XumMmusa

XXXIll International School Olympm/:
"TUYMAADA™ - s
Chemistry |




CocTaB MeTOAUYECKOI KOMUCCHH Memyﬂapozmoﬁ OJIMMIIHAAbI IIKOJIbHUKOB «TyﬁMaana»
Mo XMMHH

1. CokomnoBa Mapuna JImMuTpueBHa, A.T.H., TJaBHBIH Hay4dHbld cOTpyAHUK DenepanbHOTO
HCCIIeIOBATEIhCKOTO MeHTpa «SkyTckuit Haywnbli nentp CO PAH» — npeacenarens;

2. Autunua Poman JIpBOBHY, K.X.H., JOIEHT XUMHUECKOTO QakyiapTera MI'Y — uneH;

3. EmenbsHoB [eoprumii IlerpoBmu, PhD, mOCTIOK HMHCTUTYTa TIEPENOBBIX OMOJOTMYECKHX HayK,
yHuBepcuteT Knito, SAnoHus — usneH;

4. Kpacuosckas Onsra OneroBHa, K.X.H., CTApIINA HAYYHBIA COTPYIHHUK XUMHUYecKoro (dakymnpreta MI'Y —
YJIEH;

5. OKOHEUTHUKOB APTyp AJIeKCEeeBUY, CTYACHT XMMUYECKOTO aKyinbTeTa MOCKOBCKOTO TOCYAapCTBEHHOTO
yHuBepcuteTa uMeHd M.B. JlomoHOCOBaY — uJieH;

6. ITaBnoB Cepreit HukonaeBud, acnupadnT MOCKOBCKOTO TOCyJapCTBEHHOIO0 YHUBEpcuTeTa uMeHn M.B.
JIomoHOCOBa, — YJICH;

7. CusueB Cemen McaeBrd, MIaamInil HAy9HBIH cOTpyIHUK DefepanrbHOTO MCCIeI0BATENHFCKOTO IIEHTpa
«Sxyrckwmii Hayunsii ieaTp CO PAH» — unen;
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yHuBepcutera uMmenn M.K. AMMocoBa — uiieH;
10. CumopoBa Posanus HukosnaeBHa, 3aBenyromiuii jadboparopueii CeBepo-Bocrounoro denepanbHoOro
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MUIAITASA JINT" A

Saganue 1

TAMHA IIECTU METAJLJIOB

B 2026 rony ucnonnsercs 315 set co 1HsA poKJI€HUS BEIMKOIO pyccKoro xXuMuka Muxaumna
BacunbeBnua JlomonocoBa. OgHMM M3 KpPYIHBIX TPYJIOB ydeHOro Obuia ero kuura «llepBbie
OCHOBAHUS METAJUIyPrUH, WIK PYAHBIX JEI», KOTOpas 3aJI0KWJIa OCHOBBI MeTaurypruu B Poccun
TOTO BPEMEHHU.

Merannamu Muxaun BacunbeBrud Ha3bIBal CBETIIbIE TeJa, KOTOPHIE MOYKHO KOBATh, U TAKUX
ObUTO TONBKO miecTh: A, B, C, D, E, F. Meramisl nenmunucek Ha 7Ba BHJIa — BEICOKHE U TPOCTHIE.
IIpocTbie MOTIM 1O/ BO3AEUCTBUEM OTHS 00paIaThes B METEN, BEICOKUE K€ OJHUM TOJIBKO OTHEM
B IIeres He 00paTUTh.

Merann A — nepBblif BbicOKMM MeTaml. Otiaudaercss sipkuM LBeToM u OseckoM. Ilof
BO3JICHICTBUEM OTHS IUIABUTCS M HE TOJBKO YAEPKHUBAET CBOIO IPUPOJHYIO KpacoTy, HO H
CTaHOBHTCS YHMIIIE, €CIU Mepe]l 3TUM ObLIO CMEIIAHO C IPYTUM METAIOM. AJIXMMUKH Ha3bIBaJIH
9T0T MeTai CosHIEM.

Mertann B — BTOpoii BeicOKHiIT MeTai 6enoro 1sera. Jlaxke camplii 9uCThId B Bcerga nmeer
npuMech A. AJXMMHUKH Ha3bIBAIA JaHHBIN MeTail JIyHOi.

Mertann C — nepBblii U3 npocThiX. [ [pupoaHbIi BET KPACHBIH, HA BO3AYXE OKPAILIMBAETCS B
3eJIeHblil ¢ oOpa3oBaHueM MuHepana (peaxyus 1), non Bo3neiictBueM oras C craHoBuTcs Oypo-
KpacHbIM (peaxyus 2), a 3aTeM 4epHbIM (peakyus 3). [lpu nqobGaBieHnn pacIuiaBieHHOT0 MeTalia
C B BOAy NpoMCXOAUT OOJILLION IIyM, KaK IpU JAEUCTBUU OTHS C MOPOXOM. AJIXMMHMKH Ha3bIBAIH
ero Benepoi.

Mertann D — Ha Bo3ayxe, kak U Metail B, He nmpuHMMaeT HUKakoil mepeMeHbl. B orue
obpasyercst Genblit TOpoIIoK ¢ MaccoBoit poneit D 78,8% (peakyus 4), Ha X07107€ pacchlmaeTcs B
nopomok. CamopoHoro Merauia D He BcTpeuanoch. ATXUMUKH Ha3bIBaIH €ro FOmurepom.

Mertamt E — camblii pacipocTpaHeHHBIH U3 mecTd MetasuioB. [Ipupoaublil nBet Oemblil ¢
CepoBaThIM OTTEHKOM, B OTHE CropaeT B YepHbIN memen (peaxyus 5), Ha BO3AyXe MpUoOpeTaer
Oypblii uBeT (peakyus 6). IMeeT MarHUTHbIE CBOMCTBA. AJIXMMHKH Ha3bIBaJld ero MapcoM.

Mertann F — nmocieanwuii mpoctoit metaiul. Ha Bo3myxe TycKHEET, 1MOoJ] BO3JCHCTBUEM OTHS
oOpasyeTcsi OpaH)XKeBO-KpacHBIM menen (peaxyus 7), KOTOPbIA HA3bIBAIOT CYPUKOM. AJIXUMUKH

Ha3bIBaJIM MCTaJIJI CaTypHOM.



Bonpocui:

1. Unentudunupyiire metamisr A—F.

2. Hamumure ypaBHeHust peakyuti 1-7. Metann E cropaer B KUCIOPOZE 10 CMEIIAHHOTO
okcuaa (peakyus 5).

3. IlomydyeHHYIO OKaJIMHY Maccod 23,2 T MOJHOCThIO BOCCTAHABIMBAIOT BOJOPOJIOM IPH
HarpeBaHuu J10 yuctoro Mmerayia E (peakyus 8). Hanummre peaxiuio 8.

Paccunraiite 006€M Bomopoaa (H.y.), KOTOpPBIH mOTpeOyeTcs JUisi BOCCTAHOBIICHUSI BCEH
OKaJIMHBI.

Kakoii 00bEM kuciopoaa (H.y.) ObLT U3pacxoqoBaH Ha ckuranue Meramwia E, ecnu mis
MOJIy4eHUsI TAaHHOW Macchl OKaIMHBI ObLT B3AT MeTaul E ¢ 10%-HbIM M30BITKOM OTHOCHUTEIIBHO
CTEXHOMETPHUH, BECh H30BITOK TAK)KE OKHCITHIICS 10 OKAJTHHBI?

4, Cmmap wmetamia B w meramma A maccod 25,0 r  obpabotanu  HM30BITKOM
koHueHTpupoBanHoit HNO;. Ocrartox otdunsrpoBanu. K dunbtpaty, nodaBuinu u30bITOK
pactBopa NaCl. BeimaBmiuii ocagok oTGuIbTPOBaIH, BBICYIIMIN, €ro Macca okasaiach 14,35 r.
Harnmmnre Bce ypaBHEHUs peakLiui.

Omnpenenure MaccoBble 1011 A U B B ucxoqHoM cruiaBe.

Paccuuraiite 00BbeM (H.y.) raza, BbIIEIUBIIETOCS IPU PACTBOPEHUU HABECKU CILIABA.

Kaxkoii 006ém 2M pactBopa NaCl norpedoBacs st mosHoro ocaxkaeHust B (B min)?

5. O6paszert pynst Maccoit 11,90 r cogepkut cmech kaccutepura DO2 i meTammaeckoro D.
[Tpu 06paboTKe U30BITKOM KOHIIEHTPUPOBAHHOM CONSTHOM KHUCIOTHI BhInenmnoch 0,448 nrasza (H.y.).
3areM 3TOT ke obOpaser (Apyras HaBecka TakoW ke Macchl) criaBuiu ¢ u30biTkom NaOH B
MPUCYTCTBUM HUTpATa HATPHs, MOCIE YErO PacTBOP MOIKUCIUIN W30BITKOM COJITHOW KHCIIOTHI
(oOpa3oBaHHEM KOMIUIEKCHOTO COeIMHEHU TpeHeopeys). CoeTuHEeHNs] BOCCTAHOBIIIN MTOPOIIKOM
Metamnuueckoro E, wu30pitok E  ordunbrpoBanu. I[lomyueHHBI pacTBOp OTTUTPOBAIHU
CTaHJIaPTHBIM PAacTBOPOM HOJa B MPUCYTCTBUU Kpaxmaia. Ha TutpoBanue morpebdoBanocs 166,0
mi 0,500 M pactBopa nona.

Hamummre ypaBHEHUS peakIuy.

Omnpeznenute MaccoByI0 00 MeTammnueckoro D B ucxonHoii pyzae (o 1aHHBIM MepBOH
peakiuu ¢ HCI). HMcrnonb3ys naHHBIE HOAOMETPUYECKOTO TUTPOBAHHS, pacCuuTaiTe oOIee
conepkanue metauia D (B mepecuére Ha D) B 00pasie u maccoByto oo DO».

ITo pe3ynpTaram pacdyeToB, KaKOil BBIBOJ O COCTaBE PYyIbl MOYKHO CAENaTh?



3aganue 2

AJITEBPA AJEPHOI'O IIUTA

B 2025 rony aromuas npomsbiiieHHOCTh Poccun otmeruna 80-1eTre co JIHS OCHOBAHMS
ITepBoro rnaBHoro ympasienusi pu CoBHapkome (CoBer HapomHbix komwuccapoB) CCCP (20
aBrycra 1945 r.) — xiIroueBOW BEXHM B CO3JIaHHMH SIICPHOTO IUTa CTpaHbl. Uepe3 roj mocie
ocHoBaHnus [lepBoro rimaBaoro ynpasienus 25 nekadps 1946 roxa Obun 3amyieH nepsbliii B EBpore
u EBpazum sinepusbiii peaktop @-1 B Jlabopatopuu Ne 2 AH CCCP (B nacrosimee Bpemst HULL
«KypuaroBckuii MHCTUTYT», I'. MockBa). B pamkax MepompusTHii, MOCBSIIEHHBIX HOOUIICIO
aTOMHO# oTpaciu, B TekyueM 2026 roy y4acCTHHKaM OJMMIINA/IbI IPeIaracTcsl peunTh 3a1a4y,
BOCIIPOU3BO/ISIYIO HHKCHEPHYIO JIOTUKY MEPBBIX COBETCKUX (PH3UKOB-SICPIIHKOB.

JIns co3/aHus aKTHBHOM 30HBI PEaKTOpa HEOOXOAUM ypaH, 060oraméHHbli n3otomom 2>°U,
B npuponHom ypane uzotonHslid coctaB cienyromuid: 0,72 macc. % 235, Bcé ocranbHOE — 238U,
s oboraieHusi ypaHa M3 MPUPOAHON YpaHOBOHM pyabl Moiy4aroT razooOpasusiii UFs, manee
WCIIOJIL3YIOT METOJ Ta3oBoW auddy3uu, KodGOHUIHMEHT pa3aenecHUs H30TONOB IPU OJHOM

TGOpGTH‘-IGCKOfI CTYIICHHU pPa3aCJICHUA paBCH:

Areop ™=

Bonpocwui:

1. Paccuwuraiite Teoperrueckuii KO3QOUIMEHT pa3feieHus! Oreop (C TOUHOCTHIO JIO 6
3HAKOB TI0CJIE 3alsATON).

Ha npakTuke 13-3a CTOJIKHOBEHHS MOJIEKYJT IPYT € IPYTOM B [TIOpaX MEMOPaHBI U MPOLIECCOB
muddy3un peanbHbIi KOAGOUITMEHT 3HAYUTENHHO HUYKE TEOPETUUYECKOTO U COCTABJISIET:

Apean= 1+ ”(O(Teop' 1)

2. CKOJBKO pealibHBIX CTYyMEeHeH pasjeneHus N motpedyercs, 4ToObl 000raTUTh ypaH
110 90 Macc. % mo 2°U, ecru peanshbiii KITJT # ycraHoBKE cocTasnser 30 %°?

3. [IpemtoxxuTte crmocod BBHIACTCHUS METAIUTMYECKOTO ypaHa M3 ITOJYYEeHHOH CMecH
razos 2UFs u 28UFe.

Hrak, Obuto momyueHo 1,000 kr meramanyeckoro oooraméHHoro ypana. YtoOsl U3BiIe€Ub
nonmb3y U3 ocTapmerocs 22°U B 06OTamEHHOM ypaHe B MEpPBBIX COBETCKHX PEaKTOPax M3 HETo
nosnydan X (KOTOpBIM TakKe IMIMPOKO HCIONb3YeTCs B SIAEPHOM HHEPreTHKE) COIIACHO

CJICAYIOIIUM ITPEBPAILICHUAM!



22U+in-> A
A-B+ 95
B-X+_%5
Conepxamuiica B peaktope 2>°U menuTcs, MOAIEPKUBAs LEMHYI0 PEakKIHio U CcO3/aBas
MOIITHEIH TIOTOK HEHTpoHOB. VIMEHHO 3TH HEHTPOHHI 3aXBaThIBAIOTCH sApaMu 20U (IpH 3TOM
UCITyCKAeTCs JIUIIb TaMMa-KBaHT).
[epuonas! nomypacnazna: t12(2°U) = 704 mun nert, 11/2(38U) = 4,468 mapa e, 112(A) = 23,5
muH, 112(B) = 2,36 cyTok, 11/2(X) = 24110 ner. [ITOTHOCTH TOTOKA HEUTPOHOB B peakTope @ = 101

2

2 , CEUCHHUE 3aXBaTa HEUTpOHA siApoM ¢ = 2,7+ 10724 cM?.

emZct

4, Omnpenenure A, B u X.

S. PaccunTaiiTe cKopocTh peaknuu Vo — KOIMYECTBO aTOMOB 20U, IpeBpamaomuxcs
B A 3a 1 cekyHay. CKOpOCTb peaKkI[H BBIYUCIISETCS CIeYIOIUM 00pa3oMm:

Vo = @ 0-Nass,

e N2sg — uncio aromos 28U,

6. Paccuuraiite maccy X (B mMuwumMrpammax), Kotopas Hakonutcs 3a 14,16 cyrox
o6m1yuenus 1,000 kr 060ranHHOr0 ypaHa MOTOKOM HeHTpoHoB. Pacmamom msoromos 28U u X
MOKHO IpeHeOpeub, TaK KaK MX HEepuojbl IoJypaclaja HecpaBHUMO Ooiblie, yeM y A u B.
[IpuHATH, YTO PagUMOAKTUBHBIN pacnaa — 3TO PEaKLMs EPBOro MOPAIKA.

7. Orenure, BO CKOJBKO pa3 Oosibiie X MOTYYUTCS B TaKOM ke Macce MPUPOIHOTO
ypaHa 3a TO K€ BpeMs [IPU TaKOM e [TOTOKE HEUTPOHOB.

8. Haiinute cymmapnyto aktuBHOCTS (B bk) 1,000 kr o6oraménnoro ypana uepes 14,16
CYTOK 00JIyueHHsI TOTOKOM HEMTPOHOB. AKTUBHOCTb A N30TONa MOXKHO HaiTu 1o popmyne A =4-N.

9. [IpemtoxxuTe crocoObl YTUIM3AIMH COJEPKUMOTO peaKTopa MpH €ro aBapHiHOM
pasrepMeTu3anuy 1K mojoMke. Ipn He0OX0IMMOCTH HATMIIUTE YPAaBHEHHS PEAKIINH.
JlonojiHUTEIbHASA HHPOPMALIUA:

Yucao CTyHCHCﬁ pa3aeiieHus N CBsI3aHO C YUCIIOM sJEp N u KOS(i)(I)I/II_H/IeHTOM pasacICHUA A

CJIEIYIOIIM 00pa3oM:

0
Mo _ V2 i
N N
[Tepuon nmomypacnana Ti/2 CBSI3aH ¢ MOCTOSHHON pacmajia A CIeIyIonMM COOTHOLICHUEM:
In 2
A= —
T2
In2 ~0,693
3aKOH paJIM0aKTUBHOTO pacnajia:
M) = Ny-e’t

7



e ~2,718 — ocHOBaHUE HATypaJIbHOTO JoTapudma.

Yucno oOpa3zyromuxcst aToMoB X K MOMEHTY BpeMeHU I MOKHO pacCcUMTaTh MO Cleayomen

dbopmye:
_1 ot
27172(B) 9 71/2(B)
NX= VO (t - t
27172(B)_1
Yucino atomoB B k MOMEHTY BpeMeHH t MOXKHO pacCUuTAaTh IO CIeAYIoIeH hopmyIie:
. A1) 1
N = V .e'  —
B= 7 &1
3aganue 3
}
MHOT OJIUKHIA X A 0 H P

[Tpoctoe BemecTBO X SBISAETCS OJHUM U3 PaclpoOCTPaHEHHBIX 3JIEMEHTOB B 3€MHOU KOpe.
X BXOAUT B COCTAB OMOJIOIMYECKH Ba)KHBIX COEAMHEHHH, U TaKXKe U3BECTEH CBOMMHU Pa3IMUYHBIMU
AIUTOTPOITHBIMHI MO (UKAITUSMH.

B3aumoneiictBue mnpocroro BemecTBa X € H30BITKOM Tra3000pa3HOro xJjopa Aaér
coequnenue A (peaxyus 1). Ilpu neiictBunm Ha A KOHLEHTPUPOBAHHOM CEPHOM KHCIIOTHI
00pa3yroTcs 1BE CUIIbHbBIE KUCIOTHI U coeuHenue B (peaxyus 2). CoenuHeHne A nmpu HarpeBaHuu
B3aMMOJICHCTBYET C XJIOPUAOM aMMOHHUs, oOpa3ys noinumep C (peakyus 3). YCTaHOBIEHO, YTO
MaccoBasl J10Jis 3yieMeHTa X B 3TOM HojuMmepe coctaBisieT 26,72%. [lonydeHHblil nmonuMep mo
(U3NIECKUM CBOWCTBAM CXOXK C KaydyKOM.

Cxuranne X B u30bITKE Kucnopoaa naér okcua D (peakyus 4), a mpu Henocrtatke
Kuciopoaa — okcua E (peaxyua 5). Oxcun D npu B3aumoeiicTBuu ¢ Bofoi oopasyer kucioty F
(peaxyus 6). ITpu mocne0BaTeIHHOM HarpeBaHUM KUCIOTH F oOpa3yrotcs kuciota G (peakyus 7)
u kucinora H (peaxyusa 8) ¢ maccoBoii noneir X paBHoit 38,75%. Oxcun E pearupyet ¢ Bomo# ¢
obpazoBanueM KuciaoTel | (peaxkyusa 9), xoTOpas HpH HArpeBaHUU AUCHPONOPLUOHUPYET C
oOpa3zoBaHueM KHCIOThl F u raza J (peaxyus 10) ¢ HEPUATHBIM 3allaXOM YECHOKA WJIM TYXJIOH
PHIOBIL.

B3aunmoneiictBue BemecTBa X C PacTBOPOM XJIOPHTA HATPHS B INEIOYHOW Cpere, C
nocneAyomuM jaoBeaeHrueM PH pactBopa no 5,2 maér kpuctamnoruapat K (peaxyus 11).

Harpesanue 10,00 r kpucramioruapara K 10 mocTossHHON Macchl CHUXaeT Maccy oOpasia Ha 3,44



r. Bzaumoneiicreue 10,00 r kpuctammoruapata K ¢ ximopugom maraust a€t ocanok B Bume 8,15 ¢
kpuctasoruapara L (peaxyus 12). HarpeBanue 8,15 r xpucramuoruzapara L 1o moctosHHOR
Macchl yMeHblIaeT Maccy Ha 2,29 r. Ilpu neiictBun paz0aBiIeHHOM CEpHOM KUCIOTHI Ha coinb K

oOpasyercs yeTbIpéxocHOBHas kuciaora M (peakyus 13).

M K —
H2S 04 MgC|2
NaClO,
NaOH
H,O Og(mﬁ) Cly NH4ClI
F = D = X —— A —> C
0x=26,72%
t OZ(He[[OCT.) HZSO4(K0HH.)
Y
H,O
G | =—— E B
t° t°

Y

H F+ Jb

®x=38,75%
Bonpocwui:
1. Ompenenure smeMeHT X W coeauHeHus A—M, ecnum u3BecTHO, YTO BCE OTH

COEZIMHEHUS B CBOEM COCTaBE UMEIOT 3JIEMEHT X

2. Omnpenenure cocraB kpuctamnoruapatoB K u L, moaTBEepIuB OTBET pacueTaMu.
3. Hanummre ypaBHenus peaxyuu 1-13.
4. Hapucyiite crpykrypubie popmyier coennuennii G, 6e3pognoro K u mommmepa C.

B ypaBHeHusix peakiuii coenunenue D 3amuceiBaioT B BHJE MpocTeimeid Gopmyinsl. OnHako B
JIEUCTBUTENILHOCTH €r0 MOJIEKYJIa COIEpPKUT BJABOE OOJbIIE AaTOMOB KaXKJIOTO 3JIEMEHTA.

N3006pa3ute cTpykTypHyto hopMyiny coearnenus D.



3aganue 4

O ab

MEXAHOXUMMA

MexaHoxuMHsi — 3TO pa3fel HayKd Ha CThIKE XMUMHHM U MEXAaHUKH, KOTOPHIA H3ydaeT
XUMHYECKHEe W (U3UKO-XMMHYECKHE W3MEHEHHS B BEIICCTBE, BBI3BAHHBIE MEXAaHUYECCKHM
BO3JICUCTBUEM.

B MexaHOXMMHM YacTO HCIOJB3YIOTCS CHEIUaIbHbIE COCIUHCHHS, Ha3bIBaeMbIC
MexaHo(hopaMu, KOTOpPbIe OOBIYHO IMPEACTABISAIOT COO0M KPYIMHBIC MOJICKYIIBI TIOJUMEPOB. DTH
COCIMHEHHUS pearupyroT Ha MEXaHMUECKOE BO3/IEHCTBHE U MPEOOPA3yIOT €ro B MOHSATHBIN XUMUKaM
3¢ deKT: pa3pbIB CBI3U, U3MEHEHHUE [IBETA U Tak najiee. [IpumMep Takoro coequHeHus MpeICTaBlIeH

HHIKC

Bonpocut:

1. PaccunTaiite HEPTHIO pa3phiBa CBA3U B MEXaHO(DOPE, €CITH SHTATBITUN 00Pa30BaAHHSI
npu 25°C paBHbl ArHyog A = 2806 x[lx/Monb, ArHyogB = 2153 x/lx/Mons, ArH7ogC = 1074
kJ[>x/MOB

2. Eciu OpUHATH TpeadKCIoHeHmuanbHblii MHOkHTENs A = 1011 ¢™! | a smeprus

AKTHUBAIlMK paBHA OHEPTHUM paspbiBa CBA3HM, TO KaKad KOHCTaHTa CKOPOCTH pE€aKOuu IIpu

temneparype 25 °C?



3. Jns MEexXaHOXMMHUYECKHUX PpPEaKIH KOHCTAHTY CKOPOCTH MOXXHO HAWTH 1O
ypaBHeHHUIO besuia:

Fxt

k(F) = ky - eksT

x¥ - nucrannms aktuBarmu (x¥ = 0.064 HM); ky — KOHCTaHTa CKOPOCTH IIPH OTCYTCTBHH
MeXaHMYecKoro BosfeifcTsus; kg — koncraura Bomsimana (kg = 1.38-10723 [Ix/K); F —
MpUJIOKEHHAss MeXxaHu4eckas cwia B HetotoHax (H); T — abcomoTHas Temneparypa (B KenbBuHax);
e — uuciio Diinepa (e ~ 2.71828)

PaccunTaiiTe KOHCTaHTY CKOpPOCTH peakuMu pacmaga mexaHodopa mpu 25°C, aumamerp
MOJIEKYJIbI TpuMuTe 3a 40 HM, a yIbTpa3ByK co31a€éT gasienue 2.2 MIla.

4. VYbpTpa3Byk WIMPOKO H3BeCTeH Onaromaps cBoemy dbddexty kaButauuu. [Ipu
CXJIOTIBIBAHUM KaBUTALIMOHHOI'O MY3bIPS B JIOKAJIBHBIX 00JacTsIX TeMmIepaTypa BO3pacTaeT a0
4427°C, a naBieHHE AOCTHTAeT ThICAY aTMOC(ep, 9TO MOXKET OBITh MCIIOIB30BAaHO IS pa3phbiBa
XUMHUYECKUX CBSI3EH.

VapTpa3BykoBoii uzinydaresb MouHocTh0 100 Bt coznaér 404200 kaBUTaLIMOHHBIX

ny3bipeii B cexkyHny. Bwramcnmre KIIJ mpeoOpa3oBaHus yinbTpa3BYKOBOW JHEPrUU B
SHEPTUIO Pa3pbIBa XUMUYECKON CBSI3U, €CIIA MPUHSITH YTO KABUTAIIMOHHBIN ITY3bIPh UMEET PAINyC
0.015 cM u OH MOJHOCTBHIO 3alOJHEH MOJIEKyJlIaMU MexaHodopa, KOTOpble B YCIOBHSIX
KaBUTALIMOHHOTO IMY3bIPsl TAPAHTUPOBAHHO Pa3pyILIArOTCs.

S. CpaBHUTE KOHCTAHTY CKOPOCTH pacrajga MexaHopopa B YCIOBHSIX TEMIIEPATypbl
KaBUTALIMOHHOTO Iy3bIPsl U KOHCTAHTY CKOPOCTH U3 IyHKTa 3.

6. Kak Bwl nmymaere, pacmang mexaHodopa B YIbTPa3BYKOBOM IIOJ€ SIBIISIETCS

CJICACTBUEM TCPMOJIM3a WJIN SABJISACTCA CICACTBUCM MCXAHHYCCKUX JBIDKECHUH CpeI[I)I? OtBer

obocHyTe.
3aganue 5
TASSTHUE BEYHOM MEP3JIOTHI 1 XUMMUSI
TEPMOKAPCTOBBIX O3EP
MHorosneTHss (Be4Has1) MEp3J0Ta — OTO CJIOW TOPHBIX MOPOJ W TPYHTA, TEMIIeparypa

koToporo ocraércs Hmxke 0 °C He MeHee IBYX IMOCIEIOBaTEeIbHBIX JIeT. [1ouTH BCs TeppUTOpHUS
Pecny6onukn Caxa (SIkyTus) pacriojio’)keHa B 30HE MHOTOJIETHEH Mep3JOThI, a €€ MOIIHOCTH B

OTACIBbHBIX paﬁOHax AOCTUTAaCT HECKOJIbLKHUX COTCH MCTPOB.
11



B mnocnenHue necATMNETHs MOBBILICHHE CPEOHEW TEMIEpaTypbl BO3AyXa IPUBOIUT K
IIOCTENIEHHOMY OTTaWBAaHUIO BEPXHUX TOPU3OHTOB MEP3JIOTHI. BmecTe ¢ Tanoil BomoW B 03€pa
[IOCTYIAIOT OPraHMYECKHE BEILIECTBA, KOTOPBIE B TEYEHUE THICAY JIET HAXOAUIIUCh B 3aMOPOKEHHOM
coctossHuU. [Ipy ux pasiiokeHur MUKPOOPraHU3MaMH 00pa3yeTcsl yrieKUCIbIH ras.

OnHOBpEMEHHO BCIEACTBHE TasgHHUA IOA3EMHOIO JibJa IPOMCXOAUT IPOCEHaHHE
MOBEPXHOCTU TPYyHTA. B 00pa30BaBIIMXCS MOHIKEHUSIX (POPMHUPYIOTCS TEPMOKAPCTOBBIE 03¢épa
— OJIUH 13 Hambosiee pacpocTpanéHHbIX TUIOB 03€p LlenTpanpHoit AKkyTun.

PactBopénnblii CO2> HaxoauTCs B PAaBHOBECHM C YroJbHOM KHMCIOTOW M T'MIpOKapOOHaT-
HOHaMU. VI3MeHeHue KHUCIOTHOCTH BOJABI MOXET IPHUBOAMTH K PACTBOPEHHUIO KapOOHATHBIX
MHHEpPAJIOB M M3MEHEHMI0 XUMHUYECKOro cocrtaBa 03€p. lloaToMy XMMHYECKMH MOHUTOPUHT
TEPMOKApCTOBBIX 03€p CEroJHs SIBISIETCA OJHUM M3 Ba)KHBIX HAIpPABJICHUN MCCIEI0BAaHUN
U3MEHEHHUs KIIMMaTa.

U1 OueHKM BIMSHMS BECEHHErO TasHUA MEp3JO0Thl TPYIIA IIKOJbHUKOB-IKOJIOIOB
UCCIIE0BAJIa TPU TEPMOKAPCTOBBIX oO3epa lleHTpanbHOM SIKyTMM cpa3y ©OCIE OKOHYAaHMS
BECEHHETO IaBOJKA.

B J'Ia60paTOpI/II/I ObLIH IMOJIYy4YCHBI CICAYIOIHNE PE3YJIbTAThI.

O3epo pH CO:2, Mmonp/n Ca?*, monb/n
A 6,83 0,00273 0,00118
b 6,39 0,00486 0,00256
B 6,07 0,00731 0,00482

Jl7is MojenupoBaHus MPOIECCOB CYUTATh, UTO KOHIIEHTparus yroiabHoil kucinotel H2CO3 paBHa
koHIeHTpauuu pactBopéHHoro CO.. HMcmonb3oBaTh TONBKO NEPBYIO CTYNEHb AMCCOIUAINH
YTOJIBHOW KHCIIOTHI U IIPEANOJIOKHUTD, UTO CTENEHb JUCCOLMALIMU MaJla.
KoHcTanTa muccomuaiym:
Ka(H2C03)=4,3-10"7
Bonpocwi:

1. 3anummnTe BhIPAXKEHUE NJI1 KOHCTAHTHI MEPBOM CTYNEHHU JUCCOLMAIMU YTOJbHOM
KuCIOThl. O003HAUMB KOHIICHTPAIIMIO MOHOB BOJOpOAAa uepe3 X, BBIBEAUTE NPHOIMIKEHHYIO
opmyy:

[H +] ~ K, C

VYkaxeTe, Kakue TONyIIeHUs] ObUTH UCTIOB30BaHBI TP BBIBOJE STOU (POPMYIIHIL.

2. Hcnonb3ys nanubie 1uis o3epa B, Beruuciaure

KOHIIEHTpanuto H¥, cremenp aucconuanud  yrojabHOM  KUCJIOTHI, KOHIIEHTPAIHIO

HGHHCCOHHHPOB&HHOﬁ KHCJIOTBI, KOHOCHTpPAIUIO FH)IpOKap6OHaT'I/IOHOB, TCOPECTUUCCKOC 3HAUCHUEC
12



pH. CpaBHHTE MOTyYeHHOE 3HAYEHUE C IKCIIEPUMEHTAIbHBIM U IPUBEAUTE HE MEHEE JIBYX MPUYMH
pasnuyus.

3. Sanumute: a) nucconmanuto H>COs; 6) peakuio pacTBOpeHHst KapOOHATa KaIbIUs
B nipucytcTBuu CO:.

4, Bo Bpems nmaGoparoproro MoaenupoBanus yepe3 1,00 1 TUCTHIIMPOBAHHOW BOJBI
nponyctunu 437 mu CO: (H.y.). [locne ycTaHOBIEHUSI paBHOBECHS PACTBOP MPHUBEIH B KOHTAKT C
M30BITKOM M3MENbUEHHOT0 M3BeCTHsAKA. Onpeenure MaKCUMaIbHO BO3MOXKHYIO Maccy KapOoHaTa
kanbius CaCOsz, KoTopast MOXKET IMEeperTH B PacTBOP.

5. Uepes 24 yaca macca pacTBOpUBILErocsl M3BeCTHsIKa cocTtaBuiia 1,58 r . Bo ckosbko
pa3 JKcCIepUMEHTaJbHas Macca MeHblle pacuétHou? Ilpennoxkute He MeHee TpPEX IPHUUUH,
OOBSICHAIONINX PA3TUYNE MEXKTY PACUETHBIM U SKCIICPUMEHTAIBHBIM Pe3yJIbTaTaMu.

6. Hcnonb3ys pe3yabTaThl XUMHUYECKOTO aHATN3A:

° pacroiokuTe 03épa B MOPSAKE YBEIHMUEHUS MHTEHCUBHOCTH PACTBOPECHHUS
KapOOHATHBIX IOPOJI;

° NOJATBEPANTE CBOW BBIBOJ JAHHBIMU TaOJIHIIbI,

° 00BSCHUTE, TOUEMY COJIEpPKaHNE HOHOB KaJlbLIUs BO3PACTAET OAHOBPEMEHHO

C YBeJIMYEHHEM KOHIIeHTpauu pacTBopEéHHOro COs..

13



CTAPHIASA JIMT'A

Saganue 1

AJITEBPA AJEPHOI'O IIUTA

B 2025 romy aromHasi npoMbllieHHOCTh Poccun otmetuna 80-yietue co JHA OCHOBAHUS
[lepBoro rnaBHoro ympasieHus npu CoBHapkome (Coser Hapoasbix komuccapoB) CCCP (20
aBrycra 1945 r.) — xioueBOM BEXW B CO3/IaHMM SIICPHOTO IIUTa CTpaHbl. Uepe3 roji mocie
ocHoBanus [lepBoro riaBHoro yrnpasienus 25 nekadps 1946 roga 6w 3amyiiex nepsbiit B EBporie
u EBpasuu spepusiii peakrop ®-1 B Jlaboparopuu Ne 2 AH CCCP (B Hactosee Bpemss HUILL
«KypuaroBckuii HHCTUTYT», I'. MockBa). B pamkax MeponpusTHii, MOCBSIIEHHBIX HOOUIIEIO
aTOMHOM oTpaciu, B TekymeMm 2026 rogy ydyaCTHUKAM OJMMITAA]IbI TIPEIIaraeTcsl peuuTh 3a1ady,
BOCHPOU3BO/ISIIYI0 HHXEHEPHYIO JIOTUKY MEPBBIX COBETCKUX (PU3UKOB-SICPUINKOB.

JIns co3/aHus aKTHBHOM 30HBI PeakTopa HEOOXOAUM ypaH, 06oraméHHkIi n3otornom 22U,
B npupoaHoM ypaHe H30TOIHEIA coctas cnemyrommii: 0,72 mace. % 2%U, Bcé ocrampHoe — 238U,
s oborameHust ypaHa M3 MPHPOJHON YpPaHOBOHM pyjabl MoOdydaroT razoo0pasubiii UFs, manmee
UCIONB3YIOT MeTOoJ Ta3oBod auddys3uu, kodhdUIMEHT pa3aeneHus H30TONOB IMPU OTHOM

TCOpeTquCKOﬁ CTYIICHHU pPa3JACJICHUS PABCH:

Areop™=

Bonpocwi:

1. PaccuuTaiite Teopernyeckuii K03(hGUIMEHT pa3feieHUs Oreop (C TOYHOCTHIO A0 6
3HAKOB TOCJIE 3aISTOM ).

Ha nmpakTrke u3-3a CTOIKHOBEHHSI MOJIEKYII IPYT C APYTOM B IIOpax MEMOPAHbI ¥ TIPOIIECCOB
1 Qy3un peanbHbIi KOXPPHUIUEHT 3HAYUTENFHO HIKE TEOPETHUECKOTO U COCTABIISET:

Apean= 1+ ”(aTeop' 1)

2. CKOJBKO peasbHbIX CTYIEHeH pasfeneHus N notpedyercs, 4ToObl 000raTuTh ypaH
110 90 macc. % o 2*U, ecnu peansusiit KITJI 7 yctanoBku coctapiser 30 %?

3. [Ipemioxxkute crnocod BBIACTCHUS METAJUIMYECKOrO ypaHa M3 MOJTY4YeHHOW cMecH
razos 2UFs u 28UFe.

Urak, 6pu10 momyuerno 1,000 xr mMerammmaeckoro oboraméHHoro ypana. UtoOsl U3BIIeYb

nonb3y U3 ocrabiierocs 22U B 060ramgéHHOM ypaHe B MEPBBIX COBETCKHX PEakTopax M3 HeEro

14



nonydai X (KOTOPBIN TaKkKe IMUPOKO MCIOJIBb3YeTCs B SIICPHON YHEPIeTHKE) COTJIACHO COTJIACHO
CICYIOIIMM TTPEBPALICHHUSIM:
28U +in-> A
A-B+ 5
B-X+ 5
Conepsxamuiics B peaktope 2>°U menutcs, MOJIEPKUBAs LEMHYIO PEaKIHI0 M CO37aBas
MOIITHBIH TIOTOK HEHTpoHOB. VIMEHHO 3TH HEHTPOHBI 3aXBaThiBalOTCA sAapamu 22U (Ipu 3ToM
UCITyCKAETCsI JINIITb TaMMa-KBaHT).
[epuons! noypacnaza: t1/2(>°U) = 704 s ner, 112(38U) = 4,468 mnpx e, 112(A) = 23,5
muH, T1/2(B) = 2,36 cyTok, 11/2(X) = 24110 1et. [110THOCTH MOTOKA HEHTPOHOB B peakTope @ = 101
2

cm2cl, ceuenme 3axBara HeiiTpoHa axpoM o = 2,7-1024 cm?,

4, Omnpenenure A, B u X.

S. Paccuuraiite ckopocTh peakuuu Vo — KoJIHM4ecTBO aToMoB 238U, mpeppararomuxcs
B A 3a 1 cexynay. CuuTaTh, 4To BCe HEHTPOHBI UAyT HA HEHTPOHHKIH 3aXBat Aapamu 22U,
6. Paccuuraiite maccy X (B mMuwumMrpammax), Koropas Hakonurtcs 3a 14,16 cyrox

obxyyenust 1,000 kr oboraméHHOro ypaHa MoTOKOM HEWTpoHOB. Pacmasom M30TOMOB 28y y X
MOJKHO IpeHeOpeub, TaK KaK MX HEepuoJbl IoJypaclaja HecpaBHUMO Ooiblie, yeM y A u B.
[IpuHATH, YTO PaJAMOAKTUBHBIA pacraj — 3TO peaklMs MEPBOrO MOpsiKa. YUTHUTE, UYTO KaKIaas
HOBas Mopuus (Hampumep, mojiyueHHas B t+1 cekyHay) moiydyeHHBIX siiep B monsepraercs f-
pacraay MeHblllee BpeMsi OTHOCUTENILHO MpeIblIylel mopuuu (B t-yro ceKyHAY) MOTY4YEeHHBIX SAep
B.

7. OneHute, BO CKOJBbKO pa3 Oosbiie X MOITYYUTCS B TaKOH e mMacce MPUPOJIHOTO
ypaHa 3a TO e BpeMs IIPU TAKOM e MOTOKE HEUTPOHOB.

8. Haiigure cymmapnyto aktuBHOCTS (B bk) 1,000 xr o6oraménnoro ypana uepes 14,16
CYTOK 00JIyueHHsI TOTOKOM HEMTPOHOB. AKTUBHOCTb A N30TONa MOXKHO HaiTu 1o popmyne A =4-N.

9. [IpemioxxkuTte crnocoObl YTUIM3ALMKU COJAEPKUMOI0 peakTopa MpU €ro aBapuiHON
pasrepMeTu3aluy Win nojgomke. Ilpu HeoOX0MMOCTH HANMMILIUTE YPABHEHUSI pEaKIUU.

JlonosiHUTeIbHASA HHpOPMALMS:

Yucno cryneHeil pa3ienenus N cBsizaHo ¢ yucioM sjep N u kodappuureHTom pasaeneHus o

CIIEIYIOLIHM 00pa3oM:

0
M _ N on
N MY
[Tepuon momypacnazaa ti/2 CBA3aH C MOCTOSTHHOM paciajia A CIeIyIomUM COOTHOIIEHUEM:
In 2
A= —
T2

15



3aKOH paJIMO0aKTUBHOTO pacnaja:
N(O) = Ny-et
CyMMa nepBbIX YJICHOB T€OMETPUUECKOM MPOrpeCcCUH:

o h@™n
g1

rae b1 — nepBbIil WieH Nporpeccu, ( — 3HaMeHaTeNb IPOTrPECCUH, M — YHUCIIO WICHOB MPOTPECCHH.

3aganue 2

JIEJIO Ne X / 2

BemectBo X — 30JI0THCTO-KENTHIE KPUCTAILIBI, JIETKO BO3TOHSIONIUECS B Bakyyme. X
pPacTBOPUMO B OOJIBIIMHCTBE OPraHUYECKUX PACTBOPUTEIIEH, HO HEpaCTBOPUMO B Bojie. Ha Boznyxe
IIpY KOMHATHOM TemrepaType BEIIECTBO YCTOMYMBO B T€UECHHE HECKOJIBKUX MECSIIEB, OJHAKO MPU
HarpeBanuu Boiie 110 °C 6e3 gocTyma Bo3ayxa pasnaraercsi ¢ 00pa3oBaHueM TBEPIOTO OCTaTKa U
OuHapHOTO rasa Y Jjerde Bo3ayxa (peakyus 1), He TOTJIOMIAIOIIETOCS PACTBOPAMH IIEIIOUEH |
KHCJIOT, HO pearupymoiiero ¢ HarpetbiM okcuaom meau (1) (peaxyus 2).

He6onpioe komuuecTBo X cAaly Ha aHaJIM3 METOJIOM Macc—crekTpomerpuu. [Ipu stom

OBUI TIOJTYYEH CIICAYIONIHIA MacC—CIEeKTp (YUTHTE, UTO 3apsijl BCEX YacTHIl paBeH +1):

MASS SPECTRUM

@ ©

100
80 A

60

Rel. Intensity

40 1

201

R I T A |

rrrrrrrr

T
0.0 100 200 300 400
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Taxoke u3 npyroro obpasma BemectBa X 0b01 moiayden UK cnexktp nmornomenus,

XapaKTepH3YIOIHIiCsS CHIBHBIMU Hojocamu Tpu 2063, 2028 u 1997 cm™,

Bonpocut:
1. Ompenenure Y u X. OtBet 0060cHyiTe. Hanummmre ypaBHeHus peakyuii 1-2.
2. Hapucyiite npocTpaHCTBEHHOE CTPOEHHE BelecTBa X.
3. [Ipemoxxute cocrtaB ockonxkos 1-9.
4, Kakum rpymmam/rpynmne cCOOTBETCTBYIOT 4acTOThI moriomieHus mpu 2063, 2028 u

1997 em! B UK criekTpe BemecTa X?

XapakTepHOl 0COOCHHOCTBIO COCTUHEHUS X SIBISICTCS 2OMONUMUUECKAS OUCCOYUAYUSL TIPH

obydernn (400 HM).
5. Hanummre aucconumanuio X npu o0IydeHHUH.

BemecTBo X, a TaKKe €ro MMpOU3BOAHBIC BCTYIIAOT BO MHOXKECTBO XUMUYICCKUX peaKHHﬁ,

HCKOTOPLIC U3 KOTOPLBIX MPEACTABJIICHBI HA CXCME HUIKEC:

X1 X3

X13

X11

Jlonoanumenvhas qu)opMauwz:

1) Peaxnus oOpa3zoBanus BenecTBa X1 — peakius coeAMHEHHUS.
2) Peakuus oOpasoBanus X4 u3 X2 HanmoMuHaeT 1o ceoemy cMmbicity Ha iepexoz AlCls B razosyro
dbazy.

3) BemectBo X8 nposiBiisieT KUCIIOTHBIE CBOMCTBA.
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4) B Bemectee X10 w(Ge)=15,63%.
5) [1pu o6pazoBanuy BemectBa X14 Bemectso X u PPhs pearupytoT B MOJIbHOM cooTHOIIeHHH 1:1.
6. Omnpenenure BemectBa X1-X15. M300pasute cTpykTypHbie popmyiisl BemiectB X1,
X4, X6, X14, X15.
7. [IpuBenuTe ypaBHEHHUS XUMHUYECKUX peakyuii 3—18.
BemectBo X npuUMEHSIOT B KayeCcTBE KaTalM3aTopa HEKOTOPBIX OPraHUYECKHX PEaKIUH.

Hamnpumep ero aeiictBue 0Ka3blBaeTCs MOJIE3HBIM B CIEAYIOIIECH pEaKIu:

CO,Et X (15 mol %)
I+ }\/SOZPh ) .
EtO,C CO,Et —
II (1,5 eq.), DMSO (0,2 M) E{O,C
N

H
fmmmmmmmmmmmmm oo 36 W blue LED, rt, 24 h, Ar

| CHs=Et Q.
: SN
! DMSO
8. [IpemioxuTe MEXaHU3M JaHHOM peakuuu. B cBOEM OTBETE yUNTHIBATE OTBET HA
BOIIpOC 5.
3ananne 3
4%
MHUKPODPIIONINUKA
s wh ool
| IV 'hl | ﬂ ‘
Mukpoduonuka — OIHAa M3 MOJIOJBIX oOjacTeld XHWMHUYECKOW HayKH, B KOTOPOH

paccMaTpHuBarOTCSl MPOLIECCHI, MPOTEKAIOUIME B Y3KUX TPYOKaxX WJIM KaHajlax C JAUaMETPOM OT
JIECSITKOB 10 COTEH MUKpOMeTpoB. Kak oka3bIBaeTCs, IPOLIECCH] B HUX MPOTEKAIOT COBCEM MHAYe,
4eM B 00bEMHBIX XUMHUECKUX PEAKTOPAX.

OnHOM U3 TIIaBHBIX 0COOCHHOCTEH MHUKPOQIIIOUIHBIX YCTPOUCTB SABISAETCS JTAMUHAPHOCTh
MOTOKA B HUX, TO €CTh CJIOM HUJKOCTH WJIH ra3a B IMOTOKE JBUXKYTCS MapajljielIbHO JAPYr JIPYTY,
IJ1aBHO U 0€3 B3aUMHOT0 nepeMenirBanusi. OTHaKo JAMUHAPHOCTh ITOTOKA HE OTMEHSIET AUPPy3Hto
B CTOPOHBI, IEPIEHUKYIISPHbIE OCH JBM)KEHUS ITOTOKA, epeMeleHre YacTull 1updy3neit MOXHO

HpI/I6J'II/ISI/ITCJ'ILHO onucarb COOTHOMICHUEM 31\/'IHH_ITCI\/'IH8.-CMOJ'IyXOBCKOFOI

x% = 2Dt
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X2

— CpellHee CMELIEHUE YaCTULIBI, TO €CTh HACKOJIBKO JAJIEKO YaCTHUILA yIja OT CTapTOBOM
TOYKHU 3a BpeMs t. MHOXuUTENb 2 BO3HUKAET M3-3a HAJIMUUA JIByX PaBHOIPABHBIX HAIpPaBICHUI
JBHKEHUS YaCTULIBL.

D — xoadpdunuent nuddysun. Jns monexkyn Boasl kodddumuent auddy3uu npu 25°C B
2
BOIHOM cpefe paseH 2.3 - 107° MT

Bonpocui:

1. CpaBaure 3(p(EKTUBHOCT, MaccolmepeHoca B MHKPOQIIIOWIHOM KaHalle U
XMMHUYECKOM CTakaHe. B kakoMm ciydae sydiie terionepeHoc?

2. Kak B cpeaHeM BiuseT JaMMHAapHOCTb IOTOKA HA CEJIEKTHMBHOCTb INPOTEKAHUS
XUMHUYECKON pEaKIuu, €CIi peareHT A MOXEeT pearupoBarb C peareHToM X ¢ 00pa3oBaHUEM
MOOOYHBIX TPOLYKTOB?

3. Paccuuraiite = koHBepcuio  AUPPY3MOHHO-KOHTpOIUpPYeMOr  (TmpoTeKaroei
MI'HOBEHHO ITPH KOHTAKTe YacTHUI[bl BelIeCTBA A ¢ yacTullel BemecTBa B) peakunu A u B B cityuae
MUKPO(DITIONTHOTO KaHaja MPSMOYTOJIbHOW (DOPMBI, CEYEHHE KOTOPOTO IPEACTABISET COOOM
MIPSIMOYTOJIBHUK € TIIYOUHOHM kKaHana 50 MKM, IJIMHON 4 CM U IIMPUHAMM U3 PUCYHKA, U B ClIydae
XMMHUYECKOI0 CTakaHa C AMaMEeTpOM OCHOBaHUS 37 MM U BbICOTOM 50 MM 3a OZHO U TO e BpeMsl.
CKopocTh OTOKa B MUKpODIIOUIHBIX KaHamax 1 mki/c. KoHneHTpanus BemecTBa A B moToke Nel
paBHa 0.1 M, a morok Ne2 1enukoM COCTOMT M3 MOJEKyl B u HaxoguTcs B CHJIBHOM H30BITKE.
Cxopocts notokoB Nel u Ne2 B MHKpOQUIIOMIHOM KaHaje OJMHAKOBa, a TpaHula pasjena ¢as
pacrnosiaraeTcss MO cepeauHe KaHaia. J{as NpocTOThl pacy€ToB cuuTaiTe, 4yTo (hopMyna
TnepeMeleHns dYacTHIl BelecTBa A B CTOpoHy (assl Bemectsa B s10 x = VDt, To ecTh
pacnpezeneHue 4actull npu Au@Qy3un He SKCIOHEHLMadbHOe, a paBHOMepHoe. [luddysueit

yactull BemectBa B B ¢a3y BemectBa A MoxHO nipeHeOpeds. Koaddumment nuddysun A pasen

M2
Dy =10-107%

pal I\ s
k 4 y e I~y
S . | /
| Y i IS E
N <
7 A
“ 5 37

CneBa MUKpODIIOUAHBIE KaHAJIBI, CIIpaBa CTaKaH
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4. OpHuM Y3  UHTEPECHBIX  HampaBleHUH B MUKPOQIIIOUIUKE  SBJISETCS
aKycTOQUIFONINKA, UCIIONB3YIONIAs YIBTPAa3BYKOBBIC BOJHBI JUISI MAHMITYJISIIUN HAJ YacTUIAMH B

MUKPODITIOUTHBIX YHIIAX:

YNbTpa3ByKoBoOW
aKTyaTtop

Curna, ¢ KOTOPOW YaCTHUIBI OTKJIOHSIOTCS OT YJIBTPa3ByKOBOTO HCTOYHHKA, YIPOIEHHO
MOKHO OIUcarh (YOPMYJIONA:
F=k-R3
k— HexoTopasi KOHCTaHTa, 3aBUCSAIIAs OT TUIOTHOCTH YacCTHII M CPEbl, CKOPOCTEH 3BYKA,
9acToTH ynbTpa3Byka (k = 200 000 %). R — panuyc 4acTUIIbIL.

ConpoTuBieHnE ABM)KEHUIO MUKPOYACTHIIBI IOAUMHSAETCS 3akoHYy CTOKca:
F = 3mudv.
H-IMHAMHYECKast BA3KOCTb kuAKocTH (a7 Boasl 1 Mlla - ¢); d — nuameTp 4acTuipl; v — CKOpOCTh
gacThlbl. /14 mpOCTOTHI pacyeToB CYUTAWTE, YTO YAaCTHIA JOCTUTAeT MOCTOSHHOM CKOPOCTH
MPaKTUYE€CKH MTHOBEHHO.

B MukpoduronHoM KaHaie MpsIMOYroidbHOW ()OPMBI, CEYEHUE KOTOPOIO MPEACTABISET
co0oit mpsiMoyroibHUK ¢ upuHoi 1000 MxMm, r1y6rHO# 250 MKM, U AJTMHOHN 5 CM pa3AemstoT MOTOK
cdepuueckux yactull ¢ tuamerpom 10 u 20 MkM B Bojie ipu ckopoctu notoka 100 mki/c. I'panuna
paszena MOTOKa ¢ YaCTHLAMHU M YHUCTOrO MOTOKA paclloylaraercsl 10 CepeiMHEe OOILEero KaHaia.
PaccuuraiiTe COOTHOIIEHHS YacTUIl B BHIXOASIIEM MOTOKE ¢ KPYIHBIMU YacTULIAMHU M B MOTOKE C
MenkuMu dactuuamu. Jduddysuell ¥ ApyruMu cuilaMd, B TOM 4HMCJIE€ TpaBUTalMEH, MOXKHO

npereOpeusb. KoHIeHTpallns 9acTuil B M3Ha4aIbHOM OTOKe oauHakoBa it 10 u 20 MKM.
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3aganue 4

CUHTE3 C U3IOMUHKOM

Ha cxeme Hmxe MMpEaACTaBJICH CUHTE3 BA’)KHOI'O B OpFaHquCKOﬁ XHMHUHU B€OICCTBA H.

1) NaNO, HBr, 0°C _#

“2)HBr, CuBr,a =~ mmeemmeeo-

1) Mg, Et,0 | O :
Y 2) C02 1 Etzo I
|
3) H;0"
Y 1)socl, P,Os, A 1) LiAlH,
E 2) NH, ~F -G 2) H;0" H

[Ipo mpeBpamenue A B C u3BecTHO, 4T0 “Eciu Ovl «yuenviiiy He coenan Huuezo 6oiee,
Kkpome npespawenusi A 6 C, mo e2o umsa u moz0a ocmanocs Obl 3anNUCAHHbIM 3010MbIMU OYKEAMU 8
ucmopuu xumuu’.

[IpeBpamenue E B D sBisiercs paaukaibHON peakiveldl U HOCUT UMsI YY4EHOI0, KOTOPbIH,
“IydIIui XUMUK CPeN MY3bIKAHTOB U JIYYIINN MY3BIKaHT CPEeId XUMHUKOB.

Coenunenus C u H — romonoru.

Bonpocwi:
1. N3o06pasute crpykrypHble (opmynsl BemecTB A—H. Ykaxure ycloBUs NPOBEIEHUS
peakuuii B B C (ycnosue X) u E B D (ycnosue Y).
2. Ha3zoBute yueHoro, uMs KOTOpOro cBsi3aHo ¢ peakuueit u3 A B C.
3. [Ipennoxure mexanusm npespamenus E B D. Kak Ha3piBaeTcst faHHas peakius?
BemectBo H oxa3bIBaeTCsi MOJIE3HBIM NPU CHHTE3€ MPOTUBOSIMIEITUYECKOTO Mpenapara

nakocamuda (ToproBoe Hazanue — Vimpat):
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1) DIBAL-H, DCM, -78 °C

OH 2) NaH, (EtO),P(0)CH,CO,Et
? DHP, PPTS _ . THF, 0°C = 1) NaH, Mel, THE, 1t
- CO,Et  DCM,rt I DIBALH, DM, 78 °C c g 0.2) AcCl, MeOH, it~ K
104118%3
1) TCA-NCO, DCM, 0 °C, 1 h
r n 2) aq. K,CO3 MeOH, 1t, 2 h
NHAc
E MeMgBr, THF [3.,3] < TFAA, EGN, THF
MOME -10°Ctort N M 0°C, 30 min C7HIl;NO3
RuCl;-H,0, NalOy
acetone/water (5:1) - -
IBCF, NMM, H ' Me = CH, 0. A H :
S > ' N _O X I
THEF, -20°C to 1t JaKocamuo 1 Et= C2H5 \S\/ | CH2C12 )\/All .
i Ac = CH5CO K N DCM !
E H DIBAL-H '
! PPTS l
Lt adhe @ O
I Xe O)J\CF3 CLC™ 'NCO "0 0 E
| TFAA TCA-NCO THF DHP !
: 0 | :
: )J\ N !
E cl O/\( [ j rt = room temperature E
: IBCF 0 !
: NMM !
4, N3o6pasute ctpykrypHbie popmyn BemecTB |-P ¢ ykazanuem cTepeoxuMum.
5. Onpenenure abconomuyro Kongueypayuio MOJICKYIbI BerecTa P.
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3aganue 5

BUOCHUHTE3 IIOJIMKETHA0B

7

[TonukeTnpl — YAMBUTENBHBIM KJIACC MPUPOAHBIX COG,I[I/IHCI/If/i, BCTpEYAOLIUXCA Y
MHUKPOOPIraHU3MOB, pacTeHi 1 TpuboB. HecMOTps Ha CII0)KHOE CTpOEHHUE, UX OMOCHHTE3 OCHOBAaH
Ha MHOTOKpPaTHOM IIOBTOPEHMM IPOCTBIX XHMHUYECKMX IpeBpalleHuil. MHorme u3BecTHbIE
aHTUOMOTHKU W JICKApCTBEHHbIC BEIIECTBA OTHOCATCA K MosiketuaaM. B 3Toil 3ajmaue Bam
IIPEJCTOUT Pa30o0paThCs ¢ 0COOEHHOCTSIMH CTPOCHMSI U OMOCHHTE3a IMOJIMKETHI0B.

OTnuuuTenbHON YepToil OMOCHHTE3a MOJIMKETUAOB SIBISACTCS Y4acTHE IMOJUKETHICHHTA3
(ITKC) — MynbTUIOMEHHBIX ()EPMEHTHBIX KOMILIEKCOB, MOCIEIOBATEIBHO MPHUCOCTUHSIIOMINX
JIOHTUpYIOIKE CyOCTpaThl K HayalbHOMY cyOcTpary. Pactymas yriepoaHas Lenb MOXET ObITh
JIONIOJTHUTEIBHO IO/IBEPTHYTA IOCIEAYIOIIEMY BOCCTAHOBJICHHMIO U  BBICBOOOXKACHUIO U3

(dbepMeHTHOTO KOMIUTeKkca. Hike mpuBeeHbI cTaquu, Katanmsupyembie nomeHamu B [TKC.

Peaknusi HJIM MeXaHU3M peaKIuu

1) 3arpy3ka HauaiabHOTro cyOcTpara
Cah,
o=
R CoASH AR, :
] | CoA ;
. \M _// i a1 :
- Co=
| | i Ry ;
= U:ﬁfﬂ | aumn-SCoA |
R
2) 3arpy3ka 3JIOHTHPYIOIIEro cyocrpara
Coh,
5 .
o= , Rz =H. CHy
Rz E
D} . CoA CoA
OH CoASH ; 5 S
\\_// 0=, ©
. H GH3
- . ;T
@ @ , 0=, D:‘:}_
| : OH OH
SH 0. -5 D manoHWn-SCoA  MetMAManosMn-SCoA
o
R
QOH
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3) DIoHTans

CO,
%Tf | EH H _H'\‘
\"x _F/ O O
"1 Rz
R4
4) BoccranoBnenue u BRICBOOOXKICHNE TIPOAYKTA
Q
NADPH + H* NADP* NADPH + H* NADP* Hol) g /-\‘)L

NP ST AW
f20%0%0 %0 ¢
R?Lﬂ sz\r”” %L REI Ly

R Ry R4 R4

(*) nocreoussi cmadus modcem npoxooums ¢ 00OPA306aHUEM YUKIUYECKO20 TAKMOHA 6e3

yuacmusi 800bl.

[Tox apxuTeKkTypolt MyJIbTHAOMEHHOTO (EPMEHTHOTO KOMIUIEKCA MOHWMAIOT COCTaB M
OpraHM3alfio ero KaraauThuueckux nomeHoB. Apxwurektypa I[IKC, obGecreunBaromieil cuHTe3
COOTBETCTBYIOIIETO MPOAYKTa M3 HadajgbHOro cybcrpara (ammi-SCOA) U AIOHTHPYIOIIETO
cyoctpara (mamomn-SCOA  wm  MetwiManoHun-SCOA), MokeT OBITh CXEMaTHYECKH

MMpeaACTaBJICHA B BUAC IMOCICAOBATCIIBHOCTU JOMCHOB!

o]
~
LCab
R,”u"s
+ o
11« OD0000000 -
—
R OH
HO \HMS,GDA 1 5,
Rz
+
MADPH J
Hosacuumenvuas ungdopmayus:
° 0oMeH, Kamaiusupyrouwui coomeemcmsyowyo cmaourw Ouocunmesa, yYKaszaw noo

cmpenkou peakyuu. Hazsanus domenos: ACP — ayunnepenocawuii 6enok, AT — ayunmpancghepasa,
KS — kemocunmasza, KR — xemopedykxmasza, DH — 0ecuopamasza, ER — enounpedyxmasza, TE —

muoacmepasa,
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o ATL u ACPL — domenvl 3aepy3ku nauanoHoeo cyocmpama,
J pasHele yeema 0003HA4AOM pasiuinsvie MoOyau. JJomenvl 00H020 Muna 8 pazHvix MOOYIAX
MO2Ym UMemb PA3IUYHYIO0 CYOCMPAMHYI0 CReYUDUUHOCTD,
J nocnedosamenbHocmy 0omenos 6 apxumexkmype I[IKC ne obszamenvHo coomeemcmeyem
nOC1e008AMeNbHOCMU KAMAIUZUPYEMBIX UMU PeaKyull,
o CoASH — koghepmenm A;
o NADPH u NADP™ - eoccmanosnennas u okuciemnas popmol HUKOMUHAMUO AOCHUH
ounykieomuo ¢ocpama coomeemcmeeHHo.

Humxe mnpuBemeHa cxema OwocuHTe3a 6-meokcudpurpoHoiuma B (6-dEB) —
NPEANICCTBCHHUKA MAaKpPOJIMIHOTO AHTUOMOTHKA O3PUTPOMHIIMHA, OCYLICCTBISIEMOTO TpPeMs
depmentapiMu komiuiekcamun DEBS1, DEBS2 u DEBS3, koTopsie B COBOKYIMHOCTH COJIIEpKaT

IIECTh MOCeaoBaTeNbHbIX Moayitei (M1, M2, M3, M4, M5 u M6).

Cof, Coh,
3 5
CoA
"S o] Q
D
o
OH CoASH+CO; NADPH+ H* OH CoASH+ COp
DEBS1 DEB$1 DEE|51 DEEE1 DEHs'l
I:IEB-'E1 I:IEBE1 nEHs-l DEE|5.1 DEBS1 DEB-31
Cod NADPH
s e
o
I:EHE'I
o NADP*

CoASH+C0O; HO CoASH + Cﬂz HO
DEBSZ DERS2 DEBS1
'2 i M3

DEBS2 DERS? DERSZ L DEBSZ  DEBSZ / DEBSZ  DEHS2 r
[ [T M4 [ ™

OH
ness3 o
CoASsH

+ 00z ]
NADFH + H* NADP* oH CoASH +CO;  MADPH + H*

DEB-3$ EEBS]- DEBSS \ / DEBSS
r

- H0 2NADP® ZNADPH +2H

(- T

DEBE3 DEBS3 DERS3

DEB\SS -'
M5 [ Ko [ Xy

Bonpocwi:
1. N306pa3ute crpykrypHblie ¢opmynbl Xi1-Xi1. B oTBere mpuBeaute CTpyKTypbl B

cocrase xkoMmIuiexkca ¢ ACP.
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2. brnaronapst moxyneaoi opranm3anuu [IKC MoryT ObITh MOAM(PHUIIUPOBAHBI TAKUM
o0pa3oMm, 4YTOOBI HCIIONB30BaTh pPAa3JIMYHbIC AIOHTHpYIOMHKE cyocTparel. Hipke mpuBeneHsl
apxutektypsl [IKC Ouocuntesa nunomunnHa LIPS M1+TE, AT-nomen kotopoii cienupudeH K
MetunMaaoHmI-SCOA, u e€ wmoaudunupoBanHoro Bapuanta L2, B koropom AT-momen

cnenuduaen k MmatoHUI-SCOA. M300pa3ute CTPYKTYphI MPOAYKTOB Y 1-4.

o -,
A coa
Ry 5
. LIPS M1+TE
i ODOOOOO -
> —= T 1y
HO s S,,CEIFO.
+
NADPH y
ﬁ ™
i O
Rym 8 L2
+.
20 .. OD00000 -
HO™ e g -COA
+
MADPH
A
! Ry = CH3CHg, (CH3)zCHCH; |
3. [Iposenenue peakuuu B orcyrctBue NADPH wnn nnaktuBanus KR-nomena B LIPS

M1+TE u L2 npuBenu xk 00pa3oBaHHI0 HEOXKHJAHHBIX MPOIYKTOB (Y9-12) BMECTO OXKHIAEMBIX
npoayktoB (Ysg). Ha ocHoBaHMM TpHBENEHHBIX 3HAYEHHN m/z 0OHapykeHHBIX noHOB [M-+H]*

n300pa3uTe CTPYKTYpHI Y5-Y12.

OsxupaeMbli NPOAYKT OOHapyKeHHBbIH POAYKT m/z ((M+H]*) nas Yo-Y12

Ys Yo 87.08044
Ys Y10 115.11174
Y7 Y1 73.06479
Ys Y12 101.09609

4. [IpuBeaure oOmMI MEXaHHW3M peakUUuud € H300pa)k€HHEM COOTBETCTBYIOLIETO

MEPEXOTHOTO COCTOSIHUSI, OOBACHSIOINN HECTAOMIBHOCTh MMPOAYKTOB Y'5.8.
5. IIpennoxure Bo3moxkHyro apxutekTypy IIKC, ¢ momomnipro KOTOpoil MOKHO

OCYIIECTBUTh OWOCHHTE3 7-OKCOOKTAaHOBOW KHCIOTHI W3 aneTun-SCOA u manoHmi-SCOA,

BBICTYMAIONIUX B POJIM HAYAJIHLHOTO U AJIOHTUPYIOIIETO CYOCTPAaTOB COOTBETCTBEHHO.
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JUNIOR LEAGUE
Problem 1

THE ENIGMA OF THE SIX METALS

F

The year 2026 marks the 315th anniversary of the birth of the great Russian chemist Mikhail

Vasilyevich Lomonosov. One of the scientist's major works was the book *First Foundations of
Metallurgy, or Ore-Working*, which laid the groundwork for metallurgy in Russia at that time.

Mikhail Vasilyevich defined metals as lustrous, malleable bodies, of which there were only
six: A, B, C, D, E, and F. Metals were classified into two types: "noble" and "base." Base metals
could be reduced to ash by the action of fire, whereas noble metals could not be turned into ash by
fire alone.

Metal A is the first noble metal. It is distinguished by its brilliant color and luster. When
exposed to fire, it melts and not only retains its natural beauty but also becomes purer if it had
previously been alloyed with another metal. Alchemists called this metal the Sun.

Metal B is the second noble metal, white in color. Even the purest Metal B always contains
a trace of Metal A. Alchemists called this metal the Moon.

Metal C is the first of the simple metals. Its natural color is red; upon exposure to air, it turns
green as a mineral form (reaction 1), while under the influence of fire, C turns brownish-red
(reaction 2) and then black (reaction 3). When molten metal C is added to water, a loud noise occurs,
similar to the reaction of fire with gunpowder. Alchemists called it VVenus.

Metal D, like metal B, undergoes no change when exposed to air. In fire, it forms a white
powder with a mass fraction of D equal to 78.8% (reaction 4), and in the cold, it crumbles into
powder. Native metal D has not been found. Alchemists called it Jupiter.

Metal E is the most common of the six metals. Its natural color is white with a grayish tint;
in fire, it burns to a black ash (Reaction 5), and upon exposure to air, it turns brown (Reaction 6). It
possesses magnetic properties. Alchemists called it Mars.

Metal F is the last of the simple metals. It tarnishes in air, and under the action of fire, it
forms an orange-red ash (Reaction 7) known as red lead. Alchemists called this metal Saturn.

Questions:

1. Identify metals A—F.

2. Write the equations for reactions 1-7. Metal E burns in oxygen to form a mixed oxide
(reaction 5).
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3. The resulting oxide (mass 23.2 g) is completely reduced by hydrogen upon heating to pure
metal E (reaction 8). Write the equation for reaction 8.

Calculate the volume of hydrogen (at STP) required to reduce the entire amount of oxide
scale.

What volume of oxygen (at STP) was consumed to burn metal E, given that the metal was
used in a 10% stoichiometric excess to produce this mass of oxide scale, and the entire excess was
also oxidized to form the scale?

4. An alloy of metal B and metal A with a mass of 25.0 g was treated with an excess of
concentrated HNOs. The residue was filtered off. An excess of NaCl solution was added to the
filtrate. The resulting precipitate was filtered off and dried; its mass was found to be 14.35 g.

Write all the reaction equations.

Determine the mass fractions of A and B in the original alloy.

Calculate the volume (at STP) of the gas evolved during the dissolution of the alloy sample.

What volume of 2 M NaCl solution was required for the complete precipitation of B* (in
mL)?

5. An ore sample weighing 11.90 g contains a mixture of cassiterite DO: and metallic D.
Treatment with excess concentrated hydrochloric acid resulted in the evolution of 0.448 L of gas (at
STP). Subsequently, the same sample (a separate portion of equal mass) was fused with excess
NaOH in the presence of sodium nitrate, after which the solution was acidified with excess
hydrochloric acid (formation of complex compounds is to be disregarded). The resulting compounds
were reduced using powdered metallic E, and the excess E was filtered off. The resulting solution
was titrated with a standard iodine solution. The titration required 166.0 mL of a 0.500 M iodine
solution. Write the reaction equations.

Determine the mass fraction of metallic D in the original ore (based on the data from the first
reaction with HCI). Using the iodometric titration data, calculate the total content of metal D
(expressed as D) in the sample and the mass fraction of DO-.

Based on the calculation results, what conclusion can be drawn regarding the composition

of the ore?
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Problem 2

THE MATHEMATICS OF THE NUCLEAR SHIELD

In 2025, the Russian nuclear industry celebrated the 80th anniversary of the founding of the
First Main Directorate under the Council of People's Commissars of the USSR (August 20, 1945),
a key milestone in the creation of the country's nuclear shield. A year after the foundation of the
First Main Directorate, on December 25, 1946, the first F-1 nuclear reactor in Europe and Eurasia
was launched at Laboratory No. 2 of the USSR Academy of Sciences (currently the Kurchatov
Institute Research Center, Moscow). As part of the events dedicated to the anniversary of the nuclear
industry, in the current 2026, the participants of the Olympiad are invited to solve a problem that
reproduces the engineering logic of the first Soviet nuclear physicists.

To create the reactor core, uranium enriched with the isotope *°U is needed. In natural
uranium, the isotopic composition is as follows: 0.72 wt. % 23U, all the rest is 238U. To enrich
uranium from natural uranium ore, gaseous UFs is obtained, then the gas diffusion method is used,

the isotope separation coefficient at one theoretical separation stage is:
M(238UF6)
Qtheor= |77,235110 ~
M(“>>UFg)

1. Calculate the theoretical separation factor asneor (accurate to 6 decimal places).

Questions:

In practice, due to the collision of molecules with each other in the pores of the membrane
and diffusion processes, the actual coefficient is significantly lower than the theoretical one and is:
Oreal= 1 4 77(0heor- 1)

2. How many real separation steps n will be required to enrich uranium to 90 wt. % at
235y, if the actual efficiency of the installation 7 is 30%?

3. Propose a method for separating metallic uranium from the resulting mixture of gases
2%5UFs and 38UFs.

So, 1.000 kg of metallic enriched uranium was obtained. To benefit from the remaining 23U
in enriched uranium in the first Soviet reactors, X was obtained from it (which is also widely used
in nuclear power engineering) according to the following transformations:

2880 4 In - A
A-B+ 95
B-X+_95
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The 2®U contained in the reactor divides, maintaining a chain reaction and creating a
powerful flux of neutrons. It is these neutrons that are captured by the 238U nuclei (at the same time,
only a gamma quantum is emitted).

Half-live periods: t1/2(**®U) = 704 million years, 112(**8U) = 4.468 billion years, t1/2(A) =
23.5 minutes, t12(B) = 2.36 days, t1/2(X) = 24110 years. The neutron flux density in the reactor is
@ = 10'* cm™s1, the neutron capture cross section by the nucleus is ¢ = 2,7-:1024 cm?.

4, Define A, B and X.

5. Calculate the reaction rate Vo, which is the number of 23U atoms that turn into A in
1 second. The reaction rate is calculated as follows:

Vo = @-6-Nass,

where Nasg is the number of 228U atoms.

6. Calculate the mass X (in milligrams) that will accumulate during 14.16 days of
irradiation of 1.000 kg of enriched uranium with a neutron flux. The decay of isotopes 23U and X
can be neglected, since their half-live periods are incomparably longer than those of A and B. Accept
that radioactive decay is a first—order reaction.

7. Estimate how many times more X will be produced in the same mass of natural
uranium in the same amount of time with the same neutron flux.

8. Find the total activity (in becquerels) of 1.000 kg of enriched uranium after 14.16
days of neutron flux irradiation. The activity A of an isotope can be found using the formula A =
2-N.

Q. Suggest ways to dispose of the reactor's contents in the event of an emergency
depressurization or breakdown. If necessary, write the reaction equations.

Additional information:

The number of separation stages n is related to the number of nuclei N and the separation

coefficient o as follows:

M N e
N N
The half-life period 112 is related to the decay constant 1 by the following equation:
In 2
A= —
T2
In2 ~0.693
The law of Radioactive Decay:
M) = Ny-ett

e ~2.718 — base of the natural logarithm
The number of X atoms formed at time t can be calculated using the following formula:
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S S S
27172(B) 9 71/2(B)

NX: VO'(t— r
27172(B) 1
The number of B atoms at time t can be calculated using the following formula:
: GV
NB = W-e t'W
Problem 3

: "!\. A A
THE MANY FACES OF X : 8 Y P

The elemental substance X is one of the most abundant elements in the Earth's crust. X is a
constituent of biologically important compounds and is also known for its various allotropic
modifications.

Reaction of the elemental substance X with an excess of chlorine gas yields compound A
(reaction 1). Treatment of A with concentrated sulfuric acid produces two strong acids and
compound B (reaction 2). Upon heating, compound A reacts with ammonium chloride to form
polymer C (reaction 3). The mass fraction of element X in this polymer was determined to be

26.72%. The resulting polymer exhibits physical properties similar of those to rubber.

M K —
HZSO4 MgCIZ
NaClO,
NaOH
H,O O2(exc) Clz NH4Cl
F~—D~— X—>A—>C
©x=26.72%
to OZ(lim.) HZSO4(conC.)
\J
H,0
G | —2 E B
t° t°
Y
H F + J4

®x=38.75%

Combustion of X in an excess of oxygen yields oxide D (reaction 4), whereas combustion
in limited oxygen conditions yields oxide E (reaction 5). Oxide D reacts with water to form acid F
(reaction 6). Successive heating of acid F yields acid G (reaction 7) and acid H (reaction 8), in

which the mass fraction of X is 38.75%. Oxide E reacts with water to form acid I (reaction 9), which
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disproportionates upon heating to form acid F and gas J (reaction 10), which has an unpleasant odor
resembling that of garlic or rotten fish.

Reaction of substance X with a sodium chlorite solution in an alkaline medium, followed by
adjustment of the solution pH to 5.2, yields crystalline hydrate K (reaction 11). Heating 10.00 g of
crystalline hydrate K to constant mass results in a mass loss of 3.44 g. Reaction of 10.00 g of
crystalline hydrate K with magnesium chloride yields a precipitate in the form of 8.15 g of
crystalline hydrate L (reaction 12). Heating 8.15 g of crystalline hydrate L to constant mass results
in a mass loss of 2.29 g. Treatment of salt K with dilute sulfuric acid yields tetrabasic acid M

(reaction 13).

Questions:

1. Identify element X and compounds A—M, given that all of these compounds contain
element X.

2. Determine the compositions of crystalline hydrates K and L, confirming your answer

by calculations.

3. Write the equations for reactions 1-13.

4. Draw the structural formulas of compounds G, anhydrous K, and polymer C. In the
reaction equations, compound D is represented by its empirical formula. However, in reality, its
molecule contains twice as many atoms of each element. Draw the structural formula of compound
D.

Problem 4

MECHANOCHEMISTRY

Mechanochemistry is a branch of science at the intersection of chemistry and mechanics that
studies chemical and physicochemical changes in substances caused by mechanical action.

In mechanochemistry, special compounds called mechanophores are often used, which are
typically large polymer molecules. These compounds respond to mechanical stimulation and
convert it into a detectable chemical effect: bond cleavage, color change, and so on. An example of

such a compound is shown below.
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Questions:
1. Calculate the bond dissociation energy in the mechanophore, given that the standard
enthalpies of formation at 25°C are: ArHz9gA = 2806 kJ/mol, AfH7qgB = 2153 kJ/mol,

2. Assuming the pre-exponential factor is = 10! 571

, and the activation energy is
equal to the bond dissociation energy, what is the reaction rate constant at 25°C?

3. For mechanochemical reactions, the rate constant can be determined using the Bell
equation:

F-xt

k(F) = ky - eksT

x*¥ - is the activation distance (x* = 0.064 nm); k, — is the rate constant in the absence of
mechanical force; kg — is the Boltzmann constant (kg = 1.38 - 10723 J /K); F — applied mechanical
force in newtons (N); T — absolute temperature (in Kelvins); e — Euler's number (e = 2.71828).

Calculate the rate constant for the mechanophore decomposition reaction at 25°C, assuming
the molecular diameter is 40 nm and the ultrasound creates a pressure of 2.2 MPa.

4. Ultrasound 1s widely known for its cavitation effect. During the collapse of a
cavitation bubble, the temperature in local regions rises to 4427°C, and the pressure reaches
thousands of atmospheres, which can be used to break chemical bonds.

An ultrasonic emitter with a power of 100 W generates 404200 cavitation bubbles per
second. Calculate the efficiency of converting ultrasonic energy into chemical bond dissociation

energy, assuming that a cavitation bubble has a radius of 0.015 cm and is completely filled with
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mechanophore molecules, which are guaranteed to be destroyed under the conditions inside the
cavitation bubble.

5. Compare the rate constant for mechanophore decomposition under the cavitation
bubble temperature conditions with the rate constant from part 3.

6. In your opinion, is the decomposition of the mechanophore in an ultrasonic field a
consequence of thermolysis or a consequence of mechanical motion of the medium? Justify your

answer.

Problem 5

PERMAFROST THAWING AND THE CHEMISTRY
OF THERMOKARST LAKES

Permafrost is a layer of soil and rock that remains at temperatures below 0 °C for at least
two consecutive years. Nearly the entire territory of the Republic of Sakha (Yakutia) is underlain
by permafrost, which reaches several hundred meters in thickness in some regions.

In recent decades, rising average air temperatures have caused the gradual thawing of the
upper layers of permafrost. As a result, meltwater transports organic matter that has remained frozen
for thousands of years into lakes. During microbial decomposition of this organic matter, carbon
dioxide (CO3) is produced.

At the same time, melting ground ice causes the land surface to subside, forming depressions
that fill with water. These water bodies are known as thermokarst lakes, one of the most widespread
lake types in Central Yakutia.

Dissolved carbon dioxide exists in equilibrium with carbonic acid and bicarbonate ions.
Changes in water acidity may lead to the dissolution of carbonate minerals and alter the chemical
composition of lake water. Therefore, chemical monitoring of thermokarst lakes has become an
important tool for studying the effects of climate change.

To evaluate the impact of spring permafrost thaw, a group of high school students
investigated three thermokarst lakes in Central Yakutia immediately after the spring flood period.

The following results were obtained.
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Lake pH 0= o
mol/L mol/L
A 6.83 | 0.00273 0.00118
B 6.39 | 0.00486 0.00256
C 6.07 | 0.00731 0.00482
For the purposes of this problem, assume that:
° the concentration of carbonic acid, H.COs, is equal to the concentration of dissolved
COz;
° only the first dissociation step of carbonic acid is considered;
° the degree of dissociation is small.

The acid dissociation constant is
Ka(H2COs3) =4.3 x 1077
Questions:
1. Write the expression for the first dissociation constant of carbonic acid. By denoting the
equilibrium concentration of hydrogen ions as x, derive the approximate expression
[H'] = Kq-C
State the assumptions used in deriving this expression.
2. Using the data for Lake C, calculate:

° the hydrogen ion concentration;

° the degree of dissociation of carbonic acid,;

° the concentration of undissociated carbonic acid,;
° the concentration of bicarbonate ions;

° the theoretical pH value.

Compare the calculated pH with the experimental value and provide at least two reasons for
the discrepancy.

3. Write:

a) the first dissociation equation of carbonic acid;

b) the reaction describing the dissolution of calcium carbonate in the presence of carbon
dioxide.

4. During a laboratory simulation, 437 mL of carbon dioxide (at STP) was passed through
1.00 L of distilled water.

After equilibrium had been established, the solution was brought into contact with an excess
of finely powdered limestone.

Determine the maximum possible mass of calcium carbonate (CaCOs) that could dissolve.

5. After 24 hours, the experimentally measured mass of dissolved limestone was 1.58 g.
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Determine by what factor the experimental mass is smaller than the calculated value.
Suggest at least three reasons for the discrepancy between the theoretical and experimental
results.

6. Using the analytical data:

° arrange the lakes in order of increasing intensity of carbonate rock dissolution;
° justify your answer using the data in the table;
° explain why the calcium ion concentration increases simultaneously with the

concentration of dissolved carbon dioxide.
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SENIOR LEAGUE
Problem 1

THE MATHEMATICS OF THE NUCLEAR SHIELD

In 2025, the Russian nuclear industry celebrated the 80th anniversary of the founding of the
First Main Directorate under the Council of People's Commissars of the USSR (August 20, 1945),
a key milestone in the creation of the country's nuclear shield. A year after the foundation of the
First Main Directorate, on December 25, 1946, the first F-1 nuclear reactor in Europe and Eurasia
was launched at Laboratory No. 2 of the USSR Academy of Sciences (currently the Kurchatov
Institute Research Center, Moscow). As part of the events dedicated to the anniversary of the nuclear
industry, in the current 2026, the participants of the Olympiad are invited to solve a problem that
reproduces the engineering logic of the first Soviet nuclear physicists.

To create the reactor core, uranium enriched with the isotope *°U is needed. In natural
uranium, the isotopic composition is as follows: 0.72 wt. % 23U, all the rest is 2%U. To enrich
uranium from natural uranium ore, gaseous UFs is obtained, then the gas diffusion method is used,

the isotope separation coefficient at one theoretical separation stage is:
M(238UF6)
Qtheor= m

1. Calculate the theoretical separation factor atneor (accurate to 6 decimal places).

Questions:

In practice, due to the collision of molecules with each other in the pores of the membrane
and diffusion processes, the actual coefficient is significantly lower than the theoretical one and is:
Oreal= 1 + 77(Qtheor- 1)

2. How many real separation steps n will be required to enrich uranium to 90 wt. % at
235y, if the actual efficiency of the installation 7 is 30%?

3. Propose a method for separating metallic uranium from the resulting mixture of gases
2%5UFs and 38UFs.

So, 1.000 kg of metallic enriched uranium was obtained. To benefit from the remaining 23U
in enriched uranium in the first Soviet reactors, X was obtained from it (which is also widely used
in nuclear power engineering) according to the following transformations:

280+ In - A

A-B+ 95
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B-X+ 5

The 2%°U contained in the reactor divides, maintaining a chain reaction and creating a
powerful flux of neutrons. It is these neutrons that are captured by the 238U nuclei (at the same time,
only a gamma gquantum is emitted).

Half-live periods: t1/2(***U) = 704 million years, 112(**8U) = 4.468 billion years, t1/2(A) =
23.5 minutes, t12(B) = 2.36 days, t1/2(X) = 24110 years. The neutron flux density in the reactor is
@ = 10'* cm™s1, the neutron capture cross section by the nucleus is ¢ = 2,7-1024 cm?.

4. Define A, B and X.

5. Calculate the reaction rate Vo, which is the number of 23U atoms that turn into A in
1 second. It is assumed that all neutrons go to neutron capture by 28U nuclei.

6. Calculate the mass X (in milligrams) that will accumulate during 14.16 days of
irradiation of 1.000 kg of enriched uranium with a neutron flux. The decay of isotopes 23U and X
can be neglected, since their half-live periods are incomparably longer than those of A and B. Accept
that radioactive decay is a first—order reaction. Note that each new portion (for example, obtained
in (t+1)th second) of the obtained B nuclei undergoes fS-decay for a shorter time relative to the
previous portion (in the t™ second) of the obtained B nuclei.

7. Estimate how many times more X will be produced in the same mass of natural
uranium in the same amount of time with the same neutron flux.

8. Find the total activity (in becquerels) of 1.000 kg of enriched uranium after 14.16
days of neutron flux irradiation. The activity A of an isotope can be found using the formula A =
2-N.

9. Suggest ways to dispose of the reactor's contents in the event of an emergency
depressurization or breakdown. If necessary, write the reaction equations.

Additional information:

The number of separation stages n is related to the number of nuclei N and the separation

coefficient o as follows:

MM
N N
The half-life period 11/ is related to the decay constant A by the following equation:
In 2
A= —
T2
The law of Radioactive Decay:
M) = Ny-ett
The sum of the first terms of a geometric progression:
§= ™)
g1
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where b; is the first term of the progression, q is the denominator of the progression, and m is the

number of terms in the progression.

Problem 2

CASE Ne X

Substance X consists of golden-yellow crystals that sublime readily in a vacuum. X is
soluble in most organic solvents but insoluble in water. In air at room temperature, the substance is
stable for several months; however, when heated above 110 °C in the absence of air, it decomposes
to form a solid residue and a binary gas Y that is lighter than air (reaction 1). Gas Y is not absorbed
by solutions of alkalis or acids, but it reacts with heated copper(11) oxide (reaction 2).

A small amount of X was submitted for mass spectrometry analysis. The following mass-

spectrum was obtained (note that all particles carry a charge of +1):

MASS SPECTRUM

100
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G 601
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T 40
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0.0 100 200 300 400
m/z

The IR absorption spectrum obtained from another sample of substance X exhibits strong
bands at 2063, 2028 and 1997 cm™!.

Questions:
1. Determine Y and X. Justify your answer. Write the equations for reactions 1 and 2.
2 Draw the spatial structure of substance X.
3. Propose the composition of fragments 1-9.
4 Which group(s) do the absorption bands at 2063, 2028 and 1997 cm™ in the IR

spectrum of substance X correspond to?

A characteristic feature of compound X is homolytic dissociation upon irradiation (400 nm).
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5. Write the dissociation of X upon irradiation.

Compound X and its derivatives undergo a variety of chemical reactions, some of which are
shown in the scheme below:

X1 X3

X14

X13

X12

X10

Additional information:
1) The reaction forming compound X1 is an addition reaction.

2) The reaction forming X4 from X2 is reminiscent of the transition of AICl;s into the gas phase.
3) Compound X8 exhibits acidic properties.
4) In compound X10, w(Ge)=15.63%.

5) In the formation of compound X14, compound X and PPhs react in a 1:1 molar ratio.

6. Determine compounds X1-X15. Draw the structural formulas of compounds X1, X4,
X6, X14, and X15.
7. Write the equations for chemical reactions 3-18.

Compound X is used as a catalyst in some organic reactions. For example, its action proves

useful in the following reaction:
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CO,Et X (15 mol %)
I+ /]»VSOzPh
EtO,C CO,Et —
II (1,5 eq.), DMSO (0,2 M) EtO,C
N

e m e e memmmmeoooo. 36 W blue LED, rt, 24 h, Ar

8. Propose a mechanism for this reaction. In your answer, take into account your answer

to question 5.

Problem 3

MICROFLUIDICS
L] o cdll

Microfluidics is one of the emerging fields in chemical science that examines processes
occurring in narrow tubes or channels with diameters ranging from tens to hundreds of micrometers.
It turns out that processes in such channels proceed quite differently than in bulk chemical reactors.

One of the main features of microfluidic devices is the laminar nature of flow — that is, the
layers of liquid or gas in the stream move parallel to one another, smoothly and without intermixing.
However, the laminarity of the flow does not cancel diffusion in directions perpendicular to the axis
of the flow. The displacement of particles by diffusion can be approximately described by the
Einstein—Smoluchowski relation:

x? = 2Dt

x2 — the mean displacement of a particle, i.e., how far the particle has moved from its
starting point over time t. The factor of 2 arises because there are two equivalent directions of
particle motion.

D — is the diffusion coefficient. For water molecules at 25°C in an aqueous medium, the
2
diffusion coefficient is 2.3 - 1070 =

Questions:
1. Compare the mass-transfer efficiency in a microfluidic channel and in a chemical

beaker. In which case is heat transfer better?
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2. On average, how does laminar flow affect the selectivity of a chemical reaction when
reagent A can react with reagent X to form byproducts?

3. Calculate the conversion of a diffusion-controlled reaction (which proceeds
instantaneously upon contact of a particle of substance A with a particle of substance B) between A
and B in the case of a rectangular microfluidic channel whose cross-section is a rectangle with a
channel depth of 50 um, a length of 4 cm, and widths as shown in the figure, and in the case of a
beaker, for the same period of time. The flow rate in the microfluidic channels is 1 uL/s , the
channel depth is 50 um, and the channel length is 4 cm. The concentration of substance A in stream
No. 1is 0.1 M, and stream No. 2 consists entirely of B molecules and is in large excess. The flow
rates of streams No. 1 and No. 2 in the microfluidic channel are equal, and the phase boundary is
located in the middle of the channel. For simplicity of calculations, assume that the displacement of
particles of substance A toward the phase of substance B is given by x = +/Dt, i.e., the distribution

of particles during diffusion is uniform rather than exponential. Diffusion of substance B particles

2
into the phase of substance A can be neglected. The diffusion coefficient of Ais D, = 10-107° MT

G\ oo
////// 3-
S| S
N s Q
=,
5 37 mm
\gl i
On the left: microfluidic channels, on the right: a beaker
4. One interesting direction in microfluidics is acoustofluidics, which uses ultrasonic

waves to manipulate particles within microfluidic chips:

o ultrasonic transducer
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The force that deflects particles away from the ultrasonic source can be approximately
described by the formula:
F=k-R3
k— is a constant that depends on the densities of the particles and the medium, the speeds of

sound, and the ultrasound frequency (k = 200 000 %). R —is the particle radius.
m

The drag force on a microparticle follows Stokes' law:
F = 3nudv.

u — is the dynamic viscosity of the liquid (for water 1 mPa - s); d — is the particle diameter;
v —is the particle velocity. For simplicity, assume that the particle reaches terminal velocity almost
instantly.

In arectangular microfluidic channel with a rectangular cross-section (width 1000 um, depth
250 um, length 5 cm) a stream of spherical particles with diameters of 10 um and 20 um in water
is being separated at a flow rate of 100 pL/s. The interface between the stream containing particles
and the pure stream is located in the middle of the common channel. Calculate the ratio of particles
in the outlet stream containing large particles to that in the stream containing small particles. Neglect
diffusion, gravity, and other forces. The initial concentration of 10-um and 20-pum particles in the

feed stream is the same.

Problem 4

SYNTHESIS WITH A TWIST

The scheme below shows the synthesis of compound H, an important substance in organic

chemistry.
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3 $a,
)@Q‘/ @O&
1) NaNOz, HBr, 0°C g X

D‘z)HBr,cuBr,A C= B
1 /\O/\ 1
1) Mg, Et,0 | |
Y 2) CO, X Et20 |
3)H00 . lmmmmmmmeees '
1)SOCL, P05, 8 1) LiAlH,
E—m, o F ~G 2) H;0" H

It is known about the transformation of A into C that: “If the scientist had done nothing more
than transform A into C, his name would still be written in golden letters in the history of chemistry.”

The transformation of E into D is a radical reaction and bears the name of the scientist who
is described as “the best chemist among musicians and the best musician among chemists.”

Compounds C and H are homologues.

Questions:
1. Draw the structural formulas of substances A—H. Specify the reaction conditions for
B — C (condition X) and E — D (condition Y).
2. Name the scientist whose name is associated with the reaction from A to C.
3. Propose a mechanism for the transformation of E into D. What is the name of this

reaction?
Substance H turns out to be useful in the synthesis of the antiepileptic drug lacosamide (trade

name — Vimpat):
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1) DIBAL-H, DCM, -78 °C

OH 2) NaH, (Et0),P(O)CH,CO,Et
: DHP, PPTS THEF, 0 °C _ 1) NaH, Mel, THF, it
A CO,Et DCM,t I 3) DIBAL-H, DCM, -78 °C >J 2) AcCl, MeOH, rt K
2 CyoH503
1) TCA-NCO, DCM, 0°C, 1 h
— n 2) aq. K,CO;3 MeOH, rt, 2 h
NHAC TFAA, Et;N, THF
R MeMgBr, THF [3,3] - » BN,
AR _-OMe TocC o N < M 0°C 30 min e
RuCl;-H,0, NalO,
acetone/water (5:1) - -
IBCF, NMM, H ' Me = CH 0. H
THF, -20°Ctort = = I Et C2H53 N2y | N CH,Cl, )\/ AI 1\)\
! Ac = CH,CO Do) I DCM
; H DIBAL-H
! PPTS
LA ke QO
! F3C)J\O)J\CF3 CLC™ 'NCO "0 0
: TFAA TCA-NCO THF DHP
' o) |
A :
e o/\( E j rt = room temperature
! IBCF 0
: NMM
4. Draw the structural formulas of substances I1-P, indicating the stereochemistry.
5. Determine the absolute configuration of molecule P.
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Problem 5

POLYKETIDES BIOSYNTHESIS

Polyketides are a fascinating class of natural compounds found in microorganisms, plants,
and fungi. Despite their complex structures, their biosynthesis is based on the repeated execution of
simple chemical transformations. Many well-known antibiotics and pharmaceutical compounds
belong to the polyketides. In this problem, you will explore the structural features and biosynthesis
of polyketides.

A distinguishing feature of polyketide biosynthesis is the involvement of polyketide
synthases (PKSs), multidomain enzyme complexes that sequentially incorporate extender substrates
into a starter substrate. The growing carbon chain may subsequently undergo further reduction and

release from the enzyme complex. The stages catalyzed by the PKS domains are shown below.

Reaction or reaction mechanism

1) Starter substrate loading

Co,
s

(0=
Ry CoASH Cof,

R

e /Q

I @ | acyl-SCod

SH s T
Y

2) Extender substrate loading

Rs=H, CH
E—F{z 2 o

Coh GDA_
ColASH s s

o=(
__DH
l\\\_f/ O D:{u
- H _I.-'_GH3
> Q.0
SH 0. .8 OH O

j’ malonyl-SCoA mathylmalonyl-SCoA.

5
Ry “‘f
OH

3) Elongation
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(*) the last step may proceed with formation of cyclic lactone without participation of water

The architecture of a multidomain enzyme complex refers to the composition and
organization of its catalytic domains. The architecture of a PKS responsible for the synthesis of a
given product from a starter substrate (acyl-SCoA) and an extender substrate (malonyl-SCoA or

methylmalonyl-SCoA) can be schematically represented as the following sequence of domains:
0

~
Rr/ua._s_.ﬂu..ﬁ.

+

D
Ao - DDOOODOOO -
Rg

+
NADPH J

Explanatory information

o the domain catalyzing a given biosynthetic step is indicated below the corresponding
reaction arrow. Domain abbreviations: ACP - acyl carrier protein, AT — acyltransferase, KS —
ketosynthase, KR — ketoreductase, DH — dehydratase, ER - enoylreductase, TE — thioesterase;

o AT and ACP. — starter substrate loading domains;

o different colors indicate different modules. Domains of the same type located in different
modules may exhibit different substrate specificities;

o the order of domains in a PKS architecture does not necessarily correspond to the order of
the reactions they catalyze;

o CoASH — coenzyme A;
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o NADPH and NADP* - reduced and oxidized forms of nicotinamide adenine dinucleotide
phosphate respectively.

The biosynthetic pathway of 6-deoxyerythronolide B (6-dEB), the precursor of the
macrolide antibiotic erythromycin, is shown below. Biosynthesis is carried out by three enzyme
complexes, DEBS1, DEBS2, and DEBS3, which together contain six sequential modules (M1, M2,
M3, M4, M5, and M6).

CoA CoA,
5
CoA
g o EI
D
OH CoASH+CO;  NMADPH+H" :JH CohSH + CO;p
DEB$1 i DEB$1 DEE|5-1 -, , DEEE1 i DEEs'l
I:IEB-'E1 DE251 DEBE1 DEE|5.1 DEBS1 DEBS1
[ Wi
Cof CoA NADPH
s s o HH
o] o
DEBE1
o o o NADP*

CoASH+ G0y HO CoASH + COy  HO

+ -
H:O  ZNADP™ ZNADPH +2H .
[

I:IEB-'EZ DEBS1
'\: i j i [
DEBS2 DERS2 DEBS2 zs DEB3Z DEEEZ DEBEZ DEBS2 )S

5 xT e M [ Xe [ ™ M3 M3 X,
} I:IEB-E! ok o
5
oeses o
CoASH oH

+C0z o
MADPH + H* OH  CoASH + COp NADF"H + H* OH
DEB-SS DEBSS DEBSS
\/‘ \ / or
@ @o@@ @ L
I:EHE-!-
DEB-SS DEBEZ DEESY EE! I:EEIE-!
M5 ME 10
5H
Questions:
1. Draw the structures of X1—Xa1. In your answer, represent all structures in their ACP-
bound form.
2. Owing to their modular organization, PKSs can be engineered to utilize different

extender substrates. The architectures of the lipomycin biosynthetic PKS LIPS M1+TE, whose AT
domain is specific for methylmalonyl-SCoA, and its engineered variant L2, whose AT domain is
specific for malonyl-SCoA, are shown below. Draw the structures of products Y1-4.
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3. Performing the reaction in the absence of NADPH or inactivating the KR domain in
the LIPS M1+TE and L2 resulted in the formation of unexpected products (Ys-12) instead of the
expected products (Ys-s). Based on the provided m/z values of the detected [M+H]" ions, draw the

structures of Ys-Y12.

Expected product Observed product m/z ([M+H]") for Yo-Y12
Ys Yo 87.08044
Ys Y10 115.11174
Y7 Yi1 73.06479
Ys Y12 101.09609
4. Propose a general reaction mechanism, including the corresponding transition state,
that accounts for the instability of products Ys.s.
5. Propose a possible PKS architecture that could be used to biosynthesize 7-

oxooctanoic acid from acetyl-SCoA and malonyl-SCoA, serving as the starter and extender

substrates, respectively.
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MJUTAJAIITAS JIMT'A. PEHIEHUA

3ananmue 1. Taiina mecTH MeTaJLIIOB

1. Metamner: A — Au, 3o10to; B — Ag, cepedpo; C — Cu, menp; D — Sn, onoso; E — Fe, xxeneso; F —
Pb, cBunery

2. YpaBHeHus peakuuid 1-7

1) 2Cu + O2 + H20 + CO2 = (CuOH).CO3

2) 4Cu + O2 = 2Cu20

3) 2Cu20 + O2 = 4Cu0O

4) Sn +O2 = SnO2 (M(Sn) = 119/(119+16+16) = 78,8%)

5) 3Fe + 20, = Fe304

6) 4Fe + 302 = 2Fe;03 uiu 4Fe + 302 + 2nH20 = 2Fe203*nH20 unu 4Fe + 302 + 6H20 = Fe(OH)3
7) 3Pb + 202 = Ph3O4

3. Fe304 + 4H, — 3Fe + 4H20 (peakuus 8)

n(Fes304) = 23,2 /232 = 0,1 mob.

ITo ypasuenuto N(H2) =4 - 0,1 = 0,4 moss = V(H2) = 8,96 a.

ITo ypaBHenuto cropanusi: 3Fe + 202 — Fe30q,

n(02)=2-0,1 =0,2 Moib,

V(02) =224 - 0,2 = 4,48 11 (Ha TEOPETUUECKOE JKEIIE30).

Kenesa 6pu10 Ha 10% Gonpmre = macca Fe =0,3 - 56 - 1,1 = 18,48 r (BmecTo 16,8 1).
N36bITOK cropaet Toxe, modToMy peanbHo Oz moTpedyeTcs MPOormopIHOHAIBHO Macce:
V(02)=4,48 - 1,1 =4,928 .

4. Ag + 2HNO3 «our = AgNO3 + NO2 + H20

AgNO;3; + NaCl — AgCl + NaNOs.

n(AgCl) =14,35/143,5 =0,1 monb = n(Ag) = 0,1 monb, m(Ag) = 10,8 .
m(cmaBa)=25 r = M(Au)=14,2 r. ®(Ag)=43,2%, »(Au)=56,8%.

n(NO2) =n(Ag) = 0,1 Mo

V(NO2)=0,1 -22,4=2,24 1

st ocaxxknenus: Hyxen NaCl B konmmuectse n(NaCl)=0,1 mons. O6véM 2M pactBopa = 0,1 / 2 =
0,05 1=50 ma.

5. SnO; + 4HCI konir = SnCls + 2H20 (ra3 He BoIACIIETCS)

Sn + 2HCI koni = SnClz + Ha(r)

Sn + 2NaOH + 2NaNOs = Na;SnOs + 2NaNO: + H.0

SnO2 + 2NaOH pacrinae = Na2SnO3z + H20

Na2Sn0O3 + 6HCI u36siTok = SnCls + 2NaCl + 3H,0
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SnCls + Fe = SnCl; + FeCl;

Sn#* + 1 = Sn** + 21

V(H2) = 0,448 1 = n(H2) = 0,020 moas = n(Sn meramr.) = 0,020 mosp =
m(Sn) =0,020 - 119=2,38 r. ®(Sn) =2,38 /11,9 = 20,00%.
n(l2) = 0,500 - 0,166 = 0,083 MoJB.

n(o6mmero Sn) = n(l2) = 0,083 mous.

m(o6mero Sn) =0,083 - 119 =9,877r.

m(Sn B SnOz) =9,877-2,38=7,497r

n(SnO2) =n(Sn B SnO2) =7,497 / 119 = 0,063 moJ1b
m(Sn0z) = 0,063 - 151 =9,513 1

m (Snu Sn02) =2,38 +9,513=11,893r
Am=119-11,893=0,007r

w (Sn0y) =

9,513/11,9 * 100% = 79,94%

m(Sn u SnOz) = 2,38 + 9,513 = 11,893 r
Am=119-11,893=0,007r

[To pe3ynpTaTam pacyeToB MaccoBasi JOJsl MeTaindeckoro ojosa B pyae cocraBiseT 20,0%, a
conepkanue kaccuteputa SNO2 — okono 79,9%. CymmapHas macca METaJUIMYECKOTO OJOBa U
nuokcuaa onioBa coctaisier 11,893 r. Torma kak macca HaBecku paBHa 11,900 r. Pasznuna
cocrasisier 0,007 r (menee 0,1% wmaccel oOpasiia), YTO HAXOJUTCS B TpelesiaX MOTPEITHOCTH

OKpYTJICHHUSA paCuCTOB U HSMCPCHHﬁ. CJ'IGI[OBB.TCJ'IBHO, ucciaeayemad pyaa npakTuiCeCKu oJIHOCTBIO

COCTOUT U3 MECTAJITIMYCCKOT'O 0OJIOBA U KaCCUTCPUTA.

Kpurepun onenuBanuns

No DNIeMEHTHI peleHus OreHka,
BOITpOCa OanIbl

1 Bepro unentudunnpoBans Metamisl A—F 1*6=6

2 BepHo HanucaHbl ypaBHEHUs peakiuii 1-7 1*7=7

3 BepHo Hanucana peakuus 8 1
BepHo paccuntan o0BEM Bomopona (H.y.), TpeOyrOImUUCS Ist 0,5
BOCCTAaHOBJICHUS BCEH OKAJIMHBI
BepHo paccuntan 00bEM Kuciopoaa (H.y.), U3pacxoJ0BaHHbBIN Ha 1
cxuranue meramia E

4 BepHo HamnucaHbl Bce ypaBHEHUS PeaKIIHii 1*2=2
Bepno onpenenensl MaccoBbie 1071 A 1 B B HCXOHOM cIL1aBe 1
BepHo paccuutan o0beM rasa, BBLAEIHBILETOCS IPU PACTBOPEHHUH 0,5
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HaBCCKHU CIlJIaBa

Bepno paccuutan o6bem pactBopa NaCl mist mosHOro ocaxaeHusI 1
B+

5 BepHo HanucaHbl ypaBHEHHS PEaKIIUU TOMEHSTh TOXKE - YAAJIUTh 1*7=7
BepHno omnpenenena maccoBas o Metaiumdeckoro D B mcxoaHOM 1

pyxae (o nanubM niepBoii peakuuu ¢ HCI)

BepHo paccunTansbl o611ee cogeprkanue oyioBa (B nmepecuére Ha D) B 1

oOpasie u maccoBas o DO2

KoppekTHO caenaH BBIBOJ O COCTaBE PY/bI 1

Hroro | 30 0a10B

3ananmue 2. Anredpa siiepHOro mura

_ /M(238UF6) _ ,238+19-6 _
L O MRy ~ \235+196 1,004289.

2. OueBHIHO, UTO IIPH NepeBojie IpupoaHoro ypaHa B UFs n3oronHslil cocTaB ypaHa

HC UBMCHACTCH, TIOITOMY:

N(2)35U V(z)35U %
5 =— = 100-0 72 =0,007345
N238U Vz38U Té
90
N 335 V235 ===
Do Y235 _ 9114894
N238U V238U %

Cpear = 1 + 0,3:(1,004289-1) = 1,001287

0
o sy /N235U 0114894
o? = = =~
Now,  N%s, 0007345

_ 1241 = In1241 5540
n= 1081,001287 " In 1,001287 -

DTO OrpOMHOE YHCIIO TPEKPACHO WILTFOCTPUPYET, MoYeMy Ta30au(y3uOHHBIC 3aBOJIBI
3aHUMAJIH 1IeJIble KBAPTAJIbl TOPOJIOB.
3. OnuH U3 croco00B MOMYYEHUsT METaJUTMIECKOro ypaHa u3 oooraméaHoro UFs:
UFs + 3Mg — U + 3MgF>
[MpuHIMarOTCS JTI00BIE IPYTHe BEPHBIC BAPHAHTHI MOJTyYSHHUS ypaHa.
4. Ipu 3axBare sapamu 228U Helitpona obpasyroTcs sapa ypana-239 (A). Ipu Geta-
pacrane 2*°U obpasyrorcs sapa Hentynna-239 (B), a 3aTem sapa muytorusa-239 (X):
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ZggUM 239U B 239Np B 239Pu

5. Cxkopocts peaknuu Vo = @-0-Nazg = 10%-2.7-10%4-100-6,02-10%%/238 = 6,83-10'3
aTOMOB/C (WU s7Iep/c).

6. [epuox nomypacnana 2°U cuipHo MeHblIe Tepuosa noiypacnaga 2°Np, mosromy
BpeMeHeM xu3HH 2°U MokHO TIpeHe6peus. CuuTaeM, 4To KaK TOIbKO HEHTPOH 3aXBATHIICA, Yepes
HEKOTOpPOE HEOOJIBIIOE BPEMs ITOJIYYHIICS HENTYHUIL, U JalbHEWIIee pelieHHe ONPEACIIeTCs yKe
TOJIBKO pachagoM HenTyHus. TakuM 00pa3om, KaxIylo CEKYHY Ha BXOJIC B HEITYHUEBYIO LIEHIOYKY
nocrynaer Vo aTOMOB, U JaJblle OHM XKHUBYT yxke Kak 2>°Np ¢ mepuogom nomypacnazna 2,36 cyTok.

Taxxe 3ameTum, 4to 14,16 cyTok poBHO B 6 pa3 OoJibliIe Iepro/ia odypacnaia HeNTyHUs -

239. Takum oOpazom:

1 ¢ 1
271/2.9 T/2 223624360026

Noy=Vp-(t- —) 6,83:1013- (14,16-24-3600 - ) ~ 6,38:10'° aTomoB.
271/2.1 2236 5. 1
_ Meu 6,38-101°
m(Pu) = m M(Pu) = 602105 239 = 25,33 wr.
7. B npupoanom ypane 28U B 992,8/100 =~ 9,93 pasa Gosblie, ueM B 0OOTAIIEHHOM.

CKOpOCTH TOMy4EeHHUS ILTyTOHUS MPSAMO HPOIOPIHOHATbHA KOJTHIeCTBY aaep U (1o popmyie Vo
= @-0-N2sg). CriegoBaTenbHO, IPU OAMHAKOBOM IOTOKE HEMTPOHOB B IPUPOAHOM YpaHe IJIyTOHUS
noiryuurcs npumepHo B 10 pa3 6oabuie, yem B 00oraméHHOM. FIMEHHO TO3TOMY IPOMBIIIJICHHbIE
PEaKTOPHI TS MOTyYSHHS TUTYTOHHUS 3arpy>KajIi MPHPOTHBIM YPAHOM.

8. Koneunbrit kadyecTBEHHBIN cOCTaB 000TaIEHHOTO ypaHa Mocie 00JIy4eHUs! TOTOKOM
neiiTporos: 2*U, 238U, 2Np, 2%Pu. OxHako akTHBHOCTAME BCEX H30TOMOB, KpoMe 2>°Np MOKHO
npene6peus, Tak kak y 2>°U, 238U ouens Gomblye TepHoIbl MOMypaciaa, a Macca IIyToHus-239

oueHp Mana. Yucno atoMmoB HenTyHUs-239:

(t+1)_q
R P s
NNp = lW-e 1

2236 24 3600.26

= 6,83-1013 ( ) = 6,83:1013-289574 ~ 1,98:10'° atomos.

27,36 24 3600-1

Takum 06pa30M, AKTUBHOCTD O60FaH_[éHHOFO YpaHa MmocJje O6J'Iy‘leHI/I5{ COCTaBJIACT:

0,693
A= Ay, Myp = ————-1,98-10'° =~ 6,73-10'3 Bx.
P 2P 236-24-3600
9. He,Z[OHyCTI/IMO HCIIOJIb30BAaTh BOAY U YIJICKHUCJIOTHBIC OrHCTYHIUTCIIH. MosxHo

3aChINaTh 30HY MOPAXKCHHS, HAIIPUMEP, OTHOCUTEIbHO XuMudeckn nHepTHeIMH MgO, NaCl wiun
PEYHBIM TTIECKOM JUTS U30JISIIUN OT KUCIOPOIa.

JlomycTUMO pacTBOPUTH OCTAaTKHM OOOTAIIEHHOTO ypaHa KOHIIEHTPHUPOBAHHOW a30THOM
KHCJIOTOI, B XOJI€ 4ero B pacTBope o6pasyrorcs nonsl UO»2*, PuO,2*. Uto kacaercs HenTyHusA-239,
TO OH JOBOJILHO OBICTPO pacmamaercss (B TEYCHHWE HECKOJNBKUX JHEH), MOITOMY OOJBIIOH

9KOJIOTHYECKOM OIIACHOCTH HE NpEaACTaBIACT.
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Kpumepuu OUCHUBAHUA.

Ne DNEeMEHTHI pelIeHUS Onenka, 6amibt
1. | Bepno onpeznenén TeopeTuueckuil KOAPGUIUEHT pa3/iesieHus. 2
2. | BepHo omnpeneneHo Yuciio peaabHbIX CTYIICHEH pa3IeIeHuUs. 4
3. | IlpeanoxeH BepHBIi c110cO0O BBIIEIECHUS METAUTMYECKOTO ypaHa U3 1

HOHy‘IeHHOﬁ CMCCH I'a30B.

4. | 3a BepHoe onpeneneHue uzoronos A, B, X o 1 6amny. 3

5. | BepHo paccunTana cKOpOCTb peakuu. 2

6. | BeyiBuHYTA nest o mpeHeOpeKeHNH BpeMeHeM KH3HU n30Tomna 22U 7
—1 6am.

BreiBenena ¢dopmyna uis HaxXOXKACHUS 4YHCIa aTOMOB (sizep)
HenTyHus — 3 Oaa.

BepHo paccuntana macca X — 3 Gana.

7. | [IpaBuibHBIN OTBET Ha BOIIPOC. 2

8. | Beppo paccumTaHa aKTHBHOCTb OOJy4EHHOTO HEUTpOHAMH 2

00oramEéHHoro ypasa.

9. | [IpennoskeHsl 2 KOPPEKTHBIX CHOCO0A yTUIM3ALUU COACPHKUMOTO 2

peakTopa, o 1 6amry 3a KaXKIIblii CItoco0.

UTOIO: 25 das10B

Saganue 3. Muoroaukuii X

1. I[To ycrnoButo 3a1aun Bce yKa3aHHbIE COEMHEHMS B CBOEM COCTABE UMEIOT AJIEMEHT
X. Haubonee siBHOM 3alienKoi sIBisieTCS cOeUHEHHE J ¢ 3amaxoM TyxJioi pbIObl (3T0 3amax PH3
uin P2Hg). 3Hauut X — 3710 hocdop 1 Bce coeNMHEHHUs B CBOEM COCTaBe UMEIOT Gochop.
X| A B C D E F G H I J
P | PCls | POCI3 | (PNCl2)n | P20s | P203 | H3POa | HaP2O7 | HPO3 | H3POs | PH3
K L M
NazH2P206*6H20 | MgH2P206°4H20 H4P20s

2. IIpu B3aumoneiicTBun ocdopa ¢ XJIOPUTOM HATPHUS C MOCIEAYIOMEH HeHTpatu3anuei
NaOH nonyuaercsi KpUCTaIIOTHAPAT HATPHEBOM coM HeKoTopoit pochoproit kuciorer K (K =
NanR *mH-0)

P + NaClOz + NaOH + H20 — NanR *mH:0 + NaCl

[Tpu narpeBannu K tepsier Bogy: NanR *mH20 = NanR + mH20
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[Ipu B3aumopeiicteuu K ¢ XJ0pu10M Maruus BbINAAAeT KPUCTAIOTUAPAT MarHUEBOU COMH

(Mgn2R+qH-0)
NanR *mH20 +0,5nMgCl; — Mgnz2R+qH20 + nNaCl

[Ipu narpeBanuu L taxke tepset Boay: Mgn2R+qH20 = Mgn2R + qH20

[Tockonbky kuciaora M sBIsieTCS YETHIPEXOCHOBHOW, TO aHMOH R momumo ¢docdopa u
KHCJIOPOAa MOXET COJepXkKaTh U BOAOPOJ, YTO YKA3bIBAETCSI HEMHOT'O KHCIIOH Cpeloil B yCIOBUHU
3amaun (PH = 5,2). Onpenenum cocraB aHnoHa R

Macca coiu (NanR) = 10 — 3,44= 6,56 r.

Macca comu (Mg@n2R) = 8,15-2,29= 5,86 .

ITycts 10,00 r kpucramtoruapara comu K cocTaBisioT «x» Mosib. O0603HAYUM MOJISIPHYIO
Maccy R 3a «y», Toraa MOKHO COCTaBUTh CUCTEMY YpaBHEHHIMA

x-(23n +y) = 6,56

x-(12n +y) = 5,86

otkynaa x-n=0,7/11 = 0,0636; x = 0,0636/n

y = (6,56 — 23-0,0636)/x

n X y=M(R) P @) H ®opmyna
R

1 0,0636 80 1 3 1 HPOs"

2 0,0318 160 2 6 2 H2P206*

3 0,0212 240 3 9 3 HsP309*

4 0,0159 320 4 12 4 HP401,*

W3 mpuBeICHHBIX BapHAHTOB, YYUTHIBAsS, YTO KHUCIOTA YETHIPEXOCHOBHAS, YCIIOBHUIO 3a7a9d
yoBaeTBopser N=2, Toraa coctaB R = HoP206% , cocTaB kucnmotsr M HaP20s — pocdopHOBaTas
KHCIIOTA.

PaccuntaeM KOMMUECTBO KpHUCTANIM3AIIMOHHON BO/IBI B cocTaBe coenuueHus K.

Ny = Ny =x =0,0318 moupb

m = m(H20)/(0,0318-18)=3,44/(0,0318-18)=6 dpopmyra K: NazH2P20¢*6H20

PaccuntaeM KOMMUECTBO KPHUCTANIM3AIIMOHHON BOJIBI B COCTaBe coequHeHus L

g = m(H20)/(0,0318-18)=2,29/(0,0318-18)=4 popmyma L: MgH2P20s*4H>0

3. 1) 2P + 5C12(M36) - 2PC15

2) PCls + HyS040comyy = HCl + HSO5Cl + POCI;
3) nPCl; + nNH,Cl - (PNCl,),, + 4nHCl

4) 4P + 505,36y = 2P,05

5) 4P + 302(H8A0CT.) - ZP203

6) P,Os + 3H,0 —» 2H;PO,

t
7) 2H;P0, - H,P,0, + H,0

t
8) H,P,0, — 2HPO, + H,0
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9) P,05; + 3H,0 — 2H,;PO;
2
10) 4H;P0; — 3H;PO, + PH5 1

11) 2P + 2NaClO, + 2NaOH + 6H,0 — Na,H,P,0, - 6H,0 + 2NaCl
12) N32H2P206 ) 6H20 + MgCIZ il MgH2P206 " 4‘H20 + 2NaC1 + 2H20

13) Na,H,P,0, - 6H,0 + H,S0, — H,P,0, + Na,S0, + 6H,0

4. crpykrypHas Gopmyna coequnenus K
0O 0O oNa*
HO—P—P—OH

Il
O O

cTpyKTypHas ¢hopmyna coenunerus G
OH OH

HO—|P|—O—|P|—OH
(0] 0]

CTpyKTypHas ¢popmyina nonumepa C
Cl

[—p=n—]

Cl

MonekynsipHasi CTpyKTypHas ¢popmyia coequneHus: D
(0}

0//P\0
|l |
0:P\|\O/P:O

|
(0]

o—

Kpumepuu oyenueanusn.

Ne DIIEMEHTHI peleHUs Onenka, 6amibt
1. | 3a xaxxmoe BepHO omnpenenénHoe BemectBo A-M u snement X 1o 7
0,5 6aiuia.
2. | BepHo mpoBeneHHbIe pacueThl JUIS  BBIYUCIEHHS  COCTaBa 4
KkpuctamoruaparoB K u L
3. | Bepno nanmcannas peaxius o 0,5 6asa. 6,5
4. | Beprno m3obOpaxennas crpykrypraas ¢opmyra C, K u G mo 0,5 2,5
O6amuta. BepHo wu300pakeHHas MOJEKYJspHAs CTPYKTypHas
dopmyna coequnenus D — 1 6am.
HUTOTIO: 20 dan10B
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3aganue 4. MexaHOXUMUSA

k/x

1. Oueprus paspeiBa cBs3u: E = ArH7ogB + ArH79gC — ApHjggA = 421

MOJIb

Jhx

MOJb

—421000
“EA 11 -1 8.314—2
2. Hcnonp3yem ypaBHeHue Appenuyca: k = A-err =10 ¢~ -e”

1.6-107% ¢71

K
Mo K 298K —

3. Haitném cuny, ¢ KoTopoi ynbTpa3ByK BO3A€HCTBYeT Ha yactuny F =P -S§S = 2.2 -
10°Ma - 4m- (20-107%)%2 = 1.1058 - 107 8H . Torpa: k=16-10"%c1-

1.1058-10"8H-0.064-10 M
10-230K, _
e 1.38'10 74 298K — 8.8218 . 1011 C 1.

4 _(0.015)3
4, KaBUTalMOHHBIA My3bIph HMeET B cebe: N = % = 4.22 - 10! monexyn
1 (2010~
3
1011
MexaHnodopa. st Toro, 4ToObl pa3pymuTh CBA3M B MexaHodopax, morpedyercs: 4.22 " Tor10%

404200 - 421000 ﬁ = 0.12 /Ix. Takum o6pasom, KITJI cocTamser:= %}’//j -100% = 0.12%

Jix

MOJIb

—421000

-E» T
5. HUcnons3yeMm ypasBHeHue Appenmyca: k = A-ert = 1011 ¢71 . %3 omk #700K =

2.1-10%¢?

6. VYuuTeiBas, 4TO CKOPOCTb MEXAHOXUMHUYECKOM PEAKLIMH HA HECKOJBKO IOPSIKOB
OoJspllle, YeM CKOPOCTh PEAKIUU B YCIOBUSAX TEMIIEPATyphl KAaBHTAIMOHHOTO ITy3BIPS, 3TO
MO3BOJISIET MPEIoNaraTb 0 MEXaHUYECKOH MPHUPOJIe pa3pylIeHus CBs3eil B MexaHo(opax.

Kpumepuu oyenueanus:

Ne Bonpoca DNEeMEHTHI pEeLICHUS Onenka

1 IIpaBUIBHBIN pacyET SHEPTUU CBA3U 2

2 IIpaBUIBHBIN pacyET KOHCTAHTBI CKOPOCTH 4

3 Haitnena cuna, oka3piBaemas yJibTPa3ByKOM  Ha 1
MOJIEKYILY 4
IIpaBUIBHBIN pacyET KOHCTAHTBI CKOPOCTH

4 ITpaBuibHb! pacuér KIIJ] 4

5 [IpaBUIBHBIN pacyET KOHCTAHTBI CKOPOCTH 2

6 OO0OCHOBaHHBIN OTBET Ha BOTIPOC 3

UTOIO: 20 0aL10B
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3ananue 5. TasgsHue BeUHOI Mep3JI0THI U XMMHUS TEPMOKAPCTOBBIX 03€p
1. IlepBas cTyneHp qUCCOLMALUMU YTOJIbHOW KMCIOThI ONIUCHIBAETCS YPAaBHEHUEM
H2CO3 2 H* + HCO3~
Koncranra Aucconuanuu OonpeaAcisiCTCs BhIPAKCHUEM
_ [H'][HCO5]
 [HC04]
[Tycth nepBoHavyalibHAsA KOHIEHTPALKS YTOJIbHOM KUCIOTH paBHa C (MOJIB/M).

O003HaUUM KOHILOCHTpPAIUIO O6p&30BaBIHI/IXC${ HMOHOB BOJOpOJIa 4yepe3 X, Torga B COCTOSIHHUU

paBHOBECHS
BenrectBO HavaanHan N3menenue PaBHoBecHas
KOHLIEHTpaus KOHIIEeHTpauus
H.COs C —X C-x
H* 0 +X X
HCO5 0 +X X

[ToacraBuM 3TH BeIpaskeHUS B POPMYITY KOHCTAHTBI JUCCOLAAIIH

XX
Ka = C—x
Tak kak yroibHast KHCIIOTa OTHOCUTCS K CTa0BIM KHCIIOTaM,
K,=4,3-1077,
€€ CTeleHb AMCCOILMay Majia.
CnenoBaTenabHO,
x<<C,

MMO3TOMY BEJIMYMHOM X B 3HAMEHAaTeJIe MOKHO npeHereqL.

Torma
C—x=C
[Tonyuaem
K
Orcrona
x?= K,-C
WIH
X=4 Kg'C
ITockonbky
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NOJIy4aeM UCKOMYIO (pOpMyITy

Hcrnionbs30BaHHbBIE AOYIICHUS
1.  PaccmarpuBaercs TOJBKO IIEpBasi CTYNEHb AUCCOLUALMH YTOJIBHOM KUCIIOTHI.
2.  CreneHp auccouyanyy mMana.
3.  KoHuenrpammss  HEIUCCOIMMPOBAHHOM  KUCIOTHI  MPAKTUYECKH  HE
u3mensiercs: C—x~C.

4. ABTOIMCCOITMAIICH BOJIBI PEHEOPETAIOT.

2. Tlo ycnosuto xonmentpaiusi pasia C(H2COz) = 0,00731 mosws/a. Hcnomb3yem
nonydennyio hopmyny : [H] =/ K, C

[ToncraBuM naHHbIe 118 03epa B:

[H*] = /4,3-1077 - 0,00731 = 5,61 - 1075 Mosb /1

CreneHp AMCCOIMAIIMY YTOJIBHON KUCIOTHI onpesensercs GopMynoi

a=t
[Toncrapisiem 3HaUeHUA
= M = 0,00767
0,00731 ’
Nnn
a =0,767%.

PaBHOBecHast KOHIIEHTpAIUS KUCIOTHI
C(H2C03)=C - aC

WIH

C(H2C0s3)=C - [H*]
[ToncraBisiem 3HaUeHUs

C(H2C03)=0,00731-0,0000561=0,007254=0,00725 moinb/n
[TpakTruecku Bcs yroyibHasi KHCJIOTa OCTAeTCsl HEUCCOLMUPOBAHHOM.
[To ypaBHEHMIO THCCOLMAIIMNA YTOIBHOM KUCIOTHI:
H2CO3 2 H" + HCOs.

KonnuecTBo 06pazoBaBIInXcsi THAPOKAPOOHAT-HOHOB PAaBHO KOJIMYECTBY 00Pa30BaBILINXCS

HOHOB BOAOpPOAA.
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CrnenoBaTeiabHO,

[HCO3] = [H*]=5,61-10° Mmoab/n

Onpenenenne pH.

Hcnonbs3yem omnpenencHue
pH=-1g[H "]
pH = —1g(5,61-107°) = 4,25,
DKCHEpUMEHTAILHO U3MEPEHO
pH = 6,07.

[TomyuenHoe pacuéTHOE 3HAYEHUE 3HAUUTENBHO HMXKE OHKCIEPUMEHTaJIbHOro. ITO
OOBSICHSIETCS] TEM, YTO PaCUYET BBITIONHEH JIJISl YIPOIIEHHONW MOJICIIH.

B npupoaHoii BoJie OAHOBPEMEHHO JENCTBYIOT HECKOJIBKO B3aUMOCBSI3aHHBIX PABHOBECUM.
Kpome yroiapHOM KHCIOTHI IPUCYTCTBYIOT THAPOKApOOHAT-UOHBI, KApOOHAT-UOHBI, PACTBOPEHHDBIE
CONMM KaiblMsi U Maraus. PacTBopeHne KapOOHATHBIX IMOPOJ COMPOBOXKIAETCS O0Opa3oBaHUEM
rUIpOKapOOHATOB, KOTOPbIE YMEHbBIIAIOT HW3MEHEHHE KHCIOTHOCTH. Kpome Toro, dacrte
pactBop&rHoro CO: Beinensercst oopatao B atMochepy. CiaenoBaTellbHO, MOJICITH C1a00# KHCIOTHI
HE MOKET MOJHOCTBIO OMKUCATh XMMHUYECKHUH COCTaB MPUPOJAHOTO TEPMOKAPCTOBOTO 03€pa.

3. YpaBHEHHUsI peaKluii:

Jlucconuanus yrojibHON KHCIOThI:
H2COs 2 H" + HCO3~
B npupoaHo#t Bojie pacTBOpEHHE N3BECTHSIKA MPOTEKACT 110 PEAKITHH:
CaCO3 + CO; + H,0— Ca(HCO3)2
4. Yepes Boay npomyctm 437 mut CO2 (H.y.)

Haiinem xommuectBo BemectBa COx:

0,437 1
= —>1 = 0,0195 moius
22,4

MOJIb

OnpeaenuM KOHICHTPAIUS YTOJIbHON KUCIOTHI:
[To ypaBHenuto 1 mosib CO: pacTBopsieT 1 Mok kapOoHarta Kanbius. Clie0BaTeNIbHO:
n(H,C0O3) = 0,0195 mons

Hcnonb3yem Gopmyiy

[loacrasnsiem 3HaueHUs
m(CaC03) = 0,0195monb - 100 /Moab = 1,95T.
5. B akcnepumenTte pactBopuiioch 1,58 r. Onpenennm OTHOIIIEHUE PaCUE€THON MacChl K

AKCIEPUMEHTAIBHOMN
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220 123
1,58

DKcnepuMeHTallbHasi Macca mpuMepHo B 1,23 paza MeHbIII€ pacuye€THOM.

Bo3MoxHBIE TPUYMHBI Pa3IUYUSL.

° UYacts pactBopérnoro CO: Beienmniach 00paTHo B aTMochepy.

° PacTBopenune n3BecTHsKa MPOUCXOTUT TOJIBKO Ha TOBEPXHOCTH YaCTHII.

° He Bechb U3BECTHSIK ycIes pacTBOPUTHCS 3a 24 yaca.

° [To mepe HakOIUICHHS THUAPOKAPOOHATOB YCTAHABIMBACTCS XUMHUYECKOE

PaBHOBCCUC, YMCHBIIAIOMICC CKOPOCTh PACTBOPCHUA.

6. [1pu yBenuuenun cogepxanus pactBopéHnoro CO: Bo3pacTaeT KOJIMYECTBO YTOJIbHOU

KHCJIOTBI, KOTOpasi CHIOCOOCTBYET pacTBOPEHHUIO KapOOHATHBIX MUHEPAJIOB. B pe3ynbrare B BO1y

® HOBerHOCTB MHUHECpPaAJIa MOKCT COLACPKATb HCPACTBOPHUMBIC ITPUMCCH.

MIEPEXOIUT OOJIBIIIe MOHOB KaJIbIIHs, TOATOMY KoHIleHTpanus Ca?" yBenumuuBaercs. Hamboiree

HHTCHCHUBHOC PACTBOPCHUC Kap6OHaTHLIX nopoa MmpoucCxoJuT B 03€pe B.

[Topsimok yBenM4eHUs MHTEHCUBHOCTU pacTBopeHus: A < b < B.

Kpumepuu oyenueanusn

Ne DNeMEeHTBI peLIeHUs OneHnxka,
BOIIpOCca OaIIBI
1 [IpaBUIbHO 3amKMCcaHO BbIpAXKEHHE AN KOHCTAHTBI JIUCCOLMALIUN 5
yroiapHOM KuCIOTHI- 1 0ani. BriBemena ¢opmyna mns pacuéra
KOHIIGHTpAallud ~ MOHOB  BojaOpoja- 2  Oaja.  YKa3zaHbl
UCIONIb30BaHHbIE JOMYINEHUs (Manas CTeNeHb JHUCCOIHMAIINU,
npeHedpexeHne U3MEHEHHUEM KOHIIEHTPAIUU KHUCJIOTHI,
paccMOTpEeHHEe TOJIBKO TMEPBOM CTYNEHH AWCCOUMAIMH H Ap.)- 2
oasia.

2 [IpaBuIbHO BRIYUCIIEHA KOHIIEHTPAIIMS HOHOB Bojopoaa- 1 6aw. 6

[IpaBUNBHO BBIUKCIIEHA CTENEHb qUCccOanuu- 1 0aJ.
[IpaBunpHO ompeseneHa KOHIIEHTPAIHS HEUCCOMUPOBAHHOM
yroapHOM KucnoThl- 1 6an. [IpaBunsHO onpeenena
KOHIIEHTpAIUs THIpOoKapOOHaT-noHOB- 1 6aJsut. [IpaBuiibHO
BBIUHCIICHO TeopeTrueckoe 3Hadenue pH- 1 6ani. Jlano He MeHee
JBYX XUMUYECKH 00OCHOBAHHBIX PUUUH PA3TUYMS MEKIY

Pacu€THBIM U HKCIIEPUMEHTAIbHBIM 3HaUeHUsAMHU PH- 1 6aswt.
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IIpaBunbHO  3amMCaHO ypaBHEHHME  JUCCOLMALMU  YTOJIBHOM
KUCHoThI- 1 Oamn. IIpaBuibHO 3amMCcaHO ypaBHEHHME PacTBOPEHUS

KapOoOHaTa KaiblHsl B IPUCYTCTBUU YIJIEKUCIIOTO raza- 1 Gam.

[IpaBUIIbHO OMpENeIeHO KOJIWYECTBO BEIIECTBA YIJIEKUCIIOTO Ta3a-
1 ©Oamn. IIpaBUIBHO HCIIOJNB30BAHO COOTHOIICHHUE MEXKIY
KOJIMYECTBOM YTJIEKHUCIIOTO Ta3a W PAcTBOPHBIIETOCS KapOOHAaTa
Kaybius- 1 6am. [IpaBuabHO BEIYKCIIEHA MAaKCUMAJIBHO BO3MOYKHAS

Macca pacTBOpUBIIErocs: kapboHata kanplus- 1 6a.

IIpaBUABHO ONpEAENEHO, BO CKOJIBKO pa3 3KCIIEPUMEHTAlIbHAs
Macca oTiIMyaercs oT pacuéTHoi- 1 Gamn. IlpuBeneHsl He MeHee
TpEX XMMHUYECKM OOOCHOBAaHHBIX NPUYMH pPa3IndMs MEXAY

paC‘IéTHHM U DKCIICPUMCHTAJIbHBIM PE3yJIbTaTaAMU - 1 6amn.

HpaBI/IJ'IBHO YCTAHOBJICH MOPAAOK YBCIMYCHUSA HWHTCHCHUBHOCTHU
pacTBopeHHs KapOOHATHBIX mopon- 1 Oamr J[aHO KOppeKTHOE
OOBSICHEHUE  CBS3M  MEXIY  YBEIUYCHUEM  COJCPIKAHHMS
pacTBOPEHHOIO  YIJIEKUCIOr0 Tra3a M KOHIIGHTPAllMd HOHOB

Kablus- 1 0ajul.

UTOroO:

20 dan10B
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CTAPHIASA JIMT'A. PELHEHUSA
3ananue 1. Anredpa siiepHoOro mura

_|M(PBUFe) (2384196
L o= /M(235UF6) o \/235+19-6 = 1,004289.

2. OueBHIHO, UTO MU NepeBoe mpupoaHoro ypana B UFs n30TOMHBIN cocTaB ypaHa

HC U3MCHJACTCA, IIOOTOMY:

N(2)35U V(2)35U %
= = =0,007345
N(2)38U V(2)38U %
N235U V235U %
= = =9,114894
N238U 14 238y 102%-30

Cpear = 1 + 0,3:(1,004289-1) = 1,001287

0
. N235U/N235U _ 9114894
Nz, N9, 0,007345

x

_ 1241 — In1241 5540
n= 1081001287 " In 1,001287 -

DTO OrPOMHOE YHCIO MPEKPacHO MILTIOCTPUPYET, MoueMy Ta3oaudQy3HOHHbIE 3aBOJbI
3aHMMAJIH IIeJIble KBAPTaJIbl FOPOJIOB.
3. OnuH U3 croco0o0B MOMYYEHUsT METaJUTMUECKOro ypaHa u3 oooraménnoro UFse:
UFs +3Mg — U + 3MgF»
[IpuHUMAIOTCS TIOObIE APYTHE BEPHbIE BAPUAHTHI OyYeHHs ypaHa.
4, [pu 3axBate sapamu 22U meliTpoHa obpasyroTces aapa ypana-239 (A). Ipu Gera-
pacnage 2°U obpasyrorcs sapa ventyansa-239 (B), a 3aTem sapa muytorusa-239 (X):

23811 @1 2390 B 239 B 239
52U — “5U = “53Np — “g;Pu

5. Ckopoctb peaknuu Vo = @-0-Nozg = 10%-2.7-10%4-100-6,02-10%%/238 = 6,83-10"3
aTOMOB/C (WU s7ep/c).

6. Iepuox monypacnana *°U cunbHO MeHbIIe Tleproja noiypacnana 2>°Np, mosromy
BpeMeHeM xu3HH 2°U MoxHO IpeHe6peus. CuuTaeM, 4To Kak TOIBKO HEHTPOH 3aXBaTHIICA, Uepes
HEKOTOpOE HEOOJIBIIOe BPeMsI TIOJYYHIICS HENTYHUH, U JATBHEUIee PeIICHUEe ONPEIEIsIeTCs YKe
TOJIBKO pacmajioM HeNnTyHus. TakuM 00pa3oM, KKy CEKYH]Ty Ha BXO/JIE B HEITYHHEBYIO IICTIOYKY
nocrynaeT Vo aTOMOB, ¥ JJaNbIIIe OHHM KHUBYT yke Kak >°Np ¢ mepruooM noiypacmnaza 2,36 CyTok.

Janee BeiBeneMm (opMyiny Ais ONpeAeNieHUs Macchl TUIyTOHUs. Pa300béM BpeMms Ha

MAaJICHBKHUEC UHTCPBAJIBI 110 OJIHOﬁ CCKYHIC.
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B nepByto cekynay o6paszopanoch Vo atroMoB HenTyHHs. COTIacHO 3aKOHY PaIiOaKTUBHOTO
pacmaza gepes t CeKyH;1 OT 3TOM mopiMy HenTyHus octaHercs Vo €™ aToMoB.

Bo BTopyto cexynny oopazoBanocs emi€ Vo aromoB HenTyHusa. K MoMeHTy BpeMeHu t cekyH 1
OHM IPOKIIH Ha | cekyHIy MeHble, mostomy ocranercs Vo-e*Y atomos.

B tpetbio cexkyHay — Vo€ i rak nanee.

Uucmo aroMOB IUTYTOHUS MOKHO HAWTH Kak Pa3HOCTh MEXAYy OOpa30BABIIMMHUCS U
OCTaBIIMMUCS aTOMaMH HENTYHHUSI.

Bceero 3a t cexyna obpazoBanock Vo't aTOMOB HENTYHUSI.

K MoMeHTy t HenTyHHs 0CTaOCh:

Vo-e* + Vo-e D) + Vo-e 2 + |+ Vo-e?! + Vo0 = Vo-e(1 +e*+e¥ + ... +e).

3ameTnM, 94TO B CKOOKAX Jiexkar t+1 4ieHOB reoMeTprUIecKOi MPOTrpecCHy CO 3HaMEHATEIeM

e’l, CYMMY KOTOPBIX MOKHO HaWTH 110 HaHHOﬁ B YCJIOBUSAX 3a4a49U (1)OpMy.]'IeZ

bi(g™-1) _ D1
S= = .
g1 el-1

(t+1)_
At % = VO(t o Eﬁ

At
Yucno atomoB rurytonus: Vot — Vo-e e’fl )

In 2 1 1

In 2 nz-
UsBecTHO, uTO0 A= —— , TOrma BMECTO €' MOKHO 3amucarh el/2=e /2 =27/
712

In2 t t

2:(-—>)

M=enz=¢ T2 =2 "/2 Takxe 3aMeTHM, 4T0 14,16 CyTOK pOBHO B 6 pa3

AQHAJIOTUYHO IJI €

Ooublie epuoa noiypacnajaa HentyHus-239. Takum oOpazom:

1 ¢ "
T1/2_ T1/2 2,36:24-3600 - -6
Now=Vy-(£- 222—) = 6,83-103- (14,16-24-3600 - "2 ~ 6,38-101° atomos.

2T1/2.1 22,36:243600.1

6,38-101°

W'239 = 25,33 MTI'.

m(Pu) = J%-M(Pu) =

7. B npupoanom ypare 28U B 992,8/100 =~ 9,93 pasa Gosblie, ueM B 0OOTAIEHHOM.
CKOpOCTb TIONy4eHHs IUTYTOHKS MPAMO TIPOMOPIHOHATBHA KOTH4ecTBY sAaep 20U (o opmyse Vo
= @-0-N23g). CnetoBaTenbHO, IPU OAMHAKOBOM MOTOKE HEUTPOHOB B IPHUPOHOM ypaHEe TUTyTOHUS
noy4yutcst npumepHo B 10 pa3 6oablie, yeM B oboraméHHoM. IMEHHO TO3TOMY MPOMBIIILICHHBIE
PEaKTOPBI TS OTYUCHHS TUTYTOHUS 3arpysKalld IPUPOIHBIM YPAHOM.

8. KoHeuHBIii KaueCTBEHHBIH COCTaB 000TAIEHHOTO YpaHa MoCciIe 00TyYeHHUS TOTOKOM
HeiiTporos: 2U, 238U, 2Np, 2%Pu. OxHako akTHBHOCTAMH BCEX H30TOMOB, KpoMe 2>°Np MOKHO
npeHe6peun, Tak Kak y 2>°U, 28U ouens GosbIIne eproIB! MOTypachana, a Macca ITyToHHsA-239

oueHp Mana. Yucno atomoB HenTyHUs-239:

1
22,3624-3600.2-6

=6,83-1013- (————) =6,83-1013-289574 ~ 1,98-10'? aTomoB.

22,36:243600.1

P

Myp = Vo 1

P

TakuMm o0pa3oM, aKTUBHOCTh OOOTAIIEHHOTO ypaHa 1ocye 00ay4eHUs! COCTaBIISIeT:
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0,693

————.1,98-10'? = 6,73-10'3 Bx.
2,36:24-3600

A == ﬂNp.NNp ==

9. Hepomyctumo ucrmonb3oBath BOAY M YIVIEKUCIOTHBIE OTHETYIIUTENH. MOXKHO
3achllaTh 30HY MOPAKCHHS, HAIIPUMEpP, OTHOCUTEIbHO XuMmudecku uHepTHbiMEH MQO, NaCl niun
PEYHBIM TECKOM JUIS U30JISIIUN OT KUCIOPOIa.

JlommycTHMO pacTBOPUTH OCTAaTKH OOOTAIIEHHOTO ypaHa KOHIICHTPHUPOBAHHOW a30THOMN
KHCJIOTOH, B X0JIe 4ero B pacTBope oopasyrorcs nonsl UO22*, PuO2?*. Uro kacaercs HenTyHus-239,
TO OH JIOBOJIbHO OBICTpO pacmajnaercss (B TeYEHHE HECKOJIbKHX JHEH), MOATOMY OOJbIIOM
HKOJIOTUYECKOM OMAaCHOCTH HE MPECTABIISCT.

Kpumepuu oyenueanusa:

Ne JJieMeHThI pemeHust Onenka

1. | BepHo omnpenenén Teopetndyeckuil Ko3hGuimeHT pasueneHus. 2

2. | BepHo onpeseneHo Yucio peaabHbIX CTYNEHeH pa3ieieHusl. 4

3. | IIpennoskeH BepHbIil c10co0 BbIIEICHHS METAJUINYECKOTO YpaHa U3 1
IOJIy4eHHOM CMeCH Ira3oB.

4. | 3a BepHoe onpenenenue n3oromnos A, B, X mo 1 Gamry. 3

5. | BepHo paccunTana CKOpOCTbh peaKIiH. 2

6. | BoinBunyTa ujes o IpeHeOpesKeHHH BpeMeHeM KU3HH u30Tona 2>°U 7
— 1 6an.

BreiBenena ¢dopmyna uis HaxXOXKACHUS 4YHCIa aTOMOB (sizep)
HenTyHus — 3 Oana.
Bepno paccunrtana macca X — 3 Gaia.

7. | IIpaBuiIbHBIN OTBET Ha BOIIPOC. 2
8. | BepHo paccumTaHa aKTMBHOCTb OOJy4EHHOTO HEHTpoHamMH 2
00oranéHHoro ypasa.
9. | IpennosxkeHsl 2 KOPPEKTHBIX CHOCO0A YTUIM3ALUU COAEPHKUMOTO 2
peakTopa, o 1 6amty 3a Kaxapli crocoo.
UTOroO: 25 0aJi10B
3ananme 2. Jleao NeX
1. N3 onucanus BemecTBa X MOHITHO, YTO 3TO COSIMHEHNE C KOBAJICHTHOW TIPUPOIOM.

I'a3 Y u3 ycnous — CO. Toraa mox X, ckopee BCero, IMOJAXOIUT KaKOKH-TO KapOOHWIT MeTaJlia. DTO
TaKoKe TOITBEPIKIaeTCs HaTMYHeM XapaKTepHbIX momoc mpu 2063, 2028 u 1997 cm™! 8 UK criexTpe
MOTJIONIEHUS,, KOTOpPhIE U COOTBETCTBYIOT KapOOHWIBHBIM TrpynmaMm. Mcxons w3 mwka
MOREKYISPHO20 UoHa B Macc-criekTpe (X390 r/MoJib) MOKHO YCTAHOBHTD, 4T0 X — [MN2(CO)10].

[Mn,(CO),o]—2Mn+10CO (peaxyus 1)
CO+CuO —— Cu+CO, (peaxyus 2)

2. JIBe rpynmsl MN(CO)s oTHOCUTENBHO IPYT Apyra HaXOISTCS B 3aMOPMONCEHHOU
opuenmayuu.
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3. XOopolIo BUIHO, YTO B MAacCC-CIEKTPE MEXIy MHKAMHU IOYTH Be3[e OJUHAKOBOE
paccTosinue, KOTOPOe COOTBETCTBYET 28 I/MOJIb — T.€. IOUTH BCE OCKOJIKU 00pa3yroTCs B pe3ysibTaTe
ormerienus CO.

1-Mn*
2-Mn(CO)*
3- Mny*
4-Mn2(CO)*
5-Mn(CO),*
6-Mn2(CO)3*
7-Mny(CO)4*
8-Mn2(CO)s*
9-Mn2(CO)10"

4. JlaHHBIC YaCTOTHI MOTJIOMIEHUS COOTBETCTBYIOT KAPOOHUIIBHBIM TPYIIIIaM.

5. CBa3p Mn-Mn o6mamaer HEOOJIBIION BETUYMHOM DHEPTUU CBS3U, IMOITOMY JIETKO

2OMOUMUYECKU pa3pbléaemcsi, IpH STOM 00pasys J1Ba paJuKaa;

[Mn,(CO);,]-2¥~2Mn(CO)s-

6.
X1 X3
[Cd{Mn(CO)s},] [Mn(CO)6][AIC],] X4
[Mn(CO)4(u-Cl),]
X15
C@ R
Mn . Cd CO,AICL 5
oC \COC(\
X X2 X5
[Mn(CO), o> [Mn(CO)5Cl] — ] [NMe,][Mn(C0),Cl,]
QQ\W
X14 C
[Mny(CO)(PPh3)] Na/Hg R4
X6
[(CsH5)Mn(CO)s]
0>,c1 Na[Mn(CO);] !
X9
X13 — [CH;Mn(CO);]
[CH;C(O)Mn(CO)s] Gy,
X12 N X10
(OC)sMn _~_Mn(CO); - [GeH, {Mn(CO)s},]
~_Mn(CO);
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CO CO

(())CC—>1\‘/In cd 1\‘/111/ co \' / \ ./

‘\co \\CO /‘\/l

CO Cco
X1 X4
@7 ¢O O C@

M oc ‘ l €0 Mn

n

Ny OC——Mn Mn PPh, 7\
Co CcO
Co Cco X15
X6 X14
7.

[Mn,(CO);o] + Cd ———[Cd{Mn(CO)s},] (pearyus 3)

[Mn,(CO);o] + Cly ———2[Mn(CO);Cl] (pearyus 4)

[Mn(CO);Cl] + CO + AICl;———>[Mn(CO)¢][AICl4] (peaxyus 5)
2[Mn(CO)5C1]—120°C__ [Mn(CO)4(u -C1)], + 2CO (peaxyus 6)

[Mn(CO)sCl] + NMe,Cl —— [NMe,][Mn(CO),Cl,] + CO (peaxyus 7)
[Mn(CO)sCl] + NaCsHs —— > [(CsH5)Mn(CO);] + NaCl + 2CO (peaxyus &)
[Mn,(CO),,] + 2Na/Hg — 2 2Na[Mn(CO)s] + 2Hg (pearyus 9)
Na[Mn(CO)s] + H;PO,——— [HMn(CO)s] + NaH,PO, (peaxyus 10)
[Mn,(CO), o] + H, —220°C:2003m  _ 5riMn(CO)s] (pearyus 11)

[HMn(CO);] + CH,N, ————[CH3Mn(CO)s] + N, (peaxyus 12)
2[HMn(CO);] + GeHy——— > [GeH, {Mn(CO)s},] + 2H, (peaxyus 13)
[HMn(CO)s] +- X Mn(CO)s (pearyus 14)

INa[Mn(CO)s] + 1" ———=(0C)sMn” > “Mn(CO)s + 2NaCl (peaxyus 15)

(0] o
Na[Mn(CO)s] + —_— + NaCl (peaxyus 16)
)J\Cl )J\Mn(CO)S

[Mny(CO); o] + PPhy——————> [Mn,(CO)y(PPh;)] + CO (peaxyus 17)

2[Mn,(CO);o] + 2@@ —_— ZC@ + 14CO (peaxyusa 18)

\CO
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Kpurepun oueHuBanusi

Ne Bommpoca DJIeMeHTBhI pelleHust BaJsibl
1 Bepuno onpenenen Y — 0,4 6anna. 2,2

Bepno onpenenen X — 1 6an.

Bepno Hanucanbl ypaBHeHHs peakuuit 1-2 — no 0,4 Oamnna.

(Ecnu peaxyus ne ypasnena — 0,2 6anna.)

2 Bepno n3ob6paxeno npocrpancTBeHHoe ctpoeHue X — 0,75 0,75
Oaa.

3 Bepno npennoxen cocraB ockoskoB 1-9 — o 0,4 6ama. 3,6

4 Bepublii otBet Ha Bompoc — 0,4 Gasna. 0,4

5 Bepuo nanucana aucconuarnus X — 0,4 Gasia. 0,4

6 Bepno onpenenenst BemectBa X1-X15 —no 0,7 6anna. 14,25

BepHo n3o0pakeHbl cTpyKTypHbIE (hopMyinbl BemiecTB X1,
X4, X6, X14, X15 —no 0,75 6anna.

7 Bepno Hanmcansl ypaBHeHuUs peakuuit 3-18 — o 0,4 Gamna. 6,4
(Ecnu peaxyus ne ypasnena — 0,2 6anna.)
8 BepHo npensnoxkeH MexaHu3M peakuuu — 2 6asia. 2

HUTOI'O: 30 6an0B.

3ananue 3. Mukpoduaronguka

1. Ecnu mocmotpers Ha pa3MepHocTh Koddduuuenta nuddysun, To 3a 1 cekyHay

mupdy3us  Oyaer  uUMeThb ~ 3HAuU€HUWE  CpPeAHEero  CMemeHus  yactuubl V2Dt =
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2
\/ 2-2.3" 10‘9MT- 1c=67.8MkM . B ciyuae MHUKPOQIIOMIHBIX KaHAJIOB, s KOTOPBIX

pEaKIMOHHAs 30Ha MMEET pa3Mep OT JECATKOB JI0 COTEH MHKPOMETPOB, Au(dy3us mpoxomuTt
3HAYUTEIBHOEC PACCTOSHUE W 3aTparMBacT 3HAUYMMYIO JIONIIO PEareHTOB. B cilydae XUMHUYECKOTO
cTakaHa ToJIHHA MU (Y3HOHHOTO CII0SI OKAXKETCsI B HECKOJIBKO THICSY pa3 MEHBIIIE TI0 CPAaBHEHHUIO
c pa3Mepamu cTakaHa. [1o3ToMy U MacCOOOMEH, U TETUIONPOBOJIHOCTh OYIYT 3HAYUTEIHLHO Oosee
3¢ GEKTUBHBI B MUKPOQIIIOUIHBIX KaHAJIAX.

2. JlaMuHapHBINA MOTOK B CiIydae MHUKPO(MIIOMIHBIX KaHAJIOB MOJICIHUPYET PEaKTop
UJICaTbHOTO BBITECHEHUS, TO €CTh B HEM MUHUMH3HPOBAH 3PPEKT 00paTHOrO CMEIIMBAHHUS, KOTIa
peareHT A MOXKeT IpopearupoBaTh ¢ peareHToM X U3 Havyajia peakTopa o HEeCKOJIbKUM ITyTsM. DTO
NPUBOJUT K POCTY CEJICKTHBHOCTH PEAKIMU MO CPABHCHUIO CO CMEIIMBAHUEM B XHMHYECKOM
CTaKaHe WK KOJIoe.

3. Peaknus sBisiercst audPpy3nOHHO-KOHTPOJIIUPYEMOM, M MBI CJICJIAJH JOMYIICHUE TI0
PaBHOMEPHOMY paCIpeICIICHUIO KOHIICHTpaK pu AU Gy3uu, TOITOMY Mbl MOKEM CUMTATh, YTO
BCC 4YACTHIIBI, KOTOpbIe CMOryT mpoauddyHaupoBaTth K rpaHune pasaeina A-b, cuurarorcs

IIpop€arupoBaBIINMH. BpCMH KOHTAaKTa (BpeMH IMPOXOKIACHHA IIOTOKA KHUIAKOCTH 4YCPC3 BCChb

50 MKM *50 MKM "4 cM __ 50:1076M+50-10"°M-0.04 M

1 MKn/c 10—9£
C

MUKpPOQIIIONIHBIN KaHal) IBYX (a3 cocTaBisieT t =

0.1c

IToatomy x =+ Dt = \/10 . 10‘9MTZ- 0.1c =31.6 Mmxkm . Takum oOpa3oM, NpopearupoBao

31.6 MKM
o 100% = 63.2% xomnoHeHTa A. B ciyyae XMMHYECKOIO CTaKkaHa KOHBEPCHs COCTABUT
MKM
31.6 MKM 31.6-10"° M
———-100% = ————-100% = 0.139
25 MM % 251073 M % %
4, Tak Kak yacTuIla JOCTUTaeT MOCTOSIHHOM CKOpPOCTH, 3TO O3HA4YaeT, 4YTO CHuja

COIIPOTHBIIEHUS JBUKEHUIO MUKPOUYACTHUIbI CPABHUBAETCS C CUJION, OKA3bIBAEMON YJIbTPa3BYKOM.
H
Jns gactunpl ¢ fuamMeTpoM 10 MKM cuia, oKaspiBaeMas yiabTpa3BykoMm, pasHa F = 200 000 — -
M
- - H
(5-107%m)3 =2.5-10" H. Jna wyactumsl ¢ gumamerpom 20 mxm F = 200 000— - (10~

1076m)3 = 2- 10710 H.

2.5-10"11H
YcranoBuBIIasca CKOPOCTh JJIsl YacTUIBI 10 MKM COCTaBUT V = EEr——— 265.3 MkM/c.
U
2:10710H
Jns gactunsl 20 MKM COCTaBUT V = i 1061.0 mxM/c.
U

V  1000:10"°M:250-10"®m-0.05 M
Bpems npeOpiBaHys 4aCTHI] B KaHAJIE COCTaBISET t = o= o= =
100-——

0.125c.
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) MKM
Paccrosinne, koTopoe mpoiimer wactuna auamerpom 10 MkMm, coctaBUT 265.3 —-
C

MKM

0.125 ¢ = 33.2 mxM. U1 nns gactuisr ¢ guamerpom 20 mxm 1061 — 0.125 c = 132.6 MKM.

TakuM 00pa3zoMm, YacTHUIBI MEPEMEMIAOTCS W3 OJHON YacTH KaHalla ¢ MOTOKOM YaCTHII

mpuHod 500 MKM B YMCTBIM MOTOK mupuHOM 500 MkM. B KkaHase ¢ KpymHBIMU 4YacTUIIAMU

132.6 MKM
132.6 MKM+33.2 MKM

COZICPIKHUTCS +100% = 80% kpynubix yactuiy u 20% ManeHpkux yactul. B

500 MKM —132.6 MKM

KaHaJle ¢ MaJeHbKUMH YacTHI[AMHU COJCPKHUTCS = 449,
(500 MKkM —132.6 MKkM)+ (500 MKM—33.2 MKM)

KPYIHBIX 4acTUL U 56% MajleHbKUX YacCTHULI.

Kpumepuu ouenusanus:

Ne Bonpoca DNEeMEHTHI peLICHUS Onenka

1 OO60oCHOBaHHBIN OTBET HA BOIIPOC 2

2 O060CHOBaHHBIN OTBET Ha BONPOC 4

3 [IpaBunpHOE UCIIOJIB30BAHUE AOIYIICHUI 3,5
Bepuslit pacuér koHBepcHid 3,5

4 [IpaBunpHOE UCIIOJIB30BAHUE AOMYILICHUI 3,5
Bepuslit pacuér conepkaHuii 3,5

HUTOI'O: 20 0as10B

3aganue 4. CuHTE3 ¢ H3IOMUHKOMI

1.
NO,
%
S
3
H
Br NH, N.
NH
1) NaNO,, HBr, 0 °C ~ DSnHCL ©/
2) HBr, CuBr, & 2)NaOH
D C .
1) Mg, Et,0
1) Ag,0 2) CO,
3) H;0"
2) Br, CCl, A
NH,
CO,H H,N__O oN
b soc S b LiA,
2) NH3 2) H;0"

E v G H

2. H. H. 3unuHs.
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3. Jto0 peakuuga bopoauna — XyHcaukepa.

0]
R

Br2 0 0 -
_ L )J\ rBr ——— é\/l\']}ao Br

O Ag" .agr R” 0
1 2 3

1) DIBAL-H, DCM, =78 °C
2) NaH, (Et0),P(0)CH,CO,EL

OH OTHP

DHP, PPTS THF, 0°C

—» R
0,

OTHP

: —_—
~NCo,Et DCM,t < CO,Et 3)DIBAL-H, DCM, 78 °C

95%

(S)-22 (5)-23 (one-pot, 75%, 3 steps)

AN

(S)-24
J

1) NaH, Mel, THF, t ~ OH 1) TCA-NCO, DCM,0°C,1h  Q

2) AcCl, MeOH, it SEANOMe 2y aq. K,CO,, MeOH, 1, 2 h

(78%, 2 steps) (S)-25 (82%, 2 steps)

K

N -
TFAA FZ O‘C MeMgBr

Et;N, THF s [3,3] a’;‘
0°C, 30 min | 7 NNAOMe = A OMe
(S)-26A (S)-26B
M

RuCly-H,0, NalO, NHAc IBCF, NMM, BnNH,

__THF
-10°Ctort
one-pot
- (74%, 3 steps)

NHACc

—= 22 72 Ho OMe HN. _A__OM
acetonelwater (5:1) \n/\’ THE, 20°Ctont. " Y\/O €

79% P 82%

(0]

S. R xondurypanus.
Kpumepuu ouyenusanua:

O (R)1
P

Ne Bompoca

DJIEeMEHTBI pelIeHUs

Onenka

1

BepHo wn300paskeHbl CTPYKTYpHbBIE (OPMYJIBI
BemectB A—H — o 1 Gamy.

Bepno ykazans! ycinoBus X u 'Y —1no 0,75 6anna.

9,5

Bepuslit oTBeT Ha Borpoc — 0,5 6anna.

0,5

Bepno npeanoxxen mexanusm — 4 Ganna.

Bepnoe na3zBanue peakuuu — 0,5 6anna.

4,5

BepHo wu300paskeHBI CTPYKTYpHBIE (HOPMYIIBI
BemiecTB |-P ¢ ykazanuem crepeoxXumMuu — 1o
1,25 6anna. (be3 yxasanus cmepeoxumuu uiu

HesepHoMm eé onpedenenuu — no 0,75 banna.)

10

Bepnoe orpezeeHne a0CoOTHOU

koH(purypamuu — 0,5 6ama.

0,5

HUTOI'O: 25 6annoB.

72




3aganue 5. BUoCHHTE3 MOJNKETHI0B

1.
m‘\.

0

3
oeas: LL. cessy

o

o

CoASH+CO,  NADPH + H*  MNADE* CofSH + CO,

;L,
o0

DEBS1

LL%

O

&
=

SH
o DEB.'H EEE|31 DE&S1 0 DE‘H:S1 DE:2$1 o
HO o
HO
Xz
X3
Coh NAD
Em +H*
o v]
o 053231 =
I H;O  2NADP* 2MADPH + 21+ COASH+CO, HO CoASH + cnz HO
e pessz DERST
@ mz
g @ ﬁ @ 00 e
DE&SE DEBSZ
o T T e B o
o 0 HO
g o HO HO
HO HO HO
HO HO X
Xs
Xe
I:IEE-E! O
Con
s
@L‘EEE& o OH
0 0 OH
ceBs NﬁDPm H®  NADP* oegss IDH CoASH + CO, NADF‘H +HT NADPT o OH
ME
© - @ @ ®a
DEBS3
1 MG
! 00 ' ©
o e e e O DEMH:" 0 e
o HIO 7] HIO SH
HO HO
o (o]
HO HO 9] o
HO HO HO HO
HO HO
Xg
I"Il.'l Kﬂ
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4. 3-KeTOKapOOHOBBIC  KHCIIOTHI
NeKapOOKCHIMPOBAHUIO TPU  HArpeBaHUH.

J K

. | oH
¥z
OH O
ALK,
Ya

O O
,l\)krlLGH
Ye

A

Yo

0
I"H.
Y12

HECTAOMJIBHEI W CKJIOHHBI K CIIOHTaHHOMY
HCpGXOI{HOC COCTOSIHUEC TIPEACTABJIACT coboit

MIECTUYICHHBIA UK H306pa)KeHHBIﬁ HWXKC. O6pa3013313m1/1171051 CHOJI 3aTCM TAYTOMCPHU3YCTCH B

KETOH.
O H O ,-'Hﬂ OH
JL = —= + CO-
R, 7 © Hz’J\:rVL*D Ry™ ™ :
F'.1 F-1
!
1
Ry~ b
Ry
5. Apxurexktypa Bo3MmoxkHOM IIKC c¢ ykasaHumemM mNpPOMEXYTOUHBIX MPOAYKTOB

MPpUBCACHA HUKC.



a 3
P! 5-Coh
*
o o
e 000000000000 000000
s s ] s
* _ _/ i,
NADPH ) 0= 0 \ o } a={’}
o= § §
0= -:':
o
0 l 0
,alw/ngvu«m_l
T-DKCOOKTAHOBAA KACNOTA
Kpumepuu ouenueanusn:
No DJIEMEHTHI PEIICHUS Onenka
BOIIpOCa
1 3a npaBUiIbHbBIE CTPYKTYpHI IO 1 6 11
2 3a npaBUiIbHbBIE CTPYKTYpHI IO 1 6 4
3 3a npaBUiIbHbBIE CTPYKTYpHI IO 1 6 8
4 3a npaBUIIbHBIN MEXaHU3M PEAKLUU C U300pakeHUEM 2
HEePeXOAHOT0 COCTOSTHUS 2 O
5 3a npaBuibHyto apxutektypy IIKC 2 6 2
HUTOTI'O: | 27 6ani0B
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JUNIOR LEAGUE. SOLUTIONS
Problem 1.

1. A-Au,gold; B-Ag, silver; C — Cu, copper; D — Sn, tin; E — Fe, iron; F — Pb, lead

2.

1) 2Cu + O2 + H20 + CO2 = (CuOH).CO3

2) 4Cu + O2 = 2Cu20

3) 2Cu20 + O, = 4Cu0O

4) Sn +O2 = SnO2 (M(Sn) = 119/(119+16+16) = 78,8%)

5) 3Fe + 202 = Fe304

6) 4Fe + 302 = 2Fe203 or 4Fe + 302 + 2nH0 = 2Fe>03*nH20 or 4Fe + 30, + 6H20 = Fe(OH)3
7) 3Pb + 202 = Ph3O4

3. Fe304 + 4H; — 3Fe + 4H.0

n(Fes04) = 23,2 /232 = 0,1 mole.

According to the equation n(H2) =4 - 0,1 = 0,4 mole = V(H2) = 8,96 L.

Based on the combustion equation: 3Fe + 202 — Fe304,

n(0z2) =2 - 0,1 =0,2 mole,

V(02) =22,4 - 0,2 =4,48 L (on theoretical hardware).

There was 10% more iron = mass Fe =0,3 - 56 - 1,1 = 18,48 g (instead of 16,8 g).

The excess burns off as well, so the actual amount of O required will be proportional to the mass:
V(02) =448 - 1,1 =4,928 L.

4. Ag + 2HNO3 xom = AgNO3 + NO2 + H20

AgNOs + NaCl — AgCl + NaNOs

n(AgCl) = 14,35/ 143,5 = 0,1 mole = n(Ag) = 0,1 mole, m(Ag) = 10,8 g.
m(alloy)=25 g = m(Au)=14,2 g. ®(Ag)=43,2%, o(Au)=56,8%.

n(NO2) = n(Ag) = 0,1 mole.
V(NO2)=0,1-224=2241L.

Precipitation requires NaCl in an amount of n(NaCl)=0,1 mole. Volume of 2M solution=0,1/2 =
0,05 L =50 mL.

5. SnO; + 4HCI conc = SnCl4 + 2H-0 (no gas is generated)

Sn + 2HCI conc = SnCl; + Hx(g)
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Sn + 2NaOH + 2NaNOs = Na;SnOz + 2NaNO> + H.O
SnO2 + 2NaOH aioy = NazSn0Os + H.0

NazSnO3 + 6HCI excess = SNCls + 2NaCl + 3H20
SnCls + Fe = SnCl, + FeCl»

Sn%* + 1, = Sn** + 2I

V(H2) = 0,448 | = n(H2) = 0,020 mole = n(Sn metallic) = 0,020 mole =
m(Sn) = 0,020 - 119=2,38 g. ®(Sn) =2,38 /11,9 = 20,00%.

n(l2) = 0,500 - 0,166 = 0,083 mole.

n(general Sn) = n(l2) = 0,083 mole.

m(general Sn) = 0,083 - 119 =9,877 g.

m(Sn in SnO,) = 9,877 — 2,38 = 7,497 g.

n(SnO2) = n(Sn in SnO2) = 7,497 / 119 = 0,063 mole.
m(SnOz) = 0,063 - 151 =9,513 g.

m (Sn and SnO>) = 2,38 + 9,513 = 11,893 g.
Am=11,9-11,893 = 0,007 g.

w (SnO2) =9,513/11,9 * 100% = 79,94%.

m(Sn and SnOy) = 2,38 + 9,513 = 11,893 g.
Am=11,9 11,893 = 0,007 g.

According to calculation results, the mass fraction of metallic tin in the ore is 20.0%, and the content
of cassiterite SnO2 is approximately 79.9%. The total mass of metallic tin and tin dioxide is 11.893
g, while the mass of the sample is 11.900 g. This difference is 0.007 g (less than 0.1% of the sample

mass), which is within the rounding error of the calculations and measurements. Consequently, the

ore under study consists almost entirely of metallic tin and cassiterite.

Evaluation criteria

of qlfstion Elements of the solution Grade
1 Metals A—F have been correctly identified 1*6 =6
2 Reaction equations 1-7 are written correctly 1*7=7
3 Reaction 8 is written correctly 1
The volume of hydrogen (normal conditions) required to reduce 0.5
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all scale is calculated correctly
The volume of oxygen (normal conditions) consumed to burn
metal E is calculated correctly !

4 All reaction equations are written correctly 1*2=2
The mass fractions of A and B in the original alloy are correctly
determined !
The volume of gas released during dissolution of the alloy
sample is correctly calculated oo
The volume of NaCl solution required for complete precipitation
of B* is correctly calculated !

5 The reaction equations are written correctly 1*7=7
The mass fraction of metallic D in the original ore is correctly
determined (based on the first reaction with HCI) !
The total tin content (converted to D) in the sample and the mass
fraction of DO; are correctly calculated !
The correct conclusion about the ore composition is drawn 1

Total | 30 points

Problem 2. The mathematics of the nuclear shield
_|M(*BUFe)  [238+196
1. o= ’M(ZBSUFB) = /BSH% = 1.004289.

2. Obviously, when converting natural uranium to UFs, the isotopic composition of

uranium does not change, therefore:

N835U Vg35U —g;g
= = =0.007345
N(2)38U V(2)38U %
90
N 235 V235 =
Do Y235 _ 9114894
N238U V238U %

Qpea) = 1 + 0.3-(1.004289-1) = 1.001287

0
o Ny /N235U 0114894 .
o’ = = ~
Nz, N(2’38U 0.007345

_ 1241 = In 1241 5540
1= 1081001287 T In1.001287
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This huge number perfectly illustrates why gas diffusion plants occupied entire city blocks.
3. One of the ways to obtain metallic uranium from enriched UFe:
UFs + 3Mg — U + 3MgF>
Any other correct options for obtaining uranium are accepted.
4. When 238U capture a neutron, uranium-239 (A) nuclei are formed. The beta decay of
239U produces neptunium-239 (B) nuclei, followed by plutonium-239 (X) nuclei:

238U ®» 239U B 239Np _) 239Pu

5. The reaction rate Vo = @-0-Nass = 10'#-2.7-102%-100-6.02:10%%/238 = 6.83-10*°
atoms/s (or nuclei/s).

6. The half-life period of 2%°U is much shorter than the half-life period of 2**Np, so the
lifetime of 2°U can be neglected. We believe that as soon as the neutron is captured, neptunium is
formed after a short time, and the further solution is determined only by the decay of neptunium.
Thus, Vo atoms enter the neptunium chain every second, and then they live as 2°Np with a half-life
period of 2.36 days.

Also note that 14.16 days is exactly 6 times longer than the half-life period of neptunium-
239. Thus:

1 t
27/2-2 1172 13,
Nou= Vo (t- 222y = 6.83-1013 (14.16-24-3600 -

271/2 1 2236 24 3600-1

1
2236243600-2°0

) ~ 6.38:107 atoms.

6.38-101°
6.02-1023

m(Pu) = NT‘:*-M(Pu) = 239 = 25.33 mg.

7. In natural uranium, 238U is 992.8/100 =~ 9.93 times more than in enriched uranium.
The rate of plutonium production is directly proportional to the number of 23U nuclei (according to
the formula Vo = @-0-N2sg). Therefore, with the same neutron flux, natural uranium will produce
about 10 times more plutonium than enriched uranium. That is why industrial reactors were loaded
with natural uranium to produce plutonium.

8. The final qualitative composition of enriched uranium after irradiation with a neutron
flux: 25U, 238U, 2°Np, 2%%Pu. However, the activities of all isotopes except 23*Np can be neglected,
since 23°U and #8U have very long half-lives, and the mass of plutonium-239 is very small. The

number of neptunium-239 atoms:

e, €t
eﬂ-l

22.36 24 3600-276

Nyp = Vore =6.83-1013- ( ) = 6.83-1013-289574 ~ 1.98-101 atoms.

22.36* 24 3600-1

Thus, the activity of enriched uranium after irradiation is:

0.693

—————-1.98-10" ~ 6.73-10'2 Bq.
2.36:24-3600

A = ﬂNp.NNp ==

79



9. It is unacceptable to use water and carbon dioxide fire extinguishers. It is possible to
cover the affected area, for example, with relatively chemically inert MgO, NaCl, or river sand to
isolate it from oxygen.

It is permissible to dissolve the remains of enriched uranium with concentrated nitric acid,

during which UO2?* and PuO.%" ions are formed in the solution. As for neptunium-239, it decays

quite quickly (within a few days), therefore it does not pose a great environmental danger.

Evaluation criteria

Neof | Elements of the solution Grade
question
1 Metals A—F have been correctly identified 1*6=6
2 Reaction equations 1-7 are written correctly 1*7=7
3 Reaction 8 is written correctly 1
The volume of hydrogen (normal conditions) required to reduce
all scale is calculated correctly 0
The volume of oxygen (normal conditions) consumed to burn
metal E is calculated correctly !
4 All reaction equations are written correctly 1*2=2
The mass fractions of A and B in the original alloy are correctly
determined !
The volume of gas released during dissolution of the alloy
sample is correctly calculated 0s
The volume of NaCl solution required for complete precipitation
of B* is correctly calculated :
> The reaction equations are written correctly; change this too - *7=7
yIaJuTh
The mass fraction of metallic D in the original ore is correctly
determined (based on the first reaction with HCI) !
The total tin content (converted to D) in the sample and the mass
fraction of DO; are correctly calculated .
The correct conclusion about the ore composition is drawn 1
Total | 30 points

Problem 3. The Many Faces of X
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1. According to the problem statement, all of the compounds listed contain element X. The
most obvious clue is compound J, which smells like rotten fish (this is the smell of PH3 or P2Hs).
This means X is phosphorus, and all of the compounds contain phosphorus.

X |A |B C D E F G H [ J
P | PCls | POCI3 | (PNCly)n | P2Os | P203 | H3POs | HsP207 | HPO3 | H3POs | PHs
K L M

NazH2P206*6H20 | MgH2P206°4H20 | H4P20s

2. When red phosphorus interacts with sodium chlorite followed by neutralization with

NaOH, a crystalline hydrate of the sodium salt of a certain phosphoric acid K is obtained. (K =
NasR *mH>0)
P + NaClO2 + NaOH + H20 — NanR *mH20 + NaCl
When heated, K loses water: NanR *mH>0 = NanR + mH>0
When K reacts with magnesium chloride, a crystal hydrate of magnesium salt is formed
(Mgn2R=qH20)
NanR *mH20 +0.5nMgCl> — Mgn2R+qH20 + nNaCl
When heated, L also loses water: Mgn2R+qH20 = Mgn2R + gH20
Since acid M is tetrabasic, the anion R, in addition to phosphorus and oxygen, may also
contain hydrogen, which is indicated by the slightly acidic environment in the problem statement
(pH =5.2). Let's determine the composition of the anion R
Mass of salt (NanR) = 10 — 3.44=6.56 .
Mass of salt (Mgn2R) = 8.15—2.29=5.86r.
Let 10.00 g of the crystal hydrate of salt K constitute "x" moles. Let us denote the molar
mass of R by "y", then we can compose a system of equations
x-(23n +y) = 6.56
x-(12n +y) =5.86
x-n=0.7/11 = 0.0636; x = 0.0636/n
y = (6.56 — 23-0.0636)/x

n X y=M(R) P @) H ®opmyna R
1 0.0636 80 1 3 1 HPO3

2 0.0318 160 2 6 2 H2P206%

3 0.0212 240 3 9 3 H3P30g>

4 0.0159 320 4 12 4 HaP4O1*

From the given options, taking into account that the acid is tetrabasic, the condition of the
problem is satisfied by n=2, then the composition R = H,P,0¢> , the composition of the acid M

H4P20s is phosphoric acid.
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Let's calculate the amount of crystallization water in compound K.
Ny = Ny = x =0.0318 mol
m = m(H20)/(0.0318-18)=3,44/(0.0318-18)=6 formula K: NazH,P20s*6H0
Let's calculate the amount of crystallization water in compound L

g =m(H20)/(0.0318-18)=2,29/(0.0318-18)=4 formula L: MgH2P20¢*4H,0

3.

1) 2P + 5Cly(exe) = 2PCls

2) PCls + H,S04(concy = HCl + HSO5Cl + POC;

3) nPCl; + nNH,Cl = (PNCl;),, + 4nHCI

4) 4P 4+ 503 (exc) = 2P,05

5) 4P + 30;(jim,) — 2P,03

6) P,0s + 3H,0 — 2H,P0,

-
7) 2H5PO, — H,P,0, + H,0

:
8) H,P,0, — 2HPO, + H,0
9) P,0; + 3H,0 — 2H,PO,

10) 4H,PO, iR 3H,P0O, + PH; 1

11) 2P + 2NaClO, + 2NaOH + 6H,0 — Na,H,P,0, - 6H,0 + 2NaCl
12) Na,H,P,0, - 6H,0 + MgCl, - MgH,P,0, - 4H,0 + 2NaCl + 2H,0
13) Na,H,P,0, - 6H,0 + H,S0, — H,P,0, + Na,SO0, + 6H,0

4. structural formula of compound L

structural formula of compound G

structural formula of compound C
Cl

—p=n—].

Cl
Molecular structural formula of the compound D
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Evalutaion system:

Ne Evalutaion system Evaluation, points
1. | For each correctly identified substance A-M and element X, 0.5 7
points each.
2. | Correctly performed calculations to determine the composition of 4
crystal hydrates K and L.
3. | Correctly written reactions, 0.5 points each. 6.5
4. 2.5
Correctly depicted structural formulas of C, K, and G, 0.5 points
each. Correctly depicted molecular structural formula of compound
D — 1 point.
Total: 20 points
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Problem 4. Mechanochemistry

1. The bond dissociation energy is: E = AfH7ogB + ApH79gC — ArH7ggA = 421 %

- _J_
4210002

—-E —_—
2. Using the Arrhenius equation: k = A - e Rt = 1011 571 . %3129k = 1.6

10—635—1
3. The force exerted by ultrasound on the particle is F =P -S = 2.2-10° Pa - 4m -

1.1058-10 8N-0.064-10"%m

(20-107°)% = 1.1058- 10°5N . Then: k=1.6-10"53s"1.¢ 1381072298k  _ggo1g.

1011 51,

iﬂ_(o.o15)3
4. The cavitation bubble contains: N = 2—1%~2

= 4.22 10 mechanophore
Zm-(20-1079)3

1011
6.02-1023

molecules. To break the bonds in the mechanophores, the energy required is: 4.22 -

0.12 J/s

100775 100% = 0.12%

404200 - 421000 = 0.12 J. Thus, the efficiency is: =

-E
5. Using the Arrhenius equation for the cavitation bubble temperature: k = A - e =

- J_
4210002

1011 571 - @345k 4700K = 2 1. 106 51

6. Considering that the mechanochemical reaction rate is several orders of magnitude
higher than the reaction rate under cavitation bubble temperature conditions, this suggests that the
bond cleavage in mechanophores is of a mechanical nature.

Evalutaion system:

Question No Solution Elements Points
1 Correct calculation of bond dissociation energy 2
2 Correct calculation of the rate constant 4
3 Force exerted by ultrasound on the molecule 1
correctly determined 4

Correct calculation of the rate constant

4 Correct calculation of the efficiency 4
5 Correct calculation of the rate constant 2
6 Well-justified answer to the question 3
Total: 20 points
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Problem 5.
Question 1. The first dissociation step of carbonic acid is described by the equation

H.CO3z 2 H" + HCO3~
The acid dissociation constant is defined as
[H*][ HCO3]
[H,COs]

Let the initial concentration of carbonic acid be C (mol L™).

Ka =

Let the equilibrium concentration of hydrogen ions be x.

The equilibrium concentrations are therefore:

Species Initial concentration Change Equilibrium concentration
H2COs C —X C-x

H* 0 +X X
HCOs™ 0 +X X

Substituting these concentrations into the expression for the dissociation constant gives

Ka _ XX
C—x
Since carbonic acid is a weak acid,
K,=4,3-1077,
its degree of dissociation is very small.
Therefore,
x<<C,

and x can be neglected in the denominator.
Hence
C—=x=C.

The expression for the dissociation constant becomes

x2

Ko=+
Rearranging,
x?= K,-C
or
Xx=4 Kg'C
Since
x=[H"],



the required expression is
[H'] = Ko C

Assumptions

° Only the first dissociation step of carbonic acid is considered.
° The degree of dissociation is small.
° The concentration of undissociated carbonic acid remains essentially

constant, 1.e. C—x~C.

° The autoionization of water is neglected.

Question 2.

According to the problem:

C(H2C03) = 0,00731 mol/L

Using the derived expression: [H*] = \/ K, C
We obtain

[H'] = \/4,3 +10-7-0,00731 = 5,61 - 10~ mol/L

The degree of dissociation is calculated as

=11
Substituting the values,
= M = 0.00767
0,00731
or
a =0,767%.

The equilibrium concentration is
C(H2CO3)=C - aC

Ui

C(H2CO3)=C - [H™]
Therefore,

C(H2C03)=0,00731-0,0000561=0,007254=0,00725 mol/L
Thus, almost all carbonic acid remains undissociated.
According to the dissociation equation,
H.CO3z 2 H" + HCOg3'".

the concentration of bicarbonate ions is equal to the concentration of hydrogen ions.
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Therefore,

[HCO3] =[H*]=5,61-10"°mol/L

Using the definition

pH=-Ig[H"],
we obtain
pH = —1g(5,61-107°) = 4,25,
The experimentally measured value is
pH =6,07.

The calculated pH is considerably lower than the experimental value because the calculation
is based on a simplified model.

In natural waters, several chemical equilibria coexist simultaneously. In addition to carbonic
acid, bicarbonate ions, carbonate ions, dissolved calcium and magnesium salts are present.
Dissolution of carbonate rocks produces bicarbonate ions, which buffer changes in acidity.
Furthermore, part of the dissolved CO: escapes into the atmosphere. Consequently, the weak-acid
model cannot fully describe the chemistry of a natural thermokarst lake

Question 3.

Reaction equations

Dissociation of carbonic acid:

H>COs 2 H* + HCO3~

Dissolution of calcium carbonate in the presence of carbon dioxide

CaCOz + CO; + H2O0— Ca(HCO:3):
Question 4.
A volume of 437 mL of CO: (STP) was passed through the water.

The amount of substance of carbon dioxide is

n=227L — 0,0195 mol

22,4——
mol

According to the reaction equation, one mole of CO: dissolves one mole of calcium
carbonate.

Therefore,

n(H,C03) = 0,0195 mol
The mass of dissolved calcium carbonate is
m=n-M.
Substituting the values,
m(CaC0O3) = 0,0195mol - 100 g /mol = 1,95 g.
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Question 5.
The experimentally dissolved mass of limestone was 1,58 g. The ratio of the theoretical mass
to the experimental mass is

1,95
1,58

Thus, the experimental value is approximately 1.23 times smaller than the theoretical value.

=1,23

Possible explanations

° Part of the dissolved CO: escaped back into the atmosphere.

° Limestone dissolves only at the surface of the particles.

° Complete dissolution was not achieved within 24 hours.

° As bicarbonate ions accumulate, chemical equilibrium is established,

reducing the dissolution rate.
° The limestone may contain insoluble mineral impurities.

Question 6.

As the concentration of dissolved CO: increases, more carbonic acid is formed, which
promotes the dissolution of carbonate minerals.

As a result, a larger amount of calcium enters the solution, increasing the concentration of
Ca?" ions.

Therefore, the intensity of carbonate rock dissolution increases in the order A< B < C.

The most intensive dissolution of carbonate rocks occurs in Lake C.

Evaluation system:

Ne Evaluation system Grade

1 | Correctly writes the expression for the first dissociation constant of 5
carbonic acid — 1 point. Correctly derives the formula for calculating
the hydrogen ion concentration — 2 points. Correctly states the
assumptions used in the derivation (small degree of dissociation,
negligible change in the concentration of undissociated acid, only the
first dissociation step is considered, etc.) — 2 points.

2 | Correctly calculates the hydrogen ion concentration — 1 point. 6
Correctly calculates the degree of dissociation — 1 point. Correctly
determines the concentration of undissociated carbonic acid — 1 point.
Correctly determines the concentration of bicarbonate ions — 1 point.

Correctly calculates the theoretical pH value — 1 point. Provides at
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least two chemically sound explanations for the difference between the
calculated and experimental pH values — 1 point.

Correctly writes the dissociation equation of carbonic acid — 1 point.
Correctly writes the reaction equation for the dissolution of calcium
carbonate in the presence of carbon dioxide — 1 point.

Correctly determines the amount of substance of carbon dioxide — 1
point. Correctly applies the stoichiometric relationship between
carbon dioxide and dissolved calcium carbonate — 1 point. Correctly
calculates the maximum possible mass of dissolved calcium carbonate

— 1 point.

Correctly determines how many times the experimental mass differs
from the calculated value — 1 point. Provides at least three chemically
justified explanations for the difference between the calculated and

experimental results — 1 point.

Correctly arranges the lakes in order of increasing carbonate rock
dissolution intensity — 1 point. Correctly explains the relationship
between increasing dissolved carbon dioxide concentration and
increasing calcium ion concentration — 1 point.

Correct order of dissolution intensity:

Lake A < Lake B < Lake C.

Total:

20 points
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SENIOR LEAGUE. SOLUTIONS

Problem 1. The mathematics of the nuclear shield

_|M(*BUFe) (2384196
1. o= ’M(235UF6) = ’235“9_6 = 1.004289.

2. Obviously, when converting natural uranium to UFe, the isotopic composition of

uranium does not change, therefore:

N(2)35U V(2)35U 0.72

= __ 235 _
N(2)38U B V(2)38U N M =0.007345

238
90
N 2
o _ TP 235 9114804
N 334 V238 100-90 .
U U 238

Qpea) = 1 + 0.3-(1.004289-1) = 1.001287

0
o Mo Nosy 9auasos
T N238U/ N, ~ 0007345 ~

n=1ogqgp1287 1241 = lnli ~ 5540
In1.001287
This huge number perfectly illustrates why gas diffusion plants occupied entire city blocks.
3. One of the ways to obtain metallic uranium from enriched UFe:
UFs +3Mg — U + 3MgF»

Any other correct options for obtaining uranium are accepted.
4, When 238U capture a neutron, uranium-239 (A) nuclei are formed. The beta decay of
239U produces neptunium-239 (B) nuclei, followed by plutonium-239 (X) nuclei:

2380y ™Y 2390 B 239 B 239
52U — “5U = “53Np — “5;Pu

5. The reaction rate Vo = @-0-Nass = 10'-2.7-10%*-100-6.02:10%%/238 = 6.83-101
atoms/s (or nuclei/s).

6. The half-life period of 2%°U is much shorter than the half-life period of 23*Np, so the
lifetime of 2°U can be neglected. We believe that as soon as the neutron is captured, neptunium is
formed after a short time, and the further solution is determined only by the decay of neptunium.
Thus, Vo atoms enter the neptunium chain every second, and then they live as 2*Np with a half-life
period of 2.36 days.

Next, we will derive a formula for determining the mass of plutonium. Let's divide the time
into small intervals of one second.

In the first second, Vo neptunium atoms were formed. According to the law of radioactive

decay, after t seconds, Vo-e* atoms will remain from this portion of neptunium.
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In the second second, another Vo neptunium atoms were formed. By the time t seconds have
passed, they have lived 1 second less, so there will be Vo-e*t) atoms left.

In the third second, Vo-e** and so on.

The number of plutonium atoms can be found as the difference between the formed and
remaining neptunium atoms.

In total, Vo-t neptunium atoms were formed in t seconds.

By the time t neptunium remained:

Vo-e™ + Vo D) + Vo et + | +Vo-e?! +Voe??= Ve (1 +e+e¥+ ... +eM).

Note that in parentheses there are t+1 terms of the geometric progression with the
denominator ¢/, the sum of which can be found using the formula given in the additional information
of the problem:
bi(g"1) _ D

S=

g1 et1
. (t+1)_ At
Number of plutonium atoms: Vo-t — Vo-e*- % =Vo(t— e;: ).
In 2 In2 In 2- 1 1
It is known that 1= —=, then instead of e* we can write e/2=e¢ /2 = 27/2 similarly for

T2

In2 t

=2 72, Also note that 14.16 days is exactly 6 times longer than the half-

)

71/2

. n2:(
eM=c12=¢

life period of neptunium-239. Thus:

1 ¢
. 1
271/2.9 T1/2 2236243600-2°6

Noy=Vy(t- ———) = 6.83-10*3: (14.16-24-3600 - ————) =~ 6.38:10'° atoms.

271/2 1 22362436001

6.38-101°
6.02-1023

m(Pu) = NT‘:*-M(Pu) = 239 = 25.33 mg.

7. In natural uranium, 238U is 992.8/100 =~ 9.93 times more than in enriched uranium.
The rate of plutonium production is directly proportional to the number of 23U nuclei (according to
the formula Vo = @-6-N2sg). Therefore, with the same neutron flux, natural uranium will produce
about 10 times more plutonium than enriched uranium. That is why industrial reactors were loaded
with natural uranium to produce plutonium.

8. The final qualitative composition of enriched uranium after irradiation with a neutron
flux: 25U, 238U, 2°Np, 2%%Pu. However, the activities of all isotopes except 23*Np can be neglected,
since 23°U and #8U have very long half-lives, and the mass of plutonium-239 is very small. The

number of neptunium-239 atoms:

1
5 RETA3600.0-6
6.83-1013. (222202 = 6.83-10'3-289574 ~ 1.98-101° atoms.

22.36:24:3600-1

eﬂ.(t+1)_1

— FAL
NNp = l-e™- a1 =

Thus, the activity of enriched uranium after irradiation is:
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0.693
2.36:24-3600

9. It is unacceptable to use water and carbon dioxide fire extinguishers. It is possible to

A= Ay Myp = -1.98:10'% ~ 6.73-10'3 Bq.
cover the affected area, for example, with relatively chemically inert MgO, NaCl, or river sand to
isolate it from oxygen.

It is permissible to dissolve the remains of enriched uranium with concentrated nitric acid,
during which UO2%* and PuO2%* ions are formed in the solution. As for neptunium-239, it decays
quite quickly (within a few days), therefore it does not pose a great environmental danger.

Evaluation system:

Ne Elements of the solution Evaluation, points
1. | The theoretical separation coefficient is correctly determined. 2
2. | The number of real separation steps is correctly determined. 4
3. | Areliable method for separating metallic uranium from the resulting 1

mixture of gases is proposed.

4. | For the correct determination of isotopes A, B, X, 1 point each. 3
5. | The reaction rate is calculated correctly. 2
6. | The idea of neglecting the lifetime of the 23°U isotope is 1 point. 7

A formula for finding the number of neptunium atoms (nuclei) is
derived — 3 points.

The mass of X is calculated correctly — 3 points.

7. | The correct answer to the question. 2

8. | The activity of neutron-irradiated enriched uranium has been 2

correctly calculated.

9. | Two correct methods of disposal of the reactor contents are 2
proposed, 1 point for each method.

Total: 25 points

Problem 2. Case Ne X
1. From the description of substance X, it is clear that this is a compound with a

covalent nature. Gas Y from the condition is CO. Then X most likely is some metal carbonyl. This
is also confirmed by the presence of characteristic bands at 2063, 2028 and 1997 cm™! in the IR
absorption spectrum, which correspond to carbonyl groups. Based on the molecular ion peak in
the mass spectrum (=390 g/mol), it can be established that X is [Mnz(CO)o].

[an(CO)lo]—t>2Mn+10CO (reaction 1)
CO+CuO —— Cu+CO, (reaction 2)

2. The two Mn(CO)s groups are in a staggered orientation relative to each other.
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3. It is clearly seen that in the mass spectrum the distance between the peaks is almost
everywhere the same, corresponding to 28 g/mol — i.e., almost all fragments are formed as a result
of CO loss.

1-Mn*
2-Mn(CO)*
3- Mn2*
4-Mn2(CO)*
5-Mn2(CO).*
6-Mn2(CO)s*
7-Mn2(CO)4*
8-Mn2(CO)s*
9-Mn2(CO)10"
4. These absorption bands correspond to carbonyl groups.

5. The Mn—Mn bond has a low bond energy, so it readily undergoes homolytic cleavage,
thus forming two radicals:

[Mn,(CO);]-2~2Mn(CO)s:

6.
X1 X3
[Cd{Mn(CO)s},] [Mn(CO)6][AIC],] X4
[Mn(CO)4(n-Cl),]
X15
Mn. Cd CO, AICl;
0C o0
X X2 X5

cl,

[an(co)lo]—> [Mn(CO)SCl] NMe,Cl

> [NMe,][Mn(CO),Cl,]

X14 /léo
[Mn,(CO)y(PPh3)] Na/Hg J,%
X6
X7 [(CsHs)Mn(CO)s]
Oy NaMRCOT
\ X8 CH.N X9
X13 al cl [HMn(CO)s] = [CH3Mn(CO);s]
[CH;3C(O)Mn(CO)s] NN -
X12 X 1o
(OC)sMn (_~_ Mn(CO)s 11 [GeH, {Mn(CO)s},]
/\/MH(CO)S
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CO CO

(())CC—>1\‘/In cd 1\‘/111/ co \' / \ ./

‘\co \\CO /‘\/l

CO CO
X1 X4
@7 GO O C@
oC ‘ ’ CO
Mn e Mn
/ \\CO OC——Mn\ Mn PPh; / \\CO
oC
0C o ‘ co \ o o
CO Co X15
X6 X14

[Mn,(CO);,] + Cd ————[Cd{Mn(CO)s},] (pearyus 3)

[Mn,(CO);o] + Cly ——— 2[Mn(CO)sCl] (peaxyus 4)

[Mn(CO);sCl] + CO + AICl;———>[Mn(CO)(][AICl,] (peaxyus 5)
2[Mn(CO)5C1]—120°C__ [Mn(CO)4(u -CD)], + 2CO (peaxyus 6)

[Mn(CO)5Cl] + NMe,Cl —— [NMe4][Mn(CO),Cl,] + CO (peaxyus 7)
[Mn(CO)sCl] + NaCsHs ——— > [(CsH5)Mn(CO);] + NaCl + 2CO (peaxyus &)
[Mn,(CO),,] + 2Na/Hg — - 2Na[Mn(CO)s] + 2Hg (pearxyus 9)
Na[Mn(CO)s] + H;PO,——— [HMn(CO)s] + NaH,PO, (peaxyus 10)
[Mn,(CO), o] + H, —220°C:2003m  _ 5'HMn(CO)s] (pearyus 11)

[HMn(CO)s] + CH,N, —— [CH;Mn(CO);] + N, (peaxyus 12)
2[HMn(CO)s] + GeHy————> [GeH, {Mn(CO)s},] + 2H, (peaxyus 13)
[HMn(CO)s] +- Xy ———— -~ _Mn(CO)s (peaxyus 14)

INa[Mn(CO)s] +1 ">l ——— (0C)sMn” " “Mn(CO)s + 2NaCl (pearyus 15)

(0] 0]
Na[Mn(CO)s] + —_— + NaCl (peaxyus 16)
)J\Cl )LMH(CO)5

[Mny(CO); o] + PPhy—————— [Mn,(CO)y(PPh;)] + CO (peaxyus 17)

2[Mn,(CO);o] + 2@ —_— 2C@ + 14CO (peaxyusa 18)

\ ~CO
CcO
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(OC)sMn—Mn(CO)s

‘ hv
o o 1
Et0,C__~_COEt m
s |
N

Mn(CO)s 6

9a
=1
I'h
78 .

73 CO,Et

/\/sozph
70
l{[()_w_(‘\/.\/('()_‘lzl [=Mn(CO)s ©3 "\, (SOyPh

/H\ " /H\ 74 EtO,C

PN | l\@Q o

0,8
o i G
72d
76 15103(*J|\/\|/('03151 =8
.\) e

OO0

75 79 77 80

Evaluation system:

Ne question | Elements of the solution Grade

1 Y correctly identified — 0.4 points. 2,2
X correctly identified — 1 point.
Equations for reactions 1-2 correctly written — 0.4 points each.
(If the reaction is not balanced — 0.2 points.)

2 Correctly drawn spatial structure of X —0.75 points. 0,75

3 Correctly proposed composition of fragments 1-9 — 0.4 points 3,6
each.

4 Correct answer to the question — 0.4 points. 0,4

5 Correctly written dissociation of X — 0.4 points. 0,4

6 Correctly determined compounds X1-X15 — 0.7 points each. 14,25
Correctly drawn structural formulas of compounds X1, X4,
X6, X14, X15 — 0.75 points each.

7 Correctly written equations for reactions 3-18 — 0.4 points 6,4
each. (If the reaction is not balanced — 0.2 points.)

8 Correctly proposed reaction mechanism — 2 points. 2

Total: 30 points.

Problem 3. Microfluidics

1. If we look at the dimensions of the diffusion coefficient, over 1 second the diffusion will

yield a mean displacement of \/ZDt=J2-2.3-10—9mT2-1s=67.8um. In the case of
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microfluidic channels, where the reaction zone has dimensions ranging from tens to hundreds of
micrometers, diffusion covers a significant distance and affects a substantial fraction of the
reactants. In the case of a chemical beaker, the thickness of the diffusion layer will be several
thousand times smaller compared to the dimensions of the beaker. Therefore, both mass transfer and
thermal conductivity will be significantly more efficient in microfluidic channels.

2. Laminar flow in microfluidic channels mimics a plug-flow reactor, i.e., it minimizes the
effect of back-mixing, where reagent A could react with reagent X from the beginning of the reactor
via multiple pathways. This leads to an increase in reaction selectivity compared to mixing in a
beaker or flask.

3. The reaction is diffusion-controlled, and we have made the assumption of a uniform
concentration distribution during diffusion, so we can consider that all particles that manage to
diffuse to the A-B interface are considered to have reacted. The contact time (the time it takes for
the flow to pass through the entire microfluidic channel) of the two phases is: t =

50 um-50 ym-4cm _ 50-107°m-50-10"m -0.04 m

1uL/s 10—9m_3
N

=0.1s

Therefore: x = VDt = \/10 . 10—9'"?2- 0.1 s = 31.6 um. Thus, the fraction of component A that

has reacted is: 351(')6% - 100% = 63.2%. In the case of the chemical beaker, the conversion will be:
316 um o/ _ 316:107°m o _ o

e 100% = —————-100% = 0.13%

4. Since the particle reaches terminal velocity, this means that the drag force on the

microparticle balances the force exerted by the ultrasound. For a particle with diameter 10 um, the

force exerted by the ultrasound is: F = 200 000%- (5-107°m)3 = 2.5- 10711 N. For a particle

with diameter 20 um: F = 200 000 — - (10 - 107°m)® = 2-107° N.

1n—11
The terminal velocity for the 10 um particle is: v = Z'S;STN = 265.3 um/s. For the 20 um
s 210710N
particle: v = Tl 1061.0 um/s.
10~ %m- .10~ %m-
The residence time of particles in the channel is: t = % — 100010 20y O — 0.125 5.
100-

N

The distance travelled by a 10 um particle will be: 265.3 % -0.125 s = 33.2 um. And for the 20

um particle: 1061 % +0.125 s = 132.6 um.

Thus, the particles move from one part of the channel — the stream containing particles with a

width of 500 um — into the pure stream with a width of 500 um. The channel with large particles
132.6 um
132.6 ym+33.2 um

with small particles contains:

contains: -100% = 80% large particles and 20% small particles. The channel

500 um —132.6 uym
(500 um —132.6 um)+(500 um—33.2 um)

= 44% large particles and 56%
small particles.
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Evaluation system:

Question Solution Elements Grade
No.
1 Well-justified answer to the question 2
2 Well-justified answer to the question 4
3 Correct application of assumptions 3.5
Correct calculation of conversions 3.5
4 Correct application of assumptions 3.5
Correct calculation of the concentrations 3.5
TOTAL.: 20 points
Problem 4.
1.
NO,
S
™Y A <,
,9
H
Br NH, N.
NH
1) NaNO,, HBr, 0 °C - DsSnHCL ©/
2) HBr, CuBr, A 2)NaOH
D C B
1) Mg, Et,0
1) Ag,0 2) CO,
3) H;0"
2) Br, CCly &
NH
CO,H H,N. O CN :
1) SOCl, P05 A 1) LiAIH,
2) NH,4 2) H;0"
E F G
2. N.N. Zinin.

3. This is the Borodin—Hunsdiecker reaction.

i Brz r —_— *\O "~ Br® ——» R‘/\/B?. —» R—-Br
- — Br == .
RT07 Ag" ager R™ 07 R™-"0 L0,

1 2 3 4
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1) DIBAL-H, DCM, =78 °C
2) NaH, (Et0),P(O)CH,CO,Et

OH oHp, pPTs  9THP THF, 0 °C QTHP
= _—
~NCco,Et DCM, it~ “CO,Et 3)DIBAL-H, DCM, =78 °C ANAAOH
(S)-22 95% (5)-23 (one-pot, 75%, 3 steps) (3]-?]4
| o]
1) NaH, Mel, THF, t~ OH 1) TCA-NCO,DCM, 0°C,1h Q" 'NH;
2) AcCl, MeOH, it ANENAOME 9y ag. K,CO4 MeOH, 1, 2h A N\-OMe
(78%, 2 steps) (5)-25 (82%, 2 steps) (S)-26
K
N
EtN, THF | 2 one B3 S THF ~ L oM
0 °C, 30 min AN OMe A A OMe —10 ‘Ctort RN AMME
5)-26A _ one-pot 5)-27
( }NI (S)-268 J (74%, 3 steps) (S)

RUCly-H,0, NalO, WHAC  \BCF, NMM, BiNH,

NHAc

—— 22 "2 Ho OMe ———— "2 BpHN_ A M
acetonelwater (5:1) ‘n/\/ THE, 20 Ctort. " \n/\-’o ¢

79%

O (R)o 82% O (R
o P
5. R configurations.
Evaluation system:
Ne question Elements of the solutions Grade

1 Correctly drawn structural formulas of substances A— 9,5
H — 1 point each.
Correctly specified conditions X and Y — 0.75 point
each.

2 Correct answer to the question — 0.5 point. 0,5

3 Correctly proposed mechanism — 4 points. 4,5
Correct name of the reaction — 0.5 point.

4 Correctly drawn structural formulas of substances I-P 10
with indication of stereochemistry — 1.25 points each.
If stereochemistry is not indicated or determined
incorrectly — 0.75 point each.

5 Correct determination of the absolute configuration — 0,5
0.5 point.

Total: 25 points
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Problem 5. Polyketides biosynthesis

1.
CoA

o
o
H CoASH+CO;  NADPH+H*  NaDP* H CoASH+CO;

] D?E

X4
X5
Coh MADPH
EPM +H*
o 0
o 053231 p*
-
— HiO  ZNADP' 2NADPH + 2H°_ COASH*CO; HO CoASH + CO;  HO o
M DEBS2 Yy
© o0 @ﬁ@‘*lo— ®
3 DE&SE DEESZ DEBSZ DEB-S! DEBS2 DEBEZ
o P M3 [T [#]
o o] HO
o 0 HO HO
HO HO HO
HO HO x"
Xs
Xs
I:IEBE! D
Coh
5
@EHE} D DH
0 OH
pes3 NADPH+ H*  MADP* pesss -::H MSHWG: NADF‘H-'-H* NADPT o OH
s MA
EB
DEBS3
1 ME
! 5 00
DEBs3 DEBS3 ﬂ MHE!
M! N M MG
4] ¥} HO SH
HO HO
0
HO 0 o
HO HO HO
HO HO
Xg

Xy
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i:H ,L OH O
" 0N : W’“‘*l"ﬂ"‘DH
Y4 ¥a
P! SR
-\"\-\._\_'_."-J-\"\.\_,.- ‘H-\.GH T e OH
Y3 ¥Ya
3.
o O 0o 0
I A
" o OH I e S W HG‘H
Yo Yg
O ] ] Cr
PP J AN
P OH - v OH
Y Y
O O
Oy PO
Ta LET!
O O
Y PN
1"-“ ?11
4. 3-ketocarboxylic acids are unstable and prone to spontaneous decarboxylation upon

heating. The reaction proceeds through a six-membered cyclic transition state, shown below. The
enol formed in this process subsequently undergoes tautomerization to give the corresponding
ketone.

H. H
a0 oy (0 UH
e A —_— L, CO-
HE_.-'LL«‘T_,-J}‘-G HE*’JH?-L;\-D HAHJ‘LE"'\' + 2
H.1 H.1 H.1
)i§
Ry~ ‘|
Ry

5. A possible PKS architecture, together with the corresponding biosynthetic
intermediates, is shown below.
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,JLS,CM
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il
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c:-={\ f:
<
__;"‘l'\-\vf".\\-._v-’nv”'\-\OH
T-oxooctanoic acid
Evaluation system:
Ne question Elements of the solution Grade
1 Correct structures each 1 point 11
2 Correct structures each 1 point 4
3 Correct structures each 1 point 8
4 Correct reaction mechanism with depiction of transition state 2 2
points
5 Correct PKS architecture 2 points 2
Total: | 27 points
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3KCIIEPUMEHTAJIbHBIN TYPHUP I1O XUMHUU

8 pamxax XXXIII Mesicoynapoonoii onumnuadst wkorvhuxos « Tyiimaaday

KomruiekcHble coeinHeHus (KOOPIMHAIIMOHHBIE COSIMHEHHS ) — 3TO OCOOBIN KIIacC BEIIECTB,
B KOTOPBIX IICHTPAJIBHBIA aTOM (HOH) MeTaJlla-KOMIUIEKCOOOpa3oBaTelisi CBA3aH C HECKOJIbKUMHU
MOJICKYJIAaMH WJIM MOHAMHM, HA3bIBAEMBIMU JIUTAHJIAMHU, IO JIOHOPHO-AKICITOPHOMY MEXaHHU3MY.
OIHUMH U3 IPKHUX ¥ HAU0O0JIee YCTOMYHMBBIX MPEJICTABUTEINICH KOMIUICKCHBIX COSIMHEHHN SBIISIFOTCS
xentast kpossiHas coiib — Ka[Fe(CN)s] u kpacuas kpossinas coib — Ka[Fe(CN)g]. D1u BemecTa
IIMPOKO HCHOJB3YIOTCS B aHAIMTHYCCKOW XUMHH JUIsI KAYeCTBEHHOTO OOHApYKCHHS HOHOB, B
MIPOU3BOJICTBE NMUTMEHTOB, B (hoTorpaduu, a TakkKe Kak PeareHThl B JIAOOPATOPHOW MPAKTHUKE U
OpPraHMYEeCKOM CHHTE3€. DTH BEIECTBA IIHUPOKO HCIOJIB3YIOTCS B aHATUTHYCCKUX J1a00PaTOPHSX
Pecnyonuku Caxa (SIkyTus) 1uist 9KcIpecc-onpeIesieHUsl COCTaBa MHOTOKOMITOHEHTHBIX PY/I, TPH
o0oraieH’# 30J0TOCOIEPIKAIIUX MECKOB, /Uil OTOCITUBAHKS U OKpAIIMBaHUS M3/CIHIA U3 OUBHS
MaMOHTa, & TAKIKE KaK KPHOIPOTEKTOPbI PEarcHTOB B YCIOBHUSIX IKCTPEMAIbHO HU3KHX TEMIIEpaTyp
BEYHOU MEP3JIOTHI.

CreneHb OKUCIICHHSI KOMIUIEKCOOOpa3zoBaTess (Kene3a) onpeaesseT 3apsia KOMILUIEKCa, ero
OKHCIIUTEIIbHO-BOCCTAHOBUTEIILHBIE CBOWMCTBA M TMOBEICHHE B AHAIUTHYCCKUX PEAKIUAX. ITH
OCOOCHHOCTH TIO3BOJISIFOT HKCIIOJIB30BAaTh KEIATYH0 M KpPAaCHYIO KpPOBSIHBIC COJHM JUI TOYHOM

I/I)IGHTI/I(bI/IKaHI/II/I COIMYTCTBYIOIIMX MOHOB B HIJIMXOBBIX MUHCPAJIBHBIX CMECAX CI/I6I/IpCKI/IX PEK.

Teoperuyeckue 3axaHus

3aganue 1.

[TpuBeauTe MPOCTPAHCTBEHHYIO CTPYKTYPY W THUIN THOPUAM3AIUHN IEHTPAJIHLHOTO aToMa
KENTOH M KPacHOW KPOBSHBIX COJEeH. YKaXHuTe CTENeHb OKUCIECHUS IEHTPAJbHOrO aromMa H
KOOP/AMHAIIMOHHOE YUCIIO B KAKAOM KOMIUIEKce. (4 banna)

3aganue 2.

Y CTONYMBOCTD KOMIUIEKCHBIX HOHOB 3aBUCHT OT IIPUPOIBI JINTAHA.

a) O6wsacHuTe, mouemy xommekcsl [Fe(CN)s]* u [Fe(CN)s]® ropasmo 6onee ycToitunssr,
uem akBakomrtekchl [Fe(H20)6]?" u [Fe(H20)6]*. (4 6anna)

6) IlpuBenuTe HEe MeHee NBYX MPUMEPOB MPOSBICHHUS 3TOW BBICOKON yCTONYMBOCTH B
XUMHUYECKHUX CBOMCTBAX IO CPAaBHEHHUIO C IMIPOCTHIMU COJISIMU Kene3a. (2 banna)

3aganue 3.

Hanumure ypaBHeHHs peakinii oOpa3zoBaHusi OEPIMHCKON Ja3ypyu U TypHOYJIEBOW CHHH.
VKaXuTe CTENICHN OKUCIICHHS aTOMOB JKelle3a B MCXOJIHBIX BEIECTBAX U B MPOAYKTaxX peakiuii. (4
banna)

102



3aganue 4.

HaiiTe ompeneneHue MOHITHS «MHUIICIIA» B KOJUIOMAHOW XUMHUU. ONUIIUTE BO3MOXKHOE
CTPOCHHE MUIICIIIBI KOJUIOUAHON YaCTHUIIBI OCPIMHCKON JIa3ypH: SAPO, MOTSHITUAIOTPECIISIONINE
HOHBl U MPOTHUBOUOHBL. YKa)XHUTE, OT YEro 3aBHCHUT 3HAK 3apsijia 3011, U MPUBEAUTE MPUMEPHI
YCJIOBHUi, MPH KOTOPBIX 00pa3yercsl MOJOKUTEIbHO MM OTPHUIATEILHO 3apsDKEHHBIA 307b. (5
bannos)

3ananmue 5.

N3 rekcanmanodeppara (ll) kamms mabopaTOpHBIM CHOCOOOM MOJKHO IOJy4YaTh
rexkcannanodeppar (I11) kanmus m HaobopoT. Hanuimmre peakuio moaydeHus KeJITOH KpOBSIHOM

COJIH, UCIIOJIb3YsI peareHThI, MPEUIOKEHHBIE B Tabuie HUxe. (7 6aJlyioB)

BemectBo AfH 03k, S%gs8k, Cp, x/(Monb
kJ[x/Momb JIx/(moub K) K)

Ks[Fe(CN)e] — 253,55 420,9 316,5
Ka[Fe(CN)e] —600,40 419,1 332,2
KOH — 424,68 78,9 64,9
H20 — 285,83 70,1 75,3
H202 — 187,78 109,5 89,3

02 - 205,0 29,4

PaccuuraiiTe n3MeHEeHHE SHTAJIBINK U SHTpONUU peakiuu npu 298K, a takke u3MeHEHHE
sHepruu ['m60ca peakuuu. [IpeacraBus, uro Bl mpoBoAKTE 3Ty pEakilMiO0 CETOAHS, PacCUUTANTe
W3MEHEHUE SHTAJBIIMU U DHTPONUU PEaKlMM, YIUThIBas, 4To Temmeparypa B Axyrcke +30°C.
Cuwuraiite, uto TemtoeMkocT Cp He 3aBUCAT OT TEMIIEPATYPHI.

3aBHUCHUMOCTh U3MEHEHUS PHTATBIINY PEaKIlMy ONMUChIBaeTCs ypaBHeHneM Kupxroda:

A Hy, = AHp + ACy(T, — T)

3aBHCHMOCTb U3MEHEHUS OHTPONHHU PCAKINHN OITUCBIBACTCS YPABHCHUCM:

: . T.
4,57, = A.Sr, + ACyln (T—2>
1

A.Gr = AHp —TA,Sy
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IIpakTnyeckoe 3a1anue
B miects npodupok (1-V1) momernieHbl cMecH, KaKaas U3 KOTOPBIX COMEPIKUT JKEITYIO WK
KpacHY0 KpOBsiHYIO coJib. IIOMHMMO KPOBSIHBIX COJIEH B Ka)10M U3 MPOOUPOK TaKkKe pacTBOpEeHa
oaHa u3 cienyronux cpeanux coneii: AlCls; MgClz; BaClz; FeCls; KoCr207; KMnOa.
Jlnst onpeienieHusi Ka4eCTBEHHOTO COCTaBa MPOHyMepoBaHHBIX mpodupok (1-VI)
npeIaraeTcs 3anolHUTh Ta0IUITY 1, UCTIONB3YS CIECAYIOIINE PeareHThI:

NaOH (1 momnw/n); H2SO4 (0,5 mosw/i); FeCls; conp Mopa; Na2SOs.

Tabmuma 1. CooTBeTCTBHE HOMEPA MPOOUPKH C BEIIECTBAMHU

Howmep npobupku | I Il v V VI

Bemectso 1

(KpoBsiHas COJIb)

Bermectso 2

(cpenusist coib)

B oTBete njs kaxnoii npodupku (1-V1) ykaxkure:
a) [locnenoBaTenbHOCTH 10OABICHUS PEAreHTOB;
6) HabGmtoienus (BuAMMBIE IPU3HAKKU PEAKLIUN);
B) YpaBHEHHUS COOTBETCTBYIOIINX XUMUYECKUX PEAKIUH;

r) BriBoA - Kakre HMEHHO JBa BEIIECTBA HAXOOATCS B JaHHOM npo6HpKe.

Bcero 3a npaktuyeckoe 3a/laHue Bbl MOKETE TOTYyUUTh 24 GaJjLia.
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EXPERIMENTAL CHEMISTRY TOURNAMENT
as part of the XXXI1I International Tuimaada Olympiad

Complex compounds (coordination compounds) are a special class of substances in which a
central atom (ion) of a complexing metal is bound to several molecules or ions called ligands by a
donor—acceptor mechanism. One of the brightest and most stable representatives of complex
compounds are yellow Prussiate of Potash — Ks[Fe(CN)s] and Prussian red— Ks[Fe(CN)s]. These
substances are widely used in analytical chemistry for the qualitative detection of ions, in the
production of pigments, in photography, as well as as reagents in laboratory practice and organic
synthesis. These substances are widely used in analytical laboratories of the Republic of Sakha
(Yakutia) for rapid determination of the composition of multicomponent ores, for the enrichment of
gold-bearing sands, for bleaching and dyeing products from mammoth tusks, as well as as
cryoprotectants of reagents in extremely low permafrost temperatures.

The degree of oxidation of the complexing agent (iron) determines the charge of the complex,
its redox properties, and behavior in analytical reactions. These features make it possible to use
yellow and red blood salts to accurately identify the accompanying ions in the slurry mineral

mixtures of Siberian rivers.

Theoretical tasks

Task 1.

Give the spatial structure and type of hybridization of the central atom of yellow and red
blood salts. Specify the oxidation state of the central atom and the coordination number in each
complex. (4 points)

Task 2.

The stability of complex ions depends on the nature of the ligand.

a) Explain why the complexes [Fe(CN)s]* and [Fe(CN)s]* are much more stable than
aquacomplexes [Fe(H20)6]?* and [Fe(H20)s]**. (4 points)

b) Give at least two examples of this high stability in chemical properties compared to simple
iron salts. (2 points)

Task 3.

Write the equations of reactions of formation of Prussian blue and Turnbull’s blue. Specify
the degrees of oxidation of iron atoms in the starting materials and in the reaction products. (4 points)

Task 4.

Define the concept of "micelle” in colloidal chemistry. Describe the possible structure of the
micelle of a colloidal Prussian blue particle: the core, potential-determining ions, and counterions.
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Specify what the sign of the sol charge depends on, and give examples of the conditions under which
a positively or negatively charged sol is formed. (5 points)

Task 5.

Potassium hexacyanoferrate (1) can be obtained from potassium hexacyanoferrate (I11) in
the laboratory and vice versa. Write the reaction for producing yellow Prussiate of Potash using the

reagents suggested in the table below. (7 points)

Compound ArH 298k, S%08K, Cp, J/(mol*K)
kJ/mol J/(mol*K)

Ka[Fe(CN)e] ~ 25355 420.9 3165
Ka[Fe(CN)e] ~600.40 4191 3322
KOH —424.68 78.9 64.9
H20 —285.83 70.1 75.3
H20> —187.78 109.5 89.3
07 - 205.0 294

Calculate the change in enthalpy and entropy of the reaction at 298K, as well as the change in
Gibbs energy of the reaction. Imagine that you are conducting this reaction today, calculate the
change in enthalpy and entropy of the reaction, given that the temperature in Yakutsk is +30 ° C.
Consider that the heat capacity of Cp is independent of temperature.

The dependence of the enthalpy change of the reaction is described by the Kirchhoff’s law:

A Hy, = AHy, + AC,(T, — Ty)
The dependence of the change in the entropy of the reaction is described by the equation:
A,Sy, = A.Sp, + AC,ln (;—j)

A,.Gy = AHy — TA,Sy
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Practical assignment
Mixtures containing yellow Prussiate of Potash or Prussian red are placed in six test tubes

(1-V1). In addition to them, one of the following salts is also dissolved in each of the tubes: AlICls;

MgClz; BaClz; FeCls; K2Cr207; KMnOa.
To determine the qualitative composition of numbered tubes (I-V1), it is proposed to fill

out Table 1 using the following reagents:
NaOH (1 mol/l); H2SO4 (0.5 mol/l); FeCls; Mohr's salt; Na2SOs.

Table 1. Correspondence of the tube number with the substances

Test tube number I I 1l v V Vi

Substance 1
(Prussian salt)

Substance 2
(salt)

In the response for each tube (I-VI), specify:

a) The sequence of reagent addition;

b) Observations (visible signs of a reaction);

c) Equations of the corresponding chemical reactions;

d) The conclusion is which two substances are in this test tube.

In total, you can get 24 points for a practical task. test tube number
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