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1 HOACHUTEJ/IBHAA 3AITUCKA

1.1 eap AMCHUIUIMHBI: CPOPMHUPOBATH MPEJICTABICHUS O CTPOCHUH U CBOMCTBAX KpH-
CTaJIJIOB, Pa3HOOOpA3UH TUIIOB KPUCTAITUYECKUX CTPYKTYp, OCHOBaX CUCTEMATHUKH KPUCTAJLIU-
YEeCKOT0 BEILECTBA.

1.2 MecTo qucuuninubl B cTpykrype OOII

Juctummaa «Kpuctamaoxumusy» OTHOCUTCS K JUCIHUIUIMHAM 4acTH, (HOpMUPYEMOI
y4acTHUKaMH 00pa3oBaTebHBIX oTHOMmEeHUH Ooka b1 (b1.B.17).

CopnepxaHue TUCUUIUIMHBI TECHO CBSI3aHO M OIIMPAETCS HA TaKUE paHee U3yUEHHBIE JUC-
LUIUIMHBI, KaK (pu3nKa, nHHOpMaTHKa, MaTeMaTHKa, HEOpraHU4YeCKasi XUMUSL.

1.3 JucuuniuHa HanmpaBJjieHa Ha (popMUpOBaHMe ciaeayoumux komnerenuuii: OINK-1,
OIIK-2, ITK-1:

- OIIK-1. Cnoco0eH aHanM3UpOBATh M MUHTEPIPETUPOBATH PE3YIbTATHl XMMUYECKHX IKC-
MEPUMEHTOB, HAOMIOACHUN U U3MEPEHUI, HHANKATOPAMH JTOCTHXKEHUS KOTOPOH SIBISETCS:

e OIIK-1.1 CucremaTu3upyeT U aHAIU3UPYET PE3YJIbTaThl XUMHUYECKUX IKCIIEPUMEH-
TOB, HAOJIIOACHUN, U3MEPEHHUI, a TAKKE PE3yJIbTaThl PACUETOB CBOMCTB BEIIECTB U MAaTEPUAJIOB.

e OIIK-1.2 IlpennmaraeT MHTEMPETAIIUIO PE3YIHTATOB COOCTBEHHBIX IKCIIEPUMEHTOB U
pacueTHO-TEOPETUUECKUX PA0OT C HCIOJIb30BAHUEM TEOPETUYECKUX OCHOB TPAIUIMOHHBIX U
HOBBIX Pa3JIeJI0B XUMHUH.

e OIIK-1.3 ®opmynupyer 3aKJIFOUEHHS U BBIBOJBI 10 pe3yJIbTaTaM aHAJIM3a JIUTEPaTyp-
HBIX JJaHHBIX, COOCTBEHHBIX SKCIIEPUMEHTAJIBHBIX U PACUETHO-TEOPETUUECKUX pPabOT XHH-
YECKPOU HANpPaBIEHHOCTH.

- OIIK-2. CriocobeH mpoBOIUTH ¢ COOMIOIEHUEM HOPM TEXHHKH 0€30MacHOCTH XHMHUYe-
CKHI DKCIIEpUMEHT, BKJIIOYAsi CUHTE3, aHAJIU3, U3YYEHHE CTPYKTYPhl U CBOMCTB BEILIECTB U MaTe-
pHAaoB, UCCIIEOBAaHKUE MPOLECCOB C UX yYaCTUEM, HHAMKATOPAMH JIOCTH)KEHUSI KOTOPOH SBIIS-
eTcsl:

e OIIK-2.1 PaGotaer ¢ XMMHYECKUMHU BEIIECTBAMU C COOIIOACHHEM HOPM TEXHHUKHU
0€30MacHOCTH.

e OIIK-2.2 CunTe3upyerT BellecTBa U MaTepHallbl pa3HOM MPUPOABI C UCIOIb30BAaHUEM
MMEIOIINXCA METOIUK.

e OIIK-2.3 [TpoBOIUT CTaHJapTHBIE ONEPALUU IJIs ONPEAETICHUs XUMUYECKOro U (pa3o-
BOT'0 COCTaBa BEIIECTB U MAaTEPHUAJIOB Ha UX OCHOBE.

e OIIK-2.4 Uccnenyer CBOMCTBA BEIIECTB M MATEPHAIOB C UCIIOJIb30BAHUEM CEPUUHOTO
HAY4YHOT'0 000pYAOBaHUS.

- IIK-1. Brnaneer cucremoit pyHIaMEHTAIbHBIX XUMHUYECKUX TOHATUN W 3aKOHOB, MH-
AUKATOPAMM JTOCTH)KEHUS KOTOPOU ABIIAETCS:

e [IK-1.1 [loHumMaeT OCHOBHBIE MPUHLUIBI, 3aKOHBI, METOJOJIOTHIO U3y4YaEMbIX XUMHU-
YEeCKUX JUCLUIUINH, TEOPETUYECKHE OCHOBBI (PU3MUECKUX U (PU3MKO-XUMHUYECKHUX METOJIOB HC-
CJIeI0OBaHMUS;

e [IK-1.2 Vcnonb3yer (yHAaMEHTalIbHbIE XUMUYECKUE MOHATUS B CBOEH MpodeccHo-
HaJIbHOM JEATEIbHOCTH;

e JIK-1.3 UnTepnperupyeT NOTy4YeHHBIE pe3yIbTaThl, UCIOIB3Ys Oa30BbIe MOHATHS XU-
MUYECKHUX JUCIUILINH.

1.4 IlepedyeHnb MIaHHPYEMBIX pe3yJabTATOB 00y4eHHsi. B pesynbrare usyuenus nuc-
LUIUIMHBI CTYAEHT JOJKEH

- 3HATh:

® IyTH MOMUCKA MH(OPMAIMH JIJIsl UCTIONIB30BaHUS OTYUYEHHBIX TEOPETUYECKUX U MPAKTH-
YECKUX 3HaHWH B 00J1aCTH 0011el U HEOPraHUYECKONW XUMUU;

® OCHOBBI TIOMCKA, KPUTUYECKOTO aHaIM3a U CHHTE3a MHPOpPMAIUU, CHCTEMHOTO MOJIX0/a
JUTSl peLlIeHUs OCTAaBIEHHBIX 3a/1a4 B paMKax AUCIUIUIMHBI KPUCTATIIOXUMUS,

® METO/Ibl U CTIOCOOBI 00pabOTKM MHPOPMALIUU PE3YTbTATOB XMMUYECKOTO SKCIIEPUMEHTA,
pE3yIbTAaTOB HAOIIOICHUA U U3MEPCHHUIA;



¢ UHPOPMALIMOHHBIE UCTOYHUKHU CIIPAaBOYHOT0, HAYYHOT0, HOPMATUBHOTO XapaKTepa;
e METOJbI BHIPALMBAHNS KPUCTAIIOB;
® - OCHOBHBIE IIOJIOXKEHUS T€OMETPUUECKON KpHcTaiorpaduy;
® DKCIIEPUMEHTAJIBHBIE METO/BI ONPENEICHHS KPUCTAUNINYECKUX CTPYKTYD;
® THUIIBI XUMHUYECKOM CBA3U B KPUCTAJUIAX;
® THUINBI KPUCTAIUTMYECKUX CTPYKTYP, OCHOBHBIE IPUHLIUIIBI KJIaCCU(UKAIUH CTPYKTYD;
- YMETh:
® [IPUMCHATh U aHAIU3UPOBATh OCHOBBI ITOMCKA, KPUTHYECKOIO AHAIW3a U CUHTE3a HH-
(dopmanuu, CUCTEMHOTO ITOIX0/a JUI PELIEHUs IOCTaBIEHHBIX 3aa4;
® aHAIM3UPOBATh 3a/1a4y, BbIACIASA ee 0a30Bble COCTABIIAIOLINE U OCYIIECTBIISET AEKOMIIO-
3ULMIO 33/1a4H;
® TPaMOTHO, JIOTHYHO, apryMEHTHPOBAHHO (OPMHPOBATH COOCTBEHHBIC CYXICHHS U
OLICHKU;
e oTIMuaTh (aKThl OT MHEHHH, HHTEpIpETaluid, OLIEHOK U T.J. B PACCYKACHUAX IPYIHX
Y4YaCTHUKOB J€ATEIbHOCTH;
® OIIPENEIATh U OLEHUBATH IIPAKTUYECKUE MOCIEACTBUS BO3MOKHBIX PEILICHUN;
® COIOCTABJISIET Pa3Hble UCTOYHUKU UH(MOPMALMK C LIEIbIO BBISIBICHUS UX IPOTUBOPEUHIA
Y TIOUCKA JOCTOBEPHBIX CYKJICHUM;
e - BpIpalIMBaTh KPUCTAJIbI B JAOOPATOPHBIX YCIOBUSX.

® - TI0JIb30BAThCS 0a3aMU CTPYKTYPHBIX JIaHHBIX.

® CTaBUTh XUMUYECKUI SKCIIEPUMEHT, aHAJIM3UPOBATh U OLIEHUBATH JIA0OpAaTOPHBIE HCCIIe-
JIOBaHUSI;

® IIPOBOJUTH CAMOCTOSITENIBHBIA IMOMCK XWMHYECKOM WH(POPMALUU C HCIOJIH30BAHUEM
pa3IMYHBIX UCTOYHHUKOB (HAYYHO-TIOMYJISIPHBIX M3JaHHM, KOMIBIOTEPHBIX 0a3 MaHHBIX, Pecyp-
COB Internet);

- BJIQ/IeTh:

® HaBbIKAMHU aHaJIN3a, MPUMEHEHHUSI OCHOB IMOKMCKA, KPUTUYECKOTO aHallu3a U CUHTE3a WH-
dopMaiuy, CUCTEMHOTO IMOJAXO0JA JJIsl PELICHUs MOCTABJIEHHBIX 33/1a4 B paMKax IUCLUILIMHBI
o0111as1 ¥ HeOpraHu4ecKas XUMUS;

e HaBBIKAMHU aHaJIM3a 3aJlaud, BBIAEIAS ee 0a30Bble COCTABISIONIME U OCYILECTBISASA Je-
KOMITIO3ULMIO 3a]a4H;

® HaBBIKAMHU I'PaMOTHO, JIOTMYHO, apIyMEHTHUPOBAHHO (POPMUPOBATH COOCTBEHHBIE CYyKE-
HUS U OLIEHKH;

® HaBbIKAMU OTJIMYATh (PAKTHl OT MHEHHM, HHTEPIIPETALIUN, OLIEHOK U T.J. B PaCCyKICHHIX
JIPYTUX YYACTHUKOB JIEATEIbHOCTH;

® CIIOCOOHOCTBIO ONPEAETATh M OLIEHUBATh MPAKTUYECKUE MOCIEICTBUS BO3MOXKHBIX pe-
IICHUM;

® HaBbIKaMU JIeJIaTh 3aKJIFOUEHUS U BBIBOJIbI IO pe3yJbTaTaM aHaJIN3a JUTEpaTypHBIX JaH-
HBIX, COOCTBEHHBIX HKCIIEPUMEHTAIBHBIX U PACUETHO-TEOPETUUECKUX pabOT M0 HEOPraHUYECKOU
XUMUH;

® HaBbIKAMHU CHCTEMAaTU3MpPOBAThb M aHAIM3UPOBATH PE3YJbTaThl XUMHUYECKUX OSKCIIEpH-
MEHTOB, HaOJIIOIEHUH, U3MEPEHNUH, a TaK)Ke Pe3yJIbTaThl PACYETOB CBOMCTB BEIIECTB U MaTepHa-
JIOB Ha UX OCHOBE;

e crioco0amMy OpPHEHTallMKd B MPOQPECCHOHATBHBIX HCTOUYHUKAX HHQOpMAMK (KypHaJbl,
caiiTbl, 00pa3oBaTeIbHbIE TOPTAJIBI);

® HaBbIKAMHU MTOCTAHOBKH JKCIIEPUMEHTA, aHaJIN3a U OIIEHKH PE3yJIbTaTOB Ja0OPATOPHBIX
HCCIICIOBAHUM;

® METOJaMH PUTOTOBJIEHUS PACTBOPOB 3a/laHHOM KOHLIEHTPALIHH.

1.5 O0masi Tpya0eMKOCTh IMCHUIIMHBI «KpUCTATIIOXUMHUS» COCTABIAECT 2 3a4E€THBIX
enunuibl (nanee — 3E) (72 gaca).



[Tporpamma nmpegycMaTpuBaeT U3ydeHUE MaTepHuaia Ha JIEKIUAX U Ja00paTOPHBIX 3aHATH-
ax. [IpenycMoTpeHa caMmocTosiTenbHast paboTa CTyIEHTOB 10 TeMaM U pasnenaM. [IpoBepka 3Ha-
HUI ocylecTBIseTcs: PPOHTAIBHO, HHAUBUYATIbHO.

1.6 O0beM AMCUUNITUHBI U BU/IbI Y4eOHOI 1eATeTbHOCTH
O0beM TMCUMILIMHBI M BU/AbI Y4e0OHO 1eATEeJIbHOCTH

Buja yueOHoii padboThl Bcero yacos Cemectp 3
OO0m1ast TpyA0EMKOCTh 72 72
AyJIUTOpPHBIE 3aHITHS 44 44
Jlexuun 20 20
JlaGopaTopHbie pabOThI 24 24
CamocTosTenpHas padora 28 28
By uTOroBOoro KOHTPOJI: - 3a4eT

2 YYEBHO-TEMATUYECKOE IINTAHUPOBAHUE

YuyeOHO-TeMaTHUYECKHIi IJIaH

Bcero AyauTOpHBIE Camo-
Ne HaunmMeHnoBanue TeM (pa3aesioB) 4acoB 3aHATHSA CTOsA-
Jlexuuu | Jlaboparop- | T¢/IbHAsA
Hble 3aus- | PadoTa
THS

| |BBenenme 4 2 2

1 [IpeameT u 3aaa4u KPUCTAITIOXUMUH 2 1 1

2  |Kpucramnoxumus Kak 4acTh XUMHUH 2 1 1

Il |OcHOBHBIE MOHATHSA U IJI€EMEHTHI 14 4 6 4
CTPYKTYPHOIl KpucTaorpagun

1 |Cummerpus MOieKyJl. 3aKpbIThIE U 3 2 1
OTKPBITBIE ONIEPALUHU U IIEMEHTHI
cuMMeTpud. TodedHble TPyTITBl CHUM-
METpHUH, UX Kiaccudukanus.
OCHOBHBIE TTOHATHS U 3JIEMEHTHI 7 6 1
CTPYKTYpPHOH KpHcTauiorpapuu.
CummMmertpust.

2 |['pynna TpaHcnsuui — pereTka KpH- 4 2 2
crajuta. Tunel pemetok bpass. Knac-
Cbl CHMMETPUH, CHHTOHUH, KaTEerOpUH.

11 (PenTrenorpadgusi u CTpyKTYpHBIii 19 4 9 6
aHAJM3 KPUCTAJLJIOB

1 |®usuyeckre OCHOBBI PEHTTEHOCTPYK- 3 2 1
TypHOro aHanu3a. Knaccuueckue me-
TOJIBI TTOTYYCHHS JH(PPAKITHOHHBIX
s dexToB. Ycnosue Bynbsga-bparra,
ypaBHeHue Jlays.




XapakTepucTuka Au(paKHOHHBIX
METOZI0B CTPYKTYPHOT'O aHAIN3a. —
PCA, DCA(351eKTpOHHBII CTPYKTYp-
Hb1it aHanmu3), HCA (HeHTpoHHBIN
CTPYKTYPHBII aHaIu3)

Cnoco6sI pactrppOBKH KPUCTAILIH-
YECKUX CTPYKTYP, YTOYHEHHE CTPYK-
TYpBI, €€ YHCIIOBBIC MTAPAMETPhI U KPH-
TEPHUH JJOCTOBEPHOCTH CTPYKTYPHOU
MoJIeJ . MeTOo/ bl ¥ POrpaMMBbl aBTO-
MaTHUYECKOT'O PEIICHUS U YTOUHEHUS
KPUCTAJUTMYECKUX CTPYKTYP.

JlaGopaTtopHnast pabora
PentreHorpadus u CTpyKTYpHBIH aHa-
JIN3 KPUCTAILJIOB.

JlaGopaTtopHnas pabota
Pentrenorpacdus u cTpyKTypHBI aHa-
113 KpuctayioB. OCHOBHBIE CLIOCOOBI
BbIpAIlMBAaHUS KPUCTAIIOB

JlaGopaTtopHnast pabota
Pentrenorpadus u CTpyKTypHBIi aHa-
713 KpucTayioB. OCHOBHBIE CIIOCOObI
MOJTy4YEeHHsI KPUCTAJLIOB

Oﬁmne NPUHIUIIBI KPUCTAJJIOXH-
MHH

11

Turbl XUMHYECKOHN CBSI3U B KPUCTAJI-
nax. ['omo- u rerepogecmuyeckue
cTpykTyphl. Koopaunarnmonssie (Mo-
HOJIUTHBIE), OCTPOBHEIE, 1IEMTOYCUHBIE,
CJIOMCTBIE, KAPKACHBIE CTPYKTYPBI.

Ornucanue CTPyKTyp B TEPMHHAX
TUIOTHEHTIIMX IIAPOBBIX YIIAKOBOK
(ITIIY) 1 mIoTHEHIKX MIAaPOBBIX
kiagok (ITIK)

Kpucrannoxumuueckue paanychl aTo-
MOB. MeTtamindeckue, HOHHBIC, KOBa-
JICHTHBIE U BaH-J€P-BaajbCOBBI paju-
YCBI.

KpucrammoxumMmaecKue siBICHHUS.
N30CcTpyKTYpHOCTH, TOMEOTHIINS, Te-
TEPOTHITHS, H30MOP(HHU3M, TTOITUMOP-
¢u3Mm, mopdoTpomnus.

JlaGopaTtopHnas pabota
OO01mre TPUHIIUIIBI KPUCTATTIOXUMUHU

CucremaTuueckas KpHUCTAJJIOXH-
MUs

15




[Ipoctoie BemecTBa. TUNUYHBIE U
AHOMAaJIbHBIE CTPYKTYpPbI METAIIJIOB,
HEMETAJIJIOB.

OO0m1as XxapakTeprucTUKa KPUCTAIIIN-
YECKUX CTPYKTYp OMHAPHBIX COCTUHE-
HUl. IHTepMeTannuapl, rTuIpyIbl, ra-
JIOTE€HUABI, OKCUJIBI, XaJIbKOICHUIBI.

CTpyKTYpHI COJIel KUCIOPOTHBIX KHC-
70T (TIePXJIOPATHI, XJIOPATHI, Cyb(ha-
TBI, HUTPATHI, pocdaThl, KApOOHATHI,
CHJIMKATBHI)

Kpucrannudeckue CTpyKTypbl KOOp-
JUHAIIMOHHBIX coenuHeHui. Kpucran-
noruapatsl. Kitarpatel. Monekyisp-
HBIE KOMIUIEKCEI.

JlaGopaTopHnas pabota
CucreMaTnveckasi KpUCTaUTIOXUMUSL.

VI

O06001eHHAs KPUCTAILIIOXUMHUS

KonzaencupoBanublie ¢a3bl ¢ pa3nuy-
HOM CTENEHBIO YIOPSA0YEHHOCTH.
CrpoeHue )XUAKUX KPUCTAIIIOB. JJie-
MEHTBI OJINKHET0, CPEAHETO U JaJIbHE-
r0 MOPSAJKA BKUAKOCTAX. KUIKOKpH-
CTAJUINYECKHE MOIUMEpLL. JInorpon-
HbIE Me30(ha3bl.

Kpucramisl ¢ yacTUYHOW HEYTIOPAI0-
YEHHOCTHI0. PoTanimonHo-
KPHUCTAJUIMYECKOE cOCTOsIHME. MuKpo-
JIBOWHUKOBAaHUE, ITOJTMCUHTETUYECKUE
CPOCTKH.

JlaGopaTtopHnas pabota
O0600111eHHAs] KPUCTAJUIOXUMHSL.

Hroro

72

20

24

28

]lHTepaKTHBH0606yquHeIH)HHCHHHHHHG

HaunmenoBanue Tem (pa3zeson)

Bun
3aHATHSA

dopma

HHTECPAKTUBHOTO

3aHATHUSA

Kou-
BO
4acoB

OcHOBHBIE TOHATHS U 3JIEMEHTBI CTPYK-
TYpHOHU KpHucTayiorpapuu

JIK

Jlexknus ¢ ommmoOKkaMu

CummeTpusi MoJieKyJsl. 3akpbIThle U OT-
KPBIThIE ONEPAIIUHN U 3JIEMEHThl CUMMET-
pun. TodeuHbIe TPYIITEI CHMMETPUH, HX
KJaccuuKaius.

JIP

Pabota B ManbIX rpyn-

max

@u3nuecKue OCHOBBI PEHTTEHOCTPYK-
TypHOTO aHanu3a. Kiaccmueckue mero-
JIbl TIOTY4eHUs: AUpaKMOHHBIX dpdek-

JIK

Jlexuus-guckyccus




ToB. YcnoBue Bynbda-bporra, ypasne-

Hue Jlayn.

4. Pentrenorpadus u cTpyKTypHBIH aHAIN3 JIP Pabora B ManbIX Tpy1- 2
KPUCTAJIJIOB nax

o. THUIbI XUMUYECKOU CBSI3U B KPUCTAJLIAX. JIP Pabora B ManbIX Tpy1- 4
['oMo- M rerepopecMHUYECKUE CTPYKTY- nax

pbl. KoopauHanyoHHble (MOHOJIMTHBIE),
OCTPOBHBIE, LIENIOYEUHBIE, CIOUCTHIE,
KapKacHbIE CTPYKTYPBI.

UTOro 14

3 COAEP/KAHUE TEM (PA3JIEJIOB)
| BBEAEHUE

IIpeomem u 3a0auu KpUCMALIOXUMUU.

Kpucramnmueckast CTpyKTypa B CHOCOOBI €€ MOJCTUPOBAHUS (CTaTUYECKHE U JTMHAMUYE-
CKHe, TUCKPETHBIE U KOHTHHYaIbHbIE MOJIeNN). TeraoBoe ABMKEHNE aTOMOB.

Kpucmannoxumusn xax uacmo xumuu. CTEpEOXUMUUYECKUN U KPUCTAJUIOCTPYKTYPHBIN ac-
NEeKThI KpucTamoxuMuu. O0001IeHHAs KPUCTATUIOXUMHSI.

Il OCHOBHBIE IIOHATHUA U DJIEMEHTbBI
CTPYKTYPHOM KPUCTAJLJIOT PA®UN

Cummempusi monexyn. 3akpvimvle U OMKpbimvle onepayuu u dnemenmol cummempuu. To-
yeunvle 2pynnsvl CUMMempUU, UX Kiaccugurayusl.

Kpucrann u xpucramumyeckoe BeniectBo. OJHOPOIHOCTh U JUCKPETHOCTh KpHUCTaJUIAYe-
CKOI'0 NMPOCTPAHCTBA.

3aKpbIThIe OllEpallMi U 3JEMEHTbl CUMMETPUU, UX 0003HAUYE€HUE U aHAJIMTUYECKOE Mpe-
craBieHue. B3anmoelcTBre 3aKpbIThIX ONepaluii CUMMETpUH. TodeuHble IpyIIlbl CHMMETPUH,
ux knaccudukanus, oboznauenue (mo llendmucy n mMexayHapoaHoe) U H300paKEHUE HA CTe-
peorpaduueckoil mpoeKIuu.

OchosHble nowamus u 31emeHmvl CmpykmypHou kpucmanioepaguu. Cummempust.

CummMmerpus Monekyn. OpOuTbl TodeyHbIX Trpynn. CHUMMETpHsi U KPaTHOCTb MO3UITHH.
CTpyKTypHBIE KJIacChl U CUMMETpUIHBIE ceMelicTBa MoJieKyJl. [1oyspHOCTh U XMPaANbHOCTh MO-
JIEKYJ, SHAHTUOMEPBHI.

Mpmuororpannuku. Crepeorpaduueckasi Mpoeklys HOpMaliell K TpaHsSM MHOTOTPaHHUKOB.
N30sapel 1 ux koMOuHamu. CemelicTBa n303,1poB. MI30rOHBI.

OcHognbie nousamus u 31emMenmsl CmpyKmypHou kpucmannozpaguu. Cummempus.

I'pynna mpancaayuii — pewemka Kpucmaznna. Tunsl pewwemox bpaes. Knaccvl cummempuu,
CUH2OHUU, Kame2opuu

['pynmna tpancasuil - pemerka kpucramia. MIHAEKCHI y3710B, Y3JI0BBIXPAJIOB U Y3JIOBBIX Ce-
TOK pemeTku kpuctamia. OOpaTtHas pemieTka. OTKPBIThIE OTIEPAMH U AJIEMEHThI CUMMETPHH, UX
0003HaYeHNE MaHAIUTUYECKOE MpeAcTaBlieHne. B3anmoaelicTBrue 3aKpbIThIX U OTKPHITHIXOIEpa-
UI CUMMETPHUH KpHUCTaJlla MEX/ly COOON U C TPaHCIALUSIMHUPEIIETKH.

Kiacebl cummerpun, CHHTOHMH, Kateropuu. KoopauHaThl CUCTEMBI U METPUKA PEILETKH.
Tunsl pemerok bpass. I'paduueckoe m3zoOpaxeHue NpocTpaHCTBEHHBIX rpynn. OOo3HaueHHe
MPOCTPAHCTBEHHBIX TPyNn cUMMeTpuu. CHUCTEMbl 3KBUBAJICHTHBIX MO3ULUN (IpaBUJIbHBIE CH-
CTEMBI TOYEK).

3aBUCUMOCTh (PU3UYECKHX CBOMCTB KPUCTALIOB OT MX cUMMeTpuu. AHu3orpomus. CBoii-
CTBa, OMMCHIBa€Mble TEH30paMHU BTOPOTO paHra (3JIeKTPONpPOBOAHOCTh, TUAJIEKTPUUECKas MPo-
HUIIAEMOCTh, TEIUIOBOE paciuupeHue u np.). [lupo- m neezosnexkrpuueckue coiicrBa. Onruue-
CKH€ CBOMCTBA KPUCTAIIOB. DHAHTHOMOP(HU3M.

MHuoroobpasue Tpymn CHMMETPHH C Pa3IUYHON pa3MEpHOCTHIO. [ pymmbl cUMMETpUU |
CTPYKTYpHBIE KJIacChl LIeTIel U cJI0eB (IPUMEPBHI).



11l PEHTTEHOTPA®USA U CTPYKTYPHBIN AHAJIN3 KPUCTAJLJIOB

Dusuueckue 0CHOBbL peHM2eHOCMPYKMYPHOo20 anaiusa. Knaccuueckue memoowl nonyuenus
ougparyuorHvlx 3¢hpexmos. Ycnosue Bynogha-bpseea, ypasuenue Jlays.

®u3nyecKkrue OCHOBBI PEHTI€HOCTPYKTYpHOro aHanu3a. Kiiaccuueckre MeTo/ bl OJIy4eHuUs
nudpakiMoHHBIX 3P (HEKTOB: MOJUXpOMaTHYECKHid MeToJ (i Meton Jlays), Meros mopoiika
(wu meton [ebas - Llleppepa), MeTo1 BpalleHUs MOHOKpHUCTAJLIA.

NuaunupoBanue peHTreHorpaMM. MEeXIUIOCKOCTHBIE PAcCTOSHUS M MHIEKCHI Y3JIOBBIX
iockocTei. Judpakius peHTreHOBCKUX Jydeld. YcioBue bperra-Bynbda, ypaBaenue Jlays.
®a30BbIii aHanu3. ba3bl JaHHBIX O CTPYKTYpe KPUCTAJUIMYECKUX BEIIECTB.

Knaccbl nudpakmoHHONH CHMMETpHH, CHCTeMaTH4ecKue noracanusi peduiekcos. Ompene-
JICHHE CUMMETPUH KPUCTAILIa, TaPaMETPOB PEIIETKU U Yyucia GOpMYJIbHBIX €UHUIL B sTUCHKE.

VHTEHCUBHOCTh PEHTI'CHOBCKOTO JH(PPAKIIMOHHOTO OTPAXKEHUS U €€ COCTaBJISIOLIHE.
CrtpykrypHblil dakTop. PakTop aTOMHOTO paccesHusi, aHOMalbHOE paccesiHue. Pacnpenenenue
AIIEKTPOHHOHM IUIOTHOCTHU MO sueiiku. Pa3oBas npobnema. [Tonarue o cnocobax pacmuppoBKu
KPUCTAIIMYECKUX CTPYKTYp. Y TOUHEHHUE CTPYKTYPHI, €€ YHCIOBBIE MapaMeTpbl U KPUTEPUU J10-
CTOBEPHOCTH CTPYKTypHOU Mojenu. OCHOBHBbIE MPAKTUUYECKUE 3Tallbl PEHTTEHOCTPYKTYPHOI'O
aHaiu3a.

ABTOMaTH3aIMs CTPYKTYPHOIO aHaiu3a. MeTojabl U MpOorpaMMbl aBTOMATUYECKOIO pellie-
HUS U YTOYHEHUS KPUCTAJUIMYECKUX CTPYKTYP.

Xapaxkmepucmuka — OUQPAKYUOHHBIX ~ MemOo008 cmpykmypHoco auaiusa. — PCA,
DCA (anekmponnviii cmpykmypuwiti ananius), HCA (HelimporHblil cmpyKmypHbulli aHAU3)

Kparkas cpaBHUTEIbHAS XapaKTEPUCTHKA AU(DPAKIIHOHHBIX METOJIOB CTPYKTYPHOTO aHAJH-
3a - peHTreHocTpykTypHbiit (PCA), snekrponnslii cTpykTypHbIid (DCA), HEUTPOHHBINA CTPYKTYP-
HeIi ananus (HCA).

Cnocobvl pacuughposku Kpucmaiiuueckux cmpykmyp, YmouHeHue cmpykmypbl, ee 4ucio-
gvle napamempuvl U Kpumepuu 00CMOBEPHOCMU CIMPYKMYPHOU Modenu. Memoodwvl u npocpammul
ABMOMAMUYECKO020 peuleHUs: U YMOYHeHUs. KPUCTNALIUYECKUX CIMPYKMYP.

OCHOBHbIE 3a/1a41 PEHTTEHOCTPYKTYPHOTO aHAJIN3a B XUMHUHU.

IV OBLLIUE MTPUHIMUITIBI KPUCTAJIJIOXUMHUHN

Tunvl xumuueckoul césasu 8 kpucmaniax. I omo- u cemepooecmuyeckue cmpyKkmypul. Xapak-
Tep KPUCTAIMUECKON CTpyKTyphl. KoopanHaiimoHHble (MOHOJIUTHBIE), OCTPOBHBIE, IIETIOYECUHBIE,
CJIOUCTBIE, KapKacHbIe CTPYKTYphl. JInHaabl. 'oMO- U reTepouHaiHble CTPYKTYPHI.

Uucno (HopMyNbHBIX €IUHUI] B SYEWKEe W PEHTI€HOBCKas TUIOTHOCTh. KoopauHalmnoHHbBIE
yHuclia U KOOPAMHALMOHHBIE MONMN3Apel. COOCTBEHHAs] CUMMETPUSl KOOPAWHAIIMOHHBIX MOIHUAI-
POB, MOJIEKYJI U CIIO)KHBIX MOHOB. KonmuuecTBeHHOE CpaBHEHHE MOJEKYN U JIPYTHX (hparMeHTOB
cTpyKTyphl. CTpyKTypHbIe TUIBI. ONKMCaHNE U COMOCTABIIEHUE BAXKHEUIIUX CTPYKTYPHBIX THUIIOB;
CTPYKTypHasi TOMOJIOTHSI.

Onucanue cmpykmyp 6 mepmunax niomuetiwux waposwvix ynaxogox (INIIY) u mnotHen-
mmx mapoBbix knanok (ITIHIK). Koopaunaimonsslie yncna, KOOpIUHAIIMOHHBIE MTOJUAAPHI U Y-
crotsl B [TIITY u IMIIK. Cnoinocts ITHITY.

Tepmonunamuka kpuctamioB. GOHOHHBIE CIEKTphl. Pacuer TepmonuHamMuueckux (yHK-
1uii. PaBHoBecHbIE CTPYKTYpbl. CTaOMiIbHbBIE, METaCTAOUIIbHBIE U HECTAOMIIbHBIE (a3bl.

Kpucmannoxumuueckue paouycer amomos. Metamdeckue 1 HOHHbIE paguycsl. Koaddu-
IIUEHT IJIOTHOCTU YIMAaKOBKH METAJUIMYECKUX W MOHHBIX KpucTaioB. KoBalleHTHbBIE U BaH-Jep-
BaaJbCOBBI PAINYChl; UX MCIOJIb30BAaHUE ISl IOCTPOSHUSI MOJENIe MOJEKYI U M3YUYEHUsl KOH-
dopmaruu Moneky. [IpoctpancTBeHHbIe HanpsikeHHUs B MoJiekynax. KoaddunueHt mioTHoCcTH
YHaKOBKHU MOJIEKYJSPHBIX KPUCTAJIOB.

Kpucramnoxumuueckue spieHus. M30CTpyKTypHOCTh (M30THUIHOCTH), AHTUU3OCTPYKTYp-
HOCTh, roMeoTunus, rerepotunus. Mzomopdusm. Tumsl uzomopdusma. TBepbsie pacTBOpHI 3a-
MEIIEeHUs, BHEAPEeHUsI U BblunTaHus. CBepXcTpyKTypbl. Copa3zMepHO MOJYJHMPOBAHHBIE CTPYK-
Typsbl. [lomumopdusm, nonutumnus. MOHOTPOITHBIE U YHAHTUOTPOIHBIE MOTUMOP(HBIE MEPEX0-
Ipl. MexaHn3M noauMop@HBIX MpeBpatieHnidi. Mopgotpomnus.



CrpykTypHas MHTEpOpPETALNs NOHATUN XUMUYECKOTO COECAUHEHUs U XUMHYECKOrO Belle-
CTBa.

V CUCTEMATHYECKAS KPUCTAJJIOXUMUSA

IIpocmuie sewjecmsa. Tunuunvie u anomanivhvie CMpYKmypvl memannos. Kpucramimyeckue
CTPYKTYpPBI IIPOCTBHIX BEIIECTB - HEMETAILIOB. M3MeHeHne Xapakrepa CTpPyKTypbl B Ipynnax Ie-
pUOIUYECKON TAaOJIUIBl AJIEMEHTOB; CPaBHEHUE CTPYKTYpP, OTHOCSIIMXCS K pPa3HbIM TPYIIaM
(TpaBWIIO OKTETA).

Obwas xapakmepucmurka KpUCmMaiiuyeckux cmpykmyp ounapuvix coeourerui. CTpyKTypbl
AX, omuceiBaeMbie B TepmuHax [IIITY - TIHIK (annoHHBIC ynakoBKH M KiIaaku). [Ipumepsr pas-
JUYHBIX 0 XapakTepy KpucTtawimyeckux cTpykryp AX m XY, HE ONUCHIBAEMBIX B TEpPMHHaX
[TIHIY - IIIK. OcobeHHOCTH KOOPAMHAIIMN TIEPEXOAHBIX U HEMepeXxoaHbiX MeTamuioB. Kiacre-
PBL

OO01as XapakTepUCTHKA TEPHAPHBIX KPUCTAILTHYECKUX CTPYKTYD.

CTpyKTypbl HHTEPMETAUIUJIOB, THAPUIOB, TAIOT€HUIOB, OKCHUJIOB, XaJIbKOTEHUIOB U JIPY-
rUX OMHAPHBIX U TEPHAPHBIX COCTUHEHUN.

CrpykTypHblii TN NepoBCcKUTAa. CErHeTO- M aHTHCETHETORJIEKTPUUECKUE CBOICTBa Be-
HIECTB C UCKAKEHHOM CTPYKTYpou NepoBCcKUTa. CTPYKTYpbl CMELIAHHBIX OKCHJIOB C BHICOKOTEM-
NepaTypHON CBEPXIIPOBOIUMOCTHIO.

CrpykTypHblii Tl mmnuHenu. HopmanbHble n oOparniennbie mmnuHenu. O0bsiCHeHUe CTpoe-
HUS IIITAHEIEH Ha OCHOBE TEOPUHU KPUCTAIUTMUECKOTro 1oJist. DeppuThl U UX TEXHUYECKOE 3HAUE-
Hue. CBs3b CTPOEHHUSI U MAarHUTHBIX CBOMCTB COEJUHEHUMN, KPUCTAIUIM3YIOIIMUXCA MO TUITY ILUIH-
HEJIH.

Cmpyxmypul coneti KUCIOpOOHbIX KUCTIOM (NepXlopamul, XJ0pamol, cylbghamsl, HUMpamal,
gochamei, kapbonamul u Opyeue).

OcHoBHbIE 0COOEHHOCTH CTpOeHUS cunKaToB. Knaccudukanus ctpykryp cunukaros. M3o-
BaJICHTHBIN U T€TEPOBAJICHTHBIA M30MOP(H3M B CHIITMKATaX. 3aBUCUMOCTh (PU3HUYECKUX CBOMCTB
CUJIMKATOB OT UX cTpoeHus. [Ipupo/iHble 1 CHHTETHYECKUE LEOIUThI, UX CTPYKTYypa U IPUMEHE-
HUE.

Kpucmannuueckue cmpykmypui koopounayuorHuix coeoureruii. CTpyKTYpbl COSTMHEHUN C
MOJIMJICHTaTHBIMU JIMTaHaMH (KOMITJIEKCOHATHI, KOMIUIEKCHI KpayH-3(hUpOB).

OO0mas XxapakTepUCTHKA MOJEKYISPHBIX KpUCTAIIOB. OCOOEHHOCTH OPTaHUYECKUX KPH-
ctajsioB. Teopust IUIOTHOW  YHMakoBKM  MojieKysl.  ONopHbIEMEXMOJIEKYISIPHbIEKOHTAK-
ThL.MOJIEKYIIPHOEKOOPAUHAIITMOHHOE YHUCIIO.

Crienuduyeckrie MeXMOJIEKYJISIpHbIE KOHTaKThl. Bomopoanas cBsa3b. H-accoumatsl B opra-
HUYECKUX KPHUCTAJUIaX U UX OMHcaHue ¢ momoribio rpados. Conpsixennsie H-cBs3u. Cnenndu-
YECKHE KOHTAKThl TaJIOT€H-TaJIOTe€H, METaJI-KUCIOPOJ, MeTali-MeTaul U japyrue. KoHTakTsl
OCH30JBHBIX LIUKIIOB. ATperanus CerupruuIecKux MeKMOIEKYIIPHBIX KOHTAKTOB.

CTpyKTypHBIE KJIACChl TOMOMOJIEKYJISIPHBIX KPUCTAIIIIOB. MOHO- U TIOJIMCUCTEMHBIE CTPYK-
Typbl. THUIIBI MOHOCHUCTEMHBIX KPHUCTANIOB. PacmpeneneHue OpraHM4EeCKHMX KPHUCTAIIOB IO
CTPYKTYpHBIM Kiiaccam. CoOCTBEHHasi CHMMETPHSI MOJICKYJIBI U CHMMETPHUS €€ MO3UIUU B KpHU-
cramie. [IpaBuno neHTpocuMMeTpuyHOCTH. [IceBAOCUMMETPUYHBIE MOJICUCTEMBI B MOJIEKYJISIP-
HBIX KpHUCTaJIJIaX.

[TonucucremHble MoJeKyJspHble KpucTauibl. KoHtakTHas koHpopMepus. ['unepcummer-
pHst (CBEpXCUMMETPHS).

MeToa cCUMMETpUU MOTEHIMANBHBIX (QyHKIUK. VHTepnperalus pacrnpeneaeHusi MOJIeKY-
JSIPHBIX KPHUCTAJUIOB IO CTPYKTYPHBIM Kiaccam. Bo3mymienune moTeHIumanbHbIX GyHKImd. Ce-
MENCTBA CTPYKTYPHBIX KJIACCOB MOJIEKYJISIPHBIX KPHUCTAJIIOB.

I'etepomonexynspubie kpuctamibl. Kpuctamioruapatel. Knarpatel. MonekynspHble KOM-
TJIEKCHI.

Pacuer sHeprum MeXMOJICKYJISIPHOTO B3aWMOJCHCTBUS B aTOM-aTOMHOM TMPUOIMKEHUH
(I71s1 OpraHMYEeCKUX KPUCTAIUIOB). DHEPrUsl MOJEKYISIPHOTO KpHUCTalia Kak (GyHKIUS CTPYKTYp-
HBIX MapamMeTpoB. CTPYKTYPHBIE MOJKIACCH M aHU30TPOIHS CBOUCTB.
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CtpoeHue KpucTaIM4ecKuX OUOMOIMMEPOB.

TemmoBsie KonebaHUs aTOMOB M MOJIEKYJI B KpUCTaluTax. TeH30pkl, OMUCHIBAIOIINE KOyIeOa-
HUS JKECTKUX MOJIeKyJ. /luHamuyeckas 3ajgava il OpraHUYeCKOro KpUCTalla; pacdyeT 4acToT
BHEITHUX MOJICKYJISIPHBIX KOJICOAHUH M TEPMOJIUHAMUYECKUX (yHKITUH.

VI OBOBHIEHHAS KPUCTAJIJIOXUMUSA

Konoencuposannvie ¢azvl ¢ paznuunou cmenenvio ynopsaodouennocmu. KoppensunoHHas
nnvHa. Jlanpauii u OmmkHUN nopsanok. Kpucramnsl u kBasukpucramibl. HecopazmepHsie CTpyk-
Typbl. MHOTOOOpa3ue Me3opdas.

Crpoenue >xunkux KpucramioB. Kamamutuueckue me3odasbl (HEMATHKH, XOJECTEPUKH,
cMekTukHn). Jluckorudeckue me3odasel. MezomopdHsie iepexo ibl. Bo3BpaTHbIil Me3oMopdu3m.

Kuaxoxpucrannnueckue noaumepsl. JInotpomnnsie Me30(hasbl.

Kpucmannvt ¢ wacmuunotl neynopsooueHnocmoro. POTalMOHHO-KPUCTAITMYECKOE COCTOS-
Hue. MUKpOIBOMHUKOBaHHE, TOJTUCUHTETUUYECKUE CPOCTKHU. JIOMEHHBIE CTPYKTYPBHI.

DNEeMEHTHI OMKHETO, CPETHETO U JATLHETO TIOPSIIKA B KUIAKOCTSIX.

4 METOANYECKHUE PEKOMEHJALIUU (YKA3ZAHUSA) AJIA CTYAEHTOB 11O
N3YYEHUIO JUCHUIIJINHBI

Pabouas nporpaMmMa TUCHMITIMHBI IPU3BaHA IIOMOYb CTYJEHTaM B OpraHU3allul CaMOCTO-
ATEIBHON paboTHI IO OCBOSHHIO Kypca KPUCTAIUIOXUMUH. KpucTamuioXxumus - 3To Hayka O BHYT-
PEHHEM aTOMHOM CTPOCHMHM BellecTBa. M3yuyaeT 3aKOHBI PACIIOJIOKEHUS aTOMOB U THUIIBI CHUM-
METPUU B KPUCTAIIMYECKHUX TeNax, a TaK ke Je(eKThl B UX CTpYKType. byayuu paspenom xu-
MHH, KPUCTAJUIOXUMHUSI TECHO CBsi3aHa ¢ Kpuctauiorpadueil. ICTOUHUKOM 3KCIEpUMEHTAIbHbBIX
JAHHBIX O KPUCTAINIMYECKUX CTPYKTYpax SIBISIOTCS, TJIABHBIM 00pa3oM, peHTT€HOCTPYKTYPHBIH
aHaJIM3, CTPYKTypHas 3JEeKTpoHOorpadus U HeUTpoHorpadus, ¢ MOMOLIbIO KOTOPHIX MOIYYaroT
JOCTOBEPHYIO KOJIMYECTBEHHYIO MH()OPMAIMIO O CTPOCHHHM XMMHYECKHX COCIHMHEHHUH (OT Mpo-
CTEHIIMX CTPYKTYP METaNIOB M MOHHBIX OMHApHBIX COEAMHEHUH /10 CIIOKHEHIIUX CTPYKTyp
OMONOIMMEPOB U KOMIUIEKCOB C MOJMICHTATHBIMU JUranaaMu). O0paboTka 3Toi nHpOpMaIHH,
CUCTEMATH3alMsl CTPYKTYPHOIO MaTepuaia, BbISBICHUE U MHTEPIpPETAlUs 3aKOHOMEPHOCTEH,
MPUCYIINX CTPOEHHUIO KPUCTAUIMYECKUX BEIIECTB, YCTAHOBIEHHWE 3aBUCUMOCTU (PU3NYECKUX U
XUMHUYECKHX CBOMCTB OT CTPYKTYpPHI, pa3pabOTKH METOJ0B CUHTE3a TBEP/BIX BEILIECTB - TAKOBBI
OCHOBHBI€ 33/1a4l KPUCTANIOXUMUHU.

Maremarnyeckas 6a3a KpUCTAJUIOXUMHMHU - TEOPUs IPYMIl CUMMETpUH, pU3NUecKas - Tep-
MOJIMHaMHUKa U KBAHTOBAasi MEXaHUKa, SIKCIIEPUMEHTaJIbHAas - TU(PaKIIMOHHbIE METO/IBI.

[Tpu m3yueHNM KpUCTANIOXUMHH MPOBOJATCS JabopaTopHble 3aHATUsA. B pa3aene «Jlabo-
PaTOPHBINA MPAKTUKyM» MOAPOOHO ONMHUCAHBl TEOPETUUECKHUE BOIPOCHI ISl MOATOTOBKH K j1a00-
paTopHbIM 3aHATUAM. [0 OTAENBPHBIM TEMaM MPENIOKEHBl BapUAHThI pacuyeTHBIX 3anad. Cucre-
MaTHYECKOE BBITIOJHEHHUE 3aJJaHuil (POPMUPYET HABBIKU PEIICHUs pacUeTHBIX 3aJa4, YMEHUE pa-
60TaTh ¢ y4eOHOI U CIIPaBOYHOM JIUTEPATypPOi.

JlJig yCHenHOro BBIOJHEHUS 3aJJaHus CTyA€HTaM HEOOXOAMMO MpPeIBaPUTEIbHO O3HAKO-
MUTbBCS C COZIEp>KaHUEM COOTBETCTBYIOIIETO pa3zena. [Ipu moaroToBke K 3aHATUSAM HEOOXOIMMO
U3YYUTh PEKOMEHAYyeMYI0 JiuTeparypy. OOmuil cnucok OCHOBHOM M JTOMOJIHUTENBbHOM JIUTEpa-
Typbl IPEACTABIIEH B OTACIBHOM pa3ele.

[ToBbrmernto >(HPEKTUBHOCTH M3YUECHHS JAHHOTO Kypca CIIOCOOCTBYIOT NMPEACTABICHHBIC
B [IpOrpamMMe TeMbI pedepaToB MO aKTyaIbHBIM BOIIPOCAM KPUCTAJUIOXUMHUH, a TAKXKE BapUAHThI
KOHTPOJIBHBIX pabOT ¢ MaTepHrajiaMH K UX MOATOTOBKE (110 YKa3aHUIO MPENoJaBaTeis).

N3ydenune Kypca 3aBepllaeTcs 3a4eToM, BOIPOCH K KOTOPOMY MpPEIOKEHbI B paboueit
nporpaMme JUCHHUIIIUHBL.

Pabouas nporpamMma qucuuIuiMHbl «KpucTamioxumusy OpHeHTHPOBaHA HAa ONTHMH3AIIHIO
METOJIOB H3YYEHHs, COBEpUICHCTBOBAHHWE METOJMK IMPOBEACHUS MPAKTUYECKOM W Hay4dHO-
UCCIIEIOBATEIbCKOW paboThl, MOCKOJbKY HMMEHHO 3TH BUIBI y4eOHOH paboThl CTYICHTOB B
MEPBYIO O4YEpeIb TOTOBAT UX K CAMOCTOSATEIHLHOMY BBIITOJIHEHUIO TPO(EeCCHOHANBHBIX 3a/1au.
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YueOHO-MeTOANYECKOE O0ecTieYeHrne CAaMOCTOSITeIbHOIH padoThI

CTYJAC€HTOB 110 TMCHUIIJINHE

KoimuecrBo 4a-
HaumenoBanue @ opMbI/BH/IBI CAMOCTOSITE b~ ¢OB, B COOTRET
Ne N CTBHHM C Y4eOHO-
pa3aena (Tembl) HOI1 padoThbI
TeMaTH4eCKUM
MJIAHOM
1. IIpenmer u 3agaum kpucran- | M3yuenue aureparypsl 2
JIOXUMHHU KoHcnexktupoBanue  usy-
YEHHBIX MICTOYHUKOB
2. OcHoBHblE TNOHATUS M 3je- | VI3yueHue aureparypbl 4
MEHTBl CTPYKTypHOH Kpu- | Odopmiienne nabopatop-
crayuiorpadun HOU paboThI
IlonroroBka oryera mo Jia-
OoparopHoii pabote
Perienue pacueTHbIX 3a7a4
3. Pentrenorpaguss u crpyk- | M3yuenue aureparypsl 6
TypHBII aHanu3 KpuctauioB | Ocdopmienue saboparop-
HOM paboTHI
IlonroroBka oryera mo Jia-
OoparopHoii padote
Perienue pacueTHbIX 3a7a4
4. OOmue npuHLUIBL KpucTan- | M3yueHue nureparypbl 4
JIOXUMHUH Odopmnenne mabopaTtop-
HOM paboTHI
IlonroroBka oryera mo Jia-
OoparopHoii padote
Penienue pacueTHbIX 3a7a4
S. Cucremarndeckasi Kpucrtai- | 3yueHnue muteparypsl 8
JTOXUMHUS KoHcnekTupoBaHue  M3yu4eHHBIX
HMCTOYHHUKOB
Pewrenue 3anau
6. OO6001meHHas  KpUCTAIIOXH- | MI3yueHue nureparypbl 4
MU KoncnextupoBanue — usy-
YEHHBIX HCTOYHUKOB
UTOoro 28
5 MPAKTUKYM 1O IMCIMIIVIMHE
IIJTAH n1adopaTopHbIX padoT
Ne n/mt Tema Kon-Bo | Bua 3anaruit
4acoB
1. |OcHOBHbIE MOHATHUS M 3JIEMEHTHI CTPYKTYpPHOM KpHcCTaiorpa- 3 JIP
¢un. Cummerpus
2. |Pentrenorpadwus u cTpyKTypHBIN aHAIH3 KPUCTAJUIOB 3 JIP
3. |OO0mme npUHIHITBI KPUCTAIUIOXUMUHU 3 JIP
4. |CucreMaTHuecKas KpUCTAIUIOXUMUS 3 JIP
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O060011ICHHAST KPUCTAJUIOXUMUST 3 JIP

6. |OcCHOBHBIC TOHSATHS U DJEMEHTHI CTPYKTYPHOM KpHCTAILJIOTpa- 3 JIP
¢un. Cummerpust

7. |Pentrenorpadusi U CTPYKTYpHBIH aHanmu3 KpuctamioB. OCHOB- 3 JIP
HBIE€ CIIOCOOBI BhIPAIIMBAHUS KPUCTAIIOB

8. |Pentrenorpadus u CTPYKTYpHBIH aHanmu3 KpuctamioB. OCHOB- 3 JIP
HBIE€ CIIOCOOBI MOTYYCHUS KPUCTAJIOB

JIABOPATOPHAS PABOTA Ne 1 (3 yaca)
OCHOBHBIE IOHATHUSA Y 3JIEMEHTBI CTPYKTYPHOI KPUCTAJLJIOT PA®UN
CUMMETPUA
Bonpocsl k 3aHATHIO

1. IlonsaTue ToueyHoi rpynmnsl. CUMMETPUYECKHE ONEpPallMK U JIEMEHTBI cuMMeTpuH. [1o-
BOPOTHBIE U MHBEPCUOHHBIE OcH. [IpuMepsl Moexyir.

2. CemeiicTBa TOYEUYHBIX TPYyNIN HU3IIEH U cpeaHeill kateropuu. IlpenenbHble Ipynmbl
cpenHen kareropuu. ITpumepsl Mostekyot.

3. Crepeorpaduueckasi MpOEKIUs FIEMEHTOB CUMMETPUUA U HOPMaJIeH K I'paHsM MHOTO-
IPaHHUKOB. TouyeuHbIe rPpyIIIbl BbICIIEH KaTeropuu. [Ipumepsl MOIeKyJI 1 MHOTOIPaHHUKOB.

4. CumBonnka ToueuHblx rpynn. CumBoisl ['epmana-Morena. 3epkallbHO-TIOBOPOTHBIE
ocu ¥ cuMBoJibl Llendgunca.

5. M30roHbI 1 opOUTHI TOYEYHBIX TpyMIl. CTPYyKTYpHBIE KJIACCHI MOJICKYIL.

6. M3031psl 1 nx komOuHauuu. CemMencTBa H303/1POB.

7. I'pynnsl Tpancisiumid. [TpuMuTHBHBIE M HEIPUMUTHUBHBIE TapaslIeIeNUIIe bl TOBTOpsie-
MocTu. Kpucraminueckas pelerka 1 KpUCTAIUIMYECKask CTPYKTYpa.

8. Cummerpus pemetku. [onosapuueckue Touyeunsle rpynnsl. Kpucramiorpadudeckue
KOOpJUHAaTHbIE

CUCTEMBI. DJIEMEHTapHas A4yeiika.

9. Kpucramnorpadpuueckue TodeuHble Ipynnbl (Kpucramiorpadudeckue kinaccel). Cum-
METpHUs KPUCTAIIIMYECKOIO MHOTOTPAaHHUKA U CUMMETPHUS MO3UIUHN B KPUCTAIIINYECKON CTPYK-
Type. [Ipumepsl.

10. OTKpBITHIE 27I€MEHTHl CHMMETPUN KPUCTATMUECKUX CTPYKTYP U MX 0003HAYCHHUS.

11. Tune! pemerok (tumnsl bpass). CtpykTyps! bpass. MctunHas u ciiyyaiiHas cUMMeTpus
pemetku. [Ipumepsl CTpYKTYp € pelieTkaMyu pa3Horo THUIIA.

12. CouetaHusi OTKPBHITBIX M 3aKPBITHIX JIEMEHTOB CUMMETPUH MEXIY COOOH U C MepIeH-
JTUKYJSIPHBIMU TPAHCIISLUSMU.

13. IIpocTpaHcTBeHHBIE rpynnbl cuMMeTpuu. [Ipunimn ux BeiBosa. OOIIME U YacTHBIE CH-
CTEMBbI SKBUBAJICHTHBIX MO3UIUHN (OpOUTHI). CTPYKTYpHBIE KJIACCHI.

14. Onucanue KpUCTAIUIMYECKUX CTPYKTYP Ha OCHOBE NMPOCTPAHCTBEHHBIX IPYMI U CTPYK-
TYpPHBIX KJIacCOB. [IpuMepbl CTpyKTyp HU3IIEH KATETOPHH.

15. Onucanue KpUCTAIUIMYECKUX CTPYKTYP Ha OCHOBE NMPOCTPAHCTBEHHBIX IPYMI U CTPYK-
TYpPHBIX KJIAcCOB. [IpuMepsl CTpyKTyp CpelHEH KaTerOpuHu.

16. Onucanue KpUCTAIUIMYECKUX CTPYKTYP Ha OCHOBE NMPOCTPAHCTBEHHBIX IPYMI U CTPYK-
TYpPHBIX KJ1accoB. [IpuMepsl CTpYKTYp BBICIIEH KaTErOpUH.

17. Muoroo6pa3zue TpyIn CUMMETPUHU C Pa3InYHON pa3MepHOCTbI0. CTPYKTYpHBIE KI1acChl
LEeN U CIIOEB.

18. Kpucramioxumuueckue paguychl U UX Hcnojib3oBaHue. KoapuuueHt mioTHocTH
YIaKOBKH.

JIABOPATOPHAS PABOTA Ne 2 (3 yaca)
PEHTTEHOT'PA®US U CTPYKTYPHBINA AHAJIN3 KPUCTAJLJIOB
Bomnpocsl k 3aHATHIO
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1. Kakoe ¢u3uveckoe SBICHHUE JIGKUT B OCHOBE PEHTICHOCTPYKTypHOro aHaim3a? Urto
npezcTaBisieT co0ol MaTepraibHast CyOCTaHIIMs, paccenBarolas peHTT€HOBCKUE Ty4YH?

2. Ha3oBuTe OCHOBHBIE CIIOCOOBI NOJIY4YeHUs AUMPAKIUOHHONW KapTUHBI B PEHTTEHOIpa-
¢bun.

3. Kakue XxapakTepUCTHKH KPUCTAJUIMYECKOIO BELIECTBA MOYKHO IOJIYYUTh C IOMOUIBIO
ypaBHeHu# Jlays?

4. Kakne XapaKTepUCTHKH KPUCTAJZIMYECKOIO BEIECTBA MOYKHO IIOJYYUTh C IOMOLIBIO
ypaBHenust bparra-Bynbda?

5. Kakue ¢opMysbl BBIpaXarOT 3aBUCUMOCTh MHTEHCUBHOCTU JIU(MPAKIMOHHOTO Jy4a OT
KPUCTAJUTMYECKOUN CTPYKTYpPbI?

6. Kakas QyHKIMS sIBIIsS€TCSI KOHEYHBIM PE3yJIbTaTOM CTaHAAPTHOI'O PEHTTEHOCTPYKTYPHO-
ro ananu3a? Kakue XapakTepUCTHKH KPHCTAIIMUECKOTO BEIECTBA M3BJICKAIOT U3 3TOW (YyHK-
nuu?

7. Iloyemy cTaHIApPTHBIM PEHTICHOCTPYKTYPHBIA aHAIU3 HE MOXKET J1aTh aJCKBATHYIO MH-
dopmanuio o GyHKIMM pacipeaesieHus 3JeKTPOHHOM IIOTHOCTH?

8. Kakyio JOMOSHUTENIbHYI0 WH(GOPMAIMIO JAeT MPEIU3UOHHBIA PEHTIC€HOCTPYKTYPHBIN
aHaJIN3 110 CPAaBHEHHUIO CO CTaHJAPTHBIM BAPUAHTOM ATOrO MeToa?

9. KakoBo Ha3HayeHHE ¥ OOIIME MPUHIIMITEI yCTPOHCTBA aBTOMATHYECKOTO AU(PpaKTOMeT-
pa?

10. Jlna xakoil 1enu UCHojib3yeTcsl peHTreHo(das3oBblil aHanu3? Kakoil MeTon mosrydyeHus
JU(PPaKLMOHHON KapTHUHBI JIEKUT B OCHOBE 3TOr0 MeToza?

11. Kakue nudpakiroHHbIe METOJIBI (KpOME PEHTICHOTpapuu) UCIOJIB3YIOTCS JIJISl OIpe-
JIEJIEHUS CTPYKTYPbI KPUCTALIOB?

12. Kakoe (u3udeckoe sSBICHHE JISKUT B OCHOBE HEUTpOHOTrpaduu U eKTpoHorpadum?
Ha xakux marepuaabHbIX 00BEKTaX pacCeUBAIOTCS HEUTPOHBI U 3JIEKTPOHBI?

JIABOPATOPHAS PABOTA Ne 3 (3 yaca)
OBIIME ITPUHIOUIIBI KPUCTAJVIOXUMHUHU
Bomnpocsl k 3aHATHIO

1. Tunbl XMMHYECKON CBSI3U B KPUCTAUIAX. |'OMO- M reTepoAecMUYECKUE CTPYKTYpPBI. Xa-
pakTep KpUCTAJUIMUECKOW CTpyKTypbl. KoopauHanmoHHble (MOHOJMTHBIE), OCTPOBHBIE, IIETIO-
YeUyHbIE, CIIOUCTBIE, KAPKaCHbIE CTPYKTYphl. JInHaasl. 'oMO- 1 rerepoguHa HbIe CTPYKTYPBI.

2. Yucno ¢GopMyJIbHBIX €UHUIL B YEiKe U pEHTTeHOBCKas INIOTHOCTh. KoopanHanmoHHble
YuCciIa U KOOPAMHALMOHHBIE MONUAIpbl. COOCTBEHHAss CUMMETPHsI KOOPIMHALMOHHBIX MOJIUA/I-
POB, MOJIEKYJ U CIOXHBIX HOHOB. KoJlMuecTBEHHOE CpaBHEHHE MOJIEKYJ U IPYruX (parMeHTOB
CcTpyKTyphl. CTpyKTypHbI€ TUIIBI. ONMCAaHNUE U CONOCTABIICHNE BaXKHEUIINX CTPYKTYPHBIX THIIOB;
CTPYKTypHasi TOMOJIOTHS.

3. Onucanue CTPYKTYp B TE€PMUHAX IUIOTHEHIIMX IIapoBbiX ynakoBok (ITHIY) u moTHei-
mmmx mapobix kKiaanok (I1IHK). Koopaunaimonssle yncna, KOOpAUHAIMOHHBIE MOJIMAAPHI U My-
crotsl B [IIITY u ITIIK. Crnoitrocts TTHIY.

4. TepmonnHaMuka KpuctauioB. DOHOHHBIE CEKTpbI. PacueT TepMonHaMUUecKux (QyHK-
1uii. PaBHOBecHbIe cTpyKTYpbl. CTaOnibHbIe, METaCTa0MIIbHBIE U HECTaOMIbHbIE (hazbl.

5. Kpucrannoxumuyeckue paguycbl aToMOB. Metaiuinueckue U HOHHbIE paanychl. Koad-
(UIMEHT TUIOTHOCTH YNaKOBKM METAJUIMYECKUX M MOHHBIX KpucTayioB. KoBajeHTHbIe M BaH-
JIep-BaaJIbCOBBI PAJINYCHI; UX MCHOJIb30BAHUE NIl TIOCTPOEHUS MOJENEH MOJIEKYJ M HW3y4YEHUs
KoH(popmaru Moineky. [IpocTpancTBeHHBIE HaNpsKeHHs B Mosiekyniax. Koaddumnuent miotHo-
CTH YTIAKOBKH MOJIEKYJISIPHBIX KPHUCTAJIJIOB.

6. Kpucramioxumuueckue sBiaeHUs. M30CTpyKTYypHOCTh (M30TUIIHOCTD), aHTUU30CTPYKTYp-
HOCTh, TOMeOTHNHS, TeTepoTunus. M3omoppusm. Tumsl n3omopdusma. TBepabie pacTBOpHI 3a-
MEIIEHUs, BHEAPEHUSI U BblunMTaHUs. CBepXcTpyKTypsl. Copa3zMepHO MOJYJMPOBAHHBIE CTPYK-
Typbl. [lomumopdusm, nonutunus. MOHOTPONHBIE U SHAHTUOTPOIIHBIE MOJUMOP(HBIE MEPEXo-
Jbl. Mexanu3m nonuMop@HbIX npesparienuil. Mopdorponus.

7. CTpyKTypHasi UHTEpHpeTalus MOHATHH XUMUYECKOTO COEJUHEHHS] U XMMHUYECKOIO Be-
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[LIECTBA.
JABOPATOPHASI PABOTA Ne 4 (3 uaca)
CUCTEMATHUYECKASI KPUCTAJIJIOXUMMS

CTPYKTYPbI IPOCTBIX BEHIECTB U UHTEPMETAJIJINJIOB

1. IlpuBenuTe MpUMEpPHl METALIOB, CTPYKTypa KOTOPBIX MpEACTaBiIseT co00i ABYyXCIOM-
HYIO IUIOTHEHIIYIO IaPOBYIO YIIAKOBKY.

2. IlpuBenuTe NMpUMEpPHl METAJIOB, CTPYKTYpa KOTOPBIX IMPEACTABISET COOOM TpEXCIOo-
HYIO IUIOTHEHIIYIO IIAPOBYIO YIIAKOBKY.

3. IIpuBenuTe npUMeEpbl METAIIIOB, U30CTPYKTYPHBIX - JKEJIE3Y.

4. ITpuBeauTe NpUMepbl aHOMaJIbHBIX KPUCTANIMYECKUX CTPYKTYP METAIJIOB.

5. Kakyto cTpyKTypy UMEIOT OTBEPACBIINE HHEPTHBIE T'a3bl?

6. Onumure 0COOEHHOCTH BBICOKOTEMIIEPATYPHBIX KPUCTAIIMYECKUX Moaudukanuii ¢ro-
pa 1 KHCII0po/a.

7. Kakoe BUIOM3MEHEHHE KPUCTALINIECKON CTPYKTYphl Habmonaercs B psaxy Cla, Bra, 12?7

8. Kakoe KOOpIMHAIMOHHOE YMCIO MMEIOT aTOMbl B KPUCTAJUIAX TEJUIYypa, MBIIIbIKA U
repMaHusi?

9. KakoB xapakTep KpUCTAJUIMYECKUX CTPYKTYP CEPOro U KpacHOTro cejeHa?

10. OnuiuTe CTpyKTYypHBIE OCOOCHHOCTH ABYX KPUCTAJUIMYECKUX MOAM(UKaLU a30Ta.

11. KakoB xapakTep CTpYKTypbI O€JI0T0, Y4epHOTO M KpacHOro ¢ocdopa?

12. Ilepeuncanre BaxHeHIIME KpUCTAIIIMUECKUE (GOPMBI yriaeposa.

13. KakoBa koopauHamus aTroma yriaepojaa B pymiepene?

14. KakoBa koopauHalys aroma 6opa B KpUCTaLIMYeCKOM 6ope?

15. IlpuBenute mpuMepbl MHTEPMETAJUIMJIOB CO CTPYKTYpaMH, MOJOOHBIMU OCHOBHBIM
CTPYKTYPHBIM TUIIAaM METAJUIOB.

16. Uro takoe dassl JlaBeca? [IpuBenure mpumMepsl.

17. Yem ctpykTypa uatepMeTaunga CuAu OTJIMYAETCsl OT CTPYKTYPHI CIlJIaBa TOTO K€ CO-
cTaBa?

CTPOEHME KPUCTAJIJIOB AX U XY

1. Ha3oBuTE OCHOBHBIE CTPYKTYpPHBIE THIIBI HOHHBIX KPUCTAJIOB. KakoBbl KOOpIMHAIIMOH-
HBIE YKCJIa HOHOB B THX BEIECTBAX?

2. Uem paznuyaroTcsi CTPYKTYpPHI BIOpIUTA U canepura?

3. aKoB XapakTep KpHCcTaIn4eckoi ctpykTypsl Cuz0?

4. Hazosute usBectHble Bam monudukanmuu Si02; yKkaXUTe UX CUHTOHUIO U COOTHOIIEHHE
¢ Moau(UKaIUAMU yriepoa.

5. Vxkaxute BakHeimue paznnuus ctpykryp CO2 u SiOz.

6. CKOJIBKO BOJIOPOJIHBIX CBsI3€il 0Opa3yeT MoJjieKyJia BoJbl B KpucTamiax jbjaa? Kak stu
CBSI3U PACTOJIOKEHBI?

7. YeM MOXO0H U B 4eM pasznnyarorcs cTpykrypsl BN u rpadura?

8. [IpuBeauTe npuMepsl OCTPOBHBIX KPUCTAJUIMYECKUX CTPYKTYp M3 YHUCIIA MPOCTHIX U OU-
HapHBIX BEILECTB.

9. IlpuBeauTe nprUMepH! LIETIOYEYHBIX KPUCTAIIMUYECKUX CTPYKTYp OMHAPHBIX COETUHEHUI
AXuXY.

10. IIpuBeauTe NpUMEPBI CIOUCTBIX KPUCTALINYECKUX CTPYKTYp AX u XY.

11. IlpuBenuTe nmpuMepsl roOMOIECMHUECKUX (MOHOMUTHBIX) cTpYKTYp AX u XY ¢ KoBa-
JICHTHBIMU CBSI3SIMH.

12. OnummuMre MOTHB 3aroyIHeHus MycToT B KopyHe Al2Os.

13. IIpuBeauTe mpuUMEPBl KPUCTAUIMYECKUX CTPYKTYp AX, Irlie MeTaul UMeeT KOOpAuHa-
IIMOHHBI MHOTOTPAaHHHK B BHJIE: @) OKTay/pa, 0) TeTparoHaJbHOW TUMHPAMUIBI, B) TPUTOHAIb-
HOM IPU3MBI.

JIABOPATOPHAS PABOTA Ne 5 (3 yaca)
OBOBUHIEHHAS KPUCTAJIJIOXUMMUSA
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Bonpocshl Kk 3aHATHIO

1. KonneHcupoBanHble (a3bl ¢ pa3iMyHON CTENEHbIO YNOPAAOYeHHOCTH. JlambHUil H
OJIMDKHUM TTOPSIOK.

2. Kpucramnel 1 kBa3ukpuctauibl. HecopasmepHnbie cTpykTypbl. MHOTOOOpasue me3odas.

3. CtpoeHue KUIKUX KPUCTAIUIOB. JKUAKOKPUCTAIITNYECKHE ITOJIUMEPHI.

4. Kpuctamibl ¢ YaCTUYHON HEYNOPSI0YEHHOCTbIO. POTallMOHHO-KpHUCTAIIINYECKOE COCTO-
SIHUE.

. MEKpOJBOMHUKOBAHUE, TIOJTMCUHTETUYECKNAE CPOCTKU. JIOMEHHBIE CTPYKTYPBI.
. DNeMeHTbI OJUKHETO0, CPETHEr0 U JAJTbHET0 MOPsAKa B )KUIKOCTSIX.
. Kitacrepe! 1 ux crpoenue
. buononumeps! U UX CTPyKTYpa.
CTPOEHUE KPUCTAJIJIOB TEPHAPHBIX COEJJMHEHUM 1 CWJINKATOB

1. Onmmute kpucrammndeckyio crpykrypy KoPtCle.

2. B uem cX0/ACTBO U B Ue€M pa3inyue CTPYKTYp KaJabl[MTa U aparoHuTa?

3. Kakue u3menenus B crpykrype BaTiOs (Tun nmepoBckuTa) IpOUCXOIST MIPH MEPEXOJIC B
CETHETO3JIEKTPUUECKOE COCTOSIHUE?

4. Kakoil BapuaHT CTPYKTYpHOTO THIIa HIMUHENN (HOpMalibHas, oOpalleHHasi WIH MpoMe-
JKYTOYHAsI IITHHEb) CIIEAYET 0KUAATh 1151 ABOMHBIX OKCH 0B NiFe20s, ZNCr204, NiCr204?

5. B 4yem 3akitouaeTcsi OCHOBHOE Pa3IMuUe KPUCTALIMYECKUX CTPYKTYP aIFOMOCHUIIMKATOB
Y CUJIMKATOB QJTFOMUHUS?

6. N300pa3urte xapakTepHble KPEMHEKUCIOPOIHBIE MOTHUBBI OCTPOBHBIX CHJIMKATOB U YKa-
JKUTE UX COCTaBBHI.

7. N300pa3ute xapakTepHble KPEMHEKHCIOPOJIHBIE MOTHBBI LIETIOUYEYHBIX CHIUKATOB U
YKQKUTE UX COCTABBI.

8. [IpuBeauTe mpuMep XapaKTepHOTO PACIOJIOKEHUS KPEMHEKHCIOPOAHBIX TETPadIpOB B
CJIONCTBHIX CHJIMKaTax (Tpedyercs m300pa3uTh pacloiIoKeHne KPEMHEKUCIOPOIHBIX TETPadIPOB
U yKa3aTh COCTaB CJIOS).

9. [IpuBenuTe MpuMEph 3aBUCUMOCTH CBOMCTB CUJIMKATOB OT UX CTPYKTYPHI.

10. Kakue cTpyKkTypHBbIE 0OCOOCHHOCTH XapaKTEPHBI IS IICOJTUTOB?

11. B yeM cOCTOUT OCHOBHOE pa3linuue KPUCTAJUIMUECKUX CTPYKTYp CHUIIMKATOB U KapOo-
HaTOB?

12. KakoBbI OCHOBHBIE OCOOEHHOCTH KPUCTAINIMYECKUX CTPYKTYP MEHTaCHIIOB?

Cnmcox aureparypsl
1. Eropos-Tucmenko, FO.K. Kpucrannorpadgus u kpuctanioxumMusi: yueOHUK JJIs CTY.
By30B / FO.K. EropoB-Tucmenko.— M. : M3n-Bo Kumxnsiii lom Yuauepcurer, 2010. — 592 c.

2. Kunoteko, A.B. Xumus tBepaoro Tena: yded. mocobue s CTyI., OOyYaroIMXcs IO
cren. «Xumus» / A.B. Knoteko, U.A. Ilpecusikos, 10./]. Tperbskos. — M. : Akanemus, 2006. —
301 c. (19 3k3.)

3. Bynax, A.I'. O61mast MuHepasoryst: y4eOHUK /ISl CTyJL. BbIcHL. yueO. 3aBenieHuii / A.I'. bynax,
B.I'. KpuBoBuueB, A.A. 3omotapeB. — 4-e uzf., nepepad. u gom. .— M. : M3narenbckuii 1eHTp
«Axanemus, 2008. — 416 c. (23 3k3.)
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JlaGopaTropnas padora 6 (3 uac).

OcCHOBHbBIE IOHATHUS U 3JIEMEHThI CTPYKTYPHOI KpucTaiorpagun. Cummerpus.

[Tox cumMeTrpuelt kakoro-aud0 mpeaMeTa MOHUMAETCS BCS COBOKYITHOCTh MMEIOITUXCS Y
HEro 3JEMEHTOB CUMMETPUU. DJIEMEHTaM CUMMETPUHU COOTBETCTBYIOT ONEpPALlUM CUMMETPHH,
MepeBOISIINE TTPEAMET caM B ce0s. Bo3MokHBIE KOMOMHAITMY OTepaliii CHMMETPHUH, OCTaBIIs-
IoIUX 0€3 U3MEHEHHUs XOTS Obl OJIHY TOUYKY (B YaCTHOCTH, IIEHTP MAcCC), HA3bIBAIOTCS TOYCUHBI-
MU TpymnaMu cuMMeTpud. CyIEecTBYIOT CIAEAYIOIINE dJIEMEHTHI M OTlepallii CUMMETPHUH:
1)  Cy— nOBOpPOTHAs OCh CHMMETPHUH MOPsAKA N; COOTBETCTBYIOIINE €1 ONepaliid CHMMETPUU
— MOBOPOTHI Ha yroJ p (27/n), rae p MOKET MPUHUMATh 3HaYeHHs OT 1 10 N-1. Crenuduueckoit
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ocu Co COOTBETCTBYET OIEpalusl IOBOPOTA Ha CKOJIb YTOJHO MaJIbIi yrod;

2) 0 — IUIOCKOCTh CUMMETPHH; COOTBETCTBYIOIIAS €l OMepals CHMMETPUU — OTPAXKCHUE B
IUIOCKOCTH;

3) |- LeHTp CUMMETPUH; OIepaIsi CHMMETPUH — MHBEPCHS B IICHTPE (OTPaKCHUE B TOUKE);
4)  Sp— 3epKaIbHO-NIOBOPOTHASI OCh CHMMETPHH MOPSIIKA I, ONlepalliii CHMMETPHH — TOBOPO-
TBI Ha yroil p (27m/1) ¢ OTHOBPEMEHHBIM OTPAKEHUEM B IUIOCKOCTH, NEPIEHANKYIAPHON ocH (P
or 1 go n-1);

5 | (wmm C1) — BBOAUMBIN Ui OOIIHOCTH TOXKIACCTBEHHBIN AJIEMCHT CUMMETPUH; COOTBET-
CTBYIOIIAs OMepanusi CHMMETPUH — ONEpalus UASHTUYHOCTH WM TOXAECTBEHHOTO Mpeoldpaso-
BaHUS — OCTaBJISIET MpPEAMET B TIOKOE.
0CODHE TOYeYHBIE
xa TPYIIIH BRCIHEH
CHMMETDHH:
Ta, O, In

TONBKO Sa5,
KOJUTMHEApHas
Ch, ¥ 37

Do
NHHeHHas

Cxema onpezienieHHst TOU€YHON TPy CHMMETPHH.

JIrobast MosieKysla OTHOCHUTCSA K KaKOW-TM00 TOYEYHOW Ipymie CUMMETPHM, €ClId HEe HC-

KJIIOYaTh U TPUBHAJIBHYIO Ipynny Ci, HE UMEIOIIYIO 2JIEMEHTOB CUMMETPHUH U OII€palyii, KpoMe
TOKJIECTBEHHOTO MpeoOpa3oBaHusa. Bo Bcex ocTajbHBIX ClyyasX TOUYEYHBbIE IPYMIbl BKIIOYAIOT
HECKOJIBKO OIlepaluii CMuMMETpUH. [l onpeneneHnst TOUeYHOM TPyl CHMMETPUH MOJIEKYJIbI
MOKHO BOCIIOJIb30BAaThCS CXEMOM, KOTOpas IMpeaycMaTpUBAET CIEAYIONIYI0 IOCIeI0BaTelb-
HOCTb JCUCTBUM.
1. OrnpeaensioT, UMEET JIM MOoJIeKyJia popMy, OIH3KYI0 K chepougaibHOM, T. €. C HECKOJIb-
KuMH nepecekarommumucs ocsmu Cn (N> 2). Eciiu HeT, TO mepexosIT Ko BTopoMy JeicTBrio. Ec-
JIM J1a, TO OHA OTHOCHUTCS K OJTHOW M3 TOYSUHBIX TPYTII BEICIIeH cummeTpur: 14, On, In(Toueunsie
rpynnsl T, Th, O, Icpeau Moieky He BCTpedaroTes).

2. Haxonsar noBopoTHyto ocb cuMMmeTpuu Cn. Eciu ecthb, TO nepexonsT K TPETbeMy JAei-
ctButo. Eciu oceil HeT, yTOYHSIOT, €CTh JIM TUIOCKOCTh G WIIM LEHTP i, OMPEICSIONINe TPYIIIIbI
Csu Ci; ecm Ux TOKe HET, TO UIMEEM TPHBHAIBHYIO Tpymiry Ci.

3. Ilpu Hanuuuu ocu WM ocelt CUMMETPUU BbIOMpPAeTCs OCh BBICIIEro nopsiaka (N> 2), a eciu
ee HeT, TO BeIOMpaercst oaHa u3 oceir — Conmnm enuHCcTBeHHAss och Cn’, OpUEHTUpYEMasi BEpPTHU-
KaJbHO M COBIAJAIOIAs C IJIABHOW OCHIO MOJIEKYJIbI Z.

4. OmnpenensioT, ecTh JIM 3epKATbHO-TTOBOPOTHASI OCh CHMMETPHUH. Ecii ecTh TOJIBKO 0ch San,
konuHeapHas ocu Cp?, a KpoMe Hee M, BO3MOXKHO, LIEHTPa IPYTHX dJIEMEHTOB CUMMETPHH HET,
TO 370 Tpymmbl Son. Ecnu kpome Sy (N>2) ecth Apyrue 3J1eMeHThl CHMMETPHU MM BOOOIIE HET
ocu Sp, TO IEPEXOAAT K MATOMY JeHCTBUIO.

5. Haxomst vabop 1 oceii Co, nmeprneHaukysipabix ocu Cp’. Eciiu TakoBbIe €CTh, TO MEPEX0-
JAT K IIECTOMY JAEUCTBUIO, T. €. K TOU€UHBIM rpynmnam psga Dn; ecinu HeT, TO mepexoasr K celb-
MOMY AEHUCTBHUIO, T. €. K TOUeYHbIM Ipynnam psaa Cr.
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6. CMOTPAT, €CTh JIM TOPU30HTANIbHAS TUIOCKOCTh oh (meprieHaukysapaas Cn’). Ecimu ecth, TO
310 Oymer toueuHas rpymnmna Dnn; ecnm ee HET, HO UMeeTcs N AUMATOHATBHBIX (BEPTHKAIBHBIX)
IUIOCKOCTEH NGy, TO 3T0 OyneT rpymnmna Dng; ecinu ux Het, To — rpymmna Dp.
7. B npyrom psiny rpynn npu HaIHYUU GhTPYIITBEI CUMBOJIM3UPYIOTCS Kak Cnh, a MPU OTCYT-
CTBMH IJIOCKOCTEH — Kak Ch.
Tabmuna 1 — TaObmuIbl TUTIOB CAHMMETPUU B XapaKTEPOB HETPUBOAUMBIX MTPEICTABICHHUA TPYIIT
Cav, C2n,D2n, Csy, Dan.

[TosHBIE COBOKYITHOCTH OTIEpAIlUii CAMMETPUU TOUSHHBIX TPYII JaHbI B TAOJIUIIAX THIIOB
CUMMETPUHU U XapaKTEPOB MPE/ICTABICHUIA.

JlaGopaTopHasi padora 7, 8. Pentrenorpadgusi u CTpyKTYPHBIi aHAJIU3 KPUCTAJLJIOB.
OcHoBHbBIE CTIOCOOBI MOJTYYeHHS KPUCTALIOB. OCHOBHBIE CTIOCO0bI BHIPAIMBAHUS KPUCTAJI-
JIOB.

Heabp padoThbl: M3yYUTh OCHOBHBIE CIOCOOBI BBIPAIIMBAHUS KPHUCTAIUIOB, OTPabOTATh
METOJIMKH BbIPAIIMBAHUS KPUCTAIIOB (CTYJIEHT MO YKa3aHUIO MPENoiaBaTes ModyyaeT 3a/laHue
M0 BBIPALIMBAHUIO KPUCTAILIIOB).

[Ton xpucrammmzanuei U3 pacTBOPOB MOHUMAIOT POCT KPUCTAJIA COCTUHEHUS, XHUMHYe-
CKHI COCTaB KOTOPOTO 3aMETHO OTJINYACTCS OT XUMUYECKOT'O COCTaBa MCXOTHOM XKHUIKOU (Da3bl.
[Iupoko pacmpoCTpaHEHHBIM PACTBOPUTEIEM SIBISETCS BojAa. PacTBopHUTensMU Takke MOTYT
CIIY>KUTh MHOTOKOMITOHEHTHBIC BOJIHBIC W HEBOJIHBIE PACTBOPHI, M, HAKOHEI, PaCIUIaBbhl KAKHX-
a0 IPYruX XUMHUYECKUX COeMHEHUH. B 3aBUCMMOCTH OT TeMIieparypbl mpoiecca 1 XuMuie-
CKOU MPUPOJBI PACTBOPUTEIISL PA3JIMYAIOT MPOIECCHl BHIPAIIMBAHUS U3 HU3KOTEMIIEPATYPHBIX
BOJIHBIX PacTBOPOB (Kak MpaBHIIO, IPH TeMmeparypax He Boime 80-90°C), meperpersix BOIHBIX
pacTBOpoB (ruapoTepMaiIbHbli MeTol, TemnepaTypsl 10 800°C), coneBbIX paciiaBoB (METOAbI
KPUCTAIIM3AI[MU U3 PAacTBOpa B paciljiaBe, TeMIEepaTyphl KPUCTAIUIM3AUU OOBIYHO HE IMPEBBI-
mrarot 1200-1300°C) .

MeTo/1b1 BhIpalBaHUs U3 PACTBOPOB

Bce meTob1 BhIpanMBanusi KpUCTAUIOB U3 PACTBOPOB OCHOBAHBI HA MCTOJb30BAaHUU 3aBU-
CUMOCTH PACTBOPUMOCTH BEIIECTBAa OT TEPMOJUHAMHYECKHUX MapaMeTpoB Ipoliecca - TeMIepa-
TYpBI, JIaBJICHUS, KOHIIEHTPAIMU PACTBOPUTEINS. B OOJIBIIMHCTBE CIy4aeB HCIOIb3YETCs 3aBH-
CUMOCTh PacTBOPUMOCTH OT TeMIeparypbl. PaccmoTpum Oolsiee mopoOHO BIMSHUE yKA3aHHBIX
napamMeTpoOB Ha PAaCTBOPUMOCTD PA3JIMUHBIX COSTMHEHUH B BOJIE.

[To xapakTepy pacTBOPUMOCTH B BOJI€ MIPH MOBHIIIEHHBIX TEMIIEPATypax OOIBIIUHCTBO CO-
€IMHEHU MOXKHO pa3/IenuTh Ha JBe Tpynnbl. K mepBoil OTHOCATCS MHOTHE JIETKOTUIABKUE COJU
C BBICOKOW PaCTBOPUMOCTBIO - HUTPATHI, TaJOTEHU/IBI IIeNOYHbIX MeTauioB (kpome NaF, LiF) u
Iip., OOJIBIIMHCTBO Iesiovel, kucaot. PactBopuMocTs BemectBa [-ro Turma, T. €. €ro paBHOBEC-
Has KOHIIEHTpAallMs B pacTBOPE, HEMPEPHIBHO BO3PACTAET C YBEIUYEHUEM TEMIEPATyphl BIUIOTh
JI0 TeMIlepaTyphl IUIABJICHUSI TPYIHOJIETy4Yero BemiecTBa. Cpear CUCTeM BTOPOro THUIA C ydYa-
crueM H20 wnambonee xapaktepHbl cuctembl, cogaepxkamiie NaxCOs, NaF, KzSOs4, SiO,
CaMo00QO4. PacTBOpMOCTh 3TUX COCIWHEHHWI B BOJIE C TOBBIIICHUEM TEMIIEpaTyphl YOBIBaeT H
HU3Ka BOTU3U KPUTHUECKON TeMIrepaTypsl BoAbl. K coequHEHUSIM 3TOTO THIIAa OTHOCATCS MHOTHE
BEII[ECTBA, XOPOIIIO PACTBOPUMBIE B BOJIE MPU KOMHATHOM TeMIlepaType, HO UMEIOIUEe OTpHUIla-
TeNbHBIA TeMIepaTypHbId KOI(PPHUIIMEHT pacTBOPUMOCTH, U BEIIECTBA, c1ab0 pacTBOPUMBIE B
BOJI€ KaK MPU KOMHATHOM, TaK M TPH 0oJiee BBICOKUX TeMIepaTypax (OKHCIbI U COJH TyTOIJIaB-
KUX METAJUIOB, CYIb(MUIbI, CHIMKATHI U JIp.). MOHOKPUCTAIIBI COSIUHEHUH, JAIOIINX TIPU B3au-
MOJICICTBUH C BOJOW CHCTEMBI TIEPBOTO THUIA, MOTYT OBITh BBIPAIICHBI ITyTEM KPUCTAJUTH3AIIAN
U3 HU3KOTEMIIEPATypHBIX BOJHBIX pacTBOpoB. CoenuHeHHs, 00pa3yroline C BOJOW CHCTEMBI
BTOPOTO THUIIA, 00BIYHO KPUCTAIUIU3YIOT THAPOTEPMATbHBIMUA MeToiamMu. OOpa3oBaHuEe MeTacTa-
OMIIbHOM 001acTH CBA3aHO ¢ HEOOXOIMMOCTBIO 3aTPAThl JHEPTHH HA 00pa30BaHNE KPUCTAILITNYE-
CKOT'0O 3apO/Iblllia KPUTHYECKOTO pa3Mepa.

JlabunpHBIE PACTBOPHI - 3TO HEYCTONYMBBIC, CHIBHO IMEPECHIIICHHBIE PACTBOPHI, B CHIIY
YEero B HHUX JIETKO 00Pa3yroTCs KPUCTAIUIMUECKHUE 3aPOJIBIIIH 32 CYET CAMOIPOU3BOIBHBIX (ITyK-
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TyallMM KOHLIEHTpalluu BemlecTBa. ['panuna, pasaensdiomas MeTacTaOuiabHy0 U JaOUIbHYIO 30-
HBI, XapaKTepU3yeT MaKCHMAaIbHOE MEPECHIIICHHE, TPH KOTOPOM U30BITOK (OTHOCHTEIHHO paB-
HOBECHOM PacTBOPUMOCTH) PACTBOPEHHOI'O BELIECTBA €IIE HE KPUCTAILTU3ZYETCS.

B meracTaOMIIBHOM COCTOSHUU PAacTBOPHI SBISIOTCS OTHOCHTEIBHO YCTOWYMBBIMHU. DTO
CBSI3aHO C BBICOKMMU 3HAUYEHHUSAMHU PabOTHI 00pa30BaHUs 3apOJbllIell KPUTHUECKOTO pa3Mepa, B
CHITY Yero HEepPreTHUeCKuil 6apbep HE MOXKET OBITh IPEOJIOJICH 32 CUET €CTECTBEHHBIX (DIyKTya-
MU KOHIIEHTpaluu BelecTBa. Hanbomnee mpoctoit crnocod MHUIMUPOBATH KPUCTAJUIM3AINIO U3
MIEPECHIIIEHHBIX PACTBOPOB - BBECTH B HUX «3aTPAaBKW» - KPUCTALIMKU PACTBOPEHHOIO BEIIIS-
CTBA WJIM KaKyI0-THOO MEXaHUYECKYIO IIPUMECH, KOTOPBIE SIBATCS LICHTPaAMH 3apOKICHUS.

[To mpuHIMITY CO3MaHUS MEPECHIIICHUI CIOCOObI KPUCTALTU3AlUd W3 PACTBOPOB pasjie-
JISIFOTCS HA HECKOJIBKO TPYTIIL:

1. Kpucraimuzaius 3a cueT u3MEHEHUs1 TeMIiepatypbl pacTBopa. Crojja OTHOCSTCS METO/IbI
KPUCTAIJIM3AI[MH, CBA3aHHBIE C MEPEMnaioM TEMIEPATyp B PaCTBOPE, a TAK)Ke KPUCTALTU3ALUS B
HU30TEPMUYECKOM 00beMe IIpH 00IIEM CHIKEHUH WU TIOTbEME TeMIIePaTyPhl.

2. Kpucrannu3zanus 3a c4eT U3BMEHEHHUs COCTaBa pacTBOpa (MCHapeHrue paCTBOPUTEIIS).

3. Kpucramnu3samnus npyu XUMAYECKOW PEaKInu.

Br160p TOro uam MHOTrO BapuaHTa 3aBUCUT OT BEIUYHMHBI PACTBOPUMOCTH BEIIECTBA U Be-
JUYHUHBI TeMIepaTypHOro kKoddduimenta pactBopumoctd ACo/nT. MoxHO chopMyInpoBaTh
P IPaBUII, KOTOPBIMH CJIEYyET PyKOBOJICTBOBATHCS MPH BHIOOPE TOTO MM MHOTO METO/a KPH-
CTaJIIM3aLUH.

Kpucrannuzamnus myteM U3MEHEHUs TeMIiepaTypsl pacTBopa. B aTom criocobe mepecsiie-
HUE CO3/Ia€TCs 3a CYET CHIDKEHHUS TEeMIIepaTyphbl B 30HE PACTYIIETO KPHUCTAJJIA U JOCTUTACTCS
JIBYMS Ty TSIMU:

a) TIOCTENIEHHBIM IMTOHWKCHHEM TeMITepaTypbl BO BCEM 00beMe KPUCTAJUTH3ATOpa, KaK Ipa-
BUJIO, CHIDKEHUE OCYIIECTBIISICTCS HA MPOTSHKEHUU BCETO IMKJIAa BhIpAIIMBaHUs; 0) CO3/1aHUEM B
KPUCTAJUTM3aTOPE JBYX 30H C PA3IMYHBIMHU TeMmIeparypamu. B ogHON W3 30H MPOUCXOIUT pac-
TBOPEHHUE BEIIECTBA, B IPYTOM - pOoCT KpucTayia. MaccooOMeH MeXy 30HaMU MOJIePKUBAETCS
€CTECTBEHHOW WJIM BBIHYXJICHHOM KOHBEKIMEH. Takue MeTobl 0OBEIUHSAIOTCS OOIIUM TepMHU-
HOM «METOJIbl TEMIIEPATYPHOTO TIepernaay.

Kpucrammm3zaius myTeM CHIKEHUSI TeMITepaTyphl MPOUCXOJUT B PE3YIIbTATE OXJIAXKICHHUS
pacTBopa Mo 3aJaHHO¥ mporpamme. st mogaepKaHusi TOCTOSTHHOTO MEPECHIIeHNs Ha MPOTS-
JKEHUH BCETO IMKJIA BBIPANIUBAHUS BaXXHO, YTOOBI TOYKA COCTaB - TEMIIEpaTypa Ha JUarpaMMe
COCTOSTHUSI TIepeMelanach B MeTacTaOuIbHOW 00JacTh BIONH JIMHUU HACHIIIEHUS PacTBOpA.
Baxxno u3bexarp ee mepexoaa B JaOMWIHHYIO 00JacTh, YTOOBI HE BBI3BATH MAaCCOBOTO 3apOiKJie-
HUS MApa3UTUYECKUX KPUCTAIMKOB. CKOPOCTh CHUKEHHS TEMIEPAaTyphl B KOKJIOM CIIydyae WH-
JTUBHUIyaIbHA U OMPENETISAEeTCS HAKJIOHOM KPUBOM PAaCTBOPUMOCTH BEIIIECTBA U CKOPOCTHIO POCTa
MpU JTAaHHBIX TIEPECHIIIEHUsX, T. €. YCIOBHUEM OanaHca BeliecTBa B pactBope. [IpenmyinecTBom
METO/Ia SIBJIIETCSI BO3MOXKHOCTh alPHOPHOTO pacyeTa IMpoIlecca: Mojab3ysAch JaHHBIMH IO pac-
TBOPUMOCTH BEIIIECTBA, MOKHO PacCUUTaTh, C KAKOW CKOPOCTHIO ClIeyeT U3MEHATh TEMIEpary-
Py pacTBopa, 4yTOOBI BBIICIUTH 3a JaHHOE BpeMsi TpeOyemoe KOJIMYECTBO BemiecTBa. Moker
OBITH perieHa U obpaTHas 3ajaya, T. €. ONMpeAeNIeHO KOJIMUECTBO BEIIECTBA, BHIIEISIEMOE B €U-
HUITy BPEMEHH TIPH 33IaHHOM TeMIIepaTypHOM pexume. Kpucrammm3anus mpu KOHIICHTPAI[HOH-
HOM KOHBEKIMU. B OT/IMYME OT OMUCAHHOTO BbIIIE CIOco0a MPU KPUCTAIM3AIUN B YCIOBUSAX
KOHIICHTPAIIMOHHOW KOHBEKIIMM OOMEH PacTBOPOM MEXTy 30HAMHU PAacCTBOPEHHsI M pocTa obec-
MEYMBACTCS 3a CUET PA3HOCTH TUIOTHOCTEH HACBHIIIEHHOTO M HEHACHIIIEHHOTo pacTtBopa. [luta-
IOIIIE€E BEIIECTBO MOMEIIACTCS B BEPXHIOK YacTh KPUCTAJUIM3ATOPA, a 3aTPABKU MOIBEIINBAOTCS
BHU3Y. TemmepaTypa B BepXHEH 30HE TOJACPKUBACTCS OoJiee BHICOKOM, YeM B HIKHEH, TAKUM
00pa3oM TeryioBasi KOHBEKIIHS MTOTHOCTHIO TIO/IABIISIECTCS.

Kpucrannu3zaius u3 BOJHBIX PaCTBOPOB MPH MOCTOSHHOM TeMIIepaType U MOCTOSTHHOM Tie-
pecChIICHUH. B OMHMCAaHHBIX BBINIE METOaX KPUCTAJUTH3AIMS IPOTEKACT OO0 B YCIOBUAX U3ME-
HSIOIIEICS TeMIlepaTypbl, TMO0 IpHU MIEPEMEHHOM TEPECHIIIICHUH. JTH JIBa TapaMeTpa - TeMIie-
paTypa U TEPECHIIEHNE - OMPEIEIAIOT CKOPOCTh KPUCTAUIM3AIIMN U XapaKTep 3axBaTa MpUMe-
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ceil. B cBoro ouepenb CKOPOCTh KPUCTAIUIM3ALMY U KOA(DGUIMEHT 3aXBaTa MPUMECH BIIUSIOT Ha
YHUCTOTY U COBEPILICHCTBO KPHCTAJIa, IOITOMY JJIS MOJIyYeHHs] KaYeCTBEHHBIX KPHCTAJIIOB Ke-
JaTeNnbHO IPOBOJUTH MPOLECC KPUCTAJUIM3ALMHY B YCIOBUAX MIOCTOSIHCTBA TEMIIEPATYPhl U Nepe-
CBIIICHHUS. DTO TOCTOSHCTBO JOCTUTACTCS IIyTEM BBIPAIIUBAHMS KPUCTAIJIOB B U30TEPMHUYECKHUX
YCIOBHUSAX C HPUMEHEHMEM KOPPEKTUPOBKHM KOHILIEHTPALMM pacTBOpa B XOJI€ SKCIIEPUMEHTA.
Koppekuust MoXeT IpoBOAUTHCS ImyTeM Au((y3un HACBIIIEHHOTO pacTBOpa B KPHCTAILIN3ATOD,
BBEJICHUS €r0 OTAEIbHBIMU MOPLUSAMH WINM CMBIBAHUS KPUCTAJIA PACTBOPOM NUTATEIBHOIO BE-
IIECTBA B MPOLECCE TPUHYTUTEIEHON IIUPKYJIALIUH.

[ToapoOHBIi nepedyeHb O0IUX YCIOBUH, UCIIOIb3YEMbIX B MPAKTHKE KPUCTAJUIN3ALUU Be-
1IECTBA!

1) npuroToBieHue paciuiaBa, pacTBopa M T. I. (MMeeTcs B BHUIY MOJIOOp Jerupyrouen
NPUMECH, IPUAAIONIEH KPUCTALTY OINpeeeHHbIe (PU3UKO-XMMHUYECKHE CBOUCTBA), (PUKCHPOBa-
Hue pH pactBopa;

2) moxbop cocTaBa cpelibl, B KOTOPOH MPOUCXOANT KPUCTAIUIN3ALUS (MHEPTHOM, BOAOPO-
HOM | T. I1.);

3) BBIpalMBaHUE WM MPUTOTOBIICHUE 3aTPABOYHBIX KPUCTAIUIOB HEOOXOIMMOM (POpPMBI U
JIOCTAaTOYHOM CTENeHN COBEPILLICHCTBA;

4) BbIOOp MaTepuaia cocysa (B YaCTHOCTU THUIJIS), B KOTOPOM IPOUCXOAUT KpUCTAILIN3a-
s,

5) MOHTaX 3aTPaBOYHBIX KPUCTAJIIOB,;

6) nepeMelIMBaHue pacTBOPA WM PACILIABA;

7) BBIOOp HarpeBaTeIbHOIO yCTPOWCTBA (TIeUn);

8) obecnieueHue MpaBUILHOIO OTBO/IA TEILIA;

9) BBIOOp YCTpOICTBA Ui PABHOMEPHOTO OTHOCHTEIBHOTO TEPEMENICHHUS KpUCTauIa U
neuy;

10) crabuin3anus U ynpaBieHUe TEMIIEpaTypoil KpUCTAIUIU3ALUHY;

11) yueT 1 ucnonb30BaHUE 3aKOHA T€OMETPUUYECKOI0 0TOOPA;

12) 6opnba c MOCTOPOHHUMH KPUCTAIUIAMH («IIapa3uTaMm»);

13) monnepxkaHue CTEPUJIBHOCTH Ha BCEX JdTamax MOATOTOBKM M INPOBEIEHUs Ipolecca
KPHUCTaJLTU3AIH;

14) u3BnedeHune BbIPAIIEHHBIX MOHOKPHCTAJIIOB.

BrrmenepeuncieHHbIe YCIOBHS JODKHBI OBITH YMENIO YUYTEHBI ISl YCIIEUTHOTO PEIICHHS
3aJauu MOJY4YEeHUs] KPUCTAIOB, OTBEUYAIOIIUX ONpeeNeHHbIM TpeOoBaHUAM. B o0mieM ciydae
TpeOOBaHUS CBOJATCS K TOMY, YTOOBI IPOAYKT OBUT MOHOKPUCTAJLIOM, COJIEPKaJl MUHUMAIIbHOE
KOJINYECTBO Je(PEKTOB, MPU PaBHOMEPHOM 3a/laHHOM COCTaBe BO BCeM 00beMe, MMeT HauMEHb-
e HanpsHKEHUS! 1 OBbUT MCTIOIh30BaHHBIM B HAYKE M TEXHUKE.

B cBs3u ¢ pocTOM MOTPEOHOCTH HAyKU M TEXHUKHU B pa3HOOOpa3HBIX 10 CBOUM (PHU3UKO-
XUMHYECKHM CBOWMCTBAM KpPUCTAJUIaX HapsIy ¢ OOMIMMH MpoOIeMaMy MPUXOAUTCS pemaTh psia
4acTHBIX IpobieM: 1) mpobieMy OYMCTKH MCXOAHOTO ChIpbs; 2) o0beMHON 00paboTkH;3) 0Opa-
00TKM MOBEPXHOCTH; 4) KOHTPOJIS 1e(EKTOB 3aTPABOK U MAaKPOKPUCTAIIIIOB (ONTHYECKOT 0, PEHT-
TF€HOBCKOT'0, XMMHUYECKOTO U T.I1.);5) OT)KUTa KPUCTAIIIOB; 6) MpoOIeMy aBTOMaTHKH U T. 1.

K Hacrosimemy BpeMeHH pa3paboTaH psi MPHHIUIHAIBHO Pa3IHYHBIX METOJOB BBIPAIIH-
BaHUs KPHUCTAJIOB U3 PACTBOPOB: JTMHAMMYECKHH, THAPOTEPMANbHBIM, KPUCTAJUIN3ALUSA TyTEM
aNeKTposn3a. YeTBepThIii METO/ BRIPANIMBAHUS KPUCTAIOB U3 PACTBOPOB B paciijlaBaX MOXKHO
paccMaTpuBaTh KaKk KOMOMHUPOBAHHBIA METOJ BBIPAIMBAHUS, BKIIOYAIOUINI B ce0s 0JTHOBpe-
MEHHO HEKOTOpbIE DJIEMEHTHI METOJIOB BBHIpAIIMBAaHUS W3 PACTBOPOB M paciuiaBoB.OCOOCHHO
pa3sHO0Opa3HbI MpUEMBbl BBIpAIIUBAaHHsI KPUCTAJUIOB U3 paciuiaBoB: Metoa U. B. O6peumona u JI.
B. IllyonuxoB a, metonbl bpumkmena u Crokbaprepa, meroasl Illtebepa u Ctponra, meTon
30HHOM KpHCTaU3alu. Bece OHM COCTaBISIIOT TPYMIy METOAOB KPHCTATU3AIMK BEIECTBA
MyTeM OJHOCTOPOHHETO OXJIAXKJIEHHS paciiiaBa. BTopyro rpymiry coCTaBisSIOT METOIBI TIOTyde-
HUSl KPUCTAJUIOB MyTEM BBITATMBAHMS 3aTpaBKMU M3 paciuiaBa: meroa Kupomyioca, merox Yo-
XpaJbCKOTo U Jp.BriepBhie i moirydeHusi KpUCTAIIOB KopyHaa BepHeiinem Obln paspaboTan
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MeTo[ criekanus nopouika AloO3 B miiamenu rpemyuero rasza. B nocnennee BpeMs OH cTai npu-
oOperaTh OoJiee yHMBEpCAJIbHBIN Xapakrep. Kpucrammmsanueil BemecTBa U3 TBEPIOTO COCTOS-
HUS TOJIB3YIOTCS 3HAYUTENBHO PEKe, YeM KPUCTAIM3alUMed U3 KHUAKOTO COCTOSIHHS; OTYACTH
MOSTOMY METOJIbl MEPEKPUCTAIITU3AIMH BEUIECTBA OTIMYAIOTCS MEHBIIEH Pa3paboTaHHOCTHIO.
BrirogHoe uckitoueHne MpecTaBlisgeT METOJl COOMpATENbHON PeKpUCTANIM3AlUd U METO/ pe-
KpUCTATU3AH 00pabOTKH, T. €. peKPUCTAITU3AINH PEABAPUTEIBHO Ae(hOPMUPOBAHHOTO TTO-
JUKpUCTAJUIMYECKOro obOpasua. Kpucrammmzanueir u3 mapooOpa3HOTro COCTOSHUS MOTY4aroT
CPaBHUTEIFHO COBEPIICHHBIE KPUCTAIUIBL. B mocnennue roapl pa3paboTaHo HECKOIBKO METO/I0B
KPUCTAIIM3AIUMU U3 MapOo00pa3HOro COCTOSHUS: 30HHBIA METO, METOJI MOJIEKYJISIPHOTO My4YKa,
METOJ TPAHCHOPTHBIX peakuuil. ClieayeT OTMETUTH CIIOCO0 MOMYYSHHS KPUCTAIIOB IyTEM XH-
MuYeckux peakuuid. OGBIKHOBEHHA KPHUCTAJUIMYECKUI OCAJIOK BHINAJAeT B BUE MOPOIIKA, CO-
CTOSILETO U3 OYEHb MEJIKHUX KpucTaiioB. OHAKO €ClU 3aMEIUINTh PEAKIUI0, TO BHOBb BbIIEIISA-
IOIIEECs] BEIIECTBO OCAXK/IaeTCs Ha Y Ke FOTOBBbIE KPUCTAUTUKHU, U MOCIeIHUE OYAyT pacTu.
dopma oTyeTa: ONMCaHUe METOAMKH MOTyUYeHHs KPUCTAJIA, OIHCaHue MOP(HOJIOTHH.

6 IMJAKTUYECKHUE MATEPHUAJIBI VIS KOHTPOJISA (CAMOKOHTPOJISA)
YCBOEHHOI'O MATEPHAJIA

6.1 OneHo4HbIE CPEACTBA, IOKA3aTEJM H KPUTEPHH OLICHMBAHUA KOMIICTCHUHM I

HNupexc OuenouHoe Iloxa3arenn Kpurepun onenuBanuns

KOMIIe- CpeacTBO OLICHUBAHUS c¢()OpMHPOBAHHOCTH KOMIIeTEHIU I

TeHUHH

OIIK-1 | Otuer o na6o- | Huskwuii — HEeymo- CTaBUTCsl, €CIIU JOMYIIECHBl CYLIECTBEH-

OIIK-2 | paropHO#i pabo- | BIETBOPUTEIHHO HbI€ OIIMOKY (B X0/1€ 3KCIEPUMEHTa, B
IK-1 T 00BsICHCHHNH, B 0(hOpMIICHHH Pa0OTHI, IO

TEeXHHMKe 0€30I1acCHOCTH, B paboTe ¢ Bellle-
CTBaMHU U Npudopamu), KOTOpbIE HE UC-
IPABIIAIOTCA JaXKe [0 YKa3aHUIO MPero-

JaBaTCiA.
HOpOFOBLIﬁ — Yao- CTaBUTCs, €CJIN JOIMYIICHBI OJJHA-ABC CYy-
BJICTBOPUTCIIBHO HICCTBCHHBIC OIINOKH (B X04€ ISKCICpHU-

MEHTa, B 00bSCHEHUH, B 0OPMIICHUU
paboThI, O TEXHHUKE O€30MaCHOCTH, B
paboTe ¢ BeuiecTBaMH U mpudopamu), Ko-
TOpBIE UCIIPABIIAIOTCS C TOMOIIBIO TIpe-
110JIaBATEs.

bazoBblit — xopoio | a)paboTa BbIOJHEHA TPABUIIBHO, O€3 Cy-
IIECTBEHHBIX OIIMOOK, C/IeJIaHbl BHIBO/BI,
0) AOIyCTUMBI: HEMOJIHOTA MPOBEICHUS
WM 0OPMIIEHHS SKCIIEPUMEHTA, O/IHA-/IBE
HECYIECTBEHHBIE OIMOKU B ITPOBECHUH
WM 0(OPMIIEHHH SKCIIEPUMEHTA, B TIPaBH-
Jax paboTHI ¢ BellleCTBAMU M TPHOOpaMu

Bricokuii — oTamMy- | a) paboTa BBIOJIHEHA MTOJTHO, TPABIIIBHO,
HO 0€3 CyIIeCTBEHHBIX OIMOOK, C/IETaHbI BbI-
BO/JIBI;

0) PKCIIEPUMEHT OCYIIECTBIICH TI0 TUTaHY C
YUETOM TEXHUKHU O€30IacCHOCTH U MIPaBHIT
paloThI ¢ BellleCTBaMu U pudOpamu;

B) UMEIOTCS] OpPraHU3aIMOHHbIE HABBIKU
(TToIepIKMBAETCS YUCTOTA PabOYero MecTa
U MTOPSIJIOK Ha CTOJIE, SKOHOMHO HCIOJIB3Y-
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I0TCS] pEaKTHBBI).

Pedepar

Huzkuit — Heyno-

TeMa pedepaTta HE pacKpbITa, OOHAPYIKH-

BIIETBOPUTEIILHO BAETCs CYLIECTBEHHOE HEIOHUMAaHUE IIPO-
OJIeMBI.

IToporossrii — MMEIOTCS CYyLIECTBEHHBIE OTCTYILIEHUS OT

YZIOBJIETBOPUTENb- | TpeOOBaHUI K pedepupoBanuio. B yact-

HO HOCTH: TE€Ma OCBEILECHA JIMIIb YaCTUYHO;

JIOMYIIEeHbl (aKTHYECKUE OIUOKH B CO-
JepkaHuu pedepara WM IpU OTBETE HA
JIOTIOJTHUTEIbHBIC BOIPOCH; BO BpeMs 3a-
IIUTHI OTCYTCTBYET BBIBOJ.

ba3oBblii — x0po11o

OCHOBHbIE TpeOoBaHUS K pedepary U ero
3aIllUTE BBIMOJIHEHBI, HO MPU 3TOM JOIy-
mieHbl Hemo4EThl. B wactHOCTH, MMeroTcs
HETOYHOCTH B M3JIO)KEHUHM MaTepHalia; OT-
CYyTCTBYeT JIOTHYECKas MOCIeI0BaTeb-
HOCTh B CYXICHHSX; HE BBIICPKaH 00bEM
pedepara; UMeroTcs ymyiieHus B odopm-
JICHUU; Ha JIOTIOJIHUTEJIbHBIE BOIPOCHI TIPU
3alUTe JIAHBI HEMOJIHBIE OTBETHI.

Bricokuii — oTinu-
HO

BBIIIOJIHEHBI BCEC Tpe6OBaHI/I$I K Hamuca-
HUIO ¥ 3ammre pedepara: oOo03HaueHA
npobsieMa ¥ 000CHOBaHa €€ aKTyaJlbHOCTb,
ClleNaH KpaTKUi aHaJIu3 Pa3InYHBIX TOYEK
3pEHHUs Ha PAcCMaTpUBAEMYIO MpoOIeMy U
JIOTUYHO M3JIO’KEHA COOCTBEHHAS MO3UINS,
c(opMyIHpOBaHbl BBIBOJBI, TEMa PACKPHI-
Ta TOJIHOCTHIO, BBIJEP)KaH 00BEM, cCOOIIO-
JIeHBI TpeOOBaHUs K BHENTHEMY OgopMIIe-
HUIO, JIaHbl NpaBUJIbHBIE OTBETHl Ha JO-
IMOJIHUTCJIBHBIC BOIIPOCHI.

VYyeOuble 3ama-
qu

Huskuit —
HEYJOBJIETBOPH-
TEIbHO

JIOITYCTUJI YUCIIO OMIMOOK M HeJove-
TOB MPEBOCXOJIAIIEE HOPMY, NPU KOTOPOM
MOYKET OBITh BBICTABJIEHA OLIEHKA «3»

IToporossrii —
YAOBJIIETBOPUTEIIb-
HO

CTYACHT TPAaBHJIBHO BBHIMIOJIHWI HE MEHEe
MIOJIOBUHBI pabOThl WM JIOMYCTHI: HEe 00-
Jiee JByX rpyObIX ommuOOK; WU HE Oojiee
OJIHOM Tpy0oil 1 o/THON HerpyOoi OmMOKH
U OJHOTO HeJoueTa; Uiu He Oojee JBYX-
TpeX HEerpyObIX OHIMOOK; WJIM OJHOM He-
rpyOoOil OMMOKU M TPEX HEI0YETOB; WIIU
IPU OTCYTCTBUU OLIMOOK, HO MPU HAJTMUUU
YETHIPEX-TISITH HEJI0UETOB.

bazoBriii —
10

XOpo-

CTYZICHT BBIIIOJIHUII PabOTy MOJHOCTHIO, HO
JIOTYCTHJI B HeMl: He Oosee OHON Herpy-
00i1 omMOKM M OJHOTO HEJoYeTa MU He
OoJiee IByX HEJOUYETOB
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Beicokwmii — paboTa BeIIONHEHA 0€3 OMIMOOK, YKa3aHbI
OTJIMYHO BCE pacueTHbIe (POPMYJIbl, €IUHHIIBI U3Me-
peHusi, 0e3 omMOOK BBHINOJIHEHBI MaTeMa-
TUYECKHE PacyeThl
Tecr Huskuit — KonuyectBo npaBUiIbHBIX OTBETOB HA BO-
HEYIOBJIETBOPH- npockl Tecta meHee 60 %
TEJIbHO
[Toporoselif — yno- | KoanuecTBo mpaBUIIbHBIX OTBETOB Ha BO-
BJICTBOPUTEIIEHO npockl Tecta oT 61-75 %
bazoBelii — xopomo | KoanuecTBo mpaBUIIbHBIX OTBETOB Ha BO-
npockl Tecta oT 76-84 %
Beicokuii — otiny- | KoanuecTBo mpaBMIIBHBIX OTBETOB Ha BO-
HO npockl Tecta oT 85-100 %
KonrtponbHas Huskuii — Heyno- JIOITyCTUJI YUCIIO OMIMOOK M HeJove-
pabora BJICTBOPUTEIILHO TOB TPEBOCXOJIAIIEe HOPMY, IPU KOTOPOH
MOYKET OBITh BBICTABJICHA OLIEHKA «3»
IToporossrii — €CJIM CTYIEHT IPABUIBHO BBIIIOJIHUII
Y/IOBJIETBOPUTENb- | HE MEHEe IOJIOBUHBI pabOThl MM JIOIMY-
HO CTHJI: HE OoJiee ABYX IpyObIX OMNOOK; WK

He Oonee ofHOM rpy0Ooil U onHOW Herpy-
00l OIMOKM M OJHOTO HEIOYETa, WIH HE
Oosiee IBYX-TpeX HErpyObIX OLIMOOK; WIIH
OJIHOW HEerpyOoOH OIMOKK U Tpex Hejoue-
TOB; WJIM IIPY OTCYTCTBUM OLIMOOK, HO MPU
HAJIMYUU YEThIPEX-TIATH HEJOUYETOB.

ba3oBslii — x0po1o

CTYJEHT BBIMOJIHWI PabOTy MOIHO-
CTBIO, HO JIOTYCTUJI B HE: He Oosiee OHOM
Herpy0oii oMbk U OTHOTO HEeloueTa HIn
He 0oJiee IBYX HEJI0UETOB

Bricokuii — oTinu-
HO

pabota BbIONHEHa 0€3 OMIMOOK,
yKa3aHbl BCE pacueTHBIE (POPMYIIBI, €IaH-
HUIIBl U3MepeHHsi, 6e3 OMMOOK BBHIMOIHE-
HBI MATEMaTHYECKUE PACUETHI

6.2 [IpoMe:kyTOUYHASI aTTECTAIUSI CTYA€HTOB MO AUCIHUILINHE
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[IpoMexxyTouHasi aTTecTamusl SBJISIETCS MPOBEPKOM BCEX 3HAHMI, HABBIKOB U YMEHHMIA
CTYACHTOB, MPUOOPETEHHBIX B MpOIEcCe U3YUCHUS TUCHHUILTMHBI. POPMOI MTPOMEXYTOUHOH aT-
TECTALMM 110 JIUCLHUIUIMHE SBIIAETCS 3a4€T.

JUia olleHMBaHMS pE3yJIbTaTOB OCBOEHUS JUCLUIUIMHBI IPUMEHSETCS CIEAYIOLIHE
KPUTEPUU OLICHUBAHHS.

Kpurtepun oneHuBaHus YCTHOTO OTBETA HA 3a4eTe
OueHka «3a4TeH0» BBICTABIIAECTCS CTYACHTY, €CIU:

1. BOTIPOCHI PACKPBITHI, U3JI0KEHBI JJIOTHYHO, 0€3 CYIIECTBEHHBIX OMINOOK;

2. MIOKa3aHO YMEHUE WUTFOCTPUPOBATH TEOPETHUECKHUE TOJI0KEHUSI KOHKPETHBIMU
pUMepamu;

3. MIPOJIEMOHCTPUPOBAHO YCBOCHUE paHee N3yUYEeHHBIX BOIPOCOB, C(HOPMUPOBaH-

HOCTb KOMITETCHIIMH, YCTOMYUBOCTh UCIOJIb3YEMbBIX YMEHUN U HABBIKOB.
JomnyckaroTcst He3HAYUTEIIbHBIC OIITHOKH.
Onenka «He 3a4TE€HO0» BLICTABIISIETCS, €CIIN:

1. HE PACKPHITO OCHOBHOE COJIep KaHNe y4eOHOro MaTepHaia;

2. o0OHapy’KeHO HE3HAHHE WM HETIOHMMaHue OOJIbIIei Ui Hanboee BaKHOW 4acTH
y4eOHOro MaTepHaia;

3. JOITYTIIEHBI ONTMOKY B OIIPEIeSICHIH MTOHATHH, KOTOPBIE HE UCTIPABJICHBI TIOCTIE
HECKOJIbKUX HaBOJSAIIUX BOIIPOCOB;

4. He c(hOpMUPOBAHBI KOMITETCHIINY, YMEHHS U HABBIKH.

6.3 TunoBbie KOHTPOJIbHBIC 3aIaHUA UJIU UHBIC MaTE€pUaJbl, HeOGXOI[]/IMbIe AJIA
OLICHKH PE3yJbTAaTOB 0CBOCHUSA U CHHUITIIHUHDbI

KOMILJIEKT 3AJJAHUM 1151 KOHTPOJIbLHOM PABOTHI
Bapuant 1
KonTponbnas padora Ne 1
3amaya 1
OHpe,I[eJ'II/ITb CTpYKTyprIﬁ KJIaCC HAa3BAHHLBIX MOJICKYIJI; YKA34Tb KPATHOCTD 3aHATHIX aTOMaMHA
opOUT. SBNSIFOTCS JI JaHHBIE MOJIEKYJIbI OJIIPHBIMU U XUPAJIbHBIMU?

3agaua 2

JlJ1 JaHHOTO MHOTOI'paHHHKA:

1) onpeaenuTs TOYEUHYIO TPYNIY (MEXAYHApOIHBIA cuMBoI, cuMmBod [Iénduca) u katero-
pHIO;

2) n300pa3uth crepeorpauyecKyro MPOEKIUIO AIEMEHTOB CUMMETPUH U HOpMaJeH K rpaHsiM;
3) nepeHyMepoBaTh U Ha3BaTh U303/IPHbI.

KonrtponbHas pabora Ne 2
3anucarb CTPYKTYpPHBIE KJIACCHI:
LeNH WK ¢10s (3a1a4a 1) U KpUCTAIIIMUECKON CTPYKTYpHI (3a/1aua 2), MPOEKIMK KOTOPhIX MOKa-
3aHBI HA pUCYHKaX. B 000uX ciydasx pacCMOTPETh JiBa BapuaHTa: A U B - aTOMBI pa3HBIX dJ1e-
MEHTOB, A U B - aToMbI 0/1HOTO 351emMeHTa. B 3aade 2 yka3aTh TUI pelIeTKU (1aTh MOSICHEHU ).
MarepuaJibl 1J1s1 HOATOTOBKHU K KOHTPOJIbHOM padore Ne 2
IIpumepsl 32724 no Teme "'pynnbl CHMMETPHH U CTPYKTYPHBIE KJIACChI Lenei u cioeB'
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IImocKOCTE cIod
mapamnensHa XY

(OChb LIeTH 7

MepIeHANKYIIIPHA
IIOCKOCTH UepTexa

KonTponbnas padorta Ne 3

3anauva |

HapucoBaTe npoeKIuIO sIYEHKH, ONPEAEIUTh KOOPANHAMOHHBIEC YUCIIA U KOOPAUHAL[MOH-
HbI€ MHOTOTPAHHUKH B ONIMCAHHOW HUKE CTPYKTYpE; AaTh ONIMCAHUE CTPYKTYPbl B TEPMUHAX
[TITY - IIIIK, ecii 0HO BO3MOKHO. BbIpa3uTh MIIOTHOCTH BEIIECTBA YEPE3 KPUCTATNIOXUMHUYEC-
CKHE paanychl (YKa3aTh TUI UCHIOJIb3YEMBIX PAIHYCOB).

3anaya 2

HapucoBaTe npoeknuio s4eiKy, ONPEAETUTD TUII PEILIETKN U XapaKTeP CTPYKTYPbI KpH-
CTaJVIOB, UMEIOIINX OMMCAHHOE HUKE CTPOCHHUE.

Martepnansl 1J151 NOATOTOBKH K KOHTPOJIbHOI padoTe
OnucaHue HEKOTOPBIX MPOCTHIX KPUCTANINYECKUX CTPYKTYP

00-Po ATOMBI B BEpIIMHAX KyOHMUECKOM suelKu

O-Fe ATOMBI B BEPILIMHAX U B EHTPE KyOMUECKOH sTUeHKH

ATombl Al B BepmMHax KyOM4ecKod siuefiKM M B LIEHTpax BCEX ee
FesAl rpaHeii; atombl Fe B cepennHax Bcex peOep sueiiku, B €€ LEHTpe, a
Tak)Ke B IEHTPaX BOCbMU OKTaHTOB




ATOMBI B BepIIIMHAX KyOMUECKOW SYEHKH W B IIEHTPAX BCEX €€ Ipa-

Cu N
Hel
CusAU ATOMBI AU B BEpIIMHAX KyOW4ecKkou siueiiku; arombl Cu B IEHTpax
[BCeX rpaHen sYerKu
B TeTparonanbHoii stueiike atombl Au u Cu pacnolioKeHbl B Yepe-
CuAu YIOIIMXCS CIOSAX, MEepHeHANKYIApHbIX ocu 4. OTHOIIEHUE Mapa-
meTpos c/a = 1,41
ATOMBI B BEpLIMHAX I€KCArOHaJIbHOM SYEUKHU U B LEHTPE OJHOU U3
Mg IIBYX TPUTOHAJIBHBIX MPU3M, HA KOTOPBIC JIETUTCS TeKCArOHAIbHBIN
MapajuieNienune/l MIOCKOCThI0, MPOXOIALIeH uepe3 Mallble 00beM-
HbIe AraroHany sueiiku. OTHoleHre mapameTpos c/a = 1,62
* s *
CsCl IAtombl Cl B BepinHax Kyouueckoil stueiiku; atom Cs B ee LIeHTpe ‘ .
|
E)
> o
yriovt=e
NaCl [ATombl Na B BepIllIMHaxX KyOHMUecKo sueilku U B IIEHTpax Bcex rpa-| | | .T ! 'iJ 1L
Heil; arombl Cl B IeHTpe siUeiiKu 1 B cepeinHax Bcex ee pedep i .T_T [
a »
- ’-’7:.
CaF ATomMbl Ca B BepIIMHAX KyOWUYeCKOW sIYeWKH U B HEHTpax BCEX e€e
2 .
rpaHeil; aToMbl F B IeHTpax BceX BOCBMH OKTAHTOB
T
e o T
Aumas Atombl C B BepIIMHAX KyOM4YeCKol s4eiiKH, B IIEHTpax ee rpaneil u| |, % »
[B IIEHTpax YeThIpeX U3 BOCbMU OKTAHTOB (B IIIaXMAaTHOM TOPSIAKE) . .'..j\.ofl,
[
ZnS ATOMBI S B BeplIMHAX KyOWUYECKOM SYEHKHU U B LIEHTPax €€ rpaHel;
(charepur) ATOMBI ZNn B IIEHTPaX YETHIPEX M3 BOCBMHU OKTAHTOB (B IIaXMaTHOM
P MopsiIKe)
Cu0 ATombl O B BepIlIMHAX U B LIEHTpe KyOudeckoi siueiiku; atombl Cu B
[IEHTPaX YETHIPEX U3 BOCBMH OKTAHTOB (B IIaXMaTHOM MOPSIIKE)
ReOs IATombl Re B BepimHax kyOudeckoi siueiiku; atombl O B cepeuHax

[BCcex ee pebep




CaTiOs

IATombl Ti B BepiInHax KyOuueckoil siueiiku, arom Ca B ee LeHTpe;
aToMmbl O B cepeimHax BceX pedep suerku

AlB:2

IAToMbI Al B BepIIMHAaX I'eKCaroHAIBHOW siueiiku, aToMbl B B 11eH-
Tpax O0EWX TPUTOHAIBHBIX MPHU3M, Ha KOTOPBIC NEIUTCS T'eKCaro-
HATBHBIN MMapaJlyIeNIeUIe/] TUIOCKOCThIO, TPOXOIAIICH Yepe3 Majbie
00BbeMHBIE AHaroHanu sueiiku. OTHomeHue mapamerpos c/a = 1,08

Hg

ATOMBI B BEpILMHAX INeKCAaroHaJbHOW sSUEHKHU; elle Ba aToMa Ha
00bIION 00bEMHON JMAroHalu SYEHKU (OHU JAEJAT 3Ty JUaroHajb
Ha TpH paBHbBIC yacTh). OTHOIICHKE TapameTpoB c/a = 1,92.

IATOMBI B BEPILIMHAX U B LIEHTPE TETparoHaabHOU sueiiku. OTHOIIE-
Hue nmapameTpos c/a = 1,08.

U-rpagur

IATombl C 00pa3yroT CJIOM, COCTOSIIIUE U3 COIPSKEHHBIX MPaBUIIb-
HbIX  [IecTUyrojpHUKoB. CloM  HamaraloTcs IO  3aKOHY
... ABABAB...; cioii B cIBUHYT OTHOCUTEIIBHO €10 A Ha BEIUUYUHY
[BekTopa, paBHoro cBsizu C—C. OTHOIICHHE apaMeTpoB c/a = 2,72.

BN

IAtombl B u N, uepenysch (atom B okpyxxeH aromamu N, atom N
OKpykeH aToMaMu B), 00pa3yloT clioM, COCTOSIIIME U3 COMPSIKEH-
HbIX [PaBUIbHBIX IIECTUYTOJbHUKOB. CIIOM HajlaratoTcsl Tak, 4YTO
[IIECTUYICHHBIE IUKJIBI HAXOATCS APYT Hal Apyrom (atomsl B Han
aTomamu N, arombl N Hajg atomamu B). OTHouieHune mapamMeTpoB
c/a = 2,66.

NiAs

["ekcaroHaybHas siueiika ¢ OTHOIIEHHEM mapameTpos c/a = 1,39.

(U, 1/2
= O Ni

Koopaunats! aToMOB:
Ni: 0,0,0; 0,0, 1/2
@ s As: 2/3,1/3, 1/4; 1/3, 213, 3/4

b.120Q £)0,12

0, 12

Jloncaenanr

["excaroHanpHas sUeiiKa ¢ OTHOILICHHEM apameTpos c/a = 1,63.

KoopauHaThl aTOMOB:
0,0,0;0,0,z 1/3, 2/3, 1/2;
1/3, 213, (1/2)+z,

rae z [ 3/8

ZnS
(BIOpUIHT)

Koopannatsl aTOMOB:
S:0,0,0;1/3, 2/3, 1/2

Zn: 0,0, z; 1/3, 2/3, (1/2)+z,
roe z [ 3/8

00-Po

MmeTpos c/a = 1,50.

Ctpyktypa [1-P0o (cm. BbIlIe), HEMHOTO ckartasi BAOJb ocu 3. OTHOIIeHHe mapa-
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D) OkTaHTaMM 371€Ch M HMKE HA3BIBAKOTCA BOCEMb MANbIX KyGOB, HA KOTOpHIE KyOHueckas sdeiika

NoakownhE

JEUTCS TUIOCKOCTSIMU, IPOXOIAIITUME Uepe3 €€ LEHTP MapalIeIbHO TPAHSIM.
Ili1aH onMcaHusl KPUCTAIJIMYECKOH CTPYKTYPbI
[Tpoeknus sueiiku
Tun pemetku (¢ 000CHOBaHHEM )
Yucno GpopmMynbHBIX eauHuUII (Z)
KoopanHaioHHo€e 41Ciio 1 KOOPAUHAIIMOHHBIM MHOTOTPAaHHUK (J17151 KaX/I0T0 COPTa aTOMOB)
Xapakrep CTPYKTYphI U THII CBSI3E€H
Onucanue B Tepmunax [HITY-ITIIK, ecir oHO BO3MOXKHO
CTpyKTYypHBIH KJ1acc
IPUMEPHI TECTOBBIX 3AJTAHUM
HTorosmplii TeCTOBBINH KOHTPOJIb

Tecm cocmoum u3 wacmeti A, B, C u cooepocum 20 3a0anuii, uz nux 10 3a0anuii — wacmo
A, 5 3a0anuii — yacmo B, 5 3a0anuii — vacme C. Ha eco svinonnenue omeooumces 90 munym. 3a-
OaHUsl PeKOMEHOYemcs bINOIHAMb NO NOPAOKY, He NPONYCKAsl HU 0OHO20, 0dlice CaM0O20 J1e2K0-
20. Ecnu 3a0anue ne yoaemcs 8blnOIHUMb cpasy, nepetioume K cieoyioujemy. Eciu ocmanemcs
8pems, epHUmMech K NpOnyweHHoMy 3adanuio. Bepno evinonnennvie 3a0anus yacmu A oyenu-
saromcs 8 2 banna, yacmu B — 2 6anna, wacmu C — 5 6annos.

Yacrtp A4

K kaostcoomy 3aoanuto wacmu A 0ano HeCKONIbKO 0mMEemos, u3 KOmopvix moibKo 0OUH
omeem 6epublil. Bvlbepume epnviii, no Bawemy muenuro, omeem. B Onanke omeemos Hanpomus
HoMepa 3a0anus nocmagbme HoMep UlU OYK8Y, KOmopbvle COOMEEmcmeayiom HoMepy Uiy OyKee
8blOpanHo2o Bamu omeema.

Al. Ecnu ecth 0Cb CHUMMETPUH MOPSIIKA 3 U MEPICHIUKYIISIPHO K HEH MPOXOIUT OCh 2-TO
IOPsIIKA, TO TAKUX OCEHN

a) 1;

0) 2;

B) 3.

A2. Tlo cucreme lllendnauca o6o3HaueHUE Gh UMEET

a) BepTUKaJbHAs IUIOCKOCTh CHMMETPUH;

0) ropU30HTANIbHAS TUNIOCKOCTH CUMMETPHH;

B) IMaroHajbHast MJI0CKOCTh CUMMETPHUHU.

A3. lHBepCHOHHBIE OCH, HEYETHBIX MOPSIKOB SKBHUBAJICHTHBI 36PKATBHO-TIOBOPOTHBIM
ocsAM

a) YIBOEHHBIX MOPSIKOB;

0) BABOE MEHBUIMX MOPSIIKOB;

B) T€X K€ MOPSIJIKOB.

A4. Beiciast KaTeropusi CAMMETPUH BKITIOYAET CUHTOHUIO

a) pOMOMYECKYIO;

0) KyOH4ecKkyto;

B) T€KCArOHAJIBHYIO.

AS5. CummeTpHuuHas oneparus, nepeBoasiias OTHOMEPHBIN P B IBYXMEPHYIO PELIETKY
Ha3bIBACTCSI

a) OTpaykeHHe B IUIOCKOCTH;

0) caBur;

B)TPaHCIIALMS.

A6. Ecniu uieHTHYHBIE Y3716l 3aHUMAOT BEPILIMHBI U CEPEIMHBI TPEX Map rpaHeil sneMeH-
TapHOM STYEMKH, TO TaKas pelIETKA Ha3bIBACTCS

a) 00BEMHOIIEHTPUPOBAHHOM;

0) rpaHeleHTPUPOBAHHOM;
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B) OOKOIICHTPHPOBAHHOM.

A7. IInotHocTs xs1opuctoro kanus npu 180 °C pasna 1,9893 r/cm®, pe6po snemenTaproii
sueiiku, ompesiesIeHHOe METONOM JM(PAKIUN PEHTIEeHOBCKHX Jydel, cocTaBuseT 6,29 A. Brl-
YHUCIUTD YUCIO (POPMYIBHBIX €IMHUII, UCTIONb3Ysl COOTBETCTBYIOIINE 3HAYCHUSI AaTOMHBIX Macc.

a) 5;
6) 6,6
B) 6.

AS8. CunukaTsl ¢ OECKOHEYHBIMH JIByXMEPHBIMU KPEMHEKHCIOPOAHBIMH paJuKaIaMu

Ha3bIBAIOTCS
a) OCTPOBHBIE;
0) LIeTI0YCYHEIE,
B) KapKacHBIE;
T') CJIONCTHIC.

A9. B morHeien mapoBoil ynakoske KU = 8, 4T0 COOTBETCTBYET KOOPINHALMOHHOMY

HOJIUAPY
a) MeHTaroHaJIbHasi OMTUpaMua ;
0) AByXIIaroYyHast MpU3Ma,
B) KyOOOKTasIp.

A10. Ctpykrypa NaCl no xapakrepy pacnpeaeneHus HOHOB OTHOCHTCS K

a) aHU30AECMHUYECKOI;
0) U30/1eCMUYECKOM;
B) T€TEPOJECMHUECKOM.

byovme enumamenvuul! 3a0anus uvacmu B mozym 6vims 3-x munos:

1) 3a0anust, COOepACauue HeCKOJILKO BEPHBIX OMEEmMOos;

2) 3a0anusi HA YCMAHOBIEHUE COOMBEMCMBUsL;

3) 300aHUs,68 KOMOPLIX OMeEem O00IJdNCeH Oblmb 0aH 8 6ude 4UCid, Cl08d, CUMBOId,
Gdopmynol.

Omeemui 3a0anuil yacmu B sanuwume na bnanke omeemos Hanpomue Homepa 3a0aHUA.

BI. OHpe,Z[eJ'II/ITe COOTBETCTBUC MCKAY MCKAYHAPOAHBIM CHUMBOJIOM CTPYKTYPHOI'O THUIIA

U KJIACCOM COEIMHEHUH

1)A a)CTPYKTYpBI coeiuHeHui Tuna AB3
2)B 0) CTpyKTypbl coeuHeHui Tuna AB2
3)C B) CTPYKTYpHI coeiuHeHul Tuna AB
4) Do I') CTPYKTYPbI DJIEMEHTOB

B2. CymecTByI0T 1B€ OCHOBHBIE NJIOMHeRWUE WAPOBble YNAKOEKU

a) Kyouueckas;
0) OKTadIpUIeCKas;
B) reKcaroHajbHasl.

B3. B neposckute CaTiOg atombr Ca mmetor KU = 12, a atomsr Ti - 6. Yemy pasro K4

Kuciopoaa’?

B4. Onpenennre COOTBETCTBUE MEXAY ONMCAHUEM CTPYKTYPHOI'O THUIIA U COEIMHEHHEM

ATOMBI B BepIIMHAX KyOH4ecKOM suei- NaCl
KA ¥ B IIGHTPax ee rpaHeil; aTOMbl MeTaylia B
IEHTpaxX 4YeThIpeX M3 BOCBMHU OKTaHTOB ( B
[IaXMAaTHOM TTOPSIIKE)

ATOMBI B BepIIMHAX KyOU4ecKOi suei- CsCl

KU U B IEHTPax BCEX I'paHel; aTOMbI MeTajlla B
LIEHTpEe SUYCHKHU U B CepeIMHaxX Bcex ee pedep

ATOMBI B BEpIIMHAX KyOHMYeCKOH siuei-
KM; aTOM METaJUIa B €€ LICHTpe

ZnS (chanepur)
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B5. 3anonnuTte Tabnuiy. 3anumnmTe 0003HaYEHNS OCHOBHBIX JJIEMEHTOB CUMMETPUH T10
cumBoirke Menduuca (CIL), Mexnynapoanoit (MC), popmynsnoii (PC).

DeMeHT CumBoI

ClI MC DC

IlenTp cummerpun
(WM TIeHTP UHBEP-
CHUH)

Ocb cOOCTBEHHOTO
BpaLICHUS

['opuzonTanbHas 3ep-
KaJIbHAsl TNIOCKOCTh

Beptukanbhnas 3ep-
KaJIbHAsI TJIOC-KOCTb,

JnaronanbHas 3ep-
KaJIbHASI INIOCKOCTh

Ocb HECOOCTBEHHOTO
BpaIieHus (3epKaib-
HO-IIOBOPOTHOM OCb)

ToxnecTBeHHBIN dJ1e-
MEHT

Yacrs C
Omeemul k 3a0anuam yacmu C hopmynupytime 6 c60000HOU KpamKoil (hopme u 3anuchi-
satime 8 OJIAHK 0MBemo8.
C1. Uzomopdusm — 310
C2. Cioco6bl peHTIeHOCTPYKTYPHOH ChEMKH.
C3. Ilonua gpuueckoe u300pakeHue KPUCTAIUIMUECKUX CTPYKTYp. Meron [lonunra.
C4. IInoTHelne m1apoBbl€ YIIaKOBKH.
C5. Ctpykrypubiii kiace: Fm3m (00bsCHUTH CHMBOJIUKY)
YUYEBHBIE 3AJIAYHN

3agauu no teme: «PenTreHorpagust U CTpPyKTYpPHBIH aHATU3»

1. PenTrenorpaMma Kpucrauia HoidydeHa Ha METHOM H3JIy4e€HHH, OTPAaKEHUE TPOUCXOIUT
nox yrimom 10°27'. B ciiyuae Monm61eHOBOTO M3ITydEHHs TAaKOE XK€ OTPAKEHNE TIPOUCXONT TI0JT
yrinom 4°48'. JInuna BOTHBI PEHTIEHOBCKMX Jydell Ha MeIHOM u3nydeHuu A=1,540 A. Boruuc-
JUTH IJTMHY BOJIHBI PEHTT€HOBCKHUX JIyuyel Ha MOJIMOJEHOBOM U3ITyUYEHHUH.

2. Menap oOpasyer KyOuueckue KpucTauibl. B peHTreHorpamMmme KpHCTAIIIMUECKOW MeIH,
MOJIyYE€HHOM MpU MCIOJB30BaHUU U3IYyYEHUS MEIH, MOJYyYEHHOM MpPU HCHOJb30BAHUU U3ITyye-
Hus Menu ( JuHa BoJHbl Ko-munus pasna 1,5405 A, oTpaxenue mpoMcxoauT moj yriom 0,
paBubiMu 21,65, 25,21, 37,06, 44,96, 47.58° u o JIPYTUMHU, e111e OOJBITMMU YIJIaMH), a) B Ka-
KOl pelieTke KpucTtaumsyercs Meab? 0) KakoBO pedpo 3leMeHTapHOW suedku? B) KakoBa
MJIOTHOCTH Men?

3. MnotHocTh xmopuctoro kamus npu 18 °C pasna 1,9893 r/cm®, pebpo smemenTtapHoit
sueiiku, onpesieIeHHOe METON0M AU(PAKIUU PEHTTEeHOBCKMX Jydel, cocTaBuseT 6,29 A. Brl-
YUCIUTh YUCIO ABOraJipo, UCIOJb3Ys COOTBETCTBYIOIINE 3HAUEHUSI aTOMHBIX Macc.

4. Onpenenuthb MIOTHOCTh ajdMa3a Ha OCHOBaHMM TOTO, YTO OH UMEET TpaHelleHTPUPOBaH-
HYI0 KyOUYECKYyIO CTPYKTypy C JBYMs aTOMaMHM B y3JI€ PELIeTKH; peOpo 3IeMeHTapHO! sueiiku
paBHO 3,569 A.

5. Kpucrann Bonabdppama nMeeT 00bEMHOLIEHTPUPOBAHHYIO KyOWYECKYIO pelieTKy. 3Has,
YTO MIOTHOCTH Bonb(pama coctasnser 19,3 r/cm® , BErumciuTh: a) peGpo dIeMeHTapHOM sueiiku
1 0) d2oo, d110 1 d222.

6. Ceprueckrie MONEKYIBI ¢ paanycoM 5 A HaxoasTcs B KyOHUecKo# 1 00bEMHOLEHTPH-
poBaHHOH penreTkax. KakoBo peOpo aneMeHTapHOi sueiiku B 060X ciydasax?

7. DNEeKTPONPOBOIHOCT TBEPAOTO XJIOPU/A HATPHS TIpH Temmepatype 550 °C papHa
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2 1074 Om?* M. TTockobKy HOHBI HATPHSI MEHBIIE HOHOB XJIOPA, OHU B GOJIBIIEH CTETIeHN
06yCJIaBJII/IBaIOT MMPOBOAUMOCTDL XJIOPUCTOI'O HATPUA. OHpeHeJII/ITL HOHHYIO NOJABUKHOCTH NOHOB
HATPYSA TIPH STUX YCIIOBHSIX.

8. DieKTponpoBoaHOCT anmMasa mpu 25 °C pasra 5,1 - 10° Om! mL. IIpeamonoxus, uro

MOJABUKHOCTh HOCUTEJICH 3apsijia HE 3aBUCUT OT TEMIIEPaTyphl, BBIYUCIUTD €ro 3JIEKTPOIPOBO/I-
Hocth 1ipH 35°C, sHeprus 3anperieHHol 30151 paBHa 6 B.
TPEBOBAHUS K ®OPME OTUETA 110 IABOPATOPHOU PABOTE

®opma otyera. OTUET JOKECH COJIEPKATh Ha3BaHUE, IIETh PA0OTHI, OMMMCAHUE METO/IH-
KH IIPOBEJICHUS OIBITOB, OIMCAHKE METOJMKH IMOTYYCHHs KPHCTAJIa, ONMMCaHue MOPQOJIOTHH. ,
HaOII0ICHUS, BLIBO/I.

TEMBbI PE®EPATOB

1. Uctopus pasButus kpucrawiorpaduu. Padorer Aroun, bpass, ®enoposa, Jlays, bparra,
Bynbda, IllyonukoBa, benona.

2. ®enopos E.C. - 0CHOBOIMOIIOXKHUK CTPYKTYPHOM KpUCTAIIOrpaduu.

3. Oren u cbiH bporru.

4. CumMeTpus KpucTaiuiooopasyrorieit cpesl. [Ipuanun cummerpun Kropu.

5. CumMeTpus B HEXXKUBOM IPUPOJIE.

6. BeipamuBaHnue KpUCTaIOB U3 ra30Boi (assl. OOLIMe PU3MKO-XUMUYECKHE 3aKOHOMED-
HOCTH. METOJIbI MOJICKYJISIPHBIX IYYKOB, 0ObeMHOW MapoBoil (a3bl. MeToIbl XUMHUYECKOTO
TpaHcnopta. Mexanusm pocra nap-xuakoctb-kpuctaimi (IDKK).

7. BelpammBaHue KPUCTAIUIOB U3 pacTBOPOB. [ MapoTepManbHbIiA CUHTES.

8. BeIpamuBaHue KpUCTaJLIOB U3 pacTBOpa B paciuiaBe. OCHOBHBIE METO/bI BBIPAILIMBAHUS
KpucTaioB U3 pacmiaBa. Meroasl Kuponynoca n Yoxpansckoro; Crokxbdaprepa-bpumkmena;
Bepueiina. 3oHHas maBka.

9. TBepnodaszHblii CHHTE3 KPUCTAIUIOB. Pexpucrammu3anusi.

10. Meroasl U3y4eHHUsI COCTaBa U CTPYKTYpPbl KPUCTAJUIOB: 3JEKTPOHHO-ONTUYECKHUE, PEHT-
TEHOCIIEKTpaJIbHbIE.

11. Ban-nep-BaanbCoBbl paJilyChl aTOMOB B KPUCTAJUIOXUMHUHM U CTPYKTYPHOH Xumuu (110
ctatbe 1O. B. 3edupos, I1.M. 3opkuii)

12. PeanbHble kpuctayubl. JleekThl KpUCTAIUIMYECKOH CTPYKTYPBHI.

13. IIpu4unHbBI OKpAaCKU MUHEPAJIOB.

14. [lparoneHHble KaMHHU (JIe(pEeKTHbIE CTPYKTYPHI).

15. CtpykTypHOE pazHOOOpasue yrieposa.

16. CtpykTypa pacruiaBa u3 6a3aibTOBBIX FOpHBIX Mopo/ (mmo cratbe [.M. lonuc, Kynuno-
Ba 1.B.)

17. CnenuanbHble METOABI PEHTI€HOBCKOI'O aHanu3a (pa3mMepbl MHUKPOKPUCTAJUIMTOB,
HaNPSDKEHHOE COCTOSIHUE, TEKCTYPBI, 1€(DEeKThl, MUKPOBKIIIOUEHUS ).

18. Kpucramnorpaduueckue u kpucramnoxumuueckue InterNet-pecypcsi.

BOIIPOCHI K 3AYETY

1. OnpeneneHre XUMUYECKUX MTOHSATHIA:
- KpUCTAJUT; KPUCTAJUIMYECKOE BEIIECTBO, CUMMETPHUS, ONEPALlUd CUMMETPUHU (3aKpbITBIE U OT-
KPBITBIE), KJIACCHl CHMMETPUHN, CHHTOHUH, KaTErOpPHH.

2. ®U3NUYECKHE OCHOBBI PEHTTE€HOCTPYKTYPHOI'O aHAJIN3A.

3. Onucanue CTPYKTYp B TEPMUHAX MpocTeiimux mapoBbix ynakoBok (ITIIY) u mnorHeimmx
nrapoBbix kinagok (ITLIK).

4. CTpyKTypbl IPOCTHIX BEMIECTB U UHTEPMETAITUIOB.

5. buHapHbIE KPUCTAIUINYECKUE CTPYKTYPBI.

6. TepHapHbIE KPUCTAIIIMYECKNE CTPYKTYPBI.

7. KoopnuHaryist aTOMOB, XapakTep CTPYKTYpbl, CTPYKTYPHBIE TUIIBI.
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7 HEPEYEHb NH®OPMAIIMOHHBIX TEXHOJIOI'MH, UCITOJIB3YEMbBIX
B ITPOLHECCE OBYUYEHUA

HNudopmanuonHble TEXHOJIOTHN — 00yYCHUE B 3JICKTPOHHOW 00pa30BaTeIbHON cpejie ¢
LEJIbI0 PACHIMPEHUs OCTYIAa K 00pa30BaTEIbHBIM peCypcaM, YBEIMYCHUS KOHTAKTHOTO B3aM-
MOJICHCTBUS C MpermojaBaTesieM, TOCTPOCHUS WHIUBUAYATbHBIX TPACKTOPUN MOATOTOBKH, 00b-
€KTHBHOTO KOHTPOJISI U MOHUTOPUHTA 3HAHUM CTYJICHTOB.

B oOpa3zoBarensHOM MIpoIecce MO TUCIUIUTMHE HCIIONB3YIOTCS ClIeayrolue nHpopmau-
OHHBIC  TEXHOJOTHH, SBJISIONIMECS  KOMIIOHCHTaMH  ODJEKTPOHHOM  WHGOPMAIMOHHO-
obpazoBarenbHoi cpeabl BITIY:

e Odunmanpusiii caiit BITIY;

e Cucrema amektponHoro ooyuenuss ®I'bOY BO «BI'TIY »;

e Cucrema «Auturuiaruat.BY3y;

e DJIEKTPOHHBIEC OMOINOTEUHBIE CHCTEMBI;

o MynbTUMEIUIHOE COMTPOBOKICHUE JICKIUM.

8 OCOBEHHOCTHU U3YUYEHUSA JUCHUIIVIMHBI UHBAJIMJIAMMU U JIMINAMU C
OI'PAHUYEHHBIMU BO3MOXKXHOCTSAMMU 310POBbA

[Tpu oOydyeHuH JUI] C OTPAaHUYECHHBIMH BO3MOXKHOCTSMHU 3/I0POBbS MPHUMEHSIOTCS ajai-
TUBHBIE 00Pa30BaTeNbHBIC TEXHOJIOTHH B COOTBETCTBUH C YCIOBHSIMH, U3JI0)KEHHBIMU B pa3jieie
«OCcoOeHHOCTH pealn3aui 00pa3oBaTeIbHON MPOrpaMMBbl AJIsi HHBAIUIOB U JIUI[ C OFPaHUYCH-
HBIMH BO3MOKHOCTSIMH 37I0POBBS» OCHOBHOM 00pa30BaTENbHOW MPOTrpaMMBbl (HMCIOIH30BAHUE
CHEIHMAbHBIX Y4eOHBIX MOCOOMH U TUAAKTHUECKUX MaTepUaloB, CHEIHAIBHBIX TEXHHYECKUX
CpeACTB OOYYEHHUsI KOJUIEKTUBHOTO M MHIMBHUIYaJTHLHOTO IOJIb30BAHMUS, MPEIOCTABICHUE YCIYT
accucTeHTa (IMOMOIIHHMKA), OKa3bIBAIOIIEr0 O0YYaromIMMCs HEOOXOAMMYIO TEXHUYECKYIO IIO-
MOIIb U T. I1.) ¢ Y4ETOM WHAMBHTYaJTHHBIX 0COOCHHOCTEH 00yUJarOMIMXCsl.

Jns oOydaromuxcsi ¢ OrpaHHYEHHBIMH BO3MOYKHOCTSIMH 37I0POBBSI MPEAYCMOTPEHBI ClIe-
nyrome GopMbI OpraHU3aUH MEeAArorHIecKOro Mporecca 1 KOHTPOIIS 3HAHHHA:

- UTst cTabOBUISTIIMX:

obecrieunBaeTcst HHANBUIYAIbHOE paBHOMEpHOE ocBelnieHne He MmeHee 300 Jokc;

JUISL BBITIOJTHEHUS! KOHTPOJIBHBIX 3aJJaHUN MTPU HEOOXOAUMOCTH NMPEAOCTABIIACTCS YBEIHYH-
BAIOLIEE YCTPOMCTBO;

3aJaHusl JJIs BBINOJHEHUS, @ TAaK)Ke MHCTPYKIMU O TMOPSJKE BBIOIHEHUS KOHTPOJBHBIX
3a7jaHuil OPOPMIISIFOTCS yBEeIHMUSHHBIM IpudToM (pasmep 16-20);

- JUTSI TIIyXHUX U CIa00CBIIIAIINX

o0ecrieunBaeTcsl HATMYKE 3BYKOYCHIIMBAIONICH anmapaTypbl KOJUIEKTUBHOTO TMOJIb30BaHUS,
npyu HeoOXOAMMOCTH OOYYaIOIIMMCS MPEJOCTaBISIETCsl 3BYKOYCUIMBAIOIIAsl anmnaparypa WHAN-
BUIYaJILHOTO TTOJIb30BaHHMS;

- IS JIULL C TSDKEJIBIMU HapyIIEHUSIMHM PEUH, TIIyXHX, CIaOOCIHbIIAIUX BCE KOHTPOJIbHBIE
3aJJaHHsI 10 KEJIAHUIO MOTYT MPOBOJIUTHCS B MUCHMEHHOU (hopMe.

OcHoBHOM (GopMOIl opraHu3aly MeJaroru4eckoro mporecca sBIseTCss HHTErPUPOBAHHOE
o0yueHre WHBAIMIOB, T.€. BCE 00YYArOIIMECs y9aTcsl B CMEIIAHHBIX TPYNIax, UMEIOT BO3MOX-
HOCTb IMIOCTOSIHHO OOIIAThCS CO CBEPCTHUKAMHU, JIETUE Al TUPYIOTCS B COLIUYME.

9 CIUCOK JIUTEPATYPbBI U UTH®OPMALIUOHHBIX PECYPCOB
9.1 JIutepartypa

1. bymax, A.I'. O0rmast MuHepanorust: y4eOHHK JUTs CTy/I. BbICIL yueO. 3aBenennii / A.I'. Bynax,
B.I'. KpuBoBuues, A.A. 3omnotapeB. — 4-e u3f., nepepad. u gon. .— M. : U3naTenbckuil 1eHTp
«Axanemus, 2008. — 410 c. (23 7k3.)

2. Kpucramnorpadus: 3apoxkaeHue, pocT U MOpQoIorus KpUCTaioB: yuebHoe mocodue
1 By3oB / H.U. Jleontok, E.B. Konopynuna, E.A. Bonkosa, B.B. Manbues. - Mocksa : U3na-
tenbcTBO FOpaiit, 2022. - 152 c. - (Beicuiee obpazoBanue). - ISBN 978-5-534-04738-7. - Tekcr:
AIIEKTPOHHBIN // OGpa3zoBarenpHas miatdpopma  FOpaiit [caiT]. - URL:
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https://urait.ru/bcode/492446
3. Kaotbko, A.B. Xumus TBepaoro tena: yued. mocobue st CTy[., OOYJaromuxcs 1o

crent. «Xumus» / A.B. Knoteko, U.A. Ilpecnsikos, FO.J[. TpeTbsikoB. — M. : Akanemus, 2006. —
301 c. (19 3k3.)

9.2 ba3bl JaHHBIX 1 HHPOPMALMOHHO-CIIPABOYHBIE CHCTEMBI
1. XuMuK.ru http://www.xumuk.ru
2. DnextponHas oubnmnoreka mo xumuu http://www.chem.msu.su/rus/elibrary/
3. Iopran Hay4HO d5eKTpoHHOM OuGamoTeku http://elibrary.ru/defaultx.asp
9.3 DJIeKTPOHHO-0N0/IHOTEYHbIEe pecypchl
1. Polpred.com O630p CMU/Cnpasounuk https://polpred.com/news
1. OBC «tOpaiit» https://urait.ru

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

Jis mpoBeleHHs 3aHATHM JICKIMOHHOTO THWIA, TPYIIOBBIX M HWHAWBUAYAIbHbBIX
KOHCYJIbTAIMH, TEKYIIEro KOHTPOJIA M MPOMEXYTOYHON aTTECTAIlMN UCTIONb3YIOTCS Ay IUTOPHH,
ocHalIEHHbIe Y4eOHOI MeOelblo, ay TMTOPHOU JOCKOH, KOMITBIOTEPOM(PaMH) C YCTaHOBJICHHBIM
JMIIEH3UOHHBIM CHEIHUAIU3UPOBAHHBIM  MPOTPAMMHBIM O0ECTIEYCHHEM, KOMMYTAaTOPOM JUIS
BBIXO/Ia B OJIGKTPOHHO-OMOJIMOTEYHYIO CHCTEMY U AIIEKTPOHHYI0 HH(POPMAIIMIOHHO-
obpasoBarenbHyto cpeny bBITIY, wMynbTUMEIUHBIMU TPOEKTOPAMHU, HKCIIO3UIIMOHHBIMU
SKpaHaMH, y4eOHO-HArJISAHBIMU MOCOOUSAMU (TaOMUIbI, MyJIbTUMEIUNHBIE Tpe3eHTauuun). s
NPOBEICHUS JTAOOPATOPHBIX 3aHATHI TAKXKE UCIIOIB3YETCS:
Aya. 335 «A» YueOHas jadopaTtopusi reOMHGOPMAIHOHHBIX TEXHOJIOT Wil
KommuiekT yueOHoi mebenu,
KOMIIBIOTEPHBIE CTOJBI,
ayJIMTOpHAas A0CKa,
KOMITBIOTEPHI C YCTAaHOBJICHHBIM JIMIIEH3MOHHBIM MTPOTPAMMHBIM 00€CIIeYeHHEM, IKCIIO-
3UIIMOHHBIN YKpaH,
Kommiext «Tonkuii kinuent TC-S-C3/266/128»,
CKaHep,
MoV,
MPUHTED,
npuemuuk «GPS EtrexLegendy,
HaBUTaMOHHBIN pueMHUK «GPSMAP 60Monoy.
Hcnonb3yemoe mporpammuoe obecredenue. Microsoft® WINEDUperDVC  AllLng
Upgrade/SoftwareAssurancePack Academic OLV 1License LevelE Platform 1Year;
Microsoft®OfficeProPlusEducation AllLng License/SoftwareAssurancePack Academic
OLV 1lLicense LevelE Platform 1Year; Dr.Web Security Suite; Java Runtime
Environment; Calculate Linux
Ayn. 445 «A». JIabopaTopust puznyeckon XuMHH
Cron naboparopHslit 2-mecT. (10 mT.)
Cryn (20 mr.)
Cron npenogaBatens (1 mrT.)
Cryn npenogasatens (1 mrt.)
[Trorutp (1 mT.)
AynutopHas gocka (1 mr.)
KommbproTep ¢ yCTaHOBIICHHBIM JIMIIEH3MOHHBIM CIICIHAIN3UPOBAHHBIM TIPOTPAMMHBIM
obecrnieueHueM (3 mit.)
e 8- moproBsiit komMmyTaTop D-LINK 1y1st BeIX0/1a B 3JIEKTPOHHO-OMOIUOTEUHYIO CUCTEMY U

AJIEKTPOHHYIO HHPOpMAIMOHHO-00pa3zoBarenbHyto cpeay BITIY (1 m.)

e  MynsruMenuitabnii npoextop SHARP -10 X(1 mt.)
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e IIpuntep nazepusiit «CANON» (2 mrT.)
e DKCHO3WIIMOHHBIN SKpaH (HaBecHOM) (1 1mIT.)
o SMP-cnekTpomerp HU3KOTO pazpemenus «Crud Tpak» (1 mrT.)
o AxBaguctmuisarop J2-10 (1 mr.)
e Becbt GF-300 (1 mT.)

Becol Topcuonnbie BT-100 (1 mT.)

Bucko3umetp (4 mir.)

HNonowmep (3 mT.)

Konaykromerp annon-4120 (3 mr.)

K®K-2 (1 wr.)

JIrokemep (1 mt.)

Memanka marautHas [1-2-6100 (2 mT.)

Monyns «Tepmuueckuii ananus» (3 mrT.)

Monyns «TepmocTaT (3 miT.)

Monynb «YHHUBEpCATbHBIA KOHTPOILIEPY (3 1IT.)

Monynb «2nexkTpoxumus» (3 1IT.)

Monynb yHUBEpCcaTbHBIN (6 IMIT.)

Ha6op cut KII-131(1 mr.)

[Monsipumertp (1 mt.)

[ToTentmomertp (1 mit.)

LenTpudyra nadoparopuas OITH-8 (c poropom) (1 mit.)

[lItatuB ass 31€KTPO10B (2 mIT.)

OxcukaTop ¢ kpaHoM (1 mT.)

Monynb «O6menadbopatopHbiiny (1 miT.)

Cnextpodoromerp (1 mt.)

Cnextpodoromerp KOK-3KM (1 mirt.)

KomrmiekT apuomerpos (1 mmit.)

Metponowm (1 mT.)

MocT peoXOpAHBIH € COCYI0M

Tepmoctar TC-1/80 CITY (1 mr.)
Y4eOHO-HarIsIIHbIE MOCOOUs - Calbl, TAONWIbI, MYyJIbTUMEIUNHHBIC MPE3CHTAIMH I10
mucrumuinae «Kpucrammoxumus

CamocTtosiTenbHast paboTa CTYJIEHTOB OpraHU3yeTcs B ayJUTOPHUSIX OCHAIIEHHBIX KOMIIb-
IOTePHON TEXHUKOHN C BBIXOJOM B DJIEKTPOHHYIO MH(POPMAIMOHHO-00Pa30BaTEIbHYIO CPEAY BY-
3a, B CIIEIMATM3NPOBAHHBIX J1a00paTOPUAX 10 JUCHUIUIAHE, a TAK)KE B 3aj]ax JOCTyIa B JIOKAJb-
Hyto ceTb BI'TIY.
JInmeH3nOHHOE MTPOrpaMMHOE OOecTieueHHe: OTIepallMOHHBIE CHCTEMBI ceMeicTBa

Windows, Linux; oducusie mporpammer Microsoft office, Libreoffice, OpenOffice; Adobe
Photoshop, Matlab, DrWeb antivirus u T.1.

Pa3zpaboruuk: Pognonosa H.A., kaHauaaT XuMHUYECKUX HayK, TOIEHT KadeIpbl XUMUH,

Poxxnecteuna B.U., kanauaar ¢pu3nko-MareMaTH4ecKuX HayK, TOIEHT Kadeapbl XUMHUH,
PYKOBOJIUTENIb AHATUTUYECKOTO IEHTPpAa MUHEpaIoro-reoxumuyeckux ucciegopanuii ®I'bYH
WMHCTUTYT T€0JIOrMH U IPUPOIONO0Ib30BaHus JaabHEBOCTOUHOTO OTAeNIeHus Poccuiickoi aka-
nemun Hayk (MT'UIT IBO PAH)
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11 JUCT UBMEHEHUI Y TONNOJJHEHUM

Yr1Bepxkaenue usmenennit u gonoanedui B PII/1 nas peanmuzanuu B 2020/2021 yu. r.
PII[] o6cyxnena u omobpena s peanu3anuu B 2020/2021 yu. r. Ha 3acenanuu kadenpsl
xuMun (mpoTokoi1 Ne 9 ot «11» urons 2020 r.). B PIIJ] BHeceHbI creayroniue u3MeHEeHUs U J10-
MOJTHEHUSI:
B pabouyto nporpaMmy BHECEHBI CIIEIYIOIINE U3MEHEHHUS U JOMOTHEHUS:

Ne uzmenenus: 1
Ne cTpaHuLIbl ¢ U3BMEHEHUEM: TUTYJIBHBIN JIUCT

Hckmrounts: MUHUCTEPCTBO HAYKU 1 Brximrounts: MUHUCTEPCTBO ITPOCBE-
BBICILIEI'O OBPA3BOBAHUS POCCU- LIIEHNS POCCUIICKOU ®EJEPALINN
CKOU ®EJEPALINU

YrBepxkaenue usmenennii B PILJ nois peanusanum B 2021/2022 yu. r.

PII/] mepecmoTpeHa, obcyxaeHa u ogoopena s peanusanuu B 2021/2022 yae6HOM roay
Ha 3acenanuu kadeapsl xumuu (mporokon Ne 7 ot 14 ampenst 2021 1.).

B pabouyro nmporpamMmy BHECEHBI CIICYIOIINE U3MEHEHUS U JOTIOJTHCHUS:

Ne uzmenenus: 2
Ne crpanunp! ¢ usmenenuem: 35

HckmrounTh: Bximrounts:

B nynkr 9.3:
OBbC «IOpaiit» https://urait.ru/

YrBep:kaenue uameHeHui u qonojgHennid B PIIJL nus peanusanuu B 2022/2023 yu. r.

PII/] mepecmoTpeHa, obcyxaeHa u ogoopena s peanusanuu B 2022/2023 yae6HOM roay
Ha 3aceanuu Kadenpsl xumun (mpotokoi Ne 8 ot 26 mas 2022 r.).

B pabouyro nporpamMmy BHECEHBI CIICYIOIINE U3MEHEHUS U JOTIOJTHCHUS:

Ne m3menenwus: 3
Ne ctpanuis! ¢ u3mMeHeHnem: 35

U3 nmyHkTa 9.3 UCKIIIOYUTD: B nyHKT 9.3 BKIIOUHTH:

1. Polpred.com O630p CMU/CripaBo4HUK 1. HayuHas snexkTpoHHast 6M0aroTexa
(http://polpred.com/news.) eLIBRARY.RU (https:/elibrary.ru/defaultx.asp
2. OBC «Jlauby (http://e.lanbook.com) ?)

PIIJT nmepecmotpena, obcyxaeHa u ogodpena s peanmzanuu B 2022/2023 yueOGHOM TOY
Ha 3acefjanuu Kageapsl xuMuu (mpotokon Ne 1 ot 14 centsops 2022 r.).
B pabouyro nmporpamMmy BHECEHBI CIIEIYIONINE U3MEHEHHS U JOTOTHEHUS:

No uzmenenusi: 4
Ne ctpanutsl ¢ uamenenuem: 34-35

B Paznen 9 BHeceHbl U3MEHEHHS B CHHMCOK JMTEPATyphbl, B 0a3bl JAHHBIX U WH(OPMALMOHHO-
CIPAaBOYHBIE CUCTEMBI, B AJIEKTPOHHO-OMOIMOTEUHBIE pecypchbl. YKa3aHbl CCHUIKH, 0OecTeurBa-
IOIUE JIOCTYI O0YYarOIIKUMCS K 3JIEKTPOHHBIM Y4eOHBIM M3aHUSIM U 3JIEKTPOHHBIM 00pa3oBa-
TenbHBIM pecypceaM ¢ caiita PI'BOY BO «bI'TIV».

YrBep:knenue uzmenenuii u gonojgHenunii B PIIJL nus peanuzaunuu B 2023/2024 yu. r.
PIIJ1 nepecmoTpeHa, obcyxaeHa u ogodpeHa st peanuzanuu B 2023/2024 yyeOGHOM roay
Ha 3acefanuu kadenpsl xumuu (mpotokos Ne 9 ot 28 urons 2023 r.).
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