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1 HOACHUTEJBbHASA 3AIIUCKA

1.1 eap AMCHUILUIMHBI: CHOPMHUPOBATH MPEJICTABICHUS O CTPOCHUH M CBOMCTBAX KpH-
CTaJUIOB, Pa3HOOOPAa3UM TUIOB KPUCTAIIIMUECKUX CTPYKTYpP, OCHOBAX CUCTEMATHUKU KPUCTAJLIM-
YECKOI'O BEILECTBA.

1.2 MecTo aucuuninubl B cTpykrype OOII

Huctumumaa «Kpuctaimoxumus» OTHOCHUTCS K JTUCHUIUIMHAM YacTH, (hopmupyemoit
YYaCTHUKaMU 00pa30BaTeIbHBIX OTHOIIEHUH IMPEIMETHOrO MOIYJIS M0 NPOodUiI0 «AHAIUTHYE-
ckas xumus» 0soka b1.B.01 (b1.B.01.03).

CopepxaHue TUCUUIUIMHBI TECHO CBSI3aHO M OIMPAETCS HA TAKUE PaHEE U3YyYCHHBIC JTUC-
IUIUTUHBL, KaK Qu3uKa, nHPOpMATHKa, MaTeMaTHKa, HEOPraHMYECKash XUMHSL.

1.3 lucuuniuHa HanpaBJjeHa Ha (popMUpoBaHuUe ciaeayroimux kommnerenuuii: OITK-1,
OIIK-2, [1IK-1:

- OIIK-1. Cnioco0OeH aHanu3upoBaTh U UHTEPIPETUPOBATh PE3YIbTaThl XMMUYECKUX JKC-
NEPUMEHTOB, HAOIIOACHUN U U3MEPEHU, HHAMKATOPAMH JTOCTHKEHUS KOTOPOH SBJISETCS:

e OIIK-1.1 CucremaTtu3upyer U aHaJIU3UPYET PE3yibTaThl XUMUYECKUX IKCIEPUMEH-
TOB, HAOJTFOICHHI, U3MEPCHHM, & TAK)KE PE3YJIbTAThI PACUCTOB CBOMCTB BEIIECTB M MATCPHAJIOB.

e OIIK-1.2 Ilpennaraetr MHTEPIPETALNIO PE3YIbTATOB COOCTBEHHBIX IKCIEPUMEHTOB U
pPacyeTHO-TEOPETUYECKUX pabOT C HUCIOJIb30BAHUEM TEOPETUUYECKUX OCHOB TPAAULMOHHBIX U
HOBBIX Pa3JIelIOB XUMHH.

e OIIK-1.3 ®opmynupyeT 3aKJIF0OUCHUS U BBIBOBI 0 pe3yJbTaTaM aHaIM3a JIUTEePaTyp-
HBIX JIaHHBIX, COOCTBEHHBIX O3KCIIEPHUMEHTAJIBHBIX M PaCUYETHO-TEOPETUYECKHX pPAOOT XHUH-
YECKpPOM HAIPABJICHHOCTH.

- OIIK-2. CriocobeH mpoBOIUTh ¢ COOMIOIEHUEM HOPM TEXHUKH 0€30IaCHOCTU XMMUYe-
CKU 3KCIIEPUMEHT, BKJIIOYAsl CUHTE3, aHAJIN3, U3yUE€HUE CTPYKTYpPbl U CBOICTB BEIIECTB U MaTe-
pHaJIOB, UCCIIEOBAHUE NIPOLIECCOB C UX YYaCTHUEM, HHAMKATOPAMH JJOCTHKEHUS KOTOPOU SIBJISI-
eTcs:

e OIIK-2.1 PabGoraer ¢ XMMHYECKHMHU BEIIECTBAMU C COOIIOACHMEM HOPM TEXHHUKHU
0€30IMaCHOCTH.

e OIIK-2.2 CuHTe3upyeT BElecTBAa U MaTEPUAIIbl PA3HOW MPUPOABI C UCIOJIb30BAHUEM
UMEIOLINXCS METOTUK.

e OIIK-2.3 [IpoBoaUT CTaHIapTHBIE ONEpPALIUH I ONPEIEICHHUS] XUMUYECKOTo U (ha3o-
BOT'O COCTaBa BEIIECTB U MAaTEPHUAJIOB HA UX OCHOBE.

e OIIK-2.4 HNccnenyer cBOWCTBA BELECTB U MAaTEPUAIIOB C UCIIOJIb30BAHUEM CEPUMHOTO
HAy4YHOT'O0 00OpYAOBaHUSI.

- IIK-1. Bnageer cucteMoil pyHIaMEHTATBHBIX XUMHUECKUX MOHATUN M 3aKOHOB, MH-
AUKATOPAMM JIOCTH)KEHUS KOTOPOU SBIISETCS:

e JIK-1.1 [ToHMMaeT OCHOBHBIE MPHUHIMIIBI, 3aKOHBI, METOJOJOTHI0 M3yYaeMbIX XHUMU-
YECKUX JUCUHUIUINH, TEOPETUYECKHUE OCHOBBI (PU3NYECKUX U (PU3UKO-XUMHUYECKHUX METOJOB HC-
CJIEI0OBaHMS;

e JIK-1.2 HMcnone3yer (yHIaMEeHTalbHbIE XUMUYECKHUE TOHATHS B CBOEH IpodeccHo-
HaJIbHOM JIeSATEIHLHOCTH,

e [IK-1.3 UHTepnpeTupyeT MoiydeHHbIe Pe3yIbTaThl, UCIOb3Ysl 0a30Bble MOHITUS XU-
MUYECKUX JUCLUILINH.

1.4 Ilepeyenb MJIAHUPYEMBIX pPe3yJbTATOB 00yueHHsl. B pe3ynbrare u3ydeHus Iauc-
LUIUIMHBI CTYAECHT JOJDKEH

- 3HATh:

® [IyTH MOWCKa MHPOPMAIUH IS UCIIOIb30BAHUS MOJYUYEHHBIX TEOPETUUECKUX U MPAKTH-
YeCKUX 3HaHUN B 00s1acTH 00IIel U HEOPraHUYECKOH XUMHH;

® OCHOBBI MTOMCKA, KPUTUYECKOTO aHAIM3a U CHHTE3a MH(POPMAIMH, CUICTEMHOTO MOJIX0/Aa
JUISl PEIICHUS TOCTABJICHHBIX 3a7ja4 B PaMKaX JUCLUIUINHBI KPUCTAJUNIOXUMUS;



® METOIbl U CTIOCOOBI 00pabOTKM MHPOPMALIUU PE3YIbTATOB XMMUYECKOTO SKCIIEPUMEHTA,
pe3yJIbTaTOB HAOIIOACHUI U U3MEPCHHIA,
¢ UHPOPMALMOHHBIE UCTOYHUKU CIIPABOYHOT0, HAYYHOT0, HOPMATUBHOTO XapaKTepa;
e  METOJbI BHIPAIIMBAHMS KPUCTAILIOB;
® - OCHOBHBIC TIOJIOXKEHHUSI TEOMETPUUYECKON KpHCTaIorpaduy;
® DKCHEPUMEHTAJIbHBIC METO/IbI ONPEICIICHUS KPUCTAIUIMYECKUX CTPYKTYD;
®  THITBI XUMHYECKOH CBSA3U B KPUCTAILIAX;
®  THITBI KPUCTAJUIMYECKUX CTPYKTYP, OCHOBHBIC IIPHHIUITBI KJIACCU(PHUKALIUHN CTPYKTYP;
- yMeTh!
® IPUMEHATh U AHAIU3UPOBATH OCHOBBI MOMCKA, KPUTUYECKOTO aHAIM3a M CHUHTE3a HH-
¢dopmanuu, CHCTEMHOTO MTOIX0/a JUIs PEUICHUs IOCTaBICHHBIX 3aa4;
® aHANM3UPOBAThH 3a/1a4y, BIACISASA ee 0a30BbIE COCTABIISAIONINE U OCYIIECTBIIAET JEKOMIIO-
3UIHIO 33JIa4H;
® TPaMOTHO, JIOTMYHO, apryMEHTHPOBAaHHO ()OPMHPOBATH COOCTBEHHBIC CYKACHUS U
OLICHKH;
e oTMYaTh (PaKTHl OT MHEHHH, WHTEPIPETAIHiA, OIIEHOK U T.JI. B PACCYKACHUSAX IPYTHX
YYaCTHHUKOB JICTEIILHOCTH;
® ONpEACNATh M OLIEHUBATH MPAKTUYECKUE MOCIEACTBUS BOZMOXHBIX PEILICHUN;
® CONOCTaBJISI€T Pa3HbIe HCTOYHUKH MH(POPMAIUH C IO BBISBICHUS UX MPOTHBOPEUUI
¥ TIOMCKA JIOCTOBEPHBIX CYKICHHIA;
® - BBIPANIMBATH KPUCTAJLUIBI B JIAOOPATOPHBIX YCIOBHSIX.

® - [I0JIb30BaThCS 0a3aMU CTPYKTYPHBIX JIaHHBIX.

® CTAaBUTh XMUMHUYECKUN SKCIIEPUMEHT, aHAJTM3UPOBATh M OLIEHUBATh J1A00OPATOPHBIC HCCIIe-
JIOBaHMsI;

® [IPOBOJUTH CAMOCTOSITEJIbHBIA IMOMCK XHMHYECKOM HHPOpPMALMU C HCHOJIb30BAHHUEM
Pa3IMYHBIX MCTOYHUKOB (HAy4HO-MOMYJIAPHBIX M3AAaHUH, KOMIBIOTEPHBIX 0a3 JaHHBIX, pecyp-
cos Internet);

- BJIa/IeTh:

® HaBbIKaMHU aHaJIN3a, IPUMEHEHHsS] OCHOB MOMCKA, KPUTUYECKOTO aHajIu3a U CHUHTE3a MH-
dbopMaluu, CUCTEMHOTO MOJAXO0Ja JJIsl PELICeHUs MOCTABIEHHBIX 33/1a4 B paMKax IUCLUIUINHBI
o0111as1 ¥ HeOpraHu4ecKas XUMUS;

e HaBBIKAMHU aHaJIM3a 3a]aud, BBLAETSS €e 0a30Bble COCTABIAIONINE M OCYIIECTBIIAA Je-
KOMITO3UIUIO 33]1a4H;

® HaBbIKAMU I'PaMOTHO, JIOTHYHO, apIYMEHTUPOBAHHO (OPMUPOBATH COOCTBEHHBIE CYXKe-
HUS U OLIEHKH;

® HaBBIKAMHU OTJIMYATh (PAKThl OT MHEHUH, HHTEPIIPETAIN, OLIEHOK U T.JI. B pacCyKICHHIX
JIPYTUX YYaCTHUKOB JI€ATEIbHOCTH;

® CIIOCOOHOCTBIO OTPEAENATh U OLEHUBATh MPAKTUYECKUE IOCIEICTBUS BO3MOXKHBIX pe-
IICHUI;

® HaBBIKAMU JI€JIaTh 3aKJIFOUEHUS U BBIBOJIBI IO pe3yJIbTaTaM aHaJIM3a JIUTEPAaTypHBIX J1aH-
HBIX, COOCTBEHHBIX KCIEPUMEHTAIBHBIX U PACUETHO-TEOPETUYECKUX pabOT M0 HEOPTraHUYECKON
XUMHUU;

® HaBBIKAMHU CHCTEMAaTHU3MpOBaThb M aHAIM3UPOBATh PE3YJbTaThl XUMHUUYECKUX OIKCIIEpH-
MEHTOB, HaOJII0/IEHUH, H3MEPEHNUH, a TaK)Ke Pe3yJIbTaThl PACUETOB CBOMCTB BEIIECTB U MaTepHa-
JIOB Ha UX OCHOBE;

e crioco0amMi OpHEHTallMUd B MPOQPECCHOHANIBHBIX HCTOUYHUKAX HHQOpMAMK (KypHAaJbl,
caifTbl, 00pa3oBaTeNbHbIC MOPTAIbI);

® HaBBIKAMHU NOCTAHOBKM HKCHEPUMEHTA, aHaJN3a M OLEHKH PEe3yJIbTaTOB JIa0OPaTOPHBIX
HCCIICIOBAHUI;

® METOJlaMH NIPUTOTOBJIEHUS PAaCTBOPOB 33JaHHOM KOHIIEHTPALIUH.



1.5 O0masi Tpya0eMKOCTh IMCHUIIMHBI «KpUCTATIIOXUMHUS» COCTABIAECT 2 3a4E€THBIX
equnuilsl (nanee — 3E) (72 vaca).
[Tporpamma npexycMaTpuBaeT U3y4eHUE MaTepuasia Ha JIEKIUAX U JJa0opaTOPHBIX 3aHSATHU-
ax. [IpenycMoTpena camoctosiTenbHast paboTa CTyI€HTOB 110 TeMaM U pas3zaenam. [IpoBepka 3Ha-
HUH OCYyIIECTBISAETCS PPOHTATBHO, MHIUBUAYATBHO.
1.6 O0beM AMCUUNIUHBI M BU/IbI YUeOHOH 1esITeIbHOCTH
O0beM TMCUMILIMHBI M BUAbI Y4eOHOH 1eATEeJIbHOCTH

Buja yueOHoii padboThl Bcero yacos Cemectp 3
OO0m1ast TpyJA0EMKOCTh 72 72
AyIUTOpPHBIE 3aHITHS 44 44
Jlexuun 20 20
JlaGopaTopHbie pabOThI 24 24
CamocTosTenpHas padora 28 28
By uTOroBoro KOHTpOJIS: - 3a4eT

2 YYEBHO-TEMATUYECKOE IINTAHUPOBAHUE

YueOHO-TeMaTHUYECKHIi IJIaH

Bcero AyauTOpHBIE Camo-
Ne HaunmenoBanue TeM (pa3aesioB) 4acoB 3aHATHSA CTOfA-
Jlexuuu | Jladoparop- | T¢/TbHAsA
Hble 3aus- | PadoTa
THA

| BBenenune 4 2 2

1 |IIpenmer u 3a1aun KPUCTATUIOXUMHUH 2 1 1

2  |Kpucramioxumus Kak 4acTh XUMHUH 2 1 1

Il |OcHOBHbIE OHATHS U 3JIEMEHTbI 14 4 6 4
CTPYKTYPHO# KpUCTaLI0rpadun

1 |Cummerpus MosieKyJl. 3aKpbIThIE U 3 2 1
OTKPBITBIE ONEPALUU U IIEMEHTBI
cuMMeTpud. TodedHble TPyIbl CHUM-
METpHUH, UX Kiaccuukaus.
OcCHOBHBIE IOHATHSA U DJIEMEHTHI 7 6 1
CTPYKTYpPHOH KpHcTauiorpapuu.
CummMmertpust.

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

11 (PenTrenorpacgusi u CTpyKTypHBIii 19 4 9 6
aHAJM3 KPUCTAJLJIOB

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




XapakTepucTuka Au(paKHOHHBIX
METOJIOB CTPYKTYPHOI'O aHaIM3a. —
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 pabota
PentreHorpadus u CTpyKTYpHBIH aHa-
JIN3 KPUCTAILJIOB.

JlaGopaTtopHnas pabota
Pentrenorpacdus u cTpyKTypHBI aHa-
113 KpuctayioB. OCHOBHBIE CLIOCOOBI
BbIpAIlIMBaHUsI KPUCTAILJIOB

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

Oﬁmue NPUHIHUIIBI KPUCTAJJIOXH-
MHH

11

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

Ornucanue CTPyKTyp B TEPMHHAX
TJIOTHEHTIIMX MIAPOBBIX YITAKOBOK
(ITIIY) 1 mIoTHEHIKX MIAaPOBBIX
kiagok (ITIHK)

Kpucrannoxummuieckue paanycsl aTo-
MOB. MeTainyeckue, HOHHbIE, KOBa-
JICHTHBIE U BaH-JeP-BaalbCOBBI PaIu-
YCBI.

KpucrammoxumMmaecKue siBICHHUS.
N30CcTpyKTYpHOCTH, TOMEOTHIINS, Te-
TEPOTHIHS, H30OMOP(HHU3M, TTOITUMOP-
¢u3Mm, mopdoTpomnus.

JlaGopaTtopHnas pabota
OO01mre TPUHIIUIIBI KPUCTATTIOXUMUHU

CucremaTuueckas KPpHUCTAJJIOXH-
MU

15




IIpocTeie BemecTBa. TUNIMUHBIE U
AHOMAJIbHBIE CTPYKTYPbl METAILJIOB,
HEMETAJUIOB.

OO0m1as XxapakTepucTUKa KPUCTAIIIN-
YECKUX CTPYKTYp OMHAPHBIX COCTUHE-
HUl. THTepMeTannuapl, ruipubl, ra-
JIOTE€HUABI, OKCUJIBI, XaJIbKOICHUIBI.

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

Kpucrannudeckue CTpyKTypbl KOOp-
JTUHAIMOHHBIX coequHenui. Kpucran-
norunpatsl. Kiarpatel. Monexysp-
HbIE KOMITJICKCHI.

JlaGopaTopHnas pabota
CucreMaTnveckasi KpUCTaUTIOXUMUSL.

VI

O06001eHHAs KPUCTAILIIOXUMHUS

KonzaencupoBanublie ¢a3bl ¢ pa3nuy-
HOM CTEINEHbIO YIOPSA0YEHHOCTH.
CrpoeHue )XUAKUX KPUCTAIIIOB. JJie-
MEHTBI OJINKHET0, CPEAHETO U JJaJIbHE-
rO TOPSAJKA BKUAKOCTAX. KHUIKOKpH-
CTAJUINYECKHE MOIUMeEpBI. JInorpon-
HbIe Me30(a3bl.

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

JlaGopaTtopHnas pabota
O0600111eHHAs] KPUCTAJUIOXUMHSL.

Hrtoro

72

20

24

28

NHTepakTHBHOE 00y4YeHHE MO JMCUHUILIHHE

HaunmenoBanue Tem (pa3jesioB)

Bun
3aHATHSA

HHTECPAKTUBHOTO

dopma

3aHATHA

Kou-
BO
4acoB

1. O

CHOBHBIC IMOHATHUA U 3JICMEHTBI CTPYK-

TypHOH Kpuctaiorpapun. CumMmeTpus

JIP

PaGora B ManbIx rpyn-

nmax

2. Pentrenorpadus u CTpyKTYpHBII aHaIu3

KpHUCTAJIJIOB

JIP

Pabota B ManbIX rpyn-

nmax

3. O

6H_[I/IC MMPUHIUIIBI KPUCTAJNIOXUMHU

JIP

PaboTa B ManbIX rpyn-

max

4. CucremaTnueckasi KpUCTaNIOXUMHUS

JIP

Pabora B ManbIX rpyn-

nax

UTOoro

15




3 COAEP)KAHUE TEM (PA3EJIOB)
| BBEAEHUE

IIpeomem u 3a0auu KpUCMALIOXUMUU.

Kpucramnmueckast CTpyKTypa u CHOCOOBI €€ MOJCTUPOBAHUS (CTaTUYECKHE U JTMHAMUYE-
CKHe, TUCKPETHBIE U KOHTHHYaIbHbIE MOJIeNN). TeroBoe ABHKEHNE aTOMOB.

Kpucmannoxumusn xax uacmo xumuu. CTEpEOXUMUYECKUN U KPUCTAJUIOCTPYKTYPHBIN ac-
MEeKThI KpucTaIoXuMuu. O0001IeHHAs KPUCTAIUIOXUMHS.

Il OCHOBHBIE IOHATHUA U DJIEMEHTbBI
CTPYKTYPHOM KPUCTAJLJIOT PA®UN

Cummempusi monexyn. 3akpvimvle U OMKpbimvle onepayuu u dnemenmol cummempuu. To-
yeunvle 2pynnsvl CUMMEMpPUU, UX K1accuurayusl.

Kpucramn n xpucrajummyeckoe BeniectBo. OJHOPOJHOCTh U UCKPETHOCTh KpHUCTaJUIMYeE-
CKOT'O IIPOCTPAHCTBA.

3aKpbIThIE OlEpallMi U 3JEMEHThl CUMMETPUU, UX 00O3HAUYE€HUE U aHAJIMTUYECKOE Mpe-
cTaBieHue. B3aumoielicTBUE 3aKPBITHIX ONEpaluii cMMMeTpun. TodeuHble TPYIbl CAMMETPUH,
ux knaccudukaus, oboznauenue (o llendmucy n mexayHapoaHoe) U n300pakeHUe Ha CTe-
peorpaduueckoil mpoeKIuu.

OchosHble nousamus u 1emeHmvl CmpyKkmypHou kpucmanioepaguu. Cummempust.

CummMmetpus Monekyn. OpOutbl TodeyHbIx rpynn. CHUMMETpHsi U KPaTHOCTb MO3UIIHH.
CTpyKTypHBIE KJIacChl U CUMMETpUITHBIE ceMelicTBa MoJieKyJl. [1oyspHOCTh U XMPaNbHOCTh MO-
JIEKYJI, JHAHTUOMEPHI.

Muororpannuku. Crepeorpaduueckasl IpOEKIUs HOpMaliel K TpaHsSM MHOTOTPAaHHHKOB.
N30sapel 1 ux koMOuHamu. CemenicTBa n303,1poB. MI30roHBI.

OchosHble nowsamus u 31emeHmvl CmpyKkmypHou kpucmanioepaguu. Cummempust.

I'pynna mpancnayuii — pewemxa kpucmanna. Tunst pewemox bpass. Knaccol cummempuu,
CUH2OHUU, Kame20puu

['pynmna tpancasuil - pemerka kpucrauia. MIHAEKCHI y3710B, Y3JI0BBIXPAJIOB U Y3JIOBBIX Ce-
TOK pemeTku kpuctamia. OOpaTtHas pemieTka. OTKpBIThIE ONEPalluU U YIEMEHTHl CHMMETPHUH, X
0003HaueHNE MaHAIMTUYECKOE MpecTaBiIeHue. B3anumoeicTBie 3aKphITHIX U OTKPHITHIXOMEpa-
UH CUMMETPHUH KpHUCTaJlla MEXJly COOON U C TPaHCIALUSIMHUPEIIETKH.

Kiacebl cummeTpun, CMHTOHMM, Kateropuu. KoopAauHaTel CUCTEMBI U METPUKA PELIETKU.
Tunsl pemerok bpass. I'paduueckoe m3zoOpaxkeHue NpocTpaHCTBEHHBIX rpynn. OOo3HaueHHe
MPOCTPAHCTBEHHBIX Tpynn cuMMeTpur. CHCTeMbl SKBHUBAJICHTHBIX MO3UIMH (IIPaBUIbHBIE CH-
CTEMBI TOYEK).

3aBUCUMOCTh (PU3UYECKHX CBOMCTB KPUCTAIOB OT MX cUMMeTpur. AHu3orpomnus. CBoi-
CTBa, OMMCHIBA€Mble TEH30paMHM BTOPOrO paHra (3JIeKTPOIpPOBOAHOCTh, TUAJIEKTpUUECKas Mpo-
HUIIAEMOCTh, TEIUIOBOE pacuiMpeHue u ap.). [lupo- u mbe3osnexTpudeckue cBoicTBa. OnTHue-
CKH€ CBOMCTBA KPUCTAIJIOB. DHAHTHOMOP(HU3M.

MHoroo0pasue rpynn CUMMETPUHM C PasIndHOM pa3MepHOCThIO. ['pymibl CUMMETpUH U
CTPYKTYPHBIE KJIACCHI IIETICH U CII0eB (TIPUMEPHI).

11l PEHTTEHOTPA®USA U CTPYKTYPHBIN AHAJIN3 KPUCTAJLJIOB

Dusuueckue 0CHO8bl peHmM2eHOCMPYKMYypHo20 ananusza. Knaccuueckue memoowt nonyuenus
ougparyuonnvlx 3¢pgpexmos. Ycnosue Bynogha-bpseea, ypasuenue Jlays.

@u3nYecKue OCHOBBI PEHTIEHOCTPYKTYpPHOro aHanu3a. Kiiaccuueckre MeTo bl OJTy4eHUs
TudpakIuoHHBIX 3G (EKTOB: MmoluxpomMaTHueckuid Meron (uiau meron Jlays), Meroa mopoika
(umm meton JleGast - Llleppepa), MeTos BpalieHHsI MOHOKpHCTAILIA.

WnannupoBanue peHTreHorpaMM. MeXIUIOCKOCTHBIE PAcCTOSHUS M MHJIEKCHI y3JI0BBIX
wiockocteil. Jludpakuus peHTreHoBckux jdydel. YcnoBue bperra-Bynbda, ypaBuenue Jlays.
®a3oBbIil aHaIK3. ba3bl TaHHBIX O CTPYKTYPE KPUCTATITMYECKUX BEIIECTB.

Knaccbl nudpakiimoHHON CUMMETpHH, CUCTeMaTHYecKue noracanusi peduiekcos. Ompene-
JIEHHE CUMMETPHH KpHUCTaJlJIa, TAPaMETPOB PEILIETKH U Yncia (GOPMYJIIbHBIX €AMHUL] B sTUCHKE.



VHTEHCUBHOCTh PEHTICHOBCKOTO AU(PPAKIMOHHOIO OTPAXKEHHUS M €€ COCTABIISAIOLIHE.
CrpykTypHbIii (akTop. DaKTop aTOMHOTO paccesHHs, aHOMaJbHOE paccesiHue. Pacmpenenenue
ANIEKTPOHHOU IMJIOTHOCTU Mo suekiku. dazopas npodnema. [lonsTre o cnocobax pacmudpoBKu
KPUCTAIIIMYECKUX CTPYKTYp. YTOUHEHHUE CTPYKTYpPBI, €€ YUCIOBBIE NTapAMETPbl U KPUTEPUU J10-
CTOBEPHOCTH CTPYKTYpHOU Mozenu. OCHOBHbIE NPAKTUYECKUE ATANbl PEHTTEHOCTPYKTYPHOIO
aHaJIM3a.

ABTOMaTH3a1Msl CTPYKTYPHOrO aHanu3a. MeToasl U NporpaMMbl aBTOMaTHYECKOrO penie-
HUS U YTOYHEHUS KPUCTAJUIMYECKUX CTPYKTYP.

Xapakmepucmuxa  OuppakyuoHHvlx Mmemooo8 cmpykmyproeo auanuza. — PCA,
ICA(rnexmponnsiii cmpykmyprulil anaiuz), HCA (neimponnulii cmpykmypHblil aHaniu3)

Kpatkas cpaBHUTE/IbHASA XapaKTepUCTHKA TUGPAKIIMOHHBIX METO/I0B CTPYKTYPHOTO aHaJIu-
3a - peHTreHocTpyKTYpHbIi (PCA), anekTponHblil cTpyKTypHBI (DCA), HEUTPOHHBIA CTPYKTYp-
Hb1i ananmus (HCA).

Cnocobvl pacuiugpoeku KpUCMAIIuyeckux cmpykmyp, ymouHenue cmpyKmypbl, ee Yucio-
eble napamempwvl U Kpumepuu 00CMOBEPHOCMU CIMPYKMYPHOU Modenu. Memoodvl u npocpammol
ABMOMAMUYECKO20 peuleHus: U YMoyHeHUs KPUCAAAUYeCKUX CMpPYKmyp.

OcCHOBHBIE 33/1a4U PEHTTEHOCTPYKTYPHOT'O aHAJIN3a B XUMUHU.

IV OBIIIUE ITPUHIUITIBI KPUCTAJIVIOXUMHUU

Tunwvl xumuueckoti ceasu 8 kpucmaniax. I omo- u cemepodecmuyeckue cmpyKkmypul. Xapak-
Tep KpUCTAIMUECKOH cTpyKTypbl. KoopanHalmoHHble (MOHOJIUTHBIE), OCTPOBHBIE, LIETIOYEUHBIE,
CJIOUCTBIE, KapKaCHbIE CTPYKTYphL. JluHanbl. 'oMo- U rerepoiMHagHbIe CTPYKTYPBL.

Yucno GopMyIbHBIX €IWHUI] B SYEHKE M PEHTI€HOBCKAs IUIOTHOCTh. KoopauHanuoHHBIE
yrciaa U KOOPAWHAMOHHBIE ToNu3Ipbl. COOCTBEHHAsE CUMMETPHUS KOOPIUHAIIMOHHBIX IMOJUA/I-
POB, MOJIEKYJI U CIIOXHBIX HOHOB. KOJIMUeCTBEHHOE CpaBHEHHUE MOJIEKYJ U IPYruX (pparMeHTOB
cTpyKTyphl. CTpyKTypHBbI€ TUIIBI. ONMCaHUE U COMOCTABIECHNE BAKHEUILIUX CTPYKTYPHBIX TUIIOB;
CTPYKTypHasi TOMOJIOTHS.

Onucanue cmpykmyp 6 mepmunax niomuevwux wapogvix ynaxosox (I1IY) u miotHei-
mmx mapobix kKiaanok (IIHK). Koopaunaimonssle yncna, KOOpAUHAIMOHHBIE MOJMAAPHI U My-
crotsl B [IIITY u ITIIK. Crnoitnocts TTHIY.

TepmonnHamuka kpuctauioB. GOHOHHBIE CIEKTpbl. Pacuer TepmoauHamMuuecKux (yHK-
1uii. PaBHOBecHbIe cTpyKTypbl. CTaOuibHbIe, METaCTa0MIIbHBIE U HECTaOWIbHbIE (hazbl.

Kpucmannoxumuueckue paouycovl amomos. Metannuueckue U HOHHbIE paguychbl. Koaddu-
LIMEHT IJIOTHOCTU YIMAKOBKM METAJUIMYECKUX U MOHHBIX KpHUCTau1oB. KoBaJleHTHBIE U BaH-JEp-
BaaJbCOBBI PAUYChl; UX HMCIIOJIB30BAHHUE ISl TIOCTPOEHUSI MOJIETEH MOJNEKYJ U U3y4YEeHUS KOH-
dopmanuu mMoisekyi. [IpocTpaHcTBeHHbIE HanpshkeHUs B MolieKynax. KoadduuneHt miotHoctu
YHaKOBKHU MOJIEKYJISIPHBIX KPHCTAJUIOB.

Kpucrannoxumuueckue sBieHUA. M30CTPYKTypHOCTh (M30THUIHOCTB), AHTUU3OCTPYKTYp-
HOCTh, TOMEOTHNHS, TeTepoTunus. M3omopdusm. Tumbr nsomopdusma. Tepabie pacTBOphI 3a-
MEIIEHNs, BHEAPEHUSI U BblunTaHMsl. CBepXcTpyKTypsl. Copa3zMepHO MOJYJMPOBAHHBIE CTPYK-
Typbl. [lomumopdusm, nonutumnus. MOHOTPOIIHBIE U YHAHTUOTPONHbBIE MOIUMOP(HBIE MEPEX0-
Il Mexanu3m nonuMop@HbIX npesparienuil. Mopdorponus.

CTpyKTypHasi HHTepIpeTalus MOHATHH XUMHUYECKOTO0 COEAMHEHMS] U XUMUYECKOro Bellle-
CTBa.

V CUCTEMATHYECKAS KPUCTAJIVIOXUMUSA

IIpocmuie sewjecmsa. Tunuunvie u anomanivhvie cCmpyKkmypol memannos. Kpucrammueckue
CTPYKTYpbI MPOCTHIX BEILECTB - HEMETAJUIOB. M3MeHeHue XapakTepa CTPYKTYphl B IpyMIax Ie-
pHOANYECKON TaOJMIbI AJIEMEHTOB; CPaBHEHUE CTPYKTYp, OTHOCSIIUXCA K pa3HbIM TpyInam
(paBUJIO OKTETA).

Obwas xapakmepucmuxa KpUCmMaiiuyeckux cmpykmyp ounapuvix coeourerui. CTpyKTypbl
AX, omuceiBaemblie B TepmuHax [TIITY - TIHIK (annoHHBIC ynakoBKH W KiIaaku). [Ipumepsr pas-
JUYHBIX MO Xapakrepy kpucrammyeckux cTpykTyp AX m XY, HE ONMCHIBaEMBIX B TEPMHHAX



[TIHIY - ITIIK. OcobeHHOCTH KOOPAMHAIIMN TIEPEXOAHBIX U HEMepeXxoaHbiXx MeTamuioB. Kmacre-
PBL

OO01as XxapakTepUCTHKA TEPHAPHBIX KPUCTALTHYECKUX CTPYKTYD.

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

CrpykTypHblii TN NepoBCcKUTAa. CErHeTO- M aHTHCETHETOIJIEKTPUUYECKUE CBOICTBAa Be-
HIECTB C UCKAXEHHOM CTPYKTypoii nepoBckuTa. CTPYKTYphbl CMEIIAaHHBIX OKCHIOB C BBICOKOTEM-
[epaTypHOU CBEPXIIPOBOAUMOCTHIO.

CrpykTypHblii Tun mnuHenu. Hopmanbhbsle u oOparniennsie mnuHenu. O0bscHeHne cTpoe-
HUS LINHUHEIEW Ha OCHOBE TEOPUU KPUCTAIIIMUECKOTO 1oJid. DeppuThl U X TEXHUYECKOE 3Haue-
Hue. CBS3b CTPOCHHSI U MAarHUTHBIX CBOMCTB COEAMHEHUMN, KPUCTAUIM3YIOLIUXCSA MO TUITY IIIH-
HEJIH.

Cmpyxmypbl coneti KUCIOPOOHbIX KUCTIOM (NepXlopamul, XJ0pamol, cylbghamsl, HUMpamal,
gochamei, kapbonamul u Opyeue).

OcHoBHbIE 0COOEHHOCTHU CTpOeHUs cuinKaToB. Knaccudukamus ctpykryp cunukaros. M3o-
BAJICHTHBIN U T€TEPOBAJICHTHBIM N30MOP(HU3M B CHIIMKATaX. 3aBUCHMOCTh (PU3NYECKUX CBOWCTB
CUJIMKATOB OT UX cTpoeHus. [IpupoiHbie 1 CHHTETUYECKUE LIEOJIUThI, X CTPYKTYpa U MPUMEHe-
HUE.

Kpucmannuueckue cmpyxkmypui koopounayuoruwix coeourenuti. CTpyKTypbl COSIMHEHUH C
MOJIMJICHTATHBIMU JIMTaHJaMH (KOMILJIEKCOHATHI, KOMILJIEKCHI KpayH-3(HpOB).

OO0mas XxapakTepUCTHKA MOJEKYJISPHBIX KpuUCTAIoB. OCOOCHHOCTH OPraHUYECKUX KpPH-
ctajuioB. Teopuss IUIOTHOM  ymakoBKM  MojieKyld.  OnopHbIEMEKMOJIEKYISPHBIEKOHTAK-
ThL.MOJIEKYJIIPHOCKOOPIMHALIMOHHOE YHCIIO.

Crnenuduyeckne MeXMOIEKYISIPHBIE KOHTAKThL. Bomopoanas cBsi3e. H-acconmarer B opra-
HUYECKUX KPHUCTAJUIaX U UX omucaHue ¢ momouibio rpados. Conpsixennsie H-cBs3u. Cneundu-
YECKHE KOHTAKThl TaJIOr€H-TaJlOTeH, METaJI-KUCIOPOJ, MeTalI-MeTaul U Jpyrue. KoHTakThl
OCH30JBHBIX LIUKIIOB. ATperanus CerupruuIecKux MeKMOIEKYIIPHBIX KOHTAKTOB.

CTpyKTypHBIE KJIaCChl TOMOMOJIEKYJIIPHBIX KpUCTANIOB. MOHO- U TIOJMCUCTEMHBIE CTPYK-
Typbl. THUIIBI MOHOCHUCTEMHBIX KPHUCTANIOB. PacmpeneneHue OpraHMYEeCKHMX KPUCTAILIOB IO
CTPYKTYpHBIM KilaccaMm. CoOCTBEHHasi CUMMETPHSI MOJIEKYJIbI 1 CHMMETPHS €€ MO3ULIUU B KpHU-
cramie. [IpaBuno neHTpocuMMeTpuyHOCTH. [IceBAOCUMMETPUYHBIE MOJICUCTEMBI B MOJIEKYJISIP-
HBIX KpHUCTaJIJIaX.

[TonucucremHble MoJeKyIspHble KpucTauibl. KoHtakTHas koHdopmepus. ['unepcummer-
pust (CBEpXCUMMETpHS).

MeTton cuMMeTpuu MOTEHIUANbHBIX (GyHKUMNA. VHTepnperanus pacnpeaeneHus] MOJIEKy-
JSIPHBIX KPHUCTAUIOB IO CTPYKTYpPHBIM KilaccaMm. Bo3mymienune noreHuuanbHbix ¢yHkKiui. Ce-
MENCTBA CTPYKTYPHBIX KJIACCOB MOJIEKYJISIPHBIX KPHUCTAJIIOB.

I'erepomonexynspubie kpuctaimibl. Kpuctamnoruapatel. Knatpatel. MonekynspHble KOM-
TIJIEKCHI.

Pacuer sHeprum MeXMOJIEKYJISIPHOTO B3aMMOJEHCTBHUS B aTOM-aTOMHOM HPHOIMKEHUU
(I71s1 OpraHMYECKUX KPUCTAIUIOB). DHEPTUsl MOJEKYISPHOTO KpHUCTalia Kak (GyHKIUsS CTPYKTYp-
HBIX TapaMeTpoB. CTPYKTYypHBIE TOJKIACCH M AHU30TPOIIHS CBOMCTB.

CTpoeHune KpUCTaUNIMYeCKUX OUOIOIMMEPOB.

TenoBbie KoeOaHN aTOMOB M MOJIEKYJ B KpUcTajuiax. TeH30pkl, ONMUCHIBaIOIIME Koyeba-
HUS JKECTKUX MOJIeKyJ. /luHamuyeckas 3ajava JJis OpraHMYeCKOro KpUCTaslia; pacdyeT 4acToT
BHEIITHUX MOJICKYJIIPHBIX KOJeOaHUN M TEPMOTUHAMUYECKUX ()YHKITHA.

VI OBOBHIEHHA I KPUCTAJIJIOXUMU S

Komnoencuposannvie ¢asvl ¢ pasnuunou cmenenvio ynopsioouennocmu. KoppensuuoHHas
muHa. JlanpHuid 1 OmmKHUE nopsinok. Kpucramisl 1 kBa3uKpucTauibl. HecopazMepHbie CTpyK-
Typbl. MHOT000pa3zue me3odas.

Crpoenue xumkux kpucramioB. Kamamutnyeckue me3odassl (HEMATHKH, XOJIECTEPUKH,
cMekTHKH). JIuckoTraeckue mezodassl. MesomopdHbie iepexoasl. Bo3BpatHbIl Me3oMOphU3M.
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Kuaxoxpucrannndeckue noaumepsl. JInotpomnnsie Me30(hasbl.

Kpucmannot ¢ wacmuyunoti neynopsoouennocmoio. POTallMOHHO-KPUCTANIMUECKOE COCTOSI-
HUe. MUKpPOJIBOMHUKOBAHUE, TOJMCUHTETUYECKHE CPOCTKU. JJOMEHHBIE CTPYKTYPHI.

DNEeMEHTHI OMKHETO, CPETHETO U JATLHETO TIOPSIIKA B KHUIAKOCTSIX.

4 METOAUYECKHUE PEKOMEHJJALIMU (YKA3ZAHUSA) AJIA CTYAEHTOB 11O
N3YYEHUIO JUCHUIIJINHBI

Pabouas nporpaMmMa JUCHMILIMHBI IPU3BaHA IOMOYb CTYJEHTaM B OpraHU3allul CaMOCTO-
ATEIBHON paboTHI IO OCBOCHHIO Kypca KPUCTAIUIOXUMUH. KpucTamioxumus - 3To Hayka O BHYT-
PEHHEM aTOMHOM CTPOCHHMH BelleCTBA. M3ydyaeT 3aKOHBI pacHOJIOKEHUS aTOMOB M THUIIBI CHM-
METPHH B KPUCTAUIMYECKUX TeJax, a TakK e JeQeKTshl B UX CTpyKType. bynyun pasnenom xu-
MHH, KPUCTAJUIOXUMHUSI TECHO CBsi3aHa ¢ Kpuctauiorpadueil. ICTOUHHKOM 3KCIEpUMEHTAIbHbBIX
JAHHBIX O KPUCTAINIMYECKUX CTPYKTYpax SIBISIOTCS, IJIABHBIM 00pa3oM, pEHTTE€HOCTPYKTYPHBIH
aHaJIM3, CTPYKTypHas 3EeKTpoHOrpadus M HEUTpoHOrpadus, ¢ NOMOLIbIO KOTOPBHIX MOIYYaroT
JOCTOBEPHYIO KOJIMYECTBEHHYIO MH()OPMAIMIO O CTPOCHUH XMMHYECKHX COCIMHEHUH (OT Mpo-
CTEHIIMX CTPYKTYP METaNIOB M MOHHBIX OMHAPHBIX COEAMHEHUH /10 CIIOKHEHIIUX CTPYKTYyp
OMONOJIMMEPOB U KOMIUIEKCOB C MOJUACHTATHBIMU JTuTranaamu). O0paboTka 3Toi nHpOpMaIuH,
CUCTEMATH3alMsl CTPYKTYPHOIO MaTepuaia, BbISBICHUE M MHTEPIpPETAlUs 3aKOHOMEPHOCTEH,
IPUCYIINX CTPOEHHUIO KPUCTANIMYECKUX BEIIECTB, YCTAHOBIIEHUE 3aBUCUMOCTU (PU3NYECKUX U
XUMHUYECKHX CBOMCTB OT CTPYKTYpPBI, pa3pabOTKHU METOJOB CUHTE3a TBEPJIbIX BELIECTB - TAKOBBI
OCHOBHBI€ 33/1a4l KPUCTANIOXUMUHU.

Maremarnyeckas 6a3a KpUCTAJUIOXUMHMHU - TEOPUs IPYMNIl CUMMETpUH, pU3UUEcKas - Tep-
MOJIMHAaMHUKAa U KBAHTOBAasl MEXaHUKA, FIKCIIEPUMEHTaJIbHAas - TU(PAKIIMOHHbIE METO/IBI.

[Ipu m3yueHnM KpUCTANIOXUMHUH MIPOBOJATCS JabopaTopHble 3aHATusA. B pasnene «Jlabo-
PaTOPHBINA MPAKTUKYyM» MOAPOOHO ONMHUCAHBl TEOPETHUYECKHUE BOIPOCH ISl MOATOTOBKHU K j1a00-
paTopHbIM 3aHATUAM. [0 OTAENBPHBIM TEMaM MPENIOKEHBl BapUAHThl pacuyeTHBIX 3anad. Cucre-
MaTHYECKOE BBITIOJHEHUE 3aJaHuil (POpMUPYET HABBIKM PELICHMs PACUETHBIX 3aj]]a4, YMEHHUE pa-
60TaTh ¢ y4eOHO! U CIIPaBOYHOM JIUTEPATypPOi.

JlJis yCHeHOro BBIOJHEHUS 3aJJaHus CTyAeHTaM HEOOXOAMMO MpPeIBAPUTEIbHO O3HAKO-
MUTbBCS C COIEp>KaHUEM COOTBETCTBYIOIIETO paszena. [Ipu moaroToBke K 3aHATUSAM HEOOXOMMO
U3Y4YUTh pEKOMEHAYyeMYIo Juteparypy. OOmuil Cnucok OCHOBHOM M JTOMOJIHUTENBHOM JUTEepa-
Typbl IPEACTABIIEH B OTAEIBHOM pa3ele.

[ToBbrennto >pPEKTUBHOCTH U3YUECHUS JAHHOTO Kypca CIOCOOCTBYIOT MPEACTaBICHHBIC
B [IpOrpamMMe TeMbl peepaToB M0 aKTyalbHbIM BOIIPOCaM KPUCTAUIOXUMUH, a TAK)KE BaPHAHTHI
KOHTPOJIBHBIX pabOT ¢ MaTeprajaMH K UX MOATOTOBKE (10 YKa3aHHUIO MPENoJaBaTeis).

N3ydenune Kypca 3aBepllaeTcs 3a4eToM, BOINPOCHI K KOTOPOMY IpEUIOKEHbI B paboueit
porpaMMme JUCHHUIIIUHBL.

Pabouas nporpamMma qucuMIUIMHbL «KpucTamuioXumMus» OpUeHTHPOBaHA HAa ONTUMH3ALIHIO
METOJIOB H3YYEHHs, COBEpIICHCTBOBAHWE METOAMK IPOBEACHUSA MPAKTUYECKONM W Hay4dHO-
UCCIIEIOBATEIbCKOW pabOoThI, MOCKOJBKY HMMEHHO 3TH BUIBI y4eOHOH paboThl CTYICHTOB B
MEPBYIO O4Yepeb TOTOBAT UX K CAMOCTOSATEIHLHOMY BBITIOJIHEHUIO TPO(ECCHOHANBHBIX 3a/1au.

Y4eOHo-MeToAHYeCcKOe 00eceYeHHe CaMOCTOSATEIbHOI PadoThI
CTYJECHTOB 110 TUCHHUILINHE

KonuyectBo 4a-
COB, B COOTBeET-
HaunmeHnoBanue ®opMbI/BH/IbI CAMOCTOSITEIb-
Ne N CTBHH € Y4eOHO-
paszaena (TemMbl) HOM padoThI
TeMaTH4eCKUM
TUIAHOM
1. [Ipeamer u 3amaun kpucrtan- | 3ydeHue nuteparypsl 2
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JIOXUMUHU KoncnekrupoBanue  uzy-
YEHHBIX MICTOYHUKOB
OcHoBHblE TOHATUS M 3je- | MI3yueHue mureparypbl 4
MEHTBl CTPYKTypHOH Kpu- | Odopmiienne nabopatop-
crayuiorpadun HOU paboThI
IloxroroBka oryera mo Jia-
OoparopHoii padoTte
Pemienue pacueTHbIX 3a1a4
3. Pentrenorpaguss u crpyk- | M3yuenue aureparypsl 6
TypHBIH aHanu3 kpuctauioB | Ocdopmienue saboparop-
HOU paboThI
IloxroroBka oryera mo Jia-
OoparopHoii padote
Perienue pacueTHbIX 3a7a4
4. OOmue npuHLUIBL KpucTtan- | M3yueHue nureparypbl 4
JIOXUMHUH Odopmnenne mabopaTtop-
HOM paboTHI
IlonroroBka oryera mo Jia-
OoparopHoii padote
Penienue pacueTHbIX 3a7a4
S. Cucremarnueckasi Kpucrtai- | 3yueHnue muteparypsl 8
JOXUMHUS KoHcnekTupoBanue  M3yueHHbIX
HMCTOYHHUKOB
Pemenue 3agau
6. OO6001eHHas KpUCTAIOXU- | MI3yueHue nureparypbl 4
MU KoHncnekrupoBanue  uzy-
YEHHBIX HCTOYHUKOB
UTOoro 28
5 MPAKTUKYM 1O IMCIMIIVIMHE
IIJTAH n1a0opaTopHbIX padoT
Ne n/mt Tema Kon-Bo | Bua 3anaruit
4acoB
1. |OcHOBHbIE MOHATHUS M 3JIEMEHTHl CTPYKTYPHOM KpucTajiorpa- 6 JIP
¢un. Cummerpus
2. |Pentrenorpadwus u CTpyKTypHBIN aHAJIH3 KPUCTAIUIOB 3 JIP
3. |Pentrenorpadust u CTPYKTYpHBIH aHaimM3 KpucTawioB. OCHOB- 3 JIP
HBIE CIIOCOOBI BBIPAIIMBAHUS KPUCTAILIOB
4. |Pentrenorpadus U CTPYKTYypHBII aHamu3 KpucTaioB. OCHOB- 3 JIP
HBIE CIIOCOOBI MOTY4YEHHs KPUCTAILIIOB
5. |OO6mue NpUHLHUITBI KPUCTATNIOXUMUN 3 JIP
6. |Cucremarnueckast KpUCTAIUIOXUMHUS 3 JIP
7. |O0o0meHHast KpUCTAIOX MU 3 JIP

JABOPATOPHASI PABOTA Ne 1 (3 uyaca)
OCHOBHBIE NOHSTHUS Y DJEMEHTHI CTPYKTYPHOI KPUCTAJJIOT PAGUU
CUMMETPUS
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Bonpocsl Kk 3aHATHIO

1. IlonsaTue ToueyHoi rpynmnsl. CUMMETPUYECKHE ONEPALIMU U AJIEMEHThl cUMMeTpHH. 11o-
BOPOTHBIE U UHBEPCUOHHBIE OCH. [IprmepbI MoseKy.1.

2. CemeiicTBa TOYEYHBIX TPYNI HU3LIEH U cpefaHeil karteropuu. IlpenenbHble TpymnIbl
cpenHeit kareropuu. lIpumepsr moneky.

3. Crepeorpadudeckasi MPOEKIIUS IEMEHTOB CUMMETPHH U HOpPMaJiel K TpaHsM MHOTO-
rPaHHUKOB. TOoUeUYHBIE TPYIIIbI BhICIIEH KaTeropuu. IIprumepsl MOJIEKysl 1 MHOTOIPaHHUKOB.

4. CumBonnka ToueuHblx rpynn. CumBoiasl ['epmana-Morena. 3epkallbHO-TIOBOPOTHBIE
ocu u cumBoubl llenduuca.

5. M30roHbl 1 opOUTHI TOYEUHBIX IpymIl. CTPYKTYpHBIE KJIACCHI MOJIEKY.

6. N30311pe1 1 ux komOuHaIuu. CeMencTBa N3031pOB.

7. I'pynnsl Tpancisiumid. [TpuMuTHBHBIE M HEIPUMUTHUBHBIE TIapaslIeIeNUIIEIbl TIOBTOpsiE-
MocTH. Kpucrammnueckas penieTka 1 KpucTauimdeckasl CTpyKTypa.

8. Cummerpus pemerku. ['onosapuueckue Touyeunsle Tpynmnbl. Kpucramrorpaduueckue
KOOpJIMHATHbIE

CUCTEMBI. DJIEMEHTapHas A4yeiika.

9. Kpucramnorpadpuueckue TodeuHble Ipynmnbl (Kpucramiorpadpudeckue kmaccel). Cum-
METpHUs KPUCTATIMYECKOIO0 MHOTOTPAaHHUKA U CUMMETPUS MO3UIUHU B KPUCTAIIIMYECKON CTPYK-
Type. IIpumepsl.

10. OTKpBITHIE 2JIEMEHTHl CAMMETPUN KPUCTAILUTMYECKUX CTPYKTYP U MX 0003HAYCHHUS.

11. Tunsl pemerok (tumnsl bpasa). CtpykTypsl bpas. McTuHHas u cioyyaiiHas cuMMeETpuUs
pemietku. [Ipumepsl CTPYKTYp € pelieTKkaMyu pa3Horo THUIIA.

12. CoueraHus OTKPBITBIX U 3aKPBITHIX 3JIEMEHTOB CHMMETPUU MEXAY CO00il U ¢ meprieH-
JUKYJISIPHBIMU TPAHCIISLUSAMHU.

13. IlpocTpancTBeHHBIE TPpyHIIBI cuMMeTpHH. [IpuHIn ux BeiBoaa. OO0IIME U YaCTHBIE CH-
CTEMBbI SKBUBAJICHTHBIX MO3UIUH (OpOUTHI). CTPYKTYypHBIE KIJIACCHI.

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

15. Onucanue KpUCTAIUIMYECKUX CTPYKTYP Ha OCHOBE NMPOCTPAHCTBEHHBIX IPYMI U CTPYK-
TYpPHBIX KJIacCOB. [IpuMepsl CTpyKTyp CpellHEN KaTeropuH.

16. Onucanue KpUCTAIUIMYECKUX CTPYKTYP Ha OCHOBE NMPOCTPAHCTBEHHBIX IPYMI U CTPYK-
TYpPHBIX Kj1accoB. [IpuMepsl CTpyKTYp BBICIIEH KAaTErOpUH.

17. MHuoroo6pa3zue TpyIn CUMMETPUHU C pa3InYHON pa3MepHOCTbI0. CTPYKTYpHbIE KI1acChl
LIENIEN U CIIOEB.

18. Kpucramioxumuueckue paauychl U UX Hcnoib3oBaHue. KoadounueHt mioTHocTH
YIaKOBKH.

JIABOPATOPHAS PABOTA Ne 2 (3 u)
PEHTITEHOTI'PA®USA U CTPYKTYPHBIN AHAJIN3 KPUCTAJLJIOB
Bomnpocsl k 3aHATHIO

1. Kakoe ¢usnyeckoe siBI€HHE JEKUT B OCHOBE PEHTTEHOCTPYKTYpHOro aHamuza? Yro
npeJcTaBiIsieT co00i MaTepuanbHas CyOCTaHIUs, pacCEUBAIOLIasi PEHTI€HOBCKHE JTy4u?

2. HazoBuTe OCHOBHBIE CIOCOOBI MONyYEHHUs AU(PPAKIMOHHOW KApTUHBI B PEHTICHOIpPa-
bun.

3. Kakue xapakTepUCTHKH KPHUCTAJUIMYECKOIO BELIECTBA MOYKHO MOJIYYUTh C HMOMOUIBIO
ypaBHeHul Jlays?

4. Kakue XapakTEepUCTHUKU KPUCTAJIMYECKOTO BEIIECTBA MOKHO IOJYUYHUTh C MOMOIIBIO
ypaBHeHus bparra-Bynbda?

5. Kakue ¢hopMynbl BeIpakarOT 3aBUCUMOCTh MHTEHCUBHOCTU AM(PPAKIIMOHHOTO Jy4da OT
KPHUCTAJUIMYECKON CTPYKTYPHI?

6. Kakas ¢yHKIMS SBISETCS KOHEYHBIM Pe3yIbTaTOM CTaHIAPTHOTO PEHTTEHOCTPYKTYPHO-
ro ananuza? Kakue XapakTepUCTUKH KPUCTALIHYSCKOTO BEIECTBA M3BIICKAIOT M3 ATOM (DYyHK-
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uu?

7. Iloyemy cTaHIApPTHBIM PEHTIECHOCTPYKTYPHBIA aHAIM3 HE MOXKET J1aTh aJCKBAaTHYIO MH-
bopmanuio o GyHKIMM pacipeaesieHus 3JeKTPOHHOM IIOTHOCTH?

8. Kakyro JIOmOMHUTEIbHYI0 WH(GOPMAIMIO JACT MPEIU3UOHHBIA PEHTIC€HOCTPYKTYPHBIN
aHaJIU3 110 CPAaBHEHHIO CO CTAHAAapPTHBIM BapMaHTOM 3TOro Meroja’?

9. KakoBo Ha3HayeHHEe M OOIIME MPUHIMIIEI yCTPOHCTBA aBTOMATHUYECKOTO AU(PpaKTOMeT-
pa?

10. Jlnst xaKoil menu ucmoib3yercss peHTreHodaszoBeii ananu3? Kakoit MeTon momydeHus
JU(PPaKLIMOHHON KapTHUHBI JIEKUT B OCHOBE 3TOr0 MeToAa?

11. Kakue mudpaknroHHBIE METOMIBI (KpOME PEHTTeHOTpaduu) UCIOIB3YIOTCS I OIpe-
JIeNIeHUsI CTPYKTYpPbl KPUCTAILIIOB?

12. Kakoe ¢u3uueckoe sBICHHE JISKUT B OCHOBE HEUTpPOHOTpaduu U 3JEKTpOoHOTpaduun?
Ha kakux marepuagbHbIX 00BEKTaX PacCEUBAIOTCS HEUTPOHBI U 3JIEKTPOHBI?

JladopaTopnas padora 3 (3 4ac).

OcCHOBHbBIE IOHATHUS U 3JIEMEHThI CTPYKTYPHOI KpucTauiorpaguu. Cummerpus.

[lon cummerpueil kakoro-1ubo npeamMeTa MOHUMAETCSI BCS COBOKYITHOCTh UMEIOLIUXCS Y
HEro 3J€MEHTOB CUMMETPHM. DJEMEHTaM CUMMETPHHM COOTBETCTBYIOT ONEpald CUMMETPHH,
NEepEeBOISIINE TIPEMET caM B ceOs. Bo3MoxHbIe KOMOMHAIIUY OTIepanuii CHMMETPUH, OCTaBIIS-
IOIIMX 03 U3MEHEHMsI XOTs Obl OJIHY TOUKY (B YaCTHOCTH, LIEHTP MAacC), Ha3bIBatOTCS TOYEUHBI-
MU TpynnaMu cummeTpun. CyIiecTBYIOT CIIEIYIOIINE JIEMEHTHI U Ollepaliui CHMMETPHH:
1)  Ch— moBOpOTHAs OCh CHMMETPHU HOPsAKA N; COOTBETCTBYIOIINE €l ONepali CAMMETPUN
— TIOBOPOTHI Ha yroui p (27/n), Tae p MOXKET MpUHUMATh 3HaueHus ot 1 jo N-1. Cnenudpudeckoi
ocu Co COOTBETCTBYET Ollepaliusi HOBOPOTA Ha CKOJIb YTOJTHO MaJIblii yTrod;
2) 0 — IUIOCKOCTh CUMMETPHH; COOTBETCTBYIOIIAS €l ONEpalysi CHMMETPUU — OTPAXKCHHUE B
IUIOCKOCTH;
3)  I— UeHTp CUMMETPUH; OTEepaIisi CHMMETPUH — MHBEPCHS B IIEHTPE (OTPaKCHUE B TOUKE);
4)  Sp— 3epKabHO-MIOBOPOTHASI OCh CHMMETPHH TOPSIIKA I; ONepaliil CHMMETPHH — TOBOPO-
Thl Ha Yroi p (2m/m) ¢ 0OTHOBPEMEHHBIM OTPaKEHUEM B IJIOCKOCTH, NMEPHIEHAUKYISIPHON ocu (p
or 1 go n-1);

5 | (mm C1) — BBOAMMBIN JJisi OOIIHOCTH TOXKIACCTBEHHBINA JJIEMEHT CHMMETPHH; COOTBET-
CTBYIOLIIasl ONepanus CHMMETPUHN — ONepalus WASHTUYHOCTU MM TOXAECTBEHHOTO Mpeodpa3o-
BaHUS — OCTaBIISIET IpeIMeT B MOKOE.
0CODHE TOYeYHBIE
a TPYIIN BRCIOeH

CHMMETpHH:
Ta, Op, In,

TONBKO Say,,
KOJUTHHEAPHAs
'n, # 3?7

JHHEHHAs

Cxema onpeieneHHsl TOU€YHON TPy CHMMETPHH.
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JIroGast MOJIeKyJia OTHOCHTCSI K KaKOW-TMOO TOYEUHOH TpymIe CUMMETPHH, €CIId HEe HC-

KJII0YaTh U TpUBHAIBHYIO Tpymy Ci1, HE HMEIONIYIO JIEMEHTOB CUMMETPHH U OTepalyii, KpoMme
TOKJIECTBEHHOTO MpeoOpa3oBaHusa. Bo Bcex ocTajbHBIX Clydasx TOUEYHbIE IPYMIbl BKIIOYAIOT
HECKOJIBKO OTepanuii CMMMETpHH. J{JIs1 onpeieNieHnss TOUeYHOH IPyNIbl CAMMETPHH MOJIEKYJIbI
MOKHO BOCIIOJIb30BAaThCS CXEMOM, KOTOpas IMpeaycMaTpUBaeT CIEAYIONIYIO IMOCIelI0BaTelNb-
HOCTb JICVCTBHU.
1. OrnpeaensroT, UMEET JIn MOJIeKyJia popMy, OM3KYI0 K chepougaIbHOM, T. €. C HECKOJIb-
KuMU niepecekaromumucs ocsimu Cn (N> 2). Eciu HeT, To mepexoasiT Ko BTOpomy aeictButo. Ec-
JIM J1a, TO OHa OTHOCUTCS K OJIHOM M3 TOYEUHBIX IPyM BbIcIed cummerpun: T4, On, In(Toueunsie
rpynnsl T, Th, O, Icpeau Monekys He BcTpedaroTes).

2. Haxonst nmoBopoTHyto ock cummeTpun Ch. Eciau ectb, TO mepexoar K TpeTbeMy JeH-
crButo. Eciin oceit HET, yTOYHSIOT, €CTh JIM IIOCKOCTh G HJIM LEHTP |, ONPEICISIOIUe TPYIIIIBI
Csu Cj; ecnu UX TOXe HET, TO UMeeM TpUBUaNbHYIO rpynmy Ci.

3. Ilpu Hanmuumm ocu WM ocell CAMMETPHUH BBIOMPAETCsl OCh BBICIIEro mopsiaka (N> 2), a eciu
ee HeT, TO BhIOMpaeTcst oaHa u3 oceil — Connu enmuHcTBeHHAs och Cn’, OpUEHTHpPYEMasi BEpPTH-
KaJIbHO U COBIA/IAI0Iasl C IIIaBHOW OChbIO MOJIEKYJIbI Z.
4. OnpenenstoT, €cTh U 3epKaTbHO-MIOBOPOTHAS OCh CHMMETPUU. ECIu €CTh TOIBKO OCh Son,
konuueapHas ocu Cp?, a KpoMe Hee M, BO3MOXKHO, [IEHTPA IAPYTHX dJICMEHTOB CHMMETPHH HET,
TO 370 Tpymibl Son. Eciu kpome Sy (N>2) ecth Apyrue 3J1eMEeHThl CHMMETPHU MM BOOOIIE HET
ocH Sp, TO IEPEXOAAT K MATOMY JICHCTBUIO.
5. Haxomsat Habop m oceit Cz, neprieHauKyIsspHbix ocu Cn’. Eciiu TakoBbIe €CTh, TO TEPEXO0-
JST K IIECTOMY JCUCTBUIO, T. €. K TOUCYHBIM rpynmnam psaa Dpn; ecim HeT, TO mepexoasT K ce/ib-
MOMY JAEHUCTBHUIO, T. €. K TOUeYHbIM rpynmam psiaa Cp.
6. CMOTpSIT, €CTh JI TOPU30HTAIbHAS TUIOCKOCTH oh (nepreHaukyssiprast Cn®). Eciu ects, TO
3T0 OyAer ToyeuHas rpymnmna Dpn; ecnm ee HeT, HO UMeeTcss N AMArOHANBHBIX (BEPTHKAIbHBIX)
IUIOCKOCTEH NGy, TO 3T0 OyneT rpynmna Dng; eciau ux Het, To — rpymnmna Dn.
7. B npyrom psiay rpynn npu HaIMYUU GhTPYIITBI CUMBOIU3UPYIOTCS Kak Cnh, a IPU OTCYT-
CTBHUH TUIOCKOCTEH — Kak Ch.
Tabnuna 1 — TabnuIkl TUTIOB CHMMETPUU U XapaKTePOB HETPUBOAUMBIX MPEICTABICHHUA TPy
Cav, Can,D2n, Cay, Dan.

ITonHBIE COBOKYITHOCTHU ONEpaluii CAMMETPUU TOYEUHBIX TPYII 1aHbl B TAOIUIAX TUIIOB
CUMMETPUHU U XapaKTEPOB MPE/ICTABICHUN.

JlabopaTopHnasi padota 4. Pentrenorpadgusi u CTpyKTYPHBIH aHAJIN3 KPUCTAJLIOB.
OcHoBHBIE c1IOCOOBI OJTyYeHHUSI KPUCTALIOB.

Henap paGoThbi: U3YyYUTh OCHOBHBIE CIOCOOBI BBIpAILMBAHHSA KPHUCTAJUIOB, OTpaboTaTh
METOJMKH BBIPAIMBAHUS KPUCTAJIOB (CTYEHT M0 YKa3aHUIO MIPENogaBaTelis 0JIydaeT 3aJaHue
M0 BHIPANTUBAHUIO KPUCTAIIOB).

ITon xpuctamm3anye U3 pacTBOPOB IMOHMMAIOT POCT KPUCTAJUIA COEAUHEHUS, XUMHYe-
CKHH COCTaB KOTOPOTO 3aMETHO OTJIMYAETCS OT XUMUYECKOIO COCTaBa MCXOTHOM KUJKOHN (ha3bl.
[IInpoko pacnpOCTpPaHEHHBIM PACTBOPUTEIEM SIBISETCS BOAA. PacTBOpPUTENSIMU TaKKe MOTYT
CIIy’KHTh MHOT'OKOMITOHEHTHbIE€ BOJIHbIE M HEBOJHBIE PAcCTBOPHI, U, HAKOHEIl, PaCIJIaBbl KaKHX-
1100 APYruX XMMHUUYECKUX COEAMHEHUH. B 3aBUCHMMOCTH OT TemmepaTypbl Ipolecca 1 XUMude-
CKOM IpUPOJIbI PaCTBOPUTENS Pa3IMYarOT MPOLECCHl BHIPALIUBAHUS W3 HU3KOTEMIIEPATyPHBIX
BOJIHBIX PacTBOPOB (Kak MpaBUjIo, NMpH Temmeparypax He Bbie 80-90°C), meperperbix BOIHBIX
PacTBOPOB (TUAPOTEPMAIBHBIN MeTo I, TemrepaTypbl 10 800°C), coneBbIX pacriaBoB (METOIbBI
KpUCTANTU3AI[MM U3 PAacTBOpa B paciUiaBe, TeMIepaTypbl KPUCTATU3AMN OOBIYHO HE MPEBBI-
mrarot 1200-1300°C) .

MeTto/1b1 BEIpaILIMBaHUs U3 PaCTBOPOB

Bce MeTo/bl BeIpaliiBaHus KpUCTANIOB U3 PACTBOPOB OCHOBAHBI HAa UCIIOJIb30BAaHUH 3aBU-
CUMOCTH PACTBOPMMOCTH BEIIECTBA OT TEPMOJMHAMHYECKHUX IapaMEeTpOB IIpolecca - TeMIlepa-
Typbl, AaBJI€HUS, KOHIEHTPALUU pacTBopuTess. B GonbIIMHCTBE CcilydyaeB UCHOJIb3YETCs 3aBH-
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CUMOCTb PacTBOPHUMOCTHU OT TeMmeparypbl. PaccmoTpum Ooniee moapoOHO BIUSHUE YKa3aHHBIX
napamMeTpoB Ha PaCTBOPUMOCTb PA3JIMYHBIX COCAMHEHUH B BOJE.

[To xapakTepy pacTBOPUMOCTH B BOJI€ IIPH MOBBIIIEHHBIX TEMIEpaTypax OONbIIMHCTBO CO-
€IMHEHUN MOXKHO pa3/enuTh Ha JBe Tpynmbl. K mepBoil OTHOCATCS MHOTHE JIETKOTUIABKUE COJIU
C BBICOKOW pacTBOPUMOCTBIO - HUTPATHI, TAJIOTEHU I IIETOYHBIX MeTa/uioB (kpome NaF, LiF) u
Ip., OOJMBIIMHCTBO IIEN04Yel, KUCIOT. PacTBopuMocTh BemecTBa [-ro tuma, T. €. ero paBHOBEC-
Hasi KOHIIEHTpAIMs B pacTBOpPE, HEMPEPHIBHO BO3PACTAECT C YBEIMYECHUEM TEMIIEPaTypbl BIUIOTh
JI0 TeMIIepaTyphl IUIABJIEHUS TPYyAHOJIETydero BemecTta. Cpeau cucTeM BTOPOro THUMA C yda-
crueM H20 wnambomee xapaktepHbl cuctembl, cogepikammme NaCOs, NaF, K:SOs4, SiOp,
CaMo00QO4. PacTBOpUMOCTh 3TUX COCIUHEHUI B BOJE C MOBBIIICHHEM TEMIIEPATyphl YObIBAaCT U
HU3Ka BOJIU3U KPUTHUUECKON TemrepaTypsl BoAbl. K coequHEeHUsIM 3TOr0 THIIa OTHOCATCS MHOTHE
BEIL[ECTBA, XOPOIIIO PACTBOPUMBIE B BOJIE MPU KOMHATHOM TeMIIepaType, HO UMEIOIIUE OTpHULIa-
TeIbHBIA TeMIIepaTypHbId KO3(PPHUIIMEHT pacTBOPUMOCTH, U BEIIECTBa, cab0 pacTBOPUMBIE B
BOJIC KaK MPY KOMHATHOM, TaK W P 0oJiee BHICOKUX TeMreparypax (OKHCIIbI U COJIH TyTOIlJIaB-
KHX METaJJIOB, CYJIb(GUIbI, CUIMKATHI U JIp.). MOHOKPUCTAILIBI COEIMHEHUH, JAIOIIUX TIPU B3au-
MOJICHCTBUHU C BOJIOW CHUCTEMBI IIEPBOTO THIIA, MOTYT OBITh BBIPAIIECHBI ITyTEM KPHCTAUIA3AIAN
U3 HU3KOTEMIIEPATypHBIX BOJHBIX pacTBOpoB. CoenuHeHHs, 00pa3ylolue C BOJOW CHCTEMBbI
BTOPOTO TUMA, OOBIYHO KPHCTAILIM3YIOT THAPOTEPMAIBbHBIME MeToamu. OOpa3oBaHUe MeTacTa-
OMIIbHOI 001acTH CBA3aHO ¢ HEOOXOIMMOCTBIO 3aTPAThl PHEPTUH Ha 00pa30BaHUE KpUCTaIINYe-
CKOTI'0O 3apO/iplllia KPUTUUECKOTO pa3Mepa.

JlabunpHBIE PACTBOPHI - 3TO HEYCTONYMBBIC, CHIBHO IMEPECHIIICHHBIE PACTBOPHI, B CUIIY
Yero B HUX JIETKO 00pa3yloTcsl KPUCTAJUIMYECKHUE 3apOJIBIIIH 32 CYET CAMOIIPOU3BOJIBHBIX (DITyK-
TyallM¥ KOHLIEHTpallUu BemlecTBa. [ paHuna, pasaensonas MeTacTaOuIbHYI0 U JTaOUIBbHYIO 30-
HBI, XapaKTePU3yeT MaKCHMAIILHOE MEePECHIIICHUE, TP KOTOPOM U30BITOK (OTHOCHTEIHHO paB-
HOBECHON PacTBOPUMOCTH) PACTBOPEHHOI'O BELIECTBA €IIIE HE KPUCTAILTU3YETCS.

B MeracTaOmiIbHOM COCTOSSHHHM PACTBOPHI SIBIISIFOTCS. OTHOCHTEIBHO YCTOMYMBBIMU. DTO
CBSI3aHO C BBICOKUMU 3HAUYEHHUSMHU PaOOTHI 0Opa30BaHUS 3apOJbIINIell KPUTHUECKOTO pa3Mepa, B
CUJIy 4ero 3HEepreTHyecKuil Oapbep HE MOXKET ObITh IPEOOJIEH 3a CUET €CTECTBEHHBIX (IIyKTYya-
[IMU KOHIIEHTpaIluu BelecTBa. Hanbomnee nmpoctoit cnocod MHUIMHPOBATH KPUCTATIIU3AIMIO U3
MEPECHIIEHHBIX PACTBOPOB - BBECTH B HUX «3aTPaBKU» - KPUCTAJUIMKUA PACTBOPEHHOTO BEIIle-
CTBA WJIM KaKyI0-THOO MEXaHUYECKYIO MPUMECH, KOTOPHIE SIBATCS IIEHTPaAMH 3aPOKICHUS.

[To mpuHLIMITY CO3aHUS MEPECHIIEHUI CIOCOObI KpUCTANIM3allUd U3 PacTBOPOB pasfe-
JSIFOTCS] HA HECKOJIBKO TPYTIMN:

1. Kpucrannuzanus 3a cueT u3MeHeHus TemnepaTypsl pacTBopa. Cro/la OTHOCATCS METOIbI
KpUCTAJUIM3aLlUHU, CBSI3aHHBIE C MIEpENaJoM TeMIIEpaTyp B pacTBOPE, a TAK)KE KpUCTAJUIM3aLus B
M30TEPMUYECKOM 00BeMe P OOIIEM CHUKEHUHU WIH MOBEME TEMIIEPATYPHI.

2. Kpucrannu3zanus 3a c4eT U3MEHEHUS COCTaBa pacTBopa (MCIapeHue pacTBOPUTENs).

3. Kpucranmnuzanus npyu XMMHU4ECKON peaKIuu.

Br16op TOro uim WHOTO BapHUaHTa 3aBUCUT OT BEIWYHHBI PACTBOPUMOCTH BEIIECTBA U Be-
JUYUHBI TemmneparypHoro koddduimenta pactsopumoctu ACo/aT. Moxuo chopmynupoBaTh
P TIPaBHII, KOTOPBIMHE CJIEYET PyKOBOJICTBOBATHCS MPH BBHIOOPE TOTO MM MHOTO METO/a KPH-
CTaJITM3alUH.

Kpucrannu3zamus myTeM U3MEHEHHUs TeMIiepaTypsl pacTBopa. B aTom criocobe mepechiiie-
HUE CO3JaeTcs 3a CUET CHUXKEHMsI TeMIIepaTyphbl B 30HE PACTYILIETO KpUCTAJIa U JIOCTUTaeTCs
JBYMSI Ty TSIMU:

a) TTOCTETICHHBIM MTOHMKEHUEM TEMITEpaTyphl BO BCEM 00bEME KPUCTAJUIM3AaTOpPa, KaK Ipa-
BUJIO, CHIDKEHUE OCYIIECTBIISIETCS HA MPOTSHKEHUU BCETO IMKJIA BRIPAIIMBAHMS; 0) CO3/1aHUEM B
KPUCTAJIJIM3aTOPE JIBYX 30H C Pa3IMYHBIMU TemrepaTypamu. B oqHoON U3 30H MPOUCXOIUT pac-
TBOPEHHUE BEIIECTBA, B IPYTOH - pOCT KpUcTaia. MaccooOMEH MEXIy 30HaMU TMOIEPKUBACTCS
€CTECTBCHHOW WJIM BBIHYXJICHHOW KOHBEKIMEH. Takue MeTobl 00BEeIUHSAIOTCS OOIUM TepMH-
HOM «METO/Ibl TEMIIEPATYPHOTO MEPEIaia.

Kpucrannuzanus myTeM CHHXKEHHUS TeMIIEpaTypbl MPOUCXOAUT B Pe3yJIbTaTe OXJIaKICHUS
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pacTBopa 1o 3aJaHHOI mporpamme. [l nojaaep:KaHusl MOCTOSHHOTO MEPECHILIEHNUs Ha MPOT-
JKEHUH BCETO LIMKJIA BBIPALIMBAHUS BAXKHO, YTOOBI TOUKA COCTaB - TEMIIEpaTypa Ha JAuarpamme
COCTOSIHUS IepeMellajach B METacTaOWIbHOM 00JIacTH BOJb JIMHUU HACBIIIEHUS pPacTBOpA.
Baxxno n3bexath ee mepexojia B JaOMIbHYIO 001acTh, 4TOOBI HE BBI3BATH MAacCOBOTO 3apOXK/ie-
HUS [1apa3UTUYECKUX KPUCTAIUIMKOB. CKOPOCTh CHM)KEHUS TEMIEPaTyphl B KaXI0M ClIy4ae MH-
JTUBHUIyallbHA M ONPEAEIIeTCS HAaKJIOHOM KPUBOHM PaCTBOPUMOCTH BEIIECTBA M CKOPOCTBIO POCTA
IPY JAHHBIX MEPECHILEHUsX, T. €. YCIIOBHEeM OajlaHca BemlecTBa B pactBope. [Ipenmyiectsom
METO/a SIBJIETCSI BO3MOXKHOCTh allPUOPHOTO pacyueTa Impoliecca: MoJb3ysICh JAaHHBIMU IO pac-
TBOPUMOCTH BEIIECTBA, MOYXHO PAaCCUUTATh, C KAKOW CKOPOCTBIO CIIEAYeT U3MEHATh TeMIIepaTy-
py pactBopa, 4TOOBI BBLACIHTH 3a JaHHOE BpeMs TpeOyeMoe KOJMYECTBO BemiecTBa. MOKeT
ObITH pelleHa U oOpaTHas 3ajaya, T. €. ONpPEIeJIEHO KOJINYECTBO BEIECTBA, BBIJEIAEMOE B €11-
HUILYy BPEMEHH IPH 33/IaHHOM TeMIIepaTypHOM pexknmMe. Kpucranmuzanus npu KOHIIEHTPALuOH-
HOW KOHBEKIMH. B oTiMumMe OT ONMMCaHHOTO BBILIE CIIOCO0A MPH KPUCTAUIM3ALMU B YCIOBHSIX
KOHIICHTPALMOHHOW KOHBEKIIMH OOMEH pacTBOPOM MEXIy 30HaMHU PAaCTBOPEHHUsS U pocTa odec-
IIEYMBACTCS 3a CUET PAa3HOCTU IUIOTHOCTEHW HACBILIEHHOTO M HEHACHIIEHHOro pactBopa. ITuta-
IOIIIEe BEIIECTBO MOMEIIACTCS B BEPXHIOIO YaCTh KPUCTAIIM3ATOPA, a 3aTPABKHU TOIBEIIMBAIOTCS
BHU3y. Temmneparypa B BepXHell 30He MOAJepKUBaeTcsi 0ojiee BHICOKOM, YeM B HIDKHEH, TaKUM
00pa3oM TerIoBasi KOHBEKIIHSI TOTHOCTHIO TIOAABIISETCS.

Kpucrannu3zanus U3 BOJHBIX paCTBOPOB IIPU ITOCTOSIHHOM TeMIlepaType U MOCTOSHHOM Iie-
pechleHnn. B onucaHHBIX BBIIIE METOJaX KPUCTAJUIM3ALMS IPOTEKAET OO0 B yCIOBUAX U3Me-
HSIOIIEHCS TeMIepaTypbl, JM00 IPU IEPEMEHHOM MEPEChIIEHNU. DTH JIBa MMapaMmerpa - TeMIe-
patypa U mepechIleHHe - ONPEeITIOT CKOPOCTh KPUCTAIUTM3AIMY M XapaKTep 3axBaTa ImpuMe-
ceil. B cBoro ouepenb CKOPOCTh KPUCTAIUIM3ALMHU U KOA(DGUIMEHT 3aXBaTa MPUMECH BIIUSIOT Ha
YHCTOTY U COBEPUICHCTBO KPHUCTAJIA, TOITOMY JJISl TIOJTy9YEHHUS] KaYeCTBEHHBIX KPHCTAJIOB Ke-
JaTe’abHO IPOBOJUTH MPOLECC KPUCTAIUIM3ALMY B YCIOBHUSX OCTOSHCTBA TEMIIEPATYPhI U Mepe-
CBIIIEHHUS. DTO TIOCTOSIHCTBO JTIOCTUTAETCS IIyTEM BBIPAIIUBAHMS KPHCTAIIIOB B U30TEPMHUYECKIX
YCIOBUSAX C NPHUMEHEHHEM KOPPEKTUPOBKM KOHIIEHTPALMM pacTBOpa B XOJI€ SKCIIEPUMEHTA.
Koppekmust MoxeT npoBOAUThCs myTeM Auddy3nun HACBIIIIEHHOTO PacTBOpa B KPHCTAILIH3ATOD,
BBEJICHUS €T0 OTAEIbHBIMU MOPIUSAMH WM CMBIBAHUS KPUCTAJIa pAaCTBOPOM MUTATEIBHOTO BeE-
IECTBA B MPOIECCE MPUHY TUTEIEHON IIUPKYIISIIUH.

[ToapoOHBIi nepedyeHb O0IUX YCIOBUM, UCIONB3YEMbIX B MPAKTHKE KPUCTAJUIN3ALUHU Be-
IeCTBA:

1) mpuroToBieHHe paciulaBa, pacTBopa M T. M. (MMeeTcs B BUAY HOJ00p Jerupyromen
pUMECH, PUIAIOIIEeH KPUCTAILTY ONpeesieHHble (U3NKO-XMMHUECKHE CBOMCTBA), PUKCHPOBa-
Hue pH pactBopa;

2) noabop cocTaBa cpelibl, B KOTOPOIl MPOUCXOAUT KpUCTaUIU3alusl (MHEPTHON, BOJOPO/I-
HOM U T. I1.);

3) BBIpaNIMBaHWE HMJIM MPUTOTOBIICHUE 3aTPABOYHBIX KPUCTAILIOB HEOOXOIUMOU (POPMBI U
JIOCTaTOYHOM CTENEHN COBEPILICHCTBA;

4) BbIOOp MaTepuaia cocyna (B YaCTHOCTH THUIJIS), B KOTOPOM IMPOUCXOAMUT KPUCTAIIIN3a-
IHs;

5) MOHTaX 3aTPaBOYHBIX KPUCTAJLIOB,;

6) nmepeMelIMBaHue pacTBOPa WM PacIliaBa;

7) BBIOOp HarpeBaTEeIbHOIO yCTpoiicTBa (TIeun);

8) obecnieueHune MpaBUILHOIO OTBO/IA TETLIA;

9) BBIOOp YCTpOWCTBa I PABHOMEPHOTO OTHOCHTEIBHOTO TEPEMENICHHUS KpUCTalula U
neuu;

10) crabunu3anus 1 ynpasieHHe TeMIIepaTypoil KpUCTAIUTH3AIUH;

11) yueT 1 UCHOIb30BaHUE 3aKOHA T€OMETPUYECKOTO 0TOOPA;

12) 60prba ¢ MOCTOPOHHUMH KPUCTALIAMU («ITapa3uTamMmny);

13) nognepxkaHue CTEPUJIBHOCTH Ha BCEX JTalax MOArOTOBKU M IPOBEICHMS Ipoliecca
KpHUCTaNIN3aI1H;
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14) u3BiieueHre BBIPAIICHHBIX MOHOKPHCTAJLIOB.

BrlmenepeuncieHHble YCIOBUS JOKHBI ObITh YMENO YYTEHBI JJISi YCIIEUTHOTO PEIICHHS
3aJa4uM MOJTy4YeHHs] KPUCTAIOB, OTBEUYAIONINX OMpE/eIeHHbIM TpeboBaHusaM. B obmem ciyyae
TpeOOBaHUS CBOAATCS K TOMY, YTOOBI IPOAYKT OBUT MOHOKPUCTAJIOM, COJIEPKall MUHUMAJIbHOE
KOJIMYECTBO Je(PEKTOB, IPH PAaBHOMEPHOM 33aJJaHHOM COCTaBE BO BCeM 00ObeMeE, MMEl HauMEeHb-
M€ HAaNpsHKEHUS ¥ ObLT HCIIOJIB30BAHHBIM B HAYKE M TEXHUKE.

B cBs13u ¢ pocToM MOTpeOHOCTH HAyKU U TEXHUKH B Pa3HOOOpA3HBIX MO CBOUM (PU3UKO-
XUMHUYECKHM CBOWMCTBAM KpUCTAJUIaX HapsALy ¢ OOLIMMH MpoOIeMaMu MPUXOAUTCS pemaTh psij
YaCTHBIX IpoOsieM: 1) mpobieMy OYMCTKHA UCXOTHOTO ChIPhS; 2) 00beMHON 00paboTku;3) obOpa-
00TKM TIOBEPXHOCTH; 4) KOHTPOJIS 1e(EKTOB 3aTPAaBOK U MAKPOKPUCTAIIIOB (ONITUYECKOTO, PEHT-
T€HOBCKOT'0, XMMHUYECKOTO U T.I1.);5) OTXKHUIa KPUCTAILIOB; 6) MpoOieMy aBTOMATUKH U T. [I.

K nacrosimemy BpeMeHH pa3paboTaH ps] MPUHIMIHAILHO Pa3IMYHBIX METOJIOB BhIpaIlH-
BaHUsl KPUCTAJIOB U3 PAaCTBOPOB: TMHAMUYECKHI, THUIPOTEPMAIbHbIA, KPUCTAIITU3ALUS ITyTEM
aneKTpon3a. YeTBepThIii METO/| BHIPAIIMBAHNS KPUCTAIIOB U3 PACTBOPOB B pacIijlaBaXx MOXKHO
paccMaTpuBaTh Kak KOMOMHMPOBAHHBIA METOJI BBIPAIIUBAHUS, BKIIIOUAIOIIUI B ce0sl OJTHOBpE-
MEHHO HEKOTOpbIE DJIEMEHTHI METOJOB BBHIPAIIMBAaHUS W3 PACTBOPOB M paciuiaBoB.OcCoOEHHO
pa3Ho00pa3HbI MPHEMBI BRIPAIIIMBAHMS KPUCTAIUIOB U3 pacmiaBoB: Meton U. B. O6penmona u JI.
B. Uly6uukos a, meronsl bpumkmena u Crokbaprepa, meronsr Lltebepa nu CtpoHra, MeTon
30HHOW KpHCTanin3anud. Bce OHU COCTaBISAIOT TPYIIy METOAOB KPHUCTAUIM3AIMM BEIIEeCTBa
yTeM OJAHOCTOPOHHETO OXJIAXKJIEHHS paciiaBa. BTopyro rpymiy cocTaBisiOT METOIbI TOTyde-
HUSl KPHUCTAJUIOB IyTEM BBITSATHBAHMS 3aTpaBKU M3 paciuiaBa: meton Kupomynoca, merox Yo-
XpalbCKOro u Jp.BriepBbie i mosydeHus: KpucTaiioB KopyHaa BepHeiinem Obu1 paspaboTan
MeTo]| criekanus nopoiika Al2O3 B miiamMenu rpemyuero rasza. B nocnennee BpeMs OH cTai npu-
oOperath OoJiee YHUBEpCAIBHBIN XapakTep. Kpucrammmsamuel BemiecTBa U3 TBEPAOro COCTOS-
HUS TOJIB3YIOTCS 3HAYUTENBHO PEKe, YeM KpUCTAUTU3alueld U3 KUAKOTO COCTOSHHS; OTYaCTU
MIOATOMY METOJIbI MEPEKPUCTAIITU3AIMH BEUIECTBA OTIMYAIOTCS MEHBIIEH Pa3paboTaHHOCTHIO.
BeirosHoe MckiroYeHHE MPEACTaBIAeT METOA COOMpATEeIbHON PEKPUCTAIUIN3ALUN U METOJ pe-
KPHUCTAJUTU3AIHA 00pabOTKH, T. €. peKPUCTAILTU3AINH TPEABAPUTEIHHO Ae(POPMUPOBAHHOTO ITO-
JUKpUCTaJUIMYeckoro obOpasua. Kpucramnuzamumeid u3 napooOpa3HOro COCTOSIHHMS MOJIYy4aroT
CPaBHUTEIFHO COBEPIICHHBIE KPUCTAIUTBL. B mocnennue roapl pa3padoTaHo HECKOIBKO METO/IOB
KPUCTANTU3AMK U3 apoOOpa3HOTO COCTOSHUSA: 30HHBIA METO/, METOJ MOJIEKYJIIPHOTO Iy4Ka,
METOJ TPAHCHOPTHBIX peakuuii. ClieyeT OTMETUTH CITOCO0 MOMYyYSHHS KPUCTAIIOB ITyTEM XH-
Muueckux peakiuil. OOBIKHOBEHHA KPUCTAJUIMUECKHH OCaloK BbINAgaeT B BUJE MOPOIIKA, CO-
CTOSIIIETO M3 OYEHb MENKUX KpHCTAIoB. OJHAKO €CIIH 3aMEUIUTh PEaKIHI0, TO BHOBb BBIICIIS-
IOIIIEeeCs BEIIECTBO OCAXK/IAETCS Ha YK€ TOTOBbIE KPUCTAJUIMKH, U MOCIeIHUE Oy YT PacTH.

dopma oTdeTa: ONMCaHue METOAMKH MOTyUeHHs KPUCTAJIA, ONHCaHue MOP(OIIOTHH.

JIABOPATOPHAS PABOTA Ne § (3 yaca)
OBILIUE NPUHIUAIIBI KPUCTAJIVIOXUMUHU
Bomnpocsl k 3aHATHIO

1. Tunbl XMMUYECKOM CBSI3M B KpUCTaIax. ' 0oMO- U TeTepoJleCMUYECKUEe CTPYKTYphl. Xa-
paKkTep KpHCTaUIMYecKoW CTPYKTyphl. KoopauHaiuoHHbIE (MOHOJIMTHBIE), OCTPOBHBIE, LEMO-
YEYHBIE, CJIIOUCTHIE, KAPKACHBIE CTPYKTYpHhI. JnHanbl. '0OMO- U reTepoAnHaaHbIE CTPYKTYPHI.

2. Yucno ¢hopMyIbHBIX €IUHUIL B SUYEHKE M PEHTTEHOBCKAs MJIOTHOCTh. KoopauHaimoHHbIe
qrcia U KOOPAWHAIMOHHBIE TONMAIpbl. COOCTBEHHAsT CUMMETPHUS KOOPIUHAIIMOHHBIX TMOJIUAI-
POB, MOJIEKYJI U CIIOKHBIX MOHOB. KonmuuecTBeHHOE CpaBHEHHE MOJIEKYJ U JIPYruX (parMeHTOB
CcTpYKTYyphl. CTpyKTypHBI€ TUIIBI. ONIMCaHUE U COMOCTABIEHNE BAKHEUIIIUX CTPYKTYPHBIX TUIIOB;
CTPYKTYpHasi FTOMOJIOTHS.

3. Onucanue CTPYKTyp B TEpMUHAX IUIOTHEHIINX ImapoBbixX ynakoBok (ITLIY) u mtotHei-
mux 1apoBbix kianok (ITIK). Koopaunanmonssie uyncia, KOOpAUHAIMOHHBIC TTOJMAIPBI U 1Ty-
crotsl B [TIITY u ITHIK. Cnoiinocts [IIY.
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4. TepMoauHaMHKa KpUCTAILIIOB. DOHOHHBIEC CIEKTPHI. Pacuer TepmomuHaMuyeckux (PpyHK-
1uii. PaBHOBecHbIe cTpyKTYpbl. CTaOnibHbIe, METaCTa0MIIbHBIE U HeCTaOMIbHBIE (ha3bl.

5. Kpucrannoxumuueckue paanycbl aToMOB. MeTaminueckue U HOHHbIE paguychl. Koag-
(UIMEHT TUIOTHOCTH YMAKOBKM METAJUIMYECKUX M MOHHBIX KpHUCTaIoB. KoBajeHTHbIE M BaH-
JIep-BaajlbCOBBI PAUYChl; UX MCIIOJIB30BaHUE ISl IOCTPOCHUS MOJENel MOJEKYJ U U3y4YeHUs
KoH(popMaru MoJieky. [IpocTtpancTBeHHBIE HanpsbKeHHst B MosieKyiax. Koaddumuent miotHo-
CTH YNaKOBKHU MOJIEKYJIIPHBIX KPUCTAJUIOB.

6. Kpucramioxumuueckue siBiaeHUs. M30CTpyKTYpHOCTh (M30TUIIHOCTD), aHTUU30CTPYKTYP-
HOCTb, roMeoTunus, rereporunus. Mzomopdusm. Tunsl usomopdusma. TBepipie pacTBOpsl 3a-
MEIIEHUs, BHEAPEHUsI U BbluuTaHus. CBepXcTpyKTypbl. Copa3zMepHO MOJYJHMPOBAHHBIE CTPYK-
Typsl. [Tomumopdusm, nosmtunus. MOHOTPOIIHBIE U SHAHTUOTPOIIHBIE MOJUMOpP(HBIE MEpPEXo-
16l Mexanu3m nonmuMopQHbIX npeBparienuil. MopgoTrponus.

7. CTpyKTypHasi UHTEepIpeTalus MOHATUH XMMHUYECKOIO COEJUHEHUS U XMMHUYECKOIrO Be-
IECTBA.

JIABOPATOPHAS PABOTA Ne 6 (3 yaca)
CUCTEMATHYECKAS KPUCTAJVIOXUMUSA

CTPYKTYPBI IPOCTBIX BEHIECTB U UHTEPMETAJIVIMIOB

1. I[IpuBeauTe nmpuMepsl METAJIOB, CTPYKTypa KOTOPBIX MPEICTaBIIsAeT COOON JIBYXCIOM-
HYIO IUJIOTHEHIIYIO IIAPOBYIO YIIAKOBKY.

2. IlpuBenuTe MpUMEphl METAJUIOB, CTPYKTYpa KOTOPBIX MpEACTaBiIseT cO00M Tpexcioi-
HYIO TJIOTHEHIITYIO IIAPOBYIO YIIAKOBKY.

3. IlpuBeauTe npuMepbl METAIUIOB, H30CTPYKTYPHBIX - KeJe3y.

4. [lpuBeauTte NpUMepbl aHOMAJIbHBIX KPUCTAIIMYECKUX CTPYKTYP METAJIJIOB.

5. Kakyro cTpyKTypy UMEIOT OTBEP/AEBLINE HHEPTHBIE ra3bl?

6. OnumuTe 0COOEHHOCTH BBICOKOTEMITEPATYPHBIX KPUCTAIINYECKUX MOIUpUKAIUNA PTO-
pa 1 KHCIIOpOAaA.

7. Kakoe BUjOM3MEHEHHE KPUCTALUTUIECKOHN CTPYKTYphl Habmromaetcs B psiny Clz, Brz, 12?

8. Kakoe KOOpIMHAIMOHHOE YMCIO MMEIOT aTOMbl B KPUCTAJUIAX TEJUIYypa, MBIIIBIKA U
repManus’?

9. KakoB xapakTep KpUCTAUIMUECKUX CTPYKTYP CEPOro M KPacHOTo cejeHa?

10. OnuiunTe CTPyKTYpHBbIE OCOOEHHOCTH JIBYX KPUCTAUNIMYECKUX MOAU(PHUKAILIUHI a30Ta.

11. KakoB xapakTep CTpYKTypbl 0€JI0r0, 4epHOTo 1 KpacHoro gochopa?

12. [lepeuncnure BaKHEHUIIINE KpUCTAIUTHYECKUE (POPMBI yTIEepo/ia.

13. KakoBa koopauHaius aToma yriepoja B gpysuiepeHe?

14. KakoBa koopiMHaIMsI aToMa 0opa B KpUCTAJUTHIECKOM Oope?

15. TlpuBenute mpuMepbl MHTEPMETAUIUAOB CO CTPYKTYypamH, MOJOOHBIMH OCHOBHBIM
CTPYKTYpPHBIM THUIIaM METAJIJIOB.

16. Uro takoe da3sl JIaBeca? [IpuBenure npumepsl.

17. Yem ctpyktypa nHTepmeTainga CuAu oTin4daercs OT CTPYKTYpHI CIIIaBa TOTO ke CO-
craBa?

CTPOEHME KPUCTAJIJIOB AX U XY

1. Ha3oBuTE OCHOBHBIE CTPYKTYPHBIE TUIIBI HOHHBIX KpHCTaUIOB. KakoBbl KOOpAMHAIIMOH-
HBI€ YKCJIa MOHOB B 3THX BEIIECTBAX?

2. Yem pazinuyaroTcst CTpyKTYphl BIOpIMTa U chanepura?

3. aKoB XapakTep KPUCTALTHIECKOH cTpyKTypsl Cu0?

4. HazoBute u3BectHele Bam Mmoandpukanuu SiO2; yKaKUTe UX CHHTOHUIO U COOTHOIIEHUE
¢ MOU(PUKAIMSIMU yTIAEPOIa.

5. Vkaxute BaxkHemme paznuuns ctpyktyp CO2 u SiOs.

6. CKOJTbKO BOJIOPOIHBIX CBSI3ed 00pasyeT MoJjieKysa BOAbl B KpUcTawiax jbpaa? Kak atu
CBSI3U PACMOJI0XKEHbBI?

7. YeM MOXO0KH U B UeM paznudarorcs cTpykTypbl BN u rpadura?
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8. [IpuBeauTe mpruMepbl OCTPOBHBIX KPUCTAJUIMYECKUX CTPYKTYp U3 YHUCIIA MPOCTHIX U OU-
HapHBIX BEILECTB.

9. IlpuBeauTe npuMepsl LEMIOUYEYHBIX KPUCTAIMUECKUX CTPYKTYp OMHAPHBIX COEIUHEHUN
AXu XY.

10. IIpuBenuTe mpUMeEpPsHI CIOUCTHIX KpUCTALINYECKUX CTPYKTYp AX n XY.

11. IlpuBenuTe npuMepsl TOMOJAECMUYECKUX (MOHOJIUTHBIX) CTPpYyKTYyp AX u XY ¢ KoBa-
JICHTHBIMU CBSI3SIMH.

12. OnumurTe MOTUB 3aMOIHEHUS TycTOT B KopyH e Al2Os.

13. IlpuBenure npuMepbl KPUCTAIMYECKUX CTPYKTYp AX, IJe METalll UMEET KOOpAHHa-
[IMOHHBIH MHOTOTPAaHHUK B BHJIE: a) OKTa3/pa, 0) TeTparoHaJbHOW TUMHPAMUIBI, B) TPUTOHAIb-
HOM MPU3MBI.

JIABOPATOPHAS PABOTA Ne 7 (3 waca)
OBOBUHIEHHAS KPUCTAJIJIOXUMMUSA
Bonpocs! k 3aHATHIO

1. KonnencupoBanHble (ha3bl ¢ pa3IMYHON CTEMEHbIO yHopsaoueHHOCTH. [lanbHuil u
OJIMDKHUM TTOPSAOK.

2. Kpucrannsl 1 kBazukpucramuibl. HecopasmepHnsie cTpykTypbl. MHOrooOpasue me3odas.

3. CtpoeHue KUIKUX KPpUCTAIUIOB. JKUAKOKPUCTAIIINYECKHUE ITOJIUMEPBHI.

4. Kpuctamibl ¢ YaCTHYHON HEyHOPSA0YEHHOCTHIO. POTallMOHHO-KPUCTAIITUYECKOE COCTO-
STHHE.

5. MUKpOJBOMHHUKOBaHKE, TOTUCUHTETUYECKUE CPOCTKHU. JJOMEHHBIE CTPYKTYPBHI.

6. DneMeHTbI OJIMKHETO, CPETHETO U IAJIbHET0 MOPSAKA B )KUJKOCTSIX.

7. Knactepsl 1 UX cTpoeHUe

8. buonoiaumepsl U UX CTPYKTypa.

CTPOEHUE KPUCTAJLJIOB TEPHAPHBIX COEJJMHEHUM U CUJINKATOB

1. Onumute kpuctaunueckyio crpykrypy KoPtCle.

2. B uem cX0ACTBO U B Ue€M pa3inyue CTPYKTYp KaJlblMTa U aparoHuTa?

3. Kakue usmenenus B crpykrype BaTiO3z (Tumn nepoBckuTa) NpOUCXOAIT HPHU MEpexoie B
CETHETORJIEKTPUUECKOE COCTOSIHUE?

4. Kakoii BapuaHT CTPYKTYPHOTO THIA IIMUHEIN (HOpMaJibHasl, OOpallleHHAs] WJIH TpoMe-
JKYTOYHAS MIMTHHEIb) CIIEAYET OXKHUIATh s TBOMHBIX OKCUI0B NiFe204, ZNCr204, NiCr204?

5. B uem 3axirodaeTcsi OCHOBHOE pa3inyure KPUCTANIMYECKUX CTPYKTYpP aTlOMOCHIMKATOB
Y CHJIMKATOB JIFOMHUHHUS?

6. N300pa3ure xapakTepHble KPEMHEKHUCIOPOIHbIE MOTUBBI OCTPOBHBIX CHJIMKATOB M yKa-
JKUTE UX COCTaBBI.

7. N300pa3ute xapaKkTepHble KPEMHEKHUCIOPOJIHBIE MOTHBBI LIETIOYEYHBIX CHIMKATOB U
YKQKUTE UX COCTABBI.

8. IIpuBeauTte nmpumep XapaKTEpHOTO PACIOJIOKEHUS KPEMHEKHUCIOPOIHBIX TETPa’IpoB B
CJIOMCTBIX CHJIMKaTax (Tpedyercs M300pa3uTh pacroiokeHne KPeMHEKHCIOPOIHBIX TETPa3IpoB
U yKa3aTh COCTaB CJIOS).

9. lIpuBenute npuMepsl 3aBUCUMOCTH CBOMCTB CUIIMKATOB OT UX CTPYKTYPHI.

10. Kakue cTpyKTypHBIE 0COOEHHOCTH XapaKTEPHBI JIJIS IICOTUTOB?

11. B yemM cocTOUT OCHOBHOE pa3iUyle KPUCTAJUTMYECKUX CTPYKTYp CHIIMKATOB M KapOo-
HaToB?

12. KakoBbI OCHOBHBIE 0COOEHHOCTH KPUCTAJUIMYECKUX CTPYKTYP HEHTACHIIOB?

Cnmcok Jiureparypbl
1. EropoB-Tucmenko, FO.K. Kpucrannorpadgus u KpucTamaioXuMus: y4eOHHUK IS CTY/.
By30B / FO.K. EropoB-Tucmenko.— M. : MU3n-Bo Kumxnsiit lom Yuuepcurer, 2010. — 592 c.

2. Knotbko, A.B. Xumust TBeproro tena: yued. mocobue Ais CTyA., OOy4aroUMxcs Mo
crent. «Xumusi» / A.B. Knoteko, U.A. Ilpecnsikos, FO.[l. TpetbsikoB. — M. : Axkanemus, 2006. —
301 c. (19 7k3.)

3. bynax, A.I'. O0rias MuHepasnorust: yaeOHUK ISl CTy/I. BBICHIL yueO. 3aBenenuii / A.I'. bynax,

20



B.I'. KpuBoBuues, A.A. 3on0tapeB. — 4-¢ u3a., nepepad. u gomn. .— M. : V3gaTenbCkuil EHTP
«Axanemus, 2008. — 416 c. (23 7k3.)

6 IMJAKTUYECKHUE MATEPHUAJIBI VIS KOHTPOJISAA (CAMOKOHTPOJISA)

YCBOEHHOI'O MATEPHUAJIA
6.1 OueHouHble CPEACTBA, IOKA3ATEJIN H KPUTEPUH OLCHMBAHUA KOMIIETCHIIM

HNnaexc Onenounoe ITokazarenn Kpurepun oueHuBanus

KOMIIe- CpelacTBO OlleHUBaHUS c¢()OpMHPOBAHHOCTH KOMIIeTEHIIN
TeHUHH

OIIK-1 | Otuer no na6o- | Huskwuii — Heyno- CTaBUTCsl, €CIIU JOMYIIECHBI CYLIECTBEH-
OIIK-2 | paropHOii pabo- | BICTBOPUTEIHLHO HbIE OIMOKY (B X0/€ JKCIIEpUMEHTA, B

[K-1 T 00BbsicHeHHH, B ohopMiIeHHH padOTHI, IO

TEeXHHMKe 0e30I1acCHOCTH, B paboTe ¢ Bellle-
CTBaMHU U NpudopamMu), KOTOpbIE HE UC-
IPABIIAIOTCA JaXKe M0 YKA3aHUIO MPero-
JlaBaTels.

[Toporosslii — yz0-
BJIETBOPUTEIBHO

CTaBUTCS, €CJIH JIOMYIIECHbI OJIHA-TIBE CY-
IECTBEHHbIE OLIMOKH (B XOA€ 3KCIEpU-
MEHTa, B 00BSICHEHUH, B 0(hOpMIICHUH
paboThI, MO TEXHUKE OE30MaCHOCTH, B
paboTe C BelecTBaMu U pudopamu), Ko-
TOPBIE UCIIPABIISAIOTCS C TOMOIIBIO TIpe-
M0/1aBaTeIs.

ba3oBblii — x0opomo

a)pa0boTa BBIIIOJIHEHA NIPaBUIIBHO, O€3 Cy-
IIECTBEHHBIX OIIMOOK, C/IeJIaHbl BHIBO/BI,
0) AOIyCTUMBI: HEMOJIHOTA MPOBEICHUS
WM 0OPMIIEHHS SKCIIEPUMEHTA, O/IHA-/IBE
HECYIECTBEHHBIE OIMOKU B ITPOBEICHUH
WM 0(OPMIIEHHH SKCIIEPUMEHTA, B TIPaBH-
Jax paboTHI C BeleCTBAMU M IPHOOpaMu

Bricokuit — oTimu-
HO

a) paboTa BBINOJIHEHA [TOJIHO, PAaBUIIBHO,
0e3 CyIIeCTBEHHBIX OIMOOK, C/IEIaHbI BbI-
BOJIBI;

0) PKCIIEPUMEHT OCYIIECTBIICH 10 TUIaHY C
Y4ETOM TEXHUKU 0€30MacCHOCTH U MIPaBUII
paloThI ¢ BellleCTBaMu U pudOpamu;

B) UMEIOTCS] OpPraHU3AIMOHHbIE HABBIKU
(TToIepIKUBAETCS YUCTOTA PabOYEro MecTa
U TIOPSIJIOK Ha CTOJIE, SKOHOMHO HCIOJIB3Y-
IOTCSI pEaKTHBBI).

Pedepar

Huskuit — Heyno-

TeMa pedepaTa He pacKpbITa, OOHApPYKHU-

BJIETBOPUTEIIEHO BAETCS CYLIECTBEHHOE HEOHUMAaHUE IIPO-
OJIeMBI.

IToporossrii — MMEIOTCS CYLIECTBEHHBIE OTCTYIUIEHUS OT

yJIOBJIETBOPUTENb- | TpeOOBaHUI K pedepupoBanuio. B yact-

HO HOCTH: TE€Ma OCBEILEHA JIMIIb YaCTUYHO;

JOTYIICHBI (paKTUYECKUEe OIIMOKH B CO-
nep>kaHuu pedepara WM TPH OTBETE Ha
JIOTIOJIHUTEIbHBIE BOMPOCHI, BO BpeMsl 3a-
IIUTHI OTCYTCTBYET BBIBOJ.

ba3oBblii — x0po1o

OCHOBHBIC TpeOoBaHUs K pedepary u ero
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3alUTE BBIMOJHEHBI, HO MPH 3TOM JOIMY-
IICHBI HEAOYETHL. B 94acTHOCTH, MMEIOTCS
HETOYHOCTU B M3JIOKCHHHM MaTepHala; OT-
CYTCTBYET JIOTMYECKas IOCJIe0BaTElb-
HOCTh B CYXJICHHUSX; HE BbIIEPKaH 00BEM
pedepaTa; UMEIOTCS yIyIieHUs B opopM-
JICHUH; Ha JIONMOJHUTEILHBIC BOIPOCHI TIPU
3alMTE JIaHbl HETIOJIHBIC OTBETHIL

Bricokuii — oTinu-
HO

BBITIOJTHEHBI BCE TPEOOBaHMS K Hammca-
HUIO H 3amure pedepara: oOo3HaUYEHA
npobiema 1 000CHOBaHA €€ aKTyallbHOCTb,
C/IeJIaH KPaTKHid aHaJIN3 Pa3IMYHbIX TOYCK
3peHHs Ha paccMaTpUBaeMylo MpooieMy U
JIOTHYHO M3JIOKEHA COOCTBEHHAS MO3MIIHSA,
c(hopMyJITHPOBAHBI BBIBOJBI, TEMa PACKPHI-
Ta TOJHOCTBIO, BBIICPKaH 00BEM, COOJIIO-
JIeHBI TpeOOBaHUs K BHENTHEMY OgopMIIe-
HUIO, JIaHbl NPAaBWIbHBIC OTBETHl Ha JO-
MIOJIHUTEJIHHBIE BOIIPOCHI.

Y4yeOunle 3aja-
yu

Huzknii —
HEYIOBJIETBOPH-
TEJIBHO

JIOITyCTUJI YUCIIO OMIMOOK M HeJode-
TOB IIPEBOCXOJIAIIEE HOPMY, IPU KOTOPOM
MOJKET OBITh BBICTABJICHA OLICHKA «3»

IToporossrii —
YIOBJIETBOPUTEb-
HO

CTYACHT IpPAaBHJIBHO BBHIMOJIHWI HE MEHEe
IOJIOBUHBI pabOThl WM JOMYCTHJ: HE 60-
Jee IBYX rpyObIX ommOoOK; win He Oonee
OJIHOM Tpy0oil 1 o/THON HerpyOoi OmMOKH
¥ OJHOTO HEJO0YeTa; WM He Ooyee NBYX-
TpeX HEerpyObIX OHIMOOK; WJIM OJHOM He-
rpyOoOil OMMOKU M TPEX HEIO0YETOB; WIIU
IPU OTCYTCTBUU OLIMOOK, HO MPU HAJTMUUU
YETHIPEX-TISITH HEJI0UETOB.

bazoBreiii —
10

XOpo-

CTYZEHT BBIIIOJIHUII PabOTy MOJHOCTHIO, HO
JIOTYCTHJI B HEH: He Oosee OHOUM Herpy-
00l omMOKM M OJHOrO HeJoYeTa WU He
0oJiee IBYX HEJOUYETOB
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Beicokwmii — paboTa BeIIONHEHA 0€3 OMIMOOK, YKa3aHbI
OTJIMYHO BCE pacueTHbIe (JOPMYJIbl, €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 mpaBMIIbHBIX OTBETOB Ha BO-
BJICTBOPUTEIIEHO npockl Tecta oT 61-75 %
bazoBelii — xopomo | KoanuecTBo mpaBUIIbHBIX OTBETOB Ha BO-
npockl Tecta oT 76-84 %
Beicokuit — otiny- | KoanuecTBo MpaBMIIBHBIX OTBETOB Ha BO-
HO rpockl Tecta oT 85-100 %
KonrtponbHas Huskuit — Heyno- JIOITYCTUJI YUCIIO OMIMOOK M HeJove-
pabora BJICTBOPUTEIILHO TOB TIPEBOCXOJIAIIEe 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 TIPY OTCYTCTBUH OIIMOOK, HO TPU
HAJIMYUU YEThIPEX-TISITH HEJ0UYETOB.

ba3oBblii — xopo1o

CTYJEHT BBIMOTHWI pabOTy MOIHO-
CTBIO, HO JIOTTYCTUJI B HEM: He Oosiee O HOM
Herpy0oii oImMOKH U OTHOTO HEeloueTa HIIn
He 0oJiee IBYX HEJI0UYETOB

Bricokuii — oTinu-
HO

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

6.2 [IpoMe:kyTOUHASI aTTECTAIUSI CTYA€HTOB MO ANCIUILINHE
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[IpoMexxyTouHasi aTTecTamusl SBJISIETCS MPOBEPKOM BCEX 3HAHMI, HABBIKOB U YMEHHMIA
CTYACHTOB, IPUOOPETEHHBIX B MPOIECCEe U3YUCHUS TUCIUILTMHBL. POPMOI MPOMEXYTOUHOH 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.
O1eHKa «He 3a4TeHO0» BBICTABIISIETCS, €CIIH:

1. HE PACKPHITO OCHOBHOE COJIep)KaHNe y4eOHOro MaTepHaa;
2. o0OHapy’KeHO HE3HAHHE WJIM HETIOHMMaHue OOJIbIIeH MM Hanboee BaKHOW YacTH
y4eOHOro MaTepHaia;
3. JOITYTIIEHBI ONTMOKY B OIIPEIeSICHIH MTOHATHH, KOTOPBIE HE UCTIPABJICHBI TIOCTIE
HECKOJIbKUX HaBOJSAIIUX BOIIPOCOB;
4. He c(hOpMUPOBAHBI KOMITETCHIINY, YMEHHS U HABBIKH.
BOITPOCHI K 3AYETY

1. OnpeneneHne XuMHUYECKNX TOHATHM:
- KpUCTaJUI; KPUCTAJUIMYECKOE BEIIECTBO, CUMMETPHUS, ONEpallud CUMMETPUU (3aKpbIThIE U OT-
KPBIThIE), KJIACChI CHMMETPUH, CHHTOHUHU, KATETOPHH.

2. ®u3nYecKre OCHOBBI PEHTT€HOCTPYKTYPHOI'O aHAIIN3A.

3. Omucanue CTpyKTyp B TEpPMUHAX MPOCTEHIINX MapoBbIX yrnakoBok (ITIIY) u miotHeimmx
nrapoBbix kinagok (ITLHK).

4. CTpyKTypbl IPOCTBIX BEIIECTB U MHTEPMETAIIUJIOB.

5. brHapHbBIE KPUCTAIUINYECKUE CTPYKTYPHI.

6. TepHapHbIe KPUCTAITIMUECKUE CTPYKTYPHI.

7. KoopauHanyst aTOMOB, XapakTep CTPYKTYPBbI, CTPYKTYPHBIE THIIBL.

6.3 OHEHOYHBIE CPEACTBA IS IPOBEPKH YPOBHSA CO®OPMUPOBAH-
HOCTU KOMIETEHIIU, OIK-1, ITK-1

TecThl COACPIKAT CICAYIOIINEC THIIbI 3aJlaHui

Ne 3ama- Bec 3apa- | Pesyabrar onennBanus (0aJ/uIbl, MOJTy4YeH-
Tun 3aganus HUSA HbIE 32 BbINOJIHEHHE 3a/1aHus / XapaKTepHu-
it (0amn) CTHKA NMPABWJIBHOCTH 0TBETA)
3a/1aHusl 3aKpbITOrO 1,2,3 1 6ann 1 6 - monmHOE mpaBuUIBLHOE cooTBEeTCTBUE; O
THUTIA C BEIOOPOM OJ1- 0 - ocTaNbHBIC CITyJan
HOTO npaBuIbHOTO (1
u3 4)
3aJIaHUs 3aKPBITOTO 4,5,6,7 |2 0auia 2 0 — MOJIHOE TIPaBWIIBHOE COOTBETCTBHE (TI0-
THUIIA C BBIOOPOM He- CJIEIOBATENFHOCTh BapUAHTOB OTBETA MOKET
CKOJIBKMX MPaBUIIbHBIX ObITh M000I); 1 6 — ecnu momymieHa OJHA
otBeToB (3 u3 6) omnOKa / OTBET MpaBUIILHBIN, HO HE TIOJIHBII;
0 6 — ocranbHBIC ClTydan

3aJIaHUsl 3aKPBITOTO 8,9 2 Oamna 2 0 — MOJHOE MPaBUIILHOE COOTBETCTBHE; 1 O
THUTIA Ha YCTAaHOBJICHUE — ecJIM JOMyIIeHa OHa OIMOKa / OTBET mpa-
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cootBeTcTBUs (4 Ha 4)

BUJIbHBIN, HO He monHbIM; 0 0 — OcCTalbHbBIC
ciyJau

3aJIaHuE 3aKPBITOTO 10, 11 2 Oaia 2 0 — mojHOE MpaBWJIbHOE COOTBETCTBHUE; 1 O

THUIIa HA YCTAaHOBJICHHUC

— eCJIM JOMyIIeHa OaHa ommbKa / OTBET mpa-

[IOCIEA0BATEILHOCTH BWIBHBIM, HO He moyHblii;, 0 6 — ocTajabHbBIE
ciyJau

3aJIaHusl OTKPBITOTO 12,13 3 baya 3 6 — monHOE TpaBWIIbHOE cooTBeTcTBHE; 0 O

THUIIA C KPATKUM OTBE- — OCTaJIbHBIE CITyYaHu.

TOM

3aJIaHusI OTKPBITOTO 14, 15 506amioB | 5 0 — MoONIHOE MPaBWILHOE COOTBETCTBHUE; €C-

THUIIA C Pa3BEPHYTHIM
OTBETOM

JIM JTOTYIIeHA OJIHA OUIMOKAa/HETOYHOCTh / OT-
BET MpPaBWIbHBIA, HO HE MOJHBIA - 3 Oasia;
€CJIM JIOMYIIeHO OoJiee OHOM OmMOKH / OTBET
HenpaBWIbHBINA / 0TBET oTcyTCTBYeT — O Oa-
JIOB

dopmupyemas
KOMIIeTeHIUS

Nuagukaropbl ¢cGOPMHUPOBAHHOCTH KOMIIETEH UM

OIIK-1. CniocobeH aHanu3upoBaTh U
UHTEPIPETUPOBATH PE3YJIbTATHI XUMH-
YECKUX IKCIIEPUMEHTOB, HAOIIOICHU I
U U3MEPEHHI, MHAUKATOPAMM JIOCTH-
KCHHS KOTOPOH SIBJISTFOTCS

. OIIK-1.1 Cucrematusupyer U aHaIU3UPYET
pe3yNbTaThl XUMUYECKUX SKCIIEPUMEHTOB, HaOI0jIe-
HHUM, W3MEPEHUN, a TaKXKe pPEe3yJbTaTbl pPacUETOB
CBOICTB BEILIECTB U MAaTEpPUATIOB.

. OIIK-1.2 Ilpennaraer HHTEpPHpPETALUIO pe-
3yJbTaTOB COOCTBEHHBIX AKCIIEPUMEHTOB U PACUETHO-
TEOPETUYECKUX PAabOT C MCIOJIB30BAaHMEM TEOpEeTHYe-
CKHX OCHOB TPAJMIIMOHHBIX U HOBBIX Pa3/1€JI0B XUMUH.
. OIIK-1.3 ®opmynupyeT 3aKIIOUeHHs] U BbI-
BOZIBI IO pe3yJIbTaTaM aHAIN3a JINTEPATYPHBIX JNaHHBIX,
COOCTBEHHBIX  AKCHEPUMEHTAJbHBIX M  pPacyeTHO-
TEOPETUYECKUX paObOT XUMHUYECKON HalpaBIEHHOCTH.

3ananue 1. Kakoii U3 nepedncieHHbIX MeTOA0B ABJISAETCH KJIACCHYECKHM METOI0M PeHT-
reHOCTPYKTYPHOI'0 AaHAJIM3a LISl NOJMKPHCTAJINYEeCKUX 00pa31oB?

Meron Jlays

NS

OtBer: 3

Meton BpallieHus: MOHOKpHUCTAJLIA
Meron nopomika (/lebas-Illeppepa)
DNEeKTPOHHBINA CTPYKTYpHBIH aHau3 (DCA)

3ananue 2. Kakoii THI XMMH4YeCKO# cBSI3U Npeod/iagaeT B KPUCTAJLIAX, O ChIBAEMbIX
MO/e/IbI0 IVIOTHEHIIMX AapoBbIX ynakosok (ITHIY)?

KoBanenTHas
HNonnas
Merannuueckas
Bonopoanas
OtBet: 3

N

3ananue 3. UTo TaKkoe «CTPYKTYPHBIH THID» B KPHCTAJJIOXUMHUH?
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N

. Cnoco0 BeIpaluBaHus KpUCTAIUIOB
. Xapakrep XMMUYECKOU CBS3U B KpUCTAILIE
. OnpeneneHHbli, TOBTOPSIIOIIMNCS CIIOCOO PacloyIOKEHUsI aTOMOB B CTPYKTYpE, Xapak-

TEPHBIN ISl PSAA COEAUHEHUIN

. Tun nedexra B KpUCTAIIIMUECKOHN peleTKe

OtBer: 3

3ananue 4. Kakue U3 nepeyucjaeHHbIX METOA0B OTHOCATCS K TU(PPAKIHMOHHBIM MeTOaM
CTPYKTYpHOro anaau3a? (BbiGepure Tpu NpaBuJIbLHbIX 0TBETA)

ook wnE

Pentrenoctpykrypnsiil ananus (PCA)
HK-cniekTpockonust
Heiirponorpadus (HCA)
Macc-cnekTpomeTpus
Onexrponorpadus (OCA)
SAMP-cnekTpockonus

Otser: 1, 3,5

3ananme 5. Kakue n3 nepeyncjieHHbIX 3JIeMEHTOB CHMMETPHH ABJISAIOTCS 3aKPbITHIMH ?
(Bbi0epuTe TPM NPaBUJIBLHBIX 0TBETA)

SoukrwnE

[Tnockocth cummerpun (M)
Llenutp unsepcuu (1)
Tpancisanus

Bunrosas ocp

[ToBopoTHas ock (n)
CKonb3s1as mIoCKOCTh
OtBer: 1,2,5

3ananue 6. Kakue u3 nepeyncjieHHbIX CTPYKTYP OTHOCATCS K rerepogecMudyeckum? (Bui-
OepuTe TPU NPaBHIbHBIX 0TBETA)

ok ownE

Anmas

I'padur

IMTosapennas conpb (NaCl)
Jlen

Menp

Kgapir (S102)

Otser: 2,4, 6

3ananue 7. Kakue u3 nepeynciieHHbIX ()aKTOPOB MOTYT BJIMSATH HA MPOIecC BbIPALUBA-
HHS KPUCTAJLI0B U3 pacTtBopa? (BeiOepure TpU NpaBUIbHBIX OTBETA)

ook wndE

CKOpOCTh N3MEHEHHUS TEMIIEPATYPhI
Benuunna nepechlenus
MarauTtHOe noae 3eMIn

Hannuue 3atpaBku

ATMochepHoe 1aBieHHE

pH pactBOpa

OtBer: 1,2,4
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3ananue 8. YcTaHOBHTE COOTBETCTBHE MEKIY THIIOM KPHCTAIHYECKOH CTPYKTYPbI U €ro
ONHMCAHUEM:

Koopaunanmonnas ;| CTpykTypa, B KOTOPOU BCE aTOMBI CO€IMHEHBI IIPOYHBIMU CBSI3SMU B TPEX-
MEpPHBIN KapKac

Ilenoueunas : CTpykTypa, B KOTOPOM aTOMbI COEIMHEHbI B OECKOHEUHBIE OJJHOMEPHBIE LIETIH.
Crnowucras : CTpyKTypa, B KOTOPOI aTOMBI COSTMHEHBI B OECKOHEUHBIC IBYyMEPHBIC CIIOU
OctposHas : CTpyKTypa, COCTOALIAsE U3 N30JIMPOBAHHBIX I'PYII ATOMOB (MOJIEKYJI, HOHOB).

3ananue 9. YcTaHOBHTE COOTBETCTBHE MEKIY AUPPAKIMOHHBIM METOI0M M BHIOM H3J1Y-
YeHHUsl, HA KOTOPOM OH OCHOBAH:

PCA : A. IIy4oK 3JIEKTpOHOB

OCA : b. [ly4uok HEHTpOHOB

HCA : B. [Iy40oK peHTreHOBCKHX Jyuen

He otHOocuTcs k mudpakunonasM : I'. YiibTpaduoaeToBoe H3TydeHHE

3aganue 10. BoccraHoBuTe MoC/1€10BaTEIbHOCTD ONEPALMIi IPU ONpeeIeHUH TOYeTHOH
rPYNIbI CHMMETPHH MOJIEKYJIbI 10 CTAHIAPTHOI cxeMme:

: [Touck oceit cummeTpuu 1 BeIOOp Ti1aBHOM ocH (Cy)

: [Touck nepneHAuKyJISApHBIX K INIaBHOU ocu oceil Cz

: [Touck ropu30HTaNBHBIX (Gh) M BEPTUKAIBHBIX (Gy) TNIOCKOCTEH CUMMETPUH

: OrnpezienieHre HATMYUsI 3ePKaIbHO-IIOBOPOTHBIX oceil (S,) u nentpa nusepcun (i)

B WDN PR

3ananme 11. BocctaHoBUTE MOCIE10BATEIBLHOCTh POCTA KPUCTAILIA U3 PACTBOPA METOJIOM TEM-
HepaTypHOro mnepenaja:

1 : Co3nanue nepechleHHOTO pacTBOPa PY MOBBIILIEHHON TeMIIepaType
2 : [Tomemenue 3aTpaBKH B 30HY ¢ O0JIee HU3KOW TEMIIepaTypOi

3 : OcaxkaeHue BelecTBa Ha 3aTPABKY BCIIEICTBUE MEPECHIILICHHS

4 : [locTeneHHbIil poCT MOHOKpHCTANIA

3ananue 12. SIBjieHne cyllecCTBOBAHUS BellleCTBA B HECKOJIBKHMX Pa3JIHYHBIX KPUCTAJLIU-
yecKkuX MoAuGUKAIUIX Ha3bIBaeTCs .
OtBet: noauMoppusm

3ananue 13. DieMeHTapHAA siveiika, coep:Kamiasi y3Jbl TOJIbKO B BEpPIIMHAX MapaJiiee-
nuIeaa, Ha3bIBACTCHA .
OTBeT: NPUMHUTUBHOMN

3ananue 14. ChopmyaupyiiTe 0CHOBHbIE OTINYMS MEeTAJJIMYECKOMH CBA3M OT HOHHOI €
TOYKH 3PeHHUs KPHUCTAVIOXMMHH.

OtBet: Memannuueckas céa3v: HeHANIPaBIECHHAsA U HEHACHIIIaeMasi, OOBSACHSET BHICOKYIO DJICK-
TPOIPOBOJHOCTD, MNIACTUYHOCTH U 00pazoBanue mioTHenmux ynakoBok (I'UK, I'TIY). Hounas
C643b. HEHAIpaBJIEHHAs!, HeHachIIlaeMast, 00yCIOBIEHA AJIEKTPOCTATUYECKUM MPUTSKEHUEM
Pa3HOMMEHHBIX MOHOB. CTPYKTYpBI CTpeMATCA K MakcuManbHOMY KUY 1 onpenensroTcss COOTHO-
LICHUEM PAJNYCOB HOHOB.

3ananmue 15. [Ipeasioxure cTpaTeruio noucka HHGpopMamum 0 KPUCTANINYECKOH CTPYKTY-
pe Henu3BecTHOro Bam coenrHeHus, HCNOJIb3YH NPodecCHOHAIBHbIE HCTOYHHKHN UH(popMa-
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IHH.

OrtBet: 1. [Touck mo XuMUYECKON GOpMyJie TN HA3BAHUIO B CIICIIUATH3UPOBAHHBIX KPUCTAILIO-
rpadgudeckux 6a3ax maHHbIX 2. [louck Hay4dHBIX cTaTeil B Onbauorpaduueckux 6asax, rjie 4acTo
MPHUBOJIATCS KpUCcTAIUIOrpaduuecKue Januble. 3. AHAIN3 CChUIOK B HAWIEHHBIX CTAThSX JJIS T10-
JydeHus: 0oyiee paHHUX WM CMEXHBIX padoT.

dopmupyemast Nuaukaropbl c)OPMUPOBAHHOCTH KOMIIETEHIIUN
KOMIIeTeHIUs
OIIK-2. Crioco0GeH mpoBOIUTE C CO- ° OIIK-2.1 PaGotaer ¢ XUMHUYECKUMH Belle-
OJIroIeHUeM HOPM TEXHUKHU Oe301mac- CTBaMHU C COOJIIOJICHUEM HOPM TEXHUKU O€30MMaCHOCTH.
HOCTU XUMHYECKHUMN IKCIIEPUMEHT, . OIIK-2.2 CunTe3upyeT BellecTBa U MaTepua-
BKJIFOYAsi CUHTE3, aHAIN3, U3yUCHUE JIbl pa3HOW MPUPOJBI C UCIOJIB30BAHUEM HMMEIOITUXCS
CTPYKTYpPbI U CBOMCTB BELIECTB U Ma- METOIUK.
TEpHUAJIOB, MCCIIEIOBAaHUE ITPOLIECCOB C 1 d OIIK-2.3 IIpoBoauT cTaHAApTHBIE ONEpaLUU
VX y4acTHeM, HHANKATOPAMH JIOCTH- JUISL OTIPEICNICHUsT XUMHUIECKOro M (pa30BOTO COCTaBa
JKEHUS KOTOPOi SIBIISIOTCS BEILIECTB U MATEpUAJIOB HA UX OCHOBE.
° OIIK-2.4 Hccnenyer cBOWCTBA BELIECTB U Ma-
TEPUATIOB C HCIOJIB30BAHUEM CEPUIHOTO HAy4YHOTO
000opyI0BaHUS.

3aganue 1. Kakoii U3 nepeynciieHHBIX MeTO/I0B BbIPAIIMBAHUS KPUCTA/LIOB OCHOBAH HA

CO3/1aHUU NepPechIleHUs] 32 CYeT UCIIAPEHUs] PACTBOPUTEJISI PU MOCTOSTHHON TeMImepaTy-
f’

pe?

I'maporepmanibHBIN CHHTE3

Meron HoxpanbCKkoro

Kpucramnmzanus u3 HU3KOTEMIEPATYPHBIX BOJHBIX PACTBOPOB
Meron Bepneins

Ortger: 3

NS

3ananue 2. Kakoii napameTp peHTreHOCTPYKTYPHOI'O aHAJIM3a NO3BOJIsIeT ONpeaeInTh
yuca0 popmMyabHBIX eANHNL (Z) B 3JIeMeHTapHO AYelike?

HNHTEHCUBHOCTB OTpaKeHUs

VYron nudpaxiym ()

PeHnTreHoBckast IIIOTHOCTh M TAPAMETPHI STYEUKH
CTtpyKTypHBIH (QakTop

OtseT: 3

NS

3ananue 3. Uto Takoe «1moJuMoppu3M» B KPUCTAJIOXUMUM?

1. CnocoGHOCTH BelecTBa CyIIECTBOBATh B HECKOJIBKUX KPUCTAITUMYECKUX CTPYKTypax
2. CocoOHOCTH aTOMOB 3aMeIaTh IPYT APyTra B PEIIeTKE
3. Hanuuue B cTpyKType MyCTOT pa3HOro pa3mepa
4. O06pa3zoBaHue TBEPBIX PACTBOPOB
Orter: 1

3ananue 4. Kakue u3 nepe4ucjJieHHbIX METOJ0B OTHOCSTCS K KJIACCHYECKMM MeTO/IaM Mo-
Jy4eHUsl TM(PPAKIMOHHONH KAPTHUHBI B PEHTT€HOCTPYKTYPHOM aHa/u3e?
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Meron Jlays

Meroa nopomuika (/[e6as-Ileppepa)

MeTon BpallieHUus MOHOKpHUCTAJLIa

Meroa 31eKTPOHHOM MUKPOCKOTTHH

Meton UK-criekTpockonuu

Meton siaepHOro MarHuTHoOro pezonanca (AMP)
OtBer: 1,2, 3

I

33[[3]-[1/[6 5. Kakue u3 MNEPEUNCICHHBIX ('l)aKTOPOB H606X0)II/IMO KOHTPOJIMPOBATH AJIsA

YCHELIHOr0 BhIPAIMBAHUS MOHOKPHUCTAJJIOB U3 pacTBopa?

CKOpOCTh U3MEHEHUS TEMIIEPATYPBI
BGJ'II/I‘-II/IHy MEPCChICHUA
HarmnpskeHHOCTh MAarHUTHOTO TIOJIS
HUuCTOTY MCXOHBIX PEAareHTOB
CKOpOCTh BpalleHUsI MEIIaIKH
JlaBieHue B cucreme

Otset: 1, 2,4

ok wdE

33)13HI/I€ 6. Kakue u3 MNEPEUNCICHHBIX onepaunﬁ BX0IAT B CTaHIlapTHbeI IPOTOKOJI OIIp€E-

ACJICHU A XUHMHYECCKOIo cocraBa Beuecrsa ¢ HIOMOIbIO peHTFeHO(l)iBOBOFO anaau3a?

OTmxur oOpasua Juis CHATHS HalpsKeHUH
[Tomost ipoOBI B TOHKHIA TOPOIIOK

3aroHeHUE KIOBEThI 00pa31ioM

3anuch qudpakTOrpaMMbl

ITpoBenenue xpomarorpaguueckoro pasaeiaeHus
N3mepenue yaenbHOM 3JIEKTPOIPOBOIHOCTH
Otsert: 2, 3,4

ok wnpE

3aganue /. Kakue u3 nepe4ncjieHHbIX CBOMCTB MAaTepPHaI0B MOKHO HCCJIE0BATH € HC-
N0JIb30BAHHEM CEPHIHOI0 HAYYHOT0 000PYA0BaHNS B J1a00paTOPUU KPUCTAJIOXUMHUHU?

TBepnocts o Moocy

JIM3IIeKTPUYECKYIO TPOHUILIAEMOCTD
Tepmuueckyro ctabmibHOCTS ([ITA)
MarauTHy10 BOCIIpUMMYHUBOCTh

BxycoBsie kauecTBa

PacTBOpHMOCTb B OpraHN4eCKUX PaCTBOPUTEIAX
OtBer: 2, 3,4

SoukrwnE

3ananue 8. YcraHOBHTE COOTBETCTBHE MEJKIY METOI0M BhIPALIHBAHUS KPHCTAJJIOB M €ro

CYUIHOCTBIO:

Meton Yoxpasibckoro : BeITAruBaHne KpUcTajia U3 paciuiaBa Ha 3aTPaBKy

FI/IIlpOTepMaJ'IBHHﬁ CUHTE3 . KpI/ICTaJ'IJ'II/ISaLII/ISI N3 paCTBOPOB B BOJIC ITPU BBICOKUX TCMIICPATYPC

U JaBJICHUN

Merton TEMIICPATyPHOIO IIeperaaa . COSI[E[HI/IC B KpUCTAJIU3AaTOPC 30H C pa3H0171 TeMnepaTypoﬁ

JUIsL pACTBOPEHUS U POCTA
Meton Bepneitns : CriekaHue opollka B INIAMEHU TPEMYYETo rasa
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3aganue 9. YcraHoBHTE COOTBETCTBHE MEXKIY KPUCTATTOXUMHUIECCKUM ABJICHUEM H €0
onpeaeJIcHueEmM:

N3omopdusm . CiocoOHOCTh pa3aIuYHbIX aTOMOB MJIM HOHOB 3aMeIaTh APYT Ipyra B KPUCTAJI-
JIMYECKOM pelIeTKE

[Tomumopdusm : CtocoOHOCTh BEIIeCTBa CYIIECTBOBATh B HECKOJIBKUX PA3IMYHBIX KPUCTAILIHU-
YECKUX CTPYKTypax

Mopdotponus : I3MeHeHUe CTPYKTYPHI PH 3aMEHE OJTHOTO U3 KOMIIOHEHTOB B PSy POJACTBEH-
HBIX COCIUHCHUU

[Tonmutunus : PasHOBUAHOCTE MToTMMOpdu3Ma, IPU KOTOPOH pa3InyHbie MOIUMUKAIIUN OTIIN-
YaroTCs JUIIb CHOCOOOM YIIaKOBKU OJMHAKOBBIX CIIOCB

3ananue 10. BoccraHoBHTE MOC/I€10BATEIbHOCTD ITANIOB CTAHJAAPTHOIO0 PEHTI€HOCTPYK-
TYPHOI'0 aHAJIM32 MOHOKPHCTAJLIA.

1 : ITonGop 1 ycTaHOBKa MOHOKpHCTAJIA HA AU(PPAKTOMETP

2 : COoop nudppakMOHHBIX TaHHBIX (M3MEPEHNE NHTCHCUBHOCTEH OTPaKCHUN )

3 : OnpezaeneHue napaMeTpoB IEMEHTAPHOM sTUEHKU U CUMMETPHU

4 : Paciim¢poBKa U YTOUHEHHE KPUCTAILTHUECKONU CTPYKTYPBI

3aganue 11. PacnoJioxkuTe B IPaBUJIbHOM MOPSIIKE IATH MPH CUHTE3e KPUCTAJJIOB Me/l-
Horo kynopoca (CuSO4-5H:0) u3 BoAHOr0 pacTBOpa MeT0I0M MeAJEHHOI0 HCIapeHusl.
1 : IlpurotoBieHHE MEPECHIIIIEHHOTO TOPSIUYEro pacTBOpa METHOTO KyIopoca

2 . QunbTpanys pacTBOpa s yAAJICHUS HEPACTBOPUMBIX IIPUMECEH

3 : BBeseHue 3aTpaBOYHOrO KpHUCTaslia WM 0KUIAHUE CAMOIIPOU3BOILHOTO 3apOKICHUS

4 : MenneHHoe ucCapeHre pacTBOPUTENSI K POCT KPUCTAILIOB

3ananue 12. KoappuumeHT, noka3piBarounii, Kakasi 4acTh NPOCTPAHCTBA 3J1eMEeHTAPHOM
fYei KM 3aHATA aTOMaMH, Ha3bIBaeTcs KO3(pPpuuueHT YIIAKOBKH.
OrtBer: [lnoTHOCTH.

3aganue 13. CTPYKTYpHBIil MOTHB CHIIMKATOB, B KOTOPOM KPEMHEKHUCJIOPOIHbIE TeTPad/I-

pbl [SiO4]*” coennHeHbl B 0eCKOHeNMe AByMEPHbIE C10M, XapaKTEPeH AJIsl CHIMKATOB
THIA.

OtBet: Cnoucroro.

3aganue 14. Onumure, KaKk co0.I10/IeHHe HOPM TeXHUKHU 0€30MaCHOCTH BJIMAET HA MJIAHU-
poBaHHe U NPOBeJeHHe XMMHYECKOro IKCIIEPUMEHTA 10 BHIPALIUBAHUIO KPUCTALIOB.
OtBet: CobmtoieHNe TEXHUKN 0€3011aCHOCTH SABJIsIETCS 00s3aTeIbHBIM ycioBUeM. OHO BKIIIOYa-
€T: OIIEHKY OITACHOCTEH MCIOJIb3yEMBIX PEAKTHBOB (TOKCHYHOCTh, KOPPO3UOHHAS! aKTUBHOCTb ),
BbIOOP COOTBETCTBYIOIIEH MOCY/IbI U 000pYAOBaHUs (TEPMOCTOIKasA, B BBITSKHOM HIKady), Uc-
noab3oBanue CU3, 3HaHue nmporeyp Ha ciiydail aBapuu. DTO BIUSET HA BBIOOP METOJMKH, Op-
TaHU3AIMI0 PAd0YEro MecTa M 00eCIIeYNBaET 3aIIUTY 3J0POBBSI HCCIEIOBATEINS H COXPAaHHOCTh
000py10BaHUS.

3aganue 15. Onuiure, Kak TUI XUMAYECKOM CBSI3U B KpHcTasuie (MOHHAsA, KOBAJIEHTHAs, Me-
TaJIJTMYECKasi, MOJIEKYJIIpHast) BIUSET Ha ero (pu3nueckue cBoiicTBa (TeMneparypa rniaBJieHus,
TBEPAOCTb, JIEKTPOIIPOBOAHOCTE).

Otset: Uonnas cBsa3b (NaCl): Beicokue T.1U1. ¥ TBEPIOCTH, XPYITKOCTD, AIEKTPOIPOBOTHOCTD
B paciaBe win pacteope. KoBasienTHasi cBs3b (Anmas): OueHb BBICOKHE T.IUL. U TBEPJOCTb,
nuanekTpuk. Merasaimueckas cBsa3b (Mezb): Boicokue T.IU1. U MJIACTUYHOCTD, BHICOKAS 3JIEK-
TPOMPOBOIHOCTH U TEILIONPOBOAHOCTH. MoJsiekyasipHasi cBsi3b (Jlen): Huskue T.11. 1 TBEp-
J0CTh, AUDJIEKTPHUK.
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dopmupyemast Nuaukaropbl c)OPMUPOBAHHOCTH KOMIIETEHIIUN

KOMIIeTeHI U
ITIK-1. Cnocoben BiageTh CUCTEMOM ° [1IK-1.1 [TonumaeT OCHOBHBIE MPUHLUIIBI, 3aKO-
(dyHIaMEHTAIbHBIX XUMHYECKUX TO0- HbI, METOJOJIOTHUI0 HM3yYaeMbIX XHMHUYECKHUX AHUCLHU-
HATHUI U 3aKOHOB, MHAMKATOPAMH JI0- | IUIMH, TEOPETUYECKHE OCHOBBI (PU3MUECKUX U (PHU3UKO-
CTHIKEHHS KOTOPOU SBJISIOTCSI XUMHUYECKUX METOJI0OB UCCIEI0BAaHUS;
. [IK-1.2 Hcnonw3zyer ¢yHIaMEHTAIbHBIC XUMH-
YecKHe TOHATHS B CBOCH MPO(ECCHOHATBHON JesITelb-
HOCTH;
. [IK-1.3 HHTepnpeTupyeT IMOIyYEHHBIE PE3YyIlib-

LUTUTHH.

TaTbl, UCIIOJIb3YS 0a30BbIe MOHATHS XUMHYECKUX JAuC-

38}131—[1/[6 1. Kakas u3 NEPEUNCTCHHBIX CHHIOHMII OTHOCHUTCSI K BbICILIEH KaTel"OpI/IH?

N

. MOHOKJIMHHAA
. PomOunueckas
. TpuxknuHHas

. KyOunueckas

OTtBert: 4

3aganue 2. Uro onucniBaeT ypaBuenue bparra-Byabga?

NS

HNHTEHCUBHOCTB paccessHUsI pEHTTEHOBCKUX JIyden

VYcnoBue qudpakiuy peHTTeHOBCKUX JIyyel Ha KpUCTAJUIMYECKON perieTke
Pacnipenenenue 351€eKTpOHHOM TUIOTHOCTH

CKopocTb pocTa KpUCTAJUIOB

Ortger: 2

3ananue 3. Kakoii Tun XuMH4ecKo# cBsA3U NpeodJiagaeT B MOJIEKYISAPHbIX KpUCTALIIAX?

el NS

HNonnas
Merannndeckas
KoBanenTHas
Ban-nep-BaanbcoBa
OtBet: 4

3aganue 4. Kakue u3 nepe4ncjieHHbIX XapaKTePUCTHK SIBJISIOTCS 00IIMMHU IS IJIOTHeI-
mux mwaposbix ynakosok (IIHY)? (Beidepute TpH NpaBU/IbHBIX 0TBETA)

ook wndE

Koopaunarmonnoe uuciio 12

Hanuune TeTpasapuyeckux 1 OKTa3JpUYEeCKUX IyCTOT
KoopannarnmonHoe uncio 8

OTHOCSTCS TOJABKO K METAIUIMYECKUM KPUCTAJIIaM

Cymectytot B rekcaroHanibHoM (I'TIY) u kyouueckom (I'LIK) BapuanTax
XapaKTepHbI TOJIBKO JJIs1 HOHHBIX KPUCTAJJIOB

OtBet: 1, 2,5
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3ananue 5. Kakue U3 nepeyucieHHbIX CTPYKTYP OTHOCSTCS K KapkacHbIM? (BbriOepuTe
TPH NPABUIbHBIX OTBETA)

Crpykrypa aiMaza
Crpykrypa NaCl
Crpyxkrypa SiO: (kBapiy)
CrpykTtypa rpadura
CrpyKTypa 11I€0JIUTOB
Crpykrypa L2

Otser: 1, 3,5

ook wndE

3ananue 6. Kakue U3 nepeyncieHHbIX IBJeHHH H3y4aloTcsl B KpucTaioxumuu? (Boide-
puTe TPH NPABUJIbHBIX OTBETA)

[Tonumopduszm

3aKOH JIEUCTBYIOIIMX Macc
N3omopduszm
XuMu4ecKasi KHHETHKA
MopdoTponus
DnekTponus

Otser: 1, 3,5

ook wdE

3ananue 7. Kakue u3 nepeyncjieHHbIX NapaMeTPOB MOKHO OIPeIeTUTh ¢ IOMOIIbIO PEHT-
reHOCTPYKTYpHOro anaau3a? (Beidepurte Tpu npaBu/IbLHBIX 0TBETA)

[TapameTpsl 271€EMEHTAPHOU AYEUKHU
Tun xXumMu4ecKkou cBs3H
IIpocTpancTBeHHas rpynna CHMMETPUHT
Temneparypa 1utaBiIeHus

ATOMHBIE KOOPAMHATHI

[IBeT kpucraia

Otser: 1, 3,5

ok wnE

3aganue 8. YCTaHOBUTE COOTBETCTBUE MEXKITY TOUCYHOM IPYNIIONH CHMMETPUH H €€ TIPHMEPOM:

C: : Mosekyna, He UMEIOIIas HUKAKUX AJIEMEHTOB CUMMETPUHN
Czv : Monexkyna Boasl (H20)

Cav : Monekyna ammuaka (NHs)

Td : Mosnekya metana (CHa)

3ananue 9. YcTaHOBHTE COOTBETCTBHE MEK/AY CTPYKTYPHBIM THIIOM H (popMy.JI0ii coenHe-
HUS:

[Teposckut : CaTiOs
[muaens : MgAlLOa4
Cdanepur : ZnS
®mroopur : Cak:

3ananue 10. PacnoJioxkute B NPaBUIbHOM NOPSI/IKe YPOBHH CTPYKTYPHOMH OpraHu3anuu
BellecTBA MO CTENEeHN YNOPs/I0YeHHOCTH (0T DoJiee YNOPsI/I0UEeHHOT0 K MeHee yIopsiio-
YEHHOMY).

1 : UneanpHBIN KpUCTAILT (TaTbHUM MTOPSIIOK)

2 : PeanbHblil KpucTai (1edexTor)

32



3 : Kuakuii kpucramt (OIMKHAA U CPEHUHN TTOPSIOK)
4 : Amopdnoe Teno (OmmKHHUA TOPSI0K)

3ananue 11. Pacnosioxkurte B nopsiike yBeJH4eHNs] KOOPAMHAIIMOHHOTO YHCJIa B MeTAJLIU-
YeCcKMX CTPYKTYypax.

1 : IlpumuTHBHAS KyOUUecKas

2 : OO0BeMHO-TICHTPUPOBaHHAs KyOnueckas

3 : 'ekcaroHasipHas MJIOTHEHIIAS YIIaKOBKA

4 : T'paHenieHTpUpOBaHHAS KyOnUecKas

3aganue 12. BeckoHeYHbIii ePUOIUYECKUIl TPeXMEPHBI MOTHB ATOMOB B KPHCTAJLIe
HA3bIBACTCHA .
OtBer: Kpucramnmueckas cTpykrypa.

3aganue 13. CTpyKTYpHBIii MOTHB, B KOTOPOM BCe XMMHYeCKHe CBSI3U OJMHAKOBBI 110
NMpHUpo/e U MPOYHOCTH, HA3BIBAETCH .
OtBet: 'oMOogecMHUECKHUIA.

3aganue 14. O0bsacHUTE, B UEM 3AKIIIOYAETCS IPUHIUINAIBHOE PA3Inuie MEX/y 1ajJbHUM U
OJIMOKHUM TOPSIIKOM.

OrtBet: JlanbHUi NOPSIOK — 3TO CTpoOrasi HEPUOJIUYHOCTD B PACIIONIOKEHUN YacTUIL (ATOMOB,
HMOHOB, MOJIEKYJ1), TOBTOPSIOLIAsiCs BO BceM 00beMe KpHcTaia. bakHuil mopsiok — 3To yno-
PSAIOYEHHOE PACHIONIOKEHHUE YACTHI] JIUIIb Ha HEOOJIBIINX PACCTOSHUAX, B IPEIEIaX HECKOJIBKUX
MEKaTOMHBIX, XapaKTEePHOE /U1 aMOP(HBIX TEJl U KUAKOCTEH.

3ananue 15. KakoBbl 0CHOBHBIE 32/1a4H, pelliaeMble ¢ IOMOIIbI) PEHTIeHOCTPYKTYPHOI O
aHAJIM3a B XUMHMHU?

Oteet: OnpeneneHrue TOUHOTO CTPOCHUSI MOJIEKYJT M KPUCTAIUTMYECKUX CTPYKTYP (MEXbsiIep-
HBIE PACCTOSHUS, BAJIGHTHBIC YTJIbl). Y CTAHOBJICHUE IPUPOJIBI XUMUYECKOH cBs3u. UneHTudu-
Karus Kpuctaummueckux (a3 (pazoBeiit ananus). Mzydyenue nedgexroB ctpyktypsl. Onpenene-
HUe a0CONOTHON KOHPUTYPALIUU XUPATHHBIX MOJIEKYII.

7 HIEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOTUHA, UCTOJIb3YEMBbIX
B NPOIECCE OBYYEHUSA

NudpopmanuoHHbIe TEXHOJOTHU — 00yUeHHE B 3JIEKTPOHHON 00pa3oBaTenbHO cpene ¢
LEeNbI0 pacIIMpPeHHsl JocTyna K 00pa3oBaTelbHBIM pecypcaM, YBEIMUEHUS KOHTAKTHOIO B3au-
MOJICHCTBHUS ¢ TpenojaBaTesaeM, NOCTPOCHHUS WHIAUBHIYaJbHBIX TPAEKTOPUHN MOJATOTOBKH, 00b-
€KTHUBHOTO KOHTPOJIS U MOHUTOPUHIA 3HAHUW CTY/ICHTOB.

B o6pa3zoBarenbHOM mpoliecce Mo TUCIUILIMHE HCIONB3YIOTCS Cleaytomue nHpopMam-
OHHbIE  TEXHOJIOTUH, SBJISIOLIMECS  KOMIIOHEHTaMH  DJEKTPOHHOW  HMH(OpMalMOHHO-
oOpa3oBatensHOM cpeab! BITIY:

e Odunmanpuslii caiit BITIY;

Cucrema snexktpoHHoro ooyuenus @I'bOY BO «bI'TIY »;
Cucrema «Antummiaruatr.BY3y;

DNeKTpOHHBIE OMOINOTEUHBIE CHCTEMBI;
MynpTUMEANITHOE COTPOBOXKICHUE JEKIIUH.

8 OCOBEHHOCTHU U3YYEHUS JUCHUITJIMHBI UHBAJIMJAMUA U JIMHAMU C
OI'PAHUYEHHBIMHU BO3MOXHOCTAMMU 3J0OPOBbS
[Tpu oOydyeHun JUI] C OrpPaHUYECHHBIMH BO3MOXKHOCTSMHU 3/I0POBbS MPHUMEHSIOTCS aJai-
TUBHBIE 00pa30BaTEIbHbIC TEXHOJIOTHHA B COOTBETCTBUHU C YCIOBUSMU, U3JI0KEHHBIMU B pa3Jiene
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«OcobeHHOCTH pean3auyi 00pa3oBaTeIbHON IPOrpaMMBbl AJIi HHBAIUIOB U JIUI] C OFpaHUYeH-
HBIMH BO3MOKHOCTSIMH 37I0POBbS» OCHOBHOM 00pa30BaTENbHOM MPOrpaMMbl (MCHOIB30BAHUE
CHEIHUAIbHBIX Y4eOHBIX MOCOOMH U TUAAKTHUECKUX MaTepUasoB, CHEIHAIbHBIX TEXHHUYECKUX
CpeACTB OOYYEHHUsI KOJUIEKTUBHOTO M MHIUBHUIYaJTbHOTO IOJIb30BAHMUS, MPEIOCTABICHUE YCIYT
accucTeHTa (IMOMOIIHHMKA), OKa3bIBAIOIIEr0 OOYyYaroHMIMMCS HEOOXOAMMYIO TEXHUYECKYIO IIO-
MOIIb U T. I1.) ¢ Y4ETOM UHAMBHLYAJTHHBIX 0COOEHHOCTEH 00yUYarOMIMXCsl.

s oOydaromuxcsi ¢ OrpaHUYEHHBIMH BO3MOYKHOCTSIMH 37I0POBbSI MPEAYCMOTPEHBI Clie-
nyrome (GopMbl OpraHU3aUH MEeJarorHaecKoro Mmporecca 1 KOHTPOIIS 3HAHHIMA:

- UTst cTabOBUISIIMX:

obecrieunBaeTcst HHAUBUAYAIbHOE paBHOMEpPHOE ocBelieHne He meHee 300 Jokc;

JUTSI BBITTOJIHEHUSI KOHTPOJIBHBIX 3aJJaHUi MpU HEOOXOUMOCTHU MPEAOCTABISIETCS YBETUYH-
BAKOLIEE YCTPOMCTBO;

3aJaHus JIJISl BBIIIOJIHEHUS, @ TaK)K€ MHCTPYKIUU O TMOPSIIKE BBIIOJHEHHS] KOHTPOJIbHBIX
3aJjaHuil OPOPMIISIFOTCS yBEeIMUSHHBIM 1pudToM (pazmep 16-20);

- JUISI TIIyXHMX U CIa00CbIIIAIINX

o0ecrieynBaeTcsl HATMYKE 3BYKOYCHIIMBAIONICH anmapaTypbl KOJUIEKTUBHOTO MOJIb30BaHUS,
pu HEOOXOAMMOCTH OOYYAIOIIMMCS MPEAOCTaBISETCS 3BYKOYCHIIMBAIOIIAs ammaparypa HHAU-
BUYaJILHOTO TOJIb30BAHMS;

- JUIA JIUIL C TSDKEJBIMU HapYUICHUSIMH PEUH, TIIyXHX, CITa0OCHBIIIANUX BCE KOHTPOJIbHBIE
3aJJaHMs 10 KEJIAHUIO MOTYT MTPOBOJIUTHCS B MUCBMEHHOMU (hopMme.

OcHoBHOM (popMOIi OpraHu3alru MMeJarornyeckoro mporecca sSBIsSeTCs] HHTETPUPOBAHHOE
o0yueHre WHBAIUIOB, T.€. BCE 00YYArOIIMECs Yy4aTcsl B CMEIIAHHBIX TPYNIax, UMEIOT BO3MOX-
HOCTb MTOCTOSIHHO OOILATHCS CO CBEPCTHUKAMM, JIETYe aJalTUPYIOTCS B COLIMYME.

9 CIIMCOK JIUTEPATYPbBI U TH®OPMALIMOHHBIX PECYPCOB
9.1 JIutepatypa

1. bynax, A.I'. O0mast Munepasnorust: y4eOHHK JUIs CTy 1. BbICHL yuel. 3aBenennii / A.I. Bynax,
B.I'. KpuoBuues, A.A. 3onotapes. — 4-e u3f., nepepad. u jpon. .— M. : M3narenbckuil HeHTp
«Axanemus, 2008. — 410 c. (23 7k3.)

2. Kpucraniorpadus: 3apoxaeHue, pocT U MOp(OIorus KpUCcTalioB: yuebHoe mocodue
st By30B / H.U. Jleontok, E.B. Konopynuna, E.A. Bonkosa, B.B. Manbues. - Mocksa : 13aa-
tenbeTBO FOpaiit, 2022. - 152 c. - (Beicuiee o6pazoBanue). - ISBN 978-5-534-04738-7. - Tekcr:
AIIEKTPOHHBIN /l OO6pazoBaTenbHas miatpopma  FOpaiirt [caiT]. - URL:
https://urait.ru/bcode/492446

3. Knotbko, A.B. Xumus tBepaoro tena: yued. mocodbue ajis CTyA., 00y4aromuxcs 1o
cren. «Xumus» / A.B. Knotsko, U.A. Ilpecusikos, FO.Jl. TperbsikoB. — M. : Akanemus, 2006. —
301 c. (19 3k3.)

9.2 ba3bl JaHHBIX U HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBI
1. XuMuK.ru http://www.xumuk.ru
2. DnextponHas Oubnnoreka mo xumuu http://www.chem.msu.su/rus/elibrary/
3. IMopran Hay4yHOM di1eKTpoHHOM OnGarorTeku http://elibrary.ru/defaultx.asp
9.3 D1eKTPOHHO-0MO/IHOTEYHbIE PECYPChI
1. Polpred.com O630p CMU/CnpaBounuk https://polpred.com/news
1. BBC «¥Opaiit» https://urait.ru

10 MATEPUAJIBHO-TEXHUYECKAS BA3A
Jlnst mpoBeneHUs 3aHATHH JIGKHIUOHHOTO THWIA, TPYNNOBBIX W HWHIUBUIYAIbHBIX
KOHCYJIbTAIIUH, TEKYIIEro KOHTPOJISA U MPOMEKYTOYHOU aTTECTAIIUU MCTIOIB3YIOTCS ayAUTOPHH,
OCHaIIEHHBIE Y4eOHOI MeOenblo, ayTMTOPHOU JOCKOH, KOMITBIOTEPOM(PaMH) C YCTaHOBJICHHBIM
JUICH3UOHHBIM CIIEHUANIU3UPOBAHHBIM  IMPOTPAMMHBIM OOECeUeHHuEeM, KOMMYTaTOpPOM MJisi
BBIXO/Ia B OJICKTPOHHO-OMOJIMOTEYHYIO CHCTEMY U AIIEKTPOHHYI0 HH(POPMAIMOHHO-
obpasoBarenbHyto cpeay bBITIY, MyabTUMEIUHHBIME TPOEKTOPAMHU, HKCIIO3HIIMOHHBIMU
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SKpaHaMH, y4eOHO-HATSTHBIMU MTOCOOMSIMU (TaOJHIIBI, MYJIbTUMEIUHHbIE TTpe3eHTaum). Jis
MIPOBEJICHUS JIA0OPATOPHBIX 3aHATHI TAK)Ke UCTIOIB3YETCSI:
Ayn. 335 «A» Y4ueOHas 1abopaTopusi reouHGOPMANUOHHBIX TEXHOJIOTHIH

KowmrmiekT yuebHoi Mebenu,

KOMITIBIOTCPHBIC CTOJIbI,

ayJUTOpHAas J0CKa,

KOMIIBIOTCPBI ¢ YCTAHOBJICHHBIM JIMICH3UOHHBIM ITPOrpaMMHBIM O6GCH€‘~ICHI/ICM, 3KCIIO-
3UIMOHHBIN DKPaH,

Kommiekt «Tonkuii knuent TC-S-C3/266/128»,

CKaHep,

MoV,

HIPUHTED,

npuemnuk «GPS EtrexLegend,

HaBUTAMOHHBIA TpreMHUK « GPSMAP 60Monoy.

Hcnonb3yemoe mporpammuoe obecnedenue: Microsoft® WINEDUperDVC  AllLng
Upgrade/SoftwareAssurancePack Academic OLV 1License LevelE Platform 1Year;
Microsoft®OfficeProPlusEducation AllLng License/SoftwareAssurancePack Academic
OLV lLicense LevelE Platform 1Year; Dr.Web Security Suite; Java Runtime
Environment; Calculate Linux

Ayza. 445 «A». JlabGopaTopus pusnveckoi XuMHu

Cron naboparopusriii 2-mect. (10 mT.)

Cryn (20 mr.)

Cron npenogasarens (1 mT.)

Cryn npenogaBarens (1 mT.)

[Trorutp (1 wT.)

AynurtopHas aocka (1 mr.)

KomnpioTep ¢ yCTaHOBIEHHBIM JIMLIEH3MOHHBIM CHEIMATU3UPOBAHHBIM IPOrPaMMHBIM
obecrnieueHueM (3 mit.)

8 - mopToBbIit komMmyTaTop D-Link miis BeIX0a B 3€KTPOHHO-OUOINOTEYHYIO CHCTEMY U
3IIEKTPOHHYIO0 HHPOPMALIMOHHO-00pa3oBarenbHyto cpeny BITIY (1 mit.)
Mynsrumeaniinsiii npoektop SHARP -10 X(1 mit.)

[TpunTep nazepusiit «CANON» (2 mT.)

DKCMO3UIMOHHBIN KpaH (HaBecHOi) (1 mT.)

SAMP-cnexkTpomeTp Hu3koro paspemeHus «Crous Tpak» (1 mr.)
AxBamguctumarop [3-10 (1 mr.)

Becbt GF-300 (1 m.)

Becst Topcuonnbie BT-100 (1 mT.)

Buckozumerp (4 mT.)

HNonomep (3 miT.)

Konaykromerp annon-4120 (3 mr.)

K®K-2 (1 mr.)

Jlrokemep (1 mt.)

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

Monyns «Tepmudeckuil ananu3» (3 wrT.)

Monayns «Tepmoctar» (3 mT.)

Monynb «YHUBEpcaIbHbIA KOHTPOILIEPY (3 1IT.)

Monynb «9nekTpoxumus» (3 mT.)

Monynb yHuBepcaabHbIi (6 1IT.)

Ha6op cut KII-131(1 mt.)

[TomstpumeTp (1 mT.)
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e [lorenmmomerp (1 wmT.)
e [lenTpudyra naboparopuas OITH-8 (c poropom) (1 miT.)
e [lltaTuB 115 JIEKTPOIOB (2 IMIT.)
e Dkcukarop ¢ kpaHoM (1 miT.)
e  Monaynb «O06menadoparopusbiii» (1 mrT.)

Cnexrpodoromerp (1 mT.)

Crnexrpoporomerp KOK-3KM (1 mit.)

Kommiekt apuomerpos (1 mit.)

Metponowm (1 wmrT.)

MocT peoXopaHbIi ¢ COCYA0M

Tepmoctar TC-1/80 CITY (1 mr.)
Y4eOHO-HAaTISAHBIE TTOCOOMS - CIalbl, TaOIUIbI, MYJIbTUMEAUWHBIC TPE3CHTAIMH IO
mucruminiae «Kpucrammoxumus

CamocrosTenbHas padoTa CTYICHTOB OPraHM3YeTCsl B ayTUTOPHSX, OCHAICHHBIX KOM-
IBIOTEPHONW TEXHHKOW C BBIXOJOM B 3JIEKTPOHHYIO MH()OPMAIOHHO-00pa30BaTEIBHYIO CPELy
By3a, B CICIHATU3UPOBAHHBIX Ja00OpaTOPUSX 1O JUCIUILIMHE, & TaKKe B 3ajax JOCTyIa B JIO-
KaJbHYIO ceTb BITIY.
JIuieH3UOHHOE MTPOrPaMMHOE 00eCIICUeHHE: OTIePAIlMOHHBIC CUCTEMbI CeMEICTBa

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

Pa3paborunk: Ponnonosa H.A., kanIuaaT XuMU4eCKHX HayK, TOLEHT Kadeapbl XUMHUH,

Poxnecteuna B.U., kanauaar Gpu3nko-MareMaTHdecKuX HAayK, TOIECHT Kadeapbl XUMHUH,
PYKOBOJIUTENIb AHATUTUUECKOTO LIEHTpAa MUHEpaioro-reoxumuyeckux ucciegopanuiit ®I'bYH
WMHCTUTYT T€00TMU U IPUPOAOIIOIb30BaHMs J{aIbHEBOCTOYHOIO OTACIIeHHs Poceniickon aka-
nemun Hayk (MTUIT IBO PAH)

36



11 JUCT UBMEHEHUI Y TONNOJJHEHUM

YTBep:xkaenne usmenenuii u nonojHenuit B PILJI s peanuzanmuu B 2026/2027 yu. r.
PIIJI nepecmoTtpena, oocyxieHa u ogoOpeHa mis peanusanuu B 2026/2027 yu4. r. Ha 3a-
cenanuu kadeapsl xumun (mporoko Ne 8 ot 28 mas 2026 r.).
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