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)

N0 THCHUTIJINHE: MonenupoBaHye ra30KMHETHUECKUX TPOLIECCOB B MUKPO- U HAHOYCTPOUCTBAX
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

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

VYK-2.1 ®opmynupyet B pamKkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJUYECKYIO U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Crniocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBATh MOCJIEJ0BAaTEIbHOCTD IIIAaroB
7 JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer
IaH-TpaduK peayn3alud MpoeKkTa B 1eJOM H  IUIaH
KOHTPOJISI €T0 BHITTOJITHEHUS

YK-2 CnocoGeH ynpasiaTh HIPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.3 CriocobeH opranu3oBaTh 1 KOOPAHMHUPOBATH paboTy
YYaCTHUKOB TNPOCKTa, o0ecreunBaTth paboTy KOMaHJbI
HEOOXOIMMBIMHU pecypcamMmu




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

VK-3.2 ~ VuurpiBaeT B  CBO€H  cOUMAIbHOW U
po(eCCUOHANBHOMN AEATENbHOCTH HHTEPECH], 0COOEHHOCTH
MOBEICHUSI U MHEHUs (BKIIOYas KPUTHYECKHE) JIIOIeH, C
KOTOPBIMH ~ PabOTaeT/B3auUMOACHUCTBYET, B TOM YHUCIIE
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 cHocoOEGH  WCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 0600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII 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 CrocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIMTEIHLHBIMHU
METOJaMH 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

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

3HAaThb:

MNPpUHOUIIBI U METOIbI KHHETHYECKOMN TCOpUn BOHLHMaHa, MOJIYUYCHHUS KOI'CpPpCHTHOI'O HU3JTYUCHMHS,
(bHSI/II{CCKI/Ie SABJICHUA, JIC)KAINIUC B OCHOBC MCTOAOB MOAYJIAIMU JIA3CPHOI0 H3JIYYUYCHUS, OCHOBHBIC

CBOWCTBA JIa3€PHOIO U3IIYUYEHHUS.
YMETb:

YUCJICHHO pellaTh KUHETUYECKOE YPaBHEHHUE.

BJIAJIETD:

METOAaMU KOMIIBIOTCPHOI'0 MOACIMPOBAHUS TA30KMHCTUYCCKUX IIPOLECCOB, METOAAMHU pa3pa60TKI/I
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




OmnucaHue poLeccoB MepeHoca 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 UnTerpansubie (OpMBI KHHETHYECKOTO 15 37
ypaBHEHUs boiblimaHa.

6 I'panuuHbIe yClIOBUSL Ha IOBEPXHOCTSIX 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.

KoHcepBartuBHBI TpPOCKIMOHHBIA MeToZl. MHoromepHble KyOaryphble ceTkn KopoGoBa um ux
npeuMymiectBo. CKOpPOCTH MOCIE CTOJIKHOBEHUS AJIsl IPOU3BOJIBLHOIO MOJIEKYJISIPHOTO MTOTEHIHAIA.
OO0o01menne MeToaa Al cMecH ra3oB. Pemenne AMCKpeTHOro KNHETHYECKOTO YPaBHEHNSI.

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

[IpoekMOHHBIA METOJ BBIYMCIEHHS HWHTErpajia CTOJKHOBEHUMH C Y4YE€TOM IOCTYyNaTEJbHO-
BpalLlaTeJIbHOTO M IOCTYMaTelbHO-KoIe0aTeabHOro nepeHoca sHepruu. [Ipocras penakcanuoHHas
MOJEJIb IIOCTYIaTelbHO-BpPAIATEbHOIO II€peHoca 3Hepruu. PeleHue cucTeMbl KHMHETHYECKHX
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 portarop (paauomerp Kpyka). KommbioTepHass Moiens SKCIEpUMEHTa
Kayncena 1910 1

4. KoHcepBaTuBHbBIE KOHEUHO-PA3HOCTHBIE CXEMBI.

Mertonsl pemenus ypaBHeHus Aud@y3uu. MeTon NUCKPETHBIX OpIMHAT AJISl PEIICHUS YPaBHEHUS
nepeHoca. MeToj XapaKTepUCTHK Ul pellieHHs] YpaBHEHUs [IepeHoca. MeTo BEpOATHOCTHU MEPBLIX
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.

Wuterpanpibie (GopMbl KHMHETHYECKOTO ypaBHeHHMs bonbnmana. Kunetnueckoe ypaBHeHHE s
MOJIEKYJISIPHBIX Ta30B. AMNMpOKCMMAalnus ypaBHEHHUs boibplMaHa Ha IPOCTPaHCTBEHHO-CKOPOCTHOM
CETKE y3JI0B.

6. ' paHruHBIE YCIIOBUS Ha IOBEPXHOCTIX CUMMETPUH TECUSHMUS.



I'pannyHble yCIOBUS Ha MOBEPXHOCTAX cUMMeTpuu TedeHus. KoncepBaruBHas (opmynupoBka
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, usydaromue Kypc «MoaenupoBaHue W 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 TpPAHUYHBIC YCIOBHS [JIs Pa3iUYHBIX 3a]lad KUHETUYECKOH TEOpuH,
paccUMThIBaTh U aHAJU3UPOBATH TA30KWHETHYECKUE MPOIECCHl TEIIOMAacCONEepEeHOca, PaCCUUTHIBATH
OCHOBHBIE (DM3MYECKHE XaPAKTEPUCTHKU Ta30KMHETHYECKUX MPOIIECCOB, 3HATH OOJIACTH MPUMEHEHUS
KOMITBIOTEPHOTO MOJIeIHpoBaHusl K KHynIceHOBCKMM MHUKpOHacocaMm paziuyHoro Ttuma. CTyneHT
JIOJIKEH OBJIAJIETh IPOCKIMOHHBIM METOAOM BBIYMCIICHUS] MHTETpaja CTOJIKHOBEHUM, YMETh Ha OCHOBE
3TOr0 TOAXOAa CO3AaBaTh KOMITBIOTEPHBIE MOJENH JJis ONHCAaHHSA Ta30KMHETHMYECKHX MPOIECCOB B
MUKpoycTporTcTBax Iloka3zareneM BiageHUs MarepualoM CIYXUT YMEHUE pelarb 3aJadd U
OPUEHTHPOBATHCS B KPYyre BOIIPOCOB, CBSI3aHHBIX C MpOOJIeMaMu TEUEHWH Hepa3pe:KEHHOTO Tra3a B
MUKPOCTPYKTypax. [[ns ¢opmMupoBaHus yMEeHHS MPUMEHSTh TEOPETHUSCKHE 3HAHUS Ha IPAKTHKE,
CTYJeHTy HeoOxXoauMa pa3paboTKa MpOrpaMM M alrOpPUTMOB  YWCIIEHHOTO PEUICHHUS YpaBHEHWUS
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 y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;
— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

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

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpENoAaBaTeio.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MOIEIMPOBAHUS SIIEPHBIX MPOLIECCOB M TEXHOJIOTHIH
Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH
PaspaGorunkm:

10.10. Knoce, n-p ¢u3.-mart. Hayk, JOIEHT
@.T. YepemucuH, A-p Guz.-Mar. HayK, npodeccop



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
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOH
JesITeIbHOCTH

VYK-2 CnocoGeH ynpasiaTh HIPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyeT B pamKkax 0003HAYEHHON MPOOIIEMBI,
1eNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJUYECKYIO U UHYIO B 3aBUCHMOCTH OT
TUNA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Crniocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBATh MOCIEJ0BAaTEIbHOCTD IIAroB
I JOCTWXKEHUS  JaHHOro  pesynerara. @Dopmupyer
IUIaH-TpadUK peayn3alud MpoeKTa B 1eJOM H  IUIaH
KOHTPOJISI €T0 BHITTOJITHEHUS

VYK-2.3 CriocobeH opranu3oBaTh 1 KOOPAHMHUPOBATH paboTy
YYaCTHUKOB TMPOEKTa, o0ecreunBaTth padoTy KOMaHJbI
HEOOXOIMMBIMHU pecypcamMu

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

VK-3.2 YunureiBaeT B cBOCH COIMaJIbHOH u
poheCCUOHANTBHON JeSTENbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUS M MHEHHs (BKJIIOYAas KPUTHUYECKHE) JIIOAEH, C
KOTOPBIMH ~ PabOTaeT/B3auUMOJICHCTBYET, B TOM YHUCIIE
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 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBLHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHICCKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTH
mpoheCCUOHATBHOM IEATEILHOCTH

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 aHamu3upoBarTh 3ajiady, MJIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CriocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB




1VAMNUJIUL Y1X1

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesyneratre usydeHus aucUUIUIMHBL «MoAenupoBaHHe Ta30KMHETHUYECKHX IPOLIECCOB B MHUKpPO- H
HAHOYCTPOUCTBAX» 00YYarOIIUICS JOKEH:

3HATb:

NPpUHIUIIBI U MCTO/bL KUHETHYECKON TCOpUn BOJ'IBLIMaHa, MOJIY4YCHHUA KOICPCHTHOI'0 HU3JIYyUCHUS,
(1)I/I3I/I‘-ICCKI/IC SABJICHUSA, JIC)KAIIUE B OCHOBC MCTOAOB MOAYJIALIWHN JIA3€PHOI0 H3JIYUCHUSA, OCHOBHBIC
CBOICTBA JIA3CPHOI'0 U3JTy4YCHMUH.

YMeTh:
YUCJICHHO pellaTh KHHETUYECKOE YPABHECHHUE.
BJIA/IETh:

METO/IaMH KOMIIBIOTEPHOTO MOJEIMPOBAHUSI Ta30KHMHETHUYECKUX IPOLECCOB, METONAMHU pa3paboTKH
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. OOmwii BUT KHHETUYECKOTO ypaBHeHUs bonbiimana.

2. OyHKUUA pacnpeaeseHusl.

3. YpaBHEHUE aABEKIIUU.

4. JleBast 4acTh KHHETUYECKOTO YPaBHECHUS.

5. be3pa3mepHbie BETMYNHBI U KPUTEPUH ITOJ00HS

6. YUncno KaynceHna u xapakTepHbIE pa3Mephbl CHCTEMBI.

7. HynmHa cBo6oHOTO Mpodera.

8. KoHeuHO-pa3HOCTHBIE almpOKCUMAIINH OIIEPaTopa aJIBEKIUH.

Bormpocs! a1 moaroToBku k 3x3ameny B 10 cemectpe:

. 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.
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. MonexymnspHble MOTEHIHAIIBI.

9. HTerpan CTONKHOBEHUH U1 CMECe! ra3os.

10. JInckpeTHOE KHHETHYECKOE YPaBHEHUE.

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

13. PemakcanmmoHHass MOJIENb.

14. MeTtons! pemieHus ypaBHeHUs 1uddy3un

15. MeTton AMCKPETHBIX OpAMHAT JUIsl pEIICHHs YPAaBHEHUS IIEpEHOCa.

16. Meton Mounte-Kapio.

17. I'pynnoBoe npuOIrMXeHre 1 rPpynInoBble 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 Gaiios) BBICTABIISIETCSI  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHWS YYEeOHOW WPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh UX Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aa4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YECHHBIC 3HAHHWS Ha MPAKTUKE, HO HEJOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Onenka "xopomro" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYUYCHHbIC 3HAHMS HAa MPAKTHUKE, HO JOIYCKaeT 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 NPHUMEHITh IOJyYeHHbIe 3HaHMS Ha IPaKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IMOKaszaBlleMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOYKET IPUMEHSTH MOJTy4YeHHbIC 3HAHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHo" (3 Oaiia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JONycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COJEPKaHMS Y4e€OHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynosierBoputenbHO" (1 0aymur) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIOBBIX MPAKTHYECKHX
3ajay.



5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Tpu npoBeneHUH OIICHWBAHUS 3HAHWI OOy4aromeMycs MPEAOCTABISETCS BPEeMs Ha MOATOTOBKY Ha
ycMoOTpeHue 3k3amenaropa. Ompoc oOydvaromierocsi mo OWJIETY Ha yCTHOM JuQQepeHIMpOBaHHOM
3aueTe M JK3aMEHE HE JIOJDKEH IPEBBIIATh OTHOTO acTpOHOMHYEcKoro vaca. OueHHBaHWE 3HAHUMA
NPOU3BOAUTCS B COOTBETCTBHHU C BBINICYKa3aHHBIMH KPHUTEPUSIMU B COOTBETCTBUH C COZEPKaHHEM
JMCIUTLTHHBL



