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Bekunsitum Boay IyToHHeM!

OHeprus  paJMOaKkTUBHOIO  pacmaza —  O4Ye€Hb
NEPCIEeKTUBHBIN  BUA  3Hepruu. [IpocToit  cmoco®
IPOAEMOHCTPUPOBaTh €€ BO3MOXXKHOCTHM IIOKa3aH Ha
dororpaduu: Ha  HEH  KyCOUEK  METAJTMYECKOTO
IUTYTOHUSA-239 moMelleH B CTakaH C BOJOW, KOTOpas

BCKHUIIACT B PEIYJIbTAaTC HAI'PCBAHUA BBII[CJ'ISHOHIGﬁCﬂ nu3

IUTyTOHHS SHEPTUEN.
B nanpHeHIIMX pacyerax CUYMTAWTE, 4YTO BOJA HArpeBaeTCs PaBHOMEPHO,
a CKOPOCTh pacnaja IUTyTOHUS IOCTOSHHA M cocrtaBuser 5.48-10'' aromos/c

Ha Kaxp1i Moib 22°Pu. O0bEM BozIbI B cTakaHe paseH 2.0 1.
1. Ompenenure MPOIYKT 7 X pacnajia mIyToHHA-239, COMIACHO YPaBHEHHIO:
% Pu— "X+ 3 He + 506.0 I' T/ Mosb

2. PaccuuraiiTe KOJWYECTBO TEIUIOTHI, BBIACISAIOIECHCS KaXKIyI CEKyHIY
13 IUIyTOHUEBOTO IUIMHAPA BEICOTOU 15 ¢M M pagnycoMm 2 cM.

3. PaccuunTaiite, CKOIBKO 4acOB MOHAIOOMTCS ISl HarpeBa BOJbI B CTaKaHe
ot 20°C o Temneparypsl kunenus. CuuTaite, 4To Ha HarpeB Boabl UAET 90% Bcen
BBIACIISIFOIICICS TETJIOTHI.

4. DHepruu paJAvOAaKTUBHOIO pachajga JOCTaTOYHO U JUISl XUMHYECKHUX
npeBpamieHuil: 3%  BBIIEISIFOLICHCS TEIUIOTBI TPAaTUTCS Ha PaaMOIN3  BOJIBI
no ypaBHeHuto 2H,0(x.) — 2H (1) + O,(T). PaccunTaiite SHTaNBINIO 9TOM pEaKIIuu,

CCJIM TAKIKC M3BCCTHBIC SHTAJIBITNU ITPOUCCCOB C Yy4aCTUCM KHCJIOPOJda UBOOOPOJAA:

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

5. Kakue xonmmvecTtBa (MOJIb) Telivs, BOJOPONA, KHCIOpPOAA W MapOB BOAbBI

BBIJACIIAIOTCS 34 4aC KUIIAYCHUS BOAbLI IINIYTOHUCM B OIIMCAHHOM 3KCHepI/IMeHT€?
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Cnpaeounasn ungpopmavus:

" IOTHOCTH INTyTOHHS p = 19.84 r/cm?;

» 1 Tx=10° JIx;

* pocrosHHas ABoraapo Ny =6.02-10%° moms ;
* TeImI0eMKOCTh Bojbl ¢ =4.184 JIx/(r-°C);

* sHTanenus ucnapenus Boasl AH e, = +44.0 xJ[>/Monb;

* 00béM tmmHgpa V = 77°1, tae [ — BBICOTa, 7 — PaAuyC OCHOBAHMIL.

3aoaua 9-2

[Topommok A maccoit 11.634 r mpokaiminu B mHEpTHOUM armocdepe (p-uusa 1).
OOpazoBaBmuiicss TBepAbld ocTarok B Harpenn B TOKE aMMHaka IPU STOM
obpazoBaics metaim X Maccoi 9.324 r (p-yusa 2). ['a30Byto cMech, BBIICIUBIIYIOCS
B pe3yJbTare MpoKaJIuBaHus BenlectBa A, oxiaawn a0 0 °. IIpu s3Ttom macca ee
ymenbmmiiach Ha 0.270 1,a B coctaBe octaics Toiasko raz C (p=1.964 r/npu H.Y.),
KOTOPBIN MOJHOCTHIO MOTIIONIAETCS U30BITKOM pacTBOpa THIPOKCHAA Oapusi, Macca
BBIIABIIETO Ocanka 5.920 .

CoeauHeHue A BXOIMJIO B COCTaB O€JbIX KPAacCOK, KOTOPBIE MOJIb30BAIUCH
OOJBIION MOMYISIPHOCTBIO M3-32 MX BBICOKOW Kporomier cnocoOHocTu. OmHaKo
CO BPEMEHEM KpacKd HauMHAIM TEMHETh U JIaKe YepHETh u3-3a oOpa3zoBanus L.
J{nst ycTpaHeHus MOTEMHEHU s TOBEPXHOCTh 00pabaThiBaloT BOAHBIM pacTBopoM D.
[Ipu no6asnenuu B pacteop D moporika quokcuaa maprasua (p-yus 3) oopazyrorcs
OuoJI0rnYecKkn BakHas KUAKOCTh E 1 ra3000pa3Hblii AByxaroMHblii ra3 F, B koTopom
BCIIBIXMBAET Tieromas gyunHa. Ilpu 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 000CHY#TE, TOATBEPIUB PaCUETaAMHU.
2) 3anuiuurte ypaBHeHus peakuuii 1 — 3.

3) OObsicHUTE TOTEMHEHUE OeIol KpacKu C MUTMEHTOM A (p-yus 4) U HANUIIINUTE
peaKIuo «pecraBpanumn» coenunenueM D (p-yusa 5).

4) HarmuirTe ypaBHEHHE PEaKLMU MPOKAIMBAaHUs COEIMHEHUsI A Ha BO3AyXe (p-uus 6).
5) IIpu nomaganum pactBopa D Ha >KENThle y4YacTKM TMPHU «PECTaBpaLUM» OHU
obecuBeunBatoTcsi. Omnpenenure BemiecTBo K, oTBewaroriee 3a >KeNThIA ILBET Ha
KapTUHAX, €CJIM U3BecTHO, YTOK — OMHapHOE COeMHEHNE C MacCOBOM J10JIeH OTHOTO

U3 dJIeEMEHTOB 22. 19%,.



3adaua 9-3
«Mexay MOJIOTOM M HAKOBAJIbHEH»
['a3000pa3nbie mpu H.y. BemecTBa X1 m Y1 ydacTBYIOT B XHMHYECKHUX
npeBpalieHusx (cxeMsl 1-4):

1) HarpeBanue 0Oe3 10oCTyIa Bo3ayxa:

X1 — X2 (TB) + A(ra3s) Y1 — Y2 (1B) + A(ra3)
2) CropaHue B KUCIIOPOJIE:
X1 + O,— X3 (ra3) + B(:kuak) Y1 + O,— Y3(1B) + B(:kHaK)

3) INoromnieHre KOHIIEHTPHUPOBAHHON a30THOM KUCIIOTOM:
X1 + HNO;— X4 (p-p) + B(ra3)+ b Y1 + HNO;— Y4 (p-p)+ B(ra3)+b

Ecmu gns stux peakuuii B3saTh onuHakoBble Maccel X1 m Y1, a 3arem
OTTUTPOBATh IMOJYUYECHHBIC PACTBOPHI THIPOKCUIOM KaJblUs TO M3 pacTBopa X4
oOpazyercst ocafok X5, a u3 pactBopa Y4 ocajok Y5, Macchl 0CaJIKOB OIMHAKOBHI.
HebGonpmas paszuunia B maccax (6.62% ot Oonbliieil Macchl) BO3HUKAET, €CIU
MOJIyYCHHBIC OCAJIKM MPOKAIMUBATh 70 TemiepaTypsl Boimie 250 °C (mpekparieHue
BBIJICJICHUS BOJIBI), C 0Opa3oBaHuEM cpeaHux cojeil X6 u Y6.

4) MexaHn4ecKoe CxKaTre BEIIECTB MO JaBJICHUEM, BIUIOTH 10 p =2 MJTH. aTMocdep:
X1 —»>X7+?22? Y1 Y7+22?

B ycnoBusix cunre3a X7 umeeT KyOUUECKYIO TUCHKY C <«JIETKUMI aTOMaMu B
CepellMHax BceX rpaHedl u peodep, U «THKENBIMU» aTOMaMU B LIEHTPE U BEPILIMHAX
ky0a. [InotHocTh napoB xkuakocty Y7 paBHa 9.05 r/n (175K u naBnenun 101.3kl1a).
BemecrBo X7, BnepBbie mnonydeHHoe B 2015 romy, oOnamgaer yHUKalIbHON
AIIEKTPOMPOBOAHOCTHIO, UTO CTUMYJIMPOBAJIO U3yYEHHE €0 aHAJIOTOB MPHU BHICOKUX
naBiieHUsIX. bmaronpustHas crexuoMmerpuss Y1 3acTtaBuiia NHpPOBEPUTH U €TI0
MPOBOJIMMOCTh MPH BICOKOM AaBieHuu B 2019 rony.

BemectBa X1-X7 conepxkar omuH oOmmii anemMeHt, BemiectBa Y1-Y7 — apyroid.
["a3000pazHas cMech paBHbIx Macc X1 u Y1 umeer miotHoCTh 1.52 /71 mpu H.Y.

Bonpocwi:

1. Onpenenure Monexymsipabie Gopmynbl 14 HemsBecTHhIX BemecTB: X1 — X7
u Y1 -Y7, orBet o6oCHYiTE.

2. VI3 xakoro Marepuasa M3roToBjeHa «HAKOBAJIBHSD JIsl CKaThs 00pasiioB B cxeme4?



3aoaua 9-4

XUMUKHU U3YYWIH COCTaB MPOAYKTOB peakiuu Mertaia X C¢ BemecTBoM Y
B MPUCYTCTBUU PA3JTMYHBIX KOJTUUYECTB BOABI IPU KOMHATHOM TemnepaTrype. CreneHb
OKUCIIeHHS MeTauia X B MPOAYKTax pEakiuyh OJWHAKOBA BO BCEX ONBITaX.
OKCIIEpUMEHTBl TMPOBOJAWINA C OJAWMHAKOBBIMHM HaBeckamMmu X Maccoir 1.000 r
U n30bITkOM Y B repMeTudHoM cocyne. [locie Toro, kak X TMOJHOCTBIO
MpopearupoBajl, COCyJ CJieTKa MOAOTPEBal JJIsl TOJHOTO BBIJEICHUS Ta30B
U3 )KUJIKOW PEaKIMOHHON CMeCH, a 3aTeM U3 ra3oBoi (a3pl OTOMpaau IpoOHI,
KOTOpBIE aHAMM3UpOBaM. BO BCeX HSKCIEpMMEHTax OBIJIO yCTAaHOBJIICHO HAJIMYNC
TpeX raz000pa3HbIX NPOAYKTOB peakiuu A, B, C, cocTodluX W3 OIHHUX M TEX KE

ABYX 3JICMCHTOB, CMCCh I'a30B OKpAIIICHA. Macchl 3Tux IIPOOYKTOB B COCYAC IIOCIJIC

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

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

Bonpocuwi:
1. Onpenenure 53IE€MEHTHI, BXOHASIIME B COCTaB Ta3000pa3HbIX MPOAYKTOB,
u ¢hopmyiy BemecTna Y.
2. Onpenenure hopmynsl coequuennii A, B, C. OTBeT noaTBEpUTE PACUETOM.
3.B KakoM H3 3KCIEPUMEHTOB OBLIO B3ATO MUHHUMAJIbHOE KOJIMYECTBO BOJIbI,
a B KAKOM — MaKCHUMaJbHOE?
4. C mnomomipl0 pacyeTa ompeneadte, Kakod Metayui X ObUT HMCIOJB30BaH
B DKCIIEPUMEHTAX. 3aNUIIUTE YpPaBHEHUs TPEX pPEaKUUi, IPOTEKAOIMMX B XOIE
OTIMCaHHBIX SKCTIEPUMEHTOB, MPUBOAIINX K oOpazoBanuio A, B u C.
5. IIpu ucnonp3oBaHuu BMeCTO X HEKOTOPBIX APYTUX METAJUIOB CPEAU NMPOAYKTOB

peakimu MOXXHO 0OHapy)uTh Takxke razel D u E. [lpuBenure nx dhopMyIsl.
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Ha cxeme npuBeneHsl npeBpalieHus ¢ yuactuem semecrs A-U:

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

@ ©)

[Ipn B3auMomercTBUM OWHAPHBIX BEMIECTB A (fxun = —33 °C) um jeryueit

KUJIKOCTU B B 3aBUCMMOCTH OT YCIOBUW MPOBEICHUS PEAKIUH BO3MOMKHO
oOpa3oBaHuE pa3IMYHBIX NPOAYKTOB. Tak, MpH peakuuu B COHUPTE, B KauyeCTBE
IPOAYKTOB B HKBUMOJSIPHBIX KOJM4ecTBax oOpasyrorcs Bemectsa B, I' m ras
c 3anaxoMm Tyxjablx suil [ (p-yua 1). Ilpu npoBeneHun peakiuu B ra3oBoi (asze
npu Temrieparype 100-110 °C nmpoxyKToM peakiuu sBISIETCA TOJBKO BeHECTBO B
MOHHOTO CTPOEHUS (p-yus 2), KOTOPOE HEYCTOMYMBO IMpPU TEMIEpPAType BHIIIE
120 °C u paznaraercst ¢ oOpa3oBaHHEM SKBUMOJIAPHBIX KoiuuecTB BemecT I' u J]
(p-uun 3). JlampHeliee HarpeBanue BemiectBa I' monHoro crpoenust 1o 160 °C
NPUBOAUT K 00pa30BaHmIo ero usomepa’ — Bemectsa E MOneKynspHOro cTpoeHus
(p-uun 4). B raz000pazHOM coCTOsSHUM BemecTBO J[ TOpUT Ha BO3AyXe
c oopazoBanueM AByx okcuaoB K u 3 (M.(AK)<M,(3)) (p-uus 5).
/JlononnumensHno uzeecmuo:

e BemectBo b — HenomsapHas kuakocte npu H.y. llpu cropannu paBHBIX
konuyecTB BemecTB I m B B cTeXHOMETpHUUECKHMX KOJIMYECTBAX KHUCIOPOJa
(p-yuu 5, 6) cymmapabsie 00BEMBI O0pa3yIONIUXCA TPOAYKTOB B Ta3000pa3HOM
COCTOSIHUM OTHOCATCS Kak 2:3, a IJIOTHOCTH OOpa3yIoIIMXCS Ta30BbIX CMecel
otHocsTca Kak 1:1.398 (npu 150 °C u naBnenun 1 at™m.) COOTBETCTBEHHO;

e Ha BO3ayXxe BeuiecTtBo b maxuer coennnenuem /J;

1 H30Mepbl UMEIOT OIMHAKOBBIM KaYECTBEHHBIN M KOJMYECTBEHHBIN COCTAB, HO Pa3InYHOE
CTpPOEHHUE.
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e MojekyasapHas Macca B B 6.47 pa3 OGonpimie A uw B 1.45 pa3 Oomblie

MOJIEKYJISIpHOM Macchl b;

e mossapHbie Maccel b u E paBHBI;

e crpoenue Beuectsa M anamornyno crpoenrio b;

e B peakyusx 1-6 He y4acTBYIOT IpyTHe COEAUHEHN, KpoMe BeecTB A-H.
Bonpocut:

1) Omnpenenute coCcTaB U U300pa3UTe CTPYKTYpHBIC Gopmyisl BetiecTB A-U, oTBer

000CHYHTE, MOATBEPIUTE PACUETOM WJIM MPUBEIUTE JIOTHUECKUE PACCYKICHUS;

2) 3anummre ypaBHEHHS peaxyuii 1-6.



