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1 Hesn u 3axa4M N3y4YeHUs T CUUILIMHBI (MOLYJI51)

1.1 Ilean ocBOeHUST TUCHUILIHHBI

Llens ocCBOGHMSA AMCUMIUIMHBI COCTOMT B (DOPMHUPOBAaHMHM y CTYJICHTOB 3HAHUH O
(byHAaMEHTaIbHBIX OCHOBaX MPOLIECCOB IIepeHoca B (PU3UKO-XUMHUUECKUX CUCTEMaxX, 00 UX CBSI3U
C DKOJIOTHEH, O COBPEMEHHBIX METOAAX HUX MAaTeMaTU4YEeCKOrOo OIMCaHUs, W3y4eHUs U
IPAaKTUYECKOI'O0 OCBOEHHE HEKOTOPBIX METOAOB M alIrOPUTMOB MAaTE€MaTHYECKOrO ONHUCAHMS
IPOIIECCOB MEpeHoca B TexHochepe.

1.2 3agauyn AUCHUILIHHBI

® HU3Yy4YUTDb (bYHI[aMeHTaJ'IBHBIe OCHOBEI IIPOLIECCOB IIEPEHOCA, UX KJ'IaCCI/I(l)I/IKaI_II/IIO u
MAaTEMaTH4YCCKOC OITMCAHUEC B (1)I/I3I/IKO-XI/IMI/I‘-IGCKI/IX CUCTEMAX.
® IMOJIYUYUTh MPCACTAaBJICHUEC O CBA3HM IIPOLECCOB IIEpEHOCA C HpOGJ’ICMaMI/I

3arpsA3HEHUS] OKPY)KAIOLIEH Cpeibl M O3HAKOMUTHCS C MCHOJIb30BaHUEM (PU3UKO-XUMHUECKUX
CHCTEM Ha pUMepe MEMOPaHHBIX alIapaToB JUIS 3alIUThl OKPY)KAIOLIEH CPEIbl.

. O3HAKOMHUTBCS C  MareMaTH4eCKMMHU  METOJaMM, HCIOJIb3yEMBIMU  IIpH
MOJIEJIMPOBAHUH SIBJICHUN [IEpEHOCa U MEMOPAHHBIX METOJIOB Pa3/ICICHHUS.
. MOJyYUTh TMPAKTUUYECKUE HaBBIKM pabOThl C MPOrpaMMHBIMHU IMPOIYKTAMHU I10

MOJCIUPOBAHUIO MeM6paHHBIX IIpoLcCCOB pa3ACICHHA.

1.3 MecTo AucuuminHbl (MOyJs) B CTPYKTYpe 00pa3oBaTeIbHOI NPOrpaMMbl

JucrunirHa «MaTeMaTHuecKoe MOJIeTMPOBaHNE MIPOLIECCOB MEpeHoca B TeXHOChepe U B
HKO3aLIUTHBIX CHUCTEMax» OTHOCUTCS K 00s3aTenbHOl yactu bioka 1. Aucuuniaunsl (Momysin)
y4eOHOTo TutaHa. B cooTBeTcTBHU ¢ pabounM ydeOHBIM IUIAHOM JUCHMIUIMHA HW3ydaeTcs Ha 2
Kypce 1o 04Ho# (popme oOyueHus. Bua mpoMexxyTo4HO# aTTecTariu: 3a4eT.

N3ydyeHne IUCHUIUIMHBI M3y4yaeTcsl NapalieIbHO € TaKUMU JUCLUIUIMHAMH, Kak
«Y CTOMYMBOCTh OOBEKTOB TeXHOC(hEpb» M «3aluTa MaTepUaroB OT BO3AEHCTBHs (aKTOPOB
OKpYyXarolen». M3ydeHne QUCHMIUIMHBI ONUPAETCS HA 3HAHUSA, MOJIyYEHHBIE B XOJ€ OCBOCHUS
TaKUX JUCHMIUIMH, Kak «MHpopMaloHHbIe TEXHOIOIUU B cdepe O6e3onacHocTu» U «Pacuer u
POEKTHUPOBAHUE CUCTEM oOecrieueHus! 0€30acCHOCTI .

1.4 IlepeyeHb NMJaHMpPyeMbIX pe3y/JbTATOB O0y4eHUS] MO AMCUHUILIMHE (MOAYJIIO),
COOTHECCHHBIX C IVIAHUPYEMBIMH pe3yJbTaTaMi OCBOCHHS 00Pa30BaTe/IbHOM MPOrPaMMBI

N3ydyenne paHHONW y4yeOHOM JAMCUMIUIMHBI HAlpaBiIeHO Ha (QOPMHUpPOBAaHUE Y
00yYaroImuxcst CAeIyOIUX KOMIETEHIIHNA:

KO}] N HAUMCHOBAHUE MHAMUKATOPA JOCTUIKCHUA

PesynbTarel 00yueHus IO JUCIUILTUHE
KOMIIETEHIIUU

OIIK-1 CrnocoGeH caMOCTOSITEILHO TNPHOOPETaTh, CTPYKTYPHPOBATHh H MPHMEHATH MaTeMaTHYeCKHe,
eCcTeCTBeHHOHAYYHbIe, COLUATbHO-IKOHOMUYECKHE U NPodeccHoHaIbHbIe 3HAHUS B 00/1aCTH TeXHOCPepHOii
0e30I1aCHOCTH, PelliaTh CJI0KHbIe M P00JieMHbIe BOIIPOCHI

HOIIK-1.1. [deMoHCTpHpYET OCYIIECTBICHHE | 3HAET OCHOBHBIC MPHHIUIBI (HOPMUPOBAHUS MTOUCKA, aHATI3a

MIOUCKA, aHamu3a Hu CTPYKTYPHPOBAaHUS | U CTPYKTYPUPOBAaHWs HAy4YHBIX 3HAaHMH B  00JacTH
MaTeMaTUYECKUX, €CTECTBEHHOHAyYHbIX, | TeXHOC(epHOH Oe30macHOCTH, OCHOBHBIE  (hHU3HUECKHE
COLIMAIBHO-?)KOHOMHYECKHX W | 3aKOHBI, a TAaKkKe aJITOPUTMBI pabOTHl IMPOrPaMMHBIX
MpoeCCHOHANBHBIX ~ 3HAHMA B 00JacTW | MPOJYKTOB MOHHUTOPHHTA M KOHTPOJIS 6€30IacCHOCTH

TexHOC(epHOi 6e30macHOCTH YMmeer mnpuMeHSeT Ha MPAKTUKE OCHOBHBIC MPHUHITUITEI

(¢bopMHUpOBaHHS TOWCKA, aHANM3a M CTPYKTYPUPOBAaHHUA B
obmactTi TexHOC(hepHOH O0e30MacHOCTH, CTPYKTYPHPOBAThH
3HaHWsA, peIaTrb CJIOXHBIC M HpO6HeMHBIe BOIIPOCHI,
CaMOCTOSITENIFHO 00y9aThCs

Brnameer HaBelIkaMHM (OPMHUPOBAHUS TIOMCKA, aHAIM3a |
CTPYKTYpPHUpOBaHUS 3HaHWH B oOsactu TexHOchepHOU
0€e3011acHOCTH, pelarh CIOXHbIE W NPOOJEMHBIC BONPOCHL,
CaMOCTOSITENIbHO 00ydaThCs

NOIIK-1.2. Boibupaer, npuMeHsIeT, UCIOIb3YeT U | 3HAeT OCHOBHBIC ITOJIXOJBI K BBIOOPY METOZOB M CHOCOOOB
BHEJIpSIET MaTeMaTH4ecKue, | BHeIpeHHs 3HaHUi B 00J1acTH TeXHOC(EepHOH 6e301macHoCTH




Kon n HanmenoBanue WHAWKATOpa TOCTUKCHUA
KOMIICTCHIINH

PesynbraTel 00y4eHus IO TUCIUIIINHE

€CTECTBEHHOHAYYHBIE, COIIHATIBHO-
SKOHOMHYECKHE U MPO(ECCHOHANbHBIC 3HAHUS B
obnactu TexHOChepHOit 6e30macHOCTH

YMeerT ocymecTBISATh BEIOOP METOIOB U CITIOCOOOB BHEPCHUS
Y KOHTPOJIb 32 PEIICHUEM CJIOXKHBIX U MPOOJIEMHBIX BOTIPOCOB
C MCIIOJIb30BAHUEM NMPHOOPCTEHHBIX 3HAHUI

Bnaneer HaBbIkamMu BEIOOpa METOZOB U CIIOCOOOB BHEIPEHMUS
U KOHTPOJISL PEIICHHUS CIOKHBIX U MPOOIEMHBIX BOIPOCOB B
cdepe TexHocepHOH 6e30nacHOCTH

IK-4 CpnocodHocTh HCHOJIb30BAaTH LH(PPOBBIE

TeXHOJIOTHH, TNpodecCHOHATbHbIE KOMIILIOTEPHbIE

nporpaMMbl M 0a3bl JaHHBIX /UIsl XpaHEHMs, CHCTeMATH3aluH, 00padoTKH, nmepegayu HHpopmanuu u
NMOJATOTOBKH JOKYMEHTOB B 00JIaCTH TeXHOc(hepHO#i 6e30MacHOCTH

UIIK-4.1. HdemoHCTpHpYeT CHOCOOHOCTH
UCIIOIhb30BaTh udpossie TEXHOJIOTHH,
npodeCcCHOHANBHBIE KOMITBIOTEPHBIE MPOrPaMMBI
u 0a3pl JaHHBIX B 00JacTH TEeXHOC(HEepHOU
0e30macHOCTH

3HaeT W OCYIIECTBISICT BHIOOP IM(POBBIX TEXHOJOTHMA,
npo(hecCHOHABHBIX KOMITBIOTEPHBIE IPOrpaMM U 0a3 JaHHBIX
UL XpaHEHWs, CHCTeMaTH3aluu, oOpaboTKW, TIepenadn
nHpopManuy, METOIbl  IOCTPOCHUSI  MaTeMaTHYECKUX
MoJenield  pealbHBIX OOBEKTOB, TNPHHLMIBI  Pacy&éToB
OCHOBHBIX allapaToB M CUCTEM oOecnedeHus TeXHochepHon
0€301acHOCTH

YMmeeT  aHanmu3MpoBaTh W HCIOJB30BaTh  LU(pOBbIC
TEXHOJIOTHH, npodeccroHabHbBIE KOMITBIOTEPHBIC
MpOrpaMMBbl U 0a3bl JAHHBIX JUIS XPAHEHHUs, CHCTEMaTH3allnH,
o0paboTku, mepemaunm  wHpoOpMammu, 0000mAaTe U
apTyMEHTHPOBAHHO  OTCTaWBaTh MNPUHATHIE  PELICHHH,
KaueCTBCHHO OILICHHWBATh KOJWYECTBCHHBIC PE3YNbTATHI, UX
MaTeMaTH4eCKU (opMyITHPOBATH

Bnageer u oOecrednBaeT  HCMONB30BaHHE HUPPOBBIX
TEXHOJIOTHH, MPO(ECCHOHATBHBIX KOMITBIOTEPHBIX MPOTrpPamMM
1 0a3 JaHHBIX U1 XPaHCHHS, CUCTEMaTH3aluu, 00paboTKH,
nepeayd WHQPOPMALWHU, HABBIKAMH CO3JaHUS W aHA/n3a
MAaTEeMAaTHYCCKUX MOJCJICH HUCCIACIyeMbIX MPOIECCOB U
00BEKTOB, COBPEMEHHBIMH MPOIPAMMHBIMUA MPOAYKTAMH B
00J1aCTH MPEIYIPEIKACHUS PUCKA

UIIK-4.2. OOmamaer HaBbIKAMU IOATOTOBKHU
JOKYMEHTOB B 00lacTH  TexXHOC(epHOU
0€30MacHOCTH C HCHOJB30BaHUEM IH(POBBIX
TEXHOIOTUH U npodeCCHOHANTBHBIX
KOMITBIOTEPHBIX IPOTPaMm

3HaeT CmocoObl MPHEMbl M CPEACTBA IPH IMOATOTOBKE
JOKYMEHTOB B 00jacTu TexHOC(hEpHOH Oe30MacHOCTH C
HCIOJIb30BAHHEM U pPOBBIX TEXHOJIOTUI u
poQeCCHOHATBHBIX KOMITBIOTEPHBIX porpamm,
COBPEMEHHBIE MPOrPAMMHBIE HPOJYKTHI, TO3BOJISIOIIUE
OCYIIECTBIISITh ~ YHCJICHHOE  MOJICIIMPOBAHKUE  MPOIECCOB,
MIPOTEKAIONIUX B TeXHOChEpe

YMeeT aHaNIU3UPOBATh M MCIOJIB30BATh CIOCOOBI IPHEMBI
CpeacTBa IPH  IMOATOTOBKE JOKYMEHTOB B  o0JyiacTH
TeXHOC(EpHOI 0e30MaCHOCTH C MCIOJIb30BaHUEM ITU(POBBIX

TEXHOJNOTHH W TPO(PECCHOHAIBHBIX  KOMITBIOTEPHBIX
IIPOrpaMM, AHAIN3UPOBATh M3y4aeMblil 00BEKT;
IIPOEKTUPOBATh MATEMAaTUYECKYI0 MOJENb; MCIONb30BaTh

MaTeMaTHYCCKUM armapar JJid peuICHus 3ajja4yu; ONITUMAJIbBHO
HCIOJIb30BATHh BBIYHUCIIUTCIIbHYIO TCXHUKY

Brnaneer u obecnieunBaeT MCHOIb30BaHNE CIIOCOOOB IIPHEMOB
U CPEACTB NpPU MOJATOTOBKE JIOKYMEHTOB B 00JacTH
TeXHOC(EpHOH 0E30MaCHOCTH C MCIOJIb30BaHNEM ITH(POBBIX
TEXHOJIOTHH W TPO(QECCHOHAIBHBIX  KOMIBIOTEPHBIX
IIpOrpamm, COBPEMEHHBIMU MaTeMaTH4eCKUMHU u
MaIIMHHBIMH ~ METOJIaMH  MOJICIIMPOBAHUS, IPHHIUIAMU
CHCTEMHOTO aHaJlIn3a U CHHTE3a 0E30IacHOCTH IPOLECCOB U

O00BEKTOB TEXHOJIOTHYECKOTO O0OpYyIOBaHMS, HaBBIKAMU
CO3JaHUs MaTeMaTHYECKUX MOJIeNeH, pemeHus
MaTeMaTHIECKUX 3amad, MeTOJaMu MOCTPOCHUS

MaTeMaTHIeCKUX MOJIEeIIei TUTIOBBIX 3a/1a4 B 00JIACTH (PU3HKO-
XUMHUYECKHX MPOIECCOB B TEXHOC(hEpe




PesynpraTthl 00yueHHs] MO MUCHMIUIMHE JOCTHUTAIOTCS B paMKaX OCYIIECTBICHHUS BCEX
BUJIOB KOHTAaKTHOHN U CAaMOCTOSATEIEHOM pabOThl 00yUYarOIINUXCsl B COOTBETCTBUU C YTBEPIKICHHBIM
y4€OHBIM IIJIaHOM.

WHaukaTtopel  JOCTHXKEHMS KOMIIETEHLMH  CUMTalOTCs  CQOPMHUPOBAHHBIMU  IIpU
JOCTH>KEHUH COOTBETCTBYIOIIUX UM PE3YJIbTATOB O0YUYCHHUS.

2 CTpyKTypa U coaepkaHue JUCUMIIIIUHBI.

2.1 PacnipenesieHne TPYyI0EMKOCTH JUCHHUILIMHBI IO BUIaM padoT.

OO6mmast Tpy10€MKOCTh AUCITUIUIMHBI cocTaBisieT 5 3a4u.em. (180 yacoB), ux pacnpenencHue
10 BUJaM padoT MpPEACTaBICHO B TaOIHIIE.

Bret pabor Bcero ®dopma o0ydeHust
4acoB OuHas
3 cemecTp
(gackn)
KonrakTHasi paboTa, B TOM 4HcJe:
AyauTopHbIe 3aHATHS (BCEro): 60 60
3aHATHS JEKIIHOHHOTO THITA 30 30
MPaKTHYECKUE 3aHATHS 30 30
HNHasi KOHTaKTHas padoTa: - -
Kontpons camocrogrensHoi pabotsl (KCP) - -
IIpomexxyrounas arrecrarus (MKP) 0,2 0,2
CamMocTosiTeTbHasi padoTa, B TOM YHCJIE: 119,8 119,8
CaMoCTOSATEIbHOE U3YyUCHHE Pa3/IeiioB, CaMOMOArOTOBKA (TIpopaboTKa
Y TIOBTOPCHHUE JICKIIMOHHOTO MaTepHaja i Marepuana yucOHUKOB U 50 50
y4eOHBIX OCOOHIA, TOATOTOBKA K MPAKTHYCCKUM, KOJUIOKBUYMaM U
T.71.)
[ToaroroBka K TeKyLieMy KOHTPOJIIO 69,8 79,8
KoHTpoJasb:
IloaroroBka K 3K3amMeHy - _
O01Iasi TPYA0EMKOCTh vac. 180 180
: :6001\: :uc.ﬂe KOHTAKTHAS 60,2 60.2
3a4. e]1 5 5

2.2 CTpyKTypa AMCUMIIJIMHbI:
Pacnpenenenue Bu10B yueOHON pabOThI U UX TPYJOEMKOCTHU IO pa3JienaM JAUCHUILITUHBI.
Paznensr (TeMbl) AUCIUTUTMHBL, H3y4aeMble B 3 cemecTpe (ouHast hopma 00ydeHus)

KommaectBo gacor
Ne HaumenoBanwue pasnenos (Tem) AyautopHas Bueayuropuas
Bcero pabota pabota
J |13 | JIP CPC
1  |OcHOBHBIE TOHATHA. 3aKOHBI COXPaHEHUS. 60 10 10 - 40
2 |YpaBHeHus mepeHoca 60 10 10 - 40
3 |KonBektuBHO-1udpdy3noHHas Moesb dneKkTpoauannza | 59,8 10 10 - 39,8
UTOI'O no pazoenram oucyuniurvl 179,8 | 30 30 - 119,8
Konrposns camocrostensHoit pabotsl (KPIT) - - - - -
IIpomexxyrounas arrecranus (UKP) 0,2 - - - -
[Toaroroska K 9K3aMeHy - - - - -
OO0m1ast TpyI0EMKOCTb 10 JUCIUTUINHE 180 - - - -

[Tpumeuanue: JI — nexmumu, [13 — mpaktuueckue 3ansatust / cemurapsl, JIP — maboparopusie
sanstusi, CPC — camocTosiTenbHast paboTa CTyAeHTA.




2.3 Conep:xanue pa3iesioB (TeM) THCHUNIHHBI
2.3.1 3aHsaTHA JEeKINOHHOI0 THIIA

HaumeHnoBanue pazaeciia (DopMa TCKYHICTO

Ne Cogaep:xanue paszaena (TeMBI
(Tembr) Aep pasnena ( ) KOHTPOJIS
1 |OcHOBHBIE TOHATHSL. Krnaccudukanms QHU3NKO-XMMHUUECKHX CHCTEM U mpoieccoB|YO
3aKOHbI COXpaHEHHs neperoca. CBsi3p C TmpoleccaMH 3arps3HEHHsT W OYHCTKH

OKpy>karouiei cpesibl. MakpoCKONM4eCKUd 1 MUKPOCKOITUYECKUI
MEXaHU3MBl IIepeHOca. YpaBHEHHs OanaHca: OaJlaHC Macchl;
OamaHc BemiecTBa; OajaHC KOJNMYECTBA ABIDKCHHA. Y paBHEHHE
JIMHAMUKU CIUIOLIHOM cpenibl B HaNpsKeHUsAX. YpaBHeHue Hasbe-
Croxca. 3aKOH COXpaHEHUsI TeIUIOBOH SHEPTUH

2 |YpaBHeHHs mepeHoca Muxkpockonnieckuii meperoc: 3akoHsl @Puka, Oma, @ypee. Ux|(BO
0000mmIeHnsT B paMKaXx HEpaBHOBECHOW TEPMOIMHAMHUKH.
Onekrpo-audy3uoHHBIN nepeHoc: ypaBueHne Heprcra-Ilnanka

3 |KoHBEKTHBHO- Cxema snextpoauanuznon (D[]) suediku u cyTtb mpouecca|KP
muddy3uoHHAsS MOJICTTh |00CCCONMMBAHUS W KOHICHTPHPOBAHUSI. KoHBekTHBHO-
3JIEKTPOANATH3A T hy3noHHAS MOJIEITH IIEKTPoanaIn3a; (HOpMYIHPOBKA 3a1auu

M cCXeMa YHCJICHHOTO PelICHHs 3a/1a4i. AHAIN3 PElICHHs 3a/1a49H.
Pacnpenenenune KoHUEHTpauuid W IUIOTHOCTM TOKa. TommuHa
1 dy3HOHHOTO €0t U cTeneHb O00ECCOJMBaHMS PpacTBOpA.
BonpTaMnepHas XxapakTepHCTHKA U MPEAETbHBIN TOK

2.3.2 3aHATHA CEMUHAPCKOIr0 TUNA (MPAKTUYeCKHe / CeMUHAPCKUE 3aHATUS/
JlabopaTopHbie padoThl)
[TpakTUyeckue 3aHATUSL

dopMa TeKyLEero

Ne HammeHnoBanwme paznena (TEMbI) Temaruka 3aHATHII/PabOT
KOHTPOJIS
1 |OcHOBHBIC TOHATHA. 3aKOHEI Pemenne ypaBHeHmit Oamanca B mpocreimux|YO
COXpaHEHHs crydasx. Pacnpenenennme ckopocteidl  TedeHus|P
JKUJIKOCTH BOIM3H TUIACTHUHBI u B

TpyOax/MeMOpaHHBIX KaHallaX IpH JIAMUHAPHOM
TEYEHUU KUAKOCTU. YpaBHeHue Ilyaseits

2 |YpaBHeHUs epeHoca Pemrenne 3amau  auddysum, anexrpuyeckoro | BO
repeHoca U TEIJIONPOBOJHOCTH. [P
Makpockonudeckuif  nepeHoc:  KOHBEKTHBHBIN
HIepeHoc. YpaBHeHUS KOHBEKTHUBHOM
anexTpoauddy3un n KOHBEKTHBHOTO
TeIIonepeHoca

3  |KonBekTuBHO-nu(pGy3nOHHAS Pacuer mapamerpoB 2] anmapata mo 3anaHHbIM|KP

MOJIETIb AIIEKTPOANAIN3A XapaKTepUCTHKaM  Ipomecca  obecconuBanus. |P

Perienre 3a1a4n ONTHUMHU3AIMH: TIOKCK [TAPAMETPOB
npouecca DJI, obecneyrBarOUX MHHUMAIBHYIO
€ce0eCTOMMOCTE OUHILIEHHOM BOIBI

KonrponsHas padota (KP), pedepar (P), 6nui-onpoc (BO), yerusiit onpoc (YO).
[Ipy wW3ydyeHWUW JUCHUIUIMHBI MOTYT NPUMEHSTHCS  DJIEKTPOHHOE  OOYYCHHE,
JTUCTaHIIMOHHBIE 00pa3oBaTeNbHbIe TeXHOJIO0THH B cooTBeTcTBUU ¢ DT'OC BO.

2.3.3 llpumepHasi TeMAaTHKA KYPCOBBIX padoT (MIPOeKTOB)
He npegycMmoTpeHsl.

2.4 TlepeyeHb y4eOHO-METOAMYECKOT0 oOecmeyeHusi AJIsi CAaMOCTOATEIbHON padoThI
o0yyaromuxcs Mo JMCHUILIHHE (MOIYJII0)

No Bux CPC [Tepeuenp yueOHO-METOIMUECKOTO 00ECTICUEH S IUCIUTUTNHBI 1O BBIOJIHEHHIO
- CaMOCTOSATENILHON PabOTEI

1 2 3

2 |CamocrosTennHOe
H3y4YCHUC PA3ACJIOB,




CaMOIIOrOTOBKA Crenanenko, Esrenuii AnrtonoBnu (KyOI'Y). Maremarnueckue METOABI
(mpopaboTKa u OIICHWBAHMS HAJICKHOCTH TEXHUYECKHX CHCTEM M TEXHOTeHHOTO pucka [Tekcr]:
MOBTOPCHHE JICKIIMOHHOTO |yyeoHoe mocodue. U. 1 / E. A. Crenanenko, M-Bo oOpa3oBanus u Hayku Poc.
Marepuaja u Matepuala |\ denepanun, Kybanckuii roc. yu-1. - Kpacuonap: [KybaHckuii rocyqapCTBeHHbIN

Y4eOHUKOB 1 ydeOHbIX yausepcuret], 2017. - 200 c.
MMOCOOHH, MOArOTOBKA K

IPAaKTHYECKUM paboTaM, [Kopamenko, A.B. MaremMaTndeckoe MOJEINPOBAHHE — (PH3MKO-XHMHUECKHX
KOJUIOKBAYMaM H T.J1.) mporieccoB B cpene Comsol Multiphysics 5.2 [DnekTponHBIH pecype]: yded.
3 |HoaroToBka K TEKYIIEMY  |nocoGue / A.B. Kosanenko, A.M. Y3nenosa, M.X. Yprenos, B.B. Hukonenko. —
KOHTpPOIIO DnekTpoH. naH. — Cankt-IletepOypr: Jlans, 2017. — 228 ¢. — Pexum gocryma:
https://e.lanbook.com/book/93695

Mertoanyeckue yka3zaHus [0 OpraHU3aU CaMOCTOSTEIBHON PaOOTEL
Meroauyeckrue yKa3aHMsl 110 HalMCaHHIO pedeparoB. YTBepkaeHb! Kadeapoi
¢dusnyeckoit xumuu, npotokoa Ne 17 or 11.05.2017 r

Meronnueckue peKOMEHAALMU K OPraHM3ALMM ayJUTOPHOM M BHEAYIUTOPHOU
(camocTosITeNpHOM) pabOTHl CTYAEHTOB: Meroamdeckue ykasanws / coct. T.IL
Cropoxenko, T.b. Iloumnok, A.B., becmamoB, H.B. Jlo3za. — KpacHognap:
Ky6anckwuii roc. yH-1, 2018. 89 ¢

Y4yeObHO-METOANYECKUE MaTepuaibl I CaMOCTOATEIBbHONM pabOThl O0YyYaloOIUXCs W3
Yrclia MHBAIKU/IOB U JIUI] C OTPAaHUYEHHBIMU BO3MOXKHOCTAMH 310poBbs (OB3) npenocrasistorcs
B (hopMax, aJanTUPOBAHHBIX K OTPAHUYCHUSM UX 37J0POBbS U BOCHIPUATHS HH()OPMAITIH:

Jiia U1 ¢ HapYIICHUSIMU 3PEHUSL:

— B I1€4aTHOW (hopMe YBEIMYCHHBIM HIPUPTOM,

— B popMe PIEKTPOHHOTO TIOKYMEHTA.

JIyist AL ¢ HapyIIeHUsIMU CIIyXa:

— B IIeYaTHOM opme,

— B (hopMe 2IIEKTPOHHOTO TOKYMEHTA.

JUiist 1 ¢ HApyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO amapaTra:

— B IIeYaTHOM opme,

— B (popMe 3JIEKTPOHHOTO IOKYMEHTA.

JlaHHBINA TepeyeHb MOXeT OBbITh KOHKPETH3MPOBAaH B 3aBUCHUMOCTH OT KOHTHHIEHTA
o0ydJaronuxcs.

3 OOpa3oBaTejibHble TEXHOJOTMH, NPHUMEHsieMble TPH OCBOEHHUHM JAUCHUILIHHBI
(Mmoxy.ns)

g popmupoBaHus NpodecCHOHaIbHBIX KOMIIETEHLUH B IMpPOLECCE OCBOEHHUS Kypca
UCTIOJIb3YeTCsl TEXHOJIOTUsS MPO(ECCHOHATBHO-PAa3BUBAIOIIETO 00YUYEHNUs, IPeAyCMaTPUBAIOILIAs
HE TOJBKO TIepeaady TEOpPEeTHYECKOro Marepuaia, HO ¥ CTUMYJIHPOBAaHWE W pa3BHTHE
IPOAYKTHBHBIX MMO3HABATENbHBIX ACHCTBUI CTYJEHTOB (Ha OCHOBE ICUXOJIOTO-MeAarornueckon
TEOPHH MOITAITHOTO (POPMHUPOBAHUST YMCTBEHHBIX JICHCTBHI ).

B xome wu3yueHHMs JOUCHMIUIMHBI IPEIyCMOTPEHO MCIIOJIB30BaHME CIIEAYIOIIHUX
00pa3oBaTeNbHbIX TEXHOJOTHI: JEeKIUH, JiabopaTopHbIe 3aHATHs, NpoOJIeMHOEe O0OydeHHUe,
MOJyJIbHAs TEXHOJIOTHUS, MOJATOTOBKA NMUCHBMEHHBIX AHAJUTUYECKHX PabOT, CaMOCTOSATENbHAs
paboTa CTy/ICHTOB.

KomneTeHTHOCTHBIM MOIX0J B paMKax NpenojaBaHMs JUCLHUIUIMHBI peaIu3yeTcsl B
UCTIOJIP30BAaHUM HMHTEPAKTUBHBIX TEXHOJOTUH M AKTUBHBIX METOJOB (TIPOCKTHBIX METOJHK,
MO3rOBOIO INTYpMa, pa30opa KOHKPETHBIX CHUTyalllil, aHaiu3a NeJarornyeckux 3ajad,
MeAarorn4eckoro SKCIepuMeHTa, MHBIX (OpM) B COUETAHUHU C BHEAYJIUTOPHOU pabOTOM.

NHdpopmanlMoHHbIE  TEXHOJOTMM, TPHUMEHSEMble TIpPH U3YYCHUHM JAUCHUIUIMHBL:
UCTIONIb30BaHUEe  HMHMOOPMAIIMOHHBIX  PECypcoB,  JOCTYNMHBIX B WH(POPMAIHUOHHO-
TEJIEKOMMYHHUKAIIMOHHOM ceTu MIHTepHeT.

AnanTuBHBIE 00pa30BaTebHBIC TEXHOJIOTHH, IPUMEHSIEMbIC IPH H3YYCHUU JUCITUTUTIHBI
— JUI1 JMIl C OrPaHMYEHHBIMH BO3MOXKHOCTSMH 3]I0POBbSI MPEAYCMOTPEHA OpraHU3aIus
KOHCYJIBTAIIMH C UCIIO0JIb30BAaHUEM HJIEKTPOHHOM MOYTHI.



https://e.lanbook.com/book/93695

4 OueHOYHBIE CPEACTBA IS TEKYIIero KOHTPOJISl YCIIeBAeMOCTH W MPOMEKYTOYHOMI
aTTrecTanuu

OneHouHble CpeAcTBa IpEIHA3HAYEHBbl JJIsi KOHTPOJS M OLEHKM OOpa3oBaTelIbHBIX
JOCTHKEHUI 00ydaroluxcsi, OCBOMBUINX MPOrpaMMy y4eOHOH TUCHUILTMHBL «MarteMaTuieckoe
MOJICIIMPOBAHKE MTPOIIECCOB MEPEHOCA B TEXHOC(]EPE U B IKO3ALIUTHBIX CHCTEMAX).

OneHouyHbIE Cpe/ICTBA BKIIOYAET KOHTPOJIbHBIE MaTepuaibl /Ui MPOBEACHUS TeKYyUIero
KOHTPOJISl B (hopMe TeCTOBBIX 3aJaHWM, JOKJIAAa-TIPE3eHTAlMU 10 MPOOJIEMHBIM BOIPOCAM,
Pa3HOYPOBHEBBIX 3aJlaHUIl, CUTYAllMOHHBIX 3aJad U NMPOMeXKYTOYHO# aTTecTauMu B (opme

BOIIPOCOB U 3a/IaHUM K 3a4eTy.

CTpyKTypa OLEHOYHBIX CPEACTB JJIS TEKYIIeil U NMPOMEKYTOYHOM aTTecTalun

HaumeHoBaHUE OLIEHOYHOTO
Kon u HanmeHoBaHue
Ne Pesysnprarel 00y4eHus CpeacTBa
HHIUKaTOpa (B v
n/n (B cootBeTcTBMU C 1. 1.4) Texymuii | [IpomexyTounas
COOTBETCTBHH C 11. 1.4)
KOHTPOJITb aTTecTanys
HOIIK-1.1. 3HAaeT OCHOBHBIC MNPHHIUIBI (opmupoBanus | YO Bomnpoc Ha
JeMmoHCTpHpYET MIOWCKA, aHAIN3a U CTPYKTYpHUPOBAHUS HAy4HBIX | P 3aueTe
OCYIIECTBIICHHE 3HaHMH B 001aCTH TeXHOC(EpHOH Oe30macHoCTH,
NIOWCKa, aHalW3a ¥ | OCHOBHBIC (DM3WYECKHE 3aKOHBI, a TaKXKe
CTPYKTYPHPOBAHHUS ITOPUTMBI PabOTHI MPOTPAaMMHBIX MPOIYKTOB
MaTeMaTHYECKHX, MOHHUTOPHHTA M KOHTPOJISI 0€30I1aCHOCTH
€CTECTBEHHOHAYYHBIX,
COLMATBHO- YMeeT mNpHMEHSET Ha MPAKTHKE OCHOBHBIE
KOHOMHYECKHIX u | TpUHOMIBL OPMUPOBAHUS IIOWCKA, aHATH3A M
1 PO eCCHOHANBHBIX CTPYKTYPHUPOBaHUS B OOJNACTH TEXHOC(HEpHOU
sHaHMH B oOmacTh | O€30TMacHOCTH, CTPYKTYpPHPOBATh 3HaHWUA,
TexHOC(EPHO pemiate CIOXHBIE M TPOOJIEMHBIE BOMPOCHI,
Ge30MaCHOCTH CaMOCTOSITENIBHO 00y4aThcs
Bnaneer HaBblkamMu (DOPMHUPOBAHMS IIOHCKA,
aHaJIM3a U CTPYKTYPHUPOBAHUS 3HAHUH B 00IaCTH
TeXHOC(EPHOH 0E30MacHOCTH, PelaTh CIOKHBIE
U TpoOJIeMHBIE BOIPOCHI, CAMOCTOSITEIHHO
o0yJatbcs
HOIIK-1.2. Beibupaer, | 3HaeT OCHOBHBIE MOAXO0/bI K BEIOOPY MeTOon0B U | BO Bomnpoc Ha
IIPUMEHSIET, croco0OB  BHeApeHWs 3HaHUMT B  obmactu | P 3a4ere
HCTIONB3yeT u | TexHocdepHoH 6e30macHoCTH
BHEJPSIET
MareMaTH4ecKue, YMeeT oOCyHmeCTBIATH BBIOOpP METONOB U
€CTECTBEHHOHAy4Hble, | CMOCOOOB BHEIPEHHS M KOHTPOIb 33 PEIICHHEM
2 COIHMATbHO- CIOXKHBIX M  MHpPOOJEMHBIX  BONPOCOB €
SKOHOMITUECKIE § | MCTIONB30BaHUEM NPHOOPETEHHBIX 3HAHUN
npodeccruoHaBHbBIE
Brnaneer HaBbIKaMu BBIOOpA METO/IOB M CLIOCOOOB
3HaHM B  o0Osactu
. BHEJIPEHHUS M KOHTPOJISI PELICHHUS CIOXHBIX H
TeXHOC(HepHOit .
npoOJIEMHBIX BOINPOCOB B cepe TexHOChepHOit
0e30MacHOCTH
6e30MacHOCTH
HIIK-4.1. 3HaeT W ocymecTBisieT BboIOOp 1HppoBhIX | KP Bomnpoc Ha
JemoHcTpupyet TEXHOJIOT U, npogeccuoHanbHbIX | P 3a4eTe
CrocoOHOCTh KOMIMBIOTEPHBIE TpPOrpaMM M 0a3 MaHHBIX IS
HCTI0JIH30BaTh XpaHeHusl, CHCTEMAaTH3aINH, 00paboTkH,
ugpossie nepenadyd HMHGOPMAIMU, METOABI IOCTPOCHUS
TEXHOJIOTUH, MaTeMaTHYECKUX MOAEeNel pealbHbIX 0OBEKTOB,
3 npodeccroHaIBHbBIE NPUHIOUIB PacuyéTOB OCHOBHBIX aIllapaTtoB H
KOMITBIOTEPHBIE cUCTEM obecrieueHns TeXHOC(EPHOI
mporpaMMmbl W 0a3bl | 0€30MacHOCTH
JaHHBIX B  00OJacTu
TexHOC(EpHOIt YMmeer  aHaNM3WpPOBATH WM HCIOJIB30BATh
6e30MaCHOCTH IUPPOBBIE  TEXHOJOTHH, TpodecCHoHATBHBIE
KOMITBIOTE€PHBIE IPOTPaMMBI M 0a3bl TaHHBIX JUIS
XpaHeHHUs, CUCTeMaTH3alUH, 00paboTKHy,




nepenauu uHpOpMAIIHH, 00001aTsL Hu
apryMEHTHPOBAHHO  OTCTaWBaTh  [PHHATHIC
pelICHui, KaueCTBEHHO OIIEHMBATD
KOJIMYECTBEHHBIE Pe3yNbTATHI, HX
MaremMatuuecku GopMyIHpOBaTh

Bnaneer u obecneunBaer HCIIOJIb30BAHUC
IIH(i)pOBI)IX TeXHOJ’IOFHﬁ, HpO(l)eCCI/IOHaHLHLIX
KOMIBIOTCPHBIX IPOTpaMM U 0a3 JaHHBIX JJIA

XpaHEeHHS, CHCTEMAaTH3ALNH, 00paboTkHy,
nepenadd vHGpOpPMAIUU, HABBIKAMH CO3JAHUS H
aHanm3a MaTeMaTHYECKUX Mozeneit

UCCIENYeMbIX  IIPOIECCOB M OOBEKTOB,
COBPEMEHHBIMH IIPOrPaMMHBIMH MPOIYKTAMH B
0071aCTH NpeayNnpeKAeHUs pUcKa

UIIK-4.2. OGnamaer
HAaBBIKAMU IIOATOTOBKHU
JIOKYMEHTOB B 00J1aCTH
TeXHOC(HEepHOit
0e30IMacHOCTH c
HCIIOIL30BAHHEM
TUPPOBBIX
TEXHOJIOTHH H
npodeCCHOHANBHBIX
KOMITBIOTEPHBIX
porpamMmm

3HaeT cmocoObl TPHEMBI M CpPEACTBA IPH
MO/ATOTOBKE JIOKYMEHTOB B obmactu
TexHOC(EepHOI 0E30MaCHOCTH C UCTIOIB30BaHUEM
IU(POBBIX TEXHOJIOTHH M MPOQECcCHOHATBHBIX
KOMIBIOTEPHBIX ~ TPOrPaMM,  COBPEMCHHbIC
IpOrPaMMHBIC MPOJYKTHI, TIO3BOJISIOIIUE
OCYIIECTBIIAITH ~ YUCICHHOE  MOJCIHPOBAHME
MPOLIECCOB, IPOTEKAIOLINX B TeXHOChepe

VMeeT aHATU3UPOBATH M UCIIOIB30BATh CIIOCOOBI
IMMPUEMBI U CPEACTBA IPU MTOATOTOBKE TOKYMECHTOB
B 00lacTH TEeXHOC(pepHOU OE30mMacHOCTH C
UCIIONIb30BaHUEM IM(MPOBBIX TEXHOJOTUH U
po(eCCHOHATBHBIX KOMITBIOTEPHBIX MPOTPaMM,
AHATH3UPOBATH H3yJaeMBIi 00BEKT;
NPOEKTHPOBATh ~ MATEMAaTHYECKYI0  MOJIEINb;
HCTIONB30BaTh MATEMATHUYECKHH ammapar Ui
pellleHnsl 3a1a4uu; ONTHMAJbHO HCIOIb30BATh
BBIYHCITUTEIbHYIO TEXHUKY

Brageer u  oOecreyMBaeT — HCIOJIL30BaHHUE
CIIOCOOOB MPUEMOB M CPEACTB NPH HOATOTOBKE
JOKYMEHTOB B ofOylacth  TexHocdepHOil
0e30MacHOCTH C HCIHOJNB30BaHHEM LU(PPOBBIX
TEXHOJIOT Uil " npohecCHOHATBHBIX
KOMIIBIOTEPHBIX ~ IPOrPaMM,  COBPEMEHHBIMH
MAaT€MaTU4YCCKUMHU W MAIIUMHHBIMH MECTOJaMHU
MOAECJIMpPOBaHNUA, MIpUHIUIIAMHUA CHCTECMHOTI'O
aHaJIU3a ¥ CHHTe3a 0e30MacHOCTU IPOLECCOB U
00BEKTOB  TEXHOJIOTHYECKOTO 000pyrOBaHuS,
HaBbIKaMU CO3JaHUA MATECMAaTUUYCCKHUX MO}IeHeﬁ,
peuicHuss MareMaTU4YCCKHUX 3ajaad, METodaMu
MOCTPOCHHS MaTEMaTUYECKUX MOJEINCH THIIOBBIX
3a/1a4 B 00J1aCTH QU3UKO-XUMHIECKHX IPOLIECCOB
B TexHOC(epe

KP, P

Bompoc Ha
3a4yere

TunoBble KOHTPOJIbHbIE 3aJaHUS WU UHbIE MATEPHUAJIbl, HE00X0AUMBbIE 1JIs1 OLEHKH
3HAHMI, yMEHUI1, HABBIKOB U (MJIH) ONBITA AEATEJIbHOCTH, XapPAKTEPU3YOIIHUX ITANbI
¢GopMupoBaHus KOMIIeTEeHIMI B Mpolecce OCBOCHUA 00pa30BaTeIbHOI MPOrpamMMbl

Ilpumepnulit nepeuenv 60npocos u 3a0anuil
Bonpocel 1J151 ycTHOT0 onpoca no reme «OCHOBHbIE MOHATHSI. 3AKOHbI COXPAHEHHS1.)

1. Kak knaccudunupyrores GU3NKO-XUMHUYECKHUE CUCTEMBI M ITPOLECChI ITepeHoca’?

2. KakoBa cBsI3b IPOIIECCOB TIEPEHOCA C MPOIECCAMU 3arPS3HEHUS M OYHCTKH OKPYIKarOIIeH
cpenbl?

3. YeM OTIMYAIOTCS MAKPOCKOMUYECKHUI U MUKPOCKOITMYECKUN MEXaHU3MBI lepeHoca’?

4. Kakue ocHOBHBIEC 3aKOHEI COXPAaHCHUSA CYH_ICCTBYIOT?




Kakue ypaBHEHUS! OTHOCATCS K ypaBHEHHsIM OanaHca?

UYro onuckIBalOT ypaBHeHHs OajaHca Macchl U OajlaHca KOJMYEeCTBA BElecTBa?
B yem oco0eHHOCTh ypaBHEHHUS OajlaHCa KOJIMYECTBA IBUKCHUS?

Kaxk 3ByunT 3axkon ®uka?

Kak 3Byunt 3akon Oma?

10.  Kak 3Byunt 3akoH Dypbe?

©ooNo O

Bomnipocsl 11 OLICTPOr0 NUCbMEHHOT0 ONPOCA («OJIMI-0MPOCA») HA MPAKTHYECKOM
3aHATHHU (CeMUHAPe) M0 TeMe «YPaBHEHUsI MePeHocay

1. B uyem ocHOBHOe otinnune mpouecca Aubdy3uu B YCIOBUSX — HAIOXKEHHOIO
AIIEKTPUIECKOTO OIS U 0e3?

2. N3 xakux ypaBHEHUI U IPEANOJIONKEHUM BbITekaeT ypaBHeHue Hepucra-Ilinanka?

3. Kak BbIpa3uTh IJIOTHOCTH IIOTOKA MOHOB 4Yepe3 TPAAMEHT AIIEKTPOXUMHUYECKOTO
noreHyana?

4. B 4em 3akiogyaercst ycioBue paBHOBECHS ?

5. Kakue cymectByroT ocHOBHbIE neMeHTsl THIT?

6. Uro u3 cebs npencrasiser ypaBuenus Ouzarepa?

7. KakoBa ¢dopmynupoBka u (u3MUECKHii CMBICT MOTOKOB, JABIDKYIIUX CHJ U
k023 unreHToB nepeHoca B ypasuennn Kenem-Kauanbckoro?

8. Kaxum 00pa3zom BO3MOKHO OCYIIIECTBUTH BBIBOJ JIMHEWHBIX 3aKOHOB nepeHoca @uka, Oma
u Jlapcu u3 ypasanenust Kenem-Kauanbckoro?

9. B yem ocHOBHas naest GapoMeMOpaHHBIX MPOIIECCOB?

10.  Kakue ypaBHeHUs IepeHOCa BBITEKalOT U3 ypaBHeHui Kenem-Kauanpckoro?

11.  Kak kiaccudunupyrorcs 6apoMeMOpanHbie mporecchl? Kakue MexaHu3Mbl pasielneHus
HCTIOJB3YIOTCS. B 0OPATHOM OCMOCE M B APYTHX OapoMeMOpaHHBIX Iporieccax?

12.  Kaxkue mapamMeTpsl ONpenessioT KadecTBO pa3aeneHus: B 6apoMeMOpaHHbIX Mpolieccax?
13.  Kakwue nporeccbl NpoTeKaroT B reMoauann3arope?

14. Kak ocymecTBUTh pacueT IUIOIIAAM MeMOpaHbl, HEOOXOAUMOW il OJHOIO ceaHca
OUYUCTKH KpOBH?

15. Kakum oOpa3om ocymiecTBiseTcss pacyeT OOpaTHOOCMOTHYECKOTO  IMpoliecca

o0ecconrBaHus MOPCKOM BOJIbI?

Kounrpoabsnas padora no reme «KonBekTuBHO-1u¢Py3uoHHAS MOAEb HIEKTPOIHATU3A)

Bapuant Nel

1. DnexTpoMeMOpaHHbIe Mpoliecchl. Cxema 3JeKTpoIuann3a.

2. Onnomepnas Mmozaens OJ1. KoHneHTpanroHHas Noaspru3ays Npu dJIEKTPOIUAIIN3E.

3. Pacuer ckauka moreHnuana B MeMOpaHHOM CHUCTEME.

4. KonsektuBHas auddysus npu snexkrpoananuse. JBymepHas Mmojnens. dDopmyaupoBka
3a/1a4H.

3adaua. HaiiTn ontumanbHOE HAIpsDKEHHE M Ce0ECTOMMOCTb BOJIBI, MosydyaeMol mpu 3OJ1
pactBopa NaCl ¢ xonuentpanwuei 0,01 mons/n. IIpuHATB, YTO CKOPOCTH TeUeHHS pacTBopa 1,6
cm/c, koapounment muddysun comu D NaCl=1,6x10-5 cm2/c. Croumocts mMemOpan 1000
py0./M2. CTouMOCTb 3J1. SHEeprum paBHa 2 py0. 3a KBTxuac. 3arpaTtamu SJIEKTPOIHEPTHUU Ha
nepekavyky pacTBopa npenedpeus. Uncio padbounx 4acoB B rogy 5840, crouMocTb 000py0BaHUS
6e3 cronmoctn MemOpan 200 000 py6ieii. [TpoM3BOMTENBEHOCTS YCTAHOBKH 1 M°/4 IO IMITIOATY
u 02 M4 no konuenrtpary. Illupuna paGoueil uyacTu MeMOpaHBI (=IIMPHHA Kamepbl
obecconmmBanus) 40 cm, paccTrossHue Mexay cocenHumu MemOpanamu h=0,5 mm. Crenenb
obecconuBanus 0,8. MakcuManbHOE YHCIIO JIET 3KcmyaTanuu 12 nert. IlpegycMoTpers 3ameHy
MeMOpaHbI KaXk/ipie 4 roja.
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Bapuant Ne2

1. JIBymepHas KOHBeKTUBHO-IH(dy3uonHas Mmozenb D1, Pemenne kpaeBoii 3a1auu.

2. PacnipeniesieHne KOHIEHTpauuud U IUIOTHOCTH Toka B O/l BonbsramnepHas
XapaKTepUCTHUKA.

3. KonsektuBHO-1uddysnonnas moaens D/

4, [Ipenenbubiii TOK U qUh)Y3HOHHBIN CIOM

3aoauya. Haiitn onTuManbHOE HampspDKEHHE M Ce0ECTOMMOCTH BOJBI, TOdydaeMoi mpu I/
pactBopa NaCl ¢ konnentpanueit 0,01 monp/n. [IpuHATE, YTO CKOPOCTH Te€YeHHUS pacTBopa 1,6
cm/c, koadduument auddysun comr DNaCl=1.6x10-5 cm?/c. CronmocTts Membpan 1000 py6./m2.
CroumocTh 371. Hepruu paBHa 2 py0. 3a kBTxuac. 3aTpaTaMu 2JIEKTPOIHEPIHH HA MEpPEKayKy
pactBopa mpeHeOpeub. Umcino pabounmx yacoB B roay 5840, crommocts oOopymoBaHus 0e3
croumocTtn Membpan 200 000 py6ueii. [Ipou3BOAUTEIBHOCT YCTaHOBKH 1 M3/4 o aumoary u 0,2
M%/4 o koHnenTpaty. lllupuna paboueii yacTn MeMOpaHBI (=IIMPUHA KAMEpPhl 00ECCOTMBAHMS)
40 cM, paccrosiHue Mexay cocenrHuMu memoOpanamu h=0,5 mm. Crenennr obecconuBanus 0,8.
MaxkcumanbHOe YHCiIo JeT dKcruryartauu 12 net. [IpeaxycMoTpers 3aMeny MeMOpaHbl Kaksie 4
roja.

Tembl pedeparTonB
BriBog 3akonoB duka, Oma, ®ypre, ypaBuenus Hepucra-Ilianka.
BriBon1 ypaBHEeHU KOHBEKTUBHOM 31eKTpoAu(dy3ul 1 KOHBEKTUBHOTO TEIUIONEPEHOCA.
Pemenue 3anau nepenoca. 3ajjaua pacCTBOPEHUS MJIOCKOM MJIACTUHBI.
Pemenue 3anay no quddys3un B PU3NKO-XUMHUYECKUX CUCTEMAaX. 3aauu JUAIIN3A.
VYpaBHeHuUs epeHoca B 6apoMeMOpaHHBIX MPOIIECCAX.
AHanu3 ©  peleHHe  KOHBEKTUBHO-AMU(PGY3MOHHONM  MOAENU  BJICKTPOAHAIU3A.
I/Icnonb3OBaHHe pa3pabOTaHHBIX paHEe MPOTPAMMHBIX MPOIYKTOB.
7. Pacuer pacnpeneneHus KOHIEHTpAIM M MIOTHOCTH TOKa B KaHajaX 00ECcCOJIMBAHUS U
KOHUEHTPUPOBAHUS AIEKTPOJAUATIU3HOTO almapara.
8. W3ydyenue CcBOMCTB MeMOpaHHBIX CHCTEM METOJaMU  XPOHOMOTEHLIUOMETPUH,
BOJIbTAMIIEPOMETPUHU 1 UMITETAHCOMETPHH.
9. OnHoMepHOE MOJIETUPOBAHHE MATUCIOWHBIX MEMOPAHHBIX CHCTEM.

ook wndE

3aveTHO-3K3aMeHAllMOHHbIE MATePHAJIbI /15l IPOMEKYTOUYHOM aTTecTALMU (324eT)
Bonpocs! 1J1s1 NOATOTOBKM K 3a4eTy
1. Kak xnaccuduuupyrores pu3snko-XxuMU4ecKue CUCTEMBI U TPOLIECCHI IepeHoca?
2. KaxoBa cBs3b IIpOLIECCOB MIEPEHOCA € MPOLIECCAMU 3arPA3HEHMS U OYMCTKH OKPY’KarOLIEN
cpenbi?
YeM 0oTIIMYAIOTCS MAaKPOCKOMMUECKUI 1 MUKPOCKOTTUYECKHI MEXaHU3MBbI IlepeHoca?
Kaxue ocHOBHBIE 3aKOHBI COXPAaHEHUS CYIIECTBYIOT?
Kakue ypaBHEeHUs1 OTHOCATCS K ypaBHEHUsIM OasiaHca?
UYro onuckIBalOT ypaBHEHUs OajaHca Macchl U OallaHca KOJIMYECTBA BelecTBa?
B ueM ocoOeHHOCTh ypaBHEHUs OanaHca KOJIMYECTBA ABHKEHHS?
Kak 3Byunt 3axon ®uxa?
Kak 3Byunt 3akoH Oma?
10.  Kak 3Byunt 3akoH @ypbe?

LCoNOO AW

11. B d4em ocHOBHOe oTiaMuue mnpouecca AUGpPy3un B YCIOBUSAX HAJOKEHHOTO
ANEKTPUIECKOTO TO0JIs U 6e37

12. N3 kakux ypaBHEHUH U NPEANOI0KEHUH BbITeKkaeT ypaBHeHue Hepuera-Ilnanka?

13. Kak BBIpa3uTh IUIOTHOCTH IIOTOKa HOHOB Yepe3 TPAJUEHT DICKTPOXUMHUECKOTO
noreHuuana’?

14. B dewm 3akmrouaercs yciioBue paBHOBECHS ?

15. Kakwue cymectBytoT ocHOBHBIE 2eMeHThl THIT?
16.  Uro u3 cebs npeacrapiseT ypapHeHus On3arepa?
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17. KakoBa ¢opmynupoBka U (U3HYECKHH CMBICH IOTOKOB, JBIKYIIUX CHI U
koa(durmenToB neperoca B ypaBHeHnn Kenem-Kavanbckoro?

18. Kaknm 06pa3oM BO3MOKHO OCYIIECTBUTH BBIBOJI JINHEHHBIX 3aKOHOB NiepeHoca Puka, Oma
u [lapcu u3 ypaBHenust Kenem-Kauanbckoro?

19. B uem ocHOBHas ujaes 6apoMeMOpaHHBIX IPOIECCOB?

20. Kakue ypaBHeHus nepeHoca BbITeKatoT U3 ypaBHeHui Kegem-Kavanbckoro?

21.  Kak xmaccuduuupyrorcst 6apomemOpannbie npouecchl? Kakne MexaHu3Mbl pa3/eseHus
HCIOJIB3YIOTCSI B OOPaTHOM OCMOCE U B PYTUX OapoMeMOpaHHbIX Mpolieccax?

22.  Kakue mapaMeTpbl ONPEACTSIOT KaYeCTBO pa3eiieHus B 0apoMeMOpaHHbBIX Mporieccax?
23.  Kaxkue nmporueccsl IpOTeKalT B reMoauanuzarope?

24.  Kak OCyIIECTBHTHb pacyeT IUIOIaAu MeMOpaHbl, HEOOXOAWMOW Il OJHOTrO CceaHca
OYMCTKH KPOBU?

25. KakuM 00pa3oM  OCYyWIECTBISIETCS ~ pacdeT OOpaTHOOCMOTHYECKOrO  Ipolecca
obeccomBaHus MOPCKOH BOBI?

26.  UTO OTHOCHUTCS K 3JIEKTPOMEMOpPAHHEIM mporieccam?

27.  KakoBa npuUHLHUIIUATbHAS CXeMa dJIeKTpoauannsa?

28.  Kak BeImsimuT ogHoMepHast pusmueckast moxens D/1?

29.  Urto Takoe KOHILIEHTPALMOHHAS MOIsIpU3anus?

30.  Kak ocymecTBisieTcsi pacdeT cKauka IOTeHIIMajla B MeMOpaHHO cucteme?

31.  Yto Ttakoe KOHBeKTUBHas AU Py3us B dNeKTpoguanuse?

32.  Uto u3 cebs mpeacTaBiIseT AByMEpHas MOJICIb AICKTpoarann3a’?

33. Uro u3 cedst nmpeacTaBisieT IByMepHas KOHBEKTHBHO-AUG G y3nonHast moaens /1.

34.  Kak ocymiecTBisIeTCsl pelieHrne KpacBoii 3a1aum?

35.  Uto Takoe BoidbTaMIepHas xapakrepuctuka? Kakue mporeccsl oHa OMHUChIBaeT?

36.  Uto Takoe mpeaeNbHbII TOK U Tu(Py3HOHHBIH CI0H?

Kpurtepun oueHnBanus pe3yJibTaTOB 00y4eHUs
Kputepuu oneHuBaHusi KOHTPOJIbLHBIX PadoT.

OrneHKa «OTJMYHO» BBICTABISIETCS, €CIHU CTYASHT BBIMOJHUI paboTy 0e3 ommboK u
HEJIOYETOB, JIOMYCTHII HEe 00JIee OJJHOTO HEeI0UYeTa.

OreHKa «X0pOIIOY», €CIIU CTYIEHT BBIMOIHII PaboTy MOJHOCTHIO, HO JOMYCTHII B HEH He
OoJiee 0THOM HErpyOO OIIMOKHK U OJTHOTO HEJ0ueTa, WM He 00Jiee IBYX HEI0YETOB.

OneHka «yI0BJIETBOPHUTEIBHO», €CIM CTYICHT MPAaBWILHO BBIMOIHUI HE MEHee
MOJIOBUHBI pa0OTHI WU JOMYCTUI He Oosiee ABYX rpyObIX OMIMOOK, WK HE OoJiee OHOM TpyOoi
¥ OJIHOM HerpyOoil OIMOKU ¥ OJTHOTO HEJA0YETa, UITU He OoJiee IBYX-TPEeX HErPyObIX OMIUOOK, I
OJIHOI HerpyOoi OImMOKH M TpeX HEAO0YETOB, WIM MPU OTCYTCTBUHU OIIMOOK, HO MPU HAIUYUHU
YeThIPEX-TISITH HEJJOUETOB, TUIOX0 3HAET TEKCT MPOU3BECHUS, TOMYCKAaeT UCKaxKeHHe (PaKTOB.

OreHKa «HEY/I0BJIETBOPUTEIBLHO», ECITH CTYACHT JIOIMYCTHII YHCIIO OMMUOOK U HEJOYETOB,
MIPEBOCXOIAIIEe HOPMY, IIPU KOTOPOl MOYKET OBITh BHICTABIIEHA OIIEHKA «3», WIIU €CITU MTPABUIIBHO
BBITIOJTHHUJI MCHEC ITOJIOBUHBI pa6OTBI.

Kpurepun onenuBanus pedeparon

OrneHka «OTJIMYHO)» — BBINOJIHEHbI Bce TpeOOBaHMS K HAllMCAHUIO U 3amuTe pedeparta:
o0o3HaueHa npobsieMa U 00OCHOBAaHA €€ aKTYaJlbHOCTb, C/AEJIaH KPAaTKUIl aHaIM3 pPa3IUYHBIX
TOYEK 3PEHHS Ha paccMaTpUBaeMylo MpoOJeMy U JIOTHYHO H3JI0KEeHa COOCTBEHHAas MO3MIIMS,
c(OpMyYIHpPOBaHBl BBIBOJBI, T€Ma pPACKPBITA IOJHOCTHIO, BBIIEPXKaH OO0BEM, COOIIO/IEHBI
TpeOoBaHUS K BHEIIHEMY O(GOpPMIIEHMIO, JAaHbl IMpPaBWIbHBIE OTBETHl Ha JIOMOJIHUTEIbHBIE
BOIIPOCBI.

OrneHka «Xopouo» — OCHOBHbIE TpeOOBaHMsI K pedepaTy U €ro 3alluTe BHIMOIHEHbI, HO
IIPY ATOM JIOIYHIEHBI HEOYEThl. B 4acTHOCTH, UMEIOTCS HETOYHOCTH B M3JI0KEHUU MaTepHala;
OTCYTCTBYET JIOTWUYECKasi TMOCJeI0BaTEIbHOCTh B CYKIEHUSIX; HE BBIAEpKaH 00beM pedeparta;
UMEIOTCA YIYIEHHUs B 0)OPMIIEHUH; Ha JIOTIOJIHUTEIbHBIE BOIPOCHI ITPH 3aIIUTE JTaHBI HETTOJTHbIE
OTBETHI.
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O1eHKa «y10BJ1€TBOPHUTEIbHOY» — UMEIOTCS CYIIECTBEHHBIE OTCTYIUICHUS OT TPeOOBaHUI
K pedepupoBaHuio. B dacTHOCTH, TemMa OCBelleHa JUIIb YAaCTHUYHO; JOMYUICHBI (haKTUYECKue
OMOKH B coJiepaHuU pedepara WU MPU OTBETE Ha JIOMOJHUTEIBHBIC BOIPOCHI; BO BpEMs
3aIUTHI OTCYTCTBYET BBIBOJI.

OrneHka «HeyI0BJIETBOPUTEIBbHO» — TeMa pedepaTa HE pacKpbiTa, OOHAPYKHUBACTCS
CYILIECTBEHHOE HEMIOHUMAaHUE IPOOJIEMBI.

Kpurepun nud¢epenunpoBanHoii oneHKn pedepara

Kpurepuu onenku MaxkcuManbHas OlleHKa B Oajuiax
JIOrMYHOCTH U3JI0KEHUS 3
PackpprTue Tembl 3
Vcnonp3oBanue mMupoKor HHPOPMALMOHHOMN 6a3bl 3
Hanuuue coOCTBEHHBIX BEIBOAOB, 0000IICHMI, 3

KPUTHUYECKOTO aHAJIA3a
Co0J1ro/IeHUE NTPaBIJI IIUTUPOBAHMSI
[TpaBUIBHOCTH OOPMIICHHS
Hroro: 15

13-15 6ayoB — OTIMYHO;

10-12 6annoB — XxopoIo;

8-9 6ayIoB - yIOBICTBOPUTEIILHO;

0 6ayTOB — HEYIOBJIETBOPUTEIIBLHO.

N

[

Kpurepun oneHuBanus pe3yibTaTOB YCTHOIO OIIpOca

OneHka «xopouio» CTAaBUTCS, €CIU CTYIAEHT JAeT OTBET, YJOBJICTBOPSIOIIMNA TeM e
TpeOOBaHUSAM, UYTO M JJS OLEHKH «OTJIWYHO», HO AONycKaeT 1-2 omuOKH, KOTOpHIE caM K€
UCTIpaBIISET, U 1—2 HepoueTa B OCIIEI0BATEIbHOCTH U SI3bIKOBOM O(OPMIICHUH U3JIaraeMoro.

OueHka «yooenemeopumenbHo» CTABUTCS, €CIH CTYAECHT OOHApyXHBAaeT 3HAHUE U
MIOHMMAaHHUE OCHOBHBIX IIOJIO’KEHUI TaHHOM TE€MBI, HOT U3JIaraeT MaTepras HEMOIHO U JOIYCKaeT
HETOYHOCTH B OIPEIeJICHUH OHATUH WX GOPMYITUPOBKE MPABUII; HE YMEET JOCTATOUYHO IITyO0KO
U JI0Ka3aTelbHO 00OCHOBATH CBOM CYXJIEHUS M NMPUBECTU CBOM NPHUMEPHI; U3JIaraeT MaTepHuai
HEMOCJIE0BATENILHO U IOIYCKAEeT OIIUOKH B A3BIKOBOM O()OPMIIEHUU H3J1araeMoro.

OneHka «HeyooenemeopumenbHoy) CTaBUTCS, €CIIU CTYJEHT OOHapyXHBaeT HE3HaHUE
OonblIeld YacTHM COOTBETCTBYIOLIETO BOMNpOCa, JOMycKaeT oOMmMOKHM B  (HOPMYJIHPOBKE
OTpeNieIeHu W MpaBMJI, MCKAKAIOIIME MX CMBICH, OECIOpSJOYHO U HEYBEPEHHO H3JIaraer
matepuan. OneHka «2» OTMEYaeT TaKhe HEJOCTaTKd B IOATOTOBKE, KOTOpBIE SIBISIOTCS
CEPbE3HBIM IPEMATCTBUEM K YCIIEIIHOMY OBJIAJICHHUIO IIOCIEAYIOIIMM MaTepHAJIOM.

5 llepeuenb y4eOHOI TuTEPATYPhl, HHPOPMALMOHHBIX PECYPCOB M TEXHOJIOTHil
5.1 YueOHnas 1uTepatypa
1. Crenanenko, Eprenmii AmnrtoHoBuu (KyOI'Y). Maremarudeckue MeTOIbI

OLICHUBAHMs HAJISKHOCTH TEXHHMUYECKHUX CHUCTEM M TEXHOreHHOro pucka [Tekct]: yuebHOE
nocobue. Y. 1/ E. A. Crenanenko; M-Bo oOpa3oBanus u Hayku Poc. ®eneparun, Kybanckuii roc.
yH-T. - KpacHonap: [KyGaHnckuii rocynapctBensslii yausepcuret], 2010. - 200 c.

2. Kosanenko, A.B. Maremarnyeckoe MoJAeTUpOBaHUE (PUIUKO-XUMHUYECKUX
nporeccoB B cpene Comsol Multiphysics 5.2 [DnekTponHBI pecypc]: y4ueb. mocodue / A.B.
KoBanenko, A.M. ¥Y3nenora, M.X. Yprenos, B.B. Hukonenko. — DOnektpoH. nan. — CaHKT-
[MerepOypr: Jlans, 2017. — 228 ¢. — Pexum ngoctyma: https://e.lanbook.com/book/93695

3. [loBplIeHNE MOXApHOH M SKOJOTMYECKOW O€30MacHOCTH  AKCIUTyaTalluu
KOTEJFHBIX TIPH HMCIOJIB30BAaHUHU SJIEKTPOO30HHBIX YyCTaHOBOK [Tekct]|: moHorpadus / JI. A.
Hopmos, E. A. ®enopenko, B. A. Jlparun, B. H. 3arautko; Heroc. uactHOoe oO6pa3osar.
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yapexaeHue Boiciiero mpod. oopazoanus "KybaHnckuii corr.-skoHoM. uH-T", Kad. moxxapHoii
0€30IaCHOCTH U 3aIIUTHI B Upe3BbIYaHbIX cuTyanusx. - Kpacnonap: [KCOU], 2012. - 117 c.

4. I'ymepoB, A.M. MaremaTnueckoe MOAEIUPOBAHUE XHMUKO-TEXHOJIOIMUYECKUX
nporeccoB [DnekTpoHHBIN pecype]: yueb. mocobue / A.M. ['ymepoB. — DJEKTpOH. AaH. —
Canxkr-IlerepOypr: Jlans, 2014. — 176 ¢. Pexxum pocryma: https://e.lanbook.com/book/41014

o. CeutioB, Aunekceil AnekcaHApoBUY. BBeneHune B MeMOpaHHYIO TEXHOJOTHIO
[Tekcr]: [mocobue] / A. A. Cutnos. - M.: leJIu npunt, 2007. - 207 c.

5.2 Ilepuoguyeckue JuTeparypa

1. bazwl nannabx kommanuu «Mct Beroy http://dlib.eastview.com
2. Dnexrponnas 6ubmmoreka GREBENNIKON.RU https://grebennikon.ru/
3. A.b. Spocnasues, B.B. Hukonenko, MoHooOMeHHbIE MEMOpaHHBIE MaTEepHAJIbL:

CBOﬁCTBa, MOI[I/I(l)I/IKaLII/I}I " IMPAKTHUYCCKOE IMPUMCHCHUC, 0630p. Poccuiickne HaHO-TEXHOJIOT'UH,
2009, T.4, Ne3-4, C. 33-53

4. V.V. Nikonenko, N.D. Pismenskaya, E.I. Belova, P. Sistat, P. Huguet, G. Pourcelly,
C. Larchet, Intensive current transfer in membrane systems: modelling, mechanisms and
application in electrodialysis, Advances Colloid Interface Sci. 160 (2010) 101-123.

5.3 UHTepHeT-pecypchl, B TOM 4HCJIe COBpeMeHHble MNpodeccHoHATbHbIE 0a3bl
JAHHBIX U HH(l)OpMa].[I/IOHHbIe CIIPpaBOYHbIC CHCTEMbI

J1eKTPOHHO-0ubIMoTeuHbIe cucTeMbl (IBC):

1. DBC «IOPAWT» https://urait.ru/

2. DBC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAWH» www.biblioclub.ru

3. OBC «BOOK .ruy» https://www.book.ru

4. O5BC «ZNANIUM.COM» www.znanium.com

5. OBC «JIAHb» https://e.lanbook.com

IIpodeccuonaibubie 6a3bl JAHHBIX:
1. Scopus http://www.scopus.com/
2 ScienceDirect https://www.sciencedirect.com/
3. XKypuansr uzgarenscrea Wiley https://onlinelibrary.wiley.com/
4 Hayunas snexkrponnas oudnaunoreka (HIb) http://www.elibrary.ru/

o

ITomHOTEKCTOBBIE APXUBLIL BEAYHIUX 3araJHbIX HAayYYHBIX JKYPHAJIOB Ha

Poccuiickoit miardopme Hayunsix xypHamoB HOMKOH http://archive.neicon.ru

6. HanmonaneHas snexkTpoHHas OMOiIMOTeKa (JOCTYN K DJIEKTPOHHOM Ombamorexe
nuccepranuii Poceuiickoit rocynapcrsennoit ouonuoreku (PI'B) https://rusneb.ru/

7. baza nanabix CSD KeMmOpumKCKOro LEHTpa KpUCTALIOrpaUyecKuX JaHHBIX
(CCDC) https://www.ccdc.cam.ac.uk/structures/

8. Springer Journals: https://link.springer.com/

9. Springer Journals Archive: https://link.springer.com/

10. Nature Journals: https://www.nature.com/

11. Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols

12. Springer Materials: http://materials.springer.com/

13. Nano Database: https://nano.nature.com/

14. Springer eBooks (i.e. 2020 eBook collections): https://link.springer.com/

15. "Jlexktopuym TB" http://www.lektorium.tv/

16. YuuBepcuterckas napopmarmonnas cuctema POCCHUS http://uisrussia.msu.ru

HNHpopmManMoHHBIE CIPABOYHbIEC CHCTEMBbI:
KoncynpranT [lntoc - cipaBouHas mpaBoBasi cucTeMa (JOCTYI 10 JIOKAJTbHOM CETH C
KOMIIBIOTEPOB OUOINOTEKH ).
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Pecypchl cBOGOIHOTO 10CTYMIA:

1. KubepJlennnka http://cyberleninka.ru/;

2. AMepuKaHCKas TaTeHTHast 6a3a JaHHbIX hitp://www.uspto.gov/patft/

3. MuHHCTEpCTBO HAyKW U BhIcIIero oOpa3oBaHus Poccuiickoit ®enepamuu
https://www.minobrnauki.gov.ru/;

4. ®denepanbHblil moptan "Poccuiickoe oopazosanue” hitp://www.edu.ru/;

5. Nudopmanmonnas cucremMa "EnuHoe OKHO JocTynma K 0Opa3oBaTelbHBIM
pecypcam" http://window.edu.ru/;

6. Enunas xomnekuuss 1udpoBbix o0pa3zoBarelbHBIX pecypcoB http://school-
collection.edu.ru/ .

7. Cayx0a TeMaTHYECKUX TOJKOBBIX cioBapeit http://www.glossary.ru/;

8. Crnoapu u sHnuKIONeauK http://dic.academic.ru/;

9. O6pazoBarenbHbIi mopran "Yueba" http://www.ucheba.com/;

10. 3akononpoekT "O6 obpazoBanuu B Poccutickoit denepanuu'. Bornpocsl 1 0TBETHI

http://xn--273--84d1f.xn--plai/voprosy i otvety

CoOcTBeHHBIC JJIeKTPOHHbIC oOOpa3oBaTe/ibHble M HMH(OPMAIMOHHbIEC pecypchl

KyoI'Y:

1. ONEeKTPOHHBIN Karajor Hayunoii o6ubnnorexku Kyol'y
http://megapro.kubsu.ru/MegaPro/Web

2. OneKTpoHHas oubnmoreka TPYZIOB YUEHBIX KyoI'y
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=ToDb&idb=6

3. Cpena MoayJIbHOTO JUHAMUYecKkoro ooyuenus http://moodle.kubsu.ru

4. baza y4eOHBIX MJIaHOB, y4eOHO-METOIUYECKUX KOMIUIEKCOB, IYOIUKAIMH |
koH(pepenmmii http://infoneeds.kubsu.ru/

5. bubmmoreka  WMHPOPMALMOHHBIX  pecypcoB  Kadeapsl  HMHPOPMAIUOHHBIX
oOpa3oBaTelbHbIX TeXHONOrHi http://mschool.kubsu.ru;

6. DnekTpoHHbIl apxuB nokymenToB KyoI'Y _http://docspace.kubsu.ru/

7. DneKTpoHHbIe 00pa3oBaTeIbHbIe pecypchl Kadeapbl HHPOPMALMOHHBIX CUCTEM H

TexHosioruil B oopazoBanuu Kyol'Y u nayuno-meroaudeckoro xxypraia "[IIKOJIbBHBIE I'OJIbI"
http://icdau.kubsu.ru/

6 MeToauyeckue yKazaHus 1J1s1 00y4aIOIIMXCH M0 OCBOEHHIO JUCHUNJIMHBI (MOTYJIA)

VYcnemHoe OcCBOEHHE AUCHUIUIMHBI MPEANOJaraeT akTUBHOE, TBOPYECKOE YYacTHE
CTYJI€HTa ITyTEeM IJIAHOMEPHOM, TOBCEIHEBHOM pabOTHI.

Texkymuil KOHTpOJIb 3HAHUM OCYIIECTBIISIETCS HAa Ka)KIOM JIEKIIMOHHOM 3aHATHUH U
nabopaTopHo# pabote. UToroBas popma KOHTPOJIS — 3a4eT.

OO0mue pekomenxanun

N3yuenne AUCIUIUIMHBI CIeAyeT HaYMHAThH C MPOpadOTKH paboueit mporpaMmbl, 0co00e
BHUMaHUE, YAEISIs LEeNsIM U 3a7a4aM, CTPYKTYpe U COEPKAHUIO Kypca.

Nmeercs anekTpoHHAs BEpCHS JEKIIMN IO JaHHON JUCHUTLINHE.
OcHoBHO# Qopmoii 00y4deHHS CTYIEHTOB SIBIISIETCSI CAMOCTOSITEIbHASI padoTa HaJl

yaeOHbIM MaTepuaioM. [Iporecc u3ydeHus TUCIUTUTHHBI COCTOUT U3 CIIEAYIONINX ITATOB:

1 TIpopaboTka TEOpETHYECKOrOo MaTepuana IO pPEeKOMEHJOBAHHBIM YYeOHUKAM U
KOHCIIEKTaM JICKITUH, TTPEIOCTAaBICHHBIX MPEIOIaBaTeNIeM B JIEKTPOHHOM BHUJIE.

2 BrInoiHEHNE CaMOCTOSITENTBHBIX PadoT.

3 Cnaum 3a4era B yCTHOM WJIM TUCbMEHHOHN (hopMe (110 YCMOTPEHUIO NMPENo1aBaTeNs).

Pabora ¢ koHcnekToM Jeknuii. [[pocMoTpuTe KOHCIIEKT Cpa3y NMocCIie 3aHATHI, OTMETHTE
MaTepuall KOHCIIEKTa JIEKIIMHA, KOTOPBIM BBI3bIBAET 3aTPYAHEHHUS Ji1 MOHMMaHus. [lonbiTaliTech
HalTHU OTBETHI HA 3aTPYJHUTEIbHBIE BOIPOCHI, UCIOJb3Ysl PEKOMEHIYEMYIO JuTeparypy. Ecnu
CaMOCTOSITENIbHO HE yJIaJI0Ch pa3o0paThCsi B MaTepuaie, ChopMyIupylTe BOIPOCHl U 00paTUTECh
32 TOMOMIBIO K TIPETIOIaBaTeNI0 Ha KOHCYJIbTALMU WU OnrKaiiiieit nekuuu. PerynspHo oTBoaute
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BpeMs1 IJIsi MOBTOPEHUS MPONIEHHOTO MaTrepuaia, IpoBepsisi CBOM 3HAHUS, YMEHUSI U HABBIKU 110
KOHTPOJIBHBIM BOIIPOCAM.

Jlekunu. Meroauka yreHus JeKUMi. JIEKIMKU ABJISIOTCS OJHUM U3 OCHOBHBIX METOJOB
00y4eHHs MO TUCIUILINHE, KOTOPbIE TOJDKHBI PEIIaTh CIEAYIOIINE 3aJaun:

- M3JIOKUTh BAXKHEHUIIMM MaTepuall IIPorpamMMmbl Kypca, OCBELIAIOIINNA OCHOBHBIE
MOMEHTHI;

- pPa3BHUTh y CTYACHTOB MOTPEOHOCTh K CAMOCTOSITENILHOW paboTe Haa ydeOHOU U
HAaY4YHOU JIUTEPATypPOU.

['maBHOM 3amauell KaKJIOM JIEKIUU SIBISETCS PACKPBITHE CYIIHOCTH TEMBI M AHAIIA3 €€
[JIABHBIX TOJIOKEHHI. PekoMeHiyeTcss Ha NEepBOMl JEKUHUU JOBECTH J0 BHUMAHHUS CTYJIEHTOB
CTPYKTYpPY Kypca U €ro pasJieiibl, a B JAJIbHEHIIEM yKa3blBaTh HA4aJI0 KaXkJ0ro pasjena, CyTb U
€ro 3a/1a4u, a, 3aKOHYMB U3JI0KEHHE, TOABOIUTH UTOT 110 3TOMY pa3Jely, YTOObI CBS3aTh €r0 CO
cnenyromuM. CojepkaHue JIEKIMA ompenenseTcs pabodei mnporpammoit kypca. Kpaiine
KeNaTeIbHO, YTOOBI KaXKaas JIGKLUs OXBaThIBaJla U MCYEPIbIBAIA ONPEACIIEHHYIO TEMY Kypca U
IpeJcTaBIsia co00i JOrMYecKH BIIOJIHE 3aKOHYEHHYIO paboty. Jlyunie cokpatuth TemMy, HO HE
JIOITyCKaTh IIEPEPHIBA €€ B TAKOM MECTE, KOI'/la OCHOBHAsI MJIEs €IE IIOJIHOCTBIO HE PACKpBITa.

B ocBoeHun aucHMIUIMHBI MHBAIUIAMU U JULIAMU C OIPAHUYEHHBIMHU BO3MOXHOCTSIMHU
3I0pOBBsI OOJIBIIOE 3HAYCHHWE HMMEET WHAMBHIyalbHas y4deOHass paboTa (KOHCYJIbTAIlMH) —
JOTIOTHUTEIFHOE Pa3bsICHEHHE yueOHOro MaTepuarna.

NunuBuayanbHble KOHCYJIBTAIMH 10 TIPEAMETY SBISIOTCS BaXXHBIM  (DAaKTOpPOM,
CIOCOOCTBYIOLTUM MHIMBUIYaTU3allMUd O0yYEHHS U YCTAHOBJICHUIO BOCIUTATENILHOTO KOHTAKTa
MEXIy IMpernojaBaTesieM H OO0yJaomUMCS WHBAJIHIOM WM JIMIOM C OrpaHUYCHHBIMHU
BO3MOKHOCTSIMU 3/10POBBbSI.

Metoanka Hanucanus pedeparoB. Hanmcanue pedepara siBisercss ogHod u3 dopm
00y4YeHHs CTY/IEHTOB, HAMPABICHHONW Ha OPraHU3AIUIO U MOBBIIICHUE YPOBHS CAMOCTOSTEIbHON
paboThI CTYACHTOB; OJHON W3 (GOpPM HAyIHOW PabOTHI CTYACHTOB, ICIBI0 KOTOPOU SIBJISICTCS
pacIIMpeHre HAyYHOT O KPyro3opa CTyI€HTOB, 03HAKOMJIEHUE C METOJI0JIOTMEN HAYYHOT'O ITOUCKA.

OcHOBHBIC 337a4Ml CTyJAEHTAa NpPU HAMMCaHUHM pedepara: ¢ MaKCHMaJIbHOW MOJIHOTON
MCIIONIL30BATh JIUTEPATypy MO BbIOpaHHOU TeMe (Kak peKOMEHAYeMYIO0, TaK U CaMOCTOSITEIIbLHO
noJ00paHHy0) I MPAaBWIHLHOTO TOHHUMAaHUS aBTOPCKOW IMO3HMIIMH; BEpHO (0€3 HMCKaxXeHUs
CMBICTIa) IepeaaTh aBTOPCKYIO MO3UIUIO B CBOEH paboTe; YACHUTH AJIs Ce0s U U3JI0KUTh IPUIHHBI
CBOET0 coryiacusi (HecorjaacHsi) ¢ TeEM WM MHBIM aBTOPOM I10 JaHHOH npoOieme.

Cmpyxmypa peghepama

1. TutynbHBIA IHCT

2. OrnaBneHue

OrnasieHue - 370 I1aH pedepaTa, B KOTOPOM KaXJAOMY pa3/ieiy J0JKEH COOTBETCTBOBATh
HOMED CTPAHULIbI, HA KOTOPO OH HaXOJUTCH.

3. Tekcr pedepara.

OH nenuTcst Ha TPU YacTU: BBEJIEHUE, OCHOBHAS YacCTh U 3aKJII0UYECHHUE.

a) Beenenue - pa3nen pedepara, MOCBAINICHHBINA MOCTAHOBKE MPOOIEMBbI, KOTOpas Oynier
paccMaTpuBaThCsl 1 000OCHOBAHUIO BHIOOpPA TEMBI.

0) OcHOBHas 4acTh - 3TO 3BEHO pabOTHI, B KOTOPOM MOCIEA0BATEIHLHO PACKPHIBACTCS
BbIOpaHHass TeMa. OCHOBHAsI 4acTh MOXXET OBbITh MPEJCTaBlIeHA KaK IEJIbHBIM TEKCTOM, TaK U
pa3neneHa Ha riaBbl. [lpw  HEOOXOAMMOCTH TEKCT pedepara MOXKET JAOMOIHATHCS
WJUTFOCTPAIUSAMU, TabIuiaMu, TpagukaMu, HO MU HE CIIeTyeT "meperpyxarh” TeKCT.

B) 3aKiIrOUeHUe - JaHHBIN pa3zen pedepara JoHKeH ObITh MPECTaBIICH B BUIE BHIBOJIOB,
KOTOpBIE TOTOBSITCSI HA OCHOBE TMOATOTOBJICHHOTO TeKCTa. BBIBOIBI JOKHBI OBITH KPAaTKUMHU U
4eTKUMH. Takke B 3aKIII0UEHUE MOXKHO 0003HAYUTH MPOOIEMBI, KOTOPBIC "BBICBETUIINCH" B X0O/I€
paboThl Haj pedepaTom, HO HE OBLTH PACKPBITHI B paboTe.

4. CnucoK UCTOYHUKOB U TUTEPATYphl. B TaHHOM criricke Ha3bIBAIOTCS KaK T€ UCTOUYHUKH,
Ha KOTOPBIE€ CChUIAETCSA CTYACHT MPH MOJATOTOBKE pedepara, Tak U BCe MHBIC, U3yYEHHBIEC UM B
CBSI3M C €ro MOAroTOBKOW. B pabore MOMKHO OBITH MCIONB30BAaHO HE MEHEe 5 pa3HbIX
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UCTOYHUKOB. PaboTa, BBIMONHEHHAs C MCIOJIb30BAHUEM MaTepHajia, COJACpXKAaIerocs B OAHOM
Hay4HOM MCTOYHMKE, BJISETCA SBHBIM IUIarMatoM U He npuHuMaerca. Odopmiienne Cnucka
UCTOYHHKOB M JIUTEPATyphl JOJDKHO COOTBETCTBOBAaTh TpeOOBaHUSAM OHMOIHOTpaduuecKux
crangapToB. O0beM U TeXHUYECKUE TpeOOBaHMsI, IPEAbBIIEMbIE K BBIIIOJIHEHUIO pedepara.

[Ipe3eHTanuu Ha 3aJJaHHYIO TEMY BBINIOJTHSIOTCS B porpamMme Power Point. Ona nomkna
COCTOATh MMHHUMYM M3 6 claiiloB M coaepkaTb OCHOBHBIE OIpeneseHus, (PaKTHYeCKUn
WJUTIOCTPUPOBAHHBINA MaTeprall, BHIBOJIbI U CIIMCOK MCIOIb30BAaHHBIX HCTOYHHUKOB.

Jloknaz, COnpOBOXKAAIOLINM TPE3eHTALMH, JOJKEH 3aHUMaTh 5-7 MUHYT.

W poknman, W nOpe3eHTaMM MIPEIBApUTENBbHO IPUCBHIIAIOTCS MPENOJAaBaTEeNio 110
9JIEKTPOHHON IIOYTE Ha NIPOBEPKY.

MeTtoauka NOArOTOBKM K KOHTPOJbHBIM PadoTaM M HANHCAHMSA KOHTPOJbHBIX
pador. [Ipu noaroroBke K KOHTPOJIBHOM PabOTe W MTOrOBOMY TECTHPOBAHUIO HEOOXOIMMO
BHHUMATEJIbHO MPOYUTATh COCTABJICHHBIE PAHEE KOHCIIEKTHI JIEKIIMH, MPOCMOTPETH MOPAIOK
BBINOJIHEHHS J1a0OPAaTOPHBIX PabOT M OCHOBHBIE IOJIyYEHHBIE B XOJ€ J1IaOOpaTOpHBIX padoT
BbIBOJIbI. OTBETUTh Ha KOHTPOJBbHBIE BOINpPOCHL. CBEPUTH CIHMCOK BOIPOCOB C HMEIOLIEHCS
uHpopmanuei. Henocraromyto uHdopmanuio HEOOXOAMMO HaWTH B yueOHHKaX (y4eOHBIX
ocoOMSX) WK B IPYTUX UCTOYHUKAX UHPOPMALIUH.

KonTtponbHas paboTa npoBOAUTCS B MMCbMEHHOMN (GopMme.

KoHnTposnbHble paboThl OOBIYHO COAEPkKAT HECKOJIBKO BOIPOCOB M HMMEIOT HECKOJIBKO
BapuaHToB. CTyneHT au0OO caM BbIOMpaeT OJMH M3 MPEAJIOKEHHBIX BapUaHTOB, JIMOO
IpenoaaBaTesb 3aKpeIUIsieT 3a KaKIbIM CTYJIEHTOM OIPEEICHHbII BapUaHT.

MeTtoanyeckue peKoOMeHAAUMM AJs nMpoBeAeHus 3a4era. CTylneHTbl 00s3aHbI cIaTh
3a4eT B COOTBETCTBUU C PACIIUCAHUEM U YYEOHBIM IJIAHOM. DK3aMeH 110 JUCIHUIUINHE IPECcIeyeT
LIeJIb OLEHUTh PaboTy CTYyJEHTa 3a KypcC, HNOJyYeHHE TEOPETUYECKUX 3HAHWUH, MX MPOYHOCTD,
pa3BUTHE TBOPUYECKOTO MBIIIJICHHUS, TPUOOPETEHNE HABBIKOB CAMOCTOSTEIILHOW paboThI, yMEHHE
OPUMEHSATDH [TOJyYSHHbIE 3HAHUS /IS peIIeHUs] TPAaKTUUECKUX 3ajiau.

@dopma mpoBeJIeHUS 3adeTa: YCTHO WIM IUCbMEHHO YCTaHABIMBAETCS pPELICHUEM
kaeapel. Pe3ynpTar craum 3aueTa 3aHOCUTHCS MPENOaBaTeIeM B 3a4ETHYIO KHUXKKY.

7 MaTepuajibHO-TeXHUYeCKOe o0ecneyeHue 1o JUCHUNInHe (MOIyJI10)

HaunmenoBanue CIICaJIbHbBIX

OCHaHleHHOCTB CIICIIUAJIbHBIX HOMeHleHI/Iﬁ

[lepeueHb AMIIEH3MOHHOTO

MIPOBEACHUA 3aHATHI JICKIIMOHHOT'O
THIIA

NIOMEILECHUN NIPOrPaMMHOTO
obecriedeHus
VYuebOHbie ayJIUTOPHU st | MebGens: yueOHast Mmebenb Microsoft Windows

TexHuueckue cpencTBa 00yueHHs:
9KpaH, IPOEKTOP, KOMIBIOTEP

Microsoft Office
Professional Plus

IPYIIOBBIX U HUHAMBHUIYAJIbHBIX
KOHCYJBTAlUH, TEKYILEro KOHTPOIIS
U IPOMEXYTOUHOM aTTECTALUU

(ayn. 332c, r. Kpachomap, yu. COMSOL Multiphysics
CraBpomnonbckas, 149)
VYuebHbie ayJUTOPUU Uit | Mebens: yaeOHast Mmebeb Microsoft Windows

TexHnveckue cpeacTBa 00YUCHHS:
9KpaH, IPOEKTOP, KOMIBIOTEP

COMSOL Multiphysics

(aym. 332, r. Kpacuomap, yiI.
CraBpomnosbckas, 149)
Jns  camocTosTenbHOW — paboThl  OOydYaIOMIMXCS — MPEAYCMOTPEHBl  MOMEIICHUS,

YKOMITIJICKTOBAHHBIC CHGHH&HHSHPOB&HHOﬁ Me6em>}0, OCHAIIICHHBIC KOMHBIOTGpHOfI TEXHUKOU C
BO3MOXKHOCTBIO MOAKITIOUEHUs K ceTu «HTepHeT» U obecreyeHrneM JO0CTyIa B AJIEKTPOHHYIO
nH(pOPMAITMOHHO-00Pa30BATENHHYIO CPE/ly YHUBEPCHUTETA.

HaunmeHoBaHue TOMENIEHUH 11

OcHaIIEHHOCTh ITOMEIIEHUH IS

IlepeueHb IUIIEH3MOHHOTO

paboThl 00yJaroIuXCcs (YUTATBHBIH
3an HayuHol OMOIHOTEKN)

CaMOCTOSATENTFHON pabOTHI CaMOCTOSTENTFHON pabOTHI 00YJaOITIXCS IIPOrPaMMHOTO
00y4Jaromuxcs obecrieueHus
ITomemenne mis camocToaTenbHONH | Mebenb: yueOHas mebernn WinSvrDCCore ALNG

KommiekT crienuanu3upoBaHHON MeOemH:
KOMIBIOTEPHEIC CTOJIBI

LicSAPk MVL 2Lic CoreLic
EES
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OOopyznoBaHue: KOMIBIOTEpHAsE TEXHUKA C
NOAKIIOYEHHEM K  MH(OPMAIHOHHO-
KOMMYHHUKAIlMOHHON cetu «HTepHET» M
JIOCTYIIOM B JJIEKTPOHHYIO
WHPOPMAIMOHHO-00Pa30BaTEINBEHYO Cpeay
o0pa3oBaTeNbHON  OpraHW3aliy,  BeO-
KaMepel, KOMMYHUKAaITHOHHOE
o0opyJ0BaHUe, 00CCIEUYHBAIOIICE MOCTYII
K CETH MHTEpHET (IIPOBOJHOE COCIAMHEHUE
n  OeclpoBOAHOE  COEIUHEHHE 10
texuosorun Wi-Fi)

Microsoft Office
Professional Plus

KoncynpsranTllntoc

IToMemienre s caMOCTOATEIBHOMN
pabotsl oOyuaromuxcst ayn. 40lc,
400c, 329c, 431c¢)

ymuna CraBporonbekas, 149

Meobernb: yuebHas MeOenb

KommiekT criennain3upoBaHHOW MeOemu:
KOMITBIOTEPHBIE CTOJIBI

ObopynoBanre: KOMOBIOTEPHAS TEXHHUKA C
NOAKIIOYEHHEM K  MH(OPMAIUOHHO-
KOMMYHHUKAIlMOHHON cetu «HTepHET» M
JIOCTYIIOM B JJIEKTPOHHYIO
HH(OPMALIMOHHO-00Pa30BaTEIBHYIO CPENY
o0pa3oBaTelbHON  OpraHu3aluu, BeO-
KaM€Ephl, KOMMYHUKAITUOHHOC
00opy/0BaHUE, 00CCICUHUBAIOIICE TOCTYII
K CETH MHTEpHET (IIPOBOJHOE COCAMHEHHUE
u  OecrpoBOAHOE  COENUHEHHE IO
texuonorun Wi-Fi)

Microsoft Office
Professional Plus

Microsoft Windows
Crienamu3upoBaHHOE
MpOoTpaMMHOE OOecIieueHue

cepun «9KOJIO» (VIIP3A

«3KOJIOI », T1/IB-
DKOJIOT,
WHBEHTAPU3ALINSL,
MATUCTPAJIb-T'OPO/,
ATII-DKOJIOT, HJIC-
DKOJIOT)

Fenix Server Academy

18



