Pabouasi nporpaMmma TucHUILTHHBI (MOayJis1) «MoaeupoBaHHe XUMUKO-TEXHOJIOTHYECKUX
NMPOIECCOB), BKJIIYAas OlleHOYHbIE MATEPUAJIbI

1. TpeGoBanus Kk pe3yjabTaTaMm 00y4YeHUsI M0 TUCHUILIMHE (MOIYJIIO)
1.1. Ilepeyenb koMmereHuMi, GopMHpyeMbIX JUCHUIVIMHOH (Moay/J1eM) B mpouecce
OCBOEHHS1 00Pa30BaTEJbHOM NPOrPaMMBbl

I'pynna komnereHuuii Karteropusi komnereHumii Koapl u conepxxanne KoMneTeHI Uil
YHuBepcajibHbIE - -
OobmenpodeccroHanbHBIC WnxenepHas u OIIK-4. CmocobeH obecredunBaTh MPOBEACHUE
TEXHOJIOTHIECKAs TEXHOJIOTHYECKOTO  TpOIecca,  HCIOJIB30BaTh
MOATOTOBKA TEXHUYECKHE CPEJCTBA JJI KOHTPOJS MapaMeTpoB

TEXHOJIOT'MYECKOro Ipouecca, CBOICTB ChIpbd U
TFOTOBOM NPOAYKLIMH, OCYIIECTBIATh H3MEHEHHUE
nmapaMeTpoB TEXHOJOTHYCCKOTO IIpoHecca IIpu
H3MEHCHHH CBOMCTB CBIPbs

[IpodeccronanbHbIE - -
1.2. KoMmnereHuum W WHAMKATOPbI HMX JOCTH:KeHHsI, (OPMHUPYeMbIX JHCHUIIMHOM

(MojyJieM) B mpouecce 0CBOeHHUs1 00pa30BaTeIbHOI MPOrpaMMbl

Kon Kon unaukaropa
Copep:kaHue HHIAKATOPA KOMIETEHIINT
KOMIIETEHIINH KOMIETEHIIHH
OIIK-4 OIIK-4.4 [IpumenHsieT METOIbl MaTEMaTHYECKOTO MOJESIMPOBAHMS TPOLECCOB U

00BEKTOB W  aBTOMATH3UPOBAHHOTO YINpaBiCHWS WMH Ha 0ase
CTaHJIaPTHBIX MTAKETOB NPUKJIAJHBIX IPOIPAMM

1.3. Pe3yabTaThl 00y4eHHsl 0 AUCHUIINHE (MOLYJII0)
Heap u3yyeHuss TUCHUILUIMHBI (MOAYJsl) — TpuoOpeTeHHEe 0a30BBIX 3HAHHWKA MO OCHOBHBIM
paszenaM Kypca, a TakKe YMEHUH M MPaKTHUYECKUX HABBIKOB B OO0JACTH MOJEIHPOBAHHS
XUMUKO-TEXHOJOTUYECKHUX MPOIECCOB, UCIIOIB3YEMBIX MPU PEIICHUN HAYYHBIX U MPAKTUYECKUX
3a/1ay.
B pesynbrare n3ydeHus: JUCIUTLTNHBI (MOTYJIs1) OOYYAIOIIHIACS TOJIKCH
3HATh:
® METOJbl TIOCTPOEHHUS AMIUPHUYECKUX (CTAaTUCTHUECKHX) M  (U3UKO-XUMHUUYECKUX
(TEOpPETUIECKUX) MOJIEICH XUMHKO-TEXHOJIOTHIECKUX TPOIECCOB;
® METOJbl UJICHTU(PHUKAIMA MATEMAaTUYECKUX OMMCAHUN TEXHOJOTHYECKUX IMPOIIECCOB HA
OCHOBE IKCIIEPUMEHTAIBHBIX JTAHHBIX;
® METOJbl ONTHUMH3ALUU XHUMHUKO-TEXHOJIOTHUYECKUX TMPOLECCOB C€ IMPUMEHEHUEM
AMIOUPUYECKUX U/ UITU PUINKO-XUMUYECKUX MOJIETIEH;
yMeTh:
® T[PUMEHSTh HW3BECTHBIE METOJbI BBIYHCIUTEILHON MaTeMAaTUKH W MaTeMaTHYeCKOU
CTaTUCTUKM  JUISl  pEIIEHHMs  KOHKPETHBIX  3aJad  pacuera, MOJICTUPOBAHMUS,
UACHTU(DUKAIIMY U ONTUMHU3ALMU TPU HCCIEAOBAHUU, MPOCKTUPOBAHUU U YNPABICHUU
MpolleCCaMi XUMHUYECKOU TEXHOJIOTHH;
® UCIIOJB30BaTh B CBOEM NPAKTUUYECKOW NESITEIBHOCTH Ui JOCTHKEHHUS OTHUX LEJIei
M3BECTHBIE MAKEThI MPUKIIAIHBIX IPOTPAMM;
BJIA/I€Th:
® METOJaMH MAaTeMaTHYCCKOW CTATUCTUKU JUII OOpabOTKM pe3ylbTaTOB AKTHBHBIX U
MACCHUBHBIX IKCIIEPUMEHTOB;
® METOJaMU BBIYUCIUTEIBHON MaTeMaTHKW JUIsl Pa3pabOTKM W pealn3alud  Ha
KOMITBIOTEpaX aIrOPUTMOB MOJIEITUPOBAHUS, UICHTU(PUKAIIMN U ONTUMHU3AIUNA XUMHKO-
TEXHOJIOTHYECKUX MPOIECCOB.
2. O0beM, CTPYKTYpa U coepKaHue TUCHUIINHBI (MOLYJIs1)
2.1. O6beM qMCUMILTUHBI (MOYJIsT)

Buowt yueonoi pabomot Dopmut 00yuenus
QOunasn
Oomasi Tpy10eMKOCThb: 3a4ETHBIE ¢TMHHUIIBI/YaChI 3/108




2.2. Tembl

KonTakTHas padora: 48
3aHATHA JIEKIIHOHHOTO THIIA 16
3aHATUS CEMUHAPCKOro TUMA 32

Koncyabrauun 0

IIpoMe:KyTOUHAsI aTTeCTAINS 3a4eT C OLEHKOM

CamocrosiTesbnasi padora (CP) 60

(pa3mesbl) AUCUHMILTHHBI

(MoayJsisi) ¢ YyKa3aHMeM OTBEJIE€HHOr0 Ha HHMX

KOJIMYeCTBa 4acoB 1o ¢gopMam 00pa3oBaTeIbHOM 1eSITeJJbHOCTH
Ounasn hopma odyuenus

Buabl yueOHoii padoThl (B yacax)

KonrTakTHas paéora

HaumenoBaHue TeM
(pa3neJioB)

3augrus
JIEKIIMOHHOr0 THIIA

3aHATHS CEMHUHAPCKOT0 THIIA Cp

JI

HHbIe 113 5031513

IToctpoenue 10
OMIIMPUYCCKUX
Mozenei XUMHKO-
TEXHOJIOTHYECKUX

IIPOIIECCOB

C JIP
0 0 0 10

0 20

Ioctpoenne Qusnko- 12
XUMHYECKIX XHUMHKO-
TEXHOJIOTHYCCKHUX

IPOIIECCOB

12 20

OCHOBBI ONITHMH3ALINH 10
XHUMHKO-
TEXHOJIOTHYECKHUX

IMpouecccoB

10 20

Ilpumeuanusn:
JI — nexuum, [13 — npakruyeckue 3anstus, C — cemunapsl, JIP — na6opatopusie padotsl, CP — camocrositensHast

pabora.

2.3. Conep:xaHue IUCHMIUIMHBI (MOAYJsl), CTPYKTYPHPOBaHHOe MO TeMaMm (pa3jejaM) H
BHUJIaM padoT

Conep:kaHue JeKIHOHHOT0 Kypca

Ne
n/n

HaumeHnoBanue Tem (pa3iesioB)

Conep:xaHue JeKIMOHHOIO Kypca

1.

ITocTpoenue SMIIUPUYECKUX
MoJieNen XUMHKO-
TEXHOJIOTHIECKUX MPOIIECCOB

1.1. ®opmynupoBka 3amaud anNpOKCUMAallMU JaHHBIX JJIS
ONMHCAHWS HKCHEPUMEHTAIBHBIX 3aBHCHMOCTEH W  TIONyYSHHS
SMIIUPUYECKUX  MOJeNed  mpoueccoB.  Buubl  KpuTepuen
anmpokcuMarun. Kputepmii MeToqa HAWMEHBIINX KBaJPaTOB.
Pemenue 3anaun annpokcuManuu sl HETMHEHHON U JIMHEHHOM 110
napaMerpam  Mozened. MatpuuHas — (QOpMYJIHMpOBKa  3agadH
anmpOKCUMAIUH. AHAJTUTHYCCKANH W aNTOPUTMHYCCKUM TOIXOJBI
JUIS  PelIeHHs 3aJadyd  ampoKCUMalM{ UL  JIHHEHHBIX |
JIMHEapU30BaHHBIX MOJIEJIeH METOIOM HaMEHBIINX KBaJIPAaTOB.

1.2. HopManpHBIH 3aKOH paclpeleslieHuss A BeKTOPHBIX
CIy4aliHBIX ~ BEIUMYMHBI W ONpENeNieHHe WX  YUCIOBBIX
XapaKTEepUCTHK. MaTeMaTHYeCKOoe OXHAAHWE W IUCIIEPCHs s
BEKTOPHBIX  CIyYalHBIX  BENWYMH.  JINCIIEpCHOHHBIA U
KOpPPEeALHOHHBII aHaJus3. Ionsarus JUCTIEpCUU
BOCIIPOU3BOAMMOCTH M aJE€KBATHOCTH, & TaKXKe - OCTaTOYHOU
mucniepcud.  Omnpenenenne  BBIOOPOYHBIX KO (HULKEHTOB
Koppensauu U Kod(D(UIMEHTa MHOKECTBCHHON KOPPEIISAIIUH.
CraTucTHYeCKAH  TOAXON K  ONpeNeNleHHI0  OmHMOOK |
MOTPEIIHOCTEN B AKCIIEPUMEHTAIBHBIX TOUKAX U3MEPEHUH.

1.3. PerpeccuoHHbIN U KOPPESILIMOHHBIA aHATU3 ISl OCTPOEHUS
SMIIUPUYECKUX MOZENEeH Ha OCHOBE MJAaHHBIX IACCHBHOTO
skcriepuMeHTa. lloHsTHS QyHKUMM OTKIMKAa U (aKTOpOB.
OCHOBHBIE JIONYILEHUS] PETPECCHOHHOTO U  KOPPEISILUOHHOTO
aHanu3a. Kpurepun npoBepKd OJHOPOJHOCTH AucHepcHil. Brioop
BUJa  YpaBHEHHIl  perpeccud, a  TakXke  OIpeJesIeHHe
KO3 QHUIINEHTOB perpeccHi M MX 3HAYUMOCTH C HCIIOJIE30BAaHHEM
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kpurepust Crprogenta. Ilpouneaypa WCKIIOUCHHS HE3HAYMMBIX
kodpdunmenTop  perpeccun.  OmpeneneHue  aJeKBATHOCTH
PErpeccHOHHBIX MOENEH ¢ ITOMOIIbI0 KpuTepus Pumepa.

1.4. OcHOBHEIC TIOJIOKEHHS TEOPUH TIAHUPOBAHUS IKCIIEPHAMEHTOB
(I): nmonneiit ¢akropHsiii skcriepument (IIPD) m obpaborka ero
pe3ynbraroB. ONTHMaIbHBIE CBOWCTBA MAaTPHUIbI IUIAHUPOBAHUS H
CBOMCTBO  oproroHajbpHocTH. OmpeneneHne Kod(hPHUIUEHTOB
MoJiesield, UX 3HAYUMOCTH W TPOBEPKa aJeKBaTHOCTH ypaBHEHMS
perpeccun. CBOWCTBO poTaTabeabHOCTH TOTHOTO (HaKTOPHOTO
IKCTIEPUMEHTA.

1.5. OcHOBHBIE TIOJIO’KEHUSI TEOPHH TUTAHUPOBAHMS SKCIIEPUMEHTOB
(Il): opToroHaNmBHBIN IICHTPAJIBHBI KOMITO3UIIMOHHBIA IIJIaH
(OLKII) oskcnepuMeHTOB UM 00paboTKa €ro  pe3ynbTaroB.
OOecrieueHre OPTOTOHATLHOCTH MATPHIBl IUIAHUPOBAaHHUA W
onpejieJiecHue  BENIMYMHBI  3Be3fgHOro Iueda.  OnpexeneHue
K03((HUIMEHTOB MOJEIH, UX 3HAYUMOCTH U OICHKA aJIeKBaTHOCTH
ypaBHEHUsI perpeccuy. PacueTHoe BBIYHMCIEHHE KOOPAWHAT TOYKH
onTUMyMa (3KCTpEMyMa).

1.6. OnrtuMmzamms SKCHEPHUMEHTANBHBIX  HCCIEIOBaHHUH ¢
npuMeHeHneM Mertona bokca-Bmiibcona. OCHOBHBIE MOAXOABI K
ONTHUMU3ALMN 9KCIIEPUMEHTAIIBHBIX UCCIIEJOBAaHUH.
OKCcHepruMEHTaNBHO-CTaTUCTHYECKUH MeTo. CTpaTerust NBH)KEHHS
K ONTUMYMY LiesieBOM GYHKIMU (PYHKIMU OTKIMKA) IPaJHUEeHTHBIM
MeTos1oM. Kputepnu JOCTHKEHHSI «IIOYTH CTAllHOHAPHOW 00J1acTH»
U METOIbl YTOYHECHUS IMOJOKEHHS ONTUMAJIbHOW TOUYKH B
(haKTOPHOM ITPOCTPAHCTBE.

ITocTpoenne PU3NKO-XUMHUECKUX
XHUMHKO-TEXHOJIOTHIECKUX
HPOLIECCOB

2.1 DOrambel MaTeMaTH4YeCKOro MopenupoBaHus. DopMyIHpoBKa
THIIOTE3, ITOCTPOCHHE MAaTEeMaTHYECKOTO OIMCAaHUs, pa3paboTka
MO/JIEJIUPYIOIIETO aIrOpUTMa, MPOBEpKa aJeKBATHOCTU MOJEIH U
naeHTHGHUKAIMS WX [apaMeTpoB, pPacUeTHBIE HWCCIIECIOBAHMS
(BBIUMCIIUTETHHBIA DKCIIEPUMEHT).

2.2 CocTaBjeHHE CUCTEM YPaBHEHHH MaTeMaTH4YEeCKOTO OMUCAHUS
MpoIieccoB M pa3paboTka (BBIOOP) aNrOPUTMOB HUX PEIICHHS.
brouHBIl NPUHOMO MOCTPOEHHSA CTPYKTYPHBIX MaTeMaTHYECKHX
Mmozeneid. OO0OLmIEHHOe ONMCaHWE IBIKEHHS IIOTOKOB (a3 B
anmapatax C  [IOMONIbIO  THAPOJMHAMHYECKHX  MOJeEJeH,
YUUTBIBAIOUIUX COCPEIOTOYECHHBbIE U paclpeieleHHble NCTOUHUKU
BEIIECTBA W OJHEpruu (TerioTsl). JIoKajbHBIE WHTEHCHBHOCTH
HMCTOYHMKOB BEIIECTBA M TEIUIOTHI B IOTOKAX, COOTBETCTBYIOIIHE
pa3NUuHBIM  (PU3UKO-XMMHUYECKHX mpoueccaM. OCHOBHBIC THIIBI

ypaBHEHUH MaTeMaTH4eCKOro OIMCaHUS XUMHKO-
TEXHOJIOTUYECKHX IIPOLIECCOB — KOHEYHBIE, OOBIKHOBEHHBIE
nmuddepeHnmaIbabie U auddepeHnranbHbIe YpaBHEHUS B YaCTHBIX
MPOU3BOIHBIX.

2.3  MareMaTu4ecKkoe  MOJCIUPOBAHHE  CTALMOHAPHBIX |
MUHAMAYCCKHX  PSKUMOB  THAPABIMYCCKUX  IMPOILECCOB B
TpyOOIIPOBOJHBIX CHUCTEMaX, IJIOOAIbHBIE M JIEKOMIIO3UIOHHBIE
METOABI PCIICHUA CUCTEM HEJIMHEHHBIX ypaBHeHI/Iﬁ, a TaKXXE€ sIBHBIC
W HESBHBIC METOJIbl YUCICHHOTO PEIICHUS] CUCTEM OOBIKHOBEHHBIX
muddepeHnnanbHbIX  ypaBHeHHHA.  CocTaBieHHE — ypaBHEHHHI

MaTEMaTU4ICCKOIo OIIMCaHHUA mponecca. HOCTpOGHI/IC
I/IH(I)OpMaL[I/IOHHBIX MaTpul MaTeMaTU4YCCKUX MOZ[eHeﬁ JUIIA BLI60pa
OGIIIGFO ajropurMa peleHud — MOACIUPYIOUIETOo aJlropurMma.

Peanm3zanus anropuTMOB pelIeHHs HEJMHEHHBIX U OOBIKHOBEHHBIX
muddepeHumanpipix  ypaBHeHuil.  OmnucaHue — CTallMOHAPHBIX
pexumoB XTIl ¢ npUMEHEHUEM CHCTEM JIMHEHHBIX U HEIMHEUHBIX
ypaBHeHuH. MTepanuonHble anroputMmel peweHus. Ilpumenenue
METOZOB NPOCTHIX uTeparuii u Heiotona-Padcona must momydenus
pemenus.  Ilpobmema  cXxogMMOCTH — TIpoliecca  PELICHUS.
JIeKOMITO3HIIMOHHBIA METOM PEIIECHHS CIOKHBIX CUCTEM KOHEUHBIX
ypaBHeHuil. [loctpoenre nHOPMAIIIOHHOW MaTpPUIIBI U1l BEIOOpa
ONTUMAJIBHOIO aJiTOpPUTMa pelleHus 3aiaud. TIoHsATHE >KeCTKOCTH




cucrteM au(pepeHINATbHBIX YPaBHEHUH U KPUTEPUHU KECTKOCTH.
SBHbIe (OBICTpBIC) W HESBHBIC (MEIUIEHHBIE) METOIBI DPEILICHUS.
Mertons! meporo (Merop Jiinepa), BToporo (MOAH(UITUPOBAHHEIC
MeToApl Jinepa) W derBeproro mopsaka (meron Pynre-Kyrra).
OrneHKka TOYHOCTH METOIOB — OMMOOK yceueHus. Ilepexommbie
OIMOKH 1 OIMOKN OKPYTJIEHUs NPU YHCICHHOM HWHTEIPHUPOBAHHUU
muddepenumaneipix  ypaBHenuit.  CmocoObl  oOecriedeHus
CXOAMMOCTH pelleHus 3a1a4u. [IpumMeHeHne HeIBHBIX METOJIOB JIs
pelIeHus] KECTKHX CcHcTeM JIu(@epeHIuanbHbIX YpaBHEHUIL.
OnpeneneHus IIara WHTETPUPOBAHUS HMTEPAMOHHBIM METOJIOM.
MetonoB Kpsuka-Hukonbcona (MeTos Tpareruii).

2.4 MaremMaTi4eckoe MOJCIMPOBAHUE CTAI[MOHAPHBIX PEKUMOB
IpPOLIECCOB TEIUIONEpPEeNaud B IUIACTMHYATBIX M 3MEEBUKOBBIX
TETJIOOOMEHHHUKAX. MaTeMaTH4ecKoe OMHCAHWE TIPOIECCOB C
MIPUMEHEHHEM MOJEIeH HICaNbHOTO CMEUICHUS U BBITCCHEHHS.
Beibop u rpaduueckoe NpencTaBiIeHHE aJITOPUTMOB pPEIICHHUS.
[Tpumenenne CTaHJaPTHBIX METOJIOB BBIYHCIIUTEIILHON
MaTEeMaTHKH [T PELIeHUs 3a1ad.

2.5 MaremaTnyeckoe MOJEIHPOBAaHNWE CTAIlMOHAPHBIX PEXHMOB
MPOLIECCOB TEIUIONEPENadyd B MPAMOTOYHBIX M TNPOTHBOTOYHBIX
TpyO4aThIX TETUIOOOMEHHUKOB, peleHne 3agaun Komm u kpaeBoii
3a7a4d  TPH  WHTETPHPOBAHMM  CHCTEM  OOBIKHOBEHHBIX
muddepeHumanpHpIX  ypaBHeHHi. MaremaTHyeckoe —ONUCaHue
MPOIIECCOB C TPUMEHEHHEM MojeNell HeaTbHOr0 BBITECHEHMS.
Pemienne 3amaum Komm u kpaeBoit 3amaum. IlpencraBnenue
ITOPUTMOB BBIYHMCIICHHH B BUJE WH()OPMAIMOHHON MAaTpHIIbI
CHCTEMbl YPAaBHEHHH MAaTEeMaTHYECKOrO OITUCAaHHUs M OJOK-cXeM
pacueroB. Marematuueckoe onucanue XTIl ¢ mnpumeHeHueMm
chucteM  OOBIKHOBEHHBIX  JUGQEpPEHIMATIBHBIX  YpaBHEHHH.
Onwucanne O0OBEKTOB C pacCHpelesICHHBIMH B  IIPOCTPAHCTBE
napameTrpamu. DopMyIHpoBKa HAYaJdbHBIX M KPAEBBIX YCIOBUIi
3ajau peuleHus. YucaeHHbIH anropuT™ 1-ro nopsiaka Juis peuieHus
3agaun  Komm. Meton «IpUCTpeNKuy» JUisl pelieHusi KpaeBou
3a1auu.

2.6 MaremaTHyeckoe MOJEIHPOBAaHNME CTallMOHAPHBIX PEXNMOB
MPOLIECCOB B pPEakTopax €  MEIIAJIKOH. Omnmncanne
MUKPOKUHETHYECKHUX 3aKOHOMEPHOCTEN IPOTEKaHUS
MIPOM3BOJIBHBIX CJIOXKHBIX XMMHYECKHMX pEakuuii B KUIKOW daze
JUIsI MHOTOKOMIIOHEHTHBIX cucTeM. OrmpeneneHne KIHOUeBbIX
KOMIIOHEHTOB CJOXHBIX XUMHUECKHUX pEakKluil ¢ NpUMEHEHHEeM
METOJIOB JIMHEHHOH anreOpsl - paHrOB MaTPHUL] CTEXHOMETPUIECKUX
K03 puIneHTOB peakuuu. MaremaTtuueckoe ONMCaHNE
PEaKTOPHOrO Ipouecca ¢ pyOamkod AIs MPOM3BOJBHOH CXEMBI
MPOTEKaHMsI XMMUYECKON peakiuu. BpiOop anropuTMoB perieHus
3a7a4d C TNPUMEHEHHEM HWH()OPMALMOHHON MaTpPUIBI CHCTEMBI
YpaBHEHUH MAaTeMaTHYeCKOrO ONHCAaHWS M  IPEJCTaBICHUS
ITOPUTMa PEIIeHHUS ¢ TIOMOIIBIO OJIOK-CXEeMBbI pacyeTa Mpoliecca.
2.7 MaremaTu4yeckoe MOJEIUPOBAHUE HECTAIlMOHAPHBIX PEKHUMOB
MpOIIECCOB B peakTopax ¢ Memankod. Maremarnueckas
MOCTAaHOBKAa  3aMadyd  JUIi  peakuud C  TPOU3BOJIBHOI
crexuomeTpuyeckot cxemon. dopmynupoBka 3amaun Komm —
3a7a4d C HadaJbHBIMU YCJIOBHAMH. Pa3HOCTHOE mpencraBiieHHE
cHUCTeMbl ~ OOBIKHOBEHHBIX  JuddepeHnnanbHpIX  ypaBHEHHUH.
[TocTpoenne nHGpOPMANMOHHON MaTpHUIB! Il BEIOOpA alropuTMa
peuienus. ['paduueckoe NpencTaBieHHE aIrOpuTMa pEIIeHHs B
BUjie OJIOK-CXEMBI pacyera.

2.8 MatemaTH4ecKoe MOJECITHPOBAHUE CTALMOHAPHBIX PEKHMOB B
TpyO4aThIX peakTopax ¢ MPSIMOTOYHBIM M MPOTHBOTOYHBIM
JIBIDKCHUEM  TEIUIOHOCHTENed. MaTtemaTndeckas ITOCTaHOBKa
3aa4M Ul PEAKLUM ¢ KOHKPETHOM CTEXMOMETPUYECKON CXEMOM.
®dopmynupoBka 3anaun Konm — 3aauu ¢ Ha9aJIbHBIMH YCIIOBUSIMA
W KpaeBOH 3a/laudl — 33/1a4d C KpaeBbIMU ycioBHsMH. PazHocTHOE




MPECTaBICHUEe CHUCTEM OOBIKHOBEHHBIX I depeHITHaTbHBIX
ypaBHeHwuid. [TocTpoeHne MHOOPMAIMOHHBIX MAaTPHI[ IS BbIOOpa
ANTOPUTMOB peteHus. | padudaeckoe MpeacTaBIeHUE alTrOpUTMOB
pemieHs B BUze OJIOK-CXEMBI pacueTa.

2.9 MaremaTuueckoe MOJAEIUPOBAHUE HECTAMOHAPHBIX PEXKUMOB
MPOIIECCOB B TPyOYATHIX peakTopaXx W YHCICHHBIC AalTOPUTMEI
JMUCKPETH3aIMKi JUIsi  peuieHus cucreM auddepeHunanibHbIx
YpaBHEHH C YacTHBIMH TNPOU3BOAHBIMH. MaTemaTHueckas
MTOCTaHOBKA 3a1aun TUTs peaxmn c KOHKPETHOU
crexuoMeTpuueckol cxemoi. @DopMynMpoBKa HaydalbHBIX U
TpaHNYHBIX ycinoBuil. JuddepeHnnaipHble YpaBHEHUS B YaCTHBIX
MPOM3BOMHBIX -  OJJUTMNTHYECKOTO,  MapaldOJIM4YecKoro |
TUMEepOOTMYECKOTO TUIOB. AJITOPUTMBEI  PEIICHUS  YPaBHCHUIA
mapa0oiudeckoro THma. MareMaTHdeckass MOJAETh XHMHUYCCKOTO
MIPEeBPALEHUS] B U30TEPMUUYECKUX YCIOBUAX ISl HECTAIIMOHAPHOTO
mporiecca B TpPyOYaThIX ammapaTtax ¢ Y4eTOM MpPOJOJBLHOIO
MepEeMEIINBAaHMsI W C TNPUMEHEHHEM OJHOIMapaMeTPUIECKOH
nuhGy3MOHHON MOICTU I ONMHCAHHS THAPOIUHAMUYCCKOM
00CTaHOBKHU B PEaKIIIOHHOM IMOTOKE. AJTOPUTMBI PEIICHHS B BUIC
CHCTEM HENWHEWHBIX YpaBHEHWH, a TakkKe OOBIKHOBEHHBIX
nIuddepeHIMaIbHBIX YPABHEHUH IEPBOTO ¥ BTOPOTO OPSIIKOB.
2.10 MaremaTuueckoe MOJEIHPOBAHHME CTAI[MOHAPHBIX PEXKUMOB
MPOIICCCOB HEMPEPHIBHOW MHOTOKOMIIOHCHTHOW PEKTH()UKALUU U
abcopOiuy. MaremaTHnueckoe OIHCaHUe mporiecca
MHOTOKOMIIOHCHTHOH PEKTH(PUKAIUN B TapelbdaToOd KOJOHHE.
MonenupoBanue ¢azoBoro paBHOBECHs u mporiecca
Maccomepeadn Ha TapelkaX B MHOTOKOMIIOHCHTHBIX CHCTEMaXx.
VYder TemnoBbIX OaJaHCOB Ha TapelKax TPH MOJACIHPOBAHUHI
mporecca B PEKTH(QHUKAIMOHHOW KOJIOHHE. J[eKOMITO3UIIMOHHEIH
ANTOPUTM ~ pacyeTra Tporecca pPEKTUPHKANUA B KOJIOHHOM
amnmapare. MaremaTnueckoe ONHCaHue nporecca
MHOTOKOMITOHEHTHOH  aOcopOIMM B HacaJOYHOW  KOJIOHHE.
MopenupoBaHHe Iporecca MHOTOKOMIIOHEHTHOM Macconepeaayn B
CEeKIMAX HACaJOYHOW KOJOHHBI. AJTOPUTM peIIeHHUs KpaeBon
3aaud IJIs MOJEIHPOBaHUS Tpoliecca abcopOIMu B HACATOYHOM
KOJIOHHE.

OCHOBEI OIITUMH3allMM  XHMHKO-
TCXHOJIOT'MYCCKUX IMPOLECCOB

3.1 Pemenue 3agau ONTUMHU3ALUM C TEPMOAUHAMHUYECKHMH,
TEXHOJIOTUYECKHMH, IKOHOMHYECKUMH, TEXHUKO-DKOHOMHYECKUMH
U JKOJIOTMYECKUMH KPUTEPUSMH ONTHMAIbHOCTH. ONTUMajbHbIE
pecypcocoeperarone XTII. Beibop KpuTepueB ONTUMAILHOCTH
(meneBpix  ¢yHKUWi). DOPMYIHPOBKA MHOTOKPHTEPHATBHOM
3aga4n onTUMu3anuu. OCOOEHHOCTH PEIIeHHs ONTHMHU3AINOHHBIX
3agad XTIl npu HaNMYUK HECKOJIBKUX KPUTEPHEB ONTUMAIBHOCTH,
OBpPaKHOM XapakTepe LesieBoN (PyHKIMH M HAIMYUHM OTPaHWICHHH
1-ro u 2-ro poja.

3.2 AnroputMbl OAHOMEPHOH U MHOIOMEPHOW ONTHMU3ALUU.
Metoapl CKaHMPOBAHUS, JIOKAJTU3AIMKA JSKCTPEMyMa, 30J0TOrO
ceueHus u yucesn OubOoHaUM B ciydae OJHOMEPHOW ONTUMH3ALIUH.
Meroasl MHOTOMEPHOW ONTHMH3ALMHM HyJIEBOTO, MEPBOTO H
BTOPOro NopsAnkoB. CHUMIIIEKCHBIE, CIy4ailHbIE M T'PaJHCHTHBIC
METOJIbl MHOTOMEpHOH onTuMmu3amuu. Mertox  mrpadHbIX
GYHKITUH.

Conep:kaHue 3aHSITHII CEMHUHAPCKOTO TUIIA

HanmeHoBaHue TeM (pa3/iesioB)

Tun Conepma}me 3aHATHH CEMHUHAPCKOI0o THIIA

Ioctpoenue SMITUPUUECKUX
MOJIETICH XUMHKO-TEXHOJIOTHYECKUX
TPOIIECCOB

I13 | IToctpoenue SMIHUPUYECKUX Mojenen XUMHKO-
TEXHOJIOTHYECKHX MPOIIECCOB

JIP | O6paboTKa pe3yapTaTOB MACCUBHOTO SKCIIEPUMEHTA;
O06paboTKa pe3yIbTaTOB AKTUBHOT'O KCIIEPHMEHTA;

ITocTpoenne  U3MKO-XMMHUYECKUX
XMMHKO-TEXHOJIOTHIECKUX
MIPOLIECCOB

13 | IToctpoenue (UBUKO-XMMUYECKIX XUMHKO-
TEXHOJIOTHYECKHX MPOIIECCOB

JIP | MoaenupoBaHue HPOCTOM TUAPABIMYECKOH CHCTEMBI B




CTallMOHAPHOM PEKUME;

MopenvpoBanre TPOCTON THUAPABIMYECKON CHUCTEMBI B
JIMHAMUYECKOM PEKUME;

5. | OcHoBBl onTEMM3anuu  XUMHKO- | [13 OCHOBHI ONTHUMM3ALUU XUMHUKO-TEXHOJIOTUYECKIX
TEXHOJIOTHYECKUX IIPOLIECCOB IIPOLIECCOB

JIP MojennpoBaHue XUMHUYECKUX PEAKTOPOB.
Cojaep:xkaHue caMOCTOSATEIbHOI PadoThI

o/ HaumenoBanue Tem (pasnenon) Copaep:xaHue caMOCTOATEIbHOH padoThI
1. | Hocrpoenue smnupuueckux | IToBropenne — nexknuoHHoro — Marepuana.  llogroroska — k
Moenein XMMHKO- | MPAaKTHYECKUM 3aHSATHSIM H JIAOOPATOPHBIM paboTaM

TEXHOJIOTHYECKHX MPOIIECCOB
2. | Hocrpoerne ¢usnko-xumudecknx | [loBTopeHne  JeKIMOHHOTO  MaTepwana.  [loaroroBka K

XUMHUKO-TEXHOJIOIrMYECKUX MPAaKTHYECKUM 3aHATHAM H JJaOOpaTOpHBIM paboTam
IIPOLIECCOB

3. | OcHOBBl omTUMH3aIMM XUMHKO- | [IoBTOpeHne  yiekumoHHoro  mMatepuana.  [loaroroBka K
TEXHOJOTMYECKUX IIPOLIECCOB MPAaKTHYECKUM 3aHATHSM H JIAOOpAaTOPHBIM padoTaM

3. OneHOYHbIE MATEPUAJBbI JJsi TNPOBEJIeHUS] TEKYHIero KOHTPOJsl YCINeBaAeMOCTH M
NMPOMEKYTOYHOM aTTeCTANH 00y4alOMIUXCS M0 JUCHUILIHHE (MOAYJII0)
[lo nucuunnuHe (MOIYJIO) MPEILyCMOTPEHBI CIEAYIOIINME BUIbl KOHTPOJISI KadyecTBa
OCBOEHHUS:
® TEKYyIIU KOHTPOJIb YCIIEBAEMOCTH;
® MPOMEXKYTOYHAs aTTECTAIMsl 00YUAIOIIUXCS IO TUCHUILITHHE (MOIYIIIO).
3.1. OueHoyHble MaTepUabl JIA INPOBeJIeHUS TeKyLledl aTrrecTaluv MO0 JAUCHUILIHHE

(MoayJ110)
Ne | Konrposampyembie TeMbl (pa3esibl) HaumeHoBaHHE OLICHOYHOI'O CPEACTBA
n/n
1. | Hocrpoenue SMIIUPUYECKUX Mozenei xuMuko- | KonTtponeHas pabora
TEXHOJIOTHYECKHUX MPOIIECCOB
2. | Hocrpoenue (PU3UKO-XMMHUIECKIX xuMuKo- | KonrponsHas pabora
TEXHOJIOTHYECKHX MPOIIECCOB
3. | OcHoBHI ONTUMU3ALUU XUMHUKO-TexHonoruueckux | KonrtponsHas pabora
HPOLIECCOB

3.1.1 TunoBble KOHTPOJbHbIE 32JaHUSA WM WHbIE MATEPHAJIbI, HEO0OX0AUMBbIE /ISl OLlEHKH
3HAHWI, YMEHUIl, HABBIKOB U (WJIH) ONbITA IEATEJILHOCTH B MpoLiecce TeKYIero KOHTPOJIst
ycreBaeMoCcTH

KonTposabHblii padoTa

KonTposbHnas padora no teme 1

1. YeM OoTIUYAIOTCS SMIIMPUUECKHUE MOJIETH OT (PU3UKO-XUMUYECKUX MOenei?

2. Uem oTnuyaeTcsi akTUBHBINA HKCIIEPUMEHT OT maccuBHOTO? [loueMy MeTOm070THsI aKTUBHOTO
AKCIIEPUMEHTAa MOXET MPUMEHATHCA ISl PElIeHUs 3aJad ONTHUMM3AIMH TEXHOJIOTUYECKUX
MPO1IECCOB?

3. Kakumu ypaBHEHHSIMH ONUCBIBAIOTCS PE3YJIbTAThl aKTUBHOT'O AKCIIEPUMEHTA?

4. KakumMu ypaBHEHUSIMU ONUCHIBAIOTCS PE3YJITATH TACCUBHOIO AKCIIEPUMEHTA?

5. Onumure METOAOJOTHI0 PErpecCHMOHHOrO aHalu3a JMJii MOCTPOCHHUS HIMIIHPUUYECKUX
MaTeMaTUYECKUX MOJIEJIEH XUMUUECKHUX MPOIIECCOB.

6. Kak BeIOMpaeTCst BU SMIIUPUUECKUX MOJCIICH — TMHEHHBIX U HEJIMHCHHBIX ?

7. [Haiite ompenencHHe MOHATHAM KOBapHaluu W Kod(pduimenta koppemsiuun. Yto oHH
xapaktepu3ytor? Kak  oneHuTh KOAI(DPHUIMEHT KOppeIsanuH Jisd MPOCTEHINeH JHUHEWHON
Mozenu?

8. IlpumeHeHue METOJOB HAaWMEHBIIMX KBAJApPAaTOB JJs OLEHKH MapaMeTpoB (PYHKIIMA
pacrpeiesieHnii CTy4YaiiHbIX BEJIHYUH.

9. Kak onpenenstorcst Ko3GGUIMEHTHI peTPEeCcCUu )i JTUHEHHBIX 110 TapaMeTpaM MOJEICH?

10. Kak onpeznenstorcst KO3 GUIMEHTH PerpecCHt I HEMUHEHHBIX 110 ITapaMeTpaM Mojierei?
11. Onummwmre nporenypy BbIOOpa KpUTEpHUs aNMpPOKCHUMAIMM OIMBITHBIX JAHHBIX U PEIICHUE
3aa4 omnpeneicHusl KO3I(PHUIMEHTOB PErpeccuu i JTUHEHHBIX 10 MapameTpaM Mojemnei
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METOZ0M HaUMEHBIIUX KBAaPATOB I OOIIEro Ciryyas.
12. [lafiTe XapakTEpUCTHKY CIEAYIOIIMM MAaTpPUILIAM, HMCIOJIb3YEMBIM IpU IapaMeTpUYECKOM
UACHTU(PHUKAIMY JTUHEHHBIX U JINHEAPU30BAHHBIX SMIHPUYECKUX MOJIEIICH:

a. MaTpulle, 3aBUCALIEH OT HE3aBHCUMBIX IEepeMEeHHbIX ((pakTopoB) H BHUAA

anMpOKCUMUPYIOMINX (DYyHKIIHIA;

b. wuHpOpMaNMOHHON MaTpPHIIE;

C. KOPPEIALHUOHHOM MaTpHUle
13. Kak onpenenuth 3HAYUMOCTHh KO3((UIIMEHTOB PErpeccuu € UCIOJIb30BAHUEM f-KPUTEpUS
Crprogenta? OnuiuTe MpOLEeaypy OTCEMBAHHUS HE3HAUMMBIX KOI((HUIIMEHTOB B MacCHBHOM
JKCIIEPUMEHTE.
14. llepeunciuTe OCHOBHBIE JOIYIIEHUS PETPECCHOHHOIO aHAIW3a HKCIEPUMEHTAIbHBIX
JAHHBIX.
15. DTansl perpecCHOHHOTO aHAIM3a.
16. Kak ctpoutcss maTpuia AUCIEPCHU-KOBApUAIIMH W PACCUUTHIBAIOTCA €€ DJIEMEHTHI B
ITACCUBHOM JKCIIEPUMEHTE?
17. Ocrarounas aucnepcHsi, TUCIEepCus aleKBaTHOCTH U JUCHEPCHS BOCIPOU3BOAMMOCTH. UTO
OHHU XapaKTEepU3yT?
18. Kak ycTaHOBHTB aIEKBaTHOCTh YPAaBHEHUS PETPECCUU C TOMOLIBIO KpuTepus dumepa?
19. Kak ycTaHOBUTH aJ€KBAaTHOCTb YpPaBHEHUs PErpPECCUU INPU OTCYTCTBUU NapauIeIbHBIX
ONBITOB?
20. OcHOBHBIE OTJIMYMS AKTUBHOTO M IACCUBHOIO ASKcIepuMeHTa. Kak ImpoBOAMTCSA MOIHBIN
¢dakropHbIil skciepumeHT (I1D) u 06pabaTbiBalOTCS €ro pe3yabTaThl?
21. Kak ocymecTBiIsieTcsl OpPTOTOHAJIBHOE LEHTPAIBHOE KOMIIO3UI[MOHHOE IUIAHMPOBAHHE
(OLIKTI) sxciepuMeHTOB M MMPOBOAMUTCS 00pabOTKa ero pe3yabTaToB?
22. Onumure npoueaypy SKCIEpUMEHTAIbHO-CTaTUCTUYECKOTO MeToAa ontumusanuu bokca-
Bunscona.
KonTpoJsbHasi pabora nmo teme 2
1. Kaknre OCHOBHBIE JONMYILIEHUsI MPUHUMAIOTCS IIPU KOMIIBIOTEPHOM MOJEIMPOBAHUH MPOCTOU
THJIPaBIMYECKON CUCTEMBI?
2. Kak onuceIBaeTcsl ABUKEHUE TTOTOKA KUJIKOCTH Yepe3 KiianaH?
3. Maremaruueckass MoOJ€Ib NPOCTOM THUAPABIMYECKOW CHUCTEMbl (CTAllMOHAPHBIA U
JUHAMHYECKUN pexXuMbl). MaremaTHueckoe OMHCcaHue Ipoliecca, HHPOPMAMOHHAs MaTpHlla
CHCTEMbl YpaBHEHU MaTeMaTUYECKOTr0 OMMCaHMs, OJIOK-CXeMa aJlrOpUTMa pacueTa.
4. MaremaTnueckoe ONMCaHME TOMOT€HHOM MHOTOCTAIWHMHOM  MHOTOKOMIIOHEHTHOM
XMMHMUYECKOM peakUMH. 3aKOH JEMCTBYIOIMX Macc. Marpuna CTEXMOMETPHUUYECKHX
koa¢umeHToB. BeipaxeHus st ckopocTeil peakuuil Mo BceM KoMmmnoHeHTaM. OmpeaeneHue
KIIFOUEBBIX KOMIIOHEHTOB CJIOKHOM XMMMUYECKOM peakUuu C HNPUMEHEHMEM IIOHATHUS paHra
MaTpULIbl CTEXHOMETpUYecKuX Kod(pduuuento. OmpeneneHue CKOPOCTH BBIICICHUS WU
MIOTJIOILCHUH TEIlIA B CJI0KHOM XMMHUYECKON pPEaKIUu.
5. MaremaTtuueckasi MOJI€Tb CTAllMOHAPHOTO PEKMMa B PEAKTOpE C MEHIAJIKOW M pyOamkoin c
NIPOM3BOJILHON cxeMoil peakuuu. M3orepmuyeckuii, aguabaTUYECKHM M MOJIUTPONUYECKUIN
pexxuMbl. MaTemaTuyeckoe ONKMCAaHME TMpolecca, HHPOpPMAIMOHHAs MaTpulla CUCTEMbI
YpaBHEHHUI MaTeMaTHYECKOTO OMMUCAHUS, OJIOK-CXeMa alropuTMa pacyera.
6. MaremaTuueckasi MO/I€SIb HECTAIIMOHAPHOTO PEKUMA B PEAKTOPE C MEIIAIKONW M pyOamkom ¢
IIPOM3BOJILHON CXeMOW peakuumu. MaTeMaTHueckoe OMMCaHue Ipolrecca, HH(popMaruoHHas
MaTpulla CUCTEMbl YPaBHEHMH MaTeMaTHYECKOro OMHCaHMs, OJOK-CXema ajJropuTMa pacuera.
[Tepuoanueckuid, MOJTYIEPUOIUYECKUM, MU30TEPMHUYECKUH, annadaTUIeCKHii U
MTOJINTPONTNYECKUNA PEKUMBI.
7. MaTeMaTHuecKoe OIMCaHHWE U aJrOpUTM pacuéra CTAlMOHAPHOIO Ipolecca B TpyOdaTom
peakTope ¢ M3BECTHBIM MEXAHU3MOM €€ IIPOTEKaHUus M C MPSAMOTOYHBIM JBUKEHUEM
TEIJIOHOCUTEIIS B PEXKUME UACAIBHOIO BHITECHEHHUS.
8. MaremaTHueckoe ONHMCaHHE M aJIrOPUTM pacu€ra CTAllMOHAPHOrO Mpolecca B TpyOyaToM



peaKTope ¢ U3BECTHOM KMHETUYECKOW CXEMOM M C MPOTUBOTOYHBIM JABM)KEHHUEM TEIIJIOHOCUTENS
B PEKHMME UICATTLHOTO BHITECHEHMS.

9. MareMaTn4ecKkoe ONMCAaHUE CTALMOHAPHOTO IMPOLECCAa MHOTOKOMIIOHEHTHON Maccollepe1aun
Ha TIPOM3BOJILHOM Tepeike pPEeKTUPHUKAIUOHHON KOJIOHHBI. Marpuipsl Ko3(h(UIHEeHTOB
Macconepeaayy ¢ NepeKpECTHBIMU dPPEeKTaMU U BEKTOp ABMXKYIIUX CHJI IpoIlecca pa3/ieeHusl.
D¢ddexTuBHOCTH Mpolecca peKTU(PUKAIMK IO KaXJI0OMy KOMIIOHEHTY M 3aBUCHUMOCTH OT
Pa3NUYHBIX PEKUMHBIX, KOHCTPYKIIMOHHBIX U (U3UKO-XMMUYECKHX MapaMeTpoB pazfelisieMon
CMECH.

10. Marematudyeckoe ONHMCaHME W AITOPUTM  pacuéTa CTAlMOHAPHOTO  Ipolecca
MHOTOKOMIIOHEHTHOW PeKTU(UKALMU B TapEIbUyaToil KOJIOHHE.

11. Marematuyeckoe ONMCaHME W  AITOPUTM  pacuéra CTAMOHAPHOTO  Ipolecca
MHOTOKOMIIOHEHTHOW peKTU(UKALIMY B HACAJI0YHON KOJIOHHE.

12.  Marematudeckoe ONHMCaHME W  AITOPUTM  pacuéra CTAlMOHAPHOTO  Ipolecca
MHOTOKOMITOHEHTHOW aOCOpOITMU B HACAJJOYHON KOJIOHHE.

KonTpoJsbHasi pabora mo teme 3

1. IloctaHoBka 3ajja4 ONTHMHU3ALMKM TPU MNPOEKTUPOBAHWU M YIPABIECHUH XUMHYECKHUMHU
npous3BoJicTBaMH. HeoOXonumeble ycloBUs pelIeHHs 3aJad ONTUMHU3ALMH C OTPaHUYCHUSMHU
nepBoro poja. [IpuHIMMOBI pemieHUs: MHOTOKPUTEpUATIbHBIX 3ahad ontuMuzauuu. [Ipobrmema
rnmo0anbHOro  sKcTpemyma. [locraHoBKa 3aJaud  HEJIMHEWHOTO IMPOTPAaMMHPOBAHUS €
OTpaHUYEHUSIMU TIEPOBOTO POJIa M BTOPOIO POJa.

2. IlocraHoBKa 3ajay HEIUHEHHOro mnporpammupoBanus. OrpaHundyenust l-ro um 2-ro popa.
Meton mTpadubix QyHkuuid. IIpobiemMa MHOTOKPUTEPHAIBHOCTH II€JIeBOM  (DyHKIHMU.
AJNTOPUTMBI peIIeHus 337a4l ¢ MHOT'OIKCTPEMAIbHBIMU IENIEBBIMUA (YHKIHUAMU. AJTOPUTMBI
pellleHre 3aJauyd C OBPAXHBIMU IE€JEeBBIMH (YHKUUSMH, HMMEIOIIMMHU TMPSIMOJIMHEHHBIN U
KPUBOJIMHENHBIN XapaKTep.

3. OnpeneneHye ONTUMAIBLHOTO BpEMEHU MPeObIBAHNS B HEMIPEPHIBHOM PEAKTOPE C MEUIAIKOM.
4. OnpeneneHre ONTUMAIBHOTO BPEMEHU MPEOBbIBAaHUS B MEPHOJMUECKOM PEAKTOPE C MEIAIKOM
C MPUMEHEHNEM KPUTEPHsI BBIX0/Ia 11€JIEBOT0 MPOAYKTA.

5. OmnpeneneHue ONTHMAJIbHOW TEMIEPATYyphl B PEAKTOPE C MEHIAIKOM C INPUMEHEHHEM
KpUTEpHUS BbIXOJA LI€JIEBOTO MPOIYKTa.

6. AHanu3 3KOHOMHYECKHX KPUTEPUEB ONTHUMAIBHOCTU. BBIBOJ COOTHOLIEHMH, CBA3BIBAIOLINX
ce0eCTOUMOCTb, TPUOBLITHL M1 HOPMY MPUOBUTH B OOIIIEM ClTydae.

7. s peakuuu NepBOro Nopsiaka, MPOTEKAroIled B M30TEPMHUUECKOM PEAKTOpPE C MEIIAIKOM,
MUHUMHU3HUPOBATh CEOECTOMMOCTh IIEJIEBOTO MPOAYKTa, HCUUCISIEMYIO C Y4YeTOM 3aTpaT Ha
CBIpbE, aMOPTHU3ALIMI0 pPEAKTOpa W  aMOPTU3ALUMOHHON CTOMMOCTH  JIOTIOJHMTEIBHOTO
00opyTIOBaHUS.

8. lns oOpaTuMoii peakiy MepBOro MOps/IKa, MPOTEKaroIeld B M30TEPMUYECKOM PEAKTOpe ¢
MeIIaIKOH, MUHUMHU3HPOBAaTh CTOUMOCTD MTOTEPh ChIPhS M KaTallu3aTopa.

9. L4 napajijiesIbHOM peakIMy MepBOro Mopsiika, MPOTEKAIOIIEH B U30TEPMUUECKOM PEAKTOPE C
MeENIaJKOH, MUHUMHU3UPOBATh C€0ECTOMMOCTh OJHOTO U3 MPOAYKTOB, HCUUCISIEMYIO C YYETOM
3aTpaT Ha ChIpbE M aMOPTU3ALIMIO PEAKTOPA.

3.1.2. MeToauyeckne MaTepHaJbl, ONpeAe/sIIOIMe IPOoUeAYPbl OLEHMBAHUSA 3HAHWIA,
YMEHHH, HAaBBIKOB M (WJIH) ONBITA [AEATEJbLHOCTH B XOJe TeKYIlero KOHTPOJs
ycneBaeMoCTH

KonTtposbnas padora

OnenuBaeTcsi HE TOJBKO TIJIyOMHA 3HAHMM MOCTaBIEHHBIX BOIPOCOB, HO M yMEHHE
U3JI0KUTH TUCHbMEHHO.

Kpumepuu oyenusanus: ocnea0BaTeNbHOCTD, TOJHOTA, JOTHYHOCTD U3JI0KEHUS, aHAIIN3
Pa3NUYHBIX TOYEK 3PEHMS, CaMOCTOATENIbHOE 0000IIeHne MaTepuana. M3iokeHue marepuana
0e3 (haKTHIECKUX OITHOOK.

OrneHka «omauuHO» CTaBUTCS B CIIydae, KOT/ia COOJIIOICHBI BCe KPUTEPHH.

Onenka «xopouwto» CTaBUTCS, eclii 00ydaroluiics TBepJ0 3HA€T MaTepuai, rPaMOTHO U



[0 CYIIECTBY H3JIaraeT €ro, 3HaeT NPAKTUYeCKyl O0a3y, HO JOIyCKaeT HEeCYIIeCTBEHHbIE
MOTPEIIHOCTH.

Onenka «ydoseiemeopumenbHo» CTaBUTCS, €CIIM OOYYaIOUIMICA OCBOMJ TOJBKO
OCHOBHOM MaTtepHall, HO HE 3HAeT OTAENIbHBIX JeTalled, I0MyCKaeT HETOYHOCTH, HEAOCTATOYHO
NpaBUIbHbIE (POPMYJIHMPOBKH, HApPyIIAeT IOCIEA0BATEIbHOCT B H3JIOKEHUM Marepuana,
3aTpyJHSETCS C OTBETAMM, IIOKAa3bIBa€T OTCYTCTBUE JIOJDKHOW CBSI3M MEXAYy aHalUu30M,
apryMeHTaluel 1 BbIBOJAMM.

OueHka «HeyoosremeopumenvHoy CTaBUTCS, €CaU OOydarouluiicss He OTBe4yaeT Ha
IIOCTABJIEHHBIE BOIIPOCHI.

3.2. OueHoYHbIe MaTEePHAJIBI JIs1 IPOBEACHHUS IMPOMEKYTOYHOM aTTECTALMHU
3.2.1. Kputepuu oueHKH pe3yJIbTaTOB 00YUYeHHUsI 0 JUCHHUILJINHE (MOIYJII0)

Mxana PesynbTatsl
Iloka3aTeu oueHMBaHUS Pe3y/IbTATOB 00y4eHUsI
OLICHUBAHHUA o0y4eHus
OTJIMYHO 3Haer: - oOydaronuiicss riIy0OKO M BCECTOPOHHE YCBOWMJI MaTepHall, YBEPEHHO,

JIOTHYHO, TOCIIEZI0BATEILHO M TPaMOTHO €r0 M3JIaraeT, ONupasich Ha 3HAHUA
OCHOBHOM U JIOTIOJIHUTEIBHON JIUTEPATYPBHIL,

- Ha OCHOBE CHCTEMHBIX HAyYHBIX 3HAHUH JenaeT KBann(pUIUPOBAHHBIC
BBIBOJIBI M1 00001IEHNS], CBOOOIHO ONIEPUPYET KATETOPHUSIMH U MOHATHIMH.
VYmeer: - oOydJaromuiics yMeeT caMOCTOSTENFHO M TPAaBWIBHO pemarh y4eOHo-
npodeccroHanpHBIE  3aayd WM 3aJaHusl, yBEPEHHO, JIOTUYHO,
MOCJIEI0BATENBHO U apTYMEHTHPOBAHO U3JIaraTh CBOE pelIeHHE, UCIIONb3Ys
Hay4HbIE [TOHATHUS, CChITIasiCh HA HOPMAaTHUBHYIO 0a3y.

Bnapeer: - o0Oydaromuiicsi BIajeeT parioHaIbHBIMU METOJaMH (C UCIIOJIb30BAaHUEM
palMOHATBHBIX METOANK) PELICHHs CIIOXKHBIX NMPOQEeCCHOHATIBHBIX 3a7ad,
MPECTABIEHHBIX A€IOBBIMUA UTPAMH, KEWCAMU H T.1I.;

IIpu pemenny NpoIeMOHCTPUPOBAI HABBIKU

- BBIICTIEHHUS TTIaBHOTO,

- CBA3KOH TEOPETHUECKUX IOJOKEHUH ¢ TpeOOBaHUAMU PYKOBOMSIINX
JIOKYMEHTOB,

- M3JI0’KEHHS MBICIIEH B JIOTHYECKOM MOCIEI0BATENBHOCTH,

- CaMOCTOSITENTLHOTO aHanu3a (akThl, COOBITHIHA, SBIECHUM, MPOIIECCOB B MX
B3aMMOCBS3H U JUAIEKTUYECKOM Pa3BUTHH.

XOPOLIO 3Haer: - oOydwarommuiicss TBepAO YCBOWJI MaTephal, JOCTATOYHO TPAMOTHO €ro
U3Jaraet, ONUpasCh Ha 3HaHUS OCHOBHOM U JONOJIHUTEIBHON JIUTEPATYPBHI,
- 3arpynHsercss B (OpPMYJIHPOBAHMM KBaJM(UIIMPOBAHHBIX BBIBOJOB M
000011IeHNl, omepupyeT KaTeropusiMH U MOHATUSMH, HO HE Bcerzaa
NPaBHIBHO UX BEpUPHULIUPYET.

VYmeer: - 00ydaroIMiicsl yMEET CaMOCTOSATENBHO M B OCHOBHOM NPABMJIBHO PEIIATH
y4ueOHO-TIpoecCHOHANBHBIE 3a/a4i WM 33/aHHs, YBEPEHHO, JIOTHYHO,
MOCIE0BATENEHO M apryMEHTHPOBAHO H3JIaraThb CBOE pEIIEHUE, HE B
MIOJIHOW Mepe HCIHOIb3ys Hay4HbBIE MOHATUS M CCBUIKM HA HOPMATHBHYIO
0a3sy.

Brnaneer: - 00yvarolMiicsi B LIEJIOM BJIAJICET PAlMOHAIBHBIMA METOJaMHU pEIICHHUs
CJIOKHBIX TTPO(ECCHOHANTBHBIX 3a/1a4, IPEICTABICHHBIX JICIOBBIMU UTPaMH,
KelcaMu U T.]I.;

IIpu pemeHun cMoOr NPOAEMOHCTPUPOBATH JOCTATOYHOCTb, HO HE
TITyOMHHOCTD HAaBBIKOB,

- BBIICTICHHUS TTIaBHOTO,

- M3JI0’KEHHS MBICIIEH B JIOTHYECKOM MOCIEJ0BATENIBHOCTH,

- CBS3KH TEOPETHYECKUX TMOJOKEHHH C TPeOOBAaHHMSAMH PYKOBOJSIIMX
JIOKYMEHTOB,

- CaMOCTOSTENILHOTO aHaian3a (aKThl, COOBITHH, SIBICHUI, IPOLECCOB B HX
B3aMMOCBS3H U IUAIEKTHYESCKOM Pa3BUTHH.

YAOBJIETBO- 3HaerT: - o0ydaromuiicss OpHEHTHPYETCSl B MaTepHalle, OJJHAKO 3aTPYAHSACTCS B €ro
PUTEJIBHO H3J10KEHNH;
- IOKa3bIBaeT HEAOCTATOYHOCTh 3HAHUM OCHOBHOM U JOMOJHUTEIbHON
JIUTEPATypHl;

- c1abo apryMEeHTHPYET Hay4HbIEe ITOJI0KEHHSL;
- IPaKTHYECKH He CrocoOeH c(hOpPMyITHPOBATh BBIBOJIBI 1 0000IICHUS;
- YACTHYHO BJIAJIEET CUCTEMOM ITOHATHI.




Ymeer: - 00yJaromuiicss B OCHOBHOM YMEET PeIInTh yueOHO-IpodecCHOHATBHYIO
3ajady WIM 3aJaHue, HO JOIycKaeT OMMOKH, c1abo apryMeHTHPYET CBOE
pelIeHre, HEAOCTATOYHO HCIOJIB3YeT Hay4YHbIC MOHATHS U PYKOBOISAIIUE
JOKYMEHTEL

Brageer: - oOyuaromuiicss BiageeT HEKOTOPHIMH palMOHAIBHBIMU METOJaMHU
pelIeHns]  CIOXKHBIX  NMPOQECCHOHAIBHBIX  3ajad, IPEACTaBICHHBIX
JIETIOBBIMU UTpaMH, KeiicaMu U T.1.;

IIpu pemeHny NpoAEMOHCTPUPOBAI HEAOCTATOYHOCTD HABBIKOB

- BBIZICJICHHUS TTIABHOTO,

- U3JI0XKEHHS MBICIIEH B JIOTHYECKOH MOCIIeIOBATEILHOCTH,

- CBA3KM TEOPETHYCCKUX IIOJNIOKEHHH C TPeOOBaHHAMH PYKOBOISIINX
JOKYMEHTOB,

- CaMOCTOSTENIHOTO aHajiu3a (haKThl, COOBITHIA, SIBICHUI, IPOLIECCOB B MX
B3aUMOCBSI3H M TUAJIEKTHUECKOM Pa3BHTHH.

HEYJIOBJIETBO- 3Haer: - o0yuaronuiicst He yCBOWJ 3HAYUTEIHLHON YacTH MaTepuaa,
PUTEJIBHO - HE MOXXET apryMEHTHPOBATh HAy4YHbBIE [TOJI0KEHHUS,

- He GOPMYIHPYET KBATU(HUIIMPOBAHHBIX BEIBOIOB M 0000IICHHI;
- HE BJIaJIeeT CUCTEMOM TOHSITHIA.

VYmeer: o0ydJaromuiics He IMOKa3aJl YMEHHE pemaTh y4eOHO-TpodeccCHOHAIBHYIO
3324y WIK 3a/IaHHE.
Braneer: HE BBINOJHEHbI TPEOOBAHMUS, MPEABbSBISIEMbIE K HaBbIKAM, OLICHUBAEMBIM

KYOOBJICTBOPUTCIILHO».

3.2.2. KoHTpoJIbHBbIE 32]aHUSA W/WJIM HUHble MATEPHAJIbI VIS MPOBEIeHUs] MPOMEKYTOUHOI
arrecTanuu

Cnmncoxk BONpPOCOB /ISl YCTHBIX OTBeTOB (BapuaHThbl TecTa). TekcThl mNpodeMHO-
AHAJINTHYECKUX U (WJIN) MPAKTHYECKHUX Y4eOHO-NPO(PecCHOHABLHBIX 32124

1.
2.

[98)

11

14.
15.

16.

17.

[TonsiTus Monens u MoaenpoBanne. PU3NUECKOEe U MATEMATHUYECKOE MOJICITUPOBAHUE.
Uro Hamo mNOHMMATh TOJA KOMIBIOTEPHOM MOJENBI peajbHOro Ipolecca u
KOMITHIOTEPHBIM MOJICTUPOBAHUEM?

Dtansl nocTpoeHus koMmnbrotepHod mojaenu XTII.

[Touemy npu MOCTPOCHUM AITOPUTMOB PEIICHUS 3aa4 PEKOMEHAYETCS MCIOJIb30BaTh
METOJ MATEMaTHYECKOUN I€KOMITO3UIU?

AHali3 mapaMeTpuyecKod YyBCTBUTEIBHOCTH M pacu€THbie uccienoBanus. C kakou
LEJIBIO POBOMSTCS M KAaK CTPOSITCS €r0 CTATUYECKNE U JUHAMUYECKUE XapaKTEPUCTUKN?
C xakoil 1enbl0 M KaK MPOBOJMUTCS aHAJIU3 CUCTEMBbl YpaBHEHHI MaTeMaTH4eCKOTO
onucaHus?

Kak ompenensercs 4ucio creneHedl CBOOOIBI CHCTEMbl ypaBHEHUH MaTeMaTHYECKOTO
onucaHus?

Kax BbIOMparoTcsi mepeMeHHble (OIpeaeisieMble MePEMEHHbBIE) OTHOCUTEIBHO KOTOPBIX
OyZeT pemaTbcs CUCTEMa YPaBHEHU MaTEMaTHYECKOTO OMUCAHUs?

UeM OTIIMYAIOTCS SMITUPUICCKIE MOJICIH OT (PU3UKO-XUMHYECKIX MOJIEIICH?

.UeM oTandaeTcs aKTUBHBIN OKCIICPUMCHT OT ITacCUBHOTO? Hoquy MCTOO0JIOTUA

AKTUBHOI'O OJSKCICPUMCHTA MOXKCT IMPUMCHATHCA MJIA PCHICHUA 3aaa4 OITHUMH3allun
TCEXHOJIOI'MYCCKUX HpOI_[eCCOB?

. Kakumu ypaBHEHMSIMH ONIMCBIBAIOTCSI PE3YJIbTAaThl aKTUBHOI'O AKCIIEPUMEHTA?
12.
13.

Kaknmu ypaBHEHUSIMH ONUCHIBAIOTCS PE3YJIbTaThl IACCUBHOTO KCIIEPUMEHTA?

Onumure METONOJIOTHIO PErpECCHOHHOIO aHaiu3a il IMOCTPOCHHS 3MIMPUUYECKUX
MaTeMaTHUYECKUX MOJENIEeH XUMUUECKUX MPOIIECCOB.

Kak BpiOupaercs BUJ SMIUPUUECKUX MOJIENEH — JIMHEHHBIX U HETMHEHHBIX?

JlaiiTe ompeneneHre MOHATUSAM KoBapuanuu U koddduumenta koppensuuu. Uto oHu
xapaktepu3yroT? Kak omeHuTs K0d(QPHUIMEHT KOPPesSIuu IS MPOCTEHIIeH THHEWHON
Monaenu?

[IpuMeHeHHEe METOJO0B HAWMEHBIIWX KBAAPAaTOB JUIA OLEHKHA MapamMeTpoB (YHKIHMN
pacrpeaesieHuii CIy4aiiHbIX BEJIUYHH.

Kak ompenenstorcss KodQQHUIMEHTHI pEerpeccu Ui JUHEWHBIX M0 IapaMeTpaM
monenen?
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18.

19.

20.

21

22.

23.
24.

25.

26.
27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

Kak omnpenenstorcs KO3(QQHUIMEHTHl perpeccuu Ui HETWHEMHBIX M0 Mapamerpam
mojenen?
Onuimre npoueaypy BbIOOpa KpUTEpHs allpOKCUMAIMH OTBITHBIX JTAHHBIX M PELICHHUE
3ajaul  ompeneneHus Kod(h(UIMEHTOB perpeccuu Uis JUHEHHBIX 10 TapaMeTpam
MoJIeJIel METOJIOM HaUMEHBIINX KBAAPaTOB JJIS OOIIETO Caydast.
JlaiiTe XapakTepUCTHUKY CIEAYIOIIMM MaTpHIaM, HCIOJIb3YEMBIM IIPH MapaMeTPpUIECKON
UACHTU(PUKAIMY JTUHEHHBIX U JINHEAPU30BaHHBIX SMIIUPUUYECKUX MOJIENeH:
a. MaTpulle, 3aBUCALIEH OT HE3aBHCUMBIX IEpeMEeHHBIX ((QakTopoB) H BHUAA
anMpOKCUMUPYIOMHUX (PYyHKIIHIA;
MH(GOPMaLIMOHHON MaTpULIE;
C. KOppEISLMOHHON MaTpuLe

. Kak onpenenuts 3HaunMocTh K03(h(HULIHEHTOB PErpeccuy ¢ UCTIOIb30BAaHUEM f-KPUTEPHS

Crerogenta? OnummuTe NpOUENYpY OTCEMBAHUS HE3HAYMMBIX KOI((HUIMEHTOB B
ITACCUBHOM JKCIIEPUMEHTE.

Ilepeuncnure OCHOBHBIE NOIYILNEHHWS PErPECCUOHHOIO AaHAIN3a JKCIEPUMEHTAIbHBIX
JTAHHBIX.

Oransl perpecCCUOHHOTO aHAIN3a.

Kak crtpoutcss marpuma aucnepcuil-koBapHaluii M PacCUUTHIBAIOTCA €€ AJIEMEHTHI B
IIACCUBHOM JKCIIEPUMEHTE?

OcraTouHast nucnepcrs, TUCIEPCUsl aJeKBaTHOCTH M JAMCHEPCHS] BOCIPOU3BOJUMOCTH.
UYTo OHU XapaKTEepU3yIOT?

Kaxk ycTaHOBUTB aIeKBaTHOCTh YPABHEHUS PETPECCUU C TOMOIIBIO KpuTepus dumepa?
Kak ycTaHOBUTBH aIeKBaTHOCTh ypaBHEHHUSI PETPECCUU MPHU OTCYTCTBUU NapalieIbHBIX
OTBITOB?

OCHOBHBIE OTJIMYMS AKTUBHOT'O M MAacCCUBHOTO 3KcIepuMeHTa. Kak mpoBOAUTCS MOJIHBIN
(daxtopusIil sxcniepumenT (IID3) n 06padaThIBatOTCS €ro pe3yIbTaThl?

Kak ocymiecTBiseTcss OpTOrOHalIbHOE LEHTPAIBHOE KOMIIO3UIIMOHHOE IUIAHWPOBAHUE
(OLIKTI) sxciepuMeHTOB 1 MMPOBOAMUTCS 00pabOTKa €ro pe3yabTaToB?

Onumure mnpouenypy 3KCHEPUMEHTAIbHO-CTATUCTUYECKOTO METOAA ONTUMHU3ALNN
bokca-Bunscona.

Kakue ocHOBHBIE JOMyLIEHUS TPUHUMAIOTCS MPU KOMIIBIOTEPHOM MOJEIUPOBAaHUU
MPOCTOMN THAPABINYECKON CUCTEMBI?

Kax onuceiBaeTcst ABMKEHUE TOTOKA KUJKOCTU Yepe3 KianaH?

MatemaTtuueckass MOJENb MPOCTOM T'HAPABIMYECKONM CUCTEMBbl (CTAllMOHAPHBIA H
TUHAMHYECKUN pexXHUMBbI). MaTtemaTudeckoe OIMucaHue IMpolecca, WHGOPMaIMOHHAS
MaTpulla CUCTEMBbl YpaBHEHHMII MaTeMaTHYeCKOro ONucaHus, OJOK-cXema aaropurMa
pacyera.

MaremaTueckoe ONHWCAaHWE TOMOTE€HHOM MHOTOCTAIMHHOM MHOTOKOMITOHEHTHOM
XMMHMUYECKON peakiuu. 3aKOH JEHCTBYIOIIMX Macc. MaTpuna CcTeXHMOMETPUUYECKUX
kod(urmenToB. BwipaxkeHus 1A CKOPOCTEH pEAKIMA TIO0 BCEM KOMIIOHEHTaM.
Omnpenenenne KIOUEBbIX KOMIIOHEHTOB CI0KHOW XUMUYECKOW peakluu ¢ IPUMEHEHUEM
MOHSTHUS paHTa MAaTPHUIBI CTEXUOMETPUIECKUX KoddduimenToB. OnpeneneHne CKOpoCTH
BBIJICJICHUS] WM TIOTJIOIIEHUI TEIUIA B CIIO)KHOW XMMHUYECKON PEAKIUU.

MareMmatuueckas MOJICNIb CTAIIHOHAPHOTO PEKMMa B PEAKTOPE ¢ MENIAJIKOW B pyOarikoi
C TpOM3BOJILHOW  cxeMoil  peakuuu. M3oTepmuueckuii, aauabaTudeckuii U
MOJIMTPONIUYECKUI pexuMbl. MaTemMaTnyeckoe omucaHue Inpoiiecca, HHGOPMaIMOHHAS
MaTpulla CUCTEMBl YpPaBHEHHH MaTeMaTHYeCKOro OMHCaHus, OJOK-cxema anropuTrMa
pacyera.

Marematuueckass MOJENIb HECTALMOHAPHOTO pEXMMa B PEAKTOPE € MEUIAIKOW U
pyOaikoii ¢ MPOM3BOJIBLHON CXeMOU peakmuu. MaTeMaTHdecKoe OINMMCaHHuE Ipoliecca,
nH(pOpPMaIMOHHASsT MaTpPHUIlA CUCTEMBbl ypaBHEHHN MaTEeMAaTHYECKOTO OIUCaHUs, OJOK-
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

cxema anropurma pacuera. Ilepmoanueckuil, NoJynepuOIUYECKUM, U30TEPMHUUECKUH,
a1nabaTUYeCKUi U OTUTPONUYECKUH PEXKUMBI.

MaremaTHuecKoe ONMUCaHUE U AITOPUTM pacdyéTa CTallMOHAPHOTO Mpoliecca B TpyouaToM
peaKkTope C W3BECTHBIM MEXaHH3MOM €€ IMPOTEKaHUs U C IMPSMOTOYHBIM JBHKECHUEM
TEIJIOHOCUTEIIS B PEXKUME UACAIBHOIO BHITECHEHHUS.

MaTtemaTnueckoe OnucaHue U aJrOpUTM pacuéra CTallMOHAPHOIO Ipolecca B TpyOoyaToM
peakTope ¢ U3BECTHOM KHMHETHMYECKOW CXEMOW U C IPOTUBOTOYHBIM JBUKCHUEM
TEIJIOHOCHUTENIS B PEXKUME UACATBHOIO BBITECHEHHS.

MareMaTtnueckoe  ONMCaHME  CTAlMOHAPHOIO  IIpoLEecca  MHOIOKOMIIO-HEHTHOU
Maccolepeiayd Ha TPOM3BOJIBHOM Tepesike PEeKTU(PUKAMOHHON KOJIOHHBL. MaTpullsl
K03 PUIIMEHTOB Maccomnepeaayd ¢ MepekpEécTHBIMU 3(PdeKTaMu U BEKTOp ABMKYILIMX
cll mponecca paszzeseHus. IP(GEeKTUBHOCTh Mpoliecca PEKTHPHUKAIUU IO KakKIOMY
KOMIIOHEHTY M 3aBUCHUMOCTb OT Pa3JIMYHbIX PEKUMHBIX, KOHCTPYKIIMOHHBIX U (PU3HKO-
XUMHUYECKHX TAPAMETPOB Pa3eiasieMO CMECH.

MareMaTtnyeckoe ONHCAaHME M AITOPUTM  pacdy€ra CTAlMOHAPHOIO  Ipolecca
MHOTOKOMIIOHEHTHOW PeKTU(UKALMU B TapeIbuyaToil KOJOHHE.

MareMaTtnyeckoe ONHCAaHME M AITOPUTM  pacdy€ra CTAlMOHAPHOIO  Ipouecca
MHOTOKOMIIOHEHTHOW PeKTU(UKALIMK B HACAI0YHON KOJIOHHE.

MareMaTtnyeckoe ONHCAaHME M AITOPUTM  pacdy€ra CTAlMOHAPHOIO  Ipolecca
MHOTOKOMITOHEHTHOW aOCOpOIMU B HACAJOYHON KOJIOHHE.

IlocTaHoBKa 3a7ay ONTUMH3ALMM NPU NPOEKTUPOBAHMU U YIPABIECHUU XMUMHUYECKUMU
npousBoAcTBaMU. HeoOxonuMmple  yclioBUS  pemieHHs] 3ajad  ONTHUMH3AlUH ¢
OTPaHUUYEHUSAMHU MEpBOro poja. IIpuHIUMIBI pelIeHusT MHOIOKPUTEPHATIBHBIX 3adad
ontumuzanuu. [Ipobmema rinobanpHOrO 3KcTpemMyma. [locTaHoBKa 3a7a4M HETMHEWHOTO
[IPOrpaMMUPOBAHUS C OTPAaHUYECHUSAMU IIEPOBOrO pOoAa U BTOPOro poja.

[TocTanoBKka 3a1a4 HeNMHEMHOrO MporpammupoBaHus. Orpanudenus 1-ro um 2-ro poja.
Meton mrpadubix ¢ynkuuit. [Ipobiema MHOTOKpUTEPHATBHOCTH LIEIEBON (DYyHKIUH.
ANTOpUTMBI pEIIEHUS 3aJadl C MHOTOIKCTPEMaJbHBIMU LEJIEBBIMU  (YHKIUSIMHU.
AJNTOpUTMBI pelIeHHE 3aJaud C OBPAXKHBIMH LEJIEBBIMH (DYHKIUSAMH, HMEIOLIUMH
MPSIMOJIMHEMHBIA ¥ KPUBOJIMHENWHBIN XapaKTep.

OmnpeneneHue ONTUMAIBHOTO BpPEMEHH IpeObIBaHMS B HENPEPHIBHOM pPEAKTOpE C
MEIIAIKOH.

OmnpeneneHyue ONTUMAIBHOTO BPEMEHU NpPEOBIBAaHUS B TMEPUOIMYECKOM PEAKTOpe C
MEIIAJIKON C MPUMEHEHUEM KPUTEPHSI BBIXO/A LIEJIEBOrO MPOIYKTA.

OmnpeneneHne ONTUMAIbHOM TEMIIEPaTypbl B PEAKTOpE C MEMIAIKONM C INPUMEHEHUEM
KpUTEpUS BBIXOJIA LIEIEBOT0 IPOIYKTA.

AHanu3 OSKOHOMMYECKHX KpPUTEPHUEB  ONTUMAIbHOCTH. BBIBOX  COOTHOIIEHHUH,
CBSI3BIBAIOIIUX CE0ECTOMMOCTD, MPUOBLIL U HOPMY MPHUOBLIN B OOIIEM clTyyae.

JUis peakuuu NEepBOro IOpsJKa, IPOTEKAIOIIEW B H30TEPMUUYECKOM pEaKTOpe C
MEIIaIKONH, MUHUMH3UPOBATh CE0ECTOMMOCTh II€JIEBOTO MPOAYKTA, HCUHUCIAEMYIO C
y4eTOM 3aTpaT Ha CbIpb€, aMOPTU3ALMI0 PEaKTopa U aMOPTU3ALMOHHONW CTOMMOCTHU
JIOTIOJTHUTEIHHOTO 000py10BaHUS.

Jlnst oOpaTUMOi peakluy IepBOro MOpsKa, MPOTEKAIOIeH B M30TEPMHUUECKOM PEaKTOpe
C MEIIAJIKOW, MUHUMHU3UPOBaTh CTOMMOCTD ITOTEPH CBIPBS U KATAIN3aTOpa.

JUis mapajuleIbHOM peakuMyu IEepBOTO IOPAAKA, MPOTEKAOMIEH B H30TEPMUYECKOM
peakTope € MEIIAIKOW, MHHUMU3HPOBATh CEOECTOMMOCTh OJHOTO M3 MPOJIYKTOB,
HCYUCIISIEMYIO C YYETOM 3aTpaT Ha ChIPbE U aMOPTU3ALMIO PEAKTOPA.

3.2.3. MeTroauyecke MaTepHaJbl, ONpeAe/silOIMe MPoUeAYPbl OLEHMBAHUSA 3HAHWIA,
YMEHH, HABBIKOB B X0/1¢ IPOMEKYTOYHON aTTeCTALlUH

IIpoueaypa oueHuBaHus 3HAHUI (TECT)

[TpenyaraemMoe KOJIMYECTBO 3aJaHUI 20
ITocnemoBaTenbHOCTD BEIOOPKHU Omnpenernena 1o pasnenam
Kpurepnu oneHkn - IPABIJIBHBIN OTBET HAa BOMPOC
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«5» ecn npaBWIbHO BBIIONHEHO 90-100% TecToBBIX 3aMaHui

«4» ecn TPaBWIBHO BBIIOTHEHO 70-89% TECTOBBIX 3a1aHHA

«3» ecin MPaBUWIIbHO BBINONHEHO 50-69% TecTOBBIX 3aJaHuil
IIpouenypa oneHuBaHusA 3HAHUH (YCTHBIH OTBET)

[Ipenen AIUTENEHOCTH 10 MUHYT

IIpennaraemMoe KOJIMYECTBO 3aJaHUIT 2 Bompoca

[ocnenoBarensHOCTH BBIOOPKH BOnpocoB U3 | CrydaiiHast
Ka)KJJOro pasjena

Kpurepuu oneHku - TpeOyeMbIii 00BbEM U CTPYKTYpa

- U3TI0KEeHHEe MaTeprana 6e3 (pakTHIecKux OommnooK

- JIOTHKA M3JIO’KCHUS

- MCTIOJIb30BAaHUE COOTBETCTBYIOILECH TEPMHHOIOTHU

- CTWJIb PEYH U KYJIBTypa pedn

- n1oa00p NPUMEPOB MX HAYYHOH JINTEPATYPHI U PAKTUKU

«5» ecnu TpeﬁOBaHI/IH K OTBCTY BbLIIIOJIHCHBI B IIOJIHOM 00BeMe

«4» ecnun B IICJIOM BBIIIOJTHCHBI Tpe60BaHI/Iﬂ K OTBE€TY, OJHAKO €CThb

HeOOJIbIINE HETOYHOCTH B M3JI0KEHUH HEKOTOPLIX BOIIPOCOB

«3» ecimm TpC6OBaHI/I$I BBITIIOJITHECHBI YaCTUYHO — HC BBIACPIKAH O6’BCM, €CTh

(baKTI/I‘ICCKI/Ie OIHI/I6KI/I, HapyHicHa JIOTHKa H3JI0KCHMUA,
HEAOCTATOYHO MCHOJIB3YCTCS COOTBECTCTBYHOLIAA TCPMUHOJIOTUA

IIpouenypa oumeHMBaHMS YMEHHIl M HABBIKOB (pellleHHe NMPO0OJEMHO-AHAJINTHYECKHX M
NMPAKTHYECKHUX Y4eOHO-NPO(heCcCHOHAJIBLHBIX 32/1a4)

ITpennaraemMoe KOJIMYECTBO 3aJaHUI 1
ITociiemoBaTeTbHOCTDh BEIOOPKH Cirydaiinas
Kpurepnu ouenku: - BBIJIEJICHHE W IOHUMAaHKE TIPOOIIEMBI

- yMeH#e 0000111aTh, COMOCTABISAT PA3IMYHBIC TOYKH 3PESHHS

- IOJTHOTA UCIOJIb30BAHUSI HCTOUHUKOB

- HAJTMYME aBTOPCKOM MO3HULIUH

- COOTBETCTBHE OTBETA IIOCTABIIEHHOMY BOIIPOCY

- WCTOJb30BaHWE COIMAIBLHOTO OmbITa, MarepuanoB CMU,
CTAaTUCTUYCCKHUX JaHHBIX

- TOTUIHOCTD U3JIOKCHUS

- YMEHHE caenaTh KBanu(UIIPOBaHHBIC BEIBOJABI U 0000IIEHNS C
TOYKH 3pEHUS pelIeHus! MPOo(eCcCHOHANBHBIX 33/1a4

- yMEHHE TIPUBECTH IPUMEP

- OII0pa Ha TEOPETHYECKUE MOJTOKEHHS

- BJIaJICHUE COOTBETCTBYIOIICH TEPMHHOJIOTUEH

«5» ecnu TpeOOBaHMUS K OTBETY BBHIIIOJHEHEI B ITOJTHOM 00beMe

«4» ecnun B IICJIOM BBIIIOJTHCHBI Tpe60BaHI/Iﬂ K OTBE€TY, OJHAKO €CThb

HEOOJbIINE HETOYHOCTH B M3JI0XKEHHH HEKOTOPBIX BOIPOCOB.
3arpynasiercss B (OPMYJNHUPOBAHUHM  KBATH(HUIIMPOBAHHBIX
BBIBOZOB U 00001EHUI

«3» ecnu TpeﬁOBaHI/IH BBIIOJIHEHEI YACTHYHO — IILITAETCS 000CHOBATEL CBOIO

TOYKY 3pEHHUs, OJHAKO Clab0 apryMeHTUPyeT HaydHbIe
HOJIOKEHHS, INPAKTHYECKH HE CIOCOOEH CaMOCTOSTENIBHO
c(hopMyIHpPOBAaTh BHIBOABI M OOOOIICHHS, HE BHIUT CBS3b C
poheCcCHOHAIBHON JIeSITENIbHOCTBI0

4. Y4yeOHO-MeTOAUYECKOe W MAaTepHaJbHO-TEXHHYeCKoe olecnevyeHne AUCHUIIMHBI
(Mmoxyis)
4.1. DJIeKTPOHHbIE Y4eOHbIe U3IaHUSA

1.

Kacgapos, B. B. MaremaTnueckoe MOJeTUpOBaHHE OCHOBHBIX NPOLIECCOB XUMHUECKUX
MPOU3BOCTB : yueOHoe mocodue aist By30B / B. B. Kadapos, M. b. ['ne6oB. — 2-e 3.,
nepepab. u gomn. — MockBa : M3natensctBo HOpaiit, 2023. — 403 c. — (Beicuiee
obpazoBanme). —  ISBN 978-5-534-07524-3. — Tekcr : DJCKTpOHHBIA  //
Oo6pazoBarenpHas mwatdopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/516052.

IlepeBanoB, B.Il. MaremaTuyeckoe MOJECIUPOBAHUE XHUMHUKO-TEXHOJOTHUYECKUX
nporieccoB : yueOHoe mocobue mius By3oB/ B. Il Ilepesanos, I'. . Kongobckmii. —
Mocksa : WM3patenbctBo [Opaiir, 2023. — 53 c.— (Bricmee oOpa3zoBanme). —
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ISBN 978-5-534-15858-8. — Tekct : snexTponHsblii // OOpa3oBarenbHas miaatdopma
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/509891.

3. XUMHKO-TEXHOJOTMUECKHE IMpPOIECCHl : yUYeOHMK UM MPaKTHKYM JJiIs  BY30B/
10. A. Komuccapos, M. b. I'ne6os, JI. C. T'opnees, M. Il. Bent. — 2-e u3zg., uchp. u
nom. — Mocksa : UznatensctBo HOpaiit, 2023. — 340 c. — (Briciiee oOpa3oBanue). —
ISBN 978-5-534-09169-4. — Tekcr : snektponHsiii // OOpa3oBaTenbHas Iuatdopma
FOpaiit [caiiT]. — URL: https://urait.ru/bcode/515192.

4.2. JJIeKTPOHHbIE 00pa3oBaTe/ibHbIE PecypChl
1. Dnextponnas 6ubmmoreunas cuctema «3BC IOPAMT» Biblio-onlineru (3BC
«tOpaiit») [Dnextponnsii pecype]. — URL: https://urait.ru/.
2. DnextpoHHO-OMOMMoTeyHast cucrema ZNANIUM [Dnextponusiii pecypc]. — URL:
https://znanium.com/.
3. DnextpoHHas OubnuoreuyHas cucrema «KoOHCyNmbTaHT cCTyAeHTa» [DIEeKTPOHHBIN
pecypc]. — URL: https://www.studentlibrary.ru/.
4. e-Library.ru: Hayunas snexTpoHHas Oubnuoreka [DnexkTponHblii pecypc]. — URL:
http://elibrary.ru/.
5. Hayunas snektponHas 6ubnuoreka «KubepJlennnka» [Dnexrponnsiii pecypc]. — URL:
http://cyberleninka.ru/.
6. Wudopmannonnas cucrema «EanHoe OKHO gocTyma K oOpa3oBaTelbHBIM pecypcamy
[DnexTponnsriii pecypc]. — URL: http://window.edu.ru/.
7. @enepa’bHbIl LEHTP HHPOPMALMOHHO-00PA30BATENBHBIX PECYPCOB [DIEKTPOHHBIH
pecypc]. — URL: http://fcior.edu.ru/.
4.3. CoBpeMeHHBbIe Npo(eccHOHANBbHBIC 0a3bl JaHHBIX M MH(OPMAIMOHHBIC CIIPABOYHbIE
CHCTEMBI

OOyuaromuMes  obecriedyeH JA0CTyn (yAaJeHHBIM JOCTYN) K HHXKE CJEIyIOIUM
COBPEMEHHBIM Tpo(decCHOHANBHBIM 0a3aM JaHHBIX ¥ WH(POPMAIMOHHBIM CIIPABOYHBIM
cHCcTEeMaM:

1. CnoBapu u »SHUMKIONEOUM Ha Akagemuke [OnextpoHHbli pecypc]. — URL:
http://dic.academic.ru.

2. Cucrema uH(popmManmoHHO-TIpaBoBOro obecrieueHus «['apanT» [DneKTpoHHBIN pecypc].
— URL: http://ivo.garant.ru/.

4.4. KoMmIeKT JIMIEH3MOHHOI0 M CBOOOJAHO PACHPOCTPAHAEMOIO IPOrpaMMHOIO
o0ecrneyeHusl, B TOM YHCJIe 0T€4eCTBEHHOI 0 IPOM3BO/JACTBA
1. JluneHsuoHHoe mporpaMMHOe obecrieyeHue: oOmepanuoHHas cuctema Microsoft
Windows, naket opucHbIx npuioxenuit Microsoft Office.
2. CBobOomHO pacmpocTpaHseMOe TpOorpaMMHOE OOecriedueHre: CBOOOJHBIC TAKETHI
oucuHbIx npunoxennit Apache Open Office, LibreOffice.
3. IlporpammHoe oOecriedeHHE OTEUYECTBEHHOTO IMPOM3BOJACTBA: CIIPABOYHO-IPABOBAs
cucrema «l'apant» (OneKTpOHHBIM nepuoandeckuil cupaBoyHuK «Cucrema I'TAPAHT»),
obpasoBarenpHas miatgopma IOPAWT (DnektponHas 6ubamoredHas cucrtema «OBC
IOPAWT» Biblio-online.ru (OBC «IOpaiit»)), 31EKTPOHHO-OUOIHOTEYHAs CHCTEMa
ZNANIUM, snextponnas 6ubnanoreunas cucremMa « KOHCYIbTaHT CTyIeHTaY.
4.5. O0opynoBaHHe H TeXHUYECKHE CPeICTBA 00yUeHH S

Jnsa peanuzanuy AMCUMIUIMHBL (MOZYJISI) HCIONIB3YIOTCA ydeOHbIE ayIuTOPUHU JUIsS
NPOBE/ICHUS Y4YeOHBIX 3aHATUH, KOTOpPhIE OCHAIIEHbI OOOPYAOBAaHHMEM U TEXHUYECKUMHU
cpeacTBaMu OOy4YEeHHS, U TIOMEIICHHUS TSI CAaMOCTOSITEIbHOW pabOThl 00YJaroImuXcsi, KOTOphIe
OCHAIIIEHbl KOMITBIOTEPHON TEXHUKOH C BO3MOXHOCTBIO MOAKIIOYEHUS K ceTu «MHTepHeT» H
o0ecredyeHbl JOCTYIOM B JJIEKTPOHHYIO HH(GOpPMallMOHHO-00pa3oBarenbHylo cpeany PXTY
uM. /.M. MengeneeBa. Jlonyckaercsi 3aMeHa 000py0BaHUs €r0 BUPTYaJbHBIMHU aHAJIOTaMHU.

HaumeHoBaHHe y4eOHBIX ayAUTOPHI ISl OCHaLICHHOCTh Y4eOHBIX ay[ANTOPHI VISl IPOBEeHUS
NpoBeAeHUs YUeOHbIX 3aHATHI 1 Y4eOHBbIX 3aHSITUI ¥ TOMEeLeHUH /15l CAMOCTOSITeIbHOM
MOMeLIeHMI /15l CAMOCTOSITeJIbHOM padoThI 000py10BaHHEM M TeXHMYECKHMMH CPeICTBAMM
padoThI* o0y4eHust
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http://fcior.edu.ru/
http://window.edu.ru/
http://cyberleninka.ru/
http://elibrary.ru/defaultx.asp
https://www.studentlibrary.ru/
https://znanium.com/
https://urait.ru/

VYuyeOHble  ayguTOpHMM  [UIA  TPOBeAeHHs | YueOHas ayIuTOpHs YKOMIUIEKTOBaHA CIELUAIM3MPOBAHHON
y4eOHBIX 3aHATHH Me0OebIo, OTBEYAIOUIeH BCEM YCTAHOBICHHBIM HOpMaM |
TpeOOBaHMAM, O0OPYIOBAHHEM M TEXHWYECKUMH CPEICTBAMH
00y4eHuns (MOOWIIBHOE MYJIBTUMEINHHOE 000PYI0BaHHE).
[Tomemenune 1t caMOCTOSTENEHON paboThI [lomemieHne  OCHalIEHO  KOMIBIOTEPHOHW  TEXHUKOH  C
BO3MOXKHOCTBIO ~MOAKIIOUEHHs K cetd «MHTepHeT» U
obecrieueHUeM JIOCTyNa B 3JEKTPOHHYIO HH(OPMAOHHO-
obpaszoBatenpHyto cpeny PXTY um. J[.U. MengeneeBa u K
39bC.

* HoMmep KOHKPETHOW ayJUTOPHWH yKa3aH B INpHKa3e 00 ayAuTOPHOM (OHAE, PACHUCAHWU YIEOHBIX 3aHATHI H
pacIicaHiy IPOMEKYTOYHON aTTecTalny.
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