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|. AHHoTAIMA

1. leas 1 3a1a49u T CUUIUIMHBI

[enbio OCBOEHUSI AUCHUILIMHBI SBJSIETCS: 3HAKOMCTBO CTYJIEHTa C UACSIMU U
METOaMH CUMMETPHUH, COCTABJISTFOIITUMHU TEOPETUIECKHUMA (yHTAMEHT COBPEMEHHON
XUMUYECKOW HAYKH. 3a1a4aMy JUCIUIUINHBI SIBIISIFOTCS: OCBOCHHE €€ MOHSITUHHOTO
amnrapara, pacKpbITU€ OCHOBHBIX MPHUHIMIIOB CHUMMETPHUM, HCHOJIb30BaHUE
MOJICJIBHBIX CUMMETPUUHBIX KPUCTALIOXUMHUYECKUX IPEICTABICHUN B PEUICHUHN
KOHKpETHBIX Mpobaem xumun.Copepxanue TUCHUILIMHBI «['eoMeTpus MoKy U
KPHUCTAJIJIOB B UKCJIaX» OMPEACACTCS KaK YUCHUEM O MPOCTPAHCTBEHHOM CTPOEHUHU
KPUCTAJIOB M €ro BIWSHUM Ha HX CBOWCTBa ((pu3uueckue, XUMHUECKHUE,
MEXaHUUYECKHE), TaK M OJIHOW M3 CaMbIX BaXKHBIX KOHIICHIIUNA COBPEMEHHOTO
€CTEeCTBO3HAHUSI — KOHUeNIuen cummempuy. CUMMETPUITHBIE MPEICTABICHUS
HIMPOKO MPOHUKAIOT B HACTOSAIIEE BPEMS BO BCE YIOJIKM XUMUMU.

Kpucranibl SBASIOTCS CaMbIMU PaCpPOCTPAHEHHBIMU OOBEKTAMU, KOTOPbHIC
uccienyeT (pusznka TBEPAOTO Tejla U KPUCTAUIOXUMHUS. BHYTPEHHIOIO CTPYKTYpYy
KpUCTaJJIa MOKHO YCTAHOBHUTh, MCXOJISI U3 €r0 CBOWCTB CHMMETPHUH, KOTOPHIC
OTPEICTIAIOT OCHOBHBIE XapaKTEPHbIE CBOMCTBA KpUCTAILIa. Teopus 3JieMeHTapHBIX
YacTHIl, KpucTaJmorpadus U Kpuctauiopusuka, TeOpusi IPOCTPAHCTBA U BPEMEHH,
MOJIEKYJIIipHAsE OWUOJIOTHSI, KBAaHTOBAash XHUMHSA, MHOTOUYUCICHHBIE pPa3zeibl
MaTEeMaTHKH UCTBITAIN Ha ceOe 0J1aroTBOPHOE BIUSHUE YUCHHSI O CHMMETPHH.

Ilpeomem Oucyuniumsl COCTABISICT TPEXKIE BCEro IPOCTPAHCTBEHHOE
CTpOEHHE KPUCTAIIIOB U MOJIEKYJI U JPYTHUX XUMUYECKUX YACTHUIL (MOJIEKYIISIPHBIX
MOHOB, KOMIUIEKCOB, KJIACTEPOB) U €r0 BIUSHHUE HA Pa3JINYHbIE CBOKWCTBA BEIIECTB.
PaccmaTpuBaroTcs TyTH NOPUMEHEHHS meopuu cumMmempuu K KOHKPETHBIM
BOIIPOCAM XUMHUH, KOTOPBIE CBOASATCA K M3YUYCHHUIO aireOpandecKUMu METOJaMu
HealreOpandecKkux OOBEKTOB, HAIPUMEp, aTOMOB, MOJIEKYJI, TBEPAbIX TET U T.I.
Bonbioe 4yucio TBEpABIX XUMUYECKUX MPOJYKTOB MPUHAIIEKHUT K KpUCTAILIaM.
[Ipu 5TOM XMMHUYECKHUE 3aKOHBI MPOSBIISIOTCS B KPUCTAUIMUECKUX TeJIaX 3a4acTyro
WHaye, 4eM B pacTBOpax, razax W pacruiaBax. [loaTomy Kpucrtamibl, UX CTPOCHUE
SBJISIIOTCS] IPEIMETOM TPAIUIIMOHHOTO BHUMAHUSI XUMUKOB. CUMMETPUS SIBISIETCS
BAKHEHMIIMM CBONCTBOM KPUCTAJUIOB, KaK HENPEPBIBHBIX CpEll, TAK U aTOMHBIX
CTpYKTYp. CHUMMETpUS KPUCTAIIIIOB MOKET CIYKUTh OCHOBOM JJI 2e0Mempuieckou
Kiaccugukayuu W ONMHUCAHMUS  KPUCTAUIMYECKHX AaTOMHBIX CTPYKTYp U
KpUcTauInueckux cpel. KoHKpeTHbI BUJ CHUMMETPUU KpHUCTala OMNpEHeiseT
CHEKTp ero pusndeckux cBorcTB. Knaccudukarus KpucTaaioB, aHAIN3 UX CBOMCTB
BO MHOTOM 0a3upyeTcst Ha pa3Iniui TUTIOB CHMMETPHH.

2. MecTo nuciuiuiuibl B cTpykrype OOIT

JlucuumniarHa BXOAUT B DIIEKTUBHEIC TUCHHILINHBI 5 00s3aTe/IbHOM YacTh bitoka
1. «/Ilucuumivab y4eOHOTO IJ1aHa.

Jucuurnaa «I'eoMeTpust MOJIEKYJ M KPUCTAJUIOB B UHCJIaX» HEMOCPEACTBEHHO
CBSI3aHa CO MHOTMMHM JucuuiuinHamu peanuzyemoir OOII, ona noruuecku u
COJZIEPKATEIbHO-METOIMYECKN  MPOJIOJDKACT 4YacTh  MPOTpaMM  JUCIHUIUIIYH,
U3y4aeMbIX B MEPBOM CEMECTpe, B TO K€ BpeMsl, €€ COJEepKaHHue HaeT 0a3zy u
MEPECEKACTCS B MOHATUMHOM M TEPMHUHOJIOTHYECKOM armapare ¢ HEKOTOPbIMU



JUCUUIUIMHAMU BTOpOro Kypca. Tak, B pamkax kypca «['eoMerpusi MoJieKyd U
KpUCTAJUIOB B UHMCIAX» MPEIINoiaraercs aHaliu3 CUMMETPUMHBIX TpPyHIm Yy
CWJIMKATOB, JICHTOYHAS! CTPYKTYpa KOTOPBIX MOBTOPSIET OCOOEHHOCTH MOJUMEPHBIX
3BEHBEB, PACCMATPUBAEMBIX TUCHUIUIMHON «CTpYyKTypa U CBOWCTBA MOJIUMEPOBY.
B 10 xe Bpemsi cumMeTpusi KoH(popmalui, BIUsIomas Ha CTPYKTYpy U CBOMCTBa
BCEr0 KpHUCTaZla TaK K€ paccMaTpuBaeTcs MapauiebHO B paMKax
«KoHpopmannonHOro aHanu3a» ¢ MO3UIMHA YCTOWYMBOCTA TOPCUOHHBIX H30MEPOB
U T.JI.

3. O0beM IUCHUILIHHGBI / 3a4eTHBIX €IMHMIL, 252 akageMUYeCKUX 1aca,

B TOM 4HCJI€:

KOHTAKTHAsS ayJIUTOPHAasi padoTa: MpaKTHUCCKHE 3aHATHS - 45 JacoB, B T. 4.
IpaKkTHYecKast IoJIroToBKa — 45 4acos,

camocTosiTeIbHas1 padora: 171, koHTpoas — 36 4acos.

4. Ilnanupyemble pe3yjbTaThl 00y4YeHHs MO JAUCIHUILIUHE, COOTHECEHHbIE C
IVIAHMPYEMbIMH Pe3yJIbTATAMHU OCBOCHUSI 00Pa30BaTeJIbHOM POTPaAMMbI

I[Inanupyemble pe3yabTaThl

. I[Inanupyembie pe3yabTaThl 00y4eHNs MO
O0CBOeHMs 00pa3oBaTe/IbLHOM

AUCHUTIHHE
nporpammsl ((popmupyembie
KOMIIETEHIIMH)
OIIK-1 OIIK-1.1. cnionb3yeT CylIeCTBYIOIIUE U
Crniocoben BBITIONHSATH | pa3padaThiBaeT HOBBIE METOJAUKY TOTyUEHUS U
KOMILJIEKCHBIE U pacyeTHO- | XapaKTepU3allK BEIECTB U MAaTEPUATIOB IS

TEOPETHUECKUE WCCICIOBAHUS B
n30paHHON 00JIACTH XHMHUHU WU
CMEXHBIX HaYK C UCITOJIb30BAaHUEM

penieHus 3a1a4 B u30paHHoN 00JaCTH XUMUU WITH
CMEXHBIX HaYK;
OIIK-1.2. crionp3yeT COBpEMEHHOE

COBPEMEHHBIX pubopoB, | 000pya0BaHKE, TPOTPAMMHOE OOeCTIeYeHUE U
porpaMMHOTo obecrieueHus u 6a3 | mpodeccuoHanbHble 0a3bl JAHHBIX JJIS1 PEIICHUS
JTAHHBIX podeCCHOHAIBHOTO | 3a7a4 B M30paHHOMN 00J1aCTH XUMUHU WU
Ha3HAYCHUS CME)KHBIX HaYK.

OIIK-2 OIIK-2.1. TIpoBOOUT KPUTHUYECKUWA  aHAJIU3
Crniocoben aHAJIM3UPOBATD, | PE3YJIbTATOB COOCTBEHHBIX IKCIIEPUMEHTAILHBIX U

MHTEPIPETUpOBaTh M 00001aTh
pe3yabTaThl IKCIIEPUMEHTAIBHBIX
U PAcYETHO-TEOPETUUECKUX PaldoT
B M30paHHOM 00JaCTH XUMUU WU

pacyeTHO-TEOPETHUECKUX padoT B uU30paHHOU
00JaCTH XMMUU WM CMEXHBIX HayK;

OIIK-2.2. ®opMynupyeT 3aKI0UYEHUS U BBIBOJIbI
0 pe3yibTaTaM aHaJu3a JUTEPATYPHbIX JaHHBIX,

CMEXHBIX HaYK COOCTBEHHBIX IKCIIEPUMEHTAITBHBIX M PACUCTHO-
TEOPETHYECKUX pabOT B M30paHHOM 00JacTh

XUMHWHU UM CMCKHBIX HAYK.

5. ®opMa NpoMeKYTOUYHOI aTTeCTAMU U CEMeCTP NMPOXO0KICHUS .
3a4€T BO 2-M CEMEeCTpe,
AK3aMEH B 3-M CeMeCTpe.
6. SI3bIK npenoaaBaHusl PYCCKHA.
Il. Conepkanue TMCHUILINHBI, CTPYKTYPHPOBAHHOE 10 TeMaM (pa3jiesiaMm) ¢
YKa3aHHeM OTBEJeHHOI0 HA HUX KOJMYECTBA AKaJeMHYECKMX 4YacOB M BHJI0OB
yY4eOHBIX 3aHATHI



1. JJist cTyaeHTOB 04HOI (hOPMBbI 00yUeHMS

KonrakTHas
CamocTo-
pabora
arenbHast | Kot
VYuebHas mporpaMma — HaMMEHOBaHHE pasnenoB | Beero (uac.)
Ne paborta | posib
U TEM (uac.) | IlpakTu-
(dac.)
YEeCKue
3aHATUS
1 xypc, 2 cemecTp
1. |TIpocTpaHCcTBEeHHAas pelmieTKa 8 2 6 0
2. | Kpucraminorpadgudecknue cucTeMbl 6 2 4 0
3 CuMMeTpHs KpUCTaJUIOB U IPOCTPAHCTBEHHBIX 19 4 g 0
" | peméTok
4. | Tunsl U303IpOB U UX CUMMETPUS 14 4 10 0
5. | Crepeoxumudeckas Kiaccu(uKanusi CTPYKTyp 10 2 8 0
6. | CuMMeTpus TUNIOCKUX CETOK M MHOTOTPaHHUKOB 12 4 8 0
7. | PeanpHblil kprucTamn 14 4 10 0
8. | DHeprust KpUCTAIIIMYECKONU CTPYKTYPHI 12 4 8 0
9. | CummeTpus TETPadIpOB 8 2 6 0
10. | CummeTpusl mapauiesiodApoB 12 2 10 0
Hroro 3a cemecrp: 108 30 78 0
2 Kypc, 3 cemecTp
1. |Kpucrann xak onHa u3 popm 5 L 3 L
KOHJICHCUPOBAHHOT'O COCTOSIHUS BEIIECTBA
2. |Crepeoxumusi 1 CHMMETpPHUS OPTaHUIECKUX 9 L 6 )
MOJIEKYJI
3. AHTUCUMMETpPUS, IBETHAS CUMMETPHUS 9 1 6 2
4. |ToueyHast CUMMETPUS KPUCTAIUIMUECKUX CHCTEM.
16 2 10 4
Hexyb6uueckue rpynmsl Cn, Sp, Chv, Chh.
5. |Kpucramnorpadudeckue ToueqHbIE TPYIIITHI 18 5 12 4
cummerpun Hexybuueckue rpynnsl. Dn,Dnh, Dng.
6. |Kpucramnorpadpudeckne To4edHbIE TPYIITHI
cummerpuu. Kyouueckue rpynnst T, Tq, Th, O, 18 2 12 4
On
7. |Hxocasapuyueckue U HEHTPOCUMMETPHUUECKUE 15 1 10 4
ToueyHble Tpynibl cuMMmeTpud. |, Ih, K, Ki
8. | CummeTpus 60pOBOIOPOIOB M KapOOPAHOB 13 1 8 4
9. |llpenenbHBIE TPYIITBI CHMMETPUH (TPYTIITBI 10 L 6 3
Kropn)
10. | Kpucramiorpaduueckue cTpyKTypbl 13 L 8 4
QIIOTPOIHBIX MOJIM(UKALMH yrieposa.
11. Oynnepensl, GymiepuTsl. Oyiepuabl. 9 1 6 2
12. |Ksasuxpucramis. Moszauku Ienpoysa 9 1 6 2
Hroro 3a cemectp: 144 15 93 36
252 45 171 36

Hroro:

I11. O6pa3oBare/ibHbIE TEXHOJIOTHI




VYyebHas mporpamma —
HaNMEHOBAHHE PA3JICIIOB U
TEM (8 Cmpocom
COOMBEMCmMEuUU ¢ pazoeiom
Il PIT]])

Bun 3anarusa

O06pazoBarenbHbIe TEXHOJIOTHH

1. IlpoctpancTBeHHast
pelieTka

npakTuyeckas padbora
peuieHue 3a1a4 U yIpaKHEeHUN
pacrpeneneHue 3a1anui 1Jist
CaMOCTOSITEJIbHOW pabOThI

® TPaIUIIMOHHBIC (KPATKUH
0030p TeMBbI, peleHne
YIOpaKHEHUH ),

2. Kpucramnorpaduueckue
CHCTEMBI

npakTuyeckas padbora
peuieHue 3a1a4 U yIpaKHEHUN
pacrpeneneHue 3a1anui 1Jist
CaMOCTOSITEJIbHON pabOThI

® TpaJUIMOHHbIE (KpaTKUH
0030p TeMbI, pellIeHUE
YIpaXXHEHUI),

3. CuMMeTpusi KpUCTAIIIOB
Y MPOCTPAHCTBEHHBIX
pEemETOK

MpakTUieckas pabora
peuieHue 3a1a4 U ynpaxHeHUI
pacrnpeneneHue 3a1anui 1Jist
CaMOCTOSITENILHOM pabOThI

® TpaJUIMOHHbIE (KpaTKUH
0030p TeMbI, pellIeHUE
YIpaXHEHUI),

4. Turbl U3037POB U UX
CUMMETpPHUS

npakTHyeckas padboTa
pelIeHue 3a1a4 U ynpaXHEHHH
pacnpezneneHue 3aJaHui is
CaMOCTOSITEIIbHOW PabOTHI

® TpaJUIMOHHbIE (KpaTKUH
0030p TeMbI, pellIeHHE
YIpaXXHEHUI),

5. Crepeoxummuueckas
KJaccu(uKaIus CTpyKTyp

npakTHyeckas padboTa
pelIeHue 3a1a4 U ynpaXHEHHH
pacnpezneneHue 3aJaHui uis
CaMOCTOSITEIIbHOW PabOTHI

® TPa/IUIMOHHBIC (KPATKUH
0030p TeMbI, pelIeHne
yIpaXHEHHI ),

6. CuMMeTpHs MIIOCKUX
CETOK U MHOTOIPAHHUKOB

IpakTU4eckas pabora
peuieHue 3a1a4 U ynpaKHEeHUN
pacripeienienue 3a1aHuil Juist
CaMOCTOSITEIIbHOU PabOTHI

® TPa/IUIIMOHHBIC (KPATKUH
0030p TeMbI, pelIeHne
YIpaXHEHUI ),

7. PeanbHblil KpUCTAILI

IpakTU4eckas pabora
penieHue 3a1a4 U ynpaxKHEeHUI
pacrnpeneneHue 3a1anui 1Jist
CaMOCTOSITENIbHON paboThI

® TpaJIULIMOHHBIE (KPAaTKUI
0030p TeMbI, pelieHne
yIpakHEeHH),

8. DHeprus
KPUCTAJUIMYECKOU

CTPYKTYpbI

IpakTU4eckas pabora
penieHue 3a1a4 U ynpaxHEeHUI
pacrnpeneneHue 3a1anui 1Jist
CaMOCTOSITENIbHON paboThI

® TPaUIIMOHHBIC (KPATKUI
0030p TeMbI, peleHue
YIpaXXHEHUI),

9. CummMmeTpust TETPadIpPOB

MpakTU4eckas pabora
peLIeHHE 3a/1a4 U yIPaKHEHUI
pacrnpeneneHue 3a1anui 1Jist
CaMOCTOSITENTLHOM pabOTHI

® TPaUIIMOHHBIC (KPATKUI
0030p TeMbI, peleHue
YIpaXXHEHUI),

10. Cummerpus
HapaIenodIpoB

MpaKTuieckas pabora
penieHue 3a1a4 1 ynpaxHeHUI
IIPEICTaBICHHUE
CaMOCTOSITENIbHON PabOTHI

® TpaJIULIMOHHBIE (KPAaTKUI
0030p TeMbI, pelieHne
YIpaXHEHUI),

¢ HH(OPMaIIMOHHBIE
(TIpOCMOTp OTYETOB U
IIPE3EHTALNN 110
CaMOCTOSITeNIbHOM paboTe)

IV. Onenouynble MaTepuasbl JJs1 NMPOBeAEHUS] TeKYyIlel M NMPOMeKYyTOUYHOM

arrecranmumn

2 cemecTp




KpuTtepun onieHKH 0cBOeHHs KOMIIETEHIIMA MATHCTPAHTAMHM MO IMCUMILINHE
«I'eomMeTpHUs MOJIEKYJ M KPUCTAJUIOB B YHCJIAX»

No PesyapTat Bua pa6orsl / cniocod Kpurtepun ouennBanus
(uHaMKATOP)
1 OIIK-1.1 [TpakTrueckue paboThl Bremonnenue 1 3aganus — I 6ann (B Kaxaou
OIIK-1.2 no temam-1-10 pabote no 5 3amaHwmii)
OIlK-2.1
OIIK-2.2 Brinonnenue
NPaKTUYECKUX paboT
SBJISIETCS] He0OXOOUMbBIM,
HO He 00CMAamoyHbIM
YCIIOBHEM TIOJTY4EHUS
OTMETKH «3a4TECHO»

2 Brinosinenue u 5 6ann06 — oT4eT IO CAMOCTOATENBHON
npe/CcTaBICHNE pabote 3a ceMecTp MPECTABIICH B BUIC
CaMOCTOSITENIHOM npe3eHTauu, opopmieH o TpeOOBaHUM,
paboTHI 10 COJICPKUT MH(POPMAIIUIO TI0 BCEM 3aJaHHSIM;
UHAUBUAYAJIbHON TeMe. | 4 fanna — OTYET 110 CAMOCTOSITEIILHOU

paboTe 3a ceMecTp MPEACTABICH B BUJIC
npe3eHTauu, ohopMIIeH IO TPeOOBaHUM,
Brimonaenune conepxuT uHpopmaruio 6oisee 3/4 oT Becex
CaMOCTOSITCILHOM 3aJIaHMI;
paboThI 10 3 banna — OTYET 110 CAMOCTOSITEIILHON
WH/IMBUYAJIHOM TeMe | paboTe 3a cemecTp 0(hOpMIICH HE B
SIBIISICTCS HEOOXOOUMbBIM, | COOTBETCTBUU C TPEOOBAHUSMHU, COJICPIKHUT
HO He 00CMAamMOYHbIM uH(popMaIrio 6omee 3/4 OT BCeX 3ajaHUii;
YCIIOBHEM TIOJTYYCHUS 2 banna — OTYET 10 CaMOCTOSITEIILHON
OTMETKH «3a4TCHOY pabote 3a cemecTp opopMIICH HE B
COOTBETCTBUH C TPEOOBAHUSIMH, COJICPIKHUT
uH(popMaIrio Oosee 2/4 OT BCeX 3ajaHUi;
1 éann — oT4eT MO cCaMOCTOATENBHOM paboTe
3a CeMeCTp He TOJIOH (ITPECTaBICHO MEHEee
2/4 ot Bcex 3a7aHuil), He 0(OPMIIEH B
COOTBETCTBUH C TPEOOBAaHUSIMU;
0 6annoe — 3ananus He BBINOIHEHBI, OTYET
HE MPEJICTaBIICH.

3 ITocemaemocTb 1

Hroro: O0TMETKA «3a4MeH0» BHICTABIISACTCS
MarucTpaHry, y KOTOpPOro:
- HaOpaHo Oosee 8 OaJTIOB 3a MOCeIeHUE
3aHATHH,
-3a BCE MpaKTUyecKue paboTsl HaOpaHo 3 u
Ooitee 0aIOB,
-caMocCToATeIbHas paboTa 1o
WHIMBUAYAILHON TeMe BBITIONHEHA Ha 3
Oayuta u 6osee

Texyuui KOHTPOJIb YCIIEeBAeMOCTH

TeMbl MPAKTUYECKUX 3aHATHI, BOIIPOCHI /I CAMOIOATOTOBKHU K TeMe, IPUMepbI
3aJaHui




Tema 1. Ilpocmpancmeennasn peuiemka

Ilenv:  OCBOWTH  OCHOBHBIE  TOHSATHA:  NPOCTPAHCTBEHHAs  PELIETKa,
KpUCTaJUIMuecKas pemeTka, y3ei, y3JI0Bo# psia, pedpo, rpaHb, CUMBOJIbI, HHIEKCHI.
Bonpocuvl k meme:

1. B 4dem oTinuue MpoCTPaHCTBEHHOM U KPUCTATUIMYECKON PEIIETOK;
2. OnHoMepHasi, JBYXMEpHas, TpeXMepHasi MPOCTPAHCTBEHHAsI pelIeTKa,

0COOCHHOCTH KaXKJIOU M3 HHX;

3. Haiite ompeneneHue Y37y KPUCTALTMYECKOW DEIICTKH, Y3JIOBOMY PSIy,

TpaHu;

4. Inpekchl M CHMBOJIBI y3Jla KPUCTAJUIMYECKOM PEIIETKH, Y3JI0BOTO psija,

rpaHu

Ilpumep 3a0anuii k meme:

1.

2.

HaiiTu wuWHAEKCH y3JI0BOrO psiAa, NPOXOASAIIErO0 Yepe3 JBa  y3ja
KpHUCTaJUInYecKkol pemerku ¢ cumBojamu 101 u 111.

Haiitu wHIOEKCHI  y3710BOM CETKHM, MPOXOAAIIECHM dYepe3 TpuU y3ia
KpUCTAJUTNYECKOU pemretrku ¢ cumBosiamu 110, 101 m O11.

KakoBbl CHMBOJBI Y3JIOB, NpHUHAMLICKAMUX Yy3JI0BoMy psagy [110] u
onmkaimx K y3iy 100?

HaliTu MHIEKCHl Y3JI0B pemieTKH, jJexamux B miockoctd (110), xoropas
MPOXOJUT Yepe3 Hauajao KOOPAUHAT

B kpucTammyeckoi pemreTke ¢ 6a3uCHbIMHA BEKTOpPaMHU &, D ¥ ¢ 3a/1aH BEKTOP
R =xa + yb + zc. [Ipu kakuX yCIoOBUSIX MpsMas, TapajlieIbHast S TOMY BEKTOPY,
3aJlaeT HaIlpaBJIEHHUE Y3JI0BOTO psiaa?

Tema 2. Kpucmannozpaguueckue cucmemaoi

Ienwy: BoIABUTH OTIMYKE KPUCTALIOrPAQUIECKUX CUCTEM OT TPAJAULIMOHHON
JIEKapTOBOI CUCTEMbI KOOPJIMHAT U HAYYUTCS UX MPE0Opa30BbIBAThH
Bonpocwvl k meme:

1. ba3oBbie 37€MEHTHI KPUCTAIUIOTPAPUIECKUX KOOPAUHATHBIX CUCTEM;
2. CootBercTBHE KpHUCTALIOTpahUYECKUX CUCTEM W JEKAPTOBOM CHCTEMBI

KOOpJIMHAT;

3. Bo3moxHble THIBI KpHUCTAIOTPAPUUYECKUX CHUCTEM M THUIBl CHHTOHMHIA,

KOTOPLBIC 00eCcreynBaroT JAHHBIC CUCTEMBI,

4. DnemMeHTapHbIE SIYEUKU U TPAHCISALMOHHBIE ITpynIbl bpaBe, OCHOBaHHbBIE HA

PAa3HbIX THUIIAX KpI/ICTaJ'IJ'IOFpa(l)I/IIIGCKI/IX KOOPANMHATHBIX CUCTCM

Ilpumep 3a0anuii k meme:
1. Onpenenuth MaTpUIly NpeoOpa3zoBaHUs OCEH OT TeKCaroHaIbHON MPUMHUTUBHON

SYEHKH K OPTOTOHAIBHOM (OpTOreKcaroHajabHOM ) HauMeHblIero oorema. Kakon
THM STYEUKHU bpaBe B HOBOM YCTAHOBKE U KaKOBBI IIApaMETPbl HOBOM SUYEUKH 110

OTHOUIEHHUIO K CTapOM.

HaiiTh mpuMHUTHBHBIC SJEMEHTapHbIC SUYCHKH JUIsi KyOWUYeCKHX TpaHe- |

00BEMHOIIEHTPUPOBAHHBIX SYEEK, BBIYUCIUTH JUIMHBI KX PeOEP U YIJIbl MEXKITY
HUMH, OIPEACIUTh OOBEMBI, YCTAaHOBUTh, KaK NPEOOPa3yrOTCs WHIACKCHI
mockoctei (100), (010), (001), (111) u anHanoruyHbIe UHAEKCHI Y3JI0B.



s cTpykTypbl MOHOKJIMHHOrO Kpuctamia rumnca CaSO4-2H20 ykazana
00BEeMHOLIEHTPUPOBaHHAs siueiika (rp. rp. 12/C). [IpeoOpa3oBaTh 3Ty SUEHKY B
MOHOKJIMHHYIO 0a30l€eHTPUPOBAHHYIO, 3aMMCaTh HOBBIA CHUMBOJI TPYMIMbl U
HalTU COOTBETCTBYIOIIME MpeoOpa3zoBaHus oced U uHAekcoB Mumiepa. Jlath
JIBa BApUAHTA PEILICHUS.

Kakue cumMBoJIBI mosydatr B KyOuueckom kpuctamie miaockocta (100), (111),
(120), (123), eciu 3a KOOpAWHATHBICE OCH TPUHITH JAHArOHAIW TpaHeu
KyOM4ECKOM STYeUKu?

Jlns  aparoHura ycrtaHoBieHa 1np. rp. Pmcn. IloayuuTs MaTpuisl
npeoOpazoBaHus K MHHepanormdeckoir (Pbnm) wu crammaptaoii (Pnma)
ycTaHOBKe. HalTm Matpumbl nepecdeTa KOOPIHMHAT aTOMOB JUIS KaKIOH
YCTaHOBKH

Tema 3. Cummempusn Kpucmannoe u npoCMPAHCHBEHHBIX PEULIEMOK
I]enw: V3yueHne miocKOCTEN CKOJIB3SIIETO OTPAKEHUSI, BAHTOBBIX Ocel 1 32
KJIACCOB CUMMETPUH

Bonpocul k meme:

1. OmpeneneHue 3JIEMEHTOB CHUMMETPUM U ONEpalUid  CUMMETPUHU
IIPOCTPAHCTBEHHBIX PEILIETOK;

2. BBIBOI TIJIOCKOCTEH CKOJB3SAMIETO OTPAKCHUS W BHUHTOBBIX OCEH Kak
AJIEMEHTOB CUMMETPUU ITPOCTPAHCTBEHHBIX PEIIETOK;

3. Bo3MOXkHBIE TPOCTPAaHCTBEHHBIE TPYIIIEI CHMMETPHH;

4. MarpuuHblid METOJ ONMCAHUA ONEpALil CHMMETPHH;

5. 32 kjacca CUMMETPHH, OCHOBAHHBIE Ha ONEPALUAX U JIEMEHTAaX CHMMETPHUH
BHEIIHEN (hOPMBI KpUCTAJLIA.

Ipumep 3a0arnuii k meme:

1.

2.

5.

KakoMmy mnpeoOpa30BaHHIO COOTBETCTBYIOT IOCJIEIOBATENbHO BHIIIOJHEHHBIE
oTiepalvy OTPaXKEHUs B IJIOCKOCTH MY ¥ MOBOPOTA BOKPYT OCH 2X?
HapucoBats ctepeorpaduueckyro npoeknuio TI'C, mpuHSB 32 TOPOXKAAIOIIHIE
omnepalud CUMMETPUU OTPAKEHHS B JIBYX B3aUMHO MEPIECHANKYISIPHBIX
IJIOCKOCTSAX CHMMETPUM M TOBOPOT BOKPYr ocu (2, NMEpPHEHIUKYJIIPHOU K
OJTHOW M3 IUIOCKOCTEM M JIE¥KAILEH B INIOCKOCTH Apyrou. OnpenenuTs nopsaok
TPYIIbI, TPaBUIIbHBIE CUCTEMBI TOYeK, AaTh o0o3HaueHue TI'C mo I'epmany-
Moreny u lllendmucy
OnpenenuTs 3JIEMEHTHl CHUMMETPUM M TOYEUHYIO TPYHOIY MOJIEKYJIbI
HUTPOOEH30:1a (pUc. 3) B 3aBUCUMOCTH OT €€ KOH(POpMaIIUH.
Omnepanuto kakoro poaa (I wium II) mpeacTaBisgioT MaTPUIbl CHMMETPUYECKUX
npeobpasoanwmit: a) 010 /100 /001; 6) 010 /100 / 001, B) 100 /001 /010;
r) 100 /001 /010?
Kakue koopIuHaTBhl MOJYYUT TOUKa XYZ TpPU MOBOPOTE BOKPYr ocu (
MPOXOSIIEH Yepe3 HayaJlo KOOPAMHAT U COBIAJAIONICH: a) ¢ OCchio Z; 0) ¢
OCBI0 X; B) C OChIO Y?

Tema 4. Tunst u3030poé u ux cummempus
Ienws: VI3yduTh TUIIBI U303POB U TUIBI KX CUMMETPUHU
Bonpocwt k meme:



=l AN

Tunel ¥ rpynIbl CAMMETPUM MUPAMU] U TUTTUPAMU/;
Tunel ¥ rpyNIbl CAMMETPUH NPU3M U AHTUIIPU3M,
Tunel ¥ rpynmnbel CAMMETPUH TPANIEL03]IPOB;

Tunel ¥ rpynIbl CAMMETPUM CKAJICHOSPOB.

Ilpumep 3a0anuii k meme:

1.

4.
5

[Tonp3ysick 001IeH Teopemoit Ditnepa 00 0CsIX, OMPEAETUTh, IO KAKAM YTIIOM
MepeceKaroTcs ABE OCH 3-ro MopsijiKa, €CJIM UX PaBHOJEHCTBYIONIEH OyIeT OCh
2-TO TIOpSKA.

OnpenenuTs B MPAaBIWILHOM UKOCA3PEe MUHUMAIBHBIA YTOJI MEXIY: a) OCSIMHU
2-TO ¥ 5-TO TOPSAKOB; 0) MEXTy OCSIMU 3-TO OPSIKA.

N300pa3uTth MpOEKIUIO 37IEMEHTOB CHMMETPHH, COACPKAIIUXCS B CICAYIOIINX
mouekynax: 1) stunen C:H., 2) xnopodpopm CHCls, 3) 6enzon CeHs.
Omnpenenuts TI'C nzomepoB: a) quxiiopOeH307a; 0) TpuxiIopOeH30a.

Kakoii MokeT ObITh CHMMETPHS MOJICKYJI cocTaBa: 1) ABz; 2) A:B:; 3) A:Bs?

Tema 5.Cmepeoxumuueckan knaccugpukayus cmpykmyp
Ienb: I3yunTh OCHOBBI CTEPEOXUMHUYECKON KiTacCU(UKAIIUU
Bonpocwi k meme:

1

2.
3.
4.

THUITBI CTPYKTYp XUMHAYECKUX DJIEMEHTOB;

Cy1iecTBOBaHHE OCHOBHBIX U MOOOYHBIX BaJICHTHOCTEHN B KpHUCTaJIaX ;
DHaHTHOMEpPHS U XUPATBHOCTB;

KoopanHannoHHOE YnCiio U KOOPAMHALMOHHBIN noausap. Tena [TnaTona

Ipumep 3a0arnuii k meme:

1.

Omnpenennutp, Kak U3MEHSETCS CUMMETpPUsi MOJIEKYJbl AXn IIPU MOCTENEHHOM
3amenienun XY, eciu oHa uMeeT (opMy: a) TeTpadzapa; 0) KBajapara; B)
TeTparoHajabHOW MUPAMUIBI; T') TPUTOHAIIBHOM OMIUPAMUIBI; 1) OKTa3pa.

B crpykrype SrCl: arombl CTpOHLHS HMEIOT MPaBUIBHYI0 KyOMUYECKYIO
KoopauHanu. OnpenenuTs NPOCTPAHCTBEHHYIO TpyIILy, eciu Z = 4.
Mounekynbl B ctpyktype Co(NH3)3(NO2)2CI (mp. rp. 141/a, Z = 8) umeror
OKTa’yApUYEeCcKyl0 KoH(purypauuto. Onpeaenutb CUMMETPUIO KOMIUIEKCAa H
Pa3MECTHUTB JIMTAaHAbI IO BEPIIMHAM OKTa3/Ipa.

Kpucrasmisl Tpuasuaa nuanypoBoit kuciaotsl [NC(N3)]3 umetor mp. rp. P63/m,
Z = 2. Jloka3aTb, YTO MOJIEKYJIa IJIOCKasl.

YrhopsiioueHHass HU3KOTeMIepaTypHas MoaudUKaius HUTPUTA HATPUs
NaNO2 umeer np. rp. Imm2 (Z = 2). Onpeaenutb 4UCIO KOOPIUHATHBIX

MapaMeTpPOB CTPYKTYPHI.

Tema 6. Cwmnempu;l RJIOCKUX CEMOK U MHO20ZPDAHHUKO6

lle.flb.‘ HBy‘—II/ITb U YMCTb OIIKUCBIBATH TOUCYHBIC I'PYIIIIBI CHMMCTPHUH IIJIOCKUX
CCTOK U MHOI'OI'PaHHHUKOB

BOI’lpOCbl K meme.

1.
2.
3.

Omnpenenenue U JIEMEHTHI TPAHCIISAIUNA U CUMMETPHUH TIIIOCKUX CETOK;
Omnpenenenue U JIEMEHTHI TPAHCISAIUNA U CHMMETPUU MHOTOTPAHHUKOB;
Toueunsle TPYNIBI CUMMETPUU I OMHUCAHUS TUIOCKMX CETOK Ha TMPUMEpPE
rpadena



4.

BnusHue ToueyHOM CUMMETPUU KpHUCTaJlla Ha T€OMETPHUI0 KPUCTAILTHYECKOM
peueTKu

Ilpumep 3a0anuii k meme:

1.

Jloka3aTh, 4TO B 3JIEMEHTApHOM sueilke (KOTOpas MOCTpOEHa Ha KpaTdallInx
TPaHCIALMUAX PEIIETKH) YIVIBI MEXAy pebdpamMu JexaT B Ipejaenax
60°<a, B,y <120°.

Haitn 31€MeHThl CUMMETPHH, NIOPOKAEHHBIE NEHCTBUEM MEPIEHAUKYIAPHON
TPaAHCIAIUY Ha caeayroniie ocu: 1) 3; 2) 3; 3) 4s; 4) 4; 5) 6; 6) 65; 7) 6.

Haiitn sneMeHThl CHMMETpUH, KOTOPBIE BO3HUKAIOT IIPU JECHCTBUN HAKIOHHOU
TPaHCISALMY Ha cienyromue ocu: 1) 2; 2) 21; 3) 4.

Haiitn aneMeHThl CHMMETPUH, KOTOPBIE BO3HUKAIOT IIPU JECHCTBUN HAKIOHHOU
TPaHCISIMK Ha CIIEAYIOIINE IIOCKOCTH cummeTtpun: 1) m; 2) b; 3) n.
OnpenenuTh, K KAKUM CUHIOHHUSM OTHOCATCA KPUCTANIMYECKUE CTPYKTYpBHI,
UMEIOIIHE CIICAYIOIIMEe HA0OPhI CTapIIuX 3aeMeHTOB cummeTpun: 1) Cs; 2) Si;
3) C;; 4) 4C3; 5) 6; 6) 3C:; 7) Cs; 8) 3Ss; 9) 3Cs; 10) 3C.+ 4Cs; 11) 3; 12) 2 + Co;
13) 1; 14) C..

Tema 7.Peanvhulit Kpucmann

Ileny: HayuuTbes omnpenensith CBA3b MEXAY (PU3MUYECKUMHU CBOMCTBAMHU H
CUMMETPHUEN pEATIbHBIX KPUCTAIIIIOB

Bonpocwvl k meme:

ook whE

JlebeKThl U UX THIBI B peJIbHBIX KpUCTAILIAX;

Knaccuduxaruu neextoB: Toueunble AeeKThl U TUCIOKAINY;
Kontyp u BekTop broprepca;

JIBH>KEeHUS qUCIOKaUK. VICTOYHMKY TUCITOKALUN;

B3aumoieiicTBrE qUCTOKALMM C TOUEUHBIMU Je(EeKTaMU
JByxmepHbIe 1edeKThl: 1ePeKThl YIAKOBKA U MaJOYTJIOBbIC IPaHUIIbI

Ilpumep 3a0anuii k meme:
1. Onpenenuth Kpuctaiorpapuueckue HWHACKCHl BCEX BO3MOXKHBIX JIMHUHN

€AUHUYHBIX KpaeBbIX AUCIOKAIUM, Cckoib3smux B mmiockoctu (111) 'K
peleTKu. YKa3aTh UX BEKTOpHI broprepca.

OOMHAKOBBI JIH CIOMHOCTH CJICAYIOIIMX YIAKOBOK: 1) ..22K... H ... KK2...; 2)
222K... U ...KKK2...; 3) ...2eKe2... ¥ ...KKeKK...?

Kakne w3 cnenyromux mectucionnbix IIITY 3kBUBaJIEHTHBI IpYyr Apyry:
1)...ABABAC...;2)...ABCACB...; 3)...ABACBC...; 4)...ABABCB...

B ctpykrype coenunennst AmMBNOpP aTombl KUCIOPOIa OKPYKatOT aTOMBI A 110
TETpa’ipy, a aToMbl B — 110 okTadipy. Onpeneauts GopmMyy COeAUHEHUS, €CITU
B Onmokaiiiiei KoopJuHAMOHHOM cdepe KUCIopoa — OAUH aTOM A U TpU aToMa
B.

Kpucrann NaCl nomectwsiivi B OJHOPOJHOE 3JIEKTPUUECKOE TIOJIE, BEKTOP
HaIpsHKEHHOCTH  KOTOpOro coBmagaeT ¢ HanpaBiueHuem [110].  Haidtu
CUMMETPHUIO KpHUCTaJlia B MOJIe

Tema 8: Iuepeusn kpucmannuueckoit cmpykmypol
Ilens: HayuynuThbCsl BBIYUCIATH SJHEPTUIO KPUCTALINYECKOU PELLIETKH



BOI’lpOCbl K meme.

1.
2.
3.
4.

DHeprus pelieTKu.

BriBos u 060cHOBaHUE ypaBHEHUST BopHa,;

BriBon u o6ocHOBaHue 1ukia bopua-I"ab6epa;
BriBos u o60cHOBaHUE ypaBHeHUs1 KamycTuHckoro.

Ipumep 3a0anuti k meme:

1.

2.

5.

Omnpenenure sHepruto Kpuctaumdeckod pemrerkn  NaCl ¢ momomisio
ypaBHeHUs1 KamycTuHckoro

Omnpenenure sHepruto Kpuctaummdeckod pemrerkn  NaCl ¢ momomisio
ypaBHeHMs bopHa

Omnpenenure sHepruto kpuctaumdeckor pemerkn NaCl ¢ momompro nukia
bopna-I"ab6epa

Omnpenenurte sHepruto kpuctaumdeckou pemetku LiCl ¢ moMonsio ypaBHeHus
KamycTuHCKOro cpaBHUTE ¢ ToJydeHHBIM 3HaueHueM it CSCl

Omnpenenuth NOCTOSIHHYIO Moenynra s kpucraumnaeckoit pemetku NacCl

Tema 9: Cummempua mempa’opoe

Iens: W3y4nTh CUMMETPHUIO TETPA’JpPOB U PEAIbHBIX KPHUCTAIOB, B KOTOPBIX
MOYHO BBIICJIUTH TAKOW 3JIEMEHT BHYTPEHHEH CTPYKTYPhI

Bonpocwl k meme:

1.
2.

3.

DJIEMEHTBI U TOYEYHBIE TPYIITBI CHMMETPUH TETPA3IPOB.

PeanbHble KpuUCTaibl, B IMPOCTPAHCTBEHHOW CTPYKTYpPE KOTOPBIX MOXKHO
BBIJICTIUTB TETPAdAPHI;

OCHOBHBIE THIIBI YITAKOBOK aTOMOB B TAKUX CTPYKTYpaX;

Ipumep 3a0arnuii k meme:

1.

OnpenenuTh UHIEKCH B popMmylie coennuenus AMBNXp, B KOOpAMHAIIMOHHOM
CTPYKType KoToporo arombl A u B TeTpasapudecku KoOopIMHUPOBAHBI aTOMAMH
X, KOTOpBIE B CBOIO OUYEPE/Ib TETPAdAPUUECKU OKPYKEHBI 24 1 2B.

B cTpykTtype xomnbiieBoro cunukara 6epusuia atromMbl Al okpykeHsl atoMmamu O
0 OKTa’yapy, aroMbl Be — mo Tterparapy. KoopanHannoHHOE 4YHMCIO BCEX
KOHLIEBBIX aTOMOB KHUCIOPOAa OJHOITAXKHOTO IIECTUYIIEHHOTO KOJIbLIa PaBHO 3.
Omnpenenuts Gopmyiny Oepusia.

B ctpykrype okcodropuaa meau u xkenesza arombl O u F oOpazyrot KITY, nonst
Cu2+ 3anumaroT 1/2 OKTa®’apUYECKUX IyCcTOT, a uoHbl Fe3+ — 1/8
TeTpadapudeckux. OnpeneauTs GopMyiny COeTUHEHUS

Boruncnutb K03 PUIIMEHT MJIOTHOCTH YIIAKOBKHU ABYX COPTOB LIAPOB, OOJIBIINE
13 KoTtopeix obpasyroT KIIY, a MeHbIMe 3aHUMAIOT BCE: a) OKTAdIPUUCCKHE
MyCcTOThI; 0) TeTpadApuyeckre MycToThl. Kakue CTPYKTYpHBIE THIIBI
MPEACTABIISAIOT 3TU YIAaKOBKHU

Brinenus siueriky bpase B KIIY u I'I1Y, noka3are, CKOJIBKO OKTa3IpUYECKUX U
TETPA’APUYECKUX MYCTOT MPUXOJUTCS HAa OJIUH AP IJIOTHEHIIEH YIaKOBKH.
3anucaTh KOOPAUHATHI IIEHTPOB MIAPOB M IMyCTOT 0OOUX TUIIOB, BHIOpaB HAYAJIO
KOOpAMHAT B LIEHTPE 11apa

Tema 10: Cummempusa napannenoiropos



I]ens: 3yunTh CHMMETPHIO pOMOOJ0IEKAdAPa, IEHTArOHAJIBHOIO JOJIEKAdpa

Bonpocul k meme:

1. DneMeHThI U TOYEUHBIE IPYIIIBI CHMMETPUH POMOO10I€KadIpa.

2. DJEeMEHTbI U TOUYE€UYHbIE IPYMIbl CAMMETPUH IEHTArOHAJIBHOIO JOJAEKa3Apa.

3. PeasnbHble KpuCTamibpl, B NPOCTPAHCTBEHHOW CTPYKTYpPE KOTOPBIX MOKHO
BBIIETIUTH pOMOOI0AECKAdIp U IEHTArOHAIBHBIN 10AeKadIp;

4. OCHOBHBIE THUIIBI YIAKOBOK TAKUX CTPYKTYP;

Ilpumep 3a0anuii k meme:
1. DyneMeHThl CUMMETPUU U KOOPJIMHAIIMOHHBIE MHOTOTPAHHUKU B MEPOBCKUTE U
KpUCTaJJIax €ro TUMa.
2. DJIeMEHThl CHMMETPUU U KOOPJAMHAIIMOHHBIE MHOTOTPAHHHUKH B IIMTUHETH U
KpHUCTaJUIaX €ro TUIa.
3. DJeMEeHTbl CUMMETPUU U KOOPAMHAIMOHHBbIE MHOTOTPAaHHUKUA B KpHUCTaJIax
THUIIa CUIIMKATOB.
4. DneMeHThl CUMMETPUM M KOOPJIWHAIMOHHBIE MHOTOTPAHHUKH B KpUCTalIax
AIUTOTPOMHBIX MOAU(PUKALINK yTIIepo/a.
5. DieMEeHTbl CUMMETPUU U KOOPJWHAIMOHHBIE MHOTOTPAHHUKH B KpHUCTaJIax
AJTOTPOIMHBIX MOAU(DUKALIMIM JKeTe3a.

CamocrosTeabHas paﬁoTa 1o COOTBCTCTBYlOlHeﬁ TEME BKJIIIOYACT:

Tema 1. Ilpocmpancmeennan pewiemka

1. IlpuBsa3ky K Hel OOBEKTa CBOEH HAYYHOU JESATENbHOCTH, OCHOBHBIM
YCIIOBUEM KOTOPOTO SIBJISIETCS Hanuuue TBepAou (a3pl. Bo3moxkeH BbIOOP
MarucTpaHTOM JpPyroro OOBEKTa, O0JIaJaloUIer0 MOHOKPUCTANIMYECKON
CTPYKTYPOH.

2. OmpejneneHre TUIMA KPUCTAUIMYECKOW pEImIeTKH U €€ CBOWCTB 10
uMerommMcs 0a3am JaHHbBIX.

3. O030p wuMeIUXCS Hay4yHbIX pPadOT, CXOAHBIX IO TEME C Hay4YHBIM
HCCIIeIOBaHUEM 00yJaroIIerocs.

Tema 2. Kpucmannozpaguueckue cucmembol

1. TlpuBszky Kk Hed OOBEKTa CBOEM WHAMBUIAYATbHONW TEMbl  JIJIS
CaMOCTOSATENbHON pabOTHI.

2. OmpenesneHne TUNA CUHTOHHUU, 3JIEMEHTApHOUN STUEHKH W TPaHCISIIIHOHHOM
rpynisl bpase 11 00bekTa 1o UMEIOIMMCS 0a3aM JaHHbBIX.

3. Oro0OpakeHne BHYTPEHHEH CTPYKTYpbl  BBIOpAaHHOTO  OOBEKTa C
npuBliedeHHEeM mporpammHoro mpoaykra GAMESS, pacmnpoctpanseMoro
0€3 JINLEH3UH.

Tema 3. Cummempun Kpucmaninoe u npoOCMPAHCMEEHHBIX PEULEMOK
1. TlpuBsizky 00bekTa CBOEH MHIUBUAYaJbHOW TEMBbI AJISI CAMOCTOSTEIHLHOU
paloTHI U OIPeIeTICHHOMY KJIaCCy CUMMETPHH.
2. OmpeneneHrie HAMWYMSA B BRIOPAHHOM O00BEKTE BUHTOBBIX OCEH, TNIOCKOCTEN
CKOJIB3AILErO OTPAKEHHUS.



3. IlpuBneuenue GAMESS nns pacdera CTpyKTypbl BBIOPAHHOTO OOBEKTA.
[TonGop mMeTomoB aJisi pacyeTa Ha OCHOBAaHMU MH(OpPMAINK, HAHJICHHON B
CTHCIIMATU3UPOBAHHON JUTEpaType. AHaM3 METOJOB, BBIOOp Hamboiee
ONTUMAIBHOTO JJIS CBOMX IIEJICH.

Tema 4. Tunwvt u3030poé u ux cummempus

1. IlpuBsi3ky 00beKTa CBOEH MHAMBUAYAIbHOM TEMBI JUISI CaMOCTOSTEIbHON
paboThI U BBIIEIUTH B HEM THUIIbI U303/1POB.

2. Jlng KaXIOro W3 BBIIEICHHBIX MHOTOTPAHHUKOB OIPEACITUTh TOUYCUHYIO
rpynny cummetpuu o Lllendnucy u 'enpu-Moreny.

3. C momomipi0 BBIOPAaHHOTO METOJA OCYIIECTBUTh pacueTa CTPYKTYpHI
BbIOpaHHOro 00BhekTa B GAMESS. [IpoBectu ananu3 BRIOpPAaHHOTO METO/1a Ha
OCHOBAHMH MOJTYYEHHBIX PE3YIbTATOB.

Tema 5.Cmepeoxumuueckaa knaccugpukayus cmpykmyp
1. IlpuBsA3Ky 0OBEKTa CBOEH WHAMBUAYAJbHOM TEMBI JJII CaMOCTOSTEIIbBHON
paboThl U BBIAEIUTH B HEM OCHOBHBIE M MOOOYHBIE BAJIEHTHOCTH, THIIbI
KOOPAVHALMOHHBIX IOJU3IPOB.
2. Ha ocHOBaHMM CTEPEOXUMHUECKOHN KiIaccu(UKaIMK 0Ka3aTh PABUIBHOCTb
UX BBIJCIICHU .

3. TIpoBecTu OIleHKY BO3HHMKAIOIIUM B XOJIe pacuera CTPYKTYPhl BEHIOPAHHOTO
oobekra B GAMESS ommmbokam.

Tema 6. Cummempusa ninockux cemok u MHO202PAHHUKOG
1. TIpoBecTu MpoBEpKy pacyera CTPYKTYphl BbiOpaHHOro o0bekTa B GAMESS
JIPYTUM METOJIOM.
2. IlpoBecTn CpaBHUTEIBHBIA aHAIN3 BBHIOPAHHOTO METOJa HA OCHOBAaHWU
TIOJTYYCHHBIX PE3yJbTaTOB U UMEIOIINXCS JaHHBIX.

3. IIpoBecTH OICHKY BO3HHMKAIOIIMM B XOJ€ pacdyeTa CTPYKTYPbl BHIOPAHHOTO
o0bekta B GAMESS ommmokam.

Tema 7.Peanvnulit Kpucmann
1. CocTaBHUTH OTYET MO pacyeTy CTPYKTYpHI BIOpaHHOTO 00bekTa B GAMESS
JIBYMsI pa3HBIMU METOIaMH.
2. IlokazaTh B OTYETE OCHOBHBIE XAPAKTEPUCTUKH OOBEKTa, MOJyYECHHBIE B
pe3ysbTaTe pacyeTa U AaTh UM OLICHKY.
3. Odpopmuth OoTUET B BHUAE Mpe3eHTanuud PowerPoint mis mociemyroero
IpeJICTaBICHUS Ha 3a4eTe.

Tema 8: Inepeua kpucmannuueckoit cmpykmypot
1. Wcnonb3ysi CBOM OOBEKT OMPEASTUTh IJIi HETO SHEPTUI0 KPUCTALTUYECKON
PEIIETKHU.
2. TlokazaTh OLIGHKY pa3JIMYHbIX METOJOB OINpEACICHUs W CPaBHUTHh C
MMEIOIIUMUCS JTUTEPATYPHBIMH TAHHBIMU.

Tema 9: Cummempua mempa’opoe



1. IlpuBsizky oOBeKTa CBOEH WHIWBUAYAIbHOW TEMbI ISl CAaMOCTOSITEILHOMN
paboThl ¥ BBIACIUTH B HEM BHJIbl KOOPJAWHAIIMOHHBIX MOJIUIAPOB M UX THUII

CUMMCTpPHHU.

2. C noMouipio pacuera CTpyKTyphl BoIOpaHHoro oosexkta B GAMESS onenuts
PaCCTOSIHUS MEXTy aTOMaMH B KOOPAMHAIMOHHBIX MOJIMAAPAX, BBIICTIAEMBIX

B 00BEKTE.

3. CocTaBuTh CXeMY-pPUCYHOK BHYTPEHHETO CTPOEHUS 00BEKTa C BHIICICHHBIMU

B HCM KOOPAHWMHAIIMOHHBIMHU ITOJIUDAPaMHU.

Tema 10:Cummempus napannenoiopoe

1. IloaroToBka maTepuasa M MPE3EHTALMH 1O WHIUBUIYAIBHOW TEME [

CaMOCTOATENbHON paOOTHI.

IIpoMeskyTOYHAS aTTECTALIUS

K 3auery nmomyckaroTcsi MarucTpaHThI, YCIICIIHO OCBOHMBIIHE YYEOHYIO
porpaMmy 3a 2 CeMecTp IO JUCHUIUIMHE «I'€oMeTpusi MOJIEKYJI U KPHUCTAJIJIOB B
guciaax». [10J0XXUTENBHBIM PEe3yIbTaTOM U3YUEHUS SABJISCTCS MOCCIICHUE 3aHATHH,
BBITIOJTHEHHE BCEX MPAKTUYECKUX PadOT Kypca, Kaxayr Ha 3 Oamna u Oonee, a
TaKXe BBITIOJTHEHHUE CaMOCTOSITEIbHON paboThl. Ha 3aueTHOE 3aHSATHE BBHIHOCUTCS
JMOKJIaJT W TMpe3eHTanuss B Power Point mo WHAMBUAYyaJIbHOH TeMme JUIs

CaMOCTOSATEIbHON pabOTHI.

3 cemecTp
YueOHas mporpamma — Bun 3ansatus O06pazoBarenbHbIe TEXHOIOTHH
HaMMCHOBAHUC pa3aCiIOB U
TEM

e [pakTHyeckas pabota

® pEILICHUE 33/1a4 U YIPAKHEHUN

® paclpeneicHue 3alaHuil AJs
CaMOCTOSITENIbHOM pabOThI

1. Kpucramn kak ojiHa U3
(bopM KOHIEHCUPOBAHHOTO
COCTOSIHUS BEIlleCTBa

® TpaJUIIMOHHBIE (KPAaTKUI
0030p TeMbI, pelleHue
YIpaXXHEHUI),

e [pakTHueckas paboTa

® pelIeHuE 3a/1a4 U YIIPAKHEHUH

e pacnpezeieHue 3aJaHuil A7
CaMOCTOSITENIbHOM pabOThI

2. Crepeoxumus 1
CUMMETpPHS OPTaHUYECKUX

® TPaIUIIMOHHBIC (KPATKUH
0030p TeMbI, peleHue
YIPa)XHEHUH, IPOBEpPKA

MOJIEKYJI .
® IIPpOBEpPKa CaMOCTOSATEIILHOU JIOMAIIHEro 3aJaHus),
paloTBhI 1O NMpeabLIyLIeH TeMe
e [pakTHyYecKkas pabota
® pCIICHUE 3a7a4 U YIPAKHCHUI ® TpaJIULIMOHHBIE (KPAaTKU
3. AHTHCUMMETpHS, ® pacnpenereHue 3aJTaHAN IS 0030p TeMbI, pelieHne
IBETHAs CHMMETPHUSA CaMOCTOSITENIbHON PabOTHI YIIPa)KHEHUH, IIPOBEPKA

® IPOBEpPKA CAMOCTOATEIBHOMN
paboTHI IO MPEBITYIICH TEME

JIOMAIITHETO 3a/1aHus),




4. ToyeuHass CHMMETPHSI
KPUCTATHICCKUX CUCTEM.
HexyOuueckue rpymms Ch,
Sn, Cnv, Cnh.

npakThdeckas pabora
pellIeHME 3a/1a4 U yIpaKHEHUI
pacrnpeneneHue 3aianuil 1Jist
CaMOCTOSITENIbHON PabOTHI
MPOBEpPKA CaAMOCTOSATEIIBHOMN
paboThI MO NpeAbIAYIICH TeMe

® TpaJUIMOHHbIE (KpaTKUN

0030p TeMbI, peleHne
YIpPaXXHEHHH, TPOBEPKA
JIOMAIITHETO 3a/1aHus),

5. Kpucramnorpaduueckue
TOYEYHBIE TPYIIIHI
cummMerpun HexyOunueckue
rpynnsl. Dn,Dnh, Dnd

npakTuyeckas padbora
peuieHue 3a1a4 U yIpaKHEHUN
pacrpeneneHue 3a1anuil 1Jist
CaMOCTOSITENIbHOM pabOTHI
MIPOBEPKA CAMOCTOATEIbHON
paboTHI 1O MPEABIAYIICH TEME

TpaaULMOHHbIE (KpaTKHii
0030p TeMbI, pelIeHUE
YIIPa)KHEHUH, IPOBEpPKaA
JIOMAIIIHETO 3aJIaHu),

6. Kpucramiorpapuueckue
TOYCYHBIE TPYIIITHI
cummerpun. Kyounueckue
rpynnst T, Tq, Th, O, On

npakTuyeckas padbora
peleHue 3a1a4d 1 yIpaxHeHu
pacrpeieneHue 3a1aHuil Jist
CaMOCTOSITENIHON PabOTHI
MPOBEPKA CaAMOCTOATEIIBHOMN
paloTBhI 10 NpeabLIyLIeH TeMe

TpaJULIMOHHbIE (KPATKUM
0030p TeMbI, peleHUE
YIIPa)KHEHUH, IPOBEpPKA
JIOMAIIIHETO 3a/IaHus),

7. Ukocaspuieckue u
[EHTPOCHMMETPHUCCKHUE
TOYCUHBIC TPYIIITHI
cummerpuu. I, I, K, Kn

MpakTUieckas pabora
pellIeHre 3a71a4 U yIpakKHeHU!
pacrpeneneHune 3a1anui 1Jist
CaMOCTOSITENILHOM pabOTHI
MIPOBEPKa CaMOCTOSTEILHOM
paboTHI IO MPEBIIYIICH TEME

TPaaUIMOHHBIE (KPATKHUIA
0030p TeMbI, pelIeHne
yIpaXHEHU#, TPOBEpPKa
JIOMAIITHETO 3a/1aHus),

8. Cummerpus
0GOPOBOIOPOJIOB U
KapOOpaHOB

IpakTU4eckas pabora
peuieHue 3a1a4 U ynpaKHEeHUN
pacrnpeneneHune 3a1anui 1Jist
CaMOCTOSITENIbHOW PabOTHI
MPOBEpPKA CaAMOCTOATEIIBHOMN
paloTBhI 10 NpebLIYyLIeH TeMe

TpaJULIMOHHbIE (KPATKUM
0030p TeMbI, pellIeHUE
YIPa)XHEHUH, IPOBEpPKA
JIOMAIIIHETO 3aJIaHu),

9. IlpenenbHble MPYMIIBI
CUMMETpUH (TPYIIIBI
Kropn)

MpakTU4eckas pabora
peuieHue 3aa4 U ynpaxHeHU
pacnpenesenne 3aJaHui s
CaMOCTOSITENIbHOM pabOThI
MPOBEpPKA CaAMOCTOATEIIbHOMN
paboTHI IO MPEBIIYIICH TEME

TPaTUIIMOHHbBIE (KPATKHIA
0030p TeMbI, pelieHne
yIpakHEHUH, TPOBEpKa
JIOMAIITHETO 3a/1aHus),

10.
Kpucrannorpaduueckue
CTPYKTYPHI aJZIOTPOTTHBIX
Moaudukanmii yriaepoaa

IpaKTu4eckas pabora
peuieHue 3a1a4 U ynpaxHEeHUI
pacrnpeneneHue 3a1anui 1Jist
CaMOCTOSITENIbHON PabOTHI
IIPOBEPKA CaMOCTOSITEIBHON
paboTHI IO MPEBIIYIICH TEME

TpaaUIIMOHHBIE (KPATKHIA
0030p TeMbI, peleHue
YIPaXKHEHUH, IPOBEpPKA
JIOMAIIIHETO 3aJIaHu),

11. ®ynnepensl,
bynneputsl. Oynnepuabl.

pakThyeckas padbora
pelIeHne 3a1a4 U ypa>KHeHU!
pacnpenenenne 3aJaHuil s
CaMOCTOSITENIbHOM pabOThI
MPOBEpPKA CAMOCTOATEIIbHOM
paloThI 1O MpeabLIyLIeH TeMe

TpaTUIIMOHHbBIE (KPATKHIA
0030p TeMbI, peleHue
YIPaXKHEHUH, IPOBEpPKA
JIOMAIITHETO 3a/1aHHs),




12. KBa3uKpuCTaILIBI.
Moszauku [lenpoysa

e TpakTHyYecKas pabora

® pCILICHUE 337a4 U YIPAKHCHUN

® IIpEJCTaBICHUE
CaMOCTOSITENIbHON PabOTHI

® TpaJUIMOHHbIE (KpaTKUN
0030p TeMbI, peleHne
YIOpaKHCHUH ),

¢ uH(popMaIMOHHBIC
(mIpocMOTp OTYETOB U
Mpe3eHTalNM Mo

Kpurepuu onieHkn 0CBOeHHSI KOMIIETEHIIUI MATUCTPAHTAMHU MO IMCIUIJIMHE
«I'eomeTpHUs MOJIEKYJ M KPUCTAJUIOB B YHCJIAX»

No PesyaeTat Bup pa6otsl / cnocod Kpurepun ouennBanus
(uHaMKATOP)
1 OIIK-1.1 [IpakTrueckue paboThI Bremonnenue 1 3aganus — I 6ann (B Kaxaou
OIIK-1.2 o temam-1-12 pabote no 5 3amaHwmii)
OIlK-2.1
OIIK-2.2 Brinonnenue
MIPAKTUYECKHUX PadoT
SBIISIETCS. HEOOXOOUMbIM,
HO He 00CMamoYHbIM
YCJIOBHEM TIOTY4EHUS
OTMETKH «3a4TECHO)
2 Brinosinenue u 5 6annoe — oT4yeT MO CaMOCTOSITEIIBHON
MIpe/ICTaBJICHHE paboTe 3a ceMecTp MPeACTaBIEH B BUE
CaMOCTOATEIBHON pe3eHTalnu, OQPOPMIIEH IO TPEOOBAHUSM,
paboThI 1o COJIEP>KUT MHGOPMAIUIO TIO BCEM 3aJaHUSIM;
WHIUBUAYAIbHON TeMe. | 4 fanna — OTYET 110 CAMOCTOSITEIIbHOU
paboTe 3a ceMecTp MPeACTaBIEH B BUC
npe3eHTanuu, ohopMIIeH IO TPeOOBaHUM,
Brinonnenue conepxuT uHpopmaruio 6osee 3/4 oT Becex
CaMOCTOSTECILHOMN 3aJIaHMI;
paboThI 1O 3 6anna — OT4ET O CaMOCTOSATETHHON
WHJIMBUIYAJIBHOU TeMe | paboTe 3a cemecTp ohopMIIeH HE B
SIBIIIETCS HEOOX0OUMbIM, | COOTBETCTBHH C TPEOOBAHUSIMHU, COACPIKUT
HO He 00CMamoOYHbIM uHdopmanuto 6omee 3/4 oT Bcex 3aaHUM;
YCIIOBUEM TOTYYEHUS 2 danna — OTUET TI0 CAMOCTOSITENILHOMN
OTMETKHU «3aYTCHOY pabore 3a cemecTp ohOpMIICH HE B
COOTBETCTBUH C TPEOOBAHUSMU, COICPKUT
uHdopMmanuto 6omee 2/4 oT Bcex 3aaHUA;
1 éann — oT4eT MO caMOCTOATENBHOM paboTe
3a CeMeCTp He TOJIOH (ITPECTaBICHO MEHEee
2/4 ot Bcex 3a7aHuil), He 0(OPMIIEH B
COOTBETCTBUH C TPEOOBAaHUSAMU;
0 6annoe — 3ananus He BBINOIHEHBI, OTYET
HE MPEJICTaBIICH.
3 [Tocemaemocthb 1

Texyuuii KOHTPOJIb YCIIEBAEMOCTH

TeMbl NPAKTUYECKUX 3aHATHI, BOIIPOCHI /I CAMOIOATOTOBKHU K TeMe, PUMepbI
3aaHuH

CaMOCTOSITENIbHOM padboTe)




Tema 1. Kpucmann kax oona u3z ¢opm KOHOEHCUPOBAHHO20 COCMOAHUA

eeujecmea

Ilenv: W3yunTh, KaK PENIETYATOE CTPOCHHUE BELIECTBA BJIMSET HA €r0 OCHOBHBIC

CBOWCTBA.

Bonpocuvl k meme:

1. Kak 0HOpPOJHOCTh M aHU30TPOMUS KPUCTAJUIA ONPEACISIOT ero mbe303¢peKT,
JIBOMHOE JTy4YETPEIOMIICHUE CBETA, SIBICHUS TUPO- U MbE303JICKTPUYECTBA U JIP.;

2. Poct pacTBOpeHUe 1 pa3ioKeHNUE KPUCTAIIIA;

3. Camoorpanka KpHucTajia B IpOIECCe pOCTa.

Tema 2. Cmepeoxumusn u cummempusn op2aHu4ecKux MoJieKy
Ilenw: I3yunTh OCHOBHBIE TUIIBI OPTAHUYECKUX KPUCTAIIIIOB, UX CUMMETPHIO U
CTEPEOXUMUIO
Bonpocwi k meme:
1. AtomHble, HOHHBIE paanychl Ban-nep-Baanbca B onucanuu GopMbl, CHMMETPUU
U pa3Mepa MOJIEKYJ;
Pacnpenenenne opraHu4eCcKX KPUCTAJUIOB MO CTPYKTYPHBIM Kilaccawm;
Tonosiorust MOJIEKYJSPHBIX YIIaKOBOK;
YnakoBka 1o NPUHIUITY «BBICTYTI K BIIAJINHE;
XUpanbHOCTh YIIaKOBOK, THUIIHI.

arwN

Ilpumep 3a0anuii k meme:

1. TlnoTHelmas miapoBasi ymakoBka oOpa3zoBaHa atomamMu X, atombl 4 u B
3aHUMAIOT YETBEPThb TETPAIPUUYECKUX U TOJIOBHUHY OKTAdAPUUECKUX IYCTOT
cooTBeTCTBeHHO. KakoBa dopmyna coetuHeHus?

a) AZBX 6) ABzXB) ABXZ F) AszX,ZI) A4BzX

2. AtoMbl KHCIOpoAa OOpa3yloT IUJIOTHEMIIYIO YIAKOBKY, B KOTOPOH aTOMBI
KPEMHUS 3aHUMAIOT BOCbMYIO YaCTh TETPA3APUUECKUX MMYCTOT, @ ATOMBI MarHus
— TIOJIOBUHY OKTasapudeckux. Onpeneauts GopMyiny COeAMHEHUS.

a) MgSi03 6) Mg25i04 B) Mg38i05 F) Mg28i206 I[) Mg4Si06
3. CKOJIBKO pa3IMYHBIX TUIOTHEUIITUX IIAPOBBIX YITAKOBOK MPEICTABICHO HUXKE:

1) C(ABABAC)A, 2) B(ABCACB)A, 3) C(4BACBC)A,
4) B(ABABCB)A, 5) A(CBACBA)C?
a) l 0)2 B) 3 r)4 n) S
4. Kakux TIOTHEHIINX APOBBIX YIIAKOBOK CYIIECTBYET TOJIBKO MO OJJHOM?
a) 3-cnoitHas 0) 4-cnoitHas B) 5-CJIOMHAs T) 6-cnoitHast
n) 7-cnoitHas e) 8-cioliHas
5. Uemy paBHo KY aroma B miioTHeHIIEH IApOBOM yITakoBKe?
a)6 0) 8 B) 10 r) 12 n) 14

Tema 3. Aumucummempus, yeemnaa cummempus
Ieny: I3yunTh TUIIBI U IPUMEHEHUE AHTUCUMMETPHUU U LIBETHOW CUMMETPUU
Bonpocwvi k meme:

1. Yepno-06enbie TOUCUHBIE TPYIIIBI CAMMETPUH;

2. lIBeTHbIe TOYEUHBbIE TPYIIIBI CHMMETPUU

3. IlpumeHeHue aHTUCUMMETPHUH U LIBETHOM CUMMETPUH.



Ilpumep 3a0anuii k meme:

1.Hanucatb rpymnmnoBble MHOKECTBA OJHOLIBETHOM IrpyIibl 4mm;
2.HanucaTh rpynmnoBbie MHOKECTBA YePHO-0€I10# rpynmsl 4 ’'mm’;
3.Hamnucats rpynmoBbie MHOXKECTBA CEpoM rpynmnsl 4mm/ ’;

Tema 4. Toueunasn cummempun Kpucmannuueckux cucmem. Hekyouueckue
epynnwt Cn, Sn, Cny, Cnn

Ienw: N3yunts HexkyOudeckue rpymibl Cp, Sp, Chy, Chn cuMmmeTpun

Bonpocwi k meme:

1. I'pynna cummetpuu Ch;

2. I'pynma cummetpuu Sy,

3. I'pynma cummetpuu Cyy;

4. I'pynna cummetpun Cpp

Ipumep 3a0anutl k meme:

1. Hanmucate MaTpuunyto Gopmy st rpynmst Cp;

2. Hanucarb Mmatpuunyto ¢Gopmy Uil TPYIIBL Sy,

3. Hanucarp matpuunyto dhopmy st rpynmbl Cpy;
4. Hanucath MmaTpuunyto ¢hopmy uist rpynibl Cpp;

Tema 5. Kpucmannozpaguueckue moueunvie zpynnvl cummempuu
Hexkyouueckue zpynnut. Dn,Dnh, Dng.

Ienwy: N3yunts HEekyOnueckue rpynnsl Dy,Dnn, Dng cummeTpun
Bonpocwi k meme:

1. I'pynna cummerpuu Dy;

2. I'pynma cummetpuu Dipp;

3. I'pymnma cummerpuu Dpg,

Ipumep 3a0anuii k meme:

1. Hanucate maTpuunyto Gopmy st rpynmst Dy;

2. Hamucatb MaTpuuHyto GopMy i TpymIibl Dop;
3. Hanucate MmaTtpuunyto Gopmy aist rpynmsl Dyg.

Tema 6. Kpucmannozpagpuueckue moueunvie cpynnst cummempuu. Kyouuecxkue
epynnot T, Ty, Th, O, On

Ienw: N3yunth kyomueckue rpynmsl T, Tq, Th, O, On cummeTpun
Bonpocwvl k meme:

1. I'pynna cummerpuu 7T,

2. I'pynma cummerpun Ty;

3. I'pynma cummerpuu Th:

4. T'pynna cummetpuu O.

5. I'pynna cummerpuu Op,

IIpumep 3a0anuii kK meme:
1. Hanucate maTpuunyto hopmy i rpynnsl 7



Hanucate MaTpuuHyto ¢popMy ajist rpynimsl 1g;
Hanucate MaTpuuHyto popMy AJis TpyIIibl Th;
Hanucate Matpuunyto gopmy aist rpynist O.

Hanucare Matpuunyto gopmy asist rpynisl Op,

bk wn

Tema 7. Hxkocaropuueckue u yenmpocummempuueckKue moueuHole 2pynnol
cummempuu. |, In, K, Kn

Henw: VI3ydnTh NKOCAdAPUUECKHUE U ICHTPOCUMMETPHUCCKUE TOYCTHBIC TPYIIIIBI
cummetpud I, In, K, Ky

Bonpocul k meme:

1. I'pynmna cummerpuu |,
2. I'pynmna cummetpuu Iy,
3. I'pynma cummerpun K.
4. TI'pynmna cummerpuu Kp,

Ilpumep 3a0anuii k meme:

1. Hanucate maTpuunyto popmy s Tpynnsi I;
2. Hanwmcats MaTpuunyto GopMy Ui TPYIIH Ip;
3. Hanucate MaTpuunyto Gopmy ais rpynnsl K.
4. Hanucarb MaTpuunyto ¢popMmy 1uist rpymisl K.

Tema 8. Cummempusn 60p0o600opooosé u kapooparos

Henwy: 3yunTh cCUMMETPHUIO OOPOBOJIOPOJIOB U KapOOPaHOB
Bonpocwi k meme:

1. I'pynna cummeTpur 0OPOBOJOPOAOB;

2. I'pynma cumMmeTpun KapOOpaHoB;

Ilpumep 3a0anuii k meme:
1. Tunsl CMMMETPUYHBIX IPe0Opa3oBaHUl B OOPOBOAOPOJIAX;
2. Tumbl cHMMETPUYHBIX TTPeoOpa3oBaHnil B KapOopaHax;

Tema 9. Ilpeoenvuvie zpynnvt cummempuu (zpynnat Kiopu)

Henw: V3yunth npeneabHbie rPyInbl cuMMeTpun (rpyribl Kropu)

Bonpocwi k meme:

1. T'pynmbl cCHMMETPUU C OCSIMH OECKOHEUHOTO TOPSIJIKa,

2. O6o3nauenue no enduucy u ['enpu-Moreny rpynn CUMMETPUH C OCSIMHU
OECKOHEUYHOTO MOPSIKa,

3. Cynepno3uuus rpyni CUMMETPUU

4. Ilpunuun Kropu

Ilpumep 3a0anuil k meme:



1. OOo3HaueHue Tpynn C LOUKIMYECKOM CHMMETpUed U BBIIEJIEHUE HX
WHBapUaHTOB;

2. Briaenenue npenenbHON rPyNmbl U €€ UHBAPUAHTOB

3. BblaeneHre KOHEUHbIX TOYSUHBIX TPYII U UX HAATPYIIIHI;

Tema 10. Kpucmannozpaguueckue cmpykmypol aniomponHwvix moougukayuii
yanepooa.

Ilens: I3yunTh amioTpoOIHbIe MOAUDHUKAIINY YTIEPOIa U UX KPUCTATIINIECKOE
CTpOCHHE.

Bonpocwvl k meme:

1. Kpucramnorpaduueckas CTpyKTypa anmasa;

2. Kpucramiorpaduueckas CTpykTypa rpadura,

3. Kpucramiorpaduueckas cTpykTypa rpadena;

4. Kpucramiorpaduueckas CTpykTypa GyiIepeHoB.

Ipumep 3a0anuii k meme:

1. AHanu3 II0CKOCTEH CKOJIB3ALIEr0 OTPAKEHUS B AIMa3e;

2. Yemy paBHBI MapaMeTphl KPUCTAIUIMYECKON SUEMKH U KaKOB XapakTep
TPAHCISALIMOHHBIX 3JIEMEHTOB B HAHOTPyOKe, OOpa30BaHHOW Ha OCHOBE
KPUCTAJUIMYECKOW CETKH rpadeHa

3. Uemy paBHBI TapaMeTpbl KPUCTAUIMUECKOW SYEWKH U KaKOB XapakTep
TPAHCISLIMOHHBIX DJIEMEHTOB B HAHOTPyOKe, OOpa30BaHHOW Ha OCHOBE
KPUCTAJUIMYECKOU CETKU Tpad)eHa ¢ BKIOYEHUEM MSATHUYTOJIbHBIX 3JEMEHTOB 7
K.

4. K KakoMmy BeILECTBY OTHOCHUTCSI KPUCTAJUI, €CIM MapaMeTpbl ero KyOuueckon
3JIEMEHTApHOM SYEUKH COCTABIISAIOT:

a) 3,57 A; 6) 5,43 A; B) 5,68 A, r) 6,49 A
1) cepoe ooBo,  2) kpeMHmi, 3)amma3,  4) repMaHuid

Tema 11. @ynnepenvt, hyrnepumot. Pyanepuowt.

Ileny: V3yuuTh KpUCTAJUIMYECKOE CTPOCHHE (PYyJUIEPEHOB, (DyIUIepUTOB,
byiepuoB.

Bonpocwi k meme:

1. Crpykrypa moiekyn Ceo M X KPUCTATNIMYECKOE CTPOCHUE;

2. Ctpykrypa monekyn Cyo M BIX KPUCTAJUTMYECKOE CTPOCHUE;

3. Ilpocteitmme Qymiepuabl U UX CTPYKTypHbIE OTIMYHS OT (YJIJIECPEHOB H
bynnepuTon

4. Wxocadnpuyueckue CHHTOHUM B OINUCAaHUU  (YJUIEpEHOB, (yIIIEPUTOB,
bynnepunos.

Ipumep 3a0anuil k meme:
1. Paccuurtats napameTpsl Kpuctaiinueckon stueiiku Cego ecnu aymuna cBsizu C-C
cocrapysier 1,44 A, a Ban-nep-BaanbcoB paauyc Bceil Mosekyisl 5,25 A;



[TpenonoKKUB, 4TO MHapaMeTp KpucTammudeckoil sueiiku Ceo a=14,17 A,
MPOBECTH AMNIMPOKCUMAIIMIO MOJIEKYJ cpepamMu W MOJYyYUTh THUM YHaKOBKH
MoJieky1 Ceo.

[Tonb3ysice mpuHiunoM Kropu NOMy4UTh TOYEHHYIO TPYNIYy CUMMETPHUH
AIIEMEHTApHOM SYeKU KpucTaia QyJuiepura;

Tema 12. Keazukpucmannwvl. Mozauku Ilenpoysa.

lIeJlb.' H3y‘II/ITB KPpUCTANIMYCCKOC CTPOCHUC KBASUKPUCTAIIJIOB
BOUpOCbl K meme.

1.
2.
3.

Oco0eHHOCTH KPUCTATUIMYECKONCTPYKTYPBI IIEXTMAHUTOB;
KBa3ukpucTamisl 1 MX HETPAHCILMOHHOE YIIOPSAAOUYCHHUE;
Metoasl MOIEIUPOBAaHNS KBA3UKPUCTAIUIOB U UX AlIIPOKCUMAHTOB.

Ilpumep 3a0anuii k meme:

1.
2.

THIIBI ¥ IPUMEPBI KBA3UKPUCTAJUIOB U UX allIIPOKCUMAHTOB

Kak wucnone3yercs DOpPUHOUO 30JI0TOTO CEYEHUS B MOJEIMPOBAHHUU
KBa3UKpPUCTAIJIOB U UX alllIPOKCUMAHTOB,;

Kak ucnonb3ytorcs yncia GuboHayun B MOJIEIMPOBAHUM KBAa3UKPUCTAIIOB U
UX alIPOKCHUMAaHTOB;

[IpumenumMocTs  OeckoHeuHOW  Mo3auku  IleHpoy3a B omMcaHuH
KBa3UKPHUCTAILJIOB.

CamocrosTebHas paﬁoTa 1o COOTBCTCTBYlOlHeﬁ TEME BKJIIIOYACT:

Tema 1. Kpucmann kak ooma u3 ¢hopm KOHOEHCUPOBAHHO20 COCMOAHUA
eeuecmea

1. TlpuBsizky kK Hel oOBEKTa CBOEH HAYYHOM JESATEIBHOCTH, OCHOBHBIM
YCIIOBUEM KOTOPOTO SIBJISIETCSl Hanuuue TBepAou (asel. Bo3moskeH BbIOOP
MarucTpaHToM JApPYyroro 0ObEeKTa, 00JIaaloIero MOHOKPUCTALTUYECKON
CTPYKTYPOH.

2. Omnpenenenre PU3NIECKUX M XUMUUYECKUX CBOMCTB O0BEKTA ITO HMEIOIITUMCS
0a3zaM JJaHHBIX.

3. O030p UWMEHOIMXCA HAYYHBIX IyOJMKAIMi 3a TIOCICOHUE S5 JIeT,
MOCBSIIIICHHBIX U3YyUYECHHUIO CBOMCTB OOBEKTA.

4. CocTaBieHHE OTYETA IO TEME.

Tema 2. Cmepeoxumusn u cummempun op2anuiecKux moJieKy

1. Ompenenenue TUIA YITAKOBKH JIJIsi 0OBEKTA 10 UMEIOIUMCS 0a3aM JTaHHBIX.

2. OTtobOpakeHHe KOOPIWHAIIMOHHOTO YHCIIA i1 OOBEKTa 110 HMEHOIIUMCS
0a3aM JTaHHBIX.

3. CocraBlieHHE OTUYETa 10 TEME.

Tema 3. Aumucummempus, yeemuas cummempus



1. Omnpenenenue 1BeTa CHMMETPUN 00BEKTA 110 UMEIOIIUMCS 0a3aM JTaHHBIX.

2. OtobOpakeHHe IIBETa CHUMMETPUU JJIsI OOBEKTa IO HMEIoIMMCS 0Oa3zam
JIAHHBIX.

3. CocraBieHue OT4YEeTa 110 TEME.

Tema 4. Toueunas cummempusn Kpucmanauueckux cucmem. Hexkyouuecxkue
epynnwt Cn, Sn, Cny, Cnn
1. Omnpenenenve Hanwuus HeKyOnueckux rpynn cummetpun Cp, Sp, Chy, Con B
00BbEKTE MO UMEIOIIUMCS 0a3aM JaHHBIX.
2. OtoOpakenue HekyOuueckux rpymi cummeTpuu Cp, Sy, Chy, Coh 17151 00beKTa
110 UMEIOIHUMCS 0a3aM JaHHBIX.
3. CocraBiieHHE OTUYETA 10 TEME.

Tema 5. Kpucmannozpagpuueckue moueunvie pynnvl cummempuu
Hexyouueckue zpynnut. Dn,Dnh, Dng.
1. Omnpenenenve Hamuuyusi HEKyOWueckux rpymn cUMMeTpuu Dp,Dpn, Dng B
00BEKTE M0 UMEIOIUMCS 0a3aM JIaHHBIX.
2. OtobpaxkeHue HeKyOnueckux rpymnn cuMMeTpuu Dy, Dnn, Dng a1 00BekTa 1o
UMEIoIUMCs 0a3aM TaHHbIX.
3. CocraBiieHHE OTYETa [0 TEME.

Tema 6. Kpucmannozpagpuueckue moueunvie cpynnst cummempuu. Kyouuecxkue
epynnot T, Ty, Th, O, On

1. Ompenenenve HanmWuus KyOmdeckux rpymnm cummerpuu T, Tq, Th, O, On B
00BEKTE IO UMEIOIHUMCS 0a3aM JaHHBIX.

2. OrobpaxkeHue kyondeckux rpymnm cummetpun T, Tqg, Tn, O, On my1st 06bexTa
110 UMEIOIIMMCS 0a3aM JTaHHBIX.

3. CocraBieHUE OTYETA 10 TEME.

Tema 7. Hxocazopuueckue u yenmpocummempuueckue moveunsle Zpynnvl
cummempuu |, I, K, Kn

1. OnpeneneHue HaIUMYUS HKOCAYAPUUECKUX U LEHTPOCUMMETPUYECKUX
ToueuHbix rpymnmn cummerpud |, Iy, K, Ky B 00bekTe o umeronmumcs 6azam
JTAHHBIX.

2. OTOOpaKeHHE WKOCAdIPUYECCKUX M IEHTPOCUMMETPHYCCKUX TOYCUHBIX
rpynn cummetrpud |, Iy, K, Ky 11 00bekTa no uMmeroniumMest 6azaM TaHHbBIX.

3. CocraBjeHue oT4YeTa I10 TEME.

Tema 8. Cummempus 60p06000opooosé u kapooparos

1. Ompenenenvie HATMYKUS YJIEMEHTOB CUMMETPHUH, CXOJHBIX ¢ 0OPBOIOPOIAMU
B 00BEKTE MO UMEIOIIMMCS 6a3aM JaHHBIX.

2. OmpeneneHre HaTUYHS 3JIEMEHTOB CUMMETPHH, CXOJIHBIX ¢ KapOopaHaMu B
00BEKTE 10 UMEIOIUMCS 0a3aM JTaHHBIX.



3. OrobpakeHue pe3yNbTaTOB U COCTABIECHUE OTYETA IO TEME.

Tema 9. Ilpeoenvuvie cpynnst cummempuu (zpynnst Kropu)

1. Onpenenenue Hanmumuus rpynn Kiopu B 00bekTe Mo uMeromuMces 0azam
JTAHHBIX.
2. Orob6paxenue rpyni Kopu 17151 00beKTa 10 UMEIOIUMCS 0a3aM JTaHHBIX.
3. CocraBieHue oTueTa 10 TEME.
Tema 10. Kpucmannozpaguueckue cmpykmypul aniomponnwix moougukayui
yanepooa.
1. Onpenenenve HamWYMUs AJIEMEHTOB CUMMETPHUH, CXOAHBIX C 3JIEMEHTaMHU

2.

CUMMETPHUH AJUIOTPOINHBIX MOAU(UKAIIMHN yIiiepoia, 0JI0Ba U JIp. B 00BEKTE
M0 UMEIOIIMMCS 0a3aM JaHHBIX.
OTtoOpaxkeHue pe3yabTaTOB U COCTABJICHUE OTYETA 10 TEME.

Tema 11. @yanepenvt, hynnepumot. Pyanepuowt.

1.

Onpenenuts, UCXOAsI U3 TPAAUUMOHHBIX NapaMeTpoB MoaeKyl Cg u Cro
BO3MOXXHOCTh HMCIOJIb30BaHUS MX JJIsl TPAHCIOPTUPOBKHU BaIller0 OOBEKTA.
OO0O0CHOBATH YTBEPKICHHE.

Onpenenuts, UCXOAsI U3 TPAAUUMOHHBIX NapaMeTpoB mosiekyd Cgo u Cro
BO3MOYKHOCTb UCIIOJIB30BAaHUA Balllero KpUCTAILIa, KaK 3JIEMEHTa (yJIepuia.
CocraBieHue 0T4ETAa 110 TEME.

Tema 12. Keazuxkpucmannwvi. Mozauxku Ilenpoysa.

1.

Hown e

o

HOI[FOTOBKa MaTtcpuajia 1o CaMOCTOATCIIbHBIM pa60TaM AJIAA IIPC3CHTAIUU.

Ilpumep xonmponwvnoii padomuot no memam 1-5 2 cemecmp:
Ilnan:
[Ipoeknus stueiku
Tun pemetku (¢ 000CHOBAHUEM )
Yucno popMynbHBIX enuHuUI (Z)
KooprHamoHHOE Ynci0 U KOOPAUHALIMOHHBIA MHOTOTPAaHHUK (7151
Ka)XJIOTO COpTa aTOMOB)
XapakTep CTPYKTYpHI U THUII CBSI3E1
Onucanue B Tepmunax [TV, ecnu ono Bozmoxkno (ITIIY-nnotHas
IapoBasi yakoBKa)
CTpyKTypHBIH KJ1acc

[Ipumep onucanus



1. Ilpoekuus ssyehKH:

1/2 1/2 1/2

o —o)—® Ol
1/2 (@) (@) 12 * Na

o)—o—(s

172 1/2 12

2. Tun pemieTku: Kyondeckasi rpaHelIeHTPUPOBaHHAS;

¥
XK

000CHOBaHME: HAJTUIUE YETHIPEX MEePECEKAIOITUXCS
oceu 3

w

Yucio popmynbhbix eaunuil: Z = 4 NaCl

4. KoopauHaIlMOHHbBIC YHCIIA U KOOPIUHAIIMOHHBIE MHOTOTPAHHUKH
Na — 6 (oxTasap)
Cl — 6 (oxTasap)

5. XapakTtep CTPYKTYpbl, THII CBSI3€il: TOMOJIeCMUYECKast (MOHOJIUTHAS )
CTPYKTypa C HIOHHBIMH CBSI3SIMU

6. Onucanue B TepmunHax [TV
nonsl Cl~ 00pa3yroT Tpexcnoinyto IV,
WoHbI Na* 3aHMMAOT BCE OKTadAPUIECKUE TyCTOTHI

7. CtpyktypHbii kimacc: Fm3m, Z = 4(m3m; m3m)

IIpome:xxyTouHasi aTTecTALUSA

IIpumepHbBIe BONPOCHI JIsl MOATOTOBKH K K3aMeHY M0 JTUCIHIIHHE
«['eoMeTpHUsi MOJIEKYJI M KPUCTAJJIOB B YHCJIAX))
3 cemecTp

[lepeuncnure BaxHeimue (Hanbdoee MUPOKO PaCIPOCTPAHEHHBIE)
CTPYKTYpHBIE TUIIBI MeTaiuoB. KpaTko oxapakTepusyiiTe 0COOEHHOCTH ATHX
CTPYKTYP.

[IpuBeauTe mprMepbl METAILIOB, CTPYKTYpa KOTOPBIX MPEICTABIAET COOOM
JIBYXCJIOMHYIO TUIOTHEMIIYIO IIAPOBYIO YNIaKOBKY. Kak pacnoyioxeHbl
aTOMBI B DJIEMEHTAPHBIX STUEMKax ATUX MeTauioB? KakoBa KoopAuHaLUs
aTOMOB?



o

10.
11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21,

22,

23.
24,

[IpuBeauTe mpUMepbl METAILIOB, CTPYKTYpa KOTOPBIX MPEICTABIAET COOOM
TPEXCIONHYIO MIIOTHENIIIYIO IIAPOBYIO YIakoBKY. Kak pacrosiokeHbl aTOMBI
B DJIEMEHTApPHBIX siuerikax 3Tux MeTaiioB? KakoBa koopAuHAIMS aTOMOB?
[IpuBenuTe MpUMephl METAIIOB, CTPYKTYpa KOTOPBIX MPE/ICTaBIsAET COO0M
00BEMHOIIEHTPUPOBAHHYIO KYOHYECKYI0 KiIaaKy. Kak pacmoiaoeHbl aTOMbI
B DJIEMEHTApPHBIX siuerikax 3TuX MeTaiioB? KakoBa KkoopAuHAIUS aTOMOB?
HazoBuTe HECKOJIBKO Pa3IMYHBIX TUTIOB AHOMAJTBHBIX KPUCTAJUTHYECKUX
CTPYKTYp MeTaJIOB. [losICHUTE 3T IPUMEPHI.

[TpuBeauTe MpUMEPHI U KPAaTKO OMMUIIUTE CTPOSHUE METAJUIOB, CTPYKTYPHI
KOTOPBIX MPECTABISIOT COO0M NCKAKEHHBIC CTPYKTYPHBIC TUITHI MEHN U
MarHusl.

[IpuBenuTe MpUMEPHI M KPATKO OXaPAKTEPUIYUTE CTPYKTYPHI METAILIOB,
IPEICTaBIIAIONINE COOOM MHOTOCIIONHBIE MJIOTHEHUIIINE IAPOBBIE YITAKOBKHU.
OnummTe 0COOEHHOCTU KPUCTATMYECKUX CTPYKTYP PTYTHU U MOJIOHUS.
UYewm ormpezensieTcst MperouTUTEIbHOE YUCIO KOBAJICHTHBIX CBSI3EH B
KPUCTAJUIMYECKUX CTPYKTYpax HemeTaymioB? [IpuBeaute npumMepsi.

Kakyto cTpyKTypy UMEIOT OTBEp/IEBIIINE HHEPTHBIC ra3bl?

OnummTe 0COOEHHOCTH BBICOKOTEMIIEPATYPHBIX KPUCTATUTHUECKUX
MoauduKkanuii propa u KucIopoa.

Kaxkoe Bugon3mMeHneHne KpUCTaUIMIECKOW CTPYKTYPBI HAOTIOAETCS B PAITY
C|2, Brg, |2?

[lepeuncnure BaxxkHeimme Moaudukanuu cepbl. Kpatko oxapakrepusyiite
UX CTPYKTYpY.

KaxoB xapakTep KpUCTAIUTMIECKUX CTPYKTYP CEPOTO M KPACHOTO celieHa?
Kpatko onummre 0CHOBHBIE OCOOCHHOCTH ITHX CTPYKTYP.

Kaxyto koopimHaIuio UMEIOT aTOMBI B KpUCTAIIIaX TEJUTypa, MBIIIbsKA U
repmanusi? KakoBbl KOOpIMHAIIMOHHBIE YKCIIA U KOOPAMHAIMOHHbBIE
MHOTOTPaHHUKH B 3TUX CTPYKTypax?

OnummmTe CTPYKTYpHBIE 0COOEHHOCTH JIBYX KPUCTAIUTUYECKHUX
Moau(pUKAIIUNA a30Ta.

KaxoB xapaktep cTpykTypsl Oesoro u uepHoro gocdopa? Kpatko onuimmre
OCHOBHBIE OCOOEHHOCTH 3TUX CTPYKTYD.

Kaxkoe Bugon3smMeHneHne KpUCTaUIMIECKOW CTPYKTYPBI HAOTIOIAETCS B PAY
As, Sb, Bi?

CpaBHHTE KPUCTAJUTMYECKUE CTPYKTYPHI TEKCATOHAJILHOTO MBIIIbSIKA U
OpTOrOHAJIBLHOTO YepHoro docdopa.

[TepeuriciuTe U KpaTKO OMMIINUTE BAKHEUIITHE KPUCTATUTHYECKHIE (POPMBI
yriaepoja.

Kpatko onummmte 0cOOEHHOCTH KPUCTATUIMUECKUX CTPYKTYP KPEMHUS,
TepMaHMsl U 0JI0Ba.

Kpatko onummure KpuCTAITUYECKYIO CTPYKTYPY OJHOM U3 TETPArOHAIBHBIX
Moudukamnmii 6opa (B-50). YkaxuTe KoopAuHAIIMOHHBIC YUCTIA U
MHOTOTPAaHHHUKH aTOMOB 00pa B 3TOHM CTPYKTYypE.

OnummmTe 0COOCHHOCTH KPUCTATUTHUECKOU CTPYKTYPHI TaJUIHS.

HazoBuTe 1 KpaTKo OMUIINTE HHTEPMETAJUTHIBI, TTOJJOOHBIE MEH, MATHUIO,
OL-)KEeTIe3y.



MakeT 3K3aMeHAIMOHHOr0 OMUJIeTa IO JAUCHHUIJINHE
«I"eoMeTpus MOJIEKY U KPUCTAJJIOB B YHCJIAX)»
3 cemecTp

1. Jledextsr kpuctamioB, Tumbl gedexroB. Mcmonb3zoBanue nedeKTOB Uis
MOJIyYEHHUS] MaTEPUATIOB C 33JaHHBIMU CBOMCTBAMU

2. IlpoctpancTBeHHbIe Tpynmnbl CUHTOHUN. COOTHOIIEHHE C 3JIEMEHTaPHBIMU
syerikamu bpase

3. Paccuurarp mapamerpsl kpuctasmuyeckon stueiiku Ceo ecim anmuHa cBsizu C-C
coctaBiuser 1,44 A, a Ban-nep-Baanscos paguyc Beeit Monekyisl 5,25 A;

IIIkaJjia 1 KPUTEPHHU BHICTABJIEHHS OI[€HOK 32 TUCHHILJIMHY:

[lIxkama ©  KpUTEpPUH  BBICTABICHUA  OICHOK  «OTJIMYHO»,  «XOPOIIOY,
«YIOBJIETBOPUTEIBLHO» U «HEYAOBJICTBOPUTEIIHLHO» OINUCAHBI B JIOKAJILHOMN
HOPMATUBHOM JOKYMEHTAllMM TBEpPCKOro TOCYJapCTBEHHOTO YHHUBEPCUTETA
(ITonoxenue o pelTUHTOBOM  cucteme oOydeHus cryaeHToB TBIY).
[TonoxutenbHasi OLIEHKA MOXKET OBITh BBICTABJICHA TOJBKO B TOM cCllydae, €Cliu
BBITIOJTHEHBI BCE UHIUKATOPHI.

V. Y4eOHO-MeTOAMYECKOE U MH(OPMAIITUOHHOE OOecTniedeHne JUCIUILTUHbI

1) Pexomenayemasi iuTeparypa

a) OcHogHas tumepamypa:

1. IlyraueB, B.M. Kpucrammoxumus: yueOHOoe mnocobue / B.M. Ilyraues. -
KemepoBo : KemepoBckuli rocynapctBeHHbii yHuBepeutet, 2013. - 104 c. -
ISBN 978-5-8353-1322-8 ; To ke [DnekTpoHHbIN pecypc]. - Pesxxum nocrymna:
http://biblioclub.ru/index.php?page=book&id=232461

0) /lononnumenvnas tumepamypa:

1. ¥pycos B.C., Epémun H.H. Kpucrannoxumus. Kparkuit Kypc. MI'Y, 2010, 256
c. Pexxum moctyma: http://www.iprbookshop.ru/13343.html

2. Ctpoenue BemiecTBa. CTpoeHHE KPUCTAIIOB [ DJIEKTPOHHBINA pecypc] : yueOHoe

nocooue / A.M. T'onyGeB [u np.]. — DIEKTPOH. TEKCTOBbIE JaHHBIE. — M. :
MOCKOBCKHMI TOCYyZapCTBEHHBIM TEXHUYECKUM YHUBEpCUTET uMeHu H.O.
baymana, 2010. — 36 c¢. — 2227-8397. — Pexum nocryma:

http://www.iprbookshop.ru/31270.html

3. KynpusinoB M.®., Pynckas A.I'., Kodpanosa H.b., Kabupos FO.B., Pazymnas
A.T". CoBpemeHHbIE METOABI CTPYKTYpPHOTO aHain3a BemectB. FODY. 2009. 288
c. Pexxum ngoctyna: http://www.iprbookshop.ru/47135.html

4. benos H.I1. OcHoBsl kpuctawtorpaduu u kpuctamiodusuku. Yacts . BBenenue
B TEOPHUIO0 CHMMETPUH KPUCTAIOB [ DIIEKTPOHHBIN pecypc|: yueOHoe mocodue /
H.II. benos, O.K. ITokomniesa, A./l. SIcbKOB. — DJIEKTPOH. TEKCTOBBIE TAHHBIE.
— CII6. : Yuupepcuter UTMO, 2009. — 45 c. — 2227-8397. — Pexum
nocryma: http://www.iprbookshop.ru/67480.html

5. Crpoenue BemectBa. CTpoeHHE KPUCTALIOB [DJIEKTPOHHBIN pecypc] : yueo.
nocobue / mox pea. K.H. MoxoBa. — DnekTpoH. gaH. — Mocksa : MI'TY um.



http://biblioclub.ru/index.php?page=book&id=232461
http://www.iprbookshop.ru/13343.html
http://www.iprbookshop.ru/31270.html
http://www.iprbookshop.ru/47135.html
http://www.iprbookshop.ru/67480.html

H.O. baymana, 2010. — 35 C. —  Pexum  pocryma:
https://e.lanbook.com/book/52473

2) IIporpamMmmHoe odecrie4eHue

a) JIneH3noHHoOe MporpaMMHOE 00ECTICUeHNE:

e Microsoft Office npodeccrnonanbuspiii mmroc 2013

e Microsoft Windows 10 Enterprise

e HyperChem

6) CBOOOIHO pacnpocTpaHsIeMoe MPOrpaMMHOE OOeCTICUeHHE
e (Google Chrome
e ISIS Draw 2.4 Standalone
e MarvinSketch 5.2.4

3) CoBpemMeHHbBIE MPO(ecCHOHAILHBIE 0a3bI TAHHBIX M HH(POPMALIMOHHbIE
CIIPABOYHbIC CUCTEMbI
e DBEC «ZNANIUM.COM» www.znanium.com;
e JBC «YuuBepcurerckasi 6udaunorexa onnaiin» https://biblioclub.ru/;
e DBC «Jauw» http://e.lanbook.com

4) TIlepeyeHb pecypcoB HWH(POPMAIMOHHO-TEJEKOMMYHUKAIMOHHOW CEeTH «
HNHuTepHeD), HE00XOAMMBIX /11 0CBOCHHS TUCHUILIUHBI

1. BupryanbHast oopazoBatensHas cpena TBI'Y (http://moodle.tversu.ru)

2. Hayunas oubmmoteka TeI'Y (http://library.tversu.ru)

3. Caiir o xumuu (http://www.xumuk.ru/)

4. Caiit xumuueckoro gakynbrera MI'Y
(http://www.chem.msu.ru/rus/teaching/phys.html)

V1. Metoanyeckue MaTepuaibl J1J1s 00y4aIOUIUXCS 110 OCBOEHHUIO THCIMILIHHBI
3aaHuA ¥ KOHTPOJIb CAMOCTOSITE/IbHON padoThI

[Tepen kaxIpIM MPAKTUYECKUM 3aHITHEM HEOOXO0IMMa CaMOCTOsATEIbHAs paboTa 1o
HOJIFOTOBKE K €ro BBHIIOJHEHUIO [0 HHIMBUAYyadbHBIM TeMmaM. [l sToro
MarucTpaHTy MpeiaraloTcs OOBEKThI, paboTa ¢ KOTOPHIMH JAacT HEOOXOIWMBII
MaTepuai ais paboT ¢ TeMamu. [laHHBIE, KOTOpBIE OYIyT MOITYYEHBbI B pE3yJIbTaTe
BBIMIOJIHEHUsSI TeM, OyAyT MHCIONb30BaHbl B IMpakTHUYEeCKUX paborax. Bcee
NpaKTHYeCKHe PadOThI, HE BHITIOJHEHHBIC B ayJUTOPHBIC YaChl 3aHITHMA, TaK ke
OCTalOTCS B KQUeCTBE TOMaIHero 3aaanus. CpokK BHITIOTHEHHS — ABE HEEIH, ITOCIIe
4Yero MakCUMaJIbHOE KOJIMUECTBO OAJIJIOB 32 COOTBETCTBYIOIIEE 3a/IaHUE CHUKAETCS
B J[Ba pa3a.

MarucTtpant MOXET BbIOpaTh Apyroil 0ObEeKT OoJiee ONM3KHUIA K CBOEH HaydHOU

paboTe mocJie coriacoBaHms ¢ MPEnoaBaTeIeM JUCIUTUIHHBL.

VIl. MaTepuanbHo-TeXHU4YECKOe o0ecrieyeHne


https://e.lanbook.com/book/52473
http://www.znanium.com/
https://biblioclub.ru/
http://e.lanbook.com/
http://moodle.tversu.ru/
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http://www.xumuk.ru/
http://www.chem.msu.ru/rus/teaching/phys.html

s aynuTopHOM paboThI

Aynutopus kadeapsr

¢dbuzmveckoit xumun. Ne 410,
170002, Tepckast o011, T.
TBepb, nep. CanoBblii, 1.

35

Aynuropus kadenpsl

¢busnueckoit xumuu. Ne 408,
170002, TBepckas o001, T.
TBeps, nep. CanoBsiid, 1.

35

HcTounuk Gecriepe0OHOr0 MUTaHus
ipponSMARTPOWERPRO 1400, npunatep HPLS 6,
KOMITBIOTEPBI, CTOJIBI, CTYJIbs, TOCKa ydeOHast

MS Office 365 pro plus — Akt npuema-niepeaun Ne 369 ot 21
nronst 2017,

MS Windows 10 Enterprise — Akt npuema-niepeaun Ne 369 ot
21 mrons 2017,

Google Chrome — 6ecrunataoe IT10.

Origin 8.1 Sr2 norosop Ne13918/M4 ot 24.09.2009 ¢ 3A0
«CodrJlaitn Tpeiiny;

ISIS Draw 2.4 Standalone — 6ecraruoe 10
Y®-cnekrpomerp Specord-VIS M40, UK-ciekrpomeTp
Specord-M75, nabopaTopHblii HOTOIIEKTPHUSCKHIA
adcoprmometp-uedenomerp JIMD-69, pedpakromerp UPD-
454 B2M, apeomeTpsl, criekrpodorometp [TpomIkoJlad 13-
5400B, ananu3zarop BosbTamnepomerpuueckuiit AKB-07MK,
MarHMTHbIE MELIAJIKH, JAOOPATOPHBIN KOHAYKTOMETP AHUOH
4120, Becwl ananuTuyeckue gadoparopusie BJI-120 u BK-600,
BeChl TexHUYecKkue nadoparopusie BJITD-1100, quctumistop
UD-1100, cymunbHbI# mKad, BHITSKHON MIKad,
MOTEHIIOMETP TOCTOSTHHOTO TOKa, 0apoMeTp aHepOuI,
anekTpuyeckas mmrtka, pH-metpst 410, cranmonapHbIi
mytHoMeTp HACH 2100NIS, mabGopaTopHbie CTOIBI, CTYIbS,
nabopaTtopHas XuMU4ecKast IoCy/1a, pEaKTUBBI, Tocka yueOHas
MS Office 365 pro plus — Akt npuema-niepeaun Ne 369 ot 21
utois 2017

VIIl. Cenenusi 00 00HOBJIeHHH padoyeii MPOrpaMMbl JMCITUILTHHBI

Nen OOHOBIIEHHBIH Onuncanne BHECEHHBIX PexBu3uTHI TOKYMEHTA,
- pasznen paboueii M3MEHEHUI YTBEPIMBIIETO
MIPOrpaMMBbI M3MEHEHUS
JTACHUATUINHEI
1. Paznen I11. O6pem OTKOPPEKTUPOBAHEI aKaJJeMHUYCCKIEC IpoTokon Nel1 ot 28.04.21r.
JIACLIUTUIAHBL. Yachl JICKIMI U MPaKTUYECKUX 3aHATUI | 3acelaHus yYSHOTO COBeTa

corylacHO yueOHOMY Tutany Ha 2021- XUMHUKO-TEXHOJOTUYECKOTO
2022 yu. rog ¢daxynpTeTa

2.




