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AHHOTANMA

Lenpro m3ydeHUs NaHHOW IUCITUILIMHEI SIBIIICTCS MPUOOPETEHHE HABHIKOB IMOCTPOCHUS MAaTEeMaTUYECKHUX
MoJIeIieH, OTIeHKH UX A((EKTUBHOCTH, MOCTPOCHHUSI aJITOPUTMOB M UX YUCICHHON pealn3aluy.

CucteMbl MHOTHX 4YaCTHI[ BKIIOYAIOT pPa3HOOOpa3HbIe OOBEKTHL. JTO aTOMBI, MOJEKYJbI, BKJIIOYAS
OMO-MOJICKYJIbl, HAHO-KJIACTEPhl M HAHO-CTPYKTYypbl. [Ipum 23TOM, ommcaHue TakUX CTPYKTYp Ha
ATOMHUCTHYECKOM YPOBHE BKJIOYAET KAaK OIMMCAHUE COOCTBEHHO CTPYKTYp, TaK M OMUCAHUE B3aMMOICHCTBHS
MEXIly HUMH, HAlPUMEpP, B3aUMOJCUCTBHUSI MOBEPXHOCTH C BemlecTBOM. CHCTEMBl MHOTHX YacTHIl OymayT
paccMarpuBaThCsi, B OOJIBIMUHCTBE CIy4yaeB, KaK CHUCTEMBI HAXOAAIIMECS B CTAIIMOHAPHBIX COCTOSHUSX, a
JTMHAMAYECKOMY OITMCAHHIO OyJIeT yelieHa HeOobIIas 4acTh Kypca.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- O3HAaKOMJICHME CTYICHTOB C COBPEMEHHBIMM IIOAXOJAaMHU K OIMCAHUIO CHCTEM MHOTUX YacTHUI]
OCHOBaHHBIMH, B OOJIbLIEH YaCTH, Ha KBAHTOBO-MEXaHMYECKOM PACCMOTPEHUU TAaKUX CHUCTEM, a TAK¥Ke
KJIACCUUECKOM pPAacCMOTPEHUM CUCTEM B CllydyasiX, KOIZa IOcjelHue NpUMEHUMBbl. CHUCTEMbl MHOTUX
YacTUI BKJIIOYAIOT Pa3HOOOpa3Hble OOBEKThl. DTO arOMbl, MOJIEKYJbI, BKIIOYas OHO-MOJICKYJIHI,
HaHO-KJIacTepbl U HAHO-CTPYKTYphl. IIpu 3TOM, onricaHue Takux CTpyKTyp Ha aTOMHUCTUYECKOM YPOBHE
BKJIIOYAET KaK ONHCAaHUE COOCTBEHHO CTPYKTYp, TaK M ONHMCAHWE B3aWMOJCHCTBUS MEXIY HUMH,
HalpuMep, B3aUMOJCHCTBUS TOBEPXHOCTH C BemiecTBOM. CHCTEeMbl MHOTHX 4YacTHIl OyayT
paccMaTpuBaThCs, B OONBIIMHCTBE CIIy4aeB, KAK CUCTEMbI HAXOASALINECS B CTALlMOHAPHBIX COCTOSIHUSAX,
a TMHaMHYECKOMY OIMCaHMIO OyAeT yJeneHa HeOoblas 4acTh Kypca.

3agauu AU CHUIIHHBI

- HAy4YUTh CTYJACHTOB, MCXOAS M3 MHKPOCKOIIMYECKOW MOJENN CTPOCHHUS BEIIECTBA, IOJb3YACH
KBaHTOBO-MEXaHHYECKUMH METOJAaMH, PACCUUTHIBATh (PH3MKO-XUMHUYECKHE CBOMCTBA CHCTEM MHOTHX
YaCTHII, HAIPUMEP, YHEPTeTHUECKHE XapaKTEPUCTHKH, CIIEKTPOCKOIMYECKHE, SHTAIBIINNA 00pa30BaHMs,
ANEKTPOCTATUICCKHUI TIOTCHIIMAT U IPyTHE.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

VK-2.1 ®opmynupyeT COBOKYHMHOCTh B3aMMOCBSI3aHHBIX
3aJa4 B paMKax IIOCTaBJIEHHOW  1enu  paboThl,
o0ecreynBaroInX ee JIOCTH)KEHHE. Ormpenenser
OKUJaeMbI€ PE3YyNbTaThl PEIIEHUS TOCTABICHHBIX 3a/1a4

YK-2 CriocoGen onpenensiTe Kpyr 3a/1a4d B
paMKax OCTaBJICHHOM LENH U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs, UCXOIS U3
JEHCTBYIOIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB U OTpaHUYEHUI

VYK-2.2 TIIpoektupyer peuieHHE KOHKPETHOW 3ajadu
MpOEKTa, BBHIOMpas ONTUMAJBHBIA CHOCOO ee peLIeHHs,
UCXOAsl U3 NEHCTBYIOLUX MPABOBBIX HOPM U HMEIOLIUXCS
PECYPCOB U OTpaHUYECHUI

OIIK-1.1 CrocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CnocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTCCTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN JIeATeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHULbl MPUMEHUMOCTH
HOJIyYCHHBIX PEe3YJIbTaTOB

[MK-3.1 3naer npuHIHMIILEI PabOTHI M JHANa3oHbl pabounx
napamMeTpoB HCIOIB3YEMOr0 HaAyYHOTO 000py/IOBaHUS

[IK-3.2 3naer o6macTy W KPUTEPUHU NPUMEHUMOCTH
[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh WCIIONIb3YEMBIX ~TEOPETHMYECKHX TOAXOJOB M yMEHHE
MOIXOIAIIee 000PYyIOBaHNE, HHCTPYMEHTHI H OIICHWBATh TOYHOCTh TPUOIMKCHHBIX  aHATUTHICCKUX
METOJIbI CCIIEIOBAHUM JIJIsl pelIeH s 334 B |METO/IOB BbIYUCTICHUI

n30paHHOMN IpeIMETHON 00IacTi [IK-3.3 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIO)KHOCTH  HCIIONb3yeMbIX  alTOPUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HATb.

YMETB:

- IpUOMMKEHUS, MO3BOJIAIOIINE pAa3/eNIATh SACpHBIC U 3JIEKTPOHHbIE NEPEeMEHHbIC B ypaBHEHHE
pénuurepa, 061acTh UX MIPUMEHUMOCTH, KOJICOAHUS U BPAIICHUS CUCTEM MHOTHX YaCTHII;

- TIPEICTaBIEHHE MHOTOZJIEKTPOHHBIX AHTUCHMMETPUUYHBIX BOJHOBBIX (YHKIHH pAAaMH  TI0
nerepmuHanTam CiaTepa, QyHKIMOHAI 3HEPTUN MHOTOXJIEKTPOHHOM CUCTEMBI;

- BapUallMOHHBIA IPUHLUII B HEPEJISTUBUCKONM KBAaHTOBOM MeEXaHUKe, ypaBHeHHE Xaprpu-Ddoka,
XapTpu ¥ METOJ] CaMOCOTTIACOBAaHHOT'O ITOJISA, IPUHIMII 3aII0JIHEHHUS OpOUTANIeH IEKTPOHAMH, TEOPEMY
Kynmanca;

- KJIACCH(HMKALMIO BIIEKTPOHHBIX COCTOSIHUH MOJEKYJSIPHBIX CHUCTEM, M UX SJIEKTPOHHBIX 00O0JIOUEK,
KOppEJSAIMOHHbIE CBOHCTBA MOTHON BOJHOBOW (DYHKIIMU U OpOUTAIICH;

- mpaBwia CridTepa BBIYHMCICHHS MATPUYHBIX OHIEMEHTOB MEXAY JCTEPMHUHAHTAMH, TEOpPEMY
bpwinrosHa;

- MHOTOKOH(QUI'YpallMOHHBIE BOJHOBBIE (PYyHKIMM, HaTypajbHble OpOHMTalM, OIpenesieHUe
KOPPEJSILMOHHOM 3HEpruy, onucaHue @OEpMUEBCKON IBIPKH, CTaTUYECKYD U JUHAMUYECKYIO
KOPPEJISLHIO;

- METOJ KOH(UTYPaLMmOHHOTO B3aUMOJICICTBUS, MHOTOKOH(UTypaIlMOHHBIN METOJ
CaMOCOIIIACOBAHHOTO TOJIsI, TECOPHIO Bo3MyeHn Ménnepa-Ilneccera;

- Teopuio (YHKIMOHAJa IUIOTHOCTH, TEOpPEMy M BapHALMOHHBIM npuHIMI XoxdHOepra-Kona,
ypaBHenue Kona-Illama, mpubnmkeHue J10KaaIbHON INIOTHOCTH U U3BECTHBIE (DYHKIIMOHAJIBI;

- OOHO M JBYXIJEKTPOHHYIO (YHKIMIO IUIOTHOCTH, INpEJCTaBleHHE (YHKIMOHAlA SHEPrUu 4epes
(YHKLIMY TIIOTHOCTH, aHAJIN3 3aCEIEHHOCTH MOJIEKYJISIPHBIX OpOUTANIeH;

- MpUONIKeHUE JTUHEHHOW KOMOMHAIIMU aTOMHBIX OpOWTael, BKIIoUas MOJHOTY HaOOpoB 0a3HCHBIX
(YHKUIUH ¥ CXOOUMOCTh K TOUHBIM PELICHUSM;

- Tl 6a3UCHBIX (QYHKIUN U HEAMIIMPHUUYECKHUX PAcUETOB, UX KiacCH(UKAINIO, HAOOPHI aTOMHBIX
0a3ucHbIX  (QYHKUMH, YacTO  HCIOJIb3yeMble B  HEIMIHPHUECKUX  pacuérax, 0Oa3ucHyIO
CYHEPIO3UIIMOHHYIO OIIHOKY U METOIBI €€ KOPPEKIINH;

- METOJ [ICeBAONOTeHINANa, TeopeMy | enbmana-Deiimana, TeopeMy BUpHaa;

- BBIYMCIIMTEIbHYIO CIOXHOCTh HEIMIMPUYECKUX MeTonoB, Teoputo CCII wurepanuil u Meroabl
YCKOPEHUS MX CXOAUMOCTH;

- METOZIbI ONTUMM3ALUU T€OMETPUU MOJIEKYJIIPHBIX CUCTEM;

- BBIYHCJICHHE COOCTBEHHBIX 3HAYCHUN MATPHLL CTETIEHHBIM METOJIOM, METOJIOM OOPaTHBIX UTEPALH CO
CIBMIOM, METOJOM HTepaluil ¢ OTHOLIEeHUEM Peies, METoJOM OpPTOrOHaJbHOIO IPOEKTHPOBAHUS,
MeToaaMu noarnpocrpancTsa Kpeuiosa.

- OLCHMBAaTh BO3MOXXHOCTb IPUMEHEHHUS aauabaTHueckoro NpUOMKEHUs H  NPUOIMKEHUs
Bbopna-OnnenreliMapa py OlMCaHUY MHOTOIEKTPOHHBIX CUCTEM;

- OLICHHMBATh BO3MOYKHOCTH TEOPETUYECKOIO MCCIETOBaHUS MHOTO3JIEKTPOHHBIX CHCTEM Pa3iINYHBIMU
KBaHTOBOMEXAHUYECKUMU U NOITYIMIIMPHUUECKUMU METOaMU;

- OLCHMBaTh HEOOXOJMMOCTh NPUMEHEHHS MHOTOKOH(UIYPALMOHHBIX BOJHOBBIX (QYHKLUWH 7S
OIMCAHUsI MHOTO3JIEKTPOHHBIX CUCTEM;

- WCIIONB30BaTh TeopeMy Kymnmanca Ui OLIGHKM TOTEHIMAIOB HMOHW3ALMA MHOTOJIEKTPOHHBIX
CHUCTEM.

BJIAJIETh:

- OCHOBHBIMH METOJIaMHU TEOPUH JIEKTPOHHOMN CTPYKTYPBI CUCTEM MHOTMX YaCTHII

- MeTozioM Xaptpu-Poka, MeToaMu Teopuu (yHKIMOHAA IUIOTHOCTH, METOIOM KOH(HUTYPALMOHHOTO
B3aMMOJICHCTBHS, MHOTOKOH(UTYPAITMOHHBIM METOJIOM CaMOCOIIIACOBAHHOIO ITOJISI, METOJaMH TECOPHH
BO3MYILIEHUH;

- METOAAMM MOJEKYISPHOH AMHAMMKH, ONMCHIBAIOIIUMHU IUHAMHKY IIOBEJEHUS CHUCTEM MHOTHX
4acTull.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX 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.



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

Hpyrue npuOnmukeHuss W METOJBI,

1 HEOOXOUMBIE TUTSt OTHCaHUs 6 3 10
MHOTORJIEKTPOHHBIX CUCTEM.

) Onucanue MHOTO3JIEKTPOHHBIX CHCTEM B ] 3 10
paMmkax metona Xaptpu-Doka.

3 Onucanue MHOTOAJIEKTPOHHBIX CHCTEM 6 3 10
KOPPENAIUOHHBIMA METOJAMHU.
OcHoBHBIE TIOJIOXKEHUS

4 KBAaHTOBO-MEXaHUYECKOTO ONUCAHUS 4 3 10
CUCTEM MHOTHX YaCTHII.

5 OcHOBHBIE YUCJICHHBIE METOJIBI 6 3 5
HEIMIUPUYECKUX BBIYUCTICHUI.

Hroro wacos 30 15 45

[TonroToBka K 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 7 (OceHHwmi)

1. Ipyrue npubiamKeHus: 1 METOAbI, HEOOXOAUMBIE JUIS ONTMCAHUS MHOTOYICKTPOHHBIX CHCTEM.

OnHO- M IBYXdJEKTpOHHAs (QYHKIMS INIOTHOCTH. beccrnimHoBble QyHKIMU TIOTHOCTH. BripaxeHue
CpemHMX 3HAYCHUH OmeparopoB dYepe3 OdJICKTPOHHbIE (YHKIMU TUIOTHOCTH. [IpencraBneHue
(yHKLIMOHANA JHEPTUM 4Yepe3 OIHO- M JABYXIIEKTPOHHBIC (DYHKIMU IUIOTHOCTH. DJIEKTPOHHBIC
(YHKIMH TUTOTHOCTH JUTS OJHOIETEPMUHAHTHON BOJHOBOHM (DyHKIMM, BKITIOUas CIy4all 3aMKHYTBIX
00omnouek. AHaIN3 3aCeIEHHOCTH MOJIEKYIISIPHBIX OpOUTAIICH.

[Mpubnuxenne nuHelHOW KoMOMHAIMK aToMHBIX opOuTaneit (JIKAO). [TonHoTa HabOpOB Oa3UCHBIX
¢ynkmii B mpoctpancTBax ['mimsdepra m CobojeBa M CXOAMMOCTh K TOYHBIM pEHICHUsM. MeTon
Xaprpu-Doka Al 3aMKHYTOH M OTKpbITOH 00onouku B mpubmmwkenun JIKAO. HeorpanuueHHbIH
Mero Xaprpu-doxa.

Tunbel  0a3uCHBIX (QYHKIMHA JUISI  HEOMIHPHUYECKUX PACYETOB  MHOTODJICKTPOHHBIX —CHCTEM.
Knaccudukanmss HabopoB OasucHbix GyHKOMA. basucHple (QyHKIIMM rayccoBa — THIIA.
[Monspuzaunonnsle, muddysHple u npucoeauHéHHble (yHKuuH. [Ipumepsl HaOOpPOB Oa3MCHBIX
(byHKIMI pa3HBIX THUIOB. ATOMHbIE Oa3uCHBIE (PYHKIIMU YacTO UCITIOIb3YeMbIEe B pacuéTax.

bazucHas cynepno3unuoHHas OIMMOKA W METoJAbl €€ KOppeKIuu. MeTox TICeBIONMOTEHIIANIA.
Teopema I'enbmana-@®eiimana. Teopema Bupuana. Ilomysmnupuueckne MeToApl. TOYHOCTH H
HaJE&KHOCTh KBAaHTOBO-MEXaHMYECKMX METONOB. METOAbl MOIEKYJISIPHOM MEXaHUKHA. MeTonsl
MOJIEKYJIIPHOW JTUHAMUKHU.

2. Onucanue MHOTO3JICKTPOHHBIX CUCTEM B paMKax METOAA XaprI/I—CDOKa.

BapranmoHHbslii TpUHOWI B HEPEISTUBUCKOW KBAHTOBOM MEXAHMKE W METOJ HEONPENEIEHHBIX
MHOxuTenen Jlarpanxa. YpasHenue Xaprpu-®oka u Xaprpu. MeToz caMOoCOIacoBaHHOTO MOJIS.

[MpuHnmn  3anonHeHust opOuraneit snexTponamu. Teopema Kymnmanca. Kiaccudukanus
MOJIEKYJISAPHBIX OpOnTaeld. DNEeKTPOHHBIE COCTOSIHUSA MOJIEKYJ1. DJIEKTPOHHBIE 00O0JIOYKH aTOMOB H
MoJIeKys1. BonHoBbIe QyHKIIMN CHCTEMBI Il COCTOSHUM C 3aMKHYTBIMHU U OTKPBITBIMH 00OJIOYKaMH.
VYpaBuenue Xaptpu-Doka s COCTOSHUW € 3aMKHYTBIMH OOoJioukaMu. OrpaHHYEeHHBIA W
HeorpaHu4eHHbI Metonbl Xaprpu-Poka. JlokanuzoBanusie MO M NPUHIUIB WX JIOKAJIU3AIUH.
Bupryansusie opOutanu B merone Xaprpu-Poka um ux ¢Qusmueckuil cmbica. KoppensuuoHHbie
CBOWCTBA IOJTHOW BOJHOBOW (YHKIMHU, MOJEKYISAPHBIX OpOHMTajieii W OpOMTANBHBIX OJHEPTH.
MHOr0371eKTPOHHBIE CIIMHOBBIE BOIHOBBIE (D)YHKLIMH.




3. Onucanue MHOTO3JICKTPOHHBIX CUCTEM KOPPCIIAIIUOHHBIMHA METOJaMU.

[IpaBuna CndTepa BBIYUCICHHUS MaTPUYHBIX BJIEMEHTOB MEXIY IETEPMUHAHTHBIMU BOJIHOBBIMHU
¢ynknusmu. Teopema BpuimiosHa. MHOTOKOHQUTypaIiioHHbIE (MHOTOIETEPMHUHAHTHBIC) BOJTHOBBIC
(YHKIMM ¥ pa3MEpHOCTh KOH(QUI'YpallMOHHOTO mpocTpaHcTBa. HarypanbHble —opOuTamu.
Koppensuuonnast sneprusi. depmueBckas nbipka. Craruueckas M JUHAMHUYECKas KOPPEISLUU.
Meron KOH(UTYpaLOHHOTO B3aMMOJICHCTBHS u ero BBIUMCIIUTENbHAS cxema.
MHOTrOKOH(UTYPallMOHHBIM ~ METOJ]  CaMOCOTJIACOBAHHOTO  MoJis.  Teopust  BO3MYIICHHN
Ménnepa-Ilneccerra.

Monens Tomaca-®epmu. Teopust GyHKIIMOHANA TJIOTHOCTH, TEOPEMa W BapHAIMOHHBIM TPUHIIUI
XoxsHbepra-Kona, ypaBuenne Kona-lllama, npubnikeHHe JOKaJbHOW TMJIOTHOCTH W W3BECTHBIC
(YHKIIMOHAITBI.

HesMmnupuueckne KOMIO3UTHBIE METO/IbL. TeopeTHuueckast TEepMOXUMUSL.

4. OCHOBHBIE TTOJI0KCHHSI KBAHTOBO-MEXaHUYECKOTO OMMKMCAHMUS CUCTEM MHOTHX qacTull.

Anmmnabarnueckoe npubmmxenne u npudmmkenne bopHa-Onnenreiimepa, ©X TPUMEHUMOCTb. Brixon
3a paMKu aauabarndeckoro npuOmmkeHus. KomebGanuss u BpamieHHs IByX- M MHOTOATOMHBIX
MOJIEKYIL.

MHOTr03JIeKTPOHHBIE AHTUCHMMETPUYHBIC BOJHOBBIE (YHKIHMH. OJHOARIEKTPOHHBIE BOJHOBBIC
¢yHKUMK. MaTpuyHble 3IeMEHTBl OAHO- U ABYXAJEKTPOHHBIX omeparopoB. DYHKIHMOHAN 3HEPTUU
MHOTO3JIEKTPOHHOU CUCTEMBI.

5. OCHOBHBIC YUCJICHHBIC METOAbl HEOMITUPHUICCKUX BBIYUCIICHUM.

BoruncnurensHas CIIOKHOCTh Heammmpudeckux wmetonoB. Teopus CCII wrepammii. Meton
OUHAMHYECKOTO  CABUTa  ypoBHeW. OmnruMuzanusi TE€OMETPUH  MOJIEKYJISPHBIX  CHUCTEM.
[IpeoOpa3oBanre ABYXIIEKTPOHHBIX HWHTErpanoB u3 0aszuca AO B 6azuc MO. Dxcrpamonsuus B
WTEpallMOHHBIX MeTojax. JIuHeilHble W JUHEHHBIE MPOEKIMOHHBIE METOABl SKCTPAIIONSIIHIH.
Borunciienne  OBYX-3JE€KTPOHHBIX — OTTAJIKWBATEIBHBIX  WHTETPAJOB C  CTPYIITUPOBAHHBIMH
rayCCOBBIMU (DYHKITUSIMH.

CoOcTBeHHbBIE 3HAUCHMsSI M COOCTBEHHBIE BEKTOpPHI MaTpull. [IpuBeneHue o0OOMIEHHOW 3a/lauyu Ha
cOOCTBEHHBIC 3HAYCHHsI K 3a/lade Ha COOCTBCHHBIE 3HAUEHUS MATPUII C HCIIOJIb30BAHUEM
YHUTApHOTO (OPTOTOHANIBLHOTO) pa3lioKEeHUsT H  TpeoOpa3oBaHUs  XOJEIKOro. Beruucienue
COOCTBEHHBIX 3HAUEHUI MATPUIl CTEIIEHHBIM METOIOM, METOAOM OOpAaTHBIX UTEPaluii CO CIABUTOM,
METOOM HTEpALMl ¢ OTHOWIEHHWEeM Penes, METOOOM OpPTOrOHAJBHOIO IMPOEKTHPOBaHHs. MeTron
WCYEPITBLIBAHMS JIJIS BRIYHCIICHUS BCEX COOCTBEHHBIX 3HaYeHMI. MeTojbl moanpocTtpancTsa Kpreuiosa
U 0030p COBPEMEHHBIX HTEPAlMOHHBIX METOJOB HAXOXKJCHUS OJKCTPEMaJbHBIX COOCTBEHHBIX
3HAYCHUN CHMMETPUYHBIX MAaTPHI] OOJIBIIION Pa3MEPHOCTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yueOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. KBanToBas Mmexanuka u kBaHtoBas xumus [ Tekct] : yueOnuk st By3oB / H. @. CrenanoB .— M. :
Mup ; U3n-Bo MI'Y, 2001 .— 519 c.

®onp nuTeparypsl Kadeaps

2. bapanosckuit B.U. KBantoBas mexanuka u KkBaHToBast xumusi. — M: Axkangemus, 2008.
3. Hupenscon B. I. KBanTOBast XMMMS: MOJEKYIBI, MOJIEKYIISIPHBIE CHCTEMBI M TBEpABIE Tena. — M:
BMHOM. Jla6opatopust 3nanmii, 2010.



JlononHuTeNbHAS TUTEpATypa
1. KeanToBas xumust [Tekcr]. T. 1. OcHoBbl 1 001MIe MeTonb! / JI. [ronuke ; mep. ¢ Hem. M. M.
bependensaa [u ap.] ; mox pea. M. B. bazunesckoro .— M. : Mup, 1976 .— 512 c.
®onp nuTeparypsl Kadeaps

2. @ynzunara C. Metoa MoNeKymsipHBIX opouTtaneii. — M: Mup, 1983.

3. Abapenxkos U. B., bparues B. @., Tyny6 A. B. Hauana kBantoBoii xumun. — M: Briciias mkona,
1989.

4. Mak-Bunu P., Catxknud b. KBanToBas mexanrka mosiekyn. — M: Mup, 1972.

5. Cmatep k. DnexTpoHHas CTPyKTypa MoJekyi. — M: Mup, 1965.

6. Knapk T. Komnerorepras xumuda. — M: Mup, 1990.

7. Helgaker T., Jorgensen P., Olsen J. Molecular Electronic-Structure Theory. — New York: Wiley,
2000.

8. Hehre W. J., Radom L., Schleyer P. v. R., Pople J. A. Ab Initio Molecular Orbital Theory. — New
York: John Wiley & Sons, 1986.

9. Czabo A., Ostlund N. S. Modern quantum chemistry (Introduction to advanced electronic structure
theory). — New York: Dover Publications, Inc., 1989.

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

1. http://lib.mipt.ru— anekrponHas 6ubnroTexa dusrexa.

2. http://www.Sci-lib.com — Bonbinas HayuHast OubnuoTexa.

3. http://benran.ru —6ubMMOTEKA 1O €CTEeCTBEHHBIM HaykaMm Poccuiickoii akajieMUuH HayK.

4. http://arXiv.org— CornellUniversityLibrary — bubnuoreka Kopaensckoro Yausepcurera,
ANIEKTPOHHBIN pecypc arXiv.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

He npexycmorpeHo.
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

JIns ycHemrHoro OCBOGHHUSI Kypca, MOMHUMO MOCEHICHUs JICKIUH W J1a0OopaTOpHBIX, OT CTYACHTOB
TpebyeTcsi caMoCTosiTeNbHast paboTa B 00bEME HE MEHEE YeM T€ 4achl, KOTOPbIE yKa3aHbI JUIs KaX0To
pasnena mporpamMMmbl. B 0OCHOBHOM, 3TO BpeMsi OTBOIUTCS Ha CAMOCTOATEIIFHOE M3YYEeHUE Marepuaa
[0 OCHOBHOHM W JIONIOJHUTENBHOH JuTeparype. CaMOCTOSATENbHBIC 3aHATHS BKIIIOYAIOT B CeOs TakkKe
MOBTOPEHHE Marepuaia JIEKIWH W IOATOTOBKY K IIPOMEKYTOYHBIM TECTHPOBAHHSM, KOTODHIC
HPOBOASATCS JUISl TEKYILETO KOHTPOJIS 3a yCBOeHHEeM Marepuaia. CTyAeHThI, IOCEHIAIOMNe JICKIUU U
YCIEIIHO  TpoIueamue  (GOpMbI  MPOMEXKYTOYHOTO  KOHTPOJS,  JIOMYCKAIOTCS K clIade
T PepeHITPOBAHHOTO 3a4eTa 110 IUCIUILTHHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: CynepKoMIBIOTEPHOE MOJICIMPOBAHUE SCPHBIX TPOLIECCOB M TEXHOIOTHI
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTaunu: 7 (oceHHuil) - JuddepenuupoBannslii 3a4et

Pa3zpadoTunk: A.B. Murtus, a-p ¢pu3.-Mar. Hayk, npogeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKEHHUE. Omnpenenser
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

YK-2 Cnocoben onpenensiTe Kpyr 3a1a4d B
paMKax IMOCTaBJICHHOM LIEH U BEIOHPATH

ONTUMAJTLHBIE CITOCOOBI X PEIISHUs, UCXOS U3
JNEHCTBYIOIIUX MPABOBBIX HOPM, UMEIOIIUXCS
PECYPCOB U OTpaHUYCHUI

VK-2.2 IlpoexTupyeT peuieHue KOHKPETHOM 3amadyu
MPOEKTa, BBHIOWpAs ONTHUMAIBHBIA CHOCOO €€ pelleHHs,
UCXOAsI M3 JEHCTBYIOIIUX MPABOBBIX HOPM U HMMEIOLIMXCS
PECYPCOB U OTpaHUYEHUI

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CriocobeH npuMeHsTh HAMEYATD MyTH €€ PEIICHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B

OIIK-1.2 CnocobeH cTpouUTh MareMaTHYecKue MOJEIH,
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)

MPOU3BOAUTDH KOJIMUCCTBECHHBIC PACYCThI U OLICHKU

C€CTCCTBCHHBIX HAYK, U UCIIOJIb30BaTh UX B

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompenensTs TpaHUIbl TPUMEHHUMOCTH

MOJIYYCHHBIX PC3YJIbTATOB

[IK-3.1 3naer npuHUMIIEI PabOTHI M JHAana3oHbl paboumx
[apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
nozaxozsiee 000py10BaHHE, UHCTPYMEHTBI M1 |OLIEHMBAaTh TOYHOCTb IMPUOIMIDKEHHBIX  AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM I PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIA

M30paHHOM NpeMEeTHOI o0nacTu [IK-3.3 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJTOPUTMOB M o0ObeMa
TpeOyeMBIX BHIYHUCIUTEIBHBIX PECYPCOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare wusydeHus IUCHMILIMHBI «MHOIOypOBHEBOE KBAaHTOBOMEXAHHYECKOE MOJEIUpPOBaHUE
($u3nYecKuX cucTeM 00yYaromnics TO0JKEH:

3HAThb:




- IpUOMMKEHUS, MO3BOJIAIOIINE pa3/eNiATh SACpHBIC U 3JIEKTPOHHbIE NEPEeMEHHbIC B ypaBHEHHE
pénuurepa, 061acTh UX MIPUMEHUMOCTH, KOJICOAHUS U BPAIICHUS CUCTEM MHOTHX YaCTHII;
- TIPEICTaBIEHHE MHOTOZJIEKTPOHHBIX AHTUCHMMETPUUYHBIX BOJHOBBIX (YHKIHMH pAAaMH  TI0
nerepmuHanTam CiaTepa, QyHKIMOHAI 3HEPTUN MHOTOXJIEKTPOHHOM CUCTEMBI;
- BapUallMOHHBI IPUHLUII B HEPEJSTUBUCKONM KBAaHTOBOM MeEXaHUKe, ypaBHeHHE XapTrpu-Doka,
XapTpHu ¥ METOJ] CaMOCOTTIAaCOBAaHHOT'O ITOJISA, IPUHIMII 3aII0JIHEHHS OpOUTaNIeH IIEKTPOHAMH, TEOPEMY
Kynmanca;
- KJIACCHU(HKALMIO BIIEKTPOHHBIX COCTOSIHUH MOJEKYJISIPHBIX CHUCTEM, M UX SJIEKTPOHHBIX 00O0JIOUEK,
KOppEJSIMOHHBIE CBOHCTBA MOTHON BOJHOBOW (DYHKIIMU M OpOUTAIICH;
- mpaBwia CidTepa BBIYHMCICHHS MAaTPUYHBIX OBIEMEHTOB MEXAY JCTEPMHUHAHTAMH, TEOpPEMY
bpwinrosHa;
- MHOTOKOH(QUI'YpallMOHHBIE BOJHOBBIE (PYyHKIMM, HaTypajbHble OpOHMTaNM, OIpenesieHUe
KOPpPEJSILMOHHOM 3HEpruy, onucaHue @OEepMUEBCKON IBIPKH, CTaTUYECKYD U JUHAMUYECKYIO
KOPPEIALHNIO;
- METOJ KOH(UTYPaLMmOHHOTO B3aUMOJECICTBUS, MHOTOKOH(UTypaIlMOHHBIN METOJ
CaMOCOIIaCOBAHHOTI'O TOJIs, TEOPHIO Bo3MyLIeHN Mémnepa-Ilneccera;
- Teopuio (YHKIMOHAJa IUIOTHOCTH, TEOpPEMy M BapHALMOHHBIM npuHIMI XoxdHOepra-Kona,
ypaBHenue Kona-Illama, mpubnmkeHue 10KaabHON INIOTHOCTH U U3BECTHBIE (DYHKIIMOHAIIBI;
- OOHO M JBYXIJEKTPOHHYIO (YHKIMIO IUIOTHOCTH, INpEJCTaBleHHE (YHKIMOHAla SHEPrUu 4epes
(YHKLIMY TIIOTHOCTH, aHAJIN3 3aCEIEHHOCTH MOJIEKYJSIPHBIX OpOUTaNeH;
- MpUONIKeHNE JTUHEHHOW KOMOMHAIIMU aTOMHBIX OpOWTanel, BKIoUasi MOJHOTY HaOOpoB 0a3HCHBIX
(YHKUIMH ¥ CXOOUMOCTh K TOYHBIM PELICHUSM;
- Tl 6a3UCHBIX (QYHKIUN U HEAMIIMPHUYECKHUX PAcUETOB, UX KiacCH(UKAINIO, HAOOPHI aTOMHBIX
0a3ucHbIX  (QYHKUMH, YacTO  HCIOJIb3yeMble B  HEIMIHPHUYECKUX  pacuérax, 0Oa3ucHyIO
CYHEPIO3UIIMOHHYIO OIIMOKY U METO/IBI €€ KOPPEKIINH;
- METOJ IICeBAONOTeHINANa, TeopeMy | enbmana-Deiimana, TeopeMy BUpHaa;
- BBIYMCIMTEIbHYIO CIOXXHOCTh HEIMIMPUYECKUX MeTonoB, Teoputo CCII wurepanuil u mMeroabl
YCKOPEHUS MX CXOAUMOCTH;
- METOZIbI ONTUMM3ALUU T€OMETPUU MOJIEKYJIIPHBIX CUCTEM;
- BBIYHCJICHHE COOCTBEHHBIX 3HAYCHUN MATPHLL CTETIEHHBIM METOJIOM, METOJIOM OOPaTHBIX UTEPALHH CO
CIBMIOM, METOJOM HTepaluil ¢ OTHOLlIeHUEM Peies, METoJOM OpPTOrOHAJbHOIO IPOEKTHPOBAHUS,
MeToaaMu noarnpocrpancTsa Kpouiosa.

yMeThb:
- OLCHMBAaTh BO3MOXXHOCTb IPUMEHEHHUS aauabaTHueckoro NpUOMKEHUs H  NpUOIMKEeHUs
Bbopna-OnnenreliMapa py ONMCaHUY MHOTOIEKTPOHHBIX CUCTEM;
- OLICHUBATh BO3MO)KHOCTH TEOPETHUYECKOIO MCCIIEAOBAHUS MHOTOIEKTPOHHBIX CHCTEM Pa3IMYHBIMU
KBaHTOBOMEXAHUYECKUMU U NOIYIMIIMPHUUECKUMU METOIaMU;
- OLCHMBaTh HEOOXOJMMOCTh NPUMEHEHHS MHOTOKOH(UIYPALMOHHBIX BOJHOBBIX (GYHKUWH A7
OIMCaHUsI MHOTOJIEKTPOHHBIX CUCTEM;
- HUCHONb30BaTh TeopeMy Kynmanca 1711 OLEHKHM TMOTEHLUMAIOB HMOHM3AIMA MHOTO3JIEKTPOHHBIX
CHUCTEM.

BJIaJeTh:
- OCHOBHBIMH METO/IaMHU T€OPUH JIEKTPOHHOMN CTPYKTYPBl CHCTEM MHOTHX YaCTHIL
- MeTozioM Xaptpu-Poka, MeToaMH Teopuu (yHKIMOHAA IUIOTHOCTH, METOIOM KOH(HUTYPALMOHHOTO
B3aMMOJICHCTBHS, MHOTOKOH(UTYPALITMOHHBIM METOJIOM CaMOCOIIIACOBAHHOIO ITOJIsI, METOJaMH TEOPHH
BO3MYILIEHUH;
- METOJaMHM MOJIEKYSIPHOW JUHAMUKH, OIKCHIBAIOIIMMH JIMHAMHKY MOBEICHHUS CHUCTEM MHOTHUX
4acTull.

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

B nensix Tekyliero KOHTpOJIs YCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpPEeAbLAyIIHX
3aHATHH 110 TEME MTPOLLION JIEKIIUN WM B KOHIIE 3aHATHS 10 IPOMIEHHON TeMe.



3. [lepeyeHb THMOBBIX KOHTPOJbHBIX 3aJaHUi, MCHOJb3yeMbIX JJIsl OLlEHKM 3HaHWIA,
yMeHH i, HABbIKOB

[IpomexxyTouHasi arrectanmusi 1Mo JUCHUIUIMHE «MHOTOYpOBHEBOE KBAaHTOBOMEXAHHUYECKOE
MOJIETTMPOBaHNE (PU3NIECKUX CHUCTEM» OCYIIECTBIsIeTCs B opMe Au(depeHunpoBaHHOT0
3aveta. [ludepeHunpoBaHHBIN 3a4€T IPOBOAUTCS B YCTHOH QopMme.

IIpumepHBbIii IepevYeHb BONPOCOB B TeCTaX

1. 3ammcare ycioBue MPUMEHUMOCTH aAHabATHYECKOTO MPUOIMKEHHS U MPUOTHKCHUS
bopna-Onnenreiimepa.

2. Hanwmcare BepakeHue st (YHKIMOHAIA SHEPIUU MHOTOZJICKTPOHHOM CHCTEMBI B
aanadaTU4ecKOM MPUOIMKEHUHU C OJHOIETePMUHAHTHONW BOJIHOBOM (DYHKIIMEH.

3. CdopmynupoBaTh METOJ HEONPeNEeAEHHBIX MHOKHUTENEH Jlarpamka HaxoXICHUS
YCIOBHOT'O SKCTPEMYMa HEKOTOPOro (PyHKIIMOHAIA.

4. 3anucars ypaBHenune Xaprpu-Poka u omeparop Poka s OAHOAECTEPMHUHAHTHOMN
BOJIHOBOU (DYHKIIMH.

5. Cdopmymuposats Teopemy Kymnmanca.

6. 3ammcarp npaBwia CidTepa  BBIUMCIEHHS  MATPUYHBIX — DJIEMEHTOB  MEXKIY
JETEPMUHAHTHBIMU BOJIHOBBIMU (DYHKILIUSIMHU.

7. Cdopmymuposats TeopeMy bpuiutosHa.

8. 3ammcars orepaTop BO3MYIIEHHs B TEOPUH Bo3MyIeHui Mémnepa-Ilneccera.

9. Cdopmymuposats Teopemy Xoxsubepra-Kona.

10. 3anmcars ypasaenne Kona-Illama.

11. Chopmynuposats Teopemy I'enpmana-Deiimana.

12. ChopmynupoBars TeOpeMy BHpHAIIA.

13.3anucaTh aIrOpuUTM BBIYKCIECHUS COOCTBEHHBIX 3HAYEHWH MATpPHIl CTEHNEHHBIM
METO/IOM.

14. 3anicath anropuT™ BEIYHCIICHHST COOCTBEHHBIX 3HAUYCHUI MATPHUI[ METOIOM OOPaTHBIX
UTepanuii co CIIBUTOM.

IIpumepHBIii IepeYeHb KOHTPOJIbHBIX BOIIPOCOB B OM/IeTAX

1. ApuabGatmueckoe mnpuOmkeHne u  npubmwxkenue bopna-OnmenreiimMepa, ux
[IPUMEHUMOCT.

2. MHOTO2JIEKTPOHHbIE AHTHCHUMMETPUYHBIE BOJHOBBIE (QYHKIHMHA. OIHOIIEKTPOHHBIC
BOJIHOBBIE (DYHKIMM. MaTpUYHBIE 3JIEMEHTbl OJIHO- M JABYX3JIEKTPOHHBIX OINEpPaTopoB C
OJIHO/IETEPMHHAHTHON BOJHOBON (yHKIMeH. DyHKIMOHAT SHEPruu MHOTOAIEKTPOHHON
CHCTEMBI C OIHO/IETEPMUHAHTHOM BOJIHOBOW (pyHKLIHEH.

3. BapuanmuoHHBI TPUHIMII B HEPEISITUBUCKOM KBAaHTOBOW MEXaHUKE W  METOJ
HEOoNpenenEéHHbIX MHOXUTeNnen Jlarpawka. Ypasuenue Xaprtpu-doka u Xaprpu. Meron
CaMOCOTTIaCOBAHHOTO TOJIA.

4. VYpaBHenune Xaptpu-Poka JUIsI COCTOSHUI C 3aMKHYTBIMH o0Oonoukamu. Teopema
Kynmanca.

5. Heorpanuuennsiit metoq Xaptpu-®oka. @U3NUECKUil CMBICT BUPTYaIbHBIX OpOUTAIEH.

6. IlpaBmma CridTepa BBIYUCICHHUS MATPUYHBIX JJIEMEHTOB MEXAY JCTEPMHUHAHTHBIMU
BOJIHOBBIMH (pyHKIMsIMH. Teopema bpuittosHa.

7. Merox KOHQUTIYpallUOHHOTO B3aMMOJEWCTBHUS M €ro BbIYHMCIUTENbHAs CXeMa.
[IpeoOpa3oBanue IBYX3JIEKTPOHHBIX HHTETpajioB u3 6asuca AO B 6a3uc MO.

8. Teopus Bo3mymienuit Ménnepa-Ilneccerra.

9. Teopus ¢pynkunonana mwiotTHocTH. Teopema Xoxsn6epra-Kona. Ypasuenue Kona-Illama.



10. ITpubnmxenue muHEHHON KoMOMHaIMu aToMHbIX opoutaneit (JIKAO). [TonHoTa HaGopoB
0a3uCHBIX (YHKIMIA M CXOAMMOCTh K TOYHBIM pemreHusiMm. Merox Xaptpu-®Doka s
COCTOSIHHH C 3aMKHYTOM 0005104K0# B ipubamkennn JIKAO.

11. Heorpanunuennsiii meron Xaptpu-Poka B npudamxennn JIKAO.

12. Tunel Oa3ucCHBIX (QYHKIUH IS HEOMIUPHUYECKUX pacy€ToB W HUX Kiaccuukams.
CrpynmnupoBaHHble 0a3ucHble (PYHKIMM rayccoBa Tura. ATOMHbIE Oa3uCHbIE (DYHKIHH,
4acTO UCHOJIb3yEMbI€ B HEAMIIUPUUYECKHUX pacuéTax.

13. Teopema I'enbmana-®eiimana. Teopema Bupuana.

14. Teopus caMOCOIIaCOBAHHBIX UTepaluii. MeTo TMHAMUYECKOIO C/IBUT'A YPOBHEH.

15. Dkcrpanonsnus B UTEPAMOHHBIX MeTojaX. JIMHelHble M JTUHEHHbIE MPOCKIIMOHHBIC
METObI SKCTPAIIOJISILINY.

16. IlpuBenenue 0600MIEHHOM 3aaul HA COOCTBEHHbIE 3HAYEHUS K 33aJaue Ha COOCTBEHHBIE
3HAYeHUs MATPULbI C HCHOJIb30BAHUEM YHMTApPHOIO (OPTOrOHAIBHOIO) pa3loKeHUs Hu
npeoOpa3oBaHus XO0JICHKOTO.

17. Boruucnenue cOOCTBEHHBIX 3HAaYEHUI MaTpHILl CTEIIEHHBIM METOJIOM, METOAOM OOPaTHBIX
WTepanui CO CIBUIOM, METOJIOM UTEpaluil ¢ OTHOLIEHUEM Penes.

18. Bebluucnenue COOCTBEHHBIX  3HAUEHMH  MaTpUI] METOAOM  OPTOTOHAJIBHOI'O

IIPOEKTUPOBAHUA U MeTo1oM JlaHmoma.

4. Kputepuu oueHUBaHUS

Orenka

basiel

Kpurepun

OTJIIMYHO
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BricTaBnsiercss  CTyA€HTY, MOKa3aBLIEMY
BCECTOPOHHME, CHUCTEMAaTU3UPOBaHHbIE, TIyOOKHE
3HaHUS y4eOHOW MpPOrpamMMbl  JTUCIHUIUTUHBEI,
IPOSABIIOIEMY HMHTEPEC K JAHHOW NPEeIMETHON
o0nacTy,  MNPOJEMOHCTPUPOBABIIEMY  YMEHHE
YBEPEHHO M TBOPYECKM IPUMEHATH UX Ha
MPAaKTUKE IMPH PELUICHHH KOHKPETHBIX 3a4ad,
CBOOOJHOE U MPaBUIILHOE 0OOCHOBAHUE MPUHATHIX
peneHui.

BeIcTaBiiercst  CTyAeHTY, IOKa3aBLIEMY
BCECTOPOHHME, CHUCTEMAaTHU3UPOBAHHbIE, TIyOOKHE
3HaHHUA Y4e€OHOW MpOrpaMMbl JUCHUUIUIMHBI U
YMEHHE YBEPEHHO ITPUMEHATh UX Ha MPAKTUKE IIPU
pelIeHMM KOHKPETHBIX 3ajad, CBOOOJHOE U
MpaBHWJIbHOE 0OOCHOBAHUE NMPUHATHIX PELICHUH.

BeIcTaBiieTcst  CTyAeHTY, IOKa3aBLIEMY
BCECTOPOHHME, CHUCTEMAaTHU3UPOBaHHbIE, TIyOOKHE
3HaHHUA Y4e€OHOW MpOrpaMMbl JUCHUUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATh UX HA IPAKTUKE IIPU
peuIeHuM  KOHKPETHBIX  3a7a4d, IMPABHIBHOE
000CHOBaHME MPUHATHIX PELUICHUH, C HEKOTOPHIMH
HEJIOYETaMH.

XOPpOLIO

BricTaBisieTcst CTyneHTy, €Cau OH TBEpJIO
3HaeT Marepuana, TIPaMOTHO U IO CYIIECTBY
W3JIaraeT €ro, yMeeT IPUMEHATHh IIOJy4CHHbIE
3HaHUA HA IPAKTUKE, HO HEIOCTATOYHO IPaMOTHO




00OCHOBBIBAET MOTYYEHHBIE PE3YNIbTATHI.

BeicTaBnsiercs CTyIneHTy, €cid OH TBEpPAO
3HaeT MaTepuay, TIPaMOTHO U IO CYILECTBY
U3JaraeT €ero, yMmeeT IPUMEHSTh I0JIy4YeHHbIE
3HAHUS Ha [IPaKTUKE, HO JJOIYCKAeT B OTBETE UJIH B
pelleHNH 3aja4 HEKOTOPbIE HETOUHOCTH.

BricTaBnsercs CTYACHTY, €CJlin OH B
OCHOBHOM 3HACT MaTcpuall, IpaMOTHO n 110
CymI€CTBYy H3jJara€r €ro, YymMeeT IMIPUMCHATH
MOJIYUYCHHBIC 3HAHUA HA MPAKTHKE, HO JOITYCKACT B
OTBCTEC WM B PpPEIICHHMM 3aJad JOCTaTOYHO
0O0JIBIIIOE KOJIMYECTBO HETOYHOCTEHA.

YAOBJICTBOPHUTCIBHO

BricTaBnsieTrcss  CTyAE€HTY, MOKa3aBLIEMY
(dbparMeHTapHBIi, pa3pO3HCHHBIH XapakTep
3HaHI/II‘/JI, HEAOCTAaTOYHO IIpaBUJIbHBIC
(GOopMyYIHPOBKH 0a30BBIX MOHATHH, HAPYIICHHS
JOTMYECKOW TIOCIIEOBATEIbHOCTH B HU3JI0KECHUU
MPOrpaMMHOTO Marepualia, HO TMPU 3TOM OH
OCBOMJI OCHOBHBIC pa3jieiibl YUeOHOH NMpOTrpamMMel,
HEOOXOAMMBIC ISl JalbHEeimero oOydeHus, |
MOXKET TMPUMEHATh TIOJIYYCHHBIC 3HaHUS 110
o0pasily B CTaHJApPTHOU CUTYaIUH.

BoicTaBnsiercs  CTyAeHTY, IOKa3aBLIEMY
(parMeHTapHBbIH, pa3pO3HEHHBIN XapakTep
3HAHUH, JIOIyCKAIOLIEMY OLINOKHU B
¢dopmynMpoBKax 0a30BbIX IOHATUH, HapyLICHHS
JIOTUYECKOW TMOCIEeA0BAaTENbHOCTH B H3JI0XKEHUU
IpOrpaMMHOr0  MaTepuana, ciaabo  BiajgeeT
OCHOBHBIMM pa3eflaMd  y4eOHOIl IMporpaMmsl,
HEOOXOAUMBIMU JJIsl ajbHENIIero o0y4eHus U C
TPYAOM NPHUMEHSET MOJTY4YEHHbIE 3HAHMS JaKe B
CTaH/IapTHON CUTYal1H.

HCYIOOBJICTBOPUTCIBHO

BeicTaBnsiercs CTyA€HTY, KOTOPBIA HE 3HAET
00JIbIIEH YacTH OCHOBHOI'O COJEp)KaHUs y4eOHOMH
porpaMMbl  TUCHMILIMHBI, JIONyCKAaeT TIpyOble
OlMOKU B (POPMYIUPOBKAX OCHOBHBIX MPUHIUIIOB
U HE yMEeT HCIOJIb30BaTh IOJIYYCHHbIE 3HAHUSA
IIPH pEIICHNUN TUIOBBIX 3a]1a4.

BricTaBisieTcst CTyIeHTy, KOTOPBIM HE 3HAET
OCHOBHOT'O COJIepKaHHsl y4eOHOM MporpaMMel
JTUCIUIUIMHBI, JOMycKaeT rpyOeiiire omuoKku B
(dbopmynHMpoBKax 0a30BBIX MOHATUI TUCIHUIIMHBI U
BOOOIIle HE HMEET HAaBBIKOB PEIICHMS] THUIIOBBIX
MIPaKTUYECKUX 3a]ad.




5. Metoauyeckue MaTepuajbl, Onpeae/siloliue NMpouelypbl OleHUBAHUS 3HAHWIA,
YMEHUIi, HABBIKOB U (MJIH) ONBITA AeATeIbHOCTH.

[Ipu npoeaenuu nuddepeHUPOBaHHOrO 3ayeTa 00y4aroueMycs MPEeAOCTaBisieTcs He
MeHee 40 MUHYT Ha TOAroToBKYy. Ompoc mo OWiIeTy W OTBEThI Ha JOMOJTHHUTEIHHBIC
BOIIPOCHI HE JI0JKEH MPEBBIIIATh JBYX aCTPOHOMHYECKUX YaCOB.



