2,97
3,24
3,71
0,29
2,47

X2
-0,87
0,32
0,57
-0,35
0,72
0,59
0,14
0,99
0,33
-0,83
0,00
-0,44
-0,89
0,37
-1,00
0,17
-0,10
-0,54
0,29
0,62

X3
3,47
1,87
0,54
4,02
3,32
0,21
3,70
0,36
3,91
3,91
5,95
1,34
0,84
4,58
0,74
2,15
1,80
5,51
0,32
5,41

X4
-0,32
0,96
0,51
-0,77
-0,18
0,21
-0,53
0,35
-0,69
-0,69
-0,33
0,97
0,74
-0,99
0,67
0,84
0,97
-0,70
0,31
-0,77

X5
0,67
4,91
2,90
2,53
0,33
0,65
4,85
1,88
2,31
0,13
3,80
3,55
4,21
3,13
0,78
0,83
0,88
2,07
1,72
3,69

X6
0,62
-0,98
0,24
0,57
0,32
0,61
-0,99
0,95
0,74
0,13
-0,61
-0,40
-0,88
0,01
0,70
0,74
0,77
0,88
0,99
-0,52

Y
30,13
-0,56
5,27
30,75
29,39
-0,64
20,24
-3,38
30,21
36,76
43,08
-1,31
7,15
34,62

2,44
14,52
10,84
45,34
-3,15
39,77
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BapHAHT B ... e

3amanue 1. [TocTpouTh MO SKCIIEPUMEHTANBHBIM JaHHBIM Mozenu Buaa Y = b, + b x; +b,X,,

CI€JIaTh BBIBOJ 00 eé aJICKBATHOCTH

X2
4,9
5,6
0,3
4,6

7.4
9,4

9,6
8,2
6,4
5,8
8,1
2,3
7
4,5
3,4
9
52
2,5
6,5
1,6
1,6
1,6
1,6

1,6

y
29,4
0
19,9
4
36,6
2
15,5
4
17,9
8
4,40
15,5
4
13,5
4
18,3
0
22,9
8
18,7
2
17,6
8
29,0
3
33,6
6
20,3
2
22,4
1
24,8
3
32,3
3
32,0
9
37,3
4
37,4
2
37,3
2
37,4
4
37,2
7

3aganue 2. 3ananue 2. OnpenenuTh CTPYKTYpPy M MapaMeTpbl MOJIENH, C/IeNaTh BBIBOJ 00 €€

x1
1 7,7
2 4.4
3 7,3
4 1,9
5 4.9
6 0,9
7 5,6
8 3,7
9 4,3
10 5,8
11 5,6
12 1
13 9
14 9,1
15 3
16 7.9
17 6
18 7,2
19 9,8
20 8,5
21 8,5
22 8,5
23 8,5
24 8,5
AJICKBATHOCTH
X1 X2
4,07 -0,80
2,11 0,86
5,66 -0,58
0,32 0,31
5,36 -0,80
0,03 0,03
5,72 -0,53

X3
4,37
5,19
5,02
3,65
2,11
3,70
4,52

X4
-0,94
-0,89
-0,95
-0,49

0,86
-0,53
-0,98

X5
1,34
4,62
5,82
4,86
5,03
4,80
0,86

X6
0,97
-1,00
-0,45
-0,99
-0,95
-1,00
0,76

Y
-10,40
-8,09
-19,70
-3,79
-21,00
-3,50
-15,56
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5,03
5,35
4,91
1,34
4,99
4,34
3,83
1,95
5,47
4,35
4,77
4,53
4,14

-0,95
-0,80
-0,98

0,97
-0,96
-0,93
-0,64

0,93
-0,73
-0,94
-1,00
-0,98
-0,84

3,17
4,53
4,87
0,19
4,41
0,60
0,52
2,19
0,22
4,43
1,59
3,57
1,56

-0,03
-0,98
-0,99
0,19
-0,95
0,56
0,50
0,81
0,22
-0,96
1,00
-0,42
1,00

2,92
3,68
5,55
0,75
3,11
1,20
1,68
1,97
3,21
1,02
0,13
0,17
1,16

0,22
-0,51
-0,67

0,68

0,03

0,93

0,99

0,92
-0,07

0,85

0,13

0,17

0,92

-16,20
-19,45
-19,02
0,32
-16,78
-11,62
-9,28
-0,77
-18,10
-11,94
-15,85
-14,96
-10,89
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Bapmuanr 7

3amanue 1. ITocTpouTh MO 3KCIEPUMEHTANbHBIM [JaHHBIM MOJAeHb BHAa Y =D X, +D,X,,

CI€JIaTh BBIBOJ 00 eé aJICKBATHOCTH

~N o

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

X

5

6
3,5
8,5
2,5

1
5,5

1
4,5
2,5
4,5
3
5,5
8,5
5
10
2
0,5
6,5

8

X2
8,5
6
2

8,5

6,5

4,5

7,5

8,5

8,5

y
28,

04
26,
8
13,
16
36,
88
8,1
5
6,3
4
26
16,
09
19,
38
20,
67
26,
12
22,
82
25,
1
37,
18
27,
52
34,
53
21,
32
7,4
9
20,
04
34,
45
34,
93
34,
53
35,
14
35,
39
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3amanue 2.
aJCKBATHOCTHU
X1
3,80
2,55
4,14
2,93
4,42
0,47
2,18
5,83
4,44
0,06
0,51
5,64
0,19
5,23
4,36
2,38
0,56
4,19
0,16
0,16
Bapuanr 8

Onpenenuts CTPYKTYpY M MapaMETpbl MOJENH,

X2
-0,61
0,56
-0,84
0,21
-0,96
0,45
0,82
-0,44
-0,96
0,06
0,49
-0,60
0,19
-0,87
-0,94
0,69
0,53
-0,87
0,16
0,16

X3
3,31
1,91
1,34
3,56
3,47
1,51
5,81
1,33
3,29
4,57
5,60
4,29
1,21
1,72
1,68
5,46
5,11
1,19
2,31
4,96

X4
-0,17
0,94
0,97
-0,41
-0,32
1,00
-0,46
0,97
-0,15
-0,99
-0,63
-0,91
0,94
0,99
0,99
-0,73
-0,92
0,93
0,74
-0,97

X5
0,03
5,79
2,94
0,30
4,97
3,91
1,72
0,63
2,92
1,12
1,69
2,97
1,68
4,31
0,45
0,05
5,37
1,24
2,21
2,16

X6
0,03
-0,47
0,20
0,30
-0,97
-0,69
0,99
0,59
0,22
0,90
0,99
0,17
0,99
-0,92
0,43
0,05
-0,79
0,95
0,80
0,83

Y
9,62
37,33
21,46
11,05
34,36
26,89
24,77
9,87
24,07
16,56
23,48
25,17
14,65
29,50
10,08
14,59
39,60
12,38
20,06
22,97

cuenarb BbIBOA 00 eé

3amanue 1. [TocTponTh MO SKCHEPUMEHTAIBHBIM JaHHBIM MOJCTH Buaa Y =D X +b,X,,

clenaTth BeIBOJ 00 €€ aleKBaTHOCTH

10

11

12

13

14

15
16

x1

4,5
2

6,5

3,5

7,5
55
4,5

0,5

8,5

8,5

X2
8
10
6
5
4

55
0,5

9
2,5
4,5

9

9
6,5

9

8,5
15

y
26,1
3
23,7
4
28,0
5
18,1
5
25,3
3
35,1
3
14

35,0
9
18,2
8
20,2
7
18,3
3
28,8
6
14,5
7
38,0
8
37,0
4
23,1
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17

18

19

20

21

22

23

24

3amanue 2. OnpenenuTb CTPYKTYpy U TapameTpbl

AJICKBATHOCTHU

X1
4,43
1,50
1,43
3,79
4,46
4,90
0,53
1,31
1,69
5,58
0,39
3,00
0,30
2,48
2,76
3,37
5,93
3,76
3,93
4,72

5
45
45
9,5
9,5
9,5
9,5

9,5

X2
-0,96
1,00
0,99
-0,60
-0,97
-0,98
0,51
0,97
0,99
-0,65
0,38
0,14
0,30
0,61
0,37
-0,23
-0,35
-0,58
-0,71
-1,00

9

9

9

X3
1,79
2,27
4,99
2,10
3,72
5,47
3,19
5,40
3,89
1,21
2,83
1,19
5,56
1,99
0,72
3,86
4,28
1,69
1,86
2,67

16,1
3
17,3
5
25,2
9
40,4
7
40,7
3
40,3
2
40,8
4
40,8
2

X4
0,98
0,77

-0,96
0,86
-0,55
-0,73
-0,05
-0,77
-0,68
0,94
0,31
0,93
-0,66
0,91
0,66
-0,66
-0,91
0,99
0,96
0,45

X5
1,55
3,69
5,06
0,19
2,02
4,99
3,60
0,60
0,17
0,22
1,34
4,62
5,95
4,09
0,12
1,52
0,75
6,00
4,02
1,38

MOJIEIIH,

X6
1,00
-0,52
-0,94
0,19
0,90
-0,96
-0,44
0,56
0,17
0,22
0,97
-1,00
-0,33
-0,81
0,12
1,00
0,68
-0,28
-0,77
0,98

caeilark BBIBOL 00 €€

Y
5,02
2,21

-4,65
2,14
0,04

-7,97

-0,88
1,89
0,63
2,40
5,58

-0,90

-2,69
0,73
3,22
1,57

-0,68
0,72

-1,61
3,31
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Kpurepuu onenku:

OLIEHKA «OTJIMYHO» BBICTABIISIETCS CTYAEHTY, €CJIU IPABUIIBHO ONPEAEIIEHA CTPYKTYpa
MOJIETIH, MPABUIIHFHO TOCTPOCHBI BRIPAKEHUS I pacuéTa Ko (GUIIMEHTOB MOJIEIH, HAliICHbI
BEpHBIE 3HaUEHUs KOI(PPHUIIMEHTOB, TPABMIHLHO PACCUMTAHbI 3HAUCHUSI TUcTiepcuit u F-
OTHOIICHHMSI, BEIOPAHO MPABMIILHO 3HAYCHUE FKp c/ieiaH BEpHBI BBIBO 00 a/IeKBATHOCTH
MO/JIETIN.

OLICHKA «XOPOIIO0» UMEIOTCSI OTACIbHBIE HEAOUYETHI, HE CYMIECTBEHHO ITOBJMSABIINE HAa
TOYHOCTb MOJIEJIM UJTK Ha BBIBOJ 00 a/IeKBATHOCTH MOJICIIH.

OLICHKA «YIOBJIETBOPUTEIILHO» €CIIM €CTh HEAOYETHI, CHU3UBIINE TOYHOCTb MOJEIH, HO
HE TIOBJIMSBIINE HA €€ CTPYKTYPY.

OLlEHKA «HEYIOBJIETBOPUTEIBHO» €CIIM  IIOJy4eHHas MOJEIb HE COOTBETCTBYET
AKCIIEPUMEHTAJILHBIM JJAHHBIM HJIH CJIEJIaH HEBEPHBIN BBHIBOJ] 00 aJICKBATHOCTH MOJICIIH.
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[Mpunoxenne 2.3
BOHpOCLI AJIF IOATOTOBKH K 3aqéTy mo AMCHUIIJIMHE «MaTteMaTH4ecKoe MOJEC/IHPOBaAHUE
OMOTEXHOJIOrMYEeCKHUX nmpoueccoB U CUCTEM)
1. TpeOGoBanusi, TPEIBSABISIEMBIE K MaTEMaTHYSCKHM MOJETSAM. OTallbl MOCTPOCHHUS
Mmojeneil. OcoOCHHOCTH TOCTPOCHHSI MOJEJICH IMpH MPOBEIACHUH AKTHBHOTO M ACCHBHOTO
OKCIICPUMCHTA.

2. CpaBHUTENbHAS XapaKTEPUCTHKAa OCHOBHBIX METOAOB IIOCTPOCHMSI MOJENEH IpH
IIPOBEJIEHUU aKTUBHOI'O U TACCUBHOI'O SKCIIEPUMEHTA.

3. Metoanka cocTaBieHHsT OATaHCOBBIX YpaBHEHHH JIi OOBEKTa C COCPENOTOUYCHHBIMU U
pacnpeieIeHHBIMA KOOpIMHATaMH.

4. [TocTpoenue Moaeny rupOAMHAMUYECKON MOJIEINHN, COAEp KAl AIIEMEHThI UJ1€aIbHOTO
CMEIIIEHUS U UAEaTbHOT0 BHITECHEHUS ¢ OaillmacoM U LUPKYJIALHEH.

S. Juddys3uonnas u sueeunas mojenu. [Ipumepsl UX UCTIONb30BAHMSL.

6. Mojienb KOXKyXOTpyOHOTO TEMI000OMEHHHKA.

7. Mopenu oTMupaHusi 6MOMacCHhl.

8. Mogenb TennooOMEHHUKA C PEKMMOM HJEATbHOTO CMEIICHUs JJIs OJHOrO MOTOKa U
PEXKUMOM HJEATBHOTO BHITECHEHUS 7Sl APYTOro.

9. Mopens aspoOHOTO (hepMeHTEpa.

10. Mojenu pocta OHOMACCHI.

11.  Mopaenu OnocuHTE3a MEPBUYHBIX U BTOPUYHBIX META0OIUTOB.

12. Mopenb peKTH(PHUKAIMOHHON KOJOHHBI.

13. Mopaenb CymIKH B TICEBIO0KIKEHHOM CIIOC.

14, Moxens XUMHUYECKOTO PEaKTopa C MEIIAJIKOW U PyOaIIKoi.

15. Mopgens TpyOYaTOro XMUMHYECKOTO PEaKTOpa ¢ pyOanIkoi.

16.  Mopaenbs NPOMBIIIUIEHHOTO anmnapara, B pa3HbIX 30HaX KOTOPOTO MPOUCXOIT pa3nyHbIe
MIPOLIECCHI.

17.  Ompenenenue mapaMeTpoB JMHEHHOIO YpaBHEHUS PErpeccUd METOJOM HaUMEHBIINX
KBa/IpaToB.

18.  Ompenenenue mapamMeTpoB JIMHEWHOrO  ypaBHEHHs  perpeccuud  (IpocTol U
MHO>KECTBEHHOI1) C UCIIOJIb30BAHUEM CTATUCTHUYECKUX XapaKTEPUCTUK (C BBIBOJIOM).

19. [TonsiTue o 3akoHax pacnpenenenus "Xu-kBaapat", Crerogenta u @umepa. [Ipumeps ux
UCIOJIb30BAHUS.

20.  TloHsATHe O CTATUCTHUYECKUX TMIIOTE3aX U METOJIaX UX MPOBepkH. P- 3HaueHue.

21.  Onmnpenenenue napaMeTpoB JUHEHHOTO ypaBHEHUS PErpeccuu B MaTpuyHoi opme.

22.  PerpeccHOHHBIN aHaNM3, OCHOBHBIE AomyiieHus. [IpoBepka 3HAUMMOCTH MapaMeTpoB U
a/ICKBaTHOCTU ypaBHEHHUSI.

23. Tabnuma gucnepcuoHHoro anamusa. OmpepeneHue  HadWuds — PErPECCHOHHON
3aBUCHUMOCTH C HCTONb30BaHueM F - oTHomeHus. MHOXeCTBeHHbBIN KO3(DPUIIMEHT KOPPETSIIHIH.
24.  llonarue o yactHOM ko3(hdunuente xoppensauuu. OmnpeneneHUE €ro 3HAYUMOCTH.
[Ipumep ucnonb30BaHuUs.

25.  Mertoapl NOCNEN0BATEIBHOIO YTOYHEHUS CTPYKTYPhl PErPECCHOHHOTO YPAaBHEHHS: METO]T
BKJIFOUEHU I, METOJ UCKIIFOYEHN, METO/I IIOIIArOBOM PETPECCUMU.

26. TumoBble 3aJayd MaTEeMaTHUYECKOTO MOJEIUPOBAHUA: TOMyYE€HUE CTATHUECKUX

XapPAKTCPUCTHUK, JIMHCAPU3ALTUA ypaBHeHI/Iﬁ Mopaead. UMutannoHHOe MOJCIIMPOBAHHC.
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