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PABOYASA ITPOTPAMMA JIUCIIAIIJIMHBI
b51.B.01.11 MoaeaupoBaHyue U aHAJIHU3 MATEPHAJIOB 1 KOMIIOHEHTOB HAHO- H MHKPO-

CHCTEeMHOM TeXHUKH

)
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Kypc 4
CemecTp/TpuMecTp 8
Jeknun 22
JlaGopaTropHble 3aHATHSA 44
I[IpakTHyeckne (ceMUHAPCKUE) 3aHATHS 22
B T.Y. IPaKTH4YecKas MOAr0TOBKA 2
Koncyabranuu
. Ix3amen-0,8
®opma(bl) MPOMEKYTOYHOM aTTECTALIUH
Kontpoab 9
CamocrosiTesbHass padora 117,2

Bcero yacoB: 216
TpynoeMkocTh: 6 3a4eTHBIX eTHHHII.
Pa3paborunk(u) paboueii mporpaMMsl:

KAHOUOam Qu3uko-mamemamuyeckux HayK, 00yeHm

A.B. Cudopos

noAnMcCh




|. OPTAHU3AIIMOHHO-METOJUYECKHA PA3IEJ

Heap u3yuyeHust AMCUMILUIMHBI: [{enbi0 U3ydeHus: TUCIUILIMHEI “ MoaenupoBaHue
Y aHaJIM3 MaTepHUaJioB 1 KOMIIOHEHTOB HAHO- U MUKPOCUCTEMHON TEXHUKH ~ IBJIIETCS (op-
MHPOBaHHE 3HAHUN YMEHHMI M HABBIKOB B 00JACTH MaTEMaTUYECKOTO MOJICTUPOBAHUS U
YUCJICHHBIX METOOB, UCIIOIb3YEMBIX ITPH MOJICTUPOBAHNU CBOMCTB HAHOCHCTEM, IPOIIEC-
COB ¥ KOMIIOHEHT HAaHOTEXHOJIOTUH W HAHOAJIECKTPOHHUKH.

3agaum u3ydeHust TUCHUTIMHBI:
- (hopMupoBaHUE y CTYZCHTOB HABBHIKOB Pa0OTHI B MAKETe MPUKIAIHOW MAaTEMATUKH JUIS
WH)XCHEPHBIX M Hay4HBIX pacueToB Scilab;
- TOJTyYeHHUe 3HAHUK 00 OCHOBAX YMCIICHHBIX METOJIOB PEIICHUS PA3JIMYHBIX MaTeMaTHYe-
CKHX 3a/1aY;
- M3yueHue OCHOBHBIX METOJIOB KOMITBIOTEPHOTO MOJEIMPOBAHUS HAHOTEXHOJOTHHA W
HAHOCHCTEM, BKJIIOUAIOMIUX MMOCTPOEHUE W aHAJIM3 MAaTEeMaTUYeCKONH MOJEIH, pa3paboTKy
BBIUMCIIUTENBHBIX aJITOPUTMOB U IPOTPAMMHOTO 00€CIIeUeHUs 111 KOMITBIOTEPHO peau-
3alli¥ MOJIETIH, IPOBEACHUE BBIYMCIUTEIHHOTO SKCIIEPHUMEHTA, IPUMEHUTEIBHO K UCCIie-
JOBaHUIO HAHOOOBEKTOB M CBS3aHHBIX C HUMU IIPOLIECCOB U SIBIICHUIA. .

Mecto nucuuniaunbl B cTpykrype OIIOIL: peanusyercs B pamMkax BapHUaTUBHOMN
yacTu (4actd, (opmMupyeMol y4YacTHHKaMU OOpa30BaTENbHBIX OTHOUIEHUH) OJI0Ka

b1.B.01.11.

ILnanupyembie pe3yJbTaThl 00y4YeHUs MO JUCHUILINHE:

Kon IInanupyemMble pe3yJbTaThbl 00y4eHUs!
HH}]HKaTOpLI JAOCTHKCHHUA KOMIIETCHIINHA
KOMIICTCHIIAN 0 TUCHHUIIJINHE
YK-2 3HaTh: - CIOCOOBI MPOEKTUPOBaHUS pelle- | 3HaeT:- CocoObl MPOEKTUPOBAHUS

HUs KOHKPETHOM 3a7auM IPOEKTa, OIpele- | peLICHUs KOHKPETHOM 3a/1ayi IIPOEKTa
JICHUS] ONTUMAJIBHBIX CIOCOOOB €€ pelle- | MaTeprualoB U KOMIIOHEHTOB HaHO U
HUsA, UCXOA W3 JNEUCTBYIOIIMX IIPABOBBIX | MUKPOCUCTEMHOW TEXHUKH, OIIpEEIIe-
HOPM U MMEIOIINUXCS PECYPCOB M OrpaHuyYe- | HUS ONTUMAJIBHBIX CIIOCOOOB €€ pellie-
HUU HUs, UCXOJd U3 IEUCTBYIOIIMX IIPaBO-
BBIX HOPM M UMEIOIUXCS PECYPCOB U
OTpaHUYECHUN

YMeThb: KauecTBEHHO peiraTb KOHKPETHEBIC YMeer: KadecTBEHHO peuiatb KOH-
3ama4yn (MCCleAOBaHUs, MMPOEKTA, ACSITENb- | KPETHBIE 3a/1a4i MPOSKTUPOBAHUS Ma-
HOCTH) 32 YCTAaHOBJIEHHOE BpeMs TEPUAJIOB U KOMIIOHEHTOB HAHO U MUK~
POCUCTEMHON TEXHUKHU

Baajgerb: - HaBbIKaMU OIIPENEIICHUs OXHU- | Biageer: HaBblkaMu  OIIpENEIICHUs
JTAEMBIX PE3YJIbTATOB PEUIEHUS MOCTABIICH- | OKUIAEMBIX PE3YJIbTAaTOB PEIICHMUS I10-
HBIX 3a/1a4 CTaBIICHHBIX 3aJa4 IPOCKTUPOBAHUS
MaTepualoB U KOMIIOHEHTOB HAHO W
MHUKPOCHCTEMHON TEXHUKH

3HAaTE: 3Haer:




ITKC-2,

- (hu3MuecKkre U MaTeMaTHYeCKUE MOJAEIH
IpuOOpOB, CXEM, MUKPOUIEKTPOMEXaHNYE-
CKUX YCTPOWCTB Ppa3IU4YHOrO (PYHKIHO-
HaJIbHOTO HA3HAYCHUS,

- IPUHIUIBI TIOCTPOEHUS U (PYHKLIMOHUPO-
BaHUs MHUKPOIJIEKTPOMEXaHUUECKUX
YCTPOMCTB;

- OCHOBHBIC (DM3MKO-XMMHUYECKHUE MOJECIH
IPOLIECCOB, ABJIEHUN U 0OBEKTOB B 001aCTH
MUKPOCHUCTEMHOMN TEXHUKU;

- (PU3UKO-XMMHUYECKHE OCHOBBI IIPOLIECCOB,
NPOTEKAIOIIMX Ha IpaHUIax pa3zaena a3 B
pa3IMYHBIX HAHO- U MUKPOCUCTEMAX.

- (busnveckue U MaTeMaTUYECKUE MO-
JIeTH IPHOOPOB, CXEM, MUKPOAJIEKTPO-
MEXaHUYECKUX YCTPOMCTB Pa3IMIHOTO
(YHKINOHATIBHOTO HA3HAYCHUS;

- OCHOBHbBIC (DPU3UKO-XHUMHUUYECKHE MO-
JICTIH TIPOIIECCOB, SIBJICHUI U 00BEKTOB
B 00JIaCTH MUKPOCHCTEMHOM TEXHUKH;
- (1)I/ISI/IKO'XI/IMI/I‘-ICCKI/IG OCHOBBI IIpO-
[IECCOB, MPOTEKAIONIMX Ha TPaHUIAX
pasnena ¢a3 B pa3IMYHBIX HAHO- U
MHKpPOCHCTEMAX.

YMeTs:

- NPUMEHSTH COBPEMEHHBIE METOJbI pac-
YyeTa U aHAJIN3a HAHO- U MUKPOCUCTEM;

- IPUMEHSTh METOJIbl U KOMIIBIOTEPHBIE CU-
CTEMbI MOJEIMPOBAHUS U aHAIIM3a MaTEpU-
aJOB U KOMIIOHEHTOB HAHO- U MMKPOCH-
CTEMHOM TEXHHKHU,

- UCIIOJIb30BaTh METOJIbl pacyeTa MapameT-
POB M OCHOBHBIX XapaKTEPUCTHK MOJEIIEH,
UCIOJIb3YEMBIX B MPEIMETHON 00IaCTH.

Ymeer:

- TPUMEHSATH COBPEMEHHBIC METOJIbI

pacyera ¥ aHaJiu3a HAaHO- U MHUKPOCH-

CTEM;

- HpI/IMeHSITB METOABI U KOMHI)IOTep-
HbIC CHCTEMBI MOJCIUPOBAHUS H
aHaJM3a MaTEepUAJIOB U KOMITOHEH-
TOB HaHO- ¥ MHUKPOCHCTEMHOH TeX-
HUKU,

Bnaners:

- MeToJIaMH BhIOOpa CIoco0OB Mpeodpazo-
BaHUs (PU3MUECKUX BEIUYHH;

- METOJIaMH ONpEIeICHUsS (PU3UICCKUX WU
MaTeMaTHUYECKUX MOJeNel OTAECNbHBIX CH-
CTEM H TTOJICHCTEM;

- HaBBIKAMHM JIalITAllMU U OpabOTKa MOBe-
JIEHYECKUX MOJICIICH YyBCTBUTEIBHBIX dJie-
MEHTOB;

- METO/IaMHU Pa3pabOTKN KOHCTPYKITUH TyB-
CTBUTEJIbHBIX JIEMEHTOB.

Baageer:

- METOJIaMU OTpeieTIeHusT (PU3NIECKUX
U MaTeMaTHYECKUX MOJeNeH OTIaeib-
HBIX CHCTEM U IIOACHUCTEM HAHO- H
MHUKPOCUCTEMHON TEXHUKH;

1. COOIEP’KAHUE N OB BEM JUCHUIIJINHBbI
€ YKa3aHHeM KOJIHYeCTBA YaCOB, BbIICJCHHBIX HA KOHTAKTHYIO padoTy 00y4aromuxcst
¢ mpemnoaasarteseM (110 BUAAM Y4eOHbIX 3aHATHI) 1 HA CAMOCTOSAITEILHYIO padoTy

Ounas ¢popma 00yueHust

Ne AyIMTOpHBIE 3aHATHS
- HaumeHoBaHMe pa3aeioB U TeM Bcero Cam. pa6.
n/n JIK n3 JIB
Paznen 1. O6ume Bo- 42 4 4 8 26
IMPOChI MaTEMaTHU4e-
CKOro MoacJimMpoBaHusl
1. | Tema 1. Onpenenenue u 10,5 1 1 2 6,5




Ha3Ha4Ye€HHE MOJEINPOBA-
HHs1. MecTo MmoaenupoBa-
HUS CPEU METOJI0B Hay4-
HOT'O IIO3HAaHUA.

Tewma 2 Ilpusnaku knaccu-
(dbuKanuu MaTeMaTuye-
CKHUX MOJIeJIe. DTalbl MHo-
CTPOCHHUS MaTeMaTH4e-
CKHUX MOJICIICH.

10,5

6,5

Tema 3. MeToabl NOCTpO-
€HUSI MAaTEMATHYECKUX
MOJIEIIEN.

10,5

6,5

Tema 4. Metogonoruue-
CKHE OCHOBBI BEIYHCIIH-
TEJIbHOI HAHOTEXHOJIO-
THH.

10,5

6,5

Paznen 2 Meroanl Moje-
JIMPOBaHMS B BHIYHCJIN-
TeJIbHOII HAHOTEXHO0JI10-
i

110,5

13

13

26

58,5

Tema 5. OcHOBHBIE MTOHS-
THS 1 MAaTEMAaTHYECKUN
anmapar KBaHTOBOM Mexa-
HUKH. DJIEKTPOHHAs TEO-
pus CTPOCHMS aTOMOB.

10,5

6,5

Tema 6. Meton Xaptpu-
Doka.

14,5

6,5

Tema 7. dusnko-xuMude-
CKHE 3aKOHOMEPHOCTHU
CPOEHHUSI MOJIEKYJ B T€O-
pUsl XUMUYECKOH CBSI3H.

10,5

6,5

Tema 8. MeToq BajieHT-
HBIX CXEM.

10,5

6,5

Tema 9. Pacuet noBepx-
HOCTH MOTEHLUAIbHON
SHEPTHH.

10,5

6,5

10

Tema 10. Mexmornexy-
JISpHBIE CUJIBI U TTOTEHIIN-
aJIbl B3aMOJIEHCTBUS Ya-
CTHIL.

10,5

6,5

11

Tema 11. Metox Mosnexy-
JIAPHOW MEXaHUKH.

14,5

6,5

12

Tema 12. MoaenupoBanue
METOJIOM MOJIEKYJIAPHOU
JTMHAMHKH.

14,5

6,5

13.

Tema 13. MeToasl Mojie-
nupoBaHus Monre-Kapio.

14,5

6,5

Pasznen 3 Monenuposa-
HHEe MATePHAJIOB H MPO-
I[€CCOB HAHOTEXHOJIOTHHA

63

10

32,7




14 | Tema 14. Mexaunusm 00- 10,5 1 1 2 6,5
pa3oBaHUs CYIPaMOJICKY-
JIIPHBIX CHCTEM.

15 | Tema 15. Mopaenu HaHO- 10,5 1 1 2 6,5
KJIACTEPOB.

16 | Tema 16 MonekynsipHas 10,5 1 1 2 6,5
camocOopka.

17 | Tema 17. Konremnmus 10,7 1 1 2 6,7
MHOIOMacITabHOro Mo-
JICIIAPOBAHMS.

18 | Tema 18. Muoromacura0o- 10,5 1 1 2 6,5

HOC MOACIIUPOBAHUC
OHEPICTUHYCCKUX IIPOLEC-
COB

Dopma omuemnocmu/ axzamen -0,8

Koncynomayuu

Konumponw 9

Hmozo 3a 8 cemecmp 214 22 22 44 117,2
6 m.u. npaKmuuecKkan 2

noozomoexa

HUTOTIO: 216 22 22 44 117,2

OuHo-3a04uHasi popma odyuenus (re peanuzyemcs)

3aounasi popma odyuenus (ne peanuszyemcs)

I11. OEHOYHBIE MATEPHAJIBI JJI5SI IPOBEJAEHWS TEKYIIEA U
MPOMEXKYTOUHOM ATTECTAIIMU OBYYAIOIIUXCS IO JUCHUIIJIUHE

Tekymias arrectaius IpoOBOAUTCS B (hOpMe KOHTPOJIBHOU pabOThl, TECTUPOBAHUS.
TunoBoii BApMAHT KOHTPOJIbHOM PadOTHI

1 BapuaHT

1. Hanummre nporpamMmy penieHus ogHoMepHoro ypaBHenus Ipeaunrepa, uc-
MOJIB3YHTE JIJIs1 TOTO anroput™ Dinepa-Kpomepa. Haliqute sHEpruto OCHOBHOTO COCTOS-
HUS Y TIEPBBIN BO30YXKJICHHBIA YPOBEHD YACTHUIIBI B OECKOHEYHON MTPSIMOYTOJILHON TTOTEH-
LHATBHOM IME, CPABHUTE MOJYYEHHBIN PE3YIbTAT C AHAJTUTUYECKUM PELICHUEM.

2. CocTaBbTe porpamMmmy BapuanioHHoro meroaa Monte-Kapno aiisg pacuera sHep-
MU OCHOBHOT'O COCTOSIHUSI KBAHTOBOT'O TapMOHHYECKOTO ocuuiuisitopa V(x)=0.5x2.

2 BapuaHT



1. Coznatite Bxomuo# ¢aiin B makere GAMESS US st pemienust cinenyromei 3a-
nayu

a) Pacder onTumanbHOM reoMeTpUU MOJIEKYJIbI Bojopoja B 6azucHoM Habope OCT,
MOJIOKHUTE YMCIIO FayCCHaHOB B HAOope paBHBIM TpeM. Kakue usmeHeHuss Heo0X0aAUMO
BHECTU BO BXOJIHOM (haiis1, 4TOObI yTOYHUTH YHEPTUIO CUCTEMBI B paMKax 0a3uCHOTO
Habopa Iloma.

0) Pacuer ontumaiibHOM reoMeTpun MoJiekyisl Mmetana CH4 B 6a3ucHom Habope
OCT, nosox’uTe YUCa0 raycCCUuaHoOB B HAOOpE paBHBIM IATH. Kakue n3aMeHeHus: Heo0Xxo-
MO BHECTH BO BXOJIHOM (paiis1, 4TOOBI YTOUHUTH SHEPTUIO CUCTEMBI B paMKax 0a3uCHOTO
Habopa [lomua.

B) PacueT noTeHIHnanbsHOil MOBEPXHOCTH MOJIEKYJIBI BOJOPO/A B HAMPABIEHUN OT
MIEPBOT0 aTOMa KO BTOPOMY.

r) Pacuer onTuManbHOM reOMETPUH MOJIEKYJIBI BOJABI U TPAJUEHTa SHEPTUU 110 OCAIM
CUCTEMBI KOOPAMHAT B TEX TOYKAX, I'/I€ HAXOIATCS aTOMbI CHCTEMBI
2. Hanummre nporpaMMy Juisl pacuera JIBUKEHUE BOJIHOBOI'O MakeTa, MaJarollero Ha Io-
TEHLUAJIbHBIN Oapbep, pacnonoxeHusit npu . [lomoxure X, =-30, X, =30, X, =-20,

delta x=4,dx=0.1, k0=15, n_k=20, dt=01, t
muHy a = 0.5 BeICOTY Oapbepa , ero JUIMHY . KauecTBeHHO OMUIITUTE ABUKEHHUE BOJTHOBOTO

naketa. Uemy paBHa sHeprust yactuilpl? Coxpansiercss a1 ¢popma BOJIHOBOTO MaKeTa Mpu
JIBMYKEHUH, KaK (U3NUECKH UHTEPIIPETUPOBATH PE3YNIHTAT B 3TOM CiTy4ae?

« =17, BBICOTY Oapmepa V, =150, ero

m

TecToBbBIE 3a1aHUA

Yacrs A
Al. IIpn MmoaenupoBaHUM UCTIOJIB3YIOTCS MOJICIIN KAKUX TUIIOB
1. OnuceiBaromiue 2. O0wsacustomue 3. [Ipeackaspiaronue 4. 1 u2u 3. 5. 1 u3

A2.aHamoroM npouecca U3MEpPEHUs B BBIYUCIUTEIBHOM DKCIIEPUMEHTE SIBJISIETCS
1. Mopnens 2. IIporpamma st komnerorepa 3. TectupoBanue nporpammel 4. Pacuer 5. Ana-
JIU3 TaHHBIX.

A.3 B kakoM MeTo/ie MOJICIIMPOBAHUS PEIIAIOTCS ypaBHEHUsI ABUKeHHsI HproTOHA 1151 cH-
CTEMbl MHOTHX YacCTHUIl C MOCJIECIYIOIIUM PAaCYeTOM TEPMOJAMHAMUYECKUX XAPAKTEPUCTUK
CUCTEMBI?

1. MeTon MosekyIsipHOM MexaHUKH 2. MeTo1 MOeKyIsIpHOM fuHaMuKH 3. MeToJ MOHTe-
kapio 3. Meton Xaptpu 4. MeToa MOJEKYIISIPHBIX OpOHUTAIICH.

A4. UnTterpan njiss 0OMEHHOM SHEpPruu B MeTojie XapTpu-Poka 00yCIOBIICH

1. [Ipunuunom Iaynu 2. bonbiioi pa3Huiieil B 3HAYEHUU CKOPOCTH JIEKTPOHOB U siIEp
3. B3aumoneincTBueM 3JIE€KTPOHOB U sAziep 4. DIEKTPOCTATUUECKUM OTTAJIKUBAHUEM DJICK-
TPOHOB



AS. ATomHbIE OpOUTaNH, TPEACTABIAIOMINE JINHEHHYIO KOMOMHAIINIO OpOUTasei, COOTBET-
CBYIOIIUM HECKOJIBKHMPA3IUYHBIM 3HAUCHHUSIM a3MMYTALHOTO KBaHTOBOTO YKCJIa Ha3bl-
BAIOT

1. sp opOuTasiMu 2. THOPUIHBIME 3. KOMOMHUPOBAHHBIMU 4 THHEHHBIMH 5. CyTIEepIIO3HUIIN-
OHHBIMH

A6. YTBepKAcHHE O TOM, YTO CYLIECTBYET B3aUMHOOJHO3HAYHOE COOTBETCBUE MEKIY
IJIOTHOCTBIO OCHOBHOI'O COCTOSIHUS 3JIEKTPOHHOM MOJICUCTEMBI, HAXOAAIIEHCS BO BHEITHEM
MOTEHIMAJIE aTOMHBIX SJIEp U CAMHM MOTEHLIHAJIOM sIIEp HOCUT Ha3BaHUE

1. reopembl Kosna 2. akcuombl Tomaca-®depmu 3. teopembl Xo3HOepra-Kona 4 Jlemmbl
Kona-IIIsma

A’7. Teopema I'enpmana-@eilHMaHaHa KOTOPOU 0a3HpyeTCsl ONKMCAaHUE B3aMUOJICUCTBHI B
MOJIEKYJIaX TJIACUT

1. Cuna, neiicTByromas Ha PO B MOJIEKYJIE MOXKET PACCMAaTPUBATHCS KAK CyMMa KJIACCH-
YECKUX JIEKTPOCTATUYECKUX CUJI OTTAIKUBAHUS CO CTPOHBI IPYTHX SIAEP U MPUTSIKEHUS CO
CTOPOHBI HENPEPHIBHO PACPEEIIEHHOTO B IPOCTPAHCTBE AIEKTPOHHOIO 00JIaKa MOJIEKYJIbI
2. CyiecTByeT B3aUMHO OJHO3HAYHOE COOTBETCTBUE MEXAY INIOTHOCTHIO OCHOBHOIO CO-
CTOSIHUSI DJIEKTPOHHOM IOJCHCTEMBI, HAXOISALIEMCS BO BHEIIHEM INOTEHIHMAJIE aTOMHBIX
A1ep, U1 CaMUM MOTEHIMAIIOM s1iep 3. DHEPTUs AJIEKTPOHHOM MOICUCTEMBI, 3allCaHHAs KaK
(yHKIIMOHAJ 3JIEKTPOHHOMN IIOTHOCTH, UMEET MUHUMYM, PaBHBIN 3HEPIrUU OCHOBHOTO CO-
CTOSIHUS

A8. Kakoii pucyHOK WILTIOCTPUPYET 00pa30BaHUE T-CBS3U B MOJICKYJIE?

) ) — =

Monsexyaspran opbumaans

b B W =1 3

Moaexyaspruas opbumane
n-CBA3h
+ C

3) = —_— — A B—

Monexyrsapras opbumaaiv

1)12)23)34)1u25)2u3

A9) K Ban-nep-BaansCoBbpIM cHiIaM B3aUMOJIECUCTBUS MEXAY MOJIEKYJIAMUA OTHOCSIT
1. Opuentanumonnoe 2. lucnepcuonnoe 3. Uuaykunonnoe 4. 1u2 5. 1u2u3

7



A10. B mogensHoM noteHumane Jlennapaa-J/>xonca

1. Cunbl oTTanKMBaHusl 0OPaTHO MPOMOPIMOHATIBHBI 6-1 CTENIEHU PACCTOSHUS, CUIIbI TIPH-
TSOKEHUS. 0OpaTHO MPONOpLHHOHANbHBI 12-i1 cTtenenu paccrosinus 2. CUibl OTTaIKUBAHUS
0o0paTHO MPOIMOPIHOHATBHBI 12-1 CTEeNEeHU PACCTOSIHUS, CUJIbl MPUTSHKEHUST 00paTHO MPO-
NOpUUOHANIBHBI 6-i1 cTenenu paccTostHUs 3. CHilbl OTTaJIKMBAaHHUS OOPAaTHO MPOIMOPIIMO-
HaJIbHBI 6-1 CTENIEHU PACCTOSHUS, CHIIbI PUTSKEHUST 00paTHO MPOMOPIIMOHAIBHBI 6-1 cTe-
nenn paccrosinust 4. Cuiibl OTTaJKUBAHUS MPONOPLIMOHANIBHBI 6-1 CTENEHU PACCTOSHUA,
CHUJIBI TIPUTSDKEHUS MPOMOPIIMOHANBHBI 12-i1 creneHu pacctostHust S. CHIIbl OTTAIKUBAHUS
MPONOPLIMOHANIBHBI 12-1 CTENEHU PACCTOSHMUS, CUIIbI IPUTSKEHUS TPOTOPLUUOHATIBHBI O-i
CTEIIEHU PACCTOSIHUS

Yacrs b
b1) IloctaBbTe B COOTBETCTBUE CXEMY CEUEHUS TOTEHIIMAILHON MOBEPXHOCTH TUITY MOJIE-

KYJIbI
1 2 3 &

E. E. N )
? Fa > o> i =S~

q g q q

A) Kondopmarmonnas nepeCTpoﬁka b) Monekyna ¢ BHyTpeHHUM BpaiieHueM B) MuBep-
cusi B MoJsiekyJie I') Mornekyiia ¢ BHyTpeHHUM BpallleHUEM

b2) Pacnionoxute B mopsaKe BO3paCTaHMs 3Talbl pacueTa KOHCTAHT CKOPOCTEH XuMUYe-
CKHUX PEaKIMi METOJAOM KIIACCUYECKUX TPACKTOPUH

Pp— L i
(M TErPHPOBAHIIE KIACCHYECKHX 1
BHEHNE ABIHEHKA
INR ype z

YCAOBRHAM H KBAHTORKIM
COCTOAHHAM MOMEKYN

B) '

TpaexTopitK Aaep

B) =

Sapanue NOBepPXIOCTH
noTeHnnANLHON aneprimm IV

T) - -

-~

)

f Yepepnenne r;r.: HAYANBHEIM J 2
)
J

b3) IocTaBbTe B COOTBETCTBUE MEKYACTUIHOMY MTOTCHIIUATY CTPYKTYPbI, KOTOPYIO MOKHO
MIPOMOJIEIIUPOBATH 3TUM NOTEHLIHMATIOM

1. norenman Tepcodda A) Mouekyna kuciopozaa
2. Ilorennman Jlennapna-Jl>xonca b) xpucramn aprona
3. noreHuunan Mop3se B) xputcimmueckuii KpeMHUN

b4) [ToctaBpTe B COOTBETCTBUE TUITY B3aUMOJECHCTBUS UILTIOCTPALUIO
8



1) Ddbdexr pacTBopuTens

2)Karnon-n

3) m-CTEeKUHT

4) nUCIEepCUOHHOE

b5) IloctaBeTe B cooTBeTCTBUE TpaduKy M3MEeHEHHs cBOOOHOM sHeprun [ nb6ca Ba 3aBu-

CUMOCTH OT pa3McCpa Ki1aCTcpa- THUII KJIIaCTCpa

NG

342

A) kjacTepbl TOCH€ JAEUCTBUS TMOBEPX-
HOCTHO aKTHBHBIX BELIECTB

b) ancam0b OTHENBHBIX aTOMOB B TBEP-
JIOM TeJe

cr

B) cuctema B3auMo€MCTBYIONIMX KJIacTe-
poB

') n3omupoBaHHBIN KIIacTEP

b6) IloctaBbTe B COOTBETCTBUE PA3IUYHBIE CIIOCOOBI MOJIyUEHHUSI CAMOCOOMPAOLIUXCS MO

HOCJIOCB IIPOTCHUHOB

1 IIpssmoe caift - cnenuduyeckoe mpHUco-
CAMHCHHUE K TTIOBEPXHOCTHU

2 ITpucoenunenre k CCM ¢ HEOpUEHTUPO-
BaHHBIM PACIIOJIOKECHUEM

3 BkparieHue npoTerHOB K MOJU3IEKTPO-
JUTaM




4 Bxpamienne B CCM

5 npucoenunenue kK CCM ¢ HEOpUEHTHPO-
BaHHBIM PACTIOJIOKEHUEM

6 dusndeckas aacopoIus

b7) IlocTaBbTe COOTBETCTBHE MOAX0aM B IIPOIIECCE PACTIO3HABAHUS MOJIEKYT

A) ®opMoBaHue
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Iimmasnieckan b) ®opmoobpazoBanue

KoMnosesTnl o

B =
o PG = =2

PC 8

KomnomenTsy  FMBAMEGECKAN
= Gubnporexa

2) 2\
SA— g =

B8) IIocTaBbTE B COOTBETCTBUE THUITY HAHOKJIACTCpa — MCTO I/ICHOJIB3y€MBIﬁ JJIA €TI0 MOAC-
JIMPOBaHUA

A) MeTtosn MONEKYJISIpHON TUHAMUKHU

10 —
_10° b) Metop riceBaonoTeHIIMAI0B
- B) PacueTsl 13 “niepBbIX IPUHIIAIIOB”
£ 10*
:w, I') MeTo1 cuiTbHOM CBSI3H
:‘;
X100
10

B9) [locTaBpTe COOTBETCTBUE MEXKAY Ha3BAaHUEM KOMITBIOTEPHOTO MaKeTa JJIsl MOAEIUpPO-
BaHWs HAHOCHCTEM M THUIIOM 3aJa4 JJIs1 KOTOPBIX OH MpeIHa3HaYeH

1. ABINIT A) TIporpaMma Ha OCHOBE METOIa MOJICKY-
JSIPHON TUHAMHKHU ISl MOACITUPOBAHUS H
pacuera OHOMOJIMMEPOB, OHMOMOJICKYII,
TBEP/BIX BEIECTB, a TAK)KE KPYIMHO3EPHH-
CTBIX CHCTEMM

2. AMPAC b) KomIutekc mMoyaMIUpUIECKUX TIPO-
rpaMM JUIs pacdeTa 3JIEKTPOHHOTO CIEKTpa
MOJICKYT
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3. LAMPPS B) Ilaket s pacdera 3J€KTPOHHOTO CTIEK-
Tpa, MPOCTPAHCTBEHHON CTPYKTYPHI I MaK-
POCKOIIMYECKUX CBOWCTB PAa3INYHBIX CH-
CTEeM, C HCTOJIh30BaHUEM TEOpUU (YHKITHU-
OHaJIa AJICKTPOHHOMU TIOTHOCTH, TICEBOIIO-
TeHIMasIa 1 0a3uca MIOCKUX BOJH

b10) IToctaBbTe COOTBETCTBHE MEXAY HATYPHBIM U BBIUUCIUTEIBHBIM SKCIIEPUMEHTOM

1 O6pazen A) Pacuer
2®du3ndecKkuil mpuodop b) Monenn
3KanubpoBka B) Ilporpamma st KOMIbrOTEpPA
413mepenue I') TectupoBanue mporpaMmsl
SAHanm3 JaHHbIX J1) Ananu3 naHHBIBIX

Yacrs C

C1. Cozpaiite BxoaHoit daitn B makete GAMESS US nis petienus cneayroieit 3aaauu

a) Pacuer onTuManbHOM reOMETpUU MOJIEKYJIBI Boopojia B 6azucHoM Habope OCT,
MOJIOKHUTE YHCIIO TayCCUaHOB B HAOOpe paBHBIM TpeM. Kakue usmeHeHus Heo0X0auMo
BHECTH BO BXOJIHOM (haiis1, 4TOOBI yTOUYHUTH IHEPTUIO CUCTEMBI B paMKax 0a3uCHOTO
Habopa [lora.

0) Pacuer ontumainibHOM reoMmeTpun Moliekyisl Mmetana CH4 B 6a3ucHom Habope
OCT, nonoxuTe 4uciIo raycCuaHoB B HaOope paBHBIM Is1TH. Kakue nsmenenus: HeoOxo-
JTUMO BHECTH BO BXOJHOM (paiir, 4TOOBI YTOUHUTH SHEPTUIO CHCTEMBI B paMKax 0a3nCHOTO
Habopa [lomua.

B) Pacder moTeHIManbHON TOBEPXHOCTH MOJIEKYJIBI BOJOPO/Ia B HANIPABIEHUH OT
MEPBOrO aTOMa KO BTOPOMY.

r) Pacuer onTrManbHON Tr€OMETPUN MOJICKYJIBI BOJIBI M TPAJAMCHTA SHEPTHH 110 OCSIM
CHUCTEMBI KOOPJAWHAT B T€X TOYKAX, IJI€ HAXOATCS aTOMbI CHCTEMBI
2. HanummTe nporpamMmy JjIsl pacyeTa JIBIJKEHHE BOJTHOBOTO IMaKeTa, MaJaloliero Ha 1o-
TEeHIUANILHBIN Oapbep, pacnonoxeHusii npu . [lomoxure X, =-30, X, =30, X, =-20,

delta_x=4,dx=0.1, k0=15, n_k=20, dt=0.1, t, =7, BelcOTYy Oapnepa V, =150, ero
mHy a = 0.5 BeICOTY Oapbepa , ero JyinHy . KauyecTBeHHO ONUIINTE IBUKEHUE BOJTHOBOTO

naketa. Uemy paBHa sHeprust yactuipl? CoxpaHsiercs jau ¢hopma BOJHOBOTO TMaKeTa Mpu
JIBWKEHUH, KaK (U3NMUECKH HHTEPIIPETUPOBATH PE3YNIHTAT B 3TOM CiTydae?

C2. Hannmwute nporpaMmy pelieHusi ogHoMmepHoro ypasHenus Llpennnrepa, ucnosnb3yite
IUTs1 3TOTO alropuTM Jitnepa-Kpomepa. Halinure 3HEprut0 OCHOBHOTO COCTOSTHUS U ITEPBBIN
BO30Y’KJICHHBIN YPOBEHb YacCTHUIbl B OECKOHEUHON MPSIMOYTOJbHON MOTEHLUAIBHOHN siME,
CPaBHHUTE MOJYYECHHBIN PE3YJIbTAT C AHATUTUYECKUM PELLIEHUEM.
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C3. C kako# Lenpl0 NPOBOAAT TECTOBBIE PACUEThl MPHU BBHINOIHEHUU BBIYMCIUTEIHLHOTO
JKCIIEpUMEHTA?

C4. B yeM cOCTOUT NPUHUMIUAIBHOE OTPAHUYEHUE BO3MOXKHOCTEH pacuera «Hu3 MEPBBIX
MPUHIIUIIOBY ?

HpOMC)KYTOIIHaSI aTTcCcTanusa 06yqa}01111/1x051 OCYHICCTBIIACTCA B q)opMe OK3aMCHa, C
HCIIOJIB30BAHUCM CIICAYIOMIUX OLICHOYHBIX MATCPUAJIOB nepevderHb 60npocos8 IK3aMeH) .

RHBOoo~No Ok wWNE

16
17

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

0.
1.
12.
13.
14,
15.

BOHpOCbI K 9K3aMEHY

Onpenenenue, e U HA3HAYEHUE MAaTEMATUYECKOTO MOAEITUPOBAHMUSL.
Knaccuduxanust MaTeMaTU4eCKUX MOJICIICH.

DTarbl TOCTPOEHHSI MATEMATHUYECKUX MOJENEH.

[TpuHIUIIBI TOCTPOCHUS MATEMATUYECKUX MOJIEIICH.
MeTon0JI0rn4ecKrue OCHOBBI MOACTUPOBAHNS B HAHOTEXHOJIOTHH.
OcHOBHBIE MMOHATHUS U MAaTEMaTUYECKUM anmapaT KBAHTOBON MEXaHUKH.
CBoIICTBAa OJJHORIEKTPOHHBIX aTOMOB.

Meton Xaprpu-doka.

ATOMHBIE OpOUTAIIH.

OcHOBBI TeOpHUH (PYHKITMOHAIA IIJIOTHOCTH.

PU3UKO-XUMUUYECKNE 3aKOHOMEPHOCTHU CTPOEHUS MOJIEKYI.

Teopusa XUMUUYECKOU CBSI3H.

[Tpubnuxxenue bopHa-Onnenreiimepa.

Metoa MONEKYJISIPHBIX OpOUTAIICH.

PacueTr noBepXHOCTH MOTEHIIMAIBHON YHEPTUU.

.. IloTeHManbl B3aUMOAECHCTBHSA YaCTHII.

. Meton MOJIEKyJISIpHOW MEXAHUKH.

MopaenrpoBaHue METOIOM MOJIEKYJIIPHOU JUHAMUKH.

Meroasl monenupoBanust Monte-Kapio.

Mexanu3m 00pa3oBaHUs CYNPaMOJIEKYJISIPHBIX CUCTEM.

Moienu HaHOKJIaCTEPOB.

MonexkynspHas camocOopKa.

Kownrenmus MEOroMactabHOTO MOJICTUPOBAHUS.

MmuoromacimTabHOe MOIETMPOBAHUE YPHEPTETUICCKUX MPOIECCOB.
MopenupoBaHue B HAHOCTPYKTYPHOI 00JIacTH.

MopaenrpoBaHue MaKpOCKOTTMYECKUX CUCTEM.

O0630p NPUKIIATHBIX KOMIBIOTEPHBIX MAKETOB JJIsl pacueTa HAaHOCUCTEM

IV. MIEPEYEHD JIUTEPATYPBI, HEOBXOJIUMOM JIJII OCBOEHMSA JIUCIIU-

IJIMHbI
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5.1. OcHoBHas JMTEpPaTYypa

1. 3Bonapes, C.B. MoaennpoBaHue CTpyKTYpbl U CBOMCTB HAHOCUCTEM : Y4€OHO-METOAH-
yeckoe nocooue / C.B. 3Bonapes, B.C. Koptos, T.B. llItanr ; MunucrepctBo o6pa3oBa-
Hus U Hayku Poccuiickoit @enepanuu, Ypainbckuil dheaepalbHblil YHUBEPCUTET UM. TIEp-
Boro IIpesunenta Poccun b. H. Enbuiuna. - ExatepunOypr : M3aatenbcTBo Y panbekoro
yHuBepcuteta, 2014. - 121 c. : Tabn., uin. - bubauorp. B kH. - ISBN 978-5-7996-1203-0 ;
To xke [Dnextponnslit pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=276022 (/laTa oopamenus 01.09.2020.)

5.2. lonoJiHUTEIbHAS JIUTEPATYPA

1. 3aBoaunckuii, B.I'. KomnbroTepHoe MoaenupoBanne HAHOYACTULl U HAHOCUCTEM /

B.I'. 3aBogunckuii. - Mocksa : ®uszmatiur, 2013. - 175 c. : wi., cxeM., Tabi. - bubmmorp.
B kH. - ISBN 978-5-9221-1397-7 ; To xe [DOnekTponnsiit pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=457710 (/lata oopamenus 01.09.2020.)

2. BBenenne B MaTreMaTH4YeCKOE MOJIelIMpoBaHue : yueoHoe rmocooue / pea. I1.B. Tpycos. -
Mockaa : Jloroc, 2004. - 439 c. - ISBN 5-94010-272-7 ; To xe [DneKTpOHHBIN pecypc]. -
URL: http://biblioclub.ru/index.php?page=book&id=84691 (/lara oopamenus 01.09.2020.)

V. HIEPEYEHb PECYPCOB HH®OPMALNNOHHO-TEJIEKOMMYHHUKAIH-
OHHOU CETU «<MHTEPHET», HEOBXOJAMUMBbIX /UUIA OCBOEHUA TN CIIU-
IJIMHbI

No
Ccblika Ha HaumeHoBaHue pa3padoTku B
nn . . JocrynHocth
HHGopManMOHHBIN pecypc 3J1eKTPOHHOI1 opme
1 «Hanometp» —

http://www.nanometer.ru/ CB0OOIHBII AOCTYIT

HaHOTEXHOJIOTHUECKOE COOOIIECTBO

http://www.rusnanonet.ru/ Poccuiicknit HAHO-TIOPTAJI
2. RusNanoNet: coBpeMEHHBIE HAHOTEX-
HOJIOTMM W HOBBIC HaHOMAaTCpUAJIbI.
CaiiT o momyJspHBIX COOBITHAX B
MUPE HAHOTEXHOJIOTUH.

CBOOOAHBIH JOCTYI

3. http:/ window.edu ru Enunoe okHO nocTyma K oOpasoBa-
TENBHBIM Pecypcam»-HHPOPMAIHOH-
Has cucTeMa Juisi 00eCHeyYeHus: CBO-
00IHOro IOCTyNma K HHTETPATbHOMY
KaTauory o0pa3oBaTeNbHBIX HHTEP-
HET-PECypCcoOB M K 3JIEKTPOHHOH OHMO-
JMOTEKE Y4eOHO-METOUYECKUX Ma-
TEpUAIIOB JJIs1 00IIeTo U Mpodeccuo-
HaJIbHOTO 00pa30oBaHMsI.

CBOOOIHEII JOCTYTT

V1. COBPEMEHHBIE TIPO®ECCHUOHAJIBHBIE BA3bI JAHHBIX
N UTHOOPMAIIMOHHBIE CITPABOYHBIE CUCTEMBI

Perucrpanus yepes iro-
0011 yHUBEpCUTETCKUI

1. | http://www.biblioclub.ru

DNeKTpOHHO-OUOIMOTEeUHAS
cuctema (3bC)

YHuBepcurterckas OMOINOTEKa OH-

JIarH

KOMIIBIOTED.
B nanpneimem npeno-
CTaBJISIETCSI HEOTPAHUYEH-
HBII UHIMBUYaJIbHbIN
JOCTYII U3 000 TOUYKH,
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http://biblioclub.ru/index.php?page=book&id=276022
http://biblioclub.ru/index.php?page=book&id=457710
http://biblioclub.ru/index.php?page=book&id=84691
http://www.biblioclub.ru/

B KOTOPOU UMEETCH J10-
CTyll K cetu MHTEepHET

Poccuiickuit nHMOpMAITMOHHBIN TTOP-
2. | wwwe.elibrary.ru TaJl B 00JIACTH HAYKH, TEXHOJIOTHH, CB0OOAHBIH JOCTYI
MEJIMIIMHBI U 00pa30BaHUs

I'HII P® «HanumoHanbHbIN HCCIe0-
3. | http://perst.issp.ras.ru/ Batenbekuil tentp "KypuaToBckmii CBOOOHBIH JOCTYIT
UHCTUTYT"»: ba3pl TaHHbBIX

VIil. JUHEH3UOHHOE U CBOBO/IHO PACITPOCTPAHSIEMOE IMTPOI'PAMM-
HOE OBECIIEYEHUE
(
[Tpu peanuzanuu y4eOHON JUCITUTUIMHBI TPUMEHSIETCS CIASAYIONIEe JTUIICH3MOHHOE B CBO-
00THO pacIpoCTpaHsIeMOe TPOrPAMMHOE 0OCCTICUCHHE:
- Microsoft Windows;
- Microsoft Office;
- LibreOffice;
- GAMESS - cBo6oaHo, pacnipoctpansemoe [10;
- Scilab — cBo6oHO, pacnpocTpansemoe T10.

VIll. OBOPYIOBAHUE U TEXHUWUYECKUE CPEJCTBA OBYUEHMS, HEOB-
XOJIMMBIE JUIS1 OCYIIECTBJIEHUSI OBPA30OBATEJBHOI'O MPOLIECCA
MO JUCLUILJIMHE

YdeOHbIe 3aHATHS TPOBOASTCA B ayTUTOPUSIX, YKOMIUIEKTOBAHHBIX CIICIAATN3UPO-
BaHHOU MeOeIbI0, B TOM YKCIIE€ CTAIIMOHAPHBIMH WM MIEPEHOCHBIMU TEXHUYECKUMU CPEJI-
CTBaMU 00y4eHus (IPOEKTOP, 3KPaH, KOMITbIOTEP/HOYTOYK).

JIabopaTopHble 3aHATHSI IPOBOJATCS B CHELMATU3UPOBAHHBIX Ja00PATOPUSX, OCHAIIECH-

HBIX IEPCOHAIBHBIMUA KOMIIBIOTEPAMHU C YCTAHOBJIEHHBIMHU Ha HUX IIpOrpaMMaMHU -
Microsoft Windows 7 IIpodeccruonanbhas

(8 munensuit WinPro 7 RUS Upgrd OLP NL Acdmc

Toprossriii nocpennuk: Softline Jlara 3akaza: 2010-10-27

Jlunensus: 47592632 Poaurensckas nporpamma: OPEN 67577298727E1210)
Microsoft Windows XP with SP3

(3 muuensuun WinPro 7 RUS Upgrd OLP NL Acdmc

Toprossrii nocpennuk: Softline Jlara 3akaza: 2010-10-27

Jlunensus: 47592632 Poaurensckas nporpamma: OPEN 67577298Z2ZE1210)
Microsoft Office 2007 Professional

(11 muuensuit OfficeProPlus 2007 RUS OLP NL Acdmc

Toprossiit nocpenauk: OO0 Paakom [lara 3akaza: 2008-09-19

Jlunensus: 44544996 Ponurtenbckas nmporpamma: OPEN 63786020ZZE1004)

CamocrosiTenpHas paboTa IPOBOAUTCS B KaOMHETAX, OCHAMIEHHBIX KOMITBIOTEPHOM
TEXHUKON C BO3MOXXHOCTBIO MOJKIIOUEHUS K ceTH « HTepHeT» n obecrieueHneM 0CTyma

B DJIEKTPOHHYIO HH()OPMALIMOHHO-00pa30BaTENbHYIO Cpely YHUBEPCUTETA.
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