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1 HOACHUTEJBbHASA 3AIIUCKA
1.1 Heap AMCUMIJIMHBI: U3yYUTh HA YIIyOJIEHHOM YPOBHE BONPOCHI HEOPTaHUYECKOMN
XUMHH, B TOM YUCJIE XUMUHM KOOPIANHALIMOHHBIX COCIUHEHUM.
1.2 MecTto gucuuminusl B crpykrype OOII

JucuuruinHa «M30paHHble I1aBbl HEOPIraHWYECKOH XUMHM» OTHOCHUTCS K JUCLUILIMHAM
o BeIOOpY yactu, popMHUpyeMOl ydacTHHKamMHu oOpa3oBaTelbHbIX oTHomeHui Omoka b1 (B1.
B./1IB.01.02).

JUis  ocBoeHuss auCUUIUIMHBL  «M30paHHbIE TIJ1aBbl HEOPraHMYECKOM  XUMMM»
oOyuyarolmiuecss HUCHOJIb3YIOT 3HaHMA M YMEHHs, C(QOPMHUPOBAaHHBIE B XOJA€ H3Y4EHUS
«Heoprannueckoir xumum», « OCHOBBI 00ILEN XUMUNY.

1.3 lucuuniuHa HanpaBJjeHa Ha (popMUpoBaHuUe ciaeayroimux kommnerenuuii: OITK-1,
ITK-1:

- OIIK-1. CnocobeH aHaluM3MpOBaTh M HMHTEPIPETUPOBATH PE3yJIbTaThl XUMHUYECKUX
HKCIEPUMEHTOB, HAOIIOACHUN U U3MEPEHU, MHHAMKATOPAMM JIOCTUKEHUS KOTOPOU SIBJISETCS:

e OIIK-1.1 CucrematuzupyeT M  aHAJIU3UPYET  peE3ydbTaTbl  XUMHUYECKUX
HKCIEPUMEHTOB, HAOIIOACHUM, N3MEPEHUH, a TaKKe Pe3yJIbTaTbl PACUETOB CBOMCTB BELIECTB U
MaTEepUasOB.

e OIIK-1.2 Ilpeanaraer MHTENPETALMIO PE3YJIbTATOB COOCTBEHHBIX HKCHEPUMEHTOB U
pacueTHO-TEOPETUUYECKUX PabOT C HCIHOJB30BAHUEM TEOPETUUYECKUX OCHOB TPAAULIMOHHBIX U
HOBBIX Pa3JIEIOB XUMHH.

e OIIK-1.3 ®@opmynupyeT 3akilIOYEHMs M BBIBOABI 110 pe3yibTaTaM aHalIu3a
JUTEPATYPHBIX JaHHBIX, COOCTBEHHBIX dKCIEPUMEHTAIBHBIX U PAaCUETHO-TEOPETUUYECKUX padoT
XMHUYECKON HapPaBICHHOCTH.

- IIK-1. Bnaneer cucremoil (yHAaMEHTalIbHBIX XHMUYECKUX IOHATUH U 3aKOHOB,
HHIMKATOPAMH JOCTHKEHUS KOTOPOH SBJISAETCS:

o [TIK-1.1. IloHMMaeT OCHOBHBIE NPUHLUIBI, 3aKOHBI, METOIOJIOTMIO H3y4YaeMBbIX
XUMHUYECKHUX TUCLUIUINH, TEOPETUUYECKHE OCHOBBI (PU3NYECKUX U (PU3UKO-XUMUYECKHX METO/I0B
WCCIIEIOBAHMSI.

o IIK-1. 2. Hcnons3yer ¢yHIaMEHTalbHblE XHUMHMYECKHE TIIOHATHS B CBOEH
MpoeCCUOHAIBHON JESTEIHHOCTH.
. [1K-1.3. HHTepnpeTrupyeT MOJy4YE€HHbIE pe3yibTaThl, HCIONb3Ys 0a30BbIe

MOHATUS XUMUYECKUX JUCLIUIUIVH.
1.4 TlepeuyeHbp NJAHMPYeMbIX pe3yJbTaTOB 00yueHusi. B pesynbrare H3yuyeHUS
JUCLHUIIIIUHBI CTYACHT JIOJKEH
- 3HATh:
® OCHOBBI KQYECTBEHHOT'O aHAJIM3a KOMIUIEKCHBIX COCIMHEHUN;
® OCHOBHBIC COBPEMCHHBIC METOJIbI UCCICOBAHUA HCOPTaHNYCCKHUX BCUICCTB,
® METO/bI M CIIOCOOBI 00pabOTKK MH(POPMALUU PE3YIHTATOB XUMHUECKOTO SKCIIEPUMEHTA,
pe3yNbTaTOB HAOIIOACHUN U U3MEPEHMI;
o I/IH(i)OpMaHI/IOHHI)Ie HCTOYHHKHU CIIPAaBOYHOT'O, HAYYHOI'0, HOPMATHUBHOTI'O XapaKTepa,
® TCOPETUYECKHUE OCHOBBI CYNPAMOJIEKYJIIPHOM XUMHH, TEOPUU CTPOEHUS KOMIIJIEKCHBIX
CO@}IHHGHHfl, OKHCJIUTCIbHO-BOCCTAHOBUTCIILHBIC PCAKIINU.

® OCHOBHBIE 3aKOHBI HEOPIaHUYECKOH, CYyNIpaMONIEKyIIpHON XUMUH;

- YMe€Thb!

® [IPOBOJINTh AHAJM3 KOMIUICEKCHBIX COCIUHCHWH W WMHTEPIPETUPOBATh MOJYYCHHBIC
pe3yJIbTaThl;

¢ 00pabaThIBaTh, aHAIM3UPOBATH U 0000IIATh Pe3yIbTaThl HAOIIOAEHUHN U U3MEPEHHIA;

® BBISIBJIATH CBSI3b M@Ky (PU3MYECKMMU M XMMUYECKUMU MPOLECCAMHU, MEXKy CTPOCHUEM
Y CBOMCTBAMH KOMIUIEKCHBIX COCIMHCHUM,

© OOBSICHATH U AaHATM3UPOBATh HA OCHOBE SKCIIEPHMEHTAIBHBIX TAHHBIX CBOICTBA BEIIECTB
¥ TIPOIIECCHI, TPOTEKAOINE TIPH UX B3aUMOICHCTBUY;



® CTaBUTh XHUMHYECKUH OKCIICPUMEHT, aHAIM3UPOBATH M OICHUBATh J1abOpaTOpPHBIC
UCCIIEIOBAHMSI;

® IIPUMEHSTh OCHOBBI M OCOOCHHOCTH TPABWJI TEXHUKH O€30MAaCHOCTH IMPH MPOBEACHUHU
XUMHYECKOT0 IKCIIEPUMEHTa C HEOPTaHUYECKUMU BEILIeCTBAMU;

® Ha3bIBaTh KOMIUIEKCHBIE COCIMHEHHUS 10 HOMEHKIIATYPE;

® IIPOBOJAMUTH CaMOCTOSITEIbHBIA MOMCK XUMHUYECKOM HH(POpPMAIMH C HCIOIb30BAaHHEM
pa3MYHBIX MCTOYHUKOB (HAYyYHO-TIONMYJSPHBIX W3JaHUH, KOMIBIOTEPHBIX 0a3 JIaHHBIX,
pecypcos Internet).

o - BJIQ/1eTh:

® HaBBIKAMHU JIeJlaTh 3aKJIIOUEHUS. M BBIBOJBI IO pe3yibTaTaM aHallu3a JIMTEePaTypHBIX
JAHHBIX, COOCTBEHHBIX JKCIEPUMEHTAIBHBIX M  PACYETHO-TEOPETHYECKHX pabdoT 1o
HEOPraHUYECKON XUMUU;

® HAaBbIKAMU  CHUCTEMAaTH3UPOBAaTh W  aHAJIM3UPOBATh  PE3YJIbTAThl  XUMHUYECKUX
OKCIIEPUMEHTOB, HAONIOJCHUN, W3MEPEeHUH, a TakkKe pe3yibTaThl pacueToB CBOHCTB
HEOpPraHUYECKUX BEILECTB U MaTepUaAJIOB HA UX OCHOBE;

® OCHOBHBIMH 3aKOHAMHU M 3aKOHOMEPHOCTSIMH HEOPTaHMYECKOW XMMHU U MPUMEHSITH X
OpU  pPELICHUH 3aJad, MpU aHalu3e »OKCIECPUMEHTAIbHBIX JaHHBIX, IOMYyYEHHBIX MPHU
UCCJIEIOBaHNH;

e criocobamMM OpUEHTAllMU B MPO(ECCHOHANBHBIX MCTOYHUKAX MH(pOpMauuu (KypHalbl,
caiiTel, 00pa3oBaTeIbHbIC TOPTAJIbI);

® HaBbIKAMHU TOCTAaHOBKHU SKCIIEPUMEHTA, aHAlM3a M OICHKU Pe3yJIbTaTOB JIAOOPATOPHBIX
HCCIICIOBAHNIA;

e criocobamMu 0€30MaCHOTO OOpaIleHHUsl C TOPIOYMMU U TOKCHYHBIMHU BEIIECTBAMH,
1ab0paTOPHBIM 000PYI0OBaHHEM;

® METOJIaMU MPUTOTOBJICHUS PACTBOPOB 33/1aHHOI KOHIIEHTPAIIHH.

[ ]

1.506mas TpynoeMKocTh TMCHUILIUHBI «/30paHHbIe TNIaBbl HEOPTaHUYECKONH XHMUM)
coctaBisieT 2 3a4eTHbIX enunull (nanee — 3E) (72 gaca).

[IporpaMmma mnpemycMaTpuBaeT H3yue€HHE MaTepuaia Ha JEKUUAX U JTabopaTOpHBIX
sansaTusX. IlpemycmoTpeHa camocTosTenbHass paboTa CTYyJAEHTOB IO TEMaM U pa3fesiaM.
[TpoBepka 3HaHUI OCyIIECTBISAETCS (PPOHTAIBHO, UHIUBUYATBHO.

1.6 O0bemM AUCHUIJIMHBI U BUAbI Y4eOHOH 1eITeJIbHOCTH

O0beM IMCHUIINHBI M BUbI Y4eOHOH /1esITeJIbHOCTH

Bua y4yeOHoii padboThI Bcero uyacos Cemectp 2
OO0m1ast TpyJ0€MKOCTh 72 72
AyIUTOpPHBIE 3aHATHS 44 44
Jlexumm 20 20
JlaGopaTopHble paboThI 24 24
CamocTosTenpHas padoTa 28 28
By HTOroBOro KOHTPOJIS: - 3a4eT

2 YYEFHO-TEMATHUYECKOE IIJIAHUPOBAHUE
Y4yeOHo-TeMaTHYECCKUH IIJIAH

Bceero AyauTopHbIe Camocrost
Ne HaumenoBanme Tem (pa3iesioB) 4acoB 3aHATHSA TeJbHas

Jexuun | Jadoparopn| PadoTa
ble 3AHATHS




1. dyHIaMEHTAIbHBIC TTOHATUS B XUMUU 4 2 2

2. CynpamonexymsipHasi XuMust 8 4 4
Koopaunanuonnas xumust 34 4 24 6
3.1 JlaboparopHas pabota 8 6 2
OcoOenHoctu MOJTy4EHUs
KOMIUIEKCHBIX COEUHECHUIN
3.2 JlaGopaTopHnas pabota 7 6 1
KomrmiekcHbie COCITUHEHUS d-
3JIEMEHTOB
3.3 JlaboparopHas pabota 5 4 1
[Tomyuenue u paspyuieHue
KOMIUICKCHBIX COSJIMHCHUN
3.4 JlaGopaTtopHnas pabota 5 4 1
CBolicTBa KOMIUICKCHBIX COCTMHECHUIN
3.5 JlaboparopHas pabota 5 4 1
OKHCTUTENbHO-BOCCTAHOBUTEIbHBIC
peakuuu
4. KucioTsl M OCHOBaHUS 6 2 4
S. XHUMHS KIACTEPOB, YJIBTPATUCIEPCHBIX 8 4 4
Y HAaHOYACTHII
6. MeTonpl  aKTUBAIlMd ~ XUMHYECKHX 6 2 4
peakumn
1. Tepmobapudeckuii CHHTE3 6 2 4
UTOro 72 20 24 28
HNHTepakTHBHOE 00yYeHHE MO JUCHHILJIHHE
Ne HaumenoBanue TeM (pa3aeioB) Bun ®opma Kou-
3aHATHUSA HHTEPAKTHBHOIO BO
3aHATHS 4acoB
1. DyHIaMeHTalbHbIC TOHSATHS B XUMUU JIK Jlexius ¢ ommbOkamMu 2
2. [Tomyuyenue u paspymenue JIP PaGora B manbIx 4
KOMIUIEKCHBIX COEAMHEHUN rpynmnax
3. CBoiiCTBa KOMITJIEKCHBIX COSTUHEHUM JIP Pabota B manbIx 2
rpymnmnax
4, Kucnotsl 1 ocHOBaHUS JIK Jlekuusi-nuckyccust 2
5. XUMHUS KIIaCTEPOB, YIBTPATUCTIEPCHBIX U JIK Y4eOHbIe TPYNIIOBBIE 2
HAHOYACTHII JTCKYCCHHU
6. Tepmobapuueckuii cunTes JIK VY4eOHble rpynnoBbIe 2
JMCKYCCUU
NUTOIO 14

3 COAEP KAHUE TEM (PA3EJIOB)
1 ®YHIAMEHTAJIBHBIE IOHATHUSA B XUMHUHN
Tunel XUMHYECKUX CBSI3€d, BaJIEHTHOCTh, CTETIEHb OKUCIICHHSI, KOOPAVNHALIMOHHBIE YHCIIA,
MEXMOJIEKY IS pHbIe (HEeBaJIEHTHbIEC) B3aUMOICHCTBHUS.
2 CYITIPAMOJIEKYJISIPHAS XUMMU S
OcHoBHble nIOHATHS. KitaTpaThel 1 coeAMHEHNS BKIIOUEHHUS, Fa30BbI€ TMAPAThI, COETUHEHUS
C MAaKpOLMKIMYECKUMH JIMTAHJaMM, CamMocOOpKa, CaMOOpraHU3alus, KOMIUIEMEHTApHOCTb,
[EPCIEKTUBLI IPUMEHEHHUS.



3 KOOPAUHAIIMOHHAS XUMUSA

OCHOBHbBIE TIOHATHS TEOPUHM XUMHUYECKOW CBSI3M B KOMIUIEKCHBIX COCTUHEHHUAX (METOX
BaJICHTHBIX CBSI3€H, TEOPUsI KPUCTAJUIMYECKOTO MOJIsI, TEOPUS MOJISI JIMTAHJIOB), TUIIbI JIMTAHIOB U
KOOPJAMHAIIMOHHBIX COEAMHEHHUH, 0COOEHHOCTH CTPOCHHUS U M30MEPHH, MaTepualbl Ha OCHOBE
KOOPJMHAIIMOHHBIX COSUHEHHIH.

4 KUCJIOTBI U OCHOBAHUS

Kucnotsl u ocHOBaHUSI B HEOpraHMYECKOM, KOOPIWHAIMOHHON U OPraHUYECKON XUMUH,

CYIIEPKHCIIOTHI, BOJIHBIC 1 HEBOJIHBIE PACTBOPHI M PACTBOPUTEIIN, CBEPXKPUTHUECKUE CPEIBI.
5 XUMUA KJIACTEPOB, YJIBTPA/IUCIIEPCHBIX 1 HAHOYACTHUL]

XuMHS KJIacTEpOB, YIbTPAIUCIEPCHBIX M HAHOYACTHUI[: OCOOEHHOCTH SJIEKTPOHHOTO
CTPOCHHS, KpaTHbIE CBSA3M MeETa/lI-METallI, LENU, METaJUIONOJIU3IPhl, Marudeckue 4Yucia,
METO/ABI TOJYy4YEeHUS M CTaOWIM3alMy, MaTepuanbl Ha OCHOBE KIIACTEPHBIX COCIMHEHHH U
HAHOYACTHII.

6 METOJbI AKTUBAIIMA XUMHNYECKHNX PEAKIIUIA

MeToapl aKTHBAIlMM XUMUYECKUX PEAKLIUNA: METOAbl «MSTKOW» XUMHHU, TEMILIATHBIH
cuHTe3, nuTakcus, Mmeroxg CVD, cuHTe3 B CBEPXKPUTHUYECKUX Cpenax, 30JIb-Tellb TEXHOJIOTHS,
TBepAO(ha3HbIi cuHTE3 (00IIME MOMOKEHHUS ), METOIbI MEXaHOXUMHUYECKOW aKTHUBAIUH, A€(PEKTHI
U UX KIacCH(pHKAIMsA, CUHTE3 M MOJU(HKAIMA BEIIECTBA B YCIOBUSX SKCTPEMalbHBIX
BO3JICHCTBUI, IUIA3MOXUMHYECKHE METOJbl CHHTE3a, KPUOXUMHUS, CHHTE3 B YCIOBHUAX
AIIEKTPOMArHUTHOTO M3ITyYSHHSI Pa3IMYHON HHTEHCHBHOCTH.

7 TEPMOBAPUYECKHWII CUHTE3

TepmoOapuveckuid CHHTE3: MPOOJIEMBI OMUCAHUS IMOJUMOPGHBIX MOTUPUKAIMA |
JIUarpaMMbl COCTOSIHUS YTIIepoJia, MOJyYeHHe MCKYCCTBEHHBIX alMa30B M alIMa3HbIX IJICHOK B
KBAa3UTHIPOCTATHYECKUX YCIOBHUSX, B PEKUME YyIAPHBIX BOJH, B YCIOBHUSX CIBHUTOBBIX
nedopMmaruii, U3 Ta30BoM ¢Ga3bl M Ha 3aTpaBKax, BEPOSATHbIE MEXaHHU3MBI "HpsAMOro" u
"KaTaJIMTUYECKOT0" CHHTE3a aJMa30B U IJICHOK - POJIb METaUIOB-KaTaJIM3aTOPOB M MPUPOJIBI
UCXOJIHOTO yriiepoaHoro marepuana Ha PT- ycnmoBus ¢azoBoro mepexoma. MeToabl CHHTE3a
KyOHM4ecKoro HUTpuia Oopa, AMarpamMMa COCTOSHHS M CXEMbl MEXaHH3MOB OOpa3oBaHUs B
NPUCYTCTBUM KaTanu3aTopoB (a3oBoro mnepexojga. HuUTpuabl KpeMHHUS W yriiepoja - HOBBIE
CBEPXTBEpP/Ible MaTEPUAIIbI, METOIBI CHHTE3a M KPUCTAITU3AIIH.

4 METOAUYECKUE PEKOMEHJIALIUU (YKA3ZAHUSA) AJIA CTYAEHTOB 11O
N3YYEHUIO JUCHUIIJINHBI

PaGouass mporpamma AHCHMIUIMHBI TpU3BaHa IOMOYL CTYJEHTaM B OpraHU3aluu
CaMOCTOSITENIbHON pabOThI MO OCBOEHUIO Kypca «30paHHbIe ITaBbl HEOPTAHUUECKOU XUMUN.

Y4eOHO-METONUYECKUE MaTepHaibl MO TOJATOTOBKE JIEKIIMOHHBIX M J1a00paTOPHBIX
3aHSATHH B MOCOOHMH OpEaACTABJIICHBI 10 KaXXIAOMY pas3acily AWCHHUILUIMHBI B COOTBETCTBUHU C
MPOrpaMMOM TUCIUIUTMHBI M TOCIEI0BATEIbHOCThIO M3yUeHHUsI Kypca. Y4eOHO-METOANYECKre
MaTepHuabl BKIIFOYAIOT:

1) neKIMOHHBII MaTepHual Kypca Mo KaxKI0i U TeMe.

2) MIaH CaMOCTOSITEIHFHON pabOThI CTYACHTOB, COJAEPKAIINN TEMY M3y4aeMOro MaTepuarna,
3a/laHus JJI1 CAMOCTOSITENIbHOM paboThI, CTUCOK OCHOBHOMW JIUTEPATYPHI.

3) y4eOHO-METOIMYECKHIE MaTePUAJTBI 110 TTOATOTOBKE K JJA0OPATOPHBIM 3aHATHSIM

HeoOxoauMbIM  yCIIOBHEM YCIENMTHOTO OCBOCHHSI Kypca SIBISETCS CHCTEMaTH4ecKas
MOJIFOTOBKA K TaOOPAaTOPHOMY 3aHSITHIO, 3aKJTFOYAOIIAsCS B!

- U3YYCHHE TEOPETHYECKOT0 MaTepHualia Mo KOHCIEKTY JIEKIHH, YUeOHHKY, MPAKTHUKYMY,
JIOTTOJTHUTETILHOW JIMTEPATypE;

- pelIeHue pacueTHhIX 3a/a4;

- ohopmiieHme 1a00paTOPHBIX PadOT.



BrinosnHeHne  ympaxHEHHI

Jact BO3MOXXHOCTbH

CTyJICHTaM

Iy0Xe  YCBOWTH

TEOPETUYECKHI MaTepuall, IPUMEHHUTD MOJyuYeHHbIE 3HAaHUS Ha IPAaKTUKE, BBIPA00OTAaTh POYHBIC
YMEHUS U HaBbIKH, HEOOXOIUMbIE XUMUKY.
YueOHO-MeTOAMYeCKOe 00ecedeHrne CAMOCTOATEIbHOM PadoThI

CTYJACHTOB 110 TMCHUIIJINHE

KosmuecTBo
4acoB, B
e HaumenoBanue ®opMbl/BHABI COOTBETCTBHH C
B pa3aena (Tembl) CaMOCTOSITEJIbHOM PadoThI yueOHo-
TeMaTH4YeCKUM
IJIAHOM
1. 1. @ynnameHTanbHble | M3yueHnue nureparypsl 2
MOHATHUS B XUMHHU KoncnektupoBanue
M3YYEHHBIX HCTOUHUKOB
2. CynpamonekynspHas xumus | M3yuenue nureparypsl 4
KoHcnektupoBanue
U3YYEHHBIX HCTOYHHUKOB
3. Koopaunanmonnas xumust W3ydeHnue nurepaTypsl 6
Odopmnenue
nabopaTopHO PabOTHI
[TonrotroBka oTuera 1O
nabopaTopHoi pabore
4. Kucnots! 1 ocHOBaHUS W3yuenue nureparypsl 4
KoHcnektupoBanue H3y4eHHbBIX
HCTOYHUKOB
S. Xumus KJIacTepoB, | M3ydeHue nureparypsl 4
YJIBTPaIUCIIEPCHBIX u | KoncnexkrupoBanue
HaHOYACTHI] M3YYEHHBIX HCTOYHUKOB
6. MeTtobl aKkTuBalMu | M3ydyeHue nutepaTypbl 4
XUMHUYECKUX PEAKLUN KoHcnexktupoBanue
W3Y4YECHHBIX HCTOUHUKOB
7. Tepmobapuueckuit cunTe3 N3y4eHnue nurepaTypsl 4
KoHcnektupoBanue H3y4eHHBIX
HCTOYHUKOB
UTOro 28
5 MPAKTUKYM IO JMCHUIIJIMHE
IInan naGopaTopHBIX 3aHATHH
Ne Tembl Bua 3ansaTui K-Bo uacos
1 | OcobGeHnHoOCTH MOJTy4EHUSI KOMIUIEKCHBIX JIP 6
COCIMHEHUN
2 | Kommekcuslie coenrnenus d-31eMeHToB JIP 6
3 | [lomyuenne u pa3pylieHne KOMIUIEKCHBIX JIP 4
COCIMHEHUN
4 | CBolicTBa KOMIUIEKCHBIX COEIUHEHUI JIP 4
5 | OKHCIUTEIbHO-BOCCTAHOBUTENbHbIE PEAKIIUU JIP 4
24

JlaGopaTopnas padora Ne 1-3 (6 yacoB)




Oco0eHHOCTH MOJIyYeHHS] KOMILIEKCHBIX COeTMHeHM

OOopynoBaHue: MMTATUB C NPOOMPKAMH, MEpHbIE NPOOUPKH, CTECKIISIHHBIE MAJIOYKH,
MUTETKY.

PeaktuBsl: Oenzon, rexcaumanopeppar(lll) kamus KpHCTaTWYeCKHid, POJaHUA aMMOHUS
KpUCTAJUIMYECKUM, pacTBopbl: HUTpar BucmyTa 0,5 H, moaua kamusa 0,5 v u 0,1 H, HUTpar
prytu(ll) 0,5 H, runpokcua Hatpus 2 H, cyabdar (uwiu xiaopun) vHukens(H) 0,5 1, 25% pactBop
ammuaka, rekcaruanodeppatr(ll) xamus 0,5 H. cynsdar meaum 0,5 H, coisgHas Kuciora 2 H,
nepmanranat kanus 0,5 H, ximopun (cynbdar) kodamsra(ll) 0,5 H.

Xon paboThI:

IMonyyenne KOMILUIEKCHBIX COeIMHEHMIA.

Omnprit 1. [Tonnyyenne coeIMHEHUI ¢ KOMIUIEKCHBIM aHHOHOM.

a) Ilomyuenue terpanogosucmytata(lll) kamus.

B npobupky k 3-4 xamisam 0,5 H. pacTBOpa HHTpaTra BHCMYyTa IMPUOABbTE IO KaIlIsM
pactBop 0,5 H. pacTBOp MOAMJA KalMsl 10 BBINAJEHUS TEMHO-OYpOro ocajka MOJUAa BUCMYTa.
PacTBopuTe 3TOT Ocajok B M30bITKE pacTBopa moauaa kamus. OTMEThTE IBET IMOJYYEHHOTO
pacTBOpa. MosKeT 1M 3Ta oKpacka oOyCIIOBIMBAaThCA MpHcyTcTBHEM HoHoB K*, I, Bi¥™? Kaxoit
U3 STUX HOHOB MOXET OBbITh KoMIUIekcooOpazoBareneM? C KakUMU JIMTaHAaMHA OH MOJKET
00pa30BaTh B IaHHOM PacTBOPE CJIOKHBII HOH?

Hanummre ¢opmyny KOOPAMHALIMOHHOTO COEAMHEHHUS M ypPaBHEHUS pEakiuil ero
MOJIyYEHUS.

6) Ilomyuenue terpanonomepkypata(lll) xamus.

B nBe npoOupku momectute no 2-3 xamm 0,5 H. pactBopa Hutparta prytu(ll). Onny
MpPOOUPKY OCTaBbTE B Ka4ecTBE KOHTPOJIBHOM, a B Apyryto nobaebre 1-2 kammu 0,5 H. pacTBopa
noAMaa Kanmus J0 oOpa3oBaHusl OpaHkeBoro ocaaka wuoauna prytu(ll). 3atem mnpuseiite
M30BITOK MOAMAA Kallus N0 TOJHOTO pacTBOpeHus ocaaka. McmbeiTaiiTe pacTBOpbl B 00eux
NpoGUpKax Ha NPUCYTCTBHE HOHOB HQZ', 106aBMB B KaIyr0 MPOOHMPKY MO 2 KAl pacTBOpa
TUPOKCUA HATPHSL.

N3 kakoro pactBopa BbITIafaeT *kenTbld ocamok okcuma prytu(ll)? IMouemy Bo BTOpOM
MpoOHUpKe MPU ASUCTBUU IIETIOYU 0CATOK HE BhIMaaeT?

Hamumire ypaBHEHHS TPOBEACHHBIX peakIUil: 00pa3oBaHUs HOAUJA PTYTH U €ro
B3aMMOJICHCTBHA C M30OBITKOM MOAMIA Kadus (KOOpAMHAIMOHHOE uucio moHa Hg?' paBHO
YETBIPEM).

Hanummre ypaBHeHHS dIIEKTpONUTHYEeCKOW nucconmanuu Hutpara prytu(ll) wu
MOJIYYEHHOM KOMIUIEKCHOM comu - TeTpanoaomepkypata(ll) kamusi.

Hanummre BbipakeHHEe KOHCTAHTHI HECTOMKOCTH /ISl KOMIUIEKCHOTO COETMHEHUSI.

OmnpiT 2: TlomydyeHne COEIMHEHUNM C KOMIUIEKCHBIM KaThuoHOM. [lomydueHue amMMuayHOTO
KOMILIEKCA HUKEJS.

[Tonyuute ocamox rumpokcuaa Hukens(ll), Buecs B mpobupky 1-2 ma 0,5 H. pacTBOpa
cynb(dara HHUKENS W Takoi ke oO0beM 2 H. pacTBopa ruapokcuaa HaTpus. K dactu ocaaka
no6asbte 0,5-1 mit 25%-Horo pactBopa ammuaka. Yro npoucxonut? CpaBHUTE OKpPAcKy MOHOB
Ni?* B pactBOpe cymb(ara HHMKENs ¢ OKpPacKol MOTydeHHOTro pacTBopa. IIpHCYyTCTBHE KaKHX
MOHOB 00YCIIOBIMBAET OKPACKy pacTBopa?

Hanummre MojexkynspHble U HOHHBIC YpPaBHEHHs peakiuii o0pa3oBaHMs KOMIUIEKCHOTO
COETMHEHUS HUKEIISL.

Oneir 3. [lomydeHne KOOPIWHAIMOHHOTO COCIUHEHHS] C KOMILJIEKCHBIMH aHUOHOM U
KaTHOHOM.

B npo6upky BHecute 1 miut 0,5 H. pactBopa rekcanunanodeppara(ll) xamus, K4 Fe(CN)s], u
nBoitHoe konmyectBo 0,5 H. pacTtBopa cynbhara Hukemsi(ll). K momyuenHomy ocanky mpueiite
pactBop ammuaka (25 %) A0 moiaHOrO pacTtBopeHus ocanaka. CoaepKumMoe TPOOUPKHU
MEPEMEIIANTE CTEKIITHHOM MaJOUYKOM.

HaGmomalite mocreneHHoe oOpa3oBaHME MEJIKHUX — OJICTHO-JIMJIOBBIX — KPUCTAJIOB
komruiekcHOU comu [Ni(NHs)s].[FE(CN)s]. Hamwmmmre ypaBHeHHME peakUud MOJIYUYCHUS
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KOMIUIEKCHOTO COeIMHEHUSI.
XHUMUYECKUE CBOMCTBA KOMIUIEKCHBIX COCIMHEHUM.

OnbiT 4. KoMIUIEeKCHBICE COCOWHEHHUS B peakiusx oOmeHa. B3aumoneiicTBue
rekcannanodeppara(ll) xanus ¢ cynbdarom meau(ll).

B mpo6upky Baecute 1-1,5 mu 0,5 H. pacTBopa cyibdara Menu ¥ 100aBbTE TaKOH Ke
oobem 0,5 H. pactBopa komiuiekcHou comu Ks[Fe(CN)g]. OrmerhTe 1BeT 00pa3oBaBIICroCs
ocanka recanranodeppara(ll) meau. Hanummre MonekyasspHOE U HOHHOE YPaBHEHUE PEAKIIHH.

Omnpit 5. KOMIUIEKCHBIE COSTUHEHUS B OKHCIUTEIIEHO-BOCCTAHOBUTEIILHBIX PEAKITHSIX.

a) Boccranosnenne rekcarmanodeppara(lll) xamus.

B mpobupky Buecute 1,5-2 mu 0,1 H. pactBopa monmaa kamus, 0,5-1 mu 2 H. comnsHOU
kucnothl ¥ 0,5 M Oenzona. OTMeThTe, 4TO OEH30J OocTaeTcsi 6ecuBeTHBIM. J[00aBbTe HECKOIBKO
kpuctauioB komruiekcHo cosn sxene3a(lll) Ka[Fe(CN)s] u nepemenaiite pacTBOp CTEKJISIHHOU
nanoukoii. [To usmeHnenuro okpacku 6eH3osna yoeaurech B BbIICJICHUH CBOOOHOTO HOAA.

Hamumure ypaBHeHue peakiuu B3aummojencTBus rekcarumanodeppara(lll) xamms ¢
woauaoM kamusi, yuutbiBas, uto K3[Pe(CN)s] mepexomut mpu stom B K4[Fe(CN)s]. Ykazatsh
OKHUCJIUTEb U BOCCTAHOBUTEIIb.

Kakue noHBI B KOMITJICKCHOM COCIMHEHUH U3MEHUIIH CTEIICHh OKHCIICHUS?

0) Oxkucnenue rexcanmanodeppara(lll) kamus

[Tomecture B mpobupky 0,5-1 mum 0,5 H. pacTBopa mNepMaHraHaTa Kaius, J00aBbTe
HECKOJIbKO Kareib 2 H. pacTBOpa CEpHOM KHUCIOTHI M A00aBUTh Mo kKamissM 0,5 H. pacTBOp
rexcannanodeppara(ll) kanus 1o oGecuBeynBaHMs pacTBOpA.

OO6ecuBeunBaHuEe pacTBOpa MPOUCXOAMUT BCJIEJICTBUE BOCCTAHOBJICHUS IE€pPMaHraHaTa
Kamus g0 cyiabgara wmapranma(ll). Ilpm stom komruiekcHoe coeaunenue Ky[Fe(CN)s]
oxucisercs 10 Ks[Fe(CN)s].

Hanumwure ypaBHeHNE peaKIMKi OKUCICHHS. YKKUTE OKHCIUTENh U BOCCTAHOBUTEb.

OmnbIT 6. YCTOWYMBOCTh KOMIUIEKCHOTO MOHA. Peaknmu oOMeHa nuranaamu. BHecute B
npobupky 1 mn xmopuaa (cynabgara) kobambra(ll) m mpubaBbTe HECKOJIBKO KpPHUCTAIOB
pactBopa pomanuna ammoHust NH4CNS. Habmronaiite oOpa3zoBaHie KOMIUIEKCHOTO COEIMHEHUS
CUHETO IIBETa:

[Co(H20)4]Cl2> + 4NH4CNS = (NH4)2[Co(CNS)4] + 2NH4C1 + 4H-0.

JloGaBeTe B mpobupky Boabl. Uto Habmogaete? CpaBHUTE NOTYYEHHBIH PpacTBOp C
pacTBopoM xyopuaa kobOanbra. CpaBHHUTE YCTOHYMBOCTH POJAHUIHOTO W aKBAaKOMILJIEKCA
KoOanpTa.

JladopaTopHas padora Ne 4-6 (6 yacoB)
Kommuiekcubie coennHenust d-MeTanioB

Onpir 1. BiusgHue 3aeKTpOHHOM KOHGUIypaluy KOMILIEKcooOpa3oBaTelissi Ha OKpacKy
KOMILIEKCOB

B cunbHO  moakucieHHble — pacTBOpbl  coenuHeHus — turaHa(lV), mommuOnara
(monumonunbaaTa) aMMOHHS M BOJIb()paMaTa aMMOHHUS BHECUTE 1O OJIHOM rpanyne nuHka. [Ipu
HEO0OXOJUMOCTH PACTBOPBI KPAaTKOBPEMEHHO Harpeire no kuneHus. OOBICHUTE W3MEHEHHE
OKpacKHl pacTBOPOB, UMEsI B BUJY BOCCTAHOBIICHUE Ti** 1o Ti**, Mo04* 1o MoO3 u WO*" no
WO3,

Omnpit 2. a) BiusiHre TPUPOBI IUTAHJIOB HA OKPACKY KOMILIEKCOB

besBonnbiii cynbdpar menu(ll) pactBopute B Bojge. 3areM K MOJYyYEHHOMY pacTBOPY
npuieiTe pactBop ammuaka. OOBICHUTE OKPACKY MOTYYSHHBIX pacTBOpOB. Hamumure peakiun
00pa30BaHMs COOTBETCTBYIOIIUX KOMITJICKCHBIX KATHOHOB.

0) CpaBHEeHHE OKPAcKH KPUCTAJUIOTHAPATOB U 0€3BOAHBIX cojeil. B dhapdopoBbix THTISX
(;omoukax) HarpeBaiite kpucramtoruaparel cocraBa CoCl,*6H,O, CoSO,*7H,O, Cdk*6H0,
NiSO,*7H,0 mo obOpasoBanus 0e3BOAHBIX coiyicii. OTMEThTE pa3iruhe B OKPACKe HMCXOIHBIX
KPUCTAJJIOTHAPATOB U oOpa3oBaBmIMXcs O0e3BoAHbIX cosiedl. [locie oxmaxkaeHus cMoOuuTe
6e3BoaHbIE conn BOJIoM. OObsicHUTE HAOII0AaeMble H3MEHEHHUSI OKPACKHU.

OnbeiT 3.  PacTBOpEHHME  OCAQJIKOB  MaJOPacTBOPHMBIX  COEJIMHEHMM 32  cYeT




KOMILIEKCO0Opa3oBaHus

a) Ocanok AQBr, moxy4yeHHBIN M0 OOMEHHON PEaKIUy, pa3IeIUTe MOMoJIaM U TIOMECTUTE B
nBe nmpobupku. Ha oaHy yacTh mopaeicTByHTe pacTBOPOM aMMHaka Ha BTOPYIO - PacTBOPOM
tuocynb(hata HaTpusi. OOBSICHUTE IPOUCXOAAIICE U HAMMUIINUTE PEAKIUH.

6) OObscHuTe, MoYeMy H3 PacTBOPA, COJEP)KAIIET0 KOMILJICKCHBIE HOHBI COCTaBa
[AJ(CN).], cepedpo(l) B bopme AGCI He ocaxmaaercs, TOoraa Kak B3aUMOJICUCTBUE C CYIIbGUI-
MOHAMU TIPUBOJNT K 00pa3oBaHuI0 ocanaka Ag»S.

OnbiT 4.CpaBHUTENIbHAS YCTOWYMBOCTh KOMILIEKCOB. B Tpex mnpoOupkax moaydure
aMMHaYHbIN, THOCYIb(ATHBIM U HUTPUTHBIA KoMIuleKkchl cepedpa(l). K pactBopam momy4yeHHbIX
KOMIUIEKCHBIX COETMHEHUI MpHIEHTE MO KaIljIsiM pacTBOpP XJiopuaa HaTpus. B nBe nmpoOupku, B
KOTOPBIX HE BBHINAN 0CaJOK, 100aBbTe pacTBOp OpoMuia Kamus. B mocnenHioro mpobupky 0e3
ocagka mpuiieiite pactBop uoauna kanus. OObscHUTE HAOIIOZaeMOE C y4eTOM pa3Iuyuuil B
3HAYCHUAX OOLIMX KOHCTAaHT YCTOWYMBOCTH KOMIUIEKCOB M MPOM3BEACHUN PacTBOPUMOCTHU
ramoreau10B cepedpa(l).

OmnpiT 5. OKHCTUTENbHBIE CBOWCTBA IepMaHraHAT-HOHA

a) B Tpu npoGupka momectute paBHbIe 00BeMBI pa3baBieHHOro pactBopa KMnO,. 3atem B
OJTHY M3 HUX NPHJICHTE pa30aBICHHYIO CEpHYIO (WM COJSIHYIO) KHUCIOTY, BO BTOPYIO - BOAY U B
TPEThIO - KOHILIEHTPUPOBAHHBIA PACTBOP MLIENOYH. 3aTeM B KaXKIYH W3 MPOOMPOK MpuieiTe
pactBop Na,SOs. (B mpobupky co IIeI0YHBIM PACTBOPOM CIICIYET JTO0OABUTH OOJBIION N30BITOK
Na,S0s). O6wsicHuTe paznuuHoe moBeacHue pactBopa KMnO, B 3aBucumocTt ot pH cpensl u
HAIHIINTE COOTBETCTBYIOIINE PEAKIIHH.

6) OkwucieHue nOPoU3BOAHBIX MnmepmanraHaT-uoHamu. K pa3baBiieHHOMY pacTBOPY
KMnOgnpuneiite pactBop MnSOs. OOBSICHUTE NPOUCXOASIIEE, HANMUIIUTE W YpaBHSINTE
COOTBETCTBYIOILYIO PEAKIIHIO.

OmeiT 6. CBoticTBa coequnenuii sxeneza(ll) u xemesa(lll)

a) BoccranoButenbHbie cBoiicTBa coenunenuii xenesa(ll). K pactBopam conu xenesa(ll)
HOJKUCIIEHHBIM pa30aBICHHON CEPHOM KUCIIOTOM, B OTJIENBHBIX MPOOUPKaX MPUIIEHTE PacTBOPh
KMnO; u KiCr,O,. Onumurte HaOmr0JaeMble W3MEHEHUS M 3alUIINTE COOTBETCTBYIOIINE
PEaKIm.

6) CpaBHUTeNbHAs YCTOHYMBOCTb POJAHUAHOTO, (TOPUIHOTO U  IMAHUAHOTO
xomiuiekcos skene3a(lll). K pactBopy conm xenesa(lll) mpuneiite Heckonbko Kamenb pacTBopa
polaHuaa Kainus win amMmoHua. K momydeHHOMY pacTBopy [00aBbTe (GTOpUA HATpUA.
OO0BsicHuTe HAOMIOJaeMbIe U3MEHEHUSI U 3aITUIINTE PEAKIIHH.

B) K pactBopy rekcaunanodeppata(lll) xanus noGaBbTe pacTBOp poAaHuAA Kajlus WIN
aMmMoHUsA. OOBSICHUTE HEU3MEHHOCTh OKPACKH pacTBOpA.

r) KauectBenHble aHamuTH4ecKkue peakiuu Ha xene30(ll) u sxemezo(l11)

K cBexenomyueHHomMy pactBope FeSO, mpuieiite B  OTAETBHBIX IPOOHMpPKaAxX
pactBopsK,4[Fe(CN)s] (xentast kpoBsiHasi conb) U Ks[Fe(CN)e] (kpacHast kpoBsiHasi coiib). B
KaKoM cilydae HaOJroJaroTCs M3MEHEHUS M B YeM UX NMpH4HrHA. [[puBenTE COOTBETCTBYIONIYIO
XUMHUYECKYIO PEAKIIHUIO.

Te ke camble ONBITHI MPOBEAUTE B OTHOLIEHHH pacTtBopa coiu xeneza(lll). Ormersre,
BKaKOMCITyyae HaOI0Jal0Tcs U3MEHEHUS M B YeM UX NpuuyuHa. [IpuBeanTe cOOTBETCTBYIOUIYIO
XUMHYECKYI0 PEaKIHI0. YKaKHTe, Kakas W3 KOMIUIEKCHBIX COJIEH SIBISETCS CEIEKTUBHBIM
KauecTBeHHBIM peareHToM Ha kene3o(ll) u xenezo(lll). IlpuBenure Ha3BaHUS 0Opa3yrOIIMXCS
0CaJIKOB XapaKTEPHOTO I[BETA.

JIABOPATOPHAS PABOTA Ne 7-8 (4 uaca)
IMosyyenue u pa3pynieHne KOMIJIEKCHBIX COeIHHEHMIt

OOpa3oBaHue M paspylleHHE KOMIUIEKCa OOBSICHAETCS CMEIICHHEM paBHOBECUS €ro
auccormanuun - oobsicHsieTcss mpuHiunom Jlelllatense. PaBHOBecwe amcconuanuu HOHA
[Ag(NH3)2]" = Ag* + 2NH3 cMemaercs B cTopoHy 00pa3oBaHUs KOMIUIEKCA (BIEBO) IPH
yBenudeHUH KoHeHTpanuu nonoB Ag+ u NHs. IIpu aTom 00pa3yroTcst coeqnHEHUs, B KOTOPBIX
LEHTPAJIBHBIA aTOM WM JIUTAH/ CBS3aHbI O0Jiee MPOYHO, YEM B MCXOJHOM KOMILIeKce. MHorue
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KOMIUTCKCHBIE COEIMHCHHSI XOPOIIO PAacTBOPHMBI B BOJIE, TO3TOMY KOMIUIEKCOOOpa30OBaHHE
UCIIOJIB3YETCs JUIs IEPEBO/Ia B PACTBOP TPYAHOPACTBOPUMBIX COCAUHCHHUIA.

Xiopuz cepebpa pacTBOPACTCS B M30BITKE [[HAHKMIA KA

AgCl + 2KCN = K[Ag(CN)2] + KCI

AgCl + 2CN" = [Ag(CN)2] + CI

Dt0 cBsA3aHO ¢ TeM, uyTo MOH cepeOpa B mone [AQ(CN)2] cBs3an Gosee mpodHO, YeM B
AgCl.

AgCl =CI" +Ag*+ 2CN = [Ag(CN)2]

IIP(AgCl) = 5-10®K4[Ag(CN)2] = 1-10%

ITpu no6asnenun azorHoi kuciaoThl K [Ni(NH3)s]Cl2 nporcxoaur paspyiienne KkoMIniekca,
0 uéM CBHJCTECIbCTBYET U3MECHCHHUSI OKPACKU PAcTBOPA. JTO CBA3AHO C 0OpPa30BaHHEM KAaTHOHA
aMMOHHSI, B KOTOPOM aMMHaK CBSI3aH ¢ KaTHOHOM BOJIOpOja 0oJice MPOYHO, YeM C KAaTHOHOM
HUKEJIS.

[Ni(NH3)6]?* = Ni?* +6NH3+ 6H* = 6NH4*+ Ni?*

Ku[Ni(NH3)s]?>" = 1-108Ks[NH*]* = 6:101°

v

I[Tpu u36bITKE H*

KommiekcHble COeMHEHHS MOTYT YYacTBOBATh B OKHCIIHTEIBHO-BOCCTaHOBHTEIBHBIX
peakusx. [Ipy 3ToM U3MEHsIETCsI CTENEeHb OKUCIIEHUS IEHTPATbHOTO aTOMA.

B03MOHBI peakiuu IByX THIIOB:

a) 3meHeHnue creneHu okuciaeHus 0e3 pa3pyieHus KOMILIEKca

2K3[Fe**(CN)s] + 2KI = 2K4[Fe?*CN)¢] + I

0) l3meHeHue cTeneHM OKHUCIEHHMs C pa3pylIeHHEeM KOMIUIEKCa B pe3yJsbTaTe
BOCCTAHOBJIEHMSI LICHTPAJIbHOTO MOHA 10 MeTalljia

Zn + 2K[AU*(CN)2] = 2Au° + K2[Zn(CN)4]

[Mopsimok BeImoHEHHS pabOTHI
OmnebiT 1. Paznuure Mexay TBOWHON U KOMIIJIEKCHOM COJIBIO.

Haneiite B mpoOupky 10-12 kamens pactBopa FeCls u no6aBbTe Mo KaruisiMm pacTtBOp
ponanuga kanusg KCNS. Habmronaiite nosiBiieHue KpoBaBO-KpaCHOT'O OKpPAILIMBAHUS BCIIE/ICTBHUE
obpazoBanus poaanuaa xeneza Fe(CNS)s. Jlannast peakiius MO3BOJISIET OOHAPYKUTH B PacTBOPE
voHsI kenesa Fedt.

B onmny npooupky Hanete 10-12 kanens kanus rekcanuanodeppura(3+) Ks[Fe(CN)e], a B
apyryio — 10-12 kanensb pactBopa xene30-aMMOHUIAHBIX KBAacoB (NH4)2SO4-Fex(SO4)3. B obe
npooupku 1o kKarsiM nooasbTe pactBop KCNS. HabromaliTe nBet pacTBopoB B mpoOupkax. Ha
OCHOBAHMHU ATOTO CJIENIaTh 3aKJIIOUEHHUE, KaKas U3 B3ATBHIX COJICH SBISETCS JIBOMHOM, a Kakas —
KOMILJIEKCHOM.

OmnbiT 2. O6pa3oBaHKe U pa3pyHICHUE KOMIIJIEKCHBIX HOHOB.

[onyyeHre aMMHAaYHOTO KOMILJICKCA MEJIH.

a) Haneiite B mpobupky 10-12 kamnens pactBopa cynbsdata meau(ll) u qob6aBbre 1o xamism
25%-it  pactBop ammuaka. HaOmronmaiite  mepBoHawyanpbHOe  0o0Opa3oBaHWE — OcCajKa
THJIpOKcocynb(ara Meau M IOCIenylolllee €ro pacTBOpeHHe B H30BITKE aMMHMaka C
00pa3oBaHNEM OKPAIIEHHOTO pacTBOPa KOMIUIEKCHON COJIH.

6) K nomydenHomy pacTtBopy A00aBbT€ HEOOJBIIOE KOJHMYECTBO PACTBOPA COJISIHOM
KucJIoThl. HabmomaliTe n3aMeHeHne OKpacKu pacTBopa.

(KoopauHanimoHHO€E 4KCIIo Cu® paBHO 4.)

[osryyeHrne aMMHaYHOTO KOMILIEKca cepedpa.

11



a) Haneiite B mpoOupky 1-2 mu pacTtBopa HuUTpaTa cepedpa M CTOJIBKO K€ pacTBopa
xynopuaa Harpus. [lomydeHHBI OCaJOK pPacTBOPHUTE, IMOJYYUB PACTBOP KOMIUIEKCHOM COJH
cepebpa. st 3Toro 1o0aBbTE HECKOJIBKO Karleidb KOHIIEHTPUPOBAHHOTO PacTBOpa aMMHUaKa.

6) Ilomy4eHHbIl pacTBOp KOMIUIEKCHOH conu cepedpa pasznelite B JBe nMpoOupku. B oany
poOUpKy 100aBbTE PaCTBOP XJIOpUJIA HATPUS, B IPYTYIO — pacTBOp Hoauaa kanus. HaGmronaiite
OTCYTCTBHUE OCaJIKa B TIEPBOM MPOOHUPKE U €ro HAJIMUUE BO BTOPOH.

(Koopaunarmonnoe umcno Ag' pasro 2, ITP(AgCl) = 110%° TIP(Agl) = 1107,
Ka[Ag(NH3)2]" = 9,310%.)

[osiydyeHre TUIPOKCOKOMILIEKCA IIMHKA.

a) Hanefite B mpoOupky 2-3 mi pacTBopa cyib(dara UHKA U J00aBbTE IO KAIUIIM PAaCTBOP
TUAPOKCUAA HATpUS 0 MOosiBIeHUs ocanka. K pacTBopy ¢ ocaakom 100aBbTe M30BITOK HIENOUN
JI0 TIOJTHOTO PAaCTBOPEHHUS 0Ca/IKa B pe3ysIbTaTe 00pa30BaHUs PacTBOpA KOMIUIEKCHOM COJH.

06) K monyuenHomy pactBopy m00aBbTe 3-4 Kamjd pacTBOpa CEPHOM KHCIIOTBHI
HabGmronaiite mosiBneHue ocajika B BUJE TOMYTHEHHS pacTBOpa.

(KoopaunarmonHoe uucio Zn?* pasHo 4.)

[onyyeHne poJaHUAHOTO KOMILIEKCA jKese3a.

B mepByto mpoOupky Haneiite 2-3 mu pactBopa xiopuaa sxkenesa (L), a Bo BTOpyo —
CTOJILKO JK€ pacTBopa Kamusi rekcanmmanodpepputa (3+). B kaxayro mpoOUpKy m00aBbTE
HECKOJIBKO Karesb pacTBOpa pojaanuia kaius. Habmogaiite n3aMeHeHue 1Beta pacTBOpa TOJIBKO
B 1epBoil mpobupke. Ha ocHOBaHUU OmbITa clienaiTe BBIBOJ O TOM, KaKOH M3 ABYX KOMILJIEKCOB
xkenesa (3+) Oonee yCTOMYMB — [IUAHUIHBIN WU POJIAHUTHBIN?

[onyyeHre aMMHAaYHOTO KOMILJICKCA HUKEJISL.

Haneiite B mpobupky 1 Mia pactBopa cynbhara HUKeNnss U J100aBbT€ MO KaruisiM
KOHIICHTPUPOBAaHHBIA pacTBOp ammuaka. HaOmiomaiite ocagok cyibdara HHUKENIS U
MOCIIEAYIOIIEe €r0 PAaCTBOPEHUE BCIICCTBUE 00Pa30BaHUS PACTBOPA KOMILIEKCHOM COJH.

K monydyeHHoMy pacTBOpy 100aBbTE€ paBHBIM OOBEM HACBHILIEHHOI'O pacTBOpa Opomuaa
Kanmus 1 HabmogaiiTe oOpa3oBaHue ocajika TekcaaMHUHHHKENs (2+) Opommuiaa. 3aTeM K ocajaky
n00aBbTE PACTBOP CONSTHOH KUCIOTHL. OTMEThTE pPAaCTBOPEHHE OCalKka M HM3MEHEHHE IBETa
pactBopa. Ha ocHOBaHMU pe3yJibTaTOB OMNBITA CAETAlTE BHIBOJ O TOM, KaKO€ COEIMHEHHE
amvuaka — [NH4]" umm [Ni(NH3)s]?* 6osee ycToiYMBO B TaHHBIX YCIOBHSX.

OnbiT 3. OKHCIUTEIEHO — BOCCTAHOBUTEIBbHBIC PEAKIIUU C YIACTHEM KOMILUIEKCHBIX
COCIMHEHU.

a) Hamelite B mpoOupky 1 M pacTBopa mepmaHTraHaTa Kajius, 100aBbTE PaBHBIM 00BEM
pacTBOpa CEpHOM KHCIOTHI, a 3aTeM IO KaIuliM pacTBOp Kamusg Tekcaunuanodeppara (2+).
HabGmronaiiTe n3aMeHeHre OKpacku pacTBopa.

0) Ilonyunte nuamuuaprento (1+) xmopuna (OmbiT 3.2.2a). B pacTBOp omycTuUTe KycO4ek
MeTaJInyeckoro muaka. Yro madaromaercs?

B) [lonyuure Terpaamunamenu (2+) cynbdar (OmbiT 3.2.1.a). B pacTBop omycTuTe Kycouek
MeTaJIJIMYECKOro uHKa. YTo Habro1aeTcsl Ha MOBEPXHOCTU LIMHKA?

r) Haneiite B mpoOupky 1 mi pactBopa xyopuja kodambTa U 2 MIJI pacTBOpa aMMHaKa.
OTMeTbTe IIBET OOpa30BaBIIETOCS aMMHAYHOTO KoMIuiekca kobambra (2+). K momydenHoMy
pactBopy no0aBbTe 1 M1 pacTBopa XJIOpUAa aMMOHHUS U 2 MJI pacTBOpa MEPOKCHIA BOIOPOJA.
Conepxumoe TIpobupku Harpeiite. Kak m3MeHseTcs 1BeT pacTBopa BeiencTie okucienns Co?
10 Co®* ?

(KoopmrarmonHoe uncio Co?* u Co®* pasHo 6.)

OmnpiT 4. BrivsiHve KOHIIEHTPAIMKA PACTBOPA HA KOMILIEKCOOOpa30BaHUE.

Hanetite B mpooupky 10-12 xanens pactBopa COClz, 106aBbTe M0 KaruisM HaChIICHHBIH
pactBop KCNS. HabmromaliTe nm3aMeHeHue 11BeTa pacTBopa.

K mnonydyeHHOMy pacTBOpYy MO KamisiM J0OaBigiiTe IUCTHIUIMPOBAHHYIO BOIY U
HaO01alTe 32 U3MEHEHHEM LIBETA.
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(KoopurarmonHoe uncio Co?* pasuo 4.)

JIABOPATOPHAS PABOTA Ne 9-10 (4 yaca)
CBolicTBAa KOMILIEKCHBIX COeINHEHU

Lean padoThI:

O3HakoMJIEHHE CO CBOMCTBAMM KOMILUIEKCHBIX COEIMHEHUM M JBOMHBIX COJICH; MOIyYEHUE
KOMILJICKCOB Pa3IMYHOTO THIA; M3YYEHHE YCTOMUYMBOCTU KOMIUIEKCHBIX COCIMHEHUH C
MOMOIIbIO0 KAYECTBEHHBIX PEaKIUH.

OO0opynoBaHNe U peakTUBBI:

[ratu ¢ npodoupkamu. Xiopua xpoma(lll). Tuonmanat ammonusi. PactBopsl: xiopuaa
aMMOHHUs (Hachll.), THonuaHaTa ammonud (0,1 M), xnopuna natpus (0,1 M), xnopuaa xamus
(0,1 M), tnornmanara xanus (0,1 M), Tuocynedara nvarpus (0,1 M), cynsdpura natpus (0,1 M),
nonuna kamus. (0,1 M), cynedara meau (0,1 M), aurpaTa cepebpa (0,1 M), cynbdara nuHKa
(0,1 M), cympdara xkagmus (0,1 M), autpara prytu(ll) (0,1 M), xnopunga 6apus (0,1 M),
cyab(ara amomunus (0,1 M), xmopuna onosa(ll) (0,1 M), nurpata ceunua (0,1 M), cynsdara
xpoma (0,1 M), comu Mopa (0,1 M), xnopuza xeneza(lll) (0,1 M), cynsdata kobansta (0,1 M),
xJiopusia kobanpTa (Haceil.), cyibdara HUKes (0,1 M), consHONW KUCIOTHI (KOHIIL.), aMMHaKa
(0,1 M), rekcarmanodeppara(ll) kamus, rekcanmanodeppara(lll) kaaus, aMMOHHUEBO-)KEIIE3HBIX
kBacioB. CepoBoIOpoIHAS BOAA.

OIIBIT 1. CBoiicTBa ABOMHBIX M KOMILJIEKCHBIX COJIEH

B 1pu mnpoOupkm momecTuTh MO 3 Kalld pacTBOpa aMMOHHEBO-)KEJE3HBIX KBACIOB
NH4Fe(SO4), - 12H20. B yerBepryro mpoOHpKy moMmecTuTh 3 Kamuim rekcarpanodeppara(lll)
kanus Kz[Fe(CN)s]. B mepByto nmpobupky nprOaBuTh 2 KaIluld pacTBOpa THOIMAHATa aMMOHUS
NH4SCN, Bo BTOpYt0 — 2 Karum pactBopa xjaopuaa 6apus BaClz, B TpeTbto — 3 Karim pacTBopa
TUAPOKCUAA HaTpHsl (COAEPKUMOE 3TOM IMPOOMPKHU HArpeTh 10 MOSBIEHUS 3allaxa aMMHaka), B
YEeTBEPTYIO — 2 KAl THOLIMaHaTa aMMOHHUSL.

Bo Bcex nm mpoOupkax MpoucxomuT peakmus? Hamumcate ypaBHEHUS TUCCOIMALINU
JIBOMHOM M KOMIIJIEKCHOHM COJIel, MOJIEKYJIIpHbIE M MOHHBIE YpaBHEHHs peakluil, C TOMOIIbIO
KOTOPBIX OOHapy)XMBaJHCh HMOHBI COJiel B pacTBope. Hamumcarh BbIpaKeHHE KOHCTAHTHI
HecToikocTH KommnekcHoro noHa [Fe(CN)e]®", maiiTu B Tabnuue ee 4mMCIOBOE 3HAYEHHE M
C/IeNaTh BBIBOJI 00 YCTOMYMBOCTH 3TOTO MOHA B PaCTBOPE.

OIIBIT 2. CeoiicTBa AKBOKOMILICKCOB

A. Tlomectuts B HeOONbIION THrenb | MuKpomImareab MeaHoro kymopoca. Cmabo
HOPOKAIUTh cofiepkuMoe TUris. OOpaTUTh BHUMaHME Ha M3MEHEHHe lLiBeTa KpucTayuioB. [locne
TOTO KaK THIeNb OCTBIHET, J00aBUTh | — 2 Kamiu BOABI, OTMETHTh H3MEHEHHE OKPACKH
pactBopa. HamucaTts ypaBHEHUS peaKIIHid.

B. B mpoOupky momectuth | MHKpoOIINaTels KpuUcTautoruapara xinopuaa kodamsta(ll)
CoCl2 - 6H20, ocropoxxHOo HarpeTh. Ha0mronaTh n3MeHeHHe 11BeTa, COOTBETCTBYIOIIEE PEAKLIUU
OTUICTITICHHUS BOJIBI.

2[Co(H20)6]Cl2«—» Co[CoCl4] + 12H,07

OxnamuTh TPOOMPKY ¥ TIPUOABHTH HECKONbKO Kamenb pactBopa NaOH. 3ammcats
HAOIIOICHUSI.

OIIBIT 3. ITosnyyeHne U CBOMCTBA HEKOTOPbIX AMMHMAKATOB

A. Tlomectuts B ipodupky 3 karum cyibdara meau(ll) CuSO4, 3aTem nmpubaBuTh 2 Karm
ruapokcuaa ammorust NH4OH.

HaGmonate Beimagenue ocaaka ruapokcuna memu Cu(OH)z. OtMeruTts 1BeT ocanka u
3arucaTh ypaBHEHHE PEaKIInH.

K nomydyenHomy ocanaky npuOaBuUTh M30BITOK KOHIIEHTpHpoBaHHOro pactBopa NHiOH.
Yro HabmomaeTcs? 3amucarh ypaBHEHHE PeakIMu MoJydeHus cyibdara terpammuaomenn(ll)
[Cu(NHz3)4]SOa.

[IpubaBuTh K MOJTyYEHHOMY pacTBOpy 3 — 5 Kamellb CEpOBOIOPOJAHONW KHUCIOTHI H>S.

Hanwucare ypaBHEeHHE peakii U OObSACHUTH BBINAJICHUE YEPHOTO OCajKa, yUuThIBast, uTo [1Pcus
=8,5-107%.
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b. K 1 kamne pactBopa Hutpata cepedbpa AgNO3 npubaBuTh 2 Kari pacTBOpa XJIOpHUaa
kamuss KC1 wiu wHatpus NaCl. K monydeHHOMY oOcaiky MNpuOaBUTh PAcTBOP T'HIPOKCHIA
ammonuss NH4OH 1o momnoro pacrBopenust ocamka xmopuma cepedbpa AQCl. Hamucarts
YpPaBHEHUS pPEaKLUM.

B mpobupky ¢ moidydeHHBIM pacTBOpoM xyopuaa auammuHocepedpa [Ag(NH3)2]Cl
npuOaBIATh MO KaruisiM pa3daBieHHoW azoTHoW kuciaoTel HNOs3 (3 — 5 kamens). Hanwmcatsb
ypaBHEHHUE PEaKIUU U OOBICHUTH 0Opa3zoBanue ocaaka mpu npudasieHnn HNOs.

B. K 3 karusim pactBopa conu Hukessi(11) 106aBisTh Mo Kamism BOAHBIN pacTBOp aMMHaKa
NHsOH 1o pactBOpeHHMs BbINafaromeld B OCAaZOK OCHOBHOH coiau. OTMETUTh IIBET
TOJY4MBIIErocs PacTBOpPA. 3ammcarTh ypaBHEHHs peakiuii (koopauHaruonnoe yucio NiZ* paBHo
6).

OIIBIT 4. IlosryyeHue U cBOIiCTBA alIHI0OKOMILICKCOB

A. B npo6upky BHectu 2 — 3 karum pactBopa Hutpata prytu(ll) HgQ(NO3)2 u mo6asists mo
KarsM pactBop noauna kanus Kl, o obpazoBanus ocasnka noauna pryta Hgle. OrmeruTs et
ocanka. K ocaaky noGaBuTh u30bITOK pactBopa Kl mo pactBopenus ocagka. Hamwmcats
ypaBHEHUE peaknuu B3aumojenctsus Hgl, ¢ u30bITkOM womuma kaiusi (KOOpAWHAIMOHHOE
uncio Hg?* paBHo 4). HanucaTs ypaBHEHHE TUCCOLMMAINN MOTYYEHHOTO KOMIIIEKCHOTO MOHA.

[Monyuennsiit pactBop Terpanonoruapaprupara(ll) xamus Kz[Hgls] pasmenuts Ha nBe
gactu. K omHOi yacTu 100aBUTh HECKOJBKO Kalelb pacTBopa IIENOYHM, a K APYyrol —
cepoBoAOpoAHOH BoAbl H2S. OTMETHTH HAOMIOCHNS U OOBSCHUTD OJTYYCHHBIC PE3YIIbTATHL.

B. ITonyunts ocamok AQCIl. 3arem mo KarisM MPUOABIATH PACTBOP THOCYJIb(ara HATPUsS
O  TOJIHOTO  pacTBOpeHUs  ocajka. Hamwmcatp  ypaBHEHHWE  pEaKUWH  TOJIYUYCHUs
auTHOCYIb(atoaprenTaTa HaTpus. (KoopauHanuonnoe uncio uona Ag* pasHo 2.)

B. K 1 — 2 kamnsm pactBopa cynbdara meaun CuSOs m00aBUTH CTOJIBKO K€ pacTBOpa
rekcaranodeppara(ll) xamus Ks[Fe(CN)g]. OrMeruts 1BET 00pa30BaBIIErocs oOcaaka H
HAIKCaTh YPAaBHEHUS PEaKIIHA.

I'. K 1 — 2 kamisam pactBopa xnopuna xene3a(lll) FeCls nmpubaButhk cTonbko ke pactBopa
rekcaranodeppara(ll) kamus Ks[Fe(CN)g].

K 1 — 2 kamsiM CBEKENPHUTOTOBICHHOTO pacTBopa cynbdara xenesa(ll) FeSO4 npubaButh
1 — 2 xamm rekcarmanodeppara(lll) xamust Ks[Fe(CN)e]. OT™MeTuTh HaOMIOACHUS U HANKCAThH
JUis 000MX OMNBITOB YpaBHEHMs peaklUil, y4yuThIBas, 4TO B IIEPBOM OIBITE HOIYUYUTCS
rekcannanodeppat(ll) xemneza(lll) xamus KFe[Fe(CN)e] («OepmuHckas 1a3ypb»), a BO BTOPOM
— rekcanuanodeppat(lll) xenesa(ll) xanus («TypHOyIeBa CHHBY»), UMEIOIIETO TaKyK K€
dbopmyiy.

OIIBIT 5. O6pa3oBanue rHAPOKCOKOMILIICKCOB

B Tpu nmpoOupku moMecTuTh pa3ienbHO pacTBOphI conelt nuHka, xpoma(lll) u amromMuHwMsL.
B kaxayro u3 HUX J100aBJIATH MO KaljsM pacTBop miesnoud. HabmionaTte BHauase BbINajJeHUE
OCaZIKOB, a 3aTeM WX pacTBOpeHHe B W30BITKE mienouyn. HammcaTh ypaBHEHHWE peakIuu
00pa3oBaHMs  PACTBOPUMEIX T'MAPOKCOKOMILIEKCOB, —coepkamux uombl  [ZNn(OH)4]%,
[Cr(OH)s]*, [A1(OH)s]*.

JIABOPATOPHAS PABOTA Nel1-12 (4 uaca)
OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKIIUH

esab padoThi:

[IpoBenenue KaueCTBEHHBIX  OMBITOB,  PACKPBHIBAIOIINX OKUCIIUTETbHBIE U
BOCCTAHOBUTEIHHBIC CBOMCTBA OT/IEIHHBIX BEIECTB.

O0opynoBaHue U peaKTUBBI:

[ratuB ¢ mpoOupkamu. bpomun kamus. Momun xamms. Cynwsdut Hatpus. Tpurmapar
nutpara meau(ll). PactBopsr: xmopuna xeneza(lll) (1 M), xnopuna xeneza(ll) (1M), xnopuna
onoBa(lV) (1 M), xmopuna omosa(ll) (1 M), rexkcanmanodeppara(lll) xamus (1 M), ceproit
KucioThl (2M).nmepmanranata kanus (0,05 M), nuxpomara kanus (1 M), ruapokcuaa kanus (40
%-np1it), cynaspura Hatpus (0,1 M), nomuna kamus (0,1 M), autpura Harpus (0,1 M), comu
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Mopa, tnormanata ammonus (0,1 M), cepHoit kuciotsl (kKoHII.), rekcannanodeppara(ll) xamus
(0,1 M), xnopuna kamust (0,1 M), cynasdpara memu(ll) (0,1 M), xnmopuma OGapus (0,1 M).
CepoBoaopo/iHas BOjia, XJIOpHasi Bojia, OpoMHasi BoJia, HOAHAs BOJA.
OIIBIT 1. OkucauTenbHbIE CBOKWCTBA MIEPMAHTAHATA KAJIUS
B Pa3HbIX cpeaax

B tpu npobupku BHecTH 1o 3 — 4 xarum pactBopa nepmanranara kanus KMnOg. 3atem B
nepByto 100aBUTh 3 — 4 Karum pazbasieHHoro pactsopa H.SO4, Bo BTOpyro — 3 — 4 Karuu BOJIbI,
B TPETHIO — 3 — 4 Karuii KOHIIEHTpUupoBaHHOTO pacTBopa KOH.

B kaxnmyio mpobupky BHecTH pacTtBop cynbburta Hatpus NaxSOs 10 w3MeHEHHs IBeTa
pacTBopa.

OtMmeruTh HaOmomaemble m3MeHeHMs. Hamucate ypaBHeHust peakiuid mexay KMnOs u
Na>SO3 B kucIoii, HEUTpabHON M TIenouHoM cpenax. Paccuurtats DJIC peakiuil, UCnoab3ys
Ta0JIMIly CTaHJIAPTHBIX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MOTEHIIMAIOB. Caenarh 3aKItoueHne
00 OKHCIHUTEIbHON CIIOCOOHOCTH IEpMaHIaHaTa B pa3HbIX CPElax.

OIIBIT 2. OxkucauTebHbIE CBOMCTBA JUXPOMATA KAJIUSA
OmnpenenuTb BO3MOKHOCTD MMPOTEKAHMS PEAKIIUN
Cr,07% + 14H" + 66~ = 2Cr®** + 7TH,0
IIPY UCIIOJIb30BaHUH B Ka4eCTBE BOCCTaHOBUTENEH — noauaa kamus Kl, cepoBonopoiHOi BOIBI
H2S u nutpara varpus NaNOgz, paccunta 3/IC xaxnoit peakiuu. [lonTBepauTh NpaBUIbHOCTh
OTBETa ONBITHBIM IyTeM. [[nst 3Toro B Tpu mnpoOupku BHecTH 1o 3 — 4 KamiM pacTBopa
muxpomara kanmust KoCr207 um mo 3 — 4 xamm paz6asienHoro pacrsopa HoSOs4. B mepByto
npoOupKy 100aBuThH pactBop moamna kamus Kl, Bo BTopyro — pactBop cepoBomopona HzS, B
Tpetbto — pactBop HHUTpuTa Hatpus NaNOz 1o mosBIeHUS YCTOWYMBOM OKpacku. 3amucarb
HaOJII0/ICHUS M YPaBHEHUsI peaKLUi.
OIIBIT 3. Bausiane KOMILIEKCO00pa30BaHNS
HA OKHCJIHUTETbHO-BOCCTAHOBHUTEIbHbIE CBOICTBA BElIeCTB

CraHapTHBIH OKUCIUTEIbHO-BOCCTAHOBUTENBHBINA MOTEHIMAN JUISI TPOCTHIX HOHOB Kele3a
OosbIe, YeM JJIs IIHaHUIHBIX KOMIUIEKCHBIX HOHOB.

To 3nauenusM E%ompenenuTs:

1) xaxue nonsl — Fe?* umu [Fe(CN)s]* — MOTyT OGBITH OKHCTIEHBI H01HOI BOIOH;

2) xakue woHsl — Fe** wmm [Fe(CN)s]** — crmocoGHEI OKHCINTH MOAMA-HOHEL OTBET
MOJITBEPAUTH YKCTIEPUMEHTAIIBHO.

s 3TOrO B /1Be MpOOMpKH BHecTH MO 3 — 4 kamiau #WoaHoi Boabl. B oaHy mpoOupky
106aBuTH 3 — 4 Kammm pacTBOpa coiH, coiepxkameii Fe?*, B mpyryio — 3 — 4 kamm pactBopa
Ka4[Fe(CN)e]. B kakoit mpodupke Habt01aeTCsl 00ECIBEUNBAHKE HOMHOM BOIBI?

B nBe npyrue npoOupku BHecTH 3 — 4 kamiuu pactBopa noaunaa kamus Kl, moakuciautsb
pa3baBineHHbIM pacTBopoM H2SO4. 3areM B ojHYy mpoOupky 100aBuTh 3 — 4 Karum pacTBoOpa
xmopuaa xeneza(lll) FeCls, B apyryro — 3 — 4 kamu pactBopa rekcanuanodep-pata(lll) xamus
Ks[Fe(CN)s].

B kakoit mpoOupke BwimensieTcss cBoOoaHbIM won? Craenatb BBIBOJ O BIHUSHUH
KOMILIEKCOOOPa30BaHHUs Ha OKMCIIUTENbHbIE CIOCOOHOCTH HOHOB Fe”,

6 IMJAKTHUYECKHUE MATEPHUAJIBI 1JI1 KOHTPOJISA(CAMOKOHTPOUJIA)
YCBOEHHOI'O MATEPHUAJIA

6.1 OueHoYHbIe CPEACTBA, MOKA3ATEJIH U KPUTEPUH OLICHMBAHUS KOMIIEeTEHIIM

HNuaexc Onenounoe IToka3aTenn Kpurtepun ouennBanus
KoMmIere CpeacTBO OLlCHMBAHMHA copMHpPOBAHHOCTH KOMIIETCHIM I
HIIUHA
OIIK-1 | KonTponbsHas Huzknii — JOMYCTHJI ~ YUCJIO  OMHMOOK W
IK-1 pabota HEYJIOBJIIETBOPUTEI | HEIOUYETOB IPEBOCXOMAIIEE HOPMY, IpHU
BHO KOTOpPOM MOKET ObITh BhICTABJICHA OLIEHKA
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«3»

[ToporoBbiii —

€CJIM CTYACHT IIPaBHUJIbHO BBIIIOJIHUII HE

YIOBJIETBOPUTEIbH | MEHEE IOJOBHUHBI PaOOTHI WMIIHM JIOMYCTHI:
0 He Oosiee ABYX rpyObIX OmMOOK; WM HE
Oonee onHOW TpyOOH M OnHOW HErpyOoit
OIIMOKH M OJHOI'0 HEJ0YETA;, UM He 0oJiee
JBYX-TpPeX HErpyObIX OIMOOK; MM OJHOMN
Herpy0oi ommOKH U TPeX HEIOYETOB; UIH
IIPU OTCYTCTBUHU OIIMOOK, HO IPU HAJTMYNU
YeThIPEX-TISITH HEJJOYETOB.
ba3zoBbIit — | CTYIEHT BBINOJHWI PAa0OTy MOJIHOCTHIO,
XOpOIIIO HO JIOMYyCTHJI B Heil: He Oonee onHOU
HEerpy0o# omMOKY ¥ OAHOTO HEA0YETa HITU
He Oosiee IBYX HEIOUYETOB
Beicoknii — | pabora BbIIOTHEHA 0€3 OMIMOOK, YKa3aHBI
OTJIUYHO BCE pacyeTHble (HOpPMyNbl, EIUHUIIBI
U3MepeHusi, 0e3 OMmMUOOK BBITIOJHEHBI
MaTeMaTHYECKHUE PACUEThI
Tect Husknii — KonnyecTBo npaBuIIbHBIX OTBETOB HA
HEY0BJIETBOPUTEI BoIpockl Tecta MmeHee 60 %
BHO
[Toporossiii — KonunuecTBo npaBuibHBIX OTBETOB Ha
YIOBJICTBOPUTEIIbH BOTIPOCHI TecTa oT 61-75 %
0
ba30BsIi1 — X0po1o KonnyecTBo npaBuIIbHBIX OTBETOB HA
BOMPOCHI TecTa oT 76-84 %
Bricokwmii — KonnyecTBo npaBUIbHBIX OTBETOB Ha
OTJINIHO Bonpockl TecTa oT 85-100 %
Pegepar Husknii — TeMa pedepaTa He pacKpbITa,
HEYJIOBJIETBOPUTEN | OOHApYKUBAETCS CYIIECTBEHHOE
BHO HETMOHUMAaHHe MPOOIEMBI.
IToporossrii — MMEIOTCS CYIECTBEHHBIE OTCTYIUIEHUS OT
YAOBJIETBOPUTENIbH | TpeOOBaHUM K pedepupoBanuio. B
0 YaCTHOCTH: TEMA OCBEILEHA JINIIb

YaCTUYHO; JOMYIIEHbI (PaKTHYECKHE
OLIMOKH B coJiepXaHuu pedepata UK MpH
OTBETE Ha JIOMOJHUTENIbHBIE BOIIPOCHI; BO
BpEMSI 3AIIUTHI OTCYTCTBYET BBIBOJ.

ba3oBblii — x0po11o

OCHOBHbIE TpeOoBaHUs K pedepaTy U ero
3alUTe BBITOJHEHBI, HO IPH 3TOM
JIOTTYIIeHbI Helo4EThl. B yacTHOCTH,
MMEIOTCSI HETOYHOCTHU B U3JI0KEHUH
MaTepuaia; OTCYTCTBYET JIoTHdecKas
MIOCJIEI0BATENBHOCTD B CYKACHUSX; HE
BBIZIEpKaH 00bEM pedeparta; UMEIOTCS
yhyIieHus: B 0pOpMIIEHUH; Ha
JIOTIOTHUTEIIbHBIE BOMPOCHI IIPU 3aIlIUTE
JTaHbI HETIOJIHBIE OTBETHI.

Bricokuit —
OTJIMYHO

BBITTOJIHEHBI BCE TPEOOBAHUS K HAITMCAHHIO
u 3amuTe pedepara: 0003HaYCHA
npoOseMa 1 000CHOBaHA €€ aKTyaJIbHOCTb,
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CeNlaH KPaTKui aHallu3 Pa3IMuHBIX TOYCK
3peHHS Ha pacCMaTPUBAEMYIO ITPOOIIEMyY U
JIOTUYHO U3JI0KEHA COOCTBEHHAS MTO3UITHS,
c(hOpMYITHPOBAHBI BEIBOJIBI, TEMA
pacKpbITa MOJTHOCTHIO, BBIIEPKAaH 00BEM,
co0Jr0/1IeHBI TPeOOBaHUSI K BHEIITHEMY
0(pOPMIICHHIO, TaHBI TTPABHIILHBIC OTBETHI
Ha JIOTIOJIHUTEIIbHBIC BOITPOCHI.

Komnoxsuym

Huzkuii — - HE3HAaHUE MPOTrPAMMHOI0 MATEPHAIIA;

HEYJIOBJIETBOPUTEI | - IPU OTBETE BO3HUKAIOT OLUIMOKHU;

BbHO - 3aTPpyAHCHUA npu BBITIOJIHCHUN
IIPAKTUYECKUX paboT.

IToporossrii — - YCBOCHUE OCHOBHOI'O MaTe€pHUaa;

YAOBJIETBOPUTEINIBH | - IIPU OTBETE JIOIYy CKAKOTCSI HETOYHOCTH;

0 - IIpY OTBETE HEAOCTATOYHO ITPABUIIbHBIE

(bopMyIIUPOBKHY;
- HapyIIEHHUE MOCIIeI0BATEIHLHOCTH B
U3JI0KCHUU TIPOTPAMMHOI0 MaTepHala,

- 3aTpyJHEHUS B  BBINOJHECHUU
MPAKTUYCCKUX 3aJIaHUH.

ba3oBblii — x0po1Io

- 3HAHWE MTPOTPAMMHOTO MaTepHaa;
- FPaMOTHOE U3JIOXKEHHUE, 0e3
CYyIIECTBEHHBIX HETOYHOCTEH B OTBETE HA
BOIIPOC;
- MPAaBWJIbHOE TPUMEHEHNE TEOPETUYECKUX
3HAHUIM;

- BJIaJICHUC HEO0O0XOINMBIMHU
HaBBIKAMH npu BBITIOJITHEHUH H
MPaKTUYECKHX 3a]1a4.

Bricokmuit —
OTJINYHO

- IIIyOOKOE ¥ MPOYHOE YCBOCHHE
MIPOrPaMMHOTO MaTepHaIa;
- TIOJIHEIE , TTOCJIENOBATENIbHEIE ,
FpaMOTHBIe 1 JIOTUYCCKHU U3J1aracMbIC
OTBETHI PU BUJOU3MEHEHHUH 3a/IaHUS;
- CBOOOJIHO CITPABJISIONINECS C
IMOCTaBJIEHHBIMHM 3aJa4aMHt, 3SHAHUS
MaTepuana,
- IPaBUJILHO 00OCHOBAHHBIE IPUHSTHIC
peIIeHus;

- BJaJeHWE  Pa3HOCTOPOHHUMU
HaBBIKAMHU nu HpI/IeMaMI/I BBITIOJTHCHU A
MPAKTUYECKHUX padoT.

6.2 IIpoMe:kyTOYHASI aTTECTALUS CTYAEHTOB MO AMCHHUIINHE

IIpomexxyTouHast arrecTanys SBISIETCS MPOBEPKOM BCEX 3HAHUM, HABBIKOB M YMEHUU
CTYZCHTOB, NMPHUOOPETEHHBIX B IMPOLECCE U3YyUEHUS NUCHMILIMHBL DOopMON MPOMEKYTOUHOU
aTTECTalMU 110 TUCLIMIUINHE SABIISETCS 3a4ET.

Jnst oLleHMBaHUSA pe3yJbTAaTOB OCBOCHMS JMCLUIUIMHBI IPUMEHSAETCS CIEAYIOLIUe

KPUTEPUHN OLICHUBAHUS.

KpuTtepun oneHuBaHus yCTHOTO OTBETA HA 3a4eTe
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OneHka «3a4TeH0» BLICTABIISICTCS CTYACHTY, CCJIN:

1. BOTIPOCHI PACKPBITHI, U3JI0KEHBI JIOTHYHO, 0€3 CYIIECTBEHHBIX OMINOOK;

2. MIOKa3aHO YMEHHUE WUTFOCTPUPOBATH TEOPETUUECKHUE MOJ0KEHUSI KOHKPETHBIMU
puMepamu;

3. MIPOJIEMOHCTPUPOBAHO YCBOCHUE PAHEE U3YUEHHBIX BOIIPOCOB,

c(OpPMHPOBAHHOCTH KOMIIETCHIINN, YCTOHYUBOCTD UCTIOIB3YEMBIX YMEHUN U HaBBIKOB.
JlonmyckaroTcss He3HaAUUTEIbHbIE OIINOKH.
OneHka «He 324TEHO0» BBICTABIISIETCS], €CIIU:

1. HE PAaCKPHITO OCHOBHOE COJIep KaHNe y4eOHOro MaTepHaa;

2. o0OHapy’KeHO HE3HAHHE WJIM HETIOHMMaHue OOJIbIIei Ui Hanboee BaKHOW 4acTH
y4eOHOTro MaTepHaia;

3. JIOIYIIEHBI OUIMOKY B OIIPEeNICHIH MTOHATUH, KOTOPBIE HE UCTIPABJICHBI TIOCTIE
HECKOJIbKUX HaBOJSAIINX BOIIPOCOB;

4. He c(hOpMUPOBAHBI KOMITETCHIINN, YMEHHS U HABBIKH.

[IPUMEPHBIN ITEPEYEHB BOITPOCOB K 3AUETY

1. Tunsl XMMHUYECKUX CBA3€H, BaJCHTHOCTb, CTENEHb OKHCIEHUS, KOOPAUHALMOHHBIC
YHClla, MEKMOJIEKYJISIpHbIE (HEBAJICHTHbBIE) B3aUMOICHCTBUSL.

2. Knarpatel M COEQUHEHMs] BKIIOUEHHS, TIa30Bble TUAPAThl, COEAUHEHUA C
MaKpOIUKINYECKIMH JIMTAaHJaMH, CaMOCOOpKa, CaMOOpraHHW3alus, KOMIUIEMEHTAPHOCTb,
NIEPCIIEKTUBBI IPUMEHEHUS.

3. OcHOBHbBIE MOHATHUSI TEOPUU XUMHUECKON CBS3M B KOMIUIEKCHBIX COEIMHEHUSAX (METOJ
BAJICHTHBIX CBSA3€H, TEOPUs KPUCTAJUINYECKOTO OIS, TEOPHS OIS JTUTaH/I0B), TUIIbI JIMTAHJIOB U
KOOPAWHAIIMOHHBIX COCAMHEHHUH, OCOOCHHOCTH CTPOCHHUS M M30MEPHH, MaTepualbl HA OCHOBE
KOOPJAMHALIMOHHBIX COCUHEHHM.

4. KucioTel 1 OCHOBaHHs B HEOPraHM4ECKON, KOOPAMHAIIMOHHONW U OPraHu4eCKOW XUMUH,
CYIEPKUCIIOTHI, BOJHbBIE U HEBOAHBIE PACTBOPHI U PACTBOPUTEIH, CBEPXKPUTHUECKUE CPE/BI.

5. Xumus KiactepoB, yJIbTPaJAMCIEPCHBIX M HAHOYACTHUI[: OCOOEHHOCTH 3JEKTPOHHOTO
CTPOEHHMs, KpPAaTHBIE CBA3UM METa/UI-METaUl, LENH, METaJUIONOIUAPbl, Marun4ecKue 4Yucia,
METOJbl TOJY4YeHHMs] M CTa0WIM3allMM, MaTepuajabl Ha OCHOBE KIJIACTEPHBIX COEAMHEHHH U
HaHOYa-CTHII.

6. MeTo/ibl aKTMBAaLlMM XUMHYECKHX PEaKIUi: METOJbl «MATKON» XWMHUHU, TEMIUIATHBIN
cuHTe3, anuTakcus, meroa CVD, cuHTe3 B CBEpXKPUTHUYECKUX Cpelax, 30J1b-T€Ib TEXHOJIOTHS,
TBEepAO0(ha3HbIN CUHTE3 (0OIIUE MOTOKEHHS).

7. TepmoOapuueckuil CHHTE3: MPOOIEMBI ONTUCAHUS MOJIUMOPGHBIX MOIUPUKALMHA U JHa-
IrpaMMbl COCTOSIHMS YIUIEPOJIA, TOJy4EHHE NCKYCCTBEHHBIX aJIMA30B M aJIMa3HbIX IICHOK B KBa-
3UTUAPOCTATUYECKUX YCIOBUSX.

6.3 TunoBblie KOHTPOJBbHbIC 3aJaHUA UJIU HHBI¢ MaTEepHUaJibl, HeOGXOZ[I/IMbIe AJIA
OICHKH pe3yJibTaTOB OCBOCHUA NUCHUIIJIMHBI
TecThl COACPKAT CICAYIOIINEC THIIbI 3aJlaHui

e Bec Pesyabrar onenuBanus (0a/uibl,
Tun 3aganus ) 3a/1aHUA MOJIy4eHHbIEe 32 BBINOJTHeHUe 3a1aHust /

Attt (0amn) XapaKTePUCTHKA NPABWJILHOCTH OTBETA)
3a/1aHusl 3aKpbITOrO 1,2,3 1 6ann 1 6 - monmHOE mpaBUIBLHOE cooTBEeTCTBUE; O
THUTIA C BBIOOPOM 0 - ocTanbHBIE CIyJYan
OJTHOTO TIPABUIILHOTO
(luz 4)
3aJIaHUsl 3aKPBITOTO 4,5,6,7 |2 06amwma 2 0 — mTOJHOE WPABUIBHOE COOTBETCTBHE
THUIA C BEIOOPOM (mocnenoBaTeNbHOCT,  BAapUAHTOB — OTBETA
HECKOJILKHUX MOXeT ObITh JH000#); 1 6 — ecnu momyieHa
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MPABUJILHBIX OTBETOB oaHa omuOka / OTBET TPABUIIBbHBIM, HO HE

(3 u3 6) noJHbIH; 0 0 — OCTabHbIE CITyYan

3aJIaHusl 3aKPBITOTO 8,9 2 Oaia 2 0 — MOJHOE MPaBUIBLHOE COOTBETCTBHE; 1 O

THIIA Ha YCTAaHOBJICHUE — ecnM JOMyIICHa oOjHa omuoOka / OTBET

coorBetcTBUs (4 Ha 4) npaBWIbHBIM, HO He mnomHbld; 0 06 -—
OCTaJbHBIC CITyYan

3aJlaHue 3aKPHITOTO 10, 11 2 Gama 2 0 — OJTHOE TPaBUIILHOE cOOTBEeTCTBHE; 1 O

TUTIA HA YCTAaHOBJICHUE — ecnM JOMyIIeHa ojHa omuOka / OTBET

MOCJIEI0BATEILHOCTH MpaBWIbHBIN, HO He mnomHbi; 0 06 —
OCTaJIbHBIC CITy4Yan

3aJIaHusI OTKPBITOTO 12,13 3 daa 3 0 — monHOE mpaBmibHOE cooTBeTcTBHUE; O O

THIIA ¢ KPATKUM — OCTaJIbHBIE CITyYaH.

OTBETOM

3a/IaHUs] OTKPBITOTO 14,15 S0amioB |5 0 — mMOMHOE MPAaBWIBHOE COOTBETCTBHUE;

THUIIA C Pa3BEPHYTHIM €CIIM JIONYIIEHa OJHa OIIMOKa/HETOYHOCTD /

OTBETOM OTBET MPABHWJILHBIN, HO HE TIOJTHBIN - 3 Oaia;
€CITH JIOMYIICHO OoJiee OHOM OMOKH / OTBET
HenpaBuwibHbld |/ oTBeT otcyrcTByer — 0
0ajIoB

Komnerennus Nuaukaropsl
- OIIK-1. Cnoco0eH aHaIM3UpOBaTh U e OIIK-1.1Cucrematusupyer 51
MHTEPIIPETUPOBATL PE3YNIbTaThl XUMHUUYECKUX | aHAIU3UPYET pEe3yJIbTaThI XUMHUYECKUX

9KCIIEPUMEHTOB, HAOIIOICHUI U U3MEpEHUI

AKCIIEPUMEHTOB, HAOJIOEHUN, W3MEPECHHH, a
TaK)Xe pe3ysbTaThl PACUETOB CBOMCTB BEIIECTB
Y MaTE€pHUaJoB.

e OIIK-1.2I1Tpennaraer
WHTENPETAIMI0  PEe3yNbTaTOB  COOCTBEHHBIX
SKCIEPUMEHTOB M PaCYETHO-TEOPETUUYECKUX
paboT C HCIOJNB30BAHUEM TEOPETUUYECKUX
OCHOB TpaJUUHOHHBIX M HOBBIX PAa3J/elIOB
XUMHUH.

e OIIK-1.3 ®opMynupyer
3aKIIFOYEHUS MW BBIBOABI MO pPE3yJbTaTam
aHalM3a TUTePaTypHBIX JAaHHBIX, COOCTBEHHBIX

SKCIICPUMCHTAJIBHBIX n pacu€THO-
TCOPCTUICCKUX pa60T XUMHUYECKOM
HaIpaBJICHHOCTH.

3ananume 1. Kakoe u3 yTBep:KIeHHH SIBJIAETCH NPABUIbHBIM [JIsi HHTEpPHpeTaluu
pe3yJbTaTOB XMMHYECKOI0 IKCIIEPUMEHTA ¢ KOMILICKCHBIMHU COCIHHECHUSAMH ?
1. I3MeHeHne OKpacKd pacTBOpPA BCET/a CBUACTEIBCTBYET 00 M3MEHEHUW CTETICHH OKHCIICHUS

HOCHTPAJIBHOI'O aTOMa.

2. TlosBnenue ocagka Mpu J00ABICHUH peareHTa K KOMIUIEKCHOMY COEIWHEHHIO MOXKET

YKa3bIBATh HA Pa3pyHICHHUEC KOMILJICKCA.

3. PaCTBopI/IMOCTI) ocaaka B H30BITKE JIMraiga BCErja sABJIACTCA JOKa3aTCIbCTBOM O6p330BaHI/I${

JBOMHOH COJIH.

4. OTcyTCcTBHE U3MEHEHUS OKPACKU PacTBOPA JOKA3bIBAET OTCYTCTBUE XUMUYECKOU PEaKIUu.
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3ananue 2. Kakoil MeTOl XMMHUYECKOIr0 aHAJIM3A MO3BOJIAET Pa3jJMYUTh KOMILIEKCHYIO U
ABOMHYIO COTH?

1. 3mepeHue 371eKTpOrpoOBOAHOCTH.

2. [IpoBeneHne Ka4eCTBEHHBIX PEAKIIUI Ha HOHBI KOMILUIEKCOOOpa30BaTelis B PacCTBOPE.

3. Onpenenenue TeMIepaTypsbl IJIaBICHHUS.

4. B3BemmBanue o0pasia 0 U Mocie PeaKiluy.

3ananue 3. UTo 03HA4YaeT yBeJMUYE€HHE ONTUYECKOH IUIOTHOCTH PACTBOPA KOMILIEKCHOIO
COeIUHEHUs NPHU 100aBJIeHUN JJUTraHaa?

1. YMeHbIIeHHe KOHIICHTPAIIUU KOMILIEKCO00pa3oBarters.

2. O6pazoBanue 0oJiee MPOYHOTO KOMILIEKCA C HHOW OKPACKOM.

3. Pa3pyiieHue KomIuiekca.

4. OKucaeHue EHTPaJIbHOTO aToMa.

3ananmne 4. Kakue U3 nepeqyucIeHHbIX METOAOB HCIOJB3YIOTCH Al M3YyYeHUS] CTPOCHHS
KOMILIEKCHBIX coeinHenunii? (Boioepure 3 BapnanTa)

1. DieKTpOHHAss MUKPOCKOIIHS.

2. UK-cniekTpockonusi.

3. SIMP-cnekTpockomnus.

4. I'paBUMETPUYECKUI aHAIH3.

5. Tutpumerpus.

6. Macc-criekTpoMeTpusl.

3ananue 5. Kakue U3 cjieqyl0mux yTBep:KIAeHHil BePHbI JJIsl MHTEPNPEeTANIMU Pe3yJIbTATOB
Ka4eCTBEHHOT'0 AaHAJIN3a KOMILIEKCHBIX coequHenunii? (Boioepure 3 Bapnanra)

1. O6pa3oBaHre OKPAIIEHHOTO PAcCTBOpA MPH J100aBICHUU aMMHaKa MOXKET CBHJIETEILCTBOBATH
00 00pa3oBaHNM aMMHaKaTa.

2. PactBopenue ocagka B U30BITKE JHMraHjaa JOKa3bIBaeT OOpa3oBaHUWE KOMIUJIEKCHOTO
COETUHEHMUSI.

3. Brimagenune ocaaka mpH JOOABJICHUM KHCIOTHI K PAacTBOPY KOMIUIEKCA YKa3bIBaeT HA €ro
pa3pyluieHue.

4. VI3MeHeHne OKpPacKu pacTBOpa MPH HArPEBAHUH BCET/IA CBSA3aHO C Pa3JIoKEHUEM KOMILIEKCA.
5. OTCyTCTBHUE pEaKIMU C OCATUTENEM MOKET OOBICHIATHCS Majol KOHIIEHTpAIeil CBOOOTHBIX
MOHOB METalIa.

6. IlosBnenue ra3a mnpu [J00aBIEHUM peareHTa K KOMIUIEKCY SIBISETCS MPU3HAKOM
OKHUCJTUTEITFHO-BOCCTAHOBUTEIHHON PEAKIIHH.

3ananne 6. Kakume u3 mepeumciieHHbIX (PAKTOpPOB MOryT BJMATH HA YCTOMYHMBOCTH
KOMILJIEKCHBIX coeilnHeHuil B pacTBope? (BbiOepure 3 BapnanTa)

1. Konuenrpanus aurasjaa.

2. pH cpenpl.

3. Temnepartypa.

4. IlBet pacTBOpa.

5. Hanuumne nocTOpOHHUX MOHOB.

6. CkopocCTh nIepeMeIINBaHus.

3ananme 7. Kakme M3 cieayromux npoueccoB MOryT ObITh BBbISIBJIEHbI NPH aHaJIM3e
pe3yJbTaToB JIA0OPAaTOPHOr0 JKCHEPUMEHTAa ¢ KOMIUIEKCHBIMU  COeIHHEHUsiMHu?
(Bb10epuTe 3 BapuanTa)

1. OGpa3oBanne BHYTpUCHEPHBIX KOMIUIEKCOB.

2. M3oMepusanus KOMILIEKCOB.

3. I3MeHeHne KOOpIMHALIMOHHOT'O YUCIIa.
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4. YBenudeHue MOJISIPHON MaccChl.
5. I3MeHeHune arperaTHOro COCTOSIHUSL.
6. Hanmnuue oKHCIUTENbHO-BOCCTAHOBUTENIBHBIX ITPOLIECCOB.

3ananue 8. YcTaHOBHTE COOTBETCTBHE MEKIY HA0II01aeMbIM SIBJI€HHEM U €r0 BO3MOKHOM
HHTepHpeTanueii:

H3meHeHne okpacku pacTBopa ¢ cuHel Ha QuoseToBylo : Pa3pyiienue komiiekca KUCI0TON
Bemanenue ocaaka npu  goOasienuu NaCl x  pactBopy [Ag(NHa3)2]"™ : OGpasosanue
aMMHAYHOTO KOMILIEKca KoOaslbTa

PactBopenne ocanka Cu(OH), B u30biTKe ammuaka : OOpa3oBaHHE POJAHUIHOTO KOMILIEKCA
xeneza(Ill)

[TosiBieHME KPOBABO-KPACHOTO OKpaIIuBaHus ¢ poganuaoM : O6pa3zoBaHue THAPOKCOKOMILIECKCA

3ananue 9. YcTaHOBHTE COOTBETCTBHE MeXAYy THIIOM KOMILJIEKCA W TNPUMEpPOM M3
JabopaTopHoii padoThI:

Ammmuakar : [Ko[Hgls]
Anunokomiuieke : Cu(NHz)4]SO4
I'uapoxcokomiuieke : [Co(H20)s]Cl2
Axsakomruiekc : Naz[Zn(OH)4]
Ammuakar — [Co(H20)s]Cl2
Anmnokomiuieke — Naz[Zn(OH)4]
I'mapoxcokomiuteke — Ko[Hgl4]
AxBakomiuiekc — [CU(NH3)4]SO4

3aganue 10. BoccraHoBHTEe mOC/I€I0BAaTeNIbHOCTh 3TANOB AaHAJIU3a KOMILJIEKCHOIO
coeJUHEeHHs B JIa00OpaTOpHON padore:

1 : HaGnronenue nusMeHeHu (0cagok, oKpacka, ras)

2 : IIpoBenieHNe KaueCTBEHHBIX PEaKIUil ¢ pa3TMUHBIMU peareHTaMu

3 : [lomy4yeHne NCXOTHOTO PacCTBOPAa KOMIUIEKCHOTO COCTMHEHUS

4 : UnTepnperanys pe3yabTaToOB U BBIBOJ O CTPOSHUH/CBOMCTBAX KOMILIEKCA

3aganue 11. PacnoJsiokure B NPaBWIBHOM NOPS/AKE ITANbl BHIIOJHEHHS J1a00paTOpHOM
padoTsl «IlosrydyeHue U pa3pylieHue KOMILJIEKCHBIX COeNHEHUID:

1 : IIpuroToBieHue pacTBOPOB UCXOAHBIX COJIEN

2 : Gdukcanus HAOMIOICHU U HAITMCAaHUE YPAaBHEHUHN peaKIuii

3 : [IpoBenenue peakuii NOIyYEHUsT KOMILJIEKCOB

4 : [IpoBeneHue peakuii pa3pyuIeHHs] KOMILJIEKCOB

3ananue 12. IIpouecc nepexoga HOHOB MeTAJLJIA U3 PACTBOPAa B COCTAB KOMILJIEKCHOT0 HOHA
Ha3bIBaeTcs .
OTBeT: KoMILIeKCO0Opa3oBaHue

3ananue 13. KoHcranTa, Xapakrepu3ywuias yCTOMYMBOCTH KOMILIEKCHOIO HOHA B
pacTBOpe, Ha3bIBaETCH .
OTBeT: KOHCTaHTa YCTOMYUBOCTH

3ananue 14. O0bsicHUTE, KAK MOKHO [10Ka3aTh, YTO MOJYYECHHOE COCJIMHEHHE SIBJISIETCS
KOMILJICKCHBIM, a He IBOMHOM COJIbI0, HA IIPUMepe CoJIeH xKeJie3a.

OtBer: [IpoBecTn KayeCTBEHHYIO peakiuio Ha HoH Fe3+ ¢ pomanuaom amMmoHus. s qBOMHOM
comu (mampumep, (NH4)Fe(SO4)2) wnabmromaercss KpoBaBO-KpacHOE OKpammuBanue. Jliis
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komruiekcHo conu (K3\[Fe(CN)6\]) okpammnBanus He IPOMCXOINT, Tak Kak HOH Fe3+ cBsi3an B

IIPOYHBIN KOMILIEKC.

3amanue

16. Ilpensoskure HHTEPHPETALMIO JKCIIEPUMEHTA,

B KOTOpOM PpacTBOp

KOMILJICKCHOT'0 COCAUHCHUS HUKE/IA ¢ aMMHAKOM H3MEHACT OKPacCKy € cuHel Ha 3€JICHYI0

nmpu HOﬁaBHeHI/II/I KHCJI0THBI.

Ortser: V3MeHeHHME OKPACKM C CHHEH Ha 3€JIEHYI0 YKa3blBaeT Ha Pa3pyIICHHE aMMHAYHOTO
xommiekca [Ni(NHs)s]** n o6pazosanue akpaxommuekca [Ni(H20)s]?*

KoMnerennus

Nuaukaropbl

- InK-1. Baaneer CHUCTEMOM
byHIaAMEHTANBHBIX XUMHYECKUX TOHATHH U
3aKOHOB

. IIK-1.1. TloHMMaeT OCHOBHBIE
MPUHIUIIBI, 3aKOHBI, METOI0JIOTHIO M3Y4YaeMbIX
XUMHUYECKUX  JHUCLUUIUIMH,  TEOPETUYECKHE
OCHOBBI (PH3UYECCKUX U (PUIUKO-XHUMHUECKUX
METOJIOB HCCIICIOBAHUS.

. ITK-1. 2. Ucnonp3yer
dbyHIaMEHTAIbHBIE XUMHUYECKUE TIOHSATUS B
CBOEH MpodeccuoHaNbHON 1eATeIbHOCTH

. IK-1.3. HNutepnperupyer
MOJIyYEHHBIE PE3yJIbTaThl, UCIOJb3Ysl 0a30BbIC
MOHITHSI XUMUYECKUX AUCUUTIINH

3ananue 1. Uto siBasieTcss 0cCHOBOM MeTona BajieHTHbIX cBs3eil (MBC) nis o0bsicHeHust

CTPOEHUSI KOMILUIEKCHBIX COeTUHEeHUi?

1. BzauMopencTBue MarHUTHbIX MOMEHTOB 3JIEKTPOHOB.
2. JIoHOpHO-aKLENTOPHOE B3aUMOIEUCTBHUE JINTAH/A U [IEHTPAJTILHOTO aToMa.

3. DIIEKTPOCTATUYECKOE B3aMMOICHCTBIE HOHOB.
4. I3MeHeHHe SHEPTUU KPUCTAJUIMYECKOTO TOJSL.

3aganue 2. CoriiacHo Teopuu kpucrandeckoro nouas (TKII), pacmensienne d-opouranei
B OKTA3IpH4YeCKOM I10JIe TUTAHA0B NPUBOIUT K 00pPa30BaHUIO YPOBHeEIi:

1. JIByx ypoBHel: eg u t2g.

2. Tpex ypoBHeii: alg, tlu, eg.

3. OIHOTO BBIPOXKAECHHOTO YPOBHSI.
4. Ilatu pa3nuyuHbIX YPOBHEH.

3ananue 3. Kakoii mapamerp B Teopuu noJs guranaos (TILJI) HemocpeacTBeHHO oTBeYaeT

32 MPOYHOCTH CBA3M MeTAJI-JIUrang?

1. DHeprus pacuierienus A.

2. BennuuHa 3apsiia Ha HEHTPAJIbHOM aTOME.
3. CTeneHb OKHCIICHHS METaIa.

4. Pagnyc noHa merania.

3ananne 4. Kakue n3 mepeyMceHHBbIX NOHATHI SBJIAIOTCA (PYHIAMEHTAJBHBIMHU ISl
KOOpAMHAIMOHHOI xumuu? (Boidepure 3 Bapuanra)

1. KoopauHaoHHOE YHCIIO.
2. DHTaANBIUS CTOPaHUsL.

3. Jlurann.

4. Unaukaropras Oymara.

5. KommekcooOpa3oBarelb.
6. IlapumanbHOE JaBIICHHE.
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3aganue S. Kakme wu3 cjlelyommux 3aKOHOB M TMPUHIUIOB HMCHOJb3YIOTCH TPH
HHTEpPIpeTANUN YCTOMYMBOCTH KOMILIEKCOB B pacTBope? (BoiOepurte 3 BapuanTa)

1. 3aKoH coxpaHEHUs MaCChI.

2. [Tpunuun Jle Hlarenbe.

3. 3akoH I'ecca.

4. IIpaBWiio OKTETA.

5. 3aKOH ACHCTBYIOLIUX MaccC.

6. Ilpunuun Ilaynu.

3ananue 6. Kakue u3 mepeyucjeHHbBIX METOA0B HCC/IeA0BAHMS IO3BOJISIIOT ONpeNeJUTh
CTPOEHHE KOMILJIEKCHBIX coequHeHnii? (Boi0epure 3 Bapuanra)

1. UK-cniekTpockomnusi.

2. Kongykromerpus.

3. DAeKTpOoHHAs CHEKTPOCKONUS (CIIeKTPOPOTOMETPHS).

4. Peppakromerpus.

5. AMP-cniekTpockonus.

6. TepmorpaBumeTpus.

3aganue 7. Kakue mMOHATHS HCHOJB3YIOTCS JIsi KOJUYECTBEHHOr0 ONMCAHUS CBOWCTB
KOMILJIEKCHBIX coeqnHennii? (Boi0epurte 3 BapuanTa)

1. Koncranra ycroitunBoctu (f3).

2. KoncranTa Hecrolikoctu (KH).

3. IloTeHunan MOHU3ALMY.

4. Ilpousseaenue pacrsopumoctu (I1P).

5. JlaBieHue HaChIIEHHOTO Napa.

6. Touka ruiaBneHusI.

Otser: 1, 2,4

3aganue 8. YcraHoBHTe COOTBETCTBHE MEXK/1Y TeOpUel XUMHUYECKOH CBSI3U B KOMILJIEKCAX H
e€ KJII04eBbIM NOHATHEM:

Merton BanentHbix cBsazeil (MBC) : Dneprus pacmennenus d-opouraneit (A)

Teopus kpucrammueckoro nois (TKII) : JlonopHo-akuentopHas cB3b

Teopus nonst uranoB (TTLT) : CtabunbHOCTH 3aBepiIeHHON BHENTHEH 00010YKH

[TpaBuiio oktera : MomnekynspHbie OpOUTaIN

3aganne 9. YcTaHOBHTE COOTBETCTBHE MeXKIY THIOM HW30MEPHUH KOMILIEKCHBIX
COeIMHEHUI U IpUMepoM:

'eomerpuueckas uzomepus : muc- u Tpanc-[Co(NH3)4Clo]*

Nonusanuonnas nuzomepus : [Co(NHz)sBr]SO4 u [Co(NHs)sSO4]Br

I'unpatHast (conbBatHas) uzomepus : [CO(NH3)s][Cr(CN)s] u [Cr(NHz)s][CO(CN)s]
Koopaunarmonnas uzomepus : [Cr(H20)6]Clz u [CrCI(H20)s5]Cl2-H20

3ananue 10. BoccraHoBHTE 1O0C/€I0BATEJBHOCTh YBEJIHMYEHHS] CHJIBI IOJIA JIMTAHI0B
(CIeKTpPOXUMHUYECKHI Psi):

1:r

: Br

:CI

:CN°

' F

- NH3

- H20

~No ok~ wiN
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3ananue 11. Pacnosioxkure B NPaBUIBLHOM NMOPSiIKe 3TaNbl 00Pa30BaHUA KOMILJIEKCHOIO
HOHA COIJIACHO METOAY BAJIEHTHBIX CBSI3€i:

1 : Hannuue cBoOOAHBIX OpOUTaiel Ha LIEHTPAJIbHOM aTOMe.

2 : OOpa3oBaHuE KOOPMHALMOHHOM CBS3H.

3 : JIoHOpHO-aKIIENTOPHOE B3aMMO/ICHICTBHE.

4 : Hanuune HENoOeIEeHHOM 3JIEKTPOHHOM Maphl Ha JIMTaH/Ie.

3ananune 12. CnocoOHOCTH aTOMA WM HOHA ObITh HEHTPOM B KOMILJIEKCHOM CO€IMHEHHUU
Ha3bLIBaeTCH .
OTBeT: KOMILIEKCO0Opa3oBaTelb

3ananmue 13. SIB1eHUe U3MeHEHUS] OKPACKH KOMILJIEKCHOTO COeIMHEHMS NPH 3aMeHe 0JHOT0
JUTaHJIa APyruM Ha3pIBaeTcs .
OtBert: xpomodopHbIi 3 PexTt

3ananue 14. O0bsicHNTE, HCMOJIb3YH TEOPUI0 KPUCTAUIMYECKOT0 MOJIsl, I0YeMY KOMILIEKC
[CoFe]* siBasiercst mapamarauTabiM, a [Co(NH3)6]3* - nnaMarnuTHBIM.

Otser: Mon Co3" umeer d6 xouduryparmo. @TOPHI-HOH - CIa0blii JIMTaHJ, CO3/JAeT Majoe
pacuierienue A. DHeprus crnapuBaHUsl 3JIEKTpoHOB P Oonbmie A, mostoMy peanusyercs
BBICOKOCITMHOBOE COCTOSIHME C YETHIPbMsI HECIIAPCHHBIMU DJICKTPOHAMHU (IapaMarHeTH3M).
AMMMaK - cUIIbHBIN Jauradz, A > P, mo3romy peanu3syercsi HI3KOCIIHHOBOE COCTOSIHUE CO BCEMU
CHApEHHBIMU 3JIEKTPOHAMHU (JIMAMarHEeTU3M).

3aganue 15. Onummre, xkak npuHoun Jle laresbe npumensiercas M 00bsSICHEHHA
pa3spyLIeHHs] AMMHAYHOI0 KOMILJIEKCa cepedpa npu 100aBJICHHNH KHCIO0THI.

Ortser: PaBHoBecue qucconmanuu kommiekca: [Ag(NHz)2]" = Ag™ + 2NHs. Tlpu noGasienuu
KHCJIOTHI HOHBI H+ CBS3BIBAIOT aMMuaKk B Gosiee mpouHbiii noH ammonus: NHs + HY — NH4".
KoHueHTpanuss cBOOOJHOrO aMMMaka IaJaeT, PABHOBECHE CMEILAETCs BIIPaBO, COIIACHO
npuHuuny Jle Illarense, 4YTO NPUBOAUT K pa3pylIEHUIO KOMILIEKCA M YBEIUYECHHIO
KOHIIEHTpAIIUK HOHOB Ag".

KOMILIEKT 3AJIAHUH J1JIs1 KOHTPOJIBHOM PABOTBI
KonTposbnas padora Ne 1
Bapuanr 1
1. DOHeprusi cTabMIM3ali KPUCTANTHIECKAM Toj1eM paBHa —6Dg. YcraHoBHTH Bce
BO3MOXHBIE JJIEKTPOHHbIE KOH(QUrypanuuu aroMoB. IlpuBecTH mnpuMepsl KOMIUIEKCHBIX
COCTUHEHUN.

2. Paccumrate BemmumHy 10Dg s cmemyrommx  komruiekcoB:  [CrClg]®,
[Cr(H20)6]* 1 06BACHUTE KaKoil KOMIIIEKC XapaKTepH3yeTcsi HU3KOCITMHHOBBIM COCTOSIHHEM.

3. YcranosneHo, uto B kommiekce [CU(NO2)s]* akcuanbHble CBA3M MeTasI-IUTaH]
3HAYUTEIIEHO KOPOYe IKBATOPHUATBHBIX. OOBSICHUTE ITOT IKCIIEPUMEHTATBHBIN (aKT.

4. CocraBbTe sHepreTiyeckyro auarpammy mist [Co(NHs)e]® mo metomy MO.
5. CocTaBbTe YpaBHCHHS CIICTYIONTUX PEAKITHI:
SOz + K20 =
Li2O + Mn207 =
Al203 + Na20
U YKaxuTe QYHKIHIO Kaxaoro pearedra no Jlykcy-Oimyny.
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6. PaccuuTaiiTe sHTaNbNUIO KHCIOTHO-OCHOBHOTO B3aUMOJIEHCTBUS JJISI CHUCTEMBI
o — aMMHUaK; METUJI-KaTHOH — PTop.

KonTpoubnas padora Ne 2
Bapuanr 1

1. Kakue u3 peakuuii, IpoOTEKAIOUIUX 10 CXEMaM:

K2Cr207 + H2SO4 (kon1r.) — CrOs|+ K2SO4 + H20

KBr + KBrOz + H2SO4 — Br, + K2SO4 + H20

Na;SOz + KMnOs + H20 — NaSO4 + MNnO2 + KOH
SIBIISIIOTCSI  OKUCITUTEIILHO-BOCCTAHOBUTENLHBIMU. PaccTaBpTe KOA((UIIMEHTHI B YpaBHEHUSX
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKUUN HOHHO-3JIEKTPOHHBIM METOJOM. YKaXWTe s
KKIOW PeaKIMy OKUCIUTENb U BOCCTAHOBUTEb.

2. I1o crenienn oxucnenus ¢pocdopa B coenuaennsx PHs, H3PO4, HsPOs onpenenure, kakoe
U3 HUX SBJISIETCS] TOJIBKO OKUCIIUTEIEM, TOJIBKO BOCCTAHOBUTEIIEM U KAKO€ MOKET MPOSIBIISITh KaK
OKUCIIUTENIbHBIE, TaK U BOCCTaHOBHUTENbHBIE cBoWcTBa. [louemy? PaccraBbTe KOA(hGUIIMEHTH B
YPaBHEHHUH PEAKIUH, TYIIEH MO CXeMe

P + HNO3 + H,O — H3PO4 + NO
3. Peakiiuu mpoTeKaroT 1o cxemam:
KMnO4 + NaxSO3 + KOH — KoMnOs + NaxSO4 + H.O
PbS + HNO3 — S + Pb(NO3)2 + NO + H20O
PaccTtaBpTe K03()PHUIIMEHTHI B YpaBHEHHSIX PEAKIMM. YKaKUTE IS KaXKI0H peakluy OKUCIUTENb
Y BOCCTAHOBUTEIIb, KAKOE BEIIECTBO OKHUCIISIETCS, KAKOE BOCCTAHABIMBACTCSI.

4. Vkaxure, Kakod NpPOLECC — OKUCICHUE WM BOCCTAHOBIIEHUE — IIPOMCXOOUT IIPU
cleylommx mpeBpameHuax: Mn®t — Mn?; C1%" — CI; N* — N°. PaccraBsre
KO3 (UIIMEHTHI B ypaBHEHUU PEaKIMU, IPOTEKAIOIIEH 10 cXxeMe

Cu20 + HNO3 — Cu(NO3)2 + NO + H20.
IPUMEPHI TECTOBBIX 3AJAHUN
Tect « KomIiekCHbIE COeIMHEHUS»
1. Tlpu noGaBneHMM B pacTBOp H3OBITKA JUTAHIOB KOHIEHTpPALlMs HOHOB
KOMILIecOOoOpa3oBaressi B pacTBOpe
1. yBennumuBaercs
2. yMEHbIIIaeTcs
3. HE u3MeHseTcs
4. U3MEHSETCsI pa3IMYHBIM 00pa30M B 3aBUCHMOCTH OT MPUPOJIbI
KOMILIEKCO0Opa3zoBaTes
5. U3MEHSETCS Pa3InYHBIM 00Pa30M B 3aBUCUMOCTH OT MIPUPOILI IUTAHIO0B
2. ITpotyKThl XUMUYECKOM peaKInu:
AI2(SO4)3 + KOHH36LIT0K_)'

1. AI(OH)s 2. AI(OH)SO4 3. K3AlOs
4. K[AI(OH)g] 5. K2SO4 6. H20
7. KHSO4 8. KAIO; 9. Al,O3

3. [TpoayKTHl XUMHYECKOHN peakInu:
[CU(N H3)4]SO4 + KCN 1/1361,1T01<)_:"'r

1. CuSOq4 2. Cu(CN)2 3. K2[Cu(CN)4]
4. (NH4)2SO4 5. NHs 6. NH4sCN
7. K2SO4 8. KOH 9. KHSO4

4. Konnenrparmus wono [Cu’] B 0,01 M pacrope K[Cu(CN)2], comepxamem 0,1 M
m366TogHoro KCN pasna 1,0%10® moms/m.

Koncranra ycroiunsoctu komiiekcHoro nona [Cu(CN)2]* cocraBur

1.1,0%107

2.1,010
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3.1,0¥10 °
4.1,0%10°
5.1,0%10 6
6.1,0107

5. IlepBas u BTOpas CTyleHYaTble KOHCTAHTbl HECTOMKOCTM KOMIIJIEKCHOTO MOHA

[Ag(S203)2]*> cooTBeTCTBEHHO PaBHEI:

061113}1 KOHCTaHTa HECTOMKOCTH paccMaTpuBacMOI0 KOMIIJIEKCHOI'O HOHA OKaXETCA

paBHOM

1.3,3*10%
2.2,9%10
3.3,010
4.3,0%10 4
5.3,5%10 1
6. 3,010 %
6. KoncranTa HecTOMKOCTH KoMILIeKcHOro noHa [Ag(NH3)2]" paBHa oTHOLIEHHIO
L.[Ag][NHaJ/[[Ag(NHs)] ]
2.[Ag"]INH3]*/[[Ag(NH3)2] ']
3.[IAg(NH3)2] T/[Ag][NHs]
4.[[Ag(NHs)2] T/[Ag'][NHs]*
5.[Ag"][2NHs]/[[Ag(NH3)2]]
6. [[Ag(NH3)2]"1/[Ag*][2NHs]
7. Onpenenurte NpoayKTbl XMMUYECKOM peakLuu:
FeSO4 + KCN(mﬁmTOK)_}

1. Fe(CN)2 2. Fe(CN)3 3. K3[Fe(CN)s] 4. Ka[Fe(CN)g]

5. Fex(SO0a)3 6. K2SOq4 7. SO2 8.(CN):

8. OmpenenuTte MPOIYKTH XUMUYECKOH PEaKIIUH:
Fe2(SO4)3 + NaCN(1/1361>1T01<)_:’.|r

1. Fe(CN)2 2. Fe(CN)3 3. Naz[Fe(CN)e] 4. Nas[Fe(CN)e]

5. FeSO4 6. Na,SO4 7. SO> 8.(CN):

. KommtexcHoe coequnenne [Ag(NHz)2]NO3z MoskeT ObITh pa3pyIlieHO B pe3yIbTaTe

. J00aBJIeHUs HUTpATa HATpUs

. 100aBICHMSI A30THON KUCIIOTHI

. 100aBJIeHUsI CEPHON KUCIIOThI

. 100aBICHMs aMMHaKa

. J00aBJIeHUs XJIOpHia HATPUS

6. HarpeBaHus

10. KonmenTpamus moHoB Ag' B 0,1 M pactBope [Ag(NH3)2]JNO3 (Kuecr=7.2%109),

DNk~ W — O

cozjepkamieM M30BITOK amMuaka, paBHa 8,0%107° wmons/n. PaccumTaiiTe KOHIEHTpAIHIO
M30BITOY0T0 aMMHaKa (B MOJIB/JT) B JAaHHOM PacTBOPE.

11. ITpoayKThl XUMUYECKOH peaKIiu:
Ks[Fe(CN)s] + KMnO4 + HoSO4—>

1. Fe(CN): 2. Fe(CN)3 3. Kz[Fe(CN)e]
4. KaMnOq4 5. MnSO4 6. MnO;
7. K2SOq4 8 KOH 9. H:0
12. [TpoayKThl XUMUYECKOH PEaKIIHIH: .
[Cu(NHg)](NO3) —>
1. CuO 2. Cu(NO2)2 3. Cu(NOs3)2
4. NH4sNO3 5. NHs 6. H20
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| 7.NO 8. NO, | 9.0,
13. PaccraBbTe crexuomeTpuueckue ko3¢ (GUIUEHThl B ypaBHEHUN XUMUYECKOM
PEaKIMHU:
? [Cu(NH3)2]JOH +? O2 +? NH4OH—*? [Cu(NH3)4](OH)2 +? H20
14. Onpenenute NPoLyKThl XUMUYECKON PEAKIIMU:
[Ni(NH3)6](NO3)2 + Na,S—=*

1. NiSO. 2. Ni(NOs)2 3 NiS 4. Ni(OH)2
5. NHs 6. NHsNOs3 7.(NH4)2S04 8. N2
9. Na2SO4 10.NaNOs 11. NaOH 12. H>O

15. PaccraBbTe crexuomerpuieckie Ko3hPUIHEHTH B ypaBHEHUH XUMHUECKON peaKlInu:
? K4[Fe(CN)]s +? K2Cr207 +? H2SOs—>
? Ka[Fe(CN)e] +? Cr2(S04)3 +? K2SO4 +? H20
TEMbI PEOEPATOB

1. Meroapl akTUBAallUK XUMUYECKUX PEAKLUN.

2. MeToapl MEXaHOXUMHUYECKON aKTUBAIIUH.

3. [Ina3aMoXuMuYeCcKre METOIbl CHHTE3A.

4. CuHTE3 B YCIOBUSIX 3JIEKTPOMArHUTHOTO U3JTyUYEHUS PA3INYHOW HHTEHCUBHOCTH.

5. TepmoOapuvecKkuii CUHTE3.

6. MeTtoapl cuHTe3a KyOMueckoro HUTpuaa oopa.

7. HuTpuasl KpeMHUSL U yIIIEpO/ia - HOBBIE CBEPXTBEP/ble MaTE€pHabl, METOJbl CUHTE3a U
KpUCTAJIIU3ALUH.

BOITPOCHI KOJVIOKBUYMA

1. OcHOBHBIE IOHATHS CYNPAMOJIEKYJISIPHON XUMUHU.

2. KnatpaTel ¥ COEIMHEHHs BKJIIOYEHMS, Ta30Bble TUAPATBl, COEAUHEHHS C
MaKpOLMKINYECKUMUIUTaHIaMH.

3. Camocb6opka, caMOOpraHn3aLus, KOMIUIEMEHTAPHOCTb.

4. IlepcrieKTUBBI IPUMEHEHUS CYNPaMOJIEKIISIPHBIX COEAMHEHUH.

5. Xumus K1acTepos, yJIbTPaJAUCIIEPCHBIX U HAHOYACTHI]

6. OcoOeHHOCTH AIEKTPOHHOT'O CTPOEHUS KI1aCTEPOB.

7. MeTo/1bl Oy4YeHUS U CTAaOMITU3AIMH KIIaCTEPOB.

8. Marepuaiibl Ha OCHOBE KJIACTEPHBIX COETUHEHUI 1 HAHOYACTHII.

7 MEPEYEHb TH®OPMAIIMOHHBIX TEXHOJIOT' A, NCIOJIb3YEMBbBIX
B MPOLIECCE OBYYEHUS

NudopmanuoHHbIe TEXHOJOTHU — 00yUeHHE B SJIEKTPOHHOM 00pa3oBaTeIbHOM cpeie ¢
[ENbI0 pACHIMpPEHUs] JOCTynma K OO0pa3oBaTeIbHBIM pecypcaM, YBEIMUYEHUS KOHTAKTHOTO
B3aI/IMO,ZIeI\/IICTBHH C ImperoaaBaTejeM, NOCTPOCHUA WHAWBUAYAJIIBHBIX TpaeKTOpI/II\/’I IIOATrOTOBKH,
00BEKTUBHOTO KOHTPOJISI U MOHUTOPUHTA 3HAHUI CTY/ICHTOB.

B oOpasoBarenpbHOM Tporiecce MO  JIUCIHHIUIMHE  HCHONB3YIOTCS — CIIEIYFOIINE
WH(OPMAIIMOHHBIE TEXHOJIOTHH, SBJISIOIINECS KOMIIOHEHTaAMH JJIEKTPOHHOW MH(OpPMAIIMOHHO-
obpasoBarenbHol cpenbl BITIY:

e Odummanshsiii caiit BI'TTY;
e Cucrema snexktpoHHoro ooyuenuss ®I'bOY BO «bI'TIY »;

e (CuHcreMa TECTHPOBAHHS HAa OCHOBE €IMHOrO mmopraia «VHTepHeT-TeCTHpOBaHUS B
chepe oOpazoBaHHS WWW.i-exam.ruy,

o Cucrema «Aaturuiarnat.BY3y;
e DJIEKTPOHHBIEC OMOINOTEUHBIE CHCTEMBI,
e MynbTUMEIUIHOE COTPOBOKICHUE JICKIIUM.
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8 OCOBEHHOCTHU U3YUYEHUWSA JUCHUIIJIMHbI THBAJIMJAMMU U JIMHAMMU C
OT'’PAHUYEHHBIMHU BO3MOXHOCTAMU 310POBbS

[lpu oOyueHWHM JHMII C OrPAaHUYCHHBIMH BO3MOXHOCTSIMH 3JIOPOBBSI TPUMEHSIOTCS
aJalTUBHBIE 00Pa30BATEIbHBIC TEXHOJIOTHMH B COOTBETCTBHH C YCIIOBUSIMU, H3JI0KCHHBIMU B
paznene «OCOOCHHOCTH peaiu3alii 00pa3oBaTeIbHONH MPOTPaMMBbI JIJIsi WHBAIUIOB U JIMI C
OTPAaHMYEHHBIMH BO3MOKHOCTSIMH ~ 3JIOPOBBS» OCHOBHOH 00pa30BaTEIbHON MPOTpPaMMBbI
(MCTIONTb30BaHKE CICIIMATBHBIX YUEOHBIX TTOCOOUH M TUIAKTUIECKUX MAaTEPHUAIOB, CIICIIUAIIBHBIX
TEXHUYECKUX CPEICTB OOydYeHHUs KOJUIGKTMBHOTO W HHIUBUAYaJIbHOTO IOJH30BAHMS,
NOpPEJOCTaBIICHUE  YCIyr  AcCCHCTEHTa  (IIOMOIIHMKA),  OKa3bIBAIOMIETO  O0YyYaroIuMCs
HEOOXOJUMYI) TEXHMUYECKYIO MOMOIIp M T. M.) C y46TOM HWHIUBUAYAITbHBIX OCOOCHHOCTEH
oOyyJaronuxcs.

Jist  oOydJarmuxcsi ¢ OrpaHHMYEHHBIMH BO3MOXKHOCTSIMH  3JIOPOBbST  TIPEyCMOTPEHBI
cieaytonye (GopMbl OpPraHU3aIUK MIEAArOTHYECKOT0 MPoIecca U KOHTPOJIS 3HAHHIA:

- JUIsl c1abOBUISIIMX:

o0ecrieunBaeTCsl HHIUBUAYyAIbHOE PaBHOMEpPHOE ocBerieHue He Mmeree 300 JroKc;

JUTSL  BBITIOJTHEHUS KOHTPOJBHBIX 3QJaHUA TIPU HEOOXOJUMOCTH TIPEAOCTABIISACTCS
YBEIMYHBAIOIICE YCTPOHCTBO;

3a/laHus JIJISl BBIITOJIHCHUS, a TAKXKE WHCTPYKIHUU O TIOPSAKE BBITOJHEHUS KOHTPOJIHHBIX
3a71aHui 0OPMIISIOTCS yBeIHMUCHHBIM mpudToM (pazmep 16-20);

- JUTSI TITYXHX ¥ CJIA00CITBIIIANINX

o0ecreyrBaeTcsl HATMYKUE 3BYKOYCHIIMBAIOIICH anmapaTrypbl KOJUIGKTUBHOTO MOJIb30BaHHUS,
npu  HEOOXOIUMOCTH OOYYaIOMUMCSl TPEAOCTABISCTCS 3BYKOYCHJIMBAIOIIAS — ammapaTtypa
WH/IMBUYaJIBHOTO MOJIb30BaHMSI,

- JUIS JIAII C TSDKEJIBIMU HAPYIICHUSIMH PEUH, TITYXHX, CIA0O0CIBINIANUIX BCE KOHTPOJIBHBIC
3aJIaHUS 10 KEJAHUIO MOTYT MPOBOJIUTHCS B TUCBMEHHOM (hopMe.

OcHoBHOU (popMOI OpraHU3alNN MTeJAarOTHYECKOTO MPOIlecca SBISETCS HHTETPUPOBAHHOE
oOydyeHHe WHBAJIUIOB, T.€. BCE OOydYaroluecss ydaTcsi B CMEIIAHHBIX TpPYyINax, HUMET
BO3MO>XHOCTH TIOCTOSIHHO OOIIAThCS CO CBEPCTHUKAMMU, JIETYe alTUPYIOTCS B COITUYME.

9 CIUCOK JIUTEPATYPbBI U THO®OPMALIMOHHBIX PECYPCOB
9.1 JIutepartypa
OcHoBHas1 1uTEpaTYypa
1. KoopaunaimonHas xumusi: yued.nmocodue st ctya. By3os / B.B. Ckonenko [u ap.]. —
M. : Akanemknura, 2007. — 487 c. (10 73x3.)

2. Xayckpodrt, K. CoBpemennslii kype obmeit xumun. B 2 1. / K. Xayckpodr, 3. Koncrebn
; mox pea. B.I1. 3momanoBa ; mep. ¢ anri. — M. : Mup, 2002. — (JIyummii 3apyOexHbIi yUeOHUK).
(T.1 =13 9k3., T.2 — 14 7k3.)

3. Knotpko, A.B. Xumus TBepi0oro Tena: y4ued.mocodue A CTy ., 00ydJaronuxcsi 1Mo CIIell.
«Xumusi» / A.B. Knoteko, UL A. Tlpecusikos, 10./]. TpetssikoB. — M. : Akagemus, 2006. — 301 c.
(19 2x3.)

Jlono/ITHUTeIbHAS JIUTepaTypa

1. ApnamnukoBa, E.M. CoopHUK 3a71a4 0 HeopraHu4eckoi xumuu: yued.mocoodue / E.U.
Apnamnukosa, [.H. Mazo, M.E. Tamwm ; non pen. FO./l. TperbsikoBa. — M. : Akagemus, 2008. —
207 c. (20 7k3.)

2. Apremenko, A.W. CipaBouHoe pykoBoacTBO 1o xumun / A.M. Apremenko, 1.B.
TukyHoBa, B.A. ManeBanHbIid. — 2-¢ u3]1., mepepad. u gom. — M. :Beicmr. mik., 2003. — 368 c. (27
9K3.)

3. 'muaka, H.JI. 3agaun u ynpakHeHus 1Mo o01el XuMuH: yue0.1mocooue AJis CTyA. HEXUM.
cren. By3oB / moj pea. B.A. Pabunosuua, X.M. PyOunoii. — M. : Unarerpain-Ilpecc, 2011. — 240
c. (16 9x3.)
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4. Epwirun, J1.I1. Metoauka penieHus 3a1a4 no XuMuu: y4e0.1mocodue yis CTy. e/, WH-
ToB 110 0uoi. u xum. crer. / JI.I1. Epeirun, E.A. Hlumkun. — M. : Ilpocsemenne, 1989. — 173 c.
(15 2K3.)

5. KopoBun, H.B. O6mias xumust: yueOHUK st cTya. By3oB / H.B. Koposun. — 10-¢ u3s.,
nepepad. — M. :Beicm. mik., 2008. — 556 c. (5 7k3.)

6. JIugun, P.A. Heopraumueckasi XumMust B peakuusx: crpaBoynuk / P.A. Jlunun, B.A.
Mounouxko, JI.JI. Aaapeesa. — 2-e usn., nepepad., mon. — M. : JIpoda, 2007. — 637 c. (5 7k3.)

7. ®ponos, B.W. Tlpaktukym mo oOmiel W HEOpraHMYECKONH XMMHH: y4eO.mocodue s
CTYI. By30B, OOyyarolmuxcs Mo HampaBlieHHuIo «MeTamtyprus», «XUMHUYecKash TEXHOJIOTHS U
ouotexnonorus» / B.1. ®ponos, T.M. Kypoxtuna, 3.H. IpimoBa ; nox pen. H.H. [1aBnosa, B.1.
®ponoga. — 2-¢ uz., nepepad., gom. — M. : Ipoda, 2002. — 301 c. (30 3k3.)

9.2 ba3bl JaHHBIX U HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBI

1. XuMuK.ru http://www.xumuk.ru

2. DnektponHas oubanoreka mo xumun http://www.chem.msu.su/rus/elibrary/

3. Iopran Hay4yHOI 251eKTpOHHOM OuOIMoTeku http://elibrary.ru/defaultx.asp

9.3 DJ1IeKTPOHHO-0MO/INOTEYHBIE PecypChl
1. Polpred.com O630p CMUW/CripaBounuk https://polpred.com/news
2. OBC «lOpaiit» https://urait.ru

10 MATEPUAJIBHO-TEXHUYECKAS BA3A
Jlis mpoBeleHHs 3aHATHM JIEKIMOHHOTO THWIIA, TPYNIOBBIX W HWHAWBHUIYabHBIX

KOHCYJIbTAIMH, TEKYILEro KOHTPOJIS U IPOMEKYTOUHOM aTTECTalluy UCIIONb3YIOTCS ay IUTOPUH,
ocHalIEHHbIe Y4eOHOI MeOelblo, ay TMTOPHOU JOCKOH, KOMITBIOTEPOM(PaMH) C YCTaHOBJICHHBIM
JUICH3UOHHBIM CIICIIUATM3UPOBAHHBIM  IPOTPAMMHBIM 00CCIICUCHUEM, KOMMYTATOPOM JIJIst
BBIXO/Ia B OJIGKTPOHHO-OMOJIMOTEYHYIO CHCTEMY U AIIEKTPOHHYI0 MHGOPMAIMOHHO-
obpasoBarenbHyto cpeay bBITIY, MyabTUMEIUHBIME TPOEKTOPAMHU, HKCIO3UIIMOHHBIMU
DKpaHaMH, Y4eOHO-HATJISIIHBIMU MTOCOOMSAMU (TaOIHUIlbl, MyTbTUMEIUINHBIC Tpe3eHTauu). Jmns
MIPOBEJCHUS JIa0OPATOPHBIX 3aHATHH TaK)Ke UCIOJIb3YEeTC:

Ayn. 109 «A». JIabopaTopusi o01ieit XuMuu

e Cron nuceMeHHbIN 2-MecT. (10 mT.)

e Cron mpenogasarens (1 mr.)
Cryn (21 mr.)

e HoytOyk «Samsung» ¢ yCTaHOBJICHHBIM JIMIICH3MOHHBIM  CHCIHATN3HPOBAHHBIM
nporpaMMHbIM oOecrieueHueM (1 mit.)

e 8 - mopToBeIii KoMMmyTatop D-LinK mis BeIXOaa B 3IIEKTPOHHO-OMOIHOTEYHYIO CHCTEMY W
AJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa3zoBarenbuyto cpeay BITIY (1 m.)
Mynbsrumenniineiii npoektop SHARP -10 X(1 mt.)
dotosnexrpokagopumetp (1 mr.)
HarpeBatens nmst mpoOupoxk (1 mT.)
[Mkad SL-65T (1 mit.)
XUMUYECKUE PEAKTUBHI IO TEMATHKE JIA00OPATOPHBIX paboT
Becwr EK-410 (Texanueckue) (1 mT.)
DnekrporuTa (3 mrT.)
Hocka mst cymku mocy sl (1 mT.)
Hab6op nocynbl mpuHaaieKHOCTEHN A7 IeMOHCTPAIMOHHBIX OTBITOB 110 XUMHUHU
Habop neraneii myist MOHTaka yCTaHOBOK, HIUTFOCTPUPYIOIINX XUMUYECKHE TPOU3BOJICTBA
Cronuk nogbemHusbIit (1 mrT.)
[lItatuB mms neMoHCTpanMOHHBIX Mpooupok [1X-21 (10 mT.)
[raru metammuyeckuit LIJIB (10 mT.)
DkpaH (OHOBBIN YepHO Oenbii (ABycTOpoHHMH) (1 mIT.)
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e Amnmnapar Kunna (1 mr.)

e Amnmapart a1 npoBeaeHuss xumudeckux peakiuit (AITXP) (1 m.)

e HaGop 1t ONBITOB IO XUMHUHU € AIEKTPHUIECKUM TOKOM (DnekTpoau3ép) (1 mrt.)

e KOMIUIEKT TepMOMETPOB

o Kowmmiekr—naboparopus «[Tuénka—yY» (5 mr.)

e [Ipubop Ay AeMOHCTpALIUK 3aKOHA COXPAHEHUs Macchl BemlecTs (1 mT.)

e [Ipubop nns WUIFOCTpALMM 3aBUCUMOCTH CKOPOCTHM XMMHUYECKOW peakuuu oT ycioBui (1

o [Ipubop Ay oKuCIEHUS CIUPTA HAJ METHBIM KaTtaau3zaTtopoM (1 mrT.)
e [Ipubop s moayueHuss pacTBOpUMBIX TBepabiX BemecTB [IPB (1 miT.)
e YcraHoBka ajis ieperonku (1 mir.)
YcranoBka s GuiabTpoBaHus moa BakyymoM (1 miT.)
Habop 11 3xom0oruyeckoro MOHUTOPUHTA OKpYy:karotel cpes (1 mrt.)
Habop no anexkrpoxumun nabopatopueiit (1 mr.)
Habop no Tonkocnoitnoit xpomarorpaduu (1 mir.)
[Tpubop 11 nosydenus razos (1 wmwr.)
Habop xpucraminueckux pemerokx (1 mr.)
e Habop 151 MoJenupoBaHus CTPOCHUSI HEOPraHMUECKUX BEIIECTB OpraHu4ecKux BeniecTs (1
IIT.)
e HaGop mis MoenupoBaHus TUIIOB XMMHUYECKUX peakiuil (Moaenu-anmimkanun) (1 mr.)
e HaGop myst MmoenupoBaHus 2JIIEKTPOHHOTO CTpoeHUst aTOMOB (1 1mT.)
e Habop 11t MOAETMPOBAaHUS CTPOEHUS aTOMOB M MOJIEKYJI (1 1mT.)
e VY4eOHO-HArIAIHBIE MMOCOOMS - CHAIbl, TAOMUIBI, MYJIbTHMEIMUHBIC MPE3ECHTALUU IO
mucturinie «M30paHHble T1aBbl HEOPraHUYECKOW XUMHM»

CamocrosaTenbHass paboTa CTYACHTOB OPTaHU3yeTCs B ayIHTOPUSAX OCHAIIEHHBIX
KOMITBIOTEPHOM TEXHMKOM C BBIXOJIOM B 3JIEKTPOHHYIO HH(OPMAIMOHHO-00pa30BaTEIbHYIO
Cpeldy By3a, B CIIEIIHATM3MPOBAHHBIX Ja00OpaTOPHX 1O AUCIHUILUIMHE, a TAKXKE B 3aJlaX JOCTyIa B
J0KanbHyo cetb bITIY.

JInmeH3nOHHOE MTPOrpaMMHOE OOecTieueHIe: OTIepallMOHHBIE CHCTEMBI ceMeiCcTBa
Windows, Linux; oduchsie nporpammsl Microsoftoffice, Libreoffice, OpenOffice;
AdobePhotoshop, Matlab, DrWebantivirus u T.1.

Pa3zpaborunk: Pognonosa H.A., kannuaaT XuMHU4YEeCKUX HayK, TOLEHT Kadeapbl XUMHUU.
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11 JUCT UBMEHEHUI Y TONNOJJHEHUM

YTBep:kaenne usMmeHenuii u nonoanenuii B PIIJI nast peannsauuu B 2024/2025 yu. r.
PII/I mepecmotpeHa, oOcykiaeHa U omoOpeHa i peanusaiuu B 2024/2025 ydyebHOM
roqy Ha 3acefanuu kadeapsl xumun (mpotokoi Ne 8 ot 30 mast 2024 r.).

YTBep:xkaenne usmeneHuii u nonojHenuit B PILJL nas peanuzanuu B 2025/2026 yu. r.

PIIJI mepecmotpeHna, obcyxaeHa U omoOpeHa s peanu3anuud B 2025/2026 yueOHOM
rofy. Ha 3acefanuu Kadeapbl xumun (mpotokos Ne 6 ot 26 mapra 2025 r.).
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