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Bcekunsitum Boay mJryronuem!

OHeprus  paJMOaKkTUBHOIO  pacmaza —  O4Ye€Hb
NEPCIEeKTUBHBIN  BUA  3Hepruu. llpoctoii  cmocob
IPOAEMOHCTPUPOBaTh €€ BO3MOXKHOCTM IIOKa3aH Ha
dororpaduu: Ha  HEH  KyCOUeK  METaJUIMYECKOTO
IUTyTOHUSA-239 TnoMelleH B CTakaH C BOJOW, KoTopas

BCKHUIIACT B PEIYJIbTAaTC HAI'PCBAHUA BBII[CJ'ISIIOH.[GI\/’ICH nu3

IUTyTOHHS SHEPTUEN.
B panpHeHmmx pacderax CUMTaMTe, 4YTO BOAA HArpeBaeTCs PaBHOMEPHO,
a CKOPOCTh pacliajga IUTyTOHUS MOCTOSHHAa W cocTaBusger 5.48-10'' aromos/c

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

2. PaccuuraiiTe KOJIMYECTBO TEILIOTHI, BBIACISAIOIEHCA KaXAYI CEKYHIy
13 IUIyTOHUEBOTO UUIMHApPA BEICOTOU 15 ¢M U paanycom 2 cM.

3. PaccuwuraiiTe, CKOJBKO YacOB MOHAIOOMUTCS ISl HAarpeBa BOJbl B CTaKaHE
ot 20°C no temneparypsl kunenusi. Cunraiite, 4To Ha HarpeB Boabl HAET 90% Bceit
BBIACIISIFOIICICS TETJIOTHI.

4. DHepruum paguOaKTUBHOIO pachaja JOCTaTOYHO U I XUMHUYECKUX
npeBpamieHuit: 3%  BBIIEISIIOIICHCS TEIJIOTBI TPATUTCA HA PAJAMOINA3  BOJBI
no ypaBaHeHnto 2H,O(x.) — 2Hy(T) + O,(T). PaccunTaiiTe SHTAIBINIO STON PEAKITUH,

CCJIM TAKIKC M3BCCTHBIC SHTAJIBIIMU IMTPOLCCCOB C YHACTUCM KHUCJIOPOJa U BOAOPOJAA:

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 xJ[>/Monb
H(r.)+ O(1.) — OH(1n) AHy =—428.2 ]/ Monb

5. Kakue xonmuuectBa (MOJIb) Tenusi, BOAOPOAA, KUCIOpPOIAa U MApOB BOJBI

BBIICIIAIOTCS 34 4aC KUITAYCHUS BOABI IINTYTOHUEM B OIIMCAHHOM 3K(HepI/IMeHTC?
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Cnpaeounasn ungpopmayusn:

" IOTHOCTH ITyTOHMA p = 19.84 r/em?;

= 1 Ix=10° JIx;

* pocrosHHas ABoraapo Ny = 6.02-10% moms ;

"  TEINIOEMKOCTh BOIbI ¢ =4.184 JIx/(1-°C);

* sHTanenus ucrnapenus Boasl AH e, =+44.0 x[x/Momb;

* 00béM tumHapa V = 7721, tae [ — BeIcoTa, 7 — PagnyC OCHOBAHMS.
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[Topommok A maccoit 11.634 r mpokanuiau B WHEpTHOUM atMocdepe (p-uusa 1).
OOpazoBaBmuiicss TBepAbld ocTarok B Harpenn B TOKE aMMUaka MpU ITOM
obpazoBaics metait X Maccoit 9.324 r (p-yusa 2). 'a30By10 cMeCh, BBIICIUBIIYIOCS
B pe3yJbTaTe NpoKaiduBaHus BemiecTBa A, oxiaawin 1o 0 °. IIpu sTtom macca ee
ymenbimmiiach Ha 0.270 1, a B coctaBe octaiics Toiibko raz C (p=1.964 r/n npu H.Y.),
KOTOPBIY MOJIHOCTHIO TIOTIIONIAETCS U30BITKOM pacTBOpa TUIPOKCcHAA Oapusi, Macca
BBIIABIIETO Ocanka 5.920 .

CoenuHeHue A BXOIMJIO B COCTaB O€NBIX KPAacoOK, KOTOPBIE IMOJIb30BAIUCH
OOJBIION TOMYISIPHOCTHIO M3-32 HMX BBICOKOW Kporomiedl crocoOHocTu. OJHaKO
CO BPEMEHEM KpacKM HauMHaJIu TEMHETh M Jaxe YepHEeTh u33a oOpazoBanus L.
J{nst ycTpaHeHus MOTEMHEHU s TOBEPXHOCTh 00pabaThiBaloT BOAHBIM pacTBopoM D.
[Ipu no6asnenuu B pacteop D noporika quokcuaa Mapranua ( p-yus 3) oopazyrorcs
Ouosornyecku BaxHas xKuakocTh E u razoo0pa3ubiii AByxaromMHblii ra3F, B koTopom
BCIbIXMBaeT Tieromas jdyunHa. [lpu B3aumonericteun L u F oOpasyercs raz G
(rutoTHOCTH Ta3a paBHa 2578 r/n (naBnenue 99.7 klla, remneparypa 25 °C).

Bonpocuwi:

1) Onpenenute coenurenust A — G u L. OTBeT 000CHYHTE, TOATBEPIUB pacyeTaMu.
2) 3anuiuurte ypaBHeHus peakuuii 1 — 3.

3) OObsicHUTE TOTEMHEHUE OeIol KpacKu ¢ MUTMEHTOM A (p-yus 4) v HANUIINUTE
peaKIuIo «pecTaBpanuny coequnenuem D (p-yusa 5).

4) HarmuirTe ypaBHEHHUE peakuK MPOKAIMBaHUs COEMHEHUsI A Ha BO3ayXe (p-uus 6).
5) lIpu nomnaganum pactBopa D Ha *ENTble y4acTKU MPU «PECTaBpaLlUM» OHU

oOecuBeunBatoTcs. Omnpenenure BemecTBo K, oTBewaromiee 3a KenThld IBET Ha
KapTUHAX, €CJIM U3BecTHO, uTo K — OMHapHOe COeTMHEHUE C MAaCCOBOM J0JI€H OJTHOTO

n3 3eMeHTOB 22.19%.
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«Mexay MOJIOTOM U HAKOBAJIbHED)
['azoo0pa3upie mpu H.y. BemectBa X1 m Y1 ydacTBYIOT B XHMHYECKHX
npeBpaiieHusx (cxemsl 1-4):

1) HarpeBanue 6e3 10cTyIa BO3ayXa:

X1 — X2 (1B) + A(ra3) Y1l — Y2 (1B) + A(ra3)
2) CropaHue B KUCJIOPOJIE:
X1 + O,— X3 (ra3) + B(:kuak) Y1 + O,— Y3(1B) + B(:kHaK)

3) INoromieHne KOHIIEHTPUPOBAHHON a30THOW KHCJIOTOM:
X1 + HNO;— X4 (p-p) + B(ra3)+ b Y1 + HNO;— Y4 (p-p)+ B(ra3)+ b

Ecmu nna stux peakuuit B3sTh oauHakoBblie Maccel X1 m Y1, a 3arem
OTTUTPOBATH IMOJYYEHHBIE PACTBOPHI THAPOKCHIOM KallblIMsl TO U3 pacTBopa X4
oOpazyercst ocafok X5, a u3 pactsopa Y4 ocasok Y5, Macchl 0CaJIKOB OIMHAKOBHI.
HebGonpimas pasuunia B Maccax (6.62% ot Oosbllield Macchl) BO3HHUKACT, €CIU
MOJIyYCHHBIC OCAJIKU MPOKAJIUBaTh 10 Temmeparypsl Boime 250 °C (mpekparieHue
BBIJICJICHUS BOJIBI), C 00pa3oBaHueM cpeHux coieil X6 u Y6.

4) MexaHn4ecKoe C)KaTHe BEIIECTB IMOJ1 TaBJICHUEM, BIUIOTh JI0 P =2 MJTH. aTMocdep:
X1 —>X7+22? Y1 ->Y7+2??

B ycnoBusix cunre3a X7 umeeT KyOMYECKYIO STUEHUKY C <«WIETKHMI aTOMaMU B
cepeArHax BceX rpaHed u peoep, U «THKETBIMUY» aTOMaMH B LIEHTPE U BEPIIMHAX
ky0a. [motHOCTH MapoB xkuakocty Y7 paBHa9.05 r/n (175K u naBnenun 101.3kl1a).
BemecrBo X7, BnepBbie mnonyueHHoe B 2015romy, oOmamaer yHUKaIbHOM
AIIEKTPONPOBOJHOCTHIO, YTO CTUMYJIUPOBATIO U3YUYEHHUE €TO aHAJIOTOB MPU BHICOKUX
JaBieHUAX. brmaronpusitHas crexuoMmeTpus Y1 3acraBuiia TPOBEPUTH U €TI0
MPOBOJIMMOCTH MPH BBICOKOM J1aBiieHHH B 2019Toxy.

BemectBa X1-X7 conmepkar omuH oOuwmii snemeHT, BemiectBa Y1-Y7 — apyroid.
["a3000paznas cmech paBHbIX Macc X1 u Y1 umeer miotHocTh 1.52 1/11 tipu H.Y.

Bonpocwi:

1. Onpenenure MmonekyasipHbie (Gopmynsl 14 HemsBecTHbIX BemecTB: X1 — X7
u Y1 —Y7,0tBeT 000CHYyNTE.

2. VI3 xaKoro mMarepuaia u3roToBJICHA «HAKOBAJIBHS JIJIS CKAaThs 00pasiioB B cxeme 47



3aoaua 9-4

XUMUKU W3YUYUJIUM COCTaB MPOAYKTOB peakiuu meTraia X ¢ BelecTBoM Y
B MPUCYTCTBUU PA3JIMUYHBIX KOJUYECTB BOJIbI NP KOMHATHOU TemIieparype. CTeneHb
OKHCIIeHHS MeTajuila X B TMPOAYKTaX pEaKIUM OJMHAKOBA BO BCEX ONBITaX.
OKCIIEpUMEHTHl TPOBOAWIM C OJWHAKOBBIMU HaBeckamMu X Maccoir 1.000 r
U n30bITkOM Y B repMeTrudyHoM cocyne. Ilocme Toro, kak X TMOJTHOCTBIO
MpopearupoBajl, COCyl CJIeTKa IMOAOrPEeBadu sl TOJHOTO BBIJCICHUS Ta30B
U3 )KMJIKOW PEaKIIMOHHOM CMECH, a 3aTeM W3 Ta30Boi (a3el oTOMpaiu MpoOHI,
KOTOpBIE aHAMM3UpOBaM. BO BCeX HSKCIEpMMEHTax OBIJIO yCTAaHOBJIICHO HAJIMYNC
TpeX razo00pa3HbIX NPOAYKTOB peakiuu A, B, C, cocTodluX W3 OJHUX U TE€X KeE

ABYX 2JICMCHTOB, CMCChb I'a30B OKpalICHaA. Macchl 3Tux IIPOAYKTOB B COCYIC IIOCJIC

OKOHYAaHUA KaXXJI0T'0 SKCIICPUMCHTA IIPUBCACHLI B Ta6J'H/II_I€.

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
ODKCIEPUMEHT 3 10.2 382.5 214.2

Bonpocuwi:
1. Onpenenure 3JIEMEHTHI, BXOHASIIME B COCTaB Ta3000pa3HbIX MPOIYKTOB,
u ¢hopmyiy BemecTna Y.
2. Onpenenure hopmyisl coenuHenuid A, B, C. OTBET MOATBEPIAUTE PACUETOM.
3.B kakoM U3 3KCHEPUMEHTOB OBUIO B3ATO MHUHHUMAIBLHOE KOJIUYECTBO BOBI,
a B KAKOM — MaKCHUMaJbHOE?
4. C mnoMmomipl0 pacuera omnpeaenuTe, kKakod Metayuli X ObUT HMCIOJIB30BaH
B DKCIIEPUMEHTAaxX. 3alMIINTE YPABHEHUS TPEX PEAKUUW, MPOTEKAIOIUX B XOHE
OTIMCaHHBIX SKCTIEPUMEHTOB, MPUBOIAIINX K 0OpazoBanuio A, B u C.
5. Ilpu ncnonp3oBaHuu BMECTO X HEKOTOPBIX APYTMX METAIIOB CPEAU MPOLYKTOB

peakimu MOXXHO 0O0HapykuTh Takke razsl D u E. [IpuBenure ux Gpopmysibi.
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Ha cxeme npuBeneHsl mpeBpanieHus ¢ yuactuem Beuiects 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

@ ©)

[Ipu B3aumonelcTBUU OWHAPHBIX BEIIECTB A (fxm = —33 °C) um jeryueit

KUIKOCTU B B 3aBUCMMOCTH OT YCJIOBUW MPOBEICHUS PEAKIUH BO3MOXKHO
oOpa3oBaHuE Pa3IMYHBIX MPOAYKTOB. Tak, MpuU peakuuu B CIUPTE, B KaueCTBE
NPOAYKTOB B 3KBUMOJISIDHBIX KOJMYecTBax oOpa3yrorcs BemectBa B, I' u ra3
c 3anaxoM TyxJbix suil [ (p-yua 1). Ilpu npoBeneHun peakiuu B Ta3oBoM (aze
npu Temrieparype 100-110 °C nmpoxyKToM peakiuu sIBJIIETCS TOJBKO BelecTBO B
MOHHOTO CTPOCHUS (p-yusa 2), KOTOpPOE HEYCTOWYMBO IpU TEMIIEPAType BbILIE
120 °C u paznaraercs ¢ oOpazoBaHUEM YKBUMOJISPHBIX KoudecTB BemecTB I' u J]
(p-uun 3). JlampHeliee HarpeBanue BemectBa I' monHoro ctpoenust 1o 160 °C
NPUBOIUT K 00pa3oBaHuio ero uzomepa’ — Bemectsa E MONEKynspHOrO CTpoeHus
(p-uun 4). B raz000pazHOM coCTOsSHUM BemecTBO J[ TOpUT Ha BO3AyXe
c obpazoBanueM AByx okcuoB K u 3 (M(K)<M,(3)) (p-uus 5).
Jlononnumensno uzeecmno:

e BemectBo b — HenomspHas Xuakocte npu H.y. [Ipm cropanuu paBHBIX
konuyecTB BemecTB [ m B B cTeXxMOMETpUYECKHX KOJIMYECTBAX KHUCIOPOJa
(p-yuu 5, 6) cymmapabie 00BEMBI O0pa3yIONIUXCA MPOAYKTOB B Ta3000pa3zHOM
COCTOSIHUM OTHOCATCS Kak 2:3, a IJIOTHOCTH OOpa3yIoIIMXCS Ta30BbIX CMeceu
otHocsTca Kak 1:1.398 (mpu 150 °C u naBnenuun 1 atMm.) COOTBETCTBEHHO;

e Ha BO3ayXxe BeuecTBo b maxuer coequnenuem /;

1 M30Mepbl UMEIOT OIMHAKOBBIM KaYECTBEHHBIN M KOJTUYECTBEHHBIN COCTaB, HO Pa3jInuyHOE
CTpPOEHHUE.
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e MosekyasapHas Macca B B 6.47 pa3 Oombmie A u B 1.45 pa3 Oosblie

MOJIEKYISIpHOM Macchl b;

e mossapHbie Maccel b u E paBHBI;

e crpoeHnue Bemecrsa M ananornyno crpoenuro b;

e B peaxyusax 1-6 He y4acTBYIOT JpyTrHe COEIUHEHUsA, KpoMe BelecTs A-H.
Bonpocut:

1) OmnpenenuTe COCTaB ¥ M300pa3nuTe CTPYKTypHBIC (hopmyibl BemecTB A-H, oTBeTr

000CHYHTE, MOATBEPIUTE PACUETOM WJIM MPUBEIUTE JIOTUUECKUE PACCYKIACHHUS ;

2) 3anummre ypaBHEHUS peaxyuii 1-6.



