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Mporpamma gucumnnuHbl "Xumng tBepaoro tena"; 04.05.01 "®dyHpameHTanbHasa v npuknagHas xmmMms'".

CopepxaHue

1. MNepeyeHb NnaHMpyeMbix pesynbTaToB 00y4eHWs No AMCUMUMIMHE (MOAY0), COOTHECEHHBIX C MNaHUPyEMbIMIA
pesynbtatamm ocsoeHms OlNMOI BO

2. MecTto gucumnnuxbl (mogyns) B cTpykType OIMOI BO

3. Obbem oncumnnnHbl (MOJJ,yJ'ISI) B 3a4€THbIX eOnHMUAax C yka3daHneM Konmyectsa 4acoB, BblAeNNIeHHbIX HA KOHTakKTHYHO
paboTy obyyatowmxcs ¢ npenogasatenem (Mo BuoamM y4ebHbIX 3aHATUI) 1 HA CaMOCTOSITeNbHYO paboTy 0byHaroWwmnxcs

4. CopepxaHue OMcuMnInHbl (MOayns), CTPYKTYpUpPOBaHHOE Mo TeMaMm (pa3fenam) ¢ ykasaHueM OTBeAEHHOro Ha HIX
KONMYeCTBa aKa4eMN4ecknx YacoB 1 BULOB yHeOHbIX 3aHSATUM

4.1. CTpyKTypa 1 TEMATNYECKMIA NMNaH KOHTAKTHOW 1 CAMOCTOSITENBHOM paboThl MO AUCLMNANHE (MOAYIIO)
4.2. ConepxaHue oMcuMnanHbl (Moayns)

5. NepeyeHb y4ebHO-MeToAMYECKOro 0BecrneyeHmnst AN CaMOCTOSTENbHOM paboTbl 0byyarowmxes no AUCLUUNInHe
(Momynio)

6. POHA OLEHOYHbIX CPEACTB NO AUCUMNIMHE (MOLOYHO)
7. MNepeyeHb nutepatypbl, HEO6XOANMOW A1 OCBOEHWS LMCLUMNAMHBI (MOAYNS)

8. MepeyeHb pecypcoB NHPOPMALIMOHHO-TENEKOMMYHUKALIMOHHOW ceTh "IHTepHeT", He0bX0ANMbIX AJ1s1 OCBOEHUS
ANCUUNAnHBI (MOayns)

9. MeTonmyeckue ykasaHusi ons oby4arowmnxcs no 0CBOEHWIO JUCUMIIHBI (MOZYNS)

10. MNMepeyeHb MHAOPMALMOHHBIX TEXHONMOTWIA, UCMOMNb3YEMbIX NPY OCYWECTBNEHM 06pasoBaTeNnbHOro npouecca no
OMCUMNIVHE (MOAYNio), BKNloYas NepeyeHb NporpaMMHOro obecrnedeHns n MHOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM (NpK
HeobX04MMOCTHN)

11. OnncaHue maTepuanbHO-TeXHUYecko 6a3bl, He0BX0AMMOI ANs ocylecTBNeHNs 0bpa3oBaTeNbHOro npoLecca no
OMcumnnanmHe (MoLynto)

12. Cpe,EI,CTBa agantaunm npenonaBaHnua oUCUNNNNHDI (MO,EI,yJ'I;I) K I'IOTpeéHOCTFIM 06yqa|ou4v|xc;| MHBanNnOoB 1 nny, C
orpaHn4eHHbIMM BO3MOXHOCTAMN 300p0BbA

13. MNpunoxeHne Ne1. doHA OLEHOYHbIX CPEaCTB
14. MpunoxeHue Ne2. MNepeyeHb nTepaTypbl, HEOHXOAMMON NS OCBOEHWS OUCLIMMNWHBI (MOLYNS)

15. MpunoxeHue Ne3. NepeyveHb NHPOPMALIMOHHBIX TEXHONOMNIA, UCMOMNb3YEMbIX OS5I OCBOEHUS OUCLMIMIMHBI (MOSYy”Ns),
BK/I0YAS NepeyeHb NPOrpaMMHOro obecneyeHms N MHEOOPMALIMOHHBIX CMPaBOYHBIX CUCTEM
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Mporpamma gucumnnuHbl "Xumng tBepaoro tena"; 04.05.01 "®dyHpameHTanbHasa v npuknagHas xmmMms'".

Mporpammy omucuunnmHebl paspabotan(a)(n) LouUeHT, K.H. (aoueHT) WrbipnuH B.I. (Kaghenpa HeopraHUy4eckoi Xummm,
Xummnueckuin nHctutyt um. A.M. Bytneposa), Valery.Shtyrlin@kpfu.ru

1. MepeyeHb NNaHMpyeMbIX pe3ynbTaToB 06yyeHUs No QUCLUNINHE (MOOYNI0), COOTHECEHHbIX C MIaHUPYEeMbIMU
peaynbtatamm ocBoeHns OMOIM BO

Obyuqarowumitcsi, OCBOVBWNIA AUCLUNAUHY (MOOY/b), LOMXEH obnanaTtb cneayowmnmMy KOMNeTEHLUAMU:

LWndop PaclumndppoBka
KOMMNeTeHLuun npuobpeTaeMorn KOMNeTEHLUN
MK-1 CnocobeH 1cnonb3oBaTh NOMyYeHHbIE 3HAHNS TEOPETUYECKNX OCHOB

ChyHOaMeHTaNbHbIX Pa3fenoB XMMUW NPY PeLIeH NPOPECCUOHANbHBIX 3aAau

O6yyatolmiics, 0OCBOVBLUNIA AUCLUMANHY (MOOYNb):
JlonxeH 3HaTb:

OCHOBbI CTPOEHMS TBEPAbIX TEN, CUMMETPUMN KPUCTANOB, METOLbI CUHTE3a TBEPAbIX BELECTB, MEXaHW3MbI
TBEPLOPA3HBIX PeaKLUiA; TUMbl 1 NPUPOLY 0A30BbIX MPEBPALLEHUA TBEPALIX TEN, TUMbI U POb AEPEKTOB B TBEPAbIX
Tenax, B3avMOCBS3U MeXay CTPYKTYPO/ 1 CBOMCTBAMM KPUCTANIOB, MarHUTHbIE, SNIEKTPUYECKME, AUSNEKTPUYECKUE U
OMTMYECKME CBOMNCTBA KPUCTAIOB.

JonxeH ymeTb:

OpMEeHTNPOBATbCA B CUCTEMATUKE CTPYKTYP HeopraHnyeckmnx COEeOVHEHWA, CTPYKTYypax opraHn4eckmnx Kpnucrtannos,
COEOVHEHWNI BKITIOYEHNS U Knatparos, aMOPdHbIX TBEPAbIX Te, MeTogax nccnenosaHus Teepabix Ten.

JonxeH Bnanetb:

HaBbIKaMy NMPUMEHEHWSI KOHLENUUIA 1 METOLOB XMW TBEPLOro Tena K aHann3dy CUHTE3MPYEMbIX B XIMUYECKOM
nHCTMTYTE MM. A.M. ByTnepoBa TBepaotasHbix MaTepmanos 1 K 06CYy>XAEHUIO KPUCTANIOXUMUYECKON MHGDopMaLIn B
KHUXHBIX U XYPHAbHBIX N3LaHWSIX.

JonxeH neMoHCTpUpoBaTb CNOCOBHOCTb M FOTOBHOCTb:!

NPUMEHEHNS KOHLUEeNUWi 1 MEeTOA0B XMW TBEPAOro Tena K aHanmay CUHTE3NpyeMbIX B XUMUYECKOM UHCTUTYTE UM.
A.M. BytnepoBa TBepAOa3HbLIX MaTEPMANOB U K 06CYXAEHNIO KPUCTANIOXMMUYECKON MHGDOPMALIUM B KHUXHBIX 1
XYpHanbHbIX N30AHUSX.

2. Mecto aucuunnuHbl (Moayns) B ctpyktype OMOIM BO

HaHHas gncuunnuHa (mogynb) BkatodeHa B pasgen "61.B.B.13.01 OucumnnmHel (Mogynm)" OCHOBHOW
npogoeccroHanbHol obpasosatenbHoi nporpamMmel 04.05.01 "dyHoaMeHTanbHas 1 NpuknagHas Xumms
(HeopraHuyeckas xumns)" 1 0THOCUTCS K AUCLMNAUHAM NO BbiGOpy.

OcBauBaetcs Ha 4 kypce B 8 ceMecTpe.

3. O6beM AUCUMNMJINHDI (MO,IJ,ynSl) B 3a4eTHbIX eanHMUaxX C yKkasaHueM KonimyecTsa 4acoB, BblOe/iIeHHbIX Ha
KOHTaKTHYI0 paboTy obyuyatoLmxcs ¢ npenogasarenem (Mo Buaam yuebHbiX 3aHATUIN) U HA CAMOCTOSITENIbHYHO
paboty obyuaromxcs

O6was TpynoeMKOCTb ANCLIMNNHBI COCTaBASET 2 3a4eTHbIX(ble) eAnHWL(bI) Ha 72 yaca(oB).

KoHTakTHas paboTa - 41 yaca(oB), B TOM Yncne nekuun - 40 yaca(oB), npakTnyeckne 3aHsaTus - 0 yaca(os),
nabopatopHble paboTbl - 0 Yaca(oB), KOHTPONb CaMOCTOSITENbHOW paboThl - 1 yaca(os).

CamocTtositenbHas pabota - 31 yaca(os).
KoHTponb (3a4ét / ak3ameH) - 0 yaca(os).
dopma NPOMEXYTOYHOrO KOHTPONS ANCLUMIWHLL: 3a4eT B 8 ceMecTpe.
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4. CopepxaHuve auMcLUUNAUHBLI (MOOYyNs), CTPYKTYpMpOBaHHOE Mo TeMaMm (pa3penam) ¢ ykadaHuem oTBef,eHHOro Ha
HMX KOnM4YecTBa akageMnyeckmux 4acoB U BUOOB yYe6HbIX 3aHATUI

4.1 CTpyKTypa 1 TeMaTu4eckmit nNiaH KOHTaKTHOM U CaMOCTOSITe/IbHOW PaboThbl N0 AUCLUNANHE (MOBYNIO)

Bugbl n yachbl
KOHTaKTHOW paboThbl,

Paspenbl pucumnnuHbl / MX TPYOD0EMKOCTb CamocTtosaTenbHas
N moayns Cemectp (B yacax) pa6ota
MpakTuyecknellabopatopHble
flexumm 3aHAaATUSA paboTbl

Tema 1. Tema 1: CTpoeHue TBEpabIX
1. [ren. CummeTpus KpmcTannos. 8 4 0 0 1
Xunmnyeckas cBs3b B TBEPAbIX TENax.

Tema 2. Cnctemartmka CTpyKTyp
2. |HeopraHnyeckux CoeguHEHNA. 8 4 0 0 2
Cunukatbl 1 antoMoCUAnNKaThbl.

Tema 3. Hecssi3biBatowme

B3aUMOOEACTBUS B MOHHbIX > >
8. Kpuctannax. Nonntunmnsm. 8 0 0
OpraHunyeckmne KpucTanbl.

Tema 4. CoeauHeEHNS BKNIOYEHNS 1

4. Knarparbl. 8 2 0 0 2
Tema 5. AMopHble TBepable Tena.

5 KBasukpuctannsil. 8 2 0 0 2
Tema 6. KBasunyacTtuubl B

6. [KpucTannax: QOHOHbI, MarHOHbI, 8 2 0 0 2

9KCUTOHDbI, MONAPOHbI, CONMUTOHbI.

Tema 7. Tema 2: Metogbl
nccnenoBaHns KpUCTansos.
PeHTreHoBckas, anekTpoHHas u
7. [HeMTpoHHaa audppakums. 8 2 0 0 2
ONeKTPOHHAs MUKPOCKOMNMUSI.
PeHTreHoBckas afcopbumoHHas
cnektpockonus (EXAFS n XANES).

Tema 8. OnekTpoHHas
cnekTpockonus. CnekTpockonus
SAMP 1 3INP. AacopbumnoHHas,
thnyopecueHTHas, VK- n
KP-cnektpockonus. 3oHaoBas
MUKPOCKOMNUS.

Tema 9. Tema 3: MeTonobl cuHTE3a
TBEPLAbIX BewecTs. [lonyyeHne
HeopraHn4eckmx MaTepranos
9. [KEpaMM4EecKMMu, XUMI4ECKIMN 1 8 > 0 0 >
JyroBblMW METOAAMM, MPUMEHEHMNE
BbICOKOr0 OaBneHuns1, HaCTbIIbHOrO
nnaBneHns n XMMM4ecKoro
OCaX[eHuUs 13 rasoBor goasbl.

Tema 10. OcobeHHOCTU cUHTE3a

opraHuyeckmnx Teepabix Ten. CnHTtes
10.|HaHOMaTepuanos. MonyyeHune 8 2 0 0 2
amopHbIx BelwecTs. Obwme MeTonbl
BblpallMBaHUS KPYMHbIX KPUCTANOB.

Tema 11. Tema 4: dasosbie
npespaweHuns. TepmoanHammka
rasosbix nepexonos. Markme mMoabl.
11.|KpuTtnyeckume ssneHuns. CTpykTypHbie 8 2 0 0 2
N3MEHEeHs Nnpu ha3oBbIX
npespaueHmsx. OCHOBHble
MEXaHu3Mbl a30BbIX MEPEXOAOB.

CrpaHnua 4 n3 15.
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Buabl un yachbl
KOHTaKTHOW paboThbl,

Paspgenbl pucuMnInHbI / MX TPy A0EMKOCTb CamocTosiTenbHasi
N Moayns Cemectp (B yacax) pa6orta
MpakTuyeckmellabopatopHble
Jlekumn 3aHATUSA pab6orthbl

Tema 12. HecopasmepHble haabl.

KoonepaTtusHbln agodoekT

Ana-Tennepa. MNepexonbl mexay

CMWHOBBIMU COCTOSHUSIMU.
12. Mesodhasbl. [Mnactuyeckoe 8 2 0 0 2

KpPUCTaNIM4YeCckoe COCTOSHNE.

Xwngkue kpuctannsl. Pasosble

nepexonbl B CTEKNAx.

Tema 13. Tema 5: OedexTbl B

TBEPObIX Tenax. To4yeyHble oedekThl.
13 MapaanekTpuyeckne un 8 5 0 0 5

‘|monekynsipHble npumecu. LieHTpbl
okpackwu. ducnokauun. lNMnaHapHbie
OedeKThbl.

Tema 14. BanmogneicTene
nedeKkToB. YNopsaodyeHne To4eUHbIX
OedeKkToB 1 CBEPXCTPYKTYpPHI.
14.|Kpucrtannorpadguyecknii casur. 8 2 0 0 2
BnoyHble u 6eCKOHEYHO ananTuBHbIE
CTPyKTypsbl. lNpopacTtaHue
KpucTannos.

Tema 15. Tema 6: B3anmocesaab
MeXay CTPYKTYPOW 1 CBOMCTBAMU
kpuctannos. OnncaHme aneKkTPOHHOW
15.|cTpykTypbl TBEPABIX TEN. MarHnTHble 8 2 0 0 2
CBOWCTBA KpUCTANOB.
dnekTpryeckme CBOWCTBA TBEPAbIX
Ten.

Tema 16. CBepxnpoBOAUMOCTb.

LunanekTpuyeckne n ontnyeckme

cBoiicTBa KpucTannos. MNepexoapl
MeTann-Hemetann.

16.|CmewanHo-saneHTHbIe COEOMHEHNS. 8 2 0 0 2

deppounkn. OcobeHHOCTU aMOPIIHbIX

TEN Y XNOKNX KPUCTaNNoB.

Tema 17. Tema 7: TBepnogpasHble
peakuuu. Knaccndpumkaums

17.[TBEpOooOda3HbIX peakumi. 8 2 0 0 0
MexaHn3Mbl BaXXHenwmnx
TBEpPOOMa3HbIX peakLmii.

Tema 18. Oucbdysns B TBEpAbIX
Tenax. KnHetnyeckme mogenu un
YpaBHEHNS N30TEPMUYECKON
18.|kuHeTnKkn. AKTUBHOE COCTOSIHME 8 2 0 0 0
peareHTOB 1 ero posb B
TBepLogasHbIX npoLieccax.
"eTeporeHHbI Katanms.

Ntoro 40 0 0 31

CrpaHnua 5 13 15.
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4.2 CopepxaHue AUCUUMIUHBI (MOBYNS)
Tema 1. Tema 1: CtpoeHue TBepAbIx Ten. CuMMeTpus Kpuctannos. Xumuyeckas CBA3b B TBEPAbIX Tenax.

OnemeHTapHas siuelika. TpaHCNsAUMOHHbIE BEKTOPbI, onpegensiowne pebpa v yribl mexay HiMu. Cemb
KpVCTannn4yecknx cuctem: kybudeckas, TeTparoHanbHas, optopombryeckas, pomMbo-aapuyeckas, rekcaroHanbHas,
MOHOKJIMHHAS!, TPUKNMHHASA. MoHsATUE cMMMETPUK. ToYedHas CUMMETPUS. SNEMEHTb U onepaumny TOHEYHOR CUMMETPUN
(3aKkpbIThle onepaumm): cobCTBEHHOE BpalleHVe, OTPaeHMUe B NMNOCKOCTA CUMMETPUN, OTPaXEHUe B LLIEHTPE CUMMETPUK
(uHBEpPCUS), HECOBCTBEHHOE BpalleHMe, MOBOPOT C UHBEpcuen. O6o3Ha4YeHne 3NEMEHTOB CMMETPUM B CUCTEMAX
WeHdpnuca u NepmaHa-MoreHa. TouedHas rpynna. Mlepapxusi To4e4HbIX rpynn v pacnpeneneHue nx no
KpucTannuyeckum cuctemam. Fonosgpuyeckas rpynna. Onepaumnsi TpaHCnsUmMmn 1 OTKPbITbiE onepauuy CUMMETPUN.
BuHTOBOI OnepaTop 1 BUHTOBbIE OCK. Onepa-Top CKONb3SWEro 0TPaXeHNs 1 NIOCKOCTU a-, b-, ¢-, n-, d-CKoNbXeHus.
LieHTpupytowuii onepaTop v TUMbl KPUCTANNIMYECKMX PELIETOK: 6a30LEHTPUPOBaHHbIE, FPaHELEHTPUPOBAHHbIE,
06bEeMOLIEHTPUPOBAHHbIE 1 MPUMKTHBHBIE. YeTbipHauaTh peweTtok Bpaee. MpoctpaHcTBeHHas rpynna. O6o3HaveHns
NPOCTPaHCTBEHHbIX rpynn. Onepauunst aHTucummetpum LybHUKoBa. LIBeTHbIE UK MarHUTHbIE rPYMMbI.

Tema 2. Cuctemartmka CTPYKTYp HeopraHu4yeckux coeauHeHuin. Cunukarbl U antoMOCUIMKaTbI.

BeeneHwve B npeamet. Tunbl CBA3W B TBEpAbIX Tenax. VIoHHbIe kpucTannbl. YpasHeHns BopHa-Maiepa n Bopra-NaHze.
MocTosiHHas ManenyHra u MagenyHroBckumin noteHumnan noHos. KosaneHTHble kpuctanibl. AnMa3ononobHble CTPYKTypbl,
coegunHenns tuna ANB8-N. MoHHOCTb ¢BSA3M B KpucTannax no MonuHry n dunnmncy, aBpucTnyeckoe 3HaveHme
napameTtpa noHHoctn. Metannuyeckue kpuctannsl. OCHOBbI 30HHON Teopuun. MonekynsipHble KpucTannbl.
BaH-nep-Baanbcosbl B3aumoneiicteus. SHeprumn Keesoma, Oebas, NMoHpoHa. MoteHuman NeHHapa-IxoHca. MNapHbie
aTtoM-atoMHble noTeHumansl Kutanropoackoro. Kpuctannibl ¢ BOOOPOAHON CBA3bIO, 3HAYEHME BOLOPOLHON CBA3N B
XMBOW Npupoae. ACUMMETPUYHbBIE U CUMMETPUYHBIE BOLOPOAHbBIE CBSA3M, CNOCOObI KX ONMUCAHUS.

Tema 3. HecBsizbiBalolLMe B3aUMOAENCTBUSI B MOHHbIX Kpucrannax. Monutunuam. OpraHuqecKMe Kpucrtannbl.

Moaenb xectkux cgpep. Kybuyeckas u rekcaroHanbHas nnoTHewme ynakoeky. O6beMoLeH-TPMPOBaHHas NNoTHas
ynakoBka. CTpyKTypbl METanIM4eckmx aneMeHToB, ocobeHHocTn cTpykTyp Hg, Cd n Zn. CTpykTypbl HEMETANNYECKUX U
nonymeTtannuyeckmnx anemeHToB. AnemeHtsbl VI rpynnbl. SnemenTsl VI rpynnbl. OnemeHTsl VI rpynnbl. SnemeHTtsl V
rpynnbl. nemeHTol IV rpynnsl. CTpykTypbl 60pa. CTpyKTypbl HEOPraHUYeckux coeanHeHunii. Moaenb NnoTHewe
ynakoBku MOHOB. OrpaHnyeHns MOHHOW MOLENN: HEKOPPEKTHOCTb NCMONb30BaHNS YHUBEPCANbHBIX MOHHBIX PaanyCcoB 1
KOHLLENLUMS 3N1eKTPOCTaTNYECKON cunbl cBA3u NonuHra; seneHue astakcumn. CTpyKTypbl coeanHeHunin Tuna AB: cTpykTypa
KaMeHHOW conu (xnopuaa HaTpust), CTPYKTypa xnopuaa Leans, CTpyKTypa LMHKOBOW 0bMaHKKM (cgpaneputa), CTpykTypa
BIOPTUMTA, CTPYKTYpa apceHnpa HUKens, CTpykTypa noguaa trannus, CTpyktypbl U- n B-okcupa cemHua, CTpyKTypa
cynbomia ptyTm (KmHosapm), cTpykTypa okcuga megu(ll), ctpyktypbl okcnaos (cynbdpugos) nannagus(ll) n nnatunel(ll).
CTpykTypbl coeanHeHunin Tuna AB2: cTpykTypa dontooputa (propmaa KanbLms), aHTUGNIOPUTHAA CTPYKTYpa, CTPyKTypa
pytuna (okcupga tutana(lV)), cTpykTypbl Anokcuna kpemHus (B-kpuctobanuta, B-TpuamMuTa, B-keapua), CTpykTypa
kynputa (okcunga megu(l)), ctpyktypa nuputa (aucynbdpuoa xenesa(ll)), cnoncrole CTpykTypbl nognaa kagmums, xnopmnaa
kanmus, monubneruTa (aucynscpmnaa monubaeHa(lV)), noamnaa prytu(ll). Ctpyktypbl coeauHeHmin Tuna A2B3: noHHble
CTPYKTYpbl - CTPYKTypa KOpyHAa (OKCU-[a anioMUHUS), CTPYKTypa unbMeHuTa (tTutaHarta xenesa(ll)), ctpyktypbl A-, B-n
C-penko3emenbHOro okcmaa, CTpykTypbl okcuaa sucmyta(lll), KoBaneHTHble CTPYKTYpPbI - CTPYKTYpPbI Tennypuaa u
cynbcomaa sucmyta(lll).

Tema 4. CoeAVHEHUs BK/IIOYEHUS M KnaTparbl.

CtpykTypbl coeanHeHmnin Tuna AB3: ctpyktypa okcuaa penns(VI), ctpyktypa dotopuaa nanna-gua(lll), aHtucrtpyktypa
ReOg, ctpyktypa tncoHuTa (LnF3, AcF3). CTpykTypbl coeamnHeHunn Tu-na ABX3: neposckuTbl. CTPYKTYpbl COEANHEHNI
Tna A2BX4: K2NiF4. CtpykTypbl coenuHeHuii Tuna AB204: wnuHenu n "obpalieHHblie" wnuHenn. CTpyKTypbl
coeguHeHnii Tuna A2B207: nupoxnopbl. OKTasapu4eckne TyHHENbHbIE CTPYKTYPbl: OKCUAHbIE BPOH3bI, reKcaroHanbHble
U TeTparoHanbHble BOfbdpamMoBbie 6pOH3bI, hocdaTHblE BONbGPaMOoBbie BPOH3bI, TTaHOBbIE BPOH3bI. JlamennspHble
(nnacTnHyaTtbie) cTpykTypbl. Cunukatsl 1 antomocmnmkartbl. OpTocmunmkaTtbl, MMPOCUNMKATbI, CUINKATbI C KONbLEBbLIM
noHoM Si3096-, NnpokceHbl, amgonbosbl. PunnocHMnnKaTel, FMUHUCTbIE MUHEPANbI, KAONVHWT, TanbK-NAPOUINNT, TasbK,
cnogbl.

Tema 5. AMopcpHbie TBepAble Tena. KBasamkpuctanibl.

TpexmepHble cunnkaTtbl U antOMOCUNUKATbI: MONEBbIE WNaThl, YbTPaMapuHbl, LLEONNTbI, CO-0annToBas Knetka, HoBble
aHanoru LueonnToBs, TEMMNATHBIA CUHTE3 MUKPOMOPUCTBIX U ME30-MOPUCTLIX TBEPAbIX TeN. M30- 1 reTepononnuMetannarhbl,
cTpykTypa KerrnHa, nogeka- v ogu-rugpononekasonbgpamar, aHnoH [ancoHa. HecegasbiBaowme B3anMogenCcTBuUS B
WOHHBIX KpMcTaniax. 3Ha4eHne KOHLENLMN 3NEKTPOCTATUYECKON CUIbl CBA3M AJ1S ONUCAHWS CTPYKTYP COEANHEHWIA
KpeMHus. Hosble B3rnsabl Ha CTPYKTYpbl HEOPraHN4eckmx TBepablX Ten: CTPYK-TYPbl KOHAEHCUPOBAHHbIX
METanNoKNacTepoB; CTPYKTYpPbl, CBA3aHHbIE KpUCTannorpaguye-ckuMmn onepaunsamm; CTpyKTypbl U3 ynakoBok
[BYMEpPHBbIX MNOCKMX CETOK (ceTok Karome); CTpyKTypbl M3 yNakoBOK CTEPXHEN unu Hutelr. BosmoxHoctn metoga MO
NS oNMcaHns KpuctTanandeckmx cTpykTyp. Monutnnuam: nonntunel ZnS, CdI2, Pbl2, cnonctbix amxanbkoreHnaos,
CUNUKaToB, NEPOBCKMTOB.

Tema 6. KBasnyactuubl B Kpuctannax: (*)OHOHbI, MarHoHbl, 3KCUTOHbI, NONIAPOHbI, COJIUTOHDI.
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TpexmepHble cunnkaTbl U antoMOCUNUKaTbI: MONEBbIE WNaTbl, YbTpaMapuHbl, LLEONTbl, CO-O0annToBas Knetka, HoBble
aHanorv LueonnToBs, TEMMNATHBIA CUHTE3 MUKPOMOPUCTBIX U ME3O-MOPUCTLIX TBEPAbIX Ten. V130- 1 reTepononuMerannarbl,
cTpykTypa KerrnHa, nogeka- v ogu-rugpononekasonbgpamar, aHnoH ancoHa. HecessbiBaowme B3anMogencTens B
WOHHBIX KprcTaniax. 3Ha4eHne KOHLENLMN 31eKTPOCTaTUYECKON CUSbl CBA3M A1 ONUCAHWS CTPYKTYP COeANHEHWI
KpeMHus. Hosble B3rnsiabl Ha CTPYKTYpbl HEOPraHNYecknx TBepablX TeN: CTPYK-Typbl KOHAEHCUPOBAHHbIX
MeTannoknacTepoB; CTPYKTYpPbl, CBA3aHHbIE KpUCTannorpaguyie-ckuMmn onepaunsimm; CTpPYKTypbl 3 ynakoBoK
ZBYMEpPHbIX MNOCKMX CETOK (ceTok Karome); CTpykTypbl 3 yNakoBOK CTEPXHeN unu Hute. BoamoxHoctn metoga MO
NS oNMcaHns KpuctTanandeckmx cTpykTyp. Monutnnuam: nonntunel ZnS, CdI2, Pbl2, cnonctbix auxanbKkoreHnaos,
CUNUKaToB, NEPOBCKUTOB.

Tema 7. Tema 2: MeToabl nccnenoBaHUsA KpuctannoB. PeHTreHoBCKasi, 91eKTPOHHasi U HEMTPOHHasA andppakuma.
BneKkTpoHHas MUKpockonusi. PeHTreHoBckast ancop6bunoHHas cnektpockonus (EXAFS n XANES).

YeTblpe OCHOBHbIX TUMNa XapakTepucTuk Teepabix Ten. OnTnyeckme metodbl nccnegosanus. OCHOBbI ANMPPaKLNOHHbIX
mMeTonoB, popmyna bparra-Bynbgoa, noctpoeHune obpatHoii peweTkn. MeToabl PEHTFEHOBCKOM ANPPaKLUN: METOL
Naya, meton nopouwka (Oebas-leppepa-Xanna), Meton Bpalatowwerocsi kpuctanna (Meton Beiicenbepra). [1a atana
aHanusa angpakuNoHHON KapTUHBI: YCTAHOBNEHE NapaMeTPoB 3/1EMEHTAPHON S4EKN 1 onpeneneHne OTHOCUTENbHbIX
KOOpAMHAT aTOMOB B si4elike. DNeKTPOoHHAs AMdpakums 1 ee NpevMmyLlecTsa, AMdpakums HU3KOSHEPreTu4eckmx
anekTpoHos (LEED). HeiTpoHHas andppakums v ee npenmywecTsa, NOAHONPOUbHbIR aHanu3 Puteenga, npyMeHeHns
HENTPOHHON Andppakumn. SNeKTPOHHAA MUKPOCKONNS: CKaHMPYoLWas aNekTPOHHas MUKPOCKOMNWS, TPAHCMUCCUOHHAS
3NEKTPOHHAs MMKPOCKONKs, NpuMeHeHne dypbe-npeobpazosBaHns Ans aHannsa nsobpaxeHus. CnekTpockonust noTepb
3neKTpoHHoI aHeprum (EELS). AHanutnyeckas Mukpockonus.

Tema 8. AnekTpoHHasa cnekTpockonua. Cnekrpockonusa SMP u 3MNP. Apncop6uunoHHas, conyopecueHTHas, UK- n
KP-cnekTpockonusi. 30HO0Basi MUKPOCKOMMS.

PeHTtreHoBckas agcopbunorHas cnektpockonus (EXAFS n XANES). SAMP-cnekTpockonus TBepblX TeN, SKCNEePUMEHTHI
c BpaweHnem nog marndeckum yrnom (MAS NMR). STP-cnekTpockonus, HeopraHNnYeckue 1 opraHn4yeckme CrnHoBble
30Hbl. DNEKTPOHHAS CMEKTPO-CKONNS (NMPUHLMMBLI 1 NPUMEHEHWS): POTOaNeKTpoHHas cnekTpockonus (XPS n UVPS),
Oxe-cnektpockonus (AES), cnekTpockonus notTepb a1ekTpoHHo aHeprun (EELS). An-copbumoHHas un
gonyopecLeHTHas cnekTpockonusi B Buammoit n Y® obnactu, K- n KP-cnektpockonusi, meccbayapoBckas
crnekTpockonms. 30HO0Bas MAUKPOCKOMNNS: CKaHMpytolas TyHHenbHas Mukpockonus (STM), atoMHO-cunosas
mukpockonusa (AFM).

Tema 9. Tema 3: MeToabl CMHTEe3a TBepAbIX Bew,ecTB. [onyyeHne HeopraHU4eCKMX MaTtepuanos KepaMmyecKumm,
XUMUYECKUMU M OYyroBbIMU MeTO4aMU, NPUMEHEeHNe BbICOKOro OaBfieHNUS, HacTbIIbHOIO NMIaBNeHus n
XUMMYECKOro ocaxgeHnsa us razosomn cpasbl.

CvHTe3 HOBbIX COEANHEHNI U CO34aHNe HOBbIX MaTepmanoB: XxapakTepHble NpuMepsbl. HeTolpe kateropmum cmHTesa
TBEPObIX BeWeCcTB. 3Ha4eHne NOHUMaHNA KPUCTanNoOXMMUN Ons CUHTEe3a HOBbIX BewwecTs. KepaMnyecknii MeToq, cmHTesa
TBepObix BewecTs. [1yTn NnpeoaoneHns orpaHnYeHnin kepamm4eckoro Metoaa: 1) MeTon CywwKku pacrnbineHneM; 2) MeTos
CYWIKM BbIMOPaXmBaHneM; 3) MeToq coocaxaeHus; 4) 3onb-renb npouecc. lpumeHeHne 30nb-renb npouecca B CUHTE3e
MaTepuanoB Afs HENMMHENHOW ONTUKK, BUOTEXHONOMMU N KOHBEPCUW CONHEYHOM aHeprun. icnonb3osaHue
TEPMOAMHAMNYECKOro KOHTPONS B BbICOKOIHTANbMNUAHBIX PeakLUmsax: CaMopacnpoCTpaHSoWmnincs
BbICOKOTEMMNEPATYPHbIN cMHTE3 (SHS), MeTon cropaHus. Xmmnyeckne Metonbl cuHTe3a TBepabix Ten. Metonbl MArkon
xummm (soft-chemistry, chimie douce): nerngparauus, pasnoxeHve, peaokc-BHeapeHne Unm -aKCTPakLUs, NOHHBbIA
06MEH, KUCNOTHOE BbIlENaynBaHue, CUHTE3 M’MAPUA0B METANNIOB B3aMMOLECTBMEM MeTanna ¢ 6opornapraom,
6romrHepanusauns. Meton TBepLO¢A3HOrO NPEAWECTBEHHNKA, UCMONb30BAHNE MHAMBULYANbHbBIX BEWECTB 1 TBEPAbIX
pacTteopoB. MeToa ra3odasHoro npeawecTseHHnka. Markue metoabl CMHTE3a 13 pacnnasoB: NCMONb30BaHNE
HN3KOMNAaBKNX NONNXaNbKOreHNO0B WeNOYHbIX METaNN0B 1 3BTEKTUKU N3 TMAPOKCUMA0B HaTpma 1 kanus. Meton
TOMOXMMUYECKMX pefoKc-peakumin. CTpaTernm MHTepKanaunm Weno4YHbIX MeTannos B CNOUCTbIE AW LenoYeyHble
CTPYKTYpbl, 3aBUCUMOCTb KOOPAMHALMOHHOIO OKpYXeHns oT npupogbl metanna (Li, Na, K, Cs). Hosble ctpateruu
WHTEpKanauun: UHTepKanauus ¢ nonn-MmepusaLmneri; MOHoAMCNeprnpoBaHmne ¢ peCcTakmMHroM, nunnepuHr (pillaring).
MeTon TONOXU-MUYECKMX MOHOOBMEHHBIX PEaKLIMiA: MPOTOHHbIA 0BMEH 1 0BMEH KaTOHOB MeTannoB. MeToAbl BbICOKOrO
naeneHus. MmpopotepmanbHble (BasneHve 1-10 k6ap) CUHTE3bI LEONUTOB, antoModpocdaToB, MUKPO- U ME3OMOPUCTbIX
TBEPAbIX TeN, CUHTE3bI rpynnbl Haushalter'a. CuHTe3bl npu noBbiweHHOM gaenenun (10-150 k6ap) v Tunbl annapaTtypbi:
a) annapartypa noplueHb-UMnuHap; 6) annapaTtypa Tuna HakoBanbHW UV NPOTUBOMONOXHbIX HAKOBANEH; B)
"6anT"-annapatypa (belt - nosc). MyTn cHUXeHUs cBOBOAHOM SHEPrM peakLmMii Nog AaBNEHNEM: a) LenoKann3aumns
d-anekTpoHOB Yepes cbnmxeHne atomMoB; 6) cTabunmaaums BbICOKO-BANEHTHbIX COCTOSIHWI; B) NoAaBneHne
CErHeTO3NEeKTPMYECKOrO CMELLEHNS KATUOHOB; ) U3MEHEHNE NPeAnoYTUTENbHbIX NO3ULUIA KATUOHOB; 1) CHUXEHWE
nonsipnsaummn 6s2-anekTpoHoB. CMHTE3bI MO BbICOKUM LABNEHVNEM BELLECTB C HEODLIYHBIMW CTEMEHSMN OKUCNEHUS 1
CMWHOBBLIMW COCTOSIHUSIMW NEPEXOOHbIX METaNN0B. YCKOpeHne peakumin NoL 4aBneHneM.

Tema 10. Oco6eHHOCTM CMHTE3a OpraHUYecKux TBepabix Ten. CuHTe3 HaHomatepuanos. MonyyeHne aMopPdPHbIX
BeLecTB. O6LLMe MeToAbl BbipalluBaHUS KPYMHbIX KPUCTANNIOB.
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Monyd4eHre HeopraHM4YecKrx MaTepmanos yroBbiMM METOLAMU: OLHOAYrOBOM METO/, TPEXAYrOBO METOL; OyrOBOM
TPAHCMOPTHBIA METOA, HacTbiNbHOE NnasneHne. MeToa XMMUYECKOro 0CaxaeHuns 13 rasosoii gpassl (CVD),
npevmMylecTea metoaa. OCOGEHHOCTM CUHTE3a OPraHNYeCcKUX TBEPAbIX TEN: NOoyYeHne KOMMIEKCOB C NePEHOCOM
3apsana, NPOBOASIUMX OPraHUYecKyX NoAMMEPOB (MonvaueTuneHa, NonaHuIuHa, NoANNMPPONa, NOUTUEHUNEHA).
MonydyeHre n 0coBEHHOCTU COCTOSIHMS MUKPOYACTULL U HaHoMaTepuanos. MeTonbl CHTE3a MUKPOYaCcTHL:
pacrbifieH1e-BbICYWBAHUE, 3aMOPaXBAHUE-BbICYIWUMBAHNE, 30/b-Teflb MPOLECC, XUAKOEe BbICYWBAHME,
nuporenb-mMeTon. MeToabl CMHTE3a HAHOKNACTEPOB: UCMapeHWe B MHEPTHOM atMocdepe, MeXaHN4YeCKoe pa3MerbyeHme,
NasepHblii NMPonM3, Nponna obnayka cnpes, NnasMeHHas TeXHUKa, XUMUYECKMe METoabl (OKUCNEHNE TOHKMX YacTuL,
OKCVO0B, COOCaXAeHWe, MPUroTOBNEHME KONNOWHbIX PACTBOPOB, XMMUYECKas NonMMepnsaums U oca-xaeHuve,
30/1b-TeMb-MPOLECC, CO3LaHNe MUKPO3MYNbCUiA U Myuenn). OCOBeHHOCTY CUHTEe3a MalblX YacTuL, MeTanoB: ncnapeHve
B IHEPTHOM rase, Nony4yeHue KoNnovaHbIX MeTanioB BOCCTAHOB/IEHNEM PACTBOPOB CONEN, MCNONb30BAHUE AN 9TUX
uener anekTpoHnOoB. MeTonbl Nony4eHns aMOpoHbIX BEWECTB (CTEKON): OXNaXAEHNe Nepeoxnax AeHHbIX XUIKUX gas
(?cpopMoBaHMe? 13 pacnnaea, Na3epHoe CTEKN0BaHME), OCaXAEHNE U3 ra3oBoi asbl, ApobneHne-pasynopsnoieHme
yLoapoM, pasynopsinodeHme obny4eHneM (METaMMKTOBbLIE (POPMBI), fieconbBatauus, reneobpasosarue. MeTtoapl
BblpalLMBaHNS KPUCTANNOB 3aTBepAeBaHEM M3 pacnnaea: MeTon HYoxpanbckoro, TPExAyroBoi MeTon, MeTos
Kuponynoca, meton BpunxmeHa-Ctokbaprepa, meton BepHelins, MeTon nna3MeHHON ropenku, MeToq nnasatoLlei
30Hbl. MeTonbl KprCTanIn3aumMm 13 pactTeopa: METOAb! C UCMONb30BAHUEM (PNIIOCOB, MMApPOTepMasbHbIe MeToabI
KpvcTannusaumm 13 BOAHOMO pacTBopa C MCMONb30BaHUEM aBTOKNAaBA, Me-TO[ rens. NeKTPonuTUIECKNn MeTos
BblpalmBaHus Kpuctannos. MeTon ra3oTpaHCnopTHbLIX XUMUYecknx peakumnii (CVT). MeTton yCnoBHO KpUCTannnsaumu.
MeTon MONeKynspHO-Ny4eBol aNMTakCcum.

Tema 11. Tema 4: dPa3oBble npespaLleHus. TepmognHamuka cpa3osbix nepexonos. Markue mogbl. Kputnueckune
siBNeHusl. CTpyKTypHble MU3MeHeHUs1 Npu ¢ha30BbiX NpeBpaLLeHUsiX. OCHOBHble MeXaHM3Mbl (ha30BbIX
nepexonos.

OnpepeneHne noHATUS "dasosbin nepexon”. TepmoamHammka gpasosbix Nepexonos: oasosble nepexoibl NepBoro n
BTOpPOro poaa. Teopus pasosbix Nnepexonos JlaHaay, napamMeTp nopsaka, USMeHeHne CMMMETpUn Npu oasoBbix
nepexogax. Msarkne mogpl 1 ponb donykTyauuin npu asosbix nepexogax. CnekTpbl paccesHNs HENTPOHOB U CBeTa
BOMM3K ha30BbIX NEPEXONOB (LEHTParbHble NUKK). Kputnyeckue siBReHUst n KpuTmdeckne niaekcel. Knaccudu-kaums
(a30BbIX NEPEXOA0B B TEPMUHAX PA3MEPHOCTU CUCTEMDI 1 NapameTpa nopsaka. CTpyKTypHble M3MEHeHUs npwu
rasosbix NpespaLieHnsx. Knaccmgukaums asobix nepexonos no byprepy: a) nepexofpl, 3atparveatowme nepsyo
KOOPAMHALMOHHYIO CAPepy - PEKOHCTPYKTUBHBIE (MeANeHHbIE) U AunataumnoHHble (BbicTpble); 6) nepexoapl,
3aTparusatolme BTOpyto 1 nocneyowme KoOopanHaunoHHble cdoepbl - PEKOHCTPYKTUBHbIE (MEAIEHHBIE) 1
avcnnacueHble (6bicTpble). Peppo- 1 aHTUGEPPOONCTOPCHOHHBbIE Nepexobl. OCHOBHbIE Me-XaHN3Mbl (Da30BbIX
nepexonoB: a) nepexombl 3apobleobpasoBaHus 1 pocTa; 6) nepexombl NopsaoK-6ecnopsaok; B) MapTEHCUTHBIE
nepexofbl. CrMHOAANbHOE W 3BTEKTOULHOE PasnoxeHue TBepablx Ten. OCoBeHHOCTH (ha30BbiX NEPEXOLOB B
OpraHuyecknx TBEPAbIX TENax, Nepexonpl B napa-auxnopbeH3one 1 ManoHoBOW KACHOTE.

Tema 12. Hecopa3mepHbie cha3bl. KoonepatusHbin achcpekt AHa-Tennepa. Nepexoabl Mexay CIMHOBLIMU
cocrosiHusmu. Me3sodpasbl. [nacTnyeckoe Kpuctannmyeckoe cocrtosiHue. XXKupakue kpucrannbl. da3osble
nepexonbl B CTeKNnax.

HecopasmepHble thasbl. Cnocobbl (hopMMpPOBaHMsS HECOPa3MEPHOCTH has: a) COCTaBHAsi HECO-Pa3MEePHOCTb; 6)
JMcnnacrBHas Hecopa3MepHOCTb; B) caMoyrnopsinodeHne nedektos. Obpa-30BaHve HecopasMepHbIx doas B Mogenu
OOHOMepHbIX MeTannos MNarviepnca-Ppenuxa, BONHbI 3apaa0Boi nnoTtHocTu (CDW), ruraHtckas aHomanns KoHa.
HecopaamepHble dpasbl B K2Pb[Cu(NO2)6], K2SeO4 n MoHOCNOMHbIX rpadonToBbIX MHTEpKanaTax. JuHamMnyecknii n
cTaTndeckun agodoekTbl AHa-Tennepa, koonepaTuBHbIn adpdekT AHa-Tennepa. KoonepatueHbii adpdpekT AHa-Tennepa
B P339-LmpkoHax, WwnuHensx n neposckmTax. MNepexonbl MeXay CNMHOBBLIMU COCTOSAHNAMM B coeanHeHmsx xenesa(ll, 11l
n kobanbTa(lll), BNUsSHNE Ha TeMnepaTypy nepexona naeneHns n jonmposarus. Mesodasel. MnacTuyeckoe
Kpuctannnyeckoe coctosHune. Xuakme Kpuctanibl: Hematuiyeckme, Xonectepmyeckne n cMektTmyeckme dassbl.
OcobeHHOCTU cMekTUYeckux oas. MapameTtp nopsaka B XMAOKOKPUCTANIMYECKMX dhasax. dHTanbnus nepexona B
XuIOKOKprcTannuyeckoe coctosiHue. Kesasmxuakme kpuctannbl. @aso-Bble nepexodbl B cTeknax. Temneparypa
cteknoaHus (Tg) n Temnepatypa TepMoaHaMn4eckoro nepexoaa B crekna (To). MNMapanokc KoamaHa (Kauzman'a) u
ero peweHmne. KoHdurypaumoHHas aHTponus B cteknax. CTeknokpucTannbl, AMMNONbHbIE CTEKNA, 3aMOPOXEHHOE
XUIOKOKpUCTaNInM4eckoe coctosiHue. lNpakTnyeckoe npuMeHeHne pasoBbix Nepexonos.

Tema 13. Tema 5: LecheKkTbl B TBepAbIX Tenax. ToueuHble aedpekTol. MNapaanekTpuyeckme n MonekynspHbie
npumecu. LleHTpbl okpacku. Oucnokauuu. NnaHapHblie pedekTbl.

YeTblpe Tvna nedekToB B TBEPAbIX Tenax. HectexmomeTpnyeckme coeamHeHUs 1 TBepAble pacTBOPbI Kak UX MOEnu.
ToyeuHble pedpekTbl: napbl o WoTTkK, nedekTol N0 peHKeNto, annmoBaneHTHbIe MPUMECU 1 UX POrb B
anekTponposogHocTu. OueHkU sHepruii obpasosaHus nap no LWoTTku 1 noHHoM Murpaunn. PaBHOBECUE TOHYEYHbIX
[edekToB 1 KBa3UXMMNYECKME peakLunm B MPYMEHEHMWN K OKCMAAM U ranoreHngam metannos. [apasnektpnyeckme n
mMonekynsipHole npumecu. LleHTpbl okpacku: F-ueHTpsbl, F+-, F--, F3-, R- n VK-ueHTpbl, npumeHeHune OMNP ons nx
uccnenosaHus. ducnokaumu: Kpaesble 1 BUHTOBblE aucnokaunn. Bektop n koHTyp Broprepca. CoseplueHHble 1
HecoBepLeHHble (YaCTM4YHbIE) AMCIOKAUMM, YacTM4YHble aucnokauun ®paxka v Woknn. Ponb gucnokaumii B XMMNUYECKNX
peakuusix. lNnaHapHble BedeKTbl: KOrepeHTHbIE, HEKOrEePEHTHbIE U MONYKOrepeHTHble rpaHnubl pasgena. JedekTol
ynakosku MUK vinn 1Y, rpaHuubl ABOMHUKOB, KOMHCUOEHTHbIE, aHTUMDA3HbIE Y JOMEHHbIE rPaHuLbl.

Tema 14. Baaumogenctaue nedoeKkToB. YNopsaoueHNe ToUeUYHbIX AedheKTOB U CBEPXCTPYKTYPbI.
Kpuctannorpacuueckui caur. BnoyHble 1 6eCKoHeYHO aganTUBHbIe CTPYKTYpbl. [IpopacTaHue KpUcTannos.
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YnopsnoyeHre ToUeUHbIX AehekToB U CBEPXCTPYKTYpbl. dasbl Cy3yku. CBEPXCTPYKTYPbI Xanb-KOreHnaoBs 1 kapbunos
meTannos. CBepXCTPYKTypbl OKCMAOB TUTaHa, BaHaansa n xenesa, knactepbl Koxa-KoyaHa. CBepXcTpykTypbl HA OCHOBE
onoopuTa ¢ M3OLITKOM UK 0echrLMTOM aHUOHOB: KnacTepbl beBaHa, knactepbl Yunnuca. Kpuctannorpagouyeckuia
cosur (cs) no Yoacnu: nnockocTtu ¢s B cTpykTypax tuna ReO3 n TiO2. BnoyHble cTpykTypbl. BnoyHble CTpyKTypbl
oKCMA0B HNOBUS. BeckoHeYHO afanTuBHbIE CTPYKTYPbI C MIOCKOCTSMU U 6€3 NNOCKOCTEN KpMcTannorpagouyeckoro
cosura. [MpopacTtaHre KpucTannos: Nnepnoanyeckoe u Henepmoagndeckoe npopacraHne. Tunbl 0edEKTOB B
NepoBCKUTHbIX okcuaax ABO3: BakaHCUK B NO3uLMsX A, aHUOHAEULNTHAS U aHNOHM3ObLITOYHAS
HECTEXMOMETPUYHOCTb.

Tema 15. Tema 6: BzaumocBsi3b MeXxay CTPYKTYpOM U CBONCTBaMU Kpuctannos. OnucaHne 3NneKTpoHHON
CTPYKTYpbl TBepAbIX TeN. MarHuTHble CBOMCTBa KPUCTA/IOB. DNeKTpUudeckue CBOMCTBa TBEPAbIX TeN.

YeTblpe Mogenu onncaHust CBOMCTB TBEPAbIX TeN. 30HHas MoAenb, 30Hbl BpunniosHa, yposeHb ®epmu. Mogenb
NIOKaNM30BaHHbIX 3NEKTPOHOB, Honblne 1 Manble NonsapoHbl. Moaenb xummyeckol casiau no MN'yauHady, sHeprus
nepeHoca (bij), KoHUenTyanbHble pasoBble anarpammbl. Moaens KnacTepoB, y4eT KOHGOUIYPaUNOHHbIX B3auMOOEACTBUN
N COCTOSIHMI C NepeHoCcOoM 3apsaa. Pusnmyeckne CBONCTBA TBEPAObIX TEN: pABHOBECHbIE, CTALMOHAPHbIE, TNCTEPE3NCHbIE
1 He-obpaTumble. MarHuTHble cBolicTBa TBEpabIX Ten. ua- u napamarHetnam, 3akoH Kiopu-Belica (koHcTaHTa Beiica),
BaH-CPNEKOBCKUIA NapaMarHeTnam, marHetuam Maynm. O6MeHHOe B3anMO-[eNCTBME: NPSIMOI 1 KOCBEHHBIN 0BMeH
(cynepobmeH 1 obMeH no mexaHuamy RKKY). OcHOBHble TUMbl MarHeTMaMa B TBEPAbIX TENAX: AUaMarHeTu3Mm,
noeanbHblii NapaMarHeTnam, oeppoMarHeTam, aHTUgEPPOMarHeTnam, oeppumarHeTnam. renumarHeTuam, cnabolii
doeppomarHeTnsm, MeTamarHeT3mMm, cynepnapamarHeTnam, cnepomMarHeTmam, MUKTOMarHeTuam 1 CNmnHOBbIE CTekna.
OneKkTpuyeckne ceoicTea TBepabix Ten. [IpoBOANMOCTb METANNIOB, pacCcesHNe 3NeKTPOHOB Ha (POHOHAX U gedoekTax
peweTku. [MpoBOANMOCTb COBCTBEHHBIX 1 HECOBCTBEHHBIX NONYNPOBOAHUKOB C LENOKANM30BAHHLIMW HOCUTENSAMM.
MpoBoAMMOCTb NONYNPOBOAHMKOB C IOKANN30BaHHLIMY HOCUTENAMW (XONMWHI ManbiX NONSPOHOB). BaanMocesasb Mexay
9NEKTPONP-BOAHOCTLIO 1 MACCONEPEHOCOM MOHOB, COOTHOWEHWE HepHCcTa-OnHwWTenHa, OTHOWEHNEe XaBeHa.
CBepxnpoBoanMMoCTb. B3anmMocBaab Mexay SHTPOnuel N 3NeKTPOHHOM TeNN0eMKOCTbIO B CBEPXNPOBOAALLEM
COCTOSIHUW. BnimsiHne MarHMTHOro Nonst Ha CBEPXNPOBOAMMOCTb, adpdpekT MeinccHepa-Ox3eHdenbaa, Buxpn
Abpukocosa, ocobeHHocTn cpas Lespensi. Teopus ceepx-nposoamMocTy bapanHa-Kynepa-LWpudepa (BKL),
KynepoBckue napbl. BeicokoTeMnepaTyp-Hble OKCUAHbIE CBEPXNPOBOAHUKN: CTPYKTYPHbIE 0CODEHHOCTM KYnpaTHbIX
CBEpPXNPOBOAHNKOB, MEXaHN3M CBEPXMPOBOAMMOCTM B Kyrpartax.

Tema 16. CBepxnpoBoauMocTb. [luanekTpuyeckue n ontuyeckue ceoncrea Kpuctannos. Nepexonbl
MeTann-Hemetann. CmeLlaHHO-BaneHTHbIe coeanHeHust. Pepponku. Oco6eHHOCTU aMOpPCPHbIX TeN U XUAKUX
KpuUCTannos.

HwnanekTpuyeckume csoncTea Teepabix Ten. lNonspmnsaums cpenbl, ypasHeHvne Knaysnyca-MoccoTTn, Bpems penakcaumm
Lebas, koMnnekcHas auanekTpuyeckas MPOHULAEMOCTb, CTaTUYeckas U onNTuYeckas AU3NEKTPUIECKNe KOHCTaHThI,
3akoH Kiopu-Belica (temnepartypa Kiopu). B3anMocsaab Mex .y KOHCTAHTON pacnpoCTpaHeHNs SNeKTpoMarHUTHOM
BOJTHbI, AN3NEKTPUYECKOW MPOHNLAEMOCTbIO Cpedbl U AeACTBUTENbHOW 1 MHUMOW YacCTbio nokasaTens NpenomieHus.
OnTtuyeckune cBoiicTBa TBepAbIX Ten. [MNornoweHne cnabocBsa3aHHbIX 3NEKTPOHOB (MEX30HHbIE NEPEXoAbl), MOrNoLeHNe
CUNbHOCBS3aHHbIX 3N1EKTPOHOB, Nepexobl OT AOHOPHbIX U aKLENTOPHbIX NpUMecer B NoAynpoBOAHNKAX, NONOChI
MOrnoWeHUst OT 3KCUTOHOB, PEKOMBMHALMS Nap 3NEKTPOH-AbIPKA C MOPOXAEHNEM POHOHA U IOMUHECLIEHLINENA.
Heynpyroe paccesiHue uanyyeHus B TBepablx Tenax, agocpekt PamaHa. JlazepHoe nanyveHue, pybrHoBbI nasep u
nasepbl Ha NONYNPOBOAHMKOBbIX Anoaax. HenvHenHble 3aBUCUMOCTUN NONSPU3aLMM OT SNEKTPUYECKOro nons B
nasepHbix Nyyax, reHepaums BTopbix rapMoHuk (KH2PO4). lNMepexoabl MeTann-HemeTan: a) nepexoabl B Kpucrannax
MEX Y 30HHLIMW COCTOSIHUSIMU C U3MEHEHMSIMU B CTPYKTYype; 6) MOTTOBCKMIA Nepexos Mexay AenoKanm3oBaHHbIMK 1
NIOKaNM30BaHHbLIMM COCTOSI-HUSIMW B KpucTannax; 6) aHaepCOHOBCKUIA Nepexon Mexay AenoKann3oBaHHbIMA 1
NOKann3o-BaHHbIMMN COCTOSIHUSIMU B HEKPUCTaNNMYECKUX TBEPAbIX Tenax. AHAEPCOHOBCKas okanm3auuns, MexaHnam
NpPOBOAMMOCTM CO ckadkamu nepemeHHoi gnuHel (VRH). Kputepun nepexona metann-Hemetann no Xabbapay, Motty n
epudbenbay. CmewaHHo-BaneHTHble coeanHeHust (CBC). Tpu knacca CBC B 3aBMCMMOCTM OT KO3ghouLmMeHTa
BaNeHTHOI genokanuaauun, conb Kpelitua-Taybe (Creutz-Taube). HuskopasmepHble TBepable Tena: uenodyeyHble u
CnoucTble Co-eMHEHUs, KpacHas conb Bonbgpama. Pepponkn: oepposnekTpukmn (CErHeToanekTpukn),
goeppoMarHeTvkm, OeppoanacTuky (CerHeToanacTukm). NepBryHbIe 1 BTOPUYHbIE CDEPPOVKN, BbipaxeHue cBOOOLHOW
aHepruun ans dpeppounkos. Co6CTBEHHBIE N HECOBCTBEHHBIE Chepponkn. DPeppoaNekTPrKN, NbE30INEKTPUKU,
NMPO3NEKTPUKU, aHTUCDEPPOINEKTPUKM, (Da30BbIE NEPEXOLbI B TUTAHATE Bapus. DnekTpoonTmyeckne matepuansl,
adhbchekThl Mokenca u Keppa. OcobeHHOCTN XUOKMX KPUCTANNOB, aHA30TPONUS NoKasaTenst NpenoMneHus,
ON3NEeKTPUNYECKON KOHCTaHTbI 1 OPUEHTALNOHHON YNPYrocTy.

Tema 17. Tema 7: TeepaoocpasHble peakuumn. Knaccucukauma teepaodpasHbix peakumin. MexaHnsmbl
BaXHeMnLINX TBepaodcpasHbIX peakLui.

Tunbl TBEpAOdA3HbIX peakuuii. JluMutupytowme ctagum TBepaodasHbix peakunii, agodekT Xensana. Peakumm,
BKNOYAOWMe OfHy TBEPOYHO dpasy: onvcaHne S-06pasHbix KUHETUHECKUX 3aBUCUMOCTEN, YpaBHEHNS!
Aspamun-Epodpeesa u lNMpayta-TomMnkuHca, npyMepbl TONOTAKTUHECKUX peakumin. Peakummn Teepaooe-ras:
napabonnyecknin 3aKoH CKOPOCTH U Mogdenb BarHepa. Peakuun TBepooe-TBepLOE: peakumy NpUCcoeanHeHNs U 06MeHa,
KMHeTVKa peakuuii C y4acTUeM MOHO- U NONMKpUCTannoB. Peakumy TBepLoe-XnLKOCTb: 06pa3oBaHne Cnos Ha
NOBEPXHOCTW, PaCTBOPEHNE B XNIOKON hase, npouecchl nHTepkansaumm. Peakunm opraHnyeckmnx TBepabix TEN: OTAn4me
OT peakumnin HeopraHNYecknx TBepablx Ten, OTOANMEPM3ALNS TPAHC-KOPUYHBIX KUCAOT, NOANMepU3auns
2,5-gucTnpunnupasuHa, nonMMepu3auns guaueTuneHoB, aCMMMETPUYECKMe CUHTESbI B XMPaibHbIX KpucTannax,
WHOYLMPOBaHNE X1PanbHOCTU CENEKTUBHBIMU fobBaBKkaMu, CTEPEOCNeUMYeckme peakumm BHeLPEHNS "TocTein" B
CTPYKTYpYy CTEpOM0B, pasfeneHne SHaHTMOMEPOB Ha OPraHNYeCcKmX XnpasnbHbIX KpUcTannax, yckopeHvue peakunii nog
HencTBMeM BHYTPEHHEro AaBneHns kpucranna.

am PAEKTPOHHBH
Crpanuua 9 n3 15. Bl YHHBEPCHTET

S OFMALMOHHO AHATVTAHECHAR CATTEMA Ky



Mporpamma gucumnnuHbl "Xumng tBepaoro tena"; 04.05.01 "®dyHpameHTanbHasa v npuknagHas xmmMms'".

Tema 18. Oudpchy3unsa B TBepabix Tenax. KuHetnyeckue moaenm u ypasHeHMA U30TePMMYECKON KUHETUKW.
AKTMBHOE COCTOSIHUE peareHToB U ero posib B TBepaodasHbIX npoueccax. eTeporeHHbIN KaTanums.
YnpasneHune peakuMOHHOW CrOCOBHOCTBIO OpraHMyYecknx TBEPALIX TEN: TEXHUKA OpraHM3auum Kpuctanna.
"eTeporeHHbIN KaTtannsa: akTUBHOCTb U CENEKTUBHOCTb Katannaaropa; KatannsaTto-pbl, AUCNeprupoBaHHbIe Ha
noanoxke; cunbHoe B3anmomencTene metann-Hocutens (SMSI). MNprMepbl NPOLECCOB C reTeporeHHbIM KaTannsom:
KPEKMHT yrneBofopoAoB B MPUCYTCTBMM BOAOPOAA, rMapoaecynbdypunsanmns Hedptun, nonydyeHne metaHa ns CO n H2,
CVHTE3 ammmaka, cuHTes Puwepa-Tponwa (rnapuposaHue CO), okmcneHne CO B aBTOMOBUIBbHBIX OTXOASILMX Fa3ax,
nonvMepusaumsa aTuneHa u nponuneHa (c karanmaaropom Lurnepa-Harra), aMmmookuc-neHune nponuneHa (MexaHmam
peakuun ¢ Mmonubaartamm BucMyTa). LleonnTbl kak katanm3aTopbl: CENEKTUBHOCTb MO PeareHTy, NPoayKTy 1
nepexoaHoMy cocTosiHuto. OcobeHHOCTU KaTannsa neHtacunom H+ZSM-5.

5. MepeueHb yue6HO-MeTOANYECKOro obecrneyeHUs Ojisi caMocTosTeNlbHOW paboTbl 06yyaroLLMXcs no
AucuunnuHe (MoayIto)

CamocTosiTenbHas paboTa 00y4atolmMXCs BbIMNOMHASTCS Mo 3a0aHNI0 1 NPY METOAMYECKOM PYKOBOACTBE Mpenoaasartens,
Ho 6e3 ero HenocpencTBeHHOro y4acTus. CamocTosiTenbHas pabota noapasnensieTcs Ha caMocTosITeNbHYO paboTy Ha
ayIMNTOPHbIX 3aHSATUAX U Ha BHEayOUTOPHYIO CaMOCTOSTeNbHYo paboTy. CaMmocTosTenbHas pabota obyyatowmxcst
BK/IHOYaET Kak MONIHOCTbIO CaMOCTOSITENbHOE OCBOEHME OTOENbHbIX TEM (pasnenos) AUCUUMINHLI, Tak U NpopaboTky TeM
(pasmenos), ocBavBaeMbIX BO BpeMs ayIMTOPHOW paboTbl. Bo BpeMsi caMocTosTenbHoM paboThl obydatowmecs YATaroT 1
KOHCMEKTUPYIOT y4ebHYo, Hay4yHYIo 1 CMPaBOYHYIO NNTEpaTypy, BbIMONHAIOT 3a0aHusl, HanpasieHHble Ha 3aKkpenneHne
3HaHWiA 1 0TPabOoTKY YMEHW 1 HaBbIKOB, TOTOBSTCS K TEKYLIEMY M MPOMEXYTOYHOMY KOHTPOO MO AMCUUMMHE.

OpraHunsauusi caMocTosTenbHO paboTbl 0ByHaoIWMXCs PErnaMeHTUPYeTCs HOPMATUBHBIMA LOKYMEHTaMu,
y4ebHO-METOANYECKON NMTEPATYpPO U SNEKTPOHHBIMY 06pa30BaTENbHBIMU PECYPCaMU, BKNOYAS:

Mopsaok opraHM3aummn 1 ocyLecTBleHNs 0bpasoBaTenbHON AeaTenbHOCTH No 06pasoBaTefbHbIM NPorpamMMam BbICLIErO
obpaszoBaHus - nporpammam bakanaepuara, nporpamMmam crieuuanuteta, nporpammam MarucTpatypbl (YTBepXaeH
npvkasom MuHuctepcTea obpasoBaHusi U Hayku Poccuiickoin denepauun ot 5 anpensi 2017 rona Ne301)

MucbMo MuHucTepcTBa obpasosaHus Poccuiickoit depepaumm Ne14-55-996mH/15 ot 27 Hosibps 2002 1. "O6
aKTBM3aLMM CaMoCTOATENBHOM paboThl CTYAEHTOB BbICLIMX YHEOHbIX 3aBEAEHUIA"

YcTaB cheaepanbHOro rocyaapcTBeHHOr0 aBTOHOMHOIrO o6pasoBaTtensHoro yupexaeHus "KasaHckuin (MprBonxckuii)
doenepanbHblil yHMBepcutet”

MpaBuna BHyTPEHHErO pacnopsaka henepanbHOro rocyapCTBEHHOO aBTOHOMHOMO 06pa30BaTENbHOMO YHPEXAEHNS
BbICLWEro npodeccroHanbHoro obpasosanus "KasaHckuii (MprBonxckuid) doenepanbHblii yHUBEpPCUTET"

JTokanbHble HopMaTMBHbIE akTbl KasaHckoro (IpuBonxckoro) goenepansHoro yHmsepcuTeta
caiit - http://urai.net.ru/crystal/p21aal.html

cauT - http://www.eunnet.net/metod_materials/wm5/symmetry.htm

cawT - http://cultinfo.ru/fulltext/1/001/008/102/214.html

6. DOHA OLEeHOYHbIX CPeacTB MO AUCUUNIUHe (MOLYNI0)

DOHL OLIEHOYHbIX CPEACTB Mo AUCUUNIUHE (MOOYNI0) BKIOYAET OLEHOYHbIE MaTepuanbl, HanpaBneHHbIE Ha MPOBEPKY
OCBOEHUS KOMMETEHUWIA, B TOM YUCNE 3HAHWUIA, YMEHUIA U HABBIKOB. POHA OLLEHOYHbBIX CPELCTB BK/THOHYAET OLEHOYHbIE
CPeLCTBa TEKYLEro KOHTPOMS 1 OLEHOYHbIE CPENCTBA NMPOMEXYTO4YHOM aTTecTaunm.

B ¢hoHLe OLEeHOYHbIX CPEACTB COAEPXUTCS Cnenyiowas nHgpopmaums:

- COOTBETCTBME KOMMETEHLUIA NNaHMPYEMbIM pe3ynbTataM 06y4eHus Mo JUCLUMNMHE (MOLyNio);

- KPUTEPUM OLIEHMBAHNS CHOPMUPOBAHHOCTY KOMNETEHLMIA;

- MEXaHU3M (POPMUPOBAHMS OLIEHKM MO ANCUMNIVHE (MOZYNIO);

- onucaHve nopsiaka NPUMEHeHUs 1 NpoLeaypbl OLEHMBAHNS LN KAXA0ro OLEHOYHOro CPeancTBaa;
- KpUTEPWM OLIEHMBAHNS LS KaXA0r0 OLEeHOYHOro CPeacTBa;

- cogepXaHue OLEHOYHbIX CPeacTB, BKioYas TpeboBaHus, NpeabsBisemMble K 0eCTBUSM 0OyHatowmxcs,
LEMOHCTPVPYeMbIM peadynibTataMm, 3aaHns PasnnyHbIX TUMOB.

DOoHAO OLEHOYHbIX cpencTs no gucunninHe HaxoanTcs B I'Ip|/|n0>KeHv||/| 1k nporpamme gucunninHbl (MO,D,yJ'IPO).

7. NepeueHb nuTepatypbl, HEO6XOAMMON OIS OCBOEHUS OUCLUNMUHBI (MOAynst)

OcBoeHMe aucumMnnnHbl (MOoyNs) npeanonaraeT U3y4yeHrne OCHOBHOW 1 OONONHUTENBHON y4ebHOW nuTepaTypbl.
Nutepatypa MOXeT BbiTb BOCTYMHA 0ByYaloWUMCS B OAHOM M3 ABYX BApMaHTOB (b0 B 060MX N3 HUX):

- B 3NIEKTPOHHOM BUIE - YepPe3 3NeKTPOHHbIe BUBIMOTEYHbIE CUCTEMBI HA OCHOBAHWW 3aKNtoueHHbIX KDY norosopos ¢
npaBoobnagarensamu;

- B MeyaTHoM Buge - B HayuHon 6ubnunoteke um. H.U. Nlobayesckoro. Obyyatowmecs nony4aroT yuebHyio nutepatypy Ha
aboHeMeHTe Mo YuTaTenbCkum 6uneTam B COOTBETCTBMU C NMPaBunamu nonb3oBaHus HayyHolr 6ubnmoTekoi.
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ONeKTPOHHbIE U3AaHNS AOCTYMHbI AMCTAHLMOHHO M3 NtoBOI TOUYKM NpY BBEAEHMM 0OYYaOLLMMCS CBOErO NIOrMHA 1 Napons
OT NIMYHOTrO KabuHeTa B cucTeMe "ONeKTPOHHbIA yHUBepcuTeT". Mpr MCNONb30BaHMK NeYaTHbIX M3naHUA BBNNOTEYHDbI
oOHA, OOMXeH ObITb YKOMMNIEKTOBAH UMK M3 pacyeTa He MeHee 0,5 ak3emnnspa (ans obydatowmxcs no ProcC 3++ - He
meHee 0,25 ak3emnngapa) Kax4oro U3 n3gaHuii OCHOBHOW nuTepaTtypbl U He MeHee 0,25 ak3emnnapa LOMNONHUTENbHO
nmMTepaTypbl Ha Kaxaoro obyyarowerocs n3 ymcna nuu, OLHOBPEMEHHO OCBaUBAIOWMNX AAHHYIO ANCLMMINHY.

MepeyeHb OCHOBHOM 1 BONONHUTENBHON Y4ebHOM nMTEpaTypbl, HEOBXOAMMO AN OCBOEHWUS AMCUMNAMHBI (MOOYNS),
HaxoauTcs B MpunoxeHun 2 k paboyeit nporpamMme aucumnnvHbl. OH NOANEXMT OBHOBAEHMIO NMPU N3MEHEHWM YCNOBUIA
norosopoB KDY ¢ npasoobnanatensiMy aNeKTPOHHbIX U3LAHUIA 1 NMPU N3MEHEHWN KOMMNEKTOBAHUS (OOHA0B HayuHow
6rbnnotekn KPY.

8. NepeueHb pecypcoB UHCGPOPMALMOHHO-TENIEKOMMYHUKALIMOHHOM ceTn "UHTepHeT", He0OX0,AUMbIX ONS
OCBOEHUS BUCLUMNMNHBI (MOOYNs)

1.Cant Knuru no xumnn - Xumms TBepooro tena -
http://chemistry-chemists.com/Uchebniki/Chemistry-books-Solid-state.html

2.Cant Xvmuk. Xvmuns TBepaoro tena - http://www.xumuk.ru/encyklopedia/2/4998.html

3.Cant ?TBepaodaszHeie peakuun? - http://pcrnasm.narod.ru/solid-phase_reactions.pdf
4.Cawnrt ?MNocTHayka. Xumusa TBepaoro tena? - http://postnauka.ru/themes/himiya-tverdogo-tela
5.Cant TeepaoochasHble peakuum - hitp://dic.academic.ru/dic.nsf/es/89815/TBEP JOPAIHbIE

9. MeTogunyeckme ykasaHus gisi 06y4aroLLLUXCA MO OCBOEHUIO AUCLUNIMHBI (MOAYNS)
Bup, pa6ot MeTtoauueckue peKoMeHpaLmm

nekumn WNayyeHne ancumnnuHbl cnefyeT HauynHath ¢ npopaboTku paboyeit nporpamMmbl, 0co6oe BHUMaHME,
yoenss uensim u 3aagadam, CTpykType 1 CofepXaHuto Kypca.

PaboTa ¢ KOHCMEKTOM NeKuwni:

Heobxonumo npocmatprBaTth KOHCMEKT Cpasy Noc/ne 3aHATUiA, OTMETbTE MaTepuan KOHCNeKTa
NEKLMiA, KOTOPbIA BbI3bIBAET 3aTPyOHEHNUS ONS NOHUMaHMs. [onbiTanTech HANTU OTBETHI Ha
3aTpyaHUTENbHbIE BOMPOChI, UCTONb3ys peKOMEHAyeMyo nnTepatypy. Ecnu camocTosiTensHo He
ynanocb pasobpartbcs B Matepuane, cpopMynupyinTe BONpockl U obpatntech 3a NnomoLubLo K
npenonaeartento Ha KOHCYNbTaummn unm 6nvxanweri nekunm. PerynsipHo oTBoaMTe BpeMs ons
MOBTOPEHUS NPONAEHHOrO Matepuana, NPoBepsisi CBOM 3HAHWS, YMEHUS U HABBIKW MO KOHTPO/bHbLIM
BOMpocam.

camocTosl- | PaBouyeit nporpamMmolt AucUMNAnHLI NpedycMOTpeHa caMocTosTenbHas pabota CTy0eHTOB.

TenbHas CamocTosiTenbHas pabota NpPoBoOAUTCS C LENblo Yriy6neHns sHaHuin no aucumnivHe u

paboTa npenycMaTpuBaeT:
- YTeHWe CTyAeHTaMn PeKOMEHO0BAHHOW NUTepaTypbl U YCBOEHNE TeOPETUYECKOro Matepuana
ONCUNNAVHBI;
- MOArOTOBKY K NPaKTUYECKUM 3aHSATUAM, nabopatopHbiM paboTam 1 Kypcosoi paborte;
- paboty ¢ VIHTEpPHET-NCTOYHMKAaMM;
- NOAroTOBKY K cAaye NpakTuyeckmx padoT, BbIMONHEHWIO TECTOBLIX 3aaHuii U clade 3a4eToB U
9K3aMEHOB.
MnaHnpoBaHne BPeMeHu Ha CaMocToATeNbHYO paboTy, HEOOXOAMMOro Ha M3y4yeHne HaACcTosIWen
OMCLUWNAVHBI, CTYAEHTaM flydile BCero oCylWecTBNsSTb Ha BECb CEMEeCTp, NpedycMaTpmeas npv aToM
perynspHoe NoBTopeHve NpoiaeHHOro Matepuana. MaTtepuan, 3aKOHCNEeKTUPOBaHHbIA Ha nexkuusX,
HEeoBX0IMMO PErynsipHo OOMOMHSATL CBeAeHUSMU U3 IMTEPaTypPHbIX UCTOYHMKOB, NPeACTaBNeHHbIX B
paboyein nporpamMme gUCUMNAMHBL. o Kax oo U3 TeM AN CaMoCTOATENbHOrO U3y4eHus,
npuBedeHHbIX B paboyeit NporpaMMe OUCLMMANHBI ciedyeT cHayana npoyntarh PeKOMeHO0BaHHYI0
nuTepatypy 1 npu Heo6X0ANMOCTM COCTaBUTL KPATKW KOHCTMEKT OCHOBHbIX MOMOXEHWIA, TEPMUHOB,
CBeeHN, TpebyloWrx 3anoMUHaHNS 1 SBASIIOWMXCS OCHOBOMONaraowymm B 3Toin Teme 1 ans
OCBOEHMS MOCNenyowWwmnx pasnenos Kypca.
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Bup pabot MeTtoaunyeckue pekomeHaauum

3ayet Ha 3aueTe onpepnensercs ka4ecTBO W 06bEM YCBOEHHbIX CTyAEHTaMU 3HaHW, CNOCOBHOCTb K
0606LWeHnI0, aHannay, BOCNPUATAIO MHGDOPMaLIMK, MOCTAHOBKM Lienu 1 Boibopy nyTel ee
LOCTUXEHUS, a Takxe yMeHune pabotaTb C HOPMaTMBHLIMW LOKYMEHTaMU B pamKax avcumnnuHbl. OH
MOXET NMPOBOAUTLCS! B YCTHOW UMM MMCbMEHHOM chopmMax. PopMy NpoBeaeHns onpenenseT kagenpa.
MonrotoBka K 3a4eTy - NPOLECC MHAMBULYaNbHbIA. TEM HEe MeHee, CYLeCTBYIOT HEKOTOpbIE NpaBuna,
3HaHWs KOTOPbIX MOTYT BbiTb MONE3HbI 415 BCEX. 3an0oroM ycrewHon caayn 3adeta sSBnseTcs
cvcTemaTtnyeckas pabota Hag y4ebHOM OUCLMNNMHOM B Te4eHue cemecTpa. MoaroToBky XenartenbHo
BECTU, Ucxoas 13 TpeboBaHmWii NporpaMMel y4ebHol aucumunnuHbl. LlenecoobpasHo nowarosoe
OCBOEHUEe MaTepwrana, BbINoNHEHWE Pas3fNYHbIX 3a4aHuUi N0 Mepe N3yYeHUsl COOTBETCTBYIOLLMX
coaepxatefibHbIX pa3fenos OMCUUNMHLL. Ecnuv, roToBsich K 3a4eTy, Bbl UCMbIThIBAETE 3aTPYLAHEHUS,
obpaluariTeck 3a COBETOM K Mperogasatento, TeM 6onee 4To Npy CUCTEMATMHECKO MOArOTOBKE Y Bac
€CTb Takasi BOSMOXHOCTb. ['0TOBSICb K 3a4eTy, Ny4lle BCEro co4eTaTb NOBTOPEHUE TEOPETNHECKUX
BOMPOCOB C BbIMOJHEHNEM NPaKTUYEeCKNX 3aaaHnii. TpeboBaHUS K 3HAHWSIM CTYLEHTOB OnpeaeneHbi
pefepanbHbiM FocyAapCTBEHHbIM 06pa3oBaTebHbIM CTaHAaPTOM M paboyel Nporpammon
oucumnnuHel. Llenb 3a4eTta - npoBepka v oLeHKa YPOBHS NMOMy4YeHHbIX CTYAEHTOM CrieumanbHbIX
MO3HaHWUI No y4ebHO ANCLUMIUHE N COOTBETCTBYIOWNX UM YMEHWA 1 HABLIKOB, a TakKXe YMEHWs!
NIOTMYECKN MBICTINTb, apryMEHTUPOBATb M3BPaHHY0 Hay4HYI0 NO3ULIMIO, pearmpoBaTb Ha
LLOMOJIHUTESbHBIE BOMPOCHI, OPUEHTUPOBATLCS B MACCKBE MHGDOPMALMK, AePVHVLWIA 1 KaTeropui.
OueHke nogniexart NpaBuibHOCTb Y FPAMOTHOCTb PEYUN CTyLEeHTa, eCNi 3a4eT NPOBOANTCS B YCTHOM
oopMe, a TakXe ero LOCTUXEHUS B TedeHne cemecTpa. JononHNTENbHOM Lenbio 3a4eTa sBnsercs
(POPMUPOBaHME y CTYLEHTOB TakUX KA4eCTB, Kak OPraHn30BaHHOCTb, OTBETCTBEHHOCTb, Tpynontobue,
CaMOCTOSITENBHOCTb. TakMM 06pa3oM, NPOBEPSIETCS CNOXUBLIASICS Y CTYAEeHTa CUCTEMa 3HaHW No
LMCUMNVHE, YTO urpaeT 6onbluyio posb B MOArOTOBKe Byaywero cneuuanucrta, crnocobcTeyeT
MONY4YEeHUIO UM PYHAAMEHTaNbHOW U NPOodPeccnoHanbHOM NoaAroToBkuM. MNpu NoAroToBke K 3a4eTy
BaXXHO NMPaBWIbHO U pauuoHanbHO pacnnaHMpoBaTh CBOE BPeMSl, YTOObI yCneTb Ha Ka4eCTBEHHO
BbICOKOM YPOBHE NMOArOTOBUTBLCS K OTBETAM MO BCEM BOMpocaM. Bo BpeMsi NOAroTOBKM K 3a4eTy
CTYLeHTbl TaKXXe CUCTEMaTU3NPYIOT 3HAHWSI, KOTOPbIE OHU NPVOBPENU NPU N3y4EeHUN OCHOBHBIX TEM
Kypca B Te4eHMe ceMecTpa. OTOo NMO3BOMSET UM YSICHUTb TOTMYECKYIO CTRYKTYPY AUCLIMMMVHDI,
00beaNHUTE OTLENbHBbIE TEMbI B €AMHYIO CUCTEMY, YBUAETb NEPCMNEKTUBbLI €€ Pas3BUTUS.
CamocTosiTenbHasi pabota no noAroToBKe K 3a4eTy BO BPEMSI CECCUM [OMXHA NNaHUPOBaTbCS
CTYyLEeHTOM, Ucxoas 13 oblwero o6bemMa BONpPOCOB, BEIHECEHHbIX HA 3a4€eT, Tak, YTobbl 3a
npeLoCTaBNeHHbI ANst MOAFOTOBKM CPOK OH CMOT PABHOMEPHO pacrnpenenuTb NpubnnauTenbHo
paBHOE KONIMYECTBO BOMPOCOB AN €XEAHEBHOIo M3y4eHus (NoBTopeHus). BaxHo, 4Tobbl oauH
nocnenHuin neHb (MMbo yacTb ero) Obin BblOENeH 4N1S JOMOMHUTENBHOrO NOBTOPEHMS BCero obbema
BOMPOCOB B LieNOM. OTO NMO3BONSET CTYAEHTY CaMOCTOATENBHO NepenpoBepnTb YCBOEHUE MaTepuana.

10. NMepeuyeHb MHCGOPMALLMOHHBIX TEXHOJOIMM, UCMOJNb3YeMbIX NMPU OCYLLECTBIIEHUN 06pa3oBaTe/IbHOro
npouecca no gucuunianHe (Moayno), BKJaouYas nepeyeHb NporpaMMHOro obecneyeHns U MHGOOPMaLMOHHDIX
CnpaBOYHbIX CUCTEM (MPU HEOOXOAUMOCTH)

MepeyeHb MHPOPMALMOHHBIX TEXHOMOMUIA, MCMONb3YEMbIX MPU OCYLLECTBAEHUN 06pa30BaTENBHOrO NpoLecca no
OUCUMMNAVHE (MOLYNIO), BKNOYAS NepeyeHb NporpaMMHOro obecrneyeHns n HGOPMALIMOHHBIX CMPABOYHBIX CUCTEM,
npenctasneH B MpunoxeHun 3 k paboyeit nporpaMMe OUCLMMNVHBI (MOLYNS).

11. OnucaHue MatepuanbHO-TeXHMYECcKon 6a3bl, He0O6X0AMMOW AN OCyLUEeCTBNeHus o6pa3oBaTefibHOro
npouecca no aucuunnuHe (Moayno)

MaTtepuanbHo-TexHu4eckoe obecneyeHre obpasoBaTenbHOro npoLecca no AucuunavHe (Moaynio) BKntoYaeT B cebs
cnenyrolme KOMMOHEHTbI:

MoMelleHnst 0N1s CaMOCTOSITeNbHOM PaboThl 0OYYaIOLWMNXCS, YKOMMIEKTOBAHHbIE CreLmnannanpoBaHHoi Mebesnbio (CToMbI 1
CTYNbs) ¥ OCHAlllEHHbIE KOMMbIOTEPHOMN TEXHUKOW C BO3MOXHOCTbIO MOAK/IIOUYEHMUS K ceTn "VIHTepHeT" 1 obecrniedeHnem
AOCTyNa B 3NeKTPOHHYI0 MHJpOpMaLMOHHO-06pasoBaTenbHyto cpely KDY.

YyebHble ayamMTopun 4Nis KOHTAKTHOW paboThl C NpenoaaBaTteneM, yKOMMIeKTOBaHHbIE CNELMAnM3npoBaHHON Mebenbio
(cTonbl 1 CTYNbS).

KomnbioTep 1 NpuHTEp ONs pacrnedyaTtky pasaaToyHbiX MaTepuanos.
MynbTumMeguiiHas ayoutopusi.

12. CpencrtBa apanTtauum npenogaBaHUsl AUCLUMN/IMHBI K NOTPe6HOCTAM 06y4YaloLLuxcsi MHBaNUA0B U AL, C
orpaHu4YeHHbIMU BO3MOXHOCTSIMUA 34,0POBbSI

Mpw HeobxoOMMoCTK B 06pa3oBaTeNibHOM NMPOLEcCe NPUMEHSIOTCS creaytolme MeTodbl 1 TexXHonorum, obneryaroume
BOCMpUsTE NHpopMaLMK 0By4YaloWMMNCs MHBANIMAAMY U NNLAMW C OrPaHNYEeHHBbIMU BO3MOXHOCTSIMI 300PO0BbS:

- cO3[aHve TeKCTOBOW BepcUn Nto6Oro HETEKCTOBOMO KOHTEHTA LS €r0 BO3MOXHOro npeobpasoBaHus B
anbTepHaTVBHbIe POpPMbl, YO0OHbIE NS pa3fINYHbIX NOMb30BaTenei;

AEKTPOHHBH
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- CO30aHNE KOHTEHTAa, KOTOprVI MOXHO NMpencTaBuTb B pa3/In4HbIX BUOAX 6e3 noTepun OoaHHbIX UK CTPYKTYpPbI,
npenycMoTpeTb BOSMOXHOCTb MaCLIJTa6I/|pOBaHVIﬂ TeKCTa n |/|306paer|/||7| 6e3 noTtepu Ka4ectea, NpenyCcMoTpeETb
OOCTYMNMHOCTb yrnpaBneHnsa KOHTEHTOM C KnaBnaTypbl;

- cO3[4aHne BO3MOXHOCTEW A5 06y4atowmxcsl BOCIPUHUMATL OLHY M Ty XXe MHPOPMaLMIOo U3 PasHbIX MCTOYHMKOB -
HarnpuMmep, TaK, 4Tobbl LA C HAPYLWEHNUAMU Cyxa NOMyyYani MHGOPMALLMIO BU3YarbHO, C HAPYILEHWSIMU 3PEHUS -
aynanbHo;

- MPUMEHEHNE NPOorpaMMHbIX CPencTB, obecrneynBatowmx BO3MOXHOCTb OCBOEHNSI HABbIKOB 1 YMEHUIA, C(DOPMUPYEMbIX
OVNCLUMNMIMHOM, 3a CYET anbTepHaTUBHbLIX CNOCOO0B, B TOM YUCNE BUPTYanbHbIX NabopaTopuii U CUMYNSILNMOHHBIX
TEXHONOIIA;

- MPUMEHEHWE ONCTAHUMOHHBIX 0BpasoBaTenbHbIX TEXHONOTUIA ANs Nepeaayn MHGopMaLum, opraHM3aunm pasnmnyHbIX
(POPM MHTEPAKTUBHOM KOHTAKTHOW paboTbl 0Byyarolwerocs ¢ npenogasaTteneM, B TOM Yucne BebrHapoB, KOTOpble MOTyT
6bITb MCNONb30BaHbI ANS MPOBELEHNS BUPTYaNbHbIX NEKLUIA C BO3MOXHOCTbIO B3aVMOLENCTBUS BCEX YHACTHUKOB
LUCTAHUMOHHOIO 06y4YeHUs, NPOBELEHUS CEMUHAPOB, BbICTYMNEHUS C LOKNALAMU U 3aALNTbI BbINOAHEHHBIX paboT,
NMpoBeAeHNS TPEHUHIOB, OPraHU3aLMY KONNEKTUBHON paboThl;

- NPYMEHeHNe ONCTaHUMOHHbIX 06pa3oBaTenbHbIX TEXHONOIMIA ANs OpraHM3aummn oopM TEKYILEro 1 NPOMEXYTOYHOrO
KOHTPONS;

- YBENNYEHME NPOLOIKXNTENIbHOCTU caaqm oby4atolwyMcst UHBaANULOM UK NINLOM C OFPaHnYeHHbIMU BO3MOXHOCTSMI
3[0p0Bbs DOPM NMPOMEXYTOYHON aTTECTALMMN MO OTHOLWEHWIO K YCTAHOBIEHHOW MPOAOIXUTENBHOCTY UX CHAYN:

- NPOAOIXXUTENTIbHOCTU COoa4n 3a4éTa UM sK3aMeHa, nposoaonMoro B NUCbMEHHON poopme, - He 6onee 4em Ha 90 MUHYT;

- NPOOONXNUTENbHOCTM NOAroTOBKM 06y4atollerocs K 0TBeTy Ha 3a4éTe Unn aK3ameHe, NPOBOAVMOM B YCTHOM doopMe, - He
6onee yem Ha 20 MUHYT;

- NPOOONIXUTENbHOCTU BbICTYNNEHUA oéyqaromerom npu 3awunTte KprOBOI7I pa60TbI - He bonee yem Ha 15 MUHYT.

Mporpamma coctaeneHa B cooTBeTcTBUM ¢ TpeboBaHusMu ®IFOC BO u yuebHbiM nnaHoM no crneumansHoctu: 04.05.01
"(PyHpameHTanbHas v npuknagHas xumMmsa" u cneumannsaummn "HeopraHmdeckas XmMmns'".
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K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
61.B.1B.13.01 Xumus tBepgoro tena

MepeueHb nuTepartypbl, HEOOXOAUMOM 4Nt OCBOEHUS OUCLMIUINHBI (MOLOYNS)

CneumnanbHocTb: 04.05.01 - PyHoameHTanbHas U NpUKIALHAS XUMAS
Cneuvanusaums: HeopraHmyeckas xmmMms

KBanngpukaumst BeinyckHuka: XuMuk. MNpenonaeaTenb XMMnm

dopma oby4eHus: o4Hoe

S3bIk 06y4eHNs: pyccKuii

"oa Hauana obyyeHus no obpasosatenbHoi nporpamme: 2020

OcHoBHas nuteparypa:

1. UnpenbcoH, B. I'. KBaHToBas xumusi. Monekynbl, MONEKynsipHble CUCTEMBI U TBepAble Tena : y4ebHoe nocobve / B. T
LinpenbcoH. - 4-e naga. - Mocksa : Jlabopatopusi 3HaHuiA, 2017. - 522 ¢. - ISBN 978-5-00101-502-4. - TekcT :
9NEKTPOHHBIV // JlaHb : aneKTpoHHO-6ubnmoTtevHas cuctema. - URL: https://e.lanbook.com/book/94104 (naTta obpalieHuns:
13.03.2020). - Pexwum goctyna: ons aBTopms. nonb3osartenei.

2. ['yces, A. N. HecTtexnomeTpus, 6ecrnopsanok, 6nvxHWA 1 aanbHuii nopsaok B Teepaom tene / A. W. Nyces. - Mockea :
DUN3MATIINT, 2007. - 856 c. - ISBN 978-5-9221-0609-2. - TeKCT : anNeKTPOHHbIV // JlaHb : aneKTpoHHO-6nbnmnoTeyHast
cuctema. - URL: https://e.lanbook.com/book/2681 (aata obpaiieHus: 13.03.2020). - Pexum poctyna: ons asTopus.
nonb3osarenen.

3. FenbchmaH, M. N. HeopraHuyeckas xumus : yuebHoe nocobure / M. U. M'enbcoman, B. M. lOcTpatos. - 2-e nsa., crep. -
CaHkT-lMeTepbypr : JlaHb, 2009. - 528 c. - ISBN 978-5-8114-0730-9. - TekCT : aneKTPOoHHbI // JlaHb :
9NeKTPOHHO-bubnnoteyHas cuctema. - URL: https://e.lanbook.com/book/4032 (nata obpaweHus: 13.03.2020). - Pexum
[OCTyna: ans aBTopma. MONb3oBaTenei.

JdononHutenbHaa nuteparypa:

1. Obwas u HeopraHudeckas xmmusi: yiebHoe nocobue ons camocTosiTenbHOM paboTel cTyaeHToB / KasaH. dpegep. yH-T;
[Hayuy. ped.: o.x.H., npodp. ®. B. Nesatos, A.x.H., npod. H. A. Ynaxosunud].- KasaHb: [KasaHckuin yHusepcutet], 2011. - Y.
1: Obwas xumus / [cocT.: P. P. Ammpos n gp.]. - 2011. - 142 c.

2. Oblwas n HeopraHuyeckas xumusi: yyuebHoe nocobue ansi caMmocTosiTeNbHOM paboThl cTyAeHToB / KasaH. denep. yH-T;
[Hayy. peq.: o.X.H., npodp. ®. B. HeBsAToB, A.X.H., npod. H. A. Ynaxosudy].-KasaHb: [KasaHckuin yHuBepcutert], 2011. - Y.
2: Xnmus anemeHToB / [cocT.: . A. Booc n ap.]. - 2011. - 140 c.

3. Konnakoea, H. A. C60pHIVK 3aa4 Mo XMMUYECKO KuHeTuke : y4ebHoe nocobue / H. A. Konnakoea, C. B. PomaHeHko,
B. A. Konnakos. - 3-e n3g., ctep. - CaxkTt-MNetepbypr : NlaHb, 2018. - 280 c. - ISBN 978-5-8114-2394-1. - TekcT :
SNEKTPOHHBIN // NaHb : anekTpoHHO-6nbnnotedHas cuctema. - URL: https://e.lanbook.com/book/105991 (nata
obpauweHns: 13.03.2020). - Pexxum poctyna: ons aBTopus. Nonb3oBaTtenei.
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nepe'-IeHb MHPOPMaLIMOHHbIX TEXHONMOINMMK, UCNONb3YyeMbIX AJ1s1 OCBOEHUS AUCLUMIUHBI (MO,IJ,ynil), BKo4yas
nepe4yeHb nporpaMmMHOro obecneyeHns u MH(POPMaLIMOHHbIX CNPaBOYHbIX CUCTEM

CneumnanbHocTb: 04.05.01 - PyHoameHTanbHas U NpUKIALHAS XUMAS
Cneuvanusaums: HeopraHmyeckas xmmms

KBanngpukaumst BeinyckHuka: Xumuk. MNpenonaeaTenb XMMnm

dopma 0by4eHus: o4Hoe

S3bIk 06y4eHNs: pyccKuii

"oa Hauana obyyeHus no obpasosatenbHoi nporpamme: 2020

OcBoeHne oucuUnnInHbI (MO,EI,yl'IFI) npegnonaraet ncnosib3oBaHme cnenytowero nporpamMmHoOro obecrneyeHus 1
MHJPOpMaLMOHHO-CNPAaBOYHbIX CUCTEM:

OnepauunoHHas cuctema Microsoft Windows 7 MpodbeccuoranbHas unm Windows XP (Volume License)

MakeT odpucHoro nporpammHoro obecneverus Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayaep Mozilla Firefox

Bpaysep Google Chrome

Adobe Reader XI unn Adobe Acrobat Reader DC

Kaspersky Endpoint Security ang Windows

YyebHo-MeToAMYeCKas nutepatypa ons JaHHOW AUCLMMNANHBI UIMEETCS B HANMYMK B SNIEKTPOHHO-OMBNMOTEUHOI cucTeme
"ZNANIUM.COM", nocTyn K KoTopoii npenoctaeneH obyyatowmmes. I6C "ZNANIUM.COM" coaepXuT npon3BeneHns
KPYMHENWMX POCCUNCKUX YHEHbIX, PyKOBOAUTENEN rocy0apCTBEHHbIX OpraHoB, npenogaearenein segyLmx By30B CTPaHbl,
BbICOKOKBaNMULIMPOBAHHbLIX CMELMANNCTOB B pa3nnyHblx cdoepax busHeca. doHn 6ubnmotekn cpopMmnpoBaH C y4eToMm
BCEX M3MEHEHUA 06pa30oBaTeNbHbIX CTaHAAPTOB 1 BKNKOHYAET y4ebHMKN, y4ebHble nocobus, yuebHO-MeToanYeCcKme
KOMIekchbl, MOHOrpadoum, asTopedeparbl, AuccepraLmm, SHUUKIoNeaun, CnoBapu U CNpaBoYHNKN,
3akoHo4arteNbHO-HOPMaTUBHbIE [OKYMEHTbI, CrieumanbHble Nepuognyeckme n3gaHns n ndnaHusl, Boinyckaemble
nspartenbcteamu By30B. B HacTosiwee Bpems S5C ZNANIUM.COM cooTBeTCTBYET BCEM TPeOOBAHMSAM (oeepanbHbIX
rocynapcTBeHHbIX 06pasoBaTtenbHbIX CTaHAapToB Bbicwero obpasosaHust (PrOC BO) HoBOro NokoneHus.

YyebHo-meToamMYeckas nutepatypa s LaHHOW AUCLMNAUHBI UMEETCS B HANNYMU B SNEKTPOHHO-BMBNNOTEYHOR crncTeme
NapatenbcTBa "MaHb" , LOoCTyn K KOTOpOM NpepocTtasneH obyyatowmmes. 96C NapaTtenbcTea "MaHb" BktoyaeT B cebs
SNEKTPOHHbIE BEPCUM KHUT n3patenbcTsa "laHb" 1 opyrux BeLylwmx n3natenscts y4ebHoOM nuTepaTypsbl, a Takxe
SNEKTPOHHbIE BEPCUUN MEPNOANYECKUX U3OaHWUIA NO €CTECTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbIM Haykam. 9bC
N3paTenbcTea "MaHb" obecneunBaeT fOCTYN K HAYYHOW, y4ebHO NuTepaTtype 1 HayYHbIM NEPUOLNYECKAM U3LAHUSM MO
MakCMMarnbHOMY KONMYECTBY NPOOUNbHbLIX HANPaBReHUi A C COBNOAEHNEM BCEX aBTOPCKUX U CMEXHbIX Mpas.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

3AE
Crpaxuua 15 ua 15. Bl YHH

AR 5 AN LM O



