MNHOBPHAYKN POCCUN
®ENEPAINBHOE MOCYAAPCTBEHHOE BHOKETHOE OBPA3OBATESTbHOE YYPEXKOEHUE
BbICLLEIO O6PA3OBAHUA

«BOPOHEXCKW rOCYOAPCTBEHHbIA YHUBEPCUTET»
(Preoy BO «BI'Y»)

YTBEPXOAKO

3aBeaytowmin kacdeapon
MaTtepuanoBeneHnst U MHOYCTPUN HAHOCUCTEM

%/4/5/:'7’ B.M. NeBnes

(/ 21.04.2022 .

PABOYAS MPOrPAMMA YYEEHOW ONCLMMIUHDI

B1.B.05 CoBpemeHHasi HeopraHu4yeckasa XumMus

1. Koa n HaumeHOBaHMe HanpaBfieHMA NOAroTOBKU/cneumanbHOCTH:

04.04.02 — Xumusi, ¢hu3zuka u mexaHuUKa Mamepuasios

2. Npodcdunb nogroroBku/cneunanusayus:

Xumus, hmsmka 1 MexaHuKa HOBbIX (PYyHKLMOHaNbHbIX MaTepMarioB U HaHoMaTepuanos
3. KBanudukaums BbinycKHUKa: mazucmp

4. ®opma oby4eHUs: oYHas

5. Kacheppa, oTBevaloLlan 3a peanusaumio AUCLMUNNUHBI: MamepuasoeedeHus U
uHAycmpuu HaHocucmem

6. CoctaButenu nporpammbl: Mummoea UpuHa 5lkoeneeHa, OOKMOP XUMUYeCKUX HayK,
npoghbeccop; Cnadkonesuyee bopuc Bnadumuposu4, kaHOuGam XuMuU4eCcKUX HayK

7. PekoMeHAoOBaHa: Hay4HO-METOANYECKMM COBETOM XMMUYECKOro chakynbTeTa, NpOTOKON
Ne3 ot 19.04.2022

8. YuebHbIn roa: 2022/2023 Cewmectp(bl): 2



9.llenun v 3apgayum y4ye6HON ANCLUNIUHbBI

Llenismu oceoeHusi y4ebHou ducyurniuHbl S8115HMmCs:

pacCMOTpeHNEe BOMPOCOB W [OOCTMXKEHWE YriyObneHHOro MnOHMMaHUSA akTyalnbHbIX
acrnekToB COBPEMEHHOM HeopraHM4Yeckomn XUMUN, oe3 KOTOpbIX HEBO3MOXEH
LileneHanpaBneHHbI CUHTE3 HOBbIX MaTepuarnos

3adayu y4yebHoU OucyurnuHsbl:

CTyneHTbl OOIMKHbI 3HaTb:

— COBPEMEHHbIE MNYTU pPasBUTUA HAyKM B LENIOM W COBPEMEHHbIE MarncTpasbHble
HanpaBneHns pa3BUTUS HEOPraHNYEeCKON XUMUN;

— 3aKOHOMEPHOCTU U3MEHEHMSI CBONCTB 3fIEMEHTOB U UX OGMHApPHbLIX COEOQUHEHUI MNpwn
ABWXKEHUM NO  pasnUyHbiM  HanpaefeHusM  (BepTuUKanu, rOpU3OHTanuW, AuaroHanm)
lMepmnogmnyeckon cuctemsl;

— OCHOBHble TEHAEHLMN U OCOOEHHOCTU 3BOJIOLMM CBOWCTB CIOXHbIX M KOMMIEKCHbIX
COENHEHUN;

— 00LLY0 KapTMHY M 3aKOHOMEPHOCTM 3BOMOLNN TBEPAbIX BELLECTB;

— 0CODOEHHOCTK 3BONOLMM HAHOOVUCNEPCHOIO BELECTBA;

— nporHocTuyeckyto ponb [leprnoanyeckoro 3akoHa B LeNieHanpaBrieHHOM CUHTe3e
HOBbIX DYHKLMOHAIbHbIX MaTepuarnos;

— OCHOBHble NOAXOAbl K WCCNeLOBaHUIO pasfMYHbIX HeopraHMYecknx OoO6BHLEKTOB
(06 bEMHBIE mMarepuansl, HaHOKpUCTannmMyeckme 06BbeKTHI, TOHKOMMEHOYHbIE "
HaHOCTPYKTYpUpOBaHHbIE MaTepuansl);

— Hay4yHo 06OCHOBAHHOE COBMECTHOE WCMOSb30BaHME [OaHHbIX pPasnnyHbIX OU3NKO-
XUMUYECKMX W pacyeTHbIX MeToOOB WccrnedoBaHMst — KonebaTenbHOW  CneKTpOoCKonuu,
KBAHTOBOM XMMWW, MacC-CMeKTpanbHOro aHanmsa cocTaBa ras3oBou ¢asbl, ANpPakLUMOHHbIX
meTonoB, Oxe-CNeKTPOCKONMUM, 3MUCCUMOHHbIX METOOOB WCCreAoBaHUMst — AONs NONyYeHus
MaKCMMarnibHO BO3MOXHbIX Ka4eCTBEHHbIX, MPEUM3NOHHBIX [aHHbIX O CUHTE3MPYEMbIX
mMaTepuanax.

10. MecTo y4ye6HOM ancuuNuHbI B cTpykType OOI:

OucumnnuHa BXOAWUT B 4YacTb, (hopMupyemMylo yyacTHMKamMu obpasoBaTerbHblIX OTHOLUEHWM
(BapnatmnBHasg) 6noka b1.

TpeboBaHus K BXOAHbIM 3HAHUAM, YMEHUAM U HaBblkaM: U3y4yeHue OaHHOW ANCLMMINHGI
BasupyeTcs Ha crnegyrLwmnx Kypcax, n3ydeHHbIX cTyaeHTamu paHee B Bakanaspuate: «Obwias
N HeopraHnyeckasa xumusy, « CTpyKTypHast XuMna n Kkpuctannoxummay, «MartepmnanosegeHvey,
«DU3NKO-XMMUS  HAHOKNAcTEPOB, HAHOCTPYKTYp, HaHomaTepuanoB», «HaHoTexHonormmy,
«TOHKME NIIEHKM U reTepOoCTPYKTYpbI», « MUKpoCKoNU4eckne MeToabl UccrneaoBaHus CTPYKTYpbl
mMaTepuanosy, «CnekTpockonuyeckme mMeToabl UccnegoBaHua MatepuanoBy». B maructpatype
B NpeblayLlemM ceMecTpe CTyAeHTbl MO3HAKOMUITUCH C ANCLUMMNNHON «[lepnognyeckui 3aKoH u
ero posnb B LefneHanpasfieHHOM CUHTEe3e HOBbIX MaTtepuanoB», «PyHOaMeHTarbHble OCHOBbI
COBPEMEHHOro MatepuarnosefeHus»

B pesynbrate OCBOEHUS [AaHHOrO Kypca CTyaeHTbl ©OyayT 3HaTb COBpPEMEHHble
TEeHOEHUMM pasBUTUS HEOPraHMYecKorM XMMUMK, MNEPCreKTUBHbLIX HanpaBfeHWA B pas3BUTUU
XUMUYECKOW HayKW, AOCTUTHYT MOHMMAaHWSA OCHOBHbIX 3aKOHOMEPHOCTEM W OCOBEeHHOCTeWN
N3MEHEHNS CBOWCTB 3MIEMEHTOB U UX COEAMHEHUN B 3aBUCUMOCTM OT UX MECTOMOSIOXKEHUS B
Mepmnogmyeckon cucteme, HayvyaTtca Ha OCHOBAHWW 3TOr0 MPOrHO3MpoBaTb CBOMCTBA OyayLumMX
CUHTE3NPYEMbIX MaTepuanoB 1 OCYLLECTBNATL LerneHanpasneHHbIn BbIbop MeToga Ux cuHTesa,
Ha OCHOBaHWW 3TOr0 CTYAEHTbl NOMy4YaT BO3MOXHOCTb pa3pabaTbiBaTb HOBblE OpPUrMHasIbHbIE
MeTOAbl CUHTE3a OOBLEKTOB C MPOrHO3MPYEMbIM LieNeBbIM KOMMSIEKCOM XapaKTEepUCTUK U Ha
NpakTUKe NPOBOAUTbL NX aTTecTauuio.

HaHHas gucuunnuHa ABnseTcs npefwecTByowen aucumninmHam «dyHaameHTarnbHble
OCHOBBbI KPUCTaNoxXmMmmnmn», « AMopHbIe 1 KBa3MKpUCTanIn4yeckme matepmanbi».



11. NMnaHupyeMble pe3ynbTaTbl OGy4YeHUsi MO AUCUUNIMHe/MOAyNIO (3HaHWUA, YMEHUA,
HaBblK1), COOTHECEHHbIE C NMIIaHUPYEMbIMU pe3ynibTaTaMU OCBOEHUA o6Gpa3oBaTeribHOM
nporpaMmmbl (KOMNETEHLMSAMMU) U MHOUKATOPaMU UX [OCTUXKEHUS:

Koga HassaHue Koa(b1) UHamnkaTtop(bl) MnaHvpyemMble pesynbTaTbl 00y4YeHus
KOMMEeTEHLMK
MK-3 | CnocobeH MK-3.1 | CnocobeH 3HaTb: OCHOBHbIE 3aKOHOMEPHOCTU U
oBnageTb B ucnonb3oBaTb 0COBEHHOCTU U3MEHEHWS CBOWCTB 311IEMEHTOB U
npodeccuoHansHo 3HaHus 0 cocTase, NX COeaNHEHWIN B 3aBUCMMOCTHM OT MX
" AeATenbHOCTM CTPYKTYpE 1 mecTononoxeHus B [Nepnognyeckon cucreme
OCHOBHbIMY CBOMCTBax yMeTb: MPOrHo3MpoBaTh CBOWCTBA
TUMNOBbLIMU maTepvanos ans CUMHTE3NpYyeMbIX MaTepuanos u
MeToAaMu CMHTe3a pelleHuns 3agay HaHoMaTepunaroB 1 OCYyLLEeCTBNSATb
M aHanusa maTepuanoBefeHus | LeneHanpasneHHbIV Bbibop MeToaa Ux cuHTesa
BeLLeCTB, BMageTb: HaBblkaMn Hay4YHO 0BOCHOBaHHOIO
3N1EMEHTHOIO U COBMECTHOIO MCMOMb30BaHNs OaHHbIX
ha3oBoro cocraea, PasnNUYHbIX (PUMKO-XMMUYECKUX N PACHETHbIX
CTPYKTYpbI 1 MeTOA0B MccregoBaHns AN NonyyYeHns
CBOWCTB MaKCVMarbHO BO3MOXHbIX KA4E€CTBEHHbIX,
MaTepuarnos NPELU3NOHHBIX AaHHbIX O COCTaBe, CTPYKTYpe U
(Bkrrovas CBOWCTBAaX CUHTE3MpYyEMbIX MaTepuanoB
HaHomaTepuansbl) MK-3.2 Bnageert 3HaTb: OCHOBHbIE NOAXOAbI K CUHTE3Y
OCHOBHbIMU mMaTepuaroB C LeneBbiMy CBOWCTBaMU U METOAbI
MeToAamu CUHTEe3a | UX aHanu3a
W aHanusa yMeTb: NCMONb30BaTh NOMyYEHHbIE 3HAHWA ANS
BellecTBa pa3paboTkn METOAMK CMHTE3a NEPCNEKTUBHBIX

dYHKUMOHANbHLIX MaTepranoB

BNageTb: HaBblkaMu NPOBEAEHMS
CaMOCTOATENBHOMO Noncka u paspaboTku
METOAMK CUHTE3a 1 aHanu3a matepuanos (B TOM
qyucne HaHomaTepmanoa) C 3agaHHbIMU
cBOMCTBaMU

12. O6beM AUCUUNIUHbI B 3a4eTHbIX eanHuuax/yac. — 4/144.

dopma NpomMeXXyTOHYHOM aTTecTaLuum — dK3aMeH

13. TpypoemkocTb No BuAgam y4ebHom paboTbl

TpyaoeMKoCTb
Bua yuebHoit paboThi Bcero Mo cemecTpam
2 cemecTp 3 cemecTp

KoHTakTHas paboTa 104 104

nekumnmn 38 38

npakTudeckune 18 18

B TOM YuCrle:

nabopartopHble - -

KypcoBas pabota - -
CamocTosaTensHag paboTa 52 52
MpomexyTouHasa atTecTauuns (019 9k3ameHa) 36 36

NToro: 144 144




13.1. CogepxaHne gUCUUNIINHDbI

n/n

HanmeHoBaHue pasgena
AVCLUMNUHBI

CopepxaHve pasgena OUCUUNIHLI

Peanusauns
pasgena
AVNCLMNANHBI C
MOMOLLIbIO
OHMamH-Kypca,
QYMK*

1. lekuuum

11

Mepunogmyecknii 3aKoH 1

Mepunogmyeckas cucrema.

OcHOBHBbIe Knacchbl
HeopraqueCKmx
coeNHEeHUN

lMepuoamyecknii 3aKkoH Kak OCHOBa XMMUYECKON
cuctemaTukun. Nepunognyeckas cuctema (IMC)
xummyecknx anemeHTtos .M. MeHoeneeBa n eé
cTpykTypa. Bugel ananorun B NC, HEMOHOTOHHOCTb
N3MEHEHNs XapakTePUCTUK ANEMEHTOB B nepunoaax,
rpynnax v nogrpynnax.

MpocTble BelecTBa. 'paHuua LIMHTNA 1 CTPYKTYpbI
npocTbix BewecTs. Npasuno KOm-Posepu.
3aKOHOMEPHOCTU Y MPUYNHBI U3BMEHEHUS (PU3NYECKNX
N XMMUYECKMX CBONCTB NpocTbix BelecTs B NC.
BrHapHble coeanHeHust, N303NEKTPOHHbIE pAabI
6I/IH&\1PHbIX coeamHenuin. Coeaunenmns A"BY, A"BY,
A'BY" kak «anma3onofo6Hble» NOnynpOBOAHUKY.
3aKOHOMEPHOCTU M3MEHEHUS PyHOAMEHTarbHbIX
XapaKTepUCTUK B 3aBUCUMOCTM OT MOJIOXKEHMWS
anemeHTOoB B [1C 1 Npnpoabl XMMNYECKOW CBA3MN.
OCHOBHbIE 3aKOHOMEPHOCTU U3MEHEHNST CBONCTB
HenepexoaHbIX 3N1EMEHTOB U UX COEQUHEHNIA NO
BEpTMKaNKU, ropusoHTanu u guaroHanu.
LlenecoobpasHocTb nx paccMoTpeHus ot 1-2 go 13-18
rpynn.
3aKOHOMEPHOCTU U TEHAEHLMU UBMEHEHUS CBOUCTB
3NEeMEHTOB U UX COEQUHEHUI N0 Mepe 3anofiHeHUs
BHYTPEHHUX 3MEKTPOHHbLIX YPOBHEN.
LlenecoobpasHocTb paccMOTpeHust OT rpynnbl 3 K 12
rpynne MNC.

AYMK

https://edu.vsu

.ru/coursel/vie

w.php?id=461
8

1.2

CoBpeMeHHble
npeacTaBnexHns o
XMMWYECKOWN CBA3N B
HeopraHM4Yeckon XMmMmm

CeoncTBa BellecTBa Kak byHKUMsS xapakTepa
XumMmnyeckon ceda3n. KoHuenumns «CUHTe3 - cocTaB —
CTPOEHME — OUCMEPCHOCTb - CBONCTBAY.
CuctemaTtuka XMMUYECKMX COEANHEHWI MO XapakTepy
XUMUYECKOW CBA3N HA OCHOBAHMWM MOSOXEHUs
komnoHeHToB B C. NporHo3nposaHne CBONCTB
coeVHEHNN Ha OCHOBAHUWM AaHHbIX O TUNax
XUMUYECKON CBA3N.

CoBpeMeHHbIe MOLENN XMMNYECKOWN CBA3N B
HeopraHuyeckon xumun. CUMMETpPUS MOSeKy!T,
TOYEYHbIE PyNMbl CUMMETPUN.

QYMK
https://edu.vsu
.ru/courselvie
w.php?id=461
8

1.3

KncnoTbl 1 ocHoBaHus

KucnoTtHocTb no BpéHcteay. KncrnotHo-ocHOBHOE
paBHoBecKe B Boae. CunbHble 1 criabble KUCNoThbl U
OCHOBaHWS. 3aKOHOMEPHOCTU B N3MEHEHUM
KncnoTHocTu no BpéHcteny. AKBakMCNOTHI,
rMOPOKCOKMUCNOThLI U OKCOKUCNOThI. be3BoaHbie
okcuabl. ObpasoBaHMe NONMMOKCOCOEANHEHNIA.
KncnoTtHocTb no Jlbtomcy, npumMmepbl KACIOT 1
OocHoBaHun. Knucnotbl anemeHToB rpynn 6opa u
yrnepoga. Kncnotbl anemMeHToB rpynn asoTa u
kucnopoga. Monekynbl ranoreHoB Kak KUCnoThbl
Jlbtonca.

QYMK
https://edu.vsu
.ru/courselvie
w.php?id=461
8

14

Okucnexue n
BOCCTaHOBIEHME

OKUCNUTENBHO-BOCCTAaHOBUTENBbHbBIE NMPOLIECCHI MpU
M3BreYeHUN NpocTbix BewecTs. OKUCNUTENbHO-
BOCCTaHOBUTENbHbIE NoTeHumansl. OKUcnNUTenbHo-
BOCCTaHOBMWTESbHbIE NOMypeakumm.
OKUcnNUTENbLHO-BOCCTAHOBUTENbHASA YCTOMYMBOCTL B
Boae. Peakuum ¢ yyactmem Bofbl,

AMCNPONOPLMOHNPOBAHNE, OKUCTIEHNE aTMOCEepPHbIM

QYMK
https://edu.vsu
.ru/courselvie
w.php?id=461
8




15

O6pasoBaHue,
YCTONYMBOCTb U

KNCIToOpoaoM.

peakunoHHadA CnocobHOCTb

CocTaB 1 CTpoeHMe KOMMEKCOB. HomeHKnaTypa.

1.6

KOMIMMEKCHbIX COEANHEHUN

BBegeHne B anekTpoHHoOe
CTpO€eHMe TBEPAOro Tena u

nnraHaoB. SJ'IeKTpOHHOG CTpoeHune

WOHHOM MoAenu n npeacrasneHnin Jlstonca.
YCTONYNBOCTb KOMMSIEKCOB, SHTPOMNNHBIN BKNag,:

conbBaTHbIN 3PdekT.
PaBHoBecuKe peakumm koMnnekcoobpasoBaHms.
MexaHu3mbl peakuuin ¢ ydacTueM MOHOSOEPHbIX
KOMMeKkcoB. 3Heprusa aktusauun. NpeackasarHve

peakUMOHHOW CNOCOBHOCTM MO 3NEKTPOHHON

KOHdMrypaumm LeHTparnbHoro atoma (Ha npumepe
nepBoro nepexogHoro psaa). Peakumn samelleHuns
nuraHgoB. CKOPOCTM U MeXaHWU3Mbl 3aMeLLeHNs
nvuraHaoB. 3amelleHne B KBaapaTHbIX U
OKTasgpuyecknx kommnnekcax. OkmcnutensHoe
npucoeaMHeHne N BOCCTaHOBUTENbHOE
ANVMUHMPOBaHWe. POTOXMMUYECKME peaKLuW.
[MoHATME O KaTanUTUYEeCKOM LMKIe, KaTanus ¢
y4acTMEM KOMMIEKCOB NePEXOAHbIX METannos.

TunNuyHble NUraHabi. |/|3OMepI/IF| N XMpanbHOCTb.
Teopvm KPUCTAaIJIN4eCKOoro nona n teopuna nond

l-IeTI:IpéXKOOpﬂ,l/lHaLl,l/IOHHbIX KOMMeKcoB. YcnoBusi
O6pa3OBaHVI9| KOOpﬂMHaLlVIOHHOVI CBA3N B paMKax

xenatmpoBaHue, B3aMMoLEeNCTBNE C MaKponuraHgamu,

8

obLan kapTuMHa aBonLUK
TBEpObIX BELLECTB

OneKTpoHHOE CTpPOeHMe OKCMAOB d-MeTanmnoB Co
CTPYKTYpOM KameHHon conu. Mogens npnbnmxeHus
XUMUYECKON CBA3UN. MI3MeHeHne aneKkTpodmnanyeckmx
CBOWNCTB OT MeTanna o gmanekrpuka B pagy TiO —
NiO, BnusiHne HecTexnoMeTpun Ha N3MeHeHne
3ANeKTPOM3NYECKNX CBONCTB.

Oxkcunpabl co cTpykTypor Tuna ReOgs, d-p nepekpbiBaHue
npu B3auMogencTBmMm " KaTMOH-aHNOH-KaTUOH Ha
180°". BpPOH3bI, NEPOBCKUTLI: Nepexos MeTansi-

AN3NEKTPUK B 3aBUCMMOCTU OT NpMpOoAbLlI MeTanmna u

3aceneHHocTn " A" -nosvumn. Fomonornyeckmne pagpl

OKCUOHbIX COeANHEHWUN.

HuskopasmepHble TBepable Tena. LlenoyeyHsle
CTPYKTYpbl: 04HOMEpHasa NpoBOAUMOCTb,

1.7 OcobeHHoCTU 3BOMOLMN

HaHOMCMEPCHOro
BellecTBa

Manepncosckoe nckaxeHue. [IBymepHbie NPOBOAHMKN
Ha npuMmepax xanbkoreHngos d-metannos Tmna MXs,
WHTEPKanAThbI.

O6Lwwas kapT1Ha 3BONOLIMKN TBEPAbIX BELLECTB:
OCHOBHOW 3BOSOLIMOHHbLIN MapLUpyT, 3fIeMEHTapHbIe
npovecckl Npu obpa3oBaHNM BeLLecTBa, CTAOUAHOCTb
aponouun. CamoBocnpon3BeAeHNe TBEPAbIX Ten,
OTKIVK Ha M3MEHEHNEe CBONCTB CpeAbl, Aerpagaums
BELLECTBA.

QYMK
https://edu.vsu
.ru/course/vie

w.php?id=461

8

1.8 OcHoBHble Noaxoabl K

CUHTE3y MaTepuanos C
LienieBbIMW CBOMCTBaAMW.

YcrnoBusi nepexona BeLLeCcTBa B HaHOAUCMEPCHOE
COCTOSIHME; OrPaHNYEeHHOCTb BPEMEHW NpebbiBaHus
BEeLLEeCTBa B HAHOCOCTOSIHWM; BapnabenbHOCTb
HaHOCUCTEM; CMOHTaHHOe YNopsA0YeH e YacTuLy;
YCMNOXHEeHWe 1 aerpagaums HaHOCUCTEM.
OCHOBHbI€ NPUHLIMMBLI CUHTE3a MaTepuarnos.

QYMK
https://edu.vsu
.ru/courselvie

w.php?id=461

8

COBpeMeHHbIe mMeTodbl
nccrnenosaHnAa TBépﬂ,OFO
Tena

MpyHUMNBLI NEPUOANYHOCTY; CTPYKTYPHOIO AN3aiiHa;
XMMUYECKOro, TEPMOANHAMUYECKOTO U CTPYKTYPHOIO
nogobus; HenpepbiBHOCTU U COOTBETCTBUS
KOMMOHEHTOB PaBHOBECHOW CUCTEMbI, OrpaHNYeHUs
yucna He3aBWCUMMbIX MapamMeTPOB COCTOSIHUS B
PaBHOBECHOW CUCTEME; CTPYKTYPHOTO
pasynopsiAoYeHUs U HEMOCTOSIHCTBA COCTaBa;
XMMWUYECKOTO, CTPYKTYPHOTO, 0a30BOro YCNOXHEHUS];

XUMUYECKOWN, rpaHyrioMmeTpmyeckon n ¢oasoBomn
O[HOPOAHOCTU; 3KBUBANEHTHOCTN UCTOYHNKOB
becnopsgka B YCIOBUSIX MUHUMU3aLMM cBOGOOHOM

QYMK
https://edu.vsu
.ru/course/vie

w.php?id=461

QYMK
https://edu.vsu
.ru/course/vie

w.php?id=461



aHeprum cuctemsbl (NpuHumn A.Berna); ogMHakoBoro
abdekTa pasnuUYHbIX HOUINKO-XUMUYECKMX
BO34ENCTBUI; CUHEPreTMYeckoro adpdekta pasnnyHbIxX
PU3NKO-XMMMNYECKNX BO3LENCTBUIA; HEPABHOLEHHOCTU
obbema 1 NOBEPXHOCTW; METACTaOMITLHOIO
MHoroobpasus
Wcnonb3oBaHue gnarpamm Bpems - Temnepatypa —
lMpeBpalleHre Npu co3gaHun maTepurarnos C
KOHTponupyemMbiMu cBoricTBamu. Camocbopka u
camoopraHmsauus.

2. NpakTnyeckne 3aHATUA

2.1 Mepuoamnyecknin 3aKoH n TBépable pacTBOpbl. 3aKOHOMEPHOCTU U3MEHEHNS OYMK
Meproamnyeckas cucrema. CBOWCTB TBEPAbIX PaCTBOPOB B 3aBUCUMOCTMN OT https://edu.vsu
OcHoBHbIe Knacchbl nonoxeHunsa samectutens B INC u ero cogep>xaHns B .ru/courselvie
HeopraHn4yecknx pactBope. [onynpoBO4HUKOBbLIE COEANHEHUS U w.php?id=461
CcoefMHEHMNN TBEpPAblE pacTBOPbI HA UX OCHoBe. BHapHble 8
WHTEpMETaNnNMyeckne coeanHeHns n MeTannuaHble
dasbl. O6LME NPUHUMIMBLI NEMMPOBaHUSA METASSOB.
MaTepwuarnbl Co CTPYKTYPOW TUNa LWNMHENN U
neposckuTa. Kputepum nx obpasoBaHunsi Ha OCHOBaHUK
nonoxenusi anemeHTos B [1C.
2.2 CoBpeMeHHbIe MeTtoa MO-JIKAO anst MHOroaToMHbIX MOJEKyI. AYMK
npeacTaBnenns o AHanus reomeTpum Moriekysn B pamkax metoga MO https://edu.vsu
XMUMUYECKOW CBSA3N B (onarpammbl Yonwa). HekoTtopble NpyHUMNbI U .ru/courselvie
HeopraHU4YecKomn XMmMmu cneacteusa metoga MO-JIKAO. Jlokanunsauus, w.php?id=461
Aenokanusaumsi, rmopungusaumnsa Ha npumepax 8
COeAMNHEHMI 3IEMEHTOB BTOPOro nepmoga.
'MnepBaneHTHOCTb, anekTpoHogeULNTHbIE
mMonekynbl. MeTon MonekynspHbix opbutanen un
CTpOeHWe TBEPAbIX Ten.
BaH-gep-BaanbcoBo B3anmogencTeme B
MOIEKyNsIpHbIX TBEPAbIX TeNax, knarpatbl. VloHHas
MoJesNb CTPOEHMS KpUCTAsIOB, KOHCTaHTA
MagenyHra, 3Heprus MIOHHOW peLUeTKU.
2.3 KncnoTtbl 1 ocHOBaHUS Knaccudukaums KUCoT U OCHOoBaHWi J1btonca. AYMK
YKEcCTKMe 1 MSArkMe KUCIOoTbl N OCHOBaHUS. https://edu.vsu
'eTeporeHHble KUCITOTHO-OCHOBHbIE peaKLmu. .ru/courselvie
w.php?id=461
8
2.4 Okucnexue n MNpencraBneHne gaHHbIX O NOTEHUManax B Buae 3YMK
BOCCTaHOBMEHUe avarpamm: guarpammel Jlatumepa, ®pocta, Nyp63, nx | https://edu.vsu
WHTEepnpeTauus. .ru/course/vie
w.php?id=461
8
25 O6pasoBaHue, OcobeHHOCTUN KoMnekcoobpasoBaHUs d-3EMEHTOB. QYMK
YCTOWYMBOCTb U PacuienneHne opbutanei B nonsax pasnmyHom https://edu.vsu
peakunoHHasi CnocobHOCTb cuMmmeTpun. GakTopbl, BANSKOLME HA NapameTpbl .ru/coursel/vie
KOMIMMNEKCHbIX COegNHEeHUNN pacLienneHns, CnekTPoOXMMNUYeCKNin pag nuraHoos w.php?id=461
(B3anmocBaA3b opbUTaANBHOIO CTPOEHUSI NUraHaa ¢ ero 8

NONoXeHneMm B psay).

PeanbHasi anekTpoHHasi KoHUrypaLuus aToMoB,
Tepmbl. PaclienneHne TepmMoB OCHOBHOMO COCTOSAHMS
B 3aBNCUMOCTM OT CUMMETPUMN OKPY>KEHWSI.
OHepreTnyeckme guarpammbl ANt MHOTOANEKTPOHHbIX
cucteMm (Oprena n TaHabe-CyraHo). CnekTpbl
ANEKTPOHHbLIX Nepexodos. MarHnTHele cBoncTBa
KOMMJIEKCOB.
fBneHne nepeHoca 3apsaa, T-CBs3biBaHue,
obpa3zoBaHMe KpaTHbIX CBA3EN MeTann-nuraHa.
Komnnekcbl d-aneMeHTOB C  TT-4OHOPHbLIMM
nuradgamu: komnnekcbl ¢ CO, NO, HeHacbILLEeHHbIMU
yrnesogopogamu; MeTannoueHsl, pynnepuabl,
MeTannokapbeHbl (Puwwepa u LLipoka) — B3anmocss3b
Xapakrepa XMMNYECKON CBSA3M U peakLMOHHON




CrnocobHOCTN.

2.6 BBeneHue B anekTpoHHoe 30HHas cTpykTypa TBepgoro Tena. ObpasoBaHue 30H QYMK
CTpOeHWe TBepaoro Tena u B pesynbTaTe nepekpbiBaHMs opbuTanen. https://edu.vsu
obuasn KapT1MHa 3BONIOLUK XapaKkTepUCTMKN 30HbI, NITIOTHOCTb COCTOSIHUN. .ru/courselvie

TBEPAbIX BELLECTB MeTtannsl, AnanekTpukn. NonynpoBOaHMKN: w.php?id=461
cobcTBEHHbIE 1 HeCOBCTBEHHbIE. [paHuLbI 8
NPUMEHNUMOCTIM 30HHOI MOAENN.
2.7 OcobeHHOoCTU 3BOMOLMK O0630p METOAOB CMHTE3a BELECTB B HAHOPA3MEPHOM AYMK
HaHOONCNEPCHOro COCTOSIHUM: 3051b-refib MeTo4, MEXaHOXMMUNYECKUNA https://edu.vsu
BeLlecTBa CUHTE3, KPUOXUMUYECKNIA CUHTES, SNIEKTPOB3PbLIBHOE .ru/courselvie
nony4eHne NopoLLKOBbLIX MaTepuanos, razogasHoe w.php?id=461
OoKMCneHue, razodasHbIn rmMaponn3, MexaHndeckoe 8
avcnepruposaHme.
MonyyeHne ABYMEPHbIX N O4HOMEPHbIX
HaHoMaTepuWaroB: BUCKEPbI U PyNIepPeHb,
nonynpoBOAHUKOBbLIE HAHOTETEPOCTPYKTYPbI,
PYHKLMOHAarbHbIE NMOKPLITUS.
lMpuMeHeHe HaHOMaTeEpPUAIIOB U FTETEPOCTPYKTYP.

2.8 OcHoBHble nogxoapbl K CoBpeMeHHble MeToAbl UccreaoBaHns Mopdonornm IYMK
CUHTE3y MaTepuarnos C NOBEPXHOCTM TBEPAOro Tena. Cnekrpockonuyeckme https://edu.vsu
LleneBbIMU CBOCTBaMW. MEeTOoAbl B MPUITOXEHWUUN K NCCINEA0BaHUIO HAHOCUCTEM. | .ru/courselvie
CoBpeMeHHble MeToabl MeToabl anemMeHTHOro 1 a3oBOro aHanusa w.php?id=461
nccnegoBaHusa TBEPAOro noBepxHocTh. OXe-aNeKTPoOHHAsA CNEKTPOCKONMUS Kak 8

Tena MeTo onpegeneHnsa npodunen pacnpegenexHms
KOMMOHEHTOB MO TonwuHe obpasuoB. OcobeHHOCTH
aHanmaa TOHKMX NNEHOK. BTopmnyHasa noHHasa macc-
crneKkTpomeTpust: PU3NKO-XMMNYECKNE OCHOBbI U
obnacTtu npumeHeHus. PeHTreHoa3oBbIn aHanus3 Ha
ManblIX yrrnax B onpegeneHum coctasa
HaHopa3MepHbIX CnoéB. POTOINEKTPOHHASA
CMEKTPOCKOMNNSA Kak MeTo onpeaeneHns cocraBa
HeopraHnyecknx matepunanoB. CnekTpockonus
KOMOMHaLMOHHOIO paccesiHus Kak MeTof,
pononHswowmi MIK-cnektpockonuio npu ycTaHOBNEHWN
cocTaBa pasfiMYHbIX HEOPraHN4YeCcKnx 0ObEKTOB.
MHayumpoBaHHas NpOTOHaMK peHTreHOBCKast
3MUCCUS.
3. llabopaTopHbIle 3aHATUSA
3.1
3.2
13.2. Tembl (pasgenbl) QUCUUNIIMHBI U BUAbI 3aHATUMA
Buabl 3aHATUIN (KONTMYECTBO YacOoB)
Ne HanmeHoBaHme TeMbl o YT E—————
n/n (pasgena) oucuMnvHbI Jlekuum MpakTuueckme | JlabGopaTopHbie pa6oTa Bcero
lMeprogmyecknin 3aKoH u 6 12
MNepuoanyeckas cucrtema.
1 OcCHOBHbIe Knacchbl 4 2 -
HeopraHM4YecKkmx
coeauHeHunn
CoBpeMeHHble 8 16
> NpeAcTaBneHms o 6 5 _
XUMUYECKOW CBSA3N B
HeopraHM4Yeckon XMmmm
KncnoTtbl 1 OCHOBaHuA 2 — 8 14

4 OkuncneHne n 2 B 6 12
BOCCTAHOBMNEHNEe
O6pasoBaHue, 8 14
YCTONYMBOCTb U

5 peakunoHHas 4 2 —

CnocoBHOCTb
KOMMIEKCHbIX




coegunHeHun

BBefeHne B anekTpoHHoe 4 10

CTpOeHWe TBepaoro Tena

6 1 obuasa kapTuHa 4 2 -

3BOMOLNN TBEPABIX
BELLEeCTB

OcobeHHOoCTM 3BONILMN 8 14
7 HaHoOOMCNepPCHOro 4 2 -
BelllecTBa

OcHoBHble noaxoabl K 4 16
CUHTE3y MaTepuarnos C
LieNIeBbIMW CBOMCTBaMW.
CoBpeMeHHble MeToabl
nccnegoBaHmsa TBEPAOro

Tena

| Uroro: 38 18 — 52 108

14. MeToan4yecKkue ykasaHMA Ans ooy4aroLmuxca no 0CBOEHUIO AUCLUMNIIUHDI

[laHHbBIN KypC OCHOBaH Ha cOMeTaHUM NEKUNOHHbIX U NMPaKTUYECKUX 3aHATUI. [loCTaTOuYHO
OonblIOe BHMMaHWE yOerneHO CaMOCTOATENbHOWM paboTe CTygeHTOB, B pamKax KOTOpPOW
HeobxoOMMO yaensTb BHUMaHWe 6onee yrnyGrneHHOMY W3y4YeHW0 OTAEeNbHbIX pasferios
ANCUMNNUHBLI, paboTe C nuTepaTypHbIMM WUCTOYHUMKAMW, CTaTbsMUW B BeOyLMX HayYHbIX
XypHanax v cneumanuanpoBaHHbIX N30aHUsAX, NOUCKY MHAOPMaLMK.

B npouecce n3ydyeHns aucumniunHel npegnonaraTcs: pabota ¢ KOHCNeKTaMy nekunn v
nuTepaTypHbiIMU UCTOYHUKAMU; NPOBEAEHNE KOHTPOSbHbLIX paboT (TeCcTupoBaHMe); NOAroTOBKa
N 3awuTa pedepaTtos.

TeKyLmMi KOHTPOSb NPOBOAUTCA B (POPME YCTHOrO Onpoca, KOHTPOSbHbIX paboT.

Bo3MOXHO noflyyeHMe 9K3amMeHa aBTOMAaTOM Mpu  BbINOfIHEHUM  TpeboBaHuM,
nepeyvncrieHHbix B n. 20.

OpraHunsauusa usydeHusa OUCUMNAWHBI npegnonaraeT Ucnonb3oBaHWe ANCTaHLUMOHHBIX
o6GpasoBaTenbHbIX TEXHONOMMIN C MPUMEHEHNEM UHCTPYMEHTOB 3NEKTPOHHON MHAOPMAaLMOHHO-
obpasoBatenbHon cpeabl BIY «3nekTpoHHbin yHuBepcuteT BlY». QYMK «CoBpemeHHas
HeopraHudeckaa xumusa» (https://edu.vsu.ru/course/view.php?id=4618) Ha nopTtane BIY
«ONEKTPOHHbLIN YHUBEPCUTET» COAEPXKUT MeToAMYecKMe martepuansl, npe3eHTaunm nekuun,
yyebHble nocobusa n Heobxoanmble OIS U3ydeHUs OUCUMNANHBI MaTtepuansl. [pu peanusayun
OVNCUMNNWHBL  Takke WCMNONb3ylTCsa cepBUcbl BuageokoHdepeHunn (BigBlueButton, Zoom,
Discord n gp.), anekTpoHHasa no4vta, MeCCeHAXEPbI U coLnanbHbIE CETU.

15. MepeyeHb OCHOBHOW U [OONOSIHUTENLHOM INUTepaTypbl, PECypCOB WHTEpPHeT,

HeobGXxoAnMbIX AN OCBOEHUSA OUCLUNIINHBI (Criucok numepamypbl 0QpOPMIASEMCS 8 COOmeememeauu
¢ mpebosaHusamu FOCT u ucrionb3yemcsi obwasi Ckeo3Hasi Hymepauyusi 0551 ecex audo8 UCMOYHUKO8)
a) OCHOBHas nuTepartypa:

Ne n/n MCTOYHMK
HeopraHuyeckas xumums. Xumus anemeHToB: yuyebHuk B 2 7./ KO. [I. TpeTtbsikoB [u Ap.]. — 2-e usg,,
1. nepepab. n gon. — Mocksa : 3pgatenbcteo MIY; AkagemkHura, 2007. —T.1.-538c.; T. 2. —
670 c.
> Meenes B. M. ToHkMe NneHKn HeopraHn4eckux matepmanos: MexaHnam pocta n cybeTpykTypa :
' y4eb. nocobue / B. M. Mesnes. — BopoHex: UMML| BI'Y, 2008. — 496 c.

6) JononHWTENbHas NuTepaTypa:

Ne n/n McToYHUK
3 MpuHByA H. Xnmusi anemeHToB : B 2 T. : [y4ebHuk ans By3oB] / H. MpuHBya, A. OpHwo. — Mockea
' : BUHOM. J1a6. 3HaHun, 2008. — (Jlyywuin 3apybexHbii y4ebHuk). — T. 1. — 607 c.; T. 2. — 670 c.
4 TpeTbsikos HO. [l. BBeageHue B xumuto TBepaodasHbix Matepuanos: yyebHoe nocobue / 1O. [.
) TpeTtbsikos, B. W. Nytnses. — Mockea : MI'Y, 2006. — 399 c.
5 Menuxos L. B. ®u3unko-xmmmnyeckas aponouuns teepaoro sewectea / . B. Menuxoe — Mocksa :
' BVHOM. Na6. 3Hanun, 2006. — 309 c. (HaHoTexHONorms).
6 Cysznanes W. IN. HaHoTexHonornsa. ®Puanko-xnmMmnsi HAHOKNacTepoB, HAHOCTYKTYP U
' HaHomaTepuanos / V. . CysganeB — Mocksa : KomKnura, 2006. — 589 c. (CvHepreTuka : ot



https://edu.vsu.ru/course/view.php?id=4618

npowsoro K ygywemy).

Wparieep 0. HeopraHuyeckas xumus : B 2 1. / [. Wpansep, M. 3TkuHc. — Mocksa : Mup, 2004. —
(NMyywnim 3apy6exHbin y4ebHuk). — T. 1. - 679 c.; T. 2. — 486 c.

HeopraHuyeckas xvmMus : B 3 T. : y4ebHUK Ans cTyA. By30B, 06yy. no HanpasneHuto 510500

8. "Xumua" n cneumnansHoct 011000 "Xumusa" / nog pea. HO. [1. TpeTbsikoBa. — Mocksa :
Academia, 2004. - T.2.—-365c.; T. 3. kH. 1 —348c.; T. 3. kH. 2 — 399 c.

Enucees A. A. DyHKUMOHanNbHbIE HAHOMaTepuansl: yuebHoe nocobue / A. A. Enucees, A. B.
JlykawwuH, nog peg. 0. 1. TpetbskoBa. — Mocksa : PuamatnuT, 2010. - 456 c.

Yran A. A. Heopranunyeckast xumusi: y4eb. ans xmm. cnedy,. By3oB / A. A. Yran. — Mocksa :
Bbicwas wkona, 1989. — 463 c.

11. Bekkep HO. Cnektpockonusa / KO. Békkep. — MockBa : TexHocdepa, 2009. — 528 c.

12 CrapoctuH H. MaTepuansl 1 MeToAbl HAHOTEXHoNorun: y4ebHoe nocobue / H. CTapocTuH. —

' MockBa : buHom, 2008. — 431 c.

13. 'youn C. . Xumus knactepoB / C. 1. 'youH. — Mockea : Hayka, 1987. — 263 c.

MeHwyTtuHa H. B. BBegeHue B HaHoTexHonoruio / H. B. MeHwyTuHa. — Kanyra : ils3gatenbcTBo

9.

10.

14. Hay4Hou nutepatypbl H. ®. Boykapeson, 2006. — 132 c.
15 Housecroft C. E. Inorganic chemistry / C. E. Housecroft, A. G. Sharpe. — Harlow Essex,
' England. — 2001. — 808 p.
16 Bepcykep U. B. OneKkTpoHHOE CTPOEHME 1 CBOMCTBA KOOPAMHALMOHHBIX coeanHernii / U, b.
' Bepcykep. — CaHkr-letepbypr : Xumuns, 1986. — 348 c.
17 Pao Y. H. P. HoBble HanpaBneHus B xumun TBepgoro tena / Y. H. P. Pao, . lonanakpuwHaH.
' — Hoeocunbupck : Hayka, 1990. — 520 c.
18 LWabaHoBa H. A. Xumns n TeXHONOrMsi HAHOAMCNEPCHBIX OKCUAOB : y4ebHoe nocobue / H. A.
' LLlabaHosa, B. B. lNMonos, I. . Capkuncos. — Mocksa : AkagemkHura, 2006. — 309 c.
19 HesonuH B. K. 3oHaoBble HaHOTexHonormn B anekTpoHuke / B. K. HesonuH. — Mocksa :

TexHocgepa, 2005. — 147 c.

Myn Y. IN. HaHoTexHonormn : y4eb. nocobure ons ctyq., oby4y. No HanpaBneHUIo NOAroT.

20. "HaHotexHonorun" / Y. Myn, ®. OyaHc ; nep. ¢ aHrn. nog pea. 0. W. NonoswuHa; gon. B. B.
JlyumHuHa. — 2-e n3g., gon. — Mocksa : TexHocdepa, 2006. — 334 c.

MeToabl uccnenoBaHnsi aTOMHON CTPYKTYPbI U CYyOCTPYKTYpbl MaTepuanos : yuebHoe nocobue /
B. M. MeBnes [u ap.]. — BopoHex: UspatenbctBo BITY, 2003. — 485 c.

JinanH P. A. HomeHknaTypa HeopraHudeckmx Bewects / P. A. JinaguH, B. A. Monouko, 3. A.
Kyaopswosa; MNog pea. P. A. Jlnguna. — Mocksa : KonocC, 2006. — 95 c.

TpeTtbsikos 0. [1. Pa3BuTre HeopraHMyYeckom XuMmnm kak pyHaamMmeHTansHom OCHOBbI CO3aHus
23. HOBbIX MOKOMNEHUN byHKUMoHanbHbIX Matepuanos / KO. [1. TpeTbsikoB // Ycnexu xumumn. — 2004,
—T.73,Ne 9. —C. 899-916.

21.

22.

B) MHOPMALIMOHHbIE 3NEKTPOHHO-06pa3oBaTenbHble pecypchl (OhmumnansHble pecypebl MHTEPHET) :

Ne n/n Pecypc

1 https://www.lib.vsu.ru/ - cainT 3oHaneHow Hay4Hon Brubnmotekn BopoHexckoro
rocygapCTBEHHOIO yHMBEpCUTETa

2. http://www.nanometer.ru/ - HaHoTexHonorn4yeckoe coobuiecTso «HaHoMeTp»

3 http://www.chem.msu.ru/rus/ - Chemnet - opmumansHoe 3nekTpoHHOE M3gaHne XMmMn4ecKkoro

) dakyneteta MI'Y B Internet,

www.e-library.ru - ntHpopmaumoHHbIN NopTan B 06nactu Hayku, TEXHOMNOMMU, MeEAULMHBI 1

4, obpasoBaHus, cogepxalwuin pedepaTbl 1 NOSHbIE TEKCThI 6ornee 12 MITH HayYHbIX CTaTen u

nyGnvkauun.

http://iric.imet-db.ru/ - basa gaHHbix IRIC (Information Resources of Inorganic Chemistry)

5. COAEPXUT KpaTKyr nHdopmaumo 06 NHHOPMaLMOHHBLIX cucTemMax B 06nactn HeopraHu4ecKkom

XUMUW U MaTepuanoBefeHus.

https://www.lib.vsu.ru/ - cant 3oHanbHo Hay4yHon Bubnunotekn BopoHexckoro

rocyapCTBEHHOI0 yHMBepcuTeTa

http://biblioclub.ru/ - OnekTpoHHO-6MBNMOTEeYHas cuctema "YHuBepcuteTckas bubnmoreka

online",

8. http://www.studmedlib.ru/ - AnekTpoHHO-6MGNMoTeYHas cuctema "KoHCynbTaHT cTyaeHTa"

16. MNepeyeHb y4eOHO-MeTOAMYECKOro obecne4vyeHus ANs CaMOCTOATENbLHOW paboTbl
(yyebHo-memodudeckue pekomeHdayuu, nocobusi, 3adadqyHuku, Memodu4YeCKUe yKa3aHUs 0 6bIMOIHEHUI
npakmu4yeckux (KOHMPOIbHbIX), Kypcoebix pabom u 0p.)

Ne n/n NcTouHnk
1 MutToBa W. A. lNepmnoanyecknin 3akoH Kak OCHOBa XMMUYECKON CUCTEMATUKU. XUMUS
' anemeHToB | 1 Il rpynn MNeproguyeckon cnucteMbl [ANeKTPOHHLIN pecypc] : yd4ebHoe nocobue



https://www.lib.vsu.ru/
http://www.nanometer.ru/
http://www.chem.msu.ru/rus/
http://www.e-library.ru/
http://iric.imet-db.ru/
https://www.lib.vsu.ru/
http://biblioclub.ru/
http://www.studmedlib.ru/

ansa sysos / W. A. MutToBa, E. B. TomuHa, b. B. CnagkoneBLes ; BopoHex. roc. yH-T. —
OnekTpoH. TekcToBble AaH. — BopoHex : UMML| BI'Y, 2009.

Xumusa anemenTos Il v IV rpynn MNMepuoanyeckon cuctemsl : y4uebHoe nocobue : [onsa ctyg. 1 k.
XUM. hbak. gHeB. oTa-HMa HanpasneHuin: 020900 — Xumus, ousmka 1 MEXaHUKa MaTepuanos,
020100 — Xvmus] / BopoHex. roc. yH-T ; cocT.: N. A. MutTtoBa, E. B. TomnHa, B. B.
CnapgkoneBueB. — BopoHex : UMM, BI'Y, 2010. — 70 c.

Xumusa anemenToB V u VI rpynn MNepuognyeckon cuctemsl : ydebHoe nocobue ansi By3oB : [ans
cTya. 1 K. XnM. pak. gHeB. oTA-HusA HanpasneHuin: 020300 - Xumus, pusmka n mexaHuka
matepuanos, 020100 - Xumus] / BopoHex. roc. yH-T ; cocT.: . A. MuttoBa, E. B. TomuHa, b. B.
CnapkoneBueB. — BopoHex : UIML, BI'Y, 2012. — 98 c.

Xumuns anemeHToB VIl rpynnel MNeprognyeckon cuctemsl : ydebHoe nocobue : [ans ctyq. 1 k.
OHeB. oTa-HUA XxuM. pak. HanpasneHuin: 020300 - Xumug, punsnka n mexaHmka matepuarnos,
020100 - Xumus, 020201 - dyHaameHTanbHas 1 npuknagHas xmmms] / BopoHex. roc. yH-T ;
[cocT.: N. A. MutToBa 1 gp.]. — BopoHex : N3gaTtenbckui gom BI'Y, 2015. — 54 c.

Xumusa anemenTtos VIII rpynnel MNepuoanyeckon cuctemsl : yd4ebHoe nocobue : [ans ctyg. 1 k.
XuM. dbak. gHeB. oTA-HUA HanpasneHuin: 020300 - Xumus, dunsmka n MexaHnka maTepuanos,

5. 020100 - Xumus] / BopoHex. roc. yH-T ; [cocT.: U. A. MuTtToBa 1 Ap.]. — BopoHex :
W3paTtenbcko-nonurpaduyeckmin LeHTp BopoHexckoro rocyaapCTBeHHoOro yHnsepcurteta, 2013.
—48c.

17. OO6pasoBaTtenbHble TEXHOMOrMWU, UCNONb3yeMble TMNpu peanusauum y4yebHOWM
OUCUMNIINHBI, BKMOYaAs [AOUCTaHUMOHHble obpa3oBaTenbHble TexHonorum (OOT),
3neKTpoHHoe obyyeHue (D0), cmewaHHoe 0Gy4eHue):

Mpn peanusauumn AUCUUNINHBI UCMOMb3YKOTCA pPasnNUyYHble TUMbl NEKUMA — BBOAHbIE
nekumMn, MHAOPMAaLMOHHbIE NeKuMu ¢ Buayanusauuen (MynbTUMeaunHble npeseHTaumu), no
oTAenNbHbIM TeMaM — 0030pHble. Ha npakTMyecknx 3aHATUAX: BbICTYNNeHMe ¢ pedeparamu,
CeMnHapcKkmne 3aHaTus. Tekywaa aTrectaums ocyecTBNsaeTca B POpMe KOHTPOSbHbIX paborT,
npomexyTodHasa — no KNM.

Ncnonb3oBaHne QYMK https://edu.vsu.ru/course/view.php?id=4618

Mpn peanu3aumm AUCUMNIIMHBLI C UCMOMb30BaAHNEM OUCTAHUMOHHbLIX O0Opa3oBaTefbHbIX
TEXHOSOMM UCMONb3YKTCA WHCTPYMEHTbI 3NEKTPOHHON MH(OpMaLUMOHHO-06pa3oBaTeNbHON
cpegbl  BI'Y  «OnektpoHHbin  yHuBepcuteT  BlY»  (https://edu.vsu.ru),  cepBuchl
BnaeokoHgepeHumn (BigBlueButton, Zoom, Discord u ap.), aneKTpoHHasa noyTa, MecCceHgXepbl
N coumnarnbHble CEeTW.

18. MaTepuanbHO-TeXHU4YeCcKoe obecnevyeHme AUCLUNIINHDI:
MynbTuMmeaninHbin npoektop BENQ, akpaH, HOyTOyK

19. OueHou4Hble cpeacTBa ANA NpoBeAeHNsA TEeKYLWEeNn N NPOMEXYTOYHON aTTecTauumn

[MopsaaoK oueHKM OCBOEHUA o6yqarou4mmmc;| yqe6Horo mMaTepuana onpependeTtcs
cogepaHnewm cnenyrowmnx pasaenos gUCUUNIINHbIL

HanmeHoBaHue WHaukaTop(bl
I"I\}QI'I pasnena AMCLMNMNHS Kfmg?;?H ﬂop'cmxe,%g) OueHouHble cpeacTaa
(moayns) KOMMEeTeHUNn
1. | MNepuogmnyeckni 3aKoH u MK-3 MK-3.1 YCTHBIN onpoc,
Mepunogmnyeckas MK-3.2 KOHTpOnbHble pabdoTbl NeNe1-4
cuctema. OCHOBHbIE
Knaccbl HEOPraHNYeCcKmX
COeNHEeHNN
2. CoBpeMeHHble MK-3 MK-3.1 YCTHBIN onpoc
npegcrasneHnst o MK-3.2
XUMUYECKOMN CBA3N B
HEeopraHM4eckomn XMmMmm
3. Kncnotbl 1 ocHoBaHMS MK-3 MK-3.1 YCTHBIN ONpoC




HanmeHoBaHue WHavkaTop(bl
r’ﬁ pasgena aMcuunnvHbl K?_mgt(a;;aH ,EI,(;J‘CTI/IXGHpIEIﬂ) OueHouHble cpeacTsa
(mogyns) KoMreTeHunn
MK-3.2
4, Oxkucnexne un MK-3 MK-3.1 YCTHBIN onpoc
BOCCTaHOBIEHME MK-3.2 3awuTta pedpepaTtoB
5. O6pasoBaHue, MK-3 MK-3.1 YCTHBIN onpoc
YCTOMNYMBOCTb U MK-3.2 3awmTa pedepatos
peakunoHHas
CMocoBHOCTb
KOMIMEKCHbIX
coeNHEeHNn
6. BeeneHve B MK-3 MK-3.1 YCTHBIN onpoc
3M1EKTPOHHOE CTPOEHME MK-3.2 3awwTa pecepaTtos
TBepgoro Tena u obuas
KapTuHa 3Bosiounm
TBEpPAbIX BELLECTB
7. OcobeHHoCcTH MK-3 MK-3.1 YCTHBIN onpoc
aBonLUun MK-3.2 BawwuTta pedepaTtos
HaHOAWCNEPCHOrO
BellecTBa
8. OcHoBHble noaxoabl K MK-3 MK-3.1 YCTHBIN onpoc
CUHTE3y MaTepuarnos C MK-3.2 3awmTa pedepatos
LieneBbIMMN CBONCTBaMM.
CoBpeMeHHble MeToabl
nccrnegoBaHus
TBEPAOro Tena
MpomexyToyHas aTTecTauus e
epeyeHb 80Mpocos
dopma KOHTPONS — 9K3aMeH

20 TvnoBble OLEHOYHbLIE cpeaAcTBa UM MeToAMYECKUe MaTepuanbl, onpeaensmouue
npoueaypbl oLleHUBaHUs

20.1 TeKywMin KOHTPONb ycrneBaeMoCTH
KoHTponb ycneBaemMocTu Mo AUCLMMIIMHE OCYLLEeCTBNAETCS C MOMOLbIO CNeayLMX OLEHOYHbIX
cpeacTs:
KoHmponbHas paboma
Pegepam

MNepeyeHb 3apaaHM ANSA KOHTPONbLHLIX paboT
Tema «Xumusa anemeHtoB IA-IVA-rpynn»

BapuaHT Ne1
B yem nposiBnseTca agnaroHansHas aHanorus Li u Mg?
Mouemy n3 anemenToB IIA rpynnbl Be HaumeHee akTUBEH?
Kakyto cTpykTypy nmeet AIPO,? O 4em 3TO cBUAETENLCTBYET?
OOBLWHOCTb KaKMX CBOWCTB MNO3BONSET rOBOPUTb O AMaroHanbHOM CXOACTBe Oepunnusa wu
antoMuMHna?

PwbNE

BapuaHT Ne2
1. B psay Li-Cs nnoTHOCTb MeTannoB pacTeT, OAHaKo ee W3MEHEHWE HE MOHOTOHHO: noyemy
NNOTHOCTb METanNINYeCcKoro Kanns MeHbLUe NIOTHOCTU HaTpua?
2. Kakoe KoopauHaUMOHHOE 4YuCMO XapakTepHo Ans Be B komnnekcax? Yem 310 06BACHUTH?
MpuBeanTe npumepsl.
3. YT0 Takoe 6opason? KakoBo ero ctpoeHune?
4. WNmetoT nu okemabl CO, m SO, oamMHaKoBOE XuMMYeckoe cTpoeHne? Kak noCTpOeHbl 3Tu
MOJIeKynbI?
BapuaHT Ne3
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Uem ob6bAcHAeTCSA, 4TO Li aBngeTca nydwmnm komnnekcoobpasoBartenem, 4em Na?
KakoBa cTpykTypa BeO? Kak aTOT peakTuB nony4nTb B nabopatopmm?
Kakne koopanHaUnOHHbIE YMcna xapakTepHbl ana Al B komnnekcax? MNpumepbl?
B yem xummnueckoe cxoacteo u pasnuymne CCly n SiCly?
BapuaHT Ned
Kakyto CTpyKTypy MMeeT HUTpug Nutns?
Oxapaktepusynte cxoacteo un pasnuune Mg(OH), n Ba(OH),. Yem aTn yepTbl 06ycnoBneHbl?
Kakon 6op akTuBHee: KpUcTanIn4eckun nnm amopHbIn 1 noyemy?
Kakne KomnnekcHble coeauHeHNst xapakTepHbl ansa Al?
BapuaHTt Ne5
Ob6bsacHuUTe, Nnodemy TepMuyeckasl yCTOMYMBOCTb MAPUAOB, OKCMAOB, U HUTPUAOB LUENOYHbIX
MeTannoB ybbiBaeT BHU3 MO rpynne, a yCTOMYNBOCTb NEPOKCMAOB, HAANEPOKCMAOB, O30HNOO0B U
KapboHaToB Npun 3TOM BO3pacTaeT.
Kakune cTpykTypbl MMetoT pTopua n xnopug 6epunnua? dante nx onucaHume.
Ona kakoro anemeHTa Al gaBnseTca AunaroHanbHbIM aHanorom? [opu3oHTanbHbIM? Kak 3To
NposiBNAETCA B €ro XMun?
Kak nonyuntb ToumaH(pogaH)? Kakoa ero ctpykrypa?
BapuaHTt Ne6
Kakve coeamHeHus oGpasyloTcs LEeNovHbIMKM MeTannamm B Cyxom Bosayxe? [Npu ropeHun B
aTtmocdepe kucnopoga? Hasosute umx.
Kakas kpuctannuyeckasa CTpykTypa y kapbuga kanbumna?
Moyemy 60p (PyHKLMOHUPYET Kak HemeTann?
Kak nonyyatoT TeXHUYECKUIA U YNCTbIA KPEMHUIA?
BapuaHTt Ne7
YeMm 06bACHAETCS pasnuyHasa pacTBOPUMOCTb B BoAe rMapokapboHaToB HAaTpusa 1 Kanua?
Kakas kpuctannuyeckasa CTpykTypa y nepokcuga 6apuma?
YTo Bbl 3HaeTe o coeamHeHusix A"'BY?
KakoBa cTpykTypa CaTiO3? OxapakrepusynTe.
BapunaHT Ne8
Moyemy HaTpueBas cenutpa 6onee rMrpoCcKONUYHa, YeM KanunHas?
Kakne komnnekcHble coeanHeHnst xapaktepHbl and Mg?
Aensetca nu Al xopownm komnnekcoobpasoBatenem? Mpumepsl.
MmeeTca nu cxoactso B xumudeckom nosegeHun CO u CO,? Oxapaktepusynte KpaTko
XMMUYECKMEe CBOMCTBA 3TUX OKCUAIOB.
BapunaHT Ne9
OBLLUHOCTb KaKknx CBOMCTB NO3BOSISIET FOBOPUTL O AMAaroHanbHOM CXOACTBE NUTUSA U MarHma?
Kakne KomnnekcHble coeauHeHNs xapakTepHbl anga Be?
YUTo Bbl MOXETE pacckasaTb O a-HuTpua 6opa?
KakoBa CcTpykTypa Si B CpaBHEHUM CO CTPYKTYpOW anmMasa?
BapuaHT Ne10
Kakne xummnyeckme cBocTBa xapakTtepHbl ans IA rpynnbi?
OBLWHOCTb KaKMX CBOWCTB MNO3BOMSET rOBOPUTb O AMaroHanbHOM CXOACTBe Oepunnusa wu
antoMuHnA?
KakoBa makcumarnbHas KOBaneHTHOCTb, KOTOPYI0 MOXET npoasnate Al? MNovemy?
KakoBa cTpykTypa y SiO,? OxapaktepusynTe.

Tema «Xumusa anemeHtoB VA-VIIIA-rpynn»
BapuaHTt Ne1
KakoBo ctpoeHne monekynbl NH3? MloHa ammoHns?
Kak wn3meHseTca neTtyyecTb W TepMMuYyeckass YCTOMYMBOCTb Auokcnaos 30, OrnemMeHToB
noarpynnel cepbl B pagy S-Se-Te-Po?
Kak namensietca cuna kmcnot B psgy HF-HCI-HBr-HI? MNovemy?
HawnTte xapaktepuctuky VIIIA-rpynne.
BapuaHTt Ne2
KakoBa CTpyKkTypa MONeKyIbl a30TUCTON KUCMOThI?
OBBbACHUTE CTPOEHUE MONeEKy KMCNopoaa 1 030Ha.
Kakve meTtoapbl nony4vyeHus xnopa BamM U3BECTHbI?
Kakoe ctpoeHune y XeF,? NMpnumeHeHue.
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BapuaHT Ne3
Kakne moandumkauum P,Os BaMm n3BecTtHbl? OnuwnTe mx.
Kak wnsmeHsieTca neTyyecTb W TepMuyeckas YCTOMYMBOCTb AuokcngoB 30, 9nemMeHToB
NoArpynnel cepbl B pagy S-Se-Te-Po?
Yto Bam n3eectHo o NF3?
Uto Takoe knaTpaTbl? NpuBeauTe npumepsbi.
BapuaHTt Ne4
Kak nposiBnseTca BTopu4Hasa nepmoanyHocTb B psagy As-Sb-Bi?
Hasosute coegmHeHne SOCI,. KakoBoO ero xumm4yeckoe CTpoeHune?
HasoBute cneaywowmne coeguHeHNs: HCIO, HCIO,, HCIO;, HCIO, [Hante «kpaTkyto
XapaKTEPUCTUKY A5 KKO0W N3 KACNOT.
Kakoe ctpoeHue y XeF,? MpumeHeHue.
BapuaHTt Ne5
Y10 Bam n3secTtHo o PH3?
KakoBbl 0COB6EHHOCTU cepbl B CPaBHEHUN C KUCIOPOAOM?
Kakas ctpyktypa y AlBrs?
Kakne xumnyeckme cBOMCTBa NPOSIBIISAET KCEHOH? [pumeHeHne?
BapuaHTt Ne6
Kakoe ctpoeHue y okcuaa docdopa (111)? Kak ero nonyunts?
Kak namensitorca T, 1 Ty B pSay rmapmaos oT HoS go HyTe? O6bsicHuTe noyemy.
Kakoe ctpoenue y BrF? 3apucynTe.
Kakne xumunyeckune ceorctaa npossnaet He? MNpumeHeHne?
BapuaHTt Ne7
Aensietcs nu docdop ropusoHTanbHbIM aHanorom apyrux anemeHToB? Kakux? Ecnn ga, 10 B
YyeM OHa nposiBnsaeTca?
Kakoe ctpoeHue y SO,? Kakumu csorictBamu oH obnagaet?
B 4em 3aknioyaeTca OTNUUME 3NEKTPOHHOTO CTPOEHWst atoMa Ttopa OT CTPOEHUs aTOMOB
apyrmx ranoreHoB? K kakMm ocobeHHOCTSIM XuMnn oTopa NpMBOgUT 3TO OTNn4Ymne?
Yto Bam n3BecTHo 0 XeO3? [lanTe kpaTkoe onucaHue.
BapuaHT Ne8
Yrto Bam n3eectHo o NO? Kak ero nonyuntb?
Kakoe ctpoeHue y SO3? Kakumum ceorictBamu oH obnagaet?
Hante ob6ocHoBaHMe ToMy hakTy, YTO (PTOP B COEQUHEHMAX NPOSIBNAET TONbKO OTpULATENbHYHO
cTeneHb okucrneHus. B coeamHeHusax ¢ kakmmm anemeHtammn 6onee BEpPOATHO HanuyMe WMOHOB
F~? MNovemy?
YUto Bam n3BectHO 0 XeO,? [Jante kpaTkoe onucaHue.
BapuaHTt Ne9
Kakne KoMnnekcHble KaTMOHbI U1 aHMOHbI 0Opa3ytoT AneMeHTbl NoArPYNMbl MbllbsAKa?
KakoBa cTpyktypa y SeO3;? Kakumu csoncteamu oH obnagaet?
MoapobHo oxapakTepusynte CdS
Kakoe ctpoeHue y Kri,? lNprumeHeHne.
BapuaHt Ne10
Moapo6HO oxapakTepusymnTe ruapasuH.
Kakne KoMnnekcHble coenHEHNst BaM U3BECTHbI A cepbl?
Knokne ranoreHoeogopoabl HCI, HBr n HI (B otnuume ot xugkoro HF) He pearnpyloT c
MeTannamu, okcmgamu u kapboHatamm metannos (Hanpumep, ¢ Na, Na,O n Na,COs3). Yem ato
ob6bsacHseTca?
Kakne xummnyeckme CBOMCTBA XxapaKTepHbl Ans hTopnaoB KCeHoHA?

Tema «Xumusa anemeHToB IB-IVB-rpynn»

BapuaHTt Ne1
UeM obbsicHseTCA BblcOKasi KoMnrekcoobpasytowas cnocobHoCcTb anemeHToB IB rpynnbl? Kak
3Ta cnocobHOCTb MeHseTcs B psagy Cu-Ag-Au?
Kakvne moamdpukaumm cynbcumaa umHka Bam nssecTtHbl? OxapakTepusymnte nx CTpyKTypy.
Kak namensitotcst cBorcTea aneMmeHToB |IB rpynnbl npu ABUXEHWUM CBEPXY BHU3?
Uem o00bsicHAETCs BbicOkas Temnepatypa nnaeneHua ana Ti? Kak aTta xapaktepuctuka
nameHsietcs ot Ti k Hf?

BapuaHTt Ne2
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MouyeMy umeHHo anga Ag HabrnogaeTcsa ycTondmsasa cTeneHb OKUCNeHnsa +17?
YeM MOXHO OOBbSACHUTL, YTO ANA PTYTU B OTNINYME OT LMHKA U KaOMUS XapakTepHbl ABE CTENeHn
okuncnenus: +2 n +1? Kakosa BaneHTHOCTb PTYTU B COOTBETCTBYIOLLMX COEANHEHNAX?
[na kakoro anemeHTa Sc sBnseTcA AuaroHarnbHbIM aHanoroM? [opusoHTanbHbIM? Kak 3To
nNposABNAEeTCA B €ro Xmun?
Kakune koMnnekcHble coeANHEHNs XxapakTepHbl Anga Zr?

BapuaHTt Ne3
Kakne Bam un3BECTHbl OKCMAbl W TMAPOKCUAbI, OTBEYaloLWMe TrMNepBaneHTHbIM COCTOSIHUSM
anemeHToB IB rpynnbl? Kaknmn cBoricTBamu oHM obnagatoTt?
Moyemy meTannbl NOArpynnbl LMHKA SABMSIOTCA CBA3YOWWM 3BEHOM Mexay anemeHtamu B
rpynnbl 1 1A rpynnel? Kak 9To nposiBnsieTca B XMMuu anemeHTos 1B rpynnbl?
Oxapaktepusynte naHTaHuAbl Kak koMmnnekcoobpasoBaTtenn?
Kakne cteneHn oknucneHusa npossBnsoT aneMeHTbl noarpynnel Ti? MNpuBegnTte npyMepsl.

BapuaHTt Ne4
HasoBuTe Hambonee xapakTepHbIe KOMMIEKCHbLIE KaTUOHbI U aHNOHbI Cu®™?
Kakne moandmkaumm HgO Bam nsBecTHbI? JanTte ux onucaHue.
Yrto Bl MoXxeTe pacckasaTb o P337?
KakoBbl cTpykTypa u ceonctea CaTiO; n BaTiO3?

BapuaHT Ne5
Kakue komnnekcsl Hanbonee xapaktepHsl ana Au**? Mouemy?
Kakue kpuctannuyeckue cTpyktypbl umetoT ZnO, CdO, HgO? [anTte nx onucanHue.
[na kakoro anemeHTa La saBndetca AguaroHanbHbIM aHanorom? [opusoHTanbHbIM? Kak 310
NposiIBNAETCHA B €10 XMun?
Kakne KoMnnekcHble coeanHeEHNs1 XxapakTepHbl and Ti?

BapuaHT Ne6
YUTo npomcxoguT npu XxpaHeHMn Ha Bo3gyxe ¢ Meabto, cepedbpom, 3010TomM?
Yto Takoe mepkypatbl? [NpuBeguTe NpuMep.bl.
Kak nposBnsieTca BHYTPEHHAS MNEPUOAMYHOCTb B  U3MEHEHWM Temnepatyp nnaBneHns
naHTaHomngoB? Yem 310 0ObsicHAeTca?
KakoBa ctpyktypa TiO,? O kakom Tune CBs3W CBUOETENbCTBYET Takaa CTpyKTypa?

BapuaHTt Ne7
Uem obbsicHAETCSA BbICOKasi KOMMekcoobpasyowasi cnocobHocTe anemeHToB IB rpynnbl? Kak
3Ta cnocobHOCTb MeHsAeTcs B pagy Cu-Ag-Au?
YeM MOXHO 06BbACHMTb TOT (PakT, YTO LMHK pearmpyeT C Cepoi TONbKO NPW HarpeBaHuu, a pTyTb
- MPpY OBbIYHbIX YCMOBUAX, XOTH LUMHK ABnseTcs 6onee akTMBHbIM MeTarnnoM, Yem pTyTb?
HasoBuTe naHTaHua, obnagatowmin cambiMm CUNbHBIMW BOCCTAaHOBUTENbHBIMW CBONCTBaMM.
Kakon Tun cBsi3n npeobnagaet B TeTparanoreHngax anemMeHToB noarpynnel Ti? 3To ycToONYMBbIE
WU HEYCTONYMBbBIE COEANHEHNSA?

BapunaHT Ne8
Kakne Bam un3BeCTHbl OKCMAbl W TMAPOKCUAbI, OTBEYalolwme rmnepBaneHTHbIM COCTOSHUSM
anemeHToB IB rpynnbl? Kakumu cBocTtBammn oHn obnagarTt?
YeM MOXHO OOBACHUTL, YTO ANA PTYTU B OTNIMYME OT LMHKA U KaAMUS XapakTepHbl ABE CTENEHU
okucneHus: +2 n +1? Kakosa BaneHTHOCTb PTYTU B COOTBETCTBYOLLNX COEANHEHNAX?
Cpeav naHTaHWOOB CTEneHb OKUCNeHns +2 Hambonee yctondmea ona esponua. O6bscHUTE 3TOT
dakxT.
MoapobHO oxapakTepuadynTe anemMeHTbl nogrpynnbl Ti.

BapuaHT Ne9
Uem obbsicHAETCSA BbICOKasi KOMMekcoobpasyowasi cnocobHocTe anemeHToB IB rpynnbl? Kak
3Ta cnocobHOCTb MeHseTca B psgy Cu-Ag-Au?
Kakve moavdukaumm cynscuaa umHka Bam nssectHol? [JanTte onvcaHme nx CTpyKTypsbl.
Kak nM3mMeHsieTca CKMOHHOCTb K rMaponu3y cornen NaHTaHWAOB C YBENMYEHUEM MOPSOKOBOro
HoMepa anemMeHTa? Kak aTo 06bACHUTL?
[awnTte xapaktepucTuky ranoreHmaam VB rpynnsl.

BapuaHTt Ne10
Kakue komnnekchbl Hanbonee xapaktepHbl ans Au**? Mouemy?
Kakne moandmkaumm HgO Bam n3BecTHbI? [JJanTte ux onvcaHume.
Ona kakoro anemeHTa Y sABNseTCa AuaroHanbHbIM aHanorom? [opu3oHTanbHbIM? Kak aTo
NposiIBNAETCH B €ro XMun?
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Kakue cteneHun okucneHms NpoABNAIOT 3N1eMEeHTbl noArpynnbl Ti? rlpVIBe[J,VITe npuMepLI.

Tema «Xumusa anementoB VB-VIIIB-rpynn»

BapunaHT Ne1
Kakune cteneHun okncrneHusa xapaktepHsl ans V? NpueseauTte npumepbl.
Y kakoro n3 okcngos CrOz, a-MoO3, a-WO3; Hanbonee Huskas Tn, n noyemy?
Y10 Bam ussectHo o MnO?
Kakue koMnnekcHble coeanHeHus xapaktepHsl ans NiZ*? Mpumepsi.

BapuaHTt Ne2
Oxapaktepunaynte ceMencTBO BaHaausl.
Kakne KoMnnekcHble COeANHEHNST XapaKTepHbl 4N Xxpoma?
Yto Bam nssectHo o MnO,?
Kakne KomnnekcHble coeguHEHNs XxapakTepHbl ans kobanbta? MNpumepsi.

BapuaHTt Ne3
Kakune pakTbl CBMOETENLCTBYIOT O MNOBbIWEHUM CTabUNbHOCTU CTENeHW OKUCINeHus +5 npwu
nepexoge ot V k Ta?
Y10 Bam n3sectHo o MoO3?
OxapakTepuayiiTe KOMNMEeKCHbIE coeanHeHnsa ana Mn*?
Urto Bam ussectHo o Fe,03? CtpoeHune? lNpumeHeHne?

BapuaHT Ne4
Kakne komnnekcHble coeanHeHnss V Bam U3BECTHbI?
Kakue ctpykTypbl umetoT CrOs, a-MoOs, a-WO3 ?
Yrto Bam mnssectHo o Mn0O,%?
Kakne KOMMneKcHbe coeauHeHns xapakTepHbl ans Co>*? Mpumepsi.

BapuaHT Ne5
Y anemeHTOB Kakow rpynnsl: IVB nnn VB T, Bbilwe? Yem 310 06ycnoBneHo?
Kak nonyyatot Cr,03? Kakumu cBoncTteamu oH obnagaet?
YTto Bam nssectHo o MnO?
Oxapaktepusynte anemeHTbl Tpuaabl Xxenesa.

BapuaHT Ne6
Kak namensietca T, neHTaokcmuaoB B psgy V-Nb-Ta? Kak 310 o6bsicHUTL?
Kakne KoMmnnekcHble coeguHEHUs XapakTepHbl Ang monubaena?
Kak n3MeHsI0TCA CBOWCTBA COeaMHeHW A npu nepexode oT Mn*? k Mn*’ yepes NpoMexyTouHble
cTerneHu okucneHns?
Kakne KoMnsieKCHble CoegMHEeHNSA XapakTepHbl Ans Fe?'?

BapuaHT Ne7
Kakne komnnekcHble coegmHeHnst Nb Bam ns3BecTHbl?
Y kakoro n3 okengoe CrOs, a-MoOs, a-WO3; Hanbonee Huskasa Tq; u novemy?
Kakne koMnnekcHble coeanHeHnst BaM U3BECTHbI Ang Mn?
Kakvne ns anementoB VIIIB rpynnbl NposiBASIOT CTENEHb OKUCIIEHMS, COOTBETCTBYIOLLYIO HOMEPY
rpynnbl? B kaknx coeanHeHnsx?

BapnaHTNe8
AsnseTca nn V ropnsoHTanbHbIM aHanorom gpyrnx anemeHTos? Kaknx?
Kakune komnnekcHble coeanHeHnss Bam nasectHbl ana W?
C yem cBdA3aHa ropasgo 6onbliass yCTOMYMBOCTb MapraHua B CTENeHUM OKUCNEeHWs +2 no
CPaBHEHUIO C aHaNOrM4YyHbIMU COeQUHEHNSIMU BaHaans U Xpoma?
Kak nsmeHsieTca ycToMuMBOCTb ranoreHuaHblx komnnekcos xenesa(lll) 8 pagy F-CI-Br-1? OteeT
nosicHuTE.

BapunaHT Ne9
Moapo6Ho oxapaktepusynte V,0s.
Kakve komnnekcHble coeguHeHnst Bam nasectHbl gna Cr?
Yrto Bam nsBectHo o MnO,*"?
Kakne koMnnekcHble coeanHeHns xapaktepHbl ans Co®*? Mpumepsi.

BapuaHTt Ne10
Y anemeHTOB Kakow rpynnbi: VB unu VB T, Bbiwe? Yem 310 06ycnoBneHo?
Kakune koMmnnekcHble coeanHeHns xapaktepHbl ang Mo?
Yrto Bam ussectHo o MnO,?



4, Kakue cTeneHn OKUCNeHus XapakTepHbl AOn4a 3neMeHTOB Tpuaabl xenesa? KakoBa ux
CpaBHUTEJIbHasA yCTOIZ‘-II/IBOCTb N KaK 3TO OO BACHUTL?

Tembl pedhepaToB
O6was kapTnHa 3BONOLMM TBEPAbIX BELLECTB
AHanua reomeTpuum Monekyn B pamkax metoga MO (anarpammel Yoria)
Peakuuun komnnekcoobpasoBaHus. PaBHoBecKe, CKOPOCTb U MEXaHM3Mbl NMPOLIECCOB.
Komnnekcbl d-anemMeHToB C TT-A0HOPHbBIMW NUraHgamm
KaTtanms ¢ yyactvemM KOMNIeKkcoB NepexoaHbiX MeTansmnos
MarHuTHble CBOMCTBA KOMMJIEKCHBIX COeAVHEHUN
[lBymepHbIe NPOBOAHUKM Ha OCHOBE XarnbkoreHngos d-metannos Tuna MX;
MepoBckMTONO4OOHBIE COEANHEHNSA: OCOBEHHOCTU CTPYKTYPbI U NEPCNEKTUBLI NPUMEHEHMS
BopoBogopoabl: 0COBEHHOCTN CTPOEHMSA N peakuMoHHas CnocoBHOCTb
. Metanno6GopaHsbl
. XMus B aKCTpeMarnbHbIX YCnoBusaXx (0630pHO)
. Mpoueccel camoopraHmsaumm B XumMmum MmaTepmasnos

BOONOGOIWNE

B
N RO

OnuncaHne TexHonormm npoeegeHunsa
KOHTpOJ'IbHaFl paGOTa npoBoagnTCA B NMCbMEHHOM BUAeE, OJINTENbHOCTb KOHTpOJ'IbHOVI pa6OTbI -
45 MUHYT, NepeyvyeHb TeéM 114 NoAroToBKMU CTyAeHTaM U3BEeCTEH 3apaHee.

TpeboBaHus K BbINONHEHMIO 3a4aHUA (UK LWKarbl U KpUTEPUN OLLEHUBAHMS)

KoHTponbHasi paboTa oueHMBaeTCs MO KONMWYECTBY BbIMNOMHEHHbIX 3adaHui, NPaBUbHOCTU U
MOMHOTbI BbIMOMHEHNS KaXX4oro 3agaHus.

PedpepaT oueHvnBaeTca no rnybuHe packpbITUS TeMbl, YMEHUIO OPWEHTMPOBATLCA B TEME,
OoTBETaM Ha BOMPOCHLl ayauTopun 1 npenogasaTens.

TpeboBaHusa kK odbopMneHunto pedepaTta

PedepaT npencraensercs B anNekTpoHHOM Buae B popmate gokymeHta MS Word. Wpndt —
Times New Roman, pasmep — 13 pt. lNons: BepxHee — 20 MM, npasoe — 15 MM, nesoe — 30 MM, HUXHee
— 25 mm. AB3auHbii oTcTyn — 1,25 cM. MeXCTpO4YHbIN MHTEepBan — MOJSyTOPHbIN. BeipaBHMBaHME — no
WwupuHe. Tabnuubl N PUCYHKM OOSMKHbI OblTb MPOHYMEPOBaHbl U MMeTb Ha3BaHus. [locne TUTYNbHOro
nmncTa OOMMKHO naTU coaepXaHue.

Ctpyktypa pedpeparta: BBeOeHWEe, OCHOBHOW TEeKCT C rnoApasfenamMmu, 3akroyeHue, Crmncok
nutepaTypbl. CNMCOK LMTUPYEMbIX UCTOYHUKOB odpopmnisieTca B cootBetcTBum ¢ NOCT, konuyecTtBo
WUCTOYHUKOB — HEe MeHee 15. O6béM pedbepaTta — He MeHee 20 cTpaHuu,

BbicTynneHve pns aygutopum JormkeH ObiTb NPOBEAEHO C UCNOMb30BaHWEM Mpe3eHTauuu,
KOoTopas [ofkKHa BKkMoYaTb B Oonblle Mepe WANCTPaTUMBHBIA Matepuan U MUHUMYM TeKcTa
(NOsICHEHWS, 3arofnoBKU, KIHOYEBLIE MOMEHTHI).

20.2 NpomexyToyHana aTrecTauus

MpomexxyToyHas aTTecTauus No AMCUMUNINHE OCYLLECTBNSETCS C NMOMOLLbIO CreayoLLnX
OLIEHOYHbIX CPEACTB:

CobecedosaHue no bunemam K 3a4emy

MepeyeHb BOMPOCOB K 3K3aMeHy 1 nopsaok dhopmmpoBaHusa KUM

1. CwncremaTtvka XMMUYECKUX COEQNHEHMI NO XapakTepy XMMUYECKOW CBA3N Ha OCHOBaHUK
nonoxeHusi komnoHeHTos B [1C.

2. 3aKOHOMEPHOCTU U MPUYMHBbI UBMEHEHNSA UBNYECKNX U XMMUYECKMX CBONCTB NPOCTLIX BELLECTB
B NC.

3. OCHOBHblE 3aKOHOMEPHOCTN U3MEHEHWSI CBOMCTB HenepexodHblX 3MEMEHTOB U UX COeQUHEHUN
no BepTUKanu, ropusoHTann n guaroHanu.

4. VoHHaga Mofenb CTPOEHUs KpUcTannoBs, KoOHCTaHTa MagenyHra, aHeprus MOHHOW peLLeTKu.

5. Metannbl. [NonynpoBogHWKu (COGCTBEHHbIE N HECOOCTBEHHbLIE) N OUSNEKTPUKMN.

6. [lNpeactaBneHMe pJdaHHbIX 06 OKUCAMTENbHO-BOCCTAHOBUTENMbBHLIX MOTEHUManax B Buae
Ouarpamm: guarpammel Jlatnmepa n dpocra.

7. 30HHas CTpyKTypa TBepaoro tena.



8. Ycnosus obpasoBaHUa KOOPANHALMOHHOW CBA3M B paMKax MOHHOW MOLenn 1 npeactaBneHun
Jlbtounca.

9. OcobeHHOCTU KoMMNIekcoobpaszoBaHMs d-a1EMEHTOB.

10. YCTOMYMBOCTb KOMMIIEKCOB, OHTPOMUWHLIM BKNa4: XxenatupoBaHue, B3aMMOOENCTBME C
MakpornuraHgamu, conbBaTHbIN 3dEKT.

11. MexaHn3mbl peakumi ¢ yHacTMeM MOHOALEPHbBIX KOMMNIIEKCOB. QHEPrUst akTUBaLUN.

12. OCHOBHbI€ NPUHLMMbLI CUHTE3a MaTepunarnos.

13. HuskopasmepHble TBepaodasHble 00bekTbl: 0bLasa xapakTepucTnka n nHanemnayanbHble
ocobeHHoCTHU.

14. MeToabl CMHTE3a HEOPraHMYeCKNX BELECTB B HAHOPa3MePHOM COCTOSIHUN

15. MNMony4eHne aByMEPHbIX N OAHOMEPHbIX HAHOMAaTEepPMaroB: BUCKEPbI U dOyINepeHbl,
NonynpoBOAHUKOBbIE HAHOTETEPOCTPYKTYPbI, (PYHKLMOHANbHbIE NOKPLITUSA

16. CnekTpockonua KOMOMHAUMOHHOIO paccesHus Kak metoad, gononHswowmn MK-cnektpockonuio
npy YyCTaHOBIIEHNN COCTaBa Pa3NUYHbIX HEOPraHMYEeCKUX OO BLEKTOB.

17. ®OTO3NEKTPOHHAA CMNEKTPOCKOMUA Kak MeToq onpefeneHns cocTaBa HeopraHU4ecKmx
mMartepuarnos.

18. Mukpockonuyeckne MeToabl MCCNeaoBaHUA HeOpraHNYecknx MaTepmnanos

19. Oxxe-aneKkTpoHHas CNEKTPOCKOMNUS KaKk METOA onpeaenenuns npodunen pacnpegeneHns
KOMMOHEHTOB No TonwmHe 06pasLoB

20. BTopuyHasa noHHas macc-cnekTpoMeTpus: r3nKo-XxmmMmyecKkne OCHOBbI M 0611acTy NPUMEHEHMS.

21. BUHapHble COeaNHEHWS!, M303MEKTPOHHbIE psabl GUHapHbLIX coeanHenwnii. CoeanHenns A"BY,
A'BY', AB"" kak «anma3sonogo6HbIe» NonynpoBOAHMKN.

22. [iIBymepHble NPOBOAHUKN Ha NpuMepax xanskoreHnaos d-meTtannos tuna MX,, nHTepkansaThl.

Kaxagbin KM copepxuT 2 Bonpoca 1 pasHbiX pasaenos NporpaMmmei.

OnucaHne TexHoONormm npoeeneHunsa

Ha nogrotoBky nucbmeHHoro oteeta Ha Bornpocbl KMM (Ha nuctax otBeTtoB) gaétca 60 MUHYT,
rocne aToro NPoBoANTCH ycTHas becepa.

TpeboBaHUA K BbINOMHEHWUIO 3a4aHWI, LIKanbl U KPUTEPUM OLLEHNBAHMUSA

[nsa oueHmBaHNA pesynbTaToB 06y4eHNs Ha 3K3aMeHe UCMOMb3YTCA credyrowme nokasarenu:

1) 3HaHMe y4yebHOro wmaTepuana W BrageHWe TMOHATUMHBIM annapaTtoM COBPEMEHHOM
HEOpPraHM4YeCcKon XMMUMK; 3HaHWE COBPEMEHHbLIX TEeHOEHUUA pasBUTUS HEeOopraHMYecKon XUMWuu;
OCHOBHbIX 3aKOHOMEPHOCTEN N OCODEHHOCTEN M3MEHEHUS CBOWCTB 3NIEMEHTOB M WX COEOUHEHUA B
3aBUCMMOCTU OT UX MecTonosnoxeHus B MNeprnoguyeckomn cucteme

2) 3HaHWEe COBPEMEHHbLIX TMPEeACTaBNEHUA O XMMWYECKOW CBSI3WM, KUCIIOTHO-OCHOBHOM
B3aMMOAENCTBUN,  OKUCIIUTESIbHO-BOCCTAHOBUTENbHbLIX — Mpoueccax, CTPOEeHUM U peakuUOHHOM
CMOCOBHOCTM KOMMIEKCHbIX COEANHEHUN;

3) yMeHVe nnncTpupoBaTb OTBET NpUMepamu, baktamn, AaHHbIMU Hay4HbIX UCCNeaoBaHWM,;

4) ymeHune 1MCcnonb3oBaTb NOSTYYEHHbIE 3HAHUA M9 NPOrHO3MPOBAHUS CBOMCTB CUHTE3UPYEMbIX
MaTtepuanoB U HaHOMaTepManoB N OCYLLECTBAATb LienieHanpaseHHbI BblIOOp MeToaa UX CUHTE3q;

5) BnageHue HaBblkaMy Hay4yHO OBOCHOBAHHOMO COBMECTHOIO WCMOMb30BaHUA OaHHbIX
pasnunyHbIX PU3NKO-XUMUYECKMX U PaCHETHbIX METOAOB MCCrefoBaHWA AN NOSfyYeHUss MakcumaribHO
BO3MOXHbIX KQ4€CTBEHHbIX, MPELN3NOHHBIX JAaHHbIX O CBOMCTBAX CUHTE3NPYEMbIX MaTepuarnos.

,D,J'IFI oueHnBaHNUA pe3ynbTaToB o6yquV|;| Ha J3K3aMeHe WCNOoJ1b3yeTCHd 4-6annbHas wana:
«OTJIMHHO», «XOPOLLO», «yOOBJIETBOPUTESIBHO», «KHEYOOBNETBOPUTEITbHO».
CooTHoLWEeHMEe nNokasaTenen, KputepueB 1 WKanbl OUeHUBaHNA pe3yrnbTaToB o6yquV|9|.

YpoBeHb
Kputepun oueHnBaHnss KOMNEeTEHLMN chopmmnpoBaH LWkana oueHok
HOCTU
KoMMneTeHLMn




Obyyvarowutics 8 nonHol mepe eradeem roHAMUUHbIM annapamom | [loebiueHHbIl OmnuyHo
OaHHoU obriacmu HayKu (meopemu4ecKumMu OCHo8aMu OUCUUIIIUHbI), YPOBEHb
criocobeH usocmpuposams  omeem  fipuMepamu,  ghakmamu,
OaHHbIMU Hay4yHbIX uccriedosaHull, MNPUMEHSIMb Mmeopemu4yecKue
3HaHus Ons peweHust npakmu4yeckux 3aday e obnacmu cospeMeHHoU
HeopaaHU4ecKol XUMUU U CUHMe3a HO8bIX Mamepuarnos
Obyyarowutica ennadeem noHSIMUUHbIM annapamom daHHoU obriacmu ba3zoenlili Xopowo
Hayku (meopemudyeckumu ocHoeamu OUCUUIIUHbI), CrocobeH 3HaHUs YPOBEHb
011 peweHuUs rnpakmu4eckux 3ada4y 6 obrnacmu coepeMeHHOU
HeopaaHu4ecKol XuMuu U CuHme3a HO8bIX Mamepuarsnos, 0oryckaem
omodernbHble OWUbKU npu paccMompeHuU omaoerbHbIX Ccrnocobos
CUHmMe3a Mamepuasniog8 UnAu  pu  OnucaHUu  COBPEMEHHbIX
rpedcmasneHuUll HeopaaHu4eckKol Xumuu

Obyyarwulcs enadeem 4acmu4yHO meopemudYeckumu ocHosamu | [lopozoebiti Y0oenemsopu-
ducyunnuHbl, hpaeMeHmMapHoO criocobeH ornucamb OCHOBHbIE Meopuu yPOBEHb meJsibHO

U cospeMeHHbIe npedcmassieHuUs HeopeaHu4yeckoU xumuu, doryckaem
2pybbie owubKu rnpu omeeme

Obyyvarowuticas OeMOHCcmpuUpyem OmpbI8OYHbIE, (hpazMeHmMapHbIe - Heydosnemeopu-
3HaHus, doryckaem 2pybbie owubKu mesibHO

20.3 ®oHA OLEeHOYHbIX cpeacTB cchoOpMUPOBAHHOCTU KOMNETEHLUN CTYAEHTOB, PeKOMeHAyeMbIN
And npoBeAeHUA ANarHoCTUYeCcKux padoTr

Mpumepbl 3aaaHni (NpaBunbHble OTBEThI BblAEMNEHb! XXUPHbBIM LLPUGTOM)
MonHbIn 6aHK TECTOBLIX 3a4aHU HAXOAUTCS B TPEHMPOBOYHOM TeCTe B ONIEKTPOHHOM
yHusepcuteTte BI'Y B kypce «CoBpeMeHHasa HeopraHuyeckast XMMnsi»
https://edu.vsu.ru/course/view.php?id=4618

MK-3 CnocobeH oBnagetb B NpodeccUoHanbHOM AeATEeNbHOCTM OCHOBHbIMW  TUMOBbLIMU
MeTodaMu CUHTE3a W aHanusa BeLlecTB, 3NIeMEHTHOro M as3oBOro coctaBa, CTPYKTYpbl U CBOWCTB
mMaTtepuanos (BKMo4vasi HaHoOMaTepuansbl)

MK-3.1CnocobeH ucnonb3oBaTb 3HaHWS O COCTaBe, CTPYKTYPE U CBOWCTBax MarepuanoB Ang
peLLeHns 3agad maTepranoBegeHns

3HaTb: OCHOBHbIE 3aKOHOMEPHOCTU M OCOBEHHOCTU W3MEHEHUS] CBOWCTB 3MIEMEHTOB M UX
COENHEHN B 3aBMCUMOCTU OT UX MeCTONonoXeHund B Nepuogmyeckon cucrteme

yMeTb: MPOrHO3MpoBaTb CBOMCTBA CUMHTE3WPYyEMbIX MaTepuarioB W HaHoMaTepuanos W
OCYLLEeCTBNATb LerneHanpaseHHbl BbIbop MeToga ux cuHTesa

BNageTb: HaBblkaMn Hay4HO OBOCHOBAHHOMO COBMECTHOMO MCMOMb30BAHUA LAHHbIX Pa3fUYHbIX
PUINKO-XMMUYECKUX N PACYETHbIX MEeTOO0B MUCCredoBaHusa AN MonyvyeHUs MakCUMarnbHO BO3MOXHbIX
KayeCTBEHHbIX, MPELM3NOHHBIX AaHHbIX O COCTaBe, CTPYKTYpPe U CBOMCTBax CUHTE3MPyeMbIX MaTepuanos

MK-3.2 BnageeT 0CHOBHbIMW METOAAMW CUHTE3a U aHanuns3a BellecTBa

3HaTb: OCHOBHble NOAXOAbl K CUHTE3y MaTepuanoB C LEneBbiMM CBOWCTBAMW U MeToAdbl UX
aHanusa

yMeTb: UCMOMb30BaTb NOMyYeHHble 3HAHWUA ANA pas3paboTkM MEeTOAMK CUHTEe3a MepCrneKTUBHBLIX
byHKUMOHANbHbLIX MaTtepuaros

BrnageTb: HaBblkamMy NPOBeOeHNs] CaMOCTOSITENBHOMO NMoucka 1 pa3paboTkM MeToaMK CUHTe3a U
aHanusa martepuvarnos (B TOM Yucrie HaHoMaTepuanos) ¢ 3a4aHHbIMM CBOMCTBaMM

MNMepeyeHb 3apgaHun ans oueHkn ccpopmmpoBaHHoCcTU komneTeHumu MNK-3:

1) 3aKkpbIThle 3a8aHUgG (TECTOBbIE, CpeaHUN YPOBEHb CIOXHOCTU):

1. Bbibepute MeToAbl, NO3BOMAKOLWME MNONYYUTb UHOpPMauMio O MopdonorMm NOBEPXHOCTU
HaHOpa3MepHbIX OOBLEKTOB M MCMOMb3ylLWMEe WU3NyvYeHne BUOUMOro AuanasoHa 3NeKTPOMarHUTHOro
cnekrpa:

a) koHhoKkanbHasa nasepHasa ckaHUpyroLwas MUKPOCKONUS

6) pacTpoBas aNeKTPOHHAsA MUKPOCKOMMS

B) CKaHMpylowas 6nmkHenonbHas onTu4eckas MMKPOCKonus


https://edu.vsu.ru/course/view.php?id=4618

F) CKaHupyruwaa TyHHelbHadA MUKPOCKONUA

2. Kakon 13 nepedncneHHblx MEeTOOOB HEeNpurogeH Ana uccrnegoBaHus  Mopdoriornm
NMOBEPXHOCTUN ANINEKTPUKOB?

a) aTOMHO-CUoBasi MUKPOCKOMUS

0) KOHhoKanbHas nasepHas CkaHUpyLLasas MUKPOCKOMMUS

B) CKaHMPYOLWAa TYHHeNbHas MUKpPOCKoNnus

r) ckaHupytoLwasa 6nmxkHenonbHasa onTUYecKas MMKPOCKONUS

3. Kakne 13 npeanoXxeHHbIX METOOOB NO3BONSAOT onpeaensitb as3oBbli COCTAaB HAHOPa3MepPHbIX
NNEHoK?

a) peHTreHoBcKkast POTOANEKTPOHHAsA CNEeKTPOCKONus

0) peHTreHopa3oBLIN aHaNU3 Ha ManbIX yrnax

B) UK cnekTpockonus, MeTtoanka HapyLleHHOro NOsIHOro BHYTPEHHEro oTpaXxeHus

I) NOKasnbHbIN PEHTreHOCNEeKTpanbHbI MUKpPOaHanm3

4. Bblbepute MeTOAbl, MNO3BOMAKOLWME MOMYYNTb MHAOPMALMIO O COCTaBe MOBEPXHOCTU
(MpMNOBEPXHOCTHOrO CIos) HAHOPa3MepPHbIX OO BEKTOB:

a) nHdppakpacHas konebarenbHas CneKkTPoCKonus

6) NokanbHbIN PEHTreHOCNEKTParnbHbIN MUKPOAHanm3

B) peHTreHoBcKasi (pOTO3NEeKTPOHHAas CNeKTpocKonus

r) Oxe-3aneKTpoHHas CNeKTPocKonus

5. N3 npuBea€HHOro nepeyHs Boibepute MeToabl, NO3BONsAOLWME hopMMpPoBaTh MNAEHKN TOMO Xe
cocTaBa, Kak U ucxogHoe BellecTBo/MaTepuan:

a) metog MO CVD

0) BaKyyMHO-TepMMYeCcKoe ucnapeHume

B) MarHeTpOHHOe pacnblfieHne

r) 30Mb-reflb TEXHONorns

6. V13 npuBea€HHOro nepeyHs BolbepuTte MeToabl, No3Bonstowmne popMmmpoBaTb HaHOPa3MepHbIe
NAEHKN, OTNUYAIOLLMECS NO COCTaBY OT MCXOAHO B3ATOrO BellecTBa/maTepuana:

a) TexHonorus JlaHrmiopa-brnogxetT

6) meTog MO CVD

B) MEXaHU4eckoe U3mernbyeHne

r) 3onb-refb TeXHONOrnA

7. Kakon npeoGnagatolmnin TUN CBA3WM XapakTepeH Ans OMHapHbIX COeauHEeHun, oba anemeHTa
KOTOpbIX PacMoNoXeHbl cnpasa oT rpaHuubl LiMHTNS:

a) KoBaneHTHas

6) meTannuyeckas

B) BOOOpPOAHAs

r) NOHHas

8. Kakon npeobnagatowimn Tmn cBA3WN XapakTepeH Ans GUMHapHbIX coeanHeHwun, oba anemeHTa
KOTOPbIX pacnonoXeHbl cnesa oT rpaHuubl LiMHTNS:

a) KoBaneHTHas

06) meTannuyeckas

B) BOOOpOAHas

r) MOHHas

9. Ipadmk 3aBucumoctn NE° gns napbl I(N)/S(0) oT creneHm okucneHus anemeHta N
Ha3blBaeTCs:

a) anarpammon Nyp63

6) anarpammon Ppocra

B) anarpammon Jlatumepa

r) Aavarpammon QnnnHrxama



10. [dwvarpamma, HarnsagHo oTobpaxarowas TepMoAMHAMUYECKN YCTOMuYuBble  (POPMbI
CyLLEeCTBOBaHWNS aNeMeHTOB (B BUAE MOHOB, MOMNEKYM, aTOMHbIX KPUCTannoB U MeTansnoB) B pacTBopax
NPy pPasnuMyHbiX 3HA4YEHUsIX BOAOPOAHOro nokasatensa pH M  OKUCNIMTENbHO-BOCCTAHOBUTENBHOIO
noteHumana E Ha3biBaeTcs:

a) anarpammown Myp63

6) amarpammon ®dpocta

B) anarpammon Jlatumepa

r) gnarpammMmon InnHrxama

11. Cuctema 00600WEHNA KONMMYECTBEHHbIX red/ox AaHHbIX A7 KOHKPETHOro 9nemMeHTa
(cTaH@apTHbIE 3NeKTPOoAHbIE NOTEHUManbl MeXay pasnuMyHbiM1 hopMamm 0gHOrO 3eMeHTa C pasHbiMU
CTENEeHsIMN OKUCIEHNS) Ha3bIBAETCS:

a) guarpammon lNyp6a

0) omnarpammon dpocta

B) anarpammon Jlatumepa

r) AavarpammMon DnnnHrxama

12. Mpu ncnonb3oBaHmm MnO, B KayecTBe OKUCIUTENS COrnacHO NpUBEAEHHOW guarpaMmve B
Kncnom pacteope Hanbonee yctonumsom oopmorn MmapraHua éyaert:

a) Mn°

6) Mn203

B) Mn?

r) MnO,*

MnO,

o
i
2
o MnO,>
-2 1 Mn(OH()DZ\\ ?0_4_ __-OMnO;
N 2 - -~ _O -
-3 \”(')"_2?3 i MnO,2
4] MnO,
0 +1 +2 +3 +4 +5 +6 +7 +8

CreneHb oKucnenusa, N

13. Kakaa cdopma mapraHua corflacHoO NpuBedEéHHOW Anarpamme B LLEMNOYHOW cpepe Oyger
Hanbonee ycToN4MBOMN?

a) MnOZ

6) Mn203

B) MnO,*

r) MnO,*

2) OTKPbITble 3a4aHusa (pacy€THble 3a4a4U, NOBbILLIEHHbIN YPOBEHb CMOXHOCTU, KpaTKUN OTBET):

1. TlpuBeguTe npumMep MeToAa WCCNeAoBaHUS, MNO3BOMSAIOWEr0O MOMy4YMTb UK3obpaxeHue
OLHOCTEHHbIX YrnepoAaHbIX HAHOTPYOOK C aTOMapHbIM paspeLleHneM:

MpaBunbHbLIN OTBET: NPOCBEYMBAOLLAS INEKTPOHHAA MUKPOCKOMNWS, CKaHMPYOLWAa TyHHEerbHas
mMukpockonusi, CTM, NOM



2. Pexvm paboTbl CKaHUpYKOLEro TYHHENbHOro MWKPOCKOMa, MpuM KOTOPOM OTCYTCTBYET
nepemeLleHne 30H4a no BbICOTE (OCU Z) U perucTpupyeTcss USMeHeHue TYHHeNbLHOro Toka, Ha3blBaeTcs
peXnMom

[NpaBusbHbIM OTBET: MOCTOSIHHOM BbICOTHI

3. TexHonorusa, no3sonstoLlas nonyvyatb MOHOMOIEKYINAPHbIe CITON C UCNONb30BaHUEM MOJEKYI
NOBEPXHOCTHO-aKTUBHbIX BellecTB Ha NOBEPXHOCTU XNOKOCTH Ha3blBaeTCA TexHomnornen

MpaBunbHbIN OTBET: JleHrMiopa-brnogxeTT

3) NPaKTUKO-OPUEHTUPOBAHHbIE 32034/ (MOBbILLIEHHLI YPOBEHb CIOXHOCTU, Pa3BEPHYTLIN

OTBET)

1. NMpeanoxuTte 0aMH U3 BapMaHTOB MpoLecca CMHTe3a retepocTpykTypbl GaAs/InP ¢ TonwmHom
nnéxkun apceHmaa rannusa 100 HM.

2. Mpeanoxute n o6oCHynTe cnocob co3gaHusa anutTakcnanbHoM ceepXpelleTkn (GaAs)m(AIAS),.
Kakve meTogbl KOHTPOMsS TOMWMWHBI M COCTaBa CMOEB MOXHO WMCMNONb30BaTb B [aHHOM cryvae?
O6o0cHyliTe BLIGOP METOAA CUHTE3a U UCCNEeAOBaHUS YKa3aHHOW CBEPXPELLETKN.

3. lNpegnoxute MO CVD npouecc ¢opmupoBaHms anuTakcuanbHon nreHkn GaAs Ha
nosepxHoctn GaN. OueHunTe npeumyulecTsa u HegoctaTkn metoga MO CVD no cpaBHeHWMO ¢ METOLOM
MOJEKYNAPHO-ITy4EBOMW SMUTAKCUN.

4, I'Ipep,nomme CXeMy npouecca CuHTE3a U 00OCHOBaHHbIN mMeToa atrtectauum OAHOCTEHHbIX
yrnepoaHbiX HaHOpr6OK.

5. lNepeuncnute OCHOBHble 3Tanbl MpoLecca HaHEeCEeHUs MOKPbITUA METOOOM pPeakTMBHOMO
MarHeTPOHHOro pacrblfieHUss MeTanIMYeckon M1LLIEeHN B aTMocdepe Kucnopoaa.

6. Ha npumepe wunsoanektpoHHoro psiga C—BN-BeO-LiF oxapaktepudynWte n3MeHeHue Tuna
XUMNYECKOW CBA3N N KPUCTANNINYECKON PELLETKMN.

7. YTO MOXHO ckasaTb O Tenno- U 3MeKTPONPOBOAHOCTM ABYXKOMMOHEHTON CUCTEMbI, COCTOSILLEN
N3 3NIeMEHTOB KOTOPbIE PacrornoXeHbl crieBa oT rpaHuubl LInHTns

8. Kakne cBoKicTBa xapakTepHbl Ans kapbuaga kpemHua? B kakon mepe OoHM OBYCIOBMEHbI €ro
KpUCTannoXmMMmyeckum CTpoeHnem?

9. KpeMHUn 1 repmaHnin — BaXKHenLLme nonynpoBOAHUKOBLIE BeLLECTBa B COBPEMEHHOW TEXHUKE.
fepmaHun — pegkun N pacCcesHHbIA 3IEMEHT, a KPEMHUN — OAMH U3 ABYX CaMblX pacrnpoCTpaHeHHbIX. C
yeMm CBA3aH TOT PakT, YTO CTOMMOCTb KPEMHUSA Kak NonynpoBOLHMKOBOrO MaTtepmana BecbMa BbiCOKa U
cornocTtaBMmMa CO CTOMMOCTbLIO repMaHuna?

10. BnaxHbivi cynbdug antommims Al,Sz cunbHO NaxHeT cepoBogopoaoM. HannwmTte ypaBHeHne
COOTBETCTBYIOLLEN peakumm 1 06CyanTe ee C TOUKM 3PEHUS KOHLENUMIA KUCAOT U OCHOBaHWU.

11. MCI'IOJ'Ib3y$| I'IpI/IBe,EI,éHHyI'O HWXe anarpamMmmy ANnNuHrxama, onpeagennte, BO3MOXHO I
BOCCTaHOBJ1IEHNE XpOMa 13 ero okcnga metarnjim4eCKknm anioMnHnem?

12. KakoBa MnHUManbHasa TemnepaTypa, NpyM KOTOPOW yrrepos MoXeT BoccTaHaBnmeaTtb ZnO Ao
MeTannuyeckoro uuHka? Kakas cymmapHas peakuusa npoTekaeT npu ykasaHHon Temnepatype? [Ons
oTBeTa UCNOIb3ynTe NPUBEOEHHYIO HUXE auarpammy SrnHrxama.
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13. Yemy paBHa MMHUManbHas TemnepaTypa BoccTaHoBneHus MgO yrnepogom? [Ins oteeTa
ncrnonb3ynTe NpMBEAEHHYO AnarpaMmmy SnnnMHrxama.

Kputepun v wkanbl oueHnBaHua 3agaHum ®OC:

[nsa oueHMBaHMA BbINONHEHWS 3a4aHWn ncnonb3dyeTca bannbHas wkana:

1) 3aKpbITble 3agaHnd (TECTOBbIE, CPeAHUI YPOBEHb CIOXHOCTH):

¢ 1 6ann — ykasaH BEPHbI/ OTBET,;

¢ 0 6annoB — ykasaH HEBEPHbIN OTBET (MOSTHOCTLIO UMM YAaCTUYHO HEBEPHbIN).

2) OTKpbITble 3a4aHNSA (TECTOBbLIE, MOBbLILIEHHbLIN YPOBEHb CIIOXHOCTH):

e 2 banna — ykasaH BEpHbI OTBET,;

¢ 0 bannoB — ykasaH HEBEPHbIN OTBET (MOJSTHOCTLIO UM YaCTUYHO HEBEPHBIN).

3) OTKpbITble 3a4aHUA (NPaKTUKO-OPUEHTUPOBAHHbIE 3a4aHNsA, CPDEOHUA YPOBEHb CIOXHOCTH):

e5 6GannoB — 3ajaHve BbINOMHEHO BepHO (MorfyyYeH npaBwUbHbIM  OTBET, OB6OCHOBaH
(aprymeHTUpOBaH) X0 BbINOMHEHMUS (MPU HeOBX0ANMOCTH));
e2 0Oanna — BbINOMHEHNE 3adaHUA COAEPXUT He3HayuTenbHble OWWnbKM, HO npuBeaeH

NpaBUNbHbLIN XOA4 pPacCyXOeHW, UnNn nonydeH BEPHbI OTBET, HO OTCYTCTBYeT 060CHOBaHWe xoda ero
BbINOSIHEHMS (ECNN OHO ObINO HEO6X0AMMbIM), UNK 3aJaHne BbIMNOMHEHO HE MOMHOCTbLI0, HO MOMYyYeHbl
NPOMEXYTOYHbIE (YaCTWYHbIe) pe3ynbTaTbl, OTpaxawLwme NpaBUbHOCTb XO4a BbINOMIHEHWS 3aJaHus,
unu, B criydae ecnv 3agaHve COCTOUT U3 HECKOSbKMX MoA3afaHui, BepHO BbIMNOnHeHO 50% Takumx
noasagaHui;

¢ 0 6annoB — 3agaHne He BbIMOSTHEHO UMK BbINOSTHEHO HEBEPHO (MOMyYeH HenpaBuUIlbHbIN OTBET,
X0[, BbIMOMHEHNST OLUMOOYEH NN COAEPXKUT rpyOble OLINOKN).

3apaHua paspena 20.3 peKoOMeHAYHTCA K UCMNONb3OBaHMIO MNpU  nNpoBeAeHUU
ANarHoCcTMYeckux paboT C LuLeNnbi OLEeHKM OCTaTOYHbIX pe3ynbTaTOB OCBOEHUS [aHHOWM
OUCLUMUNNUHbI (3HAHWW, YMEHUN, HaBbIKOB).



