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1. Poan JUCHHUILINHBI «MaTeMaTH4eckKoe MOAC/JIMPOBAHUE MMPOLECCOB TPAHCIIOPTA KUAKUX U Fa3006pa3Hle cpea» B (l)OpMI/IpOBaHI/I]/I
KOMHeTeHHI/Iﬁ BBIITYCKHHUKA:

MaremaTuueckoe
MOJICIMPOBAaHUE
MPOIIECCOB
TPAHCIOPTA KUAKUX U
ra3000pa3HbBIX cpel

VK(Y)-4

OIIK(Y)-1

CriocobeH IpUMEHSTh
COBPEMCHHBIE
KOMMYHHUKAaTHBHbIC
TEXHOJIOTHH, B TOM UHCIIC
Ha MHOCTPAHHOM(BIX)
SI3pIKE(ax), IS
aKaJeMU4ecKoro u
npodeccroHaNIbEHOTO
B3aUMOJECICTBUSL

CriocobeH pemrats
NPOU3BOJICTBEHHBIC U
(Wn) Mccnea0BaTeIbCKUe
3aJa4 Ha OCHOBE
(hyHAaMEeHTABHBIX
3HaHUU B He)TEra3oBoOi
obnacti

N.YK(Y)- | [IpencrasisieT pe3ynbTaThl YK(V)- 3HaeT MpaBwiIa U 3aKOHOMEPHOCTH
4.3 aKaJIeMHUIecKoil n 4.333 ITMIHOW U IEJIOBOW YCTHOH H
po¢eCCHOHATBHOM MUCbMEHHON KOMMYHHKALUH
JIESATENIbHOCTH Ha PA3IMYHBIX YK(V)- 'YMeeT 1orndecky BEpHO,
Hay4YHBIX MEPONPHUATHUSAX, 4.3V3 APTYMEHTHPOBAHO U CHO CTPOHUTH
BKJIIOYasi MEKAYHAPOIHBIE YCTHYIO pe4b, B TOM YHUCIIE Ha
MHOCTPAHHOM SI3bIKE
YK(Y)- Brnazgeer onbITOM IpencTaBIeHUs
4.3B3 pe3yJIbTaTOB aKaICMHUCCKON U
npoQeCCUOHANBHON I TEIBHOCTU
N.OTIK(Y) | demoHCTpHpYET HABBIKU OIIK(Y)- 3HaeT METOIBI M CPEICTBA
-1.1 ($u3nIecKoro u 1.131 (hopMmanm3anyy JaHHBIX, COOCTBEHHO
MIPOTPaMMHOTO MO/JIEITUPOBAHMS, TOCTAHOBKH
MOJIETTMPOBAHHMS OTAEIBHBIX Pa3MYHBIX 33/1a9 ¥ PELICHHS UX Ha
(parmMeHTOB Hpouecca MOJIEIIH, & TAK)Ke HHTEPIIPETalnu
BBIOOPA ONTHMAIIBHOTO PE3yIBTaTOB MOJEIHPOBAHUS
BapHaHTa JJIs1 KOHKPETHBIX OIIK(Y)- YMeeT npuMeHsTh CpeacTBa
YCIOBUH 1.1V1 (hU3UUECKOTO U IPOTrPAMMHOIO
MOJICIIMPOBAHUS OTIEIbHBIX
(hparMeHTOB mporecca Bribopa
ONTHMAJILHOTO BapUaHTa JJIst
KOHKPETHBIX YCIOBUH
OIIK(Y)- Brageet HaBbIKaMu pelieHus 3a7a4 B
1.1B1 CBOEH IpeIMETHOH 00JIacTH Ha
OCHOBE (PU3NYECKOTO U
IIPOTPaMMHOTO MOJEIHPOBAHUS
N.OTIK(Y) | Ucmoms3yer OIIK(Y)- 3HaeT OCHOBHBIC
-1.2 (dyHaMeHTalbHbIe 3HAHUS 1.232 podecCHOHaNbHBIE TPOTPAMMHEIE
npodecCHOHAIBLHOMN KOMIUIEKCHl B oOmactu
JeSTeNIbHOCTH JUIsl PEILICHUS MaTeMaTHYeCKOr0 MOJICIUPOBAHUS
KOHKPETHBIX 33/1a4 TEXHOJIOTHYECKHX MPOLIECCOB U
He(TerazoBoro MpoOU3BOJICTBA 00BEKTOB TPYOOTIPOBOTHOTO
TPaHCIIOPTa YIJIIEBOIOPOIOB
OIIK(Y)- ‘YMeer IpUMeHsATh MaTeEMaTUYECKUE,
1.2y2 €CTEeCTBEHHOHAYYHBIC U




o0IeHH)KEHEPHbIE 3HAHUS B
PO EeCCHOHANBHOMN NESITENbHOCTH

OIIK(Y)-
1.2B2

BnazmeeT onbiToM pazpaboTku
(U3MIEeCKUX, MaTeMaTHYECKUX H
KOMITIBIOTEPHBIX MOJENEH
HCCIIEYeMbIX ITIPOILIECCOB, SBIICHHUN
1 OOBEKTOB, OTHOCAIIMXCS K
TpyOOIIPOBOAHOMY TPAHCIIOPTY
YIIIEBOIOPOIOB

2. Iloka3zarenu u METO/JAbI OLICHUBAHUA

[TmanupyeMble pe3yabTaThl 00yUSHHUS 10 JUCIUIUINHE

Kon nnnukaropa

HanmenoBanme pazacia

MeTop! OLIEHUBaHUS

Kon HanmenoBanue JOCTHKEHUS JVCIUTITHHBI (OLICHOYHBIC MEPOIPHSATHS)
KOHTPOJIUPYEMOH
KOMITETEHITUH (WU e
4acTH)
P/I-1 IIpencraBisaTh pe3ynbTaThl MATEMaTHIECKOTO MOJIETHPOBAHUS N.YK(VY)-4.3 Paznen (Momyns) 2. IIpesenrarus
MPOLIECCOB MEPEHOCa TEIUIa, MacChl M UMITYJIbCa TIPH TCYCHUU Mertop! MaTEMaTHYECKOTO CemuHap

PEOJOTUYECKH CIIOKHBIX TOMOTEHHBIX M I€TEPOTeHHBIX Cpell B
YCTPOMCTBAX U JIEMEHTaX alnapaTroB He(Tera3oBOH OTPaciy C
LEJIbI0 YSICHEHHUS M TIPOTHO3a ONTHMAJIBHBIX M 3 QEKTUBHBIX
PEKMMOB MX (QYHKIIMOHUPOBAHUS B BHICTYIICHUSX Ha
MEKTYHAPOIHBIX HAYYHBIX KOH(PEPEHIUSIX U CUMIIO3UyMaxX
(TITY, “TIpo6neMbl TeOJIOTHH U OCBOCHUS HEAP ), 3aKITIOYCHUSIX
¥ PEKOMEHAALMSIX B MPAKTHKY MPHUKJIAJHBIX HCCIIETOBAHUH
nporeccoB B popMe JIOKIIaaa, COOOIEHNUS, IKCTIEPTHOTO
3aKJIFOUCHHUS 110 HATIPaBIIEHUIO THPO-,Ia30-, TEPMO-, Macco-,
JIEKTPO- U MAaTHUTOJWHAMHKH U TEIUIOMAcCOIEepeHOCca, a TaKKe
pe3rOMUpPYET OCHOBHBIE PE3yIbTaThl UCCIEIOBAHUS JOKJIAT0M.

MOICJIMPOBAHUA IPOLICCCOB

TPAHCHOPTA IPUPOIHOTO CHIPHS.

Crioco6b1 JUCKpeTH3anus
OIpeIeISIFOLINX YPaBHEHUI
MaTeMaTHYeCKUX MOJIeIeH 1
KpaeBbIX yCIOBHIl

Paznen (Momyms) 3

MeToapl MaTEeMaTHYECKOTO
MOJIETTUPOBAHUS
COTIPOTHBJICHUS, TETIIOOOMEHA
M HaIIPSDKEHHO-
nehOpMHUPYEMOTO COCTOSTHHS
TpyOOIPOBOJIOB U MPOIIECCOB
WX aBapUHHOTO pa3pylICHUS

Paznen (moxyis) 4
MaremaTHuecKue METOIBI U
MOJIEJI TUAPOTa30IMHAMHUKH,
TEII000MeHa B TEXHOJIOTHUIX

Ao N R

3amuTa 1abopaTOpHBIX padboT
3amura npobJeMHOTO TOKIaaa




CHIDKEHUSI 3aTpaT Ha TPAHCIIOPT
ra3oB U KUAKOCTEH.
JuddepeHnnanbHbIe MOIETN
MPOLIECCOB MIEPEHOCA MMITYTIbCa,
TETIIa ¥ MacChl.

Paznen (Momyns) 5

AHanu3 NpU4rH U MEXaHU3MOB
MO/JICTTMPOBAHHUS
BOCIUIAMEHEHHS ¥ TOPEHHUS
METaHO-TIPOPaHO-BOI0PO/IO-
BO3JlyILLIHOM cMecU

PJI-2

3HaTbh ¥ IPUMEHATH OCHOBBI METOJIOB: 1) MEXaHUKH
TOMOTEHHBIX ¥ T€TEPOT€HHbIX CIUTONIHBIX cpef; 2)
TypOyJIEHTHOCTH, CONPOTUBIICHHS M TETIIOMACCONIEPEHOCA; 3)
AQHATMTHYECKHX W YHCICHHBIX TEOPHHA MaTeMaTHIECKOH (DU3UKH
u muddepeHnnaNbHBIX YPaBHEHUH IUIS: - PEIIeHHs 3a1a4
TpaHcriopTa YB cpen B HedTe-Ta30HOCHBIX OacceiHax; -
OYKCTKH CMeceil; - MPOTrHO3a AUHAMUKH (DITFOUIHBIX
THPOTEPMAIILHBIX CUCTEM B IpoLieccax pa3padoTKH U
9KCIUTyaTaI[1 HEPTIHBIX CKBAKUH M MECTOPOKICHUH.

M.OMK(Y)-1.1

Paznen (moxyims) 1.
Maremarnyeckne MOJICTIH
peanbHbIX sBIeHUN. [IpuHIMIBI
MOCTPOEHHS ~ (U3UUECKHX W
MaTeMaTHYECKUX MOJeIeH

Paznen (Momynn) 3.

MeToapl MaTEMaTHIECKOTO
MOJIEIIMPOBaHUS
COTIPOTHBJICHUS, TETIIOOOMEHA
Y HAIPSHKEHHO-
JIe(OPMHIPYEMOTO COCTOSTHUS
TpYOOIIPOBOJIOB U IMPOLIECCOB
UX aBapUHHOTO pa3pyLICHUs

Paznen (Moxyis) 4
MareMaTr4ecKre METOIbI U
MOJIENTH TUAPOTAa30IMHAMUKH,
TenI000MeHa B TEXHOJIOTHAX
CHWXCHHS 3aTpaT Ha TPAHCIIOPT
ra3oB M KUIKOCTEH.
Juddepernnanbabie MoIEN
MIPOIIECCOB MEePEHOCa UMITYIIbCA,
Tema U MaccChl

Paznen (Momyins) 5
AHau3 NpUYHH U MEXaHU3MOB

Dkcnpecc — onpoc
CobecenoBanne

TectupoBanue

[Ipe3enTanus

Cemunap

Komnoxsuym

KontponsHas pabora

3amnura 1abopaTopHBIX padoT

. 3ammuTa mpobIeMHOTO JOKIaaa
10. Ompoc

©®NO oA WD e




MOJIETTUPOBAHUS
BOCIIJIAMEHEHHS U TOPEHUS
METaHO-TIPOMAaHO-BOIOPOIO-
BO3JIYLLHOM cMecu

PJI-3

[IpuMeHsieT npUKIaJAHbIE METOAUKH: 1) UCCIIEeIOBAHUS PEIKHUMOB
paboThl 000pynoBaHUs HEPTEra30BOH OTPACIH, BKIIOYAOIINX
CBE€ACHU O COBPEMEHHBIX MMOAX0JaX U METOAAX OIMMMCAHUA
THJIPOJIMHAMUKY U TETJIOMACCONEPEHOCa; 2) POTHO3a
OHJAOTCHHBIX MPOIECCCOB B 3a/la4aX r€OAMHAMUKHN, HAKOIIJICHUA U
00pa3oBaHKs NPUPOJHOTO ChIPsS B KOJUIEKTOPAX Ha OOJNBIINX
riyOuHax.

WL.OIK(Y)-1.2

Paznen (Momyis) 2

MeTo/ b MATEMATHIECKOTO
MO/JICTTMPOBAHHUS
COIPOTHUBIICHHS, TETNI0OOOMEHA
W HaNpsHKEHHO-
Je(OPMHUPYEMOTO COCTOSIHUS
TpyOOIPOBOJIOB U MPOLIECCOB
UX aBApUIHOTO pa3pyLICHUs

Paznen (Moxyis) 4
MareMaTHYeCKIEe METOIBI 1
MOJIEJIA THAPOTa30INHAMHUKH,
TEIUI00OMEHA B TEXHOJIOTUSIX
CHIDKEHHUS 3aTPaT Ha TPAHCIOPT
ra3oB U XKHUIKOCTEH.
Juddepernnanbabie MoIEN
MIPOIIECCOB MTEPEHOCa MMITYJIbCA,
TEIUIa ¥ MacChl

Paznen (Momymnn) 5
AHau3 NpUYHH U MEXaHU3MOB

Dkcnpecc — onpoc
CobecenoBanne

TectupoBanue

IIpesenTanus

CeMuHap

Komnoksuym

Kontponsnas pabora

3amuTa 1abopaTOpHBIX padboT

. 3ammra nmpo6ieMHOTO JOKIa1a
10. Omnpoc
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MOJIETTUPOBAHUS
BOCIIJIAMEHEHHS U TOPEHUS
METaHO-TIPOMAaHO-BOIOPOIO-
BO3JIYLLIHOM cMecu

PlI-4

B pamxax mpoGiemHOro HoKkinanga: 1) 3HaeT mpooIeMsl,
MEePCIEKTHBbI U HEJOCTATKH COBPEMEHHBIX TEOPHIt
MaTeMaTHYeCKOTr0 MOJICITHMPOBAHUS SIBIICHUI MepeHoca B
3amagax HI'O u ; 2) BoazmeeT CBEACHUAMH O MIOCTAHOBKaX U
METOJaxX PEIICHU 3a7]a4 MaTeMaTHIeCKON (pHU3uKH Mo
HANpaBJICHUIO —HE(TEra30Bast THIPOUHAMUKA U
TEIUIOMACCOMEPEHOC; 3) MPUMEHSET METO bl AaHATUTHYCCKOTO U
YHCJICHHOTO UCCIICIOBAHMUS JJIS PEIICHHUS TPOoOIIeM
MOICTUPOBAHHS

WLOMK(Y)-1.1
WL.OIK(Y)-1.2
NYK(Y)-4.3

Paznen (momyms) 1
MareMmaTuuecKue MOAEIN
peanbHbIX ABJIeHUN. [IpuHIUIBI
MOCTPOCHHUS QU3NICCKUX U
MaTeMaTHYeCKHX MoJeler

Paznen (Momyins) 2

MeToabl MATEMATHYECKOTO
MOJICTUPOBAHHSI
COMPOTHUBJICHUS, TCTIO0OMEHA
Y HATPSHKEHHO-
JeopMUpYeMOTro COCTOSIHUS
TpyOOIIPOBOIOB U MPOIECCOB
MX aBapUIHHOTO pa3pyIieHus

Paznen (Momyms) 3

MeToapl MaTEMaTHIECKOTO
MOJIETMPOBAHHUS
COMPOTHUBJICHUS, TETUIO0OMEHA
1 HaIIPSHKEHHO-
Je(OPMHUPYEMOTO COCTOSIHUS
TpyOOIIPOBOIOB U MPOIECCOB
MX aBapUIHOTO pa3pyIieHus

Paznen (Moxyis) 4
MareMaTr4ecKre METOIbI U
MOJIEJI TUAPOTa30IMHAMHUKH,
TenI000MeHa B TEXHOJIOTHAX
CHWKEHHS 3aTpaT Ha TPAHCTIOPT
ra3oB M KUIKOCTEM.
JuddepenHnnanbabie MOIEN
MIPOIIECCOB MEePEHOCa UMITYIIbCA,
Tema U MaccChl

Paznen (Momynb) 6
IMoaroroska Temsbl
po0JIEMHOTO I0KJIA/1a

OKkcrpecc — onpoc 3HaHUH
(yHIaMEHTAIBHBIX OTPENCICHNI
TTOJIOKEHUN TIPOOIIEMBI
Kontponsuas pabora
[oaroroBka myOauKauy 1
JIOKJI1aj]ia Ha KOH(EpeHINIo
3amura goKiIaga




3. IIkaja oueHUBaAHUSA

[Topsmox opraHu3any OLEHUBAHUS PE3yJIbTATOB OOYYEHHS B YHMBEPCUTETE PErVIaMEHTUPYETCS OTIENbHBIM JIOKAJIbHBIM HOPMATHBHBIM aKTOM —
«Cucrema OIIEHWBaHUS Pe3yabTaTOB 00ydeHus B TOMCKOM MOJMTEXHUYeCKOM yHHBepcutere (Cucrema OleHHUBaHUs)» (B ACHCTBYIOLICH peIaKIum).
Hcnonb3yercs O0amibHO-pEHTUHTOBAsI CUCTEMA OLICHUBAHUS PE3yabTaTOB 00yueHus. MiToroas oneHka (TpaauliMOHHAs U JIUTEpPHAsl) IO BUJIaM y4eOHO
nesitenbHocTH (M3yuenue qucuuriud, Y UPC, HUPC, kypcoBoe mpoeKTUpOBaHKE, TPAKTUKH ) OTIPEEISIETCS] CYMMOM 0aJuIOB MO PE3YJIbTaTaM TEKYIIETro
KOHTPOJIS ¥ IPOMEKYTOYHON aTTecTalluy (UTOroBasi peHTUHTOBAas OllEHKa - MakcuMyM 100 6asioB).

PacnpeﬂeneHHe OCHOBHBIX H AOIIOJIHUTCIBHBIX 0amnoB 3a OLCHOYHBIC MCEPOIIPHUATUA TCKYIICIO KOHTPOJIA H HpOMCH(YTOHHOﬁ arrecrauguu
YCTaHAaBJIMBACTCA KAJICHAAPHBIM peﬁTHHF-HHaHOM JUCHUIIINHBI.

PGKOMGHI[yeMaSI mKajaa ajisd OTACIbHBIX OICHOYHBIX MGpOHpI/ISITI/Iﬁ BXOOHOI'O U TCKYLICT'O KOHTPOJIA

% BBINOJHEHUs
3a/IaHusA

CooTBeTCcTBHE

TPaJMIHOHHON OlIeHKe

Onpeneneﬂne OLCHKH

90%+100% «OTnmaHOY OTiMyHOE MOHUMAHHE MIPEAMETA, BCECTOPOHHUE 3HAHUS, OTJINYHBIE YMEHHUS U BJIaIEHUE ONBITOM NPAKTUUECKOH IEATEIbHOCTH,
HEOOXOIUMBbIC PE3yJIbTaThl 00yUueHHsI CHOPMHUPOBAHBI, UX KAYECTBO OIICHCHO KOJHUYECTBOM 0aJIOB, OJH3KUM K MAKCUMAJILHOMY

70% - 89% «Xoporo» JlocTaTo4HO MOJTHOE TIOHMMaHHUE IIPEeIMETa, XOPOIIe 3HAHUS, YMEHUS U OTIBIT MPaKTHIECKOH NesITeIbHOCTH, HEOOXOIMMEIC Pe3yIbTaThI
00yueHHs CHOPMHUPOBAHBI, KAYECTBO HU OJHOTO U3 HUX HE OIICHCHO MHHAMAJIbHBIM KOJUYECTBOM 0aJlIOB

55% - 69% «Y IOBIL» [TpuemieMoe MOHUMAHKE TPEAMETA, YIOBICTBOPUTEIILHBIC 3HAHKS, YMEHHS U OIBIT IIPAKTHUCCKON JACITEIBHOCTH, HEOOXOAUMBIC PE3YJIbTAThI

06y‘I€HI/IH Cq)OpMPIpOBaHBI, Ka4CCTBO HCKOTOPBIX U3 HUX OLUCHCHO MUHUMAJIbHBIM KOJIMYCCTBOM 6aiioB

0% - 54%

«Heynosi.»

Pe3yJ'H)TaTI>I 06y‘~IeHI/I$I HE COOTBETCTBYIOT MUHUMAJIbHO JOCTATOYHBIM Tpe6OBaHI/I$IM

[IIxana s OLIEHOYHBIX MEPONPHUATHI dK3aMEHA

% BBITOJTHEHUS JK3ameH, CooTBeTcTBHE
3a/laHMIl IK3aMeHa a1 Tpa)muuonﬂoﬁ OLICHKEe Onpeue.ﬂelme omenKH

90%+100% 18 +20 «OTIUIHO» OTIM4YHOE TOHMMaHKE MPeAMEeTa, BCECTOPOHHHE 3HAHHS, OTJIMYHBIE YMEHHUS U BIIaJICHUE OTBITOM IPaKTHYECKON AEATEIIEHOCTH,
HEOoOXOAMMbIe PE3YJIbTaThl 00yueHH sl CQOPMHUPOBAHBI, X KAYECTBO OLEHEHO KOJIMYECTBOM 0alioB, OJIM3KUM K MAKCHMAJIbHOMY

70% - 89% 14+17 «XoporIo» JlocTaTo4HO TOJIHOE TOHUMAHUE MPEMETa, XOPOIIUE 3HAHHUS, yMEHHS M OIIBIT IPAKTUUECKOHN NeITeIbHOCTH, HEOOXOAUMBIE
pe3ynbTaThl 00y4eHHs COPMUPOBAHBI, KAYECTBO HU OJIHOTO M3 HUX HE OIIEHEHO MHHUMAaJIbHBIM KOJMYECTBOM 0ajlIOB

55% - 69% 11+13 «Y IOBIL» [MpuemieMoe MOHMMaHUE TPEMETa, YIOBICTBOPUTEIBHBIC 3HAHUS, YMEHHS U OIBIT IPAKTHYECKO ACSTEIBHOCTH, HEOOXOIUMBIE
pe3ynbTaThl 00y4eHus ChOPMUPOBAHBL, KAYECTBO HEKOTOPBIX U3 HUX OLICHEHO MUHUMAJBHBIM KOJMYECTBOM 0allIoB

0% - 54% 0+10 «Heynosi.» PesynbraTel 00y4eHHs! HE COOTBETCTBYIOT MUHHMAJIBHO JOCTAaTOYHBIM TPEOOBAHUSIM




4. TlepeyeHb TUNMOBBIX 3a1aHUI

| OIIeHO‘IHl)Ie MEpOINpUsATUs le/IMepr THUIIOBBIX KOHTPOJIBHBIX 3a11a1mii

Pazgen (Moayan) 1. MaTeMaTH4ecKHe MO/IeJIM peaabHbIX siBJeHMIA. [IppHOMNBI MocTpoeHnss GU3NYeCKUX U MATEeMATHYeCKHX MO/IeJIei.
Pa3gen (moayan) 2. MeToabl MaTeMaTH4e€CKOI0 MOIeTHPOBaHUs npoleccoB B 3axayax HI'O (TpaHcnmopTa U XpaHeHHs YI1eBOI0PoAoB). [IucKpeTu3anus
onpenesOINX YPABHEHMII MATeMaTHYeCKUX MOJieJIeil 1 KpaeBbIX YCJ0BUI

1. Okcrpecc- ompoc [IpumMepHBIE BOTIPOCHT:

ITonsTHe 0 MOCTAaHOBKE 3aa4 MaTeMaTHIecKoi (pr3uKu (HauaabHbIE, HAYaIbHO-KPAeBhIE, KPAEBBIC 3aJa4H).

[Monstre o 3anaue Komm (HaganpHas 3aqa4a) Ui ypaBHEHHMS TEIUIONIPOBOAHOCTH, BOJTHOBOTO YPABHEHHS.

[onsatue o BHyTpeHHHX 3a1adax (mepBas KpaeBas 3agada Jupuxie) ans ypasaenus Jlamnaca (Ilyaccona).

[onsarue o BHyTpeHHe 3agaue Hefimana (TpeThs KpaeBas 3ama4a) aus ypaBHeHus Jlamnaca (Ilyaccona).

[oHsiTHE 0 KOPPEKTHO MOCTABJICHHBIX 33/ja4aX MaTeMaTHYeCKOW (DH3HKH.

[IpencraBnenne o HEKOPPEKTHO MOCTaBIeHHOM 3agaue Ko (mpumep Anamapa).

[pencraBneHne 0 METOAX PEIICHHUS JTUHEHHBIX HAYAIbHO-KpaeBbiX 3a1a4 (penykiuu, Dypoe, Jroamens).

OOmme npeacrabieHus o cenuanbHbiX QyHkuusax ('amma-, beccens nepsoro pona, Helimana, Xankens, ['puna) B

pelllcHIH ypaBHEHUN MaTeMaTndeckoil pusuku s 3agad HI'O, ux Ha3HaueHHUE B PEUICHUU 3a/1a4 JUIs yPaBHCHUIN

Jlanunaca, Temio-, Macco- M be30IPOBOTHOCTH, KOJICOAHHH.

9. TlonsTre o MOIENsIX TEUEHUH BSI3KOW )KUAKOCTH U ra3a (HbIOTOHOBCKAs, HCHBIOTOHOBCKAsI, CXKMMaeMas, Hec)knmaeMast).

10. Ilonstme 0 3aKOHAX COCTOSIHUS CIUIOLTHBIX CPE.

11. TlonsTHe 0 TEMIOMAacCOOOMEHE U €T0 MEXaHM3MaX MepeHoca (BI3KOCTHOM, KOHBEKTUBHOM, KOHAYKTHBHOM, CII0O)KHOM H
COTIPSDKCHHBIM).

12. Tlonstue o BHENIHEH M BHYTPEHHEH 3a/1a4axX THAPO-, Fa30-, MarHUTO-, 3JIEKTPOIUHAMHKH.

13. Tlonsithe 0 MOAOOWH MPOLIECCOB MEPEHOCA, ONPEACISIONINX U ONPEICIIEMbIX KPUTEPHUIX M YUCIIaX TOJ00HS PEIICHHs
3amaq HI'O.

14. ®usnueckwuii cMbic onepatopos u nmpousoansix: div, DIV, rot, ROT, grad, GRAD, D/Dt, A, d/ét.

15. O cyrtu Mojenei uccieI0BaHuil TEYSHHUI: THIIA IIOTPAaHIUYHOTO CJI0s, T1apad0oIM30BaHHBIX YPaBHEHUI MaT. pU3HKH,
“y3Koro kaHaia” B pemeHuu 3aaad HI'O.

NGO~ WNE

2. CobecenoBanue [IpumMepHbIe TEMaTUKH U BOIPOCHI:

1. TloHsATHE O TOYHBIX PEUICHUIX YPaBHEHUH TMHAMUKH BSI3KOH JKUJKOCTH (JTAMHHAPHOE CTAI[HIOHAPHOE TEUESHUE BO

BHYTPEHHUX CHUCTEMaX, BRI3BIBAEMOE ITPOIOIBEHBIM TPAIUCHTOM JIABICHUS, B MTOJIC TPAaBUTAIIMOHHBIX CHII).

Pewenust 3anay HI'O o TeueHusIX ¢ 0CeBOM CUMMETPHEH, MEKY BpaIIAOLIUMUCS IMHAPAMH, C TIOJBUKHONU CTEHKOM.

Pemmenne Xoyapra (HennHEHOE aBTOMOICITBHOE PEIICHHE) O PACTCKAHUH KUAKOCTH BOJIM3H TBEPHOH MMOBEPXHOCTH.

4. OOOCHOBAaHHOCTH PEIICHUH peAYIIMPOBAHHBIX YPABHCHHUI JHHAMUKY BSI3KOW Cpelbl (JIMHEWHas 3a/1a4a O TSUCHHSIX C
MAaJIBIMH YHCIaMu PeiiHombca).

5. Toustue o npubnmwkennu O3eena (Mpu pelieHuH 3a1a4 00TeKaHus Tena), byccuHecka (eCTeCTBEeHHAst KOHBEKIHS),
PeitHonbaCca (CIBUTOBBIE IOTOKH).

6. OCHOBHBIC MTOHATHS YUCICHHBIX METOI0OB: KOHEUHBIX pa3HOCTEH, MporoukH, HerotoHa-Padcona, KOHTpoIbHOTO 00BEMa

7. SIBHBIE U HESIBHBIE CXEMEIL.

wnN

3. TectupoBanne n/i |Bonpoc | Ne | Bapuanr otsera




| OuneHo4YHbIC MEPONPHATHSA

le/IMepr THUIIOBBIX KOHTPOJIbHBIX 3a11a1mii

Pazgen (Mopyan) 1. MaTeMaTH4ecKHe MO/IeJIM peaabHbIX siBJeHMIA. [IppHOMNBI MocTpoeHnss GU3NYeCKUX U MATEeMATHYeCKHX MO/IeJIei.
Pa3gen (moayan) 2. MeToabl MaTeMaTH4e€CKOI0 MOIeTHPOBaHUS npoueccoB B 3axayax HI'O (TpaHcnmopTa U XpaHeHHs YI1eBOI0PoAoB). [IucKpeTH3anus

onpefesOINX YPABHEHMIE MATeMaTHYeCKUX MoOJleJIeil 1 KpaeBbIX YCJ0BUI

1 [peacTaBneHus: 0 MeXaHU3Max IepeHoca 1 HecrannoHapHbie MPOIECCH OMUCHIBAIOT ClIaracMsie,
CKaJsApHOHU cyOcTaHIMU (Temja, MacChl) B 00IIeM d /dt .0 / ot
nuddepeHIanbHOM ypaBHEHAN BTOPOTO HOPSAIKA BKIIOMAIOMEE
(H.A.YMOBa) U1 3aKOHOB COXPaHEH s (MacChl B 2 HpocrpaHCT_BeHHLIe KOHBEKTHUBHO-IH(y3HOHHBIE
CMECH ¥ €€ HHIUBHIyalbHOH KOMIIOHEHTE), a sddexei- div, grad
TaKkke 0 (PU3MIECKOM CMBICIIC BXOAIINX B HUX 3 CKOpOCTb H3MEHEHHUS MACCh HHﬂHBHH}’aHBHgﬁ
OIepaTopoB djdt, o/at, gy, grad? KOMIIOHEHTHI 33 CYET MPOIIECCOB XUMUIECKOH ITPUPOIBI
2 [TpexncraBnenue o6 ycnoBUsX OAHO3HAYHOCTH pu | 1 BxittouaroT HayanbHbIE M TPAHUYHBIE YCIIOBUS, €CITH
dhopMyarpoBKe TU(PPEepeHIIUATBHBIX 32129 UCKOMBIC ()YHKIIMU 3aBUCST OT BPEMEHHU M TOYCK
MareMaTuueckoi (PU3UKH 0 Mpoleccax nepeHoca? HPOCTPAHCTBA.
2 BxittouatoT nanHble 00 M3MEHEHUSIX TEIIO(QU3UUECKUX
CBONCTB
3 Uro XapakTepu3yrOT MOJEIHU CIUIOIIHBIX CPEJ 1 Cpenia BKIIIOYAET Pa3phIBHI
(M30TpOIHBIE M aHU30TPOITHBIE, OJJHOPOJIHBIC U 2 Y4uTHIBaeT H3MEHEHHS CBOMCTB 110 HANPaBJICHUSIM
HEOJHOPOAHbIE, 0HO(a3HbIE U MHOrO(ha3Hble)? 3 CBoiicTBa OJMHAKOBBI IPU OJIMHAKOBBIX 3HAUEHHAX
TeMIIEpaTypbl U JaBICHUS
4 [MonsTHe 0 THIC MU PepeHINATPHBIX YpaBHSHUH 1 DITUNTHYCCKAHA
2- 7o TopsiAKa (C TOUKH 3peHUS (PU3UIECKOTO 2 apadoITMIeCKHi
CMBICIIA, XapaKTePHU3YIOIIETr0 H3MEHEHHE OIS 3 TUIEPOOTNYECKHUI
CKOPOCTH B BUXPEBOM PELUPKYIISIIIUOHHOM
TEYCHUH), B YeM (PH3HUCCKHIA CMBICI
OIHUCHIBAEMBIX NIPOLIECCOB?
5 Kakue u3 yka3aHHBIX METOJ/IOB PELICHUSI 1 Dypbe
nuddepeHIMaTbHbIX YpaBHEHUH MAaTeMaTUIeCKO | 2 [Iporonku
¢busuky ceoaut auddepeHnnanbHyIo 3a1auy K 3 AQHAJIUTUYECKUN UITW YUCIICHHBIN

KOHEYHO-Pa3HOCTHON?

IIpe3enTanus (BBIMOIHIECTCS KAk
WHANBUAYAJIBHO, TaK U B IIapax)

TeMbl Ipe3eHTanuii:

1. BuusHME MarHUTHOTO IOJIS HAa THAPOANHAMUKY M TEINIOMACCONEPEHOC IPU TEUCHUN cMeceil B Tpyoax.
2. CoBpeMEHHOE COCTOSIHUE ITPO0JIEM U METOJJOB aKyCTHYECKOTr0 BO3JACHCTBHUS Ha MPOLECCH JJ00BIYM U TPAHCIIOPTa

HepTH.

3. Pacuer mnoTHOCTH JUIs Ta30BOM U HEPTHOH (a3 B AByX(a3HOM MOTOKE B FTOPU30HTAIBHBIX TpyOax.

4. TlIpoGiemsbl ucclie0OBaHUH TAMHHAPU3YIOIINXCS TEUEHHUH C MOJIMMEPHBIMH 100aBKaMH TIPH yIIPaBICHUN
TPaHCIIOPTHPOBKOH YTIIEBOJIOPOAHOTO CHIPBSI IO TPYOOIIPOBOIAM.

5. CoBpeMeHHbIE TeHACHIINH, TPOOIEMBI M YCIIEXH B MCCIIEI0BAHIH TEXHOJIOTHIECKUX IIPOLIECCOB, CONPOBOKAAIOIINX

OYUCTKY CKBa>KUH OT 6ypOBBIX I1J1aMOB.

6. Jeranu MOJEIMPOBAHMUS PEOJIOTHUECKH CIIOMKHBIX BA3KHX CPEZl B 00J1aCTsAX C KPUBOJIMHEHHOI MOBEPXHOCTHIO

CKBa>XWH.




| OuneHo4YHbIC MEPONPHATHSA

le/IMepr THUIIOBBIX KOHTPOJIbHBIX 3a11a1mii

Pazgen (Mopyan) 1. MaTeMaTH4ecKHe MO/IeJIM peaabHbIX siBJeHMIA. [IppHOMNBI MocTpoeHnss GU3NYeCKUX U MATEeMATHYeCKHX MO/IeJIei.
Pa3gen (moayan) 2. MeToabl MaTeMaTH4e€CKOI0 MOIeTHPOBaHUS npoueccoB B 3axayax HI'O (TpaHcnmopTa U XpaHeHHs YI1eBOI0PoAoB). [IucKpeTH3anus

onpenesOINX YPABHEHMII MATeMaTHYeCKUX MoJieJieil 1 KpaeBbIX YCJ0BUI

CemuHap 1. PaccmarpuBast KOHTPOJIBHBIH 00BbEM, BBIBECTH YPaBHEHUE HEPA3PBIBHOCTH AJISI TPEXMEPHOTO HEYCTaHOBHBIIETOCS
TE4EHHS U M0Ka3aTh, YTO MIPH HHTEHCUBHOM TEINIOOOMEHE C OTPaHNYMBAIOIIMMHU 00JIaCTh TCUCHHUS TEIaMH B
pexxumax ¢ unciaamu Maxa (Mo<< 1) ypaBHeHHEe Hepa3pbIBHOCTH (% + pdivii = 0) MOXET OBITH PEICTABICHO B

Dt
BHze 0606menHoro ycinosus Hecxumaemoctu: divl, =0, ede i, = — i gradT
Pe

2. Pemenue ypaBHenus Jlamiaca ¢ pa3iuyHbBIMYA TPAaHUYHBIMU YCIOBHSMH METOJIOM pa3zeieHus nepeMeHHbIX Dypebe.

3. PemeHne HEOAHOPOIHOTO YPaBHEHUS THIIEPOOINIECKOTO MM TapadoINiYeCcKOro THIIA.

4. ComnocTaBUTh 3aKOH BS3KOTo TpeHus HboTOHa ¢ 3aKOHOM ynpyroctu ['yka, Ipou3BecTH pacyeT TeriohU3nIeCcKuX
CBOWCTB pa3peKeHHOH ra3000pa3HOii MHOTOKOMITOHEHTHOH YB cMecu 1o momyammuprdeckont popmyine YHiku
(craTUCTHYECKHUH METO/) M CPABHUTH PE3yJIbTAT CO COOTBETCTBYIOIIMMH CBSI35IMHA ()eHOMEHOJIOTHYECKOTO METO/1a.

5. B uem cocrour 3akoH XareHa-Ilyazeiinsa? B kakux yCIIOBHSIX 3TOT 3aKOH pean3yercs?

6. bmmxe kK Kako# U3 CTEHOK KOJIBIIEBOTO KaHana (OypmibHas KOJIOHHA), BHYTPEHHEN MM BHEUIHEH, PaMIIOIOKeHa
MIOBEPXHOCTH HYJIEBOTO MOTOKA KOJMIECTBA ABHKCHUS?

7. Kaxkoil ¢pusndeckuii cMbICT UMEIOT 4 TPaHUYHBIE YCIOBHS, KOTOPBIE ONpeessiioT pemenne [lyaseitns 06 n3sMeHeHNT
IOJIs1 CKOPOCTH B TPYOONpPOBO/Ie (CKBaXKUHE) IPU JITAMHUHAPHOM TCUCHUH?

8. KaxkoBa o6sacTs MPUMEHUMOCTH 3aKOHa cornpoTuBieHus: Ctokca?

9. B uem B3aumocBs3b popmyn aist TedyeHus: YB cpen B TOHKUX ILENsX U B KOJIBLIEBOM KaHae?

10. HeHnbroToHOBCKOE TeueHHe B TpyOax (BBIBECTH aHAJIOT ypaBHeHUs XareHa-Ilya3eiis, mpuMeHss peoJornuecKyo
mojienb OcTBasbia-Beiins (cTeneHHON 3aK0H)).

Komnoxksuym 1. OrrickaHHe HEHYJIEBOTO pemeHus kpaeBoi 3aaa4n (3aga4a Lltypma-Jlnysumnis). CBoiicTBa COOCTBEHHBIX 3HAUEHUIT
U COOCTBEHHBIX (DYHKIHH 3TOH 3a7auul.

2. VYpaBHeHue KonebaHuil cTpyHbl. Perrenne ypaBHeHNS CBOOOJHBIX KOJICOAHUH TIPH yCIOBUH

3. XKECTKOTO 3aKperuieHust KOHIOB. CTOSYHE BOJIHBI.

4. Twursl rpaHUYHBIX YCIOBHH JUIS ypaBHEHHMS IepeHoca (Koiebanui) u ux Gpusndeckoe NCTOIKOBaHHUE.

5. Pemenne HEOTHOPOIHBIX YPaBHEHHUH C OTHOPOIHBIMH TPAHUYHBIMH YCIIOBHSMH.

6. AJTOpuTM pemeHus 3a1a4 ¢ HEOAHOPOAHBIMH I'PAaHUYHBIMH YCIOBHUSIMU.

7. VYpaBHEHHE TEIUIONPOBOAHOCTH (IPHHIUI (GOPMYIHPOBKHU). BUIIBI TpaHUYHBIX YCIOBHH JUTS ypaBHEHUS
TETUIOTIPOBOIHOCTH. AJNTOPUTM PELICHUS YPAaBHEHHUS TEIUIOIPOBOAHOCTH TBEPOTO TeJla ¢ OJHOPOIHBIMH
TPaHMYHBIMHU YCJIOBHSIMH.

8. CranuoHapHoe pacnpeseneHue Temia. Pemenue ypasaenus Jlamaca B kpyre.

9. Kiaccudukanuus rpaHH4YHbBIX YCII0BUi uis ypaBHenuit Jlamaca u [Tyaccona.

10. VYpaBHeHHs1 BTOPOTO MOPsAKA B YACTHBIX MPOU3BOHBIX. XapaKTePUCTHKU. TeopemMa 0 XapaKTepUCTUKaX.

11. Knaccudukanus ypaBHEHUH BTOPOro HOPSAIKA B YaCTHBIX PON3BOAHEIX. [IpuBeieHne K KAHOHNYECKOMY BHILY.

12. OcHoBHBIE ypaBHEHUs POLIECCOB NEPEHOCA [HEPA3PHIBHOCTH, KOJIMUECTBA JIBIKEHNUS (B HAIIPSHKEHHSIX U

€CTECTBEHHBIX IIepeMeHHbIX, TuIl - HaBbe-CTokca, Ditniepa), sHepruu (I10JIHOH, BHYTPEHHEH, MeXxaHUuecKoil GopMmbl,




| OuneHo4YHbIC MEPONPHATHSA

le/IMepr THUIIOBBIX KOHTPOJIbHBIX 3a11a1mii

Pazgen (Mopyan) 1. MaTeMaTH4ecKHe MO/IeJIM peaabHbIX siBJeHMIA. [IppHOMNBI MocTpoeHnss GU3NYeCKUX U MATEeMATHYeCKHX MO/IeJIei.
Pa3gen (moayan) 2. MeToabl MaTeMaTH4e€CKOI0 MOIeTHPOBaHUS npoueccoB B 3axayax HI'O (TpaHcnmopTa U XpaHeHHs YI1eBOI0PoAoB). [IucKpeTH3anus
onpenesOINX YPABHEHMII MATeMaTHYeCKUX MoJieJieil 1 KpaeBbIX YCJ0BUI

Tt - @ypee-Octporpaackoro, @ypre-Kupxroda), coctosuus (kasopudeckas, TepMuadecKas GopmMbl)

13. Monsarue o nuccunaTHBHON QyHKIUHN Panes (Gpusmaeckuii CMBICT), TEMIEpaType TOPMOKESHUSI.

14. YpaBuenue Oanmanca >HTponHH ((PH3MUECKUI CMBICT MEXaHU3MOB IIEPEHOCA)

15. TIoTOK M MCTOYHUK 3HTPOIUH U HCCIIEIOBAHIH TOMOTCHHBIX HEM30TEPMUUECKIX XMMUIECKH PEArnpyOLINX cMeceit

16. Iotok 06o0meHHOTO 3apsaa. YpaBHEHHE IepeHoca cKkasipHoi cyocranmu (H.A. YMmoBa)

17. AkcHOMAaTHYECKHUE CBS3H B TEPMOJUHAMUKE HEOOpATHMBIX MporieccoB (ypaBHeHHe OH3arepa).

18. 3akoHbI epeHoca U M3TydeHus (M30TpoIHast U aHu30TpomHas cpena: Pypoe, @uka, Cope, drodo, [Tnanka, Panes-
Jxunca, Credana-bonbimana).

19. TlomoOue ¢pusmueckux siineHui. [lapamerpbl mogo0us TEMIOBOH, TMHAMUYECKOH U nuddy3noHHON 3a1ay.

20. DnekTpomMHaMHYECKHE SIBICHUS B XHUIKOCTAX (HOHATHE 00 ypaBHEHHUsIX MakcBeia).

21. JlamuHapHble U TYpOyJIeHTHBIE TeueHus (3akoHsI - [lyaseitns, [Ipannmisn-Kapmana, Ctokca, bnasuyca, Hukypansze,
AJBTIITYIIA).

22. VYpaBHEHUs NEpEHOCA JIOKAIBHBIX CBOHCTB TYpOYJIEHTHBIX BUXpEH (AByXIapaMeTpHUICCKHE MOIEIN).

23. Ycnosus onno3HayHocTH 3aaad HI'O (I'1, TMO).

24. Pemenuns brasuyca, [lonpraysena (Hec)xnmaemoe BsI3KOe 00TEKaHMe TOHKOH INIOCKOW CTEHKH U TEIUIOOOMEH).

Konrponbhas pabora 1. Temno-, rugpo-, ra30AMHAMUYECKHE JIOKAJIbHBIE M HHTETPATBbHBIC XapaKTEPUCTHKH IPOLIECCOB MEPEHOCA UMITYIIbCa
U TeIIa py TpyOOIIPOBOJHOM TpaHCIIOPTE HE(PTH, HEPTEIIPOLYKTOB U ra3a B yCIOBHUAX PA3BUTOTO U
Ppa3BHBaIOIIErocs TEYCHUH, IIpecTansitomue peuenue 3aaad HI'O o ypaBHeHHsIM MaTeMaTnuecko pHU3HKH,
TEOpUil CONPOTUBIICHHS U TEILJIONEpeIadH.

2. YpaBHeHHE TEIUIONPOBOAHOCTH. MeTox Dyphe IpH pelieHnH 0THOPOIHOTO YPaBHEHH S TEIIONPOBOIHOCTH.
[Mpunoxenne Kk HeGTEIPOMBICIIOBBIM U TPAHCIIOPTHBIM 3aJlauaM.

3. HeopmHopopHble ypaBHEHUs TEILIONPOBOIHOCTH / BOJIHOBOE U UX IPHIIOKEHHUE K 33/1a4aM He(TEeIIPOMBICIOBON U
TPAHCIIOPTHOW MEXaHUKHU.

4. Meron pa3zeneHus IepeMeHHBIX Ul ypaBHeHus Jlaruraca B pa3inn4HbIX MocTaHOBKax 3anad ([Aupuxmne, Heiimana).

5. Tlonsrue 06 onepaTopHOM METOJEC PEIICHUS JIMHEHHBIX 3a1a4. [IpeoOpa3zoBanue Jlammaca. [Ipocrelimue cBoiicTBa
npeoOpa3oBanus Jlamnaca.

3amuTa 1abopaTopHOi paboThI 1. Omnpenenenne ko3¢ UIKEHTa CONPOTUBICHHS IPSMOTO IMIaIKOTO TPYOOIIPOBOJIa C LETBIO OIPEAEICHHS
3aBUCHMOCTH KO3 dHIMEHTa COTPOTUBIIEHHS TPYOOIpoBoia OT unciia PeiiHonbica 1 cpaBHEHUE C N3BECTHBIMHU
pe3yibTaTaMu, aBTOMO/IETIbHbIE PEIICHHUS 3a/laud O TSUCHHH BSI3KOH HECI)KUMAEMO XHIKOCTH, OJIM3KOMH 110
(u3MdecKnM CBOMCTBAaM K KanensHOH YB cpere.

2. HccnenoBanue rUIPOJIUHAMUKH U JIOKAIBHBIX COMPOTHBICHU NPU TEUEHUHU JKUIKOCTH [0 OCECUMMETPHYHOMY
KaHally 11eJIbI0 — YSICHEHHS XapakTepa U3MEHEHU I CONPOTHBIICHHS BO BXOJHOM Y4acTKe TPyOOnpoBo/a, CEKIHi ¢
nuadparMaMu ¥ OTBEPCTHSIMH Pa3HOTo AUaMETpa.

Bomnpocsl B 1abopatopHsiM paboram 1, 2:

1. (x maboparopHoii pabote 1) - KakoBa orenka 3¢ (eKTHBHOCTH METOAMKH pacyeTa JMHAMHYECKUX U TEIUIOBBIX

JIOKJIBHBIX Y MHTETPaJIbHBIX NTapaMETPOB TEUCHHUS M TEIUIOOOMEHA B YCIIOBHUSIX Pa3BHBAIOMINXCS TEUEHHUH C




| OIIeHO‘-IHl)Ie MEpOINpUusATUus le/IMepr THUIIOBBIX KOHTPOJIbHBIX 3a11a1mii

Pazgen (Mopyan) 1. MaTeMaTH4ecKHe MO/IeJIM peaabHbIX siBJeHMIA. [IppHOMNBI MocTpoeHnss GU3NYeCKUX U MATEeMATHYeCKHX MO/IeJIei.
Pa3gen (moayan) 2. MeToabl MaTeMaTH4e€CKOI0 MOIeTHPOBaHUS npoueccoB B 3axayax HI'O (TpaHcnmopTa U XpaHeHHs YI1eBOI0PoAoB). [IucKpeTH3anus
onpenesOINX YPABHEHMII MATeMaTHYeCKUX MoJieJieil 1 KpaeBbIX YCJ0BUI

HMEIOIIMMHUCS OIBITHBIMY JaHHBIMH;

2. (x maboparopHoii padote 2) - Kak nmposBnseTcs BIUSIHUS IPOILIECCa N3MEHEHHS TeOMETPHH 00IaCTH TSUCHUS
(pa3sMepoB BBICOTHI YCTYyIIa), peskuma (CKOPOCTH TEUEHHS) Ha MPOTSHKEHHOCTH 30H OTPHIBa, IPUCOEIWHEHHS TIOTOKA,
a TaK)Ke MHTEHCHBHOCTb IPOIIECCOB U CTPYKTYPY TEUEHHS M TEIDIOOOMEHA B JJAMUHAPHOM M TypOyJIEHTHOM IIOTOKAX
B Tpy0ax M KaHaJjax.

3. (x mabopatopHoii pabotam 1,2) - TIpeacraBieHust 06 H3MEHEHHUSIX HHTETPATbHBIX IAPAMETPOB TCUCHHUS U
TEII000MEHA B JAHHBIX YCIOBUSIX U MX KPUTCPUATIbHBIC CBSI3H JUTS IPOTHO3a aBAPUITHBIX CUTYallUil B paboTe
000pyI0BaHUS

3amuTa IpoOJIEMHOTO JI0KJIa/1a Temartnka npo01eMHOro JOKIajAa!

1. MopnenupoBaHue ABMKEHHS TSDKENIOTO ra3a B IPU3EMHOM cJIoe aTMochepsbl.

2. Maremaruueckoe MOJCIMPOBAHNEC HECTAITUOHAPHBIX I'a30KUAKOCHBIX MTOTOKOB: MOEJIb I'a30MIPOABICHUA ITPU
OypeHUU CKBaXKHH.

3. MogenupoBaHue mporecca cenapanyy: MOBIIICHHE CTENEHN H3BICUCHNS KOHICHCUpYyonmxces Y B u3 HedTsiHOTO
rasa.

4. Tlpomeccsl GrIbTpanyy XKUIKOCTEH C IPUMEHEHHEM COBPEMEHHBIX TEXHOJIOTHH Ha OCHOBE CBOWCTB MEXaHUYECKOMH
”CTOSYEN BOJIHBI”.

5. CoBpeMeHHOE COCTOSIHHE ITPOOIEM B METOJJOB aKyCTHYECKOT0 BO3IEHCTBHUS HA MPOLIECCH TOOBIYN U TPAHCIIOPTa

HedTH.

BrusHue 31€KTOMarHuTHOTO OJIS Ha TUAPOJAMHAMUKY U TEIUIOMACCONIEPEHOC MNP TCUCHUU cMmeceit B pr6ax.

MogenupoBaHHue MPOLECCOB MPUTOKA (IIroK1a K TOPU30OHTAIBHON CKBaYKHHE.

3aKOHOMEPHOCTH 'MIPOJMHAMHKHY M TEIUIOMACCONEPEHOCa IIPU MCCIIEIOBAHMHM 33/1a4 B IPUPOAE M TEXHHKE.

MopenupoBaHue nporecca GUIbTPALMH C yYETOM HEJIMHEHHOT0 3aKoHa (DMIIbTPALIUU B HU3KOIPOHHUIIAEMbIX

KOJUIEKTOpaXx.
10. IlpumMeHeHue TeopuH OO0 B HCCIEIOBAHUAX IIpoLecca cenapanny (a3 npu ra3uuKanuy CXKmKEHHOTO

IIPUPOJTHOTO Ta3a.

Bomnpocs! k 3ammuTe:
1. TlpencraBieHus o ZOMYIICHUAX IPH MaTEMaTHIECKOM MOJICIIMPOBAHIH IPOIIECCOB IIEpeHOca B 00BEKTE

HCCIIEIOBAHMSI.

Omnpenensroniye ypaBHeHNS MOJIENN U (U3UIECKUIT CMBICI HX CJIAraeMbIX B ONIMCAHUH IPOLIECCOB.

ITocTaHoBKa KpaeBbIX yCIOBUH 3aJauu.

3aMBbIKaIOIINE CBSI3U MOJIENIH U UX OCOOCHHOCTH B MOCTPOCHHH OOILET0 U YaCTHOTO PELICHHI.

Merto] peleHuii, ero J0CTOBEPHOCTb.

CrerneHb JOCTOBEPHOCTH PE3YJIbTATOB.

ATTIPOKCUMAITHS IPON3BOIHBIX UG HEpEeHITNAIBHON 3a1a91 U JETaJIH YHCICHHOTO PEIICHHUS.

O000611eHNE PE3yNIbTATOB B KPUTEPHAIbHBIE CBS3U JUIS IIPOrHO3a MPOLIECCOB METOZOM TEOPUH MOJ00MS.

BHenpenue pe3yabTaToB B IPAKTUKY NPHUKIIAIHBIX HccienoBanuii 3anaq HI'O.

10 [epcriekTHBBI ¥ IPOOIEMBI pEIICHHUH 3a1a4.

© © N

CoNOOR~WN




| OuneHo4YHbIC MEPONPHATHSA

le/IMepr THUIIOBBIX KOHTPOJIbHBIX 3a11aHm71

Pazgen (Mopyan) 1. MaTeMaTH4ecKHe MO/IeJIM peaabHbIX siBJeHMIA. [IppHOMNBI MocTpoeHnss GU3NYeCKUX U MATEeMATHYeCKHX MO/IeJIei.
Pa3gen (moayan) 2. MeToabl MaTeMaTH4e€CKOI0 MOIeTHPOBaHUS npoueccoB B 3axayax HI'O (TpaHcnmopTa U XpaHeHHs YI1eBOI0PoAoB). [IucKpeTH3anus

onpenesOINX YPABHEHMII MATeMaTHYeCKUX MoJieJieil 1 KpaeBbIX YCJ0BUI

10.

Omnpoc

[IpumepHbIe BOIIPOCHI:

3aKoHBI cCOXpaHeHUs PU3NIECKUX CyOcTaHImit (Maccer). JluBepreaTHas popma ypaBHEHHS HEPA3PHIBHOCTH.
MaremaTidecKkrne MOJIENH CIUIONIHBIX cpe (HaeaabHast JKHIKOCTb).

YpaBHenust PeitHonmbAca 11 HCCIEIOBAHNS CIIOKHBIX CBHTOBBIX TOTOKOB B TPyOOIpOBOIaX.
[TonsiTne 0 IMHAMHUYIECKOM IIOTPaHUYHOM cioe. YpaBHeHHs [Ipanaria. CrenuanbHble METOIBI pacdyera
MPUCTEHOYHBIX TCYCHU BA3KHX CpEI.

KpaeBble 3a1aum ¢ HEIMHEHHOCTHIO IEPBOT'O U BTOPOTO poJia K pacueTy Au((y3HOHHBIX MPOLIECCOB B TBEPABIX
Tenax.

6. 3amaua lltypma-JInyBuuis (IOCTAaHOBKA 3a/1a4K HA COOCTBCHHBIC 3HAYCHU).

7. Pasnoxenue ¢pyHkuuii B psg Oypee.

8. VYpasnHenwus smumnruueckoro tuna (Jlamnaca, Ilyaccona) B onucannu Gpu3ndeckux sBICHUH.

9. Meron ®ypbe pa3neneHus IEPEMEHHBIX B PEIICHHUH 3a/1ad MaTeMaTHIECKOH (DH3HKH.

10. ®opmyna ['pura-OcTporpascKkoro B ONUCAHUH MPOLECCOB NEPEHOCA.

11. MeToabl AMCKPETH3aLNK KPAEBBIX 33724 MaTeMaTHIecKoi (Gpu3nku.

12. KoHeuHO-pa3HOCTHBIE alNPOKCHMAINN TU((epeHIHANBEHBIX yPaBHEHHUH.

13. IpuHIMT MakCUMyMa.

14. KoHeuHO-pa3HOCTHBIE AINPOKCHMAIINN TPAHUIHBIX YCIOBHUH.

15. YcToHuMBOCTb KOHEUHO-Pa3HOCTHBIX cxeM. MeTox ¢on HeiimaHa.

16. Mertobl pemieHIs CETOYHBIX YpaBHEHHUH (MTepalioHHbIe MeTO 161 SIK00u u "aycca-3elinens).

17. Metox nepeMeHHBIX HAIIPaBICHUN M HUKHEH/BEpXHEH perakcanny.

18. SIBHbIC U HesiBHBIE cXeMbl (YpaBHeHHUe TerionpoBoaHocTH). Meroa Kpanka-Hukosncona.

19. Metoa mpoOroHKH.

20. Yucnennsle MeTo/ bl pelennil ypasHenuit HaBre-Crokca: anropurm SIMPLE (by S. Patankar).
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| Ouenounnie MeponpusiTus

| IIpumepbl TUNOBBIX KOHTPOJIbHBIX 3aJaHUI

Pa3zoen (modynp) 3. MeToabl MATEMATHYECKOT0 MOEJIMPOBAHMS CONPOTUBJIEHNS, TENJI000MeHA U HANIPSIKEHHO-1e()OPMUPYEeMOro COCTOSIHUA TPYOONIPOBOI0OB 1

MPOLECCOB MX ABAPUITHOTO pa3pylIeHUst

Pasnen (mooyns) 4. MatemaTndeckue MeTOAbI U MOJAeIU THAPOra30qAuHAMUKH, TENJI000MeHAa B TEXHOJIOTMAX CHUKEHUSI 3aTPAT HA TPAHCIIOPT ra30B U KUJAKOCTeH,
nopbimienns 3pdexTuBHocTu HI'O. [TuddepennuanbHbie MoAeJH NPOLECCOB MEPeHOCA MMIYJIbCA, TENJIa U MACChl

1.

DKcmpecc- ompoc

[onsTue o mpuamne OH3arepa.

YpaBHeHUsI THAPOJMHAMHUKH M TEIUIOMACCOIIEpeHOCca (3aKOHBI CBSI3M MOTOKA M CHJI).

OcHoBHoe cootHomenne On3arepa. JuddhepennnansHoe ypaBHEHHE TIepeHOCA

JuddepernnanbHpie ypaBHEHUS IEPEHOCA OTHOKOMIOHEHTHOH CUCTEMBI.

[TonsTHE 06 aHATMTHYECKUX METOIaX pereHns auddepeHnaabHbIX ypaBHEHUH (METO ] pa3iefIieHHs IepEeMEHHBIX,
METOJ] MTHOBEHHBIX HICTOUYHUKOB, TpUMeHeHne GyHkuuii [ puna).

[MpescTaBneHne 0 YUCIEHHBIX METOIAX pelIeHHs cucTeM auddepenimansupix ypasaeruiit TMO (IporoHkm) .

7. TlpencraBieHre 0 MeXaHU3MaX MPOIECCOB MEPEHOCA CKAIIPA.
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8. [IlomsiTHe 0 MeTO/E aHAIOTHIA, KPUTEPUH U YUCIIa IT000Ms TEIIOBOH, TN PYy3UOHHOM U TUIPOTUHAMHYECKOM
3azad.

9. TlonsTHe 0 MpeIeNbHBIX PEKUMAX TEUCHUS U TeIioMaccooOMeHa B 3agadax HI'O .

10. Ypasrenus momoOus ISl 33129 THAPOINHAMHAKH U TEIUIOMAcCOIepeHoca (CBI3M I TETUIOBOH , TUPPY3HOHHOH 1
JMMHAMHUYECKOH 3a71ad).

11. Tlonstne o TaMHHAPHOM H TypOYJICHTHOM TE€UYCHHUH.

12. Tlonsrtue o Merone Jlamambepa pemeHns ypaBHEHUH IIepeHoca CKajspa.

13. IlonsTue 00 ynpaBiieHHH MPOLECCAMU MTPH BapbHUPOBAHUHU OMPENEIIOIUX KpuTepues noaoous 3agac TMO B HI'O.

14. Teopema /{roamers B pelIeHUH 3a71ad MIPOLIECCOB MEPEeHOCa C IIEPEMEHHBIMH IT'PAHUYHBIMH YCIOBHAMH IS
TEeMIIepaTypHOro MoJIsl.
15. Ilonsitue 00 ypaBHeHUsIX Tua norpanuuHoro cios JI. Ilpanaris.

CobecenoBanue 1. Tlonsarue o 3akone HprtoToHa — Puxmana. JlabTOHA B ONpPECICHUH TIOJTHBIX TIOTOKOB TEIUIa U MacChl OT pabodero Teaa

K IoBepxHOcTH ycTpoiicta HI'O.

2. Buapl koHBeKIMH (CMEIIaHHAs, €CTECTBEHHAs, BRIHYXK/ICHHAS) U ONPEIEISIONe KPUTEPHH TEIUIOBBIX MPOLECCOB.

3. TloscHuTs: ABIAETCS HPOLECC TEIUIO- H MAacCOOOMEHA — MMPOCTHIM HIIH CIIOKHBIM — PA3ITHIHA?

4. TlepedncnuTh peXUMbI TCUCHHUI W TEIUIOMACCOIEpPEHOca MPU KpaeBbIxX ycioBusax 1 —4 pona.

5.  KpuonuneitHble KoopAnHaTH U uX ¢usudeckuii cmbica. Koaddunnentsr JIssme. YpaBHeHNE HEPa3pbIBHOCTH IS
HEC)KUMAEMOH KHUIKOCTH.

6. Pemenne TermoBoi u auGy3MOHHON 3a1a4 U THAPOANHAMUYECKH CTAOMIN3HpOBaHHOTO TeueHus: Keiica-
Kpoycconbna, Jxwmmmnanga-1llepsyna.

7. Tlonsitre 06 U30TPOMHON HEC)KMMAEMON HEHbIOTOHOBCKOH JKUIKOCTH, HE TPOSIBIISIONICH YIPYTUX CBOMCTB — MOJIENH
OctBanbna-bunrama, Peiinepa-®unumnosa.

8. DOdodexrs! Baiiccenbepra, Tomca, Jleitua mpu nepexoHbIX Ipoleccax MpH TEYCHUH PEOJIOTHIECKH CI0XKHBIX CpPel.

9. OnmnpeneneHue rUIPOIUHAMHYECKOTO, TEMIIEPATYPHOTO U (P (Y3HOHHOTO MOTPAHUYHBIX CIIOEB, CBSA3H JUIsl TOJIIUH
CJIOEB.

10. IloTepu Ha TpeHHE B aBTOMO/IENBHBIX M MPOCTPAHCTBEHHBIX Ipoleccax TedeHus ¥YB cpen.

11. VYpasuenus Oppa-3ommepdenpia.

12. Teopemsr CkBaiipa, Panes o kpuBH3HE OIS CKOPOCTH U YCTOHYHBOCTH TIOTOKA.

13. TlonsiTe 0 MaccOBBIX M IIOBEPXHOCTHBIX, BHYTPEHHUX M BHEITHHUX CHJIax.

14. Tonsarue o TeH30p HANPSKEHUIA U €TO CBOWCTBA I MHBAPUAHTEI.

15. Tlonsrue 06 ypaBHenusix Onzarepa. [IpuHInNBI B3anMHoCTH, cuMMeTprH Kropu.

16. Tlonsitue o CoBpeMEHHbIE METO/IbI MOJICIIUPOBAHHS U paciyeTa TYpOYJIEHTHBIX OTOKOB HHEPTHBIX U pearupyroInux
onuotasueix U MHOTOGa3HsIX cpen (RANS, DNS, LES).

17. Cerka, TMCKpETH3AIMsI, CXeMa, pa3HOCTHBIE YPAaBHEHHMS, IOPSIOK U ONTHOKA alMpOKCHMAIINH, CXOJUMOCTh PEIICHHH.

TectupoBanue n/n | Bompoc Ne BapuanT oTBera
1 OO0BIYHO MaTeMaTHYECKass MOJIETb TPOIIECCOB 1 XapaKTEPUCTUKH MPAKTUYECKUX MTPOLIECCOB
TEYEHUs ¥ TEIIOMACCOOOMEHA MOJTHOCTHIO -
OTpakKaer: 2 CHCTEMY ypaBHEHUH, KOTOPbIE YACTUYHO OMHUCHIBAIOT
MIPOLECC, HO PEIIUTh ITY CUCTEMY TPYJIHO




CHCTEMY ypaBHEHHH, KOTOPbIE MOXKHO PEILUTh U
pelIeHne B TOCTATOYHOH Mepe OTpaxkaeT
XapaKTePUCTUKH PeajbHBIX MIPOLIECCOB;

Kaxoe yrBepxaenue o 3akoHe duka 1 ; G
HECIIPaBEeIUBO? Jik:_D&
3aKOH UMEET BUJL ;
2 BennuuHa Dj 3aBucHT OT HampaBieHus AU Hy3UOHHOTO
MIOTOKA;
3 B razax DjToro xe nopsiaka, 4ro u koaddunueHt
BSI3KOCTH;
4 B )KUAKOCTSIX NIPU TypOyJIEeHTHOM JBIXeHUH D MHOTO
MeHbIIe K03((HUIIIeHTa BI3KOCTH;
5 B )KUAKOCTSAX MPH JAMUHAPHOM TeueHun Di MHOTO
Alc,
MEHBIIIE, YeM
Uro npencTaisioT co00l WieHbl ypaBHEHUsI 1 NIEPBBIN — HICTOYHUK BEUIECTBA B PE3YJIbTATE
i dy3un Maccel PIH,Z[PIBPIZ[yaJIBHOﬁ KOMITOHEHTBI XMMHUYECKOH peakIiH;
ac oc. 2 BTOpO# — M Py3nOHHBIN YIICH
P i 8_ - _( D _) =—p a_tl + Ri 3 TPETUH — IPalUEHT MOJIHOTO OTOKA BEIIECTBA
X X 4 YEeTBEPTHI — HECTAIMOHAPHEIA WICH
SIBIAIOTCS TN CIIEYIOIIUE YTBEPKICHUS U 1 OIIpEACIICHNEM,
COOTHOIICHUS 2 BEPHBIM MJIM HEBEPHBIM JIOTHIECKUM BBIBOJIOM H3
onpezeseHul;
q=—A— I'} J-C}d _-|-I_-I’}: 3 BBIBOJIOM U3 ONBITHBIX JAHHBIX, UMEIOLINX BEICOKYIO
@ﬁ 5 CTENCHb Ha/IC)KHOCTH;
4 YMEpPEHHYIO JJOCTOBEPHOCTh C HE3aBUCHMOM
ZRJ' =0 TeMIepaTypoi;
,
oy
A=>GAR dx g dix
D¢ dexTnBHAs BI3KOCTH TYpOYJISHTHOTO MOTOKA 1 )7 =K°5/L
MOJET OBITh CBSI3aHA C KWHETUIECKON YHEPTHEH
TypOyneHTHOCTH K U ee MHTErpasbHBIM 2 H= ,Cklgs
MmacmraboM L cooTHomIeHHEM: 3

2 =L




4 1=K/ c

Hpe3eHTau1/Is1 (BI)IHOJ'IHHCTCH KaxKk

TeMbl mpe3eHTanuii:

MHJIMBHYaJIbHO, TaK U B Iapax) 1. MonenupoBaHue NIPOCTPAHCTBEHHBIX TEUEHUH B IOJISX ASHCTBUS MACCOBBIX CHJI B TPYOax M KaHaJaxX C

KPUBOJIMHEHHOU I'PaHULIEN.

2. TypOyneHTHBIH TEMI0- 1 MaCCOOOMEH IPHU JIBM)KEHHUH BSI3KUX CpeJl B 00JIACTSAX Pa3sIMYHON KOH(OUTypaluy CTEHKU
TETIOHEPTETHUECKUX YCTPOUCTB.

3. UYucneHHOE MOAEIMPOBAHNE THAPOANHAMUKH M TEIUNI00OMEHA IIPH JBMKCHUH BA3KHX CPEl Ha ydacTKax
TpybomnpoBoza ¢ cekuusamu T-o0pa3Hoit GopMBI.

4. (OOpa3oBanue acharbTocMoI0NapadhUHOBEIX OTIOKEHUH B YCIOBHAX OOBOTHEHHOCTH HE(PTH.

5. TukcoTpomnHbIe CBOHCTBAa OYPOBBIX PaCTBOPOB.

6. MopnenmupoBanue TypOyJIEHTHBIX TEUSHUH C1a003aNbICHHBIX UCIEPCHBIX CPE IPH MarucTpaIbHOM TPAHCIIOPTE
MPUPOJTHOTO Ta3a.

7. MaremaTudyeckoe MOAEINPOBaHUE CKpelinBatonmxcs d3gpdekror Tepmoanddysun u qussnekrpodopesa npu
AJIEKTPOMArHUTHOM 00€3BOXKMBaHUH HE(DTH.

8. Meroa00rus SKCIEPUMEHTAIBHOTO UCCIIEI0BAaHNS PEKUMOB T€UEHHs ABYX(a3HOTO MOTOKA.

9. UmucneHHOE MOAENUPOBAHUE NPOCTPAHCTBEHHOI'O 3aKPYYEHHOT'O IIOTOKA 3IEKTPOIPOBOAAIICH )KUIKOCTU B TPyOax
W KaHaJIaX TP BO3ACHCTBUM MONEPEYHOTO MarHUTHOTO TOJIS.

10. AHayiu3 IpOMBIIUIEHHOTO OIIBITAa HCCIIEJOBAaHUTEUCHNI BEICOKOBS3KOH ChIpOH He()TH B TPyOOIPOBOAAX.

CemuHap - PaccmatpuBaetcs pa3BuBaromieecst JaMHHAPHOE TEUEHHE BI3KOH HEC)KNMAEMOH JKHIKOCTH B TpyOax (KaHanax).

Cuctema ypaBHCHHH, ONIPEICILIIONINX TCUCHNE, UMEET BU:

a 1o

S (av ="

X rravw 1)

A B E
2

3nech €=1 — oTBeYaeT UIMHAPHUIECKON CUMMETpHH KaHana, €=0 — cily4ail MI0CKOro TeueHus; U,V — oceBas u
paauaibHasi KOMIIOHEHTHI BEKTOPa CKOPOCTH B HAIPABJICHUH OCH X,I COOTBETCTBEHHO, - AaBJICHHE.
3amanue.

1. PaccunTate pacnpezneneHre CKOPOCTH IS CITydasi:
®  TIOJHOCTBHIO PA3BUTOTO MOTOKA B IMJIMHAPUIECKON TPYOe ¥ MIOCKOM KaHajie B MPEATOI0KEHHUH, YTO TOJIe
JTABJICHUS U3BECTHO, TEIIO(U3NIESCKUE CBOHCTBA IOCTOSIHHBI.

I'parngHbIe ycIOBHUS K HHTEIpUpOBaHUIO cucTeMsl (1), (2):
x=0: u=Uy, v=0; ®)

M_gv—0

r=0: * r=R: u=v=0. (4)

2. [To n3BECTHOI 0CEBOI CKOPOCTH OIPEICIUTh CPETHIOI0 10 CEUYCHHIO CKOPOCTh, MAKCUMAIILHYIO CKOPOCTH;
KOX(PUIHUEHT TPEHUS




3.IpexnnonoxuTre, 4TO O/1HA U3 IUIACTHH TUIOCKOT'O KaHala HENOABIKHA, a JIpyrast JBIKeTcs: co ckopoctbio UO.
PaccunraTh MOJHOCTHIO Pa3BUTHIM HOTOK MEX/Ty INITACTHHAMH ISl pa3INIHbIX 3HAYCHUH mapaMeTpa

FPrer
X , rie h=2R — paccrosiHre Mexly IUIaCTUHAMH.

3. JlaTh XapakTepUCTHKY (HPU3UIECKOTO CMBICTA ClIaraeMbiX cUCTeMEI (1), (2). YcTaHOBUTh OCOOCHHOCTH
HCIIOJIb30BaHUSl YPABHEHUN W TUI CUCTEMbI YPABHEHUM JBUKECHUSL.

4, Yka3are mpoOIeMBI pacdeTa pa3BUBAIOIINXCS TEUCHUH B TpyOax M KaHajaX B YCIOBHUSIX JTJAMUHAPHOTO 1
TypOYJIEHTHOTO PEKUMOB TEUCHUS

1. Tema “ TedeHne HEHBIOTOHOBCKHX cpen”

VYcnoBus TedeHus. JKUAKoCTh, IO CBOUM CBOMCTBaM OJTM3Kas ONTMaHOB-CKOH MOJEIH, ABIKETCS IO BEPTUKAIBHOM
TpyOe moJ IeficTBHEM TpaieHTa JaBICHUS H/WIH yCKOPEHUS CBOOOAHOTO mageHus. Paguyc u mmmHa TpyOBI
WU3BECTHBI.

IHonyuums COOTHOIICHUE MEXTY OOBEMHBIM PACX0JIOM U CHJIAMH JABJICHUS U TSKECTH, COBMECTHO JCHCTBYIOIIMMU
Ha KUIKOCTb.

Vkazanus:

e  HCNOJb3YyETCA MOJENb BA3KOMIacTu4Ueckoi xxuakoctu l1IBenosa-burmana;

e B [CHTPAJILHOU YacCTH TPYOBI CYIIECTBYET 00IACTh “TIOPITHEBOTO PEKUMA TCUCHHUS

1d d

="

e  ypaBHEHME JABIDKCHHS UMEET BUJ rdr d:

I1. Tema “CoBMecTHOE TeUeHHE HECMEIINBAIOIINXCS AKUIKOCTEH

PaccmarpuBaercs 3aa4a 0 TEUEHUH € TPAHULEH pa3ziena ABYX HEC)KUMAEMBbIX XKHJKOCTEH pa3HBIX BA3KOCTEH B
TOPU30HTAJIBLHOM KaHaje AMMHON L ¢ 3amanHbIM rpagueHToM nasieHus. [Ipu atom ckopocth TeueHns §as Takosa,
YTO KaHaJl Ha MTOJIOBUHY 3aITOJIHEH KHJIKOCTHIO OoJree TUIOTHON (pa3bl U MEHEe TUIOTHOH (a3bl.

TpebOyercst: naTh aHAN3 TEUCHHS C TOUKH 3PEHUSI PACIIPEICIICHNSI CKOPOCTEH U ITOTOKA KOJIMYECTBA IBHKCHUS,
TIOJTYYUTh — MaKCHMaJIbHbIE CKOPOCTH (pa3, CKOpOCTh Ha ITOBEPXHOCTH pazJiena (a3, MIOCKOCTb, B KOTOPOH
KacaTelbHOe HanpsbkeHue Txr=0, CHly TPEeHHs Ha CTEHKaX

VYkazanus: 1) BOCIOIB30BaThCs ypaBHEHHEM OaaHca KOJIMYECTBA ABMKCHHMS, 3aIIICAaHHOTO JJIs1 TOHKOTO CIIOS; 2)
CYHTAEM JJISl IIPOCTOTHI, UTO CPEJIBI - HRIOTOHOBCKHE.

V. Tema “UccnenoBanne TypOyJIeHTHOTO TeUCHUS

3ananue. BeiBop norapupmudeckoii hopmyiisl Uit Tpoduiis cKopocTeii B TpyoOe.

TpebyeTcs HallTH OCpeTHEHHBIE IO BPEMEHH paclipe/IeIeHUs] CKOpPOCTel B JUITMHHON TpyOe, HCIIO0Ib3Ys THIIOTE3Y
JulnHbI cMenteHus [Ipanatis, AMHaMUUYeCKUe ypaBHEHUs ABIbKeHMs PeliHombaca.

Komnoxsuym

coak~kwbdE

IonsATHE 0 3aKOHAX COXPAaHEHMI MPOLIECCOB NIEpeHOca.

VYpaBHeHMe KoaebaHuii CTpyHBI. PerieHne ypaBHeHUs! CBOOOHBIX KOJICOAHUH TIPH YCIIOBHH.
XKécTroro 3akpennenus KOHOB. CTOSIUME BOJIHEL.

TuIel TpaHUYHBIX YCIOBHH JUIsl ypaBHEHUs NepeHoca (KosebaHuii) n uX (PU3NUECKOe HCTOJIKOBAHHE.
PerieHre HeOJTHOPOIHBIX YPaBHEHHUI ¢ OHOPOAHBIMHU I'PAaHUYHBIMH YCIIOBUSIMU.

AJNTOpUTM pelIeHHs 33/1a4 C HEOHOPOHBIMU I'PAaHHYHBIMHU YCIIOBUSIMH.




YpaBHEHHE TEIUIONPOBOAHOCTH (IPHHIHI (OPMYITHUPOBKH). BUIIBI rpaHYHBIX YCIIOBUI U1l ypaBHEHUS
TETIONPOBOIHOCTH. ANTOPUTM PELICHHS yPaBHEHHS TEIUIONPOBOJHOCTH TBEPOTO TEJIa ¢ OJHOPOJHBIMHU
TPaHUYHBIMH YCIIOBUSIMU.

8. CranuonapHoe pacipezneneHue Tema. Pemenne ypasHenus Jlamnaca B kpyre.

9. Kunaccudukanus rpaHIIHBIX yCIOBUi 1t ypaBHeHni Jlammaca u [Tyaccona.

10. VpaBHeHHs BTOPOro HOPSAAKA B YaCTHBIX MPOU3BOJHBIX. XapaKTEPHCTHKH. TeopeMa 0 XapaKTepUCTHKaX.

11. Knaccupukanus ypaBHEHHH BTOPOTO MOPSAKA B YACTHBIX MPOU3BOAHBIX. [IpHBeieHIE K KAHOHUYECKOMY BHILY.

12. OcHOBHBIE ypaBHEHU: MIPOLIECCOB MEPEHOCA [HEPa3pHIBHOCTH, KOJMYECTBA JBIDKEHUS (B HANPSDKEHHUSX 1
€CTECTBEHHBIX IepeMEHHbIX, TN - HaBbe-CTokca, Ditniepa), sHepruu (IONHOH, BHYTPEHHEH, MeXaHU4ecKoi (Gopmbl,
tun - ®ypre-Octporpanckoro, ypbe-Kupxroda), cocrosHus (kamopuieckas, TepMudeckas Gopmsi)].

13. Ionstue o quccunaTuBHON GyHKIMU Panest (pusndeckuit CMBICI), TEMIIEPAType TOPMOKEHHUSL.

14. VpasueHue Oananca SHTpONHH (PU3NUECKHIA CMBICT MEXaHU3MOB TIEPEHOCA).

15. TToTOK M UCTOYHMK DHTPONUH U MCCIICTOBAHUN TOMOTEHHBIX HEM30TEPMUUYECKUX XUMUUYECKH PEarnpyIoIUuX CMECeH .

16. TToTok 0000mIEeHHOTO 3apsiaa. Y paBHEHHE TepeHoca cKaxsspHoi cyocranmmn (H.A. YMmoBsa).

17. AxcuomaTHyeckue CBS3U B TEpMOJAMHAMUKE HEOOpaTuMbIX mporeccos (ypaBHeHue OH3arepa).

18. 3axoHHI epeHoOca U U3MYUYCHHUS (M30TPOIHAS M aHUu30TpomHast cpena: Dypwe, Guka, Cope, drodo, [Tnanka, Prmes-
Jxunca, Credana-bompimana).

19. Tlomobue pusrmueckux sBieHui. [lapameTprr mOJOOHS TEITOBOH, MUHaMHUYecKoi u audy3noHHOM 3a1ay.

20. DnexTponHAMHYECKHE SBICHUS B )KUAKOCTAX (MMOHATHE 00 ypaBHEHHIX MakcBeia).

21. JlamuHapHble U TypOyJneHTHbIe TeueHus (3akoHsl - [lyaseitns, [Ipanntinsa-Kapmana, Crokca, bnasuyca, Hukypanse,
AnBTHITYNA).

22. VYpaBHeHHs IIEPEHOCA JIOKAIBHBIX CBOMCTB TYpOYJICHTHBIX BUXpEH (AByXIapaMeTpUUECKHE MOJIEIN).

23. Ycnosust onHozHauHoctu 3anad HI'O (T'/], TMO).

24. Pewenus bnazuyca, [Tonbray3zeHa (Hec)kuMaemMoe B3Koe 00TeKaHHe TOHKOM IJIOCKOHM CTEHKHU M TEIUIO0OMEH).

Kontpossnas pabora 1. Temno-, ruapo-, ra30JUHAMHUYECKHE JIOKAJIbHBIE M HHTETPAIbHBIE XapaKTePUCTUKU IPOLIECCOB MEPEHOCa UMITYIIbCa
U TeIIa Ipu TpyOOIIpOBOAHOM TpaHCHOPTE HEPTH, HEPTENPOIYKTOB U I'a3a B YCIOBHUIX Pa3BUTOTO U
Ppa3BHBaIOIIETOCS TEUECHUMH, IpecTaBistomue perenue 3axa4 HI'O no ypaBHeHMsIM MaTeMaTn4ecko (GU3HKH,
TEOpHI COMPOTUBIIEHHS U TeIIONEepeadHy.

2. YpaBHEHHE TEIUIONPOBOAHOCTH. MeTox Dyphe Npyu pemeHn  0THOPOIHOTO YpaBHEHHS TEIIONPOBOHOCTH.
[Mprioxxenue kK He)TETIPOMBICIOBBIM M TPAHCHIOPTHBIM 33a4aM.

3. HeonHopomaHble ypaBHEHUS TETIIONPOBOIHOCTH / BOJIHOBOE M MX MPHIIOKEHHUE K 331a4aM He(TEIIPOMBICIOBOH 1
TPaHCIIOPTHOM MEXaHUKHU.

4. Meron pa3neneHus NepeMEHHbIX AT ypaBHeHH Jlamaca B pa3auyHBIX TOCTaHOBKax 3a1ad ([Jupuxie, Heiimana).

5. TlonsTtue 06 onepaTOpHOM METOJE peleHNs INHEHHbBIX 3aaa4. [Ipeobpa3osanue Jlammaca. Ipocreiimue cBoiicTBa
npeobpaszoBanus Jlamaca.

3amuTa 1abopaTopHON PabOTHI 1. Onpenenenne KO3PGUITUEHTA COMPOTUBICHUS IPSIMOTO TJIAJIKOTO TPYOOTIPOBO/IA C IENBIO - OTpeAelicHIe
3aBHCHMOCTH KO3 (HUIMEHTa CONPOTUBICHUS TPyOOIpoBoaa oT urcia PeifHonbica 1 CpaBHEHHE C H3BECTHBIMU
pe3yJbTaTaMM, aBTOMO/ICTbHBIE PEIICHNS 3aJa4l O TEUCHUH BSI3KOH HEC)KMMAEMOM KUIKOCTH, OJIM3KOH 110
(u3nueckuM cBOMCTBaM K KaresnpsHOH YB cpene.
2. HccnenoBaHue rujpoJMHAMUKH U JOKJIBHBIX CONPOTHBIICHUI NPU TEUESHHUH JKUJIKOCTH 110 OCECHMMETPUYHOMY




KaHaJly LIeJbI0 — YSCHEHUS XapaKTepa M3MEHEHUI CONPOTUBIICHHS BO BXOJJHOM y4acTKe TpyOONpoBOa, CEKIHIA C
nuadparMaMy ¥ OTBEPCTHIMH Pa3HOTO AWaMETpa.

Bompocs! B mabopaTopHbIM paboTam:
1. (Bompoc k mabopaTopnoii pabdote 1) - KakoBa orieHka 3 peKTHBHOCTH METOAUKH pacdyeTa TMHAMUICCKUX U TETIOBBIX
JIOKaJIbHBIX ¥ MHTEIPaJbHBIX TAPaMETPOB TEUCHHS M TEIUIO0OOMEHA B YCIIOBUSX Pa3BUBAIOIINXCS TSUCHHH C
MMCIOLMMICS ONBITHBIMH JaHHBIMH;
2. (Bompoc k aGopaTtopHoii pabote 2) - Kak mposiBisieTcst BIMSHES MMpoliecca N3MEHEHHSI TEOMETPHH 00IACTH TCUESHHS
(pa3mepoB BBICOTHI yCTyIa), peKUMa (CKOPOCTH TEUEHHsI) Ha TIPOTSHDKEHHOCTh 30H OTPBIBA, IPUCOEANHEHUS MTOTOKA, a
TaK)K€ MHTEHCHBHOCTb ITPOILIECCOB M CTPYKTYPY TEUCHHUS M TEIUIOOOMEHa B JAMUHAPHOM U TypOyJIEHTHOM MOTOKaX B
TpyDax u KaHajax.
3. (Bompoc k nabopatopHbiM padotam 1, 2) — JlaTh 00BsICHEHIE XapaKTepy H3MEHEHU T HHTETPATIbHBIX TAPaMETPOB
MIPOIIECCOB IIEPEHOCa B JaHHBIX YCIOBUAX U MX KPUTEPUANbHBIM CBA3SIM I IPOTHO3a aBapUIHBIX CUTyaluil B paboTe
obopynoBaHus

3amura mpo0IeMHOro A0KIana

TemaTuka poOIEMHOTO JIOKJIaaa:

1.

10.

MonenupoBaHue ABIKEHHS TSHKEIOTO Ta3a B IPU3EMHOM clioe aTMOoc(eps! (IIPOEKT 3aIlrIIacT B pa3gene 1 —
SBIICHUS M OCOOCHHOCTH M3MEHEHHI JTOKAIBHBIX XapaKTePUCTUK MaTEeMaTHICCKOH MOJICIH, TOCTOBEPHOCTD
TIPOTHO3A )

MaremaTHueckoe MOJIEIMPOBAaHUE HECTAIMOHAPHBIX Ta30KUIKOCHBIX IOTOKOB: MOJENb ra30IpOsBICHUS IpU
OypeHnr CKBaXkuH (IIPOEKT 3AlKIIACT B pasjeiie 2 — 000CHOBAHHE MOIXO/0B K OMHCAHHIO TEYCHUS cMeceil n
pe3yIbTaThl BHYTpH(a3HBIX 1 MEK(a3HBIX SBICHUI)

MopenupoBaHue Tpoliecca Cernapaiyy: MOBbIIICHUE CTSIICHH W3BICUCHHS KOHACHCHPYonmXcs Y B u3 HetsHOro
rasa (IIPOEKT 3alIUINACT B pasjielnie 3 — MOM0KEHHS K MOICITUPOBAHUIO TEIUIOMACCOOOMEHA MPH
(heHOMEHOJIOTHIECKOM METO/IE)

[Ipouecce punbTpanum >KUIKOCTEN ¢ MPUMEHEHHEM COBPEMEHHBIX TEXHOJIIOTUN HA OCHOBE CBOWCTB MEXaHMUYECKOM
“crostueid BOJIHBI” (MPOEKT 3alHUIIAET B pa3jeiie 4 — OpUrHHANbHBIE PELIEHUs, BKIIOYAOIIHNE HIEH METOA
AHAJIOT )

CoBpeMeHHOE COCTOSTHHE TPOOJIeM U METOJJOB aKyCTUIECKOTO BO3ICHCTBHUS HAa IPOIECCHI JOOBIYU M TPAHCIIOPTA
HedTu (mpoekT 3ammiiaeT B paszesne 3 — 000CHOBAaHUE MAaTEMATHYECKHX MOJIEIICH U METO/IOB PElICHHs YPABHEHUI
TEOPHUI MaTeMaTHIECKOW (PU3UKH TPUMECHHUTEIFHO K aKyCTUIECKUM IpobIeMam)

BimustHue 37IEKTPOMArHUTHOTO OIS Ha THAPOIUHAMHKY M TEIIOMACCOIIEPEHOC IPH TEUCHUH CMecell B TpyOax
(mpoekrt 3amumaet B pasjeie 4 — Moj0KeHHs TEOPHUil TEMIIOMACCONEPEHOCA M COMPOTUBIICHHUS TIPH CJIOTHOM
TEYEHUH CMecei)

MopenupoBaHue MPOLECCOB MPUTOKA (DIIFOK/Ia K TOPU3OHTAIBHON CKBaXKKMHE (IIPOEKT 3alMIIAET B pas3eie 2 — Uiaen
MOCTPOCHUS ¥ 000CHOBaHUS AU(PepeHIINaTHHBIX MOJIeNIel K N3MEHEHHUIO JIOKAJbHBIX TApaMeTPOB TEUCHHUS )
3aKOHOMEPHOCTH THAPOJMHAMHUKH ¥ TEMIOMACCONIEPEHOCA [TPU MCCIIEA0BAHUY 3a/1a4 B TIPUPOJIE U TEXHUKE (IIPOEKT
3AIUIIACT B pa3eie 3- MOCTAHOBKH 337a4 K OMMUCAHUIO MPOIIECCOB MEPEHOCA ¥ METOIBI MX PEIICHHS)
MopenupoBanue nporiecca GUIBTPALMU C YIETOM HETMHEHHOTO 3aK0HA (DUIBTPAIliU B HU3KOMPOHHUIIAEMBIX
KOJUTEKTOpax (MPOEKT 3allUINAeT B pa3jienie 2 — MPUHIKITBI MOJEIUPOBAHUS MIPOIIECCOB MACCOIIEPEHOCa B CPeax,
OCIIOXKHEHHBIX HEJIMHEHHBIM XapaKTepOM M3MEHCHHU TEeTIO()U3NIECKUX CBOMCTB)

[MpumeneHnne Teopuu mogo0Us B HCCIIEOBaHUIX TpoIiecca cenapanuu (a3 Ipu ra3upuKaii CKmKESHHOTO
MPHUPOIHOTO ra3a (MPOSKT 3alUINACT B pa3ziene 4 — pe3yabTaThl PeICHUH 3a/1a4 B Oe3pa3MEepHOM BHJIC U aHAJIH3




KpHUTEpUaJIbHBIX CBsI3€H JUId ONpeNeNsoluX KpUTepHUeB Noa00us)

Bomnpocs! k 3amure:

1.

CoNoa~WN

lO

[TpencTaBneHus 0 JOMYIIEHHUAX IPH MAaTEMaTHIECKOM MOJEINPOBAHUH IPOLIECCOB IEPEHOCA B OOBEKTE
WCCIIEIOBaHMS.

Omnpenensonye ypaBHEHHS MOAEIN U (HM3MUECKUIT CMBICT UX CIIaracMbIX B OIIMCAHUH MPOILIECCOB.
[TocTaHoBKa KpaeBbIX yCIOBUH 3a7auu.

3aMBIKarOINE CBI3M MOJIENH ¥ WX OCOOCHHOCTH B MOCTPOSHHUHU OOIIET0 M YaCTHOTO PEIICHUI.

Merton pelieHuit, ero 10CTOBEPHOCTb.

CreneHpb JOCTOBEPHOCTHU PE3yJIbTaTOB.

AnnpokcumManys Nponu3BOIHBIX TU(QepeHIatbHON 3a1auil U IeTald YUCICHHOTO PEeIICHNS.
O06001eHre pe3yIbTaToB B KpUTEPHAJIbHBIE CBS3M JJIsl IPOTHO3a MPOIIECCOB METOAM TEOPHH TO00US.
BHenpenue pe3ynbTaToB B IpakTHKY NPUKIIAAHBIX HccnenoBanuil 3aqad HI'O.

IlepcnexTBHI ¥ IPOOIEMBI peIIeHHH 3a1au.

10.

Ompoc

IIpumepHBIE BOIIPOCHL:

1.

3aK0HBI cCOXpaHeHHs PU3HIECKUX CyOcTaHIMi (Maccel). [luBeprenTHas popMa ypaBHEHUs! HEPa3phIBHOCTH.

2.MaremaTH4ecKue MOJCJIN CIUIOIIHBIX CPCI (I/IZ[eaJ'ILHaﬂ )KI/I,I[KOCTL).

3.
4.

o

2o~

12.
13.
14.
15.
16.
17.
18.
19.
20.

0.

YpaBHenus PeitHonbaca 11 HCCIIEIOBAHMS CIIOKHBIX CBHTOBBIX TOTOKOB B TPyOOIpOBOIAX.
[TonsiTHe 0 TMHAMHYECKOM IIOTPaHUYHOM cioe. YpaBHeHHs [Ipanaris. CrenuanbHble METOBI paciyeTra
MPUCTEHOYHBIX TCUCHUH BA3KHUX CPEI.

Kpaessle 3a1aun ¢ HEMMHEHHOCTHIO IIEPBOTO 1 BTOPOTO pojia K pacdeTy Iu((y3HOHHBIX MPOIECCOB B TBEPABIX
Tenax.

3amaua [lITypma-JInyBusis (MocTaHOBKA 33]]aui HA COOCTBCHHBIC 3HAUCHUS).

Paznoxenune Gynkiwmii B psx Oypse.

Ypasaenus ammuntudeckoro tuna (Jlamnaca, [Tyaccona) B onucannu GU3NYECKUX SIBICHUI.

Meton @ypbe paszieneHus IepeMeHHBIX B PELICHNH 3a/1a4 MaTeMaTH4eCcKOH (QH3NKH.

®opmyia ['pura-OcTporpaackoro B OMMCAHUHN MPOIECCOB IEPEHOCa.

MeTobl TUCKPETH3AIMN KPAEBhIX 3a/1ad MaTEMAaTHIECKOH (QH3HKH.

KoHeuHO-pa3HOCTHBIE armpoKcuMaiy AnGepeHIraIbHbIX YpaBHEHHH.

[MpuHOMn MakcuMyMa.

KoHedHO-pa3HOCTHBIE alPOKCUMAIINH TPAHUYHBIX YCIOBHH.

Y cTOHINBOCTE KOHEYHO-PA3HOCTHBIX cxeM. Meton ¢poH Helimana.

MeToabl penieHus CeTOUYHBIX YpaBHEHUH (MTepanroHHbIe MeToab! SIko6u u ["aycca-3elinens).

Mero/1 nepeMeHHbIX HalpaBJIeHUH U HIKHEH/BEpXHEW pellakcalny.

SIBHBIC 1 HEsIBHBIE CXeMBI (ypaBHEHHUE TerutonpoBoaHocTn). Meroa Kpanka-Hukosncona.

Meron IpOroHKH.

YucseHHble MeTO 61 periiernit ypasHenuii HaBbe-Crokca: anropurm SIMPLE (by S. Patankar).




5. MeToanuyecKue YKa3aHHu4 110 Ipoueaype oueHuBaHusd

OueHovYHbIEe MEPONTPUSITHS

ITpouenypa npoBeeHusi OLIEHOYHOT0 MEPONIPUSATHS U HEOOXOAMMbIE METOANYECKHE YKAZAHUS

1. DKCIpece - Ommpoc

[IpoBoauTes C LeNb0 OLIEHKH YPOBHS 3HAHHUS OCHOB U BIIQACHUS (PyHIaMEHTAIbHBIMU IOHATUSIMU 110 pacyeTam
IIPOLIECCOB IIEpeHOca TP TEUCHUHU YIIIEBOAOPOAHBIX CPE B OTKPBITHIX U 3aMKHYTHIX TEPMOJUHAMUYECKUX
cucrtemax (Tpy0ax, KaHajlaX, CKBaXKHHAX )

OneHuBaHME 3HAHUN OCYIIECTBIIAETCS B COOTBETCTBHU C JAHHBIMU!

“Huzknii ypoBeHb — YIOBJIETBOPHUTEIHHO, 1 6aT — OTCYTCTBYIOT YE€TKHE 3HAHUS 110 METOAOJIOTHH pacyeTa
MIPOLIECCOB TE€UYEHUS BAZKHUX CpeJ] BO BHYTPEHHHUX CHCTEMax

“BpICOKHIA YPOBEHb~ — OTIIMYHO, 2 Oaia — UMEIOTCS IPAaKTHUECKHE HAaBBIKM MCIIOJIb30BaHUsI anapara MEXaHUKN
CIUIOLIHBIX CPel, ypaBHEHUH MaTeMaTH4ecKoil (PU3MKU B pEIICHUH 33134 FHIPOANHAMUKNA HECKUMAEMBIX U
C)KMMACMBIX CUCTCM B IPUPOAC U TCXHUKE

2. CobecenoBanne

[IpoBoauTCS A OLIEHKH YPOBHSI KOMIIETEHIIMH IO MOJIETMPOBAHUIO THIPOJUHAMUKY 1 TeIJIOMaccolepeHoca B
YIIEBOAOPOIHBIX CMECSX, YPOBHS MOHUMAaHUs (DyHIAMEHTAIBHBIX BOIPOCOB I'MAPOIMHAMUKHI U
TEIJIOMAcCOIepeHoca.

OrneHnBaHNe 3HaHUH OCYIIECTBIIETCS B COOTBETCTBUU C TaHHBIMHU.

“Hu3kuii ypoBeHb” — YIOBIETBOPHTENBHO, 1 6amt — HeT cTporux (GopMyIMpOBOK QPyHIAMEHTAIBHBIX MTOHSTHI,
MIPUCYTCTBYIOT OIINOKH U HETOYHOCTH (POPMYIMPOBOK ONPENENIIOUINX YPaBHEHUH MOAETIEH IPOLIECCOB.
“BpICOKHI YPOBEHB — OTIIMYHO, 2 6ajia — pa3BUTO CaMOCTOATEIHHOE HHYKEHEPHOE MBIIIUICHNE, TIPH OTBETaxX
CTYJEHT JeMOHCTPUpPYET BIaJeHUE METOJAMH MaTeMaTHYeCKOTO MOJIETTMPOBAHNS — aHATUTUYECKUM, HHTETPO-
muddepeHunanbHbIM, rpadHuecKiM, AAET ITOJTHBIE ONPEIEIeHHs TOHATHH POLIECCOB U MEXaHU3MOB MIEPEeHOCa,
UX MaTeMaTuyeckue GOopMyITUPOBKH.

3. TectupoBanue

[IpoBoauTcs B Havase JEKIUH U IPAKTUUECKUX 3aHATUH B TedeHre 8-10 MUHYT M TIPU TTOJTHOM OTBETE CTYACHTOB
Ha MOCTABJICHHBIE BOIPOCHI, OLIEHUBAETCS B 7 0aJU10B (BCEro 3aruiaHupoBaHo 4 TectupoBanus). CTyIeHTHI
TOTOBATCS] HA OCHOBE Y4eOHOTO MaTepHuaja, NPUBEIEHHOI0 Ha caliTe penoasarens (paszaen «Y4yeOHo-
METOIMUESCKUI MaTepUal), IOCTYIHOTO LISl CTYJCHTOB IO CChUIKE:
https://portal.tpu.ru/SHARED/f/FELIC/Metod_material/Tab

OneHuBaHMe 3HaHUN OCYIIECTBIISECTCSI B COOTBETCTBHU C JJAHHBIMHU.

“Huskuii ypoBeHb” — YIOBJIETBOPHUTENBHO, 2-3 Oait — cnaboe npejcTaBiIeHle 0 BApUaHTHOM aHaJn3e
pe3yIbTATOB PELICHUS 32/1a4 B paMKaX TEOPUH COMPOTHBIICHHS U TETUIOMACCOIIEPEHOCA, UMEFOTCS TIPOOIIEMBI
(hOpMyYNHPOBKY MaTeMaTH4eCKON MO KOHKPETHOTO MPoLiecca NPUMEHUTENBHO K aBTOMO/ICIBHBIM SIBIICHHUSM
“Cpennuii ypoBeHb” —xopoIno, 4-5 6ania — 1eMOHCTPUPYIOTCS 3HAHUS (PYHIAMEHTAIBHBIX TIOHATUH, TEPMHHOB,
BUJIa yPaBHEHUI 3aKOHOB COXPAHEHUS B CIICIIM(DUIESCKUX YCIOBUSIX, TAIOTCS 3aKIFOUEHHS O KPACBBIX YCIOBUSIX
JUIsl BBIICTICHUS] YaCTHOT'O PELICHUS

“BpICOKHIA YPOBEHb~ — OTIIMYHO, 6-7 Gajljia — OTBET CONPOBOXKIAETCS aHAIN30M (DOPMYITHPOBKH MaTeMaTHIeCKOM
MoJiesin, QyHIaMEeHTANILHBIX PelIeHuH, 0000IIeHNH Pe3yIbTaTOB B IPAKTUKY NPUIIOKECHUH




OueHovHbIe MEPONPUSITHS ITpouenypa npoBeeHusi OLIEHOYHOT0 MEPONIPUSATHS U HEOOX0AMMbIE METOANYECKUE YKAZAHUS

TIpesenTtanus [Ipennaratorcst TEMBI Ipe3EHTAIMN JJIsI TIOUCKA COOTBETCTBYIOMIeH nHpopmaruu B nctounukax HTb TITY,
3NIEKTPOHHBIX pecypcax HaydHO-TEXHHUUYECKON JINTepaTypsl U Ha O(UIHAIbHBIX caliTax 3apyOeKHBIX KYPHAIOB.
[Ipe3enTanny MOArOTaBIMBAIOT MO BEIOPAHHOHN TeMaTHKe MHAUBHUIYyalbHO U B IPYyIIax Mo 2 cTyaeHTa (1o
MIPUHLMITY KOMaHIHOH paboThl). Takxke B OMOIIb CTYACHTaM IIPEJIaratoTCs 3aJaHus 10 IPE3CHTALIM,
KOTOpBIe 00CYXIAI0TCsI HHINBUAYAJIBHO C MPENOJaBaTesIeM C LENbI0 ONpPeAeICHNsI TOTOBHOCTH CTYACHTA K
JeTaIbHOMY HCCIICAOBAHMIO PACCMAaTPUBAaEMON MPOOIeMBl. 3aluTa Mpe3eHTalui TPOBOAUTCS Ha
koHcynpTanmsax. 1 Ilpesenrarnus onennBaercs B 5 6ayios.

OneHuBaHMe 3HAHUN OCYIIECTBIIAETCS B COOTBETCTBHU C JAHHBIMU.

“Huskuii ypoBeHb” — YIOBJIETBOPHUTENBHO, 1-2 6ait — HeBbIpa3uTeIbHbI, HeyOeUTENbHBI TTOJI0KEHUS, K
penyKIMY YpaBHEHHH MaTeMaTHYECKOH MOJIENH IPH UCIOIb30BAHUH 3aKIF0UEHUH O KOPPEKTHOCTH ITOCTAaHOBOK U
METOZA UCCIIEIOBAHUS

“CpenHuii ypoBeHb” —xopoliio, 3-4 6ajijia — €CTh YeTKHUE NPECTABICHUS O JOCTOMHCTBAX U HEJIOCTATKAX
MOCTAaHOBKH 33/Ia4H U METOJIa €€ HCCIIC0BAHMUsI, HMEIOTCS MPOOIeMbl aHATIN3a PE3YIIbTATOB HCCICI0BAHUS
“BpICOKHI YPOBEHD — OTIIMYHO, 5 0ajia — JaeTcs XapakTepPUCTHKA IeTalneld MOIETUPOBAHNS, 3aMBIKAHUN K
MOJICJIBHBIM YPaBHEHHAM, POPMYITHUPOBKE KPAeBOH 3a1a4u M pacIpeeIeHNs] IapaMeTPOB PEeLLICHHS
(pe3ypTaTOB) B paccMaTpHBAEMOM OOJIACTH.

CemuHap OpueHTHPOBaH Ha JIOTIOTHUTENIBHYIO SKCIIEPTH3Y PE3yIbTaTOB UCCIIEIOBAHMUS 110 MPOOIIeMaM U OTUYETHOCTSIM
CTyJeHTa B paMKax BeicTyruieHus Ha cemuaape MHOJI “HedrerazoBas ruapoanHaMuKa U TEIIIOMAcCONepeHoc”
npu UIITIP HU TITY u npecnenyet mneib MOArOTOBKY MaTepualia CTaThH JIJIsl y9acTHsI B KOH(EpEHIHIX
CTyIeHTOB ¥ MoJobIX yueHbix HU TITY u apyrux By3oB P®, mocBsieHHBIX MpodiieMaM MaTeMaTHYeCKOTO
moxaenupoBanus 3anad HI'O. OnenunBaercs B 10 6amios

OneHnBaHNMe 3HaHUH OCYIECTBIIIETCS B COOTBETCTBUU C JaHHBIMHU.

“Hu3Kuit ypoBeHb” — YIOBJIETBOPHUTENBHO, 3-5 0aJIOB — HET NMPEACTABICHUS O IJAHHBIX (PU3HMYECKOTO
MOJIETTUPOBAHMS U CYTH MEXaHU3MOB OIIMCAHHSA MTPOLECCOB UCTIOIb3yEMBIMH YPaBHEHUSIMU MaTEMaTHUECKON
MOJIETH, KOPPEKTHOCTH METO/A PELLICHUS 3a1a4n

“CpenHuii ypoBeHb” —X0poIII0, 6-7 6aJlJI0B — JAlOTCs 001Ias XapaKTePUCTHKA PEIICHUS POOJIEMBI U e
0COOEHHOCTEN, HO IPUCYTCTBYIOT TPYAHOCTH JIOKA3aTEIbCTBA KOPPEKTHOCTH PE3yIbTaTOB

“BpICOKH YPOBEHD — OTIIMYHO, 8-10 6aiyIoB — MPUCYTCTBYIOT JaHHBIE (PH3UKO-MATEMATHYECKOTO
MOJIETTUPOBaHU (YPaBHEHUS U MX 3aMbIKAHUS, ETAM YUCICHHOTO aHaIN3a), TO3BOJISIONINE CTPOUTD
3aKJIIOUEHUS 110 00O0IICHUIO PEe3yIbTaTOB Ha MMPAKTHUECKHE TPOIIECCH M UCTIONB30BATh PE3YIbTAThI B pacueTax
TEXHUYECKUX YCTPONCTB

Komnoksuym [IpoBoauTcs B paMKax 3aHsTHS B [IEPUO/ POBEJICHUS KOH(pepeHIl-Heenb B TedeHrue 30 MUHYT U TIPH MOITHOM
OTBETE CTYJCHTOB Ha ITOCTABJICHHBIE BOIPOCHI, OlleHHBaeTCs 2 6ayuioB. CTyIEHTHI TOTOBSTCSI HA OCHOBE
JIEKIIMOHHOTO MaTepHaja, HOPMaTUBHO-TEXHUYECKON TOKYMEHTAIH, TPUBEICHHOIO HA CalTe MpenojaBaTels




OueHovYHbIEe MEePONTPUSITHS

ITpouenypa npoBeeHusi OLIEHOYHOT0 MEPONIPUSATHS U HEOOX0AMMbIE METOANYECKUE YKAZAHUS

(pa3nmen «YuebHO-MeTONUYECKUI MaTeprany, moapasaensl «HT Iy, «Jlexiumy), KOTophIii JOCTyTIeH s
CTYJEHTOB TIO CCBIITKaM:

https://portal.tpu.ru/SHARED/f/FELIC/Metod_material/Tab

OneHnBaHMe 3HAHUH OCYIIECTBIIIETCS B COOTBETCTBUU C TAHHBIMHU.

“Husknii ypoBeHb” — YAOBJIETBOPHUTEIHHO, 1 06amt — mpuBoaITCS (POPMYITHPOBKH OMIPEIEICHUI TOHATHH U
YpaBHEHUI MOJICIH, HEKOPPEKTHBIX B UCCIETOBAHUSIX

“BpICOKHIA yPOBEHb~ — OTIMYHO, 2 Oaijia — eCTh YeTKHE 3HaHUSI OCOOCHHOCTEH MOJIETMPOBAHMUS
paccMarpuBaeMoro mporiecca, il TECTUPOBAHUS Pe3yIbTaTOB IIPUBOSATCS TaHHBIE TI0 OTIPEIEeTICHHTO
MTOTPETTHOCTEN M YCTAHOBJICHUS TOYHOCTH PEIICHUH, TaHBl 3aKIIOYSHHS 110 HCIIOIB30BAHUIO PE3YIbTATOB B
MIPaKTHUKE NPUIIOKEHU.

KontponsHas pabota

KontponbHble paboThl IPOBOAATCS Ha JEKUHUAX B TeueHHe 10 MUHYT M U IIOJIHOM OTBETE CTYACHTOB Ha
MTOCTaBIICHHBIE BOIIPOCHI, OIIEHWBaeTCs B 4 Oaia (BCero 3araHupOBaHO 2 KOHTPOJIbHBIE paboThl). CTyneHTHI
TOTOBATCA Ha OCHOBE JICKIIMOHHOI'O MaTe€puralia, HOpMaTHBHO-TeXHH‘-ICCKOﬁ JOKYMCHTalMU U IIEPEUHA BOIIPOCOB
st KP1 u KP2, mpuBenennoro Ha caiite npenoaaBarens (paszaen «Y4e0HO-METOJMUECKUI MaTepramy
https://portal.tpu.ru/SHARED/f/FELIC/Metod_material/Tab)

JlaHHBIE olleHHBaIOTCA B 4 Oaa

“Huskuii ypoBeHb” — YAOBIETBOPHUTENBHO, 1-2 Oania — MpuCyTCTBYET TOIBKO (HhOpMaNbHBIH, TEOPETHUECKHUIA
aHaJIM3 MPOOJIEMBI, HET JaHHBIX O MPAKTUYECKOM UCIOJIb30BaHUN MOAETH U €€ Pe3yIbTaToB (3aKOHOB
HN3MEHEHUIIOKABHBIX M HHTETPAIbHBIX MIEPEMEHHBIX MpoLecca)

“BbICOKHI YPOBEHB — OTJIMYHO, 3-4 Oajuia — pe3yIbTaThl MOJHO CIIOCOOHBI XapaKTepU30BaTh MPo0IeMy
(mpencTaBneHsl ¢ 000CHOBaHUEM (PU3MUECKOTO M MATEMAaTHYECKOTO CMBICIIA CJIaraeMbIX U MIEPEeMEHHBIX
ypaBHEHUH MOJIENHN), IPUBJIEKAIOTCS 3JIEMEHTHI TCOPHH MEXAHUKH CIUIOLIHBIX CPEl.

3amura 1abopaTOpHOM pabOTHI

C neransiMu BBITTOIHEHHS, TOJITOTOBKH ¥ 3aIlIUTHI JIAOOPATOPHBIX PadoT, C MaTepruaioM (JIEKIIHH, MPaKTHK,
HOPMaTHUBHO-TEXHUYECKOH TOKyMEHTalluu 1 nepeyHs Borpocos it koutpons (KP1 u KP2), crynenTst
3HAKOMSATCS Ha caiime npenodasamens (paznen «Y4eOHO-METONNISCKUI MaTepran
https://portal.tpu.ru/SHARED/f/FELIC/Metod_material/Tab).

3amuTa paboTHI BRIITOJIHSAIOTCS IO PaHEE COCTABICHHOMY PacIUCaHMIO, B KOTOPOM YKa3aH CPOK IMPOBEIEHUS
Kaxoi padotsl. [lepen 3amuToit paboTel HEOOXOAMMO U3YUUTh €€ ONIMCAHKNE U MPOUTH DKCIPECC-0Npoc,
co0eceToBaHHUE C TIPETIOIaBaTeNIeM 0 TEOPETHUECKUM BOIIPOCAM, OTHOCSIIMMCS K JaHHOH pabote. K Havamy
CJIEYTOIIETO JIA0OPATOPHOTO 3aHATHS MPETOAABATENIO CIAI0T 3aKOHUYEHHBIA OTYET IO BBITIOJTHEHHOH paboTe.
3amuTa paboThI MPEACTABISETCS B BHJIE IEMOHCTPAIMN TEKCTa U JAHHBIX PE3YIhTaTOB, 0()OPMIIEHHOTO B
COOTBETCTBHH C OOIIMMH TpeOOBaHUAMH. MaTepual 0TueTa JOJDKEH COJAEPHKaTh: a) KOHCIIEKT M0 TEOPUH JaHHOTO
BOmpoca; 0) cXeMy YCTaHOBKH; B) JJaHHBIC HAOIIOIEHUI B TAOIUYHOI opMe; T') pe3yIbTaThl YUCICHHBIX
pacueToB 110 JIAHHBIM HaOF0IeHHH B TAOIUYHOW (opme; 1) rpadUKu ¢ KPUBBIMHU, BBIPAXKAFOIUMH PE3YJIbTAThI
n3Mepenuit; Copepxxanue padboTbl OTBeYaeT GOPMYIUPOBKAM: €) OCHOBHBIE BHIBOJIBI M aHAJIN3 BO3ZMOKHBIX
omHOOoK.
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3amuTa pe3ynpTaToB paboTHI OlleHNBaeTcs B 3 Oaia

“Husknii ypoBeHb — YIOBJIETBOPHUTENHHO, 1-2 a1 — HET YeTKUX 3HAHUN TPHY 3aMIOTHEHUH MTPOTOKOIA
HCCIIeI0BaHUs pabOThI, HCTIONB3YIOIIEr0 TEOPETUIECKUE pa3Aesbl TEOPH COTPOTHBIICHHUS U TEIIONEpeaayH,
THUAPOTa30IMHAMHUKHI

“BbICOKHIA YPOBEHB” — OTIIMYHO, 3 Oaiia — OTpaKeHbI TJaHHbIC MOJICITUPOBAHUS, TOMYIICHAN K aHAIN3Y MOJICIH,
MOTPEIIHOCTSIM M KOPPEKTHOCTH PE3YJIbTAaTOB, MPUBOAATCS CBEJICHUS O COBPEMEHHBIX METOIaX M Pe3ybTaTax
HCCIleI0BaHUs TOAOOHBIX MponeccoB B 3agavax HI'O apyrumu noaxonamu.

3ammTa MpoOIeMHOTO TOKIaaa

3amura npoBoAUTCs B (hOpMe BBICTYIUIEHHUS ¢ AEMOHCTpPALel PE3EHTALMH PE3YJIbTAaTOB, IO OTOBKU
MaTepuaja Te3UCOB JOoKIaaa (2 ¢Tp.) A MEKIYHAPOIHOTO CUMITIO3UyMa/KOHDepeHIK MoJioIbixX yueHbix (HU
TILY, “IIpobmnemMBbl TEOJIOTHN M OCBOCHUS Help ', CeKIus “MeToIbl MaTeMaTHIECKOTO MOACTHUPOBAHMSI ITPOLIECCOB
TpaHcropTa HeTr 1 raza”) mepen cTydeHuecKoi aynuropueit (Maructpsl HanpasieHus OOII “Hedrerazosoe
nemn0”). [IpoGeMbl MOArOTOBKY 3aIUTHI IETATbHO 00CYKIAIOTCS C TPEIOIaBaTeNIeM, HCIIOJIb3YIOTCS CBEICHHUS
IIPpU BBIMIOJIHCHUU WHANBUIYAJIbHBIX 3a[IaHI/II\/'I 10 AUCHUIIIIUHE, TPCACTABJICHHLIC Ha caiTe npernogaBaTeiisd
(paznmen «Y4ueOHO-MeTOINYECKII MaTepram, moapasaen «MeToqudeckue yKa3aHus»), KOTOPBIA TOCTYTIeH AJs
CTYZAEHTOB IO CCBUIKE!

https://portal.tpu.ru/SHARED/f/FELIC/Metod_material/Tab

[Ipu morHOM OTBETE 3amuTa orleHnBaeTcs B 20 0amos.

“Huskuii ypoBeHb” — yIOBJIETBOPHUTENHHO, 10 6alIoB - HET JaHHBIX O KOPPEKTHOCTH MOZEIH 1 METO/1a
HICCIIeIOBaHMS

“Cpennuii ypoBeHb” —xopoiiio, 15 0aioB — IpUBOAATCS CBEACHUS OMOIHOTrpaduuecKoro aHaan3a npooeMbl B
COBPEMEHHOM MHpE, JETajll MOJICIIMPOBaHMSA, METOIa HCCIIEA0BAHUs, UMEIOTCS POOIeMbl 000CHOBAaHUS
IOJIOKEHUH K PEKOMEHIALMSM BHEAPEHUS PE3YJIBTATOB B IPAKTUKY

“BpICcOkuli ypoBEeHb — OTJIMYHO, 20 0aJIJIOB — COACPIKUT IICHHBIC JIJIsl PAKTHUKHU MPUIIOKECHUH CBEICHUS O
HCHOJIb30BAaHUM PE3YJIBTATOB, MOJECIUPOBAHNE BBIIIOJIHEHO HA OCHOBE COBPEMEHHBIX METO/IOB HCCIICAOBaHMS,
oIpejiesieHa MOTPEIIHOCTh U TOYHOCTh PE3yJIbTaTOB

10.

Ormpoc

B pesynpraTe n3ydeHus: AMCUUIUIMHBI CTYI€HTHI JOJKHBI OBJIAZIETh 3HAHUSAMHU KOMIIEKCHBIX METO/IOB U
MOJIX0/I0B YUCIICHHOTO U (PU3UKO-MATEeMaTHUECKOTO MOICITMPOBAaHHUS OCHOBHBIX MPOIIECCOB TIEpeHOCa Teria,
Macchl M umItyiisca B YB cpenax. [l uHKeHepHbIX pacueToB TpaauoHHbIX 3a1a4 HI'O 1omkHO OBITH YCBOEGHO
3HAYHUTENILHOE KOJMYECTBO PACUETHBIX (POPMYJI, KpUTEPHATBHBIX CBS3el, METOJIMK MMPOTHO3a H3MEHEHUH TEeIlIo-,
THJIPO-, TA30IMHAMUYECKUX U TU(PPY3NOHHBIX MapaMeTpoB B Y B cucTeMax, KOTopbIe ClielyeT HCIOIb30BaTh B
MIpaKTHKE MHKEHEPHBIX NpriiokeHni 3aaad HI'O. [Ins nomycka k 3a4eTy CTyIEeHT OJIKEH MOJIyYUTh aTTECTALHIO
0 MIPAaKTUYECKUM U JTAOOPATOPHBIM 3aHATHAM, YCIIELUIHO MOATOTOBUTH MPOOJIEMHBIN JOKIAJ] U 3alIUTHTh €To C
MpeIoCTaBIeHNEM MaTepraa J0KJIaaa Ha KoH(pepeHmo. 71 BEISICHEHUS CTETIEHHN 3aKPETUIEHUS TEOPETUIECKUX
3HAHUHU, YMEHUI U HaBBIKOB B BBINIOJIHEHNH pacyeTOB MPOIeccoB B Y B cpenax nepen nosyyeHUEM
9K3aMEHalMOHHOI0 OMiieTa CTYJCHT 1aeT OTBEeYaeT MPENnoiaBaTesio Kio4eBoe hyHJaMeHTaIbHOE ONpeieICHUe




OueHovYHbIEe MEePONTPUSITHS

ITpouenypa npoBeeHusi OLIEHOYHOT0 MEPONIPUSATHS U HEOOX0AMMbIE METOANYECKUE YKAZAHUS

13 pa3zena IUCIUILIAHE (Trma - GopMynupoBka [Iu-Teopemsl Teopun mo1o0us M METOIa aHATTN3a
pasMepHOCTeH, onpeneneHne 3agaun Komm, moHsATHEe aBTOMOJEIIEHOTO PEIIeHUSs, BI3KOCTHO-HHEPIIMOHHO-
IPaBUTALMOHHBIA PEKUM TCUCHHUS U TEIUIOOOMEHA U T.1.).

PesynbTathl JOMyCcKa M YCIICNIHOW CIa4M 3K3aMeHa olleHnBaroTcst B 20 6aiios.

“Huskuii ypoBeHb” — yI0BIeTBOpHUTENBHO, 10 6ayutoB- B oTBeTax Ha 1,2 Bompoca OuiieTa coepikaTcs CBeIeHHS
TOJILKO OOIIEro XapakTepa, He MO3BOJISIOIINE CYyIUTh O BO3ZMOXXHOCTH MCTIONB30BaHUS IPYTUX METOI0B
(aHanuTHUECKUH, MHTETpO-nu( PepeHIINANBEHBIN) K 00BSICHEHHIO CYTH MPOLECCOB, OMHUCHIBAEMBIX
MaTEMATHYECKON MOJIETIBIO.

“CpenHuit ypoBeHb” —xo0por1o, 15 0amioB — 0TBET IEMOHCTPUPYETCS 3HAHUSMHU H HaBBIKAMH MPAKTUIECKOTO
peleHus 3a7a4 MaTeMaTHIeCKO (PU3UKH, TEOPUs MILTIOCTPUPYETCS 3aKIIOUSHUSMH O CXeMax U CTPYKTypax
ITOTOKOB B KOHKPETHBIX YCIOBHUSX.

“BpIcoknii ypoBeHb — OTIIMYHO, 20 6aIIoB — OecTsIIas MOATOTOBKA 0 (yHIAMEHTAIHHBIM pa3ieaM, 3HAHHs
COBPEMEHHBIX MMOHITHH U ONPE/ICIICHNH, 00OCHOBBIBAIOTCS JIAHHBIC OTBETA COJCPKAHUEM TCOPHIA 1TOI00US U
aHaJIM3a Pa3MEPHOCTEN.
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