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1. OBIIAA XAPAKTEPUCTUKA MOJAYJISA Teoperudeckue 0CHOBbI NPO¢ecCHOHAIbHOM
eI TeJIbHOCTH

1.1. AHHOTAUMSA COAEPKAHUS MOTYJIA

HI/ICHI/IHHI/IHBI MOI[YJ'ISI AT (bYHHaMCHTaIII)HI)Ie Hpe)ICTaBJ'IeHI/If{ 06 OCHOBOIIOJararonmux sBJICHUAX, HA
0a3ze KOTOpPBIX pa3BHBAIOTCS COBpPEMEHHbIE Hayka W TexHojoruu. Jlucummmmna «Teopetudeckas
MEXAaHHUKa» 3HAKOMUT C IOHATHUIMHU U METOdAMU TeopeTqucxoﬁ MEXaHHUKH, JICKAIIIUMHU B OCHOBEC
KBAaHTOBOW MexaHMku. JuciumimHa «KBaHTOBas MexaHUKa» COAEPKUT OCHOBBI KBAHTOBOW TEOpPHH,
3HAKOMHUT C OCHOBHBIMH TOHSATHUSMH, MOCTYJIATAMH M YPAaBHCHUSIMH KBAHTOBOW TE€OPHH, MPUHIIUIIAMHA H
MeTOoJaMu KBaHTOBOW TeopuH. JlucummivHa «BBeaeHue B CTPYKTYPHBIM aHaJIM3» IOCBSIICHA
03HAKOMJICHHUIO CTYJCHTOB C COBPEMEHHBIM COCTOSHUEM ASKCIIEPUMEHTAIBHBIX METOOB HMCCIICIOBAHUI
CTPYKTYPBI KOHJICHCUPOBAHHOTO COCTOSIHHS BemecTBa. J[aroTCs OCHOBHBIC MPENCTaBICHUS O CIIOCO0ax
OMMCAaHUs KPHUCTAJUIMYECKON CTPYKTYpbl, IMOHATHE OOpaTHOM pelIeTKH, OCOOCHHOCTH TNPUMEHEHHE
PE30HAHCHBIX U TUGPAKIIMOHHBIX METOAOB AJSl MCCIENAOBAHUS CTPYKTYPHl MOHO U TMOJUKPUCTAIIIOB, U
amop¢Hbix cpen. JducnuminHa «®dusznka KOHIASHCHPOBAHHOTO COCTOSIHHS) (DOPMUPYET COBPEMEHHOE
npejacTaBieHue O (hU3MKE KOHJIECHCHUPOBAHHBIX CPEA, O KPUCTAUTMUECKOH U DIEKTPOHHON CTPYKType
TBEPABIX TeN, KIACCU(PUKALUU TBEPHAbIX TEJN, OCHOBHBIX TEPMOIAMHAMHYECKHUX CBOWCTBAaX, OCHOBHBIX
MOIACIbHBIX HpI/IGHI/I)KeHI/ISIX N OCHOBHBIX BBaHMOHCﬁCTBHHX. I[I/ICI_II/IHJII/IHa «OCHOBBI MAardeTusma»
(dbopmHpyeT cucTeMy 3HaHUK O (PU3MUECKOM MPHUPOJIE MAarHETU3Ma U CBOMCTBAX MarHUTOYIOPSI0YEHHBIX
158 HGyrIOpSII[O‘IeHHBIX MAar"HeTukKkoOB.

1.2. CTpykTypa u 060beM MOAYJIA

Tabmumna 1
O0beM AUCUUIIHH MOTYJIS
Ne 1 BCEro MOAYyJisl B 3a4€THBIX
Hepeqem, AUCHUILIAH MOAYJIA B MMOCJI€I0BATCJIbHOCTH UX OCBOCHUSA
n/n eTHHUIAX
1 Teopernueckast MexaHHKa 5
2 BBenenue B CTpyKTYpHBIN aHAIIN3 3
3 KBantoBas MexaHuka 4
4 OCHOBBI MarHeTu3Ma 3
5 ®u3uKa KOHAEHCUPOBAHHOTO COCTOSIHUS 3
NTOI'O no moxyto: 18
1.3.11ocienoBaTe ILHOCTH OCBOEHHMSI MOYJIS B 00pPa30BaTeJIbHOM NporpaMmme
IIpepexBU3UTHI MOAYJIS 1. HayunHo-(yHIamMeHTaIbHbIE OCHOBBI
npodeccroHaNbHOM e TeNbHOCTH
IMocTpeKkBU3UTHI 1 KOPEKBU3HUTHI He npenycmoTtpensl
MOAYJIs




1.4. PacripenejieHe KOMIETEHIMII IO AWCHMINIMHAM MOAYJs, INIAHMPyeMble pPe3yJbTaThl

00y4eHusi (MHAMKATOPBbI) 110 MOXYJIIO

Tabnura 2

Ilepeyennb
Koa n HaumeHoBaHue IInanupyemsle pe3yJibTaThl 00y4eHHs
AUCHMILIHH
KOMITETeHIIM U (MHAUKATOPBI)
MOAYJIAA
1 2 3

Bsenenue B OIIK-1 - Criocoben 3-1 - [IpuBecT npuMeEpPbI OCHOBHBIX
CTPYKTYPHBII (bopMyaHpOBaTh U peIIaTh | 3aKOHOMEPHOCTEH pa3BUTHS IPUPOJIBL,
aHaJIN3 3aJ1a4M, OTHOCSIINECS K YeoBeKa U 00IecTBa

npodeccrnoHaIbHOM
ACATCIIBHOCTH, IIPUMCHSA
(dyHIaMeHTaIbHBIC 3HAHUS
OCHOBHBIX
3aKOHOMEPHOCTEMN
pPa3BUTHUSA IIPUPOJBIL,
YeJI0BEeKa U OOIIECTBa

3-2 - O60CHOBATh 3HAYMMOCTH UCTIOIB30BAHMS
(GyHIaMEHTAIBHBIX €CTECTBCHHOHAYYHBIX U
¢dbunocodckux 3HaHUIA B GOPMYITUPOBAHUH U
peleHnn 3a1a49 IpoQecCuoHaIbHOM
JeSITeIbHOCTH 3HAHUI

V-1 - Ucnonb30BaTh NOHATUIHBIN annapar u
TEPMUHOJIOTHIO OCHOBHBIX 3aKOHOMEPHOCTEH
Pa3BUTHS IPUPO/IBI, UEIOBEKA 1 00IIeCTBa IPU
(bOpMyYIHPOBAHUY U PEILICHUH 33724
npoecCHOHATBHOM eI TEeTbHOCTH

V-2 - OnpenensiT KOHKPETHBIC MYTH PELICHUS
3a/1a4 MpodecCuOHANbHOM 1eATeIbHOCTH Ha
OoCcHOBE (hyH/IaMEHTaIbHBIX
€CTECTBEHHOHAYYHBIX 3HAHUI

OIIK-3 - Criocoben
MMPOBOAUTL UCCIICAOBAHUA
1 U3BICKAHUA OJIA
pPEeIICHUA MPUKIAJHBIX
HWHXXCHCPHBIX 3a1a4
OTHOCAIIIUXCA K
po¢eCCUOHATBHON
NeSITeNIbHOCTH, BKIIIOYast
MPOBEJICHUE U3MEPEHUM,
IUTAaHUPOBAHKE U
MIOCTaHOBKY
9KCIIEPUMEHTOB,
HUHTEPIIPETAINIO
MOJTyYEeHHBIX PE3yIbTaTOB

3-1 - 310%KUTh OCHOBHBIE PUEMBI U METO/IbI
MPOBEICHUS UCCIICIOBAHUI U U3BICKAHUIA,
KOTOPBIC MOTYT OBITh HCITOJIb30BAHBI JIJIS
pEIICHUS TTOCTABIICHHBIX MPUKIIATHBIX 33134,
OTHOCSIIIHXCS K TPO(HEeCCHOHATLHOM
JIEATEIBHOCTH

3-3 - OnucaTh NOCHEI0BaTEILHOCTE IEUCTBHI
pu 00pabOTKe U UHTEPIIPETALUN TTOTyUEHHBIX
pe3yJabTaTOB UCCIIEIOBAHUM U U3bICKAHUI

V-3 - AHanu3upoBaTh U OOBIACHUTD
MOJTy9YCHHBIC PE3YJIbTAThI UCCIICIOBAHUHN U
W3BICKAHU U

I1K-1 - Crocoben
IIPOBOJUTH
3KCHepI/IMeHTaHBHBI€
HCCIIEA0BAHUS 110
HOJ'Iy‘—IeHI/IIO n I/ISMepeHI/IIO
XapaKTePUCTUK

3-2 - Cnenath 0030p HAyYHO-TEXHUUECKOU
nH(pOpMaLIMU 1O TOCTABJIEHHOU
npodeccCHOHATEHOM 3a/1a4ue I ONTUMATBHOTO
TUTAHUPOBAHUSI SKCIIEPUMEHTATILHOTO
WCCIICIOBAHHUS




MaTepuasioB U
KOMIIOHEHTOB HaHO- U
MHKPOCHCTEMHON TEXHUKH

V-1 - Onpeaenuts 1miaH UCCIAEAOBAHUS, C
Y4ETOM CTENEHU 3HAYMMOCTU U
B3alMO3aBUCUMOCTH OKUJAEMBIX PE3YJIbTaTOB
U3MEPEHUIN

IIK-2 - Crnocoben
IIPOBOIMTDH aHAJIH3
pe3yJIbTaTOB H3MEPEHHIA
napaMeTpoB
HAaHOMATEPHUAIIOB U
HAHOCTPYKTYpP U TOTOBUTH
HAyYHO-TEXHUYECKHE
OTYETHI

3-1 - Onpenenuts METOABI 00PAOOTKHU U
aHaM3a pe3yJIbTaTOB U3MEPEHHI

V-2 - IIpaBUIbHO HHTEPIIPETUPOBATH
pe3yabpTaThl IPOBEICHHBIX U3MEPEHUN

[1-1 - Cnenatb BBIBOJ O MapameTpax
HaHOMaTEpPHAIOB U HAHOCTPYKTYP Ha OCHOBE
aHajM3a pe3yabTaTOB H3MEPEHUN

IIK-5 - Crocoben
BBIOMPATH a/IeKBATHBIC
3a7a4am
IKCIIEPUMECHTAILHBIC
METOJIBI [Tt
HCCIIEIOBAHUS U
Moau(UKaIIUU CBONCTB
HAaHOMATEPHAIIOB U

3-1 - Caenatb 0030p IKCHIEPUMEHTATBHBIX
MCTOA0B UCCIICAOBAHUA U MOIII/I(bI/IKaLII/II/I
CBOMCTB HAHOMAaTEPHUAJIOB U HAHOCTPYKTYP

VY-1 - O6ocHOBaTh BBIOOP IKCIIEPUMEHTATHHBIX
METOIOB UCCIICIOBAHMS U MOJAU(PHUKAIINN
CBOWCTB HAHOMATEPHUAJIOB U HAHOCTPYKTYP

HAHOCTPYKTYD
KBanroBas OIIK-1 - Cniocoben 3-1 - [IpuBecTn npuMeEpPHI OCHOBHBIX
MEXaHHMKa (bopMyaHpOBaTh U peIIaTh | 3aKOHOMEPHOCTEH pa3BUTHS IPUPOJIBL,
3aJ1a4M, OTHOCSIINECS K YeJioBeKa U 00IecTBa
PO eCCUOHAIBHOU
Hgﬂiﬂwocm — 3-2 - O60cHOBaTh 3HAYMMOCTh HCIOIb30BaHUS
’ HJAMEHTaJbHBIX €CTECTBEHHOHAYYHbBIX U
y y
(byHIaMeHTaIbHBIC 3HAHUS .
¢dbunocodckux 3HaHUA B GOPMYITHUPOBAHUH U
OCHOBHBIX 8
. pelieHnu 3aaa4 npodeccruoHanbHOM
3aKOHOMEPHOCTEM .
NesITeIbHOCTH 3HAHUN
pa3BUTHUS IPUPOJIBI,
YeNI0BEKa U 00IIECTBa V-1 - Ucnonb3oBaTh NOHATUIHBIN annapar U
TEPMHUHOJIOTMI0 OCHOBHBIX 3aKOHOMEPHOCTEN
Pa3BUTHS IPUPOIBI, UEIOBEKA U 00IIecTBa IPU
(bOopMyYIMPOBAHNY U PEILICHUH 33724
npoecCHOHABHOM eI TEeTbHOCTH
I1K-4 - Criocoben 3-2 - UaTepnpeTupoBaTh pe3yJbTaThl
UCIOJIb30BaTh METOIBI MOJIETTUPOBaHUSI OOBEKTOB U MPOLIECCOB
MaTeMaTH4eCKOro HAHOTEXHOJIOTUN U MUKPOCHUCTEMHOMN TEXHUKU
MOJIETTUPOBAHUS U
P V-2 - AHanu3nupoBaTh FKCIIEPUMEHTAIIbHBIE
CTaTHUCTUYECKOTO aHaJIN3a
pE3yJIbTaThl C UCIOJIB30BaHUEM
9KCIIEPUMEHTAIBHBIX
6 MaTEeMaTUYECKOIo anmnapara 1 MporpaMMHbIX
pe3yNbTaToB B 00NacTu
., | MaKeToB AJI1 KOMIBIOTEPHOI'O MOJIETUPOBAHUS
HAHO- U MUKPOCUCTEMHOMN
U aHaJIu3a
TEXHUKU
OcHoBBI OIIK-1 - Criocoben 3-2 - O60cHOBaTh 3HAYMMOCTh HCIOIb30BaHUS
Mar”HeTusma ¢dbopMynupoBath U pemaTh | GyHAaAMEHTaIbHBIX €CTECTBEHHOHAYYHBIX U

3aJ]a4M, OTHOCSIIHECS K

¢dbunocodckux 3HaHUM B GOPMYITHUPOBAHUH U




npodeccrnoHabHOM
ACATCIIBHOCTH, IIPUMCHSA
(dyHIaMeHTaIbHBIC 3HAHUS
OCHOBHBIX
3aKOHOMEPHOCTEMN
pa3BUTHSA IIPUPOJBIL,
YeJI0BEKa U O0IIeCTBa

penieHnu 3ana4d npodeccrnoHaIbHOM
NEITENbHOCTH 3HAHUU

V-1 - Mcnionb30BaTh MOHATUITHBIN amapar u
TEPMHUHOJIOTHIO0 OCHOBHBIX 3aKOHOMEpPHOCTEN
Pa3BUTHUS IPUPOJIBI, YEIOBEKA U 00LIeCTBa PU
(bopMyIUpPOBaHUM U PEILICHUU 3a7a4
npodeccroHaNbHO 1eATeTbHOCTH

OIIK-3 - Criocoben
MPOBOAUTL UCCIICOAOBAHUA
1 U3BICKAHUA OJIA
pPEeICHUA MPUKIAIHBIX
HWHXXCHCPHBIX 3a1a4
OTHOCAIIIUXCA K
npo¢eCcCHOHATBHON
NeSITeNIbHOCTH, BKIIIOYast
MPOBEJICHUE U3MEPEHUM,
IUTAaHUPOBAHKE U
MIOCTaHOBKY
9KCIIEPUMEHTOB,
HMHTEPIIPETAINIO
MOJTy4YEHHBIX PE3yIbTaTOB

3-1 - 310%KUTh OCHOBHBIE MPUEMBI U METO/IbI
MPOBEICHUS UCCIICIOBAHUI U U3BICKAHUIA,
KOTOPBIE MOTYT OBITh HCITOJIb30BAHBI JIJIS
pEIICHUS TTOCTABIICHHBIX MPUKIIATHBIX 33134,
OTHOCSIIIHXCS K TPO(HEeCCHOHATEHOM
JIEATEIBHOCTH

3-3 - OnucaTh NOCHEI0BaTEILHOCTE TEUCTBHIA
pu 00paboOTKe U UHTEPIIPETALUN TTOTyUEHHBIX
pe3yJabTaTOB UCCIIEIOBAHUM U U3bICKAHUI

V-3 - AHanu3upoBaTh U OOBICHUTD
MOJTy9YCHHBIC PE3YJIbTAThI UCCIICIOBAHUH U
W3BICKAHU U

ITK-2 - Criocoben
MMPOBOAWTL aHAJIU3
pe3yJIbTaTOB U3MEPEHUI
apamMeTpoB
HAaHOMAaTEPHUaJIOB U
HAaHOCTPYKTYP U T'OTOBHUTH
Hay4YHO-TEXHUYECKHE
OTYEThI

3-1 - Onpenenuth MeTOABI 00pabOTKH U
aHaIM3a Pe3yIbTaTOB U3MEPEHUI

V-2 - [IpaBUIbHO UHTEPIPETUPOBATH
pe3yNbTaThl MPOBEIEHHBIX U3MEPEHHI

[1-1 - Cnenatb BBIBOJ O MapaMeTpax
HaHOMAaTEpPHAJIOB U HAHOCTPYKTYP Ha OCHOBE
aHaJIM3a pe3ysIbTaTOB U3MEPEHUMN

IIK-5 - Crnocoben
BBIOMpATh aJICKBaTHBIC
3a7a4am
AKCIIEPUMEHTAIbHBIC
METOMBI IS
HCCIEI0BaHUSI U
MoAU(HKAIIIN CBOWCTB
HAaHOMATEPHUAIIOB U
HAHOCTPYKTYP

3-1 - Cnenatb 0030p IKCIEPUMEHTATBHBIX
METOJIOB MCCIIEIOBAHUS U MOIU(DUKAIINH
CBOMCTB HaHOMATEPUAIOB U HAHOCTPYKTYP

VY-1 - O6ocHOBaTh BEIOOP IKCIIEPUMEHTATBHBIX
METOIOB UCCIIEIOBAHMS U MOAH(PHUKAIINN
CBOWCTB HAHOMATEPHUAIOB U HAHOCTPYKTYP

I1-1 - ITpemnarats METOABI KCCIEAOBAHUS U
MoAU(UKAIIIU CBOMCTB HAHOMATEPHAIIOB U
HaHOCTPYKTYP

TeopeTnueckas
MEXaHUKa

OIIK-1 - Criocoben
(hopMyJIHPOBATh U PElIaTh
3a]1aui, OTHOCSIIIUECS K
npodeccrnoHaTbHOM
JESITeIbHOCTH, TIPUMCHSISI
byHIaMeHTaIbHbIC 3HAHHSI
OCHOBHBIX
3aKOHOMEPHOCTEM

3-2 - O00CHOBATh 3HAYUMOCTD HCII0IL30BAHUS
(yHIaMEHTAIBHBIX €CTECTBEHHOHAYYHBIX U
¢dunocopckux 3HaHUH B HOpMyITUPOBAHUN U
pernieHuu 3a1a4 npodeccuoHaIbHON
JeATEIIbHOCTH 3HAHUH

V-1 - cnionb30BaTh MOHATUIHBIN amnapar u
TEPMHUHOJIOTHIO0 OCHOBHBIX 3aKOHOMEpPHOCTEN




pa3BUTHUS IPUPOIBIL,
YyeJIOBEKA U 00IIeCTBa

pa3BUTHSI IPUPO/IBI, UEIOBEKA M 00IIECTBA TPU
(hopMyJTHUPOBAHHH U PEIICHUU 33724
npoecCHoHAEHOM eI TEeTbHOCTH

OIIK-2 - Criocoben
(dbopMaM30BBIBATH
pelaTh 3a/1auu,
OTHOCSIIHECS K
npodeccroHanbHOM
NeSITeIbHOCTH, UCIIOJIB3YSI
METOIbl MOACTUPOBAHUS U
MaTEeMAaTUYECKOTO aHaJIN3a

3-1 - [IpuBecTy npuMepbl UCTIOIL30BAHUS
METOJIOB MOJICTTMPOBAHUS U MaTEMaTHIYECKOTO
aHaJlM3a B PEIICHUH 3a]]a4, OTHOCSIINXCS K
npodeccroHaNbHOI IeATeTbHOCTH

VY-1 - O60cHOBaHHO BBIOPATh BO3MOYKHBIE
MCTOABI MOJCINPOBAHUA U MATCMATUICCKOT'O
aHaIM3a sl IPEIOKCHHBIX 33724
poecCHOHATEHOM IeATETbHOCTH

I1-1 - Pemars mocraBjeHHBIE 3a4a4H,
OTHOCAIINECS K 001aCTH MpodheCcCHOHATBLHOM
NeSITeIbHOCTH, UCTIONIB3YSl OCBOGHHBIE 32 BpeMs
o0y4eHHs: TaKeThl MPUKIAIHBIX TPOrpaMM st
MOJEJIIMPOBAHUS U MATEMATHUYECKOTO aHaJIn3a

JI-1 - CiocoOHOCTH K cam0o00pa30oBaHUIO, K
CaMOCTOSITCIILHOMY OCBOCHHUIO HOBBIX METOJIOB
MaTEeMaTHYeCKOTO aHAJIM3a U MOJICITUPOBAHUS

[1K-4 - Cnioco6en
UCITOJIb30BaTh METO/IbI
MaTeMaTH4eCKOro
MOJICTTUPOBAHUS U
CTaTUCTHYECKOTO aHaN3a
AKCIIEPUMEHTAITLHBIX
pE3yNBTATOB B 00IaCTH
HaHO- U MUKPOCUCTEMHOU
TEXHHUKHU

3-2 - IHTepnpeTupoBaTh pe3yibTaThl
MO/JICJIMPOBAaHUS OOBEKTOB U MPOLIECCOB
HAHOTEXHOJIOTUN U MUKPOCUCTEMHOMN TEXHUKU

VY-1 - BeiOuparh ONTUMAJIbHBIE U aKTyaJIbHbIE
MOJIEJIM U METOIbl aHAIIN3A C YYETOM
[IOCTABJIEHHBIX PO(ECCUOHATIBHBIX 3a7a4

VY-2 - AHanu3upoBaTh HKCIIEPUMEHTATIbHBIC
PE3YNBTAThI C UCMIOIB30BAHUEM
MaTeMaTHYeCKOro anmnapara ¥ mporpaMMHbBIX
MAKETOB JIJIs1 KOMIIBIOTEPHOTO MOJIEIUPOBAHUS
U aHalu3a

duzuka
KOHHCHCHpOBaHH
Or'0 COCTOSTHUSA

OIIK-1 - Cnocoben
dhopmyIupoBaTh U pelaTh
3aJ1a49M, OTHOCSIIIHECS K
po¢eCCHOHATBHON
JeSITeTbHOCTH, TIPUMEHSISI
(byHIaMEeHTaJIbHBIC 3HAHHUSI
OCHOBHBIX
3aKOHOMEPHOCTEH
pa3BUTHSI IPUPO/IBI,
YeioBeKa U 00IIecTBa

3-1 - [IpuBecT npuMepbl OCHOBHBIX
3aKOHOMEPHOCTEN Pa3BUTHSI IPUPOJIBI,
yeJjI0BeKa 1 00IIecTBa

3-2 - O00CHOBATH 3HAYUMOCTD UCIIOIL30BaHUS
(dyHIaMEHTaIbHBIX €CTECTBEHHOHAYYHBIX U
¢bunocopckux 3HaHUH B GOPMYTHUPOBAHUU U
pelnieHuu 3aaa4d npodeccruoHanbHOM
JIeATEIIHFHOCTH 3HAHUIN

V-1 - Ucnionb30BaTh MOHATUHHBIN annapar u
TEPMHUHOJIOTHIO0 OCHOBHBIX 3aKOHOMEpPHOCTEN
pa3BUTHSI IPUPO/IbI, UEIOBEKA U 00LIECTBA IPU
(GOopMyIMPOBAHNU U PELLICHUH 3a]a4
poeCCUOHATILHOM 1€ATEIbHOCTH




VY-2 - Onpenensate KOHKPETHBIE IIyTH PEIICHUS
3a/1a4 MpodecCHOHAIBHON NeATeTbHOCTH Ha
OCHOBE ()yHIaMEHTAIBHBIX
€CTECTBEHHOHAYYHbIX 3HAaHUU

OIIK-3 - Cnocoben
MIPOBOAUTH UCCIIETOBAHUS
Y U3BICKaHUS 7S
pElIeHUs TPUKIIATHBIX
WHKXCHEPHBIX 33724
OTHOCSIINXCS K
npodeccrnoHanbHOM
JeSTeNbHOCTH, BKITIOUYAs
IIPOBEACHUE U3MEPEHUN,
TUTAHUPOBAHHE U
MOCTAaHOBKY
HKCIEPUMEHTOB,
MHTEPIPETAIHIO
MOJTYYCHHBIX PE3yJIbTaTOB

3-1 - 310KUTh OCHOBHBIE IPUEMBI K METO/IbI
MIPOBEACHUS UCCIICIOBAHUI M U3bICKAHUH,
KOTOpBIE MOTYT OBITh UCIIOJIb30BAHBI JIJIS
pelIeHus: NOCTaBIEHHBIX TPUKIAAHBIX 33124,
OTHOCSIIMXCS K TPO(hecCHOHATBLHOM
JIeSITETLHOCTH

3-3 - Onucarh IOCiIeI0BaTEILHOCTE TEHCTBUI
pu 00pabOTKE ¥ MHTEPIIPETAIIMHN TTOJTYYCHHBIX
pe3yJIbTaTOB UCCIECIOBAHUI U U3bICKAHHI

VY-3 - AHanu3upoBaTh U OOBSICHUTH
MIOJTyYEHHBIE pe3yJIbTaThl UCCIIEIOBAHUN U
W3BICKAHUH

I1K-1 - Cniocoben
IIPOBOANTH
JKCIIEPUMEHTAJIbHBIE
HCCIIEA0BaHUA 110
[IOJIyYEHUIO U U3MEPEHUIO
XapaKTEpUCTUK
MaTEpUaJIOB U
KOMIIOHEHTOB HaHO- U
MHUKPOCHCTEMHON TEXHUKH

3-2 - Cnenatb 0030p HAYYHO-TEXHUYECKOM
nH(pOpPMaIIUU TIO TOCTABIEHHOM
npodeccroHanbHO 3a/1a4e A7 ONTUMATBHOTO
IJIAHUPOBAHUS HKCIIEPUMEHTAIIBHOTO
HCCIIEJOBaHUS

V¥-1 - OnpeaenuTs miiaH UCCIEIOBAHUS, C
Y4€TOM CTETIEHU 3HAYUMOCTHU U
B3aMMO3aBUCUMOCTH OKUAAEMbIX PE3YJIbTaTOB
U3MEPEHUI

I1K-2 - Cniocoben
MIPOBOJIUTH AHAJIU3
pe3yJIbTaTOB U3MEPEHUI
rnapameTpoB
HaHOMAaTEpHUaJIOB U
HaHOCTPYKTYpP U TOTOBUTH
Hay4YHO-TEXHUYECKHUE
OTYETHI

3-1 - Onpenenuts MeTOAbI 00pabOTKH U
aHaJM3a pe3yJbTaTOB U3MEPEHHH

V-2 - IlpaBUIbHO HHTEPIIPETUPOBATH
pe3yabpTaThl IPOBEIEHHBIX U3MEPEHUN

[1-1 - Cnenatb BBIBOJ O MapameTpax
HaHOMaTEepHaJIOB U HAHOCTPYKTYp Ha OCHOBE
aHajau3a pe3ysbTaTOB U3MEPEHUN

I1K-5 - Crocoben
BI)I6I/IpaTI) AJICKBATHBIC
3a7a4am
3KCHepI/IMeHTaJ'H)HI)Ie
METOJIBI ISt
HCCIIEIOBAHUS U
Moau(UKAIIUU CBONCTB
HAaHOMATEPHAJIOB U
HAHOCTPYKTYP

3-1 - Cnenatb 0030p IKCIEPUMEHTATBHBIX
METOJ0B HCCIICAOBAHUS U MO}II/I(bI/IKaHI/II/I
CBOMCTB HAHOMAaTEpPHAJIOB U HAHOCTPYKTYP

VY-1 - O6ocHOBaTh BEIOOP IKCHIEPUMEHTATBHBIX
METOIOB UCCIIEI0BaHMs U MOAU(pUKALIUN
CBOMCTB HAHOMATEPUAJIOB U HAHOCTPYKTYP

1.5. ®opma oOyuenust

OOy4eHue 1Mo JUCIUIUTMHAM MOIYJISI MOKET OCYLIECTBIISTHCA B OUHON (opMax.




PABOYASA TPOI'PAMMA JTUCHUIIJINHBI
Teoperuyeckass MexaHuKa

Pabouas nporpamMmma IUCHOUILIMHBI COCTABJICHA aBTOPAMMU:

Ne ni/m | ®amuausa Umsa OTyecTBO YHeHas cTenens, HoyxHOCTH Honpasnenerie
Y4YeHOe 3BaHHue
1 VYpcynoB AHnpeit KaHIUAAT (PU3UKO- HoueHt JIETTApTAMEHT
Buagumuposuy MaTeMaTUYECKUX (yHIaMEeHTAIbHOM
HayK, TOLICHT U TIPUKJIATHON
¢buznkn

PexomMengoBaHo y‘lGﬁHO-MeTOHI/I‘leCKHM COBE€TOM MHCTHTYTA EcTecTBeHHBIX HAayK U MaTEMAaTUuKu

ITporoxkon Ne 3 or 17.03.2022 .



1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

e ¥YpcyJaos Anapei Bragumuposuy, JloueHr, renapraMeHT (pyHIaMEHTAAbHOM M NPUKJIATHOM
(puzuku

1.1. Texnojaoruu peajinzanuu, HCMOJb3yEeMbIC IIPU H3YYCHUH JUCHUIIIMHBI MOIYJIA

- TpanunuonHas (penpoayKTUBHAs ) TEXHOIOTUS
— PasnoypoBHeBoe (quddepeHipoBaHHoe) 00yUeHne
o ba3oBslil ypoBEeHB

*Bazoewiti I ypoeenv — coxpamsem J102UKy CAMOU HAYKU U NO360JAEM NONYYUMb YNPOUJEHHOe, HO 8epHOe U HNONHOe

npedcmasienue o npeomeme OUCYURIUHbL, mpebyem 3Hanue cucmemsl ROHAMUU, yMeHue peuwams npoonemusie cumyayuu. Oceoenue
OAHHO20 YPOBHS PEe3VAbMAMOE8 00VUeHUs O0NNCHO oDecneuums (GopMuposanue 3anIaHUPOSAHHBIX KOMAEMeHYUll U NO3601un
0byuawemycs Ha MUHUMATLHOM YPOBHE CAMOCIMOAMENbHOCIU U OMEEMCMEEHHOCIU BLINOTHAMNG 3A0AHUSL;
Ipoosunymeuiii Il yposenv — yenyonsem u obozcawaem 6a308bill ypoBeHb KAK NO COOEPAHCAHUIO, MAK U NO 21yOuHe npopabomku
Mamepuana OUCYUNnIuHbl. Imo npoucxooum 3a ciem KaoUeHUs OONOIHUMeNbHOU uHpopmayuu. JJanHelil yposens mpebyem yMeHUs
peuiams npooemMvl 8 PAMKAX KYPCA U CMEHCHBIX KYPCO8 NOCPEOCBOM CAMOCIMOAMENbHOU NOCIAHOSKU Yeau U 8b100pa NPocpammbyl
Oeticmeuii. OceoeHue 0aHHO20 YPOBHS Pe3yIbMamos 00yueHus no380aUMm 00y4aoueMycs nogblCUMb yPO8eHb CAMOCMOAMETbHOCIU
U OMEEMCMEEHHOCIU 00 MBOPYECKO20 NPUMEHEHUSA 3HAHULL U YMEHU].

1.2. Conep:kanue TUCHUNIHHBI

Tabmuma 1.1
Kon
Pa3nen, tema
pasneda, HMCIHILIHHBL* Conep:xanue
TEeMBbI
Baeerie. Mexammka MarepuanbHas Touka. KuHeMaTuka MatepruaibHON TOUYKU B
1 ' KPUBOJIMHENHBIX KOOpJIMHATAX. JInHAMKUKA MaTepUalIbHOU TOUKH.

MaTepHUaJIbHOI TOUKU
p 3akous! Herorona. Cuisl.

YpaBHEHUS IBUKEHUS CUCTEMbI MATEPUAIbHBIX TOYEK.
BuyTpenHue u BHelHue cwibl. UHTErpansl ABrxeHus. UMmynbe.
MexaHuKa cucTeM CBOOOTHBIX
2 MowmeHT umnyiasca. MomeHT cui. Kunetuueckas sHeprust
MaTepHUANbHBIX TOYEK
cuctemsl. [lorennmansHas seprud. [lomHast SHEPTUS CHCTEMBI.
Teopema Bupuana.

[TonsTre cBszeit u ux knaccupukamnws. CTeneHn cBoOOIbI
MEXaHUYEeCKON CHCTEeMBI. JIBIKEHUE TIPH HAJIOKEHHBIX CBA3SX.
Cunbl peakunu cBsizeid. BupTyanbHble U 1eHCTBUTEIbHBIC
nepeMenieHus. MaeansHsle cBs3u. MeTo1 HEONpeAeIeHHBIX
MHouTesel Jlarpanxa. YpaBaeHnus Jlarpanka nepBoro pona.
[punanun {anambepa.

3 MexaHHKa CHCTEM CO CBI3SIMHA

O060061eHHbIe KoopaAnHATHL. CKOPOCTh M KUHETHYECKAsl YHEPTHS B
000011eHHBIX KoopauHaTax. [Ipunnun ['amunbToHa. Y paBHeHHS
Jlarpamka. O0o01IeHHbBIE CHITBL. [IMCCHITaATUBHBIC CUIIBI B
0000mIeHHbIX KoopanHaTaX. JuccunaruBaas GyHKIus Penes.
Heonno3naunoctu B onpenenennu ¢pyakiun Jlarpamka. CBoricTBa
ypaBHeHHit Jlarpamka. O000IMIEeHHO-TIOTCHIINATLHBIC CHJITBI.
O0600mennsni motennuan. Cuna Jloperra, kak 00001IeHHO-
noreHIaibHas cuia. OOOOIICHHBIH UMITYJIBC. 3aKOHBI H3MEHECHUS
Y COXpaHeHUs 00001eHHOro uMmyibca. O000IEeHHAs SHEPTHSL.

4 ®opmanusm Jlarpanxka




3aKOHBI I3MEHEHUS M COXPaHEHHUS 000O0ICHHON YHEPTHH.
Huknnyeckue nepeMerHbie. CBS3b 3aKOHOB COXPAHEHUS CO
CBOMCTBaMU IIpOCTpaHCTBa U BpeMeHHU. IlonsTue o reopeme Herep.

JBM>KeHUE B LIEHTPAIbHOM
oJie

3amaga nByx Ten. LleHTpansHOE one. D dexTuBHAsL
MOTEHIIMATBHAS SHEPTHS. 3aKOH JBHXCHUS M TPACKTOPHS YaCTHIIbI
B LIEHTPaJIbHOM 10Jie. TOYKH MOBOPOTA TpaeKTOpHH. 3aada
Kemnepa. Kynonosckoe none. [loTeHnansl TpUTSIKSHUS U
OTTAaJIKUBaHUS. TpaCKTOpI/II/I 4JaCTUIBI B CIy4ac MOTCHIIUAJIOB
MPUTSHKEHUS U OTTATKUBAHMYSL.

Ynpyroe paccesinue

Paccesnue B nuentpansaom none. Auddepennuanbaoe
s dekTrBHOE cedenue paccesHus. [lonHoe ceueHue paccesiHusl.
®dopmyna Pezepdopna.

Mexannueckue KoieOaHust

ITonoxxeHue ycToMunBOTO paBHOBECUSI MEXAHUYECKUX CUCTEM.
Teopema Jlarpanxa-/lupuxiie. Konebanus cucreM ¢ ogHON
CTENEeHbI0 cBO0OAbI. CBOOOIHBIC KOIeOaHMs. 3aTyXaroue
KOJIeOaHUS CHCTEM C OJIHOM CTENEHBIO CBOOOIbI. ATIEPUOINIECKOE
3aryxanue. Beinykaennsie koiebanus. Pesonanc. CBoOoHbIC
KOJIeOaHUS CHCTEM CO MHOTHIMH CTeTIeHIMHU cB0O01bI. HopMmanbHbIe
KOOPJMHATHI 1 HOPMAJIbHBIE KOJIEOaHMsI.

®opmanusm ['amuneToHa

Kanonnueckue nepemennsie. Oyukuus ['amunbrona. YpaBHeHUs
lamunsToHa. PazoBoe mpocTpaHCTBO. IHTErpasibl ABIKEHUS U
3aKOHBI COXpaHeHUs B MexaHuke [ 'ammibroHa. Teopema 00
WHTETpasiaX IBHMKEeHNA (HE0OX0INMOE U JOCTATOYHOE YCIOBUE
TOTO, YTO (PYHKIIUS SBISICTCS MHTETPaoM JBHKeHus ). CkoOKn
ITyaccona. KanoHnueckue ypaBHEHHS B CAMMETPUYHOM BHJIE.

Kanonunueckue
npeoOpazoBaHUs

BriBoA KaHOHHWYECKUX YpaBHEHUM ['aMUIbTOHA U3 MPUHITUIIA
HaMMeHbIero neicreus. [IpousBosimas GyHKIMS KAHOHUIECKOTO
npeobpazoBanus. THUIIBI TPOU3BOAAIIHNX (PYHKIIHH.

10

®opmanusm ['amunbToHa-
SAxobu

Ypasuenne ['amunsroHa-SAko6u. Teopema SAxodu. . Teopema
Herep. CBsI3b 3aKOHOB COXPaHEHHUS CO CBOWCTBAMH MPOCTPAHCTBA U
BPEMCHU.

11

Mexanuka adOCOIIOTHO
TBEPAOro Tejia

AbcoioTHO TBepaoe Teno. HermonBrkHas 1 NOABMKHASI CUCTEMBI
otcuera. Yucio creneHeit cB0OOABI aOCOTIOTHO TBEPIOTO TeElIa.
VYrnoBas ckopocTh. Kunernueckas sHeprusi TBepAoro tena. TeH3op
HHEpUUU. MOMEHT UMITyJIbCca TBEPAOIO Tena. [[BuxkeHue TBEpaoro
TeNa B HEMOJBM)KHOM cucTeMe oTcueTa. [IuHaMu4YecKue ypaBHEHUs
Oiinepa. Yruel Oitnepa. Kunemarnueckue ypaBHeHus Oiiepa.

1.3. HanpaBnenue, BUibl BOCIUTATEILHOM JEATEIIBHOCTH U UCTIOIb3YEMbIE TEXHOJIOTUU

Tabmuma 1.2
Hanpasnenune ) Bun ) TeXHONOLHs N
BOCIIUTATENIBHON | BOCIMTATENBHOM | poorwmnrar o o KoMIIeTe IS 6}’
IEeITeIbHOCTU IEeITEeIbHOCTHU NeATeTHHOCTH O0y4CHM:A
[IpodeccrnonansH | yueOHO- Texnomnorus [1K-4 - Criocoben 3-2 -
0€ BOCIIUTaHUE HCCIIE0OBATENbCK | (POPMHUPOBAHUS HCIIOJIB30BaTh HNuTtepnpeTupoBath
asi, Hay4HO- YBEPEHHOCTH U METO/IbI pe3yIbTaThI
HACCIIEN0BATEILCK | TOTOBHOCTH K MaTEMAaTHYECKOTO MOJICITMPOBAHUS




as CaMOCTOSITEJIBHON | MOJIETTUPOBAHUS U 00BEKTOB U

yCIEUIHON CTAaTUCTHUYECKOTO IIPOLIECCOB
npoeCCUOHANIBH | aHAJIN3a HaHOTEXHOJIOTHH 1
Ol IEATeNBHOCTH | SKCHEPUMEHTAIbHBIX | MUKPOCUCTEMHOM

pe3yIbTaTOB B TEeXHUKH

o0yacTv HaHO- U

MHUKPOCUCTEMHON

TE€XHUKU

1.4. IIporpamMma JUCHUIUIMHBI pealii3yeTcsl Ha TOCYyIapCTBEHHOM si3blke Poccuiickoi denepanuu .
2. YYEBHO-METOAUYECKOE U UH®OPMAIIMOHHOE OBECIIEYHEHUE JUCHUIIJIMHbI
TeopeTnyeckass MeXaHUKA

DJIEeKTPOHHbBIE pecypchl (M31aHNSA)

1. IMaBnenko, FO. I'.; Jlekuuum 1o TeopeTHdyecKol MexaHuwke : ydeOHuK.; Pusmaraut, Mocksa; 2002;
https://biblioclub.ru/index.php?page=book&id=69274 (DnekTpoHHOE U3MaHKE)

2. [NaBnenko, 0. I'.; 3agaun 1o TeopeTHUECKON MexaHUKe : yueOHoe mocodue.; dusmaraut, Mocksa; 2003;
https://biblioclub.ru/index.php?page=book&id=69273 (DnekTpoHHOE U3TaHKE)

3. Aizepman, M. A.; Kiaccuueckas wmexaHuka : MoHorpadwus.; Hayka, Mocksa; 1974;

https://biblioclub.ru/index.php?page=book&id=477092 (DnekTpoHHOE U3AaHKE)

ITeuaTHbIE N3AaAHUA

1. IMaBnenko, 1O. I'.; Jlekuuu 1o TeopeTrHuecKkoil MexaHuke : yueOHHK it By30B.; DU3MATIIUT, Mockaa;
2002 (50 7K3.)

2. Iasnenko, 0. I'.; 3amaun mo Teopernyeckoi MexaHuwke : yded. mocobue i By3oB.; PU3MATIIAT,
Mockasa; 2003 (22 3x3.)

3. Jlannay, JI. JI.; Teopernueckas ¢pusuka : B 10 1.: Yueb. mocobue. T. 1. Mexannka; Hayka, Mocksa; 1988
(106 7x3.)

4. T'onncretin, I'., Py6amos, A. H.; Knaccuueckas mexannka; Hayka, Mocksa; 1975 (56 5k3.)
5. Kotkwun, I'. JI.; CoopHuk 3aaa4 no kinaccudeckoi mexanuke; PXJ[, Mocksa; 2001 (29 »k3.)

6. OnbxoBckuii, . U.; 3agaun no Teopernyeckoil MexaHuke st GU3UKOB : y4eb. mocodue 11 By30B.; JlaHb,
Cankr-IletepOypr [u ap.]; 2008 (22 3k3.)

7. Ypcyno, A. B.; Teopermueckas MexaHuka. PemeHue 3amaud : ydeOHOE MmocoOHWe Mg CTYIEHTOB,
oOyyJaromuxcsi o mporpamMMme OakayiaBpuara 1o HampapieHusM moarotoBku 011000 "dwuszuka", 011501
"Actpornomus", 011800 "Pammodmsuka", 222900 "Hanorexnomoruu".; W3matenbcTBO YpaabCcKOro
yHuBepcureta, Ekarepunoypr; 2012 (204 »k3.)

IIpogeccnonanbubie 0236l JAHHBIX, HHPOPMALMOHHO-CIIPABOYHbIEC CHCTEMbI
OnekrponHas oubmmoreka Yp®dY [https://opac.urfu.ru]
DNeKTpOHHBIN HayuHbIN apxuB YpDV [https://elar.urfu.ru]
[Topran undopmanmronHo-00pa3zoBaTenbHbIX pecypcoB YpdYV [https://study.urfu.ru]

3oHanpHast HayuHas oudmmoreka Yp@V [https://lib.urfu.ru]



baza 3nanmii 1 HAOOp BEIYUCIUTENBHBIX aropuTMoB Wolfram Alpha [http://alpha.wolfram.com]

Matrepnansl pis aun ¢ OB3

Becy kontent OBC mpencraBieH B Buzae (aiioB crenuanbHOro (opmarta It BOCHPOM3BEICHUS
CHUHTE3aTOPOM PEUH, a TAKXKE B TECTOBOM BHJIE, IPUTOTHOM ISl IPOYTEHUS C UCIIOJIb30BAHUEM SKPAHHOM Ty TIbI

Y HaCTPOMKOM KOHTPACTHOCTHU.

ba3bl JaAHHbIX, mul)opMaunonﬂo-cnpanoqﬂme H IMOUCKOBbIC CUCTEMbI

3. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JNCHUIIJIMHBI

TeopeTnyeckass MeXaHUKA

CBe)IeHI/Iﬂ 00 OCHAINCHHOCTHU JUCHHUIIMHBI CICUATUIUPOBAHHBIM U .]'IaﬁopaTOpHLIM
060py}10BaHI/IeM U NpOorpaMMHbIM od0ecneyeHHEM

Tabmuma 3.1

Ne Buabl 3ansaTnii

OcCHAIIEHHOCTH CNENNAJIbHBIX
NOMeIeHUii ¥ MoOMellleHu i AJIs
CaAMOCTOATEIbHOI PadoThI

IlepevyeHb JUHEH3HOHHOTO
MPOrpaMMHOro odecreyeHust

1 Jlexnn

Mebenb ayauTopHasi ¢
KOJIMYECTBOM pabOUnX MECT B
COOTBETCTBHUH C KOJUYECTBOM
CTYZICHTOB

Pabouee mecTo npenoaaBarens
Jocka aynuropHas

[Tonkmrouenue k cetu MaTEpHET

Office Professional 2003 Win32
Russian CD-ROM

2 IIpakTrueckue 3aHATHS

Mebenb ayauTopHast ¢
KOJIMYECTBOM pabOovMX MECT B
COOTBETCTBUH C KOJIMUYECTBOM
CTYJCHTOB

Pabouee mecto npemnonaBarens
Jocka aynuropHas

[Tonkmtouenue k cetn UHTEpHET

Office Professional 2003 Win32
Russian CD-ROM

3 Koncynpranun

MeGenb ayTuTOpHAas C
KOJINYECTBOM pabOuuX MECT B
COOTBETCTBHUH C KOJTUYECTBOM
CTYZCHTOB

Pabouee mecTo mpemnogaBaress

Jlocka aynuropHas

Office Professional 2003 Win32
Russian CD-ROM




[Toaxmrouenue k cetn HTEpHET

Texymui KOHTPOIIb U
IIPOMEKYTOYHAS
aTTecTanus

MeGenb aytuTOpHas ¢
KOJINYECTBOM pabouuX MECT B
COOTBETCTBHUH C KOJTUYECTBOM
CTYZCHTOB

Pabouee mecto npenoaasarens
Jlocka aynuropHas

IToaxmrouenue x ceru HTEpHET

Office Professional 2003 Win32
Russian CD-ROM

CamocrosTenpHas
pa60Ta CTYACHTOB

Mebenp aymuTopHas ¢
KOJIMYECTBOM pabovMX MECT B
COOTBETCTBUH C KOJIMYECTBOM
CTYJCHTOB

IIepcoHasbHBIE KOMITBIOTEPHI 110
KOJIMYECTBY 00yYarolmuxcs

[Tonkntouenue k cetu MHaTEpHET

Mathematica 11 Network Increment
Standard 15-Users Bundled List
Price with Service

Office Professional 2003 Win32
Russian CD-ROM

Maple 11




PABOYASA TPOI'PAMMA JTUCHUIIJINHBI
BeeneHue B CTPYKTYPHBIH aHAJIN3

Pabouas nporpamMmma IUCHOUILIMHBI COCTABJICHA aBTOPAMMU:

Ne ni/m | ®amuausa Umsa OTyecTBO YHeHas cTenens, HoyxHOCTH Honpasnenerie
yuyeHoe 3BaHue
1 babymkun Anexceit JOKTOp (PU3UKO- ITpodeccop ¢buznkn
HuxonaeBuu MaTeMaTHIECKUX KOHJIEHCHPOBAHHOT
HayK, mpodeccop 0 COCTOSIHUS U
HaHOPa3MEPHBIX
cHCTEM

PexoMengoBaHo y‘lGﬁHO-MeTOHH‘leCKHM COBE€TOM MHCTHTYTA EcTecTBeHHBIX HAayK 1 MaTEMAaTUuKu

[Iporokon Ne 3 ot 17.03.2022 .



1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

e badymkun Anexceit Hukonaesuy, Ilpogeccop, pu3uKku KOHIEHCMPOBAHHOIO COCTOSIHUS U
HAHOPa3MepPHbIX CHCTEM

1.1. Texnojaoruu peajinzanuu, HCMOJb3yEeMbIC IIPU H3YYCHUH JUCHUIIIMHBI MOIYJIA

- TpamunuonHas (penpoayKTHBHAS ) TEXHOIOTHS
— C npuMeHEeHHEM 3JIEKTPOHHOTO 00YYEeHHUsI Ha OCHOBE 3JIEKTPOHHBIX YUEOHBIX KYpPCOB, pa3MeIleHHbIX
Ha LMS-timatpopmax YpdVY
— PasHoypoBHeBoe (nuddepennnupoBanHoe) o0yueHne
o ba3oBslil ypoBeHb

*bazosviil 1 ypogenb — coxpansem JI02UKY CAMOU HAYKU U NO380AAem NOAYYUMb VNPOUEHHOe, HO 6epHOe U NOJHOe

npeocmasierue o npeomeme OUCYUNIUHBL, MpeOyem 3HAHUe CUCTneMbl NOHAMULL, YMeHue peutams npodaemHule cumyayuu. Ocgoenue
OaHHO20 YPOBHS pe3yibmamos 00yueHust OO0JAHCHO o0becneyums GopMuposanue 3anianupOBaHHbIX KOMNEMEHYU U NO3601UM
06yuarOuemycs Ha MUHUMATLHOM YPOBHE CAMOCMOSIMENbHOCHU U OMBEMCMEEHHOCMU GbINOIHIAMb 3A0AHUS,
Ipoosunymuiti 1l yposenv — yenyonsiem u obozcawaem 06a306blil YpOBeHb KAK NO COOEPICAHUI0, MAK U NO 21ybuHe npopabomxu
Mamepuana OUCYUNIUHbl. Mo npoUcXo0Um 3a cuem KIo4eHUss OONOIHUMENbHOU unpopmayuu. JJannbvlii ypogeHs mpebyem yMeHus.
pewams npodrembvl 8 PAMKaX Kypcad U CMENCHbIX KyPco8 ROCPEOCMBOM CAMOCMOAMENbHOU NOCMAHOBKU Yelu U 8b100pa NPozpammbl
Oeticmeuil. Ocsoerue OaHHO20 YPOBHS Pe3VIbMamoe 00yueHUs NO380AUM 00YHaArOUWeMyCsl NOGLICUMb YPOBEHb CAMOCHOSMENbHOCIU
U OMEEemMCmMEEeHHOCHU 00 MBOPHUECKO20 NPUMEHEHUs. SHAHUU U YMEeHUL.

1.2. Copep:xkanue JUCHUNIMHBI

Tabmuua 1.1
Kona
Pasnen, Tema
pasaea, MHCHHILIAHBI Copnepxanue
TEeMBI

Uto Takoe «cTpykTypa»? Heo6XoaumMocTh MpuMeHEHuUs
YHUBEPCAIBHBIX METOJOB K UCCIICIOBAHUIO CTPYKTYPHI BEILICCTB
pasHoi mpupoabl. Mi3MeHeHne CTpYKTYphI BEIIeCTBA MIPU
U3MEHEHUH TeMIepaTypsl U faBieHus. COBpEMEHHbIE METOAbI

1 Brenenne WCCIIEIOBAHUS CTPYKTYPHI BemecTBa. JnpakiimoHHbIE METOIBI.
Pezonancusie MeToabl. COBpeMEeHHbIE NCTOYHUKH H3ITYICHUS IS
HCCIIEAOBAHUSI CTPYKTYPhI KOHIICHCUPOBAHHOTO COCTOSTHFIS.
OCHOBHBIC ATaIlbl PA3BUTHS MPEICTABICHUI O CTPYKTYpE BEIIECTBA
U METOJIOB CTPYKTYPHOTO aHAIN3a.

Judpaknus mIockux BoJIH Ha 00bekTe. KnaemaTuaeckoe

) OcHoBHas 3aa4da npuOkenue. upakurnoHHBIN CTPYKTYPHBIN aHaIHN3 KakK
CTPYKTYpPHOI'O aHa/IN3a npeobpazoBanne Dypre. Dazoas npodiema. [loHATHE O MPSIMBIX
METOZaX CTPYKTYPHOI'O aHaJIHu3a.
Pemerka bpasa. [IpumutnBHas sueiika. (suerika Burnepa —
3eiitia). DneMeHTapHas A4yeiika Kpucrania. DIeMeHTH CHMMETPUU
OcCHOBHBIE ITPEICTABICHUS O
3 kpuctamioB. Kpucrannorpapuueckue cunronuu. [loHsTHE TpyNIIbI
CUMMETPHUH KPUCTAIJIOB
cumMmeTpun. TouedHble rpynnsl ciMMeTpud. IIpocTpaHcTBeHHbIE
IpyHIbl CAMMETPHH.
ITpocTpancTBO 00BEKTA U OOPATHOE MIPOCTPAHCTBO (IIPOCTPAHCTBO
4 Oypne-00pa3 KpucTamia

®Oypbe). CBA3b MEXIY IPSMBIM H 00PaTHBIM [TPOCTPAHCTBAMH.
Bnusinue cummerpun ¢pynkuuu Ha ee Dypre-o6pas. Dypbe-o0pa3




HEOTHOPOIHOTO (COCTOSIIIIET0 U3 pa3HBIX yacTei) o0bekTa. dyphe-
00pa3bl aTOMHOTO A/Ipa, AIEKTPOHHON TUIOTHOCTH aToMa,
AJIEMEHTAPHON SYEHKH KpUCTaJlia, penieTku bpasa. ®ypbe-00pasbl
KOHEYHOW M O0ECKOHEYHOM JIMHENHBIX 1[EMOYEK, COCTOSAIINX U3
MaTepHaJbHBIX TOUeK. BinsHue n1edekToB KpucTaInyecKoi
PELIETKH Ha TUPPAaKIHOHHYIO KapTHHY. IHTEeHCHBHOCTD
TUGPAKIMOHHBIX JTMHUHA TP PACCESHUU M3ITYICHUS KOHEUHBIMA U
OeckoHEeYHBIMH KpucTaiiamu. MaTepdepennnonnas GyHKIusS
MPOCTPAHCTBEHHOM KpUCTAJUIMYECKOM perieTku. ['eomeTpust

T paKIMOHHON KapTHHBI MOHOKPUCTAJUIOB. Y paBHeHHs Jlaya.
®opmyna Bynbda-bparra. [ludpakunonnas kapTuHa
MIOJIMKpPHUCTAILIA.

®ypre-00pa3bl KPUCTATIIOB CO
CJIO’KHBIMH 3JIEMEHTAPHBIMH
sTUeKaMU

3axoHbI oracanus. Mcnonp3oBaHue 3aKOHOB IOracaHus IpU
MHTEPIIPETANU PEHTTEHOTPaMM. 3aKOHBI TOMOJIOTHH.
WnTencuBHOCTh AM(PaKIIMOHHONW KapTHHBI. BIusHIE MOTI0MIEHUS
Ha UHTEHCUBHOCTb PAaCCESIHUs U3JIy4eHUs] MOHOKPUCTAJLIAMU IIPU
pa3HO#i OpHEHTAUN UCTOYHMKA M3ITy4eHHUs1, 00paslia U MpHEeMHHUKa
paccesiHHOTO M3ny4eHus (Jlays u bparra). Bnusiaue craTuueckux u
JUHAMHYECKUX NCKAKECHUH KPUCTAIUIMYECKON PELIETKH HA
HWHTEHCUBHOCTH AU()PAKIMOHHONW KapPTHUHBI.

MerTonb! u anmnapaTtypa
I PaKIIMOHHBIX CTPYKTYPHBIX
HCCIIEIOBAHUI

OcHoOBHBIE METOABI TUPPAKIUOHHOTO CTPYKTYPHOTO aHAIIN3a —
peHTreHorpaduyeckuii, HeHTpoOHOTpadhUIECKUA U
3JeKTpOHHOTpadnueknid. PaccessHre 31eKTpOMarHuTHOTO
M3ITydeHus] CBOOOJHBIMU M BaJICHTHBIMHE JJIeKTpoHaMu. Cedenne
paccestaus. CpaBHUTENBHBINA aHATTN3 PA3INIHBIX METOIOB
CTpYKTypHOTO aHanu3a. Kiaccudukaius sxcrepuMeHTaTbHbIX
meTon10B. Mertop Jlays. Merop BpauieHus MOHOKpucTaiia. Merog
He6as-1lepepa. OcobeHHOCTH TPUMEHEHHS AU(DPAKIMOHHBIX
METOJIOB MPH BBICOKUX M HU3KUX TEMIEpaTypax, BBICOKUX
naBieHusx. OcoOEHHOCTH aBTOMAaTH3AIMH YKCIIEPUMEHTAIBHBIX
HCCIIEAOBAHUM.

OCHOBHBIE MTPEJICTABICHUS O
SJICPHOM raMMa pe30HaHCe

Oddexr Meccbayspa. MexaHU3MBI B3aUMOJICHCTBHS raMMa-
KBaHTOB C BemecTBoM. DoToanekrpudeckuii 3¢ dext. BHyTpeHHAS
koHBepcuda. Heynpyrue npoueccsl. Pe3oHaHcHOE nornoieHue
raMMa-KBaHTOB BELLIECTBOM. SepHasi raMMa- pe30HaHCHas
criektpockonus (AI'P). Dddext Homnepa u SAI'P. TpeboBanus k
VCTOYHHKAM U IOTJIOTUTENSIM raMMa-KBaHToB. [Tpumenenue AI'P k
HCCIIEIOBAHUAM CTPYKTYpHI BemiecTBa. CEeKTphl pe30HaHCHOTO
MOTJIONICHHS B CITy4asiX H30MEPHOTO (XMMUYECKOT0) CIIBUTa
SHEPTreTUYECKUX YPOBHEH siipa, B3aUMOJICHCTBUS KBAAPYIOIBLHOTO
MOMEHTA SIApa ¢ TPAJUEHTOM KPUCTAJUIMYECKOTO AIEKTPUUECKOrO
OJIsI HA AJIpe, B3aUMOICHCTBUSI MAarHUTHOT'O MOMEHTA s17Ipa C
KpPUCTAJNIMYECKUM MAarHUTHBIM 1oJieM Ha sipe. [Ipumenenue SATP
B OMOJIOTHH, apXEOJIOTHH U JIp.

OCHOBHBIE TIPEICTaBICHUS O
PE30HAHCHBIX METOAAX
HCCIIEIOBAHUSA CTPYKTYPHI
BeIIeCTBa

S nepHbIil MarHUTHBIN pe30HaHC. S epHbIN KBaAPyHOIbHBIMA
pe30HaHC. DJICKTPOHHBIN MapaMarHuTHEIA pe3oHaHc. O0macTi
IpuMeHeHus. TpeOoBaHus K UCCIIElyEMbIM BEILIECTBAM.

CHHXpPOTPOHHOE H3ITyueHHEe

HcTounnky CHEXPOTPOHHOTO H3ny4eHus. CreKTpaabHbIe
XapaKTepPUCTUKHA CHHXPOTPOHHOTO m3inydeHus. [Ipumenenne
CUHXPOTPOHHOT'O U3IYUYECHHS IS NCCIIEOBAHUS CTPYKTYPHI
BeliecTBa. ToHKas CTPYKTypa peHTT€HOBCKHX CIEKTPOB




nonomenus. V3ydeHre OIMKHETo Mopsiika B aMOp(hHBIX
Marepuanax u xkunkoctsax. EXAFS-meron (extended X-ray
absorption fine structure). DkcriepuMeHTaIbHBIE OCOOCHHOCTH.

1.3. HanpaBneHI/Ie, BU/JIbl BOCOUTATEIBbHOMN ASATEIBHOCTH U HCIIOJIb3YyCMBIC TCXHOJIOTUH

OU 1eATENbHOCTHU

TCEXHUYCCKUC OTUYCTHI

Tabmuma 1.2
Hamnpasnenu Bu
e i . i Texnonorus Pe3ynbpTarsl
BOCITUTATENIBHON | BOCIMTATENBHON | pooinror o KoMIeTeHms o6yqu1/m
ETENLHOCTH EATENLHOCTH NEeATENBHOCTH y
I1K-2 - Criocoben 3-1 - Onpenenuthb
Texnomorus
1eJeHanpaBIcHHA MIPOBOJIUTH aHAJIU3 MeTObI 00pabOTKH
(dbopMupoBaHUS
g paboTa ¢ pe3yIbTaTOB ¥ aHaIn3a
. YBEPEHHOCTH U .
uH(popManuen U3MEpPEeHUI pe3yabTaToOB
[Ipodeccruonansu TOTOBHOCTH K N
TS .. | mapameTpoB HU3MEPEHUI
0€ BOCITUTaHHE CaMOCTOSITETLHOMN
HCIIOIB30BaHUS B . HAHOMAaTepPHAJIOB U
yCHEITHOM
MPAKTHYECKHUX HAHOCTPYKTYp H
npodeccuoHanbH
LETIX TOTOBUTH HAYYHO-

1.4. IIporpaMMa AUCHMIIIIMHBI PEATIM3YETCS HA TOCYIapCTBEHHOM si3blke Poccuiickoil @enepanui .

2. YHEBHO-METOANUYECKOE U UTHOOPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJINHBI

BBenenue B CTPYKTYPHBIH aHAJIU3

DJIeKTPOHHbBIE pecypchbl (M31aHMs)

1. YerBepuxoBa, A. I'.; Kpucramiorpadpus

YHUBEPCUTET,
U3/1aHHE)

2. barae, 1. A.; Kpucramnorpagus: o603HaueHHE W BBIBOJ KJIACCOB CUMMETPHHU :
roCyapCTBEHHBIN

HoBocubupckuii

OpenOypr;

TEXHUYECKUN

YHUBEPCUTET,

https://biblioclub.ru/index.php?page=book&id=438293 (DnexkTpoHHOE H3TaHKE)

3. baraeB, U. A.; Kpucramiorpapus: MeToIbl MPOECIHPOBAHUS KPHUCTAIIOB
roCyJapCTBEHHBIN

HoBocubupckuii

TEXHUYECKUU

YHUBEPCHUTET,

https://biblioclub.ru/index.php?page=book&id=575176 (DnekTpoHHOE H3TaHKE)

4. baraeB, U. A.; Kpucrammorpadus: (HopmMbl KpUCTANTMYECKUX MHOTOTPAHHUKOB :
roCyJJapCTBEHHBIN

HoBocubupckuii

TEXHUYECKUU

YHUBEPCHUTET,

https://biblioclub.ru/index.php?page=book&id=575328 (DnekTpoHHOE H3TaHHE)

HoBocubupck;

HoBocubupck;

HoBocubupck;

yuebHoe mnocobue.; OpeHOyprckuil rocynapCTBEHHBIN
2012; https://biblioclub.ru/index.php?page=book&id=260745 (DnexTpoHHOE

yuebHoe mocoOwue.;
2015;

yuebHoe mocobue.;
2017;

y4ebHoe TMmoco0ue.;
2018;

5. baraes, U. A.; Kpucramnorpadus: uHIMIMpOBaHUE TpaHEH U pedep KpUCTAUIOB : yuyeOHOE MocoOue.;

HoBocubupckuii

roCyJJapCTBEHHBIN

TEXHAYECKUU

YHUBEPCHTET,

https://biblioclub.ru/index.php?page=book&id=576130 (OnexkTpoHHOE M3TaHNE)

HoBocubupck;

2019;

6. Kemn, A., A., llackonbsckuii, M. I1.; Kpucrannorpadus u nedexrtsr B kpucramiax; Mup, Mocksa; 1974;
https://biblioclub.ru/index.php?page=book&id=447893 (DnexkrpoHHOE M3AaHUE)

7. bpase, O., O., lllappanosckuii, M. U.; N30panubsie HaydHbie Tpyabl: Kpuctammorpadpuueckue 3TOIBI :
cOOpHUK Hay4HBIX TPy OB.; Hayka, Jlenunrpan; 1974; https://biblioclub.ru/index.php?page=book&id=427120



(OneKTpOHHOE H3/IAHHE)

ITeuaTHble U3AaAHUA

1. baGymikun, A. H.; BBeneHue B CTpyKTypHBIN aHaIN3: OCHOBHBIE MPECTABICHUS O METOAAaX UCCIETOBAHUS
CTPYKTYpPbI KOHJACHCUPOBAHHBIX cpefl : Yueb. mocobue ains By30B.; M3a-Bo Ypai. roc. yu-ta, ExarepunOypr;
2002 (58 7K3.)

2. Hlackomnbcekas, M. I1.; Kpucramnorpagus : Yue6. nocobue.; Bricias mxona, Mocksa; 1984 (52 7k3.)

3. XKnanos, I'. C., Xnanos, I'. C.; JlubpakunoHHbI U PE30HAHCHBIM CTPYKTYpHBIH aHanu3. PeHTtreno -,
AIIEKTPOHO -, HEUTPOHO-MeccOaysporpadus U mMeccOay’pOBCKasi CIIEKTPOCKONHs : [yuyeOHoe mocobue s
By30B].; Hayka, Mocksa; 1980 (18 3k3.)

4. Haiim, B. E.; Teopusi cUMMeTpHH KpUCTAJUIOB : y4eOHOe mocobue.; YpalabCKHil ToCyaapCTBEHHBIN
yHuBepcureT, CBepanosck; 1986 (43 3k3.)

5., Kpamep-Arees, E. A.; DkciepuMeHTaIbHBIC METOABI HEUTPOHHBIX HUCCIICIOBAHUN @ Yuebd. mocooue st
WHXK.-QH3. CIIEIMAIBLHOCTEH By30B.; DHeproaromusnaT, Mocksa; 1990 (11 ax3.)

6. [Topaii-Kommui, M. A.; OCHOBBI CTPYKTYPHOTO aHATN3a XUMUUECKUX COCTMHEHUH : Y4eb. TocoOue Isi XUM.
crienl. yH-ToB.; Beicin. mik., Mocksa; 1989 (6 3x3.)

7. Wladpanosckuit, M. U., Anssaun, B. ®.; Kparkuit kypc kpucramiorpaduum : yded. uisi HEreod.
CIlenMagbHOCTEHN By30B.; Bricmas mkoma, Mocka; 1984 (29 sk3.)

8. Beprxeiim, I'., AbanaceeB, A. M., CxisipeBckuid, B. B.; Dddext Meccbayspa : mpUHITUIIBI U IPUMEHEHUS.
Mup, Mockaa; 1966 (15 3k3.)

IpodeccnonanbHbie 6a3bl JAHHBIX, HH(POPMAIIMOHHO-CIIPABOYHbIE CHCTEMbI

®apbep B. M., Apxanrensckas A. A. JluppakunoHHble METObI aHaIM3a. : YdyeOHoe nocobue. — YI'TY-VIIN.
— Ekarepunobypr, 2005. — 113 c. — [https://study.urfu.ru/Aid/ViewMeta/24]

Symmetry and Space Group Tutorial by Jerry P. Jasinski and Bruce M. Foxman
[http://people.brandeis.edu/~foxmanl/teaching/indexpr.html]

OtkpeiTas 6a3a HaHHBIX 10 kKpuctamorpaduu [http:// www.crystallography.net/cod/]
OnektponHas 6ubimorteka YpdYV [https://opac.urfu.ru]

OnekTpoHHBINH Hay4yHbIi apxuB Yp@V [https://elar.urfu.ru]

[Topran nndopmarmoHHo-00pazoBaTebHBIX pecypcoB YpdY [https://study.urfu.ru]

3oHanbHasg Hay4yHas ouonuoreka YpdYVY [https://lib.urfu.ru]

"BBenenue B CTpyKTypHbIM aHain3. OCHOBHBIE NPEACTABICHHMS O METOJAX HCCIEAOBAHUS CTPYKTYphI
KoHJeHcupoBaHHBIX  cpen” (Cucrema anekTpoHHOro oOydenmss Ha miatrdopme [unmepmeron)
[https://learn.urfu.ru/subject/index/card/subject 1d/2819]

Matrepunansi aas jauy ¢ OB3

Becoy xontent OBC mpencrasineH B Buze (ailioB crnenuanbHOro (opmara JUisi BOCIPOU3BEIECHUS
CHUHTE3aTOPOM PEUH, a TAK)KE B TECTOBOM BUJIE, IPUTOAHOM JUISI IPOUTEHUS C UCIIOJIBb30BaHUEM SKPAaHHOM JTYTIbI
Y HACTPOMKOM KOHTPACTHOCTH.



ba3n1 JaAHHbIX, HHq)OpMallI/IOHHO-CHpaBO‘IHble U IMIOUCKOBBLIC CUCTEMBbI

3. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

BeeneHue B CTPYKTYPHBIH aHAJIN3

Caenennst 00 OCHAIICHHOCTH JHCHHUILUINHBI CIEUATH3HPOBAHHBIM M J1a00pPaTOPHBIM
o0opyroBaHNeM H IPOrPaMMHBIM o0ecre4YeHneM

Tabmua 3.1

Ne Buapl 3anaTnii

OcCHAIIEHHOCTH CHENHATbHBIX
NnoMeleHUH U MoMeleHui 15
CAMOCTOATEIbHOI padoThI

IlepeyeHb JIMLEH3HOHHOTO
NMPOrpaMMHOro o0ecrnevyeHust

1 Jlexuun

Meb6enb ayauTopHast ¢
KOJIMYECTBOM pabO4MX MECT B
COOTBETCTBUH C KOJIMUYECTBOM
CTYJCHTOB

Pabouee mecto npemnonaBarens
Jlocka aynuropHas

[Tonkmntouenue k cetn MHTEpHET

Office Professional 2003 Win32
Russian CD-ROM

2 IIpakTrueckue 3aHATUS

MeGenb aytuTopHas ¢
KOJINYECTBOM pabouuX MECT B
COOTBETCTBHUH C KOJTUYECTBOM
CTYJCHTOB

Pabouee mecto npenoaasarens
Jocka aynuropHas

[lepcoHanbHbIE KOMIBIOTEPHI 110
KOJIMYECTBY 00yYaromuxcs

[Tonkntouenue k cetu UHTEpHET

Office Professional 2003 Win32
Russian CD-ROM

3 Koncynpranumn

Meb6enb ayauTopHast ¢
KOJINYECTBOM pabOunX MECT B
COOTBETCTBHUH C KOJUIECTBOM
CTYZCHTOB

Pabouee mecto npemnonaBarens
Jlocka aynuropHas

[Toaxmrouenue k cetn HTEpHET

Office Professional 2003 Win32
Russian CD-ROM

4 Tekymui KOHTPOIIb U
IIPOMEKYTOYHAS
aTTecTanus

MeGenb aytuTopHas ¢
KOJINYECTBOM pabouuX MECT B
COOTBETCTBUH C KOJIMYECTBOM
CTYJCHTOB

Office Professional 2003 Win32
Russian CD-ROM




Pabouee mecto npenoaasarens
Jlocka aynuropHas

IlepcoHanbHbIE KOMIBIOTEPHI 110
KOJIMYECTBY 00yYaromuxcs

[Tonkmtouenue k cetu UHTEpHET

CaMocTosTenbHas
paboTa CTyICHTOB

Mebens aymuTopHas ¢
KOJINYECTBOM pabOunX MECT B
COOTBETCTBHUH C KOJTUIECTBOM
CTYJICHTOB

HCpCOHaHBHHC KOMITIBIOTEPEI 110
KOJIMYCCTBY 06y‘IaIOH_II/IXC$I

[Tonkmrouenue k cetu MHTEPHET

Office Professional 2003 Win32
Russian CD-ROM




PABOYASA TPOI'PAMMA JTUCHUIIJINHBI
KBaHTOBasi MexaHUKa

Pabouas nporpamMmma IUCHOUILIMHBI COCTABJICHA aBTOPAMMU:

Ne ni/m | ®amuausa Umsa OTyecTBO YHeHas cTenens, HoyxHOCTH Honpasnenerie
Y4YeHOe 3BaHHue
1 MockBuH Anekcasp JOKTOp (PU3UKO- ITpodeccop TEOPETUYECKOU U
CepreeBuu MaTeMaTHYECKHUX MaTeMaTHYECKON
HayK, mpodeccop ¢bu3uku

PeKOMeHZIOBaHO y‘lCﬁHO-MeTOJII/[‘leCKI/IM COBE€TOM MHCTHUTYTA EcTtecTBeHHBIX HAayK U MaTEMaTUuKu

ITporoxon Ne 3 or 17.03.2022 .



1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

e MockBuH Ajexcanap Cepreesud, [Ipodeccop, TeopeTnueckoii 1 MaTeMaTHYeCKOi (PU3NKHU

1.1. TexHoorum peaju3auuu, HCNOJIb3yeMble NPU U3YYEHHH THCHUIIIMHBI MOXYJIS

- TpamunuonHas (penpoayKTHUBHAs) TEXHOIOTHS
— PasHoypoBHeBoe (nuddepenunpoBanHoe) o0yueHne
o ba3oBblii ypoBeHb

*bazosviil 1 ypogenb — coxpansem JI02UKY CAMOU HAYKU U NO380JAem NOAYYUMb YNPOWEHHOe, HO 6epHOe U NOJHOe

npeocmasienue o npeomeme OUCYUNIUHBL, MpeOyem 3HAHUe CUCTNeMbl NOHAMULL, YMeHue peutams npodaemHule cumyayuu. Ocgoenue
OaHHO20 YPOBHS pe3yibmamos 0byueHust 00JAHCHO obecneyums GopMuposanue 3anianupOBaHHbIX KOMNEMEHYUl U NO3601UM
006yuarOWeMycs Ha MUHUMATLHOM YPOBHE CAMOCMOSIMENbHOCIU U OMBEMCMEEHHOCMU GbINOTHAMb 3A0AHUS,
Ipoosunymuiti 1l yposenv — yenyonsiem u obozawaem 06a306blil YpOGeHb KAK NO COOEPHCAHUI0, MAK U NO 21yOuHe npopabomxu
Mamepuana OUCYUNIUHbL. Mo nPOUCX00Um 3a cuem KI04eHUss OONOIHUMENbHOU UuHpopmayuu. JJannblil ypogeHs mpebyem yMeHus.
pewams npodrembvl 8 pAMKax Kypca U CMENCHbIX KyPco8 ROCPeOCmBOM CAMOCMOAMENbHOU NOCMAHOBKU Yelu U 8b100pa NPOpamMMbl
Oeticmeuil. Ocgoerue OaHHO20 YPOBHS Pe3YIbmMamoe 00yueHUs NO380AUM 00YHaruemMycs NOGbICUMb YPOBEHb CAMOCHIOSMENbHOCIU
U OMEEemMCmME8eHHOCHU 00 MBOPHUECKO20 NPUMEHEHUs SHAHUU U YMEeHUIL.

1.2. Copep:xkanue TUCHUNIMHBI

Tabmuma 1.1
Kona
Pa3nen, Tema
pazaeia, HCHATITMHBL Copepxanue
TeMbI

KsanroBas runoresa [1nanka o IUCKPETHOCTH U3TyUYEHUS U
nornomenus ceera. @opmyna [lnanka. KBantel cBobonHOrO
3JIEKTPOMAarHUTHOTO 0N — (JOTOHBI U Teopust GpoTorddexra
Oitnmreiina. Teopus bopa aToma Boopoaa v MpoCTPaHCTBEHHOE
KkBaHTOBaHHe 3oMMepdenbaa—Bunscona. ['unoresa Jlyn ne bpoiins
0 BOJIHOBBIX CBOMCTBax MaTepuu. MaTpuyHas MeXaHHKa
I'eiizenOepra u BonHOBas Mexanuka lllpeauarepa. BepostHoCcTHAs
TpakToBKa BOJIHOBOH (pyHkumu Boprom. ['mnore3a YinenOeka u
T'ayncMura o crivHE AIEKTPOHA. PensiTUBUCTCKOE ypaBHEHUE
Jupaka. OCHOBBI KBAaHTOBOM TEOPUHU CUCTEM MHOTHMX YACTHII.
Pemaromue sxcriepuMeHTHI IO MPOBEPKE KBAaHTOBBIX
NPEACTABICHUM.

Kpartkas ucropus
1 BO3HUKHOBCHHSI M Pa3BUTHS
KBAaHTOBBIX MPEJICTABICHUN

Bonnosas ¢pynkuus. [Ipunnun cynepnosuunu. Oneparopsl B
KBaHTOBOM MeXaHHKE, UX CBS3b C (PU3NUCCKUMH HAOII01aEMBIMU
BennunHamMu. OneparopHblii popmanusMm. [ToHsTre n3mMepenus.
Cpennee 3HaueHne $pu3ndeckoil BennunHbl. HeompeneneHHOCT
¢uznueckoii BennunHbl. COOTHOLIEHNE HEONPEAETICHHOCTEH U ero
(hm3nyecKkuii CMbICIT.

OcCHOBHBIE IPUHIIUTIIBI 1
2 IIOCTYJIaThl KBAHTOBOM
MEXaHHUKH

[IpeoOpazoBanue KOOpAMHAT U TIPe0Opa3oBaHUs HU3NIECKON
cuctemsl. ['pynmst mpeoOpazoBannii. [loHsITHE TPYIIITEI K
IIpeoGpa3oBanus B KBAHTOBO} | TPCACTABICHUE IPYIIIIL. [IpumepsI TpymIL, UCTIOIB3yEMBIX B
MEXAHHKE KBaHTOBOW MexaHuke. CHMMETpHS U 3aKOHBI COXPaHEHHUS B
KBaHTOBOW MexaHuke. Teopema Burnepa o cBsi3u cOOCTBEHHBIX
3HAa4YEeHUI SHEPTUU U BOTHOBBIX (PYHKIMH C HEPUBOJUMBIMU
MpeICTaBICHUSMH TPYIIIBI CUMMETpHH cucteMbl. [IpeobpasoBanue




C/IBHUTA U omiepatop umiryiibca. OHOPOIHOCTh MPOCTPAHCTBA U
3aKOH COXpaHEeHHUsI UMITyJbca. [[peoOpa3oBanue MOBOPOTA B
TPEXMEPHOM MPOCTPAHCTBE U ONEPATOP MOMEHTA HMITYJIbCa.
[IpeobpazoBanue CKANSPHBIX U TEH30PHBIX (QYHKIIHH.
[IpeobpazoBanue BekTopHOH QyHKIMU. OmiepaTop CruHa.
M30TpOrnHOCTh MPOCTPAHCTBA M 3aKOH COXPAaHEHMS MOMEHTA
HUMITyJbCa.

MaremaTuyeckuil anmapar
4 TEOPUU MOMEHTA KOJIMYECTBA
JBIKEHUS

KoMMmyTalmonHble COOTHOIIEHHS 11 KOMIIOHEHT MOMEHTA.
Omnepatopsl NOBBIILIEHUS 1 TOHWKeHUs. KBaHTOBOE 4KCII0 MOMEHTa
1 ero BO3MOXKHbIE 3HaU€HHs. MaTpUYHbIE JIEMEHTHI OTlepaTopa
MoMeHTa. Martpuusl [Taynu u ux cBoiictBa. BektopHast Mozenb
ciokeHuss MoMmeHToB. IIpaBuio Tpeyronpauka. KoaddummenTts:
BEKTOPHOTO CJIOKEHHUS MOMEHTOB (KodhdunmenTs! Kiebma—
l'opnana), ux cBoiicTaa.

5 Vpasuenune lllpenunrepa

Ypasuenue [lpeauHarepa kak 0000IIEHHE KIIACCHYECKOTO
ypaBHeHUs |'amunmsToHMan—SAKko0m. Ypasuenue llpenunarepa u
BapHaHHOHHBIﬁ IIPUHIUAIL. IImotHOCTB BEPOATHOCTU U IIJIOTHOCTH
MOTOKA BeposATHOCTH. CTallMOHAPHOE PEIICHUE YPABHEHUS
[Ipenunrepa, CBOMCTBA CTAUUOHAPHBIX COCTOSHUM.
KBasucrannonapuoe cocTosiHue.

IIpocreiimne u TOUHO
6 perraemMble 3a/1a4i KBAHTOBOM
MEXaHUKH

OnHoMmepHOe IBMKEHHE, 00IINe CBOWCTBA PEIICHUH.
[orennmanbHbIe IMBI B Oapbepbl. TyHHEIUPOBAHHE.
I"apmoHnYecKuil OCIIMILIATOP, CHEKTP IHEPTUN U BOJTHOBBIE
¢ynkunu. JIBa Metosa aHanuza («TpaAuLUOHHBII» 1 MeToA 003e—
orepaTopoB). J{BHKEHHE YACTUIIBI B IEHTPAILHOM TIOJIE.
Paznenenue pagnanbHBIX U YITIOBBIX nepeMeHHbIX. Cdeprueckue
(yuxauun. [IpocTpancTBeHHBIN poTatop. HepensaTuBucTckas
TEOpHUsSI aToMa BOJIOPOJa. DHEPreTHUYEeCKuil criekTp. BoiaHOBEIE
¢byHkumu. Pactipenenenye a5eKTpOHHOM TNIOTHOCTH B PA3TUYHBIX
nlm-cocrostausix. OcoOCHHOCTH S, P, d — COCTOSTHUIA.
I'uOpuan3anus u THIB THOPUAHBIX OpOUTAIeH. DIIEMEHTHI
KBaHTOBOH XMMHUH, MOJICKYJIIPHBIE OpOHUTAIIH.

7 Teopus Bo3MyLIEHUI

CranmoHnapHas Teopus BO3MYyIIeHUH. HeBBIpOXKIEHHBIH yPOBEHb.
BriposkaeHHbIi ypoBeHb. Teopust BO3MYIICHUH ISl IBYX OJIM3KUX
ypoBHe#. D dekTuBHBIE raMUILTOHUAHBL. [IceBIOCTIMHOBEIH
¢dopmanusm Teopus BO3MYILEHHA, 3aBUCALINX OT BPEMEHHU.
KBaHTOBBIE IEPEX0BI, BEPOSTHOCTH Nepexona. OCHOBHBIE
ypaBHEHUS HECTAIMOHAPHON Teopun Bo3MyieHnid. OOuii Bu
pelIeHnsT OCHOBHOIO ypaBHeHMs1. MaTpuna paccessHua. KBaHTOBBIE
NEePEXObI IO JEHCTBUEM IIOCTOSIHHOI0» U NEPUOJUIECKOTO
BO3MYIIEHH. «30510TOe» MpaBmiio Pepmu. 3aKOH COXpaHEHUS
SHEPTUU U COOTHOILIECHHUE HEOIPEAEICHHOCTEN IHEPTUA—BPEMSL.

N36panubie r1aBsl KBAHTOBOM
TEOpHUH

DJIeMEHTHI KBAHTOBOW TEOPHUH YIIPYTOT'O PACCESHUSI.
BzaumopeiicTBUe KBAaHTOBOW CUCTEMBI C 3JIEKTPOMArHUTHBIM
oJieM, rpaBuiia oroopa. YpaBHeHnue Jlupaka v OCHOBBI
PEIATUBUCTCKON KBaHTOBOM MexaHuku. CriuH. PensiTuBuCTCKIE
nonpaBky. TOHKas CTPYKTypa CIIEKTpa aToMa BOJOpoAa. DIEeMEHTHI
KBaHTOBOW TEOPUH CHCTEM MHOTHX YacTHII. bO30HBI B (hepMHUOHBI.
IIpunnun [aynu. 3aeMeHThI TEOPUU MHOTOJIEKTPOHHOTO aTOMa.

1.3. HanpaBneHHe, BHUbI BOCITUTATEIIBHOM ACATCIIBHOCTHU U UCII0JIb3YCMbIC TCXHOJIOTUU




Taonurma 1.2

Hanpasnenue Bun

7 7 Texuonorus Pesynbratel
BOCITUTATENIBHON | BOCIMTATENBHON | pooinrom o o KoMIeTeHms 6}’
NEITEILHOCTU NEITEIbHOCTU NEeATENBHOCTH O0y4YCHMA
[1K-4 - Ciocoben 3-2 -
KCIIOJIB30BaTh HNHTepnpeTrpoBaTh
TexHonorus METObI pe3yabTaThl
6 (dbopMupoBaHUS MaTEMAaTHYECKOTO MOJEIUPOBAHUS
yeOHO-
y YBEPEHHOCTH U MOJICIIUPOBAHUS U 00BEKTOB U
HCCIIENOBATENILCK
[Ipodeccruonansu TOTOBHOCTH K CTaTUCTUYECKOTO MPOLIECCOB
ast, Hay4HO- 5 o
0€ BOCIIUTAHHE - Hay CaMOCTOSITEJILHON | aHaiIu3a HAHOTEXHOJIOTUH U
HCCIIEI0BATENLCK N o
yCHEITHOM HKCIIEPUMEHTAJIbHBIX | MUKPOCHUCTEMHOMN
ast
npodeccuoHalbH | Pe3yJbTAaTOB B TEXHUKA
OH AeITEeNLHOCTH | 00JIacTH HAHO- U
MHUKPOCHCTEMHON
TEXHUKU

1.4. IIporpaMMa AUCHMIIIMHBI PEATTM3YETCS HA TOCYIapCTBEHHOM si3blke Poccuiickoil @enepanui .
2. YYEBHO-METOJUYECKOE U TH®OPMALIMOHHOE OBECIIEYHEHUE JUCIUIIJINHBbI
KBanToBasi MmexaHnka

DJIeKTPOHHBbIE pecypchbl (U31aHMs)

1. JaseimoB, A. C.; KsantoBas wmexaHuka : MoHorpadus.; Hayka, MockBa, 1973;
https://biblioclub.ru/index.php?page=book&id=499379 (DnexkrpoHHOE H3AaHKE)

2. Emortun, I1. B.; KBanToBas MexaHuka ¢ 3aa4aMu : COOpPHUK 3a/1a4 U ynpakHeHuil.; @uzMaTint, MockBa;
2001; https://biblioclub.ru/index.php?page=book&id=68967 (DnekTpoHHOE U3TAHUE)

3. CoxomnoB, A. A.; KsaHroBas MexaHuka u artoMHas ¢usuka; IIpocemenue, Mocksa; 1970;
https://biblioclub.ru/index.php?page=book&id=483321 (DnekTpoHHOE H3TaHKE)

4. Jlampmay, JI. H.; Kparkuii kypc Teopernueckod  ¢usuku; Hayka, Mocka; 1972;
https://biblioclub.ru/index.php?page=book&id=494680 (DnekTpoHHOE H3TaAHHE)

5. Meccuma, A., A.; KsaHroBas wmexaHmka : MoHorpadms.; Hayka, Mocksa; 1979;
https://biblioclub.ru/index.php?page=book&1d=499393 (DnexkrpoHHOE M3HaHUE)

6. Meccua, A., A.; KsanroBas wmexanmka : MoHorpadwusa.; Hayka, Mocksa; 1978;
https://biblioclub.ru/index.php?page=book&i1d=499392 (DnexkrpoHHOE M3AaHNE)

7. bnoxunnes, . u.; OCHOBEI KBAaHTOBOM MEXaHUKH, Hayxka, Mockaa; 1976;
https://biblioclub.ru/index.php?page=book&id=495577 (OnexkTpoHHOE H3AaHUE)

8. ®drrorre, 3., 3.; 3amaun 10 KBAaHTOBOM MEXaHUKe; Mup, Mockaa; 1974,
https://biblioclub.ru/index.php?page=book&id=495583 (DnekrpoHHOE M3AaHUE)

9. ®djmrorre, 3., 3.; 3amaun 10 KBaHTOBOM MEXaHUKe; Mup, MockBa; 1974,
https://biblioclub.ru/index.php?page=book&id=495582 (DnexkrpoHHOE U3AaHKE)

10. MarBeeB, A. H.; KBaHTtoBas MexaHMKa U CTpoeHME aToma; Bpicmias mikosna, MockBa; 1965;
https://biblioclub.ru/index.php?page=book&id=483293 (DnexTpoHHOE U3/1aHUE)



11. Tonmpaman, U. U., Tetinuxkman, b. T.; COopHuK 3amad Mo KBaHTOBOM MexaHHWKe; [ocymapcTBeHHOE
A31aTEIbCTBO TEXHHUKO-TEOPETUYECKOU JUTEPaTyPHI, Mocksa; 1957;
https://biblioclub.ru/index.php?page=book&id=257398 (DnexkrpoHHOE M3AaHUE)

12. T'eiizenbepr, B., B., MBanenko, /[.; CoBpemMeHHass KBaHTOBas MEXaHHKA; [ OCyIapCTBEHHOE TEXHHUKO-
TeopeTnueckoe u3a-Bo, MockBa, Jlenunrpan; 1934; https://biblioclub.ru/index.php?page=book&id=45428
(DneKTpOHHOE H3/IaHHE)

13. I'pammun, A. D.; KBanToBas MEXaHUKa; [Ipocsenienue, MockBa; 1974,
https://biblioclub.ru/index.php?page=book&id=495585 (DnexkTpoHHOE U3AaHKE)

14. dupax, 1., I1.; [IpuHimne: KBaHTOBOM MexaHUKH : MOHOTpadus.; ['ocyaapcTBeHHOE U31aTEIBCTBO (PUIUKO-
MaTeMaTuueckol murepatrypbl, MockBa; 1960; https://biblioclub.ru/index.php?page=book&id=499380
(OnexTpoHHOE U3aHUE)

15. 3ommepdenbn, A., A.; CrpoeHue aTomMa W CHEKTPbI; [ 0CynapcTBEHHOE H3IATEIbCTBO TEXHHUKO-
TeopeTudeckol muTepatypel, MockBa; 1956; https://biblioclub.ru/index.php?page=book&id=495602
(OneKTpoHHOE U3/IaHKE)

16. 3ommepdenbn, A., A.; CrpoeHue aTomMa U CHEKTPHl; [ 0CylapcTBEHHOE H3ATENLCTBO TEXHHKO-
TeOpeTU4eckor mutepaTypel, MockBa; 1956; https://biblioclub.ru/index.php?page=book&id=495603
(OneKTpOHHOE U3/IaHKE)

17. Kemndep, @. A.; OcHOBHbIC TIOJOXKCHHS KBAaHTOBOW MexaHukw; Mmup, Mocksa;, 1967;
https://biblioclub.ru/index.php?page=book&id=495587 (DnekTpoHHOE H3TaHKE)

18. Jlunikun, I'., I'.; KBaHTOBass MeXaHHWKA: HOBBIM MOAXO] K HEKOTOPEIM mpobiemam; Mup, Mocksa; 1977;
https://biblioclub.ru/index.php?page=book&id=495589 (DnexkrpoHHOE H3TaHHE)

19. Mensenes, b. B.; Hauana teopermueckoit ¢usuku: MexaHuka, TEOpUs MO, SJIEMEHThI KBAaHTOBOM
MeEXaHUKH : y4ueOHOe mocooue. ; du3zMaTINT, Mocksa; 2007;
https://biblioclub.ru/index.php?page=book&id=69239 (DnekTpoHHOE M3naHKE)

20. Heiiman, W., M.; Marematnueckue OCHOBBI KBaHTOBOM MexaHuku; Hayka, MockBa; 1964;
https://biblioclub.ru/index.php?page=book&id=495591 (DnexkrpoHHOE M3HaHNE)

21. IMaymmu, B., B., Cmopomunckuii, 5. A.; Tpyasl mo kBaHTOBOW Teopuu: KBanToBasi Teopus. OOmue
MPUHIIUIIBI BOJIHOBOI MEXaHUKH. CraTtbn 1920-1928; Hayxka, MockBa; 1975;
https://biblioclub.ru/index.php?page=book&id=427241 (OnekTpoHHOE H3AaHUE)

22. TapacoB, JI. B.; OcHOBbl KBaHTOBOW MexaHWkHW; Bpicmmas mxoma, MockBa; 1978;
https://biblioclub.ru/index.php?page=book&id=495599 (DnexkrpoHHOE U3AaHKE)

23. ®eiiaman, P., P., Cmopoaunckuii, . A.; @eitHmanoBckue nekuuu no ¢usuke; Mup, Mocksa; 1965;
https://biblioclub.ru/index.php?page=book&id=494659 (DnexkTpoHHOE U3AaHKE)

24. ®eiinman, P., P., Cmopoaunckuii, . A.; @eitHmanoBckue nekuuu no ¢usuke; Mup, Mocksa; 1965;
https://biblioclub.ru/index.php?page=book&id=494660 (DnekTpoHHOE U3TaHKE)

25. ®epmu, J., J.; KBaHTOBasg MeXaHHMKAa: KOHCIEKT JIEKIUH : Kypc Jjekuuid.; Mup, Mocksa; 1965;
https://biblioclub.ru/index.php?page=book&id=499381 (DnekTpoHHOE H3TaHKE)

26. ®okx, B. A.; Hawama kBaHTOBOW MEXaHWUKH : MoHorpadwus.; O0.m., b.m; 1974;
https://biblioclub.ru/index.php?page=book&id=499383 (DnexkTpoHHOE H3TaHKE)

27. MocksuH, , A. C.; ATOMBI B KpHcTa/UIax : yueOHoe mocobue.; 3narenbcTBo YpallbCcKOro YHUBEPCHUTETA,
ExarepunOypr; 2018; http://www.iprbookshop.ru/107024.html (31exTpoHHOE U3IaHUE)

IleuaTHBIE M3TaHUS

1. JaBeigoB, A. C.; KBanToBas MmexaHuka : yue0. mocobue ans yH-ToB.; Hayka, Mocksa; 1973 (56 3k3.)



2. Emrotun, I1. B., boromo6os, H. H.; KBanToBas mexanuka ¢ 3amauamu : Yue6. mocodue.; Hayka, Mockga;
1976 (39 k3.)

3. Cokoros, A. A.; KBanToBas mexanuka : [ Yueb. mocobue nis ¢us. cnen. yH-ToB].; Hayka, Mocksa; 1979 (49
9K3.)

4. Meccwua, A., Kymum, I1. I1., ®agnees, JI. JI.; KBantoBas mexanuka T. 2. ; Hayka, Mocksa; 1979 (27 3k3.)
5. Meccua, A., ®annees, JI. 1., XozsuHos, B. T.; KBantoBas mexanuka T. 1. ; Hayka, Mocksa; 1978 (15 3k3.)
6. broxunnes, J[. U.; OcHOBBI KBAaHTOBOM MEXaHUKH : yueO. mocobue.; Jlanp, Cankt-IlerepOypr; 2004 (11 3k3.)

7. Tonsaman, U. 1., I'eitmukman, b. T.; COopHEK 33724 110 KBaHTOBO# MexaHuke; [ octexu3aat, Mocksa; 1957
(18 2K3.)

8. I'pammmH, A. ®@.; KBanToBass MexaHuka : [y4eOHOe mocoOue aisi (PU3HKO-MaTeMaTHYECKUX (aKyIbTETOB
nejaroruyeckux MHCTUTyToB].; IlpocBenienne, Mocksa; 1974 (2 3k3.)

9. Hupaxk, I1. A. M., [lemkos, 0. H., Ipykapes, I'. ®@., ®ok, B. A.; [Ipunnunsl kBautoBoi Mexanuku; Hayxka,
Mocksa; 1979 (15 ax3.)

10. 3ommepdenba, A., Cmopoaunckuii, S. A., MareeeB, A. H.; Ctpoenue atoma u crektper T. 2. ;
I'ocrexusnmar, Mocksa; 1956 (6 5k3.)

11. 3ommepdensa, A., boposckuit, U. b., I'ypos, K. I1.; Crpoenue aroma u cnektpsl T. 1. ; ['ocTexusaar,
Mocksa; 1956 (9 5k3.)

12. Kemngep, @. A., Konobees, 10. B., Kupxnun, [[. A., IlaBmuauyk, B. A.; OCHOBHBIE MOJOXCHUSI
kBaHTOBOM Mexanuku; URSS, Mocksa; [2007] (2 3k3.)

13. Jlunkuw, I'., Tonmmaues, B. B.; KBantoBas mexanuka. HoBwlif moaxoa kK HEKOTOpbIM mpobdsiemam : Ilep. ¢
aHri..; Mup, Mocksa; 1977 (8 7k3.)

14. Mensenes, b. B.; Hauana teoperuueckoit ¢usuku. MexaHuka, TE€Opus MOJsI, SJIEMEHTHI KBAaHTOBOM
MEXaHUKH : yueOHoe rmocobue s By30B.; @uzmariaut, Mocksa; 2007 (2 3k3.)

15. Tapacos, JI. B.; OcHOBBI KBaHTOBO# MexaHUKH : [yueOHOe mocobue st By30B].; URSS, Mockga; 2014 (3
9K3.)

16. ok, B. A.; Hauana kBanToBoit mexanuku; Hayka, Mocksa; 1976 (10 3k3.)

17. MockBuH, A. C.; AToMBI B KpHCTaJIIaX : yaeOHOe mocooue.; M3maTenscTBO YpaabCKOro YHUBEPCUTETA,
ExarepunOypr; 2018 (10 3k3.)

IpodeccnonanbHbie 6a3bl JAHHBIX, HH(POPMAIIMOHHO-CIIPABOYHbIE CHCTEMbI
OnekrponHas 6ubmmorexka Yp®dY [https://opac.urfu.ru]
OnekTpoHHBIN HayuHbli apxuB YpDV [https://elar.urfu.ru]
[Topran nadopmaronHo-00pazoBaTenbHbIX pecypcoB Yp®dVY [https:/study.urfu.ru]
3oHanpHas Hay4Has oubmuoreka Yp@V [https://lib.urfu.ru]
baza 3Hanmit 1 HA0OP BEIYUCIUTENBHBIX aropuTMoB Wolfram Alpha [http://alpha.wolfram.com]

Hayuno-o6pa3oBarensublil caitt EQWorld [http://eqworld.ipmnet.ru/indexr.htm]

Matrepuansi aas jauy ¢ OB3



Becy xontent OBC mpencraBineH B Buze (ailioB crnenuanbHOro (opmara Jjisi BOCIPOU3BEIEHUS
CHUHTE3aTOPOM PEUH, a TAK)KE B TECTOBOM BUJIE, IPUTOAHOM JUISI IPOUTEHUS C UCIOJIBb30BaHUEM SKPAaHHOM JTYTIbI

Y HaCTPOMKOM KOHTPACTHOCTH.

ba3sbl JAaHHbIX, I/IH(l)OpMaI[I/IOHHO-CI[paBO‘IHBIe U MOHUCKOBBIC CUCTEMbI

3. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JNCHUIIJIMHBI

KBanroBass MexaHuka

CBeennsi 00 OCHAIIEHHOCTH JUCHUIJIMHBI CTIENHAJIN3UPOBAHHBIM M J1A00PATOPHBIM
000opy/0BaHNEM U MPOrPaAMMHBIM OOecneyeHueM

Tabmuua 3.1

Ne Buapl 3anaTui

OcHAIIEHHOCTH CHENNAJIbHBIX
NOMeIeHUii ¥ MoOMeleHuii 1St
CaMOCTOAITEJILHOU padoThI

IMepeyeHb JUUEH3HOHHOTO
MPOrpaMMHOro odecreyeHust

1 Jleknun

Mebens aymuTopHasi ¢
KOJIMYECTBOM pabOYHMX MECT B
COOTBETCTBHUHU C KOJINYCCTBOM
CTYJICHTOB

Pabouee mecto npemnogaBarens
Hocka ayauropHas

[Tonkmrouenue k cetu UHaTEpHET

Office Professional 2003 Win32
Russian CD-ROM

2 [IpakTrueckue 3aHATHS

MebGenb ayauTopHasi ¢
KOJIMYECTBOM pabOUnX MECT B
COOTBETCTBHUH C KOJIUIECTBOM
CTYZICHTOB

Pabouee mecTo npenoaaBarens
Jocka aynutopHas

[Toakmrouenue k cetn HTEpHET

Office Professional 2003 Win32
Russian CD-ROM

3 Koncynpranumn

Mebenb ayauTopHast ¢
KOJIMYECTBOM pabO4MX MECT B
COOTBETCTBUH C KOJIMYECTBOM
CTYJICHTOB

Pabouee mecto npemnonaBarens
Jocka aynuropHas

[Tonkntouenue k cetn UaTepHET

Office Professional 2003 Win32
Russian CD-ROM

4 Texymui KOHTPOIIb U
IIPOMEKYTOYHAS
aTTecTanus

MeGenb aytuTOpHas ¢
KOJINYECTBOM pabOuuX MECT B

Office Professional 2003 Win32
Russian CD-ROM




COOTBETCTBUH C KOITUYECTBOM
CTYJICHTOB

PaGouee mecto npemnonaBarens
Jocka aynuropHas

[Tonkmtouenue k cetu UHTEpHET

CamocrosTenbHas
paboTa CTyIeHTOB

Mebens aymuTopHas ¢
KOJINYECTBOM pabOunX MECT B
COOTBETCTBHUH C KOJTUIECTBOM
CTYJICHTOB

HCpCOHaHBHHC KOMITIBIOTEPEI 110
KOJIMYCCTBY 06yqa101u14xc;[

Office Professional 2003 Win32
Russian CD-ROM




PABOYASA TPOI'PAMMA JTUCHUIIJINHBI
OcHOBBI MarHeTH3mMa

Pabouas nporpamMmma IUCHOUILIMHBI COCTABJICHA aBTOPAMMU:

Ne i/

damuaua Uma OtyecTBO

Y4eHas cTeneHb,
Y4YeHoe 3BaHHue

JloJsKHOCTD

IHoapasnenenne

bapramesny Muxaunn
HBanoBu4

JOKTOp (PU3UKO-
MaTeMaTHYECKHUX
HayK, CTapIIAN
Hay4HbIN
COTPYJIHUK

IIpodeccop

MarHeTusma u
MarHUTHBIX
HaHOMAaTepHaJloB

PexoMengoBaHo y‘lGﬁHO-MeTOHH‘leCKHM COBE€TOM MHCTHTYTA EcTecTBeHHBIX HAayK 1 MaTEMAaTUuKu

[Iporokon Ne 3 ot 17.03.2022 .




1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

L EapTameBnq Muxana I/IBaHOBI/I‘l, HpOQ)eccop, MarHe€TusMa 1 MAarHuTHbBIX HAHOMATEPUAJI0B

1.1. TexHoorum peaju3auuu, HCNOJIb3yeMble NPU U3YYEHHH THCHUIIIMHBI MOXYJIS

- TpamunuonHas (penpoayKTHUBHAs) TEXHOIOTHS
— PasHoypoBHeBoe (nuddepenunpoBanHoe) o0yueHne
o ba3oBblii ypoBeHb

*bazosviil 1 ypogenb — coxpansem JI02UKY CAMOU HAYKU U NO380JAem NOAYYUMb YNPOWEHHOe, HO 6epHOe U NOJHOe

npeocmasienue o npeomeme OUCYUNIUHBL, MpeOyem 3HAHUe CUCTNeMbl NOHAMULL, YMeHue peutams npodaemHule cumyayuu. Ocgoenue
OaHHO20 YPOBHS pe3yibmamos 0byueHust 00JAHCHO obecneyums GopMuposanue 3anianupOBaHHbIX KOMNEMEHYUl U NO3601UM
006yuarOWeMycs Ha MUHUMATLHOM YPOBHE CAMOCMOSIMENbHOCIU U OMBEMCMEEHHOCMU GbINOTHAMb 3A0AHUS,
Ipoosunymuiti 1l yposenv — yenyonsiem u obozawaem 06a306blil YpOGeHb KAK NO COOEPHCAHUI0, MAK U NO 21yOuHe npopabomxu
Mamepuana OUCYUNIUHbL. Mo nPOUCX00Um 3a cuem KI04eHUss OONOIHUMENbHOU UuHpopmayuu. JJannblil ypogeHs mpebyem yMeHus.
pewams npodrembvl 8 pAMKax Kypca U CMENCHbIX KyPco8 ROCPeOCmBOM CAMOCMOAMENbHOU NOCMAHOBKU Yelu U 8b100pa NPOpamMMbl
Oeticmeuil. Ocgoerue OaHHO20 YPOBHS Pe3YIbmMamoe 00yueHUs NO380AUM 00YHaruemMycs NOGbICUMb YPOBEHb CAMOCHIOSMENbHOCIU
U OMEEemMCmME8eHHOCHU 00 MBOPHUECKO20 NPUMEHEHUs SHAHUU U YMEeHUIL.

1.2. Copep:xkanue TUCHUNIMHBI

Tabmuma 1.1
Kon
Pasgen, Tema
pasjaena, AACHUTLTHHBI® Conepixanue
TeMBbI
OCHOBHBIC dTallbl PA3BUTHUS YUEHUS O MarHeTu3Me. MarneTusm Ha
1 Brenenue
VYpare.
Huamarneruku. [Tapamaraeriku. @eppomarneriku. Pabora
OCHOBHBIE CBOWCTBA BHEIIIHETO I0JIsI HA N3MEHEHNE HAMarHUYEHHOCTH.
2 MaretukoB. Kimaccudukanus | PasmaranuuBatoliee moJjie ¥ pa3MarHHYUBarONuid hakTop.
MarHUTHBIX BEIIECTB OcHOBHBIE 0COOEHHOCTH (peppOMarHEeTHKOB.
AnTudeppomaraeTnku. @eppoMarHeTHKH.
DHeprusi MarHeTHKa BO BHEITHEM U COOCTBEHHOM
pa3MarH4YuBaroIeM MarHUTHBIX NOJsX. OCHOBHBIE
OCHOBBI TEPMOIUHAMHKH .
3 TEPMOAMHAMUYECKHE COOTHOIICHHS. MarHuTOKaIOpUIeCKUN
MarHeTHUKOB
a¢dexr. ®azoseie nepexons | u Il poma. Berarcnenre MarHuTHOTO
MOMEHTa Tena.
MarsuTHbIe CBOMCTBA CocrosiHuEe 3JIeKTpOHA B aTOME. ATOMHBIN MarHeTU3M. 3aIlloJIHeHHE
4 ANIEKTPOHHOH 000I0UYKH AJIEKTPOHHBIX 000J109eK 3d-TIepeXxoAHBIX METAILIOB.
aTOMOB
JuamaraeTn3m cBOOOIHOM 000I0YKM aToMOB. [na- u
JlmamarueTusm u
5 rapaMarHeTU3M 3JIeKTPOHOB poBoauMocTH. [lapamaraeTnsm
napamMarHeTu3M
CBOOOMIHBIX 3JIEKTPOHOB.
Teopus MONEKYISIPHOTO MO, KIACCUUECKUM U KBAHTOBBIN CIyyail.
OCHOBHEIE TIPEJICTaBJICHUS O TIPUPOJIE MaTHETH3MA, TTPUPOJIA
6 DeppomarneTnsm MOJIEKYJISIPHOTO TTOJIs1. MOAens MpsSMOro 0OMEHHOTO
B3auMoeicTBu [ efizenOepra. Momeas KOCBEHHOTO OOMEHHOTO
B3aUMOJICUCTBYS. MOENb KOJUIEKTUBU3UPOBAHHBIX JICKTPOHOB.




OCHOBHBIC THITHI YHEPTHH (PEPPOMArHETHKOB: OOMEHHAs,
MAarHUTOKPHUCTAJUIMYECKAs, MAarHUTOYIpyras. Kpusbie
HaMarHMYMBaHUA MOHOKpHUCTAILUIOB. Marnutoctpukius. [Ipupona
MarauTHOM AHU3O0TPOIIUN U MAarHUTOCTPUKIINHU.

IIpuumHa pa3OreHus Ha JOMEHBI. JloMeHHas TpaHuIIa, e
CTPYKTYypa, 3Heprus, mupuHa. [ panuiisl bioxa u Heens.
OnnonomenHocth. CyrnepnapamaraeTusm. JJoMeHHas CTPYKTypa
MaHUTOOJHOOCHBIX 1 MHOTOOCHBIX ()eppPOMarHeTUKOB. MeTo/IbI
HaOJIIO/ICHHSI IOMEHHOU CTPYKTYPHI.

JlomeHHas CTpyKTypa
(heppomMarseTHKOB

MaruutHeii Tuctepesuc. O6paTHMbie 1 HeOOpaTUMBIE MTPOLIECCHI
CMEIICHUs TOMEHHOH rpaHuibl. O0paTuMble 1 HEOOpaTHUMBIC
MIpOLIECCHI BpAIlIEHHs] BEKTOpa HaMarHW4eHHOCTH. [ ncrepesuc,
CBSI3aHHBIH C 3a/1€PKKOM 00pa30BaHUs U POCTA 3aPOABILICH
nepeMarHMuuBaHus. 3aKOH NPUOIMKEHUS K HACBILICHUIO.
3aBUCUMOCTh HAMarHUYEHHOCTH OT BpeMeHH. unynnpyemsle
MarHUTHBIM II0JIEM CIIMH-OPUEHTALMOHHBIE (Pa30BbIE IIEPEXOIbI B
aHTH(QEeppOMarHeTHKAX.

8 [Tpouecchl HaMarHMUUBaHUA

AMopdHbIE MarHUTHBIE CrnimHoBoe cTekio. HekonmnueapHble MarHUTHBIE CTPYKTYPBI B
MaTepHabl aMOpP(HBIX MarHETHKAaX.

1.3. HaHpaBHGHI/IC, BHUbI BOCITUTATEIbHOM ACATCIIBHOCTHU U UCII0JIb3YCMbIC TCXHOJIOTHU

Tabmuma 1.2
Hanpapnenu Bu
b e" ) i Texnonorns Pe3yabpTaThl
BOCIIUTATEILHON | BOCHHMTATENBHOH | poioiroron oo KoMIeTe s 06yquH;1
JeSTeIbHOCTH JeSITeIbHOCTH JeSTeIPHOCTH y
[IK-2 - Cnocoben V-2 - IlpaBunbpHO
TexHonorus
MIPOBOJNTH aHATH3 UHTEPIPETUPOBATH
¢dbopmupoBaHus
y4eOHO- pe3yNbTaTOB PE3YIIBTATHI
YBEPCHHOCTH H .
HCCIICIOBATEIBCK U3MEPEHUM MIPOBEICHHBIX
[Mpodeccronansu TOTOBHOCTH K .
asi, HAy9HO- .. | mapamerpos U3MepeHuit
0€ BOCTTUTAHHE CaMOCTOSITEIILHOM
HCCJICIOBATEIHCK . HAHOMATEPHAIIOB U
YCHEIIHON AHOC
ast HaH KTYp H
npodeccnoHaTbH TPYKLYD
. TOTOBUTH HAYYHO-
O IeSATEIILHOCTH
TEXHHYECKUE OTUYCTHI

1.4. IIporpaMMa AUCHMIIIIMHBI PEATU3YETCs Ha TOCY1apCTBEHHOM si3blke Poccuiickoil @enepanui .
2. YYEBHO-METOJUYECKOE U TH®OPMALIMOHHOE OBECIIEYHEHHUE JUCIUIIJINHBbI
OcHOBBI MaruHeTusma

JJIeKTPOHHBbIE pecypchl (U31aHMs)

. bopoBuk, E. C.; Jlekuuum mno MarHetusmy : Kypc Jekuui.; Pusmariur, Mocksa; 2005;
https://biblioclub.ru/index.php?page=book&id=75475 (DnekTpoHHOE U3TAHHE)

IleuaTHBIE M3TaHUS

1. bopoguk, E. C.; Jlekuuu mo maraetusmy; ®UIMATIIUT, Mockaa; 2005 (21 3k3.)



2. Uganos, C. B., Maptemmko, I1. C.; U30pannsie rnaBsl ¢u3uku. MarHetusMm. MarHUTHBIM pe30HAHC.
®dazoBble iepexosl : Kypce geknuid.; JIKU, Mocksa; 2008 (15 sk3.)

3. bokos, B. A.; ®usuka MarHeTukos : yued. nocodue st By3oB.; @TU um. A. ®. Uodde PAH, Cankr-
[TerepOypr; 2002 (51 3x3.)

4. Tuxamzymu, C., Cmonenckuit, I'. A., Ilucapes, P. B., beictpoB, M. B.; ®usuka ¢eppomarseTusma.
MarnuTHbI€ CBOMCTBa BeriecTBa; Mup, Mocksa; 1983 (23 5k3.)

IpodeccnonanbHbie 6a3bl JAHHBIX, HH(POPMAIIHOHHO-CIIPABOYHbIE CHCTEMbI
OnekrponHas 6ubanoreka Yp®dY [https://opac.urfu.ru]
DNeKTpOHHBIN HayuHbIN apxuB YpDV [https://elar.urfu.ru]
[Topran uadopmarronHo-00pazoBaTenbHbIX pecypcoB Yp®dVY [https:/study.urfu.ru]

3oHanpHas HayuyHas oubmuoreka Yp@V [https://lib.urfu.ru]

Marepuaasb 1is gun ¢ OB3

Becy kontent OBC mpencraBieH B Buzae (aiioB crenuanbHOro (opmara it BOCHPOM3BEICHUS
CHUHTE3aTOPOM PEUH, a TAKXKE B TECTOBOM BUJIE, IPUTOTHOM JUIs IPOYTEHUS C UCIIOJIb30BAHUEM SKPAHHOM Ty TIbI
Y HaCTPOUKOM KOHTPACTHOCTHU.

Bba3bl JaAHHbIX, I(IH(l)OpMallI/IOHHO-CleaBO‘IHLIe H IMOUCKOBbIC CUCTEMbI

3. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI
OcCHOBBI MarHeTH3Ma

Caenennst 00 OCHAIICHHOCTH JHCHHUILUINHBI CIEUATH3HPOBAHHBIM M J1a00pPaTOPHBIM
o0opyaoBaHNeM H IPOrPaMMHBIM o0ecredYeHneM

Tabnuna 3.1
Ne Buabl 3ansaTnii OcHaIEHHOCTH CNEeNHAJTBHBIX Ilepeyensb JIMLEH3UOHHOTO
n/n NoMelleHui U oMeleHu i 1S NPOrpaMMHOIo odecnedeHust
CaMOCTOATEIbHOI padoThI
1 Jlexuun Mebenb ayguTopHasi ¢ Office Professional 2003 Win32

KOJIMYECTBOM pabo4HX MECT B
COOTBETCTBHUH C KOJIHUYECTBOM
CTYJCHTOB

Pabouee mecto npemnonaBarens
Jlocka aynuropHas

[Tonkntouenue k cetu UaTEpHET

Russian CD-ROM

2 JlaGopaTopHsbie
3aHATUA

MeGenb ayTuTOpHAas C
KOJINYECTBOM pabOUunX MECT B

Office Professional 2003 Win32
Russian CD-ROM




COOTBETCTBUH C KOITUYECTBOM
CTYJICHTOB

Pabouee mecTo npenoaaBarens

ObopynoBanue,
COOTBETCTBYIOIIIEE TPEOOBAHUSIM
OopraHu3anuu y4eOHOTro
poIecca B COOTBETCTBHH C
CaHWTAPHBIMHU TTPABHIIAMHU U
HOpMaMH

[Tonkmrouenue k cetu UHTEpHET

Koncynpranun

Mebenb ayauTopHast ¢
KOJIMYECTBOM pabo4MX MECT B
COOTBETCTBUH C KOJIHMUECTBOM
CTYZECHTOB

Pabouee mecto npemnonaBarens
Jocka aynuropHas

O6opynoBanue,
COOTBETCTBYIOIIEE TPEOOBAHUSIM
OpraHu3aIuyi y4eOHOTO
npoiiecca B COOTBETCTBHH C
CaHUTAPHBIMU TIPABUIIAMU U
HOpMaMu

[Togxmrouenue x cern HTEpHET

Office Professional 2003 Win32
Russian CD-ROM

Texymuii KOHTPOJIb U
MIPOMEXKYTOYHAS
aTTecTanus

Mebens aymuTopHas ¢
KOJIMYECTBOM pabovHX MECT B
COOTBETCTBUH C KOJTMYECTBOM
CTYJICHTOB

Pabouee mecTo npenogaBarens
Jocka aynutopHas

[Tonkmrouenue k cetu MHTEPHET

Office Professional 2003 Win32
Russian CD-ROM

CamocrosTenpHas
paboTa CTyICHTOB

Mebenb ayauTopHas ¢
KOJIMYECTBOM pabo4MX MECT B
COOTBETCTBHUH € KOJIUYECTBOM
CTYACHTOB

[TepconanbHbIe KOMIBIOTEPHI MO
KOJINYECTBY 0OYYaIOLINXCS

[Togxmrouenue k cern HTEpHET

OriginPro

Office Professional 2003 Win32
Russian CD-ROM




PABOYASA TPOI'PAMMA JTUCHUIIJINHBI
PDu3NKa KOHACHCUPOBAHHOI0 COCTOSHUS

Pabouas nporpamMmma IUCHOUILIMHBI COCTABJICHA aBTOPAMMU:

Nen/m | @amuiausg Uma OTdecTBO Yuenas creneus, JloJsKHOCTD Honpasnenenne
yuyeHoe 3BaHue
1 babymkun Anexceit JOKTOp (PU3UKO- ITpodeccop ¢buznkn
Hukomnaepuu MaTEeMaTHIEeCKHIX KOHICHCHPOBAaHHOT
HayK, mpodeccop 0 COCTOSIHUS U
HaHOPa3MEPHBIX
cHCTEM
2 Axynnn Muxaun JIOKTOP (pr3MKO- [Ipodeccop (103637091
BuxTtoposuu MaTeMaTHYeCKHX KOHJICHCUPOBaHHOT
HayK, CTapIlIHii 0 COCTOSIHUSA U
HAYYHBIH HAHOPa3MEPHBIX
COTPYIHUK CUCTEM

PexoMeHI0BaHO y‘lCGHO-MeTOIlI/I‘-IeCKI/IM COBE€TOM MHCTUTYTaA EcTecTtBeHHBIX HAayK U MaTCMAaTUKA

[Iporokon Ne 3 ot 17.03.2022 .



1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

e badymkun Anexceit Hukonaesuy, Ilpogeccop, pu3uKku KOHIEHCMPOBAHHOIO COCTOSIHUS U
HAHOPa3MepPHbIX CHCTEM

e Sxynun Muxauia Bukroposuu, IIpogeccop, pu3nkn KOHICEHCHPOBAHHOIO COCTOSTHUA H
HAHOpPa3MepPHbIX CHCTEM

1.1. Texnonornu peanu3anuu, HCMOJb3yeMble IPH U3YYEHUH JMCIHUILIMHBI MOLYJIsI

- TpamunuonHas (penpoayKTHUBHAs ) TEXHOIOTHS
— PasHoypoBHeBoe (nuddepennnupoBanHoe) o0yueHne
o ba3oBslil ypoBeHb

*bazosviil 1 ypogenb — coxpansem JI02UKY CAMOU HAYKU U NO380AAem NOAYYUMb VNPOUEHHOe, HO 6epHOe U NOJHOe

npeocmasierue o npeomeme OUCYUNIUHBL, MpeOyem 3HAHUe CUCTneMbl NOHAMULL, YMeHue peutams npodaemHule cumyayuu. Ocgoenue
O0aHHO20 YPOBHA pPe3yIbmamos 00yYeHUss OOMHCHO obecneuums opmuposanue 3aniaHupOBAHHLIX KOMNEMeHYul U NOo360aUm
06yuarOuemycs Ha MUHUMATLHOM YPOBHE CAMOCMOSIMENbHOCHU U OMBEMCMEEHHOCMU GbINOIHIAMb 3A0AHUS,
Ipoosunymuiti 1l yposenv — yenyonsiem u obozcawaem 06a306blil YpOBeHb KAK NO COOEPICAHUI0, MAK U NO 21ybuHe npopabomxu
Mamepuana OUCYUNIUHbl. Mo npoUcXo0Um 3a cuem KIo4eHUss OONOIHUMENbHOU unpopmayuu. JJannbvlii ypogeHs mpebyem yMeHus.
pewams npodrembvl 8 PAMKaX Kypcad U CMENCHbIX KyPco8 ROCPEOCMBOM CAMOCMOAMENbHOU NOCMAHOBKU Yelu U 8b100pa NPozpammbl
Oeticmeuil. Ocsoerue OaHHO20 YPOBHS Pe3VIbMamoe 00yueHUs NO380AUM 00YHaArOUWeMyCsl NOGLICUMb YPOBEHb CAMOCHOSMENbHOCIU
U OMEEemMCmMEEeHHOCHU 00 MBOPHUECKO20 NPUMEHEHUs. SHAHUU U YMEeHUL.

1.2. Copep:xkanue JUCHUNIMHBI

Tabmuua 1.1

Kona
Pasnen, Tema
pasneJia, JUCHUILTMHBI® Conep:xanue

TEeMBI

IToHsATHE KPUCTAIUIMYECKON PELIETKU: AIEMEHTAPHAS TUEHKa, UX
pa3zHOBUAHOCTH. CUMMETPUS KPUCTAJIIOB: 3JIEMEHTHI CHMMETPUH,
KJIACCBl CAMMETPHH, TPOCTPAHCTBEHHBIE TPYIIIBI CAMMETPHH.
Kpucramnorpaguieckre cucTeMbl (CHHTOHHH).
Kpucrannorpaguueckre CUMBOJIBI KPUCTAIIMYECKHUX MJIOCKOCTEH 1
OCHOBHEIC ITPEICTABICHUS O npAMBIX (MHIEKCH Munnepa).

CUMMETPHUH KPUCTAILIIOB
OO0parHas pemretka. Paccrosaue mexmy miuockocTsamu <hkl>.

CBsi3p MEXIy TapaMeTpaMu 0OPaTHOW U TPSMOU PEIIeTOK.

Tumel cBsi3el B TBEPABIX TENAX: MPOAHATH3UPOBATH PA3HBIC THUITHI
CBsI3€H HAa OCHOBE MEPHOANYECKON CUCTEMEBI 3JIEMEHTOB.
[ToTenInan HoHNU3aMKA. DHEPTHS CBA3H.

Monexynapnsie kpuctamisl. [Ipupona cun Ban-nep-Baansca.
[Torenuuan Jlennapna—/>xoHca.

THUIBI XUMHUYCCKOM CBSI3U B Honnrie xpuctamisl. opmynst bopua—Jlanne u bopna—Maiiepa
KpHCTAIIAX JUIS TOTEHIMAIbHOM DHEPTUH CBA3H B MOHHOM KpUCTaJlIe. DHEPIust
CBS3M B METAJLIIE.

KoBanentnsie kpuctamibl. AHanu3 GOpMUPOBaHUS YPOBHEH
SHEPTUH U3 ATOMAPHBIX COCTOSIHUM MPpU 00bEAMHEHUH aTOMOB (Ha




MIpHIMEPE MOJIEKYJIIBI Boopoaa). DopMupoBaHe SHEPTETHUECKUX
30H U3 aTOMHBIX OpOUTANICH B KOBAJICHTHOM KPHUCTAILIE.

I[C(bCKTLI B TBEPAbIX TCJIaX

Knaccudukaius n1ehekToB B TBEpAbIX Telax. TemnnoBbie TOYCUHbBIC
nedexts (1o @penkento u no Lllertkn). [I10THOCTE yIIaKOBKH.
LeHTpsl OKpacku B OMHAPHBIX KpHcTAIax. PagnanoHHble
}ICQ)CKTI)I. PaBHOBecHas KOHOCHTpaUA TCIIOBBIX TOUCYHBIX
JIe(EKTOB.

Jucnokanuu: KpaeBbie, BAHTOBbIE, cMellaHHbIe. BekTop broprepca.
MexaHnyeckre HanpsbKeHHS P GOPMUPOBAHHUH IUCIIOKAIINH.
JIBr>xeHue 1 B3auMoJIeCcTBUE AUCTOoKaui. MIcTouHUK
qucnokauuii @panka—Puna. I'panunsl 3epen.

MexaHU4YeCcKH€E CBOMCTBA
TBEPJBIX Tell

MexaHnndeckre cBoiicTBa TBepAbIX Tell. OTHOCHTEIHHBIE
nedopmanmst u casur. O6muit TeH30p AehOpMaITHHA TPEXMEPHOTO
Tena.

Yupyrue nepopmaruu. 3akon ['yka. KoaddurmmenTsr ynpyroi
KECTKOCTH M oJaTiauBocTd. Monynb KOHTa u koaddunmeHTt
ITyaccona. 3axon ['yka a1 aHM30TPOIHBIX TBEPABIX Tell. Bua
TEH30POB YIPYToH )KECTKOCTH U TOAATINBOCTH [T KyOU4ecKoro
KpHUCTaa.

[Mnactuueckas aedopmanms. [[puuuHbl paznuuuii TEOPETHYECKOTO
U PEAIBHOTO IIPENENIOB NpOo4YHOCTU. IIpupona BSI3KOro U Xpynkoro
pa3pyLICHHUS.

DIEeKTPONPOBOAHOCTH
KPUCTAJUIOB

Knaccudukarus TBepAbIX TN MO UX JIEKTPOIPOBOTHOCTH.
Henocrarku monenu dpyne —Jlopenna. Ypasnenue IlIpenunrepa
IUIsL TBEPAOTO Tena. AanadaTuieckoe IpuoOIKeHHE.
OnHO3IEKTPOHHOE MPUOIMKEHHE.

3HeKTpOHLI B IEPpUOANYICCKOM
IIOTCHIIMAJIC KpHCTaJ'IJ'IH‘ICCKOfI
PCHICTKH

DJIeKTPOH B MEPUOIUYECKOM TIOTCHIIMAIIES: BOIHOBAS (DYHKIIUS
broxa. IMnynbec u kBazuumnyssc. 3oHa bpumnrosna. Ycnosus
uuknnaHocTu boprna—Kapmana amst BonHOBOH (pyHKIIMHU 3JIeKTpOHA
B KpucTayuie. [ImoTHOCT cocTosHMI 3MeKTpoHa B K-nipocTpaHCTBe.
[TostHOE YMCITO COCTOSTHUI DIEKTPOHA B KPUCTAILIE.

OCHOBHBIE ITPEJCTABICHUS O
30HHOM CIEKTpE 3JIEKTPOHOB

30HHBIN SHEPTETUYECKUH CIIEKTp JIEKTPOHOB B KPUCTAILIE.
Mognens Kponura—Ilennu.

3arnoyiHeHUEe 30H ANIEKTpOHAMU. MeTaibl, TUAIEKTPUKH,
MOJTYNIPOBOAHUKH. DPPEKTUBHAS Macca SJIEKTPOHA. DIIEKTPOHbI U
JBIPKH.

YPpOBHHU NPUMECHBIX aTOMOB B IIOJIYIIPOBOAHUKAX. JJOHOpPBI —
aKuentopsl. Menkue — riay0okue ypoBHH. Panuyc opOUTHI
HOCHUTEJIS] TOKA, CBI3aHHOTO C MEJIKOW MPUMECHIO.

HOBCpXHOCTHLIC JIOKAJIM30BaHHBIE COCTOSHUS. X POJib B O6H.[CI>'I
MIPpOBOJAUMOCTHU KpUCTAJLIIA.

OHEpreTUYeCcKnuil CIIEKTP
3JIEKTPOHOB

3aBUCUMOCTb IUTIOTHOCTH COCTOSIHUN AJIEKTPOHA OT SHEPTHUHU.
Oyuknus pacnpeaenenns Oepmu-upaka. CodcTBeHHAs
MPOBOJIUMOCTH MOTYTPOBOAHUKOB. HEBBIPOKICHHBIN U
BBIPOKICHHBIN a3 HOCUTENEH TOKa. 3aKOH ACHCTBYIOIIMUX Macc.
Cwmelenue ypoBHsa @epmu ¢ TeMiepaTypoil. OnpezaeneHue




IIMPUHBI 3aIIPEIICHHON 30HBI 3 TEMIIEPaTypHOH 3aBHCUMOCTH
COOCTBEHHOH KOHIIEHTPAIINH.

CobOcTBeHHAs ¥ IPUMECHAs

MMpOBOAUMOCTD

[IpumecHas IpOBOIMMOCTH TOTYIIPOBOAHUKOB. JJOHOPHI U
akuentopsl. CMeleHust ypoBHs Pepmu ¢ TeMIIEpaTypoi B
[IPIMECHOM TOTyIPOBOAHUKE. TeMneparypHas 3aBUCIMOCTh
KOHIICHTpAIMK HOCUTENEH TOKa B MOIYIPOBOJHUKE U OTIpE/ICIICHUE
Ha €€ OCHOBE IMPHUHBI 3aMPEIICHHON 30HbI, KOHIIEHTPAIUU 1
SHEPruu noHu3auuu npumeceil. [Ipocrenime 3KCrIepuUMEHTAIBHBIE
METOABI UCCIICAOBAHUS XapaKTEPUCTHK 30HHOTO CIIEKTpa!

3¢ GEeKTUBHOM Macchl, 3anpelieHHol 30HbL. DddekT Xoina Kak
WHCTPYMEHT IS OTIpe/IeTICHUS KOHIIEHTPAIMH U TIOJJBUKHOCTH
HOocuTenel Toka. O0mue moHATHSA 0 kBaHTOBOM d(hdekTe Xomna. p-
n nepexoji. YCTPOMCTBO COJIHEUHOTO 3ieMeHTa. [Ipsmoit u
o0paTHbIil ToK. [IpOBOAMMOCTH MOTYTIPOBOTHUKOB B CHIIBHBIX
anekTpuieckux nossix. I dexr ['anna. Y gapHas noHu3amus,
pexomOuHarus. Dpdekt 3uHepa.

10 CBepXIIPOBOIUMOCTH

CBepXMnpoBOAMMOCTh: eHOMeHO 0|, KpuTrueckas
temmeparypa. Ipdext Meiicuepa-OxceHndenbaa, JeBuTanus.
KpurtHueckne MarHUTHbBIC MOJIS, CBEPXIIPOBOAHUKH EPBOTO U
BTOPOTr0 pojia. DKCIePUMEHTAIbHBIA MaTepHal sk HOHUMaHUS
MPUPOJIBI CBEPXITPOBOAUMOCTHU: PEHTICHOCTPYKTYPHbIC
UCCIIEI0BaHUS, TEIUIOEMKOCTh, H30TOMHYECKUH A dekT,
0COOEHHOCTH CIIEKTPa HJIEKTPOMATHUTHOTO TTOTIIONICHUS,
TYHHEJIMPOBAHHUE B CHCTEME METAJLT — CBEPXIIPOBOIHUK.
DHepreTuvecKas Ielb B CBEPXIIPOBOISIIEM COCTOSHUH.
TpaauuuoHHbIE ¥ BEICOKOTEMIIEPATYPHBIE CBEPXITPOBOTHHUKH.

Oddekr [kozedcona: craliiOHAPHBINA U HECTAITMOHAPHBIN.
Bmustane marautaoro nonst. CKBU/L u ero mpuMeHeHus.

O0psacaenne 3 dexra CBepXIMpOBOAUMOCTH. MIcTOpHs Bompoca.
Teopus BKII: nputsokeHUe MEXIY dJIEKTPOHAMH, KYIIEpOBCKUE
napbl, bosze-koHaeHcaIys KyIepoBCKUX Map, MPUpo/Ia e B

JHEPreTUYECKOM CIIEKTpE.

1.3. HanpaBneHHe, BUJBI BOCOUTATEIBHOM JIEATEIBbHOCTH U HCIOJIb3YyCMBIC TCXHOJIOTNH

Tabmuma 1.2
Hanpasiean Bn
alpasjCHIC . A . TexHonorus PesviILTathl
BOCIIUTATEIIBHON | BOCHHMTATENBHOW | porworen o KoMIeTe s 6}’
NEATEIbHOCTU NEeITEIbHOCTHU NeATENBHOCTH O0y4CHMA
[1K-2 - Criocoben 3-1 - Onpenenutsb
TexHomorus
MIPOBOJIUTH aHAJIU3 MeTOBI 00pabOTKH
hopMupoBaHHS
y4eOHO- PE3yIBTATOB U aHaJn3a
YBEPEHHOCTH U .
HUCCIIEIOBATEIILCK HU3MEPCHHM pE3yJIbTaTOB
[Ipodeccronansu TOTOBHOCTHU K .
asi, HAy4HO- .. | mapameTposn U3MepeHuit
0€ BOCIIUTAHUE CaMOCTOSITENLHOMN
HACCIIEN0BATEILCK . HAaHOMAaTepHAaJIOB U
YCTEITHOM
ast HAHOCTPYKTYp U
npodeccuoHanbH

OU 1eATeNbHOCTHU

TOTOBUTH HAYYHO-

TCXHUYCCKUC OTUYCTHI




1.4. TIporpaMma MUCHIMILTAHBI peaTu3yeTcs Ha TocyapcTBEHHOM si3bike Poccuiickoit deneparum .
2. YYUEBHO-METOAUYECKOE U UYH®OPMAIIMOHHOE OBECIIEYHEHUE JUCHUIIJIMHbI
Du3uKa KOHACHCUPOBAHHOIO COCTOSIHUS

DJIEKTPOHHBIE pecypchl (M31aHNS)

1. T'ypros, B. A.; ®u3uka TBepA0ro Teia JUisi HHXKEHEepoB : yueOHoe mocobwue.; Texnocdepa, Mocksa; 2012;
https://biblioclub.ru/index.php?page=book&id=233466 (DnekTpoHHOE H3TaHHE)

2. T'ypros, , B. A., Anemmna, , JI. A.; ®uszuka TBepAOTO Teia IJisi WHXKEHEPOB : ydeOHOE mocolue.;
Texnocdepa, Mocksa; 2012; http://www.iprbookshop.ru/26903.html (DnexTpoHHOe U3aHue)

3. CasempbeB, W. B., Enkosckuit, JI. JI.; Kypc oO6meit ¢usukun; Hayka, Mocksa; 1970;
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OnextponHas 6ubnuoreka YpdVY [https://opac.urfu.ru]

OneKTpoHHBIH Hay4yHbIH apxuB Yp@Y [https://elar.urfu.ru]

[Topran nadopmarmoHHO-00pa3oBaTeNbHBIX pecypcoB YpdV [https://study.urfu.ru]

3oHanpHas HayuHas Oubnuoreka YpdV [https://lib.urfu.ru]

Marepuansi ais aun ¢ OB3

Becy kontent DBC mpexacrarieH B Buue GaioB crnenuaibHOro dopmara JUisi BOCIPOU3BEICHHS

CHUHTE3aTOPOM PEYH, a TAK)KE B TECTOBOM BUJE, IPUTOAHOM JUIs IPOYTEHUS C UCIIOJIb30BaHUEM YKPAHHOM JIYTIbI
Y HaCTPOMKOM KOHTPACTHOCTH.

ba3snl JaHHbIX, m{(])opMaunonﬂo-cnpanoqﬂble H IMOUCKOBbIC CUCTEMbI

3. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

Puszuka KOHACHCUPOBAHHOI'0 COCTOSIHUA

Caenennsi 00 OCHAIIEHHOCTH TUCHUILIMHBI CTIENUATU3UPOBAHHBIM H J1a00PATOPHBIM
000pyI0BaHHEM M IPOTPAMMHBIM 00ecriedyeHueM

Tabmauua 3.1

Ne
n/n

Buapl 3anaTui

OcHaIEeHHOCTHh CNeHAJIbHBIX
noMenieHUuH U MoMeleHui s
CaMOCTOATEIbHOM padoThI

IlepeyeHb JMLIEH3UOHHOTO
MPOrpaMMHOI0 o0ecrneyeHust

Jlexuu

MeGenb ayTuTOpHAas C
KOJINYECTBOM pabounX MECT B
COOTBETCTBHUH C KOJTUIECTBOM
CTYZCHTOB

Pabouee mecto npenoaasarens
Jocka aynuropHas

[Toaxmrouenue x cern HTEpHET

Office Professional 2003 Win32
Russian CD-ROM

HpaKTI/I‘{eCKI/Ie 3aHATUA

MeGenb aytuTOpHas ¢
KOJINYECTBOM pabouuX MECT B
COOTBETCTBUH C KOJIMYECTBOM
CTYJEHTOB

Pabouee mecTo npemnogaBarens
Hocka ayauropHas

[Tonkmrouenue k cetu MHTEPHET

Office Professional 2003 Win32
Russian CD-ROM

Koncynbranun

Mebenb ayauTopHasi ¢
KOJIMYECTBOM pabOUnX MECT B

Office Professional 2003 Win32
Russian CD-ROM




COOTBETCTBUH C KOITUYECTBOM
CTYJICHTOB

PaGouee mecto npemnonaBarens
Jocka aynuropHas

[Tonkmtouenue k cetu UHTEpHET

Texymui KOHTPOJIb U
IIPOMEKYTOYHAS
aTTecTanus

Mebens aymuTopHas ¢
KOJINYECTBOM pabOunX MECT B
COOTBETCTBHUH C KOJTUIECTBOM
CTYJICHTOB

Pabouee mecto npenoaasarens
Jocka aynuropHas

[Toaxnrouenue k cetn HTEpHET

Office Professional 2003 Win32
Russian CD-ROM

CamocTrosTeabHas
paboTa cCTyI€HTOB

MeGenb aytuTopHas ¢
KOJINYECTBOM pabouuX MECT B
COOTBETCTBUH C KOJIMYECTBOM
CTYJEHTOB

[lepcoHanbHbIE KOMIBIOTEPHI 110
KOJIMYECTBY 00yYaromuxcs

[Tonkmrouenune k cetu MaTEpHET

Office Professional 2003 Win32
Russian CD-ROM
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