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XUMUYECKUA SNEMEHT

(cocTaBHas 4acTb NPOCTLIX N CAOXHBIX Ten)

«BCcs CYLLIHOCTb TEOPETUHECKOro yHeHUa B XMW NeXNT B OTBNeYeH-

HOM noHAaTuM 06 anemMeHTax. HanTn nx CBOMCTBA, onpeaennTb Npnyn-
Hbl X pa3nuyus U CXOACTBA, 4 MOTOM, HA OCHOBAaHWW 3TOrO, nNpeayra-

DaTb CBONCTBA 06pa3yeMblx UMW Ten — BOT MyTb, MO KOTOPOMY naet

3Ta Hayka.»
AO.W.Menpenees

XumMuueckuini IneMeHT. Bu aTOMOB, xapakTepuayloLlmnca onpege-
JNIeHHbLIM 3apaaoMm sapa.

XuMuYeCKuid 3NeMeHnT
GOopMBbI CYWECTBOBAHNA

|

ABNEHUSA OU3NYECKUE
N XUMUHECKUE

XuMuuyeckue

N3MEHRIOTCSA CoCTaB
N CTpOoeHne BewecTs

Pusmnyeckue
6e3 n3MeHeHus
coctaea N CTpoeHwus
BewecTs

20, = 30,
2Cu + 0, = 2Cu0,
CaCO,4 = CaO + CO,

Harpesanue yTiora
Mcnapenne cyxoro nbga (CO,)

npu CMeLeHnmn
MexaHuieckas CMECh XMMUYeckoe coenHeHme

BelLeCTBa COXpaHsoT 06pasyeTcst HOBOE BeLLeCTBO

XNMNYEeCKYyto
\/ nHANBMNAYaNbHOCTb
# -
MpocThie BewecTBa Ooannounme CnoxHble BewecrBa Hg + S varpes LS
ATOMBI XMMUY4ECKW CBR3AHMI ATroMbLI aTOMbi XUMWHECKN CBA3AHbI g g
C ATOMAMU TOFO XE JNCMA MHE e | C aTOMaMW APpyrnx 3NeMeHToB (TeMHaﬂ Macca) (KpaCHOG BeLU,eCTBO)
He, Neo Ar
H s (0] y (o) y P ; O AN e NEMON T I CO_. NH . CI H + CI hv 2HCI
2 2 3 a SR IE T dcnD 27 4 “ Ap' 2 2 e—
rpacduT U 1.4. RO LML) Y]
H, O, CI
1. Mpw cocTaBNEHWM MEXaHU4eCKOA CMecn BewecTs MX MoxHO Bpatk B MoBbiX KoMm-
C ECTBOBAHNE XMMUYECKOIO INEMOH1: 4YeCTBEHHbIX COOTHOWEHUAX. YTobbl NOAYHUTL XUMUYECcKoe coeAuHeHWe, He OCTaBsuB B
yu 3 X ro sfieMenia i (bopme HECKONMbKUX nabuiTke Kakoe-nimbo UcxoaHoe BellecTso, UX Hano 6paTe B CTpPOro onpeneneHHbIX

NPOCTbIX BEUIECTB HA3bIBAGTCS a/1IOTPONUes

C — anmas, rpaduT, pynnepeHnl u gp.
0~—-0, O, unap.

S — MOHOKNUHHas, poMOuyeckas u gp.
P — Genbiit, KpaCHbINA, YEPHbBINA

CTEXUOMETPUYECKUX COOTHOLWEHUSAX, onpegensemMbiX ypaBHEHWEeM XUMWYEeCKOA pe-
aKuWu, a B KOHEYHOM CYeTe — COCTaBOM WCXOAHLIX U KOHEYHbIX BewecTs.

2. CBoiACTBa BELUECTB, COCTABUBLIMX MEXaHW4YECKYIo CMeCh — COXPaHATCA, BCTYNMB-
WX B XUMUYECKYIO PeaKUMIO — HEe COXPaHAoTCS.

3. CocTtaBHble 4acTM cMecu MoryT 6biTb pasgeneHbl Ha OCHOBaHWW WX DUINYECKAX
CBOWCTB, ANA pa3NoXeHUs XUMUYECKOro coeguHeHns Heobxogmmo npoesegeHe xumu-
YECKOW peakuuvu.

4. Mpn MexaHW4eckoM CMeWeHMn He HabnopaeTca BbiASNEHUA UAW noraoweHwa Ten-
notel. MpU XMMUYECKNX peakuMax TEennoTa, Kak Npasuio, BbifenfaetTca uau norno-

uwaerca.




CTPOEHUE ATOMA

OTKpLITUA KoHUA XIX — Hauana XX B npusenu k BbiBOAY:
aToM fiennM, COCTOUT U3 aapa @ n SNeKTPoHOB €

QNEKTPOHbI

1853 r. — M. ®apapeit — snexrponus
pacTBOpOB U pacnnasoe coneit — BblBOA:
MOHbI NEepeHOCAT CTPOro OMNpEeAeneHHbe NopLum
3apaaa

1903 r. — . TOMCOH — npeanoxun
MOfiENb CTPOEHUA aToMa, COTNAcHO KOTOPOWA

aapPo

1911 r. — 3. Pe3epdopa — npoxoxaexve a-
qacTuy, (agep renus) Yepes 3onoTylo ¢onbry. Mytu
60NbLUMHCTBA O-4aCTHL, OKA3ANMCb NPSMONMHEAHBIMK, TONBKO
npumepHo 1 u3 10° ucnoimbiBana CMNbHOE OTKNIOHEHME.
Pesepdopa npeanonoxuwi, 41O B LEHTPe atoMa HaxoguTCs
OYeHb MasieHbKOE NO PasMepy NMONOXUTENbHO 3apsKeHHoe

3ANeKTPOHbLI PAcNoNaraioTCA BHYTPK cepst, 5Ap0.
UMEIOLLE! NONOXUTENBHLIN 3apAa, («NYAMHIOBas Au

Moaenb»)

1910 r. — P. MunnukeH — namepun ~
3apsif 9NeKTPOoHa

1,601+ 10" Kn, m = 1/1840 y.e.,

9,11-1028r

Anpo He — tsxenas yactuua, He
B3aMMOAEINCTBYET C INeKTPOHaMW.
CyuwecrsoBarine ManeHbKoro
TAXENoro sapa.

Pa3mep atoma = 107 m
Paamep sgpa = 1075 m

MNAHETAPHASt MOZEN1Ib ATOMA

B ueHTpe — @ - AQPO, BOKPYr BPALLAIOTCH 9NEKTPOHL, B LIENIOM aTOM 9neKTpoHenuTpaneH.
HO -~ 2neKTpoH, ABMraschb C YCKOPeHneM (LIEHTPOCTPEMUTENBHAA CUNa), AO/MDKEH M3Ny4aTb U TEPATb SHEPrUIO

1913 r. — H. Bop f
AONONHUN NnaHeTapHyio Moaenb
Teopueii ksawToB nanxa —
3HEPrNA MOXET NOrNOLATLCSH U UCITYCKaTbCH 4
TONLKO NOPUMAMMU;
H. Bop 06BLACHWN NUHeRuaTbi {ANCKPETHDLIN)

CNeKTp aroMa Boaopoaa L

-OBpeMeHHOoe cocTofaHMe:

Moctynatel bopa:

1. OnekTpoH ABUMXETCA BOKPYr sApa No CTPoro onpeaene-
HHbiM (CTAUMOHAPHLIM) OpOUTaM n NPU ABUXEHUN NO
HUM HE M3Ny4aeT SHEePruio

2. SHeprns M3ny4aeTcn n NOTNDULAETCR NPU nepexoae
aneKkTpoHa ¢ opbuTbl Ha opbuty

BE=hv=E,-E, ‘L?

1

1924 r. — J1. pe Bpoiinb — psoiicTeenHan Npvpoaa (ayannam)
NeKTPoHa, — NEKTPOH — BOMHA M 4acTUUa OHOBPEMEHHO.
AnekTpoH — BONHA «pa3masaH» B NPOCTPaHCTBe, npencrasnsieT coboi kak Obl
--6nako. Ans oTpaxeHus 3To# 0COBEHHOCTN NOBEAEHUS SNEeKTPOHa B atome
BEAEHO MOHATUE INEKTPOHHON opbutanu. ‘

- CornacHo coBpeMeHHbIM MpeAacTaBJieHUsAM:
JNEXTPOHBI HOPMUPYIOT ANEKTPOHHbIE CNOU (Ha3wiBaeMble Take 060noYKaMu uu
/DOBHAMMW), XapaxTepU3YIOLLUECc rMasHbIM KBaHTOBbIM YUCNOM 1.
YpoBeHs pacliennfeTca Ha NoAyPOBHU, XapaxTepuayioLmecs opGuTanbHbIM AU asuMy-
TanbHbiM KBaHTOBLIM yucnoM [=0, 1,...n-1.Te.anan=3 [=0,1, 2
Kaxawiét NoaypoBeHb C KBaHTOBLIM uncnoM / conepxur 2/+1 opburaneis, xapaxrepu3syio-
UWIMXCA MarHUTHbIM KBaHTOBLIM uucnoM m;, m =1, I-1, ...0 ... —I+1, —I. 3HaueHue !

onpenenaet GopMy opburanen, n — opueHTaunio B NPOCTPaHCTBe

0 1 2 3 4

5 P d S g

n =1, 1= 0 ypoBeHb COAEPXUT 0OHY s-opSuTanb

n=2,1=0, 1 ypoBeHb ConepxuT oaHy 2s u Tpu 2p opburanu (scero 4 opbutanu).
n=3,1=0, 1, 2 ypoBeHb — opHa 3s, Tpu 3p u natb 3d opbutanu (BCcero 9 opburtanen).
KPOME TOFO, anexTpoH uMeeT cnNuH — 4-g KBaHTOBOE YnCno (s = +1/2)

AE
IO 4
| mERRRPT]
Crrse CEH e
IO 3p 4s
3
Pr
Ots 2s
n=1 n=2 n=3 n=4

3anonHexune opburaneit: 1 QuepeaHoCTb 3aNoJIHEHUA — NPUHUMN HaUMEHbLLEH
aHepruu. 2 MpuHuun Naynu — B OQHOM aToMe He MOXET GbiTb ABYX 3NEXTPOHOB C
OQUHAKOBBIMW 3HaueHaMu n, §, mw s. 3. Npasnno XyHaa — 8 npeaenax NogypoOBHA
3NeKTPOHbLI PacNoNaralTcA Tak, YTO X CyMMapHbIA CNUH MakcuManeH.

aaAPO
Bblno ycTaHOBNEHO, YTO S4pa
COCTOSAIT M3 NPOTOHOB .p U
HEeATPOHOB N

p + ;0 — anepHble cunbl
Hyxnupa, — Bng, atoMoOB € onpe-
OEeneHHbIMK YMCcNamMn NPoToOHOB
M HENTPOHOB ( 2;*25'.;, ng. ’;c "
ap.)
U3oTombl — HyKNNaL!l 0OHOrO
anementa (a1, 1)
N30Tonk! 0QHOrO 3NnemMeHTa
XUMHUYECKN Hepa3neNvMot.

PaMoaKTVBHbIA pacnan:
2:2 Ra =42 He +25ﬂ5 Rn (c-pacnaa)
ggSr =f3" +§3 Y (B -pacnag)

! ecnn fQPO aroma UCNyckaeT d-
4acTuly, ToO 0O6pa3yeTCR 3NeMEHT,
PaCNONOXeHHbIA Ha 2 KneTxu
nesee, €CNU MCMNyckaeTcs PB--
yacTuua — Ha 1 kneTky npasee.

o B

Anephble peakumu

238 2 -~ 238 1
U +iH =T Np +2° n

waro U (d,2nf° Np




NEPUOAUNMECKASI CUCTEMA 3JIEMEHTOB

. AEGepeiivep (1816-1823) — BuiaeAn TpHaghl CXOAHLIX
anemMexToB .

J1. Meiiep (1864) — o6begnHi INEeMeHTH CO CXORHLIMW
CBOACTBAMW B rpYyNNbl

Ox. Helonexac (1866) — otMeTn NOBTOPAEMOCTL CBOACTB
yepesz 7 INeMeHTOB Ha 8-0i (NpaBMNO «OKTaB»)

flonbiTkn ynopsanounrs, xnaccuduumposars ane-
MEHTLl B COOTBETCTBUM C UX CBOACTBAMM

. . MenpaeneeB nonoxwn B 0OCHOBY KNacCbUKaLMN aTOMHLIA BEC A
UBeBCNOFNanNSIPSCIKCa’ U _|Be |B cl IN lo |F
7 |9 111214 11619 23|24127:28| 3132 {35529 |40 [ — Na [M Al Si P S Ci

] J K Ca
- nepw .A =130 |30 3505 | 30, (3204 [I0y {30y

«CpolicTaa aneMeHTOB, a cnefoBaTenbHo U o6pa3oBaHHbIX UMW MPOCTEIX W CROXHLIX Ten,
HaxoQaTCs B NepUoAMHECcKoi 3aBUCUMOCTU OT aTtOMHbIX BECOB 3/IeMEeHTOB»
4. N. Mengences, 1869

fpu cocrasnennn tabnumuul A.11. Mennenees (B otanume oT npenwecTBeHHMKOB):
1. CpaBHinn Mexay cobomn He TONbKO CXOAHLIE SNEMEHTLI, HO U HECXOOHLIE €CTECTBEHHBIE FPYNNb
3NEeMEHTOB;
2. NaMeHnn atoMHuie Beca 20 aneMenToB (Be,O, - BeO = 13.5 » 9)
3. Mpu onpegenedn NONOXEHNUSI — PYKOBOACTBOBASICH B NEPBYI0 OYEPEAb XUMUHECKMMU
ceoncteamu | & Te; Co & Ni;
4. Pag anemMeHTOB He Obl1 OTKPLIT — OCTaBWN NyCTule KNETKK (nog Si — akacunuumin (Ge) v ap.)

. Moanu (1913 r.) — 3apsagpsl aaep aTOMOB NOcneoBare/lbHO BO3pacTaloT Ha ' v 2~0) =5 HOMEp
aneMeHTa COOTBETCTBYET 3HAYEHUIO 3apsaa ero aapa.

CospemMeHnan TpakToOBKa: CrOMUCTEA 31EMEHTOB W NX COeAVMHEHUN HaxXoaATCa B 1eg,+0aM4eCcKon
32BMCUMOCTI OT 3HAYEHUS 3apsina anep aToMOB. (PaBHOIMO aTOMHOMY HOMEDY 3AEME=T2 B Nepuoanyec-
Ko Tabnnue snemMeHToBR).

3apag agpa onpeaensieT YACHO 3NEKTPOHOB B HENTPanbHOM aTOME M YNCNO 3anc. —2-
060no4eKk B HEBO3OYXOEHHOM aTOME, a TAKKE UX 3aCENEHHOCTb (XUMNHECKHUE JET.7 2

[~
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BUCHUMOCTb X KTEDUCTUK SNEMEHTOB OT X

nonoOXeHus B nepuviogn4eckon rabnum
B MANOM MEPUOAE: 3anonHeHne ogHOro 3NeKTPOHHOTO YPOBHSA

> Nepexoq K CReayIoweny Nepuogy —»
Li Be B C N O F Nepexod K 4PYTOMY 3NIeKTPOHHOMY YPOSHIO,
PACNOROKEHHOMY AaNblle OT ANPA, NOITOMY —
O O O O 0 o o YMEHblLIeHUE NDUTKEHNS BHELUHErO
0.155 HM  PaBVYC HeMTPaNLHOro aToMa 0.064 Hm NEeKTPOHA Z xe
> £ o Crapa X ®
B nepoge HaGNIOAAETCA yBENVYEHHWE 9aPAAA RAPA, YBENNHEHWe NpUTRXeHns e r2

X AAPY, YBenvyeHne INeKTPoOTPULATENBHOCTH — CROCOBHOCT aToMa OTTAMMBaTL
HemeTannnyeckum

k cebe INEXTPOHLI — Nepexoq OT MEeTANMYECKNX CBOMCTB K
TerpeHuns obpas3oBaHus YCTOW4MBOA BHeLUHEe! aneKTpoHHOMN
obonoukn (06ono4KN MHEpTHOro rasa)
INeMeHTHl Hadana nepvosa
nerxo OTAAIOT €, 06pa3yloT npenmMyL.
o6pasys @-noHul KOBaNEHTHLIE CBA3V

ANeMeHTH KOHUa nepnoaa

1 -
Nerko NPrHNMaLoT e,
06pa3yn &-1oHul

B rpynneNa O yBenn{eHvne Yncna INEKTPOHHLIX YPoBHe# (cnoes)
. B HeBO36YXAEHHOM aToMe;
K O yBennyeHne paMepa atoMa;

yMeHbllieHne NpUTRXeHUA BHellHero anexTpoHa K A4py,
yMeHblueHwne cnocobHocTv npUCcOeanHATL INEKTPOH,
ycuienne mMetannnieckux CBonCTe

Ne

7
1. ATOMHLIA HOMep 3neMeHTa = 3apagy Agpa

2. HoMep nepnoga = 4ncny ypoeHei (06b4HO)
3. Homep rpynnbl = max. NONOX. CTeneHb
okucneHna (06bi4HO)
4, MeTannnuyeckne CBOACTBa BO3pacTaloT
CBepXy BHA3 ¥ CNpasa Haneso
5. MeTtannnueckne CBOKCTEa NPORBNNIOT
3INeMEHTH C MANbIM HMCNOM BANIeHTHBLIX
3INEKTPOHOB Ha BHeiuHeM ypoexe (o6onouke)
6. MeprnogueHocTd K3MeHeHMA CBOVCTB 06bsaC-
HAETCA ONpefeneHHONn NOBTOPREMOCTLIO B
K:aann:mﬂehmm INSKTPOHHEX YPOBHEA (o6onoweK)J




XUMUNYECKAS CBS3b

BaavmopeiicTBne aToMOB, npusopasiuiee K 06pasoBaHnio
YCTOAYNBOA MHOM0ATOMHON CACTEMbI

Nepepacnpegenstne n (1nn)
+ — obo6uiecTanenne 3NeKTPOHOB/(BHELLHUX, BANEHTHbLIX), NOBLILIEHNE
. * ANeKTPOHHOW MACTHOCTA MeXay aToMamy, NPUTArMBaIoLen aapa.
.

1. SHeprua CBA3N — 3IHePras, 3aTpauvBaemMan Ha ee paspyueHne (00bMHO COTHU KIDK/MOnb)

3. i L — NPW Pa3nnuUm ANEKTPOOTPULATENBHOCTM ATOMOB — Mepa NOMSPHOCTH CBsI3N

at + q°

p=qxr

r

2
: 2. Annna crA3W r — paccTosHe Mexay fapaMy CBR3biBaembiX aToMoB (06uiuHO 0.1-0.3 HM)

NEeKTPOOTPULIATENIBHOCTL — YACNEHHAR XapakTepucTuka cnocobHocT aToMoB B coeavkennsx LI — 1.0, F — 4.0

(3 cMeuaTh K cebe INexTpoHb APYrvx aTOMOB

Rb—0.8,1—25

MNpaenno oxTeTa: NP 06pa3oBaHMN XMMUYECKOW CBA3N aTOMbl 1-r0 — 3-ro NEPUOAOB CTPEMATCH K CO3NAHNIO YCTOWYMBOW 8-

(oxTeT) uan 2-x (pyGneT) -anexTPOHHOA 0BONOUKU UHEPTHOrO rasa

epegaya
ANEKTPOHOB o6obulecTenexune -
VIOHHAS CBA3b \ anekTpoHos
Na: + <Cl: » Nat + :C1~ KOBANEHTHAS CBSI3b ACHOPHO- AKLETTTOPHBIR
LIl VILVIL [Ne] [Ar] :Cl+ +:Cl- — :CkCl: (CI-Cl) BOHOD — MMeeT HeNoABNEHHYIO e-napy
TBepAHE BEwWeCTBA | vl npUTRXEHNS IN- +:N- = N N (N=N) H H
BHICOKVIE T 0o e Mexay MoHamu H—N"® /
HanpaeneHHOCTb CBA3N — GOpMb opburanei 1 ® H=Ope
PaznyuHbie TMNL NepexpuiBaHns e~061axkos H
NPy NNaBNeHWN, PacTBOpeHun B Boge
XOPOLUO NPOBOAAT ANEKTPYHECKMIA TOK axuenTop — ceobogHyio opSuTans (H )
Py - _ ———@——
Nal :Cl: > Na™ + Ci —F=<>— | oceam T-CBA3b H H *
BAREHTHOCTL = oo o ¢ = b I + |
1853 r. — dpakknann. CnocoGHOCTL atoma /% =) H—rf: +HY — H’TI\H
NPUCOEAVHATL MW 3aMellarb onpeneneHHoe 'Sy H
YMCNO NPYTHX ATOMOB NPY 06pasnBEHMN Vg N: —> 1o+ 2n -l H
Monexynsl 0900 2s 2p H H_ oe H *
ANEKTPOBANEHTHOCTh — cnocoBHOCTL atoma, ). YacTo Habnoasetcn ruBpUANSAWMR S-, p- U d- / + A
06 2 .. y H—~0O s + HY —
Pa3YI0WEro MOHHYIO CBA3b, OTAABATL UK opBuraned .o® 1
NPUHAMATL ONPENeneHHoe YNCNO 3NEeKTPOHOB oTTaNkK/BaHVe H
KOBANEHTHOCTL — cnocobHocTe o6pal3oawaars obume . 1. Bce cBR3M 3XBNBANEHTHY.
SNEKTROHHbIE Naphi H 2" HNH>S0" — 107" 2. 3apnan pacnpefeneH No BCeM aToMam

ot

ANs xapaKTepuCTUKK NepepacnpeneneHns ANeKTPOHOB NPU
o6pa3osaHnn CBA3M,

CTENEHb OKUCJIEHNS — ycnosHbil 3apsa atoma,
BLIYMCNEHHBIN 10 ONpeReeHHbIM NPasHaM:

1. CreneHb oxncnenns (CO) aroMa B NPOCTOM BellecTae
pasHa 0 (H2, P4, Sg v ap.)

2. AnreGpawueckas cymma CO aromos 8 Monexynax (CO2, CH4) pasHa 0, 8 woHe (8042‘. MnQO4 ") — ero 3apagy
3. CreneHb oxucneHus F B8 ero coeamHennsx acerna pasHa -1

4. CO aroMo8 WeNoYHbIX 1 WENOYHO3EMENbHBIX METAIN08 B COeaUHEHNRX BCceraa pasHa +1 m +2

5. CO H B coeamHennsx +1 (cMm. Taxxe n. 7)

6. CO O B coeanHenunx -2 (cM. Taxxe 0. 7)

7. Beerpa npeanoyTeHue OTAGRTCR NPABUNY C MEHBWIUM HOMEPOM, NO3TOMY l(+1 H_1; H2+102'
8. CO MoxeT GbiTh OTPHUATENLHOW, NoNoxuTensHoR, paeHon 0 (Fe(CO)s w ap.), Apo6Hon (K2Ss

Mpn coeguHeHUU aTOMOB C Pa3NUYHLIMN
ANEKTPOOTPULATENbHOCTAMM -— [IONAPHAR
CAA3b

BOAOPOAHASA CBA3b
Cesiap 3'...H...2", roe 9' n 3" — aTOMNI
aNeMeHTOoB ¢ GoNbWNMKN 3HAYEHUAMN
anexrpooTpuulaTensHocTy, yem 30 H.
Bce Tpn atoma 3', 3" n H pacnonoxeHu

Ha npaMoi, Hanpumep F--H—0, O---H—N.

1

a7

obobuecTanenye
ANEeKTPOHHOA Napbi
oQHoOro atomMa

o6obuiecTeneHne
NEKTPOHOB MeXny

cranna

METANNMYECKAA CBA3b
3ANeKTPONPOBOAHOCTL, TEMUIONPOBOA-
HOCTb, KOBKOCTb METANI0B.

Mopenb «aneKTpOHHOro rasa», KoTopbii
yaepxveaeT BMECTe aTOMHBIE NONOXN-
TeNbHO 3apSDKEHHBIE OCTOBHI.
CoBpeMeHHan mMoaens — 3NeKTPOHbI
pPAcNoNoXeHbl He HAa OTAEeNbHLIX JHepre-
TUHECKNX YPOBHSIX, 8 B «3HEPreTU4ecKon
30HE», N Nerko B 3TOA 30He NepemeLla-

107CA

BCEMWU aTOMaMK Kpu-



TUNb! XUMUYECKUX PEAKLIUA

fiBneHvie, NPY KOTOPOM OAHW BEWECTBA NPEBPAaUlalnTCa B APYIMe, Ha3bIBaIOT

XUMMWNYECKOU PEAKUNEN

Bo3MOXHbIE TUMNbI K1accruprkaunii peakunii

Mo 4ncny ucxofHbiX U
o06pasylowmnxca BewecTs

Mo N3MEeHeHnIo CTeENeHN OKNCNEHMA aTOMOB

Be3 nameHeHwns creneHy oknCneHus C naMeHeHneM cTeneHn OKNCNeHus
{OKNCANTENbHO-BOCCTaHOBNTENIbHLE)

COEAUHEHUS
A+B+C-D

npoayxt Gonee
CNOXHKOro cocrasa

HBCKOI]I:KO seujecrta
Gonee NpocToro cocrasa

CaO + Hzo = Ca(OH)z
PbO + SiO, = PbSiO4
CaCO:; + H20 + COZ = Ca(HCO:;)Z

Hz + Clz = 2HCI
PbS + 403 = PbSO, + 40,
4Fe(0H)2 + 2H20 + 02 = 4Fe(0H)3
CzH4 +H20 = Csz,OH

PA3NTOXEHUSA
A->B+C+D

HeCKonouko aeiulecra
6onee npocToro coctasa

6onee cnoxsoe

Paanoxexne KPUCTANNOrMAPaTos, KUCNOT, OCHOBAHWA
{ne wenovedl!), conei xucnopoacoAepXALMX
KWENOT W Ap.

Cu(OH), = CuO + H,0
CaCO; = CaO + CO,
NH,4Cl = NH3 + HCI

4HNO; = 2H,0 + 4NO, + O,
AvCnponopUnoHrposaHne

4KCIO3 = 3KCIO, + KCI

S3AMELLEHUSA
A+BC » AB+C

NpocYoe CNoxHoe CNnoxHoe npocToe

C nameHeHneMm crenexu :':>

OKUCIEHNS CuSO, + Fe = FeSO, + Cu

2KBr + Cl, = 2KCI + Br,

OBMEHA
AB + CD —» AC + BD

Haubones pacnpocTpaneHbl peakyn Mexny cnox-

HbIMW BelecTaamu, npotexaoime 663 naMeHeHna

Crenern OKKCNEHUA U CONPOBOXAAIOLIMECA yaane-

HHeM NPoAYKTa {MPOAYXTOR) peakunu 8 anae 1asa,

ocafka unu o6paloBaHuer Manoanccoumupyolle-
ro coeanHeHNA.

—_— e —

AgNO, + KBr = AgBr { + KNO3

HeutTpanusauuum be3 naMeHeHna ctenexn
NaOH + HCI = NaCl + H,0 oKMUCneHns
MANOANCCOY

'uaponuaa l
CH3COONa + Hp0 == CH3COOH + NaOH

Mmanoanccou, |

Heo6x0AMMO OTMETUTL: CYLECcTBYET MHOrO Peakumil, KOTOpble TPYAHO OTHECTM K OAHOMY OnpeaeneH-

HOMY TuRy:

NH3 + CO; + Hy0 + NaCl = NH4Cl + NaHCO3d; 30,5205

BoamoxHb 1 apyrue knaccudpukaumn: no TennoeoMy adpdexTy, CKOpocTH, MeXaHN3My (MOHHBe, paavKanbHue, Len-
Hbie, KaTanuTuieckme U Hekatanntuieckue), kak obpatumMbie U HeobpaTumble U T.4.

NO TENSIOBOMY SCDCDEK'@
-

paboTbl PACIUMPAIOUIUXCA ra3o8.

B xope xvMu4eckux peakynis NPOUCXOANT Pa3phid OAHKX CBAler W 06palosaHue Apyrux
Ecnu cymMMa aneprvuid paspyweHHbiX CBA3eR < CyMMbl 3HEprui BHOBL 0BPa30BakHbix —> K3GLITOK 3HEPrUK BLIAENACTCS B BUAE TENNOTh, CBETa,

— TenNoTa Bu4eNAeTCR, PeaKuMR IKIOTepMUIecKan
— Tennota NOrNOLWAETCA, Peakuua IHAOTEpMUYECKan

4Al + 30, — 21,05 + Q
Ny + 0, —2NO - Q

TennoBou 3addexr peakuuu Q

TepMOXMMUYECKNE YPABHEHNA — C yKazaHWeM

MpocThie BeLLeCTBa B CTAHOAPTHOM COCTORHNN

25°C. A B.C, D). 4Quqp = 0

npoAa
06p

AC + BD

TennoBown apdexT

3aKOH COXpaHeHWa 3Hepriv

Q — 3anac sHeprum 8 NPoAYKTaX MUHYC
3anac aHepruv B peareHTax

TennoBOro apodexkra (1 am

2H, + O, = 2H,0(x) + 572 xix

Tepmoxmmmecxwe pac4eTbl OCHOBAHbI HAa 3AaKOHeEe

Necca: nex
Q06p

* TenNoBow 3PP eKT XUMUHECKON peakun 3aBNCUT OT COCTORHNA

VICXOQHbIX BEWECTB ¥ NPOAYKTOB Peakuyii, HO He 3aBUCHT OT NPOMEXY-

TOYHBIX CTAAUA Npoyecca #>

* TennoBown aPPeKT XUMNHECKON peakui paseH CyMMe TennoT

06pa3oBaHa NPOOYKTOB peakuyn 3a BLIYETOM CyMMb! Tennot y

06pasoBaHNUA UCXOQHLIX BewecTs AB + CD

. .~Poa i NCXOOH
Q= Zv,Qoap Zv|006p




€908 W EUNTL

CyIlHOCTD XMMMYECKONW peaKuuy COCTOMT B NOMy4eHUn HOBbLIX BellecTs,

y

B neperpynnupoBKke atToMoB UCXO0AHbIX BewlecTB B NpoAYyKTbl peaKkuuu

KonnyecTBeHHO XMMUHecKas peakums MoxeT ObiTb OXapakrepuaosaHa
CKOPOCTHLIO NPOTEeKaHUst U rNybuHon NpoTekaHust

$

CKOpOCTb 1pOTEeKaHUs (XUMUHECKas KUHeTUKA)

CKopOCTb rOMOreHHOW XMMUHECKON peakumn onpenenseTcs KoNM4ecTsoMm
seLlecTsa (4MCcNom monen An), npespaweHHoro 8 obbeme (V) 3a npomexy-
TOK BpeMeHu (At):

ac
=i g _“Zpear _  ACnpoayr
Vat V= const At At

Yem onpegensercs ckopocTb?

Peakuva NpoUCXoaMT NPU CTONKHOBEHUW MONEKYN PEArMpYIOLLMX BEULECTB, NO3ITOMY CKOPOCTL
onpenenseTcs @ YUCNom CTONKHOBEHWIA U @ nx JHepruei

@ KoHueHTpaumna (YMcno monexyn B eguxuLe o6bema). Yem Boille KOHUEHTPAUMA, TEM valle
NPOWUCXOART CTONKHOBEHUA.

9~[Al'[BloynA+B>SC

8 = k[A] - [B] rae k — xoHCTaHTa ckopocTu (k = 9, ecnu, Hanpumep, [A] = [B] = 1)

Ecnu B peakuun B OTAENLHOM CTONKHOBEHWW, T.€. 3NEMEHTAPHOM aKTe, YYacTBYIOT N Monexkyn A u

m—B, T.e.nA+mB -5C, 7o
3aKoH [eACTRYIOWMX MacC
(1‘) =k-[A]" [B]"‘) (K.M.Fynua6epr v M.Baare, 1864 r)

N, M — NOPAAKN PEAKLMM — YACTO H@ PEBHLI CTEXMOMETPHHECKYIM E nepexogHoe
[} cocTosHve

wapPrumertam. Np — bR IM PEAKUMA.

@ TemnepaTtypa (Mepa KUHETUYECKOW IHEPrn
monexyn). YTobbl peakuma Npouna, Heobxoaumo paapy- E
LUMTL CBA3N B UCXOAHOW Monexyne. OnA atoro Tpebyerca
3HepruA (aHepryua akTmeauum). Monexynol oNXHbI y
CTONKHYTLCH C ONpPeaeneHHOoN IHePruen. peareHTH [
Tak xak gona Monexyn, oSnagaoLimx Heobxogumon

aKT

3Hepruen, BLICTPO YBEMMHMBAETCA C POCTOM TeMnepaty- aQ
Phi, CKOPOCTH PEaKLMKA PE3KO BOIPACTAET C POCTOM ¥
TemnepaTypbi.

paTyp p——

NpnbnmxeHHoe npasuno BaHT-Mogda: ckopocTsb
so3pacTtaer 8 2-4 pa3a npu HarpesaHum Ha 10°C.

Eaxr
YpaBHeHune AppeHuyca: k = const-e”™ RT ,
R — razoBan nocTtosHHana, T — Temneparypa, K
@ Katanunsatop — M3MeHEeHME MEXaHW3Ma peakuuu
— YMEHBLWEHNE IHEPIUNA aKTUBALMM — YBESIMNEHNE CKOPOCTH.

LMHruGuTop — YMEHbLUEHUE CKOPOCTH Peakumm.

f Y

Laybuna nporexaxnus (xumuyeckas TepmoavHamvka)

MHormne xumunyeckue peakuun He yaaetrcd AoBecTtn A0 KOHLUA
H, + I, = 350°C => 80%HI + 109%H, + 10%l, < 350°C ¢ HI

cMech YUCTLIA
PeaKu,nn, nportekawuiue ogHoBpemMeHHO B ABYX NPOTUBONOAOXHbIX

HanpasaeHnax, Ha3biBaloT O6paTMMbIMM
3

thp H,+1,=2HI

2HI=H, + |
ﬂoﬁp 2 2

> {
Mpu pasHoBecun: ¥ = O,
Xnmuyieckoe pasHOBECUME MMEET AMHAMMYECKUIA xapakTep
Ans peakurn: mA + nB+—=pC + qD
KOHCTaHTa pasHoBecus K
[CI°[D]*
[A]™([B]"

Mpw paHHon Temnepatype K nmeer
NOCTOAHHOE 3Ha4YeHWe, xapakTepu-
3yeT pasHOBECHBI COCTaB CMecH

Dpunuun Jle tllarenve: ecnu Ha cucTemy, HaxoALLYIOCA B COCTORHNM PABHOBECHA,

0Ka3biBaTb BHEIUHEE BO3AEACTBNE (U3MEHNTL T, P, KOHLIEHTPAUMIO), TO paBHOBECUE B CUCTEME
CMELLAETCA B TOM HAMPABNEHUM, MPU KOTOPOM 3 KT BO3AENCTBUA YMEHBILAETCA.

3Hy + Np===2NHg + Q |+ T
P [1T) p—T1]
v\ —p_~"
T

+—+ NH3

KaTanvaaTtop He BAvSieT Ha NOMOXEHNe PaBHOBECHS (KOHCTaHTY
pPaBHOBECKS), & TONBLKO YCKOPSET €ro QOCTUXEHNe




OKUCJIUTEJSIbHO-BOCCTAHOBUTEJIbHbLIE PEAKLIUU

peakuum, NnpoTekawoilme ¢ UBMEHEHNEM CTeneHeil OKUCNEHNA aTOMOB
YCNOBHO CYUTAIOT, 4TO OKMCNEHWe — 3TO 0TAaYa aTOMOM, MOHOM, MONEKYNOW 3NEXTPOHOR, a BOCCTaHOBNeHWe — NpUucoeavHeHue x
HUM 3NeXTPOHOB. [1pn OKMCNeHNU CTENEHL OKUCNEHUA aToMa BO3PaCcTaeT, NPH BOCCTAHOBIEHUU YMEHbLLIAETCA.

Oxkucnedne ogHux aroMos (A) B AaHHOR peakunun: A —ne = A™ (A — BOCCTaHOBUTENb) BCErga CONPOBOXAAETCA

BOCCTaHOBNEHWeM apyrvx atoMoB (J) B AaHHON peaxumun: Q +ne = 3™ (3 — oxkuchuTeNb)

BOCCTAHOBJIEHUE
_ NOHAXEHWNE CTENEHH OKNCNEHNS

=3 -2 -1 0 1 2 3.

NOBLItUEHNE CTeneHn oKUCASHNA

OKHUCHNEHUE
OrucnUTENBHO-BOCCTAHOBUTENLHBIG
Yo Peaxum A
” Mexmonexynaprbie BHyTpumMonexynapHbie
2NaCrO, + 3Br, + 8NaOH = 2Na,CrO, + 6NaBr + 4H 0 C y4acTvieM aToMoB
:ageczuo- oKkncAn- aToMbl PA3NNHHBIX OfHOrO 3neMeHTa
Tenb INeMEHTOB (AncnponopUNoHNpoBaHne)

+5-2 +4 0 5 +7 -1

4HNO, = 2H,0 + 4NO, + O, 4KCIO, = 3KCIO, + KCl

Ans Toro, 4To6bl onpeaenuTb HaNpPaBNeHWe NPOTEKaHWS W NPOAYKTH peakuuu, HeoBX0aAMMO YCTaHOBUTD:

Oxucnurtenu: BoccTtaHoBUTENMU:
1. Mpocreie BewecTsa, o6pa3osaHHbIe atoMamMm 1. Atombl metannos [-lii rpynn v ap. (Na, Ca, Al, Fe...)
anemeHTOB-HemeTannos VI-Vil rpynn (F,, O,, O,, Cl,, 2. OTpUuaTenbHO 3apaXeHHbie UOHbBI HemeTannos S%,
Br, v ap.) Cl- v ap.
2. MHorve MHOro3apsaHbie UOHbI METANNO0B: 3. MHorUe CPaBHUTENBbHO Mano3apanHbie WOHLI MeTan-

Fe* + e = Fe?; Cu* +e=Cu* nos (Fe, Mn? u ap.)
3. UoHbl, copepxaume atoMbl 9NEMEHTOB B BbiCOKUX 4. MoHbl 1 MONEKYNbI, CoAepXaliie atoMbl B Npome-
CTeneHaxX OKUCNEHUs: XYTOUHBIX CTENEHSIX OKUCNEHUS:

MnO,” (Mn V1Y), Cr,0,* (Cr VI) o 13
4. Notbl U MONEKyNbl, coaepXaume atoMbl HeMeran- $0,, S0,2°, H,PO, n Ap.
NOB B BbICILIMX CTENEeHAX OKUCNGHUR: 5. H,, CO, CH,, NH,, C

s S

. Tvnpwm eTan - CaH,, LiH v ap.
HNO,, KCIO, n p. 6. Tuapnapt metannos i~{lt rpynn (CaH, ap.)

5. Kucnorbt (3a cyeT noHoB H*)
6. Mepokcupapt, HAANEPOKCUAOb!, 030HUABI
Hzoz' Kzoa' Koa

—<——_——>—

Ons cocrasneHuns ypaBHEHWI OKUCAUTENbHO-BOCCTAHOBUTEABHLIX PEAKLMA UCMONb3YIOT:
Meton anexrponnoro Gananca

Metopn anexyponno-uokHore Gananca .
(B BOAHBIX pacTEOPaX) (ras + ras, ras + 18, T8. + T8.)
1. HaATM oKMCNWTeNb U BOCCTAHOBUTENb. 1. Hawtv okncanTenb n BOCCTaHOBUTENb
2. OnpepenyTs, Kakne WMOHH CYLLECTBYIOT B pacTBope 2. 3anucaTtb cxeMbl NonypeaxuUn OKUCNEHNA 1 BOCCTaHPBIEHNA
3. 3anncaTs cxeMbl NoNypeakus OKACNEHUA N BoccTaHoBleHUa 3. C6anaHcvposaTs 3apAfbl U aNeKTPOHLI
4, C6anancypoBaTb YYMCNO aTOMOB B KKAOW YacTw, jo6aenss 4. CymMmmMnpoBsaTL Nonypeakusn B NONHOE 3NEKTPOHHOE
HY wm H,0 — B kucnon cpege ypaBHeHVe (N1eKTPOHBI BOMKHBI COKPATHTLCS)

5. Hamm koaddnumeHTwl

Al+0, - ALO,
Al - 3e = Al " (okncnenwe)
0,0+ 4e=20 (BoccTaHoBNEHNE)

OH ™ nau H,0 — B weno4Ho#

5. YpaBHATL MUCNO INEKTPOHOB (3apAaos) 4
6. CyMMnpOBaTL Nonypeakusn B NONHOE 3NEKTPOHHO-

VIOHHOE ypaBHeHne (3nexTpoHb cokpawaoTcs!) 3
7. Hanmw koadpdnupeHTul

KMnO, + HCI — KCI + MnCl, + Cl, + H,0 s
3 _ 4N+ 30, = 4A’+ 60
MnO,” + 8H + 5¢= Mn?* + 4H,0 (sBoccTaHoBneHve) 4AI+30. =2 A0
2T € AL,

2C|--2€=C|2 (oknchenwe) _—————————————?———

2MnO,” + 10CI~ + 18H* = 2Mn?* + 5CI, + 8H,0 A - Cro, %

' 2KMnO, + 16HCI = 2KC1 + 2MnCl, + 5Cl, + 8H,0 I _ Cm.aar-uon
LK R __ QR N &R _§ _§ § § R B _F§ N _§ ¥ § § ] 02+IOH 1 x T‘Hn
‘ cr”, /.
0, Cr 0%
HY 7n \ﬁ’xépomarwon

2
5

; K;cnaﬂ Ht { ueﬁrgagbuaﬂ { - ™ xucnas OpaHXeBbIA
Mn ﬁ;o ;46,1042- MnO,” Cr,05 — TemHo-3eneHbi; CrO ; — TemHO-KpaCHLIA

T.0., Han6oNbwasn oxnc;zwrrenbuaa axTneHocTe KMnO , — 2KCroO, + 3Br, + 8KOH — 2K,CrO, + 6KBr + 4H,0

B KNCNOA cpege (06LIYHO NCNONL3YIOT Pa36asn. H 250,) K,Cr,0; + 14HCI — 2CrCl, + SClzT + 2KCi + 7H,0

10




PACTBOPbDI

FOMOreHHble CUCTEMbI NEPEMEHHOID COCTaBa, COCTOAWME U3 ABYX U 6onee KOMNOHEHTOB

PacTBOpUTEN: — KONUHECTBEHHO NPE06N3AAET U HAXOAUTCR B TOM XE arperaTHOM COCTORHUM, YTO U 06Pa3yIoIWUIACS PaCTBOD

/——-u( pacTeopb! 3nex1‘ponmoﬂ

- 10-9 = 10—10 " —_— [MCTHHHHG paCTBopuJ

YCTOMYUBOCTE N~ [pacrsopu Hesnen'ponvrroi)
onpeAeNfAETCs pa3MepoM -~
pacnpeAeneHHbix HacThy, > ~10%:10%m — [
KOIonaHLBe pacTeopbl ]
14 = 10-5 cycneH3nu (TeepAbie B XNAKOM)
107 +107"M —» [ IMYABCAU (KAAKVIE B KAGKOM)
KonuyectBeHHas xapakTepucTuka KayecTBeHHaa xapakrtepucTuka
4 : N
m C CTBO) ecTBa
MaccoBas gons W = 1 (Macca pa PeHHoro Bew ) Paa6aBneHHbie: 0THOCUTENLHO Manoe CoaepxaHue
m, (o6wan macca pacTeopa) PaCTBOPEHHOIO BELECTBA.
O6BIMHO BHIPAXKAIOT B NpoueHTax KOHUSHTPUPOBAHHBIG: OTHOCUTENLHO BLICOKOE Coaep-
ECNM KONMHECTBO PacTBOPEHHOTO BEWECTBA N OTHeCeHo XaHne pacTBOPEHHOTO BelllecTea. Hanpumep, 95-98%
K o6uiemy o6beMy pacTeopa V, TO roBOPAT O  MOAAPHO#H macc. H,S0,
KOHUeNTpauuu C
n
PacTBOPEHHOrO BELLECTBA
c= s (monb/am3; monb/n)
Pacrte HA TBOPUMOCTb [nonoGHoe pacTBOpSAETCA B HOAOGHOMJ
pacTeopexne

U3BLITOK [ TBEpAOE BEWECTBO ] E;uecm 8 pacTeope ] HaA TEepabIM

BeWeCcTBOM

KPUCTaNNK3aUNM

PasHoBecue: HacChiLWEeHHbIA pacTBop. OTCYTCTBAE PABHOBECUR — HEHACHLILWEHHBLIA PACTBOP (KOHUEHTPAUMA HUXE
HACHILLIEHHOM0), UNY NEPECHLILIEHHLIA PACTBOP — BhILLE HACHILLEHHOrO.

KoHuyeHTpayust HacsILEeHHOro pacTBopa — Mepa pacTBOPMMOCTU BELIECTBa, ero CnoCoGHOCTU PacTBOPATLCH
B [aHHOM pacTeopuTene.

BLIAENNETCH, TO C YBENUUEHUEM TEMNEpaTyphi PpaCTBOPUMOCTS
ymeHbluaeTcs. Hanpumep, pactsopenve 8 soae O,

Ecnu Tennota 8 pesynsTare pacTBOPEHNY nornowiaeTcs, TO C yBENUYEHUEM TEMNEPATYPHI PACTBOPHUMOCTL
ysenuunsaercs. Hanpumep, pacreopenve B soae KCI, KNO, v ap.

Ina rasos — 3akon FeHpu — C yBennyeHNEM faBneHns pacTBOPUMOCTb rasa yBennyuMBaeTcs.

Npeumywectsenno xummueckmii npouecc P,0, + 3H,0 = 2H,PO,
2Na + 2H,0 = 2NaOH + HZT
Henn3a dmauqecxu anifenMTe UCXO04HOe BeueCTBO
NpevmywectsenHo ¢manueckuii npouecc NaCl + H,0
I, + Gexaon
MOXHO BbIAGANUTD ¢M3M‘IGCKM pacTesopeHHoe gelecTso

I

Pacresopenne

v

conbBaTauns

TBEpAOE BEWeCTBo + Monekynsl pacteopntepr  ——————» A +nH,O conbBathi (MMAPaThi)
(mapatauys) 2

A HO HO 4o [AH, 001"

_/I\_A_/‘\ H,0 H,O H,0 [Cu(H20)4]2+

/‘\ H,0 H20

KpuctTannornaparbl WHOMAA HACTONILKO NPOYKBL, YTO MOryT

CuS0, *5H,0 <§:| 6biTo BUAENeHY M3 pacTBopa B
. KDUCTANNINMECKOM COCTORHMM
Na SO, * 10H,0 P

Tennosble a¢gdekTbl
conbBaTauns
pa3pbiB CBA3IEH (rMmapaTauns)
—AA-APA— ———— D ——— .
4Q, <0 ameprin > A A A A A e orame. A nH0  4G,>0
noraowaerca HOBHIX CBA3ER 3Heprmisa
S BhlaenseTcs
oGuuii = _
Tennogoii adpdexr 4Q = 4Q, —AQ,

2% 11




SNEKTPOTUTUYECKAA AUCCoLnALNA

PacTtsopbl MHOMMX coNen, KUCNOT,

OCHOBaHWA

1. MpoBOAAT ANEKTPUHECKUA TOK (XOTA B CYXOM COCTOSIHUKU — N3ONATOPHI)

2. Hexotopbie KonnuraTUeHble ceocTBa pacTeopoB (T
MN3MEHSIIOTCA T.0., Kak HYATO YUCNO HACTUY, B LieNoe 4ncno pa3 6onblie, Hem YKUcno
mMonekyn (hopMynbHbix eanHny) pacTBOpeHHOro selecTsa.

KAMNEHHA’ Taauepsal-ma uTA)

( BNeKTPOAUTH — BELLECTBA, PACTBOPL! M PACNNABbI KOTOPbLIX NPOBOASIT INEKTPUYECKMIA TOK )

—
Teopus 1. Mpw BHECEHNN B BOAY INEKTPONUTOB B pacTBOpE OKa3biBaAOTCH NOMOXNATENbHO 1
3NEeKTpOoNUTUHECKON OTPUUATENLHO 3apPSAXEHHBI® 4ACTUUL (MOHB) (3NEKTPONMTMYECKAR AMCCOLMALMA)
avccoumnaumu 2. Mo pericTeMEM INEKTPUHECKOro KaToA S aron aHoa
1887 r. CBaHTe TOKa MOHE NepemelaTcs " ®
AppéHMyc 3. dnexTponuTHeckan gUccoumaums MoxeT BbiTb obpaTnma =

4. CTeneHb AUCCOUMALMM 3aBUCUT OT NPUpoAE 3neKTponnTa n pacTeoputens, T, KOHUEHTPALMUN

Mexanuam LR O 5 e e o
___ HO® WY /O &’ \5® 7
CHCD —5 W fCl — T+ fC

R ATVUG -~ e PG

AuccoLMaLm Ha {}@M 3 L% Ry
MOHE: NONSPHOM AQ ru,qpaTuposaHH:le

Monekynel -
neky Paspylelma cBam (ia";;‘;ﬂm"; (conbBaTnpoBaHHbie)
MOHbL

KonuyecTtsenHo npouecc AB === At + B~

N(uncno pacnaswwxcs Monekyn)

a p—
xapakTeph3ayioT N(Mcxo,quoe 4MUCNo MoNekyN B pacTeope)
CTEMENRIO Aucconfiauui o 3Ha4eHWE o He CBA3AHO C ~
e - o
W KOHCTaHTOR puccouuanuu K, o _ {AfB7] PacTBOPUMOCThIO BelecTBa B BOAES
Anc [AB] K uc — KOHCTAHTA MPU AAMHOM TeMnepaType

YcnosHoe penenne anektponntos no cune gns 0.1 Monb/n pacTBopos

3%

QL 30%

= T

Cnabble anexTponutnl H,S,
H,CO,, CH,COOH, deHon,

NH, * H,0
8 2 KoncTranra guccoumnaunmm
v oo o IANBT
AB——A"+8 K= —TAF

CryneHuarasa gmccoymnaymns

Boga — cnabbisi 37eKTpo/mT
2H,0.== H30+ + OH™ — ayroauccouaums

DnexTpoNuUTHl CpenHein
cunbi (ro 1- & crynewa) H,SO,, H,PO,|

[H*1H,PO,T]

N\ (e

CunbHbie 3NEKTPOAUTDHI
rMAPOKCUAbE ULENOYHBIX W
U\ENOYHO3EMENLHBIX METANNO0B.,
HEKOTOpbLIE KMCNOThLI, CONK
(no4Tn BCe).

NponaeeneHne pacTBOPUMOCTI
ManopacTBopHMbie CONU — 3TO CUNbHEIE
3neKTpoNuTe. X pacTBOPUMOCTb M.6.

HgPO, ==H"* + H,PO,~ 1= ol =7-1073 OXapakKTEPM30BaHA KOHLEHTPAUNEH NOHOB
°3 T4 B HACHILLLEHHOM pPacTeope
[HY[HPO,27] BaS0O, = Ba?* + SO,
H,PO,” ==H* + HPO 2~ Kp= e = 61078 4 4
{H,PO,7] [Ba?*](s0,2
_ K = —————— [BaSQ,] = const
ot o [(H(PO,%7] s [BaSO,]
HPO ““&==H" + PO, Ky = PO =4-10 K = np = [B:12+j[SO 2
4 BaSO4 4

Apn T = const NP = const
Ecnu [AY](B7]>NP, { ocagok

- \,

= —[#%—] — K'[H,0] = [H*][OH7] = 107'¢ (22°) (MoHHOe
pa npon3eeneHne BoAb!)

H.OQ] = const Bopopoanbiid NoKasarens
= 22 ) PH = -Ig[H*]

fOH7 ({H*] = [OH"] — HeittpanbHas pH =7
{H*] > [OH™] — kucnas pH < 7
[H*] < [OH "] — weno4Has pH> 7

J

UoHHble peakuuu: peaxkun Mexay MOHaMK, NPoTEKaloWwmMe B pacTeope 3NEeKTPONUTOB

MNpoTeKaloT 8 cny4ae o6pa3oBaHNA OCARKOB ¥, NErkoNeTyuMx BeiecTB T 1 ManoaMCCoUMMPOBaHHBIX BeLecTs

CMecK NoHOB, peakunn He NAyT.
Hennbas roeopuTs 06 UaMeHeHUn
cocTasa UCXOAHBIX BellecTs

NaCl + K,S0, #
KOH + NaCl #

J

Na,SO, + BaCl, = 2NaCl + BaSO !
B MOHHON Ppopme:
2Na* + 50,2+ Ba?* + 2CI” = BaSO,J + 2Na* + 2CI”

5042- + Ba?t = BaSO 4J, — kpatkan ¢popma
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3NEKTPONU3 caron avon

SnexTponurbl ——— - npoeoasT = __l | ©

ANEKTPUNYECKNA TOK
COBOKYNHOCTL XMMMYECKNX PeakL i, NpoTeKaoWmX Noa, AeACTBMEM - o
ANexKTPUHECKOro ToKa Ha 9NeKTPOAaX, NOMELLEHHbIX B PAacTBOP WNn .+_5 A 4
pacnnas 31eKTPONNTa, HA3bIBAETCH I/IEKTPOJIN30M z
BOCCTaHOBNEHNe oKMcneHne
® Pacnnas NaCt = Nat + CI” KatuoHa aHnoHa
Nat CI” ,
- KaTo, aHo, R -
Nat + & - Na° A pacnnas |24 Cl -e- 5Ch,
cymmapHo |Nat + CI” - Na + —12- cl,
2NaCi i 2Na + Cl,
@ Pacteop NaCl
B pacTBoOpe — CNoXxHee U3-32 NPUCYTCTBUR BOALI
H ]
+ — 2 OH
Nelie oMl .. Na* o or e,
PH 2 7]2H,0 + 2e > H, + 20H atoff i+ laHon 2H,0 - 46 > O, + 4H] PH <7
+ - 2 e — — S —
PH<72H™ +2e - H, L20H" - 46 5> 0, +2H,0 pH>7

2H,0+ 2CI™ > €1, + H,T + 20H7

CYMMApHO
yMMapH 2H,0 + 2NaCl -4 CI,T + H,t + 2NaOH

Eute cnoxHee anexTponna npoTekaeT B CMECcax conei. BO3MOXHOCTb OCYLLECTBNEHUS TOrO MU MHOro
npouecca 3aBUCUT OT OKMCIIUTENLHO-BOCCTaHOBUTENLHBIX CBOWNCTB MOHOB B PacTeope
Ona MeTannoa ~— 3NEKTPOXNMHNYECKNA paa Hanpﬂernw (psa cTangapTHbIX n0TeHuwanoa E®)

<+

AE | AE
Pt ]
CrangapTHeIA
BOAOPOAHEIA anekTpog
HC!, [H*) = 1 monb/n
[Zn*] = 1 Monb/n TH 1 atm (10° Ma) [Cu?*] = 1 mons/n
Fel + Cu?™ - CuC + Fe?* 2

CUNeHne BOCCTaHOBUTENbHBIX CBOMCTB ATOMOB METa/ /108
2FeCl, + Cu = CuCl, + 2FeCl,

oKMCnerHas K* Ca?* Na* Mg2* APt Mn?* Zn2* Cr2* Fe?* Cr3* Co?' Ni?* Sn2* Pb2" H* Cu?* Fe3* Ag* Au®*
dopma

BoccraHosnenHads K Ca Na Mg Al Mn Zn Cr Fe Cr** Co Ni Sn Pb H, Cu Fe? AgAu
dopma yBenu4yeHne oK1CANTeNbHON CNOCOBHOCTN MOHOB -

-3 Z4ACHOB — aHANOMMYHO MOXHO NOCTPOUTb psa
yEENAeHNE BOCCTAHOBUTENBHON aKTMBHOCTH 2HNOHOB

- - 2- - _ - -
F° NO; SO; OH CI- Br I §2
J . v
Y A
CHITSCTIS MONEKYND BOAL  OKMCASIIOTCH CamMW MNpy 31eKTPONM3e BOAHBIX PACTBOPOR
. 2 s D - - ~
S 3akoHbl anextponnaa: M. Papapen —
v 2l T s 2e L O~ 2H,0 pasHble KOANYEeCcTBa 3NEKTPUHECTB2 BBIAEASIOT Ha
= 3NeKTPOAAX 3KBMBANEHTHBEIE@ MACCH BellecTs
96520 Kn
Zr2xToonns ¢ JKTV!BHblM aHogom d-i-t ).t
m = =
F 96520
- +
T =28 o Nif 2H 20 4e - O, +4H rae 3 — aNeKTPOXNMNHECKNA IKBABANEHT
sz - 26 > N|2* {MonfpHas Macca akBnBanexTa)
yepHosoit Ni pac- 9= (n—uncno e)
ose KaTCA NiSO e Cledsf

TBOPAETCH HA aHoAe

13




oKCcuabl

OKCUAbE — CNOXHbLIE BEUWEeCTBa, COCToAWME N3 2-X 3INEMEHTOB, O4NH N3 KOTOPbLIX — KMCNOpPOA, B

cTeneHn oxucneHns —2

Cbopu'yna Ha3saHue
CO oxcwug yrnepopa (ll)
NO oxcug asora (ll)
N, O, okcwupg, a3ora (V)

Gopmyna

Fe,O,
CrO,
Mn,O,

Ha3ssanue

oxcwg xenesa (l1)
oxcua xpoma (V1)
oxcua, Mapranua (VII)

ArperatHoe cocTosiHMe nNpM H.y.: ra3u (NO, CO, CO, n ap.), xnaroctn (H,0) v Teepgbie (Fe,0,,

1) OKuCneHue KUCAOPOAOM

2) Pasanoxenue a) Harpeeanvem coneit: 2CuSO, i 2Cu0 + 280, + O,

6) HarpeBaHneM
OCHOBaHWI;

MgO, CaO wn gp.) sBeujectea.
NMonyvyeHue okcupos

a) NPOCTLIX BEULECTB:
6) CNOXHbIX BEWECTB:

tO

2Mg + O, = 2MgO
2H,S + 30, = 2H,0 + 2850,

'KPOME conef LWenoYHelX MetTannos.

*2KNO, = 2KNO, + O,

2Pb(NO,), = 2PbO + 4NO, + O,

Ca(OH), = CaO + H,0
Cu(OH), = CuO + H,O

B) HarpesaHmneM KmMcnopoaconepXawmx K<ncnot
B Cny4ae TepMuuecku HeycTonuuebix kucnot (H,CO,, H,SO,) — npoctoe Harpesadue

H,SO, = SO, + H,0

] TMBPOKCWAL! LenoiHbiX MeTannos
= He pasnaratwoTcs, kpome LiOH
2LIOH = Li,0 +H,0

B CNy4ae TepMuy4ecku yCTOMYUBLIX KUCNOT — HarpesaHue B npucytcteumn PO,

o] [¢]

t t
2HCIO, == C1,0, + H,0 ; 2HNO, == N0, + H,0

2>'s 275

3) PasanoXeHue BbiCLUMX OKCUA0B N OKUCAIEHUE HWU3LUMX:

acro, £ 2cr,0, + 30,

tO
4Fe0 + O, = 2Fe,0,

4) BoiTeCHEHME NETYYEro 0KCHUa MEHEE NIETYYMM FIPX BbICOKOW TEMMEPATYpE:
1 .
Na,CO, + SiO, = Na,Sio, + CO,T

5) Baaumopencraue KUCnoT — okucnurtenein (H,50

HeMeTannamm:
Zn + 4HNO

3(komHu.)

4(xomu.)’

= Zn(NO,), + 2NO,T + 2H,0

_ o
2H,50, + C = 2s80,T + €O,T + 2H,0

HNQ,) c MmeTannamMm n HexOTOPbLIMK

IOKCMﬂbI ||

> Heconeobpasyouue (N,O, NO,

4‘_\4 coneoGpaaymmue%M— COw ap.)
OcHOBHBIE — pearnpylT ¢ AmdoTepHblie KucnotHble — pearnpyior ¢
nabbITKOM XKMCNOTHE ¢ 06pa3oea- ZnQ, ALQ,, Cr,0,, MnO, M3OLITKOM Wweno4m ¢ 06paso-

HMEM CONn 1 BoAbI. OCHOBHLIM
OKCMAAM COOTBETCTBYIOT
OCHOBAHWA.
1) HexoTopsle — ¢ Boaon (oxcwu-
Obl WENOYHbIX N WEeNno4Ho3e-
Me/IbHbIX METannos):
CaO + H,0 = Ca(OH),
2) Bce — ¢ xncnotamm
Fe,0, + 6HCI = 2FeCl, + 3H,0
3) C XNCNOTHLIMY OXCMAAMMN
Ca0 + CO, = CaCO,
4) C amdoTepHbiMN OKCHMAaMN
Li,0 + ALO, = 2LIAIO,

BaanMoaencTeyloT Kak ¢ Kncnorta-
MW, TaK N C OCHOBAHNSAMM,

Zn0 + 2HCI = ZnCl, + H,0
Zn0 + 2NaOH + H,0 = Na,[Zn(OH),]

PearnpytoT ¢ OCHOBHLIMW N KMCNOT-
HbIMW OKCUAAMM
tO
Zn0 + Ca0 = CaZnO,

tO
ZnO + Si0, = ZnSi0,

BaHWeM CONN n Boabl. Knc-—
NOTHLIM OKCUAAM 4acTO COOT-
BETCTBYIOT KMCNOTLL,

1) bonbwWKMHCTBO — C BOAGH
S0, + H,0 = H,SO,

2) Co wenovyamm

2NaOH + Si0, = Na,Si0, + H O

3) C ocHOBHbLIMM OKCMAAMMN
SiO, + Ca0 = CaSiO, (wnax)

4) C aM(pOTEPHBLIMW OKCHUAAMWN
ALO, + 350, = AL(SO,),
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OCHOBAHUA

C nosnumni Teopun aNeKTPOIMTUYECKON ANCCOUMNaLMN OCHOBaHUA — coeanHenns, obpasylowme npm
pacTBOPEHNMN B BOAE M3 OTPULATENLHBIX NOHOB TONMLKO UOHB ruapokcuna OH-
C nosnumm npoToHHoN Teopun M. Bpexctena n T. JIoypy OCHOBaHWS — aKuenTopbi IPOTOHOB
(NH, + H* = NH_*)
C noanymmn anexTpoHHoN Teopmm I, JIblonca OCHOBaHMA — A0HOPbL ANEKTPOHHON napst (OH™, HF n ap.)

rMapoKcMAasLl LENOYHbIX N Uenoy- - OH ~0-H
HO3EMENbHLIX MeTannos — Ca rMAPOKCNA KanbLs Fe—O—-H ruapoxcna xenesa (it
wenouw N OH ™~ O-H

Duanueckue T1BEPALIE KpUCTANAIMYECKME BeuwlecTea. B Boae pactsopmmbl weno4qm: LIOH, NaOH,
cBO#AcTRA: KOH, CsOH, RbOH, Ca(OH),, Sr(OH),, Ba(OH),, apyrve — ManopacTteopumMsl. BoaHsie
PaCcTBOPbLI WEN0YEN MBIIKM HA OULyMb, Pa3beaarnT KOXY, TKaHb — eAKMe uienoum

NONYYEHUE
Lileno4y MOXHO NOAYYMUTDb N0 PEAKLUNAM:
1 Merann + Bopa 2Na + 2H,0 = 2NaOH + H,1
Ba + 2H, 0= Ba(OH), + H, %
2. Oxcna + Bopa Li,O + H 0= 2LiOH

CaO + HZO = Ca(OH),
3. OnexTponmM3 BoAHbLIX PACTBOPOB CONen

ULeNIOYHBIX MeTannos 2NaCl + 2H204= 2NaOH + C,T + H,t
HepacTrBOpUMbIE B BOAE OCHOBaHMS:
Conb + wenoys CuSO, + 2NaOH = Cu(OH),! + Na,SO, Cu?* + 20H" = Cu(OH),¥
MgCI, + 2KOH = Mg(omzf + 2KCl Mg?* + 20H- = Mg(OH)_
Uckniovenne Na,CO, + Ca(OH), = 2NaOH + CaCO,4
HacbiWeHHbIA

pacTeop
Xummieckue 1. OcHOBaHMs PEarvpyioT C KNCROTaMK Cu(OH), + H,50, = CuSO, + 2H,0
csoicTBa (peakuus Heirpanusauum) Cu(OH), + ob* = Cu?* + 2H ,0

2. C KMCNOTHBIMKN OKCHaAMK KOH + CO, = KHCO

3
2KOH + CO, = K,CO, + H,0
2NaOH + Si0, = Na,SiO, + H,0
3. PactBopbi Wwenoyen MeloT pH > 7, N3MEHaI0T oKkpacky nHankaTopos. B
ULENOYHOW Cpeae okpacka NakMyca — cuHasa, peHondranemHa — ManmHoeas

o]

4. LLlenoyn B3aNMOAENCTBYIOT 2KOH + Zn0O = K,ZnO, + H,0T
¢ aMdOTEPHBIMN OKCMAAMM cnmasnewne
5. LLleno4n B3anMOaencTeyioT ¢ Ba(OH), + Na,SO, = BaSO, + 2NaOH

consiMK, ecnn obpasyercs Mano-  2NaOH + CuCI = Cu(OH), 1 + 2nac
PACTBOPMMAs COMb WM MaNOPacTBOPUMOE OCHOBaHME

6. Mpw Harpesannn:
rMAPOKCHAH LEeNOMHbLIX MeTannoB — He pa3dnaralnTca (kpome LiIOH)
uwenovyHo3eMenbHbiX — Pas3naralTcs NPy NPoXanneaHnm
7. HepacTeopumbie B Boge ruapokcuasl  Cu(OH), = CuO + H,01
NPV HarpeBaHnn pasnaralTcs: 2Fe(OH) =Fe,0, + 3H OT

AmdoTrepHnie ruapokcugb (Al(OH),, Zn(OH),, Be(OH),, Cr(OH), v ap.)

pearmpyioT ¢

KNCNOTaMmn wenoyamMu
Zn(OH), + 2HCI = ZnCl, + 2H,0 AI(OH), + NaOH = Na[AI(OH)],
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KUCNOTbI

C nosvumm anekTpoNUTHUHECKON AMCcoUMaumnm KMCIOTbI — coeanHeHust, o6pasyowme npu pactTeope-
HUM B BOAE U3 MONOXUTENBHBIX MOHOB TONBKO MOHb Bogopoaa HY (noHbl ruapokconms H,0*). C no-
3nummn npoToHHon Teopun M. BpeHcteaa u T. Jloypy KMCNOTLI — BOHOpbI NpoToHoe (HCI, H,PO, n
Ap.). C nos3nummn anekTpoHHoM Teopum I, Jlbionca KNCNOTHI — aKUenTopsl anekTpoHHow napsl (H,0%,

BF, n ap.). / 4ncno voHos Boaopoaa H* onpepenset
OCHOBHOCTb KUCAOT
"~ D
Beckucnopopatbie (HCl, HBr, H,S) Kucnopoacoaepxawue (H,SO,, HNO,) —
AHNOH — «-uA» rMOPOKCUAbl HEMETAUTOB, AUCCOLMMPYIOLLME MO
HCI — xnoposogopogHaa (consiHas), Ck — xnopup, ~ KMCNOTHOMY Tvny
HZS _ cepoaonopom_‘ag' SZ- J— cy“bq)wn «aT» — BLICOKAA CTeneHb OKMCnekns 5042— — cynb¢a'|'

aHMOH
“WIT» — HU3KaA CTeNeHb OKNCAeHNA  SO,2” — cynbduT

Kucnopoacoanepxaliue KucnoTbl H,S0, — CepHas

3(0H),0, H,S03 — cepHncTas
Ecnm n = 0, To kucnoTta cna6as (H,BO,, HCIO,
H.TeO,) Ecan uncno okcorpynn OH pasHoe npu NOCTORHHOK CTeNeHn
6 6" . OKWUCNIEHWUA 3NIeMeHTa, TO KUCNIOTY € MAKCUMANbHLIM YUCNOM
Ecnm n = 1, To xucnota cnabas (H,CO,) nnu OH-rpynn HA3LBAIOT OPTOKACNOTOMR, A C MUHUMANBHEM —
cpepHen cunsl (H,PO,). METAaKUCNOTOM
Ecrm n 2 2, To kvcnoTa cunsHas (H,SO,, HO 0o
HNO,). HO—p=0 HO_P/
HO” \0 .
" opTodochopHas MeTadochopHas y
MNonyyeHue
(” ™
@ kucnopoacoaepxalme — s3auMopein- SO, + H,0 =H,S0,
CTBME COOTBETCTBYIOWMX OKCUAoB (aHrmapuaos) | N,O, + H,0 = 2HNQO,
C BOQOM
@ wHexoTopule kKucnopoacoAepxXalMe — {3'3 + SHNOQ, + 2H,0 = 3H,PO, + SNO
OEACTBUE Ha HEMeTalNbl CUNLHBLIX OKUCNUTE- 3I, + 10HNO, = 6HIO, + 10NO + 2H,0
nen A
. H_ + Cl, = 2HCI
® 6eckncnopoaHbie — B3aMMOAENCTBUE NPOC- W4 SEHS
2 2
g‘x BeliecTs NaCl + H,S0, = HCIT + NaHSO,
pealfunw 06M¢3Ha MexXay conbio U MeHee NaNO, + H,S0, h HNO, T + NaHSO,
neTyyen xucnoTomn
\, J
®duamnyeckune xuaxoctm — H,80,, HCIO,
CBOMCTBA TBEpAble — H3P04, HZSiOJ
HexoTopble CYLLECTBYIOT TOALKO B pacTsopax — H,SC,. H.CO,
XumMuueckue CBOMCTBA
~ —\
® PacTBopbl kMcnoT nMeloT pH<7, oKpaLmBealnT MeTWIoparx i
NakMyC B KpacCHbI UBeT
Bce xucnoTbl pearupyloT ¢ 0CHOBaHWUAMM H,S0, + Fe(OH), = FeSC, ~ 21,0
(peakums HenTpanusaymm)
® C ocHoBHLIMK OKCHAAMM (M aMBOTEPHLIMM) Fe,0, + 6HCI = 2FeCl, ~ 3H,0
@ KncnoTbl, aHUOHbI KOTOPbIX — HEOKUCAIUTENN, :
pearvpyloT ¢ MeTannaMu, CToSILLMMAK B pSAY Zn+ 2HCl = ZnCL + H.T
CTaHAapTHbIX NOTEHUMAnoB 40 BOAOPOAA, C 2 2
BblAieneHneM BoAopoaa
® C consmu, ecnu o6pasyeTcs ManopacTBOpU- H,SO, + BaCl, = BaSO4l« + 2HCI
MOE, NeTydee MAn ManoguccoLMMpyouLee 2HCI + Na,CO, = 2NaCl + H,0 +COzT
BELLLECTBO
® Mpw HarpesaHWK KUCNOPOACOAEPXALME ‘H,Si0, = H,0T + SiO, H,S0, = Hon + 50,7
\ kvcnoTbl paanaraioTcs y
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COoNn

C noanumm Teopmn INEXTPONUTUYECKON ANCCOLMALMA CONVM — CUAbHBIC BNEKTPOAMUTHI, CYULECT-
BYIQUIME B BOAHLIX PAaCTBOpPaXx B BUAE NONOXNTENLHO 3aPAXEHHLIX MOHOB METaNoB N OTpULaTens-
HO 33pPSAXEHHbIX MOHOB KMCNOTHLIX OCTAaTKOB (MHOrAa B pacTBOPax CONEr MMEIOTCS Takxke WOoHbl H*

n OH").

Conn MOXHO pacCcMaTMPWBaTL XaK NPOAYKT NONHOrO WM YACTUYHOIO 3aMEUIEHNa aTOMOB BOAOPO-
Aa (H) 8 monexyne xucnotsl Ha Metann (H,SO, — NaHSO, — Na,S0,) i 3amewieHmns rmapokco-
rPynn 8 OCHOBaHWM Ha XMCNOTHLIA ocTaTox (Mg(OH), — MgOHCI — MgCl,)

— ~N ™
KMChnbie CMellaHHbie
NaHSO cpeanue OCHoBHbie . conepxar KaTUoH

4 Na,S0, MgOHCI ABOiiHbIE
[o] _ _ ogHoOro Metanna u
N OH o ONa Ci-Mg-OH conepxar kaTmoHs! aHWUOHBL ABYX KMCNOT
/S\ \S/ MgOHC! = MgOH * + ABYX MeTannos cl
o ONa O/ \ON +CI” = Mg?* + OH~ AHNOH OAHON KMCNOTHl /
NaHSO, = Na* + HSO,~ 2 +CI KAI(SO 1), Ca
4 4 Na,SO, = 2Na* + 50,2 AN
=Nat+HT+ 5042_ ocCi
rnacnble COnV: NMAPO + aHVOH OCHOBHbIE COMM: MAPOKCO + aHNOH AHMOH h
NaHCO, — rugpoxap6oHat MgOHCI — ruapoxcoxnopwg, OnHOATOMHbIE — 3NEMEHT + «ua»
HaTpwna Marduna F— chopM'q
Ca(H,PO,), — gaurugpodocdar Al(OH),Cl — gurngpoxcoxnopwma, S — cynudua
Kanoung anioMUHNA KMCNOpOoACOAEpXaLlne
ebicw. cT. okncn. SO,2 — cynsdar
HU3Kas SO — cynbdur
\. y,
Monyuexnue
TC MCNONL3OBAHNEM METAULI C HEMETaNNaMM: 2Mg + Cl, = MgCl, T

MeTannos

2. C ncnons3osaHneM
0OKCHMA0B

-

3. Peaxkuwnen nentpa-
nnsaymn

4. N3 conen

METa/Ulbl C KNCNOTaMWN:

MeTall/ibl C CoNaMn:

OCHOBHbBIE OKCUABI C KUCJTOTaMM:
KMCNOTHbLIE OKCHUAbLI C OCHOBaHWUSIMM.
KMCNOTHbIE OKCUAbI C OCHOBHbIMM:
amM@dOTEPHbLIE OKCHAbL:

COJin C CONgaMn
CONIN C OCHOBAHNAMMWN
CONMN C KNCNOTaMn

Zn+HSO —ZnSO +H,T

Fe + CuSO, = Cu + FeSO,

BbITECHAET CTORUMA neBee
B INEKTPOXMMHYECKOM pAAY nesee H, KK — kncnoTa —

okucavtens HNO,, H.SO,

Ca0 + 2HCl = CaCI + H,0
CO, + Ca(OH), = CaCO3 ¥ H,0O
Ca0 + CO, = CaCO,

ALO, + CaO = Ca(Al0,),

Na,SO, + 2H,0
NaCI+HO+COT

H,S0, + 2NaOH =
HCI + NaHCO, =

AgNO, + NaCl = AgCl + NaNO,
CuSO, + 2NaOH = Cu(OH),{ + Na SO,
Na, CO + 2HC! = 2NaCl + H L0+ CO 7

HOHHbIE PEaKLWMK, QOMH M3 NPOAYKTOR AOMNKEH YAANATHCR U3 30HLI DeaKLym

KUCAbIE COJIU NONy4aloT TakuMy Xe cnocobamu, YTo M cpegHue, HO NpW APYrux MONbHBIX COOTHOLUEHUSX pPereHToB

2NaOH + H,80, = Na,SO, + 2H,0
2NaOH + CO, = Na,CO, + H,0
2 : 1 — cpennss
N36bITOK KMCNOTLI, B3aUMOAENCTBYS CO
cpeaHen conulo, NepeBoanT ee B KNCNYIO

)

L ZnOHCH + NaCl. OcHosHble conn oBbiuHO XyXe

OCHOBHbIE COAM obpasyioTca NpU B3anMoNeACTEMU HEKOTOPbIX CONen G LUIENoYamm: ZrICI + NaOH =

NaOH + H,S0, = NaHSO, + H,0
NaOH + CO, = NaHCO,
1 : 1 — kuchnas
Ca,(PO,), + H,PO, = 3CaHPO,
Ca,(PO, )2 + 4H PO, = 3Ca(H PO AN

pacTBOpUMbBI B BOOe, ‘-IeM cpefHne

®Du3uveckue cBONUCTBA TBepable KpUCTaNIUYECKMe BeLecTBA. MHOMMEe COnn NMeloT BhiCOKMe TemnepaTypb nA. n kunn. Mo

3 Bakas N 2263

PacTBOpPMMOCTH B BOAE aensTcs Ha xopolwo (NaCl, KCh), mano (PbCl,,

CaS0,) n npaxkTn4eckn

HepacTeopuMuie (BaSO,, PbS0O,, PbS, CaCO,). CunbHbie aneKkTponuTsl.
Xumuueckue cBocTBa 1. PaznaraloTca Npu npokainsaHnn (CM. nonydexne okcngoe). 2. BaanmoaeicTByloT ¢ MeTannamMu,

APYrMMM COJIAMM, LIENIOYAMM, KMCNIOTaMM (CM. BbilUe).
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rMAPOJIN3 COJIEN

fuaponus coneit — B3IaMMOAEHCTBMNE COMEH C BOAOWM, NPMBOAAUIEE K NPUCOEAMHEHNIO npoToHa HY
MONEKYNbI BOALI K aHNOHY KMCNOTHOIro octarka m (wn) rpynn OH™ Monekynsl Bogbl K KaTUOHY METanna.
maponuay noasepranTcs cofn, 06pa3oBaHHbIE KATMOHAMM, COOTBETCTRYIOLMMK CnabblM OCHOBAHMAM,
M aHNOHaMMW, COOTBETCTBYIOLUMMK Cnaboiv xncnoram. O6bIHO rMaponn3 obpatiM n nportexkaer Ha 15—
20% (T.e. B rmpponmae yyacTByloT 15-20% COOTBETCTBYIOWMX KAaTMOHOB MM aHNOHOB).

-
Cons oGpa3zoBana cnaGmm Cone oO6pa3zoBana CUNbHbLIM
OCHOBaAHUEM U CUNIbHOW KUCNOTOM ocHOBaHuem u cnaboil Kucnorou
CuCl, = Cu?* + 2CI Na,CO, = 2Na* + CO,*

Cu® + H O — Cu(OH)* + H* CO,> + H,0==HCO, + OH"
O6pasyercsa cnabognCcounmpyiouimm KaTnoH O6paasyerca cnaboanccounmpyiomMii aHNOoH
Cu(OH)*. Cpepa 8 pacTteope xucnas HCO,". Cpena B pacTeope uiefio4Has
CuCl, + H,0&==Cu(0OH)Cl + HCI Na,CO, + H,0&==NaHCO, + NaOH

J
r - o d
Conb o6pasosana cnabGoit KMCNOTON U
cnabbiMm oCHOBaHMEM
(NH,),S = 2NH,* + §* ALS, + 6H,0 = 2Al(OH){ + 3H,ST
NH++HO NH, - *H,0 + H*
Sz‘ + H L0 HS + OH- Jaxuas peakums rmaponnia HeobpatnmMa, T.X.
o6pasyercs 0cafoK rmapoKcuaa anioMuHmna

O6pasyerca cnaboanccoumMMPoBaHHLin aHNOH HS™ Al(OH), v suigensercsa ceposonopoa H,S

M pacTBOpeHHbIN B BOAE aMMmnak. Cpega 6nmaka x
\ HERTPANbHOWN. y

Tmaponmay noasepralTca CONM Kak HeOPraHW4eckMx, Tak U OPraHn4eCcKnx KMCnoT:

CH,COONa = CH,COO™ + Na*
CH COO +H O "”’CH COOH + OH-
CH COONa + H ,0==CH COOH + NaOH

: F'maponua ycunupaercsa
a) NPwn HarpesaHnn pacreopa (T.X. rmaponna — 06b6I4HO
3HAOTEPMMNHECKMIA NPOLECC)
6) npw pasbasnennn pacresopa BOAON:

AICI, = APP* + 3CI-

AP* + H,0 == Al(OH)>* + H*
AI(OH)?* + H,0 === Al(OH),* + H*
AI(OH),* + H,0 == AI(OH), + H*

CneuunansHble cnyyau ruaponu3a

NaF = Na* + F- NH,NO, = NH,* + NO,~
F- + H,0==HF + OH- NH.* + H,0 == NH, - H,0 + H*
HF + F- == HF," NH.NO, + H,0==NH, H,0 + HNO,

2NaF + H,0 == NaHF, + NaOH

2AICI, + 3Na,CO, + 3H,0 = 2Al(OH),{ + 3CO,T + 6NaCl
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NOArPYMMNA la LLENO4YHbLIE METANJbI Li, Na, K, Rb, Cs

p i T
@< s ysenuiexune hla ycunexne DNeKTPOXMMUYECKUA PRA CTAHAAPTHBIX
ID paguyca BOCCTaHOBNTENbHbLIX HOTEHu“aJIOB
CBOWCTB .
[1 aToma ! Li, Cs, K, Na...
Manas SNEKTPOOTPULATENBHOCTD Cs 6onbllas aHeprua rngpatayumn nowa Lit (Manoiin paguyc)

OTHOCHTENbHO Hebonblas JHEPINA UOHKU3aUNN

oveHb Msrkve MeTtannbl, nerko
pexyTcs HoxoM. Ha cpese —
6enoro ueera ¢ cepebpucTbim
MeTannuyeckum 6neckoM, vicyesa-
IOWYM Ha Bo3ayxe W3-3a oknucneHus. MnotHocTb
yBenuumsaercs or 0,53 (Li) no 1,90 (Cs) r/cm®. T
noHuxaetca ot 181 (Li) go 28°C (Cs).

Ddusmieckme
CBOMCTBA:

B npupope: Na — 2.64% (no macce), K — 2.5%(no
macce), Li, Rb n Cs — 3HauntenbHo MeHbLue

NaCl — noeapeHHas conb (KaMeHHas conb), ranvr
Na_SO,-10H O — rnaybeposa conb

NaNO_, — unnuifckas cenutpa

Na AIF, — kpnonuTt

n Na_B O -10H,0 — 6ypa
KCIl — cunbBuH

KCI- NaCl — cunbBUHAT

} KanniHbie yaobpenns

XumMuueckue CBOUCTBA

o4yeHb aKTWBHbi, Havbonee cunbHbie BOCCTAHOBHTENH
1. C kucnopogom Rb, Cs — camoBocnnaMeHsIoTCs
2Na + O, = Nazoz; 2K + 20, = K204 — nepokcuasl
4Li + 0, = 2Li,0 — oKCHA MTHS
2. C ranoreHamy — c BbifieneHnem 6onblloro KonuyecTea Tenna
Cl, + 2Na = 2 NaCl — ranoreuug (xiopua)
3. C cepoil npy HarpeBaHunu
S +2Li = L,S — cynbpua
4. NiuTyin B3anMopencTBYeT C a30TOM (NpH KOMHaTHOH Tem-—pe)

NOJNYYEHUE
T.K. WEeNo4YHble MeTasuibl — 370
CaMble CHUIbHLIE BOCCTAHOBUTENMN, NX
MOXHO BOCCTaHOBNTL N3 COEONHEHNIA
TONLKO NpW I/IEKTPO/IN3e pacnna-
BOB COJIEH.

6. Nlerko okNcnsoTcs Aaxe Boaov
2H,0 + 2Na = 2NaOH + H,T

N, + 6L = 2Li)N — HUTPMA
5. C BogopoaoM MNpu HarpesaHvin
H, + 2Na = 2NaH — rugpua

2NaCl =§ 2Na + C,T
Ha xatoae: Na* + e = Na
Ha aHopne:

Cr -e=1/2C,t

OKMCAMUTEJNIbHbIX CBOMUCTB

+ 1 CoeauHeHUA LW ENOYHbIX METaNnNosB
LllenovHsie METaibl — CaMbie CUMNbHBIE BOCCTaHOBUTENKM, X MoHbI (Na*, K* n ap.) ne npossnsior

Mapoxcuan (eaxue weno-
Yu) — TBEPALIE KPUCTANNNYEC-
KMe BeulecTea, TMANYHO MOHHbLIE
COE€AMHEHMS, CUNbHLIE OCHOBA-
HWA,
NaOH — enxwui HaTp, xaycTm-
yeckasa cona; KOH — epkoe
xanu

NonyiyeHue
1. DnexTponna BOAHOIO PacTeo-
pa NaCl:

xatoa: 2H,0 + 2e = H,T + 20H-
aHop: 2CI- -2e = CL,T
CyMMapHasa peakums:

2H,0 + 2NaCl = CL,T + H,T +
2NaOH

2. Kayctnomkauma conbt:

Na,CO

+ Ca(OH), = 2NaOH +
caco,}

Conu — TMNNYHO NOHHLIE coeanHe-
HMS, KaK NpaBuNo — XOpPOLIO
pacTBOPWMbI B BOAE (KpOoMe
HexoTopeix conen Li — LiF, Li,PO, n
ap.). O6pa3osaHHbIe cnaboiMm
KMCNOTaMKn CONV TMAPOAN3YIOTCS.
Na,CO, * 10H,0 — xpucrannnueckas
copa

NaZCOS — KaNbLWHNPOBAHHAS COfa
NaHCO3 — nMTbeeas copa
K,CO, — notaw

NMony4yeHue coam
aMMMaYHbLIA cnocob (meTon
ConbB3) — HachilLEHNEe pacTeopa
NaCl razamm CO, n NH_:

NH, + CO, + H,0 = NH ,HCO,

NH,HCO, + NaCl = NaHCO,! + NH,Cl

NaHCO, swinanaet 8 0ocanok

(CpaBHUTENBbHO Mano PacTBOPUM).

KanbLUMHNPOBAHNE — MPOKANMBAHNE
tO

2NaHCO, = Na,CO, + CO,T + H,0®

KauecTBeHHbIie peakuum:
OKpPALLIMBAHNE MJTAMEHMN
NOHaMN
Li* — KapMMHOBO-KpacHoe
Na* — xentoe
K* — dnonetosoe

3%
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NOArPYMNMA lla. Be, Mg u wienoyHo3emenbHble meTtasuibl Ca, Sr, Ba

_ Be He B3aUMOJEACTBYeT C BOAON
@ < “2e p Mg cnabo s3avMoAecTByeT ¢ ropsyein Bogon
[T1] || S
WenoyHo3eMeNhHbie METaNNbi

Sr pearvpyioT ¢ 8OO Kak MeTann,
Ba TaK M UX OKCUAD (<3eMu»)

Ra
BO3pacTaeT paguyc aToMa, YCUAUBalOTCS MeTanM4eckne CBonCTsa,
BO3paCTaIOT BOCCTaAHOBUTENbHBIE CBOﬁCTBa

Marnuii: nerkmin (p 1.74 r/cM®) cepebpucTotin B npupopfe: B 3eMHON KOPe COAEPXKNTCH MarHms
metann, t°nn 650°C, ycTtonume Ha BO3ayxe 2.35% no macce, kanoumna ~3.6%

Kanbuuit: nerxvin (p 1.55 r/cM3®) metann, Ha BcTpeyatoTcs YONLKO B BUAE COEANHEHNIA —
Bo3ayxe BLICTPO OKMCAAETCA N paspyllaercs, CMIMKaTOoB, anioMocunnkaTos. Mudepans: MgCoO,
t°rnin 842°C — marHeaunt, MgCO, - CaCO, — ponomwur,

MgCl,  6H,0 — 6nwodut, CaCO, — men, Mpamop
naeectHax, CaSO, * 2H,0 — runc, CaF, — ¢dnwoo-
pwr, 3Ca,(PO,),* CaF, — ¢dTopanatnr

Xumuyeckue csoiictea Mg u Ca
O6a MeTtanna — cubHbIe BoccTanosurTesm. CTeneHb OKMCIEHNS B COEAMHEHNsAX BCceraa +2

2Mg + O, = 2MgO (npw noaxuratum) 2M + UF, = U + 2MF, (Kafibumit- 1 Mar HIATepMus )
2Ca + 0, = 2Ca0 (npy XOMHATHON TeMnepaType)  Oxkcuast MgO n CaO — ocHosHble. CaO — Hera-
M + Cl, = MCl, (M = Mg, Ca) WeHas M3BECTb, MgO — XXeHasi MarHeamns

MgO + H,0 — npaxtnyeckn He pearnpyer
M + S =MS — cynednasl CaO + H,0O = Ca(OH), + Q (rawenas nasecTs)

3M + N, = M_N, — nntpunasl
M + H, = MH, — ruiipnasl

NpY HarpeBaHUW

MO + Si0, £ Msio,

2M + Si = M28| — CHUMuMAaL Mg + C02 t 9MgO + C
t
Ca + 2H,0 = Ca(OH), + H,T (xomH. Temneparypa) CaO + 3C = CaC, + CO
Mg + 2H,0 = Mg(OH), + H,T (xunsuete) 2MgO + 5C = Mg,C, + 2CO
Mpapoxcng Mg(OH), — cpeaxee no cune
M + 2HCl = MCl, + H,T ocHoeanwme. Mpapoxcung Ca(OH), — cunbHoe
OCHOBaHWe.

KavectBeHHas peakums Ha woHb M?: M2 + Na,CO_ >~ = 2Na* + MCO,{
B cnyyae Ca(OH),: Ca(OH), + CO, = CaCO_ + H,0
CaCO, + CO, + H,0 = Ca(HCO,),

NOMY4YEHUE
T.K. MeTannsl lla noarpynnsl CUNLHLIE BOCCTAHOBUTENM, TO MONYYEHNE BO3MOXHO TONBKO NYTEM
anekTponu3a pacnnaeoe conen. B cnyyae Ca 06u14HO ncnonsaylot CaCl, (c goGasxon CaF, ana
CHMXEHNs 1° nnasnexns)

CaCl, —l]- Ca + CL,T

XXECTKOCTb BOAbI

XecTkoCTb BOALI — HaNM4Me B BOAE pPacTBOPUMbIX conein Ca?, Mg?t n ap. O6ycnoesnmneaer obpasosea-
HME HAKNNKN. B XEeCTKON BOAE MIOXO MBUMTCS MLINO:

2C,,H,,COONa + Ca* = Ca(C,,H,CO0),{ + 2Na*

17735 35
kapbonarHas — BpeMeHHan HekapboHaTHas — NOCTOSNHHANR
Ca(HCO,),, Mg(HCO,),, Fe(HCO,), CaCl,, CaSO,, MgCl,, MgSO, v ap.
KMnaYeHuem ynanenue xectkocru| Aobasnexuem copbi
Ca(HCO,), = CaCO,{ + CO,t + H,0 | «CMmsrieHue» soabl CaCl, + Na,CO, = CaCO,{ + 2NaCl
nobasnenuem coan
Ca(HCO,), + Na,CO, = CaCO,J + 2NaHCO, MgSO, + Na,CO, = MgCO,{ + Na,SO,
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MOArPYMMNA llla. AJIIOMUHUA Al

[Ne]3s*3p' P B HemeTann B npupopae: mHorve ropHbie nopoabl
- s[1] T ] Al } oxcnabl 1 TMAPOKCUMA | L cpoemy COCTaBY — ANIOMOCUAMKATDE
@ -8 il Gal nposiensioT amdo- (AL, O, Si. LenouHue 1
In / tepHble cBOMCTBA ' e

LU{eNno4YHO3EeMeNbHbIE METaNNbI)
raunsl — AL O, - nSiO, - mH,0
® = " 6oxcurnl — Al,O, - nH,0
H3uYeCKUue CBOUCTBA: cepebpucto-Genuiit metann, nedenunm — KNa,[AISIO, ],

T1 meTannnueckme ceoicTaa

nnacTUYHLIA, nerkuit (2,7 r/cm3), xopowo NpoOBOAUT TENMMO U
anextpuyeckuit Tox. T = 660°C

Monyuenue — anexrponusom pacnnasa (pacxoayercs oxono 16 kBt - 4ac Ha 1 xr Al)

Anexrponus ALO, npn 950°C 8 pacnnas
xpnonuta Na,[AIF ]

OuncTka o Ha xaTope: Al** + 3e = Al°
=> => |O6essoxvneanne le=">| Ha yronbHOM aHofe (pacxomyercs
B Npouecce 3anexTponnsa):
' 0% -2e = 0%

C+0=C0;2C0+0

=2C0

XuMuueckue cBOMCTBa

AKTUBHLIN MeTaNN, BOCCTAHOBUTENb, YCTONYMB Ha CO CNOXHbLIMM BelLeCcTBaMM
BO3AyXe M B BOAE M3-3a HANNYMS MNOTHONM 3awmT- 1. 2Al + 6H,0 = 2A(OH), + 3H,T — nocne
Ho# nnetkm AlO,. pa3spylweHns nneHkmn ALO,
C NPOCTHLIMM BELUECTBaAMM 2. Pactsopserca B uienovax
1. 4Al + 30, = 2A1,0, + Q — noxpbiaeTcs 2Al + 2NaOH + 6H,0 = 2Na[Al(OH) ] + 3H,T
NNeHKon okcmaa, HO B MenxopasgpobneHHoOM MAPOKCOANIOMMHAT HATPHR
BMAE rOpUT C BblneneHuem 60nbLWOro xonnyec- 3. 2Al + 6HCI = 2AICl, + 3H2T
TBa TENnoTHI. 4. C HNO, v xoHueHTpuposaHHo# H,S0, Ha
2, AMOMUHOTEPMNA — NONYyYEHNe MeTannos: xonoay He pearnpyetr — naccusupyetcs. [pn
Fe, Cr, Mn, Ti, W n apyrne, Hanpumep: HarpesaHwun:
8Al + 3Fe 0, = 4Al,0, + 9Fe © 2Al + 6H,80, = Al,(SO,), + 350, + 6H,0
3. 2Al + 3Cl, = 2AICl, (Br,, 1,) — Ha xonogy xony,
4. 2Al + 3S = Al,S, — npu HarpesaHumn Al + BHNO, = ANO,), + 3NO,T + 3H,0
5. 4Al + 3C = Al,C, — npw HarpeBsaHnm Ko

Coepgunenun co cTeneHbnlo okucneHus +3

Oxcupn Al,O, — oveHb TBepabifi (KopyHA, pybuH), fuppoxcup Al(OH),
Tyronnasxkuit — 2050°C. He pactsops- MMonyueunue: ocaxgeHne n3 pacTBopoB conei
erca B Boge
Monyyenue: 2Al(OH), = ALO, + 3H,0 AICl, + 3(NH,*H,0) = AI(OH)al + 3NH,CI
CsoicTBa: amOTepHbI OKCHA ALS, + 6H,0 = 2Al(OH),{ + 3H,ST
ALO, + 6HC! = 2AIC)_ + 3H,0 2NafAI(OH),] + CO, = 2Al(OH),} + Na,CO, + H,0
ALO, + 2NaOH + 3H,0 = 2Na[Al(OH),]
= nepesoaa B pacTBOpPMMOE COCTOSHMe AmdOoTepHble CBOMCTBA:
AC~CNLIYIOT Cnnasnexue: Al(OH), + 3HCI = AICI, + 3H,0
ALO, + 2NaOH = 2NaAlO, + H,0 AI(OH), + NaOH = Na[AI(OH),]
] ALO, + Na,CO, = 2NaAlO, + CO,
] MeTaaoMnHaT

W -orme coan Al(+3) xopowo pacTBopuMbl B Boge (xpome AIPQ,), oM ruapONU3YIOTCS (Kncnas
TSR )

AP* + H,0 &= AI(OH)** + H*
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7 3BeCTHW COegMHeHNs, cofepXaume Xeneso B Apyrux CTeneHsX OKNCnReHnsa

=T [T

1]

[ B npupoae: h

Fe,0, — MarHeTMT (MarHnTHuIA XenesHsK)
Fe,0, — remMaTvT (KPacHuIf XenesHsK)
Fe,0,° xH,0 — AMMOHWT (Gyphifi Xene3HnK)
FeS, — nnpwur

FeCO, — xenesHuiit wnar (cnaepnt)

No pacnpocTpaHeHnio — 4-iA 3fNemMeHT

{4,6% no macce) 3eMHOW Kopbl

ZIMeHHbR ras

PyRa (Fe O, Fe O,, npnmecn SiO ),

xokC — C, ¢niocel — nasecTHsixk CaCo ,

—

o< CTaHOBNAeHNe

450°C
600°C

3Fe,0, + CO =2Fe,0, + C
Fe304 + CO = 3FeO + CO2

FeO + CO = Fe + CO, 700°C — vaanewe (P, S S, M)
. Kncnopoahbin koHsepTep
FeO + C=Fe + CO —
: £casoBanne CaCoO. = Ca0 + CO 800°C o C+0,=Co,
wnaxa ° o 2 o 3 2Fe + 0, = 2Fe0
CaO + Si0, = CaSiOy .0 1000°C Qo 9. MaDTEHOBCKAS Nevb
T ® . Maprenosckas neun
ayrnepo- =
st Fe + C uyryu 1200°C E ; C+0,=Co,
cropaxme 2C+ 0O _=2CO 3z 4P + 50, = 2P,0;
xoxca C+0 =Co 1600°C |3 2 S+ 0, =S0,
:> 2 2 LL Si+ 0, = SiO, v ap.
-opRuee kncno- wnax ? o] 3. OnexTpoayrosoi MeToa
comHoe AyThE : 76 4. BO3MOXHO 1 6e3q0MeH-
\ MeTann-4yryH LI HOe nonyyeHve cranu

AomeHHWI npoyece

YyryH (Buile 2.14% C) — xpynknia, pacwmnpaeTcs npn
3aTBepAeBaHNN

% Y3UYECKUEe CBOMCTBA: YMCTOE XeNe30 — NAACTU4HLIA MeTann, NNoTHOCTL 7,87 r/cM?, t \

1 35°C. CywectayeT o.-xene3o (kybuyeckas 06bEMHOLIEHTPMPOBAHHANA peueTka) n y-xeneso
k(nn.ﬁvwecncasl rpaHeueHTpnpoBaHHana pewertka). a-Fe o6nagaer MarHUTHLIMWM CBOMCTBAMM. )

Monyyenue cranu

>—

XuMmuyeckue CBOKCTBA

4Fe + 30, = 2Fe,0,

* neso — metann cpegHein XMMNYECKON aKTUBHOCTHY, BOCCTAHOBUTENb, B CyXOM BO34yXe NOKphLIBaeTcs
3 JUTHOM NNEHXOM OKCwaa, BO BnaxHoM — pxaseeT: Fe + H,0 + O, » Fe(OH), - xH,0.
koHu. HNO,, koHu,. H SO, c xeneaou He pearvpyloT

<

1)

.

4FeS, + 110, = 2Fe,0, + 8S0,T
4Fe + 30, = 2Fe,O,

Fe(OH)3 — amdoTepHii MAPoOKEUA ¢ NpeobnasaHnem

OCHOBHbBIX CBOWCTB

cnnaaneHve
Na,CO, + Fe,0, = 2NaFeO, + CO,
6HCI + Fe, O = 2FeCl, + 3H 0
NaFeO, + 2H 0= Fe(OH) Ly NaOH

oxucnurenb 2FeCI + 2Kl = 2FeCI +1, + 2KCl

KavecTHeHHbie peakuuu Ha Fe’*

Fe3 + SCN- = [FeSCNJ?* kpacHoe oxpatunsasne

2) Fe** + K,[Fe(CN).] — cunee oxpawmeanne KFe[Fe(CN),)

rexcauuanozbeppar(ll) Kanws,
XEeNTan XPOBRHAR COnb

xnemrenn 3Fe + 20, = Fe,0, 2Fe + 6H,80,, 10n, = FELS0,), + 380, + 6H,0
3Cl, + 2Fe = 2FeCl, Fe + 4HNO, = Fe(NO,), £ NOT+ 2H,0°
R

cnabue Fe + S =FeS Fe + 2HCI = FeCl, + H,T
| oxvenvmen Fe + CuSO, = FeSO, + Cu Fe + H2304(20%...me) = Feso, + H,T y
( +3 +2 )

Fe,O, — nopowok 6yporo usera FeO — nopotwok 4yepHOro usera
Monyyeuue: Monyuyenue:

Fe,0, +H =2FeO + H,O
FeCO —FeO+CO +CO

oxcanar

Fe(OH), = FeO + H,0

FeO — ocHoBHwi okena

2HCI + FeO = FeCl, + H,0

FeCl, + 2KOH = Fe(OH) ’L + 2KCl

coeanHeHns Fe(+2) Ha Boaayxe, xak NPaBnno, Heyc-

TOAYMBLI, T.K. 06N3a8AI0T BOCCTAHOBNUTRNLHLIMHN
CBOMCTBaAMW M Nerko okncasioTcsa (ocobeHHo B
wieno4YHon cpepe)

xavyeCTBeHHan peakuua Ha Fe?**

rexcaunaHodeppat(lil) xanns,
KPacHas KPOBRHAR COMb

Fe** + K,[Fe(CN),) — cumuss oxpacka KFe[Fe(CN),)

J/
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la TOArPYNNA <«—— BOAOPOA4 H —— Vila NOATrPYMNNA

ulenoYyHblie metTannbl

Ht H—1S! H!
-e +e
— {t] =

APOTOH
3fieMeHTapHan Yactvua
OTCYTCTBHE 3NEeKTPOHHLIX 060n04eK
Manui pasmep

MONYYEHME

ranorenbl

Coctout 13 npotua H (*H) (99.985%), nenrepua
D (*H) v cnenos pagmoakTMeHoro Tpurtua T (3H).
Bo BcenenHoit — HanbGonee
pacnpocTpaHeHHbiii aneMeHT (90% Macch
ConHua — Bogopoa,).

B 3emHoOit xope — 1% no macce.

BxoauTt B coctas Bogbl, MeTrana, HedTn,
XaMeHHOoro yrns.

B cBo60AHOM BMAae BCTPEYAETCR OYeHb PEAKo

7~
B NPOMbLILVIEHHOCTH

1. KoHBepcus mMeTaHa (kartanmsartop, Harpes)
H,0
CH, +0, » CO,+ 2H,
2. Koxcosuii ras (80% H,)
3. KpexvHr Hedthn
4. KpexnHr MetaHa
tO
CH,=C+ 2H,
5. Napu Bogbl 1 yrons, npn =~1000°C:
H,0 + C = CO + H, (BogsaHo/ ra3)
Peaxo:
6. Xenesonaposoit cnocob (BoasHbIE Napbl ©
PACKANEHHbBIM XENe30M)
H,O + Fe = FeO + H, (Bblwe 570°C)
4H,0 + 3Fe = Fe,O, + 4H, (Huxe 570°C)
7. AnexTponu3 Boabl (06bIYHO — pPacTBOPbLI
ﬁu.enoqeﬁ): 2H,0 =2H, + O,

B naboparopum

1. AnekTponu3 BOgHbLIX paCTBOPOB COnen
(Na,SC,} wwm wenovein:
2H,0 = 2H,T + 0,1
2. Zn + H,80,(x20%) = ZnSO, + H,T
3. 2AI + 2NaOH + 6H,0 = 2Na[Al(OH),} + 3H,T

CBOMUCTBA

Xumuuecxkue: npn 06bl4HbIX YCNOBMSX [OBONLHO
ManoakTmeeH (pearupyert Tonsko c F,), T.x.
mMonexyna H, npoyHa.

B8OCCTaHOBMTENDb
1. MNoTtepsa anexTpoHa — o6pasoBaHne NpoOToOHa —

H* — (B BOGHbIX pacTBOPax — NOH rMAPOKCOHWA

H,0%)

2. Hanbonee xapaktepHo — o6pasosanue nonsap-

HbiX XOBaJIeHTHLIX CBA3e# (BaneHTHas obonoyxa

{He))

2H, + O, = 2H,0 (co s3pbisom) <rpemyass cmecs 2H, + O,

3H, + N, == 2NH,

H, + F, = 2 HF — co sapuigom npn nio6oit Temnepatype

H, + Cl, = 2 HCl — na cBety uenHas peaxuws

Br,, |, — meHee aHeprnyHO, He nayT A0 KOHUA

H, + S==H,S — nponyckanve H, Hag HarpeToi RO

150-200°C cepoit

BoccraHoBneHWe oxcvaos: 3H2 + Fe,0, = 2Fe + 3H,0
3H, + WO, =W + 3H.0O

Oxcungbl MeTannos, 60onee akTMBHLIX, Yem Fe,

BOAOPOAOM [0 METANNa He BOCCTaHABNNBAIOTCS.

®u3uveckue: ras He3 ysera n 3anaxa.

T... —252°C. Cambiit nerxuii ras. Mnoxo
pacTBOpPUM B BoAe. PacTBopseTcst B HEKOTOPbLIX
metannax (Pd, Ni), nepexogs B atoMapHoe

COCTORHWMe.

oKucnurenb

ob6pasosanue ruapua-woHa H- — npu B3anMo-
AEHCTBUM CO LWEeNOYHBIMA U LWenoYHO3eMenbHbl -
MW MeTannamu

H, + 2Na = 2NaH
H, + Ca = CaH,
raapuasl — UOHHbIE COeRQUHEHUSt, CUNLHbIe

BOCCTaHOBUTENN,
NaH + H,0 = NaOH + H,

npuMeHeHue: cuHtes HCI, NH,, npu BoccTaHOBNEHUM OKCMAO0B HEKOTOPLIX METANN0B, peakuum
rMapupoOBaHNa B OPraHNYeckon XMMuM, ANA NONy4eHUst MaprapuHa — rnapupoBaHne pacTuTenbHbIX

Xvpos, cuHTe3 metadona CH,OH v ap.
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NMOATrPYMMA Vila. TAJIOTEHBI (F, CI, Br, 1)

30 d orcyrcreyer y F

4,0 | crenens E! +le P | | l [ l l
okncne- - NpoMOTNpOBaHVE
gg Hus —1 Br s? l” “I t ";’1, l” t l ? TS xapaxTepHuie MofioXN-
25 1 UL Ul TefibHbie CTENeHN OKNCAEeHNS
l Cl +1, 43, +5, +7
Br +1,+45
Hal, 1 +1, +3, +5, +7

Ddusuyeckue CBOUCTBA: F, Cl, Br(x) I,(re)soar.
pasMep atoMa, NONKPNIYEMOCTb,

Tkwn. °C -108 -35 58 183 MHTEHCHBHOCTE OKPAcki (OT 3eNeHOBATO-XENTOM
A0 TEMHO-PUONETOBON), IHEPrviss MexmMone-
—

KYNApHoro s3anMofencrans

XuMHuYecKkue CBOMCTRBA: ranoreHsl — CANLHbIE OKUCAUTENN, B3AUMOAENCTBYIOT C MEeTannamm,
HeMeTannamu, CAOXHbIMKU BeLecTBaMn.

F, — HanGonee peakumnoHHOCNOCOGEH, peakumi MAYT Ha XONOAY, NPW HarpeBaHM — aaxe C y4ac-

Tvem Au, Pt
C npoctbiMn BeuwecTsaMu: CO CNOXHLIMW BEWECTBAMM;
H, + F, = 2HF 2F, + 2H,0 = 4HF + O,
Si + 2F, = SiF, SiO, + 2F, = SiF, + O,

2Na + F, = 2NaF

Xe + 2F, = XeF,
MHOrne metannbl B atMocdepe ¢ropa 3aropatorcs.
Ha nosepxHocti Ni, Cu n HexoTopLIX OpYrnx
BO3HMKaET 3allUTHas MNneHKa, peakuMn rnpekpalarnTcs

Cl, — Takxe CUNbHO PeaKuMOHHOCHOCO6eH, HO B YMEHbBLLIEHNE OKMCANTENLHON aKTMBHOCTH
TeMHoTe ¢ H, He B3anmogencrayer. (
Br, — peakunoHHocnocobeH

1, — xnMnyeckn meHee akTneeH. Peaxkuns Fz Clz Brz Iz
H, + 1, == 2HI nporexaeTt npu 300°C npegbLIAYLIMA BbiTECHRET MOCNeAYoLniA N3
2 2% . ranoreHnaos:

Cl, + 2KBr = KCI + Br,

Hel i yBeNnnuNsaeTcs
HHal —rasn, HF HBr CANa KNCAOTHI
XOpOwo pacTeopHMub B Boae — > BOCCTaHOBWTENbHAs M
CcnNoco6HOCTh

! SiO, + 4HF = SiF4 + 2H,0

ranoreHna-noHa

O6paazyloT conm: dTopuan, xnopupw, GpoMuabi, MOAKAL (MOHHBIE COEAVHEHNS)
KayecTBeHHb
peaxuuu
Ca?* + 2F = CaF,{ CI- — AgCl 6enuit ocapox HepacTBOPUMbI
Genuifh 0canoK Br- — AgBr 6negHo-xenTuit ocagox B 230THOW
I — Agl xentuin ocagok Kucnore

Nonyienuue HHal:

1. CaF, + H,S0, = CaSO, + 2HF
2. H, + Cl, = 2HCI

3. PBr, + 3H,0 = 3HBr + H,PO,
4. Pl, + 3H,0 = 3HI + H,PO,
5H,S +1,> Sl + 2HI

B npupone:

Nonyyexnue
F — ¢nioopur CaF,, ¢propanarur 3Ca,(PO,), * CaF, anexTponua hropnaos
Cl — kamenras cone NaCl, cuneemur NaCl < KCl anexrponus pactsopa NaCl, HCI + KMnO, v ap.
Br, | — & sopgax. conyrcraylownx HedTh, B Bogax 6poMuabl
ropexvx o3ep n Ap. } noanapl

2Nal + MnO, + 2H,50, — |, + MnSO, +
NaZSO4 + 2H,0 v gp.
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Moarpynna Vila. XJIOP CI
d

+e P yqactve d-opbutanei i;

e | - ——— T
<—[n == |45

u +7

KMCAOPOAHEIE
coenHeHns

B npupoae Bcerpa
®uauveckue ceorcTea: T, = -34°C, ra3s 3eneHosato-xentoro | creneHb okucneHusa —1

uBerta, R,40BUT, HEMHOIO pacTBOPUM B BOAE. NaCI — nosapetHas cons, ranur
NMonyueHue: NaCl, KCI — cunsennnt
8 TeXHUKE: anexTponus pacteopa NacCl; KCI — cuneann

8 na6oparopuyu: 16HCI + 2KMnO, = 2MnCl, + 5C1, + 2KCl + 8H,0 | MgCla - KCl - 6H20 — xapuannur
wm 2HCI + CaOCI, —» Cl, + H,0 + CaCl,

Xumuyeckue ceoicrea Cl,: CO CIOXHbIMN BELUECTBAMU:
CMNBHBIA oKMCUTEND 1. BuitecHsieT 6poM 13 6pomuaos
C NPOCTHIMM BELUECTBAMN. Cl, + 2KBr = 2KCl + Br,
1. 2Fe + 3CL = 2FeCl 2. Oxucnset SO, n gp. BelecTsa:
: 2 3
2. 2P + 5Cl, = 2PCl, Cl, + 80, + 2H,0 = 2HCl + H,SO,
3. Cu + CL = CuCl 3. C opraHnyecknMy BellecTBaMn:
4. H2 + C|:= 2HCI zua ceeTy peakumn aamewsedna: C Hy + Cl, > C,H.Cl + HCI  (Ha cseTty)

npncoeanHenns. H ,C=CH, + Cl, -» CIH,C—CH,CI
4. C sogon: H,0 + Cl,==HCI + HCIO —Q (xnopHas sona)

UenHOW MexaHnaMm.

hv
ci, »Cl- +Cl-

M, + Cl+ = HCl + H- ’ 5. C pacTteopamu Wenouedi Ha xonoay:
H- +Cl, = HCl + CI- 2KOH + Cl, = KCI + KCIO + H,0
"o o e (oo tenn) 6KOH 4 301, = SKCI + KCIO, + 3H.0
¢ N,, C, O, — HerocpencTeento He 2 = 3 2
pealgnpyeT 6. C Ca(OH),: Cl, + Ca(OH), = Ca(g)OCI + H,0
(6eannbHas WAN XNopHan ma:c‘rh)
Nonyuenne HCI: Kucnopoasme coeAMHEHUR
& "(?OM”"’"_E’””OCT": HCIO — xnopHoBaTtucTas kucnota. OueHs cnabas
, + H, = 2HCI KMCNOoTa, CWNbHbIA okucnutens. Conn —

8 naGoparopwu:

NaCl + H,S0,,,, = NaHSO, + HCIT
HCI — GecuseTHbiN ras ¢ pe3kum
3anaxoM, XOpOLWOo pacTBOPUM B
Boge (400 n HCl 8 1 n BOGHI —
Maxc. 37-40% HC!). BoaHbin
pacTBOP — CWAbHas X/0POBO40PO-
AHas (conaHas) kucnora. Moxer
NpoRBNATb BOCCTaHOBUTENLHbLIE
cBOWcTBa (3a cyert ClI):

MnO, + 4HCI = MnCl, + Cl, + 2H,0| \oa::|2
Conn — xnopwuabl, NOHHbIE Coean- H,0 + CI,0
HeHus, XOPOLWO PacTBOPUMDI B

rnnoxnoputsl NaCIlO
HCIO, — xnopucras kucnora. CpeaHen cunsl,
Conn — xnopurel NaClO,, KCIO,
HCIO, — xnopHoBaras kucnora,
conn — xnopartbl KCIO,

HCIO, —xnopHas kucnora, conm
nepxnopatsl KCIO,, NH,CIO,

HQ CByHC' + 02

BO3pacTaHne YCTOMMMBOCTH,
ocnabnexvie oOKNCANTENbHBIX CBOWCTB

yaennuexne CMnbl KNCROTHL,
CW/ibHbie
KUCNOTbl

HOCI —=HCI + HCIO,

gopgls)(xpoue AgCl, PbCl,, Hg,Cl,, KCIO, — Gepronerosa Conb, pasnaraercs npu HarpesaHum
u

KauecTBeHHan peaxuus: Genbiit t

TBOPOXMUCTLIA OCafoK B XMCNQA 2KC|()3 = 2KCI +302T (xarannaarop MnOz)

cpene: 4KCIO, e KCl + 3KCIO, (6es katannsatopa)

Ag* + CI" = AgCH

AgCl + 2NH, - H,0 = [Ag(NH,),ICI
- 2H,0 ! B otnnume ot AgBr n Agl,
AgCl pacteopsercsa B n3bbitke
pacTteopa aMMMnaka.

MpumMmenexne xnopa:
nony4eHne HCI, o6e33apaxmBaHne BoAbl, CUHTE3 OpraHm-
4YeCKnx coefMHeHwn, xNoprupoBaHne pya n ap.
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NOArPYNNA Vlia. O, S, Se, Te
(xanbkoreHbi — oOGpasylowue pyan [meanu])

p

LT 1]

d orcyrctayer y O o’

S, Se, Te

r

Cepa — TBepoe KpNCTannnyeckoe BelecTso
xentoro ysera, T =119°C, T =
445°C, uvknny. monexkynbl S, napsl: S,
S, S,. S,annotponua (nonuMop@uram).

AL

+2e

@

paanyc atoma
anvHa ceaan H-3 u cuna xnucnor

H,0, H,S, H,Se, H,Te

B npupoae: camopogHas cepa
cynbduabl — nnput FeS,, raneHnt PbS v ap.
cynbdatel — CaSQO, - 2H,0 (runc) v ap.

Mony4yeHue

r Y
pombuyeckan <> MOHOK/IMHHAS <> aMopdHas
XuMMuyecKkue CBOMCTBA Ha xonoay — HU3Kas

1. Ouncrka caMmOpogHON cepbl
2. 2H,S + 0, = 25 + 2H,0 (Hepocrartox O,)
3.2H,S + SO, =3S + 2H,0

peakumoHHas CnocoBHOCTL, NPU HarpeBaHnn BospacTaer

1. xak okucaurens
2. xak BoccraHoBUTENb

Fe + S =FeS

S + 0, = 80, — ropwur (npnmecs SO,)

3. ancnponopumonnposanne: 3S + 6KOH = K SO, + 2K.,S + 3H,0

-2 +4 +6
B npupoge — BynkaHWU4eckue rasbi
H o]
/ P 4
Hs © Vi o=s
2 OS\H DS\OGecu,aemuﬁ ras c pe3kvM 3anaxoM \)nerxo nepexoaut 8 (SO,

“6ecuBeTHbIA ra3 ¢ 3anaxoM Tyxnbix
any, cnabo pacrteopum 8 H,O
Nonyuenue:

H, + S==H,S

FeS + 2HCl = FeCl, + H,S
Xumuyeckue CBONHCTBA:
BogHwbih pacteop H,S — cnabas
kucnora (cnaGee H,SO,)

PN

cynbdmAabl, pacTBOpUMbI
B H20 TONbKO LE@NOYHBLIX

+‘ B 32+

ruapocynbhnas
W3IBECTHbl TONLKO
B pacreopax

meTannos, 032
rnaponna S + H,0 -—HS™ + OH"
KavyecTBeHHas peakuus:

Pb2* + S = PbS{ 4epHoro usera
BOCCTaHOBMUTENb
obblyHO okucnsierca Ao S°, mHorda
no S(+4) n S(+6) B 3aBUCMMOCTN OT
CUNLlI N KONUYecTBa oKUCNUTens
2H,8 + 0, = 25 + 2H,0 HepocTarok O,
2HS + 30, = 250, + 2H,0 n3bbirok Q,
C ranoreHamm
HS + Br,=2HBr + S
H,S + 4Cl, + 4H,0 = H,SO, + 8HCI
¢ HNO, — 3aBUCWT OT KOHLeHTpauun
H,S + 2HNO, = S + 2NO, + 2H,0
n faxe co cnabbiMKU OKUCANTENs MU
H,S + 2FeCl, = 2FeCt, + 2HCI + S
2H,S + H,S0, = 3H,0 + 3§

Nonyvyenue:

1. S + O, = SO, — ropenne cepbl

2. 4FeS, + 110, = 2Fe, 0O, + 850, —
o6xunr nnpura

B nabopatopum

Na,SO, + 2H,SO, = 2NaHSO, + SO,
vHO _

Cu + 2H,80, oy = CUSO, + 80, + H,0
XumMuyeckue cBoicrea:

KucnoTHeih okeng SO, + Ca(OH), =
CaSO, + H,0

S0, + H,0 ——=H,SO, — cepHucras
Kncnora cpem-ieﬁ CUnbi

PN

rMAPOCYNbGUTH
KaK npasmkno,
PaCcTBOPHMbI

PaCTBOPUMbI TONBKO
CYNbONTH LIENOHHBIX
METANNOB, rMApoNn3

SO, OKMCAWUTENBHO-BOCCTAHOBH-
Na,SO, TeNkHa% OBOVCTBEHHOCTH
BOCCTaHOBUTENDL

C OKNCIMTENns MK
SO, + Br, + 2H,0 = H,S0, + 2HBr
6pomMHas soaa, obecuBedynsaHne
2Na,SO, + O, = 2Na,SO,
okucnurens

C BOCCTaHOBUTENAMMN

S0, + 2H,8 =35 + 2H,0
AUCNPONOpUMOHUPOBaHUE

4K, SO, = 3K SO, + K,S
(npoxanneaxne)

npucoegnHeHne S:

Na,SO, + S — NaS,0, Ttnocynbdarbi
(xmnsiverve pacTteopa ¢ S)
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T =16,8°C, T = 44.8°C

nn xmun
NonyueHue:
a) B koHTaxTHOM annapare, cofepXaLieM
xarannsarop V,0,, 400-600°C
250, + 0,==2S0, + Q
6) MNornoweHnemM SO, B NornoTUTENbHOR
6awHe MeToa0oM npoTtneoToka H,SO,
nony4aioT pacreop SO, B H,SO, — oneym.
Oneym pas6aenasior po 98% H,SO,

HO\S?Q

cepHas KNcnora HO/ \\O

CHNBLHaA KNCNOTA (Npy anccoupauymn no
1-7 cTynenwn). KoHueHTpupoBaHHas —
80J00THNMAaIOULEE CBOWCTBA (06yran-
BaHve):

C,H,,0,,=12C + 11H,0
caxap
OXMCAMTEeNbHbIE CBOUCTBA 3a
cyet S(+6)
S +2H,S0, . =3S0, +2H,0

C+2HS0,  =CO, +2S0, +2H,0
€ METannaMu, CTosWNMN nocne H,, npn t
Cu + 2H,S0, = CuSO, + SO, + 2H,0

C QKTNBHBIMN — CMeCh

Zn + H,S0, - SO,, S, H,S + ZnSO,

Ha xonopgy: naccmwewpyer Fe, Al, Cr
Pa3baBneHHas — Kak o6biyHas KNCnoTa,
oxncnurenb — H*

Alem] ~

rmapocynbdaTet cynndarnl
- $0,%"
HS0O, 4

KavectBeHHas peakuuns:
Ba** + SO,*” = BaSO, 6enuin ocanox
He pacTBOpPWUMBLIA B KWCnoTax




Via TOArPYNMA. Kucsaorpoa o
p P

@<=l == g I

ToAbKO €O HTOPOM

BaN@HTHOCTb 2
CT. OKACAEHNA —2 (FAaBHaS)

B npupoae COCTOMT M3
160, 170, '80. Camuwir pac-
NPOCTPaHEHHBIA 31eMeHT
3eMHon kopbt (49,1 Macc.%).
ATMocoepa cogepxut 21%

Bo3MOXHbI Takxe crenenn okucnenns —1 (nepokcnabl Na,0,, H,0,), —=1/2 (K,0,), +1(F,0,) n +2 (F,0)

Monyuenue:

B NPOMLILUAIEHHOCTHU

Meperoxka xuaxoro eosayxa, T.x. T 0, =-183°C,aT_ N, = -196°C

B8 naGoparopun

1. OnexTponM3 BOAHBIX PAcTBOPOB conei n wenoyein 2H,0 = 2H, + O, (cMm. nonyyexne H,)

2. Pa3noxeHne nepmMmaHraHarta xanms,
nepoxcnuaa BoORopoaa,

6eptonetosoit conun

3. 13 nepoxcuaa 6apus

CeolicTBa:

2KMnO, = K.MnO, + MnO, + O,

2H,0, = 2H,0 + O, (xatanusarop MnO,)
2KCIO, = 2KCl + 30, (xatanuzatop MnO,)

2Ba0,=2Ba0 + O,

®usuyeckue: SecuseTHbivi ras, 6es sanaxa. T,
~183°C, 8 1 n H,0 pacteopserca 0.04r O,.
MapaMarHuTeH — BTArMBaeTCR 8 MarHUTHOE nNone

XuMmuueckue: B peakumax Co BCeMn NpocTbiMK
BelecTeaMm — okmcautTens. HenocpeacTteeHHo He
pearvpyer C ranoreHaMy, MHepTHbIMK rasamu, Au,

Pt, xucnopoaHble coeauHeHNs KOTOPbIX NoayYaT
KOCBEHHbIMU NyTAMMN

Peakuuu

C HemMeTannaMmu

S+ 0, =S50,
4p + 50, = 2P,0,
C+0,=Co,

2H, + 0, = 2H.0
N, + 0, == 2NO 2000°C

C MeTannamu

cropaloT ¢ obpa3zoBaHnemM OKCMA0B

2 Mg + 0, = 2Mg0

3Fe + 20, = Fe,0, (wncreit kncnopoa)

Al, Cr — ToHKas 3awuTHag nneHxa
okcmaa

CO CNROXHLIMM BeulecToaMu
npu ropeHun B nabeitke
kucnopoaa obpasylortcs, Kak
npasuno, COOTBETCTRYICWNE
oKCHAbI:

2H,S + 30, = 280, + 2H,0

CH, +20,=CO, + 2H,0

npu Hepoctatke O, — caxa (C), CO...
C,HOH + 30, = 2C0O, + 3H,0
4FeS, + 110, = 2Fe,0, + 8SO,
nvpuT

wenoyHeie Meranas (kpoMe Li) npn
HarpesaHun B cyxom O, o6pasyior
nepoxcuabi:

2Na + O, =Na,0,
M Haanepokcuabl:

2K + 20, =K, 0,

Ma3006pa3Hbiii KMCIOPOA, CYWECTBYET B ABYX annoTponHbix Mogndukaumsx — aukmcnopog O, n
Tpukuncnopog O, (030H)
Oson O, o6paayercs npu anekTpuueckux paspaaax: O, + aHeprua = 20; 0 + 0, = O,
cymmapro 30, == 20, - 286 x[Ix

030H — HecTokoe BeWecTBo, nerko pacnaaaluweecs, 06NagaeT CHITbHBIM OKHCITNTENIbHbIM AeH-
cTBHEM

PbS + 40, = PbSO, + 40,

0, + 2KI + H,0 = |, + 2KOH + O, — xavecrseHHas peakyvs Ha 030H

NPUMEHEHME O, ocHoBaHO Ha ero NCNoNL3OBAHMM KaK OKUCAMTENR:

B METannypruv npu NpOUSBOACTBE CTan¥ U yyryHa ~ 60% npombitunenHoro O,
anga nonyyenns HNO,, H_SO,, o6xura pya (Hanpumep, FeS,, CuFeS,, PbS v ap.)
ropenune H, + O, — npu ceapke Metannos

B NPUPOAE c yuactvem O, coBepwaeTcs apixaHne — OAMH M3 BaXHEMWMUX XNU3HEHHBIX NPOLLEC-
cos. Hannume 8 atMOCchepe kucnopoaa obecnesnsaet rHveHne opraHnseckux sewecrs. Coaepxanue
' «acnopoaa 8 armocdepe NOCTOSHHO, T.K. ero Pacxof KOMMEHCMPYeTcs 06pasoBaHMeM KkMcnopoaa
~ou dorocuntese: CO, + H,O0 —» C (H,0)_ + O,

ZcMcneHne KMCNopOAOM YrNeBOR0B, XUPOB U GENKOB CRYXUT MCTOYHUKOM IHEDIHMN XUBBIX
opPraHNu3MosB ’
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+1 -2
BOAOA (oxcup, BOAOpoAa) H, o
- Bbicokas 30 aroma O, H0nbWOR AUNONBHDBINA MOMeHT
MONeKynbl, NPONHbIE BOZOPOAHbLIE CBA3WN NPUBOART K
cunbHoOt accoumnaumm monekyn (H,0).. Mpn 20°C n 8
=104 5+ cpearem 4, npm 100°C n=1mn3% n = 2.

( ®uauyeckue cBoCTBa: )
Yucras BONA HE MMEEeT BKYCA, L{BETA M 3anaxa, B TOHKUX cnosx — BecuBeTHan, B TOnLE —
ronybosaras. HanGonbwas naoTHocTb npu +4°C — 1 kr/n, npn 0°C — 0.998 xr/n, Tax kak cornacHo

OQHOA N3 TOYEK 3peHns @ = & . T, 0°C, T, 100°C. XapakTepn3yeTrcs BbICOKOM

TennoeMkocTio (4.13 kk/Monb - kr -K), BbICOKOM TennoTol ncnapexms.

L .
- - )
XumMuyeckue CBOUCTBA:
Bona pearMpyeT ¢ NPOCTbiMU BellleCTBaMMU:
@ C wenouHuMM 1 wenoYHoaeMenbLHLIMY, a Npy { Ca+ 2H 0 Ca(OH) + H T
HarpeBaHum — 1 ¢ APYT UMY METaNNaMU 3Fe + 4H O = Fe,0, + 4H, T
@ C ranorenammn 2F + 2H O = 4HF + 0 T
Cl, + H, O HCIO + HCI
Boaa pearupyeT Co CROXHLIMM BellleCTBaMM
® C okcnpammn OCHOBHGLIMM Ca0 + H,0 = Ca(OH),
KMCROTHLIMN SO, + H, O H,SO,
@ C woHHLIMN MapKaaMm H +H, O - KOH + H, T
@ 06pasoranme kpncrannoruapaTos NaOH £ 2H,0 » NaOH 2H,0
CuSO, + 5H ,0 = CuSO0,-5H,0
@ ruaparauus HenpepenbHbIX CH, "CH + 0 ,0 = CH, CH of (HY) o
OpraHMuECcK X COBANHEHMI CHECH i H 0 - CH C’ (Hg*")
® vaponn3a MOHHLIX U KOBANEHTHIX (8 ToM AICI + H 00— A|0HC| + HCI H
YMCne — OpraHuy.) CoeMHeHNA . PCI, + 4H 0 - H,PO, + 5HCI
CHsc’\’ + HOH == cnsc’\' + CH,OH
! Ocobbie cBoOiicTBa BoAW: OCH, OH
® Bopa— karanwaarop 2A + 3l, — 2All,
@ Boga — oveHb cnabhiit aNEXTPOANT: H Or———‘H+ + OH'
\ B uncToi Boae npn 22°C [HY] = [OH] = 1077 Mom:/n pH 7 J
( OuucTKka: 1) OT KpYNHbIX 4acTWL, — PUALTPOBAHUEM )

2) Ot pacTBopeHHbIX conen:
BpeMerHas xectkocte — Ca(HCO,), + Ca(OH), = 2CaCO, l+2H ,O nnn kunayeHvem:
Ca(HCO,), = CaCO, L+ CO, + H,0
NOCTORHHAS KECTKOCTb — CaSO + Na,CO, = CaCO,{ + Na,SO,
3) OT B3Becen — noﬁaanenweu conein anioMmHua unmn xeneaa (i)
AL(SO,), + 3Ca(OH), = 2AOH), 4+ 3CaS0, ! Fe e,(S0,), + 3Na,CO, + 3H,0 = 2Fe(0H)3¢ + 3Na,S0, + 3CO, T
Poxnbie ocankm Al(OH),  4) Oﬁessapastauwe — XN0pUpPOBaHMe wm osonpoaane
:::&2:2: 3axBaTBAOT  5) B cnyyae HEOBXOAUMOCTM — AMCTUNNALMR MNN AeMUHEepaNM3aums
(nponyckaHune Yepes katnoHut B H* popme n anmouut B8 OH™ popme) )

\(

-1 '
nepoxcun BOAOpOna H202 H'O\O/H — ¥1AKocTe. O6LYHO B HapPMAKONOrMK (AHTHCENTUK) 3% - Hulii

BOAHLIA PACTBOP 1NN 30%-HbIA PACTBOP B NPOMBRUNEHHOCTH (NePrapons). Slerko pasnaraeTca Npy XPaHEHNU, NPYU HArPEBAHNM W
Ha ceeTy. Paanoxenne katamanpyer MnO, 2H,0, = 2H,0 + o,
MNonyyeune: BaO, + H,S0, = BaSO,d + H,0,;, H,5,0, + 2H,0 — 2H,SO, + H,0,
nepokcua HagcepHan k-1a
CaolicTsa: 1) Ouerb cnabas kucnora; H,0,==H" + HO,", conn — nepoxcuan H ,0, + Ba(OH), — BaO, l+2H 0
2) oxucnurens: HO‘+2K|+HSO—|+KSO +2H02
3) BoccTaHoBUTEML! 5H O 1 + 3H SO + 2KMnO = KZSO + 2MnSO + 8H O+ 500
npuueueuue H,O, u nepoxcunos 0T6em<a pa3nnyHbIX MaTepwanoa xvm npOMbILLU'IeHHOCTb,
SauleHue, MenwuwHa, nornowenxune CO,: 2Na 0, + 2CO, - 2Na,CO, + O, )
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Va NOArPYMNA. ASOT N

+2 = 5
~1+5e 2s TITlTI +3e
+3
<l [ —>3
+5

B npupoae: 0.01% Maccbl 3eMH. KOpPb!, 78.1% )

no o6beMy atmMocdepHoro sozayxa. NaNO,, KNO,

— cenuTpsbl
J

X NH,NO, = N, + 2H,0,

rnonyqeuue: @® B NPOMBILNEHHOCTV — (PPAKLMOHPOBAHME XMOKOrO BO3AYXa (t,,O,=-183C,N,= —1%‘@
@ B nabopaTopun — PasNoOXEHNe HUTPUTA AMMOHWS NPU HarpeBaHnm:
NaNO, + NH,Cl = N, + NaCl + 2H,0

J

CBOWCTBA

(OuUanyeckme: raa 6es usera, 3anaxa n BKyca,
t,,, = —196°C, nnoxo pactsopum B Boge (2.3 mn B
L100 mn H,0 npun 0°C)

( XUMMUYECKUE: monexyna N=N oyeHb ycTonymsa )
(NpovHas TpoiHas ces3k, E = 942 xIx/Monb)
HU3Kan peaKiMOHHaa cnoco6HocTb

r

Oxncnurens:

(32, aKTMBMPOBAHHOIO Pa3NNUHLIMK AO6ABKAMM.

BoccTaHosuTeNb: BbicOKas Temneparypa (an. ayra, 3000°C) N, + O, = 2NQ —Q *3aMopoxerHoes pasHosecue,

nNpy KOMHaTHOM TeMnepaTtype — TOnNbKO C

Li, npn HarpeBaHnn — ¢ APYrMMn METanNaMmn
Pearnpyet ¢ soaoponom. MNpw aasnennn 20-40 MlMa, tem-
nepatype 400-500°C n B npuCyTCTBUK KaTannaartopa — xene-

npoayexa 4Yepes pa3psa
6Li + N, = 2Li,N Hutpng
3Ca+ N,=CaN,

P, t, kar

2NH, + Q

3H, + N,

AmMMuak NH3

Conu ammonus NH *

r
B NpoMbILUIEHHOCTH: cuM. Boiwe H, + N,

B nabopaTopum: Harpes coneit aMMOHMS CO
wenovamm um Harpesanne NH, *H,0

(NH,),SO, + 2NaOH = Na, SO, + 2NH,T + 2H,0
duauyeckue CBOKCTBA: GecuseTHbll ras ¢
péawa 3anaxoMm, xOpowo PacTBOPMM B Boje (npu
20°C 700 n NH, 8 1 n H,0)
XumMmuyeckue CBOKCTBA:

@ NH, + H* = NH,* — noH aMMoHus

N  AOHOPHO-aKuenTopHOe B3anMOAeNn-
H/\_‘ H  cTtene, npucoeguHser H* — noH
TPeYronbHasn AMMOHMR
nAvMpaMnaa

OcHOBaHMeE: npu peakymm c KMChoTaMu — canuv
NH, + HCI = NH,CI xnopng, aMmmoHmns

rMpwv pacTBOpeHuu B Boge:

NH, + H,0 ==NH_* + OH" weno4Has peakuus
3% BOAHBIA PACTBOP ~— «HAWATBHIPHLIA CANMPT»
BoccranoBuTens: 3a cyer N*-, okucnsercs
06bi4HO o N,:

@ 3Br, + 8NH, = N,T + 6NH Br

N, + H,0 ropetne
@ 0,+NH,

cTagns nonyyeHus
Pt-xar. NO + H20 H

03
® 3Cu0 + 2NH, = N,T + 3Cu + 3H,0 (oxcuawi
HEeKOTOpPLIX MeTannos)
OxMcnurens: za cier H:

2Na + 2NH, 55 2NaNH, + H,
\ aMmna

NH,* — Beaer cebs kaK KaTMOH Weno4yHoro

mertanna

Conu aMMoOHUua XOpOWO pacTBOPUMbI B Bofe

B BOgHbIX pacTBOPax CONM aMMOHNA CYULeCTBYIOT

B BUAE MOHOB: H *

(NH,),SO, = 2NH,* + SO > /]

Pa3noxeHnue nNpn HarpesaHnu: /N A

® ecnm kucnora netyyas, a aHMoH — | 4273,

HeokucnhvTens: TeTpasap
NH,CI

Harpes

NH, + HCI

oxnaxa.
@ ecnun kMcnoTa Henetyyas, a aHWOH — HEOKMC-
mmTenb, TO NPOUCXOANT YaCcTU4YHOEe pa3noXeHwue:
tO
(NH,),S0, = NH,T + NH HSO,

@ eCcnn aHnoH — oKnucnuTenb, ToO NnponcxoguT
OKMUCneHne a3ora B MoHe aMMOHNSR ;

NH,NO, = N,O + 2H,0

(NH,),Cr,0, =N, + 4H.,0 + Cr,0,

KavecrTBeHHan peakuua Ha woH NH_* — sbige-
fNleHne aMMmMaka npu peakuyyMm coneil aMMOHWR CO
wenovyamu:

NH,CI + NaOH = NaCl + NH,T + H,0

A30THble YaoOpeHus
AmMuayHas soaa NH,,
Cenutpel NaNO,, KNO,, NH,NO,
Cynbdar ammonus (NH,) SO,
Kap6amug (mouesuna) CO(NH,),
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0€

+@ Oxcup asora (1), N,O
Monyyenue:
s]

NHNNO, =N,0 + 2H,0
HecuBeTHHIV ra3 co cnagkosa-
ThIM 3anNaxoM, 3aMEeTHO pac-
TBOpseTcs 8 H,O

I HeconeoObpasyowmis

>500°C — paanaraetca
- 2N,0=2N,+ 0,
NO3TOMY OKUCNNET BewecTsa,
pearnpywoume ¢ O,
N,O +H,=N,+H,0
2N,0 + C=CO, + 2N,

I wneconeoGpasyowwmin |

KUCNOPOAHBLIE COEAMHEHUSA ASOTA

OOOO® <F——

+5e

1
/ o7

2p H—O—ﬂ(o win H—O—-N.‘/:+
125/ tit [t o -5

[1L]

MonoxurennHbie CTENEHU OXKUCNEHUA

+@ Oxcua asora (), NO

Monyuenue:
B NPOMBILLNEHHOCTI (CTaanA
nponaeoactea HNO, )
Pt
4NH, + 50, = 4NO + 6H,0
B naoparopun
3Cu + 8HNO = 3Cu(NO,), +

3 (30-35%)
2NOT + 41,0

6ecuBeTHLIR a3, TPYAHO CXVKASMbIN,
nnoxo pacteopvm 8 H,0 <:

oknchuTensHo-eoccTaHosUTenbHas
ABONCTBEHHOCTL

BOCCTaHOBMUTENb:

2NO + 0, = 2NO, <=

2NO + Cl, = 2NOCI ——>

oKMCAuTenb:

2NO + 250, = 250, + N,

B BOAHOM pacTBOpe:

2NO + 2H,0 + 250, = N, + 2H,S0,

+@® oxcup, asora (), N,0,

NMonyyeHue:
NO, + NO==N,0O,, HecToex
Kucnorhumit oxeus
CO LenoHamn
N,O, + 2NaOH = 2NaNO, + H,0
HATPWT HaTPWA

HNO, — kncnoTa cpegren cinul,
HeYCTOW4YMBaN KMCAOTa

AMCNPONOPLMOHUPYET
—

s]
2HNO, C H,0 + NO, + NO
XpaHeHue
OKUCANTENLHO-BOCCTaHOBUTENAbHAR
ABONCTBEKHOCTL
I~ OKMCANTenNnb:
2HI + 2HNO, = I, + 2NO + 2H,0
BOCCTAHOBUTENL!
2KMnO, + 6HNO, = 2Mn(NO,), +
KNOg + KNO2 + SHZO
Conn a30TUCTON KUCROTH — HUTPUTHI
(KNO,, NaNO,)

+@ Oxcup asora (Iv), NO,

Mony4yenue:

1.2NO + O, = 2NO,

2. Cu + 4HNO, = Cu(NQO,), + 2NO, +
KOHU, + 2H,0

3. 2Pb(NQ,), = 2PbO + 4NO, + O,
-11.2°C

2NO, == N,0,
Gypbiit ras  +140°C  Gecus. xpucTani.

KMCNOTHbBIHN OKCHMA

Mpu pacTeopeHwun B Boae —
2NO, + H,0 = HNO, + HNO,

CO UjenovYaMu:

2NO, + 2NaOH = NaNO, + NaNO, +
H,0

CUABHMI OKMCAMTEND:

NO, + CO = NO + CO,

NO, + SO, -+ NO + SO, (HnTpoaHuIn
cnocob NofyYeHrns CepHo KUCNoTH)

CTPOEHVNe Monexynbi a30THOW KUCNOThI

+® Oxcup asora (V), N,O,

Monyuexue:

1. 6HNO, + P,0, = 2H PO, + 3N,O,
Aernapataums HNO,
2.2NO,+ 0O, » N,O,+ O,
6GecupeTHule HecToKkne KpucTanbl

>0°
2N,O, = 4NO, + O,

KucnotHbii oxkcupa
N205 + HZO = 2HNO3

CHUNbHLIA OKMCAUTENb

Asothas xucnora HNO,

Monyyenue:
B naGopaTtopmm
to
NaNOQ, + H,SO, = NaHSO, + HNO,T
B npombiwnexHocTh
Pt

1) 4NH, + 50, 4NO + 6H,0
2) 2NO + O, = 2NO, (npv oxnaxaeHw)

3) 4NO, + O, + 2H,0 = 4HNO, (noa

cunbHas kncnota, okmcantens: HNO, = NO, = N,O, => NO => N,O0 => N, => NH,NO,

XuMmuuecxue CBOUCT

Ba HNO,

Aaenexvem O,)

Cu + 4HNO, _ .= Cu(NQ,), + 2NO, + 2H,0 CMech NpoZykTOB B 3aBUCUMOCTM OT aKTUBHOCTW MeTanna v
3Cu + 8HNO, ., = 3Cu(NO)), + 2NO + 4H,O konueHTpaummn HNO,. KoHuenTtpuposarias HNO, naccvemnpyet
4Mn + 10HNC,_ .., = 4Mn(NO,), + N,0 + 5H,0 (Ha xonogy) Fe, Al, Cr

4Zn + 1OHNO

3 ovens pas6.)

= 4Zn(NO,), + NH ,NO, + 3H,0

Hemerannm: okncasioTca ao cooTeeTcTaylowmx kncnotT, HNO, = NO, nan NO (8 3aBncuMocTh oT pasbagnenus)

P + SHNO

xomy.}

= H,PO, + 5NO2% + H,0
I,+ 10HNO, = 2HIO, + 1ONO,T + 4H,0
S+ 6HNO, "= H,SO, + 6NO,T + 2H,0

1 o6bem HNO, + 3 o6vema HCI — «uapckas sBoaka»
Au + HNO, + 4HCI —» NO + 2H,0 + H[AuCl,]

®dusuueckue CBOMCTBA

BecuysetHans xuakocTb, Npu —42°C nepexo-—
AVIT B KpUCTannuyeckoe cocrosuve, ¢ H,0
cmMeluvBaeTca B N0ObIX COOTHOLEHUAX

HutpaTe — xopolwo pacTeopnmMbl B Boge. PaanaraloTcA Npy CMNLHOM HarpeeaHwn.
HlenoyHble v WenoYyHolIeMenbHble MeTannsl

YNaNO,  2NaNo, + 0,1

2Pb(NO,), = 2PbO + 4NO,T + O,

ManoakTneHbie Merannsl

2AgNO, = 2Ag + 2NO,T + Ot

KauecTBeHHas peaxuuws Ha won NO -

2NaNO, + 3H,S0, + Cu = 2NO,T + CuSO, +
2NaHSO, + 2H,0

6ypuia ra3




Va NOArPynnaA. N, P, As, Sb, Bi. DOCOOP P
d .

-3 - P [TTTT1]
g<:__3_—’_‘15é [::—w HeT y a3ora

+3e @

g N NH3 8OCCTaHo-
M3BECTHb! U APYrMe CTeneHn OKMcNeHus ] p }Hemerany PH, BHTeNbHLE
o AcTea
DoCcPOP: Heckonbko annoTPONHEX MogNdHKaLMA g As AsH, caon
BenwiA (xenTuit) pochop, MonekynsipHoe cTpoerne P, t g Sb MeTansib SbH
44°C, cvnbHo RA0BUT, pacTeopvM 8 CS,, C.H.OH v ap. s Bi 3

Okucnenne 6enoro ¢pocdopa Ha 8o3ayxe CONPOBOXAALTCR
ceedeHneM, XMMUYeckn akTuaeH.

iH
OCHOBHOCTL 3

KpacHuin dpochop | nonnMmepHoe CTpoeHne, He AQOBUTHI,
YepHaA docdop HepacTBOPHUME B 8ofle U OPrakn-
4ecknx pacTeopUTensx
HarpesaHue, NoO8. AABnNeHWe
KpacHuit pocoop
Harpeeakvne, NOKUX. faBNeHNe

Bennit dochop

r

BoccTaHosurens: S50, + 4P = 2P0,
5Cl, + 2P = 2PCl,
3P + S5HNO, + 2H,0 = 3H,PO, + SNO
2P + 5CuSO, + 8H,0 = 5H,8S0, + 5Cu + 2H,PO,

B npupopae: semH. xopa 0.1%. B cBO6OAHOM)
Buae He cywecreyer. ®ocdopur Ca(PO,),,
¢dropanarur — 3Ca,(PO,),
Mony4enue: 2Ca (PO,), + 10C + 6Si0, =
10CO?t + 6CaSiO, + P

==
XuMuueckas aKTUBHOCTb $ocdopa 3HAYUTENLHO Bhille, YeM N,

30, + 4P = 2P,0, (Hepgocrarok O,)
3l, + 2P = 2P|,

- CaF, v ap.

1 (anexTp. neynb)

\_oxucnurens: 2P + 3Mg = Mg,P, (pochua Martus)

_g COSANNHEHNS C BOAOPOAOM — 13 KMCNOPOAHLIE COBAMHEHNS +5
MeHee YCTOMYMEBH, yeM Yy N 6onee ycToAumen, Yem y N
{bocouani: CaaP2 PCIS, P203 coeanHenns docdopa B 3ToM crenenn
SCa + 2 - o, OSpanyorcn row venocrame | sorews i v
docodun: PH, oxucnurens o
Ca P + 6H O SCa(OH) + 2PH 2P + 3C|2 - 2PC|3 ;jg:‘f%enuﬁ NOpoLUOK, NoAy4aloT
¢°C¢V‘H - RAOBV‘"’M ras, 6ec- 4P + 30, = 2P,0, cropannem P B n3butke O,

usereH, nnoxo pacTeopum B H,0, | kucnotumit okcup, PO,

HECTOex. 4NaCH + PO, = 2Na,HPO, + H,0
PH, — 6onee cnaboe ocHosaHue, P,0, + 3H,0 = 2H PO,

4yem NH, AByxocHosHas docoopucras

PH, + HI = [PH,]I — B BOAE conu | kucnora cpepHe#n cyunel

$HoCcHOHNE NONHOCTLIO TNAPONN-
3yloTcs.

PH, — cu/ibHbiiA BOCCTaHOBUTESb
PH, + 20, = H,PO,

H\ /OH
(f N\oH

com — docoursl (Na,HPO, v ap.)
BOCCTAHOBMTENb!

P,0, + 0, = PO, ———— >

OpTtodocdopHasa KMCNOTa — KMCAOTA CPpeaHEe CUunbl, OKUCIUTENb-
—Zwt CsANbl 3@ cHeT P(+5) He nmMeer.
: osna conen: cpegHne dpocdaru (K,PO,, Ca (PO,), v Ap.); ruapodoc-
{CaHPO,, K,HPO,) u aurnapodocdars (Ca(H,PO,),, KH,PO, n
upe,a.Hme docdhartbt, kpome HocHaToB LENOYHLIX METANN0B, B
3LTS -20aCTBOPUMLI.
“ezzcows: PO + H,0&==0H + HPO*
LPECTBeHHan peaxuml 8 HeAiTpansHo# cpepe 3Ag* + PO = Ag PO,
HIW T - BB d FCAQOK

*mﬁm&un

““-‘ . — wcaoTHin docdopnT, «pochHOoprTHAR MyKa» — HepacTBOPHM B 8oAe

{ wagPO, ) + 2H SO = Ca(H PO,), + 2CaSO, — cynepdocar
Ca (PO ) + 4H PO = SCa(H PO ) — pBoiHOW cynepdocdat
Ca(OH)2 + H3P04 = CaHPO, + 2H20 — npeunnuTar, HepacTopnM B H,0,
PaCTEOPHUM TONBLKO 8 KNCALIX NOYBaX
3NH, + 2H,PO, = NH H,PO, + (NH,),HPO, — ammodoc
+ conb K — amMmodgocka

L=

i,

4P + 50, = 2P20S
CWIbHOE BOAOOTHMUM AIOLLEee
aencreve

6HNO, + P,O, = 2H,PO, + 3N,04
KMCNOTHBIA OKCUA
3BaO + P,O, = Ba,(PO,),
6NaOH + P,O, = Na,PO, + 3H,0}
npu pacteopeHuu 8 H,0
PO, t+ H,0 — (HPO,)_
smeTagocopran kncnota N4

HP,0O,, + 2H,0 = 2H,P,0,

4 4712
nupo¢oc¢opuan Kncnora

Y A~
HO—P—0—P—O0H
H “OH
H,P,0, + H,0 = 2H,PO,
oprodpocPopHas vin npocro
dochopnan knucnota

3

H
O=P—OH
H

J

PCl, — nerxo rupponuayercs:
PCl + 4H,0 —» H,PO, + 5HCI

B npoMbIiuLneHHOCTMU:
Ca,(PO,), + 3H,SO, = 2H,PO, +

SCaSO »L 3KCTPaKuMOHHAas ¢oc¢op
Has KMCROTa

J
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IVa nonrpynna. Yrnepon C

2p N\
@ -2¢,48 —|-—l——| B npupopae: opranvieckue sewecrea, CO,,
<:___| [:{> . CaCO, — U3BECTHSIK, MENI, MPaMop
l.__\/ MgCO, — Marxeaut
FeCO, — xeneaHuiit wnar v ap. )
duanyeckue CBOMCTBA: 4 annoTponHuie Moaudvkauum
(  anmas rpadur Kap6ux . dynnepur A
sp*-rmbpnansaums, Q:@ sp?-rbpnansauns, | op. rmepnansaums ¥ cocrout na dynnepenos C,,
TeTpasgpuyeckme o- CAOKCTanA CTPYKTYpa, C=C—C=C \ P C., 1 Ap., nMeioLmx ¢opuy
CBA3N NpoYHbIe, 6onbluce paccTosHmue u Henpod- | C=C=C=C= c¢epu win cheponpa. Pacteopum 8 opr.
KOBaNeHTHbe, Hble CBA3N MeXAY COsMA, YT T pacTteopuTensx. MoayuaoT NpU NCnapexnn
NnoO3TOMy O4eHb NO3TOMY MArKWA. Xopotwas JMHEWHBIN NOANMED, | rhadyTa g aTM. He 1 ap. MeTonamu.
TBepA. N30naTop. p 3N1eXTPONPOBOANMOCTb. TBepaoe eelecTso
= 3.51 r/cus® p = 2.22 r/cm?® )
XuMmuueckue CBOMCTBA nony4yeHue
{ 1 HarpeBanue 6e3
ManoakTueeH, Ha xonoay pearwnpyer Tonoko ¢ F, — CF,

C+ 2H,0 = CO, + 2H, ox.

1) C + O, = CO, — Huxe 500°C
2) C+ H,0 = CO + H, eoiwe 1200°C

BOCCTAHOBUTENIbHWIE «— cnabo BLIPAXEHW — OKUCNIUTENbHLIE
1) Ca + 2C = CaC, «xap6ua kanbums

: o
(ap. cnoco6 Cal + 3C = CaC, + CO) M

1000°C

3) CuO + C = Cu + CO npw HarpeeaHnm
L4) 4HNO3 + 3C = 3CO2 + 4NO + 2H20 2) 2H2 +C= CH4 M op. yrneaogopoAuJ

AocTyna so3gyxa

T T~
ApeBecrHbl  KaMeHHOro

———

HbIA yronb
CaMbin yncthin C (caxa):

to
CH,=C +2H,

—4 w np.

+2

KPEeKWHIr MeTaHa

+4

ryrnenop.opo,qu (CH,, CH
C,Hs » Ap.)

2 rpynnut xap6uos.
I Kap6buabl MeTannnyeckoro

XAM. NHEPTHOCTbL, TePMOCTONKOCTD.

Il KoHHble kapbuiibl — 6onee

3NeKTPONOAOXNTeibHbie MeTannbl.

1) AI,C, + 12H,0 = 4AI(OH),
3CH, % (Be,C)

C,H,1

Mg,C, v ap.)
Mpn maponnae — auetTwnex CH,
nponvd C H, n ap.

Kap6uaw — nonyvaior npw Heno-
CpeaCT8eHHOM B3anMogencTemn C ¢ BLICOKAA NPOYHOCTL CBA3M, 1080 kfx/Monb.
Merannamm, Nan oKCHEAMN MeTannios. BecupeTHbIn ra3 6e3 3anaxa, AQOBMT, T.K.

Oxkcup yrnepopga (1), CO yrapHuiis

ras ACHOPHO- aKuenTop-
:c50: Hoe s3anMogencTene

coepnHsieTca ¢ reMornobuHoM kpoew. Mnoxo
pacTeopvM 8 H,0.

Monyyexnue:
aKTePa — kapbugs nepexogHuix | ~n 4+ ¢ = 2¢O HarpesaHune 6e3
metannos (Fe,C n ap.). dnexTpoHHas c .43 H,0=CO+H, AocTyna so3afyxa

. MPOBOAVMOCTS, MeTannnyecknn 6neck, | g naGoparopum:

AencTene koHy, H,SO, Ha HCOOH nan H,C.0,
MypaBbiHan k-ta HCOOH = cOT + H0
wasenesas k-Ta H,C,0, = COt + CO, + H,0

27274

becugeTHb, NPo3paYkbl, He NPOBOANT BOCCTAHOBUTENDb
3NeKTPNYECKUA TOK, NOAKbIA MMAPOANS: t

+ | Fe,0, + 3CO = 2Fe + 3CO,t
2C0 + 0, =2C0O, +Q

2) CaC + 2H O Ca(OH) + COo + Clz - COCIz — docreH (cBeT, katan.)

Heconeo6pa3ylLmit, vo npn 200°C

(Na,C,. K,C,, SC, BaC,, Cu,C,| NaOH + CO — 1c?°

ON
CO c d-3nemeHTaMn oGpaay%‘r NpoyHbIe
KoMnnekch — kap6onunm Fe(CO),, Co,(CO),

H0

2 CO, Bui3bBAET NOMYyTHEHNE
M3BECTKOBOW N 6apnTOBOWM BOAK
Ca(OH), + CO, = CaCO + H,0
BO3MOXHO PacTBOpeHWe ocafKa:
€CaCoO, + H,0 + CO,(n36uiToK) =
Ca(HCO,),

.

v ap.
Ka4yeCTBEHHAn peaKuus coz - - T HCo,
«BCKWNAaHWE™ (CUNbHAA KMCAOTA) xapGoHaTw rUAPOKapEOHATM

1. CaCO, + 2HCI = CaCl, + CO,T +pacraopum & H 20— XOPOLO PacTBOPHMBL,

Tonbko wenouHbx n NH ¥ HeyCTONYMBLI
CHIbHBIA TMAPON3 {kpome NaHCO,),

t
2NaHCO, = Na,CO, + H,0 + CO,

KQPGOHQTH WenoYHbIX MeTannoB NAaBATCA 693
Pa3fioXeHns, ocTanbHbie KapboHaThl NpW Harpe-
BaHWW pa3naralovcq:

P >900°C

CaCO, = Ca0+cCo,t

Oxcup yraepopa (V) CO, h
O—C O yraeKkmcnbin ras
HenonfApHas, NHerHan Monekyna. bes
useTa M 3anaxa, pacteopum 8 H,O (880

mn B 1 5 H,0). MNpn paeneqnn 50 atm
cxXnxaetca, —76°C — «Ccyxon negs
Monyuenue:

B MPOMBILLUNEHHOCTH — 06X N3BeCTHA-
Ka, KOHBEPCHA MeTaHa M ap.

B nabopatopun — BLITECHEHNEe CNbLHON
K-TOW:

CaCo, + 2HCI = CaCl, + CO,T + H.0
OkucnuTenbHbie CBOUCTBA

BbipaXeHw €na60. O6uuo CO,
He noAfepX1BaeT ropeHns. TonbKo Npw
BLICOKWX TeMneparypax pearvipyeT €
MeTannaMn, cpoAcTBO K KMcnopogy
KOoTopbix 6onblue, yem y C
2Mg + CO, = 2MgO + C
KucnotHbuih okcupa. rNpn
pacTsopenun 8 H,0 o6pasyeTcs
He6onbluoe KonnyecTeo cnabown
YronbHON KNCNOTH
€O, + H,0 &=—CO0, H,0 =H,CO,
OH
o=c_
OH
MonyveHne conein yronibHoM KUCAOTH:
CONK YrONbHON KNCAOTH — Kap6oHaTa 1
rmapokap6oHaTal
1) 2NaOH + CO, = Na,CO, + H,O
Na,CO, + H,0 + CO, = 2NaHCO,
(w36. CO,)
2) CcaO + €O, -» CaCo,
3) O6MeHHan peakumna
BaCl, + Na,CO, = BaCO,{ + 2NaCl

B cBO6OAHOM Bnpe
— HeycTonymea
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iva NOAIrPYNMNA C, Sl Ge, Sn, Pb. KPEMHU#H Si

@ -2e, -4¢ .
&< s

Cc
p S
t lT I oTcyTCTBYET ¥ C +ae l[: . Ge
Sn » MeTansnbl

i } HeMeTannh

Pb

pa3mep atoma,

NerkoCcTb OTRAYM €

KPEMHUA

«aMOPPHBIA> KpeMHNN —
BbICOKOAMCNepCHLIA Gypwia nopo-
wok, 6onee peakunoHHocnocobeH,
Yyem Kpucrannnyeckmnn

KPYUCTANANYECKNA — TeMHO-Cepbil, anMa3o-
nofo6Han CTpyKTypa, sp-mbpnansaums,
MeTtannmdeckvii 6neck, NonynpoBoAHUKOBbIE
CBOACTBA. XMMNYeCKN nHepTeH. MNAcTHoCTL

B NPUPOARE: 2-e mecTo no pacnpoctpa-
HeHHOCTH (27.6% MaccChl 3eMHOW Kopbi).
Kpemnesem — SiO, (necok, keapy).

Cnnvkath M ANIOMOCWIMKATHI:

2,33 r/ca’, t 1415°C NaAlISi,O, nonesoi wnar
AlO, - xSiO, - YH,O rankbl n MH. Ap.
4 o ™
Xumuueckue cBoifcTea

CpaBHUTENLHO MHEPTEH, PearnpyeT NPeuMyLLEeCTBeHHO C CUNbHBLIMW Nonyueuue:

OKMCTIUTENAMW NN BOCCTaHOBUTENSIMMA, 1800°C '

Kak npaswio, TpebyeTca BbicoOKaa TeMmnepartypa: . .

Si0, +C Si + 2CO

KaK BoccTaHosutens: Si + 2F, = SiF4T (npwn koMHaTHO# TemnepaType)
Si + 0, = SiO,
Si + 2Cl, = SiCl, 400+600°C
Si+ 2NaOH + H ,0= Na, SIO + 2H, T npu HarpesaHum
C+ Si=SiC (xap60pyHA o4eHb 'raepg)
2N, + 38i = Si;)N, (>1000°C)
KaKk OKUcnuTenb: 2Ca + Si = Ca,Si cunmung kansuma

Lao MHOMMX MeTannax Si 3aMeTHO pacTBopAeTCA 6e3 XMMMYeCcKoro B3anMoaencTBUA

¢
SiH, - Si + 2H,

ta
2Mg + SO, = 2MgO + Si

(+4 SiO2 — okcua KpeMHns (IV), CyilecTByer B HECKONbKKUX KPUCTan-
nusecknx moandnkaumax, TYronnasok, HepTeH, Ho pearupyer ¢ HF:
4HF_+ SiO, = SiF,T + 2H,0

, 6HF + Si0, = H,SiF, + 2H,0
KuCNOTHLIH oxcu.q'
cnnasn.
2NaOH + SiO, —— Na,SiO, + H,0
cnnaen.

Na,CO, + Si0, —— Na,SiO, + CO,T (6onee nery)
BhicokoancnepCHuii SiO,, 06pa3ylowmMnca NPM ropeHnn KpeMHURBOACPOAOB, N3MeNb-
YeHWn ropHbIX NOpo4 N Ap. ONaceH, T.K. Npwu oNajaHnn B NErk1e Bui3biBaeT CWIMKO3.

Cunukathi — conu KpeMHuesbix kucnot. Cunukarsl Na, K pactsopumMul
B BOAE. Mx Ha3bIBAIOT XUAKMM CTEKIOM (CWIMKATHLIA KNeit).
CunbHbiit ruaponus (KpeMHueBbie KuCNnoTbl — o4. cnabule)
2Na,Si0, + H,0 == Na,Si,0, + 2NaOH
Meracunukar COMN NONINKDEMHUEBLIX
HaTpHR KUCHnoT — AnMerachnnnkar Nawnr.n.

KpeMHuesble KMCNoTht CN rONbLHON:
Na,SiO, + 2H,0 + 2CO, = 2NaHCO, + HZSiOSJ,

LlemMenTh: NpokanueaHne BO BPALLAICILMXCS NEYax, B ra30BOM

nnameHn cMmecu runet AlQO, + xSiO, « yH,O, nasectHsxa CaCO, n ap.
0O6biuHbIR LeMenT (CaO SIO ,) NOPTAAHA-LEeMEHT

Ca0- SiO, + CO, + H,0 = CaCO,J <H ,Si0; ¢ cmeck Ca,Sio,,

| —xeatuienme — 3a cuet CO, 13 Bo3ayxa Ca,SiO,, Ca,(AlO,), nap.

Crexno: Na,CO, + SiO, + CaCO, — t°C,

-

-4 KpEeMHUUBOAOPOADI
(cvnanu) SiH,, Si,H, v ap.

Mony4aloT U3 cunuumnaos:

Mg,Si + 4HCI = 2MqCl, +

SiH,T

l‘opm Ha BO3Ayxe:

SiH, + 20, = §i0, + 2H,0

 cunuumas: Mg, Si, Ca,Sin £p-

OxucnuTenbHbix cBoWcTe SiO,
HEe NPOABAAET, HCK/NOYEHHUS (Npwn
CWNIbHOM HarpeBaHwnK).

2Mg + Si0, = 2MgO + Si

3C + Si0, = SiC + 2CO
KpeMHueBbie KUCNOTHE
nSio, - mH,0:
H,SiO, — oprokpemnmesas
H,SIO, — merakpemnmesas
H,Si,0, — anmeraxpemnnesas, n 7.4,

HecTonkne Npwn HarpeBaHuu:

H,SIiO, = H,O + SiO, — o6pasy-
eTCA cuankarens (pa3svTas NoBepx-
HOCTb — aAcop6eHT, ocylunTens)

CxXBaTbiBAHWE — 3a CHeT rmaparauum

cnnasneHne, o6bIYHOE OKOHHOE CTEKI0
Na,0-Ca0-6Si0,

Ca,SiO, + H,0 = Ca,SiO, + Ca(OH),
CaSnO +4HO CaSIO *4H,0

33aMeHa 4acTun CaO Ha PbO — xpycransHoe Ca (AIO ), + 6H 0= Ca (AIO ), 6H,0
372

_Texno
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Vié NOArPYNNA. XPOM Cr

[Ar]3d°4s’ 35 B npupogae: )
-ne  [ra[e]e]r]e B 3eMHOM kope 8 + 1072 macc.% Cr
@ @ <:—" 1] BaxHewwume MuHepansi:xpomut FeCr,0,
YCTOMMMBOCTb MOAY3ANONHEHHON maHroxpomut (Mg, Fe)Cr,O,
d-nogo6onoskn J/
- = ™)

Monyuenwme: ®dusuueckue CBOUCTBA: rony6osaro-

1) SnekTponu3 pacTsopoOB Conein cepebpuCTbiii MeTann, NAoTHOCTL 7,2 r/cM®, t =
L2) AnomuHotepmns: Cr,0, + 2Al = ALO, + 2Cr 1890°C, xpynknin. Ha Bo3ayxe yCToOn4mB. )
fx ~ . )

unMmuyecxue CsoUMCcTBa:

METann CpeaHen akTUBHOCTH, B 3NEKTPOXMMUYECKOM pagy — ...Zn Cr Fe... H

NOKPLIT MNOTHOM 3aumTHOM NneHkon Cr,O, 1 N03TOMY AOBONBLHO MHEPTEH

C NPOCTHIMU BelLeCTBaAMM: CO CAOXHbLIMU BELLECTBAMM:

Mpw 0BbIYHBIX yCNoBMAX pearupyer Tonbko co F,.  Cr pearnpyer C KUCNAOTaMWU — HEOKUCAIUTEeNaMKU

Mpwn Harpesannn — ¢ Cl,, Br,, S, O, u ap.: Cr + 2HCI = CrCl, + H,

2Cr + 3Cl, = 2CrCl, xpacwoe kanenne Cr+ HZSO“(D“&) = CrSO, + H,

C kOHu. 1 pa36. HNO,, uapckow BOAKON — He
pearwnpyer (naccuBayuns)
L Cr + 6CO = Cr(CO), (obpasosaHne xap6oH1 )
R , S
CoeauMHEHUA MaAJIOYCTOMYMBLE, NErKO OKUCRAOTCS

Nonyuenwe: CrO — OCHOBHOI oKCHA,

Cr + H,80, = CrSO, + H,1 Cr(OH), — ocHoBaHne cpeaHei cunbi:

Cr + 2HCI — CrCl, + H, CrCl, + 2NaOH = Cr(OH),{ + 2NaCl (xent. 0caaox)

B pacTeopax GeicTpo okucnsiorcs Ao Cr(+3): Coep.uueuuu Cr(+2) — cunbHbie BOCCTAHOBUTENM
2CrCl, + 2HCI = 2CrCl, + H,

\ J
Oxcup Cr,0, Cr,0, + 3H,S0, = Cr,(S0,), + 3H,0 OxucAUTENbHO-BOCCTaHOBK-

— Tyronnaekue TeMHo-3eneHsie  cnnasnenume: Cr,0, + 2NaOH = TeNbHan ABOWCTBEHHOCTb

kpucTannsi, npakruieckn He pac- 2NaCrO, + H,0

TBOpWMbIE B BOAe, kucnorax, ~ pacreop: Cr,0, + 6NaOH + 3H,0 = okucnuTtens:

pacTBopax uweno4Yen. 2Na,[Cr(OH),] 2CrCl, + Zn + H,80, = 2CrCl, +

Nonyuenue: Cr,Q,, npoxaneHHbI# Npn BbICOKMX + ZnSO, + 2HCI

cxuranwe Cr s O,, Temneparypax, He pearupyeTt Hu C

HarpeeaHue Cros: KncnotamMn, Hn C OCHOBAHWAMMW. BOCCTAHOBUTENDb:

4CrO, = 2Cr,0, + 30, fuapoxcup Cr(OH), amdorepen: 2NaCro, + 38r, + 8NaOH =

(NH,).Cr,0, = N1+ 4K OT+CrO Cr(OH), + 3NaOH = Na [Cr(OH),]

273 B gofje XpPOMMT-WOHbLI 3€NeHOr0 UBeTa.
ﬂonyquHbm npw HeBbICOKMX Ae H

Wonwl Cr’* rupgponunayiotes:
CeMnepaTypax Cr,0, amdorepen Cr* + H0== P C:(éH)z+ + H*

J
ad; ; \
Oxcup CrO, asHoBecue Cunblbie oKMCAUTENMU
KMCNOTHbIA OKCMU] XpoMarT < auxpomar onpepensiercs pH
nerkonnaBKmMe TEMHO-KPaCHbLIe K,Cr,O, + 14HCI = 2KCI +
kpucrannut. Nlerko pacteops- 2K,CrO, + 2HCI = K.Cr,0, + 2KCl + H,0 ZCrCl 4 3cL,T + 7H,0
I0TCS B BOAE C 06Pa30BaHUEM ™ 2o OpaNXBDD AIKPONST 2Cr0, + 3H, S - Cr,0, +
SZ?GCJBZIOUJ.M TONLKO B K,Cr,0, + 2KOH = 2K,CrO, + H,0 3H o + 38
TBOpE KMCAOT: XpOMaThl KaHUeporeHHbi! —
CrO, + H,0 = H,CrO, — Nonyyenue CrO KZCr207 *§=0r0, + KSC,
XpoOMOBas K-Ta K,Cr,0, + 2H,80 (Kouu, n3bwiToK) =
2Cr0, + H,0 = H.Cr,0, — 2CrO L + 2KHSO +H,0 KayecTBeHHan peakuus

CrO,> + Ba?* = BaCrO,{

XeNToro useTa

ANXpOMOBas K-T1a
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NPEAEJIbHbIE YIJIEBOAOPOADbI (AJIKAHbI, NTAPA®UWHbI) .

cn“2n+2

CH, —meran  CH,, — neHvaH
CHgy—oaran  CH,, — rexcaH
C,H, — nponan C.H,  — rentaH
CH,,—Oyran C,H, — okraH

coenviHeHus, cocrosiwme na C 1 H, B xoTopbix BCe
ceaA3n atoMoB C, He 3arpayeHHbie Ha obpa3osa-
HMe oanHapHbix cBazen C—C, HacbILleHbLl aToMa-
My H

r
Houemalarypa: CHauyana BbIGUPAIOT CaMyio

CH ANMHHYI0 uenb. HassaHue:
3

r

HN3omMepbl — coeguHeHns,
OAMHAKOBLIO MO COCTABY N | I I

Bo3MOXHa M3OMEPMN YrnepoaHOro CKenera:

::na::z::;x:c:ancuce. HO —Cl:—Cll—(.l‘,—-C::— —/C—CII—C\—— pruemn-4—amnrexcaH

cTpoRHMI0 WM —C— C',C®* — nepemyHble, C° — BTOpMyHLIA, C2,C* —

E:%’;ﬁ,ﬂ"““ 8 H-GyTaH 2 meTAATpOnan TpeTuyHble, C° — 4eTBEPTMYHbLIN aTOMbl yrneposa
\ ) (n3o6yTaH) JAS J

N’ m3aMecTnTens—

12 34 s &
Hsc'ﬁH’CI‘CHl'CHz"CHs 3amecTuTenb-uens.
CH, CH, C,Hs Hanpumep, 2,3,3,-

4 - .

®usuueckue csoiicTsa: CH, — 6ecuserHuid ras, t, = -162°C. C,-C, —rassi; C,-C,, — XWAKOCTH |
(npw OGbIMHLIX yCNOBMAX), fanee — TB. BEILECTBA. t  NpeAenbHbiX YrNeBoopOA0B C HEePa3BEeTBEH-
| HOM Lienbio BLILWE, YeM t Y COOTBETCTBYIOWMX YTNEBOAOPOAOB C PA3BETBAEHHO LIENbIo.

o
CtpoeHue: IlI'Il sp3-rubpnansauns 4 akBMBanNeHTH. o-cea3n C—H, HanpasneH-
Bo36yxa. cocr. onQr
E atoma C ————— Hble K BepwuHam terpaagpa, £ 109°28
\ BO3MOXHO cBobofHOe BpaiueHme Bokpyr cesaan C—C -

XumMmuueckue cBOUCTBA: cesan C-C u C—H nposyHble, xapakTepuayioTca HU3KOK nonspuaye-
MOCTbIO, NO3TOMY CBOGOAHOPaAUKaNbHbIV Mexauuam peakuwit: CH:H — CH,+ + H«

C-—H-caua%

@oxucneuue \x C—C-cBasb

Hurposauue (peaxkuna M.H. KoHoBanosa):
C6H14 + HNC)3 e 4 C6H13N02 + H20 {T-pa Bbilwe 400°C)
AervapuposaHue:

\C4H10 - C,H, + H, (Ni-xaranuaarop, 360°C) )

Monyuenue (npupoaHui ras, HepTs):

Be3 naMeHeHns yucna atomos C:

1. CH,=CH, + H, > CH,~CH, 2. CH,l + 2H — CH, + HI
CH,J + Hl - CH, + 1,

WIKn C yBeNnYeHneM Yucna atomos C:

3. Peakuws Biopua Cszlj + 2Na + IJCZH5 - CH,+ 2Nal
C yMeHblUeHNeM YACAA AaTOMOB C:

(0]
I

4. CHa-C\ + NaOH — CH, + Na,CO,
ONa

5. Cnure3 n3 CO n H,: CO + H, —» cmecs yrnesogop. + H,0

6. DnexTponn3 pacTBOPoOB conei Kap6oHoBLIX KucnoT (Konb63)

2CH,COO™ -2e — 2CO, + CH,~CH,

) + [ Kpekuur )
( Peakuuu cso6oaHOpaaUKanbHOro (1. Fopenme CH, + 20, p
CO + 2H O OT aHrn. to crack — pacwennate —
3JamMelteH1na (caer, Harpee): 2 2 HarpeBaHue HedTn U HegTenpo-
hv CMecCu C BO34yxXOM nyxros 6ea nocTyna sBoaayxa,
s npuBoAsLYee K pa3phiBy CBaae
g% CH4 + Clg - CH;;CI + HCI ;3[:(bIBOOI'IaCHbI C~C 1 06pa3osBaHnIO NPOAYKTOB C
g g XNOPMCTLIA MeTHN - RaTanuTuyeckoe ‘MeNhLUeﬁ MONexynapHoi mMaccou.
@ -
i CH,CI + Cl, —> CH,Cl, + HCI okMCRenUe (npousiu 1500°C | .
3 p XNOPUCTLIA MeTNeH JieHHOCTh) CH — 2
8 2 xnopodopm CHCI, 4~
s h YeTLIpeXXUNOPHCTHIA yrnepoa CCl, /CHsoH 1600°C HC=CH + H2
v
Mexauusm: Cl, > Cl- + Cl CH,
2 HCOH .
CH3 <+ Cl2 - CHSC| + Cl- wnt.a a0 o6puea: r::;:nom ~ C paspuBom C-C C:AG1COI: npoznyeKTOBz 4
c : —_
G+ Chyr > CH Tl MSHCCI:HB;FCI-? | 90;: “ CH.CH.CH.CH. - 2cH.Co0H + | | Poon e BNeHHEe, Henpe-
3 3 aoh,thnUh, = a eNnbHble.
a5 rouonoros <7 CH,CH,CH,Br 10% H,0 coen, Mn A
TPETHUYHLIA > BTOPWYHBIA > NEPBUHHLIN \[1071yeHe YKCYCHOR knenotsl | L )

4 N
Ll,mulonapad)uubl: yrnesogopoAhbl, B KOTOPbIX aTOMb

C"HZ" C o6pasyioT uens (unKa), cBA3N
HacCbilWeHb aToMaMn H
HassaHua: Lukno + ankaH
CHy HUAL s
H,C H
MeTUAUMKNO6YTaH  Ttpawc- 1,2- AMMeTUALMKACNPONaH
Maouepuu: yrneeogopoAHoOro ckeneta + NpoCTpaHCTBEHHAaRA
XnMnyeckne cBocTBa: NogobHb napaduHaM. XapaktepHo
ceo6ogHopagukansHoe 3aMelleHne.
Cnepyer OTMETUTL!
1. A ymknorekcaHoB — fierkas gerngporeHnsayma

CHa CHy
300°C 3,
Pt

2. Nlerkoe pa3pyuieHne 3—4-4neHHbiX UWKAOB: A + Br, >

Br—CH,~CH,~CH,Br )
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HEMPEAENbHLIE YIINIEBOAOPOAbI (AJIKEHbI, OJIEOUHDbI)

C H HomMmexnknarypa: cucremeruyeckas (MIOMAK)
yrneBvopogu copep- OT Ha3BaHWA COOTBETCTBYIOLUMX
xawme psonHbie (C=C) HACBHILLEHHbIX YrNEBOAOPOAOE aH — e (N° . )

4 3 21 Wnorpa e HasgaHnAx
rCBF|3V| CH:,—(.iH-C|=CH2 rpynny CH,=CH-
Usomepua: yrnepoaHoro ckenera, NonoXeHus CH3 C,H, Ha3LIBAIOT BUKUA
C=C cBs3n, NpoCTpaHCTBEHHan n3oMepmsa (Lmnc- 3-MeTn-2-3Tin6yTeH- 1 CH=CH
TpaHc) 2
\ BAHWIUMKNOrexCaH
r
Crpoenue: m sp?-mbpuamsauus, £ 120°. 2p-aneKkTpoHa cocefHnx atoMos C o6pas3yloT x-CBA3b BHE
E nnHnn ¢ ceasn C—C. MNoaToMy HeT BpaujeHnn BOKpyr cessn C=C.
N/ \/ ~ / Y
NerkocTb 3NexTpoPUnbHOro Clil N 3+5— CIJ® +vO|, <
npucoepuHeHus o Y2l cn /CI"H
L n-CcBA3b 6onee peakuuonnocnocobua, 4yem c-CBa3b / /\ /
Fopeuue: rPeaxuuu coceaseir ¢ C=C cBasblo rpynm:lw
CH, + 30, —» 2CO, + 2H,0 AxtuBauma C=C cBS3blO COCeaHero paavkana.
cnabo konTaiee nnams 3Heprus cesaau C-H B npenenax ~380-420
kIx/Monb, a y coceaHen ¢ C=C ~320 xAx/Monb
B0O3MOXHO:
CL,. 500°C
® CH,CH=CH, - CICH,CH=CH, + HCI
Peaxkuuu npucoeauienun no ceasu C=C
1. CH,=CH_ + Br, > BrCH,CH_Br 1,2-an6pomatan 0, Kar. Be
2 2 2 2~z ' - —CH— +
npoTtekaer aAerxo — obectBennBaeTca 6poMHan Boga @ CHaCH CHz - CHZ CH C\H H2O
\, J
2. CH,=CH~CH, + HBr - cu_-cH-cH,
'L Blr (. NonyueHue: )
® npw kpeknHre HedTENPOAYKTOB:
Mpasuwno MapkoBHukosa: atom H 13 HHal C..H <:C sHap + CHCH=CH,
npucoeamHaeTcs K aToMy C ¢ HaubonbLUMM 1838 C,gHas + CH,=CH,
“ncnom aromos H @ artuneH copepxuTCs B rase, BHAENSIOWEMCS
Npuunnb: NPW KOKCOBAHWM KAMEHHOro yrns
@ CABVrr INEKTPOHOB B HECMMMETPHYHOW Monekyne K C=C- (6) AernaporeHuposaHne npegensHbiX yrnesono-
CBA3K, T.K. INEKTPOOTPULIATENLHOCTD Cso > sz > Csp3 pOAOB: t, Ni
g’- > B+ & CZHS - CZH4 t H2
CH,—CH=CH, mecTo araku H-Br @ u3 CNVPTOB — Aernaparaums:
@ 6onblias YCTORYMBOCTL MPOMEXYTOYHOro kap6okaTmoHa )
H H .
[CH,>CH«CH,] 1 150-170°C H H
CH,-CH=CH, < ® H—C—C—H —=» c=c’ +H,0
[CH,~CH,—>CH,] m H50 w7
(NEPBUUHBINA < BTOPU4HBIN Z TPETUYHbBIN )
® 13 MOHOranoreHHeix NPON3BOAHbLIX:
3. NonnmMepnsauns (coenvHenne Monekyn apyr ¢ ApYrom): KOH H\ H
nCH,=CH, — (-CH,~CH,~), — nonuaTtuneH CHy=CH,=Cl wpr .C=C_ +KCl+H,0
n — cTeneHb NoANMepnaaumnn H H
4. fgparauma CH,=CH, + H,O - CH,-CH_~OH Orwennenne H nponcxoawt npexae BCero or
0°C, H,SO, HauMeHee rnaporeHn3npoBaHHoro atoma C
5. OkucneHme NpoTexkaer nerko: : (npaBuno 3aiiuesa). M.6. 1CNONL30BAHO
3C:HZ=CH2 +2MnQ,” + 4H,0 > :S‘CHZ-CiH2 + 20H" + 2Mn02i \_Ans nepemMeweHns C=C cBs3u no uenu.
OH OH © w3 AUranoreHNPoM3BOAHLIX:
o6ectBedrBaKve p—pa — KaYeCTBeHHAR PeaKkuus Ha CH.-CH Zn nwnb _
ABOHNYIO CBR3L ' 2 CH,=CH, + ZnBr,
6. 'mapnpoeakune CH —CHz + H - CHB CH Br Br
\ (rMaporeHn3aums) Ni wan Pt \ J
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AWEHOBDIE YrJIEBOAOPOADLI C H

2n-2

HenpefenbHble YrnesoAopoabl, cogepxatme 2 asorHule ceasn C=C

M3omepus: yrnepogHoro ckenera,
NPOCTPAaHCTBeHHana (LUnc-, TpaHc-),

nonoxeHnuna C=C

CSHS
CH,=C=CH-CH,~CH,
CH,~CH=C=CH-CH,
CH,=CH-CH,~CH=CH,
CH,=CH-CH=CH-CH,

neHTagueH-1,2
neHragueH-2,3
neHragueH-1,4
neHragueH-1,3

Houemalarypa: Takana xe, Kkak y ankeHos, HO
€H — AUEH

CH2=C%
CH,

~CH=CH,

2-MeTMRbByTaaneH-1,3
(n3onpeH)

Hanbonbluee npakTuyeckoe 3HaveHue nmelot 1,3-
Avedsl ¢ conpaXxeHHbiMu C=C cBaasmMn (rpynnamMn

C=C-C=C)

r ~ ~
Xumuyeckme CBOWCTBA: M3-3a B3anMHoro BnuaHus C=C cea3en BCs HeHacblileHHaa cucrema B )
peakyuax npucoeanHeHns pearnpyert kak ogHo uenoe
CH —CH=CH- CH npoAyxT 1,4-nprucoeanHeHns — e T T T
OCHOBHOM NPOAYKT _ _ ((\
=CH~-CH= +
CH,=CH-CH=CH, + Br, / Br Br CH,=CH~CH=CH, + Br,
T CH,=CH~CH-CH, NpoaykT 1,2-npucoefusesns — (CH :'C/H-\CFC?—CH Br}+ Br
| No604HNIA NPOAYKT 2 2
Br Br
AHANOTNYHO — peakuma NoANMepU3aunn: @ I
nCH,=CH-CH=CH, - (~CH,~CH=CH-CH~)_ (CH,~CH=CH-CH, Br}+ Br —
BrCH,~CH=CH-CH,, Br
L 2 2 j)

MOJIMMEPDI: BuicoxomonexkynspHbie coeamHeHns, Monekynb KOTOPbIX COCTOSIT U3 GONLLIOrO
4MCNa NOBTOPSIOWMXCS IPYNMMPOBOK (MOHOMEPHBIX 3BEHBEB)

(~CH,~CH=CH-CH,-)_+ CH,=CH-CH=CH, — (~CH,~CH=CH-CH,-), ¥

35ieMeHTapHOe 3BeHO

MOHOMeEp
1930~

noaNMEep —AnBNHWAOBLIA KaywyK

cTeneHb
1931, C.B. Jlebepes nonnMepnsaunn

Monumepusauua: Npoyecc cuHTe3a nonmMepa nyTeM NocneaoBaTenbHoro NpucoeanHeRna Monexyn
HU3KOMONEKYNSAPHOro BeilecTea (MOHOMEpa) K aKTUBHOMY LEHTPY, HaxoasaLwemMycs
Ha KOHLe pacTyiieit uenm.

MeXxaHuaM: pagmkanbHbliA, KATUOHHBLIA M AHUOHHLINA

a N( N
pagukanbHan KaTUOHHANA
OO =0 —0= || .o .,
(8] o 0] +/C—C\“—" H—-/C C\@
ey, L1 s, L
ot Nomed — —C- — - —C—C— \ /" |
@ /C_C\ @T T+/C_c\ ©_T T T [ H—C—C@ +\o~—c/——— H-c|:—c—cl:—c':®
\ N b
[ [ ] L L] R
—C—~C—C+ + +C—C—C— —> —C—-C—C—C—C—C— —C—C—C'— —% —C—C—C=C
Pl [l L [ e N b l
\. J J

~CH, CH3tCH, CH
X <
~.C H |H,C H

—‘CHZ CH2—
H.C H

NPOMBILWZIEHHbIE Kay4yKK (CONONUMepL)

PE3UHBE — o6pa3yloTCs NpK ClLUMBaHUM MaKPOMOneKyn 3a
cyeT octaswmnxca C=C cBA3en S—S MocTHKaMn

(«BYnKaHn3aynar )

v

crepeoperynupuuﬁ — 3BeHbS TONLKO UNC-CTPOeHNS,
41O 06YCnOoBANBaAET XOpOoUNe MexaHnyecxme CBONCTBA.
AnR MCKYCCTBEHHOMO NONYYeHNs — crieManbHbuie Karann3aTopbl

(K.Uwnrnep, A. Ha'rra)

cThpon 2C,H OH ;-)
P Ka
CH=CH, il
aBTOMOGUALHBIE LWWHDBI t
I-.=I~-CH=CH, pesuHoBbIe Nagenms CHCH,CH,CHy >
JRU. Cu/Cr
PN
2o -yTalwena CH CH, 6eHso-MacnocTonknin o
3 t
CN CH-CH,-CHg >
CH xar
AKPWIOHNTPKA 3
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Cu/Cr

CH,=CH-CH=CH, + 2H,0 + H,

CH,=CH-CH=CH, + 2H,

CH,=C-CH=CH, + 2H,
CH,




ALETUNEHOBLIE YIJIEBOAOPOADbI (AJIKUHbI) C H, _

HEeNpeAentHbie YrNeBo4opOabl, cogepxaume TPoiHyio cea3b C=C

2

Homenxnarypa:
aHanornyxa onegprHam

Cucrematunueckan (MIOMNAK)

sameHa EH > UH

4 3 2 1

CH,~CH-C=CH 3-METWIGYTH-1
|

Ha OCHOBe aleTuneHa
CH,—C=CH mertunauertuneH

UHoraa ucnonb3yioT pauuoH aNbHYIO

CH,=CH-C=CH suHunauerwien

CH,
U3omMepus: yrneso4opoOaHOro ckenera + nonoxenue ceasm C=C,
NPOCTPaHCTBEHHON HeT,
rCTpoeHHei | Ang aroma C B ankuHax xapakrepHa sp-rubpuamnsaums, < 180°. Npynna

0]

~C=C- »MeerT NnHeinHoe CTpoeHme.

JnuHa casan C=C 1,20 A, 410 kopoue, yem ceszb C—C (1,54A) nnn C=C
(1,33 A). n-Ces3n 06pa3syior KOMNakTHoe 061aKo, NOATOMY B HEKOTOPbIX Peakuusax

\ npucoegvHeHna C=C cea3b Mano peaxuvnonnocnocoéﬂa.

rl‘opeuue: auyerwied C H, roput xonTawmum
nnameHem (MHoro yrnepoaa). lNpv saysanun O,
— ocnenutensHo 6enoe nnams (go 2500°C).
LCmer C,H, n O, B3pbiBOONacHa.

A

Peakuua npucoeaunerius no C=C ceasun

nporeKaer cCryneH4yaro Br
Ho Br H\ | _Br
® H- Q—C—-H + Br, —» c=c +pBr c—-c
8CUBeYMBAHNE Br ’ H 2 H
Br-sogu AlCly Br’

@ H-C=C=H + HCl > H.GoCHGLEL HOI > H,C3 “oHa,

no npaauny

NBX — nnacrmacca
MapxosHuxoea

® H-C=C-H + H,0 —;[H CoCHOH] = CH;—C.

ng+ aununoaun crinpt ylcycuhu‘i H
anbperun

Peaxuunio Kysepopa ncnonb3yiot B npoubmmeHHocm

Npwcoeannenne H,0, HC! » ap. nponcxogur no npaswny

MapkoBHMKOBA: nt
CH,-C=CH + H,0 —> CH;- c =CH, —-)CH3~C|—‘CH3
OH o}

eHon aueToH )

® H-C=C-H + H, :3,H,C=CH, + H, - H,C-CH,

® nonumepunsaymna

6eH3on
6) ammepusauus —» CH,=CH-C=CH
nprncoegnHeHne HCl no TpoKHo® CBA3N
(np. MapkosHnkosa)

100°C
a) TpUMepunaaupns —>
akt. yronb

H,C =i—CH=CH2 N (—CHz—c=CH—CH2~ )
I | n

xnoponpeH
2-xnop6ytagnex-1,3

® okucnenue

XNOPOMNPeHOBLIA Kay4yK
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Peaxkuua C—H cBasu, cocenHei c
rpynnoit C=C

CunbHoe snusHne C=C cesan Ha cBO’-
CTBa CBSA3aHHOro ¢ Hew atoma H. T.k.
yrnepop, CUNbHO HEHACbILWEH, 3NEKTPO-
OTpULATENLHOCTL
Cw > Cspz > Cspa, Habniopaerca caswr
anekTpoHoB C=C—H. Monapuzauna
ceazn C—H npuBogur Kk noseneHwio
KMCNOTHbIX CBOWCTB.
Mpw nponycxanwm HC=CH Yepes ammn-
ayHbi pacTeop conen Cu* n Ag* obpa-
3yeTcs o0cagnok:
HC=CH + 2[M(NH,),]* - M2C2l + 2NH,*
M = Cu*, Ag* v gp.
AueTunenuan M,C, nocne Buicywmsea-

,0
CZOH
H-C=C-H + [O] —» | —» HC +CO2
MnO C OH p
OH

p=p o
oGecuaeqnaaHne pP~pa wasenesan MypaBbMHaRA
nepMaHraHara K—Ta K-Ta
(xa4ecTs. peakumns)

\. J

\ H"R B3pbLIBAIOTCA )

Monyuenue:

2500°C
® CaCO,+4C - CaC,+ 3COT

xapbna Kam:n.\m:

CaC, + 2H,0 = Ca(OH), + HC=CH?

1600°C
@ 2CH, - HC=CH + 3H,

@ na guranoreHnpom3BonHbIX:

CH,C-CH,CI %' CH,=cHCI %"
Ca(OH), xnopnc*run B NaOH

HC=CH

wm

cnuproson p—p

CH,C-CH,Cl + 2KOH -  HC=CH
+ 2KCI + 2H,0




6€

APOMATUYECKUE YrNEBOAOPO/AbI (APEHDI)

Opratnteckne COCANHEHUY, B COCTaB KOTOPbLIX BXOAUT O4HO Win
HOCKONEKO ODEeH30MbHBIX Saep

Q QO CO0

6eH3on HadTanvH aHTpaleH

. 7
g

6eH30/bHble KONbLA CKOHAEHCNPOBaHbI

rC'rpoeuue: sp?-rmbpuansauvs, kaxaeii atom C o6pasyer 3 o-cea3n, £
120°, nnockas Monekyna. 6 n-3/1eKTPOHOB 00pa3yloT eanHyI0 Tt~
3NEeKTPOHHYI0 cucTemy. AnvHa cesan C=C 1.39A

B pesynerate npn o6pasosaHun monexynel C.H, Buigensiercs
Tennotet HA 150 kIx/Mone 6GonblLE, YeM ee Bbigennocs Oul npn
Hanuinm B C H, Tpex C=C cesaaein. Apomarmnyeckas cuctema
\ XapaKkTepuayeTcs BbICOKOW YCTOWYMBOCTLIO.

v,

rl'operme: 6eH30n u ero aHanoru (tonyon v gp ?

LropsIT CWIbHO KONTAWWUM NAaAMEHEM M M

i

4 N
Houem(narypa: Ha3BaHne 3amecTurens + 6eH3on
CH3 CH3
-~ meTwi6eH3on - 1,3-anmeTn6enzon
(Tonyon) (meTa-kcwnion)
CH, )
(Vlsouepml: 3aMecTuTenein N NX NOIOXeHns )
C,H, CH, CH,
CH,
CHS@CH
CH3
\ atnn6eH3on OPTO-KCUNION MeTa-KCWIon napa-kCunon D

(Peakuum samecTuTenei, CBSI3aHHBIX C KOSTLLOM )
CH,CH,

xmn fA4eHne
p-p KMnO4 6eH30VIHaﬂ K-Ta

nponcxoaaT B NPpUCyTCTBMN

katanmaaTtopos (AICl,, FeBr,), koTOpbie @ + 3H2 <:>
Bbi3bIBAIOT NMOASPM3ALUI0 MONEKYN: Ni, Pt

( Peakuuu 3ameleHus } (" Peaxkuuu npucoeauHeHus w

Hy knnaseHne O, ,,0
———e ,C C.
p-p KMnO, HO OH

300°c©>
4 @ +HONO, = @-—N02+ H,0 Ni

3. Tpnmepnsauma auetTnneHa

100°C
L 3HC=CH —»
J/ aKT. yronb

CH,
H CI TepedTanesan k—Ta
CH,Br CHBr
1 ny ceer 2
* B2 Febr, FeBr + HBr +3Cl, By
Cl
H, Hein
2 + CHSBT A_——>|C| + HBr [TpoTekaioT B XeCcTkNx YCIIOBVIFIYX, T'K'- Bnuanue MMEKILMXCa B MONEeKyne rpynnupoBoK
) nponcxoanT paspylleHne yCTOAYMBOA 5= NO,
apomaTHecKkon cNCTeMbl e HNO,, 20°C HNO.. 100°C
CHs | \- / % 5‘<O: ~CHy © ;0 CHy + O,N —@-cng v ;o 0N CHg
3 + CH,~CH=CH, T CH Monyuenwue: 8 7 2504
27 CH, ] 1. CoaepXxarcs B HekoTOphiX HedTAX % NO,
2. BernapwpoBatve E HNO,, 100°C OpTO-, NAapa-oOpHeHTaLNS
HWTpOBaHNe 3 —>N 2 T e NO,
o H250, opTo-, Napa-opneHTaHTh: OH, NH > R, Hal, OR

aMepreTrHecKUe

CBETY N MOXeT ObiTb OKMC/IeHa KunsiyeHneM Tonyona ¢ KMnO,

O,N MeTa-opveHTaHTH: NO > SO,4H, CHO, COOH
Tonyon nerde, yem 6eH3on, 3amewaer H Ha Hal B konbue B npucyt—
cTevn xatannzatopa. CH,-rpynna nerve, 4em CH,, 6pomnpyercs Ha



oy

CMUPTHI

OpraHn4eckne coefuHeHns, CoaepXaiivie OfHY n r
Heckoneko GyHKUMoHaNbHLIX rnapokcorpynn OH
Ans npep.eanux OAHOATOMHbBIX crnvpToB o6was dopmyna C H, OH

n 2n+1

®duanveckue cBOUCTBA: CNNPTHI C YNCAOM aToMOB C < 15 — XuakocTw,
panee — teepable sewecTea. B cnnprax Habniopgaercs 3HavymrensHas
accouyvaumns Monekyn 3a c4er o6pa3oBaHM] BOAOPOAHbIX CBSA3eN

Hekotopble cnnpThbl

Topexue —
CBETJIbIM NIaMeHeM

NMEIoT NCTopnyecKne
Hazeanms: C,H.OH —
8uHHbIA, C,H (OH), —
XuMuveckue CBORCTBA ONpeaensiorcs ravuepuH

Hann4nem OH-rpynnol

Homexnknarypa

cnctemarnyeckas (HoMmedknarypa MIOMAK)
HaseaHue yrnesoaopona + on (C ykasaHmem
Ne atoma C), gnon, Tpvon v 1.4.

CH:,—(I:H-CHZ-CHS THa"CHa~CH,

> OH OH \W

6yTMNOBbLIA CNNPT)

6yTaHon-2 (BTOPWNYHLIN HOPMANbHLIA nponanauon-1.3

W

e

rpynnol OH
T.x. O-H cBR3b6 nongpnsoeaHa — HeKoTOpas
KUCNOTHOCTb

BewecTsa
rmaponna

CyHgONa + H,0====C,H;OH + NaOH

T.k. H)O — Gonee cunbHas kucnoTa, ueM crmpt
ANKOroNATE HeNbIs NONYHYATH Aeﬂc‘raneu pacTaopa Weioun Ha CnWpT

CF.
KncnotHocTe: fH3 1 3
yBennuABaeTCR
C yBenuuarnem CHs»CHO0H << CF34—E+—OH
nonspwaauaw OH-rpynn CH3 CF3
® Tper.-GyTaHon nepdTopTper. -GyTanon
peaxuun aTopudUKauum (c KucAoTaMu)
HZSO4 o
ofpas. I l
CHSCOOH + HOCH3 _— CHS—C-O—CHS + H20
FMOPONW3 -
NaOH  CTOXHAIA 3adwp

[ornwme OT peakunmn HeﬁTpanwsau.wMJ

HeopraHn4yeckne KNCNoThi

ROH + HOSO,0H==—== R-0-S0,-OH + H,0

Kucnbid 3dup cepHod kKncnotel
R-0-S0,—0-R + 2H,0
cpegivit gunankuncynedar

ROH + H-0S0,0H + HOR

\—

Peaxumu ¢ ywacTvem BOAOPOAHOro aroma

@® 2ROH + 2Na = 2RONa + HZT ANKOroNATH — TB. KPUCTANNNY,

\

OTwennenmne OH-rpynnnt
H2504
ROH + HBr === RBr + H0
ey

OTAENbHLIE YWieHb FOMONOrN4eckoro psaa
Metarnon CH,OH — ocobeHHocTh — feruppatauma ¢
o6pa3osaHnem gmeTviosoro adpupa CH,-O~CH,.
Nonywenus & npomuierHoctn: CO + 2H2 Q'CHQOH
Svanon C,H.OH — pacTeopwuTenn, Cupbe ANR SyTaaneHa
Nonywenue: pepmeHTaTNBHOE 6pOXeHNe CaxapvcCThiX B—B:

C,H,,0 —>ZCOT+ZCHOH

12786

mppataumn stnena: CH, —CH + H,0 LN C,H,OH
SruneHrmkons, r/mqepMH — MHoroaTOMHHe CNVPTHI. B:awMHoe
BnvsHne OH-rpynn. Kak creAcTeve, yBefindeHne NOABWXHOCTH

aTomoe H — pacTeopsiT ceexeocaxs. Cu(OH),

— coceaHero unu Ganxainwero M

BAvsHve —OH rpynnki NoBhiileHne nogsukHocTM | |
peaKuMoHHOK cnoco6HocTn H

@ oxucnenue cnupros (oTwensieHne 2-x H n oknch. nx 8
Hzo, yBenpd. % O) KMnO,, K20r207 + HZSO‘. kaT. Cu, Pt
*? [ @HN\]-Ho
CHy—C—OH + (0] ——|CH;—C—0 — i, -C
H | H
anaperna
NepsnyHpIA — ansaerng

H | Qn - RO 0
CHy=G—OH + 0]  —|CHy—G—OH] — CHy—C

CHg CH,
ETODMHHRIR —> KETOH

aueTon CH 3

€ NofyNeHVeM CrHero pacTeopa fivuepata Me,qn. ® TRETAHLI ~ OKMCAAIOTCA € TPYAOM — Pa3pbis cefian C-C
AHANOMHHO ¢ 3TUNEHrINKONieM Aeruppatauun — Harpes + H,SO, ., ALO,

H H
Monyyexuue: N3 ranoreHNPON3BOAHBIX H—C—CH —> CHy=CHp + Hp0  T> 140°C

ﬁ“z Cly ?HZCI +H,0 EHZOH
—_—
CH, CH,C! —2HCl CH,OH

1,2-anxnopartan

NMonyyenue:
Cl NaOH
Cansz 4= C, aHan+1C1 0™ C Hons1OH

CHy=CH, + H,0

—— CHy~CH,~OH
H,S80, ~ ° 2

-HO
CH3-CH,—OH + HO-CH,~CH, —£#= CH3-CH,-O—CH,~CHy T < 140°C

nabbrok chMpTa

BTOPW4Hble — oTuWensieHne H oT aToma ¢ min H (npasvnno 3anuesa), Ho
npocThle aduphl TakxXe 06pa3ylTCcA

CHj —(]:H—(]:H—CH3 ———a» CHy~CH=CH-CH,4 + H,0
OH H GyTan-2

TDeTn4Hpie ~ B OCHOBHOM HenpefebHue yrnesofopoau, T.K.
o6pazoBanve 3punpa 3ATPYAHEHO CTEPVHECKMN NPUHNHAMN

[ Peaxuum c yvactueMm OH-rpynnbi 1 H-aroma)

C-C—-»OH




OEHOJIbI

MNpon3BogHbIE apoMaTU4ECKKX Yriesoaopoa0s, y KOTophix ¢yHKUMOHanbHas rpynna OH
npucoeauHeHa HeNnOCPEACTBEHHO K YrNepoaHOMY aToMy BEeH30NbHOro Kobua

OH OH OH OH OH OH
f | CH, | HO\@OH
OHK
CH, OH

deHon o-Kpe3on n-xpeson MAPOXHMHOH  pe30pLnH anporannon
- 7 (. )

A4 Y -
OAHOATOMHBIE HEeroNb ABYXaTOMKbie heHoNL TPexaTOMHbiA heHon

rdmauwecxue CBOMCTBA: NpocTeiwnit npeacrasurent — deHon. becuserHoe kpucTannnyeckoe
sewecTso (T = 42°C) ¢ xapaKrepHbiM 3anaxoM (kapbonosas kucnora). TeMHeer, OkucNssCb Ha
so3ayxe. Mpu kOMHaTHOW TemnepaType — Manopacteopum 8 H,O. Mpu 60°C — pactsopum B 110GbIX
\ COOTHOWEHUAX. AJROBUT.

-
Ctpoenue: OH-rpynna cesiaaHa ¢ apoOMaTUHECKUM PaavKanom (heHwiom).

7%-INeKTPOHbI GEHI0NBHOrO SAPA BOBAEKAIOT HENOOENEHHBIE 3EKTPOHb

| aroma kucnopoaa OH-rpynnbl B CBOIO CUCTEMY

Peakuuu ¢ ysactuem OH-rpynnul M M Peakuun ¢ yvacrnem 6eH30nLHOrro KonbLua
rBoapacraer NONAPHOCTL CBA3U OH u RYEX? BO3pacTaeT 3NEeXKTPOHHAA NNAOTHOCTL B )
NOABUXHOCTbL atoMa H (T.e. KUCNOTHOCTL) Konbye — obneryaercs artaka Konibua 4acTuuamMu,

®eHon — 6onee cnabas kucnora, yem H,CO MCNbLITLIBAIOLLUMK HEAOCTATOK INEKTPOHHOK
2 3
win H_S (He okpalimsaer nakMyc 8 KpacHbIi NNOTHOCTU — 3/1IeXTPODNIaMN — peaKkuyum
user), HO Bonee cwuibHasg, YeM OAHOATOMHbIE anexTpoOUNLHOro 3aMeLeHUn:
cnupTol @ OH OH OH
OH ONa Br Br '
6_
a-r
+ 3Br, > + 3HBr Y
@ 2 + 2Na - 2 + H, (BOAH.) k’
' Br 8-
@ o GenonsT Na Tpr6pomdeHon (TB. B=BO)
\ ONa ® OH OH
Heo6x0anM O,N NO,
+ NaOH — +H,0 n36bITOK + 3HNO N TPUHNTPOD eHO s
rraponua weno4n 3 paabaen. + 3HO
TBepAHIA pacTBopAeTcs H2504 2
QeHonaml pa3naralorca cnabbiMn KNCNOTaMK: NOZ
@B deHon + dopmansaerns (nonnkoHaeHCaUNn)
ONa OH OH OH
6._
5+ O CHZOH
+H,0+ CO, + NaHCO, UC: —_
H
cMech 0pTo- M napa- M3OMepOB
@ o6pasyioT npocThie N cnoXHble adHpLI OH OH OH OH
ef7] Of - OC_H, +
L 28 2"'s 2 y + —_— + HZO
go::y-leuue: 5 OH OH OH OH
KYMOSIbHLI CNOCO6 (HAPSAAY C aueTOHOM)
ooH CH, ”\ 0 CH, CH,OH
i + H-C' —»
CHy,—CH-CH, CH,—C-CH, *H
nt k /
©+ o g-cHecH, o, asc
HyS0, ©) «Weno4Hoe Nnasnexnes

Kymon rmaponepexncs Kymona

o ‘s—0
+ CHy-C-CH, 3ONa ONa
(0]
o + 2NaOH - + Na,SO, + H,0
cl
OH Na-conb 6eHsoncyns-
+ NaOH oy ——= + NaCl dokncnoTu

- 41

@




[A4

A" bnEr"nbl " KETOH bl (Houeuxna'rypa:wcropmecm CnoxusLinecs cucreMaTnyeckas HOMEHKH;

C H2 (o] opraHnyeckme coeanHeHns, nMerume B Ha3BaHwsa Typa MIONAK
noen csoeM cocTtase kapboHunbHY0 ¢yHkun- |anbaeruabl OT COOTB. KMCNQT yrnesogopog, + «anb»
anbaernn B Nepesoae Ha PycCcKMin — N ,
CNWPT, NnLLEHHLIA BOAOPOAR OHanbHyto rpynny C=0 (xapGotmn) CHa‘C\H YKCYCHBIV anbgerva, aTaHanb
CH OH-2H — C H_Q2"Remas | N30MEpHbLIE COSANHEHNS, TaKXe BO3MOXHA KeTOHb! Ha3BaHwa pPaavKanoB  YrNeBOAOPOAR + «OH»
"2 N 2nT KeToHH M30MEepKsa YrNesoa0poaHOro paavkana R + KeToH
CHy—C, MEeTUNITWUIIKETOH 6yTaHoH-2
CH,~CH,
\. J
4 D
L. 3H~5-
CTpoeHue: xapaKkTepHble XMMMYecKne CBOWCTBA ONPEAeNSIOTCS HANMYMEM MO PM30BAHHOM ABOWHON CBA3N “Nc=0 . [ anbaernaoe xapaKkTepHb peakumu
0 /
’ uy “ = npncoeauHenns k rpynne C=0 Monexyn Boabi, CNMPTOB 1 Ap.
H—C: > CHyll > CHyoe, NpoYHoCTsL cBsdn C=0 p p '
o H H CH, )
4 H. B
(Oxmcnenve N ~ <<= !! = PeaxHuuu c ywactuem o-H-atoma
ANs anbAervfoB xapaxTepHa peaxkums C=0 7 ~ \ V(™o
«cepebpsHOro 3epxanar: H Mpucoeaunenue no Cc=o0 H3C‘C' ~——C_ - yBenvMeHne noAsnxHocTv a-avoma H
R\ R\ 1.BoccraHosnetne H, H R
C=0+ 2Ag(NH,),OH —  C=0 + H,0 + 3NH, + 2Ag} H 0 i)
W NH,07 CH, N Pt CHax CH,—C_ + 3Cl, —# CCl,—C_ + 3HCI
M % . C=0+ H, —> C-OH H H
ypaBbuHbIn anbaerng okncnserca ao CO,: CHY : CHY xnopans
3 3 XNMnYeckn ovYeHb aKTriseH
HO\ [Ag,0] auerou nponawon-2 \ J
C=0 — H,0+ CO, T+ 2Agl KeToH ——»BTOPUYHLIA CINPT
K anLflern]  ——sNepBNYHbIA CANPT Monyyenue:
peaxkums C rmapoXCUAOM Meaw: 2. Npucoepvnenne cnmptoe (H - kart.) 1. Oxncnenve cnmptoe (O, Haa Cu, K,Cr,0,,
CH,\ to CHa( . OH KMnO,): 0
C=0+ 2Cu(CH), —> /C=O +Cu0l + 2H0 H,C\ xat H _ CHS—CHz—OH - CH,—C” anepernas nerko
HO XpacK. 0canox C=0+ :0-C,H; —™ HSC-C~\H + O-C,Hy —= svanon N aTaHanb‘H OKMCNRIOTCR A0 KNCNOT
KETOHB! OKVCARIOTCH TONLKO CUILHBIMW OKUCINTE- H | OC.H. H N
K,Cr,0, + H,S0,), npuiem npoucxoaut " nonyauerans STOPMHB compT - > KeToR
g:::bl(B ZC—ZC Z; 883 e2|7,- 4b /ocsz (nonyxeTans) 2. Peaxuns Kyyeposa B NpucyTcTBun conen Hg?*:
CH, ] H,C~C-H H,C-C=CH + H,0 —» cr«a—<:||~<:+13
C=0 + 3[0] — CH,COOH + HCOOH —CO, + H,0 OC.H o) ,0
2 5 — | — .
A, ) auerans HC=CH + H,0 — cH, C‘H
(3. Nonvmepnaauns (TONLKO anuaerngbl): 4. MonnkoHaexcaumns (C GeHonom) — o6pas3yeTcs |3, Muaponua AUranoreHnpON3BOAHbIX:
deHondopmMansaernaHas cMona
c=0+ C=0t.. TF —GTo— CHy=CtH + —* CH,—C_ +2NaCl+H ,0
H H
napagopm 4 OH nepenyHbie — anbaernas

\. J BTOPUYHBIE — KETOHbHI




ey

KAPBOHOBbBIE KUCNOTbI HomeHxnarypa uncropuyeckmne cucTemarnyeckas W
c H 0 opraHuyeckune coeauHeHws, coaepxawne oaHy nnn TpyBManbHble UIONAK
n 2n 2 . + g
NpegentHbe oaHO- HeCKO/IbKO Kapﬁoxcwnbnux rpynn: KHDGOHW’I(;" rmapoxcun Ha3BaHmns yrnesoaopon + x-r1a
QCHOBHHE KNCNOTH él CH,CH,COOH nponnoHoeas nponaHosas
=y - .
OCHOBHOCTbH ncno xap6oxcmnbHeix rpynn ~COOH OH CH,CH,CH,COOH macnswas GyTaHosas
J
rI'lpe:apam,emm xap6oxkcunuHol rpynnoi ) ( c . . N
1. KaK KNCNOTH! dyHKuMOHaNEHBIE TPYKTYpa: 3 B3anmuoe sansnmne kapbornna n rmapoxcnna: | 1. ysenmderme KNCnotHocTH
npousaoaksie Xumunyeckne CBOWCTBA (‘l ,O  CMellienne aneKTPOHOS B C=0 rpynne K¢
oR-C + Mg = Mg(RCOO), + H.1 . onpeaenaoTca —C BbI3bIBAET CMeLlLeHNe 3NeKTPoHoB 8 OH H_C.o y H R-OH
~COOH 9=Mg . T H, M ¥ nonspnayet cendb ~O-H
R-COOH + NaOH === RCOONa + H,0 O s o phay K=10% 107 10
T.x. Gonee cnnbHbIe KNCNOTH, Yem H,CO, FR—C B pesynbrate ‘:> cwnbHee yronbHon KNcnoTsl
2R-COOH + (;ac;o3 = (RCOO)ZCa + Hzo + COZT (o] H NaKMyc — KpacHoe oxpalneaxmne
2 o : 3aueu.|,euue H- B 0.~N0ONMIOXEHUM o 2. Yeennvyeuwne npouxoctyt C=0 — cegan.
0 0. -H,0  R—C’ CH,COOH + Cl, - CH,CICOOH + HCI R—C[—yc" axTheauns OTCyTCTRYIOT peakumn NprcoeanHeHns.
R—C ‘C-R _,_H-——‘o o} L anrnapna XNIOpYKCYCHaR H OH YeennieHne NpouHocT C—OH ~
-OH HD ¥ p—c 0 HEBO3IMOXHO 3amecTnTb HHal
o { CH,CH,COOH + Br, - CH,CHBrCOOH + HBr CleCHpC'y_ ~/
0 PCly £ o-6pomnponnoHoBan OH
3 R_C'OH H;__O (NaOH) R_C‘q b;?::.;lph,ﬂbl L yBENWN4eHNEe KNCIOTHOCTH
o o o - OTAENLHLIE NPEACTABUTEU
‘e "y to o
4 R=C_ +NHj3 * R—C WR—C. }awn O MypasbyHas (MeTaHOBAR) KNCNOTA — GeclBETHAR XIAKOCTb C OCTPBIM 3aNaXOM, Xxopowo pacteopviMa a H,0O, gosonbHo
OH ONH, NH2 CANLHAR KMCROTA, T.K. HeT CH — rpynnel
5. aTepudmkauws (KaTaNMINPyeTCH KNCNOTaMK) OCOBEHHOCTS — CodeTaNne .0 NH, o
Kap6OKCHALHOR FPYMNBI C HO'C‘ + AQ0 —— HO-C" —— COp t+ H0
0 0 cnoxmpi avomom H H xak anngerna oy
R—_* HOR! === p— *+H0 adwp t : yronbHas
OH o-R? CHOCH W20 H,0 + co?
2504 P,
Mg%na_u nonyyenne: CO + NaOH —» HCOONa
£ OH a3aumoneRcTane @ YkeycHas (3TaMoBaR) KNCNOTa — 6@3BOAHAR — KprcTannny. B=8o (Neganas k-Ta), t, = 17°C, cMewwnBaeTcs ¢ 8oAow 8
R—C5* + HY === n—c‘+ ] NPOTONOB € 5~ NoBbiX COOTHOLEHWNRAX. Hg?" H* (0]
OH OH . + At @1 + MNony4enne: 1. HC=CH + H,0 » CH,-~CHO — CH,~COOCH
OH R H - ~ ut
et ATATOH—»]| © HO |0 AN 2. 2CH,CH,CH,CH, + 50, > 4CH,-COOH + 2H,0
OH R-C R-C oR' 3. YkcycHokucnoe 6poxenne (NLlesoi yKeyc)
L o o ® NanbmurnHosan C,sH;,COOH, cTeapnHoBan CWHJSCOOH — TB. B-Ba, HepacTeopimMble 8 H,O. CMmecb — cTeapmH. Bxogar
J B COCTaRB XNpPOB.
( N @ Onevvosan CH (~CH,},~CH=CH(-CH_},-COOH cnocobna npncoeanusite H,, Br, n op.
Monyuenue: ¢l ® ® COOM
1. oKMCneHne CNUPTOB, anbAernaos 3 COOH cooH o COOH COOH
2. oKMCNIeHne NpeaenbHbIX YreBoAopoaos (80-120°C, | §& I )[ n—:: jco it @
erko
NaOH, MnCl, - xatann3aTop, KpexuHr) 2 | Hooc COOH - COOH COOH HOOC
2 [ ® n3omMepul CH,=CH-COOH
I yMapoBas ManenHoBas _ - m-Pranesas Tepedranesan
\__ y axpnnosas k-1 0-dranesas (n3odranesas) k-Ta




CJIOXHbIE 3DUPLI o

GYHKUUOHANbHBIE NPON3BOAHbIE KAPBOHOBLIX KUCNOT — NPOAYKTH! R—C
3amewenns OH-rpynn kucnoTe Ha octatok cnupra OR!. BpytTo- \O Rl
dopmyna C H, O, Takaa xe, kak ¥y kapOGoHOBbIX kucnort!
( . - rI»Iomemcna \ a: 0 A
dusnieckue CBOKCTBA: fieTydnue XNaKocTn Typa: CH,—C_
(orcyrcTBre BOAOPOAHBIX CBSI3en), Mano OCH, |
pacrtBOpuUMbl B Boae, 061a0a10T NPUATHLIM ® kucnora + cnNUPT  YKCYCHOMETUNOBbIA
| 3anaxom + advp 5 3adwp
@ cnupT + KUCNOTHbLIN Merunauerar
L ocTarok )
[ Xumueckue CBOWCTBA: Hanu4YMe NONSPU30BAHHOrO aTOMa KUC/IOPOAa aKTMBUpYeT )
cea3b C-0O-R, v OHa nerko pa3pbiBaeTcs gaxe nog, aencrsnem soab. Pacuiennenue o
CNOXHBbIX 3¢UPOB NOA, ASACTBUEM BOAbI HA3LIBAETCS rMAPONU3OM UK OMbIIeHUEM. 3Tta R—G”
peakuyus obpartHa peakuum atepudukauun. Peakuus karanuavpyercst nporoHamu H* u
ruapokcuan-noHamu OH-. B npucyTcTaum wenoun peakuus Heobparuma (npouncxoaut
| OMbineHve — o6pasosaHue Conu KapOBOHOBOW KUCIOTHE). y
0 rmaponna Lo
CH;—C| +HOH === CH;—C] +C,H.OH
°°sz arepndHKaLnA OH
:O I,O
CHy~—C +NaOH — CH,—C/ + C,HOH
OC H, ONa*
Mony4yeHue: 1) peakuma artepndukaunm — Kucnora + cnuprt (NPeuMywecTBEHHO NEPBUYHDLIA).
Peakuus o6patnMa, NO3TOMY Tpebyercs nabuiTOK OAHOrO U3 peareHTos WU OTIOHKa
adupa o
2) aHrMAPWUA Opr. KUCAOTHE + CNUPT:  CH,CY 0
O +CHOH — CH,—C’  + CH,COOH
CH,C, OCH,
0
CnoxHuie 3dmpsl, 06pasoBanHLe o .Mbina: conu sbiCOKOMOMEKYSISIPHBIX KapBOHOBbIX
FAVILEPHHOM 1 BLICLLIMMK (XMPHBIMK) CH2—0~C" KUCNOT (OOLIYHO CTEAPUHOBOW Wi
::ziz:o::au:“mcnotauu, Ha3LIBaOT | \R‘ nanbMMTMHOBOI?'I)
: 0
MUpbI: CMECh 3TVX SBMPOB CH-0-C* Na — reepasie, Hanpumep, C,,H,.COONa
XusoTHBIE XMpPLI: TREpALIE. g2 K — xuakve, Hanpumep, C H, COOK.
O6pa3oBaHbl NPerMYLIEeCTBEHHO o)
npeAenbHHIMN KNCROTaMN CH.-O-C ~
C, H,, COOH — nansMWTHoBof 1 2 R? Moiowme CBORCTBA CBSI3aHb CO CTPOEHUEM
C,H,,COOH — creapnHogo#t 061an GOPMYNa XMPOB MONeKyn, C HafMYueM HenoNsiPHbLIX ¥ MOHHBIX
Pacmrenstbie XApbl NN Macha: Xnaxve, o6pasosaHsl rpynn.
npenMyllecTBeHHO HenpefleibHbiM KNCROTaMKn:
g":“ggg: T OnennoBou i Mbina He NEHSTCS B XECTKOW BOAe, T.K.
yHay — NMHONeBoMN .
ECnv 0cTaToK ranMuepnaa CBA3aH ¢ 3 0CTaTKaMM KUCHOT, TO HepacTBopuMbl conu Ca:
o6pa3yeTcs TPUAUMNrNINLEPHH — TPMCTEeapHH.
@Du3useckue cBOMCTBA: XMBOTHLIE XMPL — TB. B-Ba 6e3 2RCOO" + Ca?* —» Ca(RC0O0) |
onpeneneuuoﬁ T—Pbi NNaABNEHNA, pacTUTEeNnbHbie — Xnaxkne. 2
MnoTHoCTb 60NLLIMHCTEBA XVIPOB MEHbLLIE NIOTHOCTHA BO/LI.
)Kvipti HepacTROpPVMbI B BOZE, OHW BHICTYNAIOT KaK Nopepx- JleteprenTbl — CuHTETU4ECKME MOIOWWE
HOCTHOaKTUBHbIe BewecTBa (MAB), o6pa3ya CTolkne 3myns- cpeactea (CMC)
cnmn (Monoka).
( .
Xumuyecxue CcBOMCTBA: 1) rMAPONN3 XKUPOB.: W
0 2} wpporeHusauuns pacTuUTenbHbix
C“2'°‘°~C " CH.—O-H XUPOB — UX NpespauieHue B
l 0 7 353NaOH 2 o Teepabie (MaprapvH) 3a cyer
CH-0O-C_ — CH-0O-H + 3(;17}135_(;‘\' npucoeanHerns H, K ABOAHbLIM
Cd7“ss ONa ces3sM (Ni-karanuaarop, 160-
CHZ_O_C:' HZ—O-H ZOOOC, 2—15 aTM)
CiHas
. TprcTeapmH P
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AMWHbI
nponseoaHsie NH,, 8 XOTOPOM aTOMbi BOAOPOAA YACTUYHO MW NORHOCTHLIO
3amMelleHb YrnesoAOPOAHLIMK paanKanaMn (XMpHOro, apoMaT4ecKoro
PAAOB MAN CMellaHHbie) R, R_ R?
R-NH, NH N
R!’ Fl‘i
NEpBNYHLIA  BTOPUYHBIA  TPETUYHLIA

C Pe3KuM 3anaxoM, OCTaNibHbie aMuHbI XUPHOro
pRAa — XMRKOCTW, pacTeopuMbie B H,0

G

r@uauuecxue CBORCTBA: METUNAMMWH, ANMETUAAMWH, TPUMETUNAMNH — ra3bl

v,

( .
Homenknarypa: W
papwvkansl + aMnH HaC-N-C,H,
| MeTHN-3TUNaMNH
(no andasuTy nepsbix BykB Ha3BaHWS H
nKanos

pag) ) cH,
no Homexknarype MIOMNAK: H:,c:—c'—czH5 2-MeTHA-2-6yThnammH

NH,

\. J

eruuuecKue ceoiicTBa 06yCnoeneHsLl HanvuineM HenoaeneHHon
ANEeKTPOHHOM napbl y atoMa a3ora:

Vamenene | (CoHshN < (CHONH < CHNH, < NH,

OCHOBHOCTHN
NH, < CHSNH2 < (CH,),NH > (CH,),N

Xummieckue cBOMCTBA — HANOMKMHAIOT CBONCTBA NH,. AMnHbI pearnpytoT:

1. C kncnoramm — obpasyioT COnn — HesleTyHdne TB. NOHHbLIE BelecTea

H +

CH:SNH2 + HCl —— HSC_ - | ClT — CHSNH2 + NaCi + Hzo
| NaOH
H {6ones cwnbHoe

ocHOoBaHne)

2. C anknnranoreHnpnamm

CH NH, + CHy-l —om (CH ) NH + HI ——3[(CH ) ,NH "

CMECH STODWMHBIX W
TPeTHUYHbLIX aMWHOR

M3 TpeTnyHbix aMMHOB M.6. Nony4eHs! YeTBepTUYHLIE aMMOHNEBbLIE CONW:
(CH,),N + CH,l == [(CH,),N]*I"
3. C opranmyecknMmn KucnoTaMm N aHrnapuaaMm

CH,COOH + CH,NH, - [CH,COOJ[CH,NH,]* - CHS_C’\' +H,O
N—~H
cn/

3

4. B BOAHLIX PACTBOPAX aMMHOB WENoYHAs Cpeaa:

CH,NH, + H,0 == CH,NH,* + OH-

AYd

“\
AHWIIMH — apomaTtunyecknii amnH. Xnaxocts, T . = 184°C, 6ecuseTHbIR,
Ha BO3Ayxe XenTeeT M3-3a OKMC/IeHns, NNoxo pacteopum 8 H,0

6_
.5+ OcHoBHOCTL Mana. B monekyne yesenn4eHa 31eKTpoHHas
8-@NH2 NAOTHOCTb B OPTO- W Napa-nNoNoXeHmsax (kax 8 peHone)

& XUMMWYECKME CBOMCTBA

~NH, @

¢ GPOMHOI BOAOWA:

— — + -
Gt O s s A
WM TMAPOXNOPWA AHNNHA +8r o l

C ankunranoreHnoaMn:

C KNCNOTaMW:

NH, H—y~CHy CHz~pN-CHa Genwii ocagok
CHAl TpnSpomannnnHa
__?. . ¢ dopManbaerniaoM — oépaayercqﬂ
H aHunmHdopMansaerngHas cMona

NMonyuyenue: H.H. 3nHnH, 1842 r. — BOCCTaHOBNEHNEM HUTPOGEH30Aa C
ncnons3oeaxmem (NH,),S nam H.S:

@—N02 +3H,S —>©—NH2 + 24,0+ 35

B HacTOsiWEe BPEMS: KATANNTUHECKOE W ANEKTPOXNMNYECKOe BOCCTaHOB-
nexvne HuTpobBeHsona nnn ero BocctaHosneHne B kncnon cpeae (Fe, Zn,

kSn)




AMUHOKUCOTbI

opraHuseckue andyHKUUOHANbHBIE COEAUHEHUS, B COCTaB KOTOPbIX BXOANT ABE GYHKUNOHANbHLIE

0
rpynnsl — KapBboKcunbHas -C. 1 amMuHo —NH,
OH
HomeHknaTypa: CH4~CH~COOH CH,~CH-CH,~COOH
3 HA3BaAHWUA KUCNOT NH, NH,
+ «<aMUHO» o.-8MUHONPONUOHOBAS B-amuHoMacnsiHas
2-aMuHONPONaHoBasi 3-amuHobyraHosas
[ dusuieckue ceoicTsa: Senvie KpUcTaninyeckme BelecTsa, Xopowo pacTBOpUMBL B BOAE, Npu
L HarpesaHuu He nnaesitcs, sbitwe 200-300°C — pasnaraiorcs & J
rCTpoenue: 2 dyHKUMOHaNbHbBIE rPYNNbLI, KX 06pa3yioT «BHYTPEHHUe» Conun VIOHHbIA
B3aVMHOE BNUSIHUE, HOBLIE Cneyu- NH,CH,COOH — NH,*CH,COO"~ T™VN CBSA3N
t (DM"IECKME CBO“CTBB 6unonapHble NNKM UBWTTep- noHb!
J
( )
Peaxuyumn GyHKUMOHANDHLIX FPYNn Peakyuu GyHKUUMOHANBLHLIX rPynn
KMCNOTHDbIE (cm. kap6oHOBbLIE KACNOTH!) apyr ¢ apyrom
@ NHchzCOOH 4+ NaOH » NHzCH,‘,COONa + H20 [ns kap6oHOBLIX KMNCNOT XapakTepHo o6pa3oBaHne aMMAOB
(o] 1
win R-C” 1 BMecTo A M.6. ocraTok
NH3+CH2COO' + NaOH —» NH2CH2COON8 + H,0 \N/R N\Rz AMUHOKNCNOTHE
@ 2NH,CH,COO0H + Cu0 — (NH,CH,CO0),Cu + “R2
H,0 _ aMUHOKUCIOTa + aMUHOKUCNOTa —> BAUNeTus
® 2NH,CH,COOH + Na,CO, - 2NH,CH,COONa + NHL—CH C,,O H‘N cH C,,O
—CH - + —CH - —
2 2 2 . -
H,0 + CO, OH H on ~H0
0 H* 0 o
@ NH,~CH,-C”  + C,H,OH === NH,~CH,-C_  + H,0 _ “
ON 2''s 2 2 \OC2H5 2 NH,-CH,-C 0
M/ B BHje conn N-CH,-C_
OH
0
OCHOBHHE (CM' aMMHb') N ~ — TpynenTna — nonannenTtug _C"
©NHchchOH + HCl > [NHa CHchOH]C| Peaxuusa o6patuma — B NpUCYTCTBUM “NH-
CONAHOKKUCAAA CoNb -~
KMCNOT U OCHOBAHMM — rmaponun3 nentnaHas
T.0. 3TO — oprannyeckue amdorTepHbie caa3b
coeauHeHus. BOAHbIA pacTBOP NPaKTU4ecki KanpoHoBoe BOIOKHO: £-aMWMHOKaNPOHOBas
kHepraneH )| xucnora - nonukonaercaums
: ,0 t° .0
Monyuenme: 13 kapOGOHOBLIX KUCNOT R N=(CH,)s -C7 =i | HN-(CH,)5-C
Cly NHg on ("R, N n
KanpoHoBaf cMoia — HATKN )

CH3CHaCOOH  -» CHCHCOOH —  CHGHCOONH, — CHyGHCOOH D
cl cl NH, / ’(

Benxu: BaXHellLan COCTABHAN 43CTb XUBbIX OpraHnaMos, BXOoAST B COCTas KOXuU, pOrosbixX I"IOKpOBOB?

MblILWEYHOW 1 HEPBHOW TKaHWU
BbiCOKOMONEKYNsipHBIE COEAMHEHNS, Benok — nonunentua
@ MocnegoeaTentHOCTh AMUHOKUCAOT — NepBUYHAaSN
MONEKYNsipHasi Macca — A0 HeCKONbKUX cTpykTypa
MWIMOHOB @ obpazosaHue BOLOPOAHLIX CEN3ENA MEeXOy
CocTras: onpepeneH yepea rugponus (pazbasn.
KUCNOTbI, DepMeHTbY) \C=O " \NH — CNvpab — BTOPUYHas CTPYKTYpa
Fo4TK CKNIDYUTENBHO — L-AMUHOKUCOTHI (=20), / 7/
CB513aHHbIE NENTUQHBLIMA CBA3AMU. ® ezanmogeiictene NH,, OH, COOH rpynn, He npuHw-
MaloUmX y4acTa g o6pazosaHnn NenTUOHOA cBA3N —
KauecTBeHHan peakuus : xentoe okpawmsanme TPeTMYHas CTpyKTypa
o) ¢ HNO,; n1TpoBaHne
’@'CHJ’:“”C\ deHnnananmta Harpeg A0 BLICOKOA TeMNepaTyphl, PafUOaKTMEHOE
NH OH obnyyeHne, conn Taxenbix MeTaNNoe — Bbi3blBAIOT
2 paspyweHne 8TOPUYHOA U TPETUYHON CTPYKTYp —
L AeHaTypauuo )
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KAYECTBEHHbIE PEAKUUAN HA KATUOHDI

KaTuon Boapeicraue HaOnmopnaemas peakuus
WK peaKTus

Li* Mnama KapmuHoBo-kpacHoe OkpaluvBaHue
Nat Mnams Xentoe okpailunBauue
K* Mnams ®uoneTtoBoe OKpalumsaHue
Ca2* Mnams KupnuuyHo-kpacHoe okpaiuneaHue
Sre+ Mnamsa KapmuHoBO-KpacHoe OKpaluvBaHue
Ba2* Mnams XenTvo-3eneHoe okpatuMBaHue
S042" Buinagenve 6enoro 0cazka, He pacTBOpy-

MO0 B KUCNOTAX:
Ba2+ + S042° = BaSO4¢

Cu?+ Bona MapaTupoBaHHbie nonbl Cu2t umelor
rony0ylo okpacky

Pb2+ S2- BbinazieHve YePHOro 0CajKa:
Pb2* + 52 = PbS{

Agt Ccrr Buinazenue 6enoro ocanka; He pacrTeopu-
moro B HNQO3, HO pacTBOPUMOrO B KOHLL.
NH3 - H20:
Ag* + CI- = AgCV

Fe2+ rekcaumaHo-

¢deppar (i) BbiNajleHne cuHero 0Cafxa:

Kanus (kpacHas K* + Fe?* + [Fe(CN)g]®™ = KFe[Fe(CN)g]¥
KPOBSIHAA COnb)

Ks[Fe(CN)s]

Fe3* 1) rekcaumnaHo- BbinageHve cuHero ocaaka:
deppar (1) K* + Fe3* + [Fe(CN)g]*™ = KFe[Fe(CN)gl¥
Kanua (xentaq
KpOBsiHasi Conb) MosiBneHne APKO-KPacHOro OKpallnBaHua
K4[Fe(CN)g] 3a cyeT 06pa30BaHMS KOMMAEKCHbLIX WOHOB
2) popaHma-uoH Fe(NSC)2*, Fe(NSC),* v ap.
SCN~

Ais+ tenoyb Bbinasgenue ocagka ruapokCcuaa alloMMHWS
(aMdoTepHbie npwv NPUAMBaHWK NEpPBbIX NOPUUA LWenoYu 1
CBOWCTBA rufl- €ro pacreopeHue npu AaJibHenlleM
pokcuaa) NPUANBAHKK

NH4* Lenoyb, Harpes 3anax ammuaka: NH4t + OH™ — NH3T + H,0

H* WHaukaTopbi:

(kucnasa NakMmyc, KpacHoe oKpailuMBaHue

cpena) MEeTUNOBbIV KpacHoe OKpatuuMBaHue
OpaHXeBbik
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KAYECTBEHHbIE PEAKLUUAU HA AHUOHDbI

AHUOH PeaxTus HaGniopaemas peakuus
S0,42” Ba2+* Buinagenne 6enoro ocanxa, HEpaCTBOPUMOro
B KACNOTaX:
5042_ + Ba?* = BaSO4¢
NO3~ 1) no6asutb O6pa3zosanue ronyboro pacrsopa,
KOHU,. H2S04 n coaepxauiero unoHbl Cu?*, BbiaeneHue rasa
Cu, HarpeTtb 6yporo useta (NO,)
2) cmechb Bo3HuKHOBEHWE OKpacku CynbgaTta HUTPO30-
HyS04 + xene3a () [Fe(H,0)sNO]%*. Okpacka ot ¢u-
FeSO,4 0NeToBOV A0 KOpu4HEBOW (peakuusa «Byporo
KOnbua»)
PO43~ noHbl Agt BbinageHvne cBeTRO-XXEenToro ocajxa B
HEeUTpanbHOU cpeje:;
3Ag* + PO,3 = AggPO4i’
CrO42 noHbl Ba?* Bbinapgexue xentoro ocazxa, He pacTBOpU-
MO0 B YKCYCHOW KUCNOTE, HO PpacTBOPUMOrO B
HCl: Ba2* + CrO42" = BaCrO4¥
2" noHbi Pb2+ BbinasieHne wepHoOro ocafika:
Pb2* + S2- = PbS{
CO32" noHbl Ca?+ BbinageHue Genoro ocazka, pacTBOPUMOro B
kucnotax: Ca2* + CO32” = CaCOsl
CO; “3BECTKOBas Ca(OH), + CO, — CaCOgl + H0,
sopa Ca(OH)z CaCO3 + COz + Hp0 — Ca(HCO3)7
BoinaneHue 6enoro ocaaka u ero pacrtsope-
Hue npu nponyckaHun CO»
S032- noHbl H* MosieneHue xapaktepHoro 3anaxa SOa2:
2H* + S032~ = H,0 + SO, T
F~ noHbl Ca2* Boinagetne Genoro ocagxa: Ca?* + 2F = CaFpl
Ccr noHbl Agt Bbinagenne 6enoro ocazka, He pacTBOPUMO-
ro 8 HNO3, HO pacTBOpMMOro B KOHL,.
NHj; - H,0: Ag* + CI~ = AgCH
AgCl + 2(NHjz - HXO) — [Ag(NH3)o]* + CI™ + 2H,0
Br- noHsl Ag* BuinapneHne cseTno-Xenroro 0cazika, He
pacreopumoro 8 HNO3: Ag* + Br~ = AgBri
0Caj0K TEMHEET HA CBeTy
© nonbt Ag* BbinageHune xentoro ocagka, He pacTBopU-
Moro 8 HNO3 1 NHs kouu.: Agt + I~ = Agid
0CaJIOK TEMHEET HA CBeTy
OH™ (we- UHAMKATOPbIL:
no4Has NaKkMyc CMHee OKpalluBaHWe
cpehna) deHongTanemH ManuHOBOE OKpPaluMBaHue
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KAYECTBEHHbIE PEAKUUUA OPTAHUYECKUX

COEAUHEHUN
Coepnunenue | Peaxrtus HaGniopnaemas peakuus
AnkaHbi — O6bIMHO ONpeaensioT NMyTem UCKIoYeHus
Mnams Hu3wwe ankaubi rOpsT ronybosaThimM
nnaMeHem
AnkeHbi 1) BpomMHas Boaa Ob6ecupse4yneaHne pacrsopa
C=C 2) p—p KMnQy4 ObecugeyvynBaHne pacTsopa, BbinageHue
6yporo ocagka MnQO;
3) N'opeHue FOpsiT cnerka XenToBaTbiM MnaMeHeM
(vacTuubi yrnepoaa)
Benaon — O6bIMHO OnpeaensioT NyTeM UCKIIOHEHUS
Fopenne FopuT KONTAWWM NAaMeHeM
®enon 1) BpoMHasi Obecugeynsanue, Bbinagevue 6enoro
BOAa ocagka TpubpoMdpenona
2) p—p NasCQO4 Bhinenenue yrnekucnoro rasa
3) FeCls duoneToBoe okpatumBaHue
CnupTbi 1) Na BuineneHue sopnoposa
2) MNopeHue FCopat ceeTnbiMm ronyboBaTbiM NaMeHeM
3) Heprana BoccTaHoBnexue kpacHON OKpacku y
ropsyas NPOKANEHHOW ropsyHer MegHOn
npokaneHHas MPOBOJIOKU
Cu-nposonoka
MHoroatom- Cu(OH), + CuHee okpawmBaHue — obpa3oBarue
Hbie CNNPTbi NaOH ravuepaTos u Ap.
AMUHbI 1) NakMmyc B BoAHOM pacTBOpe — cuHee
okpalmeaHue
2) HHal O6pa3yloT conu C ranoreHoBo40pPoJaMMu
— NOChe BbinapuBaHua TBEP/bid 0CaZ0K
AHnnuH 1) BpoMHasi Ob6ecupeunBanne 6pPOMHON BOb,
BOOA BbiNafleHue ocanka TpubpoManunnnHa
2) HHal Mocne ynapnesaHua TBepAbiA 0CAA0K —
COAb FUAPOranoreHna aHnAnHA
Anbaernabi 1) Ag20 Peakuus cepebpsiHOro sepkana
2) Cu(OH)2 Buinasenue kpacHoro ocagka Cuo0
Kap6oHosble Nakmyc KpacHoe okpatuvBaHue
KUCNOTbI | MypasbnHaa — peakuma cepebpaHoro
3epkana
| OnenHosas — obecuse4vynesaHue
6pomHoOn BOAbI
Kpaxman Pacteop I3 8 Ki Cunee okpaiwuvsaHue
nnu CNMpTOBOW
pacTeop noaa
Benku KOHL,. HNOj, Xenroe OkpawvBaHue, npuv

nobaeneHun WEnoYyHoro pacreopa —
opauxeBoe
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DUINYECKME BENTMYUHBI B XMMUU

0603Ha- HaumeHoBanue BeNUUUHDLI Paawmep-
YyeHue HOCTb
mg, m(CHa), Macca sewecrsa Kr, r 1 Npo-
McH,, “3BOAHbIE
Mgy A6conoTHaA aToMHaa Macca atomMa Kr, T ¥ Npo-
Macca atoMa, BbipaxeHHas B eAuHULAxX MacChbl N3BOAHDIE;
a.e.m.
1
MpuMeyaHune: atoMHan eguHuLa Macchl (a.e.M.) — Macca 1—2— 4acTn aroMa Hyxknmaa
yrnepoaa '2C
1a.em = 16671027 kr
A(35CH) OTHOCUTENbHAA aTOMHaA MacCa aToma AaHHoro | Benwumna
HyKnupa — mMacca atoma, otHeceHHas kK 1/12 maccel | 6eapaamep-
aroma yrnepoga '2C. Has
A(Cl) OTHOCUTENnbHaA atoMHana Macca 3/lIeMeHTa — BenuynHa
cpegHss Macca aroMa dieMeHTa nNpu ero Gespasmep-
NpUpPOAHOM U3OTONHOM cocTase, oTtHeceHHas K 1/12 | Has
Maccu atoma 12C.
M,, M (CH,) OTHOCUTEeNnbHan MONEeKynapHaa Macca — Benuyuxa
OTHOWEeHKEe CpeaHen Macchl MONeKyNnbl Beuwecrsa K 6e3paamep-
1/12 maccw atoma 2C. PasHa cymme Has
OTHOCUTENBHBIX aTOMHbBIX MaCC aTOMOB, COC-
TaBNSIIOWMUX MONEKYNY.
N©o,): MN(cHy Konuvecrtaso sewecrsa MOfb
1 MONb — TaKoOe KONU4ECTBO BewecTsa, KoTopoe
COAEPXUT CTONMBKO CTPYKTYPHBLIX eanHuL (aTOMOB,
Mornexkyn, KOHOB ¥ Ap.), CKOMbKO aTOMOB
copepxuTcs B 12 1 Hyknmaa '2C (6.02« 10%3)
M(cH ) Mg MonspHaa macca — OTHOWEHUE MACChl BewecTsa | kr/Mornb
Mg K KONM4ECTBY BEWECTB Ng (r/Monb) u
my npou3soa-
Mg=— Hble
nB
Na NocTroannan Asoragpo MOnL™!
Yucno yacrvy 8 0aHOM Mone: Nj = 6.02 - 1023
3HaveHne Ny HaxopuUTCsi IKCNEPUMEHTANBHO.
N HYucno yacTuy (MONieKyn, aTOMOB, MOHOB) pasHO YacTuibi
KONM4ECTBY BEWECTBa (YUCTY MONEn), YMHOXEHHOMY
Ha NOCTOSIHRYID ABOraapo:
N=n- Na
Vig) O6nem, 3annmaembilt BeutecTsom B M3 (B xnMnn
Takxe nNATp, n
(1073 m3))
Viw(a) Monspubiit 06vem m3/Monb
O6beM, KOTOpbIf 3aHMMaer 1 MONb BewecTsa. n/MOnb U
PaBeH OTHOWeEHWI0 06beMa, 3aHNMaeMoro npou3esoa-
BEWECTBOM, K KONNYECTBY BEWecTsa: Hble
Ve, (cM3/mons n
Vme) = n ap.)
{8)
. Tpn HopManbHbIX yenoamsx 0BbEM, KOTOPbIN 3aHUMaet
1 MOMb MaeanbLHOro rasa, paseH 22,4 n
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O6o3na- HaumeHoBaHue BeTUYUHDbI Pasmep-

YyeHMe HOCTDb

fB MnoruocTe BewecrTsa. OTHOWEHUE MACCHI Kr/M3 v
BELLECTBA K 3aHUMAEMOMY UM OObeMy npou3son-

mg Hole (r/cmd
pP=7 v ap.
V, p.)

D OTHOCUTENnbHAEsA MAOTHOCTL ra3a nokasuiBaer, 80 Benunsuna
CKONbKO pa3 o6bemM oaHOro rasa nerve (raxenee) 6e3pas-
TaKkoro xe o6bvema Apyroro, 1.e. BO CKONLKO pa3 MepHast
MNOTHOCTL OAHOrO ra3a Honsiie (MeHbLwe)

MNOTHOCTY ApYyroro. M3 3akoHa ABoraapo (B pasHbIX
obbemax pa3nu4HbIX ra3oB Npu OAUHAKOBLIX
YCNoBUSIX COAEPXUTCSI OQUHAKOBOE HYUCNO MONEKYN)
cnepyer:
P1 M,/22.4 M,
D = = =
Py M,/22.4 M,

Wg Maccosasa gonsa sewecrsa B 8 cmecu. OrHoweHue Benu4nHa
Maccol BewecTsa B k macce scen cmecu. Ons 6e3pas-
cmMecu u3 Tpex sewects A, B n C: MepHast

W, an
B =, +m, +m
my ™ Mg c
Jns pacraopa:
Wy = Mg
mB + mpacmopwrena
Maccosyio 40N 4acTO BLIPAXAOT B NPOLEHTaX

Xg Monosaa ponga Bewecrasa B 8 cmecu. OtHoweHne BenninHa
Konu4ecrea sewecrtsa B (4ucna ero monein) k 6e3paa-
CYMMApPHOMY KONMYECTBY (YMCNy MONen) Bcex MepHast
BewecTs B CMecu. [lns cMecu Tpex BewecTs:

X, = —r]—B——
B n A + Ng + Ne

PB O6vemuan pons sewectsa B B cmecn. OrHoweHue Beanuunna
ofbeMa, 3aHUMaeMOoro BelecTsoM B, k o6bemy 6espas-
B8CEN CMecu: MepHast

\Y
Qg = —_—
Vp + Vgt Vg
xg; [B] MonapHas KOHUeHTpayus Mons/n

OrHoweHne 4ncna Mosei ng Bewecrsa B,
COAEPXALWMXCH B PACTBROPE 06BbEMOM V, K 06bLEMY
pacrsopa (8 aM3 nnn nurpax):
n
=B
XB vV
pacTeopa
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PELLEHUE 25 TUNOBbLIX PACHETHbIX SAlAY

OOwue pexoMeHaanmuu NpuU pPeLleHu XUMUYEeCKUX 3anay

MNMepen TeM, Kak NPUCTYNUTL K PELLEHUIO 3a4a4M, NOCNe BHUMATENbHOIO NpoYTEeHUs

ycnosus cnepyer:

1. Bce ¢puanyeckme BenmiuHbl, 0 KOTOPbLIX FTOBOPUTCSA B YCNOBUW, BbIPA3UTL B OQUHAKO-
BbiXx eANHMLAxX (HanpMMep, MaccCbl BCEX peareHTOB — B KMNOrpaMMax uam rpaMmmax,
ob6beMbl BCex ra3sos — B MUTPAX UM MUNAUMAUTPAX U T.4.).

2. Ecnu B ychosuu 3a4aum nMeloTca AaHHble 06 o6beMax ra3oB, OTHECEHHbIX K yCno-
BUSIM, HE COOTBETCTBYIOWMM HopManbHbiM (10° Ma, 0°C), To, ncnonb3ys ypaBHeHue

=22  cneayeT nepecuntath 06bEeM rasa Ha HOpMasibHble YCNOBUS.

3. Bo MHOrux cnydasx uenecoobpa3Ho HaWTV KONUYECTBA pearnpyloLlmnx BewecTs 1
NPoayKTOB peakuuun (B Monsx).

4. Ecnu npy pelweHnn 3agaun HeobxoaMMo yyecTb ypaBHEHNE NMPOTEeKaloWen peakumu,
TO Npy ero cocTasneHuyu Heobxoaumo HanTn koadduumneHTs! nepen GopMynamu
BELW,eCTB, BXOAALWMX B ypPaBHEHUE peakumu.

5. Echu B ycnosuu 3a8a4y HeT YKa3aHUW O YUCNIEHHOM 3HAYEHUWU BENNYUHLI, XapaKTe-
PU3YIOLWEN UCXOAHYI0 CUCTEMY, TO 4aCTO Uenecoobpas3Ho fonycTUTL, yto B3sito 100 r
pacTteopa, 1 n rasosow cMecu u T.4.

6. Yno6HO HensBeCTHOE, O KOTOPOM peyb UOeT B yCNOBUY 334344, Bbipa3nTb Yepes X.
anee Ha OCHOBaHUK XMMUYECKOrO ypaBHEHUS COCTaRANAIDT anrebpanueckoe ypae-
HeHue 1, pewasn ero, HaxoaaT X. Ecnu HeuseecTHbIX ABa, TO ux 0603HAYAIOT Yepes X
1 y, 3anN1UChIBAOT CUCTEMY N3 ABYX anrebpanvyecknx ypaBHeHun. PelweHne cuctems!
ypaBHEHUM NO3BONALT HAWTUN X U Y.

7. Tpy peweHnn 3a4a4 aTOMHbIE MACChl BCEX XMMNYECKUX 3aneMeHToB, kpome A (Cl),
OKpYrNsT Ao uenoro 3HaveHuns. na A (Cl) npuHuMalot sHadsenune 35,5.

1. Onpenenenue OTHOCUTESILHOM MONEKYNap- 3. OnpepeneHue YUCNa MONEKYN B NOPUUK
HOM Maccul M, Bewecrsea

Ycnosue: Kakosa orHocurensHas MonekynsipHas Ycnosmne: Ckonsko MONEKyN BOAb! COAEPXUTCH B 1
macca M; Hurpobensona CgHsNO,? Kakosa kanne soapt maccoii 0,03 r?

MONeKynsipHasi Macca 3Toro Bewecrsa 8 a.e.M.? Pewenne: O603Ha4MM 4YMCNO Monekyn Boau 8 1
Peuuenne: kanne yepes x. CocrasnsiemM 3anuce:

M, = 6A,(C) + SA/(H) + A(N) + 2A(0) = 6x12 + 1 Monb Boaw, Macca 18 r, conepxur 6.02 « 10°°
5%1 + 14 + 2xX16 = 123 Monekyn,

Ans HaxoxaeHust MacCul MONekynbl HUTPoGeH3ona  macca 0.03 r — x Monekyn

8 a.€.M. Ha/10 HANOEHHOE 3HAYEHUE YMHOXUTH Ha Cocrasus NPonopuunio N PELLNB ee, HAXOOUM:

1 a.e.Mm.. Nonyyaem 123 a.e.M. 423

Orser: 123; 123 a.e.M. %& = ‘B—%i x = ﬂ’f_?_:w = 102" Monekyn
2. OnpepenexHue Macch aTOMa B rpaMmax Orser: 10" Monekyn

Ycnosue: KakoBa Macca B rpammax 1 atoma 13149

Pewenune: O603Ha4nMM Maccy 1 aroma 131 yepes
x. Coctasum 3anuce: 1 Monb atomos 2| copep-
xur 6,02 - 1023 aromos, nx Mmacca 131 r/monb 1
aroMm 131! nMeeT Maccy xr.
CocraBvs NPONOPUWIO N PELLINB ee, HAXOAUM: Pewetne:
x=—1—.—13—1—=218'10"22r 2.AY(P)
6,02-10%  © Wiy = =

Orser: 2,18+-107%2 ¢, 3-Ar(Ca) ¥ 2(Ap) + 4A, )

_ 2-31

T 3-40 + 2(31 + 4- 16)

4, Onpepenesue MacCoOBOM JONIU 3JIEMEHTA B
coeauHeHuu

Ycnosue: Kakoea maccosas fons ¢docgopa B
docdare kanbumusi Caz(PO4),7?

= 0.2 npn 20%
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Orser: w = 0.2 vnn 20%

5. Onpepenenme monapHoi maccsl M

Ycnosne: KakoBa MonsipHasi Macca BelLecTsa, ecnuv
mMacca 2.5 Monb 3T0ro sewecrTsa pasHa 250 r?
Peuenne: U3 ycnosus cneayer, 410 n = 2.5 Mone,
am=250r.

= 100 r/Mone

Orser: 100 r/mMons

6. OnpegenenmMe MaccoBOro OTHOWEHUA
BNIeMEHTOB B COEAMHEHUM

Ycnosne: KakoBo MaCCOBOE OTHOWEHUE yrnepoaa,
soaopoAa u kucnopoaa 8 rnokose CsH120g?
Pewenne: OTHOWEHUE MACC 3NEMEHTOB B 3TOM
COSAUHEHUN PABHO:

mc:My:Mo = 6 Arcy i 12 Ay & 6 Ayo) = 6:12:
12:-1:6+16 =6:1:8

Orser: mg:my:mp =6:1:8

7. Onpepnenenue o6bemMa, KOTOPbLIA 3aHUMaeT
MOPUMUSA rasa NPM HOPMANbHbIX YCNOBUAX
(u.y.)
Ycnosue: Kakon 06beM (H.y.) 3aHnmMaior 66 r
C0O,?
Peurenune: O603Ha4nMM o6beM, KOTOPLIK 3aHUMaeT
66 r CO5,, 4epes x. CocraBuM 3anuce:
1 mone CO, Macca 44 r — obbem 22.4 n

mMmacca 66 r — obbemM x n
PetleHre nponopuun No3soNsET HAUTKU X;
22.4-66

=336n

Orser: 33.6 n.

8. Onpepenenue Tennosoro agpdexra
peaxkiyum

Ycnosune: MonsipHasi TenNnoTa CropaHust yrnsi Ha
Bo3ayxe 393.5 x[Ix/Mont. CKONLKO TENNOTH!
BLIZAENUTCH NPWU NONHOM CropaHun 1 kr yrna?
Pewsenne: 3 ycnosus cnegyer, 4To Macca cro-
peswero yrns 1 kr, v.e. 1000 r. O6o3HaunmMm
KONMYECTBO TEMNOTH, BLIASNSIOWEECS Npu Cropa-
HU1 1000 r yrns 4epes x, v COCTaBNSIEM 3anucs:
Mpu croparHnu 1 Monb yrnst, macca 12 r,
soigensierca 393.5 x[Ix rennoru
Mpu cropanuu 1000 r yrns, seigensieTcs x KAx
TennoTobt
PeweHue nponopunu No3BONSIET HAWTU X:

4= 1000:-3935

12

Orser: 32.8 M1x

9. OnpepenenuMe MakCMManbHOro BoiXoaa
NnpPpoAYyKTa peaKkiymm

Ycnosue: CKONLKO MAaKCUMaNLHO NMUTPOB (H.Y.)
BOAOPOAA MOXHO NMONY4nUTs, Ucnone3ys 45.5 r
UMHKA U U36bITOK CONSIHOM KUCNOTHI?

Pewienme: 3anuwieM ypaBHEHUE MPOTEKAOLLEN
peakuyvm. BHu3y, noa dopmMynamm CooTBETCTBYIO-
WUX BEWECTB, 3anUCHBAEM UX MOMSIPHYIO MacCCy
(nop, 3HakOM Zn) v MONsipHLI oHbeM (noa Pop-

= 32800 x[x van 32.8 Mx
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mynon Hp). Ceepxy 3anucsiBaeM Macchsl npopea-
rMPOBaBLWIEro UMHKa U 06beM BbIAENTNBUIErOCH
soaopoaa (0603Ha4M ero 1epes x):

455 r XN
Zn + 2HCt = ZnCl, + H,T
65 r/mons 22.4 n/mMonb
M3 nponopywnu:
455 _ x_
65 22,4
HaxoauMm, 4to x = 15.7 n.

Orser: 15.7 n.

10. Onpepenexnne peansHoOro Bbixoaa
NPOAYKTa peakuum
Ycnosue: NMpu npokanusanum 15,8 r nepmanrana-
Ta Kanus KMnO4 nony4seHo 0,896 n (H.y.) kncno-
popa. KakoB BbiXO[ KUCNOPOAA B AAHHOM cny4ae?
Pewenue. 3annceiBaeM ypasHEHNE peakynmn
158 r Vv
2KMnO4 = KoMnQg4 + MnO3 + Oy
2+158 r/™Monb 22,4 n/mons
Npu makcumansHoM (100%-HoM) BbixOae 06BLEM
BbiAENMBLIErocs KMcnopoaa V MOXHO HalTu u3
nponopumun:
158 r
2-158

A
22,4

V=112n.
Tak KaK, 8 COOTBETCTBUMU C JAHHLIMWU YCNOBUS,
nony4eHo 0,896 n kucnopopa, 10, CNeaosaTensHo,
BbiXOA4 KUCNOPOAA paBeH:

_ 0.896

=12 = 0.8 nnn 80%

Orser:. 80%.

11. Onpepenexue BHIXOAAa NpOoAYKTa NO
CTEXMOMETPUYECKUM COOTHOLIEHUAM

Ycrnosue: Ckonsko rpaMMOB a30THON KMCNOTH!
HNO3 MakCMMansHO MOXHO nony4ute u3 44.8 n
(H.y.) a3ora?

Peweqmne: C y4eTOM TOMO, 4TO B OAHON MOneKyne
HNO3; conepxutca 1 aroMm a3orta, COCTaBNAEM
3anuco:

44 8 X
N, - 2HNOj
22,4 2%x63

O603Ha4mB Mmaccy obpasyouwencs npu 100%-HoMm
BbIXOZ1E€ a30THOW KUCNOTH! 4EPE3 X, 3anuUcbiBaeMm
nponopLuio:

44,8 n X
22,4 n/monb 2-63 r/Mons
M3 Hee HaxoauM, 4TO
44.8-2-6
- 448:2'683 =252r
22.4

Orser: 252 r.

12. OnpegeneHnUe CoaepXaHUsA OCHOBHOIO
KOMMOHEHTA (MNM CoAepPXaHUA NPUMECH) B
MCXOAHOM BellecTBe

Ycnosue: KakoBo cogepxanue (B npoueHrax)




CaCOj3 B ob6pa3sue 13BECTHIKA, NPU ASIUTENLHOM
npokanusaHumn 400 r koroporo nony4eHo 78,4 n
CO; (H.y.)?
Pewenne: 3anuwemM ypasHeHue peakyum:

Xr 78,4 n

CaCO3 = Ca0 + CO,

100 r/mMonb 22,4 n/Mons
0O603Ha4nm 1eped x r maccy CaCOg, pasnoxenue
KOTOpO# NpusoauT K nonyyseHuo 78,4 n CO,. U3
COOTBETCTBYOWESH NPONOPLMM HAXOAWUM, H4TO
_ 78.4-100

- 22.4

Takum o6pasom, coaepxanne CaCOs B UCXOQHOM
obpa3ue cocrasnser:

350
400

Npumecei 8 ucxonHom obpasue 100 — 87,5 =
12,5%
Orser. 87,5%

13. Onpenenexune BHIXOAA peaxiiuu, KOrpa
OAHO M3 MCXOAHBIX BELLeCTB B3ATO B U3GbiTKE,
Ycnosue: Ckonsko rpaMMOB NMOBAPEHHOW CoNw
NaCl! MOXHO nony4uTs, €Cnu cMellaTs Asa pac-
TBOpa, OOQMH U3 KOTOPLiX coaepxuT 29,2 r HCI, a
apyroti 44 r NaOH?

Pewenne: 3anvcolBacM ypasHEHUE NpoTeKaoWwen

=350r

= 0.875 nnn 87.5%

peakuuu:
29,2 44
HCl + NaOH = NaCl + H,O
36,5 40
r/MONnb r/Mons
Haxogum, 4to B cnyqae HCl otHowenne %2:—; =0.8
MONbL MeHbLUIE, YeM B cnyyae NaOH A4 - 1,1 MOns.

40
Tak Kak B JaHHOW peakLiuu BeLeCTBa pearupytor B
PaBHOMONSIPHLIX Konu4ecTaax (Ha 1 mons HCI
pacxoayercs 1 mons NaOH), Yo B paHHOM cny4vae
NaOH 8391 8 ua3tbuiTke. 11o3ToMy pac4er Macchl
o6paaosaserocs NaCl seneM no Macce uapacxo-
nosaHHOro nonHocTeio HC:

29,2 xr
HCI + NaOH = NaCl + H,0
36,5 r/mons 58,5 r/™Mmone
Haxoguwm, 4ro:
29.2-58.5
= " ams5 = 46,8 r

Maccy obpasywowerocs NaCl MOXHO HainTh Takxe,
y4utbiBas, 4T0 uapacxoaosaHo 0,8 mons HCI u,
cnepnosarensHo, obpasyercs rakxe 0,8 mons
NaCl. Torpa macca NaCl pasHa:

0,8 . MNaCI = 46,8 r
Orser: 46,8 r.

14, Onpepenexdue COCTaBa ra3oBoil cMecH (B
06beMHbIX NpoyeHTax)

Ycnosune: 20 n (H.y.) aMMuaka nNponycTunu yepes
HarpeTyio a0 350°C TpybKy C Xene3HsuiM Katanu-
3aropoM. O6bem nony4eHHoONM ra3oBon CMecu
(H.y.) paseH 25 n. KakoB COCTaB MONYYEHHOMN
ra3oBon cMecH (B 0ObeMHbIx npoLeHTax)?
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Peiuenne: NMpw nponyCckaHnv aMMuaka Hag Harpe-
TbIM KATanu3aTopoM NPOTEKaeT peakuus:

2NH3 = N2 + 3H2

2n in 3n
Npuipoct obbema AV npu pasnoxeHun 2 N aMMua-
kKa paseH 1 + 3 - 2 = 2 n. O603Ha4mB 0ObLEM
PaA3NOXMBLLErOCH aMMUaka 4epes X n, U y4Ts, 4To
ysenuyeHue obbema cocrasmno 25 - 20 = 5 n,

MOXHO 3anucaTh:
Pasnoxenue 2 n aMMmuaka NpusBoauT K Bo3pacra-

Huo obbemMa Ha 2 n

Paznoxenne x n aMMuMaka NpuBOAUT K BO3pacra-
HWO obbemMa Ha 5 n

M3 nponopyuu

2 - 2 =52
x_ T T§~ HaxoauMm, 4tox=—=
Takum o6pa3om, B8 cmeckn octanocs 20 - S n
aMMuaKka. Y4nurteisas ypasHeHue peaklmm, Haxo-
avm o6bem o6pas3oBaBlIerocs NPy pasnoXeHun

5n ammuaka Bopgopoga b u asora a:

=5n

5n a b
2NH3=N2+3H2
2n 1n 3n
a= :25=2.5n b=i.i=745n

2
B cmecn ob6beMHoe coaepxanne ammmaka 15/25
= 0,6 unn 60%, ob6beMHOE coaepxaHue a3ora
2.5/25 = 0,1 v 10%, obbemHoe coaepxaHue
soaopoaa 7,5/25 = 0,3 nnu 30%.

Orser: N, 10%, H, 30%, NH; 60%.

15. OnpegeneruMe o6bvema rasa, pacxoayemMoro
Ha NPOBEAEHUE peaKUuMu C ADYTUMU Fra3aMm

Ycnosue: Kakon MuHnMansHslidi o6beMm kucnopoaa,
conepxauero 10 o6bemH. % 03oHa, Heobxoaum
BAg nonHoro cxuranus 4 n nponaHa CiHg?
Pewenne; CocraBnsieM ypaBHEHUE pPeakuuu
ropeHns nponaxHa 8 atmMocdepe KMcnopoaa:

4n X n
c\r‘;Hg + 502 = SCOQ + 4H20
1n 5n

[ns nonHoro cxuranmst 4 n nponaxHa tpedyercs x
5.4

1
nponaHoM Takxe obpaayercsa CO, v sopa. Moavo-
MY MOXHO MPUHSTL, YTO B PEAKUMIO C NPONAaHOM
BCTYMAET CMECH, KaX /bl NUTP KOTOPON COAEPXUT
0,910 0, 1 0,1 n Os. MNpu npespaweHun B KUCNO-
pog, O, 03oHa o6vem yeenuyusaercs 8 1,5 pasa:
203 = 30,
Mpwn atom 13 0,1 n O; o6pasyerca 0,15 n O,.
Takum 06pa3om, 1 n UCXOAHON CMECcH Kucnopoaa
M o3oHa 3keuBaneHTeH 0,9 + 0,15 = 1,05 n O,.
NostoMy anst nonHoro cropaxmns 4 n nponaHa
Heobxogumo V = = 19,05 n kucnopopa,
coaepxawero 10 obbemMH. % 030Ha.
Orser: 19,05 n.

16. Onpepenenue MonekynapHoin bopmynn
BELUIECTBA NO OTHOCUTEJILHOM NJIOCTHOCTHU ero
napos

20 n O,. MNpwu B3anmMogencTsm 030Ha C




Ycnosue: OrHOCUTENLHAS MNOTHOCTL NAapoB
yrneesoaopoaa no so3ayxy 2,69. Maccosasi gonst
BoAOpoAa B coeauHennn 7,69%. Kakoea moneky-
napHas ¢opmyna yrnesogopopga?
Peruenne: O603Ha4YMM OTHOCUTENLHYIO MONEKY-
NEPHYI0 Maccy yrnesoaopoaa kak M, 3 coorHo-
weHui M, _ M
29

= 2.69
Mr(aoanyx)

HaxoavM, yTo M, = 292,69 = 78. Tak kak Macca
MONEKYNbI B a.€.M. YUCJIEHHO PaBHA OTHOCUTESb-
HOV MONEKYNSAPHOK Macce, TO MONEKYNsIpHast
macca yrnesonopoaa 78 a.e.m.

Ha Bopgopopn, 8 yrnesonopoae npuxoauTcs
78+-0,0769 = 6 a.e.m. CnepnoBartensHo, B COCTase
—1—— —
poa npuxoaurca 78 — 6 = 72 a.e.M. Yucno aro-

-7-%— = 6. Takum o6pa-

MONEeKynb aTOMOB BOA0OPOAA: 6. Ha yrne-

moB C B Monekyne pasHo:

30M, dopmyna yraesopopona CeHg (6eH3on).
Orser: CgHg.

17. OnpepeneHue cCOCTaga rasoBol CMeECcH

Ycnosue: OtHocuTenbHad nnotHocTs 30 n cMecu
metaHa CH, v azora N no renviio pasHa 5.
Ckonbko NUTPOB METaHa U a3oTa 83470 ANs
NpUroToBneHus cMecu?

Pewenne: CHavana HaxoauM CPeaHIon OTHOCK-

TENILHYI0 MONEKYNSPHYIO MacCy cMecn M .

M,

4

M,

Mr(He)
fycTb MevaHa 83siTo x n, Toraa asorva s83svo (30 -
x) n. Macca 1 n meraHa 16/22,4 r, aMacca 1 n
azora — 28/22,4 r. Macca x n meraHa
(16/22,4) - x r, a Mmacca (20 - x) n a3ora pasHa
(28/22,4)- (30 — x) r. Macca 1 n cMecm pasHa
20/22,4 r, a macca 30 n cmecun — (20/22,4)- 30 r.
Q4yesugHo, 41O

=5 un |\7|r=4-5=2o

20+ 30
22.4

16x
22.4

Petiag ypasHEHUE OTHOCUTENBHO X, HAXOAMM, HTO X
= 20. Takum 06pas3omM, 419 NPUTOTOBNEHUSI CMeCH
6uino 835170 20 n MeTaHa 1 30 — 20 = 10 n a3ora.
Orser: 20 n metaHa u 10 n a3ora.

28(30-x)
224

18. Onpepenexue cocrasa conei B pacTeope

Ycnosue: B pacrsope cmewianm 9,8 r HySO, n
6,5 r NaOH. Kakue conu v 8 Kak1x Konm4ecraax
obpasosanucs?
Pewenne: TNpuMeM, 4To CMelWwmnsaHne NPoxoanno
Tak, 4ro pacrsop NaOH meaneHHo Bnusanu 8
pacTBOp CepHon kUCNoTol. MNepsoHavyansHo B8
KMCNOW Cpene nporexana peakuus:

NaOH + H;SO4 = NaHSO,4 + H,0

8

98
cepHon kucnotsl. Korga 8 pacreop ssenu 4,0 r
NaOH (r.e. 0,1 mons NaOH), To cepHast kucnora

B ucxoaHom pacreope 6uino 0,1 Mons
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npopearuposana NoMHOCTLIO (Kak BUAHO U3
ypaBHEHNs peakuuu, NPy Peakuun MonNsipHoe
OTHOweHue pearenTor 1:1). B pesynstare obpa-
3oBanocs 0,1 mons kucnon conn NaHSO4.
Npu nocnepywowem aobasneHun B PacTBop
ocrtaswmnxcs 6.5 - 4 = 2,5 r NaOH, 1.e. 0,0625
MONb, NPOTEKaeT peakuus 06pa3oBaHUS U3 KUC-
NOW CONu CPeaHen:

NaHSO4 + NaQOH = N32$O4 + H,O
C 0,0625 mons NaOH npopearvpyer 0,0625 mons
NaHSO, v o6paayercs 0,0625 Mone cpepHen
conu Na,S04. B peaynerare B pacraope byaer
HaxoauTecst 0,0625 mons Nay SO, 1 0,1 — 0,0625
= 0,0375 mons NaHSOQ,.
Orser: 0,0625 mont Na;SO4 1 0,0375 Monsb
NaHSO4

19 —-22. NpuroTosneHue pacTBopa ¢ 3aAaHHOMK
MAaCCOBOM AONEeu PaCTBOPEHHOrO BeLecTBa

a) Ycnosmne: Ckoneko rpaMMoB Caxapo3bl HAnOo
pacreopuTs 8 250 r BOALL, 4TOOB! NONy4uTL
pacreop € Maccoson gonen caxapoant 0,3 (30%)?
Persenne: O603Ha4YMM MACCY UCMONL3OBAHHOMN
Caxapo3bl 4epe3 x r. Macca pacrsopa paBsHa
(250+x) r w, CneaoBatensHo

EE T
Peuwas 370 ypaBHEHUE, HAXOQUM, 41O X = 107 r.
Orser: 107 r.

6) Ycnosne: CkOneko rpaMMOoOB MeQHOro Kynopoca
CuSOy * 5H,0 Hano aobasursb k 300 r 2%-ro
pacresopa cynsdara Meau, 4robsi nonyunts 5%-
HbIA pacTeop?

Peurenne: OrMmerum, 4ro 8 300 r 2%-ro pactesopa
copepxanmne CuSO,4 pasHo 0,02:300 =6 r.
0O603Ha4mM Teneps Maccy nobasnsemMoro B
pacrsop CuSQO, * SH,0 4epes x. Tak kak MonsipHas
macca CuSQO, < SH,0O pasHa 250, a MonsipHast
mMacca CuSQO4 — 160, To MaccoBas aonst 1%83—
soaHoro CuSQ, 8 CuSQ, - 5H,0 pasHa 550" =
0,64. CnepnoBsarentHo, B X I MEAHOro Kynopoca
coaepxanue 6essoaHoro CuSO, cocraensier
0,64x. C y4eTOM 3TOr0 MOXHO COCTaBUTh
ypasHeHue:

6+ 0.6

.._—4x_ = 0.05
300 + x o

PeweHue aToro yYpaBHEHUSA MO3BONAET HAUTH, 4TO

x=1525r.
Orser. 15,25 .

8) Ycrosne: Ckonbko MUNAUNUTPOB BOAbLI HYXHO
noBasurb k 100 mn 30%-ro pacresopa CONAHON
KMCNOTB! € NNOTHOCTLIO 1,15 r/Mn, 41006
nNoNy4nTsL pacraop ¢ Maccosoi aonen HCI 5%?
Pewenne: YuurbiBasi, 470 NNOTHOCTL Pacreopa
1,15 r/Mn, HAXOAWM MacCCy UCXOAHOro PacTBopa:
m=pV=115-100=115r

Hcxopneit pacreop 30%-Heiit, cneposarensHo, B
HeM coaepxutcst 0,3°115 = 34.5 r HCL.
Ecnn maccy gob6asnsiemMoii soast 0603HaYUTL
4Yepes X r, TO MOXHO 3anucaTs ypaBHEHUE:

34,5

115 + x
Ovciopa x = 575 r.

= 0,05




Orser: 575 r.

r) Ycnosue: Cxonbko rpammos BaO Hapo poba-
suTs Kk 100 r Boabl, 4TO6LI NONy4mUTb 5%-HbiA

pacrsop?
Pewenune: Npw sHecenun BaO 8 sBoay nporekaer
peakuyus:
X y
BaO + H20 = Ba(OH)2
153 171

0O603Ha4uM Maccy BaO, korvopuiti Haao aobasurhb,
yepes x. Toraa maccy o6pasyiowerocs 8 soae
Ba(OH), y MOXHO Bbipa3uTs Kak

171x_ _
y= ga— =112

C y4erom Toro, 41o u3 x r BaO obpasyercs
1,12x r Ba(OH),, MOXHO 3anucaTts ypasHeHue:

1.12x
S S .0
100 + x 0.05
PeuleHue ypasHeHus gaer x = 4,67 r.

Orser: 4,67 r.

23. MpuroTosnenue pacTeopa C 3afaHHOM
MONAPHOW KOHLIEHTpaLMeit

Ycnosue: Ckonbko rpaMMos cynsdarta HaTpus
Na;S04* 10H,0 HeobxoauMO ANs MPUroToBNEHUS
0,5 n pacTeopa C MONSIPHOM KOHLUEHTPaLuen
0,02 mons/n?

Pewenue: NpurorosnsiemMslil pacTsop AONXEH
coaepxartb 0,5+0,02 = 0,01 Mmonb BewecTsa, T.€.
0,01 Mons Na;S04. 0,01 monb Na,SO4 copepxut-
cs 8 0.01 monb Na,SO, * 10H,0. CnepgosarensHo,
AN PUrOTOBNEHWA PACTBOPA HYXHO UCMONL30BaThL
m=0,01- M(N32$O4° 10H,0) = 0,01 +322 = 3,22 r
Orser: 3,22 1.

24. Onpenenenne GoOpMynbl Oprasu4eckoro
BellecTBa No AaHHbIM O Macce NPoAYKTOs
peaKkuum

Ycnosue: Mpw nonHoM cropanuvn 6,0 r opraHu4ec-
Koro sewiecrea nonay4eHo 8,8 r COz v 3.6 r BoAw.
MnorHoCTL NAapoB OpraHU4eckoro BewecTsa no
soaopoay pasHa 30. Kakosa MonekynsipHas
dopmMyna sewecrsa?

Pewernue: CHa4ana HaX0aUM MONEKYNSIPHYIO
mMaccy sewecrtsa. OHa pasHa M, = 2+ 30 = 60.
Mopuws sewecrasa Mmaccon 6,0 r conepxur

Ar(c) 1

yrnepopa 8.8 = aa;f;— =24r
Mrcoy
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oAopoAaa oHa coaepXxur 3.6 ——mmei =
Mr(H.0)

= %‘—-— =04r.

0,4 + 2,4 < 6,0 u, cnenosBaTensHO B COCTas
Bewecrsa BXOAUT Takxe kucnopoa. Ero 8 nopuymm
sewecrea maccoi 6,0 rmpg=6,0-2,4-0,4
=3,2r.

B monekyne Bew,ecrsa OTHOLWEHUE YUCEN aTOMOB
C, H v O pasHoO:

MoiMy:No = —12—'5-1—= 01—4=—31—6?- =02:04:02=1:2:1
Npocreiwas ¢opmyna sewecraa CH,0. 3Have-
Hue M, ans takoit dopmMynbl pagHo M, =12 + 2+ 1
+ 16 = 30. Tak kak 370 3Ha4YeHue B ABa pa3a
meHsie M, sewectsa (60:30), vo, cneposarens-
HO, MonsipHasl popmyna sewecraa 6yaer CoH40,.
Takow dopmyne orsevaeT ¢GopMyna YKCYyCHON
kucnorsel CH3COOH v meTunosoro adupa
MypasbuHOW Kucnotelt HCOOCH;.

Orser: ¢dopmyna sewecrea CoH405.

25. Onpegenevue MoneKynsapHon popmynbl
OpraHM4YecKoro BewecTsa No [aHHbIM O
npoAayKkTe peaxkiium

Ycnosue: NMpu o6paborke 14,8 r o4AHOOCHOBHON
KapOOHOBOW KUCNOTHI U3BLITKOM LiUHKA MONYy4eHO
2,24 n Bopopoaa. KakoBa MonekynsipHas ¢opmy-
na Kucnorol?

Pewenne: Nony4eHo 2,24:22,4 = 0,1 mons Ha.
Tak KaK Kucnora OQHOOCHOBHASI U U3 KAXA0N ee
MONEKY/ibl METANN BLITECHSIET TONLKO 1 aroM
80A0pOAA, TO, CNEA0BATENLHO, KUCNOTbl UCMONb-
3osaHo 0,12 = (0,2 mons. MonsipHas Macca

148 r
0.2

B obwem suae GopmMmyny OAHOOCHOBHOW KUCNOTHE
MOXHO 3anucate Kak CpHsn+1COOH, 1 3Havenue
M=12'n+@2n+1)-1+12+2-16 + 1. [na
onpeaeneHusl N COCTaBNsIeM ypaBHEHUE:
12'nt+t@2n+1)*1+12+2-16+1=74
Petas. 3TO ypaBHEHWE, HAXOAUM, HTO M =2, K
monekynsipHasi gopmyna kucnotet CoHsCOOH
(nponuoHoBast KUCNOTA).
Orser: CoHsCOOH

asTop 3apa4 C.C. bepaoHocos

KMCNOTHl pasHa =74 r/MOnb.

#




LM

-]

COAEP)XAHUE
APELVCIIOBYE. .......oooee oottt 3
XUMUYECKUIA DNEMEHT ..o 4
CTPOEHME ATOMA. ..o, 5
NEPUOANYECKAS CUCTEMA SNEMEHTOB. .....o.oooeeoeoeeeeeeeeeeeeeeeeeee. 6
XUMUYECKAS CBABD ..o oeeieieeeeees oot 7
TUMbI XUMNHECKNX PEAKLM ... oo 8
CKOPOCTb XUMUYECKUX PEAKLIAVA ......oooooeoeoeoeeeeeeeeeeeeeeeee, 9
OKUCNTUTENBHO-BOCCTAHOBUTENBHBIE PEAKLIAM ..o 10
PACTBOPD ...t oo, 11
SNEKTPONIUTUHECKAS AUCCOLMALLAS ....oooooveoeoeeeeeeee. 12
OIEKTPOSIMB ..ottt 13
OKCUIDBI ... e, 14
OCHOBAHMS. ...t 15
KICTIOTB ..ot 16
COM e e 17
FULPOSIAB COMEM ..ot 18
NOArPYNNA la, LUENOYHBLIE METANAbI Li, Na, K, RD, CS....cveveivr . 19
NOArPYMMA lla U LWENOYHO3EMESILHLIE METANSbI Ca, Sr, Ba............. 20
NOAMPYNMA Hla. ATIOMUHUIA Al 21
NOAMPYMAA VING. XKENESO FE ...ooovoooeoovoe oo, 22
BOZOPOM, H ..ot 23
NOAPYMNA Vila. TANIOTEHDI F, Cl, B, oo, 24
AOAMPYNIA VA, XJTOP Cl..o.oioeoeooeooeo ettt 25
NOAMPYMIA V12,0, S, S€ TC ..eeimieoeoeoeeeeeee oot 26
AOAMPYMNA VIa.KUCTOPOLL O ...ooovoooooeeoeeeeeoeeeeee e, 27
BOJA (OKCUA, BOAOPOIA) HoO.oo. oo, 28
FOAMPYIIA Vo ABOT N..o.oo oot 29
KNCNOPOOHBIE COEAMHEHMS ABOTA. ..o oot 30
NOArPYNNA Va. N, P, As, Sb, Bi. @OCDOP P.....cooeveveveeeoeoeeeer . 31
NOAMPYMIA IVa. YINIEPOL, C..oovoeeoeoeeeoeeeeeeeeeeee e, 32
NOArPYMNA Va,C, Si, Ge, Sn, Pb. KPEMHUM Si.....cooooooooveeeeeooeeee. 33
AOATPYMMA VIB, XPOM CF ..o, 34
NPEOENbHBIE YINEBOAOPOAb! (ANIKAHbI, MAPADUHDBI) ........oooeee . 35
HEMPELENbHBIE YIEBOAOPOAb! (ANKEHBI, ONEGUHbI)........oovev.. 36
JVEHOBBIE YFAEBOAOPOMB. .. oo ovovoeeoeoeeeeeeeeeeeeeeeeeeee e 37
ALETUNEHOBBIE YINEBOAOPOAbL! (AMTKUHDBI) . ovooooe e 38
APOMATUYECKWUE YIEBOAOPOAB! (APEHbBI) ...o.ovvovoeveveeeeeeeereeere 39
CIIAPTDBL. ...ttt 40
DEHOSIBL. ..o e, 41
ATTBAEMIBI Y KETOHBI ..o oo 42
KAPBOHOBBIE KUCIIOTBL........ov oo oo, 43
CIIOXKHBIE KETOHD. ..ot oo, 44
EMIAHBL ..o, 45
EVVHOKMCTIOTB .o 46
“AHECTBEHHbIE PEAKLWM HA KATUOHDB ..o oo 47
« A<ECTBEHHbIE PEAKLWM HA AHVMOHDI .....ooovoooeooeeeeee 48
« 1~ZCTBEHHbIE PEAKLIMM OPFAHUYECKWX COEOUHEHWA. ... .. 49
= ZAYECKUE BESIMMUMHDBI B XUMUM oo 50
=2 _Z-AE 25 TUNOBBIX PACHETHBIX 3ALAY ..o 2

57




p— reynn bl INEMEHRTOB
T 1 6 a N6 | a M 6 | a W 6 | a ¥ | awoc | awne viii 3
i 2
l H H He ATomnan uaccn Toukunnonep
10079427 e (40026022
§000P0A trenui 2 92 2
2'
> k| 4 5 6 7 8 3 10 z:u,onm L8
o|Li *|Be ‘|B C N
884122 9,01218¢f 10,91125 12,0111 14,008721 15,9994, 18,998402¢1 2017821 "‘"
84124 ¥ 2{ 10 2201 3| 14 2s22p2 4 | 14 2203 3 2822p4 § 2422p3 7 2 8
UL 2 2| strmaamn 2" 3| gor 20203 yrneran 2 2w 2% 2 wwenoron 7 2] gier M el Pacnpenenehue pacnmemm
'
n Mec " | Al " |Si " 15 16 17 18 Mo ANEToANRMOL M o ShorauNEN
3 g 1 uﬁn;mliumn
220087741 112430521 21 263815421 1 2u0msser o, S1 200N, o L 21320866 L, S1ASAS3 O T Fan e 8 nagodononxEm
AT B 1 YT 2 2 L anmwmend 227" 2 woemwmn 2" Bonceer 2P Rloem MY 2{annr 2T Bl now 300
19 20 2 2 ] 23 i C 25 26 27 28 .
K "/Ca *," Se|,? Ti V|, r N“I,,I}, Fe| ” Col|,2 Ni
38,098):1 . 81 4007824 |8 449550121 | © 470823 1t 50941541113 51996126 '3 93802 7] S5B47¢3 {15 58,89332+1 | e 58,8921
’ 8 432 8| 8 agqt 2482 ' 2 8 gy e. 3d54a2
4 KAan i = 2] aanvuni R0 k] 32N | 30 o] 2 O o T 83 wraese ) 3077 ot | 2977 warems
29 C 30 k) 32 K} 35 36
‘ ul . Zn|Ga® |Ge " ,|As ¥ Se *,Br * |Kr ¥,
» 83,5402 | 8 853922 | 63,7234 181 92,5923 FARIEHE 8179,96-1 L R L[S RPN 83,8021 L]
1044 ol ” 2 » 24pd 24p4 B 4524 a 24p8
I N B i { P T “’zg mawnax %" Slemen 7 Bl erom #4272 [xpmnron 4P% S
] T ' R
Rb : T a8 : 339 2 40 Zr 1 b ] 2 MO 2 43 C i 1] Ru h ‘glﬁ Pd
85487823 W | g782:y v; s 08,8058:1 [ @ $1,224+2 {18 92808421 (8 o 9594:1 18 $7,3072 B 101,0722 102805521 | 8 156,4221
55t 8 542 [ . 1 ol 8 4d331? 8 4d ‘ 4d?ss? g «55.1 4d'0850 X
5 pyERaNR 2| crronywit $405 oo | 45 wenonmt | § %" Twosna | 2 MONMEAER | 2 TERHEURR 297 pyreumi poneR | 3 5'lmumml
47 48 C 52 53
J 2 d|In “.,Sn Sb %;Te %I [ Xe ¥,
:“m 1107868223 » aqosg2  M2AET[14R200 B 118,710 11217523 8i12780:3 o 8| 12800520, o 0] 11,2003 .8
" comsro| 25T agwnn b 75" 8 geagy %750 Sl 57500 Sl %" 2lang " 2 aeenan F° 8
; 7 "W [;* R O
Cs *: Ba *;:¥ La*;” Hf ;" Ta|; 3 el ;® Os|;7 Ir|,» Pt
13290542 w | 1972314 Bie 136405521 178,492 180,347921 | %8 183,852 g 186,207 % 00221 {33 19222:3 |5g 95,0023
'8 as? a8 5d'6s2 2 Sadesd 2 i 548642 547052 1
6 neand 2{ sArnd 812 WANTAN 'z”‘”" noKKi ‘im’l waan} 3 seneoran | 3 PENNR 3 scunh [ £°°°0 wemgmn| ANATHNA
79 B0 81 : 85
4" Aulg Tl "s/Pb %;Bi %iPo *“3At %jRn *;
1356'05 19898851 {18 joq 2 2005943 200383 ‘2 002s0 s u; 2|le04:|8’zs e 208,824 842604 ™ | 208,887 h,ap, Bl o, u; -
00010} 2 PIYTS [Tannui CENNEY FL P2 ncnunul 2 nm PAROH -
: B8 21 289 ik 2 2
- |Fr ViRa ®{1#"Ac™|i® Db [i® J1 {WRE | Bh| ;"Hn i Mt gm0
23,0187 , 13 {22025 8 2210278 {281} 32 {282) ’m {263} 3 (262} EH {265} i % i1
641782 602722 643752 634752 845757 640752 647752 68752
ornnnd 0 3] pagmi 8 ? O KIRRNR 5 Caei | S xeargind | 5 evermoani | S sSPi 8 7 i ° uiiumi § 57
A NAaHTHHONWA DL
58 59 60 b1 62 63 64 85 67 88 §9 70
Ce *;:|Pr % ;) Nd*”: Pm":;|Sm% | Eu®; Gd*:Tb*:| D ysHo Er®;:Tm%|Y¥Yb";: Lu
"o, 24y o lwoseTi B2 22 hagrs 23 |asbasey 28 lwisen  Blasizsa 2 lwesmser 27 Liezso¥ 28 | igasaeet 29 iz 39 |msman 3 s, 31§ e 32
41'54'652 'g. 3652 '8 artes? ' atSes? '8 ar56s2 'g atresz 51 Tar7sares? § 49642 9 410652 "9 arvigsr PEPRE- a9ps2 g “ga2 4i™sdtes2 '
[1141] 2 [ NPAIEOCONM 2 | KEOQUNM 2| neomernn 2 | camapud 2 | tppannk 21 Iagonwnnid  2) TEPERA 2 ANCNP0IRe 2 | tonpmai 2 | apeuR 2 | v 2 ln(uu 2 LOHYTLL) 2
A B HTHRONMNAO b
90 2 812 82 2 9312 942 952 95 2 97 2 98 2 99 2 100 2 1012 1022 103 2
Th*iPa iU I Np¥iPu®iAm* | Cm*}|Bk"; Cf *; Es*/Fm"|/Md"| No"%| Lr ;
23203m:( 32 | PS8 3% 1 230020921 J‘g 2170487 32 | 2040842 321 243,061 321 a1 321 47,0703 32 { 2510796 32 | 2520024 32 § 297,085 32 | 256,0966 32 | 2591008 32 1 260,1054 32
sa27s2 "5 | szeatzs2 G| si3sarrez B siearzez 18 s16752 'g st77s2 W1 sreamns? | siteqrs? 9 5110752 sin7s2 g 502752 ' 519752 '3 514752 B | stmegrrz 1§
1opuil 2 | NPOTAKTAHNR 2 YPAR 2 | KENTYRNR 2 NAyIo Rk 2 {Amermunid 2 fxorri 2} BERUARR 2 | KAnN@BPHRR 2 | SANWIERNAR 2 | ©iPMRN 2| MewDEREANR 2§ nOEEANA 21 norPiucnh 2



http://www.tcpdf.org

