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1. HEJIX OCBOEHUA

1.1 | bopMupoBaHHE KOMIIETEHIINH B COOTBETCTBHIH C yUeOHBIM IUIAHOM: HAyYUTh HCIIOIB30BATh 3aKOHBI KPHCTAILIOTPAhHH H

KPUCTAJUIOXUMHH, TEOPUIO CUMMETPHUU U METOA KPUCTAJUIOrpapUIecKX MPOEKIMI ISl ONMCAHUs U aHaJIM3a BHEIIHEH
(OPMBI ¥ CTPYKTYPBI KPHCTAJUIOB; IaTh IPEICTABICHHE O CTPYKTYpaX COCIHHEHUH ¢ METAUIMYECKOM, HOHHOW
KOBAJICHTHOI CBSI3bI0, a TAKOKEe HAYYUTh IIPAMCHATH MOJTyUCHHBIC 3HAHUS B TPOYECCHOHAIBEHON eI TeTbHOCTH

2. MECTO B CTPYKTYPE OBPA30BATEJIBHOI ITPOI'PAMMBbI

Baox OIT: b1.B

2.1 TpeGoBanus K l'lpe[[Ba]Pl/lTe.]'I])HOﬁ MOATOTOBKE 00y4aI01Ierocs:

2.1.1 MaremaTuka

2.1.2 | Opranundeckast XuMus

2.1.3 | Xumus

2.1.4 | VmxeHepHas M KOMIIBIOTEpHAs rpaduka

2.2 JAucuuninHbl (MOIY/IH) U MPAKTHKH, VIS KOTOPBIX 0CBOEHHE JAHHON AUCUMIJIMHBI (MOAY/I51) HEOOX0UMO KaK

npeamecTrByrouiee:

2.2.1 Be3omacHoCTh )KU3HENEATETLHOCTH

222 MeTpOJ'IOFI/Iﬂ, CTaHAapTHU3alus U TCXHUYCCKUEC N3MEPCHUS TEXHOJIOTHHN MaTCPHUAJIOB 3JICKTPOHHUKH

2.2.3 | O6uee marepuanoBeicHHUE

2.2.4 | Cratuctudeckas pusnka

2.2.5 | TexHONOTrHs MaTePHAIOB HAHOAICKTPOHUKA 1 MHUKPOCHCTEMHON TEXHUKA

2.2.6 | ®u3uka KOHACHCUPOBAHHOTO COCTOSHUS

2.2.77 | ®uznueckue CBOMCTBA KPUCTAIIOB

2.2.8 | DnexkrpoHuka

2.2.9 |MarepuanoBeqeHie HAHOCTPYKTYpHPOBAHHBIX MaTepHAIOB

2.2.10 |Matepuansl ¥ SMIEMEHTHI MUKPO- U HAHOCCHCOPUKH

2.2.11 |HayuHo-uccnenoBarensckas paboTa

2.2.12 | ®u3uka TU3IEKTPUKOB

2.2.13 | ®usnka MarHUTHBIX SIBIEHAMN

2.2.14 | ®u3uka noIyNpOBOJIHUKOB U OCHOBBI TBEPIOTEIIbHON 3IEKTPOHUKI

2.2.15 |HuxeHepHas MaTeMaTUKa

2.2.16 | KoHCTpYKIMOHHBIE MaTEPHUAJIbI U MX TEXHOJIOTUN

2.2.17 | MarepuanoBeJieHuE MarHUTHOH JIEKTPOHUKA U MUKPOCUCTEMHON TEXHUKU

2.2.18 | O6opynoBaHuE MUKPO- U HAHOTEXHOJIOTUH

2.2.19 | O6opynoBaHue MPOU3BOJICTBA MATHUTHBIX MaTEPHATIOB

2.2.20 | duznyueckre OCHOBBI MUKPO- M1 HAHOCHCTEMHOM TEXHUKU

2.2.21 | ®yHKIMOHAIBHBIE MATEPHAIIBI U UX TEXHOJIOTUN

2.2.22 | MoHHO-1a3MeHHast 00paboTKa MaTepraioB

2.2.23 | MarauurtHble U3MEpEeHUs

2.2.24 | MopenupoBaHHe U IPOEKTUPOBAHUE MUKPO- U HAHOCHUCTEM

2.2.25 | OcHOBBI CHUHTPOHUKH

2.2.26 |lloaroToBka K IpOIeType 3alIUThI H 3aIUTA BBITYCKHON KBATU(UKALMOHHOHN paboThI

2.2.27 |TexHomOTHS IPOU3BOACTBA (PEPPHTOBBIX MATEPUAIIOB M PATHOKEPAMUKH

2.2.28 | ®u3uka B3aMMOJEICTBUS YAaCTUL U U3IYyYEHUH C BEILIECTBOM

2.2.29 | XuMust HAHOMAaTEPHAJIOB U HAHOCHCTEM

3. PE3YJIbTATBI OBYUYEHUMS IO JUCIUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUSAMMUA

OIIK-1: CnocoGen pemaTtb 3aJa4u npoq)eccuonanbﬂoﬁ ACATECJIbHOCTH HA OCHOBE NIPUMEHCHUSA €CTCCTBCHHOHAYYHBIX U
oﬁmem{menepmﬂx 3HaHHﬁ, METOA0B MATEMATHYECCKOI'0 aHAJIHU3Aa U MOACTUPOBAHUA

3HaTh:

OIIK-1-31 OcHOBHBIE MOHSTHS, TEPMUHBI ¥ 3aKOHBI KpUCTAILTOTpadun




IIK-3: Cniocob6eH 000CHOBAHHO BbIOMPATh METOAbl HAHOTEXHOJIOTUH € 1eJIbI0 NOTy4eHUs QPYHKIIMOHAIbHBIX H
KOHCTPYKIMOHHBIX HAHOMATEPHAJIOB HEOPTAHMYECKOI U OPraHMYecKOl MPUPOABI 1JIsl Peaju3aliu YCTPOHCTB M CHCTEM
HAHO- 1 MUKPOCHCTEMHOIT TEXHHKH

3HaTh:

TIK-3-31 MeTozp! 1 MOAXOAbI COBPEMEHHOMN KpHCTAIOrpaguu U KPUCTALIIOXUMUHI

YK-2: CriocoGeH codupaTh H HHTEPIPETHPOBATH JaHHBIE H ONIPENeNSITH KPYT 3a1a4 B pAMKaX MOCTABJIEHHOMN eI,
BBIOHMPATH ONTHMAJILHBIE CIIOCOOBI pelieHusl, HCXO/sI U3 IefiCTBYIOIIHX MPABOBBLIX HOPM, HMEIOLIUXCSI PECYPCOB U
OrpaHUYeHHii, yMeHHe 000CHOBBLIBATH MPUHSTHIE PellleHHsT

3HaTb:

VK-2-31 MexayHapoIHy10 KpACTAIUIOTPaQUIecKyt0 CHMBOJIMKY, XapaKTEPHCTUKHA BHEITHHX (POPM KPUCTAIIIOB U OCHOBHBIX THIIOB
COBPEMEHHBIX KPUCTAJUTMIECKUX aTOMHBIX CTPYKTYP

OIIK-1: Cnoco0eH pemiath 3a1a4uu NpogecCHOHAIBHOM eATeJbHOCTH HA OCHOBE MPHUMEHEHUs] eCTeCTBEHHOHAYYHBIX U
00LIeNHKeHEePHBIX 3HAHU, METOJ0B MATEMATHYE€CKOI0 AHAJIM3a U MO/IeJTUPOBAHMSA

YMmerb:

OIIK-1-Y1 Hcnoms30BaTh OCHOBHBIE TIOHSTHS, 3aKOHBI M METOJIBI KPHCTAIUIOTpaGi U KPUCTATUIOXUMHH JUISL OITUCAHUS U
000CHOBaHHOT'O BEIOOPA XapaKTEePUCTHK CTPYKTYPHI U COCTaBa, peHa3HauYaeMbIX A Ieeil JaabHeHIero HCIonb30BaHus

YK-2: CriocoGeH co0MpaTh U HHTEPNPETHPOBATL JaHHbIE U ONPee/siTh KPYT 321a4 B PpAMKAaX MOCTABJCHHOMN L,
BBIOMPATH ONITHMAJIBHBIE CIIOCOOBI PellIeHNsI, HCXOAS U3 AeliCTBYIOIINX NPABOBBIX HOPM, HMEIOLIUXCS PecypcoB 1
orpaHMvYeHHii, yMeHHe 000CHOBBIBATH MPUHATHIE PelIeHHs

YMmerb:

YK-2-YV1 Xapakrepu3oBaTh U aHATHU3UPOBATh KPHCTAJUTHYCCKIE MHOTOTPAHHHUKH U KPUCTAIUTMYECKHE CTPYKTYPBI 2JIEMEHTOB H
COCIMHEHHIA, pAaCCUYUTHIBATH TAPaAMETPhl KPHCTAIUTMISCKAX MHOTOTPAHHUKOB H CTPYKTYP

IIK-3: Cnioco6eH 0600CHOBAaHHO BHIOMPATH METOIbI HAHOTEXHOJIOTHIA C HEJBI0 MOJIydeHUs] PYHKINOHATBHBIX H
KOHCTPYKLIMOHHBIX HAHOMATEPHAJIOB HEOPTAHNYECKOH U OPraHUYeCKOH NPHUPOABI 1JIsl peaju3alui YCTPOHCTB U cUCTeM
HAHO- U MUKPOCUCTEMHOI TeXHUKHU

Baanernb:

[1K-3-B1 HaBblkaMu HCTIONB30BAaHMS B HCCIEIOBAHMAX U PACUeTaX METOAOB 1 ITOIXO0I0B KPHCTAIUIOTpAaG N U KPHCTAIUIOXIMHUH K
OIMCAHUIO U aHAIN3Y BHEIIHEN (GOPMBI U CTPYKTYPHI KPUCTAIIOB

YK-2: CriocoGeH co0MpaTh U HHTEPNPETHPOBATL JaHHbIE U ONpPeeNsiTh KPYT 3a1a4 B PpAMKAaX NMOCTABJeHHOMN L,
BBIOUPATH ONITHMAJIBHBIE CIIOCOOBI PellIeHNs], MCXOAs U3 AeliCTBYIOIINX NPABOBBIX HOPM, HMEIOLUXCSl PeCYpcoB 1
OorpaHN4eHuii, yMeHHe 000CHOBBIBATH NPHHATHIE PEeLICHUs

Baaaernb:

VK-2-B1 HaBbikamu c60pa, OIIMCAaHUA U UHTCPIIPECTAUU JaHHBIX O KPUCTAJUIMYCCKUX MHOI'OTPpaHHHUKaX U KPUCTAJUIMICCKUX

CTPYKTypax 3JIEMEHTOB U COCANHCHUH

4. CTPYKTYPA U COJAEP)KAHUE

Kon Haumenopanue pasneno u | Cemecrp | Yacos | @opmupyemsblie | Jlureparypa | Ilpumedanue KM Beinoan
3aHATHSA TeM /BUJ 3aHATHS/ / Kypc HHIUKATOPBI H I sieMble
KOMIICTeHIUH pecypcsl padoThI

Paznea 1. 'eomerpuueckas
KpHCcTALIorpadus

1.1 AHM30TPOIHUS U CUMMETPHS 4 1 VK-2-31 YK-2- | JI1.1J12.1J13. KM5
KpHUCTaIa. 3aKOH V1 VK-2-Bl 1
mocTostHcTBa yriaoB. /TIp/ OIIK-1-31 IIK- 21

3-31 TIK-3-B1

1.2 DNeMEeHThl CHMMETPUHN 4 1 VK-2-31 YK-2- | JI1.1J12.1J13. KM5
MHOTOTpaHHUKOB. OCHOBHEIE V1 VK-2-Bl 1
TEOpEMbI B3aMOCHCTBHUS OIIK-1-31 IIK- 21
3JIEMEHTOB CHMMETPUN 3-31 I1IK-3-B1
MHOTOrpaHHUKOB. /T1p/

1.3 Kpucramnorpapudaeckue 4 1 VYK-2-31 YK-2- | JI1.1J12.1JI3. KM5
KaTerOpUU ¥ CHHTOHHUHU. Y1 VK-2-Bl 1
Toueunsle rpynbl (KI1acChl) OIIK-1-31 TIK- 21
cummetpuu /Tp/ 3-31 IIK-3-B1

1.4 Kpucramnorpapudaeckue 4 1 YK-2-31 YK-2- | JI1.1J12.1JI3. KM5
CHUCTEMBI KOOPANHAT. V1 YK-2-B1 1
[IpaBuia ycraHOBKH OIIK-1-31 TIK- 21
kpuctamios /I1p/ 3-31 [IK-3-B1




1.5 3aKOH IEJIBIX YHCE. 1 VK-2-31 YK-2- | JI1.1J12.1JI3. KM5
WNuaunypoBaHue miockocTel Y1 YK-2-Bl1 1
U HaIlpaBJIeHUH B OIIK-1-31 IIK- €]

KpucTtamuiax. Meron 3-31 [IK-3-B1
kocunycos /IIp/

1.6 IIpocTthie (hopMBbI OrpaHKH 1 YK-2-31 YK-2- | JI1.1J12.1J13. KMS5
KpucTasia. 30HbI B Y1 VK-2-Bl 1
kpuctamtax /I1p/ OIIK-1-31 IIK- Ol

3-31 [IK-3-B1

1.7 Konrponbnas padota Ne 2 YK-2-31 YK-2- | JI1.1J12.1J13. KMI

1 /Tp/ VY1 VK-2-Bl 1
OIIK-1-31 IK- 21
3-31 IIK-3-B1

1.8 [Toctpoenue 4 VK-2-31 YK-2- | JIL.1JI2.1JI3. | http://elibrary. | KMS5 P1
cTepeorpaguueckux U VY1 YK-2-Bl1 1J13.2 misis.ru/view.
THOMOCTEpeorpapuIeCcKuX OIIK-1-31 IIK- €)! php?

MIPOEKIHI HalpaBlieHUH U 3-31 [IK-3-B1 fDocumentld
miockocted. OnpenencHue =8568
YTIIOBBIX PACCTOSIHHM C

MIOMOIIIBIO CETKU

Bynbda /J1ab/

1.9 OmnpenesneHne TOYCUHON 4 VK-2-31 YK-2- | JI1.1JI2.1J13. | http://elibrary. | KMS5 P2
TPYNITBI CHAMMETPUH Y1 YK-2-Bl1 1J13.2 misis.ru/view.
KPHUCTAJUIMYECKUX OIIK-1-31 TIK- 21 php?
MHOI'OI'PaHHUKOB. 3-31 IIK-3-Bl fDocumentld
[IpoexTupoBanue =8568
cTepeorpapuuecKux
MIPOEKIIH 3I€eMEHTOB
CUMMETPHH U
THOMOCTEPEOorpapHIECKIX
IIpOEKI Ui rpaHel
MHOTOTrpaHHuKa /J1ab/

1.10 | MHguuupoBaHHe TIIOCKOCTEH 4 VYK-2-31 YK-2- | JIL.1JI2.1J13. | http://elibrary. | KMS5 P3
Y HaIpaBJICHUI VY1 YK-2-Bl 1J13.2 misis.ru/view.
KPHUCTAJUIMYECKUX OIIK-1-31 TIK- 21 php?
MHOTOTpaHHUKOB /J1a6/ 3-31 [IK-3-B1 fDocumentld

=8568

1.11 | Onpenenenue npocThix Hopm 2 VK-2-31 YK-2- | JI1.1JI2.1JI3. | http://elibrary. | KMS5 P4
Y 30H KPUCTAJUTUIECKAX Y1 YK-2-Bl1 1J13.2 misis.ru/view.
MHOTOTpaHHUKOB /J1a6/ OIIK-1-31 K- 21 php?

3-31 IIK-3-B1 fDocumentld
=8568

1.12 1) BrimonHeHue JoMarrHero 27 VK-2-31 YK-2- | JI1.1JI2.1JI3. | http://elibrary. | KM3 P10
3amanus Ne 1 V1 VK-2-B1 1J13.2 misis.ru/view.

2) [MoaroroBka k OIIK-1-31 TIK- 2153 php?
KOHTpOJIbHOU padoTe Ne 1 3-31 TIK-3-B1 fDocumentld
3) ITonroroska K =8568
1ab0paTOPHBIM paboTaM

4) Tect Ne 1

/Cp/

Pazgen 2. CtpykrypHast

KpucTauiorpadpus u

OCHOBBI KPHCTAJUIOXUMHH

2.1 CrpyKTypa KpucTauia u 1 VYK-2-31 YK-2- | JI1.1JI12.1J13. KMS5
MPOCTPAHCTBEHHAS PEILIETKA. V1 YK-2-B1 1
IMpaBumna BeIGOpa OIIK-1-31 €|
SIIEMEHTapHOH sTUEHKN OIIK-1-Y1 IIK
KpHCTaJUINYECKOM -3-31 TIK-3-B1
cTpykTypbl. CucTeMBI
Tpancisauuii bpasa /T1p/

2.2 DJeMeHTbl CHMMETPUHU 2 YK-2-31 YK-2- | JI1.1J12.1J13. KMS5
KPHUCTAJUIMYECKUX CTPYKTYP. Y1 VK-2-Bl 1
[IpocTpancTBEHHBIE TPYTIIIBI OIIK-1-31 21
cummetpuu (ITTC). OIIK-1-Y1 IIK
MesxTyHapOIHBIH CUMBOJI -3-31 TIK-3-B1

TIIC /Mp/




23 IIpaBunbHBIE CUCTEMBI TOUYEK. 4 2 YK-2-31 YK-2- | JI1.1JI2.1J13. KM5
MextyHapoiHbIC Y1 YK-2-Bl1 1
KpUCTaIUIOr paduecKie OIIK-1-31 €]
Tabmuiel. bazuc OIIK-1-Y1 [IK
KPUCTAJTNIECKON -3-31 [IK-3-B1
cTpykrypsl. KoopaunaTst
CTpYKTypHBIX equaun /T1p/
2.4 THITbI XUMIYECKOH CBSI3U B 4 2 VK-2-31 YK-2- | JI1.1J12.1J13. KMS5
KpUcTayiax. ATOMHbBIE U Y1 VK-2-Bl 1
WOHHBIE PAJINYCHI. OIIK-1-31 21
Koopnunanuonnsie uncna u OIIK-1-Y1IIK
MHOT'OTPaHHMKHU. -3-31 [IK-3-B1
[InoTHeimye mapoBbie
ynaxoBku /TTp/
2.5 KontposbHas padota Ne 4 2 YK-2-31 YK-2- | JI1.1J12.1J13. KM2
2 Mp/ V1 YK-2-Bl 1
OIIK-1-31 21
OIIK-1-Y1 IIK
-3-31 IIK-3-B1
2.6 Orpenenenue 3J1eMeHTapHON 4 4 VK-2-31 YK-2- | JI1.1J12.1J13. KMS5 P5
STYEHKU, CUCTEMBI Y1 VK-2-Bl 1
TpaHcsiuui bpass n OIIK-1-31 €]
CTEXHOMETPUYECKON OIIK-1-Y1 IIK
(dhopmysl BemecTsa /J1ab/ -3-31 [IK-3-B1
2.7 Omnpenenenue 4 4 YK-2-31 YK-2- | JI1.1J12.1JI3. KM5 P6
MIPOCTPAHCTBEHHOM I'PYTIIIBI Y1 VK-2-Bl 1
CHMMETpUH OIIK-1-31 €]
KpHUCTaJUINYEeCKOM OIIK-1-Y1 [IK
CTpyKTypHI /J1ab/ -3-31 [IK-3-B1
2.8 Ornpenenenue npaBuiIbHBIX 4 4 VYK-2-31 YK-2- | JI1.1J12.1J13. KMS5 P7
CHCTEM TOYEK U KOOPAUHAT Y1 VK-2-Bl 1
CTPYKTYPHBIX €AVHMUI] C OIIK-1-31 21
MOMOIBI0 MeXKTyHapOIHbIX OIIK-1-V1 IIK
KpucTayLTOrpaduIeckux -3-31 TIK-3-B1
tabmur /J1a6/
2.9 Omnpenenenue 4 4 VYK-2-31 YK-2- | JI1.1J12.1JI3. KM5 P8
KOOPAMHAIMOHHBIX YHCET, V1 VK-2-Bl 1
KOOPJAMHAIUOHHBIX OIIK-1-31 21
MHOTOTPaHHUKOB, OIIK-1-Y1 IIK
rapaMmeTpoB IJI0THeHIeH -3-31 [IK-3-B1
1rapoBoit ynakoeku /J1a6/
2.10 | Kpucramnorpadudeckuit u 4 4 YK-2-31 YK-2- | JI1.1J12.1J13. KMS5 P9
KpPHUCTAJUIOXUMUYECKAN Y1 VK-2-Bl 1
aHanu3 Mozenei OIIK-1-31 21
KPUCTAJUIMIECKUX CTPYKTYD OIIK-1-Y1 IIK
XUMUYECKHUX JIEMEHTOB U -3-31 [IK-3-B1
COEJIMHEHHH C
METaJUTMYeCKOM, HOHHOU U
KOBAJICHTHOI1 cBsi3b10 /J1a0/
2.11 1) BeimosHeHne qoManiHero 4 30 VYK-2-31 YK-2- | JI1.1JI12.1J13. KM4 P11
3a1aHus Ne 2 V1 YK-2-B1 1
2) [MoaroroBka K OIIK-1-31 D152 33
KOHTpPOJIbHOU paboTe Ne 2 OIIK-1-Y1 IIK
3) [MoaroroBka K -3-31 IIK-3-Bl1
nabopaTopHBIM paboTam
4) Tect Ne 2
/Cp/
5. ®OHJ OHEHOYHBIX MATEPUAJIOB
5.1. KoutpoabHble MeponpusiTis (KOHTPOJIbHas padoTa, TecT, KOJUIOKBUYM, 3K3aMeH M T.IT), BONPOCHI IS
CaMOCTOSITeJIbHOI MOATOTOBKH
Kon KonTtponsnoe Tposepsiemeie
KM MepOTpUATHE WH/IUKaTOPBI Bonpocs! 11 NOAr0TOBKH

KOMITETCHLIMH




KM1 KonrponbHas VYK-2-V1;VK-2- OmnpeneneHne XapaKTepUCTHK U MPOEKTUPOBAHHE ABYX MoJeneit
pabota Ne | B1;0IIK-1-31;I1K-3 | kpucTa/sTM4ECKUX MHOTOTPAHHUKOB C COOTBETCTBUU ¢ [ImaHoM
-31;I1K-3-B1;YK-2- | onucanust MoJieny KpUCTATHYECKOTO MHOTOTpaHHUKA
31
KM2 KonrponsHas YK-2-V1;VK-2- OmnpeneneHne XapaKTepHCTHK MO KPUCTAIITMIECKOH CTPYKTYPHI €
pabora No 2 B1;0I1IK-1-31;0IIK- |cooTtBercTBuu ¢ [lnaHoM onucanusi MOAETH KPUCTAJUTMYECKON
1-V1;IIK-3-31;IIK-3 | cTpyKTyphl
-B1;VK-2-31
KM3 Tect Ne 1. OIIK-1-31;I1K-3- TecT cogepkut 10 Bonpocos 1o Temam pasgena 1 "I'eomerpuyeckas
[IpoBogurcs B LMS | 31;YK-2-31 Kkpuctamnorpadus”
Canvas 1. DneMeHThl CUMMETPUY MHOTOI'PaHHUKOB
2. OcHOBHBIE TEOPEMBI B3aNMOJICHCTBHUS JIEMEHTOB CHMMETPHH
MHOTOTPaHHUKOB
3. Kpucramtorpaduueckie KaTeropud 1 CHHTOHUH
4. ToueuHsle TPyNITHI (KTACCH) CHMMETPHH
5. Kpucramnorpagudeckue CHCTEMbI KOOPIUHAT
6. [IpaBuna ycTaHOBKH KpPUCTAJLUIOB
7. UHqunpoBaHue MI0CKOCTEH 1 HaIlpaBJICHUH B KPUCTAJLIAX
8. IIpocTere popMBI OTpaHKN KPHUCTAIIA
9. 30HBI B KpUCTaIIax
KM4 Tect Ne 2. OIIK-1-31;IIK-3- TECT COJEPIKUT 8 BOIIPOCOB 0 TeMaM pazzena | "CrpykrypHas
IIpoBogurcs B LMS | 31;YVK-2-31 KpUCTAILIOrpadusi ¥ OCHOBBI KPUCTATIIOXUMHUH"
Canvas . D1eMeHTapHas siueiika KpUCTaNINUECKOM CTPYKTYpBl

. Cucrems! TpaHcAuii bpass

. Crexnomerpuueckas GpopmyJia BeliecTa

. DIIeMEHTHI CHMMETPUH KPUCTANTHIECKUX CTPYKTYP

. IIpoctpanctennsie rpynnsl cummerpun (IIIC)

. Mexxaynapoausiii cumson [1I'C

. IIpaBusIBbHBIE CUCTEMBI TOUEK

. basuc xpucrammmaeckoit cTpykTypbl. KoopAnHATE CTPYKTYPHBIX
€IUHHUI]

10. KooparHalMoHHbIE YUCIa U MHOTOTPaHHUKU

11. IInoTHelHIKE IAPOBBIE YIIAKOBKU

O 2N N kW=




KMS5

Dx3amend

VYK-2-31;YK-2-
V1;YK-2-B1;0IIK-1
-31;0IIK-1-V 1;I1K-
3-31;1IK-3-B1

1. AHU30TpOIIUST M CHMMETPUS KPUCTAJIIOB. 3aKOH
MOCTOSIHCTBA YTJIOB.

2. Kpucrannorpaduueckne npoeximu. Crepeorpadudeckas
THOMOCTEpeOorpahuuecKie MPOCSKIIH

3. Omnpezenenue yrioBbIX MapaMeTpoB KpHCTAJIa ¢ OMOIIbIO
cetku Bynbda

4. DJIEeMEHTHl CHMMETPHH KPHCTAJUIMIECKUX MHOTOTPAHHHUKOB
5. OCHOBHBIE TEOPEMBI B3aUMOAEHCTBUS HIEMEHTOB
CHMMETPUU MHOTOTPaHHUKOB

6. Kpucramnorpapudeckne KaTerOpud U CHHTOHUH

7. Toueunsle rpynms! (KIACCHl) CUMMETPHH KPHCTAJLIOB

8. Kpucramnorpaduueckue cucremsl koopauHat. [Ipasumna
YCTaHOBKU KPHUCTAJIJIOB

9. 3akoH nenbix yucen. Munexkcst Musepa

10. WuaunupoBaHue MIOCKOCTEH U HANPABICHUN B KPHCTAJLIAX.

Enunnynas rpasnb

11. Oco0eHHOCTH MHININPOBAHHS KPHCTAJUIOB TETPAaroHaIbHON
¥ pOMOMYECKON CHHTOHUH

12. Oco0eHHOCTH MHIULMPOBAHUS KPUCTAJUIOB TPUTOHOJIBHOW U
TEKCaroHajabHOM CUHIOHUI

13. IIpocTsie (hOPMBI OTpaHKH KPHCTAIIIA

14. 30HBI B KpUCTAJIaX. 3aKOH 30H

15. CrpyKTypa KpHCTaIa ¥ IPOCTPAHCTBEHHAs! PEIETKA

16. IpaBuna BEIOOpa 3IIeMEHTAPHON SYEHKH KPHCTAJUTHIECKON
CTPYKTYPHI

17. Cucremsl Tpancnauuii bpasa

18. OmnpezeieHue CTEXHOMETPUIECKON (OpMYITbI BelllecTBa

KPUCTAJUINIECKOU CTPYKTYPBI

19. OneMeHTbl CUMMETPHH KPHCTAJUIMYECKUX CTPYKTYp
20. [IpocrpancrBennsie rpynnsl cummerpun (I1I°C).
Mesxaynaponusiii cumsoun III'C

21. IIpaBuibHBIE CHCTEMBI TOYEK
22. MexayHapoaHble KprcTamaorpapuueckie TaOIuIbl
23. bazuc kpucrammueckoit cTpykrypsl. KoopauHatst

CTPYKTYPHBIX €IUHMUIL

24. Tunel XMMHUYECKOU CBSA3H B KpUCTalIaX. ATOMHBIE U HOHHBIE
paiychl.

25. KoopaunannoHHble 4ncia 1 MHOIOIPaHHUKH

26. IInoTHelNE MAPOBBIE YIAKOBKU

5.2. Ilepeyennb padoT, BbINOJIHsAE

MbIX 110 aucuuminHe (Kypcosas pa6ora, Kypcosoii npoexr, PI'P, Pedepar, JIP, IIP u T1.11.)

IIpoBepsiemblie
Kon Hazpanue
UHJUKATOPBI Coaepxanue padboThl
paboTsI paboTsI .
KOMIIETSHITHH
P1 JlaGoparopnast VK-2-V1;YK-2- IToctpoenue crepeorpahuiIecKux U THOMOCTEPEOrpadhuISCKIX
pabota Ne | B1;0OIIK-1-31;I1K-3 | mpoekuwmii HanpaBieHUi U Tuiockocteil. OrnpeneneHre yriioBbIX
-31;YK-2-31;I1K-3- | paccrostHuii ¢ mMOMOIIbIO ceTkn Bynbda
Bl
P2 JlabopaTopnas VK-2-V1;VK-2- Omnpezenenue TOYEYHON IPYIIIBI CHMMETPUN KPUCTATITHUECKUX
pabota Ne 2 B1;0IIK-1-31;I1K-3 | MHOrOrpaHHHUKOB. [IpOeKTHpOBaHUE CTEpEOrpaPUUECKUX POCKITHI
-31;YK-2-31;IIK-3- | ameMeHTOB CHMMETPHH M THOMOCTEpeoTpadMuecKiX MPOEKIHif rpaHeit
B1 MHOI'OTpaHHUKA
P3 JlabopaTopnas VK-2-V1;VK-2- MuaunupoBaHye MI0CKOCTEH U HaNPaBICHUI KPUCTAIUTMYECKUX
pabora Ne 3 B1;0OIIK-1-31;IIK-3 | MHOrOrpaHHUKOB
-31;YK-2-31;I1K-3-
Bl
P4 JlabopaTtopHast YK-2-V1;VK-2- OmnpeneneHue MPOCTHIX (HOPM U 30H KPUCTAIITUIECKUX
pabota Ne 4 B1;0IIK-1-31;IIK-3 | MHOrOrpaHHHUKOB
-31
P5 JlabopaTopHas VK-2-V1;VK-2- Onpenenexue 31eMEHTAPHON slUeKU, CUCTEMBI TpaHCAui bpass u
pabora Ne 5 B1;0I0K-1-31;IIK-3 | crexuomerpudeckoil (hopMyIIsl BelnecTsa
-31;I1K-3-B1;0IIK-
1-V1;YK-2-31
P6 JlabopaTopHas VK-2-V1;VK-2- Onpenenenue NpoCTPaHCTBEHHON I'PYIIbI CUMMETPUH
pabora Ne 6 B1;0I1K-1-31;0IIK- | KpuCTaIIH4IeCKOH CTPYKTypHI

1-V1;IIK-3-3 1;I1K-3
-B1;VK-2-31




P7 JlabopaTtopHast VYK-2-V1;VK-2- OmnpeneneHue NPaBUIBHBIX CUCTEM TOUYEK U KOOPJHHAT CTPYKTYPHBIX
pabota Ne 7 B1;0IIK-1-31;0I1K- | eauHuI] ¢ MOMOIIBI0 MeskIyHAPOIHBIX KPHCTALIOrpaprUeCKUX TaOIHIT
1-Y;IIK-3-31;I1K-3
-B1;YK-2-31
P8 Jla6opaTtopHast YK-2-V1;VK-2- OmnpeneneHne KOOPAUHAIMOHHBIX YHCEN, KOOPAXHALMOHHBIX
pabora Ne 8 B1;0IIK-1-31;0I1K- | MHOTOTrpaHHHKOB, U MapaMeTPOB IUIOTHEMNILIEH IapOBOil yIIaKOBKU
1-V1;IIK-3-31;11K-3
-B1;YK-2-31
P9 JlabopaTopHuas YK-2-Y1;VK-2- Kpucrannorpadudeckuil 1 KpUCTAUIOXUMUUECKAN aHAIN3 MOJIEIeH
pabora Ne 9 B1;0IIK-1-31;0I1K- | kprCTAIIMYECKUX CTPYKTYP XUMUYECKHX 3JIEMEHTOB U COEIMHEHUH C
1-Y1;I1IK-3-31;11K-3 | MeTammnyeckoi, HOHHOM M KOBAJICHTHOM CBSI3BIO
-B1
P10 Homamnee 3ananue | YK-2-V1;VK-2- Copnepxut 15 3ananuii no paszaeny 1:

Nel

B1;0I1K-1-31;11K-3
-31;IIK-3-B1;YK-2-
31

1. lononHuTh cTepeorpaduuecKuii MPOeKUHU JIEMEHTOB CUMMETPHH,
UCTIONB3Ysl TEOPEMBI O CII0KEHUH IIEMEHTOB CHMMETPHH, U 3aIHCaTh
MEXTyHapOJHBIH CHMBOJI IOTyYSHHOTO KITacca CHMMETPHH.

2. 3anucath pa3BepHyThIe ((OPMYNBI CHMMETPUH KIACCOB CHMMETPUH,
3aJ]aHHBIX MEXAYHAPOIHBIMA CUMBOJIAMH.

3. [Tonp3ysck ceTkoi Bynbda:

a) IOCTPOUTH CTEPeoTpadhUUECKYIO IIPOCSKITHIO AIIEMEHTOB CHMMETPHH
KyOHM4ecKoro Kiacca CHMMETPUU B CTaHIAPTHOH yCTaHOBKE;

6) mocTpouTh THOMOCTEpEOTrpadIECKne POCKINH I'paHeH, 3aJaHHbIX
yTJIaMH C OCSIMH KOOp-JIHHAT;

B) ONPEIEIUTH YTOl MEeXIy IpaHsmu 1 u 2;

T) OIPEENUTh TONIAPHBIE KOOPAUHATH HOpMaell yKa3aHHBIX IpaHeil;
J) HIOCTPOUTH IIPOEKITHIO 30HBI, K KOTOPOH OTHOCATCS TpaHu 1 u 2.

4. Ilonp3ysick METOIOM KOCUHYCOB, PACCUUTATh CUMBOJIbI TPaHEN

5. Paccunrarh CUMBOJI 30HBI

6. PaccunTath cUMBOIIBI pebep MEXLy TpaHIMU

7. PaccuuTath HaNpaBIsOIIKE KOCUHYChI U IIOCTPOUTh
THOMOCTepeorpahuuecKie MPOSKIINH IIIOCKOCTeH

8. IocTpouTs cTepeorpaduyeckue MPOEKIUU HEMEHTOB CHMMETPUH
POMOMYECKOTO K1acca CHMMETPHH U YKa3aTh MOJIOKCHUE TpaHeH

9. HailTu «4eThIpeXOCHBIE» CUMBOJIbI IpaHEN T'€KCarOHaJIbHOIO WU
TPUTOHAIBHOTO KPUCTANIA IO «TPEXOCHBIM)

10. Iome3ysich ceTkoi Bynbda:

a) IOCTPOUTH CTepeoTpadhUUECKYIO IIPOESKITHIO HIIEMEHTOB CHMMETPHH
TeKCaroHaJIbHOTO MJIH TPUTOHAIBHOTO KIacca CHMMETPUH;

6) mocTpouTh rHOMOCTEpeorpaduuecKue NPOSKIMU IpaHel 1Mo
3aJJaHHBIM MOJSIPHEIM KOOPIHHATAM;

B) JIOIIOJTHUTH TIPOEKITHIO, HCHONB3YSI HIEMEHTH CHMMETPHH TaHHOTO
Kiacca;

T) pPacCYMTaTh HAPABIIAIOIINE KOCUHYCBI M IPOUHAUIINPOBATh BCE
TpaH{ KPHUCTAJIIA

11. Onpenennuts cuMBoms! pedep rpanu (hkl) mpocToit hopmer
KyOHM4ecKoro KpucTalula U IPUBECTU YepTexk ITOU rpaHH

12. OnpenennuTh CUMBOJ IPpaHH KPHUCTAJIIA, OTPAHNICHHON 3aTaHHBIMH
pedpamu

13. Onpenenuts HECKOIBKO CUMBOJIOB TpaHell KyOM4eCcKoTro KpHucTaa,
NpUHAJIEKALIUX 30HE C 3laHHON OCBIO U YKa3aTh UX HA MPOEKLHUH.
14. TlpuBecTy NpOCTPAHCTBEHHOE MOJIOKEHUE TUIOCKOCTEH U
HAaIpaBJIeHUH B KyOMIeCKOM KpHCTaLIe.

15. IlpuBecTr NPOCTPAHCTBEHHOE MOJIOKEHHUE TIIOCKOCTEH 1
HaIpaBJICHUH B FeKCarOHAJBHOM KPHCTAJIIE.




P11

JlomarrHee 3agaHue
Ne 2

VK-2-BI;YK-2-
V1;0I1K-1-31;0T1K-
1-Y I;TIK-3-31;1TK-3
-BI;VK-2-31

Coneprxut 9 3ananuii o pasaeny 2:

1. OmpenenuTsb 31EMEHTH CUMMETPUH, IPEICTaBIECHHbIE HA YEPTEXKE
npocTtparcTBeHHOI rpymmbsl cumMerprd (I1T'C) B MexryHapoJHEIX
KpHCTAIUIOrpadMuecKiX TabIHIax, UX B3aHMHOE PACTIONIOKEHHUE H
OIHUCAaTh JEHCTBUE KaXI0TO U3 HUX.

2. [Tone3ysice MexxayHapoAHBIMU KpHUCTAILIOT pahMIECKUMHI
Tabimmamu, ykasats Bee [1I'C, KoTOpBIe MOXKHO TTOJTyYHUTh U3 331aHHOH
TOYETHON TPYIIIBI CHMMETPHH.

3. U3 kaxoii ToueuHOI rpyIIbl CHMMETPUU MOXKET OBITh MOTy4eHa
3ananHas [1I'C?

4. Yka3aTb CHHTOHUIO H TIpaBWIIa 3amicy cuMBoia 3aaanHoi [1T°C.

5. Kak uzmenurcst cumBon 3ananHoi [1I'C pomOudeckolt CHHTOHUH,
€CJIM UBMEHUTh YCTAaHOBKY rpaHeid ¢ XYZ Ha 3ajaHHy0?

6. ITomp3yssch MexTyHapOJHEIMH KPHUCTAIIIOTpA)UIECKIMI
TabauIaMu, yKa3aTh, KaKk BBIOMPAeTCsl Ha4ano KOOPAUHAT B 3a1aHHOM
Irc.

7. Iomp3ysics MexTyHapOJHBIMI KPHUCTAIIOTpahHIECKIMI
TabiuIaMu, o KOOpAWHATaM 3adaHHOH Touku M paccuuTaiite
KOOPJIUHATHI BCEX JPYTUX TOUCK, BXOAAIINX B Ty XK€ MPABUIbHYIO
cuctemy Touek (IICT) u onpenenute kparHocts noyuenHoi [1CT.

8. OnpenenuTh CTEXMOMETPUIO TPOMHOTO COEAUHEHUS, €CITH U3BECTHO,
9TO HOHBI COPTa A 00pa3yIoT IIIOTHEHIIYIO IAPOBYIO YIIAKOBKY, HOHBI
copra B 3annMarot gacts Terpasapudeckux myctot (T), a noHsI copTa
C 3aHMMAIOT YacTh OKTa’apuyeckux mycToT (O).

9. ITonmp3ysCh CHpaBOYHOMN JUTEpaTypoi 1 6a3aMH JaHHBIX, OITUCATH
3aJlaHHBIA CTPYKTYPHBIH THII

5.3. OueHovHbIe MaTepHalJibl, UCNTOJb3YyEMbI€ IJISl IK3aMECHa (onncal-me 6I/IJICTOB, TECTOB U T.II.)

OK3aMeHaIMOHHBIN OUIIET CONEPKUT 6 3aaHuil 10 BCEeM pas/ienaM JUCIHUILUIMHBL.
DK3aMeHAIIMOHHBIE OMIIETHI XpaHATCS Ha Kadenpe.

5.4. MeToauka olleHKH OCBOEHHsl JUCHMILUINHBI (MoayJs, npakTuxku. HUP)

OreHKa 3a SK3aMEH:
OTIIMYHO» — CTYIEHT NOKa3bIBACT IIyOOKHE, NCUEPIIBIBAIONINIE 3HAHUS B 00beMe IPOHICHHOI TPOrpaMMEIL, YBEPEHHO IEHCTBYET
10 IPUMEHEHUIO N10JIyYEHHBIX 3HAHUH Ha IPAKTUKE, TPAMOTHO U JIOTUYECKH CTPOMHO M3J1aracT MaTepual IIpu OTBETE;

«XOPOILIO» — CTYAEHT MOKa3bIBAaCT TBEP/bIC U JOCTATOYHO MOJIHBIC 3HAHUS B 00bEME MPOHICHHON TPOrpaMMBl, JIOIyCKaeT
HE3HAYNTEIbHBIC OIIMOKA TP OCBEIICHUH 33/IaHHBIX BOIIPOCOB, IPABUIIBHO ACHCTBYET MO IIPHMEHEHHIO 3HAHUH Ha TIPaKTHKe,
YETKO U3J1araeT MaTepual;
«yIOBIETBOPUTEIBHO» — CTYAEHT IOKa3bIBAaeT 3HAHUS B 00beMe MPOHJeHHOI TPorpaMMBbl, OTBETHI M3araeT X0Ts U ¢ OIIHOKaMHu,
HO HCIIOB3yET METO/IBI M TIPABHIIA, HEOOXOUMBIE JUIsl PEIICHHUSI KOHKPETHOH IIOCTaBIEHHOH 3314y, TIPABUIIBHO IHCTBYET 10
IIPUMEHEHUIO 3HAHUH Ha IPaKTUKE;
«HEYHOBIETBOPUTEIBHO» — CTYIEHT AOIyCKaeT rpy0ble OMIMOKM B OTBETE, HE MOHIMAET CYITHOCTH U3J1araéMoro BOIpoca, He yMeeT
NPUMEHSTh 3HAHUS Ha IIPAKTHKE, HEe HCIIOIb3YET METOABI ¥ IIPaBUila, HEOOXOIMMBIE TSl PELICHNS] KOHKPETHOH MOoCTaBIeHHON

3a71a4n
6. YYEBHO-METOJAUYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHUE
6.1. Pexomenayemas iureparypa
6.1.1. OcHoBHas JIMTEpaTypa
ABTOpBI, COCTaBUTENU 3arnaBue Bubanorexa W3naTenbCcTBO, roj
JI1.1 |Hlackonsckas M. I1. Kpucrammorpadus: yaed. Bbubmmorexka MUCuC M.: Bercu. mik., 1984
nocoOue JUIsl CTyl. BBICII. TEXH.
yue0. 3aBeICHUH
6.1.2. JlonoHUTeEILHAS JIMUTEPaTYpa
ABTOpBI, COCTaBUTENU 3arnaBue Bubanoreka W3naTenbCcTBO, rox
JI2.1 | Ymanckuii 4. C., Kpucramnorpadus, Bbubmmorexa MUCuC M.: Meramnyprus, 1982
Ckaxos 10. A, pentreHorpadus u
HBanos A. H., 3IIEKTPOHHAsT MUKPOCKOIIHS:

Pacropryes JI. H.

Y4eOHUK 111 BYy30B

6.1.3. MeTronuueckue pa3padoTku

ABTOpLI, COCTaBUTEIIN

3arnaBue

bubanoreka H3nmarenscTBO, TOI




ABTOpBI, COCTaBUTEIH 3arnaBue Bubanoreka W3naTenbcTBO, roj

JI3.1 |Posun K. M. IIpakTuueckas DnekTpoHHast OndIMoTeKA M.: U3a-Bo MUCuC, 2005
Kpuctamorpadus: yueo.
nmocoOue JyIst CTy1. By30B HaIIp.
150700(651800)-dusznueckoe
MatepuaioBeaeHue u 150100
(651300)-Meramnyprust

JI3.2 | Munenxo U. C., Kpucramnopusnka. bubimorexa MUCuC M.: U3a-so MUCuC, 2011
I'epacexun B. B. CuMMeTpUs KpUCTATUINYECKUX
MHOTOTPaHHHUKOB: J1a0.
HPaKTUKYM
6.2. Ilepeuens pecypcoB HH(GOPMAIMOHHO-TEIEKOMMYHUKANIMOHHOH ceTu «UHTEepHET»
31 | Kpucrammorpadus https://Ims.misis.ru/
32 |Interactive 3D Chemistry Animation https://www.chemtube3d.com/
33 |International Union of CRYSTALLOGRAPHY http://www.iucr.org/resources/data

6.3 Ilepeuenb NPOrpaMMHOro odecrneyeHust

II.1 | Microsoft Office

1.2 |LMS Canvas

I1.3 MS Teams

6.4. Tlepeyens MHPOPMANHOHHBIX CHPABOYHBIX CHCTEM H MPOdecCHOHAIBHBIX 023 JaHHBIX

N.1 |International Union of CRYSTALLOGRAPHY: http://www.iucr.org/resources/data

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE

Ayn. | Hasuauenune OcHarienne
YdTansHBINH 3a1 KOMIUTIEKT y4deOHOW Mebenn Ha 55 mect it oOydarommxcs,
JJIEKTPOHHBIX PECYPCOB 50 IIK c¢ pmoctymom x WTC «Muteprer», 2UOC

YHUBEpCHUTETa 4epe3 JIMUHbIH kabuHeT Ha margopme LMS
Canvas, nmueHsnoHHBle mporpamMMmsl MS Office, MS
Teams, ESET Antivirus.

K-521 VY4ebHas ayuTopust HaboOp JEMOHCTPAIlHOHHOTO OOOPYZOBaHHWS B TOM YHCIIE:
MyJIbTUMeAUNHbI npoekrop, IIK, 3kpaH npoeKIMOHHBIH,
KOJUIEKIUA MOJeNe KPUCTAITNUECKHX MHOTOTPAaHHUKOB U
KPUCTAJUNIMIECKUX CTPYKTYp, KOMIUIEKT Yy4eOHOH Meben,
TTaKeT JMIeH3NOHHbIX mporpamm MS Office

K-521 VYuebHas ayauropust HaboOp JEMOHCTPAIHOHHOTO OOOPYZOBaHHWS B TOM YHCIIC:
MyJabTUMeAUNHBI mpoekrop, IIK, 3kpaH npoeKnoHHBIH,
KOJUIEKIIMSI MOZEeld KPUCTAUTMYECKUX MHOTOTPaHHUKOB WU
KPUCTAIUTMYCCKAX CTPYKTYP, KOMIUICKT Y4YeOHOW MeOemH,
TTaKeT JIMIeH3NOHHBIX mporpamm MS Office

8. METOANYECKHE YKA3AHUSA 1JISA OBYYAIOIINXCA

CryzneHTaM peKOMEHAYETCS ¢ cCaMOT0 Hadajla OCBOCHHS JaHHOW AMCIHIUIMHEI pab0TaTh ¢ IUTEPaTypor U IpeiaracMbIMI
3aaHUSIMU B (hOpMe MOATOTOBKH K OUepeTHOMY ayJUTOPHOMY 3aHATUIO. [Ipy 3TOM akTyann3upyroTCs UMEIOIIUecs 3HAHHS, a TaloKe
cozznaercs 0a3a AJIs1 yCBOCHHSI HOBOT'O MaTepHalla, BOZHUKAIOT BOIPOCHI, OTBETHI HA KOTOPBIE CTYICHT HOJIy4aeT B ayAUTOPHH.
CamocrosTenbHas paboTa CTYACHTOB OPTaHU3yeTCs M KOHTPOJIMPYETCS MyTeM HHAWBUIYyaTbHOTO OIIPOCa CTYICHTOB BO BpeMs
MPaKTUYECKUX U JJAOOPATOPHBIX 3aHATHH, IPOBEACHUS ABYX MUCHMCHHBIX KOHTPOJIBHBIX padoT, IBYX TOMAITHUX 3aTaHUH U JBYX
TECTOB.

ITepen HauamoOM 3aHATHH CTYICHTHI OMYYaIOT HA TEKYIIUH CEMECTp KaJICHAAPHBIH IIaH IPOBECHHS JIaO0OPAaTOPHBIX 3aHATHH,
KOHTPOJBHBIX paboT M TECTOB, a Taloke Tpaduk BEIIAYM U CAAYH JOMAITHUX 3aTaHHUH.

IIpu ocBOeHUH TaHHOTO Kypca CTYAEHT JOJDKEH MOIb30BaThCS OMOIMOTEKOI By3a, a TakKe MEeKTPOHHBIME 0a3aMu yueOHOH
JHUTEPATyphl, B COOTBETCTBHH C HACTOSIIEH IPOrPaMMON.




