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YKA3AHUS 11O PABOTE C MOAYJIAMUA

1. MBy4uTh CTPYKTYpY MOIYJILHOM MPOrpamMMbl, 0OpaTuB 0co00€ BHUMaHHE Ha
(hopMHUpOBaHHUE OIPEACICHHBIX 3HAHUI U YMEHHI.
2. B nuceMeHHO# (hopMe BBIIOIHUTD BCE 331aHHS KOYKIOTO MOJTYIIS.
3. OpopMUTB KaKblii JJAOOPATOPHBIN OIBIT IO CICAYIOIIEMY IUIAHY:
1) Ha3BaHwme omnbITa,
2) ypaBHEHHUsSI peakiui (Ui peakiuii MOHHOTO OOMeHa — COKpallleHHbIE
HOHHBIC YPaBHEHHUS, JUIS OKHCIUTEIFHO-BOCCTAHOBUTEIBHBIX PEaKIuii —
METOJI TIOTYPEaKIU WK SIEKTPOHHOTO OaaHca),
3) OTBETHI Ha BOMPOCHI, BKIFOUCHHBIE B OTIMCAHUE OTIBITA,
4) nabmoneHus (3aUChIBAIOTCS TTOCIIE BHITIOJTHEHHS OTIBITA),
5) BBIBOJIBI (3AMMCHIBAIOTCS TIOCIIE BHITIOIHEHHS OTIBITA).

Buumanue! K mabopatopHoMy NpakTHKYMy JOITyCKAIOTCS TOJNBKO CTYICHTBI,
BBITIOJIHUBIINE 33/IaHUSI MOYJILHOM IIPOTPAMMBIL.



I. p-9JIEMEHTBI

1. OBIIASA XAPAKTEPUCTHUKA p-2JIEMEHTOB

MOAYJIbHAS ITPOT'PAMMA
OBIIASA XAPAKTEPUCTUKA p-2JIEMEHTOB
Monyas 1 Monyas 3
Crpoenue atomoB KucnoTHo-ocHOBHEIE CBOMCTBA
p-3JICMCHTOB COEJIMHEHUH P-3JIEMEHTOB
Moayas 0
Lenu u 3a1aun MOLYIbHOR
MIPOTPaMMBbI
Monyab 2 Monyasb 4
BanentHocTh 1 OKHUCIIUTEIBHO-
KOOPJIMHAIIMOHHOE YHCIIO aTOMOB BOCCTAHOBHUTEJILHLIC CBOMCTBA
P-2JIEMEHTOB COEIMHEHUHN P-2JIEMEHTOB
MOIVJIb 0

IHEJH U 3AJJAYU MOJIYJIbHOM MPOI'PAMMBI

Usyuue oannyro npoepammy, cmyoenm O0NdiCeH 3HAMb.

- 0COOCHHOCTH BIEKTPOHHOTO CTPOCHHS ATOMOB P-3JICMEHTOB,

- 3aBHCUMOCTH CBOMCTB aTOMOB P-3JIEMEHTOB (pajnyCc aTroMa, SHEpPTUsi HOHH3a-
[[IH, CPOJCTBO K BIICKTPOHY, OTHOCHTENbHAS DJICKTPOOTPHUIIATEIBHOCTD) OT DJICK-
TPOHHOTO CTPOCHUS aTOMOB U MOJIOKEHHUS 3JIEMEHTA B IEPHOTUUECKOM CHCTEME,

- BAJIEHTHOCTh P-DJIEMEHTOB, KOOPIUHAI[OHHBIE YUCIIA ATOMOB,

- 0COOCHHOCTH KHCIIOTHO-OCHOBHBIX CBOMCTB COCIMHEHHI P-3JIEMEHTOB C BOJO-
POIOM, OKCHIOB M THAPOKCH/IOB,

- B)KHEHIIIME CTEIEHN OKHUCIICHHS P-3JIEMEHTOB,

- 3aBUCHUMOCTH OKHCIIUTEIBHO-BOCCTAHOBUTEIILHBIX CBOHCTB COEIMHEHUHN
P-2JIEMEHTOB OT CTETIEHU OKHCIIECHUS 3JIEMEHTa, TEPMOJUHAMUYECKOM U KHHETH-
YECKOU YCTONYMBOCTH COETUHECHHMS.



Uzyuue oanmnyro npoepammy, cnmyoenm OoNdiCeH yMemyp.

- COCTaBIISITh AJICKTPOHHBIC (POPMYITBI AaTOMOB U HOHOB P-3JICMECHTOB,

- 1300pakaTh CTPYKTYpHBIC ()OPMYJIIbI KOBAJICHTHBIX COCIMHCHUI P-2JIEMCHTOB,

- COCTaBJISITh MOJICKYJISIPHBIE M HIOHHBIC YPABHEHUS PEaKIIMi ¢ yYaCTHEM COeIU-
HCHUI P-3JIEMCHTOB (COCIMHEHUSI C BOAOPOIOM, KUCIIOPOIOM, THIPOKCH/IBI),

- HCIIOJIh30BaTh METOJ MEKTPOHHOTO OajaHca W METOJ| MOJypeaKIuil Uit co-
CTaBJICHUS YPAaBHEHUN OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEaKIMi COeTUHEHUI
P-DIEMEHTOB,

- OLIEHUBATh TEPMOJANHAMUYECKYIO YCTOMUYNBOCTh COSAMHEHUN P-2JIEMEHTOB,

- MOJIb30BAThCSI CTAHIAPTHBIMU OKUCIIUTEIILHO-BOCCTAHOBUTEIILHBIMU ITOTCHITH-
anamu Juist xapakrepuctuku OB cBOMCTB coelMHEHUN p-3IIEMEHTOB.

MOJYJIb 1
JIEKTPOHHOE CTPOEHHUE ATOMOB p-2JIEMEHTOB

¥3-0. Ilenu u 3apa4u MOYIISL.
U3yyue oannwvlit MOOYIb, CIYOeHm QONNCEeH 3HAMb.!
- 0COOCHHOCTH 3JIEKTPOHHOTO CTPOCHUSI aTOMOB M MOHOB p-3iemenToB [11-VIII
TPy HEPUOAUYCCKOIN CUCTEMBI,
- 3aBUCHMOCTB OT JJIEKTPOHHOI'O CTPOEHUSI aTOMa M TIOJIOXKEHHsI AJIEMEHTa B Tie-
PHOIMUECKOH CHCTEME CIIEYIOIINX CBOMCTB aTOMOB!
- paguyc aroma,
- DHEPIHs HOHU3AIUH,
- CPOJICTBO K 3JICKTPOHY,
- OTHOCHUTEJIbHAS ANIEKTPOOTPULIATEILHOCTb.

H3yyue oannwlit MoOOYIb, CIYOeHm QONICEH YMemb.

- COCTaBJISITh JJIEKTPOHHBIE U DJIEKTPOHHO-Tpaduueckne (opMyIbl aTOMOB U HO-
HOB p-aneMenToB [II-VIII rpynn nepuoguueckoit cuctemsl,

- CTPOUTH IrpaMKK 3aBUCUMOCTH CBOIMCTB aTOMOB OT HOPSIZIKOBOTO HOMEpA dJie-
MEHTa, yMETh aHAJIM3UPOBATh rpapuUecKre 3aBUCHMOCTH.

¥Y3-1. BBoAHBIH KOHTPOJIB.
3ananue 1. CocTosiHUE AIIEKTPOHA B aTOME XapaKTEPH3yETCs YeThIPbMS KBAaHTO-
BBIMH YHCIaMH. 3al0JIHUTh TadauIy 1.
Tabonuya 1

KBanToBbIC unciIa

YuncnoBble 3HAUYCHHS
O06o3HaUeHKE Hassanue




3aganne 2. DJICKTPOHBI 3aMOIHSIIOT OPOUTAIN B COOTBETCTBUH C OCHOBHBIMH
MPHUHIUIIAMHA ¥ MIPaBHJIAMH. 3aIiCaTh ONPEACICHUS B TA0IUILy 2.
Tabnuya 2

[Mpuaiymn (mpaButo) DopMyIUpOBKa

[IpuHuMI HaMMEHbIIeH YHEPTUU

IIpunuun [aymmn

IIpaBuno Xynna

[IpaBuno KneukoBckoro

3aganue 3. DIeMEHTHI ICPUOANYCCKON CHCTEMBI JCIISTCS Ha ceMeiicTBa s, p, d
u f-anmemenToB. B Kax oM meprojie, KpoMe MepBoro, YKCao P-3JIEMEHTOB HE MOKET
OBITH OOJIBIIIE:

)4 2)5 3)6 47 5) 8.

VY3-2. DnexTpoHHbIe KOHQUTYPAIIUN aTOMOB P-3JICMEHTOB.

3amanne 4. Hamucars anekTpoHHbIe GopMyIibl atoMoB Si, As, Te, At.
Baganue 5. Harmcath anektporusie popmyisr wouos O, Cl, T

3anganmue 6. 1300pa3uth 37eKTPOHHO-TpadUICCKYIO POPMYJTy aTroMa OJIOBa.

¥Y3-3. 3aBHCHMOCTD CBOMCTB aTOMOB P-3JIEMEHTOB OT TOPSIKOBOTO HOMEpa 3Jie-
MEHTa.

3ananme 7. B rpymnmnax p-aJeMEHTOB HEMOHOTOHHOCTh B U3MEHEHUHU aTOMHOTO
panmyca oOBSICHACTCS TaHTAaHOUIHBIM ckaTtueM. [locTponuTs rpaduk 3aBHCHUMOCTH
= f(z) nnst snemenToB VIIA rpynibl u 00bSICHUT X0 KPUBOH.
3ananme 8. B rpymnmax p-3ieMEeHTOB OCJIa0IeHUE TPUTSHKEHUS BAIEHTHBIX AJICK-
TPOHOB IPY YBEIUUEHHUH MOPSIIKOBOIO HOMeEpa dieMeHTa 00bsicHsieTcs: (D heKToM
skpanupoBanusi. [locrpouts rpadux 3aBucumoctu I = f{z) mis snementoB [VA
TPYTITEl ¥ OOBACHUTD XOJ KPHUBOM.

3ananue 9. [TocTpouTh TpadMKu 3aBUCUMOCTH CPOJCTBA K JIEKTPOHY H dJICK-
TPOOTPHIATEIFHOCTH OT TIOPSIKOBOTO HOMepa aneMeHTa VA rpynmbsl. OOBsSCHUTH
X0l KpUBOM.

ropﬁ

¥Y3-4. KoHTpOIbHOE TECTHPOBAHNE.
1. BanenTtHsie OJICKTPOHBI aTOMa XJiopa MOI'YT UMCTh ml, paBHOEC

Ho 2) 1 3)2 4)-1 5) 2.

2. B OCHOBHOM COCTOSIHUM YHCJIO HECNApEHHBIX JICKTPOHOB y aToMa CelieHa
paBHO

1)1 2)2 3)3 4)4 5) 6.

3. CyMMapHbIii CIIMH 3JIEKTPOHOB aTOMa a30Ta B OCHOBHOM COCTOSIHUHM PaBeH

1)0,5 2) 1 3)1,5 4)2 5) 3.



4. Cpenu snemeHToB Si, As, S, Br, Sn HaubosbIieii 31eKTpOOTPUIIATEIIEHOCTHIO
oOmamaeT

1) Si 2) As 3)S 4) Br 5) Sn.

5. B nopsiike yBeiau4eHus TIEpBOil SHEPTUU MOHU3ALUH 3JIEMEHTBI PacIOoXkKe-
HBI B PALY

1)O,N,C, F 2)P,As,S,Cl 3)Ge,P,S,Cl  4)Ge, Sb, Te, I.

6. Cponctro k anektpony Cl Brirre, uem F, Tak kak

1) y Cl atoMHBI# pagiyc MEHbIIIE 2) y Cl atoMHBI# paguyc Gonblie

3) y Cl ectb cBOOOmHBIH d-monypoBeHs  4) y Cl ecTh cBOOOIHBIC OpOUTAIIH.
7. DnextpoHHas KoHuUrypams 4s*4p° cOOTBETCTBYET

1) Ar 2)Kr 3) Br 4y Cr 5) Xe.
8. TpI/I HECITApCHHLBIX 3JICKTPOHA B OCHOBHOM COCTOSAHHMU UMECT aTOM
1)B 2)C 3)N 4)P 5)8.

9. IlpoBepsTe MPaBUILHOCTD YTBEPKICHUI:

A) Bce p-areMeHThI — HeMeTalTbl, b) p-a1eMeHThI MOryT 00pa30BbIBaTh TOJIEKO aHHOHBI
1) A — BepHoe, b — Her 2) b — BepHoe, A — Her

3) oba BepHbIC 4) o0a HEBEpHEIE.

10. IIpoBepbTe NPaBUIBLHOCTD YTBEPHKACHUI:

A) B psiiax p-3IeMEHTOB HaOIIOaeTCsl «p-CKATHEY,

B) B rpynmax p-3neMeHToB 2-5 Nepuo0B aTOMHBIN pajinyCc MEHSIETCSI MOHOTOHHO

1) A — BepHoe, b — Her 2) b — BepHoe, A — Her
3) oba BepHbIC 4) o0a HEBEpHEIE.
MOZIYVJIb 2

BAJIEHTHOCTbBb U KOOPAMHALIMOHHBIE YN CJIA
ATOMOB p-2JIEMEHTOB

V3-0. Uenu u 3aaun MOIYIIS.

H3yyue oannwlit MoOYIb, CMYyOeHm QONNCEeH 3HAMb.!

- BAJICHTHOCTb P-3JIEMECHTOB B THITMYHBIX COCAUHCHHUSX,

- koopmHaoHHble yncia (KY) aroMoB p-311eMeHTOB,

- BOKHeilIMe croco0bl rTHOpUIM3aIN OpPOUTATICH aTOMOB P-3JIEMEHTOB.

H3yyue oannwlit MoOOYIb, CMYyOeHm OONICEeH YMemb.

- OTPEACIATh BO3MOXKHYIO BAJICHTHOCTh aTOMOB P-3JIEMEHTOB, HCXOJIS U3 JICK-
TPOHHOT'O CTPOCHHS aTOMa,

- U300paXaTh CTPYKTYpPHbIC (POPMYITBI TUITMIHBIX COCMHCHHUIA,

- OMpECNIATh TCOMETPHUYCCKYI0 KOH(DUTYPAIMIO MOJEKYI, TOJIb3YsACh TCOPHEH
OTTAJNKUBAHUS JIOKAITU30BAHHBIX AIICKTPOHHBIX Map M TEOpUeH THOPUIU3ALUK Op-
ouTtae,

- MOJIB30BATHCS TEOPUEH MOJICKY/ISAPHBIX OpOUTANCH I OOBSICHEHHUSI KPATHOCTH
CBSI3M M MATHUTHBIX CBOMCTB [IByXaTOMHBIX MOJICKYIT, 00pa30BaHHBIX P-3JIEMECHTAMH.



V3-1. B3auMocBs3b MEXIY IEKTPOHHBIM CTPOCHUEM aTOMa M BAJICHTHOCTBIO
JJIEMEHTa.

3amanue 10. B 0Opa3zoBaHuy KOBaJICHTHOW CBSI3W MOTYT y4acTBOBAaTh HECIapeH-
HBIE AJIEKTPOHBI (OOMEHHBIH MEXaHN3M), JIEKTPOHHBIE Mapbl U CBOOOIHBIE OpOUTAIN
(TOHOPHO-aKIEeNTOPHBINH MexaHu3M). OrnpeenuTe MaKCUMAJIBHYIO BAJICHTHOCTB aTo-
moB N, B, O.

3amanue 11. B BO30yXJI€HHOM COCTOSIHUM SJICKTPOHBI M3 CIIAPEHHOTO COCTOSTHHS
TepexosT Ha CBOOOIHBIE opOuTany p- win d-nogypoBHs. YeMy paBHa MaKCUMalbHast
BanentHocts C, Si, P, S, CI?

V3-2. KoopauHaIMOHHbIE YHCIIa aTOMOB P-3IEMEHTOB.

3ananue 12. KoopauHannoHHOE YHCIIO MOKA3bIBAET, KAKMM YHUCIIOM JPYTHX aro-
MOB OKpYXEH aToM JJaHHOTO 3jeMeHTa B coequHeHnu. KU anemeHTa — BeTMunHA He-
nocrosHHas. Hanpumep, B Kuciopocoaepskammx kuciaorax gpocdop npossiser K4,
pasnoe 4. CocTaBuTh CTPYKTYpHBIE hopMyibl crieytomux monekyn: H.PO,, H,PO,,
H,PO,. Yemy pasHa BajeHTHOCTh (ocdopa B 3THX COEIMHEHUAX? YKaKUTE OCHOB-
HOCTb KaXJIOM U3 ITUX KUCIIOT.

V3-3. VloHHbBIE COEIMHEHUS P-IJIEMEHTOB.

3amanue 13. p-DieMEHTHI-HEMETAJUTBI 00Pa3yIOT MPEUMYIIICCTBCHHO AHUOHBI.
[Ipu 5TOM 211€KTPOHHBIE 000JIOUYKN aTOMOB JOCTPAUBAIOTCS 0 8-2JIEKTPOHHON 000-
JoukH OnaroponHoro rasa. [Ipuseaure npumepst noHHbIX coenuuenuii O, Cl, Te, [, N
U YKQ)KUTE 3apsi/ibl HOHOB.

3amanmne 14. p-DieMeHTHI-METaUIbl 00pa3yloT KaTHOHBI C HE3aBEpICHHBIMU
SNEKTPOHHBIMH 000oukaMu. [IpuBenuTe anekrporHbie Gpopmynbl katuoHos T1*, TI,
Sn**, Pb* 1 mpuMepbl COCANHEHNH, CONEPIKAIINX ITH KATHOHBL

VY3-4. Teopust rubpuau3anuu opoOUTAICH.
3amanme 15. Cpenyl BCEBO3MOXHBIX THIIOB TMOPUAM3ALUK OpOUTANICH BayKHEH-

LIMMH SBISIFOTCS SP°, Sp?, sp, sp>d®. 3anonuuth Tabmuiy 3.
Tabnuya 3

CoenvHeHne Tun rubpuamnsanuu opoutaneit | [eomerpmueckas CTpyKTypa
CH,
NH,*
NH,
BCl,
BCl~
CO

SF

2

6

V3-5. Teopus OTTaNKUBaHUS JIOKATU30BAHHBIX 3JI€KTPOHHBIX Map.
3amanme 16. [eomeTpryeckasi CTPyKTypa MOJIEKYIT OOBSICHSIETCS CHMMETPHYHBIM



PacIoIOKEHHEM B IIPOCTPAHCTBE BCEX (M CBS3BIBAIOIIMX, U HECBSI3BIBAIOIINX) JJIEK-
TPOHHBIX Tap IIEHTPATBLHOTO aToMa. 3aTlloTHUTh TabHIry 4.

Tabnuya 4
Uncno cBsazel- | Yueno HecBszbiBa- | O6miee umcino aiek- | [eomerpuue-
CoenMHEeHNE | BAIOIIUX JJIEK- | IONIUX AJIEKTPOH- | TPOHHBIX Map LEeH- | CKas CTPyK-
TPOHHBIX I1ap HBIX T1ap TPaJBHOTO aToMa Typa
H,0
NH,
H,0"
NH,"
XeF,
IF,

VY3-6. Teopust MOJICKYJISIPHBIX OpOUTAIICH.

3apanue 17. Teopus MO ucnonb3yercss sl OOBSICHEHUS! TPOYHOCTH CBS3U
(KpaTHOCTH CBSI3M), MATHUTHBIX CBOMCTB (HAJMYUE WM OTCYTCTBUE HECIIAPEHHBIX
SJIEKTPOHOB) U CHEKTPOB COCIMHEHHH (dIEKTpOHHBIE nepexosasl Mexay MO). Tlo-
ctpoiire nuarpammy MO monekynast NO. Onpenenure KpaTHOCTh cBs3U. J(namar-
HUTHBIM WJIM apaMarHUTHBIM SBJISIETCA JAHHOE COEUHEHHUE?

V3-7. KoHTpONbHBII TECT.
1. Banentnocts a3ota B Monekyine HNO, pasua

13 2)4 3)5 4)6 51

2. KY azora B monekyne HNO, pasro

13 2)4 3)5 4)6 S5 1.

3. BanentHocTh cepsl B Moniekyste H,SO, pasna

13 2)4 3)5 4)6 5)2.

4. KUY cepot B Mosiekyne H,SO, pano

13 2)4 3)5 4)6 S5 1.

5. ®ocdopucras kucnora H,PO, asnsercs

1) TpexoCHOBHOM 2) AByXOCHOBHOI

3) OHOOCHOBHOM 4) 4eThIPEXOCHOBHOII.

6. Cpeau creyromux COeIMHEHNH JINHEHHOE CTPOCHUE UMEIOT
1) H,0 2) CO, 3) XeF, Hl1- 5) Si0,.

7. Cpenn ciaeaylomux COeqMHEHUH YIIIOBOE CTPOCHHE UMEIOT
1) H,O 2) CO, 3) XeF, Hl1- 5) SO,.

8. Kparunocts cBsasu B Monekyne O, paBHa

1 2)2 3)3 4)4 5)5.

9. Cpenu ciaeaylomux CoeqMHEHUN THaMarHUTHBIMH SIBJISTIOTCS
1) NO 2) NO, 3) CO, 4) CO 5) HNO,.



10. Cpenu cnenyomux cOeAMHEHUH TapaMarHUTHBIMU SIBJISIFOTCSI
1) NO 2) NO, 3)0, 4) CO 5) HNO,.

MOJYJIb 3
KHCJIOTHO-OCHOBHBIE CBOVMICTBA COEJUHEHMIA
p-2JIEMEHTOB

V3-0. Lenu u 3a1a41 MOAYJISL.

H3yuue 0anmblil MOOYIb, CIYOCHM OONNHCEH 3HAMb.

- 3AaKOHOMEPHOCTH NU3MEHEHUSI KUCIIOTHO-OCHOBHBIX CBOMCTB COSANHEHHH C BOJIO-
POIOM, OKCHJIOB U THPOKCHJIOB P-3JIEMEHTORB B TPYIIIAX U HEPUOaX,

- 3aBHCUMOCTD KHCIIOTHO-OCHOBHBIX CBOMCTB OKCHJIOB M THIPOKCHJIOB P-2JIEMEH-
TOB OT CTEIICHN OKHCIICHHUS HIIEMEHTA.

H3yuue oannwiii Mooyb, cnmyoeHm O0NdHceH YMemb.:

- MCXOJIsl M3 TOJIOKEHHS IIEMEHTA B TIEPUOIMUECKON CHUCTEME, OMPE/ICNsTh, KaKhe
CBOMCTBA — KUCIIOTHBIE HJIM OCHOBHBIE — IPEOOJIAIAI0T Y COS/IMHEHHUI IAHHOTO 2JIEMEHTa,

- 110 3HAYEHHIO CTEIIEHN OKUCIICHHS P-OJIEMEHTa OL[CHUBATh KHCIIOTHBIC U OCHOB-
HBIC CBOMCTBA COCIMHCHMIA,

- COCTaBIISITh MOJICKYJISIPHBIE U MOHHBIC YPaBHEHHUS THITMYHBIX PEaKIMH, Xapak-
TEPHBIX JJIsl KUCJIOT, OCHOBaHWH M aM()OTEPHBIX COSTMHEHUH.

V3-1. KucinorHo-oCHOBHBIE CBOICTBA COEAMHEHHUM P-3JIEMEHTOB C BOAOPOIOM.

3aganue 18. B nepuonax cieBa HanpaBo yCUJIMBAIOTCS HEMETAUIMUECKHE CBOM-
CTBa DIIEMEHTOB. MOXXHO JIH YTBEPXkKIATh, YTO KHCIOTHO-OCHOBHBIC CBOHMCTBA COe-
JTMHEHUH C BOIOPOIOM TaKKe MEHSIOTCS 3aKoHOMepHO? OXapakTepusylTe TaHHBIC
CBOICTBAa COCAMHEHUH C BOIOPOIOM P-3JIIEMEHTOB 2 U 3 TIEPHOIOB.

3ananue 19. B rpynmax HeMeTaJUTHYECKHE W METAJUTMYECKUE CBOHCTBA MEHSIOTCS
JI0OCTATOYHO 3aKOHOMEpPHO. J[aliTe XapakTepuCTUKY KUCIOTHO-OCHOBHBIM CBOWCTBAM CO-
eIMHEeHHH ¢ BogoporoM p-aneMeHToB VA u VIIA rpymnm. Chenaiite BHIBOIBI.

VY3-2. KucinoTHO-0CHOBHBIE CBOMCTBA OKCHIOB U THIPOKCHIOB P-3JIEMEHTOB.

3anmanue 20. /lnaronais, nmpoBeieHHas B Tabnuie Menpaeneesa ot Be k At, genut
P-3J€MEHTHI Ha TUTNYHBIE HEMETAIUIbI, 00pa3yIoIe MPEeUMYyIIECTBEHHO KUCIOTHBIC
OKCHJIBI ¥ TUIPOKCH/IBI, 1 METAJLIBL, TPOSIBILIIONINE, KaK ITPAaBHIIO, aM(OTEpPHBIE CBOI-
crBa. Harmmmmre dopmysiel Beicinx okcnaos 1 ruapokennoB B, C, N, Al, P, Cl, Ga.
Kaxne KncioTHO-OCHOBHBIE CBOMCTBA MPeo0IaatloT y STHX COSANHEHNH?

¥Y3-3. 3aBUCHUMOCTH KHCIOTHO-OCHOBHBIX CBOHCTB OKCHIOB U THAPOKCHIOB OT
CTETICHN OKUCIICHUS DJIEMEHTA.

3aganue 21. Uem BbIIIE CTENIEHb OKUCIEHUS DJIEMEHTA, TEM CHUJIbHEE MPOSIBIIS-
FOTCS KUCJIIOTHBIE CBOMCTBA COOTBETCTBYIOIINX OKCHUJIO0B U TUAPOKCHUIOB. HaHpMMep,
HNO, — cunbnas kucnora, HNO, — cnabas. Buecure B Tabmnuiyy 5 no 2 Gpopmyis
THIPOKCUIOB cieayronux 3nementos: S, P, Cl, Sn, Sb.
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Tabnuya 5

CunbHast
KHMCJI0Ta

Crabas
KHCIIOTa

Kucnora
CpeIHEN CriIbl

AmdotepHoe
OCHOBaHHE

Tunmmanoe
OCHOBaHHUE

3aganne 22. CocTaBbTe MOJIEKYIAPHBIC U KPAaTKHE HOHHBIC YPAaBHEHHS BO3MOXK-

HBIX PeaKLUi:

SO, + KOH—, SO, + HCl—,
AI(OH), + KOH_—, AI(OH), + HCl—,

V3-4. KoHTpOIbHBIH TECT.
1. Hanbosnee CHILHBIM 3JIEKTPOJIMTOM SIBIISIETCS

1) H,SO, 2) HC1 3) HNO, 4) HCIO,

1. HawuOosnee c1aObIM AIIEKTPOIUTOM SIBIISIETCS

1) H,SO, 2) HC1 3) HNO, 4) HCIO,

3. KuciotHble cBoiicTBa Ipeod1aaaoT y

1) CO, 2) CO 3) SO, 4) SnO

4. OcHOBHBIE CBOMCTBA Mpeo0IagaoT y

1) CO 2) NO 3)NO, 4) SnO

5. K amdoTepHbIM OKCHIaM OTHOCSATCS

1) CIO, 2) SO, 3) Bi,O, 4) SnO,

6. He siBisirorcst ampoTepHbIMU

1) ALO, 2)N,O 3) Ga,0, 4) TLO

7. OcHOBHBIE CBOWCTBA MPe00IIaIatoT y

1) HF 2) SiH, 3) NH, 4) PH,

8. Oxeup pocdopa (V) B3auMoeiicTBYeT ¢

1) H,0 2) H Se 3) NH, 4) HCI

9. Okcup tanmnust (1) He B3auMozelCTBYET C

1) H,0 2) H Se 3) NH, 4) HC1

10. KucnorHble cBOICTBA MPOSBISIOT THIPOKCHIBI

1) Al 2) Sn(II) 3) Sn(IV) 4) N(III)
MOAVYJIb 4

H,AsO, + NaOH—,
SnO + H,S0,—

5)H,SO..
5)H,SO..
5) NO.
5)N,O..
5)ALO,.
5) PbO.
5) H,Se.
5) KOH.
5) KOH.

5) Bi(V).

OKHUCJIMTEJIbHO-BOCCTAHOBUTEJIbHBIE CBOMCTBA

COEJIMHEHWI p-2JIEMEHTOB

V3-0. Uenu u 3a1aun MOJTYISL.
H3yuue oannwiii MoOyIb, CHyOeHm O0JINCeH 3HAMb!
- 3HAYEHHUS YCTOMYMBBIX CTEIIEHEH OKUCIICHUSI P-2JIEMEHTOB,

- IpUMEpBl TUIIMYHBIX OKUCIHUTEICH U BOCCTAHOBUTEINEH, 0Opa30BaHHBIX p-dlie-

MEHTaMHu,
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- 3aBUCUMOCTD OKHCJIUTEIbHO-BOCCTAHOBHUTEIBHBIX CBOMCTB COETMHEHU OT CTe-
[ICHU OKHCIICHUSI DJIEMEHTA M TEPMOJTUHAMUYECKON YCTOHUMBOCTH COETUHEHUI.

H3yuue oannwiii MoOyb, cmyoeHm O0JdiCeH YMemb.:

- TIOJIb30BATHCSI TAONHUIIEH CTAHIAPTHBIX OKUCIIUTEIEHO-BOCCTAHOBUTEIIBHBIX T10-
TEHIMAJIOB JIUISl OLIEHKH CBOWCTB COEMHEHHH,

- CPaBHUBATH OKHCIIUTEIILHO-BOCCTAHOBUTEILHYIO AKTHBHOCTH COCTHHEHUH C
TEPMOJAMHAMHYECKOH AaKTUBHOCTBIO,

- COCTABJISATh YPABHEHUsI OKHUCITUTEILHO-BOCCTAHOBUTEIBHBIX PEAKIIUM, MOJIb3Y-
SICh METOJIOM BJIEKTPOHHOTO OajiaHca U METOJIOM Oy PEaKIni.

V3-1. Crenenu OKUCIEHUS P-IIEMEHTOB.

3aganue 23. B nepuonax cieBa HalpaBo yCUJIMBAIOTCS HEMETANIMUECKHE CBOM-
CTBa 2JIEMEHTOB. MOXKHO JI YTBEpPX/IaTh, YTO 3HAYCHUsI CTETIEHEH OKHCIICHHUs dlie-
MEHTOB TaKXe MEHSI0TCs 3akoHoMepHo? [IpuBeauTe mpuMepsbl, MOATBEPKIAIOIINE U
HapyAOUINe 3aKOHOMEPHOCTb.

V3-2. 3aBUCUMOCTb OKUCIUTEIEHO-BOCCTAHOBUTEBHBIX CBOMCTB COSTMHEHUIN OT
CTETEHU OKUCIICHUS P-2JIEMEHTOB.

3ananue 24. OOBIYHO YTBEPXKIACTCS, YTO COCMHCHHS, COACPIKAIIIE IEMCHT B
BBICILICH CTETIEHU OKUCJIEHUS, MOTYT MPOSIBIISITh TOJIBKO OKUCIUTEIbHbIE CBOMCTBA, a
COEJIMHEHUS, COJIEpKAILIUE DIIEMEHT B HU3IIEH CTENeHN OKUCIEHUs — TOJIbKO BOCCTa-
HOBUTEIbHBIE. CIIPABEUTMBO JIM 3TO YTBEPIKIEHHUE s crieyromux seects: H.SO,,
H,S, HNO,, NH,?

3ananue 25. Jlaiire xapakrepuctuky OB cBo¥icTe cnenyromux coemunenuit: H,O,
H,0,, H,0"

VY3-3. 3aBucumocts OB CBOICTB OT yCTOIUMBOCTH COETUHEHUI.

3aganue 26. XapakTepUCTUKON OKUCIUTENLHON WM BOCCTAaHOBUTEIILHOW aKTHB-
HOCTH cOoellMHeHus sBisiercs cranaaptHelii OB notenuuman. CpaBHUTE CTaHIapTHBIE
NOTEHIHANIbI CIETYIONIMX HOHOB (B Kucioi cpene): SO,> u SO.>, ClO, u CIO.
Kakoii 13 HOHOB B Ka)JIOW Mape sIBIsieTCsl 00Jiee CHIbHBIM OKucuTesieMm? MoKHO
JIU YTBEPIKJATh, YTO YE€M BBIIIC CTCIICHb OKHCJICHHS JIEMCHTA, TEM 00JIce CHIIBHBIM
OKHCITUTEJIEM SIBJISIETCSL €10 COeAMHEHUE?

3amanme 27. CpaBaute sHepruu ['n060ca xsopara u runoxiopura kamus. Caenaii-
T€ BBIBOJ] O KOPPEJISILIMU MEKAY TEPMOIUHAMUYECKON YCTOMYMBOCTBIO COSUHEHHS U
€ro akKTUBHOCTBIO.

3aganue 28. OueHure BO3MOKHOCTh POTEKAHUSI CIEYIOIIUX PEAKIIUH, UCTIONb-
3ysi 3Hadenus £° u AG®:

KCIO, + H,0, + H,SO,—

KIO, +H,0,+H,SO,—

CocraBbTe ypaBHEHUS PEaKIHii, UCIIONb3Ysl METO]I ITOyPEaKIIHiA.
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Tabnuya 6

11T I\ A\ VI VII
N +5
+4
B +3 c 3 0-1
+2 F-1
-3 4 +2 -2
+1
-3
Cl+7
+6
. P+5 S +6 +5
Al+3 Si j +3 +4 +4
-3 -2 +3
+1
-1
Br +7
+6
Se +6 +5
Ga+3 Ge +4 AsTS +4 +4
+3
-2 +3
+1
-1
I +7
+6
Te +6 +5
In +3 Sn j;‘ Sb 135 4 +4
-2 +3
+1
-1
TI+3 Pb +4 Bi1+5
+1 +2 +3 Po At
V3-4. KoHTpOIbHBIH TECT.
1. Hawubonee cHIBHBIM OKHCIIUTEIEM SIBISIETCS
1) H,SO, 2) HCI 3) HNO, 4)HCIO,  5) H,SO,.
2.  Hawnbonee ciaObIM OKUCIUTEIIEM SBIISAETCS
1) H,SO, 2) HCI 3) HNO, 4) HCIO, 5)H,SO..
3. Haubonee cUIbHBIM BOCCTAHOBUTEIEM SBIISIETCS
1) H,S 2) HCI 3) HNO, 4) HCIO 5) H,S0,.
4. Hawnbonee ciaObIM BOCCTAHOBUTEIIEM SIBIISETCS
1) H,S 2) HCI 3) HNO, 4) HCIO 5) H,S0,.

1. HpeI/IMyIIIeCTBCHHO OKHCJIUTEIbHBIMU CBOHCTBAMU O6J'Ia)]aIOT COCAMHCHUA

1) S 2) CI* 3)N= 4) Pb™

13
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2. IlpenMyImieCTBEHHO BOCCTAHOBUTEIBHBIMU CBOHCTBAMU O0JIQIAI0OT COEIH-
HEHUS

1) S* 2) CI" 3) N*™ 4) Pb* 5) Sn*.

3. MoryT nposiBIATh KaK OKHUCIUTENIBHBIC, TAK 1 BOCCTAHOBUTEIIBHBIE CBOM-
CTBa COCTUHEHUS

1) S 2) CI'! 3)N*™ 4) Pb™ 5) Sn*™.

4. Hawubonee c1abbIM BOCCTAHOBHUTEIIEM SIBIISICTCS

1) H,S 2) HC1 3) HNO, 4) HCIO 5) H,S0,.

5. IlpenmyIiecCTBEHHO OKHCIUTEIHHBIMHA CBOWCTBAMH 00JIQTAI0T COSTNHEHHS
1) S 2) CI'! 3)N*™ 4) Pb™ 5) Sn*,

6. IIpenMyIIeCTBEHHO BOCCTAaHOBUTEIHHBIMI CBOMCTBAMH OOJIQTAIOT COEIMHE-
HUS

1) S* 2) CI" 3) N*™ 4) Pb™ 5) Sn*.

7. MoryT nposiBISTE KaK OKHCIUTENbHbIE, TAK I BOCCTAHOBHUTEIBHBIE CBOMCTBA
COCTMHEHUS

1) S* 2) CI" 3) N*™ 4) Pb™ 5) Sn*.

8. B peaxmun: H O, + HCIO — o6pasyercs

1) x70p 2) BOIOPOS 3) xuciopon 4) Boma 5) XJI0pOBOIOPOT

9. ®r1op ABISETCS CaMBIM CHIIBHBIM OKHCIIUTENEM CPEIH MIPOCTHIX BELIECTB, TaK
KaK

1) y aroma ¢Topa MaJeHBKII aTOMHBINA Paziyc

2) mpogHocTh cBsi3u F—F ouens mana

3) y aroma ¢Topa camoe BEICOKOE 3HAUEHHE CPOJCTBA K IICKTPOHY

4) y atoma ¢Topa camoe BBICOKOE 3HAYE€HHE SHEPTHHA HOHU3AIIH

5) y aroma ¢ropa camoe BBICOKOE 3HaUCHHUE HIIEKTPOTPHLATEIBHOCTH.

10. Cpeny MpOCTBIX BELIECTB P-3IIEMEHTOB CaMbIM CHJIBHBIM BOCCTAHOBHTEIEM
SIBIIETCS

1)Al 2)TI 3)Pb 4)Sn 5)B.
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2. BJIATOPOJHBIE I'A3bI

MOAYJIBbHASA ITPOI'PAMMA
BJIAI'OPO/JIHBIE I'A3bI (Ng)

Moayns 1
CBoiicTBa O1aropoIHBIX Ta30B

Monyns 0
Llenu u 3anaun MOIYIbHOM
TIPOTPaMMBI
Monyns 2 Monyns 3
CoenuHeHNs OIaTOPOIHBIX [IpumMeHeHME OIaropoOIHBIX ra30B
ra3oB U UX COEITMHEHUI
MOAVJIb 0

IEJH U 3ATAYM MOJIYJIbHOM TPOI'PAMMBI

U3yuue oannyro npoepammy, cmyoennm OOIHCeH 3HAMb:
- 0COOEHHOCTH JIEKTPOHHOTO CTPOSHHUS aTOMOB OJIarOPOJTHBIX I'a30B,
- ¢pu3nueckue ceoiictea Ng,
- XMMHUYECKHUEe CBOlcTBa Ng,
- coenunenus nerkux (He, Ne, Ar) Ng,
- coequnenus Kr, Xe, Rn,
- 005IaCTH MPUMEHEHHUsI OJIATOPOIHBIX I'a30B U X COCIMHCHHUH.
H3yuue oannyro npoepammy, cmyoenm OONHCeH YyMems.
- O0BSCHSTH XUMUYECKYI0 HHEPTHOCTh Ng,
- 000CHOBAaTh BO3MOKHOCTB TTOTyUeHUsI coelHeHni Ng,
- CpaBHHBATh (PM3MYCCKHUE M XUMHUYCCKHIE CBOMCTBA Pa3IMIHBIX Ng,
- COMOCTAaBJIATh 00JacTH MpuMeHeHusi Ng ¢ X (U3NYSCKUMH M XHUMUYCCKUMHU
CBOWCTBAMHU.
MOJAVJIb 1
CBOMCTBA BJIAI'OPOJIHBIX I'A30B

¥3-0. Ilenu u 3apaun MOy,

H3yuue oannblil MOOyIb, CIYOCHM OONICEH 3HAMb.
- 0COOEHHOCTH JIEKTPOHHOTO CTPOEHUST atoMOB Ng,
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- pacnpocTpaHeHHOCTh Ng B IpHpo/e,

- 0cO0EHHOCTH (PM3MYECKUX CBOMCTB Ng,

- IPUYUHBI XUMHYECKOI HHEPTHOCTH Ng.

H3yuue oannwiii MoOyb, cmyoeHm 00NdiceH YMemy.:

- COCTABIIATh ANMEKTPOHHbBIC U AMEKTPOHHO-Trpadiyeckue hopmyssl aToMoB Ng,

- TIOJIb30BAThCSI CIIPABOYHBIMU JAaHHBIMH 711 0OOCHOBAHHUSI XUMHYECCKONH HHEPT-
HOCTH OJNaropoHbIX ra30B.

¥Y3-1. BBoAHBIH KOHTPOIB.

3apanue 1. Harnmmmre snexrponHble Gopmynsl atomoB Ng. UeM npuHunmnu-
abHO OTJIMYAIOTCS MO 3JIEKTPOHHOMY CTPOEHHUIO aTOMBI TelIUsl U HEOHA OT aTOMOB
OCTaJIbHBIX OJIarOPOJIHBIX Ta30B?

3ananue 2. B Hauasne XX Beka OJaropo/iHbIe ra3bl BKIIOYAIHN B HYJIEBYIO FPYIIITY
tabnuipl Menaeneesa, 3aTeM — B BocbMylo. ComacHO MOCIEAHEH HOMEHKIIAType
ITUPAC Gnaroposble ra3sl cOCTaBisoT 18-1o rpymiry Tadiuis. [IpuBeanTe 10Bo/IbI
B MOJIb3Y Ka)KJJ0TO BapHaHTA.

V3-2. PacnipoctpaneHHocTh Ng B IpUpoOJE.
3ananue 3. M3yunte nannbie Tadbmuusl 7. Kakoit u3 Ng He siBisieTcs peakum
3y1eMeHTOM?

Tabonuya 7
AtoMHast paCHIiOCTpaHeHHOCTL Cpennee AT

B ConHE4HOM cucTeMe 1o coZiepKaHue B Conepxanue
Ng p » B armMocdepe,

otHomIeHuIo K 10° aroMoB 3eMHOH Kope, o B BOJIE, MI'/JI

o 00. %
KpPEeMHUS macc. %

He 3,9-10° 1-10°¢ 52:10* 5,6:10°¢
Ne 4,4-10° 5-107 1,8:10°73 1-10*
Ar 3,4-10° 414 0,9300 0,60
Kr 25 2-10°% 1,0-10* 3-10*
Xe 3,0 3-107° 8,0-10° -
Rn - - - 6-10

3ananme 4. CpaBHute pacnpocrpaHeHHOCT Ng Ha 3emuie U B CONHEYHOU cH-
creme. [ToueMy oTHOCHTEIBHAS PACIPOCTPAHEHHOCTh TAK CHIIBHO OTIMYAETCS?

V3-3. dusnveckue CBOWCTBA OJIarOPOIHBIX TA30B.

3anaunue 5. Vicxoas U3 MOJISIPHON MACChl BRIYHCIHUTE TUIOTHOCTH (T/eM®) Ng mipu

H.Y.

3aganmne 6. [locTpoiiTe rpaduk 3aBHCUMOCTH TEMIIEpaTyphl KUTIeHN Ng 0T MO-
TIpHOH Macchl. OOBSCHHUTE X0 KPUBOH.
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Tabnuya 8

Ng

He

Ne

Ar

Kr

Xe

4,2

27,1

87,3

120,0

165,0

g

Kakue u3 crenyromux (HakTopoB BIUSIOT HA TEMIIEPATYpPY KuleHus Ng:

1) aromHast Macca, 2) aTOMHBII 00BeM, 3) »HEeprus HOHN3ALINH,

4) cpONCTBO K AIEKTPOHY, 5) AIEKTPOOTPHIATETEHOCT, ) MOIIPH3yEeMOCTh aTOMOB?

3ananue 7. baropoHbie ra3sl B TBEPIOM COCTOSHUU 00pa3yIOT IIOTHOYIAKO-
BaHHBIC KPUCTALTMICSCKUE PEHICTKH THIa Mean. Kak Ha3bIBAETCSI 3TOT TUI KPUCTATI-
JTUIECKON PerIeTKn?

3aganue 8. B )KuIKOM COCTOSHHUHY TeNiif 00J1a1aeT YHUKAIBHBIMU (PU3WIEeCKIMHA
cBoricTBaMH. [Ipu OXITaXKICHUN U3 COCTOSTHUS 00b9HOM skuakocTH (He-I) remmit me-
PEXOIUT B COCTOSTHHE CBEPXTEKYUEH KHUIKOCTH, MPAKTHUSCKH HEe 00Ia1arone Bsi3-
xoctbio (He-II). [To auarpamme coctostams renus (puc. 1) onpenenute TeMIeparypy
nepexo/ia npy AaBieHuH, Oau3koM Kk 1 arm. Kak meHsiercst Temiieparypa nepexoja
[P TIOBBIIICHUH JTABICHNUS?

Juarpamma coctoanns “He,

Teepauh He
al_

~a

[agnenne, Mila

1| tonnwi Hell Hunnun He I Kpurwaecran 1ouna

3

1] 20 a0 40 5.0
Temnepatypa, N

Puc. 1. [luazpamma cocmosanus eenus.

3ananue 9. He-1I He kunut (He 00pa3yroTcs My3bIPbKH), @ HCTIAPSIETCS C TOBEPX-
HOCTH XUAKOCTH. OOBSCHATE 3TO SIBJICHUE, UCIIONB3YS MPE/ICTABICHUS O CBEPXTeE-
Ky4ecTH.

VY3-4. XuMuueckue CBOHCTBa OJIaropoJHBIX ra3oB.

3aganne 10. MHepTHOCTH OIArOPOAHBIX TA30B YacCTO OOBSICHSIOT BBICOKUMH
3HAUCHUSIMU TTOTCHIIMAIOB MOHM3aluu. Kakue BBIBOJBI MOXKHO CJI€JIaTh U3 aHATU3a
Ta0IuIE! 97
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Tabnuya 9
Motenumans: nonnsanuu (1, 3B) U craTnyeckue 3M1eKTPOIUNOIBHBIE MOISAPH3YEMOCTH
(a) aTOMOB 0/1arOPOJAHBIX I'230B H HEKOTOPBIX APYIUX 3JIEMEHTOB

1, 1, o 1, 1, a

He | 24,587 | 54416 | 0,205 0 13,618 | 35116 | 0,802
Li 5,392 75,638 243 F 17,422 | 34970 | 0,557
Be 9,322 18,211 5,60 Ne 21,564 | 40,962 | 0,395
B 8,298 | 25,154 3,03 Ar 15,759 | 27,629 1,64
C 11,260 | 24,383 1,76 Kr 13,999 | 24,359 2,48
N 14,534 | 29,601 1,10 Xe 12,130 | 21,210 4,04

3aganue 11. [Ipyrum criocoOoM 0OBSCHEHHS MHEPTHOCTH OJTarOpOIHBIX Ta30B
SIBIISICTCSI OIIEHKA CIIOCOOHOCTH AIIEKTPOHHBIX 000J04eK K Aedopmarti. Jedhopmu-
PYEMOCTB JIEKTPOHHBIX 000JI0UEK MO ICHCTBHEM AIEKTPOCTATHIECKOTO OIS IPY-
THX aTOMOB XapaKTEPH3YIOT CTAaTHYECKON SJIEKTPOIAMIIONBGHON IOISPU3YEMOCTHIO
(o). CpaBHUTE 3HAUCHHS 0 OIATOPOTHBIX T'a30B M HEKOTOPHIX APYTHX aTOMOB.

3aganue 12. CpoacTBo K AIMeKTpoHy atoMoB Ng 6mm3ko k Hynro. [ToaTomy B3a-
NMOJIEHICTBHE MOXKET TIPON3OUTH TOJBKO MPH JICHCTBIH CHIIBHBIX aKIIETITOPOB K-
TpOoHOB. BeIOeprTe NMpaBHIbHBIC BAPHAHTHI YTBEPKIACHHS: aTOM, B3aUMOJICHCTBYIO-
i ¢ Ng,

1) nomxkeH ObITH KHCIOTON JIBIOMCa

2) momkeH ObITh OCHOBaHWEM JIpronca

3) nomKeH OBITh CHIIBHBIM OKHCITUTENIEM

4) moymKeH OBITh CHITBHBIM BOCCTAHOBHUTEIEM

5) IOIKEH MMETh BBICOKOJIEKAIINE BAKAHTHBIC MOJIEKYJISIPHBIE OPOUTAIH

6) TOHKEH MMETh HU3KOJIC)KAIITIE BAKaHTHBIE MOJICKYIISIPHBIC OpOUTAIH.

MOIYJIb 2
COEJIMHEHWS BJIATOPOIHBIX TA30B

V3-0. Lenw u 3aqa9n MOITYIIS.

H3yuue oannwiii MoOyb, CnyOeHm O0NIdHCeH 3HAMb!

- COCTaB KJIaTpaToB, o0pa3yeMbIx Ng,

- cocTaB coeanHeHNH, o0pa3yembix erkumu Ng (He, Ne, Ar),

- COCTaB «MCTUHHBIX» coeTMHEHNH Ng,

- IPUPOIY CBSI3U B COCAMHEHMAX Ng,

- BEIIECTBA, CIOCOOHBIC B3aUMOICHCTBOBATh ¢ Ng.

H33yuue oannwiii MoOyib, cnyOeHm O0NdiceH YMemb:

- OOBSCHATH YCTOHYMBOCTD KIIATPATOB MEKMOJIEKYIIIPHBIM JHCIICPCHOHHBIM B3a-
HMOJICHCTBUEM,
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- mpuMensTh Teoputo MO 11t 00bsICHEHNST HEBOSMOKHOCTH 00pa30BaHMs MoJie-
Kyl Ng, ¥ BO3MOYKHOCTH 00pa3oBaHusi HOHOB Ng,*,

- OOBACHATH PA3IMYHYIO yCTOHYMBOCTH IMMepOB Ng *,

- TMOJB30BAThCS MPEJCTABICHUAMH O JOHOPHO-AKLIENTOPHBIX B3aMMOJAEHCTBUAX
JUIsl OOBSICHEHHSI Pa3iIMYHON YCTOMYMBOCTH TI'eTepoaToMHbIX (parmeHToB NgNg',
NgO*, NgN*, NgH" u gp.,

- 000CHOBBIBAThH BHIOOP pPeareHTOB JyIs OJIy4YeH s PTOPUIOB, KOMIUIEKCHBIX (TO-
PHIOB, OKCOPTOPHIOB 1 OKCHIOB Ng,

- COCTaBIISITh YPaBHEHHUS CTYIEHYaTOro ruaposusa Gpropuaos Ng,

- COCTaBJIATh YPaBHEHHs PEaKLMil MOJMyYeHHUs B PacTBOpax OKCOKCEHATOB U (PTO-
POKCOKCEHATOB, a TAKXKe PEAKIMH ¢ y4aCTHEM 3THX COSIMHEHUH B Ka4eCTBE PEareHTOB.

V3-1. BBoAHBII KOHTPOIIb.

3ananue 13. [locrpoiite muarpammel MO He, u He,". Yemy paBHa KpaTHOCTB CBsI-
34 B 9TUX COeAUHEHUAX? MOryT J11 CylecTBOBaTh 3TH YaCTHIIbI?

3ananue 14. MexxMoneKkynsipHOe B3aUMOAEHCTBUE SBIISETCS AUIIOJIb-TUIOIbHBIM
npuTsbkeHueM. I1o Mepe yMEeHbIIEHUs CUIbI IPUTSKEHUS Pa3InuHbIC BUJIbI MEXKMO-
JICKYJISIPHBIX B3aUMOJEUCTBUI yKa3aHbI B pSAY:

1) opreHTaLMOHHOE-TUCIEPCUOHHOE-UHIYKIIHOHHOE

2) IUCIIepCHOHHOE-OPUEHTAMOHHOC-UH Y KIIHOHHOE

3) opueHTaMOHHOE-UHYKIIMOHHOE-TUCIIEPCHOHHOE

4) MHYKINOHHOE-OpUEHTAllMOHHOE-TUCIIEPCHOHHOE

5) MHAYKIMOHHOE-IUCIIEPCUOHHOC-OPHEHTAIIMOHHOE

6) AuCrepCHOHHOE-NHIYKIIMOHHOE-OpPUEHTAIIMOHHOE

V5-2. Knarpars! 6:;1aropoiHbIX ra3os.

3ananue 15. Knarparamu Ha3bIBatoTCS KPUCTAIMYECKHE BEIIECTBA, B KOTOPBIX
MOJIEKYJIBI T'a3a (KrOCTs») HaXOMATCsl B MOJIOCTIX KPUCTAINIMYECKOW CTPYKTYPBI OC-
HOBHOTO BelecTBa («Xo3siMHa»). biaropoHble ra3el 00pasyroT Kiarparkl Ha OCHOBE
THAPOXMHOHA, BOABI, (DEHOJA U PYTUX COeAUHEHNI. MOJIsIpHOE COOTHOIICHNE TOCT!
XO35MH B TaKUX COEIMHEHMIX MOXKET cocTapisth 1:3, 1:4, 1:5,6, 1:5,75 u np. Hanu-
mmTe GOpMYIIbl KJIaTpaToB KCEHOHA ¢ TUIPOXUHOHOM (1:3), denomnom (1:4) n Bomoi
(1:5,75).

3aganue 16. B HacTosiiee BpeMsi HET IOCTOBEPHBIX CBEJICHUN O CYLIECTBOBAaHUU
knarparoB He u Ne. C kakumu U3 Clieayromux (pakropoB 3TO CBSI3aHO:

1) oueHb MasnieHBKMMH aTOMHBIMU paauycamu He u Ne

2) OTCYTCTBHEM MOIXOAALLETO «XO35IMHA» C COOTBETCTBYIOLIUM Pa3MepoM MOJIOCTeH

3) B OUCHBb MAJICHBKHX 110 Pa3Mepy MOJIO0CTIX 00pa3yrOTCsl MOIHBIE CHITBI MEXMO-
JIEKYJISIPHOTO OTTAJIKUBAHUSI

4) B 04€Hb MAJICHBKUX IO Pa3Mepy MOJIOCTSIX 00pa3yOTCsl MOIIHBIE CHITBI MEXMO-
JICKYJISIPHOTO MPUTSKECHUSL.
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V3-3. Koporkoxusyiue coenunenus He, Ne, Ar.

3ananme 17. Bce npousBognsie He, Ne u Ar sIBISIFOTCSI KaTHOHAMH, KOTOPBIE
00pa3yroTcs B ra3oBoil (ase B yClIOBHsIX, 00eCIeYNBAIOIINX HOHU3ALUIO Ng (3J1eK-
TPOHHBIN ynap). MI3BeCTHO, UTO HEPrus CBA3U B FOMOsAEPHBIX kaTMOHax NgNg*
nonmwkaercst B psiry He> Ne> Kr> Xe. 910 MOXKHO 0OBSCHHTS:
1) ymenblieHHeM B 3TOM psiAy aTOMHOTO pajnyca
2) yBelWYEeHHEM aTOMHOTO pajyca
3) yMEHBIICHHEM SHEPTrUH HOHU3ALUH
4) yBelIM4eHUEM SHEPIUuu HOHU3ALUU
5) yBenu4eHHEM aKLEeNTOPHOM cuibl Ng*

6) yMEHBIIEHHEM aKLENTOPHOM cuiibl Ng'.

3amanme 18. 113 nannpix Tabmuie 10 ciaemyer, 4To 1ByxaToMHbIe KaTnOHBI NgNg*
SIBJISIFOTCS IOCTATOYHO YCTOMYMBBIMY YacTHLaMu. [louemy ke OHM 00pa3yroTcs TOJIb-
KO B OCOOBIX YCJIOBHSIX H SIBIISIFOTCSI KOPOTKOXKUBYILIUMH?

Duepruu guccouunanuu (kx/moan) karnonoB NgNg*

Tabnuya 10

He Ne Ar Kr Xe
He 228,0
Ne 66,5 130,9
Ar 4,6 7,5 122,2
Kr 2,5 5,4 51,0 110,9
Xe 3,7 17,1 37,2 99,2

3ananue 19. He, Ne u Ar 006pa3yroT rerepoaroMHbIe KATHOHBI C PA3TUIHBIMU JJ1€-
meHTamu. [To manHbIM Tabmumpl 11 caenaiite BBIBOA 00 M3MEHEHHH YCTOWYHMBOCTH
OIHOTHUITHBIX coeqnHeHui B pany He — Ne — Ar.

Tabnuya 11

Oueprun auccounaunu D, (k/[:x/mMo0i1b) H paBHOBECHBIE PACCTOSHMS 1, (HM)
kaTnoHoB HeX", NeX* m ArX”*

DO rﬂ

X He Ne Ar He Ne Ar

Li 6,3 12,6 23,8 8,63 8,31 10,21
Be 1,3 3,8 45,6 13,10 7,77 8,55
B 2,0 5,0 23,4 12,18 10,35 11,45
C 4.6 12,5 86,2 10,06 8,69 8,61
N 17,5 38,5 48,7 7,32 7,39 7,68
O 3,34 5,0 1749 10,73 9,51 9,59
F 5,9 15,1 207.,5 8,88 8,20 7,00
Ne 45,3 124,7 7,5 5,88 7,18 10,08
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3ajganue 20. Pacnman monekyn F, Ha aToMbl NPOUCXOIUT NpU TEMIIEPATYPE
500 °C. Boinie nnn HIDKe 9TOH TeMIiepaTypsl pacnagatorcsa HeH n NeH*? s or-

BeTa VICHOJIb3YIITe JaHHbIe TaO/muIbl 12.
Tabnuya 12

Ouepruu auccounanuu D, (kx/moiib)

HeH* NeH? F,
D 167 207,5 151

0

VD-4. «cTnHHBIE» COCMHEHHMS OJIarOPOTHBIX I'a30B.

3ananue 21. Dneprun norusanuu MoseKynbl O, 1 aroma Xe coctapmsaror 12,70 u
12,13 3B cootBeTcTBeHHO. Kak 3T0 00CTOATEILCTBO OBUIO UCTIOIB30BAHO MTPU CHHTE-
3€ TIEPBOTO CoeMHEHNUs kcenona Xe [PtF ]2

3apanme 22. Kcenon obpasyer dropuapt (XeF,, XeF,, XeF,), oxcumpt (XeO,,
XeO,), okcopTOpHIbI, KCEHaThl M MEPKCEHAThl — MPOU3BOJHBIE TMIOTETHYECKHX
xucnor (H,XeO,, H,XeO,), kommuexce! ¢ Gropugamu Metamios. Kpunron obpasyer
Tonbko KrF, u xomriexchble ¢propusbl. Panon odpasyer coeMHEHNs, aHaIOT T4HbIE
COGIMHEHUSIM KCeHOHa. [ eITHii, HEOH M aproH «MCTUHHBIX)» COSTUHEHHUN He 00pa3yIoT.

Tabnuya 13
XapaKkTepuCcTHKA HEKOTOPBIX COeTNHEHNiT KCeHOHA
CoennHeHue CrpykTypa AH°, xJik/Monb T, °C
XeF, JIMHENHas -117 140
XeF, IJI0CKast —280 114
XeF, WCKaKEHHBIH OKTad1p —403 47,7
HCKaKEHHAs
XeOF, TPHUTOHATIbHAS 90
nupaMuia
XeOF, TeTparoHanbHas o8
IpaMuIa
XeO, TPUTOHAJILHAS 4403 ety
npaMua
XeO, TeTpasip ra3

[Touemy BO BceX COEAMHEHUSX Y KCEHOHA YEeTHAsl CTEIICHb OKUCIICHNUS?

3ananne 23. O0bACHUTE CTPYKTYpY (HTOPHIOB KCEHOHA, MOJIB3YSICh TEOPHEH OT-
TAJIKUBAHMS JJICKTPOHHBIX T1ap.

3amanne 24. Uto MOXXHO CKa3aTh 00 yCTOWINBOCTH (PTOPHIOB KCCHOHA M KPHIITO-
Ha, €CJIM M3BECTHO, uTo XeF, m XeF, MOXKHO Tomy4uTh TEPMHYECKHM CIIOCOOOM, a
XeF, n KrF,— To1bKO 951eKTpOpaspsiiHbivM?

3apanue 25. Oxcopropunsr XeOF,, XeO,F, u okcrn XeO, obpasyrorcs npu cTy-
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nenvarom ruaponmse XeF . CocraBsre ypaBHEHHs PEAKIUU MOTyYEHUS ITUX COE/IH-
HEHHUI.

3amanme 26. [Ipu ruaposnise B METOYHON cpejie 00pa3yIoTcesl KCeHAThI MIEJIOUHBIX
MeTaiuioB. [Ipu MeaIeHHOM AMCIIPONIOPIMOHUPOBAHUN KCEHATOB 00pa3yloTCs MepK-
ceHarbl. CocTaBbTe ypaBHEHHsI PEAKIHHA, OTBEUAIOIUX CIEAYIOIINUM IIPEBPALLICHUSIM:

XeF, — NaHXeO, — Na,XeO,.

3amanme 27. Oxcun XeO, nomyyaroT npu 06paboTKe MEPKCEHATOB KOHIEHTPH-
pOBaHHOM cepHO kucioToi. Hanummure ypaBHEeHHE peaKiuu.

3ananue 28. B Hacrosmee Bpems u3BecTHO Oosiee 50 KOMIUIEKCHBIX (pTOpPHIOB
KCEHOHA, B KOTOPBIX aTOMBI X€ BXOJAT B COCTaB KaTMOHOB MJIM AHUOHOB. 3Has CO-
CTaB MOHA U CTENEHb OKUCIICHUS Xe, ONPEIeNINTE 3apsii HOHA U YKAXKHUTE, KUCIOTOMN
JIsronca unu ocHoBaHueM JIptonca oH sBIsETCA.

Tabnuya 14
DTopcoaepxanue HOHbI KCEHOHA

Kucnora nimn Kucnora nim Kucnora wim
Xe(ID) OCHOBaHHE Xe(IV) OCHOBaHHE Xe(VI) OCHOBaHHE
Jlprouca Jlprouca Jlprouca
XeF* XeF," Xe,F >
XezF3* XeF 5 XeF7’
XeF XeF

3ananue 29. B HacTosmiee BpeMst JOKa3aHO CYIISCTBOBAHHUE TIPH TEMIIEPATypax,
OM3KHX K aOCOMIOTHOMY HyIO, IByX coenuneHuii aprona HArF u CUArO. [pemmo-
KHUTE 00BSICHEHNS IPUPOIBI CBA3U B 3THX COSIMHEHUSX.

3ananue 30. Cpenu coeqMHEHNH KPUITTOHA XOPOIIIO H3YyYCHHBIM SIBISIETCS TOIBKO
KrF,. ITouemy CyliecTBOBaHHE APYIHX COEAMHEHMI KPUIITOHA MPEACTABIIAETCS CO-
MHHUTEIEHBIM?

MOJVJIb 3
IMMPUMEHEHUE BJIATOPOJIHBIX T'A30B M UX COEJUHEHMIT

V3-0. Lenn u 3aqa9n MOITYIIS.

H3yuue oanHblil MOOYIb, CYOEHM OO0NHCeH 3HAMD.

- OCHOBHBIE METOIbI POU3BOACTBA Ng,

- 0COOCHHOCTH PEKTH(PHUKAITMOHHOTO U aICOPOIIIOHHOTO METOOB MOTydeHHs Ng,

- BKHEeHIm#e obmacTi mpuMeHeHns Ng,

- BKHEHIHE 001acTH IPIMEHEHNUS COSIUHEHNH Ng.

H3yuue oannwlil MoOyIb, CnyOeHm O0NdHCeH yMemy:

- COIOCTABIIATH OOIACTH MPUMEHEHNSI Ng 1 MX COCANHEHHUH C COOTBETCTBYIOIIH-
MU QU3UIECKIMHI U XMMHYECKUMU CBOHCTBAMH BEIIIECTB.
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V3-1. BBOAHBIN KOHTPOJI.

3amanue 31. O0nacT NPUMEHEHUsI BEIICCTBA YaCTO ONpeeisieTcs ero (pusnye-
ckumH cBoiictBamu. Kaxue n3 Ng MOXKHO HCIIOIB30BATh AJIsI 3TI0JTHEHUS BO3TYIIIHBIX
mrapoB? [TouemMy A7t 3TOM eI UCTIONAB3YETCs TOJIBKO TeTuii?

3aganue 32. Kakoe CBOHCTBO refusi UCIIOAb3YETCsl B KDUOTEHHON TeXHHUKe?

3aganue 33. Baxueiiee cBoiictBo Ng — 310 X nHepTHOCTh. [Touemy st cozna-
HUSI HTHEPTHOM aTMOC(epbl UCIIONB3YETCsl PEUMYILECTBEHHO aproH?

V5-2. [Ipon3BoACTBO OIArOPOAHBIX Ta30B.

3ananue 34. [IpoMBIIUICHHBIMU UCTOUHUKAMU Ng SBIISIOTCSA NPUPOIHBIE Ta3bl U
Bo31yX. [louemy renuii mony4aroT B OCHOBHOM IITyOOKHM OXJIaXKJICHHEM MPUPOTHOTO
rasa, a octajibHble Ng MOJTy4aroT U3 Bo3ayxa’?

3ananme 35. B ’KUIKOM COCTOSIHMM BO3AyX U JPyTU€ CMECH I'a30B MOXHO pa3-
JICTIUTh Ha OT/IEJIbHBIE KOMIIOHEHTBI METOJIOM pekTH(uKkanuu. Ha pasnuunn B Kakux
CBOMCTBAX BEIIECTB OCHOBAH 3TOT METO/:
1) mnoTHOCTH,  2) Temmeparypa IUIaBJIeHHS, 3) Temrneparypa KHIICHHS,
4) XMMHUYECKHIE CBOWCTRA, 5) ¢usudeckue cBoicTea?

3ananue 36. Paznenenue reins U HEOHa OCHOBAHO Ha CIIOCOOHOCTH HEOHA I10-
IJIOIIAThCSl AKTUBUPOBAHHBIM YITIEM, OXJIAXKAAE€MBIM JKUIKUM BO3AYyXOM. DTOT Me-
TOJ pa3/ieNeHuUs] Ha3bIBACTCS!
1) IOTIIOTUTENILHBIM, 2) aicopOLMOHHBIM, 3) abcopOLMOHHBIM,
4) KOHICHCAIIMOHHBIM,  5) PeKTH(UKALMOHHBIM, 6) pa3/eIUTEIbHbIM?

V3-2. IIpumenenne Ng 1 UX CO€AUHEHUI.
3aganmne 37. 3amoiHUTE BTOPYIO KOJOHKY TaOmuIlpl 15, ykazaB cBoiicTBO Ng,
00yCJIOBIIMBAIOIIIEE TaHHYIO O0JIACTh TPUMCHCHUS.
Tabnuya 15
O0s1acTu npuMeHeHHUs! 01arOPOJAHBIX ra30B

OO6nacTe MpUMEHEHHs CaoiicTo Ng

SlnepHast TeXHUKA

PakerHasi TexHHKa

Kpuorennas TexHuka

Mertannyprus

[TomynpoBoJHUKOBOE POU3BOCTBO
Caapka

CBeTOTEeXHHUKa

JlerarenbHble anmaparbl

CmMecu Juist JbIXaHUS BOTOJIA30B
Meaununa

3ananue 38. J{ng kakux 1eneit MOTyT OBITH HCITONB30BAHBI KIIaTpaTel Ng:
1) yTunmzaius paInoaKTHBHBIX H30TOTIOB, 2) pa3meneHue cMeceii,
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3) akkymysiupoBanue Ng, 4) ouncrka Ng, 5) akruBupoBanue Ng?
3aganue 39. Topuabl KCEHOHA MPUMEHSIIOTCS B KQYECTBE CHIIbHEHIITUX OKUCITH-
Tenel. Beruncanre cranAapTHBIN MOTEHIMA PEaKIuu

XeF,=Xe+F,
10 U3BECTHBIM [IOTCHLIMAIAM E"Xe%% =1,8 B, E“Xeoj/x(ﬂ: 1,6 B.
3. TAJIOT'EHBI
MOAYJIbHAS ITPOT'PAMMA
TAJIOT'EHBI
Monyns 1 Monyns 3
OO0mas xapakKTepUuCcTUKa ["asnorenoBogoponb! U
rajlorcHOB rajloreHu bl
Monyns 0
Lenu 1 3a1aun MOLYIbHON
TIPOTPaMMEI
Mojysb 2 Monynb 4
CoeauHEeHHs C MOJ0KUTEIbLHBIMHI
IIpocTsle BemecTBa
CTENEHIMHU OKHCJICHHS TaJIOT€HOB
MOAVJIb 0

IEJH U 3AJJAYN MOJIYJIbHOM MPOI'PAMMBI

H3yuue oannyro npoepammy, cniyoeHm O0NdiCeH 3HAMb.

- 0COOCHHOCTH 3JIEKTPOHHOTO CTPOCHHUSI aTOMOB TAJIONCHOB,

- BOKHEHIIHME CTENICHU OKUCIICHUSI TAIOT€HOB,

- BAJICHTHOCTh aTOMOB T'aJIOTEHOB B KOBAJICHTHBIX COEANHEHHUSIX,

- M3MCHEHUE B TPYIIE TaJION€HOB aTOMHBIX XapaKTEPUCTHK (QTOMHBINA Pajnyc,
SHEPIUsl HOHHU3AIMH, CPOJICTBO K AJIEKTPOHY, JIEKTPOOTPHULIATENLHOCTS ),

- HAXOXKJICHHE B TIPHPO/IE,

- (hM3UYECKHE ¥ XUMHUYECKHUE CBOMCTBA MPOCTBIX BEIECTB,

- IOJTyY€HHE U CBOMCTBA COEIMHEHUIA TaJIOTEHOB CO CTENICHBIO OKUCIICHUS —1,

- [NIOJTYyUCHUEC U CBOMCTBa COCI[I/IHCHI/Iﬁ TaJIOTCHOB C ITOJIOXKHUTCIIbHBIMU CTCIICHAMU
OKHCJICHUA.
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H3yuue oannyro npoepammy, cniyoeHm O0NdiceH yMemy.

- BBIBIISITH M OOBSICHATH 3aKOHOMEPHOCTH B U3MCHCHUHU CBOMCTB IMPOCTHIX Be-
[IECTB U BAKHEHIIINX COSTUHEHUI raloreHOB,

- TIPOBOJIUTH JIAOOPATOPHBIC OIIBITHI IO TOJYYCHUIO M H3YUCHHIO CBOWCTB XJIOpa,
Opoma, ioa 1 BaXKHEHIIINX COCIMHCHUI raJIOTCHOB.

MOJIYJIb 1
OBIIASI XAPAKTEPUCTUKA T'AJIOTEHOB (Hal)

V3-0. enu u 3a1a41 MOAYJISL.
H3yuue oannwiii MoOyib, cmyOeHm O0JIdiCeH 3HAMb!
- AMEKTPOHHOE CTPOCHHE aTOMOB IANIOTCHOB, OCOOCHHOCTH CTPOCHHS aToMa (Topa,
- CTETIEHH OKHUCJICHHS M BaJICHTHBIC COCTOsIHMS aToMoB Hal,
- 3aKOHOMEPHOCTH U3MEHEHHUS B TPYIIIE TAIONEHOB CIICYIOIIMX CBOMCTB aTOMOB:
- paguyc atoma,
- DHEPIUsi HOHHU3AIIHH,
- CPOJICTBO K 3ICKTPOHY,
- OTHOCHUTEJNbHAS SIEKTPOOTPHUIIATEIBHOCTD,
- HAXOXKJICHHE TaJIOTCHOB B IIPUPOJIE.
H3yuue oannwiii MoOyib, cmyoeHm O0NdiceH YMemb.:
- OOBSCHATH 3aKOHOMEPHOCTH M3MEHEHHUS aTOMHBIX XapaKTEPUCTHK B IPYIIIIE ra-
JIOTEHOB,
- 1aBaTh OOIIYI0 XapaKTEPUCTUKY COCIMHEHHUSIM TaJIOT€HOB, UCXOMS U3 CTEIEHeR
OKHUCJICHUSI aTOMOB.

VY3-1. BBOAHBII KOHTPOII.

3amanme 1. V300pa3uTh aneKTpoHHO-TpaguiecKre (OpMysbl BHEIIHETO K-
TPOHHOTO YPOBHSI aTOMOB T'aJIOr€HOB. YeM NPHHIMIHAIBEHO OTIINYAETCSI IEKTPOHHOE
cTpoenue aroma ¢propa? UTo Takoe KalHOCUMMETPUsI?

V3-2. CreneHun OKUCIIEHHSI U BAJIECHTHOCTh aTOMOB TaJIOr€HOB.
3ananue 2. HanpoTuB Kak10# cTENeHU OKUCIICHHS B Tabmuie 16 Hamuimute dop-
MYJIbl COOTBETCTBYIOIINX COCTUHEHUH.

Tabnuya 16
CTeneHu OKMCJIEHHS TaJIOTeHOB
F Cl Br 1
Crenenb Crenenb CrerneHb Crenenn
[Ipu- [Ipu- IIpu- IIpu-
OKHCJIIC- OKHCIIe- OKHCJIC- OKHCJIIe-
Mep Mep Mep Mep
HUSI HHS HHS HUSI
0 +7 +7 +7
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-1 +6 +6 +6
+5 +5 +5
+4 +4 +4
+3 +3 +3
2 2 ")
+1 +1 +1

0 0 0
1 1 1

[Touemy y ¢propa HET ONOKUTEIBHBIX CTEIIEHEH OKHCIICHNUS?

3amanue 3. BaneHTHOCTB dJIeMEHTa OINPE/IEIISICTCSl YUCIIOM BaJICHTHBIX OpOHTa-
JIeH ¥ 4HUCIIOM BaJICHTHBIX 2JIEKTPOHOB. YeMy paBHa MaKCHMaJbHO BO3MOXKHasl Ba-
JIeHTHOCTH (hropa? CKONBKO BAJICHTHBIX opOuTaneii umeer atoM xsopa? Kakosa mMax-
CHMaJlbHasi BAJICHTHOCTh XJIOPA B U3BECTHBIX COCTUHEHUAX?

V3-3. AToMHBIE XapaKTEPUCTUKU TaJIOTEHOB.
3ananue 4. [locrpoiite rpaguk 3apucumocty - (Hal) = f(z). O6bsacHuTe Habro0-
JAIOIIYIOCS 3aKOHOMEPHOCTb.

Tabnuya 17
ATOMHbBIE H MOJIEKYJISIPHbIE XaPAKTEPHCTHKH I'AJI0TeHOB
Onemenr | » uM | [,3B |E 3B| OD |d HM AH,, 7 (Hal,)) °C E; oo 1S
K08. r 4 Hal-Hal, KI[)K/MOHB Kun. 2 ats at,
F 0,071 | 17,42 | 3,34 | 4,0 | 0,142 78,00 -187 2,87
Cl 0,099 | 13,01 | 3,61 | 3,0 | 0,199 121,30 -342 1,359
Br 0,114 | 11,24 | 3,36 | 2.8 0,228 111,80 58,75 1,065
I 0,133 | 10,45 | 3,06 | 2,5 0,267 106,84 184,5 cy6n 0,536

3amanue 5. CpojcTBO K 3JICKTPOHY XJopa (F) Bbiiie, yeM y dropa. Kak 310 00b-
SICHUTB?

3anganme 6. [To manaeiM TabmuIel 17 caenaiite BHIBOJ 00 M3MEHEHHMH aTOMHBIX
XapaKTEPUCTHUK B TPYIIIE TAJIOTCHOB.

V3-4. TanoreHsl B MPUPOJE.

3aganue 7. OMHUM U3 3aKOHOB T€OXUMUHU SIBIISIETCS YTBEPIKICHUE, YTO DIEMEHTHI
C YETHBIMH aTOMHBIMH HOMEPaMHU UMEIOT OOJIbIIICe PACIIPOCTPAHEHHE B IIPHPOJIC, UEM
QJIEMEHTHI ¢ HEUETHBIMH HOMepaMmu. [IpoBepbTe 3TO MpaBUiIo, CPaBHUB PACIIPOCTpa-
HEHHOCTb p-31emeHToB VI u VII rpymnm.
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Tabnuya 18
PacnpocrpanenHocTs B npupoze p-3jaemedtos VI u VII rpynn

SeMeHT Coneprxanue B 3gMHOI7I SeMeHT CozeprxkaHue B 3eMHON
Kope, macc. % Kope, Macc. %
(0} 47,4 F 9,5:102
S 2,6:102 Cl 1,3-1072
Se 5-10°¢ Br 3,7-10°
Te 5107 I 1,410
Po CcIembl At cIenbl

3aaafme 8. 3a uckmodeHnemM BYJIKAHMYCCKUX I'a30B B IPHUPOJC BCTPEHAIOTCS TOJILKO
COCTMHCHUSA I'aJIOTCHOB. HpeI[J'IO)KI/ITC TUTIOTC3Y 06pa303aH14;{ XJIOpa B HEIpax ByJIKaHaA.

MO YJIb 2
MPOCTBIE BEIIECTBA

V3-0. enu u 3a1a4un MOYIIsL.

H3yuue 0annblil MoOyIb, CIYOeHm OONCeH 3HAMb.

- 1abopaTOpHbIE METObI OJIyYEHHS TaJIOTCHOB,

- BwKHEHmMe Gu3ndeckue CBONCTBA rajoreHOB,

- BOKHEHIINE XNMUYIECKHE CBOWCTBA I'aJIOTCHOB.

H3yuue oannblil MoOyIb, cnyOeHm O0NJiCeH yMemb:

- moxry4arsb B Jaboparopuu Cl,, Br, u L.

- TIPOBOJIUTH JTAOOPATOPHBIE OIIBITHI TIO U3YUCHUIO CBOWCTB XJIOPA, H0/1a, XJIOPHOMH,
OpOMHO¥ U HOIHOW BOJIEI.

VY3-1. BBOAHBII KOHTPOIIb.

3ananue 9. CpaBHUTE CTaHAAPTHBIE OKUCINUTEIEHO-BOCCTAHOBUTENIBHBIE TOTEH-
uaibl rasioreHoB (tadmmma 17). Kakue U3 rajJoreHoB MOXKHO MOITYYUTbh, HCHIONB3Ys
CTaHJApTHBIA pacTBOp nepManranara xamus (£° = 1,507 B)? Ilouemy

MnO; ,8H* /Mn?* 7
JUTA TIOJTY4EHHs Ta3000pa3HOro XJ10pa UCHIONb3YIOT KpHcTaimdeckuit KMnO 7

¥3-2. IomryueHune rajgoreHos.

Onbit 1. (7T2a!) Iony4yenne xyopa.

B xon0y Bropua nomectuts okono 10 1 KMnO,. M3 xanensHoi BOpOHKH /106aB-
JISITH T10 KaIUISIM KOHIIEHTPUPOBAHHYIO COJISTHYIO KUCIIOTY. Bhinernstronuiics ras mocie
TIPOITYCKaHHs Yepe3 MPOMBIBHBIC CKIISTHKH ¢ HachImeHHbIM pacTtBopoM NaCl n koH-
uentpuposannod H,SO, (c xaxoi mempro?) cobpars B Oombive npodupku. Ilocme
3aT0JTHEHHS! (OTpe/IEeIsIeTCs 110 IBETY) MPOOHPKH 3aKPBITH IPOOKaMH.
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OnwlIt 2. (Taza!) Mlonyyenue Opoma u iiona.

B cyxyro mpoOHpKy MOMECTUTE HECKOMBKO KpucTamior KBr u MnO,. Jlo6aBuTh
2-3 xamm koHl. H,SO, n HeMHOro mogorpets. II0BTOPUTE OIIBIT, HCTIONB3YsT BMECTO
OpomMua Homu T Katusl.

V-3, CBoiicTBa rajIoreHOB.
3aganue 10. 3anonauTe TaObIUIy 19.

Tabnuya 19
PusnyecKue CBOMCTBA rajloreHoB
ArperatHoe COCTOSTHUE MPH
I'anoren . LiBer OTHOIICHNE K HaTPEBaHHIO
KOMHATHOW TEMITepaType
FZ
Cl,
Br,
IZ

OnwlIt 3. (Ta2a!) Bo3ronka iiona.

B cyxyto npoOupKy momecTuTs 2-3 KprcTammmka omaa. OcTopoxHo HarpeTs. I1o-
BTOPHTH OIIBIT, IUIOTHO 3aKPbIB MPOOUPKY BaTHBHIM TAMIIOHOM. CpaBHUTH PE3YIIBTaThI
OmBITOB. /laTh 0OBSACHEHMSI.

OnbiT 4. (Ta2a!) Ilony4yenune XJI0pHOIi BOAbI.

OmyCcTUTh Ta300TBOIHYIO TPYOKY C BBIACIISFOIIIIMCS XJIOPOM (OITBIT 1) B CTakaH ¢
Boo#i. Hacermars Boxy xmopom B TedeHne 10 MuHyT. OTMETHTD LBET U 3amax (Ipo-
BEPATH OCTOPOXKHO) MTOTYIEHHOHN XJIOPHON BOJIBL.

OnbIT S. (Ta2a!) Ilonyyenue pacTBOpa rUNOXJI0PUTA HATPHUS.

OmnycTuTh Ta300TBOIHYIO TPYOKY C BBIIEISIOMNMCS XJIOpoM (OIBIT 1) B cTakaH
¢ xomogabM pactBopoM NaOH. Hacermate pactBop xyopom B TedeHne 10 MUHYT.
IMomy4eHHBIH pacTBOpP COXPAHUTH AJIS TTOCIEAYIOIIUX OIBITOB.

OnsIT 6. (T2a!) Iony4yenune 6epToJ1eTOBOM COMM.

OmyCTUTh Ta300TBOIHYIO TPYOKY C BBIACIISFOIIIIMCS XJIOPOM (OITBIT 1) B CTakaH ¢
ropstauM pactBopom KOH. Hacermats pactBop ximopom B Teuerne 10 munyt. Ilomy-
YEHHBIH pacTBOp OXJIaguTh. OOBSICHUTH BBINIAJICHIE KPHCTAILIOB.

Onbit 7. (Ta2a!) PacTBopuMOCTS iioaa B Boje, pacTtBope KI u oprannyeckux
pacTBOpHTeJISAX.

1-2 xpucTammKa Homa TOMECTHTh B IPOOUPKH C 1-2 MII pa3IMYHBIX paCTBOPHTE-
neit. B3bontars. Pesyisrars! HabMrORCHMIA 3aHEeCTH B Ta0mHIry 20.
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Tabnuya 20
Pe3yabTarbl Ha0/1101eHUsI PACTBOPUMOCTH ifo1a

PactBopumocTh

PactBopuTens
(xopormas, rioxas)

LlBer pacTBopa | YpaBHeHHE peaKIUU

H,0
BOIHBIHM pacTBop NaOH

BOJHBIN pacTBop KI
criupr C,H,OH -
6enson CH, -
CCl1 -

4

OnwlIt 8. (Ts2a!) B3aumoneiicTBue ra3o00pa3Horo XJjaopa ¢ Meablo.

Harpetp B mitaMeHn TOpenky KOHEI METHOM MPOBOJIOKH JI0 KPACHOTO KaJIeHHs 1
OBICTPO OMYCTHUTH B IPOOUPKY C XJIIOPOM.

OnbIT 9. (Ta2a!) BzaumoaeiicTBue ra3o00pa3Horo xjaopa c pocpopom.

[ToNOXUTE B TOXKEUKY IS COKUTAHUSI HECKOJIBKO KPYIHHOK KpacHoro docdopa,
TIO/KEYb B IITAMEHH TOPEJIKK U BHECTH B IIPOOHPKY € XJIOPOM.

B xaxunx ycnosusx obpasyercs PCL, u PCL,?

OnwlIt 10. (Ts2a!) B3aumoneiictBie 6poMa ¢ aIlOMHUHHEM.

Oxoio 1 M Opoma HaJMTh B TIPOOMPKY, 3aKpEIUICHHYIO B IITariBe (paboTarh B
pe3uHOBBIX nepyarkax!). 106aBuTh rpaHyiy anroMuHus. [lodeMy peakius HadrHa-
ercst He cpasy? Kakue BemecTBa BBIICISIOTCS B XO/€ PEAKIMU B Ta3000pa3HOM BHE?

Onwlit 11. (Taza!) BzaumoneiicTBue iioa ¢ aTJI0OMUHHEM.

B dapdoporoit gamke mepemeniath IPUMEPHO PaBHBIC KOJIMYECTBA ITOPOIIKOB
tioma u amomuHms. K momydeHHON cMecH N00aBUTh 1-2 Kalumd TUCTHIDTHPOBAHHON
BoJbI. KakoBa posb BOJbI B ATOH peakiun?

Onbit 12. (Taza!) B3aumoneiicreue fona ¢ dpochopom.

B cyxoii nmpoOupke cMmemaTh MOpoIIKy Hoga 1 KpacHoro ¢ocdopa B mMpuodimsm-
TENEHOM OTHOMICHUH 1:5. OcTopokHO HarpeTh. [IpOAyKT peakinu MCIONb30BaTh B
ombite 16.

MOJYJIb 3
TAJIOTEHOBOJIOPO/IBI M TAJIOTEHHJIBI

V3-0. Lenu u 3a1a4m MOYIIsL.

H3yuue oannblil MoOyab, cnmyoeHm O0niCeH 3HaAMb.

- 3aKOHOMEPHOCTHU B U3MEHCHUH JUTMHEI U TpoyHOCTH cBsi3n H-Hal ipu mepexoze
ot HF x HI,

- 3aKOHOMEPHOCTHU B U3MEHEHUHU KUCIIOTHBIX cBOicTB npu nepexone ot HF k HI,

- OKHCJIHTEIIFHO-BOCCTAHOBHUTEIILHBIC CBONCTBA TAIOTEHOBOJIOPOIOB M UX COJICH,

- METO/IbI MOJTyYEHHsI TaJIOTEHOBOAOPOJIOB.
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H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMemb:

- OOBSICHAITH pa3IMuHyIo0 ycToitunmBocTh Monekya HHal, kucrnorHeie u okucimu-
TEJIbHO-BOCCTAHOBUTENBHBIE CBONMCTBA raJIOTEHOBOJIOPO/IOB,

- nonyvars B staboparopun HCl, HBr u HI n3 cooTBeTCTBYIOIINX I'ajIOreHUIOB,

- IPOBOANTB JIAOOPATOPHBIE OIIBITHI 110 U3YUSHHUIO CBOMCTB IaJIOreHOBOIOPOIHBIX
KHCJIOT U UX COJIEH.

VY3-1. BBOAHBII KOHTPOII.

3ananune 11. [To nanaeiM Tabnuisl 21 cuenaite BBIBOIBIL:

1) kak MeHsiercst npouHOCTh cBsi3u B psixy HF-HCI-HBr-HI;

2) xak MeHsiercs cuia kuciot B psiry HF-HCI-HBr-HI;

3) KaKk MeHsIeTCs BOCCTaHOBUTENbHAsl akTUBHOCTH B psity HF-HCI-HBr-HI?

Tabnuya 21
CBoiicTBa raJioreHoBO0po10B
HHal | A H, x/lx/monb L (€ 4y HM @, % | E°(Hal/2Hal”), B
HF —268,8 19 0,100 9 2,87
HC1 -92.4 -85 0,127 93 1,359
HBr -36,1 —67 0,141 93 1,065
HI +26,04 -35 0,162 95 0,536

¥3-2. IloryueHue rajJoreHoBOAOPOIOB.

Onpit 13. (Taza!) loaydyeHue XJ10poBoOI0POIA.

B mpobupky ¢ razoorBogHol TpyOkoi momectuth okono 1 r NaCl. Jlo6aButs
konu. H SO, u nemnoro nogorpets. Jlokasars Beienenue HCI, nopnecs k oTBepcTrio
TPYOKH: a) BI2XKHYIO JIAKMYCOBYIO OyMaKKy, 0) CTEKJITHHYIO ITaJI0UKy, CMOYCHHYIO
pacTBOpoM aMMHuaKa. 1 'a300TBOAHYIO TPYOKY OITyCTHTh B IIPOOMPKY € BOJIOH, HE TIO-
rpysxast KoHen TpyOoku B Boay. [1o oxonuanuu Beigenennst HCI nokasars oOpasoBanue
COJISIHOM KMCIIOTBI B TIPOOMPKE ¢ MOMOIIBIO: @) MHAMKaTopa, 0) pactBopa AgNO,.

Onbit 14. (Ta2a!) B3aumoaeiicTBHe KPUCTANLI0B OPOMHIA U HOAUIA KAJINSA C
KOHIICHTPHPOBAHHOI1 CEPHOI KHCJIOTOIA.

B cyxyro npoOHpKy MOMECTUTh HECKOIIbKO kpuctamioB a) KBr, 6) KI. /lo6aButs
I vt konu. H,SO, u cnerka nogorpets. [Touemy 9TH peakiii HE MCIIOJB3YIOT ISt
nonxydenus HBr u HI?

Onpit 15. (Ta2a!) B3aumoneiicTBie KPUCTANIOB OPOMHIA U HOAUAA KATUS €
KOHIICHTPUPOBaHHOI1 GochopHOii KHCI0TOI.

[ToBropuTh OMBIT 12, 3aMEHNB KOHIIEHTPUPOBAHHYIO CEPHYIO KHCIOTY (hochop-
Hoil. [loueMy 3TH peakmu MOXHO UCTIOb30BaTh Jist omyueHust HBr u HI?
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OnblIt 16. (Taza!) MosayyeHue Woa0BOAOPOIHOI KHUCIOTHI THAPOIU30M HOTU-
na gocdopa (II1).

Ha nomy4ennsiii B ombite 10 P1, moneiictBoBath HEOOJIBIINM KOJINYECTBOM BOJBI.
K oTBepcTHIO MPOOUPKHU MTOAHECTH BIAKHYIO JJAKMYCOBYIO OyMaXKKYy.

V3-3. CpoiicTBa raJloreHOBOJIOPOJIOB.

Onvlit 17. (Taza!) B3aumoneiictBue ¢pTopoBoI0poaa co CTEKJIOM.

CTexISHHYIO MIACTHHKY OIMYCTUTh B PACIIaBICHHBIN MapaduH U cpa3y BHIHYTb.
[Mocne oxnaxaeHHUs Halapararb KakoW-JM0O PUCYHOK Ha MOBEPXHOCTH mapaduHa
TaK, YTOObI OTOJNMIACH MTOBEPXHOCTH CTEKIA. HaKpBITh IIACTUHKOM IIACTUKOBBIN
CTakaH C pacTBOPOM IUIaBUKOBOM KHUCIOTHI. Bolepxkarh He MeHee yaca. [loBroputh
OTIBIT, 3aJIMB PUCYHOK PacTBOPOM IUIABHKOBOHM KHCIOTHL. 1o 3aBepiieHHu OMBITOB
TUIACTHHKH TIPOMBITH BOJIOH M OUUCTHTH OT cjos napaduua. CpaBHUTH MOJIyYCHHbIE
PHUCYHKU.

OnpiT 18. B3aumoneiicTBue co/isiHoil (OpoMOBOIOPOIHOI, MOTOBOIOPOIHO)
KHCJIOTHI ¢ METAJVIAMU, OCHOBHBIMH OKCHAAMH, OCHOBAHUSIMH U COJIAMU.

B npoGupkax ucnbirars aeiicteue HCl (HBr, HI) na Zn, CuO, AI(OH),, Na,CO,.

OnbiT 19. B3aumoneiicTBie rajioreHHA-HOHOB ¢ KATHOHAMH MeTaJJI0B.

B mpobupxax cmemaiite pacteopsr: a) NaCl u AgNO,, 6) KBr u AgNO,, B) KI
1 AgNO,, 1) NaF u CaCl,, 1) KI n CuCl,. OxapakTtepusyiiTe NOJTy4eHHBIE OCAIIKH,
HCTIOJB3YS TEPMUHBL: aMOP(MHBIHA, KPUCTATMYECKUH, TBOPOXKUCTHIN. Kakas u3 aTux
peaxuuiit ABISIETCS] OKUCIUTETFHO-BOCCTAHOBUTEILHO?

MOIYJIb 4
COEJMHEHMS C TTOJOKUTEJIBHOM CTENEHBIO OKUCJIEHUS
TAJIOTEHOB

V3-0. lenu u 3a1a91 MOIYJISL.

H3yyue oannwlil MOOYIb, CIMYOEHM OONNCEH 3HAMNb!

- COCTaB 1 CBOMCTBA XJIOPHOH, OPOMHOM 1 HOITHOM BOIBI,

- BOKHEHIIMEe CBOMCTBA KMCIOPOJICOCPIKAILIMX KUCIIOT XJIOpa, OpoMa 1 Hoja,

- METOJIBI ITOJTyYEHHsI M CBOMCTBA cojteid, comeprkarnux Hal™! u Hal™.

H3yyue oannwlil MoOYIb, CIMYOEHM OONICEH YMEmb.!

- TIPOBOJIUTH JTAOOPATOPHBIE OIBITHI TI0 U3YUYEHUIO CBOMCTB XJIOPHOH, OpPOMHOMN 1
MOHOM BOJIBI,

- JKCIIEPHUMEHTAIIbHO M3YYNTh U OOBSICHHTH BIMSHHE KHCIOTHOCTH CPEIbl Ha
OKHCIIMTEIBHYIO aKTHBHOCTB COJIel, comepskanux Hal™ u Hal™.

¥Y3-1. BBoAHBII KOHTPOJI.

3aganue 12. [To nanHBIM TaOMUIB! 22 cenaiTe BEIBOA O CMEIICHUH PaBHOBECHS
B cucteme Hal, + H O = HOHal + HHal. Kax iusier Ha naHHOe paBHOBECHE J100aB-
JIEHWE: a) KUCIIOTHI, 0) menoun’?
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Tabnuya 22
KoHCTaHTBHI THAPOJIN3a rAJIOTeHOB

Hal Cl Br 1

2 2 2 2

3-10* 4107 5-10

I

3ananue 13. YCTOWYIMBOCTE KHCIOT CHIIBHO MOBBIIIACTCS B PAAY:

HCIO < HCIO, < HCIO, < HCIO,. Kak 3T0 cBA3aHO C U3MEHEHUEM KPAaTHOCTH
cBsa3u Cl1-07?

3ananne 14. [Touemy comnu, Kak MpaBuiIo, 00JCe YCTOHYUBEI U MCHEE aKTHBHBI,
YEM COOTBETCTBYIOIIUEC KHCJIOTBI?

V3-2. XnopHas, OpoMHast 1 HoIHAs BOJIA.

OnsIT 20. (Ta2a!) CBoiicTBa XJIOpHOIi, OPOMHOI U HOAHOIT BOABI.

a) XJIOpPHYIO BOIY TIO KarisiM 00aBuTh B pactBop KI; Habmonats mosiBieHue u
HCUYE3HOBEHUE OKPACKH;

0) x xyI0pHO# Bosie 106aBuTh 1-2 Kamm pactBopa AgNO,;

B) K OpoMHO# Bojie 106aBuTh pacteop Na, SO ;

r') K OpOMHOI# BOjie J0OABUTh HECKOJIBKO Kamelb OCH30J1a, BCTPSXHYTh, Ha0IIO-
JIaTh PAcCIOCHUE U OKPACKY JKUAKOCTEH; TOBTOPUTH OMBIT SKCTPAKIIUN OCH30JI0M,
HpeBapUTEeIbHO J0OABUB B OPOMHYIO BOJly HECKOJIBKO Karlellb pa30aBIeHHOil cep-
HOM KHUCIIOTHI;

) k pacteopy Na,SO, 1o karisiM npubaBisaTh HOMHYIO BOLY;

€) TIOBTOPUTB OIBIT I'), UCTIOJIB3Ysl BMECTO OPOMHOI BOJIbI HOJIHYIO BOTY.

V¥3-2. Conu, conepkamue Hal™ u Hal*.

OnbiT 21. CBOliCTBA TUNOXJIOPUTA HATPUS.

K pactBopy NaClO, nonmydueHHOMY B OIIBITE 5, T00aBUTH: &) KAILTIO (PHOIETOBOTO
nakmyca, 0) 1-2 karau pacrsopa KI. OObSICHUTD H3MCHEHNE OKPACKH.

OnsIT 22. CpaBHeHHe OKUCJIUTEIBHONH AKTHUBHOCTH 0epPT0/1eTOBOM €OJIM B
HelTPaJILHOM M KUCJIOH cpee.

CpaBHUTE B3aMMO/ICHCTBYE HEHTPATLHOTO W MOAKUCIEHHOTO CEPHOM KUCIOTON
pactBopa KCIO, ¢ pacteopom KI.
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4. p-2JIEMEHTBI VI I'PYIIIIBI

MOAYJIbHAS ITPOI'PAMMA
p-2JIEMEHTBI VI I'PYIIIIbBI

Monyis 1
OO01ast XxapakTepucTuKa
p-2nemeHToB VI rpynmst

Monynsb 3
CoeanHEeHUs KHCIOpOoIa

Monyns 0
Llenu u 3anaun MOIYIbHON
TIPOTPaMMBI
Monyns 2 Monyns 4
IIpocThie BemecTBa CoeIMHEeHHS CephI
MOAVJIb 0

IEJU U 3AJTAYM MOJAYJIbHOM ITPOT' PAMMBbI

U3yuue oannyro npoepammy, cmyoenm OOIHCeH 3HAMb:

- JIEKTPOHHOE CTPOEHHUE aTOMOB P-2J1eMeHTOB VI rpynmsl,

- BOKHEHIIIME CTETICHH OKUCIICHUS P-3JieMeHTOB VI rpymmsbl,

- BAJICHTHOCTb aTOMOB B KOBAJICHTHBIX COCTUHCHHUSIX,

- U3MCHEHHUE B IPYIIE aTOMHBIX XapaKTEPUCTUK (aTOMHBINA pajiiyc, SHEPIUsl HO-
HH3AIUH, CPOJICTBO K AIIEKTPOHY, AMEKTPOOTPULIATEIBHOCTS ),

- HaXOXKJICHHE B IPUPO/IC,

- pU3HYECKIE U XUMUYECKUE CBOMCTBA MPOCTHIX BEILIECTB,

- TIOJIyYCHHE U CBOWCTBA COCMMHECHHUI KUCIOPOa,

- TIOJIyYCHHE U CBOWCTBA COCMMHECHHMN CepBl.

H3yuue oannyro npoepammy, cmyoenm OONHCeH YyMems.
- BBUSIBJIATH M OOBSICHSITH 3aKOHOMEPHOCTH B M3MEHEHHWHM CBOWCTB MPOCTHIX Be-
LIECTB U BaKHEHIINX COEIUHEHUH p-aneMeHToB VI rpymnmsl,

- IPOBOAUTH na6opaTopHLIe OIIBITHI 1O MOJYYCHHIO U U3YYCHUTIO CBOMCTB KHCIIO-
poaa, C€pbl, U UX Ba)KHEHIIIHNX COCﬂHHeHHﬁ.
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MOIYJIb 1
OBIIASI XAPAKTEPUCTHUKA p-2JIEMEHTOB VI TPYIIIBI

V3-0. llenu n 3a1a41 MOYJISL.
H3yyue oannwlil MoOYIb, CMYOeHm OONIHCEH 3HAMNb!
- OJIEKTPOHHOE CTPOCHHUE aTOMOB P-dNIeMeHTOB VI rpymnmbl, 0COOEHHOCTH CTpOe-
HUSI aTOMa KHCJIOPOJa,
- 3aKOHOMEPHOCTH M3MeHeHUsI B VIA rpyIime cieayonmx CBOUCTB aTOMOB:
- paauyc aroma,
- DHEPI'Us MOHU3ALUH,
- CPOJICTBO K JIEKTPOHY,
- OTHOCHUTENbHAS 3JIEKTPOOTPULATEILHOCTD,
- CTETNIEHU OKHCJIEHUS U BaJICHTHBIE COCTOSIHUS aTOMOB, IPUMEPBI COEIUHEHNH,
- 3aBUCHUMOCTb KHUCJIOTHO-OCHOBHBIX H OKHCIIUTEJIEHO-BOCCTAHOBUTEIBHBIX
CBOWCTB COEIMHEHUH OT CTENIEHH OKUCIIEHUs] DJIEMEHTA,
- HaXOKJIeHue p-areMeHToB VI rpynimsl B mpupojie.
H3yyue oannwlil MoOYIb, CMYOEHM OONNCEH YMEMb.!
- UCXOO U3 BJICKTPOHHOI'O CTPOCHUA aTOMOB OOBSICHATL HATMYHE ONpEACIICHHBIX
CTeTeHel OKUCIIEHUS U BAJIEHTHBIX COCTOSIHUM,
- OOBSICHSITH 3aKOHOMEPHOCTH U3MCHEHHST aTOMHBIX XapakTepucTHK B VIA rpyrre,
- 1aBaTh OOIIYIO XapaKTEPUCTUKY COCTUHCHUSIM P-3IEMEHTOB VI rpymibl, nexoas
U3 CTENEHEN OKUCIIEHUS aTOMOB,
- XapaKTepHU30BaTh BAKHEHILINE COEMHEHUS KUCI0POa — OKCHJIbI M THIPOKCHIBI,
- COIIOCTABJIATh KUCIOTHO-OCHOBHBIE U OKUCIUTEIbHO-BOCCTAHOBUTENBHBIE CBOM-
CTBAa COEIMHEHHUN P-37IeMEHTOB VI IpyIIbl B 3aBUCUMOCTH OT CTENEHHU OKUCIICHHS
3JIEMEHTA U YCTOMYMBOCTU COEAMHEHUM.

VY3-1. BBOAHBIN KOHTPOII.

3amanue 1. M300pa3uth 31eKTpoHHO-Tpadudeckue (GopMysibl BHEIIHEIO 3JICK-
TPOHHOI'O YPOBHS aTOMOB p-371eMeHTOB VI rpynmnsl. Yem nprHIUNHATIBHO OTINYAETCS
ANIEKTPOHHOE CTPOEHUE aToMa KHUCIopozaa?

3ananue 2. Kax 3aBUCUT aTOMHBII pajinyC OT MOPSIKOBOIO HOMEpA 3JIEMEHTOB B
VIA rpynne? Kakoe BiusiHEe OKa3bIBaeT JIAHTAHOUIHOE CxKaTue?

Tabonuya 23
ATOMHBIE XaPAKTEPHUCTHKH P-3/1eMeHTOB VI rpynmnbi
r__,HM 1, °B E, 5B (06}
opb. 1
0,045 13,61 1,47 3,5
S 0,081 10,36 2,08 2,5
Se 0,092 9,75 2,02 2,4
Te 0,111 9,01 1,97 2,1
Po 0,121 8,43 2,0
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3ananue 3. B VIA rpynme HaOIr01a€TCSI MOHOTOHHOE H3MCHEHUE DHEPIHU HOHU-
3aIMH ¥ 3JIEKTPOOTPHLATENILHOCTH. B TO e BpeMst B MI3BMEHEHUH CPOJICTBA K AJIEKTPO-
HY TIPOSIBISICTCS pe3KOe OTIMIHE KIcaopoaa. Kak 3To MokKHO 0OBSCHUTH?

3ananue 4. [TepBas sHEprist HOHU3aIMK aTomMa 6opa pasaa 8,30 5B, aroma Gepui-
st 9,32 5B. CpaBHUTE ¢ SHEPTHEH HOHU3AINY aTOMa TIOJIOHHST. MOYKHO JTM Ha OCHOBE
STHX JaHHBIX OTHECTH MOJIOHHUH K MeTaiimaM?

V3-2. CreneHu OKUCIIEHHUSI.

3ananmue S. [TodeMy Tak CHIIBHO OTIIMYAETCSI HAOOP CTEMEHEH OKUCIEHHs KHCIIO-
pona u cepbi? [lpuBeauTe MpruMepsl COSANHEHHNH, COOTBETCTBYIOIINX KayKIOH CTeTIe-
HH OKHCIJIEHN B Ta0muIe 24.

Tabnuya 24
CreneHs OKHCJICHHS] KMCI0POAA U CepPbl
CTerneHu OKUCICHUS IIpumepst CreneHu OKUCICHUS IIpumepst
KHCIIOPOJa COEIMHEHNI cepsbl COCAMHCHUN

+2 +6

+1 +5

0 +4

-1 +3

-2 +2

+1

0

-1

-2

3ananue 6. [Touemy coeiHEHNS C HEUETHBIMU CTETIEHAMH OKHCIICHHS P-3JIEeMEH-
TOB VI rpymniibl SBISIOTCS HEYCTONUNUBBIMU?

3apganue 7. HeuerHble, a Takoke POOHBIE CTEIIEHY OKIICTIEHNS 9/IEMEHTOB 00pasy-
I0TCS B COEMHEHNAX, COfleprKalliX IIe0YKI OATHAKOBBIX aTOMOB. [IpyMepoM MoryT
cyxuTh cynbdanpt H,S . Kaxne creneny okucneHns mpyHIMAET cepa B 3TUX COeTIN-
HEHUSAX, ecin 2<n<8?

V3-3. BasieHTHOCTH p-271eMeHTOB VI rpymibl.

3amanmue 8. [ToHuMast 101 BAJICHTHOCTHIO YHCIIO KOBAJIEHTHBIX XUMHUUECKHX CBSI-
3eil (YUCII0 MO/ICNICHHBIX AIEKTPOHHBIX Map), ONPEIENIUTE BAICHTHOCTh CEPhI B OKCH-
nax cepsl (IV) u (VI).

3aganue 9. CkolbKO BaJICHTHBIX JIEKTPOHOB B aroMe Kuciopoaa? Uemy paBHa
MaKCHMallbHas BAICHTHOCTh KUCIOpoza?

V3-4. O0mias XxapakTepuCTHKa CBOMCTB COSAMHEHUH P-37IeMEHTOB VI IpyIIIb.

3aganue 10. Kak mpaBuiio, 4eM BBIIIE CTETIEHb OKUCIIEHUS 2JIEMEHTa B KHCIIOTE,
TeM 0oJiee CUITbHBIM 3JIEKTPOIIUTOM SIBJSIETCST KUCIIOTA. BBIMOIHSAETCS JTH 3TO TPaBUIIO
JUTSL CEPOCOAEPIKAIIX KUCIOT?
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Tabnuya 25
KoHcTaHTBI THCCONMANIE HEKOTOPBIX CEPOCONEPIKAIMX KHUCIOT

Dopmyia CrereHb OKUCIICHHUS CePhI K, K,
H,SO, >>1 107
H,SO, 102 107
H,SO, 10710
H,S,0, >>1
H,S,0, >>1

H,S O, (n=20-13,6,5, 4, 3) >>1
H,S,0, >>1 102
H,S,0, 0,5 103
H,S 107 101
H,S, 10 107
H,S, 104 10°¢

3amanue 11. Ot cepbl K TOJIOHUIO HAOMIOMACTCS YCHJICHUE OCHOBHBIX CBOWCTB
OKCHJIOB U THIPOKCUIOB. [1onTBEpIKIaeTCs JI 3TO MPABIIIO JAHHBIMH TaOIUIIBI 267

Tabnuya 26
KoHcTaHThI 1HCCONUAIIME HEKOTOPBIX CepPo-, CeJIeH- H TEJLUTYPCOAEPKAINX KHCIOT
H,SO, H,SeO, H,TeO, H,SO, H,SeO, H,TeO,
K, 10~ 10- 10~ 10° 103 10~
K, 10~ 10~ 10~ 10~ 10~ 10~

3amanme 12. [To nanHbM Tabnuiel 27 caenaiiTe BBIBOABI, KAK MEHSETCS B PSITY
H,0-H,Te: a) qnmna cBssu, 6) yroi Mexly CBA3AMH, B) SHTaIbIIHA 00pa3oBaHus, I)
KOHCTaHTa JAWCCOIMAINY, ) TEMIEepaTypsl IUIaBiaeHus u kunenus. [1o xkakuM cBoii-
crBam H,O pesko omnuaercs?

Tabnuya 27
XapakTepucTHKH MOJIEKYJI M HEKOTOPbIE CBOICTBA BOJABI H XaJILKOT€HOBOIOPOI0B

H,0 H,S H,Se H,Te

d.,, HM 0,096 0,133 0,146 0,169
< HOH,° 104,5 92,2 91 90
AH , kJlx/mMonb —286 -20 77,5 143

| e, 1,810 1-10- 110~ 2:10-

T °C 0 —85,6 —65,7 -51,0

L C 100 -60,8 45,5 -1,8
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3ananue 13. B HEKOTOPHIX COCAMHEHUSIX CTETIEHh OKHUCIICHHS P-2JIEMEHTA MPEBHI-
aeT HoMep TPyIIbl. B kKakuxX Kuciorax cepbl 310 Habmomaercs? Jaiite oObscHeHHE,
WCXOJS U3 CTPYKTYPHBIX (POPMYIT 3THX KUCIIOT.

3ananue 14. 3anonauTte Tabmumy 28, UCHONB3YS (HOPMYITBI U3BECTHBIX KHCIOT
Cepbl.

Tabnuya 28
XapaKkTepHCTHKH OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIX CBOHCTB KHCJIOT CePbI

IIposIBASIOT TONBKO
BOCCTaHOBHUTENIHHbIC
CBOWCTBA

[IposiBASIIOT TOJIBKO
OKHCJIUTENIbHBIE CBOMCTBA

HpOS{BJ’IS[IOT W OKHCJIMTECIIBHBIC U
BOCCTaHOBHTEJIbHBIC CBOWCTBA

VY3-5. p-Onements! VI rpynmnsl B npupoze.

3apnanmne 15. Kucnopoa — cuibHbli okuciurens. Cepa NposBIseT J0CTaTOYHO CHUITb-
HBIE OKUCIIUTENBHBIE H BOCCTAHOBUTEIBHBIE CBOMCTBA. TeM He MeHee, B IPUPOIE MHOTO
CBOOOJTHOTO KHCIIOpO/ia ¥ BeTpedaeTcst cBoOoHas cepa. [Ipemioxkure oObsicHeH s

3ananmue 16. [To nanHbIM TaOMIB! 29 BEMUCIHTE MOJISIPHYIO Maccy BO3IyXa.

Tabonuya 29
= Jons ra3oB B atmocdepe, %
® OObeMHas MaccoBas
N, 78,09 75,5
0, 20,95 23,10
Ar 0,932 1,286
CO, 0,032 0,046
Ne 1,810 1,310
He 4,610 7,2:10°°
Kr 1,1-10* 2,910
N,O 5107 7,7-10°
H, 5-10°° 7,6-10°°
0, 2:107 3,3-10°¢
MOIVJIb 2
IMPOCTBIE BEHLIECTBA

V3-0. Lenu u 3a1a9n MOIYIIS.
H3yuue oanHblil MOOYIb, CIYOEHMm OO0NHCeH 3HAMD.
- TabopaTopHbIE METOIbI ITOTYyYESHHs KUCIOPO/a,
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- BoKHeHMe (U3NYeCKre CBOMCTBA KUCIOPO/a U CEPBI,

- BOKHEHIIME XMMHUYECKUE CBOMCTBA KUCIOPO/IA U CEPBIL.

H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMemb.:

- TIOJTyYaTh B JTaOOPaTOPHU KUCIIOPO/ U CEPY.

- IPOBOJIUTH JIAOOPATOPHBIE OITBITHI [0 U3YYEHHIO CBOUCTB KHCIIOPO/IA M CEPBI.

VY3-1. BBOAHBII KOHTPOII.

3amanme 17. AnnorponHble MOTU(UKALIMK AIEMEHTa OTIIMYAIOTCSI CTPYKTYPOU
1 co¥icTBaMu. OnMUIIKMTE CTPOCHHUE MONEKYIIBI O, HCMIONB3YS METOJ] MOJIEKYIISPHBIX
opburaseit, u Mosekya O,, S, ¢ TOMOIIBIO METO/IA BAJIEHTHBIX CBA3EH.

Tabnuya 30
AJ10TponHbIe MOAM(HKAUU KHCJIOPOAA U CepPbl
DneMeHT AnnorponHast MOTU(pUKaUL CTpyKTypHBIH 7I€MEHT
Kucnopoxn O2
Kucnopon
O30H O,
MouoxkiuHHas
Cepa S
PombOuueckas

3ananue 18. [Tpu B3pbIBe TpeMydero ra3a (CMech BOJOPO/IA ¢ KUCIOPOAOM) B TIPO-
JQyKTaxX PeakIi MOXKHO OOHApyXXWTh MOJIEKYNIBI 030HaA. [Ipenioxure oObsACHEHHE,
HCXOJISI M3 PAMKAITLHOTO MEXaHU3Ma ATOH peakiuu. Kak B ipupose oopaszyercst 030H?

3aganue 19. [Ipu OBICTPOM OXITAKACHUU PACIUIABICHHOM cepbl 00pa3yeTcs Iia-
CTHYecKasi cepa, uMerolias aMmopduyto crpykrypy. KakoBel omnamsi amopdHoro n
KPHCTAIUTMYECKOTO COCTOSHUA BemiecTa? [IpuBennTe mpuMeps! Ipyrux BElIecTB B
aMOp(HOM U KPUCTAJUTUCCKOM COCTOSHUSIX.

V3-2. TlomyueHue U CBOHCTBA KUCIOPOA.

OnpiT 1. [ToryyeHHe KNCJIOPOAA PH PA3JIOKEHUH MEPMAHTAHATA KAJIHsI.

B xon6e Bropra narpets okono 10 r KMnO,. Beinensrommuiics Kuciaopos npory-
CTHTB Y€PE3 MPOMBIBAIIKHU ¢ BONOH 1 koHIL. H SO, (3a1em?). [IByms criocobamu Haros-
HUTH KUCJIIOPOAOM 6OJ'II)H_II/IG HpO6I/IpKI/I: METOAOM BBITCCHCHUS BO3yXa U MCTOAOM
BBITCCHCHUA BOJbI.

OnplIt 2. (Taza!) OxuciauTte/bHbIE CBOICTBA KHCJIO0POAA.

B npoOupku, HarmoIHEHHbIE KUCIOPOIOM, BHECUTE: a) TICIOIIYIO JIYYHHKY, 0) TO-
psmmit pocdop, B) TOPSIIYIO cepy, T) packaJleHHYIO JIOKpacHa JKEJE3HYIO CTPYKKY.

V3-3. Ilomy4yeHne 1 CBOMCTBA CepHl.

OmnpiT 3. [MonyuyeHUe KOIOUIHON cephbl.

K pactopy tHocynbdara Harpus Na,S O, 1006aBisTh 110 KarjisiM pasOaBleHHYO
COJISTHYIO KHCJIOTY IO BBINaJCHHS MEJIKOIMCIIEPCHOTO OCAKa.
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OnvlIt 4. (Taza!) Topenue cepbl HA BO3IyXe.

B noxkeuke ais ckUraHus Mopkedb MopoIlok cepbl. [louemy B 3T0M peakuuu He
obpazyercst okcua cepbl (VI)? Topsiiyto cepy BHECTH B KOOy ¢ HEOOIBIINM KO-
yecTBOM Bojibl. Ilocine oxonwanus roperus B30onTtate Boxay. IlomyueHHBIN pacTBOp
COXpPaHUTh IJIsd }IaﬂbHeﬁHIHX OIIBITOB.

OnbiT S. (Ta2a!) IlonyyeHne miiacTHYecKoii cepbl.

B ¢dapdopoBom T, HAKPHITOM KPBILIIKOW (3aueM?), HarpeTh OKOJIO 5 T cepbl
JIO TIOJTHOTO pacIuiaBlieHus. BeUTUTH paciuiaB B cTakaH ¢ XOJIOAHOM Bonoil. M3yunth
(Bu3yasibHO) (pU3MUYECKUE CBOMCTBA MOIYYESHHOM CEpBI.

OnbIT 6. B3anmojeiicTBue cepbl €O HIE10YAMH.

B crakas ¢ KOHIICHTPHUPOBAHHBIM PACTBOPOM IIEI0YH JOOABUTH HEOOJBIIIOE KO-
YECTBO CEPbI U MPOKUIISITUTh B TEUEHHE 5 MUHYT. Jl0Ka3aTh B MMOJIyYEHHOM PacTBOpE
MPUCYTCTBHE HOHOB S,

OnblIt 7. (Taza!) Oxuciaenue cepbl KOHIEHTPHPOBAHHOI a30THOI KUCJIOTOM.

B crakan ¢ xonnenTpupoBannbM pactBopom HNO, 106aButh HEGOMBIIOE KOMH-
YECTBO CEphl U MPOKUIIATUTH B TeUCHNE 5 MUHYT. J[0Ka3aTh B MOTy4YEHHOM PAacTBOpE
npucyTcTBue HOHOB SO,”.

Onplit 8. (Ta2a!) BzaumoneiicTBHe cepbl ¢ MeTAJIAMU.

a) B OOJIBIIION MTPOOHMpPKE HArPeTh Cepy J0 KUTIEHHsI, BHECTH B TIAPBI CEPhI packa-
JICHHYIO JIOKpacHa MOJIOCKY METHOM (oIbr;

0) cMech SKBUBAJICHTHBIX KOJIMUECTB TOHKOM3MEIBFIEHHOM CephI M MOPOIIIKA aJIfo-
MHUHHS cOOpaTh TOPKOI Ha acOeCTOBON CEeTKe, IOMECTUTh B CEPEAUHY TOPKH JICHTY
MarHus ¥ mokedb. [IpofyKT peakyuy HCoIb30BaTh B ombITe 17.

MOIYJIb 3
COEJIMHEHUS KUCJIOPOJIA

V3-0. llenu u 3a1a91 MOMYJISL.

H3yyue oannwlil MOOYIIb, CIMYOEHM OONINCEH 3HAMNb!

- 0COOCHHOCTH (PM3MUYECKUX U XMMHYECKUX CBOMCTB BOIBI,

- TIOJTyY€HHE U CBOMCTBA KPUCTAJLIOTHIPATOB,

- KJTacCU(HKAIINIO OKCH/IOB 110 XUMHUYECKUM CBOICTBaM,

- XUMHUYECKHe CBOMCTBA TIEPOKCHUIA BOIOPO/Ia U IEpOKcuia oapusi.

H3yyue oanHwlil MOOYIb, CIMYOEHM OONICEH YMEmb.!

- O0BSICHSITH 0COOBIE (hM3MUYECKUE CBOWCTBA BOJIbI HAJIMYUEM BOJOPOIHOI CBSI3H,

- TIOJIL30BATHCS TMATPAMMON COCTOSIHUSI BOJIB,

- TIPOBOJIUTH JIA0OPATOPHBIE OIIBITHI MO U3YUEHUIO CBOMCTB BOJbI, IEPOKCHIIOB U
Pa3IMYHBIX OKCHJIOB.

VY3-1. BBOAHBII KOHTPOJI.
3amanue 20. 3anonaute Tadmuiy 31 GhopMynaMu OKCHIOB 3JIEMEHTOB IEPBOTO,
BTOPOT'0 ¥ TPETHETO MEPHUOIOB.
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Tabnuya 31
Knaccunduxanust okcuaos

Kucnorusie OcHOBHBIE AwmborepHbIe Heconeobpasyromiue

3ananue 21. Monekyna BOAbI UMEET YIVIOBYIO CTPYKTYPY. YTOJI MEKIY CBS3SIMU
OoJIblIIe IPSIMOTO, HO MEHbIIE TeTpadyipuueckoro. OObsSCHUTE 3TOT (DAKT TPEMsl CIIO-
cobamu: a) CBSA3U 00Pa30BaHbI P-OPOUTATISIMHU aTOMa KUCIOpoa, 0) opOUTa i KUCIIO-
pOJia yJacTBYIOT B SP>-THOPH/IN3AINH, B) HAOMONACTCS OTTATKHBAHIE HETIOJCTICHHBIX
DJIIEKTPOHHBIX T1ap.

3ananue 22. IIpodyHOCTh CBA3M MPONOPLHOHATBHA KPAaTHOCTH CBA3U. CpaBHHUTE
TPOYHOCTH CBSA3U B MoneKyne O, 1 HoHe 022’, HCIOJIB3YsI TCOPUIO MOJIEKYJIAPHBIX Op-
6urasneil.

Y3-2. CBOWCTBA BOJIBI.

OnbiT 9. [oyyeHue U cBOMCTBAa KPUCTAIOTHIPATOB.

B dapdoposyro yaniky momMecTuth 0kojo 1 r 6e3BoxHOro cyiabdara meau (1) u
n006aBUTH 2-3 Karuy Bojbl. [1omydeHHyI0 COb MPOKAJIUTE B TNITAMEHHU TOPEIKH.

Hanwmuue kakoro voHa MpuaaeT MEIHOMY KyIopocy Toiy0oi 1iBeT?

3ananue 23. PaBHOBecHe Niel &2 BoJA NPH YBEJIWYECHHUH JIABICHUSI CMEILIAETCS B
CTOPOHY JKUITIKOH BoABL. OOBSACHUTE 3TOT (DAKT, UCTIONB3YS THArPaMMy COCTOSTHUS BOITBL.

Jife4

.%, Ba

S

& | Aed

%6 fap

MM

|

AT+ g,01°C Temncpamypa —s

Puc. 2. /luacpamma cocmosrnus 600vl

V3-3. Ilepokeua Boaopoaa.

Onbit 10. Ioayuenue H,O,.

B kon0y BmectumocThio 50 Mt Hamatk 20 mit 5 %-roro pactsopa H,SO, u oxia-
JIMTh B CMECH BOABI C JIbZI0M. HenpepsIBHO B30aNThIBast COAEPKUMOE KOJIOBI, 00a-
BHTb HEOONBIIMMH TTOpIHAMHE 0KoJIo 1 T BaO,. JlekaHTUpOBaTh pacTBOP M COXPaHUTh
JuLs cneaytoiero onbiTa. Kakosa Temmneparypa cMecu Bofbl ¢ ab1oM? C Kakoi LEeNbIo
HCIIOJIB30BAJIOCH OXJIXK/IeHNEe?
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Omnpit 11. OxkucnuTenbHbIe cBolicTBa H,O,.

K gactn nomyuennoro pactsopa H,O,, conepixaIiero cepHyro KMCIOTY, 100aBHTh
HECKOJIBKO Karresb pactBopa KI. ITocsie u3MeHeHnsT OKpacKu J00aBUTh PacTBOP Kpax-
Mara.

OmnpiT 12. BoccTanoBuTeabHbIe cBoiicTBa H,O,.

K nmpyroii yactu pacTBopa, MOIyYEHHOTO B OMBITE 9, T0OABUTHh HECKOIBKO KaIlelb
pas6apienHoro pacteopa KMnO,.

Onpit 13. Paznoxenne H,0,.

a) B IPOOMPKY HaIMTh KOHIIEHTPUPOBaHHEIN pacTeop H,O,, ocTaBuTh mpooup-
Ky B IITaTHBE HAa HECKOJBKO 4acoB. Kak 0ObsCHUTH 00pa3oBaHuUe My3bIPHKOB ra3a B
npobupke? Hasosute nBa (akropa, onpenenstouue Heycroiuusocts H O, B aTHX
YCTIOBUSIX;

0) X KOHIEHTpUpoBaHHOMY pacTBopy H O, moGasuth Hemnoro MnO,; kakoBa

POJb TUOKCHIa MapraHia?

MOIYJIb 4
COEJIMHEHUSI CEPBI

V3-0. llenu u 312491 MOMTYJISL.

H3yyue oannwlil MoOYIb, CIMYOEHM OONINCEH 3HAMNb!

- 0CO0GHHOCTH (DM3MYECKUX U XMMHYECKUX CBOMCTB KOHIIEHTPUPOBAHHOIO pac-
TBOpa CEPHOU KHUCIIOTHI,

- KJIACCHU(HKAIHIO CY/Ib(ATOB 10 PACTBOPUMOCTH,

- OKHCIIMTEIIbHO-BOCCTAHOBUTENBHbIE CBOWCTBA CYJIb(UTOB,

- KJIaCCU(UKAIHIO CYIb(HUIOB 10 PACTBOPUMOCTH,

- BOCCTaHOBHTEJIbHBIE CBOICTBA CYJIb(HIOB.

- IOJTyY€HHE U OKHCIIUTEIbHO-BOCCTAHOBHUTEIbHBIE CBOMCTBA THOCYIb(ATOB,

- OTHOIIICHHE PA3JIMYHBIX CEPOCONEPIKAIIMX CONEH K THAPOITHU3Y.

H3yyue oanmwlil MOOYIb, CMYOEHM OONICEH YMEmb.!

- OOBSICHSITH OTJIMUMS CBOWCTB KOHIIGHTPHUPOBAHHOM U pa30aBIeHHON CEPHOM KHUCIIOTHI,

- OLICHHMBATh NPOSIBJICHHE OKHUCIUTENLHBIX MM BOCCTAHOBHUTEIILHBIX CBOWCTB Y
Pa3IMYHBIX COSAMHEHHH Cepbl,

- OOBSICHSITH OTHOILICHUE PA3IMYHBIX CEPOCOIEPIKAIIMX COJICH K THIPOIIU3Y,

- IPOBOJIUTH J1A00paTOpHBIE PAOOTHI 110 U3YyUYESHHUIO CBOMCTB COSIMHEHHI CEPBI.

VY3-1. CpoiicTBa CepHOI KUCIOTHI.

Onvit 14. (Taza!) BzaumoneiicTBHe CEPHOIl KHCIOTHI ¢ METAJIAMH U HeMe-
TaJJaMH.

HW3yunTs B3anMozEHCTBHE pa30aBIeHHON M KOHIEHTpUupoBanHoi H SO, ¢ a) me-
Tautamu: Mg, Zn, Fe, Cu; 6) Hemetamnamu: S, C. [Ipu 0TCYTCTBHYM BUAUMOTO B3aUMO-
JENUCTBUS IPOOUPKY C CEPHOI KUCIOTONW OCTOPOKHO TIOOTPETh. Pe3ynsraTsl HaOIm0-
JICHUI BHECTH B TaOIUILy 32.
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Tabnuya 32
IIpoayxThl peakuuii cepHO KHCJIOTHI ¢ MeTAJJIAMH U HeMeTAIaMU

Pearent Pazbasnennas H,SO, Konnentpuposannas H,SO,
Mg
Zn
Fe
Cu

S

OnblIt 15. (Taza!) BzaumoaeiicTBHe KOHLEHTPUPOBAHHOI CEPHOI KUCJIOTHI €
OpraHMYecKHMH BelllecTBaMM.

a) xarmmo koHil. H,SO, HaHeCTH CTEKIITHHON TaJI0uKOM Ha JIMCT OyMarw;

0) B cTakaH HACBINATh 2-3 T caXapHOH IyApHI, T0OABUTH HECKOIBKO Kareilb BOBI,
TepemMenarh J10 COCTOSHUS TyCTOH Kalluiibl, 100aBuTh okosto 1 mit konu. H,SO,.

OmnbiT 16. B3anmopeiicTBie KOHIIEHTPUPOBAHHOI CEPHOIl KHCJIOTHI ¢ BOJOIA.

B crakan Hanmute 10 M BOABI U OMYCTUTH TEPMOMETp. 3anucarh 3Ha4YCHUE TeM-
nieparypsl. [lepemeninBas conepKMMoe cTakaHa TEpPMOMETPOM, JI0OABUTh | MII KOHII.
H,SO,. 3anucars 3na4enne temneparypsl. Ilouemy Hemb3s Boy 100aBIATH B KOHIL.
H,SO,? Yem obbscHAETCs OONbIIIEE 3HAYEHNE IHEPTHHM THAPATAIMH CEPHON KHUCIIOTHI
110 CPABHEHUIO C COISTHOM KUCIOTON?

V3-2. Cynbdarsl.
3ananmue 24. [Tonb3ysick Tabnuiel pacTBOPUMOCTH, 3aITUIINATE B Tabmuiy 33 dop-
MYJIBI CONEN CEPHON KUCTOTBI.
Tabonuya 33
PacTBopuMocTb coleil cepHOii KUCT0TBI

Xopo110 pacTBOpUMBIE ManopacTtBopumbie TpynHo pacTBOpUMBbIE

OmnbiT 17. PacTBOpUMOCTS cy1b(aTOB IIeJO4YHO3EeMETbHBIX METAIOB.
K pa30aBieHHBIM pacTBOpaM XJIOPHJOB MarHusi, Kajiblysi, Oapus 100aBHUTH: a)
pa30aBiIeHHBIH, 0) HACBIIICHHBII PacTBOP Cyib(ara HaTpHs.

V3-3. Cynbdursl.

OmnbiT 18. lucnponopunoHupoBanue cyabGuT-noHa.

®apdoposyro Hauiky ¢ HebonbIMM KondecTBoM Na,SO, HarpeBarh B IJIaMEHH
ropesnku B Tedyenue 5-10 munyT. [locie oxmaxaeHus moIy4eHHYI0 CMECh CoJel pac-
TBOpHTH B Bojie. JlokazaTe oOpazoBanue cyibhuna u cyinbdara HaTpust PEaKIUsIMA C
HUTpaTaMH CBHHIIA U Oapusl.
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OnbIT 19. BoccTaHoBUTEIbHBIE CBOWCTBA CYJIL(DUT-HOHA.

Heckonbko kpynunok Na,SO, 106aBATE K MOAKHUCIEHHOMY CEPHOM KMCIIOTOM pac-
tBOpy KMnO,.

OnpIT 20. OxkHCaUTEbLHbIE CBOICTBA CYIb(UT-HOHA.

K nmonkucnennomy cepHoit kucnoroit pacteopy Na,SO, no6asuts pactBop Na,S.

V3-4. Cynbhuabl.
3aganue 25. [Tonp3ysch TabnuIeit paCTBOPUMOCTH, 3AMUIIHATE B TAOIUITY 34 Gop-
MyJIbI COJIEH CEPOBOJIOPOIHOMN KUCIIOTHI.

Tabnuya 34
PacTBopuMOCTS coJIeii cepoBOIOPOIHOI KHCIOThI
Xopouio Mamnopactso- TpynHo ITonsepratorcs
pacTBOpUMEIE pHUMBbIe pacTBOpUMEbIE HEoOpaTUMOMY THAPOIN3Y

OmnbIT 21. PacTBOpuMoOCTb CY1b(HI0B.

K pazbaBneHHBIM pacTBOpaM HUTpaToB i xiopunos menu(1l), ceuama(ll), muH-
ka, Mmapranna(ll) mobaBuTes pa3daBIeHHBINA pacTBOP CYIb(GHIA HATPHS.

OnblIt 22. (Taza!) OTHOLIEHHE CYIb(UI0B K THAPOJIU3Y.

a) K pa30aBJICHHBIM PAacTBOpaM HHUTPATOB WM XJIOpUAoB amoMuaws, Xxpoma(Ill),
Oapust 100aBUTE pa30aBICHHBINA PacTBOP CYIb(GHIA HATPHS,

0) cynbhuI aMFOMIHUS, TIOTyYCHHBIN B OITBITE 6, HACKINIATH B CTaKaH C BOIOM.

OmnbiT 23. BoccTaHOBUTENBHBIEC CBOICTBA CYIb(pHIa HATPHUS.

a) K CHIIbHO pa30aBJIeHHOMY TTOJKMCIEHHOMY CEPHOM KHCIIOTOH pacTBopy KMnO,
TPWINTE pa30aBIeHHbIA pacTBop Na,S;

0) OBTOPUTE OTIBIT, TIPEIBAPUTENBHO MOIKHUCIME pacTBop Na,S.

V3-5. Tuocynbdar HaTpUSL.

3ananue 26. BorancnnTe cTeneHb OKUCICHHS aTOMOB CEpbl B THOCYJb(are Ha-
tpust Na,S, 0, ¢ yueTom u Oe3 ydeTa CTpOeHHMs THOCYIb(ar-nona. B kakoro Tuma
OKHCITUTEIIbHO-BOCCTAHOBUTEIIBHBIE PEAKIIMH BCTYIIAET 3TO COEMHEHNE?

OnbiT 24. IToaydenne U pacnajg THOCEPHOH KUCIOTHI.

C momompro uHAMKaTOpa u3MepuTh pH pazbasnennoro pacteopa Na S, 0,. Jloba-
BUTB COJISIHYIO KHCJIOTY 110 CHIIBHOKUCIIOHN Cpebl.

OmnblIT 25. B3auMogeiicTBHe THOCY/Ib()ATA HATPUS € TAJTOT€HAMM.

a) k pactBopy Na,S,O, 106aBUTb XJIOPHYIO BOIY (B HETOCTATKE), CDABHHTBH 3amax
(ocTopoxHO!) 00pa30BaBIIETOCS PACTBOPA U XJIIOPHOM BOJIBL; B TIOyYEHHOM PAaCTBOPE
JI0Ka3aThb MPUCYTCTBHE CyIb(ar-noHa;

0) K OHOI BOJIE IO KaTIsAM T00ABIIATh PACTBOP NaZSZO3 IO MI3MEHEHUSI OKPACKH;
K TIOJTy4€HHOMY PacTBOPY J0OaBUTH HEOOIBIIOH H30BITOK CEPHOM KHCIIOTHI.
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V3-6. [lepcynbdaror.

3aganue 27. Borunciaure cTeneHb OKUCICHUSI aTOMOB CEpPbl M KUCIIOpOJa B Mep-
cyiab(are Kajus ¢ y4eToM U 0e3 ydera cTpoeHHMs epcynbdar-uona. B kakoro tuma
OKHCIIUTEIbHO-BOCCTAHOBUTEIILHBIE PEAKIH BCTYIAET 3TO COSTUHEHHE?

OnbIT 26. OKHCIUTEIbHBIE CBOICTBA NEepCyab(aTos.

a) x pacteopy KI no6asuts pacteop (NH,),S,0,;

0) K IoJKKCIEHHOMY cepHol kucioToii pactBopy Cr,(SO,), 100aBUTH HECKOIIBKO
karesib pactsopa AgNO,, a 3arem kpuctamaeckuii (NH,),S,O,; HarpeTs 10 nosisie-
HUS OpaHKeBOH OKpacku, 00ycioBleHHoH quxpomar-uoHom Cr,0.>.

5. p-9JIEMEHTBI V I'PYIIIIBI

MOAYJIBbHAS ITPOT'PAMMA
p-2JIEMEHTBI V I'PYIIIIBI

Monyns 1
O06mas xapaKkTepucTHKa
P-37€MEHTOB V IpyIIlbl

Monynsb 3
Coenunenus a3zora u pocgopa

Mogmyns 0
Ienn u 3a1aun MOIYJIBHON
MIPOTPaMMBI
Monyns 4
Monyns 2 Ay
CoeanHEeHUs 2IIEMEHTOB
IIpoctsie BemecTBa
MOATPYIIIBI MBIIIbSIKA
MOAVYJIb 0

IEJU U 3AJTAYM MOJYJIbHOM ITPOT' PAMMBbI

H3yuue oannyro npoepammy, cniyoeHm O0NdiceH 3HaAmMb.

- JIEKTPOHHOE CTPOCHUE aTOMOB P-3JIEMEHTOB V IPYIIIIHI,

- BOKHEHIIHE CTENIEHH OKUCIICHUSI P-2JIEMEHTOB V IPYIIITH,

- BAJICHTHOCTh aTOMOB B KOBAJICHTHBIX COCTUHCHUSIX,

- U3MCHEHHUE B TPYIIIE aTOMHBIX XapaKTEPUCTUK (aTOMHBIN pajiyc, SHEPTUsl HO-
HU3AI|HU, CPOJICTBO K AIIEKTPOHY, JIIEKTPOOTPULIATEILHOCTS ),

- HAXOKJICHHE B TIPUPO/IE,
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- (hM3MYeCcKe M XUMUYECKHE CBOMCTBA IMPOCTBIX BELIECTB,
- IOJTy4€HHE U CBOICTBA COEAUHEHU P-2JIEMEHTOB V IPyIIIbI.

H3yuue oannyro npoepammy, cnyoeHm O0Ndicer yMemy.

- BBISIBJIATH M OOBSCHATH 3aKOHOMEPHOCTH B M3MECHEHUH CBOWCTB MPOCTHIX BE-
[IECTB ¥ BOKHEHIINX COCMHEHUI P-3JIEMEHTOB V TPYIIIIbI,

- TIPOBOIUTH JTADOPATOPHBIE OITBITHI 110 TTOIYUCHUIO U M3yUYEHHIO CBONCTB BAXKHEH-
[IAX COCMHEHUI P-3JIEMEHTOB V TPYIIIIBL.

MOJIYJIb 1
OBILASI XAPAKTEPUCTHKA p-2JIEMEHTOB V I'PYIIITBI

V3-0. lenu u 3a1a4un MOIYJISL.

H3yuue oannwiii MoOyb, CmyOeHm O0JIJICeH 3HAMb!

- AMEKTPOHHOE CTPOCHHE aTOMOB P-3JIEMEHTOB V IPyMIbI, OCOOCHHOCTH CTpOE-
HHS aTOMa a30Ta,

- 3AKOHOMEPHOCTH U3MEHEHHUST aTOMHBIX XapaKTEpPUCTHK B VA rpyrie,

- CTETIEHH OKUCJIEHHS M BAJICHTHBIE COCTOSTHUS aTOMOB, TIPUMEPHI COETUHEHHUH,

- 3aBUCHMOCTb KHCJIOTHO-OCHOBHBIX H OKHCIHMTEIbHO-BOCCTAHOBUTEIIBLHBIX
CBOMCTB COCIMHECHUI OT CTEIIEHHN OKUCIICHHS DIICMEHTa,

- HAXOXKJICHHE P-3JIEMEHTOB V TPYIIIIBI B IPUPOJIE.

H3yuue oannwiii MoOyb, cmyoeHm O0NdiCeH YMenb.

- HCXOJIS M3 DIICKTPOHHOTO CTPOEHHSI aTOMOB OOBSICHSITH HAIMYUE OMPEICTCHHBIX
CTerneHel OKKCIICHHUS U BAJICHTHBIX COCTOSHHUI,

- OOBSICHATH 3AKOHOMEPHOCTH M3MEHEHHUS aTOMHBIX XapaKTePUCTUK B VA Tpyrie,

- 1aBaTh OOIIYIO0 XapaKTEPUCTHKY COEAUHEHHAM P-3JIEMEHTOB V TPYIIIIbI, HCXOIST
U3 CTENICHEH OKUCIIEHHSI aTOMOB,

- XapaKTepU30BaTh BaXKHEHIIINE COCIUHECHUS a30Ta, (hochopa U IEMEHTOB MO~
IPYIIIbI MBIIIBSIKA,

- COMOCTABJIATH KMCIIOTHO-OCHOBHBIE U OKHUCIUTEIBHO-BOCCTAHOBUTEILHBIE CBOM-
CTBa COEJMHEHHI P-3IEMEHTOB V TPYIIIbI B 3aBUCUMOCTH OT CTETICHU OKUCIICHHS dJie-
MEHTA U YCTOWYUBOCTH COECAUHEHHI,

VY3-1. BBoAHBIN KOHTPOIIb.

3amanue 1. 11300pa3uth SIEKTPOHHO-TpapUUCCKHE (HOPMYIBI BHEIIHETO JICK-
TPOHHOTO YPOBHS aTOMOB P-3JIEMEHTOB V rpymnribl. YeM NPUHIKUIHAILHO OTINYAeTCS
9JIEKTPOHHOE CTPOEHHUE aToma azoTa’?

3aganue 2. Kak 3aBUCHT aTOMHBIN PauyC OT MOPSIKOBOIO HOMEpa 3JIEMEHTOB B
VA rpynne? Kaxoe BrusiHue 0Ka3bIBaeT JAHTAHOUHOE CKaTHe?
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ATOMHBIE XaAPaKTEPUCTUKHU P-3JIEMEHTOB \% rpyninbl

Tabnuya 35

5> HM 1, B E, B (0¢)
N 0,052 14,53 0 3,04
P 0,092 10,48 0,74 2,19
As 0,100 9,81 0,81 2,18
Sb 0,119 8,64 1,07 2,05
Bi 0,130 7,29 1,0 2,02

3ananue 3. B VA rpynme HabmrogaeTcss MOHOTOHHOE M3MEHEHHE aTOMHBIX Xapak-
TepucTuK. OIHAKO XapaKTePUCTHKK a30Ta OTJIMYAIOTCS TOBOJBHO CHIIbHO. Kak 310

MOYKHO OOBSICHUTE?

V3-2. CTeneHu OKUCIIeHUs.
3ananue 4. [IpuBenure mpuMepbl COSTUHEHUH, COOTBETCTBYIOIIUX KaXIOW CTe-
TIEHW OKHUCIICHHs B Tabmuiie 36.

Tabnuya 36
CreneHu okucjieHus azora u gpocdopa
CTeneHu OKUCICHUS [Ipumepsr CreneHu OKUCICHUS TIpumepst
azoTa COeIMHEHUI tdocdopa COeTUHEHU I
+5 +5
+4 +4
+3 +3
+2 +2
+1 +1
0 0
-1 -1
-2 -2
-3 -3

3ananue 5. Kakue coenmnenus azora 1 gochopa sSBISIOTCS HeyCTOHInBhIMU? BbI-
MOJIHAETCS JIM B VA TpyIIie NpaBuio yCTOWUMBOCTH HEYETHBIX CTENIEHEH OKUCIEHUs?

¥Y3-3. BaneHTHOCTh U KOOPJAUHALIMOHHBIE YKCIA P-2IEMEHTOB V IPyIIIILL

3aganmne 6. Ilouemy BaJIEHTHOCTb a30Ta OMNpPENENSAETCS YHUCIOM BaJEHTHBIX
opOuraneii, a pocdopa — unciiom BaseHTHBIX 3J1eKTpoHOB? [IpuBeauTe npuMeps!
CTPYKTYPHBIX (DOPMYJT BELIECTB, B KOTOPBIX HPOSBISIETCSI MaKCUMaJIbHAsl BAJEHT-

HOCTB a30Ta u pocdopa.
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3ananue 7. B GonbiimHCTBe coeauHeHUi atoM (docdopa UMEET KOOpAMHAIIU-
onnoe uncio 4. CocraBbre CTPYKTypHblE (QOPMYIbI crrefyrommx Mosekysr: H.PO,,
(HPO,),, H,PO,, H,PO,.

VY3-4. Obmias xapaKTepuCTHKA CBOWCTB COSANHECHUH P-3JIEMEHTOB V TPYIIITBL.

3ananue 8. Kak mpaBuio, yeM BBIIIE CTETICHb OKHCIICHHS JIEMEHTa B KHCIIOTE,
TeM 00Jiee CHIIbHBIM JIEKTPOIIUTOM SIBIAETCS KUCIIO0Ta. BBINOIHAETCS JIN 3TO PaBUIIO
JUTS CITEAYIOIIMX KHCTIOT?

Tabnuya 37
KOHCTaHTBI AHCCOUUAIMH HEKOTOPBIX KHCJIOT
Popuma | oo atows < | K, K,
HNO, >>1
HNO, 103
(HPO,), n=3,4,6 >>1 >>1 1072 1073

H.PO, 102 107 1012

H,P.O, 102 107 107 101
H,P.O, 2 10 10 108
H,PO, 10" 10°¢ 102

H,P,0, 102 10 10°¢ 10710
H,PO, 102 107
H,PO, 10"

H,AsO, 102 107 1012

H,AsO, 10

3amanme 9. [Ipu yBenuueHUH MOPSIKOBOTO HOMEpa B IPYIIAX P-d2JIEeMEHTOB Ha-
OnrozaeTcsl yCHiIeHHE OCHOBHBIX CBOWMCTB OKCHJIOB M TUIPOKCHIOB. [ToaTBepkaeTcs
JI 3TO TIPABUIIO TAHHBIMU TaOIHIIBI 377

3ananue 10. [To manapM Tabmumsl 38 caenaiTe BBIBOABI, KaK MEHSACTCS B PSLy
NH, — SbH,: a) nyna cBssu, 6) yron MexIy CBA3AMH, B) SOHTAIBINS 00pazoBaHus,
r) Temreparypa kutiernst. Clenaite BEIBOI 0 HATHYHUH SP>~-THOPHIH3AINH B 3THX MO-
JIeKyJ1ax.

Tabnuya 38
CoenuHeHus1 p-31eMeHTOB V rPyNIIbI ¢ BOAOPOIOM
‘ dy o BM < HOH| A H | xJlx/monb |A H x[li/voms| T, °C
NH, 0,102 |107,3 380 46,19 =33 r(Rb") = 0,149 um
PH, 0,144 | 933 323 9,6 -87,7 |r(NH,")=0,143 um
AsH, | 0,152 | 92 281 67 —62 (K" =0,133 um
SbH, | 0,171 | 91 256 144,6 -18
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MOJYJIb 2
MPOCTBHIE BELIECTBA

V3-0. llenu n 3a1a41 MOYJISL.

H3yuus dannwiii Mooyib, CmyoeHm 00nNCeH 3HAMb.

- 1abopaTopHbIe METOIbI OJIYYEHHS P-3JIEMEHTOB V TPYIIIIbI,

- BaKHEHIIHe pU3NIeCKUe CBOWCTBA a30Ta, (pocdopa, CypbMbl U BUCMYTA,
- BOKHEHIIME XUMUYECKUE CBOWCTBA P-IEMEHTOB V IPYIIIbL.

H3yuus dannwiii MoOyib, Cmyoenm 00nNCeH YMemb.
- OJTy4arh B J1ab0paTopuu a3oT, 0eblit hochop, CypbMy, BUCMYT,
- IPOBOJIUTH JIA00PATOPHBIC OIIBITHI 10 H3YyUCHHUIO CBOWCTB P-3JIECMEHTOB V TPYIIIIbL.

VY3-1. BBOAHBIN KOHTPOIT.

3amanme 11. AsorponHbie Momudukaiyn Qocdopa OTINYAIOTCS HE TOIBKO
KPHUCTAJIIMYECKOM CTPYKTYPOM, HO M MOJIKYJISIpHOCTBIO. Perietka Geroro ¢ochopa
00pa3oBaHa TETPadAPUUECKUMH MOJIEKylamMu P, a kpacHoro — aromuas. Kcxons us
CTPOEHHUS MONEKYIIBI P,, 0OBSACHUTE HEYCTONYHMBOCTD, @ 3HAYMT U BHICOKYIO XUMHYE-
CKYIO aKTUBHOCTB Oestoro docdopa.

3amanue 12. Monekyna N, oTIM9aeTCs BRICOKOH YCTOHIMBOCTBIO. JlakiTe 00bsic-
HEeHUsI, oJB3ysch Teopueid MO u MBC.

3aganue 13. DeKTPONPOBOAHOCTH CEPOTO MBIIIbSKA B 17 pa3 MeHbIIe, 4eM y
Menu, HO B 3,6 pasa BhIllIe, 4eM y pTyTH. Kak MeHsIeTCs QIeKTPOIPOBOAHOCTD MBIIIIbSI-
Ka MpH HarpeBaHUU? MOXHO JIM MBIIIBSIK CAUTATh METAJIOM?

Onpit 1. [TosyyeHue a3ora.

Cwmemars B pobupke HackimeHHble pacTBopsl NaNO, u NH,Cl. Tlonyuennbrit
pacTBOp HEMHOTO MOAOTPETb.

OnpiIt 2. [Toaydyenue 6esioro gocdopa.

Hebombioe KomuuecTBO KpacHOro ¢ocgopa MOMECTHTh B CYXYIO IPOOHPKY.
[110THO 3aKpBITH IPOOUPKY BaTHBIM TAMIIOHOM M OCTOPOXKHO HarpeThb. [locie oOpa-
30BaHMsI Ha CTEHKaX MPOOUPKH OENIOr0 WIIH JKENTOro Hajera MPOOUPKY OXJIAIUTh U
HaOMOIaTh B TeMHOTE cBeueHue Oeroro ¢ocdopa. Kakue mporiecchl BhI3BIBAIOT CBE-
yeHue?

OmnpiT 3. [lonyyeHue cypsMbI M BUCMYTA.

B npobupku HaimmTh HEMHOTO pacTBopoB conelr cypbMbl (II1) u Bucmyra (IID).
OnycTuTh B pacTBOPHI IpaHyibl IHHKA. OCTaBUTh Ha HECKOJIBKO YacoB. OObsICHUTE
MIPOTEKAHUE PEAKIIUI, HCXOIS U3 3HAYCHHIA CTaHIAPTHBIX MMoTeHIIHaIoB E°(Me™/Me).

OnvlIt 4. (Taza!) Topenue kpacHoro gocdopa.

B noxeuky [uist cxkuranusi Habparh HEMHOTO KpacHoro docdopa, mopKes B mia-
MEHH TOPEJIKH ¥ BHECTH JIOKEUKY C TOpsIUM (ochopoM B cyxoii crakaH. [IpHKpHITH
CTakaH CTEKJIIHHOM TutacTuHKoW. [locre 3aBepiieHus ropeHust JOKEUKy BbIHYTH, a
CTaKaH C MPOIYKTOM PEaKIUU COXPAHUTD JJISI MOCTEAYIOIINX OMBITOB.
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OnplIT 5. B3aumoseiictBue 6es1oro pocopa ¢ pacTBOpoM MeIHOI0 Kynopoca.

IIpodupky ¢ 6eabiM (hochopoM, MOTYUCHHBIM B OIBITE 1, 3aJIUTh HACHIIIICHHBIM
pacteopom CuSO,.

OnplIt 6. [InaBaenue cniiaBa Byna.

CmnaB Byza copepyxurt Bi, Pb, Sn u Cd B MaccoBoM cootHomennu 4:2:1:1. B cra-
KaH ¢ Bofoli, Harpetoii 1o 70 °C, OIlyCTUTh Ha HECKOJIBKO MUHYT HaJO4YKy U3 CIIaBa
Byna. IIpu orcytctBrn n3meneHuit Harpets Boxy 10 80 °C. Ilpu kakoii TemmepaType
TUTaBUTCS TAHHBIN CIIaB?

OnsIT 7. OTHOIIEHUE CYPbMBI H BUCMYTA K KHCJI0TaM.

[Ipu KOMHATHOH TeMIepaType U MPU HaTrPEBAHUU U3YyYUTh OTHOIIECHUE CYPbMBI
1 BUCMYTa K KOHIICHTPUPOBAHHBIM U pa30aBICHHBIM PACTBOPAM COJITHOM M a30THOMN
KuCcHO0THL. OOBACHUTH HaOMI0MaeMoe, MCXO/I U3 3HAYCHUI CTaHIapPTHBIX MOTEHITHA-
JIOB TAHHBIX METAJIIOB.

MOAYVJIb 3
COEAUHEHUA A30TA 1 ®OCPOPA

V3-0. lenu n 3a1a41 MOIYJISL.

H3yyue oanHwlil MOOYIIb, CIMYOEHM OONIHCEH 3HAMNb!

- METOJIBI MTOTYYEHHS M XMMHUYECKHE CBOHCTBA aMMHaKa,
- 0COOEHHOCTH XUMHUYECKUX CBOMCTB COJIEl aMMOHHSI,

- XMIMHYECKHE CBOICTBA IMApa3HHA U THAPOKCHIAMUHA,
- XUMHYECKHE CBOMCTBA a30THOM KUCJIOTHI M €€ COJICH,

- MeTOJIBI onyueHust okeunoB azora (I, I, IV),

- cBoiicTBa okcuaa docdopa (V),

- cBOMCcTBa OpTO(hOCHOPHOI KUCIOTHI U €€ COoNeit

H3yyue oanHwlil MOOYIIb, CIMYOEHM OONNCEH YMEmb.!

- OOBSICHSITH CUJILHO BBIP)KCHHBIE OCHOBHBIE CBOMCTBA aMMHaKa 0COOCHHOCTSIMU
CTPOCHUSI MOJICKYJIBI,

- OOBSICHSTH HAJIMYME OKUCIHUTEIBHBIX MM BOCCTAHOBUTEIILHBIX CBOMCTB y pa3-
JIMYHBIX COSJIMHEHUI a30Ta,

- IPOBOJIUTH J1A00PATOPHBIE OMBITHI 10 TOIYYEHHIO M U3yYEHHIO CBOWCTB pas3iiny-
HBIX COEIMHCHUIT a3oTa u Gocdopa.

VY3-1. BBoAHBII KOHTPOJI.

3aganue 14. OObscCHUTE pa3TUUHBIC KUCIOTHO-OCHOBHBIC CBOWCTBA aMMHUaKa U
(dochuna, TOIB3YSICh JaHHBIMU TAOIHIIBI 3 8.

3amanue 15. OxapakrepusyiTe YCTOHUMBBIC OKCHIBI a30Ta U (Pocdopa, 3armoIHuB
Tadmuiy 39.
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Tabruya 39
Oxcuanbl a3ora u pocgopa

XapaKkTepucTuKa IIpomyxr
KHCJIOTHO-OCHOBHBIX B3aNMOJICCTBHS
CBOWCTB OKCHJIa C BOJOM

CreneHn OKUCICHUS DopMyIbl
azora u ¢ocopa OKCHJIOB

N +5
+4
+3
+2
+1

P +5
+3

3amganue 16. Vicxons u3 cTpyKTypHBIX GOpMYI (CM. 3a1aHKe §), YKaKUTE OCHOB-
HOCTh BOXHEHIINX (ocHOopocoaepKaInx KUCIIOT.

V3-2. AMMUaK U cojli aMMOHHS.

OnwlIt 8. (Ta2a!) Ilonyyenne aMmmMuaxa.

OCTOpOKHO HATPETh B MPOOHPKE XOPOIIIO ITEPEMEITaHHYI0 CMECh XJIOPHIa aMMO-
HUS ¥ THAPOKCHUIA KNI, K TOPIBIIIKY TPOOHPKHU TOTHECTH BIAXKHYIO JTAKMYCO-
BYIO OyMaKKy.

OnbiT 9. (Tr2a!) PaBHOBecHe B cicTeMe aMMHAK-BO/IA.

B 2 npoOupku HaMUTh OAWHAKOBEIE 0OBEMBI pa30aBICHHOTO PacTBOPa aMMHAKA.
B omHy 13 mpobupok 100aBUTH HECKOIBKO Karelbh pacTBOpa mienoyn. K ropmsimkam
00erx TIPOOHPOK ITOTHECTH MOJIOCKH YHUBEPCATHHOTO WHANKATOPa, CMOYCHHEIE BO-
noi. Kak cmeniaercst paBHOBecHe:

NH, + H,O 2 NH,"+ OH"
NpH: &) HArpeBaHUU PacTBOpa, 0) 100ABICHNH KUCIIOTHI, B) 100aBICHUH LIET0YH?

Onpit 10. ITosryyeHne aMMHAYHBIX KOMILJIEKCOB.

K pactBopam cynbdaro uukens (1), kodansra (II), u menu (II) nobaBuTh pacTBop
ammuaka. [Touemy MeHsIeTCs IIBET OITYYEHHBIX PACTBOPOB NPH T0OABIEHUH COJISTHOM
KUCJIOTHI?

Onwit 11. (Taza!) OTHolIEHME COJIeil AMMOHMSI K HATPEBAHMIO.

Harpers B npobupkax cnenyromue comu: NH,CI, (NH,),CO,, NH,H PO,
(NH,),Cr,0,, NHNO,, NH,NO,. O0bACHUTb pa3an4HbIi XapakTep pasioKeHHUs.

V3-3. I'uapasus U rUPOKCHIIAMUH.

3amanme 17. M300paszurte cTpyKTypHBIE ()OPMYIIBI THIPA3HHA U THIPOKCHIAMHHA.
YKakuTe BaJCHTHOCTh U CTENEHb OKHUCIEHHS atoMa a3oTa. Kakue KHCIOTHO-OCHOB-
HbI€ Y OKHCJIMTEJIbHO-BOCCTAHOBUTEIIbHBIE CBOMCTBA MPOABJIAIOT OTHU COC}II/IHCHI/ISI?

OnpIT 12. OKHCIUTEILHO-BOCCTAHOBUTE/ILHBIE CBOIICTBA COJIel ruapa3uHa
U THIPOKCUJIAMHUHA.
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B npoOupkH ¢ MOIKUCICHHBIMI pacTBOpaMH TIepMaHTaHara Kajus 1 conu Mopa
TIPWIUTB PACTBOPBIL: @) CyNb(aTa THIPOKCHIAMOHHS, 0) cyib(ara ruapa3oHus.

V3-4. A30THas KHCIOTa U €€ CONH.

3aganue 18. A30THYIO KUCIIOTY Ha3bIBAIOT «KUCIOTON-OKUCIUTENIEM». MOXKHO JIH
BCE KHCJIOTBI CYUTATh OKUCTHUTEIAIMI? MOKHO JT 00HAPYKUTH BOJOPOJ B IIPOIYKTAX
B3aUMOIENCTBUS a30THOM KHUCIOTHI C METAJLIAMU?

Onpit 13. (Ta2a!) CpaBHeHHe XMMHYECKUX CBOHCTB KOHIIEHTPUPOBAHHOW U
pa30aBiieHHO# a30THOM KUCJIOTHI.

B oraensHBIX poOMpKax MONEHCTBYHTE KOHLEHTPUPOBAHHON M pa30aBieHHON
A30THOM KUCJIOTON Ha Me/b ¥ MarHuii. B kaxoit n3 npoOHpoK BOZMOXKHO 00pa3oBaHKe
HUTpaTa aMMOHHA? JIoOKa)KHTe ero MPUCyTCTBHUE PEAKINEH ¢ M30BITKOM IIEIIOUH.

3anganue 19. Bce comm a30THOH KHCIOTHI PaCTBOPUMEI U TEPMUUECKH HEYCTOM-
ynBbl. COCTaB MPOIYKTOB Pa3JIOKEHHS ONIPEACIIACTCS IPUPOAOH KaTnoHa. YeM BhIIIe
noJsIpU3yrolee JIeicTBUE KaTHOHA, TeM 0oliee BEpOSITHO 00pa3oBaHHE OKCHIA Me-
Tajula, a 3aTeM CBOOOIHOro Meraiuia. HanummTe ypaBHEHHs peakuuil paziiodeHHs
HUTPATOB HATPHsI, KAIBIINS, [IMHKA, MM, PTYTH, cepedpa. CorocTaBsTe COCTAB IPO-
JIYKTOB C TIOJISIPH3YOLINM JIEHCTBHEM KaTHOHA METalIa.

V3-5. Okcuppl azora.

3amanme 20. M300pasure crpykrypHble (GOPMYIbl OKCHIOB a30Ta. Vcmomnb3ys
JaHHble Ta0nuipl 40, yKaKUTe, KaKue U3 OKCHAOB Ooliee YCTOMYMBBI, KAKOH OKCHIT
MOXKET OBITh TIOJIy4€H U3 MPOCTHIX BEIIECTB?

Tabnuya 40
CBoiicTBa OKCHI0B a30Ta
! +2 +3 +4 +5 +6
N0 NO N,O, | NO,)N,O, N,Oq (NO,),
A H, x]lx/Monb +80 +90,4 +84 +33,9 —42
S <0 >0 <0 <0 <0
s C -89 -151,7 +3 +21 +45
dy o HM 0,118 0,114 0,119 0,120 0,121
MarHuTHbl€ CBOWCTBA nna- napa- napa- nma- nna-

OnplIt 14. (Taza!) Hoaydenue u cBoiictBa okeuaos azora (II) u (IV).

B xonbe Bropua, cHaGKEHHOI KareabHOM BOPOHKOH M Ta300TBOJHON TPYOKOM,
nonyuuts NO 1pH ielicTBUM pa30aBICHHOI a30THOH KHCIOTHI HA MEHYIO CTPYXKKY.
Bergensronmmcest ra3oM 3arolHATE TPOOUPKY METOIOM BBITECHEHHS BOIBI. JIoXKeuKy ¢
32)K)KCHHBIM yIJIeM BHECTH B ITPOOUPKY. 3aMEHUB pa30aBICHHYIO KUCIIOTY KOHIICHTPH-
poBanHoH, momyunth NO,. Beiiensrommmes okcuaoM azota (IV) 3anonnuts npodupky
METOJIOM BBITECHEHHS BO3/lyXa. BHECTH B TPOOHPKY JIOXKEUKY C 3a3KEHHBIM YIIIEM.
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VY3-6. ®ocdopHas KHCIIOTa U €€ COITH.

3ananue 21. M300pasute cTpyKTypHbIE GOpMYIIBI criefyrommx kucnot: H,P,O_,
H,PO,, (HPO,),, H,PO,, H,PO,. KakoBa BaJ€HTHOCTh ¥ KOOPAMHAIIMOHHOE YHUCIIO
aroma (hocopa B ITUX COCTUHCHUSIX ?

Omnsrit 15. 'uaparanus okcnnaa gocedopa (V).

®docdopHbIi aHTUIPUL, TIOIYUYEHHBIN B OIbITe 4, PACTBOPUTH B HEOOJIBILIOM KO-
nuuecTse Bojbl. ONpenenuTh KUCIOTHOCTh MONTyYeHHOro pactBopa. Kakas kucnora
o0pazyeTcst IpH HeJloCTaTKe BOJbI?

Onpit 16. IToryuenne opro- u meradocdara cepedpa.

PactBop, nomydeHHslit B onbite 15, pasnenuts Ha e yacTu. K oqHoli yactu noba-
BUTb BOJIbI U 3aKUISITUTH. [loTydeHHbIe pacTBOPLI HEWTPATM30BaTh AaMMHAKOM (TIPO-
BEPUTH MHJIMKATOPOM) U JOOABHUThH HECKOJIBKO Karlellb pacTBOpa HUTpaTa cepedpa.

MOJIYJIb 4
COEJVUHEHUS DJIEMEHTOB IO PYIIIBI MBIIBSIKA

V3-0. enu u 3a1a4u MOAYJISL.

H3yuue dannwiii MoOyib, cnmyoeHm O0JNJICeH 3HAMb.
- METOJIbI TTOJTYYCHUS U XUMHYCCKHE CBOMCTBA THApOoKCHIoB cypbMbl (I11) u BucMyTa
),

- 3aBUCUMOCTB KHCJIOTHO-OCHOBHBIX M OKUCITUTENIbHO-BOCCTAHOBUTENBHBIX CBOHCTB
TUJPOKCHIOB MBIIIBSIKA, CypbMbI M BUCMYTa OT CTETICHU OKHCIICHUS YIIEMEHTAa,

- METO/IbI [TOJIYYCHHUSI U XMMHYECKHE CBOKMCTBA Cyib(huaoB Mblbska (I11), cypbmbl
(1IT) m BucmyTa (111),

- METO/IbI MOJTyUeHHsI M XUMUUYECKHUEe cBOMcTBa coseld Mblbsika (V), cypbmsl (V) 1
Bucmyta (V).

H3yuus oannwviil MoOyb, CMyOeHm O0NNHCeH YMemb.

- OOBSICHSITH HAUTMYHE OKUCIIUTEIBHBIX WM BOCCTAaHOBUTEILHBIX CBOMCTB Y Pa3iny-
HBIX COCJIMHCHUI MBIIIBSIKA, CyPbMbI H BUCMYTA,

- OOBSICHSTB PA3IMYHBIE KHCIIOTHO-OCHOBHBIE CBOMCTBA COSJMHEHHI MBIIIBSIKA, CY-
PBMBI ¥ BUCMYTA,

- IPOBOJIUTH JIAOOPATOPHBIE OITBITHI O TIOTYYEHHIO ¥ H3YUEHHIO CBOWCTB THPOKCH-
JIOB ¥ HEKOTOPBIX COJIEH MBIIIbsIKA, CYPbMBI U BUCMYTA.

VY3-1. BBoaHBII KOHTPOJIb.

3anganue 22. [IpuBenyte nprMepsl CTaHIAPTHBIX NOTEHIMAIOB PA3JIMYHBIX COCMIH-
HEHHWH MBIIIBSIKA, CypbMBbI U BUCMYyTa. Crenaiite BbIBOJ 00 YCTOWYMBOCTH CTETICHEH
okucienust (I11) u (V) y aTuX 211eMeHTOB.

3anganue 23. Hanmmre GpopMystbl THIPOKCHIIOB MBILIBSIKA, CYPbMBI U BUCMYTa, OT-
Bevaronx crenensiM okucienus (I11) n (V). Kakue u3 3THX COeIMHEHUI CYIIECTBYIOT:
a) B CBOOOJTHOM COCTOSIHHH, 0) B pacTBOpPE, B) TOJIBKO B BUJIC COJICH?
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V5-2. Coequnenns, cypsMmsi (111) 1 Bucmyra (111).

Onpbit 17. Ilostyyenue u cBoiictBa rugpoxcuioB cypsmsl (III) u Buemyra (I1D).

K pacrBopam xsopunos cypemsl (I1I) u Bucmyta (I11) mocrenenHo 1o6aBnsth pac-
TBOP IIEIOYH A0 BBINAACHUS OcajiKa. M3yuTh OTHOIIEHHE MOTy4YEHHBIX OCAAKOB K KUC-
JIOTaM U IIeI04aM.

Onpbit 18. ITosryyenne u cBoiicrBa cyab¢puaoB cypbmbl (III) u Bucmyra (I1I).

K pacrBopam xsopunos cypemsl (I1I) u Bucmyta (I11) mocrenenHo 1o6aBnsth pac-
TBOp Cyib(UIa aMMOHUS JI0 BBINAJCHUS Ocajka. V3ydnTh OTHOIIEHHE MONTyYEeHHBIX
0CaJIKOB K U30BITKY Cyib(duma ammonust. Ha pacTBOpbI THOCOJIEH MOICHCTBOBATE COJISI-
HOM KHCIIOTOH.

V3-3. Coenunenus cypbeMsl (V) u Bucmyta (V).

Onpbit 19. Iosryyenne coenunennii cypbmbl (V).

K nonkucnennomy pactsopy SbCl, no6asuth pactsop L. OObACHUTL M3MEHEHHE
OKPACKH.

Onbit 20. IToyuenne coennHenuii Bucmyta (V).

K pacteopy BiCl, 106aBuTh N30BITOK KOHLIEHTPHPOBAHHOTO PAcTBOPA ILEIOYH U
Harperts 0 kuneHus. [IpormycTuTs XJ10p A0 BbIMaEHUs OCaIKa.

OmnbiT 21. OKHCINTEIbHBIE CBOIICTBA BUCMYTATA HATPHSL.

Cwmemars paBHbIe 00beMbl pasbaBineHHbIx pactBopo Mn(NO,), n HNO,. Brectu
B pacTBop nopoiok NaBiO,. O0bACHUTL H3MEHEHHE OKPACKH, HCTIONB3Yys CTaHapT-
HbIE MOTEHIHMANIbI B KMCIIOH cpene BiO,” u MnO,~.
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6. p-OJIEMEHTBI 1V I'PYIIIIbI

MOAYJIBbHASA ITPOI'PAMMA
p-2JIEMEHTBI IV I'PYIIIIBI

Monynb 1
OO0mas xapakTepucTUKa
p-asieMenToB 1V rpymnmsl

Monyns 3
CoennHeHns yriaepoaa
U KpEeMHHS

Monyms 0
Ilenu u 3agaun

MOJYJIbHOM IIPOIPaMMBI

Momynb 2
IIpocTsle BemecTBa

Monyns 4
CoeguHeHus JIIEMEHTOB
TIOATPYIIITHI TePMAaHHUS

MOJIYJIb 0

IEJU U 3AJTAYM MOJAYJIbHOM ITPOT'PAMMBbI

H3yuue oannyro npoepammy, cniyoeHm O0NdiCeH 3HaAmMb.
- JIEKTPOHHOE CTPOCHHE aTOMOB P-3ieMeHTOB [V rpyrisbl,
- BOXKHEHMINHE CTETICHN OKUCIICHHSI ¥ BAJICHTHOCTD P-3JIEMEHTOB [V TpyTIms,

- I3MEHEHHUE B TPYIIIE aTOMHBIX XapaKTePUCTHUK (aTOMHBIM paiyc, SHEPTHUsl HO-

HU3AIMH, CPOACTBO K AIEKTPOHY, IEKTPOOTPHULIATEIEHOCTB),

- HaXOXJICHUE B MIPUPOJIE,

- (hM3HYecKre ¥ XUMUYECKHE CBOMCTBA IPOCTBIX BELIECTB,
- OTy4EHHE U CBOICTBA COEANHEHUH p-311eMeHTOB [V rpynisl.
H3yuue 0annyro npoepammy, cmyoenm OONHCeH yMems.

- BBISBJISITh U OOBSCHSTH 3aKOHOMEPHOCTU B M3MECHCHUHN CBOICTB TIPOCTBHIX BE-

LIECTB U BAKHEHIINX COCIUHEHUN p-2i1eMeHTOB 1V rpymnmnsl,

- IIPOBOJIUTH JIAOOPATOPHBIE OITBITHI 10 ITOIYUSHUIO  H3yYESHHIO CBOMCTB BYKHEH-

LIMX COeIMHEHUN p-a5eMeHToB [V rpynmsl.

MOJIYJIb 1

OBIIASA XAPAKTEPUCTHUKA p-2JIEMEHTOB IV I'PYIIIIbI

V3-0. Llenu u 3a1a4u MOJTYJISI.
H3yuus oannbitl MoOyitb, CMyOeHm OONNCEH 3HAMb.
- QNIEKTPOHHOE CTPOSHUE aTOMOB P-3JIeMeHTOB IV TpymIbl, 0COOEHHOCTH CTPOCHHUS

aTtoma ymieposa,
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- 3AKOHOMEPHOCTH M3MCHCHHUS aTOMHBIX XapakTeprcTrk B [VA rpyrre,

- CTCTICHH OKUCJICHHS U BAJICHTHBIC COCTOSIHUS aTOMOB, IIPUMEPHI COSTMHEHUIA,

- 3aBHCHMOCTb KHCJIOTHO-OCHOBHBIX U OKHCITUTEIbHO-BOCCTAHOBHUTEIILHBIX CBOWCTB
COC/IMHEHHUH OT CTENIeHH OKHUCIICHHST HJIEMEHTa,

- HaX0XJIeHUE p-311eMeHTOB [V rpymnmsl B mpupoze.

H3yuue oannwiii Mooyib, cnyoeHm O0NdiCeH YMemb.

- UCXOJIS M3 HJICKTPOHHOTO CTPOCHHSI aTOMOB OOBSICHATH HAJIMYKE OMPEICIICHHBIX
CTEICHEH OKHCIICHHUS U BAJICHTHBIX COCTOSIHHM,

- OOBSICHSITH 3aKOHOMEPHOCTH N3MEHEHHSI aTOMHBIX XapakTeprcTuk B [IVA rpymre,

- laBath OOIILYIO XapaKTEPUCTHUKY COSIMHEHUSIM P-3JieMeHTOB [V rpymibl, nexoms
U3 CTEINeHel OKUCIICHHS] aTOMOB,

- XapaKTePU30BaTh BAXKHCHIIINE COCTUHCHHUS YIICPO/Ia, KPEMHHUS U 3JIEMEHTOB TIO/I-
TPYIIITBI TCPMaHUS,

- CONOCTABIISITh KHCIIOTHO-OCHOBHBIC M OKUCIIATEIIbHO-BOCCTAHOBUTEIIHHBIC CBOM-
CTBA COEIUHEHUI P-2JIeMeHTOB [V TPYIIITbI B 3aBUCHMOCTH OT CTETICHU OKHCIICHUS JJ1e-
MEHTA U YCTOUYUBOCTH COSTUHEHHIA.

VY3-1. BBOAHBII KOHTPOJIb.

3anganue 1. M300pa3uTh SMEKTPOHHO-TpapHUCCKIE (POPMYIBI BHEITHETO dJICK-
TPOHHOTO YPOBHS aTOMOB p-31eMeHTOB [V rpymmbl. UeM MpUHIHUITHATIFHO OTIHYaCT-
CsI JIIEKTPOHHOE CTpOcHHE atoma yriepona? Kak 3To cka3pIBaeTCst Ha MAaKCHMAITBHOM
BaJICHTHOCTH yTIiepoaa’?

3amanne 2. Kak 3aBHCAT aTOMHBIC XapaKTEPHCTAKU OT MOPSAKOBOTO HOMeEpa dJie-
MeHTOB B [VA rpynne? Kak MEHAI0TCSl METaIIIMYECKHE U HEMETAIIMYECKHE CBOWCTBA?

3anpanue 3. B IVA rpymme HaOmomaeTcsi MOHOTOHHOE M3MCHEHHE aTOMHBIX Xa-
pakrepucTuk. OTHAKO XapaKTEPUCTUKH YIIIepoaa OTITHMIAIOTCS TOBOIBHO CHIThHO. Kak
9TO MOKHO OOBSICHUTE?

Tabnuya 41
ATOMHBIE XapaKTEePUCTUKH H CBOHCTBA pP-3eMeHTOB IV rpynmsi

© Si Ge Sn Pb
Tons. HM 0,062 0,107 0,109 0,124 0,122
I, sB 11,26 8,15 7,88 7,34 7,42
E B 1,27 1,24 1,20 1,25 1,05
0o 2,5 1,74 2,02 1,72 1,55
T, °C 3750 1420 937 232 327

V3-2. CTeneHu OKUCIEHUS U BaJICHTHOCTb.
3amanmue 4. Y p-anementoB [V rpynmsl orpaHHYeHHbIH HA0OP yCTOHYMBBIX CTETIe-
Heii okucnenus (ot +4 1o —4). Kak 310 cBsI3aHO € 3J1eKTPOHHBIM CTPOCHHUEM aTOMOB?
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3ananue 5. YeTpIpexBaJCHTHOE COCTOSTHUE SBIIACTCSA HAaOOIee XapaKTePHbBIM JUTs
sneMenToB IV A rpymmer. [peioxkute 00bICHEHNS MONEKYIIPHOCTH CTPYKTYphb CO,
1 HEMOJIEKYIpHOCTH — Si0,.

3anganmue 6. Vcnonp3ys metogq MO u Meton BC, 00bsicCHUTE TIPUPOIY CBS3H B MO-
nexyie CO. [Touemy ocTanbHbIe dIeMeHThI [V A rpymiisl He 00pa3ytoT MOJIEKYIISIPHBIX
COEIMHEHNH TAaKOTO cocTaBa?

V-3, KucinotHo-oCHOBHBIE CBOMCTBA COEIUHEHHH.
3ananmue 7. 3anomHuTe TaOIUITY 42.

Tabnuya 42
XapakTepHCTHKA KHCJIOTHO-0CHOBHBIX CBOICTB OKCH/IOB M I'HIPOKCH/I0B
2 4
OnemMeHT
Oxcnp | T'mapoxenn | CsoiictBa | Oxcup | I'mapoxemn | CaoiicTBa
C
Si
Ge
Sn
Pb

3aganue 8. ITo ganabiM Tabmuuel 43 caenaiiTe BLIBOJ 00 M3MEHEHUU KHCIIOT-
HO-OCHOBHBIX CBOMCTB rHIpoKkcuaoB B IVA rpymme.

Tabruya 43
KoncTaHThl 1MccOnUAanMM KHCIOT
Dopmyna K, K, K,
H,CO, 107 on
H,SiO, (SiO,xH,0) 1010 1012 1012
H,GeO,(GeO,xH,0) 107 101
H,SnO,(Sn0O,xH,0) 1010
PbO,xH,0 ?

3ananue 9. [Touemy yrompHas KHCIIOTa UMEET TIOCTOSIHHEIN COCTaB, a OCTABHEIC
THIPOKCH/IBI P-37€MEeHTOB [V TpyIIsl — mepeMeHHBIIH?

3ananue 10. Kak MeHsAeTCS B TpyImax p-2JIEMEHTOB YCTOIYMBOCTH BEICIIEH CTe-
neHu okucieHns1? OTBeT 00OCHYHTE 3HAYCHMSAMHU CTaHIAPTHBIX MOTEHIINAIOB TIPO-
eccoB D¥— D7,
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MOJYJIb 2
MPOCTHIE BELIIECTBA

V3-0. lenu u 3a1a491 MOTYJISL.

H3yuus dannwiii MoOyib, CHyOeHm 00NNCeH 3HAMb.

- 1abOpaTOpHBIE METOBI TOTYIEHHS P-3IeMeHTOB [V rpymimsl,

- BaKHeilmue Gu3nyeckue CBOWCTBa U 00JIaCTH IPUMEHEHUSI YIIIepO/ia, KPEMHUS,
0JIOBa M CBUHIIA,

- BOKHEHIINE XUMUYECKHE CBOMCTBA P-11eMeHTOB [V rpynisl.

H3yuus dannwiii Mooyib, Cmyoenm OOnNCeH YMemb.
- IOJTy4aTh B Ja0OPaTOPUH yIIIepol, KPEMHHA, OI0BO U CBUHEI],
- IPOBOJIUTH JTAOOPATOPHBIE OIBITHI IO M3yUEHHUIO CBOMCTB P-37IeMEHTOB [V rpymimbL.

VY3-1. BBoAHBIN KOHTPOIIb.
3aganue 11. 3anomauTte Tabnuiy 44.

Tabnuya 44
AntoTponHbie MoAUu(UKaLUH yIiiepoaa
Mo IIpocTpancTBeHHAs FI/I6pI/IZ[I/I3aI£I/I$[
CTPYKTypa opOuranei
Anmvas
I'padur
Kap6un
DynepeHbl

3anganue 12. [ToueMy caxxy ¥ aKTUBHPOBAHHBIN YTOJIb HEJIB3s CIUTATH AJIOTPOII-
HBIMH MOIM(DUKAIAAMHE yTriiepona?

3apanue 13. Vcxons n3 naHHBIX TaOMUIE! 45, 00BICHATE, YTO MIPOUCXOIUT C OJI0-
BOM IIPY CHJIBHOM OXJIaXKICHHUH.

Tabnuya 45
XapakTepucTHKa aJUI0TPONHBIX MoAH(UKALUI 0J10Ba
TemmneparypHbIii DneKTpulYecKue [InotHOCTB
Monuduxargist paryp pv s
HHTEpBal CBOMCTBa r/cm
«benoe» onoBo >13,2°C MIPOBOJTHUK 7,31
«Cepoe» 0510BO <13,2°C TIOJTYTIPOBOTHUK 5,75

3ananue 14. B Bujie MpOCTHIX BEMIECTB P-dIIEMEHTHI [V TPyIIIBI HAXOAT MIHPO-
KOe TIpIMEHeHue Oraromaps pu3ndeckuM CBOHCTBAM. 3aromHuTe Tabiuiry 46.
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Tabnuya 46
IIpumenenue p-3emenTos IV rpynnst

O06macTh MPUMEHEHHS OmnemMeHT DU3nYECKOE CBOMCTBO

DIEeKTPOHHUKA

JlerkoraaBKye CILIaBBI

3ammra OT pagraun

Pesunonas MIPOMBIINUIICHHOCTb

KoHCTpyKIIMOHHBIC MaTepHaIIBI

DeKTpob

AOpa3uBHBII U peXyIHH HHCTPYMEHT

OBenupublie uznenus

OnwlIt 1. (Ta2a) IlosryyeHue yriepoaa u3 yrieBoaoB.

B dapdoposyto yariky HackinaTh HEOONIBIIOE KOIHMYECTBO CAXapHO# MyIpBI, J10-
0aBHTH 2-3 Karuisl KOHIIEHTPUPOBAHHON CEPHON KUCIIOTBI.

OnplIt 2. (Taza) losyyeHne KpeMHUsSI MATHUHTEPMUYECKHUM METO0M.

B 9yryHHO# CTyIKe M3MENBUUTh KBapIIEBbI TIECOK, JOOABUTH TIOPOIIOK MarHUS
(1,5:1), mepemeniaTh ¥ TepeCHIaTh CMECh B MPOOUPKY, 3aKPETUICHHYIO B IITATHBE
HaJ MeTammdecknM JinctoM. [locie mporpeBanus mpoOupKy MO BCel UTHHE CHIIBHO
HarpeTh THO MPOOHMPKH 10 Havana peaknuu. [locie 3aBepieHns peakuy 1 OXJIax-
JeHUS IPOOUpPKyY pa3OuTh. [IPOmyKT peakiyy M3MENTEYUTh B CTYIKE U MAJCHBKIMU
TOPITUSIME JOOABHUTH K M30BITKY COJISTHOM KUCIOTHI. OOBSCHUTD TOSBIICHUE BCITBIIIIEK
Ha MMOBEPXHOCTH KUCJIOTHI. HepacTBOpUBIIMICS 0CTaTOK OT(UIBTPOBATh, BBICYIIUTh
Ha (ubTpe.

OnblIt 3. (Tr2a) XuMHYecKue CBOICTBA KPeMHUSI.

W3yunTts B3aMMOAEHCTBHE KPEMHUSI, TIONyYSHHOTO B OIBITE 2, CO CICAYIOIIUMHU
pEeaKTHBaMU: a) KOHIIEHTPHUPOBAHHBIM PACTBOPOM IIEJIOUYH, 0) KOHIIEHTPUPOBAHHOK
A30THOW KHCJIOTOM, B) KOHIIEHTPUPOBAHHOM a30THOM KHUCJIOTOH ¢ A00aBIeHneM GTo-
puaa HaTpusl.

OnbiT 4. [TonyyeHUe 0;10Ba BOCCTAHOBJIEHHEM HIHHKOM.

B pacrsop SnCl, BuecTu rpanysty uunka. Hadmonars 3a M3MEHEHUSAMH B TEYEHHE
HECKOJIBKUX YacoB.

OnplIt 5. [TosiumopdHoe npeBpaleHue 0J10BAa.

Kycouek MeTaaminaecKkoro 0J0Ba OCTaBUTh B MOPO3MIIBHON KaMepe XOMOANTbHUKA
Ha HECKOJIBKO CYTOK.

OmnbIT 6. [IpuroroB/ieHue 3BTeKTHYECKOI0 CIIaBa cucTeMbl Sn-Pb.

OBTEKTHUECKUM HAa3bIBACTCS CIUIAB, MMEIOIINA MHHUMAIBHYIO TEMIIEPaTypy
IUTaBJICHHS (CM. JMarpaMMy COCTOSIHUSI CHCTeMbI Sn-Pb).
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Bbruncnute, kKakue Macchl 0J1I0Ba M CBHHIIA COAEPKUT IBTEKTUYECKHUI CILIaB Mac-
coit 10 r. Cmemmarh paccUUTaHHbIE KOJUYECTBA METAJUIOB U CIIABUTH B THIIe. Cpas-
HUTb, KaK IJIaBATCA MPU KOHTAKTE C HAIPEThIM 3JIEKTPUUYECKUM MasUIbHUKOM TOJTy-
YEHHBIH CIUIaB U UCXOAHBIE METAJIBI.

Onplit 7. (Ta2a) Xumuyeckue cBOiicTBa 0J10BA.

HcnbITaliTe OTHOLIIEHNE 0JI0BA Ha XONOAY U NPH HArPEBaHUM K CIEAYIOIUM peak-
THBaM: a) COJIsTHasi KUCIIOTa, 0) pa30aBiieHHas M KOHIIGHTPUPOBAHHAsI a30THAsI KUCIIO-
Ta, B) KOHIIEHTPUPOBAHHBIN PAaCTBOP ILIETIOUH.

Omnpit 8. [TonyyeHue cBUHIA.

B pactBop anerara cBMHIIa BHECTH IpaHyily [iHKa. Habmonarh 3a H3MEHEHUSIMA
B TEUEHHE HECKOIBKUX YaCOB.

OnbIT 9. (Tr2a) XuMHu4ecKkue cBOiiCTBAa CBUHIIA.

HcnpiTaiiTe OTHOLIEHHE CBMHLA O€3 W IPU HArPEBaHUM K CIIEAYIOIMM PEaKTH-
BaM: a) COJISTHAs! KMCJIOTa, 0) pa30aBieHHast 1 KOHIICHTPUPOBAHHAS a30THAsI KHCIIOTa,
B) KOHIIEHTPUPOBAHHBII PACTBOP ILEIOUH.

MOJYJIb 3
COEJINHEHHUS YIJIEPOJA M KPEMHUS

V3-0. lenu u 3a1a4n MOIYJISL.

H3yuue oannwiii MoOyb, CmyOeHm O0JICeH 3HAMb!

- METO/IbI MOJTyYEHHSI U XUMHUUECKHEe CBOMCTBa okcuaa yriaeponaa (IV),

- 0COOCHHOCTH XMMHUYECKHX CBOMCTB yYTOJIbHOM KUCIOTHI U €€ COJeH,

- KiIaccu(UKaIMo KapOUIOB METAIIIOB, XUMHUYCCKIE CBOMCTBA KapOu/Ia KaIbIusl,

- XMMHYCCKUE CBOMCTBA POIAHH/IOB,

- METO/IbI MTOYYCHHUS 30JICH U TeJICi KPEMHUCBOM KUCIIOTHI,

- XMMHYECKHUE CBOMCTBA COJICH KPEMHUECBOI KHUCIIOTHL

H3yuue oannwiii MoOyib, cmyoeHm O0NdiceH YMenb.

- OOBSICHSTH Pa3IMYKC B CBOWCTBAX OKCUIOB YINICPOAa U KPEMHUS, YTOJILHON U
KPEMHHUEBBIX KHCIIOT,

- OOBSICHSATH OTHOIICHUE K TUIPOIU3Y U PA3INYHYI0 TEPMUUCCKYIO YCTOHYHMBOCTD
CPEHUX U KUCTIBIX COJICH YrOMBHOM U KPEMHHUCBBIX KHCIIOT,

- IPOBOIUTBH JIAOOPATOPHBIC OMBITHI O MOIYYCHUIO U U3YYCHUIO CBOWCTB Pa3iIny-
HBIX COCIMHCHUH yIIIepoia U KPEMHHS.

VY3-1. BBOAHBIN KOHTPOIIb.

3ananue 15. Onvmmre crpoenne CO, (ra3) u SiO, (TBepsoe, TyroIuiaBKoe Bellle-
cTBO). K KakoMy THIy OKCHIOB OTHOCSTCS JlaHHbIE coenuHeHus? Kak oHu B3aumo-
JIEUCTBYIOT C BOJIOM?

3aganue 16. MOXXHO J1d, UCXOJISl U3 KOHCTAHT AUCCOLMAIIMU YTOJIBHOW U KPEMHHU-
€BOI KUCJIOT, OLIEHUTb BO3MOXKHOCTb TIPOTEKAHUSI PEaKIIHIA:
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NaZSiO3(p_p) +CO,, NaZCOS(Kp“CT) + SiOZ(Kp"CT)—>(Cl'ITIaBI'IeHI/Ie)?

V3-2. Oxenapl yrepona U KpeMHHUS.

Omnpit 10. IToayuenne CO, B annapare Kunna npu B3auMoaeicTBHH COJIsI-
HOI KHCJIOTBI ¢ MPaMOpPOM.

O3HaKOMUTECS ¢ ycTporcTBOM ammaparta Kumma. OOBsSCHUTh H3MEHEHUE YPOBHS
COJIIHOM KMCJIOTBI B CPEIIHEM IIApE MPH OTKphIBaHMHU Kpana nogaun CO,. [louemy B
anmapare HCIOJIb3yeTCs MpaMop, a He TIOPOIIKH KapOOHATOB?

Omnbit 11. (Ta2a!) Ilonyyenne oxkeuaa yriiepona (II) u usyyenue ero cBoiicTs.

B xon6y Bropria Hackmars 0koo 3 T I1aBeeBO KHCIOTHI U C TOMOIIIBIO Kareb-
HOW BOPOHKH JOOABIATH 1O KAIUIIM KOHIICHTPHUPOBAHHYIO CEPHYIO KHCIIOTY. Bhime-
JISTFOIIMMCS Ta30M HATIOIHHUTE MPOOHUPKY METOJIOM BBITECHEHUs Bofpl. Ilomxkeds ra3
B mpobupke. TpyOxy ¢ BeraemstrontimMcst CO OImyCTHTh B aMMHAUHBIH PacTBOpP OKCHIIA
cepedpa ([Ag(NH,),]OH). O6wsichuTs 06pasoBanue 0CajKa.

OmnbiT 12. OxHcIUTEIbHBIE CBOIiCTBA OKCHAOB yriiepoaa (IV) u kpemuus.

Bonbiryro mpoOupKy HAMONHUTE YIIICKHCIIBIM Ta30M METOIOM BBITECHEHHS BO3ITY-
xa. I1o/mkeub CTPyKKy Marus u ObICTPO OMyCTHTh B IpoOHpKy ¢ CO,. OOBICHUTSH 00-
pazoBanue caku. CpaBHHUTH C B3aUMOJICHCTBHEM MarHusi ¢ OKCHJIOM KPEMHUS (OITBIT 2).

Onpit 13. B3aumoneiicreue CO, ¢ pacTBOPOM CHIIMKATA HATPHSL.

IIpomycTuTe TOK yriekucnoro rasa B pactBop Na,SiO,. OObACHUTE BBINALECHHE
ocajxKa.

Onpit 14. Bzaumoneiicreue CO, co meaoyamu.

Iporycturs CO, B M3BeCTKOBYIO BOy. OOBACHHUTE BBINAJICHUE U PACTBOPECHUE
ocazika. [Ipomyctuts CO, B KoHIEHTpUpOBaHHBIH pacTBop NaOH. OGbACHUTE BhINa-
JICHUE OCaJIKa.

VY3-3. VroneHas KUCTIOTa, KPEMHHUEBBIE KUCIOTHI M UX COJH.

OmnbiT 15. ITosydyenue yroabHoOiH KUCIOTHI M U3yYeHHe ee CBOICTB.

JuCTHIITMpOBaHHYIO BOAY B KOJIOE HACHIIIATh YIJICKHCIBIM TA30M U3 ammapara
Kurma B teuenne 10 munyT. C momomsio pH-meTpa nzmeputs pH moxydeHHOTO pac-
tBOpa. I1o snauenuto pH n K (H,CO,) BEIYMCITATE KOHIEHTPAIMIO yTOJIBHONW KHCIIOTHI
B MTOJTy9eHHOM pacTBope. [lomydeHHsIi pacTBOp pa3nenuTs Ha 2 yactd. OfHy 4acTh
pacTBOpa MPOKUIISITUT U BHOBB M3MepuTh pH. BTOpyIo 9acTh OCTaBUTH B OTKPHITOM
cocyne, n mmMepuTh pH gepes 1-2 gaca. Crenars BBIBOI 00 yCTOHYHUBOCTH yTONBHOM
KHCJIOTHI.

OmnbiT 16. ITosyyenue rejisi KpeMHHUEBOH KHCIOTHI.

B npoGupKy ¢ pacTBOpOM KHIKOTO CTeKia MpuinTh 3-4 mit 20 %-Hol CcosTHON
kucnoThl. [lepemernary pacTBOp CTEKIIIHHOM mayioukoil. Kakue cucreMbl Ha3bIBalOT
remsimu? Harpeiite cogepskumoe npobupku. Kakue cTpykTypHBIE H3MEHEHHUS TIPOHC-
XOJISIT TIPH HArPEBaHUH TeTsT?

OmnbiT 17. IToaydenue 30151 KpeMHUEBOI KHCIOTHI.

K 5 MJ1 KOHIIEHTPUPOBAHHOH COJITHOW KUCJIOTHI MPHIIUTH | MIJT pacTBOpa KUIKOTO
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crekna. [Tomy4yeHHsI pacTBOp Ha3bIBaeTCs 3051eM. KakoBbl OTIMYMS CTPYKTYPBI 305151
OT CTPYKTYyphI refnisi? Harpelite nomry4ueHHbIH 30716 MOYTH IO KUIIEHUS U oxJaaure. Kax
MEHSIETCSI IPU 3TOM CTPYKTypa KPEMHUEBOI KUCIIOTHI?

OmnbiT 18. I'naposns costeii yroJbHOMH U KpeMHUEBOH KHCIOT.

C nomompro uHAnKaropoB u pH-merpa ompenenuts pH 1M pacTBopoB comeii:
Na,CO,, NaHCO,, Na SiO,. Ilony4eHHble pe3ynsTarbl CPABHUThL ¢ PACCUHTAHHBIMU
3HAUCHUSAMM.

OmnbiT 19. Peaknuy HOHHOTO 00MeHa ¢ yuyacTHeM KapOOHAT-HOHA.

K pactBopy kapOonara Hatpus npwiuTh pactsopsl: a) CaCl,, 6) CuCl,, B) AlCI,.
OOBsICHUTH 00pa30BaHKE B IEPBOM CiIydae CpPEIHEH COJlM, BO BTOPOM — OCHOBHOW
COJIU U B TPETHEM — OCHOBAHMSI.

OmnbiT 20. OTHOLIEHHE cOJIeli YTOIBHOI KHCJIOTHI K HATPEeBAHUIO.

1. B3Becutsb ¢apdopoByro yamiky. Haceiare B 4ariky okojio 3 T KpHCTaJUIA4e-
cKoif conel. CHOBa B3BecUTh. [IpOKaIUTh B MIaMEHU TOPEJIKY B3STYIO HABECKY COJIbI B
TeueHue 15 mun. [Tocne oxyakaeHus B3BECUTb YallIKy C OCTaTKOM. BeiBecTH npumep-
HyI0 (popMyITy KpUCTaJUIOTHApATa.

2. IIoBTOPUTS OMBIT, B3sIB OKOJIO 3 T MUIIEBOH cofibl. COOTBETCTBYIOT JIM IOTyYEH-
HBIE PE3YJIBTaThl COCTaBY THJIPOKapOOHaTa HaTpus?

[Nony4eHHble pe3ys1bTaTbl BHECTH B TaOMHILBI 47 1 48.

Tabnuya 47
Omnpenesenne cOCTaBa KPHCTAINIECKOIH COTBI
HWcxonnas conb Na,CO,xH,0
CocraB cost OCIIEe MPOKATHBAHUS Na,CO,
Macca dapdopoBoit yamku, T
Macca pappopoBoii allku ¢ UCXOTHOH COJBIO, T
Macca conu 10 pOKaIuBaHus, T
Macca ¢papdopoBoii HallIKK ¢ COJIBIO NOCJIEC TPOKAINBAHUS, T
Macca cony nociie mpoKajauBaHus, T
Macca KpucTaIM3alMOHHOM BOJIBI, T
MoutsipHOE COOTHOLIEHUE OE3BOIHOMN COIM U BOJIBI
Tabnuya 48
Omnpenenenne cocTaBa MUIIEBOI COABI
Hcxonnas conb NaHCO,
CocTaB coMy TMOCIIe MPOKATUBAHUS Na,CO,

Macca dapdopoBoii yamku, T

Macca ¢appopoBoii alIku ¢ HCXOTHOH COMBIO, T
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Macca conu 10 IpoKaJIMBaHUsI, T

Macca dhaphopoBoii Yallku ¢ CONBIO MOCIe POKATUBAHHUS, T

Macca comnu nociie npoKaJuBaHusl, I

MonsipHOE COOTHOLIEHHE UCXOIHOM U TIOITY4YEHHOM COIU

3. [Ipoxanuth ruapoKkapOOHAT AMMOHHUSL.

V3-4. Tlonyuenue yrieBoa0pOI0B U3 CONEH.

OmnpIT 21. I'uapoan3 kapOuaa KajabUus.

B ipo6upky ¢ Bomo#t omyctuts Kpymuaky CaC,. IIpuCcyTCTBEM KaKoTo BEIIECTBA
00BsICHSIETCS 3aI1ax BBIIEISIONIEToCs raza?

OmnpIt 22. ITonyyenue MeTaHa.

B dapdoposoii gamnike npokasuTh SKBUMOISIPHYIO CMECh alleTara M THAPOKCHAA
Hatpust. B3BecuTh TBeppIi MPOAYKT peakiyn. OIeHNTh MAacCOBYIO JOJTIO BBIXO/IA pe-
aKmuy. XMMAYECKHM ITyTeM JI0Ka3aTh 00pa3oBaHKe KapOoHaTa.

V3-5. Conu IMaHOBOAOPOIHON M CYITB(POIIHAHOBOJOPOTHOM KUCIIOT.

OmnpIT 23. O0Hapy:xeHne kaTuOHOB skeJie3a (II) u (III) B BonHoM pacTBope.

Ha mpo06s1 pactBopoB cymbdaro xenesa (II) u (III) momeiicTBOBaTH pacTBOpamMu
xentol kpossanod comu K, [Fe(CN),] n xpacnoii kpossroi com K, [Fe(CN) ]. Kax
OTIIMYAIOTCS TI0 COCTaBY OCPIIMHCKAS Ta3yph U TypHOYJIeBa CHHbB?

OnbIt 24. ITonyyenue ponanuja xeqesa (I11I).

B pas6asnennsiii pactop FeCl, noGasuTh 1-2 Karm pacTBopa poIaHH/Ia aMmo-
HUSL.

OmnplIT 25. BoccTaHOBUTeIbHBbIE CBOHCTBA POJAHUA-HOHA.

[To oOMeHHOH peakIy MEeXKIy HUTPAToOM cepedpa M POIaHUIOM aMMOHUS TTOJY-
YHUTH 0CAJI0K pomaHuIa cepedpa. OTIETHUTH 0CaJ0K METOIOM JICKAHTAIINH 1 JTOOaBUTH
KOHIICHTPUPOBAHHYIO a30THYIO KUCIOTY. K momyueHHOMY pacTBOpY J0OABUTE: a) pac-
TBOp BaClz, 0) pacTBOp FeC13. Crenatb BBIBOJ O TIOJIHOTE OKMCIIEHUS POJaHUI-MOHA 1
COCTaBE MPOAYKTOB OKHCIICHUSL.

MOAYJIb 4
COEJMHEHMA OJIOBA 1 CBUHLIA

V3-0. Lenu u 3a1a4u MOAYJISL.

H3yuue 0anmblil MOOYIb, CYOEHM OONICEH 3HAMD.

- KACIIOTHO-OCHOBHEIE CBOMCTBA OKCHIOB W THAPOKCHIIOB OJIOBA M CBHHIIA,

- 3aBHCHMOCTb OKHCIIUTEIBHO-BOCCTAHOBUTEIHHBIX CBOMCTB COSTMHEHHN OT CTe-
TICHU OKWCIICHHS OJIOBA M CBHHIIA,

- OTHOIIICHHE COJICH 0JI0Ba M CBUHIIA K THIPOIIH3Y,

- pactBopuMOCTh coseit onosa (II) u ceuama (I1).
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H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMenb.

- OOBSICHSTH Pa3JIMUMC B CBOMCTBAX OKCUIOB U THIPOKCUIIOB OJIOBA M CBHHIIA,

- OOBSICHSTH OTHOIIICHUE K TUAPOJIU3Y COJICH OJI0BA U CBUHIIA,

- OOBSICHATH Pa3JINYUC B OKHCIIUTEIHHO-BOCCTAHOBHUTEIILHBIX CBOMCTBAX COCIMHE-
HMI 0J10Ba ¥ CBUHIIA,

- IPOBOIUTH JIAOOPATOPHBIC OMBITHI O MOIYYCHUIO U U3YUYCHUIO CBOWCTB Pa3iIny-
HBIX COCIMHCHUH yIIIepoia U KPEMHHSL.

V3-1. BBOAHBIN KOHTPOIIb.

3ananue 17. Oxcuapt SnO,, SnO, PbO,, PbO senstores amdorepubivu. Kax 3aBu-
CHT TPOSIBJICHUE KUCIOTHBIX U OCHOBHBIX CBOMCTB Y 3TUX OKCHJIOB OT CTETIEHH OKHC-
JIeHUs 27eMeHTa?

3ananue 18. CocraB MaIopacTBOPUMBIX THAPOKCHIIOB METAJIIOB SIBJISIETCS Mepe-
MEHHBIM. B cTpykType nmpeo0mnasaroT 0oBbIe MM OKCOJIOBBIE KOMIUIEKCHL. Kak 3a-
BHCHT TI€PEXO0]I OJIOBBIH KOMIIJIEKC — OKCOJIOBBI KOMIUIEKC OT BHEIIHHUX (DaKTOpOB?
SIBysieTcst M 3TOT Mepexos] 00paTuMbIM?

3ananue 19. Cpasnute crannapthbie notenuuansl PbO, u SnO,. Crenaiite BbiBon
00 M3MEHEHHH B IPYIIIE YCTOWYNBOCTH COEIMHEHUH C BHICIIEH CTEIIEHBIO OKHCIICHHS
JNIEMEHTA.

3amanne 20. OObsCHUTE, TOUEMY COETUHEHUS SN*" CYMTAIOTCS CHIIBHBIMU OKHC-
JIUTENSMH, & COSTUHeHUs Pb*" — HeT.

V3-2. Oxcuipl ¥ THIPOKCHIBI OJI0BA M CBUHIIA.

OnpIT 26. ITonyyenue u cBoiicrBa ruapokcuios oiosa (II) u (IV).

C nomorpio yHHBEpCAILHOIO MHIMKaTOpa otenuTh pH pactsopa SnCl,.

Jlo06aBisist 171049k, TOOUTHCS CIa0OIIETIOUHOM cpe/bl. Pa3nemuTh ocamok Ha JBe
YaCTH U UCTBITATh €r0 OTHOIICHUE K U30BITKY IIECJIOYH U PACTBOPY KHCJIOTHIL

ITosropuTh onbIT, Hcronb3ys SnCl,. YacTs ocajka ruapokeusa onosa (IV) BMecte
C pPacTBOPOM MPOKHIISITUTH U UCTIBITATh OTHOIIEHUE K KUCIIO0Te U 1iefoun. OObSICHUTH
YMEHBIIICHNE aKTUBHOCTU «COCTAPEHHOTO» OCAIKA.

Onpit 27. Ilonyyenue u cBoiicTBa ruapokcuaa ceunua (I0).

K pactBopy arierara cBHHIIA JOOABUTS IEJIOYb JIO BIMAICHUS Ocaika. Pa3nenuts
0CaJIOK Ha JIBC YaCTH M UCIBITATh Cr0 OTHOIICHHE K WU30BITKY IICJIOYU M PACcTBOPY
kucnotsl. [louemy runpoken cBuHma (IV) Heb3st MOTYYHUTh AaHATOTHYHO THIPOKCHITY
osnoga (IV)?

OnblIt 28. (Tr2a) OxkucaurenbHble cBolicTBa okcnaa ceunua (IV).

K 2 MJ1 KOHIICHTPUPOBAHHOM a30THOI KHCJIOTHI JOOABUTH HECKOIBKO KPYIHUHOK
PbO,. Jlosectr 10 kunenus. J[06aBUTH HECKOJILKO Karlellb pacTBOpa HUTpaTa MapraHia
(II). CHoBa moBectH 110 kumieHus. [Tocie oxaxaeHus HaOIoIaTh H3MCHEHUE OKPACKH
pactBopa.
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¥3-3. Conu 0110Ba U CBUHILIA.

OnbIT 29. BoccTanoBuTe1bHbIE cBOICTBA coJeii o1oBa (II).

B nByx npobupkax k pactBopy xsopuza onosa (II) 1o0aBuTh HECKOJIBKO Karenb
OpoMHOI U HonmHOM Boapl. B Tperhto mpobupky ¢ pactBopom xiopuia onosa (II)
J00aBUTh M30BITOK PAacTBOpA ILEJIOUH, a 3aT€M K MOJTyYEHHOMY PacTBOPY NMPUIUThH
pactsop Bi(NO,)..

Omnpit 30. IToryyenue u cBoiicTBa cyiabguaos onosa (II) u (IV).

K pactBopam xmopumos onoBa (II) m (IV) noGaBurh BHauase HECKOIBKO
Karesib, a 3areM M30BITOK pacTBopa cyib(Guaa aMMoHHs. OOBSICHUTH Pa3IMYHYIO
KOMILIICKCO00pasyroliyto criocoonocts onosa (1) u (IV).

Omnpit 31. PactBopumocTs rasorenuaos ceunua (I0).

K pactBopy anerara ceunua (II) B orienbHbIX MpoOMpKax J00aBUTH pacTBOPHI
¢dropuna, xnopuaa, Opomuaa u oauaa Harpus. [loayueHHbIE pacTBOPHI ¢ 0CaIKaMU
HarpeTh, He JI0BOAS 10 KuIleHust. Kak 3aBUCHT pacTBOPHUMOCTH I'aJIOTCHUJIOB CBHHIIA
(II) or Temneparypsi? [locie HarpeBanust mpoOUpKy ¢ Hoauaom ceunua (I1I) BHecTn
MOJI CTPYIO XOJIOAHOHM BOJbl. Kak 3aBHCHT pa3mep BBINAAAIOIIMX KPUCTAJLUIOB OT
CKOPOCTH OXJIAXKAEHUS pacTBopa?

OnplIT 32. (Taza) Mony4yenue u cBoiicTBa cyiabpuaa ceunna (II).

[To oOmeHHOIT peakimu nony4duth ocanok PbS. Ocanok orueHTpudyruponars
W pa3ienuTh Ha JBe yacTH. K omHOM 9acTh ocajka 100aBUTh KOHIIEHTPHUPOBAHHYIO
HNO,, a ko Bropoii — H,O,.

7. p-9JIEMEHTHBI 111 I'PYIIIIBI

MOAYJIBbHASA ITPOT'PAMMA
p-2JIEMEHTABI III I'PYIIIIbBI

Moayns 1
OOmast XxapakTepucTruKa
p-anemenToB III rpynmnsr

Mogpyinsb 3
CoennHeHus 60pa U aTOMHHUS

Mopnyns 0
enu u 3amaun
MOJYIIEHOU TIPOTPAMMBI

Monyns 4
CoenuHeHus 21EMEHTOB
MOATPYIIBI FaJIIHs

Monyns 2
IIpocTsie BemecTBa
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MOJYJIb 0
LEJIM U 3AJIAYM MOJYJILHOI ITPOTPAMMEBI

H3yuus dannyro npocpammy, cmyoenm 00NiCeH 3HAMb.

- JJIEKTPOHHOE CTPOEHUE aToMOB p-31eMeHToB 111 rpynmsl,

- BOKHEHIIME CTETIEHU OKUCIICHUS U BAJIGHTHOCTH P-2i1eMeHTOB 111 rpymmsl,

- U3MEHEHHE B TPYIITIE aTOMHBIX XapaKTEPUCTHUK (aTOMHBIN paanyc, SHEPTHs HO-
HU3AIMH, CPOACTBO K AIEKTPOHY, IEKTPOOTPHULIATEIIEHOCTD),

- HAXOXKACHHE B IPUPOJIE,

- (hu3MUeCcKue U XMMHUYECKHE CBOMCTBA MTPOCTHIX BEIIECTB,

- 0COOCHHOCTH JIEKTPOHHOTO CTPOSHHUS ANIEKTPOHOAC(HHIIUTHBIX COAMHEHUI

- IIOJIyYEHHE U CBOMCTBA coelMHEHUH p-3ieMeHToB 111 rpynmel.

H3yuus dannyro npocpammy, Cmyoenm 00NiCeH yMemyp.:

- BBIABIIATH M OOBSICHATH 3aKOHOMEPHOCTH B M3MEHEHHH CBOICTB MPOCTBHIX Be-
LIECTB U BAKHEHIINX COEAUHEHUH p-asieMeHToB [1I rpynmsl,

- TIPOBOJIUTH JTAOOPATOPHBIC OMBITHI IO MOTYYEHHUIO U U3yYCHUIO CBOMCTB BaXKHEH-
UX coenHeHui p-aneMenTos I rpynmsl.

MOIYJIb 1
OBIIASI XAPAKTEPUCTHKA p-2JIEMEHTOB III TPYIIIIBI

V3-0. lenu u 3a1a491 MOTYJISL.

H3yuus dannwiii MoOyib, CHyO0eHm 00NNCeH 3HAMb.

- OJIEKTPOHHOE CTPOCHUE aToMOB p-eMeHTOoB III rpymibl, ocobeHHOCTH CTpoe-
HUS aTOMa yIIeposa,

- 3aKOHOMEPHOCTH M3MEHEHUs aTOMHBIX XapakTepucTuk B III A rpymre,

- CTCIICHU OKHCJICHUA U BaJICHTHBIC COCTOSTHUSA aTOMOB, IIPUMEPBI COGHHHGHHﬁ,

- 3aBUCHMOCTH KHCJIIOTHO-OCHOBHBIX W OKHCIHUTCIIBHO-BOCCTAHOBUTCIIBHBIX
CBOICTB COEAMHEHUI OT CTENIEHU OKUCIICHUS 3JIEMEHTA,

- HaxoxeHue p-aeMeHToB l1I rpymnnsl B npupoze.

H3yuus dannwiii Mooy, Cyoenm O0nNCeH YMemb.

- UCXOO U3 DJICKTPOHHOI'0 CTPOCHUA aTOMOB OOBSICHITH HATMYHE ONPECACIICHHBIX
CTETICHEHW OKUCIICHUS U BaJICHTHBIX COCTOSHUM,

- 00BSCHSITH 3aKOHOMEPHOCTH W3MEHEHHSI aTOMHBIX XapakTtepucTuk B [IIA rpymme,

- IaBaTh OOIIYI0 XapaKTEPUCTUKY COSTUHEHUSIM p-d1eMeHTOB 111 rpymisr, nexoms
U3 CTEIIEHEN OKUCIIEHUSI aTOMOB,

- XapaKTepHU30BaTh BaKHEHIIINE COeANHEHNS Oopa, aTIOMUHHSA U AJIEMEHTOB TOJI-
IpYIIIbI FAJUINSA,

- COIIOCTABJIATH KUCJIOTHO-OCHOBHBIE U OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOW-
CTBa cOoeMHEHUH p-31eMeHToB IIl rpynmnbl B 3aBUCUMOCTU OT CTENEHH OKHCIICHUS
3JIEMEHTA U YCTOMUHMBOCTH COEAMHEHUIM.
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VY3-1. BBOAHBII KOHTPOII.

3amanme 1. V300pa3uTh aneKTpoHHO-TpapuiIecKre (OpMysbl BHEHIHETO SJIeK-
TPOHHOTO YPOBHSI aTOMOB p-351eMeHTOB 111 rpynmer. Yem MpuHIUITHAIBHO OTIIMYaeTCs!
3IEKTPOHHOE cTpoeHue atoMa 6opa? Kak 9T0 cka3bIBaeTCs HAa MAKCUMAJIbHOM BaJIeHT-

HOCTH Oopa?

3ananne 2. Kak 3aBUCAT aTOMHbIE XapaKTEPUCTUKU OT MOPSAKOBOrO HOMepa 3jie-
MeHTOB B [IIA rpynme? Kak MeHsIOTCS MeTaJUTMUECKHE U HEMETaJUINYeCKHe CBOMCTBA?
3amanme 3. B IIIA rpynne HaOnronaeTcss MOHOTOHHOE M3MEHEHUE aTOMHBIX Xa-
pakrepucTrK. OJHAKO XapaKTEPHUCTHKN OOpa OTIINYAIOTCS JJOBOJIBHO CHITbHO. Kak 310

MOKHO OOBSICHUTE?

Tabnuya 49

ATOMHBIC XaPAKTEPHCTHKH U CBO¥cTBa p-3jeMeHTOB 111 rpynmnsi

B Al Ga In Tl
Buemnuii yposens | 2s*2p! 3s23p'3d® | 4s%4p'4d® 58*5p!5d° 6s%6p'6d°
Cremenb okucnenust | +3,-3...| +3,(+1) |+3,(+2,+1)| +3, (+2,+1) +3, +1,(+2)
¥y M 0,078 0,131 0,126 0,138 0,132
I,,>B 8,30 5,98 6,00 5,79 6,11
F,oB 0,24 0,46 0,37 0,35 0,50
T ,°C 2300 660 29,8 157 302

VD2-2. CreneHu OKUCICHUSI ¥ BAJICHTHOCTb.

3ananme 4. V p-anementoB I rpynms! orpaHIdeHHBI HA0Op YCTOWYMBBIX CTETIe-
Heii okuceHus (ot +3 10 —3). Kak 3To cBA3aHO C AMEKTPOHHBIM CTPOSHHEM aTOMOB?

3ananue 5. OOBSCHUTD OTCYTCTBHE OKCHIOB MOJICKYJISIPHOTO CTPOCHHS y p-dIIe-

menToB I1I rpyniel.

3ananue 6. [louemy coemuHeHHUsT G0pa ¢ BOIOPOIOM HA3BIBAIOT «AJIEKTPOHOJIE-
¢umuTHEIMIY? [IpuBenuTe pUMEps! OOPOBOAOPOAOB, OTHOCSIIMXCS K PA3IMIHBIM
TOMOJIOTHYECKHIM PSIaM.

V-3, KucinotHo-oCHOBHBIE CBOMCTBA COEINHEHHMIHA.
3ananue 7. 3anmonauTe TabmMHITy 50.

Tabnuya 50

XapaKTepHCTmca KHCJI0THO-OCHOBHBIX CBOWCTB OKCH/I0B H TH/IPOKCH/I0B

Okcun

T'uapoxcun

CBoiicTBa

Al

In

Tl
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3amanne 8. ITo ganaeiM Tabmuubl 51 caenaiite BEIBOJ 00 M3MEHEHUU KHCIIOT-
HO-OCHOBHBIX CBOMCTB ruapokcuoB B IIIA rpynme.

Tabnuya 51
KoHCTaHTBI IHCCONHANIMH KHCIOT
Dopmyna K. K.
H,BO, .
H[B(OH),]
H[B,0,(OH),] CHITbHAS 1012
AI(OH), 10°® 10
Ga(OH), 10" 101
TIOH CHIIbHOE

3ananue 9. [To kakuM cBoiicTBaM OOp OTHOCHTCS K HEMETaJIaM, a aJJFOMUHHN — K
Metaiam?

3ananue 10. Kak MeHseTCS B rpynmax p-3JIEMEHTOB YCTOIHYMBOCTh BhICIIEH CTe-
neHu okucieHus? Ilouemy B TpeTbeil rpymie ToAbKO TAJUTHH IPOSBIISCT YCTOHYHMBYIO
CTETeHb OKucieHus +17?

MOIYJIb 2
MMPOCTBIE BEII[ECTBA

V3-0. lenu u 31241 MOMYJISL.

H3yuue oanmwiii MoOyib, CnyOeHm O0JINCeH 3HAMb!

- METOZIBI NotyueHus p-anemenTos I1I rpynmnsi,

- BaKHEHIIMe (HU3MYECKre CBOWCTBA M O0NIACTH MPUMEHEHHs1 00pa, aTIOMHHUS,
TaJuTust, THIUS ¥ TaJUTHS,

- BOKHEHIINE XUMUYECKUE CBOUCTBA P-1eMeHTOB [1I rpynmsl.

H3yuue oannwiii MoOyb, CmyOeHm O0JIdiCeH YMenb.

- oJTy4arh B Jjaboparopuu 60p,

- IPOBOJIUTH JIAOOPATOPHBIE OITBITHI [0 U3YUYEHUIO CBOMCTB p-anieMenToB I11 rpymmsL.

VY3-1. BBoAHBII KOHTPOIIb.

3ananue 11. B Tabnure 52 yka3aH OIUH U3 METOIOB MMPOMBIIIIEHHOTO MOTy4YeHHS
p-3nemenToB 11 rpynmel. Hanummure ypaBHeHUsI COOTBETCTBYIOLIMX PEaKLUIL
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Tabnuya 52

MeToabl NIPOMBILJICHHOTO NOJTy4eHusi p-3jieMeHToB 111 rpymnmnsl

IIpocroe BemecTBO WcxomHoe coeMHEHRE Mertox nomyueHust
Bop B,0, Meramnorepmus (Mg, Na)
ANroMuHHAN ALO, DIEeKTPONIN3 paciiaBa
Tanmmit Na[Ga(OH),] DIEeKTpONIU3 pacTBopa
Wapnit InCl, DJEeKTpONIU3 pacTBopa
Tamnuit TLSO, DIeKTpoNN3 pacTBopa

3ananue 12. [ToueMy amOMUHMI MOMYYalOT EKTPOIU30M paclijiaBa OKCHIA, a
TaJUIANA, THIUH U TaJUTUH — 3JIEKTPOJIM30M PacTBOPOB COJEH?

3amanume 13. Temmeparypa ruiaBiicHus OOpa PE3KO OTIMYACTCS OT TEMIICpaTyp
TUIABJICHUS OCTANIBHBIX P-37ieMeHTOB III rpynmbl. KakoBbl OTIIHYMS TPUPOJIBI CBSI3H B
Kpucraie 6opa?

3amanme 14. B Tabnuue 53 ykazaHo oiHa U3 00JacTel pUMEHEHHs IIPOCTHIX Be-
uiectB p-aneMeHToB I rpynmbl. Ykaxkure cBOMCTBO, HA KOTOPOM OCHOBAHO 3TO MPH-
MEHEHHE.

Tabnuya 53
IIpumenenue p-3aementos III rpynnsi
dusnueckoe Xumuueckoe
O06nacTh MPUMEHEHUS DneMeHT . .
CBOHCTBO CBOWCTBO

Perynupytonye CTep>KHH B SIEPHBIX B
peaxropax

Jlerkue criaBbl Al
«XooaHas1 mankay Ga
IIpenoxpanurenu In
TepmomeTps! Tl
KoMmOHEHT >kapOoCTOWKUX CIIaBOB B
IomynpoBOgHNKOBBIE COSTMHEHNUS Ga
Koppo3nonHOCTOWKHE CIUTaBhI Al
T'epmeTnku In
Kucnoroynopssie cruiaBbl Tl

V3-2. IlomyueHue 1 CBOMCTBA MPOCTHIX BEILIECTB.

Onbit 1. (Ta2a!) Mlonyyenune dopa.

B sxene3HOM THIIIE IPOKAIUTB OKOJIO 5 T 60opHOM KncioThl. [locie ocThiBanus 1mo-
Jly4eHHbIH okcui B,O, U3MENBIUTE B CTyTIKe, CMEMATh C H30BITKOM MOPOIIKO0Opas3-
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HOTO MarHusi, ¥ MOJyYCHHYI0 CMECh HArpeTh B TUIJIC IO Hayasia OypHOU PEaKI[HH.
[IponykT peakimu H3MENBIUTh, 00pab0TaTh N30OBITKOM COJITHOM KHCIIOTBI, OT(HIb-
TPOBATh U BHICYLIHTb.

OnpIt 2. (Taza!) BzaumoneiictBue 60pa ¢ a30THOI KUCJIOTOM.

K HeboubIroMy KomuecTBy Oopa, MoIy4eHHOTO B onibITe 1, B (haphopoBoii yarke
MIPUIATH U30BITOK KOHIICHTPUPOBAHHOMN a30THOM KUCIIOTHI M HArPeBaTh Ha BOASHON
0aHe 710 BBIJICIICHHS KPUCTAJUIOB.

OnpIT 3. B3aumoeiicTBue aJlOMUHMS ¢ KUCJIOTOM M 1IeJI0YBIO.

['panyiy antoMHHUS OITyCTHTH B paCTBOPBI OIMHAaKOBOH KoHIeHTparmu: a) HC, 6)
NaOH. BuzyanbHo cpaBHUTH CKOPOCTh B3aUMOJICHCTBHS ) Oe3 HarpeBaHusi, 0) mocie
HarpeBaHus. [IOBTOPHUTH OMBIT, MPEBAPUTENILHO BBIACPIKAB aJIOMUHUNA B PacTBOpe
K,Cr,0,.

Onbit 4. (Ta2a!) I'opeHue a1lOMHUHHEBOMH MYIpbI.

B BepxHIOI0 YacTh MJIaMEHH I'a30BOM FOPEJIKH BBICHIIATh HEMHOTO aJTFOMUHUEBOM
IyIPBI.

OnpIT 5. O0HapyKeHUE OKCH/IHOI NJIeHKH HA MOBEPXHOCTH ATIOMHHMS.

KoHI1bI aJIFOMHHHEBOH MTPOBOJIOKH CEUYECHUEM OKOJIO | MM? 3aKpenuTh B JIBYX IIITa-
THUBaX C MOMOIIBIO 32KUMOB M3 3JIEKTPOU3OISIIMOHHOrO Matepuana. [1oaximounTs
KOHIIBI ITPOBOJIOKH K UCTOYHHKY DJIEKTPUUECKOro ToKa. [locTeneHHo moBbIIaTh Ha-
MpsDKCHUE, TOOMBIIKCH ITPOBUCAHMUS B PE3YJIBTATE TUIABJICHUS MeTaluia. JJoTpOHyThCs
JI0 TIPOBOJIOKY CTEKJISTHHOM Maj0uKOM.

OnblIT 6. (Ts2a!) Topenue TepMUTHON CMeECH.

IIpuroToBHTH TEPMUTHYIO CMECH TTOPOLIKOB JKeje3Horo cyprka Fe,O, u Al B mac-
coBoM oTHoIreHud 1:3. CMech MOMECTUTh B CTakaH M3 acOecTa, CTOSAIIMK HA METall-
JINYECKOM JTUCTE 32 3AlUTHBIM PKpaHOM. B cepeauHe cMmecu cienarh yrnyOlieHHue ¢
ITOMOIIBIO TIPOOMPKHU U 3alOJIHUTh €T0 32)KUTATCIBHOW CMEChIO W3 MOPOIIKOB TIe-
pokcuna Oapus 1 amoMuHEEBOH myapsl (1:1). B cepeante 3akpenuts JICHTY MarHusi.
ITomxeub eHTYy MarHusl.

Onvit 7. (Taza!) BzaumoneiicTBue aJIIOMUHUS € HOTOM.

B dapdoporoii yamike nepemeniath IPUMEPHO PaBHBIC KOJIMYECTBA IMOPOIIKOB
riona u amoMunus. K nomydeHHOW cMecH 100aBUTh 1-2 Karui TUCTHILIMPOBAHHON
BoJIbl. KakoBa posib BOJIbI B 3TOM peakiuu?

MOJIYJIb 3
COEJUHEHUS BOPA Y AJTIOMUHUS

V3-0. enu u 3a1a41 MOIYJISL.

H3yuue oannwiii MoOyb, CmyOeHm O0JIdICeH 3HAMb!

- XUMHUYECKHE CBOUCTBA OKCHIIOB U MMPOKCUIOB 6Opa M aJIFOMUHUS,
- IOJTyY€HHE U CBOMCTBA OOPATOB,

- IOJTyYEHHE U CBOMCTBA COJIEH alFOMHHUSL.
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H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMemb:

- OOBSICHSITH Pa3IMvUe B CBOMCTBAX OKCHIOB U TMPOKCUIOB O0pa 1 alTFOMUHUS,

- OOBSICHSITH OTHOILICHUE K THPOJIU3Y COJICH aTFOMUHUS,

- IPOBOJIUTH JIA00PATOPHBIE OMBITHI TI0 MOIYYEHHIO U U3yYEHHIO CBOUCTB pas3iny-
HBIX COEJMHEHHI 0Opa U aTFOMHUHHUSL.

VY3-1. BBOAHBII KOHTPOII.

3ananue 15. [Ipu ucnapennu okcu 6opa oopasyer Mosekyibl B,O,. Onuiute nx
CTPOEHHE, UCTIONIB3YS TEOPUIO OTTAIKUBAHUS 3JEKTPOHHBIX Map.

3amanme 16. CocTaB OOpPHBIX KHCIOT MOXXHO BBIPa3HTh 0OIIeH (HopmyIioit
B,0,nH,0. Hanmmute mMonekyaspHbie Gopmyiisl 0opToOOPHOH, TpHMETabOpPHOH 1
MOJTMMETa0OPHOM KHCIIOT.

3amanme 17. B cTpykrype OOpHBIX KHCIOT M MX COJIEH MOTYT NPUCYTCTBOBAaTh
Tpeyronbhuku [BO,] u Terpasaper [BO,]. M300pasute cTpoeHne TpumeTabopHOM
KHCJIOTHI.

3ananue 18. KucioTHbIe WK OCHOBHBIE CBOICTBA MPOSIBIISIFOTCS CHIIbHEE Y aM(o-
TEPHOT0 T'HAPOKCH/IA ATFOMUHHUSA?

3ananue 19. Kax oTHOCATCS conu amoMHUHUS K ruaponusy? Ilouemy B BOJHOM
pacTBOpe HeNb3sl MOTyYUTh KapOOHAT aTIOMHHUS?

V3-2. Kucnopozaconepxaiiue coeuHeHus 6opa.

OmnsiT 8. 'maparanust oxkcuaa 6opa (III).

Oxcuyt 6opa OCTaBUTH Ha BO3/yXe W HAOIIONATh 32 M3MEHEHUSIMU B TEYEHHE He-
CKOJIBKUX YacoB.

OnpIT 9. UcciienoBanme KMCIOTHBIX CBOICTB OPTOOOPHOI KHCJIOTHI.

Heb6ompbimoe komuectso kpucramios H,BO, pactsoputs B Bone. Msmeputs pH
MOJTy4E€HHOI0 pacTBOpa ¢ MOoMOoMIbI0 pH-MeTpa 1 HHAUKAaTOPOB.

Omnbit 10. ITosryyenne 60pHOIi KHCJIOTHI U3 TeTPadOPaTOB.

[Ipu HarpeBaHn¥ MPUTOTOBHUTH HACHIICHHBIH pacTBOp TeTpabdopara Hatpus. Jlo-
0aBHUTH MO KaIUIIM W30BITOK KOHIIEHTPUPOBAHHOM COJITHOM KHCIIOTHI 10 BBITAACHHS
ocajika. Brimasime kpucrauisl oTGUIBTPOBaTh HA BOPOHKE broxHepa.

Omnpit 11. ITosryyenne u cBoiicTBa 3¢pupa 00pHOI KHCJIOTHI.

Kpucranibl 60pHOI KHCIOTH MOMECTUTH B (happopoByIO YallKy, 3aJIUTh STHIIO-
BBIM CIIUPTOM U TO/Keub. CpaBHUTH OKPACKY ITAMEHU ¢ OKPACKOH IJIaMEHH YHUCTOTO
STaHOJA.

Omnbit 12. ITosydyenne Terpadopara HATpHs.

B dapdopoyro yaiky HaIUTh HaCHIIIEHHBIH PACTBOP OPTOOOPHOM KHCIIOTHI, J10-
0aBUTH M30BITOK pacTBOpa KapOOHATA HATPUSI M IPOKUIISITUT JI0 MTPEKPAILICHUS BbIJIE-
nenust CO,. MeyieHHo oX1auTh. Bhinapiuye KpUcTasuibl OTGUILTPOBATH HA BOPOHKE
Broxuepa.

70



OmnpiT 13. ITosydyeHnue MeTa00paToB KAJAbIUA U CBHHIIA.

K pactBopy TeTpabopara HaTpus 100ABUTH PACTBOPHI HUTPATOB KAJBITHS U CBUH-
ua (II).

OmnbiT 14. ITosydyenue nepsos Gypsbl.

B tume pacrutaButh okoso 1 T Oypbl. BeunTh pacmiias Ha 0emyro KepaMUIecKyIo
IUTaCTUHKY. [IOBTOPUTH OMBIT, 100ABIASA B paciulaB HECKOJIBKO KPUCTAJIIOB COJIEH KO-
6anpTa, XpoMa, HUKeIS. CpaBHUTH [IBET MOTyYCHHBIX TIEPIIOB.

V-3, CoennHeHns aJrOMUHMSL.

OmnpiT 15. ITosydyenue U cBOICTBAa THAPOKCHIA AJTIOMHHUS.

K pactBopy xmopuaa aqroMuHHS T00aBIATh MO KAIUIAM PAacTBOP IIETOYH /10 BBI-
MaJICHUs ¥ TIOCIEAYIONIETO PacTBOPEHUs ocajka. VI3MEHHTh MOPSIOK J100aBICHUSA
peareHToB — K PacTBOPY IIEIOYH J00ABIATH pacTBOp Xyopuaa amoMuuust. K ocaaky
THIPOKCH/IA AJTFOMUHHA T00aBUTH COJISTHYIO KHCIIOTY.

OnbiT 16. [onyuyeHue ¢propuaa anMHHUA U (TOPOATIOMHHATHOIO KOM-
nJieKca.

K pacTtBopy xmopua anoMuHNs 100aBUTH pacTBOP (pTopHIa HATPHUS 10 BBINA Ie-
HUS Ocajka. 3aTeM J00aBUTh U30BITOK (hTOpHIa HATPHSL.

Onpit 17. Tuapou3 cojieid aJTIOMUHUS.

Wzmeputs pH pactBopoB comneit amomuams. K pacTBopy Xmmopuna aqroMUHHS J0-
6aBUTH pacTBOp KapOoHata HaTpus. IlouemMy Henb3s B BOAHOM PAacTBOPE MOIYUHUTh
KapOOHaT, CHIIMKAT U CYIb()UI ATIOMIHNS?

MOIYJIb 4
COEJUHEHUS TAJUINS, WHIAUS U TAJUIUS

V3-0. llenu u 3a1a491 MOYJISL.

H3yuus dannwiii MoOyib, CHyOeHm 00NNCeH 3HAMb.

- KHACIIOTHO-OCHOBHBIC CBOMCTBA OKCHJIOB M I'MIPOKCHIOB TaJUTHsI, HHIUSI U Taj-
TS,

- 3aBUCHMOCTb OKHCIIUTEIBHO-BOCCTAHOBUTEIIBHBIX CBOMCTB COCTUHEHHI OT CTe-
[ICHU OKUCIICHUS TaJUTHS,

- OTHOIIICHHUE COJICH TaJUTHsI, HHIMS ¥ TAJUIAS K THIPOJIH3Y,

- ocobernoctu coequueHnit Tamus (I).

H3yuus dannwiii Mooyib, Cmyoenm O0nNCeH YMemb.

- OOBSICHATH KHUCJIOTHO-OCHOBHBIX CBOMCTB OKCHIIOB U 'MIPOKCHJIOB TaJlIHsl, WH-
JIMs1 M TAJIAS OT MOPSIIKOBOTO HOMEpA dIIeMEeHTa,

- OOBSICHSITH OTHOILICHUE K THPOIIU3Y COJICH TaILINS, HHUS U TaJUTHsL,

- OOBSICHATH Pa3IMYIKe B OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX CBOWCTBAX COCIMHE-
nuit Tammus (1) u (1I0).
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V3-1. Oxcuapl ¥ TUAPOKCUIBI TATUTHS, UHIUS U TAJLTHSL.

3ananue 20. Oxcunwl Ga,0,, In,O,, TLO, asnsrorcsa amporepubivu. CocTaBbTe
YPaBHEHUsI PEAKIMI 3TUX OKCUJIOB CO LIETIOUBI0 NIPU CILIABIECHHUH.

3ananue 21. W3 runpokcuios ramwms, uaaus v tauas (1) tomsko Ga(OH), pac-
TBOPSIETCS B KOHIIEHTPUPOBAHHOM PacTBOPE aMMHaKa ¢ 00pa30BaHUEM I'HPOKCOKOM-
miekca. CocraBbTe ypaBHEHHE PEaKiiu.

3ananue 22. T'uapokeun taus (I) npu rmiaBneHuu pasnaraercsi, paCTBOpsIeTCs B
BOJIe, 00pa3ysl 1e0uHoi pactBop. [1o kakum xapakrepuctukam noH Tl aHamorundeH
noHaM pyounust u cepebpa? IIpuBenure npuMepbl aHAJIOTHYHBIX CBOMCTB COOTBET-
CTBYIOIIUX COCIMHEHUI.

V-2, Conu rauins U UHIUS.

3amanme 23. PacTBOpUMBIE COJIM TAJUINS M MH]THS BCTYTIAIOT B OOMEHHBIE PEaKIHN
C pacTBOpaMH Hieouei u ammuaka. [IpuBeaure npumepsl.

3ananue 24. PacTBopuMbIe CONU TaJljIMs U MHUS TOJBEpratoTcs ruaponausy. [pu-
BeJIUTE PUMEPHI ypaBHEHU peakiuid. [IpennoxnTe 00bsICHEHUs Pa3IMYHOTO OTHO-
LIEHHS K BOZIE CYJIb(UI0B TN U WHIIHSL

V5-3. Conu tamnwsi.

3aganue 25. Vicxons U3 3HaUCHUM CTaHIAPTHBIX TOTEHIIUATIOB, OLIEHUTE BO3MOXK-
HOCTb MTPOTEKAHUS PEAKIIHIA:

TP+ Sn*" —

TP + Fe* —

Pb* + TI" —

3aganne 26. OObSICHUTEC aHAJIOTHYHYK PACTBOPUMOCTH B BOJIC TaJIOTCHH]IOB
tams (1) u cepedpa.

3apanue 27. Comu tayumus (1) He mogBepraroTcest TuApoU3y 1o Katnony. Cosam
KaKHUX KaTHOHOB aHAJIOTUYHO 3TO CBOMCTBO?

3ananue 28. CpaBuute kapOonarel Tammsa (I) m Harpus Ho ciexyroumM
CBOICTBaM: paCTBOPUMOCTb, OTHOIIEHHUE K THAPOIU3Y, OTHOIICHNE K HAarPEBaHUIO.
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I1. s-DJIEMEHTbBI

MOAYJIBbHASA ITPOI'PAMMA
S-2JIEMEHTBI

Monyns 1
OO0mras xapakTepucTUKa
S-2JIEMEHTOB

Mogyinsb 3
[llenounbie MeTaIbI

Mopyns 0
Lenu u 3anaun MOIyIbHON
MIPOTPaMMBI
Mogystb 2 Monyns 4
S-DJIEMEHTBI
Bognopon
[I-rpynmnst
MOAVJIb 0

IEJH U 3AJJAYU MOJIYJIbHOM MPOI'PAMMBI

U3yyue oanmnyio npoepammy, cmyoenm OONHCeH 3HAMb!

- DIIEKTPOHHOE CTPOEHUE ATOMOB S-2JIEMEHTOB,

- BOKHEUIINE CTENEHU OKHMCJICHHs], BAJIEHTHOCTh U KOOPJAWHAIMOHHBIE YUCIIA
aTOMOB S-2JIEMEHTOB,

- U3MEHEHHE B TPYINAaxX aTOMHBIX XapaKTEPUCTHK (ATOMHBIN paauycC, SHEPTHs
MOHU3AIINH, CPOJCTBO K JIEKTPOHY, 3J€KTPOOTPHIIATEIHHOCTE),

- HAXOJKJIEHHE B MPHUPOJIE,

- (hu3NUECKUE U XMMUYECKUE CBOMCTBA MTPOCTHIX BEIIECTB,

- IOJTyYEHHE U CBOMCTBA COEAUHEHUI S-3JIEMEHTOB,

- IPUMEHEHHE TMPOCTHIX BEHIECTB M COEAUHEHUM S-3JIEMEHTOB.

HU3yyue oannyio npoepammy, cmyoenm OONNCeH YMemb:

- BBISIBJIATH U OOBSICHSATH 3aKOHOMEPHOCTH B M3MEHEHUH CBOMCTB MPOCTHIX Be-
[IECTB U BAKHEUIINX COCTUHEHHI S-2JIEMEHTOB,

- TIPOBOJIUTH JTAOOPATOPHBIE OTIBITHI MO TOJYUYSHUIO U U3YUEHHIO CBOWCTB BaXK-
HEHNIINX COeMHEHUI S-2JIEMEHTOB.
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MOJIYJIb 1
OBILAS XAPAKTEPUCTHKA s-3JTEMEHTOB

V3-0. llenu n 3a1a41 MOYJISL.
H3yuus dannwiii Mooyib, CmyoeHm 00nNCeH 3HAMb.

- 3JIEKTPOHHOE CTPOCHHE aTOMOB S-3JIEMEHTOB | rpymmbl, 0COOCHHOCTH CTPOCHHS
aroma BOJIOpOZia U aToMa JINTHS,

- 2JIEKTPOHHOE CTPOCHUE AaTOMOB S-311eMEHTOB II rpymmsl, ocoGeHHOCTH CTpoe-
HUS aTOMa OepHILTHS,

- 3aKOHOMCPHOCTHU U3MCHECHUA aTOMHBIX XapaKTECPUCTHUK B I'pyIIIiax S-2JIEMCHTOB,
- CTCIICHU OKUCJICHUA U BaJICHTHBIC COCTOSTHUSA aTOMOB, ITPUMEPBI COGHHHGHHﬁ,

- 3@aBUCUMOCTD B I'pyIIiax KUCJIOTHO-OCHOBHBIX CBOMCTB OKCHJOB U TUIPOKCUIOB
OT IMOPAAKOBOI'O HOMEpPA JJICMEHTA,

- HAaXO)KACHHE S-2JIEMEHTOB B IIPUPOIE.

H3yuus dannwiii Mooy, CyOoeHm O0NNCeH YMemb.

- UCXOMSI U3 3JIEKTPOHHOTO CTPOCHUS aTOMOB, OOBSICHSTH HATMUNE ONPEICTICHHBIX
CTETICHEH OKUCIICHUS U BaJICHTHBIX COCTOSHUM,
- OOBSICHATH 3aKOHOMEPHOCTH U3MEHEHHST aTOMHBIX XapaKTEPUCTHK B TPYIITIAX,

- OOBSACHATH OCOOEGHHOCTH CBOWMCTB BOIOPOJIA, OTIWYMSA COCIMHCHWN JIUTHS OT

COC}II/IHCHI/Iﬁ OCTAJIBHBIX IICJIOYHBIX MCTAJIJIOB, OTIIMYMSI COG}II/IHCHI/Iﬁ 6ep1/mm/m oT
COC}II/IHCHI/Iﬁ MICJIIOYHO3EMCIIBHBIX MCTAJIJIOB.

Y3-1. BBOAHBIN KOHTPOITB.

3amanue 1. 300pa3ure 37eKTPOHHO-TpadHUecKie POPMYIIbI aTOMOB S-3JICMCH-
toB: H, Li, Na, Be, Mg, Ca. Kakne npuHIUTHAIEHBIC OTIUYHS MOYKHO OTMETUTH?

3ananue 2. Kak 3aBUCHT aTOMHBIHN paJiiyC OT MOPSIIKOBOTO HOMEpa 3JIEMEHTOB B
rpyme? Kakoe BIUsIHME OKa3bIBACT JIAHTAHOUIHOE CxKaTHE?

3aganue 2. Kak 3aBHUCSAT aTOMHbIE XapaKTEPUCTHKH OT TIOPSAKOBOTO HOMEPA eMEH-
ToB B | 1 Il rpynmax? Kax MeHsIOTCS METaITMYECKUE 1 HEMETAIUTIYECKIE CBOWCTBA?

Tabnuya 54
ATOMHbIE XaPaKTEPUCTHKHU U CBOHCTBA S-3]IEMEHTOB
Li | Na| K | Rb | Cs | Fr | Be | Mg | Ca | Sr | Ba | Ra
Baym. . | 2s' | 3s' | 4s! | S5st | 6s' | Ts! | 2s? | 3s? | 4s* | 552 | 68 | Ts?
T BM 0,15910,1710,126/0,229|0,252|0,245 0,104 0,1280,1690,184/0,206|0,204
I,5B 539 | 5,14 | 434 | 4,18 | 3,89 9,52 | 7,64 | 6,11 | 5,69 | 5,21
T .,°C | 180 | 98 |63,5]39,5|284 2608 |1287| 650 | 852 | 770 | 710 | 960
pr/em® | 0,54 10,97 0,86 1,52 | 1,90 | 2,46 | 1,82 | 1,74 | 1,54 | 2,69 | 3,6 | =
E g B 3,04|-2,71-2,92|-2,921-2,92| - |-1,70|-2,34|-2,84|-2,89|-2,90|-2,92
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3ananue 3. CpaBHUTE aTOMHBIC XapaKTEPUCTUKH: a) JIUTHA U APYTUX MIETOUHBIX
METaJIJIOB, 0) OSpHILTHS U ET0YHO3eMETbHBIX METAIUTOB. ClienaiTe BHIBOBI.

3ananue 4. [IpuBeanTe 10BOIB 32 U IPOTHUB paconokeHus Bogopoaa B I mmm VII
TpYIIIE TePHOTNUCCKON CHCTEMBI.

V3-2. CteneHn OKUCIICHUsI, BAIEHTHOCTh M KOOPAMHAITMOHHBIE YUCIIA.

3ananue 5. [TpuBeaure nmpuMepsl COSNMHEHNUH, COOTBETCTBYIOIINX KaXKI0H CTe-
TIEHU OKUCIICHUS BOIOPOIA.

3amanue 6. Yemy paBHa BaJeHTHOCTH Bomopoma B coenmuenusx: H,O, H,O,,
B,H,?

3ananue 7. Metamisl 00pa3yroT HOHHBIE COSIMHEHNS HEMOJICKYIISIPHOTO CTpOe-
Hus. K TakuM coeMHeHNAM MOHATHE «BaJEHTHOCTRY HEMPUMEHUMO. [ kpucrani-
JIMYECKHX BEIIECTB UCIIOIB3YETCS MOHATHE «KoopanHarroHHoe yrcio (KY)» — aucio
OmmKalImx coceneit B crpykrype. [IpuBeante npumepsl coeaunenunii Li, Na, Be ¢
paznmuuasiME KY TaHHBIX METaJUIOB.

V3-3. O0mias XxapakTepuCTHKa CBOMCTB COSAMHEHUH S-2JIEMEHTOB.

3ananue 8. Kak MeHseTcs THII XUMUYIECKOH CBSI3H M KUCJIOTHO-OCHOBHBIE CBOM-
crBa okcu1oB B pany: H O-Li,0-Na,0? MoKHO Jii FOBOPHTb O 3aKOHOMEPHOM H3Me-
HEeHUH?

3aganue 9. Kak MEHSIOTCS KHCIIOTHO-OCHOBHBIE CBOMCTBA M TEPMHUECKAs YCTOM-
auBoCTh B psgax: LIOH-NaOH-KOH-RbOH-CsOH u Be(OH),-Mg(OH),-Ca(OH),-
Sr(OH),-Ba(OH),? Kakum (akTopom 3T0 MOKHO 0OBACHUTH?

MOIYJIb 2
BOJIOPO]I

V3-0. llenu u 31291 MOIYJISL.

H3yyue oannwlil MOOYIIb, CMYOEHM OONIHCEH 3HAMNb!

- 1abopaTopHbIe METOIbI TIOJIyYeHHs BOZIOPO/Ia,

- BKHEHIIHME PU3NIECKUE U XUMUIESCKHUE CBOWCTBA BOIOPO/IA,

- BayKHEMIIIME CBOMCTBA BOJABI U MIEPOKCH 1A BOJOPO/IA.

H3yyue oanHwlil MOOYIb, CMYOEHM OONICEH YMEmb.!

- OOBSICHSTH XUMHYECKYI0 HHEPTHOCTh MOJIEKYJSIPHOTO BOJIOPOJAa M AaKTUBHOCTh
«BOZIOPOJIa B MOMEHT BBIJICTICHHS,

- TIOJTy4aTh B JIaDOPAaTOPHHU BOIOPO],

- POBOJIUTH JIAOOPATOPHBIE OMBITHI IT0 N3YUEHUIO CBOMCTB BOJIOPO/IA, BOJIBI U Tie-
POKCH/Ia BOIOPOIA.

VY3-1. BBoAHBII KOHTPOJIB.
3anganue 10. [Tonp3ysce Teopueit MO, 00bsICHUTE pa3Iryure B 3HAYSHUSIX SHEPTHU
CBA3M B CJIEyIOIMX YacTulax, kJlx/mons: H, - 432,1, H,* - 255,7, H, - 15.
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3aganue 11. «Bomopoa B MOMEHT BBIZICTICHHS» — 3TO aTOMAapHBIA BOAOPOI, 00-
pa3yIoUIMiics P B3aMMOJEHCTBUN METAIIOB C KUCIOTaMH. UeM OOBSCHSETCS €ero
BBICOKAsA BOCCTAaHOBUTCIIbHA aKTI/IBHOCTB?

3ananmue 12. OOBSICHUTE YIIIOBOE CTPOSHUE MOJIEKYIBI BOBI TPEMS CIIOCOOAMMU:

- HCTIOJIB3YS TEOPHUIO THOPUAN3AIIUN OpOUTATIEH,

- TIOJB3YACH TEOPUEH OTTAIKUBAHUS MEKTPOHHBIX T1ap,

- UCTIONB3YSI MPECTaBICHIA 00 OTTAIKUBAHIN OJFHAKOBO 3apSKEHHBIX aTOMOB.

3aganmue 13. Onummmre cTpoeHre MOJIEKYIBI Tepokcua Bonopoaa. C dyeM cBsizaHa
BBICOKAsI OKHCIIUTEIbHO-BOCCTAHOBUTEIbHASI AKTUBHOCTD 3TOTO COCAUHEHUS?

3aganue 14. Kak npaBuio, TepMudeckas yCTOMUUBOCTD YBETUIUBACTCS B PAIY:
KHCJIOTa-KHCIas CoNb-cpeqHssa coib. [IpuBenure mpumepsl. [louemy nprucyTcTBHE BO-
JIOpofia CHIKAET TEPMHUUYECKYIO YCTOWYHUBOCTH?

V3-2. Tlonmyuenue BOIOpoa.

Omnpit 1. [Toryyenue Booposa Npu B3aMMO/IeiiCTBUN MeTaJIa ¢ KHCJIOTOM.

['panyIibl IMHKA M KYCOYEK JKelie3a OMYCTUTh B IPOOUPKH ¢ 1 H. pacTBOPOM COJIs-
HOM KHCIIOTBIL. BU3yanbHO CpaBHUTH CKOPOCTH BBIJETICHHS BOIOPO/a: a) Oe3 HarpeBa-
HUs, 0) TOCIie HEOOIBIIIOTO HATPEBAHM.

Omnbit 2. [TosryueHue BoI0poaa NpH B3aUMO/IEiiCTBUH ATIOMUHUS € KUCJIOTO#
U 1IeJI0YBIO0.

I'panysbl amoOMUHHS OIYCTUTH B TpoOupku ¢ 1 H. pactBopamu HCI u NaOH. Bu-
3yaJIbHO CPaBHUTH CKOPOCTH BBIJENIEHHS BOJOpO/Ia: a) Oe3 HarpeBaHus, 0) mocie He-
OOJBIIIOTO HAIPEBAHMS.

Omnbit 3. [TosryyeHue Boopo/a NpH AeiiCTBUY IIEJT0YHOTO METAJIJIA HA BOJY.

Kycouex Hatpust pazmepoM He Oosiee 3 MM MOMECTUTH B KPUCTAIIM3ATOP C BOIOM.
Kakoii u3 orbIToB 1-3 sABIISIETCS cCaMbIM YAOOHBIM JIJISl TIOJYYEHHUST BOIOPOa B 1a00-
paropun? [louemy 3TH peakinK He UCTIONB3YIOTCS ISl POMBIIUICHHOTO MOYYEHHs
Bozopoaa?

V3-3. dusndeckue 1 XUMUUECKHUE CBOMCTBA BOAOPO/IA.

OnpIT 4. N3yuenne ¢pusnyeckux cBOiiCTB BOAOPOIA.

[TomyuuTh BOmOpPOJ B MPOOHpPKE C Ta300TBOAHON TpyOKoH. J[oxmaBIHCh paB-
HOMEPHOTO TOKa BOIOPOJA, OKYHYTh TPYOKY B MBUILHBIA pacTBop. Kak BemyT cebs
MBIIBHBIE ITy3BIPH, HATIOTHEHHBIE BOOPOOM?

OmnpiT S. [11aB1eHNe aTIOMUHUS B OKCUTHOM MJIeHKe.

AJTIOMPHHEBYIO TIPOBOJIOKY CEYEHHEM OKOJI0 1 MM? 1 JyHOM 30 CM 3aKpenuTh Ha
n3omsTopax. K KoHIam mpoBOIOKH C IIOMOIIIBIO TpaHCc(opMaTopa Mo/IaTh U IOCTEICH-
HO yBEJIWYUTH HANPsHKEHUE, TOOMBIIICH 3aMETHOTO IIPOBUCAHUS MTPOBONIOKH. Crierka
YIApUTh MO0 HarPETOU MPOBOJIOKE CTEKIISTHHON TTaJIOUKOM.

OnpIT 6. lopeHue Bogopona.

K nersmemMy MBUTEHOMY Iy3BIPIO, TOTYYEHHOMY B ONBITE 4, TOAHECTU TOPSIILYIO
CTIMYKY.
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HaronHuTh BBIAEISIONINMCS BOJOPOIOM JIBE IPOOUPKH, OJJHY — METOJIOM BBITEC-
HEHUsI BO3/yXa, BTOPYIO — METOJOM BBITECHEHHMs! BO/bI. [lepeBepHyB mpoOHpKy OT-
KPBITBIM FOPJIBIIIKOM BBEPX, OAHECTH TOPSIIYIO CITUUKY.

OmnbiT 7. BoccTaHoBUTEIbHBIE CBOHCTBA «BOOPOa B MOMEHT BbIJICJICHUSD).

K pactBopy Bananara ammonus (NH,),VO, 106aBUTh CONAHYIO KHCJIOTY M Tpa-
Hyny nuHka. HaOnronare mocrereHHOe M3MEHEHHE OKPAacKH pacTBOpA, CBS3aHHOE C
YMEHBIIICHUEM CTENICHN OKUCIICHUS BaHa s 10 cxeMe: +5 — +4 — +3 —+2.

MOJIYJIb 3
IEJTOYHBIE METAJLIBI

V3-0. Lenu u 3a1a4um MOYJISL.

H3yuue oanmblil MOOyIb, CIYOeHm OONCEH 3HAMb.

- (hpM3UYECKHEe ¥ XUMUYECKHE CBOMCTBA MIEJIOYHBIX METAILIOB,
- XUMHUYECKHE CBONCTBA THIPOKCH/IOB MIEJIOYHBIX METAJLIOB,
- METOJI OJTyYCHUsI U CBOMCTBA MM pOKapOoHaTa HaTpHs,

- MaJIOPaCcTBOPUMbBIE COENHEHHSI HATPUS U KaJIUSL.

H3yuue oanmslil MoOyIb, CnyOeHm O0NCeH YMemb:

- OOBSACHATH PA3INYHYIO0 XUMHUUCCKYIO aKTUBHOCTb IIEJIOYHBIX METAIIOB B peak-
LUK C KKUCIIOPOJIOM U BOJIOH,

- OOBSICHATH OTJIMYUSI CBOMCTB THJPOKCHIA JIUTUSI OT CBOWCTB THIPOKCHIIOB
OCTAJIbHBIX IIEJIOYHBIX METAIJIOB,

- IPOBOJIUTH J1A00PATOPHBIE OMBITHI TI0 MOIYYEHHIO U U3yYEHHIO CBOUCTB pas3ind-
HBIX COEMHEHHIA MEJIOYHBIX METAJIOB.

VY3-1. BBoAHBIN KOHTPOIIb.

3aganue 15. Temneparypa miaBieHus! MIEIOUHBIX METAJUIOB C YBEJIMUEHUEM I10-
PSIKOBOTO HOMEpPa HEMOHOTOHHO YMCHBIIIAETCs (Tabnuia 54) HeCMOTpS Ha YBEITHUC-
HHUE aTOMHOI Macchl. [IpeioxkuTe 00bICHEHUSL.

3aganue 16. [L1OTHOCTD IENOYHBIX METAIJIOB C YBEJIMUEHUEM TOPSIKOBOTO HO-
Mepa MEHSCTCS HEMOHOTOHHO (Tabiuia 1) He CMOTpS HA MOHOTOHHOE YBCITUUCHHC
aroMHoO# Macchl. [IpeaiokuTe 00bsICHCHHUS.

3amanme 17. [loueMy JuTHII IPU TOPEHUU HA BO3/IyXe 00pa3yeT B OCHOBHOM OK-
CHI, a HATPUH U Kanui — nepokcupl? Kakue coenmuueHust 00pa3yroTesl IpU TOPSCHUU
pyouaus u nie3us?

3aganue 18. [lpu HarpeBaHUW TMAPOKCHJIA JIUTHUS, B OTIMYME OT THAPOKCUIOB
JPYTHX IIEIIOYHBIX METAIIIOB, 00pasyercs okcul. KapOonar u ¢ocdar mutust siBisitoT-
Csl MaJIOPacTBOPUMBIMU coJisiMU. C 4eM CBSI3aHbl OTJIMYMSL COSAUHEHUM JTUTHS?
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V-2, CBoiicTBa MICIOYHBIX METAJLIOB.

Onpit 8. [TosyyeHue :KUIKOT0 CIJIABA HATPUSA € KAJIHEM.

JIByMsI TIMHIICTaMH B3SITh 10 KYCOYKY HaTpusi u kanus. Han dapdoporoii yari-
KOU MOTEPEeTh KyCOYKH METAJIOB IpyT 00 Apyra. Ha auarpaMme COCTOSIHUSI CHUCTEMBI
Na-K ykaxxute cocTaB crujiaBa, UMEIOIIET0 MUHUMAIbHYIO TeMIeparypy MIaBIeHHUsL.
Kak HaspiBarotcst Takue ciuiaBbi? Kakas popmylia COSMHCHUS HATPHS C Kauem?

1.0
160

720+
80
401
20

! i
N RTRTEIN,
Na K
Mon.donu K, %

Puc. 3. Jluacpamma cocmosmus cucmemot Na-K.

OnbIT 9. l'Openne meI09HbIX METALIIOB HA BO3AyXe.

Kycouek nmutnst momectuts B hapdoposyto gamky. HermocpencrseHHo Ha MeTasut
HaIpPaBUTh IJ1aMsI Ta30BOH ropenku. [I0BTOPUTH OMBIT ¢ KyCOUKaMM HaTPUS U KaHs.
IIponyKTsl peakuuii COXpaHUTD.

Omnbit 10. B3aumozieiicrBie 0KCHI0B U NEPOKCHIOB LEJI0YHBIX METAJIIIOB € BOIOM.

[IpomyKTh! peakuuii TopeHHs, MOITyYESHHbIE B OIBITE 8, 3aJIUTh HEOOIBIITUM KOJTH-
4yeCcTBOM BOibl. C MOMOIIBIO YHUBEPCAIBHOTO HHANKATOpa H3MEPUTH pH moxydeHHbIX
pacteopos. Jlo6asus pacteop Kl u kpaxmai, nokasars oopazosanne H,O, B pacTBope
MIPOIYKTOB CTOPAHHUS KaJIHs.

OnpiT 11. B3aumonaeiicTBHe IIEJTOYHBIX METAJIJIOB ¢ BOIOI.

B xpucrammmszatop, HaloOIHEHHBIN BOJOH, OMYCTUTh Kycodek JuThs. [loBToputs
OIIBIT, KCIIOJIB3YS KYCOUKH HATPHS M KaJusl pa3MepoM He Ooree 3 MM.

OnbIT 12. DNeKTPOJIH3 BOJIHOIO PACTBOPA XJI0PH/IA HATPHS.

B pactBop x710puia HaTpuUs OMYCTUTH YTOJIBHBIE MEKTPO/BI U OATh MOCTOSIHHOE
Harnpsbkerue. KarmayTb B pactBop ¢enongransent. OKoiIo Kakoro JIeKTpoaa HalIo-
Jaetcs okpamnBanue? Kakue rassl BBLAEIAIOTCS Ha AIEKTpoax”?

Omnbrit 13. ITosryyenne ruipokapoéoHaTa HATPHS.

ITpu 20 °C pactBopumocts Na,CO, cocrasnser 21,8 1, a NaHCO, 9,6 r B 100 T
Bozibl. [IpurorosuTs Hacknuennsii pacteop Na,CO,. Okono 50 T pacTBopa (B3BECHTB
10 0,01 r) Hanute B cTakan u nponyctuth CO, B Teuenne 5 MuHyT. OTQUIETPOBATH
TIOJTyYCHHBIH OCaJIOK M B3BECUTH (PMIIBTpaT. BBIUMCINTE MAaccOBYIO JOJIIO BBIXOZAA
NaHCO,.
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OnbIT 14. Pa3iiokenne ruipokapooHaTa HATPUS IPU HATPEBAHUM.

[omyyennpiii B onpite 13 NaHCO, BBICYIMTH Ha BO3MyXE NMPH KOMHATHOM
TeMIieparype B TEUEHHE CYTOK. BIOKC ¢ HaBeCKOW MOJIYy4YeHHOW COJM IMOMECTHUTh
B CyHIMIbHBIA mikad, Harpersiii mo Temmeparypsl 100 °C, ma 30 munuyt. Ilocie
OXJIQXKJIEHUSI B3BECHUTh OIOKC. BRIYMCIUTH MACCOBYIO JIOJIO BBIXO/Ia Na2C03.

OmnpiT 15. ITosydyenune MaJI0pacTBOPUMBIX COJIel 1IeT0YHbIX MeTAJIJIOB.

K pactBopy comnu Harpust 1o6aButh pactBop K[Bi(OH),]. IIpoGupky ¢ pactBopom
OXJIATUTH CHAPY>KH TOKOM BOJIBI ¥ IOTEPETh M3HYTPH CTEHKU MPOOHPKHU CTEKISTHHOM
1aJI0YKOH.

K pactBopy conu xanus npuauts pactsop NaClO,.

K pactBopy comu kanus, MOAKUCICHHOMY YKCYCHOM KHUCIIOTOH, IPUIUTH PacTBOP

Na,[Co(NO,)].

MOJVJIb 4
s-DJIEMEHTHI II TPYTITIBI

V3-0. lenu u 3a1a491 MOTYJISL.

H3yyue oannwlil MOOYIb, CIMYOEHM OONIHCEH 3HAMDb.!

- (puBHuecKue U XUMUIECKHE CBOWCTBA S-3lieMeHTOB 11 Tpyrimbl,

- OTJIMYMS CBOWCTB OEPUILIHS OT CBOWCTB IIETOYHO3EMETbHBIX METAJIIOB,

- KMCJIOTHO-OCHOBHBIE CBOMCTBA OKCH/I0OB M THAPOKCHIOB $-371eMeHTOB 11 rpynibl,

- 0COOCHHOCTH CBOMCTB KapOOHATOB, CYJIb()aToB, HUTPATOB U CYJAb(UIOB S-dIie-
meHToB 11 rpymbl,

- METOJIBI YCTPAHEHHUS JKECTKOCTH BOJIBI.

H3yyue oanmwlit MOOYIb, CMYOEHM OONICEH YMEmb.!

- OOBSACHATH 3aKOHOMEPHOE N3MEHEHHE METAIMYECKUX CBOMCTB B IPYIIIIE,

- OOBSICHATD Pa3IMYHbIE KUCIOTHO-OCHOBHBIE CBOWCTBA COSIMHEHUH OepHILTUS U
IIETI0YHO3EMETbHBIX METAJIIOB,

- IPOBOJUTH JIA00OPATOPHBIE OTIBITHI T10 MOTYUEHHIO M H3Y9EHHIO CBOIMCTB IHIPOK-
CHUJIOB U HEKOTOPBIX cosiel s-anmeMeHToB 11 rpynmsl.

VD-1. BBogHBIN KOHTPOIb.

3ananue 19. [Toctpoiite rpaduxu 3aucumocteit I =f(z) u £° =f(z) nnsa s-sne-
MeHToB Il rpynmel. Kak MEHSIOTCS MeTaTHYecKre CBOMCTBA DJIEMEHTOB B 2TOH
rpymme?

3aganue 20. biaronaps KakuM XapakTepUCTHKaM aToMa OSpHIUTHI: a) TIPOSIBIISIET
amdoTepHbIe CBOICTBa, 0) 00pa3yeT MaJIOPacTBOPUMBIN THAPOKCH/I, B) SIBISICTCS XO-
POIINM KOMILTEKCOOOpa3oBaTenem?

3ananue 21. OObsICHUTE 3aKOHOMEPHOE W3MEHCHHE PACTBOPHMOCTH CYJIb(aToB
s-aneMeHToB Il rpynmbl, UCHIOIB3Ys TEOPHUIO MOJISPU3ALUH.
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3amanue 22. COBOKYITHOCTh KaKHUX CBOWCTB, OOYCJIOBJICHHBIX IPUCYTCTBHCM
B BOJIC€ KATUOHOB KaJIbLIMSI, MarHusi ¥ HEKOTOPBIX IPYTUX METAJJIOB, HA3bIBAETCS
<OKECTKOCTBIO BO/IbI»? Kak yCTpaHsOT pa3inuHble BUIbI )KECTKOCTH BOJIbI?

V3-2. TIpocThie BeliecTna.

OmnbiT 16. 'openne Marans M KaJILIHsI HA BO3/IyXe.

CTpyXKy Maraus moMecTuth B (haphopoByrO YaIlKy U TOmKedb. [[pOXyKT peak-
LMK COXPaHUTh ISl MOCIEAYIOUIMX OMBbITOB. [IOBTOPUTH OMBIT, UCTIONB3Ysl KyCOUEK
KaJbIIHSL.

OnpiT 17. B3anmoaeiicTBie Maraus M KaJbIIUSA ¢ BOJOM.

[opornrok MarHusi HaChINaTh B CTaKaH ¢ BOAOW. KuUIATUTh 10 BhIMapuBaHus 2/3
Bozbl. KanHyTh (eHongranent.

Kycouek kanbIus MOJOKUTh B CTakaH ¢ Bozoil. JlobaButh (eHondrancuH.

Onpit 18. (Ts2a!) B3aumoneiicTBue Maruust ¥ KaJbUus ¢ KUCJIO0TAMU.

CpaBHHTE B3aUMOJICHCTBUE MarHusi U KaJIbLUS C Pa3MUYHBIMU KUCIoTamMu. B Ta-

Onure 55 ykaXuTe cocTaB ra3000pa3Horo MpoayKTa peakiyu.
Tabnuya 55
CocTaB ra3oo0pa3HbIX IPOAYKTOB PeAKIUI MATHHS M KAJIBIHSA ¢ KHCI0TAMHU

(npeodagaoImmii NPOIyKT)

Kucnora Mg Ca

HCl

H,SO, pazbasnennas

H,SO, xonuenrpuposanHas

HNO, roHueHTpUpOBaHHAsI

HNO, paz0asnennas

HNO, cuinbHO paszbasieHHas

V-3, CoenrHeHns MIETOUHO3EMEBHBIX METAIUIOB.

OnbIT 19. B3anmoneiicTBHe MPOAYKTOB CrOPAHUS MAarHHsl M KaJIbIHs € BOJOM.

[IpomyKTh! cropaHus, MOJTy9IEHHbIC B OMBITE 16, pacTBOPUTH B HEOOIIBIIIOM KO-
yecTBe BofpI. K mpobam pacTBopoB 106aBUTH penondranent. C MOMOIIBIO peakThBa
Heccnepa K [Hgl,] mpoBeputh Hanu4Imue HOHOB aMMOHHSL.

OnbiT 20. [TosyyeHnue rameHoi U3BeCTH.

Kycouek neramenoit m3sectu (CaO) omycTuTh B IpoOHPKY ¢ Bomoil. Kak oObsc-
HUTD 3aKUIIaHUEe pacTBopa?

Kycouek HerameHo# H3BeCTH MOIOKUTH B cTakaH. [10 Kamyisiv 100aBIsTh BOY, HE
JOIycKast 00pa30BaHMA pacTBOpa. UTo Takoe «KHIemKa»?

OmnbiT 21. MajiopacTBOpHMbIE COJTY MATHHUS, KAJIbLUHA U Oapus.

Wcnone3ys 0,1 H. pacTBOPHI XJIOPUIOB MarHus, Kb U Oapus, H3ydUTE BO3-
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MOXXHOCTh O0pa30BaHMsI B BOIHBIX PacTBOpax KapOOHATOB, Cyiab(artoB, (hocdator
U Cynb(pHIOB JaHHBIX METAIIOB. B Tabmuie 56 ykaxkurte Hamu4ue, 1BET, HOPMYyITy
ocanka u 3Hauenue [1P.

Tabnuya 56
MaJiopacTBOpPHMBIE COJIM MATHHS, KAJIbLMSA H 0apus
Katnonst
AHHUOHBI
Mg2+ Ca2+ Ba2+
CO>
SO*
PO~
S*

OmneiT 22. CpaBHeHHe PacTBOPHMOCTH Kap0OHATa M T'HAPOKAp0OHATA KaJIb-
nus.

B nsBectroByro Bofy 3 anmapara Kurma nporryckars CO,. HaGmronats Bbinajie-
HUE U NOCIeAyIoNIee pPacTBOpeHue ocaxka. [TomyueHHbli pacTBOp HArpeTh, HE JOBOAS
JI0 KUIIEHHUS.
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II1. d-9JIEMEHTbI

1. d-3JIEMEHTHBI III, IV U V I'PYIIII

MOAYJIBbHAS ITPOI'PAMMA
d-2JIEMEHTBI IIL, IV 1 V TPYIIIT

Monyns 1
O61ras xapakTepucTHKa
d-snemenrtoB

Monyins 3
d-DnemenTs [V rpymms

Mogmyns 0
Lenu u 3a1auu MOLYJIBHOI
MIPOTpaMMBbI
Mopnyns 2 Monyns 4
d-Onements! I rpymst d-DnemenTs! V rpymmst
MOJIYJIb 0

IEJIA U 3ATAYY MOAYJIbHOM ITPOI' PAMMBbI

H3yuue oannyto npoepammy, cnyoeHm O0NdiCeH 3HAMb.

- DJIEKTPOHHOE CTPOEHHE aTOMOB d-2JIEMEHTOB,

- BKHEHIIINE CTeTIeHU OKUCIICHHS, BAJIGHTHOCTh U KOOPAWHAIIMOHHBIE YHCIIA aTO-
MoB d-anementoB 111, IV u V rpynm,

- H3MEHEHHE B IPyIIax aTOMHBIX XapaKTEePUCTUK (aTOMHBIN paguyc, SHEprus Ho-
HU3AIMHU, CPOACTBO K EKTPOHY, JEKTPOOTPULIATEIEHOCTD),

- HAXOXKAEHHUE B IIPUPOJIE,

- (hM3nYecKre ¥ XUMUYECKHE CBOMCTBA IPOCTBIX BELIECTB,

- MIOJIyYeHHE U CBOMCTBA COEIMHEHU,

- IpYMEHEHHE MPOCTHIX BellecTB U coeanHenuit d-anementos 1L, IV u V rpymm.
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H3yuue oannyro npoepammy, cniyoeHm O0NdiceH yMemy.

- BBISIBJIATH M OOBSICHSTH 3aKOHOMEPHOCTH B M3MEHEHHWH CBOWCTB MPOCTHIX BeE-
LIEeCTB ¥ BakHEHIMX coequnenuii d-anementos 111, IV u V rpymnm,

- crenienn okucienus d-snementos 111, IV u V rpynm,

- 3aBUCHMOCTb CBOWCTB COE€AMHEHUH OT CTENIEHU OKHCIECHUS HIEMEHTOB,

- IIPOBOJUTH JIAOOPATOPHBIE OITBITHI 10 TTOTYUSHUIO U H3yYEHHIO CBOMCTB BaXKHEH-
LIMX COCAMHEHUI TUTAaHA U BaHAIUsL.

MOJIYJIb 1
OBILASI XAPAKTEPUCTHKA d-2JIEMEHTOB

V3-0. lenu u 3a1a4un MOIYJISL.

H3yuue oannwiii MoOyb, CmyOeHm O0JIICeH 3HAMb!

- aJieKTpoHHOE cTpoenue aromoB d-aiementos 11, IV u V rpynm,

- 3AKOHOMEPHOCTH U3MEHEHHMS aTOMHBIX XapaKTEPUCTHK B rPyIIax,

- CTEIICHH OKHUCJICHHS M BaJICHTHBIC COCTOSTHUSI aTOMOB, TIPUMEPBI COCAMHEHHH,

- 3aBHCUMOCTb B I'PYIIIax KUCIOTHO-OCHOBHBIX CBOMCTB OKCHJIOB M THJIPOKCHIOB
OT CTEIEHH OKUCIICHHS 1 TIOPSIIKOBOTO HOMEpa 3J1eMEHTa,

- 3aBHCUMOCTb B IPYIIIax OKHCIUTEILHO-BOCCTAHOBUTEIBHBIX CBOWCTB COEIMHE-
HUMH OT CTENEHN OKHCIICHHS HJIEMEHTOB.

H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMenb.

- UCXOJIs1 U3 DIICKTPOHHOTO CTPOEHHUS aTOMOB, OOBSICHSThH HAJTMIUE OMPEICTEHHBIX
CTerneHel OKKCIICHHUS U BAJICHTHBIX COCTOSHHUI,

- OOBSICHSITH 3aKOHOMEPHOCTH W3MEHEHHSI aTOMHBIX XapPAaKTEPUCTHUK B TPYIIIaX,

- OOBSICHSTH 3aKOHOMEPHOCTH W3MEHEHHsSI KHCIIOTHO-OCHOBHBIX U OKUCIIHTEIb-
HO-BOCCTaHOBHUTEJILHBIX CBOHCTB COETUHEHUIA.

V3-1. BBoAHBII KOHTPOJI.

3ananue 1. M300pa3ure anekrpoHHO-Tpadudeckue Hopmysibl aToMoB d-351eMeH-
toB III, IV u V rpynn. Ilouemy ckanauii, THTaH U BaHAAUN HA3bIBAIOT KallHOCHMMe-
TPUYHBIMU dJIEMEHTaMuU?

3aganue 2. Kak 3aBUCHT aTOMHBIN pauyc OT MOPSIIKOBOIO HOMEpa J€MEHTOB B
rpynmnax? Kakoe BiansiHHE OKa3bIBaeT JJAHTAHOMHOE CxKaTne?

3amanue 3. Kak 3aBUCAT aTOMHBIC XapaKTEPHCTHKH OT MOPSJKOBOIO HOMEpa
d-anemenros 111, IV u V rpynn?

V3-2. CreneHun OKUCIIEHUs], BAJIGHTHOCTh U KOOPAUHAIIMOHHBIE YUCIIA.

3ananue 4. [Ipuseaure npuMepbl COETMHEHUH, COOTBETCTBYIOLINX KaXA0H CTe-
niern okucnenus d-anementos 111, IV u V rpymnm (tabnuua 57).
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Tabnuya 57
IIpumeps! coennnennii d-anementos 111, IV u V rpynn

CTereHb OKUCIICHHS DJIEMEHTA
+2 +3 +4 +5
Karvon | Aunon | Karnon | Auwon | Karnon | Ammon | Katnon | AHHOH

Dire-
MEHT

3ananue 5. Kak MCHsCTCS YCTOMYHBOCTB BBICIICH CTEIICHH OKHUCIICHHS d-3JIeMeH-
toB B IV u V rpynnax B 3aBucumMoctu OT HoMepa nepuoaa? Kakue coenuHeHus sBiisi-
10TCs1 O0JIee CHITbHBIMU OKHCuTe MU — Banaaus (V) mim tantana (V)?

MOJIYJIb 2
d-2JIEMEHTAGI 111 TPYTIIBI

V3-0. Lenu u 3a1a41 MOYJIsL.

H3yuue 0anmblil MOOYIb, CHYOEHM OONCEH 3HAMb.

- HAXOXKAEHHUE PEIKO3EMENIbHBIX METAIUIOB B IIPUPOJIE,

- BaKHelmme Qusnyeckue U xumuieckue csoricrsa d-anementos 111 rpynesr,

- XMMUYECKUE CBOMCTBA TUIIMYHBIX COCAUHEHNUN,

- obnactu npumeHenus d-anementos 111 rpynmsr v UX coeMHEHNI.

H3yuus 0anmwitl Mooy, Cmyoenm 00ondicen ymenms.

- OOBSICHATH XMMHYECKYIO aKTHBHOCTD d-amemenToB 111 rpymiisr,

- COIOCTABIIATh CBOICTBA OJHOTUIIHBIX COCUHEHUI CKAHIUs, UTTPUS U JIAHTaHA.

V3-1. BBOAHBII KOHTPOIIb.

3amanme 6. Harmmmre snekTpoHHbIe (POPMYITBI aTOMOB CKAH[IMsI, UTTPHS U JIAaHTa-
Ha. Kakue creneHn oKuciIeHus NposBISIFOT 3TH HIEMEHTHI?

3amanme 7. CpaBHuTE aTOMHBIE XapakTepucTiku d-snemenTos I1I rpymsr. Moxk-
HO JIM YTBEP>KJaTh, YTO CBOICTBA ITHX IEMEHTOB MEHSIIOTCSI MOHOTOHHO C yBEIHYe-
HUEM NOPSAKOBOro HoMepa?
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CpasHenue d-3jiemenToB 111 rpynmnsi ¢ a1l0MUHHEM M MATHHEM

Tabnuya 58

Sc Y La Ac Al Mg

BaJL. OIL. 3d'4s? 4d'5s? 5d'6s? 6d!7s? 3s23p! 3s?
Y 0,157 0,170 0,192 0,190 0,131 0,128
I1,,7B 6,56 6,22 5,58 5,10 5,98 7,64

. °C 1539 1525 920 1040 660 650

p, t/em? 3,02 4,47 6,16 10,1 2,70 1,74
E\ e B -2,08 -2,37 -2,52 -2,6 -1,70 -2,34

3ananue 8. [To xakum cBoiictBam d-smemenTs! 111 rpynmBI HATOMITHAIOT aTFOMU-

HHMM ¥ Maruui?

V3-1. Haxoxnenne d-amemenToB 111 rpymmsr B mpupoze.
3ananue 9. Cxananii, UTTPHIl U JJAHTAH HA3BIBAIOT PEAKO3EMENFHBIMH dJIEMEHTa-
mu (P33) mm penxosemensapiME MetammiamMu (P3M). [Mouemy d-amemMeHTHI ocTaib-
HBIX TPYIIT HE HA3BIBAIOT PEIKO3EMETHHBIMU?

Tabnuya 59
PacnipocTpaHeHHOCTH MEePeX0IHbIX METAJIJIOB
ATOMHE I Merann Bec. % AToMHEI Merann Bec. %
HOMEp HOMEp

26 Keneso 4,70 48 Kaamuit 5,0-10*
22 Turan 0,65 78 ITnaruna 5,010
25 Maprasnen 0,10 41 HwuoOwnii 3,2:10°
40 upkonwuit 0,025 73 Tanran 2,410
30 unk 0,020 47 Cepebpo 1,0-10°3
29 Menp 0,01 44 Pyrenmii 5,0-10°¢
24 Xpom 3,3-1072 46 IMannaanii 5,0-10°¢
23 Banammit 2,0-1072 76 Ocmuii 5,0-10°¢
28 Huxkens 1,810 77 Wpuwii 5,0-10°¢
74 Bonbdpam 7,0-107 80 PryTp 5,0-10°¢
39 Urrpuit 5,010 45 Ponuit 1,0-10°°
27 Kobansr 4,0-10° 79 3051010 5,0-107
42 Mosubnen 1,0-107 75 Pennit 1,0-1077
57 JlanTan 6,5-10* 89 AKTHHUI 2,3-10°1
21 Ckanauit 6,0-104 43
72 lapnwmii 4,0-10*
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3ananue 10. Cxkannuil, UTTPUI U JTaHTaH SABJISIOTCA PAaCCESHHBIMU YIEMEHTaMU.
W300pa3uTe cocTaB BaKHEHIIINX MUHEPAJIOB 3THX JIEMEHTOB B BHJIC COSANHEHHS OK-
cunos: (Y, Sc),Si,0., YPO,, (Y, Er),[(Nb, Ta),O,], Be,Y,FeSi O, , (La, Ce)PO,.

V3-2. CBoiicTBa MPOCTHIX BELUIECTB.

3amanmue 11. Vcxons u3 Temiieparyp IUIaBIeHHs] METAJUIOB, OOBSICHUTE N3MEHEHHE
XapakTepa CBsI3M B KPUCTALTMYECKUX perrerkax d-snemenTos I rpymrist.

3amanue 12. CpaBHuTe 351eKTposHbIe noTeHnuanb! d-anementoB 11 rpynmer. Ka-
KO M3 3TUX METAJIJIOB B BOJAHOM PacTBOPE SIBJISIETCS CAMBIM CHJIBHBIM OKHCIUTENIEeM?

3ananue 13. B xakux yciaoBUsIX pearupyroT ¢ BOJON CKaHAUM, UTTPpUI U JIaHTaH?
Harmmmmre ypaBHeHHsI COOTBETCTBYIOIIMX peakiuid. Kakue coeanHenus o0pasyroTcest
Ha MMOBEPXHOCTHU 3TUX METAJUIOB MIPU XpPaHEHUU Ha BO3IyXe?

V3-3. Coequnenus d-anementos 111 rpymsl.
3amanne 14. CpaBHure (usuueckue W XUMUUeckue cpoiictBa d-anmementon 11
TPYIIBI MEXK Ly COOOH, a TaKsKe C CBOHCTBAMU aTIOMHUHHMS ¥ MarHust. Clienaite BBIBOJBL.

Tabnuya 60
Oxcuapl d-3aementos 111, IV, V rpynn, aaioMuHust 1 Maruust

Sc,0, | Y,0, | LaO, | Ac0, | ALO, | MgO
T ,°C 2300 | 2417 | 2317 | 1977 | 2050 | 2800

mr

XHUM. CB-Ba amd. OCH. OCH. OCH. ama. OCH.

3ananue 15. Kax MeHAIOTCSI OCHOBHBIE CBOHCTBA THAPOKCHIOB OT CKaHAMS K JIaH-
tany? Hamummmre ypaBHEHUS] COOTBETCTBYIONIUX PEaKIIUH.

MOAYJIb 3
d-2JIEMEHTBI IV TPYTIITBI

V3-0. lenu n 3aaa41 MOIYJISL.

H3yuue oannwiii MoOyib, CnyOeHm O0JINCeH 3HAMb.

- HaxokAeHue d-aeMenToB 1V rpyrmsl B mpupose,

- BuKHelmue Qusnyeckue U XumMudeckue ceoiictsa d-onemeHToB [V rpymiibl,
- XUMHUYECKHE CBOMCTBA TUITMYHBIX COEMHEHU.

H3yuue oannwiii MoOyib, CmyoeHm O0JIdiCeH YMenb.

- OOBSICHSITH HU3KYIO XUMHYECKYIO aKTHBHOCTb d-31ieMeHToB [V rpymisl,

- COTIOCTABIISITh CBOMCTBA OJJHOTHITHBIX COSTMHEHUH TUTaHa, IUPKOHUS ¥ radHus,

- TIOJTy4arh B J1aDOpaTOpUM COCIMHEHMSI TUTAHA B PA3IMYHBIX CTEHEHSIX OKHCIIe-
HUS, U3y4aTb UX CBOMCTBA.
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VY3-1. BBoAHBIN KOHTPOJIb.
3ananue 16. Kak MeHseTcs B rpynne paanyc aroMa U MOTEHIMAl HOHU3ALUU?
[Touemy M3MeHeHHE HE HOCUT MOHOTOHHBIH XapakTtep?

Tabnuya 61
XapakTepucTHKA TUTAHA, HUPKOHHUS U radpHus
BaILOL | 7 o HM | [,9B | p, t/eM | T ,°C | E, i, B
Ti 3d*4s? 0,148 6,82 4,50 1668 - 1,63
Zr 4d?5s? 0,159 6,84 6,45 1852 - 1,43
Hf 5d%s? 0,148 7,00 13,1 2230 - 1,57

3anganue 17. Kak MeHseTCS yCTOMYMBOCTD BBICIICH CTEIICHH OKHCICHHS B TJIaB-
HOU 1 T060uHO# oarpymme IV rpymmsr?

3ananue 18. Vcxons u3 3HAYCHHUN CTAaHIAPTHBIX TTOTECHIIMANIOB, CIACTAWTE BBIBOJ
00 M3MEHEHNH XUMHYECKOW aKTUBHOCTH B BOIHBIX pacTBopax d-amemenToB IV rpyt-
mel. CpaBHATE C P-NIEMEHTAMH STOH TPYTIIIEL.

V3-2. IlpocTsie BemIecTRa.

3ananue 19. [Touemy, He CMOTpSI HAa HU3KUE 3HAUCHUS CTAHJAPTHBIX MOTEHINA-
110B, d-31eMeHTHI [V rpyIIbl pacTBOPSIFOTCS B KUCIIOTAX TOJNBKO B )KECTKUX YCIOBHUSX?

3apanue 20. Jlyummm «pactBoputenem» s d-3meMenToB [V rpymms sBiseTcs
CMecCh KOHIIEHTPHPOBAaHHBIX a30THOH W TIABUKOBOW KUCIOT. JlaiiTe oOpsicHeHns. Ha-
MIUIINTE YPaBHEHHUE PEAKINN TUTAHA C 3TOH CMECHIO.

V3-3. Coequnenns d-anemenToB [V rpymmsr.

OnblIt 1. [osyyenue u cBoiicrBa rugpokcuga turana (IV).

ConsHOKHMCIBIN pacTBop Xinopuaa TuTaHa (IV) pa3daBUTh BOmOW 0 BHITAICHUS
ocanxka. [TomyueHHBI OCagOK pa3menuTh Ha JABE YacTH, H00aBUTh n30bIToKk HCl 1
NaOH.

OnbiT 2. Monyuyenue coenunHennii tutana (I1I).

K comsrOKHICIOMY pacTBOpy Xnopuaa Tutana (IV) mo0GaBuTh rpaHydy IHHKA.
3aKpBITh MPOOMPKY BaTHBIM TaMIOHOM (3adeM?). [lodeMy B 3THX YCIIOBHAX HEIB3S
moyauTh coequaeHns Tutana (11)? TlomydeHHbIH pacTBOP COXpAaHHUTH IS TTOCIIETY-
OIINX OTIBITOB.

OnpiT 3. [Monyyenue u cBoiicTBa ruapokcuaa tutana (I1I).

K pactBopy, rmoimy4eHHOMY B OTIBITE 2, TOOABISTH 110 KarlIsIM PAacTBOP IIEIOUH 10
BEIMaAeHUs ocanka. OcamoK pa3nenuTs Ha 3 9acTu.

1) m06aBUTH H30BITOK KHUCIIOTHI,

2) 106aBHUTH M30BITOK IIEIOUH;

3) ocamok OT(UIETPOBATH U OCTABHUTH HA BO3IyXE /IO MOJHOTO BHICHIXAHUS.
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OnbIT 4. BoccTaHoBUTeJIbHBIE CBOIicTBa coennHenuii Tutana (I1T).

K pacTBopy, moiydeHHOMY B ONBITE 2, IPUIINTH: a) paCTBOP MIEpMaHTaHaTa Kajus,
0) pacTBOp mepokcuaa Bomopoaa. Kak MeHsieTcst 1IBET pacTBOPA, COASPIKAIIETO COETH-
nenus tutana (III), mpu koHTaKTE C BO3IyXOM?

OmnpiT S. [onyyeHue nepoxkcoxkomiiekcoB Tutana (IV).

K comsmokuciomy pacTeopy xyopuna turana (IV) no6asuts 3 %e-nbrii pacteop H O,

MOIYJIb 4
d-2JIEMEHTBI V TPYIIIBI

V3-0. llenu u 3a1a91 MOMYJISL.

H3yuue oannwiii MoOyb, CnyOeHm O0JINCeH 3HAMb!

- HaxoXkJieHne d-3aeMeHToB V TPyIIbI B IPUPOJIE,

- BaKHelmme Qusnyeckue 1 XMMUIecKHe cBoHcTBa d-311eMeHTOB V IpyIIis,

- XUMHUYECKHE CBOWCTBA THITHYHBIX COSTMHEHUI.

H3yuue oannwiti Mooyb, cnyoeHm OoNdHceH YMemb:

- OOBSICHSITH HU3KYIO XUMHYECKYIO aKTHBHOCTh d-3JIEMEHTOB V TPYIIIIbI,

- COTOCTABIISITh CBOMCTBA OJHOTUIIHBIX COCJIMHEHUI BaHa 1sl, HIOOHS U TaHTaa,
- IOJTy4aTh B JJa0OPaTOPUH COCMHEHUSI BAHAIUS B PA3JIMYHBIX CTEIIEHIX OKUCIIE-

HUs, U3y4aTb UX CBOICTBA.

VY3-1. BBoAHBII KOHTPOIIb.

3ananue 21. IIpeacraBpre rpadUuecKu Kak MEHSICTCS B V TPYIIIE pauyc aroMa
Y TOTEHLMAJI MOHU3AIMK B 3aBUCUMOCTHU OT MOPSAKOBOrO HoMepa anementa? Cre-
JIaliTe BBIBOJIBI.

Tabnuya 62
XapakTepucTuKa BaHaHsl, HIO0OUS M TAHTAJIa
BAL O | 7 o, HM 1,5B | p, r/em’ I C E, ot p B
v 3d*4s? 0,140 6,74 5,96 1917 - 1,17 (+2/0)
Nb | 4d*5s! 0,150 6,88 8,57 2469 -0,62 (+5/0)
Ta 5d%6s? 0,141 7,80 16,6 3010 -0,71 (+5/0)

3ananue 22. Kak MeHACTCS YCTOMYMBOCTD BBICIICH CTETIEHH OKHCIICHHS B TJIaB-
HOH 1 T0O04YHOM noarpymIe V rpynisi?

3ananmue 23. Vcxons U3 3HaUEHWH CTaHAAPTHBIX MOTEHIMAJIOB, CIENANTE BHIBO
00 M3MEHEHNH XMMHYECKOI aKTHBHOCTH B BOJIHBIX pacTBopax d-anemMeHToB V rpyn-
nel. CpaBHUTE C P-3JIEMEHTAaMH 3TOW TPYTIIHL.

V3-2. TIpocThie BeliecTna.

3ananue 24. [Touemy, HECMOTpSl HAa HU3KHE 3HAYCHUSI CTAHJAPTHBIX MOTEHIIHA-
JI0B, d-351eMEHTBI V TPYIIIbI PACTBOPSIOTCS B KUCJIOTAX TOJIBKO B KECTKUX YCIOBHSX?
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3ananue 25. [Touemy d-aeMeHTBI V IPYIIIBI PACTBOPSIFOTCS TOJILKO B CMECH KOH-
LIEHTPUPOBAHHBIX a30THON M TUIABUKOBOM KHCIIOT U MPAKTHUYECKU HE PACTBOPSIOTCS B
K0 M3 KUCIOT TI0 OTAETbHOCTH? HanmuiuTe ypaBHEHHE peakiiii HUOOUS ¢ dTOH
CMECBIO.

V3-3. Coequnenus d-3meMeHTOB V IpyIIsL.

OnblIT 6. [Tosryyenue u cBoiicTBa rugpoxcuaa Banaaus (V).

K pacteopy Na,VO, nocrenenno no0asisaTh CONSHYIO KHCIOTY [0 BBIAICHUS
amopdHoro ocajka. VM3yuuts OTHOIIEHHE MOIYYEHHOTO 0Ca/IKa K U30BITKY COJISTHOW
KHCJIOTHI, a30THON KHCJIOTHI U LIETIOYH.

Onpit 7. [osyyenue u cBoiicTBa okcuaa Banagus (V).

B dappopopoii yarke npokanuts Hebonbuoe kommdectso (NH,),VO,. Msyunts
OTHOIIICHHE TIOyYeHHOTO OKCHa K Bojie (M3MepuTh pH), KOHIIEHTPHPOBAHHBIM pac-
TBOpPaM COJISIHOM KHCJIOTBI, @30THOM KUCJIOTHI U I1IEJI0UH.

Onpit 8. [osryyeHue nepoxcokomimiekcon Banaaus (V).

K pacteopy Na,VO, nobasuts 3 %-nbiit pacteop H,O,. TTosroputs ombit, noba-
BHB KOHLIEHTPUPOBAHHBIN PacTBOP IIETOUH.

Onpit 9. Ilonyvenue xnopuaa sanaauiaa (IV) VOCL,.

K cyxomy okcuay Banamust (V) NpUINTh KOHIIEHTPUPOBAHHYIO COJITHYIO KHC-
noty. OOHapYXHUTh BBIJIEISIONMIUNACS XJIOP C TIOMOIIBI0 HOAKPaxXMaIbHON OyMaXKKH.
ITory4eHHbIH pacTBOP UCTIOIB30BATh B OmbITE 11.

OnpiT 10. OcymectButh npespamenus: VO > — [VO(H,0) > — [V(H,0) **
— [V(H,0) ]**.

B koinbe, 3aKphITOl BATHBIM TaMIIOHOM, OCYIIIECTBUTH B3aUMOJICHCTBHE BaHa-
JaTa aMMOHUS, LIMHKA U COJSTHON KHciIoThl. Habmromats mocnempoBaTenbHOE U3-
MEHEHHE OKPAaCKH, COOTBETCTBYIOINIEE U3MEHEHUIO CTETICHH OKHMCIICHUS BaHAIUA.
JUtst JanbHEWIINX OMBITOB OTOOpAaTh MPOOBI rOIyOOro, 3€JICHOT0 U (PHOJIETOBOTO
PacTBOPOB.

Ompit 11. Homy4enue u cpoiictea VO(OH),.

K pactBopy xnopuna Banaauia (IV) mpuauBarh menods 10 BBITAJACHUS OCaaKa.
W3yunTs OTHOIIEHHE MOIYYSHHOTO 0CaaKa K M30BITKY IIEN0YH U K KHcioTe. [IoBTo-
PUTD OIIBIT, UCTIONB3Ys TOIYOOH pacTBOP, TOIYUYEHHBIN B OTIBITE 5.

Ompit 12. Ioayyenue u ceoiictea V(OH),.

3eJIeHbli pacTBOP, IOTYUIEHHBIH B OIBITE 5, HEUTPAIN30BaTh MIETI0YBIO /10 BHITTAICHHS
ocajika. M3y4unThb OTHOIIIEHNE TTOTyYEHHOTO 0CaKa K M30BITKY IIETI0YH U K KHCTIOTE.

Onmpit 13. Ioayuenune u ceoiicrea V(OH),.

DHONETOBBIN PacTBOp, MOMYUYEHHBIN B ombITe 10, HEHTpaIM30BaTh IETOYBIO 0
BBITIAJICHUSI OCa/IKa. V3y4nTh OTHOIICHHE MONYYEHHOTO 0CajKa K U30BITKY IIEIOYN
1 K KHCJIOTE.

OnpiT 14. CBoiicTBa okcuaoB Banaaus (I11) u (IV).

Ha okcuapt Banaaus (I11) u (IV) moneiicTBoBaTh paz0aBIeHHBIMHU PACTBOPAMH CO-
JITHOM KHCIIOTHI ¥ TUAPOKCHIA HATPUS.
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OnpiT 15. BoccTanoBuTe IbHBIE cBOlicTBA coequnenuii Banaaus (IV, 111, IT).
K ronmy©omy, 3es1eHOMY ¥ (pHOJIETOBOMY pacTBOpaM, IIOJIYUYEHHBIM B OMBITE 5, IPH-
JIUTB pa30aBIEeHHBIN PacTBOp MepMaHranara Kajuus. OObsACHUTH HaOI0IaeMoe.

2. d-2JIEMEHTHBI VI I'PYTIIBI

MOAYJIBbHAS ITPOI'PAMMA
d-2JIEMEHTBI VI I'PYTIIIBI

Monyns 1
OO0mras xapakTepucTUKa

Monyns 0
Henu 1 3a1aun MOgYIbHOR
TIPOT PaMMEI
Monyns 2 Moy 3
Coennnaenns d-2IeMEHTOB
IIpocteie BemiecTBa
VI rpynmst
MOIVJIb 0

LEJH U 3AJAYM MOJYJIbHOM IMPOIr'PAMMBI

H3yyue 0anmnyio npocpammy, cmyoenm O0NAHCeH 3HAMb.!

- 0COOEHHOCTH 3JEKTPOHHOTO CTpOeHUst aToMoB d-a1eMeHToB VI rpymisl,

- HaxoxkaeHue d-anementoB VI rpymimnsl B mpupo/e,

- (hu3nyuecKue U XMMUYECKUE CBOMCTBA MTPOCTHIX BEIIECTB,

- CTETICHH OKUCIICHNS,

- KaTHOHHbBIC U aHUOHHBIE (POPMBI COSTUHEHHI,

- 3aBHCUMOCTb KHCJIOTHO-OCHOBHBIX CBOMCTB COCIMHEHHI OT CTEIEHH OKHUCIIe-
HUSI DIIEMEHTA,

- 3aBUCHMOCTbh OKHCJIUTEIbHO-BOCCTAHOBHUTEIILHBIX CBOWCTB COCAMHEHHUH OT
CTETICHN OKUCIICHUS JJIEMEHTA,

- obnactu npuMeneHus d-ajaeMeHToB VI rpymnibl 1 UX COSTMHEHHH.

H3yyue 0anmnyio npocpammy, cmyoenm O0ndiCeH YMemby.:

- OOBSICHSITH HEMOHOTOHHBIA XapakTep W3MEHEHHH aTOMHBIX XapaKTepHCTHK
d-anementoB VI rpymmbl,
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- BBISBJIATH 3aKOHOMCPHOCTH MU3MCHEHUS (PH3MUCCKUX U XUMHUYCCKHUX CBOMCTB
MPOCTBIX BELIECTB,

- COMOCTABIIATH 00TACTH IPUMEHEHHS IPOCTHIX BemecTB d-anementoB VI rpyn-
IbI C X (PU3UYCCKAMU M XUMHUYCCKHMHU CBOHCTBAMH,

- OOBSICHSITH BO3MOKHOCTh 00pa30BaHUsI KATHOHHBIX M aHUOHHBIX (JOPM COC/TH-
HCHU,

- COIOCTAaBIIATh KHCIIOTHO-OCHOBHBIC M OKHMCIIUTEIbHO-BOCCTAHOBUTECIBHBIC
CBOWCTBa coearHeHUH d-371eMeHTOB VI rpyIIibl CO CTEIICHBIO OKUCIICHHS DJICMCHTA,

- TPOBOJUTH JIAOOPATOPHBIC OMBITHI MO W3YYCHUIO CBOMCTB d-3meMeHTOB VI
TPYIIBL U UX COCTMHEHUH.

MOYJIb 1
OBIIASI XAPAKTEPHCTHKA d-3JIEMEHTOB VI TPYIIIIBI

V3-0. Uenu u 3a1aun MOYISL.

H3yuue dannbiii Mooynv, cmyoenm O0NNCeH 3HAMb:

- 0COOEHHOCTH JIEKTPOHHOTO CTpoeHHs atoMoB d-anemenToB VI rpymnsl,

- U3MEHEHUE aTOMHBIX XapaKTePHCTHK AJIEMEHTOB B 3aBUCHMOCTH OT TOPSAKO-
BOTO HOMEDA,

- crenenn okuciienus d-anementoB VI rpymmsl,

- IPUMEpPBI KATHOHHBIX U aHUOHHBIX coeuHeHni d-anemenToB VI rpymisl.

- pacnpoctpaneHHocTh d-anemenToB VI rpynmsl B mpupoe,

H3yuus dannsiil MoOyib, cmyoeHm O0NNCEH YMemb:

- COCTaBJIATh MEKTPOHHBIC U AIIEKTPOHHO-Tpaduueckue hopMyIibl aToMoB d-re-
MeHTOoB VI rpymnmsl,

- COCTABIIAATH CXeMbI monyueHust d-aneMenToB VI rpymimsl U3 OPUPOIHBIX COe-
JUHCHUM,

- J1aBaTh XapaKTEPUCTUKY KHCIOTHO-OCHOBHBIM M OKHCIHTEIBbHO-BOCCTAHOBH-
TEIBHBIM CBOWCTBAM COCAMHEHHH B 3aBHCHMOCTH OT CTEIICHH OKHCIICHUS JIEMCHTA.

¥Y3-1. BBoAHBIH KOHTPOJIB.

3ananue 1. Harmmmre snexrponnsie popmyinsl atomoB d-aiaementoB VI rpym-
1ibl. OOBSICHUTE «IIPOBAT AIICKTPOHAY.

3ananue 2. OObsICHUTE HEMOHOTOHHOCTH M3MEHEHHUSI aTOMHOTO pajauyca U
SHEpruu uoHusanuu atomos B VIB rpymme.
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Tabruya 63
Xapakrepuctuka d-3jieMeHTOB VI rpynnsl

BaJL. 5. ¥ » HM 1,,5B p, T/em? i 55
Cr 3d°4s! 0,145 6,76 7,19 1890
Mo 4d°5s! 0,152 7,10 10,22 2620
W 5d*6s? 0,136 7,98 19,35 3420

3aganne 3. Kakue cTenieHn OKUCICHHS XapakTepHsl st d-amemenToB VI rpym-
me1? Kak MeHsieTcs B rpyIie yCTOWYNBOCTh BBICIICH CTEIICHN OKHUCIICHHS TIPU YBe-

JTMYEHUH TOPSIKOBOTO HOMepa? 3amonHuTe Tabiuiy 64 mpuMepaMu COSTUHCHU.
Tabnuya 64

IIpumeps! coennnennii d-asieMmenToB VI rpynnsi

CrerneHb Cr Mo W
OKHCJICHUS Karnon AHHOH Karnon AHHOH Karuon AHHOH
+2
+3
+4
+5
+6

3amanme 4. Kak 3aBHCAT OKHCIUTEIHLHO-BOCCTAHOBUTEIBLHBIC CBOMCTBA COEIH-
HeHuit d-3nemMeHToB VI rpymibl OT CTENCHN OKUCIICHUS dJieMeHTa? 3aroHUTe Ta-

Omuiy 65 mpUMepaMu COOTBETCTBYIONIMX COCAUHCHHI.
Tabnuya 65

OKHCIIMTEeIBHO-BOCCTAHOBUTE/IbHBIC CBOIiCTBA coenHeHuii d-31emenToB VI rpynnbi

Cr Mo W
CrerneHb
okucienus | Okwmcnu- |Boccranosu-| Oxucnu- |Boccranosu-| Okucnu- | BocctanoBu-
Telb TEIb Telb TEIb TEIb TElb
+2
+3
+6

3ananue 5. Ha nmpumepe Xpoma MOKaXUTE, KaK 3aBHCAT KHCIOTHO-OCHOBHBIC
cBolicTBa coenuHeHM d-3meMeHToB VI rpynibl OT CTENEHN OKHCIICHHS IIeMEHTa?
3anonHuTEe TAOMHUILy 66 MpUMEpaMy COOTBETCTBYIOLINX COCANHEHUI.
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Tabruya 66
Kuc10THO-0CHOBHBIE CBOIICTBA COeIMHEHUI XpoMa

KucnorHo-ocHOBHBIC
CreleHb OKHUCIICHHMS Oxcu T'unpoxcun .
CBOICTBA
+2
+3
+6

VYD3-2. Pacnipoctpanennocts d-anemenToB VI rpymimsl B npupoze.

3aganue 6. TpaIuIIMOHHO PEAKUMH AIEMEHTAMU CYUTAIOT AJIEMEHTHI C KIIAPKOM
menee 0,01 %. OtHocsitest n d-amemenTsl VI rpynibl K peAKuM 3j1eMeHTaM (CM.
Tabnuity 59)?

3amanne 7. CocraBbTe ypaBHEHUs peakluil IMOJy4YeHUs] XpoMa, MOJIHOIeHa U
BOJIb(hpamMa M3 MPUPOAHBIX COCANHEHUIT MO CIESIYIONINM CXeMaM:

FeCr,0,— K CrO,— K,Cr,0.— Cr,0,— Cr

MoS — Na,MoO,— H,MoO,— MoO,— Mo

FeWO,— Na, WO,— H,WoO,— WO, —»W

MOJIYJIb 2
IMPOCTBIE BELIIECTBA

V3-0. Lenu u 3a1a4n MOJTYJISI.

H3yuue oannvitl MoOYIb, cmyOenm 00NICeH 3HAMDb.

- BakHelIMe (r3nYecKre U XUMHUYECKHE CBOWCTBA MPOCTHIX BelecTB d-a1eMeH-
ToB VI rpymmsi,

- OTHOLICHHE XPOMa, MOJIMOJIeHa, BOJIb(ppama K KUCIIOPOIY, raloreHaM, KHUCIOoTaM
U II1e5109aMm,

- 00JIaCTH IPUMEHEHHMS XpoMa, MO0 IeHa, BOJib(hpama B CBOOOIHOM BHUJIE U B BUJIE
CIIJIaBOB.

H3yuue oannviti MoOYIb, CIYOeHm Q0NIHCeH YMenb:

- OOBSICHSITH PEKOPIHBIC XAPAKTCPUCTUKH (HH3UUICCKUX CBOMCTB d-dmemeHToB VI
IPYIIbI 0OCOOCHHOCTSIMH XMMHYECKON CBSI3U B METAJUTMYECKHUX KPUCTAILIAX,

- OOBSICHATD BBICOKYIO KOPPO3HOHHYIO YCTOHYMBOCTh M CTOMKOCTh K OKHCIICHHIO B
KHJIKUX CpeiaX XpoMa, MOJIO/IeHa 1 BoJb(pama,

- OOBSICHSITH HU3KYIO )KapOCTOMKOCTh MOJIUO/ICHA U BOJIb(pama,

- IIPOBOJIUTH JIAOOPATOPHBIE OMBITHI 10 M3YUYESHUIO XMMHYECKHUX CBOMCTB XpOMa, MO-
nrO/IcHa U BOJTb(pama.

VY3-1. BBomHBIi KOHTPOJIb.
3ananue 8. Temmeparypa MIaBIeHUs] METaJIA ONPEACIACTCS IPUPOAONA XUMUYe-
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CKOU CBSI3U, THIIOM KPHCTAJUTHYCCKOM PEIICTKH U aTOMHOI Maccoit. [Ipeaoxkure 00b-
SICHCHHSI MAKCUMAJIbHOM TYTOILIABKOCTH BOJIb(hpama Cpe/ii BCEX U3BECTHBIX METAJLIOB.

3amanne 9. CpaBHHTE 3HAUCHUS DPHEPIUM MOHU3AIMHU XPOMA, MOJIHOCHA U BOJIb-
(pama. COOTBETCTBYET JI XapaKTep M3MCHCHHUS SHCPTUH MOHHM3AIMN U3MCHCHHIO XU~
MUYECKOH aKTMBHOCTHU?

3amanue 10. DHepris HOHU3AIMU XPOMa U MOJTHOICHA HIDKE SHEPIHU HOHU3ALUH
MarHusi. B To jke BpeMs MarHuii SIBISICTCS. aKTUBHBIM METAJIJIOM, & XPOM U MOJIHOJICH —
MaJIOAKTUBHBIC METAILTBL. Kak 3T0 MOXXHO OOBSICHUTE?

3amanmne 11. 3HaucHUs CTAHAAPTHBIX TIOTCHIIMATIOB XPOMa, MOJTUO/ICHA U BOJb(pa-
Ma MPUBEACHBI B Ta0MIE 67. MOTyT JIK 3TH METAILIBI BRITCCHUTH BOIOPOJ M3 KUCITIOT?
Kak Ha npakTrke pearupyrot XpoM, MOJUMOICH U BOIb(paM C KACIOTAMH-HEOKUCIIHTE-
nsvu’?

Tabnuya 67
Crangaprable noreHuua bl d-31eMeHToB VI rpynnbt

Cr¥/Cr Cr?*/Cr Cr*/Cr,, Mo**/Mo W3/W MoO,*/Mo

c

E°(M™/M),B| -0,74 0,86 +1,19 0,20 0,15 —-1,05

OnsiT 1. B3auMoaeiicTBHe XpoMa ¢ COISTHON KUCJIOTON.

W3yunts B3auMo/IeHCTBHIE MOPOIIKA XpoMa ¢ pa30aBIEHHON U KOHIIGHTPHUPOBAH-
HOM COJITHOM KUCJIOTO# 0¢3 HarpeBaHUs U CJ1a00M HaIPEBaHHUU B OTKPBITOM MPOOUPKE.
[ToBTOPHTH ONBIT B BOCCTAHOBUTEIBHOM arMocdepe. J{iist 5Toro B KUCIOTY Npe/BapH-
TCJIBHO [[O6aBI/ITb rpanyjly HUHKaA, 10XKAaThCA HACBIIICHUA CBO6OL[HOFO MpOCTpaHCTBa
HNpOOMPKU BOJIOPOJIOM, TIOCJIE ATOrO JIOOABUTh XPOM M 3aKPbITh MPOOUPKY BATHBIM
TaMIIOHOM.

Onpit 2. [TaccuBanus xpoma.

ITopomok xpoma Ha 10 MHHYT 3aJIUTh KOHIIEHTPUPOBAHHOM a30THOM KHUCIIOTOH.
[Tocrne 3TOro KUCIOTY CIAUTH, MOPOIIOK MPOMBITH BOAOH U U3yUUTh €ro OTHOIICHHUE K
COJISIHOM KUCJIOTE.

OmnbiT 3. B3anmopeiicTBre XxpomMa, MoJiM0aeHa U BoIb¢paMa o eJ0YHbIMU
OKMCJIMTEeJILHBIMHU paciyiaBaMH.

B turens nomectuts 1-2 rpanyssl NaOH, pasroe konmmdaectBo NaNO, 1 HECKOIb-
KO KPYIIMHOK IIOpOIIKa XpoMa. Harpets Tureis B I1aMeHU ra30BOM IOPEIKU WU My-
(benpHOI eun 10 Temneparypsl okosio 500 °C, Ha 1 yac. [Toce oxyaxkacHus B3Be-
CUTB TUTCJIb U CACJIATh BBIBOJ O IOJTHOTE OKUCJICHHUS XpoMa. HpOBeCTI/I AaHaJIOTUYHBIC
OIIBITHI C MOJIMO/IEHOM 1 BoJib(hpamom. CpaBHHUTH KaPOCTOHKOCTh ITUX METAIIJIOB.

OnplIT 5. B3aumoseiictBue xpoma ¢ pactBopom cy.ibgara menu (ID).

IMopomok xpoma no6asutk B pactBop CuSO, U OCTaBUTHL Ha CYTKH.

OnbIT 6. AHOTHOE OKHC/IeHHe MOJIMOIeHa.

Vcnone3yst MONMMOIEHOBYIO MIPOBONIOKY B KaUECTBE aHOJA, & YTOJIbHBINA AEKTPOJ
— B Ka4ecTBe Karojia, HamogaiTe mpoecc aHoJHOTO OKHCIICHHSI MOJIMO/ICHA TIPU T10-
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CTOSTHHOM HarpsbkeHHu okojio 1 B B Bozie, pa30aBiieHHON CepHOM KHCIIOTE U pa30aB-
JICHHOM pPacTBOPE IIEIO0UH.

MOJIYJIb 3
COEJUHEHUS d-2JIEMEHTOB VI I'PYIIIbI

V3-0. lenu u 3a1a4n MOIYJISL.

H3yuue oanmblil MoOyib, cmyOeHm O0NCeH 3HAMb.

- KUCJIOTHO-OCHOBHBIC CBOMCTBA OKCHIIOB U rHIpokcuoB d-anemenToB VI rpyriibl,

- OKHCITUTEIbHO-BOCCTAHOBUTEIIBHBIC CBOWCTBA coeauHeHuil d-anmementoB VI
TPYIIIIBI,

- METO/IbI TIOJYYEHHSI COSIMHEHUI XpOMa C Pa3InYHOMN CTEMEHBIO0 OKUCIICHUS JJ1e-
MEHTa,

- COCTaB KOMIUICKCHBIX U U30MOJIHCcOoeAHEHHH d-3eMeHToB VI rpymisbl.

H3zyuue oanmslil MoOyIb, CnyOeHm OONCeH YMemb:

- OOBSCHATH 3aBHCHUMOCTH KHCJIOTHO-OCHOBHBIX M OKHCIHTEILHO-BOCCTAHOBU-
TEJBHBIX CBOWCTB coeAuHEHUH d-3meMeHTOB VI IpyIIbl OT CTENICHU OKHCIICHHS Hlie-
MEHTa,

- OOBSICHATH Pa3IMYHYI0 OKUCIHMTEIBHYIO aKTHBHOCTH coeqrHeHui xpoma (VI),
monubaena (VI) u Bonedpama (VI),

- MIPOBOJIUTH JTAOOPATOPHBIC OIBITHI MO MOTYUCHHIO U U3YYCHHUIO CBOWCTB COCITU-
Henuit d-amemenToB VI rpymmsL.

VY3-1. BBoAHBII KOHTPOIIb.
3amanue 12. CoenuHeHus p- U d-3JIEMCHTOB OJHOW TPYIIIBI, COICPIKAIIIUE dJIe-
MEHT B CTETICHH OKHCIICHUsI, pABHON HOMEpY TPYIIIbI, UMEIOT MHOTO obero. [Ipo-
BEpBTE CIPABEUTHBOCTD ITOTO YTBEPIKICHUS, UCIIONIB3Ys TaHHbIE TAOIHIBI 68.
Tabnuya 68
CpaBHeHHeE CEpHOI H XPOMOBOIi KHCJIOT

Kucsora K, K, E° (90, H"), B
H,S0, 10° 10" 0,16
H,CrO, 10! 107 1,72

3aganme 13. Vcxons u3 qaHHBIX TaOMUIBI 69, onpenenuTe, Kak MeHsTCs B VI
TpyIIIe KACIOTHBIC CBONCTBA OJHOTHITHBIX COCTUHCHUN P- U d-3JIEMEHTOB.
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Tabruya 69
KoHCcTaHTBI INCCONMATINN KUCJIOT, 00pa30BaHHbBIX pP- U d-31emenTamu VI rpynmbi

Kucnora K,
H,SO, 10°
H,SeO, 10°
H,TeO, 108
H,CrO, 10!
H,MoO, 10
H,WO, 103

3aganue 14. [To garaeM Tabmuis! 70, cpaBHATE KUCIOTHO-OCHOBHEIE CBOHCTBA
THIPOKCHUIOB amfoMuHUsA 1 xpoma (I11).

Tabnuya 70
KoHCTaHTBI KHCJIOTHON U OCHOBHOM JMCCONMALMM TMPOKCUIO0B AJTIOMHHUS
u xpoma (III)
rHHpOKCHZ[ KKHCH. Kl .KZ.K%CH.
Al(OH), 108 103
Cr(OH), 1016 1030

3apanme 15. Ilo crangapTHRIM MOTEHLMANIAM CIEAYIOIIUX pEeaKkUuil crenai-
T€ BBIBOJI 00 OTHOCHTEJIBHOH OKHCIMTEIbHOW akTUBHOCTH coemuHeHui Cr(VI),
Mo(VI) u W(VI):

Cr,0.> + 14H" + 6e = 2Cr*" + 7H,0, E°=1,33B,
CrO, +8H" +3e = Cr’* + 4H,0, °=1,48B,
MoO,* + 8H" + 6e = Mo + 4H,0, E°=0,154 B,
WO, +8H" + 6e =W + 4H,0, E°=10,049 B.

Jaiite 00BsCHCHUS.

3aganmne 16. [Touemy cTangapTHBINA NOTEHIMAT AUXPOMAT-HOHA HUKE, YEM XPO-
MaT-uoHa?

3aganmne 17. CranpapTHbI NOTEHLUA AUXPOMAT-MOHA HIDKE, 4EM XJIOpa
(E Oaz or =1,36 B). Tlouemy, HeCMOTpsI Ha 9TO, KPHCTAJNTMIECKHHI TMXPOMAT KaJus
OKHCJISICT KOHIICHTPUPOBAHHYIO COJISIHYIO KHUCIIOTY JI0 CBOOOTHOTO Xj1opa?

V3-2. [lomyyenue u cBolicTBa coequHeHni d-anementoB VI rpynmsl.

Omnbit 7. Honyuyenue coenunennii xpoma (II).

K moaxucieHHOMY CONISTHON KHCIIOTOH pacTBOpY AMXpOMara Kasiist 100aBUTh Ipa-
Hyny nuHKa. [Tocre 3armoaHeHns: BO0poIoM NPOOUPKY 3aKPBITh BATHBIM TaMIIOHOM.
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OnbiT 8. CpaBHeHHe cBoiicTB ruapokcuaoB xpoma (I1) u (IID).

K pactBopam xmopuaos xpoma (II) u (III) mpuauTh HEMHOTO IIEIOYH IO BbIMA-
neHust ocaakoB. CpaBHUTH OTHOIICHHE OCAIKOB K M30BITKY INEIOYH U K PacTBOPY
kucnotel. Kak Mensercs mset ocanka ruapokcuaa xpoma (II) mpu nepemernmBanun
CTEKJISTHHOMN TTaJ0uKoii?

OnbIT 9. Kucj10THO-0CHOBHBIE cBOiicTBa okcuaa xpoma (II1).

Wzyunte otHOmeHHe okcuaa xpoma (III) x pacTBopaM KHCIIOTHI M IIETOYH MPH
KOMHATHOM TeMIiepaType U Ipu HarpeBaHHH.

OnsiT 10. KommuiekcooOpa3oBaHue B BOIHBIX PacTBOpPax, coAeps;KalIux
Cr(I1D).

Kpucrammaecknit xmopun xpoma (III) pactBoputs B Bome. Habmonats n3mene-
HHUE OKPACKH PAacTBOpa IPH HATPEBAHUH U OXJIaKJeHNH. Kak Ha3pIBaeTCs JaHHBIN BT
HM30MEpUH KOMITIEKCHBIX coequHeHni? K gacTu pacTBopa 100aBUTE COMSTHYIO KHCIIO-
Ty JI0 CHITBHOKHCTION cpenbl. K npyroii yactu pactBopa xsopuaa xpoma (111) modaButs
HaceineHHbIi pacteop NH,Cl n pactBop ammuaka. LIBeT pacTBopa U cOCTaB BHYTpPEH-
Hel cdepbl KoMIUIEKca 3arnucarhb B Tadnuiry 71.

Tabnuya 71
KomnuiekcoodpasoBanue B pactBopax xjaopuaa xpoma (I1I)

CocTaB BHYTpEeHHEH

CocrosiHHE pacTBOpa
cepbl KOMILIEKCa

L{Ber pacTBOpa

Xononnsiit pacteop CrCl,

Topstamii pacteop CrCl,

Pacteop CrCl, ¢ uzdbrrkom HCI

Pacteop CrCl, ¢ n36niTkom
NH,Cl u NH,

Omnsrt 11. I'maposnns coJieii xpoma (III).

Hsmeputs pH xosozanoro u ropsdero pactsopos CrCl,. K pactsopy xnopuma
xpoma (I11) mpunnTh pacTBOp KapOoHaTa HaTpPuUsI.

OnsiT 12. PaBHOBecHe MeK1y XpOMAT- M JUXPOMAT-HOHAMH B BOJIHBIX pac-
TBOpax.

K pactBopy muxpomara kanus 100aBUTh PACTBOP ILEJIOUH JI0 U3MEHEHHUS OKpa-
cku. [TomyueHHBIH pacTBOp HEUTPATN30BaTh KUCIOTOH 10 N3MEHEHHUSI OKPACKHU.

OnbIT 13. OkucauTe/bLHbIE cBOiicTBA coennHennii xpoma (VI).

a) KpUCTAJNTMYECKUI TUXpOMaT aMMOHUS HAaChINIaTh TOPKOI Ha acOEeCTOBYIO CeT-
Ky, BEpPXHIOIO 4aCTh TOPKU HarpeTh IUNIAMEHEM TOpsIIeil TydnHKU 0 Hadaja peak-
uu;

0) pacTBOp QMXpoMara Kajus MOJIKUCIUTh CEPHOM KUCIOTOH M J00aBUTH pac-
TBOp Na,SO;

B) K pacTBOPY IMXpoMara Kajus J106aBuTh pacTBop Na,S.
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OmnsIT 14. O6pa3zoBaHue NEPOKCHIHBIX coeMHeHUl xpoma (VI).

K 1-2 M1 30 %-noro pacteopa H,O, 106aBUTH HECKONBKO KaIleNlb pa30aBIeHHON
CEpHOH KHUCIOTHI, 2 MJI 3pHUpa U CHIBHO B300aATaTh. J[00aBUTH HECKOIBKO Karleilb
pacteopa K, Cr,O,, B30onrarh u math OTCTOATHCSA. CpaBHUTH OKPACKy BOIHOTO M
adupHoro cnos. Kakoii ra3 BeienseTcs B xoje peakuuu? [1oBTOpUTH OMBIT, HE 10-
6aisist 3¢up. CpaBHUTH HAOIIOMCHHS.

OnpIT 15. I[TosryyeHune u cBoiicTBa MOJIHOIEHOBOI M BOJIb(PPAMOBOIi KHCJIOT.

K pactBopam mosnubmara u Bojabhpamara HaTpus 100aBUTH pa30aBICHHYIO CO-
JITHYIO KUCIOTY. VcnpITaTh AEHCTBHUE MIETIOYH U H30BITKAa KUCIOTHI Ha IOTY4YEeHHBIC
OCaJIKU.

3. d-2JIEMEHTBI VII I'PYIIIIbBI

MOIYJIbHASA ITIPOI'PAMMA
d-2JIEMEHTBI VII I'PYIIIIbBI

Monymns 1
OO11ast XxapakTeprucTHKa

Monayns 0
enu u 3anaun MOYNBHOM
IPOTpaMMBbI
Moy 2 Moayns 3
Coenunenns d-aeMeHTOB
IIpocteie BemecTBa
VII rpynnsl
MOZYJIb 0

LEJIM 1 3AJIAYM MOIYJIbHOI PO PAMMBI

H3yyue oanmnyro npoepammy, cmyoenm OoniCeH 3HAMb.

- 0COOCHHOCTH JIEKTPOHHOIO CTpOeHHst aroMoB d-3emenToB VII rpymiisl,

- Haxoxaenue d-anemenToB VII rpymmsl B mpupoe,

- (hu3UYeCcKue U XMMHUYECKHE CBOMCTBA MTPOCTHIX BEIIECTB,

- CTETICHH OKUCIICHNS,

- KaTHOHHbBIE U AHWOHHBIE (POPMBI COESIMHEHUIA,

- 3aBUCHMOCTH KHCIIOTHO-OCHOBHBIX CBOWCTB COSTUHEHHN OT CTETIEHH OKHUCIICHHS
SIIEMEHTA,

- 3aBUCHMOCTbH OKHCJIUTEIbHO-BOCCTAHOBUTEIIFHBIX CBOMCTB COSTMHEHHHN OT CTe-
TICHU OKUCIICHUS JIEMEHTA,
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- obnactu npumeHenus d-anemenToB VII rpyniisl 1 MX COSTMHEHUH.

H3yuue oannyro npoepammy, cniyoeHm O0NdiceH yMemy.

- OOBSICHSITh HEMOHOTOHHBIH XapakTep N3MEHEHUH aTOMHBIX XapakTepuCTUK d-oie-
MeHToB VII rpymnmsl,

- BBUIBIISITH 3aKOHOMEPHOCTU M3MEHEHUs (PM3MYECKMX U XMMHYECKHUX CBOWCTB
MIPOCTHIX BEIIECTB,

- COIOCTABIISATH 00JIACTH MPUMEHEHHMS TIPOCTHIX BemiecTB d-anementoB VII rpymn-
IT6I ¢ UX (PM3MYECKUMHU U XMMHUYECKUMH CBOWCTBAMH,

- OOBSICHATH BO3MOXKHOCTH 00pa30BaHMsl KATHOHHBIX W aHHOHHBIX ()OPM COEIH-
HCHUH,

- COTMIOCTABIISITH KUCIOTHO-OCHOBHBIE U OKHCIUTEILHO-BOCCTAHOBUTENBHBIE CBOII-
cTBa coenviHeHni d-anemenToB VII rpynmsl co CTENEHbI0 OKUCIICHHS JJICMEHTa,

- IIPOBOJHTH JIAOOPATOPHBIE ONBITHI [0 M3y4YeHHIO cBOicTB d-anementoB VII rpymn-
Tbl M UX COSIMHEHUIH.

MOJIYJIb 1
OBIIASI XAPAKTEPUCTHUKA d-2JIEMEHTOB VII TPYIIIEI

V3-0. enu u 3aaa41 MOAYJISL.

H3yuue oannwiii MoOyib, cmyOeHm O0JIJICeH 3HAMb.

- 0COOEHHOCTH JIEKTPOHHOTO CTpoeHus1 aroMoB d-anementoB VII rpymiis,

- I3MEHEHHUE aTOMHBIX XapaKTEPUCTHUK IEMEHTOB B 3aBUCMOCTH OT OPSAIKOBOTO
HOMepa,

- crenieHu okucieHus d-anementoB VII rpymnmsl,

- IpUMeEpbl KATHOHHBIX U aHWOHHBIX coenrHeHnit d-anementos VII rpynmsr.

- pacripoctpaneHHocts d-aiementoB VII rpymmsl B pupoze,

H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMemb.:

- COCTaBIISITh DJIEKTPOHHBIC M AJIEKTPOHHO-Tpadudeckue Gopmyisl arToMoB d-re-
MenTtoB VII rpynmnsl,

- COCTaBJIATh CXeMbI TToTy4deHus d-anemeHToB VII rpymms! U3 IPUPOAHBIX COCIH-
HCHUH,

- [aBaTh XapaKTEPUCTHKY KHUCIOTHO-OCHOBHBIM M OKHCIHTEIbHO-BOCCTAHOBH-
TEJIbHBIM CBOMCTBAM COCIMHCHHI B 3aBHCHMOCTH OT CTCTICHH OKHCIICHHUS 3ICMCHTA.

VY3-1. BBoAHBIN KOHTPOIIb.

3amanmue 1. Harmmmmre anexrponnsie popmysibl aroMoB d-anemenToB VII rpyrmb.
[Touemy B 3T0i TpyIIIE HE HAOIIOAACTCS CITPOBAIT AIEKTPOHAN?

3amanue 2. OObsicHUTE HEMOHOTOHHOCTD NU3MEHEHHSI aTOMHBIX XapaKTEepHCTHK B
VIIB rpymnrme.
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Tabnuya 72
Xapakrtepucruka d-3iementos VII rpynmnsi

BaJl. OII. Fops » HM 1,°B p, T/em? ? 5
Mn 3d%4s? 0,128 7,44 7,43 1245
Tc 4d°5s? 0,139 7,28 11,49 2200
Re 5d%6s? 0,131 7,88 21,04 3190

3amanme 3. Kakue creneHn okucieHns XapaktepHsl st d-anementoB VII rpymn-
nb1? Kak MeHsieTcs B rpynie yCTOMYMBOCTb BBICILIEH CTEIIEHU OKHCIECHUSI IPU yBEIH-

YEHHH MTOPSIKOBOTO HOMepa? 3aroHuTe Tabluiy 73 IpuMepaMu COeTMHEHHUH.
Tabonuya 73

Ipumeps! coennnennii d-3nementos VII rpynnsi

Crenenb Mn jlic Re
OKHCJIEHUS

+2
+3
+4
+5
+6
+7

Karnon Anunon Karnon AHHOH Karnon AHHOH

3amanue 4. Kak 3aBUCAT OKMCIIMTEIBHO-BOCCTAHOBUTEIBHBIE CBOMCTBA COSIMHE-
Huit d-anementoB VII rpyImimsl OT CTeeHN OKUCTICHUS d7eMeHTa? 3aroTHUTE TaOIHIly

74 mpuMepamMu COOTBETCTBYIOIINX COETMHEHHH.
Tabnuya 74

OKHCIUTETbHO-BOCCTAHOBHUTE/IbHBIE CBOIiCcTBA coequHeHnii d-3emenToB VII rpynnsl

Mn Tc Re

Oxucnu- | Boccrano- | Okucin- | Boccrano- | Oxucin- | Boccrano-
TEIb BUTEIb TEIb BUTEIb TEIb BUTEIIb

CrerneHb
OKHUCJIEHUS

+2
+3
+4
+6
+7

3ananue 5. Ha npumMepe maprania NoKaxuTe, Kak 3aBUCAT KUCIOTHO-OCHOBHBIC
cBoiicTBa coenunennii d-anemenToB VII rpynmsl OT cTeneHn OKHUCIICHUS dieMeHTa?
3arnoHUTE TaOIHIly 75 MpUMepaMu COOTBETCTBYOIIMX COCAMHCHUM.
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Tabnuya 75
Kuci10THO-0CHOBHBIE CBOICTBA COEIMHEHHIT MAPraHIa

CreleHb OKHACIICHHS (@)% 701 T'unpoxcun KucmoTHO-0CHOBHEIE CBOMCTBA
+2
+3
+4
+6
+7

¥Y3-2. PactipoctpaneHHocTts d-amemenToB VII rpymisr B mpupore.

3aganue 6. Maprasen — IIMPOKO pacpOCTPAHEHHBIN JIEMEHT B npupose. B ka-
KOM M3 NPUPOHBIX OKCHIIOB CONEPKaHME Mapranma MakcumaibHo: MnO,, Mn,O,,
Mn,0O,?

3aganue 7. TexHeuuil B npupoje BCTpeyaeTcs B cleqoBbIX KonuyectBax. Co-
CTaBBTE yPaBHEHHUE SACPHOI PEAKIMH TTOTyUCHUS wlc TIpH O0JTy9IeHUN HEHTPOHAMHI
aMo.

3aganue 8. Conepxxanue peHus B 3eMHOW kope cocrasiser 107 %. YciaoBHO
TIpesonaras, 4T0 OCHOBHASI Macca PeHHsI COCPEOTOUEHA B ITPUPOTHOM MOJIMO/ICHH-
Te MoS,, onpenienute cofiepyKaHue PEHUs B 3TOM MUHEPAIIE, TIPUHSB, YTO COIEPIKAHHE
MonuO/IeHa B 3eMHOM Kope cocTaBisieT 10 % u apyrue MUHEpaibl MOIHOACHA MajIo
pacnpoCTpaHEeHBI.

MOAVYJIb 2
IMPOCTBIE BEHIECTBA

V3-0. Lenu u 3a1a41 MOZLYJISL.

H3yuue oanmblil MoOyIb, CnyOeHm OONHCeH 3HAMb.

- BOKHEHIMe (U3NIECKUE 1 XUMUYECKHE CBOMCTBA IPOCTHIX BEHIeCTB d-3seMeH-
ToB VII rpynmsl,

- OTHOIIECHHWE MapraHIla, TEXHEINS U PEHHs K KHUCIOPOJLY, FajloreHaM, KUCIOTaM
1 IIesovam,

- o0nacTn MpUMEHEHHsT MapraHiia, TEXHEIMs U PEHHs B CBOOOIHOM BH/IE U B BUJIE
CIIJIaBOB.

H3yuue oannblii MoOyib, cnyoeHm OO0ndiCceH yMems.:

- OOBSICHSITE MOHOTOHHBIN XapaKTep N3MEHEHHS BAXKHEHIIINX (PH3UIECKIX CBOHCTB
MeTtasuioB d-aaemenToB VII rpymebr,

- OOBSICHSITH OTIIMYMST XUMUYECKHUX CBOHCTB MapraHIia OT CBOMCTB TEXHEIWS M PEHNS,

- TIPOBOANTB J1a0OPATOPHBIE OTIBITHI TT0 M3yUIEHNIO XUMHUYECKIX CBOWCTB MapraHIia.

V3-1. BBoAHBII KOHTPOJIB.
3apanue 9. Temmneparypa IUIaBICHHUS METalUIa OMPEACISICTCS TPUPOIOH XIUMU-
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YECKOH CBS3H, TUIIOM KPUCTAJJIMUECKOM PEIIETKH M aTOMHOW Maccoil. Ilpennoxure
OOBSICHEHUS TYTOILUIAaBKOCTU PCHUA.

3ananue 10. Cpasnute 3na4enus SHepruii nonnsanuu /| u I, 6poma, Hoxa, acrara
— C OIHOH CTOPOHBI, U MapraHiia, TEXHEIWs, peHns — ¢ Apyroi. Kak meHsercs ¢ yBe-
JIMYEHUEM aTOMHOTO HOMepa A = [, — [, 'y DJIEMEHTOB IIABHOH ¥ TIOOOYHOH TIOArpyTI-
mb1? Kak 3To cka3bIBaeTcsl HA yCTOWYMBOCTH BBICIIEH CTETIEHN OKHUCIICHNS?

Tabnuya 76
IlepBblii ¥ cebMOI MOTEHUHMAIBI HOHU3ALUU aTOMOB 3j1eMeHToB VII rpynmsi
(xd:x/Mo01B)
OnemMeHT I L

Br 1140 9940

I 1008 8700
At 930 8800
Mn 717 11508
Tc 702 9100
Re 760 7600

3ananue 11. 3HayeHUs CTAHAAPTHBIX MOTCHIIMATIOB MapraHIa, TEXHEIHs, PEHHs
nprBenieHb! B Tabmnuie 77. Kakoe MecTo B psity HalpsDKEHNH 3aHUMAIOT 9TH METaJUTBI?

CranaapTHble noreHumanbl d-3iementoB VII rpynmnsi

Mn?**/Mn

TcO, /Tc

ReO,/Re

E°,B

1,19

+0,47

+0,37

Tabnuya 77

3ananue 12. [Ipu B3anMozeicTBUM MapraHia, TEXHELUs U PeHUsI ¢ KUCIOPOIOM U
rajioreHaMu 00pa3yroTCsl COEAMHEHUsI pa3IM4HOro cocrasa. [Ipeiokure 0ObsCHEHMS.

Tabnuya 78

Ipoaykrs! peakuuii d-3sementoB VII rpynnel ¢ Kuea0poaoM 1 rajioreHaMu

(t°) Mn Tc Re

o, MnO...MnO, Tc,0, Re,O,

F, MnF,, MnF, TcF, ReF,

Cl, MnCl, TeCl, ReCl,, ReCl,

3ananue 13. Baxueiimme obmactu npumenerns d-anmemenTtoB VII rpymmst B cBo-

6omHOM BHE yKa3aHbI B Tabimie 79. Kakume cBOWCTBa JaHHBIX METAUIOB HUCIIONB3Y-
FOTCSI B K&KAOM citydae?
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Tabnuya 79
Odusiactu npumeHenus d-3nemenToB VII rpynmnbi

Mn e Re

90 % Mn — B MeTa/UIypruu
deppomapranerr:

> 70 % Mn, 20 % Fe, 6-7 % C,
<2%Si,>0,35% P, 0,03% S
«3epKaIbHBII TyTyH»: HN3oron *Tc —
15-20 % Mn B MEJIUIIMHE
MaprasnmeBucrast CTajib:
12-15 % Mn, 1-2 % C
Mn-6pon3a:

95 % Cu, 5 % Mn

65 % Re — xaranuzaropsl (Pt/Re)
JKapompouHsle CraBbl
Re-Mo-W

Tepmomnapst Pt/Re, W/Re, Mo/Re
Pentrenosckue Tpyoku
DJEeKTPOHHBIE JIAMITbI
JlamnbI-BCTIBIILIKH
OneKTpudyecKre KOHTaKThI
IToxpbiTus

OnbiT 1. B3auMoaeiicTBHe Maprasmna ¢ KHCJI0TAMH.
W3yunTh B3auMOJEHCTBHE MOPOILIKA MapraHia ¢ pa30aBiIeHHbIMH M KOHLCHTPH-
POBaHHBIMHU KHCJIOTaMU O€3 HarpeBaHust U ciiaboM HarpeBaHuu. Pe3ysbTarbl HaOIo-

JeHUH 1 GOPMYIIBI TIPOJLYKTOB BOCCTAHOBJICHUSI KMCIIOT BHECTH B Tabnuity 80.
Tabnuya 80
HpO}IyKTI)I BOCCTAHOBJICHHUS KHUCJIOT MapranuemM

HCI H,S0, HNO,

pa3baBi. KOHII. pa3basi. KOHILI. pa3baBi. KOHILI.

3ananue 14. [Ipu B3aMMONEHCTBUN C OKUCIUTENSIMH B BOTHBIX PacTBOpax Kak
MpaBHJIO 00PA3yIOTCs TEXHEIMEeBasi U PeHHUEeBas KUCIIOTa WK UX coiu. Mcnonb3ys Me-
TOJI [OJTyPEAKIMi, COCTABBTE YPABHEHHSI PEAKIM TEXHELsI U PEHHS C @) KOHIIEHTPH-
POBaHHOM a30THOM KHCIIOTOH, 0) cMeckro H O, m NH,OH.

MOIYJIb 3
COEJMHEHMS d-JIEMEHTOB VII T'PYIIIBI

V3-0. Lenn u 3a1a4n MOyIS.

H3yuue oannwiii Mooyb, cnyoeHm OoJHceH 3HAMb!

- KHCIIOTHO-OCHOBHBIE CBOICTBA OKCHJIOB U THIPOKCH OB d-3memeHToB VII rpymmbr,

- OKHMCIIMTEIBHO-BOCCTAHOBUTENBHEIE CBOMCTBA coequHeHuii d-amementos VII
TPYIIIHI,

- METO/IBI TIOJYYEHUSI COSTMHEHUI MapraHiia ¢ Pa3iIMdHON CTEMEHBIO OKHUCICHHS
3JIEMEHTA,

- 3aBUCHMOCTB COCTaBa MPOIYKTOB BOCCTAHOBIICHHS IIEPMaHTaHAT-HOHA OT KHC-
JIOTHOCTH PacTBOpA.

H3yuue oannwiti Mooynb, cnmyoeHm OoNHceH YMemb:
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- OOBSICHATh 3aBUCHMOCTh KHCJIIOTHO-OCHOBHBIX M OKHCIHTEIBHO-BOC-CTAHOBH-
TENBHBIX CBOMCTB coeauHeHul d-3memeHToB VII rpyIibl OT CTEMEHH OKHCIICHHUS dJIe-
MCHTa,

- OOBSCHATH PA3IMUYHYI OKHCIHMTCIBHYI) aKTHBHOCTh COCIAMHCHUI MapraHia
(VII), rexuerws (VII) u penus (VII),

- IPOBOJIUTH JTAOOPATOPHBIC OIIBITHI MO MOTYUCHHIO U U3YYCHUIO CBOMCTB COCITU-
HEHUI Maprasiia.

VY3-1. BBOAHBIN KOHTPOIb.

3ananmue 15. CocTaBbTe ypaBHEHUS BO3ZMOXKHBIX PEaKIMii TP B3aUMOACHCTBUU
okcuzios Mn (11, I, 1V, VII) c: a) HCI, 6) H,SO,, B) NaOH pactsop, r) NaOH pac-
IJ1aB.

3ananue 16. [Tonb3yscek TadMICH CTAaHIAPTHBIX MOTCHIIMANIOB, YCTAHOBUTE TEP-
MOJIMHAMHYECKYHO BO3MOXKHOCTh CTa0HIBHOTO CYIICCTBOBAHKS KUCIIOTO, IIEIIOYHOTO
1 HEUTpanbHOro pacteopos KMnO,.

3ananue 17. [IpuBenute 3HAUCHUS CTAaHAPTHBIX TIOTCHIMAIOB 111 000CHOBAHHUS
peo0IaIaroIuX MPOIYKTOB BOCCTAHOBIICHUS IICPMAHIAHAT-HOHA B PACTBOPAX pas-
HOM KHuCI0THOCTH: Mn** — kucnas cpena, MnO, — HelTpanbHas MM c1a0omIeouHas
cpesta, MnO,* — ciiibHOIIENIOYHAs Cpeia.

3ananue 18. [To cTanapTHHIM MOTEHIIMANIAM CIIEAYIOUIUX PEAKIHii ClIealTe Bbl-
B0 00 OTHOCHUTENBHOM OKUCIHUTENBbHON akTuBHOCTH coequnennit Mn(VII), Te(VII)
u Re(VII):

MnO, + 8H" + 5¢ = Mn** + 4H,0, E°=15B,
TcO, + 8H' + 5e = Tc* + 4H,0, £E°=05B,
ReO, + 8H' + 7e = Re + 4H,0, E°=037B,

JaiiTe 0ObsACHEHUS.

V3-2. TlonyueHue 1 CBOMCTBA COEAMHEHH MapraHua.

Omnbit 2. [Tonyuenue u cBoiicTBa ruapokcuia mapranna (II).

[To oOMeHHOM peakiuK NOIy4YHuTh 0canok runpokcuaa Maprana (II). Pazpenurs
0CaJIOK Ha JIB€ YaCTU U UCIBITATh €r0 OTHOIIEHHUE K PACTBOPAM KHCJIOTHI U LIEJIOUH.

Onpit 3. l'uaposus coneit mapranua (I1).

[IpuroroBuTh pa3baBiIeHHBIH PACTBOP, MCXOIS W3 JIIO00H pacTBOPUMOW CONU
Mn(II). Mzmeputs pH pactBopa ¢ noMonisio pH-Merpa 1 yHUBEpCaIbHOTO MH/MKA-
TOpA.

OnbIT 4. BoccTanoBuTe/IbHBIE CBOlicTBA coeqnnenuii mapranua (I1).

B mpoOupky HaiauTh pacTBOp mnepcyib(ara aMMOHUS, IMOIKUCICHHBIH a30T-
Holl kucnoToii. Jlobasuth pasdasnennsiii pactop Mn(NO,), u 2-3 kammm pactBopa
AgNO,. Conepxumoe npodupku Harpeth. [lonb3ysach cTanIapTHRIMU MOTEHIATAMH
niepcynb(ar-uoHa U NepMaHraHaT-MoHa B KUCJIOH cpesie, OObSCHUTH BOSMOKHOCTh
nporekanus peakiuu okucynenus Mn(Il) — Mn(VII). Kakyro pons urpaer AgNO, B
9TOM peakuuu?
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OnpIT 5. OxkucauTeIbHbIE cBOMCTBA okcnaa mapranua (IV).

B npobupke Ha cyxoit MnO, nojieiicTBoBaTh HEOOIBIIUM KOJTUIECTBOM KOHIIEH-
TPUPOBAHHOMN COJITHOM KHUCIOTHI. JloKa3aTh BBIAEIEHHUE XJIOPa C MOMOIIBIO HOaKpax-
MaJIbHOH OyMasKKH.

OmnblIT 6. BoccTanoBuUTe/ILHBIE CBOIicTBA okcnaa Mmapranua (IV).

Crurauts B Ipo6upke HeCKombko KpynuHok MnO,, KCIO, u KOH. Tlomyuenmbrii
IUIaB PACTBOPUTH B Boze. PacTBOpP COXpaHUTH IS HOCIEIYIOMIMX OIBITOB.

OnbiT 7. OKHCANTENBHBIE CBOWCTBA MAHTAHAT-HOHA.

K nonyuennomy B onbiTe 6 pacTBopy K, MnO, nobasuts pactsop Na SO,. IIpu
OTCYTCTBUH BUJMIMBIX H3MEHEHHUH PACTBOP CIIETKA ITOAOTPETh.

OmnbiT 8. BoccTaHoBUTEIbHBIC CBOHCTBA MAHTAHAT-HOHA.

K pacteopy K, MnO, 106aBUTh XIOPHYIO BOMY.

OnpIT 9. /INcIponopuHOHMPOBAHHE MAHT AHAT-HOHA.

Msmeputs pH pactopa K, MnO,. ITo xamism 100aBnsTh pa30aBIeHHYIO CEPHYIO
KHCJIOTY 10 U3MEHEHMs OKpacku pacTtBopa. M3meputs pH nomydenHoro pactsopa.

Ombit 10. Pazioxenne KMnO, u uienTuduKanus npoayKkra peakuuu pas-
JIOJKeHMSI.

B mpoGupke ¢ ra300TBOAHON TPYOKOH MpOKaIUBaTh KpucTammdeckuii  KMnO,
B TeueHue 15 MUH. BeIensromumMcest ra3oM HaloIHUTh POOHPKY METOIOM BBITECHE-
Hus Bozbl. [lokazark oOpa3oBanue kuciopona. [IpogyKT pasinoxeHHs mocie oxJax-
JleHust pacTBOpuTh B Bozie. Jlokaszath oGpaszoanne K MnO, ¢ moMomibio peaxiuii,
OIMKCAHHBIX B OMbITaxX 7-9.

OnpiT 11. Binsinue KHCJIO0THOCTH PACTBOPAa HA COCTAB NPOAYKTOB BOCCTa-
HOBJICHUS NIePMAHTAHAT-HOHA.

K pas6asnennomy pacteopy KMnO, (pacTBop HOIDKEH OBITH IPO3PAIHBIM) TIPHIIATE:
a) NOJIKMCIIEHHBIH, ©) MOYTH HEHTPaJTbHBIH, B) CUIIbHOIIENOYHO# pacTBop Na,SO.,.

ITosropuTs oneIT, 3amennB Na,SO, pactsopom H,O,.

OnbIT 12. Peaknun conponopuuoHUPOBAHUSA € YYACTHEM COCTMHEHMI MAPTaHLA.

K 6nennopozoomy pacteopy KMnO, npunmuts pactsop MnSO,.

4. d-2JIEMEHTBI VIII I'PYIIITBI

MOAYJIBHASA ITPOTPAMMA
d-2JIEMEHTBI VIII I'PYIIIbI

Moayns 1
OO6mras xapaKTepuCTHKA

Momyns 0
Lenu n 3a1a41 MOy IbHOU
IPOrpaMMBbl
Monyns 2 Monyns 3
Meranbsl TpUaabl Kenesa [InaTrHOBBIC METAJLIBI
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MOJYJIb 0
LIEJIM U1 3AIAYM MOJYJIbHOM ITPOT PAMMBI

H3yuus dannyro npocpammy, cmyoenm 00NHCeH 3HAMb.

- 0COOCHHOCTH JIEKTPOHHOTO cTpoeHust aromoB d-anemenToB VIII rpymsi,

- Haxoxkaenue d-anemenTtos VIII rpynms! B mpupone,

- (hu3MUeCKUe U XMMHUYECKHE CBOMCTBA MTPOCTHIX BEIIECTB,

- CTETICHN OKHCIICHNS,

- KaTHOHHbBIE U AHWOHHBIE (POPMBI COC/IMHEHUI,

- 3aBUCHMOCTh KHUCJIOTHO-OCHOBHBIX CBOWCTB COCTUHEHHN OT CTETICHN OKHUCIICHHS
SIIEMEHTA,

- 3aBUCHMOCTb OKHUCJIUTEIBHO-BOCCTAHOBUTEIIFHBIX CBOMCTB COSTMHEHHHN OT CTe-
TICHU OKUCIICHUS JIEMEHTAa,

- obmactu npumenenus d-aaeMenToB VIII rpynims! 1 UX COeTMHEHHUH.

H3yuus danmyro npocpammy, CmyoeHm 00NiCeH yMemyb.:

- OOBSICHSTH XapaKTep M3MEHEHWI aToMHbIX Xapakrepuctuk d-aiaementoB VIII
TPYIIIBI B HOATPYIIAX U TPUAaaX,

- BBIBIISITH 3aKOHOMEPHOCTH M3MEHEHHs (DM3MYECKHX M XMMHYECKHX CBOMCTB
MIPOCTHIX BEIIECTB,

- COTIOCTABIISITH 00JIACTH TIPUMEHEHHsI MPOCThIX BelecTB d-anementoB VIII rpymn-
bl ¢ X (PM3MYECKUMHU U XMMHUUYECKUMH CBOWCTBAMH,

- 0OBACHATH BOZMOKHOCTH 00pa30BaHMS KATHOHHBIX U aHHOHHBIX (POPM COEITH-
HEHUH,

- COTIOCTABJIAThH KUCIOTHO-OCHOBHBIE M OKHCIIMTEIFHO-BOCCTAHOBUTEIBLHBIE CBOI-
cTBa coequHeHni d-amemenToB VIII rpymib! co CTENeHbI0 OKUCICHHUS JJIEMEHTA,

- TIPOBOJUTH JTAOOPATOPHBIE OMBITHI MO W3YYCHHIO CBOMCTB SJIEMEHTOB TPHAJIBI
JKeJIe3a U X COETMHEHU.

MOIYJIb 1
OBILLIASI XAPAKTEPUCTHKA d-2JIEMEHTOB VIII TPYIIIIBI

V3-0. llenu n 3a1a91 MOYJISL.

H3yuus dannwiii Mooyib, CmyoeHm 00nNCeH 3HAMb.

- 0COOGHHOCTH JIEKTPOHHOTO cTpoeHusi aroMoB d-anemenTtoB VIII rpymmebl,

- U3MCHCHNE aTOMHBIX XapaKTePUCTHUK 3JIEMEHTOB 1 XUMHUYECKHUX CBOMCTB B 3aBU-
CHMOCTH OT HOPSKOBOTO HOMEpA,

- crenienn okucienus d-anementoB VIII rpymnsi,

- IpUMepHI KATHOHHBIX U aHUOHHBIX coequHeHnit d-anmementoB VIII rpymms!.

- pacripoctpanenHocts d-aiementoB VIII rpynmsl B ipupore,

H3yuus dannwiii Mooyib, Cmyoenm O0NNCeH YMemb.

- COCTaBIISITh DJICKTPOHHBIC M AJIEKTPOHHO-Tpadryeckue hopmyisl aToMoB d-re-
meHTOB VIII rpynmsl,
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- COCTaBIIATH cXeMbl nomyueHus: d-amementoB VIII rpymmbl 3 MpUPOTHBIX COe-
JIMHECHHH,

- JIaBaTh XapaKTEPUCTUKY KHUCIOTHO-OCHOBHBIM U OKHCIIUTEILHO-BOCCTAHOBU-
TEJILHBIM CBOMCTBAM COEIMHEHHM B 3aBUCUMOCTHU OT CTCIIEHH OKUCJICHHS DJIEMEHTA.

V3-1. BBOAHBII KOHTPOIIb.

3amanme 1. Harmmmmre anexrponnsie Gpopmysiel aromoB d-anemento VIII rpyn-
1bl. [ToueMy a11eMEeHThI ATON TPYMIIbI AETAT HA TPUATbBI?

3amanmue 2. O0bsicHUTE XapaKTep U3MEHEHHSI aTOMHBIX XapaKTEePHCTHK B TPHAIAX
cJIeBa HAIpaBo.

3amanme 3. OObsicHUTE XapaKkTep M3MEHEHMs! aTOMHBIX XapaKTEePHCTUK B TIOA-
TpYIIax CBEpXy BHU3.

Tabonuya 81
Xapakrepucruka d-3nemenToB VIII rpynnbi
BaJl. DIl 75 » HM I/I,, 2B I/1,>B p, T/em? T .°C | Kpucr.
OLIK,
Fe 3d%4s? 0,123 7,9/30,6 7,87 1539 I'LIK,
OLIK
Co 3d74s? 0,118 7,9/33,5 8,84 1495 1,
2 2 b b FHK
Ni 3d%4s? 0,114 7,6/35,2 8,90 1455 'K
Ru 4d’5s! 0,142 7,5/119 12,41 2607 I'm
Rh 4d35s! 0,145 7,7/126 12,49 1963 'K
Pd 44'°5s° 0,135 8,33/132 11,99 1554 'K
Os 5d%6s? 0,152 8,7/99 22,57 3027 I
Ir 5d76s? 0,155 9,2/104 22,65 2447 'K
Pt 5d1%4s° 0,144 8,96/109 21,41 1769 gk

3ananue 4. Kakue crenenn okucieHus xapakrepusl s d-anemenros VIII rpyn-
nbl? Kak MeHsieTcs B Tpuajax U MOATPYIIAX YCTOMYMBOCTD BBICIIEH CTENEHN OKHC-
JICHUS TIPY YBEJIMUYSHUH MOpsaKoBoro Homepa? [loueMy TOIBKO y pYyTEHHS U OCMUS
BBICIIIAs CTETIICHb OKHCIICHHS paBHA HOMepy rpynmbl? B tabnure 82 ykaxure ycToi-
YHBbIC CTENICHN OKUCIICHHUS SJIEMEHTOB.

Tabnuya 82
Yeroiiuusble cTenenu okuciaeHus d-anemenTos VIII rpynmnbi

Fe Co Ni
Ru Rh Pd
Os Ir Pt
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VD5-2. O6mias xapakrepuctrika coeaunenuit d-anementos VIII rpymisr.

3apanue 5. Kak 3aBUCAT OKHCIUTEILHO-BOCCTAHOBHUTEIIBHBIC CBOMCTBA COEIMHE-
Huit d-3nementoB VIII rpynmbl OT CTENEHU OKUCTICHUS AIeMeHTa? 3anoIHUTE Ta0H-
11y 83 mpuMepaMu COOTBETCTBYIOIIUX COSAMHEHUH.

Tabonuya 83
OKHCIUTEIBHO-BOCCTAHOBUTE/IbHBIC CBOICTBA coequHeHnii d-3aemenToB VIII rpynnsl
Fe Co Ni
Boccranosu- Boccranosu- Boccranosu-
OKUCIHUTEIb OKUCIHUTEIb OKUCITUTEITb
Telb TElb TEIb
Ru Rh Pd
Boccranosu- Boccranosu- Boccranosu-
OKHCIIUTENTH OKHCIIHTEND OKHCIIHTENH
Telb Telb Telb
Os Ir Pt
BoccranoBu- BoccranoBu- BoccranoBu-
OKHUCIHUTED OKHUCIUTEID OKUCIHUTEID
TEJb TEIb TEJb

3ananue 6. Ha mpumepe sxese3a MOKAKUTE, KaK 3aBUCAT KUCIOTHO-OCHOBHBIE
cBoiicTBa coequHenuii d-anementoB VIII rpymniibl OT cTereHn OKUCIeHHs dieMeHTa?
3arnoHuTe Ta0IHIly 84 MpUMEpaMu COOTBETCTBYFOIIMX COCAMHCHUI.

Kuc10THO-0CHOBHBIE CBOCTBA COCIII/IHeHPlﬁ KeJie3sa

Tabnuya 84

CreneHb OKUCIIEHMS

Oxcun

I'uppoxcun

KucmoTHO-0CHOBHEIEC CBOMCTBA

+2

+3

+6

V5-3. Pactipocrpanennocts d-anementos VIII rpynmsl B mpupoze.
3aganue 7. Berauciuth copepkaHue OCHOBHOTO COCJIMHEHUS B XKEJIC3HBIX PyAax,
€CIIM U3BECTHO oOlIee cofepaKaHue sxernesa. Pesynprarsl BHecTH B Tabmuiry 85.

Tabnuya 85
7Kene3nble pyabl
MaccoBas 1ost
OCcHOBHOE MaccoBas moss .
Pyna o OCHOBHOTO
COEIMHEHHE xenesa, % o
coenuHEeHMs, %o
Maruerur Fe,O, 70
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I'emarut Fe,O, 65
JlumonuT Fe,0,-H,0 60
Cunepur FeCO3 35

IMuput FeS, 45

3anganue 8. CpaBHHUTE COCTaB MPUPOTHBIX COCIMHEHHN Kele3a, KoOalkTa U HU-
kess (Tabmunpel 85, 86). Kakue BRIBOIBI MOXKHO CIeIaTh 00 aHAJIOTHH CBOWCTB ATHX
METaJIOB?

Tabnuya 86
ITpuponuble coeMHEHUsI KOOAIBTA U HUKeJISI
Ko6anbt Hukenb

HasBanue Cocras HasBanue CocraB

KobGansrun CoAsS Tepcropdur NiAsS
CKyTTepoauT CoAs, Huxkomut NiAs

CManbTHH (Co,Ni) CoAs, , XJI0aHTUT (Ni,Co) NiAs, ,
Cadmoput CoAs,

Kappomut CuCo,S, IlenTnangut (Fe,Ni),S,

JIluneut Co,S, Munepur NiS
Opurpux Co,(AsO,),"8H,0 Amnnabeprut Ni,(AsO,),"8H,0

MOIVYJIb 2

METAJLJIBI TPUAJIBI )KEJIE3A

V3-0. llenu u 31241 MOMYJISL.

H3yyue oanHwlil MoOYIb, CIMYOEHM OONHCEH 3HAMb!

- BakHEiIIHe (U3NUCCKHE U XUMUYCCKUE CBOKMCTBA MPOCTBIX BEIICCTB JKelie3a,
K00ajIbTa U HUKEIS,

- cOCTaB U cBoicTBa coeannenuit xenesa (0, I1, III),

- cOCTaB U CBOMCTBa coeaunenuit kodansta (0, 11, I11),

- cocTaB U cBoiicTBa coenuHenuit Hukend (0, IT).

H3yyue oanmwlil MoOYIb, CMYOEHM OONICEH YMEmb.!

- OOBSCHATH OTIIMYHS XUMHUYCCKHX CBOMCTB METAJLIOB TPHA/IBI JKeJie3a B TACCUBH-
POBaHHOM ¥ aKTHBHOM COCTOSTHHH,

- OOBSICHSTH COCTaB M CTPOCHHE KapOOHMIIOB XKeJjIe3a, KoOalbTa U HUKEIS,

- COIOCTABJISATh KUCIIOTHO-OCHOBHBIC M OKUCIUTEILHO-BOCCTAHOBUTEIIbHBIC CBOT-
CTBa COCIMHCHHI 3JIEMCHTOB TPHAIbI JKeJIe3a CO CTEIICHBIO OKUCIICHUS JJICMEHTA,

- IPOBOAUTH JJAOOPATOPHBIC OIIBITHI [T0 U3YUCHUIO XUMHUCCKHX CBOMCTB METAJIIOB
TPHAJIBI XKeJe3a U UX COCTUHCHH.
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VY3-1. BBOAHBII KOHTPOII.

3ananue 9. dusnueckue CBOMCTBA MPOCTHIX BEIIECTB 3aBUCAT OT AEKTPOHHOTO
cTpoeHust atoMoB. Mcronb3yst nanHble Ta0nuUIb 81, yCTaHOBHUTE 3aBUCUMOCTD TEMITE-
paTtypsbl IUTaBIEHHUS METAJIOB OT 3JIEKTPOHHOTO CTPOCHUSL.

3aganue 10. Xumuueckasi akTHBHOCTb METAJUIOB OMPEAENSETCS MPUPOAOH coe-
JIMHEHUI, 00pa3yroLIMXCsl Ha MOBEPXHOCTH MeTainia. Uro Takoe naccuBanus? Kakosa
MIPUPOJIa COEANHEHNUI, BBI3BIBAIOIINX TACCUBALMIO MeTaIa?

VD3-2. CpoiicTBa Kene3a, kKo0anabTa i HUKEIS.

3ananue 11. U3 ¢pusmueckux CBOWCTB XkKeje3a, KoOAIbTa U HUKEIs 0COObIi HHTe-
pec npezactaBisiet peppoMaraeTusm. Kak oTimyaeTcst moBeAeHHE B MATHUTHOM TIOJIC
Jia-, mapa- U (peppOMarHUTHBIX BEIICCTB?

3amanne 12. CpaBHUTEC XUMHUYCCKYIO aKTHBHOCTB KeJie3a, KoOallbTa U HUKEJIsI, HC-
XOJIs U3 3HAYEHUI CTaHJIapPTHOTO OKUCIUTEIbHO-BOCCTAHOBUTEIILHOTO OTEHIHAA.

Tabonuya 87
CrangapTHble OKHCJIUTEIbHO-BOCCTAHOBUTEIbLHbIE MOTEHIIMAIBI cucrem Me*/Me, B
Fe Co Ni
-0,440 -0,277 -0,250

3aganue 13. Kak MeHseTCs CTaHAAPTHBIM OKUCIWUTENHLHO-BOCCTAHOBUTEIBHBIN
NOTEHIIMAJ XKene3a, KodallbTa M HUKEJS TIPH TIepeXxo/ie JAHHBIX METAIIOB B TIACCHBH-
poBaHHOe coctosinre? Kakue coenmHeHus! py 3TOM 00pa3yroTcst?

OmnpiT 1. MarnuTHbIE CBOWCTBA JKeJie3a, KOOAIbTAa U HUKEJIs.

[Tposeputs otHOeHue Fe, Co n Ni K HOCTOSSHHOMY MarHury.

OmnbiT 2. B3auMoaeiicTBue KeJie3a ¢ KUCJI0TaMH.

W3yunTh B3anMozeiicTBHE NOPOIIKA KapOOHMIBHOTO MIIM OKCAIIATHOTO JKelle3a 1
KOMITAKTHOTO MeTajlla ¢ pa30aBICHHBIMU M KOHIIEHTPUPOBAaHHBIMU KUCJIOTaMU 0e3
HarpeBaHusi U NpH cilaboM HarpeBaHuU. Pesynbrarel HaOmoneHud 1 GopMyItsl mpo-

JIYKTOB BOCCTAHOBJICHHSI KUCJIOT BHECTH B TaOuIly 88.
Tabnuya 88
IIpoaykThl B3auMozelicTBH JKej1e3a ¢ KHCJIOTaMHU

HCI H,S0, HNO,

pa3basi. KOHII. pa3baBi. KOHII. pa3oaBi. KOHII.

OnplIT 3. B3aumoseiicTBue Ko6aabTa ¢ KHCJI0TAMU.

M3yunth B3anMmojeiicTBue kKoOanmsra ¢ kuciaotamu. CocTaBuTh TaONHITy, aHAIIO-
THYHYIO Tadmwuie 88.

OmnbIT 4. B3aumopeiicTBre HUKeJISI ¢ KHCJIOTAMU.
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V3yunth B3auMojeicTBre HUKeNs ¢ KucnotaMu. COCTaBUTh TaOMHMILy, aHATOTHY-
Hyto Tabmune §8.

V5-3. Coeaunenus xxenesa (11) u (IIT).

3ananue 14. B kakux yCIOBUSX MOXHO MOJIYYUTh OKCUJ, THAPOKCHUL, XJIOPUA U
Hutpar xkenesa (II)? Kak oTHOCSATCS 3TH cCOeAMHEHUS K XpaHEHUIO Ha BO3IyXe?

Omnpit S. [Tonyuyenue u cBoiicTBa ruapokcuaa xeiesa (II).

[Momyunts ruapokena xenesa (II) 1 U3yunTh €ro OTHOIIEHHE K KUCIIOTaM, LIEN0-
YyaM ¥ MepEeMEIINBaHUIO 0CaKa C PACTBOPOM.

OmnbiT 6. BoccTanoBuTe ILHBIE CBOICTBA coJieii skesie3a (II).

K moakucieHHOMY CepHOM KHCIIOTON pacTBopy cyibdara xerneza (II) mpumuts:
a) pacteop KMnO,, 6) K,Cr,0., B) xj10pHyI0 Bofy, I') HO[HYI0 Boy. K mostydeHHbIM
pacTBopaM J100aBUTH PACTBOP POJaHK/Ia aMMOHHMS (C KaKO! LEeIbI0?).

3ananue 15. Kak npaBuiio, KaTHOHEI € 3apsioM 3+ 00pa3yroT am(oTepHbIe OKCHT
U rHApOKCcHA. MOXKHO JIN XKeje30 CYUTaTh aM(OTEPHBIM METAILIOM?

Omnbit 7. [lonyuyenue u cBoiicTBa rupokcuaa xesesa (I1I).

[omyuuts ruapoxeun sxenesa (I1I) n u3yunTh ero oTHoleHUe K pa30aBIeHHBIM
KHCJIOTaM U KOHLEHTPUPOBAHHOMY PacTBOPY LIETIOUH.

3amanue 16. Cranmaprabiii norenipan cuctemsl Fe¥'/Fe? pasen 0,77 B. Kakoii u3
raJOreHU/I-NOHOB MOXKET ObITh OKUCIICH KaTnoHamu Fe¥*?

OnpIT 8. OkucAuTEeNIbHBbIE cBOMCTBA costeil :kesie3a (I11).

K pactBopy mr060i1 conu sxenesa (1) npudasuts pactBop KI 1 karumo kpaxmaia
(3auem?).

3ananue 17. Kak 3aBHCHUT KOHCTAHTa TUAPOJIN3a COMU OT 3apsAja KatuoHa? Bol-
yucsutk pH 1 M pactBopoB cynbdaros sxenesa (11) u (IIT).

OnbiT 9. l'uaposus coneii :xkese3a (1) u (I1D).

Hcxons U3 KpucTaJuIMuecKux coiield, nony4dnTs 1 M pacTBopsl cyibdaros xeresa
(1) u (IIT). M3meputs pH pactBOpoB ¢ nomortpsio pH-merpa. CpaBHUTH NOJIy4YEeHHbIE
pe3yJIBTaThl C pacueTaMu.

3ananue 18. [To nanabM TabmUIE! 89 clienaiiTe BRIBOI O 3aBUCHMOCTH YCTOWYH-
BOCTHU KOMIUIEKCHBIX COEAMHEHUH XkKeJe3a OT MPUPO/IbI JIMTaH a.

Tabnuya 89
KoHncTaHThI yeTOHYHBOCTH (ngm) KOMILJIEKCHBIX HOHOB :keJie3a (I11)
FeF > FeCl, Fe(SCN),* Fe(CN),>
16,1 0,85 3,23 43,9

OmnpiT 10. KomniiekcHble coequHenus skesie3a (I11).

1. Xnopun xkenesa (III) pacTBopuTh B HEOONBIIOM KOJIUYECTBE BOJIBI JIO MOTy4e-
HHSI HACBIIIIEHHOTO pacTBopa. [locTeneHHo pa30aBiaTh pacTBOP 0 H3MEHEHUS OKpa-
cku. K nonmydeHHOMy pacTBOpy NprOaBUTh KOHIIEHTPUPOBAHHYIO COJISIHYIO KUCIIOTY.
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Cuenarb BbIBOJI 00 OKpAcKe XJIOPHAHOTO U aKkBakomIuiekca skeiesa (I11).

2. K cunpHOpazbasneHHoMy pacTBopy xJopuaa skeinesa (I1I) nmpubaButh karuto
pacTBOpa poJlaHuia aMMOHHUSI, @ 3aTeM HEMHOTO KpHCTaJuIoB (ropuaa Hatpus. O0b-
SICHUTh HaOJII0aeMoe, UCTIONB3Ys JaHHbIE TaOIHIb! 89.

3. K pactsopy kpacHoii kpopsiHoit comn K [Fe(CN) ] nmpubasuth pactsop conu
xenesa (II). lare TpuBHanbHOE Ha3BaHUE MPOIYKTY PEAKIHH.

OmnpiT 11. KommiiekcHbie coenuHenns xene3a (I1).

1. Ha pactop conu Mopa FeSO,- (NH,),SO,- 6H,O nopeiictBoBarb: a) pacTBo-
pom K,[Fe(CN),], 6) pactBopom BaCl,, B) pactBopom NaOH. Ha ocHoBaHuM mosry-
YEeHHBIX PE3y/IbTATOB C/e/IaTh BHIBOJ 00 YCTOMINBOCTI CY/Ib(ATO-aMMOHMITHOTO
koMmrekca xenmesa (IT). Kak HaspIBaeTCsI 9TOT TUIT KOMIUIEKCHBIX COEMMHEHMII?

2. K pactpopy »xenroit kpossnoi conn K [Fe(CN) ] mpuGasuth pacTsop cosu
xenesa (I11). larb TpuBHaIbHOE Ha3BaHUE IPOAYKTY PEAKILIUH.

3aganue 19. Kakne peakunu MCHosb3yloTCst Uil OOHAPY)KEHHsI HOHOB JKene3a
(II) m (I11) B BogHBIX pacTBOpax?

VY3-4. Coenunenns kobansra (11) u (1IT).
3aganmne 20. Vicnone3ys nanseie Tabmuis 90, cpaBHUTE OKUCIUTEIILHO-BOCCTA-
HOBUTEJILHBIE CBOMCTBA OJHOTUIIHBIX COEIMHEHUN U HOHOB JKejIe3a U KoOaabTa.

Tabnuya 90
CrangaprHble moTeHuua bl (B) OKMCIUTEILHO-BOCCTAHOBUTEIbHBIX CHCTEM

Fe*'/Fe** | Co*/Co* | Fe(OH)/Fe(OH),OH | Co(OH)/Co(OH),OH
0,77 1,81 0,53 0,17

Onpit 12. Ionyyenue u cBoiicTBa ruapokcuaa kodauasta (I1).

[omyunTs runpokcus kodansra (II) 1 U3yuuTh €ro OTHOIIEHHE K KUCIIOTaM, Iie-
JIo4aM M MEepeMEelIMBaHUI0 Ocajka ¢ pacTBOpoM. CpaBHUTH C pe3yabTaTaMH OIbITa
5. Ocanok ruapokcuna kobansra (II) oopaborars nepoxcunom Bomopoxa. Ipoxykr
peaKIuy UCIOoNIb30BaTh B OnbiTe 14.

OmnpiT 13. KommiekcHble coequneHust kodoasanra (I1).

1. K xonuentpuposannomy pactsopy CoCl, 106aBHTh KOHIEHTPHPOBaHHbIH pac-
tBop HCl 10 m3MeHeHus: okpacku. 3areM pa30aBUTh MOJYYCHHBIH PacTBOP BOMIOM.
Kakoii 11BeT mpuiaroT pacTBOpy rekcaakBa- M TETPaxJIopo-noHsl kodansra (I1)?

2. Ha ¢unsrposanbHoil Gymare cienarb Haamuch pactBopom CoCl,. Beicymmts
Oymary B CylmIbHOM Ikady, a 3aTeM nojpep>karb HaJl apaMu BOJIBL.

3. K pactBopy, coaepskaiiiemy ol Co®*, 100aBUTh paCTBOP POJAHUIA AMMOHHUS
U HeMHoro 3¢upa. B3donTarh MomydeHHYIO CMECh U JaTh OTCTOATHCA. OOBACHUTH
Pa3HyI0 OKPacKy OPraHHYECKOTO M BOAHOTO CJIOSL.
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OnbiT 14. CBoiicTBa ruapokcuia kodanasra (III).

Ha ocanox Co(OH), nozelicTBOBath: a) pa3daBiIeHHON CEPHON KUCIIOTOH, 6) KOH-
LIEHTPUPOBAHHOM COJISTHOM KHCIIOTOM, B) pa30aBIeHHBIM U KOHIIEHTPUPOBAHHBIM pac-
TBOPOM IIETIOYH.

OmnpiT 15. KomniiekcHble coequHeHus kooaabta (I11).

1. K pactBopy, conepxaniemy noubl Co (1), 1o6aBUTh H30BITOK aMMHAaKa JI0 TTOJTY-
YEeHUS] aMMHMAYHOTO KOMITIEKCa, OTMETHTh M3MEHEHHe OKpacku. B30onrarh pacTBop
JUIS TyHIIero KOHTaKTa ¢ KucaopoaoM. Kak mpu aTom m3MeHHIach OKpacka pactBopa’?

2. K mony4yennomy pactBopy g06aButh pactBop KI. [Touemy noaus reTpaaMMuH-
kxoOanbTa (III) BeIMagaeT B 0cagok, a XJaopua — HeT?

3. K pactBopy, conepxamiemy noHbl Co (III), 100aBUTh YKCYCHYIO KHCIIOTY U IPO-
KUIATUTE ¢ M30bITKOM KNO,. [l MOTy4eHHOT0 KOMILIEKCA XapaKTEpPHO SBICHUE
nzomepun mranza. Kakue komriekchbl kooansra (I11) 6onee ycTORYIHUBBI — HUTPO- WK
HUTPUTOKOMILIEKCHI?

V-5, CoenuHeHNsT HUKES.

OnpiT 16. ITonyyenue u cBoiicTBa ruapokcuaa Huxess (I1).

[Monyunts ruppoxcup Hukend (II) u u3ydnTb ero OTHOIIEHME K KIUCTIOTaM, 1je/Io-
YaM I ITlepeMeIINBaHUI0 0cafKa ¢ pacTBOpoM. CpaBHUTD C pe3y/ibTaTaMy OIbITa 12.
Ocapox ruppoxcupga nukens (II) obpaborars runoxmoputoM Harpus. Kakue oknc-
JTUTEN MOXKHO MUCTIONIb30BaTh 1A mpepamenns Ni(OH), — Ni(OH),?

OnbiT 17. KommiekcHbie coenuHenust Hukeas (I1).

K pactBopy, comepxkamemy woubl Ni (II), m1006aBUTh: a) KOHIIEHTPUPOBAHHYIO
COJISTHYIO KHCJIOTY, 0) KOHIIEHTPUPOBAaHHBIN PACTBOP aMMHaKa, B) H30BITOK pacTBOpa
aMMHaKa ¥ HeCKOJIBKO Karelb pacTBOpa TuMeTHATInokcuMa (peakiwst JILA. Uyraesa).

3anonHUTh TadbauIry 91.

Tabnuya 91
Kommuiekcublie coeaqnnenust Hukess (1)
JIUMETHIITITHOK-
aKBa- aMMHH- XJIOPO-
cuMartr
K4 6 6 4 4
Crpoenne OKTadIp OKTadIp TeTpasIp KBajpar
MarunutHsie rapamMarHuT- rapamMarHuT- rapamMarHur-
. JIaMarHUTHBIC
CBOUCTBaA HBIC HBbIC HbIC
Xumuaeckas
hopmyna
IBer pac-
TBOpa

Kax 3aBucut crpoenue xkomruiekcoB Hukens (1) ot npuposp! auranma?
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MOJYJIb 3
IJIATUHOBBIE METAJLJIBI

V3-0. llenu n 3a1a91 MOYJISL.

H3yuus dannwiii Mooyib, CmyoeHm 00nNCeH 3HAMb.

- BOKHCHINME XUMUICCKHAC CBOWCTBA MPOCTHIX BEIICCTB IUIATHHOBBIX METAILIOB,

- COCTaB U CBOMCTBA COCAMHCHUH TIATHHOBBIX MCTAJLIOB.

H3yuus dannwiii MoOyib, Cmyoenm O0nNCeH YMemb.

- O0BSCHSTH OCOOCHHOCTH XUMHUYCCKHX CBOMCTB TUIATHHOBBIX METAJIIOB,

- O0BSICHATH 3aBHCUMOCTh COCTaBa U CTPOCHUSI KOMILICKCHBIX COCAMHCHHUH TIaTH-
HOBBIX METAJUIOB OT JICKTPOHHOIO CTPOCHUSI IICHTPAJIBHOTO aTOMa.

VY3-1. XuMudeckue CBOHCTBA MPOCTHIX BEIIECTB.

3ananue 21. OOUIETIPUHATHIM SBISIETCSI MHEHHE O TEPMOIMHAMHYECKOM MaccuB-
HOCTH TIJIATHHOBBIX METAJJIOB. Mcxons u3 TepMOAMHAMUYECKUX TaHHBIX, Clenaiite
BBIBOJI O BOSMO>KHOCTH MOTYYEHHS OKCHJIOB INTATHHOBBIX METAJJIOB P UX HAarpeBa-
HHUHM Ha BO3/yXe WM KHCIOPOJIE.

3ananue 22. /{1 mepeBosa IJIATHHOBBIX METAJUIOB B PACTBOPHMOE COCTOSHHE
HEOOXOIMMBI CHIIbHBIC OKHCINTENH. Harmimmte ypaBHEHNS peakiuii, MoIb3ysICh TaH-

HBIMH TaOIHIIBI 92.
Tabnuya 92
Crnoco0bI mepeBoaa IIATHHOBBIX METAJLIIOB B PACTBOPHMOE COCTOSIHHE

Meramn Croco0 IIponyxr peakiuu
Ru [lenounas okuciuTeNbHAS IJIaBKa Na,RuO,
Os [llenounast okuCIUTEIbHAS TUIABKa Na,0sO,
Rh XnopupoBaHue RhCl,
Ir [lenounas OKUCIUTEIbHAS IIJIaBKA BalrO,
Pd B3anmoseicTBIE ¢ a30THOW KUCIOTOM Pd(NO,),
Pt BsanmopeiicTBre ¢ apckoil BOAKOM H,[PtCl,]

V3-2. Okcunsl.

3aganue 23. Ilouemy M3 BceX OKCHIOB IUIATUHOBBIX METAJUIOB TOJIBKO RuO , 1
0Os0, umeror npakruueckoe 3HaueHne? Mexo/s u3 3Ha9€HU CTaHIAPTHBIX TIOTEHIIH-
anos (E°(RuO,/Ru) = 1,04 B, (£° (0sO,/Os) = 1,04 B), cienaiite BEIBOI 0 BO3MOX-
HOCTH UX IPUMCHCHUS B OPTaHHYCCKOM CHHTE3C.

V-3, KoMmIlJIeKCHBIC COETUHEHUS.

3apanme 25. CuuTaercsi, 4TO METAUIbl B COCIMHEHUSX HE MOTYT HMMETb
OTpHIATCIBHBIC CTENCHH OKHUCIeHHS. OmpenennuTe CTENeHh OKUCICHUS OCMUS B
KoMILIEKCHBIX kKapOorniax Na,[Os(CO),] u Na,[Os (CO) ,].
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3aganne 26. Jlns coeauHEHMH pPYyTEHHUS M OCMHS B CTEHNEHU OKHCICHUS
+2 XapakTepHbl YCTOMUUBBIE KOMIIJIEKCHBIE COEAMHEHMS C T—aKLENTOPHBIMU
JIMraHJaMu, a B CTENEHH OKUCIEeHUS +2 — M—IoHOpHBIMU. [IpuBeanTe mpuMeps
COOTBETCTBYIOIIMX [IMAHUAHBIX U TAJIOTCHUIHBIX KOMIIJIEKCOB.

3aganme 27. B xuMuu pyTeHUs U OCMUS BBICIINX CTEIIEHEH OKHUCIEHUS BeChMa
IIMPOKO MPECTaBIEHbl OKCOAHHOHBI, Hampumep, [RuO,]* (teTpasap umm uenu
u3 TpuroHajpHbix Oumupamun [RuO,]), [Ru(OH),0,]* (Gunmpamuna), TpaHc-
[Os(OH),0,]* (okrasap), [Os(OH),0,]* (okrasap), [Os(u—OH)O,]" (TpuronanbHas
Oounmpamuzaa). M3obpaszute CTPyKTypHBIE (OPMYJIBI yKa3aHHBIX COCIUHEHHM.
Omnpenenure cTerneHb OKMCIEHHS KOMIUIEKCO00pa30BaTes.

3aganme 28. Pommii (III), B ommume ot kobamera (III), xapakrepusyercs
BBICOKOH 3Heprueil pacmieruieHus: d-opoutaneii. [Touemy Rh(III) o6pasyer Tomabko
Hu3KocrnHOBbIe komIuiekcehl, a Co(IIl) — u Beicoko-, 1 HU3KOcnuHOBEIe? [TpuBenuTe
IIPUMEPBI KOMIUICKCOB.

3ananue 29. Hukens (II) oOpasyer IIOCKOKBagpaTHbIE KOMIUIEKCHI TOJIBKO
¢ smrannamu cwisHoro noist (CNY), a nawtaguii u maruna (II) — ¢ mo0biMu
murangamu. Kak mensiercst sHeprusi pacuieruienust d-opouraneit B psimy Ni(II)—
Pd(IT)-Pt(I1)?

3aganne 30. Ilpu neficTBUM KOHUEHTPHUPOBAHHOW COJNSIHOM KHMCIOTBHI Ha
[Pt(NH,),]*" obpasyercs Tpanc-[Pt(NH,),CL]. Kakoit u3 nurangos — NH, um CI
obnanaer Oosiee BBIpQXKEHHBIM TpaHC-BiusiHueM? [IpeaioxkuTe criocol nomydeHus
uuc-[Pt(NH,),Cl,] — n3BecTHOro MpOTHBOOIYXOJIEBOTO Mpenapara (UMCIJIaTHH).

3ampanue 31. J{na Pd u Pt(II) xapakrepHbl MIOCKOKBaJIpaTHBIC KOMILUIEKCHI,
a s Pd u Pt(IV) — okrasmpuyeckue. JlaliTe OOBSCHCHHS, UCXOISl U3 TEOPUHU
KPUCTAJUINYECKOTO OIS

5. d-2JIEMEHTBI I I'PYIIIIBI

MOIYJBbHAS ITPOTPAMMA
d-2JIEMEHTBI I I'PYIIIIBI

Monys 1
OO6mas xapakTepuCcTUKa
d-anemenToB I rpymmst

Monynsb 3
OKCHITBI U TUAPOKCHJIBI

Monyns 0
Lenu u 3anaun MOTyNBHOM
MIPOrpaMMBbl

Monyns 2 Monyns 4
IIpocTeie BemecTBa Comn
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MOJYJIb 0
LIEJIM U1 3AIAYM MOJYJIbHOM ITPOT PAMMBI

H3yuus danmyro npocpammy, cmyoenm 00NHCeH 3HAMb.

- BIICKTPOHHOE CTPOCHHE aTOMOB d-31eMeHTOB | TpyTIsI,

- BOKHEUIIIHE CTETICHN OKUCIICHHS, BAJICHTHOCTD U KOOPIMHAIIMOHHBIC YHCJIa aTo-
MoB d-31eMeHTOB | rpymmbI,

- I3MCHECHHE B IPYIIIAaX aTOMHBIX XapaKTCPUCTUK (aTOMHBIH ParycC, SHEPI U HO-
HU3AIIMH, CPOACTBO K AEKTPOHY, IEKTPOOTPHULIATEIEHOCTD),

- HaXOXJICHUE B MIPUPOJIC,

- IPUHIIATIBI TTOJYYCHUSI IPOCTHIX BEIICCTB,

- (PU3UYCCKUE U XMMHUYCCKUE CBOMCTBA ITPOCTHIX BEIICCTR,

- TOJTyYeHHEe ¥ CBOMCTBA BAYKHEUIITMX OMHAPHBIX M KOMIUIEKCHBIX COSTUHEHUH,

- IPUMEHEHHKE MPOCTHIX BELICCTB M COeAUHEHUH d-371eMeHTOB I rpymmbI.

H3yuus danmyro npocpammy, Cmyoenm 00NiceH yMemp.:

- BBIIBIISITH M OOBSICHATH 3aKOHOMEPHOCTH B W3MCHCHHUH CBOMCTB IPOCTBIX Be-
IIECTB M BAXKHEHUIINX coenuHEeHUH d-31eMeHToB I rpymmsl,

- CTCTIEHH OKHUCCHUS d-31eMEeHTOB I rpyIinbl ¥ 3aBUCHMOCTD CBOHCTB OMHAPHBIX
1 KOMIUIEKCHBIX COCIMHEHUH OT CTETIEHU OKUCIICHUS JJIEMEHTOB,

- 00BSICHATH pazHO0Opa3ye M BEICOKYIO YCTOMYMBOCTH KOMITIEKCHBIX COSTUHEHUI
Menu, cepedpa 1 30710Ta,

— IPOBOJUTH JTa0OPATOPHBIEC OMBITHI IO MOMYUYEHHIO M M3YYCHHIO CBOMCTB BaXk-
HEUIIX COeTUHEHUH MeaH U cepedpa.

MOIYJIb 1
OBILLIASI XAPAKTEPUCTHKA d-2JIEMEHTOB I I'PYIIIbI

V3-0. lenu n 3a1a41 MOYJISL.

H3yuus dannwiii MoOyib, CHyOeHm 00NNCEH 3HAMb.

- TIOJIOXKCHHUE DJICMEHTOB B TICPHOIMUYCCKON CUCTEME, CTPOCHHE JICKTPOHHBIX
000J104€EK,

- TUIIUYHBIC BAJICHTHOCTH M CTEIICHU OKUCIICHHUS aTOMOB,

- OCHOBHBIC THITbI XUMHYCCKUX COCANHCHUA,

- HaXOXKACHHUE B rpupose d-3reMeHToB | rpyIibL.

H3yuus dannwiii MoOyib, CyoeHm O0NNCeH YMemb.

- OOBSICHSITH OCOOCHHOCTH NEKTPOHHOTO CTPOSHUsI aTOMOB d-211eMeHTOB | rpyrbl,

- T10JIb30BaThCSI ATOMHBIMHU XapaKTEPUCTUKAMHU JUTsl OOBSICHEHUSI CBOMCTB IPOCTHIX
BEIIECTB U COSMHEHUH,

- BBISIBIISITH 3aKOHOMEPHOCTH B M3MEHEHHMH KHCJIOTHO-OCHOBHBIX M OKHCIIHTEIIb-
HO-BOCCTaHOBHUTEINIBHBIX CBOWCTB THITMYHBIX coeAMHEeHHH d-anemeHTOB | rpynmsl B
3aBUCUMOCTH OT MOPSIZIKOBOIO HOMEPA,

116



- OPOBOAUTH KOPPEILNUIO MEKAY SJICKTPOHHBIM U AACPHBIM CTPOCHUEM d-ane-
MeHTOB | TpyHnnbl 1 UX HAXOXKACHUEM B IPUPOIEC.

¥Y3-0. BBoAHBIH KOHTPOJIb.

3ananue 1. HanummTe nosHbIe 3JIeKTPOHHBIC (hOPMYJIBI aTOMOB MEITH, cepedpa u
3omota. O0bsicHHTE "TIPOBAJT ANEKTPOHA'".

3ananue 2. [Tonb3ysch JaHHBIMU TaOHIBI 93, 00BACHUTE HEMOHOTOHHBIH Xapak-
Tep U3MEHEHHUsI aTOMHOTO paauyca B paay Cu-Ag-Au.

Tabnuya 93
ATOMHBIE XapaKkTepucTUKH d-3j1ieMenToB I rpynmsi
113&; Baun. o T » HM 1,5B | I,oB | I,3B | p, r/em’ {‘8’ ES;T:;[
Cu 3d1%4s! 0,119 7,73 | 20,29 | 36,8 8,96 1083 - 1,63
Ag 4d'°5s! 0,129 7,57 | 21,49 | 34,8 10,5 962 -1,43
Au 5d1%6s! 0,119 9,23 20,5 30,5 19,3 1064 -1,57

3ananue 3. Hanboee ycroiiunBbie cTereHH OKHUCICHHS d-31eMEHTOB | rpymis
yka3aHbl B Tabnmie 94. Kak oHu CBSI3aHBI ¢ 3HAYSHUSMU TTEPBBIX TPEX YHEPTUH NOHU-
3aIlUH JaHHBIX aTOMOB.

Tabnuya 94
YcroiiunBble creneHd okucaeHus d-31emMenToB I rpynmsi
Cu Ag Au
CTereHb OKUCIICHHS +2 +1 +3

V3-1. Tunmunsie coenuaenus d-3meMeHToB [ rpymmb.

3ananue 4. Harmmmte opMyssl H3BECTHBIX OKCHIOB U THAPOKCHIOB MEH, Ce-
pebpa u 3omoTa. [laliTe XapakTepUCTUKY KHCIOTHO-OCHOBHBIX CBOMCTB 3THX COCIHUHE-
Hui. [ToueMy He KaX0My OKCHIy COOTBETCTBYET THIPOKCH?

3apanue 5. d-DnemenTs! | rpynmel ¢ HemeTamTaMu 00pa3yroT COeNNHEHHS, B KO-
TOPBIX CTETeHbh OKUCIICHNS MeTaiia MeHstercst oT +1 1o +3. Ot kakux (akTopoB 3a-
BUICHT COCTaB COEIUHEHUI?

3aganue 6. Yem 0OBsCHSAETCA OONBIIOE Pa3sHOOOpaswe W yCTOHYMBOCTH KOM-
IUTEKCHBIX COCHEHNI MeIH, cepedpa u 3o0moTa?

3ananue 7. Kak MeHseTCsI KOOPAMHAIIMOHHOE YHCIIO B PsiLy d-37IEMEHTOB 110 Mepe
3anomHerns d-mogypoasa? [Toguemy Cu(Il) mmeer KU=4, a Cu(I) KU=2?

VY3-3. HaxoxeHue B IpUpoIe.

3ananue 8. [lo manHeIM TaOmumel 59 caenaiiTe BRIBOA O PacIIPOCTPAHEHHOCTH
d-smemenTos I rpymmsl.

3anganue 9. B tabmure 95 npuBeneHs! (GopMyssl M Ha3BaHUS HanOOJee BasKHBIX
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MHUHEPAJIOB, COJCPIKAIINX ME[Tb, CepeOpo U 30510T0. K KakoMy OKPYKCHHIO TSATOTCIOT
HOHBI 9TUX MeTauioB? [Touemy Tak mpoucxoauT?

Tabnuya 95
OcHOBHBIC IIPUPO/IHbIE MUHEPAJIBL, cofepzkamme d-3meMeHThI I rpynnsi
Cu,S XaJIbKO3UH Cu,0 KyTIPHUT
CuS KOBEJUIUH CuO TEHOPHUT
CuFeS, XaIBKOIUPUT Cu,(OH),CO, MaJIaXUT
Cu,(OH),(CO,), azypur AgS apreHTUT
XJIOPapPrUpUT
AgCl (porosoe cepedpo) AuTe, KaJlaBepUT
MOIVYJIb 2
INPOCTBIE BELIECTBA

¥3-0. Llenu u 3aga4n MOIyIs.

H3yuus 0anmwiil Mooyib, Cmyoenm 00ndicet 3Hamo.

- BwKHeHIMe Gu3nyeckue 1 XMMUIECKHe CBOMCTBA MeH, cepedpa 1 30510Ta,
- METO/IbI ITOJTyYESHUsI METAJUIOB U3 TIPUPOIHBIX COSTMHEHUH.

H3yuus 0anmwiti Mooyib, cmyoenm 00ondicen ymenms.

- CpaBHHMBATh 110 (U3HMYECKUM CBOWCTBaM d-31eMeHTsI | Tpymmsl ¢ Apyrumu Me-
TaJUIaMH,

- MOJIB30BATHCS ATOMHBIMHU XapPaKTEPUCTUKAMU U TEPMOANHAMHUUYCCKUMH JTAHHBI-
MH JU1sl OOBSICHEHHSI CBOMCTB IPOCTHIX BEIIECTB,

- COCTABIIAITh YPABHEHHUSI PEaKIMil JaHHBIX METAJIJIOB C B)KHEHIIIMMU HEMeTasla-
MH H CJI0)KHBIMH BELIICCTBAMH,

- TIPOBOJIUTH XMMHYECKHE OIBITHI MO TOTYYCHHUIO U M3YYCHHIO CBOMCTB MEIU U
cepedpa.

VYD-1. ®uznueckue cBOMCTBA Me/U, cepedpa U 30110Ta.
3amanmue 10. 3anonaute Tabnuiy 96, ykazas BaKHEHIINe 001aCTH NPUMEHEHHS 1
COOTBETCTBYIOLIHE (PU3MUECKUE CBOMCTBA Me/IH, cepeOdpa 1 30J10Ta.

Tabnuya 96
IIpumenenue meau, cepedpa v 30;10Ta
Metann O0nacTh NpUMeHeHust Du3nyeckoe CBOMCTBO
Cu
Ag
Au
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V3-2. XuMudeckue CBOMCTBA MU, cepedpa U 30J10Ta.

3ananue 11. B cOOTBETCTBUY CO 3HAYCHUSIMU CTAHAPTHBIX MIOTCHIIUAIOB (Ta0IH-
na 97) naHHBIC METAJUIBI HE BBITCCHSIOT BOIOPOI U3 KUCIOT. OOBSICHUTE BO3MOXK-
HOCTb MPOTEKAHUS CIETYIOINX PEAKIIUM:

2HI" +2Cu— 2Cul’| + H,1 (I - Cl, Br, I),

4HT" +2Cu — 2H[Cul',] + H,1,

2Ag+H,S— Ag S| +H,1.

Tabnuya 97
CrangaprHble MOTEHIUAIbI MeIU, cepedpa H 30J10Ta

Peakmus CraHmapTHBI TOTeHIHA, B
Cu* +2e=Cu’ +0,34
Agr+e=Ag’ +0,80
Au*t + 3e = Au’ +1,42

3amanue 12. Menp u cepeOpo pacTBOpsrOTCs B KucaoTax-okuciurensax (HNO,,
H,SO, xomi.). PacTBopenunio 301mota crnoco0CTByeT Komruiekcoobpasosanue. Co-
CTaBbTC YPAaBHCHHA pECAKIUM:

Au+KCN+HO+0O, —,

Au+ HCIl + HNO,—.

OnsIT 1. B3aumoneiicTBue Meau ¢ cepHON U a30THOM KHUCJIOTAMU.

WcneiTaTh OTHOIICHHE MCIHU K pa36aBHeHHBIM N KOHIICHTPHUPOBAHHBIM PacTBO-
pam cepHoii 1 a3oTHOHU KucnoT. HaGmonenus BHecTH B Tabmuiy 98.

Tabnuya 98
B3aumMoneiicTBie MeIM ¢ CEPHOIi ¥ a30THOI KHCJIOTAMH

H,SO, paso. H,SO, ko, HNO, pa36. | HNO, xonu.

Habmronenus

[IponyxTe! peakuuu

3ananue 13. [Tonp3ysach TePMOOMHAMITYECKIMH TaHHBIMU (Ta0muia 99), caenaii-
T€ BbIBOJI O BO3MOYKHOCTH OKHCJICHHsI KHCIIOPOJIOM MEJIH, cepedpa H 30510Ta.

Tabnuya 99
TepmoanHaMI4ecKHe KOHCTAHTDI
o o
Beweerso | | o | Soclione )
CuO(x) - - 42,63
Ag,0(x) - - 121,0
Au,0,(x) - 78,7 134,3
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OnpIT 2. OKHC/IeHHe MeUd HA BO3yXe.
1. Mennyto ¢Gonbry HarpeTh B IIIaMEHH TOPEITKH.
2. (Tsra!) ITopomok Meu BCHINIATh B OTKPHITOE TIaMsI TOPETIKH.

VY3-3. IlomyyeHne mpoCThIX BEMIECTB.

3ananue 14. [IpoMbInuIeHHOE MOMYYEHHE MEAN OCYIIECTBIACTCS HA IPEIIPUSITH-
X MAPO-, THAPO- U ANIEKTpOMETAIUTypruy. Hanummre ypaBHEHUs peaKiyii:

CuFeS, + O, + SiO, — nmpo-)

CuSO, + Fe— (runpo-)

CuSO, + H,0— (smexrpo-)

3aganue 15. [ u3BnedeHust CaMOPOIHOTO 30J10Ta B cepedpa U3 Pyl MpuMe-
HSIIOT IMAHUPOBAHKE M MTOCIIEAYOIIee BOCCTAHOBICHUE [IMAHUTHOTO KOMILJICK-
ca 1iuHKOM. HanmimTe ypaBHEHHUs peakiiuii, COOTBETCTBYIOIINX cxeme: Ag—
Na[Ag(CN),]— Ag.

Omnbit 3. [Toyyenne Meu 1 cepedpa XUMHYECKHM BOCCTAHOBJIEHHEM U3 pac-
TBOpA.

1. B dapdoposyro 9amky ¢ HachILIEHHBIM pacTBopoM CuSO, MOCTENEHHO, He-
OOJNBLIMMH TIOPIMSMU, BHECTH PACCUMTAHHYIO MacCy LIMHKOBOM MbUIK. Yaliky co
CMECBIO HarpeTh Ha BoastHOM Oane 10 80 °C. Korma IMHK MOKPOETCsl MEIbI0, paCTBOP
CITUTD, BBIICIUBIINICA 0CaT0K 00paboTaTh 5%-HBIM PACTBOPOM COJISTHOM KHCIIOTHI,
MIPOMBITB BOJIOH ITyTeM JEKaHTALlUH, IEPEHECTH Ha (QUIIBTP, €llle pa3 POMBITH BOIOW
U MIPOCYLIUTH MEXKIY JIUCTaMK (DHIBTPOBATIBHON OyMarm.

2. Tlorpy3uts B pactBop cynb(hara memu (II) mpemnBapuTEIbHO OUYHINCHHYFO
HaKJTauHOW OyMaroil M MpOMBITYIO BOJIOH JKeNIE3HYIO TUIACTUHKY. Yepe3 1-2 MUH BBI-
HYTb IUIACTHHKY.

3. MeaHyto MIacTUHKY 00paboTarh pa30aBIeHHON a30THOW KUCIIOTOM, MMPOMBIThH
BOJIOH 1 HAHECTU HECKOJILKO Karenb pacTopa AgNO,.

MOIYJIb 3
OKCHJBI M THAPOKCHIBI

V3-0. Lenu u 3a1a41 MOIYJISL.

H3yyue oanHwlil MOOYIIb, CIMYOEHM OONIHCEH 3HAMNb!

- CBOWCTBA OKCHJIOB U TH/IPOKCHJIOB: YCTOHYMBOCTD, KUCIOTHO-OCHOBHBIE U OKUC-
JIUTENTbHO-BOCCTAHOBUTENBLHBIE CBOWCTBA; METOJIBI IOy YCHHUSL;

- IPUMEHEHHE KUCIOPOIHBIX COCANHEHHH.

H3yyue oanHwlil MOOYIIb, CIMYOEHM OONICEH YMEmb.!

- OOBSICHSITH 3aBHCUMOCTH CBOWCTB OKCHJIOB M T'MIPOKCHJIOB OT CTEIIEHH OKHUCIIe-
HUSI 2JIEMEHTOB;

- IIPOBOIUTH JIAOOPATOPHBIE OITBITHI 110 TIOYYEHUIO U H3YUSHUIO CBOWCTB OKCHIIOB
u ruapokcuaoB menu (1) u (10).
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¥Y3-0. BBoAHBIH KOHTPOJIb.
3amanue 16. ComtacHo 00IEeMy MPABUIY C MOBBIIICHUEM CTCIICHH OKHCIICHHS
AIIEMEHTA YCUIIUBAIOTCS KUCJIOTHBIC CBOMCTBA €T0 OKCH/IA. BBIMOMHSIETCS JIn 3TO mpa-
BUJIO B CJICITYFOIIMX PCAKIIUSIX:
Cu,O + HCI (xon1t.)—
CuO + HCl—
Cu,0, + BaO—
3apanue 17. OKuCIUTEIHLHO-BOCCTAHOBUTEIbHBIE CBONCTBA COSUHEHHI OTpe-
JICIISFOTCS] 3HAUYCHHUSIMU CTCTICHEH OKHCIICHUS YJIEMCHTOB U YCTOWYHBOCTHIO COCIH-
HeHuid. Kakue OKHCIIUTENIbHO-BOCCTAHOBUTEIILHBIC CBOMCTBA MPEOOIaIaoT y coe-
quaennit Cu(I), Cu(Il) u Cu(III)?

VY3-1. Oxcuapl ¥ ruapoKCcH bl AeMeHToB (I).

3ananne 18. Crenenp okucieHus +1 Haubonee xapakTepHa s cepedpa. Ox-
cupl cocrasa 2,0 o0pasyroT Bce Tpu anemenTa I rpynmel. Onu 00pasyroTes npu
pa3iokeHUH KpaiiHe HeycTonuuBbIX TuapokcuoB DOH. CoctaBsTe ypaBHEHUS pe-
akuui monyuenus Cu,0 n Ag,0O:

CuSO, + NaOH + N H, —,

AgNO, + NH, —.

Oumbirt 4. [Tonyuenne oxcupa Menn (I).

K pas6asnennomy pacrsopy cynbdara megu (II) fob6aBuTh pacTBOP Iienoun o
BBITIAIEHIIS OCATIKA, A 3aTEM PACTBOP IIFOKO3bL. [Tpu HeGOMbIIOM HarpeBaHM HAOITIO-
JaTb M3MeHEeHNe [[BeTa OCafiKa: FOIy60ii— >KeIThlii— KpacHbld. OTAEIUTh 0CATOK
METOJIOM JIEKaHTalMu pacTBopa. Ha momy4deHHblil 0cagok 1moaeidcTBoBaTh a30THON
KHUCIIOTOI.

3ajganue 19. OcHoBHbIE CBOKMCTBA OKCHI0B ,0 B SIBHOM BHU/E TPOSABIIAKOTCSA
TOJBKO B ciydae cepebpa. Oxcuabl Mean (I) u 3omora (I) npu peficTBUM KHCIOT
JUCIPONopIHOHNpYIoT. CoCcTaBbTe YpaBHEHHUS peaKInii:

Au,0 + HNO,—,

Cu,0 +HNO, —,

Y3-2. Oxcuppl U TuipoKCcuzipl aneMeHToB (I1).

3apganne 20. CuO - 0ObIYHBIIT IPOLYKT OKICTIEHIA MeIU KUCTTOPORoM. [lia
HOJTy4eHNsA KpajiHe HeycToitunBbix okcnpoB AgO n AuO Tpebyiotcs Oonee cuibHbIe
okucmuTem. CocTaBbTe ypaBHEHM PeaKIyIil:

Ag+0,—

AgNO, +K 8,0, +KOH __t*.H,0

3aganmne 21. Oxcun u ruapokcun mean (1) ssistoTest c1abo aMpoTEepHBIMHU CO-
eIMHCHHUSAMH C SBHBIM IpPeoONIaJaHueM OCHOBHBIX CBOUCTB. ONpenenuTh KUCIOT-
HO-0CHOBHBIE cBoMcTBA AgO 1 AuO (COOTBETCTBYOIINE THAPOKCHIB HE H3BECTHBI)
HE TIPEACTABIIETCS BO3MOKHBIM ONlarofapsi CUIIbHBIM OKUCITUTEIHHBIM CBOHCTBAM.
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Hanmmmre ypaBHeHHE peakiyu:
AgO+H,SO,— O,1.
Omnsit 5. [Tonyyenne u u3yuenue cBoiicTB okcuaa u ruapoxkcuaa meau (II).
[onyuuts runpoxenn meau (I11), no6aBuB pacTBOp I1IENIOUYN K PAacTBOPY 000N
commu meau (II). Yacth nmoydyeHHOro ocajika HarpeTh, He OTAENss OT pacTBopa. Mc-
IIBITaTh OTHOIICHHE TUIpoKenaa u okcuaa meau (1) k kuciiore n KOHIEHTPUPOBaH-
HOMY pacTBOpY ILIesioun 0e3 ¥ IPU HarpeBaHHH.

V3-3. Oxeuabl u rugpoxeust snementos (111).

3ajganue 22. U3 okcunos cocrasa 3,0, IpU CTAHIAPTHBIX YCIOBUAX YCTOWUHMBBI
Cu,0, n Au,0,. Oxcun Ag,O, pasnaraercs npu temneparypax nwke 0 °C. U3 coot-
BETCTBYIOIMX OCHOBaHMi M3BeCTeH ToNbKo ruapokcua Au(OH),. lonwmimuTe ypas-
HEHHs peaKini, B KOTOPBIX MPOsBIIsieTCs: aM(DOTEPHOCTD YKa3aHHBIX COSTMHEHHN:

Au(OH), + 4HCl—,

Au(OH), + NaOH—

Cu,0, + BaO— .

3anpanue 23. Bcee kucnoponnsie coemunenus Cu, Ag u Au(Ill) sBustorcs
CHJIbHBIMU OKUCIIMTEJISIMH. J[ONUIIMTE ypaBHEHUS PEaKIIUii:
Cu,0, + HCl— CuCl,,
Au O, +H,0,— Au].
MOIVJIb 4
coJin

V3-0. enu u 3a1a41 MOAYJIsL.

H3yuue oannwiii MoOyb, cnmyoeHm O0JJICeH 3HAMb.

- COCTaB, CBOWMCTBA M METOJIbI MOJIYYEHHsI TAIOT€HHIOB, CYJIb(UIOB U CPEIHUX
coneii d-amemenToB I rpyrimsi,

- 0COOCHHOCTH COCTaBa U MPUPOIBI CBSI3H B KOMILICKCHBIX COJISIX METH, cepedpa 1 3010Ta.

H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMemb.:

- MOJIb30BAThCSl TEOPUEH TONSIPU3AIIMHU JUTs OOBSICHEHUS PA3IMYHON PACTBOPUMO-
CTH TAJIOTCHU/IOB cepedpa u Menu,

- BBISIBJISITH 3aKOHOMEPHOCTH B CBOMCTBAX OTHOTHITHBIX TAJIOTEHHUJIOB U CY/Ib(MHIOB,

- OOBACHATH OCOOEHHOCTH CTPOEHHUSI KOMILIEKCHBIX CoeluHeHui d-aiemMeHToB I
IPYIIIIBI, OJIB3YSICh TEOPUEH MOJIEKY/ISIPHBIX OpOHTAlICH,

- TIPOBOJIUTH J1a0OPATOPHBIE OIBITHI 10 MMOJTYUYCHHIO U U3YYCHHUIO CBOWCTB COJIEH
MeJu U cepedpa.

VO-1. I'anoreHuapl.
3ampanune 24. [To naasiM Tadmie! 100 caenalite 00001aONIIE BEIBOABI O COCTa-

BC raJIorcHu10B MC/iy, cepe6pa H 30J10Ta.
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Tabauya 100
I'anorennanl d-3jeMeHTOB I rpynmnsl

CTeneHb OKUCICHHS

Tanorennn
+1 +2 +3
- CuF, CuF,
dropun AgF AgF, AgF,
- - AuF3
CuCl CuCl, -
Xnopun AgCl - -
AuCl - AuCl,

CuBr CuBr, -
Bpomuz AgBr - -

AuBr - AuBr,
Cul Cul, -
Wommn Agl - -
Aul - Aul

3amanme 25. B kakux ycioBusiX 00pasyroTcsi BbICHIME (DTOPHIbI METAIIOB, B
gactHocTy, AuF,, AuF,, AuF ?

3amanme 26. B pany AgF-AgCl-AgBr-Agl pacTBoprMOCT MOHOTOHHO YMEHb-
maercsi. OOBsICHUTE 3Ty 3aKOHOMEPHOCTb, MTOJIB3YSICh TEOPUEH MOIIpHU3aui HOHOB.

3ananue 27. [Touemy raoreHrAB MeH, cepedpa u 30110Ta coctaBa DI mamopac-
TBOPUMBI 3a UckiroueHneM AgF, a ocTanpHble rajloreHuabl PaCTBOPUMBI?

OnbIT 6. [TonyuyeHnue xaopuaa u xaopoxomiiexkco meau (I).

B npoGupky ¢ pactBopom xnopuzaa Meau (11) BHeCTH MeHbIE CTPYKKH U HECKOIIb-
KO MUJUTWJIMTPOB KOHLICHTPUPOBAHHO CONISTHOW KHMCIIOTHL. Harpers mpodupky 110 Tex
TI0p, TIOKa OKpacka pacTBOpa HE CTaHET I'PSA3HO-XKENTOH, 8 HECKOJIBKO Kallellb eTo, IIpH-
JIMTHIX K BOZIE, HE TIEPECTAHyT JlaBaTh roiyOyro okpacKy. PacTBop pa30aBuTh BOIOH
10 oOpazoBanus Oenoro ocaaka. OcaoK OTIENUTh AeKaHTaIMel, TPOMBITh BOJAOH U
COXpPaHUTH B CTaKaHE 110 CJIOEM }IHCTHHHHpOBaHHOﬁ BOJIbI BO Hn30€KaHue OKMCIICHUS
xmopuga Memu (1). Yacts ocamka ocTaBuTh Ha Bo3ayxe. OOBSICHUTH U3MCHEHHE €TO
okpackH. J{pyryo 4acTs ocaika 00padoTaTh KOHIIEHTPUPOBAHHOM COJISTHOW KUCIIOTOH
70 pactBopeHus. HeckosbKo Karenp IOMy4eHHOTO PacTBOPA BIUTH B JTUCTHILIHPO-
BaHHYIO BOTY.

OnpiT 7. Moayuenue iioquaa meau (I). OxucaureasHble cBoiicTBa nona Cu?',

K pactBopy conu meau (II) mpunuth pactBop Homuna kamus. J{ius oOHapyKeHus
L[BETa OCaJiKa JI00aBUTh HECKOJIbKO Karlellb pacTBopa THocyibdara Harpus. O0bsc-
HHTb, IOYEMY 3Ta PEakKiHs He MPOTEKaeT B OOPAaTHOM HampasieHuu, xots £°(Cu*/
Cu’)=0,15B,a £°(1/2I)= 0,53 B ?

OnbiT 8. CpaBHEHHE PACTBOPHMOCTH rajioreHua0B cepedpa (I).

W3 nurpara cepedpa (I) momyunts xmopun, 6pomun u Homun cepedpa. Ocanku
TIPOMBITH BOJIOH, OTJEINTH JCKAaHTallMEeH 1 Pa3IesuTh Ha Tpy dacTH. OIHY 4acTsb Iie-
peHecTH Ha (GUIBTPOBATIBHYIO OyMary M OCTaBUTh Ha BO3myxe. BTopyro uacth ocaj-
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KOB 00paboTarh pacTBOpoM ammMmuaka. K Tperbeit yactu J00aBUTH pacTBOpP THOCYIIb-
¢ara Harpusi. OOBSICHUTD SBJICHNE CBETOUYBCTBUTEIBHOCTH TaJIOTEHHUIOB cepedpa 1
MX pa3iIMYHOE OTHOIICHNE K pacTBOpaM aMMHaKa M THOCYIIb(aTa HaTpHsl.

V3-2. XambKOTeHUIBL.

3ananue 28. Cynbhunsl Menu u cepedpa JOBOJIBHO YCTOWYMBBI U TAXKE BCTPEUa-
1oTcst B ipupoje (tadmuua 95). Cynbduasl 3070Ta HEYCTOHUMBEI U TPAKTHYECKOTO
3Ha4YeHMs He UMEIOT. HanmimTe ypaBHEHHs peakinii, OTBEYArOLINX TEXHOJIOTHH T10-
JTy4CHUS MEITH:

Cu,S — CuO— CuSO,— Cu

3aganue 29. CeneHuapl U TEIUTYPUIBI MEIH, cepedpa U 30J10Ta YacTO BXOST B

cocTaB cyNbQUAHBIX py/. [IpeaniokuTe MeTO MOTyUeHHsI CeJieHa U3 TaKuX Py/l.

V3-3. KoMIieKCHbIE COSTUHEHUSI.

3apanue 30. Monst Cu’, Ag" u Au” SBISFOTCS XOPOIIMMH KOMITIEKCO00pa3oBa-
TENAMM M 00pa3yroT JIMHEHHBIC KOMIUIEKCHI cocTaa [AB ]*. Kak 00bsCHUTE HU3KOE
3HaYCHNE KOOPANHAIMOHHOTO Yrcia?

OnpIT 9. [Tonyyenue ammuaunbix komiuiekcoB Cu(l) u Ag(I).

1. Ha xpacHbIif 0caiok, MOJIy4YeHHbIN B OMbITe 4, OAECHCTBOBATh KOHIEHTPUPO-
BaHHBIM PACTBOPOM aMMHAKa.

2. K pactBopy HuTpara cepebpa 100aBUTh BHaYaIe HEAOCTATOK, a 3aTeM M30BITOK
pacTBOpa aMMHaKa.

3ananue 31. PacTBopbl aMMHaKaToB U TaloreHUIHBIX KomruiekcoB Cu(l) oxucms-
I0TCS Ha BO3yXe. DTO MOKHO MCIOJB30BaTh AJIsI MOMIOMIEHHUST KUCIOpOosia U3 CMECH
ra3oB, HAPUMED, TIPH OUHCTKE a30Ta oT puMecH O,. JlonuIinmTe ypaBHEHUs PEaKIUA:

[Cu(NH,),]CI + NH, + H,O + O0,—

H[CuBr,] + HBr + O,—

3apanue 32. J[ns amvuagnoro komroiekca Memu (II) mpemmararorcst ¢opmyisr:
[Cu(NH,),(H,0),]* n [Cu(NH,),]*". TIpeanoxure oObsICHEHHE PA3TMYHOMY OIMHCA-
HUIO ¢ yueToM 3(ddekra Sua-Temtepa. [Touemy Au(Ill) oOpasyer kBagparHbie, a HE
TETPadIPUIECKIE KOMILICKChI?

Q

2+
Cu mpuwmm oxomprecratt [CuLg]  mexodemit
CBOGOAHEI HOH B KOMILTEKC OKTAdAPHHECKH
naryywe xommee
+dp
Ny fe A
N
RN o
3d 4
HNHNN
N
xz dyz

Puc. 4. Dpghexm Hna-Tennepa.
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OnsiT 10. O6pa3zoBaHue akBa- 1 aMMHUHOKOMILIeKkcoB meau (IT).

besBoaublii cynbhar menu (I1) pacTBOpUTH B BOZIE /10 MOTYy4EHHS pa30aBICHHOTO
pacTtBopa. K monydeHHOMY pacTBOpY IO KarisiM MPWIUTH pacTBOp aMMHUaka J0 00-
pa3oBaHMs M TMOCIEAYIONIET0 pacTBOpeHus: oOpa3oBasiierocs ocaaka. OObICHUTh
H3MEHEHHE OKPACKH.

Omnpir 11. I'maparanus CuCl,-2H, 0.

Kpucrannst CuCl-:2H,O pactBoputh B Bojie. OObACHUTL H3MEHEHHE OKPACKH.

OnpiT 12. O6pa3oBanue Terpaxjopokynpar(ll)-kommniexkca u ero ycroivu-
BOCTb.

Mennblit Kymmopoc pacTBopuTh B Harpetoit 1o 90 °C Bome. 3atem 100aBUTH B
PacTBOpP KPUCTAILIBI XJIOPU/Ia HATPUS 10 U3MEHEeHHs okpacku. OJIHy 4acTh pacTBOpa
pa30aBHUTh BOJIOM, IPYT'YIO OCTABUTbH ISl CDABHEHHSI.

6. d-OJIEMEHTHBI II I'PYIIIIbBI

MOIYJIbHAS TIPOI'PAMMA
d-2JIEMEHTHBI 11 I'PYIIIIBI

Monayns 1
OO01ast XxapakTeprucTHKa

Mogyns 0
Lenu u 3a1aun MOYNBbHOM
MIPOTrpaMMBbI
Monyns 3
Monyss 2 Coennuenns d-3JIEMEHTOB
IIpocTsie BemecTBa 11 rpymms!
MOAVJb 0

LEJIN 1 3AJIAYM MOZYJIbHOI PO PAMMBI

H3yyue oanmnyio npoepammy, cmyoenm OoniCeH 3HAMb.

- 0COOGHHOCTH JIEKTPOHHOTO cTpoeHHUs aToMoB d-3nemenToB 11 rpymiebl,

- Haxoxaenue d-anemenToB Il rpymmsr B ipupore,

- M3MYecKe ¥ XUMUYECKHE CBOMCTBA MPOCTHIX BEILIECTB,

- CTETIEHH OKHUCJICHHs, 0COOCHHOCTh PTYTH,

- KaTHOHHbBIE U AHWOHHBIE (POPMBI COSIMHEHUI,

- KHCJIOTHO-OCHOBHBIE M OKUCITUTEbHO-BOCCTaHOBHUTEIBHBIC CBOWICTBA COCIMHEHHIA,
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- obnactu mpuMenenus d-3memMeHToB I rpynmbl U UX COeMHEHUIN.

H3yuue oannyro npoepammy, cnyoeHm O0NdiceH yMemy.

- OOBSICHATH HEMOHOTOHHBIN XapakTep M3MEHEHHH aTOMHBIX XapakTeprucTHK d-dre-
MeHTOB I rpynmel,

- BBUIBIISITH 3aKOHOMEPHOCTH H3MEHEHHs (PM3UYECKMX U XUMHYECKUX CBOHCTB
MPOCTHIX BEIIECTB,

- COMOCTABIIAITH 00JIACTH MPUMEHEHHs MPOCTHIX BemecTB d-anemenToB 11 rpymrbt
C UX (PU3HYECKUMH U XUMUYECKUMHU CBOHCTBAMH,

- OOBSCHATH BOBMOXKHOCTh 0Opa3oBaHMsi KATHOHHBIX U aHHOHHBIX (OpPM coemu-
HCHUH,

- COMOCTABJIATH KUCIIOTHO-OCHOBHBIC 1 OKUCIIUTEIBHO-BOCCTAHOBUTEIBHBIC CBO-
cTBa coenuHeHui d-amemMeHTOB 11 TPyIIbI CO CTEMEHBIO OKHUCIICHHS AIEMEHTA,

- IPOBOIHTH JTaOOPATOPHBIE OMBITHI IO U3y4YCHUIO CBOICTB d-anementos II rpym-
IBI ¥ KX COCTMHCHUIA.

MOJYJIb 1
OBIIAS XAPAKTEPUCTHKA d-3JTEMEHTOB II TPYTITIBI

V3-0. enu u 3aaa4n MOAYJISL.

H3yuue oannwiii MoOyb, cmyOeHm O0JIJICeH 3HAMb!

- 0COOEHHOCTH JIEKTPOHHOTO CTpOeHUs1 aroMoB d-anemenToB Il rpymnmsl,

- I3BMEHEHHUE aTOMHBIX XapaKTEPUCTUK 3JIEMEHTOB B 3aBUCHMOCTH OT ITOPSIIKOBOTO
HOMeEpa,

- crenieHy okucieHus d-anemenTos 11 rpymmel,

- IpYMeEpBl KATHOHHBIX U aHUOHHBIX coenuHeHnit d-onemenTtos I rpymibl.

- pacripoctpaneHHocTh d-aemenToB 11 rpynmer B mpupone,

H3yuue oannwiii MoOyib, cmyoeHm O0diCeH YMemb:

- COCTaBIISITh DJIEKTPOHHBIC M AJIEKTPOHHO-Tpaduyeckue hopmyisl arToMoB d-re-
MeHToB II rpymnmsl,

- COCTaBIISITH CXeMbI nosydeHus d-anemenTtoB I rpynmbl U3 IPUPOIHBIX COENH-
HCHUH,

- J1aBaTh XapaKTEPUCTUKY KHUCIOTHO-OCHOBHBIM M OKHCINTEIEHO-BOCCTAHOBH-
TEJbHBIM CBOWCTBAM COEMHEHUH.

VY3-1. BBOAHBII KOHTPOIIb.

3amanme 1. Hanmmre snekrponHsie Gopmyisl aromoB d-snemenToB 11 rpyrmeb.
OOBsICHUTE OTCYTCTBHE CTENICHH OKUCIICHUS +3 ISl JAHHBIX JIEMEHTOB.

3amanne 2. OObsicHUTE HEMOHOTOHHOCTh U3MEHEHHMSI aTOMHBIX XapaKTepHCTHK B
IIB rpynme.
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Tabnuya 101
XapaxTtepucruka d-3iemenTos II rpynnst

Ban. r T T Kpucr.
op6’ 3 o’ kun’
- - 1,3B | I[,3B | [,3B | p, r/cm o ¢ —

Zn | 3d"4s* | 0,107 | 9,39 17,96 39,7 7,14 420 913 Im

Cd | 4d"5s? | 0,118 | 8,99 | 169 | 37,5 8,65 321 | 767 | rm
13,54(x)

14,19(1) -39 357 Pomo0.

Hg | 5d"s* | 0,113 | 10,43 18,8 34,2

3ananue 3. Mcnons3ys nanxsie Tabnuis! 101 °C, caenaiite BEIBOI O KOPPENIALIIH
MEKIy 3HaUYCHHUSIMH aTOMHOTO pajJinyca U 3Heprueil nonnsanuu smementa. Habmona-
eTCsl JIM Takasl )K€ 3aBUCUMOCTb B JIPYTUX TpyIax Tadnuipl Menneneena?

3aganmne 4. Hamnure momHOCThIO 3aHATONW d!°-000709KH OOBSICHSCT BBICOKYFO
JIOJTIO KOBAJICHTHOM CBSI3U B COS/IMHEHUSIX IIMHKA, KaJMUsI ¥, 0COOCHHO, PTYTH C HEMe-
tayuiamu. [IpuBenuTe npuMepsl cosield pTyTH — C1a0bIX IEKTPOINTOB.

3ananue 5. Kakue crenenn okuciieHus xapakrepHsl st d-snemenToB 11 rpynmsr?
[Touemy crenens okucnenus +1 xapakrepHa Toabko It pTyTr? Kakoil THI CBSI3H B
none [Hg-Hg]**? 3anonuute Tabnuiry 102 npuMepamu COeANHEHHIA.

Tabnuya 102
IIpumeps! coennHennii d-3nemenTtos 11 rpynnbi

Crenenn Zn Cd Hg
OKHUCJICHUS Kartnon AHnoH Karnon AHNoOH Karnon AHNoH

+2
+1

3amanue 6. Kakyo 3akOHOMEPHOCTh B U3MEHEHHH KHCIOTHO-OCHOBHBIX CBOMCTB
OKCHJIOB M THIIPOKCHIOB MOXKHO OTMETHUTH B psay Zn-Cd-Hg? Moxso v 3Tn MeTan-
JIBI CYUTATh aM(OTEPHBIMA?

3aganue 7. Mousr M?*, obpa3oBaHHble d-37eMEHTaMH, SIBISFOTCS THITHYHBIMA
KOMIUIEKcooOpa3oBaresiMi. Kakue KoOpAMHAIIMOHHbBIC YHCIa XapaKTepHbI JUIs HO-
HOB Zn*", Cd*" u Hg?*? [puBemute mpuMephl KOMIUIEKCHBIX COCTMHEHHUIA.

¥3-2. PactipoctpaneHHocTs d-3memenToB 11 rpymms! B mpupoze.

3ananue 8. [{uaK, KaaAMUii 1 pTYTh OTHOCATCS K peIKNM 31eMeHTaM. VX MaccoBas
nostst B 3eMHO# Kope cocrtasmsier 1072, 107° u 10 % coorsercrBenno. OTBedaer ju
pacpoCTPaHEHHOCTD 3THX AJIEMEHTOB OCHOBHOMY 3aKOHY T€OXUMHN?

3ananue 9. Cpenn npupoaHsIx coequaeHni d-aaemenTtos 11 rpymms mpeobiiaa-
10T cynb(uapl. OMHAKO IIUHK TakkKe 00pa3yeT MHHEpaIbl HA OCHOBE OKCOCOEIMHE-
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Hui. Kak 370 CBsI3aHO ¢ KOMILIEKCO00pa3yolel CloCOOHOCTHIO HOHOB, €CJIH YUECTh,
YTO KUCIIOPOJ — OoJiee "KECTKHA" JTIUTaH I TI0 CPABHEHHIO C CEPOii?

V3-3. IIpon3BoACTBO IIUHKA, KaAMUSI U PTYTH.

3amanmue 10. V3 npupoassix cynbduaoB Metamis [IB rpynmnbsl nomyyaror mo cie-
JYIOIIUM CXEeMaM:

cynb¢ug — OKCUA— COJIb —> MeTaJlI,

cynb(huI— OKCUI— METAILI,

Cynb(pHUI—> METalIL.

Hanummre ypaBHeHHs peakUMii HPOMBIIUIEHHOTO IOJyYEHHsI KaXA0ro W3
JAHHBIX METAJUIOB, YKaXKUTE YCIOBUS UX MPOBEICHMUS.

3ananue 11. Kakue cBoiictBa okcuna prytu (II) mo3Bossiror moiydarb pTyTh
HEIOCPEICTBEHHO MPH OKUCIUTEIBHOM 00XKUTE TIPUPOIHOTO CyIb(huaa?

MOJYJIb 2
IMPOCTHIE BEIIECTBA

¥3-0. Ilenu u 3ana4n MOy,

H3yuus dannsiii MoOyinv, cmyOeHm O0NHCeH 3HAMb:

- BakHelmue Qu3nueckne U XMMHUYECKUE CBOICTBA MPOCTHIX BemiecTs d-aie-
MeHTOB II rpynmsl,

- OTHOIIICHHE IMHKA, KaIMHUS U PTYTH K HEMETAJIaM, KUCIIOTaM U IIeI04Yam,

- obrmacTy MPUMEHEHHMs IIMHKA, KaJAMHUs U PTYTH B CBOOOJIHOM BHJC U B BUJIE
CILJIABOB.

H3yuus dannsiii MoOyiv, cmyoeHm O0nNCeH YMemb:

- OOBSICHSTh MOHOTOHHBIN XapakTep HM3MCHCHHUSI BKHEHIIMX (H3MUICCKUX
cBolicTB MeTaiuoB d-anmemeHToB 11 rpymnrsbl,

- OOBSICHSITh OTIINYHS XUMHUYECKHUX CBOWCTB PTYTH OT CBONCTB LIMHKA U KaJMHUS,

- IPOBOAUTD JTAOOPATOPHBIC OTBITHI 10 U3YUCHUIO XMMHUYESCKUX CBOWCTB IIMHKA,
KaJMHs U PTYTH.

¥Y3-1. BBoAHBINH KOHTPOJIB.

3aganme 12. Kak MeHstoTCs B psimax d-3JIEMEHTOB TEMIICPATYPHI IJIABICHHS
Metaiio? [To kmaccudukauu, 0CHOBAaHHOM Ha 3HAUCHHSIX TEMITCPATYP IIABICHHUS,
K KaKOW TPYIIIEe METAJJIOB MOXKHO OTHECTH [IUHK, KaIMUH U PTYTh?

3amanme 13. Kak mpaBuio, B rpymmax d-3IeMEHTOB TEMIICPATyphl IUIABJICHUS
METaJJIOB YBeJIMUMBatoTCs cBepxy BHU3. [Touemy B IIB rpymme 310 npaBusio Hapyiaercs?

3ananme 14. Vcxoas u3 3HaYeHMI CTaHAAPTHBIX MOTeHUMaI0B (Tabnuma 103),
cleraite BbIBOA 00 M3MECHCHHH XUMHUYECKOW aKTUBHOCTH d-31eMeHTOB 11 rpymmbt
MIpY YBEJIIMYEHHUH TOPSIAKOBOTO HOMepa syieMeHTa. HaOnromaercs nm Takas ke
3aKOHOMEPHOCTH B IPYyTUX rpymmax Tadmuiel Menaeneesa?
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Tabauya 103
CrangaprHble noreHuuaabl d-ynementon 11 rpynmnei

Zn*/Zn | Zn(OH),*/Zn | Cd*'/Cd Hg?/Hg Hg*/Hg | Hg*/Hg?*
E°,B -0,763 -1,285 -0,403 0,854 0,796 -0,911

3amanme 15. Jlaiite onpenenenne noHATHIO «aMmpoTepHOCT). Kakue meramisl
MOXHO cunTarh amporepusiMu? [IpuBeante npumepsl. CortacHsbl JIM BB CO CIIETYIO-
LIMMU YTBEPKACHUAMU:

- OKCH/IBI aM(OTEPHBIX METAIUTOB aM(OTEPHBIC;

- €CJIM OKCHJI MeTaJula 00aiaeT aM(pOTEpPHBIMU CBOMCTBAMH, TO JAHHBINA METAJII
amdoTepHbIi?

VD3-2. ®uznueckue cBoiicTBa MeTauioB d-anemenToB 11 rpymmsl.

3ananue 16. OuncTka LMHKA, KaAMUSI U PTYTU OCYLIECTBIISCTCS MEPErOHKOM B
Bakyy™Me. Ha kakom cBOICTBE METa/IOB OCHOBAH JJaHHBIN METOJ OUUCTKHU?

3anganue 17. OqHUM UX BaXKHEHIINX CBOICTB PTYTH SBIISICTCS BBICOKAs! CKOPOCTD
ucnapenusi, kotopast pu 20 °C cocrasisier 0,002 mr/(cm?-yac). YunteiBas, uto [TJIK
prytu cocrasisier 0,0003 mr/m?, yepe3 Kakoe BpeMs MPU OTCYTCTBUHM BEHTUILSILUU
B KOMHare o0bemMoM 60 M* mapuk prytd auamerpom 0,1 ¢M BBI3OBET MPEBBILICHHE
ITJIK?

V3-3. Xumuueckue cBoiictBa MetasioB d-anemenTos 11 rpymisl.
3amanue 18. B tabmune 104 ykakure GopMyIbl BemecTs, 0Opa3yIomuxcs mpu
B3anMozeiicteum d-onemeHToB 11 TpyIbl ¢ HeMeTaJuIaMu, a TakXKe TeMIEepaTypy, pu
KOTOpO# et peakiws. CrenaiTe BbIBOA 00 M3MEHEHNM XMMHUYECKOH aKTMBHOCTH
JITAaHHBIX METAJJIOB.
Tabnuya 104
B3aumoneriicTBue HMHKA, KAAMHUSA H PTYTH ¢ HeMeTaJlJIaMH

Tuak Kagmnit PryTth

Kucnopon
Cepa
Xiop

Dochop

3ananue 19. B 1mienoyHoii cpesie UHK MMEET 0oJiee OTPHUIIATEIIbHBII TOTCHIHAT,
4yeM B Kucioi (tabmuna 103). MokHO 11 yTBEpXkKIaTh, YTO CO IIET0YbIO IIMHK pearu-
pyer Jiyuilie, 4eM ¢ KUCIOTOH?

3aganue 20. [y yCKOpeHUs peakiMy 1IMHKA C CEPHON KUCIOTOIM B pacTBOp J10-
6aBisirot cynbgar menu (11). Jlaiite oObsicHeHuSI.
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3ananue 21. [Ipu B3aMONEHCTBUM IIMHKA C Q30THOM KHUCIIOTOM MOTYT ObITh MOJTy4e-
HBI CTIEYIOIIUE TIPOMYKTBI BOCCTaHOBNEeHUs HuTpar-uona: NO,, NO, N,O, N, NH,NO,.
VYkakuTe, P KaKuX yCIOBUsIX OyzieT Ipeo0iiaiaTh TOT WK HHOH MPOYKT PEaKInH.

3amanme 22. B peakuuu pTyTH ¢ a30THOW KHCIIOTOM MOTYT OBITH IOJTyYEHBI HH-
tpat prytu (II) u HuTpar prytu (I). Kak 3aBucut coctaB npopyKkra peakiul OT KOH-
LEHTPALUK KUCIIOTHI?

3ananue 23. Kagmuii He pearupyeT ¢ pacTBOPOM I'MJIPOKCUIA HATPHs (JIaske KOH-
LIEHTPUPOBAHHBIM), HO PACTBOPSETCS B MPUCYTCTBUM KUCJIOPO/A B PACTBOPE aMMHa-
ka. CocTaBbTe ypaBHEHHE PEAKLUK. Y UTHUTE, UTO HA MPOTEKAHUE PEaKIUU peLlaroliee
BIIMSIHUE OKa3bIBAET KOMILIEKCOOOpa30BaHHE.

V3-4. [IpumeHeHe IMHKA, KaJMUs U PTYTU B BUJIE TIPOCTBIX BEILLIECTB U CIIABOB.
3amanme 24. Baxueiinne obnacti npumenenus d-onementos I rpynmsl B cBo-
0omHOM BHjIe yka3zaHbl B Ta0imie 105. Vkaxure B TaONHUIE, KAKHE CBONCTBA TAHHBIX
METAJUIOB UCTIOJIB3YIOTCS B KQXKJIOM Cityyae?
Tabnuya 105
HpnMeHe}me HUHKA, Ka/IMUsl U1 PTYTH B CBOGOHHOM BHJI€ U B BHJI€ CIIJIABOB

ek Kanmnii Pryts

HBCTHBIC CIJTaBbI

33.H_H/ITHBIC TOKPBITHSA

laipBaHMYECKHE AIIEMEHTHI

AKKyMyJISTOPBI

BoccranoBurenu B MPOU3BOICTBE METAJJIIOB

JlerkoraBkue CUrHaJIbHBIC yCTpOfICTBa

I[O6aBKa K ME€IU ITPpU U3rOTOBJIICHUN
QJICKTPHUYCCKUX IIPOBOAOB

PerJ'II/IpyIOHlI/Ie CTEPIKHU B AJACPHBIX pEAKTOpaAX

Dn CKTPOAbI JJIA DJICKTPOJIn3a

W3meputenbHble TpuOOpsI

V3-5. Xumvudeckne CBOHCTBA IMHKA, KAJIMHS M PTYTH (JJa00pPaTOPHBIi MPaKTH-
KyM).

OmnbIT 1. B3anmonelicTBue IUHKA ¢ KHCJI0TAMH H 1I€JI0YaAMH.

B3BeckTe BE rpaHybl IMHKA U TIOMECTHTE B 2 H. PACTBOPHI COJITHOM KHCIIOTHI
n ruapokcuia Hatpus oobemMoM 10 M. OTMETsTe BpeMs 10 TOSIBIICHHS TIEPBBIX ITy-
3BIPHKOB BOZIOPOJa. BH3yanbHO cpaBHHTE CKOPOCTH B3aHMMOACHCTBHS IIMHKA C KHC-
JIOTOW M 1enoybto. Yepe3 15 MUHYT rpanyibl JOCTaHBTE, IPOMOMTE, BBICYLIUTE U
B3BeckTe. BHecure mannbie B Tabmuiy 106. Crenmaiite BEIBOI O CPaBHUTEIBEHON aK-
THBHOCTH IIMHKA 110 OTHOIIEHHUH K KHUCIIOTE U IIETO0UH.
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Tabnuya 106
B3aumoneiicTBre IMHKA ¢ KHCJIOTOH M IEJI0YbI0

Bpewms no
MNHTEeHCUBHOCTH
Macca nuHKa 10 Macca nuHKa mocie MOSIBIICHUS
BBIJICJICHUS
peaxumu, peakmnuu, T Ty3BIPHKOB
BOZIOpOJA

BOZIOPOJIA, C

HCl NaOH HCl NaOH HCI NaOH HCI NaOH

OnpiT 2. CpaBHeHHE XUMUYECKOl AKTUBHOCTH HUHKA U KaJMMSI.

I'panyny niHKa BHecHTe B pacTBOp cynbdara kagmus. Hadmonalite u3smMeHeHHs
B TeueHHe yaca. BbIBoJ 000CHYMHTE, HCIIONB3Ysl CTaHAAPTHBIC MMOTCHIMAIIBI JAHHBIX
MeTaJUI0B. Braenusmniics kaaMuii HCIIONb3yHTE B OMBITE 3.

OnpIT 3. OTHOIIEHNE KAIMHUSA K KHCJIOTAM M IIeJI09aM.

[Tomy4eHHbIH B OIbITE 2 KaaAMUIA pa3aenTe Ha JIBe 4acTH 1 oOpaboTaiiTe pa3bas-
JICHHBIMU U KOHIIGHTPUPOBAHHBIMH PAaCTBOPAMU COJISIHOM KHMCIOTHI U Ienoun. Cre-
JIaliTe BBIBOJ O HAJIMYMH (OTCYTCTBHHN) aM()OTEPHBIX CBOWCTB Y KaJMHUSL.

OmnbiT 4. B3auMozeiicTBHe HUHKA ¢ HeMeTAJJIAMH.

a) TpaHyJly IMHKa IToMecTuTe B pap(opoByro YaIIKy WM TUTEIb U HarpeBaiTe B
IJIaMEHU Fa30BOH TOPETIKH;

06) (Tsira ¢ OIMyIIEHHBIM CTEKIIOM) SKBUMOJISIPHYIO CMECh TIOPOIIKOB IIHKA U CEPhI
HACBINIETE TOPKOH Ha acOECTOBYIO CETKY M IPUKOCHHUTECH TOpsiuei CTEKJITHHOM Ia-
JIOUKOM; €CIIM peakK He HaOIIoaeTcsl, NCIOIb3yHTE packalleHHYIO CTallbHYIO TIPO-
BOJIOKY.

Brumanue! Onvimor 4 u 5 nposooums monvko nocie uzyyeHus. UHCMpyKyuu no
pabome ¢ pmymvio u ee coeOUHeHUSMI.

Omnbrt S. [Monyuyenune cyasdpuna pryru (II).

Pazotpure B cTymke pTyTh U nopomok cepbl. O0bsichute Habmonaemoe. [Todemy
Pa3IUTYIO PTYTh PEKOMEHIYIOT MOCHINATh MOPOLIKOM CEpbI?

OmnbiT 6. [TonyyeHue amajibram.

a) HeOOJIBIIIME KOJIMYECTBA ITOPOIIIKA 0JI0Ba (OIMIIKN) M PTYTH pazoTpure B hapdo-
POBO CTyIIKE IO MOIYYEHUs] OJHOPOAHON MAacCChI;

0) MPUKOCHUTECHh K MEJIKUM KareJIbKaM PTYTH MEIHOW IJIACTHHKOW MM IIPOBO-
JIOKOH.

MoXHO JT1 cOOpaTh MPOJIUTYIO PTYTh MIETKOH U3 METHOM IPOBOJIOKHU?

MOIYJIb 3
COEJUHEHUS d-2JIEMEHTOB II TPYTIIEI

V3-0. Lenu u 3a1a4un MOaYJIst.
H3yuue 0anmblil MOOyIb, CYOEHM OONICEH 3HAMb.
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- METOABI NOJyYeHHUs, 0COOCHHOCTH CTPOCHHS, TEPMHUYECKYIO YCTOHYUBOCTD U
KHCJIOTHO-OCHOBHBIE CBOMCTBA OKCHUAOB M THAPOKCHIOB d-amemenToB II rpymmsl,

- OKHCIIUTEIIbHO-BOCCTAHOBUTEJbHBIC CBOMCcTBa coeauHeHuid d-amementoB II
IpyMIbI, ycsioBus npespaiienus Hg*'= Hg >,

- KOMIUIEKCHBIE coetHeHns1 d-areMenToB 11 rpymnmbl, oTInYnTeNnbHbIe 0COOEHHO-
CTU KOMIUIEKCHBIX COCJUHEHUH PTYTH,

- YCTOWYMBOCTb M OTHOLIEHHE coleil d-anemenTtoB Il rpynmsl kK THApOIN3Y,

- 00J1aCTH MPUMEHEHUSI COSJMHEHUH IMHKA, Ka/IMHSI U PTYTH.

H3yuue oannwiii MoOyb, cmyoeHm O0NdiCeH YMenb.:

- OOBSICHATH OTJINYHS KHCIIOTHO-OCHOBHBIX U OKUCIMTEIBHO-BOCCTAHOBUTEIILHBIX
CBOMCTB COCIMHECHUI [IMHKA, KJIMHS U PTYTH,

- OOBSICHATD PA3NHYHYI0 TEPMUUCCKYIO YCTOHYUBOCTh COCMUHEHHH d-37IeMEHTOB
II rpymimer,

- IPOBOIHTH JTaOOPATOPHBIE OMBITHI MO MOMYYCHHIO M H3YUCHHIO CBOHCTB COCIH-
HCHUH [IMHKA, KJMHS 1 PTYTH.

VY3-1. BBOAHBII KOHTPOIIb.

3aganue 25. Kak 3aBUCAT KUCIOTHO-OCHOBHBIE CBOMCTBA OKCHJIOB M THAPOKCUIIOB
d-311eMEHTOB OT CTEMEeHH OKUCIIEHHS meMeHTa? OTBEYArOT JI CBOMCTBA COSAMHEHUIT
LIMHKA, KaJIMUS U PTYTH JAHHOM 3aKOHOMEPHOCTH?

3aganue 26. CoriacHO TEOPUHU MOJSIPU3AIMU TEPMUYECKash YCTOMUUBOCTb COe-
JMHCHHUN METaJIOB ONPEACISICTCS] CKIIOHHOCTBIO AIICKTPOHHOM 000JI0UKY MeTalia K
nedopmanmu. Hanummre snekrporHbie Gopmysiel noHoB Zn*, Cd*" u Hg?". O0bsic-
HUTE M3MCHCHUE CKJIIOHHOCTH K TIOJIIPU3AIMU | TTOJIIPU3YIOIICH CIOCOOHOCTH HOHOB
B psiay: Zn*— Cd** — Hg*".

V3-2. Oxcuabl U THIPOKCUBI.

3amanme 27. Dnementsl [1B rpynmsr 06pasytor okcupl coctaBa MO, cBeneHus o
cymecTtsoBanuu okcuna Hg,O ne monrsepxaarorcsa. Kpachas u skentas GpopMbl OK-
cuna HgO He sBisitorest nonmuMopHbIME opmamu. Uem 00BsICHSIETCS UX pa3inyuHast
oKpacka?

3ananue 28. Oxcuabl IUHKA, KaJMHUS U PTYTH MOXKHO IOJIyYUTh, HarpeBasi Me-
TaJUIBI HA BO3AYXE WM B arMocdepe Kuciaopoaa. OHU XapaKTepU3YIOTCs pa3iIMdHON
TEePMUUECKON yCTOMYMBOCTBIO. 3anonHuTe Tadmuiyy 107.

Tabruya 107
Temneparypa 00pa3oBaHus ¥ pa3JioKeHHs OKCHI0B

ZnO | CdO | HgO

Temmeparypa o6pazoBanus, °C

Temneparypa paznoxenus, °C

132



3aganme 29. B ominune OT OKCUIa KaaMHUs OKCHUJ LIMHKA HE BOCCTaHABJIMBA-
etcst Bomoponom. OOOCHYHTE 3TOT (PaKT, UCIOIB3YsS TCPMOJUHAMHUCCKHIE XapaK-
TEPUCTHUKH.
3amanne 30. Kakoii BEIBOA 00 H3MEHCHHH OKUCIIMTEILHBIX CBOMCTB OKCHIOB
MOKHO CJIeJIaTh 0 JaHHBIM Ta0muier 108?
Tabnuya 108
Temneparypa BOCCTAHOBJIEHHSI OKCH/IOB YIJIEPOIOM

ZnO | CdO HgO

Temneparypa BoccranoBnenus, °C | 900 | 500 | pasmaraercs mpu 450

V5-3. [ony4yeHue u CBOMCTBA OKCUIOB M TUIPOKCHIOB d-aiemenToB I rpymiist
(J1abopaTopHbIi TPAKTHKYM).

OnblIt 7. (Taea). TlorydeHne OKCHI0B IMHKA H KaJIMHSl pa3/iokeHHeM HUTPATOB.

Kpucramnoruaparsl HUTpaToB nMHKa, kaamus U pryt (II) mpokanute B THITIAX.
HabGnronaemble n3MEeHEHUsI O0BSICHUTE, UCTIONbB3Ys TEPMOANHAMUYECKUE TaHHBIC.

OnbiT 8. KHC10THO-0CHOBHBIE CBOHCTBA OKCH/IOB.

W3zyunre otHoreHue okcuaoB ZnO, CdO u HgO k pa30aBieHHOI a30THON KHC-
J10Te, pa30aBICHHOMY M KOHLIEHTPUPOBAHHOMY pacTBOpy Ienoun. Chaenaite BBIBOJ O
HaJIM4YUU aM(DOTEPHBIX CBOMCTB Y 3THX OKCHIOB.

OnbiT 9. [Tonyuenue u cBoiicTBa ruipokcuaoB d-anementos II rpynmnsi.

HWcxons u3 coneit iuuka, kagmus u prytd (1), momydnTe ux THIPOKCHABI U MPO-
BEpHTE MX OTHOILICHUE K pa30aBIeHHON a30THOM KUCII0Te, pa30aBICHHOMY U KOHIICH-
TPUPOBAHHOMY pacTBopy Iuenoun. Crenaiite BHIBOJ O HATMYNHY aM(OTEPHBIX CBOWCTB
Y 9TUX THUAPOKCHIOB.

¥3-2. Conu.
3ananue 30. B ommmume OT IMHKAa M KaAMHUS PTYTh 00Opa3yeT KaTHOHBI

2+ 2+ 2+
Hg;",Hg;",Hg, . KakoBa npupona CBA31M MEXILy aTOMaMd PTYTH B 3THX KaTHOHaxX?
IIpy KakuX yCIOBHSAX HAOIIONAETCS MUCTIPOIIOPIHOHMPOBAHHE:

Hg)" = Hg?+ Hg"?

3ananue 31. U3 coneii prytu (I) ycTOHYHUBBI COITM KUCTOPOICONEPIKAIINX KUCIIOT,
xnopun u 6pomu. OObACHUTE HEYCTONYMBOCTD CyTb(hHAa U HOANA, UCTIONB3YS IPO-
u3Benienne pactsopumocti HgS n xoncTanty ycroiumoctn [Hgl, ]

3ananue 32. [Ipu B3anMONEHCTBUN B pacTBOPE COJIEH IMHKA U KapOOHATa HATPHUS
B 0CAaJIOK BBINIAAAIOT OCHOBHBIE COJIM MEPEMEHHOro cocTaa. [louemy mnpu aeicTBin
NaHCO, obpasyercs ocanok kapbonara muHKa?

3ananue 33. CpaBHHTE YCTOMYMBOCTD OJHOTHUITHBIX KOMITJICKCHBIX HOHOB, 00pa-
30BAHHBIX ITMHKOM M KaaMueM (tabmmia 109). [lalite 00bSICHEHNS, UCTIONB3YS 3HAYE-
HUS paanycoB HOHOB Zn*" u Cd*'.
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Tabnuya 109
KoHCTaHTBI YCTOMYHBOCTH KOMILIEKCHBIX HOHOB

[Zn(OH),]* | [CA(OH),J* | [Zn(NH,) J** | [CA(NH,),]**
KoHcraHTa ycToitunBoCcTH 4,57-10" 3,98-108 2,51-10° 43,63-10°

3ananue 34. Vcnonn3ys nannaeie Tadiuibl 110, caenaiite BBIBOL 00 M3MEHEHUH
CTCIICHU MOHHOCTH CBA3U METAJII-TAJIOTCH ITPHU MEPEXOAE OT IMHKA K KaIMUIO. ﬂaﬁTe
O0OBSICHEHMSI.
Tabnuya 110
TeMrlepaTypa TUIABJICHUSA I'aJIOreHU/10B IIMHKA U Ka/IMUs

ZnF, | ZnCl, | CdF, | CdCl,

2 2

Temneparypa minasnenus, °C | 872 275 1110 868

3ananue 35. Kakue cpoiictBa ramorenunos prytH (I) m (II) nokassBaror more-
KYJSIPHOCTB uX cTpyKTyphI? [Touemy ¢ropun prytu (II) He obmagaeT MoneKymspHOH
CTPYKTYpOii?

3ananue 36. Xnopux pryta (II) Ha3pIBaIOT CynIeMOii U3-3a CIIOCOOHOCTH K CyOIu-
Manmu. Kak 570 CBOKCTBO CBA3aHO €O CTpyKTypoi comu? I[Towemy HgCl, xopormo pac-
TBOPSAETCS B ANBTHIOBOM 3(DHPE U TIOXO PacTBOPsiETCs B Boze?

3apganue 37. PacTBOpMMOCTD HgCl2 cocraBngeT 6,6 T B 100 T XO/TOZHOI BOJBI.
Borancrmre pactsopumocts Hg CL, ecn mponsseienne pacTBOPMMOCTH 3TOM COMM
paBsHoO 1,1+ 1078, O6BbsicHUTe OT/IMYME B PACTBOPUMOCTH ITUX COTIEIL.

3aganue 38. [Touemy dymemunar prytu (II) Ha3pIBAIOT «TpemMydell PTyThIO»?
IIpn KakuX yCIOBHAX pasiaraercst 3To coeanHenue? Hanmmmre ypaBHEHHE peak-
LUH.

3aganne 39. Peakumu oO6pazoBanns ammuakaroB pTyTH (II) gacto compoBoxa-
I0TCSI IEIPOTOHUPOBAHNEM KOOPMHUPOBAHHBIX MOJIEKYJI aMMHaka. YeM 310 00bsic-
Hsetcs? Brimmute Gpopmynsl coennHennii B Tabmuiy 111.

Tabnuya 111
A3zorconep:kamue komiiiekes! prytu (II)

IlaBkuii Gerbrit HemmaBkuii 6emnbrit OcHoBaHue PeakTus
MIPEUITATAT MPEIUITATAT Mmuimiona Heccnepa

dopmyna

Y3-3. [omy4yeHne U CBOMCTBA COSNUHEHUIA IIMHKA, KaIMUsI U pTyTH (Jraboparop-
HBIU TIPAKTUKYM).
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Onpit 10. ITosryuyenue u cBoiicTBa TeTpaiiogoruapaprupara (II) kaums.

K pactBopy conu prytu (IT) moctenenno nobasisiite pactBop KI. O6bsicHUTE BbI-
TaJIcHNe, a 3aTeM HCUE3HOBEHHUE IPKO-KpacHOTo ocaka. K momydenHoMy GeciiBeTHO-
My pacTBopy no0aBsTe pacTBOphl HUTpaToB Menu (I1) u meau (I).

Onpit 11. OxkuciautenabHble cBoiicTBa XJaopuaa pryru (ID).

Wzyunte B3anmozeiictBue pactBopoB xiopuaoB pryTH (1) u onosa (II). O6bsicHU-
TE BBINAACHIE OEJI0T0 0Caka 1 ero MOCIeAyIOIIee ToYepHEHME.

Onpit 12. IlucniponiopunoHupoBanue coexnuenuii pryru (I).

Cwmemaifte pactBop HuTpara pryTtH (I) ¢ pactBopamu: a) cynbduaa ammMoHus, 0)
THIPOKCH/IA KaJHs, B) XJIOpuaa HaTpusl. B kaxoi U3 peakuuii JUCIIpONOpIIMOHNPOBA-
HHE He HaOmomaeTca?

OnbIT 13. OxkucauTebLHBbIE cBoiicTBa HUTpaTa pTyTH (I).

Monety u3 menpconepakarero cruiasa nomecture B pactsop Hg (NO,),. Tlocne
M3MEHEHHS I[BeTa MOHETY MPOMOiTe U BICymuTe. [loueMy momydeHHOe MOKPHITHE
CO BpeMeHeM (3a Kakoe Bpems?) ucye3aer?

IV. -2JIEMEHTBI

MOAYJIBHAS TPOT'PAMMA
f-9JIEMEHTBI
Monyns 1 Monynsb 3
JlanTanouapl. AKTHHOUIEL.
OO1ast XxapakTepuCcTHKa. OO01mas XxapakTepruCTHKA.
[IpocThie BemecTBa IIpocTeic BemecTBa
Mogyns 0
Ilenu u 3apa4n MOy IbHOM
MIPOTPAMMBI
Momyis 2 Momyis 4
CoenuHeHUs JJAHTAHOUI0B CoennHeHns] aKTHHOMIIOB
MOAVJb 0

IEJIN 1 3AJIAYM MOZYJIbHOI ITIPOT PAMMBI

H3yyue oanmnyro npoepammy, cnmyoenm OomiCeH 3HAMb.
- JIEKTPOHHOE CTPOCHHUE aTOMOB f-2J1eMeHTOB,
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- BOKHCHIINME CTEIICHU OKHCIICHUSI, BAJICHTHOCTD M KOOPIUHAIIMOHHBIC YHCIIa
aToMoB f-371eMeHTOB,

- U3MCHEHHUE B psiax JaHTaHOUIOB (Ln) n aktrHOMIOB (An) aTOMHBIX XapaKTe-
PUCTHUK (aTOMHBIA pajnyc, SHEPTUsl HOHU3ALNH, CPOICTBO K AICKTPOHY, JICKTPOOT-
PHIIATEIBHOCTH ),

- HAXOXKJCHHUE B MPHUPO]IE,

- (pU3UYCCKUE U XMMHUYCCKUE CBOMCTBA MTPOCTHIX BEIICCTB,

- 0COOCHHOCTH PaTMOAKTUBHBIX 3JICMCHTOB,

- IOJTYYCHHE M CBOICTBA COCAMHCHUI JTAHTAHOUIOB M aKTUHOUJIOB,

- MPUMCHCHHE MPOCTHIX BELICCTB M COCNUHCHUI f-37IeMEHTOB.

H3yuue oannyro npoepammy, cnyoeHm O0Ndicer yMemy.

- BBUIBJIATH M OOBSCHATH 3aKOHOMEPHOCTH B M3MECHEHHUH CBOWCTB MPOCTHIX BE-
[IECTB ¥ BOKHEHIIMX COCIMHECHUI f-21eMeHTOB,

- OOBSCHSITH 3aBUCUMOCTD CBOMCTB COSIMHEHU OT CTEIIEHN OKUCIICHHUSI 3JIEMEHTOB.

MOJIYJIb 1
JIAHTAHOM/IBL. OBILAS XAPAKTEPMCTHKA.
IMPOCTBIE BELECTBA

V3-0. enu u 3aaa4u MOAYJISL.

H3yuue dannwiii MoOyb, cnmyoeHm O0JIJICeH 3HAMb!

- BIIEKTPOHHOE CTPOCHHE aToMOB f-371eMeHTOB 6 meproaa,

- 3aKOHOMEPHOCTH U3MEHEHHST aTOMHBIX XapaKTEPUCTHK B STy JIAHTAHOUJIOB,

- CTETIEHH OKUCJICHHS M BAJICHTHBIC COCTOSTHUS aTOMOB, TIPUMEPHI COETUHEHHUH,

- 3aKOHOMEPHOCTH B M3MEHCHUH (PU3UYECKUX M XUMHUUYECKUX CBOMCTB B PSIIY JIaH-
TAHOWJIOB,

- HAXOXKJICHHE B TIPUPO/IE.

H3yuue oannwiii MoOyib, cmyoeHm 00NdiceH YMemb.:

- UCXOJIs1 U3 DIICKTPOHHOTO CTPOEHHS aTOMOB, OOBSICHSThH HAJTMINE OMPEICTCHHBIX
CTerneHel OKKCIICHHUS U BAICHTHBIX COCTOSHHUIA,

- OOBSICHSITH 3aKOHOMEPHOCTH MU3MEHEHHSI aTOMHBIX XapaKTEPUCTHK B PSY JIaH-
TAHOWJIOB,

- OOBACHSTH 3aKOHOMEPHOCTH B M3MEHCHUH (DU3MIECKUX M XUMUYECKUX CBOHCTB
B Psly JIAHTAHOUJIOB.

VY3-1. BBoAHBIN KOHTPOIIb.

3ananue 1. Kakoli U3 moaypoBHEH NOHKEH 3alONHATHCS PAaHbIIE MO MpPaBUITY
KneukoBckoro - 5d wu 4f? O0wsicaute Hanmmuue Sd-aiekrpona B aromax La, Gd, Lu
(tabmuua 112).
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Tabnuya 112

3ﬂeKTp0HH06 CTPOCHUE ATOMOB U CTCIICHU OKUCJICHUS La u 1anTaHoua0B

OneMeHT 6s | 5d | 4f CrereHn OKUCIICHUS
La 2 1 - +3
Ce 2 - 2 +3,+4
Pr 2 - 3 +3, +4
Nd 2 - 4 +3
Pm 2 - 5 +3
Sm 2 - 6 +2,+3
Eu 2 - 7 +2,+3
Gd 2 1 7 +3
Tb 2 - 9 +3, +4
Dy 2 - 10 +3, +4
Ho 2 - 11 +3
Er 2 - 12 +3
Tm 2 - 13 +2,+3
Yb 2 - 14 +2,+3
Lu 2 1 14 +3

3aganue 2. Kakyio nocienoBareabHOCTh B MBMEHEHUH YCTOMYMBBIX CTENEHEH
OKHCJIEHHS aToMOB LLn MOKHO 0TMeTHTH? Kak 3T0 CBsI3aHO ¢ IOCIIEI0BATEILHOCTRIO

3arnonHeHus f-rmogypoBHs?

VY3-2. AToMHBIE XapaKTEPUCTUKH.
3amanme 3. [TocTpoiite rpaduk 3aBUcUMOCTH 3(PPEKTHBHOIO aTOMHOTO paJiiyca
La u Ln ot nopsinkoBoro Homepa. Jlaiite onpeaeneHust ey oM NOHATUAM: (JIaH-
TAHOMJTHOE CXKATUEY, «BHYTPEHHSS IEPUOAUTHOCTE.

Artomuble xapakrepucTuku La u Ln

DneMeHT Vg EM | ;0B (06}
La 0,187 | 5,58 1,10
Ce 0,183 | 5,50 1,12
Pr 0,182 | 542 1,13
Nd 0,182 5,49 1,14
Pm 0,181 5,55 1,13
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Sm 0,181 5,63 1,17
Eu 0,202 5,66 1,20
Gd 0,179 6,16 1,20
Tb 0,177 5,85 1,10
Dy 0,177 5,93 1,22
Ho 0,176 6,02 1,23
Er 0,175 6,10 1,24
Tm 0,174 6,18 1,25
Yb 0,193 6,25 1,10
Lu 0,174 6,43 1,27

3ananue 4. CpaBHUTE 3HaYCHUS SHEPTUH HOHU3AIIMU U OTHOCUTENILHYIO AJIEKTPO-
oTpunarenbHocTh La W Ln ¢ aHalorMyHbIMU XapaKTEPUCTUKAMU HIETIOYHO3EMENTb-
HBIX MeTasuoB. Kakue BBIBOJIbI MOXKHO c/ieNarh?

3amanume 5. Vcnone3ys ganabie Taomui 112 u 113, o0ocHy#TE TpaJUuIIMOHHOE
pasnenieHue TaHTaHOUI0B Ha niepueByro (Ce, Pr, Nd, Pm, Sm, Eu) u urrpuesyto (Gd,
Tb, Dy, Ho, Er, Tm, Eb, Lu) noarpymrsr.

V3-3. dusnyeckue cBOMCTBA MPOCTHIX BEIIECTB.
3ananue 6. [Toctpoiite rpadyuku 3aBUCIMOCTH TEMIICPATYPhI TUIABJICHUS H TUIOT-
Hoctu La u Ln oT mopsiikoBoro Homepa sneMeHTa. MOXXHO JId OTMETUTh BHYTPEH-
HIOIO TIEPUOJIMYHOCTh M3MCHCHUS (PU3NYCCKUX CBOICTB?
Tabruya 114
Ddusnueckne cBoiicTa La u 1anTanon10B

DneMeHT IotHOCTS, I/cM? Temneparypa miaBnenns, °C
La 6,17 920
Ce 7,3 804
Pr 6,8 935
Nd 7,0 1024
Pm 7,26 1180
Sm 7,5 1072
Eu 5,3 826
Gd 7.9 1312
Tb 8,3 1356
Dy 8,5 1407
Ho 8,8 1470
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Er 9,0 1522
Tm 9,3 1545
Yb 7,0 821

Lu 9,8 1663

3aganue 7. Kpucrammdeckas cTpyKTypa OOJBIIMHCTBA JIAHTAHOHMIOB T'EKCAro-
HaJbHAs IUIOTHOYNaKoBaHHas. VckimodeHne coctapiitor v-Ce u a-Yb (kyOuueckas
TpaHEIeHTpUpOBaHHast), Sm (pomOo3mprdeckas), Eu (kyOmdeckas 00eMHOIIEHTpUAPO-
BaHHas1). Kak 3To cKka3pIBaeTcst Ha IUIOTHOCTH M TEMITEPATYPE IUIABIICHHS METAILIOB?

V3-4. XuMuueckue CBOWCTBA MIPOCTHIX BELIECTB.
3ananue 8. CpaBHUTE XHMHUYCCKYIO aKTHBHOCTH JIAHTAHOMIOB W IIEJIOYHO3E-

MEITFHBIX METAIIIOB, UCIIONB3Ys JaHHBIC TaOmuIe 115.
Tabonuya 115
CrangapTHble MOTeHIUATbI

Onement | E°(D*/3) | E°(D*/D)
La -2,52
Ce -2,34
Pr -2,35
Nd -2,32
Ca -2,87
Mg -2,36

3ananue 9. [Ipu Kakux ycroBHSIX JAHTAHOM[BI peardpyroT ¢ BOJOH, CONSHON U
a30THOM kucnoToi? Hanummute ypaBHeHus peakiuii. [louemy JTaHTaHOHIBI IIJIOXO pe-
arvpyroT ¢ IJIaBUKOBOW U pocdopHOii Kucioramu?

3ananue 10. O0bsicHuTE O0IIIEE CHIDKEHNE XMMHYECKON akTUBHOCTH B psity Ce-Lu.

3ananue 11. JIaHTaHOUABI OKMUCIAIOTCS KHUCIOPOIOM TOJBKO IMPH HArpeBaHHU.
[Touyemy ke UX, Kak U KaJabLUUi, XpaHAT MO MACIOM?

V3-5. HaxoxeHue B pupoJie.

3aganue 12. CocTaBy MUHEPAJIOB KaKOTO PAaCIpPOCTPAHEHHOTO 3JIEMEHTa aHaJIo-
TMYEH COCTaB MPUPOAHBIX coeauHeHuit La u Ln?
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Tabruya 116
IIpupoaHbie coeTNHEHNS TAHTAHOUIOB

Lepuesas rpynna Wrrpuesas rpynna
La, Ce, Pr, Nd, Pm, Sm Y, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu
Hazpanue Cocras Ha3zanue Cocras
MOHALUT (MOHALUTOBBIN M1ECOK) 95PO, KCEHOTUM 9OPO,

6actae3ut (HTOpOKApOOHATHI) OFCO,

HEepUT (CHIIMKAT LIepust) Ce,Si,0,

3ananue 13. OTBeuaer i Ha3BaHUE "peaKo3eMeNbHbIE" pacnpocTpaHeHHOCTH La
u Ln B 3emHO0# kope? CpaBHUTE pacpOCTPAHEHHOCTh YIEMEHTOB C YETHBIMH U He-

YETHBIMU HOMEPaMHU.
Tabnuya 117
PacnpocrpanenHoctsb B npupojae La u janTanouaos

IeMEHT Conepmaﬁfdz c}(a: .S;)MHOI/I Kope,
La 2,9-10°
Ce 7-103
Pr 9-10+
Nd 3,7-10°3
Pm -
Sm 810+
Eu 4,3-10*
Gd 8-10*
Tb 4,3-10*
Dy 5-10*
Ho 1,7-10*
Er 3,3-10*
Tm 2,7-107
Yb 3,3-10°
Lu 8107

MOAVJIb 2

COEJUHEHUA TAHTAHOUJIOB

H3yuue 0anmblil MOOYIb, CYOCHM OONNCEH 3HAMb.

- CTEIeHH OKHMCJIEHHS ¥ BAJCHTHBIE COCTOSIHHS aTOMOB JIAHTAHOWIOB, TIPUMEPHI
COCJIMHEHUH,

- 3aBHCHUMOCTbH B IPYIIIAaX KUCIOTHO-OCHOBHBIX CBOMCTB OKCH/IOB U THIPOKCHIIOB
OT CTENEHH OKUCIIEHHS U TIOPSIKOBOTO HOMEPA 3IEMEHTA,
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- 3aBHCHUMOCTbD B IPYIIAaX OKHUCIIUTEILHO-BOCCTAHOBUTEBHBIX CBOUCTB COEIMHE-
HUI OT CTEIIEHN OKKCIICHUS HJIEMEHTOB,

- COCTOSTHHE HOHOB B PACTBOPE, KOMIUICKCHBIE COEAUHEHMS,

- IPUHIMIIBI PA3/IENICHUs COCIUHEHNH JTAHTAHOMIOB.

H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMemb.

- MCXOJIS U3 BJIEKTPOHHOTO CTPOCHUSI ATOMOB JIAHTAHOU/IOB, OOBSICHSITh HATTMINE
OTpPE/ICTICHHbIX CTENEHEH OKUCIICHNS U BAJIEHTHBIX COCTOSIHHH,

- OOBSICHSTH 3aKOHOMEPHOCTH W3MEHEHHsSI KHCIIOTHO-OCHOBHBIX U OKUCIIHTEIb-
HO-BOCCTAHOBHUTEJILHBIX CBOMCTB COCTMHECHUI JIAHTAHOU/IOB.

VY3-1. Oxcuabl U THIPOKCUABI.
3amanue 14. OKcubl JIAHTaHOUJIOB TpeNCTaBiIeHbI B Tabmuie 118. Onpenenute

TpaHUIIbl U3MEHEHUS! CTENEHEN OKHUCIICHUS! aTOMOB JJAHTAHOUOB B OKCH/IaX.
Tabonuya 118

Oxcuapl La u 1aHTaAHONIOB

DileMeHT OKcHIbI
La, Nd, Pm, Sm, Eu, Gd, Dy, Ho, Er,
Tm, Yb, Lu Ln,0,
Ce Ce0,, Ce,0,, Ce,0,,
Pr Pr()oll’ PrlZ()ZZ7 PrlOOIS’ Pr7012—x7 Pr9016+x’ PrOZ
Tb Tb,0,, TbO,, Tb, O,,, Tb,O ,

3ananue 15. Kax npaBuiio, OKCHIbI METAILIOB cocTaBa 3,0, ABIAIOTCS aMpoTep-
HeIMHA. OObsicuTe OTCyTCTBHE am(poreprocTn y Ln,O,. B Kakoi cTenenun OKucieHus
JIAHTAQHOUJIOB y OKCHJIOB IIPOSIBIISIIOTCST aM(pOTepHBIe CBOMCTBA?

3ananue 16. B crapuny "3emmsmu" Ha3pIBaJIM TYTOIUIABKHE OKCH/IBI METAJIIOB.
Kakoit xapakTep UMeeT 3aBUCUMOCTb TeMIEePaTyphbl IUIABJICHUS OKCHJIOB LIEI0YHO3e-

MEITBHBIX M PEAKO3EMENTFHBIX METAIUIOB OT TIOPSAKOBOTO HOMEpa IeMeHTa?
Tabnuya 119

TeMl'lepaTprl IUIABJICHUS OKCU/IOB 1EJI0OYHO3EMEJIbHBIX U Pe/IKO3€eMeJIbHbIX METAJ/1JI0B

DneMeHT Temneparypa miasienus, °C
MgO 2850
CaO 2614
SrO 2430
BaO 1923
La,0, 2320
Ce 0, 2177
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Pr,0, 2300
Nd,0, 2320
Pm,0, 2000
Sm,0, 1074
Eu,0, 2290
Gd,0, 2350
Tb,0, 2390
Dy,0, 2408
Ho,0, 1470
Er,0, 2380
Tm,0, 2380
Yb,0, 2430
Lu,0, 2450

3ananmue 17. B psay Ce-Lu yMeHbIIAOTCS panychl aTOMOB U HOHOB. Kak B CBsI3n
C 9TMM MEHSETCSl OCHOBHBIN XapakTep ruipokcnio (OH),, ux TepMuIecKas yCTOM-
YHMBOCTh ¥ PACTBOPUMOCTB? [ MPOKCHIBI KaKHMX JIAHTAHOMIOB MPOSIBISIIOT €J1a00 BbI-
pakeHHY0 aM(pOTEpHOCTH?

3apanue 18. Oxcnael nepust (II) u (IV) moryr oGparumo npeBpamiarbest Ipyr B
npyra. Kak 3To cBOHCTBO HCTIONB3yeTCs B KaTaIu3aTopax OUYUCTKU BBIXJIOMHBIX Ta30B
aBTOMOOMIIS?

3amanme 19. Tuxpoxcun nepus (IV) siBisercst THINYHO aMpOTEPHBIM OCHOBAHH-
em. CocraBbTe ypaBHEHHS PeaKIUii:

Ce(OH), + H,SO, —,

Ce(OH), + NaOH —

Ce(OH), + HCL

B peakuun ¢ HCl y4tuTe CHIIBHBIC OKHCIHMTEIBbHBIC CBOMCTBA COCHMHCHHIA
Ce(IV).

V¥3-2. Comn.

Baganue 20. Monsr Ln** - xoporne komriekcoodpasoparenu. B vactHocTH, B
BOJIHBIX PacTBOpax o0pasyroTcs akBakoMmruiekchl coctasa [Ln(H,0) . V anemen-
TOB LIEPUEBOM IPyMIIEI MpeodiagaeT n=9, a y AIEMEHTOB UTTPUEBOH Ipymmbel n=48.
CpaBHUTE OKPACKY aKBAKOMILIEKCOB H JIEKTPOHHOE CTPOCHUE LIEHTPAIBHOTO aTo-

Ma. CrenaiiTe BRIBOIEIL.
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Tabnuya 120
Oxpacka nonos [Ln(H,0), |*u sj1exTponnoe crpoenne Ln**

Onementsl La-Gd Onementsl Th-Lu
Oxpacka DEeKTpOHHOE DJeKTpOHHOE Oxkpacka
[Ln(H,0),]** crpoenue Ln* crpoenne Ln* [Ln(H,0) I**
La 6m. f 14 Lu 6m.
Ce 011 f! 13 YD 6w.
Pr x-3em. 2 12 Tm cB-3em.
Nd pos. f? f1! Er pos.

Pm pos. f f1° Ho cB-xenr.
Sm xenr. f i Dy cB-3eu1.
Eu cB-xenr o i Tb cB-pos.
Gd 6. il

3amganue 21. [To pacTBOPUMOCTH, CKIIOHHOCTH K 00pa30BaHUIO0 KOMIUICKCHBIX H
JIBOMHBIX coneit nonsl Ln*" u A" umeror MHOTO 00111eT0. OOBSICHUTE CYIIECTBEHHbIC
OTJINYUS B OTHOIIICHUH K THPOJIH3Y.

3anganue 22. V13 maHTaHOMIOB B CTETICHN OKUCIICHHS +4 yCTOHYMBEIE cOMH 00pa-
3yeT TOJIBKO LIepUid. B Kakux ycrnoBusx Bo3MoxHO oOpaszosanue noHos [Ce(H,0) [*?

3amanme 23. B ominume OT OCTaldbHBIX JAHTAHOHJIOB JBYX3apsiHbli non Eu*
ycroituuB. Paanyc storo nona (0,131 um) 6mu3ok k paauycy Sr** (0,126 um). [puse-
JIATE TIPUMEPBI aHATIOTUYHBIX CBOMCTB COJICH SBPOITHS U CTPOHIIHSL.

3ananue 24. JlaHTaHOWUIBI MOKHO Pa3NeATh, HCIIONB3YS PA3IIYHYIO PacTBOPHU-
MOCTB IIPOCTHIX ¥ KOMIDIEKCHBIX COJEH U THAPOKCHIOB. Ha 4eM ocHOBaHBI COBpEMEH-
HBIC METOJIBI PA3/ICIICHIA - IKCTPAKIUS U XpoMarorpadus?

MOAYJIb 3
AKTHHONMJBI. OBIIAA XAPAKTEPUCTHUKA.
IMPOCTBIE BEIHIIECTBA

V3-0. Lenu u 3a1a4m MOZLYJISL.

H3yuue oannblil MoOyib, cnyoeHm O0mdiCceH 3HaAMb.

- BIIEKTPOHHOE CTPOCHHNE aToMOB f-371eMeHTOB 7 mepuona,

- 3AaKOHOMEPHOCTH U3MEHEHHMS aTOMHBIX XapaKTEPUCTHK B PsITy aKTHHOH/IOB,

- CTETICHH OKHUCJICHHS M BAJICHTHBIE COCTOSTHUS aTOMOB, TIPIMEPHI COESTUHEHHNH,

- 3aKOHOMEPHOCTH B N3MEHEHUN (PM3NYECKUX U XUMUYECKHX CBOHCTB B PSIIY aK-
TUHOWJIOB,

- HAXOXKJICHHUE B IPHPOJIE, TTOTyUCHUE PaIMOaKTHBHBIX 3JIEMEHTOB.
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H3yuue oannwiii MoOyib, cmyoeHm O0NdiCeH YMemb:

- UCXOJIs1 U3 DIICKTPOHHOTO CTPOEHHS aTOMOB, OOBSICHAThH HAJTMINE OMPEICTEHHBIX
CTerneHel OKKCIICHHUS U BAJICHTHBIX COCTOSHHUIA,

- OOBSACHATH 3aKOHOMEPHOCTH U3MEHEHHsI AaTOMHBIX XapPAKTEPUCTHUK B PSITy aKTH-
HOU/JIOB,

- OOBSCHSTH 3aKOHOMEPHOCTH B M3MEHEHUH (DU3MUYECKUX M XUMUYECKUX CBOHCTB
B Psi/ly aKTHHOUJIOB.

VY3-1. BBOAHBIN KOHTPOIb.
3amanue 25. DIEKTPOHHOE CTPOSHHE aTOMOB aKTHHOMJIOB AaHAJIOTHYHO CTPOCHHIO
aroMoB JaHTaHOH0B. OOBSICHUTE HAJIMYKME MM OTCYTCTBHE IIPOBAja JIEKTPOHA (Ta-
onmma 121).
Tabnuya 121
3J16Krp0ﬂ}loe CTPOCHHUE ATOMOB U CTCICHU OKUCTICHUS Acnu AKTHHOHI0B

Onement | 7s | 6d | 5f CTerneHu OKUCTICHUS
Ac 2 1 - +3
Th 2 2 +4
Pa 21012 (+3), +4, 45
U 21113 (+2), +3, +4, (+5), +6
Np 211 | 4 +3, +4, 45, +6, +7
Pu 20 -1]6 +3, +4, +5, +6, +7
Am 20 -7 (+2), 43, +4, +5, (+6)
Cm 21017 +3, +4
Bk 2 1|8 +3, +4
Cf 2 - |10 (+2), +3, (+4)
Es 20 - |11 (+2), +3
Fm 20 - |12 +2,+3
Md 20 - |13 +2,+3
No 2| - | 14 +2, (+3)
Lr 201 |14 +3

3ananue 26. Kakne 3aKOHOMEPHOCTH MOXXHO OTMETHUTHh B M3MCHCHHUH OOIIETo
YHCJIa CTEIICHEH OKHCIICHHS U HanOoJIee YCTONYMBBIX CTCIICHEH OKUCIICHUS (BBIICIIC-
HBI PU(TOM) aKTHHOHIOB?

VY5-2. O0mias XxapakTepruCcTHKa aKTHHOH/IOB.

3amanme 27. Cuenaiite BbIBOJ 00 N3MEHEHHH aTOMHBIX XapaKTEPHCTHK IIPU Iie-
pexofie OT JJaHTAaHOMJIOB K aHAJIOTUYHBIM I10 AJIEKTPOHHOMY CTPOEHHIO aKTHHOUAAM.
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Tabnuya 122
Jdpexruubie pagunycsl aroMoB (KU=12) u uonos (KU=6) Ln (Ce, Nd) u An (Th, U)

DIIeMeHT Iy, HM ¥ o, HM 1, ,3B
3+ 0,102

Ce 0,183 4+ 0,088 5,5

Nd 0,182 3+ 0,102 5,49
3+ 0,108

Th 0,180 4+ 0.095 6,1

U 0,153 3+ 0,104 6,2

3ananue 28. Kak MeHsAeTCs pa3HHIIA B SHEPTHSIX IEKTPOHHBIX YPOBHEH C yBeNu-
YeHHeM HoMepa AJIeKTPOHHOU 00oouku? OObsicHUTE Ooliblliee pa3HOOOpasue crere-
HEll OKUCIICHHUS! Y aKTHHOU/IOB 10 CPABHEHHIO C ITAHTAHOUIAMH.

V2-3. ®uznueckue cBOMCTBA.

3apanue 29. BaxHeHmmM GU3N4YECKUM CBOMCTBOM aKTHHOUJIOB SIBIISIETCS pajiii-
OaKTHMBHOCTb. SIipa Bcex akTMHOMJIOB pacnajialoTcs, 00pasys Tak Ha3bIBaeMbIe pajiui-
OaKTHBHBIE psAbl. Hanmuimmre cxeMbl SepHbIX peakinii, COOTBETCTBYIOIIUX PsiiaM:

238 234 234 234
nU = ool h 5 Pa 5 nU

235 231 21 27
nU — wolh . Pa wAc

-$
3apanue 30. CpaBHuTe (U3HMUECKHE CBOMCTBA MEPBBIX NPEICTABUTEICH JJAHTAHO-
HUJI0B U aKTUHOHOB. Cﬂenai&Te BBIBO/JIbI.

o

Tabnuya 123
Du3nvecKue CBONCTBA JIAHTAHOU/I0B U AKTHHONI0B

Snosn | AT | TP | oy | Tt | Toupnrs
La 6,17 920 Ac 10,1 1047
Ce 73 804 Th 11,7 1750
Pr 6,8 935 Pa 15,4 1840
Nd 7,0 1024 18] 19,0 1132
Pm 7,26 1180 Np 20,3 640

V3-4. XuMru4ecKkre CBOWCTBRA.
3ananue 31. CpaBHUTE XUMUYECKYIO aKTUBHOCTb JIAHTAHOUIOB U aKTHHOUJIOB 110
3HAYCHHUSIM CTAHIAPTHBIX MOTCHIIMAIOB OJHOTHITHBIX TporieccoB D* + 3e =D,
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Tabnuya 124
CranapTHble 2JIEKTPOIHbIe NMOoTeHIuaabl Ln u Ac

DneMeHT E°(D*/2) DneMeHT E°(3*/3)
Ce -2,34 Th -1,27
Nd -2,32 U -1,66
Gd -2,40 Cm -2,06
Er 2,30 Fm 2,07
Lu -2,26 Lr -2,10

3ananue 32. /[0 OTKpPHITHA aKTHHOUOB ypaH rmoMerany B VI rpymmy nepuoande-
cKoif cuctemsl. [1omp3ysich cripaBOYHOM INTEPATypOi, 3armoaHuTe Tadbmmity 125 ¢op-
MyJaMH COEIMHEHHUH, 00pa3yIoIMXcs NP B3aUMOACHCTBIN ypaHa U BOJb(pama C

HEMETaJUIaMHU.
Tabnuya 125
CoenuHenusi ypana u BoJib(ppama ¢ HeMeTaLIaMu

CoenuHeHus
U W

Hewmeramn

(0]

2

o

Q|

(3

Z|wn

{S

@]

T

2

3anganue 33. [To XUMHUYECKUM CBOWCTBAM TOPHIA OJIHM30K K dJIEMEHTaM TTOO0YHOM
moarpymmsl [V rpymmsl. [1oab3ysachk clipaBOYHON JIMTEPATYpOH, 3allOTHUTE TaOIHUILy
126 popmymamu coerHEHNN, 00Pa3YIOMIAXCS MIPH B3aUMOICHCTBUY TOPHS U TapHUSL

C HEMETAIJTAMH.
Tabnuya 126
Coeaunenust Topusi 1 ra)HUsI ¢ HEMETALIAMHU

CoenuHeHus
Th Hf

Hewmeramn

(0)

2

>

Q|m

(S

Z|w»n

(S

a

T
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V3-5. HaxoxaeHue B pupoJe.

3aganue 34. VI3 akTHHOHMIOB B MPHUPOJIC B 3aMETHBIX KOIHYECTBAX BCTPECUAFOTCS
Tonbko ypat (3-10* %) u Topuii (2:107° %). Kakue 13 1aHTaHOUIOB HanboIee pacipo-
crpaeHbl? HaiiiuTe aHaIOTHIO B SIICPHOM M SJICKTPOHHOM CTPOCHHH COOTBETCTBYO-
[IMX JJAHTAHOU/IOB U aKTHHOH/IOB.

MOJIYJIb 4
COEJUHEHUSI AKTHHONIOB

¥3-0. Henu u 3a1auu MO,

H3yuue oannwiii MoOyib, cnmyoeHm 00NdiCeH 3HAMb!

- COCTaB, CHOCOOBI MONYYEHHUsSI U KUCJIOTHO-OCHOBHBIC CBOWCTBA BaYKHEUIIINX
OKCHJIOB U THIPOKCHIOB f-371eMEeHTOB 7 Tiepuoa,

- 3aKOHOMEPHOCTH U3MEHEHHSI COCTABA OJIHOTUIIHBIX COCTUHCHU B PSILY aKTH-
HOU/IOB,

- THITUYHbIE COCJMHEHHS YPaHa U TOPUs,

- KATHOHHBIC U AHUOHHbIE KOMILJIEKCHBIE COEJIMHEHHUS YPaHa.

H3yuue oannwiii Mooyib, cnmyoeHm 0oNdicer YyMemy.:

- OOBSACHATH 3aBUCUMOCTD KHCJIOTHO-OCHOBHBIX CBOHCTB OKCHJIOB U THIPOKCH-
JIOB OT CTEIICHU OKUCIICHHUSI aTOMOB aKTHHOH/IOB,

- OOBSICHSATH 3aBUCUMOCTD (DU3MIECKUX CBOMCTB HEKOTOPBIX COEUHEHUH (OKCH-
JIbI, TAJIOTEHU/IbI) OT MPUPOBI XUMUYECKOU CBSI3K K 0COOEHHOCTEH CTPOEHMS,

- OOBSICHATH OCOOECHHOCTH CTPOEHMSI THITMYHBIX KOMILIEKCHBIX COEIMHEHHI
ypaHa u TOpHsL.

V3-1. BBOHBII KOHTPOIIb.

3ananue 35. Vcxost U3 2J1€KTPOHHOTO CTPOCHHUS aTOMOB, OOBSICHUTE COBIIaJIe-
HHE YCTOHUYMBBIX cTerneHel okucnenus: a) Ac u La, 6) Th u Ce. [Ipusenure npumMeps
AHAJIOTUYHBIX CBOMCTB COSTMHEHHH 3TUX IEMEHTOB.

3ananue 36. B HexoTophIx BapuaHTax Tabnuibel MeHeneesa ypaH noMenanm
B VI rpynmy. IIpuBeanTe npumeps! COeANHEHUH ypaHa, aHAJIOTUYHBIX COSJUHEHUAM
MoJHO/ICHa 1 BOJIb(pama.

V¥3-2. CoequHeHns aKTUHUS, TOPUS U TPOTAKTUHMUS.

3amanue 37. Paguyc nona Ac** Gosblie paauyca uona La*". CpaBHUTE KUCIOT-
HO-OCHOBHBIE cBo¥cTBa oKcu10B 1 runpokcuaoB Ac(I1) u La(IlT).

3aganue 38. Kax mpaBuiio, karroHsl Me*™ B BOIHBIX PacTBOpax MOIBEPraroTCs
HeoOparumomy ruposusy. Onaako conu Th(IV) pactBopsitoTest B Bozie 6€3 BUANMBIX
NpU3HaKoB rujponusa, a ruapokcua Th(OH), sensercsa ocnosanuem. Ilpensioxure
o0bsicHenus. Harummre ypaBHEHHs peakiuid:

Th(OH), + H,SO, —
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Th(OH), + CO,—

3ananue 39. Hanbonee ycToiMUMBOM CTEIEHBIO OKUCICHUS IPOTAKTUHUS SIBIIS-
ercs +5. Karuon Pa’ B BOZHOM pacTBOpE HE CyLIECTBYET, TaK Kak MOJIBEPracTcs
HeoOparuMoMy rupoinsy. CocraBbTe ypaBHEHHE PEaKIMK THAPOJIN3a ¢ 00pa3oBa-
HueM komiekca [PaO(OH)(H,0),]*".

V¥3-2. Coenunenus ypaHa.

3ananue 40. Ypan oOpa3yet psa okcnaoB. Hanmimure ypaBHEHHS peakid, co-
OTBETCTBYIOIIHX CIEAYIOIICH CXeMe IPeBpalCHHUH:

U— UO,«—UO0,— U,0,.

3ananue 41. Y ypaHa, KaK 1 y Ipyriux aKTHHOMJIOB, HapyIIaeTcs odIee npaBy-
JIO 3aBUCHMOCTH KHCIIOTHO-OCHOBHBIX CBOMCTB OT CTEIICHHM OKHCIICHHS 3JIEMCHTA.
Oxcun UO, mposBIIsIeT OCHOBHBIE CBO¥CTBA, a okcua UO, - amporepubie. Harmmmm-
TE ypaBHEHUsSI PEaKIIU:

Uo, +H,S0,—

Uo, +H,S0,—

U0, + NaOH—

U,0, + H,SO,—

3ananue 42. [lys ypana (VI) xapakrepHo oOpa3oBaHue COeAMHEHUH, co/lepka-
mux ypanui-kation UO,>". O0bsACHUTE BHICOKYIO YCTOHYMBOCTB 3TOTO KaTHOHA,
I0Ka3aB T—CBSI3bIBAHNE JIEKTPOHHBIX AP aTOMOB KHCIIOPO/Ia ¢ BAKAHTHBIMH Op-
OouTaxsiMH ypaHa.

3ananue 43. B creneHn okucieHHs +6 3IEMEHTHI, KaK IPaBHIIO, 00pas3yroT
COEJIMHEHHMS C KMCJIOTHBIMU cBo¥icTBamMu. Onnaxo ruapokcun ypanuna UO,(OH),
nposiBisieT amQoTepHbIi XapakTep. Hanummure ypaBHEHHS CIEAYIONINX PEAKINH ¢
y4eToM 00pa30BaHMs B BOJAHOM PacTBOPE aKBAKOMILIEKCOB (KHCIIasi cpejia) WU TH-
JPOKCOKOMITIEKCOB (ILeJIOUHAs Cpeia) ypaHua:

UO,(OH), + H" + H,0—

UO,(OH), + OH" —.

3ananue 44. Coenmnenus ypana (IV) MoryT ObITh MOJy4EHBI B CHIIEHOKHCIION
cperie Ipu BOCCTAHOBJIICHUH COJICH ypaHWiIa NMHKOM. Hamummre ypaBHeHHe peak-
LUH:

UO,SO, +H,S0, + Zn—.

V¥3-3. CoenuHeHNs TpaHCYPaHOBBIX 2JIEMEHTOB.

3aganne 45. [l TpaHCYPAHOBBIX IEMEHTOB XapaKTEPHO YMEHBIIEHNE YCTOMU-
YMBOM CTENEHN OKHMCIICHHUS JIEMEHTa 110 CpaBHEHUIO ¢ ypaHoM. ITome3ysch cnpa-
BOYHOU JTUTEPATypOH, MPUBEIUTE TIPUMEpHI coeanHeHm Np, Pu u Am, obnamato-
LIMX MOBBIIEHHON yCTOWYMBOCTBIO.
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