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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUPORONIOAO00HBIX, IJIA3MEHHBIX H
siiepHbIX TexHoJoruii um. N.B.
KypuaroBa

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: MopgenupoBaHre Ta30KHHETHYECKUX MIPOLECCOB B MUKPO- M HAHOYCTPOHCTBAax

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiab NOArOTOBKHU: CynepKoMIbIOTEPHOE MOAETUPOBAHNE B IPUKIATHON (HU3NKE
Ou3TEX-1IKOIAa TPUPOAONIOAOOHBIX, INIA3MEHHBIX U SIIEPHBIX TexHOJoruii uM. U.B.
Kypuatosa
Kadeapa MOJICINPOBAHUS AIEPHBIX POLIECCOB M TEXHOIOTHI

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - uddhepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

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

CamocrosrensHas padora: 135 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 225, Bcero 3ad. e1.: 5
[IporpamMmy cocraBunu:

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

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl MOAETUPOBAHUS SACPHBIX MpoleccoB u TexHonorui 31.03.2025



AHHOTANMA

Crynentsl, wusy4amomme Kypc «MojenupoBaHue W Ta30KHHETUYECKHX TIPOIECCOB B  MHKPO- U
HAHOYCTPOUCTBAx», JIOIKHBI OBJIAJAeTh OONIMM TOHATUHHBIM ammapatoM H HayYUThCS TMPUMEHSTh
TEOPETUUYECKUE 3HAHUSI Ha MPAKTUKE. B pe3ynbrare u3yueHus: AUCHUILIMHBI CTYICHT JOJXKEH UMETh OCHOBHBIC
MpeacTaBieHuss 0 U3NIESCKUX TpoIleccax, JEKANIMX B OCHOBE KHMHETHYeCKOW Teopuu bonbliMaHa, ymeTh
3a/1aBaTh I'PAHUYHBIC YCIOBUS JIJISl PA3JIMYHBIX 33/1a4 KUHETUUYECKOU TEOPUHU, PACCUUTHIBATh U AHAIIU3UPOBATH
ra30KHHETUYECKHE TPOIIECChI TEIIOMACCONEPEHOCa, PACCUUTHIBATh OCHOBHBIE (PM3UYECKHE XapaKTePUCTUKH
Ta30KMHETUYECKUX TIPOIECCOB, 3HaTh OONACTH 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
MUKPOCTPYKTYpax Ha OCHOBE YMCJICHHBIX METOAOB PEUICHUS KUHETUYECKOTO YpaBHEHUS! BoiabIMaHEI.
UznoxeHbl MareMaTHYecKWe MOJEIH CHCTeM THIAa MEeMOpaHHBIH MHUKPOQWIBTP, BaKyyMHBIC
MHUKPOHACOCHI Ha 3(pekTe TepMoTpaHCTIMpaIlii, KOMIIBIOTEPHAS] MOJIEIh dKcTiepuMeHTa KHyncena

33]13‘[1/[ JAUCHUIIINHBI

- (opmupoBanue 0a30BBIX 3HaHUU B OOJAacTH (IU3MKH TEpEHOCAa MacChl W SHEPrUM Ha OCHOBE
KMHETUYECKOro ypaBHeHUs boinblimana;

- 06y11eH1/Ie CTYACHTOB OCHOBHBIM MCETOAAM MU NOAXOOaM, HCIIOJIb3YCMbIM B KUHETUYECKOMN TCOpPUHU,
HU3YyUCHUC 0a30BEIX HOPHUHIHAIIOB KHHCETHYECKOM TCOpHUHU, OCHOBaHHOM Ha YpPpaBHCHUHA BOJ'ILI_IMaH;

- (opmupoBaHHE MNOAXOIOB, OCHOBAHHBIX HAa KOHEYHO-PA3HOCTHBIX ANIPOKCHMAIMSX OIeparopa
aJBEKIIMH KWHETHYECKOIO YpPAaBHEHHsI, PACHICIUICHHE KHHETUYECKOTO YpaBHEHHMS MO (PU3UUYECCKUM
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 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisieT MOUCK 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 PazpabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTABJICHHOM 1€ Kak IOCJICAOBATeIbHOCTh IIaroB,
HpeABUIS PE3yabTaT KaKAO0ro0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIbHOCTH W Ha B3aUMOOTHOIICHHSI YYaCTHUKOB 3TOMN
JesITeIbHOCTH

VYK-2.1 ®opmynupyer B pamkax 0003HaYCHHOU MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUIA TPOEKTa), OXHIAEMBbIC pE3yIbTaThl M BO3MOXKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITeIbHOCTH U IUIAHUPOBATh MOCIICAOBATEIbHOCTh LIaroB
7 JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer
IUIaH-TpapuK pealu3alud OpOoeKTa B LEJIOM U IUJIaH
KOHTPOJISI €T0 BHITTOJITHEHUS

YK-2 CnocoGeH ynpasiaTh HIPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.3 CriocobeH opraHu30BaTh ¥ KOOPAUHUPOBATH paboTy
YYaCTHUKOB TPOCKTa, oOOecreunBarh padoTy KOMaHJIbI
HEOOXOIMMBIMHU pecypcamMmu




VYK-3 CnocoGeH oprann30BbIBaTh H PYKOBOIUTD
paboToii KoMaH/Ibl, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTUIO IS JOCTHKCHUS ITOCTAaBICHHOMN
3a/1auu

VYK-3.2 ~ VuureiBaeT B  CBOEM  CONMAIbHON U
poeCCHOHAIBHON AEATEIBHOCTH MHTEPECH], 0COOCHHOCTH
MOBEICHUSI W MHEHHs (BKJIIOYas KPUTHYECKHUE) JIofIeH, ¢
KOTOPBIMH ~ PabOTaeT/B3aMMOACUCTBYET, B TOM YHCIE
IIOCPEACTBOM KOPPEKTUPOBKH CBOUX JEHCTBUN

VYK-3.3 CnocobeH mpeaBulieTh pe3yiabTarhl (TIOCIECTBHS)
KaK JIMYHBIX, TAK U KOJJICKTUBHBIX ACHCTBUI

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3HaeT W CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANBHOMN ESTEIbHOCTH

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben ananmu3upoBarh 3ajady, IJIAHHPOBATbH
MyTH pEIIeHHs, Mpeiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHAIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPAKTHKE
CPaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlIK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(GOPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATyphl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOTYKTOB

OIIK-4.2 CnocobeH mnpuMeHATH 3HaHHA B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HAaThb:

MNPpUHOUIIBI U METOAbI KUHETUYECKOM TCOpUU BOHLHMaHa, MOJYUYCHHS KOI'CpPpCHTHOI'O H3JIYUCHUA,
(bHSI/II{CCKI/Ie SABJICHUSA, JICKAIIUC B OCHOBC MCTOHOB MOAYJIALUH JIA3CPHOIO H3JIYyUCHUSA, OCHOBHBLIC

CBOWCTBA JIa3€PHOIO U3IIYUYEHHUS.
YMETb:

YUCJICHHO pellaTh KUHETUYECKOE YPaBHEHHUE.

BJIAJIETD:

METOAaMU KOMIIBIOTCPHOI'0 MOACIMPOBAHUSA T'a30KMHCTUYCCKUX IPOLECCOB, MCTOAAMH pa3pa60TKH
HpO6J'IeMHO—MO):[eJ'H/Ipy}OH_II/IX Cpca Ha COBPECMCHHBIX CYIICPKOMIIBIOTCPHBIX CUCTCMAX.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 Kunernueckoe ypaBHeHHeE. 7 15




OnucaHue poueccoB NepeHoca Macchl U

2 SHEPIrMM  Ha  OCHOBE  yPaBHEHHUS 8 15
bonbrmana.

3 Pacmiernienre KHHETHYECKOTO YpaBHEHHUS 7 15
o u3uueckuM mporeccam.

4 KoHcepBaTtuBHbBIE KOHEYHO-Pa3HOCTHBIE ] 15
CXEMBI.

5 UnTerpansupie  QOpMbI KHMHETHYECKOTO 15 37
ypaBHEHUs boiblimaHa.

6 I'panuuHbIe ycllOBUs Ha IOBEPXHOCTAX 15 38
CUMMETPHUH TCUCHHUS.

Hroro yacos 60 135

[TonroToBka K 3K3aMeHy 30 gac.

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

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)

Cemectp: 1 (Ocennuii)

1. Kuneruueckoe ypaBHEHUE.

KoHcepBaTuBHBI NPOEKIMOHHBIA MeToA. MHOTroMepHble KybaTypHble ceTkn KopoboBa u mx
npeumymiectBo. CKOPOCTH MOCIE CTOJIKHOBEHHS 7Sl MPOU3BOJIBHOIO MOJIEKYJISIPHOTO MOTEHIHANIA.
OO0o01menne MeToaa Al cMecH ra3oB. Pemenne AMCKpeTHOro KNHETHYECKOTO YPaBHEHNSI.

2. OnncaHue MpoIECcCcoB MEPEeHOCca MacChl M SHEPTUH HAa OCHOBE ypaBHeHus: bonbiMana.

[IpoeKMOHHBIA METOJ BBIYMCICHUS MHTErpajla CTOJIKHOBEHHM C Y4YETOM MOCTYIATEIbHO-
BpalllaTeJIbHOTO M MOCTYNaTeNbHO-KOIe0aTenbHoro nepeHoca sHeprud. Ilpocras penakcaunoHHas
MOJEJIb IIOCTYIaTeJIbHO-BpAIATEebHOIO IIepeHoca 3Hepruu. PelleHune cuCTeMbl KUHETHUYECKUX
ypaBHEHUH 1 ra3a ¢ BHyTPEHHUMU CTEIICHSIMH CBOOOIBI MOJIEKYII.

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

MemOpanHubiii MuKpo GwibTp. KHyaceHoBckuii kommpeccop. Hacoc u3 mepeMekaromuxcsi pa3Ho
HarpeTbiX miacTuH. Mukpo portartop (pazuomerp Kpyxka). KommbroTepHass Momenb 3KCIepUMEHTa
Kayncena 1910 1

4. KoHcepBaTuBHbBIE KOHEUHO-PA3HOCTHBIE CXEMBI.

Mertonsl peumienus ypaBHeHus Auddy3uu. Meton IUCKPETHBIX OpAMHAT AJsl PEIICHUs] YpaBHEHUs
nepeHoca. MeToj XapaKTepUCTHK AJIs PELCHHs YpaBHEHUs niepeHoca. MeTon BeposTHOCTH IIEPBbIX
crosikHoBeHHH. 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 bonbimana.

Wurterpanpibie (GopMbl KMHETHYECKOTO ypaBHeHMs bombliMana. Kunerndeckoe ypaBHEHHE IS
MOJICKYJISPHBIX Ta30B. AMNIMpPOKCUMauus ypaBHeHHs] bojbliMaHa Ha MpoCTpaHCTBEHHO-CKOPOCTHON
CETKE y3JI0B.

6. ' paHruHBIE YCIIOBUS Ha IOBEPXHOCTIX CUMMETPUH TECUSHMUS.



I'pannyHbIe yCIOBUS Ha HOBEPXHOCTAX cuMMeTpun TeueHus. KoHcepBartuBHas (opMyaHpOBKa
IPaHUYHBIX YCIOBHUI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS] pa0OYUMHU CTAHIIUSMHU, 00BETUHECHHBIMH B CETh.
6.IlepeyeHb pekoMeHAYeMOM JUTEPATyPhI

OcHoBHas nuTeparypa

1. Teopernueckas pusuka [Texcr] : B 10 . T. 10 : ®usnueckas kuHeTHKa : yue0. mocodue s By30B /
JI. 1. JTannay, E. M. Jludmm ; mox 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 : Craructudueckas ¢pusuka : yue0. mocobue st
yu-toB / JI. /1. Jlanmay, E. M. JIndmmu ; nox pen. JI. I1. IluraeBckoro .— 5-e u3a., crepeorur. — M. :
®usmamut, 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 mporeccos nepenoca B razax [Texct]/Ix. @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 PeaKkTOpOB
MerogoM MoHre-Kapio, @u3nka siiepHbIX peakTopoB, M., Atomuzaar, 1978r

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

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

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBJICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYasl IEMOHCTPALIHIO
MpEe3EHTALUN.

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

Crynentsl, usyyaromue Kypc «MopenmupoBaHne W Ta30KWHETHYECKHUX TIPOIECCOB B MHKpPO- H
HAHOYCTPOUCTBAxX», JOJDKHBI OBIAJIETh OOIIMM MOHSTHHHBIM anmapaTtoM M HayYUTbCs MPUMEHSTH
TEOPETUUYECKUE 3HAHUS Ha MpakTuke. B pe3ynbrare m3ydeHus: AUCUUIUIMHBI CTYAEHT AOJKEH UMETh
OCHOBHBIC TIPECTaBICHHUA O (PU3UUECKHX Tpolleccax, JIEKAIMX B OCHOBE KUHETUYCCKOH TEOpUHU
bonpumMana, ymeTh 3aJaBaTh T'pPaHUYHBIC YCIOBUSA JUIsl Pa3IMYHBIX 337a4 KUHETHUYECKOW TEOpPHH,
paccUMThIBaTh U aHAJU3HWPOBATH TA30KUHETHUYECKHE MPOIECCHl TEIJIOMACCONEPEHOCa, PACCUUTHIBATD
OCHOBHBIE (DM3MYECKUE XaPAKTEPUCTUKHU T'a30KMHETHYECKUX IMPOIIECCOB, 3HATh OOJACTH MPUMECHECHUS
KOMITHIOTEPHOTO MoJenupoBaHusl K KHynceHOBCKkMM MUKpoHacocaMm pasnuyHoro Tumna. CTymeHt
JIOJIKEH OBJIAJIETh MPOCKIMOHHBIM METOAOM BBIYMCIICHUS UHTErpajia CTOJIKHOBEHUN, YMETh Ha OCHOBE
3TOTO TMOAXOAA CO3/1aBaTh KOMIBIOTEPHBIE MOJAENH ISl OMHCAHUS Ta30KMHETHYECKUX MPOLIECCOB B
MUKpoycTporTcTBax Iloka3zareneM BiageHUs MarepualoM CIYXUT YMEHUE pelarb 3aJadd U
OPUEHTHPOBATHCS B KPYyre BOIIPOCOB, CBSI3aHHBIX C MpOOJIeMaMu TEUEHWH Hepa3pe:KEHHOTO Tra3a B
MUKPOCTPYKTypax. [ms gopmupoBaHuss yMeHUs MPUMEHSITh TEOPETHUSCKHE 3HAHWS Ha IPAKTHKE,
CTyJleHTy HeoOxoauMa pa3paboTka MporpaMMm U QITOPUTMOB  YHCICHHOTO pEIICHUs] YpaBHEHUS
BoapMana.



VYenenrHoe ocBoeHUE Kypca Tpelyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HA BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazaresnem BiajeHUs MaTEpUaIoOM CIY>KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo n1oOWTHCS MOHMMaHHS MU3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpENoAaBaTeio.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: CynepKOMIBIOTEPHOE MOJICIIMPOBAHUE B IPUKIIATHON (hU3nKe
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
Kadeapa MOJICINPOBAHUS AEPHBIX IPOLIECCOB M TEXHOIOTHI

Kypc: 1

KBaJIMpUKALUS: MarucTp

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

2 (BeceHHUil) - DK3aMeH
PazpaGoTunkm:

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



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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTAaBJICHHOM 1€ Kak IOCJICAOBATEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIIFHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHHUKOB 3TOMN
JesITeIbHOCTH

VYK-2 CnocoGeH ynpasiaTh HIPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyer B pamkax 0003HaYCHHOUW MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUMA TPOEKTa), OXHIAEMBbIC PE3yIbTaThl M BO3MOXKHBIE
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITebHOCTH U IUIAHUPOBATh MOCIICAOBATEIbHOCTh 1IaroB
I JOCTWXKEHUS  JaHHOro  pesynerara. @Dopmupyer
IIaH-TpaduK pealu3alud OpPOoeKTa B LEJIOM U IUJIaH
KOHTPOJISI €T0 BHITTOJITHEHUS

VYK-2.3 CriocobeH opraHu30Barh ¥ KOOPAUHUPOBATH paboTy
YY4aCTHUKOB IPOEKTa, olecneynBars paboTy KOMaHIbl
HEOOXOIMMBIMHU pecypcamMu

YK-3 CriocoGeH opraHu30BbIBaTh H PYKOBOJIUTH
paboToil KoMaHbI, BEIpadaTeIBas KOMaHIHYIO
CTpATEeTuIo I JOCTHKECHUS ITOCTABICHHOMN
3a1auu

VK-3.2 YyuuteiBaeT B cBOCH COITMATBLHON u
poheCCUOHATBHON JEITEeNbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUSI U MHEHHs (BKJIOYas KPUTHUYECKUE) JIIONEH, C
KOTOPBIMH ~ pabOTaeT/B3aMMOJICHCTBYET, B TOM YHCIC
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIMA

VYK-3.3 Cnocoben npeaBuieTb pe3yiabTaTsl (MOCIEICTBHA)
KaK JIMYHBIX, TAK U KOJUIEKTUBHBIX JE€HCTBUI

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpo)eCCHOHANBLHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binameer aHaIUTUYECKUMUA U BBIUUCIUTEILHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
pelIeHHe TOCTAaBICHHOHN 3aJa4u, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
NPUMEHSISI 3HAHUS U HAaBBIKH B 00J1aCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAIIMOHHO-KOMMYHHKAIIMOHHBIX

v
MAVITATTATTIITY

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX IIPOITYKTOB

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB




1VAMNUJIUL Y1X1

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCO0
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3ydeHus IUCHUIUIMHBL «MOJENMpOBaHUE Ta30KMHETHUECKUX TMPOLIECCOB B MHKPO- H
HAHOYCTPOUCTBAX» 00YYarOIIUICS JOKEH:

3HATb:

NPpUHIUIBI U MCTOIbI KHHETHYECKOM TCOpHUU BOJ'ILLIMaHa, MNOJIYYCHUS KOICPCHTHOI'O0 HU3JIy4YCHMUA,
(1)I/I3I/I‘-ICCKI/IC SABJICHUA, JICKAIIUEC B OCHOBE MCETOAOB MOAYJIALIWU JIA3€PHOI0 M3JIYYCHUsSA, OCHOBHBLIC
CBOICTBA JIA3CPHOI'0 U3JTy4YCHMUH.

yMeTh:

YUCJICHHO pellaTh KHHETUYECKOE YPABHECHHUE.
BJIaJeTh:

METO/IaMU KOMIIBIOTEPHOTO MOJEIMPOBAHUSI Ta30KWHETHMYECKUX IPOLECCOB, METONAMHU pa3pabOTKu
po0JIEMHO-MOJIETTMPYIOIINX CPE HAa COBPEMEHHBIX CYIEPKOMITBIOTEPHBIX CHCTEMAX.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

He npenycmorpeno.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Bonpocs! s noarotoBku Kk AudQepeHInpoBaHHOMY 3a4eTy B 9 cemecTpe:

1.

OO0mmii BUJT KHHETUYECKOTO ypaBHeHUs bonbiimana.

2. OyHKUUA pacnpeaeseHusl.

3.

YpaBHEHUE aABEKIIUU.

4. JleBas 4aCTh KHHETHYCCKOTO YpaBHCHUA.

5.
6.
7.
8.

BespasMepHbie BETUUMHBI 1 KPUTEPUU TIOA00HS

Uucno KHyaceHa U XxapakTepHbIe pPa3Mephbl CUCTEMBI.

Jnuaa cBoOoHOTO TIpObera.

KoHeuHO-pa3HOCTHBIC alMPOKCUMAIUH OTIepaTopa aIBeKIINH.

Bonpocs! a1 noaroroBku k 3k3aMeny B 10 cemectpe:

0 NN N bW~

. MaTerpanbHble POPMBI KHHETUYECKOTO YPABHEHHS.

. IIpocTpaHCTBEHHO-CKOPOCTHAS CETKA.

. Paciienienune no ¢pusndeckum mporeccam.

. I'paHnuHBIE yCIIOBUS HA IOBEPXHOCTH TBEPAOTO TENA.

. I'paHnYHBIE yCIIOBUS HA IOBEPXHOCTAX CUMMETPHUN TEUEHUS.
. KoHcepBaTHBHBIN IPOEKIIMOHHBIN METOI.

. MHoromepHslie KyOarypHbie ceTku KopoOosa.

. MOJ'IGKy.]'IHpHBIC IIOTCHIINAJIBI.
9.

HuTerpan CTOIKHOBEHU AJ1 CMECEH ra3oB.

10. IuckpeTHOE KUHETUYECKOE YPABHEHHUE.

11. Yuérom nocTymnareabHO- BpallaTeIbHOroO U MOCTYNAaTeIbHO-K0JIe0aTeIbHOTO IIEPEHOCa SHEPTUH.
12. ITpuMepsl MUKPO ¥ HAHO YCTPOMCTB.

13. PemakcanmmoHHass MOJIENb.

14. MeTtons! pemieHus ypaBHeHUs 1uddy3un

15. MeTton AUCKPETHBIX OpJUHAT JUIsl PEIICHHS YPaBHEHMS IIEpeHOCa.
16. Meton Mounte-Kapio.

17. I'pynmoBoe npuOInKeHNE U TPYTIIOBhIE KOHCTAHTHI.

[Ipumepsl 3x3aMeHaIMOHHBIX OuJeToB B 10-0M cemecTpe:




buner 1.
1. Pacmieruienue no pu3HMYECKUM IPOLIECCaM.
2. I'pannuHbIe yCIOBUA HAa TOBEPXHOCTH TBEPAOTO TENA.

buner 2.
1. I'paHnuHBIC YCIIOBHS HA HOBEPXHOCTAX CUMMETPUH TEUCHHUS.
2. KoncepBaTuBHBII NPOEKIIMOHHBIA METO,.

buner 3.
1. MHoromepHble KyOarypHbie ceTkn KopoOosa.
2. MonexysipHbIe TOTEHIINAIBI.

buner 4.
1. HTerpan cTONKHOBEHUH JUIsI CMECEei ra30B.
2. JIMCKpeTHOE KHHETUYECKOE YPaBHEHUE.

Kpurepun onennBanus

Onenka "ommuno" (10 Ganmos) BBICTABIISIETCSI  CTY/IEHTY, II0Ka3aBIIEeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH X Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNN KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka "ormnmumuno" (8 0ayioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0anoB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, rPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HAeT Marepuad,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh NOJy4YEeHHbIC 3HAHUs Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynosneTBopuTedbHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpaMMbl, HEOOXOJUMBbIE IS JalbHEHIero ooyueHus, 1
MOYKET IPUMEHSTH MOJTy4YeHHbIC 3HAHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBnerBoputensHO" (3 Oajuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IMporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00ydeHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HaeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6aymn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozep)kaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.



5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu mpoBeneHUH OLIEHWBAHUS 3HAHUI OOyYaromeMycs MpPEIOCTABISIETCS BpeMsl Ha TOATOTOBKY Ha
ycMoTpeHue 3k3amenaropa. Ompoc oOydwaromierocss mo OWJIETY Ha yCTHOM JUQQepeHIIMPOBAHHOM
3aueTe M JK3aMEHE HE JIOJDKEH IPEBBIATh OJHOTO aCTPOHOMHUYEcKoro daca. OLeHHMBaHHE 3HAHHMA
NPOU3BOAUTCS B COOTBETCTBUH C BBILNICYKA3aHHBIMH KPHTEPHSIMH B COOTBETCTBHU C COJCP)KaHUEM

JAUCIUITIIMHBI.



