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1. llesan ocBOEeHMSI AN CIMIIJIMHbI

Lenssmu npenogaBaHust AUCHUIUIMHBL «OCHOBBI KpHCTaUIOrpaduu U KPUCTALIIOXUMUID)
SIBJISIFOTCSAL:

- ¢dopMHUpOBaHHE y CTYJEHTOB €CTECTBEHHOHAYYHOI'O MHPOBO33PEHMsI IyTEM 3HAKOMCTBA C
OCHOBaMHU TE€OpHUH aOCTPAKTHBIX TPYII W TEOPUH TOUCYHOW M MPOCTPAHCTBEHHOW CHMMETPUU
KPUCTAJUIMYECKUX CTPYKTYP;

- ¢hopMUpOBaHNE YMEHUI U HABHIKOB UCIIOJIb30BAHUS TEOPETUIECCKUX 3HAHHUIA B 00JaCTH TEOpUU
TOYEYHOW U TPOCTPAHCTBEHHONW CHUMMETPUM KPUCTAIUIMYECKUX CTPYKTYp Al OOBACHEHUs
UMEIONINXCS U TPEACKa3aHUs HOBBIX (PU3NYECKUX CBOWCTB U SIBICHUN B KPUCTALTMYECKHX

CTPYKTYpax.

2. MecTo TUCHMILIMHBI B CTPYKTYpe 00pa3oBaTeibHON NPOrpaMMbl

JucuumnuHa «OCHOBBI KpUCTAIOTpaQUU U KPUCTAITIOXUMHUH» OTHOCUTCA K 4YacTH,
dbopMupyeMoil ydacTHHKaMu 0Opa3oBaTENbHBIX OTHOIIEHWH broka 1 u sBIseTCSs YacThiO
Moaysst «O0muid PU3NIECKU MPAKTHUKYM).

Hucuummuaa «OCHOBBI  KpucTaiorpaguu ¥ KPUCTAIUIOXMMHI»  ONMUPAETCs Ha
coJIepKaHue TUCIUTIINHBI « AHAIUTUYECKAsi TEOMETPHUsS U JIMHEHHas anredpa», « BeKTopHbIN u
TEH30pHBIN aHanu3y». [lomyueHHbIe B Kypce «OCHOBBI KpUCTAUIOrpadUu M KPUCTALTIOXUMUID)
3HAaHUS HEOOXOOUMBI Ui U3Y4YEeHUS AUCHMILTUH «DPHU3MKa KOHIACHCUPOBAHHOTO COCTOSTHUS,
«®Du3nyueckre OCHOBBI JJIEKTPOHUKN», «MaTepuanbl 53JIEKTPOHHON TeXHUKW», «OCHOBBI
TEXHOJIOTHH JIEKTPOHHOW KOMIIOHECHTHOM 0a3bl».

3. [lnanupyembie  pe3yJbTaTbl O0yYeHMSl 1O JUCUMILJIMHE, COOTHECEHHbIe C
IUIAHUPYEMBIMHU Pe3yJIbTATAMH OCBOCHHS 00Pa30BaTeIbHOI MPOrPaMMbl

[Tponiecc u3yueHus: MUCIUIUTMHEI HAMIPABJICH Ha (OPMHUPOBAHUE CIEIYIONINX dJIEMEHTOB
komrieteHuii B cootBeTcTBHM ¢ I'OC BO, OOII BO u nmpuoOpereHus cleayronux 3HaHHUH,
YMEHUM, HABBIKOB U (MJIM) ONBITA IEATETbHOCTH:



dopmupyemast Nuaukartop Ilepeyennb
KOMIIeTeHI U AOCTHKEHUSI IUIAHUPYEMBbIX Pe3yJIbTATOB
(koa u KOMIIeTeHITH U o0yueHust
¢popmyanposka) (ko u popmyTHpOBKaA)

Ob6menpogeccnoHaabHbIe KOMIIETEHINH

OIIK-1. Ciocoben
UCIIOJIb30BATh
MOJIO’KEHUS, 3aKOHBI U
METOAbI €CCTCCTBCHHBIX
HayK U MaTeMaTHKU
AJId pCIICHU 3aaa4
WHKEHEPHOM
ACATCIIbHOCTH.

NJ_OIIK-1.1. 3naer
byHIaMEeHTaIbHBIE
3aKOHBI IPUPOJIBI U
OCHOBHBIE (pr3HuecKue
U MaTeMaTHYECKUE
3aKOHBI.

3HaTh:

- OCHOBBI TEOPUH a0CTPAKTHBIX TPYIIIL;

- OCHOBHBIE JJIEMEHTHl TOYEYHOH H
IIPOCTPAHCTBEHHOW CHMMETPUH;

- pewietku bpase;

-  TOHATUSA MOpsIMOH U
peLIeTKY;

- TpYyNIbl TOYEUHOH CUMMETPUU;

- OCHOBHbIE TTOHSTHUSI KPUCTATUIOXUMUU;
- 00 OCHOBHBIX THMaX KPUCTAINYECKUX

obpaTtHoi

CTPYKTYD,

- KpUCTaJUIMYECKUE CTPYKTYpPBbI

OCHOBHBIX IIOJIyPOBOIHUKOBBIX
na_OIIK-1.2. Ymers:
CrnocobeH  MpPUMEHSATH | - aHAJU3UPOBATh JIIOOYI0 TOUYCUHYIO
¢usnyeckue 3aKOHBI U | TPYIIy CUMMETPUU;
MaTeMaTH4eCKue - CTPOUTH YCJIOBHBIE W NPUMHUTUBHBIE
METOABl Ul pELICHUs | dJIEMEHTapHbIE S4EHKU peleTok bpase.
3a/1a4 TEOPETUYECKOTO U
MIPUKJIATHOTO
XapakTepa.

Baanern:

-HaBbIKAMM OIMCAHUS U IOCTPOECHUS
UJI_OIIK-1.3. YCIIOBHBIX " MPUMUTHUBHBIX
ﬂeMOHCTpI/IpyeT HaBBIKH | JICMCHTAPHBIX SAYCCK OCHOBHBIX

WCIOJIb30BAaHUSl 3HAHUU
(GU3UKM U MaTeMaTUKH
npu pelieHnn
MPAKTUYECKHUX 3a/1a4.

[IOJIIIPOBOJHUKOBBIX KPUCTAJUINYECKHUX
CTPYKTYD,

- HaBbIKAMU aHanusa
KPUCTAJUIOXUMUYECKUX XAPaKTEPUCTHUK
IIOJIYIIPOBOJJHUKOBBIX CTPYKTYP.




4. O0beM, CTPYKTYpPA U COAEpPKAHUE TUCUUNINHBI

OO6m1ast TpyA0€MKOCTh TUCIMIUIMHBI COCTABIISIET 3 3aUeTHbIe eTMHUIBI, 108 akas. qacos.

Ne Tembl (pa3aesibl) Buabl yueOHbIX 3aHATHI, ®opMbI TEKYLIIETO
n/n AMCUMILTUHBI, BKJIKOYAasl CAMOCTOSITEIbHYIO KOHTPOJIs
HX COJepKaHMNe padoTy CTYy1€HTOB, ycrneBaeMoCTH
U UX TPYI0EMKOCTH
o (B akajieMHYeCKHX 4Yacax) ®opma
= N
2 KonrakTHasi paborta = MPOMEKYTOYHOM
s o N = aTTecTaluu
o > > 5 s (no cemecmpam)
= Q = 5} = | & B
= 9 = oSl E|x 8
S| E| 2] E| ]2
51 2| &| E| & |5 &| Konrakraas padora
2 2 )
Sl 3| F| 2| F|ES JIEKIIUU
Q (o <
= = 51
3amanus I
Kpucrannnueckue o
1 3 5 4 1 8 |camocTosTensHON PaboTHI,
peleTKu
KosnokBuym
3amanus I
2 |OGparHas peleTka. 31212 8 |caMoCTOATEeNBHOI PaboTHI,
KosnmokBuym
DJIeMEHThl TEOPHUH TPYIII 3anasus as
3 P Py 3 4 4 1 20 |caMOCTOATENbHOM paboTHI.
CUMMETPUU
KomnokBuym
4 XumMmuueckas CBSI3b B 3 ) ) 10 3ananus s
KpUCTaJIaX. CaMOCTOSITEIbHOM PabOTHI.
5 OCHOBHBIE TOHSATHS 302 | 3 1 12 3aganust s
KPUCTAINIOXUMUU CaMOCTOSTEIbHOM padoThI
OCHOBHBIE THUIIBI 3amanus nus
6 |kpucTtamorpapuueckux 31212 12,7 | caMOCTOSTENBHOH paboTHI,
CTPYKTYP
0,3 3aueT
Bcero 17 | 17 31031 70,7

Coneprxkanue pa3iesioB AUCITUTITHHBI:

1. Kpucra/uinyeckue pemerku.

3agaum Kypca B Ipolecce NOArOTOBKU CHEeHUAINCTa B 00J1aCTH MUKPOAJIEKTPOHHUKH.
AHU30TpONUS U CUMMETPHS BHELIHEH HOpMbl, (pu3nuecKkre CBOMCTBA U CTPYKTYpa KPUCTAILIIOB.
IIpocTble U CIIOXKHBIE KpUCTAJUIMYECKHE pelIeTKu. Pemerka bpaB> M ee OCHOBHBIE BEKTOPBI.
[IpruMHUTHBHBIE U YCIOBHBIE AJIEMEHTAPHbIC SYCUKU. DJIeMEHTapHas suelika Burnepa-3entia.
Kpucrammmueckue cTpykTypsl H perietku ¢ 6asucom. Kpucramiorpapudeckue CHMBOIBI Y3JIO0B,
y3JI0BOTO Psijia, TFIOCKOCTH (MHIIEKCHl Muiepa).

2. O0paTHas pemerka.
Omnpenenenue o00paTHON pemieTkH. OJIeMEHTapHas sueiika oOpaTHOM permeTkd. 30HBI
bpunnrosna. OOpaTHbIe pemeTKH AJisi CTPYKTYp KyOMYeCKON CHHTOHUH.

3. D1eMeHThI TEOPUH I'PYNII CHMMETPHH.

DNeMEHTBl Teopuu abCTpakTHBIX Tpynn. Omepanud TOYEYHOH CHMMETpHH. TeopeMbl O
COYETaHMM OINEepalMi TOYEYHOM cuMMeTpuu. ['pynmbel TodeyHOM cuMMmerpuu. ['pymnma
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TpaHcianuu.  Onepanu  MPOCTPAaHCTBEHHOM — cuMmMmeTpuu. CoueTaHue TOYEHYHOM U
IPOCTPAHCTBEHHON cuMMmeTpuu. CHUHTOHMM M KpUcTalimdeckue cuctemsl. Pemerku bpaso.
HecobOcTBeHHbIE omeparuu NpOoCTPaHCTBEHHONH CUMMETPHH. TeopeMbl O COYETaHWH OIepariui
IIPOCTPAHCTBEHHON cHMMeTpuH. [IpocTpaHCTBEHHBIE TPYIIBI CUMMETPUM KPUCTAIIIMYECKHX

CTPYKTYP.

4. Xumnueckasi CBI3b B KpUCTAJIaX.
Merainueckas, MIOHHas, KOBAJICHTHAsA, BOJIOPOIHAs CBsI3H, CHibl BaH-nep-Baanbca.

5. OcHOBHBIC NOHATHS KPHCTAJIIOXUMHUH.

ATOMHBIE U MOHHBIE paanychl. KoopAMHAIIMOHHOE YHUCIIO U KOOPIAWHALMOHHBIA MHOTOI'PaHHHUK.
Yucno atomoB B sueiike. Crexumomerpuueckas ¢(opmyna BemecTBa. [lonmspuzanus HOHOB.
[Ipenensr ycroitumBocTH CTpYKTyp. IlmotHeimme ymakoBku. [lomutumnus. W3zomopdusm u
HOJUMOP(PH3M.

6. OcHOBHBIE THIIBI KPHCTAIOTPA(PUUIECKUX CTPYKTYP.
Crpyktypa Memu. Ctpyktypa MarHus. CTpykTypa KaMeHHOW conu. CTpykTypa anmasa.
Crpykrypa cdaneputa (IMHKOBOM oOManku) u Biopuura. CTpyKTypa TEpOBCKHTA.
Crpykrypa dmoopura CaF,. Ctpykrypa kopyHma. Ctpykrypa rpaduta. CrpykTypa
HITTUHENH.

5. Oﬁpa30BaTeJIbHI>Ie TEXHOJOIrM, B TOM YHUCJI€ TEXHOJOIHH JICKTPOHHOIO oﬁyqe}ma H
AUCTAHIIMOHHBIC 06pa303aTe.111>Hble TEXHOJOIHHU, HCIOJbB3YEMbBIC IPH OCYIIECTBJICHUMN
06p330BaTeJIbHOF0 nmpoumecca nmo IMCumnJaInHe

B nporiecce o0ydeHust HCTIONB3YIOTCS CIEAYIOIIE 00pa3oBaTebHBIE TEXHOJIOTHH:

BBogHasi JieKnMs — 1aeT IEpBOE IEJIOCTHOE MPEACTaBICHUE O JIUCHUIUINHE |
OPUEHTHUPYET CTYJIEHTa B CUCTEME W3Y4YEHUs JTaHHOW JUCHUIUIMHBL. CTYJIEHTHI 3HAKOMSTCS C
Ha3HAaYeHHEM U 3aJladaMH Kypca, €ro pojbl0 U MECTOM B CHCTEME yYeOHBIX NUCUUIUIMH U B
CUCTEME MOATOTOBKH B IenoM. JlaeTcst kpaTkuii 0030p Kypca, UCTOPHS Pa3BUTHS HAYKH U
MPAKTUKHU, TOCTHXKEHUS B 3TOU cdepe, IMeHa W3BECTHBIX YUEHBIX, N3JIaraloTCs MEepPCIeKTUBHBIC
HampaBJIeHUs uccienoBaHud. Ha 3Toll  JeKuuMM  BBICKA3bIBAKOTCS  METOAUYECKUE U
OpraHU3al[MOHHbIE OCOOEHHOCTH pabOThl B paMKax NJaHHOW AWCHUUIUIMHBI, a TaKXKe Jaercs
aHaJIN3 PEKOMEHIyeMOH yueOHO-METOJMUECKOM JITUTEPATYPHI.

AxagemMuveckas JeKUus (WM JICKIUS 00IIEro Kypca) — MoCiIeI0BaTeIbHOE U3II0KEHUE
MaTepuana, OCYILIECTBIAEMOE NPEUMYIIECTBEHHO B BHJI€ MOHOJIOTa IPENoJaBaTelis.
TpeOoBanusi K aKaJeMHUYECKOW JICKIIMH: COBPEMEHHBINM HAy4HBIH YPOBEHb W HACBHIIICHHAS
WH(OPMATUBHOCTh, yOETUTENIbHAs apryMEHTalus, JOCTYIHAas W TIOHSATHAs pedb, 4YeTKas
CTPYKTypa W JIOTHKa, HAJIWYUE SPKUX TMPUMEPOB, HAYUYHBIX J0OKA3aTeNbCTB, OOOCHOBAHUU,
(axToB.

IIpakTHYeckoe 3aHsITHE — 3aHATHE, MOCBSLIEHHOE OCBOCHUIO KOHKPETHBIX YMEHHUU M
HABBIKOB U 3aKPEIJICHUIO MOTYUYEHHBIX Ha JIEKIIUHA 3HAaHUH.

6. IlepevyeHb JUIEH3MOHHOTO W (WJIM) CBOOOJAHO PACIPOCTPAHSIEMOr0 NPOrpaMMHOIO
obdecreyeHusl, MCMOJIb3YeMOT0 MNPH OCYIIECTBIEHHH O0Pa30BaTeJILHOIO Tpolecca Mo
AUCUHHUTUIHHE

B mporiecce ocymiecTBieHust 00pa3zoBaTEIbHOTO MPOIECCA UCTIONB3YIOTCS:

— st GOPMHUPOBAHUS TEKCTOB METOJAMYECKUX MaTEPHUATIOB Il JIAOOpAaTOPHBIX padoT,
IPOMEXYTOUHOM M TEKYyLIeH aTTecTalluy, a TaKKe OTYETOB CTYAEHTOB IO JIAOOPaTOPHBIM
paboram — nmaketsl Microsoft Office u Open/Libre Office;

— it pacuéra popmyn — nporpamma Wolfram Mathematica;



— i 00pabOTKM pe3yIbTaTOB NaHHBIX Excel.

7. IllepeyeHb COBpeMEHHBIX NPOPecCHOHANBHBIX 0a3 JaHHBIX W HWHPOPMALMOHHBIX
CIPABOYHBIX CHCTEM, HCIOJIb3yeMbIX IIPH OCYLIECTBJIEHUH 00Pa30BaTeJLHOI0 MpoLecca 1no
JUCHUIINHE (MPUA He0OXO0TUMOCTH)

B mpomecce ocymiecTBieHus —00pa30BaTENFHOrO — Tpolecca IO TUCIHILIMHE
UCTIONB3YIOTCS:

aBTOMAaTU3WpOBaHHas  OmOimoreyHo-uHpopmanmonnas cuctema «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php.

8. IlepeyeHb OCHOBHOM ¥ [JONOJHHUTEJIbHOW Yy4eOHOH JMTepaTypbl, pecypcoB
HH(OPMAIMOHHO-TEJIEKOMMYHUKANIMOHHOI ceTH «HMHTepHeT» (NIPH HEOOXOAMMOCTH),
PeKOMeHAyeMbIX VIS 0CBOCHUSI U CHHMIIIMHBI

a) OCHOBHasI JIUTepaTypa

1. P. ®. banabaesa. Kpucramnorpadus u nedextsl B kpuctauiax. SApocnasns: SApl'Y, 1986.
http://www.lib.uniyar.ac.ru/edocs/iuni/19860701.pdf (3nexTpoHHBIN pecypc)
2. b. K. Baitnmrreitn. Kpucramnorpadus u xusab. M.: @uzmanur, 2012.

0) 1OMOJIHUTEIbHAS JIUTEepaTypa

1. H. Amxpo¢t. ®usuka tBepaoro tena. T. 1: dusuka TBepaoro tena. M.: Mup, 1979.

2. H. Amxpodt. ®usuka tBepmoro tena. T. 2: dusuka tBepaoro tena. M.: Mup, 1979.

3. ®wusuka TBepaoro tena : yued. mocobue mns By30B. / mon pen. A. C. Pymoro, A. B.
[Ipoka3HukoBa. SpocnaBib: SApl'Y, 2009.
http://www.lib.uniyar.ac.ru/edocs/iuni/20090709.pdf (3nexTpoHHast BepcHsi)

9. MaTrepuajbHO-TeXHUYeCKas 0a3a, He00OXoAUMAs /ISl OCYIIeCTBJICHNUSI 00Pa30BaTEIbLHOTO
npouecca no JUCHUIINHE

- yueOHBIC ayAUTOPUH IS POBEJCHUS 3aHATHH JICKITMOHHOTO THTIA;
- yueOHbIC ayIUTOPUHU IS TPOBEICHUS IPAKTHUECKUX 3aHATUI (CEMUHAPOB);
- yueOHbBIC ayAUTOPUH TSI IPOBEJICHUS TPYIINOBBIX U WHIUBUIYaJbHBIX KOHCYJIbTAIUH;
- yueOHbIC ayIUTOPUH JUIS TPOBEICHUS TEKYIIEro KOHTPOJISI U TPOMEKYTOYHOH aTTeCTaIui;
- TIOMEIIEHUS i1l CAMOCTOSITEIIbHON PabOTHI;
- IOMEMICHHUS JUTSl XPAaHESHUS U IPOPUITAKTHIECKOTO 00CTYKUBAHUS TEXHUIECKUX CPEIICTB
00y4eHUsI.

[TomemieHust 1Jie CaMOCTOSATENBHON PAOOTHl O0YUYAIOUTUXCS OCHAIEHBI KOMITHIOTEPHOM
TEXHUKOW C BO3MOXKHOCTBIO TOJIKIIOYEHHUS K ceTh «MHTepHeT» M olecredeHueM J0CTyma K
3IIEKTPOHHOM MH(OpMaIoHHO-00pa3oBaTensHOU cpene SAplY.

ABTOp:
CTapuUIMii mpenoiaBaTenb Kageapbl MUKPOJIEKTPOHUKH

u obmet pusuk, K.¢.-M.H. Pomanos JI.H.




IIpuio:xkenne Nel k padoyeil nporpaMme M CHUANINHbBI
«OCHOBBI KPHCTALIOTPA(UH ¥ KPUCTALIOXUMHID)

DoH/1 OLICHOYHBIX CPEACTB
JJISl POBEACHHUA TEKYIIEro KOHTPOJIA yCIeBaeMOCTH
U IPOMEKYTOYHOM ATTECTAllUHM CTYACHTOB
10 JIMCUHUIIHHE

1. TunoBble KOHTPOJIbHBIC 3aI1aHUA WX UHBIC MaTCpPHAJIbI,
HUCMOJb3YyEMbIC B MPOLECCEe TCKYINEIr0 KOHTPOJIA YCIIEBACMOCTH

3agaHus 17151 CAaMOCTOSITEILHON PadoThI
(OanHble 3a0anus BLINOIHAIOMCS CMYOEHMOM CAMOCMOAMENbHO U NPenooasamesem 6
o6s3amenvHoMm nopsioxe nposepsiomces) llposepsiercst copmupoBanHocTs KommneTeHmn OITK-1
(magukaropst /I OTIK-1.2, U1 OIIK-1.3).

3ananus nmo teme Ne 1 «Kpucramimyeckue pemeTkm»:
1. IlocTpouTs 3nieMeHTapHble Aueiiku Burnepa-3eitua 11 0.11.K. U CTPYKTYpBI TUIIA aJIMa3.

3aganus nmo teme Ne 2 «O0paTHas pemierka»:
1. TlocTpouTh 2JIEMEHTAPHYIO SYEHKY OOpaTHON PEIIETKU JJIA CTPYKTYPHI aiMa3 M IIMHKOBOM
OOMaHKH.

2. Ecnu b;, bz, b3;6a3ucHbIe BEKTOPHI OOpAaTHON PEIIETKH TO CIIPaBEIMBBI COOTHOIICHHUS:

3
b, (b2 xb,)= %, a, = Zﬂ%, rae ai, a2 a3 0a3uCHBIC BEKTOPBI

NPSIMOU PEIIETKH.

3ananus mo tremMe Ne 3 «j1eMeHTBI TEOPUHU IPYIIT CHMMETPUMN»:

Jloka3aTb TEOPEMBI O COYETAHUU OIlEPALMI TOYECYHON CUMMETPUU:

Teopema 1. PaBHOzelCTBYIOLIEH ABYX MEpECEKAONIMXCS IIOCKOCTEH CHUMMETpPHUHU
SIBJIETCST OCb CUMMETpPUM (COBHAJAaeT C JIMHUEW [epeceueHus III0CKOCTeH) ¢
3JIEMEHTAPHBIM yIJIOM IOBOPOTA, PABHBIM YJABOCHHOMY YINIy MEXIY IIIOCKOCTSMH.

Teopema 2.Touyka mepecedyeHHUs] YETHONW OCH CHUMMETPUM C MEPHEHIMKYJISIPHOU e
INIOCKOCTBIO BCEr1a SIBJISAETCA HEHTPOM CUMMETPUMU.

Teopema 3. Ecnu nepneHAMKYJISIPHO OCH CUMMETPUH 71-20 MOPSAKA IPOXOAUT OCh
CUMMETpUU 2-20 TOpsiKa, TO BCEro MMEETCs nNTAaKUX OCeH BTOPOTrO MOpPsAKa,
MEepNeHIUKYISIPHBIX OCHU 1-20 TOPSAJAKAa M PACHOJIOKEHHBIX 4Yepe3 Yroj 7/mB IIIOCKOCTH,
MEPIEHAUKYISPHOU OCU n-20 MOPSIKa.

Teopema 4. Ecnu Brosnb ocu n-co mopsijka NpOXOAMUT IIOCKOCTh CUMMETPHUH, TO
TaKUX IJIOCKOCTEH MMEETCS BCETO M, IIPOXOASLIUX UYepe3 OCh n-20 MOPALKA. YTOJI MEXIy
COCEIHUMHU IIJIOCKOCTSIMU PaBEH 7/7.

Teopema 5. (Teopema Diinepa). PaBHOAEHCTBYIOMIEH NBYX MEpPECEKAIONIUXCS OCeH
CHUMMETPHUH SABJISAETCSA TPEThS OCh, IPOXOAIIas Yepe3 TOUKY UX IepEeCeYCHUs.

Teopema 6.B3aumopeiicTBue 1aByX oOcell cuUMMeTpuu 2-TO TOpslKa, mepe-
CEKAIOIIMUXCS MOJ YIJIOM o, INOPOXKAAIT MOBOPOTHYK OCh CHMMETPHUHU C DJIEMEHTAPHBIM
yriom 3 =2 a.

Jloka3aTb TEOPEMBI O COYETAHUU ONEPALMHA IPOCTPAHCTBEHHOW CUMMETPHU:

Teopema 7. IlocnenoBarenbHOE OTpaXEHHE B JABYX MapajuIeNIbHBIX IJIOCKOCTSAX
CUMMETPUU PABHOCUIIBHO TPAHCISIMM Ha MapaMeTp /= 2a, TA€ a — PACCTOSHUE MEXIY
IJIOCKOCTSIMH.



Teopema 7 a (oOpatHas). JIroOyr0 TpaHCIAINUIO MOKHO 3aMEHUTHh OTPAXXECHUEM B JBYX
napauIeIbHBIX TUIOCKOCTSIX, OTCTOSIINX APYT OT JApyra Ha PacCTOSSHUH a = t/2, TIE {— mapamerp
TPaHCISLUH.

Teopema 8. IlnockocTh cHMMETpPUM M NIEPIEHANKYJIIPHAs €11 TPAHCIISILMS C TapaMeTPOM
/TIOPOKIAIOT HOBBIE BCTaBJIEHHBIE IUIOCKOCTH CHUMMETPUH, M[ApaJIeNbHbIE IOPOXKAAIOIIEH,
aQHAJIOTMYHBIE €i TI0 TUIY U OTCTOSIINE OT Hee Ha PAacCTOSHUU #/2.

Teopema 9. IlockocTb CUMMETPUM 7 U TPAHCISILMS f, COCTABJISAIONIAS C INIOCKOCTbIO
yTOJl ¢, TOPOXKIAIOT IJIOCKOCTh CKOJB3SIIEro OTPaKEeHUs, MapajljIeNIbHYI0 MOPOXKAaroIen
MJIOCKOCTH M OTCTOSIIYIO OT HEE B CTOPOHY TpaHCAIuU Ha (#/2) sin(o). BenmnynHa cKoIbXKEHUS
BJI0JIb ITIOPOKICHHOM MJIOCKOCTH paBHa fCos q.

Teopema 10. OtpaxkeHue B JIBYX IEPECEKAIONIMXCS IMJIOCKOCTAX CHUMMETPHUH MOXKHO
3aMEHUTh BPALICHHEM BOKPYT OCH CHMMETPHUH, COBMAJAIOLICH C JHMHHUEH MepecedyeHus ITHX
IIJIOCKOCTEN. YTOJI TOBOPOTA BOKPYT 3TOM OCH PaBEH yABOCHHOMY YTy MEXKY INIOCKOCTSMH.

Teopema 10a (o6patHas). Ock CHUMMETPHUH, TPOCTYIO WU BUHTOBYIO, MOKHO 3aMECHHTh
napoy MIOCKOCTEW CUMMETPUH, MPOCTHIX MM CKOJIB3ALIET0 OTPAKEHUS, IEPECEKAIOIINXCS 0]
YTJIOM, COOTBETCTBYIOIIUM MOPSAIKY OCH.

Teopema 11. Tpancnsauus, NEepHneHIUKYISIpHAs OCH CUMMETPUH, MTOPOXKIAET TaKylO Ke
O0Ch CHUMMETPHH, HApAICIBHYI0 TMOPOXIAIOME M CMEIIEHHYI0 Ha #/2. B HalpaBJICHHUU
TPaHCIIALUU.

Ora Teopema OTHOCUTCA K JIIOOBIM OCSIM CUMMETPUU — IMPOCTHIM, BUHTOBBIM M HH-

BEPCUOHHBIM, B TOM YHUCJIE U K OCH 1, T. €. K LIGHTPY CUMMETPUH.

Teopema 12. Ocb cUMMETpUM C YIJIOM IOBOpOTa O W HEPIEHIUKYJSApHAs K Hel
TPAHCIALUS tIOPOXKIAIOT TAKyH0 K€ OCb CUMMETPHHM, MapajuleibHYI0 JaHHOH, OTCTOSIIYIO OT
Hee Ha paccrosiHue t/(2sin (0/2)) M pacHoOJIOKEHHYK Ha JIMHUM, NEPHEHAMKYJISIPHOH K
TPAHCIIALIUY f B €€ CepeJIuHE.

Teopema 13. BunroBas och CUMMETpUH C YIJIOM IIOBOpOTa O M IEPEHOCOM f; U
NEepHEHANKYJIApHAs K HEH TpaHCIALUs ¢ OPOXKAAI0T BUHTOBYIO OCh C TEM K€ YIJIOM M TEM Ke
MIEPEHOCOM, MapAJLIEIbHYIO JTaHHOM, OTCTOSILIIY IO or Hee Ha  #/(2sin(a/2)) m
PacIoJIOKEHHYIO Ha JIMHUM, IEPICHIUKYJIIPHON K TPaHCISALMNL B €€ CepeUHE.

Teopema 14. Ocb cuMMETpHUU C YIJIOM IOBOPOTA ¢ M TPAHCIALMS f, COCTABISIONIAs C
Hel yrois f, MopoXJaroT BUHTOBYIO OCh CUMMETpPUHU.

Teopema 15. BunToBasg oChb CHUMMETPUM C YIJOM I[IOBOPOTAa 0 U IEPEHOCOM /1
TPAHCIIALHUSA ¢, COCTABIIAIONIAs C BAHTOBOW OCbIO Yroi f3, HOPOXk/Aal0T BUHTOBYIO OCh CUMMETPHHU
C TEM XK€ yIJIOM I10BOPOTa.

Teopema 16. l1HBepcHOHHO-ITIOBOPOTHAs OCh C YIJIOM IIOBOPOTA 0 M MEPIEHIUKYIISIpHAs
K HeH TpaHCISILUSA IOPOKIAIOT Ty >€ HWHBEPCHOHHO-IIOBOPOTHYIO OCbh, IapaulelbHYIO
MOPOKIAFOLIEH.

Cneocmeue: LEHTp CUMMETPUM U TPAHCISILUS HIOPOXKJIAIOT HOBBIM LIEHTP CUMMETpUH,
CMEILEHHBIN OTHOCUTEIBHO JAHHOI'O B HAIIPABJICHUH TPAHCIISILIMY fHA NIOJIOBUHY €€ BEJIUYUHBI.

Teopema 17. MIHBepCHOHHO-NIOBOPOTHAs! OChb C YIJOM IOBOPOTA O U TPAHCIALUA f,
COCTABJISAIONIAs] C 3TOW OCBIO YTOJI [, IOPOKIAIOT MHBEPCHOHHYIO OCh C TEM K€ IIOBOPOTOM 0.,
napaujelbHy0 JaHHOM.

JlokazaTb, 94TO B KPUCTAIIAX MOTYT OBITH TOJILKO TToBOpoTHBIE ocu C1, Ca, C3, Ca, Ce.

3aganus nmo teme Ne 4 «XumMHYecKkasi CBSI3b B KPHCTAJLIAX»:
Cunbl Ban-nep-Baanbca
3ananus nmo teme Ne 5 «OCHOBHBbIE IOHATHS KPUCTALIOXUMHUID):

1. XKeneszo umeer cTpykTypy 0.y.x. ipu Temiepatype Hrke 910°C u e.y.x. — Boime 910°C. B
o0enx CTpyKTypax aTOMHBIN paJuyc )kee3a 0IMHAKOB. PaccuuTarh OTHOIICHHE yAETbHBIX
BECOB JK€JI€3a B 3TUX JABYX CTpyKTypax npu 910°C.

2. B crpykrype e.y.x. 00beMBbl MOJOCTEH (TaK HA3bIBAEMBIX MEXKIOY3JIMM) MEXKIY aTOMaMH



3.

Majbl: a) ONpPENeIUTh  TOJIOKEHHE  CcamMoro  OOJBIIOr0  MEXIOy3ius;  0)
paccuuTaTbMaKCUMaJIbHbIA 00bEM MTOCTOPOHHEHN C(EepUUECKON IPUMECH, KOTOPYIO MOXKHO
MIOMECTUTH B caMO€ OOJIbIIIOE MEXKA0Y3/IHEe, CUMTAs YTO aTOMBI B 3TOH CTPYKType UMEIOT
chepuyeckyio popmy; B) CKOJIBKO COCETHUX aTOMOB OyAET KacaThCs aTOM IPUMECH?

Paccunrath Te Xe BEITWIUHEI KaK U B 3aJaHuN 2 UL CTPYKTYPEI 0.Y.K. 1 aJIMas.

3aganus no teme Ne 6 «OCHOBHBIE THIIBI KPHCTAJUIOTPAPHUECKHX CTPYKTYP»:

l.
2.
3.

4.

5

2.

Hamnncars k0OpAMHATBI BCEX aTOMOB 3JIEMEHTAPHOM SYEHKHU PEIIETKU aIMas.
Paccuurarh yros Mexay CBsI3sIMU B KPUCTAINIMYECKOM KPEMHUHU.

[Toka3aTh KakuM COOTHOIICHHEM OIIPEAEISIETCS PACCTOSTHUEAMEXKTY IBYMS COCEITHUMHU
MJIOCKOCTSAMU TUNA (hkl)B IpocToii KyOUUYECKOH pemieTke ¢ pedpoM a.

VY Kakux IUIOCKOCTEH B CTPYKType 2.y.K. U O.y.K. HauOoJbllas IJIOTHOCTh YHAaKOBKH
aToMOB? B Kakux HalpaBJIEHHAX B 3TUX IUIOCKOCTSIX JIMHEHHas IUIOTHOCTb aTOMOB
MakcumaibHa?

. [loxaxwure, 4TO INIOTHOCTh YIAKOBKU A1 2.y.K. cocTaBiuseT 0.74, a st anmaza—  0.34.

Cnucok BONpocoB H (MJiM) 3aJaHUH 115l NPOBEACHUA MPOMEKYTOUYHOM aTTecTAllun

Ha 3auére nposepsiercs chopmuposanHocTs komnereHuu OIIK-1 (upaukarop M1 OIIK-1.1).

A S

el el

Cnucox BONPOCOB K 3a4eTy:
[TpocTsie U CII0KHBIE KPUCTAJUINYECKUE PELICTKH.
Pewrerka bpass.
[TpuMHUTHBHBIE U YCIIOBHBIE 3JIEMEHTApHBIE STYCHKH.
OnemeHTapHas siuelika Burnepa-3eittua.
Kpucramnorpagpuyeckue CUMBOJIBI Y3JI0B, Y3J0BOTO psAa, IUIOCKOCTH (MHIEKCHI
Munnepa).
Omnpenenenue oOpaTHON PEIIETKH.
OnemeHTapHas suelika oOpaTHOM pemeTku. CBs3b ee ¢ MPSMON PEeIEeTKOM.
3onsl bpuitosHa.
OOpaTHble peleTKy i CTPYKTYp KyOM4eCKON CUHTOHUH.

10. OcHOBBI TEOpUHU aOCTPAKTHBIX TPYIIII.

11.

Onepauuy TOU€YHON CUMMETPHH.

12. TeopeMbl 0 cOYETaHUU OIEpaLUii TOUEUHONH CUMMETPHH.

13. I'pynmbel TOYEUHON CHUMMETPUHU.

14. I'pynna tpancasauuu. Onepanuu NpoCTPaHCTBEHHONW CUMMETPUU.

15. Coueranue TOUEYHON U IPOCTPAHCTBEHHON CUMMETPHH.

16. CUHrOHUY U KPUCTATNINYECKHE CUCTEMBI.

17. HecoOcTBeHHBIE OMEpallMM MPOCTPAHCTBEHHOW CHUMMETPHUHU. TeopeMbl O COUYETaHUU

orepanuii NpoCTPaHCTBEHHOW CUMMETPHUH.

18. IIpocTpaHCTBEHHBIE TPYIIIBI CAMMETPHH KPUCTALTUYECKUX CTPYKTYP.
19. Merajumnueckasi XUMHUYECKAs CBS3b.
20. UonHasg XuMHUYECKast CBA3b.

21.

KoBaneHTHas XMMHYECKast CBSA3b.

22. Bogopoanas cBsi3u u cuiibl Ban-nep-Baanbca.
23. AToOMHBIC U HOHHBIE paauychl. [Ipeaenbl yCTORYMBOCTH CTPYKTYP.
24. KOOpIMHAIIMOHHOE YHUCIO M KOOPAMHAIMOHHBIA MHOTOTPAaHHUK JUISI OCHOBHBIX

KPUCTAIIMYECKUX CTPYKTYP.

25. Yucno atomoB B siuelike. Ctexuomerpuueckas popmyna Bemiectsa. [lonspusanus HOHOB.
26. IlnotHeitmue ynakoku. [lonutunusi.

27. I3omopdpu3M 1 noaumMoppusm.

28. OCHOBHBIE THUIIbl KPUCTAUIMUECKUX CTPYKTYp: MEJIU, MarHusi, KAMGHHOH coiu, anMasa,
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chaneputa (IIMHKOBOW OOMaHKHW) W BIOpIUTA, nepoBckuta, ¢uroopura CaF, xopyHna,
rpadura, MWIIUHEIH.

l'[paBmIa BBICTABJICHHUA OLICHKHU

ITo uroram 3auéra BBICTABIIAETCS OJHA U3 OLEHOK: «3a4eT» UJIN «HE3a4eT».

Onenka «3a4eT» BBICTABIAETCA CTYICHTY, KOTOPbIH 3HAeT OCHOBBl TEOpPUU
aOCTPaKTHBIX TIpYMI; OCHOBHBIE 3JIEMEHTbl TOYEYHOW M IPOCTPAHCTBEHHOH CHUMMETPHH;
pewetku bpaBe; MoHATHS NpsAMON M OOpaTHOW pEIIETKH; TPYIIbl TOUYEYHOH CUMMETPHUU;
OCHOBHBIC TIOHATHS KPUCTAJUIOXUMHH; OO0 OCHOBHBIX THMAaX KPUCTAIMYECKUX CTPYKTYD;
KPUCTAJUIMYECKUE  CTPYKTYpPbl  OCHOBHBIX  IOJIY-IIPOBOJHHUKOBBIX  MAaTe€pUaloB;, yMeeT
aHaAJIM3UPOBaTh JIOOYI0 TOYEUHYIO TPYIIy CUMMETPUHU; CTPOUTH YCJIOBHbIE U NPUMHUTUBHBIE
JJIEMEHTAapHbIE TYEHKH PELIETOK bpase; BjIajeeT HaBbIKAMM ONMCAHMS U IIOCTPOCHHUS YCIOBHBIX
U INPUMHUTHBHBIX JJIEMEHTApHBIX SYEEK OCHOBHBIX IIOJIYNPOBOJHUKOBBIX KPUCTAJNIMYECKUX
CTPYKTYp; HaBBIKAMHU aHAIM3a KPUCTAIIOXUMHYECKMX XapaKTEPUCTUK I10TYy-IIPOBOJHUKOBBIX
CTPYKTYD; HaBbIKa-MH CaMOCTOSITEIIbHON pabOThl C UCTOYHUKAMU HH(POPMALIUU.

OneHka «He3aYTeHO0» BbICTABISAETCS CTYIEHTY, Y KOTOPOro 3HaHMs, YMEHUS U HaBbIKU
HUKE, YEM IIPU IIOPOTOBOM YPOBHE, COOTBETCTBYIOLIEM OLICHKHU «3a4€T».
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IMpuioxenne Ne 2 k padoyeid nporpaMme M CHUATIIAHbBI
«OCHOBBI KPHCTALIOTPA(UH ¥ KPUCTALIOXUMHID)

MeToaudyecKue YKazaHud 1J1dd CTYACHTOB 10 OCBOCHHIO TUCIHUIIJIMHBI

OcHoBHON (OpMOI M3JI0KEHHUsT ~ yuyeOHOro Marepuana Mo AucUUIIMHE «OCHOBBI
Kpuctajuiorpaguu U KPUCTAUIOXMMHUK»  SBIAIOTCA  JIEKLMH € MCIOJb30BaHUEM
JEMOHCTPALIMOHHOI0 JKcIepuMeHTa. [lo OONBIIMHCTBY TEM MNPEAyCMOTPEHbl IPAKTHUUECKUE
3aHATHS, HA KOTOPBIX MPOMCXOAUT 3aKpeIUIeHUE JIEKIMOHHOIO MaTepuana IyTeM HPUMEHEHUs
€ro K KOHKPETHbIM (PHM3MUYECKHUM 3a/JayaM U OTpabdOTKa HABBIKOB pabOThl C MAaTEMATUUYECKUM
anmnaparom.

JUis yCHEIHOro OCBOEHMSI IUCUUIUIMHBI OYE€Hb Ba)KHA CaMOCTOSTENbHas paboTta
CTYACHTOB HaJ KOHCIIEKTaMH MpPOCIYyIIAaHHbIX JIEKUUH U pa3zenaMu  Kypca AJs
camMoCTOsITeNbHOrO u3yueHus. Cregyer yaenarb Oo0jblIOo€ BHUMAaHHUE TIOATOTOBKE K
IPaKTUYECKUM (CEMMHApCKMM) 3aHATUsAM. Marepuasn, 3aKOHCIIEKTUPOBAHHbBIM Ha JIEKLUSX,
HEo0X0UMO JIoMa elle pa3 npopadarbiBaTh U MpU HEOOXOIUMOCTH JOMOJHATH HH(OpMaLMEH,
IOJYYEHHOM Ha KOHCYJbTALUAX, NPAKTUYECKUX 3aHATHAX WIM U3 y4eOHOM JIHUTepaTypsl IpU
CaMOCTOSITENIbHOM NpopaboTKe pa3esioB Kypca.

Jlis poBEpKHM M KOHTPOJIL YCBOEHHUS TEOPETHUYECKOro MaTepuala, NpHOOpeTeHHbIX
IPAKTUYECKUX HABBIKOB PaOOTHI M IPOBEJIEHUS pPAacueToB, B TEUEHUE OOYUEHUs MPOBOIATCS
MEpONpPHUATHS TEKYyIIEH aTTecTalluy B BUJIE KOJJIOKBUyMa B 3—OM CEMECTPE U CaMOCTOSITENbHbIX
paboT (B ayIUTOpUHU) B TEUEHHE NPAKTHUECKUX (CEMUHApCKHUX) 3aHATUH B ceMecTpe. Takxke
IPOBOJATCS] KOHCYJIbTalMU (IIPU HEOOXOJUMOCTH) MO pa3dopy 3aAaHuil A CaMOCTOSATENIbHON
paboThl, KOTOPBIE BbI3BAJIM 3aTPYyAHEHUS.

3ayeT NPUHUMAETCS M0 3K3aMEHALMOHHBIM OnieTaM, Kaxablil U3 KOTOPBIX BKIIOYAET B
ce0st TpU TeopeTHuecKux Bompoca. Ha caMocTosTeNbHYI0 TOATOTOBKY K 3aUeTy BBIJIEISIETCS HE
MeHee 3 JHeH, BO BpeMs IOJATrOTOBKHU K 3a4eTy NPelyCMOTPEHa TI'pyIIOBas KOHCYJIbTAIMs.

OcBouTb BOIIPOCHI, H3JIaraéMbleé B IPOLECCE U3YUYEHUS JTUCUUIUIMHBI «OCHOBBI
KpUcTauiorpa@uu M KPUCTAUIOXUMHHM» CaMOCTOSITEIbHO CTYAEHTY KpaiHe CI0XKHO. OTO
CBS3aHO CO CJIO)KHOCTBIO H3y4yaeMmMoro marepuasia u OospmuM oObeMoM Kypca. Ilostomy
IIOCEIIEHUE BCEX ayAMTOPHBIX 3aHATUH SABISETCA COBEPLICHHO HEOOXOAUMbIM. be3 ynopHbIX u
pETyJIApHBIX 3aHATHI B TEYEHHE CEMECTpa CAaTh dK3aMEH 10 MUTOraM W3Yy4EHHUs AUCLUILIUHBI
CTYACHTY IIPAKTUYECKH HEBO3MOXHO.
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