| o wm v T v T v Vil ¢
I} 1]|H 1| NMepnoauyeckan cucTemMa XMMMYECKUX 3neMeHToB | He 2
1,00795 n U.MeH paeneesa 4,002602
Bogopoa T renwi
I} 2 | L 3| Be 41 B 51 C 6 N 710 8 | F 9 | Ne 10
6,9412 9,01218 10,812 12,0108 14,0067 15,9994 18,99840 | 20,179
NUTHA Gepunnui Gop yrnepoa asor KUCNopos ¢rop HEOH
1| 3 | Na 11 Mg 12 | Al 13| Si 14 P 1518 16 | Cl 17 | Ar 18
22,98977 | 24,305 26,98154 | 28,086 30,97376 32,06 35,453 39,948
HaTpui MarHwi AMOMUHWA | KpemHuii chocbop cepa XJ10p aproH
V| 4|K 19 Ca 20|Sc 21| Ti 22 v 23| Cr 24 |Mn 25| Fe 26 |Co 27 | Ni 28
39,0983 40,08 44,9559 47,90 50,9415 51,996 54,9380 55,847 68,9332 58,70
Kanwn Kanbuwi CKaHANA THTaH BaHanui Xpom mapraHey xeneso xoBanst HuKenb
5 [Cu 29 Zn 30| Ga 31|Ge 32 As 33| Se 34 | Br 35| Kr 36
63,546 65,38 69,72 72,59 74,9216 78,96 79,904 83,80
Mefb LUHK rannui repMaHni MbILbLRAK ceneH Gpom KpUATOH
V|6 Rb 37 Sr 8lY 39| Zr 40 Nb 41 (Mo 42 |Tc 43| Ru 4|Rh 451 Pd 46
85,4678 87,62 88,9059 91,22 92,9064 95,94 98,9062 101,07 102,9055 106,4
Muﬂ_uﬁ CTPOHUMA UTTPUHA LMPKOHWA HNOGWIH monubaeH TeXHeuun pyTeHwi pogwi nannagwi
7 |Ag 47/Cd 48} In 49| Sn 50 Sb 51} Te 52 |1 63| Xe 54
107,868 112,41 11482 . | 118,69 121,75 127,60 126,9045 131,30
cepebpo | xapmwi | wnawii onoso cypsma Tennyp won KCEHOH
Vi| 8 |Cs 55| Ba 56 | La 571 Hf 72 Ta 73| W 74 | Re 751 0s 76 |Ir 77 | Pt 78
132,9054 | 137,33 138,9 178,49 180,9479 183,85 186,207 190,2 192,22 195,09
yesui Gapui NaHTaH x ragHuin TaHTan BOnbopam peHwi OCMUi puauii - nnarumHa
9 |Au 79 Hg 80| Tl 81{Pb 82 Bi 83| Po 84 | At 85 | Rn 86
196,9665 | 200,59 204,37 207,2 208,9 [209] [210] [222]
3011010 pryTh Tanawi cauHey BUCMYT NONOHUA acrar paaoH
Vil | 10 | Fr 87/ Ra 88| Ac 89| Rf 104 Db 105|Sg 106 |Bh 107 |Hs 108 | Mt 109 | Ds 110
[223] {226] [227] {261] [262] [266) [269] [269] [268] [271]
paHuui | papwii aKkTuHni xx | pesepcopanin | AyGHWA cuboprui Gopuii Xaccun Me#THepKiA _{aapmiuTanTui
11| Rg 111jCn 112 113| FI 114 15| Lv 116 117 118
[272] {285] {289] [293)
PEHTTeHWA | KONepHULMHA pneposui nvBepMopui
X NaHTaHOWAb! _
Ce 58(Pr 59 | Nd 60| Pm 61|Sm 62| Eu 63{Gd 64| Th 65| Dy 66| Ho 67| Er 68 Tm69|Yb 70| Lu 71
140,1 140,9 1442 [145] 150,4 1519 157,3 | 158,99 162,5 164,9 167,3 168,9 173,0 1749
Lepwid npaseogum | Heogum | npometuit | camapwit | esponuit | ragonuuwin | Tepbuit | avcnposwid | ronomuit | ap6uii Tynui wrTepbui | moteumit
XX aKTUHOMALI
Th 90{Pa 911U 92|Np 93 {Pu 94,Am 95/Cm 96/Bk 97 |Cf 98 |Es 99|Fm100{Md 101{No 102]Lr 103

232,0 | 231,0 238,0 | [237] [244] [243] [247] [247] | [251] [252]

TOpu#A | npoTaxTunuii | ypax HENTYHWA | NAYTOHWHA | aMepuLuii| KIOpWiA Gepknni | kanudopHui | sdHWITeRHUA

[257] [258]
depmuii_| meHaeneswi

[259] [262]
Hobenui | noypeHcwi

Psap akTBHOCTU MeTannos / 3NeKTPUIeCKUA PSf HanpsHKeHUA
Li Rb K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb (H) Sb Bi Cu Hg Ag Pd Pt Au

aKTUBHOCTb MEeTaNnnNoB yMeHbuIaeTCs

PacTBOpPUMOCTL KUCIIOT, COMEen U OCHOBaHU#A B Boae

n
»

WoHsl H* |NHs' K [Na* |Ag* [Ba®" [Ca?*|Mg? [Mn?*|Zn®*INi**|Sn?* |Pb?*|Cu®[Hg* [Hg:**|Fe** [Fe™ |AI** [Cr**
OH PplplfPl-|{P|M|M|H|H|[H|H|H|H|-]| - |H]|H|H|H
NOs plep|p|lP|P{PlP|P|P|P|P|[P|Pi{P|P|-|P|P|P]|P
F plP|P|P|[PIM|{H{M|[P|H|P|IP|M|P|-|{M|M|H|[MIM
cr pleplplP{H|lP|P|P|P|P|{P{P|M|P|P|H]|P|P|P|P
Br p{P|P|lPlH|P|P|P|P|P|P|P|M|P|[M|H]|P|P|P|P
r plplp|lP|H|P|P|P|P|P|P[P|{H|-|HIH|[P]|-|P]|P
s+ plPIP|P|H| -]~ -|H|H|H|H{H|H|H|H|H|H|-]-~
S05* plPIPIPIMIMIM{M|HI/M[H|-|H|-]-|-|M|-]|-]-
so~ |p|pPp|PlPiMm|[H|[M|P|Pi{P|P|P|[H|P|[P[M|P|{P|P]|P
COs*~ PlP|P|P{H|H|{H|H|H|H|-|-|H]-|-]H[H|=-]-]-
Si0s* Hl-|P{PI{H|H|H|H|H|HIH|~-|H|-| -] -]H]|~-|~]-
PO plP|P|P|H|H|{H|[H|{H|H|HI/H|{H|H|H|H[H|H|H]|H
CHcOO |P| P (P|P|P|P|P|P|P|P|P|{P|P|P|P | M|PIP|P|P

P — pacrtsopumoe (bonbwe 10 r Ha 1000 r soabl)
H — Hepacteopumoe (mexbe 0,01 r Ha 1000 r Boasi)

M — manopactsopumoe (ot 10 r go 0,01 r va 1000 r BoAbY)
— — BeleCTBO pa3fiaraeTcs BOAOW UKW He CyulecTsyeT

PI'CKH TOCY JAPCTBEHHBI YHUBEPCHUTET

s -8F

VBRI 25 00

ININCBMEHHAS PABOTA YYACTHHKA
OJIMMIINAABI HIKOJBHUKOB CIIol'Y
2018-2019
3aKIoYHTENBHBIN Tan

ITpeamer (xoMmnekc npeameToB) OMUMITHAABI

CO\)M'M?/L

I'opox, B koTopoM npoBogutcs Onumnuana

XUMUS (11 KJIACC)

Jlata 272.0%.18
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BAPHAHT 10

3agava 1

(20 6annoB)
OcymecTBuTe 11€N0UKy npeBpaineHuii. [Ipeqmoxure AByXCTagHiHEINA CIOCO0 MOTYYEHHS COCAUHECHHS

B u3 tonyona. Pacummdpyiite cTpykTypy BemectBa C u yclioBus ero o6pasoBaHus u3 B.
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Peakius nonyuenus E u3 D (peaxkuus beitmica-Xwimmana) 6suta oTkpeita B 1967 romy AnoHCKHM

XHMHKOM Moputa, a B 1972 netansHo HccienoBaHa aMepukaHnamu bednmncoM u XHIUIMaHOM.

ﬂpemmmrmnﬂﬁr%ﬁgeamnn U CTPYKTYpY MHTEpMeuara, obpasyromierocs npu
B3aMMOREUCIBHA MersiaKpunara ¢ DABCO.

Raciudpyiire-erpyxrypy K.
an¢pyﬁ%@.

Kakoe

3agaua 2. «KaTHoH- He 61H3HeN » : (20 6ann0B)

Honent Cepreit Muxaiinosuy o4ueHb obuziencs Ha IIKOIBHHUKOB, KOTOPhIE B IPONUIOM TOAY AaXE HE
[BITAACEH PEIIMTH 331ady «KaTHOH-OJNM3HEN» U MO3TOMY MpHAyMal €lle OJHY 3aavy Ha OnpeaeIcHue
HEHM3BECTHOTO KaTHOHA:
FOHBI XMMHUK Haiiesa Ha mojke 6aHKy cO CTEpTOH HAJNMCEHIO «... XJOpHa». MaccoBas xons xiopa B
3TOM coefuHEeHHN cocTanseT 28.1%. BemmecTBo HMeNno coneoOpa3Hyro NPHPOLY, OBUIO THIPOCKOIIMIHO
A XOpOIIO pPacTBOPHMO B BOJiE, HO HEPACTBOPHMO B HEMOJMPHBIX OPTraHMYECKMX pPacCTBOPHTEIAX.
Boamsiii pacTBOp COeIMHEHHS MMeJ KUCIYIO peakiuio. TeMmneparypa ILIaBICHHS BEIIECTBA COCTaBHJIA
102 °C. Ilpn mo6GaBnennu ero K pacTBOpY JHMXpoMaTa Kajius PacTBOD OKPACHICS B 3EJICHBIA LBET H
MOSBHIICA 3allaX rOpPbHKOro MHH/AJIA BCIEACTBHE 00pa3oBaHMA COSAHHEHH, B KOTOPOM MaccoBas JOJs
anementa, oTkperroro K. Illeene u mesaBucumo or mero JDk. Ilpuctmm, cocraBiser 15.1%. Ilpu
BOCCTaHOBJIEHMHM HMCXOJHOTO XJIOpHMAAa ATIOMOTHADHIOM JIMTHA 00OpasyroTcs mBe comH H
HeCMEIIMBAIOIIaACd C BOAOM Mpo3padHas >KUAKOCTH C TeMmmeparypoil 3amepsaHus -80 °C u
Temmeparypoii kumerns 116 °C. MaccoBas nons yriuepoia B 3TOH XHIKOCTH cocTapiuser 91.3%.
Onpenenurte CTpPOEHHE COCAUHEHHS, €CIIM H3BECTHO, YTO KATHOH HE COJIEPXKHMT aTOMOB METajlia.
3anummuTre ypaBHeHus peakimii. Kakoii mpouecc mpoucXoQuT NMpH pacTBopeHuH BemecTsa B Bole? Ilo
Kakoil npuuuHe cTabrieH JanuHbii kaTHoH? IIpuBeauTe CTPYKTYpHYIO GOpMYIy aHHOHA, CTAGHILHOTO
MO TOM e CaMoif IIPHINHE, YTO X HEU3BECTHBIH KaTHOH?

3apaua 3. (20 6an10B)

JIns KayecTBEHHOTO aHAJIM3a COJEPXKaIIell HEKOTOPOE KOJMMYECTBO Kpe30Jia CMECH CIIOXKHBIX 3¢upos X
u Y, 06pa3soBaHHBIX OJHHM CIIHPTOM M JIBYMS Pa3sHHIMH OIHOOCHOBHBIMH KapOOHOBBIMH KHCIIOTaMH,
IpoBeNH creayromue sxcrepuMenThl. [Topmuio Takoii cMecu Maccoit 36 T oO6paboranu 16% pacTBopom
THAPOKCHIA HAaTpHs, Ha KOJIHYECTBEHHOE B3auMozeiicTeue nomwio 100 r pacrsopa menoun. Takyro xe
HOPIHIO MCXOJHOM CMECH PasJeNiIM Ha JIBE paBHBIE 4acTH, NEPBYIO obpaborany H36bITKOM GpoMHOM
BOIBI M monydwid 34,5 r ocagka, a BTopylo oOpaboTtanu H3OHITKOM peakTHBa TOJUICHCA, BHINABIIHA
0CaZloK OT(UIFTPOBAIM M BBHICYNIHIH, ero Macca cocraBwia 20,35 r. O6paGorka 3TOro ocaixa
U3OBITKOM COJISIHOM KHCIOTH YMEHBIIAET ero Maccy Ha 11,67%. YcraHoBute cTpyKTyphl 3¢upoB X 1 Y
M HaIlMIIUTE YpaBHEHHA ONMMCAHHBIX PeaKLUH.

3agauya 4. «KBaHTOBbIE TOUKH» (20 6annoB)

CpesH MHOTOYHC/IEHHBIX THNOB HAHOMATEPHAJIOB OJHMM K3 BRXHEHIIMX SBISIOTCS TaK Ha3bIBacMbIE
K68aHmMoevle mouku — GpparMeHTHl NPOBOAHHKA WM MOJNYIPOBOAHHKA C pa3MepoM, GIIM3KHM K JUIHHE
BOJHBI 2MEeKTpoHa. K TaKoBEIM OTHOCATCS, HAlpMMeEp, HAHOKPHCTAUIBI ceneHupa kagmus. Jims ux
NPUTOTOBJICHHS B HHEPTHOM aTMocepe K BOIHOMY PacTBOPY XJIOPHAA KaiMHA NOOABISIOT BOJHBIH
PacTBOp CENIEHHTA HATPHA H PACTBOP OPraHMYECKOrO COEAMHEHHA (HalpuMep, MEPKANTO3TaHONA) I
NPEIOTBPAIIEHHS arperaiy JacTHL.

JUist HOTyYeHHbIX HaHOYACTHII HOJIOKEHHE MAKCHMYyMA IIOTTIOIEHNs B 3JICKTPOHHBIX CIIEKTPax 3aBHCHT
OT pasMepa 4YacTHIl. YBEIMYCHHE [JHAMETPA YaCTHI NpH YBEIHYCHHH TeMIeEpPaTyphl CHHTE3a
CONPOBOXIAETCS CIIEAYIOLIUM CABAIOM IIOJIOCH! IIOTIIOIIEHHS:

t, °C 10 22 30 40 50 60 70

A, HM 420 421 421 425 433 440 448

d, aM 2.78 2.78 2.78 2.83 2.90 ? 3.03

1) Hanuioute ypaBHEHHE PEaKIiNH, JIe)XKallel B OCHOBE CHHTE3a CEJICHU A KaMus;

2) Jns d4ero TpeOyeTcs NpPOBOAMTH CHHTE3 B HHEpTHOH arMocdepe? Ilo BO3MOXHOCTH
IIPOMJUTIOCTPUPYHTE OTBET YPaBHEHUEM PCAKIIUH.

3) Ouenute guamerp HaHogacTuy npu 60 °C;

4) Kak u3BECTHO, B pacTBOpe IPOMCXOZMUT MOHOMOJIEKYJIApHasA ajcopOums MOJIEKYyN THOJA Ha
NOBEPXHOCTH HAHOYACTHI. Bo CKONBKO pa3 M3MEHHTCA KOJHYECTBO COPOMPOBAaHHOIO THONA IIpH
M3MEHEHHH TeMIiepatyphl cantesa ¢ 22 °C mo 70 °C? * :

5) BMecTo MepKamTo3TaHola MOXeT OBITh UCIONB30BaH M JojeluiaTHON. B Kako# ¢opme om Gymer
IpUCYTCTBOBATh B pacTBOpe?

3apaua S. (20 6an0B)

Ha cxeMe npuBeAeHbI HEKOTOpHIE PEAKIMH CoeqUHEH I MeTa/uTa X B HA3KHX CTeneHax okuciaenus. [Ipu
B3auMoeiicTeud okcuaa X (o(X) = 76,86%) ¢ u36BITKOM MOHOOKCHAA yIiiepoia nox AasieHAeM 250
atM 06pa3yeTcs 30JI0THCTO-XKENTOE JieTydee coenuHeHne A (Temmeparypa mnasieaus 177 °C, o(X) =
57,06%), IOTHOCTH MApPOB KOTOPOTO IO BO3AYXY paBHa 12.5. 29 -1 Mn, @, 3 6,¢ 1017
OKkucCieHHE A DSKBHBAICHTHBIM KOJNMYECTBOM MOJIEKY/MIDHOIO HOJAa NPHBOIMT K 0Opa3oBaHHIO
coenuaenns B (o(X) = 41,06%), koropoe mpu HebGonbmoM HarpeBaHmu nepexomur B C (o(X) =
43,76%). C npespamaercs B B npu JelicTBHE MOHOOKCHJA yriepona noj nasineHueM. CoennHenne B
TAK)Xe pearHpyeT ¢ KHCJIOTaMH M ocHoBaHMAMHM JIblorca. C TPHXJIOPHIOM ATIOMHMHHSA B IPUCYTCTBHH
CO nopx nasnenuem obpasyercs coemunenue D (o(X) = 30,27%), a npu neficreun Tpudennndocduna
Ha B nocnenosarensao o6pasyrorca coenurenus E u F (o(X) = 20,2%). ’

BoccraHoBiieHHe A aManbramoii Harpus npuBoauT kK coeauHeHmio G (o(X) = 53,3%), xotopoe mpu
neiicteun  docdopHOi KHCIOTHL MOxeT Obith mnepeBeacHo B coeauneHne H. H pearmpyer ¢
tpudenmnpocdunom ¢ obpasopanmeM I ((X) = 33,16%). Monekynipupie MacChl KaTHOHA B
coequaeHud D ¥ annoHa B coeauHennd G oTmyaloTcs Ha 28 a.e.m.

Unentudnuupyiite coenunenuss A-I, ecnm wm3BectHo, uro Bemectsa A, B, E u F amnsorca
MOJIEKY)IAPHBIME KoMIUiekcamu. Hanummute ypaBHeHHs peakumii. Yemy paBHa crenenp okdciaeHus X B
coenuHenuax A, B, G? KakoBa CTpYKTypa COCIHHEHHA A H KPaTHOCTH CBA3H X—X B 3TOM COCAMHCHHH?
Otser aprymentupyiite. Hapucyiite crpykrypsl kommiekcoB B, E u F. Brepsrie coenunenme,
ananormddoe A, 6su10 monydeHo B 1890 r Jliogsurom Monnom u3 okcuia apyroro Metanna. [lpusenure
YpaBHEHHE 3TOH peaKiluH.
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