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3adaua 9-1
Bekunsitum BoAy IJIyToHHeM!
OHeprus  paJMOaKTHUBHOIO  pacmajga —  O4YEeHb
NEpPCHEKTUBHBIA  BUA ~ 3Heprud. IIpocTtoii  cnocoO
IPOAEMOHCTPUPOBaTh €€ BO3MOXXKHOCTHM IIOKa3aH Ha
dororpaduu: Ha  HEH  KyCOYeK  METaJUIMYECKOTO
IUTyTOHUSA-239 TmoMeleH B CTakaH C BOJOHM, KOoTopas

BCKUIIAET B PE3yJbTAaTE HArpeBaHUs BBIICISIONICHCS W3

IUTyTOHHS SHEPTUEN.
B nmampHeMmmMx pacderax CYMTaWTe, YTO BOJA HArpeBaeTCs PaBHOMEPHO,
a CKOPOCTh pacnaja IUTyTOHUS MOCTOSHHA W cocTaBusger 5.48-10'' aromos/c

Ha Kaxb1i Mok 22°Pu. O6bEM BobI B cTakaHe paseH 2.0 IL.
1. Ompenenure MPOIYKT 7 X pacnajia MmIyToHHA-239, COMIAcHO ypaBHEHHIO:
% Pu— "X+ 3 He + 506.0 I' T/ Mosb

2. PaccunTaiiTe KOJIMYECTBO TEIUIOTHI, BBIACIAIOMIEHCA KAXKIYIO CEKyHIY
13 IUIyTOHUEBOTO LIWIMHAPA BBICOTOU 15 ¢M U paanycom 2 cM.

3. PaccuuraiiTe, CKOJIBKO 4YacOB MOHAAO0UTCS JJisl HarpeBa BOAbLI B CTaKaHE
ot 20°C no Temneparypsbl kuneHnus. Cuurtaite, 4To Ha HarpeB BoAbl UAET 90% Bcen
BBIJICTISIFOIICICS TETIOTHI.

4. DHepruu paJvoOaKTUBHOIO pacmaja JAOCTaTOYHO M JUJIi XUMHYECKUX
npeBpamieHuili: 3% BBLACIAIONICICS TEIJIOTHl TPATUTCS HA Paauolid3  BOAbI
no ypaBHeHuto 2H,0(x.) — 2H (1) + Ox(1). PaccumTaiite sHTANBINIO 3TOM peaKiuu,

CCJIM TAKIKC M3BCCTHBIC SHTAJIBITNU ITPOUCCCOB C YHaCTHUCM KHCJIOPOJda U BOOAOPOJAA:

Ha(1.) — 2H(1) AH, = +436.0 xJI>x/Monb
20(1)) — Ox(1) AH, = —498.4 xJI>/Monb
H,O(r.) — H(r.) + OH(T) AH; =+498.9 xJI/Monb
H(r.)+ O(1.) — OH(1) AHy =—428.2 ]/ Monb

5. Kakue konmuuecTtBa (MOJIb) Trenusi, BOAOPOJA, KUCIOPOIAa U MApOB BOJBI

BBIJCIIAIOTCS 34 4aC KUIIAYCHUS BOABI IINIIYTOHHUEM B OIIMCAHHOM 3KCHepI/IMeHT€?
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Cnpaeounasn ungpopmayusn:

" IOTHOCTH INTyTOHHS p = 19.84 r/cm?;

» 1 Tx=10° JIx;

* pocrosHHas ABoraapo Ny =6.02-10%° moms ;
"  TEINIOEMKOCTh BOABI ¢ = 4.184 JIx/(1-°C);

* SHTanenus ucnapenus Boasl AHyq, = +44.0 k/x/Momb;

* 00béM nmmuHapa V= 7771, tae [ — BhIcoTa, 7 — PagnyC OCHOBAHMS.

3aoaua 9-2

[Topommok A maccoit 11.634 r mpokanuiau B uHEepTHOU atmocdepe (p-uusa 1).
OOpazoBaBmuiicss TBepAbld ocTtarok B Harpenn B TOKe aMMuaka MOpU 3TOM
obpazoBaics metaim X Maccoit 9.324 r (p-yusa 2). I'a30By10 cMeCh, BBIJIEIUBIIYIOCS
B pe3yJbTare MpoKaJIuBaHus BenlectBa A, oxiaawn a0 0 °. IIpu s3Ttom macca ee
ymenbmmiiach Ha 0.270 1, a B coctaBe octaiics Tojbko raz C (p=1.964 r/npu H.Y.),
KOTOPBIN MOJIHOCTHIO MOMIIONIAETCS U30BITKOM pacTBOpa TUApPOKCHIA Oapusi, mMacca
BBIIABIIETO Ocanka 5.920 .

CoenuHeHue A BXOIWJIO B COCTaB O€NbIX KpPaCOK, KOTOPbIE IMOJIb30BaJIUCH
OOJBIION MTOMYISIPHOCTHIO M3-32 UX BBICOKOM Kporomied crnocoOHocTU. OHaKo
CO BPEMEHEM KpacKM HauMHAJIM TEMHETh M JaXe 4YepHeTh u33a oOpa3zoBanus L.
Jlnst ycTpaHeHus MOTeMHEHUs TOBEPXHOCTh 00padaThIBalOT BOAHBIM pacTBOpoM D.
[Ipu no6asnenuu BpactBop D moporika nuokcuaa maprasua (p-yus 3) oopazyrorcs
Ouosoruyecku BaxxHas xkuakocTh E nrazoo0pa3Hblil AByxaromHblii ra3 F, B koTopom
BCIbIXMBAaeT Tieromas jdyunHa. [Ipu B3aumonericteun L u F oOpasyercs raz G
(rutoTHOCTH Ta3a paBHa 2.578 1/ (naBnenue 99.7 klla, remneparypa 25°C).

Bonpocuwi:

1) Onpenenute coequnenusi A — G u L. OTBeT 000CHYy#TE, TOATBEPANB PaCUueTaAMHU.
2) 3anumurte ypaBHeHus peakuuii 1 — 3.

3) OObsicHUTE MOTEMHEHUE OeIoN KpacKu C MATMEHTOM A (p-yus 4) U HATTUIINTE
peaKIuo «pecraBpanumn» coenunenueM D (p-yusa 5).

4) Harmuirre ypaBHEHHE PeaKIMY MPOKAIMBAHUS COSAMHEHNS A Ha BO3AyXe (p-uus 6).
5) llpu nmonaganuu pactBopa D Ha *ENTble y4acTKU MpPU «PECTaBpallUU» OHU

oOecuBeunBatoTcs. Omnpenenure BemiectBo K, oTBewaromiee 3a XenThld IBET Ha
KapTUHAX, €CJIM U3BeCTHO, uTo K — OMHapHOe COeMHEHNE C MACCOBOM JI0JIEH OHOTO

U3 dJIEMEHTOB 22.19%.



3adaua 9-3
«Mexay MOJIOTOM U HAKOBAJIbHeE»
['a3000pa3nbie npu H.y. BemectBa X1 m Y1 ydacTBYIOT B XHMHYCCKHUX
npeBpalieHusx (cxeMol 1-4):

1) HarpeBanue 0e3 10CTyIa BO3ayXa:

X1 — X2 (1B) + A(ra3) Y1 — Y2 (1B) + A(ra3)
2) CropaHue B KUCIIOPOJIE:
X1 + O,— X3 (ra3) + B(kuak) Y1 + O,— Y3(1B) + B(:knak)

3) INoromieHre KOHIIEHTPUPOBAHHOW a30THOUW KHCJIOTOM:
X1 + HNO;— X4 (p-p) + B(ra3)+ b Y1 + HNO;— Y4 (p-p)+ B(ra3)+b

Ecmu pgns stux peakuui B34Th omuHakoBele macchl X1 m Y1, a 3arem
OTTUTPOBATh TOJYUYECHHBIC PACTBOPHI THJIPOKCUIIOM KaJblUs TO M3 pacTBopa X4
oOpazyercst ocafok X5, a u3 pactsopa Y4 ocasok Y5, Macchl 0CaJIKOB OIMHAKOBHI.
HebGonpmas pasnuiia B Maccax (6.62% ot Oombleil Macchl) BO3HHUKACT, €CIU
MOJIyYeHHBIC OCAJIKU MPOKAJIUBaTh 10 Temmeparypsl Boime 250 °C (mpekparieHue
BBIJICJICHUS BOJIBI), C 00pa3oBaHueM cpeHuX coseir X6 u Y6.

4) MexaHn4eckoe C)KaTHe BEIIECTB MO JaBJICHUEM, BILUIOTh IO p = 2 MJTH. atMocdep:
X1 > X7+ 2?7 Y1 ->Y7+22?

B ycnoBusix cunre3a X7 umeeT KyOMUECKYIO SUEHKY C «IETKHUMI aTOMaMHu B
ceperHax BceX IpaHeil u pEoep, U «THKETBIMU» aTOMaMH B LIEHTPE U BEPIIMHAX
ky0a. [motHOCTH MapoB xkuakoctu Y7 paBHa 9.05 r/a (175K u naBnenun 101.3kl1a).
BemecrBo X7, BnepBble mnonydeHHoe B 2015 romy, obnagaeT yHHKaJIbHOM
AIIEKTPONPOBOAHOCTHIO, YTO CTUMYJIUPOBAIIO U3YUEHHUE €TO aHAJIOTOB MPU BBICOKUX
JaBieHuAX. bnaronpusitHas crexuomeTpus Y1 3acTaBuiia OPOBEPUTH U €TI0
MPOBOJIMMOCTh MPH BICOKOM AaBieHuu B 2019 rony.

BemectBa X1-X7 conepkar omuH oOuwmii sneMenT, BemiectBa Y1-Y7 — apyroid.
["a3000paznas cmech paBHbIX Macc X1 u Y1 umeert miotHocTh 1.52 1/71 mpu H.Y.

Bonpocwi:

1. Onpenenure Monexymsipabie Gopmynbl 14 HeusBecTHbIX BemecTB: X1 — X7
u Y1 —Y7,0tBeT 0060CHYHTE .

2. VI3 xaKoro mMarepuaia U3roToBjeHa «HaKOBAJIBbHS I CXKaTusl 00pasiioB B cxeme4?



3aoaua 9-4

XUMUKU W3YUYUJIU COCTaB MPOAYKTOB peakiuu meTraiia X ¢ BemecTtBoM Y
B MPUCYTCTBUU PA3JIMYHBIX KOJUYECTB BOJBI PU KOMHATHOM TeMrieparype. CTeneHb
OKUCIICHHS MeTauia X B TMPOAYKTaX pEaKIUH OJMHAKOBA BO BCEX ONBITaX.
OKCIIEpUMEHTBHl TPOBOAWIM C OJWHAKOBBIMU HaBeckamu X wMaccoir 1.000r
U n30bITkOM Y B TepMeTHdHoM cocyae. [locie Toro, kak X TMOJTHOCTBIO
MpOpearupoBajl, COCYJ CJIeTKa MOAOTPEBald JJisi TMOJHOTO BBIJCICHUS Ta30B
U3 KUJIKOW PEaKIIMOHHOM CMECH, a 3aTeM M3 Ta3oBod (a3bl orOupanu mpoOHl,
KOTOpBIE aHAIM3UPOBAIKM. BO Bcex HKCrepuMeHTax ObUIO YCTAHOBJICHO HAMYHE
TpeX ra3000pa3HbIX NPOAYKTOB peakiuu A, B, C, cocTosmmX U3 OMHUX U TEX XKe
JIByX 3JIEMEHTOB, CMECh I'a30B OKpaiieHa.Macchl 3TUX MIPOAYKTOB B COCYJIE MOCIHE

OKOHYAaHUWA KAKA0I'0 9KCIICPUMCHTA IMIPHUBCACHLI B Ta6J'II/II_IC.

m(A), mr- | m (B), mr | m (C), Mr
OxkcnepuMeHT 1 37.4 176.8 209.1
DKCIIEPUMEHT 2 24.7 89.3 253.3
DKCHEPUMEHT 3 10.2 382.5 214.2

Bonpocuwi:
1. Onpenenure 53IE€MEHTHI, BXOHASIIME B COCTaB Tra3000pa3HbIX MPOAYKTOB,
u ¢hopmyiy BemecTna Y.
2. Onpenenure popmynsl coequnenuid A, B, C. OTBeT moATBepAUTE PaCUuETOM.
3.B KakoM H3 3KCIEPUMEHTOB ObUIO B3ATO MUHHUMAJIBLHOE KOJIMYECTBO BOJIbI,
a B KAKOM — MaKCHUMaJbHOE?
4. C mnomomipl0 pacuera oOmpenaeauTe, Kako Metayui X ObUT  HUCHIOJIb30BaH
B DKCIIEPUMEHTAaxX. 3alMIINTE YPAaBHEHMS TPEX PEaKUUi, MPOTEKAIOIUX B XOZE
OTIMCaHHBIX PKCTIEPUMEHTOB, IPUBOAAIINX K 0OpazoBannio A, B u C.

5. IIpu ucnonp30BaHuM BMECTO X HEKOTOPBIX APYTUX METAUIOB CPEIU IPOAYKTOB

peakiuu MOXXHO 0O0HapykuTh Takxke rassl D u E. [lpuBenure nx dhopMyIsl.



3aoaua 9-5

Ha cxeme npuBeneHsl npeBpaleHus ¢ yuactueM Bemects A-HU:

3+ U E
@ 5 160°C @

CIUPT +07
A+B—"2 >B + T + Jl —2>¥K+3

| 100-110°C, ras. ¢aza T| 120-130°C T

@ ©)

[Ipu B3aumonelcTBUU OUHAPHBIX BEIMIECTB A (fxun = —33 °C) um jeryueit

KUJIKOCTU B B 3aBUCMMOCTH OT YCJIOBUH MPOBEICHUS PEAKIUH BO3MOMKHO
oOpa3oBaHuE Pa3IMYHBIX MPOIYKTOB. Tak, MpH peakuuu B CHOUPTE, B KauyeCTBE
IPOAYKTOB B 3KBUMOJIIPHBIX KOoJM4YecTBax oOpasyrorcs BenlectBa B, I' m ras
c 3anaxoMm Tyxiblx suil [ (p-yua 1). Ilpu npoBeneHun peakuuu B ra3oBoil (asze
npu Temrieparype 100-110 °C nmpoxyKToM peakiuu sBISIETCA TOJBKO BeHECTBO B
MOHHOTO CTPOEHUS (p-yua 2), KOTOPOE HEYCTOMYMBO IPU TEMIIEPAType BbILIE
120 °C u pasnaraercsi ¢ 00pa30BaHHEM IKBUMOJSIPHBIX KojudecTB BemecTs I' u J1
(p-uun 3). JlampHeliee HarpeBanue BemiectBa I' monHoro crpoenust 1o 160 °C
NPUBOIUT K 00pa3oBanmio ero msomepa’ — Bemectsa E MONEKyIspHOTO CTpOEHus
(p-uun 4). B razoo0pazHoM coctosiHuM BemiectBO J[ TOpUT Ha BO3IyXe
c obpazoBanueM AByx okcuoB K u 3 (M(K)<M,(3)) (p-uus 5).
Jlononnumensno uzeecmno:

e BemectBo b — HenomsapHas kKuakocte npu H.y. Ilpu cropaHuu paBHBIX
xonuyecTB BemecTB [ m B B crexuoMeTpu4yeckux KOJIMYECTBAX KHUCIOpoAa
(p-yuu 5, 6) cymmapabie 00BEMBI O0pa3yIONIUXCA MPOAYKTOB B Ta3000pa3zHOM
COCTOSIHUM OTHOCATCS Kak 2:3, a IUIOTH OCTH OOpa3yIOIIMXCS Ta30BbIX CMecei
otHocsTca Kak 1:1.398 (mpu 150 °C u naBnenun 1 aTMm.) COOTBETCTBEHHO;

e HaBO3ayxe BeuiecTtBo b maxuer coequnenuem /l;

1 H30MepbI UMEIOT OJTMHAKOBBIA Ka4€CTBEHHBIN M KOJTMYECTBEHHBIN COCTaB, HO Pa3JIMYHOE
CTpPOEHHUE.
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e MosekyasapHas Macca B B 6.47 pa3 Oompmie A u B 1.45 pa3 Oomblie

MOJIEKYJISIpHOM Macchl b;

e mossapHbie Maccel b u E paBHBI;

e crpoenue Beuectsa M anamornyno crpoenuto b;

e B peaxyusax 1-6 He y4acTBYIOT JpyTHe COCAUHEHUS, KpoMme BelecTBA-H.
Bonpocut:

1) Ompenenute cocTaB U U300pa3uTe CTPYKTYpHBIE Gopmyisl BetiecTB A-U, oTBer

000CHYHTE, MOATBEPIUTE PACYETOM WM MPUBEIUTE JIOTUUECKUE PACCYKICHUS;

2) 3anummre ypaBHEHUS peaxyuii 1-6.



