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MOACHUTEJIbHAA 3ATTMCKA

XUMnUs TBepAoro tena - 06/1acTb XMMUYECKOW HayKu, MpesMeToM KOTOpOW
ABNAETCA M3y4YyeHMe BAUAHMUA (Pa30BOro coCTaBa BELWECTB B TBEPAOM arperatHoM
COCTOSHUMN N UX CTPYKTYpPbI (B TOM ymncne aetheKTHOW) Ha UX (M3MYECKMe CBOINCTBA U
PeaKLNOHHY CNOCOGHOCTL A1 060CHOBAHUSA MPOLECCOB CMHTE3a TBepAo(asHbIX
BELLECTB 1 MaTepunasnos C 3afaHHbIMW COCTaBOM, CTPYKTYPOU U (DU3UKO-XUMUYECKUMN
CBOMCTBaMMW.

3Ta 061acTb HayKW HOCUT MEXAMUCLUUNIMHAPHBIA XapaKTep M TECHO CBfA3aHa C
(hm3nyeckoi XUMUen, KPUCTaNoOXMMUEN, (hn3nKOIA TBEPAOro Tena,
maTepuanoBefeHnem n ap.

XUMUs TBEPAOro Tena —OfHA M3 OCHOBHbLIX AUCUMUNANH XMMUYECKOrO LMKNa,
M3yyeHne KOTOPOM Mpu3BaHO o06ecneynTb MOArOTOBKY CNeymanncToB-XMMUKOB,
CNOCOOHbIX HA OCHOBE W3YyYeHWSi KUHETUKM U MexaHM3ma peakuuii ¢ yyacTuem
BELeCTB B TBEPAOMA3HOM COCTOSIHUW, a TakXe B3aMMOCBA3M MeXAY (hU3NYecKUmu
CBOWCTBaMM TBEPAbIX Tes, UX CTPYKTYPO U peakLMOHHOW CNOCOBHOCTLIO YNpaBiaTh
CKOPOCTbIO MPOTEKaHUS (PU3NKO-XMMUYECKUX MPOLECCOB M pa3pabartbiBaTb MeTOAbI
nonyvyeHus  TBepAoMasHbIX  BewecTtB M MaTepuanoB €  YAY4YlleHHbIMU
(YHKUNOHaNbHbIMW CBOMCTBAMW, OCBaMBaTb N COBEPLUEHCTBOBATb TEXHOMOIMYECKHME
npoueccbl He MPOM3BOACTBAX, CBfA3aHHbLIX C NpPeBpaLLeHUAMU  XUMUYECKMX
COeIUHEHNIA.

Llenn 1 3agaym yye6HOM ANCUUNINHBI

Llenb y4ebHOM AUCUUNAUHBLI - Ha OCHOBE O3HaKOM/IEHUS CTYAEHTOB C
npefacTaBneHMAMN 006 3/1EeKTPOHHON, (OHOHHOW W AeeKTHOW noacucTemMax B
TBepAoasHbiX  BewectBax (MOHO- UM MONMKPUCTaN/IMYECKUX,  aMOPgHbIX,
CTEKN006pa3HbIX) N BAUAHUMN 3TUX MOACUCTEM Ha PU3NYECKMe CBOMCTBA TBEPAbIX TeN,
aTakXKe M3y4yeHns CTyeHTaMn MexaHn3ma U KUHETUKWN peakuuid C y4acTueM TBepAblX
TeN WU NyTel MONyyvyeHUs TBEPAOTENbHbIX MaTepuasoB C 3afaHHbIMU CTPYKTYPHOIA
opraHusaument M cBOMCTBaMMU MOArOTOBUTL CMELNANINCTOB, CMOCOOHbLIX MCCNef0BaThb
M KOHTPONMPOBaTb COCTaB, peanbHYK CTPYKTYpPY W PeakuWUOHHYK CMOoCO6HOCTb
BeLecTB B TBEPAOPA3HOM COCTOSHUKM, pa3pabaTbiBaTb HOBble MaTepuasbl U METO/bI
NX NONy4YeHUs

3agaum y4yebHoOW AMCUUNNINHBI:

1 YCcBOeHMe CTyfeHTaMyn BAUAHUS (PA30BOro cocTaBa M CTPYKTYpPbl BELLECTB B
TBEPAOM arperatHOM COCTOSIHUM Ha WX (DU3MYECKMe CBOWNCTBA, MOHMMaHue
OCOGEHHOCTE  MPOTEKaHMA XUMMWYECKUX peakuui, anddysmm un  (Has3oBbiX
npeBpalleHnin B TBEpAbIX Tenax, MNPOLEeccoB 3apofbllleobpa3oBaHMs UM pocTa
KpWUCTannioB, OYNCTKU N NErmMpoBaHns MaTepuanos.

2. ®opmupoBaHmne y Oyaywmnx cneumannuctoB yYMeHWI COBepLUEHCTBOBaTbL U
paspabartbiBaTb METOAbl CWMHTE3a BeLWeCcTB C 33JaHHbIMW ()a30BbIM COCTaBOM,
CTPYKTYpOIi 1 CBOWCTBaAMMN.

MecTo y4ebHOW ANCUMNANHBLI B CUCTEME MOATOTOBKN CreLnanuncTa ¢ BbiCLUNM
obpa3zoBaHNEM.



YyebHaa aucumninHa OTHOCUTCA K MOAYMO «XUMWUS KOHAEHCMPOBAHHOIO
COCTOSHMA» KOMIMOHEHTa YUYpeXxAeHns BbiCLLero obpasoBaHus 414 cneyunanbHoCcTn 1-
31 05 03, rocygapCTBEHHOro KOMMoHeHTa 4nda cneynansHoctn 1-31 05 04.

CBA3n C ApYruMy y4ebHbIMU gUCLUNINHAMW, BKIOYas y4yebHble AUCLMUM/INHDI
KOMIMOHEHTA YUpeXXaeHna BbicLero obpasoBaHuns, AUCLUNIUHBI cneyuanusayum n ap.
dusmka, Pusnyeckaa xumuda, Kpuctannoxmmuma, KsaHToBag xumusa, OCHOBBI
XUMWYECKOro CMHTe3a TBepAablX a3, dun3myeckmne MeToAbl UCCNefoBaHNS.

TpeboBaHNA K KOMMNETEHLUAM

OcBOEHMe YYeOHOM AUCUMNINHBI «XUMUSA TBEPAOTO Tena» A0/MKHO 06ecneymnTb
(hopmumpoBaHue CnefyoWmnx KOMMNeTeHUMIA:

Ba3oBble npogyeccuoHanbHble KOMNeTEeHLMN:

OpUeHTMPOBATLCA B CUCTEME COBPEMEHHbIX 3HAHWUA O CTPOEHUN KPUCTa/IoB U
4aCTUYHO  YMOPALOYEHHbIX  KOHAEHCUPOBAHHbIX (a3, MeToZax MOJyYeHUs
TBEPAOTE/IbHbIX MaTepuanoB C 3afaHHOW CTPYKTYpPHOW opraHusaunen (MOHO- ©
MONIMKPUCTAN/INYECKNE, HAHOKPUCTA/INYecKne, amopgHble U CTeKroobpasHble
TBepAble Tena, MOPOLWKMW, MNNEHKW), MeXaHU3Me U KUHETUKE peakuuin c yyactvem
TBEpPAbIX TeN, 0COOGEHHOCTAX XMMUYECKOT0, (pa30BOro cocTaBa M CTPYKTYPbl TBEPAbIX
Ten, 06yCnoBANBaKOLWMX UX CBOMCTBA U NPaKTUYECKOe NMPUMEHEHNE.

CneymanusmpoBaHHble KOMMNETEHLUNN:

OpueHTMpoBaTbCA B COBPEMEHHOW  TeOpUM  XMMWUYECKOro  CTPOEHUS,
BK/IOYatOLLLEN KBAHTOBbIE COCTOAHUS MOJIEKY/T, CUMMETPUIO MOJIEKYNSAPHBIX CUCTEM,
NX 3NeKTPUYECKMe, MarHUTHbIE N ONTUYECKNE CBOMCTBA, B CTPOEHUU N CTPYKTYPHOIA
opraHu3aLuyM KOHLEHCUPOBaHHbIX (a3 (KMAKOCTEeW, aMOpgHbIX BeliecTs, Me3odas,
KpUcTansios).

B pesynbTaTe 0CBOEHUS YY4EOHOW AUCUUNINHBI CTYAEHT LO/DKEH:

3HaThb:

- OCHOBbI 30HHOW TEOPUUN TBEPALIX Te;

- CTPYKTYpHble AedeKTbl B KpUCTannax, Ux BAuMsHMe Ha PuU3nyeckme CBONCTBA
N peakuMOHHY CNOCOBHOCTb TBEPAbIX Ten;

- MEXaHM3M M KMHETUKY peakuuin c yyactuem TBEPAbIX Te;

- 0COBGEHHOCTN XMMWYeCKoro, (ha3oBOro cocTaBa W CTPYKTYpbl TBepAbIX Ten,
o6ycnoBnMBaroLMe UX CBOMCTBA N NPAKTUYECKOE NPUMEHEHNE;

- CNocoObbl BBeAEHUS NPUMeCeil B TBEPAOTENIbHbIE MaTepuasbl U UX OUNUCTKN;

YMETb:

- UCNOJIb30BaTb 3HAHUA O COCTaBe, CTPYKTYpe M peakUMOHHOW CMOCOOGHOCTY
TBEPAbIX TeN ANa CMHTe3a MaTepuanoB C 3aflaHHbIMU CBOMCTBaMU;

- NPOrHO3upoBaTb (U3MYECKMEe CBOINCTBA M pPeakUMOHHYK CMOCO6HOCTb
TBEPAbIX TEN Ha OCHOBE 3HaHUA UX XMMMWYECKOro, pa3oBoro coctaBa U CTPYKTYpbl;

BNnajeTb:

- peakUMOHHOW CnoCcOOHOCTLIO TBEPALIX TeN;

- HaBbIKOM MOSyYeHUs1 TBEPAOTE/NbHbIX MaTepuanos C 3afaHHON CTPYKTYPHOM
opraHusaumert (MOHO- U NOIMKPUCTANIIMYECKUE, HAHOKPUCTaNInYecKne, aMopgHbIe 1
CTeKNo0b6pa3Hble TBepPAble Tena, NOPOLLKMU, MIEHKMN).



CTpyKTypa y4yebHOl AUCLMNNNHbI

AvcuymnnnHa mnsyyaetca B 7 cemecTpe. B cooTBeTCTBUM C y4eBHbIM MaHOM
BCEro Ha M3y4yeHue y4yeOGHON AUCUMNIUHBI «XUMUA TBEPAOro Tena» OTBEAEHO ANS
OYHOM (hOpMbl NOSyYeHUs BbiCLIero obpasoBaHms - 108 vyacos, B TOM uyucie 68
ay[WUTOPHbIX 4acoB, fekuuMu - 28 yacos, flabopaTopHble 3aHATMA - 24 Yaca,
CeMUHapCcKue 3aHATUA - 16 yacoB. M3 HKX:

Jlekumm - 28 yacos, ceMuHapckue 3aHATUA - 10 yacos, nabopaTtopHble 3aHATUA
24 vaca, ynpasnseMas camocTtosTeNibHaa paborta (YCP) - 6 yacos.

TpyLoeMKoCTb Yy4eBHOM ANCLUMINHBI COCTaBNAeT 3 3a4eTHble eAUHNULLbI.

dopma NPoOMEXYTOUYHOWN aTTecTalnn- IK3aMeH.



COAEPXAHWVE YUHEBHOIO MATEPVNANA
Pa3sgen 1. Teopusa TBepAoro tena

Tema 1.1. MNpegmeT M 3agauyn AUCLUNANHBI «XUMWA TBEPLOro Tena.

Xnmums TBEPAOIro TeNna Kak HaykKa, npeaMeT n3ydyeHud, mMeToabl NCCliegoBaHUA.
OC06EHHOCTMN 3HEPreTUYECKOro CTPOEHUS, CTPYKTYPbI, PUNKO-XUMNYECKNX CBONCTB
M peakUNOHHON CNOCOBHOCTN TBEpPAbIX BewecTB. Cneympurka MexaHnsma n KWHETUKK
peakumnin ¢ yyactmem TBepAbIX Terl.

Tema 1.2. 3HepreTunyeckoe CTpPOEHME KPUCTANNOB. JNIeKTPOHHAA
nogcucTema.

O60CHOBaHME Ha/MuMsA 3IHEPreTUYECKNX 30H B KpucTasnax ¢ UCnosb3oBaHUEM
MofJenein KBasMCBOOGOAHbLIX WM CWUNbHO CBSA3AHHbIX 3N1eKTPOHOB. BonHa fge bpoiing,
BOJIHOBOW BEKTOpP, KBafpaTWUyHbIA 3aKOH gucnepcun. [MpeacTtaBneHus 06 naeansHoO
nepnoanyveckoMm Kpuctanne, obpaTHOM pelleTKe, YCNOBUW LUKIMYHOCTM BopHa-
KapmaHa, 30Hax bpunntosHa. Oudpakymsa peHTreHOBCKOro M3ny4yeHUs v 3N1eKTPOHOB
Ha KPUCTa/NIMYEeCKON pelleTke. YpaBHeHue LUpeauHrepa Ans  Kpuctania.
Afvnabatnyeckoe npuobIMKeHWe, BaJleHTHas annpokcumauma. 30HHOe CTPOeHue
METaNN0B, [AU3INEKTPUKOB, MOMYMNPOBOAHUKOB. 3anofiHeHWe 30H 3/1eKTPOHaMMU.
YpoBeHb depmu.

Tema 1.3. Bo3by>KeHHble cOCTOSAHUA. POHOHHAA noacucTema

CTaTuCTMKa 3/1eKTPOHOB W [AbIPOK B Kpuctannax nmnonynpoBojHUKOB U
AN3M1EKTPUKOB B PABHOBECHOM COCTOSIHUMW. QKCUTOHbI. KonebaHus KpucTaninyeckom
PELLUeTKN; aKyCTUYEeCKNe n onTnuyeckme poHoHbl. ONTMYECKoe BO3BYXAeHWe TBEPAbIX
TeN W TUNbl MNOMNOWeHNa cBeTa: (QyHAaMeHTanbHOEe, 3KCUTOHHOE, (OHOHHOE,
CBOOOAHLIMWU HOCUTENSAMMW 3apAL0B, MPMMECHOE; CMeKTPbl MOrNOWeHNA. SNeKTPOH-
(hOHOHHbIE B3aMMOLENCTBUS.

Tema 1.4. [lepeKTHasa CTPYKTYypa TBepAblX Ten

Knaccudukaumsa CTPYKTYpHbIX [Le(eKTOB: paBHOBECHble M Guorpaduyeckue
Ae(eKTbl; HOMb-MEPHbIe, O4HO-, ABYX- U TPEXMEPHbIe AedeKTbl. ToYeUHble fe(eKTbl
N UX KOMMNEKCbl (BakaHCUW, MeXA0Y3e/bHble aTOMbl, MPUMECHbIe aTOMbl, Ae(eKThbl
LLIoTTKM 1  DpeHKens, UEHTPbl OKPaCKM B WOHHbIX KpucTannax). [puHumn
COXpaHeHUs  3NeKTPOHelnTpanbHoCTU. TlyTM NOSABMEHUSA TOYeYHbIX [AedeKTOoB.
Pa3ynopsafoYeHHOCTb B MOHHbIX KpUCTannax; LOHOPHbIe U aKLenTopHblE MPUMECH B
NMonynpoBOAHUKAX; [LeeKTbl B KpuUCTan/iax MonynpoBOAHUKOBLIX COeAVHEHWUN,
HeCTEXMOMETPUYECKUX COeAUHEHMI. TBepAble pacTBOPbl, WX TWUMbl, rPaHULbI
pacTtsopmmocTu. OnucaHve BO3HUKHOBEHUS Ae(heKTOB C MOMOLLbIO KBa3UXMMUYECKNX
ypaBHeHWA. TpUHUMNBI TEPMOAUHAMUYECKOrO NOAXO04a K ONMUCaHUK0 PaBHOBECHbIX
[e(eKTOB.

Auvcnokaunun, WX TWMbl, BO3HWKHOBEHMWE, MNEpPeMELLeHMe U B3auMOLENCTBUe
aucnokaumin. VX BAWAHWE Ha MeXaHUYeckume U 3NeKTPoU3MYEecKne CBOMCTBA
KpUcTannmyecknx Teepablx Ten. NMoBepXHOCTHbIE N 00beMHbIe AedeKTbl, UX BAUAHUE
Ha 3HepreTnYeckoe CTPOEHME N (IM3NYECKNe CBOMCTBA TBEPAbLIX TeS.



Pasgen 2. ®u3nyeckmne cBoiCTBa TBEPAOTENbHbLIX MaTepnasioB B 3aBUCUMOCTU
OT MX (pa30BOro coctaBa N HaIMYUA CTPYKTYPHbIX Ae(heKTOB

Tema 2.1. CTpPYKTYPHO-YYBCTBUTE/IbHbIE MeEXaHW4YecKne CBONCTBA
TBeEPAbIX Ten

CTPYKTYPHO-YYBCTBUTE/IbHbIE N CTPYKTYPHO-HEYYBCTBUTE/IbHbLIE (PU3NYECKME
cBoiicTBa TBepAblX Ten. CBA3b MeXAy CTPOEHWEM, 3Heprueid Kpuctaninyeckomn
peLleTKy, TeMnepaTypoin nnaBfieHUs, MUKPOTBEPLAOCTbIO, MPOYHOCTLIO Ha PaspbiB U
NNacTUYHOCTLIO TBEPAbIX Te/l. BHYTPeHHNE HanpsXXeHNsa B Kpuctannax v NpuUnHbl Nx
nosiBNeHUs. BnvsHWe CTPYKTYPHbIX Ae(heKTOB Ha MeXaHW4eCKue CBOMCTBA TBepblX
Ten. MyTn ynpaBneHns TBEPAOCTbIO M NNACTUYHOCTLIO (Ha NPYMepe MeTasos).

Tema 2.2. AneKTpodhunsnyeckne cBOMCTBA TBePAbIX Te/

AnekTpou3nyeckne CBOWCTBA TBEPAbIX TeN: 3N1eKTPOHHasA, 3/1eKTPOHHO-
AblpOYHAA U MOHHAfA  MPOBOAUMOCTb,  (POTOMPOBOAMMOCTL.  3aBMCUMOCTH
3/1EKTPOMPOBOAHOCTM OT Yucna U NOABUXXHOCTM HOCUTeNeln 3apaga. TemnepatypHas
3aBMCMMOCTb 3/1€KTPONPOBOAHOCTN B MeTasnax, NoNynpoBOAHUKAX U AU3INEKTPUKaX.
BnvsaHve CTPYKTYPHbIX Ae(eKTOB Ha BENMUYMHY 3/1EKTPOMNPOBOAHOCTU B MeTannax u
noslynpoBOAHUKAX.

Tema 2.3. MarHMTHble CBOMCTBA TBePAbIX Ten

MpeactaBneHns 06  3MEKTPOHHOW  TeOopuM  MarHeTM3ama  BELWECTB B
TBEPAO(PA3HOM COCTOAHWW: CMUHOBLIA W OpPOGUTANbHbLIA MarHUTHblE MOMEHTHI,
HaMarHWYeHHOCTb, MAarHMWTHad MPOHMLAEMOCTb M MarHuTHas BOCMPUUMYUBOCTD.
OC06eHHOCTM CTPYKTYpbl TBEPAbIX Ten, Onpeaensitoline Mx MarHMTHble CBOWCTBA:
AnamarHeTusm, napamarHeTusm, eppo-, Peppu-, U aHTUeppoMarHeTnsmM. JJoMeHHas
CTPYKTYypa (eppoMarHUTHbIX MaTepuanos. 3aBUCMMOCTb HaMarHWYeHHOCTU OT
Hanps>KeHHOCTW BHELLUHEro MarHMTHOro nonsd. KospumtueHasa cuna, MarHMTo-markue
N MarHUTOTBEpPAble MaTepuasnbl, UX NpumeHeHne. Temnepartypa Kiopwu.

Tema 2.4. CerHeTO- N Nbe303N1eKTPUYECKNE CBOMCTBA TBepabliX Ten

[MOHATME O CErHeTO3/IEKTPUYECTBE, Mbe303/IEKTPUYECTBE; OCOOEHHOCTY COCTaBa
N CTPOEHWS KPWUCTaNNIOB CEerHeTo- W Mbe303NeKTPUKOB. Pa3oBble nNepexoibl B
CerHeToanekTpukax (Ha npumepe TWUTaHata Oapus). 3aBMCUMOCTb BEMYMHBI
AWMNO/IBHOTO MOMEHTa OT HamnpsXKeHHOCTW BHELIHEro 3/IEKTPUYECKOro mnons.
[JOMeHHas CTPyKTypa CerHetosnieKTpuUKOB. [1be3031eKTpuKn. [lpeacTaBneHma o

NUPO3NeKTPUKax. O6nacTu MPaKTMYeCKOro  NPUMEHEHWS  CEerHeTo- U
Mbe303/1eKTPMKOB.

Tema 2.5. Andpdpysma B TBepAbIX Tenax

MexaHu3mbl AUPhyY3Mn B MOHO W MOAMKPUCTANIMYECKUX TBEPAbIX Tenax.
3aBUCMMOCTb KoapgunumeHTa Auddysmm 0T cocTaBoB AuUdys3aHTa U TBEPAOro
BellecTBa, MNapaMeTpOB KPUCTa/l/IMYECKOW peweTKn, TemnepaTypbl, Ae(eKTHOMN
CTPYKTYpbl TBEPAOro Tena. 3akoHbl ®PuKa. IHeprus aktmsaumm angoysun.
Camoangysns n ee ponb B npoueccax MnaacTUYecKon fedopmauyunm, criekaHus,
XUMUYECKMX peakuuin c yyactmeM TBepAabix Ten. AnddysmoHHOe nernpoBaHue.
PacnpefeneHve npumecer B TBEPAbIX Tenax B 3aBUCUMOCTU OT pasHbIX (hakTOpoB
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(KoathpuumeHT anddysnum, AAATENbHOCTb Mpouecca, WCTOYHUK  Auddys3aHTa
OrpaHUYeHHOW N HEeOrpaHNYEeHHON MOLLLHOCTW, Hann4vmMe 3NEeKTPUYECKOro nons).

Tema 2.6. da3oBble Nepexofbl B TBEPAbIX Tenax

Tunbl (ha30BbIX MNEPEXO0B: PEKOHCTPYKTUBHbIE U AeOopMaLMOHHbIE, MEPBOrO
M BTOpPOro poga. TepmoAMHaMMKa (Pa30oBbiX MepexofoB B TBepAblX Tenax. Tumbl
NONUMOPMHbLIX NpeBpalieHnii B TBEpPAbIX Tenax; MapTEHCUTHblE MpeBpaLLeHns;
pacnag TBepAblX pacTBopoB. [poueccbl 06pa3oBaHMsa 3apoablwiein n agndgysmm npu
npoTeKaHUM (a3oBbIX nepexofoB. CriekaHWe 4acTuy, TeepAblX Ten. CTPYKTYpHble
M3MEHeHNs npu nnaBneHun. TlpeAacTaBneHMs O COCTaBe U CTPOEHUM KULKUX
KPUCTaN/IoB: (pa3oBble Mepexodbl XWUAKUX KPWUCTaNNoB B TBepAoe WM >XWULKOe
cocTosiHne. CTekn006pa3HOe COCTOAHWE TBEPAOro Tena: BAUAHME  PasINYHbIX
(hakTOpOB Ha CTek/ioo6pa3oBaHMe, OCOOGEHHOCTU CTPYKTYpbl, KUHETU4YecKas
3aTOPMOXXEHHOCTb KpUcTanimsauuu.,

Pasgen 3. MexaHU3M M KMHETUKaA TBepAodasHbIX peaKLnii

Tema 3.1. OCO6EHHOCT U XMMUYECKNX peaKL il CydyacTmMeM TBepAblX Ten

MOHATNE «TOMOXUMMWYECKAsA peakumsa». Tunbl TOMOXUMUUYECKUX PeaKLWii.
OCOGEHHOCTM KUHETUKM M MeXaHU3Ma XMMUYECKUX peakuuii ¢ yyacTuem TBepAbIX
Ten. Slumutupytowme ctaamm (Anddysus, 3apobllleobpasoBaHne, 3MeKTPOHHbIA U
WOHHbIV TpaHcnopT). lMpeacTaBneHns 0 HOPManbHO-KMHETUYECKUX YPaBHEHUAX U
NpUHLMNAX UX Noadopa Ans OnMcaHus KWHETUKM TOMOXMMUYECKUX peakLinii.

Tema 3.2. AKTUBHOe COCTOAHME TBepAblX Ten

MoHATME 06 aKTUBHOM COCTOSIHUM TBepAblX Ten. TepMmogMHaMUYecKue
XapaKTEPUCTUKN aKTUBHOTO COCTOSHUSA. MeTo/fbl 3KCMEPUMEHTANLHOIO OnpeaeneHns
aKTUBHOCTW. VICTOUYHMKM MepechblllleHnss no PoruHckomy. BnusHue pasmepa
KPUCTAN/IUTOB Ha XMMMWYECKYHD aKTUBHOCTb TBEPAO(a3HOro BellecTBa. YpaBHeHME
Fne6ca-TomMcoHa.  [puMepbl  aKTMBMPOBaHMS  TBepAblXx  Ten  (Mpouecchl
BbllLle1a4yMBaHUsA, TBepA0(a3HOro CUHTE3a KepaMukim).

Tema 3.3. Xwumuuyeckume npespalleHUss TBepAaodasHbiX peareHTOB,
BO36Y>K/aeMble TepMUUYECKMM NyTeM

Peakuuy Tuna «TBepoe + TBEPAOE»: KWHETMKA W MeXaHW3M, BNUsHMWE
ANCMEPCHOCTU WU NpuMeceld; ypaBHeHWe HAHaepa. KMHETUKA M MexaHW3M peakuuii
OKMCNEHUS METanoB U CXOAHbIX peakuuidi ¢ yyacTueM ra3006pasHbiX peareHTOB.
PeakLMM TEPMUYECKOTO Pa3NoXeHMs TBEPAbIX TE/; BO3MOXHOCTM cTabunusaumm u
aKTVMBaUUM TBEPAbIX TeN 3a CUeT ynpaBfeHUs UX CTPYKTYpoil. Y paBHeHue Epodeesa
- KonmoropoBsa. Mpumepbl NCMOMb30BaHNS PeakL il «TBepaoe + TBEPA0e» U «TBEP0E
+ ras» B NPOMbILLNEHHOCTMU.

Tema 3.4. XuMuyeckume nipespalleHUss TBephoasHbIX peareHTOB,
BO30Yy>KaeMble HETEM/IOBbIMU METO0LaMK

XVMUYecKoe LeliCTBUE CBETA M MOHU3UPYIOLLErO U3NYYEHUSA Ha TBepAble Tena.
doTOKaTaNIUTUYECKME peakKuum (Ha npumepe Auokcnaa TuTaHa). OCOBEHHOCTM
(botonmsa coneil cepebpa. [pefctaBneHUs 0O MeXaHOXUMUYECKUX peakuumsax:
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(hm3nyeckne SBMIEHUSA NPU MeXaHUYeCKNX BO3[ENCTBUAX, 06pa3oBaHNe CTPYKTYPHbIX
Ae(heKTOB; 0COOEHHOCTU XUMUYECKUX NpPeBpaLLeHUN.

Pasgen 4. O6LLan xapaKTepucTukKa MaTepuanoB pasfMuHbIX TUMOB

Tema 4.1. MeTannnyeckme maTepuanbl

OCO06EHHOCTU XMMWYECKOW CBSI3WN, KPUCTa/IIMYECKON CTPYKTYpbl MeTasinos,
Ae(heKTHON CTPYKTYpbl KPUCTaNIOB W WX BAUAHWE 3TUX OCOBEHHOCTEA Ha
Temnepatypy nnaBneHus, BEINYUNHY 3/1eKTPONpPOBOAHOCTH, TBEPAOCTD,
NNacTUYHOCTb, W3HOCOYCTOMUYMBOCTL METaN/IOB, HaIMUME B HUX BHYTPEHHUX
Hanps>keHnin. CnnaBbl pasHbIX TUMOB: TBepAble PacTBOPbl, WHTEPMETa//IMYecKune
COEINHEHWUSA, TeTeporeHHble CnnaBbl, CBEPXCTPYKTYpPbl. [uarpamMmbl COCTOSHUA
OMHapHbIX  CUCTeM, B  KOTOPbIX 06pasyloTcs  TBepAble  pacTBopbl  WU/MK
NHTepMeTanmabl. PakTopbl, onpegenatole MexaHMUYeCcKMe CBOMCTBA METaN0B U
cnnaBoB. MeTogbl OUEHKM TBEPAOCTM, W3HOCOYCTOMYMBOCTW, NAACTUYHOCTH,
BHYTPEHHUX HaNpPSXXeHWin, npoyHocTU. BnmsHMe npoueccoB O0OTXKUra, 3akKaiku,
MeXaHWYeCKNnX BO3AENCTBUIA, NerMpoBaHUs Ha COCTaB, CTPYKTYpy W CBOWCTBa
METas/IoB 1 CMaBoB.

HaHokpucTtannnyeckme MeTainyeckme cuctembl. OCOOGEHHOCTM CBOWCTB
ynbTpagucrnepcHbIX 4acTuy, mMeTannos. lNpeAcTaBNeHUa O KaTtanms3aTopax Ha OCHOBE
HaHoyacTuL, MeTal/ioB B MaTpuue WM  Ha TMOBEPXHOCTU  MHEPTHLIX U
NoNyNnpPoOBOAHMUKOBBLIX HOCUTENEN.

Tema 4.2. [TonynpoBO4HNKOBbLIE MaTepuansl

OCO6GeHHOCTM  (DM3MYECKMX  CBOWCTB, KPUCTa//IMYECKON  CTPYKTYpbl MU
XUMUYECKOM CBSA3N B NONYMPOBOAHNKOBLIX MaTepuanax. BansHue pasHbiX (hakTopoB
Ha LWWPUHY 3anpeLieHHoN 30Hbl, MOABVMKHOCTb HOCUTENe, TUM W BeIMYUHY
nposoanumoctn. O6wme npeAcTaBfieHUA O TUnNax MonynpoBOAHUKOBbLIX MaTepuanos
Ha npuMepax KpPeMHUs, TrepmaHus, CceneHa, OMHapHbIX MOMYNPOBOLHUKOBbIX
coeanHeHnn AmBIV, ANBM, A'Bvn, nonynpoBOgHMKOBbLIX OKCUAOB, XafbKOreHWU0B,
ranoreHnoB, TPOMHbIX coeanHeHnin. CTeXMOMeTpUYECKne N HeCcTeXMoMeTpuyeckue
OMHapHble  MOMYMNPOBOAHUKOBbIE COELMHEHWUS, COOTBETCTBYHOLUIME [AMarpaMmbl
COCTOSHUA. BnvsHMe npumeceinl N OTKNOHEHUIA OT CTEXMOMETPUYECKOro cocTaBa Ha
BEIMYMHY W TUN npoBogMmMocTh. CTeknoo6pasHble MONYNPOBOAHUKNA, MEXAHW3M
NMPbKKOBOW NpoBoAuMOCTW. OpraHuyeckue MoNynpoBOAHUKOBbIE COEAUHEHUS;
MeXaHW3M 1 BeSIMYnHa NPOBOAUMOCTI; 06/1aCTU NPUMEHEHMUS.

Tema 4.3. CTpouTENbHblIE W OrHEynopHble MaTepuanbl, Kepamuka,
abpasunBbl

LleMeHTbl, 0COGEHHOCTM MX XMMW4YeCKOro, (ha3oBOro cocrtaBa M CTPYKTYphI,
npoueccobl rugpataunm u cxsatbiBaHUA. OTrHeynopHble MaTepuanbl, Kepamuka:
npucyLine MM 0CO6EHHOCTU XMMMUYECKOWN CBA3M, CTPYKTYpPbl U (PU3NYECKNX CBOWCTB,
npumeHeHne. AbpasnBHble Matepuanbl, 061acTb NMPUMEHEHNA, cocTas, TpeboBaHUSA B
CTPYKTYpE 1 CBOWCTBAM.

Tema 4.4. IOMUHOMOPbLI, XKUAKNE KpUCT anbl



ABneHne nOMUHecueHUnun, ee Buabl. OCOBEHHOCTM XMMMUYECKOrO COCTaBa,
XUMUYECKON CBA3NM U [e(heKTHON CTPYKTYpbl HEOopraHm4yeckmx JHOMUHOMOPOB.
CnekTpbl  NOrNOWeHNa N NHOMUHECUeHUUU. MexaHU3Mbl  IOMUHECLeHL NN
(BO36YXAEHME, CceHCUbunmsaumsi, pPeKoOMOWHALUMOHHbLIA  MexaHu3M). Y CnoBus
TYWEHUA NIIOMUHecUeHuMn. TlpuMeHeHue NHOMUHOGOPOB. Jlasepbl. XKupgkue
KpuCTa/ibl: CcOCTaB, CTPOEHMe, aHU30TPONMNA CBOCTB, NPaKTUYeCKoe NMPUMEHEHME.

Pa3gen 5. MeToabl cCMHTe3a HeopraHMYecKnMx matepuasnon
C 3aflaHHON CTPYKTYPOi

Tema 5.1. 3aKOHOMepHOCTM 3apofblilieobpaszoBaHns, (OPMUPOBAHUSA U
pocTa KpUcTas/ioB U3 pacTBOPOB, pacrn/iaBoB U NapoBoii (asbl

Mpobnembl U NYTU NONMYyYEHUS BELLECTB B 3aflaHHOM CTPYKTYPHOM COCTOSHUW
(MopowKK, NAeHKU, MOHOKPUCTaN/bl, CKeNleTHble CTPYKTYpPbl, C/IOUCTbIE U MOPUCTbIE
maTepuasbl, HaHOYaCTWULbl W HAHOBO/IOKHA) C WCNO/Mb30BaHMEM (PU3NYECKUX WU
XUMMYECKNX npoueccoB (cuctematnka OpMoHTa). pefctaBneHns O MexaHu3max,
TEPMOAMHAMUKe W KUHETUKe MpoLeccoB (HOPMUPOBaHUS 3apofbllleil M pocTa
KpuUCTannoB U3 pacTBOpPOB, pacniaBoB M NapoBoK (asbl.

Tema 5.2. BblpalinsaHve MOHOKPUCT anioB

TepmogmHamunyeckume 7 KWHEeTU4YecKme yCNnoBUS BblpaLlMBaHNs
MOHOKPMWCTaN/I0B M3 pacn/iaBoB, pacTBOPOB, pacn/jiaBoB-pacTBOPOB M MapoBOW (hasbl.
MprMeHeHVe NPUEMOB CO3[4aHWA MEePECbILEeHNA K nepeoxnaxaeHuns. lonyveHune
MOHOKpPUCTanIoB n3 pacniaBoB MeToZamm BpuaxmeHa-CTokbaprepa,
YoxpanbCckoro, BepHeins, rpagMeHTHOMW 30HHOW nnaBkW. Mcnonb3oBaHue (a3oBbix
Amarpamm COCTOSIHUA 415 yrpaB/ieHUs npoueccaMmy BblpalmBaHUs MOHOKPUCTANOB.
PacnpegeneHme npuMecein npu BblpalMBaHUM MOHOKPUCTaNN0B M3 pPacTBOPOB-
pacnnaeoB. [lonyyeHne MOHOKPUCTaN/OB M3 NapoBoi (asbl (ra3oTpaHCNOPTHbIe
peakuum, npoveccol TEPMUYECKOT0 pasnoXeHus, BOCCTAHOB/EH WA,
AMCMPONOPLUOHNPOBAHNSA, 06paTMMble peakunn OKUC/IEHUSA-BOCCTAHOB/IEHNA B
npoteccax 611M3KOro 1 ganbHero rnepeHoca). O6nacTn NpUMeHeHMA MOHOKPUCTas/OoB.

O6wwme npeacTaBneHns 06 OYMCTKe BeLeCTB C MCMO/b30BaHNEM (PU3NYECKNX
paBHOBECUIW, a TakXkKe XWMUYECKUX MpeBpalleHnin. TporHo3nposaHue cTeneHu
OYMCTKM C UCNOMIb30BaHWEM PaBHOBECUA TBEPAOE - pacnnas, TBepAoe - nap.

Tema 5.3. NonyyeHne NJeHOK, NOKPbITUIA U NOPOLLKOBbIX MaTepManos

MpuHLUMNBI  NONYYEHMA W TepMOAMHAMWYECKMEe YCNoBUA (HOPMUPOBAHMUSA
NONVKPUCTANIUYECKUX W 3NUTAKCUMaNbHbIX MAEHOK W MOPOLUKOBbLIX MaTepuanos.
BaxHeillme cBONCTBA MNEHOK - afre3vs u Koresud. NpefncTaBfieHNs 0 MPUMEHEHUN
MOKPbITUMA Y MOPOLLKOB.

BakyymHble METObI MNONYYEHNSA NMIEHOK: TEPMUYECKOE UCnapeHne, KatogHoe U
MOHHO-MNa3MeHHoe pacnbifieHne. [peacTaBneHns o (OPMUPOBAHUU MEHOK MNpW
XUMUYECKNX peakumnsax B rasoBoil (hase (peakumm pasnoXkeHus Ha nprvmMepe nNuponmsa
MeTas/IoopraHnYeckKunx COeAUHeHNIA n MOHOCUK/aHa, BOCCTaHOB/IEHUA,
amcnponopumoHnposaHus). MNMpencTaBneHns 0 NOAYYEHUN AUINEKTPUYECKUX NIEHOK
C MCNo/fib30BaHWEM peakumii AT + Brs = ABTB, a TakKxe MeToAOM ruaposvsa um3
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PacTBOPOB, PErynnMpoBaHne MUKPOCTPYKTYPbl NPOAYKTa C UCNONb30BAHWEM 30/1b-Te/b
TexHonoruu. MonyyeHne NNeHOK MeTas0B C UCMNOMb30BAaHWEM PeaKLUUii XMMUYECKOTO
0CaXK[IEHMS1 13 PaCTBOPOB, KOHTAKTHOIO BbITECHEHUS. [1yTW CENeKTUBHOIO OCaXAeHUs
NNeHOK MeTasiNoB B BUE PUCYHKOB.

Tema 5.4. JlernpoBaHue TBepAblX Ten

[MoHATME O npoueccax NernposaHnsa TBepaodasHbIX BellecTB B npoueccax ux
nofyyeHmMsa wanm  npu obpaboTke TrOTOBbIX MaTepuanoB. MUKPOCTPYKTypa
NernpoBaHHbIX BEWECTB W pacrnpegesieHne B HAX NPUMeceil. Y npasieHne CBOMNCTBAMM
maTepuanoB nyTeMm fiernpoBaHusa. O6LiMe MpefCTaBNeHUA O METOAAaxX JierMpoBaHus
(nnaBneHue, AMMpy3na, MOHHAA nmnnaHTauunsa). KoOHTponb Konu4vecTsa NpuMecu v ee
pacnpefeneHua no rnybuHe matepuana npyu AUQPAYy3sMOHHOM Y MIOHHOM NIerMpoBaHuUN.

Pasgen 6. PeHTreHoas3oBblil aHanms

Tema 6.1. ['eHepayna 1 NOrnoLLeHNe peH TreHOBCKOro U3iyvyeHuns

Victopus  pa3sButMa M Ha3Ha4YeHWe  peHTreHorpauyeckmx  MeTOLO0B
nccnefoBaHuns. M'eHepaumsa peHTreHoBckoro manydvenuns (PW). MpuHumMn ycTpolcTea
PEHTreHOBCKNX TPYBOK. TOPMO3HOe U XapakTepucTmyeckoe PU. 3akOH MOrioweHns
PU. KoagpduuneHt nornoweHns PU. 3aBUCMMOCTb KO3((ULMEHTA NOTMOWEHNsA OT
ANUHbI BOMHbI PN, MoHoxpomaTusauns P ((3-unbTpbl, MOHOXpoOMaTopbl). ogbop
N3NyYeHUA A1 PeHTreHorpauyeckoro uccnefgosaHusa. MpuHuymn reHepauyun PU B
LUMKNNYECKNX YCKOPUTENAX (CUHXPOTPOH).

Tema 6.2. Andpakunsa peHTreHOBCKUX Nydeil B KpUcTannax

dnemMeHTbl CTPYKTYpHOW KpucTannorpadgun. Kpuctannmyeckas peLueTka.
SnemeHTapHasa Adveiika. CUHITOHWUW. LIeHTpUpOBaHHbIE AYEKM M 3aKOHbI MoracaHui
AN HUX. Tunbl peweTok bpasa. MoracaHus npyv HaAUYMW 31eMEHTOB CUMMETPUN.
YpaBHeHne Bynba-bparra. CemeiicTBa KpucTaniorpapuyeckmx naocKocTen,
MEeXMN/NOCKOCTHble pPacCTofAHMA W WHAEKCbl Mwunnepa. [puHUUNBI  perucTpaymm
ANPPaKLMOHHOW  KapTUHbI  NOAUKPUCTANNNMYEeCKUX  BellecTB.  PopMupoBaHue
AN PaKLMOHHOW KapTUHbI B MeTode nopowka. CbeMKa «Ha NpoxoxaeHue» (MeTon
[ebasn-LLepepa). CbeMKa «Ha OTpaXkKeHue».

Tema 6.3. KaueCTBEHHbI PEHTTreHo(a30oBbI aHann3

YHUKanbHOCTb PEHTreHorpammel NOSIMKPUCTaNTINYECKOTO BelllecTBa.
MpuHUUNBbl NAEHTUQUKALUN NONNKPUCTANINYECKUX (a3. Kputepun npucyTcTBus u
oTcyTcTBMSE (a3 B o6pasue. basbl pAaHHbIX PDF. TexHonormsa noucka B
No/flyaBTOMaTUYECKOM pexume paboTbl ¢ 6a30i. MONHOCTbO aBTOMaTU3MPOBAaHHbIN
KayeCTBEHHbIA aHanuM3, 3Tanbl paboTbl nporpamMm. @PakTopbl, OCAOXHAKOLLNE
nposefeHMe KavyeCTBEHHOro aHannsa.

Tema 6.4. Konn4yecTBEHHbIN (ha30BbIii aHaNn3

MeToAMKN KONMYECTBEHHOrO (Ha3oBOro aHanmsa. Paktopbl, BAMAOLLME Ha
MHTEHCMBHOCTb  ANGPAKUMOHHbLIX  OTpaXeHuin.  KoadhpuumeHT  MNOrnowuleHuns
NHOVBUAYaNIbHbIX BEWECTB M MX cMeceld. MeTof COOTHOLUEHUS WMHTEHCUBHOCTEN.
MeToa BHYTpeHHero cTaHgapta. Metog Putsenbga. ConocTaBUTeNbHbIN aHau3
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MeTof0B. CuctemaTmyeckme OWNOKN KOTIMYECTBEHHOIO PEHTreHo(ha3oBOro aHanmsa.
TpeboBaHUA, NpeabaBAsemMble K 06pasLam.

Tema 6.5. NccnegoBaHme cy6cTPYKTYpPbl (MUKPOCTPYKTYPbI) BELLLECTB

[MoHATME CYOCTPYKTYpPbI U ee napaMeTpbl. Pasmep n MOpP(OIOrnsa KpucTanios.
Pa3opueHTMpoBKa 610KOB  MO3amyHOro Kpuctasina. O6nacTb  KOrepeHTHOro
pacceaHusi. [ledekTbl B Kpuctannax (ToYeuHble, JIMHENHble, MIaHapHbIe).
MuKpoHanps)xeHne B Kpuctannax (onpegeneHune). MukpoHanps»keHne M30TPOMHOe,
aHN30TponHoe. BnuAHMe [OWCNEPCHOCTM W MUKPOHAMPSHKEHWA Ha  yLMpeHue
pesieKCOB Ha peHTreHorpamMmmax. WHCTpyMeHTanbHOe YlIMpeHue pedieKcos.
OnpegeneHne QYHKLUN UHCTPYMEHTA/IbHOTO YLUMPEHUA 1 ee YYeT Nnpu onpegeneHum
(hn3myeckoro ywmnpeHus. OnpegeneHne MUKpOHaNpsXXeHU U3 aHannsa ru3nyeckoro
ylwinpeHuns pednekcos. OnpefeneHve pasmepa W ¢Gopmbl  Kpuctannos. MeTof
BunnnamcoHa-Xonna.

Tema 6.6. OnpegeneHne napaMeTpPOB 31EMEHTAPHON AYEKN

OnpegeneHne napaMeTpoB anemeHTapHoOW fA4elikn (M3HA) N0 MNOPOLLIKOBbLIM
AaHHbIM. 3aBUCMMOCTb MEXMIOCKOCTHbIX paccTosHnin oT M3A. [AByeamHas 3ajava
NHAMUnpoBaHnsa n onpepeneHns MOA. Cnyvam nssecTHbIX hkl (TBepable pacTBOpbI,
N30CTPYKTYPHble coeamHeHns). 3akoH Berapga. O6wmin cnyyai {hkl HeM3BecTHbI).
OnpegeneHne T3A  Kybuyeckux  KpuctannoB. [loHATME 0  nporpammax,
Mcnonb3yembix And onpegeneHns un ytodHeHns TM3A (UNITCELL, TREOR,
DICVOL, ITO). Kputepuun goctosepHocTn onpegeneHuns Na3A (ge-Bonbha, CmuTa-
CHaifepa). TOYHOCTb OnpefeNieHNss MeXMNIOCKOCTHbIX pacCTOAHUIA. Mpeyn3noHHoe

onpegeneHne TM3A. Kcnonb3oBaHMe 3KCTPanONAUMOHHBLIX  (YHKUMA. MeTopq
Putsenbaa.
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YUYEBEHO-METOANYECKAA KAPTA YYEBEHOW ANCUNMTNHbI

OuyHas (,U,HEBHaFI) cboplvla nosily4eHna BbICLLUETO o6pasoBaH|/m C npyuMmeHeHnem ANCTaHUMOHHbIX 06pa3OBaT6ﬂbeIX TEXHOM0r i

(A0T)

_ KO/IMYeCTBO ayAUTOPHbIX 4acoB @
g (b} 5] L %
& 3 3 2 °
gz s g% 2%z &¢ -
S = Ha3ssaHvie pasgena, Tembl = 3 E S E S E o g9 dopma KOHTPO/1A
o F = = T Iz S T = s
@ € T S 3 23 A T
% = T » = » 8 ™ i~
o [<b} o] 5
c o = N4
2 3 4 6 7 8 9
Teopua TBepaoro Tena 8 2 2
11 MpegMeT 1 3a4ayun AUCLUNIINHBI 1 nckycens
«XNUMNA TBEPLOro Tena»
OHepreTnyeckoe CTpoeHue
12  Kpuctannos. 3NEKTPOHHaA 2 YCTHbI onpoc
rnofacucTema
13 B036y>aeHHble COCTOAHMS. 1 YCTHBI OMpoC
PoHOHHas noAcucTeMa
YCTHbIA 1 MUCbMEHHbIN
14  [lethbeKTHasA CTPyKTypa TBEpAbIX Ten 4 2 2

onpoc, KOHTPO/bHas paboTa

du3nyecKmne cBOICTBA
TBEPLOTE/IbHbIX MaTepnasios B
2 3aBMCUMOCTU OT UX (ha30BOro 6 2
cocTaesa N Ha/IMuKS
CTPYKTYPHbIX JeeKToB
CTpYKTYpPHO-YYBCTBUTE/bHbIE
21  MexaHM4YecKme CBOWCTBA TBEPAbIX 1
Ten

YCTHbI 0Npoc, 3BPUCTUYECKAS
becepa
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2.2
2.3

24

2.5

2.6

31

3.2

3.3

3.4

41
4.2

4.3

AneKTpor3nYeckme CBONCTBA
TBEPAbIX TeN

MarHuTHble CBOMCTBaA TBepAbIX Ten

CerHeTo- v Nbe303/IeKTPUYECKMe
CBOIiCTBa TBEPAbIX TeN

Anddysms B TBEpAbIX Tenax

da3oBble Nepexoibl B TBEpAbIX
Tenax

MexaHn3M N KUMHETUKA
TBepA0hasHbIX peakLuii
OCO06EeHHOCTN XUMUYECKNX
peakLmMin C yyacTneMm TBepAbIX Ten

AKTVBHOE COCTOAHME TBEPALIX Ten

XVMUYECKMe npeBpaLLeHuns
TBEPAO(ha3HbIX peareHTos,
BO36YX[aeMble TEPMUYECKNM
nyTem

XUMUNYeCKne npeBpaLleHns
TBEpAO(ha3HbIX peareHTOB,
BO36Y)X/aemble HETeN0BbIMM
mMeToZamMu

ObLasa xapaKTepucTnka
MaTepunanoB pasNNYHbIX TUMNOB
MeTannnyeckne matepuassi

[NonynpoBoAHMKOBLIE MaTepuabl

CTpowuTe/ibHble U OrHEYMNopHbIe
MaTepuanbl, Kepammka, abpasuBbl

14

Aunckyccns

YCTHbIA 1 MUCbMEHHbIN OMNPOC

Aunckyccns

TecToBble 3afaHNs, YCTHbIN
onpoc

YCTHbIN onpoc

Aunckyccus, sBpuctmuyeckas
becena

Auckyccus

YCTHbIA 1 NUCbMEHHBIV OMpoc

YCTHbI 1 MUCbMEHHbIA ONPOC

Aunckyccus
[vckyccns, YCTHbIN onpoc,
KOHTpO/IbHasA paboTa

Ouckyccua



JIIoMUHODOPLI U XKKaKKe

4.4
KpuCTasifbl
MeTobl CUHTE3A

5 HEOpraHMYecKnx maTepunasioB C
3a[]JaHHOWN CTPYKTYpOW
3aKOHOMepHOCTH
3apogblLLeobpa3oBaHuis,

51 dopmupoBaHus 1 pocta
KpUCTasINI0B M3 pacTBOPOB,
pacnsiaBoB 1 MapoBoi (asbl

5.2 BeblpawmsaHne MOHOKPUCTa/N/10B

53 MonyyeHne NNeHOK, MOKPbITUIA Y
MOPOLLIKOBbIX MaTepuasnos

5.4  JlernpoBaHue TBepAbIX TeN

6  PeHTreHoasoBbln aHa/IN3

6.1 "eHepaums v nornoweHue
PEHTreHOBCKOro 13ny4veHns

6.2 Andpakums peHTreHOBCKMX NyYdel
B KpuCTa/11ax

6.3 KayecTBeHHbIn peHTreHoha3oBbIi
aHanm3

6.4  KonnyecTBeHHbI (ha3oBblin aHaN3

6.5 WccnepoBaHve CybCTPYKTYpbl

' (MUKPOCTPYKTYpbI) BELLECTB

6.6 OI‘Ipe,D,eI'IeHI/IeUI'IapalVIETDOB

3/IEMEHTAPHON AYErKU
NTOro

28

10

15

24

24

[nckyccus, NUCbMEHHbI
onpoc

YCTHbIA onpoc

KoHTposnibHas pabota
YCTHbIN onpoc

YCTHbIA onpoc

MMCbMEHHBI onpoc

[MCbMEHHBI onpoc,
MMCbMEHHbIA OTYET 0 Nab.
pabote

MnCbMeHHbIN onpoc,
MUCbMEHHBI OTYET O Nab.
pabote

KoHTponbHasa paboTa
MUCbMEHHBIN OTYET 0 Nab.
paboTte

[MMCbMEHHbIV OTYET 0 nab.
paboTte
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/ A. B. KHoTbKO, V. A. TpecHsakos, FO. [. TpeTbakoB. - M. : Akagemuns, 2006. - 304
C.

5. Kys3HeuoBa, E. B. PeHTreHorpadua metansioB u cnnasos: y4yeb. nocobue
/ E. B. Ky3HeuoBa, O. A. KocuHoBa, /. A. KoBaneHko, . A. LibiraHoB. - Jluneuk:
Jluneuknin - rocyaapcTBeHHbI  TeXHWYecKuid  yHuBepcuTter, 2019. - 187 c.

https://www.stu.lipetsk.ru/assets/struct/kaf/kaf-
fm/rentgenostrukturnyij_analiz_uchebnoe_posobie.pdf.

6. TpeTbakos, KO. [. BeegeHne B XMMUIO TBEPAOMA3HbIX MaTepuanos : y4eb.
nocobwue / O. O. TpeTbskos, B. V. NyTnses ; MI'Y um. M. B. JlomoHocoBa. - MockBa
: 134-B0 MOCKOBCKOro yH-Ta : Hayka, 2006. - 400 c.

MepeyeHb PeKOMeHAYeMbIX CPeACTB AMArHOCTUKN M MeToANKA (DOPMUPOBAHMS
NTOrOBO OTMETKM

TekywWwmnin KOHTPO/Ib KayecTBa YCBOEHMSA 3HaHWMKW NO [JaHHOW Yy4yebHOM
ANCUUNNNHE MOXET OCYLLeCTBAATLCA C  WCMNO/Mb30BaHMEM  ClefyrowWwmnx qopm
ANArHOCTUKN KOMMNETEHLMIA:

1 YCTHbIV onpoc B (hopmaTe BOMpPOC - OTBET.

2. MncbMeHHbI onpoc B hopmaTe BOMPOC - OTBET.

3. MrcbMeHHbIN OTYET 0 labopaTopHoi paborTe.

4. HanncaHve aygMTOPHbIX KOHTPOJIbHbIX paboT no temam

5. TecTbl No Temam
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6. Anckyccusa, aBpuctnyeckasa becepa.

®opmMOil MPOMEXYTOYHOM aTTecTauunm no AucuUnInHe «XUMUSA TBepLOro
Tena» yyeOHbIM NAaHOM MPefYyCMOTPEH 3K3aMeH.

Ona  QopmupoBaHMs  MTOrOBOM OTMETKM MO  Yy4yebHOM  AUCUUNIUHE
NCNONb3YEeTCA MOAY/IbHO-PEATUHIOBAA CUCTEMA OLEHKM 3HAHWUI CTyfeHTa, faroLuas
BO3MOXHOCTb MPOCNeANTb W OLEeHUTb [MHaMWUKY npoluecca [LOCTUXKEHUS Lenei
06yuyeHnsa. PeilTUHroBas cuctema npegycMaTpuBaeT WCMNONb30BaHUE BECOBbLIX
KO3(h(hNLMEHTOB AN TEKYLLLEN N MPOMEXYTOUYHOWN atTecTauuu CTYAeHTOB Mo y4ebHOM
AncunnanHe.

dopmMupoBaHMe UTOroBOM OTMETKA B XOA4e MNPOBEAEHUA KOHTPOJIbHbIX
MeponpuATUiA  Tekylen aTTecTaumm (MPUMEPHble  BECOBble  KOIPHPULMEHTHI,
onpefenaiowme BKMa4 TeKyuwlend artTectauum B OTMeTKY MNpU  MPOXOXKAEHUN
NMPOMEXYTOUYHOW aTTecTaymm):

1 MNncbMeHHble O0TYeThl 0 Nab. paboTax -21 %.

2. PesynbTatbl YCTHOro, MUCbMEHHOrO OMpoca W BbIMNO/IHEHUA TECTOBbIX
3afaHnin —29%.

3. KOoHTponbHbIE paboTbl - 50 %.

NTorosas oTMeTka Mo AUCLMUMINHE PacCYMTLIBAETCA HA OCHOBE WTOrOBOWA
OTMETKM TeKyLleil aTTecTaumm (MOAY/IbHO-PEeNTUHTOBOW CUCTEMbI OLLEHKWN 3HaHWI) 40
% W 3K3aMeHaLMOHHON oTMeTKM 60 %.

MpuMepHbI/ NepeyeHb 3afaHWii ANs ynpaB/sieMoli caMoCTOsITe/IbHOW pPa6oThl

Tema 1.4. lepeKTHaA CTPYKTYypa TBEPAbIX Ten (2 vaca)

3agaHve 1 TMpuBecT NpuMepbl TOYEYHbIX Ae(heKTOB B KpUCTansiax, onucatb
nyT ux o6pa3oBaHUa ¥ BAUSHUE Ha (PU3NYECKMe CBOMCTB TBEPAbLIX Te.

3agaHue 2. MpuBecTn NpUMepbl NNHENHbLIX AeeKTOB B KpucTannax, onucartb
nyT nx obpasoBaHuA N ABMKEHUS, YKa3aTb BAMAHME HA CBOMCTBA.

3agaHue 3. lMpuBecTM nNpuMepbl MOBEPXHOCTHbIX M 00bEMHbLIX Ae(eKTOB B
KpucTannax, onucatb NyTn Ux obpasoBaHMsA W BANSAHWE HA CBOMCTBA.

dopMa KOHTPONS: YCTHbIA ONpoc, MUCbMEHHbIA ONPOC, KOHTPO/bHAaA paboTa.

Tema 4.2. IMonynpoBogHUKOBbIE MaTepuanbl (1 yac)

3agaHne 1 T[lpuMBecTu  npumepbl  0COObIX  (JU3MYECKMX  CBOWMCTB
NONYNPOBOAHMKOBbLIX  MaTepuanoB W  O00BACHUTL 3TU  CBOWCTB C  MO3ULUK
0COOEHHOCTEN XMMUYECKOW CBSI3N, 3NEKTPOHHOW U Ae(EKTHOM MOACUCTEM TBEPAOro
Tena.

3aflaHne 2. YKasaTb B/IUSHME pa3HbIX ()aKTOPOB Ha LUMPUHY 3anpeL,eHHON 30Hbl
M NOABWMXHOCTW HOCUTeNen 3apsga. MpueecTn npumepbl 3aKOHOMEPHOTO0 U3MEHEHUS

WWPWHbI  3anpeLleHHOW 30Hbl M MOABMXHOCTM HOCUTeneid 3apsga B psgax
1303/1EKTPOHHbIX M305/ePHbIX aHanoroB.

3apgaHve 3. T[puBecT nNpuMepbl U OMNMWcaTb MeXaHU3M MPOBOAUMOCTU
HECTEXMOMETPUYECKUX  COEAUHEHWNA, CTEK/I006pa3HbIX  MOMYMNPOBOAHNKOB,
OpraHNYecknx CoeuHeHNA ¢ NONYNPOBOAHUKOBLIMI CBOMCTBAMMW.

dopMa KOHTPOSIS: YCTHbIA ONpoc, KOHTPONbHas paboTa.
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Tema 4.4. lloMUHOGOpPbI M >KKAKNe KpucTannbl (1 yac)

3agaHne 1 OnucaTb MexaHM3Mbl JIIOMUHECUeHUMU (BO3OYXAeHWe U
pekoMObuHaLma).

3aflaHne 2. YKas3aTtb NPUUYMHbI TyLLeHUS NIOMUHECLEHLNN.

3agaHne 3. Onucatb U  O06BACHUTbL CABWI CreKTpa JHOMUHECLEeHUMN
OTHOCMUTE/IbHO CneKTpa nornowieHnsa (Bo30yXXAeHNA NIOMUHECLEHLMN).

3agaHne 4. CTpyKTypa, ONTUYeCKMEe CBOMCTBA W MPUMEHEHME KUAKUX
KPUCTaNoB.

dopma KOHTPONA: MUCbMEHHbIA ONpoc.

Tema 5.1. 3aKOHOMepHOCTMW 3apofbllleobpasoBaHns, (OpPMUPOBAHUA U
pocTa KpucTannos 13 pacTBOPOB, pacnsaBos 1 nNaposoi hasbl (1 yac)

3asaHne 1. OnucaTb TepMOAMHAMUKY, KUHETUKY M MexaHu3M 06pa3oBaHUs
3apojbllleil B pacTBOpax, pacrnsiasax v napoBoi (ase.

3aflaHne 2. YKasaTb MexXaHW3Mbl W ONUCaTb KWHETWKY poCTa 3apofblllei B
pasHbIX (pasax.

dopma KOHTPONS: YCTHbIN onpoc.

Tema 5.2. BblpauimpaHue moHoKpucTannos (1 yac)

3agaHue 1 MpeanoXuTb METOA BblpaliMBaHUS MOHOKPUCTANNOB 3aaHHOro
BelllecTBa M3 pacnnaea, pacTBopa-pacrnnaea, M3 NapoBOil asbl, C UCNO/Ib30BAHNEM
XUMUYECKUX NpPeBpaLLeHWIA.

3afaHue 2. OnucaTtb NPUeMbl BblpallMBaHNA MOHOKPUCTaNI0B NyTeM CO3JaHuns
MEePECbILEHNSs,  MepeoxNaXAeHns; NPUBECTU  COOTBETCTBYHOLIME  AMarpaMmmbl
COCTOSHUS,

dopMa KOHTPONS: KOHTPO/NbHasa paboTa.

MpuUMepHbIA NepeveHb NabopaToOPHbIX 3aHATUNA

NabopatopHoe 3aHATMEe Ne 1 [eHepauusa M MOr/AoWEHNE PEeHTreHOBCKOro
N3NyYeHns.

NabopaTopHoe 3aHATME Ne 2. Andpakumsa peHTreHOBCKUX flyyeil B KpucTannax.

NabopaTopHoe 3aHATME No 3. KauecTBEHHbI PeHTreHoMa3oBblil aHaIn3.

NabopaTopHoe 3aHATUE Ne 4. KonnyecTBeHHbI a30Bblii aHaNus.

Na6opaTopHoe 3aHATUE Ne 5. ViccnepoBaHmne cy6CTpYKTYpPbl (MUKPOCTPYKTYPbI)
BELLIECTB.

NabopaTopHoe 3aHATME Ne 6. OnpedeneHne napameTpoB 3/1EMEHTapPHOMN
AYENKN.

MpumepHasi TeMaTUKa CeMUHAPCKUX 3aHATWI

CemuHapckoe 3aHATMe Ne 1 Tema 1.4. [letheKTHaAA CTPYKTypa TBEPAbIX Ten.

CemuHapckoe 3aHsATME No 2. Tema 2.3. MarHuUTHble CBOWCTBa TBepAblX Ter.
Tema 2.5. Augys3na B TBepAbIX Tenax.
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CemuHapckoe 3aHaTme Ne 3. Tema 3.3. XuWMUYecKMe npeBpaLieHus
TBEPAOMA3HbIX peareHToB, BO30YyXAaeMble TepMuyeckum nytem. Tema 3.4
XVMn4yeckue npespatleHns TeepLodasHbiX peareHToB, BO36YXX4aeMble HETEMN10BbIMU
MeToJamu.

CemunHapckoe 3aHATMe Ne 4. Tema 4.2. NonynpoBOAHMKOBbIE MaTepuabl.

CemMuHapckoe 3aHATME No o. Tema 5.1 3aKOHOMEPHOCTU
3apofblilieobpa3oBaHus, (opmMupoBaHMA W pocTa KPUCTannoB M3 PacTBOPOB,
pacniaBoB 1 NapoBoi ¢asbl. Tema 5.3. MonyyeHne NNeHoK, NOKPLITUA 1N MOPOLLKOBBIX
mMaTepunanos.

OnncaHne MHHOBALMOHHbIX MOAXOA0B Y METOAOB K npernogaBaHuUto
y4eObHOM ANCUUNNNHBI

Mpwn opraHu3sauum o6pa3oBaTe/ibHOro npouecca MCNONb3YHTCA
3BPUCTUYECKNIA MeTOL M MeTOAY4YeO6HOW ANCKYCCUM, KOTOPbIE NpeanonararorT:

- AEMOHCTpaUno MHOroo6pasns peleHnin 60NbWNHCTBA NPOYECCUOHaNbHbIX
3ajau;

- UHAMBMAYaNn3aLmMio 06yYeHns Yepe3 BO3MOXXHOCTb CAMOCTOATE/IbHO CTaBUTb
LIeNIN, OCYLLEeCTBNATb pedh/iIeKCMI0 COBCTBEHHON 06pa3oBaTe/IbHON AeATeIbHOCTH;

-yyacThe CTY[EeHTOB B LefieHanpaB/lieHHOM OOMeHe MHeHWAMMU, naeaMmun ans

npeabsBNeHns W/Man cornacoBaHuWa CyLWEeCTBYHOLWMX MO3ULUIA N0 onpefeneHHoiA
npobneme

MeToAnuecKne peKoMeHaaLMn no opraHn3aLnum camocToATeIbHOW PaboThbl

Mpn  n3yyeHUM y4eBGHOW  AMCUMNAMHBLI  PEKOMEHAYETCS  UCMO0Nb30BaTh
cneaytouine hopmbl CamMoCTOATENIbHON PaboThl:

- MOUCK U 0630p NUTepaTypbl M 3NEKTPOHHbIX WCTOUYHWKOB MO 3aJaHHOV
npobneme Kypca;

BbINONHEHWE [OMALUHEro 3afaHuns;

OTBETbl Ha BOMNPOCHI, 3aJaBaemMble Ha CEMUHAPCKNX 3aHATUAX;
MOArOTOBKa K 12a60paTOPHbIM U CEMUHAPCKUM 3aHATUSAM;
MOArOTOBKA K KOHTPO/IbHbIM paboTam.

MpuUMepHbIA nepevyeHb BOMPOCOB K 3K3aMeHY

1 SHepreTnyeckoe CTPOEHME KpuCTanioB. ®OpMMPOBAHME OCHOB 30HHOM
Teopun ucxoaa wu3 ypaBHeHua LpeguHrepa ana Kpuctanna. ApuabaTuyeckoe
npuonmxeHue; BaleHTHas  annpokcumaums.  [pumepbl  3KCNEPUMEHTAbHbIX
[0Ka3aTe/lbCTB 30HHOr0 3HEPreTUYecKOro CTPOeHUs KpucTannos. MNpeacTtasneHns 06
ypoBHe depmu.

2. dopmupoBaHMe 30HHOW TEOPUM Ha OCHOBE MOAeNN KBa3MCBOOOAHbIX
aneKTpoHoB. O6pasoBaHMe paspelleHHbIX W 3anpeLlieHHbIX 30H B TBEPAOM Tene.
OHepreTnyeckoe CTpOEHMe MeTasnoB, NoaynpoBoOAHNKOB, AN3/1EKTPUKOB.
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3. ®OHOHHaA MoacucTeMa B KpuUCTaniax, ee B/IMAHME HAa 3NEKTPOHHYIO
noacuctemy u hnsmyeckmne CBOMCTBa KPUCTaN/O0B.

4. MpeacTaBneHMss O pPaBHOBECHbIX W Ouorpauyeckmx pgegekrax B
Kpuctannax, Mx npumMepbl. TpUHUMN 3N1eKTPOHENTPaIbHOCTU, peasin3yemMblii Mpu
(hopmmpoBaHUN LeeKTOB B WMOHHbLIX KpucTannax (Ha KOHKPETHbIX MnpumMepax
HanucaHns KBa3UXUMMUYECKNX YPaBHEHWIA).

o. [eeKkTbl, BO3HUKAKOLME B MWOHHbLIX KpucTaniax npu o06pasoBaHum
TBepAbIX PaCTBOPOB 3aMeLLEeHUA, UX BIUAHNE 3/1eKTPONPOBOAHOCTb.

6. PaBHOBECHble TemnsoBble [AeeKTbl B KpucTaniax. [MpuumnHbl KX
NOSAB/IEHUA, BIMAHME HA CBOWCTBA TBEPAbIX Terl.

7. LIEHTpbl OKpacku U MeX[oy3e/bHble WOHbl B Kpuctannax. lytn wux
BO3HWKHOBEHMA.

8. Auvcnokauuu, nx Tunbl, NepeMeLleHne ¥ B3aMMOAencTBue AUCIOoKaLuniA.
BnvsaHve aucnokaunin Ha CBOMCTBA KPUCTa/I/IMYECKUX TBEPAbIX TeN.

9. [BymMepHble feeKTbl B KpUCTaniax, NPpUUnUHbl UX NOABAEHUA U BAUAHUE

Ha CBOWCTBa TBepAblX Ten. HABNeHUsA, MMeloUiMe MeCcTo MNpu  KOHTaKTe
NMoNynpoBOAHUKOB C OKPY>KatoLLeit aTMochepoit, 4pyrumM NosynpoBOLHUKOM.

10. HectexuomeTpuyeckme coefanHeHus. [edekTol B HUX. BnuaHue
pasnMyHbIX (PAKTOPOB Ha BeNYMHY W TUN MPOBOAMMOCTU. KBasMxmmmyeckue
YPaBHeHMA U OLEeHKa 3aBUCUMOCTU 3/1EKTPONPOBOAHOCTM OT AaB/IeHMA Mapa fieTyyero
KOMMNOHeHTa. Mpumepbl gnarpammM naasKoCcTy.

11.  OnTunyecknMe CBOMCTBA TBEPAbIX TeN: TMOr/OWEHNe, paccesHue,
OTpaXkeHWe. BnuaHme Ha HMX cocTaBa MaTepuana U ero CTPyKTypbl.

12. BnvsiHME CTPYKTYPHbIX AeEeKTOB Ha MexaHW4YecKne CBOMNCTBa MeTasoB
(TBEPLOCTD, NAacTUYHOCTb, MPOYHOCTb, BHYTpPEHHME HanpsXxeHus,
M3HOCOYCTONYMBOCTL). MMyTK ynpaBneHUs 3TUMKU CBOMCTBaMMU.

13. CTpPYKTYpHO He4YyyBCTBUTE/bHbIE CBOICTBA METa/NN0B. 3aKOHOMEPHOCTA B
N3MEHEHUN 3NEKTPONPOBOAHOCTI, TeMMepaTypbl NAaBneHNdA, TBEPLAOCTH NO Nepuogam
M No rpynnam nepuoanyeckoin Tabnuupl.

14.  MarHuTHble  CBOWCTBA  KpucCTanioB. MexaHM3Mbl  MarHeTusma.
[MapamarHeTuku, eppo-, qeppu- M aHTUeppomMarHeTukn. MarHuToMarkme u
MarHuToTBepAble MaTepuansl. [JoMeHHasa CTPYKTypa.

15. Tsepable Tena, ob6najarwoline CerHeTo3NeKTPUYECKMMU CBOMCTBAMMU,
OCOBEHHOCTU XUMUYECKOMW CBA3N, KPUCTANIMYECKON CTPYKTYpPbI, MPUMepbl BeLLeCTB.
[JomeHHasa cTpykTypa. [lpuyuHbLI Hannuyuua nNeTauM rucrtepesuca. lcnonb3oBaHune
CErHeToaneKTpnKoB. Pa3oBbIin Nepexos B TUTaHate bapus.

16. dasosble nepexozbl TBEpLOe-TBepAoe. Knaccudukaymm
(PEKOHCTPYKTMBHbIE U [fedopMauMoHHble nepexodbl; nepexoabl | n 1l poga).
Mpoueccbl  anddysnn un  3apofbliecbpasoBaHMa  npu (Pa3oBbIX Nepexopax.
MpumeHeHWe B Npoueccax ANMGY3MOHHOTO IerMpoBaHus.

17. Onddysna B TBepAablX Tenax. MexaHusMbl Auddys3un. 3akoHbl Puka.

Kospgpmumnent  andpysum;  camogndpgpysmsa.  lNpumeHeHne B npoueccax
ANDHY3MOHHOTO NIernpoBaHus.
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18. O6uwMme 0COOGEHHOCTU pPas3IMUHbIX TUMOB XUMWYECKUX peakuuin ¢
ydyacTuem TBepAbiX Ten. Peakyuum Tuna “tBeppoe + TBepAoe” Ha KOHKPETHbIX
npumepax, nx MexaHumsm u KnHeTuka. lNoHATME “Tonoxmmmnyeckaa peakuma”.

19.  KuHeTMKa pasfnoxeHus TBepAblX Ten. JIMMutupyrowme Ccragun
TBepAoMasHbIX peakumit. Moabop opmMasbHO-KMHETUYECKMX YpaBHEHMIA. Crnocoobbl
YCKOPEHNA TEPMUYECKOTO PasnoXeHUs.

20. AKTuBHOe COCTOsIHME TBEPAbIX Ten. TepmMmognHamumyeckas
NHTEpNpeTaunsa akTUBHOIO COCTOAHUA. BnnaHue pasmepa KPUCTaN/IUTOB Ha WX
XUMWYECKYH aKTUBHOCTb.

21.  TlpeacTaBneHnMs 0 MeXaHOXMMW4YecKMx npoueccax (0CO6eHHOCTH
MexaHu3Ma, KUHETUKMK, TepMOogUHAMUKN). TTpUUYnNHbI aKTUBMPOBAHUA TBEPALIX TeN B
pesynbTaTe MeXaHW4YeCKMX BO3LENCTBUA U NPaKTUYECKOe WCNONb30BaHME 3TUX
BO3/4EeNCTBUIA.

22.  XVMuUYecKue npespaLleHns TBepAodasHbIX peareHTOB, BO30YXAaeMmble
HeTenn0BbIMMU MeToAaMu.

23.  TunuyHble JedeKTbl KPUCTAIMYECKON pelleTKn MeTannos. VX BnmsaHue
Ha CBOICTBa MeTaN/oB. MyTn ynpaBneHns AeeKTHOMW CTPYKTYPOW.

24. CnnaBbl Tpex TWMOB: TBEPAble PacTBOPbl, WHTEPMETaNINYECKNE
COEIUHEHNA, TeTeporeHHble cnnasbl. Juarpammbl COCTOAHMA 3TUX CMJ/ABOB.
OCO6EHHOCTM XMMMUYECKON CBA3N B WMHTEPMETa/IIMYECKMX COeAMHEHUAX PasHbIX
TWUMOB.

25.  OCO06eHHOCTN (U3NYECKUX CBOWCTB, KPUCTaN/IMYECKON CTPYKTYpbl U
XUMUNYECKOIN CBA3N B NOMYNPOBOLAHUKOBBLIX MaTepuanax, onpegenswouime o6nactm mux
NPaKTUYecKoro nNnpuMeHeHus.

26. BnuaHne pasnnMuHbIX (AKTOPOB Ha LWMPUHY 3anpelieHHONn 30Hbl B
nonynposogHuKax. MeToAbl ee MPOrHO3UPOBaHUA U 3IKCMEPUMEHTaNbHOro
onpegeneHna. 3aKOHOMePHOCTU M3MEHEHUA B pAfax aHa/oros.

27.  ®aKTophl, onpefenatwoime NnoABUXHOCTb HocuTenen B
nonynposoAHnkax. Conocras/ieHNe NOABMKXHOCTU B pagax GUHAPHbLIX COeAUHEHUIA -
aHanoroB. JKCNepMMeHTaNbHOe onpeaeneHne NOABUXXHOCTU 3/1EKTPOHOB U AbIPOK.

28.  ONEKTPUYECKN aKTUBHbIE N HEeaKTUBHblE, AOHOPHbIE U aKLUenTopHbIe
npuMecn B MONYNPOBOAHWKAX. YpoBeHb depMn B MONYNPOBOAHUKAX N MeTannax.
MPUYNHBI  CUNBHOTO BAWAHUA MPUMECE Ha BENUYUHY W TUN NPOBOAUMOCTM
MoslynpoBOAHMKOB M Manoro BANSHUA NPUMeCer Ha 3M1eKTPOonpoBOAHOCTb MeTan10B
N AN3NEKTPUKOB.

29. bBuWHapHble NoNynpoBOAHWKOBbIE coeauMHeHMAa AmBv, AnBM, ABvn.
CpaBHeHMe LWNPUHBI 3anpeLLeHHOoM 30Hbl, NOABMXKHOCTU HocuTenel. OTKIOHEHNE OT
CTeXMomMeTpuun. Anarpammbl NNaBKOCTH.

30. CreknoobpasHble NnonynpoBOAHUKN: npumepsl, 0COGeHHOCTH
XUMUYECKOW CBSA3N W CTPYKTYpbl, MNPUYMHBI KUHETUYECKON 3aTOPMOXKEHHOCTU
KpucTtannmsaumm, MmexaHnm3m npoBoAUMOCTK, 061acTU NPUMEHEHUS.

31. OpraHuyeckune nonynpoBOAHUKMN: COeAMHEHNSA C NONN-71-COMPAXKEHHBLIMN
CBA3AMM, KOMMJIEKCbl C MEpPeHOCOM 3apAfoB, MONEKYNAPHble KpucTanibl. 30HHaA
CTPYKTypa, NOABMXHOCTb HOCUTENen 3apsga. MexaHu3Mbl NPOBOAUMOCTU, BAUSHUE
NpUMeCen.
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32.  LlemeHTbI, NpuMepbl pasHbiX COCTaBOB W BNUAHME COCTaBa Ha CBOMCTBA.
CyLHOCTb NpoLeccoB creKaHusa, rugpatauun. puynHbl NPOLECCOB pa3pyLUEHUs
LLleMEeHTHOr0 KaMHs.

33.  OrHeynopHble MaTepuanbl. OCOOGEHHOCTU XWMWYECKOW CBA3N MU
CTPYKTYpbl, TUMWYHbIE CTPYKTYPHble AeeKTbl, Nnpumepbl mMaTepuanos. [pouecchl
CneKaHus, UX BAUSHWE Ha cocTaB, CTPYKTYpPY M CBOMCTBA MaTepuanos.

34. JlloMUHecLeHUMA: MexaHW3Mbl JIIOMWHECLEHUMN, NpUMepbl BeLLecTs,
0COOGEHHOCTU XMMWUYECKOM CBA3W, 30HHOW CTPYKTYpbl, Hanuuuve [e(eKToB WU
npumecein. Jlasepsol.

35. Crtekno. OCO6EHHOCTM XMMUYECKON CBA3M W CTPOEHUA. [1pUUMHBI
KWHETNYECKON 3aTOPMOXXEHHOCTU KpucTannmsaumu. BavsHue pasinyHbIX (akTopoB
Ha cTek/ioo6pa3oBaHue. MNpeactaBneHne 0 CTEK/TOKepamMUKe.

36. JKugkue kKpuctannbl. OCOBEHHOCTW CTPOEHUA MOMEKYN BeLLecTs,
CNOCOBHbLIX HAXOAUTLCA B XXUAKOKPUCTAN/IMYECKOM COCTOSHUU, (Pa30Bble Mepexofbl
XUAKUX KPUCTaNNoB, CBOMCTBA, MPaKTUYECKOe NPUMEHEHME.

37. TepmoAuHammKa, KUHETMKA M MexXaHW3M 3apofbllieobpa3oBaHns B
06bemMe XUAKOCTU UK Napa v Ha NOBEepXHOCTWN KX pasgena ¢ TBepAon (hasoi.

38. TepmoguMHamuMKa W MexaHU3M pocTa 3apogblwen. KuHeTuka pocTa
KpuctanioB. [pMMeHeHUe TepmMoAMHaMUYeCcKUX MpeacTaBneHuii ans  Bblbopa
YC/I0BUIA NOJTyYeHUS MOHOKPUCTANI0B, METKOAMCMNEPCHbIX MOPOLUKOB W N/EHOK.

39. BblpalwiBaHMe MOHOKPUCTA/I/IOB MPOCTbIX BELWeCcTB N XUMUYECKUX
COefMHEHWNN n3 pacnnaBoB METOA0M BpupxmeHa-Ctokbaprepa.
TepmogmHammyeckoe 060CHOBaHMe YCIOBUIA pocTa MOHOKpUcTania. PacnpegeneHue
npuMecen, TUNNYHbIE AN 3TOro MeTofa AeeKTbl, AnarpaMmMbl MIaBKOCTHU.

40. BblpawunsaHune MOHOKpPUCTaNNoB M3  pacTBOpPOB-pacnaBoB c
NPUMeHeHNEeM MNPUEMOB MNepeoxNaXAeHusa. TexHu4Yeckue npuembl, Auarpammbl
NNaBKOCTW CUCTEM C TBepPAbIMM pacTBoOpamMu U XMMUYECKUMU COEAUHEHUAMMU.

41.  BblpawunsaHue MOHOKpPUCTaN/oB n3 pacTBOpPOB-pacnIaBoB.
[MpuMeHeHMe 3TOro MeToda ANA NernpoBaHusa, MONyYeHUs TYronnaBKUX BELLECTB U
XUMUYECKMUX  COeAUHEHUN (HA  KOHKPETHbIX MpuMepax, C [eMOHCTpaumen
COOTBETCTBYHOLUX AMarpamm nnaBKoCcTH).

42.  BblpaliMBaHne MOHOKPUCTA/IIOB HECTEXMOMETPUYECKUX COELUHEHWNIA U3
pacTBOpOB-pacmn/iaBoB C NCnonb30BaHNEM npnemoB nepecblLLeHnn n
nepeoxnaxaeHnsa. BO3MOXHOCTU  perynupoBaHWs  CTENEHW  OTK/IOHEeHUa  OT
cTexXnomMeTpun. AunarpammMmbl NaaBKoCTH.

43. ['vapoTepmasibHble METOAbI BblpalMBaHNUA MOHOKPUCTaNIoB, 061acTb UX
NPUMeHUMOCTW. BbipallBaHMe MOHOKPUCTaNI0B 13 PacTBOPOB-pacn/iaBoB MeTo40M
co3faHusa nepecbiweHns (06bACHNUTL C MOKA30M Auarpammbl MiaBkocTu). Mpumepsi
npYMeHeHns 060MX MeTO/0B.

44.  BblpawmsaHune MOHOKPWCTaNOB, NONIMKPUCTaNITUYECKUNX n
aNUTaKCUasbHbIX MJIEHOK U3 NapoBOi  (hasbl (Ha KOHKPETHbIX npuMepax).
TepmoAnHammnyeckne napameTpbl CUCTEM, YNpaB/ieHWe HanpaBieHUWEM peakuunin un
CTPYKTYpPOM NPOAYKTA.

45. Cnocobbl NoMy4YeHUs M OYUCTKU TBEPAbIX BeLLeCTB C UCMONb30BaHWEM
paBHOBECUSA XNOKOCTb-TBEPAOE. PacnpeneneHune npumecen. daKTophl,
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obycnoBnMBarL e BO3IMOXHOCTb OYUCTKU C MUCMOJIb30BAHNUEM 3TOr0 pPaBHOBECUSA U
onpejensaroLme CTeneHb OUYNCTKN.

46. OuncTKa TBepAbIX BELLECTB C UCNO/Nb30BaHMEM paBHOBeCUS TBepAoe-nap
N XUMUYECKNX MpeBpaLLeHnii. NMporHo3MpoBaHne CTENEHN OUUCTKMN.

47.  [Andpy3noHHoe neruposaHue. PakTopbl, OnpefensroLlme KONMYeCcTBO
npuMecy 1 rnyomnHy ee 3aneraHus.

48.  JlernpoBaHue TBepAblX Ten  METOLOM  WMOHHOW  MMNAaHTauuw.
PacnpegeneHvne npumMeceil. BnusHue pasHbiX (DakTOPOB Ha KOJIMYECTBO MpUMecH,
rnybuHy ee NPOHUKHOBEHWSA, CTPYKTYPY /IETUPOBaHHbIX TBEPAbIX Te.

49. BakyyMHble MeToAbl NONYyYeHUA NNEHOK. TepMoANHaMMUYeCKne ycnoBus,
obecneumBarolie nosyyeHme MeHoK. PakTopbl, ONpefendtoline CKOpPOCTb
OCaXAeHWA, COCTaB MN/IEHOK.

50. MeToabl  MOMyYeHUA  MNEHOK  OKCUAOB  MeTan/ioB  MeToAamu
TEPMUYECKOTO OKWUCMEHMA W NUPOAM3a  MeTas/IoopraHn4yeckmx  CoefvHEHWUI.
PerynuposaHue CKOpOCTU pocTa U CTPYKTYPbI MNEHOK.

51. TllonyyeHue NNEHOK OKCWAOB METaN/oB C MCMO/b30BaHMEM MpOLLeccoB
rnaponunsa. 30/b-refib TEXHOMOTUA.

52. MapoasHble MeToAbl MNOJMyYeHUss TMNEHOK MeTodamMu OAM3KOro wu
[aNlbHEro nepeHoca peareHToB. TepMoOAMHaMUYECKUe YC/ioBus, obecneymsaroLime
obpa3oBaHue MaeHoK. OCOBEHHOCTN YCNOBUIA MONYYEHNS INUTAKCMaNbHbIX MNIEHOK.

53. TllonyyeHue NNEHOK METaNIOB XMMUYECKUM OCaXKAeHMeM U3 PacTBOPOB.
TepMofMHamMmMKa N KMHETMKA NPOoLEeccoB. DeKThbl KaTanmsa.

54.  MeToAbl reHepauuy  PEeHTFeHOBCKOr0  U3NYYEHUA B HaYUHbIX
nccnefoBaHnAx. PeHTreHoBCKue Tpybku. LIMKnnyeckme yCcKopuTenu.

55. MpuHUMN yCcTpoONCTBa PEHTreHOBCKUX TPy60oK. lMpupofa TOPMO3HOro
PEHTreHOBCKOro N3ny4yeHus.

56. ®opmupoBaHMe XapaKTepUCTUYECKOro PEHTreHOBCKOro W3/ly4yeHUa B
PEHTreHOBCKOW Tpy6Ke. Ero 0OCHOBHblE KOMMOHEHTHI.

57. 3aKOH nNOrfoWeHNd pPeHTreHOBCKOro wusnyyeHus.  KoappuuymeHT
nornoweHnsa PW, ero 3aBUCMMOCTb OT ANINMHbLI BOSHbI PU.

58. HeobxogMmMOoCTb MOHOXPOMATM3aLMW  PEHTreHOBCKOro  U3Ny4YeHus.
MeTogbl  MOHOXpomatumsaumyn  ([3-unbTpauyms,  WUCMNONb30BaHME  KPUCTa/IoB-
MOHOXPOMATOpbI).

59. MMpeacTaBneHne AUQPaKUUN PEHTTEHOBCKMX Nlyyel KaK OTpaXeHue oT
KpucTannorpauyecknux niockocTein. YpasHeHue Bynba-bparra. CemelicTsa
Kpuctannorpa@uyeckmx njaoCKOCTen, MeXMNNOCKOCTHbIe PAcCTOAHUSA W WHOEKChI
Mwunnepa.

60. Perucrtpauuns guppakLuMOHHOW KapTUHbI MONNKPUCTaN/INYECKMX BELLECTB
(hoTtomeTofoM. O6bACHUTE BUA ANGPAKLMOHHOW KapTUHBI.

61. Peructpayua angpakuMoHHOW KapTUHbI MONMKPUCTANINYECKUX BELLECTB
C MOMOLLbID PEHTIeHOBCKUX AU(PAKTOMETPOB, OCHOBHbIE Y3/bl AU(PPAKTOMETPOB.
OCHOBHbIE YMC/IEHHbIE XapaKTEPUCTUKN PeHTreHorpamm, TabninyHoe npencraBfieHne
3KCMepuMEHTa/IbHOr0 MaTepuana.

23



62. Kakue peHTreHoBCKMe TpPyObKu (T.e. C KAKUMM aHOofamMun) Hambonee 4acTo
MCNOJMb3YIOTCA B PEHTreHorpauu NOMNKPUCTaNINYeckux o6pasuos? OOBLACHUTE,
noyemy.

63. UYem onpegenseTcs YHUKaNbHOCTb PeHTreHorpaMmmol
NONMUKPUCTaNINYECKOTO  BeLlecTBa? NaeHTudukaumsa noamKpucTaiinyeckmnx
BeLLeCTB U UX CMECeW Mo peHTreHorpammam («oTrnevyarkam nasnabLeB»).

64. KauyeCTBeHHbIV peHTreHoMa3oBbI aHann3. cnofb3oBaHne 6a3bl JaHHbIX
PDF. KpuTepun npucyTcTBMa 1 OTCYTCTBUA (ha3 B 0b6pasLie.

65. ®daKTopbl, OCNOXHANOLLIME NpoBeAeHNe KaUeCTBEHHOI0 aHanms3a.

66. KONMYeCTBEHHbIN PEHTreHo(a3oBbIi aHanms. TpeboBaHus,
npefbABAsSeMble K aHannMTUyeckum pediekcam. OT 4yero 3aBUCUT KOIPMUUMEHT
nornoweHna cMmecu BewecTB? Kak 06X04AT He3HaHME KO3(h@uLMeHTa MOornoLLeHuns
CMeCW B KO/IMYECTBEHHOM aHanuse?

67. Wcnonb3oBaHue MOAeNbHbIX cmecei B KONIMYECTBEHHOM
peHTreHoMa3oBom aHanuse. NMpogeMOHCTPUPYITE Ha NpUMepe ABYX(Ha3HOW CMeCH.

68. Mcnonb3oBaHWe BHYTPEHHEro CTaHAapTa B KO/IMYECTBEHHOM aHasus3e.
MpenmyLlecTBa TaKoro npuema.

69. KopyHZoBble 4ucna, uUx onpegeneHue. lKcnonb3oBaHWE KOPYHAOBbIX
yncen B KOJIMYECTBEHHOM aHann3e (METOL BHELIHero ctaHiapTa).

70. MeToa PutBenbfa, ero cyTb W UCMOJ/b30BaHUE AN1A KOJMYECTBEHHOTO
aHanu3sa KpucTaniMyecKnx cMecen.

71. Cwucrtematmyeckme  OWNOKMA  KO/IMYECTBEHHOIO  PEHTreHo()a3oBoro
aHanu3a. TpeboBaHUA, NpeAbaBAseMble K 06pasLam.

72.  Kakve  XapakTepucTUKW  CTPYKTYpbl  KPUCTaN/IMYECKUX  BELLECTB
OTHOCATCA K MapameTpam MWKPOCTPYKTYpbl? Kakme u3 HUX MOryT NpuUBOAUTL K
YLNPEHNIO PedIeKCOB Ha peHTreHorpammax, a Kakme Het?

73. MukpoHanps>xeHue B Kpuctannax (onpegeneHue). MukpoHanpsxeHue
M30TPONHOE, aHuM3oTponHoe. Kakue fgedekTbl B KpuUCTannax  Bbl3biBalOT
MUKpOHanpsaxeHune?

74.  OnucaHue NPOTAXEHHOCTU KpucTtannos B pa3HbIX
Kpuctannorpauyecknx HanpasfeHusx. Mopgonorua M30TponHas, aHU30TpornHas.
BanaHne  nNpoTSXEHHOCTM  KPUCTaNNoB  Ha  YylWWpeHMe  pediekcoB  Ha
pPeHTreHorpaMmmax.

75. ®OYHKUMA MWHCTPYMEHTANLHOIO YLIMPEHUsa, ee onpegeneHue. Yuer
WHCTPYMEHTA/IbHOTO YLINPEeHUs Nnpu onpegenieHnn prU3nNYeckoro yLnpeHuns B pamkax
mMeTofa annpokKcumaLmi.

76. OnpepeneHne 13 (PM3MYECKOro  ylMpeHus  pedpiekcos:  (a)
MUKpoHanps>xeHnit; (6) pasmepa KpucTtanios; (B) MUKpPOHaMNpsXXeHWn n pasmepa
KpUCTanioB npu uX OAHOBPEMEHHOM BAUAHMW. [lpuBeAUTE COOTBETCTBYHOLLUE
ypaBHeHUs.

77.  TIOHATUSA KPUCTAN/IMYECKON PeLleTKN N 31eMeHTapHON ayeikn. MpaBuna
Bbl6Opa 3/1eMEHTapHON AYelKW.

78.  OnpegeneHvie napamMeTpoB 3/IEMEHTapPHOW AYEWKU B Cny4vae U3BECTHbIX
hkl (TBepable pacTBOpbI, N30CTPYKTYpPHbIE coeanHeHmns). 3akoH Berapga.
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MPOTOKOJ1 COrNMACOBAHMA YYEBEHOW MPOrPAMMBbI YO

HassaHune Ha3saHue [MpepnoxeHus
y4e6Hoi Kadeapbl 06 M3MEHeHMsIX B COAEPXKaHMK
ANCLUNNNHDI, y4eBbHOI nporpammbl
C KOTOpOWA YUPEXEHNS BbICLLErO
TpebyeTca 06pasoBaHns Mo yyebHow
cornacosaHue ANCUMNINHE
YuyebHas
ANCUMNINHA He
TpebyeT
cornacoeaHus

3aBefytoWwmin Kageapon HeopraHNYeCcKon Xnmmm

[OKTOP XMMNYECKNX HaYK; npodeccop
yneH-koppecnoHaeHT HAH Benapycn

Yy
06.06.2025
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PeLleHve, NpuHATOE
Kadeapoin,
paspaboTaBLuel
y4ebHY0 nporpaMmy
(c ykazaHuem faTbl U
HOMepa MPOTOKO/1a)

[.B.Csupugos



NOMONTHEHMA N UBMEHEHWNA K YYEBEHOW MPOrPAMME YO

Ha / YyUebOHbIin rog

No

n/n LOnoNHeHNa N U3SMEHEHUS OcHoBaHue

YyebHaa nporpammMa nepecMoTpeHa 1 04o06peHa Ha 3acefaHuUn Kadeapsl
(npoTtokon Ne oT 202_T.)

3aBegyrowmii Kaheapoi

YTBEPXAAHKO
[ekaH (hakynbTeTa
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