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JIMCT aKkTyaJm3anuu

Buzuposanue PIIJI nis ucnoiHeHusi B ouepeHoM yueOHOM roay

IIpencemarens MK
20 T

Pabouvas nporpamma nepecMoTpeHa, 00CyXIeHa U 0100peHa ISt
ucnonHeHus B 2022-2023 yue6HOM roy Ha 3aceTaHUH Kaeapsl

IIpoTokom ot ___ 20 r. Ne
3aB. kadenpoit

Busuposanue PII/I 1is1 MClIOJIHEHHMS B 0YepeJHOM Y4eOHOM roay

IIpencenarens MK
20 r.

Pabouas mporpamma nepecMoTpeHa, o0cykieHa u ogo0peHa ass
ucnonHenus B 2023-2024 yueOHOM roy Ha 3aceaHuu Kadeapsl

[Iporokon ot 20 . Ne
3aB. kadeapoit

BusupoBanue PII/] 1Jis1 MCIIOJIHEHHSI B 0UePETHOM YUeOHOM Toy

IIpencenarens MK
20 T.

Pabouas mporpamMmmMa nepecMoTpeHa, 00CyXIeHa U 0JJo0OpeHa s
ucnonaeHus B 2024-2025 yueObHOM roay Ha 3acegaHuu Kadempbl

IIpotokon or 20 1. Ne
3aB. kaenpoit

Busuposanue PIL/I nist ncnoJiHeHUsI B 04epeiHOM y4eOHOM roay

IIpencenarens MK
20 T.

Pabouas mporpamma nepecMoTpeHa, o0cyx/ieHa 1 0JJ0OpeHa Juis
ucrionHenus B 2025-2026 yueOHOM roy Ha 3aceaHuy KadeIpbl

IIpoTokom ot 20 1. Ne
3aB. kadeapoit



1. Mecto aucuumimnsbl B ctpykrype OITIOIT
Hucuunimna «Kpucramioxumus» oTHOCUTCS K BapuaTuBHOM yactu biioka 1 OIIOII no

HarnpasieHuto noarotoBku 04.03.01 «Xumusi» (b1.B.04), sBnsiercs 00si3aTeabHON 111 OCBOEHUS
CTYJCHTaMU O4HOI (OopMbI 00yUEHHUS HA IEPBOM IOy 00ydeHus BO 2 CEMECTpe.

Teopernueckoit 6a30i, HEOOXOIUMOM JUIsI YCIIEUIHOTO OCBOCHHUSI Kypca KPUCTAIOXUMHH,

SIBJISIFOTCSL:
1. Kypcbl xumuu, MaTeMaTUKd U (U3MKH, TPENoJaBacMble B CPEIHHX 00IIe00pa3oBaTeIbHBIX
IIKOJIaX UM B CPEAHUX CHEIHATbHBIX YUYEOHBIX 3aBEICHUSIX XUMUUECKOTO MPOouIs.
2. Kypc cTpoenust BelecTBa M pas3/edl aHAIMTHUUECKONM TreoMeTpuM (YacTh Kypca BbICHIEH
MaTeMaTHKH), MPErnojaBaeMble B MEPBOM CEMECTpE MEPBOr0 Kypca Ha XMMHYECKOM (pakynbTeTe
HHI'Y.
Jucuunnmza «Kpucramioxumus» SBISIETCS OCHOBOM [UIsl JalbHEHIIEro YCIELIHOTO OCBOEHUS
crynentamu aucuuiuinH «Heopranuueckas xumus», «KBantoBas xumus», «DU3WUECKUe METOJIbI
UCCIIEIOBAHMS», TAKXKe MUCHUIUIMH CIeNUaIn3anuu no npoduio mnoarotoBku «Heopranuueckas
XUMUS» W BBIOJTHCHHS HayIHO-HCCIenoBaTelbckoid padbotel (HMP), kypcoBol © BBITYCKHOU
KBaTM(UKAITMOHHON PabOTHI.

2. Tlmanupyembie pe3yabTaThl 00y4eHHUsI M0 JUCHUIJINHE, COOTHECEHHBIE ¢ IUIAHNPYEMBIMH
pe3yJibTaTaMU 0CBOEHHsSI 00Pa30BaTeIbHOI MPOrpaMMbl (KOMIIETEHIIUSIMU M MHAUKATOPAMH
AOCTHKEHUs] KOMIIeTEHIIN )

Ilnanupyembie pe3yJbTaThbl 00y4eHHs 10 AUCLHMILJIMHE HaumeHoBaHue
(MoayJ110), B COOTBETCTBUHU ¢ HHAMKATOPOM J0CTHKEHUS OIIEHOYHOT0
DopmupyembIe KOMIIeTeHLNH cpelacTBa
KoMIeTeHIHHA HNugukarop Pe3yabTarbl 00yyenust
(xoz, conepxanne JOCTHKEHHUS 10 AUCHUILIHHE® *
KOMIICTCHIIHH) KOMIIeTeHIMH ™
(xon, conepxaHue
WHANKATOPA)
OIIK-1 Cnoco6en | OIIK-1.1. Brademp ane0pummom CocmaeieHus VYcTHbIit orpoc,
AHAJM3UPOBATh U CI/ICTeMaTI/I3I/IpyeT u npueodwwozo npedcmaeﬂelme 8 KOHTpPOJIbHaA
preperiponar, | WY | oo et | s e
pE3YIBTaThI pesyIIbTATH Ilf)zpedcmaeﬂel-tuﬂ . i
UMIHECKIX XUMUYECKHUX
SKCICPUMCHTOB, Vmemo HAX00UMs d1eMEHMbl CUMMEMPUL
SKCIIEPUMEHTOB, HaGEOIEHHA, y
N IDOCPAHCMBEHHBIX — 2€0MEeMPUYEcKUX
HAOJO/ICHHH 1 M3MEPCHUH, & TAKKE | dhuzyp u  morekyr; xapakmepuzosams
U3MEPEHUI PE3YJIbTAThI KpUCMaiil no e2o @ueuirel gpopme,
pacyeToB  CBOWCTB | npumeHsimv meopemvbl O  COYEmaHuu
BEIIECTB U | 3aKpbImuIX 271eMEHMOo8 CUMMempuu Oisl
MaTepHalnoB noucka NPOU3BOOHbIX I1EMEHMO8
cumMmempuu,
3name  9nemMenmul U onepayuu
CUMMempuu Henepuooudeckux gueyp,
Munvl Kpucmainuieckux peuwiemox bpaegs.




OIIK-1.2. Bradems nasvixamu onpedenenuss moueuHuvix
Ipennaraer 2PYIN CUMMEMPUU MOLEKY.
MHTCPIPCTALIIIO Ymems evinonname unmepnpemayuio
pe3yJbTaToB NOMYUEHHO20 PA3LONCEHUS NPUBOOUMO20
COOCTBCHHBIX npeocmasie s Ha Henpusooumble.
OKCIICPUMCEHTOB n
pacueTHo- 3Hamo eHewHUY 8UO U HA38AHUE NPOCTIbIX
TEOPETUYECKUX opat Kkpucmazos.
paboT C
HUCII0JIb30BaHHUEM
TCOPCTUICCKHUX
OCHOB
TpaaAUIIUOHHBIX u
HOBBIX pas3acioB
XUMHUHN
OIIK-1.3. Brademw nasvikamu onucanus snemeHmapHou
dopmypyer AuelKu KpUcmaiia Etcxor)ﬂ u3 0003HaAYeHUs.
3K TIOUCH IS 4 | MPOCMpancmeenHot epynnbl.
BbIBO/IbI HO | Vmems onpedensmo mun cubpuousayuu
pe3yjbTatam YEeHMPATbHO20 AMOMA, YUCTO HOPMATIbHBIX
aHan3a KONebanus u 803MONCHOCHb INEKMPOHHO20
JINTEPATYPHBIX nepexooa, noiv3ysach maoauyamu
JAHHBIX, Xapakmepog modeunvix epynn,
COOCTBEHHBIX 3namo ocHoHbIE NOHAMUS 2C0MEMPUHECKOTE
OKCHEPUMECHTAIBHBIX | kpucmannoepaguu, cucmemy 0603HaueHull
" PaCUYETHO- | MoUueuHblx 2pynn no Lliénghnucy, l'epmany-
TEOPETHUYECKHX Moeeny, cucmemamury KpUCmaniiuiecKux
paGoT  XMMUUECKOiH ig?gg;ﬁyp 1O CUHEOHUAM, KAMe2opusm u
HAIpaBJICHHOCTH
OIIK-6 CoocooeH OIIK-6.1. Brademw nasvikamu nocmpoenus YceTHBIi ompoc,
Npe/ICTABIIATS [pexcrasiser cmepeozpaguyecKux npoeKyuil S1emMeHmos KOHTPOJILHAS

pe3yIbTaThl CBOCH
paboThI B yCTHOW U
MUCbMEHHOHN (hopme
B COOTBETCTBHU C
HOPMaMH H
MpaBUIIaMH,
IIPUHATBIMUA B
poecCHoHaTLHOM
cooO01IIeCTBe

pe3yabTaThl pabOThI
B BHJE OTYeTa IO
CTaHJapTHOU (opme
Ha PYCCKOM SI3BIKE

CUMMEMPUYU NPOCMBIX POPM KPUCMAILIOS.

Ymemow epagpuueckum cnocobom
u306padcamy d1eMeHmbl CUMMempuu

3namo cnocobwr 0bo3HaUEHUS INEMEHMOE
CUMMEMPUU HA PUCYHKAX, YEPMeNCax U
NPOEKYUSIX.

OIIK-6-2.
Ilpencrasnsier
UHPOPMAITUIO
XUMHAYECKOTO
COJIEp)KaHUS C yUETOM
TpeOOoBaHMIA
oubnmorpaduieckon
KYJIBTYPbI

Braoemu Hagblkamu ONUCAHUS MOYEYHBIX U
NPOCMPAHCMBEHHBIX 2PYNN 8 COOMBEMCMEUU
€ MeACOYHAPOOHOU CUMBOTUKOU

Ymemv pabomame ¢ mesncoynapoonvimu
KpUCMALI0Spaguieckumu mabauyamu

3uame ocnosmwie mpebosanus
oubuoepaghurecko2o onucanus
JUMEPATYPHBIX UCMOYHUKOS.

pabora, SK3aMeH




OIIK-6.3.
IIpencrasnsier

Ha pyccKoM

COOTBETCTBHH
HOpMaMH
IIPaBUIIaMH,
IPHUHATHIMH
XUMHUYECKOM
Co00IIIeCTBE

AHTJIMMCKOM SI3BIKE

pe3yabTaThl pabOTHl B
BUJIE TE3UCOB JOKJIaga

u

B
(¢
nu

Brademv ocHo8HbIMU NOHAMUAMU U
onpe()efzemeu Kpucmailoxumuu

Ymemso cpamomno u nocned08amenbHo
usnazams mamepuain.

3uame cmpykxmypy, ucnoib3yemyio npu
COCMABNeHUU HAYYHO20 MeKCmda

OIIK-6.4.
paboThI

pyccKoM

AHTIIMHACKOM SI3BIKaX

T'oToBUT
MPE3EHTALMIO 110 TEME

u

MmpeaACTaBJIACT €€ Ha

u

Bradems nasvixamu pabomovi ¢ COBPEMEHHbIM
KOMNBIOMEPHBIM NPOSPAMMHBIM
obecneuenuem.

Ymemv nacnsaono npedcmaensimo
meopemuieckuti Mamepuar

3namv mexcoynapooHnoe 0603HaueHue
INEMEHMOB CUMMEMPUL, MOYEYHBIX SPYNN
cumMmMempuu.

3. CTpyKTypa U coaep:kaHue TUCHUTLTHHBI

3.1 TpynoeMKOCTb TUCHUNJIMHBI

o4Hasi popMa | OYHO-3204YHAA | 3204YHAaS
o0y4eHusn ¢popma ¢popma
o0y4eHuUs o0y4eHUs
OO0masi Tpy10€eMKOCTh __ 4 ___ 4 ___3ET
Yacos 1o y4eOHOMY IIaHY 144 144
B TOM 4HcJjIe
ayIMTOPHBIE 3aHATUS (KOHTAKTHAS 50 50
padora):
- 3aHATHSA JIEKIIHOHHOI0 THIIA
- 3aHATHS CEMMHAPCKOI0 THIIA
caMoCTosITeJIbHAasi padoTa 58 58
IIpomMe:xxyTouHasi aTTecTaAIUsA — 36 36
IK3aMeH




3.2. ConeprxaHye TUCIUILINHEI

Tema 1. [lonsiTHE 0 KPUCTANIMYECKOM COCTOSTHUM.

[lonsiTE O KPUCTAJTIMYECKOM COCTOSIHUMM BeunlecTBa. [lepMoauYHOCTD KPUCTAIUIMYECKHUX
cTpyKTyp. CuMMeTpusl U JaJIbHUN NOPSAJOK. AHU30TPONUS CBOMCTB KpucTasIoB. OCHOBHBIE IOHSTHS
U OIpEeeNIeHHs KpUCTAIUIOrpadun U KpUCTAJUIOXUMUH.

Tema 2. CuMmMeTpHsl HellepHOANYECKUX (PUTYP M ee OIIMCAHME C MO3MLMII TEOPUM IPYIIIL.

3aKpbITBIE W OTKPBITHIE OINEpalMyd CHUMMETPUHM. OJIEMEHTBl W OIEpalud CHUMMETPUU
Henepuoanueckux ¢uryp u ux obosHaueHus. llpeobGpazoBanue upeHTHUHOCTH. [IOBOPOTHBIE OCH.
[Topssnox noBopoTHOM ocu. LleHTp cummerpum u onepauus uHBepcuH. I[lmockocTe cummeTpun.
['opu3oHTanbpHbIE, BEPTUKAIBHBIE U IUArOHAIbHBIE IIJIOCKOCTU CUMMETPHUH. 3€pKaJIbHO-TIOBOPOTHBIE
ocu. IloBopoTHO-uHBepcHOHHBIE Ocu. COOTBETCTBHE TOPSAAKOB 3€PKAIBHO-IIOBOPOTHBIX U
IOBOPOTHO-MHBEPCUOHHBIX oceld. [IpaBuiia opueHTanmuu GUrypsl B IpOCTPAHCTBE.

Toueunsle rpynnsl cumMmerpud. [lonatue rpynnsl cumMerpun. Cynepnosuuust onepanui.
OOpatHas onepanus. KoMMyTaTHBHOCT, M acCOIMATHBHOCTH OIEpamuii cuMMmeTpuu. Tabmuma
rpynnoBsoro ymHo)keHus. llomartme mnoarpymmel. Teopembl O COYETaHMM 3aKpBITBIX ONEpaLUil
CUMMETpUU. XapaKTepUCTUKAa BAXKHEHIIMX TOYEYHBIX rpynn cuMMerpuu. Cuctema 0003HaYEHMI
toueuHblx rpynn no Ilendnucy. OTHOCUTENbHOE NOJOKEHHE 3aJAl0IUX 3JIEMEHTOB CUMMETPHU
Henepuoanueckux ¢uryp. Meroanka OTHECEHHs] (QUTyp, NMPEIMETOB W MOJEKYJI K TOYEUHBIM
rpynnam cummerpun. Mzomopdusm u romomopdusm rpymnn. Ilonarue mnoxarpymmel. Teopema
Jlarpamxa. [IpeoOpa3oBanue momoowus. [loHsTHE COMpsKEHHOTO 31eMeHTa. Kitacchl compshKeHHBIX
JJIEMEHTOB.

[IpencraBnenust rpymnn. MarpuyHoe NpeacTaBlI€HHUE ONepaluil CUMMETpUM B Oasuce
JIEKapTOBOM cucTeMbl KoopauHatr. Pa3smepHocTs mpexncrasieHus. lIpuBogumble W HENPUBOAMMBIE
MpeACTaBICHHs. XapakTepsl MpeacTaBieHuil. O003HaYeHHE HENMPHUBOJUMBIX TPEICTABICHUM 10
Mannukeny. Tabmuisl XapakTepoB HEMPHUBOAMMBIX HpezcTaBieHuid. CBoicTBa HENPUBOIUMBIX
npeacTaBieHuil. Pasnoxkenue nNpUBOAMMBIX MPEACTABICHUM Ha HenpuBoiuMele. IIpumeHeHune
Jpyrux 0a3ucoB AJS MPEJCTAaBICHUN JUIs ONMUCAHUS CBOMCTB BEILECTB, ONPEAEIIEMbIX CUMMETpUEH.
Haxoxaenue 3HaueHuil XxapakTepoB MpeJCcTaBlIeHU B BeIOpaHHOM Oasuce. llpsimoe mpousBeneHue
XapaKTepOB MPEACTABICHUN.

[IpumeHeHue TeOpUH TPyl JUIsl XapaKTEPUCTUKU CTPOEHHUS U CBOMCTB BellecTB. OTHeceHue
aTOMHBIX opOMTaNell K HEMPUBOJIUMBIM IpeJICTaBlIeHUAM Tpynn. OnpeaeneHue Tua ruOpuIu3aium
aTOMHBIX opOutaneil. OnucaHue CTPOEHHUS KOOPAWHALMOHHBIX COEAMHEHMH C TO3UIHMM Teopuu
KpHUcTaimuueckoro nois. [Ipeackazanue OTHOCHTENBHOIO PaclOIOKEHUS] aTOMHBIX opOuTaneil mo
BEJIMYMHE HMX OHHEPruu B II0JI€ JIMTAHJOB pa3iaudHoil cummerpuu. OnpeneieHue CUMMETPUU
HOPMAaJIbHBIX KOJIEOaHUH, YUCIIa XapaKTePUCTUUECKUX YacTOT M aKTMBHOCTU KOJIEOATENbHBIX MOJ B
HK n KP cnekrpax. IIpenckazanne BEpOSTHOCTH 3JEKTPOHHBIX IEPEXOJIOB B MOJEKyJIaxX M MOHAX
MEXy COCTOSIHUSIMHU 3ajaHHON CUMMETpHUH. [IoHsITHE SKBUBAIEHTHOCTH aTOMOB, BBIIEICHHUE TPy
SKBUBAJICHTHBIX aTOMOB. ACHMMETPHYHbIE U JUCCUMMETpPUYHbIE MOJeKybl. [Ipenckazanue
ONTUYECKON aKTHBHOCTH BELIECTB C MO3MLIMKA cuMMeTpuu. [IpenckazaHue QUIOIBHOTO MOMEHTA C
MO3UIUI CUMMETPHUH YaCTHIIbL.

Tema 3. CumMeTpusi BHemHell (popMBbI KpUCTAJLIA.

[TonsTe m3odapa u komMOMHauuMu H3031poB. Ilpocras dopma kpucramia. OTKpbITEIE U
3aKphIThie MpocThie (opmbl. Onucanue H303ApoB. MoHO3Ap U Audapbl. [Ipu3mbl, nupamuisl,
qunupaMubl. Tpamenosapel, CKaneHodIpbl. TeTpasnpsl, TeKcadapbl U HpocThie (GOPMBI Ha HX
ocHoBe. PomOoaapel. [logekasnpel. Ompenenenue Buaa u3031pa mo ero mojenud. O6o3HaueHue
IUIOCKOCTH M303/ipa. 3aBUCHUMOCTh H303]lpa OT TpYMIbl CUMMETPUHM BHEUIHEH (opmbl U BbIOOpa
rpanu. ['onosapuueckue, TeMUdIpUUECKUE, TETAPTOIIPHUECKUE U OTI03IPUUYECKHIE TPOCTHIE (POPMBI.

Cucremartuka BHemrHed ¢opMbl KpucTawia. [loHsTHe KpucTamiorpaguyeckoro Kiacca ¢
no3uLuii BHeMHeN GopMmel kpuctaiuia. O0beJUHEHNE KPUCTALIOrpahUIECKUX KIACCOB B CUHTOHUH,
KaTerOpuu M KJIAcChl KJIAcCOB. XapaKTEPHCTUKAa KpucCTaulorpadguueckux kiaccoB. Haszpanue
KJaccoB, GopMmyasl cuMmMmeTpun 1o I'pory, obOo3nauenue kinaccoB mo Illendnucy u I'epmany-
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Moreny. OtHeceHne MOAENM H303Apa K KilaccaM M CHHTOHMSAM. ENWHWYHBIE M IOJISpHBIE
HaIlpaBJICHUsS B KPUCTAJLJIAX.

[Ipumenenne mnpoekuuii B Kpuctauiorpadguu. HM3o0paxkeHue 3JIEMEHTOB CHUMMETPUU
KpHUCTa/sla Ha CTepeorpauuecKux MPOeKUUsX. YCIOBHbIE 0003HAuEHHs Ha CTEpeorpapuuecKux
npoekuusax. Vzo0paxxeHue rpaHeil Kpucrajia Ha THOMOcTepeorpapuueckoi npoekuuu. MeTtoauka
IIOCTPOEHUSI U uTeHMs npoekuuid. [locTpoenne mpoekuuii mo mMozaensaM KpuctamuioB. OnpezneneHue
IPOCTOH (OPMBI KpUCTAILIA IO €r0 THOMOCTEpeorpahpuueckon IpOeKIHH.

Tema 4. BHyTpeHHee cCTpoeHHe KPHCTAJLIA.

OcHoBHble noHATUA U onpexaeneHus. Kpucrammmdeckas pemrerka. JIeMEHTapHbIe PELIeTKU
BbpaBs u npuHIMIbl UX BeIOOpa. THUIBI AIEMEHTAPHBIX PeHIeTOK. UMCI0 YacTHIl, TPUXOISIIIUXCS Ha
OJHYy DJIEMEHTapHyl pemerky. OrHeceHue pemeTok bpaB» k cuHronusm. I'eomerpudeckue
IapaMeTpsl AIEMEHTAPHbIX SYEEK 3aJaHHONM CUHTOHHH.

[Tonsstue Tpancmsauuu. OrpaHWYeHMs, HAKIAAbIBAEMbIC TpaHCIALMEH, HAa IOPIOK
BO3MOXKHBIX OCEH CHUMMETpuU. B3aumMopelcTBue TpPAHCIKILIMM C 3aKpBITBIMHA  ONEpALUsAMU
CUMMETpPUHU. DJIEMEHTbl CUMMETPUU KPUCTAJUIMYECKUX CTPYKTYp. BUHTOBBIE OcH M X 0003HAUEHMUS.
[110CcKOCTH CKONB3ALIETO OTPAKEHUS M UX Pa3HOBUIHOCTU. OG03HAUEHUE IIIOCKOCTEN CKOJIb3AIIETr0
OTpa’KECHUS.

[IpoctpancTBeHHble Tpynmbl cuMMmeTpur. (OO003HAUYEHUS TMPOCTPAHCTBEHHOW TPYIIIHL
ITopsinok cienoBaHus 331al0UIUX 3JIEMEHTOB CHMMETPUH B 0003HAYEHUSX IPOCTPAHCTBEHHBIX IPYIII
3aaHHOM  cMHroHMM. HaxokneHwe  TO4Ye4yHOM  Ipynmbl, COOTBETCTBYIOLIEH  3aJaHHOU
IIpOCTpaHCTBEHHOM rpynne. ['paduku npocTpaHCTBeHHBIX Tpyni. [IpaBuabHbIE CHCTEMBI TOUEK.

Kpucrannorpadpuueckue napamerpsl U uHaekcbl. MHaekcesl y3na. HanpaBinenue psjga y3ios.
Muanexcel ceMelicTBa INIOCKOCTEMN.

Tema S. MeToabl N01y4eHHs MOHOKPHCTAJLIOB.

[TonsiTue MoHOkpucTauia. llomydyeHue MOHOKPUCTAIIIOB M3 paciuiaBa. TUrenbHbIE U
OecturenbHble MeToAbl. HampaBieHHas KpucTamin3aluus U 30HHas IuiaBka. Meronabl bpumxmena-
Croxbaprepa, UYoxpanbckoro, Bepneiina. IlosyueHne MOHOKPHCTAZIOB U3  PacTBOPOB.
I'unporepmanbhblil MetoA. IlonydeHrne MOHOKpHCTAUIOB U3 HapoBoil ¢a3el. Meron Ban-Apkens u
He-bypa.

Tema 6. PeannbHble KpUCTALIBI M 1eeKThI B HUX.

Toveunsle aedekTbl KpUCTaoB: BakaHcHM (nedexTtsl Ppenkens, nedextsl [loTTkH,
IIPUMECHBIN aTOM BHEIPEHHUs, NMPUMECHBIH aTOM 3amelleHus1). JInHeliHble U 00beMHbIE 1€(EKTHI.
Jluciaokaluu BUHTOBbIE M KpaeBble. BHemIHAA rpaHuia kpucramia kak nedekrt. Hekpucramiyeckue
BellecTBa. AMop(HbIE U cTeKI1000pa3Hble BelecTBa. HaHopa3MepHbIe BelecTsa.

Tema 7. Kpucramioxumuieckoe CTpOCHHE BEIECTB.

Kpucrannoxumuueckoe nomoodbue. Xapaktepuctuka BakHeHmmx cTpyktyp AX, AXz, AXs,
AXO3. KoopanHaIMOHHBIH MOIKUAAP U KOOPAUHAIIMOHHOE YUCIIO.

®dakTophl, OINpeAeNsIoue CTPYKTypy Kpuctamia. ['eomerpuueckue (akrtopsl. Pamuychbl
aToMOB M MOHOB. IlnoTHelmuye ynmakoBku. ATOMHbIE (akTOpbl. DIeKTpoHHOEe cTpoeHue. [Ipupona
XUMHUYECKOH CBA3U Mexay aTromamu. [lomsapusyeMocTs.

OCHOBHBIE ~ KAaTE€TOPUM KPUCTALIOXMMUU. MopdoTponus, CTpYKTypHass TOMOJOIHS,
MOJIMMOP(U3M U MONUTUTINS, U3OMOPHU3M.

Tema 8. MeToabl n3y4eHusi KpUCTALIOB.

MeTo/bp1, OCHOBaHHBIE Ha MCCIIEAOBAHUN BHEUTHEN GopMbl. 'oHMOMETpHS U ee MpUMEHEHUE B
MuHepanoruu. TpaBneHne KpUCTaUIOB. MeToApl M3ydeHUs BHYTPEHHEW CTPYKTYpbl KPHUCTaJIOB.
PentrenoBckast nudpakrorpadus. YpasHenue Bynbda-bparra. Wnentudukanus Bemects Mo
IuQpakTorpaMMam.
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Cummerpust 12 10

HCTICPUOAUYCCKHX

buryp u ee
OITMCaHKE C MO3ULIUIA

TEOPHH TPYIT

Cummerpus 13 13 6 6 3 3 9 9 7
BHEIIIHEN (bopMbI
KpHUCcTaa

Buytpennee 10 10 4 4 2 2 6 6 7
CTPOEHHUE KpUCTAILIA

Meronsl mosrydenus | 12 12 2 2 1 1 3 3 8
MOHOKPHUCTAIIIOB

PeanpHbIe 15 15 2 2 1 i 3 3 8
KPHUCTAJLIBI u
ne(EeKThl B HUX

Kpucramnoxumuueck | 13 13 2 2 1 1 3 3 8
0€ CTPOCHHUE BEIIECTB

Metoapl  w3ydenus | 13 13 2 2 1 1 3 3 8
KPHCTAJUIOB

KonTposs 2 2 2 2 2 2
CaMOCTOSITEIbHOU
paboThI

[IpomexyTounas 36 36
aTTecTarus —
9K3aMeH (2 ceMecTp)

S| Ouno-3a209Has

Htoro 144 144 32 82 18 18 50 50 58

TeKyIJ_II/Iﬁ KOHTPOJIb YCIICBACMOCTH PCATIU3YCTCA B paMKax 3aHATUH CCMHUHAPCKOI'O THUIIA.

HtoroBast arrecranusi OCYHIECTBISETCS MPH NPOBEACHUM 3K3aMeHa (TpeirojaraeT BbIMOJIHEHHE

IIPAKTUYECKUX 3aJaHUM).



4. YyeOHO-MeTOAMYECKOE 00ecTieueHre CAMOCTOSITEIbHOM PadoThl 00y4ar0 U XCS

CamocrosTenbHas padoTa CTYACHTOB MOXET TIPOBOAUTHCS B YYEOHBIX ayTUTOPHUIX
(;1abopaTtopusix), B OMOIMOTEYHOM YMTAJIbHOM 3ajle, U B JOMAIIHUX YCIOBMSX, C HCIIOJIb30BaHUEM
KOHCIIEKTOB JIEKLIUH, METOJIMYECKUX YKa3aHUH K paboTaM, CelMaIbHON U CIIPABOYHOM JTUTEpaTypHI,
a Taxoke JocTynoM K MHTepHeT-pecypceam.

@opMOIl TEKYIIEro KOHTPOJIS yCIEBAEMOCTH SBISICTCS KOHTpOJbHas pabora. ATTecTarus
10 UTOraM OCBOEHMSI JUCLUIUIMHBI IPOXOAUT B pOpME IK3aMeHa.

KOHTpOJ'IBHBIe BOIIPOCBI M 3adaHudg I IIPOBEACHHA TCEKYIIECTO KOHTPOJIA M HpOMe)I(YTO‘IHOI;'I

aTTeCTalluy 110 UTOraM OCBOCHHA JUCHUILIMHBI IIPUBCACHBI B 1I. 5.2.

5. ®oH OIIEeHOYHBIX CPEACTB /IS IPOMEKYTOYHOM aTTeCTAIUU MO JUCHHUILIHHE (MOTYJIIO),

BKJTIOYAIOIINHI

5.1.

Omnucanue mKan OLICHUBAHUS PC3YJIbTATOB O6y‘leHI/I${ 10 AUCLHMIIIINHE

DK3aMeH Mo JUCHUITIIMHE ((KpI/ICTaJ'IJ'IOXI/IMI/IH» IIpOBOOUTCS B BHUIAC 3aJaHUM C IOATOTOBKOM B

TCUYCHHUEC

60 MUH U [OCIEIYIOIIUM

co0ecel0BaHUEM.

Omnucanre IMIKaJl OIEHUBAHUSA

C(bOpMI/IpOBaHHOCTI/I KOMHeTeHHI/Iﬁ 110 AU CHUIIIIMHE «KpI/ICTaJ'IJ'IOXI/IMI/ISI)) IMPUBCICHO B Ta6J'II/II_Ie.

IIkaja oueHKH NPHU MPOMEKYTOYHOM ATTeCTAIUN

Onenkn NuaukaTopbl KOMIETeHIIUN (3HAHUS, HABBIKH, YMEHH)
copmupoBan-
Hoctw MoanoTra 3nHanmii Hannuune ymenmii Hannune HaBBIKOB
KOMIICTCHIIMHU
ILJI0X0 OtcyrcTBHe 3HaHui | OTcyTcTBUE  MUHHMMalbHBIX | OTCyTCTBHE BJIaICHUS
TEOPETHYECKOT0  Marepuala. | yMEeHH. HeBo3moxHOCTh | MaTepuanoMm. HeBO3MOXKHOCTB
HeBo3moxHOCTH OLICHWUTH | OIIEHUThH HAJIWYHME YMEHUH N3- | OLIEHUTh HAJINYHE HABBHIKOB W3-
MIOJTHOTY 3HAHWH M3-3a OTKa3a | 3a OTKa3a oOydaromierocst oT | 3a OTKa3a oOydaromerocs OT
o0ydarorierocs ot OTBeTa. OTBeTa. OTBeTA.
HEy/10BJIETBO- Obnem 3HAHUU Huwxke | [Ipu pemenun crangaprtHeix | IIpy  pemieHun  CTaHIapTHBIX
PHTEIbHO MUHHAMAaJbHBIX  TpeOOBaHMU | 3amay HE npoje- | 3ama4 = He  MPOJEMOHCTPH-
(menee 40% or oObemMa | MOHCTPHPOBAaHBl  OCHOBHBIE | pOBaHbl ~ 0a30BbIE  HABBIKH.
JIMCLHTUIAHB). ymenus.  Mmenmn  mecro | Mmenu Mecto rpyOble OMIMOKH.
rpyOsIe ommoKy.
YIOBJIETBO- MunuMansHo — gomyctumsiit | IIponeMoHCTpupoBaHbI Wmeercs MUHUMaNbHBIN Habop
PHTEIBbHO ypoBeHb 3HaHUH (Oosiee 40 % | ocHOBHBIE yMeHusl. PemieHbl | HaBBHIKOB JUIst pemeHus
0T 00beMa AUCIHIUINHEI). THUIIOBBIC 3aa4d  C | CTAHIAPTHBIX 3a1a4 c
HerpyObIMH OIMOKaMHU. | HEKOTOPBIMU HEJ0YETaAMHU.
BrinonHensl Bce 3agaHus HO
HE B TI0JIHOM 0OBbEME.
XOPOIIo VYpoBenb 3HaHWiI B oObeme, | [IpogemoHcTpupoBansl  Bce | [IpomemoHCTpHpoBaHBI Oa30BbIE
COOTBETCTBYIOIIEM OCHOBHBIE YMEHUs. PeleHbl | HaBBIKH pu pemeHnu
nporpamMme IIOATOTOBKM (HE | BCeé OCHOBHBIE 33Ja4d C | CTAHIAPTHBIX 3a1a4 c
meree 60% or oObema | HerpyObIMH OIIMOKaMH. | HEKOTOPBIMU HEJ0YETaMHU.
JMCLUTUINHBEI). BeimonHeHsl Bce 3amaHusl C
pSIOM HEIOYETOB.




OTJIMYHO VYpoBenb 3Hanuii B oObeme | [IpomemoHcTpupoBansl  Bce | [IpomemMoOHCTpUpPOBaHBI HaBBIKK
(me menee 80 % or oObeMa | OCHOBHBIE YMEHHMs, PEIICHBI | IPU PEIICHUH HEeCTaHIapTHBIX

JJI/ICIII/IHJ'H/IHI:I), COOTBCTCT- | BCC OCHOBHBIC 3aJa4yu C | 3aJa4 0e3 omudoK U HEOO0YCTOB.
BYHOLICM nmporpamMmme | MEJIKUMU HCI04YCTaMU,
IIOJArOTOBKH. BBITIIOJIHCHBI BCC 3aJaHHs B

[IOJIHOM O0OBEME.

MPEBOCXOTHO YpoBensr 3HaHmid B oObeMe | [IpomemoHcTpupoBanbl  Bce | IIpomemoHCTpHpoBaH

(me menee 90 % or oObeMa | OCHOBHBIE YMCEHHUs. PemIeHbBI | TBOpUYECKHi TTOTXO/T K
JHCIUIUIHHBL ), COOTBETCT- | BCE  OCHOBHBIC  33Jlauil. | PENICHHI0  CTAaHIAPTHBIX H
BYIOILIEM nporpamme | BrlmonHeHbl Bce 3ajaHMs, B | HECTAHAAPTHBIX 3a1ad.
MOATOTOBKH. MOJIHOM O0BeMe.

5.2. TunoBble KOHTPOJIbHBbIC 3aJaHMs HMJIM HHble MaTepHaJibl, HeOOXOAUMbIe [JIsl OLEHKHU
pe3yJibTaTOB 00y4eHHs .

5.2.1 KoHTpoJibHbIE BONPOCHI

Bompocset Kox ¢popmupyemoit
KOMIETEHIINU

1. Tonp3ysace Tabnuiell XapakTepoB HENMPUBOAUMBIX mpenacraBienuit | OIIK-1
TPYII, TEPEUYUCIUTEe BO3MOXKHBIC THUIIBI THOPUIU3ALMH ATOMHBIX
opOuTaneil LEHTPaTbHOrO aToMa B KOHKPETHOW MOJEKYyJe WM HOHE
(MOJIeKyJia ¥ IICHTPAJIBHBIN aTOM B HEHM YKa3bIBAIOTCS B KAKIOM OHIICTE)

2. Tlonp3ysich Tabnuiel xapakTepoB HEMpUBOAMMBIX mpexactaBieHuit | OIIK-1
TPYIII, MPEICKAKUTE BO3ZMOXHOCTH JJIEKTPOHHOTO TEPEX0jia U3 OJHOTO
COCTOSIHMSI B JIPYrO€ COCTOSIHUE B KOHKPETHOM MOJIEKYJlE€ WM HOHE
(cuMMeTpHsT HCXOJAHOTO M KOHEYHOTO COCTOSIHUM W XHMHYECKast
(dhopMyIna MOJIEKYJbI HJIM HOHA YKA3bIBAIOTCS B KAXKIOM OHIIETE).

3. Ilonp3ysace Tabnuued XapakTepoB HENpUBOIUMBIX mpenctaBieHuit | OIIK-1
IpyNI, YCTAHOBUTE YMCIO XapaKTEPUCTUYECKUX YACTOT KojeOaHuM,
akTuBHbIX B MK- n KP-criekTpax KOHKpETHOH MOJEKYJbl WM MOHA, U
YHCJIO COBMAJAIONIMX MOJ (XUMHUYecKast (opMyia MOJIEKYJIbl WM HOHA
YKa3bIBAIOTCS B KAKJOM OHIIETE).

4. Oxapakrepu3yiite Kpuctaul no ero BHemHeid (opme. [lpuBemute | OIIK-6
HazBaHue MpocToi  Qopmbl.  OmpenenuTe  TOYEUHYIO YLy,
COOTBETCTBYIOIYIO TOJIODIPUYECKOMY Kiaccy cummerpuu. [IpuBenute
obo3HaueHus TouyeyHod rpymmel no llendnucy u I'epmany-Moreny,
dbopmMyny CHUMMETpHWH, CHHTOHHI0O W  Kareropuro. M300pazute
crepeorpauecKyro NPOeKIUIO AIEMEHTOB CHMMETPUH 3TOH (hOPMBI.

5. Kpucrammmyeckas pernierka HEKOTOPOro KpucTaiuia xapakrepusyercs |  OITK-6
3aJJaHHOIl TpocTpaHCTBeHHOW rpynmnoil. Hamummure, yto o6o3HadaeT
KaXJIbIl U3 CUMBOJIOB B 3TOM 3ammcu. HazoBure Tun pemerku bpasa,
CHHTOHUIO M TOYEYHYIO TpYIIYy, COOTBETCTBYIOUIYIO NPOCTOH (opme
9TOM MPOCTPAHCTBEHHOW TIPYNIBl. YKaXWTe, KAaKWe IapameTpbl
AJIEMEHTAapHON SYEHKHM NPUHUMAIOT TPUBUAIBHBIE U HETPUBUAJIBHbBIE
3HAYeHUs, KaKue U3 HUX PaBHBI JIPYT Ipyry (IpOCTpPaHCTBEHHAs Ipymma
YKa3bIBAa€TCsl B KAXKAOM Ouiere).

5.2.2. TunoBble 3a1aHusi/3a71a4uu 1151 olleHKH copmupoBanHocTn komnerennuun OIIK-1, OITK-6.
3agaHusl KOHTPOJIbHOM PadoThI I OLeHKH KoMneTeHnmii «OITK-1».
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1. ITonw3ysick TaOIuIEH XapaKTepOB HEMTPUBOAUMBIX MTPEACTABICHHUIN TPYIIII,
MEPEYHUCINTE BO3MOXKHBIE TUITBI THOPUIM3AIMY aTOMHBIX OpOHUTaIel IIEHTPAJIHLHOTO aToMa B
KOHKPETHOW MOJIEKYJIe UM MOHE (MOJIEKYJla U LIEHTPAJIbHBIN aTOM B HEH yKa3bIBAIOTCS
IIpenoaaBaTeieM).

2. Ilonp3ysch TabauIEH XapaKTepOB HEMIPUBOIUMBIX MTPEACTABICHUH TPYIIII,
IIPEICKAKUTE BO3MOYKHOCTD JIEKTPOHHOIO MIEPEX0/1a U3 OJTHOTO COCTOSIHUSL B IPYrO€ COCTOSIHUE B
KOHKPETHOU MOJIEKYJIe UM UOHE (CHMMETPHUS UCXOJHOTO U KOHEYHOI'O COCTOSTHUI M XUMHUYECKast
(bopMyia MOJIEKYJIbI MIIM MOHA YKA3bIBAIOTCS MPETIOIaBATENIEM).

3. [Tonb3ysick Tabmuneil XxapakTepoB HEMPUBOAUMBIX MPEACTABICHUI IPYII, YCTAHOBUTE
YHCII0 XapaKTEPUCTUYECKHUX YacTOT KojeOanmii, akTuBHBIX B K- 1 KP-criekTpax KOHKpeTHOM
MOJIEKYJIbl WJIM MOHA, U YUCJIO COBMAAAIONINX MOJ (XUMHUUecKas (popmyra MOJIEKYJIbl MM HOHA
YKa3bIBAIOTCS IIPETIOAABATENIEM ).

3agaHusA KOHTPOJILHOW PadoThl 1 oueHkH KomieTeHuuii «OIIK-6».

1. Oxapakrepu3yiite KpucTayl 1o ero BHemHen ¢popme. IlpuBenure Ha3BaHue NpocTOi
¢dopmbl. OrpesienuTe TOUEUHYIO IPYIILY, COOTBETCTBYIOLIYIO TOJIO3APUYECKOMY KIIACCY CHMMETPUH.
[TpuBeaute 0603HaYeHMs ToueuHOU Tpymibl o [lendmaucy u I'epmany-Moreny, hopmyiry
CUMMETpPHUHU, CHHIOHHIO U KaTeroputo. M306paszure crepeorpaduyeckyro NpoeKIuio 3JI€MEHTOB
CHMMETPUH 3TOH (HOPMBIL.

2. Kpucrannuyeckas pemieTka HEKOTOpPOTr0 KpUCTaula XapaKTepU3yeTcs 3alaHHOM
IIPOCTPAHCTBEHHOM rpynnoil. Hanummre, 4yro 0003HauaeT Kax/1blil U3 CUMBOJIOB B 3TOM 3alKCH.
Hazosure Tun pewerku bpas, CHHIOHHIO U TOUEUHYIO TPYIILY, COOTBETCTBYIOLIYIO IPOCTOH popme
9TOM MPOCTPAHCTBEHHOM IPYMIBL. Y KAKUATE, KAKUE TaPAMETPBI JJIEMEHTAPHON SYEHKH IPUHUMAIOT
TPUBMAJIbHbBIC U HETPUBHAJIbHBIE 3HAUCHMSI, KAKHE U3 HUX PaBHBI APYT ApYTy (IPOCTPAaHCTBEHHAs
rpymnna yKa3blBaeTcs PEroaaBaTesieM).

6. YueOHO-MeTOANYECKOE U HH(POPMAIIMOHHOE 00ecTiedyeHne TUCIIHTNTHHBI

a) OCHOBHas JUTEparypa:

1. Yynpynos E. B., XoxmoB A. ®@., ®aagnees M. A. OcHoBbl Kpucramiorpadpuu: Yuebd. mis
CTYJEHTOB BY30B, 00yJaronmxcs o Gus. 1 Xum. crequanbHocTsaM. - M.: @usmatinut, 2006. - 500 c.
Pexum noctyna: http://www .lib.unn.ru/php/details.php?Docld=377095&DB=1.

2. [ToptHoB B.H., YynpyHnos E.B. Bo3uukHoBeHUE 1 pocT Kpuctamios.-M., @uszmariur, 2006.-
328 c.

Pexum noctyna: http://www .lib.unn.ru/php/details.php?Docld=227563&DB=1.

0) IOTIOTHUTEIbHAS JTUTEPATYpA:

1. 3anaun no Kpuctauiorpaduu: yued. nmocodue A By30B MO (PU3. U XUM. CIEHUATIBLHOCTAM /
I'onoaues B. II., Cadwsno 0. H., Uynpynos E. B., ®anee M. A., XoxioB A. ®. - M.:
®usmatiut, 2003. - 208 c.

http://www.lib.unn.ru/php/details.php?Docld=59115&DB=1.

2. I'yceB A. U. Hectexnometpusi, Gecriopsiok, OIVMKHUN U JATBHHUN TOPSAIOK B TBEPAOM Tee. -
M.: ®uzmaraur, 2007. - 856 c.

http://www.lib.unn.ru/php/details.php?Docld=248871&DB=1; http://e.lanbook.com/book/2681.

3. Eropos-Tucmenko F0.K., JIutBunckas I'.I1., 3aransckas F0.I'. Kpucramiorpadus: [yued. nis
reoi. cmetl. By30B]. - M.: U3g-Bo MI'Y, 1992. - 287 c.
http://www.lib.unn.ru/php/details.php?Docld=11264&DB=1 .

4, 3aransckas FO. I'., JlutBuuckas I'. Il., Eropos-Tucmenko lO. K. - T'eomerpuueckas
Kkpuctamtorpadus: [yue6. 1ys reou. cren. By3oB]. - M.: U3a-so MI'Y, 1986. - 165, [1] c.
http://www.lib.unn.ru/php/details.php?Docld=102106&DB=1 .
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5. bokwuii I'.b. Kpucrannoxumus.- M., 1971. — 400 c.
http://www.lib.unn.ru/php/details.php?Docld=405382

6. 3araneckas 1O. T'., JlutBunckas I. II. T'eomerpuueckass MHUKpOKpHUcCTaiorpadus:
MpaKTUYECKHUM Kypce : [Jis reodl. cnell. By3o0B]. - M.: U3a-Bo Mock. yu-ta, 1976. - 238 c.

7. I'yceB A.W. / Hecrexuomerpus u cBepXcTpykTypbl // YOH. — 2014, — T. 184. - C. 905-945.
DOI: 10.3367/UFNr.0184.201409a.0905 URL: http://ufn.ru/ru/articles/2014/9/a/

8. I'yces A.M. DddexTbl HaHOKPUCTAUIMYECKOTO COCTOSIHUS B KOMIIAKTHBIX MeTaiaX |
coenuuenusix / YOH. —1998. T. 168. — C. 55-83.

DOI: 10.3367/UFNr.0168.199801¢.0055 URL.: http://ufn.ru/ru/articles/1998/1/c/

9. C.B. bopucos, C.A. Marapunn, H.B. IlepByxuna / Kpucramiorpapuueckuii anamus psua
HeopraHuyeckux coeauHenui // Yenexu xumuu. — 2015. T. 84, Ne 4. - C. 393-421.

10. B.K. UBamnos, ILII. ®emopoB, A.E. BbapanumkoB, B.B. Ocuxo / OpueHTtHpoBaHHOE
cpauBanue yactuil: 100 yeT ucciaenoBaHUN HEKJIACCMYECKOr0 MEXaHW3Ma pocTa KPHUCTauIoB //
Venexu xumun. —2014. T. 83, Ne 12. — C. 1204-1222.

B) IporpammHoe obecrieuenre u uTepHer-pecypcbl (B COOTBETCTBUU C COAEPKAHUEM IUCLHUIIIIMHDI)
1. [Tnatdopma Springer Materials. Pexxum nocryna: http://materials.springer.com/
ba3bl maHHBIX TI0 (PHU3KKE, XUMUU U TEXHOJOTHUSIM. DKCIIEPTHBIN 0TOOp naHHbIX 0 250000 BemecTB u3
8000 perieH3upyeMBbIX KYpHAJIOB.
Landolt-Bornstein Database — cripaBOYHUK 110 XUMHYECKHM U (PHU3UYECKUM CBONCTBAM
matepuaios B 400 Tomax.
Linus Pauling Files — 255000 noxymeHTOB 110 (ha30BbIM COCTOSHUSIM HEOPIraHUYECKUX MAaTEPUAIIOB.
2. DnekTpoHHO-0MOIMoTeuHas cucrema "Jlans". Pexxum nocrymna: http://e.lanbook.com/.
3. DNeKTPOHHO-O0MOITMOTeYHAs cucTeMa Znanium.com. Pexum JOCTyTIa:
http://www.znanium.com/

7. MaTtepuaibHO-TEXHUYECKOE Oo0ecriedeHne TN CHUNIHHbI
1. Jlexuuonnas (BMectumocth 200 uenoBek) W ceMUHapcKas (BMecTUMOCTh a0 40 ueroBek)
ayIUTOpPUH, 000PYAOBaHHbIE MYTbTUMEAUUHBIM MPOSKTOPOM, IKPAHOM, HOYTOYKOM M BBIXOJOM B CETh
Hutepuer, a Takke T0CKON 1 MenoM (Iu1si pa30opa 4aCcTHBIX BOIIPOCOB U JECTATU3AIMN TEOPETHUECKUX
ACTEKTOB JMCIUIUTMHBI M PEIICHUS MPAKTUYECKUX 33]1a4).
2. Moaenu MHOTOTPaHHUKOB.
3. llTapo-cTepxHEeBbIE MO/ICNIN KPUCTATUTMYECKUX CTPYKTYP.

[Iporpamma coctaBieHa B cooTBeTcTBUH ¢ TpeboBanusmu GI'OC BO

ABTOpBI: K.X.H., o1IeHT A.A.CubupKuH, K.X.H., mpenojaasarens U.I'.denoTora
Penensent: n.x.H., npodeccop E.B.Cyneiimanon

3aBenyromuii kageapoit K.X.H. J.A. Tlepmun
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