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1. HEJIU U 3AJJAYN JUCIHUTTJTINHBI
esin 0OcBOCHUSA TUCHUIIHHBI (MOYJIA):

Coz[epmaHI/Ie JAUCHUITIIMHBI «CI/IMMeTpI/Iﬂ MOJICKYJI U KPUCTAJIJIOB» OIPCACIIACTCA KaK
YUE€HUEM O IMPOCTPAHCTBECHHOM CTPOCHHU KPHUCTAJIJIOB U €I'0 BJIMAHWU HA UX CBOMCTBaA
((bPISI/I"IeCKI/Ie, XHUMHWYECCKUCE, MCX&HI/I‘ICCKI/IG), TaK U OHHOﬁ K3 CaMbIX Ba’>KHBIX KOHHGHHI/Iﬁ
COBpPEMEHHOI'O €CTCCTBO3HAHUS — KOHHeHHI/ICﬁ CUMMCETPHH. CHMMCTprIHBIe MNpEaACTaBICHUA
IIHUPOKO IIPOHUKAIOT B HACTOAIIECC BPEMs BO BCC YT'OJIKUM XUMHUH.

Kpucranmsl BIst0TCA CaMBIMU PacpoOCTPaHEHHBIMU O0OBEKTAMU, KOTOPBIE HCCIIEAYET
¢buznKa TBEpAOro TeNa U KPUCTAIUIOXUMHUSL. BHYTPEHHIOIO CTPYKTYpY KpUCTaJIJIa MOXKHO
YCTaHOBUTH, UCXO/IS U3 €r0 CBOMCTB CUMMETPHH, KOTOPBIE OIPECIISIOT OCHOBHBIEC XapaKTEPHbIE
CBOICTBa KpucTaa.

Teopust aneMeHTapHBIX YacTUll, Kpuctamuiorpadus U Kpuctauiopusnuka, Teopus
MIPOCTPAHCTBA U BPEMEHHU, MOJICKYJISIpHAsI OMOJIOTHSI, KBAHTOBAsI XUMHUS, MHOTOYHCIICHHBIC
pa3eNbl MAaTeMAaTHKH HCITBITATTN Ha ce0e 0J1aroTBOPHOE BIUSHUE YUCHHS O CHMMETPHUH.

[IpenMeT AMCUUIIITUHBI COCTABIISET MPEXKJIEe BCErO MPOCTPAHCTBEHHOE CTPOCHUE
KPUCTAIIJIOB U MOJIEKYJ U JPYTUX XUMUYECKUX YACTHI] (MOJIEKYJISIPHBIX HOHOB, KOMILIEKCOB,
KJIACTEPOB) U €ro BIMSHHUE Ha pa3IMYHbIe CBOICTBA BellecTB. PaccmarpuBatotes myTtu
MPUMEHEHUS TEOPUU CUMMETPUH K KOHKPETHBIM BOIIPOCAM XMMHH, KOTOPBIE CBOAATCS K
M3YYECHHIO anreOpanyecKuMU METOJaMu HealreOpanuecKux 00beKTOB, HallpUMep, aTOMOB,
MOJIEKYJI, TBEPABbIX TN U T.J.

Bouibiioe ynceno TBEpAbIX XUMUYECKHUX MMPOAYKTOB MPUHAIICKUT K KpucTauiam. [Ipu atom
XMMHYECKHE 3aKOHBI MPOSBIISIIOTCS B KPUCTAJUIMYECKUX TEaX 3a4acTyl0 MHA4Ye, YEM B PaCTBOPAX,
razax M pacmiaBax. [103Tomy KpucTamibl, UX CTPOECHUE SIBISIOTCSA MPEIMETOM TPAJTULIMOHHOTO
BHUMAaHHS XUMHUKOB.

CI/IMMeTpI/Iﬂ SIBIISICTCS BaXKHCHIIINM CBOMCTBOM KpHUCTAJIJIOB, KaK HCIIPECPBIBHBIX CPC, TaK U
ATOMHBIX CTPYKTYD. CI/IMMCTpI/IH KpUCTAJLJIOB MOJKET CIIYKUTDb OCHOBOM JJIs FCOMeTqueCKOﬁ
KHaCCH(bHKaHHH " OIMIUCAaHUA KPUCTAINIMICCKHUX ATOMHBIX CTPYKTYP U KPUCTAJUIMYCCKUX CPCU.
KOHerTHHﬁ BHUA CUMMCTPHU KpUCTAJLIa OIPCACIIACT CIICKTP €Io (I)I/BI/I‘-ICCKI/IX CBONCTB.
KHaCCH(bHKaHHH KpUCTAJJIOB, aHAJIN3 UX CBOIMCTB BO MHOI'OM 6a31/1pyeTC${ Ha pa3/IM4Yvr TUIIOB
CUMMCTpPUH.

[enstMu OCBOCHHMSI TUCITUTUIMHEI - TO3HAKOMUTH CTY/ICHTA C UJIEIMU U METOAAMHU
CUMMETPUH, COCTABISIONIMMH TEOPETUUECKUI (PYHIAMEHT COBPEMEHHON XUMUYECKON HayKH.

3agauu:

33)13‘11/1 AUCIHUIIIINHBI — paCKpI)ITI) OCHOBHBIC HpI/IHHI/IHI)I CI/IMMeTpI/II/I, IIOMOYb CTYHGHTy
OCBOUTbH €€ MOHATUHHBIN anmnapaTr 1 HAy4UTh IPUMEHSTh €ro /Ul PellIeHNs] KOHKPETHBIX Mpo0IemM
XUMHUHU

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OOII
Huxn (pazmen) OIl: B1.B
TpeOoBanus kK NpeABapUTENbHOI MOATOTOBKE 00y4al01Ierocs:

JlonoyHUTENbHBIE TJIaBbl KBAHTOBON XUMUU
N30pannble T1aBbl GU3NUECKON XUMUN
Kpucrannoxumus

@u3n4YecKnue METOABI UCCIEI0BAHUS
Crepeoxumust

Crpoenue BeniecTBa

JAucuMmimHbl (MOAYJ/JIM) M NPAKTHKH, 1JI1 KOTOPbIX OCBOEHHME TAHHOW JUCIHIIJIMHBI
(MoayJis1) He00X0AUMO KaK NMpeanecTBylolee:

Hayuno-uccienoBarenbckas pabora
[IpennumioMHas mpakTUKa



3. OBPBEM JUCIHIUIIVIMHbI

Oo1mas Tpya0eMKOCTh 6 3ET
YacoB 110 yueOHOMY ILIAHY 216
B TOM 4HCJIe:

ayJIUTOPHBIC 3aHITHS 39
CaMOCTOATENLHAS PaboTa 60
4acoB Ha KOHTPOJIb 27

4. INTAHUPYEMBIE PE3YJIBTATbBI OBYYEHUS 110 JUCHUIIINHE,
COOTHECEHHBIE C IVTAHUPYEMbBIMH PE3YJbTATAMU OCBOEHUA
OBPA3OBATEJIBHOU ITPOI'PAMMBI

[TK-1.1: IlnaaupyeT oTaeabHbIC CTaIUH UCCIEAOBaHUS TPH HAIMYKK obmero miana HUP

YpoBeHb |  crocoObl onMcaHusi CHMMETPUM MOJIEKYJIbI U KpUCTaJLIa
IPYIIIBI CAMMETPUH, KOOPAVMHALMOHHBIA MHOIOTPAHHUK

YpoBeHb |  mpeacTaBUTH rpyny cuMMmeTpun MoJiekyibsl 1o Lllendmucy nmm Moreny
BBIJICJIUTH 2JIEMEHTHI CUMMETPHH B MOJIEKYJIE U TI0OKa3aTh BO3MOKHbIE
CUMMETPUIHBIE OlIepallin

VYpoBenb |  MeTOaMM ONMCAHUS CHMMETPUU
MOHITHSIMH CTEPEOXHUMHUYECKON KiTacCHu(DUKAIIH CTPYKTYD;
OCHOBHBIMH MOHSTHUSIMU TOUYEYHBIX U IPOCTPAHCTBEHHBIX TPYIIIT

I1K-1.2: BeiOupaeT TeXHUYECKUE CPEICTBA M METO/IbI HCIIBITAHUMN (M3 HA0Opa UMEIOIIMXCS )
JUISL pelIeHus MocTaBlIeHHbIX 3a1ad HAP

ypOBeHL 1 OCHOBHBIC METOAbI OITMCAHUA CUMMCTPHH IIPUMCHHUTCIIbHO K KPUCTAJLJIIAM;
OCHOBHBIC ITOHATHA ITPHU XapaKTCpUu3alunu HpOCTpaHCTBCHHOﬁ PCIICTKH
(O)IHOMGpHLIIZ pAd, IJIOCKaA CETKa, TpéXMepHaﬂ CCTKa, OoIcpanus
TpaHCJLUH, IICPUOI I/I)ICHTI/I‘-IHOCTI/I);
OCHOBHEIE CBOMCTBA KPpHUCTAJJIOB, BBITCKAOMIUC U3 PCHICTYATOTO CTPOCHUA

ypOBeHL 1 OIIMCAaTh CUMBOJIBI Y3JIOB, pAA0B U HHOCKOCTeﬁ;
I/I306paSI/ITB IMPUMHUTUBHBIC 3JICMCHTAPHBIC H‘IeﬁKH, OTBCYAKOIIHUC
pa3InIHbIM KpI/ICTaHHOI‘paq)I/I‘-ICCKI/IM CUCTCMAM;

ypOBeHL 1 CHMM@TprIHHMH OpeaACTaBJICHUAMU U Hp606p2130BaHI/I$IMI/I 9JICMCHTOB
CUMMCTPUHU

TIK-1.3: I'oTOBUT OOBEKTEI UCCIIETOBAHNS

VYpoBeHb |  OCHOBHBIE METO/IbI ONIMCAHUS CUMMETPUN IPUMEHUTEIBHO K KpUCTAIIIAM;
OCHOBHBIE ITOHATHS IIPU XapaKTEPHU3ALNUN ITPOCTPAHCTBEHHON PEIIETKH
(omHOMEpHBIN s, TUIOCKAs CeTKa, TpEXMEepHasi ceTka, onepanus
TPaHCIALUY, IEPUOJ UACHTUYHOCTH);

OCHOBHBIE CBOMCTBA KPUCTAJIOB, BBITEKAIOIINE U3 PEIIETYATOrO0 CTPOCHUS

VYpoBeHnb |  1300pa3uTh TpaHCIALMOHHBIE TpyNIbl bpasa;
OTIpEeAeNIUTh CUMMETPHIO (B BUE TOUEYHOU I'PYyMIIbl) MHOTOIPaHHUKOB

YPOBCHL 1 OIIPCACIICHUCM THUIIA KOOPAWHAIIMOHHOI'O MHOI'OT'paHHHKA I10
KOOpAWHAIIMOHHOMY 4YHUCIY,
OMMrCaTh BO3MOKHLBIX CTCPCOU3OMCPHBI IMOJIUdJApa

[TK-2.1: [TpoBOAMT MEepBUYHBIN MOUCK WH(OPMAIIMHU TI0 33JAaHHON TeMaTHKe (B T.4., C
MCIOJIb30BaHNEM TIATEHTHBIX 0a3 JaHHBIX)

YpoBeHb |  MOHATHE XNMHYECKOTO CTPOEHUS U €r0 TOMOJOTHYECKHUM XapakTep,
OCHOBHBI€ BH/IbI CTPYKTYPHON U30MEPUH, TOHATHUS CTEPEOXUMUYECKON
KOH(pUryparum 1 KoHGOpMaIIHH;

MOHSTHE TPYIIBI CHMMETPUH, YJIEMEHTOB CUMMETPHUH, CIIOCOOBI MX 3alUCH

YpoBeHb |  ompenenuTh CHMMETPHIO (B BUJIE TOYCUHOM TPYIIIIBI) JIFOOOH MOJEKYIIBI U
YCTaHOBUTb (Ha SI3bIKE CHMMETPUHU) €€ XUPATbHOCTD;



VYposens 1

OIKCaTh BO3MOKHBIE BHYTPEHHHUE BpallleHHe BOKPYT MPOCTHIX (1 Oosee
CJIO’KHBIX) CBSI3€H ), TOCTPOUTH MPUMUTHUBHYIO U KPUCTAIUIOTpaPHUECKYIO
STYCUKY

MOMCKOM MH(OpMAINH B TTI00aNIbHOM ceTh VIHTEpHET U COCTaBICHHEM
MTOMCKOBBIX 3aIPOCOB T10 3JICKTPOHHBIM 0a3aM JaHHBIX U B U3JIAHHUIX
HAYYHOT'O XUMHUYECKOTO MPO(UIIst, B TOM YMCIIEC U Ha MHOCTPAHHBIX S3bIKaX

[TK-2.2: Anamu3upyet u 0000-11aeT pe3yIbTaThl MATEHTHOTO MOMCKA 10 TEMATHUKE MPOCKTA
B BBIOPAHHOM 00JIACTU XUMUHU (XUMHUYECKON TEXHO-JIOTHH)

Yposens 1

VYposens 1

VYposens 1

OCHOBBI PabOTHI C MMEPCOHATBHBIM KOMIIBIOTEPOM M HHTEPHET-Opay3epamH,
MOMCKOBBIMM CHCTEMAaMU

CIocoOBI 3aMMCH TPYIIIT CAHMMETPUHU U Ha3BaHUS MOJICKYJI MJIH KPUCTAJIOB
no IOITAK

COCTaBJISITh HA3BaHUE KpUCTaiIa Wik MoJiekysl o FOITAK

3amucarhb Ipymiy cMMMETpuH B kiaccudukanuu Morena u Hlenduca
COCTAaBUTb KOPPEKTHBIN IIOMCKOBBIN 3aIpOC

HaBbIKaMU pabOThI C UHTEPHET-PECYPCaMU,

METOJIMKON MPECTaBICHUS U TPE0OPa30BaHUs JIEMEHTOB CHUMMETPHUH
[IEpBOI0 U BTOPOTO poja

S. BUJAbI KOHTPOJIA

Bunpr KOHTPOJIsI B CEMECTpaAx:

3K3aMEHBI | 9

6. A3BIK IIPEIIOJABAHUA

SI3BIK IIpenogaBaHus: pyCCKUi.

7. CTPYKTYPA M COAEPKAHUE JUCHUILIMHBI (MOLYJIS)

Kon HanmeHnoBaHue pa3jeiioB u Bup Cemectp | HacoB | Hcrtou- | Ilpumeuan-
3aHAT. TeM 3ansatus | / Kype HHUKH ue
Pasnen 1. IIpocTpancTBeHHas
pelieTka
1.1 [IIpocTpaHcTBeHHas pemieTka Jlex 9 1 JI1.1JI11.2
JI1.3J12.1
JI3.1J13.2
1.2 [IIpocTpaHcTBEHHAas pemeTka JIab 9 2
1.3 |[IIpocTpaHcTBEHHas pemieTka DK3aMeH 9 1
Pa3nen 2.
Kpucrannorpadpudeckue
CUCTEMBbI
2.1 |Kpucramnorpaduueckue Jlex 9 1
CHUCTEMBbI
2.2 | Kpucramnorpaduueckue Jla6 9 2
CUCTEMBbI
2.3 | Kpucramnorpaduueckue DK3amMeH 9 1
CUCTEMBbI

Paznen 3. Cummerpust
KPUCTAJIIOB U
MIPOCTPAHCTBEHHBIX PEMICTOK




3.1

CuMMeTpHs KpUCTAJIJIOB U
IPOCTPAHCTBEHHBIX PELIETOK

Jlex

3.2

CI/IMMeTpI/IH KpUCTaJIJIOB 1
IPOCTPAHCTBCHHBIX PEIICTOK

JIa0

3.3

CI/IMMeTpI/IH KpUCTaJIJIOB 1
IIPOCTPAHCTBCHHBIX PEIICTOK

Cp

34

CI/IMMeTpI/IH KpUCTaJIJIOB 1
IIPOCTPAHCTBCHHBIX PEIICTOK

DK3aMeH

Paznen 4. Crepeoxumudeckas
KJIAaCCHU(UKAIUS CTPYKTYP

4.1

Crepeoxumuyeckas
KJIaCCHU(UKAIUS CTPYKTYP

Jlex

4.2

Crepeoxumuyeckas
KJIaCCHU(UKAIUS CTPYKTYP

JIab

43

Crepeoxumudeckas
KJIAaCCHU(UKAIUS CTPYKTYP

Cp

4.4

Crepeoxumuieckas
KJ1accupuKanus CTpyKTyp

DOK3aMeH

Paznen 5. CummeTpus IIOCKUX
CETOK 1 MHOTOTPAHHHUKOB

5.1

CI/IMMCTpHH IIJIOCKHUX CCTOK U
MHOI'OI'PAHHHUKOB

Jlex

5.2

CI/IMMCTpHH IIJIOCKHX CCTOK U
MHOI'OI'PAHHHUKOB

JIa0

53

CI/IMMeTpI/Iﬂ IIJIOCKHUX CETOK U
MHOI'OI'paHHHUKOB

Cp

5.4

CI/IMMeTpI/Iﬂ IIJIOCKHUX CETOK U
MHOTI'OI'paHHUKOB

DK3aMeH

Paznen 6. Cummerpust
TeTpa’poB. CumMmeTpus
apajuIesIodIpoB

6.1

CummeTpus TeTpa’apoB.
CumMMeTpHs TapajuiesiodIpoB

Jlex

6.2

CuMMeTpHs TeTpasIpoB.
CuMMeTpHS TapaJlIesIodIpPOB

JIao

6.3

CuMMeTpHs TeTpasIpoB.
CuMMeTpHs apajliesiodJpoB

Cp

6.4

CuMMeTpHs TeTpasIpoB.
CuMMeTpHS TapaJIeI03IPOB

DK3aMeH

Paznen 7. Crepeoxumus u
CUMMETPUS OPTraHUYECKUX
MOJIeKyJ1. AHTUCUMMETpHSI,
I[BETHAs! CHMMETPUSI

7.1

CTCpCOXI/IMI/ISI U CUMMCTpPHA
OPraHu4YCCKUX MOJICKYJI.
AHTI/ICI/IMMCTpI/ISI, OBCTHAsA
CUMMCTpUS

Jlex

7.2

Crepeoxumus 1 CHMMETPHS
OpPraHUYECKUX MOJIEKYIL.
AHTHUCUMMETpHS, LIBETHAS
CUMMETpUs

BIET




7.3

Crepeoxumus 1 CHMMETPHUSI
OpPTraHUYECKUX MOJICKYJI.
AHTHCHUMMETpPHSI, IBETHAS
CHMMETPHS

Cp

7.4

CrepeoxuMus U CHMMETpPHUSI
OpPraHUYECKUX MOJIEKYJI.
AHTUCUMMETpUS, LIBETHAS
CUMMETpHS

DK3aMeH

Paznen 8. Toueunast cummeTpus
KPUCTAJUTMYECKUX CUCTEM.
Hexybuueckue rpynmbe Cn, Sn ,
Cnv, Cnh

8.1

Toueunas cummeTpus
KPUCTAINTUYECKUX CHCTEM.
Heky6uueckue rpymnmsi Cn, Sn,
Cnv, Cnh

Jlek

8.2

Toueunas cummeTpus
KPUCTAJUTMYECKUX CUCTEM.
HexyOuueckue rpynme Cn, Sn ,
Cnv, Cnh

JIa0

8.3

Toueunass cuMMeTpuUst
KPUCTAJUTMYECKUX CUCTEM.
HexyOuueckue rpynmne Cn, Sn ,
Cnv, Cnh

8.4

Toueunas cuMMeTpHUst
KPUCTAININYECKUX CUCTEM.
Heky6uueckue rpynmnsi Cn, Sn,
Cnv, Cnh

DK3aMeH

Paznen 9.
Kpucrannorpaduueckue
TOYEYHAs TPYTITHI CHMMETPHH
Heky6uueckue rpynmnsl. Dn , Dnh
, Dnd . Ky6uueckue rpynnst T, Td
, Th, O, Oh

9.1

Kpucrannorpaduueckue
TOYEYHAas TPyl CAMMETPUHI
Heky6uueckue rpymnmsl. Dn , Dnh
, Dnd . Ky6uueckue rpynmst T, Td
,Th, O, Oh

Jlex

9.2

Kpucrannorpaduueckue
TOYEYHAs! IPYMIIbl CAMMETPUHI
Heky6uueckue rpynmnsl. Dn , Dnh
, Dnd . Ky6uueckue rpynmnst T, Td
, Th, O, Oh

JIa0

9.3

Kpucramnorpaduuaeckue
TOUYCYHASI TPYTIITHI CHMMETPHUH
Heky6uueckue rpymnmsl. Dn , Dnh
, Dnd . Ky6uueckue rpynmst T, Td
, Th, O, Oh

Cp

9.4

Kpucrannorpaduueckue
TOYEYHas IPyIIbl CHMMETPUU
HexyOuueckwue rpymmsl. Dn, Dnh
, Dnd . Ky6uueckue rpynmst T, Td
,Th, O, Oh

DK3aMeH




Pa3nen 10. Ukocasapuyeckue u
LEHTPOCUMMETPUUECKUE
TOUYEYHBIE TPyl CHMMETPHH. |,
Ih, K, Kh

10.1

Hkocarnpuueckue u
LEHTPOCUMMETPUYECKUE
TOYEYHbIE TPYIIBI CUMMETpHH. |,
Ih, K, Kh

Jlek

10.2

Hkocarnpuueckue u
LEHTPOCUMMETPUYECKUE
TOYEYHbIE TPYIIBI CUMMETpHH. |,
Ih, K, Kh

JIa0

10.3

Hkocarnpuueckue u
LEHTPOCUMMETPUYECKUE
TOYEYHBIE TPYIIBI CUMMETpHH. |,
Ih, K, Kh

10.4

I/IKOCEL')I[pI/I‘leCKI/IC u
OCHTPOCHUMMECTPUYCCKHUE

TOYEYHBIE TPyl CHMMETPHHU. [,
Ih, K, Kh

DK3aMeH

Paznen 11. [IpenenbHbie TpynbI
cumMetpuu (mpynmsl Kiopn).
OynepeHsl, PyIICPUTHL.
DyIepuibl.

[IpenenpHBIC TPYIITEI CHAMMETPUHT
(mpymmet Kropu). @ymnepens,
dbymieputsl. OyIIepUIbL.

Jlek

11.2

[IpenenbHbIe TPyl CHMMETPUHI
(mpynmel Kropu). @ymnnepeHsl,
bynneputsl. Oynepubl.

BIET

11.3

[IpenenbHbIC TPYTIITBI CHMMETPUHT
(mpynmet Kropu). @ymnnepeHsl,
bynneputsl. Oynepubl.

Cp

11.4

[IpenensHbIE TPYTITEI CAMMETPHA
(wpynmel Kropn). @ysiepeHst,
dbymieputsl. OyIIepUIbL.

DK3aMeH

Paznen 12. KBasukpucramisl.
Mo3zauku Ilenpoyza

12.1

KBazukpucramibsl. Mo3anku
Ilenpoy3sa

Jlex

12.2

KBazukpucramisl. Mo3anku
Ilenpoyia

BIET

12.3

KBazukpucramisl. Mo3anku
ITenpoy3sa

Cp

12.4

KBazukpucramisl. Mo3anku
ITenpoysa

DK3aMeH

Cnucoxk 00pa3oBaTeIbHbIX TEXHOJOTHI

UrpoBbie TeXHOJIOTUH

Nudopmanmonnsie (UPpOBHIE) TEXHOJIOTHH




3 | TexHonoruu pa3BUTHsI TU3alH-MBIIICHUS

4 | AKTUBHOE CyIlIaHue

8. OIEHOYHBIE MATEPHAJIBI 1)1 IPOBEJEHWS TEKYIIEN 1
IMPOMEXYTOYHOM ATTECTALIIUA

8.1. OneHoYHbIE MaTepHAJIbI JJIS IPOBEeHUs TeKYlIlel aTTecTaluu

1. BUJ: BHIMTOTHEHHE 1a00paTOPHBIX PadOT 1Mo TeMaM-1-12 - Beimonnenue (B Kaxmaoi
pabote 1o 5 3a1aHMi)

Croco0: TpaAuIIMOHHBIN (pEIICHNE 3a1a4)

pe3yabTaThl: yriayOsieHHast MpopadoTKa TEMbI

2. BUJI: BBIMIOJTHEHHE CAMOCTOSITEIbHON PabOThI

croco0: Ha KOMIIBIOTEpE

pE3yJIbTaTHI:

1. 0030p TeMbI cBOEH Hay4yHOU PabOTHI, METOAUKH U OOBEKTOB UCCIICIOBAHMS,
MIPEJICTABICHHBIN B BUJIE MTPE3CHTAIINH

2. CIIMCOK MATEeHTOB MO 33JJaHHOI TeMe, OCYIIECTBICHHBIN M0 6a3aM TaHHBIX,
0(OPMIICHHBII B COOTBETCTBUHU C TPEOOBAHUSIMU

3. BUI: KOHTpoJbHas padora Ne 1

KOHTpoOJibHas paboTa No 2

CHoco0: TpaJuIHOHHBIN

pe3ysbTaThl: 0(OPMIICHHBIE 110 33JaHUI0 OYMaXKHbIC OJJAHKU C PEIICHUSIMH

Tema 1. [IpocTpancTBeHHas pemieTka

[{enp: OCBOMTH OCHOBHBIE IOHATHS: IPOCTPAHCTBEHHAS PEIIETKA, KPUCTAIUIMYECKAs
pemérka, y3en, y3J10BoH psll, pedpo, rpaHb, CAUMBOJIbI, UHJEKCHI.

Bomnpocs! k Teme:

1. B d4em oTnndue npoCTPaHCTBEHHON M KPUCTAIUIMYECKON PEIIETOK;

2. OpHoMepHas, IByXMepHasi, TpeXMepHasi IPOCTPAHCTBEHHAs! pelieTka, 0COOEHHOCTH
K0l U3 HUX;

3. laiiTe onpefeneHue Y3y KpUCTAJUIMYECKOM PEIIeTKH, y3JI0BOMY Py, TpaHH;

4. HeKcehbl 1 CUMBOJIBI Y371a KPUCTAJUIMUECKOM pelIeTKH, y3J0BOro psijia, TpaHu

ITpuMmep 3amanuii kK TEME:

1. HaifTi MHAEKCHI y3JI0BOTO Psiia, MPOXOASIIETO Yepe3 J1BA y3Jia KPUCTAUIMUYECKOU
pemerku ¢ cumBoiamu 101 u 111.

2. HaiiTu MHAEKCHI Y3JI0BOM CETKHU, TPOXOASILIEH Yepe3 TPU y3Jia KPUCTANIMYECKOU
pemerku ¢ cumBoiamu 110, 101 u 011.

3. KakoBbl CUMBOIIBI y3J10B, IPUHAIISKAIINX y310BoMY psiay [110] u Ommkaimmx K
y3iy 100?

4. HaiiTu MHIEKCHI Y3JIOB PEUIeTKH, Jexkamux B minockoctu (110), koTopast mpoxoauT
Yyepe3 Havyalo KOOpAUHAT

5. B kpucrannudeckoii pemieTke ¢ 6a3MCHBIMU BEKTOpaMU a, b u ¢ 3a1aH BekTop R = xa
+ yb + zc. [Ipu Kakux ycnoBUsX MpsiMasi, apajijielibHas ’TOMY BEKTOPY, 3a/1a€T HAPABJICHHE
y3JI0BOTO psifa?

Tewma 2. Kpucrannorpapudeckue cucTeMsl

enb: BeisiBUTH oTiiMuue kpucramiorpadpuyeckux CUCTEM OT TPAAUIIMOHHON JeKapTOBOI
CUCTEMBI KOOPAMHAT U HAYYUTCS X IPEeoOpPa3OBLIBAThH

Bomnpocsl k Teme:

1. ba3oBble 37I€eMEHTHI KPUCTATIIOrPaQUIECKIX KOOPJUHATHBIX CUCTEM;

2. CooTBeTCTBHE KPHCTAIOrPahUIECKUX CUCTEM U I€KAPTOBOM CUCTEMbI KOOPAMHAT;




3. Bo3MoOxHBIE THUIIBI KPUCTAIUIOTPA(QUUECKUX CUCTEM M THUITBI CHHTOHUIA, KOTOPBIC
00ecreunBarOT TaHHBIC CUCTEMBIL;

4. DnemMeHTapHbIC SYEHKHU U TPAHCISIIMOHHBIC IPYyIINbl bpaBe, o0CHOBaHHBIE HA Pa3HbBIX
TUTIAX KPUCTALIOTPAPUIECKIX KOOPAHMHATHBIX CUCTEM

[Ipumep 3aganuii Kk TeMe:

1. OnpenenuTh MaTpHIly IpeoOpa3OBaHMs OCEH OT reKcaroHaaIbHON TPUMHUTHBHOMN
STYEHKHU K OPTOTOHAJILHOM (OpTOreKcaroHaJ bHOM ) HauMEeHbIero oobema. KakoB tum siuetiku bpase
B HOBOW YCTaHOBKE U KaKOBBI ITapaMETPbl HOBOH sIYEUKH 110 OTHOILIEHUIO K CTapOH.

2. HaiiTi npuMHTHBHBIC dJIEMEHTAPHBIC STYCHKH JJIs1 KyOMYECKUX TpaHe- 1
00BEMHOIICHTPUPOBAHHBIX SIYEEK, BEIYUCIUTH JUTMHBI UX peOep U YTIIbl MEXITy HUMH, OTPEICIIUTh
00BEMBI, yCTAaHOBUTH, KaK IIpeodpasyrorces uuaekcs miockocrei (100), (010), (001), (111) u
AHAJIOTUYHBIC UHJIEKCHI y3JI0B.

3. s cTpyKTypbl MOHOKJIMHHOTO Kpuctaiuia rurica CaS04-2H20 yka3zana
0o0BeMHOILICHTpHpOBaHHas stueiika (ip. Tp. 12/c). [IpeoOpazoBath 3Ty s4YCiiKy B MOHOKIHHHYIO
0a301eHTPUPOBAHHYIO, 3aITUCATh HOBBIM CUMBOJI TPYIIIBI 1 HAUTH COOTBETCTBYIOIINE
npeoOpa3zoBanus ocer U uHAeKcoB Musuiepa. Jlath 1Ba BapraHTa perieHusl.

4. Kakre cuMBOJIBI TOJTydaT B KyOndeckoM kpuctasuie murockoctu (100), (111), (120),
(123), ecnu 3a KOOPAMHATHBIE OCH MPUHATH TUATOHANIY TpaHel KyOu4ecKon ssueiku?

5. Jlnsa aparonuTa ycrtaHoBiieHa np. rp. Pmen. ITonyunts MaTpuiibl mpeodpa3oBaHus K
MuHepanorudeckoi (Pbnm) u cranmgaptroit (Pnma) ycranoBke. Halitu mMaTpuiisl nepecyera
KOOPJIMHAT aTOMOB JJIS K&K/10M yCTAaHOBKHU

Tema 3. CummeTpusi KPUCTAIIIOB U TPOCTPAHCTBEHHBIX PELIETOK

Lenb: M3yuenue miockocTel CKONB3SIIET0 OTPaXXEHHs, BAHTOBBIX Ocel U 32 KaccoB
CUMMETPUHU

Bompocs k Teme:

1. OmnpeneneHue 3JI€MEHTOB CHMMETPUH U ONIEPALIMil CAMMETPUH MPOCTPAHCTBEHHBIX
PEILETOK;

2. BBIBOA IJIOCKOCTEN CKOMB3SIIETO OTPAXKEHHS] 1 BUHTOBBIX OCEH KaK 3JIEMEHTOB
CUMMETPUHU MPOCTPAHCTBEHHBIX PEUIETOK;

3. Bo03MOXHBIE IPOCTPAHCTBEHHBIE TPYIIIBI CHMMETPHUU;

4. MarpuuHblii METO/I OTICAHUS OTepalliii CAMMETPUH;

5. 32 knacca CMUMMETPHH, OCHOBAaHHBIE Ha ONEpalUAX U 3JIEMEHTaX CUMMETPUU
BHEITHEH GopMbl KpUCTasIa.

[Ipumep 3ananuii K TeMe:

1. KakoMy npeo6pa3oBaHHIO COOTBETCTBYIOT MOCIIEI0OBATEIHLHO BHITIOJHEHHbIE
OTIEpaIMK OTPAKEHUS B TIIOCKOCTH MY M TIOBOPOTA BOKPYT OCH 2X?

2. Hapucosarts ctepeorpadpudeckyto npoekiuto TT'C, mpuHsB 3a mopoxaaroye
ONepaLi CUMMETPHUH OTPaKEHHS B ABYX B3aUMHO NEPIEHAUKYJISIPHBIX JIOCKOCTSX CUMMETPUH U
MOBOPOT BOKPYT ocu C2, NeprneHIuKyJIIpHON K OJTHOM U3 IJIOCKOCTEH U Jiexkalle B MIOCKOCTH
npyroi. OnpenenuTs TOpSAOK TPYIIIBL, TPABHIBHBIE CUCTEMBI TOUEK, AaTh 0003HaueHue TI'C no
I'epmany-Moreny u [llendaucy

3. OnpenenuTh SIEMEHTHl CHMMETPHH U TOUCUYHYIO TPYIITY MOJIEKYJIbl HUTPOOEH3071a
(puc. 3) B 3aBUCUMOCTH OT €€ KOH(pOpMAIHH.

4. Onepanuro kakoro poxaa (I unu 1) mpeacTaBasOT MaTPHUIBI CAMMETPUIECKIX
npeoOpaszosanuii: a) 010 /100 /001; 6) 010 /100 / 001, B) 100 /001 /010;

r) 100 /001 /010?

5. Kakue koopAMHATHI OJIYYUT TOYKA XyZ MPU MOBOPOTE BOKPYT ocu C2, mpoxoasuieit
Yyepe3 Havallo KOOPJAMHAT M COBIAIAIOIICH: a) ¢ 0Chio Z; 0) ¢ 0Cchi0 X; B) C OChIO Y?

Tema 4. Ctepeoxumuieckas KiacCuPpUKaIMs CTPYKTYP
ens: NU3yunTh OCHOBBI CTEPEOXUMHUECKON KiTacCH(pUKAIIIT
Bomnpocsl k Teme:



Tunel CTPyKTyp XUMUYECKHUX 3JIEMEHTOB;

Cy1iecTBOBaHNE OCHOBHBIX U TTOOOYHBIX BAJICHTHOCTEH B KPUCTAIIAX ;
DHAHTHOMEPHUS U XUPATbHOCTB;

KooparHanmonHoe 4ucio u KOOpAMHAIMOHHBIN nonmdap. Tena [1naTona

b=

[Ipumep 3aganuii Kk TeMe:

1. OnpeaenuTp, Kak U3MEHSIETCS CUMMETPHUS MOJIEKYJIbl AXn MpHU MOCTENEHHOM
3amereHnn XY, eclii OHa UMeeT popMy: a) TeTpadapa; 0) KBajapara; B) TETparoHaabHON
MUPAMHU/IBL; T) TPUTOHAIBHOM OUITUPaMUIBL; 1) OKTadpa.

2. B ctpyktype SrCl2 aTombl CTpOHIIMS UMEIOT MTPaBUIIBLHYIO KYOHYECKYIO
KoopauHanuio. OnpeneauTs TPOCTPAHCTBEHHYIO IpyIy, eciu Z = 4.

3. Monekyinbl B ctpykrype Co(NH3)3(NO2)2CI (mip. rp. 141/a, Z = 8) umeror
OKTadIpUIeCKyto KoH(puryparuio. OnpeaenuTs CAMMETPUIO KOMIUICKCA H PA3MECTUTh JIMTAH]IBI 110
BEpIIMHAM OKTa’/pa.

4. Kpucramtel Tprazuaa nuanypoBoit kuciotsl [NC(N3)]3 umerot np. tp. P63/m, Z =
2. JlokazaTh, 4TO MOJIEKYJIa TUIOCKasl.

5. YnopsigoueHHass HU3KOTeMITepaTypHast MoAuuKaus HuTputa Hatpuss NaNO2
uMeer mp. rp. Imm?2 (Z = 2). Onpeaenuts 4uciao KOOPAUHATHBIX TAPAMETPOB CTPYKTYPHI.

Tema 5. CummeTpus INIOCKUX CETOK U MHOTOTPAaHHUKOB

Lenb: M3yunTs 1 yMETh ONUCHIBATh TOUEYHBIE TPYIBI CAMMETPUU TIOCKUX CETOK U
MHOTOTPaHHUKOB

Bormpocs k Teme:

1. Onpenenenue u 3IEMEHThI TPAHCISIIUU U CHMMETPHH IIJIOCKHUX CETOK;

2. OmnpeneneHue U AIEMEHThI TPAHCIIALUY U CHMMETPUU MHOTOTPaHHUKOB;

3. ToueuHble TPyl CHMMETPHUH ISl OMUCAHMSI IIJIOCKUX CETOK Ha mpuMepe rpadeHa

4. BniusHue TOYEUYHON CUMMETPHH KpHUCTallia Ha TEOMETPHUIO KPUCTAJUTMUECKOM
peleTKn

[Ipumep 3ananuii K TeMe:

1. loka3aTh, 4TO B 2JIEMEHTApPHOM sUeiike (KOTopas MOCTPOEHA Ha KpaTyalnx
TPaHCISALUAX PELIETKH) YIIIbl MEXly peOpaMu JIeKaT B Ipeesiax

60°<a, B,y <120°

2. HaiiTu 251eMeHTB CUMMETPHUH, TIOPOKICHHBIE ICUCTBUEM TIEPIICHANKYIISIPHON
TpaHCISIIUU Ha cienytomue ocu: 1) 3; 2) 3; 3) 43;4) 4; 5) 6; 6) 63;7) 6.

3. HaiiTi 3neMeHTbl CUMMETPHUH, KOTOPbIE BO3HUKAIOT IPU AEMCTBUM HAaKJIOHHON
TPaHCISIUU Ha ciienytonue ocu: 1) 2; 2) 21; 3) 4.

4. HaiiTu 351eMeHTBhl CHMMETPUH, KOTOPbIE BO3HUKAIOT MIPU JEHCTBUU HAKIIOHHON
TPAHCIISIIIMU Ha CJIEYIONINE TIIOCKOCTH cummeTpur: 1) m; 2) b; 3) n.

5. Onpenenutp, K KAKUM CUHTOHUSM OTHOCSTCSI KPUCTAJUIMUECKUE CTPYKTYPHI,
UMEIOIIHE CIEAYOIIMEe HaOOPhI cTapiiuX neMeHToB cummeTpun: 1) C6; 2) S4; 3) C3; 4) 4C3; 5)
6; 6) 3C2; 7) C4; 8) 3S4;9) 3C4; 10) 3C2 +4C3; 11) 3; 12) 2+ C2; 13) 1; 14) C1.

Tema 6. Cummetpust TeTpadapoB. CHUMMETpPHS MTapaiesiodIpoB

Lenb: U3yunuTh CHMMETPHIO TETPAdAPOB, pOMOOA0IEKAAPA, IEHTATOHATBHOTO JOeKadApa
Y PEaJbHbIX KPUCTAILIOB, B KOTOPBIX MOKHO BBIAECIUTH TAKOW 3JIEMEHT BHYTPEHHEN CTPYKTYPBI

Bomnpocsl k Teme:

1. DneMeHTsl U TOUYE€UYHBIE TPYIIbI CHMMETPUU TETPASIPOB.

2. PeanbHble KpUCTAIUIBI, B TPOCTPAHCTBEHHOU CTPYKTYpPE KOTOPBIX MOKHO BBIIENTUTH
TETPadIPHI;

3. OCHOBHBIE TUITBI YIIAKOBOK aTOMOB B TAKUX CTPYKTYpaX;

4. DneMeHTHI U TOYCUHBIE TPYIIBI CHMMETPUH POMOOI0IeKAdIpa.

5. DJIeMEHTBI U TOUEUYHBIE IPYIINBI CHMMETPUU NIEHTArOHAJILHOTO J0JIeKa3 Ipa.

6. PeanbHble KpUCTAILIBI, B IPOCTPAHCTBEHHON CTPYKTYpE KOTOPBIX MOYKHO BBIACIUTH



poMO010/1eKadAp U IEHTAarOHAJIBHBIN J0IeKadIp;

[Ipumep 3ananuii K TeMe:

1. Onpenenuts UHACKCH B hopmyJie coeaquuennss AmBnXp, B KOOpAMHAITMOHHOM
CTPYKType KOTOpOro aromsl A u B TeTpasapuuecku KOOpIMHUPOBAaHbI aTOMaMH X, KOTOPBIE B CBOIO
odepeib TETPAdIPUUECKU OKpYKEHbI 2A u 2B.

2. B cTpykType KoJbleBOro cuiinkara 6epuiia atombl Al okpyskensl aromamu O 110
OKTa’ipy, aToMbl Be — o Tetpasapy. KoopanHanmonHoe 4ncio BceX KOHLIEBBIX aTOMOB KHUCIOPO/ia
OJIHOATAXKHOTO IIECTUYJICHHOTO KOJiblia paBHO 3. Onpeaenuts popmyiy Oepusia.

3. B ctpykrype okcodropuaa mean u xene3a arombl O u F o6pazyrot KITY, nonst
Cu2+ 3anumarot 1/2 okTa’apuyecKux MmycToT, a uoHbl Fe3+ — 1/8 terpasapudeckux. Onpenenursb
dhopMyiy cCoeTUHEHUS

4. BeraucnuTh KO3 QUIIMECHT IIJIOTHOCTH YITAKOBKH JIBYX COPTOB IIAPOB, OOJBIIHNE U3
KOTOpbIX 00pa3yioT KITY, a MeHbIIIMe 3aHUMAIOT BCE: a) OKTadAPHUCCKHUE IYyCTOTHI; O)
TeTpadApuyecKkue myctoTsl. Kakue CTpyKTypHBIE TUIIBI TPEACTABIISIOT 3TH YIIAKOBKU

5. Beigenus siueiiky bpase B KITY u I'TTY, nmokaszarh, CKOJIBKO OKTadIPUUECKUX U
TETPadAPUUYECKUX MYyCTOT MPUXOIUTCS HA OJIMH 1A IUIOTHEHIIIEH YITaKOBKU. 3amucaTh
KOOPJIMHATHI IIEHTPOB IIAPOB U IMyCTOT 00OMX TUIIOB, BEIOPAB HaYaja0 KOOPAUHAT B IIEHTPE HIapa

6. DJIEeMEHTBl CHMMETPUHU U KOOPIMHALIMOHHBIE MHOTOTPAHHUKH B TIEPOBCKUTE U
KpHUCTaJUIaX €ro TUIIA.

7. DIeMEHTBl CHMMETPUHU U KOOPJAUHAIIMOHHBIE MHOTOT'PAHHHUKH B IIITUHEIH U
KpUCTaJUIaX €ro TUIIA.

8. DIIeMEHTBI CUMMETPHUU U KOOPIMHAIIMOHHBIE MHOTOTPAHHUKH B KPUCTAIUIAX THIA
CUJIMKATOB.

9. DyIeMEHTBI CHMMETPUHU U KOOPIMHAMOHHBIE MHOTOTPAHHUKHU B KpUCTAJJIax
aJUIOTPOITHBIX MOU(DHKAIUI yriaepoa.

10. D1eMeHThI CUMMETPHUHU U KOOPIMHAIIMOHHBIE MHOTOTPAHHUKH B KPUCTAILIAX
AJUTOTPOIHBIX MOAM(PUKAINIL JKere3a.

Tema 7. CTepeOXI/IMI/ISI U CUMMCTpPHUA OPraHHUYCCKHUX MOJICKYII. AHTI/ICI/IMMeTpI/IH, OBCTHasA
CUMMCTPHUA

enp: M3yuynTh OCHOBHBIE THUIIBI OPTaHUYECKUX KPUCTAILUIOB, UX CHMMETPHIO U
CTEPEOXHUMHUIO; IPUMEHEHHE YEPHO-0€I0l 1 [IBETHOW CUMMETPUHU

Bompocsl k Teme:

1. ATomHBIe, HOHHBIE panuychl Ban-nep-Baanbsca B onucanuu (opMbl, CHMMETPUU U
pa3Mepa MOJIEKYT;

2. Pacnipenenenuie opraHM4eCcKMX KPUCTAIIIOB IO CTPYKTYPHBIM KJlaccawm;

3. Tomnonorust MONEKYJISIPHBIX YIIaKOBOK;

4. YnakoBKa 10 NPUHIUIY «BBICTYH K BIAJAUHEY;

5. XnpanbHOCTh YITAaKOBOK, THIIBI.

6. UepHo-06emnble TOU€YHbIE TPYTIIBI CHMMETPHH;

7. L1BeTHBIE TOUEUHbIE TPYTIIIBI CHMMETPUHI

8. [IpuMeHeHrne aHTHCHMMETPUHN U IBETHON CUMMETPUHU.

[Ipumep 3ananuii K TeMe:

1. [TnoTHe#as mapoBasi ymakoBka oOpa3oBaHa aToMaMu X, aToMbl A U B 3aHnMaior
YETBEPTh TETPASPUUECKUX U MOJOBUHY OKTa3IPUUECKUX IyCTOT COOTBETCTBEHHO. KakoBa
dbopmyna coemuHeHUS?

a) A2BX 6) AB2X B) ABX2 r) A2B2X 1) A4B2X.

2. ATOMBI KHCTIOPOJIa 00Pa3yrOT IIIOTHEUIITYIO YIIAKOBKY, B KOTOPOH aTOMBI KPEMHUS
3aHUMAIOT BOCBMYIO YaCTh TETPAIAPUUECKUX ITYCTOT, @ AaTOMbI MArHUS — IIOJIOBUHY
okTajapuueckux. Onpenenuts GopMyITy COSIMHEHHUS.

a) MgSi03 6) Mg2Si04 B) Mg3Si0O5 r) Mg2Si206 n) Mg4Si06



3. CKONBKO pa3IMYHbIX IJIOTHEHIIMX MIAPOBBIX YIIAKOBOK MPEICTABICHO HIXKE:

1) CCABABAC)A, 2) B(ABCACB)A, 3) C(ABACBO)A,

4) B(ABABCB)A, 5) A(CBACBA)C?

a) l 0) 2 B) 3 r) 4 n) S

4. KakuX MJI0THEUIIKX IIAPOBBIX YIAKOBOK CYIIECTBYET TOJIBKO MO OJTHOM?
a) 3-cioiHas 0) 4-cnoitHast B) 5-ClIOMHAs T) 6-cnoitHas
n) 7-cioiHas e) 8-cnoitHas

5. Uemy paBuo KUY aroma B rmtoTHe#1I€H 111apoBOii yriakoBke?

a)6 0) 8 B) 10 r) 12 n) 14

6. Hanucatb rpynnoBble MHOKECTBA OJJHOLIBETHOM IpyMIibl 4mm;
7. HanucaTh rpynmoBble MHOXKECTBA Y€pHO-0e10i rpynmsl 4’ mm’;
8. Hanmucatp rpynmnoBbie MHOKECTBA cepoil rpymibl 4mml’;

Tewma 8. ToueuHast cHMMETpUsT KPUCTAIUTHYECKHUX crucTeM. HekyOuueckue rpymmbl Cn, Sn,
Cnv, Cnh.

Henb: M3yunts HEeKyOuueckue rpymnmsl Cn, Sn, Cnv, Cnh, cummerpun

Bomnpocsl k Teme:

1. I'pynmna cummerpun Cn;
2. I'pynma cummeTpuu Sn;
3. I'pynna cummerpuu Cnv;
4. I'pynma cummetpun Cnh

[Tpumep 3ananuii k Teme:

1. Haniucatp Matpuunyto ¢popmy s rpyiisl Cn;
2. Hammucatps matpuunyto Gopmy Aiis Tpynmsl Sn;
3. Hanmucatp matpuunyto ¢hopmy s rpymisl Cnv;
4. Hammucath Matpuunyto hopmy ans rpynmsl Cnh;

Tema 9. Kpucrannorpaguueckue ToueyHble Tpynibl cuiMMeTpuu HekyOnueckue rpyIisbl.
Dn, Dnh, Dnd. Ky6uueckue rpynmnst T, Td, Th, O, Oh

Hens: M3yunTth HekyOnueckue u kyondeckue rpymnmnsl Dn,Dnh, Dnd, T, Td, Th, O, Oh
CUMMETPHUU

Bomnpocs! k Teme:

1. I'pynna cummerpun Dn;

. I'pynma cummeTrpun Dnh;
. I'pynma cummeTpun Dnd.
. I'pynna cummerpuu T;

. I'pynma cummerpuu Td;

. I'pynma cummetpuu Th;

. I'pynna cummerpuu O;

. 'pynma cummetpuu Oh;

(e BN o) RV, I RS I O]

[Ipumep 3ananuii kK TeMe:

. Hanmucarp matpuunyto ¢popmy 1u1st rpymisl Dn;

. Hanmucats matpuunyto ¢popmy 1u1st rpymisl Dnh;
. Hanmucatp matpuunyto ¢popmy 11 rpymmsl Dnd.
. Hanmucatp matpuunyto ¢popmy nms rpynmnsl T;

. Harucarp matpuunyto hopmy mis rpynmst Td;

. Harucarp matpuunyto dopmy st rpynmst Th;

. Harucatp marpuunyto hopmy s rpynimst O;

. Harucarp matpuunyto hopmy mis rpynmst Oh;
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Tema 10. Ukocasapuueckre U IEHTPOCUMMETPUUYECKHE TOYEUHBIE TPYIIIBI CAHMMETPHH. |,
Ih, K, Kh

Lens: M3yunTh HKOCA3APHUECKUE U IICHTPOCUMMETPHUYCCKHUE TOUCUHBIC IPYIIIIbI
cummerpui I, Th, K, Kh

Bomnpocsl k Teme:

1. I'pynna cummerpuu I

2. I'pynma cummerpun Ih;

3. I'pynna cummerpuu K;

4. I'pynma cummetpun Kh;

5. I'pyna cumMmMerpun 60pOBOAOPOJIOB;
6. ['pynma cummeTpun KapOOpaHOB;

[Tpumep 3ananuii k Teme:

1. Hanucatp Matpuunyto ¢hopMy JIsi TpyIIsI [

2. Hamucatps matpuunyto hopmy ans rpynmsl Lh;

3. Hanmucatp matpuunyto ¢popmy ams rpymnmnsl K;

4. Hantucath Mmatpuunyto popmy amns rpynmsl Kh;

5. Tunbl CUMMETPUYHBIX ITPeoOpa3oBaHuii B OOPOBOIOPOIAX;
6. TuUnbl CUMMETPUYHBIX TPpeoOpa3oBaHuil B KapOOpaHax;

Tema 11. [Ipenensubie rpymnibl cummerpu (Tpymmsl Kropu). @yiepenst, GynepuTsl,
byIepuabl.

Hens: M3yunTs npenenbHble rpymisl cuMMeTpu (rpynmns! Kroopn), amioTponHsie
Mo A (DHUKAIIIY YTIIepoaa U UX KPUCTALUTNISCKOE CTPOSHUE, KPUCTAIUTUIECKOS CTPOCHHE
byepeHoB, QyIepuToB, QyLIepUIOB

Bompocsl k Teme:
1. I'pyninbl CUMMETPHH € OCSIMH OECKOHEUHOTO MOPSIKA;
2. O603nauenue no lllendancy u I'enpu-Moreny rpynn CHUMMETPHH € OCAMHU
OECKOHEYHOTO MOPSIJIKA;
3. Cyneprio3unus rpynn CHMMETPUH
. [Tpuanun Kropu
. Kpucrannorpaduueckas ctpykrypa anmasa;
. Kpucrannorpadpuyeckas crpykrypa rpadura;
. Kpucrannorpadpuueckas crpykrypa rpadena;
. Kpucrannorpadpuyeckas ctpykrypa QpyaepeHoB.
9. CtpykTtypa moinekys C60 u uX KpUCTaUTMIECKOE CTPOCHHE;
10. Crpykrypa monekyn C70 1 UX KpUCTAIUNINYECKOE CTPOCHHUE;
11. Ilpocreiimue Gpymiepuasl ¥ KX CTPYKTYpHbIE OTINYHS OT QYJUIEPEHOB U
byepuToB

03N L A~

[Ipumep 3ananuii K TeMe:

1. O6o3HaueHue rpymIl ¢ MUKJINYECKON CUMMETpHel U BbIJCTICHNE UX HHBApUAHTOB,;

2. Beljenenue npeaenbHoN Tpynibl U €€ MHBapUAaHTOB

3. Briienenue KOHEYHBIX TOUYEYHBIX TPy U UX HAATPYIIIbI;

4. AHanu3 IIOCKOCTEN CKOJIB3AIIETO OTPAKEHNUS B AIIMA3E;

5. UeMy paBHBI ITapaMeTPbl KPUCTATUIMYECKON TUEUKH U KAKOB XapaKTep
TPAHCIIALMOHHBIX 3JIEMEHTOB B HAHOTPYOKe, 00pa30BaHHON Ha OCHOBE KPUCTAIUIMYECKON CETKH
rpadena

6. UeMy paBHBI TapaMeTPbl KPUCTATUINYECKON AUEHKN U KAKOB XapaKTep



TPAHCISAIMOHHBIX SJIEMEHTOB B HAHOTPYOKE, 00pa30BaHHON Ha OCHOBE KPUCTAILTUYECKON CETKH
rpadeHa ¢ BKIIOUCHHEM MATHYTOJBHBIX DJIEMEHTOB 7 K 1.

7. K kakoMy BemIiecTBY OTHOCUTCSI KPUCTAILI, €CITU TTapaMeTpPhI €ro KyOndecKoi
DJIEMEHTAPHOMN STYCUKHU COCTABJISIOT:

a) 3,57 A; 0) 5,43 A; B) 5,68 A, r) 6,49 A

1) cepoe o10BO, 2) KpeMHHUM, 3) anmas, 4) repmaHuit

8. PaccumTaTh mapameTpsl Kpuctajndeckoi sueiiku C60 ecnu mymmHa cBs3u C-C
coctasisieT 1,44 A, a Ban-nep-BaanbcoB paguyc Beei Monekynsl 5,25 A;

9. IIpeAnonoKHB, 4TO MapaMeTp KpucTandeckoii sueiiku C60 a=14,17 A, nposectn
ANmpPOKCUMAIIIO0 MOJICKYJ chepaMu ¥ MOTYIUTh TUIT YITAKOBKU MoJieKy C60.

10. Tonw3ysce npuHunoM Kropu Moy4uTh TOUSUHYIO TPYIIY CHUMMETPUN
3JIEMEHTAPHOU STUEHKH KpUcTaIlIa QyIIepuTa;

Tema 12. Kasukpucramisl. Mo3auku [Ienpoy3a.

Lenb: M3yunTh KpUCTAJUIMYECKOE CTPOCHUE KBa3UKPHUCTAIIIOB
Bompocs k Teme:

1. OcoOeHHOCTH KPUCTAIUTHYECKONUCTPYKTYPhI IEXTMAaHUTOB;

2. KBa3ukpucTaibl U UX HETPAHCISIMOHHOE YIIOPSIOUCHHE;

3. MeToapl MOIETUPOBaHUS KBa3UKPUCTAIUIOB U UX alllIPOKCUMAHTOB.

[Tpumep 3ananuii K TEMeE:

1. Tunsl U npUMepsl KBa3UKPUCTAIIIOB U UX alllIPOKCUMAHTOB

2. Kak ucnomnp3yercst IpUHIMII 30JI0TOT0 CEYEHUS B MOJEIIMPOBAHUM KBA3UKPUCTAIIIOB
U UX allPOKCUMAaHTOB;

3. Kak ucnonb3yrorcs uncina @uboHau4u B MOJAEIMPOBAHUH KBA3UKPUCTAIIIOB U UX
aIlIIPOKCUMAHTOB;

4. [IpumeHnnmMocTh 6eckoHeuHOU Mo3auku [IeHpoysa B onrMcaHuu KBa3UKPHUCTAIIIOB.

8.2. OneHo4nbIie MaTepHAJIbI JJIs1 IPOBEACHHUS IPOMEKYTOYHON aTTeCTAllUH

CamocrosiTenbHast paboTa 0 COOTBETCTBYIOIIEH TEME BKIFOYAET:

Tema 1. [IpocTpancTBeHHas pemieTka

1. ITpuBsi3Ky Kk Hell 00BEKTa CBOCH HAYYHOU NESTENbHOCTH, OCHOBHBIM YCIOBUEM
KOTOPOTO SIBJISIETCS HAMMYUE TBep o (a3pl. Bo3MoskeH BHIOOp MarucTpaHTOM APYTroro o0heKTa,
00J1a/1210111er0 MOHOKPUCTAIIINYECKON CTPYKTYPOH.

2. OmnpeneneHue TUIa KPUCTAJUTMYECKOM pElIeTKH U €€ CBOWMCTB M0 UMEIIIUMCS 6a3am
JTAHHBIX.

3. O030p UMEIONTNXCS HAYYHBIX padOT, CXOAHBIX 110 TEME C HAYYHBIM UCCIIEIOBAaHHEM
00yyJaromerocs.

Tewma 2. Kpucrannorpapudeckue cucTeMsl

1. IIpuBsI3Ky K HEe# 00BbEKTa CBOSH WHIUBUTyIBHOW TEMBI JIJISI CAMOCTOSITEIIbHOM
paboThL.

2. OnpeneneHue TUNA CAHTOHUH, SJIEMEHTApPHOU STYEHKHU U TPAHCIISIITUOHHON TPYIIIIbI
Bpase ans o0bekTa o uMeroumcs 6a3am JaHHBIX.

3. OToOpakeHne BHYTPEHHEHN CTPYKTYPHI BEIOPAaHHOTO 00BEKTa C MPUBIECYCHUEM
nporpammuoro npoaykra GAMESS, pacnpoctpansemoro 6e3 TuileH3Uu.

Tema 3. CummeTpHst KpUCTAIUIOB U TPOCTPAHCTBEHHBIX PEIIETOK

1. [IpuBsi3Ky 00BbEKTa CBOEH MHIAMBUYAIbHOW TEMBI JIJIS CAMOCTOSITEIbHONU pabOThI U
ONpPENIETIEHHOMY KJIACCY CUMMETPHH.

2. OnpeneneHue HATMYUS B BBIOPAaHHOM 00BEKTE BUHTOBBIX OCEH, MITIOCKOCTEH
CKOJIB3SIIIIETO OTPAKEHUS.

3. [IpuBneuenue GAMESS s pacuera cTpykTypbl BeIOpaHHOTO 00bekTa. [lonbop



METOJIOB JIJIsl pacyeTa Ha OCHOBAaHUU MH(OPMAIINH, HAACHHON B CIIEIIMATU3UPOBAHHOMN
auTepaType. AHaIU3 METOIOB, BRIOOP HanOoJee ONTUMATBHOTO AJIsSI CBOMX IIENICH.

Tema 4.Ctepeoxumudeckas KIacCu(PUKAIKSI CTPYKTYP

1. [IpuBsizky 00beKTa CBOCH MHAMBUYJIbHON TEMBI JIJISI CAMOCTOSATEIIbHON paboThI U
BBIIETIUTH B HEM OCHOBHBIE U MOOOYHBIE BAJICHTHOCTH, TUIIBI KOOPIUHAIIMOHHBIX OIUAIPOB.

2. Ha ocHOBaHUU cTepeoXUMUYECKON KilacCU(pUKALMU OKa3aTh MPAaBUIBHOCTh UX
BBIJICTICHUS .

3. [IpoBecTu OlLIEHKY BO3HUKAIOIIMM B XOZI€ pacueTa CTPYKTYpbl BBIOPaHHOTO 00bEKTa
B GAMESS omubkam.

Tema 5. CumMeTpust TIIOCKUX CETOK U MHOTOTPaHHUKOB

1. ITpoBecTu poBEpKy pacyeTa CTPyKTyphl BBIOpaHHOTO 00bekTa B GAMESS npyrum
METOJIOM.

2. IlIpoBectu cpaBHHUTENBHBIN aHATN3 BEBIOPAHHOTO METOJa HA OCHOBAHUU
MOJTyYEHHBIX PE3YJIbTATOB U UMEIOIINXCS JaHHbBIX.

3. [IpoBecTu OlLIEHKY BO3HUKAIOIIMM B XOJI€ pacueTa CTPYKTYpbl BBIOPaHHOTO 00bEKTa
B GAMESS omubkam.

Tema 6. CumMmetpust TeTpadapoB. CHMMETPHS MTapajijIeIodIpoB.

1. CocTaBUTh OTUET IO PACUYETy CTPYKTYpbI BbIOpaHnHoro 00bekTta B GAMESS nBymst
Pa3HBIMUA METOJaMHU.

2. [Tokasath B 0TYETE OCHOBHBIC XapaKTEPUCTHKU 00BEKTA, ITOJIyICHHBIC B PE3YJIbTATE
pacdera v 1aTh UM OIICHKY.

3 OdopMHuTh OTYET B BUC npe3cHTaruu PowerPoint ajis mocieayromero
MPEACTABJICHHS HA MOJTYJIbHOM 3aHSTHUU.

Tema 7. CTepeOXI/IMI/ISI U CUMMCTpHUA OPraHUYCCKHUX MOJICKYII. AHTI/ICI/IMMeTpI/IH, OBCTHasA
CUMMCTPH.

1. OnpeneneHHe THUIIA YIIAKOBKHU M IIBETA CUMMECTPUU JIA 00BEKTA 110 NMCHOIITUMCA
0a3zaM JTaHHBIX.

2. OToOpakeHre KOOPAMHAIIMOHHOTO YHCIIa U I[BETa CHMMETPHUH JJI1 00BEKTa 10
NMCHOITUMCHA Oazam JaHHBIX.

3. CocTtaBiieHHE OTYETA 110 TEME.

Tewma 8. ToueuHast cuMMeTpusi KpUCTAIUTHUECKUX cucTeM. HekyOuueckue rpynmsl Cn, Sn,
Cnv, Cnh

1. Onpenenenue Hanuuusl HeKyouueckux rpymnn cummerpuu Cn, Sn, Cnv, Cnh B
00BEKTE 10 UMEIONNMCS 0a3aM TaHHBIX.

2. Otobpakenne HeKyonueckux rpymnn cummerpun Cn, Sn, Cnv, Cnh m1st o0BekTa 1mo
AMEIOIUMCS 0a3aM JaHHBIX.

3. CocTraBiieHHE OTYETA 110 TEME.

Tema 9. Kpucrannorpadgudeckue ToueyHble TPYMITBl CAMMETpUU HekyOudeckue rpyIibl.
Dn,Dnh, Dnd. Kyouueckue rpymmst T, Td, Th, O, Oh.

1. Ompenenenrie HanM4uusl HEKyOnuecKkux rpymni cummeTpun Dn,Dnh, Dnd B 06nekTe
M0 UMEIOIIUMCS 0a3aM JTaHHBIX.

2. Onpenenenne Hannuus Kyondeckux rpymn cummetpuu T, Td, Th, O, Oh B 06bekTe
M0 UMEIOIIUMCS 0a3aM JTaHHBIX.

3. CocraBiieHHE OTYETA 110 TEME.

Tema 10. Ukocasapuueckre U IEHTPOCUMMETPUYECKHUE TOYEYHBIE TPYIIIBI CAHMMETPHH I,
Ih, K, Kh
1. Onpenenenyie HaIMUKs UKOCA3IPUUECKHUX U LIGHTPOCUMMETPHUECKUX TOYEUHBIX



rpynn cummerpui 1, Th, K, Kh B 00bekTe mo numerommmcest 6a3aM JaHHBIX.

2. OToOpaskeHHE HKOCAdIPUUYCCKUX U IIEHTPOCUMMETPHUYCCKUX TOUCUHBIX TPYIIIT
cummerpui I, Th, K, Kh mist o0bekra mo umeromumcs 06a3am JTaHHbBIX.

3. CocTaBlicHHE OTYETA II0 TEME.

Tewma 11. Ilpenensubie Tpynnsl cumMmeTpun (rpynibl Kiopu). @yinepensl, QyIaepuThl.
Dyiepuibl.

1. Onpenenenne Hanwuus rpynn Kiopu B 00beKTe 10 MMEIOIIUMCS 0a3aM TaHHBIX.

2. OnpenenuTs, UCXO U3 TPAAUIIMOHHBIX napaMeTpoB Moiiekys C60 u C70
BO3MOXXHOCTh HCIIOJIb30BaHMSI UX JJIsl TPAHCIOPTUPOBKH Baiiero oobexra. OO0CHOBATH
YTBEPKICHHE.

3. CocraBiieHHE OTYETA 0 TEME.

Tema 12. Kasukpucramisl. Mo3auku [Ieapoy3a.
1. IToaroroBka Marepuasa o caMOCTOATEIIFHBIM padoTaM ISl MPE3CHTAIUH.

[Ipumep KOHTPOIBHOI paboTHI 1O TeMaM 1-7 9 cemecTp:

[Inan:

1. Ilpoeknus ssueiikm

2. Tun pemetku (¢ 000CHOBaHUEM)

3. Yucno ¢hopMyIbHBIX equHUI (7))

4. KoopIuHAIIMOHHOE YUCIIO ¥ KOOPIMHAITMOHHBI MHOTOTPAaHHUK (JIJIs1 KaXI0TO CopTa
aTOMOB)

5. Xapakrtep CTpYKTYpbI U THUII CBSI3€i

6. Omucanne B Tepmunax [V, ecnmu ono Bo3mosxkno (ITHIY -motHast maposast
yIaKOBKa)

7. CTpyKTYpHBII KJacc

[Tpumep onucanus
NacCl
1. ITpoexnus ssyehKu:

2. Tun pemeTku: Kyouueckasi rpaHellEeHTPUPOBAHHAS;

000CHOBaHUE: HAJTMUNE YETHIPEX MepeceKaroInxcs oceit 3

3. Yucno ¢popmynbubix equnull: Z = 4 NaCl

4. KoopauHaMOHHbIE YUCIIa U KOOPAMHALMOHHBIE MHOTOTPAHHUKH:

Na — 6 (oxTa’ap)

Cl - 6 (okTasp)

5. XapakTtep CTpyKTYyphbl, TUI CBSI3eH: TOMOiecMUYecKasi (MOHOJIMTHAsS) CTPYKTypa ¢
HMOHHBIMU CBSI3SIMU

6. Onncanue B tepmuHax IIIY:

nonsl Cl— oOpa3ytot Tpexcnoinyro [THITY,

noHbI Na+ 3aHUMAIOT BCE OKTA3JpUUYECKUE IyCTOTHI

7. CtpykTypHbIi Kiacc: Fm3m, Z = 4(m3m; m3m)

HpI/IMCpHBIC BOIIPOCKHI IJIA IMOATOTOBKH K 3K3aMCHY IO AUCHUILIMHE
«CI/IMMCTpI/IH MOJICKYJI U KPUCTAJLIIOB»

1. Ilepeuncnure BaxkHeimue (HandoIee MUPOKO PACIPOCTPAHEHHBIE) CTPYKTYPHBIC
TUMbl MeTaioB. KpaTtko oxapakTepusyiTe 0COOEHHOCTH 3TUX CTPYKTYP.

2. [lpuBenute MpUMeEpPhl METAIIIIOB, CTPYKTYPa KOTOPBIX MPEACTABIISIET COOOM
JBYXCJIOWHYIO TUIOTHEHIITYIO IapoBYIO yHakoBKy. Kak pacroyioxkeHbl aTOMBI B 3JIEMEHTAPHBIX



suelikax 3Tux MetaiioB? KakoBa KoopauHalus aToMOB?

3. [IpuBenuTe MpUMEPHI METAIIIOB, CTPYKTYPa KOTOPBIX MPECTABISIET COO0H
TPEXCIONHYIO MJIOTHEUIIYIO IApOBYIO YIAaKOBKY. Kak pacnoyioxeHbl aTOMBbI B 3JIEMEHTAPHBIX
sgeiKax ATux MetaioB? KakoBa koopauHaiiyst aToMOB?

4. [IpuBeauTe MPUMEPHI METAIIOB, CTPYKTYpa KOTOPBIX MPEICTABISET COOOU
00BEMHOIICHTPUPOBAHHYIO KYOMYECKYI0 KiIaaKy. Kak pacmoyio)keHbl aTOMBI B AJIEMEHTaPHBIX
sgeiKax ATux MetaioB? KakoBa koopauHaiyst aToOMOB?

5. HazoBuTe HECKOIBKO PA3IMYHBIX TUIIOB AHOMAJIbHBIX KPUCTAIUIMYECKUX CTPYKTYP
MeTaJIoB. [10CHUTE 3TH ITPUMEDBI.

6. [IpuBenuTe MpuMeEpsI U KPATKO OMUIIUTE CTPOCHUE METAINIOB, CTPYKTYPbI KOTOPBIX
MIPEACTABISIIOT COOOM MCKaXKEHHBIE CTPYKTYPHBIE THUIIBI MEJIA U MarHusl.

7. [IpuBenute mpUMEpPHI U KPATKO OXapaKTEepPU3yHTe CTPYKTYpPbl METAJLIOB,
MpeJICTaBISIoNINE cO00I MHOTOCTIOWHBIE IJIOTHEHIIINE MIAPOBbIE YIAKOBKH.

8. OnumuTe 0COOEHHOCTH KPUCTAUTMYECKUX CTPYKTYP PTYTH U IOJIOHUS.

9. YeM ompeaensieTcss NpeaIOYTUTEIHOE YUCIIO KOBAJIGHTHBIX CBSI3EH B
KPUCTAIIMYECKHUX CTPYKTypax HemeTaioB? [IpuBenute npumepsl.

10. Kakyto CTpyKTypy UMEIOT OTBEPICBIIINE HHEPTHBIC ra3bl?

11. Onumute 0cO0EHHOCTH BHICOKOTEMIIEPATYPHBIX KPUCTAITUYECKUX MO (DUKAIIHIA
dTopa u kuciopoaa.

12. Kakoe BuOu3MeHEHUE KPUCTATUIMYECKOM CTPYKTYphl Habmonaetcs B pany Cl12, Br2,
12?7

13. Tlepeuncnute BaxkHeire Moauukauu cepsl. KpaTko oxapakrepusyite ux
CTPYKTYpY.

14. KakoB XapakTep KpUCTALIUYECKUX CTPYKTYpP CEporo u kpacHoro ceneHa? Kparko
OTHILIUTE OCHOBHBIE OCOOCHHOCTH 3TUX CTPYKTYD.

15. Kakyto KoopAMHALIMIO KUMEIOT aTOMBI B KPHCTaJUIaX TEJUIyPa, MBILIbSIKA U TepMaHus?
KakoBbl KOOpAMHALIMOHHBIE YHCIIA U KOOPAUHAIIMOHHBIE MHOTOI'PAHHUKHU B 3THX CTPYKTypax?

16. OnumuTe CTPyKTYpHBbIE 0COOCHHOCTH JIBYX KPUCTANIMYECKUX MOAU(PHUKAIIUHN a30Ta.

17. KakoB xapaktep cTpyKTypsl 6enoro u uepHoro ¢ochopa? Kparko onummure
OCHOBHBIE OCOOEHHOCTHU ITHX CTPYKTYP.

18. Kakoe BUIoOM3MEHEHNE KPUCTAJUTMUECKON CTPYKTYpBI Habmo1aeTcs B paay As, Sb,
Bi?

19. CpaBHUTE KPUCTAINTMYECKUE CTPYKTYPhI F'€KCArOHAJIBHOTO MBIIIbSIKA U
OpPTOTOHAIILHOTO YepHoro (ocdopa.

20. IlepeuyncnuTe ¥ KPaTKO OMUIIUTE BaXKHEUIITNE KpUCTAITUYeCKHe OPMBI yTiaepoa.

21. KpaTko onumuTe 0cCOOEHHOCTH KPUCTAILTUYECKUX CTPYKTYp KPEMHUS, TePMaHUs U
0JIOBA.

22. KpaTko onummTe KpUCTAUIMYECKYIO CTPYKTYPY OJHOM U3 T€TParoHaJbHbIX
monupukanmii 6opa (B-50). YkaxuTte KOOpIMHAIIMOHHBIE YUCJIa U MHOTOTPAaHHUKH aTOMOB 0opa B
ATOM CTPYKTYpE.

23. Onumure 0COOEHHOCTH KPUCTATITNYECKOW CTPYKTYPHI TaJlIHA.

24. Ha30BUTE U KPaTKO OIMUIINTE WHTEPMETALTUIbI, TOJOOHBIE MEI!, MarHuto, [ -
Kenesy.

8.3. TpeGoBanus K peITHHI-KOHTPOJIIO

JluciurinHa 3aKkaHIMBaeTCs dk3aMeHoM (Bcero 100 6amioB):

1. Ha ’x3aMeH BbIHOCUTCH 110 40 Ganos.

2. BBITIOJTHEHUE Ta00PaTOPHBIX paboT mo Temam-1-12 - Beimonuenue (10 30 6anioB)
3. BHIMIOJTHEHHE CaMOCTOSTENbHON padoThI (0 10 6ansoB)

4. Bun: KoHTposibHas pabota Ne 1 (mo 10 6amioB)

KOHTpoJbHast pabota Ne 2 (1o 10 6annoB)



9. VYYEBHO-METOJNYECKOE 1 ”THO®OPMAIIMOHHOE OBECITEYEHUE
JTACIATLITAHBI (MOYJIST)

9.1. PexomeHnayemas aureparypa

9.1.1. OcHoBHast IMTEpPaTypa

Hudp Jlureparypa

JI1.1 |BbacanaeB 0. M., Kpucramiodusuka u kpucrammioxumus, Kemeposo: KemI'Y, 2020, ISBN:
978-5-8353-2721-8,
URL.: https://e.lanbook.com/book/162600

JI1.2 | BacanaeB 0. M., Kpucramiodusuka u kpucrammioxumus, Kemeposo: KemI'Y, 2014, ISBN:
978-5-8353-1712-7,
URL.: http://e.lanbook.com/books/element.php?pll id=61407

JI1.3 |IIyraueB B. M., Kpucrammoxumusi, Kemepopo: KemI'Y, 2013, ISBN: 978-5-8353-1322-8,
URL: http://e.lanbook.com/books/element.php?pll 1d=44382

9.1.2. lonoJHUTeIbHASA JIATEPATYPa

Iudp Jlureparypa

JI2.1 |Iapos M. K., Japunckuii b. M., CamoiinoB A. M., KoctprokoB B. @., Toueunslie rpynimsl
cuMMeTpuu Kpuctauios, Boponex: BI'Y, 2016, ISBN: ,
URL: https://e.lanbook.com/book/165419

9.1.3. MeToanueckne pa3padoTku

Iudp Jlureparypa

JI3.1 |CMonsikoB, Y4eOHO-METOAMYECKUN KOMITIEKC MO0 JUCIHIUIUHE "CHUMMETPUS MOJIEKYI |
kpuctamioB", Teps, 2012, ISBN: ,
URL: http://texts.lib.tversu.ru/texts2/04523umk.pdf

JI3.2 |Kpamenunun B. U., Ky3smuna JI. B., I'azenayp E. I'., Cummerpus B xumun, Kemeposo:
KemI'V, 2013, ISBN: 978-5-8353-1321-1,
URL: http://e.lanbook.com/books/element.php?pll 1d=44353

9.3.1 IlepeyeHb MPOrpaMMHOIO O0ecCIeYeHUs!

11. METOJUYECKHUE MATEPHAJIBI VIS OBYYAIOLIUXCSI 1O OCBOEHUIO
JUCHUTINHBI

VYuebHOo-MeToAnYeCKOe U MHPOPMAIIMOHHOE 00ecTieueHre JUCITUTITHBI

1) Pexomenayemast murepaTtypa

a) OcHOBHas UTEpaTypa:

1. bacanaes, F0.M. Kpucrannodusuka u kpucrauioxumus / KO0.M. bacanaes; Mun. o0p. u
Hayku PO, ®I'BOY BIIO «KemepoBcknii rocy1apCTBEHHBIN YHUBEP-CUTET». — KemepoBo:
KemepoBckuil rocynapcTBeHHbI yHUBepeuTeT, 2014. — 403 c.: nn. — Pexxnm nocrymna:
http://biblioclub.ru/index.php?page=book&id=278304

2. Ypycos B.C., Epémun H.H. Kpucrammoxumus. Kparknii Kype. MI'Y, 2010, 256 c.—
DNeKTpOHHBIN pecypc. - Pexxum nocryma: http://www.iprbookshop.ru/13343.html

3.Ilyraues, B.M. Kpucrannoxumus / B.M. Ilyraues. — KemepoBo: Kemeposckuit
rocyaapcTBeHHbIN yHUBepcuTeT, 2013. — 104 c. — Pexxum nocrtymna: http://biblioclub.ru/index.php?
page=book&id=232461.

0) JlomoHUTEbHAS TUTEPATYpA:
1. benos H.I1. OcHoBBI KpucTamiorpaduu u kpucramuiopusuku. Yacts 1. BBeaenue B
TEOPHUI0 CHMMETPHUH KPUCTAIIOB [ DNEKTPOHHBIN pecypc]: yaeoHoe mocodue. — CII6.:




Yuusepcurer UTMO, 2009. — 45 c. — Pexum noctyna: http://www.iprbookshop.ru/67480.html

2. Ctpoenue BemecTBa. CTpOCHHE KPUCTAIIOB [ DJIGKTPOHHBIN pecypc]: yueOHoe
nocobue / A.M. I'ony6eB [u ap.]. — M.: MOCKOBCKHI1 rOCYIapCTBEHHBIN TEXHUUCCKHI
yuuBepcuter umenu H.D. baymana, 2010. — 36 ¢. — Pexum nocrymna:
http://www.iprbookshop.ru/31270.html

3. KynpustnoB M.®., Pynckas A.I'., Kodanosa H.b., Kabupos 0.B., Pazymuas A.T.
CoBpeMEeHHBIC METO/Ibl CTPYKTYpHOT0 aHaym3a BemecTB. FODY. 2009. 288 ¢. — DneKTpOHHBIM
pecype. - Pexxum nocryna: http://www.iprbookshop.ru/47135.html

4. HoBocenos, K.JI. OCHOBEI reoMeTprudecKoii Kpuctamorpaduu /

K.JI. HoBocenoB;— Tomck: M3narenscTBO TOMCKOro MOJIMTEXHUYECKOTO YHUBEPCHUTETA,
2015. - 73 c.: nn., Tabin., cxeM. — Pexxum nocryma:

http://biblioclub.ru/index.php?page=book&id=442772

5. Pemmenb, A.A. Hectexuomerpus B TBepiom Tene / A.A. Pemnens, A.U. I'yces. —
Mocksa: ®uszmatiut, 2018. — 638 c.: ui. — Pexxum nocryna:

http://biblioclub.ru/index.php?page=book&id=485335



