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1 HOACHUTEJIBHASA 3AIIMCKA

1.1 Ieab AMCUMILIMHBI. TO3HAKOMUTH CTYJCHTOB C 3aKOHAMHU IPOTEKAHHUS XUMUYECKUX
peakuuii COCIMHEHUM IEPEXOJHBIX METAJUIOB, CBOMCTBAMM METAUIOB U HUX COCAUHECHUH,
OCBOMTb M OTpabOTaTh HABBIKM B IOJYYCHWMM, BBIJICJICHUM M HACHTHU(QUKALHUU COECTUHEHUH
NEPEeXOJHbIX METaIOB, a Takke c(opMupoBaTh yMeHHE (OPMYJIMPOBATH LETH U 3a7adu
BBINOJIHAEMON y4eOHO-UCCIIe10BATENICKON PabOTHI.

1. 2 MecTo aucuunjuusl B cTpykrype OOII:

JucuumnnHa «XHUMUS TEPEXOJHBIX METaNIOB» OTHOCUTCA K JUCLMIUIMHAM IO BHIOOpY
4acTH, (OpMHUPYEMOW yYaCTHHKaMU OOpa30BaTENbHBIX OTHOIICHHWH MPEIMETHOTO MOIYJsS IO
npodmno «AHanutuueckas xumus» b1.B.J[B.03 (b1.B.JIB.03.01).

1 ocBOEHMSI NHUCUUIUIMHBI «XHMMHMSI MEPEXOAHBIX METAUIOB» CTYAEHTHI HCIOJIb3YIOT
3HaHUs, YMEHMs, HaBbIKM, C(HOPMHUpPOBAHHbIE 3a BpeMs OOy4YeHMs Ha MIAJIIMX Kypcax
YHUBEPCUTETA.

Juctummza «XuMus IEpeXOJHbIX METAJIIIOB» TECHO CBSI3aHa C APYTMMH JUCUUIUIMHAMU:
o0meld W HEOPraHWYECKOW XHWMHEH, OpraHHYecKoW XUMHeH, (HU3UYIECKONM XUMHEH.
[IpenoaBanue 53TUX AMCUUIUIMH JOJDKHO Oa3MpOBaThCS HA 3HAHUM 3aKOHOB XHUMHUHM U
3aKOHOMEPHOCTEN MTPOTEKAHUS XUMUYECKUX PEAKLUN.

1.3 ucuuminHa HanpaBjeHa Ha ¢dopMupoBaHue ciaeayomux komnerenumii: [1K-3,
[1K-4:

IMK-3. CnocobeH  oka3piBaTh  HWHGOPMAIMOHHYIO  TMOANCPKKY  CIICHUAIUCTAM,
OCYILECTBIIAIOLUIMM HAy4YHO-HUCCIIE0BATENILCKUE PA0OThI, MHANKATOPAMM JOCTHKEHHSI KOTOPOM
ABJIAETCS:

e [IK-3.1. [IpoBOIUT TEpBUYHBIMN MOUCK WHGOPMALKMU MO 33JaHHOW TEMAaTHKE, B TOM
qucie, C UCIOJIb30BaHUEM 0a3 JaHHBIX

e JIK-3.2. CucremaTu3upyeT Hay4YHO-TEXHHYECKYI0 HH(OpMAIMI0 Ha pYycCKOM U
MHOCTPAHHOM $I3bIKaX 10 3aJJaHHOW TeMaTHKe

e [IK-3.3. AHanuzupyer HayYHO-TEXHUUYECKYI0 MH(POPMAIUIO JJIs PELIECHUS] KOHKPETHOM
3a1a4u

ITK-4. Cnoco0eH pemath TEXHOJIOTMYECKHUE 33a[aul, TIOCTAaBICHHbIE CIIEUaINCTOM Oolee
BBICOKOW KBaJM(UKAIMM, W BBIOMPATh TEXHUYECKHE CPEJICTBA M METOJbl UX MHCIBITAaHHMH,
MHIMKATOPAMHU JOCTUKEHUSI KOTOPOH SIBIISIETCSA:

e [IK-4.1. [IpoBoAMT MOUCK U cHUCTEMAaTU3aLMI0 UH(DOPMALIMK 1711 BBIOOPA ONTUMANbHBIX
METO/I0B M METOJIMK CUHTE3a M XapaKTepU3aluu (pyHKIHMOHAIBHOTO MaTepuaa (BeLecTBa).

e JIK-4.2. OcymecTBiser mo00p BEIIECTB U BHIOOP ONTUMANIBHBIX YCIOBUHM Il CHHTE32
(YHKIMOHAJIBHOTO MaTepuaia (BelecTna).

e JIK-4.3. IlpoBoauT XapakTepu3alUI0 MOJIYYEHHOro (PYHKIMOHAIBHOIO MaTepuana
(BemecTBa) (PU3MKO-XMMHUYECKUMHU METOJAaMH C HCIIOJIb30BAHUEM THUIIOBOIO HAy4YHOTO
000py1OBaHUS.

1.4 IlepeueHb MJIAHMPYEMbIX Ppe3yJbTAaTOB 00y4eHusi. B pesynprare u3ydeHus
JUCLUIUINHBI CTYI€HT JOJKEH:

— 3Hartb:

* TEOpeTHYECKHE OCHOBBI PYHIAMEHTAIBHBIX XUMUYECKUX TTOHSATHII;

* OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYUYHBIX JIUCLUIUINH;

— Ymern:

* TPUMEHATH CTAHJAPTHHIE JEHCTBUS C YYETOM XUMHUYECKMX TIOHATHUH M 00IIuX
3aKOHOMEPHOCTEH;

* NPUMEHATH IMOJyYE€HHbIE 3HAHMUS JUIsl aHajdM3a OCHOBHBIX 3aJad, TUIHUYHBIX JIs
€CTeCTBEHHOHAYYHBIX JUCIMIUIMH; HCIOJIb30BaTh TEOPETUYECKUE 3HAHUSA IS OOBSICHEHUS
pE3yJIbTaTOB XUMUYECKUX HKCIIEPUMEHTOB;

* OCYUIECTBJIATH BHIOOP METO/a JUIst 0OpabOTKH TaHHBIX B COOTBETCTBUU C TIOCTABICHHON
3ajjaueil, aHaIU3UpOBaTh pPE3yJbTAThl PACUETOB U OOOCHOBBIBATH IOJYUYEHHBIE BBIBObI;
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NPUMEHSTh METOJBl MaTeMAaTUYECKOTO aHallM3a W MOJACITUPOBAHUS B MPOPECCHOHATHHON
JIeITEIbHOCTH;

— Baagern:

e HaBBIKAMH PaOOTHI C JIUTEPATYPOH IO pa3/iesiaM HY>KHOU TUCIUTUIMHEI;

e IIpUEMaMH pEIICHWS OCHOBHBIX 3aj7a4, THUIWYHBIX JUISI €CTECTBEHHOHAYYHBIX
JTUCLHUILIIMH; METOJAaMH TEOPETUUECKOTO U IKCIIEPUMEHTAIBLHOTO UCCIICI0BAHMS;

e HaBBIKAMM TIPUMEHEHHUS COBPEMEHHOTO MAaTeMAaTHYEeCKOTrO WHCTPYMEHTApUs s
pELICHUS] XUMUYECKUX 3aja4.

1.5 O0mas Tpya0eMKOCTh JUCHHUILIMHBI «XUMUS EPEXOTHBIX METAILJIOBY» COCTaBIISIET 3
3aueTHbIX equHuIlsl (nanee — 3E) (108 yacos).

[Iporpamma mpemycMaTpuBaeT HM3yYCHHE MaTepuana Ha JICKIUSAX M JIA0OpaTOPHBIX
3ansTuAX. [lpegycMoTpeHa camocTosTeNlbHas paboTa CTYACHTOB IO TeMaM U pasjieliaM.
[TpoBepka 3HaHMI OCyIIECTBISIETCS (POHTAIBHO, HHANBUIYAJLHO.

1.6 O6bem AUCHMILVIMHBI U BUAbI Y4eOHOM /1esiTeIbHOCTH

O0beM IMCHUIIIMHBI M BU/IbI Y4eOHOMH AeATeJbHOCTH (04Hasi popma o0yueHus)

Bun yueOHo# padboThl Bcero yacos Cemectp 6
OO01mmas Tpya0eMKOCTh 108 108
AyIUTOpPHBIE 3aHATHS 66 66
Jlekuun 32 32
JlabopaTopHblie paboThI 34 34
CamocrosiTenpHas padbora 42 42
Bua uToroBoro KOHTpoOJISL: 3a4eT

2 YYEBHO-TEMATHUYECKOE IINTAHUPOBAHHUE

YueOHO-TeMaTHUYECKHIi IJIaH

Bcero AyIuTOpHBIE Camocro
SAHATUA ATEJIbHA
Ne HaunmenoBanue Tem (paszaesioB) 4acoB | Jlexuuu | JJaGopato |4 paGora
pHBIE
3aHATHA
1 2 | 3 | 4 | 5 | 6
| |IlepexoaHble MeTaJlJIbl, CBOWCTBA, COeMHEHHUSI U UX PeaKIHH
BBenenne. Beenenue B XUMHIO NEPEXOIAHBIX 4 2 2

METAJUIOB

IIpenmer M OOBEKTHI XHMHUHU MEPEXOIHBIX
METaJJIOB, KJ1accu(UKaIMs COSUHEHUN U UX
peakuuu; ucrtopust xumuu MOC.

O6mwme mpaBuia TEXHUKH OE30MaCHOCTH, 2 2
MIpaBUJIa MPOTHBOIIOKAPHOU OE30MaCHOCTU U
IpaBUjia OKa3aHUs I€pBOM MEIUIIMHCKOMN

TTOMOIIIH.

JlabopaTtopHas paborta 1: IlpaBuna TexHUKH 4 2 2
0€30MacHOCTH, MIPOTHBOIIOKAPHOM

0€30MacHOCTH W TIpaBHWJIa OKa3aHWs TMEPBOM

MEIUIUHCKOW  TTOMOIIH. [lepexoansie

METaJUTbl. AKBaKOMILIEKCHI

Jlabopatopnass pabora 2: Ilpeamer wu 6 4 2

O0BEKTBl XUMHMH IIEPEXOJHBIX METAJLIOB,
KJIaccu(UKaIUs COSTMHEHUH U X PEaKIiH.




Xapaxkrep XUMHUYECKON CBSI3U B 4 2
COEIMHEHMIX. Crenenu OKHCJICHHUS.

MarauTHBIE CBOICTBA.

IIpocteie BemectBa. CmiaBel. TBepibie 4 2
pPacTBOPBI U MHTEPMETAILTUIBI.

Kucnoponusie COEIMHEHUS. 4 2
Hecrexnomerpusi. XuMus BOJIHBIX

pacTBOpOB COHIMHEHUH MePEXO0THBIX

METAJLJIOB.

KoMIUIeKCHBIE  COSMHEHUS — TEPEXOIHBIX 6 4
MeTaaoB. CrocoObl CMHTE3a M BayKHEHILIHE

peaxIuu.

JlaGopaTopHas pabora 3: KomrmuiekcHbie 8
COCIMHEHHS MIEPEXOTHBIX METAJLJIOB.

Crioco0ObI CHHTE3a U BayKHEHIIIHE PCaAKIMHU.

Teopml JIUIS1 ONMMCAHUS COeTHEeHHUI MEPEXOAHBIX METAJJIOB

Teopus Banentusix cBsizeir (BC). Onucanue
KOMIUIEKCHBIX ~ COCIMHEHUW  MEPEXOJHBIX
METaJUIOB C IMO3ULMA TEOPUU BAICHTHBIX
cszeit (BO).

4

4

JlaGopaTopHnas  pabora  4: Teopus
BaseHTHbIX  cBm3eit  (BC).  Omnucanwue
KOMIUIEKCHBIX COSAMHEHUN XKele3a, PyTeHHUs
OocMHs, KOOaibTa, POAUS W HPUIUS C
MO3UIMI Teopru BalleHTHBIX cBsi3elt (BO).

Kontponbaas  padora 1:  Omnucanue
KOMIUIEKCHBIX ~ COCIMHEHUN  TepPeXOIHBIX
MECTaJIJIOB C HO3I/IHI/II71 TCOPHU BAJICHTHBIX
cszeit (BC).

Teopust kpuctamyeckoro mnojs. Onucanue
KOMIIIEKCHBIX COCAUHECHUM

Ckanausi, WUTTpUS W JIaHTaHa C TO3UIIUN
TEOPHH KPUCTALITUYECKOTO MOJISL.

JlabGopaTopHas pabora 5: Teopus
KPUCTAIITTIECKOTO OIS Onucanue
KOMIIJICKCHBIX COCJII/IHCHI/II\/'I MNEPEXOJHBIX
METAJIJIOB C TO3UIUI TEOPUU KPUCTAILIHU-
yeckoro nosst (TKII).

KoutponbHas  pabora  2:  Omnucanue
KOMIUIEKCHBIX ~ COEIMHEHUH  MEPEXOHBIX
METAUIOB C TMO3UIUA TEOPUH KPHUCTAJUIIH-
yeckoro nosst (TKII).

Turan-, nupkoHUii- U rapHUOpraHnYecKue
COEIUHEHHUS. Croco0s1 CUHTE3a u
BAKHEWIIIE PEAKIINH.
Bananuii, HHOOMIf- M TaHTaJIOpPraHUYECKUE
COCIUHCHMS. Cnioco0xn1 CHHTE3a u
BOXHEUIINE PEAKLIUH.

Teopust HOJIA JIMTQHIOB. Onucanue
KOMILJIEKCHBIX COEIUHEHNI THTaHA,
UPKOHUS, TadHUsA, BaHAIWsA, HUOOHWS |




TaHTalia C HOBI/ILII/Iﬁ TCOPHHU IMOJIA JIUTAHIOB.

JlaGopaTopHass pabora 6: Teopus 1o 6 4
JIUTaH/I0B. Onucanue KOMIUTCKCHBIX
COCJIMHEHUI THUTaHA, UUPKOHUs, TadHus,
BaHaJWs, HUOOWMS W TaHTAlla C TO3UIUI
TEOPHH I10JIs1 JIMTAHIOB.

Mexanu3msl peakumii c
KOMILIEKCHBIX COETUHEHUH.
XpoMm-, MOJINOIEH- u
BOJIb(hpaMOpraHUUYECKHUe COEIMHEHUS.
CriocoObl cUHTE3a U BaXKHEWIIINE PEaKLIUU.

y4acTHEM 4 4

Jlaboparopuass pabora 7: MexaHU3MBI 6 4
peakuuii ¢ ydacTHeM  KOMILIEKCHBIX
COCIMHEHUI NMEPEXO0HBIX METAJLIOB.

Teopuss monexynsapueix opburaneit (MO). 4 4
Onucanvie  KOMIUICKCHBIX  COCIUHEHUI
Maprasiia u peHus o TEOPHUH
MOJICKYJISIPHBIX OpOUTAJICH.

JlaGopaTopHas pabora 8: Teopus 6 4
MoOJIeKyJIsipHBIX opouTtanieir (MO). Onucanue
KOMIUICKCHBIX ~ COCAMHEHUH  TEePEeXOIHbIX
METAJIJIOB C MO3UIUN TEOPHH MOJIEKYJISIPHBIX
opb6uraneii (MO).

OcHoBHbIE THIIBI OpPraHn4eCKux coeTUHEHHU MEPEXOAHBLIX METAJNJIOB U METOABI UX

MOJYYCHUSA

Oprannueckue KOMIUICKCHBIE COETUHEHUS 2
MEePEXO0IHBIX METAJIOB.

Huxens- u MaJUIaIMAOPTAaHNYECKUE
COEIMHEHMUS. CriocoOsr CHHTE3a u
BOKHEHUIINE PEAKIUH.

2

[TnatuHaopranuueckue COEIMHEHUS. 2
CrniocoObl cCMHTE3a U Ba)KHEHIIINE PEeaKIIUH.

JIaGoparopHast pabora 9: Opranuueckue 6 4
KOMIUIEKCHBIE ~ COCJMHEHHUS  IEPEeXOIHBIX
MeTauIoB. VIcronib30BaHME OpraHMYeCcKUX
COCMHEHUI  TEpPEeXOJHBIX METAUIOB B
OpPraHUYeCcKOM CHHTE3eE.

HUTOrIO: 108 32 34

42

HNuTepakTHBHOE 00y4YeHHE IO TUCHHUIINHE

®opmMma
WHTEPAKTUBHOTO
3aHATHUS

Bun
3aHATHSA

Tema 3aasaTus

Komn-Bo
JacoB

[Ipocteie BemectBa. CruiaBsl. JIK Jlexmus ¢ ommoOKkaMu

PACTBOPBI U UHTCPMCTAJIJINbI.

TBepasbie

KommnekcHble coenMHEHUsI TMEepeXOIHBIX JIK Jlexmus ¢ ommoOKkaMu
METaJIOB. Croco0s! CHHTE3a u

BOXHEHUIINE PEAKIUH.




3. JlaboparopHast pabora 3: KomruiekcHbie JIb PaGora ¢ maneivu 4
COCIMHEHHUS]  TMEpPEeXOAHBIX  METaJlIOB. rpynnamu
CriocoObl cuHTE3a U BaXKHEWUIINE PEaKLINU.

4, JlaGopaTopHas paborta 4: Teopus JIb Pabota ¢ manbimMu 4
BajeHTHbIX cBszed (BC). Omnucanue rpyIIaMu

KOMILUIEKCHBIX COEeIMHEHUI JKelesa,
pYTEHUSI OCMUSI, KOOAJIbTA, POJIUS U UPUIUS
C TO3UIMI TEOpPUM BAJICHTHBIX CBA3EH

(BO).
5. JlabopaTopnas  pabora 5:  Teopus JIb Pabota ¢ manbimMu 4
Kpuctauimyeckoro  mnois.  Ommcanue rpynmnamu

KOMIUICKCHBIX COCMHECHUH TEePEeXOIHBIX
METAJJIOB C TO3UIMA TEOPUU KPHUCTAJUIU-
yeckoro nons (TKIT).

6. JlaboparopHass pabora 7: MexaHU3MBI JIb PaGora ¢ manmbivu 4
peakiuuii ¢  y4acTHeM  KOMIUIEKCHBIX rpymnmnamu
COCJIMHEHUI NMEPEXO0HBIX METAJLIOB.
HUTOI'O 22

3 COAEP)KAHUE TEM (PA3JIEJIOB)
|. MEPEXOJIHBIE METAJLJIbI, CBOMCTBA, COEUHEHUA U UX PEAKIIUA
BBenenue. BBenenne B XMMMIO NEpeXOAHbIX MeTayuloB. [Ipenmer M 0OBEKTHI XUMHHU
NEPEXOIHBIX METAJUIOB, KJIacCU(UKALIUS COSTMHEHUH U NX peakiun; uctopust xumud MOC.

OOume mpaBuila TEXHUKH O€30MaCHOCTH, MpaBWIa MPOTHUBOIIOKAPHOM Oe3omacHOCTH U
IIpaBUjIa OKa3aHUsI IEPBOM MEIUIIMHCKOW ITOMOIIIH.

Knaccugukanus meramioopranndeckux coenuHeHnii (MOC) u uX peakuui; HCTOpHS
xumuu MOC.

OCOOEHHOCTH XMMHUH TEPEXOJHBIX METAJUIOB. DJIEKTPOHHAs KOH(Urypanus. ATOMHBIE
paanychl. DHEPTUs HOHU3AIUH. DIEKTPOOTpULIaTENbHOCTh. KoopinHaMoHHbIe YuCa.

XapakTep XHMHUYECKOM CBSI3M B coenuHeHUsAX. CTeneHu OKUCICHMs. MarHuTHble
CBOMCTBA.

ITpocteie BemecTBa. CruiaBbl. TBepable pacTBOPHI 1 HHTEPMETAIUIHIBI.

Kucnoponubie coenunenus. Hecrexuomerpusi. XuMusi BOJHBIX PACTBOPOB MEPEXOIHBIX
METAJIJIOB.

KommuiekcHble coeMHEHHsI MepexoJHbIX MeTauioB. CrnocoObl CHMHTE3a U BakKHEWINe
peaxkuuu.

Il. TEOPUH JJIS1 ONMUCAHUA COEIUEHHUM IMMEPEXOHBIX METAJLJIOB

Teopuss BaneHTHbBIX cBsizedl (BC). OmmcaHue KOMILJIEKCHBIX COEIMHEHHMH IMEpPEeXOHBIX
METaJUIOB C TTO3UIIMKA TeoprH BaleHTHBIX cBselt (BC).

Teopuss kpucraumueckoro mnoss. OnucaHue KOMIUIEKCHBIX COEAMHEHHH NEPEXOJHBIX
METaJIJIOB ¢ Mo3uLuil Teopun kpuctamudeckoro mous (TKIT).

Turan-, uupkoHMH- u TadHuiopraHnueckue coeauHeHus. CrnocoObl CHHTE3a U
BOKHEHIINE PEAKIUU.

Banaawmii, HuoOuii- 1 TaHTanopranuyeckre coeanneHus. CnocoObl CUHTE3a U BayKHEHIINe
peakuuu.

Onucanne KOMIUIEKCHBIX COEAUHEHWM CKaHIWs, UTTPUS M JIaHTaHa C MO3ULUN TEOpuu
KPUCTAJUIMYECKOTO MOJIS.

Kommekcsl ¢ Makpouukianueckumu Jurangamu. Jddexr Ana-Tennepa. Pacmennenue B
MOoJsIX € CHUMMETpUEHM, OTJIMYHOM OT  OKTadJapuyeckoi. lcmonp3oBaHHE  TEOpHUH
KPUCTAJITUYECKOTO OIS I 00BSCHEHHS YCTOMUYMBOCTH KOMILIEKCOB. Psin MipBuHTa-Yubesamca.
Hedenoaykcernueckuii 3pdexr.



Teopus momis TMrasaoB. MHOrOLEHTPOBBIE CBA3M B METAIUIOOPTAHUYECKUX 7T
KOMIUIEKCaX NEPEeXOJHBIX 37eMEHTOB. OCHOBBI TEOPHUHM I10JI JIMTaHAOB. Paciienienue ypoBHel
d-opOutaneii Meramia TNpPH TETPAdIPUUYECKOM, OKTAdIPUYECKOM U  IUIOCKO-KBAJPATHOM
OKpyKeHMH. JlaTMBHOE M JOHOPHO-AaKLENTOPHOE B3auUMOJAEHCTBHE. MarnuTHbele CBONCTBA
koMIuiekcoB. [IpaBuiio “a¢dekTuBHOTO aToMHOro HOMepa”. Dddekt SAna-Temnepa.

Onucanue KOMIJICKCHBIX COCIUHEHWH TUTaHA, IIUPKOHHS, raQHUs, BaHAAWs, HUOOHS H
TaHTaja C MO3ULUI TEOPUH OIS JINTAHOB.

MexaHu3MBbl peaKIHuii C y4acTHEeM KOMIUICKCHBIX COCIWHEHUH. XpOoM-, MOJIHOIEH- U
BoJIb(ppaMopranuueckue coequHeHusi. CnocoObl CHHTE3a U BayKHEHIIINE PeaKIiu.

Teopust mosiekymsipHbix opoburtaneit (MO). Omnucanue CBS3M METAUI-YIIEPOJ B paMKax
Merona MO, kauecTBEHHbIE NPEACTABICHUA. 3apsA]l HA aTOME M MOPSAOK cBs3u. Koppemsuus
ATHUX BEJTMYMH C HAOJIIOAaeMbIMU CBOHCTBAMH.

[TonsiTre conpspkeHUsl B KJIACCMUECKOM M KBaHTOBOM XMMHU. MolekynspHble opOuTanu
AJTMIIBHOM CUCTEMBI, OyTalueHa, IUKJIONEHTaJUeHUIaHUOHA.

Onucanve KOMIUIEKCHBIX COEIMHEHUH MapraHija M pPEeHUs IO TEOPUH MOJIEKYJISPHBIX
opOuTaneil.

CBsi3u  Meraul-yriaepoa B KapOoOHMIaX,  OJE(QHUHOBBIX, AJUTUJIbHBIX, -
LUKJIOTIEHTAJUEHUIIbHBIX U apEHOBBIX KoMIUieKkcax. [loHsiTue 00 onucanuu X B paMKax MeToJa
MoJeKyJsipHbIX opouTaneil. Kinacrepsr. KapOoHumsi.

Crepeoxumusi METAJUIOOPTAaHMYECKUX  coeauHeHuid. [IpocTpaHCTBEHHOE CTpOEHHE
KBaJPAaTHBIX, TETPAIAPUUYECKUX M OKTAIAPUUYECKUX KOMIUIEKCOB. XHMPAJIbHOCTh COEIUHEHUMN
METAJIJIOLIEHOBOT0, IUKJIONEHTAIMEHWI- U ApEHMETAIITPUKAPOOHUIBHOIO PSI/IOB.
Karanutruueckue cBOMCTBa pa3IMUHbBIX TUIIOB METAJITIOOPTAHUYECKUX COCAUHEHUM.

I1l.  OCHOBHBIE TUIIBI OPTAHMYECKHNX COEJMHEHWM MEPEXO/IHBIX
METAJUIOB U METO/AbI UX ITIOJYYEHUSA

[Ipupona XMMHYECKOM CBS3M B METAUIOOPIaHUYECKUX KOMIUIEKCaX MEePEeXOIHBIX
METaJIOB.

CBs13b (hOpMaBHOW CTENICHN OKUCIICHHS C AJIEKTPOHHOW KOH(UTypanuei d-moypoBHs..
n-CBA3M B METAJUIOOPTAHUYECKUX KOMILJIEKCAX NTEPEXOAHBIX METAJJIOB.

Opranuyeckre KOMILJIEKCHBIE COEIMHEHUS TEepeXOJHBbIX MEeTauioB. B3auMocsssb
TOMOT€HHOT'O M Fe€TepPOreHHOro karanusa. Butamun B2, @ukcanus atMocgepHoro a3ora.

Crtpoenue, npupoga cBs3eil, CTaOMIBHOCTb OPraHMYECKHUX COEIMHEHUN MepeXOaHBIX
METaJIOB.

[TpaBumno 18-Tu 31eKTPOHOB (ITPABUIIO HHEPTHOTO Ta3a).

QIIIOKTYHUPYIOIIHAE MOJIEKYJIBI.

OcCHOBHbBIE THUIIBI OPraHUYECKUX COEIUHEHHHN TEepeXOJHBbIX METaJlJIOB: KapOOHWIIbI,
KOMIUIEKCBI C HETpEeAeTbHbIMU COCTUHEHUSAMH (MOHO- W MOJHOJEPUHAMH, ITUKIOONePUHAMU,
aleTUJICHaMH, apeHaMu), aJUIWJIbHble, MOHO- W JUIUKJIONEHTaJAHUCHUJIbHBIE COEIUHEHUS.
CoenvHeHHs TEPEXOJHBIX METAJUIOB, COJEpXKallhe O-CBs3b MeTayu-yriepod. CoequHeHHs ¢
VMOHHOM CBS3bI0 METAJUIA C YIJIEPOJIOM.

@dopmanibHasg  KilacCUPUKAIUs  METaNIOOPTaHWYECKUX  COECIUHEHUH  MepexoJIHBIX
METAJUIOB IO KOJMYECTBY JIEKTPOHOB JIMTAH/A, YYaCTBYIOIIUX B 00pa30BaHUM CBSI3U MeTajlla ¢
JIUTaH]IOM.

OO0mas xapakTepUCTUKAa CTPOCHUS M YCTOWYMBOCTH PA3TUYHBIX THIIOB OPTraHUYECKUX
COCTMHEHUH TIEPEXOHBIX METAITOB. KapOOHMIIBI METAIITOB

IIpupona cBsA3M MeTAI-yIiepoJ M KUCIOPOA-yriiepod. MOHO- M TOJUSACpPHBIE
kapooHuibl. Kimacrepsl. Meronbl nonydenus. Peakiuu xapOonunos (3ameunieHue CO-rpyIisl,
MEXaHU3M peaKIHi, BOCCTAHOBJICHHE J0 KapOOHWIAT-aHHMOHOB, OKHCIIEHUE, MpEBpalleHHe B
kapOoHwiraiorenuapl). KapOoHunruapunapl, HX TMOJy4eHHME U OCHOBHBIE CBOMCTBA.
KapOonunranoreHuapl, METOIbl HMX TOJY4YEHHS W OCHOBHbIE peakuuu. IIpumeHeHue
KapOOHMIIOB.

Kommiekchl nepexoaHbIX METaNIOB ¢ MOHO- U TTOJIHOJIe(hUHAMH
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Tumnb!l oneduHOBBIX KOMIUIEKCOB. [Iprpona cBA3M B 0J€(PUHOBBIX KOMIUIEKCAaX. MeTo bl
noiyyeHus. Peaknuu. BrnusHue KoopAMHANIMM C METAUIOM Ha cBoilcTBa. Komiekcsl ¢
COMPSKEHHBIMU U HECONPSKEHHBIMM TUEHAMM, C IIUKJIONIEHTAAUEHOM.

buc(uuxiookrarerpacH)ypad.  7-Kommekcbl — a3ylneHa W LMKJIOOKTaTeTpacHa.
CrepeoXxMMUYEeCKN HEeXECTKHE KOMIUIEKCh. BaleHTHast TayToMepus JIMTaH0B.

Tunel anetuneHoBbIX KoMIuiekcoB. Ilpupoma cBsasen ¢ MerawuioM. Komrmekcebl
ALETUJICHOB C COJISIMU MEPEXOJHBIX METAUIOB. MeToAbl OIyYeHUss. XUMUYECKHE CBOMCTBA.

KoMIuiekcel aneTuseHoB ¢ MEpeXOAHbIMH METAJUIAMM B MX HU3LIEM BaJE€HTHOM
COCTOSTHUU (MOHO- W TonusifiepHble). MeToasl cuHTe3a. YCTaHOBJIEHHE CTpoeHus. Peakiuu c
pa3pbIBOM U PEAKLUHU C COXPAHEHUEM CBSA3M MeTalla C alleTUICHOBBIM JIUraHaoM. PeakiionHas
CIIOCOOHOCTh KOOPAMHUPOBAHHOIO alleTUJICHA (peaKlMH, HE 3aTparvBarolllie TPOWHOW CBSI3U;
peaKkiLuu, MPUBOJAIINE K 00pa30BaHUIO JIUTAH/Ia HOBOTO TUIA). APEHOBBIE KOMILJIEKCHI

Tunel apeHOBbIX KOMILIEKCOB. [Iprponaa cBsi3u apeHOBOr0 KOJIbLA C METAJIIIOM.

bucapenossie koMiiekcbl. CTpykTypa. Metonbl nonyuenus. Peakiuu (B3auMozeiicTBre
C OKHUCIMTENIIMU W BOCCTAHOBUTEJISIMM, 3aMEHA AapEHOBBIX KOJEL Ha JpYyrue JIMTaHIbl,
3aMelleHUE BOJIOPOIOB apeHa).

ApenkapOoHHIIbHBIE KOMILIEKCH. Metozbl nonydyenus. Ctpoenue. Peakiun (3amerieHus
BOJIOpOJia apeHa, OOMEH apeHa W KapOOHMJBHBIX TpyII Ha Jpyrue Jjuranjel). Biunshue
3aMeCTUTENIeH B apeHe Ha CKOPOCTh AJIEKTPO(DUIBHOTO 3aMELICHHS B KOOPIUHUPOBAHHOM apeHe.

OcHOBHbIE 3aKOHOMEPHOCTH BJIMSHHUS KOOPAMHALMU C IEPEXOJHBIM METalIOM Ha
PEaKIIMOHHYIO CIOCOOHOCTh apeHoB. CTepeoxuMHs apeHMEeTaNIKapOOHUIIOB. ApeH(LMKIIO-
MIEHTA/IUEH ))KeIe30-KaTHOH. 77-KOMIUIEKCHI C reTepOoLUKINYeCKUMU Jurangamu. Kommiekcsl 7-
AJUIMIIBHOTO TUIIA

77-ANIubHBIE KOMIUIEKCHI HUKENIS, Naulaaus U IUIaTUHbL. /[[nHaMHueckoe paBHOBECUE B
AUIWIbHBIX  KOoMILIeKcaX. L[{ukimoOyTeHWSIbHBIE W IUKJIONEHTEHWIbHbIE KOMIUIEKCHI. 77
LUKJIOTE€KCaUCHUIIbHBIE u - LUKJIOTEeNTaAUCHUIIbHBIE KOMILJIEKCBI. -
[{uknorenTaTpueHUIBHBIE KOMIUIEKCHI, CY’)KEHUE U PACHIMPEHUE IIUKJIA B 3TUX KOMIIJIEKCaX.
[{uknoneHTaqueHUIbHbIE KOMILJIEKCHI

Tunsl cBA3M LUMKIONEHTAINEHUIBHOIO KOJbIAa C METAUIOM. ['OMO- M reTeposuranjHele
LUKJIOTICHTAJUCHUIIbHbIE ~ KOMILJIEKChl. VIOHHBIE  QUIMKIONEHTaJAWEHUIbl  MapraHua U
JAHTAHOUOB. TPHULMKIIONEHTaJUEHWIBHBIE COEIMHEHNUS yPaHa, JAHTAHOUJOB U aKTHHOMU/IOB.

Meramionienbl. Ctpyktypa. OCOOEHHOCTH PEaKIMOHHOM CIMOCOOHOCTH. MeTobl
MOJIy4EHUS.

@eppolieH, PYTEHOLIEH, OCMOLIEH. Peakluu OKHCIIEHUS MO0 MeTaly. 3aMelleHue
BOJIOPOJIOB  IIMKJIONIEHTaIUEHWIIBHBIX ~ KOJIEL, MEXaHHU3M peakluil 3JIeKTpoPUILHOTO U
TOMOJIMTUYECKOTO 3aMEeIlIeHUs BoAopoaa. Peakius ¢ pa3pblBOM CBSI3M METaI-KOJIbI0. Paznunuuns
B PEAKIIMOHHOM cIOCOOHOCTH (heppolleHa, PyTEHOIIEHAa U OCMOIICHA.

KitoueBble coenvHeHuss TpU CUHTE3€ MNPOM3BOAHBIX (eppoueHa. Oriauuus ot
6eH3onbpHOrO psiaa. CBOMCTBAa MPOU3BOAHBIX (eppolieHa, B3aUMHOE BIHMSHHE (HEeppOLIEHOBOTO
A7pa U 3aMeIlaoluX IPyII Ha PeaKIMOHHYIO CIOCOOHOCTh. DeppoIleHUIIMETHIIbHBIN KaTHOH,
ero crabwibHOCTh. B3ammopeiictBue cBszeit C-M ¢ coceHUMH 3JIEKTPOHOIEHUIIMTHBIMU
HEHTPaMHU. CaoiicTBa KaTHoHa beppunuHus, [{UaHUPOBAHUE. OxucanTensHo-
BOCCTAHOBUTENIbHBIE TOTEHLMANbl MPOM3BOJIHBIX (EeppolleHa, MX aHAJIU3 C IOMOIIbIO
KOPPEJSIMOHHBIX YpaBHEHUH.

Huxkenonen. Kobanbronen. Peakiuu mnpucoennHeHUs K IMKJIONEHTaIUEHUIEHOMY
KOJbIy. 3aMelleHHe NIHMKJIONEHTaIUEeHWIbHBIX KoJel Ha Jpyrue Jjuranjasl. Katnon
KOOaJIbTULICHUH, YCTONYHBOCTB, B3alMOJIEIICTBHE C BOCCTaHOBUTEISIMH.
JIMnuKioneHTaAueHUIbHbBIE COEAUHEHMs] TUTaHa, BaHaius, xpoma. OOmias xapaKTepUCTHKa
PEaKIMOHHON CIIOCOOHOCTH 3THX coeiuHeHHH. [IpuMeHeHne coearHEHUI TUTaHa B KadyecTBE
KaTaJIn3aTopoB. MOHOUMKIIONIEHTaJUEHUIIbHBIE COEUHEHNUS MTEPEXOIHBIX METAJUIOB.

OcHoBHbIE THUIIBI MOHOLMKJIONEHTAaUEHNIIbHBIX COEIMHEHMII.
[{uknonentagueHunTpuKkapoOoHuIMaprader, (uuMmantpe). CTpykTypa. MeToabl MONTy4YEeHHUS.
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Peakuuu 3amenieHus BOJOPOJOB IUKJIONEHTAIMECHWIBHBIX KOJEI W KapOOHWJIBHBIX TPYIII.
Kapb6enoBble komruiekchl. LlukioneHTagueHUITpUKapOOHUIMApraHel] KakK aHTHIETOHATOP.
buc(uukIioneHTaIMeHITUKapOOHUIKENE30), CTPYKTYpa, CBOMCTBA.
ApEHIMKIONEHTaIUCHUIIbHBIE COeIMHEHUS JKeTe3a, Xpoma, MoiubieHa u Boibdpamu. Peakuuun
3aMEHbl JIMTaH/IOB, PACUIMPEHUE MIECTUYIEHHOrO LUKIA /10 CEMUWIEHHOIO. AJIKWIbHBIE U
apWIbHBIE COCAMHEHUS IEPEXOAHBIX METAJIOB

Tunel coenMHEHUI NMEPEXOIHBIX METAUIOB, COJEPXKAIIMX O-CBA3b YIVIEPOJ - METAJLI.
XapakTepuCTUKAa YCTOHYMBOCTH 3TUX COEAMHEHHWH. JIuranapl, CTaOWIM3HUPYIOUINE O-CBS3b
MEePEXOHOr0 MeTaia ¢ yriaepoaom. Knacrepsr.

ATNKWTIbHBIE U apUIIbHBIE COEAMHEHMs TUTaHa, IUIATHHBI, 30J0Ta. MeTonbl MoIy4YeHus,
cBoiictBa. TpudeHunxpom, ero nojayyeHue, CBOMCTBA, MPEBPAIllEHUE B apEHOBBIE KOMILICKCHI.
AJIKWIIbHBIE u apuIbHbIE COCJIMHEHMUS xKenesa, CTaOUIN3UPOBAHHBIE -
UKJIONCHTAIUECHWIBHBIMUA U KapOOHWIIBHBIMU TPYIIIIAMH, CBSI3aHHBIMH C >kese3oM. OCHOBHBIE
METO/bl MX TOJydyeHHs. Peakuuu c pa3pblBOM O-CBSI3M Yyriiepoj-kene3o. Karamutuueckue
IIPOLIECCHI C YYACTUEM METAJUIOOPTaHUYECKUX KOMIUIEKCOB IEPEXOIHBIX METAIIIOB

MeTtanioopraHn4ecKkue KOMIUIEKCHbIE COEIUMHEHNUS NTEPEXOJHBIX METAJIIOB.

OO01mye TpUHLMIIBI CUHTE3a METaNIOOPTAaHUYECKUX KOMIUIEKCOB NEPEXOJHBIX METaJJIOB
UX CTPYKTypa U CBS3b.

Meroasl NOJIy4eHUsI OPraHUYECKUX COCAMHEHUN NEPEXOAHBIX METALIOB. G-KOMIIIEKCHI.
Peaknuu MeTaminpoBaHus U NepeMETaNIMPOBAHUS.

Peaknnu HykI1€0pHUIBHOTO 3aMEMICHUS KOMIUIEKCHBIX aHHOHOB C aJKHJITAJOTCHUIAMH H
JIPYTHUMH 3JEKTPODUIaMH.

Peakuny OKHCIUTEBHOTO IPUCOECIUHEHNUS.

Peaknum mnpucoequHeHUs K KOOPAMHUPOBAHHBIM MOHO- W JUOKCHAAM YIJIepoja,
M30LMaHKN/1aM, U301[MaHaTaM U KapOeHaM.

Peakiuu nmprcoenHeHUss K KOOPAMHUPOBAHHBIM OJe(HUHaM, TUEHAM U alleTHIICHAM.

CoueraHue ITUraH10B, CBA3aHHBIX T-CBS3bIO.

Bananuii, HuoOMii- 1 TaHTaNIOprannyeckue coennHeHuss. CrocoObl CUHTE3a U BayKHEHIIe
peakuum.

Xpom-, MonubneH- W BoJb(ppaMopraHudyeckue coenuHeHHs. CrocoObl CHHTE3a WU
BOKHEHIINE PEAKIUU.

Mapranen- u peHuiiopranuyeckue coefauHeHus. CrnocoObl CHHTe3a M BaKHEHIIMe
peakuuu.

Huxkens- w namnaguifopranuuyeckue coenuHeHus. CrnocoObl CHHTE3a W BaKHEHIIMe
peakuum.

Coenunenus d- u f- meramnoB. Mexap, cepeOpo- U 30JI0TOOPraHUYECKHE COCAMHCHUSL.
CrniocoObl cHHTE3a U BaKHEHIINE pPEeaKIIHH.

Turan-, uUpKoHMH- M TradHUNopraHudeckue coeauHeHus. CrocoObl CHHTE3a W
BOKHEWINE peaknuu. Banamawii, HUOOWI- W TaHTaJIOpraHuyeckue coeauHeHus. CrocoObl
CUHTE3a U BaXKHEHUIINE pEeaKIUu.

Cxanauii- UTTpUIi- U JJaHTaHOpPraHUYecKue coeuHeHns. CrocoObl CHHTE3a U BaKHEHIINE
peakuuu. TUTaH-, TUPKOHMI- M radHUMoOprannyeckue coeauHeHus. CrocoObl CUHTE3a H
BOKHEHIINE PEAKIUU.

XKenezo-, pyrenuii- u ocmuiioprannueckue coeauHeHus. CriocoObl CMHTE3a U BayKHEHIINe
peakuuu. KoGanbT-, pomuii- u wupuauidopranunydeckue coeaunHeHus. CrocoObl CHHTE3a U
BAKHEUILINE PEAKLIUH.

Hukens- u namnaauiiopranudeckue coeauHeHus. CrnocoObl CHHTE3a M BakKHEWIIUe
peakuum.

[TnaruHaoprannyeckue coenuueHus. CnocoObl CHHTE3a U BayKHEHIIINE PeaKIiu.

JumMepuszanus, OJIMIOMEpU3alus ¢ HOJUMEpH3alus OJe(UHOB U  AlCTUIICHOB.
[Tonmumepusanus ojaepUHOB Ha KaTalu3aTopax IUTIEPOBCKOrO THIA, MOHITHE O MEXaHH3ME
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stux peakuui. Crepeocnenuduueckas noauMmepusanus OyTaaueHa Ha  7-aJUTHIIBHBIX
KOMIUIEKCaxX. TpuMeprs3alus aueTUICHOB.
l'unpodopmunupoBanue u apyrue peakiuu kapooHunupoBaHusi. OKUciieHne 01eQUHOB,
KaTaJu3upyeMoe COJIIMU TIEPEXOJHBIX METaIoB. ['OMOTeHHOE THAPUpOBAaHUE ONCPUHOB U
anueTuIeHoOB. ['uapuIHbIE KOMIUIEKCHI IEPEXOAHBIX METAILIOB, IPUPOIA CBA3U BOJOPOI-METAJLI.
®dukcalus a30Ta KOMIUIEKCAMU MEPEXO0IHBIX METANIOB. A30T KaK JIMTaH/l, 1Ba TUIIA CBS3U a30T-
MeTal.
Hcnonp30BaHUE OPraHUYECKUX COCJAMHEHUM NEPEXOJHBIX METAUIOB B OPraHHUYEeCKOM
CHUHTE3E.
CIIMCOK OCHOBHOM JIUTEPATYPBI
1. XKunxos, B. B. XumMns nmepexoIHbIX METAIUIOB : YI€OHO-METOAMYECKOe TIOCOOME ISl CTYICHTOB

neaBy30B M yueHbix-uccinenonareneii / B. B. XKunkos, Y. B. Eroposa. — bnaroserenck : M3natenbcTBo
BI'TIY, 2025. — 258 c.

2. Heopranmueckas xumusi: B 3 1. / [lox pexn. F0./. Tperbsikosa. T. 3: Xumusi nepexoaHbIx
9JIEeMEHTOB: YUeOHHK IS CTy. BbICHI. yuel, 3aBenenuit / A.A. Ilposnos, B.I1. 3nomanos, I'.H.
Mazo, ®.M. Crniupugonos. —M.: U3narensckuii neHtp «Akagemus», 2007. =352 c. (5 ak3.)

3. 'munka, H.JI. O6mas xumus: yue6.mocodue ans By3oB / H.JL. I'munka; mox pen. A.U.
EpmakoBa. — 30-e u3n., ucnp. — M. : Uarerpan-Ilpecc, 2007 — 727 ¢.(21 3k3.)

5. AxmeroB, H.C. O0mas u Heopranuuyeckas Xumus: yd4eOHUK g ctyn. By3os / H.C.
AxmertoB. - 8-e uzn., crep. - M. : Beicm. mik., 2014. - 752 c. (10 3k3.)

5. AxmeroB, H.C. JIaGopaTopHble U CEMHHApPCKHE 3aHATHS MO HEOPTAaHMYECKOM XUMUU:
yaeOHOe TTocoOue /I CTyn. XuM-TexHou. crerl. By30B / H.C. Axmeros, JL.U. baxeiruna, M. K.
A3su3zoBa - 2-¢ u3 ., nepepad. u jgor. - M. : Beicr. mk., 1988. - 303 ¢. (22 2x3.)

4 METOAUNYECKHUE PEKOMEHJIALIUAU (YKA3ZAHUSA) JISA CTYAEHTOB 110
N3YYEHUIO U CHUITJINHBI

[Iporpamma mpu3BaHa MOMOYb CTYJIEHTAaM B OpraHU3AIUU CaMOCTOSATEIHLHON padOThI 1O
OCBOCHHIO TUCLUIUIMHBI «XUMHS MEPEXOJHBIX METAUIOB». «XHUMHS MEPEXOIHBIX METAIIIOB» —
JTUCIUILIMHA, KOTOpas H3ydaeTrcss Ha 0a3e paHee MOJIyYEeHHBIX 3HAHUNW TO JUCHUTIIHHAM
XUMHYECKOTO IIUKJIIA, T03TOMY BaKHO UMETh 00 3TON AUCUUIIMHE 1IeJI0OCTHOE MPEICTaBICHHE.

Crnenuduka B U3y4eHUN JUCIHUIUIMHBI « XUMHS MEPEXOIHBIX METAJUIOB» COCTOUT B TOM,
YTO OHa BKIIOYAeT B ce0s KaKk TEOPETUYECKHE MaTepUalbl, TaK U SIBISIETCS OCHOBOW st
M3y4YEHUS MTPENApaTUBHON HEOPTAHUYECKOU U JIEMEHTOOPTaHUYECKON XUMUH.

Onucanue noC/IeI0BATEIbHOCTH H3YYCHHUS] JAUCHUIUIMHBI «XHMHS TepexXoaHbIX
METAJLII0OB»

[Ipyu u3yyeHNH TUCHUIIMHBI «XUMHS MEPEXOIHBIX METAIOBY HEOOXOIUMO TIIATENHHO
W3Y4YUTh 00IIIKE BOMIPOCH U OCHOBHBIE 3aKOHOMEPHOCTU XUMHUU MEPEXOTHBIX METAJIOB, OCBOUTH
TEPMHUHOJIOTHIO, «BEPHYTHCS» B JApPyrue pazaensl XumuM ((usndeckas, HEOpraHWYecKas u
OpraHWYecKass XUMHsA), TTOBTOPUTH TpeOyeMble NIl M3y4deHHUs TaHHOW TUCIUTIIUHBI 3aKOHBI,
MPUHLIUIBI U 3aKOHOMEPHOCTH.

3aTeM HM3y4aroTCsl OTAEIbHBIE Pa3/elibl JUCHHUIUIMHBI, KOHKPETHBIE THIIBI COEAMHEHHIA,
oOparmast 0co60e BHUMaHKE Ha CIIOCOOBI CHHTE3a M PEaKIIMOHHYIO CIIOCOOHOCTh KaXKJOTO Kilacca
COCTMHEHUH TIEPEXOAHBIX MeTa/uToB. Kaxaplii cmocod morydeHus] OnmpeIeeHHbIX COSTUHEHUM
MEPEeXOIHBIX METAJUIOB WMMEET CBOM crenuduueckue OCOOCHHOCTH, W HM3MEHEHHE YCIOBUH
MPOBEJICHUST PEAKIIMM BEAET K CHUKEHHMIO BBIXOJAA MPOJIYKTA, CHHXKEHUIO CKOPOCTH Mpolecca,
CHIKECHUIO KayecTBa MPOAyKTa U T.1.

[Ipexne, 4yemM TPUCTYNHUTHh K BBITIOJIHEHHUIO 3aJaHUM IS CAMOKOHTPOJIS, HEOOXOIUMO
MU3YyYHUTh TEOPETUYECKHN MaTepuall TEMbl: HOMEHKJIATYpPy Ui KaXJOro Kilacca COECIMHEHUN
MEePEXOHBIX METAJIOB, CITIOCOOBI UX MOTYyUYEHUS U OCHOBHBIC PEAKITHH.

B mporecce ocBOeHHSI MUCHUIUIMHBI HEOOXOIUMO PETYISIPHO OOpamaThCsi K CIHUCKY
PEKOMEHIOBaHHOM (OCHOBHOM U JIOTIOJTHUTEIILHOM ) JINTEPATyPHI.
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B «JlaGopatopHOM TpakTUKyMmMe» MPHUBOJATCA pa3pabOTKH  0O0S3aTeNbHBIX IS
BBINIOJIHEHUS J1abopaTopHbIX pabot. JlabGoparopHble pabOTHI BBICTABISIOTCS IMKJIAMH, BCE
CTYACHTHI BBIMOJIHAIOT pa3auuHble paboThl. JlabopaTopHble pabOTHl MO XUMHUH IMEPEXOIHBIX
METAJJIOB OTJIMYAIOTCS OT BBIIOJHSIEMOIO paHEe Ha 3aHATHAX 10 JAPYTMM JAMCHUILIHHAM
HKCIIEPUMEHTA TEM, B OCHOBE HX PabOThl JEKUT MOJIYYCHHE MPOAYKTa, OCYLIECTBISIEMOTO B
OJHY WM HECKOJBKO cTaguid. llosToMy BaKHEHIIMM yCIOBHEM SBIISCTCS TIIATENbHAS
JIOMAIIIHSAS TOATOTOBKA K BBIMOJHAEMOW paboTe, coOI0feHNE TEXHUKH O€30MacHOCTH,
BHHMATEJIbHOCTD TP BHITOJIHEHUU PaOOTHI.

[Tocne w3yyeHHS HECKOJBKHX TEM MpPEIJIaraeTcsl BBINOJHUTH KOHTPOJIbHBIE pPabOTHI,
BKJIIOYAIOIE TEOPETUYECKUE 3aJaHMs, pacyeTHbe 3aJaud W 3aaHusl 10 CXeMaMm
METaJIJIOOPraHU4YeCcKOro cuHTe3a. Kax/ioe BBIIOIHEHHOE 3aJaHUe OLIEHUBAETCS [0 5-TH OabHOI
IIKaje.

Tema cuurTaeTcss OCBOEHHOM, eciM Bbl jAanud He MeHee 50 % mNpaBMIIBHBIX IOJIHBIX
OTBETOB.

PexoMeHIa1[UM 110 MOATOTOBKE K 324eTy:

[lpu moxnrotoBke K 3adeTy ocoboe BHUMaHHE CIEIyeT OOpaTUTh Ha CIeIyIoLIHe
MOMEHTBHI:

1. Msydenme mro00ro Kiacca COCIUHEHUH TIEPEXOJHBIX METAaJUIOB HAYMHACTCS C
U3yYeHHs] X HOMEHKIIATYpbl. 3aTeM CIEAYyeT M3yYUTh OCOOCHHOCTH MPOTEKAaHUS XUMHYECKHX
peaKkIuii, JeKalMe B OCHOBE CIIOCOOOB TIIOJNyYCHHUS OIPENEIICHHOTO Kiacca COEAWHEHUH
nepexoaHbIX MeTauioB. Ocoboe BHUMaHKE CIIeyeT 00paTUTh Ha M3YyUCHHE OCHOBHBIX PEAKIIHH,
XapaKTEPHBIX VIS 3TOTO KJIacca COSANHEHNH MEePEXOIHBIX METAIIIOB.

2. CrynmeHT MOOJDKEH 3HATh CIIOCOOBI TEepexo/la COeIWHEHWH W3 OJHOro Kiacca
COE/IMHEHUH MEePEXOAHBIX METAJUIOB B pyrue. s 3Toro HeoOXxoauMo pa3oupaThes B CIiocodax
BBEJICHUS B MOJICKYJTY Pa3JIUYHBIX 3aMECTUTEIEH.

Pexomenaanuu nmo padorte ¢ JMTEPATYPOIi:

[Tpu W3y4eHNH MUCHMIUIMHBI 0COOO€ BHUMAaHHE CIeIyeT OOpaTHTh Ha PEKOMEHIyeMbIe
nporpaMMoil y4eOHMKHM UM y4yeOHble MMOCOOMs, METOAMYECKHe pa3paboTKH J1abOpaTOPHBIX
3aHATHUH, a TAK)KE HA CIIPABOYHYIO JIUTEPATYPY, TIPUBOJAUMYIO B CITUCKAX JINTEPATYPHI.

Y4eOHO-MeTOANYEeCKOE 00ecTIeYeHHe CAMOCTOSITEIbHOIH Pa0doThI CTY/ICHTOB

KonnuectBo
Ne 4acoB, B
HaumenoBanue pasjaeia
(Temb1) DopmMbl/BUABI COOTBETCTBHH C
CaMoOCTOSITeIbHOI padoThl y4eOHo-
TEeMATHYEeCKHM
IIAHOM
N3yueHnne oCHOBHOI IUTEpaTyphl
N3yuenue JIOTTOJTHUTEIbHON
I JUTEpaTyphl
[lepexonHbie Metasutbl, | KoHCTIeKTHpOBaHUE  M3YYEHHBIX
CBOMCTBA, COCAMHEHUS U HUX | HICTOYHUKOB 20
peaKkIuu. Otuet no nabopaToHoi paboTe
[ToaroroBka oTuera o
nabopaTopHoi padboTe
N3yueHne 0CHOBHOM JINTEpaTypPhI
N3yuenue JIOTIOJTHUTEIbHON
Teopun g onMcaHus
I . JIUTEpaTyphl
COEIMEHHUN MEePEXO0IHBIX 16
KoncnektupoBanue  M3y4eHHBIX
METaJIJIOB.
HMCTOYHUKOB
Otuet o nabopaToHO# paboTe
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IloaroroBka oTyeTa 1o
nabopaTopHOU pabore
IlogroroBka K  KOHTPOJIBHOU

pabore, 3a4eTy

N3yueHne 0CHOBHOM JINTEpATypPhI

Nzyyenwne JIOTIOTHUTEIILHOU

JINTEPATYPEI
OcHOBHEIE TUIBI patyp

. | KoHCiekTupoBaHuEe  M3Y4YEHHBIX

OpPraHMYECKUX  COCAMHCHHIMA

WCTOYHUKOB 6
MEPEeXOHbIX METAIOB H .

Otuet no nabopaToHol pabore
METO/JIbI X TOJTyYCHHUS.

IloaroroBka oTyeTa o

nabopaTopHoi pabore
[ToaroroBka K 3auery

Hrtoro

42

5 HIPAKTUKYM 110 JUCHUIIJIMHE
IInan 1a0opaTOpHBIX 3aHATHH

n/o

Tema 3aagaTH

Tema naboparopHoi
paboThI

Bcero
JacoB

IlepexoaHpie MeTAILIbI, CBOWCTBA,
COCJIMHEHMS U UX PEaKINU

JlabopaTtopHas pabota 1. [IpaBuia TexHuku
0€e301IacHOCTH, MPOTUBOIOKAPHOH
0€30MacHOCTH M TIpaBUJia OKa3aHUs MEPBOMH
MEIUIMHCKOM  TTOMOIIIH. [Iepexonubie
MeTaJlabl. AKBAaKOMIIICKCHI

JlaGopatopnass pabora 2. Ilpeamer wu
OOBEKTHl XUMHH TEPEXOAHBIX METaJIOB,
KinaccuuKkanus ~— CO€AMHEHHUHM M HX
peaknuu.

JlabopatopHas pabora 3. KomruiekcHbie
COCMHEHUS  NEPeXOAHBIX  METaJUIOB.
CrniocoObl cHHTE3a U BaXKHEWIIINE PEeaKIIHH.

I OIIMCaHUuA

MIEPEXOHBIX

Teopun
COeTMEHHNN
METAJIJIOB

JlaGopatopnass  pabora 4.  Teopus
BajeHTHbIX cBsizelt  (BC). Onucanue
KOMILIEKCHBIX COEIMHEHU xKernesa,
PYTEHHS OCMHUS, KOOAITbTa, PO ¥ HPUINS
C MO3WIIMK TeopuH BaleHTHBIX cBsizeit (BC).

JlabopaTopnas ~ pabora 5. Teopus
KPHUCTAJUINYECKOTO TOJISL. Onwucanue
KOMIIJICKCHBIX COGHI/IHGHI/Iﬁ MEPEXOOHBIX
METAJJIOB C TMO3WIHUNA TEOPUU KPUCTAILIH-
yeckoro nosst (TKII).

JlaGoparopnast pabota 6. Teopus momus
JIUTaH[OB. Onmcanne  KOMIUIEKCHBIX
COCMHEHUI THUTaHa, LUPKOHUS, TadHU,
BaHQ/IMs, HUOOWS W TaHTala C TIO3HMIUH
TEOPHH MOJIS JIUTAHIOB.

MexaHu3MEI
KOMIIJIICKCHBIX

JlaGopaTopHass pabora 7.

peakuMii ¢ y4acTHEM
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COCIMHEHUH MEePEXOHBIX METAJIIOB.
JlabopaTopnas ~ pabora 8. Teopus 4
MOJIEKYJISIPHBIX opOuTanei (MO).
Onucanue  KOMIUICKCHBIX  COCIMHCHUH
MEPEXOIHBIX METAJIOB C MO3UIUN TEOPHH
MOJICKYJISIpHBIX opouTaner (MO).

11 | OcHoBHBIE THMBI Opranuyeckux | Jlaboparopuas pabora 9. OpraHuyeckue 4
COCIIMHECHU I MEPEXO/IHBIX | KOMIUICKCHBIE COCIMHEHHS TEePEXOTHBIX
METAIJIOB W METOAbl WX | METAUIOB. VICTOIB30BAaHUE OPTaHUYECKUX
MOy YCHUS COCJMHEHUIN TEPEeXOJHBIX METaIOB B

OpPraHMYECKOM CHHTE3E.
UTOro 34
JlabopaTopHbIi NPAKTUKYM

Ne Tembl Jluteparypa Bun 3ansaTuii

1 JlaGopatopnas pa6ora 1. IlpaBuna | 1) c. 5-30 JlaGopaTopHas
TEXHUKHU oe3omacHocTH, | 4) ¢. 156-158 pabora
NPOTHBOIIOXKAPHOW OE30IaCHOCTH U
IpaBuIa OKa3aHUs IIepBOM
MEIUITUHCKON TIOMOIIIH.

ITepexonnbie METAJUIBI.
AKBaKOMILICKCHI

2 Jlaboparopuas pabota 2. [Ipeamer u | 1) c. 5-30 Jlaboparopuas
00BEKTHI XUMUU nepexoHsIx | 8) c. 6-8 paboTa
METAaJoB, KJIaccupuKams
COCIMHEHUN U MX PeaKlUu; UCTOPHS
xumuu MOC.

3 JlaboparopHas pabora 3.]2)c.563-584 JlaGoparopuas
KommekcHbie coenuHenus | 4) c. 156-158 pabora
NepexoHbIX MeTamioB. CrocoObl
CHUHTE3a M BOKHEHIIINE PEaKIiu.

4 Jlaboparopuass pabora 4. Teopus | 6) c. 67-79 JlaGopaTtopHas
BajieHTHBIX cBs3el (BC). Ommcanue | 4) ¢. 159-162 pabora
KOMIUICKCHBIX COCIMHCHHH JKeme3a,
pyTeHHUs OcMHsI, KOOallbTa, pOaus U
UpUAMs  C  TNO3UIUH  TEopuu
BaJIeHTHBIX cBsizelt (BC).

5 Jlaboparopuass pabora 5. Teopwms | 7) c. 357-369 JlaGoparopras
Kpuctammaeckoro nouss. Omnucanue | 4) c. 162-166 pabora
KOMIUICKCHBIX COCTMHEHUI
MEPEXOIHBIX METAJJIOB C TO3UIUI
TEOPUU  KPHUCTALUTMYECKOTO  TIOJIS
(TKII).

6 Jlaboparopnass pabora 6. Teopwus | 7) c. 372-379 JlaGoparopras
oJIst JINTAH]IOB. Omnucanue | 4) c. 168-174 pabora
KOMIUICKCHBIX COCJIMHCHUW THTaHa,

[IUPKOHUS, radHus, BaHau,
HUOOMS W TaHTala C IIO3UIHHA
TEOPHUH TOJIs JINTAHIOB.
7 JlaGopaTopHas pabora 7.1 7)c.379-390 JlaGopaTopHas
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Mexanu3Mmbl peakuuii ¢ yuactueMm | 4) c. 164-166 pabota
KOMILIEKCHBIX COCIMHEHU I
NEPEXOAHBIX METAJJIOB.

8 JlaGopatopnass pabora 8. Teopus | 6) c. 88-93 JlaGopaTtopHas
MOJIEKYJSIpHBIX ~ opbutaneir (MO). | 4) c. 12-18 pabota
Onwucanue KOMILICKCHBIX

COGI[I/IHCHI/Iﬁ MNEPCXOAHBIX MCTAJIJIOB
C HO3HHI/II>'I TCOPUU MOJICKYJISIPHBIX

opoutaneit (MO).

9 JlaboparopHas pabora 9. 8) c. 150-2000 Jlaboparopuas
Opranndeckue KOMIUIEKCHBIE | 9) c. 66-88 pabora
COCTMHEHUS TIEPEXOIHBIX METaJIOB.

Hcnonp3oBanue OpPraHUYECKUX

COGI[I/IHGHI/Iﬁ MNEPEXOJHBIX MCETAJIJIOB
B OPIraHU4YCCKOM CHUHTC3C.

JIUTEPATYPA

1. XKunkos, B. B. XuMust epexoHbIX METAIUIOB : Y4eOHO-METOANYECKOE TOCOOUE IS CTYICHTOB
MeABY30B U yueHbIX-uccienoBateneii / B. B. XXunkos, U. B. Eroposa. — brnarosemenck : M3narenscTBo
BI'TIY, 2025. - 258 c.

2. Heopranmueckas xumusi: B 3 1. / [lox pen. }0./]. Tperbsakosa. T. 3: Xumust nepexoHbIX
9JIEeMEHTOB: YUeOHHK IS CTy. BbICHI. yuel, 3aBenenuit / A.A. Ilposnos, B.I1. 3nomanos, I'.H.
Maszo, ®.M. CnupunonoB. —M.: U3natenbckuii neHTp «Akagemusi», 2007. 352 c.

3. I'munka, H.JI. O6mas xumus: ydye6.mocodbue ans By3os / H.JI. I'munka; mox pen. A.U.
EpmakoBa. — 30-e u3n., ucnp. — M. : Uarerpan-Ilpecc, 2007 — 727 ¢.(21 3k3.)

4. Axwmeros, H.C. O0Omas u HeopraHuueckass Xumus: yuyeOHUK ansi ctya. By3os / H.C.
AxMeToB. - 8-¢ u3j., crep. - M. : Beicm. mk., 2014. - 752 ¢. (10 7k3.)

5. Axwmeros, H.C. JIabopaTtopHble 1 ceMUHApCKUE 3aHATHUS [0 HEOPraHMYECKOW XMMUU:
ydyeOHOoe mocobue g cTyA. XxuM-TexHod. crerl. By3oB / H.C. Axmeros, JI.W. baxpiruna, M. K.
Azu3oBa - 2-e u3a., nepepad. u jom. - M. : Bercur. mik., 1988. - 303 c. (22 3k3.)

6. OOmas wu HeopraHumueckas Xxumus. JlabopaTopHBIM MpakTHKyM: yd4eO. mocodwe s
6axanaBpoB u crenuanuctoB / C. C. babkuna u nip.. - M. : FOpaiir, 2012. - 481 c. (5 3k3.)

7. Vrai, S.A. OOmass u HeopraHuuyeckas XUMHs: Y4eOHUK JUId CTYId. BY3O0B,
oOydaromuxcs mo crerl. «Xumus» / S.A. Yrail. - 4-e uzn., crep. - M. : Beicun. mik., 2004. - 527
c. (18 7x3.)

8. IllpaiiBep, JI. Heopranuueckas xumus. B 2-x 1. / I1. Otkunc, nep. ¢ anrin. A.M. Xuposa,
J.0. Yapkuna, M.I'. Po3oBoii, C. S. Uctromuna, M. E. Tamm. — M.: Mup, 2004. — 486 c. (5 7k3.)

9. EropoBa N.B. CunTe3, cTpoeHHE M HEKOTOpblE pEaKIMH AapWIbHBIX COEIMHEHUI
BucMyTa: Monorpadus / Y1.B. Eroposa, B.B. lllapytun, O.K. Illapytuna. —bnarosemenck: 13a-
Bo BI'TIY. 2007. -240c. (24 5k3.)

10. [Hapytun B.B. Peaknuu opraHnueckux COeIMHEHUN 3JE€MEHTOB: MOHorpadus /
B.B. apytun, B.C. Cenuypun. — bnarosemenck: M3a-so BI'TIY, 2008. -228c. (23 3k3.)

JIABOPATOPHAS PABOTA Nel (2 ygaca)

[IPABUJIA TEXHUKH BE3OITACHOCTH, ITIPOTUBOITOXKAPHO
BE30ITACHOCTH U ITPABUJIA OKA3AHWS ITEPBOM MEIULIMHCKOM TTOMOIIIH.
ITEPEXO/IHBIE METAJIJIbI. AKBAKOMIUIEKCBHI

BBenenne. I[lpaBuna TexHUKH O€30MACHOCTH, MPOTUBOMOKAPHONW O€30MacHOCTH H
MpaBuJjIa OKa3aHWsl MePBOM MeTUIIMHCKOM moMoty. [IpaBuna Bemenus pabouero xxypHana.

[lepexoaHbie MeTaNIbl. AKBAKOMILIEKCHI

Baskueiilue noHsITUS.
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CrpoeHrie aTOMOB NEPEXOAHBIX 3JIEMEHTOB. X BalleHTHBIC OpOHMTAIM M 3JCKTPOHBI: CTEIICHU
okucieHus. Bnusuue >Q¢exToB IKpaHUpPOBaHHS U MPOHUKHOBEHHS 3JCKTPOHOB K SIpYy Ha
XapaKTep U3MCHECHUSI aTOMHBIX M MOHHBIX PaycoB (-32JIEMEHTOB a EpHOAaX U MOArpyImmax, d-
u f-cxarue. Xapakrep M3MEHEHHUs B MEPUOJAX M MOATPYIINAX dHEPrHU MOHU3AIMH aToMOB d-
3JIEMEHTOB. BiusiHue aHTaHOMIHOTO CKaTus Ha cBoiicTBa d-anemenToB VI nepuona. Brnusiaue
CTENCHU OKHMCJICHUS Ha KHUCJIOTHO-OCHOBHBIC CBOMCTBa coeauHeHuil d-amemeHTOB. CXOICTBO U
pa3Iuuus CBOWCTB (-3JIEMEHTOB U S- ¥ P-3JIEMEHTOB.

Caenyer yMmeTh:

1. B obmem xapakTepu30BaTh CTPOCHHE aTOMOB (-3JIEMEHTOB M OTJIMYMS UX OT S- U P-
3JIEMEHTOB.

2. 3anuchiBaTh C MOMOIIBIO (HOPMYIT AIIEKTPOHHBIE KOH(QUTypalud aroMOB U MOHOB O-
3JIEMEHTOB B 3aBUCHMOCTH OT MX MOJIOKEHUS B IEPUOIUYECKON cucTeMe

3. Ananu3upoBaTh 3aBHCUMOCTh aTOMHOTO paaunyca u sHepruu nonusauuu (Ei1, Ez, E3) B
psaay Sc - Zn oT mopsiAKOBOTO HOMEpa IEMEHTA.

4. OueHHBaTh HM3MEHEHHE KHCIOTHO-OCHOBHBIX CBOWMCTB OKCHJIOB W THAPOKCUIOB O-
3JIEMEHTa C POCTOM €r0 CTETIEHU OKUCIICHHUS.

Bonpocs! K 3aHATHIO:

1. Oco0eHHOCTH XUMHH MTEPEXOTHBIX METAIIJIOB

1.1.  DnexrtpoHHas  KoHpuUTypamus. ATOMHBIE  paaguyChl.  DHEPrus  WOHH3AIHH.
DNEeKTPOOTpULIATENbHOCT. KOOpIMHAIIMOHHBIE YHUCIa.

1.2. XapakTep XUMHUYECKOH CBSA3H B coeqMHEHUAX. CTENeHN OKHUCIeHNs. MarHUTHBIE CBOWCTBA.
1.3. IIpocteie BemecTBa. CrinaBbl. TBep/bpie pacTBOPBI U MHTEPMETAILIHIBL.

1.4. Kucnopoansie coequaenusi. HectexuomeTpusi. XuMusi BOIHBIX PaCTBOPOB.

YueOnble 3agaun 1:
3agaua 1. a) Kak 00bsCHUTH 00I1lyI0 TEHAECHLMIO K BO3PACTaHUIO 3HAYEHUS SJHEPTHMHU HOHU3ALUU
E1 B psany Ca - Ga ¢ pocToM aTOMHOT0 HOMepa 3J1eMeHTa?

0) [Mouemy MoHOTOHHOEe W3MeHeHHWe 3HaueHuWid E1 B psamy Ca - Ga mHapymaercs Hamboiee
3ameTHO npu nepexoje ot Cr k Mn u ot Cu k Zn?

3agauya 2. KakoBa snekTpoHHas KOH(UTypanus WOHOB, OTBEYAIOMIAsl CIEAYIOUINM CTEHEHIM
okucienus anementos: Cr (1), Cr (VI1), Mn (1), Mn (IV), Mn (V1I), Fe (1), Fe (111), Cu (1), Cu
(1), Zn (11, Hg (1), Sc (1), Ti(1V)?

3agaua 3. KakoB xapakrtep usmeHeHus cuiibl KucaoT B psaay HaTiOs-H3VO4-H2CrOs-HMNO4?
OTtBeT 060CHYHTE.

3anaua 4. CocraBbTe ypaBHeHus peakiuuii oopazoBanus KoTiOs, KVO3, K2CrO4, 1 KMnO4 nipu
B3aumoeiictBun T102, V20s, CrO3 u Mn2O7 ¢ KOH. KakoB xapakTep M3MEHEHUS KHUCIOTHBIX
CBOMCTB OKCHIOB B psiay Ti02-V20s5-CrO3-Mny07, ecnu nipu ux B3aumosaeiicteuun ¢ KOH (k)
n3MeHeHue ’Hepruu ['mb6ca cocraBnser B pacuere Ha 1 momp KOH —-60, —100, —120 u —
175 1x?

JKCIEePUMEHTAJIbHAA YaCTh:

I. Coemnnenus Cr(0), Mo(0) u W(0)

1. DKcnepuMeHTaNbHO TIOKAa3aHO, YTO TeKCakapOOHMJI XpoMa - JHaMarHUTHOE
COEZIMHEHUE; ero MOJIeKyJia UMeeT (JopMy OKTa’Jpa C aTOMOM Xpoma B HEHTpe; 3 (HEeKTUBHBIN
3apsii Ha aTOME XpoMa MOJIOKHUTENbHBIH (& = 0.4+), MexbsaaepHOe paccTosHue dco B KapOOHMITE
6onbmre (0,116 Hm), yem B cBob6ogHOM Mosekyse CO (0,113 am). OObsicHuTe 3TH (HaKTHI.

Il. Coequnenust Cr(11), Mo(11) u W(II)

1. TlpuemuTe onmekTpoHHBIE KoH(uryparmn kommiaekcos [Cr(NHs)e]?*, [Cr(H20)s]?".

a) Omnpenenure, Kakhe 5TO KOMIUIEKCHI - BBICOKO- WJIM HHU3KOCIIMHOBBIE, Tapa- HIIH
JMaMarHUTHBIE.

6) IloyeMy BBICOKOCIIMHOBBIE OKTadJPUYECKHE KOMIUICKCH (CTPYKTYPHBIE €IUHUIIBI)
xpoma (II) wmmeroT TerparoHadbHOE HUCKOKEHHE (/1B W3 CBsI3€d OIHOW MJIMHBI, YETHIPE
ocranbHble - apyroi)? Omummre ctpoenue CrClz (derci = 0,239 um 1 0,290 HM).
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2. B cnextpe xommnekca [Cr(H20)s]?*. 2meKTpoHHOMY Tepexopy COOTBETCTBYET MOJI0Ca
norJomenus ¢ makcumyMoM B 709 Hm. KakoBa okpacka akBakomIuiekca?

OnbiT 1. OOpazoBanue axkBakomiuiekcoB xpoma(ll). B konOy momecTuTe HECKONBKO
rpaHyJl LWHKA, TpuieiTe 2-3 MJI MOJKUCICHHOTO COJIIHOM KUCIIOTOW pa30aBlI€HHOTO pacTBOpa
xjaopuaa xpoma (l1l) u Toukuit cnoit arerona. O0bsiCHUTE U3MEHEHHE 1[BETa pacTBopa. PacTBop
OBICTpPO TepereiTe B MPOOUPKY, 3aKpoiiTe MPOOKOIl U COXpaHUTE.

3. M3BecTHO, 4TO OKpacka pacTBOpoB coenauHeHuid xpoma (ll) mpu cTosHMEM Ha BO3TyXe
W3MEHSETCS.

a) Yem 5310 O0OBsAcHAETCA? B 000CHOBaHHME OTBETa MPHUBEIUTE OKUCIHUTEIbHBIC
MOTeHIMaNbl cooTBercTByrfomux cucteM (Cr¥*/Cr?* u O2/H20 B Kucnoii cpene) U ypaBHEHHE
peakuuu okuciaeuus Cr(ll).

6) IlouemMy MOAKHCICHHBIN constHOM Kucimoroit pactBop CrCly wmcnome3yror s
MOTJIOIICHHS KUCIopoaa?

B) [TouemMy okpacka Ja)ke H30JIMPOBAHHBIX OT BO3/yXa PacTBOpOB coeanHenuit xpoma (1)
IIPU CTOSIHUM U3MEHsieTcs?

r) Kak oOBsICHUTH BBICOKYIO BOCCTAaHOBUTEIbHYIO akTUBHOCTD [Cr(H20)6]

OnbIT 2. BoccTaHoBuTe/IbLHBIE CBOlicTBa coenuHenus xpoma(ll).

a) B nmpoOupky HaneiiTe nony4deHHblil panee pactBop coequHeHus xpoma (1) O6bsacuuTe
M3MEHEHHE I[BETa PACTBOpA MPH B30ATTHIBAHUH.

6) B mpobupky c pactBopom Iienouu aoOaBeTe pactBop xjiopuaa xpoma (Il). Cmecs
B30onTaiiTe. CocTaBbTe ypaBHEHHUE PEAKIINH.

4. Tlpy XMMHYECKOM aHaIW3€, HAIPUMEP, C IOMOIILI HOHOB AQ" B JMranoreHuaax
monubneHa u Bojdbdpama (MoClz, MoBr2, Mol u WClz, WBrz, WI2) B otinmuue ot CrCls
00HapyKUBAIOTCS HE BCE MOHBI FAJIOT€HA, OTBEYAIOIINE COCTaBY AUTalOreHUIaA.

a) Onumwure crpoeHue aurajgoreHuoB Mo u W u  0OBsICHUTE yKa3aHHBIN
AKCIIEPUMEHTAIbHBIN (aKT.

06) K kakomy tumy coemuHeHuil oTHOcsTCs auraigoreHunpl Mo m W? Kak oObACHHUTH
pa3iauuus CTPYKTYp JUTaJIOTeHUIOB XpOMa U JUTaIOTeHHI0B MOJIUO1eHa 1 BoJbhpama?

2+n

JIABOPATOPHAS PABOTA Ne2 (4 gaca)
IMPEAMET U OBBEKTbI XMUMHWU ITEPEXOHBIX METAJIJIOB,
KIIACCUDOUKALINA COEI[I/IHEHI/H?'I 1 X PEAKII1N
Bonpocsr:
1. KoMrutekcel mepexoTHbIX METAJUIOB B KaTalln3e: HEKOTOPbIe (PYHIaMEHTAIbHBIE PUHIIHITEL.
2. o-JIoHOpHBIE JTUTraH bl
3. CuHTe3 ANKUIBHBIX ¥ ApUIBHBIX KOMIUIEKCOB TICPCXOHBIX METAJIIOB.
4. HekoTopsle CBOMCTBA G-KOMITJIEKCOB ITEPEXOJIHBIX METAJIIIOB.
5. TepmonuHamMuueckas CTAOMIIBHOCTh U KMHETHYECKAs! JIAOMIIBHOCTb.
6. Bzaumopneiictue o-cBsizeit C—H ¢ mepexoaHbIMKU MeTaJlJIaMH.

JIABOPATOPHA PABOTA Ne3 (4 gaca)
KOMIUIEKCHBIE COEAMHEHUMA ITEPEXO/IHBIX METAJIJIOB. CIIOCOBBI
CUHTE3A 1 BAXXHEWIINE PEAKLIUHN

Baxwneiimme nonsatus. Komruiekcsl nepexoHbIx MeTamuioB. KoMiuiekcooOpa3oBaTens.
Jluranasl. HomeHkIaTypa KOOPIMHALMOHHBIX COEIUHEHUN.

Bonpocsr:

1. Xapakrepuctuka cocraBa KOMIUIEKCHBIX coenuHeHuil. KommiekcooOpa3zoBaTeinb
(LeHTpalbHBI aToM), JMraHjA, BHYTPEHHSAS M BHEUIHAS cdepa KOMIUIEKCHOTO COECTUHEHHS,
CTENEHb OKHUCIICHUS M KOOPAMHALMOHHOE YHCIIO KOMILIEKCOO0pa30BaTels.

2. Knaccupunukanus KOMIUICKCHBIX COEAMHEHMH IO XapakTepy 3apsia W INpHUpoje
JIMTaHJOB.
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3. Knaccuduiukanus KOMIIEKCHBIX COCIMHEHUH IO CTETEHH OKUCIICHHS OIpPEAesaTh
3IEKTPOHHYIO KOH(UTypaIuio KoMIuiekcoodpa3zoBaTelia. Ha3zBaTh KOMITJIEKCHBIE COEITMHEHUSI.

4. Tlo yncmy cBOOOIHBIX BAJIEHTHBIX OpPOUTAJICH KOMIUIEKCOOOpa30BaTesl ONMPEALIISATh €0
KOOPJMHAIIMOHHOE YUCJIO U BO3MOXKHBIN THI TMOPUIN3AIUU BAJICHTHBIX OpOUTaseil.

Y4eOHble 3a1aun 2:

3agaua 1. IlpuBenensl mpuMepbl KoMiuteKCHbIX coemauuenuii: Ko[ZnClg], [Zn(H20)4]Cl,
K2[Zn(OH)4], [Ni(NH3)6]Cl2, [Pt(NH3z)4]Cl2, [Cr(NH3)3(H20)3]Cls, Ks[FeFe].

a) OTMeThTe BHYTPEHHIOI (KOOPAMHAIIMOHHYIO) W BHEIIHIOK c(epy KOMILIEKCHBIX
COCMHEHUH, KOMIUIEKCOOOpa30BaTeib U JIUTAHIbI.

06) Omnpenenure 3apsyi KOMIUIEKCA, CTENEHb OKUCICHHS W KOOPIMHALMOHHOE YHCIO
KOMIUIEKCOOOpa30BaTes.

B) Kakue u3 coeanHeHuii comepkaT KaTHOHHBIA KOMIUIEKC, KaKh€ -aHUOHHBIM M Kakue
KOMIIJIEKCHI AJIEKTPOHEHTPaTbHBI?

r) [IpuBeauTe Ha3BaHUs COETUHEHUN.

3agaua 2. Jlnsg ompeneneHHs cocTaBa BHYTPEHHEH W BHEIIHEH chepbl KOMITJICKCHBIX
COETMHEHUH MPOBOJAT KAUECTBEHHBIC PEaKIIMKM HA COCTABISAIONIME X MOHBI U MOJEKYJbl. Eciu
KOMILIEKC JOCTaTOYHO YCTOWYHB, TO €r0 COCTaBHBIC YAaCTH TEPSIOT CIIOCOOHOCTh K PEAKIIHSIM,
XapaKTepHBIM IJI1 HUX B CBOOOIHOM COCTOSIHMHM B pacTBope. VOHBI ke, COCTaBISIOLINE BHE-
IIHIOI c(hepy KOMIUIEKCHOTO COCIMHEHUS, B pacCTBOPE CBOOOIHBI M JIETKO OOHAPYKUBAIOTCS C
MOMOIIbIO0 KAYECTBEHHBIX PEaKLIUH.

Ins xobamsta (I1l) m3BectHnl coemmuenust coctaBa: CoCl3-6NH3z, CoCls-5NH3-H20,
CoCl3-5NH3s, CoCls-4NHs, B koTopbix koopauHaimonnoe uucio Co (Ill) paBuo 6. Ilpu
neiictBun pactBopa AGNO3 Ha pacTBOpHI, cofepkaimue 1 MoJib OJHOTO M3 3TUX COCIUHEHHIH,
oOHapykeHO ciefytomiee. 3 mepBeIX IBYX pacTBOPOB OCAXKAAETCS 3 MOJb, U3 TPETHETO - 2
MOJIb, U3 YETBEPTOTO - 1 MOJIb XJIOPU-HOHOB.

a) KakoB coctaB KOOpIMHAIMOHHON cdepbl KOMIUIEKCOOOpa3oBaTesi U KaKOBO
KOOPJMHAIIMOHHOE CTPOEHUE ITUX COSAUHEHUN?

0) Hanmummre ypaBHEHUS pacriaja 3TUX COSAMHCHUI Ha HOHBI B paCTBOPE.

B) [IpuBenuTe Ha3BaHUS pacCMaTPUBAEMbBIX KOMITJIEKCHBIX COSIMHEHUH.

3agaua 3. Cpean (PU3MKO-XHUMHYECKUX METOJOB HCCJICIOBAHUS  KOMILJICKCHBIX
COEIMHEHUH HIMPOKO MPUMEHSETCS 7Sl HaMEPEHHUS MOJIIPHOM AIIEKTPUYECKON MPOBOJIUMOCTHU
pactBopoB. OOBIYHO OMPEAETSAIOT MPOBOJUMOCTh MIJUIMMOJISIPHBIX pacTBopoB. Ecim 1 monb
COEIMHEHUS paclagaeTcsi Ha 2 MOJIb HOHOB, TO MOJISIpHAS SJIEKTPHUECKast MPOBOUMOCTb TaKOTO
pactBopa coctasisieT mpumepHo 100, Ha 3 Mosb noHOB okoJio 250, Ha 4 Mok - okoio 400, Ha 5
MOITb - 0KoJ10 500 Cm-cM?.

Ha puc. 1 npuBeneHbl pe3ylbTaThl U3MEPEHUS IIEKTPUIECKONH MPOBOAMMOCTH PACTBOPOB
psina coequaenuit miatTuus (1V).

a) KakoBO KOOpAMHAIIMOHHOE CTPOCHHUE COEUHEHUI?

0) [IpuBenuTe Ha3BaHUS COSTUHEHUMN.
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PLCL 6NH
FLUL ¢ l,‘

PLCI ¢ SNH,

PECI 4NH

' l MOJupias INCETPHICCERN MPORD TIMOCTS

PACTROPOE XOMIINCKCHMX Coenme smit e (TV)

JKCNePUMEHTAIbHASA YaCTh:

OmnbiT 1. [lonydyeHne XxpomoKkanueBbIX KBacloB (Tsra). XpoMOKaJIUEBbIE KBACIbl MOTYT
OBITH TOJTyYeHbl BOCCTaHOBIEHUEM auxpomata (V1) kanusi STUIOBBIM CIMPTOM B MPUCYTCTBUU
CEpPHOM KUCJIOTHI.

CocTaBbTe ypaBHEHHE PEAKI[UU, YIUTHIBAS, UTO CIIUPT OKUCIISETCS 10 ambAeTua.

B crakan nHa 50 mu momectuts 25 M 10%-ro pactBopa K2Cr207, HeGonapmumMu mopuusMu
[IPU HETIPEPHIBHOM MMOMEIIMBAHUH U OXJIAXKIEHUU pacTBOpa (JIbIOM UM TOKOM XOJOTHOM BOJIbI)
no6asere 10 Mt konteHTpupoBanHoi HoSO4 (. 1,84).

[Tocne sroro mpubapisiiTe Mo KamuisiM NpH HEpeMELIMBAHMM STHIIOBBIA CHUPT, MOKa
pacTBOp He MPUOOPETET TEMHO-(PUOIETOBYIO OKpacKy. CieuTe 3a TeM, YTOOBI TeMIiepaTypa He
noxoauna 1o 40 °C. O6 OKOHYaHHMU peakIH CYJT MO MPEKPALIEHUI0 00pa30BaHMsl YKCYCHOTO
anpaeruja (Mo 3amnaxy).

PacTBOp ocTaBbTE 70 Clenyrolero 3aHsaTus. BrlnaBimme KpucTamuibl cieayeT oTcocarbh Ha
BOpOHKe BroxHepa M BBICYIINTh MEXKIy JHCTaMH (UIBTPOBaIbHON Oymaru. OTMEThTE OKPacKy
1 GopMy KpUCTAIOB. JIOKQKHUTE, YTO B COCTAB TOJIYYEHHBIX KPUCTAIUIOB BXOIAT HOHBI K (110
oxpammuBanuio wiamen), [Cr(H20)s]** u SO+

OnpiT 2. O6pazoBanue akBaammuaokomMiuiekcoB xpoma (11). K pacteopy CrCls mpusieiite
HaceinieHHbIH pactBop NH4Cl u pacTBop ammuaka. OOBSICHUTE U3MEHEHHE OKPACKH PacTBOpa.

JIABOPATOPHAS PABOTA Ne4 (4 gaca)
TEOPUS BAJIEHTHBIX CBS3EH (BC). OIITMCAHUE KOMITIEKCHbBIX
COEJIMHEHUM XKEJIE3A, PYTEHUS OCMUS, KOBAJIBTA, POJIUS Y UPUINS C
[TO3ULINI TEOPUU BAJIEHTHBIX CBS3EH (BC)

Bomnpocsr:

1. Teopus BaneHTHBIX cBsizell. OCHOBHBIEC MOJIOKEHHSI TEOPUU BAJICHTHBIX CBSI3€H s
00BSICHEHUST 00pa30BaHMS U CTPOSHUS] KOMIUIEKCHBIX COSTMHEHUH.

2. JIOHOpHO-aKIENTOPHBIA  MeXaHu3M  o0pa3oBaHus  CBA3M. lIpocTpaHCTBEHHas
KOH(Urypamnuss KOMIUIeKcoB. KoOpIWHAIIMOHHOE YHCIO IIEHTPAbHOTO aromMa |
IPOCTPaHCTBEHHAs! KOH(UTYpAIUs KOMIUIEKCa (TUIT TIOJIMBPA).

3. T'mOpumuzamwst aTOMHBIX OpOWTAlIel IEHTPaTbHOTO aToMa (MOHa) U IPOCTPAHCTBEHHAS
KoH(purypamms komriekca. OOBSCHUTE CKIOHHOCTh O-3IeMEHTOB 00pa3oBHIBATh
KOMIUIEKCHBIE COSTMHEHHSI?

4. Kakue monudapbl U THIBI THOpHIM3AIMKE OpOHUTaNeld OTBEYAIOT KOOPAWHALIMOHHOMY
YUCITy KOMIUIeKcooOpa3oBarens 2, 4, 67
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5. OmnmcaHue KOMITJICKCHBIX COCTUHEHUH Kele3a, PYyTeHUs OCMHs, KoOanbTa, poaus H
UPHUAMS C TIO3UIMH TeopuHr BasieHTHBIX cBs3eit (BC).
YueOnble 3a1aun 3:
3agaua 1. [IpuBeaens! npuMepsl AMAMArHUTHBIX KOMILIEKCOB:

a) [Cu(NHs)2]*, [AgBr2], [Au(CN).] .

6) [Zn(NH3)4]?*, [Zn(OH)4]*, [Hg(CN)4]*.

B) [Pt(NH3)4]?*, [Pt(NH3)2CI]°, [PdCl4]*.

r) [AuCl4]~, [AuBr4] ™.

1) [Co(NH3)s]**, [Co(NO2)s]* .

e) [Pt(NHs)s]**, [Pt(NH3)2Cl4]°, [PtCls]*.

a)  Ompenenute  CTENEHb  OKHCICHMS U JJIEKTPOHHYIO  KOH(UTYpaIMio
KOMILIEKCO0Opa3zoBaTelieH.

0) Kakoif Tum tHOpHIM3alMM MOXHO NPHUIIACATh OPOUTAISIM IEHTPATBLHOTO aTOMa,
MPUHUMAIOIIMM y4acThe B OOpa3oBaHHMM CBSI3M, U KAaKOBa MPOCTPAHCTBEHHAs KOH(HUTypalus
KOMILJIEKCOB JIAaHHOTO psia?

B) [lonyueHHbIe JaHHbBIE CBEIUTE B TAOIUILY:

Crenenb OnextponHas | Koopaunauu Tun IIpoctpancts | IIpume
OKHUCJIEHHUS | KOHQUIypaluMsl | OHHOE YUCIO | THOpUAH3aluU eHHas pHI
LEHTPAJIBHOIO | LIEHTPAIBHOIO LIEH- opOuTtaneii eH- | KoH(urypain | coeIuH
aToma aToma TPaJbHOIO | TPaJbHOIO aTOMa us eHUH

aToma KOMILIEKCa

r) Kakue mnpocTpaHcTBeHHBbIE KOH(PUIypaluyd KOMIUIEKCOB MOTYT COOTBETCTBOBATH
JMaMaTHUTHBIM HOHaM ¢ koHdurypamueit d'°, d®, d°.

3agaua 2. CocraBbTe (HOPMYJIBI M MPUBEANTE HA3BaHHs KOMIUIEKCHBIX HOHOB xpoma (I11),
€CJIM KOOPAMHAIMOHHOE YKCIIO €r0 paBHO 6, a nuraHgamu sBistoTcs moiekyiasl HoO, NHz u
nousl F-, OH™.

a) CocTaBbTe ypaBHEHHU peakluil BauMoaencTeusa ruapokcuaa xpoma (1) ¢ kucnoramu
U 1es04aMu B pacTBopax. IIpucyTcTBre KakuX MOHOB CIOCOOCTBYET 00pa30BAHMIO KATHOHHBIX
AKBAaKOMILJIEKCOB, aHMOHHBIX THAPOKCOKOMITIIEKCOB?

6) Ucnonb3ys metox BC, 00bsicHUTE CTpOEHHE 3TUX KOMILJIEKCOB, €CJIM OHHM COAEPIKaT Mo
TPH HETMAPHBIX AJIEKTPOHA.

Oneir 1. OOpa3zoBaHme  KATHOHHBIX AKBAKOMILUIEKCOB M  AHHOHHBIX
ruapokcokomiiekcoB xpoma (I11). Tlomyuure rumpokcun xpoma (Il) u wuccnemyiite ero
KHCJIOTHO-OCHOBHBIE CBOMcTBa. COCTaBbTE ypaBHEHUS PEAKIIUN.

3agaya 3. C MOMOIIBI0 KaKWX PEAKIMA MOXHO IPEBPATHUTh aM(pOTEPHBIH THIPOKCH]
[IMHKa B aKBa- U TMJIPOKCOKOMIUIEKCH ZN? ONUIIMTE UX CTPOCHHE, €CIH KOOPJHMHALMOHHOE
quciao Zn paBHoO 4.

OnbiTr 2. OOpa3oBaHMe  KATHOHHBIX AaKBAaKOMILUIEKCOB M  AHMOHHBIX
THIPOKCOKOMILJIEKCOB NIUHKA. [lomydynTe THAPOKCHA IUHKA W HMCCIETYWTE €ro KHCIOTHO-
OCHOBHBIE cBOIcTBa. COCTaBbTE YPaBHEHUS peaKIuil.

3agauya 4. a) OObsCHUTE CTPOCHHE aMMUHOKOMILIEKCOB ZN 1 Ag, eclTi KOOpAUHALMOHHbIE
qHCiIa MOCIeIHUX PaBHBI 4 U 2 COOTBETCTBEHHO.

6) 1o xakoil peakliuu MOKHO MOJTYYUTh aMMUAKAThI?

OnbiT 3. O6pa3oBanue ammuHokoMILIekcoB ZN U Ag. K pactBopam coneit Zn u Ag
00aBbTE MO KaIIsiM pacTBop amMmmuaka. OObsICHUTE 00pa3oBaHUE OCATKOB U MX PACTBOPEHHUE B
U30BITKE pacTBOpa aMMuaka. CpaBHUTE OTHOLICHUE TOJTYYEHHBIX PAaCTBOPOB U PACTBOPOB COJIEH
Zn u Ag Kk aeictuto menoun. J[aite 0ObsICHEHUSI.
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3agaua 5. a) Onummre o6pazoBaHue H cTpoeHue HonuaHoro komruiekca pryta (1), ecau
KOOpJMHAIIMOHHOE YKCIo ee paBHO 4. HazoBuTe KOMILIEKC.

0) I1o xakoil peakiMy MOKHO MOJTYYUTh JaHHBIH KOMIUIEKC?

Onbit 4. [Moayuyenue Terpanogoruapaprupar(ll)-kommiexca. K pacrsopy Hg(NO3).
o KaryisiM npubaBbTe KOHLEHTpUpoBaHHBIN pacTBop Kl. OObsicHuTe 00pa3oBaHme ocajka.
[TpoBepnTe, OOpa3yercss M OCaJOK HpHU JNEHCTBUM Ha MOJYYECHHBI pacTBOp Mmienouu. Jlis
cpaBuenus nposepbTe B3aumoeiicreue HJ(NO3)2 co mienounto. CocTaBbTe ypaBHEHHUS PeaKInit

3agaya 6. Hanumwure ypaBHEHHE peakUMU IOJYYEHUS M OIUIINTE CTPOCHHE HMOHA
[AgCl2]. HazoBute coenuneHme.

OnpiT 5. O6pasoBanue auxiopoaprenratr (I) - kommiekca. Vcxoas w3 pacTBOPOB
HUTpaTa cepedpa M XJIOpUAa HATpHs, MOJYyYUTe MO OOMEHHOH peakmuu Xjaopuna cepedpa. Ha
0CaJIOK TOJCHCTBYWTE HACHIIIEHHBIM pacTBOpoM xiopuna HaTtpus. CocTaBbTe ypaBHEHUS
peaKuui.

CpaBHUTE OTHOILIEHUE MOTYYSHHOT'O PACTBOPA U PacTBOPa HUTpATa cepedpa K IIET0UH.

JIABOPATOPHAS PABOTA NoS5 (4 daca)

TEOPUS KPUCTAJUIMYECKOI'O TT1OJIA. OIIMCAHUE KOMITJIEKCHBIX
COEJIMHEHWH MEPEXO/IHBIX METAJIJIOB C TTO3UIUM TEOPUU KPUCTAJIIN-
YECKOTI'O ITOJIA (TKIT)

Bomnpocsr:

1. OcHoBHbIe TONOXKEHHs Teopuu KpucTaumdeckoro moiisi. Paciieruienue d-ypoBHs B
nonie iuranioB. [lapamerp pacmerenns. Hu3ko- u BBICOKOCTMHOBBIE KOMILIEKCHI.

2. Jluranapl CHIIBHOTO M ¢71a00T0 MOJIs.

3. [lapa- wu nguamarHuTHble KOMIUIEKChl. CHEKTPOXMUMHUYECKUNA P JIMTAHJIOB.
Pacnipenenute BakHelIMe TUTaH/bl B CHEKTPOXUMUYECKUN PSL.

4. OOBSICHUTH pacCIleIIeHHe dHepreTuueckoro O-ypoBHsi B moie JuranaoB. COCTaBHThH
JHEPreTUYECKYI0 JAMarpaMMy pacineruieHus d-ypoBHS B OKTadIPUYECKOM M TETPadAPHUSCKOM
MOJISIX JIMTaHJIOB.

5. Pacnpenenute SmeKTpoOHBI MOHA KOMIUIEKCOOOpa3zoBaressi MO OpOUTENsIM B Ciydyae
BBICOKO- 1 HU3KOCIIMHOBOT'O KOMILJIEKCOB.

6. Ilpoananu3upynre BIUSHHE Ha 3HAYCHHWE I1apaMeTpa pAacCIICIUICHUs 3apsga HOHa
KOMILJIEKCO0Opa3oBaTess U MPUpPO/Ibl JTUTAHI0B.

YueOHble 3a1aun 4:

3apaua 1. ChopmynupyiTe OCHOBHBIE IOJOXKEHUS TEOPUH KPUCTAIIIMUECKOTO MOJIS.

a) [TokaxuTe, MOYEMy U KaK CHUMACTCS BBIPOXKICHUE (-ypOBHS B OKTadIPUYECKOM TIOJIe
JUTaHJIOB.

0) IlocrpoiiTe auarpaMMy SHEPreTHYSCKHMX YpPOBHEH W TOKaKUTE Kak 3acesieHbl 0-
opbuTaTy MOHA-KOMILIEKCOOOpas3oBaTess B ciledyromux ciuydasx: d*, okrasapuueckoe mose;
HI3KOOCTTHHOBBIH KoMItiekc; d, OKTadApHuecKoe 1oe, BHICOKOCTTHHOBBIH KOMITIEKC.

3amaua 2. [lokaxurte, mModeMy W KakK pacIIeIUIsieTcss dHepreTndyeckuii d-ypoBeHb B
TETPa’PUUYECKOM I10JI€ JTUTAHOB.

Pactipenenure  d-amektporsl 1o d-opOuTanmsiM  MOHA-KOMIUIEKCOOOpaszoBarens B
TETPA3PUUYECKOM I10JI€ B CIy4yae BHICOKO- U HU3KOCITMHOBBIA KOMILIEKC.

3amaua 3. Ilpuemure osHeprum pacmeruienus d-ypoBHs wukens () s ero
oxradapuueckux kommiekcos: [Ni(H20)s]?*, [Ni(NHs)6]?*, [NiFs]*, [NiCls]* (cm. mpumosxenue
14).

Pacmonoxwure JUraHabl B psii O Mepe BO3pacTaHHs CIOCOOHOCTH K paciieruieHuto d-
YPOBHS U COIIOCTABBTE €r0 CO CIIEKTPOXUMUYECKUM PAJIOM JIUTAH]IOB.

Bagaua 4. Ilpuemure sHeprum pacmeruiens d-ypoHs mona Co®' B kommiekcax
[CoFe]>~, m [Co(NH3)e]*" (cM. npumoxenme 14) u sHepruio crmapupanus O-2JEKTPOHOB
(HEPrHI0 MEKAIEKTPOHHOTO OTTaNKMBaHKs) HoHa Co®".
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a) Pacnpemenure d-3nekTpoHbl MO opburanmam uona Co®*, maxoxdmierocs B
OKTa’JpuIeCcKoM 1oJjie HoHoB F~ u mosekyn NHs.

0) Uem oOBsCHSETCS pa3auuve CBOMCTB paccMaTpuBaeMbIX KomiulekcoB? Kakue 310
KOMIUIEKCHI - BBICOKO- MJIM HU3KOCIIMHOBBIE, MTapa- WK JUaMarHuTHeie?

3agaua 5. a) [Toctpoiite rpaduk u 0ObACHUTE X0 U3MeHeHus B psaay Ca>*—Zn?* pamuyca
HMOHOB (CM. IIPUJIOKEHUE 7), UCXOJS U3 XapakTepa pacipelleleHus JIEKTPOHOB [0 BEPXHUM U
HIDKHUM d-0pOUTaIsIM HOHOB B OKTa3PUUECKOM OKPY)KEHHH CJIA00T0 TOJIS.

6) Ilo naHHBIM npmioxeHHs 17 TocTpoiiTe Tpaduk W3MeHeHHs B psaay Ca’'—Zn?
SHTANBINU ruApaTanui. OOBSCHUTE X0l KPUBOM, UMEsl B BUAY, YTO MPU TUAPATALUN STH UOHBI
00pa3yroT OKTadIpruueckue akpakomiuiekcs [I(H20)6]".

Bagaua 6. B psagy omHoTMnHBIX KoMmIuiekcoB 3d-, 4d- u 5d-anmeMeHTOB 3HEprus
pacmeruienns yBenmunpaercs, Hanpumep: [Co(NHs)e]®™ (273 x/lx/moms) - [Rh(NH3)s]®* (407
kJIx/Moib) - [Ir(NH3)s]** (477 xIx/Moms).

a) OO0BsiCHUTE ATOT (HAKT.

6) IlpuBenute 3Hayenus >Hepruu paciiemienus mns HoHos [Co(NHsz)s]?*

1 [Co(NH3)s]®". O6msacanTe pasnuune 3HaueHuit A.

3agaua 7. IlocTpoiitTe sHepreTmdeckyio amarpammy O-opbutaneii moma Ti** s
kommiekca [Ti(H20)6]*".

a) Ha xakyro opOuTasp BO3MOXKEH HEpEXO0/1 AJIEKTPOHA MPH BO30YKACHUU - MOTJIOIIECHUH
cBera’?

6) KakoBa okpacka wuona [Ti(H20)6]®*, ecnm oamekTpoHHBIH Tepexon OTBedaeT
noromenuto sHeprun A = 2.48 sB? PaccuuraiiTe MJMHY BOJHBI MOTJIOIIAEMOTO CBETa, IO
NPUIIOKEHUIO 15 yCTaHOBUTE OKPACKY KOMILIEKCA.

B) I[Touemy coemunenus nonos Ti**, Ca?* u Zn?* GecrBeTHbI?

OnbIT 6. BiusiHre 3JIEKTPOHHON KOH(HTYpalMu KOMILIEKCOOOpa3oBaTesi Ha OKPACKY
KoMILIeKca. B cuiabHO moJkucieHHbI pacTBop coenuHeHus TutaHa (IV) BHecute rpanyiy
nHKa. OOBSICHUTE U3MEHEHHE OKPAacKH pacTBOpa, MMesl B BHUIY, 4To coefauHeHue TutaHa (1V)
npespamiaercs B coeaurenne tutana (111) — aksaxommuexc [Ti(H20)s]%*.

3agaua 8. Ilouemy Oe3Bomnblii cynbdar meau (Il), MemHBI Kymopoc M aMMuakaT Mean
(1) umeroT pazHyro OKpacky?

OnwIT 7. BiivsHue npupo/ibl IMraHia Ha OKpacKy KOMIUIEKCOB. be3BoaHbIN cynbdar Meau
(I) pactBopute B Boje. K moiydeHHOMY pacTBOpy mpuieiiTe pactBop ammuaka. OObsicHHTE
BBIJICJIEHUE TEIUTOTHI TpH pacTBopeHnu CUSO4 11 M3MEHEHHE OKPACKH.

OmnbiT 8. CpaBHEHHE OKpacKu OE3BOJHBIX COJIEH M KpUCTaIOruapaToB. B Turie Harpeiire
kpuctamwtoruapatel  CrCls-6H20, CoHCl2-6H20, CoSO4-7H20, NiSOs7H20 u monyuute
6e3BoaHbIe conu. [locne oxnmaxaeHus K coyisiM MpuiieTe no KamisiM Boxy. OObsSCHUTE YCIOBUS
NpEeBpallleHUs] KPUCTAJUIOTHAPATOB B 0€3BOJAHBIE CONMM U HaoOopoT. OOBSICHUTE, MOYeMY
MU3MEHSETCST OKpAcKa MCCIEyEeMBIX BEIIECTB ITPH HATPEBAHUHU M TIPH PACTBOPEHHH.

JIABOPATOPHAS PABOTA Ne6 (4 gaca)

TEOPUS T10JIS JIMT AHJIOB. OIIMCAHUE KOMILUIEKCHBIX COEUHEHUN
TUTAHA, [IUPKOHUS, TAOHWS, BAHAJIUS, HUOBKS U TAHTAJIA C ITO3UIUI
TEOPUU T10JIA JIMTTAHZIOB

Bomnpocsr:

1. Teopus monst tMrasaoB.  MHOTOIEHTPOBbIE CBS3M B METANIOOPTaHUYECKUX 7T
KOMITJIEKCaX TIePEXOIHBIX 3JIeMeHTOB. OCHOBBI TEOPHH TTOJIS JINTAHIOB.

2. Pacmennenne ypoBHeii d-opOuTaneil MeTaia Mpy TETPadJpUIECKOM, OKTadIPUIECKOM
U TIOCKO-KBAIPATHOM OKPY)KEHHUH.

3. /JlaTuBHOe U JOHOPHO-AaKLENTOPHOE B3aMMOJEHCTBHE. MarHuTHble CBOICTBa
KOMILIEKCOB.

4. ITpaBuno “3¢ppekTuBHOr0 aTOMHOTO HOMEpa.

5. DddexT SAna-Temnepa.
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6. Onncanre KOMIUICKCHBIX COSIMHECHUN THTAaHA, IIUPKOHUS, radHus, BaHAIUS, HUOOUS U
TaHTaJa C MO3ULIMI TEOPUH TOJISI JINTAH/IOB.

JIABOPATOPHAS PABOTA No7 (4 gaca)
MEXAHU3MBI PEAKIUI C YYACTHEM KOMITJIEKCHBIX COEI[I/IHEHHIZ
INEPEXO/HbBIX METAJIJIOB
Bonpocer:
1. MexaHu3Mbl peaklii ¢ y4aCTHEM KOMIUJICKCHBIX COSTUHEHHIA.
2. JIabuibHBIE U MHEPTHBIE KOMILIEKCHI
3. Peakiu 3aMeHBI MeTalla HA METAUT W OOMEHa paaMKaiaMHd B METaUIOOPTaHMYIECKUX
COCIIMHEHMSIX.
4. OOMeH pamuKagamMH MEXIy COCIWHEHHSIMH OIHOTO MeTaila. PTyTHOOpraHWYecKue
COCIMHEHMUSL.
5. OnHO-, ABYX-, TPEX- U YE€THIPEXATKUIBHBIN OOMEHBI.
6. OOMeH paauKalaMd MEXIy COSAWHCHUSMH APYTHX METaJUIOB, KPOME PTYTH.
7. OOMeH paguKaJaMu MEXAY COSINHEHUSIMH Pa3HbIX METAIJIOB.
8. IIlpoTonemeramirpoBaHue.
9. IlporonemeranupoBanue CoeJMHEHM deMenToB |V rpymisl.
10. IIpoTonus CBsA3U NEPEXOIHBIN METATI—YTIEPO.
11. TanonnnemMeTaTNPOBaHHE.
12. ConpsixkeHHOE METAIITUPOBAaHUE KPATHBIX CBSA3EH.

JIABOPATOPHAS PABOTA Ne§ (4 daca)

TEOPU S MOJIEKYJISIPHBIX OPBUTAJIEN (MO). OITMCAHUE KOMITJIEKCHBIX
COEJVHEHUN ITEPEXO/IHBIX METAJIJIOB C ITO3ULIUK TEOPUHM MOJIEKYJISIPHBIX
OPBUTAIJIEM (MO)

Bomnpocsr:

1. Teopust MonexkyIspHBIX opOuTaneil. OHeprernyeckas aAuarpaMMa MOJIEKYJISIPHBIX
opburaneit komriekca. CBA3bIBaIOIIAsA, Pa3phIXJIAIONIAsl, HECBS3bIBAIOLIAsT OPOUTAIH, YCIOBUS
uX 00pazoBaHusl.

2. MonekynspHbsle OpOUTaIM G- M T-TUMA, YCIOBHS HMX OOpa3oBaHMs KiaccH(pUKaius
JIMTaHJI0B 110 CIIOCOOHOCTH K JIOHOPHO- aKLENTOPHOMY M JAaTUBHOMY B3aUMOJEHCTBUSIM.

3. CxeMbl mepekpbiBaHusi S-, p- U O-opOuTaneil HEHTPaTbHOTO aToMa M TPYMIOBBIX
opOuTael JIMraH10B JUHEHHOTO U OKTadIpUUYECKOr0 KOMIUIEKCOB 0€3 TT-CBSI3bIBAaHUS.

4. PacnpenesneHue 3J€KTPOHOB MO0 MOJIEKYJIIPHBIM OpOUTAISIM BBICOKO- U HU3KOCITMHOBBIX
KOMIUIEKCOB. OOBSICHUTH CIIOCOOHOCTh JIMTAHJOB K JIOHOPHO-AKIENTOPHOMY M JTaTUBHOMY
B3aMMOJCMCTBUIO U BIMSHUE UX IPUPOJIBI HA TApaMETP PaCLICTUICHUS.

5. OObSICHUTh BIMSHHE XapakTepa paclpeiesieHuss 3JEKTPOHOB IO MOJIEKYJISPHBIM
opOUTansM Ha mapa- U JAUaMarHUTHBIE CBOMCTBAa KOMILJIEKCOB, UX OKPACKY, MPOYHOCTH CBS3U
KOMILIEKCO00pa3oBaTeIb-TUTaH]l.

6. CpaBHuBath noctouHcTBa U Hempoctatku Teopuil BC, KII u MO npumeHutenbHo K
KOMILIEKCaM.

Y4eOHble 3a1aun S:

3agauya 1. PaccmMoTpuTe TEOPHIO MOJIEKYJISIPHBIX OpOUTaNel MPUMEHUTENBHO K OMHCAHUIO
KOMIUIEKCHBIX COEIMHEHU.

a) IlpuBemuTe cxemMbl TEPEKpPBIBAaHUS S- M p- OpPOUTANICH IIEHTPAJBHOTO aTroMa H
IPYIIIOBBIX OpOMTAJIEN IUraHIoB s auHelHoro komruiekca [Ag(NHaz)2]™.

6) [loctpoiite MpUOTMKEHHYIO YHEPreTHUUECKYI0 AMAarpaMMy MOJIEKYJISPHBIX opOuTasneit
JUISL 3TOTO KOMILJIEKCA.

B) ConocrasbTe onucanne komruiekca [Ag(NH3)2]" ¢ mosummu teopun MO u BC.

3apaua 2. Chopmynupyiite merog JIKAO - MO mnpuMEHHUTENTBHO K OKTadAPUUYECKUM
KOMILJIEKCaM 0e3 T-CBS3bIBaHUS.
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a) IlpuBengure cxembl MEpPEKPbIBAaHUS BAJICHTHBIX OpOWUTaNell HEUTPalIbHOTO aToMa H
IPYNIIOBBIX OPOUTAIEH IUraHI0B JUIsl OKTa3IpUYECKOr0 KOMILIEKca Oe3 m-CBA3bIBaHMUS.

6) IlocTpoiiTe MPUOTMKEHHYIO YHEPreTUUYECKYIO JUarpaMMmy MOJICKYJISIPHBIX OpOuTaneit
JUI OKTa3pUYECKOT0 KOMIUIEKca 0€3 T-CBsSI3bIBaHUS.

3agaya 3. ComocTaBbT€ TEOPHUIO MOJIEKYJSPHBIX OpOHUTANeH, BAJICHTHBIX CBS3EH W
KPUCTAJIIMYECKOTO TI0Ns  TNPUMEHUTENLHO K auamarHutHoMmy Kommtekcy [Co(NHs)e]®
OKTa3/IpU4ECKOr0 CTPOEHUS.

3apaua 4. l300pa3ure TUIBI T-NEPEKPbIBAHUS Td-OpOUTAIEH LIEHTPAIbHOIO aroma
OKTa3/IpUYECKOr0 KOMIUIEKCA € NOAXOJAIIMMM 110 CHUMMETPUM TPYIIOBBIMU OpOUTAIAMU
JUTaH/I0B.

3agauya 5. a) [lo kakoMy NpUHIMIY pa3InyarOT T-AOHOPHO-AaKLENITOPHOE U T-IaTUBHOE
B3aMMO/ICHCTBHE LIEHTPAJILHOI'O aTOMa U JIMTaHJ1a B KOMIUIeKce?

0) Kak Bimsger Ha 3HaueHue MapaMmeTpa pacllelUIeHHss A KOMIUIEKCAa BO3MOXKHOCTb
IPOSIBJICHUS. MEXJy KOMIUIEKCOOOpa3oBaTeleM M JIMMaHJaMM T-JOHOPHO-aKLENTOPHOIo U T-
JATUBHOTO B3aUMOJIEHCTBUSA?

3apaua 6. Kiaccuuuupyiite uranjpl Mo UX COCOOHOCTU MPOSIBIATH G-JOHOPHBIE, T-
JIOHOPHBIE, T-aKIENTOpHbIe cBoWcTBa. K kakomy Tumy otHocsatcs nuranasl NHs, F-, CI7, CN7,
H>O?

3agaya 7. HMcxoas u3 CnocoOHOCTH JIMTAHIOB NPOSBIATH 3JIEKTPOHOJOHOPHBIE H
3JIEKTPOHOAKIIETITOPHBIE CBOMCTBA, OOBSICHUTE MOPSIOK PACHOI0KEHUS B CIEKTPOXUMHUYECKOM
psaay murangos F-, CI7, NH3, CN-, H2O.

3agaua 8. DKcIepUMEHTATbHO T0Ka3aHO, uTo okTadapuueckuii kommiaexe [Co(CN)g]*
JMaMarHuTeH.

a) Kakue TuIbI JOHOPHO-aKLENTOPHOTO B3aUMOJEHCTBHSA BO3MOKHBI Mexry noHoM Co3*
u noHamu CN™?

6) UTo MOXKHO CKa3aThb O Hopsake Xumudeckoil cBasu Co®*-CN™ um moueMy KoMILIEKC
[Co(CN)s]*~ oTnuuaercs 0co60ii yCTORUHBOCTBIO?

JIABOPATOPHAS PABOTA Ne9 (4 gaca)
OPI'AHMYECKHE KOMIUIEKCHBIE COEAMHEHN IIEPEXO/IHBIX METAJIJIOB.
NCTIOJIB3OBAHUE OPTAHUYECKUX COEAMHEHWU I[TEPEXOIHbBIX METAJIJIOB B

OPTAHMYECKOM CHUHTES3E
Bomnpocsr:

1. Tlpupoaa XMMHUYECKOH CBSI3M B METAJIOOPTaHUYECKHUX KOMIUIEKCAX IMEPEXOHBIX
METAJIJIOB.

2. CBs3b (opMaJbHOW CTEHNEHU OKUCICHHUS C O3JIEKTPOHHOH KoHpurypauumei d-
MOAYPOBHSI

3. m-CBs3U B METANIOOPraHUYECKHX KOMITJIEKCAaX MEePEXOIHBIX METAJIIOB.

4., Mert OABbI INOJTYUYCHUS OPraHUYCCKHUX COC}IHHGHHI;'I MNEPEXOJHBIX METAJIJIIOB

5. o-Kowmriekcsl. Peakiiny MeTananpoBaHus U MepeMeTaIIMNPOBaHHUS.

6. Peaxiumn HYKJ1€0()UIHLHOTO 3aMEIIEeHUs KOMIIJIEKCHBIX aHHOHOB c

ATKWITATOTCHUIAMHU U IPYTUMH dJeKTpoduiamMu.
Peakunn oKuCIUTEIHLHOTO PUCOEAMHEHHUS.
8. Peakmuu mpucoenuHEeHUS K KOOPAMHUPOBAHHBIM MOHO- M JTHUOKCHAAM YTIEpOAa,
W30IMaHKN1aM, U30I[MaHaTaM U KapOeHaM.
9. Peakmum mnpucoenuHEHUS K  KOOPAUHUPOBAHHBIM oyiepuHAM, TUEHAM U
areTHJICHaM.
10. CoueTanue IUTraH0B, CBI3aHHBIX T-CBS3BIO.
4. Coequnenusi Cr(111), Mo(111) mw W(I11)
1. BeruucnauTe 3HEPTrU0 CTa0MIM3AMN KPUCTAJUIMYECKUM TOJIEM JIMTAaHAOB (B €IUHUIAX
A) nns BeicokoctimHoBoro uona Cr(lll) B TerpasapuyeckoM U OKTadApUYECKOM OKPYKCHHH.

~
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Kakas xoopauHainus - TeTpadpuueckas WU OKTadapuueckas HamOojee OnarompusTHa s
Cr(11) B ero coequaeHusnx?

a) O0bsicHuTe cTpoeHHe KomIuiekcoB (ctpykTypHbiX equnui) Cr(lll) ¢ mosunmit Teopun
BaJICHTHBIX CBA3CH.

6) Kakue monekynspHble OpOUTANIN 3aHUMAIOT AIIEKTPOHBI OKTAdJPUUYECKUX KOMILIEKCOB
Cr(111)? ITpuBeauTe 3IEKTPOHHYIO KOH(DUIYpALUIO aKBa-, XJIOPO-, [IHaHO-, ()TOPO-, THAPOKCO-,
aMMHHO-, OpOMO- U THOIMaHaTOKoMILIekcoB xpoma (I11).

B) Kakue 3T0 KOMIUIEKCHI - mapa- Ui AUaMarHUTHbHIE?

r) CocTaBbTe YpaBHEHUS peaKIuil MOyuYeHHs yKa3aHHBIX KOMIUIEKCOB.

17. I3BectHO, uTto oOMeH muranaHblx Mmojiekyn HoO wmona [Cr(H20)g
BOJIBI U3 PacTBOpa

1** Ha Monexybl
[Cr(H20)6]*" + H20" > [Cr(H20)s(H20")]**+ H20

npoucxomuT mnpumepHo B 2500 pa3 MeasieHHee, 4YeM aHAJIOTWYHBI OOMEH [Js HOHA

[Cr(H20)6)%".

a) YKaxuTe, KaKoW U3 ITUX aKBAKOMIUIEKCOB SIBJISICTCSI HHEPTHBIM, a KAKOHU - JTAaOMIIBHBIM.

0) OObsicHuTe pasnuyne peakiuontoi crocoonoctu komriekcos Cr(l) u Cr(ll).

18. Ha puc. 84 mpencTaBiaeHsl CHEKTPhI TOromeHns kKommiekcHbix noHoB [Cr(NHsz)e]** u
[Cr(H20)6]*".

a) OmpenenuTe HMX OKpacKy, €CIM JUIMHA BOJHBI, COOTBETCTBYIOIIAs MaKCUMyMY
rorJionmieHus, cocrabisieT 463 u 351 HM 114 rekcaaMMMHOKoMILIekca; 574 m 407 HM - mig
rekcaakBakomiuiekca xpoma (I11).

0) OOBsACHUTE CMEIIEHHE MaKCHMyMOB TIOTJIONIEHUS B CIIEKTpE aKBaKOMILIEKCAa B
JUIMHHOBOJIHOBYIO 00JIaCTh IO CPAaBHEHUIO C AMMHUHOKOMILIEKCOM.

B) Ilowemy mnpu mnocrenenHoit 3amene wmoiekyn NHz wmonekymamu H2O oxpacka
komruiekcoB xpoma (l11) uamensiercs ot sxentoit kK proneToBoit?

LM <) LN |

r) Pe3ynabpTaThl peHTreHOCTPYKTYpPHOTO aHaiM3a KBAacIlOB MOKa3ajHd, YTO MX CTPYKTypa
[2'(H20)6][2"'(H20)6][SO4]2 (D' - menounoit merann, " — Cr, Al, Fe, V, Ti). Kakyio oxpacky
JOJI’KHBI UMETh XPOMOBBIE KBaCIIbI?

19. UsBectHbl Tpu u3omepa coctaBa CrClz-6H20. Onun nzomep (GroiIeToBOro 1Bera, JBa
JPYTUX - 3€eJI€HOr0 I[BeTa pa3iMyHbIX OTTeHKOB. Ilpu neiicTBum Ha pacTBOpHI (proseTOBOTO,
CBETJIO-3€JICHOTO M TEMHO-3eJeHOr0 mn30MepoB pacTBopoM AQNO3 B 0CaloK BBIIEISIOTCS
coorBeTrctBeHHO 3, 2 m 1 wmomp AQCl B pacuete Ha 1 MONB COOTBETCTBYIOLIMX
KPUCTAJIJIOTHAPATOB.

a) K xakoMy THIy H30MepHM OTHOCUTCS JaHHBINA IpuMep? YKaXUTE COCTaB BHYTPEHHEH U
BHEIIHEH chep n30MepoB.

6) [Touemy M30MepbI UMEIOT Pa3HYIO OKpacKy?
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Onsit 8. Ilonyuenue rugparueix usomepos xpoma (l11). Biusuue npupoas! nuranga Ha
OKpacky Komiuiekca. PuosieToBbIii pacTBOp rekcaakBaxjopuna xpoma (l1l) nHarpesaiite mo
U3MEHEHUs1 OKpacku. OTMEThbTE IIOCTEIIEHHOE BOCCTAaHOBJIECHUE I[BETa pacTBOpa IIPU €ro
OXJIQKJICHUH.

OnbiT 9. [laccuBupoBanue ™eramwioB B pactBope auxpomarta (VI) xamms. [lee
QTIOMUHHUEBBIC TJIACTHHBI OYMCTUTE HaXKTAa4HOW Oymaroil u oOe3xupbre B crnupre. OnHy u3
IUIACTUHOK omycTute Ha 5 MuH B 10%-i1 pactBop auxpomara (VI) kanus, pactBop cieiite u
MJIACTUHKY TTPOMOMTE BOOM.

HcnpiTaliTe OTHONIEHHE 00EUX TUIACTUHOK K pa30aBlIeHHOM CONsHON KucinoTe. OObsICHUTE
pa3Hy0 XUMUYECKYI0 aKTUBHOCTh aJJFOMUHHUEBBIX TIACTUHOK.

1. OnuiuTe CTpoeHUE MepokcokomIuiekcoB xpoma coctaBa CrO(0Oz).L (L - monekyna
s¢upa nau OH -uon). CocTaBbTe ypaBHEHUS PeaklMii UX 00pa30BaHMs M PA3JIOKCHHUS BOIOM.

OmnbiT 10. O6pazoBanue okcomnepokcuaa xpoma (V1) CrO(0O2),. Peakius oTkpsiTas Xxpoma
(VI). K 1-2 mx pactBopa H202 mpusieiite HECKOJIBKO Kareib pa30aBICHHON CEpHON KHCIOTHI, 2
M 3pupa U CHILHO B30onTaiiTe. 3aTeM mpubaBbTe HECKOIBKO Karenb pactBopa KoCroO7 wmm
K2CrO4. Cmech octopoxkHo nepemerniaiite. OObsICHUTE OKpacKy 3(pUPHOTO CIliosi, TOCTENEHHOE
M3MEHEHHE OKPACKU BOJHOH (a3bl M BBIICIICHUE Ta3a.

1. O0bsicHUTE CleayroIIKe HAOMI0ICHUS M HAMUIINTE YPABHEHUS PEaKIUil.

[lpu noGamnennu k pactBopy coemauueHus Cr (I1l) mienoum BeigensieTcss cepo-CUHUIA
0CaJIOK, KOTOpBIM JeiicTBHEM U30BITKA IIEJIOYM MEPEeXOJUT B PACTBOP TEJIECHOTO IIBETA.
JloGaBienue k nociegHeMy Opoma npu HarpeBaHUU MEHSIET €r0 OKPACKY Ha JKENTYIO.

JleiicTBre Ha KENTHIN PacTBOP pa30aBICHHON KUCIOTHI IEPEBOIUT OKPACKY B OPAHKEBYIO.
Ecin 3ateM mHOpwiInTh CEPOBOJOPOIHON BOABI, MOSBISETCS KEITHI OCalo0K, a pacTBOP
CTaHOBUTCA 3ejeHoro IBeta. [locme QuubTpoBaHus u 100aBIEHUS KHUCIOTHI M TpaHyll
MeTaJUIM4ecKoro IuHKa (0e3 JocTyra Bo3Ayxa) OKpacka pacTBopa IMepexoauT B cuHIor. Ha
BO3/1yX€ K€ PACTBOP MOCTENIEHHO CHOBA MPUOOPETAET 3€JICHYIO0 OKPACKY.

2. OOBsICHUTE U NMPOUJUTIOCTPUPYNUTE YPAaBHEHUSIMU PEAKIMI MPOILECChl, KOTOPbIE UMEIOT
MecTo npu nostydeHnn K2Cr207 B IpOMBIIUIEHHOCTH.

XpoMucTelii xene3Hsk crekatoT ¢ comor mpu 1000-1300 °C na Bo3zmyxe. Bosnukaer
pacIuiaB KeNTo-0yporo ILBeTa, B pe3yJibTaTe BbIIIENIaYMBAHUS KOTOPOrO 00pa3yeTcsl >KENThIH
pacTBOp, a MOJKUCIEHHME TIOCIEIHEr0 MEHSeT OKpacKy pacTBopa Ha opaHxeByr. llpu
N00aBJIEHUM XJIOPHJA Kajdusl K OXJaXKIAaeMOMY pacTBOPY BBINAJAOT OPaHXKEBO-KpPacHbIE
KpHUCTAJLIIBL.

3. IIpu noxydeHuss MeTaJuIMYecKoro xpoma ucnoiyb3ytoT okcus xpoma (1), Tlocnennmuii
MOJIYYaOT MO CIEIYIoIEe cxeme. XPOMHCTBIN KEJIE3HAK CIEKAlT C COA0M B MPHUCYTCTBUH
KHcIoposaa Bo3ayxa. OOpa3oBaBIIUIiCS XpOMaT HaTpUs PAacTBOPSIIOT B BOJE, NEPEBOJAT B JU-
XpOMaT HaTpus, a €ro BOCCTaHaBIMBAIOT yrieM 10 okcuna xpoma (l11). CocraBeTre ypaBHEHME
peaxiui, Jexamux B OCHOBE OIIMCaHHBIX ONEPALINN.

4. Mertanmuueckuii BoJb(paM TONTyYarOT BOCCTaHOBICHHEM oOkcuma Boibdpama (VI)
BostoposioM. [{nsa nonydyenus WO3 u3 Bonb(pamuta NpoBOAAT CIAEAYIOIINE ONEpaIMU: CIIEKaI0T
BOJIbPAMUT C COMON B MPUCYTCTBUU KUCIOPOJa BO3AyXa ¢ 0Opa3oBaHHEM BoJb(ppamara Ha-
Tpusa, okcuaa xkeneza (I11), Mn3Os; BonmbdpamaT HaTpusi OTIENAIOT OT JPYIMX MPOAYKTOB
pacTBOPEHHEM B BOJIE U MIEPEBOJAT B BOJIL(PAMOBYIO KHCIOTY, KOTOpYO IpokanuBatoT 10 WOs.
CocTtaBbTe ypaBHEHUS peakiiii, OTBEYAIOIIUX OMUCAHHBIM OIEPALHSIM.

5. Oxcun monubaeHa (V1) B TeXHUKe MOMydaroT OO0XKHIOM MOJIMOJEHHTAa Ha BO3IyXeE.
CocraBbpTe ypaBHEHHE 3TOTO MIPOLIECCa.

6. a) KaxoBa anekTpoHHas KoHOHTyparms HoHa MNn?* 1 xakoe KOOPAMHAIMOHHOE YHCIIO
HanOoee xapaktepHo st Mn (11) B coenuaenusx? [Ipu 060cHOBaHMM OTBETA MPUBEIUTE CXEMY
pacrpeieNieHus BaJeHTHBIX JJIEKTPOHOB MoHA MN?* 1o d-opOuTansM B mone OKTadApUIECKOro
OKPYXEHHUS JIMTaH]IOB.

0) Kakas crpykTypHas enuHMIA HauOoiee XapakrtepHa s coeaunHeHuid Mn(l1)?
Onwumute cTpoenne kpuctaiioB MnO, MnS, MnF2, u MnCl,, Mn(OH)a.



B) M3

KakKux

CTPYKTYPHBIX

eIMHUL]

Mn(NO3)2:6H20; Mn(ClO4)2-6H20; MnSO4-4H20?
7. TlpuBenuTe SJIEKTPOHHBIE KOH(MUTYPALMU OKTAdIPUYCCKHX aKBa-, (TOpO-, XJIOPO-,
uaHokomiiekcoB mMaprana (11).
a) Kakue u3 3TUX KOMIUIEKCOB BBICOKO-, 8 KAKUE HU3KOCITHHOBBIC?
0) CocraBbTe ypaBHEHHUS peakiuii oOpa3oBaHus akBakoMmiuiekcoB Mapranma (II) mpwu
B3aMMOJICHCTBHH METAJZIHYECKOro Mapraniia, okcuaa mapranma (1) u kapbonara mapranma (1)

¢ pa30aBIECHHBIMU KUCIIOTAMHU.
B) CocraBpTe

ypaBHEHUS

peakuu

o0pa3zoBaHHs
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nmoctpoeHbl  kpuctaiel  MNSO4-6H20;

AHHNOHHBIX

¢dbropo-, xjopo-,

nuanokomiuiekco mapranna (ll), mcxons u3 pactBopa, comepxamiero uousl [Mn(H20)s]?".
KakoBo noBe/ieHe yKa3aHHbIX aHMOHHBIX KOMIUIEKCOB IIPH pa30aBiIeHUH pacTBopa?

6 JMJAKTHYECKHUE MATEPHUAJIBI 1JISI (CAMOKOHTPOJIS) YCBOEHHOI'O
MATEPHAJA
6.1.0ueHo4YHbIE CPEeACTBA, MOKA3AaTeIH U KPUTEPUH OLIEHUBAHUS KOMIIeTeH Uil

HNuaekc
KOMIIETEH
104041

Onenounoe
CPeacTBO

IToka3aTenn
OLICHMBAHUSA

Kpurepun onennBanus
chopMupoBaHHOCTH KOMIIETEeHUM

I1K-3

Otuer o
nabopatopHoi
pabore, yCTHBII
OTBET Ha
nabopaTtopHOM
3aHATHU

Huzkuit —
HEYJIOBJIETBOPUTEID
HO

CTaBUTCA, €CJIM OJONYIICHBI CYHICCTBCHHLIC
omuOku (B X0Je  OKCIEPHMEHTa, B
o0bscHeHHH, B oOdopmileHHH pabOTHI, TIO
TexHuke Oe3omacHoCcTH, B pabote ¢
BelleCTBAMU W TPUOOpaMHu), KOTOphIE HeE
UCTIPABIIIOTCS  JaXKe o yKa3aHHIO
penoaaBaTels.

IToporossrii -
YZI0BJIETBOPUTEIILHO

CTaBHTCS, €CIM  JIOMYIICHH  OJHa-JBE
CYIIECTBCHHBIC OINOKHU (B X071ie
IKCTIEPHMEHTA, B 00BSICHEHHH, B
odopMIeHUN paboTHI, o TEXHUKE
0e30macHOCTH, B paboOTe C BEIIECTBAMU MU
npubopamu), KOTOpbIE HCHPABISIOTCS €

IMOMOIIIBIO IMPETIOAAaBATCIIA.

ba3oBblii — xopo1io

a) pabora BBINOJHEHa IPaBWIbHO, 0€3
CYIIECTBCHHBIX OHII/I6OK, CJCJIaHbI BBIBOBI;

0) IOIMyCTHMBI: HEMOJHOTA TPOBEIACHUS HIIN
ohopmiteHusI HKCIIEPUMEHTA, OJIHa-JIBE
HECYHICCTBCHHLIC OHII/I6KI/I B MPOBCACHUU WIN
oopMIeHHM  DKCIIEpUMEHTa, B  MpaBHIaX

paboThI ¢ BelIeCTBAMHU M IPUOOpamMu

Bricokuii — OTJIIMYHO

a) paboTa BHITIOJIHEHA TIOJHO, TPABUIIBHO, 0e3
CYIIECTBCHHBIX OHII/I6OK, CICJIaHbI BBIBOBI;

0) SKCHEPUMEHT OCYIIECTBICH MO IUIaHy C
Y4ETOM TEXHUKHM O€30IaCHOCTH W  TPaBHII
paboTHI C BEIIECTBAMH U ITPUOOpaMH; B)
UMCIOTCA OpraHu3allMOHHBIC HAaBbIK
(monnep>kuBaeTCcs 4MCTOTa pabodero Mecra u
MOPSZIOK Ha CTOJIe, YKOHOMHO HCIIONB3YIOTCS
PEaKTUBBI).

KonTponbHas
pabora

Husknii —
HEYJOBIETBOPUTEIH
HO

JOTMYCTHJI YHCJIO OIMMOOK ©  HEJ0YETOB
MPEBOCXOAIIEe HOPMY, NIPU KOTOPOH MOXKET
OBITH BBEICTABJIEHA OILIEHKA «3»

Iloporossrit —
YIOBJIETBOPUTEIHHO

€CJIH CTYACHT MPABUJIHHO BBITIOJHIII HE MCHEE
MOJIOBMHBI PabOTHl WM JIOMYCTIII: HE OoJee
JIBYX TPYOBIX OMMOOK; MIM HE 00JIee OIHOM
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rpy0oii u ogHOI HerpyOOl OIMMOKM M OJHOTO
HeloueTa; Win He Ooliee IBYX-TpeX HErpyObIxX
OINOOK; MITH OJHON HETpyOOi OMMOKH U Tpex
HEIOYETOB; WIM MpPU OTCYTCTBHH OIIHUOOK, HO
NpY HAJIMYUH YETHIPEX-TATH HEAOUETOB.

BbazoBblii — xopor1io

CTYyZICHT BBIIIOJHWI PabOTy MOJHOCTBIO, HO
JIOTYCTHJI B Hei: He Ooyiee OmHOIM HerpyOon
omMOKH W ONHOTO Hemouyera WiH He Oosee
JIBYX HEOYETOB

Bricokuii — oTIIMYHO

paboTta BeITIOHEHA O6€3 OMMOOK, yKa3aHbI BCE
pacdeTHble (OPMYIbI, €JUHUIBI H3MEPEHHS,
0e3 omuOOK BBIMOJHEHBl MaTEMaTUYEeCKUE
pacyeTsl

Huskuii — o 60
OamnoB
(HeyIOBIIETBOPUTEITH
HO)

[Toporossrii — 61-75
OamnoB

3a BEPHO BBIIIOJHEHHOE 33aHUE TECTHUPYEMBII
HOJTy4aeT MaKCUMaJIbHOE KOJIUYECTBO 0alIoB,
IpeyCMOTPEHHOE AJsl 3TOr0 3aJaHus, 3a
HEBEPHO BBINIOJIHEHHOE — HOJb OautoB. Ilocie
MIPOXOKACHUS TecTa CYMMUPYIOTCS
pe3yIbTaThl BHITIOTHEHUS BCEX 3aJaHUH.

IK -3 Tect (ynosnerBoputenbh | IlomcumTeiBaeTcs MIPOLIEHT MIPaBUIIEHO
0) BEITIOJTHEHHBIX 3a/laHUil TecTa, MOocJe [ero
BaszoBerii — 76-84 | 3TOT MPOLEHT IEPEBOOAUTCI B  OLCHKY,
0aJII0B (XOpOIIIo) PYKOBOJCTBYSICh ~ YKa3aHHBIMH  KPUTECPHIMHU
Beicokuit — 85-100 OLICHHBAHHUA.
OaoB
(oTIM4HO)

[1K-4 Otuet no | Huzkui — | CTaBUTCs, €CIId JONYLICHBl CYILIECTBECHHBIE
nabopaTopHOM HEYJIOBJIIETBOPUTENH | OMOKKM (B XOJe  JKCIIEpUMEHTa, B
paboTe, yCTHBIN | HO o0bscHeHHH, B odopmileHHH paboOTHI, TIO
OTBET Ha TexHUKe Oe30macHocTH, B  paboTe ¢
nabopaTtopHOM BEIIECTBAMU U TIPUOOpaMH), KOTOpbIE He
3aHITHN HCIIPABIISIFOTCS Jaxe o YKa3aHUIO

MIpenoJaBaTes.

[ToporoBssiii — | craBuTCH, eciu JIOITYIIIEHBI OJlHa-/IBE

YAOBIETBOPUTEIHHO | CYIIECTBEHHBIC OIIHOKH (B xoJ1e
JKCIIEPUMEHTA, B 00BICHEHUH, B
ohopMIICHUU paboThI, 1o TEXHUKE
Oe3omacHoCcTH, B pabOTe C BeEIIECTBAMH U
nmpudopamMu), KOTOPHIE HCIPABISIIOTCS C
MTOMOIIBIO MTPEeNoJaBaTesl.

BbazoBerit — xoporro a)paboTa  BBHINIOJIHEHA  MpaBWIbHO,  0€3

CYIIECTBEHHBIX OLINOOK, CIICTIAHBI BHIBOJIBL;

0) JOMyCTHMBI: HEMOJHOTAa TPOBEACHHUS WIN
oopmteHUS JKCIIEPUMEHTA, OJTHa-][BE
HECYHICCTBCHHBIC OIIII/I6KI/I B MPOBCIACHUN WU
odopmieHun  OKCIIEpUMEHTa, B  IpaBMiIax
paboTHI ¢ BENIECTBAMHU H IPHOOpaMU

Bricokuii — OTJIIMYHO

a) paboTa BHITIOJIHEHA TIOJHO, TPABUIIBHO, 0e3
CYILIECTBEHHBIX OIIHMOOK, C/CJIaHbI BEIBOIBI;

0) SKCHEPUMEHT OCYLIECTBICH MO IUIaHy C
YUE€TOM TEXHUKH 0€30ITaCHOCTH U IpaBUI
paboTHI C BEIIECTBAMH H ITPUOOpaMH; B)
UMEIOTCS OpraHHM3alMOHHBIC HaBBIKU
(mommepKuBaeTCsl YUCTOTa pabodero mecra u
HOPSIOK Ha CTOJIe, SKOHOMHO HCIIOIb3yIOTCS
PCaKTHBEI).
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Huzkuit — no 60
OaJoB
(HEyZOBIETBOPHUTEIND
HO)

[oporossrii — 61-75
OamioB

3a BCPHO BLINIOJIHCHHOC 3a1aHUC TGCTI/IpyeMI:If/i
MMoJIiy4acT MaKCUMaJIbHOC KOJIMYECTBO 6aHJ'IOB,
NpeaAyCMOTPEHHOE I O3TOr0 3aJdaHusd, 3a
HEBCPHO BBLINIOJIHCHHOC — HOJIb 6amros. ITocae
MMPOXOKACHUA TECTa CYMMUPYIOTCA
PE3YIbTATHI BBIITOJTHEHUSA BCEX 3aJaHH.

[IK-4 Tecr (ynoBnerBoputenbH | IlomcunteiBaeTcs NPOLEHT [IPaBUIBHO
0) BBITIOJTHEHHBIX 33JIaHUM TecCTa, MOCIE Yero
BasoBeiii — 76-84 | 5TOT MPOLEHT MEPEBOAUTCS B  OLEHKY,
0auToB (XOPOIIIO) PYKOBOICTBYSACh YKa3aHHBIMU KPHUTEPUAMU
OLICHUBAHMSI.
Beicokwuii — 85-100
OamioB
(oTMuHO)
Husknii — JIOITYCTHJI YUCJIO OLTMOOK U HEIOUETOB
HEYJIOBJIIETBOPUTEN | PEBOCXOAALLEE HOPMY, IIPU KOTOPOM
BHO MOYKET OBITh BHICTABJICHA OIICHKA «2)»
IToporossiii — | CTYZEHT NIPaBUJIBHO BBINIOJIHWII HE MEHEE
YIOBJIETBOPUTENBH | TIOJIOBUHBI PAOOTHI WIIHA AOIYCTHII: HE
0 6osee IByX rpyObIX OMIMOOK; HIIK HE
Oosee oHOM rpy0oii U 0JTHOM HerpyOoi
OLIMOKH U OJJTHOTO HEJJ0UYETa; WK He Ooiee
JIByX-TPEX HErpyObIX OLINOOK; WU OJJHOU
[1K-3, Herpy0oii oIMOKH U TPEeX HEI0YETOB; WU
YueOHble 3a1a4u
[1K-4 IIPY OTCYTCTBUH OIINOOK, HO TIPU HAJTHYUH

YCTBIPECX-IIAATH HEAOYCTOB.

ba3oBblii — x0po11o

CTYJICHT BBIITOJIHUAJ pa0OTy IMOJTHOCTHIO, HO
JOTTYCTHII B HEl: He Ooliee OTHOM
HEerpy0oii OIITMOKY U OJTHOTO HEJ0ueTa UiTn
He Oosiee IBYX HEOYETOB

Bricokuit —
OTJINYHO

paboTa BbIIOJIHEHA 0€3 OIIMOO0K, YKa3aHbl
BCE pacueTHbIC (POPMYJIbI, €AMHUIIBI
U3MepeHus, 0e3 OMMOOK BHITIOTHEHbI
MaTeMaTHYECKUe pacueThl

6.2 HpOMe)KyTO‘lHaH aTrecrauus CTyA€HTOB 110 JTUCHUIIJINHE

HpOMC)KYTO‘-IHaH aTTeCTalusa ABJIACTCA HpOBepKOfI BCEX 3HaHHﬁ, HaBBIKOB U YMCHI/Iﬁ CTYACHTOB,
HpI/IO6peTéHHBIX B IMponecce MU3YUCHUA AUCHUIIINHBI. qDOpMOf/i HpOMe)KYTO‘lHOfl arreCralqum 110
JUCIHUIIIIMHE ABJISICTCA 3a4YCT.

21.]'[5{ OLCHUBAHUA PE3YJIbTATOB OCBOCHUA JUCHUIINIMHBI TMPUMEHACTCA CICAYIONIUC
KPpUTCPUH OLICHHUBAHUA.

IpUMepaMu;

Kpurtepun oneHuBaHus YCTHOTO OTBETA HA 3a4eTe

OueHka «3a4TeH0» BBICTABIIAECTCS CTYACHTY, €CIIU:

1. BOmpOCHI paCKpHITHI, U3JI0KEHBI JIOTHYHO, 0€3 CYIIIECTBEHHBIX OIIHOO0K;

2. TIOKa3aHO YMEHHE WUIIOCTPHPOBATh TEOPETHUECKUE TIOJIOKEHUSI KOHKPETHBIMH

3. TIPOJIECMOHCTPHUPOBAHO YCBOCHUE paHee H3yYEHHBIX BOIMPOCOB, C(HOPMHUPOBAHHOCTH
KOMIIETEHIINH, YyCTOWYMBOCTH UCIIOIB3yEMbIX YMEHUI U HAaBBIKOB.

JlomyckaroTcss He3HAUUTEIbHbIE OIIMOKH.

OneHka «He 32a4TeH0» BBICTABIISCTCS, €CIIU:

1. He packpbITO OCHOBHOE COZep KaHue y4eOHOro MaTepHaa;
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2. oOHapy»eHO HE3HaHHWE WM HEMOHMMaHWEe OOJNbIIeH WM HauOojee BaKHON dYacTu
y4eOHOTO MaTepuana;

3. JOMyIICHBl OMMOKKA B OMNPEICICHUM TIOHSATUH, KOTOPbIE HE WCIPABICHBI IOCIE
HECKOJIbKUX HABOJISIIUX BOIIPOCOB;

4. He chOpMUPOBAHBI KOMITIETEHIIUN, YMEHUS U HABBIKH.

BOIIPOCHI K 3AYETY

1. Xumudeckas cBA3b. E€ TUIIBI, XapaKTEPUCTUKHU.

2. Oco0eHHOCTH XUMUH NEPEXOJHBIX METAIIOB

3. DOnekTpoHHas KOH(HTrypanus. ATOMHBIE paAMyChl. OHEPrusi HOHHU3AIUH.
DneKTpooTpULaTeNbHOCTh. KOOpIMHAMOHHbIE YnCia.

4. XapakTep XMMHUYECKOH CBSI3U B coequHeHusX. CreneHu okuciaeHus. MarHuTHble
CBOMCTBA.

S. ITpocteie BemiectBa. CruiaBbl. TBepAble pacTBOPHI U MHTEPMETAIUIINIBI.

6. Kucnoponueie coenunenus. Hectexmomerpus. XuMus BOJIHBIX PpacTBOPOB.
AKBaKOMILIEKChI

7. XapakTepuzoBaTb COCTaB KOMIUIEKCHBIX COCUHEHU. Onpenenurs:

Kommekcoobpa3oBarens (LEHTPalbHBIA aTOM), JUTaHZ, BHYTPEHHssI M BHEIHSSA cdepa
KOMIUIEKCHOTO ~ COCOUHEHHS, CTEHeHb  OKUCICHHS W KOOPAMWHAIMOHHOE  YHUCIO
KOMIUIEKCOOOpa30BaTeIs.

8. KnaccudunupoBaTh KOMILJIEKCHI 10 XapaKTepy 3apsijia ¥ MpUpoJIe JINTaH IOB.

9. Ilo CTETICHU OKHCIICHHS OTIpeNIeNATh AIIEKTPOHHYIO KOH(HTYpaIuio
KOMIUIeKCOooOpa3zoBatesns. Ha3BaTh KOMITJIEKCHBIE COEIMHEHUSI.

10. [lo wuwucny cBOOOAHBIX BaJEHTHBIX oOpOUTaNel KOMILIEKCOOOpa3oBaTes
OTpEAeNATh €ro KOOPAMHAIIMOHHOE YHKCIO M BO3MOXHBIM THI THOPHIM3ALMUA BaJIEHTHBIX
opOuTaneil.

11. Teopus BaneHTHBIX cBA3ei. OCHOBHBIEC MOJOXKEHUS TEOPUU BAJIEHTHBIX CBSI3EH IS
00BsICHEHHUST 00pa30BaHMS U CTPOSHUS] KOMIUIEKCHBIX COSTMHEHUI.

12. JloHOpHO-aKLENTOPHBIH  MeXaHu3M oOpa3zoBaHMs  CBsi3u.  [IpocTpaHCTBEHHas
KOHQHUTypanust  KOMIUIEKCOB.  KOOpIWHAIIMOHHOE  YHCIO  IIGHTPaJbHOTO  aroMa |
NPOCTPaHCTBEHHAs! KOH(UTYpaIUs KOMIUIEKCa (TUIT TOJIU3PA).

13. TuOpuamzanuss  aTOMHBIX ~ OpOWTaJled  TEHTpajdpbHOro  aromMa  (MOHA) W
IPOCTPaHCTBEHHAsS KOH(DUTypaiust koMmiuiekca. OOBsICHUTE CKIOHHOCTH 0-371EMEHTOB 00pa30BbI-
BaTh KOMIUIEKCHBIE COCTUHEHNUS?

14. Kakue monudzpsl U TUIBI THOpHIM3alMK OpOUTaNIell OTBEYAIOT KOOPIUHALIMOHHOMY
YHCITy KOMIUIeKcooOpa3oBarenst 2, 4, 67

15. OcHOBHbIE TOJIOKEHHsT TeOpru KpUCTAITYECKOro mojisi. Pacuienienue d-ypoBHs
B noJie turanaoB. [lapamerp pacmerienns. HU3k0- 1 BBICOKOCTMHOBBIE KOMITJIEKCHI.

16. JIuranasl CHIIBHOTO M ¢1a00T0 MOJIS.

17. [Tapa- m nuamarHUTHBIE KOMIUIEKCHI. CHEKTPOXMMHYECKUN psii JIMTAHJIOB.
Pacnpenenute BaxkHEHIINE IUTAH/BI B CIIEKTPOXUMUYECKHUM PAI.

18. Pacmierienne  sHepretuueckoro d-ypoBHss B mone JmraHaoB. CocCTaBUTH

SHEPTCTUUCCKYIO AUarpaMmy pacHiCIlJICHUA d-ypOBHH B OKTa3ApUYCCKOM U TETPAIAPUUCCKOM
MOJIAX JIMI'aHOOB.

19. Pacnpenenenue »J1eKTpOHOB HMOHAa KOMIUIEKCOOOpa3zoBaresst Mo OpOuTensiM B
Clly4ae BBICOKO- M1 HU3KOCITMHOBOI'O KOMILIEKCOB.
20. [Tpoananu3upyiite BAMsSHUE Ha 3HAYCHHE MapaMeTpa paclleIUIeHus 3apsjia MoHa

KOMILIEKCO00pa30BaTest U MPUPOJIBI TUTAHIOB.

21. Teopust MOJEKYJSPHBIX opOuTanell. DHepreTuyeckas TuarpaMMa MOJIEKYJSPHBIX
opOuTaneit komriekca. CBs3bIBAIOIIAs, Pa3phIXJIAIONIAs, HECBA3BIBAIOIIAS OpOUTATH, YCIOBUS
X 00pa3oBaHUs.

22. MonekynspHble OpOUTANN G- U TM-THIA, YCIOBHS MX 0Opa30BaHUs KJIACCH(HUKAIIHS
JIMTaHJI0B 110 CIIOCOOHOCTH K IOHOPHO- aKLENTOPHOMY M TJAaTUBHOMY B3aUMOJECHCTBUSIM.
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23. CxeMsbl NepekpbIBaHus S-, p- ¥ d-OopOHMTanell NEeHTPaIbHOTO aToMa M TPYIIOBBIX
opOuTael JIMraHa0B JMHEHHOTO U OKTadAPUUYECKOr0 KOMIUIEKCOB 0€3 TT-CBSI3bIBAaHUSI.

24. PacnpeneneHue 3JIEKTPOHOB 1O  MOJEKYJISAPHBIM  OpOHWTANsM  BBICOKO- U
HU3KOCIIMHOBBIX KOMILJIEKCOB. OOBSICHUTH CIIOCOOHOCTH JIMTAH/IOB K JIOHOPHO-aKIENITOPHOMY U
JATUBHOMY B3aUMOJICHCTBHUIO U BIIMSHUE WX MIPUPOBI HA ApaMETP PACIICTIIICHHUS.

25. OOBbBSICHUTH BIMSIHME XapaKTepa pacIpeleieHHs] AJIEKTPOHOB IO MOJEKYJISAPHBIM
opOUTaNsIM Ha Mapa- U JAUaMarHUTHBIE CBOMCTBAa KOMILJIEKCOB, UX OKPACKy, MPOYHOCTH CBSI3U
KOMILIEKCO0Opa3oBaTeIb-TUTraH/I.

26. Ilpupoga XUMHUYECKOW CBS3M B METAIOOPTaHUYECKUX KOMILJIEKCAX IEePEXOIHBIX
METAaJIJIOB.

27. CBsi3b  (hOpManbHOM CTEIEHU OKHUCICHHS C JJIGKTPOHHOW KoH(purypaiueir d-
MOIypOBHS

28. m-CBs3U B METAIIOOPTAHUYECKUX KOMIUIEKCAX IMEPEXOTHBIX METAILIOB.

29. MexaHU3MBbI peakluii C y4acTHueM KOMIUIEKCHBIX COSMHEHUN.

30. JlaOuibHBIE U MHEPTHBIE KOMIUIEKCHI

31. Couu u komiutekcsl upkouusi(1V) u rapuus(1V).

32. Opranudeckue COCIMHEHUS NEPEXOTHBIX MeTaiu10B. O0mmuii 0030p.

33. Crpoenue, npupoja cBsi3eil, CTaOMIbHOCTb.

34. TlpaBuiio 18-Tu 371eKTPOHOB (MPABUIIO0 HHEPTHOTO rasa).

35. DOIIOKTYHPYIONINE MOJICKYJIBI.

36. MeTo/pI OTy4YEeHUsI OPraHMYECKUX COCTMHEHUH MEePEXOHBIX METAJIOB

37. o-Kommiekcrl. Peakiiuu MetamuiupoBaHust U epeMeTalIiPOBAHMUS.

38. Peakuuu HykI€0(MIBHOTO 3aMEUICHUST KOMIUIEKCHBIX aHUOHOB C JIKHJITaJI0T €HUIaMU
U IPYTUMU 3IIEKTpOodHIamMu.

39. Peakuuu OKHCIMTENBHOTO MPUCOEANHEHHS.

40. Peakuuu TOpUCOEIWHEHUS K KOOPAMHHPOBAHHBIM MOHO- W JAMOKCHIAM YTJIEpOJa,
M30IMaHu/IaM, H30I[HaHaTaM U KapOeHaMm.

41. Peakuuu mpHUCOEIUHEHHUS K KOOPAMHHUPOBAHHBIM OJe(pUHAM, TUECHAM U alleTHIICHAM.

42. CoueTaHHe JINTAHJIOB, CBS3aHHBIX T-CBA3BIO.

43.

44, DIIeMEHTOPTraHUYeCKHe COEIMHEHMUS, onpezaeseHue, KJ1accuukanus,
HOMEHKJIATypa, U30MEPUS.

45. Peakuyu BHeapeHus, 3aMEIIEHMs, BOCCTAHOBJIEHUS B pSly OPraHUYECKUX
COEIMHEHUH NEPEXOAHBIX IJIEMEHOB.

46. MeTtoibl cuHTE3a Mefib-, CEPEOPO- U 30JI0TOOPTAHUYECKUX COETUHEHUH.

47. Hcnonp3oBaHne peakTBOB [ MiIbMaHa B TOHKOM OPraHMYECKOM CHHTE3E.

48. Metonpl  cuHTE3a  JIAHTAHOUJOPTaHWYECKUX  COCJUHEHHH, CTpOEHHE U
pEaKIMOHHAs CLIOCOOHOCTb.

49. ["aslorennpon3BoIHbIE 3JIEMEHTOPTaHNYECKHUX COETMHEHU. Crioco0sl
MOJIy4EHUS.

50. Peakuuu >nexTpouUiabHOrO 3aMeIeHHs] ¢ y4acTHEM NMPOU3BOAHBIX MEPEXOIHBIX
METAJIJIOB.

51. Opranuyeckue CcoelWHEHUs TNepexoAHblx MetamioB |V rpynmsl. Mertonbl
CHHTE3a, PeaKLMOHHAs CTIOCOOHOCTb.

52. Opranuyeckue COeIUHEHHS IEPEXOTHBIX METaIOB V rpymibl. MeToabl CHHTE3a,
pPEaKIMOHHAs CLIOCOOHOCTb.

53. Opranuyeckue CcoelMHEHUs TNepexoqHblx MetamuioB VI rpynmsl. Mertonbl
CHHTE3a, PeaKLIMOHHAs CTIOCOOHOCTbD.

54. Opranuyeckue coefauHeHust mnepexoAHblx wmeramwioB VIl rpymmel. Mertonbt
CHHTE33a, PEaKLIMOHHAs CIIOCOOHOCTb.

55. Oprannyeckue COeIMHEHUS IEPEXOIHBIX METAJJIOB MTOATPYIIIEI Xkenne3a. MeToasl

CHUHTE3a, pCaKIIMOHHAA CITOCOOHOCTb.
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56. OpraHnuyeckre COEAMHEHHUS TMEPEeXOJHBIX METaUIOB MOJTrpYMIbl KoOanbTa.
Mertonpl cHHTE3a, peaKIIMOHHAS CIIOCOOHOCTB.

57. Opranuyeckre CoeIMHEHHS MEPEXOTHBIX METAIOB MOATPYIIBI HUKEIS. MeToabl
CHHTE3a, PEaKI[OHHAsI CTIOCOOHOCTD.

58. [Tonstie 00 d-7-CONPSDKCHUH B apOMATHYECKHX COCIMHCHHSAX HEHEePEXOIHBIX
3JIEMEHTOB. [laHHbIE PEHTI€HOCTPYKTYpHOTO aHanu3a. [Ipounocts cBsa3u M-C.

6.3.1. OLEHOYHBLIE CPEJICTBA JUIS ITPOBEPKU YPOBHA
COOPMHUPOBAHHOCTU KOMIIETEHIIMU T1K-3

Tectbl comepxkaT cieayrouue TUIIbI 3aJaHHHi
Tun 3apanus Ne 3apanus | Bec 3aganus Pe3yabTaTr oneHnBaHus

(6as) (0aysIB1, MOJTyYEeHHbIE 32
BBINIOJIHEHHE 3aaHus /
XapaKTepPUCTHKA MPABUJIbHOTO

oTBeTAa)

3agaHus 3aKpHITOrO THIIA 1,2,3 1 Gamn I 6 — mojmHOE TIpaBUIILHOE
c BBEIOOpOM OJIHOTO COOTBETCTBHUE;
npaBuibHOTO OoTBeTa (1 —
4) 0 6 — ocranbHbBIE ClTy4au
3aaHus 3aKpBITOTO THUIIA 4,5, 6 2 Oamia 2 0 — TmojmHOE TpaBUIILHOE
C BBIOOPOM HECKOJIBKHX COOTBETCTBHE
MpaBWJIbHBIX OTBETOB (2, 3 (mocnenoBaTeNbHOCTh BapUaHTOB
u34) OTBETA MOXKET OBITH J1t00011);

I 6 — ecnu pgomymieHa OJHA

omunbKa / OTBET MPaBUIIbLHBINA, HO
HE IIOJIHEBII;

0 6 — ocTanbHbBIE Clly4an

3amaHus 3aKpBITOTO THUIIA 7,8,9 2 bajuta 2 0 — TmOoNHOE TpaBWIbHOE
Ha YCTaHOBJICHHUE COOTBETCTBUE;

cootBeTcTBUs (3 Ha 3 u 4
Had) I 6 — ecnu pgomymieHa OJHA

omunbKa / OTBET MPaBUIIbHBINA, HO
HE TIOJIHEBII;

0 6 — ocTanbHbBIE ClTy4an

3amanus 3akpsiToro tuma | 10, 11, 12 2 Gamna 2 0 — TmOoNHOE TpPaBHIBHOE
Ha yCTaHOBJICHHE COOTBETCTBHE;
MOCIIEA0BATEIbHOCTH

1 60 — ecnum pgomyuieHa oOjHA

omnOKa / OTBET MpPaBUIIbHBIN, HO
HE TIOJIHBII;
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0 6 — ocTanbHBIE CIy4Yan

3amanus oTkpeiToro tuma | 13, 14,15 3 Gata 3 0 — TmomHOe TMpaBHIBHOE
C KpaTKUM OTBETOM COOTBETCTBUE;

0 6 — ocTanbHBIE CIydan

®opmupyeMasi KOMIIETEeH U NuaukaTopbl chOpMUPOBAHHOCTH
KOMIIeTeHIIUH
IK-3. Cnocoben okaspiBaTh | ¢  [IK-3.1. IIpoBOOMT NEPBHYHBIA IOHCK
UHPOPMAIIMOHHYO noIepkKy | MHpOpPMAIMU 110 3aJaHHOM TEMAaTHKE, B TOM

YHCIIE, C UCIIOIb30BAaHUEM 0a3 JaHHBIX

e [JIK-3.2. CucremaTuzupyeTr Hay4HO-
TEXHUYECKYI0 MH(POpPMAIUMI0O Ha PYCCKOM H
WHOCTPAHHOM SI3bIKaX 10 3a/IaHHON TEMaTHUKe
o JIK-3.3. AHanusupyer Hay4HO-
TEXHUUYECKYI0 HMH(DOpMALMIO I pEHICHUS
KOHKPETHOU 3a7a4u

cricquajicraM, OCYHICCTBIIONIUM HAYYHO-
HCCICO0BATCIILCKHUEC pa6OTBI

Tecr 1 (IIK-3)
«XUMMUSA NEPEXOAHBIX METAJIJIOB»

3ananue 1. Kakasi u3 nepe4ucjieHHbIX cTeneHell OKUC/IeHHs SBJIsieTcsl HauboJiee
XapaKTepHOM JJisi BAHAJUSA B €ro BbICIIEM KHCJIOPOAHOM COCAUHECHUHU?

1) +2

2) +3

3) +4

4) +5:
Ortser: 4

3ananmue 2. Uto Takoe «MHTEpPMeTAILINI?

1) Tsepaplii pacTBOp 3aMELIEHUsT HAa OCHOBE NEPEXOAHOTO  MeTasuia.
2) CoennHeHue MeTalia c KHCJIIOPOJIOM MIEPEMEHHOTO COCTaBa.
3) Xumuueckoe COEAMHEHHE JBYX WM 0Oojlee METAJIOB C YIOPSAOYCHHOM
KPHUCTAJUIMYECKON CTPYKTYPOH.

4) CruiaBbl, 00J1aJaF0IIME CBEPXIIPOBOISIIIMMH CBOHCTBAMM.

Ortser: 3

3ananue 3. Kakoe u3 yTBep:KIeHHMH Jiy4dllle BCero ONMUCHIBAET BKJIAJ TEOPUH
MOJIEKYJSIpHBIX opoOuTaneii (MO) B XHMHIO KOOPAMHALMOHHBIX COCIHHEHHMI IO
CpaBHEHHUIO ¢ Teopueil Kpucraindeckoro nojs (TKII)?
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1) TMO TOYHO MpeJCKa3bIBACT FEOMETPHUIO KOMILJIEKCA.
2) TMO yuuThplBaeT Kak [JOHOPHbIE, TaK U AaKLENTOPHBbIE CBOMCTBA JIMIaHMAOB,
00BSICHSA T-CBSA3bIBAaHUE.
3) TMO mpoiie B NPUMEHEHUHM [UIsl KadeCTBEHHOI'O IPEACKa3aHUs MarHUTHBIX
CBOMCTB.

4) TMO wurHopupyer 3JIEKTPOCTaTUYECKOE B3aUMOJCHCTBUE MEXAY METAIJIOM U
JUraH/1aMu.

Ortser: 2

3ananne 4. Kakue W3 mnepeyHMcIeHHBIX TMOJIOKEHUIH OTHOCATCH K TeOpPUM
Kpucramniudeckoro noJs (TKII)?

1) OO0pazoBaHue CBSI3U pPacCCMATPUBAECTCS C MO3ULIUU JOHOPHO-AKIIETITOPHOTO
B3aUMO/ICHCTBUA.

2) OO0wbscHsier pacuierieHue d-opOuraneii B oJie JIUTaH/IOB.
3) Ilo3Bomsier mpeacKa3aTh MAarHUTHBIC CBOMCTBA KOMIUICKCHBIX COCIHMHCHUU.
4) MHcnonb3yeT KOHUENIMIO pE30HAHCA JJIsi OMNHCAHUA  JIEIOKaTU3aluu
ANEKTPOHHOU IIOTHOCTH.

Otsert: 2, 3

3ananne 5. Kakue u3 nepe4yucieHHbIX YTBEP:KICHUI CIIPpaBeIIUBbI VIS TEOPUH
noJs juranaon (TILJT)?

1) Ona oObeAMHSAET TMOAXOIABl TEOPUH KPUCTAJUIMYECKOTO TIOJII W METOoJa
MOJIEKYJISIPHBIX OpOuTaei.

2) Ona paccMaTpuBaeT G- U T-B3aUMOJICHCTBUS MEKYy OpOUTAIISIMHU

MeTaJula ¥ JIUTaH/10B.

3) Ona no3BoJsieT 0ObSICHUTh CHEKTPOXUMHUYECKUN Psi/l TUTAH/OB.

4) B ee pamkax He y4HUTBIBAETCSI KOBAJIEHTHBINA XapaKTep CBSA3H.

Otser: 1, 4

3ananue 6. Kakue W3 mepeumncjeHHBIX JIEMEHTOB OTHOCATCA K MOATpyMmie
TUTAHA (TUTaAaHOMAAM)?

1) Lupkonunit
2) I'apunii
3) Bananmit
r) Huobwii
Otsert: 1, 2

3aganue 7. YcTaHOBHTE COOTBETCTBHE MEHKAY METAJIIOM U XapaKTePHBIM J1JIsl Hero
THIIOM COeIMHEHHS UJIM CBOWCTBOM.

1. Tutan : A. TyromiaBkue, XMMUYECKH CTOMKUE TUOKCHIBL;

2. Bamammii : b. CKIOHHOCTP K OOpa30BaHUIO TOJMOKCOAHMOHOB (M30MOIU- U
reTepONOINaHUOHBI)

3. Hupkonuii : B. TyromnaBkue, XuMHUUE€CKH CTOUKUE TUOKCHUbL;

4. XKeneso : I'. SIpko BelpakeHHass HECTEXUOMETPUS B OKCUAAX (HAarIpumep,

WOs-)
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3anaHne 8. YcranoBuTe COOTBETCTBHE MEKAY THUIIOM COCIUHCHUSA U €0 KPaTKUM
OITUCAHHUEM.

1. Oxcun mepeMeHHOTO cocTaBa (HectexuomeTpuueckuil) : A. ®Daza ¢ medexTHOM
KPUCTAJUIMYECKOW CTPYKTYPOH, COCTaB KOTOPOM MOKET HU3MEHATHCS HEIPEPBIBHO B
HEKOTOPBIX mpeaenax (Hamp., TiOy, 0.8 <x < 1.

2. Tsepnpiit pactBop : b. ®a3za, B KOTOpOW aTOMBI OJTHOTO 3JIEMEHTa CTATHCTHYECCKHU
pacrpeziesieHsl 110 y3J1aM KPUCTAJUIMYECKON PEeLIeTKH Ipyroro

3. AxBakomiuiekc : B. KommuiekcHoe coenHenue, B KOTOPOM JIMTaHAAMHU SIBIISIFOTCS
MOJIEKYJIbl BOJIbI

4. CryneHuarasi ycTOMUnBOCTh KomIuiekcoB : I'. CoenuHeHune, B KOTOPOM JIMTaHIbI
MOTYT 3aMeIlaThCs CTYIIEHYATO, C Pa3IMUHbIMU KOHCTAaHTaMH YCTOWYHUBOCTU

3aganue 9. YcraHoBHTE COOTBETCTBHE MEK/1Y NOHSITHEM M €r0 onpe/ieJieHueM.

1. CnnaBel : A. Matepuaisl Ha OCHOBE MeTaia, MOAU(DHUIMPOBAHHBIE BBEICHUEM
JPYTHUX 3JIEMEHTOB JUIsl U3MEHEHUSI CBOMCTB;

2. Kommnekcuble coenunHenust : b. CoennHeHMs, B KOTOPBIX LEHTPAJIbHBIA aTOM
MeTaJula OKPYXXEH MOHAMHU WA MOJIeKyJdamMu (JIMraHaaMu), 00pa3yroIuMi KOOPIUHAIIMOHHYIO
cdepy;

3. Hecrexuomerpus : B. SIBneHue, npu KOTOPOM COCTaB COETMHEHUS OTKIOHSAETCS OT
CTEXHOMETPUYECKOTO U3-32 1e(DEKTOB B KPUCTAILTUYECKON PEIIETKE;

4. Crenenb okucneHus : . YcinoBHbIN 3apsa aTomMa B COSUHEHHH, BHIYUCICHHBIN B
MPEANOI0KEHUH HOHHOTO CTPOEHHUS.

3aganue 10. PacmosiokuTe 3Tanbl ONMCAHMS OKTAdAPHYECKOI0 KOMILIEKCa
[CoFs]*” B pamkax Teopun kpucranandeckoro mous (TKII) B npaBwiIbHOH Jornyeckoii
10CJIe10BATEJIbHOCTH.

1) Onpenenenue obmiero yncia d-371€KTPOHOB Y LEHTpalbHOro atoMa : 2) OmpeneneHnue Tuma
JUTaHI0B (CUJIbHBIE WK ciabbie o). : 3) Pacuer sneprum pacumiersieHus (A) 1 cpaBHEHHE €€ ¢
sHepruelt cnapusanus (P). : 4) [lpenckazanue snekrponHoi koHpurypanuu (high-spin nmm low-
Spin) ¥ MarHUTHBIX CBOWCTB.

3aganue 11. Pacnosnoxkure cienyouue 3Tanbl B NOPsS/AKe UX BbINOJHEHUS NPH
cuHTe3e KoMILIeKCHOTo coennHenus [Cu(NHs)4]SO4 H2O u3 meqHoro kynopoca.

1. PactBopenue CuSO4'5H:0O B Boge : 2. IlocremeHHoe no0aBieHHE KOHLEHTPUPOBAHHOTO
pacTBOpa aMMHaka 10 00pa30BaHUS MHTEHCHBHO-CHHETO pacTBopa. : 3. BrimapuBanue pactBopa
710 Havajia Kpuctamuzau. : 4. OcaxaeHne NpoayKTa 100aBIeHUEM TaHOJIA U OXJIaXKACHUE. :
5. @uapTpanys NOJIy4eHHBIX KPUCTAIIIOB.

3apnanue 12. PacmoJsioskure JIMraHibl B MOPSAJAKE YBeJIWYEHHS BeJUYUHBI
pacuienJieHusi A B ClIEKTPOXHUMHYECKOM psiay (0T cjadeifiero moJjs K CHJabHeimeMy).
Otser: I" : H20 : NH5 : CN-

3ananue 13. Hcnoab3dyss meroa BajieHTHbIX cBsizeili (BC), ompemeaure Tl
ru0puaIM3aIuM ¥ TeOMeTPHI0 KoMILIeKCHOT0 HoHa [Ni(CN)4]*.
OtBert: dsp?, kBagpaTHas.
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3aganue 14. Kakoii THII H30MepHH BO3MOKEH JJISl OKTAAPHYECKOr0 KOMIIEKCa
cocraBa [CrCl2(NHs)4]*?
Oter: I'eomerpuyeckas (LUC-TPaHC) U30OMEPUSI.

3aganue 15. Ha3oBuTre OCHOBHONH NPOMBILUIEHHBIH MeTOA IOJy4YeHHs
MeTa/UINYeCKOro TUTAHA.

OtBer: MaruuiiTepMu4eckoe BOCCTAaHOBJIEHHE TETPaxjopHuaa TUTaHa (Ipolecc
Kpomns).

6.3.2. OLEHOYHBIE CPEJICTBA JJA ITPOBEPKH YPOBHJI
CO®OPMHNPOBAHHOCTU KOMIIETEHLIMU T1K-4

TecThl coiepKar CIEIYIOUIUE TUIIbI 3aIaHUI
Tun 3apanus Ne 3apanus | Bec 3aganus Pesyabrar oneHuBaHus
(6as) (0aJuIBI, MOJTyYeHHBIE 32

BBINIOJIHEHHE 3a0aHus /
XapaKTepUCTUKA MPABUJIBHOTO

oTBeTAa)

3aaHus 3aKpBITOTO THUIIA 1,23 1 Oamn I 6 — momHOE TIpaBUIILHOE
c BEIOOpOM OJHOI'0 COOTBETCTBHUE;
npaBuibHOrO OoTBeTa (1 —
4) 0 6 — ocranbHbIE Clly4au
3ajaHus 3aKpBITOTO THUIIA 4,56 2 Oamia 2 0 — TmoJmHOE TpaBUIILHOE
C BBIOOPOM HECKOJIBKHX COOTBETCTBHE
MIPaBWJIBHBIX OTBETOB (2, 3 (mocnenoBaTeNnbHOCTh BapUAHTOB
u4) OTBETa MOXKET OBITH J1t000i1);

I 6 — ecnu pgomymieHa OJHA

omnOKa / OTBET MpPaBUJIbHBIN, HO
HE IIOJIHBIN;

0 6 — ocTanbHbIE CIy4Yan

3amanus 3aKpBITOTO THIIA 7,8,9 2 dajuta 2 0 — TmOoNHOE TPaBWIbHOE
Ha YCTaHOBJICHHE COOTBETCTBHUE;
cootBeTcTBUsA (3 Ha 3 u 4
Had) I 6 — ecnu pgomymieHa OJHA
omunobKa / OTBET MPaBUIIBHBINA, HO
HE IIOJIHBIN;
0 6 — ocTanbHbBIE Clly4an
3amanus 3akpeitoro twma | 10,11, 12 2 Oamta 2 0 — TmojmHOE TpaBUIIBLHOE
Ha YCTaHOBJICHHE COOTBETCTBUE;
MMOCJIEI0BATEIEHOCTH

I 6 — ecnu pgomymieHa OJHA

ommuOKa / OTBET MPaBUJILHBIN, HO
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HE IIOJIHBIN;

0 6 — ocTanbHBIE CIydan

3amanus oTKpeiTOoro tuma | 13, 14,15

C KpaTKUM OTBECTOM

3 Oana

3 0 -
COOTBETCTBHUE;

IIOJIHOC  IIPaBUJIBHOC

0 6 — ocTanbHbBIE Clly4au

®opmupyeMasi KOMIIETEeH U

NuaukaTopbl chOpMUPOBAHHOCTH
KOMIIeTeHIIUH

IIK-4. CnocobeH pemiath TEXHOJIOTHMYECKUE
3a/la4yM, MOCTaBJICHHbBIE CIEIUAINCTOM OoJee

BBICOKOW  KBaJM(HUKAIMKA, W  BBIOMPATH
TEXHUYECKHE CpEICTBA M  METOIBI  HX
HCIIBITAaHUI

o JIK-4.1. [IpoBoaut IIOUCK u
cUcCTeMaTH3alu HHpopMaIu A BbIOOpa
ONTHMAJILHBIX METOJIOB U METOJMK CUHTE3a U
XapakTepu3aluu (GyHKIIMOHATIBHOTO
Marepuaa (BeIecTBa).

e [IK-4.2. OcymecTBisieT nmoadoop BEIIECTB U
BBIOOP ONTHMATBHBIX YCIOBUH IJIsl CHHTE3a
(YHKIIMOHAJIBHOTO MaTepHaa (BEIEeCTBa).

e [IK-4.3. TIlpoBomutr  XapakTepHU3AIHIO
MOJYYEHHOTO (YHKIMOHAIBHOTO MarepHaja
(BemecTBa) (PU3UKO-XUMUYECKUMH METOaMHU
C HCIOJI30BAaHHEM THIIOBOTO  HAYYHOTO
000pyA0BaHUS.

Tecr 2 (TIK-4)

«XHUMMUSA HEPEXOJHBIX METAJIJIOB»

3aganue 1. [Jas  mouy4deHus

BBICOKOJMCIIEPCHOI0 MOPOIIKA JIMOKCHIA

uupkoHusi ZrQ:, uCnoJb3yeMoro B KauyecTBe (PYHKIMOHAJIBbHOW KepaMHMKH, Haubojee
NMPEANOYTUTEJIbHBIM METOA0M CHHTE3a U3 BOAHBIX PACTBOPOB ABJIACTCS:

1) Iluponu3 kapOoHuIa
2) BoccranoBneHnne BOJOPOAOM

3) OcaxxaeHue u3 pacTBOpa CoJiel IMUPKOHUS MIETOYbI0 (30J1b-TeIh METO/)

4) DeKTPOJIU3 PACIIaBOB
Otger: 3

3ananmue 2. [Ipu cunrese peppura 0apus BaFei2O1 u3 oxkcngos BaO u Fe:0s nas
npeaoTBpalieHuss o0pazoBaHusi MOOOYHBLIX (pa3 M odecrnedyeHUs] BBICOKOW TOMOIe€HHOCTH
NMPOAYKTA HandoJ1ee PAallHOHAJIbHO HCI0JIb30BATh:

1) [InaBneHue cMecu OKCHIOB

2) TeepnodasHblii CHHTE3 C MHOTOKPAaTHBIM HM3MEIbYEHHEM M MPOMEKYTOUYHBIM

OT)KUTOM

3) OcaxzaeHue B BOAHOM cpeze

4) CriupTOTEepMUYECKHI CUHTE3
Otger: 2
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3ananue 3. /1l CHHTe3a MHTEPMETAJIMYECKOT0 COeIMHEHHUSI C TOYHO 3aJaHHOM
crexuomerpueii, Hanpumep, NbsSn 151 CBepXNpOBOJIHHKOB, M3 YHCTHIX METAJIOB,
KJII0YEeBBIM TE€XHOJIOTHYeCKUM (paKTOPOM, IOMHUMO TeMIEPATYPbI, SIBJIAETCS:

1) CxopocTh moja4uu HHEPTHOTO Ta3a

2) IlpenoTBpallieHue NOTEPH JETY4Ero KOMIIOHEHTa (Sn) 3a cueT HMCHOJIb30BaHUS
3arassHHOM aMITyJibl WJIM KOHTPOJIUPYEMOT'O 1aBlICHUs apa

3) UuTeHcuBHOCTH MepeMENInBaHMsl pacIljiaBa

4) IlpumeHeHue yabTpa3ByKOBOM 00pabOTKH

Otger: 2

3ananue 4. Kakue u3 nepeuncjieHHbIX (PU3NKO-XUMHYECKUX METO/I0OB SIBJISIKOTCS
HauOoJiee MOAXOASIIIUMH ISl TOATBEPKIACHHS OKTAIPUYECKOH TreoMeTpPHHM KOMILIeKca
[CoFs)*?

1) OnextponHas cnekrpockonus (Y ®-Buaumast)
2) 3mepenne MarHuTHON BOCTIPUMMYHBOCTH

3) UK-cnekTpockonus

4) Meton SAMP na sape F

Otser: 1, 2,4

3aganue S. [ xapakTepu3anuu KoMIulekca nupkoHouenauxjgopuga Cp:ZrCl.
U TOATBEPKIECHHUSI €ro «CIHIABHYEBON» CTPYKTYpPbl LeJeco00pa3HO MPHMEHHMTh:

1) Dnektponnyio criektpockonuto (Y D-Buaumas) aus nabmroaenust d-d mepexo1os
2) PentrenoctpykrypHbiit ananu3 (PCA)

3) UK-cnekTpocKonuio (i HACHTH(DUKAINHT JTUTaH/0B)

4) Tlporonnywo SMP-crnekTpockonuioo (s aHanM3a [UKIONCHTAMCHUIBHBIX

JIUTAHJIOB)
Orser: 2, 3,4

3ananne 6. Kakue M3 mepeyHcIeHHBIX MeTOJ0B CHHTe3a NPUMEHHMMBbI Jisl
MOJIy4eHHs] TOHKHX IUICHOK AHOKCHAA 0Ji0Ba (SnO:), JermpoBaHHOro cypbmoii (Sb), nus
NMPO3PaYHBbIX MPOBOASIIIUX 3JE€KTPOAOB?

1) PacnibuieHre Ha MarHeTpoHe roToBoi MuiieHu u3 Sn02-Sb;
2) 30J1b-Tesib HAHECEHUE C MOCIEAYIOIINM OTKUTOM;
3) ConbBOTEpPMHUUYECKU CHHTE3 B aBTOKJIABE;
4) XuMuueckoe ocaxkaeHue u3 naposoit ¢aszel (CVD).
Otser: 1,2, 3

3aganume 7. YcraHOBHUTE COOTBETCTBME MeEXKAY ILeJeBbIM MaTepUAIOM U
ONTUMAJBLHBIM METO/I0M €r0 CHHTe3a.

1. Wnurepmeramnmun NiTi (autuHonm) : A) CrexkaHue CTEXHOMETPHUYECKHX CMecei
YUCTBIX METAJJIOB B HHEPTHOM aTMocdepe;

2. Toukas muenka WOs g 3J€KTPOXPOMHBIX YyCTpoHCTB : b) Xumuueckoe
ocaxknenue u3 naposoit ¢aszsl (CVD) ¢ ucnonp3oBaHUEeM raJOreHUIOB;

3. Hanowactumpl 30510Ta, cTaOWIM3WpoBaHHbIE mUTpatoM : B) Boccranosnenue
TeTpaxjiopaypara BOAOPOJOM UM LIUTPATOM B PaCTBOPE;
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4. Merannuyeckuii TUTaH BBICOKOM uMcTOTBl : ') Marnuiitepmudeckoe
BOCCTaHOBJIEHHE TaJIOr€HUI0B

3ananue 8. YcTaHOBUTE COOTBETCTBHE MEXKAY METOJOM XapaKTepu3auuud |
TUNIOM UHGOPMAIIUH, KOTOPYIO OH MPEA0CTABJIsIET 0 KOMILIEKCe MePeX0IHOr0 MeTaJLia.

1. DOnexrponHas cnekrpockomnus (Y®-Bumumas) : A) DHeprus pacmieruienus d-
opoutanei (A), d-d mepexopr;

2. V3mepeHue MarHuTHOM BOCHPUMMUUBOCTH : b) Uuciio HeciapeHHBIX 3JIEKTPOHOB,
tun komiutekca (high-spin/low-spin);

3. UK-cnekrpockonus : B) Hamnume m tun xoneGanuil (pyHKIMOHAIBHBIX TPy
JIMTaH/0B;

4. Metoa BanentHbIx cBszeit (BC) : ') Tun rubpunuzanuu 1 reoMeTpusi KOMILIEKCa
(mo BC).

3ananue 9. YcraHoBHTE COOTBETCTBHE MeKAY TEXHOJOTHMYECKOW 3axadeid u
MOAXOASIIIIUM METO/I0M CHHTe3a Ui 00padoTKH.

1. llonyuenue MoOHOKpHCTAIIAa OKcuaa wutrTpus-oapus-menu (YBCO)  mis
uccienoanuii : A) HampaBienHnas kpucramid3anus U3 pacTBOpa B paciuiaBe (METo/
YoxpanbCckoro);

2. Co3/aHue MOPHUCTOTO OKCHJA aTIOMUHUS C YIOPSIOYEHHBIMH HaHOMOpamu : b)
AHOJTHOE OKCHMPOBAHUE aTIOMUHHS,;

3. Hanecenne M3HOCOCTOMKOTO MOKpBITHsS W3 HUTpuaa tutaHa (TiN) Ha pexyrimii
UHCTpyMeHT : B) BakyymHoe nyroBoe ocaxkiaeHue;

4. TlonydyeHue BBICOKOAMCIEPCHOTO ME30MOPUCTOTO CHIIMKara ais karanusa : I)
30J1b-T€JIb MPOIIECC C UCTIOTB30BAHUEM II1a0JI0HA

3apanme 10. Pacnosoxkure 3Tanbl NpoBeleHHs] CHHTe3a KOMILJIEKCA
Tpuc(anerunaneronara) skeaesa(lll) [Fe(acac)s] m3 Bognoro pacrsopa coim Fe** B
NMPaBWILHOM MOC/IeT0BATETbLHOCTH.

1) JloGaBieHue BOJHOTO pacTBOpa aleTuianeroHa Kk pactsopy comnu sxenesa(Ill) : 2)
HarpeBanue cMecu ¢ mocienyouM J00aBJI€HHEM alerara HaTpus JUIs
nomgnepxkanuss pH : 3) IloaxkucieHue peakIMOHHOW CMECH Ui 3aBEpPIICHUS
kpuctamm3anuu : 4) OunbTpallus W TPOMBIBKA IMOTYYSHHBIX KPUCTAIJIOB : 5)
Cymika npoayKTa B 9KCUKaTOpe

3aganue 11. Pacmosioxkure B JIOTHYECKOM IOPS/AKE 3Talbl M0A00pa yCJA0BHUM
nasi cuare3a terpaammuaMenu(ll) cyasgara [Cu(NHs)4]SO4 H:O.

1) Ananus nurepatypbl MO CHHTE3y aMMHUAYHBIX KOMIUIEKCOB d-MeTayuioB : 2)
Bribop w#WCXOAHBIX colell Meau W HCTOYHWKA ammuaka : 3) OmpezeneHue
ONTUMATIFHOM TeMIIepaTyphl U KOHIICHTpAIUHU peareHToB : 4) [IpoBenenue mpoOHOTO
CHMHTe3a B HeOOnpImmMX Macmrabax : 5) XapakTepusamus MOJTYyYEeHHOTO MPOJYKTa
(uBet, (hopMa KPUCTAIIIIOB, YIEMEHTHBIN aHAH?3)

3aganue 12. PacnoJioxkuTe 3Tanbl CTpaTernu BbIOOpa MeTOJa CHHTE3a HOBOIO
KOMILJIEKCHOI'0 COe/IHHEHHUs MOJIMO/IeHa.

1) [Mouck B Hayunbix 6a3ax ganHbIX (Scifinder, Reaxys) mo ananoram ¢ 01u3Ko# : 2)
Beibop mpekypcopa MonuOIeHa W JUTaHAOB Ha OCHOBE WX JIOCTYIHOCTH H
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PEaKIMOHHON crocoOHOCTH : 3) ApanTanus HalIEHHBIX METOAMK K MMEIOLIEMYCS
naboparopHomy obopynoBanuio : 4) [IpoBenenue cuHTe3a 1Mo BEIOpaHHON METOJIUKE
5) Anamu3 panabsix POA, UK- u DIIP-cniekTpockonuu st MOATBEPKICHUS

CTPYKTYPBI CTPYKTYpOii

3ananue 13. Kakoii ocHOBHOW (U3NKO-XMMHUYECKUI METO] HUCHOJb3YeTCs IJIsl
KOJINYECTBEHHOI0 OINpeae/ieHus1 CTeNeHW HeCcTeXHOMeTPpUN (3HAYEeHUs1 X) B OKCH/e
panaaua VO,?

OtBer: Penrtrenodasoneiii ananus (PDA) B coueTaHWH C TOYHBIM OIpeaeSICHHEM
napamMeTpoB 3JIEMEHTAPHOUN SYEHKHU WIIM TPaBUMETPUUYECKUN aHAW3 (HAMp., BOCCTAHOBJICHUE B
BOJIOPOJIE C U3MEPEHUEM MACCHhI).

3ananne 14. Kakoil BOCCTAHOBHMTE/Nb M B KAKHMX YCJOBHAX MCIOJIb3YeTCH B
NPOMbIIILTIEHHOM npouecce KpoJuis s nojiyyeHusi MeTALIH4eCKOro TUTaHa?

OtBer: Merammueckuii marHuii, npu Ttemneparype ~800-1000°C B armocdepe
aproxa.

3amanme 15. Kakoii Meroa »3JIeMEHTHOrO aHAJIH3a SABJISETCA HamoOoJjee
pacnpoCcTPaHEeHHBbIM /JIsl TOYHOI0 KOJHUYECTBEHHOTO ONpele/ieHUsl COJAep:KaHus yrjiepoaa
H BOJOPO/IAa B OPraHUYeCKHX KOMILJIEKCAX NMepexoaHbIX MeTALJIOB, TAKMX Kak ¢eppoueH?
OtBet: DnementHsiit ananuzatop (CHNS-ananms).

6.3.3. TunoBbIe KOHTPOJIbHBIC 3aJaHUA UJIH UHBIEC MaTECPHUAJIbI, H606X0)]I/[Mble AJIA
OLCHKH pe3yJbTaTOB OCBOCHUSA ITUCHHUIIJIHHBI

KOMILIEKT 3AJIAHUM J1JIs1 KOHTPOJIBHOM PABOTHI

KonTpoabHas padora 1: Onucanue KOMIUIEKCHBIX CO€MHEHUIN NEpeXoAHbIX METaJIOB
¢ mo3unMii Teopun Kpucramumueckoro nois (TKII).
Bapmuanr 1.
1. HazoBuTe cneayromuye COeIMHEHUS:
a) (n°-CsHs)2TiCly ;6) (1°-CsHs)Fe(CO)2l; [(n°-CsHs)Mo(CO)s)2
2. luxyoneHTaiueHUIHATPHUM (M30BITOK) BBEIUTE B PEAKIIMIO C IEHTAXJIOPUIOM HUOOHUS.
Ha mnonmyuyeHHOe coeIMHEHHE TOCIEIOBAaTEIbHO MOJEHCTBYHTE XJIOPUCTBIM BOJOPOJIOM,
dbenummutrem, okcuaoMm yraeposa (CO). HazoBute momydeHHbIE COCTUHEHHS.
3. 13 xiopua kobanbTa MorydyuTe STHI(TeTpakapOOHHT)KOOAIbT.
4. Tomyuure muruapuaGuc(N -IMKIONEHTaAUEHII)IUPKOHUI U3 TeTpaxiopuia
IUPKOHHUSL.
5. W3 nuKIoneHTauena nomydure (N °-1MuKI0NeHTa ue ) HUTPO3HITHUKES.
6. 13 TpeXXJIOPUCTOTO BUCMYTA MOIYYUTE TPUITUMAHTPEHUIIBHCMYT.
Bapuanr 2.
1. IIpuBenute cxemy noaydeHus conu Lleise.
2. IlpuBeaure cxemy MOIYYEHHUS MOHIa TPUMETUIIIIATUHBL.
3. IlpuBeuTe cxeMy MOTy4YEeHUS TUMETHITHTaHOIICHA.
4. Ipueaute crocob cuHTe3a Huc(OeH3011)Xpoma.
Bapmuanr 3.
1. IlpuBeaute cxemy MOIYUYECHUS TUAPUIA
(N°-UUKII0NEHTaIHeHNT ) TPHKAPOOHMIMOMMG IeHA.
2. [IpuBenute cxemMy MoaydeHus Ouc(Toayos)TUTAHA.
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3. [IpuBenuTe cxeMy MOTYYCHHs allUITICHTaKapOOHMIIA MapraHIia.
4. IlpuBenute cxemy MoJiydyeHus peaktuna [ mimana.

Kontposbnas padora 2: Onrcanue KOMIUIEKCHBIX COEAUHEHUN MEPEXOIHBIX METAJIOB C
MO3ULIMIA TeopuH BaIeHTHBIX cBsizeit (BC).

1. a) KakoBa »1eKkTpoHHas KoHDHTypanus noHa MN?" u kakoe KOOPIMHALMOHHOE YHCIIO
HaunOosee xapaktepHo it Mn (1) B coenunaenusx? [Ipu 000CHOBaHUYU OTBETA MPUBEIAUTE CXEMY
pacrpe/ieNieHls BaJeHTHBIX JIEKTPOHOB MoHA MN?* 1o d-opOuTansM B mone OKTadApUYEcKOro
OKpY>KEHUS JIUTaH/I0B.

06) Kakas crpykrypHas eamHuIa Hamboiiee xapaktepHa s coeauHenuit Mn(l1)?
Onwuiute cTpoeHue kpuctaioB MnO, MnS, MnF2, u MnCl,, Mn(OH)a.

B) M3  Kakux  CTPYKTypHBIX  €IUHHMII  [OCTpOeHBbl  Kpuctamiel MnSO4-6H20;
Mn(NOs3)2:6H20; Mn(ClO4)2:6H20; MnSO4-4H,0?

2. IlpuBenuTe SIEKTPOHHBIE KOH(UTYpalnMu OKTa’JIpHYECKHX aKBa-, (TOpO-, XJIOpO-,
uanokominiekcoB mMapranma (11).

a) Kakne u3 3THX KOMIUIEKCOB BBICOKO-, & KAKHE€ HU3KOCITMHOBEIE?

6) CocraBbTe ypaBHEHHUS peakluii oOpasoBaHus akBakoMmiuiekcoB Mapranma (II) mpu
B3aUMOJICHCTBUU METaJTMUECKOro Maprasiia, okcuna maprania (1) u kapoonara mapranma (I1)
¢ pa30aBIECHHBIMU KUCTIOTAMHU.

B) CocraBbTe ypaBHEHHS peakiuid 00pa3oBaHWsS aHUOHHBIX (TOPO-, XJIOPO-,
nuanokomiiekco mapranna (l1), mcxoms u3 pactBopa, comepxkamero uoHsl [Mn(H20)6]?".
KakoBo moBenieHre yKa3aHHBIX aHHOHHBIX KOMIUIEKCOB IPH pa30aBIeHUH pacTBopa?

BAPUAHT TECTOBBIX 3AJJAHUM
Tecr
TecT M0 XMMHH OPraHUYeCKUX COeIMHEHNH MepexoIHbIX 3J1eMEeHTOB

Hucmpykyus ona cmyoenma

Tecm coodepotcum 25 3a0anuii, uz nux 15 3aoanuit — yvacme A, 5 3a0anuii — vacmeo B, 5
3a0anuit — yacmo C. Ha ez2o eévinonnenue omeooumca 90 munym. Ecnu 3a0anue ne yoaémces
6bInOIHUmMY cpaszy, nepeiioume K ciaeoyiouwiemy. Ecau ocmanemca epemsa, eepnumecsy K
nponyuwiennvim 3a0anuam. Bepno evinonnennoe 3adanue wacmu A oyenueaemcs é 1 oann,
yacmu B — 2 oanna, wacmu C — 5 d6annoe.

YACTb A

K kaxxgomy 3a1anuio 4acTu A J1aHbl HECKOJILKO OTBETOB, U3 KOTOPBIX TOJbKO OJMH
BepHBIH. BoINoJIHUB 3a1aHNe, BbIOCPUTE BEPHBIH 0TBET H YKAaKUTE B OJIAHKE OTBETOB.

Al. Kakoe 13 ciieyronmx COeJUHEHN MOXKET CYIIECTBOBATh B ONITUYECKH aKTUBHBIX
dopmax?

Bri6epute npaBUiIbHBINA OTBET.
1. Buc(n®-nmKI0neHTa MEeH I ) TUPKOHHH IUMETHIL.
2. bpomu TpUMETHUIIIUIATUHEL.
3. yuc-Aumernn(ouc(tpudenmndochrH)maTuHa.

4. Tumep (n3-annunnaniaauixiopua).

A2. Ha TpexxJIOpUCTBIN BaHAIUH MTOCIEN0BATEIBHO OIEUCTBOBAIN
[UKJIONEeHTaAUMEeHUIHATpUEM (M30BITOK), 3aTeM XJopodopMoM u MeTwiuTHeM. Kakoe
COEMHEHHE TOJTyYEHO?

Bribepure npaBuIIbHBINA OTBET.

1. BagagoneH.

2. Euc(n5-HHKnoneHTa)meHI/m)BaHaJmﬁxnopI/Ul.

3. EuC(TlS-HHKJIOHGHTaI[I/IeHI/IJI)BaHaHHﬁHHXHopHH.
4.(n5-L[HKJ10HeHTa;[HeHHn)BaHanHﬁﬂnxnosz[.

A3. Kakoe 13 nepeyuciaeHHbIX COeIMHEHUN HE pearupyeT ¢ OKCUAOM yriepoaa?
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Bribepure npaBUIIbHBINA OTBET.
1. Buc(n°-1uKIone Ta uenun) (e HUITHTAH.
2. Banagonen.
3. ®epporieH.
4. KoOaypToIIeH.
A4. TTo kakoMy MexaHU3My OyJeT MPOTEeKaTh B3aUMOJICHCTBHE TPUBIIOPHIA 30J10Ta C
6eHszonom?
Bribepure npaBUIIbHBINA OTBET.
1. Snl.
2. Sn2.
3. An.
4. Sk.
AS. C noMompbl0 KakMX XMMHUYECKHUX pEaKIHi MOXHO pa3ivyuTh KOOAIbTOLIEH U
BaHaJ0LEH?
Bri6epuTe npaBUIBHBINA OTBET.
1. Peakus ¢ NaCl.
2. Peakusa ¢ HCI.
3. Peakmus ¢ okcuiom yriepoaa.
4. Peakmus ¢ NaCN.
A6. B xakoil u3 peakuuii IpoayKTbl HAIIMCAHBI BEPHO?
Bri6epuTe npaBUIbHBINA OTBET.
1. byraguen-1,3 + Fe(CO)s — (n*-6yramuen-1,3) Fe(CO)s .
2. Byramuen-1,3 + Fe(CO)s — (n*-6yragnen-1,3) Fe(CO)s .
3. Byranuen-1,3 + Fe(CO)s — (n*-6yranuen-1,3) Fe(CO); .
4. Byramuen-1,3 + Fe(CO)s — (n*-6yraauen-1,3) Fe(CO) .
A7. Kakoe 13 nepeunciaeHHbIX COeIMHEHNH HarboJiee peakiIMOHHOCTIOCOOHO B peakuu
TPUXJIOPUAA 30J10Ta C AapeHOM?
Bri6epuTe npaBUIbHBINA OTBET.
1. n-HurpomeTrunbenzonn.
2. MeTtuibeH3ou.
3. m-JIuHUTPOOEH301.
4. n-bpommeTHIIOEH3011.
A8. B xakoil u3 peakuuii IpogyKThl HAIIMCAHBI BEPHO?
Bri6epuTe npaBUIIBHBINA OTBET.
1. CsHg + Mo(CO)s — (1n°- CsHs)Mo(CO)4 + ¥ Ha.
2.2 CsHg + 2 Mo(CO)s — (1°- CsHs)(CO)sMo- Mo(CO)3(n®- CsHs) + Hy .
3. CsHs + Mo(CO)s — (n°- CsHs)Mo(CO)s + Y Hz .
4. CsHg + Mo(CO)s — (n°- CsHs)Mo(CO)z + % Ha .
A9. C Kak1M U3 IEPEUHCICHHBIX COeIMHEHUN (heppoLieH AT MPOAYKThI 3aMeIeHUs
BOJIOpOIa ?
Bribepure npaBuIIbHBINA OTBET.
1. MoaucThIii MeTHII.
2. MetunMarauiioauna.
3. ByTuinuTui.

4. Auerat pTyTH.
A10. Ha nudepponieHIIKETOH MOCIe0BATEIbHO TOICHCTBOBAIA THPOKCHIIAMIHOM.

[TonyyeHHOe coeJMHEHNE BBEIIU B peakiuio ¢ neHradenmwicypsmoid. Kakoe coenunenue
MOJIyYUTCs?

Bribepure npaBUIIbHBINA OTBET.

1. JudeppouenunrerpadeHUICYPbMBI.

2. MudeppouieHuIoKcCuMaTTeTpad e HUICY PbMBI.
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3. dudeppoueHmiaMuHOTeTpapeHUICY pbMa.

4. TudepponeHUITHIpOKCHITEeTpadeHUICyprma.

A11. Kakoe 13 nepeyuciaeHHbIX COeIMHEHUI He B3aUMOJICHCTBYET C BOJION IIPHU
KOMHATHOM Temreparype?

Bribepure npaBUIIbHBINA OTBET.
1. Couns Leiize.

2. XpOMOIIEH.

3. JuruapunaBoiashpamMorieHa.
4. [lumanTpeHuncepedtpo.

A12. YcranoBute ctpoenune BemectBa SiCsHio, eciiu M3BECTHO, YTO OHO pearupyer C
HETpEACAbHBIMI  COCIMHEHUSAMU U OUC(TPUATWITEPMIII)PTYTbIO, a TpPU HArpeBaHUU C
KHCI0poaoM obpasyer coeaunenue SioCsH1gO.

Bribepure npaBUIIbHBINA OTBET.
1. METUIATUIICUIIAH.

2. IpONUJICUIIAH.

3. TPUMETHUIICUIIAH.

4. M30TPOIUIICHIIAH.

A13. JIns Kakoro u3 NpuBEAEHHBIX HUKE COCAMHEHUHN PeaKlMy aypUpOBaHUs IPOTEKAIOT
¢ HanOOJIBIIIEH CKOPOCTHIO?

Bri6epuTe npaBUIbHBINA OTBET.

1. Tomnyomn.

2. HutpobeHn3o.

3. benzanpaerun.

4. bytan.

A14. Kakoii u3 HUKe IMePeUNCIICHHBIX PeareHTOB OyIeT ClIocOOCTBOBAThH IPEBPAIIICHHUIO
[(1n°-C5Hs)Mo(CO)s]2 B (n°-CsHs)Mo(CO)3H?

Bri6epuTe npaBUIbHBINA OTBET.
1.H>

2. Fe + LiAIH.

3. LizH.

4. AlHa.

A15. Kakum MeToZ10M MOXHO OYHCTUTh TU(PEPPOLIEHUICYPbMY OT IPUMECH

beppoueHuIMepKypxopuaa?
Bribepure npaBUIIbHBINA OTBET.
1. leiictBueM OpOMHOI BOABI.
2. Peakuueil ¢ BOIHBIM paCTBOPOM II€pMaHIaHaTa KaJus.
3. O6paboTkoii cMecH (PEHUIUTUTHEM.
4. Ilepexpucramin3anyen n3 rekcaHa.

YACTh B

Bynbre BHUMaTeabHbI! 3axanns yactu B MoryT ObITH TPEX THIIOB:

1. 3alaHusl, coJeprKallie HECKOJIbKO BEPHbIX 0TBETOB;

2. 3a/laHNsl HA YCTAHOBJICHHE COOTBETCTBHS;

3. 3aJlaHusl, B KOTOPBIX OTBET JI0JI:KeH ObITh 1aH B BU/le YUCJIA, CJIOBA, CHMBOJIA.

B1. PacnionoxwuTte B psij 10 yIpoueHU0 XUMHUYECKO cBs13u M-C crenyromue
COETMHEHUSI:

1. (n°-CsHs)Mo(CO)3CHs,
2. (n°-CsHs)Cr(CO)3CHa,
3. (n°-CsHs)Wo(CO)3sCHs,

B2. Pacrionoxute B MOPSAKE YBEIMUYECHUS AKTUBHOCTH B PEAKIIMU PACIICIITIEHUS CBA3U -

C XJ0pOBOIOPOIOM CIIEYIOIINE COETUHEHUS:
1. Tpudennndop;
2. TpueHUITIATIOMUHAN;
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3. TpudeHUIXpOM,

4. TpudeHmITAIITIIA.

B3. Kakue u3 nepeuncieHHbIX HUKE COETMHEHNN MOTYT MPOSIBIIATH ONTUYECKYIO
AKTHUBHOCTD!

1. woaun TPUMETHIILIATUHBI,

2. comb Leiize,

3. coeguHeHHe YHUIKHHCOHA,

4. TUIPUA TUKIONEHTAJUSHUITPUKAPOOHUIXpOMA.

B4. Pacnionoxute B MOPsIKE YBEIMUEHUS TEPMUYECKON YCTOMYMBOCTHU CIIEIYIOIINE
BEILECTBA:

1. buc(6enzom)xpom,

2. pepporieH,
3. IUKIIONCHTaJUCHIIIMAPTaHEITPUKApOOHNT,
4. TpUATUIICYpbMA,

BS. Cpenu nepeynciieHHbIX COEAUHEHUH YKaKUTE T€, KOTOPbIE MOKHO BOCCTAaHOBUTD J10
TUIPUJIOB:

1. nuKIONeHTaueHUIMapraHeTpuKapOOHNI,

2. nudepporeHuI,

3. mudeppoLIeHIUIITUTAHOIIEH,

4. xnopun 6uc(IUKIONEHTAIUSHIIT )BaHAIHS.
Yacms C

Otsetsl k 3a1anuaM yacTu C gopmyaupyiite B cB0OOAHOM KpaTKoi Gopme u
3anucbiBaiiTe B 0JIAHK OTBETOB.

C1. Kakue peareHTbl CIEIyeT HCIONb30BaTh JUIA INPEBPALICHUS TUTaHA B
TETPAIMKIIONEHTAAUCHIWITUTAH. 3alUIIMTE pPEareHThl B IMOPSAKE MX MPUMEHEHHs. YKaKUTE
YCJIOBHS IPUMEHEHUS PEAr€HTOB.

C2. [lnsg xpoMa HamuIIUTe ypaBHEHUE peakiuu ¢ audenunoMm. HazoBute monydeHHBIC
BEILECTBA.

C3. HazoBuTe coeuHEeHHE, COIEpIKaIee KaJIU, TUIATHHY U XJIOpP, KOTOPOe
B3aMMOJICHCTBYET CO CIUPTOM B BOJIE, a B PE3YJIbTATE peaKIUU ¢ OYyTUICHOM MpeBpaliaercs B -
KOMIUJIEKC TJIATHHBI.

C4. JlaiiTe onpeneneHne aCUMMETPUYECKOTO aTOMa TUIATUHBI.

CS5. 3akoHuuTe pasy «r-KOMILIEKC — 3TO....... ».

6.4 MeToanuyeckne MaTepHaJibl, ONpe/esiiolue NpoueIypy OneHUBaAHUSA
3HAHUI, YMEHUH U HABBIKOB

TPEBOBAHUS K ®OPME OTUETA 110 IABOPATOPHOM PABOTE

®opma oryera. OTUeT MODKEH COAEpXKaTh Ha3BaHME, IIeTb PabOTHI, ONMHCAHWE XOna
paboThl, cXxeMbl IPUOOPOB, pacyeTsl, TabIuILy, rpaduKu 3aBUCUMOCTH, BbIBOJ. K 1abopaTtopHoii
paboTe TOJIKHBI OBITH Pa300paHbl BOMPOCH! K 3aHATHUIO.

7 HIEPEYEHb TH®OPMAIIMOHHBIX TEXHOJIOT Ui, NCIIOJIb3YEMBIX
B NIPOIECCE OBYYEHUA

NudopmannonHbie TeXHOJIOTMN — 00yUEHUE B 3JIEKTPOHHOM 00pa30BaTeIbHON cpejie ¢
LENbI0 PAcIIMpPEeHUsl JI0CTyna K 00pa3oBaTelIbHBIM pecypcaM, YBETUYEHUS KOHTaKTHOTO
B3aMMOJICHCTBUS C IpenoAaBaTeyeM, MOCTPOSHUs] UHIUBUIYAIbHBIX TPACKTOPUN MOJArOTOBKH,
00BEKTHUBHOT'O KOHTPOJIE 1 MOHUTOPUHTA 3HAHUH CTYICHTOB.

B oOpazoBatenbHOM Tmpoliecce IO  JUCHUIUIMHE HCIOJB3YIOTCS — CIEQYIoIne
MH(POPMALIMOHHBIE TEXHOJIOTUH, SIBJIAIOLIMECS KOMIOHEHTaMU DJIEKTPOHHON MH(OPMAaILMOHHO-
oOpasoBatensHOM cpeasl BITIY:

e Odunmanpuslii caiit BITIY;
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e Cucrema aekrponHoro ooyuenuss ®I'bOY BO «bI'TIY »;

e Cucrema TECTUPOBaHHS Ha OCHOBE eauHOro mnopraia «VHTepHeT-TeCTUpOBaHUS B
chepe obpazoBaHust WWW.i-exam.ruy,

o Cucrema «AHTUILIArHaT.BY3»;

e DJEKTPOHHBIC OMOTUOTEYHBIC CHCTEMBI;

o MyJnbTUMEIUIHOE COMPOBOXKICHUE JICKIIUA U MPAKTUUECKUX 3aHATHM.

8 OCOBEHHOCTHU U3YYEHMUS JUCHUIIJIMHBI UHBAJINLJJAMU U JIMIHAMMU C
OI'PAHUYEHHBIMHA BO3MOXHOCTSAMMU 3/10POBbS

[Ipn oOyueHHMH IUII C OrpaHUYCHHBIMUA BO3MOKHOCTSMH 3/10POBbsI NPUMEHSIOTCS aJiarl-
TUBHBIE 00pPa30BaTEIbHBIC TEXHOJIOTUU B COOTBETCTBHHU C YCIOBHUSIMH, U3JI0KEHHBIMH B paszese
«OcobeHHOCTH peanu3anuy  00pa30BaTEIbHOM IMPOrpaMMBbl JUIi WHBAJIMAOB W JIMI[ C
OTPaHUYECHHBIMH BO3MOYKHOCTSIMH ~ 37I0POBBS» OCHOBHOH 00pa30BaTeNbHOW IMPOrPaMMBI
(MCTIOJIB30BaHUE CIICIMATBHBIX YIEOHBIX MTOCOOMH U AUJAKTUYECKUX MAaTEPUAaIOB, CIICIUAIBHBIX
TEXHUYECKUX CPEICTB OOYYECHHs KOJUIGKTMBHOTO W HWHIWBUAYAIBHOTO  IOJIb30BaHHMA,
NpEeJOCTaBICHHE  YCIOYr  acCHUCTeHTa  (IIOMOIIHMKA),  OKa3bIBAIOIIETO  OOYYarOMIUMCS
HEOOXOMMYI0O TEXHHYECKYI0 TOMOIIb W T. M.) C YYETOM HWHAMBHUIYAIBHBIX OCOOCHHOCTEH
00y4aromuxcs.

Jns o0ydaromuxcsi ¢ OrpaHUYCHHBIMA BO3MOXKHOCTSIMU 37I0POBbsI TIPEAYCMOTPEHBI Clie-
aytomye GopMbl OpraHu3aiy NeJarornyeckoro Mmporecca U KOHTPOJIS 3HAHHA:

- JUIsl c1abOBUIAIIMX:

o0ecrieunBaeTCsl MHANBUAYaIbHOE paBHOMEpHOE ocBenienne He meHee 300 Jokc;

JUTSL BBITIOJTHEHUS! KOHTPOJIBHBIX 3aJIaHUH MPH HEOOXOAMMOCTH MPEIOCTABISCTCS YBEIHIH--
BAIOIIlEE YCTPOICTBO;

3aJaHust JJIS1 BBITIOJHEHUS, @ TaK)Ke WHCTPYKIHUU O TOPSIKE BBITIOJIHEHHUS KOHTPOJIBHBIX
3a7aHuil OOPMIISIOTCS YBETMYCHHBIM pudToM (pazmep 16-20);

- TSl TITYXHUX U C1a00CBIIIAITIX

o0ecreynBaeTcsl HaJIM4Ke 3BYKOYCHIIMBAIOLIEH anmnapaTypbl KOJUIEKTUBHOTO 10JIb30BaHMS,
pyu HEOOXOAMMOCTH OOYYAIONIMMCS MPEIOCTABISIETCS] 3BYKOYCHIIMBAOIIAs amiaparypa WHIH-
BUAYQJIBHOTO MTOJIb30BaHUS;

- JIUISL JIUIL C TSDKEIBIMU HapyIICHUSIMH PEUH, TIYXHX, CITa0O0CIBIIAIINX BCe KOHTPOJIbHBIC
3aJJaHMsI 110 JKEJIAHUIO MOTYT ITPOBOJIUTHCS B MUCBMEHHOM (hopMme.

OcHOBHOI (POpMOIT OpraHU3aIMH MTEJArOTHIECKOTO MPoIIecca SBISIETCS HHTETPUPOBAHHOE
o0yuyeHHe UHBAJIUIOB, T.€. BCe 00YYarOIIMEecs y4arcsi B CMEIIAHHBIX IPyMax, UMEIOT BO3MOX-
HOCTB TIOCTOSTHHO OOIIATHCS CO CBEPCTHUKAMM, JIETYE aJalTUPYIOTCS B COIIMyME.

9 CIUCOK JIUTEPATYPbBI U UTHO®OPMALIMOHHBIX PECYPCOB
9.1 JIuteparypa
OcHoBHas1 JInTepaTypa

1. XKuznkos, B. B. Xumusi nepexo/HbIX METAILIOB : y4eOHO-METOANYECKOE MOCOOUE sl CTYIEHTOB
nenBy30B M yueHbIx-uccienosateneit / B. B. XKunkos, U. B. Eroposa. — bnarosemenck : M3natenscTBo
BI'TIY, 2025. - 258 c.

2. Heoprannueckas xumusi: B 3 1. / Ilox pen. FO.Jl. Tperbsixona. T. 3: Xumus nepexoaHbIx
AJIEMEHTOB: YUeOHUK JUIsl CTyA. BhICHI. yueO, 3aBenenuii / A.A. [Ipo3nos, B.I1. 3nomanos, I'".H.
Maszo, ®.M. Cnupunonos. —M.: U3natenbckuii neHTp «Akagemus», 2007. 352 c.

3. I'muuka, H.JI. O6mras xumus: yde6.mocobue mis By3oB / H.JL. I'muuka; mox pex. A.M.
Epmaxosa. — 30-e u3n., ucnp. — M. : Unarerpain-Ilpecc, 2007 — 727 c.(21 3k3.)

4. AxmeroB, H.C. O0mas u Heopranudeckas XuMus: y4eOHuUK isi ctyna. By3oB / H.C.
AxMeToB. - 8-e u3n., crep. - M. : Beicm. mk., 2014. - 752 ¢. (10 7k3.)
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5. AxwmeroB, H.C. JlaGopaTropHble W CEMHHAapCKHE 3aHATHS 10 HEOPraHUYECKOH XHMUU:
y4yeOHOe Tocodue i cTyA. XuM-TexHod. crerl. By3oB / H.C. Axmeros, JI.W. baxpiruna, M. K.
AsuzoBa - 2-e u3a., nepepad. u norm. - M. : Beicmr. mik., 1988. - 303 c. (22 3k3.)

6. O6mas u HeopraHuyeckas XuMmusi. JIaboOpaToOpHBIA MPAKTHUKyM: yd4ed. Mmocooue ais
OakamaBpoB u crienpanuctoB / C. C. babkuna u 1p.. - M. : FOpaiir, 2012. - 481 c. (5 9k3.)

7. llpaiiBep, /1. Heopranuueckas xumus. B 2-x 1. / I1. Otkunc, nep. ¢ anri. A.M. XXuposga,
J.0. Yapkuna, M.I'. Po3zoBoii, C. 5. Uctromuna, M. E. Tamm. — M.: Mup, 2004. — 486 c. (5 3k3.)

8. Eropoma M.B. Cunte3s, CTpoeHHE M HEKOTOPBIC PEAKIIUU apUIbHBIX COCIMHCHUH BUCMYTA:
Mounorpadus / U.B. Eroposa, B.B. lllapytun, O.K. lllapytuna. —bnarosemenck: M3a-so BI'TIY.
2007. -240c. (24 >k3.)

JonosHUTeIbLHASA JUTEpPaTypa
1. OO6mas wu Heopranmueckas xumus. J[aOOpaTOPHBIM TPAKTHUKYM: y4eO. MocoOue st
OaxanaBpoB u crenuanuctoB / C. C. babkuna u 1ip.. - M. : FOpaiit, 2012. - 481 c. (5 3k3.)
2. Yraii, S1.A. OOmiast 1 HeopraHMYECKast XUMUS: YIeOHUK IS CTY/. BY30B, 00yJarOIIUXCsI
o cretl. «Xumus» / S.A. Yrail. - 4-e uzz., crep. - M. : Beici. mk., 2004. - 527 c. (18 3k3.)
3. Hlapytun B.B. Peaknuu opraHn4eckux COCIUHEHUH 31eMeHTOB: MoHorpadus / B.B.
[Hapytun, B.C. Cenuypun. — biarosemenck: U3a-so BI'TIY, 2008. -228c. (23 5k3.)
9.2 ba3bl JaHHBIX U HHPOPMALMOHHO-CIIPABOYHBIE CHCTEMbI
1. Caiit o xumuu http://www.xumuk.ru
2. Karanor oOpa3oBartebHbIX HHTEpHET-pecypcoB http://www.edu.ru
3. DnektpoHHas Oubauoreka mo xumun http://www.chem.msu.su/rus/elibrary/
4. Topran Hay4HOU 3J7eKTpOHHOM Oubimoreku http://elibrary.ru/defaultx.asp
9.3 DJ1IeKTPOHHO-0MOINOTEeYHbIE pecypChl
1. Polpred.com O630p CMU/Cnpasounuk https://polpred.com/news
2. OBC «lOpaiiT» https://urait.ru

10 MATEPUAJIBHO-TEXHUYECKAS BA3A
JUia mpoBeleHHs 3aHATHM JIEKIMOHHOTO THWIIA, TPYNHOBBIX W WHAMBHUAYAIbHBIX

KOHCYJIbTAIMH, TEKYILEro KOHTPOJIS U IPOMEKYTOUHOM aTTECTALlUN MCIIONb3YIOTCS ay INTOPUH,
OCHaIEHHBIE Y4eOHOI MeOelbto, ayTMTOPHON JOCKOM, KOMIIBIOTEPOM(paMK) C YCTAHOBJICHHBIM
JMIIEH3UOHHBIM CHEIHMAIU3UPOBAHHBIM POrPaMMHBIM OO€CIeueHHEM, KOMMYTaTOpOM JUIs
BBIXOJJa B  JJICKTPOHHO-OMOJMOTEYHYI0 CHUCTEMY M  DJIGKTPOHHYIO  HWH(OpPMAIMOHHO-
oOpazoBatenbhHyto cpeay bBITIY, MynbTUMETUHHBIMH TPOEKTOPAMH, SKCIO3UIIHOHHBIMU
9KpaHaMH, Y4eOHO-HarJIsIIHBIMU MTOCOOMSAMU (TaOauIbl, MyJIbTUMEIUHbIE Npe3eHTauun). s
IpoBeIeHUs TaOOPaTOPHBIX 3aHATHH TaKkKe UCHOIb3yeTCs:
Ayn. 331 «A». JIaGopaTopusi pusnyecKnx MeTO10B aHAJIN3A

+ Croun nabopatopHslii -2-mecT. (41T.)

e Cryn (8 mr.)

e Cron npenonasarens (1 mT.)

e KoMmnploTep € YCTaHOBJIEHHBIM JIMIIEH3HMOHHBIM CHENMAIM3UPOBAHHBIM IPOrPaMMHBIM
oOecnieueHueM (4 1irt.)

e 8 - moproBbIii kommyTaTop D-LINK mis BBIX0Aa B 3J€KTPOHHO-OMOIMOTEYHYIO CUCTEMY H
3JIEKTPOHHYI0 HH(OpMaLMOHHO-00pa3oBareibHyto cpeay BITIY (1 mit.)

o MDYV «SAMSUNG» (1 mrT.)
Hepusarorpad STA PT 1000 B kommekte (1 miT.)
UK ®ypre-cnexktpomerp @CM 2202 (1 mt.)
Pedpaxromerp nabopatopusrit UP®-45462M (c moacBeTkoi u mon. mkanoi) (1 mr.)
Turenb MIaTHHOBBIN ¢ KPBIIIKOH; 00beM 0,12 M (2 mmIT.)
VYabpTpa3BykoBas BanHa (1 miT.)


http://www.xumuk.ru/
http://www.edu.ru/
http://www.chem.msu.su/rus/elibrary/
http://elibrary.ru/defaultx.asp
https://polpred.com/
https://urait.ru/

47

Xpomatomacc-ciekrpomerp GCMS-QP2010SE ¢ ycrpoiictBom mipsimoro BBoga DI-2010
(1 mT.)

Ayn. 219 «A» JlabopaTopusi XMMUYECKOH TEXHOJIOTHH

Cron maboparopHsrii 2-mecT. (12 mT.)

Cryn (24 mr.)

Cron npenogasarens (1 mT.)

Cryn npenogaBarens (1 mr.)

[Trorutp (1 wT.)

AynuropHas nocka (1 mr.)

KommproTep ¢ yCTaHOBICHHBIM JIMLEH3MOHHBIM CIICIHATU3UPOBAHHBIM IPOrPaMMHBIM
obecrieuenuem (3 1miT.)

8 - moproBbIit kommyTaTop D-Link mis BeIX0/a B 3J1€KTPOHHO-OMOIMOTEYHYIO CHCTEMY U
IEKTPOHHYIO WH(OPMAIMOHHO-00pa3oBaTenbHyo cpeay BI'TIY (1 mT.)
Mynstamenuitasnii mpoextop SHARP -10 X (1 mr.)

[TpunTep nazepubiii KCANON» (2 mT.)

DKCMO3UIMOHHBIN SKpaH (HaBecHOM) (1 mmiT.)

SAMP-cnekTpomeTp HU3KOro paspemenus «Coun Tpak» (1 mrt.)

Becot GF-300 (1 mT.)

Becol Topcronnbie BT-100 (1 mT.)

Buckosumerp (4 mr.)

HNonomep (3 miT.)

Konaykromerp annon-4120 (3 mir.)

K®K-2 (1 mwr.)

Jlrokemep (1 wt.)

Memanka marautHas [1-3-6100 (2 mt.)

Monynb «Tepmuueckuii anamuz» (3 mrT.)

Monyns «TepmocTar» (3 mrt.)

Monynb «YHUBepCaIbHbINH KOHTPOIIEPY (3 1IT.)

Monynb «3nekTpoxumus» (3 mrt.)

Monynb yHUBepcanbHbIH (6 1IT.)

Ha6op cut KIT-131(1 mr.)

[Monspumerp (1 mrT.)

[Totentmomertp (1 mit.)

entpudyra nadoparopuas OITH-8 (¢ poropom) (1 miT.)

[lITatuB asst 31€KTPO10B (2 MIT.)

OxcukaTop ¢ kpaHoM (1 mT.)

Monyns «Ob6menadbopaTopHbIiiy (1 miT.)

Cnextpodoromerp (1 mrt.)

Crnextpoporomerp KOK-3KM (1 mit.)

KommnekT apuometpos (1 mit.)

Metponowm (1 mirt.)

MocT peoXopaHbIi ¢ COCYA0M

Tepmoctar TC-1/80 CITY (1 mr.)

HITatuBsl U1 TPOOUPOK, HArpeBaTeIbHbIe MPUOOPHI, TabopaTopHas Mmocyaa
XUMHUYECKHE PEeaKTHBBI IO TEMATUKE JIAOOPATOPHBIX paboT
VY4eOHO-HarIAgHbIe TOCOOMS — Cai/Ibl, TaOJUIbl, MYJIbTUMEIUIHBIE MPE3CHTALUN T10
JTUCIUIUINHE «XHUMHUS IEPEXOTHBIX METAIIJIOB)

CamocrosarenbHass paboTa CTYACHTOB OpraHM3yeTCsl B ayIAMTOPHUAX, OCHAIICHHBIX

KOMITBIOTEPHONM TEXHHUKOW C BBIXOJIOM B AJIEKTPOHHYIO HH()OPMAIMOHHO-00pa30BaTEIbHYIO
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cpeny By3a, B CIICIHAIN3HPOBAHHBIX JJA00PaTOPHSX 10 TUCHUILUIMHE, a TAKXKE B 3aj1aX JOCTyIa B
JokanbHyto cetb BI'TTY.

JIMIIEH3MOHHOE IPOTrPaMMHOE 00ECIICUCHHE: ONIEPAIIMOHHBIE CHCTEMBI CEMENCTBA
Windows, Linux; oducusie mporpammbl Microsoft office, Libreoffice, OpenOffice; Adobe
Photoshop, Matlab, DrWeb antivirus u T.1.

Pazpabotuuk: XXunkos B.B., kanaugaT XuMHYECKHX HAYK, TOLEHT Kadeapbl XUMHUH.
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11 JUCT U3MEHEHM Y TONNIOJTHEHU I

YrBepxaenue nusmenenuid u gonoqaHenuii B PII/1 nuas peanuzauuu B 2026/2027 yu. r.
PIT/] nmepecmotpena, oOcyxkaeHa u omgoOpeHa uis peanmmzarnuu B 2026/2027 y4. T. Ha
3acenanuu kadeapsl xumuu (mpotokos Ne 8 ot 28 mast 2026 r.).



