OJIMMIINATA HIKOJIBHUKOB CII6I'Y 110 XUMHMU.
SAJAHUA BAKTIOYUTEJIBHOI'O OTAIIA

3akiI04nTeNbHBIN ITAN

Bce 3a1aum 3aK/JI109HTEIBHOIO 3TANA OlleHUBAIHCH B 20 0a/1/10B.

8 kuace

1. «YeTnipe pacTBOpa»

Crynenty xumuueckoro ¢akynprera Kupmiury cpoyHo TpeOOBaloCh MPOBECTH KayeCTBEHHBIN
aQHaAJIN3 [ IOJIYYEHMsI 3a4€Ta 110 aHAIUTUYECKON XUMUH.

Kupunny Beimanu HaOOp 4YHMCTHIX NPOOMPOK M HAOOp U3 YETHIPEX PACTBOPOB, COJEPIKAIIUX
CIEeyIOIINe BEIIeCTBA: Cyab(U HATPUS, UOAU] CTPOHLIUS, OPOMHUJT aIFOMUHUS M HUTpAT cepedpa.
Kaxaplii pacTBOp HaxoAwics B OTHAENbHOM MpoOupke. Kupuinl nombiTajics OTIMYUTH PacTBOP
cysbduaa 1o 3amnaxy, HO BCJICACTBHE HelaBHO nepeHecenHoro Covid-19, notepsin obonsiaue. Kakoe
MUHUMAJIbHOE KOJMYECTBO pPEaKIUi, HE HCIONb3yd HHUKAKUX JOMOJHUTENBHBIX PEarcHTOB,
notpedyetcs Kupusty st Toro, 4ToObl ONpeaeuTh B KaKOM MPOOHpPKe pacTBOP KaKOTO BELIECTBA

HaxoAuTcs? 3anuilnuTe ypaBHEHUS IPOBEACHHBIX PEAKIIHIA.

Otsert: 2 cnuBanus
Pemienue. Ecnu paccMOTpeTh BCE BO3MOXKHBIE Mapbl B3aUMOACHCTBUM, KaXJ10€ OKa3bIBaeTCs
YHUKAJIBHBIM C TOYKH 3pEHUs BU3YaATbHOTO A dexta. MoxKHO 3amucaTh YpaBHEHUS TUX PEAKIHS U
COCTaBUTH TAOJIMILY TTAPHBIX B3aUMOICHCTBUM:
Na,S + Srl, = SrS| + 2Nal
3Na,S + 2AIBr; + 6H,0 = 2AI(OH)3| + 3H,S1T + 6NaBr
Na,S + 2AgNO3 = 2NaNOs + Ag.S|
Srl, + AlBr3 ve uner
Srl; + 2AgNO3 = 2Agl| + Sr(NOs),
AlBr; +3AgNO; = 3AgBr| + AI(NO3)s3

Na,S Srl, AlBr3 AgNO;;
I"a3 + Oembrit
Na,S Benrwiii ocagok YEpHBIN 0CaI0K
0CaIoK
Srlp Bbenerit ocamok Her sddexra KenTsrit ocamox
I'a3 + Genblit CBeT10-XKENTHII
AlBr3 Het sddexra

oCaaoK 0CaJJ0K




CBeTno-KENTHIN
AgNO; yepHbIi ocanok | JKentslil ocagok
0CazloK

[To ycnoBuio 3aaun, Ha 3aMax OTJIMYUTH PACTBOP Cylb(pUAa HATPUS HEBO3ZMOXKHO, TO3TOMY HYKHO
OpPUEHTUPOBATHCS TOJIBKO HA BU3yabHbIE A (EKTHI.

IlepBoe cnuBaHME IBYX MPOU3BOJIBHBIX PACTBOPOB IIO3BOJISIET OJHO3HAYHO ONPEIEIIUTh KaKUe J1Ba
BELIECTBA B 3TUX PacTBOpPax HaxXoAATCs (IpU 3TOM MO-IIPEKHEMY HEM3BECTHO, KAKOE BEIIECTBO B
KakoM pactBope). Hike paccMOTpeH 0AMH U3 BO3MOXKHBIX BApUAHTOB.

[Ipeanonoxxum, 4to mpu ciauBaHuu pacTBopa Nel m pactBopa Ne2 obOpasyercs 4epHBIH OCaIOK.
3HaYMT, B 3TUX PACTBOPAX COJAEPKATCSA HUTPAT cepedpa u Cyabpua HATPusl.

Teneprb BozbMeM pactBop Nel u qo6aBum Kk Hemy pacTBop Ne3.

A) Ecnu B pactBope Nel Obut HUTpaT cepedpa (a 3HauuT, B pactBope Ne2 — cynbdua HaTpus), a B
pe3ynbTaTe 00pa3oBalics KENThIM OCaJOK, 3HAUUT B pactBope Ne3 — HOAMA CTPOHIUSA, a B
ocrapuemcsi pactBope Ned — Opomupa amomuHus. TakuM oOpa3oMm, JBYX CIMBaHMM OKa3ajloch
JOCTaTOYHO, YTOOBI ONPEACITUTH BCE PACTBOPHI.

b) Ecnu npu no6aBnenuu k pactBopy Nel (rae mo-mpexHemy ObUT HUTpAT cepedpa) pactBopa Ne3
o0Opa3yercs CBETJIO-KENTHIA 0CaZOK, 3HAYUT pacTBOp Ne3 comep uT OpomMuja aniOMHUHHS, a B
pactBope Ned4 — noauj cTpoHIMs. B 3TOM citydae Takxe JOCTaTOYHO OKa3aJIOCh JBYX CIUBAaHUM.

B) Ecnu B pactBope Nel Obut, Hao00poT, cynbdun Hatpus (a B pactBope Ne2 Hutpar cepebpa), a
npu no6asneHun pactBopa Ne3 oOpasoBancs Oelnblii 0CaJoK M BBLAETHICS Ta3, TO B pacTBope Ne3
HaxoauTcst Opomua amomMuHMs. B ocraBmemces pactBope Ned4 — monua crpoHuus. B atom cinyqae
TaK)Ke J10CTaTOYHO 0Ka3aJoCh ABYX CIMBAaHUU.

I') Ecnn nipu noGaBnenuu k pactBopy Nel (rae mo-npexHemy Obul cynbua HaTpus) pactBopa Ne3
oOpa3zyeTcs TOJNBKO Oenblif ocaZok, TO B pacTBope Ne3 coaepKuTcsi MOAMJ CTPOHLUSA, a B
ocrtaBiiemcs pactBope Ned — Gpomun amtomunus. M onaTh 0kazanoch JOCTATOYHO JBYX CIMBAHHM.
HeobxonuMo paccMOTpeTh elie S5 BapuaHTOB MEPBLIX CIMBAHUN MOJ KKIYH BO3MOXKHYIO Tapy.
[lepBoe cnuBaHMe — JBa MPOU3BOJIBHBIX pacTBopa. Bropoe cinuBaHue — OAMH U3
MCIIOJIb30BABIIUXCS ISl TIEPBOTO CIIMBAHUS PACTBOPOB M OJMH M3 HEHCIOIb30BaBIIMXcs (eme 4
Bapuanta A-I"). Takum o0Opa3oM MOXXHO JI0Ka3aTh, YTO BCET/Ia BHE 3aBHUCUMOCTH OT TOTO, KaKHe
pPacTBOPBI MBI CJIMBAEM, IOCTATOYHO JIBYX JEHCTBUM.

Kpumepuu oyenueanusa:

Hamnucansl 5 ypaBHeHui peaknuii — mo 1 6amny 3a Kaxayro peakiuio, utoro 1-5=5 6amios
OnpeneneHo MUHIMAIIbLHOE KOJTMYECTBO CIMBaHUN — 3 Oaia

PaccmoTpens! 6 BapranToB — 10 2 Gaiiia 3a Kax/ablii BapuaHT, 2-6=12 6annos



Bcero 20 6amioB

2. «Ilmanera AMoOH
YuyeHble OOHapYXWIHA IUIAaHETY AMOH H3/ajieKa MOXO0XYI0 Ha 3eMJIi0: Ha Heill ObLIM MaTepUKH,
Mopsi, umenack atMocepa u Obutn 0baKa, TemrepaTrypa Ha MOBEpXHOCTU Oblia He Huxe -50, HO He
Bbiie +50 rpagycoB llenbcusd. OTnpaBka aBTOHOMHOIO 30HJa Ha 3Ty IUIAHETY IOKasaja, 4ToO Ha
JAaHHOMW IUTAHETE MOpPS U OKEaHBI 3all0OJIHEHBI HE BOJOM, a UJAKUM aMMHMAKOM TaK KaK J1aBJICHHUE B
50 pa3 Bbilie 3eMHOro. Hanuiure ypaBHEHUS CIEAYIONIMX XUMUYECKUX PEAKIUid, KOTOPbIE MOTYT
IIPOTEKaTh Ha 3TOM IJIaHeTe.
1) Tak ke, Kak W BOJA, KUJKUHA aMMHUAK IMPOSBIISET CBOWCTBA KaK KUCIOTHI, TAaK M OCHOBAHWUSI.
Hanummure ypaBHeHue aucconaniy aMMUaKka B dKUJAKOM aMMUake. (peakuus A)
2) [lo aHaMOrMU C THIPOJU3OM, XMMHYECKas DPEaKIHs B3aUMOJCHCTBHS BEIIECTBA C JKHIAKHM
aMMHUaKOM Ha3bIBae€TCs aMMOHOJIM3. HamuimuTe ypaBHEHUS aMMOHONIM3a Tuapuaa Kanus (Peakius
b) u xmopuna 6opa (Peakuus B). Hanuminrte ypaBHEHME peakiMM METAJUIMYECKOTO HATpus C
KUAKUM aMMHakoM (peakius ).
3) HutpaT aMMOHHUsI IPOSIBIIAET KUCIOTHBIE CBOMCTBA B JKUIAKOM aMMHake. Hamuimiure ypaBHEHHS
XUMHUYECKHUX PEAKIIMi HUTpaTa aMMOHHUS ¢ ITMHKOM (peakius J[) u amunom Hatpus (peakuus E)
4) Amun xamuss KNH; sBisercss ocHOBaHHMEM B KHMIKOM aMmMuake. Hamuimre ypaBHEHHE
B3aMMOJICHCTBUS aMuja Kaius ¢ aneratoM amMmmoHus (peakuus JK) u amuznom nuHka (peakuus 3) B
KUJKOM aMMHUAKE.
5) B okeaHe AMOHa pacTBOPEHO MHOXKECTBO 3JIEKTPOIUTOB. Mcxoms U3 TabNHUIBI pacTBOPUMOCTH
BEIIECTB B JKHUJIKOM aMMHaKe, NMPUBEACHHON HMKE, YKaXHUTE MPU CMEUIEHHH PacTBOPOB KaKHX
BEIIIECTB B KUIKOM aMMHake OyaeT HaOMtomaThCs MPHU3HAKM TMPOTEKaHUs peaknuu. B ciydae
IIPOTEKAHUS PEAKIUHU 3aKOHUYNTE XUMUUYECKUE YPABHEHUS.

Agl + Ba(NO3), (peakius 1)

AgNOQO; + Nal (peakunus K)

KNOj3 + NH,4Cl (peakmus JI)

Ba(NO3), + NH4CI (peaxius M)
NaNO3 + KNH; (peakmus H)
ZnCl, + NaNH; (u3651T0K) (peakius O)

NH," Na' K* Ba** Zn** Ag*
NH, P H M P H P




NO3 P P P P P P

Ccr P M M H M

| P P P M M P
Pemenmne.

peaxmus A: 2NHz = NHg" + NHy
peakuus b: KH + NHz = KNH; + H,1
peakmust B: BClz + 6NH3 = B(NH2)3 + 3NH,CI
peakmus [': 2Na + 2NH3z = 2NaNH; + Hz1
peakmus : Zn + NH;NO3z = Zn(NO3), + NH3 + Hy1
peakmust E: KNH; + NH4sNO3; = KNO3 + 2NH;3
peakuus XK: KNH; + CH;COONH, = CH;COOK + 2NHj3
peakimst 3: 2KNH; + Zn(NHy), = K3[Zn(NH2)4]
peakuus U: Agl + Ba(NOs), = AgNOs+ Bal;|
peakuus K: AgNO3 + Nal peakuus He uner
peakmus JI KNO3; + NH,Cl = KC1| + NH4NO3
peakiuss M Ba(NOs), + NH4Cl = BaCl,| + NH4NO3
peakuus H NaNO3 + KNH; peakuus He uaer
peakuusi O ZnCl, + 4NaNH; (u36s1T0K) = Nag[Zn(NH,)4] + 2NaCl|
Kpumepuu oyenusanus:
ITo 1,5 Gayna 3a mpaBuiIbHOE ypaBHeHUe peakiuu 1,5-12 peakuuit = 18 6amion
ITo 1 6amny 3a ykazanue, yto peaxkuus He uzet (peakuuu K u H) — 1-2 = 2 6ama

Hroro 20 6amos

3. «CHIIMKOHOBAsS 10JTMHA»

[lomyyenue BBICOKOYMCTOTO KpPEMHHsI SBISETCS OYEHb BaXXHOW 3aJadeil  COBPEMEHHOM
IIPOMBILIUIEHHOCTH, B YaCTHOCTH A3TO BEIIECTBO MCIOJB3YETCS B KOMIBIOTEPHOM TexHUKe. Jlis
MIOJIyYEHUSI HUCIIONIb3YIOT Pa3lInyHbIE KHUCIOPOACOAEpXkKalue MuHepanbl. Tak, u3 MuHepana A, B
KOTOPOM MaccoBasi 1011 Kuciopoaa coctasiisieT 47,34%, KpeMHUI MO>KHO BBIJEINUTD CIEIYIOIIUM
CIOCOOOM.

Munepan A o0pabaTbIBaeTCsi KOHLEHTPUPOBAHHOM a30THOM KHUCIIOTOW, B pE3yJIbTaTe BBINAJAeT
amopdubiii ocagok B (peakmms 1). Dror ocamok mnpokamuBaroT npu 700 °c (peakuus 2).

Oo6pasyromeecs TBepaoe BemecTBO C craBisiioT ¢ MarHueMm (peakmust 3). OgHAKO MOCIETHHMA



MPOIIECC HJET JOCTATOYHO II0X0. Eciam B3sITh HENOCTATOK Mar"us, TO oOpasyromuiics crek [
COJICPKUT HEKOTOpOoe KomuecTBO Hempopearupoapmiero C. Ecnu B3aTh M30BITOK Mariuisi, TO B
TakoM creke II kxpome kpeMHus conepkutcs eie Beniectso D (peakuus 4).

Hns Bemenenus kpemHuss u3 crneka | ero oOpabateiBator xiopom npu 400C, B pesynbrare
obpasyercs ra3 E (peakmus 5), KOTOpbIH gajiee BOCCTAaHABIMBAIOT MarHUeM (peakius 6).

Jns Beimencnusi kpemHusi u3 creka Il ero oOpabaThIBalOT CONSIHOW KHCIIOTOM, B Pe3yJbTaTe
BhIIeNsieTcs ra3 F (peakuus 7), KOTOPBIA BCIBIXMBAET HA BO3/yXxe ¢ oopa3zoBanuem C (peakuus 8),
MOJTYYAIOLIUICS MPU ATOM KPEMHHI OT(UIBTPOBBIBAIOT.

Onpenenure cocTaB MUHEpasia A, €clid U3BECTHO, YTO MUHEpAJ OKPAIINBAET Iu1aMs B (PUOIETOBBIM
IIBET, KPOME KPEMHHMsSI U KHUCIOpOJa B A €CTh KAaTHOHBI €IIe JABYX METaUIOB, a MOJIbHas JIOJs
KpeMHHsI B A coctaBisieT 25%. OTBer moaTrBepauTe pacueroMm. [Ipm pacuere MoJsipHbIE MaCChI
aTOMOB OKPYIJISITE 10 LENbIX YKcel. YcTaHoBHTe 3amundpoBaHHble BemlecTBa B-F u nanumute

YpaBHCHU: OITMCAHHBIX peaKHHﬁ.

Pewenue

1. CHavana ycranoBuM (hopmyny muHepasia A. [TocKoIbKY OH OKpalIMBaeT IiaMsi B (PUOJICTOBBIN
I[BET, B €F0 COCTaB BXOJAT KaTHOHBI Kaius. Takum o0Opa3oM, cOCTaB MHHEpaja MOXKHO 3aIllucarh B
cieayromiem Buze: KaMpSicOy, rie M — KaTHOH BTOPOT0 METaslIa.

3Has MacCOBYIO JIOJIO KUCIIOPO/ia B MHHEpaJie, MOKHO BBIPAa3UTh MOJISIPHYIO MacCy MUHepalia 4epe3

MOJIAPHYIO MaCCy aTOMOB KHCJIOpOJa U €ro KOJIMICCTBO:

=0 d__5m
W)= M(Muuepana)
M(MuHepasia) = 04734 = 33,8d r/moJb

MonsipHasi Macca MUHepaja 00s3aTelbHO JOKHA OBITH LENBIM YHCIOM (B COCTaB MUHEpaja He
BXOJIAT aTOMBI XJIOpa). DTO HAKJIAIbIBaeT OTpaHMUYCHUsI HAa MHIEKC O (TO €CcTh KOJIWYECTBO aTOMOB
KUCIIOPOZIa B MHUHEpaje) — OH JOJDKeH ObITh TakuM, 4ToObl 33,8d OBLIO LENBIM YHCIIOM.
Munumanbnoe 3nauenue d — 5. Jlpyrue Bapuants! d: 10, 15, 20 u 1.1. PazbepeM MuUHUMAaNTbHBIC
3Ha4YEeHHE.

a) Ecau d=5, To momnsipras macca muHepaia M=169 r/mMonb. B ero coctaB TouHO BXOAAT 5 aTOMOB
kuciopoaa (d=5), kak MUHUMYM O OJHOMY aTOMy KalHs W KaTHOHAa BTOPOrO MeTaiuia (BCEro
5+1+1=7 aromoB MuHUMYM). [TocKkONbKY MOJIBHAS 101 aTOMOB KpeMHHUA 25%, MOXKEM ONpeieanTh

YUCIO aTOMOB KpEMHHUA, BXOJJAIIHWX B COCTaB MHHECpPAJIA. MonsHas JA0JIs1 aTOMOB OIIPEACIICHHOI'O



OJIECMCHTA paBHAa OTHOIICHHIO YHCJIa aTOMOB JOaHHOT'O J3JICMCHTA K 06meMy 4qucji1y aroMOB B

MOJICKYJIE:

c
x(Si) TThicts 0,25,a+ b +5 c ,33

Takum 00pa3oM MHHMMAJIBHOE KOJHMYECTBO aTOMOB KPEMHUs (€) JOJDKHO OBITh, KAK MUHUMYM 2.
MoxeM HaliTH MOJISIPHYEO Maccy BTOPOTO KaTHOHA METallia

M(metanna) =169 —5-16 —39 — 2-28 = —6T1/MoJIb
Takoro, pazymeercs, ObITh HE MOXKET (Ha CaMOM JIeJIe ATOT BBIBOJI MOXKHO OBLIO CHIENaTh U PAaHbIIE,
OMMUPasACh HA KOJIMYCCTBO aTOMOB KPEMHHA, KOTOPOC HE ITOJTYyHACTCA LICJIO‘-II/ICJICHHBIM).
0) PaccmoTput Bapuant, koraa d=10, Toraa moisipHas Macca muHepaia M=338 r/moab. B cocras
MUHepasia BXOAAT 10 aTOMOB KHCIIOpOJa, KAaK MUHHUMYM II0 OJJHOMY KaTHOHY KajHsl M BTOPOTO

Metauia (Bcero 10+2=12 aromoB). Haiigem Kom4ecTBO aTOMOB KPEMHHUSI B MHHEpAJIE:

c
x(Si) TTh et 10 0,25,a+ b + 10 ,d

MoxeM HalTH MOJIIPHYIO MacCy BTOPOIro KaTUOHA MeTajlia

M(metanna) =338 —10-16 — 39 — 4 - 28 = 27 r/MoJb

Takoli MeTayur ecth, 3T0 amoMuHuii. Takum obpasom ¢dopmyna munaepana KAISi;O. (MoxHO
samucath B Buje KyO-Al,03-8Si0,, K;SiO3-Al,03-7Si0; i 11060M APYroM, yI0BISTBOPSIOIIEM
COOTHOIIIEHUIO ATOMOB)
2. Tenepb MOKHO 3anIUCaTh YPAaBHEHUsI peakLUil U ONpelenuTh (popMyIbl 3an(poBaHHbBIX
BEIIECTB!
KAISi;O59 + 4HNO3 + 2H,0 = KNOj3 + Al(NO3)3 + 4H,SiO3| (peakmus 1)
H,SiO3 = SiO; + H,0 (peakitus 2)
SiO; + 2Mg = 2MgO + Si (peaxius 3)
Si + 2Mg = M@,Si (peakuus 4)
Si + 2Cl;, = SiCl, (peakuus 5)
SiCly + 2Mg = Si + 2MgCl; (peaxius 6)
Mg,Si + 4HCI = 2MgCl; + SiH47T (peaxrust 7)
SiH4 + 20, = Si0; + 2H,0 (peakuus 8)
3ammppoBaHHBIC BENIECTBA!
A - KAISi4O19 B - H,SiO; C- SiO; D - Mg,Si
E - SiCl, F - SiH,4

Kpumepuu oyenueanusa:



ITo 1,5 6anmna 3a kaxa0€ MPaBWIIBHOE YpaBHEHUE peakiuu, 1,58 = 12 6ammon
[To 1 6amry 3a Kaxayro npaBuibHYIO hopmyiy BemecTB B-F, 1-5 =5 6amnos
2 Gaya 3a popMyny MEUHEpaia A

1 Gast 3a pacueT GhopmMysbl MHHEpaa A

Hroro 20 6amios

4. «XuMu4ueckuii 1eMoH MaKcBeJLIa»

B 1867 rony 6purtanckuii ¢pusuk Jxerimc Kiiepk MakcBeun mpuayMan MBICICHHBIA YKCIIEPUMEHT.
['1aBHBINA IEPCOHAXK 3TOrO HKCIIEPUMEHTA — 1EMOH MakcBesia — MOT B COCYJI€ pa3inyaTh ropsyue
Y XOJIOJTHBIE MOJICKYJIBI Ta30B M KaK MPUBPATHUK MPOITYCKATh Yepe3 ABEPh B OJJHY CTOPOHY TOJIBKO
XOJIOJIHBIC, a B APYTYIO TOJILKO ropsiare MoJieKylbl. Takum oOpa3oM, AeMOH MOT Hapymiath Bropoe
HayaJio TEPMOJIMHAMUKY U 3aCTABIIATH TEIUIO MEPEXOAUTH OT XOJOIHOIO Tea K TOPSYEMY.
[IpencraBpTe cebs Ha MecTe TAaKOro XUMHYECKOro JeMoHa MakcBenga U MpPeUIoKHUTE MATh
Gu3MUeCKUX /MM XUMHUYECKHX CIOCOOOB pa3leNeHus ra3oBOM CMeCH a30Ta M KHCIOpOJa.
[TomHuuTE, YTO MOCIE MPEATIOKEHHOTO METO/1a Pa3/IeJICHUs Ha BBIXO/E JODKHBI MOTYYUTHCS YUCThIE
razpl. [Ipm UCHONB30BaHUMM XMMHUYECKUX METOJOB O0S3aTelNbHO HAIMUIINTE YpPaBHEHUS

COOTBCTCTBYIOIHUX peaKuHﬁ.

Pewenue.
1. ®pakumroHHas MEpEeroHKa CHKMKEHHOTO BO3AyXa
2. CenexTuBHAA copouus a3oTa Ha EOJIUTAX (ormmcano, Harpumep,

3meck http://www.vestnik.vsu.ru/pdf/chembio/2011/02/2011-02-10.pdf)

3. MemOpaHHbIii crioco0 pa3jeneHus - 3a CUET Pa3HOCTH B IPOHUIIAEMOCTH OJTUMEPHON MeMOpaHbl
JUI KUCJIOPO/ia U a30Ta.

4. TlpomyckaeM CMeCh a30Ta M KHUCJIOPOAA HaJ JIETKO OKHUCISEMBbIM XUMHYECKHUM COEAMHEHUEM
(31eCh BapMAaHTOB MHOXXECTBO), KHCJIOPOJ BCTYMAaeT C HUM B PEAKIMIO U CBSA3BIBACTCS. A30T
cobupaeM otaenbHO. OKHCICHHOE BEIIECTBO BOCCTaHABIMBAEM, HAIpuUMep, B TOKE BOAOPOJA,
MOJIy4aeM BOJLY, AaJIbILe SJIEKTPOJIN30M JOOBIBAEM U3 HEE KUCIOPO/I.

5. MOXHO CKUTaTh 4TO-HUOYAb (BOJOPOJ) - OMATH XKe MOJIydyaeM BOAY, JEKTPOIU30M JT00BIBaEM
KHCIIOPO]I.

6. A30T pearupyer ¢ HEKOTOPHIMH KOMIUIEKCHBIMH COCIMHEHHUSMU TEPEXOIHBIX METALIOB (C

2+
obpazoBanuem RU(NH;3)5(N,)] ), Ha 3TOM TOXE MOYXKHO TIOCTPOUTH CIIOCOO pa3eICHHS.


http://www.vestnik.vsu.ru/pdf/chembio/2011/02/2011-02-10.pdf

Bo03MOXHBI U ApyTHe METOBI pa3ieieHuUs.

Kpumepuu oyenusanus:

ITo 2 Gana 3a Kbl OMMCAHHBIN (PU3MUECKUI METOT Pa3eIICHHS,

ITo 2 Gana 3a 0OBsICHEHUS METOIa pa3aeICHUS

ITo 2 Gama 3a KaKIbli XUMUUECKUNA METOJT pa3AeICHUS

1o 2 Gansia 3a ypaBHEHUS XUMUYECKUX PEAKLUN B COOTBETCTBYIOLIEM METO/IE

Hroro 20 6amios

5. «Crapblil 3KBUMOJISIPHBIN CIJIAB»

Oubii xumuk Ilers, komasice B rapaxe oOTLa, Halled LWIMHAP, HA KOTOPOM OBLIO HAlMCaHO
«OKBUMOJISIpHBIN cIuiaB, 2 meraiuia». IleTss odyeHb 3aMHTEpecoBalCsA, M3 YEro K€ COCTOUT STOT
CIUIaB, M pEIINJ MPOBECTU CEPUI0 XUMHUYECKHX O3KcrepuMeHToB. Jlns Hawana Ilers 3aumctun
MOBEPXHOCTh IWIMHAPA HAKAAYHON Oymaroii, 3aTeM OTHIII KycoK maccoi 6,05 T u pasmenun ero
Ha aBe JacTtu. [lepByro yacth 00padoran 7%-HOH CONSTHOM KUCIOTOU ¢ IIOTHOCTHIO 1,03 r/em’, npu
sToM BbIIENHIOCH 896 Mn rasa (H.y.). Bropywo wacte Iletss cxxer Ha Bo3nyxe (B OJHOM W3
MOJYYEHHBIX MPU 3TOM OKCHJIOB MaccoBasl J0JI1 OAHOTO U3 3JIEMEHTOB cocTaBisieT 27,59%). [ns
pacTBopeHHUs: 00pa3oBaBIICiiCs Toclie CxxuraHusi TBepaou cmecu Ilere morpedboBasocs 55,7 M
TAKOro K€ pacTBopa CoOJsHOM KuciaoTel. M3 momydyeHHbIXx pacTBopoB Ilers BbLaenun
00pa30BaBIIMECs COJIM M BBIACHUII, YTO Macca coJiedf, 00pa30BaBLIMXCS U3 NEPBOM MOPIMHU CIlIaBa,
okazasach B 1,64 pa3 Oonblie, yeM macca cojei, oOpa3oBaBIIMXCS W3 BTOPOW IMOPLUM CILIaBa.
[Tomorute Ilere ycTaHOBUTH KauyeCTBEHHBIM M KOJIMYECTBEHHBIH B % IO Macce cOCTaB UCXOIHOIO

CIijiaBa.

Pemenne

Cuauvana ompenenuMm (HopMmyny OKCHAA, ONMUPasCh Ha MaccoBble noiu. B oOmem Bume dhopmyny
OKCHJa MOXHO 3allucatb KakK MXOy. K COXXaAJICHHUIO, HECIIOHATHO, KaKOT'0 U3 JJIEMEHTOB B OKCHIC
JaHa MaccoBasi JOJsI, MO3TOMY MPHUAETCS PacCMOTPETh JBa BapuWaHTa — JlaHA MaccoBasl JOJs
MeTalia 0o JlaHa MaccoBas J0Jis KHclopoaa. B mepBom cimydae pemieHust HeT. CienoBaTensHO,
27,59% - maccoBas J0Js KUCIIOpoAa, a Bce ocrainbHOe 310 Metamr (72,41%). Bossmem 100 T
OKCHJa, TOT/Ia Macca aTOMOB KHCIOpoJa B HeM paBHa 27,95 r. Haiinem KoOJH4YeCTBO aTOMOB

KUCIIOpOAA:



m(0) _ 27,59
M(0) 16

n(0) = = 1,724 mosb

WHAeKChl B COSAMHEHHH COOTHOCATCS MEXKIYy COOOM KaK KOJMYECTBA COOTBETCTBYIOIIUX

9JICMCHTOB, ITIO3TOMY MOKEM COCTAaBUTb YPAaBHCHMUC!

72,41 x __ 1,724M

Xy = TL(O): n(M) = 1,724 T, 40041 ; = 7241

rae M — mouisipHast Macca HEM3BECTHOTO MeTaluia, a 72,41 — ero macca.

Bripazum 13 31010 ypaBHEHUs MOJISIPHYIO Maccy MeTajuia:
72,41x X

M=1724y = %5
Tenepb ocTanoch TONBKO MOAOOpPATh TaKHE LENOYHMCICHHBIE HHIEGKCH X U Y, YTOOBI MOTy4YUIach
MOJIIpHas Macca MeTayiia. Perenne BoO3MOKHO TOIBKO MpH X=3, Y=4. M = 56 r/M0I1b, 3TO KeJe30,
a okcun Fe30,4. Takum 0Opa3om, MbI YCTAHOBWIIH MEPBLIA MeTall. (4 danna)
Teneps pazdepemcs, Kakoil BTOPOW MeTalll BXOJAWUJ B CIUIaB. 3alUIIeM YpaBHEHUS DPEaKIUil ¢
COJISTHOM KHCIIOTOH M C KHCIIOPOJIOM.
IlepBas yacTp cruiasa:
Fe + 2HCI = FeCl, + H; (1) (1 6ann)
M + nHCI = MCl, + n/2H; (2) (1 6aan)
(M — BTOpOI#i MeTas1, N — €ro CTENeHb OKUCIICHHS B COJTH)
Bropas gacts crasa:
3Fe + 20, = Fe304 (3) (1 6ann)
M + n/20, = M0, (4) (1 6arn)
(pu ATOM MBI TpeAroaaraeM, 4To CTeeHb OKHCICHUS HEM3BECTHOTO MeTaslla Takas ke, Kak U B
XJIOpU/JIE)
Fe;04 + 8HCI = 2FeCl; + FeCl, + 4H,0 (5) (1 6ann)
M0, + 2nHCI = 2MCl, + nH,0 (6) (1 é6aan)

Haiigem konuuecTBo BOOOPOJa, BBIACIAOMICTOCA B pCAKIUAX 1u2:

n(H,) = % = 0,04 monb (1 6ann)

HaiimeM KOTU4eCTBO COMSTHOM KUCIOTHI, TPEOYIONTYIOCS JJI peakiuii 5 u 6:

V-p'w _ 557-1,030,07
M(HCD 36,5

n(HCI) = = 0,11 mouns (1 6arn)

Tenepr mpuHSB 3a X — KOJHMYECTBO METAUIOB B TIEPBOM MOPIUH CIUlaBa (Tak Kak CIUIaB
SKBUMOJIIPHBIN, TO KOJUYECTBA METAIUIOB OJMHAKOBHI), a 32 Y — KOJIMYECTBA METAJIJIOB BO BTOPOI

MOPLUH CIJIaBa MOKHO COCTaBUTh CUCTEMY YPaBHEHMIA:



56(x +y) + M(x +y) = 6,05 — 3To Macca UCXOJHOU CMECU METAJIJIOB

n
X+ Ex = 0,04 — 3T0 KOJIMYeCTBO BbIJEJAILErocs OBA0PoAa B 1 M 2 peakyuax

8
§y + 2ny = 0,11 — 3TO KOJIMYECTBO COJITHOM KUCJIOTHI, B CTyNaloUled B peakyuu 5 u 6

m coJiell U3 epBOi MOPLHH CIUIaBa 64 = 127x + (M + 35,5n)x
m coJieii M3 BTOpO¥ mopuuu clasa 0,333+ 127y + 0,667 - 165,5y + (M + 35,5n)y

Pemrass 3Ty HempocTyro CHUCTeMy, ONpeaessieM BTOPOH MeTaul — 3TO UUHK (5 oannos) (M =
65r/Moi1b, N = 2), 1 00IIee KOJIMYECTBO METAJIOB B UCXO1HOM crutaBe —110 0,05 moab. (2 éanna)
Takum 00pa3oM KaueCTBEHHBIH COCTaB CIIaBa — JKEJE30 M IMHK, & KOJWYCCTBEHHBIH COCTaB —

46,28% sxenesa u 53,72% tunka. (1 oann)



9 ki1acc
1. «2 crpykryps» (I'myxapes A.I'.) (20 6anioB)
Oro OMHApHOE COCOUHEHHE BCTPEYAETCS B MNPUPOJE B BUAE JBYX MHUHEPAIOB, HMEIOIIUX

CIIeIyIoIINe KPUCTAIIMYECKHE CTPYKTYpbl — KyOudeckyro | u rekcaronansuyio 11:

II

Cry—

I[TapameTp 31eMeHTApHOI sueiiku cTpykTyphl | paBen a=x A, a mapamerpsl s1eMeHTapHOl sSUeiiku
crpykrypsl |l paBusl a;=0.7064x A u c;=x+0.849 A coorBercrBeHHO. M3BECTHO, YTO IIOTHOCT
OJIMHAKOBAa I 00EeMX KpUCTAJUIMYECKHX CTpPYKTyp M cocraBiser 4.09 r/em’. Onpenenure
CTEXMOMETPUYECKHI COCTAB JaHHOTO COCAWHEHHsS (MOJIbHOE COOTHOIICHHE O3JIEMEHTOB),
KOJIMYECTBO (OPMYJBHBIX €IUHUI] I KaXJIOM M3 CTPYKTYp, a TaKKe YCTAaHOBUTE TOYHYIO
bopMyIy coeAMHEHUS. YKaXUTe, painyc Kakoro U3 aToMoB Oosbiie. OTBET MOSICHUTE.

—n2.
Ipum. ITnomans pomba BeIMHCIAETCS IO GOPMYTE Spons=a" *SINQ, TJI€ 0L — YTOJ MEKIY CTOPOHAMH.

Pewenue.

Boipazum 00b€MbI 31emMeHTapHBIX stueek aisg | u 1, koTopele paBHBI COOTBETCTBEHHO x* A% u
(0.7064x)*-(x+0.849)-sin(60°)=0.49x*(x+0.849) A>.

B snementapHoii sueiike cTpykTypel | Haxoautcsi Bcero 8 aromoB (AsB4), TO ecTb umcio
bopMyNbHBIX €AMHULl paBHO 4, B sueiike cTpykTypsl Tuna Il 4 aroma (A2B), To ecth umcino
dbopmynpHbIX equHUl] 2. Ob6mas dopmyna coenuHenus AB. 3Has, 4TO IUIOTHOCTH OJMHAKOBHI,

MOKHO paCcCUUTATh, YEMY PABCH IIapaMCTp SHGMCHTapHOﬁ STYCHUKH X:

M, x4 M, x 2
Nox3 ~ N,0.49x2(x + 0.849)
2 1



[onyuaercs, uto x=5.410 A. Jlanee MoxeM paccuuTaTh Maccy 31eMEHTapHOH SYEHKH COEIMHEHNUS

(Hanmpumep, 1o MEPBOM CTPYKTYpE)

=p

<I3

S 4.09 « 10~2*
158.34 '

24 o o
To ectb m=647.971-10"r. YuuTtsiBasi, 4TO B JTaHHOU siuerike 4 GOpMyJIbHBIC €AMHUIIBI, PACCUUTACM

MOJIIPHYIO Maccy
m
M, = 7" N, = 97 r/MoJb

JlaHHO¥ MOJIIPHOM Macce COOTBETCTBYET CYIb(H IIMHKA, ISl KOTOPOTO XapaKTEPHBI 2 CTPYKTYPHI:
KyOndeckas cdanepur u rekcaroHanbHas BoOpuUT. Cynb(ua aHHOH HWMeEeT ropasfo OOJbIIUi
pamuyc 1.84 A (3amonuennas 3p o6onouka), a moH muHka paauyc 0.83 A (cBo6oaHas 4s 06010uKa,

MOJIHOCTHIO 3amofiHeHHas 3d -> cxkartue).

Kpumepuu ouyenusanus:

-JlaH TPaBUJIbHBIA CTEXMOMETPUYECKUI cocTaB — 4 0ayuioB

-JIaHO TIPABUJILHOE YKCIIO0 (POPMYIIBHBIX €AMHUI] — 4 OAJIJIOB (€CIM TOJIBKO NIl OTHOMU, TO 2 6asia)
-paccunTaHna MoJsipHasi Macca — 4 6ayuIoB

-[IPaBUJILHO Ha3BaHO COeMHEHUE — 4 6auIoB

-CpaBHEHUE MOHHBIX paanycoB — 4 0ayuioB

Hroro 20 6amos

2. «Cocenn»

Uertbipe snemenTa A, B, C u D HaxomsaTcs psiioM Apyr ¢ JAPYyroM B MEPUOTUIECCKON CHCTEME,
NpUYeM KaXKIbIH U3 HUX SBISIETCS COCETHUM C JBYMS IPYTUMHU (COCEOHUMU 8 OAHHOU 3adaue
CUUMAIOMCs  SAEeMEHMbl  MOIbKO Nno  2opuzonmanu uau eepmukanu). lIpocTeie BeliecTBa,
obOpa3yemble coceqHuMu ¢ B anemenTamu — TBepabie (ipu H.y.). [IpocToe BemecTBo, 06pazoBaHHOE
DJIEMEHTOM A, MOXET pearupoBaTh ¢ COCEAHUMH €My JJIEMEHTAMH, TOJBKO NMPH OYCHHb BBICOKHX
TeMIeparypax. OJeMeHT, He coceiacTBypommii ¢ C, He MMeeT aJUIOTPOIHBIX MOIUDUKAIIHNI.
DOnemeHT, He coceAcTByomuid ¢ D oOpa3yer Oomnbloe 4YHcIO OWHAPHBIX COENUHEHUH C
kucnoponoM. OIMH W3 AJIEMEHTOB, COCEIACTBYIOIIUX C A, HE 00pa3yeT TaJloTeHUJIOB B BBICIICH
CTETIeHU OKHUCIIeHHs. BomopomHbie coennHeHHs dIIEMEeHTOB, coceHnX ¢ C, ra3000pa3Hble IpH H.Y.

H IIJIOXO paCTBOPHUMEI B BOJC.



1) Omnpenenute snementsl A, B, C u D.

2) Hanummure ypaBHEHUS] XUMUYECKUX PEAKIHIA A C €ro COCEIIMHU.

3) IIpuBeaure He MeHee 3 OMHAPHBIX COCAMHEHUH JIEMEHTa, He coceHero ¢ D, ¢ KucaopomoMm.

4) 3anummure YpaBHCHUA BSaHMOHCfICTBI/IH IIPOCThIX BEHIECTB, O6p&30BaHHBIX O9TUMHU JJIEMCHTAMHU,

C KOHIIEHTPUPOBAHHOW a30THOM KHCIIOTOM,
C METAJUIMYECKUM KaJIbIIUEM,
¢ pa30aBIEeHHOW CEPHON KUCIOTOM,

C KaJIMeBOH IICJIOYbI0.

Pewenue:

st HarssiIHOCTH MpecTaBuM ycioBue B Buze yactu [1C.

A

1. TBepnoe npu H.y.

2. OOpasyer Ooyibmoe  9YMCIO  OWHAPHBIX
COECIMHEHUH C KUCIOPOIOM

3. BogoponHbie coelMHEHUS MJI0XO PACTBOPUMBI B

BOJC

B

1. Pearupyer ¢ A tipu BbicOk. T

2. He umeeT aymoTponHbeIx Moau(ukanuii

3. He o0Opa3yer rajJloreHWJOB B BBHICIICH

cTeneHu okucaeHus (?)

C
1. Pearupyer ¢ A npu BbICOK. T
2. He oOpa3yeT rajoreHMJ0B B BBICHIEH CTENEHU

okucienus (?)

D
1. TBepnoe pu H.y.
2. BogopoaHble  COEAMHEHHUS  IUIOXO

pPacTBOPUMBI B BOJIE

HauyneMm aHanu3 ¢ onucaHus ((O,ZLI/IH H3 3JICMCHTOB, COCCACTBYIOIIUX C A, HC 06pa3yeT TaJJOrCHU 0B

B BBICIICH CTEIICHU OKHCIICHHS». JTO MOXKET OBITh TOJBKO 3JeMEHT B. HOCKOHLKy CKa3aHO, 4YTO

TOJIBKO 00uUH W3 HUX HE 00pa3yeT, To 00a OHU He 00pa30BHIBATH HE MOTYT, HO eciiu He oOpazyeT C,

To B, kak snement, Haxomsmuiicst B [IC BeIie u mpaBee Takke ux He oOpasyeT. Takum obOpazom

YTBEpXKACHHUE, MOMeUYeHHOe 3HakoM (?), oTHOcuTcs K diemeHty B. Jlamee mombiTaeMcsi HalTu

9JICMCHT, KOTOpBIﬁ HC 06pasyeT AJUIOTPOITHBIX MOI[H(I)I/IKaLII/II‘;I n HC 06pa3yeT BBICILIMI TaJIOT€HU/I

(maxxe co ¢ropom). M3 HEMETAIIOB MOJ O5TO OMNpEACTCHHE MOAXOAWT TOJBKO a3oT. Taxxke

TUTIOTETHYECKH 3TO MOXKET ObITh mepexoaHsrid Metamun Haxomsamehcs B VI umu VI rpynme, HO

MPAKTUYCCKU Yy BCCX TAKHUX MCTAJIOB €CTh AJUIOTPOITHBIC MOILI/I(I)I/IKaI_[I/II/I. Ecimu MMPECAIIOJIOKUTD, UTO

B —st10 a30T, TO OCTABHIUCCA DJICMCHTBI TAKKC IMMOAXOJAT MO BCC OMIPCACIICHUS, TPCACTABIICHHBIC B

TaOJIHLIE.




Takum o6pazom A — yraepon, B- azor, C — kpemnwuii, D - pochop.
2C + N3 (amexTp. paspsn) = CoN,
C+Si=SiC
CO (yrapnsriii ra3), CO, (yrnekucnsiii ra3), C30; (1,3 auokcompornaanueH, HEIOOKUCh YIIepo/a),
CsOg (TpUXHUHOH)
C KOHII. 230THOH KUCJIOTOW B3aMMOJICHCTBYET TOIBKO ochop
S5HNO; + P = H3PO,4 + 5NO; + H,0
Ca+2C=CaC, 2Ca+Si=Ca,Si
3 Ca + N, = CagN; (narpes)
3Ca+2P = CasP,
C pa30aBiieHHOW CEpHOM HUKTO HE B3aUMOJICHCTBYET
Co 11enoypko B3auMOJCHCTBYIOT KPEMHHUM
4KOH + Si = K4SiO4 + 2H;
u dochop
3KOH + 4P + 3H,0 = 3KH,PO, + PH;3

Kpumepuu oyenusanus:

I[To 1 Gamy 3a KaX/blil yCTaHOBJIEHHBIH 31€MeHTa, Bcero 1,5:4=6 GamnoB

[To 1 Gamny 3a kKaxaoe OMHApHOE COEMHEHME YTiepojia ¢ KHUCIOPOIOM, OIlEHHUBAaeTCs He Oosee
TpeX MpaBWJILHO HaNMCAaHHBIX, Bcero 1-3=3 Gaia

ITo 1 Gamty 3a peakuuo A ¢ ero coceasiMu, Bcero 1-2=2 Ganna

[To 1 Gamny 3a ypaBHEHHE peaklUUd Ka)XIOTO AJIEMEHTa C MEePEUYHCICHHBIMU peareHTaMu, BCero 9
peakiuii, 1-9=9 6amnos.

Hroro 20 6aios

3. «I[lnanera AMOH»

VYuenbie 0OHAPYXWIHM TUTAHETY AMOH H3Jajieka MOXO0XYH Ha 3eMIIi0: Ha HEll ObUIM MaTEpHKH,
Mopsi, UMenack arMocdepa 1 OblIH 00J1aKa, TeMIeparypa Ha MOBEpXHOCTH Oblia He Hike -50, HO He
Boiie +50 rpagycoB llenbcnd. OTnpaBka aBTOHOMHOIO 30HJa Ha 3Ty IUIAHETY IOKasaja, 4ToO Ha
JAHHOMW TUTAHETE MOPSl M OKEaHBI 3allOJIHEHbI HE BOAOH, a UJAKUM aMMHAKOM TakK KakK JaBJCHHE B
50 pa3 Beie 3emHoro. Hanummnre ypaBHEHUS CIEIYIONIMX XUMHUYECKUX PEAKLINUNA, KOTOPHIE MOTYT

IMMPOTCKATh HA 3TOM IIaHETE.



6) Tak ke, Kak U BOJA, KUAKHHA aMMHAK MPOSBIISICT CBOWCTBA KaK KHUCJIOTHI, TAK MU OCHOBaHHSI.
Hanumure ypaBHeHUE AMCCOLMAIIMM AMMHAKa B KUJKOM aMMHUAaKe. (peakius A)
7) Tlo aHamoruu ¢ THAPOJIU30M, XMMHYECKas pEakius B3aUMOICHUCTBHUS BEIIECTBA C JKUIKUM
aMMHUaKOM Ha3bIBaeTCs aMMOHOJIM3. HanuimnTte ypaBHEeHUS aMMOHONIM3a Tuapuaa Kanus (Peakius
b) u xmopuna 6opa (Peaknus B). Hanumurte ypaBHEeHHE peakIMM METAUIMYECKOTO HATpus C
KUJIKUM aMmMuakoM (peakuus ).
8) Hutpar aMMOHUS TIPOSIBIIACT KUCIOTHBIC CBOMCTBA B KUIKOM aMMuake. Hamuinre ypaBHEHUS
XUMHUYECKHUX PEaKIMii HUTpaTa aMMOHHUSA ¢ IUHKOM (peakius J[) u amunom Hatpus (peakuus E)
9) Amun kxamus KNH; sBisercss ocHOBaHHEM B JKHMIKOM aMMuake. Hamuinwre ypaBHEHHE
B3aMMOJICHCTBUS aMuja Kaius ¢ aneratoM amMmmoHusd (peakuus JK) u amuznom nuHka (peakuus 3) B
JKUJIKOM aMMHUAKeE.
10) B okeaHe AMOHA pacTBOPEHO MHOXECTBO 3JEKTPONUTOB. Mcxoms wu3  TaOIHUIlbI
pPacTBOPUMOCTH BEIIECTB B JKHJIKOM aMMHaKe, MPUBEICHHOW HIDKE, YKaXKUTE MPU CMEUICHUH
pPacTBOPOB KaKUX BEIICCTB B JKUJIKOM aMMHake Oyaer HaOMoaaThCs MPU3HAKUA IMPOTCKAHUS
peakiuu. B cimyyae npoTekaHus peakiuy 3aKOHYUTE XUMUYECKUE YPABHEHUS.

Agl + Ba(NO3), (peakius M)

AgNO; + Nal (peaknuus K)
KNOj3; + NH,Cl (peakmus JI)
Ba(NO3), + NH4CI (peakius M)
NaNO3 + KNH; (peakmus H)
ZnCl, + NaNH; (u36s1T0K) (peakius O)

NH," Na' K* Ba** Zn** Ag*
NH, P H M P H P
NO;3 P P P P P P
Ccr P M M H M P
I P P P M M P
Pewenue:

peakuus A: 2NH3z = NH," + NH,
peakius b: KH + NHz = KNH; + H,1
peakmst B: BClz + 6NH3 = B(NH2)3 + 3NH,CI
peakuust I': 2Na + 2NH; = 2NaNH; + Hp1



peakius [I: Zn + NHsNO3z = Zn(NO3), + NH3 + Hpt
peakiust E: KNH; + NH4sNO3; = KNO3 + 2NH;3
peaxius JXK: KNH; + CH3COONH, = CH3COOK + 2NHj3
peakimst 3: 2KNH; + Zn(NHy), = K3[Zn(NH2)4]
peaxmus U: Agl + Ba(NOs3), = AgNOs+ Bal,|
peakuus K: AgNO3 + Nal peakuus He uner
peakiust J KNO3 + NH,Cl = KCl] + NH4NO3
peakmus M Ba(NOs), + NH,Cl = BaCl,| + NH4NO3
peakuust H NaNO3 + KNH; peakuust He uner
peakiust O ZnCl, + 4NaNH; (u30b1T0K) = Nap[Zn(NH,)4] + 2NaCl|
Kpumepuu oyenueanusa:
I[To 1,5 6anna 3a npaBuiIbHOE ypaBHEHUE peakuuu 1,5-12 peakuuit = 18 6amios
[To 1 6amny 3a ykazanue, uyto peakius He unet (peakuuu K u H) — 1-2 = 2 6amia

Hroro 20 6auios

4. «/lpeBHUIi 3J1eMeHT
Ha pucynke npejcraBiieHa cxema MpeBpaIieHnii OJHOTO U3 AJIIEMEHTOB JIPEBHOCTH.

I/ISBGCTHO, 4qTo I[aHHBIﬁ 9JICMCHT BXOJHT B COCTaB BEUICCTB
G

A — H. IIpu sToMm:
{lmu, 0°C

- BemectBa G u F uMeOT OJMHAKOBBIM KaueCTBEHHBIN
, A F, H,0,
/ NnﬂqEHMe COCTaB,
B c - BenlecTBO E sABIseTCS OJHMM M3 KOMIIOHEHTOB CEpPHOM
C, IHDHLI, \
D e, BemectBa F m H B MombHOM cooTtHomeHun 3:8;
E
/ ‘\ % \. - BemectBa D u E pearupyioT B MOJBHOM COOTHOIICHHUU
G F G

1:1;

0, [IEYEHU, IPU ITOM JUIS €ro IOJY4YEHHUs CJIEeAyeT B3STh

- C COCIMHEHHEM A YacTO MMENH JEN0 Te, KTo 3aHuMacs (ororpadueil B mponuwioM BEKe; OHO
TaK)Ke XPAaHUTCSI B XUMUYECKHX JT1a00paTOpUsIX B KAU€CTBE YHUBEPCATHHOTO aHTHIOTA;

- BelecTBO J MpH KOMHATHOW TemrmepaType oOpa3yeT OiecTsiiue cepo-uepHble KPUCTaIbI, TPH
He6OJ'II)HIOM HaneBaHI/II/I JIETKO BO3I'OHSCTCA, peaKumo C A I/ICHOJ'II)SYIOT I KOJIMYECTBCHHOT O
omnpeneneHus J;

- BemiectBa | u K comepkar syieMeHT, HAXOALIUIICS B OAHON TPYIIIE C IEMEHTOM, 00pa3yIomuM

BEIIECTBO J.



Onpenenure Bce yKa3aHHbIE BEIIECTBA, HANMIIWTE YPaBHEHUS NPUBEICHHBIX HAa CXEME PEaKIMM.

[Ipennoxxute cTpykTypHbie popmyisl BemectB A, B, D, E, F, G.

Pemenne.
[Tockonbky BemecTBO E sBisieTcss 0THUM W3 KOMIIOHEHTOB CEPHOU IMEYCHH, OYEBUIHO, YTO PEUb
UJCT O cepe — OJTHOM M3 HauOoJiee TaBHO U3BECTHBIX JIFOJISIM JIEMEHTOB.
CepHas 1eueHb — CMECh MOJIUCYITb(GUI0B Kaus WU HATPHS.
CoenuHenue ceppl A, HCMOJb3yeMoe paHee B ¢GoTorpaduu W SBISIONIEECS «AHTHIOTOMY -
trocynbdar Harpus, NayS,03.
Jlerko BozroHstOmMEcs cepo-uepHble Kpuctamwibl J — woa. MMEHHO i KOJWYECTBEHHOTO
oTpezieNieHus M0J1a UCTIOIB3YIOT THOCYIb(hAT HATPUs, IPU ITOM 00pa3yeTcs TeTpaTUOHAT HATpus B.
BemectBo | comepkut ramoreH, HCHoib3yercs (Cyas MO CXeMme) B BUAEC KOHIIEHTPUPOBAHHOIO
pactBopa — Ttorga 3to MoxkeT ObiTh HCI. Tlpu monmkucieHuu pactBopa THOCyidb(haTa HATPHUS
obpasyercs cepa. Cnenuansuoe ynomunanue remmneparypsl (0 °C) 1mo3BosSeT IpeanoNokKuTh, YTO
peYb UIET O HEeCTAOMIBbHOM MOAM(HUKAIMKA TPOCTOTO BEIIECTBA CEPbI, cepe DHrels Sg (BEIIeCTBO
G). Torma BemectBo F, wMmeromee Takod k€  KAueCTBEHHBIM  cocTaB —  Sg.
CepHyro TIeUeHb MONTYYar0T B3aumojeicTBueM Sg ¢ NapS. Ucxons w3 3amanHoi nponopunu E —
Na;Ss. Torma C — cyiasduT HaTpus (BapuUaHT CEPHUCTOTO Ta3a HEXOPOII H3-3a MOCIEAYIOMIeH
peakiun). ITonucynshunsr Hatpust NaySx 00pas3yroT kosblia Sy+n TpH B3aumojeikicTeuu ¢ SpCly,
OYEBHIHO, TS TIOJTyYCHHUs cepbl DHresst Hato B3sTh S,Cl, (Berecto D).
Takum 06pa30M, A — Na,S,03, B — Nay;S406, C — Na,SO3, D — 82C|2, E - NaySs, F—Sg, G—Sg, H—
Na,S, | — HCl, J—1, K- C|2
YpaBHEHHUs peakLUiA:
3Sg + 8Na,S = 8Na,S,
Sg + 4Cl, = 4S,Cl»
S.Cl, + NaySy = S + 2NaCl
2NayS, + 90, = 2Na,S0O3 + 650,
8Na,SO; + Sg = 8Na,S,03
6Na,S,03 + 12HCI = 12NaCl + 6SO; + S¢
2Na,S,03 + 1, = 2Nal + Na;S40¢
S,Cly + 2NaySO3 = NayS406 + 2NaCl



Kpumepuu ouyenusanus:

Br160p cepsl B kauecTBe 0OCHOBOMOJararomero sementa — 0,5 6anna

[TpaBuiibHOE ompexaeneHue kaxaoro u3 BemecTB (11 Bemects) mo 0,5 6Gamma, Bcero 11-0,5=5,5
OaytoB

[IpaBunsHOE ypaBHEHHE peaknuu (8 ypaBHeHHI) — 1o 1 6aty, Bcero 8- 1=8 OamoB

ITo 1 GannoB 3a mpaBUIIbHBIE CTPYKTYpPHBIE (hopMyIsl — Bcero 1-6=6 Oanmna

5. OT aTOMOB K MoJIeKYJaM
Ha pucyHke mnpuBeneHa CTpyKTypHas (oOpMysia NpOrecTepOHa — OJHOTO W3 OHOJIOTHYECKH
AKTHUBHBIX COCIII/IHCHI/Ifl, urparomux CymeCTBCHHYKO pPOJIb M B ACATCIBHOCTH MO3ra, U B

(YHKIIMOHUPOBAHUU PETPOYKTUBHOM CHCTEMBI YEJIOBEKA.

CH, (|:H3
C=0
CH,
lMporecTepoH

@)

Hcxons w3 MpPUBEACHHBIX HUXKE CPEIHUX SHEPTUil CBS3M, OLIEHUTE TEIIOBOM 3 ekt peakiuu
MOJTHOTO OKHUCIJICHUS TPOTeCTepOHa KHUCIOPOJOM, €CITH HW3BECTHO, 4YTO TOCIe MPHUBEACHUS
MPOJYKTOB PEaKIUU K CTAaHIAPTHBIM YCIOBUSAM 00beM BOJIBI cocTaBmi 2,0 muTpa. YKaKUTE, KaKue
npuOIKeHuss BBl MCMONB30BAM TpU MPOBeACHWU pacdera. OOparuTe BHHUMAaHHE, YTO TIPHU
U300paXeHUH CTPYKTYPHBIX (OpPMYJT OpPraHMYECKHX COEIWHEHUWH aToOMBbl Yriepoja dYacTo He
MOJMUCKHIBAIOT (OHU MO YMOJIYAHUIO HAXOMAATCSA B yrilaX MpH NMEPEeCeYeHHH JTMHEWHBIX Y4acTKOB),
BAJICHTHOCTh yIJIEpOJIa paBHA YETHIPEM, OCTABIIMECS BAJICHTHOCTH 3arOJHSIIOTCS aTOMaMH
BOJIOpPOJIA.

Mna cnpasku: DHEPrHsl CBSI3U — OTO JHEPTUS, BBIACIAIOMIASACS MPHU B3aUMOJECHCTBUU OJUHOYHBIX
aTOMOB JPYT C APYTOM.

DHEPrur HEKOTOPBIX CBSA3EH B XHMHUCCKUX COCAMHCHHUSIX

CBs3b C-C C-C C-0]|CO C-H 0-0 0-0 O-H
(curma) | () (curma) | () (curma) | (n)
E, 348 280 340 355 415 148 350 465

kJI>x/Momb




Pemenne

1. CocraB nporectrepona - Cp1Hzp0O,

VYpaBuaenue peakiuu roperust — Co1HzpO2 + 27,50, = 21C0O;2 + 15H0

2. OmnpenenuM CKOJBKO CBsi3ed Kakoro Tuma OyAeT pa3pbiBaThes (WM 0Opa30BBIBATHCS) MPU
CropaHuH IporectepoHa. M3 pucyHka cienyer, 4To B JAHHOM COEAUHEHHUH IIPUCYTCTBYET:
Curma-csizeii C-C — 24

[Tu-csizp C-C -1

Cesizeit C-H — 30

Bce onu OynyT pa3psIBaThCsi IpU TOPEHUN

(cBsi3u C=0O MBI HE pacCMaTPUBAEM — OHU COXPAHSIOTCS U B MOJICKYJIE YTIIEKHUCIIOTO ra3a)

Taxxe mpu ropeHun OyayT pa3pbIBaTbCcs M CUTMa, U MU-CBSI3U B MOJIEKyJe Kucioponaa — 1o 27,5
cBs3el Ha | Monb

ITpu sToM OyneT 0Opa30BbIBATHCA:

40 curma-caseit C-O

40 nu-ceszeit C-O

30 cBazeit O-H

TennoBoii 3pdext peakuuu cropanusi 1 MoJIb MporecTepoHa COCTABUT:

Q =40-340 +40-355 + 30-465 — 24-348 — 280 — 27,5-148 — 27,5-350 = 19 423 xIx

[To ycnoButo 3amaun oopazoBanock 2 1 xxunkoi(!) Boasl, To ectsb, 111,1 Monb

TakuMm oOpa3om, B peakIiio BCTYNUIIO 7,4 MOIb IPOTeCcTepOHa.

TennoBoii 3 dext cropanus coctaBuinl43730 xJx.

3. Ilpu pacuere nojaraiu, YTO SHEPTHS CBSI3U HE 3aBUCUT OT OKPYKEHHS aTOMOB.

Kpumepuu oyenueanus

1. Onpenenenue cocTaBa mporectepona — 2 Gania

2. YpaBHenue roperus — 1 6an

3. OnpeneneHue KOJTUYECTBA Pa3pHIBAIONINXCS U 00pa3yronuxcs cBs3ei — 12 6amnos (mo 1,5 6anna
32 KaXK[IbI TUII CBS3CH)

4. Pacuer TeruioTsl cropanus 1 Monb BemiecTBa — 2 6aa

5. OTBeT Ha Bompoc 3a7aun — 2 Oamia

6. Yka3anue Ha nipuoOKeHus — 1 6amr



10 k1acc
1. «2 erpykrypbi» (I'myxape A.I'.) (20 6amioB)
Oro OMHApHOE COECOUHEHHE BCTPEYACTCS B NPUPOJEC B BHUAE JBYX MHHEPAIOB, HMMEIOLIMX

CIIeIyIoIINe KPUCTAIUIMYECKHE CTPYKTYphI: KyOuueckyto tumna | u rekcaronanpHyto tuna Il

II

Cry—

I[TapameTp 31eMeHTApHOI sueiiku cTpykTyphl | paBen a=x A, a mapamerpsl sneMeHTapHOl S4eiiku
crpykrypsl |l paBusl a;=0.7064x A u c;=x+0.849 A coorBercrBeHHO. M3BECTHO, YTO IIOTHOCT
OJIMHAKOBAa I 00EeMX KpUCTAJUIMYECKHX CTpPYKTyp M cocraBiser 4.09 r/em’. Onpenenure
CTEXMOMETPUYECKHI COCTAB JaHHOTO COCAWHEHHsS (MOJIbHOE COOTHOIICHHE O3JIEMEHTOB),
KOJIMYECTBO (OPMYJBHBIX €IUHUI] I KaXJIOM M3 CTPYKTYp, a TaKKe YCTAaHOBUTE TOYHYIO
bopMyIy coeAMHEHUS. YKaXUTe, painyc Kakoro U3 aToMoB Oosbiie. OTBET MOSICHUTE.

—n2.
Ipum. ITnomans pomba BEIMHUCIIAETCS IO GOPMYITIE Spoyms=a" *SINQ, TI€ 0L — YTOJ MEKIY CTOPOHAMH.

Pemenue:

Boipazum 00b€MbI 31emMeHTapHBIX stueek aisg | u 1, koTopele paBHBI COOTBETCTBEHHO x* A% u
(0.7064x)*-(x+0.849)-sin(60°)=0.49x*(x+0.849) A>.

B osnementapHoii sueiike cTpykTypel | Haxoautcss Bcero 8 atoMoB (AsB4), TO ecTh umcio
bopMyNbHBIX €IMHULl paBHO 4, B sueiike cTpykTypbl Tuma Il 4 atoma (A2B), To ecth umcio
dbopmynpHbIX equHUl] 2. Ob6mas dopmyna coenuHenus AB. 3Has, 4TO IUIOTHOCTH OJMHAKOBHI,

MOKHO paCcCUUTATh, YEMY PABCH IIapaMCTp SHGMCHTapHOﬁ STYCHUKH X:

M, x4 M, x 2
Nox3 ~ N,0.49x2(x + 0.849)
2 1



[Monyuaercs, uto x=5.410 A. Jlanee MoxeM paccuuTaTh Maccy 2IeMEHTapHOH SUeHKH COEIMHEHNS

(Hanmpumep, 1o MEPBOM CTPYKTYpE)

=p

<I3

S 4.09 « 10~2*
158.34 '

To ectb m=647.971-10"*r. YuursBas, 4To B ZaHHOH sueiiKe 4 (GhOopMyJIbHBIC €IUHMIIBI, PACCUUTACM

MOJIIPHYIO Maccy
m
M, = 7" N, = 97 r/MoJb

JlaHHO¥ MOJIIPHOM Macce COOTBETCTBYET CYIb(H IIMHKA, ISl KOTOPOTO XapaKTEPHBI 2 CTPYKTYPHI:
KyOndeckas cdanepur u rekcaroHanbHas BoOpuUT. Cynb(ua aHHOH HWMeEeT ropasfo OOJbIIUi
pamuyc 1.84 A (3amonuennas 3p o6onouka), a moH muHka paauyc 0.83 A (cBoboaHas 4s 060104Ka,

MOJIHOCTHIO 3amofiHeHHas 3d -> cxkartue).

Kpumepuu ouyenusanus:

-JlaH TPaBUJIbHBIA CTEXMOMETPUYECKUI cocTaB — 4 0ayuioB

-JIaHO TIPABUJILHOE YKCIIO0 (POPMYIIBHBIX €AUMHUI] — 4 OAJIJIOB (€CIM TOJIBKO JIJIsl OTHOM, TO 2 Oasa)
-paccunTaHna MoJsipHasi Macca — 4 6ayuIoB

-[IPaBUJILHO Ha3BaHO COeMHEHUE — 4 6auIoB

-CpaBHEHUE MOHHBIX paanycoB — 4 0ayuioB

Hroro 20 6amos

2. «OT aTOMOB K MOJIEKYJIaM»

A) Hwxe mpuBeieHBI TEIIOTHI 00pa30BaHus psijia ra3000pa3HbIX yriIeBOIO0POIOB.

YrieBoxopoxn nponaH H-OyTaH Tpanc-6yren-
2
Qosp» KJIK/Moms | 103,9 126,2 11,2

Hcxons u3 3TUX BENWYMH, SHEPTUU CBS3U B Moliekyne Bojopona (435,0 k/lx/mMonb) U sHEpruu
atromu3zanuu rpaguTta (718 k>x/MoIb), OLIEHUTE:
1) snepruto csizu C-H

2) snepruto cBsizu C=C.



b) Ucnonpe3ys noiydyeHHble AaHHBIE, TAOIMYHOE 3HAYEHUE SHEPTHM CBA3HM B MOJIEKYJE KUCIOpOAa
(498,0 k/[x/mMomp) W TEIIOTHL 00pa3oBaHMs TPUBEACHHBIX HIDKE KHCIOPOACOAEPIKAIINX
COEIMHEHUH B ra3000pa3HOM COCTOSIHUH, orleHuTe sHepruu csizeid C-O u O-H.
BemectBo H,O CH;0OH HCOH

Qosp, KK/Mons | 242,0 200,7 115,9

B) Ha pucynke mpuBeneHa CTpyKTypHas (opmysia HOpOrecTepoHa — OJHOTO U3 OMOJOTHYECKH
AKTUBHBIX COEIMHEHUH, WrpaloIIUX CYUIECTBEHHYIO pOJb U B JAEATEIbHOCTH MO3ra, U B

(YHKIMOHUPOBAHUH PEPOTYKTUBHOM CUCTEMBI YETIOBEKA.

CH, C|:H3
C=0
CH,
lNporecTepoH

@)

Hcxons u3 MpUBEICHHBIX HUXKE CPEJIHUX SHEPTUU CBS3H, OLICHUTE TEIJIOBOH 3(PdeKT peakiuuu
IIOJIHOTO OKHUCJICHUS IPOTreCTepOHa KHUCIOPOAOM, €CIM H3BECTHO, 4YTO TIIOCIE IPUBEACHUS
IPOJYKTOB pEaklUU K CTAaHJaPTHBIM YCIOBUSAM 00beM BOJbI cocTaBmia 2,0 nutpa. YKaxkuTe, Kakue
npuOmkenns Bpl ucnonbs3oBanu mnpu npoBeneHuH pacuera. OOparture BHMMAHME, YTO THpHU
M300paXeHUH CTPYKTYpPHBIX (OpPMYJ OpPraHMYECKHX COEAMHEHHH aToMBbl YIJIepoJa 4YacTo He
MOJMUCKHIBAIOT (OHU TIO YMOJTYAHUIO HAXOMAATCSA B yriaX MpHU NMEPEeCceYeHHH JTMHEWHBIX Y4acTKOB),
BAJICHTHOCTh YIJIEPOJla paBHA YETHIPEM, OCTABUIMECS BAJICHTHOCTU 3aIOJHSIOTCA aTOMaMH
BOZIOpPOAA.

Jna cnpasku: DHEpPrusi CBSI3U — 3TO SHEPrus, BBIACNSIOMIAACA MPH B3aUMOJEHCTBUU OJMHOYHBIX

aTOMOB JAPYT C APYTOM.

Pemenne

1. TIpomeccel 00pa3oBaHUs YIJIEBOJOPOJOB MOXKHO TIPEJICTABUTh KaK COBOKYITHOCTH YETBIPEX
CTaIWii: aTOMHU3AIUKA COOTBETCTBYIOMIETO KOJMYECTBA TpaduTa, aTOMH3AIMH COOTBETCTBYIOIIETO
KOJIMYECTBa Bo/I0poaa, oOpazoBanus cesazeit C-C u cBszeit C-H. O6o3HaunM:

Tennory atomu3anuu 1 Moib rpadura — a

Ouepruio cesizu H-H - b



Onepruto cBsizu C-C — ¢

Ouepruto cesizu C-H —d

Torna nns O6yrana Qusp = 3¢ + 10d — 4a — 5b

Jlns ponana Q,sp = 2¢ + 8d — 32— 4b

Pemast nanHyto cucreMy ypaBHEHUI MOJTydaeM:

3c¢+10d=126,2 +4-718 + 5-435=5173,2

2c+8d=103,9+3-718 + 4-:435=3997,9

Orcrona sueprus csizu C-C cocrasuser 351,7 kJx/mMonb, sHeprust cBs3u C-H - 411,8 kJx/Mob.
O0603HaunM >HEpruto aBoriHoM cBsizu C=C 3a e.

Torna nns 6yrena-2 Qusp =c + e + 6d —3a—3b

e = 637,7 xJIx/Moib

2. U3 Broporo 6510Ka JaHHBIX MOXKHO ompeneiauTs sHepruu csizeir O-H, C-O u C=0. O6o3Haunm
UX, COOTBETCTBEHHO, 32 X, Y U Z.

st Bogpsl Qopp = 2x — 435 —0,5-498

Oueprus cBs3u O-H 463 JIx/Mob

Just metanona Qo = 3-411,8 + 463 +y — 718 —435-2 — 498-0,5

Oueprus cBs3u C-0O 339,3 kJ[»/Monb

st dopmanbaeruna Qosp = 2-411,8 +z — 718 — 435 -498-0,5

Oueprus cea3u C=0 694,3 k/x/Monb

3. IIpu cropanuu 0AHON MOJIEKYJIBI IPOT€CTEPOHA:

A) paszpeiBatotes — 1 cBs3p C=C, 23 cs3u C-C, 30 cpszeit C-H

b) obpasyrorcs — 40 ceszeit C=0 u 30 cBszeit O-H

Tennora cropanus Q = 40-694,3 + 30-463 — 637,7 — 23-351,7 — 30-411,8 = 20581,2 xJ{»x/mMo1b
VpaBuenue peakuuu cropanus: 2C21HzpO2 + 5502 = 42C0O;, + 30H0

[To ycnoButo 3amaun oopazoBanock 2 1 xxunkoi(!) Boasl, To ectsb, 111,1 Monb

Takum 06pa3om, B peakIuio BCTYNMUIIO0 7,4 MOJIb IPOTECTEPOHA.

Tennosoii 3pdext cropanus coctaBuil 52438 k/lx

3. HpI/I pacucTe mnojiarajin, 4To S9HCPrusa CBA3U HC 3aBUCUT OT OKPYKCHUS aTOMOB.

Kpumepuu oyenusanus.
1. Ouenka sHepruii cBsizu — 1o 2,5 6amia (6 3HadeHuit — 15 6amioB)
2. YpaBHEHHE peakluu ropeHus — 1 6amn

3. Pacuer TemyioTsl cropanus 0JJHOr0 MOJIb BelecTBa — 2 Oaia



3. Pacuer xonmvecTBa BemiecTBa mporectepona — 1 Gamr

4. Berancnenue termnoBoro 3¢ dexra nmpomecca — 1 6amn

3. «Heoprannueckue aHaJIOTH yIJIEBOJOPO/I0BY

B Heoprann4eckoll XMMHUHU U3BECTHBI COEAMHEHHUS, U303JIEKTPOHHBIE YIII€BOIOpOoAaM. B yacTtHOCTH,
COeMHEHUE A M303JIEKTPOHHO 3TaHy, a coeauHenue b nzosnexTponno 6ensony. A u b cogepxar B
CBOEM COCTaBE TaKOE 7K€ KOJIMYECTBO aTOMOB BOJIOPOJIA, KAK U U303JIEKTPOHHBIE UM YIJIEBOIOPOBL.
1) Hanummre xumudeckue GopMyinbl coequHennid A u b, nmpuBenute ux CTpyKTypHbIe (GOPMYIIbI U
onuuure (1300pa3uTe) UX NPOCTPAHCTBEHHOE CTPOCHHUE;

2) Ilpennioxkure cnocoObl cUHTE3a coelvHeHU A U B, HanuiuTe ypaBHEHHS COOTBETCTBYIOLIUX
peaKuuii;

3) ConocraBbTe (U3MYECKHE M XMMHUYECKHE CBOICTBAa 3TaHa M O€H30Jla C COOTBETCTBYIOIIMMH
CBOMCTBaMM U303JIEKTPOHHBIX UM HEOPraHMYECKUX coequHeHnl A u b.

4) Kakue mpouecchl IPOUCXOAAT MPHU JJIUTEIBHOM XPaHEHUHU COEIMHEHUS A Ha BO3JYyXe U IpHU
JUINTEIIbHOM XpaHeHHH coequHeHus b B uHepTHOH artmocdepe? Hammmmre ypaBHEHHS
IIPOTEKAIOIIUX PEAKLUH.

5) JInst kakux 1ieneit MoryT ObITh UCTIONB30BaHbI coeinHeHus A U B?

Pemenne:

1) M3037€KTPOHHBIMU SIBIISIFOTCS COETUHEHMS, MUMEIOIIME B CBOEM COCTaBE OJMHAKOBOE YHCIIO
ANeKTpoHOB (I 6Oann). Takum oOpasom, A u B MOmKHBI coaep)KaTh TOJBKO aTOMBI DJIEMEHTOB
BTOporo mnepuonaa (1 6ann). CoenuHEHHs SIEMEHTOB 14 Tpymmbl, coAepKamue TSKENbIE aHAIOTH
yriiepoja, He YAOBJIETBOPSAIOT PEIICHUIO 337au, TaK KaK COAEp)KaT OOJbIlee YHCIO AJIEKTPOHOB,
YeM yTIepOJIHbIE aHATIOTH.

[TockonbKy 4MCIO aTOMOB BOJIOPOJIAa B KaXKJIOM COEAMHEHHH JIOJKHO OBITH paBHO 6, TO B Cilydae
ATaHa YCJIOBHIO 3aJlaud yJIOBJIETBOPSET M303JEKTPOHHbIN emy ammunOopan BH3NH;3 (1 6ann) a B
ciydae 6ensona — 6opazun B3NsHg (1 6ann). Ctpykrypa ammuab60opana BH3NH3 stanonono6nas, ¢
JOHOPHO-aKIENTOPHOH cBsi3blo B-N u Terpasapuyeckum okpyxeHHeM aToMoB Oopa u azota (1
oann). CTpykTypa 60pa3suHa — INIOCKUH MECTUYWICHHBIH IUKII, B KOTOPOM YepeAYIOTCS aTOMBI 60pa
M a30Ta; aTOMBI BOJOPOJA CBSI3aHBI C KAKIBIM M3 aTOMOB B IMKJIE M PACTIOIOKEHBI B TUIOCKOCTH
KoJwla (1 6ann).

2) CriocoObI cuHTE3a aMMUHOOpaHa (A):

a) NH4Cl + NaBH, = NaCl + H, + BH3NH; (1 6(1]1]1)



b) O6men ocHoBanwust JIbronca B KOMILIEKCax THapuIa bopa:
BH3;SMe; + NH3; = BH3NH3 + SMe; (1 6(1]1]1)
CrnenyeT OTMETUTH, YTO MPSMOE B3aWMOJCHCTBHE TUOOpaHa ¢ aMMHAaKOM BMECTO aMMHHOOpaHa

IMPUBOJAUT K HOHHOMY COCANHCHUIO!

BoHg + 2 NH3 = [BHz(NH3)2]+[BH4]-

Crioco6b! cunTe3a 6opasuna (B):
a) BsaummopeiicTBue qubopana ¢ ammuakom mpu 180 °C:
3 BoHg + 6 NH3 =2 BsN3Hg + 12 Hy (1 6ann)
b) BoccranoBnenue TpuxsopoOOpa3uHa, MOIYYSCHHOTO M3 TPUXJIOopHIa Oopa:
3 BCI3 + 3 NH4CI = CI3B3N3H;3 + 9 HCI
Cl3B3N3Hs + 3 NaBH, = B3N3Hg + 3NaCl + 3/, BoHg (1 6ann)

3) OrtaH Mp¥ KOMHATHOW TeMIiepaTrype — ra3, a aMmmuHOOpaH — TBEpaoe Oenoe BemecTBo (1
Oann). Pasnuuue cBSI3aHO C T€M, YTO B OTJIMYME OT 3TaHAa, MOJEKyJa aMMUHOOpaHa MOJSpHA
(BH3NH3 umeer 6onbiioii AumoabHbii MOMEHT) (1 ban).

B ornuume oT 3TaHa, M3-3a HAIWYMS TUAPOMIHBIX aTOMOB BOJOPOAAa aMMHUHOOpPaH pa3ziaraercs

BOJIOM C BBIJIEJIEHUEM BOJOPO/IA:

BH3NH3 + 3 H,O = H3BO3 + 3 Hy + NH3 (1 oann)

U 6eH30m 1 60pa3uH — KHUJIKOCTHU ITPU KOMHATHOH TeMIepaType, UMEIOT MPAaKTHYEeCKH OIMHAKOBYIO
IUIOTHOCTh U OJIM3KHE TeMIepaTypbl KuneHus (1 oaunn).

bopa3zun MeHee apoMaTHueH, 4eM OEH30I1, IOCKOJIbKY 2JIEKTPOHHAs IUIOTHOCTh CMELIeHa K Ooiee
3JIEKTPOOTPHLIATEILHOMY aTOMY a30Ta, YTO OcyabisieT cuctemy m-cBszeil. [loatomy, B oTinumne ot
6eH30:1a, 60pa3uH 0oJiee CKIOHEH K PeaKIMsIM MIPUCOSTUHEHNS, YeM K PEaKIHsIM IeKTPOPUIHLHOTO

3amenienus (1 6ann).

4) [Ipu nIUTENTLHOM XpaHEHUH aMMUHOOpaHa Ha BO3yXe OH MEIJICHHO OKUCIISIETCS:
4 BH3NH; +6 O, = (NH4)QB407 +5H,0 + 2 NH; (] 6(1]1]1)
[Tpu mUTeT,HOM XpaHEHWH OOpa3uHa B HHEPTHOW aTMoc(epe OH YaCTHIHO TEPSIET BOJIOPO,T
Y TIOJINMEPHU3YeTCs ¢ 00pa3oBaHUEM MTOJIMOOPA3UHOB:

nB3NszHg = xH, + B3nN3nH(6n-2x) (1 561]1]1)



5) AMMHHOOpaH UCTIOJIb3yeTCS KaK TBEPAOTEIIbHBI HOCUTENh BOJIOPO/Ia B BOJOPOIHOM SHEPTETHKE,
IIOCKOJIBKY IPU HAarpEBAaHUU WIN IIPU FMAPOJIN3E BBLIEISET MOJIEKYIISIPHBIN BOJIOPOJ (1 6ann)
N ammunOOpan u Oopa3uH MCHOJIB3YIOTCS IS CHHTE3a HUTpHUIA OOpa, MOCKOJIBKY HPU BBICOKOM
TEeMIIepaType MOTHOCTBIO TEPSIFOT BOAOPOA (1 b6an):

BH3;NH; = BN + 3 H»

BsN3zHg = 3 H, + 3 BN
Bopasun siBnsiercss yqoOHBIM HCXOJHBIM COEAMHEHHEM [UIS CHHTE3a HEOPTaHMYECKOro aHajora

rpadena (“Oemnbiii rpaden”) (1 6ann).

4. «Bce TaiiHOe CTAHOBUTCS SIBHBIM»

JUJIsl OYHMCTKY JKEJNE3HBIX KOTJIOB OT PKABUMHBI 3aBOAY OBLI MPEIOKEH IMaTEHTOBAHHBIN COCTaB Ha
ocHoBe oxHoro u3 monudocdaroB Hatpus (A). 3a pacKpelTHe KOMMEpPYECKOW TalHbBI (pUpMBI
W3TOTOBUTEINS B3SUIMCh COTPYAHMKHU 3aBOJCKOH jaboparopuu. M3 momyueHHOro mocne oo6paboTku
KOTJIOB PacTBOpa MU ObLIa BbIIEICHA (Ppakiius, colepsKkamias TOJIbKo momdochaTHbIA KOMIUIEKC
xene3a (B) cocraBa 1:1. U3 Hee oToOpanu amukBoTy 15 mi1 u ortutpoBanmu 0,1 M pactBOopom
HUTPUJIOTPUYKCYCHOW  KHCIOTHI (pu 3TOM  oOpasyercs KoMmIUiekc coctaBa 1:1) ¢
KOHAYKTOMETPUYECKOW HHIUKAlMeH TOYKM SKBHBAJIEHTHOCTH. Ha TuTpoBanume momnuio 22,5 mi
KkucIoTel. Ompenenenue conepxanus ¢ocopa TPOBOIUIOCH TYPOUAUMETPUUECKHUM METOJ0M
(MeTOJ KOJMYECTBEHHOTO aHaM3a, OCHOBAaHHBIH HAa M3MEPEHHWH ONTHYECKOH IUIOTHOCTH B3BECH
omnpenensgeMoro Beuiectsa). st aroro npo6sl o6bemMoM 1o 10 M ctanaapTHBIX pacTBOpoB NazPO4
U HUCCIIEyeMOT0 PacTBOpa MEepPEeHOCUIN B MepHble KoinObl Ha 200 mu, oOpabaThiBaiyd HU30BITKOM
ropsiueii 6apuTOBOW BOJBI, pa30aBIsUIA PACcTBOP 1O METKH M M3MEPSUTH ONTHYECKYIO TUIOTHOCTD
MOJTYYECHHBIX CYCTICH3HA. Pe3yabTaThl MPUBECHBI HIKE B TAOIUIIE:

Hcxonuslii pacTBop (pacTBOp A0 pazbasieHus) OnTuyeckas MNiIOTHOCTh

0.3 M NazPOq 0.38
0.4 M NazPO, 0.56
0.5 M NazPO, 0.74
Hccnenyemblil pacTBOp 0.65

1. Kakoif nomudocdar Hatpus ObLT peuiokeH 3aBoay? IIpuBennuTte ero MONEKyIIpHYO GopMyiTy
U rpadudeckyro GopMyTy COOTBETCTBYIONIET0 aHHOHA. OTBET MOATBEPAUTE pPacUeTaMH.

2. IlpuBenute MonexkyasipHyto ¢opMyny nonudocharHoro komiekca xenesa B. C yem cBsa3aHa
ero BbicOKasg ycroWunBocTh? Kak Bbl momaraere, MOHO- MM TMONUSAACPHBIM SIBIISETCS JaHHBIN

koMmiiekc? OTBET MOSACHUTE.



3. Hamumure ypaBHEeHHs peakiuii conmu A ¢ runpokcuaom skenesa(lll) u ¢ ropsamm pactBopom
THJIpOKcUIa Gapusi.

4. Ilpennoxure cxemy IMOJNyYeHHs 3TOW COJNM, KOTopas Morjia Obl OBITh MCHOJB30BaHA HA CaMOM
3aBOJIE.

5. Hanumure ¢hopMyny HUTPHUIOTPUYKCYCHOM KUCIIOTHI U ypaBHEHUE €€ Peakiuu ¢ KoMmIuiekcom B.

Pemenne.
W3 naHHBIX TypOMAMMETPUYECKHX OINpeAeNieHU BUAHO, YTO HA JAHHOM YYacTKe 3aBUCHUMOCTH
ONTHYECKOH IUIOTHOCTH OT KOHIICHTPAIlUU JIMHEHA U onuckiBaeTcs ypaBHennem D = 1,8C — 0,16.
JlaHHBIC IS UCCIIEyeMOTO PAacTBOpA MOKA3BIBAIOT, YTO B Tepecdere Ha Gocdar-uoH CoaepKaHue
docdopa B Hem cocrasisier 0,45 MOIIB/II.
JlaHHbBIE TUTPOBAHMS MMO3BOJISIOT YCTAHOBUTH KOHILIEHTPALIMIO HOHOB JKeje3a:
C(Fe*") = V-C(x-1b1)/V(amnkBoTbl) = 22,5-0,1/15 = 0,15 Monb/1L.
CrnenoBarenbHO, B cocTaB (ppakimuu BXOIWIT TpUor(ochaTHbI KOMIUICKC XKelle3a, a MCXOTHOM
HATpUEBOH coibio ObLT Tpunonudocdar Hatpust NasP301o.
YpaBHEHUS peakIvi:
NasP3010 + Fe(OH)s = Naz[Fe(Ps010)] + 3NaOH
Boicokas ycTOHYMBOCTH KOMIUIEKCa OOYCIIOBIIEHa OOpa30BAHMEM XE€JAaTHBIX IUKJIOB. YUWTHIBas,
YTO KOMITJIEKC 00pa3yeTcs ¢ COOTHOIIEHHEM MeTayuTiuran] 1:1, a Bce KOOpIMHAIIMOHHBIE TIO3UIIHH
OJIMH JINTaH/I 3aHITh HE CMOXKET, KOMILJIEKC JOKEH OBITh MOTUSACPHBIM.
2NasP3010 + 9Ba(OH)2 = 3Ba3(PO4)2 + 10NaOH + 4H,0
Peakuus cunresa tpudocdara HaTpus:
2Na,HPO, + NaH,PO, = NasP3019 + 2H,0
Hurpunorpuykcycnas kuciora: N(CH,COOH);
Peaxtus: [Fe(P3010)]* + N(CH,COOH); = [Fe(N(CH,COO0)3)] + HoP3010

Kpumepuu oyenueanus

1. Onpenenenue koHueHTpauu pocdopa (B nepecuere Ha pocdar-uon) - 4 6anna
2. OnpeneneHre KOHIEHTPAUH XkKee3a — 2 Gaia

3. Onpenenenne nonudocdara — 3 Ganna.

4. CtpykrypHas popmyina nonmudocdara — 3 Oana.

5. Peakuust ¢ THAPOKCHIOM KeJe3a U (hopMysia KOMIUIEKca jxese3a — 1o 1 6amry

6. Peakuus ¢ rugpoxcuiom 6apusi.-1 6amt



7. IlpeamnosnoxeHre 0 HATUINH XETaTHBIX ITUKIOB — 1 Gai.

8. [IpenmonoxxeHue o MOMUAACPHOCTH KOoMILIeKca — 1 Oa.

9. ®opMyna HUTPUIOTPUYKCYCHOU KUCIOTHI — | Gast.

10. Peakiust HUTPHIIOTPUYKCYCHON KHCIIOTBI C KOMILIEKCOM JKene3a — 1 Gasur.

11. Peakrus nonydenus Tpunoiaudocdara Hatpus — 1 6amw.

5. «KOHCTPYKTOpP XMMHYECKUX peaKkuuii»
W3 mnpennokKeHHOro IepeyHs PeareHTOB W KaTalu3aTOpOB COCTaBbTE CHHTETHUYECKYIO CXEMY

MPEBPAILCHUIA.
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Kpumepuu oyenusanusn:

ITo 1 6anmy 3a 1-4, 6, 8, 11-16, Bcero 1-12 = 12 6annos

ITo 2 6amma3a s, 7,9, 10, Bcero 2-4 = 8 6amios

Hroro 20 6amos




11 xkuaacc

1. «HetnIpe pacTBOpa»

Crynenty xumuueckoro ¢akynprera Kupmiury cpoyHo TpeOOBaloCh MPOBECTH KayeCTBEHHBIN
AQHaJIN3 [ TIOTYYCHMS 3a4€Ta 110 aHAJIUTUYECKON XUMUMU.

Kupuny Bblganum HaboOp YHUCTBIX MPOOMPOK M HAOOp M3 YEThIpEX PacTBOPOB, COJEpIKALIUX
CJICAYIOIINE BEIIECTBA: CyIb(GUI HATPHsL, HOAMU] CTPOHIUS, OPOMU ATIOMUHUS U HUTpAT cepedpa.
Kaxnplii pacTBOp HaxOoAWJICS B OTAENbHOW MpoOupke. Kupuim mombITancst OTIMYUTH PacTBOP
cynb(uIa 10 3arnaxy, HO BCIIEICTBUE HellaBHO nepeneceHHoro Covid-19, norepsin odonsiaue. Kakoe
MUHUMAaJIBHOE KOJIMYECTBO pEaKLUUi, HE MWCIONb3ysl HHUKAKUX JOIOJHUTENBHBIX PpEarcHTOB,
notpedyercst Kupusty i Toro, 4roObl ONpeaesuTh B KaKoil IpoOHpKe pacTBOpP Kakoro BELIECTBA

HaxoAuTcs? 3anuilnTe ypaBHEHUs! IPOBEIECHHBIX PEAKIIUM.

Otsert: 2 cnuBaHus
Pemienue. Ecmu paccMOTpeTh BCEe BO3MOXKHBIE Mapbl B3aUMOJACHCTBUM, KaXJ0€ OKa3bIBACTCS
VHUKQJIBHBIM C TOYKH 3pEHUS BU3YaITbHOTO 3(pdexTa. MOKHO 3armmcaTh ypaBHEHUS 3TUX PEAKIHS U
COCTaBUTH TAOJUILY MapHBIX B3aUMOIEHCTBUI:
Na,S + Srl, = SrS| + 2Nal
3Na,S + 2AIBr; + 6H,0 = 2AI(OH)3] + 3H,ST + 6NaBr
Na,S + 2AgNO3 = 2NaNO3 + Ag.S|
Srl, + AIBr3 "e uzer
Srl; + 2AgNO; = 2AglI| + Sr(NO3);
AlBr; +3AgNO; = 3AgBr| + AI(NO3);3

Na,S Srl, AlBr3 AgNO3
I'a3 + Oenblit
Na,S Benrwiii ocagok YEpHBIN 0CaI0K
0CaIoK
Srlp Bbenerit ocamok Her s dexra KenTsrit ocamox
I"a3 + Oenblit CBeTn0-KENTHII
AlBr; Her s¢dexra
0CajioK 0CaZIoK

CBeTiio-XENnThIi
AgNO3 yepHbId ocanok | JKenTsid ocagok
0CazioK

ITo YCJIOBHIO 3ala4M, Ha 3a11aX OTIIMYUTL paCTBOP CYJ'IL(I)I/IILB. HaTpus HCBO3MOXHO, [TIO3TOMY HYKHO

OPHUEHTHPOBATHCS TOJIBKO Ha BU3YyaTbHBIC 3PHEKTHI.



[lepBoe cnuBaHHe IBYX MPOU3BOJIBLHBIX PACTBOPOB MO3BOJISIET OAHO3HAYHO ONPENCIUTh KaKUE JIBa
BELIECTBA B 3TUX PacTBOpPax HaXoAATCs (MpU 3TOM MO-IIPEKHEMY HEM3BECTHO, KAKOE BEIIECTBO B
KakoM pactBope). Huke paccMOTpeH 0AMH U3 BO3MOXKHBIX BAPUAHTOB.

[Ipeanonoxxum, 4uto mpu ciuBaHuM pactBopa Nel m pactBopa No2 o0Opasyercss YepHBIH OCaIOK.
3HA4YUT, B 3TUX PAaCTBOpaAX COAEpKaTCA HUTPAT cepedpa U cyabhu HATPUsL.

Teneps BozbMeM pactBop Nel u qo6aBum Kk Hemy pacTBop Ne3.

A) Ecu B pactBope Nel Obut HUTpAT cepedpa (a 3HauuT, B pactBope Ne2 — cynbdua HaTpus), a B
pe3ynbTaTe 00pa3oBalics KENThIM OCaZoK, 3HAUUT B pactBope Ne3 — HoOAaua CTpOHIUS, a B
ocrapuiemcsi pacteope Ned — Opomupn amomuHus. TakuM o0pa3oMm, IBYX CIHMBAaHHMM OKa3aloch
JOCTaTOYHO, YTOOBI ONPEACITUTH BCE PACTBOPHI.

b) Ecnu npu nobasnennn k pactBopy Nel (rae mo-mipexkHemy Obul HUTpAT cepedpa) pactBopa Ne3
oOpa3yercs CBETJIO-KENTBIA 0CaZOK, 3HAYUT pacTBOp Ne3 comep uT OpomMuja aniOMHUHHS, a B
pactBope Ne4 — moauz cTpoHIus. B 3TOM ciiydae Takyke T0CTaTOYHO OKa3aloCh ABYX CIUBAaHUM.

B) Ecimu B pactBope Nel Owut, HaoOopoT, cynbdun HaTpus (a B pactBope No2 HUTpaT cepebpa), a
npu fgo6asieHnn pactBopa Ne3 oOpaszoBaics Oelnblii 0CaJ oK M BBLACTHICS Ta3, TO B pacTBope Ne3
HaxoauTcs Opomun amromMuHus. B octaBmemMcs pactBope Ned — noaun crponuus. B atom ciydae
TaKXe JJOCTaTOYHO OKa3aJ0oCh JIBYX CIIMBaHUI.

I') Ecnu nipu noGaBnenun k pactBopy Nel (rae mo-npexHemy Obul cynbua HaTpus) pactBopa Ne3
obpasyercss TOMBKO O€mnblii ocajok, To B pactBope Ne3 comepKUTCS HOIU] CTPOHIIMS, a B
ocranuieMcs pactBope Ned — 6pomu amomunus. M onsTh 0ka3anochk 10CTaTOYHO JIBYX CJIIMBAaHUMH.
Heo6xonnMo paccMOTpeTh elle S BapuaHTOB MEPBBIX CIMBAaHUI MOJ KaXAyl0 BO3MOXKHYIO Hapy.
[lepBoe cnuBaHMe — JBa MPOM3BOJIBHBIX pacTBopa. BrTopoe cinuBaHMe — OAMH U3
MCIIOJIb30BABIIUXCS JUIsl TIEPBOTO CIMBAaHUS PacTBOPOB M OAMH W3 HEHCIIONb30BaBIIMXCS (eme 4
BapuaHTa A-I"). Takum 00pa3oM MOXKHO JOKa3aTh, YTO BCEr/a BHE 3aBUCUMOCTH OT TOTO, KaKHe
pPacTBOPBI MBI CIIMBAEM, TOCTATOYHO JIBYX JCHCTBHI.

Kpumepuu oyenueanusa:

Hanucansl 5 ypaBHeHui peaknuii — mo 1 6amty 3a Kaxayro peakiuio, utoro 1-5=5 6amios
OnpezneneHo MUHUMAJIbHOE KOJIMYECTBO CIMBaHUNA — 3 Oaia

PaccmoTpens! 6 BapuanToB — 1o 2 Gaiiia 3a Kax/blii BapuaHT, 2-6=12 Gannos

Bcero 20 6amioB

2. «Heopranmyeckue aHAJOTH YIJ1€BOAOPOI0B»



B Heopranmueckoil XMMUM U3BECTHBI COCIMHEHMSI, N303JIEKTPOHHBIE yIieBogopoaam. B yactHocTH,
COEMHEHUE A M303JIEKTPOHHO 3TaHy, a coeauHenue b nzosnexkTponno 6ensony. A u b cogepxar B
CBOEM COCTaBE TAKOE € KOJUYECTBO aTOMOB BOJIOPO/A, KaK U N30JIEKTPOHHBIE UM YIJIEBOJIOPOIbI.
1) Hanummre xumudeckue GopMyibl coequHeHnid A u b, nmpuBenute ux CTpyKTypHbIe (GOPMYIIbI U
onuiuTe (M300pa3uTe) UX MPOCTPAHCTBEHHOE CTPOCHUE;

2) Ilpennoxkure cocoObl cUHTE3a coenuHeHnid A u B, HanWIMTe ypaBHEHUS COOTBETCTBYIOIIUX
peaKuuii;

3) ComocraBbTe (pU3MUECKHE U XMMUYECKHE CBOMCTBA 3TaHAa U OEH30J1a C COOTBETCTBYIOLIUMU
CBOMCTBAMH M303JIEKTPOHHBIX UM HEOPTaHMUYECKUX coequHeHul A u b.

4) Kakue mporecchl IpOUCXOAAT MPHU JUIUTEILHOM XPAaHEHHH COCIWHEHHS A Ha BO3JyXe U INpHU
JUINTEILHOM XpaHeHHH coequHeHus b B uHepTHON artmocdepe? Hammmmre ypaBHEHHS
MPOTEKAIOIINUX PEAKIUH.

5) Anst kakux 1enei MoryT ObITh UCIIONB30BaHbI coeinHeHus A u B?

Pemenne:
1) V303meKTpOHHBIMU SIBISIOTCS COEIWHEHHUs, UMEIONIME B CBOEM COCTaBE OJMHAKOBOE YHCIO
ANeKTpoHOB (I 6Oann). Takum oOpasom, A u B MOmMKHBI coaep)kKaTh TOJBKO aTOMBI DJIEMEHTOB
BTOporo mnepuonaa (1 6ann). CoenuHEHHs SIEMEHTOB 14 Tpymibl, coAepKamue TSKENbIE aHAIOTH
yriiepoja, He YAOBJIETBOPSAIOT PEIICHUIO 33Jau, TaK KaK COAEp)KaT OOJbIlee YHCIO AJIEKTPOHOB,
YeM yTIepOJIHbIE aHATIOTH.
[TockonpKy YHCIIO aTOMOB BOAOPOJA B KaXKJIOM COCIUHEHHUH JOKHO OBITH paBHO 6, TO B Cilydae
JTaHa YCJIOBHIO 3aJlaud yIOBJIETBOPSET M303JEKTPOHHBIN emy ammuHOopan BH3NH3 (1 6ann) a B
cinyyae 6ensona — 6opasun B3sNsHg (1 6ann). Ctpykrypa ammun6opana BH3NH3 stanonono6nas, ¢
JIOHOPHO-aKIENTOPHOH cBsA3bi0 B-N u TeTpasapuueckuM OKpykeHHeM aToMoB Oopa u azota (1
oann). CtpykTypa 60pa3uHa — MIIOCKUH MIECTUYICHHBIN [IUKII, B KOTOPOM Y€PEIyIOTCS aTOMBI O0pa
M a30Ta; aTOMBI BOJOPOJIa CBS3aHBI ¢ KAXKJBIM W3 aTOMOB B IIMKJIC M PACIOJIOKEHBI B INIOCKOCTH
KoJwla (1 6ann).
2) CriocoObI cuHTE3a aMMUHOOpaHa (A):
a) NH,Cl + NaBH, = NaCl + H, + BH3NH3; (1 6ar)
b) O6men ocHoBanwust JIbrorca B KOMILICKCaxX THAPUIA Oopa:
BH3;SMe; + NH3 = BH3NH3; + SMe, (1 6ann)
CrnemgyeT OTMETUTh, YTO MPSMOE B3aUMOJACHCTBHE MUOOpaHa C aMMHAaKOM BMECTO aMMHUHOOpaHa

MMPUBOAUT K HOHHOMY COCANHCHUIO:



BoHg + 2 NH3 = [BHz(NH3)2]+[BH4]-

Crioco0b! cunTe3a 0opasuna (B):
a) BsaummopeiicTBue qubopana ¢ ammuakom mpu 180 °C:
3 BoHg + 6 NH3 =2 BsN3Hg + 12 Hy (1 6ann)
b) BoccranoBneHue TpuxiopoOOpa3uHa, MONYYCHHOTO U3 TpUXJIopuaa bopa:
3 BCI3 + 3 NH4CI = ClI3B3N3H;3 + 9 HCI
Cl3B3N3Hs + 3 NaBH, = B3N3Hg + 3NaCl + 3/, BoHg (1 6ann)

3) OrtaH p¥ KOMHATHOW TeMIlepaTrype — ra3, a aMmmuHOOpaH — TBEpaoe Oenoe BemecTBo (1
Oann). Pasnuuue cBS3aHO C TeM, YTO B OTJIMYME OT 3TaHAa, MOJEKyJa aMMUHOOpaHa MOJspHA
(BH3NH3 umeer 6onbmioii AumoabHbiii MOMEHT) (1 Han).

B ornnune oT 3TaHa, M3-3a HAIWYMS THAPOUIHBIX aTOMOB BOJOpPOJa aMMHHOOpaH pasiaraercs
BOJIOM C BBIJICJIEHUEM BOJOPOJIA:

BH3NH3 + 3 H,O = H3BO3 + 3 Hy + NH3 (7 bann)

U 6eH301 1 60pa3suH — KHUJIKOCTHU ITPU KOMHATHOH TeMIepaType, UMEIOT MPAaKTHYEeCKH OJIMHAKOBYIO
IUIOTHOCTD U OJIM3KHME TeMIepaTypbl KuneHus (1 oaunn).

bopa3zun MeHee apoMaTHueH, 4eM OEH30I1, IOCKOIbKY 2JEKTPOHHAs IUIOTHOCTh CMELIeHa K Ooiee
3JIEKTPOOTPHLIATEILHOMY aTOMY a30Ta, YTO OcyabisieT cuctemy m-cBszeil. [loatomy, B oTinumne ot
OeH30:1a, 60pa3uH 0oJiee CKIOHEH K PeakIMsIM MIPUCOCTUHEHNS, YEM K PEaKIHsIM IeKTpOoPUILHOrO

3ametuenus (1 oann).

4) [Ipu nIUTENTbHOM XpaHEHUH aMMUHOOpaHa Ha BO3JyXe OH MEIJICHHO OKUCIISIETCS:
4 BH3NH; +6 O, = (NH4)QB407 +5H,0 + 2 NH; (] 6(1]1]1)
[Tpu MTeT,HOM XpaHEHUH OOpa3uHa B HHEPTHOW aTMoc(epe OH YaCTHIHO TEPSIET BOJAOPO,T
Y TIOJINMEPHU3YeTCs ¢ 00pa3oBaHUEM MTOJIMOOPA3UHOB:

ntNgHG =xH, + BgnNgnH(Gn.zx) (1 5a]l]l)

5) AMMUHOOpPAH KCIOJIb3YEeTCs KaK TBEPAOTENbHbIN HOCUTENb BOAOPO/a B BOJOPOIHOM SHEPTETUKE,
MOCKOJIbKY MPY HAarpeBaHUU WM IIPU THAPOIIN3E BIIEISET MOJIIEKYIISIPHBIN BOJIOPO/ (1 6ann)
N ammunOOpaH u OOpa3uH MCHOJIB3YIOTCS JUIA CHHTE3a HUTpHUIA OOpa, MOCKOJIbKY HpPU BBICOKOM

TEMIEPaType MOTHOCTHIO TePSIOT BOAOpoA (1 6ann):



BH3;NH; =BN + 3 H,
BsNsHg =3 H, + 3 BN
EOpa3I/IH ABJIACTCA yﬂ06HBIM HUCXOOHBIM COCIWMHCHHUEM HJII CHUHTE3a HeOpFaHquCKOFO aHaJiora

rpadena (“Oemnbiii rpaden”) (1 6ann).

3. «Bce TaiiHoOe CTAHOBUTCS SIBHBIMY

JUIsl OYMCTKY JKEJNE3HBIX KOTJIIOB OT PyKAaBUMHBI 3aBOAY OBLI MPEIOKEH MaTEHTOBAHHBIN COCTaB Ha
ocHoBe oxHoro u3 mnoiudocdharoB Hatpus (A). 3a pacKpbITHE KOMMEPUYECKOW TalWHBI (PUpMBbI
W3TOTOBUTEIS B3SUIMCh COTPYTHHKHU 3aBOJICKOH jaboparopuu. M3 moimydeHHOro mocie o0paboTKu
KOTJIOB PacTBOpa MU ObLIa BbIIEICHA (ppakius, coaepsKamiasi TOJIbKO momdochaTHbIA KOMIUIEKC
xene3a (B) cocraBa 1:1. U3 Hee oToOpanu amukBoTy 15 M u ortutpoBanmu 0,1 M pactBopom
HUTPWIOTPUYKCYCHOW  KHUCIOTBI (MpH 3TOM OOpasyercs KOMIUIGKC coctaBa 1:1) c
KOHJIYKTOMETPUYECKON HMHIUKAIMEed TOYKH SKBUBAJICHTHOCTH. Ha TuTpoBanue mouuio 22,5 Mi
kucinoTel. Onpexnenenue conepkanus ¢ochopa MPOBOIMIOCH TYPOHUAUMETPUUYECKAM METOJOM
(MeTOJ KOJIMYECTBEHHOTO aHaliM3a, OCHOBAHHBIH Ha M3MEPEHHH ONTHYECKOW IJIOTHOCTH B3BECH
orpenenseMoro Bemectsa). Jist atoro npoosl 00beMoM 1o 10 mMit ctangapTHBIX pacTBOpoB NazPOy4
U HUCCIIEyeMOT0 PacTBOpa MEepPEeHOCUIN B MepHble KoiuObl Ha 200 mu, oOpabaThiBaid HU30BITKOM
ropsiueii 6apuTOBOW BOJBI, pa30aBIsUIM PACcTBOP O METKHM M M3MEPSUTH ONTHYECKYIO TUIOTHOCTH
MOJTYYECHHBIX CYCIICH3HA. Pe3ynbTaThl MpUBEICHBI HUXKE B TaOJHUIIE:

Hcxoansiii pacTBop (pacTBOp 10 pazbasienus) OnTudeckas mIOTHOCTh

0.3 M NazPO4 0.38
0.4 M NazPO, 0.56
0.5 M NazPO, 0.74
HccenenyeMslii pacTBOp 0.65

1. Kakoif nomudocdar Hatpus ObLT peuiokeH 3aBoay? I[IpuBennTte ero MONEKyIIpHYO GopMyiTy
U rpaduyeckyro (popmyiay COOTBETCTBYIOIIEr0 aHnoHa. OTBET MOATBEPAUTE PACUETAMH.

2. IlpuBenure MonexkyasipHyto ¢opMyny nomudocharHoro komiiekca xenesa B. C yem cBsa3aHa
ero BbIcokasg ycroiumBocTh? Kak Bbl mosaraere, MOHO- WM NOJUSAAECPHBIM SIBISETCS TaHHBIN
KoMIuieKc? OTBET MOSICHUTE.

3. Hamumure ypaBHeHHs peakiuii conmu A ¢ rumpokcuaom kenesa(lll) u ¢ ropsamm pactBopom
TUAPOKCHUAA Oapus.

4. Ilpennoxure cxemy IMOJyYeHHs 3TOM CONM, KOTopas Morjia Obl OBITH MCHOJIB30BaHA HA CaMOM

3aBOJIC.



5. Harumure hopmyny HUTPUIIOTPUYKCYCHOM KHUCIOTH M YPABHEHHE €€ PEaKIIK C KOMIUIEKCOM B.

Pemenne
W3 naHHBIX TypOMAMMETPUYECKHX OINpeAeNieHU BUAHO, YTO HA JAHHOM YYacTKe 3aBUCHUMOCTH
ONTHUYECKOH IUIOTHOCTH OT KOHIICHTPAllUU JIMHEIHA U onuckiBaeTcs ypaBHenuem D = 1,8C — 0,16.
JlaHHbBIC JJI UCCIIEyeMOTO PacTBOpA MOKA3bIBAIOT, YTO B Mepecdere Ha Gocdar-uoH CoaepKaHue
docdopa B Hem cocraisier 0,45 MoIb/I.
JlaHHbBIE TUTPOBAHUS MMO3BOJISIOT YCTAHOBUTH KOHLIEHTPALIMIO HOHOB KeJe3a:
C(Fe*") = V-C(x-b1)/V (ainkBoTsl) = 22,5-0,1/15 = 0,15 Mob/11.
CrnenoBarenbHO, B cocTaB (ppakmuu BXOIWIT TpurordochaTHeId KOMIUICKC Kelle3a, a MCXOTHOU
HATpUEBOH coibio ObLT Tpunonudocdar Hatpust NasP301o.
YpaBHEHUS peakIvi:
NasP3010 + Fe(OH)s = Naz[Fe(Ps010)] + 3NaOH
Boicokas ycTOHYMBOCTbh KOMIUIEKCA OOYCIIOBJIIEHa OOpa30BAHMEM XE€JAaTHBIX IUKJIOB. YUWTHIBas,
YTO KOMILJIEKC 00pa3yeTcs ¢ COOTHOIICHHEM MeTayuTiuran] 1:1, a Bce KOOpAMHAIMOHHBIE TIO3UIIHH
OJIMH JINTaH/I 3aHITh HE CMOXKET, KOMILJIEKC JOKEH OBITh MOJTUSACPHBIM.
2NasP3010 + 9Ba(OH)2 = 3Ba3(PO4)2 + 10NaOH + 4H,0
Peakuus cunresa tpudocdara HaTpus:
2Na,HPO, + NaH,PO, = NasP3019 + 2H,0
Hurpunorpuykcycnas kuciora: N(CH,COOH);
Peaxtms: [Fe(P3010)]* + N(CH,COOH); = [Fe(N(CH,COO0)3)] + HoP5010

Kpurtepuu onennBanus

1. Onpenenenue koHueHTpanuu pocdopa (B nepecuere Ha pocdar-uon) - 4 6anna
. Onpenenenne KOHIIEHTPAIIUH XKee3a — 2 Gaia

. Onpenenenne nonudocdara — 3 Ganna.

. Ctpykrypnas dopmyna nomudocdara — 3 6amna.

. Peakmus ¢ rumpokcuiom xernesa u popMmyiia KoMILIeKca xenesa — o 1 6amny

. Peakmus ¢ runpokcuom 6apusi.-1 6ann

. [Ipenmonokenne 0 HATMYNHU XENATHBIX ITUKIOB — 1 Oait.

. [IpeanonoxkeHune o MO IEPHOCTH KOMIUIeKca — 1 Ga.

O© o0 3 O N B~ W DN

. @opMyIia HUITPHIOTPUYKCYCHOM KHCIOTHI — 1 Oa.

10. Peakuiust HUTPUIOTPUYKCYCHON KHUCIIOTHI C KOMIUIEKCOM *kene3a — | Gat.



11. Peakrust monmydenus Tpunoiaudocdara nHatpus — 1 6am.

4. «HepaBHoBecHoe paBHOBecue» (Cxpunkua M.IO.) (20 6anioB)

B BakyyMUpOBaHHBIN TOJICTOCTEHHBIN BOJIB(PaMOBBIM cocys o0beMoM 4,0 J1 TOMECTHUIIM HAaBECKY
10 r kapOboHaTa MarHus ¥ BBIACPIKATN IIPH 33JaHHOM TeMIieparype B TeueHue 3 cyTrok. Onpenenure,
3HAUCHHUE JIAaBJICHHS B aMmylie, eciu ee Buiaepskusaau npu 200 °C, 500 °C, 900 °C. Ioctpoiite
rpaduk 3aBUCUMOCTH JABIICHUS B aMITyjie OT TeMIeparypbl. OMUIIATE XapakTep 3aBUCUMOCTH P =
f(T) Ha pa3HBIX ydacTkax 3TOro rpaduka (JUHEHHBIN, MapabOIUICCKUN, SKCIOHCHIIMAIBHBIA | T.
I.), OTBET apryMmeHTupyite. OLEHUTE HMHTEpBaJl TeMIepaTyp, B KOTOPOM MEHSAETCS XapakTep
3aBUCHUMOCTH.

JIist cripaBKU: KOHCTaHTa PaBHOBECHS M TEPMOJMHAMUYCCKHE XapAaKTCPUCTHKU PEAKIIUU CBSI3aHBI
COOTHOIIIEHHEM ArGO = -RTInK, A\G = A\H — TAS. CrannapTHbeie SHTAJIBIIUN OOpa30BaHUSA M

CTaHAAPTHBIC SHTPOIIMU BCHICCTB, a4 TAKKC 3HAYCHHUSA HACBIIITHBIX IUIOTHOCTEH IMPUBCACHBI HUXKC B

TabauIE.
MgCO; MgO CO,
AH 5, kIK/Mos | -1096,0 -601,5 -393,5
%508, JIx/K-MOIIB 65,1 27,1 213,7
p, T/cM® 3,04 3,58
Pemenue

Peaxuus: MgCO3 = MgO + CO, K = P(CO,)/P°
OHpeI[eJ'II/IM PaBHOBECHBIC NAaBJICHUA YTIJICKUCIIOIO I'a3a

s paccMatpuBaeMon peakiuu

AH® =101 xJIx, AS® = 175,7 /K

Torna
T, K AGY, xJTx InK P, atm P (Menna-Knam),
at™
473,15 17,87 -4,54 0,011 0,12
773,15 -34,84 5,42 225,9 1,9
1173,15 -105,12 10,78 48050,1 2,89




Takum o0pa3om, B JBYX CIIydasx JJaBJICHHE PaBHOBECHOE [ABJICHWE MPEBBIMIACT TaKOBOE,
paccuMTaHHOE O ypaBHEHUIO MeHeneeBa-Kiianeiipona B NpeAnoIOKEHUH TOJHOTO Pa3JIOKEHHS
KapOoHaTa MarHusi — B 3ToW obmacTu map OyneT HEHACHIIIICHHBIM.

Ha mepBoMm ydactke crpaBeiuBeiM Oyzaer cootHomenue P = A exp (-B/T), a na Bropom — Oyzer

JIMHEHHO 3aBUCETE OT T.

Kpurepun oneHuBanus:

1. Pacuyer ArH0 u ArSO — 1o 1 6ammy — utoro 2 6ama

2. Pacyer paBHOBECHOT'O JAaBJICHUS IIPHU TPEX TemIepaTypax — o 2 6amia — utoro 6 6amios

3. Pacder naBiieHHsI HEHACHIIIEHHOTO Mapa B MPEANOI0KEHUH TIOJHOTO Pa3lioKeHHsl kKapOoHaTa —
no 1 6amry — 3 Gayna

4. CormocTaBiieHre TOTyYeHHBIX TaHHBIX — 3 Oasia

5. Onucanue Buna rpadpuka — 4 6amia

6. IlompiTka OLIEHUTH TOUYKY (MHTEpBai) mepexona (mepexoi OT OJHOTO BHUAA 3aBUCUMOCTH K

Ipyromy) — 2 6amia

5. «IlapajulelbHBbIN CHHTE3 H30MEPOB)

W3 numertunoBoro 3¢gupa GyMapoBoit KUCIOTHI (A) MOXKHO MOJYyYUTh 1Ba U30MEPHBIX COEAMHEHUS
(E u L), npu 3ToM MoOJIeKyJda OJHOTO W3 HUX axWpalbHa, JPYroe ke MOIydaeTcs B BHIC CMECH
ontuyeckux mzomepon. Coenunenue O, momyuaemoe u3 B, umeer nukin Gosbliero pasmepa, och
CUMMETPUU BTOPOTO MOPsi/IKA, MEPHEHAUKYISIPHYIO TUIOCKOCTH MOJIEKYJIbl U SIBJISIETCSI U30MEPOM

coeqnuenusa N.

1. Pacmmgpyiite cTpykTypbl, 0603HaueHHbIe Ha cxeme OykBamu C-O.

2 CKOJIBKO U KaKue CTEPEeOU30MEPHI €CTh Y CTPYKTYphl N?

3. [TpemoxuTe TpeXCTaIUHHBIN TyTh CHHTE3a IIUKJIOTeKcaH-1,3-11ueHa U3 [UKJIOTeKCaHoa.
4 [TpennoxuTe ycioBus U MeXaHU3M IpeBpaiieHus F B B.
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Mexanusm oOpazoBanus coenuHeHUs B — nBoitHas crmoskHOA(DHpHAs KOHACHCAIUS TUMETHIOBOTO

3(pra HHTapHOﬁ KHCJIOTBI, IPOTCKAroIas Ha HCpBOfI CTaAuU KaK MCKMOJICKYJISIpHAA pCaKIlud, a Ha

BTOPOIl — BHYTPUMOJIEKYJISIPHO:
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Kpurtepuu oneHnBanus

ITo 1 6amny 3a crpykrypsl C-O, Bcero 1-12=12 6amioB

3a crepeonsomepsl cTpykTypsl N 1 Gamn

[To 1 Gamty 3a KOXIYIO CTAJAMIO CHHTE3a IMUKJIOTeKCcaH-1,3-11eHa U3 [UKJIOTeKCaHoa ¢ YKa3aHHeM
peareHToB M YCIOBHIA (MOTYT OTJIMYATHCS OT MPEICTABICHHBIX B PeIeHNN), Bcero 1-3=3 Gaiia

4 Gainna 3a mpaBUJILHBIN MeXaHu3M npeBpaieHus F B B.

Hroro 20 6amios



