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1. Uenu v 3agaum gucumnnmHbl

Llenbto  gucumnnuHbl  «MopgenupoBaHne 3Hepro - W pecypcocbeperaroLmnx
NPOLIECCOB B XUMWYECKOW TEXHOMOrmu, HedpTexmmmm U OMOTEXHONOrMM» SABMSETCS
dopmupoBaHne KomneteHumn obyvawweroca B obnactm  npodeccuoHanbHom
nesaTenbHOCTN U cdepe NpodreccMoHanbHON eATENTbHOCTHU:

16 Cmpoumernibcmeo U XUiuwHO-KOMMYyHaribHoe xo3siicmeo (8 cghepax: cbop,
nepepabomka, ymunusayusi u XpaHeHue omxodos npou3sodcmea;  obecriedyeHue
3Kos/102u4eckU U caHumapHo-anudemuorsoaudyecku 6eszonacHo2o obpawieHusi ¢
omxodamu ripouzeodcmea u nompebrieHus);

40 Ck803Hble 8UlbI rnpogheccuoHasibHoU dessmesibHocmu 8 MpoMbIWIeHHoCcMU (8
cepepe opeaHuszayuu U nposedeHusi Hay4yHo-uccriedoeamesibCKUX U OfbIMHO-
KOHCmMpyKkmopckux pabom & obriacmu 3Hep20- U pecypcocbepezarouux rnpoueccos 8
Xumu4eckol mexHosioauu, Heghmexumuu u buomexHosioauu.

OucumnnuHa HanpaBneHa Ha peleHne 3agady NnpodeccnoHanbHOM AeaTeNbHOCTH
cneylowmx TUNoB:

mexHorso2u4eckul;

opa2aHu3ayUuOHHO-yrNpasneH4YecKul;

MPOEKMHbIU;

3KcriepmHo-aHanumu4yeckud.

lMporpamma cocTaBneHa B COOTBETCTBUM C TpeboBaHuamu PenepanbHOro
rocygapctBeHHoro  obpasoBaTenbHOrO  CTaHgapTa  Bbicllero  obpasoBaHust Mo
HanpasneHuio nogrotosku/cneunansHocTn 18.03.02 - «QHepro- n pecypcocbeperatomne
NPOLIECCbl B XMMUYECKOWN TEXHOMOMMKN, HEPTEXMMUN N BUOTEXHOTOMMNY.

2. MepeyeHb nNNaHUMpyeMbIX pe3ynbTaTOB OOYYeHUsl, COOTHECEHHbIX C
nnaHUpyemMbiMU pe3yribTaTaMyM OCBOEHUs1 o6pa3oBaTeNlbHON NporpamMmmbl

B pesynbTtate 0CBOEHWS OUCLUMMNINHBbI B COOTBETCTBUM C MNPeayCMOTPEHHbIMU
KOMMeTeHUMAMM 00y4YatoLNNCS OOIMKEH:

Ne Kon dopmynupoBKa Koa v HaumeHoBaHMe MHAMKaTopa [AOCTUXKEHUA
n/n KomneTe
HUMM KoMneTeHuuun KoMneTeHuuun
1 YK-2 CnocobeH onpegenatb | UWd1w. — OnpeagensieT (Mcxoast M3 OENCTBYHOLMX MNPaBOBbIX HOPM)

NoCcTaBNEHHON uenun n | obecneynBaeT QOCTUXKEHME NOCTABNEHHONM LEnu.
Bbl6|/|paTb onTnMmarnbHble

Kpyr 3agay B paMKax | COBOKYMHOCTb  B3aMMOCBSI3aHHbIX  3ajad,  pelleHue  KOTOpPbIX

cnocobbl  ux  petuenusi, | W2vz — MNpoekTpyeT 1 BbibpaeT onTuMankHsle Crnocodkl pelleHus
ncxoos U3 AecTeytolwmx | OMPEAENeHHbIX 3aaad, WCXOAs M3 [EUCTBYIOLMX MPaBOBbIX HOPM,

NpaBoBbIX HOpM, | MMEIOLMXCS PECcYpCoB M OrpaHnyeHuidn u nybnuyHo npencraBnser
MMEIOLLMXCST  pecypcoB 1 | PE3YNbTaThbl PellieHnst KOHKPETHO 3aaun npoekTa
orpaHnyeHui
2 MKB-6 CnocobeH k obpaboTke u WO rke-s - OcyLLecTBNseT MOoMCK U aHann3 Hay4YHO-TEXHNYECKON
aHanuay Hay4Ho- WHdOpMaLuK No 3aaHHON TeMATKKE; 3HAeT U NPUMEHSIET
TEXHUYECKOW MHOPMaLMN | HOPMATUBHYH U TEXHUYECKYIO [LOKYMEHTaLMO B cdhepe oxpaHbl
1 pe3ynbTaTtoB OKpYXXatoLLew cpeabl 1 paLnoHanbHOro NPMPoAONONbL30BaHUs
nccnegosaHun B cdepe
OXpaHbl OKPYXKaIOLLE WO2nks.5s — MpuMeHsaeT cTaTucTnyeckue Metoabl 06paboTku
cpeabl U paumoHarnsHOro SKCnepuMeHTarbHbIX OaHHbIX
NpVPOAONONb30BaHNS
NO3nke-s — MpumeHseT MeToabl MaTeMaTM4eckoro MogenmMpoBaHms 1
ONTUMU3aLUN TEXHOIOTMYECKNX NPOLLECCOB B cdiepe OXpaHbl
OKpyXatoLev cpefbl ¥ pauroHanbHOro NPMPOAONONb30BaHNUS
3 MKe-7 CnocobeH k NpoBeaeHWO WO 1nke-s — MNpoBoauT nabopaTopHble UccneaoBaHnsi, HAbNaeHnsa n
SKCNEepPUMEHTOB 1 n3MepeHuns, B COOTBETCTBUM C pernameHTaMmu, CTaHgapTHbIMU
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oopmneHunto pesynbTaToB
nccnenoBaHun
pa3paboTok B cchepe

(aTTecToBaHHbIMK) MeTOAMKaMM, TpeboBaHMAMU HOPMATUBHO-
TEXHUYECKOM JOKyMeHTauumn, TpeboBaHnsaMM oxpaHbl Tpyaa 1
akonoruyeckon 6esonacHocTu

oXpaHbl OKpy>atoLemn
cpenbl U paLMoHanbLHOro
npupoaononb30BaHUA

NO2nkss — OcyLiecTenaeT oopMrieHne pesyrnbTaTtoB UCCreaoBaHnin 1
pa3paboTok B BMAE OTYETOB (pa3genoB OTHETOB) B chepe OXpaHbl

OKpYy>KaloLLel cpebl M pauyoHansHOro NPUPOAoNoNb30BaHNS

Koa n HaumeHoBaHue UHOUKaTopa
AOCTUXEeHUA KoMneTeHuum

PesynbTaTthl 06y4eHus (nokasaTrenu oueHUBaHUA)

MO1w. — Onpepenser (ucxogs wu3 | 3HaeT: NPUHLMNBI hopMynUPOBKU B3aMMOCBSA3aHHbLIX  3ajad,
OEeNCTBYHOLNX npaBoBbIX HopM) | obecneynBaroLLMX JOCTMKEHNE NOCTABIIEHHON LEenu;
COBOKYMHOCTb B3aMMOCBSi3aHHbIX 3a4au,
pelueHue KOTOpPbIX obecneymBaeTt YmeerT: (*)OpMynl/lpOBaTb COBOKYNMHOCTb B3anNMOCBA3aHHbIX 3a4au,
AOCTIKEeHNEe NOCTaBMNEeHHO Lienw. obecneynBaLLmUX JOCTMKEHNE NOCTABNEHHON LIENy;

BnapeeT: OCHOBHbIMW NpYemMamMy aHanm3a NocTaBMeHHbIX LIenew NpoekTa,
WO2y. — [MpoekTupyeT u BblGupaeT | 3HAET: NpaBOBLIE HOPMbI U MMEIOLMECST pPecypcbl AN ONTUMAanbHOro
onTumarbHble cnocoo6sbl peLLeHnst | peLleHnst KOHKPETHOW 3afaudun
onpedeneHHbIX 3agadv, ucxoas  u3 _
OENCTBYIOLLNX npaBoBbIX HOPM, YMeeT: NpoeKTUpoBaTh pPeLLEHNEe KOHKPETHON 3adayn MpoekTa,

UMEIOLLIMXCS PECYPCOB M OrpaHUYEHUI 1
nyGrvYHO npencTaBnseT pesynbTaThl
peLUeHnst KOHKPETHOW 3a4ayuun NpoekTa

BnapeeT: cnocoBGHOCTLIO MPOEKTUPOBATL PeLLeHMe KOHKPETHOM 3adaqn
npoekTa,

MO1nes - OcywectBnsieT  NOUCK K
aHanu3 Hay4YHO-TEXHUYECKOW
MHopMauun no 3afaHHOW TeMaTuKe;
3HaeT W MNpUMEHAET HOPMAaTUBHYIO W
TEXHUYECKYI0 [OOKyMeHTauuio B cdepe
oxXpaHbl  OKpyxawLllen  cpegbl w”
paumMoHarnbHOro NpMpPoAoNonbL30BaHKA

3HaeT: OCHOBHbIE MWCTOYHMKA HAYYHO-TEXHUYECKON
3aaHHO TeMaTuke

MHdOpMaLun no

Ymeem: KpuTU4eCcKkn aHannanpoBaTb BO3MOXHbIE BapuaHTbl peLueHnst

Bnadeem: HaBblkamn BegeHust Hay‘-IHO-VICCJ'Ie,D,OBaTEJ'IbCKOVI N NPOEKTHO-
NPOn3BOACTBEHHON AeATeNNIbHOCTU B chepe JKoIornm n
npupoaonosfib3oBaHnA B COOTBETCTBUM C OCHOBHbIMWA HOPMaTUBHbIMU
akTamu

WO2nkes — MNpuMeHsieT ctatuctnyeckme
MeToAbl 06paboTku
aKCnepuMeHTarnbHbIX OaHHbIX

3Haem: meTogbl aHanu3a u o6paboTkm HeobxoauMmolr MHdopMaumK,
TEXHUYECKUX JaHHbIX, MoKa3aTenemn u pesynsTaTtoB paboThl

Ymeem: npoBoauTb aHanu3 u obpaboTky Heobxoaumon WHgopmaumu,
TEXHWYECKUX AaHHbIX, MOoKa3aTenemn n pedynbTaTtoB paboThbl

Bnadeem: HaBblkaMW NPUMEHEHUSI CTaHAAPTHbLIX MPOrPaMMHbIX CPEACTB B

obnactm aHanuM3a HeoGxogumon  uHcopmauun, oboblieHns  un
cucteMaTusaumm AaHHbIX
MO3mes —  [MpumeHsieT  meTodbl | 3Haem: OCHOBHbIE TMOHATUSI W OMNPEAEnNeHns  MaTeMaTU4ecKoro
mMatemMaTyeckoro MOJEnuMpPoBaHuA 1 | MOAENVPOBaHUS, LENW 1 3a4a4v MOAEeNpoBaHus
onTUMM3aLum TEXHOMNOMMYEcknx | Ymeem: OCyLLeCTBASITE CTPYKTYPHbIA CUHTE3 MOAENnu, ee aHanus;
npoLieccos B chepe OXpaHbl | MNaHNpoBaTb 3KCMEPUMEHT

Opr)KaIOLLI,eI;I cpeabl U paunoHarnbHOro
npupoaonosib3oBaHnA

Bnadeem: cnocoGHOCTbI0 npnHMMaTbL y4yacTtue
npoueccos € ncnonb3oBaHMeM CTaHOAPTHbIX NaKeToB

B MoaernunpoBaHuUu

NMO1mes — MMposBoaut naGopaTtopHble

nccrnepoBaHus, HabnogeHns n
n3MepeHuns, B  COOTBETCTBUM  C
pernameHTamu, CcTaHA4apTHLIMU
(aTTecToBaHHbLIMK) MeToAnKamum,
TpeboBaHNsMM HOpMaTWBHO-
TEXHUYECKOMN OOKyMeHTauumm,
TpeboBaHNAMM  OXxpaHbl  Tpyda w

aKonornyeckon 6es3onacHoCTh

3Haem: 6a3oBble METOAbl 3KOMOMMYECKUX WUccrieqoBaHuii B 06nactm
MOHWUTOPMHIa OKpYy»KatoLLen cpeqbl

Ymeem: npumeHsTb MeToabl HabnwogeHus,
MaTepvana [gns 9KOMnorm4eckux
nabopaTopHbIX YCMNOBUSIX;

cbopa wn 06paboTku
uUccneaoBaHU B MPUPOAHLIX U

Briadeem: HaBblkamyi UCMONb30BaHWS COBPEMEHHOTO OGOPYAOBaHWS B
noneBbIX 1 NabopaTopHbIX YCMNOBUAX

NO2nkes — OcylecTBngaeT ochopmneHme
pesynbTaToB nccnegoBaHuin "
pa3paboTok B BuAe OTYETOB (pa3genos
0T4eTOB) B cdepe  oxpaHbl
oKpyXarLlen cpefbl U paumMoHanbHOro

3Haem: npuHUMNblI NpeacTaBneHns NpodecCUOoHanbHOM U Hay4HOW
UHdopMauum

Ymeem: oueHuBaTb [OOCTOBEPHOCTb W 3HAYMMOCTb
pe3ynbTaTtoB, NPeacTaBiiATb UX B BUAE OTHETOB

NoNy4YeHHbIX




Hay4HoW
neaTenbHOCTH

AeATeNIbHOCTH,

npMpoAoNonbL30BaHNS Briadeem: HaBblkaMn MNOAFOTOBKM pe3ynbTaTtoB NPOECCUOHANbLHON W
HaBblkaMX  3almTbl  pe3ynbTaToB  CBOEW

3. MecTo aucumnnuHbl B cTpykType Ol BO

HOucumnnuHa OTHOCUTCA

Yacmu,

opmupyemol y4qacmHukamu

obpaszosamernbHbix omHoweHul bnoka 1 OOl. QucunnnuHa aBnsieTcs obsi3aTenibHOM K

N3YHEHUIO

OucumnnuHa «MopenupoBaHme 3Hepro - u pecypcocbeperaroLimx npoueccoBs B
XUMUYECKOWN TEXHOmMormm, HedpTexmummm u OuoTexHonormm» 6asvpyeTca Ha 3HaHusX,

YMEHUAX n KOMNeTeHUnAX, GbOpMMpOBaHHHX

npu

n3yvyeHunn aOncumnnimnH

HeopraHnyeckass xumusi, OpraHudeckass xumusi, Jkonorusi, [Npoueccbl M annapaThbl

«Matematuka», «MHpopmaTnkay.

OucumnnuHa «MopgenupoBaHne 3Hepro - n pecypcocbeperaromx nNpoLeccoB B
XUMUYECKON TEXHOMOMMN, HEPTEXUMUM N BUOTEXHONOTMU» ABNAETCS NPeALIEeCcTBYHOLLEN
AN OCBOEHUSA NpeaauniIoOMHOM MPaKTUKKU, BbINOMHEHUS BbIMYCKHOW KBanMukauMOHHON

paboTbl.

4. O6bem AUCUMNNNHBbI U BUAbI Y4E€OHbIX 3aHATUMN
O6Lwasa TpyaoemMKoCTb ANCUMMINHBI cCOCcTaBnsaeTr 3

_3a4eTHbIX eUHULIbI.

Buabl yuebHoM paboThl Bcero yacoB Cemectp 7

akapg akap
O6wasa TpyA0EMKOCTb OUCLMMNITNHBI 108 108
KonmakmmHas paboma 8 m.u. 47,95 47,95
ayoOumopHble 3aHImus:
JNekuyun 15 15
8 mom 4ucrie 8 ¢bopme npakmu4yeckoul
rnodaomoekxu
JTabopatopHbie 3aHaTus (M3) 30 30
8 mom 4ucne 8 ¢hopme npakmuyeckoul
rnodz2omoekKu
KoHcynbTauum TekyLiune 0,75 0,75
KoHcynbTauusa nepes ak3aameHoMm 2,0 2,0
Buabl atTectaumm (ak3ameH) 0,2 0,2
CamocmosimenbHas paboma: 26,25 26,25
M3yuyeHne wmaTepuana Mo  KOHCMEKTY 14,25 14,25
nekumn, y4eOHUKY (cobecenoBaHue,
TecTupoBaHue, peLleHne Kenc-3agaHun)
PNP : 12 12
PaspaboTka maTeMaTuyeckon Mogenm
BbinonHeHne pacyetoB ans Pr1P 3 3
OdbopmneHune TEKCTOBOM AOKyMeHTaLumm 4 4
OdbopmneHne TEKCTOBOW AOKYMEHTauuun B
BUAe rpacpukos 3 3

2 2

KoHTponb 33,8 33,8




5 CopepxaHue AUCLUNIIUHDI
5.1 CopepxaHue pa3genoB AUCLUMIIUHBI

Ne | HaumeHoBaHue pasgenos CopepxaHue pasgena TpyooeMKocTb
n/n ANCUMNIUHBI (vkasbieaemcsi 8 Oudakmu4yeckux eduHuUyax) pasgena, Yachbl
1. | OcHoBHble noHATMS U | ToHATME Mogenu u moaenupoBaHus. Llenun
onpegeneHunsa W 3agayn npegMmeta  MaTeMaTU4ecKoro
MaTemMaTn4ecKkoro MOAENMpPOBaHNS. Knaccudumkaums
MOZAENMpPOBaHNs mogenen. OnTumanbHOe MoOenvMpoBaHMe.
CuctemHoe  mopgenupoBaHue. [loHATHS 13
cucTeMbl M cucteMHoro noaxoga. CeoncTea
CUCTEMBI. KaTeropum CUCTEMHOIO
MOAENPOBaHNA:  CTPYKTypa,  yHKUUS,
cocTosiHue u T.n. CUCTEMHbIN XapakTep
TEXHOJIOrM4eckoro oobekTa.
2. | MogenupoBaHue TnnoBbIX | Mogens uvaeanbHoro cmelweHus. Mopenb
TEXHONOrMYECKnx naeanbHOro BbiTecHeHus. [Ouddy3noHHasa
npoLeccoB Moaerb: oaHonapameTpuyeckas n
OByxnapameTpuyeckas. fdeeyHass moaernb
C npsMbIMA W 0BpaTHLIMW  MOTOKAMMU.
KoMOuHMpoBaHHbIE  MOZENU:  3acTOWHbIE 3595
30HbI, GannacupoBaHue, napannenbHoe W ’
nocriegoBaTtensHoe coeiHeHne 30H
naearnbHoro nepemMeLLMBaHus "
naearnbHoro BbITECHEHUS.
TexHonornyeckas NNHUSA. Kackag
XUMUNYECKNX PEaKTOpOB.
3. | Ctatuctudeckoe TeopeTnyeckme acnektbl W anroputm
MOAENNPOBaHNE U aHanu3| npeaBapuTenibHon 06paboTkn  OaHHbIX.
OaHHbIX. [NocTpoeHune rMcTorpammel. Kputepui
MupcoHa. OcHoBHble NonoXeHnsi
CTPYKTYPHOrO  CMHTE3a  CTaTUCTUYECKON 23
MOAENM W MnapaMeTpuUYEecKoro aHanusa
mogenn. Kputepuii duwepa. Kputepun
CrtblogeHTa. [naHmpoBaHne akcnepumeHTa
1 obpaboTka sKkcrnepuMeHTanbHbIX AaHHbIX
KoHcynbTauum TekyLime 0,75
KoHcynbTaums nepef 9k3amMeHoM 2,0
Bugpl atTectaumm (3k3ameH) 0,2
KoHTponb 33,8
5.2 Paspgenbl gucumnnuHbl U BUAbI 3aHATUN
Ne
n/n HanmeHoBaHuWe pasgena oMCuUnImHbI Jlekunn, vyac J13, yac CPO, vac
1. OCHOBHble  MOHATUSA ornpegeneHus 5 4 4
MaTemMaTMU4ecKoro MoAenMpoBaHus
2. MopgenvpoBaHue TUMNOBbIX 5 14 16,25
TEXHOSOrMYeCKNX NpoLLeccoB
3. Cratuctnyeckoe  MogenupoBaHuMe U 5 12 6
aHanua gaHHbIX.
KoHcynbTaumm TekyLume 0,75
KoHcynbTauus nepes 9k3aMeHoOM 2,0
Buabl atTectaumm (ak3ameH) 0,2
KoHTponb 33,8




5.2.1 JNlekuumn

n/n

HavnmeHoBaHue pasgena
ONCUMNIUHbBI

TemaTuKa NeKUMOHHbIX 3aHATUN

TpyooeMKocTb,
yac

OcHOBHble
onpegenenusi
MoAeNMpoBaHus

NOHATUA n
mMaTemMaTn4deckoro

MoHaTne mogenu u moaenuposaHusa. Llenn
W 3ajauynm npegMeTta MaTtemaTuyeckoro
MoaenupoBaHuUda.  OCHOBHble  XMMWYECKME
3aKOHHbI, npuMeHaemble B moaennpoBaHun.
Knaccudmkauusa mopenein. OntumanbHoe
MoAenMpoBaHue. CuctemHoe
mMogenupoBaHue. [loHATMS cuctembl W
cuctemHoro nogxopa. CBoncTBa CUCTEMBbI.
KaTteropmm cucTteMHOro MOAENMPOBAHWS:
CTPYKTypa, @YHKLUMSA, COCTOSHME U T.M.
CUCTEMHBIN  XapaKTep TEXHOOrM4eckoro
obbekTa. OcHoOBHbIE MeTOobI
MaTemMaTu4ecKkoro aHanusa um mogernnpoBaHu4,
TeopeTn4yeckoro n SKCnepuMeHTaribHoro
nccecneagoBaHuUA. COBpeMeHHbIe
VIHCbOpMaLI,I/IOHHbIe TEXHOJI0rnu, npuknagHbie
nporpaMmmbl " 6asbl AaHHbIX AOnd  pacyeTa
TEXHOJIOMrM4YeCcKnx napameTpoB oGopy,u,osang n
MOHUTOPUWHIa NPUPOAHbIX cpes,

MopgenuposaHve TUMOBBIX
TEXHOSIOrMYECKNX NPOLIECCOB

Mogenb wungeanbHoro cmeweHus. Mogenb
maeanbHOro BbiTeCHeHna. duddyanoHHas
MoAensb: ofHonapameTpuyeckasi 7
AByxnapameTpuyeckas. fAveeyHas mMopenb
C npsMbiMMn ”N 0bBpaTHbBIMM  MOTOKaAMMW.
KombuHupoBaHHble  MoOAenu:  3acTOWHble
30HbI, DavinacupoBaHue, napannefibHoe u
nocnegosaTtenbHoe coeguHeHue 30H
naeanbHOro nepemMeLlunBaHns u ngearnbHoOro
BbITECHEHUSA.  TexHomnornyeckass  NUHUS.
Kackapg XUMUYECKMX peakTopoB.
MO}:I,erIVIpOBaHVIe QHepro- n
pecypcocbeperaroLmx npoweccos B
NPOMbILLIITIEHHOCTU

Cratuctnyeckoe mogenvpoBaHue
W aHanu3 AaHHbIX.

TeopeTuyeckue acnektol U
npegBapuTenbHoi  00paboTkm
lMocTpoeHne  rMcTorpamMmbl.
MupcoHa. OcHoBHble NONoXeHnst
CTPYKTYPHOTO  CMHTE3a  CTaTUCTUYECKOMU
MoAenn W NapameTpu4eckoro aHanuaa
mogenu. Kputepun Oduwepa. Kputepuin
CrtbtogeHTa. MnaHupoBaHve akcnepumeHTa
1 obpaboTka sKCnepuMeHTarnbHbIX AaHHbIX

anroputm
OaHHbIX.
Kputepui

5.2.2 JTabopaTopHbIN NpakTUKyM

n/n

HaunmeHoBaHwve pasgena
ONCLUMMNMNUHBI

HanmeHoBaHne npakTuyeckmnx pabot

TpyooemMKocTb,
yac

OCHOBHbIE MOHATHS 1 onpepne-
NeHnda maTemMaTn4ecKkoro
mMoaennpoBaHua

Mpvmep 3agaym MogenMpoBaHus.
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MogenupoBaHue TUNOBbLIX

Mopgenb naeanbHOro cMeLLeHns.

TEXHOJI0rm4ecKkux npoueccos

Mogenb naeanbHOro BblTECHEHUS

KOMGVIHI/IpOBaHHbIe 3agayun

YnucneHHble MeToabl peLleHns HefIMHENHbIX
ypaBHeHui

NIBEININ




MogenupoBaHue cTaumoHapHbIX PEXMMOB 2
3agava nnaHMpoBaHUs Npy OrpaHNYEeHUaX °
Ha pecypchbl
3. CraTtuctnyeckoe MpepBaputenbHas  obpaboTka  OaHHbIX. 4
MmogenuposaHue wn  aHanu3| Kputepun NupcoHa.
OaHHbIX [uncnepcunoHHbln aHanus. Kputepun >
CrtbtogeHTa n duwwepa.
MapameTpuyeckmin CUHTE3 U CTaTUCTUYECKNIA 4
aHanms.
lMnaHupoBaHWe akcnepumeHTa u obpaboTka 5
OaHHbIX
5.2.3 lNpakTnyeckune 3aHATUSA - HE rPedyCMOMPEHbI
5.2.4 CamocToatenbHasa pabota obyyatowwmxcs (CPO)
rr|\j|g'| HanmeHoBaHuWe pasgena oucunnimHbl Bug CPO CPO, vac
1. OcHoOBHbIE NOHATUA " onpegeneHus | N3yyeHne matepuana no 4
MaTemMaTM4ecKoro MoaenMpoBaHus KOHCMEKTY NeKuun,
Y4EeOHUKY
2. MogenupoBaHue TUMNOBbIX TEXHONOTMMYECKUX N3yueHune maTepmana no
npoveccos KOHCMEKTY NeKunin, 4,25
y4eOHUKY
PP Ne1 12
3. Cratuctnyeckoe  MogenupoBaHue M aHanus | M3yyeHue matepuana no 6
OaHHbIX. KOHCMEKTY NeKuni,
y4ebHuMKy

6 YyebHO-MeTOAMYECKOe obecrnevyeHne AUCLUUNNNHBI

6.1 OcHOBHasa nuTepaTtypa

1. Camomnos H.A. Tlpumepbl n 3agaum no Kypcy "Matematunyeckoe
MoennpoBaHue XMMUKO-TEXHOJIOMMYECKUX npoueccos".-Cl16.: J1aHb,2013
https://e.lanbook.com/reader/book/37356/#4

2. T'ymepoB A.M., Matematnyeckoe MoLeNnUpPOBaHWE XUMMUKO-TEXHONOMMYECKNX
npoueccoB: Y4ebHoe nocobue. — 2-e u3g. nepepabot. _ Cl16.: Jlanb,2014. — 176 c.
https://e.lanbook.com/reader/book/41014/#2 c.

3. KnuHoB, A.B. JlaBopaTOpHblh nNpakTUKyM MO  MaTtemaTuyeckomy
MOAENUPOBAHNID  XMMMUKO-TEXHONOMMYECKMX MpoueccoB : yyebHoe nocobue /
A.B. Knunos, A.B. ManbirvH ; - Kasanb : KI'TY, 2011. - 99 c. : vn., Tabn. - bubnuorp.: c.
97. ; [OnekTpoHHbIN pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=258853

4. KnuHos, A.B. MaTemaTnyeckoe MogenmpoBaHne XMMUKO-TEXHOSTOMMYECKUX
npoueccos : y4ebHoe nocobue / A.B. KnuHos, A.l". MyxameT3siHOBa ;. - KasaHb :
KasaHckuin rocygapCTBeHHbIN TeXHonornveckmn yHnsepeutet, 2009. - 144 c. : vn., Tabn.,
cxeM. - bnbn. B kH. - ISBN 978-5-7882-0774-2 ; To e [OnekTpoHHbIN pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=270540.

6.2 [lononHuTenbHaa nuteparypa
1. 3akrenm, A.FO. ObLwasa xMmuyeckas TEXHONOINS: BBEAEHME B MOAENUPOBaHME
XUMUKO-TEXHONOMMYEeCcKnx npoueccoB : ydebHoe nocobue / A.KO. 3akremm. - 3-e u3fg.,
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https://e.lanbook.com/reader/book/37356/#4
http://biblioclub.ru/index.php?page=book&id=270540
http://biblioclub.ru/index.php?page=book&id=258853

nepepab. n pgon. - Mockea : Jloroc, 2012. - 304 c. - (HoBas yHuBepcuteTCckas
6ubnunoteka). - ISBN 978-98704-471-1 ; [OnekTpoHHbn pecypc]. - URL:

http://biblioclub.ru/index.php?page=book&id=84988 .

2. 3natgmHos, H.H. MatemaTtudyeckoe mMoaenMpoBaHne XMMMUKO-TEXHOMNOMMYECKNX
cucTem € mucnonb3oBaHueM nporpammbl ChemCad : ydebHO-meToamnyeckoe nocobue /
H.H. S3natannos, T.B. Jlantesa, [.A. PbixoB ; cocT. H.H. 3uatauHos, T.B. Jllantesa, O.A.
PbrkoB ; depepanbHoe areHTCTBO no obpasoBaHuio u ap. - KasaHb : M3pgatenbctBo
KHATY, 2008. - 161 c. : nn., Tabn., cxem. - bubnuorp. B KH. ; [ONEKTPOHHbIN pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=259070.
3. Kopobosa J1.A. un gp.MaTtematnyeckoe mogenvpoBaHue. [NpakTukym

yyebHoe nocobuwe. - BopoHex, 2017
http://biblos.vsuet.ru/ProtectedView/Book/ViewBook/4350

6.3 TlepeyeHb y4eObHO-MeToanYeCcKoro obecnevyeHus ansa
CaMOCTOSAITENIbHOW paboTbl OOy4arowmxcs.

MogenupoBaHue aHepro - n pecypcocbeperalownx nNpoLeccoB B XMMUYECKON
TEXHOMNOrnnN, HepTEXUMUM U BMOTEXHONOrMM [ONEKTPOHHBLIN pecypc] : METOA. YKa3aHus
ana CPC no pgucuunnvHe “MopenupoBaHue 3Hepro - U pecypcocbeperaroLmx
NPOLIECCOB B XMMUYECKOW TEXHOMOrmm, HedpTexmmmm n 6muotexHonormn” / BopoHex. roc.
YH-T  UHX. TexHon.; coct. C. H. YepHsieBa, JI. A. Kopobosa, KO. A. CacoHoBa —
BopoHex : BIrymut, 2014. - 35 C. - o]
http://biblos.vsuet.ru/ProtectedView/Book/ViewBook/2230

6.4 lepeyeHb pecypcoB WHGDOPMALMUOHHO-TENIEKOMMYHUKALMOHHON CeTU
«UHTepHeT», He0OOX0ANMbIX AN OCBOEHUA AUCLUNIINHBLI (MoAayns)

HanmeHoBaHue pecypca cetn «MIHTepHeT» OIEKTPOHHbIN agpec pecypca

«Pocculickoe obpa3osaHue» - edeparnbHsbill | https://www.edu.ru/
rnopmarn

HayuHas anekmpoHHasi bubnuomeka https://elibrary.ru/defaultx.asp ?

HauyuonanbHas uccrniedosameribckas | https://niks.su,
KomrstomepHasi cemb Poccuu

UHgpopmayuoHHass cucmema «EOUHOe  OKHO | http://window.edu.ru/
docmyna K obpasogamersibHbIM pecypcamy»

AnekmpoHHas bubnuomeka BI'YUT http://biblos.vsuet.ru/megapro/web

Calim MuHucmepcmea Hayku U 8bICWER20 | https://minobrnauki.gov.ru/
obpa3zosaHusi P®

lMopman omkpbimozo on-line obpa3zosaHusi https.//npoed.ru/

3nekmpoHHas UHGbOpMayUOHHO- | https://education.vsuet.ru/
obpasosamersbHas cpeda OIB0Y BO «BIM'YUT»

6.5 [llepevyeHb WHGPOPMAUMOHHBLIX TEXHONOrMKU, WUCMONb3yeMbIX NpU
ocywlecTBfieHMNn obpasoBaTenbHOro npouecca no AucuunnuHe (mMoaynio),


https://education.vsuet.ru/
https://npoed.ru/
https://minobrnauki.gov.ru/
http://biblos.vsuet.ru/megapro/web
http://window.edu.ru/
https://niks.su/
https://elibrary.ru/defaultx.asp
https://www.edu.ru/
http://biblos.vsuet.ru/ProtectedView/Book/ViewBook/2230
http://biblos.vsuet.ru/ProtectedView/Book/ViewBook/4350
http://biblioclub.ru/index.php?page=book&id=259070
http://biblioclub.ru/index.php?page=book&id=84988

BKNo4vas nepeyeHb nporpaMMHoro obecneyeHus, COBpPEMEHHbIX
npoceccuoHanbHbIX 6a3 AaHHbIX U MH(POPMALIMOHHbIX CMPABOYHbIX CUCTEM

lMpu usyyeHuu OucyunnuHbl UCMOL3yemcsi rpospaMMHoe obecriedeHue,
COBPEMEHHbIE rpogheccuoHasbHble 6a3bl OaHHbIX U UHGOPMaUUOHHbIE CrpPasoYyHbIe
cucmewmbi: INOC yHusepcumema, 8 mom 4qucrsie Ha base npozpamMMHOU namgopmbl
«Cpeda anekmpoHHo20 obydeHuss 3KL», asmomamu3uposaHHass UHGopMayUOHHas
b6asa «MlHmepHem-mpeHaxepsbl», « MHMepHemM-3Kk3aMeH».

Mpn ocBoeHUM AUCUUNNMHLI UCMOSIb3YeTCA JIMLEH3UOHHOE U OTKpbITOE
nporpammHoe ob6ecne4veHue — H-p, OC Windows, OC ALT Linux.

7 MaTepMaano-TeXHqucxoe obecneyeHne AUCLUNIIUHDI

Heobxoanmbin gns  peanu3auun obpasoBaTenbHOM NporpamMmMmbl  NepedeHb
MaTepuanbHO-TEXHMYECKOro obecrneyeHuns BKYaeT:

- JeKUNOHHble ayauTopun (06opyaoBaHHbIe BUOEONPOEKUMOHHBIM 060pyaoBaHNEM
ANs nNpeseHTauui; cpeactsamu 3BYKOBOCMPOM3BEOEHUS; 9KPAHOM; UMEKLMEe BbIXOa B
NHTepHeT);

- MOMelleHuss Onsa npoBedeHnsa nabopaTopHbIX WM NPAaKTUYECKMX 3aHATUR
(o6opynoBaHHble y4ebHOM Mebenblo);

- Oubnuoteky (Mmerowy paboune wmecta ANA  CTYOEHTOB, OCHAaLLEHHble
KOMMbOTEpPaMM C AOCTYNoM k 6a3am gaHHbIX U IHTepHeT);

- KOMMbKOTEPHbIE KNacchbl.

Ob6ecneyeHHOCTb Mpouecca OOyYeHUs1 TEXHUYECKUMU CpeacTBaMu MOSHOCTbLIO
cootBeTcTBYeT TpeboBaHnam @OrOC no HanpaBneHuto noarotoBku. MaTtepuanbHo-
TexHunyeckasn 6asa npuBeaeHa B NMLEH3MOHHbIX (POPMaXx 1 pacnosiokeHa BO BHYTPEHHEMN
cetn no agpecy http://education.vsuet.ru.

Ayautopum AnA npoBeaeHns 3aHATUI NeKLMOHHOMO TMNa

YyebHas ayantopusa Ne 6-31 | - komnnekt mebenu gns Microsoft Open License

ANs npoBefeHns y4ebHoro npouecca Ha 44 Microsoft WindowsXP

NEKUNOHHbIX, MPakTU4YecKux, MecTa Academic OPEN No Level #44822753
3aHATU cemMuHapckoro Tuna, | MNpoektop Aser XD 1150 — 1 ot 17.11.2008

rpynnoBbIX U T, http://eopen.microsoft.com
NHAMBUAOYaNbHbIX OkpaH ansi npoektopa — 1

KOHCymnbTaLUMWI, TEKyLLEro T, Microsoft Office 2007 Russian
KOHTpons u npomexyTtodHon | KomnbtoTtep Intel Core 2Duo ET303demic OPEN No Level #44822753
aTTecTaumm MoHuTtop 18 LG o1 17.11.2008

http://eopen.microsoft.com

Adobe Reader Xl (6ecnnaTtHoe M0O)
https://acrobat.adobe.com/ru/ru/
acrobat/pdf-reader/volume-
distribution.html

YyebHas ayamntopusi Ne 6-33 | Komnnekt mebenu ans Microsoft Open License

ONna npoBeaeHus y4ebHoro npoueccaHa 24 Microsoft WindowsXP

NEKUNOHHbIX, MPaKTUYECKnX, MecTa Academic OPEN No Level #44822753
3aHATMI ceMuHapckoro tuna, | MNMpoektop Aser XD 1150 — 1 oT 17.11.2008

rpPynnoBbIX U LT, http://eopen.microsoft.com
NHAMBUAOYaNbHbIX OkpaH ans npoektopa — 1

KOHCYIbTaUWi, TEKYLLLEro T, Microsoft Office 2007 Russian
KOHTponsa u npomexyTtovHon | Komnbtotep Intel Core 2Duo | Academic OPEN No Level #44822753
aTTecraumm E7300; MoHuTop 18 LG ot 17.11.2008

http://eopen.microsoft.com

Adobe Reader Xl (6ecnnatHoe M10)
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http://eopen.microsoft.com/
http://eopen.microsoft.com/
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
http://eopen.microsoft.com/
http://eopen.microsoft.com/

https://acrobat.adobe.com/ru/ru/

acrobat/pdf-reader/volume-
distribution.html

YyebHas ayautopusi Ne 6-35
ONs NPOBeAEeHNS 3aHATUIN
NEKUNOHHOro TUna,
NPaKTUYECKMX,
nabopaTopHbIX 3aHATUN,
3aHATUN CEMUHAPCKOro Tuna,
rpPynnoBbIX U
NHAMBUAOYaNbHbIX
KOHCYNnbTaLui, TeKyLlero
KOHTPOMS 1 MPOMEXYTOYHOM
aTTecTtaumm

Komnnekt mebenu ans
y4eBHoro npotecca Ha 32
mecTa

Komnbtotepbl Corei5—2300
(10 wT), C BOCTYNOM K CeTH
UHTEpHeT, KommyTaTop
Switch.

Mpoextop Aser XD 1150 — 1
LT,

Microsoft Open License

Microsoft WindowsXP

Academic OPEN No Level #44822753
o1 17.11.2008
http://eopen.microsoft.com

Microsoft Office 2007 Russian
Academic OPEN No Level #44822753
oT 17.11.2008

http://eopen.microsoft.com

Adobe Reader Xl (6ecnnatHoe M0O)

https://acrobat.adobe.com/ru/ru/

acrobat/pdf-reader/volume-
distribution.html

YyebHas ayamTtopus Ne 6-24
AN NpoBeaeHns 3aHATUN
NEKUNOHHOro TUNa,
NpaKTUYECKMX,
nabopaTopHbIX 3aHATUNA,
3aHATUI CEMMHAPCKOro Tuna,
rpynnoBbIX U
NHANBUAOYanbHbIX
KOHCynbTaLMI, TEKYLLEro
KOHTPOMSI U NPOMEXYTOUHOW
aTTecTaumm

Komnnekt mebenn ans
y4yebHoro npotecca Ha 48
mMecT

. KomntoTtep Intel Core 2Duo
E7300 - 11 wTtyk; MoHuTOp
18 LG — 11 wryk.; MNpoekTop
Aser XD 1150. KomnbtoTep
Celeron-433. Nnottep HP
DesignJet Pabouyasi ctaHums
Intel Celeron 335.

Microsoft Open License

Microsoft WindowsXP

Academic OPEN No Level #44822753
oT 17.11.2008

http://eopen.microsoft.com

Microsoft Office 2007 Russian
Academic OPEN No Level #44822753
o1 17.11.2008

http://eocpen.microsoft.com

Adobe Reader XI (6ecnnaTtHoe M0O)
https://acrobat.adobe.com/ru/ru/
acrobat/pdf-reader/volume-
distribution.html

[nsa npoeedeHuss nabopaTopHbIX

3aHATUN,

rpynnoBbix 1 wuvHOMBMAYalbHbIX

KOHCW’IbTGLI,I/IIZ, TEeKyLlero KOHTPOJlid un npomex(yTquon atTrTectaumm B pacnopsaxXeHmun

Kadpeapbl UMeeTcn:

YuebHasa ayautopust | Komnnekt mebenu ans

Ne 6-35 ons y4ebHoro npouecca Ha 32
npoBeaeHns MecTa

3aHATUN Komnbtotepbl Corei5—2300 (10
NEKUNOHHOrOo Tuna, | LWT), C AOCTYMOM K CETK
NpPaKTU4ECKunX, nHTepHeT, KommyTatop Switch.
nabopaTopHbIX MpoekTop Aser XD 1150 — 1
3aHATUN, 3aHATUN T,

CEMWHapCKOro Tuna,
rpynnoBbIX 1
MHONBMAYanbHbIX
KOHCYNnbTaLuK,
TeKyLlero KOHTpons
N MPOMEXYTOYHOM
aTtTecTaumm

Microsoft Open License
Microsoft WindowsXP

17.11.2008
http://eopen.microsoft.com

http://eopen.microsoft.com

reader/volume-distribution.html

Adobe Reader XI| (6ecnnaTtHoe 10O)
https://acrobat.adobe.com/ru/ru/acrobat/pdf-

Academic OPEN No Level #44822753 o1

Microsoft Office 2007 Russian Academic OPEN
No Level #44822753 o1 17.11.2008

Ayautopua ana caMocTosaTelbHOM paboTbl CTYAEHTOB

YuebHas ayautopusi | Komnnekt me6enu ans

Ne 6-30 ans y4ebHoro npouecca Ha

CaMOCTOATENbHOMN 2 mecTa

paboTbl CTYyOEHTOB Komnbtotep P-4-3,0 — 2
wT.

MpuHTtep HP LaserJet P

Microsoft Open License
Microsoft WindowsXP

Academic OPEN No Level #44822753 ot

17.11.2008
http://eopen.microsoft.com
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http://eopen.microsoft.com/
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
http://eopen.microsoft.com/
http://eopen.microsoft.com/
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
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https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/volume-distribution.html

2015 -1 wr. Microsoft Office 2007 Russian Academic OPEN No
Level #44822753 o1 17.11.2008
http://eopen.microsoft.com

Adobe Reader Xl (6ecnnatHoe IN0O)
https://acrobat.adobe.com/ru/ru/acrobat/pdf-reader/
volume-distribution.html

KOMIMAC 3D LT v 12, (6ecnnat.lMO)
http://zoomexe.net/ofis/project/2767-kompas-
3d.html

[ononHutenbHoO, camocTosiTenbHas paboTta oby4aroWmxcs, MOXeT OCYLLEeCTBAATbCA
npun NCNonb3oBaHWK!

YnTtanbHble 3anbl KomnbloTepbl co cBO6OAHBIM Microsoft Office Professional Plus 2010

ombnmoTekn. [ocTyrnom B ceTb VIHTEpHET 1 Microsoft Open License Microsoft Office
OnEeKTPOHHBbIMU BUBNIMOTEYHBIMU U Professional Plus 2010
WHOPMALIMOHHO CMPaBOYHbLIMU Russian Academic OPEN 1 License No
cuctemamu. Level #48516271 0o117.05.2011 r.

http://eooen.microsoft.com

Microsoft Office 2007 Standart,
Microsoft Open License

Microsoft Office 2007 Russian
Academic OPEN No Level #44822753
o1 17.11.2008
http://eopen.microsoft.com

Microsoft Windows XP,

Microsoft Open License Academic
OPEN No Level #44822753 ot
17.11.2008 http://eopen.microsoft.com.

Adobe Reader Xl, (6ecnnatHoe MO)
httos://acrobat.adobe.com/ru/ru/
acrobat/odfreader/volume-
distribution.html

8 OueHo4YHble MaTepuanbi Ans NPOMEXYTOYHOM aTTecTauum oby4arowmxcs
no AUCLUMUNIINHE

OueHouHble MaTepuansl (OM) ansa aucumnnuHel (Mogyns) BKNOYaloT B cebs:

- NepeyeHb KOMMETEHUNN C YKadaHMEM MHANKATOPOB AOCTUXKEHUS KOMMNETEHUMN,
aTanoB nx POPMMPOBAHNSA B MPOLIECCE OCBOEHMSI 0Opa3oBaTeENbHOWM NPOrpamMmsil;

- OnncaHue LWKan oLeHNBaHUS;

- TUMNOBbLIE KOHTPOSbHbIE 3adaHWA WAN MHble MaTepuansl, Heobxoaumbie ONA
OLIEHKWN 3HaHWW, YMEHNWN, HaBbIKOB;

- MeTogudeckue maTepuvarnbl, onpegenstowmne npoueaypbl OLEHUBAHUSA 3HAHUN,
YMEHWI, HAaBbIKOB 1 (MNK) OnbiTa AeATENbHOCTMW.

OM npefcraBnsATCS OTAENbHLIM KOMMIIEKTOM U BXOAAT B COCTaB pabouyen
nporpamMmmMbl AUCLMNNKHbI (MOAyNSA).

OueHo4Hble maTepuansl dopmupytotca B cootseTcTBum ¢ I BI'YUT «lMonoxeHue
006 oUEeHO4YHbIX MaTepmanax».
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NMPUNOXEHUE
K pabo4yen nporpamme
MooenupoBaHue 3HEPro - 1 pecypcocbeperaroLmnx NpoLLeccoB B XMMUYECKON

TEXHONOrMn, HedTEXUMUN U DUOTEXHOOIA

1. OpraHu3aunoHHO-MeToAMYECKNE AaHHble QUCLMNIIUHBLI ANA 3a04YHOMU

¢opmbl 0OyUeHUsA

1.1 O6bembl pas3nuyHbix opM yyebHOM paboTbl U BUAbI KOHTPOSSA B

COoOTBeTCTBUU C y‘-IGGHbIM niaaHoOMm

O6Lwasa TpyaoemMKoCTb ANCUMMNNHBI (MO4YNA) cocTaBNAeT 3 3a4yeTHbIX eAUHUL,

Bupbl yye6HOM paboThbl Bcero 4yacos Cemectp 9

akag akag

O6Las TpyaoeMKOCTb AUCLMNINHDI 108 108

Koumakmuasi paboma 6 m.4y. ayOumopHbIe 22,2 22,2

3aHsIMusi:

Jlekumn 8 8

8 mMOM 4ucrie 8 hopMme rpakmu4eckol

rnodz2omoekKu

JlabopatopHsble 3aHaATUS (M3) 10 10

8 mMOM 4ucrie 8 hopMme rpaKkmu4yeckol

rnodz2omoekKu

PeueH3npoBaHne KOHTPONbHOM paboTbl 0,8 0,8

KoHcynbTauum TekyLime 1,2 1,2

KoHcynbTauusa nepes ak3aMeHoOM 2 2

Buapbl atTectaumm (3k3ameH) 0,2 0,2

CamocmosimenbHasi paboma: 79 79

KOHTPOrbHblEe paboTbl 10 10

MogroTtoBka kK NabopaTopHbLIM 3aHATUSAM: 69 69

- npopaboTka maTepmana no KOHCMEKTY

nekuumn
- npopaboTka maTepmana no y4ebHuKy
KoHTponb 6,8 6,8
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OLIEHOYHbIE MATEPWUAIbI
AnA NPOMEXYTOYHOU ATTECTALIUAU

no }J,I/ICLI,I/II'IJ'IVIHe/I'IpaKTI/IKe

MogenupoBaHue 3Hepro - u pecypcocbeperarowmx NpoLeccoB B XMMUYECKOMN
TeXHOJIOruKn, HepTeXMMun u GUOTEXHONOruNn
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1.

MepeyeHb KOMMNeTEHUUI C yKa3zaHUeM 3TanoB Ux popMmpoBaHus
B pesynbTate OCBOEHUSI AUCLUMNIMHbI

B COOTBETCTBMMN C npeaycMoTpeHHbIMU

KOMMeTEHUMAMM 00yYaoLNNCS OOMMKEH:

Ne Kon dopmynupoBKa Koa v HaumeHoBaHMe MHAMKaTopa [AOCTUXKEHUA
n/n | komneTte KOMneTeHUuun KOMneTeHUuun
HUUK

1 YK-2 CnocobeH onpegenatb | N1y, — OnpepenseT (ucxodst w3 OENCTBYHOLMX MNPaABOBbLIX HOPM)
KPyr 3aga4y B paMKkax | COBOKYMHOCTb  B3aMMOCBSI3aHHbIX  3afad, peELleHUe  KOTOpbIX
noctaBneHHon uenn U | obecneuynBaeT OOCTKEHME MOCTABIIEHHOMW LENW.
BblIbMpaTh  ontumarnbHble | U2y, — MpoekTupyeT U BbiGUpaeT onTuMarnbHble cnocobbl peLleHus
Cnocobbl  UX  PeLUeHWs], | onpedeneHHbIX 3adadv, MCXOAs W3 OEeMCTBYIOWMX MNPaBOBbIX HOPM,
ucxogs U3  OENCTBYIOLMX | UMEKLLUXCA PEecypCcoB W OrpaHuyeHuidi v nyGnuyHo npeacraBnseT
NpaBoBbIX HOPM, | pesynbTaTbl peLUEHNsI KOHKPETHOW 3aaudn NpoekTa
MMEIOLLIMXCA PEecypcoB MU
orpaHnyeHnmn

2 MKe-6 CnocobeH k nposegeHuo WO rke-s - OCyLLIECTBRSAET MOUCK U aHann3 Hay4YHO-TEXHUYECKOMN
pabot no obpaboTke u MHpopMaLumn No 3agaHHOM TeMaTuke B ob6nactu aHepro- u
aHanmay Hay4Ho- pecypcocOepeXxeHns XMMUYECKUX U HEPTEXUMNYECKNX NMPON3BOLCTB
TeXHUYEeCKON nHdopmaumnn
W pe3ynbLTaToB NA2nkes — MpyMeHsaeT cTaTucTnieckne metofdbl 06paboTkm
MCC”e,D,OBaHMﬁ B obrnacTtu SKCNnepuMeHTalbHbIX AaHHbIX
3Hero- n WO 3mks.6 — MpuMeHsieT MeToabl MAaTEMaTUYECKOrO MOAENMPOBAHUS 1
pecypcocbeperarLmx ONTMMU3aLUN TEXHOIOTMYECKNX MPOLLECCOB B 06nacTy aHepro- un
NpOLECCOB B XMMNYECKOW pecypcocbepexeHss XUMUYECKUX U HePTEXMMNYECKNX NPON3BOLCTB
TEXHONOrMn, HepTEXMMMUK
n BroTexHonorun

3 MKB-7 CnocobeH k npoBedeHuto WO 1nke7 - MpoBoanT nabopaTopHble nccnegoBaHus, HabngeHus n
9KCMEPUMEHTOB 1 M3MepeHusl, B COOTBETCTBMM C pernameHTamMmum, CTaHaapTHbIMA
ochopMNEHUNIO pe3ynbTaToB | (aTTeCTOBaHHLIMU) MeTOAUKaMK, TPEGOBaHUSIMU HOPMaTUBHO-
nccnegoBaHum u TEXHMYECKON JOKYMeHTauun, TpeboBaHNSMM OXpaHbl Tpyaa u
pa3paboTok B obnactu akornornyeckon 6e3onacHoOCTn
3HEro- n
pecypcocGeperatLLmx N0 2nke7— OcylecTenseT opopmneHne pesynbTaToB MCCrenoBaHni u
MPOLIECCOB B XMMUYECKON pa3paboToK B BUAe OTHETOB (pa3genos OTHETOB) B Cdepe 3Hero- n
TEXHOMOTUM, HEDTEXUMUN pecypcocbeperaloLmux NpoLecCoB B XMMUYECKON TEXHOMOrU,
U BUOTEXHOMOMM HedTEXMMUN U BUOTEXHONOMN

Koa v HaumeHoBaHue UHOUKaTopa
AOCTUXEeHUA KoMmneTeHUunm

Pe3ynbTathbl 06y4eHUs (NokasaTenu oLueHUBaHuUsl)

WO1lw. — Onpepensetr (ucxogs u3 | 3HaeT: NPUHLMNbI hOpMyYMpPOBKU B3aMMOCBSI3aHHbIX  3ajad,

OENCTBYIOLLNX npaBoBbIX HopM) | obecneuynBaroLMX AOCTUXKEHNE NOCTABIIEHHOW Lienu;

COBOKYMHOCTb B3aMMOCBA3aHHbIX 3afa4y, | YmeeT: opMynMpoBaTb COBOKYMHOCTb  B3aMMOCBS3aHHbIX —3ajad,

pelleHne KOTOPbIX obecneunBaeT | obecrneymBaloLLmX AOCTWKEHUE NOCTABNEHHON Lienw;

OOCTWDKEHNE NOCTaBEeHHON Lienu. BnageeT: OCHOBHbIMM MpMeEMamMM aHanu3a MOCTaBMNEHHbIX Lienen
npoekTa,

MO2y. — T[lpoektnpyeT u BbiOupaeT

onTumarbHble cnocoBbl pelleHns
onpefeneHHbIX 3agad, wucxoos U3
[AeViCTBYIOLLMX npaBoBbIX HOPM,

MMELLNXCA pecypcoB n OFpaHVILIEHVIVI n
I'Iy6]'||/|‘-IHO npeancrtaeBndeT pesynbTaTtbl
peweHnda KOHerTHOI7I 3agayun npoekra

3HaeT: NpaBoBble HOPMbl U MMEKLWMECS Pecypecbl Ans ONTMMarbHOro
peLleHnsi KOHKPETHOM 3a4auu

YMeeT: NpOeKTUpoBaTh peLleHne KOHKPETHOM 3afayun Mnpoeka,

BnageeT: cnocobHoCTbIO NpoeKTnpoBaTb pelleHne KOHerTHOIZ 3agayn
NnpoekKTa,

UWO1nes - Ocywectenser MOUCK U
aHanns HayHHO-TeXHquCKOVI
MHdOpMaLun no 3afaHHOW TemaTuke B
obnacTtun aHepro- n pecypcocbepexeHuns
XUMUYECKMX n HedTEXMMUYECKNX
NPOn3BOACTB

3HaeT: OCHOBHbIE WCTOYHUKKN Hay'leO-TeXHVI‘—IeCKOVI
3aJaHHOM TemMaTuke

WHopmMauun no

Ymeem: KPUTUYECKN aHann3npoBaTb BO3MOXHbl€e BAPUaAHTbI pelleHnsa

Bnadeem: HaBblkamMn BeAeHUs! Haquo-Mccne,qosaTeanKon N NPOEKTHO-
NPOn3BOACTBEHHOMN AeATEeNNIbHOCTU B chepe Hepro- n
pecypcocGepemeHMﬂ XUMUYECKNX U HedI)TeXMMVI‘-IeCKVIX npoun3eBoacTs

WNO2nkes — MNMpumeHaeT cTaTuctudeckune
MeToabl o6paboTku
3KCNnepuUMeHTarbHbIX OaHHbIX

3Haem: meToabl aHanm3a M 06paboTkm Heobxoammon MHdopMaumu,
TEXHUYECKUX AaHHbIX, NoKasaTenel u pesynbtaTtoB paboTbl

YMeem: npoBoAMTb aHanu3 U obpaboTky HeoBGXoauMoW WMHGOopMaLMK,
TEXHUYECKUX JaHHbIX, MoKasaTenen 1 pesynbTaToB paboTbl

Bnadeem: HaBblkaMW NPUMEHEHUsI CTaHAAPTHbIX MPOrpamMMHbIX CPeacTB
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B obrnactm aHanu3a Heobxogumow uHpopmaumn, o06obweHns wn
cucTemMaTusauum AaHHbIX
MO3mkes —  [NpumeHseT  meToabl | 3Haem: OCHOBHbIE MOHATUS W OMPeAeneHus  MaTemaTUyecKoro
mMatemMaTuyeckoro MoOenupoBaHus 1 | MOAENWPOBaHUS, LEnu 1 3a4ayv MoaenupoBaHus
onTUMMU3aLun TEXHOMOrMyecknx | Ymeem: oOCyLIeCTBNSATb CTPYKTYPHbIA CUMHTE3 MOAENW, ee aHanus;
npoueccoB B o6nactu 3Hepro- u [ NNAHMPOBATbL SKCNEPUMEHT
pecypcochepeeHnss  XMMUYECKUX W Bnadeem: cnocoGHOCTbIO MpUHUMAThL YyyacTue B MOAENUPOBaHUM

HeTEXMMUYECKUX MPON3BOACTB

npoueccoB C UcCnosib3oBaHMeM CTaHOaPTHbIX NakeToB

WO1ner - [MpoBoamut nabopaTopHbie
nceneaoBaHus, HabnoaeHns [
n3mMepeHus, B COOTBETCTBUU c
pernameHTamu, CcTaHOapTHbIMK
(aTTecToBaHHbIMK) MeToauKamu,
TpeboBaHUsIMM HOpPMaTMBHO-
TEXHUYECKoMn OOKyMeHTaumu,
TpeboBaHUSIMM  OXpaHbl  Tpyaa U

akonornyeckon 6esonacHocTn

3Haem: Ga30Bble METO[bl 3KOMOrMYECKMX 1ccreqoBaHnin B obnactu
MOHUTOPUHIa OKpy»atoLlern cpeabl

cbopa un obpaboTkn
NPUPOAHbIX ¥

YmMeem: TNpUMEHATb MeToabl  HabnogeHus,
maTtepuana [Ans  9KOMOTMMYECKUX UCCredoBaHuin B
nabopaTopHbIX YCNoBUsIX;

BriaGeem: HaBblkaMu WCMOMb30BaHWS COBPEeMeHHoro o6opyaoBaHus B
noneBbIX 1 N1a6opaToOpPHbIX YCIOBUSX

VO2nk7 — OcyluecTensieT ogopmMrieHme

pesynbTaTos uccnenoBaHun "
paspaboTok B BMAE OTYETOB (pasgenos
OTYETOB) B cdepe SHero- mu
pecypcocbeperaiowmx npoueccoB B

XUMUYECKON TEXHOMOrMKU, HedpTexummm
1 buoTtexHonormm

SHaem: npuHUMNBI NPeACcTaBneHns NpodecCcMoHanbHON N Hay4HON
UHdopMauum

Ymeem: oueHuBaTb OOCTOBEPHOCTL WM 3HAYMMOCTb
pPe3ynbTaTtoB, NPeacTaBNIATb UX B BUAE OTHETOB

nony4YeHHbIX

Bnadeem: HaBblkamMu MNOArOTOBKU pesynbTaTtoB MNpPOodEecCUoHansHon |
Haquon 0eATenNbHOCTN, HaBblkaMu  3allTbl  pe3yNibTaToB cBoen
OeATEeNbHOCTU

2. MacnopT oueHOYHbIX MaTepuanoB NO AUCLMUNIIUHE
Ne | KoHTponupyemsblie moay- WHpekc OueHo4Hble cpefcTBa TexHONors oueHkn
n/n nu/paspensl/TemMsl KOHTpONupyemowm HaNMEHOBanNe NeNe sagaHmii (cnocob koHTpons)
OVNCLUMNIVHBI KOMMNeTeHLMN
(Mnn ee 4actm)
1 OcHoBHble MoHATMA © | YK-2 1-15 KomnbtoTepHoe mnnm
TecToBOE
onpegeneHusi 6naHo4Hoe
3aaHue
MaTeMaTU4eckoro TECTUpOBaHWE
MOAEenupoBaHns . 46 - 50 KoHTponb
Keitc-3apaHus npenopaBaTenem
CobecepnoBaHne | 61-74 KoHTponb
(ak3ameH) npenogaesaTenem
2 MopgenvpoBaHue MKB-5 16 - 30 KomnbtoTepHoe unm
TecToBOE
TUMNOBBIX 6naHo4Hoe
TEXHOMOIMYECKNX sapanve TecTupoBaHue
npoteccos . 51-55 KoHTporb
Kewnc-3apaHus
npenogasaTternem
CobecepoBaHne | 75-85 KoHTponb
(ak3ameH) npenogaesaTenem
3 CraTnctuyeckoe MKB-36 30-45 KomnbloTepHoe unu
TecToBoe
MogenvpoBaHue u 6naHo4Hoe
3agaHue
aHanm3 AaHHbIX TecTupoBaHue
Kenc-sapaHus 56 - 60 KoHTpornb
npenogasaTtenem
CobecepoBaHne | 86 -95 KoHTponb
(ak3ameH) npenogaBsaTenem
3. OueHo4HbIe mMaTepuanbl onsa npomex(yTquoﬁ aTTectTauuvm
ATtTtectaums o6yqa+ou.1er00ﬂ no gucuuniimHe npoBOAUTCA B (bOpMe
TectnpoBaHnda WM MNMUCbMEHHONo oOTBeTa W npegycMaTtpuBaeT BO3MOXHOCTb

nocneaytllero cobecegoBaHus (3aveTa/ ak3ameHa).
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3.1 TecTsl (TecTOBbIE 3aaHUA)

3.1.1 YK-2 CnocobGeH onpegenATb Kpyr 3aga4y B paMKax NOCTaBJIeHHOM LUenu U BbiOupaTtb
onTUManbHble cnocobbl UX pelleHusi, UCXOAA U3 AeUCTBYIOLNX NPaBOBbIX HOPM, UMEIOLLUXCA PecypCcoB
W orpaHuyeHumn

Ne TecToBoOe 3agaHue
3adaHus
1. YHuBepcanbHOCTb - 3TO
a) MonHoTa oTOGpaxeHNs CBONCTB 00beKTa
b) CooTBeTcTBME NapaMeTpoB OOBEKTOB BbIYMCIIEHHbBIX MO MOAENW X UCTUHHOMY 3HAYEHUIO
c) CnocobHocTb Mogenu npaBnnbHO 0TobpaxaTb CBOWCTBa obbekTa
d) MokasaTenb CyMMapHbIx 3aTpaTt Ha NoSyYeHUE U UCMONb30BaHWE Moaenemn
e) OnpepeneHve HEN3BECTHbBIX MApamMeTpoB U3 APYTMX UCTOYHWUKOB
f) Jlornyeckoe cnepcTeue n3 HeKOTOPbIX yHAAMEHTaNbHbIX 3aKOHOB NPUPOAbI
2. ToyHOCTb - 3TO
a) CooTBeTCTBME NapaMeTpoB OOBLEKTOB BbIYMCAEHHbBIX N0 MOAENW UX UCTUHHOMY 3HAYEHWIO
b) MonHoTa oToGpaxeHns CBONCTB 06bekTa
c) CnocobHocTb Mogenu npaBnnbHO oTobpaxaTb CBOWCTBa obbekTa
d) MokaszaTenb CyMMapHbIx 3aTpaTt Ha NoSyYeHUE U UCMONb30BaHWE Moaenemn
e) OnpepeneHve HEN3BECTHbIX MapameTpoB U3 APYTMX UCTOYHWUKOB
f) Jlornyeckoe cnepcTeue n3 HeKOTOPbIX yHAAMEHTaNbHbIX 3aKOHOB NPUPOAbI
3. ALekBaTHOCTb - 3TO
a) CnocobHocTb Mogenv NnpaBunbHO 0TobpaXxaTe cBoMcTBa 0bbekTa
b) CooTBeTcTBME NapaMeTpoB OOBEKTOB BbIYMCIIEHHbBIX MO MOAENW UX UCTUHHOMY 3HAYEHUIO
c) MonHoTa oTo6paxkeHust CBOMCTB o6bekTa
d) MokasaTenb CymMMapHbIX 3aTpaTt Ha NONyYeHne 1 UCMofb3oBaHNe Modenen
e) OnpepeneHve HEN3BECTHbIX MapameTpoB U3 APYTMX UCTOYHWUKOB
f) Jlornyeckoe cnefcTeue 13 HEKOTOPbIX yHAAMEHTaNbHbIX 3aKOHOB NPUPOAbI
4. OKOHOMMWYHOCTb - 3TO
a) MNokasaTenb CyMMapHbIx 3aTpaTt Ha NoNyYeHne U UCnofb3oBaHve Modenemn
b) CooTBeTcTBME NapaMeTpoB OOGBEKTOB BbIYMCIIEHHbBIX MO MOAENMW UX UCTUHHOMY 3HAYEHUIO
c) CnocobHOCTb MOAENM NPaBUIbHO OTOGpaXaTb CBOMCTBA O0bEKTa
d) MonHoTa oToGpaxeHns CBONCTB 0ObekTa
e) OnpepeneHve HEN3BECTHbIX MapamMmeTPOB U3 OPYTMX UCTOYHWUKOB
f) Jlornyeckoe cnefcTeue U3 HEKOTOPbIX YHAAMEHTAbHbIX 3aKOHOB NPUPOAbI
5. Cucrema — ato
a) CoBOKYyMHOCTb O6BLEKTOB, CBA3AHHbLIX MeXAy COBON 1 C OKpyxXatoLlen cpegon, NpUYeM BHYTPEHHUE
CBA3W CUITbHEE BHELLIHUX
b) COBOKYMHOCTb MaTeMaTUYECKUX COOTHOLUEHWUI M 3aKOHOMEPHOCTEW, OMUCHIBAOLWUX B3aMMOCBSI3b
MeXay KONMYECTBEHHBLIMW Y Ka4ECTBEHHBLIMU XapakTepucTukammn obbekTa
c) YnpowleHHas konus obbekTa, CoXpaHsiolias ero BaXHeWlume CBOWCTBA, HeobxoduMmble ANS
peLueHns NocTaBneHHon 3agayum
d) CoOBOKYMHOCTb YCTOMYMBLIX CBSI3e 06bekTa obecneymBatoLLMX €ero LefoCTHOCTb U COXPaHSIIOLLMX
OCHOBHblE CBONCTBA 0ObEKTa, NPU PasnuyHbIX BHELUHUX Y BHYTPEHHUX N3MEHEHUSIX
6. CT1pykTypa — 310
a) COBOKYMHOCTb YCTONYMBBIX CBA3eW 06bekTa obecneumnBaroLmx ero LUenoCTHOCTb U COXPaHALINX
OCHOBHblE CBONCTBA 06bEKTa, NPU Pa3NUYHbIX BHELIHWX Y BHYTPEHHUX U3MEHEHUSIX
b) COBOKYMHOCTb MaTeMaTUYECKUX COOTHOLUEHWUI M 3aKOHOMEPHOCTEW, OMNUCHIBAIOLWMUX B3aMMOCBSI3b
MeXay KONMMYeCTBEHHbIMW 1 Ka4eCTBEHHbLIMW XapakTepucTukammn obbekTa
c) YnpowleHHas konus obbekTa, COXpaHsiolias ero BaXHeWlume CBOWCTBA, HeobxoduMmble ANS
peLlueHns NocTaBneHHon 3agayum
d) CoBOKYMHOCTb OGBEKTOB, CBSA3AHHBLIX MeXAy CODOW M C OKpyXXatoLweln cpefon, Npu4em BHyTPEHHWE
CBSI3M CUMbHEE BHELLHWNX
7. YCTaHOBUTb NPaBWIbHYK NOCNEeAoBaTENbHOCTE 3TANOB MaTEMaTUYECKOrO MOAENMPOBaHMS
1) nocTtaHoBKa 3aga4u
2) n3yyeHme TeopeTMHECKMX OCHOB npoLecca
3) cocTaBneHve ypaBHeHU
4) BbIGOp anropMTMa 1 peLleHne Mogenm
5) aHanu3 nonyyeHHoW nHopMauum
6) aHann3 cOOTBETCTBMIO AKCMEPUMEHTASbHbIX OAHHbIX
OtBeT:1,2,3,4,5,6
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MeToq cocTaBreHuss MmaTeMaTU4ecKoro onMcaHusl ans ypaBHEHUS U 1ccriefoBaHNsi OOGBHEKTOB B
Y3KOM AnanasoHe N3MeHEHUs1 BXOAHbIX Y BbIXOAHbIX MepeMeHHbIX 3TO

a) aKCnepuMeHTanbHbIN

b) KOMBUHMPOBAHHIN

C) aHanUTU4eCKnI

9. O6wmm TpeboBaHneM ans BCcex MaTeMaTUYECKMX MoeNnen asnseTcs
a) peanunsyemasi BO3MOXXHOCTb COCTaBneHus auddepeHumnansHbiX ypaBHEHUN
b) ynMcno ypaBHeHMI, BKNOYaEMbIX B ONUCaHWE, AOIMKHO OblTb paBHO YUCNY HaxOAUMBbIX
nepeMeHHbIX
) obs3aTenbHoe Hannume GU3MYEeCKon MOLENM NPOoLECcca B YMEHbLUEHHOM popme
10. YCTaHOBUTb COOTBETCTBME MeXAYy OCHOBHbIMM BMAAMW MaTeMaTuUdecKMx Mogenem u ux
CcBOMCTBaMMU
1. Mogenu ¢ cocpeaoTOYEHHbIMMN 1. ncnonb3ylTCs ANs HecTauuoHap-
napameTpamu HbIX NpOLIeccoB
2. Mogenu c pacnpegeneHHbIMy 2. UI3MEHSIIOTCS Kak BO BPEMEHN,
napameTpamu Tak 1 B MPOCTPAHCTBE
3. cTatu4eckue Mmoaenm 3. NCNOMnb3yTCS B CTaLMOHapPHbIX
YCINOBUSAX
4. pMHaMmn4eckmue Mogenm 4. oTpaxaloT USMEHEHUSA
0o6bekTa BO BpeMeHU
orser 1-1, 2-2, 3-3, 4-4
1. MeToa aHanUTUYEeCKoro COCTaBfeHUs MOAEnen onucaHust C OAHOBPEMEHHbLIM NpoBeAeHMEM
3KCMepMMEHTarbHbIX NCCNEeA0BaHUNA 3TO
a) KOMOUHVMPOBAHHbIN
b) aHanuTuyeckui
C) 3KCNepuUMeHTarbHbIN
12. O6blkHOBEHHbIE AnddepeHumanbHble ypaBHEHMS OObIYHO UCMOMb3YOT
a Ns _MaTeMaTU4eckoro OMUCaHWsl HECTAUMOHAPHBLIX pexmMMoB paboTbl  0OBLEKTOB €
COCpPefoTOYEHHBIMU NapamMeTpamu
b) gona MaTemaTMyeckoro OnMcaHus  CTauMOHApHbIX PEXMMOB paboTbl OOBLEKTOB C
COCpefoTOYEHHBIMU MapamMeTpamu
13. [na kakmx mogenen OCHOBHbIE MEpPeMEHHble MpoLecca M3MEHSITCA Kak BO BPEMEHU, Tak U B
npocTpaHcTBe
a) ¢ pacnpegeneHHbIMY NapameTpamu
b) cratnyeckune mogenu
C) C cocpeoTOYEHHBIMM NapaMeTpamu
14. Kakne mogenu oTpaxatoT paboTy obbekTa B CTaUMOHAPHLIX YCIOBUSIX
a) cTaTnyeckue
b) anHamnueckue
C) C pacnpegeneHHbIMU NapaMmeTpamm
15. Kakvne mogenu otpaxatoT uameHeHns obbekTa BO BpeMeEHU

a nHamMunydeckme
b) ctatnyeckue
C) ¢ cocpeoTOYEHHBbIMM NapaMeTpamu
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3.1.2 nke-6 CNOCOBOEH K NnpoBeaeHuto pabot no o6paboTke n aHaNU3y HayyHoO-
TeXHUYecKon MHGOopMaLUM U pe3yNbTaToB UCCea0BaHUN B 061aCTU SHEro- U
pecypcocbeperalowmx npoLueccos B XMMUUYECKOWU TEXHONI0TUU, HepTeEXUMUU U
6uotexHonorum

Ne TecToBOE 3aaaHne
3afiaHus
16. [ns kakoro peakTtopa Mcnonb3yeTcd cneayowas MmatemaTnyeckas Mmogernb Ha NpyMepe peakunm
A—P—[
dC 4 dcCy
AV A=y
dt dx
dC dc
—L 4V, =L =k Cy —kCp
dt dx
dC dC Jid
+ Vx - k2CP
dt dx
a) peakTop naeanbHOro BbITECHEHUSA B U3OTEPMUYECKOM PEXMME
b) peakTop naeaneHOro cMeLleHNsi B U30TEPMUYECKOM peXNME
C) CTaLMOHapHbIA peakTop MaeanbHOro BbITECHEHUS
17. BnnwunTe cnoso
Yncno He3aBUCUMbIX CTPOK MIK CTONBLIOB Npeobpa3oBaHHOM MaTpuLbl 3TO MaTpuLbl
OtBerT: paHr
18. B ocHoBe MOCTpOEHUs MaTeMaTUYECKON MOAENN KMHETUKM CIOXHOW XUMMUYECKOW peakuun NexuT
ypaBHeHue
axX-Vv=w
<y - Oy
oves | |
7{2 - CP
¢) Uk = Xuk - Xk
19. B ypaBHeHun X - V* = @ V® aTo
a) BEKTOP CKOPOCTEN No CTagmsam
b) BekTOp CkOpOCTEN MO KOMMOHEHTaM
C) MaTpuua CTEXMOMETPUYECKNX KOahDULMEHTOB
20. YCTaHOBUTb COOTBETCTBME MEXZY MaTeMaTUM4eCKUMu 3HakamMm W UX 3anucamm B MaTpuue
CTEXNOMETPUYECKUX KOIDPULIMEHTOB CITIOXKHON XMMUYECKOWN peakLumm
a) 3HaK « - » 1) ecnu BeLLEeCTBO pacxoayeTcs
b) 3Hak « + » 2) ecnu BewecTBo obpasyeTcs
OtBeT: a-1, b-2
21. Mpn NOCTPOEHMM MaTEMATMUYECKON MOENMN KNHETUKM CIIOXHOW XMMNYECKON peakumumn obpaTMmMocTb
peakuuu no cTagum yuutbiBaeTcs
a) BEKTOPOM CKOPOCTEN NO CTagnsm
b) BEKTOPOM CKOpPOCTEN MO KOMMOHEHTAM
C) MaTpuLen CTEXMOMETPUYECKUX KOIDPULNEHTOB
22. BblbpaTb ypaBHeHMWe, yCcTaHaBnuBaloLlee CBsA3b Mexay CTeneHbio 3aBEpLUEHHOCTU XUMUYECKON
peakumm 1 KOHLEHTpaLmMen KOMNOHEHTOB
a)C=Co+X-p
b) X -V =w
€) Uk = Xuk * Xk
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23.

B ypaBHeHun C=Cy+ X - p p 310

a) BEKTOP CTENEHM 3aBEPLUEHHOCTM peakumm

b) BEKTOp HavanbHbIX KOHLEHTPaLUWA KOMNOHEHTOB pPeakLmm
C) BPEMS XMMUYECKOro paBHOBECUSI

24.

[na oByxctagMiHON nocrefoBaTenbHOW peakumm NepBoro nopsiaka
A—P—[] KoHUeHTpauus BewecTBa P byaget

a) B HaYanbHbI MOMEHT BpeMeHu OydeT pactu, a 3aTemM nagaet

b) ymeHbLuaeTca

C) yBenuumnBaeTcs

25

,D.J'lﬂ Kakoro tumna peaxktopa Ucnonb3yeTcAa criegyruada MateMatundeckaa mohenb AnA peakuunn
A—-P-—-[]

1
;(CAO -Cy)+KkCy =0

l(—CP) +kCy—hkCp=0
t

l(—Cﬂ)+k1CA =0
t

a) CTauvoHapHbLIN PeakTop MaeanbHOro CMeLIeHUs
b) peakTop naeanbHOro CMeLLEHUS] B U30TEPMUYECKOM pPeXUMe
C) peakTop ngeanbHOro BbITECHEHNS B U30TEPMUYECKOM pEXMME

26

Yncno KOMMNOHEHTOB BEKTOpPa CKOPOCTEN MO KOMMOHEeHTam onpegensieTcs
a) KONM4YecTBOM BeLLEeCTB

b) konnyectsom cTaguii

C) YMCIOM KOMMOHEHT BEKTOPA CKOPOCTEN MO CTaanam

27

Kaxxgas KOMMNoHeHTa BeEKTOpa Mo cTaavsiM onpeaenseTcs

a) KaK CKOpOCTb M0 CTaauu, T.e. NPpou3BeeHNe COOTBETCTBYIOLIEN KOHCTaHTbl CKOPOCTU peakumnu
Ha KOHLIEHTpaLWI0 BELLECTB

b) konnMyecTBOM BellecTs

C) YMCIIOM CTPOK MaTpuLbl CTEXMOMETPUYECKUX KO3 DULIMEHTOB

28

Yucno gudpcepeHumanbHbiX ypaBHEHUI MaTeEMATUYECKON MOLENW KUHETUKM CIIOXHOM XMMUYECKON
peakumu onpegensieTcs

a) YMCMNOM KNoYeBbIX BELLECTB

b) konnyecTBOM cTagui

C) KONU4YEeCTBOM BeLLEeCTB

29

B ypaBHeHuM Cik = Cu + Unk(Ck — CKO) Unk 31O

a) maTpuua npeobpasoBaHus

b) BEKTOP KOHLUEHTpaLMM BELLECTB B HaYarbHbIA MOMEHT BPEMEHM
C) BEKTOP KOHLIEHTpaLUKN HEKIMOYEBBIX BELLECTB

30

YcTaHoBUTbL COOTBETCTBUE B doopmyne X - VS =@ Mexay 0603HauYeHUeM XapakTepuUCcTUK U KX
HanuMeHoBaHVEM

1. X 1. MaTp1La CTEXMOMETPUYECKNX
KoacppuumeHToB

2.\¢ 2. BEKTOp CKOpOCTeW No cTaamsam

3. w 3. BEKTOP CKOPOCTEN MO KOMMNOHEHTaM

OtBeT: 1-1, 2-2, 3-3

3.1.3 1Ke-7 Cnoco6GeH K NpoBeAeHUI0 3KCMEepUMEHTOB U ohopMIIeHUI0 pe3ynbTaToB UccnegoBaHUA U
pa3paboTtok B o6GnactM 3Hero- u pecypcocbGeperarowmx MpPoOLECCOB B XUMWYECKOW TEXHOJIOruM,
HedTeEXUMUU N BUOoTeXHONOrMn

Ne TecToBOE 3agaHune
3agaHns
31 Kak Ha3biBaeTCsl OTKNOHEHWEe pe3ynbTaTta U3MepPEHUs OT UCTUHHOIO 3HAYEHUS N3MEPSIEMON BENTUYUHBI?

a) MNOrpeLHOCTb U3MEPEHUS;
b) HeToYHOCTL M3MepeHus

C) NCKaxeHne namepeHund

19




32

ABcontoTHas MorpeLlHoCTb UMeEeT PasMepHOCTb
a) B npoueHTax
b) B gonsx

C) B eavHuULax nsamepsaemon onusnyeckon BENNYUHbI

33

YTo Takoe namepeHue?
a) cpaBHeHWEe U3MepsieMON BENUYMHBI C UICXOOHOW BENUYUHOM;
b) npoLiecc nony4eHns onbITHLIM NyTEM YUCIIOBOIrO COOTHOLLIEHUS ME n3mMepsaemMor BENNYNHOW U

3HaYEHWEM, NPUHATLIM 38 eANHULLY;
C) CpaBHEHMWe 3TanoHa U CPeACTBa U3MepPEHUs

34

Y10 sBNsieTcsA Hambonee 6M3KUM K UICTUHHOMY 3HaYEHMWI0 M3MEPSIEMOW BENNYMHBLI MPY MHOTOKPATHbIX
N3MEpPEHUSIX OOHON N TOW e BeNUUYUHbI

a) cpegHee reoMeTpUYECKOE;

b) cpenHee apudmeTmyeckoe;

C) cpegHee KBagpaTtu4yHoe OTKINoOHeHune

35

Mporpamma, koTopasi Mo3BonsieT Mo AaHHbIM 06 MCTOYHMKax BblOpoca MpuUMeceir U YCroBuUsIX
MECTHOCTM paccuutaTb pasoBble NPU3EMHbIE KOHLEHTpauuu npumeceit npu HebnaronpusiTHbIX
yCroBusiX 310

a) YNP3A «3konor»

b) «2-TT-Bo3gyx»

c) «2-Tr-oTxoabI»

36

Kakne w13 nepeuncneHHbIX nporpamm obecneuvBaloT QopMmunpoBaHne otyeta 06 oOxpaHe
aTMocepHOoro Bo3ayxa v MHBEHTapM3aLmMm U HaKoNIeHnsa 0TXo040B NPOU3BOACTBA

a) Mporpammbl «2-TM-Bo3ayx», «2-TI1-0TX0AbI» CEPUN «DKOMOr»

b) YHuduumnposaHHasa nporpamma pacyeTta 3arps3HeHust atmocgepbl U NOYBbI

¢) Nporpamma nporHo3a nocneacTeuin aBapun

37

Kakasi n3 nepeuncneHHblx nporpaMmm no3BonsieT OCYLLECTBUTL ONEpPaTUBHbLIN MPOrHO3 NOCNeACTBUI
aBapuiiHbIX BIOPOCOB

a) MNA

b) YINP3A «3konor»

c) «2-Tl-Bo3gyx»

38

B0o3MOXHOCTb YyCTaHOBMEHUS CBSA3M MeXAY TUNamMu AaHHbIX W BblOENEHUs1 MPOCTPaAHCTBEHHbIX
B3aVMMOOTHOLLEHWI MeXay 0ObekTamu Ha KapTe npeacTaBnseT

a)['ncC

b) OBYB

c) NaB

39

«MeToamKy pacyeTa KOHLIEHTPaLMii B aTMOCEpPHOM BO3yXe BPEAHbIX BELLECTB, CoAep)alluxcs B
BbIGpOCax NpeanpuATU» peannayeT KoMMboTepHas nporpaMmma

a) YMNP3A «3Qkonor»

b) «2-TT-Bo3gyx»

c) MNA

d) «MHTerpany

40

Kaxgas u3 n3onuHum kapTbl Nonemn KOHUEeHTpauun BpedHbIX BELeCTB COOTBETCTBYET
a) onpegeneHHon gone MK sarpasHsaiouwlero Bo3ayx sellectsa

b) onpeneneHHon BeicoTe penbeda MeCTHOCTH

C) onpegeneHHomy o6beMy BbIOPOCOB 3arpsi3HSIIOLLMX BELLECTB

41

KomnbtoTepHas nporpamma MNIMA cepum «3konor» npegHasHavyeHa

a) Ana nporHo3a nocneacTBUA  aBapui, CBA3AHHbIX C MOMNagaHWEM B OKPYXaloLULyio cpeany
A00BUTbIX BELLECTB

b) ona nogbopa npubopoB U aBTOMaTU3NPOBAHHLIX CPEACTB KOHTPONsS AN OUCTaHLMOHHOIO
MOHUTOPUHIa

C) onsi nporHo3a nNoTpebneHnss aTMocepHOro Bo3gyxa Anst TEXHOMOMMYECKNX HYX4

42

MpencraBneHne faHHbIX HA KOMMBIOTEPHOWM KApTe NOMy4uIio HasBaHue
a) reorpadmyeckor UHHOPMALIMOHHOW CUCTEMBI

b) rmobaneHoOW MHPOPMALMOHHON CUCTEMBI

C) MHopMaLMOHHOro obecneveHus

43

NHdopmaLmoHHoe obecrnedeHne MOHUTOPUHIA OKpyXXatoLen cpedbl BkoyaeT B cebsa (BolbepeTte
HECKOJSIbKO MpaBUISIbHbIX OTBETOB)

a) cbop nHdopmaumm

b) xpaHeHne uHdopmaunm

C) anroputm 06paboTkm MHdopmauum

d) aHanns nidopmaumm
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44

Pesynbtatom pacuyeta no nporpamme YIP3A «3konor»  aBnswTca (BblbepeTe HEeCcKOnbko
npaBuWrbHbIX OTBETOB):

a) 3HaYeHnsa Npru3emMHbIx KOHLI,eHTQaI:I,MVI
b) KapTbl-CXEMbI, HAa KOTOPbIX 3HAaY€eHUA KOHLJ,eHTQaI:I,MVI 3arpA3HALLINX BELLECTB I/I306Qa)KeHbI B

Buae nsonuHunr B gonsax MK
C) BbICOTa M uameTp YCTbsl UCTOYHMKA
B) 00bEM U TeMnepaTypa BbIXxogsiLeln ra3oBo3ayLLIHON CMecu

45

TecHOTy nMHENHOM CBSA3W MeXay ABYMS napameTpaMy  KONMMYECTBEHHO XapakTepuayeT
KoappunumeHT napHom ( ) (BnvwwmTe crnoso)

OTBeT: Koppensuuun

3.2 Kenc-3apaHus

3.2.1 YK-2 CnocobeH onpedenisimb Kpy2 3a0ay 8 paMKax nocmaesieHHou uesnu
u eblbupamb onmumasnbHble C€rnocobbl uUXx peweHusi, ucxo0s U3
delicmesyrouw,ux rnPaso8bIX HOPM, UMEHOWUXCS pecypcoe u o2paHu4YeHul

Homep
3agaHus

dopmynupoBka 3agaun

46

3agaHue: HanNULLIMTE BEKTOP CKOPOCTEN MO CTaansam Ans XMMUYECKON peakuun
A—L5p

P — P,

PN+ E

PeweHne:

YUncrno KOMMNOHEHTOB BeKTopa ckopocTer no ctaguam V® pasHo uncny ctaguin. Kaxaas
KOMMOHEHTa onpeaenseTcs Kak NponsBeaeH1e KOHCTaHTbl CKOPOCTU XUMUYECKO
peakuun Ha KOHLIEHTPALMIO UCXOHbIX BELLECTB B CTEMNEHN CTEXMOMETPUHECKOTO
KoadppmumeHTa.
Nmeem
($)
V] kl ’
© _|[p®|_
V¥ =1V =k,
k.-

4

3

47

3agaHune: HanNULIMTE BEKTOP CKOPOCTEN MO CTaanaM Al XMMUYECKON peakumnm
A+B—5P

P NI+E

PelweHune:

YUncrno KOMMNOHEHTOB BeKTopa ckopocTel no ctaguam V® pasHo uncny ctaguin. Kaxaas
KOMMOHEHTa onpeaensaeTcs Kak NponsBeaeHe KOHCTaHTbl CKOPOCTU XUMUYECKO
peakuun Ha KOHLIEHTPALMIO UCXOHbIX BELLECTB B CTEMNEHN CTEXMOMETPUYECKOTO
KoapduumneHTa.

Nmeem
Al _ k-C,-C,
V(S) kz .CP1

2

V(S) —

48

3agaHue: cocTaBbTe MaTPULYY CTEXMOMETPUYECKUX KOIDPULNEHTOB ANS XMMUYECKOM
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peakuuu

A+B—5P

P NI+E
PeweHne:

Yncno CTpoK MaTpuLbl CTEXMOMETPUYECKUX KOI(PPHNUMEHTOB X onpeaenseTca YACIOM
BELLECTB, y4acCTBYHOLUUX B peakuum, YNCno ctonbuoB — YMCOM CTagun.
CtexnomeTtpunyecknin koadpduumeHT 6epeTcs Co 3HaKOM «-», ECIN BELLLECTBO Ha
CTaZMn pacxodyeTcsi, CO 3HaKOM «+» - ecrniv obpasyeTcs.

Nmeem

>

I
W=7 W

|

49 3agaHuve: coctaBbTe MaTpULy CTEXMOMETPUYECKMNX KOIMPULIMEHTOB ANA XMMUYECKON
peakumu
A+2B—S P,
P—252]1+K
Pelenne:
Yuncno CTpoK MaTpuLbl CTEXMOMETPUYECKUX KOSDMIULMEHTOB X OrnpeaenseTcs YMCrnom
BELLEeCTB, y4acCTBYIOLUUX B peakuun, YNCrno ctonbLos — YMCNOM CTagun.
CrexuomeTpuyecknin koaddurumeHT 6epeTcs Co 3HAaKOM «-», ECIM BELLECTBO Ha
CTagumn pacxo4yeTcs, CO 3HAaKOM «+» - ecrnim obpasyeTcs.
Nveem
Al -1 0 |
Bl —2 O
X=P| 1 -1
a o 2
El 0 1|
50 3apaHve: onpegennTe KOHCTaHTY CKOPOCTU XMMUYECKOW peakLun no

dKCnepnMmeHTaribHbiIM AaHHbIM

A—Lp

Bpema Ca

0,78
0,61
0,47
0,37
0,29
0,23

o U A W N L O

PeweHne
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CA= CA0>e_

In CA =In CAO =

D10 VpaBHCHIIC MOKHO TCpeImicaTh:

n

Kyt

y=ayta:

IMeeM

Ky -t

X

n n
i=1 xi'2i=1 Yi —n'zi=1 Xi'Vi

a =

a=-K; a0=InCpo

[Z?=1 xi] : _n'2?=1 xiz

1
Ao :;' (Zln:lyi_a 'Z?zlxi)

3aKoH n3ameHeHus KOHUEHTpauun BellecTea A BO BpeMeHN OnncbiBaeTCA ypaBHEHNEM

a=-Ki, TaKMm obpasom K;=0,25

nmeem
Bpems Cho InCao X y x*y
0 1 0 0 0 0 0
1 0,78 | -0,24846 1 -0,2484 | -0,24846 1
0,4943
0,61 2 -0,4943 | -0,98859
0,47 | -0,75502 3| -0,75502 | -2,26507 9
425
4 0,37 | -0,99425 4 -0,9 | -3,97701 16
0,29 | -1,23787 -1,23787 | -6,18937 25
6 0,23 | -1,46968 6 | -1,46968 | -8,81806 36
> Xi 21
> i -5,19958
D Xi*Yi -22,4866
> X o1
[>x]
in 441
a= -0,25
ao= -0,00169

anMeHI/ITe]'IbHO K Mccnep,yemoﬁ XMMMUYECKOM peakunn 1 aKCnepnMmeHTa/ibHbiIM daHHbIM,

3.2.2 [IKe-6 CnocoGeH K npoBegeHU paboTt no

o6paboTke M aHanuly Hay4HO-TeXHUYEeCKOW

MHdOpMaLMM U pe3ynbLTAaTOB MCCNeAoBaHUA B oGnacTu 3Hero- U pecypcocbeperalowmx npoLeccoB B

XUMUYECKOMN TEXHONOIUMU, HepTeXMMmUmn N GMOTEXHONOIUN
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Ne
3agaHns

dopmynupoBska 3agaun

51

3apaHue: MOCTPOUTb MATEMATUUYECKYID MOAENb KUHETUKM XMMWUYECKOM  peakuum,
NPOTEKAIOLLEN B U3OTEPMMUYECKUX YCOBUAX, C UCNOSIb30BAHMEM MOHATUA O K/IIOYEBBIX BELLECTBAX

A—S P

P—LP,

P,——]

PeweHue

MaTtemaTuyeckans Moaenb KUHETUKU CAOMKHOM XMMWYECKOW peakuuMm B M30TEPMUYECKUX
YC/IOBUAX MOKET BbITb NpeacTaBneHa cuctemol (1):

gy

e _ oy Lypia
. X v,

CHE‘: = CHE‘:I:I + ’UHE: - (CEC_ Cecu}; (1)

roe Cy —BEKTOP KOHLEHTPALLMK K/THOUYEBbIX BELLECTB;

CHK — BEKTOP KOHUEHTPaUNUN HEKNTHOYEBDLIX BELLECTB;

CECI:I' CHECI:I_
XK — MaTphla CTEXMOMETPUYECKUX K03¢¢MLI,M€HTOB KNHo4YeBbIX BELWECTB;

Ve _ BEKTOP CKOPOCTEN MO CTaAUAM.
UHK:‘YHK.XEJ-' (2)

3Ha4YeHMA COOTBETCTBYOLWMX BEKTOPOB NPU Ha4a/ibHbIX YCNOBUAX;

roe Kaw MaTpumLa CTEXMOMETPUYECKMX KOIPPULMEHTOB HE KOYEBbIX BELLECTB.

MepBoe ypaBHeHMe cucTeMbl (1) onpeaenset cTpyKTypy anddepeHumanbHbix ypaBHEHUN,
BTOPOE - CTPYKTYPY anrebpanyeckumx.

CTpoum maTpuLy cTexmomeTpuyecknx KoadpduumeHTos X:

Ar1 0 o
Pyl -1 00 X
""(—P2 0 1 -1

alo o 1l

KOMMOHEeHTbI, COOTBETCTBYIOWME HE3aBUCUMMbIM CTPOKam I'IpeO6p33033HHOﬁ MaTpuLbl
cTexnomeTpuyeckmnx K03¢)¢MU,VIEHTOB, Ha3bIBAKOT KZ1KOYEBbIMW.

B AaHHOM cnyyae BbibMpaem KAHOUYEBbIMM BellecTBamu A, Pl, PE, T.K. det (X'f) 20wn

=1
cnenosaTesibHo, X“ — MaTphula HEBbLIPOXAEHHAA N UMEET O6paTHYPO X'f ;

[na nccnelyemon XMMUYECKOW peakL MM KOHKPETU3UPYEM NepBoe ypaBHeHMe cucTembl (1):

C -1 0 0 Ky % Cy

A
i Ce,|=|1 -1 o0|x|K2 % Cp,
Ce,) Lo 1 -1l [Ks x G a)

BbINONHMB NEpPEeMHOXEHWEe U UCMOMb3yA PaBEHCTBO BEKTOPOB, MOAYYaemM cuUcTeMy
anddepeHUManbHbIX YpaBHEHMA MAaTEMATUYECKON MOAENN:

dy

@ - Rarla
ril‘_'p,_ _ . _ .
— — K1 Ca— Ky Ce
P L,
— = K2 Cp, — K3 Cp. )
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—1

KoHKpeTnsnpyem BTopoe ypaBHeHME cucteMsl (1). [nA 3TOro HaxoaAnMm maTpuubl Xe "y Uae
ObpaTHaa maTpuLa UMeeT BUA;
-1 0 0
Xl=|-1 -1 0
-1 -1 -1
Hanee Haxoanm matpuuy U
-1 -1 0 0
Upe = Xgux X =0 0 1]-|-1 -1 0|=[-1 -1 -1]
-1 -1 -1

Peannsyem BTOpOe ypaBHeHMe cucTembl (1) Npu HayanbHbIX ycnosBuax: t=0, Ca= Cﬁﬂ,
CFJ_=£-F1= E:;:ﬂ

Ci — Cup
[cal=M0l+[-1 -1 —1]-|Cs. — O
e = 0l

C,:L =Cao—Cs— CP._ - CF'E_

YpasHeHue (5) npeacTtasnser anrebpanyeckoe ypaBHeHME MCCaeQyeMol MaTemMaTUYecKom

Moaenu.
Cuctema (4) u ypaBHeHue (5) cocTaBnsAlOT MaTEMaTUUYECKYIO MOAEb KUHETUKU UcCaeyemMmon

XUMUYECKOM peakuynun:

K -C
ar 1" La
dCp,
ﬂ,_—Hl Co—K:-Cp,,
t
dCp,

52

3apaHue: NOCTPOUTb MaTeMaTU4eCKyto MoAellb KNHETUKU XUMNYECKON peakuunn,
I'IpOTeKal'OLLI,eIZ B N30TEPMUNHECKNX YCITIOBUAX, C UCNONMb30OBaHNEM MOHATUA O KIKOYEBbIX

BewecTBax

K 5

AP,

P,— ]I
PeweHue

B ocHOBe MNOCTPOEHMNA MaTeEMATUYECKOM MOLENN NNEXKUT YPaBHEHME:

X-ve=w, (1)

rae X — matpuua CTeXMOMETPUYECKMX KO3hPULMEHTOB;
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(=) "
Ve BEKTOP CKOPOCTEN MO CTaAMAM;

W _ BekTOp cKOpOCTeli N0 KOMMNOHEHTaM.

MaTpuua cTexMomeTpruyeckmnx KoadduumMeHToB:

Ar1 0 o0
Pyl -1 o0
X—P2 0 1 -1
alo o 1

(=) o
Ecam ctagma o6paTmas, To npu GOpMMPOBaHUM BeKTopa ¥ — 6epeTca pasHOCTb CKOPOCTel

npsmoit n obpaTHOMN peakumu.

Taknm o0bpa3om, BEKTOP CKOPOCTENM Mo CTaguAaM UCCIeayeMOo XMMUYECKOM peakumn byaet
MMeTb BNA,:

VF} Ky ~Ca—K_g-Cp,

V':S:' = H'I:S} = |Kz- CF-_ —K_g- CFE
(=) Kg 'Cp —K_g° C

'[g":'i z A (2)

BeKTOp cKOpOCTElM NO KOMMOHEHTAM:

Wa Ca
wr| _ac a |G
W= we [T 2 T ae|Ca,
W
4 Cal, (3)

roe C — BEKTOP KOHLLEHTPALMA KOMNOHEHTOB PeaKLum.

C = [CA CF'._ CF'-J_ C,J]T

Onpeaensem paHr maTpuubl X no metoay Maycca [2].

PaHr matpuubl r(X) = 3. KntoueBble M HeKNtoyeBble Bel,ecTBa BblIOMpaem B COOTBETCTBUU C
paHrom matpuupbl. B JaHHOM cay4vyae KAo4YeBbIMM BeLLeCTBAMU ABAAIOTCA BewecTsa A, Py 7] PE,

HEK/1I0YEBbIM BELLECTBOM — BellecTso [,

nOCTpOMM MaTpuULbl K1KOYEBbLIX N HEK/THOYEBDbIX BELECTB:

-1 0 0
Xe=|1 -1 0]|;
0 1 -1l Xee=[0 0 1]

Onpeaenvm CTpyKTypy AnddepeHumanbHbiX YpaBHEHWUNA:
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at , (4)
o [t 0 0] [MalamKaCe
d—:—[i -1 0 |- |K2lp, K20,

0 1 -1 [K3C, —K 3G

_Hl CA+K_1 CP.

dal :
d;:: Hl CA_ H_j_ CF":__ HZ CF‘:_+ H—Z EF-J_
H: Cp‘_— K_g CFE_ HH CP5+ H—E C
% = _Hj_' CA+ K—i' CF-‘_,
d:" =K -Cya— (K1 +K;)-Cp, +K_5-Cp_,
P koo — . .
2 = Ky Cp, — (K_p+Ka) Cp, +K_3+ Cp. )

OmnpenenuM CTpyKTypy anreOpanyecKux ypaBHCHHH:

Car = Camo+ U (CK - Cecu} (6)

’

—1
U = Kppe X }. (7)

(—1)
Onpezenvm obpaTHyto Xy MaTpuLy No O4HOMY U3 U3BECTHbIX METOLOB [2, 6].

K

y [1 0 0
X, V=]-1 -1 o

-1 -1 -1l
-1 0 0

Uv.=o o 11-|-1 -1 o|=[-1 -1 -1]
-1 -1 -1

HavanbHble ycnosua: t =0, Cp,=Cp, = (g = ﬂ.
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CA_CAD
[Cl=[0]1+[-1 -1 —1]-| C&
Ce

z

C,Z[ = Cao—Cy— CF‘-_ - ":Pz_

TaxuMm 06p830M, MareéMaTHdYeCKasd MOJACIIb KHHCTHKH HCCHC}IyeMOﬁ XHUMHUYCCKOU peakunun
HUMCECT BU] :

dia
ar =K 'CJ'L+ K_i'Cp:,
dCp,
PR Ca— (kg +x5)- Cp, +H_3 - Cp,
dCp,
o B2 - Cp, — (k_p— KE}'CFZ_"K—E'C,J;

":,a =Cap—Ca— CP._ - CPZ' (8)

53

3apaHue: NOCTPOUTb MaTeMaTnU4eCKyro MOoAdeslb KUHETUKHU XUMNYECKON peakuunn C
HpOTeKa}OU.leVI B U3OTEPMUYHECKNX YCITOBUAX, UCMOSIb3OBAHNUEM MOHATUA O CTENEHU
3aBepLUEeHHOCTN peaKuumn

L
A~ Py,

Ky
Py —A,

PeweHne

O6wwui B MatemMaTn4eCckon Moaenn KNHETUKU XUMNYECKON peakunn NpoTeKatoLLEen B
N30TEPMMYECKUX YCMOBUSAX, C UCMOMb30BAHNEM NOHATUS O CTEMNEHN 3aBEPLUEHHOCTU
peakunn nMeeT BU;

dp

L _y®
dt
C=Cy+X'p (1)

KoHKpeTusnpyem nepsoe ypaBHeHUe cuctembl (1) 4na nccneayemomn XMmMmn4eckon peakumm.

K]'CA
®_vi-|k, ¢, |, 2)
dt !

Kz-CPZ

Onpeaenvm KOHUEHTPaLMM BELWECTB, UCNO/b3ysA BTOPOE ypaBHEHMe cuctembl (1):

28




Nmeem:

BbINO/IHMB CNOMKEHME BEKTOPOB B MPaBOI YacTK U UCMO/Ib3YA PaBEHCTBO BEKTOPOB (ABa
BEKTOpa paBHbl, €CIN PaBHbl UX COOTBETCTBYHOLLME KOMMNOHEHTbI), UMEEM:

Ca=Ca—p1

Cr,=p1— P2

Ce, = pP2—P3
Ca=p3

(3)

MoacTaBUM ypaBHEHMSA, NONYYEHHbIE AN1A KOHLEHTpauuMii BewecTs (3) B ypaBHeHue (2),
KOHKpeTu3mnposas sektop P’

4 [P1 Ky ~(Cag— p1)
EF"‘ =Ky (p1—p2)
3 Kz (p2—p3)

Nmeem:

2Py _ g, _
ar Ky - (Cap— p1),
gpe _ o, | _
o = h2 (o1 — p2),

o =Kz (p2—pa). (a)

Cuctemsl (4) v (3) cocTaBAAKT MaTEMATUYECKYIO MOAE/b UCCAeayEMON peakumm
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(s _ e
ar =Ky - (Cao— p1),

dF‘z_ . _
o = 2 (p1— p2),

) %=Ha'(ﬂz—ﬂa};
Ca=Cao—p1,
Cr,=pP1— P2,
Cp,=p2—Pa,
v L= (5)
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3apaHwue: NoCTpoNUTb MaTemMaTu4vecKyro MoAeslb KUHETUKA XMMUNYECKON peakunn

npoTekarLen B usoTepmuyeckmx ycrosusix 8 PUC

L
A+B—=p

Kg
pP—n

’

roe %1 ¥2 — koHcTaHTbI cCKOpOCTelt MO NepBoI 1 BTOPOI CTaAMAM XMMUYECKOM PeaKLum.

PelieHue:

B M30X0PHO-N30TEPMMUYECKUX YCI0BUAX OCHOBHOE ypaBHeHue npouecca (1):

C=Co _
— =X f(ﬂ'}, (1)

— =
rae T - cpeaHee Bpema I'Ipe6bIBaHVIF| 4acTuy, B annaparte,;

X — cTexMomeTpuyeckan maTpuua;

f(C) — KMHeTUUYeckan BeKTOP-bYHKUUS;

[0 p0p0 0
C= [C*‘*‘ Ce.Ce. :ﬂ] — BEKTOP KOHUeHTpaymii BewecTs A, B, P, [] Ha BXxoae B peaKkTtop.

[na uccnefyemoint XMMMYECKOW PeakumMmM mMaTpuua CTEXMOMETPUYECKUX KO3PPULMEHTOB U
KMHEeTUYeCKasa BEKTOP-GpYHKUMA B popmye (1) MMeloT cneaytowmii BuA,:

-1 0
_|-1 0
x= 1 -1
0 1

fiff}]

ro=[el= "

K:'C,:-

30



Ca=C2] -1 o

1[C—C5|_|-1 o0 _[Hl-c,q-ca]
T CP—C'E - 1 -1 H:'CF
Cp-cpl "0 1 . )
cg= c§=0

[na panbHerwmnx pacyeTos NpuHUMatoT —F

Mogenb (2) MOXKHO YNpPOCTUTb, UCNO/b3YSA MOHATUE O KNHOYEBbIX BELLECTBAX.

Ncxopa W3 CTPYKTYpbl maTpuubl X B KauyecTBe K/OYEBbIX BELLECTB MOXKHO BblbpaTh,
Hanpumep A u P (nepBylo M TPeTbIO CTPOKY), TaK KaK ONpeaennTeNb, COCTaBlEHHbIA M3
COOTBETCTBYIOLMX UM CTPOK MaTpULbl X OT/IMYEH OT HYAS:

|_11 —Gi|=(—13"(—1}—1-ﬂ¢{1.

Torpa:

roe Co=[Ca Cel'_ BEKTOP KOHL,EHTPALMI KNHOUYEBbIX BELLECTB;

=[Cz Cg]7 o
Cor=[C2 Cal — BEKTOP KOHLLEHTPaLMi1 HeK/TIOYEBbIX BELLECTB.

X,f]

= [Xw , 3)

rae X"’ — MaTpuUa KNo4YeBbiX BeLlecCTB,
X""’— MaTpuLa HeKTIloYeBbIX BELLECTB.

BeKTopr CHK n CH CBA3aHbl COOTHOWEHNEM!

Cox = Cago+ Unge - (Cec - Cecu} (4)

7

roe Vs — maTtpuua npeobpasoBaHua, onpegensemasn no ¢opmyne (5):

=1
U = X - X, }. (5)

CHD, Coma_ BEKTOPbI KOHLEHTPALIMIA K/OUYEBbIX U HE KNHOUEBbIX BELLLECTB Ha BXOAE B PeaKTop;

X XHK.XK'—l:i

-1
Xe™ maTpuua obpaTHaa 'k, T.e.

B cooTBeTCcTBMU C BbI60pOM K/1lo4eBbIX BELWECTB MMeeMm:

w=[7 A x=lo 1]
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B paccmaTpuBaemom ciyyae

Bbiuncnsem Usx no dopmyne (6):

o Pl A B

Mocne BbINONAHEHHbIX NpeobpasoBaHuii dopmynbl (2) u (4) npuHMMalOT BMA;

}[CA—CE]_[—i ﬂ]_[ﬁl-f,q'fa]

T CP 1 -1 Ko™ Cp (7)
Cs] _ [cg] 1 0 [C‘A— CE]
cl=lol™ 5 S G0l
Mocne nepemMHOXXeHNA:
}[CA—CE] _ —kKy " CyCg ]
T Cp HI-CA-CE_ﬁZ-E (8)
C‘E] _|cE—cl+c,
Cﬂ B CAI} - C_,a‘ - Cp
Mo ycnosuio paBeHCTBa BEKTOPOB:
1
;(Cﬁ._ Ci)=—#y - Ca~ Co
%Cﬂ= HI-CA.CE_ Hg'fp
Ce=C—CE+C,
Ca=Ci—Ca=Cr (9)

Cuctema (9) — maTemaTmyeckass Mogesib KMHETUKU XMMUYECKOW peakumn NpoTeKaroLen B
n3otepmuyecknx ycnosusax s PUC
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3apaHue: NpyBECTU MaTeMaTUYECKYo MOAeNb KUHETUKU CIOXHON XUMUYECKOW peakuun K
BMAYy B 6e3pasmMepHbIX NepeMeHHbIX

d Ca
—A— K.
ar 17 b
dCp,
— — K G Ky Gy,
N 1
dEp,
d_:=H:'CP. — K3-Cp,,

Cﬂ:CAD_CA_CPa__CPZI

[Ons nccnepoBaHmMa maTtematUyeckon mogeny Ha 3BM nonesHo NnpuBecT cuctemy K Buay B
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6e3pa3mepr|x nepemeHHblX, BBeaA caeayouime 3ameHbl:
CAza-XA Cp‘_:ﬂ"Xp‘_
? ’

Cp,=a Xp, Cp=a-Xgt=0-1

X, X
rpe Xa, e Aps Xg_ 6e3pasmepHble BENNUUHDI;

T — 6e3pasmepHoe Bpems;
K

nossosawouwmne npeo6pasoBaTb 6e3pa3N\eprle BE/INYUHDbI

o0 U C — KOIQOUUMEHTDI,
pa3smMepHbIM.
o dXy
2. K- X
o dt 1 A
o dip,
- L g KXy K- X
. 1A 2 B
x d.k’pz
—'_=Q'HH'X _QIH 'X
& de & F._ 3 Pz-’
- ,Z[:CAD_J.XA_J.XF._J-XPZ'

iy

YMHOKaem nepsble TPU ypaBHEHUA Ha &, YHeTBepPTOoe ypaBHEHNE Ae/TUM Ha .

[na onpeneneHna o u G NpUHUMaEM:

Can

—_ = 'l _

o ; Hl -

_E o, K
Beeasn K ©  Ei nonyyaem

diXy
a A

g Xp,

— =X, — A X

de A & F._.l

Takum 0Opa3om nocnefHsis cucTeMa YypaBHEHW npeacTaBneHa B Ge3pasMepHbIX

nepemMeHHbIX
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3.2.4 nKe-7 Cnocoben k NpoBefEeHMI0 SKCNEPUMEHTOB M 0POPMIEHUIO Pe3yNbTaToB UCCAEA0BaHUI M pa3paboTok B
obnacTtu aHero- u pecypcocbeperatoLmx NPOLLECCOB B XMMUUECKOI TEXHONOMUM, HedTexummum n 6uotTexHonormm

Ne 3apgaHus dopmMynupoBska 3agauu
56 3apgaHue: paccumTanTe cpedHue apuPpmMeTMYecKMe 3HaYEeHUA PAAO0B AAaHHbIX X U Y, U KOadPUUUEHT
napHOI Koppenaunmn mexay x ny (n=9)
1 2 3 4 5 6 7 8 9
0,12 0,22 0,33 0,41 0,51 0,61 0,75 0,83 0,95
2,2 3,1 4,5 5,6 6,7 7,9 8,8 9,9 10

Kakyio  BCTPOEHHyl ¢YHKUMIO A5 pacyeTa CpeaHuxX 3HayeHuit u KoadduumeHTa napHowm
Koppenaumn Bol byaeTe ncnosib30BaTh B 3/IEKTPOHHbIX Tabanuax Microsoft Excel

PeweHue
KoaddpurumneHT napHOM Koppensaumnm paccumTbiBaeTca no ¢opmyne

D%, =%)(y, - F)

JZ(& ~Z) Y 9~FF
£ g B

r\jL o

cpeldHue

PaccumTtaem cpegHue 3Ha4YeHMA X U Y, 3aTeM KOIDDULMEHT NapHOM Koppensaumum:
cpegHee 3HayeHne x =0,53

cpegHee 3HadyeHney =6,52

KO3pPUUMEHT NAPHOW KOpPenaumm r,, = 0,99

[OnAa pacuyeta cpeaHUX 3HaYeHUM U KoadPULMEHTA NAPHOM KOPPEeNAaLUN B 3NEKTPOHHbIX Tabamuax
Microsoft Excel ncnonb3sytotca BcTpoeHHble dyHKunu =CP3HAY() n =KOPPE/()

57 3agaHue: paccuuTante cpefHve apuPpmeTMyeckme 3HaYeHUs PALOB AAHHbIX X U Y, U KO3GOUUMEHT
NapHOM Koppensaunn mexay X ny (n=9)
1 2 3 4 5 6 7 8 9
5 7 8 9 12 14 15 17 18
y 2 3 4 5 6 7 9 15 20

KaKyto BCTpOeHHYH GYHKLMIO ANA pacyeTa cpegHUX 3HaueHnn n KoadduumeHTa NapHON Koppenaumm
Bbl 6yaeTe Mcnonb3oBaTh B 3/1EKTPOHHbIX Tabaumuax Microsoft Excel

PeweHue

KoaddpurumneHT napHOM Koppensaumnm paccumTbiBaeTca no ¢opmyne
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b g R

\/Zr.r, 5 )
¢l e 1

B

v

CpedHWe

Paccuntaem cpefHue 3HaYEHMA X U Y, 3aTeM KO3DDULMEHT NapHOMN KoppenaLmm:
cpeaHee 3HayeHne x =11,67

cpeaHee 3HayeHney =7,89

KoapPUUMeHT NnapHOI Koppenaumm ry, = 0,90

[nsa pacyeta cpefHMX 3HAYEHUI U KOadpdULIMEHTa NapHOW KoppensuMm B 3NEKTPOHHbIX Tabauuax
Microsoft Excel ncnonb3sytorcsa BctpoeHHble pyHKumnmn =CP3HAY() n =KOPPEJ1()

58 3agaHue: oueHUTE CTaTUCTUUECKYIO 3HAYMMOCTb KO3bOULMEHTA NAPHON Koppenaumm (ry, ) Mexay X u
¥ (n=10) (cnpaBo4HO: TabanuHbIN KpuTepuii CTbroAeHTa tws,= 2,31), ecan ry, =0,55
PeweHune
[na BbIBOAA O HANMYUKM AW OTCYTCTBUM CTAaTUCTUYECKU SOCTOBEPHON KOPPENALMOHHOM CBA3U
MeXay uccienyembiMM NepemMeHHbIMU NPOBOAMM MPOBEPKY €ro CTaTUCTUYECKOW 3HAYMMOCTU. Ons
5TOro Ucnonb3yem Kputepuii CTblogeHTa (t), paccunTbiBaembiii no popmyne:
NN =2
-7
Umeem
/e 0,55+/10-2 —2.23
/1—0,557
NOCKONIbKY 1=2,23 < tue,= 2,31 MOMHO YTBEpPXAaTb, 4YTO KO3PIMUMEHT napHOM Koppensauuu
CTAaTUCTUYECKM HE3HAYUM.
59 3afaHMe: OLEeHUTE CTaTUCTUYECKYIO 3HAUMMOCTb KO3IGPUUMEHTA NAPHOM KOppenaumu (ry, ) mexay x u
v (n=10) (cnpaBo4YHO: TabanuHbIN KpuTepuii CTologeHTa toe,= 2,31), ecan ry, =0,87
PeweHue
[na BbIBOAA O HANMYUKM AW OTCYTCTBUM CTAaTUCTUYECKU SOCTOBEPHOMN KOPPENALMOHHOM CBA3U
MeXAay uccnenyembiMyM NepeMeHHbIMU NPOBOAMM MPOBEPKY €ro CTAaTUCTUYECKOW 3HAYMMOCTU. Ons
5TOro Mcnoabayem Kputepuin CTblogeHTa (t), paccumTbiBaembili Nno popmyne:
NN =2
-7
Umeem
= 087NI0—2 4605
J1—-0.87°
nockosibky t=10,12 > tne,= 2,31 MOXHO YyTBEP)KAATb, UYTO KO3POUUMEHT MapHOW Koppenauuu
CTAaTUCTUYECKM 3HAUYUM.
60 3apaHue: paccumTalite Ko3hPULMEHTbI SIMHEMHOrO PErpPecCUMOHHOrO YpaBHEHMA Yy=ap+ax, ecau

MMeoTCS caeayolme gaHHble (n=9)

1 2 3 4 5 6 7 8 9

X 2 3 4 5 6 7 9 15 20

y 5 7 8 9 11 12 14 17 23

PeweHune
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K03 OULMEHTbI IMHEMHOTO PErPECCUOHHONO YPaBHEHUA Y=ap+aX

n n n
Ei:]_ xi'2i=1 Yi -n'Zi=1 Xi'Vi

a= 5
[E?’=1xi] _n'z‘?:i xiz
1
- (Reals =@ = Y %)
a=4,5
a20=0,92
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3.5 Bonpocol K cobecegoBaHUto (3K3ameHy)

YK-2 CnocobGeH onpegensaTb Kpyr 3agay B paMKax FMOCTaBNEeHHOW Luenu u BbIGUpaTtb

onTUManbHbIe CMNOCOOLI UX peLleHUsi, UCXOAA U3 AEeACTBYIOLWMUX NPaBOBbLIX HOPM, UMEKLLUXCS PECYpPCOB
MU OrpaHnYeHumn

Ne TekcT BOnpoca

61 MoHATMEe Moagenn n MoAenNMpoBaHUSA

62 Llenn n 3agaumn npeameta matemMaTMyeCckoro MogenmpoBaHus.

63 Knaccudpukaums mogenen

64 CuctemHoe mogenvpoBaHue. MNoHATUSE CUCTEMBI U CUCTEMHOIO NMoaxoaa.

65 CsoncTtea cuctembl. Kateropum CUMCTEMHOIO MOAENUPOBAHUS: CTPYKTYpa, (PYHKUWS, COCTOSIHUE,
YPOBEHbD.

66 CUCTEeMHbIN XapaKTep TEXHOJTOMMYECKOro oobekTa.

67 OT1anbl MaTemMaTU4eCcKoro MoaenMpoBaHus.

68 TpeboBaHus, NpeabsBNseMble K MaTeMaTUYeCKUM MOOESIM.

69 OcHOBHbIe BUAbI MaTeMaTUYeECKUX Moaenen

70 Knaccudukauusa cuctem ypaBHEHUA MaTeEMaTUYECKOrO ONUcaHus

71 MccnenoBaHue XMMUKO-TEXHOOTMYECKMX N SKOMOrMYECKUX CUCTEM METOAO0M MaTeEMaTUYECKOro
MOAENMPOBaHNSA C LIENbO ONTUMU3ALUN NapaMeTpoB NpoLecca, yMeHbLUEHN 00pa3oBaHust
NoOOoYHbIX NPOAYKTOB U OTXOA0B NPOM3BOACTBA

72 ALEeKkBaTHOCTb MaTEMAaTUYECKOWM MOAENN.

73 CocTaBneHune ypaBHeHUin MaTeMaTUYeCcKoro onmcaHus.

74 TunoBble MaTemMaTuUyecKue CTPYKTYpbl, MCMOMb3yeMble NPU MaTeMaTU4YECKOM MOLEenvMpoBaHUK

TEXHOJIOTMYECKMX CUCTEM B 3aLLMTE OKPYKatOLLEeN Cpedbl OT 3arpsi3HEHUsI.

3.5.1 Ke-6 CnocobeH K npoBeAeHUO paboT no 06paboTKe M aHaAM3y HayYHO-TEXHUYECKOM

nHdopmauumM M pesynbTaToB UCCAeaoBaHU B 06/1acTu aHero- M pecypcocbeperatowmx npoLeccos B
XUMUYECKON TeXHONOrNU, HeGTEXMMUN 1 BUOTEXHONOTMMM

Ne TekcT Bonpoca

75 MaTpuua ctexmomeTpuyeckmnx KoadpduumeHTos. CKOPOCTb MO KOMNOHeHTaM. CKOpoCTb Mo
cTagusam.

76 MonHana cMcTeEMa KUHETUYECKUX YPABHEHMUI CNOXKHON XMMMYECKON peakumm (obwmin noaxon)

77 MocTpoeHMe maTeMaTUYeCcKon MOAENN KUHETUKMU ABYXCTaANNHOM HEOO6PATUMOMN XMMNYECKO
peakuuun 1 ee aHaiu3

78 YyeT 06paTUMOCTM XMMMUYECKOM PeaKLUKM NP MaTEMATUYECKOM MOLEINPOBAHUMU

79 MocTpoeHMe maTeMaTUYeCcKon MOAEeNN KUHETUKMU OBYXCTaANIMHOM 06paTUMOM XMMNYECKOM
peakuun 1 ee aHanu3

80 MeToz KNHoYeBbIX BELLECTB A5 YNPOLWEHNA MaTEMATUYECKOM MOAEAN KUHETUKN XMMUYECKOM
peakuun (Ha Npumepe ABYXCTafMIMHON HEOBPATUMOM XMMUYECKOM peakuumn A—P - 1)

81 MeToz KNtoUYeBbIX BELLECTB A7 YNPOLWEHNA MaTeEMATUYECKOM MOAEAN KUHETUKN XUMUYECKON
peakuun (Ha Nnpumepe AByxcTaauiiHON 06paTUMON XMMMYECKON peakumum A =P = 1)

82 AHanUTUYeCKoe pelleHne KUHETUYECKOW MOAEeNM NOCNeA0BaATENbHOW PeaKkLMn Nepsoro
nopsaaKa 1 ee aHanAus

83 CywHocTb 0bpaTHOM KMHeTnYeckon 3aaaun. ObpaTHas KMHETMYECKas 3ada4a aas
nocneaoBaTeIbHOM peakuumn NepBoro NopsaaKa

84 MoHATME O CTEMEHM 3aBEPLUEHHOCTM XMMMUYECKMX PeaKLMi. BEKTOp cTeneHn 3aBepLUeHHOCTH
peakuun. CBA3b MeXKAY KOHLLEHTPALMAMM BELLECTB U CTENEHbLIO 3aBEPLUEHHOCTM PEaKLUn

85 MocTpoeHMe maTeMaTUYeCKON MOAENN KUHETUKM CNOKHON XMMUYECKOM peaKkLmm ¢

MCNnosib3oBaHNeEM NOHATUA O CTENEHU 3aBEPLUEHHOCTU peaKunn

3.5.2 [1Ke-7 Cnoco6GeH K NpoBeAeHNI0 9KCNEPUMEHTOB U O0hOPMIIEHNIO pe3ynbTaToB UCCNeAoBaHUN U

pa3paboToK B 0611acTu 3HEro- u pecypcocbeperarowmx npoLeccoB B XMMUYECKON TeXHONOruum, Hecbrexummum n
6uotexHonornu
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Ne

TekcT Bonpoca

86 MaTemaTuyeckne MOAEAM  XMMMYECKMX pPeakumii B  peakTopax pas/IMuHbIX  TUMOB.
MaTtemaTnyeckan MoAe b KMHETUKMN PeakLMm B peakTope naeanbHoro cmewwenus (PUC)
87 MaTtemaTuyeckne MOAEIM XMMUYECKUX PEeaKLMI B peaKTopax pasnyHbIX TUMOB.
MaTtemaTnueckan MOAE b KMHETUKIN PeaKLIMmM B peakTope naeanbHOro BbitecHeHus (PYB)
88 MeTtoa HbloTOHa A1 PeLIeHUA HeIMHENHbIX anrebpanyeckmx ypaBHeHW
89 MeTog, PyHre-KyTtra ana pewerus cuctem auddepeHumnanbHbiX ypaBHEHWU N
90 OCHOBbI KOPPENALMOHHOrO aHanmnsa
91 Perpeccus. PerpeccroHHbIN aHanus. MocTpoeHne maTemMaTUyeckon mogenu B opme
PErpeccMoHHOro ypaBHeHNs
92 Lienesas GpyHKUMA. JIOKaNbHBIN M rN06abHbIA 3KCTPEMYMbI
93 Mpamble MmeToAbl NoMcKa 6e3yc10BHOr0 MUHUMYMa
94 Henpamble meToabl Noncka 6e3yc/I0BHOro MUHUMYMa
95 MoHATME ONTUMM3ALMU B XUMUKO-TEXHONOTMYECKMX CUCTEMAX
4. MeToauyeckne matepuansl, onpegensiowue npoueaypbl oLeHMBaHUA
3HaH|M7|, yMeHVIﬁ, HAaBbIKOB U (M.I'IVI) onbiTa AeATeJIbHOCTU, XapaKTepUu3yrLwimnx

3aTanbl (pOpMMPOBAHMA KOMMNETEHLUN.

Mpoueaypbl OLEHWBAHWUS B XOAE W3YyYeHWUs OUCUUNNMHBbI 3HAHUIW, YMEHUA WU
HaBbIKOB, XapaKTepuayloLwmx aTanbl OpMUPOBaHUS KOMMETEHLMIA, peErnaMeHTUpyTCS
NONOXEHUAMMN:

- [ BI'YUT 2.4.03- MNonoxeHne 0 KypCcoBbIX 9K3aMeHax 1 3a4yeTax;

- M BIrYUT 4.1.02- TllonoxeHne O pPENTUHIOBOW OLEHKEe TekyLien
ycneBaemMocCTH.
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OnucaHue nokazame.iell U Kpumepues 0YyeHU8AHUs1 KoMnemeHyull Ha pasAu4HbIX 3Manax ux hopMuposaHus, onucaHue
WKa/1 oYyeHUu8aHusl 0151 Kaxcadoz2o pe3yasmama oGy4yeHus no ducyunauHe

PesynbTatbl 06y4eHns no
aTanam hopMUpOBaHUs
KOMMNeTeH-
unn

MpeameT oueHkn
(MpoaykT nnn npouecc)

[NokasaTenb
OLIeHMBaHUs

Kputepum OLIeHMBaHWS

Lkana oueHnBaHuA

CchOPMUPOBAHHOCTM KOMMETEHLNI

AxkazemMuueckas
OIIEHKA WM OaJUIbI

YpoBeHb OCBOEHHUS
KOMIICTCHIIH

YK-2 CnocoGeH onpeaenAaTb Kpyr 3aAay B paMKax NOCTaBlIeHHOW Lienn U BbIOMpaTb onTUMarnbHble CNOCOoObLI UX pelleHns, UCXO0AA U3 AeNCTBYIOLMX NPaBOBbIX HOPM,
MMeIOLLMXCS PeCypCcoB U OrpaHMYeHUi
WOy — OnpepenseT (Mcxoas M3 AENCTBYIOLLMX NPaABOBbLIX HOPM) COBOKYNMHOCTb B3aUMOCBSA3aHHbIX 3aad, pelleHne KoTopbix obecnevnBaeT AOCTKEHME NOCTABNEHHOW LEenw.

MO2yk» — MpoekTupyeT u BbIGMpaeT onTMMarbHble Cnocobbl peLleHns onpeaeneHHbIX 3a4ad, UCXoas U3 AeNCTBYHOLLMX NPaBOBbLIX HOPM, UMEIOLLUXCSH PECYPCOB U OFpaHUYEHUA U NYyGIMYHO

npegcraBngdeT pe3ynbTaTtbl pelleHna KOHerTHOIZ 3agayun npoekra

3HATb: npuHUunel | TecToBoe 3afaHune PesyneTtat HabpaHo meHee 50% npaBunbHbLIX OTBETOB He He ocBOeHa
dopmynmposku TecTMpoBaHus yOOBMNETBOPUTENBHO  (HEJOCTaTOYHbIN)
B3aMMOCBSI3aHHbIX 3apau, Habparo 50% - 74,99% npaBunbHbIX OTBETOB YOOBMETBOPUTENBHO 0ocBOeHa
obecrneynBaLLmnX OOCTUXKEHUE (6a3oBbin)
nocTaBrieHHON Lienw; npaBsoBble HabpaHo 75% - 89.99% npaBunbHbIX OTBETOB XOpOLLIO OCBO€EHa
HOPMbI 1 UMeloLLMECs pecypcehbl (NOBbLILLEHHBI)
Ana onTMManbHOro  pelleHuA HabpaHo 90% - 100% npaBurbHbIX OTBETOB OTNNYHO OCBOEHa
KOHKpEeTHOW 3agayu (NoBbILLEHHBIN)
CobecepnoBaHue 3HaHne  npuHumnoB | OOyvaloWMACA MOMHOCTLIO PacKpbin  codepXaHve
(ak3ameH) hopMynMpoBKM maTtepuana B obbewme, npeayCMOTPEHHOM OTIAYHO

B3aMMOCBSI3aHHbIX nporpaMMo, U3NOoXWn MaTepuan rpamMoTHbIM S3bIKOM

3agay, B OMpeferieHHoM Normyeckon nocregoBaTenbHOCTH

obecneymsaroLLnx O6yyatowmncs TBepao 3HaeT MmaTtepumarn, rpaMoTHO U no

AOCTUXKEHNe CyLLeCTB n3naraeT ero, Ho JornyckaeT B OTBeTe XOPOLLIO

MOCTaBMIEHHON Lienu; | HEKOTOpblE HETOYHOCTU

npasoBble HOPMbl U | OBy4aloLMIACA HEMOIHO NN HenocneaoBaTensHO

nmeromecs packpbIn cogepxxaHue Mmatepuana, Ho nokasan obuee

YAOBMNETBOPUTESTBHO

pecypcbl anga | noHMMmaHue Bornpoca, HeoCTaTOYHO NpaBuUrbHbIe

onTUManbHOro opmMynmMpoBKy 6a30BbIX MOHATUI

peLlleHnsi KOHKPETHOM | OByqaroLniicsl He packpbin CoAepXaHne matepuana, He

3afja4u ponyckaeT rpybble owmbkn B hopMynmnpoBKax yOOBMETBOPUTENBHO

OCHOBHbIX MOHATUM ANCLUMINNHBI
YMETb: doopmynumpoBaTb O6yyatowmincs pa3obpancs B npeasioXXeHHon
COBOKYMHOCTb B3alMOCBSI3aHHBIX KOHKDPETHOW  CUTyauuu, CaMOCTOSITENIbHO — peLuus 334TEHO ocsoeHa
3anay, obecrnevnBaroLLmx 5 CopepxaHme peluenus | NOCTABMEHHYIO 3a/ia4y Ha OCHOBE NOMyYEHHBIX 3HAHMIA (NOBbILLEHHIN)
AOCTIKEHME NOCTABIIGHHOM Ketic-sananns keiic-3apjaHuA Obyuatolmiicss He pasobpancs B CHOXMBLLENCS
Lienu; NpoekTMpoBaTb peLueHne ocBO€eHa
KOHKDETHOW 3a7a4N MPOeKTa CcMTyauumn, He BbISIBUN MPUYUHBI CIYYMBLUETOCA U He He 3a4TeHo (NOBLILLICHHBI)
NpPeanoXun BapuaHTOB peLLeHNs]
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BNAOETb: OCHOBHbIMW
npuemamm aHanusa
MOCTaBMEHHbIX Lienen npoekTa,
CMOCOBHOCTLI0  MPOEKTMPOBaThH
pelleHne  KOHKpeTHOW 3adayu
npoekta,

Kewnc-3apaHus

CogaepxaHue pelleHus
Kenc-3agaHus

Ob6yuvatoLumics pasobpancs B npeanoXeHHom 0CBOEH

KOHKPETHOW  cCuUTyauuW, CaMOCTOSITEMbHO  peLuunn 3a4TeHO .
o (noBbILWEHHBIN)

NOCTaBMNEHHYI0 3aa4y Ha OCHOBE MOMNYYEHHbIX 3HaHWN

O6yyvatowmincs He pasobpancsd B CrOXUBLUENCH oCBOSHa

CUTyauuun, He BbISIBAN MPUYMHBI CIyYMBLUErOCA U He He 3a4TeHo

npeanoXxun BapunaHToB peLlleHnsa

(NOBBILLEHHBIN)

I1Ke-6 Cnoco6eH k npoBeaeHuto paboT no 06paboTKe M aHaNU3y Hay4HO-TEXHNYECKOW MHGOpMaLMM U pe3ynbTaToB UCCNeAOBaHMIA B 06NacTyi 3Hero- 1
pecypcocGeperalowmx NpoLeccoB B XMMUYECKOM TeXHONOrUnU, HedpTeXMMMM n GMOTEXHONOrMn
N1 rke-s - OCyLLIECTBNSAET MOMCK U aHanmn3 Hay4YHO-TEXHWYECKON MHApopMaLmmn No 3afaHHON TeMaTuke B 061acTi 3HEPro- U PecypcocBepexeHnst XUMUYECKUX N HETEXMMUYECKMX

Npov3BOACTB

WO2lKB-6 — MpumeHseT ctatucTuyeckne MeToabl 06paboTkn akcnepumeHTanbHbIX aHHbIX
WAO3nkes — MpuMeHseT MeToabl MaTeEMaTUYECKOro MOAENVMPOBaHMS U ONTUMU3ALIMN TEXHONOMMYECKMX NPOLLECCOB B 06MacTn 3HEpPro- U pecypcoctepekeHns XMMMYECKMX 1
He)TEXMMUYECKNX MPON3BOACTB

3HATb: ocHoBHble MCTOYHUKM | TecToBOe 3agaHue PesynbTtat HabpaHo meHee 50% npaBurnbHbIX OTBETOB He He ocBOeHa
Hay4YHO-TEXHUYECKOW TecTMpoBaHus yOOBNEeTBOPUTENBHO (HeQoCTaTOUHbIN)
UHdopMaumMM  NO  3afaHHOWN HabpaHo 50% - 74,99% npaBunbHbIX OTBETOB YyOOBMEeTBOPUTENBHO 0oCBO€EHa
Tematuke, MeTOAbl aHanmsa wu (6a3oBbin)
obpaboTku HeobxoanMon HabGpaHo 75% - 89.99% npaBunbHbIX OTBETOB XOpOLLIO 0OCBO€Ha
nHopMaLmK, TEXHUYECKNX (NOBbLILLEHHBI)
AaHHbIX, rnokasartenen " Ha6paHo 90% - 100% npaBurnbHbIX OTBETOB OTNINYHO OCBO€EHa
pesynbTaToB paboTbl, OCHOBHbIE (NOBbILEHHbIN)
NOHATUSA " onpeneneHus | CobecegoBaHue 3HaHue OCHOBHbIX | OBy4aloLWUACA  MOMHOCTBLI0  pacKpbil  coaepXaHue
MartemaTn4eckoro (3k3ameH) MeToA0B Marepuana B obbeme, npegycMoTpeHHOM OTIMYHO OCBO€eHa
MOAENUPOBaHKs, Lenn n 3afaqu MaTemaTnyecKoro nporpaMMon, U3noXxun matepuan rpaMmoTHbIM A3bIKOM (NoBbILEHHDIN)
MoAenMpoBaHuA MoaenMpoBaHus, B OnpeaeneHHon Normyeckon nocrneagoBaTenbHOCTH
uenen " 3agad | Obyvarowminca TBepao 3HaeT maTtepuarn, rpamoTHO U1 0oCBO€EHa
MOoAenupoBaHns no CywlecTB wu3naraeT ero, HO [OMyckaeT B OTBeTe X0opoLlo (noBbILLEHHBIN)
HEKOTOPblEe HETOYHOCTHU
OOGyyaloWwmincs  HenonHo  WnuM  HenocnegoBaTenbHO
packpbIn coaepxaHve maTtepuana, HO nokasan obuiee OCBOEHa
YAOBNETBOPUTENBHO -
noHWMaHue BoOMpoca, HeaoCTaTOMHO MpaBUIbHbIE (6a3oBbIn)
HopmMynmMpoBKn 6a30BbIX NOHATUI
O6Gyyalolmincs He packpbil cogepxaHve MaTepuana, He He ocBOeHa
ponyckaeT rpybble owwmbkn B hOPMYyNMpoBKax| yAOBNETBOPUTENBHO | (HE4OCTaTOYHbIN)
OCHOBHbIX NOHATUA AUCLUMITUHbI
YMETb: KPUTUYECKU OOyuvatowmnca  pasobpanca B NpeasioXeHHON 0CBOGHE
aHanusmpoBartb BO3MOXHbI€ KOHKPETHOW  CcuTyauuu, CamMOCTOATENbHO  peLuun 3a4TeHo .
. (NOBBLILLEHHBIN)
BapunaHTbl peLleHus, NpoBOAUTb Kelic-3ananns CO,D,Gp)i(aHVIe PELEeHna noctaBneHHyo 3agadvy Ha OCHOBE MOJTyYEeHHbIX 3HAHUN
aHanm3 " o6paboTky Kenc-sagaHus O6yyvatowmnca He pasobpancsd B CrOXUBLUENCH ocBOEHa
Heobxoanmon WHpopmauuu, CuTyauumn, He BbISIBUN MPUYMHBI CIYYMBLUErOCA U He He 3a4TeHo

(NOBBILLEHHbIN)
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TEXHUYECKNX [aHHbIX,
nokasaTtenein W pesynbTaToB
paboThl, OCYLLECTBNATb
CTPYKTYPHbIA CUHTE3 MOAENU, ee
aHanus; nnaHMpoBaTb
3KCMEePUMEHT

npeanoXxun BapnaHToB pelleHnda

BJIIAOETb: HaBblikamn BegeHusi
Hay4YHO-MCCNeaoBaTeNbCKON  ”
NPOEKTHO-MPON3BOACTBEHHOW

nesarenbHocTM B cdepe aHepro-
n pecypcocbepexeHuns
XUMUYECKNX U HEPTEXUMUYECKMX
NpPOW3BOACTB, HaBblKaMu
NpUMeHeHnst CcTaHOapTHbIX
nporpamMmMHbIX cpeacts B
obnactn aHanusa HeoGXoaAnMOoWn

WHdopmauun, 06oOLeHNs 1
cuctemaTusauum [aHHBbIX,
CMoCcOBHOCTLIO npuHUMaTb
yyactve B MOAENMPOBaHMU

npoueccos C wucnofb3oBaHMeEM
CTaHAapPTHbIX NakeToB

Kelc-3agaHus

[NocTpoeHune
mMaTemaTn4ecKon
MoZenu, npuMeHeHne
CTaHAapTHOrO MakeTa
ansi CUHTE3a "
aHanu3a mogenw.

- MartemaTmyeckass MoAenb MNOCTpoeHa W 3ajada OTNNYHO 0OCBO€Ha

pelleHa C MOMOLLbO NakeTa NPUKNagHbIX Nporpamm (NOBbLILLEHHBI)

BEPHO; MO UTOraM peLLeHns caenaHbl BepHble BbIBOAbI;

- martemartuyeckasd MOAernb MOCTpPOeHa BEpHO, 0CBO€Ha

Nony4YeHo pelueHne C MOMOLLbID NakeTa MNpUKNagHbIX XOpOoLUOo (NOBbILLEHHbI)

nporpamm 6nmn3koe K BepHOMY (eCcTb owunbku B xope

pelleHus); No uToram peLleHuss caenaHbl BepHble

BbIBOAbI; -

mMaTtemaTMyeckass Mofdenb MOCTpPOeHa BEPHO, 3ajava |yaoBNeTBOPUTENBHO OCBO€EHa

He pelleHa OO0 KOHUa, HO XO4 peLleHns npasuieH nnm (6a30BbIN)

3afjavya pelleHa, HO He caenaHbl BbiBOAbl NO UTOram

peLleHns

3ajadva He pelueHa He He OCBOeHa
YOOBMNETBOPUTENBHO (HepoCTaTOYHBIN)

MKB-7 CnocobeH k NpoBeeH o 3KCNEePUMEHTOB U 0CDOPMITEHNIO Pe3yNbTaToB UCCNEAOBaHW U pa3paboTok B 06acTi sHero- n pecypcocbeperatoLmnx NpoLeccoB B XMMUYECKOM
TEXHONornu, HedpTexMmMmmn n GUOTEXHONOrMK
WO 1rks7 - NpoBoauT nabopaTopHble ccneaoBannsi, HAbNOAEHUS 1 U3MEPEHMS, B COOTBETCTBMM C perfiameHTamMu, CTaHg4apTHbIMK (aTTeCTOBaHHbIMW) MeTOAMKaMK, TpeboBaHUAMM
HOPMAaTMBHO-TEXHUYECKON JOKYMEHTaUuKn, TpeboBaHUAMN OXpaHbl TPYAA U 3Konormyeckon 6esonacHoCcTm
MO2nke7— OcyllecTBnsieT oopmneHme pesynbTaTtoB UCCNeaoBaHuii 1 pa3paboTok B BuAe O0TYETOB (pa3genoB 0THETOB) B cdepe aHEero- 1 pecypcocbeperaroLmx npoLeccoB B XMMUYECKON
TEXHOMNOrMn, HedpTeEXMMUU N BUOTEXHOMNOMK

3HATb: 6aszoBble MeTOAbI
3KONOrMYEeCKNX mccnenoBaHUn B
obnactu MOHUTOPUWHra

OKpyXatoLlen cpedbl, NPUHLMMbI
npencrasneHns

TecToBOE 3agaHue

PesynbTtat
TEeCTUpPOBaHWS

HabpaHo meHee 50% npaBunbHbIX OTBETOB He He ocBOeHa
yOOBMNETBOPUTENBHO (HepocTaTOYHbIN)
HabpaHo 50% - 74,99% npaBunbHbIX OTBETOB YAOBMEeTBOPUTENBHO 0OCBOEHa
(6a3oBbin)
HabpaHo 75% - 89.99% npaBunbHbIX OTBETOB XOpOoLUo OCBO€EHa
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npodpeccmoHansHOM M Hay4YHON

(NoBbILIEHHBIN)

nHdopMaunm HabpaHo 90% - 100% npaBurnbHbIX OTBETOB OTNUYHO 0oCBO€eHa
(NoBbILIEHHBIN)
CobecenoBaHue 3HaHue meToauk | OByyaloWMNCa  MOMHOCTBI  pacKpbil  coaepXKaHue
(ak3ameH) 3KONOrNYECKNX martepwvana B obbeme, npegycMOTPEHHOM OTRAYHO OCBOEHa
nccneaoBaHui B | MpOrpamMmoMn, U3noXxun matepuan rpaMmoTHbIM A3bIKOM (NOBbLILLEHHBI)
obnacTM MOHUTOpPWHra | B onpedeneHHon Normyeckon nocneaoBaTenbHOCTH
oKpy>KaroLen cpedbl O6y4atoLuinicss TBepao 3HaAeT mMaTtepuar, rpamoTHO U 0CBOEHA
Mo CywlecTB u3naraet ero, HoO [onyckaeT B OTBETE XOpOoLUOo .
(NOBbLILLEHHBI)
HEKOTOpble HETOYHOCTM
OO6y4yaloLlmninicss HemnorHo wunu  HemnocrnegoBaTenbHO
packpbln coaepXaHue maTtepuana, HO nokasan obuiee OCBOEHa
YOBNETBOPUTENBHO o
NMOHMMaHWe BOMpoca, HeJoCTaTOMHO —MpaBUSbHbIE (6a3oBbin)
PopMynUpPOBKM 6a30BbIX NOHATUI
OObyuatowmmnca He packpbin codepXaHue matepuana, He HE OCBOEHE
ponyckaer rpybble ownbkn B hopmynmpoBkax .
o YOOBMNETBOPUTENBHO |  (HE4OCTaTOYHbIN)
OCHOBHbIX MOHATUA AUCUUMITUHBI
YMETb: npumeHATe MeToabl O6yyatowmncs  pasobpanca B NpeasioXeHHON oCBOEH
HabnoaeHus, cbopa " KOHKpETHOW  cuUTyauuu, CaMOCTOSITENIbHO  peLuun 3a4TeHO .
obpaboTkm  MaTepuana  Ans MOCTaBIEHHYIO 3aJayvy Ha OCHOBE MOMYyYEeHHbIX 3HAHWNA (noBbILEHHLI)
3KONOrMYECKUX UccnefoBaHUn B O6yyarowmincs He pasobpanca B CRNoXuBLUENCA
npupoaHbiX U nabopaTopHbIX Keiic-sanaHus CopepxaHve pelleHns | cutyaumun, He BbISIBUM MPUYMHBI CITYYMBLUEFOCS U He
yCrnoBwusix;, oueHnBaTb KeNc-3agaHus npeasioxun BapuaHToB peLleHus 0CcBOEHA
[OCTOBEPHOCTb U 3HAYUMOCTb He 3a4TeHo .
(NOBBLILLEHHBIN)
NosyYeHHbIX pe3ynbTaTos,
npeacraensaTs  uUX B BuAe
OTYETOB
BNAOETH: HaBblkamu | Kelic-3apgaHus MpumMeHeHne nakeToB | - MaTtemaTunyeckasi Mofernb NOCTpoeHa M 3agava OTNINYHO OCBOEHa
MUcnofb3oBaHnsa COBPEMEHHOro NpuKnagHbIX nporpaMmm pewleHa C NOMOLUbIK NakeTa NpuKnaaHbIX nporpamMmm (I'IOBbIUJeHHbII7I
06OpyaoBaHMS B MOMEBbIX W LN cTaTWCTMYecKoro | BEPHO; MO WTOTam peweHusi MpoBedeH aHanua u
nabopaTopHbIX yCroBusix, MofilenMpoBaHus  npu | CASMNAaHb! BEPHLIE BEIBOAL,
HaBblkamm MOAroTOBKN peLeHmn - mMaTemaTuyeckasi Mofenb MOCTPOEHA BEPHO, ocBoeHa
pesynbTaros MPOECCUOHANBHBIX | 1oy elo pelweHMe C NOMOLLBIO NaKeTa MPUKMAAHbIX XOpOLLO (NOBbILLIEHHBIN)
MPOECCMOHanbHON 1 Hay4HOM sapa nporpamm 65M3koe K BEPHOMY (E€CTb OLIMGKU B Xome
ACATENLHOCTY, HaBblkamm pelleHns); Mo MToram pelleHns caenaHbl BepHbIe
3aWmMTbl  pe3ynbTatoB  CBOEWN BbIBOAbI;
OeaTenbLHOCTH
MaTeMaTU4Yeckne MOLENN NOCTPOEHbI BEPHO, MOSMYyYEHbI | YAOBNETBOPUTENBHO ocBOeHa
pelleHnss C MOMOLLbIO MakeTa MPUKNagHbIX NporpaMm (6a3oBbIn)

6rnnskne Kk BEepHbIM; NO pe3ynbTaTtaM peleHna nposeneH

@Hann3 n caenaHbl BepHble BbiIBOAbI
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3afayn He pelleHbl, caenaHbl HeBepHble BbIBOObI;

He
yAoBNeTBOPUTESIbHO

He oCcBOeHa
(HegocTaTOYHbIN)
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