degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: Mexannka MHOFO(I)aSHI:IX cpea
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
IIpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadenpa u3nueckol ¥ XUMHUUECKOW MEXaHUKH

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuuu: 60 gac.
cemuHapsl: 0 yac.
nabopatopusele 3ansaTus: 0 gac.

CamocrostensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au4. ex.: 3

[Iporpammy cocrasuin: C.E. Sxym, a-p ¢uz.-mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl GU3NIECKOr 1 XUMUUECKo MexaHuku 29.05.2020



AHHOTANMA

Kypc "Mexanuka muorodasusix cpen' NpeaycMaTpBaeT H3y4YeHHE TEOPETHUYECKMX OCHOB MEXaHUKHU
MHOT0(a3HBIX Cpell, OCHOBAHHBIX Ha TEOPHUH B3aMMOIIPOHHUKAIOIINX B3aUMOAEHCTBYIOIINX KOHTHHYYMOB.

3amaun Kypca:

* OCBOCHHE CTyJICHTaMu 0a30BBIX 3HAHUH B 00JIACTH MEXaHUKH MHOTO(a3HBIX CPe;

* IPUOOPETCHNE TEOPETUIECKIX 3HAHMI B 00JIACTH MEXaHUKH MHOTO(a3HBIX CUCTEM;

* HU3yYeHHE IOJAXOM0B K OMNMCAHHIO CIOXKHBIX CHCTEM IPH HAJWUYUHM TpaHuI] paszaena ¢a3 u (a3oBbIX
HIEPEXOI0B;

* OKa3aHWE KOHCYIbTallMd M TOMOLIM CTYICHTaM B TIPOBEACHHUH COOCTBEHHBIX TEOPETHUECKUX U
IKCTIEPUMEHTANIBHBIX UCCIEIOBAaHUN B 007aCTH MEXaHUKN MHOTO(A3HBIX CPEJ;

* OCBOCHME CTyIEHTaMHU O0a30BbIX 3HAHUM I JAJbHEHIIEro M3y4eHHs METOJOB M IOAXOAOB MEXaHUKHU
MHOTO(a3HbIX Cpex.

Ilo pe3ysibTaTaM OCBOCHHA KypCa CTYACHT OOJIKCH:

3HaTh:

- pyHIaMEHTAIIbHEIE 3aKOHBI 1 OCHOBHBIC ITPUHITUIIBI OTIMCAHUS TETEPOTEHHBIX CUCTEM;

- OCHOBHBIE ITOJIXO/IbI ¥ PACUETHBIC METOIUKH OTIMICAHWS IMPOIIECCOB B TETEPOTCHHBIX CUCTEMAX;
- 0a30BbIE MPUHITUITBEI MATEMATUYECKOTO MOJISTMPOBAHUS MHOTO(DA3HBIX CHUCTEM;

- MaTeMaTHYECKH arapar TeOpurd MHOTO(DA3HBIX CHCTEM.

VYMeTs:

[ ¢hopMyIupoBarh I1ieJb U MOCTAHOBKY MPOOJIEMbI, CBA3aHHOW C PacyeTOM MHOTO(A3HBIX U TeTEPOrCHHBIX
CUCTEM;

0 IIPOU3BOAUTDH YHMCIICHHBIC OLICHKHU I10 NMOPAAKY BECINYUHBI;

[l nmemath KadeCTBEHHBIC BBIBOJBI IPU IEPEXOJe K HPENCIbHBIM YCIOBHSIM B H3ydaeMoW (U3HMYECKON
npobiueme;

[ MNPUMCHATH AHAJIUTHYCCKUEC U YUCJIICHHBIC MCTOAbI pacucTa TeImioMaccooOMeHa B MHOFO(l)aBHBIX CHUCTEMax

OcHOBHOE cofepX)aHue Kypca H3JI0KEHO B CIEAYIOMINX pa3aesax:

. MHOTO(da3HbBIE CUCTEMBI

. OCOOEHHOCTH reTepOreHHBIX Cpell

. 'uapoarHamMuKa reTeporeHHbIX Cpert

. XapaKkTepuCTHKH MHOTOCKOPOCTHBIX KOHTHHYYMOB

. 3aKOHBI COXpaHEHHUSI B MEXaHUKE MHOTO(a3HBIX Cpell

. IIpoGnema 3amMbIKaHHsl YpaBHEHHI MHOTOCKOPOCHBIX KOHTHHYYMOB
. TeueHne 0k0II0 N30TMPOBAHHBIX YACTHUI]

0NN N bW~

. TermmomaccooOMeH H30JIMPOBAHHBIX YACTHUIT

9. MaccooOMeH karuiu npu (a3oBbIX epexoaax
10. I'opeHune karm TOIINBa

11. I'a30KUAKOCTHBIE U TA30JUCTICPCHEBIE CHCTEMBI
12. Pe:xvMBbl TEUEHUS B TETEPOrCHHBIX CUCTEMAX
13. JIpoOnenue karmenb B IOTOKE

1. leau u 3apauu

eap AUCUMNIMHBI

* H3YYCHHE TEOPETUYECKMX OCHOB MEXaHWKH MHOTo(a3HbIX Ccpell, OCHOBAaHHBIX Ha TEOPHH
B3aMMOIPOHUKAIOIIUX B3aUMOJENCTBYIOIUX KOHTUHYYMOB.



3axauu QUCHUNIHHBI
* OCBOCHHE CTyJICHTaMu 0a30BBIX 3HAHUH B 00JIACTH MEXaHUKH MHOTO(a3HBIX CPe;
* IPUOOPETCHNE TEOPETUIECKIX 3HAHUI B 00JIACTH MEXaHUKH MHOTO(a3HBIX CUCTEM;
* U3yYeHHE IOJIXO/OB K ONUCAHUIO CIOXKHBIX CUCTEM IIPU HAJIMYMHU TpaHMI] pasnena (a3 u ¢a3oBbIx
HIEPEXOIOB;
* OKa3aHWE KOHCYJIBTAllMHd M TOMOIIM CTYISHTaM B TPOBEICHUH COOCTBEHHBIX TEOPETUYECKUX WU
IKCHEPUMEHTAIIBHBIX MCCIIEOBAHUI B 00JIACTH MEXaHUKH MHOTO(a3HBIX CPel;

* OCBOEHHE CTYJCHTaMH 0a30BbIX 3HAHU JUIS JaJIbHEHIIEro H3y4eHHsI METOIOB U MOAXO0B MEXaHUKU
MHOTO()a3HBIX Cpe.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
uH(pOpMaNNIO 00 aKTyalbHBIX Pe3ylbTaTaX MCCIIEIOBAHUHN B
pamMKax TemaTHueckoi o0macTu cBoed mnpodeccruoHaTbHON
[IK-1 CnocoGen craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3a/1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH MareMaTH4ecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMH
aHaJIM3UPOBaTh HAy4YHbIE TPOOIEMBI, [TOy4YaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrmocobeH mNpuUMEHATh TeopeTHUeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajaue W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHUILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!
- (hyHIaMEeHTaIbHbIE 3aKOHBI U OCHOBHBIE IPUHIINIIBI OIMCAHMS T€TEPOTEHHBIX CUCTEM;
- OCHOBHBIC MTOAXO/IBI 1 PACUYETHBIC METOJJUKH OIMCAHMUS IIPOLIECCOB B TETEPOTCHHBIX CUCTEMAX;
- 6a30BbIE IPUHIUIIBI MATEMATHUECKOTO MOZICTIMPOBAHNS MHOTO(A3HBIX CHCTEM;
- MaTeMaTHYECKUH anmapaTr TeOPUU MHOTO(pa3HBIX CHCTEM.
YMETh:
[J ¢opMmynupoBarTh Ieib M IOCTAHOBKY MpPOOJEMBI, CBSI3aHHOH C pacyeToM MHOTO(a3HbIX U
TeTePOTCHHBIX CHCTEM;
] IpOU3BOIUTDH YHUCIIEHHbIE OLIEHKH T10 MOPSIIKY BETUIHMHBI;
[} nenath Ka4eCTBEHHBIC BBIBOIBI IPH MEPEXO/e K MPEIeIbHBIM YCIOBUSM B M3ydaeMOu (hU3NIecKoi
npobneme;
[] MpUMEHSATh AHAJMTUYECKHUE M YUCICHHBIE METOIbl pacueTa TEIioMaccooOMeHa B MHOTO(a3HBIX
cHCTeMax.
BIIAJICTh!
[ HaBBIKAMH OCBOEHUS O0JBIIOT0 00beMa HHPOPMAIINH;
[ KylbTypOii TOCTAHOBKH M MaTEeMaTHYE€CKOTO MOJCITUPOBaHUs (PU3NIECKUX 3a71ad;
] HaBBIKAMM TPaMOTHON 00pabOTKM pe3ynbTaTOB PEIIeHHs TEOPETHUECKUX 3a/1a4 B 001aCTH MEXaHUKU
MHOTO(a3HBIX CpeJ;
] IpaKTUKOW KOMITBIOTEPHOT'O UCCIIEOBAHHS U PEIICHNS TEOPETUIECKUX U IPUKJIAJHBIX 3a1a4.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.



No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora

1 MHorogazHbie CUCTEMBI 4 2

2 Oco00eHHOCTH TEeTEPOTCHHBIX CPel 4 2

3 I'mapponrHaMuKa reTepOreHHBIX Cpex 6 2

4 XapakTepuCcTUKU MHOTOCKOPOCTHBIX 4 )
KOHTUHYYMOB

5 3aKoHbBl ~ COXpaHEHHM B  MEXaHUKE 4 )
MHOTO()a3HbIX Cpex

6 [Ipobnema  3ambIkaHUs YpaBHEHHI 4 2
MHOTOCKOPOCHBIX KOHTUHYYMOB

7 Teuenune O0koJI0 U30IMPOBAHHBIX YACTHUIL 4 3

] TerutomaccooOMeH U30JIMPOBaHHbIX 4 5
4acTuIl

9 MaccooOmen kamm npu  (pa3oBBIX 6 5
nepexonax

10  |[openwue kamau TOIIHBA 4 5

1 lNazoxuaKoCTHBIE ¥ Ta30AUCHEPCHBIE 6 5
CHCTEMBI

12 PexxuMbl  TeyeHMsT B T€TEPOrEHHBIX 4 5
cucreMax

13 |/[pobneHue xaremnb B TOTOKE 6 5

Nroro yacos 60 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIIA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemectp: 1 (Ocennwii)

1. MHoroda3Hble cucTeMBbI

dazoBoe coctosiHMe BemiectBa. MuorodasHeie cMmecu. Da30BBIi M KOMIIOHEHTHBIH COCTaB.
Knaccuduranus aucnepcusix cmeceid. CycneH3uu, SMYIbCUH, Ta30B3BECH, Ty3bIPHKOBBIC CPEAbIL.

2. OCOOEHHOCTH T€TEPOTCHHBIX CPEJT

OmnnuurensHble 0COOCHHOCTH TETepOreHHBIX cped. [Ipumepsl TedeHHMH ¢ MPOCTOH M CIOKHOU
dhopmoii MmexdazHoi moBepxHOCTH. Heo0X0AMMOCTh OCPEHEHHOTO OITUCAHMSL.

3. 'maponrHaMuKa reTepOreHHBIX CPel

CBs3p ¢ KaccM4ecKoW ruapoAuHamMuKod. [logxompl K  ONMHCAaHWIO JTUCTIEPCHBIX  CHCTEM.
DeHOMEHOIOTHYECKast TEOPUSI MHOTOCKOPOCTHBIX B3aUMOIIPOHUKAIONINX KOHTHHYYMOB.

4. XapaKTepI/ICTI/IKI/I MHOT'OCKOPOCTHBIX KOHTUHYYMOB

OCHOBHBIC XapaKTEPUCTHKH KOHTHHYYyMOB. OObeMHas noins (a3, CpefHsisi U UCTUHHAS IUIOTHOCTh
¢a3. CpeaHsis IIIOTHOCTD, UMITYJIbC M SHEPTHS TeTEPOTeHHON CMECH, UX CBA3b C XapaKTePHCTHKAMHU
OTAETBHBIX (a3.

5. 3aKOHBI COXpAaHEHUS B MEXaHUKE MHOTO(a3HbIX CpeJl




OOmast cTpyKTypa ypaBHEHHMH COXpaHEHHUS Ul OTHENBHBIX ()a3 M CMECH B LIEIOM. YpaBHEHHS
HEPa3pBIBHOCTH, UMITYJIbCA M SHEPTHH IJIs1 OTAEIBHBIX (a3 U CMECH B LIEJIOM.

6. IIpobGnema 3amMbIKaHusl ypaBHEHUH MHOTOCKOPOCHBIX KOHTHHYYMOB

OTnnuusi TETEpOreHHOM cpenbl OT Kiaccuyeckod oaHodazHoi. HeoOxomumocTs MOAETMpPOBAaHUS
3aMBIKAIOIINX COOTHONICHUH ISl Mex(pazHOTro 0OMEeHa UMITYJILCOM, MaCcCOM U DHEPTHUEH.

7. TeueHHe OKOJIO U30JIMPOBAHHBIX YACTHIL]

Oobrekanue chepudeckoit yactunpl. OOTekanue my3bippka. Kpurepun momobusi, uncio PeitHonbca,.
Cuna conporuBieHHs, KOA(PQUIMEHT CONpOTHBICHUS. PexuMbl 0OTeKaHWs, JaMHHApHOE U
TypOy/IeHTHOE OOTEeKaHHe, CTPYKTypa TEUCHHUS] U 3aKOHBI CONPOTUBICHUS. HBIOTOHOBCKUI pexum
00TeKaHHU.

Cemecrtp: 2 (Becennuit)
8. TermmoMaccooOMeEH HM30IMPOBAHHBIX YaCTHUIT

TeromMaccooOMEH TBEP/IOH YacTHIBI B HEMOJABMKHOU cpene. Kputepuu nomobus, yucna I[lekie u
Imunra. TermmomaccooOMeH uacTuilsl B motoke. Dopmyna Panra-Mapmramina s IBIKYyIIEHCS
YaCTHILIBI.

9. MaccooOMeH karui Tpu $a3oBbIX Mepexoaax

Vcnapenue karmim B HEMOABIXKHOHM cpene. CKOpPOCTh MCHApeHMs, TeMIlepaTypa M KOHIIEHTpAIHs
napa Ha MOBEPXHOCTH KaIlIH. YCIIOBHS CTAI[MOHAPHOTO CYIECTBOBAHUS Karuid B arMocdepe. 3aKoH
KBa3HCTALMOHAPHOTO M3MEHEHHSI MacChl W pa3Mepa HCHapsroLlelcsl KaiM co BpeMeHeM. Bpems
TIOJTHOTO MCTIAPEHHS KaIlIH.

10. T'opeHue Kamiu TOIIMBa

Topenne cdepuueckoii karmmu Tormea B atMocdepe oxucinutens. CTpykrypa TudQPy3rnOHHOTO
riaMeHd. CKOpOCTh BBITOpaHHs KaIUIM, CPaBHEHHE CO CKOPOCTBhIO HMCHapeHus. Bpems moiHoro
BBITOpaHUs Karuii. VIHTeHCHUKaIys ropeHus Karuii B TIOTOKE.

11. I'a30KUAKOCTHBIE U TA30JUCTIEPCHBIE CHCTEMBI

OOmmast xapakTepuCTHKA Ta30’KUIKOCTHBIX U Ia30UCIIEPCHBIX cucTeM. [IpenenbHble ciiyyan Majaoro
cogepkanusi  gucrnepcHoil  ¢aszpl.  OObeMHas Aong aucnepcHod (as3pl  Kak  IEeHTpajbHas
XapaKTEepUCTHKA CMECH, €€ CBs3b C KOHIIGHTpalMeH YacTHll, CPEIHUM pPACCTOSHUEM MEXIY
JacTULAMH, YACIbHOU TuIomanaspio MexdasHoil rpanunsl. [IpenensHas oObeMHast 1051 AUCIIEPCHOM
¢a3bl IpU MaKCUMAJILHO TIOTHOH yIaKOBKe.

12. PexxrMbl T€UEHUS B TETEPOTeHHBIX CHCTEMAaX

Kapra pexumos. [lucnepcHblil (My3bIpbKOBBIM, KalleJbHBIH) PEKUM, BCIICHEHHO-TYpPOYJICHTHBIH
pexkuM. Pazmuumst B kapre peXUMOB AJIs TeUeHUI B TpyOe u HeorpaHndeHHOM oObeme. CHapsIHbIH
PEXKUM, KOJIBLIEBON PEXKUM.

13. JIpoOnenue karmenb B IOTOKE

Uucno Bebepa. Kpurndeckue yciaoBusi Ui YCTOHUMBOCTH Karin. MexaHU3Mbl ApoOJIeHUs: B
3aBHCHMOCTH OT 4ncia Bebepa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BaTEIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



yueOHas ayIuTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIbTUMEAUHHBIM 000py10BaHHEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Hurmarynun P.M. [lunamuka Mmaorogdasssix cpea. B 2-x u. M., Hayka, 1987

2. Bonkos K.H., EmenssgnoB B.H. Teuenwns raza ¢ uactuniamu. M, dusmariout, 2008.

3. Bapakcun A. 0. TypOynenTHble TedeHus ra3a ¢ TBepAbIME yactuuamu. M.: Dueprus, 2003.
4. Kolev N.I. Multiphase Flow Dynamics (4 Vols.). Springer, 2005

JomnonHurensHas aureparypa

1. Ishii M., Hibiki T. Thermo-fluiddynamics of two-phase flow. Springer, 2006.

2. Kupunnos I1. JI., FOpses 1O. C., bo6kos B. I1. CipaBo4HUK 110 TEMIOTHAPABINYECKUM pacyeTam
M.: Dueproaromusnar, 1984.

3. MammnOCcTpoenue. Dunukioneans B 40 tomax. Tom [-2 TeopeTnueckas MexaHHKa.
Tepmonunamuka. TeriooOmen. M., MamurocTpoenue, 1999.

4. Muxarynun 1.C., Hupros A.}O. Koncnekr jeknuii o teriomMacooodMeny, Yacts 2: YuebHoe
nocobuero M.: fAnyc-K, 2008.

5. Crepuun JLE., [llpaiibep A.A. MHoroda3Hbie TeUeHHS ra3a ¢ 9acTuiiaMu. M.: MarmmHocTpoeHue,
1992

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.
9. Metonu4yeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CHUILTHHBI (MOXYJI5)

CTyneHT, W3ydYarolmuid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCSA IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare M3ydeHUs IUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSATH [10JIyUEHHbIE 3HAHUA JJIs1 PELICHUS Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSITENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAIaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHs OTJCNBHBIX TEM, BOIPOCOB, ClEIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.

Bo3MOXeH npoMeXyTOUHBIN KOHTPOJIb 3HAHUHM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa u3nueckor ¥ XUMHUUECKOW MEXaHUKH

Kypc: 1

KBau(pukanus: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTreMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus quciuiuinabl « MexaHuka MHOTO(a3HBIX Cpe» 00yJaromuics JOIDKEH:

3HATh:
- (hyHIaMeHTaIbHBIC 3aKOHBI 1 OCHOBHBIC TIPUHIIUIIBI ONMCAHMS TE€TEPOTCHHBIX CUCTEM;
- OCHOBHBIE MIOJIXO/IbI ¥ PACUETHBIC METOANKH ONUCAHUS IIPOLIECCOB B TETEPOr€HHBIX CHCTEMAX;
- 0a30BBIC MIPUHIUITEI MATEMATHYECKOTO MOICITMPOBAHUS MHOTO(A3HBIX CHCTEM;
- MaTeMaTHYeCKHi anmapar TeOPHU MHOTO(a3HBIX CHCTEM.

yMeThb:
[) ¢dopmynupoBaTh Ledb W TIOCTAHOBKY NpPOOJIEMBI, CBS3aHHOH C pacyeToM MHOTO(a3HBIX H
TeTePOTreHHBIX CUCTEM;
) IpOM3BOIUTH YHCIICHHBIE OLIEHKH I10 MOPSIKY BETMIHHBL;
[] menarh Ka4eCTBEHHBIC BBIBOJIBI IIPH HEPEXOAE K MPEACIBHBIM YCIOBHSIM B U3y4aeMOW (pH3MYECKOi
npobiueme;
| NpUMEHSTh AHAIUTHYECKUE W YUCICHHBIC METOABI pacuera TeruioMaccooOMeHa B MHOTO(a3HbIX
cHCTeMax.

BJIA/IETh:
] HaBBIKAaMH OCBOCHUS 00JIBIIOr0 00beMa HHPOPMAIIHY;
[] KyIbTYpOM IIOCTAaHOBKH U MAaTEMaTH4YECKOTO MOJCIHPOBAaHUS GU3HYCCKUX 3a/1a4;
] HaBBIKAMH TPAMOTHOW 00pabOTKU pe3yNnbTaTOB PEIICHHS TEOPETHUSCKUX 3a/1a4 B 00IaCTH MEXaHUKU
MHOTO(ha3HBIX CPEJI;
[ IpaKTHKOW KOMITBIOTEPHOTO UCCIICOBAHHS U PEIICHUSI TEOPETUICCKHUX U TPUKIIAQJIHBIX 3a/1a4.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromMMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MPOLION JICKIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

Bormpocs! k sx3ameny:

1. ®a3oBoe cocrosiHue BemiectBa. Juarpamma (a3oBbIX cocTosHHMM. TpoifHas Touka. Kputhueckas
TOYKa.

2. Muorodasubsie cmecu. Da30BbIii 1 KOMIIOHEHTHBIN cocTaB. Kiaccupukanusi AUCHIEPCHBIX CMECEH.
CycrieHn3uu, SMyNbCUH, TA30B3BECH, ITy3bIPHKOBBIE CPEIBL.

3. Tloaxompl K ONUCaHUIO IUCHEPCHBIX cUcTeM. (DEHOMEHONOrMYecKass TEOPUS MHOTOCKOPOCTHBIX
B3aMMOIIPOHUKAIOIUX KOHTUHYYMOB.

4. I'mppomexaHuka MHOro(asHbIX cpea. OcpeaHeHne B MEXaHUKe MHOTO(a3HBIX.



5. YpaBHEHUS COXpaHEHMS Ul MHOTO(A3HBIX Cpe/l: ypaBHEHUS HEPa3phIBHOCTH, UMITYJIbCA U SHEPTHU
JUTsl KOMIIOHEHT U CMECH.

6. Heo0X0oanMOCTh 3aMBIKAIOIINX COOTHOILLIEHUH.

7. Obrexanue chepruueckor YaCTUIIBI U ITy3bIPbKa.

8. Kputepun nomobust, uncna PeitHonbaca, [lekne u [lImuara.

9. Cuna conpoTtusiieHus1, kK03()(GUIUEHT CONMPOTUBIICHUS IPH 0OTEKaHUN YACTHLIBL.

10. 3akoHbI cOnpoTHBIEHHS cPepruueCcKUX YACTHL IPU JIAMUHAPHOM U TypOYJICHTHOM OOTEKaHHH.

11. HpI0TOHOBCKHIA pesKUM OOTEKaHUSI.

12. TermoMaccooOMeH KaruTi B HEMOABMKHOMN Cpe/Ie.

13. CxopocTh HCIIapeHus! Kallld B CyXOl M BIaXKHOH arMocdepe.

14. 3akoH U3MEHEHUs pa3Mepa UCTIAPSIOLICHCS KarlIu.

15. Topenune chepuieckoil Karumi TOIUIMBA B aTMOC(EPe OKUCITUTEIIS.

16. ®opmyna Panna-Mapiiania aisa JIBHKYIIEHCS YaCTULIBI.

17. Pexxumsbl Tedenus nByxdasHoi cmecu B OonbiioM o0beMe U B TpyOax. [loHsiTHE O KapTe pexxuMoB
TEUCHMUS.

18. Ily3bIpbKOBBIM, BCIEHEHHBIA, CHAPSAHBINA, TUCHEPCHO-KOJIBIIEBON, MapOKANeIbHBIH PEKUMBI
TEYECHMS.

19. Ipobnenue xamens B motoke. Yucio Bebepa.
20. Kputuueckue yciaoBus Jyisl YCTOMYMBOCTH KAILIU.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. ®a3oBoe cocrosiHue BemiectBa. Juarpamma (a3oBbIX cocTOsSHHMM. TpoifHas Touka. Kputhueckas
TOYKA.

2. Pexxumbl Tedenus nByxda3Hoi cMecu B OonbiioM o0beMe U B TpyOax. [loHsTHE 0 KapTe peKUMOB
TEUCHHSI.

[Ipumep 2.
1. HpI0TOHOBCKHIA PeKUM OOTEKaHUSI.

2. 1ly3bIppKOBBIM, BCIIEHEHHBIM, CHAapAIHBIA, IHUCIEPCHO-KOIBIEBOW, IApOKANEIbHbBI pPEKUMBI
TEYEHUs.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO § OamioB - BBICTABIAETCA CTYIEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeer IPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3374 HEKOTOPblE HETOYHOCTH.

Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U IO CYILECTBY MU3JIaraeT €ro, yMeeT IIPUMEHATh IOJIYUYEHHbIE 3HaHMUs Ha IIPAKTHKE, HO JIOIYCKAaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.



OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTH
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKa HEYIOBIETBOPUTEIBHO 1 0aml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

JuddepeHpoBaHHBIA 3a4€T BBICTABISCTCS 110 PE3yJbTaraM TEKYIIero KOHTPOJS YCIIEBaeMOCTH
(KOJIITOKBUYMOB).

[Ipyn mpoBeneHWM YCTHOTO 3K3aMeHa OOydJaromiemycs npenoctaBisercs 30 MUHYT Ha TIOATOTOBKY.
Onpoc oOydatomerocst Mo OwWJeTy Ha YCTHOM JK3aMEHE HE JIOIDKCH MPEBBIIIATh OJHOTO
ACTPOHOMHYECKOTO Yaca.



