banakoBCckuii HHKEHEPHO-TEXHOJIOTUIECKUN HHCTUTYT — (hrtnai GpeaeparbHOTO
rOCy/IapCTBEHHOTO aBTOHOMHOTO 00pa30BaTEIbHOTO YUPEKICHHUS BHICILIETO 00pa30BaHMUs
«HaroHanpHbIN UCCIIE0BATENBCKUM ANepHbIA YHUBEPCUTET « MU DN

DaKyabTET AaTOMHOW YHEPTrETUKHU U TEXHOJIOTUHI
Kadenpa «ATomMHas sHEpreTUKA

PABOYAS ITPOI'PAMMA
10 aucruImHe «MoaenupoBaHue XUMUKO-TEXHOJIOTHUECKUX IIPOLIECCOBY

HanpasiieHusi nOAr0TOBKHU
«18.03.01 Xumuueckasa TEXHOJIOTHS

OcHoBHan HpO(l)eCCI/IOHaJILHaSI 06p330BaTeﬂbHaﬂ nmporpamma
«XUMHUYECKash TEXHOJIOTHS HCOPraHN4YCCKUX BCIICCTB»

Kpaiunduxkanus BoIYCKHUKA
bakanasp

dopma 00y4eHuUs1
Ounas

banakoBo



Heab ocBOeHUS TUCHUILINHBI

[TonroroBka GakanaBpoB K Hay4HO-HCCIEAOBATEIbCKON U TEXHOJIOTHYECKON AESITeIbHOCTH, CBS-
3aHHOH ¢ pa3paboOTKOI U KMCCIeIOBaHUEM MAaTEMATHUYECKUX MOJIENCH XMMHUKO-TEXHOJOTHYECKHUX MPOoIiec-
coB u noBeieHNeM 3pdextuBHoctu XTI MmeTogamu MareMaTH4eCKOro MOAETUPOBAHUS.

3ajaun U3y4yeHus: JUCHUTLITUHBIL:

- U3yYUTh U OCBOUTH METO/]IbI IIOCTPOEHUS CTATUUECKUX U JUHAMUYECKUX MaTeMaTUYECKUX MOJie-
Jiel XMMHUKO-TEXHOJOTUYECKUX MTPOLIECCOB, B TOM YKCIIE€ METOJaMH PErPECCUOHHOTO aHAJIN3a,

- IPUMEHATh METOJbl MATEMAaTUYECKOT0 aHAJIN3a U MOJEIMPOBAHUS, TEOPETUUECKOTO U IKCIIEPHU-
MEHTaJILHOTO UCCIIEI0BAHMUS;

- UCIOJIb30BaTh COBpEMEHHbIE HH(POPMAIIMOHHBIE TEXHOJIOTHH, IPOBOJUTH 00pabOTKy HH(pOpMa-
MU C UCTIOIb30BAHUEM IMPUKIIATHBIX TPOrPAMMHBIX CPEJCTB, MAKETOB MPUKIAJAHBIX MPOTPaMM IS pac-
YeTa TeXHOJIOTMYEeCKHX apaMeTpoB 000pyA0BaHNUS;

- chopmupoBaTh KOMITETEHIIMHU y oOydatomuxcs cornacHo OC HUAY MUDMN.

OO0yueHne MPOBOAUTCS B COOTBETCTBUU ¢ MpodeccuoHaibHbIM cTanaapToM «26.001. Crienmnanuct
Mo 00eCNevYeHUI0 KOMIUIEKCHOTO KOHTPOJISI MPOU3BOJICTBA HAHOCTPYKTYPUPOBAHHBIX KOMITO3UIIMOHHBIX
MaTepUajoBy.

Mecto mucuuniaunbl B ctpykrype OOII BO

[lepedyeHb MUCIUILINH, YCBOCHHE KOTOPBIX HEOOXOAMMO JUIS U3yYCHH JTaHHOW JUCIUTUIMHBL Ma-
tematuka, Pusuka, Mupopmaruka, O6uwmii kypc xumun, Ananutuyeckas xumus, HoBble nH(popmMannoH-
HBIE TEXHOJIOTHHU B MMPO(ECCHOHABHOM JIesITenbHOCTH, [Ipoteccs! u anmapaTsl XMMHYECKO# TexHoIoruu. B
pe3ynbTare M3yuyeHMs 3THX JUCLUIUIMH O0ydaroliuecs JOJDKHBI 3HATh OCHOBHBIE 3aKOHOMEPHOCTH ecTe-
CTBEHHO - HAay4YHbIX JUCLHUIUIMH, 3HaTh U IPUMEHITh METO/bl MaTEMATUYECKOIO aHAIIN3a, TEOPUH Judde-
PEHLMATIBHBIX YPaBHEHUH, OCHOBbI KWHETUKU XUMUYECKUX PEaKIMii, 3aKOHOMEPHOCTH Macco- U TEIuIone-
peHoca.

OcBoenue nucuUIIMHbl «MoJeInpoBaHNEe XUMHUKO-TEXHOJIOTHUYECKUX MPOLECCOB» B MOCIEIYIO-
IIeM HeoOXOJMMO TIPU MPOXOXKACHUH MTPOU3BOICTBEHHOH (ITPEAUIUIOMHON) MPAKTUKH, a TAKXKE B PaM-
kax ['ocynapcTBEHHON UTOrOBOM aTTeCTallUy.

O0600mIeHHbIE TPYIOBBIE (PYHKIINH, KOTOPBIE CMOKET MOJHOCTHIO MJIM YaCTUYHO MPOJIEMOHCTPH-
pOBaTh CTYAEHT IPU OCBOCHUU JAHHOM JTUCLMILIMHBI B COOTBETCTBUHU € POPECCHOHATIBHBIM CTAaHAAPTOM
26.001:

-A/01.6. IlpoBeneHne aHaiu3a ChIpbs, MONTY(paOPUKATOB U TOTOBOM MPOAYKIMH MPOU3BOJCTBA
HAHOCTPYKTYPHUPOBAHHBIX KOMITO3UIIMOHHBIX MaTtepuanos ([1K-5, I[TK-7);

- A/02.6. Pa3paboTka HOBBIX U COBEPLICHCTBOBAHME JICHCTBYIOIIUX METOJOB MPOBEICHHS aHAIHU-
30B, HCIbITaHM U ucciaeaoBanuii (ITK-1);

- A/03.6. BeisiBneHre ¥ aHaIM3 MPUYKH Opaka/HecooTBercTByoIIeH npoaykiwmu (ITK-5);

- A/06.6. PazpaboTka mpeioKeHuil 10 KOMIIJIEKCHOMY UCIOJIb30BaHUIO ChIPbS U YTHUIIM3AIUH OT-
xom0B npoussojactsa (ITK-7);

- A/07.6. TIpoBeneHre UCTIBITAHUI HOBBIX 00pa3LOB MPOIYKINH, pa3padOTKa TEXHUYECKON TO0KY-
merTaruu (ITK-1);

- B/04.6. I[ToaroroBka mpoBeeHNs] KOMIUIEKCHOTO KOHTpOosist ipoaykiuu (ITK-5).

KomMmnerenuun oﬁyqalomerom, (l)opMupyeMble B pe3yJibTaTe OCBOCHUS TUCHUIIJIHHBI
B mponecce OCBOCHUA JaHHOM JUCHUMILIAHBI Y CTyACHTA (I)OpMI/Ipy}OTCSI CJICAYIONINUEC KOMIICTCHIIUU

— npodeccruoHaIbHbIE
Kox xomme-
eI HaumeHoBaHue KoMIeTeHIINH NuankaTopsl JOCTUKEHHSI KOMITETEHIIUT
I1K-1 cnioco0eH ruianupoBath U npoBoauTh | 3-I1K-1 3HaTh nmpuMeHeHHne METOJ0B MaTeMaTH-

bu3MYeCKne W XMMHYECKHE OHKCIIe- | YeCKOT0 aHaIn3a, MOACIUPOBAHUS M TEOpPETHYE-
PUMEHTHI, MPOBOJIUTh O0pa0OTKY UX | CKHX  OCHOB  JJig  TPOBEIEHUS  HAy4dHO-
pEe3yIbTAaTOB W OIIEHUBATh MOTPEII- | UCCIAEAOBATEIbCKUX padOT U UCTIBITAHUN

HOCTHU, BBIIBUTaTh TUNOTE3bl U ycTa- | Y-IIK-1 YMeTs BBIMONHATH (pu3Mveckne U Xu-
HAaBJIMBATh TPAHUIIBI MX MIPUMEHEHHS, | MUYECKHUE IKCTIEPUMEHTAIbHBIE PabOThI, MMPOBO-
MPUMEHSTh METO/bl MAaTEeMAaTUYECKO- | TUT 00oO0IIeHne U 00paboTKy WX pe3yabTaToB,
ro aHajiW3a W MOJEIHUPOBAHUS, TE€O- | OIIEHUBAET MOTPEIIHOCTH, BBIIBUTAET THUIIOTE3bI
PETUYECKOTO M SKCIEPUMEHTAIBHOIO | M YCTAHABIMBAET TPAHULIBI X IPUMEHEHUS




HUCCIEeI0BaHUI B-IIK-1 Bnamets MeTomaMu IOATOTOBKH METO-
JUYECKOT0 PYKOBOJICTBA MO MPOBEACHUIO (PU3U-
YECKUX U XMMHYECKUX SKCIEPUMEHTOB U Hayu-
HO-KCCJICIOBATEIHCKUX PaboT
IIK-5 criocobeH mnpuMmeHsATh aHanutuye- | 3-11K-5 3HaTh aHaTUTHYECKUE W YHCIICHHBIE Me-
CKHE W YMCIJICHHBIE METOJbI PEIICHUSI | TOJBI PELICHUs 3a/1ad MO COCTABJICHUIO JIOKAIb-
MIOCTaBJIEHHBIX 3aJa4, UCIOJIb30BATh | HBIX TEXHUYECKUX JIOKYMEHTOB M HCIIOJIb3YET
COBPEMEHHBIC nH(OPMAIIMOHHBIC | TAKETHI MPUKIAIHBIX MPOTPaMM I pacueTa ma-
TEXHOJIOTHUH, MPOBOAUTH OOPabOTKY | paMeTpOB TEXHOJIOTMYECKOro Impoliecca
uHpopmanuu ¢ ucnonbzoBanueM | Y-IIK-5 VYmeTs mpumeHsATH NpUKIATHBIE MPO-
MPHUKJIATHBIX MPOTPAMMHBIX CPEJICTB | TPAMMHBIE CPEACTBA ISl TIOCTPOSHUS TPadUKOB,
cdepsl npodeccCHOHANbHON eATeNb- | IUarpaMM, TaOIHIl U IPOBOAUT UX aHAIU3
HOCTH, MCIIOJIb30BaTh ceTeBble KoM- | B-IIK-5 BiameTs HaBBIKAMU KCIIOJIB30BAHUS Ce-
NBIOTEPHBIE TEXHOJIOTMM U 0a3bl | TEBBIX KOMIBIOTEPHBIX TEXHOJOTMH U 0a3 JaH-
JAHHBIX B CBOEU MpOo(ecCHOHANBLHON | HBIX MPU MPOBEICHUU UCIBITAHUN CBHIPbS, MOIY-
o0yacTu, makeTbl MPUKIAAHBIX Mpo- | paObpHUKaTOB U TOTOBOM MPOIYKIIHH
rpaMm JUisi pacyera TEeXHOJOoTh4e-
CKHX [1apaMeTPOB
[K-7 crocoben mnpuHUMaTh KoHKpeTHbIE | 3-11K-7 3HaTh TEXHOIOTUU U CUCTEMBI PKOJIOTH-
TEXHUYECKUE PEIICHUS TPH pa3pa- | YeCKOrO0 MEHEKMEHTa MPU MPOBEICHUU HCIIbI-
00TKE TEXHOJOTHYECKHX MPOIECCOB, | TAHUMN C HCIOIb30BAHHEM TEXHUUECKUX CPEICTB
BbIOMpaTh TexHuueckue cpeactsa u | Y-IIK-7 Ymers BbIIOAHATH paboThl O cOOpy U
TEXHOJIOTUM C YYETOM OJKOJIOTHYe- | HAKOTUICHHUIO JTaHHBIX MPH pa3pabOTKe TEXHOIO-
CKHX IOCJICICTBUI X MPUMEHEHUS TUYECKUX MPOIECCOB
B-IIK-7 Bnaneth HaBbIKaMH BBIOOpAa TEXHHUYE-
CKHX YCTPOWCTB M TEXHOJIOTHH C y4ETOM 3KOJIO-
THYECKUX TIOCICACTBUN HMX TPUMEHEHHUS JUIs
MOATOTOBKUA MPOEKTa IUIaHa MEPONPUITHI IO
WCIIOJIb30BAHUIO CHIPBS B JOMOTHUTEIBHBIX MPO-
M3BOJICTBEHHBIX LEJISIX
3agaumM BOCIUTAHMS, peajiu3yeMble B PAMKAaX OCBOEHH S IH CHUIITTHHbI
Co3nanue ycJio- Bogiieuenne B pa3Ho-
Hanpas.ie- . HNcnonb3oBaHue BOCIUTATENBHOTO
HHUe/Iean BHH, obecrewH- NMOTEHIHAJIA YYeOHBIX THCHHMILINH MIHOBYI0 BHEYeOHYI0
BaKOIIUX AeSITeJIbHOCTh
IIpogeccuo- - popmupoBanue | 1.Mcnonb3oBanue BocnurarenbHoro no- | 1.0pranuzanus HaydHO-
HaJIbHOE BOC- | TBOPYECKOTO MH- | TEHIIMAJa IUCIUIUIMH MPO(ecCuoHanb- | ro MOAXOoAa U YyBCTBa
NUTaHUe KEHEPHO- HOTO MOJYJIS IS PA3BUTHUSI HABBIKOB «Bce B omgHOM KOMaHIe»
ro/mpodeccuoHan | KOMMYHHKAI[UH, KOMaHIHOW pabOTHI U yepe3 yyacTue CTYJIEH-

BHOT'O MBIIILIE-
HUS1, HABBIKOB Op-
raHW3alux KOJI-
JIEKTUBHOM MPO-
€KTHOM JIesATeIIb-
Hoctu (B22)

JU/IEPCTBA, TBOPUECKOTO HHKEHEPHOTO
MBIILLUIEHHS], CTPEMJICHUS CIIE0BATh B
npodeccuoHaNbHON e TEIIbHOCTH HOP-
MaM IoBeJIeHHsl, 00eCIeYnBaIOIIUM
HPaBCTBEHHBIN XapaKTEP TPYIOBOH JAes-
TEJIbHOCTU M HECITy>KEOHOTO MOBEIeHUS,
OTBETCTBEHHOCTH 3a MPUHSATHIEC PELLICHUS
yepes MOArOTOBKY I'PYIIIOBBIX Kypco-
BbIX pabOT U MPaKTUYECKUX 3aJaHU,
peleHne KeNHcoB, IPOXOKICHHUE MPaK-
THUK ¥ toarotoBky BKP.
2.Mcnonp30BaHuE BOCIUTATEIBHOTO I10-
TEHIMaNa JUCHUIUIUH NPOPEeCcCHOHANb-
HOT'O MOZYJIS IS

- (opmupoBaHUS MPOU3BOJACTBEHHOTO
KOJUJIEKTUBHU3Ma B X0J/I€ COBMECTHOTO
pEIIeHUs KaK MOJEIIBHBIX, TaK U MPaK-

TOB B TIPOBEJCHUH KPYT-
JBIX CTOJOB M CEMHHa-
pOB.

dopMupoBaHUE BEPTHU-
KaJIBHBIX CBsI3eH U Gop-
MaJIbHBIX MTPaBUIT KU3HU
IIPH POBEJICHUH CTY-
JEHYECKUX KOHKYPCOB




TUYECKHUX 3a/1a4, a TAaKXKe MyTeM MOJ-
KpeIUIeHUE PalioHaIbHO-
TEXHOJIOTUYECKUX HABBIKOB B3aUMO/ICH-
CTBHS B POEKTHOH JEATEILHOCTH AMO-
IIUOHAIBHBIM 3(PPEKTOM YCIIEITHOTO
B3aUMOJICHCTBHS, OIYIIICHUEM POCTa
o0mieit appexTuBHOCTH TIpH pacmpee-
JICHUH MIPOEKTHBIX 3371a4 B COOTBET-
CTBHH C CHJIbHBIMU KOMITETEHTHOCTHBI-
MH U SMOLMOHAILHBIMH CBOHCTBaMH
YJICHOB IIPOCKTHOM TPYIIIBL.

- ¢popMupoBanue
KYJIbTYpBI UH-
hopmarmoHHOM
0e30macHOCTH
(B23)

Hcnonb30BaHue BOCITUTATEIBLHOTO M0-
TEHIIMaJa JUCUUIUIAH MpodeccHoHab-
HOT'O MOJYJIst [yisi hopMupoBaHue 6a3o-
BBIX HaBBIKOB MH(OpMAIIMOHHOU 6e3-
OIMACHOCTH Yepe3 U3y4YeHHEe MOCIIe/I-
CTBUH XaJaTHOTO OTHOIICHUS K paboTe
¢ nHGOPMAITMOHHBIMU CHCTEMaMH, Oa-
3aMU JaHHBIX (BKJIIO‘-Ia?[ INEPCOHAJIBbHBIC
JaHHBIC), MPHEMaX M METO/aX 3710~
YMBINJICHHUKOB, IOTCHIIHAJIBHOM YPOHC

IIOJIB30BATCIISAM.

2. IloBritienne

3HaHUU

1o nHpOpMaTU3ALUU
o0mectBa ¥ KOMMYHHU-
KallMOHHBIX TEXHOJIOTHIi
IJISl pelieHUsT KOMMYHHU-
KaTUBHBIX W TI03HAaBa-
TENBHBIX 3a/1a4 CTYJCH-

TaMMU.

CTpyKTypa u cofep:kaHue Y4eOHOH JUCIUIIMHBI

JucnuniuHa npenojgaeTcs CTyaeHTaMm B 7-oM cemectpe. O01as Tpy10eMKOCTh AUCIUILITUHBI CO-
crasiisieT 4 3aueTHBIX eaquHuIbl, 144 ak. daca.

Kasenaapubiii niian

Ne Buabl yueOHoil 1eATeIbHO-
P CTH (B Yacax) Makcu
Ne o °
a T = = ATTecTa MaJlb-
3 o HaumenoBanue pasjgesia (Te- . = E_ § s pas- Hblil
hi | M MbI) IMCIIATIIAHbI § E E ; 8 aesaa oaa
e £1E12 2 0w |
& 2
a = =
1 pa3znes. OCHOBHBIE NOHSITUSL M BEPOSITHOCTHBIN M0X01 K MoaeaupoBanuio XTII
1 1 OCHOBHBIE IIOHSTHS MOJIEIIH- 26 4 29
poBanus XTII
1 2 BeposiTHOCTHBINT ~ TOAXO07 K 28 5 Y T1 20 6.
MOJICJINPOBAHUIO
2 pasjaeJ. JlerepMmuHMpoBaHHbINi M0AX01 K MoaeanpoBanuio XTI
2 3 | Marematudeckoe MOJICTUPO-
BaHHE TUAPOIUHAMUYECKON 30 4 5 99
CTPYKTYp OJHO(a3HBIX MOTO-
KOB
2 4 MaremaTrnyeckoe MOIEeITUPO-
BaHHE TEIIOOOMEHHBIX MPO- 34 4 6 24
IIECCOB
2 5 | MaremaTHueckoe MOJEINUpPO- T2 40 ©.
BaHHE KHHETUKU XUMHUYECKUX 24 2 22
peakuui
Bua npomMeXyTOYHO# aTTecTAIlNN 144/6 | 16 16/6 | 112 3a0 40 6.

CoxpalieHHOe HauMEHOBaHHE ()OPM TEKYILEro KOHTPOJIS U aTTECTALlUU Pa3feloB:




O0o3HaueHue ITos1HOE HAMMEHOBaHUE

T TectupoBanue

3a0 3ayeT ¢ OLEHKOH

Conep:xkaHue JeKIMOHHOTO Kypca

TeMbl JeKINHA.
Bonpocsl, oTpadaTsiBaeMble Ha JIEKIIUA

Bcero
4acoB

YuebHo-
METOANYEeCKOe
ob0ecreuenue

1

3

1 OcHoBHuble noHATUA MozearpoBanus X TII

1.1 Ionstue monenu. Knaccudukarus moaenei

1.2 Bunbl MmogenupoBaHus

1.2.1 ®usndeckoe MOJACITMPOBAHNE

1.2.2 MaremMaTuyeckoe MOACIUPOBAHNE

1.3 Knaccudukamnust MaTeMaTH9IeCKUX MOJICICH

1.4 TTpuHIUIIEI MATEMATHYECKOTO MOJICITMPOBAHMSI TTPOIIECCOB XUMHYECKOM
TEXHOJIOTHH

1.5 HccnenoBanue XMMHUKO-TEXHOJOIMYECKUX MPOLIECCOB METOJOM MaTe-
MaTUYECKOTO MOJACIUPOBaHUA. BIIOUHBIA MPUHIUIT TOCTPOCHUSI MaTEMaTH-
gyeckoit monenn XTTI

1.6 Knaccudukanus ypaBHEHUIH MOAETH

1.7 Dranbl mocTpoeHus MaTeMaTH4YecKoi moenu X TT1

1-6

2 BeposTHOCTHBIN MOAX0] K MOJIETUPOBAHUIO

2.1 ®yHkMsa o1HON mepeMeHHOU. BriOop BHIa u omnpeneieHue napamer-
POB AMIUPUYECKON 3aBUCUMOCTH

2.2 OyHKIMUA MHOTHUX MEpEMEHHbIX. MHOXKECTBEHHAsl perpeccust

2.3 IlnanupoBaHue HKCIIEPUMEHTA

3 MaTtemaTtuueckoe MOJEINPOBAHUE THIPOIUHAMUYECKON CTPYKTYp OJIHO-
(a3HBIX TOTOKOB

3.1 Mopenp naeanbHOro nepeMeruBaHus

3.2 Mopenb ueanbHOro BHITECHEHUS

3.3 Ongnonapamerpuueckas 1u¢pdy3noHHasE MOJIENb

3.4 Slueeunast mozenb

3.5 KomOuHUpOBaHHBIE MOIETTU

4. MareMaTHuY€CKO€ MOJICIMPOBAHUE TEINIOOOMEHHBIX IPOLIECCOB
4.1 Marematnyeckue MOJENN TEIIOOOMEHHUKOB

4.2 TennooOMEHHHUK THUIA «I1€peMEIINBaHNe-TIEpEMEINBaHUE)»
4.3 Tens100OMEHHUK THIA «II€pEMEIINBaHNE-BbITECHEHUE)

4.4 TenoOOMEHHUK THUIA «BBITECHEHHE-BBITECHEHHE»

1-6

5 MaremaTnyeckoe MOJICTMPOBAaHNE KMHETHKN XUMHUYECKIX PEeaKInit
5.1 Knaccudukanus peakiuii

5.2 CKOpOoCTh XUMUYECKON peaKuu

5.3 Kunetnueckue ypaBHEHUs

1-6

IlepeyeHb NPAKTHYECKUX 3aHATHH

Tema npakTudeckoro 3ansitusi. Bonpocel, orpadareiBae-
MbI€ HA MTIPAKTHY€CKOM 3aHATHUUA

Bcero
JaCcoB

Y4yedHO-
MeTOANYecKoe
odecrmeyeHue

1

3

BBI60p BHUJia U OMIPCACIICHUC TapaMCTPOB 3MHHqueCKOﬁ 3aBUCHUMOCTH

1-6

Marematnueckoe MOJCIMPOBAHUE CTPYKTYPhI 0JHO(DA3HBIX TOTOKOB

1-6

MojenupoBaHue TEIIO0OMEHHUKA THIIA «Tpy0a B TpyOe»

oo N

1-6




3aganus 11l CAMOCTOSITE/IbHOI paboThI CTYAEHTOB

Bomnpocsl 111 caMOCTOATEIbHOTO U3yYeHus (3a1aHuUs)

Bcero
yacoB

YyeoHo-
METOANYEeCKOe
ob0ecreueHue

1

2

3

1 MareMaTHueckoe MOJEINPOBaHUE MMIAPOJUHAMUYECKON CTPYKTYp OAHO-
(ha3HBIX TOTOKOB

1.1 BpeMms npeObIBaHUS 2JIEMEHTOB MOTOKA KaK ClydaiiHasi BEIMYMHA

1.2 DkcrepuMeHTaIbHOE M3YUEHHE pacHpeAeieHUs BPEMEHH MpeObIBaHHA
3JIEMEHTOB IOTOKA

1.3 Unterpanbhas u auddepenuuanbias GyHKIHA pacnpeaeaeHus BpeMe-
HU NpeObIBaHUS JIEMEHTOB I1OTOKA

1.5 Anroput™M uAEHTHU(HUKAIMKA MATEMaTHYECKOTO OMUCAHUS CTPYKTYPHI
IIOTOKOB

22

1-6

2 MaTeMaTH4ecKoe MOJICIIMPOBAHUE TEIUIOOOMEHHBIX IPOLIECCOB
2.1 OCHOBBI TEIJIOBOTO pacyera

2.1.1 IIpoeKTHBIH pacyeT TeII00OMEHHOTO armapara

2.1.2 TIpoBepouHbIi pacdeT TEIJI00OMEHHOTO amnmapara

2.2 OnTUManbHOE MPOESKTUPOBAHUE TEIUIOOOMEHHOTO anmapara.
2.2.1 IloctaHoBKa 33ja4¥l ONTUMAJILHOTO MPOEKTUPOBAHUS

2.2.2 AnTopuTM pacueTa KpUTepUsl ONTHMHU3ALNT

2.3 Ilpumep MoAenUpPOBAaHUS TPOTUBOTOYHOTO TEIIOOOMEHHHUKA

22

3 Marematnueckoe MOJEIMPOBAHNE KHHETUKH XUMUUYECKUX PEaKIIUA

3.1.4 MexaHu3M XUMHYECKON peakiuu. [IpocThie U CIOXKHbBIE peaKkIuu
3.1.5 Crenensp npeBpalieHus

3.1.6 CteneHb MOJHOTHI PEAKIIMHT

3.1.7 Crexuomerpuueckue ypaBHeHusa. CTexuoMeTpruieckas MaTpuia

3.2 Dranbl uACHTU(UKAIIIY MAaTEeMAaTHYECKOW MOJEIN KUHETHKHA XUMHYC-
CKHMX pEaKUHid

3.2.1 DKcnepuMEHTANIbHOE UCCIIEI0BAHNE KUHETUKN XUMUYECKUX PEaKLui
3.2.2 ®opmynupoBaHUE TUIIOTE3 O BO3MOYKHBIX MEXaHU3MaX PeaKIuu

3.2.3 Pa3paboTka MaTeMaTU4ecKOW MOJETH KUHETHKU XUMHUYECKHX peakx-
i

3.2.4 ®opmynupoBaHuE KPUTEPUS a€KBaTHOCTU

3.2.5 OTbicKaHNE KMHETHMYECKUX KOHCTaHT (IapaMmeTpuyeckas WICHTH(U-
KaIusi MOJICIIN )

3.4 Tlpumepsl MOACTUPOBAHUS KHHETUKH

22

4 MaTteMaTH4ecKoe MOJICTMPOBAaHUE MaCCOOOMEHHBIX MPOLIECCOB
4.1 IloctanoBka 3amauu

4.2 briouHbIi NPUHIMI TOCTPOSHUSI MOJIeNIel Macconepe1adn
4.3 OOmias XxapaKTepUCTUKA MATEMATHIECKOTO OTTUCAHUS

4.3.1 YpaBHeHnue O6anaHca Macchbl

4.3.2 YpaBHEHHE PaBHOBECHUS

4.3.3 YpaBHEeHHE KUHETUKH

4.4 MonenupoBaHre MacCOOOMEHHOTO MPOIecca Ha MPUMepPe MOJIEITUPOBa-
HUS TIpoIecca aacoponmu

4.4.1 YpaBHeHue MaTepuaabHOro OanaHca

4.4.2 YpaBHeHHE KMHETUKH COPOIIHI

4.4.3 YpaBHEHHE paBHOBECHS COPOITUU

4.4.4 YpaBHeHHUE TETUIOBOTO OajaHca

4.4.5 YpaBHeHUeE NIepelaun TeIia
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5 Marematnueckoe MOJEIMPOBAHUE XUMUYECKUX PEAKTOPOB

5.1 Knaccuukaius XuMU4eCKHX PEaKTOPOB

5.2 MaTemaTu4yecKkue MOJIENH MPOLECCa B PEAKTOPE

5.2.1 MaremaTu4eckre MOJEIHN PEaKTOPOB UEATLHOIO CMEIICHUS
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5.2.2 MaremaTtnueckue MOJAEIN XUMHUYECKHX PEaKTOPOB HJI€ATbHOTO BBbI-
TECHEHUS

5.2.3 KackaJ peakTOpoB UJ€aJIbHOIO CMEILIECHUS

5.3 CpaBHeHHE XUMHYECKUX PEAKTOPOB MCATBbHOIO CMELICHHS U Healb-
HOTO BbITeCHEHUs U Kackaga PUC

Oo0pa3oBaTte/ibHbIE TEXHOJIOTUH

[Ipn peanuzanmu ydeOHOro Marepuaia Kypca HCIONIB3YIOTCS pa3iIMyHble 00pa3oBaTelbHbIEC TEX-
HOJIOTHH, CIIOCOOCTBYIOIIME CO3JIaHUIO aTMOC(epbl CBOOOAHON M TBOPYECKOM JMCKYCCHU KaK MEXIY
IpernoaaBaTesieM U CTYACHTaMH, Tak U B CTyAeHYecKod rpynme. Llenbro mpu 3ToM sBIsieTCs BBIpaObOTKa y
CTYJICHTOB HaBBIKOB W KOMIICTCHIIM, MO3BOJIIOIINX CAMOCTOSTEIBHO BECTH HCCIICAOBATEIbCKYIO H
Hay4HO-TIEJarOrH4ecKyIo padoTy.

[NpakTryeckas MOArOTOBKA MPH pealli3allii YYeOHON JUCIMILIMHBI OPraHK3yeTCsl ITyTeM TIPOBEICHUSI
NPAKTUYECKUX 3aHIATHH, IPEIyCMaTPHUBAIOIINX YJacTHE OOYUAIOIIMXCS B BBITOIHEHUH OTACIIBHBIX 3JIEMEHTOB
paboT, CBA3aHHBIX ¢ OyayIel MPoeCCHOHATEHOMN NEeATETBHOCTHIO.

[pakTryeckas OArOTOBKA TAKKE BKIIFOUACT B ce0s 3aHATHS JICKIIMOHHOTO THIIA, KOTOPBIE TIpeTycMar-
pUBAIOT Tiepenavy yueOHO# nHdpopMarmy 00yJaronmMcst, HEOOXOIMMOM JUTsl TIOCIIEAYIOIIETrO BBIIOJIHEHHS Pa-
00T, CBsI3aHHBIX ¢ Oy/IyIIe NTPO(eCcCCHOHATEHON NS TETBHOCTBIO.

AyIMTOpHBIC 3aHATHSI IPOBOJSITCS B BHJIE JICKIHIA ¢ HCob30BaHueM [1K 1 KOMIBIOTEpHOTO TIPO-
eKTOpa, MPaKTUYECKUX 3aHATHH, C ucnonb3oBanueM [IK mpu mpoBeneHMn pacueToB W MOJCTHPOBAHHS.
CamocrosTenbHass paboTa CTYAEHTOB MPOBOIHUTCS IO PYKOBOACTBOM MpEIOJaBaTelNieil, ¢ OKa3aHHEM
KOHCYJIbTAIMH ¥ IIOMOILH [TPU TIOATOTOBKE K KOHTPOJIBHBIM PadOTaM, BBINIOJIHEHUHN JTOMAIIHUX 33/1aHHH.

DoH/1 OLIECHOYHBIX CPE/JICTB
®DoH/T OLICHOYHBIX CPEJICTB MO AUCIHUIUIMHE 00ECIIEUYNBAET MPOBEPKY OCBOCHUSI TUIAHUPYEMBIX pe-
3yNbTaTOB 00yuYeHUs (KOMIIETEHIIUI U UX WHIMKATOPOB) MOCPEACTBOM MEPONPUITUN TEKYIIETro, pyOek-
HOI'o u HpOMC)KyTOLIHOFO KOHTpOJI?I 110 JUCIIUITJIINHE.
CBs3b MKy GOPMUPYEMBIMU KOMIIETCHIUSAMH U (hOpMaMU KOHTPOJISL UX OCBOCHHUS MpECTaBIIe-
Ha B CJIeAYIOMIEH TabuuIle:

Kon n HanMeHoBaHME UHIUKa-
HaumeHoBaHMe KOHTpoOIHpye- HaumenoBanue
Ne n/mn TOpa AOCTUKEHUSI KOMITETEH-
MBIX pa3/iesioB (TEMBbI) - OLIEHOYHOTO CPEACTBA
Bxo/1HOW KOHTPOJIb
1 BXO/HOH KOHTPOJTD Bonpocel BX0IHOTO KOHTPOJIS
(ycTHO)
ATTecTtanus pa3fenoB, TEKYIIUA KOHTPOJIb YCIIEBAEMOCTH
2 OcHosHble oHaTUd U Bepost- | 3-I1K-1; V-IIK-1, B-TIK-1 TMpaxtrieckas padota |
HOCTHBIU MMOXO0J K MOJEIUPO- 3-11IK-5, V-IIK-5, B-IIK-5 Tecr 1 (MuChMeHHO)
Banuro XTII 3-T11K-7, Y-IIK-7
3 Herepmunuposannsbiii noaxon | 3-IIK-1; V-TIK-1 IIpakTuueckas padota 2
K MogenupoBanuio XTII 3-I1K-5, Y-IIK-5, B-TIK-5 ITpakTryeckas pabora 3
3-11K-7, V-IIK-7, B-TIK-7 Tect 2 (MUCbMEHHO)
IIpoMexyTouHas aTTecTalus
4 3a4der ¢ OLICHKOH 3-IIK-1; V-IIK-1, B-TIK-1 Bomnpocs! k 3auety (ycTHO)
3-I1K-5, Y-IIK-5, B-TIK-5
3-11K-7, V-IIK-7, B-IIK-7

OreHOYHBbIE Cpe/ICTBA AJIsi BXOJIHOTO KOHTPOJIS MPEACTABISAIOT COOOH BOIIPOCHI, KOTOPHIE 33Jat0T-
Csl CTYIGHTaM B YCTHOM ¢opMe.

B kauecTBe OLIECHOYHOIO CPEACTBA TEKYLIETO KOHTPOJISI MCIIOJB3YIOTCSA BBIIIOJHEHUE MpPaKTHYeE-
CKHX 3aJITaHUH.

B kauecTBe OLIEHOYHOrO CpeACTBa aTTECTALMM Pa3/eNIOB UCIOIb3YIOTCS TECTHI | U 2, a s npo-
MEXXYTOUHOI aTTecTally MPeayCMOTPEHbI TEOPETHUECKHUE BOIIPOCHI.

[To uToram oOy4yeHHsI BHICTABIISIETCS 3a4ET C OLIEHKOH.

Bonpochl BXOAHOT0 KOHTPOJIsI
1. HenpepoiBHas QyHKITHS.




. IlpousBoHast GpyHKIHS.

. 'mapomexaHuyecKre MpOLECChI.
. TernnoBsle MPOLIECCHI.

. MaccooOMeHHBIE TTPOIIECCHI.

. XMMHYECKHUE MPOLECCHI.

. MexaHnuecKkue npoueccsl.

. [leppoanueckue npoueccsl.

. HenpepsbiBHBIE pOLIECCHI.

10. MarepuanbHbIil OaaHc.

ATtTecranys paszena 1o AUCLHUILUIMHE ITPOBOAUTCS B (popMe TectupoBanus. Tect copepxur ot 10
BonpocoB. Ha Bemonnenue 3aganus oroautcs 30 munyt. Tect — 310 (hopma KOHTPOIISI, HANIpaBJICHHAs Ha
IIPOBEPKY YPOBHS OCBOEHHUSI KOHTPOJIMPYEMOI'O TEOPETHUYECKOI'0 M MPAKTUYECKOIo Marepuasia 1o AuJak-
TUYECKUM €IMHUIIAM JUCUUIUINHBI (TEPMUHOJIOTUYECKUH armapar, OCHOBHBIE METO/IbI).

O 00 1 N DN B~ WN

Tect Nel (mpumepHbIii BUN)

1. UYwucneHHble XapaKTEPUCTHKU aNmaparypHOro OQOpPMIICHHS MOAEIUPYEMOro OOBEKTa.
Hanpuwmep, 06bem peakropa, cBOOOAHOE CE€UEeHHUE anmapaTa ¢ HaCaJIKOH, y/eibHasi OBEPXHOCTh KaTa-
JU3aTopa M T.I. OTHOCAT K

a) mapaMeTpbl COCTOSTHUS IOTOKOB

0) CTPYKTYpPHBIM MapameTpam

B) PU3HUKO-XUMHUYECKUM TTapaMeTpam

') KOHCTPYKTUBHBIM IMapaMeTpam

2. B xauecTBe BXOJHBIX IEPEMEHHBIX TPUHUMAIOT

Bo3mymerns

Bxozsl ‘|/ ‘L ‘|/ Brrxoas
N >
—> S
X XTC 1

T

Vnpasiatonne Bo3aelicTBIA

a) TeMIIepaTypa, KOJIMYECTBO MepepadaTbIBAEMOro ChIpbsl, BIAXKHOCTh

0) TenyoBasi, a3pOoAMHAMUYECKasl U BIAXKHOCTHAsI HArpy3Ku

B) TEILJIOBasi, ra30Basl M BIAKHOCTHAs Harpyska

I') TeMIlepaTypa, KOHIEHTpaLHs, KOJIMYeCTBO TOTOBOTO MPOYKTa

3. Yto oToOpakaeT TexHoJOorn4yeckuil oneparop T B JaHHOM ypaBHEHUU?

Y =T(X, U)

a) oroOpaxkaeT (PyHKIMOHAJIbHOE MPOCTPAHCTBO BXOJHBIX NEPEMEHHBIX (X) M MPOCTPAHCTBO
nepeMeHHbIX cocTosgHus camoit @XC (U) B mpocTpaHCTBO OLIEHOK BXOJIHBIX MEPEMEHHBIX Y

0) oToOpaxkaeT Hecylee B cebe nHPOPMAIIHIO O CIIOCO0E PEIIeHHs] ypaBHEHUN MaTeMaTUYeCKOn
MOJIEH

B) OLIEHKY BXOJSIIMX TapaMeTpOB

I') oToOpakaeT (PYHKLIHMOHAIBHbIE POCTPAHCTBA BXOJHBIX MEePEeMEHHBIX (X) U MepeMEHHbIE COCTOS-
Hust camoit @XC (U) B mpoCcTpaHCTBO 3HAYEHUN BHIXOTHBIX NepeMeHHbIX (Y)

4. MeTo1bl aKTUBHOTO IJIAHUPOBAHUS KCIIEPUMEHTA ITO3BOJISIOT.

a) POBOJIUTH SKCIEPUMEHT 0 3apaHee COCTaBJICHHOMY IUIaHYy NPU MUHHMAIIBHBIX 3aTpaTax Ha Io-
Jy4eHUE HEOOXOIMMBIX TAaHHBIX 00 N3y4aeMOM 0OBEKTE U €r0 ONTUMHU3ALIUIO

0) MPOBOJUTH SKCIIEPUMEHT I10 3apaHee COCTABIIEHHOMY IUIaHY P MaKCUMaJIbHBIX 3aTpaTax Ha
MoJIy4eHHe HeOOXOIMMBIX JTaHHBIX 00 U3y4aeMOM OOBEKTE

B) HE NMPOBOJUTH SKCIIEPUMEHT

I') IPOBOJUTH SKCIIEPUMEHT 0€3 COCTAaBICHMS IIIaHa.

5. YTo oTHOCUTCS K HEAOCTaTKaM (PU3NYECKOTO MOAETUPOBaHNUSA?

a) IOPOrOBU3HA MOJIEJIEH CI0KHBIX 00BEKTOB

0) He yaaeTcsl BU3yallbHO HAOII0AaTh 3a X0/I0M Mpoliecca

B) UCKaXCHHME CYIIIHOCTH IPOLECCA, YTO 3HAUUTENBHO CHM)KAET TOUHOCTD PE3YJIBTATOB PELICHUS
3aja4

I') HaIrJSIIHOCTh U3y4YeHUS SIBJICHUN

6. Ha pucyHke npeacraBieHa..



Noonwita | Xy | A5 | Y

1 ~1]-1|w
+1 =1 |w
~1 |+ |w
+1 +1 Vi

|| b2

a) MaTpHIla MJIaHUPOBAHUS IKCIICPUMEHTA;

0) TabMIIa OTBITOB;

B) MaTpula NapaMeTpoOB;

I') MaTPHIA MHIWCHIIHH.

7. Kakas Mojienib, OMUCHIBAET MPOIIECC, B KOTOPOM 3HAYCHUE BBHIXOJHOW BEIMYMHBI OJHO3HAYHO

OIpEaACISICTCA 3HAYCHUEM BXOI[HOI\/'I BCIIMYHHBI?

a) cToXacTU4ecKas

0) TuHaMHYecKas

B) CTaTUYeCKas

I') J€TePMUHUPOBAHHOMN

8. K OCHOBHBIM COCTaBJIIOIIMM BTOPOM CTYNEHHU MEpapXuu xumuueckoro npeanpustus (XII)

OTHOCAT:

a) MCXaHUYCCKHE, THAPOANHAMNYCCKUC U TCIIJIOBBIC ITPOLCCChI
6) CUCTEMY OpraHu3anvu Npou3BOACTBA, IJIIAHUPOBAHUC 3aI1aCOB CBIPBA, pCaIn3aliui0 rOTOBOI'O

MIPOYKTa

B) OT/IE€JIEHUS, KOMIUIEKCHI, arperaTsl
') KHHETHKAa XUMHYECKUX pPeakuuil 1 (ha30BbIC TIEPEXO/IbI
9. YpaBHeHHEe, KOTOPOE MCIIOJIb3YIOTCS JJIsl ONMUCAHUSI OOBEKTOB C paclpe/ieIeHHbIMU MapaMeT-

paMu Ha3bIBACTCA

a) KOHEYHBIM

0) 0ObIKHOBEeHHOE AU depeHIINATHHOS ypaBHEHUE

B) muddepeHMalIbHBIM YPABHEHUEM B YACTHBIX MPOU3BOIHBIX

I') YypaBHEHUE TEIIOBOro OanaHca

10. Ha kakom u3 3TanoB Matemarndeckoit monenu XTI ocymiecTBisieTcss aTeMaTHUECKOE OIH-

CaHUe MpoIlecca COCTOUT B (POPMaU3aIUK TUITIOTE3?

a) oTam 2
0) oram 3
B) oTarn 4
r) oTan 6

Kpurepun onenkn tecroBoro 3axanus 1:
Ha tectupoBanuu BbiHOCUTCS 10 BompocoB. KonnyecTBO MpaBUIBHBIX OTBETOB PAaBHO KOJHYe-

CTBY OasioB.

HIkana onennBanus pasgena 1

Texkymuil KOHTPOJIb YCIIeBaeMOCTH

ATTecTauus pasgena | MakcuMaJbHbIH / MUHUMAJbHBIA
0aJu1 VI aTTeCTALMHU pa3jeia

Ounas hopma oOydeHus

[IpakTuueckas padora 1 - 20 GannoB Tecr 1 - 10 6amtoB

30 6amoB /
24 b6anna

JIC

cTBa?

Tect Ne2 (opreHTHPOBOYHBIE BONIPOCHI)
1. Cpennee BpeMs npeObIBaHUS YACTHI] B CHCTEME sIM€EYHON MOJIENU ompeneiseTcs mo hopMmy-

a)V=nxVi
0) Vi=1n
B)T=V/v
r) T =Vi/v
2. KakuMm ypaBHEHHEM B MaTeMaTHYCCKOM MOJCIMPOBAHUH OMHUCHIBACTCS MEPEHOC DJIEKTPUYC-
: 1 du
)i =---—
) r dx
6)q =-D - —=
) d ™




dT
B)q =-1-—

r)c = At/(dx/dt)
3. OtkioHeHue onbITHOW F-KpuBOH 2 OT uaeanbHOW KpUBOM | yKka3pIBaeT Ha CyIIECTBOBAHUE B
anmapare

F(r} = Cg;,:_\'(r} W” = (‘66.'.\'“‘}

0

a) 0alImacHOro IMoToKa

0) 3aCTOIHOM 30HBI

B) 30HBI UICATLHOTO BBITCCHEHUS

T') 30HBI CMEIICHHUS U BHITCCHEHUS

4. K xakoii MOJIeNT OTHOCHTCS TAHHAS CXeMa arliiaparta n300paKeHHast Ha PUCYHKE?

R
e V
Q-q/
V, Coux=C

a) MOJIeJTb UCAIbHOTO BHITECHEHHS

0) omHOMapaMeTpuyecKas Moieb

B) MOJIEJIb UJICATTFHOTO TIEpEMEIINBaHUS

T) sueeqHas MOJIeTb

5. Kakoii u3 npeaocTaBieHHbIX rpadKOB OTHOCUTCS K MOJIETH WJI€ATbHOTO BBITECHEHUS TIPHU

F(t) = Conx (D)

Ft) = Cant) Fit) = Canft)
Fit) = Canft) \
| Pe — oo
1 1 /
Pe >0
0 r =
O =
0 7

a)l
0)2
B) 3

') HU OJIMH U3 TpaMKOB HE OTHOCHUTCS K JaHHOM MO/
6. Ecin Pe — 0, D — %
a) OIM nepexonut B MUII
6) MUB nepexoaut B MUII
B) OIM nepexoaut B JJ/IM
r) OJIM nepexoaut 8 MUB
7. Ilpouecc pacpocTpaHeHHs! TEIUIOTHI TOJIBKO BCIIEACTBUE IBUKEHUS MOJIEKYJI Ha3bIBaeTCA

(0)



a) TeII000MEHOM

0) KOHBEKIIHEH

B) TeIuionepeaave

T') TETUIONPOBOTHOCTh

8. Hambomnpimas pa3HOCTh TEMIIEpPATyp HA €AUHUILY JJIMHBI HAOIIOAACTCS B HANPABICHUH HOP-
Maji I K M30TEPMHUYECKON MOBEPXHOCTH B TOUKE A, TaK KaK PACCTOSHHE MEXIY COCEIHUMH H30Tep-
MaMH An Ipy 3TOM

! n

n
T
T-AT

a) 6obIne, yeM B Touke B
0) meHblIIIe, YeM B Touke B
B) OJIMHAKOBA
r) OoJIbIIIe, YeM B TOUKE A
9. B ypaBHEeHHH, ONUCHIBAIOIIEEe U3MEHEHUE TEMIEPATyphl AJi TEINIOOOMEHHUKA B 30HE HIE-
anpHOrO0 cmerneHust Cp 9To
ve 9T _ e (. -7),
Pdr P
a) TEMJI0EMKOCTh MOTOKA
0) KOHIICHTpALIMsI BEIIECTBA
B) pacxo/]l TETJIOHOCUTEIIS
I') CeUeHHE 30HBI UICATBHOTO BBHITECHEHHSI
10. B ypaBHEHNN HHTEHCUBHOCTH HCTOYHUKA TETUIOTH K 3TO
VqT = F X K x AT,

a) pa3HOCTh TEIIOOOMEHA
0) koadduUIMeHT Teronepeaayn
B) pacxo[] TEIJIOHOCUTES
') KOOQPHUIHUEHT MPOJO0IBHOTO MEPEHOCA TETIOTHI
11. Kakoii Tun TerooOMeHHHUKA N300paKeH Ha JJaHHOM pUCYHKe?

Vi, Cpb Texs V2, Cpo, T2

Vi, Cpi, T=T,

R S

a) IepeMeIIMBaHue-TIepeMEIIBaHNE
0) CMEIICHHS ¥ BBITCCHCHHS

B) IepeMeIlIMBaHNEe-BBITCCHEHNE

I') BBITECHCHUE-BBITCCHEHUE

Kpurepun oneHkn TeCTOBOrO 3aiaHus 2:
Ha tectupoBannu BeiHOCUTCS 10 BonpocoB. KonnuecTBO NpaBUIIBHBIX OTBETOB PABHO KOJIWYECTBY
Oaos.



Ilkana oueHUBaHus pasjaena 2

Texkyuuii KOHTPOJIb YCIIeBAEMOCTH

Atrectanus pasaena | MakcuMajabHbIH / MUHEUMAJIbHbII
0aJu1 VI aTTeCTALMHU pa3jeia

Ounas popma o0ydeHus

[IpakTrueckas padota 2 - 10 6amtoB 30 6amoB /

Tecrt 2 - 10 6atoB

ITpakTruyeckas padora 3 - 10 6amioB 24 6amna

BaHUA

TeopeTnueckne BONPOCHI HA 3a4eT € OLCHKOM
1.ITonstue monenu. Knaccudukarus Moaenei
2.Bugpl mopenupoBanus. Guznueckoe MOJAETUPOBAHHE
3.Bugsl MmonenupoBanus. MaremaTuueckoe MOJEIUPOBAaHHE
4 Knaccuukanus MaTeMaTHYeCKHX MOZETeiH
S.IIpuHIMnBl MaTEeMaTHYECKOI0 MOJEIUPOBAHUS IIPOLIECCOB XUMHUECKOW TEXHOJIOTHH
6.MccnenoBanne XMMHKO-TEXHOJIOTMUYECKUX MPOIECCOB METOIOM MAaTEeMAaTUYECKOr0 MOJEIUpO-

7.byio4HbIi pUHLIKI TOCTpOeHUs Matemarrudeckoit moaenu XTTI

8.Kimaccudukanus ypaBHEHHI MOJIEITH

9.0ramel mocTpoeHus maremarndeckoir mojaenu XTI

10.®yuk1us 0aHOM nepeMeHHOM. BrIOOp Buaa U onpeaenenye napaMmeTpoB dMIUPUIECKON 3aBU-

CHUMOCTH

11.®yHKuMK MHOTHX NepeMeHHbIX. MHOXKECTBEHHAsI perpeccust
12.Mopenp ueanbHOTO epeMeInBaHus

13.Mozens uneaibHOro BEITECHEHUS
14.0gaonapamerpuueckas 1udy3noHHas MOIEIH
15.1yeeynas Monein

16.KomOuHMpOBAaHHBIE MOICITH

17.MaremaTn4eckre MOJIETHU TEINI00OMEHHUKOB
18.TemmooOMeHHUK THIIA «TIepEeMEIINBaHNE-TIEPEMEIIMBAHNE)
19.TennooOMeHHUK THIIA «TI€PEMEIINBAHUEC-BBITECHEHUE)
20.Temi000MEHHUK THITA «BBITECHEHHE-BHITECHECHHE)

21 Knaccuduxanus peakuuit

22.CKOpOCTh XUMHUYECKOW PEaKIINU

23.Kunernueckue ypaBHEHUS

3aueT ¢ OLIEHKOW IMPOBOAUTCS B YCTHOU (hopMe, mMyTeM OTBeTa Ha 4 BOIpoca U3 BBILIETIPUBEICH-

HOTO TIepeyHs BOMpPOCOB. [Ipu 3TOM OlleHHWBaeTCs MPAaBHJIBHOCTh M MOTHOTa OTBETa. MaKCHMalbHBIH
Oai 3a 3auet — 40 6amoB (10 6amIoB 3a KaXK bl BOMIPOC).

IIkanbl oleHKH 00pa30BaTeIbLHBIX JOCTHXKEHU I

banisl o
(utoroBoi Herxa TpeGoBanus k 3HAaHUSAM
pCHTHErOBOH (0asn1 32 oTBET HA
J— 3ayeTre)
90-100 «3aumeHo» OueHKa «OTIMYHOY» BBICTABIISIETCS CTYAEHTY, €CJIM OH PAaCKpPbLI BO-
«OMAUYHON npocsl 3aueta Ha 90% 1 Oostee, TOKa3al TITyOOKHE W TPOYHBIE 3HA-
36-40 HUs 1o pasaenam mojenupoBanus XTII. YdeOHble TOCTHXKEHUS B
CEMECTPOBBIN TIEPHO U PE3YJIbTAThI PYOSIKHOTO KOHTPOJIS JEMOH-
CTPUPYIOT JOCTATOUHYIO CTETICHb OBJAJICHUS MPOTPaMMHBIM MaTe-
puaoM
70-89 «3aumenoy OreHKa «XOpOII0Y» BHICTABIAETCS CTYIEHTY, €CIIM OH PacKphLI BO-
«xopoutoy npockl 3adera Ha 70%-89%, mokasain riryOoKue 3HAHUS, HE JOITyC-
29-35 KaeT CyLIECTBEHHBIX HETOYHOCTEW B OTBETE HA BOMpOC. Y4eOHbIe
JOCTHKCHHUSI B CEMECTPOBBIM TIEPHOA M PE3yIbTaThl PYOSIKHOTO
KOHTPOJISI IEMOHCTPUPYIOT JTOCTATOYHYIO CTETIEHb OBJIAJEHUS MPO-
IPaMMHBIM MaTEepPHAIOM
60-69 «3aumenoy OneHka «yIOBIETBOPUTEIHHO» BBICTABISETCS CTYJIEHTY, €CIH OH
«y0081emeopu- orBeTua Ha 60% - 69% BompocoB 3auera, B KOTOPBIX MOKa3aa He-




MeNbHO» KOTOpBbIE 3HaHHU 110 pasaenam monenuposanus XTII. IIpu stom He

24-28 YCBOWJI BCEX JETAJICH, JOMYCKAaeT HETOYHOCTH, HEJOCTATOYHO Tpa-
BUJIbHBIE (OPMYIUPOBKH, HApYIIECHHUS JIOTMYECKOH TocienoBa-
TENBHOCTH B M3JI0KCHUH MaTepHaa.

Menee 60 «HE 3aUMmeHo» O1eHKa «HEYTOBIECTBOPUTEIBHO» BBICTABISETCS CTYACHTY, KOTO-
«Heyoosnemeopu- | pbiil 0TBeTHII MeHee 60% BOMPOCOB 3a4eTa, B KOTOPHIX HE MOKa3al
menvHo» MeHee 24 | riryOoKue W pOoYHBIe 3HAHMSI 10 pa3aenam Monenupoanus XTI1.

HToroBas orieHKa BBICTABISIETCS MyTEM MEPEBOJa HAOPAHHBIX OAJIJIOB B COOTBETCTBUH CO CIEIY-
FOLIEA TaOIULIE:

O1reHKa 10 5-0anIbHOM MIKale Cyrma)6aimion 33 pasACIEL 1 Onenka ECTS
DK3aMeH

S — «OMIAUYUHON 90-100 A
85-89 B

4 — «xopouioy 75-84 C
70-74 D

3 — «yoosremeopumenbHo» 65-69
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IIporpammuoe odecneuenune nu UnrepHer-pecypceni:
[Ipomecc peanuzanuu 00pa3oBaTEIbHON MTPOTPAMMBI MO TUCIHMIUIMHE «MOIeTMPOBaHIE XUMHUKO-
TEXHOJIOTHYECKUX MPOIIecCOB» B cooTBeTcTBUU ¢ TpeboBanusmu OC HUAY MUDU obecneuen HeoOXo0-
JUMBIM KOMIUIEKTOM JIMIIEH3MOHHOTO MPOTrPaMMHOI0 00eCIIeUeHHs.

MarepuanbHO-TeXHHYECKOE o0ecnieyeHre y4eOHOH JUCIUIIMHBI
3aHATUSA TPOBOJATCS B yUeOHOM ayauTOpUH, NpeAHAa3HAYCHHOM /7Sl IPOBEICHUS 3aHATHH JIEKIIH-
OHHOI'0 M IPAKTUYECKOTO THIIA, TPYIIIOBBIX U UHAVUBUIYAIBHBIX KOHCYJIBTALMM, TEKYIIEr0O KOHTPOIS U
MIPOMEKYTOUHON aTTecTallMi. AyAUTOPHUS OCHAIlEHa HEOOXOAUMBIM 000PY/JOBAHUEM.
B pacnopspkeHun 00y4arommxcsi CTyI€HTOB UMEIOTCSI AIEKTPOHHO-0MOIMOTEUHbIE CUCTEMBI.



https://e.lanbook.com/book/41014
https://e.lanbook.com/book/37356
https://e.lanbook.com/book/118478
https://e.lanbook.com/book/126905
https://e.lanbook.com/book/121397
https://e.lanbook.com/book/101866

Y4eOHO-MeTOoANYeCKHE PEKOMEH ALY ISl CTYAeHTOB

1. Ykazanus s npOCayIIMBaHMS JEKIHI

Ilepen HayamoM 3aHATUN BHUMATEIHHO O3HAKOMUTHCS C YUCOHBIM IJIAHOM MPOBEACHUS JICKIIUH U
CIIMCKOM PEKOMEHIOBAaHHOM JINTEPATypPHI.

[lepen nmoceuieHueEM OUEPEIHON JIEKLIUN OCBEXKUTD B TaMATH OCHOBHBIE KOHILIETILIUN ITPONIEHHOTIO
panee marepuaina. [logroToBuTh npu HEOOXOAUMOCTH BOIIPOCHI MpernoaBaTento. He Haio omnacaThces, 4To
BOIPOCHI MOTYT OBITH MIPOCTHIMHU.

Ha nexiun ocHOBHOE BHUMaHUE CIIEyeT YAENIATh He (opMyaM U MaTeMaTHUYECKUM BBIKJIaKaM,
a COAEpKAHUIO U3y4aeMbIX BOIIPOCOB, OIPEEIICHUSAM U [IOCTAHOBKAM 3ajiau.

B nporecce u3yueHus JEKIMOHHOTO Kypca HE0OX0IMMO IO BO3MOXKHOCTH YacTO BO3BpaIIaThCs K
OCHOBHBIM TIOHSATHSIM ¥ METO/IaM pelIeHus 3a7ad (37ecb BO3MOXKEH BHIOOPOUYHBIA KOHTPOJIb 3HAHUH CTY-
neHToB). JKenaTenpHO HUCIOJIb30BATh KOHCIEKTHI JIEKIMIl, B KOTOPBIX HCIOJb3YeTCs MPUHATAs Mpernojia-
BaTeJIeM CUCTeMa 0003HAUCHHIA.

Jiia Gonee moapoOHOTo U3yUEHHUs Kypca clieyeT paboTaTh ¢ PeKOMEHI0BaHHBIMH JINTEPATYPHBI-
MU UCTOYHUKAMHU U BHOBb MOSIBJISIFOIIMMUCS HCTOUHUKAMHU.

2. YKa3zaHus Ui y4acTUsl B IPAKTUYECKUX 3aHATUSX.

Ilepen BBINOJHEHUEM IPAKTHUECKUX 33JaHUI HEOOXOAMMO O3HAKOMUTCSI C OCHOBHBIM TE€OPETH-
YECKUMH CBEJCHUSIMHU, TIOPSIKOM BBIMOJIHEHHS pabOT M MPUMEPOM, OOCYIUTH C MPEnoiaBaTeieM OCHOB-
HbIE MOMEHTBI.

B nporecce penienus 3a1a4 BECTH IUCKYCCHIO C MPENOAaBaTENeM O MPABUIBHOCTH IPUMEHEHHUS
METOJIOB MX pelieHus. 110 BO3MOXKHOCTH caMOCTOSITENIbHO J0BOUTH PEIIEHUE IPEeIaraéMbIX 3ajad 10
OKOHYATEJIbHOI'O UTOTA.

B koHI1Ie paKkTH4YecKOro 3aHATUS HPU HEOOXOAMMOCTH BBIICHUTH Y IIpENojaBaTelis HEsICHbIE BO-
npockl. OGOpMUTE BBITIOJIIHEHUS padOTHI B BUE MUCHMEHHOTO OTYETa, B KOTOPOM OTOOPa3uTh Ha3BaHHE
U 11eJTb PabOThI, OCHOBHBIE TEOPETHUYECKUE CBEICHHS, X0 pabOTHI C ONMCAHUEM BCEX 3TAINlOB U CKPHHIIIO-
TOB U3 MPOTPAaMMHBIX MPOAYKTOB, IPUBJIEKAEMbIX JJISl pEIICHU 33/1a4. B KoHIle oTueTa HeoOX0IUMO H3-
JIO)KUTH BBIBOJIBI.

[ToaroToBUTH OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

3.Yka3aHus 1715 BBIIIOJIHEHUS CAMOCTOSITENIbHON paObOThI

[TonyuuTs y nmpenojaBaresnis 3aJaHuE U CIIMCOK PEKOMEHJOBAHHOW JuTepaTypbl. M3yuenue teo-
PETHYECKHUX BOMPOCOB CIEAYET MPOBOJIUTH MO BO3MOXHOCTU CaMOCTOSITENIbHO, HO IPU 3aTpyIHEHUSX
o0pamiarecs K NpenojaBaresio.

[ToAroToBUTH MMCEMEHHBINA OTYET O MPOJIEIAHHON padoTe.

ITpu BbIMONHEHUN (QPOHTANBHBIX 33JJaHUN MO YCMOTPEHMIO NpernoiaBarens padoTa MOXKET ObITh
olleHeHa 0e3 MUCbMEHHOI'0 OTYETa Ha OCHOBE OTBETOB Ha KOHTPOJIbHBIE BOIPOCHI, NIPU YCIOBUU aKTHB-
HOW CaMOCTOSITENIbHON PabOTHI.

[ToAroToBUTH OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.

MeToanyeckue peKoMeHAAIUN sl penoaaBarTeei

1. Yka3anus 1st npoBeIeHUs JIEKIUI

Ha nepBoit BBOHO# JeKIMH cAeaTh oOmui 0030p conepxKaHusi Kypca 1 OTMETUTh HOBBIE METO-
Ibl U TIOAXOJMBI K PEIICHUI0 3a/1ady, pacCMaTpUBaeMbIX B Kypce, JOBECTH JO CTYIECHTOB TpeOOBaHHS Ka-
(dbenpsl, OTBETUTH HA BOTIPOCHI.

[Tpr MOATOTOBKE K JICKIIMOHHBIM 3aHSATHSM HEOOXOIUMO MPOAYyMaTh IJIaH €ro MPOBEIEHUS, CO-
JIep’)KaHUe BCTYMUTEIBHON, OCHOBHOM M 3aKIIOYUTEIHHOW YaCTH JIEKIIMH, 03HAKOMHUTHCS C HOBHMHKAMU
y4eOHOW U METOIUYECKOW TUTEPATYphI, MyOIUKAIUSIMH MMEPUOTUIECKON MeYaTH MO0 TeMe JIEKIIMOHHOTO
3aHsaTUsA. [lepen n3mokeHneM TEeKyIero JEKIMOHHOTO MaTeprualia HamOMHUTh 00 OCHOBHBIX UTOTaX, JI0-
CTUTHYTBIX Ha MPeabIAymuX JeKuusax. C 3TOi Leablo 33/1aTh HECKOIBKO BOIPOCOB ayAUTOPUU U OCYIIIe-
CTBUTDH BHIOOPOYHBIN KOHTPOJIb 3HAHUS CTY/ICHTOB.

B xoxe nexknuoHHOTO 3aHATHS MpENoaaBarenb AOKEH Ha3BaTh TeMy, yueOHBIE BOIPOCHI, O3HA-
KOMHTH CTYJICHTOB C TIEPEUHEM OCHOBHOMW W JOTOTHUTEIBHON JINTEPATYPhI TIO TEME 3aHATHA. PackpriBas
coJiep>kaHue y4eOHBIX BOIIPOCOB, aKIIEHTUPOBATh BHUMAHKUE CTYACHTOB Ha OCHOBHBIX KaTETOPUSX, SBJIE-
HUSX W TIPOIIeccax, OCOOCHHOCTSIX WX MpOTeKaHws. PacKphIBaTh CYIIHOCTh M COJEPIKAHHE DPA3TUIHBIX
TOYEK 3PECHHUS U HAYYHBIX MOAXO0I0B K OOBSICHEHUIO TeX WJIM UHBIX SBICHHUI U MPOIECCOB.

Crenyer apryMeHTHPOBAHO OOOCHOBAaTh COOCTBEHHYIO MO3UIIMIO MO CIOPHBIM TEOPETHUYECKUM
Boripocam. [IpuBoauTh npumepsl. 3aaBaTh MO XOAY U3JI0KEHUS JIEKIIMOHHOTO MaTepuana pUTOpUIECKUe



BOIMPOCHI ¥ CAMOMY JIaBaTh HAa HUX OTBET. DTO CIIOCOOCTBYET aKTUBU3AI[MH MBICITUTEIHHOMN JEATEIILHOCTH
CTYICHTOB, IOBBILICHUIO UX BHUMaHUSA M MHTEpEca K MaTepHaiy JIEKIUH, ee coaepkanuto. IIpenonasa-
TeNb JOJDKEH PYKOBOJIUTH PabOTOM CTYAEHTOB MO KOHCIEKTUPOBAHMIO JICKIIMOHHOI'O Marepuaia, MoJ-
YepKUBaTh HEOOXOAUMOCTh OTPAKEHUS B KOHCIEKTaX OCHOBHBIX IOJIOKCHUHM M3y4aeMo#l TeMbl, 0c000
BBIJICTISIS, KATETOPHANIBHBIN anmapat. B 3akiIrouuTeIbHOM YacTH JICKIIMH HEOOXOAUMO C(HOPMYIUPOBATH
o01re BBIBO/BI 110 TEME, PACKPhIBAIOINE COAEPIKaHUE BCEX BOIIPOCOB, IIOCTABJICHHBIX B JIeKUUU. O0b-
SIBUTDH IJIaH OYEPETHOI0 MPAKTUUYECKOTO 3aHATHS, JaTh KPAaTKUE PEKOMEHJAIMK 10 MOATOTOBKE CTYJEH-
TOB K BBIIIOJTHEHUIO PAOOTHI.

Ha nocnenneli eknuu yaeauTh BpeMs it 0030pa Hanbosee BaXXHBIX MMOJOXKCHHUH, PACCMOTPEH-
HBIX B Kypce.

2. Yka3zaHus U1 IPOBEACHUS TPAKTUUYECKUX 3aHATUI

YeTko 0003HAYUT TEMY ITPAKTHYECKONU PAOOTHI.

OOCyauTh OCHOBHBIE IOHSTHS, CBSI3aHHBIE C TEMOM NPAKTHUUECKUX 3aJaHUi, MOPSIOK BBIIOJHE-
HUS paboThl, IPOrPaMMHBIE TPOAYKTHI, UCIIOJIb3YEMbIE JUIsl PELLICHHsI TIOCTABICHHBIX 3a/1a4.

B nponecce BbinosHeHUs: pabOTHI cleAYET NOCTOSTHHO 00IAThCsl CO CTYACHTAMM, HE JIOIYCKasi 110
BO3MO>XHOCTH MX HEIPAaBUIIBHBIX JEHCTBUH.

TpeboBaTh, YTOOBI Pe3yabTaThl BHIIOIHEHUS MPAKTHUYECKOW pabOThl ObUIM O(OPMIICHBI B BUJE
OT4eTa B TEKCTOBOM pElaKTOpe ¢ J0OABICHUEM CKPUHIIOTOB M3 MAaTEMAaTUYECKOI'O MM TaOJIUYHOIO pe-
JaKTOpa.

I[Tpu mpueme 3avera 1o paboTe NPOBEPATh HATMYHUE CAMOCTOSITENILHBIX BBIBOJIOB O IPOJIENIaHHOM pado-
T€, a TAKXKE TOTOBHOCTb CTY/IEHTOB IOSICHUTD BECH XOJ1 POIEIIAaHHON padOThl.

3.Yka3aHus 110 KOHTPOJIIO CAMOCTOSITENIbHONU paOOThI CTYAEHTOB

[To ycmoTpeHuto npenojiaBatess 3a/laHue Ha CaMOCTOSTENbHYIO pabOTy MOXKET ObITh MHIAUBUAY-
aJIbHBIM WIN (POHTAIBHBIM.

[Tpu wcToNb30BaHNM WHIMBUAYAIBHBIX 3aJlaHU TPeOOBaTh OT CTYACHTA MUCHMEHHBIH OTYET O
IpojiesaHHo pabore.

[Tpu nmpumMeHeHnr GPOHTAIBHBIX 33JJaHUI BECTU KOJUIEKTUBHBIE OOCYXKIEHUS CO CTYAEHTaMHU OC-
HOBHBIX TEOPETUYECKUX ITOJIOKECHHH.

C nenpro KOHTPOJISI Ka4eCTBa BBIMOJIIHEHHSI CAMOCTOSITENIbHONW paboThl TpeOOBaTh MHIUBUIYaIb-
HbI€ OTYETHI (AOIMYCTUMO BMECTO NMHUCBMEHHOI'O OTYETa MPUMEHATh UHJMBUAYaAIbHbIE KOHTPOJIbHbBIE BO-
IIPOCHI).

[Tporpamma cocrapiieHa B coorBeTcTBUM ¢ TpeboBanusmu OC HUAY MUDU u yueOHbIM miia-
HOM OCHOBHOI 00pa3oBaTelbHOM HporpaMMel mo HampasieHHto moarotoBku 18.03.01 «Xumuueckas
TEXHOJIOTHUSI».

Pabouyto nporpammy cocraBuil: qoueHT, [lecroa E./I.

Penienzent: noreHT, 3epHbimkuHa A.A.

[Tporpamma onobpena Ha 3aceqanuu Y MKH 18.03.01 «Xumuueckas TEXHOTOTHS.

[Ipencenarens yueOHO-MeTOonMueckor komuccuu Yeprosa H.M.



