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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 TUCHHILJIMHE: MogzenupoBaHue ra30KHHETHYECKUX MTPOLIECCOB B MUKPO- U HAHOYCTPONCTBAX
110 HANPABJICHUIO: SnepHble pU3MKa U TEXHOJIOTHH
NpopuJIb NOArOTOBKHU: SAnepnas puznka, YTC n KoMIbloTepHbIe METOBI B (prznke

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
Kadeapa MOIEINPOBAHUS AEPHBIX IPOLIECCOB M TEXHOIOTHI

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.

CamocrosrensHas padora: 135 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 225, Bcero 3ad. e11.: 5
[IporpamMmy cocraBunu:

10.10. Knocce, a-p ¢us.-mar. HayK, JOIIEHT
@.I". UepemucuH, a-p Gus.-mar. HayK, Ipodeccop

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MOAEIUPOBAHUS SAEPHBIX MTpoLeccoB U TexHonorui 04.04.2022



AHHOTANMA

CryneHtsl, wu3ydamomme Kypc «MomenupoBaHWe ¢ Ta30KHHETHYECKHUX IMPOIECCOB B  MHKPO- |
HAHOYCTPOUCTBAx», JIOJDKHBI OBJaJeTh OOIUM TOHATHWHBIM AamniaparoM W HAYYUTbCS MPUMEHSThH
TEOPETUUYECKUE 3HAHUS HAa IPAKTUKE. B pe3ynbrare n3yyeHus IUCUUILIUHBI CTYACHT HOKEH UMETh OCHOBHBIE
npeacTaBieHust 0 GU3NIECKUX Tpolleccax, JIeKalluX B OCHOBE KWHETHUYECKOW Teopuu bonbliMana, yMeTh
3a/1aBaTh FPAHUYHBIC YCIIOBUSA JJIA PA3IUYHbBIX 337a4 KUHETUYECKON TEOPUH, PACCUUTHIBATh U aHATIM3UPOBAThH
ra30KMHETUYECKHE MPOIIECChl TEIIOMacCcoNepeHoca, pacCUNTHIBATh OCHOBHBIC (DM3HYECKUE XapaKTEPUCTHKU
Tra30KMHETUYECKUX TIPOIECCOB, 3HaTh 0O0NacTH TPUMEHEHUS KOMITBIOTEPHOTO MOJCIUPOBAHUS K
KayncenoBckuM MUKpoHacocam pa3iuyHOTO THIIA.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

B kypce nexuuit mpeacTaBieHsl OCHOBHBIE METOJbI MOAETHUPOBAHUS TA30KWHETHUYECKUX MPOIIECCOB B
MHKPOCTPYKTYpax Ha OCHOBE YHCICHHBIX METOJOB PELICHUS] KUHETUYECKOTO YpaBHEHUsI bosbliMaHBbI.
UznoxeHbl MaTeMaTHYeCKWE MOJETH CHUCTEM TuUIa MEMOpaHHBIH MHUKPOQHUILTP, BaKyyMHBIC
MHUKPOHACOCHI Ha 3(pekTe TepMoTpaHCTIMpaIlii, KOMIIBIOTEPHAS] MOJIEIh dKcTiepuMeHTa KHyncena

33]13‘[1/[ JAUCHUIIINHBI

- (opmupoBanue 0a30BbIX 3HAaHUH B 007acTH (PU3MKU TMEpPEeHOCAa MAcChl M DHEPrHM Ha OCHOBE
KMHETUYECKOro ypaBHeHUs boinblimana;

- 06yqel-me CTYACHTOB OCHOBHBIM MCETOAAM M IIOAXOAaM, HCIIOJIb3YCMbIM B KUHETUYECKOMN TCOpUHU,
HU3YyUCHUC 0a30BEIX HOPHUHIHAIIOB KHHCETHYECKOM TCOpHUHU, OCHOBaHHOM Ha YpPpaBHCHUHA BOJ'ILI_IMaH;

- (opmupoBaHHE MOAXOIOB, OCHOBAHHBIX HA KOHEYHO-PA3HOCTHBIX aNIPOKCHMANHMAX OIeparopa
aJIBEeKIIMM KWHETHYECKOTO YpaBHEHMS, PACLICIJICHME KWHETHYECKOrO YpaBHEHHUS IO (DHU3MYECKUM
npoueccam. JlMCKpeTHas peanu3anys HayajabHbIX U TPAHUYHBIX YCIOBUH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETCHIINH

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYAIINIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier TMOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocymecTBIsTh KpUTHIECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaLH

aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh
CTPATEruIo0 NEUCTBUN

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HpeABUIS PE3yabTaT KaKAO0ro0 M3 HUX M OLEHMBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOM
JEATEIIbHOCTH U Ha B3aMMOOTHOLICHUS YYAaCTHMKOB JTOM
JesITeIbHOCTH

OIIK-1.1 NmeeT npeacTaBieHre 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-1 Cnocoben (hopMynupoBaTh eI U
3aJ1a4M MCCIICA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.3 BnaazmeeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIIIyOJICHHBIMUA 3HAHUSIMH T10
BBIOPAaHHOW  HANpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMHU
HaBBIKAMHU MPOBEACHUSI HAYYHO- MCCIIEIOBATENILCKUX PaboT
10 IPEAJIOKEHHON TeME

OIIK-2.2 Cmocoben 00001maTs ¥ KPUTHYECKH OIEHUBATh
ONBIT W PEe3yNabTaThl HAyYHBIX HCCIEIOBaHUI B o001acTu
OIIK-2 CriocoOeH NpuMEeHSTh COBPEMEHHEIE npo(eCCHOHANBHON NEATEILHOCTH

METO/Ibl UCCIICI0OBAHUS, OLICHUBATh U OIIK-2.3 CnocoOeH apryMeHTUpOBaHO BBIOMpATh CIIOCOO
HPEJICTABIIATH PE3YIIBTATHI BBITOIHECHHOM MPOBCACHUA HAyYHOI'0 MCCICAOBAHMS, IPUMCHATh 3HAHUS B
paboThI obnmactu NMpo¢)eCCHOHANBHONW AEATEIbHOCTH Ml PELICHUs

MOCTAaBJICHHON 3agaud, (OpPMYIMPOBaHHUsS BBIBOAOB U
OLIEHKH IIOJTy4YEHHBIX pe3y/IbTaToB




[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MaTeMaTU4YeCKUX MoJiesiel B 001acTH aIepHOn
(U3UKH U TEXHOJIOTUI

[IK-1.1 3HaeT ¢pusuveckoe OMUCaHKE SBICHUA U MPOILIECCOB
B 00J1aCTH SIEPHOH (PU3MKH U TEXHOIOTHHA

[IK-1.2 Ymeet co3/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B OONacTH sAepHON (UBHKH |
TEXHOJIOT U1

[K-1.3 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMHU

[IK-2 T'0TOB pUMEHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIIUX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIEpHOH pU3HKH U
TEXHOJIOTUHI

[TK-2.1 3naeT METOABI HUCCIENOBAHUS U pacueTa IMPOIecCoB,
MPOUCXOMANINX B COBPEMEHHBIX (DU3MUYECKUX YCTaHOBKAX W
YCTPOWCTBAX B OOJIACTH SACPHON (PU3UKU U TEXHOJIOTUN

[IK-2.2 Ymeer paccuuThiBaTh M IPOBOIUTH HCCIETOBAHUS
MPOLIECCOB, MPOTEKAIOIINX B COBPEMEHHBIX (PH3HUECKUX
YCTaHOBKaX W YCTPOWCTBaX B OOJACTH siIEpHON (PH3UKU U
TEXHOJIOTUI

I1IK-2.3 Bmageer HaBbIKAMU HCIOJb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJOTHA W TIAKETOB TMPHUKIATHBIX
MPOTPaMM TIPU MPOSKTHPOBAHUH M PACUETE YCTPOUCTB WIH
00beKTOB (YCTAaHOBOK, MarepuajoB, NMpuOOpOB) B CBoel
MPEIMETHOM 00JIacTH

I1K-3 CiocobeH 00bEKTHBHO OIIEHHUTH
MpeyIaraeMoe PeIeHUue Uik MPOSKT O
OTHOIIICHHIO K COBPEMEHHOMY MHUPOBOMY
YPOBHIO, MOATOTOBUTH SKCIIEPTHOE 3aKITIOUCHHE

[IK-3.1 3HaeT coBpeMEHHBI YpOBEHb Pa3BUTHS HAayKH U
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH
MpEeaMETHOM 0bnacTu

[IK-3.2 YmeeT cOOTHOCHUTH MpeArojaraeéMoe pelieHue win
MPOEKT C COBPEMEHHBIM MUPOBBIM YPOBHEM

[IK-3.3 Bnaageer  HaBbIKAMM  JKCHEPTHOM
MpeajaraeMpIX penieHni Wik MPOEKTOB

OLICHKHA

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb:

NPpUHOUIIBI U MCTObL KHHETHYECKON TCOpUn BOJ'IBL[MaHa, MOJIY4YCHHUA KOICPCHTHOI'O0 HU3JIYyUCHUS,
(1)I/I3I/I‘-ICCKI/IC SABJICHUSA, JIC)KAIIUE B OCHOBC MCTOAOB MOAYJIALWHN JIA3€PHOI0 H3JIYUCHUSA, OCHOBHBIC

CBOICTBA JIa3€pHOTO U3ITyYEHUSI.
YMETB:

YUCJICHHO pCUIaTh KUHCTUYICCKOC YPABHCHUC.

BJIAJIETh:

METO/IaMH KOMIIBIOTEPHOTO MOJEIMPOBAHUSI Ta30KHWHETHUYECKUX IPOLECCOB, METONAMHU Ppa3pabOTKH
po0JIEMHO-MOJIETTMPYIOIINX CPE HAa COBPEMEHHBIX CYIEPKOMITBIOTEPHBIX CHCTEMAX.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HMX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Kunernueckoe ypaBHeHHe. 7 15
OmnucaHue poueccoB MepeHoca Macchl U
2 SHEPIrMM  Ha  OCHOBE  yPaBHEHHUS 8 15
bonbrmana.
3 Pacmiernienre KHHETHYECKOTO YpaBHEHHUS 7 15
o pu3myecKkuM mporeccam.




4 KoHcepBaTuBHbIE KOHEYHO-Pa3HOCTHbIC 3 15
CXEMBI.

5 UnTerpansHbie (OpMBI KHHETHYECKOTO 15 37
ypaBHeHUs boiblimaHa.

6 I'pannyHbIe yCIOBUS Ha IOBEPXHOCTAX 15 33
CUMMETPHH TCUCHHUS.

Hroro yacos 60 135

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 225 yac., 5 3ad.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiiam)

Cemectp: 1 (Ocennuii)

1. Kuneruueckoe ypaBHEHUE.

KoHcepBartuBHBI TpPOCKIMOHHBIA MeToZl. MHoromepHble KyOarypHble ceTkn KopoGoBa um ux
npeumMymiectBo. CKOpPOCTH MOCIE CTOJIKHOBEHUS AJISl IPOU3BOJIBLHOIO MOJIEKYJISIPHOTO MTOTEHIHAIA.
OO6o01menne MeToaa Al cMecH ra3oB. PemeHne AMCKpeTHOro KNHETHYECKOTO YPaBHEHHSI.

2. OnncaHue MpoLEecCcoB NMEPEeHOCca MacChl M SHEPTUH HAa OCHOBE ypaBHeHus: bonbiMana.

[IpoekMOHHBIA METOJ BBIYMCIEHHS HWHTErpajia CTOJKHOBEHUMH € Y4YETOM IOCTYyNaTEJIbHO-
BpalllaTeJIbHOTO M IOCTYMaTelbHO-KoIe0aTeIbHOro nepeHoca sHepruu. [Ipocras penakcanuoHHas
MOJEJIb IIOCTYIaTeIbHO-BPAILATEbHOIO II€peHoca 3Hepruu. PeleHue cucTeMbl KMHETHUECKHX
ypaBHEHUH 14 ra3a ¢ BHyTPEHHUMU CTEIIEHSIMH CBOOOIBI MOJIEKYII.

3. PaCH_IGHJ'IeHI/IC KHUHCTUYCCKOTO YPABHCHUA 110 (1)I/I3I/ILIGCKI/IM mnponeccam.

MemOpanHublii MuKpo GwibTp. KHyaceHoBckuii kommpeccop. Hacoc u3 mepeMekaromuxcsi pa3Ho
HarpeTbiX miacTuH. Mukpo porarop (paauomerp Kpyka). KommbeioTepHass mMoiens SKCIEpUMEHTa
Kayncena 1910 1

4. KoHcepBaTuBHbBIE KOHEUHO-PA3HOCTHBIE CXEMBI.

Mertonsl pemenus ypaBHeHus Aud@y3uu. MeTon AUCKPETHBIX OpIMHAT AJISl PEIICHUS YpaBHEHUS
nepeHoca. MeTos XapaKTepUCTHK I peLlieHHs] YpaBHEHUs [IepeHoca. MeTos BEpOATHOCTHU MIEPBLIX
crosikHoBeHH. Metog MonTe-Kapio. [ pynmnoBoe npubnmkeHue u rpyInoBble KOHCTaHTHI.

Z[I/ICerTHaSI peain3ansa HAYaJIbHBIX U I'PAHUYHBIX YCHOBHfI.

Cemecrtp: 2 (Becennuit)

5. UnTterpanbuble GOpMbl KHHETHUECKOTO ypaBHeHUs bonbiimana.

Wuterpanpubie (GopMbl KHMHETHYECKOTO ypaBHeHHMs bonbnmana. Kunetnueckoe ypaBHeHHE st
MOJICKYJISPHBIX Ta30B. ANIpPOKCMMAalMs ypaBHEHHUs boibplMaHa Ha IPOCTPaHCTBEHHO-CKOPOCTHOM
CETKE y3JI0B.

6. ' paHruHBIE YCIIOBUS Ha IOBEPXHOCTIX CUMMETPUH TECUSHMUS.

I'pannyHble yCIOBUS Ha MOBEPXHOCTAX cHMMeTpuu TedeHus. KoncepBartuBHas (opmynupoBka
TPaHUYHBIX YCIOBHUI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)




VYueOHast ayTuTOpHs, OCHAIICHHAS] pa00OYUMHU CTAHIIUSMHU, O0BETUHECHHBIMH B CETh.
6.IlepeueHb pekoMeHAYeMOM JUTEPATyPhI

OcHoBHas nuTeparypa
1. Teopernueckas pusuka [Texcr] : B 10 . T. 10 : ®usnueckas kuHeTHKA : yue0. mocodue s By30B /
JI. 1. JTannay, E. M. Jludpmmr ; mon pex. JI. I1. [TutaeBckoro .— 2-e uzf., ucnp. — M. : ®uzmaniur,
2001, 2002, 2007 .— 536 c.
2. Teopernueckas ¢puznka [Texcr] : B 10 T. T. 5, Y. 1 : Craructudeckas ¢pusuka : yue0. mocobue st
yu-toB /JI. /1. Jlanmay, E. M. JIndmmu ; nox pen. JI. I1. IluraeBckoro .— 5-e u3a., crepeorur. — M. :
dusmarinut, 2001, 2002, 2005, 2010 .— 616 c.
3. Jlunamuka paspexxerHnoro raza. Kunernaeckas teopus [ Texct]/M. H. Koran, -M., Hayka, 1967
4. Maremarndeckas Teopusi HeomHOpoAHbIX Ta30B [Texct]| = The mathematical theory of non-uniform
gases, MmoHorpagus/C. Yenmen, T. Kaynunr , -M, U3a-Bo unoctp. nut., 1960
5. Maremaruueckast TeopHs poreccos nepenoca B razax [Texct]/[x. @epuurep, I. Kanep , -M.,
Mup, 1976

JomnonHurensHas aureparypa
1. I'N.Mapuyk, Metozpl pacueTa siAepHBIX peakTopos, M.,1961r.
2. A.benn, C. I'neccron Teopus siaepHbIX peakTopoB, M., Aromusnar,1974.
3. A l.®pank-Kamenenkuit MogenupoBanue TpaeKTOPU HEUTPOHOB MPU pacueTe pPeaKkTOpOB
MetogoM MoHre-Kapio, @u3nka siiepHbIX peakTopoB, M., Atomuzaar, 1978r

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

www.nndc.bnl.gov www.lanl.gov

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpE3EHTALNN.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

Crynentsl, usydaromue Kypc «MojenupoBaHue M Ta30KHHETHYECKHX TIPOIECCOB B MHUKpPO- H
HAHOYCTPOUCTBAxX», JOJDKHBI OBIAAETh OOIIMM IMOHSTUHHBIM alaparoM W HAyYUThCS TPUMEHSThH
TEOPETUUYECKUE 3HAHUS Ha MpakTuke. B pe3ynbrare u3ydeHus: AUCHUIUIMHBI CTYACHT JODKEH UMETh
OCHOBHBIC TIPECTaBICHHUA O (PU3UUECKHX Tpolleccax, JIEKAIMX B OCHOBE KUHETUYCCKOH TEOpUHU
bonpumMana, ymeTh 3alaBaTh TpPAHUYHbBIC YCIOBHS [JIs Pa3IUYHBIX 3a]lad KUHETUYECKOH TEOpuH,
paccUMThIBaTh U aHAJU3UPOBATH TA30KWHETHYECKUE MPOIECCHl TEIIOMAacCONEePEeHOca, PaCCUUTHIBATH
OCHOBHBIE (DM3UYECKHE XaPAKTEPUCTHKU Ta30KUHETHYECKUX MPOIIECCOB, 3HATH O0JIACTH MPUMEHEHUS
KOMITBIOTEPHOTO MOJIeIHpoBaHusl K KHynIceHOBCKMM MHUKpOHacocaMm paziuyHoro Ttuma. CTyneHT
JIOJIKEH OBJIAJIETh IPOCKIMOHHBIM METOAOM BBIYMCIICHUS] MHTETpaja CTOJIKHOBEHUM, YMETh HA OCHOBE
3TOrO TOAXOAa CO3JaBaTh KOMITBIOTEPHBbIE MOJENH JAJis ONHCAaHHSA Ta30KMHETHMYECKHX MPOIECCOB B
MUKpoycTporTcTBax Iloka3zareneM BiageHUs MarepualoM CIYXUT YMEHUE pelarb 3aJadd U
OPUEHTHPOBATHCS B KPYyre BOIIPOCOB, CBSI3aHHBIX C MpOOJIeMaMu TEUEHWH Hepa3pe:KEHHOTO Ta3a B
MUKPOCTPYKTypax. [[ns ¢popmMupoBaHus yMEeHHS MPUMEHSTh TEOPETHUSCKHE 3HAHUS Ha TPAKTHKE,
CTyJeHTy HeoOxXoauMa pa3paboTKa MpOrpaMM M alrOpUTMOB  YMCIICEHHOTO DEUICHHUS ypaBHEHWUS
BoapMana.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:



— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB HA BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAaaraéMpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNBHBIX TEM, BOINPOCOB, CleXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTesio.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MOIEIMPOBAHUS SIIEPHBIX MPOLIECCOB M TEXHOJIOTHIH

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aj1a4M MCCIICAOBAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 NmeeT npeacTaBieHre 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.3 BnaazmeeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIITyOJICHHBIMUA 3HAHUSIMH 10
BBIOPAaHHOW  HANpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMU
HaBBIKAMHU MPOBEACHUSI HAYYHO- MCCIIEIOBATENILCKUX PaboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIIOJTHEHHOM
paboThI

OIIK-2.2 Cmocoben 00001maTe ¥ KPUTHYECKH OIEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICAOBAHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-2.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIISIOBAHMS, IIPUMEHSTh 3HAHUS B
obyacti MPOo(eCCUOHANBHON JEeATENBHOCTH ISl PEIICHUS
MOCTABICHHOM 3amaud, (opMyTUpOBaHUS BBHIBOAOB U
OLICHKU IOJTyYCHHBIX PE3yJIbTaTOB

[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MareMaTH4ecKuX Mojielieli B 001acTy sIepHOH
(U3UKH U TEXHOJIOTUH

[IK-1.1 3HaeT ¢pu3nveckoe OMUCaHKE SBICHUA U MPOIECCOB
B 00J1aCTH SIEPHOH (PU3MKH U TEXHOJIOTHIA

[IK-1.2 Ymeet co3/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B OONacTH sAepHON (UBHKH |
TEXHOJIOT U1

[K-1.3 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMHU

[IK-2 T'0oTOB pUMEHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIINX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIIEPHOH pU3HKH U
TEXHOJIOTUHI

[TK-2.1 3HaeT METOABI HUCCIENOBAHUS U pacueTa IMPOIecCOB,
MPOUCXOMANINX B COBPEMEHHBIX (DU3MUYECKUX yCTAaHOBKAX W
YCTPOKCTBAX B OOJIACTH SACPHON (PU3UKU U TEXHOJIOTUN

[IK-2.2 Ymeer paccuuThiBaTh U IPOBOAUTH HCCIETOBAHUS
MPOLIECCOB, MPOTEKAIOIINX B COBPEMEHHBIX (PH3HUECKUX
YCTaHOBKaX W YCTPOWCTBaxX B OOJACTH siIepHON (QHU3UKU U
TEXHOJIOTUI

I1IK-2.3 Bmageer HaBbIKAMU HMCIOJIb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJIOTMHA W IAKEeTOB MPHUKIIAIHBIX
MPOTPaMM TIPU MPOSKTHPOBAHUH M PACUETE YCTPONCTB WIH
00beKTOB (YCTAaHOBOK, MarepuajoB, NMpuOOpOB) B CBoOel
MPEIMETHOM 00JIacTH

I1K-3 CiocobeH 00bEKTHBHO OIIEHHUTH
mpeyIaraeMoe peIeHUue Wik MPOeKT O
OTHOIIICHHIO K COBPEMEHHOMY MHUPOBOMY
YPOBHIO, MOATOTOBUTH SKCIIEPTHOE 3aKITIOUCHHE

[IK-3.1 3HaeT coBpeMEHHBI YPOBEHb Pa3BUTHS HAayKH U
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH
MpEeaMETHOM obnacTu

[IK-3.2 YmeeT cOOTHOCHUTH MpeArojaraeMoe pelieHue win
MPOEKT C COBPEMEHHBIM MUPOBBIM YPOBHEM

[IK-3.3 Bnaageer  HaBbIKAMM  JKCHEPTHOM
TpenaraeMbIX penIeHui Wi MPOEKTOB

OLICHKH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA




B pesynbrare wusydeHus aucuuIuIiHbl «MonenupoBaHue TIa30KMHETHMUYECKUX IIPOLIECCOB B MHUKPO- U
HAHOYCTPOHCTBAx» 00yYarOIIUIiCs JOKEH:

3HAThb:

IPUHLUIBl U METOIbl KHUHETHYeCKOH Teopuu bonbliMaHa, IOTy4YEHUsT KOIEPEHTHOIO WU3JIIYUYECHMS,
¢u3nyecKue SBICHUSA, JIe)KALIME B OCHOBE METOAOB MOAYJSLHUH Ja3€pPHOTO HM3Iy4EHHUS, OCHOBHBIC
CBOWCTBA JIa3€PHOIO U3IIyUYEHHUS.

YMeThb:
YUCJICHHO pellaTh KUHETUYECKOE YPaBHEHHUE.
BJIaJeTh:

METOAaMU KOMIIBIOTCPHOI'0 MOACIMPOBAHUS TA30KMHECTUYCCKUX IIPOLECCOB, METOAAMHU pa3pa60TKI/I
HpO6J'IeMHO—MO,Z[€J'II/Ipy}OH_II/IX Cpca Ha COBPECMCHHBIX CYIICPKOMIIBIOTCPHBIX CUCTCMAX.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

He npexycmotpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

Bomnpocs! A noarotoBky K auddepeHnnpoBaHHOMY 3a4eTy B 9 cemecTpe:
1. O0mwMit BUJ KHHETUYECKOTO yYpaBHEHUs bosbimana.

2. OyHKIMA pacupeeeHusl.

3. YpaBHeHHE aJIBEKIIHH.

4. Jlepas 4yacTb KHUHETUYECKOI'O YPaBHEHUSI.

5. be3pa3mepHbie BETMYMHBI H KPUTEPUH OO0

6. YUnucno Kayncena u xapakTepHble pa3Mephbl CUCTEMBI.

7. lnmunaa cBoOoHOTO Mpodera.

8. KoHeuHO-pa3HOCTHBIE anMmpOKCUMAIIHH ONIEPATOpa aJABEKIUH.

Bormpocs! A moaroroBku k 3x3ameny B 10 cemectpe:

. UaTerpanbable (hOPMbI KHHETHYECKOTO YPABHEHHUS.

. ITpocTpaHCTBEHHO-CKOPOCTHAs CETKa.

. Pacmierienue o ¢pu3nyueckum mporeccam.

. 'pann4HBIC yCIOBUS HA MOBEPXHOCTHU TBEPAOIO TENA.

. I'paHnuHBIE yCII0BUS Ha IOBEPXHOCTSIX CUMMETPUH TEUEHUS.
. KorcepBaTuBHBIIM MPOEKIIMOHHBIN METO/I.

. MHoromepHblie KyOarypHbie ceTkr KopoOosa.
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. MosnekynsipHble NOTEHIMAIBL.

9. UnTerpasn cTONKHOBEHUH I CMECeii ra3oB.

10. JIuckpeTHOE KHHETHYECKOE ypaBHEHHE.

11. Yuyérom noctynareabHO- BpAIaTeIbHOTO U MOCTYHATeIbHO-KOJIe0aTeIbHOTO IEPEHOCa SHEPTHH.
12. IlpuMepsl MUKPO ¥ HAHO YCTPOMCTB.

13. PenakcannoHHas MOZAEIIb.

14. Metoneb! petieHus ypaBHeHUs MU dy3un

15. MeTon AMCKpETHBIX OpAMHAT Ul PELCHUs] ypaBHEHUs [IepeHoca.

16. Meron MonTe-Kapio.

17. I'pynnoBoe npuOImXeHre 1 TPpyNInoBbie KOHCTAHTHI.

[MpumMepsl 3K3aMeHANIMOHHBIX OueToB B 10-0M cemecTpe:
buner 1.

1. Pacmieruienue no pu3HMYECKUM IPOLIECCaM.

2. I'pannuHbIe yCIOBUA HAa TOBEPXHOCTH TBEPAOTO TENA.



buner 2.
1. I'paHn4HBIC YCIIOBHS HA HOBEPXHOCTAX CUMMETPUH TEUCHHUS.
2. KoncepBaTruBHBII NPOEKIINOHHBIA METO,.

buner 3.
1. MHoromepHblie KyOarypHbie ceTkn KopoOosa.
2. MonexysipHbI€ TOTEHIIUAIBL.

buner 4.
1. UHTerpan cTONKHOBEHMH TSI CMECEei ra30B.
2. JIMCKpeTHOE KHHETUYECKOE YPaBHEHUE.

Kpurepun onennBanus
Onenka "ommuno" (10 Gaiios) BBICTABIISIETCSI  CTYACHTY, I[IOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 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 PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
HNPUMEHATh X Ha NPAaKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka "ormnmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, ITOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBMIIBHOE 00OCHOBAHHE MPUHATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYECHHBIC 3HAHHWS Ha NPAKTUKE, HO HEJOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYAEHTY, IOKa3zaBlIeMy (parMEHTApHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (POpMyIHpOBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TIOCIEeI0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COZEPXKaHMS Y4e€OHOM HporpaMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKax OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPHU PELICHUU
THUIIOBBIX 33/a4.
Omnenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuasbl, onpeaesonue Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH



ITpu npoBexeHUM OLIEHMBAHUS 3HAHUI OOydaromeMycs IMPEAOCTABISETCS BPEeMs Ha MOATOTOBKY Ha
ycMOTpeHue 3k3amenaropa. Ompoc oOydyaromierocss mo OWJIETY Ha YCTHOM Au(QepeHIHpPOBaHHOM
3aueTe M JK3aMEHE He JIOJDKEH IMPEBBINATh OJHOIO acTpOHOMHYecKoro yaca. OueHHBaHHE 3HAHUH
MPOU3BOIUTCSI B COOTBETCTBUU C BBIIICYKa3aHHBIMH KPUTEPHSIMH B COOTBETCTBHUHU C COJCPXKAHHEM
JHMCILUIIIHHBL



