10-11 KJ1accol

Sagaua 1. /Iuncconmamms

B koMHaTe Ha CTOJIe CTOUT BEPTUKAJILHDLIN MIJIUHID C TEIJIOTPOBOIANINMI CTEHKAMU.
OH 3aKpBIT TOHKIM HEBECOMBIM TOPU30HTAJIBHLIM TOPIITHEM, KOTOPBII MOXKET CKOJIb3UTH
6e3 Tpennd. B muiamnape HaAXOUTCA Ta30Basd CMECh MOJIEKYISIPHOTO KHUCJIOPO/ia ¢ 030HOM
(O3), mpuaem o30n cocrapiser n = 40% ot obiiero KomdecTBa BerecTsa. Temmeparypa B
KomHaTe paBHa Ty = 273 K, paccrognue ot jgHa HUIMHIPA JIO HOpIIHI paBHO Hy = 21 cMm.

Ha kaxom paccTosHum oT JgHa IMUJINHJIPa OKayKeTCs MOPIIEeHb MOCe TOro, KaK BeCh 030H
3a JIOCTATOYHO OOJIBINIOE BPEMS CAMOITPON3BOJILHO ITPEBPATHUTCS B MOJIEKYJIAPHBII KICJIOPO/I,
a OKPYZKaIoIUil BO3/lyX B KOMHATE IIporpeeTcst OT nedu j1o Temueparypbl T = 286 K7

BosmoxkHoe pernienue

1. IlycTs nepBonavabHOE KOJUIECTBO BEIECTBA KUCIOPOIa B UIUHJIPE V1, & KOJNde-
CTBO BeIeCTBa 030HA Vy. 3aluiieM ypaBHenne Menjieneesa—Kiiameitpona, 1jisi cMecr ra3on
B IIWJINH/IPE U TaKOe »Ke ypaBHEeHUe, HO TOJIbKO JIJI O30HA B IUJIMH/IPE B HaYaJIbHbIIT MOMEHT
BpPEMEHH (/10 MTPEBPAIEHUsT €10 B KHCIOPOT):

poVo = (11 + 1) RT (1)

poaVy = 1 RT (2)

3nech a = 0,4 — 510 00bEMHAs JI0JIsI 030HA, a V() — [IepBOHAYAJIbHbBIN 00bEM, 3aHIMA-
eMblii CMeChIo ra30B; OH paseH Vo = SHy (S — mioma/is mopiiHs).
2. [ogenue ypasuenue (2) Ha ypasaenue (1), BBIpasuM vy depe3 o U y:

(07541

(3)

Vy = .
l—«

3. 3amuireM ypaBHEHIE XUMUYECKOIl peaKIny IIPeBPalleHns 030Ha B KICJIOPOJ;:
203 — 302

4. Ilocne npeppaiennst Bcero o30Ha O3 B Kucaopo, O KOJIUIECTBO BEIIECTBA HOBOOO-
Pa30BAHHOTO KUCJIOPO/Ia CTAHET:

, 3

5. ITocyie mpeBpalienns Bcero 030Ha B KUCJIOPO/T, 1 TTOBBIINIEHNA TEMIIEPaTyphl ypaBHEHNE
MemniesreeBa—Kianeiipona jJjist Bcero ra3a B IHUIKHApPe OyJIeT UMETh BHJIL:

3
poV = (v + 32 RT, (4)

rie T° — TeMmiepaTypa BO3JyXa B KOMHATE IIOC/Ie MporpeBanns, V' — HOBBINT 00bEM, 3aHU-
MaeMblil KUCJI0poioM, oH paBer V' = SH. 31ecb H — HOBoOe paccTostHEe OT JIHA IUJINHIPA
JIO TIOPIITHS.
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6. [Togermm ypasuenue (6) wHa ypasuenue (1):

3
V. SH "ntgher

— — — — 5
‘/0 SHO v+ e TO ( )

7. Jlasee, BOCIIOJIb30BABIINCH COOTHOTIEHUEM (3 ), TTOJIydnM:

3 3
V1—|——V2T V1—|——1a_y(1lT
H=H—2—— = H—=2_"__ (6)
vy + 512 To v+ 1= To

8. HOILCT&BIIHH YUCJIEHHbIE JaHHBIE, OKOHYaTE/JIbHO I10JIy9acM:

2 T 2 40,40\ 286 13- 22
H:H()( ;“>—:o,21-< + ) =021-12- — 26,4 cu

T 2 273 3-21
Otser: H = 26,4 cm.

Kpurepun

Bceero — 25 6asoB.

1. EcTb npaBuibHO pUMEHEHHOE ypaBHeHue cocTosgaust — 10 6asioB.
2. [IpaBubHo yuTeHa peakius jgucconuanun o3ona — 10 6asios.

3. IIpaBusibHbIe BHIKJIAJIKHI IIPU PEIIeHn — 5 OaJIJIOB.

4. Apudmernueckast ommbka — cHUMaeTcs 3 baJuia.

3agada 2. CtadbujnTpoH

10 i T T T ] T
gl 1 81 1
E D < 4l
R I
20 ]
O (- | — |- | — | — |-
0 2 4 6 8 10 12 14 16
Pucynok 1 U,B
Pucynox 2

B sjiekTpuuecKyio 1eib, cxeMa KOTOPOIii IIpejicTaB/ieHa Ha PUCYHKe |, BKJIIOUEHbI Pe3N-
crop conporusyienneM R = 1,5 Owm, naeasbHas barapeiika ¢ 9/1C €& = 12 B u HetmHeitHbIi
9JIEMEHT — CTAOUIUTPOH — BOJIBT—aMIIEpHAs XapaKTePUCTHKa KOTOPOIro IOKa3aHa Ha PH-
cyrke 2. Kakas MOIHOCTD OyIeT BBIIEIATHCA B CTAOMINTPOHE B YCTAHOBUBIIIEMCS PEXKIME?
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BoszmoxkHoe penieaune

1. Bakon Owma Jij1s1 TIOJIHOM Iemn:
E=I1IR+ Ug, (7)

rjie Uo — HalpsizkeHne Ha cTabuJInTPOHE.
2. OTcroza TOK B IIEIN PaBeH:

1==——= (8)

3. IMocrpoum rpacduk zasucumoctu I (Ug) (cm. puc. 3). Touka nepecedenust 9Toit Jim-
refinoii 3aucumoctn ¢ BAX crabuimrpona act HaM CHJIy TOKa B 1ienu (1 B CTabUInTpoHe)
¥ HAIIPsIZKEHIe Ha CTabHINTPOHE.

10 1T T T 1T 1T 1T T T T T T 1T

< - |
}\:

SN B~ O 00

0 2 4 6 8 10 12 14 16
U. B
Pucynox 3

4. Tax kak DJIC barapeiiku € = 12 B, a R = 1,5 Owm, 10 coryiacto rpacuky (puc. 3):

Ice=4A; Uc=6B

5. CﬂeﬂOBaTeJIbHO, BbILAEJIAIOIIasACA B CTa6I/IJH/ITpOHe MOIIHOCTD
P0210U024A-6B=24BT.

Omser: Pr = 24 Br.

Kpurepun

Bcero — 25 6asios.

1. ITpaBuibno 3amucan 3akoH OMma, JJIsI TOJIHOM 1ienn — 5 OAJLIOB.

2. [JokazaHo, 4TO HalIpsizKeHne Ha cTabuinTpoHe paBHo 6B — 15 Gasuios.

3. I[IpaBuibHO BBIUKCJIEHA MOIIHOCTD, BbIJIe/IsieMast Ha CTaOUINTPOHEe — D 6aJIIoB.
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Samaua 3. @ocdar nepust

Docdar repust nomygann zanmoeiicteieM (NHy)o[Ce(NO3)g] n H3POy. 3a cuer na-
mranss HPO$ ™ rpynm nposykt (Ce(POy),(HPOy), - nHyO) obraiaer KaTHOHOOOMEHHbI-
MH cBoficTBamu. JlaHHBbIE TUTPOBAHUSI TOBOPST O HAJMYNKA B CTPYKTYPE BEIIeCTBa KUCJIbIX
IIPOTOHOB, CIIOCOOHBIX K MOHHOMY oOMeHy. IIo jJaHHBIM 3JIEMEHTHOI'O aHaJu3a COOTHOIIE-
HUEe aTOMOB Iiepusi K aromam gocdopa st obpasia gocdara 1epus cocrapuio 1:1,33.
Ero monoobmennast émkocth cocrasmia 1,4 Mmosib /1. [lo JaHHBIM TepMOrpaBUMETpPHU T10-
Tepsl Macchl IIpoTeKaeT B JiBe crajuu. Ha nepsoit 3 Hux npu Harpesanuun 1o 300 °C oHa
cocrasiger 10%.

YunuThIBasl MPOTEKAHNE B XOJe CHHTEe3a OKHCINTEIbHO-BOCCTAHOBUTEILHBIX IPOIECCOB
YKayKUTe XUMUYIECKHIT cOCTaB IPOJYKTa, 00bsICHUTE IIOUYeMy OH 00J1a/laeT MOHOOOMEHHOI
E¢MKOCTBIO U 4YTO IIPOUCXOJUT B IIpoliecce HarpeBanus ocdara Iepus Ha TepBOil U HA
BTOPOIl CTaINAX.

BosmoxkHoe pernienue

st yeraHoB/ieHns1 cocTaBa pocdaTa 1mepust CTOUT JIaHHbIe 3a/1a41 [IPEJICTaBUTh B BUJIE
CUCTEMBbl YPaBHEHHUI U aKKypPaTHO €€ peluTh. V3 ycioBusg BUJIHO, UTO

r+y=133

To ecth BasoBbIil cocras Hanomunaer docdar dersipéxsasentioro nepust Ceg (POy),.
Ho yactb docdaBaTHbIX I'PYII B HEM IIPOTOHUPOBAHBI U HAXOJATCS B (hopme HPOZ‘ (oHE
ectb u B ycsosun) (Ces (POy), , (HPO4),). IlonaTHo, 4T0 K HOHHOMY OOMEHY CIIOCOOHBI
TOJIBKO OHHU.

[lajiee MoxKeT ObITH 2 peIlleHHus].

1. Aromunle maccel POy, mw HPOy4 rpynn cocrasisior 95 u 96. Paznuna mexty
HUMK MaJia. MOYKHO cKazaTh, YTO MOJEKY/sipHas Macca 0e3BojHoro docdara 1epus
(Ce (POy), (HPO4),) cocrasur 140 + 95 - 1,33 ~ 266,35. Jlo 300 °C ouenniuno repger-
e Bojla, KoTopas cocrapister 10% macchl. 3nauut, ¢ y4eroMm BoJbI oHa cocrasuT 295,95.
A Bemmumna n cocrasisier 1,64 ((295,95 — 266,35)/18 = 1,64) 3uauur 1 mousb couep-
xut 295,95 - 1,4/1000 = 0,414 HPO, rpynm (970 u ectsb y). To ectb ntorosasi hopmysia
Ce (PO4)0792 (HPO4)O7 41 -1,64H20. MoxxnOo yTounnTh Maccy, Torja 1udpel 4yTh HOIPACTyT
110 0,415 u 1,65. Ho 10 — He npuHIUINAILHO.

Orpunarebubiil 3apsty annonos pasen 3,575. To ectn docdar conepkut 57,5% dernl-
péxsajienTHoro u 42,5% TpéxBaJeHTHOrO IEepus.

Torna nonnas dopmyra docdarta Hepust IMEET BHI;

Ceé,%sceg,fu (PO4)g g1 (HPO4)g 45 - 1,65H20.

[Tonyuennsrtit pocdar nepust odJ1a1aeT MOHOOOMEHHON EMKOCTBIO N3-3a HaJIATHSsI HPOZ‘
I'PYIIIL, & CXeMBbI IIPOIECCOB MPOUCXOAAIINX IIPU HarpeBannn gocdara meprst MOXKHO 3alli-
caTh CJIEJIYIONIUM 00pa30M:

Ce (POy), (HPO,), - nHyO “5% Ce (POy), (HPO,), + nH,0
Ce (PO4)$ (HPO4)y — CePO4 + CeP309 + HQO
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2. 3anuiieM BbIpakKeHue JIJIsi MOJISIpHO Macchl Hatero docdara;
M = 140 4 95z + 96y + 18n,

1,4-107% - (140 + 95z + 96y + 18n) = y.

Vcxomst u3 MosieKy/sipHoit (hopmyiibl pocdara, 0UeBUIHO, ITO B IEPBbIil 9Tall HarpeBaHusl
docdara oT HEro OTPLIBAIOTCSA MOJIEKYJIBI BOJIbI:

Ce (PO4)$ (HPO4)y -nHyO — Ce (PO4)$ (HPO4)y + nH-0.

TOI‘,ZLEL Ha OCHOBE [JaHHBIX TEPMOI'DaABUMETPHUYECKOI'O aHaJIlM3a MMEeM CJIEJYIOIee YpaBHE-
Hue:

(140 + 95x 4 96y + 18n) - 0,1 = n - 18.
Tenepnb nMeeM UTOrOBYIO CHCTEMY ypPABHEHUIL:
z+y=133

1,4-1073 - (140 4 952 + 96y + 18n) = y
(140 + 952 4 96y + 18n) - 0,1 = n - 18

Pemmwm eé:
(0 =133—y
B Y
< (140 + 95z + 96y + 18n) = —1’41.810_3
(140 + 95z 4 96y + 18n) = no' :
\ 9

y = 0,252n
r=1,33—0,252n
140 4+ 95 (1,33 — 0,252n) + 96 - 0,252n + 18n = 180n

n ~ 1,65

Yy~ 0,42

r ~ 0,91
Torna docdar nepus nmeer dbopmyiy: Ce (POy)g g, (HPO4)g 49 - 1,65H20. B nexombix
pearenTax CTeleHb OKHUCJIeHHs Hepus Oblia —+4, TakyKe B YCJOBHU 33J1a49M CKA3aHO, 9TO
B xoje cunTesa docdara nepusl NPOTEKACT OKUCIUTEILHO—BOCCTAHOBUTEILHAA PEAKIHS,

sHauuT, B noJrydenroM ¢pocdare ectb Kak Ce (IV), rak u Ce (I11), ero coorHoteHne MOyKHO
OTIPEIETUTH M3 YCJIOBHUS JIEKTPOHEHTPATHHOCTH:

r+y=1
4+ 3y =091-34+0,42-2

x = 0,57
y = 0,43
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Torna nosnas gpopmyiia docdara mepust UMeeT BUIL:

[Tonyuennstit hocdar nepust odJ1a1aeT HOHOOOMEHHON EMKOCTBIO N3-3a HAJIA IS HPOZ‘
I'PYIIIL, & CXeMBI IIPOIECCOB MPOUCXOAANINX IPU HarpeBannn gocdara meprst MOXKHO 3alli-
caTh CJIEJIYIONINM 00pa30M:

Ce (POy), (HPO,), - nH,0 25 Ce (POy), (HPO,), + nH,0

Ce (PO4)$ (HPO4)y — CePO4 + CeP309 + HQO

Kpurepun

1. Tosmbrii Gajur cTaBUTCs, ecju ObLIa MPABUIBLHO COCTaBJ/IEHA CHCTEMa ypaBHEHUI 1
yeranoBsena gopmyta docdara mepus (¢ yaérom coornorenns mexkiay Ce (IV) u Ce (111))
1 BEPHO HAIMCAHBI CXEMbI TEPMIIECKOI0 pasjiozKeHust gocdara 1mepus.

2. IlosmoBuHa 0aJ/1I0B CcTAaBUTCS 3a pacdéT (OpMYJIbl THIPATHPOBAHHOTO (bocdara.

Sama4a 4. Ilmoniaap TpeyrojbHUKA B ABUXKYIINXCH MPAMBIX

[IpstMOyTOJIBHBI TPEYroIbHUK ¢ YIVIOM (v 00pa3oBaH TpeMs HpsSIMBIMU. B HeKoTopoii
CHCTEME OTCUYETa MPSIMbIE, OTPE3KN KOTOPBHIX 00pasyloT KATEeTbI, ABUXKYTCS CO CKOPOCTSI-
MU U1 U V9, HAIIPABJIEHHLIMI HEPIEHINKY/ISIPHO STUM HIPsAMBIM. [IpsiMast, oTpe3oK KOTopoii
obpasyer I'HIIOTeHY3Y, IOKOUTCs B 9TOH CHCTeMe OTCUETa.

(1) OmpeennTh CKOPOCTH N3MEHEHHsI JITMHBI THIIOTEHY3bl TPEYTOTHbHUKA.

(2) OmpenenuTsb cKOpocThb yiaserust To9kun A ot rouku B,

(3) Ompenenuthb, yemy paBHa miomaas Tpeyroibinka AABC depe3 Bpemsi T 1oc/e
HavaJa JBUKEHUsI, eCJIM U3BECTHO, YTO B Hadaje JIBUXKEHHUSI BCE NPSIMBIE [IEPECEKANCH B
OJIHOII TOYKe.

Bo3moxkHoe pelrnieHue

Bompoc 1.
1. yimaa rumnoTenys3bl U3MEHsIeTCs 3a CUET nepemernienns: Toukn A u Toukn B co cKo-
POCTSIMMT:
U1 U2
VA= ——, vB = :
sin « Cos &
2. /InmHa runoTeHy3bl 3aBUCUT OT BPEMEHU KaK:

AB:T(UA—l—UB):T( LI )

sin  CoS«
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Bormpoc 2.
1. Toukn A u Touku B JBUKYTCS CO CKOPOCTSIMU B ITPOTHUBOIOJIOZKHBIE CTOPOHBI:
U1 U2

VB = .
COS «v

VA = — )
sin o

2. CkopocTh TOUKI A oTHOCUTEIHLHO TOUYKN B paBHA:

omm U1 (%
U1(4 ) = VA +UB = — + .
S1n «v COS &

Bormpoc 3.
1. JIMMHBI KATETOB 3aBUCAT OT BPEMEHU:

AC = ar + V9T, BC =vrtga + v
tg a

2. [Lnomanb Tpeyro/ibHUKa BbhipazkKaeTcs depes3 MPonu3BejieHne ero KaTeTos:

7_2

1
S = §AC’-BC’: E(vlctgoﬂrw) (vatga +v1) =
2

= % (21}11)2 +v?ctga + v3 tga) .

Kpurepun

Bceero — 25 6aJoB.

1. IIpaBmibHO OIpejie/ieH0 N3MEHEHNe JIJINHBI KaTeToB — 4 + 4 6aJuia.
2. I[IpaBuiibHO ompejieieHa 1oL — 1 OaJLl.

3. IlpaBuibHO ompejesieHa ckopocTh Touek A u B — 4 + 4 6asna.

4. IIpaBuibHO olpejiesieHa OTHOCUTEIbHAS CKOPOCTh — 4 DaJiia.

5. [IpaBuibHO onpejiesieno m3MeHeHne JIUHbI THIIOTeHY3bl — 4 HaJsiia
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