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 komneTeHUMi Karteropusi komnereHumii Koapbl u conepkanne KoMneTeHIH
YHuBepcallbHbIE - -
OobmenpodeccrnoHaEHBIC - -
IIpodeccronanpHBIC - INK-1. CmocobeH  HCIOTB30BAThH
MaTeMaTH4eCKHe,

C€CTCCTBCHHOHAYYHBIC U MHKCHCPHBIC
3HaHUA UIA PCIICHUA 3aJla4 CBOCH
npodeccnoHaTbHON e TENbHOCTH
1.2. KomnereHUMM ¥ HWHAUKATOPbI MX [JAOCTHKEHHMs, (POPMHUPYEMbIX JHCHMUILIMHOM
(MojyJieM) B mpouecce 0CBOEHHUs1 00pa30BaTeIbHOI MPOrpaMMbl

Kon Kon unaukaropa
Copep:xaHue HHIUKATOPAa KOMIETeHIIUU
KOMIIeTeHIINU KOMIeTeHIINI
IK-1 IK-1.1 IIpumensieT 3HaHUS OCHOB MAaTEMATUKM, MPUMEHSIET MaTeMaTHYECKUN

anmapar, METOJbl MaTeMaTH4YeCKOro aHallu3a W MOJACIUPOBAaHUS MpHU
pemeHnH 3a1a4d npodecCHoHAIFHON IeSATEIIEHOCTH

1.3. Pe3yabTaThl 00y4eHusI 10 AUCUMILIMHE (MOYJII0)
Heap u3yyeHuss TUCHUILIMHBI (MOAYJsl) — mpuoOpeTeHre 0a30BBIX 3HAHWA MO OCHOBHBIM
paszzmenaM Kypca, a TaKK€ yMEHUHW W TPAKTUYECKUX HABBIKOB B OOJACTH MOJCITUPOBAHUS
XUMHUKO-TEXHOJOTUYECKHUX MPOLECCOB, UCTIONIB3YEMBIX MPU PEIICHUN HAYYHBIX U MPAKTUYECKUX
3ajad.
B pesynbrare n3yueHuss AUCUUILTHHBI (MOYJIIs1) OOYYaIOIIHIACS TOMKEH
3HATh:
® METOJbl TIOCTPOCHHUS OMITUPHUYECKAX (CTATUCTUYCCKHX) U  (U3HKO-XHUMHUYECKUX
(TeopeTUYEeCKUX) MOJIENeH XUMHKO-TEXHOJIOTHYECKUX MPOIECCOB;
® METOJbl UACHTH(PHUKAIUU MAaTEMAaTHYECKUX OMUCAHUN TEXHOJOTHYECKHX MPOIECCOB HA
OCHOBE 3KCIEPUMEHTAIbHBIX JTAHHBIX;
® METOAbl ONTUMHU3ALUWU XHMHKO-TEXHOJIOTMYECKUX TPOIECCOB C MPUMEHEHUEM
SMIUPUYECKUX U/ UITU PUINKO-XUMUYECKUX MOJIETIEH;
yMeTh:
® T[PUMEHSTh HW3BECTHBIE METOJbl BBIYMCIUTEIbHON MaTEMAaTUKd W MaTeMaTHYeCKOU
CTaTUCTUKM  JUIsl  pEIIEHHMA  KOHKPETHBIX  3aJad  pacyera, MOJIEITUPOBaHUS,
UAECHTU(UKAIIMA ¥ ONITUMU3AIMN TIPU WCCIEAOBAaHUH, MPOCKTUPOBAHUU U YIIPABICHUU
MpolieccaMy XUMHUECKOU TEXHOJIOTHH;
® CIOJIb30BaThb B CBOEH NPAKTHUECKON MAEATEIbHOCTH M IOCTHXKEHHSI ITUX Leneit
W3BECTHBIE MAaKEeThl MPUKIATHBIX IPOTPAMM;
BJIA/JETh:
® METOJaMHU MATEMAaTHYECKOW CTATUCTUKU JJIsi 0OpabOTKM pe3ylnbTaTOB AKTHBHBIX U
MACCHUBHBIX IKCIIEPUMEHTOB;
¢ METOJaMU BBIYUCIUTENBHON MaTeMaTHKU [UIsl Pa3palOTKM U pealu3alud Ha
KOMITBIOTEpaX ajlrOpUTMOB MOJEITUPOBAHUS, UICHTU(PUKAIMN U ONTUMHU3ALNUNA XUMHKO-
TEXHOJOTMYECKHUX IPOIECCOB.
2. O0bem, CTPYKTYpPA U COlePKAHME JUCUMILIUHBI (MO1YJIs1)
2.1. O6beM qMCUMILUIUHBI (MOYJIsT)

Buowt yueonoi pavomut Dopmut 00yuenusn
Ounas
OO01Iasi TPYI0EMKOCTD: 3aUCTHBIC CAMHUIIBI/9aChI 3/108
KoHTakTHas padora: 48
3aHATHS JIEKIIMOHHOTO THITA 16




2.2. Tembl

3aHATHs CCMHHApPCKOro Tuma

32

KoHncyabTanuu

0

HpOMe)KyTO‘lHaﬂ aTTreCTanus

3a4YeT C OICHKOM

CamocrosiTesqibHast padota (CP)

60

Ounasa ¢hopma odyuenusn

(pa3aesbl) AMCHUIIHHBI
KOJIM4ecTBa 4YacoB 1o popmam o0pa3oBaTe/bHOI 1esITeIbHOCTH

(Moayssl) ¢ YyKa3aHMeM OTBEJIEHHOI0 Ha HHX

Ne
n/n

HaumeHnoBanue TeM
(pa3nesoB)

Bubl yueOHoi# padoTsl (B 4acax)

KonrakTHas padora

3ausgaTusa
JIEKIMOHHOI'0 THIIA

3ansaTusn CEMHUHAPCKOro TUMAa

JI

HHble

113

C

JIP

HNnble

Ccp

ITocTpoenue
SMITUPUUECKUX
MoJIelIe XHUMHKO-
TEXHOJIOTHYCCKHUX
MIPOLIECCOB

10

0

0

0

10

0

20

Iloctpoenne Qusuxo-
XUMHYECKHX XHUMHUKO-
TEXHOJIOTHYECKUX
HPOLIECCOB

12

12

20

OCHOBEI OIITUMH3AIIUN
XHUMHKO-
TCXHOJIOTHYCCKUX

10

10

20

TPOIIECCOB

Ilpumeuanusn:

JI — nexumu, 113 — mpaktuueckne 3ausatus, C — cemunapsl, JIP — nabopatopusie pabotsr, CP — camocrositenpHas

pabora.

2.3. Copepkanue JMCHUILIMHBI (MOAYJIsl), CTPYKTYPHPOBAaHHOe MO TemMaM (pa3jesaM) H

BUJaM padoT

Coaep:xaHue JIEKIIMOHHOT0 Kypca

TEXHOJIOT'MYECKHUX IPOILECCOB

No

/i HaumeHnoBaHue Tem (pa3esioB) Copep:xkaHue JeKIHOHHOIO Kypca

1. | IHocTpoenue smnupuueckux | 1.1. @opMynupoBka 3aayd anmnpoKCUMAlUM JaHHBIX IS
Mojenei XUMHKO- | OMMCAHUsI OKCIEPUMEHTAIBHBIX 3aBUCUMOCTEM U  TONyYeHHS

SMIMPUUYECKUX  Mojened  mporeccoB.  Bunmel  kputepuen
anmpokcuMaruu. Kputepmii MeTona HaWMEHBUIINX KBaJpaTOB.
Peuienue 3agaun annpokcuManuu Juisi HEJIMHEHHOW U TIMHEWHOM 1o
mapameTpam  Moxeneid. MaTpuuHas  QOpMyNHpOBKa  3amaum
ANMpOKCHMAINU. AHAINTHYECKHH U aITOPUTMUYECKHH ITOJIXOJIBI
JUIs. pelIeHus 3aJauyd anlpoKCUMalMK s JIMHEHHBIX U
JIMHEapU30BaHHBIX MOJIENIEH METOJOM HalMEHBIIINX KBaJIPATOB.

1.2. HopManbHbIM 3aKOH paclpelesleHust M BEKTOPHBIX
ClydallHBIX ~ BEJIMYMHBI U ONpeJeNieHue HUX  YHUCIOBBIX
XapakTepUCTUK. MareMaTHdecKoe OXHJIAHHE W JUCHEePCHs JUIs
BEKTOPHBIX CIIy4ailHbIX BEJIMYUH. JucnepcuonHbii 51
KOPPEISIIUOHHBII aHaIu3. [onsTus JUCIIEpCUN
BOCIIPOM3BOAMMOCTH M aJE€KBATHOCTH, & TaK)Ke - OCTaTOYHOU
mucniepcun.  Ompenenenne  BBIOOPOYHBIX — KO3((HUINMEHTOB
Koppemsii ¥ KO3((HUIHMEHTa MHOXXECTBEHHOH KOPpEISLHH.
CTaTUCTUYECKUH  TOAXOA K  ONpENeNICHHI0  OMMOOK ¢
MOTPENIHOCTEN B KCIEPUMEHTAIBHBIX TOUKaX U3MEPEHUH.

1.3. PerpeccuoHHBIN U KOPPEISIIIMOHHBIA aHAU3 ISl TIOCTPOCHUS
SMIIMPUYECKUX MOJETeH Ha OCHOBE MJAaHHBIX IACCHBHOTO
skcriepuMeHTa. lloHsTns QyHKOMM OTKIMKAa #  (aKTOPOB.
OCHOBHBIE [JOMYIIEHHS PETPECCHOHHOTO M KOPPEJSIIMOHHOTO
aHanmu3a. Kpurepuu mpoBepky OJHOPOTHOCTH Aucnepcuii. Beioop
BHJA  YpPaBHEHUI  perpeccMM, a  TakkKe  OIpeJelIcHUE
K03()(UIMEHTOB PErpeccHy W UX 3HAYUMOCTH C UCIIOJIb30BaHHEM
kpurepust CtbromeHTa. Ilpouenypa MCKIIOUEHUS HE3HAUUMBIX
kodbdunmenTop  perpeccun.  OmpeneneHue  aJeKBAaTHOCTH
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PErpECCUOHHBIX MOJIeNIel ¢ TOMOILbIO KpuTepus: duriepa.

1.4. OCHOBHBIE TIOJIOKEHHUSI TEOPUH TITAHUPOBAHHUS IKCIIEPUMEHTOB
(D): momusiit daxropusii dkcnepument ([IOD) m obpaboTka ero
pe3ynbratoB. ONTHMaIbHBIE CBOMCTBA MATPHUIbLI TUIAHUPOBAHUS H
CBOHCTBO  oproroHajbHocTH. OmpeneneHue Ko PHUIUEHTOB
MoJienield, MX 3HAYUMOCTH W TPOBEPKa aJeKBaTHOCTH YPaBHEHMS
perpeccun. CBOHCTBO pOTaTabCIBHOCTH MOJHOTO (haKTOPHOTO
JKCTIEPUMEHTA.

1.5. OcHOBHBIE TOJIOKEHUS TEOPUH TUITAHUPOBAHUS SKCIIEPUMEHTOB
(I): opToroHaNBHBIN IIEHTPAJIBHBI KOMITO3HIIMOHHBIA IIJIaH
(OLKII) okcmepuMeHTOB W 00paboTKa €ro  pe3yibTaToB.
ObecrieueHne OPTOTOHATHHOCTH MATPHIBl IUIAHUPOBAHHUA U
onpeJieJicHHEe  BEIWYMHBI  3Be3gHOro Iueda. OmnpexeneHue
K03(h(UINEHTOB MOJEH, UX 3HAYUMOCTH U OICHKA aJIeKBaTHOCTH
ypaBHEHUsI perpeccuu. PacyeTHoe BBIYHMCIEHHE KOOPAWHAT TOYKH
onTUMyMa (3KCTpEMyMa).

1.6. OnTumuzanus OSKCIEPUMEHTAIBHBIX  HCCICNOBAaHUU ¢
npuMeHeHneM wmertona bokca-Buiibcona. OCHOBHBIE MOAXOIBI K
ONTHUMU3AIAN 9KCIIEPUMEHTAIBHBIX HCCIIEJOBaHNH.
OKCHepUMEHTANBHO-CTaTUCTHIECKUH MeTo. CTpaTerust IBI>KEHHS
K ONTUMYMY LieneBOi GyHKIMU (QYHKIMN OTKIMKA) TPaJHEeHTHBIM
MeTo/1oM. Kpurepnu JOCTHKEHHSI «ITOYTH CTAI[HOHAPHOW 00J1acTi»
W METOIbl YTOYHEHHUS TMOJOXKEHHS ONTUMAJbHOW TOYKH B
(haKTOPHOM ITPOCTPAHCTBE.

ITocTpoenne (PU3NKO-XUMHUECKUX
XMMHUKO-TEXHOJIOTUIECKUX
MIPOLIECCOB

2.1 Dramel MaTreMaTHYeCcKOro MozenmpoBaHusi. DopMyImpoBKa
THIIOTE3, ITOCTPOCHHE MAaTEeMaTHYECKOTO OIMCAHUs, pa3paboTka
MOJICTIMPYIOIIETO AJITOPUTMa, MPOBEPKa aJeKBATHOCTH MOAEIH U
uAeHTHGHUKANMS WX MapaMeTpoB, pPAacUeTHBIE WCCIECIOBAHMS
(BBIYMCIUTENBHBII SKCIIEPUMEHT).

2.2 CocTaBjeHHE CHCTEM YPaBHEHHMH MAaTeMaTH4YE€CKOTO OMUCAHUS
NpoLecCOB M pa3paboTka (BbIOOP) aNrOpUTMOB HUX pELICHHSI.
bilouHBI NPUHIUI INIOCTPOEHUSI CTPYKTYPHBIX MAaTE€MaTU4ECKUX
Mozeneii. OOoOImeHHOe OmncaHWe IBIDKEHHS IIOTOKOB (a3 B
amnmapatax C  [OMOWIbIO  THAPOJMHAMHYECKHX  MOJEIeH,
YUUTHIBAIOIINX COCPEAOTOUYCHHBIE M PACIPENICNICHHbIE HCTOYHUKH
BEIECTBA W OJHEPruM (TEIuIoThl). JIOKajbHBIE WHTEHCHBHOCTH
WCTOYHHMKOB BEIIECTBA M TEIUIOTHI B MOTOKAX, COOTBETCTBYIOIIHE
Pa3IMUHBIM  (PU3UKO-XMMHUYECKHX mpoueccaM. OCHOBHBIC THIIBI
ypaBHeHI/Iﬁ MAaTEMAaTHYECKOI'O OIIMCaHUs XUMHUKO-
TEXHOJIOTHYCCKUX mpoueccoB - KOHCYHBIC, OOBIKHOBEHHEIE
nmuddepeHnraibable U auddepeHnrnanbHple YpaBHEHUS B YaCTHBIX
MIPOU3BOIHBIX.

2.3 MaremaTnyeckoe  MOJCNMPOBAaHHE  CTalMOHApHBIX W
JUHAMHYECKAX  PSKUMOB  THAPABIMYECKHX  IIPOIIECCOB B
TpyOOIIPOBOAHBIX CUCTEMax, IJI00aJbHBIE M JEKOMIIO3UIIMOHHbIE
METO/IbI PEIICHHS CHCTEM HEMHEHHBIX YpaBHEHNUH, a TAKXKe SBHBIC
1 HEABHBIC METO/IbI YUCJICHHOTO PEHICHUA CUCTEM O6LIKHOBCHHLIX
muddepenumanpipix  ypaBHeHuil.  CocraBlieHHE — YpaBHEHUI

MaTEMaTHYECKOTO OITMCAHUS mporiecca. [octpoenne
MH(OPMAIMOHHBIX MATPHIl MATEMATUIECKUX MOJIEIeH AJis BBIOOpa
0o0IIero anropuTMa pEHICHHS — MOJICIHPYIOMIETO alropuTMa.

Peanuzamus anropuTMOB pelIeHUs HEIWHEHHBIX M OOBIKHOBEHHBIX
muddepeHIaIbHbpIX  ypaBHeHUH. OmnucaHWe  CTallMOHAPHBIX
pesxxumoB XTIl ¢ mpuMeHEHHEM CHCTEM JIMHEHHBIX U HETHMHEUHBIX
ypaBHeHui. MrepanuonHsie anroputMmel pemeHus. IIpumenenue
METOJIOB MPOCThIX uTepauuii 1 Hotorona-Padcona mis nmomyyenus
pemenms.  [Ipobmema  cxogmMocTH — mporecca  peIIeHUs.
JleKOMIIO3UILIMOHHBIN METOJ PEIIEHUS CIIOXKHBIX CUCTEM KOHEYHBIX
ypaBHeHwmiA. [locTpoeHne nHMOPMAIIMOHHON MaTpHUIIBI TSl BEIOOpa
ONTUMAJILHOIO ajJroputMa pemeHus 3aaay. [loHsTHE KEeCTKOCTH
cucreM auHepeHIUATBHBIX YPABHCHUA U KPUTCPUU JKECTKOCTH.
SIBHbIc (OBICTpBIC) W HEsIBHBIC (MEUICHHBIC) METONBI PEHICHUS.




MeTtonsl iepBoro (Merona Ditniepa), BToporo (Moau(uIMpoBaHHBIE
MeToABl Jiinepa) M derBepToro mopsaka (Meron Pymre-Kyrra).
OrneHka TOYHOCTH METOIOB — OMMOOK ycedeHws. Ilepexommbie
OIMOKH 1 OIMOKN OKPYTJIIEHUS MPU YHCICHHOM WHTEIPHUPOBAHUU
muddepennmanepix  ypaBHeHuil.  CmocoObl  oOecriedeHus
CXOAMMOCTH pelleHus 3a1a4i. [IpuMeHeHne HeIBHBIX METOJIOB JUIs
peLIeHUs] KECTKHX cHcTeM Iu(QepeHHanbHbIX YpaBHEHUI.
OnpeneneHys mara MHTETPUPOBAHUS HMTEPALMOHHBIM METOJIOM.
MertonoB Kpanka-HukonscoHa (MeTon Tpamnenmii).

2.4 MaremMaTH4eckoe MOJEIMPOBAHUE CTAI[HOHAPHBIX PEKHUMOB
MPOLECCOB TEIUIONEPENaYd B IUIACTHHYATBIX M 3MEEBUKOBBIX
TETNIOOOMEHHHUKAX. MaTeMaTHIeCKOE€ OMHMCAaHWE TIPOIECCOB C
INPUMEHEHUEM MOJAENECH HACANIBHOTO CMELICHHUS U BBITCCHEHMS.
Beibop u rpaduueckoe NpencTaBIeHHE AJITOPUTMOB PEIICHHUS.
HpI/IMeHeHI/Ie CTaHJAPTHBIX METOA0B BBIYUCIIMTEIIBHOM
MaTEeMaTHKH JUI pelIeHus 3aaad.

2.5 MaremaTruecKkoe MOJISTHPOBAHUE CTAIMOHAPHBIX PEXKHMOB
MMPOLECCOB TCILIONEPEAAYN B MNPAMOTOYHBIX W TMPOTHBOTOYHBIX
TpyO4aThIX TETUIOOOMEHHUKOB, peleHne 3agadn Komm n kpaeBoi
3a7a9d  TPH  WHTETPHPOBAHMM  CHCTEM  OOBIKHOBEHHBIX
muddepeHmanpHpIX  ypaBHeHHi. MaremaTHyeckoe —ONUCaHUe
IPOLIECCOB C TNPUMEHEHUEM MOJENEH HIEanbHOIO BBITECHEHHS.
Pemenune 3amaun Komwm u kpaeBoil 3amauun. IIpeacraBrnenHue
ITOPUTMOB BBIYHMCIICHHH B BUJE WH(QOPMAIMOHHON MaTpHIbI
CHCTEMbl YPAaBHEHHH MAaTeMaTHYECKOrO OIUCAaHHs M OJOK-CXeM
pacueroB. Marematuueckoe onucanue XTIl ¢ npumeHeHueM
cucTeM  OOBIKHOBEHHBIX  AUGQEPEHIMATBHBIX  YpaBHEHHH.
Onmcanne OOBEKTOB C pACHpENCICHHBIMH B TPOCTPAHCTBE
napameTrpamu. dopMynupoBKa HadaJdbHBIX M KPAEBBIX YCIOBUIl
3ajau penieHus. YucneHHbl anropuT™ 1-ro nopsiaka Juis pelieHus
3amaun Komm. MeTron «IIpHCTpEnKu» IS peIleHHs KpaeBoi
3aauu.

2.6 MartemaTHuecKoe MOJISITMPOBAHNE CTAIMOHAPHBIX PEKUMOB
MIPOIIECCOB B peakTopax c MEIIIaJIKOH. Omnucanue
MUKPOKHHETHYECKHX 3aKOHOMEPHOCTEN MIPOTEKaHUS
MPOM3BOJIBHBIX CIOXKHBIX XHMHYECKHMX PEaKnuil B JKUIKOW (aze
JUIsT MHOTOKOMIIOHEHTHBIX cucTeM. OrmpeneneHue KIHUEBbIX
KOMIIOHEHTOB CJOXHBIX XUMHUYECKHUX PEaKIuil ¢ NpUMEHEHUEM
METOIOB JIMHEITHOH anreOpsl - paHTOB MAaTPUILl CTEXHOMETPUUECKUX
Kk03(hpunreHTOB peaKIyH. MaremaTHueckoe OTHCaHue
PEaKTOPHOrO Tporecca ¢ pyOamKkoil ISl MPOU3BONBHOW CXEMBI
MIPOTEKaHNUS XUMHUYECKOW peakiui. BrIOOp adropuTMOB peIIeHHS
3a7a4d ¢ TNPUMEHEHHEM HWH()OPMALMOHHON MAaTpPHUIBI CHCTEMBI
YpPaBHEHMH MaTEMaTHYECKOTO OMNHCAaHWs W  MPEACTaBICHUS
ITOPUTMa PEIICHHUS ¢ IOMOIIBIO OJIOK-CXEMBI pacyeTa Ipolecca.
2.7 MaremaTHyeckoe MOJEINPOBAHUE HECTALIMOHAPHBIX PEXKUMOB
MPOIIECCOB B peakTopax ¢ Memankod. Maremarudeckas
MOCTAaHOBKA  3aJadyd  JUIi  peakuuu C  TPOU3BOJIBHOI
crexuomerpuueckol cxemon. ®dopmynuposka 3amaun Komm —
3aauyd C HAYaJIbHBIMH YCJIOBHSIMH. Pa3HOCTHOE IpelCcTaBlICHHUE
CHCTEeMbl  OOBIKHOBEHHBIX  Ju(depeHnnansHbIX  ypaBHEHHH.
ITocTpoenne nHGpOPMANNOHHON MaTPHUIBI U BEIOOpA alnropuTMa
peuienus. ['paduyeckoe NpencTaBIEHHE aIrOpUTMa PEIICHHS B
BHjie OJIOK-CXEMBI pacyera.

2.8 MareMaTHueCKOe MOJAEIMPOBAHUE CTAIMOHAPHBIX PEKUMOB B
TpyO4aThIX peakTopax ¢ MPSIMOTOYHBIM M TNPOTHBOTOYHBIM
JBIKEHHEM  TEIUIOHOCUTeneW. MaremaTndeckas IOCTaHOBKA
3a7a4d JUIsl peakiuy ¢ KOHKPETHOW CTEXMOMETPUUECKOM CXeMOM.
®opmynupoBka 3anaun Komm — 3a1a4y ¢ Ha9aabHBIMH YCIOBHSIMH
U KpaeBOH 3ajjaud — 3aJa4yM C KpaeBbIMU YCIOBUSIMU. PazHOCTHOE
NPEACTaBICHUE CUCTEM OOBIKHOBEHHBIX JHddepeHanbHbIX
ypaBHeHui. [Toctpoenne mH(pOpManMOHHBIX MAaTpPHIL IJIsi BIOOpa




ITOPUTMOB perieHus. [ padudeckoe mpeacTaBieHue aIropuTMOB
pemieHus B BUze OJI0K-CXeMBI pacueTa.

2.9 MaremaTn4eckoe MOAEIHPOBAHNE HECTALMOHAPHBIX PEKUMOB
MPOLIECCOB B TPYOYATBIX PEAKTOPAX W YHCICHHBIC aAITOPUTMBI
JTUCKPETU3allMK Ul peIleHHsl CHUcTeM JuddepeHIanbHbIX
YpaBHEHHH C YacTHBIMH IIPOM3BOAHBIMH. Maremaruueckas
MIOCTaHOBKA 3aauu Ui peaxiuu c KOHKPETHOMH
CTeXHOMETpUUeCcKoil cxemoil. @DopMynupoBKa HayalbHBIX W
rpaHn4HbIX ycnoBuil. [luddepennnansabie ypaBHEHUSI B YaCTHBIX
MPOM3BOMHBIX -  OJJUIMOTHYECKOTO,  MapaboiIM4yecKoro M
THIIEPOOIMYECKOTO THUIOB. AJTOPUTMBI PELICHUs ypaBHEHHH
nmapa0onudeckoro THma. MaTemaThdeckass MOJENTb XUMHUYECKOTO
NPEBpPAIlEHNs] B U30TEPMUYECKUX YCIOBUSX JUIs HECTAL[MOHAPHOTO
mporecca B TPyO4aThIX ammaparax ¢ Y4eToM IIPOJOJIBHOTO
[EpEMEIINBAaHUs U ¢ MHPUMEHEHUEM OJHOIApPaMETPUYECKON
muddysrnonHO Monenu Ui ONMUCAaHWS THIPOJMHAMHYECKOH
00CTaHOBKHM B PEAKIIOHHOM ITOTOKE. AJITOPUTMBI PELICHUS B BUE
CHUCTEM HENWHEHHBIX ypaBHEHUI, a Takke OOBIKHOBEHHBIX
muddepeHnanbHBIX YpaBHEHHUI IEPBOTO M BTOPOTO HOPSIKOB.
2.10 MaremaTtn4yeckoe MOJIEIUPOBAHIE CTAMOHAPHBIX PEKUMOB
MIPOLIECCOB HENPEPHIBHOW MHOTOKOMITOHEHTHOH pEeKTH(HUKAIUU U
abcopOruy. MaremaTHueckoe OIKCaHMe mporecca
MHOTOKOMITOHEHTHOW pPEKTU(QUKAMK B TapeiabyaTod KOJIOHHE.
MonenupoBanue (azoBoro paBHOBeCHs u mporiecca
Maccollepeiayl Ha Tapenkax B MHOTOKOMIIOHEHTHBIX CHCTEMax.
VYder TemIoBEIX OamaHCOB Ha Tapeilkax IpH MOJCIUPOBAHUU
mporuecca B PEKTU(PHUKAMOHHOW KOJOHHE. JIeKOMITO3MIIMOHHBINA
ITOPUTM  pacueTa Tpolecca pPEeKTUPHUKANNH B  KOJIOHHOM
amrmapare. Maremarunueckoe ONHCaHUE mpouecca
MHOTOKOMITOHEHTHOH  abcopOIMu B HacaJO04HOW  KOJIOHHE.
MonenupoBaHue Ipolecca MHOTOKOMIIOHEHTHOM Macconepeaayn B
CeKIUSIX HAacaJOYHOM KOJIOHHBL. AJITOPUTM peEIIeHUs KpaeBoil
3ama4u I MOJEIHUPOBAHMS Tporiecca adcopOuny B HaCaaOYHON
KOJIOHHE.

OCHOBEI OIITUMH3aIlMM  XHMHKO-
TCXHOJIOT'MYCCKUX IPOLECCOB

3.1 Pemenune 3amau ONTHMHU3AIMU C TEPMOAWHAMUYECKHMH,
TEXHOJIOTUYECKIMH, IKOHOMHUECKUMH, TEXHUKO-3KOHOMHIECKUMH
U 3KOJOTMYECKMMHU KPUTEPUSAMH ONTUMAIBHOCTH. ONTUMAaNbHBIE
pecypcocoeperarone XTII. Bribop KpuTepueB ONTHMAIEHOCTH
(ueneBbix  QyHkumii). DopMyNIHpPOBKa MHOTOKPUTEPHAIBHON
3agaun ontuMu3annu. OcoOEHHOCTH pelIeHHs] ONTHUMHU3AIMOHHBIX
3ana4y XTII npu HAJIMYUKM HECKOJIBKUX KPUTEPUEB ONTUMAIBHOCTH,
OBPaKHOM XapakTepe LesIeBoN (PyHKUMH U HAJIMYUKM OTPaHUYECHUH
1-ro u 2-ro pona.

3.2 ANTOpUTMBl OIHOMEPHOH W MHOTOMEPHOW ONTHMHU3AIIUH.
Metoabl CKaHMPOBAHUS, JIOKANU3ALUU OSKCTPEMYyMa, 30J0TOrO
ceueHns u yuces OuboHauM B ciaydae 0JHOMEPHOW ONTHMH3ALIIH.
Metoapl MHOTOMEPHOM ONTHMH3AIMM HYJIEBOTO, IEPBOIO H
BTOpPOro MOpPsAKOB. CHMIUIEKCHBIE, CIy4alHble M TpaJiiCHTHBIC
METOJIBl MHOTOMEPHOH  onTuMmm3anuu. Metox  mrpadHbIX
GyHKITUH.

Cojaeprxkanue 3aHATHII CEMHHAPCKOI0 THIIA

HaumenoBaHnue Tem (pa3jeJioB)

Tun Coz[ep)lcalme 3aHSITHH CEMHUHAPCKOIo TUIA

HOCTpOGHI/Ie OMITUPUYICCKUX
MO,Z[GJICI;’I XUMHKO-TEXHOJIOTHUYCCKHUX
npoueccoB

13 | Hocrpoenue OMIIUPUYECKHUX Mozenen XUMUKO-
TEXHOJIOTHYECKHX MPOIIECCOB

JIP | O6paboTka pe3ynbTaToB MaCCUBHOTO AKCIIEPUMEHTA;
O0paboTKa pe3yJIbTaTOB aKTHBHOT'O 9KCIEPHMEHTA;

[Toctpoenne  PHU3UKO-XUMUIECKUX
XUMHUKO-TEXHOJOTHIECKIX
TIPOIIECCOB

I13 | IMocTpoenue (DUBHKO-XMHYECKHUX XUMUKO-
TEXHOJIOTUYECKHX MPOIIECCOB

JIP | MonenupoBaHue MNpPOCTOM THAPABIMYECKOH CHUCTEMBI B
CTaLMOHAPHOM PEXHME;
MojenupoBaHue HPOCTOM THAPABINYECKOM CUCTEMBI B




JHMHAMHYIECKOM PEXHUME;

5. | OcuHoBbl ontuMuzammu  xuMuko- | II3 | OcHoBBI ONTHMU3AINU XMMHKO-TEXHOJIOTMIECKUX
TEXHOJIOTHYECKHX ITPOIIECCOB MIPOLIECCOB

JIP | MojenupoBaHie XUMHYECKHX PEAKTOPOB.

CopepxaHue cCaMOCTOATEIbHOM padoThI

Ne .
w/n HaumeHnoBanue Tem (pa3iesioB) Coaep:xanue caMOCTOSATEIbHOI PadoThI
1. | Iocrpoenue smnupuueckux | I[loBropenne — neknuonHoro — marepuana.  IloaroroBka — k
Mojenein XMMHKO- | MPAaKTHYECKUM 3aHATHAM H JJAOOpaTOPHBIM padoTaM

TEXHOJIOTHYECKUX ITPOLIECCOB
2. | Hocrpoenue ¢usuko-xumuueckux | [loBropenne  JekuMoHHOro  Mmarepuana.  lloAroToBka K

XHUMHUKO-TEXHOJIOTHYECKUX MPAKTHYECKUM 3aHATHAM U JJAOOPATOPHBIM paboTam
IIPOIIECCOB

3. | OcHOBBI ONTHMH3AIUK XUMHUKO- | [IOBTOpeHHEe  JIEKIIMOHHOTO  Marepuaia.  IloAroToBKa K
TEXHOJIOTHYECKHUX MPOIIECCOB MPAKTHYECKUM 3aHATHSIM M JJAOOpaTOPHBIM paboTam

3. OueHo4yHble MaTepHaabl AJds TPOBEJCHUS] TEKYIIero KOHTPOJIA YCIEeBAeMOCTH H
NPOMEKYTOYHOM aTTecTAMN 00y4aloIMUXCs M0 JUCHUILIHHE (MOAYJII0)
[lo nucuurmmHe (MOIYJIO) MPEIyCMOTPEHBI CIEAYIOIIME BHUAbI KOHTPOJS KadyecTBa
OCBOCHHUSI:
® TEKYHIIM KOHTPOJIb YCIEBAEMOCTH;
® [IPOMEXYTOYHAS aTTeCTalusl 00YUaromUXCs 0 AUCHUIUIUHE (MOIYJIIO).
3.1. OneHoyHble MaTepHaJ bl JIS NPOBeJeHHUs] TeKylledl arrecTauMyd MO JUCUMILIMHE

(MmoayJ0)
Ne | Kontposupyemsblie TeMbl (pa3aeJibl) HaunmeHoBaHHe OLIEHOYHOI'O CPeICTBA
n/n
1. | Iocrpoenue SMIIUPUUYECKUX Mozenein xuMuko- | KonTtposeHas pabora
TEXHOJIOTHYECKHX MPOIIECCOB
2. | Hocrpoenwne (PU3UKO-XIMHIECKUX xuMuko- | KonTponsHas pabora
TEXHOJIOTHYECKHX MPOIIECCOB
3. | OcHoBHBI ONTHUMHU3AINN XMMHKO-TeXHoJIorn4eckux | KoHTponbHas paboTa
IPOLIECCOB

3.1.1 TunoBbie KOHTPOJIbHBbIC 3aJaHUS] WJIN HHbIC MATEPHAJIbI, HCOOXOAUMBIE VIS OLCHKH
3HAHUWI, YMEHUI, HABBIKOB U (WJIH) ONbITA IeATEJILHOCTH B MpoLecce TEKYIero KOHTPOJIst
yCIeBaeMOCTH

KonTpoJbHblii padoTa

KonTposbnas padora no teme 1

1. YeM OTIM4AIOTCS SMIIMPUUECKHUE MOJIETH OT (PU3UKO-XUMHUYECKUX MOesei?

2. YeM oTnuyaercs aKTUBHBIM SKCIIEPUMEHT OT naccuBHOro? [louemy mMeTon0I0rusi aKTUBHOTO
OKCIIEPUMEHTAa MOXET IPUMEHATHCA JUISl PELIeHUs 3aJad ONTUMM3ALMHU TEXHOJOTHYECKUX
MPOLIECCOB?

3. Kakumu ypaBHEHUSIMH OIMCBIBAIOTCSI PE3YJIbTAaThl aKTUBHOI'O AKCIIEPUMEHTA?

4. Kakumu ypaBHEHUSAMU OIIMCBIBAIOTCS PE3YJIbTAThI IACCUBHOTO KCIIEPUMEHTA?

5. Onumure METOAOJOTHI0 PErpecCUOHHOIO aHajlu3a Ui HOCTPOCHHUS HAMIHPUUYECKUX
MaTEMaTHYECKUX MOJENIEH XUMUUECKUX IPOLIECCOB.

6. Kak BbiOMpaeTcst BU SMIUPUUECKUX MOJENIEN — IMHEHHBIX U HEJTMHEHHBIX?

7. [Haiite omnpeneneHue MOHATUAM KOBapHaluMu W KoddpduiueHta koppemsuuu. Yto oHH
xapaktepu3ytor? Kak  oneHuTh KOIDPHUIMEHT KOppensauuu i MPOCTEHINeH JWHEWHON
Mozenu?

8. IlpumeHeHHEe METOJOB HAaMMEHBIIMX KBaJApaTOB JJsi OLEHKHM IapaMeTpoB (QYHKIMMA
pacnpeneseHui Cily4aiHbIX BEJIUYHH.

9. Kak onpenensttorcst K03 PUIMEHTHI perpeccuu A JIMHEHHBIX 10 TapaMeTpam Mozeei?

10. Kak onpeznenstorcst KO3 GUIMEHTh PErpecCHHt i HETMHEWHBIX 110 IapaMeTpaM MoJesei?
11. Onumwmre npornenypy BbIOOpa KpUTEpHUs aNMpPOKCHUMALMM OINbBITHBIX JAHHBIX U PElICHUE
3ajjaun orpeJeneHuss Ko3(ppUIueHToB perpeccuu Uisl JUHEMHBIX HO MapaMeTpaM Mojelnei
METOJIOM HaUMEHBUINX KBaJPaTOB JUIsl OOILEro cirydasl.



12. JlaliTe XapakTEpUCTHKY CIEAYIOIIUM MaTpULlaM, HCIOJIb3YEMBIM IPH MHapaMeTpUUYECKOMN
UACHTU(DUKAIMY JTUHEHHBIX U TUHEAPU30BaHHBIX SMITUPUYECKUX MOJIEIEH:

a. MaTpulle, 3aBHCALICH OT HE3aBUCUMBIX IepeMeHHBIX ((akTopoB) u BuIa

anMpOKCUMUPYIOIUX (DYHKINN;

b. uHbOpManMOHHON MaTpHIIE;

C. KOppPEJSALMOHHOW MaTpUle
13. Kak ompenenuTb 3HAYUMOCTh KOI((HUIMEHTOB PETPecCUU C HUCIOIb30BAHUEM [-KPUTEPUS
CreronienTa? OnumuTe MNpouenypy OTCEHMBAHHS HE3HAUMMBIX KOI(PQPUIMEHTOB B MacCCHUBHOM
JKCIIEPUMEHTE.
14. Ilepeuncnure OCHOBHBIE JOIYUICHUS PErPECCHOHHOTO aHAIW3a SKCHEPUMEHTAIBHBIX
JAHHBIX.
15. Dransl perpecCCHOHHOrO aHaJIN3a.
16. Kak crpourcs marpuua IUCHEPCUH-KOBApHALMM M PACCUMUTHIBAIOTCSA €€ DJIEMEHTHI B
MMaCCUBHOM 3KCIIEpUMEHTE?
17. Ocrarounas nucnepcus, AUCIIEPCUs aJ€KBaTHOCTU M AMCIIEPCUS BOCIIPOU3BOAUMOCTH. UTO
OHM XapaKTEepU3yT?
18. Kak yCcTaHOBUTB a/IeKBaTHOCTh YPAaBHEHUS PETPECCUN € TIOMOIIBIO kputepus duimepa?
19. Kak ycTaHOBHTH aJ€KBaTHOCTb YPaBHEHUs PETPECCHM IPU OTCYTCTBUU NapaJlIEIbHBIX
OIIBITOB?
20. OcHOBHBIE OTJINYMS AaKTHBHOTO M MACCHUBHOIO 3KcnepuMmeHTa. Kak NMpoBOAWTCS MOJIHBIN
¢axrTopusIii skcriepuMeHT (I1DJ) u 06pabaTeiBatOTCS €ro pe3yabTaThl?
21. Kak ocymecTBisieTcss OPTOTOHAJIBHOE IIEHTPAJIbHOE KOMIIO3UIIMOHHOE IUIAHUPOBAHUE
(OLIKII) skcriepMMEHTOB U MPOBOJAUTCS 00pabOTKa €ro pe3yabTaToB?
22. Onumure Npoueaypy 3KCHEPUMEHTAIBHO-CTaATUCTUYECKOIO METoAa ONTHMH3aunu bokca-
BuibcoHa.
KounTtpoubHas padora mo reme 2
1. Kakue ocHOBHBIE JOMYLIEHUs IPUHUMAIOTCS IIPU KOMIIBIOTEPHOM MOJEIMPOBAHUU MPOCTOU
TUIPABINYECKON CUCTEMBI?
2. Kak onuceiBaeTcs JBUKEHHE ITOTOKA KUAKOCTH Yepe3 KilanaH?
3. Maremaruyeckass MOJeNIb TMPOCTOM TUAPABIMYECKOW CHUCTEMbl (CTAl[MOHApPHBIA U
JMHAMUYECKUH pexuMbl). MaTeMaTHuecKoe OMHcaHue Ipoliecca, WHPOpPMAIMOHHAs MaTpula
CUCTEMBI YpaBHEHHI MaTeMaTHYECKOT0 OMMCAaHUsI, OJIOK-CXeMa alropuTMa pacyera.
4. MaremMaTH4yeckoe ONMCAaHME TOMOI€HHOM MHOTOCTAJUHHOM  MHOIOKOMIIOHEHTHOMN
XUMUYECKOM peakuMH. 3aKOH JEHCTBYIOIIMX Macc. Marpuna CTEXMOMETPUYECKHX
K03 duureHToB. BoIpaxkeHus 171 CKOpocTel peakiuii Mo BceM KoMmoHeHTaM. Ompenenenue
KJIFOUEBBIX KOMIIOHEHTOB CIJIO)KHOW XUMHWYECKOM pEAKIMU C NPUMEHEHHEM IOHSATHS paHra
MaTpHUIBl CTEXHOMETPUYECKUX Kod(p¢uiuenTo. OnpeneneHre CKOPOCTH BBIIEICHUS WU
MTOTJIOIIEHHH TEIIA B CJIOKHOM XMMUYECKON pEeaKkuu.
5. Matematnueckasi MOJIeb CTAllMOHAPHOTO PEXHMa B PEAKTOPE C MELIATKOM M pyOarkoi ¢
MPOM3BOJILHOM CcXeMOi peakmuu. M3oTrepMuyeckuid, agnabaTHUeCKUl W TOJUTPOTTMYECCKUN
pexxumbl. MareMaTHuecKoe ONHMCaHue TMpolecca, HHPOPMALMOHHAS MaTpulla CHCTEMbI
YpaBHEHUI MaTeMaTHUECKOI0 OMKUCaHus, OJI0OK-CXeMa aJIrOpUTMa pacuera.
6. MaTtemaTuydeckasi MO/IeIb HECTAIMOHAPHOTO PEeXHMa B PEAKTOPE ¢ MELIAKOM U pyOaIIkoi ¢
MIPOM3BOJIBHONW CXeMOM peakiuu. MaTemaTHueckoe OINucaHue mpolecca, HWH(OpMalHOHHAs
MaTpHlla CUCTEMbl YPaBHEHUII MaTeMaTH4YeCKOT'O ONHCAHMs, OJIOK-CXeMa alropuTMa pacyera.
[Tepuonnueckuid, MOTYNEPUOTUYECKUM, U30TEPMUYECKUH, aanabaTHIecKuit 3
MOJINTPONIUYECKUI PEXKUMBI.
7. MaremaTuueckoe OINUCaHUE U aJTOPUTM pacdy€Ta CTAllMOHApHOIO Ipoliecca B TpyOuaToM
peakTope ¢ M3BECTHBIM MEXAHU3MOM €€ IIPOTEKaHUs U C MPAMOTOYHBIM JBUKCHUEM
TEIJIOHOCHUTENIS B PEXKUME UACATBHOIO BBITECHEHHS.
8. MaremaTHueCcKoe ONHMCAHUE W AITOPUTM pacuéTa CTALMOHAPHOTO Mpoliecca B TpyOUaToM
peaKkTope ¢ U3BECTHOW KMHETHYECKOW CXEMOW M ¢ MPOTUBOTOYHBIM JIBH)KEHHEM TEIIJIOHOCHUTENS



B PEKHME UACATLHOTO BHITECHEHMS.
9. MareMaTtuieckoe ONMCaHUE CTAMOHAPHOTO MpOIecca MHOTOKOMIIOHEHTHON Maccorepeiayu
Ha TIPOU3BOJILHOM Tepelike peKTHU(PUKAIMOHHON KOJOHHBL. Matpuipl Ko3(h(HUINEHTOB
Maccorepeiayu ¢ NepekpECTHBIMU dPPEeKTaMu U BEKTOP ABMXKYIIMX CHJI Ipolecca pa3/ieieHHs.
D¢ dexkTuBHOCTS mpoliecca peKTH(PUKALMU MO KaKJOMy KOMIOHEHTY M 3aBHUCUMOCTh OT
Pa3IMYHBIX PEKUMHBIX, KOHCTPYKI[MOHHBIX U (PU3UKO-XUMUYECKUX IMapaMeTpOB pasJeisieMon
CMECH.

10. MaremaTuyeckoe ONUCAHWE W  AJITOPUTM  pacy€ra CTAIMOHAPHOTO  Ipolecca
MHOT'OKOMIIOHEHTHOM peKTH(UKALIMU B TapeabuyaTol KOJIOHHE.

11. MaremaTuyeckoe ONUCAHWE W  AJITOPUTM  pacy€Ta CTAIMOHAPHOTO  Ipolecca
MHOT'OKOMIIOHEHTHOM peKTH(UKALIMU B HACATOUHOM KOJIOHHE.

12. MaremaTH4ecKkoe ONUCAHWE W  AJITOPUTM  pacy€Ta CTAIMOHAPHOTO  Ipoliecca
MHOT'OKOMIIOHEHTHOM abcopOIiK B HacaJOYHON KOJIOHHE.

KouTpoubHas padora no reme 3

1. IlocraHoBKa 3ajad ONTHMHU3ALMKM NPU NPOEKTUPOBAHMU M YIPABIECHUH XUMHUYECKHUMHU
npousBoJcTBaMu. HeoOxoauMble yCIOBHSI pelICHHS 3aJady ONTHUMH3ALUU C OTPAaHUYEHUSIMU
nepBoro poja. IIpuHIMIBI pemeHus: MHOTOKPUTEPHANIBHBIX 3ajad ontumuszanuu. [Ipobnema
rnodampHOr0  3KcTpeMyma. llocraHoBKa 3a7ayd  HENMHEWHOTO IMPOrPaMMHUPOBAHUS  C
OTrpaHUUYEHUSMU NIEPOBOTO POJIa U BTOPOI'O PoJa.

2. IlocTaHoBka 3amad HEJIMHEWHOro mporpammupoBaHuss. OrpaHuyeHus 1-ro m 2-ro poja.
Meton mTpadHblXx QyHKuui. IIpoGiemMa MHOTOKPUTEPHAIBHOCTH IEJIeBOM  (YHKIIMH.
ANTOpUTMBI pelIeHHs 3a/ladyd C MHOTOSKCTPEMAalIbHBIMH 1IEJIEBBIMH (PYHKIMSIMH. AJTOPUTMBI
peleHre 3aJa4d C OBPAXHBIMMU IEJEBBIMH (YHKIHMSAMHU, HUMEIOIIMMHU MPSIMOJMHEHHBIN U
KPUBOJIMHEHWHBIN XapakKTep.

3. OnpeneneHre ONTUMAIBHOTO BpeMEHH MPEeObIBaHUS B HEMIPEPHIBHOM PEAKTOPE C MEIIATIKOM.
4. OmnpeseneHue ONTUMAIBHOTO BpEMEHH NMPEObIBaHUS B IEPHOJUUYECKOM PEAKTOPE C MEIATIKOM
C IPUMEHEHUEM KPUTEPHS BBIXO/IA 1IEJIEBOTO IPOAYKTA.

5. OmpeneneHve ONTHMAIBHOM TEMIIEpaTypbl B PEAKTOPE € MEMIAIKOM C INPUMEHEHHEM
KpUTEPHUS BBIXOJA LIEJIEBOTO MPOTYKTA.

6. AHQJIN3 YKOHOMHUYECKUX KPUTEPUEB ONTUMAIBHOCTH. BBIBOJ COOTHONIEHWUI, CBSI3BIBAIOIINX
ce0eCTOMMOCTb, IPUOBLIL U HOPMY MPUOBUTH B O0IIEM CIydae.

7. Ans peakuuu MepBOro MOPsAKA, TPOTEKAINIEH B U30TEPMHUYECKOM PEAKTOpPE C MEIIAIKOM,
MUHHMH3HPOBATh CE0ECTOMMOCTh IIEJIEBOTO MPOIYKTa, HCUUCIAEMYIO C YYeTOM 3aTpaT Ha
ChIpbE, aMOPTHU3ALIMI0O pEaKTopa W aMOPTH3AUMOHHON CTOMMOCTH  JIOTIOJHHUTEIHHOTO
000pyI0BaHUS.

8. Jlmst oOpaTumoil peakiuu NMEPBOTO MOPSIKA, MPOTEKAIOIICH B M30TEPMUYECKOM PEaKTOpe C
MEUIAJIKOH, MUHUMHU3UPOBAaTh CTOUMOCTb ITOTEPH CBIPbS M KaTalnu3aTopa.

9. Jlng napajuieIbHOW peaknK NEPBOrO MOPSIIKa, MPOTEKAIOIIEH B N30TEPMUUYECKOM PEakTope ¢
MeIaIKod, MUHUMH3HPOBATh C€0ECTOMMOCTh OJJHOTO M3 MPOAYKTOB, HCUHCISEMYIO C YYETOM
3aTpaT Ha ChIpbe U aMOPTU3ALIMIO PEAKTOPA.

3.1.2. MeTtoanueckue MaTepHabl, OIpeAe/sOlNIde MNPOLeIypPbl OLECHHMBAHUS 3HAHWIA,
YMeHHH, HAaBbIKOB M (WJIH) ONbITA [eATEJbHOCTM B XOJAe TeKYlero KOHTPOJs
yCIeBaeMOCTH

KounTtpoJbHas padora

OneHuBaeTcsi HE TOJNBKO INIyOWHA 3HAHUM MOCTaBJICHHBIX BONPOCOB, HO U YMEHHE
U3JI0KUTH TUCHbMEHHO.

Kpumepuu oyenuganus: nociaen0BaTeNbHOCTb, IOJIHOTA, JOTUYHOCTD U3JI0KEHHUS, aHAIIN3
pa3IMYHBIX TOYEK 3PEHHs, CaMOCTOsATeNIbHOE 00001IeHne maTtepuana. M3noxeHue marepuana
0e3 (paKTUIECKNX OIIHNOOK.

OneHka «omauyHo» CTaBUTCS B Cllydae, KOrJa cOOJII0/IEHbI BCE KPUTEPUH.

OreHka «xopouioy CTaBUTCS, €CIM O0yYaroIuicsl TBEPIO 3HAeT MaTepua, TPaMOTHO U
[0 CYLIECTBY M3JIaraeT €ro, 3HaeT MpakTHYecKylo 0a3y, HO JOMYyCKaeT HeCyIIeCTBEHHbIE



MOTPEIIHOCTH.
Ouenka «ydogremeopumenvbHoy CTaBUTCS, €cClIU OOydYaloIIUHCS OCBOMJI TOJBKO
OCHOBHOM Marepuall, HO HE 3HAeT OTAENIbHBIX JEeTalled, N0IMYCKaeT HETOUHOCTH, HEAOCTATOYHO
MpaBWIbHbIE (OPMYIUMPOBKH, HApyIIaeT IOCIEA0BAaTEIbHOCT, B M3JIOKEHUHM MarepHaa,
3aTpyJHAETCS C OTBETAMM, IIOKAa3bIBA€T OTCYTCTBUE JIOJDKHOW CBS3M MEXAYy aHAIU30M,
apryMeHTaluei 1 BbIBOJaMH.
OneHka «HeyoognemseopumenbHoy CTaBUTCS, €ClIM OOydalolmMiCs HE OTBEYaeT Ha
MIOCTaBJIEHHBIE BOIPOCHI.
3.2. OueHo4HbIe MATEPHAJIBI JIS1 IPOBEACHHUS ITPOMEKYTOYHON aTTeCTalluH
3.2.1. Kputrepuu ouneHKH pe3yJibTaTOB 00YUYeHHUs 10 TUCHUIIMHE (MOTYJII0)

MIxana Pe3yabTarthl
Iloxa3aTenn oneHMBaHUS Pe3yIbTATOB 00y4YeHHS
OLICHHBAHMA o0y4eHust
OTJIMYHO 3HaerT: - oOyyarommiicss TIyOOKO M BCECTOPOHHE YCBOWJI MaTepHall, YBEpPEHHO,

JIOTHYHO, TIOCIIEAOBATEIIFHO M TPAMOTHO €T0 H3JIaraeT, ONHUPasiCh Ha 3HAHUS
OCHOBHOH M JIOTIOJTHUTENILHOM JINTEPaTyphl,

- Ha OCHOBE CHCTCMHBIX HAYYHBIX 3HAHUH JeiaeT KBaTHU(QHUIMPOBAHHEIC
BBIBOJIbI M 00001IEHNs], CBOOOIHO ONEPUPYET KATETOPUSIMH U MOHSATHIMHU.
Ymeer: - oOydJaromuiics yMeeT CcaMOCTOSTENIbHO M INPAaBUJIBHO pelarh y4eOHO-
npo)eCCHOHANBHBIE — 3aJa4ll WM  3aJaHWsd, YBEPEHHO, JIOTHYHO,
MOCJIEIOBATENEHO U apTYMEHTHPOBAHO M3JIaraTh CBOE PEIIeHHE, UCIIONB3YS
HAYYHBIC [TOHATHS, CChUIAsiCh HA HOPMATHBHYIO 0a3y.

Brnaneer: - 00ydvaromuiicsl BIaJAeeT palMoOHAIBHBIMA METOJaMH (C HCIIOJIb30BaHHEM
paIMOHATBHBIX METOAUK) PEIICHUS CIOXKHBIX MPO(PECCHOHANBHBIX 3a/1ad,
MPE/ICTaBICHHBIX JICTOBBIMH UTPAaMH, KeHCaMHt | T.J1.;

[Ipu pemerny TpoIEMOHCTPHUPOBAI HABBIKA

- BBIJICJICHUS TJIaBHOTO,

- CBS3KOW TEOPETHUYCCKUX MOJOKECHHH C TpeOOBAaHWSIMH PYKOBOMISIINX
JIOKYMEHTOB,

- N3JI0’KEHMS MBICTIEH B JIOTHYECKOW I1OCIIeI0BAaTEIbHOCTH,

- CaMOCTOSTENIFHOTO aHajIn3a (haKThl, COOBITHIA, SIBICHUH, POILIECCOB B MX
B3aMMOCBSA3U U JUAJICKTUYCCKOM Pa3BUTUM.

XOPOIIO 3Haer: - o0yuvaromuiicsi TBEpAO YCBOWJI MaTepual, JOCTATOYHO TPAMOTHO €ro
M3Jaraer, OMMpasch Ha 3HAHUS OCHOBHOHM M JONOJTHHUTEIEHON JIUTEPATYPHI,
- 3arpynHseTcs B (OPMYNIHPOBAHUH KBaTU(HUIMPOBAHHBIX BHIBOJOB M
00001IIeHN}, oOlepupyeT KaTeropusiMH W TMOHATHSAME, HO HE Bcernaa
MIPAaBIIHHO WX BEPUQHUIIUPYET.

Ywmeer: - 00yYalOIIHIiCsl yMEET CaMOCTOSTELHO 1 B OCHOBHOM NPABUIILHO PEIIaTh
yueOHO-IpoecCHOHANIbHBIE 3a/la4d WM 33/1aHHs, YBEPEHHO, JIOTMYHO,
MOCJIE/IOBATENIFHO M apryMEHTHPOBAHO H3JaraTh CBOE pEILICHHE, HE B
MOJHOM MEpPE HCHOJB3Yys HAYYHBLIC NOHATHUA U CCHUIKKM Ha HOPMATUBHYIO
0azsy.

Brnaneer: - O0ydJaroumiics B IIEJOM BIAJCET PAlMOHATLHBIMA METOAAMH PEIICHHUS
CJIOKHBIX TTPO(ECCHOHATBHBIX 3a/1a4, PECTABICHHBIX JICIOBEIMU UTPaMH,
KelicaMu U T.1.;

[lpn pemeHHH CMOr NPOJEMOHCTPUPOBATH JIOCTATOYHOCTh, HO HE
TITyOMHHOCTH HaBBIKOB,

- BBIICTICHHUS TIIABHOTO,

- U3JI0KEHHS MBICTICH B JIOTMYECKOMW MOCIIeI0BATEIbHOCTH,

- CBS3KH TEOPETHYCCKHUX IOJOXKCHUH C TPEOOBAHHAMHU PYKOBOMISIINX
JIOKYMEHTOB,

- CaMOCTOSTENIFHOTO aHaiu3a (aKThl, COOBITHIA, SIBICHUH, IPOLIECCOB B MX
B3aUMOCBSI3H M TUAJIEKTHUECKOM Pa3BHTHH.

YAOBJIETBO- 3HaerT: - 00y4aroIuiicss OpUEHTUPYETCSl B MaTepHalie, OJJHAKO 3aTPYAHSETCS B €ro
PUTEJIBHO H3JI0’KEHUU,
- IIOKa3bIBAET HENOCTATOYHOCTH 3HAHMN OCHOBHOM M JOMIOJHHUTEILHON
JUTEPaTypHI;

- c1abo apryMeHTUpPYeT Hay4YHbIE TOJI0KCHUS;

- IPAKTHYECKH HE CITOCOOCH CPOPMYINPOBATh BEIBOIBI M 0000IICHNS;

- YaCTHYHO BJIaJICET CUCTEMOM MOHSATHH.

Ymeert: - o0ydaromuiics B OCHOBHOM YMEET PELINTh Y4eOHO-IpodecCHOHAIBHYIO
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3ajady WIM 3aJaHue, HO JIOITyCKaeT OMMOKH, c1ab0 apryMEHTHPYET CBOE
pelieHne, HeIOCTaTOYHO MCIIONB3yeT HAyYHbIC MOHATHS M PYKOBOISAIINE
JOKYMEHTHI.

Brnaneert: - oOydarommiicss BiIafeeT HEKOTOPHIMH palMOHAIBHBIMA METOJaMHU
pelIeHus]  CIOXKHBIX  NMPOQECCHOHAIBHBIX  3ajad, IPEACTaBICHHBIX
JICIOBBIMU UTpaMH, KeHcaMU U T.1.;

IIpu pereHuu NpoaeMOHCTPUPOBAT HEAOCTATOUHOCTH HABBIKOB

- BBIICTICHUS TJIABHOTO,

- M3JI0’KEHHS MBICIIEH B JIOTHYECKON MOCIEI0BATENBHOCTH,

- CBSI3KM TEOPETHYECKMX TMOJOXKEHHH C TPeOOBAaHMAMH PYKOBOISIINX
JOKYMEHTOB,

- CaMOCTOSTENIFHOTO aHaIu3a (haKThl, COOBITHI, SIBICHNH, IPOLIECCOB B MX
B3aUMOCBS3H U IUATEKTUYECKOM Pa3BUTHH.

HEYJIOBJIETBO- 3HaerT: - 00yyaronuics He yCBOMJI 3HAYNTEIBHON YacTH MaTepHaa;
PUTEJIBHO - HE MOXKET apryMEHTHPOBATh HAyYHBIE [TOJI0KEHHUS,

- He GOpMyITHPYET KBATU(HUIIMPOBAHHBIX BEIBOJOB U 000OIICHHUI;
- HE BIAJEET CUCTEMOM MOHITUH.

Ymeer: oOyJaromuiicss He TOKa3aJll YMEHHE pemaTh y4eOHO-IpodecCHOHATBHYIO
3aJa4yy WM 3a1aHHe.

Brnaneer: HE BBINOJHEHB! TPEOOBaHMS, MPEABSIBISIEMbIE K HaBbIKaM, OLICHUBAEMBIM
«yJOBJICTBOPUTEILHON.

3.2.2. KoHTpoJibHBIE 3a1aHUS H/WJIM MHBbIE MaTepHabl 1Jisl MPOBeJeHUs NMPOMEKYTOYHOH
aTTecTaluu

Cnucok BONPOCOB /Ul YCTHBIX OTBeTOB (BapuaHThl Tecta). TekcThl mpolJeMHO-
AHAJTUTHYCCKHUX U (WJIN) NPAKTHYECKUX Y4eOHO-TIPO(decCHOHAIBHBIX 32124

1.
2.

(98]

11

14.
15.

16.

17.

[TonsTna Monens u MoaenupoBanue. PU3NUecKoe U MATEMATUYECKOE MOJEITUPOBAHUE.
Yro Ha#mo NOHMMATH MOJ KOMIBIOTEPHONM MOJEIbI0 PEATBHOrO Ipolecca W
KOMITBIOTEPHBIM MOJIETUPOBAHUEM?

Oransl nocTpoeHus KoMmnberoTepHoi Monenu XTII.

[louemy npu MOCTPOCHUM AITOPUTMOB PEIICHHs 3aJa4 PEKOMEHAYETCsS MCIOJIb30BaTh
METOJl MAaTEMATHUYECKOM TEKOMIIO3ULIH?

AHanu3 mapaMeTpUyecKOil 4YyBCTBUTENIBHOCTH U pacy€THble HcciaenoBanus. C Kako
LIEJIbI0 TIPOBOJATCS M KAK CTPOSTCS €r0 CTATUYECKUE U TUHAMUYECKHE XapaKTePUCTUKN?
C kakoil 1enbl0 M KaK NPOBOAMTCA aHAIU3 CHUCTEMbl YPaBHEHUH MaTEeMaTHYECKOIO
onucaHus’?

Kak omnpenensercs uucio creneHeil cBOOOIbI CHUCTEMbl ypaBHEHUN MaTeMaTH4YECKOIO
onucaHus’?

Kak BpIOuparoTcst nepemeHHbIe (OIpenesieMble NEPEMEHHbBIE) OTHOCUTEIBHO KOTOPBIX
OyZeT pemaTbcsl CUCTEMa yPaBHEHUH MaTeMaTHUECKOro OMMUCaHUs?

YeM 0TIIHYAIOTCS SMITUPUYECKUE MOACTH OT (PU3UKO-XUMUYECKUX MOJIenen?

.UeM oTianuaeTcsl aKTHUBHBIN OKCIICPUMCHT OT ITacCUBHOIO? Hoquy MECTOOO0JIOIUA

AKTUBHOI'O OJSKCIICPUMCHTA MOXKCET IMPUMCHATHCA JIA PCHICHUA 3aaa4 OITHUMH3alun
TEXHOJIOI'MYCCKUX HpOI_ICCCOB?

. Kaknmn YPaBHCHHUAMU OMMHUCBIBAIOTCA PE3YJIbTATEI aKTUBHOI'O BKCHepHMGHTa?
12.
13.

Kaknmu ypaBHEHUSMH ONUCHIBAIOTCS PE3YJIbTaThl IACCUBHOTO KCIIEPUMEHTA?

Onumure METONOJIOTHIO PErpEeCCHOHHOIO aHaiu3a il IMOCTPOCHHS 3MIHPUUYECKUX
MaTeMaTUYECKUX MOJENEeH XUMUUECKUX MPOIIECCOB.

Kak BpiOupaercs BUJ SMIUPUUECKUX MOJIENEH — JIMHENHBIX U HETUHEHHBIX?

JlaiiTe ompeneneHre MOHATUSAM KoBapuanuu U koddduumenta koppensuuu. Uto oHu
xapaktepu3yioT? Kak omeHuTs K03()QHUIIMEHT KOPPesSIuu Ui MPOCTEHINeH THHEWHON
Monaenu?

[IpumeHeHHe METOJOB HAWMEHBIIUX KBAAPAaTOB JUIS OLEHKH TapameTpoB (YHKIIHA
pacrnpeaesieHuid CIy4aiHbIX BEJIUYHH.

Kak ompenenstorcss KodQQHUIUEHTHI pErpeccu Ui JHUHEWHBIX 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

12



«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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