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Meronuueckue ykasanus [ npaktudeckux 3anHatnd no EH.01 Xwumus
coctaBieHbl B cootrBeTcTBUM ¢ TpeOoBanusiMu PI'OC CIIO k mnoaroroBke
BBIIYCKA JUIsl TIOJYYEeHHsS] KBAIM(DPHUKAUMK CIECHHATUCT IO TOBAapCKOMY H
KoHauTepckomy geny. IlpenHazHaueHbl ISl CTYAEHTOB, OOydYarolIuXcsl 10
crienmaiabHOoCcT 43.02.15 TToBapckoe 1 KOHAUTEPCKOE AENO.



IlosicHUTEILHAS 3aIIUCKA

Meroauueckue yKazaHHMs IIpU3BaHbl OKas3bplBaTh IIOMOLIb CTYJEHTaM B H3Y4YEHUU
OCHOBHBIX IIOHATUH, UJIEH, TEOPUH U NIOJIOKEHUIN NUCLHUIUIMHBI, U3y4aeMbIX B X01€ KOHKPETHOIO
3aHATHSI, CIOCOOCTBOBATH PAa3BUTHIO MX YMEHUH U HABBIKOB

CoBpemeHnHble TpeOoBaHMsS K Yy4eOHOMY IpOILIECCY OPUEHTHPYIOT IMpernojaBaTens Ha
MIPOBEPKY 3HAHHI, YMEHH, HABBIKOB Yepe3 ACSITeIbHOCTh YUaIIXCs.

3agaun padoThI:

- U3YYHTH JIUTEPATYPy, HOPMATUBHYIO JOKYMEHTAIIMIO TI0 JAaHHOW TpobiieMe;

- U3YYUTh METOJAMYECKUE YKa3aHUs JJIsl COCTABJICHHS MPAKTUYECKUX pPadoT;

- I3YYHTh Y4eOHYIO IpOTpamMMy, yUeOHBIH MaTepral 1Mo IUCIUTUIHHE.

BpinoJiHeHHe NPaKTHYeCKUX PadOT HANPABJIEHO HA:

- 00o0menue, CHUCTEMaTHU3AIHIO, yriayOeHue, 3aKpeIICHHE MOJTyYEHHBIX
TEOPETUYECKUX 3HAHUN MO0 KOHKPETHBIM TEMaM H3y4aeMbIX JUCLHUIUINH;

- ¢opMupoBaHHE YMEHUH MPUMCHSTH MOJyYEHHBbIC 3HAHUS HA MPAKTUKE, peaTr3allfio
€IMHCTBA UHTEIUICKTYaJIbHONW U MPAKTUYECKOM 1eATeIbHOCTH;

- pa3BUTHE HHTCUICKTYQJIbHBIX  YMEHHH: aHATUTHYECKHUX, TMPOCKTHPOBOUYHBIX;
KOHCTPYKTUBHBIX U JP.;

- BBIPA0OTKY TpPH PEHICHUM IMOCTABICHHBIX 3a/ad TaKUX, KaK CaMOCTOSITEILHOCTb,
OTBETCTBEHHOCTb, TOYHOCTb, TBOpYECKAsT MHUIIMATHBA.

[Ipy BBHIMOTHEHWM NPAKTUYSCKUX  PabOT ydwammecs OBJIAJACBAIOT TEPBOHAYATBLHBIMH
YMEHHUSIMH U HaBbIKaMU, KOTOPbIE B aJbHEHIIIEM 3aKpeIUISIOTCS.

Hapsimy ¢ ¢popmupoBaHueM yMEHHII M HABBIKOB B MPOIIECCE BBIMOJHCHUS MPAKTUYCCKUX
paboT 00001IAI0TCS, CUCTEMATU3UPYIOTCS, YTIIYOISIOTCS U KOHKPETHU3UPYIOTCS TEOPETUYECKUE
3HAHUs, BEIPA0ATHIBAETCS CIIOCOOHOCTHh M TOTOBHOCThH UCTIONB30BATh

HucuumnnHa «XuUMHUS» ~ BXOAMT B 0a30ByI0 YacTh MaTEeMaTHYECKOro U OOMIETro
ecrectBeHHOHayyHoro muxia OIIOIl CIIO no cnenmansHoctn 43.02.15 IloBapckoe u
KOHAMTEPCKOE JIeJ0 U u3yyaeTcs B 3-4 cemecTpax.

Oco0eHHOCTHI0 00YUYCHHUS SIBJIICTCSI HEPa3phIBHAS CBS3b TEOPUHU U MPAKTUKH 10 TIPUBUTHUIO
CTYJEHTaM MPaKTUYECKIX HABBIKOB.

Oco0oe 3HaueHWe I YCBOCHHS COACPKAHHUS MOIYJS W TPUBHTUS TMPAKTUICCKHIX
HABBIKOB MMEET MpPaBHJIbHAS M YETKas OpraHu3allis MPOBEACHUS U BBINOJIHEHUS CTYJIECHTaAMU
MPAKTHYECKUX Pa0boT ¢ TpeOyeMOoil TOYHOCTHIO TIOJT KOHTPOJIEM MPETIOIaBaTelIsl.

[lepen HauanOM BBINONHEHUS KaXAOW pabOTHI CTYJIEHTHI JOJDKHBI O3HAKOMHTHCS C €€
OCHOBHBIMH TI0JIOXKCHUSIMH, TIOPSIIIKOM BBITIOJIHEHUST PaboThI. [locie BRIOMTHEHUS PAKTUYSCKOM
paboThl HEOOXOIMMO MPOU3BECTH 0OPAOOTKY PE3yJIbTATOB UCTIBITAHUI U CAeNaTh HEOOX0UMbIe
BBIBOJIBI.

Ilenpto OCBOEHMS] IUCHUIUIMHBI «XUMUS» SBISAIOTCA: (OPMUPOBAHHME Yy y4aLIUXCSA
(GyHIaMEHTAIbHBIX 3HAaHWK B OOJACTH XMMHUYECKUX JUCIUIUIMH M BBIPAOOTKA MPAKTUYCCKUX
HABBIKOB M0 MPUMEHEHHUIO METO/I0B XUMHUYECKUX HCCIEAOBAHUN MIPU PEIICHUN TEOPETHUECKUX U
MIPHUKJIATHBIX 3a]1a4.

B cootBercTBrM ¢ PI'OC CIIO CTYyneHThI TOIKHBI:

yMeThb:

— TpPUMEHSATH OCHOBHBIE 3aKOHBl XMMHUU JJs pelieHus 3agady B o0iacTu
poecCHOHANBLHOM e TeIIbHOCTH,

— HCHIOJb30BaTh CBOMCTBA OpPraHMY€CKUX BCHICCTB, AWCIICPCHBIX W KOJJIOMJHBIX CHUCTEM
AJI1 ONITUMU3AUA TEXHOJIOTHYCCKOTO MTPOIECCa,



— OINHUCBIBATH YPABHCHUAMU XHMHUUYCCKUX peaKuHﬁ MpoUccCChl, JCxKamnue B OCHOBC
IIPOMU3BOACTBA IIPOJOBOJILCTBCHHBIX IIPOAYKTOB,

— TPOBOJUTH PACUETHl IO XUMUYECKUM (OPMYIIaM U YPABHEHUSIM PEaKIHH;
— HCIOJIb30BaTh J1a00PaTOPHYIO MOCYAY U 000pYA0BaHUE;
— BBIOMpATh METOA U XOJ1 XMMUYECKOTO aHaIN3a, OJ0UPATh PEaKTUBHI U allaparypy;

— IHPOBOJUTH KAYECTBCHHBIC PCAKIIMKM HAa HCOPraHUYCCKHUEC BEIICCTBA U NOHBI, OTACIIBHEBIC
KJIaCChl OPraHN4YCCKUX COCﬂHHeHHﬁ;

— BBIIOJIHATH KOJIMYECTBCHHBIC PACUETHI COCTABA BEIIECTBA 0 Pe3yJIbTaTaM U3MEPEHHI;
— co0ro1aTh MpaBMIa TEXHUKH 0€30MacHOCTH NP paboTe B XMMUYECKOH 1abopaTopHH.
3HATH:

— OCHOBHBIC TIOHSTHSI M 3aKOHBl XUMHHU; TEOPETUUYECKUE OCHOBBI OpPraHUYECKOM,
(hU3UYECKOM, KOJJIOMTHON XHMUH;

— IIOHSATHE XMMHYECKON KUHETUKH U KaTtaju3a, KHaCCI/I(i)I/IKaLII/IIO XHUMHUYCCKUX peaKI_[I/Iﬁ u
3aKOHOMEPHOCTHU HUX IIPOTCKAHUA;

— oOpatuMble M HeOOpaTHMMble XHMHUYECKHE pEakIMH, XUMHYECKOE paBHOBECHE,
CMELIEHHE XUMUYECKOT0 paBHOBECHS MO/ JeHCTBUEM pa3IMYHbIX (DaKTOPOB;

— OKHUCIUTCIIbHO-BOCCTAHOBUTCIIbHBIC PCAKIINU, PCAKIITUU NOHHOT'O O6M€Ha;

— T'HAPOJIN3 COJ'IGfI, AUCCOMAalHIO JJICKTPOJIMTOB B BOJHBIX pacCcTBOpax, IIOHATHE O
CHJIBHBIX U CJIa0BIX QJICKTPOJINTAX,

— TemnoBor 3((HEeKT XUMHUUECKUX PeaKIuid, TePMOXUMUYECKUE YPaBHEHUS;

— XApaKTCPUCTHUKU PA3JIUYHBIX KJIACCOB OPraHMYCCKUX BCHICCTB, BXOJAAIIHNX B COCTAaB
CBIPbsl U TOTOBOW MUILEBON MIPOAYKLIUHY;

— CBOMCTBa PaCTBOPOB U KOJUIOUAHBIX CUCTEM BBICOKOMOJICKYJIAPHBIX COCI[I/IHCHI/If/’I;

— JIUCIIEPCHBIE U KOJUIOUAHBIE CUCTEMBI MUILIEBBIX IPOIYKTOB;

— POJIb U XaPAKTCPUCTUKHU ITOBCPXHOCTHBIX SIBJICHUM B MNPUPOAHBIX U TCXHOJOIMYCCKUX
npoleccax;

— OCHOBBI aHAIMTHYCCKOMU XUMHH, OCHOBHBIC MCTOAbI KJIIACCHYCCKOI'O KOJIMYCCTBECHHOI'O
U QU3UKO-XMMUYECKOTO aHaIN3a;

— Ha3HA4YECHUE U IpaBHJIa UCIIOJIb30BAHUS Ja0OPAaTOPHOTrO 000PYIOBAHMSA U AlAPaTyphl;

— METO/Ibl U TEXHUKY BBIIIOJHEHHUS XMMUYECKUX aHAIHU30B;

— TpHeMbl 0e30MacHON PabOThl B XUMUYECKOH 1ab0paTOpHH.



IIpakTHyeckas padora Ne 1.

Tema 3anamusa: OCHOBHBLICE NOHATHA W 3aKOHLI XMMHH. 3aKOH HJKBHBAJECHTOB.
I'azoBbIe 3aKOHBI

Leab: MO3HAKOMHUTHCA C TMOHSATHUSAMHU: KOJIMYECTBO BEIIECTBA, MOJIb, MOJIIpHAs Macca,
SKBUBAJICHT, MOJISIpHAsI Macca 3KBUBaJIeHTa, OCHOBHBIMU KOJMYECTBEHHBIMU 3aKOHAMU XUMHHU:
3aKOHOM IIOCTOSIHCTBA COCTaBa, 3aKOHOM JKBHMBAJIEHTOB, 3aKOHOM KpaTHBIX OTHOILEHUH,
3akoHOM bonns-Mapuorra u ['eii-JIroccaka; ypaBHenueM MenzaeneeBa-Knanelpona, 3akoHOM
ABorajipo, 3akoHoM JlanbTOoHa

Bonpocsl 151 o0cykaeHus:

1. KonudecTBo BemiecTBa, MOJb, MOJISIpHAas Macca, SKBHUBAJICHT, MOJISpHas Macca
JKBUBAJICHTA,

2. OCHOBHBIE KOJIMYSCTBEHHBIE 3aKOHBI XWMHH. 3aKOH IIOCTOSHCTBA CcoCTaBa, 3aKOH
OKBHUBAJICHTOB, 3aKOH KPAaTHBIX OTHOIIICHUH.

3. 3akon boinga-Mapuorra u I'eii-JIroccaka.
4. VYpaBHenue MeneneeBa-Kianeiipona.

5. 3akon ABoraapo. Hopmanbubie ycnoBus. ILIOTHOCTE OZHOTO Ta3a MO APyromy rasy.
[TapumansHOE naBiIeHHE.

6. 3akon JlaaprTOHA

3aK0H YKBHBAJICHTOB

IKBHUBAJEHT (D) — 9mo peanvbHas uiu Yclo6Has Yacmuya eeujecmaed, KOmopas Mo4cem
3amewams, NPUCOEOUHAMb UTU BbLOENAMb OOUH UOH 8000p00d 8 KUCIOMHO-OCHOBHLIX UIU
UOHOOOMEHHBIX PeaKyusax uiu 0OUH 21eKMPOH 8 OKUCTUMENbHO-80CCIMAHOBUMENbHBIX PEAKYUSIX.
ITox «peanpHOl yacTHIEH» MOHUMAIOT peanbHO cymecTtByromme coeauHeHus (KOH, H,SO.,
H,0), nox «yciaoBHON» — 10 3TUX peanbubix yactull (2H2S04, '/sKMnOy). DKBUBaIEHT Tak
ke, KaK aToM, MOJIeKyJia, MOH — Oe3pa3MepHasi BEJIMYMHA U €r0 COCTaB BBIPAXKAIOT C TOMOIIBIO
XUMHYECKUX (OpMYI ¥ CUMBOJIOB. KoJIM4ecTBO BelecTBa SKBUBAJICHTOB H3MEPSETCS B MOJISX.
Macca 1 monv 3Keusanenmos Ha3bIBACTCS MOJSIPHOM Maccoil IKBUBaJeHTOB (M,) u
BBIPA)KAETCSI B I/MOJIb.

OKBHBaJICHT (MOJ'ISIpHaH mMacca BKBI/IBaHeHTOB) JJIs1 OJHOT'O U TOIr'O K€ BCIICCTBA MOXKCET
HUMCTD PA3JIMYHBIC 3HAUCHHUA B 3aBUCUMOCTHU OT TOI'O, B KaKyI0 PCAKIIMIO 3TO BECUIICCTBO BCTYIIACT.
OKBHBaNCHT U M. PaCcCUUTBIBAIOTCA HECOAUWHAKOBO JIsI KMCJIIOTHO-OCHOBHBIX W OKHUCIHUTCIIBHO-
BOCCTAaHOBUTCIIbHBIX peaKuHﬁ.

MonsipHas Macca 9SKBUBAJICHTOB BELIECTBA, YYACTBYIOLIETO B  OKUCIUMENbHO-
80CCMAHOBUMENLHOU PEAKIIH, PACCUUTHIBACTCS 10 (PopMyIie:

n
M e,
rac M — MOJApHasA MacCa BCLICCTBA, Ne— YHUCIO OJJCKTPOHOB, HNPHUCOCIMHCHHBIX OJTHOM

MOJ'ICI(yJ'IOI\/'I OKHUCIIMTEIIS WM OTJaHHBIX OJHOM MOJ'IeKy.TIOI\/’I BOCCTaAHOBHUTCIIA.

Hampumep, B OKUCTUTETHFHO-BOCCTAHOBUTEILHOM peaKIiy ropeHus cepooopoaa 2H>S
+30,=2H,0 + 2SO0, cTeneHb OKUCIEHUS CEpPbl H3MEHSETCS OT —2 (8 H,S) mo +4 (B
SO,). CrnenoBatenpHO, Moiekyna H,S Tepser 6 dJIEKTPOHOB, T. €. OJHOMY DJIEKTPOHY
SKBUBAJIEHTHA YCIOBHAS 4acTUIA '/ MOJEKyIIbl H,S.



My s 34
=—=5,6 r/mMo/b
D(H:S) = YH:S, a Mu(H.S)= 6 6
VY kucnopona crenenb okucienus mensiercss or 0 (B O,) mo —2 (B SO,) U, Tak Kak B
€ro MOJIEKYJIe COJEpPXKUTCS 2 aromMa, TO YHWCIO MPHUHATHIX 3JEKTPOHOB Oyner paBHO 4. U,
TakuM 00pa3oM, OJHOMY 3JEKTPOHY SKBHBAJICHTHA YCJIOBHAs yacTUla 74 MOJIEKYJIBI O,.

M
% — 32 =8 r/Mo/b

D(02) = %0, a My(0)= 4 4
MounsipHas Macca SKBUBAJIEHTOB KUCAOMbI WIA OCHOBAHUs, YUACTBYIOIIUX B KUCIOMHO-
OCHOBHOU PEAKITUH, PACCUNTHIBACTCS 110 HOpMyJIe

M

M,(KHCIIOTHI, OCHOBaHus)= 1 |

rome M — MOJIIpHasA MacCa KHUCJIOTbI WM OCHOBAHHA;, N — IJIA Kuciom — 3TO YUCIIO aTOMOB
BOOOpOJa, 3aMCIICHHBIX B JIaHHOﬁ pC€aknymn Ha METall; n — A OCHOBAHUI — YHUCIO
THAPOKCUIIBHBIX I'PYIII, 3aMCIICHHBIX B JTaHHOM pCaKknun Ha KHCIIOTHBIM OCTaTOK.

Hanpumep, B kucnotHo-ocHoBHO# peakuuu H,S + 2NaOH = Na,S + 2H,O (1) oba uona
BOJIOpoJia MoJeKyibl HoS 3amematroTcst Ha MeTal U, TaKuM 00pa3oM, OJIHOMY HOHY BOJIOpOJia
SKBUBAJICHTHA ycioBHas yactuia Y2 H,S. B aTom ciyuae

My,s 34

=—=17 r/monb
D(HS) =% H:S, a My(HL,S)= 2 2 .
B peaknun H,S + NaOH = NaHS + H,O (2) B monekyne H,S Ha Mertann 3amemaercs

+
TOJILKO OJIMH MOH BOJOPOJA M, CJIEIOBATEIbHO, OJHOMY HOHY H SKBHUBAJICHTHA peasbHas
yacTtuia — Mmosiekyna H,S. B atom ciyqae

Mys  34_

AHS)=HS, a MuH:S)= 1 = 1 34 /mom.
D(NaOH) B peaknusix (1) u (2) paBen NaOH, Tak xak B 000MX CIIy4asiX Ha KUCIOTHBIN
OCTaTOK 3aMeIIaeTcs o/iHa ruApokcuwibHas rpymma. M,(NaOH) = 40 r/mMonb.

MonsipHasi Macca SKBUBAJICHTOB COJiU B PEAKIIHSIX 0OMeHa PacCUUTBIBAeTCs 1Mo Gpopmyre

M

Co/i1

M, (conn)= n-|c. 0.l |
riae M — MosipHast Macca CoJId; N — YMCIIO HOHOB METAIIA, YUYACTBYIOMIUX B PEAKIIMH OT KaXKI0H
MOJIEKYJBI; |c. 0. — aOCONIOTHOE 3HAYEHUE CTETNEHM OKUCICHHS HOHA MeTamia (O CTeleHH
OKHuCJeHHus cM. cTp. 55). Hampumep, ot xaxmoit monekynbl Al,(SO4); B peakuuu  Al(SOs); +
6NaOH = 2AIl(OH);] + 3Na,SO, ydacTByIOT 1OBa HOHA AQIIOMHHHS, CTENEHb OKHUCICHHS
kotoporo+3. Orcroaa,

Mais0,), 342

M JALSO) = 273 6 =57 /moms, D[AL(SOL)] pasen /s AL(SO);.
MoutsipHast Macca SKBUBAIEHTOB OKCUOA PACCUUTHIBAETCS 10 (OpMYyJIIe

OKCHJIa
n-c. o.

M, (oxcuna)=



rome M — MOJISIpHas MacCa OKCHUAa, N — YHUCJIIO KATUOHOB COOTBETCTBYIOIICTO OKCUAY OCHOBAHHA
WiIn YHCJIO aHHWOHOB COOTBeTCTBYIOI_Heﬁ OKCHUAY KHCJIOTHI; |C.O.| — abCOJIIOTHOE 3HAYCHHE
CTCIICHU OKHCJICHHA KaTHOHA UJIM aHHOHA.

B peakmuu P,Os+ 3Ca0 = Cas(POs), sxBuBanent P,Os, oOpa3zyroiero 18a Tpex3apsaHbIX

M
P,0, 142
—22==—==723,7
annona (PO,)*, pasen '/s P,Os, a M,(P,05) = 6 6 I/MOJIb. DKBUBAJICHT
2+
CaO, naroiero ouH AByX3apsiIHbIM KaTHOH ( Ca ) paBen 2 CaO, a M. (CaO) =
Mc,q 56 _
2 = 2 28 r/MoTb.

YToOB!I ONMpeaennTs MOJSIPHYIO MacCy SKBUBAJICHTOB J7eMeHMAd B COCTUHEHUH, MOXKHO
BOCIIOJIb30BaThCs (hopMyIioi

M

A

M. (311-Ta) = ‘C~ 0~| ,
rie MA — MouisipHas Macca 3JIEMEHTa; |c.0.| — a0COJIOTHOE 3HAYEHHE CTENEeHU OKMCIECHUS
anemeHTa. Hanmpumep, MoJsipHbIE Macchl SKBHBaJIEHTOB (hocdopa B coeauHeHusix PHs, P,O; u
P,Os cootBerctBenno paBusbl: 31 /3 = 10,3 r/mons; 31 /3 = 10,3 r/mons; 31 /5 = 6,2 r/monb, a
skBuBaNeHT Gocdopa B coenunennsx PH; u P,O; pasen '/3 P, B coenunenun P,Os —'/s P.

HY)KHO TAaKXX€ HUMCETb B BHAY, 4YTO MOJIIpHAasA MaACCa SKBUBAJCHTOB XHUMHYECKOI'O
COCIMHCHHA paBHA CYMMEC MOJIAPHBIX MAaCC S3KBUBAJICHTOB COCTABJIAIOIINUX €TO JacTeH.

Tak, M,(PH;) = M,(P) +M,(H) =10,3+ 1 =11 r/mons;
M.«(P205) = M,(P) + M,(O) =10,3 + 8 = 18,3 r/moub;
M.x(P205) = M,(P) + M,(O) =6,2 + 8 = 14,2 r/MOb.
3aKoH JIKBHBAJEHTOB: MACChl peazupyiouux opye ¢ Opy2oM Geujecms Hnpsamo
NPONOPYUOHATLHBL MOJIAPHBIM MACCAM UX IKBUBALEHMOS.

1 M9K(1)

M

2 5K (2)
[MoaenuB Maccy KasI0ro BELIECTBA Ha MOJISIPHYIO MACCy €r0 KBMBAJIEHTOB, OIyYUM YHCIIO
m.m,

MOJIEN SKBUBAIEHTOB (V): 3K (1) K(2) | ummvl=v2.

Hnsa peakimu A + B = C + D 10/KHO BBITOTHATBCS COOTHOIICHHUE VA=V=Vc=Vp, T.€. YUCJIO
MoJetl IKBUBANEHMO8 YYACMEYIOWUX 8 PeAKYUU 8eUjeCms PagHbl Mex#coy cOOOl.

Ecan OIHO M3 pearupyromux BCIICCTB HAXOAUTCA B Fa3006p8.3HOM COCTOsIHHUH, 3aKOH
OKBHBAJICHTOB YI[O6HO MMpEaACTaBUTL B BUJIC

m _ 4 rasa

M

9K V3K (rasa)

rme V., — 00beM OJHOTrO MOJII SKBHUBAJICHTOB Ta3a. JIJia BBIYMCICHUS oOObeMa MOJs

SKBUBAJICHTOB T'a3a HEOOXOIUMO 3HATh YHCIIO MOJICH YKBHBAJICHTOB (V) B OJHOM MOJIE rasza: v =
M

*  Tak, M(H,) = 2 r/monb; M,(H,) = 1 r/mons. CnenoBarensHO, B OJTHOM MOJIE MOJIEKYJI
Bogopona H, comepxkurcs v = 2/1 = 2 MOJb 3KBHUBAJCHTOB BOJopona. Kak M3BeCTHO, MOJb
M000T0 raza mpu HOpMaJbHBIX yciaoBusax (H. y.) (T=273 K, p=101,325 «lla) 3anumaetr o0bem

7



22,4 n. 3Ha4UT, MOJb BOJIOPO/A 3aliMeT 00BEM 22,4 11, a Tak KaK B OJHOM MOJI€ BOAOPO/Ia
COJICPKUTCS 2 MOJIb SKBUBAJICHTOB BOJOPOJIa, TO 00bEM OJHOTO MOJIS KBUBAJICHTOB BOJOpOIA
paBeH V., (H,) =224 /2 = 11,2 n. Ananorununo, M(0O) = 32 r/moinb, My (O,) = 8 r/mons. B
OJIHOM MoJie MOJieKyI Kuciaopoaa O, coaepkutcs v = 32 / 8 = 4 MoJIb SKBUBAJICHTOB KHCIIOPO/Ia.
OpauH MOJIb SKBHBAJICHTOB KUCIIOpOAa 3aHUMaeT 00beM V.(0,) =224 /4 =15,6 n.

IIpumepsl pemienus 3agaq

Ipumep 1.1. Ha BoccranoBienue 7,09 T okcuaa meramia CO CTENEHBIO OKUCICHUS +2
Tpebyercst 2,24 1 Bomopoda (H. y.). Beramcnure MonsipHBIE MacChl SKBHBAJICHTOB OKCHAA U
Metaia. YUemy paBHa MoJisipHasi Macca Mertaia’?

Pemenne. 3anaqa pemaercs 0 3aKOHY SKBUBAJICHTOB. Tak Kak OJHO U3 pearupyromux
BEIIIECTB HAXOJUTCS B Ta3000pa3HOM COCTOSIHUHU, TO Y0OHO BOCIOIb30BaThCs (HOPMYIIOH

m _ Vraga mOK — VHZ
M \%

9K VaK(raaa) , M3K(0K) 3% (H?2)

Hanmomaum, uto 00beM 1 MOIb SKBUBaJICHTOB Bojopoa paseH 11,2 1 (H. y.), Toraa

7,09-11,2
————=35,45
M.(0K) = 2,24 T/MOJIb.
MornsipHasi Macca SKBHBAJICHTOB XHMHYECKOTO COCIUHCHHS pPaBHA CyMME MOJISIPHBIX
Macc DKBHUBAJICHTOB COCTAaBJSIIOMIMX ero 4vacteil. OKCHI — 3TO COEIMHEHHE MeTalia C

KHCJIOPOJ/IOM, TIOOTOMY MOJISIpHAsi Macca SKBHBAJICHTOB OKCHJIA MPEJCTABISET COO0H cyMMmy M
(okcuga) = M, (Metamna) + M., (kucimopoaa).
Otcrona, M. (MeTanna) = M., (okcuma) — M., (kucnopoaa) = 35,45 — 8 = 27,45 r/monb.

M,

MonsipHasi Macca MeTajla ONpeaessieTcs] U3 COOTHOUIEeHUsT M. (Mmeramia) = ‘C' 0-| , OTCIOJIa
Ma = Mu(merama) | c.o.| = 27,452 = 54,9 r/monb. Takum o6pasom, M.(okcuaa) = 35,45
r/MoIb; M, (MeTaia) = 27,45 r/monb; Ma(metanna) = 54,9 r/mMomb.

IIpumep 1.2. Ilpu B3aUMOACHCTBHHM KHCIOpOJa C a30TOM TMOIXy4eHO 4 MOoIb
SKBUBAJIEHTOB OkcHa azota (IV). Paccumraiite 00beMbl Ta30B, BCTYNUBIINX B PEAKITUIO TIPH H.
y.

Pemenne. [lo 3akoHy SKBHBAJICHTOB YHCIO MOJICH HSKBHBAJICHTOB BCTYIAMOIINX B
PEaKIuio U 00pa3yIoUINXCs B pe3yiIbTaTe PeakiMK BEUIECTB PaBHBI MEXIy co00H, T.e. v(0,) =
v(N2) = v(NO,). Tak kak mosiydeHO 4 MOJb SKBUBAJEHTOB okcuma azota (IV), To,
CJIEIOBATEIHHO, B PEAKIIHIO BCTYMUIIO 4 MOJIb SKBUBAIEHTOB O, U 4 MOJIb SKBUBAJICHTOB N».

A3zot m3mensier crenens okucaeHus ot 0 (B N») 1o +4 (8 NO,) u, Tak Kak B €ro

MOJIEKYJie 2 aTOMa, TO BMECTE OHHM OTAAIOT § 3JIEKTPOHOB, IIOATOMY M, (N,)=
N
Y 28
8 = 8 =35 p/monb. Haxoaum 06beM, 3aHIMaeMBblii MoJIeM SKBHBATCHTOB a30Ta (IV):

28 r/monb N, —22.4 i
3,5 r/monb N, — x
3,5-22,4:2’8
x= 28 I

Tak xak B peakuuio BCTynuiao 4 Moib 3KBUBaJIeHTOB N, TO ux 06vem coctasiser V(N,) = 2,84
= 11,2 n. 3Hass, 4TO MOJIb SKBHUBAJECHTOB KHCIOpOJa NpPH H. y. 3aHUMaeT obbeMm 5,6 I,



paccunTbiBaeM 00beM 4 Mok SKBUBaeHTOB O2, BcTynuBIIUX B peakiuio: V(0,) = 5,64 =224
1.

Utak, B peakuuto Bcrynwio 11,2 i1 a3ora u 22,4 11 kuciaopoja.

IMpumep 1.3. Onpenennure MOJAPHYIO MAacCy 3KBUBAJICHTOB MeTayuia, eciu u3 48,15 r
€ro OKcHJia oayuyeHo 88,65 r ero HUTpara.

Pemenue. YuutsiBas, uro M,(okcuaa) = M,(Metamia) + M,(kuciopona), a M,(comnmn)
= M,(Metamia) + M,(KUCIOTHOTO OCTaTKa), MOJCTaBIsIEM COOTBETCTBYIOIIUE JAHHBIC B 3aKOH
HKBUBAJICHTOB:

48,15 _ Mok (mer )+ M3k (O) 48,15 Mok (mer)+8
88,65 Msk (mer)+Msk(NO, ) . 88,65 M3k (meT )+62 : M, (meT) = 56,2 r/MoJIb.

IIpumep 1.4. Beiuncnure creneHb OKUCIEHHUS XpOMa B OKCHJE, conepkanieMm 68,42 %
(Macc.) 3TOrO MeTasIa.

Pemenne. Ilpunas maccy okcuga 3a 100%, HaXoAMM MaccoBYHO JOJIIO KUCIOpOAa B
okcuze: 100 — 68,42 = 31,58%, T.e. Ha 68,42 yacTeit Macchl XpoMma nipuxoautcs 31,58 gacreit
Macchl Kuciaopoja uiau Ha 68,42 r xpoma npuxogutcs 31,58 r kuciaopona. 3Has, YTO MOJISIPHAS
Macca HKBHUBAJICHTOB KHUCIIOpOJa paBHA § I/MOJb, ONpPEAETUM MOJISPHYIO MacCy SKBUBAJIEHTOB
XpoMa B OKCH/JIE 110 3aKOHY SKBUBAJIEHTOB!

mCr B mO mCr'MSK(O>:68’42'8:17 ]
M %(Cr) M x*(0) . M,(Cr)= Mo 31,58 , I/MOJIB.
CreneHb OKUCIEHHS] XPOMA HAXOJUM M3 COOTHOLICHHS
MCr MCr 52
M,(Cr)= ‘C- 0-‘ , OTcrofa |c. 0.]= M s (Cr) 17 3 -

KoHTposibHBIE BOTTPOCHI

1. IIpu B3ammoneiicTBuu 6,75 r Mmeramia ¢ cepoir obpazoBanock 18,75 T cynbduna.
PaccumnTaiiTe MOJsIpHBIE MacChl SKBHBAJIEHTOB MeTajlla M ero cyibpuma. MomspHas macca
HKBUBAJICHTOB cepbl paBHa 16 r/mMoinb. (Omeem: 9 r/mMonb; 25 T/MOIB).

2. Broluncaure cTeleHb OKHCIEHUS 30/10Ta B COeQWHEHHM cocraBa: 64.9% 3omora U
35,1% xnopa. MosnsipHast Macca SKBUBaJICHTOB xJyiopa 35,45 r/monb. (Omeem. 3).

3. BbluuciauTe MOJSpHBIE MAcChl KBHBAJECHTOB M 3KBHUBaJeHTHl P,Os B peaknusx,
HUIYUIUX 110 YPABHEHUSIM:

P,Os+ 3MgO = Mg3(PO.), (1)
P,Os+ MgO = Mg(POs).. 2)
(Omesem: 23,7 r/monb; 71 r/monb; /s P2Os; /2 P,Os).
4. CKoIbKO MOJIEH SKBUBAJICHTOB METAJlJIa BCTYIWJIO B PEaKLUIO C KUCIOTOM, eclii mpHu
3TOM BBIJIETUIIOCH 5,6 T BOJOPO/1a P HOPMAJIbHBIX YCIOBUSAX?
(Omsem: 0,5 monb).
5. Ha wme#itpammzaruio 0,943 r docdopucroit kucnotsl H3PO; uspacxomosano 1,291 r
KOH. Bpruncinure MOJISIpHYO MacCy SKBUBAJIEHTOB KHUCIIOTHI.
(Omsem: 41 v/momb).
6. Onpenenure MOJIIPHYIO Maccy SKBHUBAJICHTOB MeTajlla M Ha30BUTE MeTalll, ecinu 8,34

r ero okucisitores 0,68 1 kucmopona (H. y.). MeTann OKUCIsAeTCs A0 CTETICHH OKHUCIEHUS +2.
(Omesem: 68,7 r/™Monb).



7. Bblunciaure CTENEHb OKUCIEHMSI CBMHIIA B OKCHJAE, B KOTOpOM Ha 1 r cBUHLIA
npuxoautcs 0,1544 v kucnopona. (Omeem: 4).

8. BrrunciuTte 3KBUBAJICHT U MOJSpHYIO Maccy skBuBasiieHTOB Al(OH); B kaxmoit u3
CIIEYIOIIUX PEaKIUN, BEIPAKCHHBIX YPABHECHUSAMU:

Al(OH); + 3HCI = AICL;+ 3H,O (1)
Al(OH); + 2HCI = AIOHCl,+ 2H.0  (2)
Al(OH); + HCl = AI(OH).Cl + H,O  (3)

9. Jlna nomydenust ruapokcuna xenesa (II1) cmemanu pactBopsl, coaepkamue 0,2 MOJIb
SKBUBaJeHTOB menoun u 0,3 mosb skBUBajeHTOB xjiopuaa kenesa (III). Ckompko rpamMmoB
ruapokcuna xenesa (I11) momyuunocs B pesynbrare peakuun? (Omeem: 7,13 1).

10. M3 1,3 r rugpokcupa meramia moiydaercs 2,85 1 ero cynbdara. Bwrumciure
MOJIIPHYIO MacCy 3KBUBAJIEHTOB 3TOro Metaiia. (Omeem. 9 r/Mounb).

11. Ilpu B3aumojaeicTBUM 22 T MeTalla ¢ KUCJIOTOM BBIACIUIOCH TpH H. y. 8,4 1

BoJIOpoza. Paccunraiite MOJISIpHYIO Maccy SKBHBAJICHTOB MeTauia. CKOJIBKO JIUTPOB KUCIOPOa
noTpeOyeTcst sl OKUCIICHHSI 3TOTO K€ KOJIMYeCTBA MeTaa?

(Omeem: 29,33 v/monb; 4,2 1.).

12. Beruuciure CTeNeHb OKUCICHUS! MBIIIbsIKA B COSMHEHUU €ro C CEPOi, B KOTOPOM Ha
1 r mbimbska npuxogutrcs 1,07 r cepsl. MoisipHas Macca SKBHUBAJIEHTOB cepbl 16 TI/MOJIB.
(Omesem: S).

13. BblunciauTe SKBUBAJIEHT M MOJISIpHYIO Maccy skBuBalieHTOB Hi;POs B kaxmod u3
CJIEIYIOIIMX PEAKIUH, BEIPAXKEHHBIX YPaBHEHUSAMHU:

H;PO, + KOH = KH,PO,+ H,O (1)
H3PO4 + 2KOH = KzHPO4+ 2H20 (2)
H;PO, + 3KOH = K;PO,+ 3H,0. 3)

14. [Ipu B3aumoeicTBUM BOJOPOAA U a30Ta MOJYy4YeHO 6 MOJIb HSKBUBAJICHTOB aMMHAaKa.
Kakue o0bemMbl BOJIOpoIa U a30Ta BCTYIWIHM IIPU 3TOM B PEAKLUI0 IPU HOPMAJIbHBIX YCIOBUSAX?
(Omeem: 67,2 m; 22,4 11.)

15. [Ipu nmpomyckaHuud CEpoBOJOPOAA 4YEpe3 pacTBOp, coaepxkammii 2,98 r xiopuna
MeTtaiia, obpasyercs 2,2 r ero cyinbduma. BeramcauTe MONSPHYIO MacCy SKBHBAICHTOB
Metasta. (Omeem: 39 r/MOIb).

16. MossipHast Macca PKBUBAJICHTOB MeTaJlIa paBHa 56,2 T/MOJib. BBIUUCINTE MaCCOBYIO
J0JII0 MeTaluia B ero okcuze. (Omesem: 87,54%).

17. Omnpenenure SKBUBAJCHT M MOJISIPHYIO MacCy 3KBHUBAJICHTOB a30Ta, KHUCJIOPOJA,
yriepoja B coenunenusx NHs, H,O, CH..

18. Paccuuraiite MOJISIpHYIO MacCy SKBUBAJIEHTOB METAJUIA, €CJIM MPU B3aUMOIECHCTBUU
7,2 T MeTayuia ¢ XJIOpOM ObLIO modydeHo 28,2 T conmu. MoJisipHass Macca SKBHBAJICHTOB XJIOpa
paBHa 35,45 r/monb. (Omeem: 12,15 r/Momb).

19. PaccuuraiiTe MOJIIPHYIO MacCcy 3KBHBAJICHTOB BOJIbI MIPU PEAKIMU €¢: a) ¢
METAJJTIMYECKUM HaTpueM; 0) ¢ okcuaoM HaTpus. (Omeem: 18 T/mMonb; 9 T/MOIb).

20. 0,43 r meTauia MpU peaKkUuu ¢ KUCJIOTOM BBITECHWIH NpHU H. y. 123,3 M Bogopoaa.
1,555 r aToro xe mMeramia BCTYNalT BO B3auMoaelctBue ¢ 1,415 r HEeKoTOporo HemeTasia.
PaccuuraiiTe MOJISIpHYIO Maccy SKBUBAJIEHTOB HEMETaIa.

(Omeem: 35,5 r/monb)

Tema 2. IlpeacraBienuss o crpoenun aroma. IlpaBmia pacnpenejieHusi 3JIEKTPOHOB IO
NOIyPOBHSAM

Heab: TNO3HAKOMHUTBCA C KBAaHTOBBIMH YHCJIAMH, SJCKTPOHHBIMU KOH(PHUTYpanusMu
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3JICMCHTOB.

Bonpocsl aJsi 00cy:KaeHus:
KBanToBBIC UHCIHA.

DIIeKTPOHHBIC KOHPUTYPAITUU DIIEMEHTOB.
[IpuHIIMIT MUHUMAJIBHOW 3HEPTUH.
[IpaBuio B. KineukoBckoro.

[Ipunnun 3anpera [Taynu.

AR S e

[TpaBuiio 'ynna

ATOM — 3TO HauMMEHbBIIAs YacTULA XUMHYECKOIO 3JEMEHTA, COXPAHSIOLIAas BCE €ro
XUMHUYECKHUE CBOMCTBA. ATOM COCTOUT U3 IMOJIOKHUTEIHHO 3apsHKEHHOTO SApa M BPAllaloIIUXCs
BOKPYT HETO 3JIEKTPOHOB. 3aps siipa aTOMa YKUCIEHHO PaBEH NOPSAIKOBOMY HOMEPY 3JIEMEHTA B
MepPUOANYECKON cucTeMe. Tak Kak aTOM B LIEJIOM AJIEKTPOHEUTpasieH, TO U YUCIIO 3JIEKTPOHOB,
JBYOKYLIMXCS BOKPYT Siipa aTOMa, paBHO NOpsAAKOBOMY HoMepy. Hanpumep, nopsiikoBbIii HOMEp
Hatpud 11. 3Hauur, 3apsn sapa atoma Hatpusa +11. Bokpyr sapa pasmemaercs 11 351eKTpoHOB ¢
o0IIMM OTpULATETBHBIM 3apsaoM —11. Bce anekTpoHBl aTomMa 00pa3yloT €ro 3JeKTPOHHYIO
000JI04KY, CTPOCHHE KOTOPOU OIpe/IesisieT MHOTHE XUMUYECKUE CBOMCTBA JIEMEHTA.

DJEKTPOHBI UMEIOT JBOWCTBEHHYIO MPUPOIY: OHH 00Jaal0T KaK CBOWCTBAMHU YaCTHIIBI,
TaK 1 BOJHOBBIMU CBOMCTBaMHU. J{J1s1 ABMKYIIETOCS 3JIEKTPOHA HEBO3MOXKHO YKa3aTh €ro TOUHOE
MECTOIOJIOKEHHE. MOXKHO JIMIIb ONPENCIIUTh GEePOAMHOCMb HAXOXKJEHUS JJIEKTpPOHA B
pa3IMuYHBIX YacTAX BHYTPUATOMHOIO MpocTpaHCTBa. (Obracmb npocmpancmed, 8 KOmopou
Hauboiee 6ePOsIMHO HAXOHCOEHUe 2NIeKMPOHA, Ha3bIBACTCSI aTOMHOI opouTabio (AO).

CocTosiHME D3JEKTPOHA B aTOME XapaKTEPU3yeTCsl YEThIPbMsI KBAHTOBBIMU YHUCIIAMHU.
I'1aBHOe KBaHTOBOE YHCJIO 71 onpeodensem 3Hepeuio 31ekmpona 6 amome u pasmep AO, T.e.
YAAJNEHHOCTh AJIEKTPOHA OT siApa. [ J1aBHOE KBAaHTOBOE YMCIIO 7 MPUHUMAET 3HAYCHHS IIeJIbIX
gucen 1, 2, 3, 4... CosokynHocmv 21eKMPOHO8 C OOUHAKOBLIM 3HAYEHUeM N Ha3bIBACTCS
JHepreTuyecKkuM ypoBHeM. HaumeHnbieil sHeprueil 007aiai0T 3J€KTPOHBI MEPBOTO OT sijpa
SHEPTreTUYECKOro ypoBHA (7=1); C yBEIMYEHHEM 71 SHEPIHs FJEKTPOHA U €r0 yAAJEHHOCTh OT
anpa Bospactaer. Cocmosnue amoma, Ko20a e20 JIeKMPOHbl HAXOO0AMCA HA MAKUX
SHEP2eMUYeCcKUX YPOGHAX, UMO UX CYMMAPHAS SHEPeUs AGNAemcs MUHUMATbHOU, HAa3bIBAETCS
OCHOBHBIM WM HeBO30Y:KIeHHbIM. Cocmosanus c 0olee B8bICOKUMU 3HAYEHUSMU SHEpeuu
HA3BIBAIOTCS BO30YKAEHHBIMU. DHEPreTHYCCKHE YPOBHU 0003HAYAIOT OyKBaAMHU:

YucnoBoe 3HAUEHUE 71 1 2 3 4 5 6 7
BykBenHoe o6o3HaueHne K L M N O P Q

Ywucao OHEPICTUHUCCKUX ypOBHeﬁ B aTOME, HaAXOoaAEMCI B OCHOBHOM COCTOSAHHH, PaBHO
HOMCpPY Mnepruoaa, B KOTOPOM HAXOAUTCA 3JICMCHT.

Ha omHOM M TOM K€ SHEPreTHYeCKOM YPOBHE MOTYT HAXOIUThCS aTOMHBIC OpOUTAIIN
pa3nu4yHOil (POpMBI, OTIMYAIOIIMECS APYr OT JApyra mo sHepruu. llosTomy sHepreTuueckue
YPOBHH DPAa3NENIAIOTCS HA TIOAYPOBHU. DHepeuto 31eKmpoHa Ha noOypo8He U (hopmy amomHOU
opbumanu XapakTepusyeT opouTajibHOe KBAHTOBOE YHCJI0 /. 3HaUYeHWe [ 3aBUCUT OT TJIABHOTO
KBAaHTOBOTO 4Mciya: [ mpuHuMaet 3HadeHust ot 0 mo (n—1), 1. e. 0, 1, 2, 3... (n—1). B npedenax
O0aHHO20 — DHEPeeMmUYecKo20 YPOBHA  COBOKVNHOCHMb — NIEKMPOHO8,  XAPAKMEPU3YIOUUXCA
O00UHAKOBbIM ~ 3HAYeHuem [, Ha3bpIBaeTCd JHEPreTHYecKMM mnoaypoBHeM. [lomypoBHu
0003Ha4YaI0T OyKBaMHU:

OpOuranbHOE KBAHTOBOE YUCIIO / 0 1 2 3
O0603HaueHNE YHEPTeTUIECCKOTO MOTyPOBHS s p d f

Takum obpazom, nipu /=0, 1, 2, 3 37EKTPOHBI HAXOIATCS COOTBETCTBEHHO Ha s-, p-, d-, f-
MOIYPOBHSAX. DJIEKTPOHBI PA3IUYHBIX MMOJAYPOBHEH HA3BIBAKOT S-, p-, d-, f~31eKTpoHamMu. B aToM

11



Clly4ae TOBOPSAT TaKKe O COCTOSHUSAX S-, p-, d-, f-3NEKTPOHOB WIH S-, p-, d-, f~aTOMHBIX
opOuTANISIX.

Yucno »HEpreTHUeCKuX TMOAYPOBHEH B ypOBHE HE [O/DKHO IIPEBBINIATH TJIABHOE
KBaHTOBOE 4HCJIO 7. Tak, nepBbIid ypoBeHb (#=1) UMEeT OJMH MOIYyPOBEHB (S), BTOPOH YPOBEHB
(n=2) — nBa moypoBHs (s u p), Tpetuit (n=3) — TpHu (s, p, d), YeTBepTHIH (n=4) — yeThIpe (s, p, d,
/). B 000i04Kkax aroMOB HBIHE HM3BECTHBIX 3JIEMEHTOB 3JICKTPOHBI 3aCTPaWBAIOT Ha KaKIOM
ypoBHE He OoJiee YeThipex moaypoBHed. YposHu O (n=5), P (n=6), Q (n=7) coaepxar 1o
4yeTeipe MmoaypoBHs. [Ipu JaHHOM 3HAYEHHWM TJABHOTO KBAaHTOBOTO 4YHCIA 7 HAMMEHBIICH
JHEpPrueH 00Iaar0T NEKTPOHBI S-TIOAYPOBHS, 3aT€M p-, d-, [~IIOAYPOBHEH.

Kaxnaplii mogypoBeHb COCTaBiIeH U3 OpOHWTanel, 4YHCIO KOTOPBIX OIpeesercs
MarHUTHBIMM KBAaHTOBBIM YHCJIOM ;. MArHuTHOe KBAHTOBOE YHCJIO0 m/ OIpeaenser
803MOJICHble Opuenmayuu opoumanu 6 npocmparcmee. OHO CBA3aHO C OpPOUTAIBLHBIM
KBaHTOBBIM YHCJIOM U MOKET MPUHUMATh ICJIOUHUCIICHHBIE 3HAYCHHS OT —/ 10 +/, BKJIFOYast HOJIb.
OnpeneneHHoMy 3Ha4eHHIO [ COOTBETCTBYET (2/+1) BO3MOXHBIX 3HAYEHUH MAarHUTHOTO
KBaHTOBOTO 4rciia. YnCiio 3HaueHui m/ yka3plBaeT Ha YUCIIO aTOMHBIX OpOUTANIel B TIOypOBHE
Y YKCJIO BO3MOXHBIX HAIlPaBJIEHUH, IO KOTOPBIM OHU MOTYT OPUEHTHUPOBATHCS B IPOCTPAHCTBE.

Jus s-nomypoBHsi /=0 u moromy ml umeer enuHcTBeHHOe 3HaudeHue: ml =0. Takum
oOpa3oM, Ha S-MOAYPOBHE HWMEETCS €IWHCTBEHHass s-opOMTaib M OHAa pacrnojoXKeHa
CHMMETPUYHO OTHOCHUTENBHO siapa aroma. s p-momypoBHst /=1 um ml mpuoOperaer Tpu
3Hauenus: —1, 0, 1, T. e. p-oAypOBEHb UMEET TPU p-OPOUTAIU U OHU OPUEHTUPOBAHBI 110 TPEM
OCSIM KOOpJIWHAT. d-TIOAYpPOBEHb ¢ [=2 wmmeer mATh 3Hauenmid ml: -2, —1, 0, 1, 2 u,
CJIEIOBATENbHO, MSTh d-OpOHUTaseii, KOTOpPbIe OPUEHTUPOBAHBI TIO0 MATH PAa3HBIM HAMPABICHUSIM.
f-monypoBeHs ¢ /=3 umeer cemb 3HaueHwt ml: -3, -2, -1, 0, 1, 2, 3, 1. e. ceMpb f-opOUTaNCi.
Ywuciio opueHTanuii f~opouraneii paBHO CEMH.

YcnosHo AO o6o3HauaioT B BUjAE KBajparta (kBaHTOBOHM sueiiku) ®Error: Reference
source not found. CoorBeTcTBeHHO /I s-oaypoBHs uMmeetcst omHa AO Error: Reference source
not found, mns p-noxyposus — tpu AO, s d-noxyposus msate AOError: Reference source not
found, mia f~moxyposus cemb AO.Error: Reference source not found

Takum 00pa3oM, IIEKTPOHBI B aTOME PACIOJATraloTCs MO0 SHEPTeTUYCCKUM YPOBHSIM,
YIaJCHHOCTh KOTOPBIX OT sJjpa XapaKTepU3yeTCs 3HAYEHUEM TJIABHOTO KBAHTOBOTO YHCIA 7,
YPOBHHU COCTOSIT M3 TOyPOBHEHN, UUCIIO KOTOPBIX /ISl KAXKAOTO YPOBHS HE TIPEBHIIIACT 3HAUYCHUE
n; B CBOKO Oo4Yepe/lb MOAYPOBEHb COCTOUT U3 OPOUTAJICH, KOJTHMUYECTBO KOTOPBIX 3a/1a€TCSI YUCIIOM
3HAYEHW MAarHUTHOTO KBaHTOBoro uucina ml. KBantoBble umcna n, [, ml XapakTepusyioT
opOuTaNb.

Kpome nBukeHus BOKpYT sjipa, 3JEKTPOH BpAIIAETCS BOKPYTI COOCTBEHHOM OCH. JTO
JBUKEHHE TMOJIYYMIIO Ha3BaHUE «clUH». CIMHOBOEe KBAHTOBOE YHCJIO /1S XapakTepusyeT 0ea
B03MOJICHBIX HANPABLEHUS BPAUEHUS INEKMPOHA 8OKpY2 cobcmeenHou ocu (110 4aCOBOM CTpelIke
wiu npoTuB). CIUHOBOE KBAaHTOBOE YHCIIO M, IPUHUMAET JBA 3HAYEHUS: +7/2 U —Y2. DIIEKTPOHBI
C pa3HBIMU CIIMHAMH OOBIYHO 0003HAYAIOTCS IPOTUBOIIOIOKHO HATIPABICHHBIMU CTpEJIKamMu | 1.

UYeTbIpe KBAaHTOBBIX YHCIa 7, [, ml, ms MOIHOCTHIO XapaKTEPU3YIOT COCTOSHUE AJIEKTPOHA
B arome. Cornmacno mpunuuny Ilaynum e amome ne mooicem 6vbimv 08YX 21€KMPOHOE C
O00UHAKOBLIMU 3HAYEHUAMU 6cex yemvlpex keanmosvix uucen. [lpunuun [laynu ompenenser
MaKCHMaJbHOE YHUCIIO JJICKTPOHOB HAa OJHON opOuWTanu, ypoBHe W moaypoBHe. Tak xak AO
XapaKkTepu3yeTcs TpeMsi KBaHTOBBIMHU UYUCIAMU 7, [, ml, 3IE€KTPOHBI JaHHOW OpOUTAIN MOTYT
paznIuyaThCsl TOJIBKO CIIMHOBBIM KBAaHTOBBIM 4dMciioM ms. Ho ms MOXeT uMEeTh TOJIbKO JIBa
3HaueHus +72 u —Y. CrenoBaTtenbHO, HA OJHOM OpOMUTAIM MOXKET HaXOIUThCS He Ooliee NBYX
AJIEKTPOHOB C TMPOTHUBOIIOJIOXKHO HAIMpPaBICHHBIMH CIIMHAMH . MakcumanbHOE YHUCIIO
5JIEKTPOHOB Ha DHEPreTHYECKOM YPOBHE OIpPENEIsIeTCs Kak 27°, a Ha MOAypoBHE — Kak 2(2/+1).
MakcumanbHOE YHCIIO JIEKTPOHOB, PA3MEIIAIOIIMXCA HA PA3IMYHBIX YPOBHSX M TMOIYPOBHSX,
npuBeneHbI B Ta0. 2.1.
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Tabnuya 2.1. Makcumanvroe 4ucio 31eKmpoHO8 Ha KAHMOBIX YPOBHAX U NOOYPOBHAX

DOHepretnd | DHepreTnue | Bo3MOKHBIE 3HAUCHUS Yucno AO MakcumanbHOE
€CKHI CKUU MarHuTHOTO YHUCIIO 3JIEKTPOHOB
YpOBEHb | MOQYpPOBEHb | KBAHTOBOTO yucna m/ B B Ha Ha
MOAYPOBH | YpOBHE | TOIYPOBH | YPOBHE
e e
K (n=1) s (I=0) 0 1 1 2 2
L (n=2) s (I=0) 0 1 4 2 g
p (I=1) -1,0, 1 3 6
s (1=0) 0 1 9 2 18
M (n=3) p (1) -1,0, 1 3 6
d (I=2) -2,-1,0,1,2 5 10
s (I=0) 0 1 2
=4 =1 -1,0, 1
N@m=4) | p(=D) .0, 3 o 6 -
d (I=2) -2,-1,0,1,2 5 10
f(=3) -3,-2,-1,0,1,2,3 7 14

[TocnenoBaTenbHOCTh  3alOJTHEHUSI JJEKTPOHAMH OpOHWTaNel OCyIIeCTBISETCS B
COOTBETCTBHHM C TPHHIHIIOM MHHHMAJILHOW JYHEPrUH, COTJIACHO KOTOPOMY 3J1€KMPOHbL
3aNOaHAIOM 0OpoUmMaIu 6 nopsoKe NO8blUeHUs YPOo8HS 3Hepeuu opoumaneu. O4epeTHOCTh
opOuTasiell 1Mo SHEpruM ompeaesercs NpaBuiaoM KileukoBCKOro: ysenuuenue sHepeuu u
COOMBEemMCmMBEeHHO 3anoIHeHue opoumanet NPoucxooum 6 nopsioke 8o3pacmarnus cymmol (n+l), a
npu pasroti cymme (n+1l) — 6 nopsoke ozpacmanus n.

Ilopsiook pacnpedenenus 21eKMpoOHOE NO IHEPLeMUYUECKUM VPOGHAM U NOOYPOBHAM 8
000510uKe amoma Ha3bIBAETCS €ro JIeKTPOHHOI KoHurypanueii. [Ipu 3anucu 31eKTpOHHON
KOH(HTrypauy HoOMep YpOBHs (TJIaBHOE KBAaHTOBOE YHCIO) 0Oo3HavaroT mudpamu 1, 2, 3, 4...,
MOypOBeHb (OpOHUTaIbHOE KBAaHTOBOE YHCIO) — OykBamu s, p, d, f. UHCIO SIEKTPOHOB B
MOIypOBHE 0003HAYaeTcst IMUQPOH, KOTOpasl 3alUCHIBACTCS BBEPXY Y CHUMBOJA MOTYPOBHS.
Hanpumep, 5nekTpoHHas KOHQHIypalus aToMa cepbl UMeeT BUA: 165 1s72s2p°3s*3p*,  a
BaHamua sV 1s252p°3s*3p°3d°4s”.

XUMUYecKHe CBOICTBAa aTOMOB OIPENENSIOTCS, B OCHOBHOM, CTPOCHHEM Hapy>KHBIX
SHEPreTUYECKUX YPOBHEH, KOTOpBIE HA3bIBAIOTCS 6GaeHmHbiMy. IIOTHOCTBIO 3aBEepIICHHBIC
SHEPreTHYECKUe YPOBHHU B XMMHUYECKOM B3aUMOJICHCTBUU He ydacTBYIOT. [loaToMy wacto s
KPaTKOCTH 3aluCH  3JEKTPOHHOW KOHHUrypamuu aToMa HX 0003HAYalOT CHMBOJIOM
IPEAIIECTBYIOIIEr0 OIaropoaHoro rasa. Tak, mus cepbl: [Ne]3s*3p*; misa Banmamus: [Ar]3d°4s”.
OMHOBpEMEHHO COKpallleHHas 3alucCh HArJSAHO  BBIJCISET  BAJICHTHBIE  DJICKTPOHBI,
OTIpEICTISIONINE XUMUYECKIE CBOMCTBA aTOMOB JIEMEHTA.

B 3aBHCHMMOCTH OT TOro, Kakoil IOJypOBEHb B aTOME 3alOJHSETCS B IOCIEIHIOIO
ouepeqlb, BCE XMMHUYECKHE 3JIEMEHTHI JAeNATCs Ha 4 JJIeKTPOHHBIX cemeicTBa: s-, p-, d-, f-
AJIEMEHTBI. DJIEMEHTBI, Y aTOMOB KOTOPBIX B IOCJIEIHIOI OYEPE]b 3aMONHSIETCS S-1I01YPOBEHb
BHEIIHETO YPOBHS, HA3bIBAIOTCS S-3JIEMEHTaMH. Y §-3JIEMEHTOB BAJICHTHBIMU SIBIISIOTCA S-
AJIEKTPOHBI BHEIIHETO SHEPreTHUYECKOI0 YPOBHS. VY p-31€MEHTOB MOCIEIHUM
3aIOJIHAETCS p-TIOlypPOBEHb BHEITHETO YPOBHA. Y HHUX BaJICHTHBIE 3JICKTPOHBI PACIONIOKEHbI Ha
p- 1 S-TIOAYPOBHSIX BHEIIHErO YPOBHS. Y d-3JI€MEHTOB B MOCJEIHIO O4Yepeab 3aroiHsieTcs d-
MOYPOBEHb MPEBHEIIHETO0 YPOBHS M BaJCHTHBIMHU SIBISIOTCS S-3JIEKTPOHBI BHEUIHETO U d-
AJIEKTPOHBI MPEJIBHEIIHETO YHEPTETUUECKOTO YPOBHEH. Y f-3]IEMEHTOB MOCIECTHUM 3aNIOTHIETCS
f-TIOTypOBEHB TPETHEro CHApPY>KU SHEPTETHUECKOTO YPOBHSI.
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DnekTpoHHas KOH(UTyparus aromMa MOXET ObITh M300pakeHa TaKKe B BHUJE CXEM
pasMeleHuss DJIEKTPOHOB B  KBAHTOBBIX SlUCHKAX, KOTOpBIC SBISIOTCS TpadUuecKuM
M300paXeHHEM aTOMHOW OpOuTanu. B ka0l KBaHTOBOW siueiike MOXKET ObITh He OoJiee ABYX
AJIEKTPOHOB C MPOTHBOIOJIOXHO HANPABICHHBIMH CIIMHAMHU [, [Mopsimox  pa3mereHus
AJIEKTPOHOB B TpENeNax OIHOTO TOAYPOBHS OIpENeNsieTcss MpaBUJIOM XYHJA: 6 npeodenax
NOOYPOBHSL SNEKMPOHbL PAZMEWAIOMCS MAK, YMOoObl UX CYMMAPHBIL CRUH ObLL MAKCUMATTbHBIM.
WNupiMu cioBaMu, OpOUTAM JAHHOTO TIOYPOBHS 3aIOTHIIOTCS CHaJalla TI0 OJTHOMY JJIEKTPOHY
C OJIMHAKOBBIMU CIIMHAMH, & 3aT€M 10 BTOPOMY AJIEKTPOHY C TPOTHUBOTIOIOKHBIMH CITHHAMHU.

z 4] d f
= ® d n=d [TT 11 1]
n=3 INEEEEE n=3 L
n=2 JTUT n=2
S n=1 L =V n=1 ||

CyMMapHbIil CTIUH p-3J€KTPOHOB TPETHETO SHEPTreTUUYECKOTO YPOBHS aTOMa Cephbl paBeH Xms =
Vo— Yo+ Y+ Vs =1, d-51eKTPOHOB aTOMa BaHaaMs — 2ms = Y2 + Vo + Vo =7/,

Yacro n3o0paxkaroT rpaduuecky He BCIO AJIEKTPOHHYIO (GopMyITy, a JHIb T€ TIOypOBHH,
Ha KOTOPBIX HAXOJIATCS BAJICHTHBIC JICKTPOHBI, HAIIpUMEP

as ap I 4z
16S...35* 3p* ; V.. 3d4s NANER

[Tpu rpaduueckoM U300paKEHUN HIIEKTPOHHON KOH(UTYpAIH aTOMa B BO30YXJICHHOM
COCTOSIHUM Hapsily € 3alIOJHEHHBIMU N300paXkaroT BaKaHTHBIE BaJIeHTHbIE opOuTanu. Hanpumep,
B aToMme (pocdopa Ha TPEThEM IHEPTETHUECKOM ypoBHE numeercs ogHa s-AO, Tpu p-AO u 1sTh d-
AO. U snextpoHHas koHpUrypamnus atoma gochopa B OCHOBHOM COCTOSIHUU UMEET BUL:

3z 9 3d
1sP... 3s*3p° .....

BanentHocts Qocdopa, ompezpensemas 4HCIOM HECIApEHHBIX NIEKTPOHOB, paBHa 3. [lpu
nepexoie aromMa B BO30YXKJIEHHOE COCTOSHHE IPOUCXOJIUT paclapuBaHUE DSJIEKTPOHOB
COCTOSIHMSL 35 U OJIMH U3 DJIEKTPOHOB C S-IIOyPOBHS MOXKET MEPENTH Ha d-TIOAYPOBEHbD:

NEEEN
P*... 35°3p’ 3d'

[Ipu aTom BanenTHOCTH (hocdopa mensiercs ¢ Tpex (PCls) B ocHoBHOM cocTosHuu 10 msit (PCls)
B BO30Y>KJICHHOM COCTOSTHHH.

IIpumeps! pemienus 3agay

Ipumep 2.1. 3anumuTte 5IEKTPOHHYIO KOHQUrypauuio aroma TuTaHa. CKOJIBKO
CBOOOJHBIX d-OpOHTaNel COAePKUTCS Ha MPEIBHEIIHEM dHepreTudeckoM ypoBae Ti?

Pemenue. [lopsinkoBbiii HoMep turana (Ti) B mepuogumueckoit cucreme 22.
CrnenoBarenbHO, TMOJOXKHUTENBHBIN 3apsil siipa paBeH +22 U CTOJBKO K€ JJIEKTPOHOB B aToMe
tutaHa. [lockonpky TuTaH HaxomuTcs B 4 mepuoje, SJEKTPOHBI pacroyaratorcss Ha 4-x
OHEPreTHUECKUX YPOBHAX cleayroumm obpazom: »Ti 2e, 8e, 10e, 2e. 3amuch AIEKTPOHHOMN
KOH(UIypaIMy aToMa TUTaHa [0 yPOBHSIM U MOLYPOBHAM UMeeT BUA: 15°25°2p®3s?3p°3d%4s7.

B coorBeTcTBUM C IIpaBHJIOM XszLa 9JICKTPOHBI Ha d—HOI[ypOBHe Yy aTtoMa THUTaHa
3d

pacroyiaratoTcsi ClieAyIoIMM 00pa3om: HNEN)

14



OdeBHUIHO, YTO HA MPEJIBHEITHEM JHEPreTHYECKOM YPOBHE aTOMa THTAaHA COJEPKUTCS
TpHU CBOOOIHBIE d-OpOUTAIIH.

IIpumep 2.2. Bo3MOXHO JIM HaJM4yMe€ B aTOME JBYX D3JIEKTPOHOB C OJMHAKOBBIMU
3HAYEHHUSIMHU TPEX KBAaHTOBBIX uucen: /, ml, ms? IIpuBeaure npumepsl.

Pemenune. /la, BO3MOXKHO, 3TO HE NpOTUBOpeuuT npuHuuiy Ilaynu. J[Ba 3yekTpoHa,
XapaKTepU3yIoIIuecs OJMHAKOBHIMU 3HAUEHUSMU TPEeX KBAHTOBBIX uucen /[, ml, ms, TOIKHBI
OTJIMYATLCS TJIABHBIM KBAaHTOBBIM YHCIOM 7. Hampumep, B atome (ropa, 3JIEKTPOHHAS
KoH(urypanus kotoporo 1s?2s?2p°, mis snexTpoHoB ls' m 2s' xBaHTOBEIE uncna OyayT UMETh
CJIEYIOIINE 3HAYCHMUS:

HNuals' n=1,1=0, ml=0, ms=".
HNna2s'  n=2,1=0, ml=0, ms=".

IMpumep 2.3. Kakue opOuTamm aroma 3amoJIHIIOTCS 3JIEKTpOHAMU paHblie Sd wim 6s; 4f
uim 6p?

Pemrenne. IlocnenoBarenbHOCTh — 3amoNHEHUS  OpOuTaNied  OCYIIECTBISETCS B
COOTBETCTBHH C IpaBuwioM KieukoBckoro u ompenensercss cymmoit (n+l). s momxypoBHs Sd
cymma (n+l) paBHa (5+2) = 7, st mogypoBHs 65 (6+0) = 6. B nmepByto odepenb 3amoaHAIOTCS
opOWTaTM ¢ MEHBIICH YHEPrHeH, CIIeOBaTeNLHO, BHaJalle 3amoiiHseTcs 6s, motoMm Sd. Jlns
noaypoBHel 4/ u 6p cymma (n+l) omunakosa (4+3) =7 u (6+1) = 7. Ilpu oquHAKOBOM 3HAYCHHUH
CYMMBEI (n+/) paHbIIie 3aTIOTHSIETCS OAYPOBEHD C MEHBIIIUM 71, CIIEIOBATENBHO, 4f.

IMpumep 2.4. 3anumure >I€KTPOHHYIO KOH(Urypanuro noHos Fe*' n S

Pemenue. DiuekTpoHHas KOHpUIypanus aToMa xkenesa iFe 15°2572p°3s*3p°3d°4s*. Eciu
aToM KeJIe3a OTAACT TPH DJIEKTPOHa, OH mpesparurcs B noH: Fe’— 3e — Fe''. B nepByio ouepens
aToM OTHAeT OJIEKTPOHBI C 0OlEe BBHICOKOTO DJHEPreTHMYECKOTO0 YPOBHS U IOAYPOBHSL.
DnekrpoHHas koHdurypaums uoHoB Fe'' mmeer Bup 157252p°3s*3p°3d4s°. DnexrponHas
KoH(pHUTypanus atoma cepsl 16S 15725*2p°3s* 3p*. Tlpunss nsa snekrpona S° + 2e — S*, aTom
cepsbl IPEBPAIIAETCS B MOH S*, 2JIeKTpoHHas KoHpUrypauus kotoporo 1s72s22p°3s23p°.

ITpumep 2.5. OxapakTepusyiiTe KBAHTOBBIMU YUCIIAMH DJIEKTPOHBI COCTOSHUS 3p°.

Pemenne. M300pasuM rpaduyecKkd paclpelelicHue DIEKTPOHOB COCTOSHUS 3p°:

3p

fe= -1 0 1 . KakIplii 3J€KTPOH B aTOME XapakTEPU3yeTcss HAOOPOM YETBIPEX KBAHTOBBIX

yucen: n, I, ml, ms. I'maBHOe KBaHTOBoe 4MciO n o0O03Haydaercsa apaOckoil uuppoit. s
YKa3aHHBIX JJIEKTPOHOB IJIABHOE KBAHTOBOE YHMCIIO 7 PaBHO 3. DIEKTPOHBI HAXOAATCSA Ha p-
HOXYPOBHE, CIIEIOBATEIBHO, JUIS BCEX TPeX dIeKTpoHOB /=1. Tpu >IeKTpoHa HAaXOmATCs Ha
pasHBIX OPOMTANIAX, KOTOPhIE OPMEHTUPOBAHBI 110 TPEM PasHbIM HampaBiIcHUSAM. OPHEHTALMIO
AQO B IPOCTPaHCTBE ONMpEENsSeT MATHUTHOE KBAHTOBOE YHCIIO 7/, 3HAYEHHE KOTOPOTO 3aBMCHT
0T opOuTaANLHOTO KBaHTOBOTO uncna /. Eciu /=1, ml npuanmaer 3nauenue —1, 0, 1 (3nauenue m/
yKa3aHO MO/ Kax10i opOutansio). CIMHOBOE KBAHTOBOE YMCIIO 7S TIPUHUMAET 3HaYeHUs +%2 u
—Y. Takum 00pa3oM, DIIEKTPOHBI COCTOSHMS 3p° XapaKTepU3yIOTCs CIEAYIOIIMMU KBAHTOBBIMU
YUCIIAMHU:

3, [=1, ml=-1, ms="% (umu —%)
3, I=1, ml=0, ms="% (wm—%)
=3,1=1, ml=1, ms="% (wm—%)

n
n
n

KOHTpOHBHLIC BOIIPOCHL

21. 3anumuTe D3JIEKTPOHHBIE KOH(PUTYpaIlMd aTOMOB DJJIEMEHTOB C TOPSIKOBBIMHU
Homepamu 17 u 28. Ilokaxkute pacrmpeiesieHHe BAJICHTHBIX JJIEKTPOHOB ATHUX AaTOMOB IO
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KBaHTOBBIM sAuyelikaM. K KakoMy 3JIEKTPOHHOMY CEMEWCTBY OTHOCUTCA KaXKIbIM M3 3THX
JJIEMEHTOB?

22. Kakue opOuTayivi atomMa 3amoHsIOTCS IeKTpOoHaMu panbiie: 3d uimm 4s; Sp wiu 4d?
[Toyemy? 3anuiinTe 3ICKTPOHHYIO KOH(PHUIYPAIHIO aTOMa 3JIEMEHTa C MOPSAAKOBBIM HOMEPOM
39.

23. HamummTe 3J€KTpOHHBICE KOH(HIYpalud aTOMOB 3JIEMEHTOB C TOPSIKOBBIMHU
Homepamu 14 u 40. CkoNbKO CBOOOJHBIX d-OpOUTANCH CONEPIKUTCS HA MPEABHEITHEM yPOBHE
MOCJIETHETO dJIeMeHTa?

24, Hanumurte O»JIEKTPOHHBIE KOH(PUTYpallMd aTOMOB OJJIEMEHTOB C TOPSAKOBBIMU
Homepamu 27 u 33. YUemy paBeH MakCUMAaJIbHBIM CIUH d-3JIEKTPOHOB Y aTOMOB TIEPBOTO U p-
3JIEKTPOHOB y aTOMOB BTOPOI'O 3JIEMEHTa?

25. Kakume 3HayeHwss MOryT TpUHUMATh KBaHTOBble uucina n, [, ml u ms,
XapaKTEepU3YyIOLIUE COCTOSIHME 3JeKTpoHa B arome? Kakue 3HaueHUss OHM NPUHUMAIOT IS
BHEIIHUX AJIEKTPOHOB aToma Oapus?

26. Ha ocHOBaHMHM »5JEKTPOHHBIX KOH(UIypaluii aTroMOB XJOpa W Maprasua
OXapakTepu3yiTe UX BaJI€HTHbIE BO3MOXKHOCTH B OCHOBHOM U BO30Y>KJJIEHHOM COCTOSIHUSX.

27. B uem 3axmovaetcs npuniun [laynu? Mosker a1 Ha MOAYpPOBHE p HAXOJIUThCA 8, a
Ha nogypoBHe d 13 anektponoB? Ilouemy? HamummTe 37€KTpOHHYIO KOH(MHUTYpalHMiO atoma
3JIEeMEHTa C MOPSIKOBBIM HOMEPOM 51 U yKaXXUTE €ro BaJICHTHBIC 3JIEKTPOHBI.

28. 3anumuTe >JIEKTPOHHBIE KOHQHUIypaluK aToMOB M HOHOB: a) Na’, Na'; 0) Se’,
Se”; B) Mn’, Mn?".

29. B kakoil mocienoBaTeNbHOCTH 3aMOJHAIOTCS MMOAYPOBHHU, AJISl KOTOPbIX cymma (n+/)
paBHa: a) 5; 0) 6; B) 7?7

30. CkoJIbKO 3JIEKTPOHOB Ha BHEITHEM PHEPTETHUYECKOM YPOBHE B aToMe 4In? [Tokaxure
WX PACTOJIOKEHUE B KBAHTOBBIX SIUCHKAX M OXapAKTEPU3yHTE KBAHTOBBIMH YUCIIAMHU.

31. INokaxwure rpadMUecKu pacrpeaeeHue dJIEKTPOHOB B aToMax ¢ KoH(urypauue d* B
OCHOBHOM cOCTOsIHUU. OnpenesnTe CyMMapHO€e 3HaUYEHUE 1S YEThIPEX IEKTPOHOB.

32. BOo3MOXHO JIM HaJIM4ue B aTOME JIBYX AJIEKTPOHOB C OJIMHAKOBBIMH 3HAYEHUSMHU TPEX
KBaHTOBBIX uHceln: n, ml u ms? IlpuBenure npumMepsl.

33. Cpeu MPUBEICHHBIX HHMKE JJIEKTPOHHBIX KOHQUIYPalUii yKaKUTE HEBO3MOXKHBIE U
0OBSCHUTE NPUYMHY HEBO3MOXKHOCTH MX peammsaumu: a) 1p°; 0) 3p% B) 3s%; 1) 25%; n) 2d°;
e) 5d% x) 3% 3) 2p%; m) 3p’.

34. 3anumuTe 3JEKTPOHHBIE KOHUTypalM HEUTPAIbHBIX aTOMOB IO 33JaHHBIM
5JIEKTPOHHBIM KOH(UTypalusaM HOHOB: a) 15°2s*2p°3s*3p°3d"4s*4p® (D); 0)
152572p°3s*3p%3d°4s’ (D¥); B) 15252p°35°3p°3d"4s*4p®4d' 55> 5p° (D%); r)
15252p%35*3p%4s" (D*"). YkakuTe CHMBOIIBI M Ha3BaHUS DIEMEHTOB, JUI KOTOPBIX ITPUBEICHEI
3JIEKTPOHHBIE KOH(DUTYPAITUH.

35. CKOJIBKO 3JIEKTPOHOB COJEPKUT aTOM, €CJIM CIEAYIOIINI 3JIEKTPOH JIOJKEH ClIesIaTh
BbIOOp Mexay Sp u 4d AO? Kakyro U3 HUX U 1OYeMy OH mpeanouTer? ATOM KaKoro 3JeMeHTa
npu 3ToM oOpasyerca? HanummTe ero 31eKTpOHHYIO KOH(QUIYpaluld B OCHOBHOM U
BO30YKJICHHOM COCTOSTHUSIX.

36. Oxapakrepu3yiTe KBAHTOBBIMH YUCIaMH DIIEKTPOHEI COCTOSHUS 3d°.

37. Tlokaxute rpaduyuecKy pacrpelelicHHe 3JICKTPOHOB B aTOMaxX Ha f-MOJYpOBHE C
KoHpurypanueii /' B OCHOBHOM COCTOSHHMH. KakoBO MaKCHMMajabHOE YHWCIO OpPMEHTALWH f-
opbOwuraneii B mpocTpaHcTBe?

38. Buemnuii sHepreTMYECKUidl ypOBEHb aToMa BhIpa)kaeTcsi KOHUrypauuen
5s*5p*. Hanuiuure ero mojHyr 3JI€KTPOHHYIO KoHpurypauumio. Kakoit 310 smemeHt? CKOHLKO
CBOOOIHBIX p-opOuTaNel CONEPIKUTCS HA BHEIIIHEM YHEPreTUYECKOM YPOBHE 3TOrO0 deMeHTa’?
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39. Kakue u3 3IeKTPOHHBIX KOH(UTYpaIii, OTpaxaronux CTPOCHHE HEBO30YKICHHOTO
aToMa HEKOTOPOTO >JIeMeHTa, HeBepHb: a) 1s72s2p°3s'; 6) 1s52s72p5; B)
15°25°2p®3s*3p®3d*; 1) 15252p%3s3p%4s*;, n) 1s52s2p%3s*3d*? Tlouemy? Atomam Kakux
AJIEMEHTOB OTBEYAIOT MPABUIHLHO COCTABICHHBIE AJIEKTPOHHbBIE KOHPUTypaluu?

40. HasoBure »51€MEHTHI, BHEUIHUM HHEPreTHMUECKUH YPOBEHb aTOMOB KOTOPBIX
BBIPAXKAETCA  DJIEKTPOHHOM  KoHurypaumed np'. Hamummre MOJHYH — DIEKTPOHHYIO
KOH(HUTYpaIHio aTOMa OJJHOTO M3 3TUX AJIEMEHTOB M YKXKUTE 3JICKTPOHHOE CEMEHCTBO.

Tema 3. Ilepmonmueckuii 3axon J.M. MenpaeneeBa. CrpoeHue aToMoB, HX
XHUMHYecKHe H (PU3HYecKHe CBOWCTBA. 3aKOHOMEPHOCTH HM3MEHEHHSI HX CBOWCTB IO
nepuoaaM U rpynmnam.

Leab: MO3HAKOMUTHCS C COBPEMEHHBIMU MPEICTABICHUAMU 00 MEPUOJAUUYECKOM
cucremMe XMMHUYeckux 3iemMeHToB J[.MI. MeHnneneeBa B cBEeT€ y4EHHUs O CTPOCHUU
aTOMOB; HM3yYUTh CTPOCHHUE 3JIEKTPOHHBIX OOOJIOYEK AaTOMOB D3JIEMEHTOB IEPBBIX TpEX
MEpUOJIOB. DJIEKTPOHHBIE O0Naka ® s-, p-opOutanmu, (HOpPMBI IIEKTPOHHBIX OOJAKOB.
XapaKTepUCTHKA AJIEMEHTa M €ro COEJWHEHHI Ha OCHOBE IMOJOKEHHUS B MEPUOAMYECKON
CUCTEME U CTPOCHHMS aToMma. XapaKTepUCTHUKA DJIEMEHTOB MaJbIX MEPUOJOB IO HX
nosjoxxeHuto B [lepuoauueckoii cucteme /. . Menaeneena

Bonpocsl 15 o0cykaeHus:

1. CoBpeMeHHbBIE MNpeACTaBIE€HUS O CcTpoeHHMH aToMoB. CocTaB aTOMHBIX
sanep. U3otonsl. [1opsakoBelil HOMEp AJIEMEHTA - 3aps AApa €ro ATOMOB.

2. CrpoeHue SJIEKTPOHHBIX O0OJIOYEK aTOMOB 3JIEMEHTOB IIEPBBIX TpPEX IIEPHOIOB.
DJNeKTpOHHBIE 00JIaKa U s-, p-opOUTaNU, GOPMBI TEKTPOHHBIX 00JIAKOB.

3. XapaKTepI/ICTI/IKa JJIEMEHTa M €TI0 COCI[I/IHGHI/Iﬁ Ha OCHOBE IIOJIOXKCHUSA B
HGpHOI[H‘-ICCKOfI CUCTCMC U CTPOCHHA aTOMA.

B 1869 r. I. . MenneneeB cooOuui 00 OTKPHITUM NEPHOANMYECKOr0 3aKOHA,
coBpeMeHHasi (OopMyJIUPOBKa KOTOPOTO TaKOBA: CBOUCMBA 3IIEeMEHMO8, d makxdice Gopmsl U
CBOUCMBA UX COCOUHEHULI HAXOOAMCS 8 NEPUOOUYECKOU 3A8UCUMOCTU OM 3aPA0ad A0PA AMOMO8
u  onpeoenaomcsi  NePUOOUHecKy  NOGMOPAIOWUMUCA — OOHOMUNHBIMU — INeKMPOHHLIMU
KOH@ueypayuamu ux amomos. HarnsaHbIM BBIPRKEHHEM 3aKOHA CIYXHT IEepUOJHYECKast
cucteMma /1. 1. Menpaeneena.

[lepuonnueckass cucrema cocTour u3 nepuogoB u rpyni. Ilepuomom HazbiBaeTcs
noC1e008amenbHblll PO INEMEHMO8, PACNOJIONCEHHBIX 8 NOPAOKE 803PACMAHUS 3aps0ad A0pa UxX
amomos, dNeKmpoHHAs KOHpU2ypayus Komopwix usmensemcs om ns' 0o ns’np® (uw 0o ns’ y
nepeozo nepuooa). Bece nepuoapl HAUMHAIOTCS C S-3J€MEHTA U 3aKaHYUBAIOTCS p-3JIEMEHTOM (Y
MEPBOTO TIEpUOJa S-dJIEMEHTOM). Majble MEepUOoIbl COJepKaT 2 W 8 3JIEMEHTOB, OOJbIINE
nepuoabl — 18 u 32 snemenTa, cepbMOM EPUOJT OCTAETCS HE3aBEPUIEHHBIM. UHCIIO0 3JIEMEHTOB B
nepuogax 2—8—18-32 COOTBETCTBYET MaKCHUMaJIbHO BO3MOXHOMY 4YHCIY O3JIEKTPOHOB Ha
COOTBETCTBYIOIIUX PHEPreTHUECKUX YPOBHSX: HA MEPBOM — 2, HA BTOPOM — 8, Ha TpeTbeM — 18,
Ha YETBEPTOM — 32 3JIeKTpOHA. B mepmojax cieBa HampaBo 0OcCiIa0EBalOT METAUTMYECKHUE U
YCWJIMBAIOTCSI HEMETANTUYECKIE CBOMCTBA U KUCJIOTHBIN XapaKTep COeAMHEHUH.

[To BepTukanu B TAOIUIE PACIONIOKEHO 8 TPYII, B KOTOPBIX OJWH TMOJ JPYTHM
pa3MelieHbl 3JIEMEHTHI, 00JIaJaloIie CXOJHbIMUA CBOMCTBAMHU. ATOMBI 3JIEMEHTOB OJIHOM U TOMU
e TPYNIbl HUMEIOT OJMHAKOBOE YHCJIO BAJICHTHBIX 3JIEKTPOHOB. KOJWYECTBO BaJICHTHBIX
AJIEKTPOHOB B 000JIOUKE aTOMa, KaK MPaBUJIO, paBHO HOMEPY TPYIIIbI, B KOTOPOW HAXOIUTCA
3JIEMEHT, M ONpEJeNsieT BBICHIYIO CTENEeHb OKHUCJICHHMS »3JIeMeHTa. ['pynmel JensTcs Ha
MOATPYIIIBI — TTIaBHBIE U T0O0YHBIE. [loarpynmbl BKIIOYAIOT B ¢e€0s 3JIEMEHTHI ¢ aHATOTMYHBIMU
AJIEKTPOHHBIMU CTPYKTYpaMu (3JIeMEHThI-aHANIOrH). B rinaBHbIX (A) moArpynmnax pacroioKeHbl
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s-anemenThl (I, II rpynnsl) u p-snementsl (III-VIII rpynner). B aTomax 351€MEHTOB TIJIaBHBIX
HOJTPYIII BAJIEHTHBIE 3JIEKTPOHBI HAXOJATCA HA S- U p-IIOyPOBHAX BHELIHETO SHEPreTHYECKOTIO
YPOBHS M 00Ilee MX YUCIO PAaBHO HOMEpY Tpynmbl. B IIaBHBIX MOATpyImax IMpH Iepexojie
CBEpXY BHHM3 YCWJIMBAIOTCS METAJJIMUYECKUE CBOMCTBA, OCHOBHOHM XapakTep COCIUHEHUH M HX
YCTOMYMBOCTh B HM3LIEH cTeneHu okucieHusd. Hampumep, i snementoB IV A-rpynmsl
BO3MOXHbIE CTeNeHUW okucieHus +2 u +4. Jlna yriaepona Hambosiee XapaKTepHa CTENCHb
OoKHuclieHus +4, MO0ITOMY UETBIPEXBAJIECHTHBIE COEAMHEHUS YIJEpo/Ja YCTOMUMBBI U HE
IPOSIBIISIIOT OKUCIIUTENIBHBIX CBOMCTB. Y CBMHIIA METAJUIMYECKHE CBOMCTBA BBIPAKEHBI CUIIbHEE,
4eM y yriaepoja U JJis HEro XapaKTepHa CTENEHb OKHCIEHUS +2, BCIEICTBUE YErO COCIUHEHMS
CBHHIIA CO CTENEHbIO OKUCIICHUS +4 ABISAIOTCS OKUCIUTENAMHU.

B nmo6ounbix (B) moarpynmax pacmonaratorcsi d- U f-31eMeHThl. BaleHTHBIE 3JIEKTPOHBI
B aTOMax d-d>JIEMEHTOB HAXOMATCS Ha S-MOJYypOBHE BHEIIHErO U d-MOJYpPOBHE IMPEIABHEIIHETO
JHEPreTHUECKUX ypoBHEH. B MOOOYHBIX TOATpymmax, KpoOMe MOATPYIIbl CKaHIUS, MPH
Mepexo/ie CBEpPXy BHHU3 YCWIHMBAIOTCS HEMETaJUIMYECKHUEe CBOICTBa, KHUCIOTHBIA XapakrTep
COEAMHEHUI U UX YCTOMYMBOCTH B BBICIICH CTENEHU OKUCIEHUS.

d-37eMeHTbl  TOOOYHBIX MOAIPYNIl CKJIOHHBI TPOSBIATH IEPEMEHHYIO CTElEHb
OKHCJIeHUs. XapakTep 00pa3yeMbIX HMU COSAMHEHHUH 3aBUCUT OT CTETIEHU OKHUCIICHUS HJIEMEHTA.
CoenuHeHus, B KOTOPBIX 2JEMEHT HAXOAUTCSA B HU3IIEH CTEIIEHU OKHMCIEHUS, UMEIOT OCHOBHOU
XapakTep, B BBICHICH CTETEHU OKHCICHUS — KUCIOTHBIA, B MPOMEXKYTOUHOW — aM(OTEpHBIN.
Hanpumep, Xxpom mnposiBiseT creneHu okucieHus +2, +3, +6 um xapakrep o0pa3yeMbIX UM
OKCHJIOB CJIETYFOIIHIA:

+3
Cry O Cr°0;

OCHOBHOM aM(pOTepHBIH KHMCJIOTHBIN

Cr?0

DJeMeHTHI TJaBHBIX M MOOOYHBIX MOATPYII CHIIBHO OTIIMYAIOTCS MO CBOMM CBOMCTBaM.
OOmuMHu I 3JIEMEHTOB TJIABHBIX M IMMOOOYHBIX TOJTPYIIT SIBISIFOTCS (OPMYJIBI BBICIITUX
OKCHUJOB M HMX THAPOKCHUIOB. Y BBICIIUX OKCHAOB M COOTBETCTBYIOLIUX MM THIPOKCHIOB
anementoB I-III rpymm (kpome Oopa) mpeobiamaroT OCHOBHBIC cBoiicTBa, [V-VII rpymm —
KHCITIOTHBIE

Tpyrma I I 00| v \% VI VIl
dopmyia BBIC- +1 -2 ) +3 +4 +5 +6 +7
o 31'0? | 570 50, | 90, | 2P0, | 3"0, | 90,
®opuya S0H 3(OH), |D(OH); |HD0; |HD0; |HD0, |HD0,
TUIPOKCUIA

OCHOB6AHUA KUcjiombol

JIJIst 5JIEMEHTOB TJIABHBIX MOATPYI OOMIMMH SIBJISTFOTCS (POPMYJITBI BOJOPOTHBIX COCTUHCHHMA
(Gn791y8)701133)

[Toarpymnma IA ITA IIT A IVA VA VI A VII A

dopmyia +3 -1 +2 17-1 +3 151 N — +1 -2 + a1

- 9" H, 9 °H, 9"H, 9" H, H, 5 H 3
meepovle 2a3000pasHvle

Error: Reference source not found

Tak kak OJICKTPOHHOC CTPOCHUC aTOMOB 3JICMCHTOB HU3MCHACTCA IMCPHUOAUYCCKHU, TO
COOTBETCTBCHHO IICPUOJUYCCKHU HU3SMCHAIOTCA U CBOMCTBa OJIEMCHTOB, OIPCACIIKIEMBIE HUX
QJICKTPOHHBIM CTPOCHUEM, TAKHEC KaK SHCPIrUus HOHU3allUKU, CPOACTBO K 3JICKTPOHY.
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Onepeus, neobxooumas Oisk OMPbIEA JEKMPOHA OM amoMd, Ha3bIBACTCS IHEPruei
nonusauum (E,). B pe3ynbprare HOHM3aMU aTOM MPEBPAIIACTCS B MOJOXKUTEILHO 3aPSKCHHBIH
non D’-e—D'. E, Bolpaxkaercas B DIEKTPOH-BOJbTax (3B) m  sBmserca  mepoi
goccmanosumenvHol cnocoonocmu dnementa. Yem Menbine E,, TeM cuiibHee BbIpakeHa
BOCCTAHOBUTEINIbHAS CIOCOOHOCTH 3J€MEHTa. Y 3JEeMEHTOB OJHOTO M TOTO K€ MEepHoAa MpHU
nepexoie OT MIETIOYHOI0 MeTalia K OJIaropoTHOMY Tas3y 3apsi sapa MOCTEIIEHHO BO3pacTaeT, a
paauyc aTtomMa yMmeHbImaercs. [103ToMy SHeprus HMOHHM3AIMH TOCTENEHHO YBEITUYHMBACTCS, a
BOCCTAHOBUTEIIbHBIC CBOKMCTBAa OCJIa0eBalOT. B THaBHBIX MOATPYyNNax C yBEIUYCHUEM
MOPSIKOBOTO HOMEpa JJIEMEHTa paguyC aroMa YBEIWYMBACTCSA, a OJHEPrus HWOHM3AIHNH
yMeHbIIaeTcsi. BoccraHOBUTENbHAS aKTUBHOCTD S- U p-3JIEMEHTOB YBEIIMYHMBACTCs. B OOOYHBIX
MOATPYNIaxX MPH YBEJIWYCHHUH IMOPSIKOBOTO HOMEpa E, yBEIHMUMBAETCS, BOCCTAHOBHUTEIbHAS
AKTHBHOCTb (-3JIEMEHTOB TIOHM)KACTCSI.

Onepeus, 8b10e1AI0WAACA NPU NPUCOEOUHEHUU DTIEKMPOHA K AMOMY C NPEeBPaujeHuem e2o
6 ompuyamebHulll UOH, Ha3bIBACTCSI CPOACTBOM K 3JIeKTpoHy (E.). 9+e—3". E. Bepakaercs B
5B u ABnsSeTcs Mepol OKUCIUTENHHOU crocoOHocTH AnmeMeHTa. Yem Gombine E., Tem cuibHee
BBIPQKEHBl OKHUCJIUTEIbHBbIE CBOMCTBa 3nemeHta. C yBelWYeHHEM IMOPSJIKOBOTO HOMepa
snemenTa E. mo mepuogam Bo3pacrtaer, 1o TpyInaM yMeHblnaercs. Hanbonbumm cpoacTBoM K
ANEKTPOHY 00nagaroT QTop, KUcIopon, xiop. OHM Ke SABIAIOTCI U CaMUMHU CHJIbHBIMH
OKHCIIUTEIISIMU.

IIpumepsl pelieHust 3aaa4

Ipumep 3.1. Kakyro BbICHIYI0O M HH3IIYIO CTENIEHHW OKUCIEHUS MPOSBISIOT (ocdop,
cepa, xiop? CocraBbTe (OPMYJIBI COCAMHEHHH MTAaHHBIX JJIEMEHTOB, OTBCUAIOIIUX ATHUM
CTEICHSM OKUCIICHHSI.

Pemenue. /lanubie s1eMeHThl HaxoAsaTcsa cooTBeTcTBEHHO B VA, VIA, VIIA-rpynmnax u
UMEIOT SJIEKTPOHHYIO KOH(UIYpalUI0 BHELIHETO SHEPIreTHYECKOro ypoBHsA 3s°3p’;  3s°3p;
3s73p°.

Tabnuya 3.1.Cmenenu oxucnenus ¢pocgpopa, cepol, xiopa

CrerneHb OKHUCICHUS
DJIeEMEHT CoenuHeHus
BBICIIIAS HHU3IIAs
P +5 -3 H3PO4, PH3
S +6 -2 SO3; Na,S
Cl +7 -1 HCI1O,4; HCI

Jlnst OONBIIMHCTBA AJIEMEHTOB TJIABHBIX MOATPYII BbICIIAsl CTEMEHb OKHUCICHUS paBHA
HOMEpY T'PYIIIbI, B KOTOPOH HAXOAUTCS 3JIEMEHT, a HU3MIasl CTENeHb OKUCIICHHS paBHA Pa3HOCTH
N-8, rae N — Homep rpynmnbl. OTBET Ha BOIIPOC 3a/1a4M cM. B Tabm. 3.1.

IIpumep 3.2. Ha xakoM OCHOBaHMM MapraHel] 1 OpoM pacIioyioKEeHbI B OJJHOM MEPUOE
(4), ognont VII rpynne, HO pa3HbIX noarpynnax — A u B?

Pemenue. DnexkTpoHHass KOHPUTYpAIUsi aTOMOB MapraHila 1 OpoMa COOTBETCTBEHHO —
»sMn [Ar]3d°4s*; 3sBr [Ar]4s*4p’. KonuuecTBO 3amOJHSAIOMIMXCS DHEPrETHYECKMX YPOBHEH B
aToMax yKa3aHHBIX JIEMEHTOB pPaBHO 4, 3HAYUT 3TO dJeMeHTH 4 nepruoaa. Cymma BaJleHTHBIX
JJIEKTPOHOB Yy KaXJOro aromMa paBHa 7/, clIenoBarelibHO, 3T0 3neMeHThl VII rpynmel. Ho
BAJICHTHBIC JJICKTPOHBI aTOMa MapraHila pacroJIOKEHbI Ha 4s-TMOJAYpPOBHE BHEIIHETO W d-
MOYpPOBHE TPEJBHEIIHETO YpPOBHS, 3HAYUT, 3TO d-3JIEMEHT M PACHOJOXKEH B IMOOOYHOMN
noarpynne (B). BameHnTHbie »MeKTpOHBI aTomMa OpoMa HAaXOMSITCS Ha p- U S-TIOTYPOBHSIX
BHeIIHEro ypoBHs. Cie10BaTeNbHO, 3TO p-3JIEMEHT U PACcIOIOKEH B rI1aBHOM noarpytre (A).
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IIpumep 3.3. ¥V kakoro u3 3J€MEHTOB YETBEPTOrO MEPUOJIA — BaHAIAMS WU MbIIIbSIKA —
CUJbHEE BBIPAKEHBI MeTauIMdeckue cBoiictBa? Kakoli H3 3THX »>IEeMEHTOB o00Opasyer
ra3zo00pa3Hoe COEJUHEHHE C BOJOPOIOM?

Pemenue. DIeKTpOHHBIE KOH(PUTYpaIlMd aTOMOB JAHHBIX AJIEMEHTOB 13V
[Ar]3d’4s*; 3:As [Ar]4s*4p’. Banamuii — d-sneMenT VB-rpynmsl, a MbIIbSK — p-31eMeHT VA-
rpymnmbel. Ha BHENIHEM 3HEPreTHYeCKOM YpOBHE y aTOMa BaHaAMsI JiBa DJIEKTPOHA, a Y aToma
MBIIIbsIKa — MATh. [IpUHAUIEKHOCTS 3JIEMEHTa K METaulaM WJIM HEMEeTaulaM ONpeNeNsieTcs, B
OCHOBHOM, YHCJIOM 3JICKTPOHOB Ha BHEIIHEM JHEPreTHYCCKOM YpPOBHE. ATOMBI METa/UIOB Ha
BHEUIHEM YpOBHE coxepkar 1-2, pexe 3 »saekTpoHa. Mertamibl MPOSBISIIOT TOJNBKO
BOCCTAHOBUTEJIbHBIC CBOWCTBA M, OTAAaBas CBOM JJICKTPOHBI, IMEPEXOIAT B TOJOXKHUTEIBHO
3apsoKeHHBIE WOHBI. OTpUIATENTFHO 3apsOKEHHBIX HOHOB METAIBI HE 00pa3yroT. ATOMBI
HEMETaJUIOB Ha BHEIIHEM SHEPreTHYECKOM YPOBHE UMEKOT 4—7 3JIeKTpOHOB. OHM MOTYT Kak
MIPUHUMATH AJIEKTPOHBI, T. €. BHICTYNATh B KAYECTBE OKUCIUTENEH, TaK U OTJAaBATh 3JIEKTPOHBI, T.
€. OBITh BOCCTAHOBUTEISAMHU. Y HEMETA/UIOB OKHCJIHMTENIbHAs (PYHKIMS BBIpAXKEHA CUIIbHEE, YeM
BOCCTAHOBUTENIbHAS. ATOMBI HEMETANIOB 00pa3yIOT OTPUIATENLHO 3apsHKCHHBIC MOHBI. Takum
oOpa3zoM, BaHaJWI, KaK U BCE METAJLIbI, 00JadaeT TOJBKO BOCCTAHOBUTEIHHBIMH CBOWCTBAMH,
TOTJa Kak JUIs MBIIIbsiKa OoJiee CBOWCTBEHHBI OKUCHUTENbHBIC (yHKIMU. OOIei
3aKOHOMEPHOCTBIO JIJISI BCEX TPYII, COJEPKAIIMX p- M d-3JEMEHTHI, SBISICTCS MpeoOIiaiaHue
METANTMYECKUX CBOWCTB y d-3neMeHTOB. Clie0BaTebHO, METAJUIMYECKUE CBOWCTBA y BaHAIMS
BBIPOKCHBI CHJIBHEE, YEM Y MBIIIbsKa. ['a3000pa3HOe COeAMHEHHE C BOJOPOJAOM oOOpasyer
HeMeTaul MBIIbIK (As~H;).

IIpumep 3.4. BbluuciauTe MOJSPHYIO MacCy W HA30BUTE DJIEMEHT, BBICIIMNA OKCHJ
KoToporo orBevaet Gopmyine 30;, 00pazyeT ¢ BOJOPOIOM Ia3000pa3HOE COSAMHEHHUE, MACCOBAs
J10J1s1 BOAOpoaa B KotopoM 1,54%.

Pemenue. Boruucinum cojepkanue 3jeMeHTa B THAPUJE, NMPUHAB MacCy THApUAa 3a
100%: 100 — 1,54 = 98,46%, T. e. Ha 98,46 yacTeil Macchl 35eMeHTa npuxoautcs 1,54 ydacreit
Maccel Bojopoaa uinu Ha 98,46 r anemenTta npuxogurcs 1,54 r Bonopoaa. 3Has, 4YTO MOJSpHas
Macca SKBHUBAJICHTOB BOJOPOJia paBHA | I/MOJb, ONpPEAEIUM MOJISPHYIO MacCy SKBHUBAJCHTOB
3JIeMEHTa B TUJIPUC MO0 3aKOHY SKBHUBAJICHTOB:

Mar-ma _ M k[ s1-ma 98,46 _M3K (21-ma)

My MBK(H) : 1,54 1 5 My (a1-ma) = 63,9 r/moib.
DnemeHT oOpasyer Bbicmmi okcua D0s, crneaoBarenbHO, oH Haxoautcs B VI rpymme. Ero
BBICITIAsl CTENICHh OKWCJICHUS B COCAMHEHUHU C KUCIOPOAOM +6, a HU3IIAs — B COCIUHECHHH C

M>sk =
BOJIOpPOJIoM —2. HaxoauMm MOJIIpHYIO Maccy 3J€MEHTa U3 COOTHOUIEHUS: ‘C' 0" .M =
63,9-2 = 127,8 r/monb. CnegoBaTenbHO, HCKOMasi MOJIIpHAs Macca jieMenTa 127,8, a ajnemMeHT —
TEJUTyD.

KoHnTpoJibHbIE Bonpochl

1. Vcxoas u3 MOJOXKEHUS MapraHia, pyOuaus, MBIIIbSIKa B MEPUOAUYECKON cHCTEME,
cocTaBbTe (OPMYJIBI OKCHIOB, OTBEYAIOMIMX MX BBICIICH CTENEHW OKHCICHUS, |
COOTBETCTBYIOIIMX UM THAPOKCUJIOB.

2. ¥V kakoro u3 p-snemeHtoB VII rpymmbel — xjopa Wid HOJa — CHJIbHEE BBIPAYKEHBI
HeMeTtayunueckue cpoiictBa? [louemy? Mcexons u3 BbICIIEH CTENEHU OKHUCIIEHHS 3JEMEHTOB,
HanumuTe GOopMyJIIbl KUCIOpOIcoaepKamux KucinoT. Kakas n3 Hux 6onee cuinbHast?

3. ¥V xakoro 3ieMeHTa MAToro nepuojia — MoJIMOieHa Uil TeJTypa — CHIIbHEE BBIPAXKEHbI
MeTajuIndeckue cBorcTBa? OTBET MOTHUBUPYWTE, 3aMMCaB JIEKTPOHHBIE KOH(DUTYpALlUU aTOMOB
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3THX 3eMeHTOB. Kakol u3 Hux o0OpasyeT razoodpasHoe coeauHeHHne ¢ Bogopoaom? CocrtaBbTe
(bopMyITy 3TOTO COCTMHECHUSI.

4. lcxonas u3 NOJI0KEHUsI METajula B IEPUOJUUECKON CHUCTEME, TaliTe MOTUBUPOBAHHBIN
OTBET Ha BOIIPOC: KaKOW M3 JIBYX TMAPOKCHUIOB Oosee cuiabHOe ocHoBaHue: a) Mg(OH), wimn
Ba(OH),; ©6) Ca(OH), wmu Co(OH),; B) Ca(OH), wm Zn(OH),? Hanwmmute ypaBHEHUs
peaKImi, 10Ka3bIBAOMUX aM(POTEPHOCTb THPOKCHIA [IMHKA.

5. Onun u3 snementoB III rpynnsl 06pa3yer okcul ¢ MaccoBOM AoJiel kuciopoaa 25,6%.
PaccuuTaiiTe MOISIpHYIO Maccy 3JI€MEHTa U HA30BHTE 3TOT JJIEMEHT.

(Omsem: 69,7 r/™monb).

6. Mapraner; oOpa3yeT COCIMHEHUS, B KOTOPBIX OH TPOSIBIISICT CTEIICHU OKUCICHHS +2,
+3, +4, +6, +7. CoctaBbTe (GOPMYIBI €r0 OKCHIOB M THAPOKCUIOB, OTBEYAIOIIUX ITHM
CTETICHSIM OKHCIICHHUSI.

7. Uto HaszpiBaeTcsi sHeprue uonmzanuu? Kak wu3MeHseTCS BOCCTaHOBHUTENIbHAS
aKTUBHOCTb 3JIEMEHTOB B TJIABHBIX W MOOOYHBIX MOJArPYHIaxX MNEPUOAMYECKONH CHCTEMBI C
yBenu4YeHueM mnopsikoBoro Homepa? Iloyemy? 3HadeHUs SHEPrUUM HOHHU3ALMH DJIEMEHTOB |
TPYIIIBI COOTBETCTBEHHO paBHBI (B 3B): Li — 5,4; Cs — 3,9; Cu — 7,7; Au — 9,2. Y snemeHTOB
KaKOH MOArpyNITbl BOCCTAHOBHUTEIbHbBIE CBOMCTBA BBIPAKEHBI O0JIee pe3K0?

8. Ha3oBuTe a5ieMeHT MO CIeAYIOIUM JIaHHBIM: a) 3JIEMEHT 4 mepuoja, BbICIIUNA OKCH]T
3,07, ¢ BoopoioM 00pasyeT razoodpasHoe coenquHenue HD; 0) aneMeHT 5 mepuojia, BHICIIHIA
okcua D0, ¢ BOAOPOJOM ra3o00pa3HbIX COEIUMHEHMI He o0pa3yer; B) AJeMEHT 4 mepuoja,
BhIcIINi okcua D0, ¢ BOJAOPOJIOM AaeT cojeoOpa3zHoe coenunenne JH,.

9. Mcxoas u3 MOJIOXKEHUs 31IEMEHTA B IEPUOIUYECKON CUCTEME, TaiTEe MOTUBUPOBAHHBIM
OTBET Ha BOIPOC: KaK M3MEHSETCS CUjia KUCJIOT B psaax: a)
HzSO4—>stCO4—>H2TeO4, 6) H4SIO4—>H3PO4—>H2SO4—>HCIO47

10. Yto Has3biBaeTCs CpPOACTBOM K 3IeKTpoHY? Kak H3MEHSEeTCcsl OKUCIUTENbHAs
aKTUBHOCTh HEMETA/NIOB B MEPHOAEC M B TPYIIE MEPHUOIUUYECKONH CUCTEMBbl C YBEIUYCHHEM
nopsakoBoro Homepa? Kakolf M3 aTOMOB — XJIOp MM HOJX — SBISAETCS OKUCIMUTEIEM IpU
obpazoBannu Mojekyisl ICl u3 atomoB?

11. Beruncnure MaccoByto A07i0 (B %) 3IEMEHTOB B BBICIIMX OKCHJAX: a) CeleHa; O0)
penust; B) ocmust; T) uHaus. (Omeem: 62,2%; 76,9%; 74,8%; 82,7%).

12. CoctaBbTe (POpPMYINIBI OKCHUIOB M THUAPOKCHIOB 3JIEMEHTOB TPETHETO IEPHOA,
OTBEUAIOLIMX MX BBICUIEH CTENEeHW OKHcieHUs. Kak n3MeHsAeTcs KMCIOTHO-OCHOBHOW XapakTep
TUX COEAUHEHMH NpU Iepexoje OT HaTpus K xijopy? Hamumwure ypaBHeHUs peakuui,
JI0Ka3bIBAIOIINUX aM()OTEPHOCTh TMIPOKCUAA ATFOMHUHUS.

13. Tlouemy snementhl Ne39 u Ned49 pacrnonoxensl B ogHoMm nepuojae (5), oxnoit III
rpyInrmne, HO pa3HbIX noarpynnax — A u B?

14. Bpruuciaure MOJIIPHYIO MacCy M HA30BUTE 3JIEMEHT, BBICIIMNA OKCHJ KOTOPOTO
otBeuaeT popmyne 3,0s, 0Opa3yeT ¢ BOJOPOAOM ra3zo00pa3HOE COECTUHEHHE, MaccoBas IO
BOIopoJa B KoTopoM 8,82%. (Omeem: 31 r/MOmb).

15. Hanummure Qopmysbl BBICHIMUX OKCHIOB M HMX THIPOKCHIIOB MAJIsi AJIEMEHTOB C
NOpAAKOBBIMM HOMepamu 4; 37; 75. Hanumute ypaBHEHUS pPEaKIUM, 10Ka3bIBAIOLIUX
amOoTepHBIN XapakTep ruApoKcuaa OepHUILIHsL.

Tema 4. Xumnueckasi cBsizb. OCHOBHbIE XapaKTePHCTUKH.
Buabl xummnueckux cBsizei

He.]]b: MO3HAKOMHTLCSI C O0O3HAYEHHEM XHMHUYECKOH CBiA3HU, HOHHOM W KOBaJICHTHOM
XUMHUYCCKON CBA3bIO, MCTOAOM BaJICHTHBIX CB?I3€I>1; JOHOPHO-aKUCHITOPHBIM MCEXAaHHU3MOM
O6pa3OBaHI/IH KOBaJICHTHOM CBSI3U.
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Bonpocs! 151 o0cykaeHus:

1. O0o3HaYeHNe XUMHYECKOH CBSA3U.

2. MonHas xuMH4eckast CBSI3b.

3. KoBaneHTtHas cBs3b, €€ cBOiCTBA. [[0JIIpHOCTh KOBAJIGHTHOM CBA3H.
4. DNEKTPUUECKUN MOMEHT JAUMOJIS.

5. Meroj BaJICHTHBIX CBsi3ei. BasieHTHOCTB 110 0OMeHHOMY MexaHu3My meTtona BC.
6. JIoHOpHO-aKIIETITOPHBIN MEXaHN3M 00pa30BaHMs KOBAJIGHTHOW CBSI3H.
7. Curma-cBsi3b M KpaTHbBIC CBSI3H.

8. Jlenokanu3aius CBs3H.

9. IIpocTpancTBeHHas! KOHMDUTYpALTHST MOJICKYI.

10. DnekTpoHHBIE KOHPUTYPALUUA MOJICKYIT

CoracHO MeTOAy BaJICHTHBIX CBsI3€ CBsA3b MexIay aromamu A u B oOpasyercs c
MOMOIIBI0 OOIIeH mapbl SJeKTPOHOB. CBs3b Ha3bIBACTCSI KOBAICHTHOM, eciau oOImmias mnapa
AJIEKTPOHOB 00pa3yercss M3 HECNapeHHBIX D3JICKTPOHOB JABYX aroMoB. CBsi3b Ha3bIBACTCS
JOHOPHO-AaKIEITOPHON, €cli o0mias mapa 3JEKTPOHOB 00pa3zyeTcss W3 HEMOAETICHHON IMapbl
OJIHOTO aToMa (JIOHOpa) U CBOOOTHOM OpOUTAIIM IPYTrOoTo aToMa (aKIenTopa).

A E 1 “ =A 4 B eHTHaSI CBS3b
A f E =A 4 B OpHO-aKHeHTOpHa}I CBSI3b

KoBaneHTHast CBs3b OOBIYHO 0OOpa3yeTcss MEXKIY aTOMaMH HEMETaNIOB M MOXET ObITh
MPOCTOM, JTBOWHOW WJIM TPOMHOW B 3aBHCHUMOCTH OT YHCJIA OONIMX MMap 3JEKTPOHOB MEXIY
nByMsi arToMamu. KoBasieHTHas CBSI3b MOXKET OBITh HEMOJISIPHOM, €clii 001Ias mapa HaXOAUTCS Ha
cepeHe PACCTOSIHUS MEX/y ABYMsI OJJUHAKOBBIMU aTOMaMU, WK MOJISIPHOM, ecu oOlias mapa
CIBHHYTa B CTOPOHY 00Jiee 3JIEKTPOOTPULIATEILHOTO aTOMa.

JIOHOpHO-aKIEeNTOpHAsT CBSI3b MMEET MECTO MEXJAy LEHTPaJbHbIM HOHOM M JIMTaHAAMH
BHYTpEeHHEH cdepbl KoMIIeKCHOTO coeannenus. B kommiekce [Ag(NH;):]Cl nenrpanbHblii HOH
Ag’ aBIIseTCSA aKUENTOPOM, TaK Kak uMeeT 4 cBoOoaHbIe opouTanu 4s°4p’, a MoJIeKyla aMMHaKa
SBJIAETCS JOHOPOM, TaK KaK a30T UMEET HEMOAEIEHHYIO Mapy 3JIEKTPOHOB.

BaJsieHTHOCTH aTOMOB

BasieHTHOCTH XapakTepu3yeT CIOCOOHOCTh aTOMOB, OOpa30BbIBATh XMMUUYECKHUE CBS3H, U
paBHa YHCITy XUMUYECKHX CBsi3el 00pa3oBaHHBIX aTOMOM. COrjacHO METO/ly BaJ€HTHBIX CBsI3ei
BaJICHTHOCTh paBHA YMCITy OOIIUX Map 3JIEKTPOHOB, a B CIIyyae KOBAJIEHTHOM CBSI3U BAJICHTHOCTD
paBHA YHUCIIy HECIApPEHHBIX JJIEKTPOHOB HA BHEIIHEM YPOBHE aTOMOB B OCHOBHOM HIIU
BO30YKJICHHBIX COCTOSIHUSX.

C 2s%2p° w1 [ Ban =2 CO

C" 2s'2p° t T T Ban =4 CO;,

S 3% W R[] [[[][%=2Hs
S I O O vl
S"383p3¢ i) 1]+ [ ] [mn=6 SO

AToMBI 00pa3ylOT OTpaHWMYEHHOE YHCJIO CBS3€H, paBHOE WX BaJCHTHOCTH. OITO
COOTBETCTBYET HACHIIIA€MOCTH KOBAJICHTHON CBSI3H.

I'mOpuau3anmus aTOMHBIX OpOUTAIEi

I'ubpumuzamus atomabix opoutaneit (AO) — 310 cmemenue AQO pasHBIX IMOTypOBHEH
aToma, 3JIEKTPOHBI KOTOPBIX yYacTBYIOT B 0Opa30BaHUM HKBHUBAJICHTHBIX XMUMUYECKHUX CBS3CH.
DOKBUBAJICHTHOCTh THOpHAHBIX opOutaneit (I'O) oOBsACHAET dKBUBAJICHTHOCTH OOPa3yIOIIUXCS
XMMUYECKHX CBsi3ed. Hampumep, B ciiyyae 4eThIPEXBAIEHTHOTO aTOMa YIJIEpOoAa UMEEM OJMH 2
U Tpu 2p 3nekTpoHa. UToObl 00BACHUTH SKBUBAJICHTHOCTh CBSI3el, 00Opa30BaHHBIX YIJIEpOIOB B
mosiekynax CHs, CF4 u T.A., aroMHbBle S- M p-OpOMUTaIM 3aMEHSIOT SKBUBAJICHTHBIMHU
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TUOPUIHBIMU SP -OpPOUTAIISIMH.
* 1 3 * 1 3
C' 262! [ {1 P €% o ][] ]
I'mOpunuszanys IMO3BOJSIET YCTAaHOBUTh T€OMETPUIO MOJIEKYJ, TaK Kak BCICICTBHE

HAINpPaBJICHHOCTH KOBAJCHTHON CBS3U YIJIbI MEXY CBS3SMH PAaBHBI YIiIaM MEXIy THOPUIHBIMH
opouTasAMHU.

HanpaBiieHHOCTh KOBaJEHTHOH CBSI3U COCTOMT B TOM, 4YTO OHa oOpasyercs B
HANpaBICHUM MAaKCHMaJbHOTO TEpPEeKpbIBaHUA opOuTtaneld, obOpasymomux o0y mnapy
AJIEKTPOHOB.

B 3aBucuMocTH OT THMa THOpPHIM3ALUU TUOPUAHBIE OPOUTAIM HMMEIOT OIPENEICHHOE
pacIoyIOKEeHUe B IPOCTPAHCTBE:

Sp — IMHEHHoe, yroy Mexay opouransmu 180°
sp’ — TpeyroiabHOE, ikl Mexay opouransamu 120°
Sp’ — TETpadapUYECKOE, YIJIbI MKy opouransmu 109°

sp’d' — TpuronaneHO-6GMIMpamMuaanbEHOE, yriIbl 90° 1 120°

sp*d' — xBagparHoOe, yribl MexIy opouTazsmu 90°

sp’d® — oKTasmpuyecKoe, yribl MexKy opouTansamu 90°.
IIpumep — xumuyeckas cBsi3b B MoJieKyae BF.

AToM 0Opa B OCHOBHOM COCTOSSHUM HMMEET JIMIIb OJWH HECIIAPCHHBIA AJICKTPOH, a B
BO30YKJICHHOM COCTOSIHUM — TPH HECTAPEHHBIX AJIEKTPOHOB, YTO COOTBETCTBYET BAJICHTHOCTH
6opa B BF.

B22p' wa[r)[ [ 7] B'22 & 11 [T []

Hecnapennble 351eKTpoHBI aToMa 0opa HaXOJATCS HA Pa3iIMYHBIX (S- U P-) OpOUTAIAX, a
cBsa3u B-F B monekyne BF; ogunakosbie. D10 00bsicHseTca sp’-rubpuamsanueii AO, korga u3
onHoit s-AO u nByX p-AO 00pa3yroTCs TpH SP*-TMOPHAHBIC OPOUTAIN, UMEIOLINE OJAUHAKOBYIO
SHEPTHUIO U PacIiojararoiirecs: B IpocTpancTBe moj yriom 120°.

* 1 2 * 1 2
B2 [FTT] BXW iir [T
Tpu HecnapeHHBIX >JCKTpOHA HAa THOPUIHBIX OpPOUTAIX OOpa B3aUMOACHCTBYIOT C

HECHApEeHHBIMH P-3JeKTpOoHAMU (TOopa ¢ 0Opa3oBaHHMEM TpeX KOBaJEHTHBIX CBs3eil. B cumy
HAIPaBJIEHHOCTH KOBAJIEHTHBIX CBSI3€W 3TU TPU CBS3U OyAyT pacrojaratbcs MoJ TEM K€ YIJIOM
120°, uto u ruOpuaHBIC OpOUTANIN, U MOJIeKys1a BF; Oyner uMeTh MmaIockoe CTpoeHue ¢ yriaMu
120° Mmexay cBSI3MU.

KOHTpOJ’IBHHe BOITPOCHI

1. Ha3oBuTe OCHOBHBIE MOJIOKEHHS METO/1a BAJICHTHBIX CBSI3Ei?

2. Kakue oCHOBHbBIE€ CBOMCTBA KOBAJEHTHOMW CBSI3M BaM M3BECTHBI? OxXapaKkTepu3ynTe ux.

3. HazoBurte u3BEeCTHbIC BaM BHJbI THOPUAM3AIMH ATOMHBIX OpOUTANICH, MPUBEIUTE UX
OTJIMYUTENbHBIE YEPTHI.

Teopust MoJIeKyJISIDHBIX opOuTaIei

CornacHo Teopur MOJIEKYJISIPHBIX OpOUTasIeil MOJIEKyJia COCTOUT U3 SIIEP U AJIEKTPOHOB, a
HE MPEJCTaBIseT 000 COBOKYITHOCTh aTOMOB, KaK IOCTYJIHMPYET METOJl BAJICHTHBIX CBsi3eil. B
MOJIEKYJIaX 3JIEKTPOHBI HAxXOJsATCs Ha MoJeKyJsipHeIXx opoutansx (MO). CpoiicTtBa MoseKys
3aBUCAT OT MX D3JEKTPOHHOTO CTPOEHMs, TO ecTb OT CcTpykTypel MO. MO BHyTpeHHUX
AJIEKTPOHOB OOBIYHO COBMAAAIOT € cooTBeTcTByromUMU AQO, WHAuYe TOBOps, BHYTPEHHHE
AJIEKTPOHBI B MOJIEKYJIaX COXPAHSIIOT CBOIO aTOMHYIO NPUPOJY U HE YYacTBYIOT B 00pa3oBaHUU
cBs3eil. MO BHENIHUX 3JIEKTPOHOB UMEIOT 00Jiee CJI0KHOE CTPOCHUE U YAaCTO PacCMaTpPUBAIOTCS
KaK JIMHeHass KOMOWHAIMs BHEIIHMX OpOHMTanell aTOMOB, COCTABIIIOUIMX MOJEKyny. Yucio
obpasyromuxcss MO paBuo unciny AO, ydacTBYIONIUX B MX 00pa3oBaHUH, TO €CTh U3 IByX AO
nonyyaem 18e MO, m3 1pex AO — 1pu MO m t1.a. DHeprum MO MoryT OBITH HMXKE
(cBs3piBatoriue  MO), paBHbl  (HecBsizpiBatompe MO) wiam  Beime  (Pa3phIXIISIONIUE,
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anTHucBs3bpiBatonie MO), yem sHeprun odpasyroumx ux AO. Hanpumep, B3auMonencTsrue IByx
AO nmaet n1Be MO: 0JiHy CBS3BIBAIOIIYIO U OJIHY Pa3phIXJISIONIYIO.

VYcenosus s3aumopeiictsus AO:

1. AO B3auMOJIEHCTBYIOT, €CJIU UMEIOT OJu3Kue sHeprun. Yem Oosblie pasHUIA YIHEPTUI
AOQ, TeM MeHbIIIE UX B3aUMOJICHCTBUE.

2. AO B3auMOJACHCTBYIOT, €CIM OHU MeEpeKphiBalOTCA. Tak BHyTpeHHHME AQO pa3HbIX
aTOMOB, pacrojararomuecss BOJU3M SEp, HE NEPEKPHIBAIOTCS M HE B3aUMOJEHCTBYIOT,
COXpaHSsI CBOIO aTOMHYIO ITPUPO.Y.

3. AO B3auMMOJEHCTBYIOT, €CIIH MMEIOT COOTBETCTBYIOIIYIO cUMMeETput0. CHMMeTpus
MO xapakrepusyercsi 3JIeMEHTaMH CHUMMETPUH, TaKUMHM KaK OCb CHMMETpPUH, IUIOCKOCTb
cumMmeTpud U T.A. [nga aByxaromHoil Monekynsl AB (wnam 1r000# JTMHEHHONW MOJEKYIIbI)
cumMeTpusi MO MOXKeET OBITh:

o, eciii janHass MO uMeeT oCch CUMMETPHH,

m, ecnu nanHas MO uMeeT II0CKOCTh CUMMETPHH,

0, ecmu MO uMeeT JIBe MEePICHIUKYISIPHBIC ITIOCKOCTH CUMMETPHH.

Ecnu ock Monekyiibl AB coBmazmaer ¢ ocbto Z KOOpAUHAT, TO

o-, - 1 0- MO 00pa3yroTcs mpu B3auMOoeHcTBIH cheayomux AO COOTBETCTBEHHO:

6-MO wu3  s-,p,-, d*- AO

n-MO u3  px-, py-. dx-, dy,~AO

8-MO u3  dyy-, di*-,>-A0

AOQO pazHoil cummeTpun, Hanpumep, s-AO u ps-AO, He B3aumoelcTBYOT. [Ipucyrcreue
ANIEKTPOHOB Ha CBA3bIBAOIKUX MO CcTaOWIM3UpPYeT CUCTEMY, TaK KaK YMEHBIIAET SHEPTHUI0

MOJIEKYJIBl 10 CPaBHEHMIO C 3Heprueil aromMoB. CTaOMIBHOCTH MOJIEKYJIBI XapaKTEpU3YyeTCs
HOPSIAKOM CBSI3U NN, PAaBHBIM

n= (ne cs — e pasp)/zy
TAC Ne ¢ U Ne pazp — YHUCJIA SJICKTPOHOB HaA CBA3BIBAOIINX W PA3PBIXJIAOIINX Op6I/ITaJ'I}IX.

3anonHenne MO 371eKTpOHaMH MPOUCXOAUT 110 TEM K€ MpaBuiIaM, 4To u 3anoiaHenue AO
B aTOMe, a UMeHHO: npaBuiy Ilaynu (Ha MO He MoxeT ObITh OoJiee ABYX 3JIEKTPOHOB), IPABUITY
I'ynaa (cymmapHBIi ClIUH AOKEH OBbITh MAKCUMAJIEH) U T.1I.

Ap N

]
0<__ >0
S |:| S

Pucynok 2. O6pa3oBaHue MOJIEKyJIIpHBIX Op@uTaseil aToMOB epBOTo Mepruoaa

N (@) Al
Bzaumopeiicteue ls-AOA aToMOB TiepBoro nepuoxa (H u He) mpuBogut k oOpa3oBaHuUio
cBs3pIBaromelt 6-MO u pazpeixistoniei 6*- MO.

KoHTposbHBIE BOITPOCHI

1. KakoBbl OCHOBHBIE OTJIMUHS METOJA MOJICKYJISPHBIX OpOWUTalell OT METO/la BaJICHTHBIX
CBs3eH?

2. Kak, ucronb3ys METOJl MOJIEKYJSIPHBIX OpOWTaeil, MOXXHO TOJTBEPIUTH MapaMarHeTU3M
MOJICKYJIBI KHCITOpoa?

3. Ob6nagaer 1 HOHHAS CBSI3b HAMIPABICHHOCTHIO M HACKHIIIAEMOCTHIO?
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Tema 5. OcHOBHBbIE MOHATHS XHMHYECKOH TepMOIUMHAMUKU. DYHKIUH COCTOSIHUSI, UX
oco0eHHocTH. Llesib: MO3HAKOMUTHCS C TOHSTUSMHU: BHYTPEHHSSI dHEPrus, (QYHKIHUU MYTH,
TeIJIoTa, padora.

Bonpocsl aJsi 00cy:KaeHus:
1. BHyTpeHH:s 3HEprusl.
OYHKIUYU Ty TH.
Temnora, padora.
TepMmoxumuyeckue ypaBHEHHsI, UX OCOOCHHOCTH.

kv

PacueTsl 10 TEPMOXUMHUYECKUM YPAaBHEHUSIM

XHWMHYECKHE PEAKIIMH COMPOBOXIAIOTCS BBIICICHHUEM WM TIOTJIOMIEHUEM TEeIIOTHI.
Peaxyuu, npomexarowue c 6videneHuem meniomel 8 OKpPYH#CAOWYIO cpedy, Ha3bIBAIOTCS
IK30TEPMHUUYECKUMHU, A C HNO2IOWeHueM meniomel — 3IHA0OTepMUYeckuMH. Konuuecmaso
menjiomsl, KOMOpoe B8blOeNaemcs: UlU HOo2I0uaemcs npu XUMU4eCKou peaxkyuu, Ha3bIBAeTCs
TeIUIOBBIM 3(p(peKTOM_peaKkumu._

TemmoBoii >dexT peakiuu, MPOTEKAIIEH B YCIOBUSX p=const, T=const, paBeH
u3MeHeHuto 3HTanenuu cuctembl AH u usmepsercs B kJ[k. [Ipu sk3oTepmuueckoit peaxiuu
SHTANBIUS cucTeMbl ymMeHbinaeTcss u AH < 0, a mpu 3HAOTEPMUYECKON — IHTAIBIHS CUCTEMBbI
yBenuuuBaerca u AH > 0.

Ecnu  ucxoouvie eewecmea u npooykmel peaxyuu HAXO0O0AMCA 6 CMAHOAPMHOM
COCMOAHUU, MO IHMATLNUIO PeaKyul HA3BIBAIOT CTAHAAPTHOM U 0603Ha4aroT AH® wmm AH .
Bepxuuii nnaekc orBedaeT ctanaapTHoMy aasieHuto (101kI1a), HuKHUI MHIEKC COOTBETCTBYET
CTaHJIAPTHOM TeMIepaType, NPUHITON MO MEXAYHAPOIHOMY COIJIalIeHUI0, paBHOM 298 K.

Tema 6. IlepBblii 3aK0H TepMmoguHAMUKH. TepMoxumMus

Iean: mo3HAKOMHUTLCS C 3aKOHOM I'ecca, cieacTBueM u3 3akoHa I'ecca.
Bonpocsl aJst 00cy:KaeHus:

1. 3akon I'ecca.

2. CrnenctBue U3 3akoHa [ ecca.

3. HaxoxxieHne SHTaIbIuu XUMUYECKON peakiuu

Vpaenenus xumuueckux peakyui, 8 KOMOPLIX VYKA3AHbI USMEHEHUS IHMATbNUU
(mennogvle s¢ghgpexmul peaxyuti), HA3bIBAIOTCS TEPMOXHUMHUYECKHMH.

Hanpumep, TepmMoxummudeckoe ypaBHEHUE:

Nao(r) + 3H, (1) = 2NH; (1), AH’, =-92, 4 k]Ix.

MMOKa3bIBACT, YTO NpH B3aumojehicTBun 1 Monb N, u 3 monbs H, ob6pasyercs 2 moib
NH; u BbIACNIS€TCS KOJIMYECTBO TEIUIOTHI, paBHOE 92, 4 kK.

B ocHoBe TepMOXHMMHUYECKHMX pacueToB JEKUT 3akoH [ecca: mennosoii a¢hghexm
XUMUYECKOU peakyuu 3a8Ucum moJbKo om HA4anbHO20 U KOHEYHO020 COCMOAHUS 6eUjecme U He
3a8ucum om NPOMeNCYymouHvlXx cmaouti npoyecca. Yacto B TEPMOXHMHUYECKUX pacyeTax
IIPUMEHSIOT cJIeACTBHe M3 3akoHa I'ecca: sumanvnus xumuueckou peaxyuu paeHa cymme
SHmManbnull 00pA308aHUs NPOOYKMOE PeaKyul 3ad BbIYeNOM CYMMbl IHMAILNUL 00paA308aHUS
UCXOOHbIX eujecma C yuemom cmexuomempuyeckux Kodgpguyuenmos peaxyuu. Hanpumep,
cTaHjapTHas SHTanbnus peakuu aA+bB=cC+dD paccuutbsiBaeTcs no ¢popmyie:

AH’;,= (cAH c+ dAH’p) — (aAH A+ bAH'),
20e AH° — ctanapTHas SHTAIBIUA 00pa30BaHUs COETUHEHUS.

CTaHI[apTHOﬁ JHTAJbIMEH 06pa3OBaHI/IH Ha3bIBACTCsA cmaHdapmHa;z IHmMaAjlbnus
peakyuu 06pa306aHu;z 1 monw cnosicnoco eeuecmea U3 npocmuvlx eeujecme, ycmoﬁqueblx npu
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298 K u oasnenuu 101 xlla. O6osnavaercs AH’9s wim AH’ (temmeparypy 298 K moxHO
OIyCTHTB), n3Mepsiercs B KJ[k/Moib. AH® IpOCTBIX BELIECTB paBHA HYJTIO.

Tema 7. Bropoii 3axkoH TepmoanHaMuku. [lonsiTue SJHTpONUU U
sneprum I'u60ca

IleJsib: MO3HAKOMUTbBCA € MOHATUAMU: SHTpONU, s3Heprus ['n6oca

Bonpocsl 15 o0cykaeHus:

1. DuTponusi.

2. H3MeHeHue 3HTPOIUU B XOJ€ XUMUYECKON PEAKIIUH.

3. Kpurepuu caMonpoun3BoNIbHOIO NPOTEKAHUS PEAKLIMH.

4. Pacuer sneprun ['ub6ca

Hanpaenenue npomexanus xumuuecxoii peaxyuu onpenenser 3Heprus I'm6oca (AG).
[Ipu p=const, T=const peaxuysi cCaMOIIPOU3BOJILHO MPOTEKAET B TOM HANPABICHUHU, KOTOPOMY
oTrBevaeT yobuth sHeprum ['mb6ca. Eciu AG < 0, To peakuusi caMOIIPOU3BOJIBHO MPOTEKAET B
npsimoM HanpasieHuu. Ecim AG > 0, To caMOmpou3BOJILHOE MPOTEKAHKUE MPOIEcca B MPSMOM
HampaBlieHuu HeBo3MOXkHO. Eciu  AG = 0, To peakuus MOXET NPOTEKaTh Kak B MPSIMOM
HAIpPAaBIICHUH, TaK U B OOPAaTHOM M CHUCTEMa HAXOJMUTCS B COCTOSHHHM paBHOBecHs. M3MeHeHue
AGy, He 3aBHCHUT OT IYyTH IpoIecca U MOXET ObITh PacCUMTAHO MO CIEACTBHIO U3 3aKOHA
I'ecca: uzmenenue snepeuu I'ub6ca B pe3ynbraTe XUMHUECKONW PEAKIUU PABHO CyMMe IHepIuli
T'ubbca obpazosanus npoOyKmos peaxkyuu 3a 8bluemom cymmol sHepeuti 1 ubbca obpazosanus
UCXOOHbIX — GeujeCmsé ¢ yuemom CHMeXUuoMempuyeckux KodQpduyueHmos. Hampuwmep,
cranaaptHas sHeprus ['n66ca peakiuu aA + bB = cC + dD paccuutsiBaeTcs o ¢popmyiie:

AG's;. = (cAG c+dAG") — (aA/G’s + bAG's),
rne A/G’~ crangaptHas sueprus ['m66ca oGpasoBanus BemiectBa. OHa OTHOCUTCA K 1 MOIb
BelecTBa U u3Mepsiercs B kJx/mMonb. DHeprus ['mO0ca oOpa3oBaHusl MPOCTHIX BEIISCTB PaBHA
aymo. AG%, HMMeeT Ty e pasMEpPHOCTh, YTO U SHTAIBIHS, H IO3TOMY OOBIYHO BHIPAKAETCS B
KkJK.
W3meHnenune ctannapTHO# sHeprun ' mb0ca XUMHUYECKOM peakliu MOKET ObITh TaKxkKe
BBIYHCIICHO TIO YPaBHEHUIO:

0 — 0 0
AG’%,p = AH, — TAS %, ,
rae T — aGcomoTnas Temneparypa, AS’c, — M3MEHEHUE JHTPOIMH.

DHTPONMSA — AGNAEMC MEPOU HEYNOPAOOUEHHOCMU COCMOAHUSA cucmembvl. JHTPOIUS —
3TO CTpPEMJIEHUE YacTUll (MOJIEKYJI, HOHOB, aTOMOB) K XaOTUYECKOMY JABM)KEHHUIO, & CUCTEMBI — K
nepexoay OT Oosee YNOPAJOYEHHOTO COCTOSIHMS K MEHEee YHOpPSJI0YEHHOMY. OHTPOIMS
BO3pacTaeT C YBEJIMYECHHUEM [BWKCHHsS YacCTULl: IIPM HArpe€BaHWM, HCIAPEHUU, IUIABJICHMH,
paclIMpeHny rasa, Ipu ocilabIeHUu WM pas3pblBe CBs3eH Mexay atomamu U T.1. IIpoueccsl,
CBSI3aHHBIE C YMOPSJOYEHHOCTHIO CUCTEMBI (KOHIEHCALMs, KpUCTAUIM3aLUs, CXKaTHeE,
YIOPOYHEHHE  CBS3eH, IOJIMMEpU3alysi), COINPOBOXKIAAIOTCA  YMEHBIIEHHEM  SHTPOIHUHU.
Wzmepsiercss suTponus B Jx/mMonb-K.

Hsmenenue sumponuu cucmemsl B pe3ysibTaTe MPOTEKAHHS XUMHUYECKON peakiuu (AS)
(9HTpOMUSL pEaAKIUU) PABHO CYMMe OSHMPONUU NPOOYKMO8 peaxyuu 3ad 6blYemoM CYMMbl
SHMPONUL UCXOOHBIX BEUYECmE C YUemoM cmexuomempuieckux koagguyuenmos. iamenenune
SHTPOMHH B PE3yJIbTaTe MPOTeKaHUs XuMudeckoii peakiuu aA + bB = c¢C + dD paBHo:

AS’% ;= (cS% + dS%)— (aS° + bS’5)

IIpy  XMMHMYECKOM  B3aMMOJCHCTBUHM  OIAHOBPEMEHHO  W3MEHSETCA  DHTAJILIINA,
XapaKTEpHU3yOLas CTPEMIICHHE CHUCTEMBI K IIOPSAKY, W DHTPOINMS, XapaKTepU3yHoIas
CTpeMJIEHHE CUCTEeMbl K Oecrnopsiaky. Ecium TeHIeHIMu K HOpsiaKy M Oecnopsaky B CHUCTEMeE
omunakoBel, T0 AH%, = TAS’ ., 4TO ABJSETCS YCIOBHEM PABHOBECHOTO COCTOSHHS CHCTEMBI.
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Ecmu npenebpeusr usmenenusimu AH%, u AS’, ¢ yBeiuueHHeM TeMIIEpaTyphl, TO MOXHO
OIIPENEIIUTh TEMIIEPATYPY, PU KOTOPOM YCTaHABIMBACTCS PAaBHOBECHE XMMMUYECKOM peakuuu
JUIsl CTAHJTAPTHOT'O COCTOSIHUSL PEarcHTOB

AHox.p.

T = Ax.p.

Ilpumepuvt pewenus 3a0au

[Ipu pemennn 3amau 3TOro paszaeina cienyeT MoJIb30BaTbes Tad. 1 IpuiIoKeHus.

Ipumep 4.1. Berunciaute TermioBoit 3GpGHeKT U HAMUIIUTE TEPMOXUMHYECKOE YpaBHEHUE
peaklMy TOpPEHUsl alleTHIeHa, B pe3yjbTaTe KOTOPOW 0Opa3yloTcs mapbl BOJABI U JHOKCH]
yraepoaa. CKoJIbKO TeIUIOTHI BeIIEIUTCS Ipu cropanuu 10 i aneruiena (H.y.)?

Pemenue. Peakuust ropeHus aleTWICHA NPOTEKAET 110 YPABHEHUIO:
Csz(F) + 51/202 (F) = 2C02(F) + HzO(F)
[Tone3ysick crneacTBueM U3 3akoHa ['ecca W CIpPaBOYHBIMU JaHHBIMH W3 Tabi.l, BBIUUCIIIEM
TEIIOBOM 3 eKT 3TOH peakIuu:

AH %, = 2AH °cor+ AH %io) — (AH cama + 5%5A0H “02)
AH, =[2(-393,5)+ (-241,8)] — (226,8+ 5%-0)= — 1255,6 xJIx
TepMoxuMuyeckoe ypaBHEHHE PEaKIUi TOPEHuUs alleThiIeHa UMEET BU/I:
CoHy(r) + 5%0; (1)= 2COy(r) + H,O(r), AH’, =-1255,6 x/Ix
TennoBoii 3 ekt 00BIYHO OTHOCAT K OAHOMY MOJTIO BemiecTBa. Clieo0BaTeIbHO, TPU CKUTAHUN
1 mons C,H, Beimenserca 1255,6 x/lx. OpnHako, mo ycinoBuio 3amauu cxuraerca 10 1
anermiiena, yro cocrasiger 10 / 22,4 = 0,446 mons C,H,, roe 22,4 1/M0oAb — MOJIBHBIA 00BEM
1000T0 Ta3a npu HOpPMajbHBIX ycloBHsX. Takum obpaszom, npu cropanuu 0,446 mons (10 )
C.H, Beigenurcs 0,446-(—1255,6) = —560 k[ TEmIOTHI.
Ipumep 4.2. Peakuus unet no ypaBuenuto Fe,O; + 2Al = 2Fe + AlLOs.

IIpu BocctanoBnenun 48 r Fe,O; Boiagensercs 256,1 xJx TemioTsl. Belumcnure TemioBoit
3 eKT peaky U CTaHAAPTHYIO SHTANIBIINI0 00pazoBaHus Fe,Os.

Pemenune. Yucno mouneit Fe,O;, cogepkamuxcs B 48 T Fe,Os, cocrapisier 48 / 160
= 0,3 momb, tae 160 r/monb — momsapHas Macca Fe,Os. Tak kak TeruioBor 3¢ ¢deKT oTHOCAT K 1
MOJIb BEIIECTBA, TO TEIUIOBOW A((EKT NTaHHOW PEaKiuu paBeH -256,1 / 0,3 = —853,7 xJIx.

3anumeM TepMOXUMHUYECKOE YPaBHEHUE ITON peakuu

Fe,O; + 2Al =2Fe + ALO;,  AH%,=-853,8 kJIx

®dopmya 1715 pacyera TEIIoBOro 3pQexra N1aHHOM peakuu UMeeT BU/L:

AH’ ,= 2AH %+ AH °a1p03) — (AH %ke203 + 2AH °ay), o1crona maxomum AH ‘keos
AH %03, = 2AH %+ AH %03 — 2AH %A1 — AH s,

[Tocie moCTaHOBKYM CIIPaBOYHBIX JAHHBIX M3 Ta0JI. 1 momydaem

AH ° 203 = 2:0 — 1676 — 2-0 + 853,8 = —822,2 xJIx/MOb

Taxum 06pa3zoM, TemnoBoi >ddekr peakun paseH —853,8 kJIx, a AH k03 cocTaBnsger —822,2
kJ>K/MOb.

IIpumep 4.3. Vcxons u3 TEpMOXUMHUYECKUX YPABHEHUN

Hz(r) + OQ(F) = HQOQ()K), AH 0(]) = —187 KJ_I)K (1)
HzOz()K) + Hz(l") = 2H20(T), AH 0(2): 297 KI[)K (2)
HzO(F) = HQO()K), AH 0(3): — 44 KI[)K, (3)

paccunTaiiTe 3HaYCHUE CTaHIAPTHOM SHTAIBIUK peakiuu oOpazoBanust HoO(x).
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Pemenne. 3amuiieM ypaBHEHHE pPEaKUUH, TEIJIOBOH APQEeKT KOTOpoil HEeoOXoIuMmo
ompenenuth:  Hao(r)+ %0,(r) = H,O(kx), AH%) —? 4)

B ypaBuenus (1), (2), (3) sxogsat H,O; (k) u H,O (T), KoTOpble HE BXOAAT B YpaBHEHHE
(4). YtoOb! uckmounth ux u3 ypaBHenuil (1), (2), (3), ymHoxuM ypaBHeHHE (3) Ha 2 U CIOKUM
BCE TPH YpaBHEHHUSL:

Ha(r) + Ox(r) + H,O5(x)+ Ha(r) + 2 H,O(r) = H,O2(x) + 2H,O(r) + 2H,0(kx)  (5)

ITocne npeoGpa3zoBanust ypaBHEeHUS (5) W JAeJeHHUS €ro Ha 2 TIOJIydaeM HCKOMOE
ypaBHeHue (4). AHaJIOTWYHBIE JEHCTBUA TpojeliaéM C  TEIUIOBBIMU  dddexramu:

AH"(1)+4H°(2)+4H°(3)-2

=(AH(4)¢
2 .
—187—-297—44-2 —_ 986 K
B pesynbraTe monydaem: 2 Jix; 1.e. AH® mooe paBHa —

286K J1K/MOIb.

IIpumep 4.4. Ompenenute Temneparypy, IpU KOTOPOH YCTaHOBUTCS PaBHOBECHE B
cucteme CaCO; (k) = CaO(k) + COz(T).

Pemenue. /[ ompeneneHus TeMIieparypbl, IPU KOTOPOM YCTAaHOBHUTCS PaBHOBECHE,

AHox.p.

BOCIIOJIb3yEMCS YPABHEHHUEM: T papy = ASOX'P - Jlns otoro cHavana Beruncisiem AH, u AS’,
no ¢opmymnam:
AH %, = (AH °cao + AH °co2) — AH °cacos,
Asox.p. = (S0 + S%co2)— S’cacos
Hcronb3yst cripaBoYHbIe JaHHBIE U3 Ta0. |, oydaem
AH’, = [~ 635,5 +(-393,5)] — (-1207,1) = 178,1 xJIx,
AS’, =(39,7 +213,7) - 92,9 = 160,5 JIx/K umnm 0,1605 xJ[x/K

Orcroa, TeMIiepaTypa, Ipi KOTOPO#l yCTaHABIMBACTCS PABHOBECHE:
Tpass = 178,1/0,1605 =1109,5 K

Ipumep 4.5. Boruucnmure AH %, AS %, u AG °r peakuuu, nporekaromieil 1o
ypaBHEHUIO: Fe,Os(x) + 3C(x) = 2Fe(x) + 3CO(1).
Bo3mokna nm peaknusi BocctanoBienus Fe,O; yramepomom mpu temneparype 298 u 1000 K?
3asucumoctsio AH, u AS’,, oT Temmeparypsl mpeHeOpeys.

Pemenne. Borancnsem AH, u AS’,

AH% ;. = BAH °co+ 2AH k) — (AH k03 + 3AH °¢)

AH’ ,=[3(-110,5) + 2-0] — [-822,2 + 3-0] = -331,5 + 822,2 = +490,7 k]JIxk;
AS% . = (28°%. +3S°%0) — (S° ke203 + 3S%)

AS’ ,=(2:27,2 +3:197,5) — (89,9 + 3-5,7) = 539,9 Jx/K nnnm 0,540 xJIx/K
Onepeuro ['ubbca npu coomeemcmeayOWux memMnepamypax Haxo0um u3 COOMHOUEeHUs
AG’ ,=AH’, — TAS%,

AG 5= 490,7 — 298-0,540 = +329,8 /I
AG" 000 = 490,7 — 1000-0,540 = —49,3 xJIx
Tax kak AG%s> 0, a AG® 000 < 0, TO BoccTanoienue Fe,O; yriepogom Bosmoxuao npu 1000 K u
HEBO3MOKHO Ipu 298 K.

KOHTpOJ’IBHLIC BOIIPOCHI
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1. Berurcnute TeruioBoi 3G (GeKT M HAMUIIUTE TEPMOXUMHYECKOE YPABHEHHE PEAKIIHH
Mexay CO(r) u Ha(r), B pesynbrare koTopoit 06pasyrotcss CHu(r) m HO(T). CKOTBKO TETUIOTHI
BBIICTIUTCSI, €CM B peakiuu 06110 m3pacxonoBano 100 1 CO (ycnoBus HopManbHbie)? (Omeem:
206,2 xJIx; 920, 5 kJIx).

2. Peakuust ropeHUs STUIICHA BBIPAKACTCS YpaBHEHUEM

C2H4(F) + 302(F) = 2C02(F) + ZHQO(F)

IIpu cropanun 1 1 C,Hs (n.y.) Bblmensercs 59,06 k/x temnorsl. Onpenenure

CTaHAAPTHYIO SHTAJIBINIO0 00pa3oBaHus dTwieHa. (Omeem.: 52,3 kJ[x/Monb).

3. Coxokennl ¢ oopazoBanueM H,O(T) paBHbIE 00BEMBI BOJIOPOJIa U AllETUIICHA, B3ATHIX
IIPU OJMHAKOBBIX YCJIOBHsIX. B kakom ciydae BbaenuTcst Oosnbine TerioTsl? Bo ckonbko paz?
(Omeem: 5,2).

4. Bpraucinure, CKOJBKO TEIUIOTHI BBIACIUTCS NPH cropaHuu 165 1 (H.y.) aleTwieHa,
€CJIM MPOAYKTaMH CTOpaHUs SIBJISIOTCS JMOKCHJ Yriiepoaa U mapel Bojbl. (Omeem: 92488
kJ1x).

5. T'azooOpaznbrii >trnoBbiid ciupt C,HsOH MOXHO HONMy4YHTH NpH B3aUMOJCHCTBUHU
stuneHa C,Hy(r) u BomsHbIX mapoB. Berauciure teraoBoi ekt 3Tol peaknuu ¥ HAIMIINATE
TEPMOXUMHUYECKOE YypaBHeHHE. CKOJBKO TEIJIOTHl BBIACTUTCA, €CIM B pPEAKUUH OBLIO
u3pacxonoBano 100 i stunena (H.y.)? (Omeem: 45,8 x/Ix; 204,5 xJ[x).

6. Bpruncnure, Kakoe KOJWYECTBO TEIUIOTHI BBIACIWIOCH MPHU BoccTaHOBIeHUU Fe,Os
METaJUTMYECKUM aTFOMUHUEM, ecii ObLI0 momydyeHo 335,1 1 kenesa.
(Omeem: 2554,5 xJIx).

7. Ilpu pactBopenun 16 r CaC, B Boge Boigenserca 31,27 kJx temiorel. Onpenenure
CTaHAApPTHYIO SHTANBNUI0 00pa3oBanus Ca(OH),.
(Omesem: —986,2 xJI>x/ MONB).

8. Ilpu BoccranoBinenmu 12,7 T okcuma memu (II) yrmem (¢ obpazoBanmem CO)
noryomaercs 8,24 kJ[x. Onpenenure cTaHAapTHYIO SHTAIBINIO oOpa3oBanus CuO.
(Omesem: —162 xJI>x/MOJb).

9. Bpruuciure TeruioBord 3¢¢eKT peakuuu BOCCTAHOBJICHHS okcuma sxene3a (II)
BOJIOPOJIOM, UCXOJIS M3 CIEAYIOMUX TEPMOXUMHUYCCKIX YPaBHEHUH:

FeO(x) + CO(r) = Fe(x) + COx (1), AH 4y =—-19,2 k]I (D)
CO(r) + %20, (1) = CO, (1), AH’ o) = 283 kJIx (2)
Hz (F) + 1/202 (r) = HzO(F), AH0(3) = —241,8 K]_I)K (3)

(Omeem. 22 x]JIx)

10. Bprumcnure cTaHIapTHYIO SHTaIbNHIO oOpa3oBanus NO M3 NPOCTHIX BEIIECTB,
HCXOJI U3 CIIETYIOUUX TEPMOXUMHUYECKUX YPAaBHEHUI:
4NH;(r) + 50,(r) = 4NO (1) + 6 H,O(x), AH ;)= —-1168,80 x/Ix (1)
4NHj;(T) + 302(r) = 2N> (1) + 6 HO(x), AH5=-1530,28 x]Ix  (2)
Tema 8. 3akoH geiicTBYHOIIMX MaccC

3aBUCHMOCTh CKOPOCTH PEAKIMM OT KOHIEHTpAIMU BBIPAKACTCS 3aKOHOM JAeHCTBHS
MAacec: npu  NOCMOSHHOU  memnepamype  CKOpOCMb  XUMUYECKOU  peakyuu  npsamo

NPONOPYUOHANbHA NPOU3BEOCHUIO KOHYeHmpayull peazupyrouux eewecma. Jns peakuu nA +
mB = gAB maTtematndeckoe BhIpaK€HHUE 3aKOHA JEHCTBUS MAacC UMEET BUJL

V= KCAn CB m 5
rac v — CKOpOCTb XUMHYECKOH pPCaKkuun; CauCp— KOHLCHTpPAIUKU pCarupyromux BCUICCTB; 1,
m — KOS(b(bHHI/IGHTBI B YpaBHCHHHU PCAKIMHU, K — KOHCTaHTa CKOPOCTH pPCaKIHH. 3HaueHHE

KOHCTaHTBhI CKOPOCTH HE 3aBUCUT OT KOHIEHTPALIMH PEearupyroniux BEUIECTB, a 3aBUCUT OT UX
MIPUPOJIBI U TEMIIEPATYPHI.
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B cnydae rereporeHHpIX peakiuil KOHUEHTPALMK BEUIECTB, HAXOMISIIMXCS B TBEPAOU
¢aze, 0ObIYHO HE U3MEHSIOTCS B XOJI€ PEAKIMH U MIOATOMY HE BKJIIOYAIOTCS B ypaBHEHHUE 3aKOHA
nencrteua Macc. Hanmpumep, miis peakuiuy ropeHus yriiepoaa

C (k) + Ox(r) = COx(T) 3aK0H IEUCTBHS MACC 3aIUIIETCS TaK: V = K Cos

Tema 9. Buusinue pa3iuyHbIX (PAKTOPOB HA XuMHYecKoe paBHoBecue. Ilpunmun Jle
HlaTenne

XUMUYECKHe peakluu JensITcs Ha HeoOpaTuMmble U oOpaTumble. HeoOpatumble peakimu
IIPOTEKAIOT TOJBKO B MPSMOM HANpaBIE€HUH — JO IOJHOTO H3PAaCXOJOBAHUS OJHOIO U3
pearupyromux BemecTB. OOpaTuMble peakiy MPOTEKalT KaK B MPSIMOM, TaK U B OOpaTHOM
HaIpPaBJIEHUSX, IPU 3TOM HU OJIHO U3 pEarrpyroIIuX BEIIECTB HE PACXOLyETCs MOJHOCTBIO.

Cocmosnue obpamumoeo npoyecca, npu KOMOPOM CKOPOCMU HPSMOU U 0OpAmHoul
peakyuu pasHvl, HA3BIBACTCSI XUMHMYECKHM paBHOBecueM. Kouyewmpayuu peacupyrowjux
geugecms,  KOmMopwle  YCMAHAGIUGAIOMC NPU  XUMUYECKOM  PABHOBeCUU, HA3BIBAIOTCS
PaBHOBECHBIMH. /[[151 obOpamumvlx Hpoyeccoé 3aKOH JeHCTBHS MAacC MOXKET ObITh
cOpMYITHPOBaH B CICAYIOUIEM BHIIE: OMHOULEHUE NPOU3BEOCHUS KOHYEHMPAayull npooyKmos
peakyuu 8 CMmeneHsx, PAGHbIX CMeXUOMempuyeckum Kodg@uyuenmam, K NpOU38e0eHUI0
KOHYEHmpayuti  UCXOOHbIX — Geujecmeé 6  CMENeHsX,  PAGHbIX  CMeXuoMempudecKum
K03 puyuenmam, a6usiemcsi 8eIUUUHOU NOCMOSHHOU NPU OAHHOU memnepamype. ITa BEIHINHA
Ha3bIBACTCSl KOHCTAHTOW paBHOBecHsi. PABHOBECHBIC KOHIICHTPAIMU MPUHATO 0003HAYATh HE
cumBoiioM «C», a ¢opMmyIioil BemecTBa, MOMEIICHHOW B KBaJIpaTHBIE CKOOKH, HAmpUMeED,

Ci=[AT

A_[ ] a KOHCTaHTy pPaBHOBECHS, BbIpaKaeMyro uepe3 KoHueHTpaunun — Kc. s
obparumoii peakuuu aA+bB = dD+F matematnueckoe BhIpaKeHHE 3aKOHA JCHCTBHS Macc
HMEET BUJL

d f
_[DIF]
b
¢ [A][B]
EC.HI/I peaKI_[I/ISI HpOTeKaeT MC)KIIy FaSaMI/I, TO BMECTO KOHLICHTpaI_II/Iﬁ MOXHO IIOJIB30BaTLCA

MapIuadbHBIM JIaBJICHUEM Ta30B, M KOHCTaHTa PABHOBECHS B 3TOM Ciydae 00O3HadaeTcs
cumBoJioM Kbp.

d pf
_Pp Py
P~ pa pb
P A PB
Kr 1 K¢ cBazansl Mexay coboit coornomenunem Kp = Kc (RT)", rne R—yHuBepcanbhas ra3osas
nocrosHHas, paBHast 8,314 J[x/ mons-K; T— abcomoTHas Temneparypa; Av — pa3HOCTh MEXKIY

YHCIOM MOJIe ra3000pa3HbIX BEIIECTB B MPaBOil U JIeBOHl yacTsax ypaBHeHus. Hampumep, amns
peakuuu N>+ 3H, = 2NH;

Av=2-4=-2 Kr=Kc (RT)?
B peakuusix, nporekaronux 6e3 usmenenus oorema, Kp = Ke.

K

XUMUYECKOE pABHOBECHE OCTAaeTCsl HEU3MEHHBIM JI0 TeX I0p, II0Ka YCIOBUS
paBHOBECHS], IPU KOTOPBIX OHO YCTAHOBHWJIOCH, COXPAHSIFOTCS IOCTOSIHHBIMU. IIpu m3aMeHnenun
YCIIOBUM paBHOBecUsl IpsiMasi M oOpaTHas peaklys HayMHAIOT MpPOTEeKaTb C pa3HbIMU
CKOpOCTSIMH U paBHOBECHE HapyIuaeTcs. Yepe3 HEKOTOpoe BpeMsi CKOPOCTH MPsIMON M 0OpaTHOM
peakiuu CpaBHSIOTCS M B CHUCTEME BHOBb HACTYNHMT pPAaBHOBECHUE, HO YK€ C HOBBIMHU
PaBHOBECHBIMU KOHILIEHTPALUSIMU BCEX BEUIECTB. Ilepexood cucmemvl u3 00HO20 PABHOBECHO20
cocmosnus 6 Opyeoe Ha3bIBAE€TCs CMellleHHeM paBHoBecusi. HampaBienue cmeleHus
paBHOBecust onpezenserca npuHounom Jle Ilarenve: eciu ma cucmemy, naxooswyrocs 6
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PasHogecuu, OKA3vbl8amsv GHeUHee 8030elicmeue, Mo pagHosecue CMeuaemcs 6 HanpaeieHulu,
Komopoe ocnabasem d¢hghexm eHeuHe20 8030eticmaus..

[Ipu yBeanueHUU KOHLEHTPALMM MCXOJHBIX BELIECTB MM YMEHBUIEHUM KOHLIEHTpALUU
MIPOIYKTOB PEAKLIMU PABHOBECUE CMEILAETCS B CTOPOHY MPOAYKTOB peakuuu. [Ipu yBeanuennn
KOHIEHTpAlMil NPOAYKTOB PEAaKUUHU WIM YMEHBIIEHUM KOHLEHTPALMil MCXOJHBIX BEIIECTB
PaBHOBECHE CMEILAETCS B CTOPOHY UCXOHBIX BEILIECTB.

Korzna B peakuusix y4yacTBYIOT I'a3bl, pABHOBECUE MOXKET HAPYLIUTHCS NPU U3MEHEHUU
nasnenus. Ilpu yBenudyeHnu 1aBieHUsl B CUCTEME PAaBHOBECUE CMEIAETCSI B CTOPOHY peaKLHH,
UAYLIEH ¢ YMEHBIIEHMEM 4MCIa MOJIEKYJ rasa, T.€. B CTOPOHY IOHM)KEHHUS AABIICHUS; IpU
YMEHBUICHNH J1aBJICHUs PABHOBECHE CMEILIAETCs B CTOPOHY PEaKLUH, UAYLIeH ¢ BO3pacTaHUEM

4HCIa MOJIEKYJI Ta30B, T.€. B CTOPOHY YBEJIUYEHUS 1aBJICHUS.

IIpy  mMOBBIIEHMH  TEMIIEpaTypbl  pPaBHOBECHME  CMELIAETCs B HAIpPaBICHUU
SHAOTEPMUYECKOM, ITPU MOHM>KEHNUHU — B HAIIPABJIIEHUU YK30TEPMUYECKON peakLuy.

Tema 10. da3oBoe paBHoBecue. [IpaBuio ¢a3 I'ud6ca. Ypasuenue Kianeiipona-
Knaysuyca.

BemectBa, oOpa3syromue TepMOAMHAMUYECKYIO CHCTEMY, MOTYT HaXOJUTCS B Pa3JIMYHBIX
arperaTHbIX COCTOSIHUSIX— TBEPJIOM, KHJIKOM U Ia3000pa3HOM.

['omoreHHol Ha3bIBAETCS CHUCTEMA, MEXKY YACTAMU KOTOPOM HET MOBEPXHOCTEU pasjelna,
OTJICTISIONINX YaCTH CUCTEMBI, pasiudaronigecs JMOo 1mo (U3HYECKOMY CTPOCHHIO, JUOO IO
XHUMHYECKMM cBolictBaM. CBoiicTBA TOMOI'CHHOH CHCTEMBI MOHOTOHHO M3MEHSIOTCSI B
MPOCTPAHCTBE.

I'ereporeHHOl Ha3bIBa€TCS CUCTEMA, YAaCTH KOTOPOW pa3rpaHUYEHbI IMOBEPXHOCTSIMHM, Ha
KOTOPBIX MPOUCXOIUT CKaukooOpa3Hoe (HEMOHOTOHHOE) H3MeHeHue e€ cBoucTB. Jlrobas
reTeporeHHasi CHCTeMa COCTOUT U3 HECKOJIBKHX (a3.

@a30if Ha3bIBAETCS COBOKYMHOCTh TOMOTCHHBIX 4YacTeld CHCTEMbI, OJMHAKOBBIX IIO
COCTaBy, XMMHUYECKMM M (HU3MUECKUM CBOWCTBAM M OrPAHUYEHHBIX OT JPYTUX YacTeu
MOBEPXHOCTHIO pa3fena.

Kunkue u TBepabie (a3pl HA3BIBAIOTCS KOHACHCUPOBAHHBIMH.

[To uucny a3 cucrembl pgensarcs Ha onaHodasHble, ByX(das3Hble, TpexdasHble U
mHorogasueie. Yucno a3 B cucreme obo3nagaercs O.

@®a30BbIM (WM TETEPOr€HHBIM) DPABHOBECHEM HA3bIBAETCSI PABHOBECHE B CHUCTEME,
COCTOSIIEH M3 HECKOJIBKHUX (ha3.

CocTaBIIOIIMMH BEIIECTBAMU CHCTEMbI Ha3bIBAIOTCA BEIIECTBA, KOTOPbIE MOTYT OBIThH
BBIIEJICHBl W3 CHCTEMbl M CYLIECTBOBATh BHE €€ caMoCTOsATeNbHO. Hampumep, B BOAHOM
pacTBOpe XJIOpUIa HATpUs COCTaBisIomuMu BernectBamu sistoress H,O u NaCl, a nonst Na' u
CI' cocraBnsonMy BeIeCTBAMH HE SBIISIFOTCS.

Ecniu B paBHOBeCHOIl cucTteMe MNPOTEKAIOT XUMHUYECKHE pEeaklUd, TO KOJIHYECTBa
COCTABIISIFOLINX BEIIECTB 3aBUCAT JIPYT OT JPyra M cocTaB (a3 onpenenseTcs KOHICHTPAUIMU
HE BCEX, a TOJIBKO YaCTH BEILIECTB.

KomnonenramMu  (WIM  HE3aBUCHMBIMM  KOMIIOHEHTaMM)  CHUCTEMBI  HA3bIBAETCS
MUHUMAaJbHBII HA0Op COCTaBISAIONIMX BEIECTB, OJHO3HAUYHO OINPEAEISIONINI COCTaB CUCTEMBI.
Yucno KOMIIOHEHTOB B cucteMe ooo3Hauaetcst K.

Ilo YUCIYy KOMIIOHCHTOB pa3jndyaroT OJHO-, JABYX-, TpEX- W MHOI'OKOMIIOHCHTHBIC
CHUCTCMBEI.

Ecmu B CUCTEME MCXKIOY COCTaBJIAIOIIUMHA B€IICCTBAMU HET XUMHNYCCKOI'O
B33HMOI[GI>1CTBHSI, TO YHUCJIO KOMIIOHCHTOB PABHO YHCJIY COCTABJIAIOIIUX BCIICCTB.

HpI/I HaJIMYMHU XHMHUYCCKOI'O B3aHMOHeﬁCTBHH YuCJIO0 HC3aBUCHUMbIX KOMIIOHCHTOB
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paBHsieTCs OOIIEMYy YHCIy COCTaBJISIOIIMX BEIIECTB PAaBHOBECHOW CHCTEMBl MHHYC YHCIIO
YpaBHEHM, CBSA3bIBAIOIIUX PABHOBECHBIE KOHIIEHTPALMU COCTABIISIOIINX BEIECTB.

JIroGast TepMOoAMHAMHUYECKass CcHCTeMa O0O0NafaeT  OINpPEIEICHHBIMH  CBOICTBaMH.
[TapameTpamMu COCTOSIHUSI CUCTEMbl Ha3bIBAIOTCS TEPMOJUHAMUYECKHE CBOMCTBA, HAaUMEHbILIEEe
KOJIMYECTBO KOTOPBIX HEOOXOAUMO JUIsl OTIMCAHHS COCTOSIHUSL JAHHOW CUCTEMBI.

B kauecTBe mapamMeTpoB COCTOSIHMS OOBIYHO BBIOMPAIOT TakUe TEPMOIMHAMUYECKUE
CBOMCTBA, KOTOPBIE JIETKO MOTYT OBITh U3MEPEHBI: TEMIIEPATYPA, AABJICHUE, KOHLIEHTPALIHSL.

KOHI_ICHTpaI_II/IH OOBIYHO BBIPAXKACTCA B MaCCOBBIX WJIM MOJIAPHBIX IIPOLCHTAaX WA JOJIAX.

qI/ICHOM TepMOI[I/IHaMI/I‘IGCKI/IX CTeHCHeﬁ CBO6OI[BI NN BapI/IaHTHOCTBIO CUCTCMBI
Ha3bIBAETCS YKMCIO HE3aBHCHUMBIX TEPMOJMHAMHYCCKMX IapaMeTpOB COCTOSIHHSA (a3
paBHOBCCHOﬁ CHUCTCMBI, HpOI/I3BOJIBHO€ N3MCHCHHC KOTOprX B OHpe[[eJIeHHbIX Hpeﬂenax HC
BBI3BIBAECT MCYEC3HOBEHHUS OIHMX M o0OpasoBaHus Apyrux (a3. BapwaHTHOCTH CHCTEMBI
ob6o3nauaercs C.

[Io ymcmy TepMOOMHAMHYECKHUX CTEMEHEeH CBOOOJbI CHUCTEMBbl MOIPA3ACTSIOTCS Ha
O0e3BapuantHeie (uHBapuantHeie) C = 0, ongHOBapuaHTHbE (MOoHOBapuanTHbie) C = 1,
NByXBapHaHTHBIC (OM- nuiu auBapuanTHbie) C = 2, TpexBapuantHbie C =3 U T.1.

VYcnoBueM paBHOBECUS B TIETEPOr€HHOM CHCTEME IIPU IOCTOSHHBIX P M T sBisgercs
PaBEHCTBO XMMHMUYECKHMX MOTEHLIMAIOB KaX/I0r0 KOMIIOHEHTa BO BeeX (Da3ax CUCTEMBI.

Eciu mapooOpa3zubie (a3pl MOMIMHIIOTCS 3aKOHAM UJI€aTbHBIX Ta30B, TO

ycioBrueM (ha30BOrO paBHOBECHS [UIsl TaHHOTO KOMIIOHEHTa B T'€TEPOr€HHOW CHUCTEME MOKET
CIIy)KHTh PABEHCTBO TMAPIUAIBHBIX JaBIeHUH ((QYTrUTHBHOCTEH) HACHIIIEHHOTO Tapa >3TOTrO
KOMITOHEHTa HaJ BceMH (hazamu.

IIpaBuio ¢a3 I'ndéca

B  paBHOBecHO#l cuctemMe CBSi3b  MEXAy ~ uyuciamMu (a3, KOMIIOHCHTOB U
TEPMOJUHAMHYECKHUX CTEIEeHed CBOOOIBI BhIpakaeTcs mpaBuioM (a3 ['mbOca wim 3akOHOM
paBHOBecHs ¢as3.

[Tycte cucrema cocroutr u3z @ a3, xaxngas U3 KOTOPBIX COJIEPKUT K KOMIIOHEHTOB.
IIpumem B KadecTBE IapamMeTpPOB, ONPEICIIOIINX COCTOSHHUE CHCTEMBI, JaBJICHHE P ,
Temneparypy T U KOHLEHTpaluu BCEX KOMIIOHEHTOB.

Yucno napamMeTpoB, OAMHAKOBBIX BO Bcex (pazax, paBHo AByM (p u T).

s ompeneneHus cocraBa moOoi (asel, comepxkamieid K xkoMmoHeHTOB, HE0OX0IUMO
yka3zath cojepkanue (K-1) koMImoHEeHTOB.

Jiis xapakrepuctuku Bcex @ ¢a3 Heooxoaumo O(K-1) nepeMeHHBIX.

Toraa obiiee yncao mapaMeTpoB, ONPEACISIONINX COCTOsIHUE cucTeMbl paBHO D(K-1) + 2.
OO1ee 4ncIo ypaBHEHUH AJis BCeX KOMITOHEHTOB paBHO K(D -1).

Takum 00pa3zom, YKCIIO TEPMOAMHAMUYECKUX CTEreHel CBOOOAbI (BapUaHTHOCTH) PaBHO:
C=0(K-1)+2-K(®-1)=K-Dd+2

[IpaBuno ®a3 ['mbOca: B paBHOBECHOW TEPMOJIMHAMUYECKOW CHUCTEME, Ha KOTOPYIO W3
BHEITHUX (DaKTOPOB OKA3bIBAIOT BIMSHHE TOJBKO JaBJICHWE U TEMIIeparypa, YHCIO
TEPMOJUHAMHUYECKUX CTENEeHel CBOOOIbI paBHO YHCIYy KOMIOHEHTOB MHUHYC YHCIO (ha3 ILTIOC
JBa:

C=K-®+2 9)
[TpaBuiio ¢a3 'n60ca sBisIeTCSI OCHOBHBIM 3aKOHOM (ha30BOT0 paBHOBECHSI.
W3 Hero cnemyer, 4T0 BAPUAHTHOCTH CUCTEMBI:
— PpacTeT C yBEJIMYCHUEM YUCIIa KOMIIOHEHTOB U
— yYMEHBILIAETCs MPH pocTe uucia das.
I[Ipu C = 0 (Ge3BapuaHTHAs CHUCTEMa) B PABHOBECHMH HAXOIUTCS MAKCUMAJbHOE IS
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naHHoOM cucteMsl yncio ¢a3z @ = K + 2. B o6mem ciyuae O<K+2.

Ecnu u3mMeHeHre NaBJICHHUS WK TEMIIEPATYPhbl IPAKTHUECKH HE BIMSAIOT HA PABHOBECHC B
CHUCTEMC (HaHpI/IMep, HeOOJILIIOE HU3MEHEHUE JAaBJICHUA HC BJIMUACT Ha PaBHOBECUC B
KOHJICHCUPOBAHHBIX CUCTEMAX), TO BAPHAHTHOCTh CUCTEMbI YMEHBIIIACTCS HA SAMHUILY U B ITOM
ciyqae mpaBmiio ¢a3 oyaer umets Bug C =K - @ +n

Ecnu coctosHue cucremsl omnpenensieTcs, kpome p u T eme v APYruMU BHEUTHHUMH
dakropaMu (HampuMep, SICKTPUYCCKUMH, MArHUTHBIMH, TPAaBUTAMOHHBIMHU IOJISIMH), T.€.
YHUCJIO BHEITHUX (PaKTOpOB 1 OyeT OoJibie IBYX, TO npaBmwio (a3 ['mb6ca 3anumercs B Buge C
=K-® +n, auncno paz ® < K + n. /|15 0AHOKOMIOHEHTHBIX CUCTeM mpaBuio (a3 ['ubOca
umeeT BUI C=1-®D+ 2 =3 - @, T.e. B OJHOKOMIOHEHTHBIX CUCTEMaX OJJTHOBPEMEHHO HE MOTYT
COCYIIIECTBOBAThH 00JIEE TPEX PABHOBECHBIX (ha3.

YpaBuenne Kinaneiipona-Knay3sunyca

Paccmotpum ¢azoBbIii mepexo 1 mepBoro poja B OTHOKOMIIOHEHTHOM cucteme. M3MeHeHus
JaBJICHUA U TeMIIepaTyphl IpH (a3z0BOM MEPEX0/ie 3aBUCAT APYT OT Ipyra.

Jlist 0OpaTUMBIX U30TEPMHUYECKUX IEPEXOJ0B JIEUCTBUTENBbHO ypaBHeHHe Kiamelpona-
Knaysuyca:

dp B ﬂHq;.n. dp B ﬂHq;.n.
dT TﬂV dT TﬂV (10)
rne AHy. — Ttemmora ¢dazoBoro mepexoma, T — Temmeparypa ¢a30oBoOro
dp dp
nepexona, AV — u3MeHeHue o0beMa CHUCTEMBI, dTdT _ IIPOU3BOAHAS OT JABJICHUA IO
TeMIiepaType.

KoHTpoiibHBIE BOTIPOCHI
1. JlaiiTe onpeneneHuss HOHATHAM «(a3a», KKOMIOHEHT», «UUCIIO CTEIEHEeH CBOOOIb»
Cdopmymupyiite npaBuio $a3 ['nboca.

Tema 11. IlonsaiTHE CKOPOCTH XMMHYeCKOH peakuuu. OCHOBHOM 3aK0H
XHMHUYECKOH KHHETHKH

IIpakTuyeckas padora Nel. IlonsTHe XuMuyeckod KHHETMKM U Kartanuza. CKOpPOCTb
XMMUYECKOH peakiyu, o01re moHATHA. MeTo1bl peryJIupoBaHus CKOPOCTH PEaKIii.

XuMuyeckass KHHETHUKAa — pasfen XUMHH, HW3YYalIlUi CKOPOCTh M MEXaHU3M
XUMUYECKHUX peakiuidi. CKOPOCTbI0 XUMHYECKOI peaKMi Ha3bIBAIOT U3MEHEHUEe KOIUYecmea
gewecmaa 6 eOUHUYY 8pemenl 8 eOunuye oovema (01 20MO2EHHbIX peaKyull) Uiy Ha eouHuye
nogepxHocmu pazoena Qas (011 2emepoeeHHblX peaKyuli).

KHHETHKA (Ip.-Tped. Kivnolg— JBWKEHUE) — MHKPOCKOIUYECKas TEOPHs IPOIECCOB B
HEpPaBHOBECHBIX cpelax. B KMHeTHKe MeTOJaMHU KBAHTOBOW WJIM KJIACCUYECKON CTATUCTUYECKOMN
(bu3uKK M3yydaroT mpoIecchl MepeHoca JHEPruu, UMITYJIbCa, 3apsijia U BEIIECTBA B Pa3iIHMUHBIX
¢bu3mdeckux cucreMax (raszax, IJIa3Me, KHIKOCTSX, TBEPABIX TelNax) M BIUSHUE HA HUX
BHemHMX mnonei=!. B oTaMyMe OT TEPMOIMHAMUKM HEPABHOBECHBIX IIPOLIECCOB M
AIEKTPOAMHAMUKH CIUIOIIHBIX CPEJI, KWHETHUKA MCXOIUT M3 MPEACTABICHUS O MOJEKYJISIPHOM
CTPOEHHU pACCMATPUBAEMbIX CpEl, YTO IIO3BOJIAET BBIYMCIUTH U3 MEPBBIX MPHUHIIUIIOB
KHHETHYEeCKUE KOI(DOUIMEHTHI, AMAICKTPUYCCKHE W MArHUTHBIC NPOHUIIAEMOCTH U JIpyTHe
XapaKTePUCTUKHU CIUIOIMIHBIX cpeln. dusndeckas KUHETHKA BKIIOYAeT B ce0s KUHETHYECKYIO
TEOPUI0 Ta30B M3 HEWTpPaJbHBIX AaTOMOB WJIM MOJIEKYJ, CTaTUCTHYECKYI0 TEOPHIO
HEPAaBHOBECHBIX IIPOLIECCOB B IasMe™), Teopuio sBIeHMiI mepeHoca B TBEPABIX Tellax
(oMpIeKTpUKaxX, MeTalaX ¢ HOJYIOPOBOIHUKAX) W IKUIKOCTAX, KHUHETUKY MAarHUTHBIX
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#%D0%93%D0%B0%D0%B7%D1%8B_%D0%B8_%D0%BF%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B3%D0%B0%D0%B7%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B3%D0%B0%D0%B7%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%BD%D0%B8%D1%86%D0%B0%D0%B5%D0%BC%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%BD%D0%B8%D1%86%D0%B0%D0%B5%D0%BC%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82%D1%8B&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0_%D1%81%D0%BF%D0%BB%D0%BE%D1%88%D0%BD%D1%8B%D1%85_%D1%81%D1%80%D0%B5%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B0_%D0%9F%D1%80%D0%B8%D0%B3%D0%BE%D0%B6%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#%D0%A3%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%BD%D0%BE%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

IPOLIECCOB U TEOPHMIO KMHETUYECKHUX SBIEHHM, CBA3AHHBIX C MPOXOXKIEHUEM OBICTPBIX YACTHIL
uepes BewecTBo. K Heil e OTHOCATCS TeOpHs MPOLECCOB TIEPEHOCA B KBAHTOBBIX KUAKOCTIX U
CBEPXIIPOBOJIHMKAX U KHHETUKA (PA30BBIX MEPEXOI0B =,

Ecnm wu3BectHa (GyHKIMS pacmpeseNieHds BCEX YacTHIl CHUCTEMBI MO0 WX KOOpJAWHATaM |
I/IMHyJIbCElM B 3aBUCHMOCTHU OT BpeMeHI/I (B KBAHTOBOM cnyqae — MaTpuiia HHOTHOCTI/I), TO
MOXHO BBIYHCIIUTh BCE XapaKTEPUCTUKH HEPABHOBECHON CHUCTEMBI. BhIuncieHue MOIHON
(GYyHKIMU pacnpeeneH s sIBISETCs MPaKTHUECKH Hepa3pelnMon 3a1aueil, HO JUIsl OnpeaeeHUs
MHOTHX CBOWCTB (PHM3WYECKUX CHUCTEM, HANPHUMEpP, MOTOKA YHEPTHUU WIM UMITYJIbCa, TOCTATOYHO
3HaTh (DYHKIUIO pacIpeieeHus] HeOOMBbIIOro YHCa YacTHIl, a JJIsl Ta30B Majod TIOTHOCTH —
OJTHOM YaCTHUIILI.

B kMHeTHMKE HCHOJB3YETCsSl CYIIECTBEHHOE pa3jiuuue BPEMEH pejlakcallid B HEPABHOBECHBIX
mpoleccax; HampuMmep, A ra3a W3 4YacTHIl MM KBa3M4acTHIl, BpeMsi cBOOOJHOro mpoodera
3HAUUTEJILHO OOJIBIIE BPEMEHU CTOJIKHOBEHHUS MEXIY YacTUIAMH. DTO TO3BOJIAET MEPEHTH OT
MOJIHOTO  OIMHCAHUS HEPAaBHOBECHOTO COCTOSIHMS (DYHKIMEW pachpelesieHds 10 BCEM
KOOpAMHATaM M UMIIyJIbcaM K COKpAaIIEHHOMY OINUCAaHMIO TPU TOMOMIM  (YHKUIUHU
pacrpeneneHus OJHOM YacTULbI IO €€ KOOPAWHATAM U UMITYJIbCaM.

Tema 11. IlonsiTne ckopocTH XUMHYeCKOH peaknuu. OCHOBHOI 3aK0H
XHMHYE€CKOH KHHETHKH

IIpakTuyeckas padora Ne2. PeakumonHas crocoOHOCTh BemiecTB. OCOOEHHOCTH KUHETHKHU
TEeTEPOTreHHBIX PEAKIUI

1. Xumudeckue mpoiecchl
XUMUYecKHe MpoIecChl — 3TO PEaKkuy, MPOTEKaroIINe ¢ 00pa30BaHNEM HIOBBIX COSIMHEHUU.

Ha mporekaHune .XMMHYECKHX PEAKIU BIUSIOT TaKUe XapaKTEPUCTHUKH, KaK OSHEPrus,
HeoOXoauMasi JUIS Iepexoia 3JIEKTPOHOB OT OJIHOTO aToMa K JAPYyroMy: KOHIICHTPAIIHS
XUMHYECKUX BEIIECTB: JaBICHUE U TeMIlepaTypa; HaTu4ne KaTalu3aTopoB; (a30BOe COCTOSTHUE
(TBepHoe, )KUIKOE U ra3000pa3HOe) BEIIECTB U T.J..

[Tpu 00pa3oBaHUM XUMHUYECKUX CBSI3CH MPOUCXOTUT BBIICICHHUE UM TOTJIOMIEHUE YHEPTHH. DTH
MPOLECCHl MOJHOCTHIO MOJYUHAIOTCS 3aKOHY COXPAHEHHWs BEIIECTBA M HHEPrMU MU Havajiam
TepMOoauHaMuKH. Mcxons us3

OTUX 3aKOHOB, BO3MOKHOCTb IPOTEKAHMS XUMUYECKON PEAKLMH OIPENEIseTCd MAaKCUMAIBHOU
paboToii, MPOU3BOJMMON NaHHON peakuued NpH IOCTIKEHHM XHMHUYECKOTO PaBHOBECHS, 3a
BBIYMTOM COBEpIIIAEMOU pabOTON MPOTHB BHEITHETO JaBICHUHN (BO3IEHCTBUSA).

I/IsyquHe XUMHYCCKUX IMPOLCCCOB MO3BOJIACT CACIATh BBIBOJ, YTO BCC UX MHOF006p3.3I/Ie MOXKECT
OBITh CBENEHO K pPEaKIWsIM, HAYIIMM JI0 TIOJHOTO MpPEBpalleHHWsi HCXOIHBIX BEIIECTB,
peakiusaM, MpOTeKaoIIUM B 000U B HAlpaBJICHUSIX, HapUMep 0O0pa3oBaHME M MOCIEAYIOMIUN
pacnag mpoaykTtoB peakuuu (peakius bemoycoBa—XKabotunckoro). IlomaBmsito-iee 4yucio
XMUMUYECKHUX TMPOIECCOB UAET 1Mo oOpatumMoMy myTH. Ho MHOXecTBO peakuuii, IpUMEHIEMbIX
JIOABMHU, HEOOpaTUMBL: B JTOM CiIy4ae TNPOAYKTAMH pPEaKIUH SIBISTIOTCS —BEIECTBA,
HaxoJsIIMecss B UHOM (pa30BOM COCTOSTHMM, YEM MCXOJHBIE MPOAYKTH peakiuu. Hanpumep, npu
B3aUMOJICHCTBUM  JKHJKOCTEH  BBIICNSETCS Tra3000pa3HOE  BEIIECTBO WAW  BBINAAACT
HEPaCTBOPHUMBII 0CaI0K (TBEPJOE COCTOSHUE).

OOpatumble peakuyd MpHU OMNpPEIEICHHbIX CTAa0WIbHBIX BHEIIHUX YCJIOBHUSX JIOCTUTalOT
COCTOSIHMSI XMMHYECKOI'O pPaBHOBecHs, B 3ToM ciydae CKOpOCTH NpPOTEKaHUS NPAMON H
oOpaTHOW peakumii paBHBI apyr apyry . OTkpeiTeiii B 1884 1. dpanmysckum yuensim A.JI.JIe
[[TaTtenbe MpUHIUI YTBEPXKAAET, YTO «ECIU HA CUCTEMY, HaXOASIIYIOCS B UCTUHHOM paBHOBE-
CUM, BO3JEICTBOBATh W3BHE, U3MEHAS KaKoe-THOO W3 YCIOBUH, ONPEESIONINX IOJO0KEHUE
paBHOBECHS, TO B CUCTEME YCHJIMTCS TO U3 HAIIPaBJICHUH mpoliecca, KoTopoe ocnadinseT 3¢dexr
3TOr0 BO3JEHUCTBHUS, U TIOJIO)KEHHWE DPAaBHOBECHS CMECTUTCS B TOM JK€ HarpaBieHUn™/

IIposiBnennem npunnuna A.JlJIe Illatenbe MOryT CiyXHUTb pPEaKLUH, CBA3aHHBIE C BBIJE-
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0_%D0%BF%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F_(%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BF%D0%B5%D1%80%D0%B5%D1%85%D0%BE%D0%B4%D1%8B

JeHueM Teruia. Ecim Takylo XMMHUYECKylH CHCTEMY MOABEPrHYTh HarpeBy, TO peakius Oyaer
UATH B 0OpaTHYIO CTOPOHY, T.€. OTJIOUIATh SHEPTHIO.

MHoroo6pasue OKpy»KaroliuxX HAC BEMIECTB MOKHO OOBSICHATD C TIO3UITUN XUMUHU.

B nmnepByro ouepens MHOrooOpasue BELIECTB OIpENEseTcss MHOro0Opa3HeM XUMHUYECKHX
3JIEMEHTOB, M3 KOTOPBIX 92 MpUCYTCTBYIOT B 3E€MHOM KOpE, a OCTAJIbHbIC MOJTYUYEHBI
HCKYCCTBEHHBIM IIyTEM.

Bropas npuurHa MHOTOOOpAa3us 3aKIII0ueHa B CYNIECTBOBAHUH TPEX arperaTHHIX (MU (a30BBIX)
COCTOSIHH, 00€CIIeYrBaIONINX TBEPIOE. KUAKOE U Fa3000pa3HOE COCTOSIHUE BEILECTBA.

B TBepioM COCTOSSHMM 3JI€MEHThl MOTYT OpPraHM30BBIBATH PA3JIMYHbIE KPUCTAIIIMYECKHE
coeauHeHus. M3BecTHO, YTO yIJIepoA CyIIeCTBYeT B Buae rpadura, KapOuWHa, ainm.a3a U
noiy4yeHHoi B 1985 1. HOBOW Momudukammu ¢yuiepeHa, pasInyaronxcs He XUMHUYECKUM
COCTAaBOM, a IPOCTPAHCTBEHHBIM PACIIOJIOKEHHEM aTOMOB B KPUCTAJUIMYECKON PELIETKE, U 3TO
TPEThsI IPUUMHA.

XHWMHYECKHE peakIuy OTBETCTBEHHBI 3a O0Opa3oBaHHE OCECKOHEYHOIO  KOJHUYECTBA
BCEBO3MOKHBIX COEITUHEHHN.

2.PeaknmoHHas CriocCOOHOCTH BEIECTB

Camas oOmiasi KauecTBEHHas XapaKTEpPUCTHKA JIOOOro XHUMHUYECKOrO 3JEMEHTa - 3TO €ro
XUMHMUYECKasl AaKTUBHOCTb, KOTOpas IO OTHOIIEHUIO K JPYIMM XHMHUYECKHM BELIECTBAM
pas3inyHa, HalpuMep, MHEPTHBIE ra3bl U OJIaropoIHbIE METAJLIBI WU BCESIAHBIN QTOP.

Hcropuuecky NEpBbIMU OBLIM OTKPBITHI JIEMEHTHI C MaJlO XMMHUYECKOW AKTUBHOCTBIO —
HEMETaJUIbl U METaJLIbL.

PeakimonHasi ciocOOHOCTD MPOSBISIETCS B CIIOCOOHOCTH 3JIEMEHTOB ObICTpee MPUCOCTUHUTH K
cebe WM OTHATH Yy YK€ O0Opa30BaHHBIX COCAMHEHUN KaKOW-IM0O, HO BIOJHE ONPECIICHHBIH
AJIEMEHT U 00pa30BaTh JOCTATOUYHO YCTOMYMBOE COCMHEHUE C HUM.

AKTUBHOCTb OTZEJIbHBIX XUMHUECKUX HJIEMEHTOB BO3pAacTaeT 10 Mepe NPUOIMKEHUS K JIEBOMY
BEpXHEMY YIJIy TaOJIuIIbI 371eMeHTOB MeHeneena.

K ycTONYMBBIM XMMHUYECKUM COEIMHEHUSIM OTHOCATCSI KUCIIOTHI, IEJIOYU U BoAa (IIpaBja, Boja
OUYEHb YCTOMUYMBA B YHCTOM BUJE).

AKTHUBHOCTh WJIHM PEAKIMOHHOCTH (CIIOCOOHOCTh BCTYyHaThb B XMMHUYECKUE DPEAKIIMH), BELIECTB
WJIM WX 3JIEMEHTOB, KaK MPaBUJIO, CBS3aHA C AJIEKTPUUECKUM MOTEHIIUAIOM, KOTOPbI OHU HECYT
WIM MOTYT MPUOOPECTH IPH OINpPEAETICHHBIX BHEIIHUX YCIOBUSX, a TaKXKe C HEOOXOAUMOCTHIO
3aTpaThl SHepruu. PaznmuuaroT creayroliue TUIBl CBs3ed: TmojiHasg (JIEKTPOBAJICHTHAs),
KOBaJICHTHAas, KOOPJIU-HATHBHAsg M BOJOPOJHAs, HO CyTh IPOILIECCOB €AMHA — Iepepactl-
peneneHue SJIEKTPOHOB aroMa BO BHEHMIHUX oOoioukax. Kak moreps, Tak ¥ MPHCOSAMHECHUE
aTOMaMU DJIEKTPOHOB COMPOBOXKIAETCA SHEPreTHUecKuM 3(h(PekToM — sHepruel MOHU3AIUH.
BenuunHa ee 3aBUCUT OT 3apsia Apa U OT aTOMHOT'O pajauyca.

Cornacno npunnuny Jle-1llatenbe, u3MeHEHHE OJHOTO W3 YCJIOBUH (TeMIepaTyphl, JAaBlICHUS,
KOHLIGHTpAIlMK), MPU KOTOPHIX CHCTEMa HAXOAMUTCS B COCTOSSHUM XUMHUYECKOTO DPABHOBECHS,
BBI3bIBACT CMEILEHUSI PaBHOBECHsI B HANPABICHUU TOW peaklUu, KOTOpas MPOTUBOACUCTBYET
MIPOU3BEICHHOMY U3MEHEHHUIO.

Bonbiioe BiusHUE Ha CKOPOCTh PEAKIIMH OKA3bIBAIOT KAaTAJIU3aTOPBl — BEIIECTBA, U3MEHSIOIINE
CKOPOCTh PEaKIMH JTUOO MPUBOIAIINE K HEH MOCIIe X BBEACHHUS B XUMHUYECKYIO CUCTEMY, HO HE
BXOJISIIME B COCTaB KOHEYHBIX MPOIYKTOB. IIpu 3TOM peakius nmpoTekaeT mpu 0ojee HU3KHUX
3HAUEHHUSX SHEPIHH, YeM B cucTeMme. HeakTHUBHBIM YacTHIlaM BEIIECTBA KaTaau3aToOpbl OTAAIOT
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CBOIO DHEPIUI0, Jeias HX PEaKIHOHHO-CIIOCOOHBIMHU Il TPEOJOJCHUS HSHEPreTUYECKOTO
Oapbepa peakiuu.

Karanu3aTopsl HEe TOJTBKO CO3/AIOT YCIIOBUS IS PEAKIMH, HO M YBEIHMYUBAIOT UX CKOPOCTH OT
HECKOJIBKUX JIO ThICSY pa3. B Hacrosiiee BpeMsi OOJBIIMHCTBO MPOMBIIUICHHBIX XHMHUYECKHX
MIPOIIECCOB SIBJITFOTCS KATATUTHUECKUMHU.

Ilo MEpPE pa3BUTHUA KaTaJIM3aTOPOB MOABUIIMCH U I[O6aBKI/I K HUM! [TIPOMOTOPBI — YCHIIMBAIOIIUC
n I/IHI‘I/I6I/ITOpLI — TOPMO3AIINEC UX

JIEUCTBUE.
B nenom posb katanusa B CIeayONIeM:

l.AKkTUBHM3UpYET MOJEKYJIbl peareHTa Ipu KOHTAaKT€ C Karajad 3aTopoM 3a CYer
HETOJHOBAJIGHTHOTO B3aMMOJICHCTBHS M pacciiad JIeHUs XUMUYECKUX cBs3eil. Hade B peakTop
HEO0OXO0IUMO IO/IBO- IUTh YHEPTHIO,

2.KartanuTuueckasi peakiusi MPOUCXOJUT Yepe3 MPOMEXYTOUY HbI KOMILJIEKC, B KOTOPOM HJIET
nepepacnpe/esienue paccaadieH HbIX (HEMOJHOBAIIEHTHBIX) XUMUYECKUX CBA3CH.

3.B OoJaBJIAIOIIEM OOIBIIMHCTBE CJIY4acB B KAYCCTBC KaTalil 3aTOPOB BBICTYIIAKOT COCIUHCHUA,
MOJIEKYJIBI KOTOPBIX COACpXKAT I_HI/IpOKI/Iﬁ BBI60p OHEPIr€TUYCCKN HEOAHOPOIHBIX CBs3CH WIIH
Jaxe CBO6OI[HLI€ ATOMbI Ha TIOBCPXHOCTHU.

4. HemnoJHOBaJICHTHOE B3aUMO/ICHCTBHE MOJICKYJ PEareHTa, ¢ KaTaJu3aToOpOM MOXKET JaTh eIle
geteipe dpdekra:

-XUMHUYCCKasA OPUCHTaIlUA peaKHI/Iﬁ B 3aIaHHOM HaIIpaBJICHUH
BLIGpaHHOM KaTaJin3aToOpoOM U3 HCCKOJIbKUX BO3MOXXHBIX,

-MaTpru4Has OpHUCHTALUA peaKuHﬁ, IIPOABJIAOIIAACA B TOM, YTO USMCHCHHUEC CTPYKTYPhI MOJICKYJI
pcarcura OIpPCACIACTCA 0COOCH- HOCTSIMH TCOMECTPHUYCCKOI0  CTPOCHHA ITOBECPXHOCTU
KaTajin3aTopa Ui 0COOEHHOCTSAMU CTPYKTYPbI KATAJIUTHYCCKOI'0O KOMILJICKCA,

-yBEJIMYECHUE YUCJIa BCTPEY PEArupyrolluxX MOJIEKYJl IPU Ie- PEBOJE peakUuu U3 o0beMa Ha
IIOBEPXHOCTh KaTaJln3aTopa;

-3aXBaT KaTaJIu3aTOpOM HGKOTOpOfI YaCTH OSHCPIrUM SK30TCP- MHYECKOM pcakuunu, TO CCTb
MMpEBpalICHUEC KaTallu3aTopa B SOHEPIe- TUYCCKYIO JIOBYIIKY IJIA 3HepreTquCKOﬁ IIOAIINTKH BCE
HOBBIX aK- TOB PCAKIINH.

PaznuyaroT roMOreHHBIN, TE€TEPOTeHHBIN U OMOXUMHUYECKUIA KaTalu3.

I'omorennslii katanu3. Cpeau MHOIOYHMCIEHHBIX KaTalUTHYEC- KUX peakuuil ocoboe MecTo
3aHUMAET KaTaju3 B IICMTHBIX PEaKIM- X aKTUBHBIC YACTHUIIHl B3aMMOJICHCTBYIOT C BEIIECTBAMH,
o0Opa 3yI0T HE TOJBKO MPOAYKTHI PEaKIMH, HO ¥ HOBYIO aKTUBHYIO YacTH IIy. Takue peakiuu
IIUPOKO pacnpocTpaHeHsl B [Ipupone monmmepusanus, XJIOPUPOBaHHE, OKHCICHHWE U T. .,
UAYIIUE 110 pai- KAIbHO-IIETHOMY MEXaHU3MY (C 00pa3oBaHHEM CBOOOIHOTO pajy Kaja).
Cpemu Karanm3atopoB 0CO0O€ MECTO 3aHMMAIOT COCIMHEHHS METalIOB IEepPEeMEHHOMN
BaJICHTHOCTH

FeTepIOFCHHBIfI karanu3. Bo MHOrmx ClIydadx IIPHU 3TOM KaTaJIU3€ MMPOUCCC OKHUCICHUA CBOAUTCA
K aI[COp6LII/II/I OpraHru4Y€CKOIro COCIMHCHHUA MW KHUCJIOPOJa Ha MHNOBCPXHOCTHU KaTaliu3aropa,
KOTOpI:Iﬁ PAa3PLIXJILACT CBA3HM KOMIIOHCHTOB U ACJIACT UX Ooiee PEAKIIMOHHOE crnocoOHeIMHU. Posb
KaTaJn3aTopa MposBIACTCA B USMCHCHUH CKOPOCTH W HAIIPABJICHUA U30MCPHU3allU NICPCKUCHBIX.
paauKaIoOB.

buokaranus, nnu epMeHTaTUBHBIN KaTtann3. OH Hepa3phiB- HO CBSI3aH C KU3HEACITEILHOCTHIO
KJIeTKH. XWUMHYECKUMH peak- IUSIMH B KICTKE YNPaBIAIOT OPraHHMYECKHUE KaTaau3aTopbl
(dbepMeHTHI. DTO aMUHOKHUCIIOTHI B BUJIE TTOJUTIENTHIHBIX [ETCH.

Pazgen xuMuu, wH3ydaromuid CKOPOCTH XUMHUYECKHX PEAKIMA, HA3bIBACTCS XUMHUYECKOU
KHHCTHUKOM.
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CkopocTh XMMHYECKOW peakuuu. XHMHUYECKME peakUuu IPOTEKalT C  Ppa3IudyHbIMU
cKopocTsiMHU. HeKkoTOpble U3 HUX MOJIHOCTBIO 3a-KAHUYMHUAKOTCS 34 MAJIbIE JIOJIM CEKYH[BI, IPYTHE
OCYIIECTBISIOTCS 32 MUHYTBHI, Yachl, JHU; W3MECTHBI PEaKUWH, TpeOyrolmue A CBOErO Mpo-
TEKaHHsI, HECKOJIbKO JIET, JECATWIETUI U ele Oojee AMUTENbHBIX OTpPEe3KOB BpeMmeHu. Kpome
TOr0, OJHA WU Ta K€ PEAKUUs MOXET B OJHUX YCIOBUSX, HAaIpUMEp, NPU IOBBIIIEHHbBIX
TeMIeparypax, IpoTeKkaTh ObICTPO, a B IPYI'HX. — HAIpUMEp, NPH OXJIAXKIEHUH, — MEJJICHHO;
IIPY YTOM Pa3Inyve B CKOPOCTH OHOM U TOMU K€ PEaKLMU MOXKET ObITh OU€Hb OOJIBIINM.

3HaHHE CKOPOCTEH XMMHUYECKHX pEeakiuil MMeeT OueHb OOJbIIOe HAyYHOE U MPAKTUYECKOEe
3HaueHue. Hampumep, 0 XMMHUYECKOW MPOMBIILIIEHHOCTH TP MPOU3BOJICTBE TOIO WU HWHOTO
BELIECTBA OT CKOPOCTH PEAKIMHM 3aBUCIAT pa3Mepbl U IMPOU3BOJAUTEIBHOCTH amIapaTyphl,
KOJIMYECTBO BHIPA0ATHIBAEMOTO TIPOIYKTA.

IIpu paccMoTpeHHH BOMpoca O CKOPOCTHM pEaKIMH HEoOXOJUMO pa3iuyaTh peakluH,
IIPOTEKAIOIME B TOMOTEHHON CHUCTEME (IO MO-T€HHBIE pEaKlUH), U PEeaKlUU, MPOTEKAIINE U
reTeporeHHON cucTemMe (reTeporeHHbIe PeaKIiy).

CucreMoii B XHMHH IIPUHATO HA3BIBATh PACCMATPUBACMOC BCIICCTBO HJIM COHOKYIHOCTH
mynecTs. [Ipy 3TOM cucTeMe TPOTHBONOCTABISETCS BHEIIHSS Cpela — IelecTBa,
okpyxatomue cucremy. OObIYHO crcTeMy (PU3UYECKH OTTPaHUYEHA OT CPEJIbL.

Pa3nuyaioT romMoreHHble U TETEPOreHHbIe CHCTEMbl. ['OMOreHHOW Ha3bIBaeTCs CHCTEMA,
cocrosimas U3 ogHOHN (ha3bl, TeTEPOreHHON— CUCTEMa, COCTOS TISI U3 HECKOJbKUX (a3. da3oii
HA3bIBAETCSl YacTh CHUCTEMbI, OTJIEJCHHAs OT APYTUX €€ 4YacTell MOBEpXHOCTHbIO pasjena, Mpu
IIEPEX0/IE Yepe3 KOTOPYIO CBOMCTBA U3MEHSIOTCS CKAUKOM.

IIpruMepoM TOMOreHHOM CHCTEMBI MOXKET CIIy>KUTh J1t00asi ra3oBas cMech (BCe rasbl Ipu He
OYEHb BBICOKHX JABJICHHUSIX HEOTPAaHMUYEHHO PacTBOPSAIOTCS APYT B JIPYTe), XOTs ObI CMECh a30Ta
C KACIOPOJIOM. JIpyrum npuMepoM rOMOTE€HHON CUCTEMBI MOXKET CIIy’>KHTh PACTBOP HECKOJIBKUX
BEIIECTB B OJHOM PAaCTBOPHUTEJIE, HAIPUMEDP PAaCTBOP XJIOpHUAA HATpus, CyIb(ara Maruus, asora
U KUCIIOpOJia B BoZie. B Kax/10M U3 3THX JBYX ClIy4aeB CHCT€Ma COCTOUT TOJBbKO U3 OJHOM (ha3bl:
13 Ta30BOM (ha3bl B HEPBOM MPUMEPE U U3 BOJHOTO PACTBOPA BO BTOPOM.

B kauecTBe mpuUMEpOB reTepOreHHBIX CUCTEM MOKHO MPHUBECTH CIEIYIOIINE CUCTEMBI: BOJa CO
JIBJIOM, HACBIIICHHBIA PacTBOp C OCAJIKOM, YrOJb M cepa B aTMocdepe Bo3ayxa. B mocnennem
clly4yae CUCTeMa COCTOUT U3 TpexX (a3: ABYX TBEPBIX U OJHON ra30BOM.

Kax yxe roBopusnoch, mpu NpakTUYECKOM HCHOJIb30BAaHUM XUMUUYECKUX PEAKIUN BEChbMa BaXKHO
3HATh, C KAKOM CKOPOCTHIO OyAeT MpoTeKaTh JaHHAsl Peakiys B TeX WM MHBIX YCIOBHSIX, U KaK
HY>KHO U3MEHUTH 3TH YCIIOBUS JIJIsl TOTO, YTOOBI peakiiys mpoTeKaia ¢ TpedyeMoit ckopocThio. K
BaKHEHIIUM (DakTOpaM, BIUSIOIIUM Ha CKOPOCTb PEAKIUHU, OTHOCSITCS CIEAYIOLIUE: MpUpoaa
pearupyromux BCHICCTB, HUX KOHICHTpalUHuHU, TCEMICpaTypa, HNPUCYTCTBUC B CHCTCMC
katanu3aTopoB. CKOPOCTb HEKOTOPBIX TE€TEPOreHHBIX peakUuid 3aBUCUT Takke OT
WHTEHCUBHOCTU JIBM)KCHUS KUJKOCTH WJIM ra3a OKOJIO MOBEPXHOCTU, HA KOTOPOH MPOUCXOIAUT
peaxkuuu.

Paznen XuMum, 3aHUMAIOIIMHCS KOJMYECTBEHHBIM OINPEACICHUEM TEIUIOBBIX 3(deKToB
XMMHMYECKUX PEaKLUi, Ha3plBACTCd XUMHYECKONH TEPMOJMHAMUKON. B OCHOBY €ro InoJio:keHsI
3aKOHBI TEPMOXHUMMH, SBIISIIOLIUECS CIEACTBUEM 3aKOHA COXPAHECHUS YHEPIUU:

-7 KaKIOrO0 XHMHYECKOTO COEIUHEHMs] TEIUIoTa pa3JIoKeHHUs paBHasg TEIJIOTE €ro
o0Opa3oBaHMs, HO UMEET MPOTUBOIOJIOXKHBIN 3HaK. Tak, mpu pa3noxeHun 1 Molisi MeTaHa Ha
yriepon U Bojopoa mornomiaercs 11,7 Kkan TeroTsl - TemnoBol 3GQeKT peakiuyd 3aBUCUT
JUIIb OT MPUPOABI ¥ (PU3MUECKOTO COCTOSHHSI HCXOJIHBIX BEIIECTB U KOHEYHBIX MPOAYKTOB, HO
HE 3aBHUCUT OT IPOMEXKYTOUHBIX CTaJIUi peakiuu- 3akoH ['ecca.

[Tpu 5TOM B TEPMOXMMHUYECKHX pacyeTax Teriora o0pa3oBaHus MpocThiX BemecTs npu 15° C u
760 MM pT. CT, IPUHUMAETCS PAaBHOU HYJIIO.
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Hanpumep, oxuch yriepoga He o0Opaszyercs HEMOCPEACTBEHHO M3 YIIIEpOAa M KUCIOpona, a
CJICZIOBATENILHO, TETUIOBON A(PPEKT ITOM peak: MU HE MOXKET OBbITh OTPEICIICH OMBITHBIM ITyTEM.
Ho, 3nas termnorty obpazoBanus CO2 u3 yriepoaa u kuciopona (94 Kkai) u TerioTy CropaHus
CO B CO2 (67,6 Kxan), 1erko BeIYUCIUTH TEIIOTY oOpazoBanus CO

W3 3akona I'ecca ciemyeT Takke BBIBOA: TEIUIOBOH 3((EKT peakuuu paBeH PAa3HOCTH MEXKIY
TEIUIOTOM 00pa3oBaHMs BCEX IOJYYArOIIMXCS BEUIECTB M TEIUIOTAMU OOpa30BaHUS MCXOJHBIX
BCHICCTB, YTO IMO3BOJIACT YIIPOCTUTH BCC TCPMOXUMHUYCCKUC PACUCTEI.

Bce xuMuueckue peakiuu MpoTeKaloT C BBIACICHHEM WM TOTJIONIEHUEM SHEPTHH, KOJIUYECTBO
KOTOpOH Ha3bIBAIOT TEIIOBBIM A(P(PEKTOM peakiuy, TerIoByl0 3HEPruo, COIPOBOXKIAOILYIO
o0Opa3oBaHME BEIECTBA, HA3BIBAIOT TEIIOCOACP)KAHWEM, WIIM SHTAIBIINMEH;, ypaBHEHUS 3TOTO
mporecca ¢ yKa3aHHEM TeIUIOBOro 3(PQeKTa - TEPMOXUMHUECKUMH. XUMHYECKHE PEaKIUU
Ha3bIBAIOT IK30TEPMHUUECKUMU TIPH BBIJCICHUH TEIUIA, @ PEAKIUH C MOTJIONCHHEM TEIIOTHl —
SHIOTEPMHUYECKHMHU, TO €CTh PE3YJIbTUPYIOMINN MPOIYKT, COOTBETCTBEHHO, 00J1a/1aeT MEHBILIUM
WM OOJIBIIUM TEILUIOCOICPKAHUEM, YeM MCXOAHBIE IPOAYKThl. Hampumep, ¢ BbIIeIeHUEM TeTia
UJIET peakuusi 00pa3oBaHUs BOBI:

TepMoxumMuyeckue peakuuy, KaKk M[pPaBWIO, XapaKTEPU3YIOTCS KOBAJIEHTHOW  CBA3BIO
3JIEKTPOHHBIX NAp B3aUMOACHCTBYIOUIMX aTOMOB. Mepoil MPOYHOCTH 3TOM CBSI3U SBJISIETCS €€
SHEPTHsl, UK SHEPTUs, He0OXOoaMast IS e pa3pyLIeHHUs.

B HU30JIMPOBAHHBIX CUCTEMAX BCC TCPMOJUHAMUYCCKUC MPOLCCChI C BEIICCTBOM HC IIPUBOIAT K
YMEHBIICHUIO DHTPOIIMH, @ B HCU30JIUPOBAHHBIX CUCTEMaxX IMPOLECChI UAYT B OAHHUX CllydasdX C
nmoaBOAOM TCILJIA, B APYIrUX - C €ro OTBOAOM, a 3HAK SHTPOIMU COBIIAAACT CO 3HAKOM TCIIJIOTHI
mponecca. Taxum 06pa30M, XUMHYECKHUE IIPOLECCHI, IMPOUCXOAAIIHUE B HeH3OHHpOBaHHOﬁ
CUCTCMC, MOT'YT UMCTb 110001 3HAK OHTPOIIMU; MHOTAAa OH MOKET MCHATHCA U C U3SMCHCHUCM
BHCIITHUX YCHOBHﬁ, HaImpuMEpP BHCITHETO AaBJICHUA.

Besikas xumuueckast peakiysi COpOBOXKAAETCS U3MEHEHUEM 3alaca 3HEPIUU U pearupyronmx
BellecTB. Yem Ooiblile SHEPIUH BBIACIMIOCH IPH 00pa30BaHUN XMMHUYECKOIO COEJUHEHUS, TEM,
KaK MPaBUJIO, 3TO COCTUHEHUE OoJiee YyCTOHYMBO, TaK KaK SHTPOIHS BBIIIIE.

Tema 12. (I)aRTOPLI, BJIMAOIIINE HA CKOPOCTH XUMHYeCKOil pe€akuu

Ilpakmuueckass paboma Nel. BnusHuE KOHIIGHTpAllMd pearcHToB. BiusHwue
TEeMIIepaTyphl. [IpaBuno Bant-T'odda. VYpaBHenue Appenuyca.
[IpenskcrnoHeHIMATBHBIA MHOKUTENb. DHEPTUS aKTUBALIUH.

CKOpOCTh peakluy 3aBUCUT OT MPHUPOJABl PEArupyrolUX BEHIECTB, UX KOHICHTPALIHH,
TEMIIEPATyPbl, IPUCYTCTBUS KaTaTHU3aTOPOB.

[Ipu mnoOBBIIEHUH TEMMEpPaTypbl CKOPOCTh XHMMHUYECKHX PpEaAKIMil yBEIMYHUBACTCS.
Cornacao npaBuiy Baur-I'opda: npu nosviuenuu memnepamypol na 10 epadycos ckopocmo
peaxyuu ysenuuusaemcs 6 2-4 pasa

V_z— I-T,

10
% 1 Y ’
TJIe V2 U Vi — CKOPOCTh peakiuu pu temmeparypax T, u Ti; y — TemneparypHsiid kodhdumnueHt
CKOPOCTH PEaKlMM, MOKa3bIBAIOLIUN, BO CKOJIBKO pa3 yBEIUYHMBAETCS CKOPOCTb PEAKLMH IMpHU
MOBBILICHUH TemIiepatypsl Ha 10 rpagycos.

Tema 12. @akTOpbl, BAUSIONIHE HA CKOPOCTH XUMHYECKOH peaKkiuu

Ilpakmuueckas paboma Ne2. Karanu3atopbl U KaTaIMTUYECKUE CUCTEMBI. | OMOTEHHBIN
U T€TEPOTrCHHBIN KaTaJIn3

®da3oBO€ paBHOBECHE
N3 storo nmpuHOUIa CJIeayeT, 4To
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- IIpY YBEJIMYEHUU JIaBJICHUS] PAaBHOBECUE CMELIAETCS B CTOPOHY TOW PEaKLMH, KOTOpas
COIMPOBOXAAETCS YMEHBIICHUEM YHUCJIa MOJIeH ra3000pa3HbIX BEIIECTB, a MPU YMEHBIICHUU
JABJIEHUS - B CTOPOHY pEaKUUH, CONPOBOXKIAIOLIEHCS YBEJIMYCHUEM UHUCIA MOJIEH
ra3o00pa3HbIX BEIECTB;

- IPU YBEJIMYEHUHU TEMIIEPATypbl PABHOBECHUE CMEILAETCS B CTOPOHY PEAKIUHU, UIYIIEH C
MOTJIOIICHHEM TEIUIOTHI (SHIOTEPMHUYECKOW), MPU YMEHBIICHUH TEMIIEPaTypbl — B CTOPOHY
peaKIMK, UTYIIEH C BBICICHUEM TEIUIOTHI (3K30TEPMHUUECKOM).

[lon ¢azoii MOHUMAIOT OJHOPOJIHYIO YAacCTh CHCTEMBI, OOJAJAIONIYyI0 OJMHAKOBBIM
COCTaBOM, (PM3MYECKMMH W XHMHUYECKUMHU CBOWCTBAMU W OTACIEHHYIO OT JPYrHMX 4YacTei
CUCTEMBbI TOBEPXHOCThIO pa3zzena. CHCTEMbI, COCTOSIIIME U3 HECKOJNbKHUX (a3, Ha3bIBAIOT
TeTepOreHHBIMU, W3 OAHOW (a3sl — romoreHHOM.. [lepexonbl, mMpu KOTOPBIX BemiecTBa 0e3
M3MEHEHUSI XMMHUYECKOT0 COCTaBa MEPEXOAAT OT OJHOIO arperaTHOro COCTOSIHUS K JIpyromy,
HA3BIBAIOTCS (Ha30BBIMH MEPEXOTAMH.

Mexny (azamu reTeporeHHOM CUCTEMbl MOXKET YCTaHABIIMBATHCA PAaBHOBECHE, KOTOPOE
Ha3bpIBaeTCs (Pa3oBbIM paBHOBecHeM. HampumMep, B HACHIIIEHHOM PAacTBOPE COJM B PAaBHOBECHH
HAXOZATCS 2 cocTaBismOIIKe ee (Pas3bl - KUAKUN pacTBOP U KPUCTAILIBI, CKOPOCTh PACTBOPEHUS
KOTOpBIX paBHa CKOpOCTH MX Kpucramimzauuud. da3oBoe paBHOBECHE —COCYLIECTBOBaHHE
TEPMOJUHAMHYECKH PaBHOBECHBIX (Da3, 00pa3yIonIiX paBHOBECHYIO CUCTEMY.

KaranuzaTopsl — BemIECTB, U3MEHSIONINE CKOPOCTh WJIM BO30YKIAIONINE XUMHYECKUE
peakuuu. CuUCTeMbl, B KOTOPbIX pabOTaeT KaTaau3aTop, OTHOCATCS K KaTaIUTUYECKUM
cuctemaM. Kak mpaBuiio, kaTajM3aTopbl HE CMEIIAIOT XMMUYECKOE PABHOBECHUE, a B OJIMHAKOBOM
CTEIeHU W3MEHSIOT CKOPOCTh MpsIMOW M oOpaTHO# peakuuu. Karanuzatopsl MOTyT yCKOPATH
WJIU 3aMeJISITh HACTYIUICHUE PABHOBECHS], HO HE U3MEHSIIOT KOHCTAHTY PaBHOBECHSI.

OcCHOBHEBIE XAPAKTCPUCTUKKU  KaTallu3aTopa —  KaTAJIUTHYCCKAasA  aKTHUBHOCTL H
CCIICKTHUBHOCTS.

KartanuTrueckas akTHBHOCTh XapaKTepU3yeT U3MEHEHHE CKOPOCTH JIaHHOW PEeaKluu Mpu
BBC/ICHHH B PEAKIIMOHHYIO CHCTEMY KaTaJn3aTopa, €¢ Mepa — KOHCTaHTa CKOPOCTH PEAKIIUH.

CenexkTUBHOCTh — U30UpaTeNbHOE JEWCTBUE KaTalu3aTopa Ha OMNpEIeNICHHBI BHU
peakuuu. Tak, npu NpoOIMyCKaHUM MAPOB ATAHOJIA HA/J MEIHBIM MJIM HUKEJIEBBIM KaTalu3aTOpOM
oOpa3yercs 3TaHalb (aJbJEru); €CIu KaTalu3aTop — OKCUJ] aIFOMUHUSA, 00pa3yeTcs STUIICH.

WNuHorpa xaranusaTop obOpasyeTcs B XOJE peakluil, KOTOpble MONyYWId Ha3BaHUE
aBTOKATAJINTUYECKUMHU.

Karanuzatopsl MOTyT HE TOJIBKO YCKOPSATb, HO W 3aMEJIATh CKOPOCTh peakiuu. Takue
KaTajau3aTopbl HA3bIBAIOT WMHTHOMTOpamMu. MHruOUTOpPHI, TOPMO3SIIME MPOIECC OKUCICHHS,
HA3BIBAIOT AHTUOKUCIIMTEISMU WU aHTUOKCUJAHTaMHU. VX MNPUMEHSIOT s CTa0WIM3aiuu
OCH3MHOB M CMa30YHBIX Macel, NPEJOXPaHEHUs OT CTapeHHs IMOJMMEPHBIX MaTepuasoB,
MPEAOTBPALICHUSI TPOIIECCOB OKHUCJICHHS MPOAYKTOB MUTAHUS M YBEIUYCHUS CPOKOB UX
XxpaHneHusi (Hanpumep, ButamuH E). HexoTopble cMecu aHTHOKCHAAHTOB OKa3bIBAlOTCS OoJee
AKTUBHBIMM, YEM KaXIblii AaHTUOKHUCIWUTEIb B OTIEIBLHOCTH. Takoe sBJICHHE HA3bIBACTCS
cuHeprusmMoM. CHHEpPreTM4ecKuM JeHCTBHEM OO0NaJaloT ¥ HEKOTOpble BEIECTBa, HE
OTHOCSINMECS K AaHTUOKUCIHTENsM. Hampumep, NTUMOHHas M acKapOWHOBas KHUCIOTHI B
3HAYUTENHbHOM CTENEHU MOBBIIIAIOT aKTUBHOCTh AHTUOKCHUAHTOB, T.€. SBISIOTCS CHHEPTUCTAMH.

XuMudeckue CHUCTEMBI, B IIpOHECCAaX KOTOPBIX YYAaCTBYIOT KaTalnW3aTOpPbl, HA3bIBAIOT
KaTaIuTUYCCKUMMU.
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KaranuzaTopsl, Haxopasiiyecs B CUCTEME B TOM k€ (Pa30BOM COCTOSHHUHM, 4YTO U
peareHThbl, Ha3bIBAIOTCSI T'OMOI€HHBIMH. MeXaHM3M TOMOI€HHOI'O KaTaliu3a OOBACHAIOT Ha
OCHOBE TEOPUH IIPOMEKYTOYHBIX COCAUHEHUMN.

Ecnu kaTamu3aTopsl U peareHThl HAXOAATCS B Pa3HbIX (a3ax v UMEIOT TPaHUIIbI pas/era,
TO KaraJu3 Ha3bIBACTCS TETCPOrCHHBIM. MeEXaHM3M TETePOreHHOr0 Karaiu3a CIIO0XKEH.
[peamonaraercsi, 4TO peakuds WACT HE HA BCCH MOBEPXHOCTH, a HA AKTHBHBIX IIEHTpaXx.
[ToaTomMy Oombllioe 3HAYEHHE MMEET CIIOCO0 MPHUTOTOBJICHHS KaTalln3aTtopa U oO0paboTka ero
MOBEPXHOCTH.

Tema 13. MexaHu3Mbl XUMMHYECKUX peaKIUii

IIpakTuueckass padora Nel. OcHoBHble MOHATHA. Kimaccudukanuss XMMUYECKUX PEaKIUd
3aKOHOMEPHOCTH UX MPOTeKaHUs. MOJIEKYJISPHOCTh PEAKIUH.

[IpocTble peakuuu — 3TO pEAKIHMH, KOTOPHIE HIYT COTJACHO CTEXHOMETPUUYECKOMY
YPaBHEHUIO, OTPAXKAIOIIEMy 3JIEMEHTAPHbIN aKT peaKltu.

CnoxHasi peakuuss — 3TO CymMMa HECKOJIbKMX MPOCTBIX PEAKLMil. YpaBHEHHE CIIO0KHOMN
peakuuu He OTPAXKAET MPOLiecca Ha MOJIEKYJIIPHOM YPOBHE.

MoJieKyJISIPHOCTb pPeaKIUM — 3TO YUCJIO MOJEKYJI, Y4aCTBYIOLUIMX B 3JIEMEHTAPHOM aKTe
peakuuu. {ns mpocThiX peakuuid, Hanpumep, mA + nB — pC + gD monekynspHOCTh paBHa
cymme K03 duumenToB m+n. Peakiuu MOryT ObITh OHO-MOJIEKYJIAPHBIMU, Haripumep, [, — 21,
nByMosekyssipabiMi H, + I, — 2HI u penko tpexmonekynsapusivu 2NO + H, — N,O + H,0.
Peakinu Oosee BBICOKOI MOJEKYJISIPHOCTH HE BCTPEYAIOTCS.

Ilopsinok peakuumu paBeH cyMMe [IOKaszarejeil CTeneHel KOHILIEHTpaluu B
JKCIIEPUMEHTAIIBHOM BBIPAKEHUHM CKOPOCTH XUMHUYECKOU peakuuu. Tak, Ui CII0KHOW peakuuu
mA +nB — pC + gD skcniepuMeHTanbHOE BhIPAXKEHUE CKOPOCTH PEAKIIMU UMEET BU/I;

vi = kix[A]*%[B]® u nopsgok peakuuu pasen (o+f). Ilpu stom o u B Haxomsrcs
SKCIIEPUMEHTAIbHO U MOTYT HE COBIAJaTh C M U N COOTBETCTBEHHO, MOCKOJIbKY YpaBHEHHE
CJIO)KHOW pEaKIMU HE OTPa’KaeT MPOLIECCOB HA MOJIEKYJSPHOM YPOBHE U MpEACTaBiIseT COOOH
UTOT HECKOJBKMX HPOCTBIX peakuuid. ITopsnok ciiokHOM peakuuy ONpeneNsercs MOPSIKOM
HauOosee MeJIeHHOH ero ctaguu. [lopsiok mpocToi peakuuu coBHAalaeT ¢ MOJEKYJISIPHOCThIO
ATOM peaKIuu.

Hanpumep, mis peakuuu 2HI + H,O, — 2H,O + I, skcnepuMeHTalbHOE BBIPAKEHUE
ckopoctu 3amuceiBaetcs B Buae v=kx[HI|x[H,O,]. D10 00ycnoBiieHO TeM, YTO YyKa3aHHas
peakuus ABJISAETCS CIIOKHOW U UJET B JIBE CTa/IUU:

1. HI + H,O, - HOI + H,O  MemneHnHo
2. HOI + HI — I, + H,O OBICTPO
Tema 13. MexaHu3Mbl XUMHYECKUX PeaKIuii

IIpakTuueckass padora Ne2. Kunernka oO0mel peakiuu ONpeneseTcs TepBoM
MEJUICHHOM CTauen.

[Topsanox xumuyeckoit peakiuu. Konebarensubie peakiuu. Lennsie peakinuu

Iennble peakuun

HekoTtoprle Xxumuueckue peakiuu MNpOTeKaroT HEoObIYHO. CKOpOCTh HMX 3aBHCHT OT
IpUpoIbl U O0bEMa cocyda, AJII HEKOTOPBIX W3 HUX XapaKTepeH IOpOr JABJICHUS, HUXKE
KOTOpOro peakuusi He uneT. [Ipu onpeneneHHbIX YCIOBUAX Peaklys YCKOPSETCs JIaBUHOOOpa3-
HO. BriepBble €10 0 BO3MOYKHOCTH LIENTHOTO MEXaHU3Ma PEAKLUN BBICKA3al PYCCKUN yYEHBIN
H.A.IllumoB B 1905 1. Bonwmmoi Bkiaa B pa3paboTKy Teopuu IeNHBIX peaknuid BHecan H.H.
CemenoB (Poccus) u C. XunmensBy (BenukoOpuranus).

LlenHble peakMyd HAUYMHAIOTCSA CO CTAUM WHUIUUPOBAHUS, T.€. 00pa30BaHUs aKTHUBHBIX
qacTull — CBOOOMHBIX panukanoB. CBOOOTHBIE paJWKaibl TMPEACTABIAIOT COOOW OCKOJIKU
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MOJICKYJI, UMEIOIINE HEeCIapeHHbIC 3JEKTPOHBI. HekoTophle CBOOOIHBIC paTuKaibl SIBISIFOTCS
CBOOOJHBIMU TIpU OOBIYHBIX ycioBusX, Hanpumep CO,, apyrue — TpU  TOBBIIICHHBIX
TeMIlepaTypax, HalpUMep, aTOMBI TaJIOTE€HOB, IEI0YHBIX METANIOB, TPETbU — HE CYIIECTBYIOT
B BUJIe CBOOOAHBIX BemiecTB, Harpumep, OH, CH;. CBoOogHBIC paguKaibsl IPUHATO 0003HAYATh
TOYKOM, MOCTABJIEHHON PAAOM C XUMUYECKUMH CUMBOJIAMH.

OOpazoBanue CBOOOJHBIX pAaJMKANOB (MHULUUPOBAHUE) TMPOUCXOAUT B pe3yJbTare
BO3JICHCTBUS HAa CHCTEMY CBETOM, M3ITyUYEHUEM BBICOKOW PHEPIrHH, TeIIOM U T.n. CBOOOIHBIC
paauKalibl MOTYT 3apOKIaThCsi M B PE3yJbTaTe MPOTEKAHMS SK30TEPMUUECKHX XUMHUYECKHX
peakiuii. CTanio BOSHUKHOBCHHS PAJMKAIOB €IIe HAa3bIBAIOT 3apokJIeHueM 1ernu. Hampumep,
LenHas peaklus B3aUMOJICHCTBUS XJIOpa M BOJOpPOJAa MOXKET HAUYMHATHCS B pe3yJbTaTe
BO3/ICHCTBUS CBETA HA MOJICKYJIBI XJIOpa ¢ 00pa3oBaHHEM CBOOOIHBIX aTOMOB XJIOPA.

[Torpebnenue SHepruM Ha HHUIMHUPOBAHUE B LEMHBIX PEAKUUSAX HEBEIMKO, TaK Kak
aKTHBHPYIOTCS HE BCE MOJIEKYJIbI, @ TOJIBKO HEOOJIbIIAs UX JOJIS.

B crnenyromeld craauu LENHOM peakiMu MPOUCXOAUT POCT uenu. B  pesynbrare
B3aMIMOJICHCTBHSI PAJUKAIOB C MOJIGKYJIaMH OOpa3yloTCs TMPOAYKThl PEAKIMH ¥ HOBEHIE
paauKalbl, T.€. PEaKIUH MPOTEKAIOT uepe3 IeMb MOCIeN0BAaTeIbHbIX CTaauil ¢ 00pa3oBaHUEM
WHTEMEIUATOB-PAIUKAIIOB.

B mporiecce peakiuu pajrKaibl BOCIIPOU3BOIATCS M IIEIHAS peaklys Mpoa0JbKaeTcs, T.€.
peakiusi MpoTeKaeT uepe3 IeNb IMOCIeAOBATEIbHBIX CTaJUN, B KOTOPBIX 3apOXKTAIOTCS U
pearupyroT cBoOOAHBIC paaukanbl. CBOOOJHBIC paJMKalIbl BeChbMa PEAKIMOHHOAKTUBHBI. U
SHEPrUs aKTUBAIUH IETHBIX peakiuii Hepenuka (0-40 k/[x/mMomb).

Tpetbeit cTagueit EMHON peaKIiu SBIISETCS OOpBIB LIeTH. B pesyibTaTe B3auMOACHCTBUS
paJvKalloB HAa CTCHKaX COCYAOB WJIM Ha WHEPTHBIX MOJIEKYJIax O0pa3yloTcs HEUTpaibHbBIE
MOJICKYJIbI, HAIIPUMED:

H +H =H,

OTUM OOBACHSACTCS BJIMSHHE 00BbEMa M MPUPOJILI COCYAa, HHEPTHBIX MPUMECEH M IPyTUx
(haKkTOpOB, BIHSIOMIUX HA CKOPOCTh IIETTHBIX PEaKIIUH.

Takum o0pa3om, LIETIHBIE PEaKUUU UAYT Yepe3 CTaluu: 3apoKIeHHE (MHUIMHPOBAHHE),
poct u oOpwIB enu. BceiencTBue oOpa3oBaHUs aKTUBHBIX YACTHI[ — CBOOOJHBIX PaUKAaJIOB,
LEMHbIE PEAKIMH MPOTEKAIOT ObICTpEe peakluil, HAYIIHUX M0 OOBIYHOMY MEXaHU3MY.

Eciu B X0z€ mEmHON peakiuu BMECTO OJHOTO POXKAAIOTCS JBa WM OoJiee paaukaia, TO
YUCJIO PAJUKaJIOB PAcTeT M IPOUCXOJHWT PA3BETBICHHE IIEMH. TaKue peakinu Ha3bIBAIOTCS
pa3BeTBJICHHBIMU. BcneAcTBUE yBENWYEHUS YMCIA PAJUKaIOB CKOPOCTh PEaKIUMU BO3PACTAET
JJABUHOOOPA3HO M MOXKET 3aBEPIIMTHCS B3phIBOM. Harpumep, B3pbIB IpeMydero rasa npoTeKaeT
0 CXeMe:

H; + O, — 2HO" — 3apoxaenue nenu

HO" + H, —» H" + H,O — pocr nienu

H +0,— HO + 0O’

O" +H, —» H + HO' — pa3BerBiieHue 1enu

3aTeM BO3HUKIINE PATUKAIbl BBI3BIBAIOT JBOCHUE HOBBIX PAJMKAIOB, CKOPOCTh PEAKIIUU
PE3KO0 BO3PACTAET U B KOHIIE KOHIIOB IIPOUCXOJIUT B3PbIB.

IlerHpIe peakmWKM BCTPEYAIOTCsS JOBOJBHO yacTo. Ilo memHomMy MexaHW3My NpPOTEKArOT
MHOTHE peakiuu B armocdepe. K IemHbpIM peaknusiM OTHOCHTCS M TOPEHHE TOIUIMBA, T.€.
peaknus ¢ KACIOPOAOM, IPOTEKAOIIAs ¢ BBIICIICHUEM TEIUIOTHI U CO CBETOBBIM M3TydeHUEM. B
JBUTATEJISIX BHYTPEHHETO CrOpaHUsl LIETHON XapaKTep peakluyd MOKET BbI3bIBATh MUKPOB3PHIBBI
(meroHanuio), A UX TPEAYNPEKACHHUS B TOIUIMBO BBOJAT AHTHACTOHATOPHI, HAa KOTOPBIX
MIPOUCXOIUT OOpHIB 1ieneid. [Ipu onpeneneHHbIX YCIOBUSX TOPEHUE BOJAOPOA M IPYTHX BUJIOB
TOIUTMBA TaK)Ke€ MOXKET MPUBECTH K B3pbIBY. [lo IemHOMY MeXaHH3My NpPOTEKAIOT PEaKIuu
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MOJIMMEPU3AIMM MHOTHX TOJMMEPOB, OKUCJIEHUS, TaJOr€HUPOBAHUS, BBICOKOTEMIIEPATYPHOTO
Pa3IokKEeHUs YIIIEBOAOPOIOB U JIp.
KoHTpoiibHBIE BOIIPOCHI

1. Ot kakux $akTOpPOB 3aBUCUT CKOPOCTh XUMHUECKOU PEAKIIHH?

2. Onmnpenenure NPUOIMKEHHO, BO CKOJIBKO pa3 U3MEHUTCS CKOPOCTh XHMHUYECKOU
peaKkIuu, eclid TeMIlepaTypa peakIMoOHHOU cpennl OyaeT yBenmuueHa Ha 10K? TemmeparypHblid
K03(pPHUIIMEHT CKOPOCTH PEeaKLUUH MPUHATH PABHBIM

3. KakoB MexaHM3M JICUCTBUA KaTaanu3aToOpOB?

Ilpumepuvl pewenus 3a0au

IIpumep 5.1. Peaknus mexnay BemiectBaMu A u B Belpaxaerca ypaBHeHuem 2A + B =
D. Hauanpabie koHueHTpamuu cocTaBisitoT: C, = 5 monw/n, Cg = 3,5 monw/n. Koncranta
ckopoctu paBHa 0,4. Beruucinure CKOpOCTbh pEaKIMM B HAYadbHbII MOMEHT U B TOT MOMEHT,
KOTJla B peakiMOHHOU cMecu ocTaHeTcst 60% BelecTBa A.

Pemenue. 110 3akoHy nelicTBHs Mace v = KCiCB . B HauanbHBIM MOMEHT CKOPOCTH V|
=0,4 - 5%+ 3,5 = 35. 1o ucTe4eHNU HEKOTOPOTO BPEMEHHU B PEAKIIMOHHOM cMecH ocTaneTcs 60%
BelecTBa A, T. €. KOHIIGHTpalus BemecTBa A ctaHeT paBHo 5 - 0,6 = 3 moup/n. 3HAUMT,
KOHIIEHTpanus A yMmeHbImiIack Ha 5 — 3 = 2 monb/1. Tak kak A 1 B B3auMOAEHCTBYIOT MEXITy
co0oli B cooTHOIIeHUH 2:1, TO KOHILIEHTpaIus BemiecTBa B yMeHbmmiaace Ha 1 Moib U crajna
paBHoii 3,5 — 1 = 2,5 moab/i1. CienoBaTensHo, vo= 0,4 - 32-2,5=09,

IIpumep 5.2. Ilpu 323 K Hekoropas peaknus 3akaHunBaercs 3a 30 c. Onpenenure, Kak
MU3MEHUTCSI CKOPOCTh pPEAaKUUu U BpeMs ee mnporekanus npu 283 K, ecnau TemmneparypHblid
KOA(p(UILUEHT CKOPOCTU PEAKIMH paBeH 2.

Pemenne. [1o npasuny Banr-I'ohda Haxomawm, BO CKOJBKO pa3 U3MEHHUTCS CKOPOCTh
peaKIuu:

2 _ I-T, 283-323 1

CkopocTs peakiuu ymeHbInaercs B 16 pa3. CKOpocTh peakliuy U BpeMsl €€ MPOTEKaHUs CBSI3aHbI
0o0paTHO MPOIOPIMOHATBLHOW 3aBUCUMOCTBIO. (CJIeOBaTEIbHO, BpPeMsl TPOTCKAHUS JTaHHOU
peakuuu yBenuuutcs B 16 pa3 u coctaBut 30 - 16 =480c = § MuH.

IIpumep 5.3. [Ipu Hekoropoii Temneparype B cucteme Ny(T) + 3Ha(T) = 2NHjs(r)
PaBHOBECHBIE KOHIIEHTpaIuu cocTaBisum (Monb/n): [N2]= 1,5; [Hz] = 1,7; [NH;] = 2,6.
BbruncnuTe KOHCTaHTYy DPAaBHOBECHS 3TOM peakUMU M HMCXOJHbIE KOHLEHTpAalMM a30Ta U
BOZOpPOJA.

Pemenue. Koncranra paBHOBeCHs JAHHOW PEAKLIMK BBIPAXKACTCS YPABHEHUEM

[NH, T K - (26) _
[N, H,J ©1,5(1,7)

HcxomHple KOHIIEHTpAIIMU a30Ta U BOJOPO/Ia HAXOJAWM Ha OCHOBE YPaBHEHUS PEAKIIHH.
CornacHo ypaBHEHHIO peakiuu Ha oOpazoBanume 2 Monb NH; pacxomyercs 1 monp N,. Ilo
yCIOBHIO 33/1auu oOpazoBaniock 2,6 Mok NH3, Ha uTo u3pacxomoBanoch 1,3 monb N,. YuuTeiBas
PAaBHOBECHYIO KOHLIEHTPAIMIO a30Ta, HAXOJIUM €ro MCXOAHYI0 KoHleHTpauuto Cno= 1,5 + 1,3 =
2,8 MOJIB/II.

c— )

. IloacraBnsiss naHHEBIE 3aaa4u, Mmojarydyacm

ITo ypaBHeHHIO peaknuu Ha oOpa3oBanue 2 Moiab NH; Heobxonumo 3 monb H,, a mis
nonyyenus 2,6 monb NH; tpebyercs 3-2,6 / 2 = 3,9 mons H,. VcxonHas KoHUIEHTparus
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Bojopona paBHa Cp, = 1,7 + 3,9 = 5,6 mons/n. Takum obOpazom, Kc = 0,92, ucxonHbie
KOHIIeHTpauu cocTaBisuik Cn, = 2,8 moub/i1, CH, = 5,6 Mouib/11.

f—

IMpumep 5.4. Peakuust nporekaer mno ypaBHennro A + B = D + F. Onpenenute
PABHOBECHbBIE KOHIIEHTPALIMK PEArupyIOIIUX BEIIECTB, €CIM UCXOJAHbIC KOHIIEHTPAIIMH BEIIECTB
A u B cooTBeTcTBEeHHO paBHBI 2 U 1,2 MOJIB/J1, @ KOHCTaHTa paBHOBecHus peakiuu Kc= 1.

Pemenne. Tak kak Bce BelleCTBAa B JIAHHOW pEAKIMH PEATUPYIOT B OJMHAKOBBIX
COOTHOUICHHSIX, 0003HaYNM U3MEHEHHE KOHIICHTPAIMK BCEX pearupyromux BemiecTts uepes x. K
MOMEHTY yCTaHOBJICHUSI paBHOBECHs 00pa30Baiioch x Moib D u x Mok F u cooTrBeTcTBeHHO [D]
= x; [F] = x. Ilo ypaBHEeHUIO peakiMu Ha CTOJIbKO K€ YMEHBIIUINCh KOHIIEHTpanuu A u B, T. e.
[A] =2 —x; [B] = 1,2 — x. [loncTaBuM paBHOBECHBIE KOHILIEHTPAIIMU B BBIPAKEHUE KOHCTAHTHI
paBHOBECHS

D] [F] XX

K= [Al[B] . = (2=x)(12-x) . x=07s.
Otcrona paBHOBecHbIe KOHIIEHTpanuu paBHbl: [D] = 0,75 monw/n; [F] = 0,75 monw/m; [A] =2 —
0,75 = 1,25 moas/n; [B]=1,2-0,75= 0,45 monb/m.

IIpumep 5.5. OObeMHBINH COCTaB PEAKIMOHHOM Ia30BOil cMeCH B MOMEHT paBHOBECHS
JUIs peakiuu 2A = 2B+ D 6B caenyromuii: 89% A; 7% B; 4% D. Haiinute Kp u K¢ ans stoit
peakiuu, eciv oblee aaBienue B cucteme rpu temneparype 900 K pasno 10° ITa.

Pemenne. /11 peakiyu, MOpoTEKarOIUX MEXIY I'a3aMu, NMPH BBIUUCIECHUH KOHCTAHTHI
paBHOBECHs] YIOOHO TIOJB30BATHCS TAPIHAIBHBIMU JIAaBJICHUSMHU pPEAarupyONINX BEIIESCTB.
[TapumanbHbpIM AaBI€HUEM Ia3a B CMECH HA3bIBA€TCs JABICHHE, KOTOPOE MPOU3BOANI Obl 3TOT
ras, 3aHUMasl TIPH TeX ke PU3NIECKUX YCIOBUAX 00beM Bcel razoBoit cmecu. O0Iiee qaBiieHne
CMECH T'a30B PaBHO CyMMe€ NaplUalbHbIX JaBJICHUI ra3os.

JI71s JaHHOM peakLuy maplyaibHbIe AaBjIeHus cocTaBasaior P,=0,89-10°I1a, Ps=0,07-10°
ITa, Pp=0,04-10° ITa. [ToacTaBiseM 5T 3HAUYEHUS B BHIPAXKEHHE KOHCTAHTHI PABHOBECHS:
2
_P"5Pp  (0,07-10°)%0,04-10°

Kpy=—5— = =24,74
P (0,89-10°)2

Kc paccuntsiBaem no ypasaenuto: Kp = Kc:(RT)". Tak xak jist JaHHOH peakiuu
24,74 _
Kp =22 —2=0,0033=3,3-10""
AU:3—2=1’T0 Kc= RT = 8,314'900
Kp=24,74; Kc=3,3-10".

—
IMpumep 5.6. Peakuus nporekaer no ypaBHeHuto 2SO0, + O, == 2S80;. B kakom
HaImpaBJICHUU CMCCTHUTCA XUMHUYCCKOC PaBHOBCCHUEC, CCIIN 06"beM CUCTCMbI YMCHBIIIUTH B 3 p3.33.?

. Takum oOpa3zom,

Pemienue. B HavanbHBIHE MOMEHT BpPEMEHH CKOPOCTH MPSMOM M OOpaTHOM peaKIuu
OBUTH CJIeTYIOIIHE:
) 2
K1 Cs0, Co K,Cso
Vop = 2 72 voop = 3
[Ipu ymenbiieHun o6beMa B 3 pa3a KOHIEHTpAllMU BCEX BelIeCTB yBenuyarcs B 3 pasa. [locie
YBEJIMYEHMSI KOHLIEHTPALMKA CKOPOCTh IPSMOM pEeaklUy cTajla
2 2 ;
C C C tC
50, .3 70, = 27k, 9% 0 | 1. e
2 2

503 )2 = K, 9 503 — 9K2 503

C C
vip = k-3 %% PG %) = ke

BO3pociia B 27 paz; a CKopocTb 00paTHOH voOp = K- (3

3
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T. €. Bo3pocia B 9 pa3. CienoBaresibHO, paBHOBECHE CMECTHUTCSI B CTOPOHY NPSIMOW peakIiu
(Bmpamo).

f—

IMpumep 5.7. B kakyto CTOpOHY CMECTUTCSI XUMHUYECKOE paBHOBecHE peakiuu A + B *
D, ecnu moBbIcUTH TeMmiepaTypy Ha 30°? TemmneparypHble KOAPPHUIUEHTH CKOPOCTH MPSIMOU U
00paTHOM peaKIMy COOTBETCTBEHHO PaBHHI 2 U 3.

Pemenne. Ipu noseiienun temnepatypsl Ha 30° cKOpOCTh MPSIMON peakLuu BO3pacTeT

AT AT

Yonp _ G0 _ o3
TV, =28 D208, 2 10— 3397
1% P _yo6p_ -

1. . o Vi o6
B np pa3, a CKOpOCTb 0OpaTHOH B oop pas.
Tak kak CKOpOCTh 0OpaTHOW peakuuu Bo3pociia B 27 pa3, a CKOPOCTh MpsIMOMl B 8 pas, TO
paBHOBECHE ATOH peakUWH MpU MOBBIIICHUH TEMIEpaTypbl CMECTUTCS B CTOPOHY OOpaTHOM

peakmuu (BJICBO).
IIpumep 5.8. Kak u3MeHsATCS CKOpOCTH MPSMOA U 0OpaTHOW PEaKIMH, €CIH B CUCTEME

2NO(1)+0x(T) = 2NO,(r) yMeHbIINTH JaBieHWEe B 2 paza? [lpowsoiimeT M mpH STOM
cMelienre paBHoBecusi? Ecnu na, To B KaKy CTOpOHY?

Pemienne. Jlo yMeHbIICHUsI IaBJICHUS BBIPAXKEHUS JJIs1 CKOPOCTH TNPSIMOM U 0OpaTHOM

2 2
CnoC C
. — NO™~O — NO
pCaKmuu UMEJIA BUI:  Vpp = K| 2 Voop = K2 2
IIpy ymeHbIIEHMM [aBiIeHUS B 2 pa3a KOHICHTPAlMM BCEX PpEarupyrollux BEIIECTB

YMEHBIIAIOTCA B 2 pa3a, Tak Kak oOIIuil 00beM CUCTEeMbI YBEIMUMBAETCS B 2 pasa.
Torma

, 1 1
va:Kl(ECNO )2(5 CO )

=1y C
) 8

NO "0,
1

_1 2
= KZCNO

. 1 )
560,73

\% =K,\—
obp %2

B pesynbrare ymeHbLIEHUS NABJICHHsS CKOPOCTh IIPSMOM peaklWHM yMEHbIIWIACh B 8 pas, a

CKOpOCTh 00paTHOM B 4 paza. Takum o0pa3oM, CKOpOCTb OOpaTHOHM peakiuu Oyzaer B 2 pasa

OoJIBIIIe, YeM MPSIMON M CMEIICHHE PAaBHOBECHS MTPOU30MIET B CTOPOHY OOpPaTHOW peaKIuH, T. €.
B CTOpOHY paznoxeHus NO,.

C
2

Konumponwsusie éonpocwi
1. Kak u3MEeHHTCSI CKOPOCTh MPSIMOI M OOpaTHOW PEaKIMK B CUCTEME
CO(r) + 3Ha(r) = CH4(r) + H.O(1),
€CJIM KOHLEHTPAMU UCXOAHBIX BEIIECTB U MPOAYKTOB pEaKIMM YMEHBIIUTH B 2 pa3za? B kakoM
HaIpaBJIeHUU cMecTuTCs paBHoBecue? (Omeem: 16; 4).
2. [lpu HarpeBaHUWU JAMOKCHJA a30Ta B 3aKPBITOM COCYAE 0 HEKOTOPOW TeMIEPATYphl

paBHOBecue peakuuu  2NO» = 2NO + 0, YCTAaHOBWJIOCHh TPH CIIEIYIOIUX KOHLEHTPaLUsIX:
[NO;] = 0,4 monp/it; [NO] = 1 mons/i; [O,] = 0,5 Monb/1. BeuuciuTe KOHCTaHTY PaBHOBECHS
JUTSL OTOM TeMIlepaTypbl M HMCXOJHYIO KOHIICHTpalMiO auokcuma aszota. (Omeem: 3,125; 1,4
MOJIB/J).

3. Peakuus nporekaer no ypasHeHuo AB =~ A +B. ITpu HekoTOpO# TeMmeparype u3 1
Moib AB, Haxomdimierocs B 3akKpbITOM cocyne emkoctbto 20 1, pazmaraercs 0,6 mons AB.
Omnpenenure KOHCTaHTy paBHOBecus. (Omegem: 0,045).

4. KoHCcTaHTa paBHOBECHUSI PEaKIIMKU N0, & 2NO, pasHa 0,16 npu 375 K. PaBHOBecHast
koHueHTpauus NO, pasaa 0,09 mosb/1. Beruncnanre paBHOBECHYIO U UCXOAHYIO KOHLIEHTPALHIO
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N>O4. Kakas yacts (B %) N>O4 pasznoxuinack K MOMEHTY HAcTYIUIEHUsI paBHOBecusi? (Omeem:
0,051 monw/m; 0,096 moub/i1; 46,9%).

5. Paccuutaiite paBHOBECHYIO KOHIEHTpaluio O3 U KOHCTaHTYy PaBHOBECHS B peakLUu

30x(1) = 20s(r), ecnu HavasibHast macca O, paBHa 24 1, a paBHOBecHasi KoHLeHTpanus O, paBHa
0,6 moub/11. (Omeem: 0,1 moinb/it; 0,046).

6. Vicronb3yst cripaBouHble naHHble TaOu. | mpuiokenus, paccuuraiire AH® peakuun,

o —
nportekatomiei mo ypaBHeHHIO 2NO,(T) == 2NO(T) + O,(T) 1 ompenenute, B KaKyl CTOPOHY
CMECTHTCSI PAaBHOBECHE MTPH OXJIAXKICHUU CUCTEMEI.

7. Paznoxxenue nenraxyiopuaa pocdopa NpoucXouT MO PeaKkIuu

PCl; & PCL; + Cl,. PaBHOBecHas rasosasi CMech conepxkut 30% Cl, mo o6bemy. Boruncnute
napruuagbHble JaBJIeHUs Ta30oB U Kp aiis 3TOH peakmmu, eciid oOIIee JaBICHHUE B CHCTEME
coctapisieT 100 klla. (Omesem: 30 xIla; 30 kIla; 40 kIla; 22,5).

8. Paccunraiite paBHOBECHBIE KOHIIEHTpAIMM ra3000pa3HbIX BEILECTB B I€TEPOre€HHOMN

cucreme FeO(x) + CO(T) = Fe(x) + CO,(1), ecnu HavanbHas koHuenTpauus CO coctapmsiia 2
MOJIb/J1, KoHCcTaHTa paBHOBecHs Kc=0,6. (Omesem: 1,25 mons/m; 0,75 Moinb/m.).

9. [Ipu cocrosinuu paBHOBecus cuctembl N, + 3H, = 2NH,; KOHIIEHTPAallMd BEUIECTB
obun (Momw/m): [N2] = 0,3; [H2] = 0,9; [NH;3] = 0,4. Paccunraiite, kak U3MEHSTCS CKOPOCTHU
npsIMO M OOpaTHOM peakIiy, eCid JaBJIeHHE YBEIHYUTh B 4 pa3a. B kakoMm HampaBieHHH
cmectutcs paBHoBecue? (Omeem: 256; 16).

10. B 3akpeiToM cocyne ycranoBmwiock paHoBecue CO + H,O = CO, + H,. Ucxonubie
KOHIIEHTPAllMM OKCHJa YIJIepoJa M MapoB BOJbl ObUIM COOTBETCTBEHHO paBHbI 0,8 MOJIB/I.
Boruncnure paBHoBecHble koHLeHTpauuu CO, H,O u H», ecnu paBHOBecHast koHueHTpauus CO,
paBna 0,3 moub/1. PaccunTaiiTe KOHCTAaHTY paBHOBECHS.

(Omsem: 0,5 momnw/1; 0,5 monb/it; 0,3 Monw/1; 0,36).

Tema 14. CpoiicTBa pa30aB/ieHHBIX PACTBOPOB HeJIeTY4YHX BellecTB.
OcMoTH4YeCcKoOe 1aBJIeHHe
IIpakTuyeckas padora Nel Xumuueckue cuctembl. Peakiiuu HOHHOTO OOMeHa.

OOumMu  SBJISIIOTCA  CBOMCTBA PAacTBOPOB, KOTOpPbIE 3aBUCAT OT KOHLEHTpAlMU U
MPAKTUYCCKU HE 3aBHCAT OT IMMPUPOABI PaCTBOPCHHBLIX BCIICCTB. OHu Takke Ha3bIBAIOT
KOJTMTaTUBHBIMM. Takue CcBOICTBa MOTYT HpOSIBIATHCS B IOJHOM Mepe B HJEabHBIX
pacTBopax. MeanbHbIM Ha3bIBalOT pacTBOP, B KOTOPOM HE MPOUCXOIAT XUMUYECKHE PEAKLUU
MEXJy KOMIIOHEHTaMHM, a CHJIbI MEX-MOJIEKYJSPHOTO B3aUMOJCHCTBUS MEXIy KOMIIOHEHTaMH
oquHakoBbl. COOTBETCTBEHHO, 0Opa30BaHME STHX PACTBOPOB HE COMPOBOXKAACTCS TETUIOBBIM
spdpextoMm (AH = 0) ¥ KaxIplii KOMIIOHEHT BeJeT ceOsl B pacTBOpPE HE3aBUCUMO OT JIPYTHX
KoMITIOHEeHTOB. K HACAJIbHBIM pacCTBOpaM IO CBOUM CBOMCTBaAM HpI/I6J'II/I)KaI-OTC$[ JIUIIb OYC€Hb
pa30aBIeHHbIE PACTBOPBI, T.€. PACTBOPBHI C OYEHb HMU3KOW KOHILIEHTpALMed pacTBOPEHHOIO
BemiecTBa. K oOmiM CBOWCTBAM pPacTBOPOB OTHOCSTCSI TOHM)KEHUE IAaBIICHHS HACHIIIEHHOTO
napa pacTBOpUTENsl Haj PacTBOPOM M TEMIIEpaTyphl 3aMep3aHHsl, MOBBILICHUE TeMIepaTypbl
KATICHUSI W OCMOTHYECKOE JaBJCHHWE. OTH CBOWCTBA TPOSBISIOTCS B CIydae pPacTBOPOB
HEJIETYYMX PpACTBOPEHHBIX BEIIECTB, T.€. BEIIECTB, JABJICHUEM IapOB KOTOPHIX MOXKHO
npeHeOpeyb.

Tema 14. CBoiicTBa pa30aB/IeHHBIX PACTBOPOB HeJIETY4YHX BelIeCTB.
OcMoTHYeCKOe 1aBJIeHHe
IIpakTnyeckas padora Ne2. O6uue cBoiicTBa pacTBOpoB. 3akoH Payus.
3akon Payas

45



Mousekynbl  HEJIETy4ero pacTBOPEHHOTO  KOMIIOHEHTa  pacTBOpa  IMPENSTCTBYIOT
yJIETy4YMBAaHUIO U3 pacTBopa MoJIeKyl pactBopurens. Opaniry3ckuil yuenslii P. Paynb oTkpbin
3aKOH, COTJIaCHO KOTOPOMY IIOHMKEHHE JABJICHUS HACBIIIEHHOIO Iapa pacTBOpUTENs A Haj

PACTBOPOM MPOTIOPLMOHATEHO MOJIAPHOM J0MIe PACTBOPEHHOTO HesleTyuero Bewmectsa A B AB ;
_ o
AP 4= PAXBAPA=DPaXE
(16)

o o
rae Pa pﬂ, PA — JaBJeHUS HACBIIIEHHOTO T[1apa pPacTBOPUTENS HAJ YHUCTHIM

PaCTBOPUTCIICM, APaBPA PA3HOCTb MCIKAY AABJIICHUSAMH HACBIIICHHOI'O IIapa paCTBOPUTCIIA
Haa paCTBOPOM U paCTBOPHUTCIICM.

W3 ypaBHEHHUs cleoyeT, 4TO C yBEJIMYEHHEM COJAEpKaHMUS HEJIETy4ero pacTBOPEHHOIO
KOMIIOHEHTa JIaBJICHHE Iapa pacTBOPUTEINS HaJ pacTBOpoM yMmeHbluaercs. M3 3akona Payns
BO3HUKAIOT JIBA CJIECTBUSI.

CornacHo 0JTHOMY M3 HHMX TE€MIIepaTypa KMIIEHUSI pacTBOpPA BBIIIE TEMIIEPATypbl KUIIEHUS
pacTBopuTenss. OT0 OOyCIOBJIEHO TeM, YTO JIaBJICHHE HACHIIMICHHOTO Mapa pacTBOPUTENs HaJ
pPacTBOPOM CTAHOBUTCSI paBHBIM aTMOC(EPHOMY JaBJeHUIO (YCIOBUE KUIICHHUS KHUIKOCTH) TPU
0oJiee BBICOKOI TemrmepaType, YeM B ciydyae YHCTOro pactBoputens. [loBbilieHue TeMnepaTypsl
KHIIEHUS [TPOMOPLUOHAIIBHO MOJISUIBHOCTH pacTBOpa:

(17)
rie Ky — s0ynmnockonuueckas IOCTOSHHAsh pacTBOPHUTENS, L — MOJISJIbHAs KOHIIEHTpalMsl
pacTtBopa.

CornacHo BTOpPOMYy CIEACTBHIO K3 3akoHa Payng Temmeparypa 3amep3aHus
(kpucTannu3alnuy) pacTBOpa HIDKE TeMIepaTypa 3amep3aHus (KpUCTaUIM3allMH) YHUCTOTO
pactBopuTensi. ITo 00YCIOBICHO 00Jiee HU3KUM JaBJICHUEM apa pacTBOPHUTEINS HAJl PACTBOPOM,
yeM Haja pactBoputeneM. [loHWKeHuWe TeMIepartypbl 3aMmep3aHus (KpUCTAILIH3AIUH)
IIPOMOPLHUOHAIIBHO MOJISUIBHOCTH pacTBopa

(18)
rae Kk — kppockonuueckasi mOCTOSTHHASL.
3nauenust Ks u Kg 3aBUCAT OT IpUpOAbI pACTBOPUTEIIS.
OcmoTuyeckoe 1aBJjieHUe

CaMOIpou3BOJIBHBIA  NIEpeX0/ PACTBOPUTENS uepe3 MOJYNPOHUIAEMyK0 MeMOpaHy,
pasfessAIoNlyI0 pacTBOpP M PACTBOPUTENb WM JBAa PACTBOpA C Pa3IMYHOM KOHLEHTpaluen
pPacTBOPEHHOI'O BellecTBa, Ha3blBaeTcsi ocMocoM. OcMoc oOycioieH ang¢ys3ueil Monekyn
pacTBOpUTENS Yepe3 NOIYIPOHULAEMYIO IEPErOPOIKY, KOTOPAs IPOIyCKAET TOIBKO MOJIEKYJIbI
pactBoputens. Monekynbsl pactBoputens AMGPyHAUPYIOT U3 pacTBOPUTENS B pacTBOP WU U3
MEHEee  KOHILIEHTPMPOBAaHHOIO  pacTBOpa B  0Oojiee  KOHLEHTPUPOBAHHBIH,  MOITOMY
KOHIIEHTPUPOBAaHHBIN pacTBOp pa3daBisieTcs, MPU 3TOM YBEIMUUBACTCA M BBICOTA €r0 CTOJOA.
KonnuecTBeHHO 0OCMOC  XapaKTepU3yeTcss OCMOTHMYECKMM JABJIIEHUEM, paBHBIM  CHIIE,
HNPUXOSIIEICS Ha eMHUIY TJIOLIAId TOBEPXHOCTH, M 3aCTaBIISAIOIIEH MOJICKYJIbl PACTBOPUTENS
IIPOHMKATh Yepe3 MOJYNPOHULAEMYI0 nieperopoaky. OHO paBHO JaBJIEHUIO CTOJI0a pacTBopa B
ocMometpe BbicoTol h. Ilpu paBHOBecHMHM BHEIIHEe AABJICHHE YPABHOBEIIMBAET OCMOTHYECKOE
JaBlieHHe. B 3TOM ciyyae CKOpOCTHM MHpSMOrO M OOpaTHOTO IEPEXOJO0B MOJIEKYd 4Yepes
MOJYIIPOHUIIAEMYI0 MEPEropojIKy CTaHOBATCS OJMHAKOBBIMH. Eciu BHelllHee JaBJeHHE,
IIPUIIOKEHHOE K 00Jiee KOHIIEHTPUPOBAHHOMY PacTBOPY, BBIILIE OCMOTUYECKOTO I, T.€. P > I, TO
CKOPOCTh IEepexo/ia MOJIEKYJI PACTBOPUTENS U3 KOHILIEHTPUPOBAHHOTO pacTBopa OyneT OoJblle,
U pacTBOPUTENIb OYyJEeT NMEepexXoJuTh B pa30aBIEHHBIM pacTBOp (WJIM YMCTHIM PacTBOPHUTEND).
OTOT mpolecc, Ha3bIBaeMblil OOpaTHBIM OCMOCOM, HCIIOJIb3YEeTCS JUIsl OUYUCTKH NMPHUPOIHBIX U
CTOYHBIX BOJ, JUIsl NOJYy4YEHUS MUTHEBOM BOJABI M3 MOPCKOM Bojbl. OCMOTHMYECKOE [1aBICHHUE
BO3PACTaeT C YBEIMYCHHEM KOHIIEHTPALMM PacTBOPEHHOI'O BELIECTBAa M TeMmiepaTypbl. BaHt-
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lodd mnpenmonmoxkui, 4YTO A OCMOTHYECKOTO MAAaBICHHS MOXKHO NPUMEHHTH YpaBHEHHUE
COCTOSIHHS MIE€AJIBHOIO ra3a

p=CRT (19)
rac p — OCMOTHYCCKOC OJaBJICHUC, C- MOJIIPpHAss KOHOCHTpAUA paCcTBOpa.

OcMoc wWrpaeT OYeHb BaXKHYIO pPOJb B OHOJOTHMYECKHX Ipoleccax, obecreuuBas
MOCTYIUIEHUE BOJIBI B KIIETKH U JPYTHE CTPYKTYPHI.

PactBOpBI C 0OIMHAKOBBIM OCMOTHYECKUM JIAaBJICHUEM Ha3bIBAIOTCS U30TOHUYECKUMHU. Ecin
OCMOTHYECKOE JaBJICHHE BbIIIE BHYTPUKIETOYHOTO, TO OHO HA3bIBACTCS TUIEPTOHUYECKHUM,
€CIM HIDKE BHYTPUKJIETOYHOTO — THUNOTOHMYECKUM. Hampumep, cpeaHee OCMOTHUECKOE
nasiienre kposu npu 36°C paBao 780 klla.

I'unepToHnyeckue pacTBOpbl caxapa (CHpoIl) U conM (paccoi) IIMPOKO MPUMEHSIOTCS IS
KOHCEPBUPOBAHUS IPOAYKTOB, TAK KaK BbI3bIBAIOT yAaJI€HNUE BOJbI U3 MUKPOOPTaHU3MOB.

Tema 15. CpoiicTBa pa30aBjleHHBIX PacTBOPOB HeJleTy4YuX BemecTB. OcMoTHYeCKoOe
JAaBJeHHe

IpakTnyeckas padora Nel. Temneparypbl KUIIEHUSI U KPUCTAIUIM3ALMU PACTBOPOB.

HonHble ypaBHEHHs peaklUuii OOMEHa OTPa)XXar0T COCTOSIHHE 3JIEKTPOJIHMTA B PAaCTBOPE.
DJIEKTPOJIUTBI — MO 8eujecmsd, pacmeopsvl U pacniagsbl KOMopslX NPo8oO0sm 3J1eKmpudeckKull
moxk. Pacnao monexyn eewyecmea Ha uonbl HA3bIBACTCS JIEKTPOJIUTHYECKOH qucconunanmeii. K
AJIEKTPOJIUTAM OTHOCSITCSI KUCJIOTBHI, OCHOBaHMS, colu. KueaoTvl — smo anekmpoaumul,

—_—
ouccoyuupyrowue 8 pacmeopax ¢ obpazosanuem Kamuonos eooopooa HCN = H" + CN.
OCHOBaHMA — 91eKMPOIUMbL, OUCCOYUUPYIOWUE 8 PACMBEOpAx ¢ 0bpazosanuem 2UOPOKCUO-

uornos NH,OH © NH, + OH. CylleCTBYIOT 3JIEKTPOJIUTHI, KOTOPBIE MOTYT JUCCOIMUPOBATH 1O
TUIly KHUCIIOTBHI U IIO TUILy OCHOBaHUWA. Takue 3JeKTPOJUThI Ha3bIBAOTCS amM@orepHbIMU. K
HUM OTHOCSITCS  THAPOKCHIBI aM(OTEPHBIX JJIEMEHTOB, a TaKKe TUAPOKCUABl METaJIOB,
HaXOJAIIMXCS B IPOMEXKYTOYHOM cTereHn okucieHus, Hanpumep, Be(OH),, AI(OH);, Zn(OH),,
Cr(OH); u mHorue apyrue. /luccouuanuio pacTBOPEHHOM yacTu aM()OTEpHOTO THAPOKCHAA TIO
000¥M THTIaM MOKHO MPEJICTABUTH CIICIYIOMICH CXEMOM:

H +RO = ROHT R+ OH"

B HaceIllieHHOM BOJHOM pacTBope amdorepHoro ruapokcuaa wousl H, RO™ m RY, OH"
HAXOJATCSI B COCTOSIHIH PAaBHOBECHS, TIOATOMY aM(pOTEPHBIC THIPOKCH Il B3aUMOJICHCTBYIOT U C
KHCIIOTaMU M ¢ ocHOBaHUsAMU. [Ipu moOaBieHNHM KHCIOTHI PaBHOBECHE CMEIIAETCS B CTOPOHY

Aaucconanuu 1Mo THUIY OCHOBAHU:, IIPU I[O6aBJIeHI/II/I OCHOBAaHUA — B CTOPOHY AWCCOOHAIIUU T10
THUITY KUCJIOTBI.

Cou — BIEKTPOSUTHI, KOTOPBIE MPU PACTBOPEHUH B BOJE AMCCOLUUPYIOT, OTIIETLISS
MOJIOKUTEIbHBIE MOHBI, OTIIMYHBIE OT MOHOB BOAOPOJA, U OTPUIATENIbHBIE UOHBI, OTJIMYHBIE OT
TUAPOKCUJI-MOHOB, HATIPUMED:

Al(SO,); = 2AP" +3S0,>; CuOHCI = CuOH" + Cl; KHCO; =K'+ HCOs".

[To crtocoOHOCTH K TUCCOIMAIIMH SIEKTPOIUTHI IEISAT HAa CUIIbHBIE U ClIa0ble. Y CHIIBHBIX
AJIEKTPOJIUTOB B PAaCTBOPE AUCCOIMHUPYIOT HA MOHBI MPAKTUYECKU BCE MOJEKYIBI, y CIa0BbIX —
JUIIb YacTh MOJEKyd. K CHIIBHBIM 3JIEKTPOJIMTaM OTHOCSTCS TOYTH BCE COJM, OCHOBAHUS
IIEJIOYHBIX M IIEIOYHO3EMEIbHBIX MeTaILIOB, a u3 BaxkHermux kucior HCIO4, H,SO4, HNO;,
HCI, HBr, HI, HMnO,. K caGpIM 3JIeKTpOJIMTaM OTHOCSITCS TIOYTH BCE OPTAaHUYECKUE KHCIIOTHI,
nanpumep, CH;COOH, neopranmnueckue coemunenus H,COs;, H,SOs;, H,Si0;, HCN, HNO,,
H;PO,4, HF, NH,OH, H,O u npyrue.

Peakuuu B pacTBOpax SJEKTPOJUTOB MPOTEKAIOT MEXKAY MOHAMHU M UAYT MPAKTUYECKU
HEOOpaTUMO, €CJIM B PE3yJIbTaTe PEaKIMu 00pa3yloTCs OCAIKH, Ta3bl U CIa0bIe DJIEKTPOIHUTHI.
OOBIYHO Takue peaKkluu H300pa)karoTCs MPH TMOMOIIM HOHHO-MOJEKYJSIPHBIX YpaBHEHHI, B
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KOTOPBIX OCAQJKH, Ta3bl, ClIa0ble SJCKTPOIMTHl MUIIYTCS B BHUAC MOJEKYJI,  XOpPOIIO
pacTBOpUMBIEC CHIIbHBIE JIEKTPOJIUTHI — B BUAE MOHOB. OJUHAKOBBIE MOHBI M3 00EHMX 4YacTei
ypaBHEHHUS UCKIIOYAIOTCSI.

PaccMoTpuM THITUYHBIC BAPHAHTHI PEaKIIUi B pACTBOPAX JICKTPOIUTOB.
a) 3AgNOs + FeCl; = Fe(NOs); + 3AgCl| — MosiekymsipHOEe YpaBHEHHE
0CaJIoOK
3Ag" +3NO; + Fe*'+ 3CI" = Fe*™+ 3NO; + 3AgCl| — nojaHoe HOHHOE ypaBHEHHUE
Ag" + Cl" = AgCl| — cokpaleHHOe HOHHOE YPaBHEHHE
6) Na,COs + H,SO4 = Na,SO, + H,O + CO» 1
ra3
2Na" + CO;* + 2H" + SO4* = 2Na" + SO,> + H,O + CO»?
2H" + COs* = H,O + CO,1
B) HCI+ NaOH = NaCl + H,O
CJIa0BIH JIEKTPOIIUT
H'+ ClI'+ Na'+OH = Na'+ CI" + H,0
H+ OH =H,O

HMoHOOOMEHHBIE peaKIMd MOTYT MPOXOIWTh MEXIYy MOJICKYJIaMd BOJbI M HOHAMHU
pPacTBOPEHHON COJIM, YTO TPUBOJIUT K MPOLECCY THIPOIHM3a. [ MAPONAM3 — 3TO 0OMeHHOoe
gzaumooelicmeue UOHO8 CONU C B0O0O0U, KOMOpoe Hpusooum K o00pazosanuto cuabozo
EKMpoIUma u conpogodcoaemcs uzmenenuem pH-cpeovi. CyTh TUAPOIH3a 3aKIHOYACTCS B
cieayromieM. [Ipu BHeCEHHH B BOIY COJICH, B COCTaB KOTOPBIX BXOST aHHOHBI CJIAOBIX KHUCIIOT

WM KaTHOHBI CIa0bIX OCHOBAHWii, 9TH MOHBI CBs3bIBalOTCA ¢ moHaMu H' mwim OH™ u3 Boxsl ¢
oOpa3oBaHHEeM C1a0Oro HSIEKTPOIMTA, B pe3yldbTaTe dYero HapyllaeTcs pPaBHOBECHE
JIEKTPOIUTHYCCKOI auccommanmu Boxsl H,O = H'+ OH". B pacTBope HakaruiMparotes Housl H'
win OH’, cooOmas mnoiy4eHHOMY pPAacTBOpPY KHUCIYH WIM ILEIOYHYHO peakuuo. KaThoHb
CHUJIBHBIX OCHOBAaHMM M aHMOHBI CHJIBHBIX KHCIOT HE 06pa3YIOT C HOHaMH BOJbI cl1a0bIX
3JIEKTPOJIUTOB, MO3TOMY COJIM, OOpa30BAHHBIE CHJIBHBIM OCHOBAaHMEM M CUJIBHOM KHCIOTOH,
TUAPOIN3Y He MojBeprarTca. TakuMm o0pa3oM, THAPOIU3Y MOJBEPratoTCs COIH, 00pa30OBaHHBIE
cJ1a0bIM OCHOBAHUEM M CUJIBHOM KUCIIOTOM; ci1ab0il KUCIOTONW U CHIIBHBIM OCHOBAaHHEM; CIa0bIM
OCHOBaHHMEM U cJIa00Oi KUCIOTOH. B TakoMm ciyyae B pacTBOpe MOTYT YCTaHABIUBATHCA
CIIEAYIOLIME PABHOBECHS:

a) Mpu ruApoin3e aHnoHa (A~) ciiaboii KUCIOTHI:
—
A+ HOH = HA + OH (o6pa3ytorcs nonst OH™, cpena menounas, pH > 7).
0) npu ruaposmse katrona (BY) ciaboro ocHoBaHus:
—
B+ HOH * BOH + H" (0o6pa3ytorcst nonst H', cpena kucnast, pH < 7).
B) MPH TUIPOJIM3E KATHOHA CJIA00TO OCHOBAHUS M aHUOHA CITA00# KMCIIOTHI:
—
A+ HOH* HA +OH "~
= v v
B+ HOH < BOH + H" (o6pasyrorcst moust H* 1 OH, cpena 61m3ka k Helitpanbroi, pH ~
7).
I'mapomnus coneit, 00pa30BaHHBIX MHOTOOCHOBHBIMHU KHCJIOTAMH HWIIM MHOTOKHCIIOTHBIMHU
OCHOBAHHUSIMH, TMPOTEKAET CTYIEHYATO, MPHYEM TMPEUMYIIECTBEHHO IO TEPBOM CTYNEHU C
00pa3oBaHMEM KHUCIBIX WJIM OCHOBHBIX coJyicii. BBejeHUe JONOITHUTEIBHOTO KOJINYECTBA HOHOB

H" win OH B paBHOBECHYIO CHCTEMY MOXET YCHJIUTh WJIM TOJaBUTh MPOIECC THIPOJU3a B
cootBeTcTBUM ¢ puHLunoMm Jle [llarenpe.

Ilpumeput pewrenusn 3a0au
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IIpumep 6.1. CocTaBbTe MOJIEKYJISIPHBIE YPAaBHEHUS PEAKLMM, KOTOPBIM COOTBETCTBYIOT
CIIENYIOIE WOHHO-MOJIEKYJISAPHBIEC YPAaBHEHUS:

a) Fe(OH); + 3H" = Fe’* + 3H,0
0) H;PO, + 30H = PO, + 3H,0
B) HCO; + OH = CO;* + H,O
Pemienue. [lpu pemenun mNOMOOHBIX 3aJaHM CIIEAYeT TIOJB30BaThCs TaOM. 2
MIPUJIOKEHUSL.

B neBoii u mpaBoil 4acTSX NaHHBIX HOHHO-MOJIEKYJISIPHBIX YpaBHEHUH yKa3aHbl MOHBI,
KOTOpble 00pa3yloTcsi MpH JUCCOIMALUU CUIBHBIX 3JEKTpoNuTOB. ClieAoBaTeNbHO, INPH
COCTaBJICHUM MOJIEKYJSIPHBIX YPaBHEHUH CIEAYeT HCXOOUTh U3  COOTBETCTBYIOLIUX
PacTBOPUMBIX CHJIBHBIX 3JIeKTpoauToB. Hampumep:

a) Fe(OH); + 3HCI = FeCl; + 3H,O
6) H;PO, + 3NaOH = Na;PO, + 3H,0
B) KHCO; + KOH = K,CO; + H,O
IIpumep 6.2. CocTaBbTe MOJIEKYJISIPHBIE U MOHHO-MOJIEKYJIIPHBIE YPAaBHEHUSI peaKLui,
HOATBEpIKAatoImye aM(pOTEPHBIN XapaKTep THIPOKCHIA CBUHIIA.

Pemenne. AmdoTepHbIE IEKTPOIUTH MOTYT AMCCOLMUPOBATH MO THUITy KHCIOTHI U
ocHoBaHus, nostomy Pb(OH), MoxkeT pacTBOpATbCA Kak B KUCIIOTE, TaK U B IIEJIOYH, 00pa3ys
COOTBETCTBYIOIIUE COJIH:

a) pactBopenue Pb(OH), B kucimoTe
Pb(OH), + 2HNOs = Pb(NO3), + 2H,O
Pb(OH), + 2H" = Pb*" +2H,0
0) pactBoperne Pb(OH), B menoun
Pb(OH), + 2NaOH = Na,PbO, + 2H,0
Pb(OH), + 20H™ = PbO,*+ 2H,0
B cnyuae (a) Pb(OH), BBIIOIHSET poJib OCHOBAHHMS, ITOCTABJISISI B PACTBOP THIIPOKCHU/I-UOHBI JIJIS
oOpaszoBanusi MoJieKysn Bojbel. B ciydae (60) Pb(OH), Bemonasier pons kucinorel (Pb(OH), =
H,PbO,), moctaBmnsisi B pacTBOp KaTuoHbl Bojopoaa. Cxema muccormanuu Pb(OH), BeImIsaut
TakK:
2H' + PbO,> = H,PbO, = Pb(OH), & Pb** + 20H"
Ipumep 6.3. CocTaBbTe MOJICKYJISIPHBIC H HOHHO-MOJICKYJISIPHBIC YPAaBHEHUS THIPOJIN32
coxaeii: CH;COOK, K,S, CuSO..

Pemienue. a) Amerar KaJms — COJIb CJIa0OW KHCJIOTBHI W CHJIBHOTO OCHOBaHMSA. [lpm
pPacTBOPEHUH B BOJE alleTaT Kalus TUCCOLMHPYET Ha HOHBI K™ M aHHOHBI CH;COO.
Karuonsr K™ He moryT cBsi3piBath annonbl OH, Tak kak KOH — cuinbHBIN 31eKTpoauT. MoHbBI
CH;COO', cBs3piBasice ¢ katmoHamu H' Bomel, oOpasyror cinabyro kuciaory CH;COOH.
I'unponus unget no aHuoHy cinaboif KucaoTel. COKpaleHHOE HOHHO-MOJIEKYJIIPHOE YpaBHEHHE
MMeEEeT BUI:

CH;COO + H,0 & CH;COOH + OH"

JInsi HamucaHusl ypaBHEHUs PEaKIMU B MOJHONW MOHHOH (hopMme mpubaBUM K JIEBOM M MpaBoit
4acTsAM YpaBHEHMsI HOHBI, HE IIPETEPIICBAIOIINE B PE3YJIbTATE TUAPOJIN3A HU- KAKUX U3MEHEHUIA.
B paccmarpuBaeMOM IpuMepe — 3TO KaTUOHBI KaJIHS.

K*+CH;COO™ + H,0 © CH;COOH + K*+OH"
MOJIEKYJIIPHOE YpPaBHEHUE:

CH;COOK + H,0 & CH;COOH + KOH
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B pactBope mosiBisercst n30biTok noHOB OH™, mMo3TOMY pacTBOp MMEET HIETOYHYIO PEaKIUio
(pH > 7).

0) Cynbdun kamvs — COJb JBYXOCHOBHOHU clIab0i KHCIOTHI U CHJIBHOTO OCHOBaHUS.
AHMOHBI c1a0ol KHMCIOTBI S? CBA3BIBAIOT MOHBI BOJOPOJA U3 BOABI, 00pa3ysi aHHOHBI KMCIIOM
conu HS™. Conb ruaponuzyercs no anuony. CokpanieHHO€ HOHHO-MOJIEKYJISIPHOE YpaBHEHUE:

—
S* +H,0~ HS + OH"
MOJTHOE HOHHO-MOJICKYJISIPHOE YPaBHEHUE:
—
2K'+§* + H, 0= K'+ HS + K'+OH"
MOJICKYJISIPHOE ypaBHCHHE:
—
K>S + H,O = KHS + KOH
[osiBnenne n30BITOYHOTO KommuecTBa HOHOB OH™ 00ycOBIMBAaeT MICTOYHYIO PEAKIUIO CPEIbl
(pH > 7).

B) Cynbdar Menu — coiib c1aboro ABYXKHUCIOTHOTO OCHOBAaHHUS W CWJIBHON KHCIIOTHI.
I'maponu3 TakoW CONMM WAET 1O KaTHOHY CIIa0OTO OCHOBaHHWS ¢ OOpa3oBaHHEM KaTHOHOB
ocHoBHO# comt CuOH'. CokpallleHHOE HOHHO-MOJIEKYJISIPHOE YPaBHEHHE THIPOIIN3A:

—
Cu* + H,O = CuOH" + H”
MOJTHOE HOHHO-MOJIEKYJISIPHOE YPaBHEHUE:

2Cu** + 280> + 2H,0 = 2CuOH" + SO + 2H* + SO>
MOJIEKYJISIPHOE ypaBHEHHUE:

2CuS0; + 2H,0 = (CuOH),S0; + H,SO,
B pactBOpe HaKOMMIKUCh KaTHOHBI BOAOPO/IA, KOTOPBIE CO3AaayT KUCIYIO peakuuto cpesl (pH <
7).
IIpumep 6.4. Kakue npoaykTsl noiayyarcs npu cmemnBanuu pactBopoB AlCl; u Na,S?
CocTaBbTe HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHOE YPaBHEHHE PEaKIUU.
Pemenne. Conp AlCI; ruaponusyetcs no KaTuoHy, Na,S — 1o aHHOHY:
AP'+H,0 ¥ AIOH* + H'
S* +H,0 = HS+OH"
O6pasyromuecs nousl H™ 1 OH™ cBsA3bIBatOTCS B MOJIEKYJIBI cltaboro anektpoauta H,O, capuras

THAPOJIMTHYECKOE PaBHOBECHE BIPaBO. [ MIposn3 uaeT Mo KoHia ¢ oopasoBanueM Al(OH); u
H,S. NoHHO-MONEKyIApHBIC U MOJEKYJISIPHOE ypaBHEHUE UMEIOT BUI:

2A" + 38> + 6H,0 = 2A1(OH):d + 3H,ST
2AP* + 6CI + 6Na" +3S* + 6H,0 = 2A1(OH)s4 + 3H,ST + 6Na* + 6Cl°
2AICI; + 3Na,S + 6H,0 = 2A1(OH)s¥ + 3H,ST+ 6NaCl

Konmponwvnsie sonpocwt

101. CocraBbTe MOJEKYJISIPHbIE U HMOHHO-MOJIEKYJISIPHBIE YpaBHEHHS pPEaKIMH
B3anMOJIeiicTBHs B pacTBopax Mexay: a) KoS u CuSOy; 6) AgNO; u NH,CI; B) Na,SiO;
nu HzSO4; F) CaC03 u HNO3

102. Kakue u3 nepeunclieHHbIX HUXke coyied moasepratorcs runponnsy: NaCN, KNOs,
CuCl,, NH4CH;COO? [lns xaxaodl M3 THIPOIU3YIOMIMXCS COJEH HalMIIUTE YpaBHEHHUE
THIPOJIN3a B HMOHHO-MOJIEKYJISIPHOM M MOJIEKYJSIPHOM BHZE, YKKHUTE DPEAKIHIO Cpelbl ee
BOJIHOTO PacTBOpa.

103. CocraBbTe MO ABa MOJIEKYJISIPHBIX YPaBHEHUS PEAKIIUMA, KOTOPHIE BBIPAKAIOTCS
HMOHHO-MOJIEKYJISIPHBIMU YPaBHEHUSIMU:
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a) Fe* + 30H = Fe(OH);
6) H' + NO, = HNO,
B) Cu*" + S* = CuS
104. CocraBbTe HOHHO-MOIEKYJISPHOE M MOJIEKYIAPHOE ypaBHEHHE THAPOJIU3a

Cr2(S0s);. K pactBopy mobaswiu cnenyrommue Bemecta: a) H,SO4; 6) KOH. B kakom cimyuae
ruaposn3 cyibdara xpoma yeunutcs? [Touemy?

105. Kakme wu3 comeit: K,SO4, Na,SO; NH4CN, LiCl, Fey(SO.); moaseprarorcs
ruaposnsy? CocTaBbTe MOHHO-MOJICKYJISIPHBICE M MOJICKYJISIDHBIC YPAaBHEHHS THAPOIN3A ITHX
coinieid. Kakoe 3nauenue pH (>7<) uMeIOT pacTBOPHI 3TUX COJIEH?

106. CmemmBator momnapHo pactBopbl: a) KOH u Ba(NOs),; 6) Li.CO; u HCI; B)
Pb(NOs), u KCI; ) NH4Cl 1 KOH. B kakux ciry4asix peakiiiu MpaKTHYeCKH MOUIYT 10 KOHIA?
[IpencraBbTe X B MOJICKYJIIPHOM ¥ HOHHO-MOJICKYJIIPHOM BHJIC.

107. TloxGepute MmO ABa ypaBHEHHS B MOJIEKYJISIPHOM BHUAE K KaKJOMYy H3 HOHHO-
MOJIEKYJISIPHBIX YpaBHEHUH:
a) AP* + H,O = AIOH> + H'
6) S* + H,O™ HS +OH
B) CN+ H,0 = HCN +OH
108. CocrtaBbTe MOJICKYJISIPHBIE U WOHHO-MOJIEKYJIIPHbIC YPAaBHEHUS PEaKIMi

B3aMMOJICHCTBHSI B pacTBopax Mexy: a) BaCO; u HNOs; 6) Fex(SO4); u KOH; B) HCI u K,S; 1)
CH;COOK u HCL.

109. CocrtaBbTe HOHHO-MOJEKYJISIPHBIE M MOJEKYJISIPHBIC YpPaBHEHHSI THIPOJIU3A,
MPOMCXOAAIIero pu ciuBaHuu pacTBopoB: a) FeCls u Na,COs; 6) CuSO4 u K,COs.

110. CocraBbTe MOJEKYJISpPHbIE M HOHHO-MOJIEKYJISIDHBIE YPAaBHEHMsI PEaKIHil
B3auMojieicTBusl B pactBopax Mmexay: a) CH;COONa u H,SO.; 6) NH4Cl u NaOH; B)
Ba(OH)z u KQCI'O4; F) C&Clz u Na3P04.

111. TlonGepute mo ABa ypaBHEHHs B MOJIEKYJISIPHOM BHUAE K KaXJOMYy M3 HOHHO-
MOJICKYJISIPHBIX YPaBHEHUI:

a) Fe*” + 2H,0 = Fe(OH)," + 2H"
6) COs> + H,O = HCO; + OH
) NH," + H,O = NH,OH + H"

112. CmemmBarot nomapHo pactBopsl: a) K,SO; u HCl; 6) Na,SO4 u KCl; B)
CH3;COONa u HNO;; 1) Al(SO4); m m30siTok KOH. B kakux W3 mpUBEACHHBIX CIy4acB
peaKkiMyu NpakTU4eCKu NOUyT a0 koHua? CocTaBbTe I 3TUX PEAKIMHA MOJEKYJSpHBIE U
HMOHHO-MOJIEKYJISIPHBIC YPAaBHEHHS.

113. Kakue u3 BemecTB OyayT B3auMOZAEWHCTBOBAaTh ¢ ruapokcuaom kamus: Ba(OH),,
Zn(OH),, FeCls, H;PO4? Bripazute 3T peakiuy MOJIEKYJISPHBIMH U HOHHO-MOJIEKYJISIPHBIMU
YpaBHEHUSIMU.

114. Kakue un3 mpuBeneHHbix coseit: KCN, Cr(NOs);, KNOs;, ZnSO. moaBepratotcs
rugaposinzy? CocTaBbTe€ MOHHO-MOJICKYJISIPHBIE M MOJIEKYJISIDHBIE YPAaBHEHMS THUAPOJIN3A ITHUX
COJIEH, YKAXKUTE PEAKIUIO CPEIbI.

115. CoctaBbTe 1O JABa MOJIEKYJSPHBIX YPaBHEHUS DPEAKLUi, KOTOPBIE BBIPAXKAIOTCS
MOHHO-MOJIEKYJISIPHBIMH yPaBHEHHUSMHU:

a) OH + HS =H,O + S*
6) CO327 +2H = H,O + CO,
B) OH + NH, = NH,OH
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116. B kakoii 1BeT OyJeT OKpalieH JakMyc B BOJIHBIX pacTBopax K,SOs;, (NH4)2SOs,
Na,COs, Li,SO4? OTBeT 000CHYHTE HOHHO-MOJICKYJISIPHBIMH ypaBHE- HUSMHU COOTBETCTBYIOIIHUX
peaKuuid rupoJin3a CoJeu.

117. CocrtaBbTe MOJICKYJISIpHBIE U WOHHO-MOJIEKYJIIPHBIC YPAaBHEHUS PEaKLMi
B3anMoJIeiicTBusl B pacTBopax Mexay: a) K,SO; u HCl; 6) CH;COOH u KOH; B)
Na,HPO4 u NaOH; r) AI(OH); u KOH.

118. Kakwue u3 coneii KI, Cu(NOs),, KNO,, CrCl; moasepratorcst ruaponusy? CocraBbre
HMOHHO-MOJIEKYJIIpPHbIE U MOJIEKYJISIPHBIE YPaBHEHHS THIPOJIU3a ITUX COJICH, YKAKUTE PEaKIUIo
CpEIbl.

119. CmemmuBaroT nonapHo pactBopbl: a) Cu(NOs), u Na,SOs; 6) BaCl, u K,SOs; B)
NaHCO; u NaOH; r) Cu(OH), u HCI. B kakux 13 npuBeIeHHBIX CIy4aeB PEaKIUU MPAKTUIECKU
oyt no konna? CocTaBbTe AJI STUX PEaKUUA MOJEKYJSpPHbIE U HOHHO-MOJICKYJISIPHBIC
YPaBHEHHUS.

120. Kakwue u3 npuBeneHHbIX coneir: Na,SO;, AlCl;, NH4sNO, moasepraroTcst TuapoIn3y
M0 KAaTHOHYy, MO AHUOHY, MO KaTHOHY M aHuoHy? Ykaxute pH cpenpl, coctaBbTe HMOHHO-
MOJIEKYJISIPHBIE U MOJIEKYJISIPHbIE YPABHEHUS THIPOIIU3a ITUX COJIEH.

Tema 15. CBoiicTBa pa3daBjieHHbIX PACTBOPOB HeJIeTY4HX BelecTB. OcMoTHYECKOe
JAaBJeHHe

IIpakTuueckas padora Ne2. OcMoTudeckoe jaaBienue. 3akoH Bant-I'odda

Ocmoc — porecc OJIHOCTOpOHHEH MU Py3un yepe3 moTyIpPOHUIIAEMYTO
MeMOpaHy MOJICKYJI PacTBOPUTENSE B CTOPOHY OOJbIIEH KOHIEHTPAIMA PAacTBOPEHHOTO
BellleCTBA (MEHbIIEH KOHIIEHTPAILIUU PACTBOPUTETIS).

OcMoTHYecKoe JaBJICHHUEC

PaccmoTpum cuTyaruio, npd KOTOPOW YacTHYHO MpOHMIIaeMas MeMmOpaHa (T. €., Takas,
4yepe3 KOTOPYHO MOTYT HPOXOMThH JIKIIb MEJIKHE 00bEKThI, HATPUMEDP, MOJICKYJIbl PACTBOPUTEIIS,
HO HE KpyHHbIE — HANpUMEp, MOJEKYJIbl PACTBOPEHHOTO BEIIECTBA) pa3JIEsAeT YUCTHIN
pacTBOPHTENIb U PACTBOp (WM JIBa PACTBOPA C PAa3HBIMU KOHIEHTpalUsiMu). Toraa MOJIEKyIIbI
pacTBOpUTENSl HAXOAATCS MPAKTUYECKH B DPABHBIX (U3WYECKUX YCIOBUSAX MO 00€ CTOPOHBI
MeMOpaHbl, OJHAKO B 0OJee HACBIIIEHHOM pAacTBOPE HEKOEro BEIIECTBA MX KOHIICHTPAIIHS,
pasymeercs, MEHbIIIE, 4eM B Ooiyiee pa30aBiieHHOM (B KOTOPOM MEHbBIIE MECTa B PacTBOPE
3aHMMAIOT MOJIEKYJIbI pacTBOpEHHOro BemecTtBa). ClieoBaTENbHO, CO CTOPOHBI MEHEEe
HACBIIIIEHHOTO pacTBOpa 4epe3 MeMOpany auyHIUpyeT OONbIIee YMUCIO MOJEKYJ, YeM C
MPOTHUBOIIOJIOXHOW CTOPOHBI. A 3TO 3HAYMT, YTO PACTBOPUTEIH MOMPOCTY MEPEXOJUT M3 MCHEE
HACBHIIIEHHOTO pacTBOpa B OoJiee HACHIIICHHBIN, pa30aBisis ero (BbIpaBHUBAs KOHIICHTPAIIUU
000UX pacTBOPOB) M CO3/aBast JaBlicHUe Ha MeMOpaHny. [Tporecc 3TOT (OH Ha3bIBAETCSI OCMOCOM)
MOXHO NPEKpaTHTh, OKa3aB OINpEICAEHHOE JaBJicHHE Ha O00Jee HACBIIIECHHBIH pPacTBOP
(Hampumep, TpU TIOMOIIM TOPIIHA) —— 93TO JaBJICHUE U HA3bIBACTCS OCMOTHYECKUM
JaBJICHUCM.

PaCTBOpBI C OAMHAKOBBIM OCMOTHYECCKUM JaBJICHHEM HaA3bIBAIOTCSA M30TOHUYCCKHUMU.

Onpenenuts OCMOTHYECKOE JIaBIICHUE PacTBOpa MOXKHO 10 Gopmyre, monydeHHoOU B 1886
roxy . X. Baur-I'odhdom:

T=Cwmssa - R T, rme

mol mol
3
Cwe-sa — MOJISIDHAsi KOHIIEHTPALMs PacTBOpa, BhIpaxkenHas B M| a ne B l , Kak

00OBIYHO;
R — yHuBepcanbHas ra3oBasi IOCTOSHHAS,
T — TepMoIuHAMHUYECKAsl TEMIIEPATYPa CUCTEMBI.
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C naBieHMEM HACBHIIICHHOTO Iapa TECHO CBSI3aHbl TAaKWE CBOMCTBA pacTBOPOB, Kak
TeMIlepaTypa KUIEeHHs U TeMIiepaTypa 3amep3anus. JKUAKoCTh 3aKUIaeT Toraa, Korjaa JaBieHue
HACBIIIEHHOTO TMapa HajJ HEeW paBHO BHeHmIHeMy (atMocdepHOMY) HaBieHHI0. JKHIKOCTh
3aMep3aeT TOr/a, KOI/Ja [aBJeHHE €€ HAaCBIIIEHHOro Mapa HajJ >KUIKOCTbIO OyIeT paBHO
JABJICHUIO HACBHIIIEHHOTO Tapa Haja TBepAoH ¢a3zoit (ibaoMm). Tak Kak JaBICHHE HACBHIIEHHOTO
mapa HaJi pacTBOPOM MEHbIIIE, YeM HaJ YUCTBIM PacTBOPHUTENEM (BOIOM), TO AJI 3aKUIAHUS
pactBopa TpeOyercsi Ooyiee BbICOKas, a JUIsl 3aMep3aHusi — Oojiee HU3Kasl TeMIlepaTypa, 4YeM JJs
pactBoputens (Boabl) (puc.l). I 3akon Payns wiam cneactBust u3 I 3akona Payns: “TloBsimenue
TEMIIepaTypbl KUIMEHUsI AtKWIl UM TOHMKEHHUE TEMIIepaTypbl 3aMep3aHus (KpUCTAJUIU3ALIMH)
At3aM pacTBOPOB IO CpPAaBHEHUIO C UHUCTHIM PAcCTBOPUTEIEM IMPSMO MPOMOPIMOHAIBHO

n, | m

B B

p—as

M
,ne= " (7)
rie E—s0ymmockommueckas (30ynroMeTpudeckas) KOHCTaHTa, Kr-rpag-monb-1, K

— KpHOCKONM4YecKasi (KpuoMeTpuieckasi) KOHCTaHTa, Kr-Tpaa-mMoib-1, Cm — MOJSUIBHOCT,
MOJIB/KT.

MossutbHOCTH pacTBopa” Atkun = E -Cm; (5) Atzam = K -Cm; (6) Cm=

N3mepenue temrepatyp KUIEHUS U 3aMEpP3aHusl PACTBOPOB JIE)KUT B OCHOBE
50yJINOCKOIMYECKOTO U KPHOCKONINYECKOTO METO/I0B OIPEEICHHS MOJIIPHBIX (MOJIEKYISIPHBIX )
Macc BemiecTB. [loacraBus B ypaBHeHus (5) u (6) aHHbIe BelpakeHUs (7), MOXKHO paccuuTaTh
MOJISIPHYIO Maccy (I/MOJIb) paCTBOPEHHBIX BEIIECTB - HEAJIEKTPOJIUTOB 110 (hopMynam:

rie K u E — kpuockonuueckas u 30yJTHOCKONMYECKas KOHCTAHTHI, KI-Tpaj-Mojib—Il;
At3aM — MOHM)KEHHE TEMIIEPATyphl 3aMep3aHus U AtKUI.— MOBBILIEHUE TEMIIEPATYPHI KUIIEHUS,
OIIpe/IeNICHHBIE AKCIIEPUMEHTAIbHO, MB — Macca PacTBOPEHHOI'O BEILIECTBa, I'; mMp-Js — Macca
pacTBOpUTEIs, KT.

Tema 16. /IlucniepcHbie cHCTEMBI.
IIpakTnyeckas padora Nel. Kosutonansie pacTBOpbI

HUctuansie pacTBOpPLI COACPIKAT MOJICKYJIbBI HJIM aTOMBI, pasMEpbl KOTOPBIX O0OBIYHO HE
npespimaror 5-10° M (5 um). Ilpu yBenMueHuM pasMEPOB YaCcTHI[ CHUCTEMA CTAHOBHMTHCS
TETePOreHHOM, COCTOSIICH M3 ABYX WK OoJiee a3 ¢ CHIIBHO pa3 BUTOM MOBEPXHOCTHIO pa3jiena.
Takue cucTeMbl OJYYWIA Ha3BaHU JUCIIEPCHBIX CUCTEM.

Bce nucnepcHble cUCTEMBI COCTOSIT U3 CIUIOMIHOM (ha3bl, HA3bIBAEMOW JUCIIEPCHUOHHON
Cpeloii, ¥ MpepbIBUCTOM (hasbl (4acTull), Ha3bIBaeMOW aucriepcHOl (as3oi. B 3aBucuMocTH oT
pa3Mepa 4acTHUL AUCIEPCHBIE CUCTEMBI OAPA3AEISIIOT HA TPYIIIbL:

a) B3BeCcHU (CYCIIEH3MH, IMYJILCUH), Y KOTOPBIX YacTUIbl UMeOT pazmep 1000 um (10° m) u
Ooiee;

0) KOJJIOWJHBIC CHCTEMBI, pa3Mep YacTHUI[ KOTOPHIX JIEKHUT B mpenenax oT 1 mo 500 um
(10°m -510" m).

JlucrepcHble CHCTEMBI TakKe KIACCU(PUIUPYIOTCS IO arperaTHbIM —COCTOSIHHUSIM
TUcTiepcHOU (pa3bl M TUCTIEPCUOHHOM Cpebl (3071b, a3P030JIb, IIEHA, SMYJIBCHS, TEIIb).

XapakTepHOil 0COOEHHOCTBIO KOJUTOUAHBIX YACTHUI] SBIISETCS HATHYUE HA UX TTOBEPXHOCTH
3apsa, 00yCIOBICHHOTO U30HpaTeIbHOM ajcopoureit nonos. Komionanas yacTuia BKIOYAET B
cebs sAapo, anacopOMpOBaHHBIE HMOHBI, TMPOTHUBOMOHBI H pacTBopuTenb. CyIIECTBYIOT
nuoduiabHbIe (TUAPOMUIBHBIE) KOJUIOWABI, B KOTOPBIX PAaCTBOPUTENh B3aMMOJICHCTBYET C
aapaMu 4YacTul, ¥ JuopoOHbIe (TUAPOPOOHBIC) KOIOHABI, B KOTOPBIX PACTBOPHUTENbL HE
B3aUMOJICHCTBYET C SAPOM YacTHUIl. PacTBOpUTENh BXOIUT B COCTAB TUAPO(POOHBIX YACTHIL JTUIITH
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KaK COJIbBaTHast 000JI0UKa acOpOMPOBAHHBIX MOHOB MJIH MPH HaM4Yuu ctadbunmuszaropos (I1IAB),
MMEIOIIHX JTHO(POOHYIO U THOPUITHHBIC YACTH.

SApo COCTOUT U3 AINEKTPOHEUTPATBHOTO arperara 4acTHIl ¢ aJcoOpOMPOBAaHHBIMU MOHAMU
5JIEMEHTOB, BXOASAIIMX B cOCTaB sapa (Hanpumep, nonamu Ag’, HS", Fe™"). Komnonnnas yactuna
KpOMe sijipa UMEET NPOTHBOMOHBI M MOJICKYJbI PAacTBOPUTENS. AJICOPOUPOBAHHBIC HOHBI H
MIPOTUBOMOHBI C PacTBOpUTETEM 00pa3yroT aacopOupoBaHHbIil cinoi. CyMMapHO 3apsij] YacTULIbI
paBeH pA3HOCTU 3apsAa0B aJACOPOMPOBAHHBIX HMOHOB W MPOTUBOMOHOB. BOKpyr dacrtuil
Haxoautcs U @y3HbIA ClI0Il HMOHOB, 3aps/l KOTOPHIX paBeH 3apsily KOJJIOUTHOW YaCTHIIBI.
Konmounnnas gactunia u nudy3HbIit cioit 00pa3yroT AIEKTPOHEUTPATILHYIO MUIICILTY.

MeToapl TOMy4YeHHUS KOJUIOMAHBIX PAcTBOPOB. /[l MPUTOTOBIIEHUS KOJUIOUIHBIX
PacTBOPOB CIIEyeT MOTYYUTh YacTUIlbl pazmepoM oT 1 10 500 HM, mogo0paTh AUCTIEPCHOHHYIO
cpeny, B KOTOPOM HE pacTBOPSIETCS BEIIECTBO YACTHIl, U 00ECNeUUTh YCTOWYMBOCTh YacTull. B
KauCCTBC BCHICCTBA KOJUIOMAHBIX 4YaCTHULl B BOJHBIX Cpcaax CIyXaTrT MCTaJUIbl, OKCHIBI,
THJIPOKCHUJIBI, CYIb(GUABI U APYyTrUe MajJjopacTBOPUMBIE COCAMHEHHS METaNIOB U HEMETAJLJIOB.
YacTHibl COOTBETCTBYIOIIUX Pa3MEPOB MOIYYAIOT JIMOO U3METbUCHHEM KPYITHBIX YaCTHIL, JINOO
oObenuHeHneM (KOHJEHcalllei) aTOMOB, MOJEKYJ, MOHOB. B mepBoM MeTolie HpPUMEHSIOT
pa3IMyHbIC JIUCIIEPraTOphl, HAPUMEP KOJUIOMAHBIE MENbHHULBI. BOo BTOpoM cityyae OOBIYHO
UCHONB3YIOT METObl OCaXACHUSA: THAPOIU3, OKHCIEHHE, BOCCTAHOBJICHHE, HEHTpanu3aius.
Hanpumep, B pesynbrare rusiponusa coiueil sxenesa (I1I) nomyuaror ero rugpokcns

Fe’" + 3H,0 = Fe(OH); + 3H"

J1J1st TOBBINIEHHS] YCTOMYMBOCTH KOJIJIOMIOB B PACTBOP BBOJAT CTAOMIIM3ATOPBI, HAIIPUMEDP
[TAB, unu MOHBI BelIecTBa, U3 KOTOPOrO COCTOMT 4YacTulia. B mpupoge uayT ecTecTBEHHBIE
nporecchl  00pa3oBaHUS KOJUIOMAHBIX PAaCTBOPOB IPH B3aMMOJEHCTBHM BOJABI C TJIMHOH,
OpPraHUYECKUMHU, HATIPUMEP F'YMYCOBBIMU, KUCIIOTAMH U JPYTHUMHU BEIIECTBAMH.

OnTuyeckue CBOWCTBA KOJUIOMAHBIX PacTBOpPOB. Eciiv paccmaTpuBaTh IMyTh CBETOBOTO
Jy4da, MPOXOMSAIIET0 Yepe3 COBEPIICHHO MPO3PayHbIi KOJUIOUIHBIM pacTBOP, COOKY Ha TEMHOM
(doHE, TO OH CTAHOBUTCSI BUJAUMBIM. DTOT ONTHYECKHUi 3(PeKT Ha3piBaeTCs KOHycoM TwuHIas.
OH BBI3BIBACTCS PACCESHUEM CBETAa YAaCTUIIAMHM JTUCIEPCHOM (ha3bl KOJUIOMIAHOTO PacTBOpa M
SIBJISICTCS CJIEACTBUEM KOJUIOWIHOM CTENEHU AUCIIEPCHOCTU ITUX YacTULl. YacTHUIIbl JUCIIEPCHOU
(da3pl 3071€ii IO CBOMM pa3MEHaM MEHbINE JIJTMH BOJIH JIyded BHIMMOTO cBera. [loaToMy oHHM
paccenBaroOT CBET, IPUYEM JI0BOJbHO HHTEHCUBHO, HO HE OTPAXkakoT €TO.

JUis  KOJUIOMIHBIX pacTBOPOB XapaKTEpPHO JIBUKEHHWE YACTHULl JAUCHEPCHOW (a3bl,
BBI3BIBAEMOE OCCIOPAJOYHBIMH yJapaMH CO CTOPOHBI MOJIEKYJl CpEIbl, HaXOISAIIMXCS B
TEIUIOBOM JIBMKeHMHU. Ero BriepBble HaOI0al OTIaHIcKuil 0oTanuk bpoyH. iMenHo nostomy
JBIDKEHUE YaCTHIl JUCTIEPCHOM (ha3bl B AUCIIEPCHOHHON Cpesie 307151 Ha3bIBACTCS OPOYHOBCKUM.
B pesynbrare HanpaBieHUE ABMKEHUS KAaKIOW YaCTHLBI IIOJBEPracTCsi HENPEPBIBHOMY MU
nputoM OecropsaoyHOMYy H3MeHEeHUI0. CKOpPOCTH TepeMEelICHHs YacTHUIl B KOJUIOMIHBIX
pacTBOpax MEHbILE, YeM B UCTHHHBIX (3TO CBSA3aHO C pa3MEpaMH YacTHLL).

Onexkrpodope3 M INMEKTPOOCMOC OOYCIOBICHBI HATMYHUEM PA3HOMMEHHOTO 3apsiia y
YacTULl JUCHEepCHOM ¢a3pl M AuUCIepcHOHHOW cpeabl. Ha rpanuie pasnena ¢a3 BO3HUKAET
JBOMHOM AJIEKTPUYECKUI CIIOH, COCTOSIIUI 13 TOHKOH (a1cOpOLMOHHOI) YacTH U NPOTSHKEHHON
muddy3Hoit yactu. Mexay ¢a3zamMu  BO3HMKAaeT pPa3HOCTh IOTEHIMAJIOB, Ha3bIBaeMast
AJIEKTPOTEPMOJUHAMUYECKUM MOTEHIMAIOM ¢. YacTh cKayka NOTEHIUala, O0YCIOBJICHHAs
muhy3HBIM CII0E€M, Ha3bIBACTCS DSJIEKTPOKMHETHYECKHM WM  &(Z13eTa)-MOTEHIINAIOM
DJNEeKTPOKMHETHYECKUI MOTEHLMAN ONpPEAesieTcsl TONIMMHON U 3apsaoM auddysHoro cios,
KOTOpBIE 3aBHUCST OT KOHLIEHTPAllUU U 3apsijia MPOTUBOMOHOB M TeMmmeparypbl. Ero 3naueHue
MO>KHO PEryJIHpOBaTh, HAPUMED, BBEACHUEM IPOTUBOMOHOB C BHICOKHM 3HAYEHUEM 3apsi/IOB.

Kunernueckue cBoiicTBa KOJUIOMAHBIX paCTBOPOB OHNPECACIAIOT HX KHHCTHYECCKYIO
yCTOfI‘-IHBOCTB, KOTOpasd COCTOUT B TOM, YTO KOHLUCHTPAIHA KOJUIOUAHBIX PAaCTBOPOB OAMHAKOBA
I10 BCEMY O6”beMy CHUCTEMBI U IIPH IIPaBUJIIBHOM XpaHCHHUU HE U3MCHACTCA BO BPEMCHH.
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DJNEeKTPUYECKUE CBOMCTBA KOJUIOWAHBIX pACTBOPOB OOBSCHSIOT HMX ar-peraTMBHYIO
YCTOWYMBOCTh, KOTOpasi MPOSIBISIETCA B TOM, YTO YaCTHUIbl JUCHEPCHOM (pa3bl B KOJIOUIHOM
pacTBOpe HE YKPYNHSAIOTCS, He ciunarorcs. CoxpaHEeHHE KOJIJIOUIHOW CTENEHU JUCIIEPCHOCTH
BO BpEMEHHU OOYCJOBJIEHO MpPEXKIE BCEr0 HAIMYUEM OJHOMMEHHOTO AJIEKTPUYECKOro 3apsia
YacTHUI[ JIMCIIEPCHOW (ha3bl, BBI3BIBAIOIIETO WX B3aWMHOE OTTainkuBaHue. C yBenudeHueM
ANEKTPOKMHETUYECKOTO MTOTEHIMAIA PACTET YCTOMYUBOCTh KOJUIOUIHBIX CUCTEM.

Hanuume »snekTpuyeckoro 3apsaa y YacTHI JUCHEPCHOM (a3bl NPUBOJUT K HX
3HAQUUTEJIBHOM  ruzapatanuu  (IOJSPHbIE  MOJIEKYJIbI  BOZBI  OINpPENENIEHHBIM  00pa3om
OPUEHTUPYIOTCSI OTHOCUTENBHO 3apsKEHHBIX YAaCTHUI] U BCTYNAIOT C HUMU BO B3aUMOJICHCTBHE).
I'mapatHas 060104Ka 3aMETHO CHMXKAET MOBEPXHOCTHYIO SHEPIUIO0 TUCIEPCHOM (a3bl U TeM
CaMbIM YMEHBIIIAET CTPEMIICHHE YacCTHIl K YKpynHeHuto. ['uapaTHast 060104YKa MPUBOAUT TAKKE
K Pa300ILEHHIO YaCTUL] B KOJUIOMIHOM PACTBOPE, YTO MOBBIIIAET arperaTUBHYIO YCTOWYMBOCTb, a
MHOI'ZIa 1aXkKe 00eCreunBaeT COXPAHEHUE KOJIOUTHON CTENCHH JUCIIEPCHOCTH.

Yactuipl aucrnepcHor ¢a3bl HEKOTOPBIX BELIECTB, CKJIOHHBIX K OOpa30BaHUIO 30JIEH,
MPOSIBIIAIOT OOJIBIIOE CPOACTBO K MojekyiaMm cpensl H,O, agcopOupyst ux B IEpBYIO OYepe/b.
SInpo KOJUIOMIHOM YacTHUIIbl TAKUX 30JIel UMeeT COOCTBEHHYIO THPATHYIO 000JI0UKY

I'uapodunpHble KOJUIOWAHBIE PAcTBOPHI MPHUOIIKAIOTCS 1O CBOWCTBAM K HCTUHHBIM
pacTBOpaM. DTO, KaK MPAaBMIIO, 30JI1 OPTAaHUYECKOTO MPOUCXOXkIeHUs. KomonaHeie pacTBOpEI
OOJIIIMHCTBA HEOPTAaHUYECKHUX BEILECTB UMEIOT ruAPo(OOHBIH XapakTep.

ArperatuBHasi yCTOWYMBOCTb THAPOPMIBHBIX 30JI€d OCOOCHHO BEJIMKAa, TaK Kak MpH
HATMYUU 3aIIUTHOTO JCWCTBUS OJTHOMMEHHOTO 3apsia KOJUIOUIHBIX YACTHIl M OOIIEH THApaTHOMI
000J104KH sijipa 100aBIseTCs ellle 3allUTHOE AeHCTBUE THIPATHON 000I0UKH sAIpa.

I'enu u TBepabie KoMIOUAbL. [Ipu mUTETHHOM XpaHEHHH THAPO(UIBHBIC 30JU ITEPEXOIST
B ocoboe ‘“‘cTyaHeoOpa3HOe” KOJUIOMIAHOE COCTOSHHE. B TakoM BHJIe MX HA3BIBAIOT TEJISIMHU.
CrpykTypa rejist TakoBa, YTO MULIEIUIBI HE Pa3pyIIaAlOTCs, a MPOCTO CBS3BIBAIOTCS APYT C IPYTOM,
o0Opasyst cBoeoOpa3HbIe SUYCHKHM, BHYTPH KOTOPBIX coxpansercs cpena H,O. I'enb MoxHO
BBICYIIIUTb, IPEBPATUB €r0 B TBEP/IbIN KOJUTOU.

[Tpumepom ruapoUIIBHOTO 3011 MOXKET CITY>KUTh 30JIb JkenatuHa. [lpu HaOyxaHuu ero B
Bojie oOpa3yercs renb. [Ipu HarpeBanuu Tensi («CTyIOHS») oOpasyercst 307b. Bce mporieccsr
o0paTUMBI.

CoxpaHeHME BO BCEX COCTOSIHMSX MULEIUIIPHOM CTPYKTYpbl CBSI3aHO C BBICOKOM
YCTOWYMBOCTBIO TUAPOPHIBHOMN KOJIIOUIHONU CUCTEMBI.

Koaryisanust KoJJIOMIHBIX pacTBOPOB. Y CTOMYMBOCTH 30J11 MOKHO HapyILIUThb, YCTPaHUB
OJTHOMMEHHBIH 3apsi/i KOJUIOUIHBIX YaCTHI U 3aIIUTHYIO THIPATHYIO 000JIOUKY.

YMeHbllIeHHEe 3apsifla 4YacTUIbl TMPHUBEIET, B CBOIO OYe€pe/b, K YMEHBIICHHIO 4YHCIa
MOJICKYJI BOJBI B THJPATHOW 000J0YKE KOJUIOMAHOM YaCTHUIIBL. Y CTOHYMBOCTH KOJUIOWUTHOM
CUCTEMBI HapymuTcs. [Ipyu HEKOTOPBIX YCIOBUSAX YKCIO MPOTUBOMOHOB B KOJUIOMJIHOW YAaCTHIIE
MOXET CTaTh TAKUM, YTO WX 3aps/l MOJTHOCTHIO HEUTPAIM3YET 3apsij] 3aps1000pa3yIoluX HOHOB,
T. €. KOJUIOWIHAS YacTUIla CTaHET He3apshKeHHOW. [lpu aToM E-TOTEHIMAN CTAaHOBUTCS PaBHBIM
Hyt0. Takoe cocTosiHME KOJUIOMJAHOM 4YacTHIlbl HA3bIBAC€TCS H303JIEKTpUYecKuM. ['mapartHas
000JI0YKa YaCTHIBl B H302JICKTPUYCCKOM COCTOSSHUM B 3HAUUTEIBHOH Mepe paspyllcHa.
Konnmouaneie 4YacTuipl HE 3alllMIIEHbl W TMPU CTOJIKHOBEHUSX CIIUIAIOTCS, YKPYIHSIOTCA.
[Ipouecc ykpynHEHHs 4YacTUL, TMOTEpPS AarperaTUBHOM YCTOWYMBOCTH 30J1 Ha3bIBAETCS
koaryssiuuen. Koarynsuus 30515 NPUBOJUT K MOTEPE €ro KWHETUYECKOM YCTOMYMBOCTH, KOTOpast
BBIPAXKAeTCsl B 00pa30BaHUU OCAJIKa.

OnHMM M3 OCHOBHBIX METOJOB KOAryJISILIUU CIIY)KUT BBEJCHHE B KOJUIOUAHYIO CHCTEMY
JJIEKTPOJIUTA, HMMEIOLIEro IPOTUBOMOHBI II0 OTHOIICHHUIO K 3apsDKEHHBIM — KOJUIOWIHBIM
yactuuaM. Hampumep, B pacTBOpe ¢ OTPULATENIBHO 3apsDKEHHBIMHM KOJUIOMAHBIMHU YacTHULAMU
BBOJAT CyJib(aThl aTIOMHHUS WM JKene3a. B pesynbrate 3apsa  KOJUIOMIHBIX YaCTHIL
HeuTpanusyerca. Kpome Toro npu 3ToM NPOUCXOIUT TMIpATalUs MOHOB BJIEKTPOJIMTA 34 CYET
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monekyn H,O M3 aucnepcuoHHOM cpenpl. Pe3ynbTaToM sBJIAETCS HAPYIIEHHE YCTOWYMBOCTH
301151, CONMPOBOKIAIONIEECS €ro Koaryisuuei. Koaryiauuio Takke NpoBOIAT MyTEM aHOIHOTO
PACTBOpEHHMS ANFOMUHUS U XKEJIE3a C TIEPEXOOM B pacTBOp HOHOB A1’ u Fe™”,

Konnounnneie pacTBopbl B MpUpOAE U TeXHUKE. B mpupogHON BOJE CONEP)KUTCS 4acTb
IpuMeceldl B KOJUIOMJAHOM cocTossHuu. [loaToMy Boay, MCHONB3yEMYIO Ul KOMMYHaJIbHBIX
HYXK[, 2JEKTPOCTAHIIMMA, CTPOUTENbCTBA MOJBEPraroT 00paboOTKe, BBI3BIBAIOIIEH KOAryJISIIHIO
KOJUIOMJIHBIX 4YacTHLl. /[pIMOBBIE ra3bl IEKTPOCTAHLUN, METAIIIyPIrHUECKUX 3aBOJOB U JIPYTUX
OPEeNNpUsITUA  TPEICTaBISIIOT coOoi  adpozonu. [ns WX  KoOaryJasiuu  MpUMEHSeTCS
AJIEKTPOTa300YUCTKA METOIOM AJIEKTPOoope3a MpU OYSHb BHICOKUX HANPSHKEHUSAX 1MOJIsL. MOXKHO
pa3neNuTh KOJIJIOWIHBbIE YacTUIl U HOHBI 4epe3 MeMOpaHy, MPOHHUIAEMYIO AJI MOJEKYJI U
HMOHOB M HENPOHULAEMYIO JUIsl KOJUIOMAHBIX YacTull. Takoil MeToj pa3jesieHus Ha3blBaeTcs
nuanuzoM. OH, HapUMep, JIEKHUT B OCHOBE JEHCTBHS anmapaTa «MCKyCCTBEHHAsI TOUKay.

Bmecre ¢ TeM, KOJTIOMIHBIC PACTBOPHI HAXOAST OYEHb IMIMPOKOE MPUMECHEHHUE B TEXHUKE,
MEIUIIMHE M CEJIbCKOM XO3sHCTBE. MHOrMe JeKapCTBEHHbIE BEIIECTBA, MUILIEBbIE MPOAYKTHI,
nap@roMepHbIE TOBApbI, CPEICTBA OOpbHOBI C CEIHCKOXO3SUCTBEHHBIMH BPEIUTEISIMH U
COpPHSIKAMU TMPUMEHSIOTCS B KOJUIOMJIHOM COCTOSHMHM. B KOJIJIOMIHOM COCTOSIHUM HaXOJATCS
MHOTHE COCTAaBHBIC YACTH >KHBBIX OPTaHH3MOB: KPOBb, JIMM(}a, BHYTPHKICTOUHAS >KUIKOCTD.
[ToaTomMy Juist JedeHus: HEKOTOPBIX OOJIe3HEW HIMPOKO HCIONb3YEeTCsS BBEIECHHUE B OPraHU3M
JIEKapCTB METOJIOM JIEKTpodopesa.

KoHTposbHBIE BOITPOCHI
1. Kakue TUITbI TUCTIEPCHBIX CUCTEM BBI 3HaETE?
2. OOBSICHUTE MEXaHU3M YCTOMYUBOCTH KOJUIOUIHBIX CUCTEM.
3. Uro Takoe amekrpodope3? Yikaxure 00JaCTH €ro MPUMEHEHUS.
4. Yto Takoe koaryysnus? Kakue criocoObl KoaryJisiiiii Bbl 3HaeTe?

Tema 16. IucnepcHbie cucTeMbl.

IIpakTyeckas padora Ne2. Ilonstue o nucCHEpcHbIX cUCTEMax. THIBI JHUCIEPCHBIX
CHCTEM.

JlucnepcHbIMU HA3BIBAIOT CHUCTEMBI, COCTOSIIME M3 MHOXECTBAa MAaJIbIX YacCTHI, pacipe-
JICTICHHBIX B )KHUIKOM, TBEPION WIIM ra3000pa3HOM cpejie.

[ToHsATHE «AUCTIEPCHBIIY MPOUCXOIUT OT JaT. dispersus - pa3apoOICHHBIN, PACCESTHHBIMN.

JInst BceX JMCHEPCHBIX CHUCTEM XapaKTEpHBI JIBA OCHOBHBIX IPH3HAKA: BBICOKAs
pa3apoOIeHHOCTh (AUCIIEPCHOCTh) U TE€TEPOTeHHOCTb.

[eTepOreHHOCTh JMCIEePCHBIX CHCTEM IPOSBIISCTCS B TOM, YTO 3TH CHUCTEMbI COCTOST U3
nByx (mnu Oonee) (as: gucnepcHoM ¢a3pl U AUCIIEPCHOHHOHN cpensl. [lucnepcHas ¢asza - 3To
pazapobnenHas (asza. OHa COCTOMT M3 4YacTHL HEPACTBOPHUMOIO TOHKOM3MEIbYEHHOTO
BEIL[ECTBA, PACIPE/ICIICHHBIX 110 BceMy 00beMy TUCIICPCHOHHOM CPeBbl.

Bricokass auCHepCHOCTh MNPUIAET BELIECTBAM HOBBIE KAYECTBEHHbBIE IIPU3HAKU:
MOBBIIICHHYIO PEaKIMOHHYI0 CIOCOOHOCTh M PAacTBOPUMOCTb, HHTEHCHUBHOCTH OKPACKH,
CBeTOpaccesiHie W T. M. bousblas MOBEpXHOCTh pa3ziefia CO3JaeT B 3TUX cHcTeMax OoJbIIon
3arac IOBEPXHOCTHOM 3HEPIUH, KOTOpass AENaeT MX TEPMOAMHAMUYECKH HEYCTONYMBBIMU,
Ype3BbIYAIHO PEAaKIIMOHHOCIIOCOOHBIMU. B HHX JIeTKO MPOTEKAalT CaMONPOU3BOJIbHBIC
IIPOLIECCHI, IPUBOAIINE K CHUYKEHUIO 3a11aca OBEPXHOCTHOM dHEPruu: aacopOLus, Koarysiius
(cnunaHue OUCHEPCHBIX YacTull), 00pa3oBaHUE MAKPOCTPYKTYp U T. I. Takum obpazom, camble
Ba)KHBIE U HEOTHEMJIEMbIEC YEPTHI BCSIKOM AMCIIEPCHON CHUCTEMBI - T€TE€TPOI€HHOCTh M BBICOKas
JUCIIEPCHOCTD - MTOJIHOCTBIO ONPEACIIAIOT CBOMCTBA U OBEAEHUE ITUX CUCTEM.
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Knaccn(bmcaumo JUCHICPCHBIX CHUCTCM IPOBOAAT Ha OCHOBC PA3JIMYHBIX IIPU3HAKOB, a
MMEHHO: 10 pa3Mepy YacTHll, [0 arperaTHOMY COCTOSIHUIO IUCIIEPCHOM (has3bl U AUCIIEPCHOHHOM
CpelIbl, IO XapaKTepy B3aUMOJICHCTBUS YaCTHUI] IUCTIEPCHOH a3kl MeKIy coO0# 1 cO cpeo.

Knaccupukanus mo pasmepy yacTui (1MCrepcHOCTH)

JucnepcHocTbs D sBIIA€TCS OCHOBHOM XapaKTEPUCTUKOM IMCIIEPCHONM CUCTEMBI U MEpPOU
pa3apobsieHHOCTH BelecTBa. MaTeMaTHUeCKH JUCHEPCHOCTb OMPENeNsiIoT KakK BEJIWYHHY,
00paTHYIO pa3Mepy YacTHUIIbI:

D=1/a,

I7ie @ — pa3Mep YacTUIIbl (IMaMeTp WM JutiHa pebpa), M.

C npyroif CTOpPOHBI, AJi XapaKTEPUCTUKU CTETIEHU Pa3ApOOJICHHOCTU CIYKUT BEIUYMHA
YACIbHOU MOBEPXHOCTU Syo. YIEIBHYIO MOBEPXHOCTh HAXOMAAT KAK OTHOIICHHE MOBEPXHOCTH S
4acTHIIBI K ee 00bemy V wnm macce m: Sy, = S/V wim S,y = S/m. Ecnu ynenbHyr0 OBEPXHOCTh
OIPEIENIAIOT TI0 OTHOUICHUIO K Macce YacTHIIbl pa3ApoOIEHHOTO BEIIEeCTBa, TO €€ Pa3MEepHOCTh
M?/KT, €CJIM K€ IO OTHOIIEHHIO K OOBEMY, TO Pa3sMEPHOCTb COBIAJAET C Pa3sMEPHOCTHIO
nucnepcHoctd (M™).

OU3NYECKUI CMBICI TMOHATHUS «yJelbHasl MOBEPXHOCTH» 3aKIOYaeTCs B TOM, YTO 3TO
CyMMapHas MOBEPXHOCTh BCEX YaCTHIl, OOIIMH OObEM KOTOPHIX COCTaBisieT 1M’ miuM oOimas
Macca KOTOpbIX paBHa | Kr.

[To mucnepCHOCTH CUCTEMBI TTOIPA3CIISIOT HA THIIHL:

1) rpy6o-nucniepcHbie (TpyOble B3BECH, CYCIICH3WH, SMYJIbCUHU, TMOPOIIKH) C PAJIAYyCOM
gactun 10*- 107 m;

2) KOJUIOMJHO-AUCHEPCHBIE (3011) ¢ pasmepoM dactul 107 - 107 m;

3) MONEKyISPHBIE U MOHHBIE PACTBOPHI C PasMepoM yacTui] Menee 107 .

B KommouaHbIX cuUCTeMax JIOCTUIAETCsl BbICUIAs CTENEHb pa3ApoOJIEHUs BEIeCTBa, MPU
KOTOPOH eIe COXpaHSIOTCS MOHATUS «(da3ay U «reTepOreHHOCTH». YMEHBIIECHHE pa3Mepa
YacTHIl €lle Ha MOPSAO0K NEPEeBOAUT CHCTEMbl B T'OMOI€HHBIE MOJIEKYJISIpHbIE WJIM HOHHBIE
pacTBOpHI.

,HI/ICHepCHOCTB BJIIMSET Ha BCE OCHOBHBIE CBOMCTBA JUCHICPCHBIX CUCTEM: KUHETHUYCCKHUC,
OIITHYCCKHEC, KATAIIMTUYCCKUC U T. A.

CBoiicTBa TUCTIEPCHBIX CHCTEM COITOCTaBJICHBI B Ta0M. 1.2.
Tab6nuia 1.2.CBolicTBa TUCTIEPCHBIX CUCTEM Pa3HBIX THUIIOB

I'pybomucniepc Komnougno-  MonekynspHbie

HbIE JIACTIEPCHBIE U MOHHBIE
CHCTEMBI CHCTEMBI (ucTHHHEBIC)
pacTBOpHI
Henposzpaunsl  IIpospaunsie  IIpo3paunsie
€ - OTPAXKAIT ONAJIECUUpPY  HEONAJIECUUPy
CBET FOIIIME - IOIIHE, KOHYC
pacceuBaloT  TuHAans HE Ha-
CBeT, JaioT OJromaercs
KOHYC
Tungans
Yactunel He YacTuiisl YacTunsl
MpOXOJIAT Ye- MPOXOAAT MPOXOJAT Yepe3
pe3 puibTp yepes O0y- OyMaKHBIN
MayKHBIN
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bubTp ¢buIbTp
YacTuisl Yactums! YacTuisl
3aJ€PKUBAIOTC  3aJEPKUBAIOT  MPOXOAAT uepe3
A cA AbTpadUIBTPHI
yIbTpauIbTp  YABTPaQUILT
aMu pamu
I'ereporennrsie ['ereporenHsl ['omMoreHHBIE

e
HeycroiunBel  OTHOCUTENBH Y CTONYUBHI
KUHETUYECKH O YCTOMYMBBI KHHET. u
u KHHETHYECKH  TePMOJUHAMUY.
TEPMOJIUHAMU K1
YECKHU
Crapetor Bo Crapetor BO He craperor
BpPEMEHU BpEMEHU
YacTuisl Yactums! YacTuisl He
BH/JIHBI B BUJHBI B BHJHBI B COBpE-
ONTUYECKUI 3JIEKTPOH. MEHHBIE
MHKPOCKOIT MUKpOCKOIT ~ MHKPOCKOIIBI

u

YIBTPAMUKPO

CKOII

[Tomumo pa3mepa yacTuil OOJIBIIOE 3HAYEHHUE JJISi CBOMCTB JIUCHEPCHBIX CHUCTEM HMEET
reomerpuueckas ¢opma yactull. B 3aBHCHMOCTH OT yCIOBUH IpoOiieHHs BemiectBa (opma
YaCTHII AUCTIEPCHON (ha3bl MOXKET OBITH OYEHb PazHO0Opa3HOM. OMMH M’ MCXOIHOTO BEIIECTBA
NPHUHIMITMAIBHO BO3MOKHO Pa3IpoOUTh Ha KYOUKH ¢ JUIMHOM pebpa [=10®M, BHITAHYTH B HUTB C
ceuenueM 10*x 10® M mm pacrunommTs B miactuHy (wieHKy) Tommunoi 10 M. B xaxaom n3
3THX CIy4aeB cucTeMa Oy/AeT AUCIEPCHOM CO BCEMU NPUCYLIMMHU MTPU3HAKAMHU.

VY aenbHas NOBEPXHOCTh YaCTUI] KyOudeckoil popmbl Bo3pacTaeT OT UCXOAHOTO 3HAYCHHUS
B 6 M’ JI0 3HAYEHHMS, OIPEIEIAEMOTO 110 hopmyJe

S,o=8/V==6F/F=6" 10°n"'

Jlist aureit Sy, = 4-10° M™'; quist otenku S, =2 10 m ™.

YacTtumpl KyOM4ecko#, MmapooOpa3HOM WM OJM3KOH K HUM HENPaBUIBLHON (GOpPMBI

XapaKTepHBI JIJII MHOTUX KOJUIOWIHBIX PACTBOPOB - 30JI€H U OoJiee TpyOOANCIIEPCHBIX CUCTEM —
AMYJIbCUM.

Kuacenpukanus no arperaTHoMy COCTOSIHUIO (pa3

Haubonee pacnpoctpaneHa kinaccuukalnms AUCIEPCHBIX CHUCTEM IO arperaTHOMy
COCTOSIHHIO JUCTICPCHOU (ha3bl U AUCIIEPCUOHHON cpenbl. Kaxkmas u3 3tux (a3 MokeT ObITh B
TpeX arperatHbIX COCTOSHHSIX: ra3000pa3HOM, >KMIKOM M TBepAoM. [losTomMy BO3MOKHO
CYIIIECTBOBAaHHE BOCHMH THUIIOB KOJUIOMAHBIX cucTeMm (Tabm. 1.3). Cucrema «ra3 B raze» He
BXOJIUT B 3TO YHCIIO, TaK KakK SIBJISIETCS TOMOTE€HHOW MOJEKYJSpHOH, B HEH OTCYTCTBYIOT
TpaHUIBl paszena. BRICOKOIUCTIEpCHBIC KOJIJIOUTHBIC PACTBOPHI, OTHOCSINUECS K TUITY CHUCTEM
T/’K, HOCAT Ha3BaHWEe 30Jeil (OT jarT. solutio - pactBop). 307U, Y KOTOPBIX IUCIEPCHOHHOU
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CpPelOM SBJIAETCS BOJA, HA3bIBAIOT T'MAPO30JsAMU. ECIM IHUCIIEpCHOHHOM CpPENON CILyXKUT
OpraHUYecKas )KUJKOCTh, KOJUIOMIHBIA PACTBOP HOCUT HA3BaHUE OPraHO30Jis1. DTH MOCIEIHUE, B
CBOIO Ouepelb, MOIPA3JCIIAIOT Ha aIKO30JIM, OEH3030JH, A3TEPO30JIM M T.I., B KOTOPBIX
JMCTIEPCUOHHOM CPEJIOi SIBIISIOTCSI COOTBETCTBEHHO CITUPT, OeH3011, 3dup u T. aA. B 3aBucuMocTH
OT arperaTHOro COCTOSIHWSI JTUCIIEPCHOHHOHN CpeAbl Pa3M4aloT JHO30JIM - 30JIM C IKHJIKOH
JTUCTIEPCUOHHON cpefoi (0T Tped. lios — JKHUIAKOCTB), a’po30jd - 30JIM C Ta3000pa3HOM
IMCTIEPCUOHHOM CpesIol, TBEP/bIE 30JIM - CHCTEMBbI THIA T/T. I pyboancnepcHble CUCTEMBI THIIA
T/’ HA3bIBAIOT CYCIICH3USIMH, THITA /5K — IMYJIbCUIMHU.

Tabnuua 2..2. OCHOBHBIE TUIIBI AUCTIEPCHBIX CUCTEM

Hucn daza

Hucn.cpena

0O0603Hay.

[Ipumepsl

Ta3

I'az

He cymecrts.

Knakocts

»

XK/T

Tyman, obnaka,
a’p030JIH
JKUJIKUX
JIeKapCTB

TBepnoe
TEJI0

»

T/T

Jpim, MbLb,
MIOPOLIKH,
a’po30JI1
TBEPBIX
JIEKapCTB

T'a3

Kunkocts

/%

Ilenr1, ra3oBbIe
SMYJIbCUHT

Knakocts

«

XK/ K

OMyJIbCUU
(MomoKoO,
JIEKapCTBEHHBIC
SMYJIbCHH)

TBepnoe
TEJI0

«

T/%

Cycniensuu,
KOJIJIOUIHBIC
PacTBOPHI

T'a3

TBepnoe
TEN0

r/T

TBepapie TEHBI,
x71€0, IeM3a,
CHJIMKArelb,
AKTUBHBIC YTIIN

Knakocts

«

XK/T

Kemuyr,
KanuJuIsipHbIE
CHCTEMEI,
LIEMEHTHBIN
KaMeHb, TeJIN

Teepnoe
TEJI0

«

T/T

IiBeTHBIE
CTEKIJIa,
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MHHEpAaJIbL,
CILIAaBBI

Kanaccnpukanusi no oTcyTCTBUIO MM HAJIMYMI) B3aMMOAEHCTBUS MeXKAY YaCTHIAMHU
aucnepcHoi ¢ga3pl

[To KMHETHMYECKUM CBOMCTBaM AMCIEPCHOW (ha3bl Bce AMCIEPCHBIE CHCTEMBI MOYKHO
MOJpPa3/eNINTh Ha JIBa KJlacca: CBOOOAHO-IUCIIEPCHBIE, B KOTOPBIX YaCTHIIBI AUCHEPCHON (ha3bl
HE CBSI3aHBI MEXIY COOOW M MOTYT CBOOOJHO MEpeMeIaThes (JMO030JM, adPO30JH, CYCIIeH3UH,
SMYJbCHN), U CBSI3HO-IMCIIEPCHBIE, B KOTOPBIX OJHA U3 (pa3 CTPYKTYPHO 3aKpEIUIEHA U HE MOXKET
nepememaTbes cBoOonHO. K 3TOMy KilacCy OTHOCAT Telld M CTYAHH, TEHBI, KalmuUIIPHO-
MopucThIe Tena (auadparmel), TBEPABIC PACTBOPHI U JIP.

Kunaccupukanus no creneHd B3auMoAeHCTBHUS JAUCIEPCHOH (a3bl ¢ IMCIEPCHOHHOM
cpenoi

JInst XxapaKTepUCTUKH B3aUMOJICHCTBUSI MEXKJly BEIECTBOM TUCIEPCHON (ha3bl M KHUIKOU
IUCTIEPCUOHHON Cpeloi  CayaT TMOHATUS <«JIMOPWIBHOCTEY U «JmogoOHocTh». [lofg
B3auMoJieiicTBueM (a3 TUCIEPCHBIX CHUCTEM IOJPa3yMEBAIOT IPOLECCHl  COJMbBATALUU
(rumpatamuu), T. €. oOpa30BaHME COJBBATHBIX (THIpPATHBIX) O00OJOYEK U3 MOJEKYI
JMCTIEPCUOHHOM Cpeapl BOKPYT YacTHIl JucrepcHO (as3pl. CHCTeMbl, B KOTOPBIX CHIIBHO
BBIPQXEHO B3aMMOJEHCTBHE 4YacTWUIl JUCIEepCHOW (a3pl C pacTBOpUTENEM, Ha3bIBAIOT
auogunrbHviMu (IO OTHOIICHUIO K BOJE — 2udpoghunvusimu). Eciu qacTuiel aucrnepcHon ¢asbl
COCTOSIT M3 BEIEeCTBa, CJIab0 B3aWMOJEHMCTBYIOLIETO CO CpPEIOW, CHUCTEMBI SIBIISIOTCS
MuogobHbviMu (IO OTHOIIGHUIO K BoAe — 2cudpogodomvimu). TepMuH «IHODUIBHBIN
MIPOMCXOAMT OT Tped. 1yo - pacTBopsiro u philia - m000Bb; «1H0POOHBIN» OT 1y0 - pacTBOpsIO U
phobia - HeHaBUCTb, YTO O3HAYACT «HE JIOOALINI PACTBOPEHHS». XOPOILIO COIBBATUPYIOLIHECS
JTUO(UIBbHBIE TUCTIEPCHBIE CUCTEMBI 00pPa3yIOTCS IyTEM CaMOIIPOU3BOJILHOTO IUCIIEPTUPOBAHUS.
Takue cuCTeMBl TEpMOIMHAMUYECKH YCTONUMBBEL IlpuMepamMu TakuUX CHCTEM SIBIISIOTCS
IUCTIEPCUM  HEKOTOpPBIX TJIMH U IOBEPXHOCTHO-akTUBHBIX BemecTB (ITAB), pactBopbl
BBICOKOMOJIEKYJISIpHBIX BeniecTs (BMB).

Y  tuapodoOHBIX 30JIeM YaCTUIBI COCTOST U3 TPYIHOPACTBOPUMBIX COCIWHEHUH,
OTCYTCTBYET WM CJa00 BBIPAKEHO CPOJICTBO IUCIEPCHON (a3pl K pacTBOpuTento. Takue
YacTULl IJIOXO COJIbBATUPOBAHBI. [ MAPOPOOHBIE 30/M SBISIOTCS OCHOBHBIM KIJIACCOM
KOJUIOMJHBIX PAaCTBOPOB, Y KOTOPBIX SPKO BBLIPAXKEHBI I'€TEPOT€HHOCTH U BBLICOKAs YyIEIbHAas
MTOBEPXHOCTb.

Tema 17. Oxwucaurequ u BoccTaHoButeau B OBP. Kiuaccupuxanmussi u  MeToabl
cocTasJieHusi ypaBHeHuit OBP

Iparknyeckass padora Nel. Crenenp okucienuda. lIpaBuna ee ompenenenus. I[Ipoueccs
OKHCJICHUA U BOCCTAaHOBJICHUA.

Peam;uu, 6 pesyibmame KOomopbvlx UBMEHAENMCA CmMeneHb OKUCIEHUA J]1EMEHRNOE,
Ha3bIBAIOTCSI OKHCJINTEIbHO-BOCCTAHOBUTEAbHBbIMHU. Il0o CTEIEHBIO OKHCICHMS (C.O.)
IOHUMAIOT 3apsAn 2JEMEHTA B COCAUWHCHHU, BBIHHCHGHHBIﬁ, HUCXOAd M3 MPCAIIOJIOXKCHHUA, YTO
COCOAMHCHHUEC COCTOUT H3 HOHOB. OHpCHGHGHI/Ie CTCIICHU OKHUCJICHUA TPOBOAAT, HUCIIOJIb3YS
CICOYIOIIUE ITOJOKCHUS:

1. Crenenp OKMCIIEHUs RJIEMEHTa B MPOCTOM BellecTBe, Hanpumep, B Zn, Ca, H,, Br, S, O,
paBHA HYJIIO.

2. CreneHb OKHUCIICHUS KUCIOPO/Aa B COEIMHEHUAX OOBIYHO paBHA —2. MICKIIIOUEHHS COCTABISAIOT
nepokcuasl Hy"'O,7', Na, 'O, ' m propun xkucnopoga O*F,.

3. CreneHb OKHCIEHHS BOJAOpOJa B OOJBIIMHCTBE COEAMHEHHMH paBHA +1, 3a HCKIIOUYEHHEM
coneoOpa3sHbIX TUAPUI0B, HanpumMep, Na'H .
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4. TlocTosIHHYIO CTENEHb OKHCIICHHUS] UMEIOT IEJOUHbIe MeTasuibl (+1); enoyHo3e- MeabHbIe
MeTasutbl, Oepuiumii u Maraui (+2); ¢rop (—1).

5. Anrebpanyeckas CyMMa CTEIICHEH OKUCIICHMS JIEMEHTOB B HEHTPaJIbHOM MOJIEKYJe paBHA
HYJIIO, B CJIO’KHOM MOHE — 3apsiy HOHa.

B kauecTtBe mpumepa paccumraeM c.0. MapraHua B coeamHeHuu K,MnO, u xpoma B
anuone Cr,07”

K;"'Mn* O, 2(+1)+x+4(-2)=0 x=+6
(Cr 072 )" 2x+7(2)=-2 x=+6
Jt00y10 OKHUCIHUTEIbHO-BOCCTAHOBUTENIBHYIO PEAKIIMI0 MOXKHO pa3/iefiuTh Ha JIBE
IMOJIypC€aKIn: OKUCICHUE U BOCCTAHOBJICHUE, HAITPUMED

Ca° + Clzo = Ca+2 CI[I
BoccraHoButenib  Ca’ —28 — Ca™  okwucieHHe
OKHCIIUTEIND Cl, °+28 — 2ClI" BOccTaHOBIIEHHE

Oxucienne — npoyecc omoayu JJIEKMPOHOE, COI’lpOGODiCOGiOM/;MIZCﬂ noevlUuteHUemMm cmeneHu
OKUCJIeHUA aiemernma. BoccraHnoBJieHHe - npoyecc npucoe()uHeHuﬂ OJIEKMPOHOS,
conpoeoofcdmou;uﬁc;z NOHUDNCEHUEM cmeneru OKUCJIEHUA aiemerma. Oxucienue u
BOCCTAaHOBJICHHC — B3aMMOCBA3aHHBIC IIpoOLECCChI, MMPOTCKAOIINUC OIHOBPEMCHHO.
OxucauTeJssMH Ha3bIBAIOT seujecmea (al’l’ZOMbl, MOJIEKY]IbL UTU uOHbl), Komopble 6 npoyecce
peakyuu npucoeduHﬂiom 9/1eKNpoHbl, BOCCTAHOBUTECJIAMU — eeujecmea, OWZOCUOWLle
JJIEKMPOHDL.

PaznuyaroT Tpu TMNA OKHUCIMTEIBbHO-BOCCTAHOBUTEIBHBIX PEAKLUN: MEXKMOJIEKYJISPHbIH,
BHYTPUMOJIEKYJISIDHBII ¥ JIUCIPONOPLUUOHUPOBAHUSA. B MEXMOJEKyISpHBIX  peaKUusax
OKHUCIIUTEIb Y  BOCCTAHOBUTENb COJAEp)KaTcsi B  pa3HbIX MoJeKylnax. B ciyuae
BHYTPUMOJIEKYJISIPHBIX PEAKIHUIl OKUCIUTEIb U BOCCTAHOBUTENb HAXOIATCSA BHYTPH OJHOM
MOJIEKYJIbl. B peakumsx AUCIpONOPLUMOHUPOBAHUS  OJUH M TOT JK€ DIIEMEHT SBISIETCA
OKHCIIUTEJIEM U BOCCTAHOBHTEJEM, T.€. CaM ce0sl OKHUCIIET U BOCCTaHABIMBAET, HAXOSICh MPU
3TOM B COCTaBE€ OJIHOM MOJIEKYJIBI.

Ilpumepul pewienusa 3adau

HMpumep 7.1. Vcxons u3 creneHn okucieHus azota B coequHeHusx NHi;, KNO,, KNO;,
OTIpEeIeTTUTe, KaKoe M3 HUX MOXET OBITh TOJIHKO BOCCTAHOBUTEJIEM, TOJBKO OKUCIHTEIEM H
KaKO€ M3 HUX MOJKET MPOSIBIISITh M OKHCIIUTEIbHBIE 1 BOCCTAHOBUTEIIbHBIE CBOMCTBA?

Pemenne. Bo3MokHEIE CTEIIEHU OKMCIeHUS asora: —3, —2, —1, 0, +1, +2, +3, +4, +5. B
YKa3aHHBIX COCIMHEHMSX C.0. a30Ta paBHbL: —3 (HuU3mAas), +3 (MpoMeKXyTOUYHAs), +5
(Beicmiast). CnenoBarenbHo, NHi; — Ttosnbko BoccraHoBurenb, KNO, — u oxucnurens u
BoccTaHoBUTENNb, KNO; — TOJIBKO OKHUCIUTEIb.

IIpumep 7.2. Moryr aM HOpPOMCXOAUTH OKUCIMTEIbHO-BOCCTAHOBUTENBHbBIE DPEAKIUU
Mexay BemectBamu: a) HBr u H,S; 6) MnO, u HCI; B) MnO,u NaBiO;?

Pemenue. a) Crenens okucnenus B HBr c.o. (Br) = —1 (am3mas); B8 H.S c.o. (S) =2
(um3mias). Tak kak OpoM M cepa HAXOIATCS B HU3IIEH CTENEHU OKUCICHHS, TO OHU MOTYT
MIPOSIBIISATH TOJILKO BOCCTAHOBUTENBHBIE CBOMCTBA M PeaKIMs MEXIy HHUMHU HEBO3MOXHA; 0) B
MnO, c.o. (Mn) = +4 (npomexytounasi); B HCI c.o. (Cl) = —1 (Huzmas). CremoBaTesbHO,
B3aUMOJICHCTBUE ATUX BEILECTB BO3MOXKHO, npuyeM MnQO; siBiisierca okucnureneM; B) B MnO,
c.0. (Mn) = +4 (nmpomexyTtouHas); B NaBiOs c.0. (Bi) =+5 (Bbicmias). B3sTeie BemecTBa MOTyT
B3auMoieiicTBoBaTh. MnO; B 3TOM citydae OyJeT BOCCTAHOBUTEIIEM.

Hpumep 7.3. CocTaBbTe ypaBHEHHE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOW pEaKIUU,
UYIIEH 110 CXEME:

KMnO,+ KNO,+H,S0O4; = MnSO4+ KNO; +K,SO,+H,0
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Onpenenure OKHCIUTENb W BOCCTAHOBUTENh. Ha OCHOBAaHMM DSJEKTPOHHBIX YpaBHEHHM
pacctaBbTe KOA(DPHUITUEHTHI.

Pemienne. OHpeHeﬂﬁeM CTCIICHU OKUCJICHUSA TCX 3JICMCHTOB, KOTOPBIC €€ U3MCHAIOT!:
KMH+7O4+ KN+302+H2804 —> Ml’l+2SO4+ KN+SO3 +K2SO4+H20

CocraBiseM OJICKTPOHHBLIC YpAaBHCHHA IMPOLCCCOB OKHUCIICHHUA W BOCCTAHOBJICHHA, OIPCACIIACM
OKHCJIIMTCJIb 1 BOCCTAHOBUTCIIb:

BoccTaHoBuTenbh N7 —28 — NP 5 OKHCIICHUE
| 10 |
OKUCJIUTEIb Mn"" + 58 — Mn™ 2 BOCCTAaHOBJIEHUE

VYpaBHHBaeM peakUi0 METOJOM 3JIEKTPOHHOTO OajaHca, CyTh KOTOPOTO 3aKII0YaeTcs B
TOM, 4TO OOIIEEe YUCIIO DJIEKTPOHOB, OTIAAHHBIX BOCCTAHOBHTEIEM, PAaBHO YHUCIY 3JIEKTPOHOB,
MPUHATHIX okuciuTeneM. Haxoaum oOuiee HauMmeHbIlee KpaTHOE ISl OTAAHHBIX M MPHHSITHIX
AJIEKTPOHOB. B mpuBenenHoit peakuun ono paBHo 10. Paznenus sTo umcio Ha S5, moiydaem
KOA(pGUIUMEHT 2 A1 OKUCIUTENSI U MPOJIYKTa €ro BOCCTaHOBIEHUS, a mnpu naeienuu 10 Ha 2
nosrydaeM Kod(DPHUIMEHT 5 [JIsi BOCCTAHOBUTENS U MPOJYKTa €ro okuciaeHus. KoadumumeHTor
nepesi BeecTBaM1, aTOMbI KOTOPBIX HE MEHSIOT CBOM CTEIIEHH OKHUCIICHHS, HAXOIUM TOJ00POM.

YpaBHeHHE peakiuu OyaeT UMETh BU/:
2KMnO, + 5KNO,+ 3H,SO4 = 2MnSO, + 5SKNO; + K,SO,4+ 3H,0

IIpumep 7.4. CocrtaBpTe ypaBHEHHS OKUCIMTEIbHO-BOCCTAHOBUTENBHBIX pEAKIUi,
UIYIIHX 10 CXEMaM:

a) Mg + HNOs (pa36.) > Mg(NOs), + NHsNO; + H,O
6) KCIO3 — KCl + 02
B) K:MnO, + H,O — KMnO, + MnO, + KOH

B xaxmoit pCakiunu ONpCACIUTC OKHUCIIMTCIb U BOCCTAHOBUTCIIb, PACCTABbTC KOB(b(l)I/II_II/IeHTLI,
YKaXUTEC TUIT Ka)K}IOI\/’I pCaKkuuu.

Pemenne. CocraBisieM ypaBHEHUS pEeaKLIUN:
a) 4Mg° + 10HN"0; = 4Mg™ (NOs), +N "HyNO; +3H,0
BOCCTaHOBUTEIb Mg’ - 28 — Mg™” 4 oxwucieHue
|8 |
OKHUCJIUTEIb N +8 — N° 1 BoccTaHOBIEHME

0) 2KC1"057% = 2KCI" + 30,°
BoccraoBurenb 207 —48 — O)° 3 OKHCIIEHHE
|12 |
OKMCJIMTENb CI” + 68 — CI 2 BOCCTaHOBJICHHE

B) 3K,Mn"0,+ 2H,0 = 2KMn'’0, + Mn"O, + 4KOH
BOCCTaHOBUTENL  Mn' —18 -Mn"’ 2 OKHCIICHHE
| 2]
OKHCJIUTEND Mn"® + 28 — Mn™ 1 BoccTaHOBIIEHHE

Kak BUAHO W3 mNpeACTaBIEHHBIX YypaBHEHUH B peakuuu (@) OKUCIUTENb U
BOCCTAHOBUTEIb — DPA3HBIC DJIEMEHTHI B MOJEKYJIaX ABYX pPa3HbIX BEILECTB, 3HAYUT, JAHHAS
peakuysi OTHOCUTCSA K TUILY MEXMOJIEKYJIIPHBIX OKACIUTEIBHO-BOCCTAHOBUTEIIBHBIX peakiuil. B
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peakuuu (0) OKUCIUTENb — XJIOP ¥ BOCCTAHOBUTEINb — KUCIOPOJI COACPIKATCS B OJTHOM MOJIEKYJIe
— Ppeakius BHyTpUMOIIeKyJsipHas. B peakuuu (B) poJib OKUCIHUTENS U BOCCTAHOBHUTENS
BBIITOJHACT MapraHel], CJICA0BATCIIbHO, 3TO PCAKIUA JUCITPOIIOPIHOHUPOBAHMA.

Koumpwwnble 80npOCol

121. Wcxons w3 creneHW OKHUCieHUs cepbl B BemectBax: S, H,S, Na,SO;, H,SO.,
ONpeJIeINTE, KAKO€ U3 HUX SBIISICTCS TOJILKO OKHCIIMTENIEM, TOJIbKO BOCCTAHOBUTEIEM U KaKHE
MOTYT OBITh U OKHCIIUTENIEM U BoccTaHoBHUTeNeM. [Touemy?

Ha ocHOBaHuM 5JEKTPOHHBIX ypaBHEHHH mogdepure KOd(PPHUIMEHTHI B ypaBHEHUU
peakLuy, UIyIel mo cxeme:

KI + KIO;+ H,SO4 — I+ K,SO4 + H,O
Ompenenure TUTT OKUCITUTEIIBHO-BOCCTAHOBUTEIFHOM PEaKIINH.
122. Peakuuu BbIpaKarOTCS CXEMaMu:
Zn + HNO; (pa36) — Zn(NOs), + N,O + H,O
SnCl, + K»,Cr,0O7 + H:SOs— Sn (SOs) .+ CrCl;+ K,SO4 + H,O

CocraBbTe OJICKTPOHHBIC YPABHCHUA, HOH6epI/ITe KO3(I)(1)I/II_II/ICHTLI, YKaXXUTC, KaKOC BCIICCTBO B
Kaxa0i PCaKnuun ABJISACTCA OKUCIIUTCIICM, KAKOC BOCCTAHOBUTCIICM.

123. CocraBbTe RJIEKTPOHHBIE YPAaBHEHMS U YKA)XKUTE, KAKOH MPOLIECC — OKUCICHUE WU
BOCCTAHOBJICHHE ITPOUCXOIUT MPH CIEAYIOIUX PEBPAILCHUSX:

P?*—>P% N?-5N?% Cl—-ClO;; SO —» S*?
Peaxuust BeIpaxxaeTcsi CXEMOM:
KMnO, + H,S + H,SO, = MnSQO, + S +K,SO, + H,O

Omnpenenure OKUCIUTENb U BOCCTAHOBUTEIb, HA CHOBAHUHU IEKTPOHHBIX YPAaBHEHUM pacCTaBbTE
KOA((UILIMEHTHl B yPaBHEHUU PEAKIINU.

124. Moryt 1u [OpoTEKaTb OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIE PEAKIUN MEXIY
BemectBamu: a) Cl, u H,S; 6) KBr u KBrO; B) HI u NH;? Ilouemy?

Ha ocHOBaHMHU 3J€KTPOHHBIX ypaBHEHHH moadepure KOd(QQHUIHUEHTHI, ONpEeAeInTe TUI
OKHCIIUTEIbHO-BOCCTAHOBUTENILHOM peakluu, UAYIIEH o CXeMe:

NaCr02 + PbOz + NaOH —> N32CI'04 + NaszOz + HzO

125. Wcxons m3 CTENEHW OKHCICHUS Kelle3a, ONpPEIeNIUTe, KaKoe W3 BEIIECTB MOXKET
OBITh TOJIBLKO BOCCTAHOBHUTEIEM, TOJIBKO OKHCIUTEIEM M KaKO€ — M OKHCIHTEIEM H
BoccranoButenem: FeSOy, Fe,0s, KoFeOy. [Touemy?

Ha ocHoBaHuM 31E€KTPOHHBIX ypaBHEHUN mNoadeputTe KOd(D(PUIIMEHTHI Ui BEUIECTB B
YPaBHEHUHU PEAKIUH, UIYLIEH 110 CXEME:

CrCl; + Br, + NaOH — Na,CrO,+ NaBr + NaCl + H,O
126. CocTaBbTe NEKTPOHHBIE YPABHEHUS U YKAXKUTE, KAKOU MPOLIECC — OKUCIIE-
HUE WJIM BOCCTAHOBJICHHUE MTPOUCXOIUT MPH CISAYIOMUX MTPEBPAMCHUIX
As® - As”; CrO4 — CrO; ; MnOs — MnO,>; Si™*— Si°

Ha ocHOBaHMU »SJIEKTPOHHBIX ypaBHEHUH paccTaBbTe KOAI(DPHUIMEHTHI B peakiuw,
UIyIIEH 110 CXEME:

H,S + H,SO; —» S + H,O

127. Peakuuu BhIpaKAKOTCA CXEMaMU:

KNO; + KI + H,SO4 - KNO; + L+ K,SO4 + H, O
NaNO; — NaNO, + O,
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CocTaBbTe DJIEKTPOHHBIC YPaBHEHUsS, PACCTaBbTE KOA(D(DUIIMEHTHI, ONPEACIUTE OKUCIUTEIh U
BOCCTAHOBUTEIb B KaXI0W peakuuu. K KakoMy THIy OTHOCHUTCS KaKIas M3 TPHUBEIACHHBIX
peakumii?

128. Cm. ycnoBue 3ananust 127.

KBr + KBrOs;+ H,SO,— Br,+ K, SO, + H,O

NHsNO; — N,O + H,O

129. Cm. ycnoBue 3ananust 127.

H.,S + K,Cr,07 + HaSO4 — S + Cr(SO4); + K2SO4 + H, O

NaBrO — NaBrO; + NaBr

130. Vcxons U3 creneHyd OKHCICHHsI XJIOpa, ONpeeinTe, Kakoe u3 coeaune- Huit: Cls,
HCl, HC1O4 — TOIBKO OKHMCIHTEIb, TOJILKO BOCCTAHOBHUTEIb M KAKOE M3 HUX MOXKET HUMETHh
(YHKIIMIO ¥ OKUCIIMTENS U BoccTaHOBUTENS. [Touemy?

Ha ocHOBaHUM 3JEKTPOHHBIX YpaBHEHUH paccTaBbTe KOI(D(GUIMEHTHI B ypaBHECHHUU
peakuuy, HIyIen o CXeMe:

HNOs+ Bi —» NO + Bi(NOs); + H,O

131. Cwm. ycnoBue 3ananus 127.

H3ASO3 + KMI’IO4 + HzSO4—) H3ASO4+ MHSO4 + KzSO4 + HzO

AgNO; > Ag+NO, + O,

132. Moryt aM HOpPOUCXOIHUTh OKHCIHTEIbHO-BOCCTAHOBUTENBHBIE PEAKIUUA MEKITY
BemectBamu: a) H,S u Bry; 6) HI u HIOs; 8) KMnO, u K,Cr,0;? ITouemy?

Ha ocHOBaHWU 3JEKTPOHHBIX YpaBHEHHMH paccTaBbT€ KOI(PPHUIMEHTHI B ypaBHEHUU
peaKuuu, Uaynen 1o cxeme:

HzOz + KMI’IO4 + HzSO4 —> Oz + MHSO4+ KzSO4 + Hzo

133. CocTaBbTe JIEKTPOHHBIC YPABHEHUS U YKAKHUTE, KAKOW MPOIECC — OKUCIIC-HUE WITU
BOCCTAaHOBJICHUE MIPOUCXOJIUT MPH CIETYIOUIUX MPEBPALCHUSX:

BrO, — Br,; Bi— BiOs; VO;—»V; Si*—Si™
Ha ocHOBaHMU »AJIEKTPOHHBIX YpaBHEHHH moa0epuTe KOIPPUIMEHTHI B ypaBHEHUU
peaKkuuu, uayuieH mo cxeme:

Al + KMnOs4 + H>SOs— Al(SO4); + MnSO4 + K,SO4 + H,O
134. Cwm. ycnosue 3ananus 127.

Na,SO; + Na,S + H,SO4 — S + Na,SO,4 + H,O

KMnO,; - K;MnO4 + MnO, + O,

135. MoryT i HITH OKUCITUTEIHHO-BOCCTAHOBUTEIIBHBIE PEAKITUN MEXKTY CIICTyOIIMMH
BemectBamu a) PbO, u KBiOs; 6) H,S u H,SOs; B) H.SO; u HC104? Tlouemy?

Ha ocHOBaHMM 5JEKTPOHHBIX YpaBHEHUH paccTaBbTe KOX(PQPHUIMEHTH B ypaBHEHUU
peakuuu, UIyIen o CXeMe:

S + KOH — K,SOs + K»S + H,O
Onpenennure TN OKACITUTEILHO-BOCCTAHOBUTEIPHON PEAKIIHH.
136. Cwm. ycnoBue 3ananus 127.
(NH4).Cr,07 — N, + Cr,0O5 + H,O
P + HNO; + H,O — H;PO,4 + NO
137. Cwm. ycnoue 3ananus 127.
Ba(OH), + I, —» Ba(10s), + Bal, + H, O
MnSO; + PbO, + HNO; - HMnO, + Pb(NOs), + PbSO,4 + H,O
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138. Cwm. ycnoBue 3ananus 127.
MI’ISO4+ KCIO} +KOH —» Kle’lO4+ KCI + KzSO4+ HzO
NI(NO3)2 — NiO + NOz + 02

139. Ha ocHOBaHMH 3JEKTPOHHBIX YPaBHEHUH paccTaBbTe KOA(PPHUIMEHTH B YPaBHEHHIX
PEAKILUA, HIYIIHX [0 CXEMaM:

HNO, — HNO; + NO + H,O
Cr,05;+ KCIO;5 + KOH — K,CrO4 + KCI + H,O
VYKaXUTE OKUCIIUTENIb U BOCCTAHOBUTEIb B KAKION PEaKIUK, ONPEICIIUTE €€ THIL.
140. Cwm. ycnoBue 3ananus 139.
Si + O, + NaOH — Na,SiOs; + H,O
NHsNO, - N, + H,O

Tema 18. Xumus s-, p-, d-3;1eMeHTOB

B aromax s-3J€MEHTOB 3JEKTPOHBI 3alOJHSIOT S-IIOAYPOBEHb BHEIIHET0 ypoBHA. B
MePUOIUYECKON CHUCTEME eCTh 14 s-37eMeHTOB (BKIOYas BOAopoA U renuii). OHU, B 4aCTHOCTH,
o6pazyioT 1A u IIA rpynmsl nepuoandecKoil CHCTEMBI.

Xumusi 3jeMeHToB IA rpynmbl. OnemeHTbl [A rpynmbl, Ha3blBaeMble IMICIOYHBIMU
METAJIAMM, UMEIOT 3JIEKTPOHHYIO (opMyiry ns'. OHU SABISIOTCS CHIILHBIMU BOCCTAHOBHUTENISMH.
JIns HUX XapakTepHa CTeneHb OKucieHus +1. B 3Toil creneHn OKMCIEHUsT aTOMBbI LIEIOYHBIX
METAJIJIOB YCTOWYMBBI W BOCCTAHABIMBAIOTCS C OOJBIIMM TPYIOM. B mpupoje IIenouHbIe
METaJIJIbl HaXOJATCS B BHUJAE COCAMHEHUH — COJIeH : XJIOPHUIOB, CyJb(haToB, KapOOHATOB,
CUJIMKATOB U T.A. M3-3a yCTOMYMBOCTH COEAMHEHUW WIEJOYHBIX METAJUIOB B HX CTENEHU
OKHUCJEHUS +1, 3TM MeTaIbl MOKHO IMOJIYYUTh JIMIIb 3JEKTPOJIM30M PACILIABOB MX COJIEH WIIH
JeiicTBreM OoJiee CHIIBHBIX BOCCTaHOBUTENEH. Hampumep, HaTpuil MOTY4aroT SJCKTPOIH30M
pacruiaBa NaCl, a kanuii — mpoIryCKaHHeM IapoB HAaTpus yepe3 xyopu kanus mpu 800°C:

KCI+ Na — K + NaCl

lenoynble MeTauIbl MSTKHE, JIETKO PEXYTCS HOXOM, Ha CBEXKEM Cpe3e HMEIOT
cepeOpHCTyI0O OKpacKy. Bce OHM Jlerkue W JIETKOIUIaBKME METaUIbl C  XOPOIIEH
AJIEKTPONPOBOIHOCTHIO. B mapooOpa3HOM COCTOSIHUM aTOMBI IIEIOYHBIX METauIoB 00pa3yloT
MOJIEKYJbl J,, Hampumep, Na,. B KpUCTaJUIMYECKOM COCTOSIHUM JUIS IIEJIOYHBIX METaJUIOB
XapakTepHbl 00BEMHO-IEHTPUPOBAHHbBIE KyOUYECKUE PEIIeTKH.

KoHTpoiibHBIE BOIIPOCHI

1. KaKYI-O CTCIICHb OKUCJICHUS IIPOABIIACT BOAOPOJ B IMApHUAAX HICTIOYHBIX METaJIOB?
2. B xakwme IBCTA OKpallIUBArOT 6eCLIBCTHOG IJj1aMs TOpCJIKU COJIM HICJIOYHBIX METaIoB?

Xumus 3j1emeHToB IIA rpynnsi

Dnementsl I[A Tpymnmsl MMEKOT 3JIEKTPOHHYI0 (opMyity ns’. Bce oHM  sBisOTCS
METaJlJIJaM{, CWJIBHBIMM BOCCTAHOBHUTEISIMH, HECKOJIBKO MEHEE AKTHUBHBIM, YE€M UICIIOYHBIC
MeTauibl. JIJI HUX XapakTepHa CTENeHb OKUCIeHHs +2 u BajeHTHocTh 2. IIpu oOpasoBanum
KOBQJIEGHTHON CBSI3U IPOUCXOIUT S—P BO30YXKAEHUE HIIeKTpoHa M sp-rubpuamsauus AO.
OnemenTsl IIA rpynnsl MOKHO pa3JenuTh HAa TPU 4YacTU: 1) mienodHo3eMmenbHble MeTaisl Ca,
Sr, Ba, Ra, ocHOBaHMSI KOTOpBIX SIBJISIOTCA IenodaMu, 2) Mg, OCHOBaHHE KOTOPOTO Majo
pactBopuMO B Boje, 3) Be, ocHoBaHuME KOTOpOTO sBIIsIeTCS aM(pOTEpHBIM OCHOBaHHEM. B
npupoze ieMeHTsl [IA rpynmel HaxoaaTcss B BUJe coiieil: cynbhaToB, KapOoHaTOB, GochaTos,
CHWJIMKATOB. DTHU 3JIEMEHTHI MOJIy4YalOT 3JEKTPOJIM30M paCIIaBOB MX cosieil. Dnementsl [1A
IpYMIIbl PEJICTABIAIOT COOOH Jerkue cepeOpHcThle MeTalllbl, 0ojiee TBEpAbIE, YEM LIEIOYHbIE
METaJLJIbL.

XuMHYecKHe CBOICTBA DJIEMEHTOB
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OnemenTs! 1A rpymniel — MeHee aKTUBHBIE BOCCTAHOBUTEIH, YEM ILEIOYHBIE MeTaJUIbl. Mx
BOCCTaHOBHTEIIbHBIE CBOICTBA YBEIMYMBAIOTCS OT Oepwuius K paauto. Kucimopox Bozmyxa
okucysier Ca, Sr, Ba, Ra npu o0pruHO# Temmneparype. Mg u Be MOKpBITHI OKCHAHBIMH IICHKAMU
Y OKHUCIISIFOTCS KUCIIOPOIOM TOJIBKO TP HarpeBaHHU:

2Ca+ 0O, — 2Ca0O
-t

2Mg + O, 77 2MgO

AKTHBHBIE BOCCTAHOBHUTENM, MeTauibl I[IA rpynmel, pearupyoT ¢ HEMeTallaMHu
(Hampumep, ¢ XJI0OpOM), BOJIOM, KUCIIOTaAMHU:

Ca+ C12 —> CﬂClz

Cat+ 2H,O — Ca(OH), + H»1

Mg+ 2HCI — MgCl, + H»1

4Mg + 10HNO;(pa36.) — 4Mg(NOs), + NH4sNO; + 3H,O

XHuMHYeCKHe CBOMCTBA COeIMHEHUI

lumpunbl  MIENOYHO-3€MENBHBIX  METAUIOB  SIBJISIFOTCS  MOHHBIMH  COJIEOOpPa3HBIMU
COCTMHEHHSIMU ¥ B3aMMOJICUCTBYIOT C BOJIOM M KUCIIOTAMMU:

CaH, + 2H,0 — Ca(OH), + 2H,
CaH, + 2HCI — CaCl, + 2H,

Oxkcuabl 1iesoyHO-3eMeNbHBIX MeTauioB Ca, Sr, Ba, Ra pacTtBopsitorcs B Boue ¢
obpa3zoBanueM menodei. OKCU MarHusi — Majgo pacTBOPUM B BOJE U UMEET TOJIbKO OCHOBHbBIE
cBoiicTBa. HepacTBOpuMBIil B BOAe OKCHJT OepHILIHS UMeeT aM(pOTEpHbIE CBOMCTBA.

BeO + H,O #

BCO + 2HC1 had BGCIQ + HzO
tt
BeO + 2NaOH ™~ Na,BeO,

MgO + H,O #

MgO + 2HCI — MgCl, + H,O
MgO + NaOH #

CaO + H,O — Ca(OH),

CaO + CO, — CaCO;

CaO + 2HCl — CaCl, + H,O

Iunpoxcuner Ca, Sr, Ba, Ra sBistitorcs menodyamu, TUIpOKCU Mg — MajaopacTBOPUMBII
OCHOBHOM THAPOKCHU, THAPOKCUA Be — ampoTepHBIN THIPOKCH]I.

Be(OH),| + 2HCI — BeCl, + 2H,O
Be(OH),| + 2NaOH — Na,[Be(OH)4]
Mg(OH),| + 2HCl — MgCl, + 2H,0
Ba(OH), + 2HCI — BaCl, + 2H,0
Ba(OH), + CO, — BaCOs] + H,O
Ba(OH), + H,SO4 — BaSO4| + 2H,O

Kapbonater u cynbdatsr smementoB I[A rpymmer manopacTBopuMbl B Boje. KapOoHatsr
pacTBOPSIIOTCS B KHCIIOTaX:

C&Clz + N32CO3 — CaCO3l+ 2N3,C1
CaC03 + 2HC1 — CaClz + HzO + COzT

Copnepxanue nonos Ca*" u Mg*" 00ycnaBIuBaeT )KeCTKOCTh BOABL: BPEMEHHYIO, €CIIH €CTh
ruzpokapO6onatsl Ca u Mg, U IOCTOSIHHYO, €CJIH B BOJIE €CTh XJIOpUAbI Wi cynbdatel Ca u Mg.
HpI/I KUITTYCHHNHU KECTKAsA BOAA CMATYACTCA 3a CUCT YMCHBUICHUA BpeMeHHOﬁ KECTKOCTU BOJbI:
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Ca(HC03)2 - CaCO3¢ + HzO + COzT

Kectkocts Bonbl (OK) m3MepsieTcsi B MIJIIIMMOJISAX SKBUBAJIEHTOB CoOJiel B | JTUTpe BOABL:
K =1000xC, , rae C, — MosipHasi KOHLIEHTPALUs SKBUBAJICHTOB (HOPMaJIbHOCTB) COJIEH B BOJIE.

Conu BaCl, u BaCOs s10BUTBI M UCHOJNB3YIOTCS B KaueCTBE WHCEKTHLUAOB. Maruuit
SBJIIETCS Ba)XHBIM KOHCTPYKIIMOHHBIM MaTEpHaJiOM, SIBISETCSI MUKpPOAJIEMEHTOM, BXOAHUT B
cocTaB xjopodwmuia. lamieHas H3BeCTb HCHOJb3yeTcss B cTpouTenscTBe. Cosn KanbLus,
Hanpumep, CaSO,x2H,0 — runc — ucnoap3yeTcs sl TUIICOBAHUS 3aCOJICHHBIX IMOYB.

KoHTpoJILHBIE BOOPOCEI

1. Yto o0ycnaBnuBaeT *KeCcTKOCTh BOAbI? Kak BBIYMCIUTE €€ BETHUUHY ?
2. Kpatko oxapakTepu3zyWTe NPUMEHEHHUE COJICd IIETOYHBIX U IIETOYHO-3EMETbHBIX
METAJUIOB B IPOMBIIIUIEHHOCTH, CEJIbCKOM XO3SICTBE U B OBITY.

XuMuUA p-3JIeMEHTOB

B aromax p-37€MEHTOB 3JIEKTPOHBI 3aIOJHAIOT P-TIIOAYPOBEHb BHEIIHETO YpOBHs. B
nepuoauyecko cucrteme ectb 30 p-37€eMEHTOB. Y aTOMOB P-3JIEMEHTOB, PACIHOJIOKEHHBIX B
m1aBHbIX noarpynmnax III — VIII rpynm. V p-351eMEHTOB SBIISIIOTCS BAJICHTHBIMU HE TOJIBKO P-, HO
U S-2JICKTPOHBI BHEIIHETO YPOBHs. BpICIIas CTENEHb OKHMCIEHHUS aTOMOB P-2JIEMEHTOB paBHA
HOMEpY IpyIIIBI.

Xumus 31emenToB IITA rpynnbi

Dnementsl [IIA rpynnbl MMEIOT 3JIEKTpOHHYIO (opmyny ns’np'. OHu  SBJSIOTCS
3HAYUTEIbHO MEHEE AKTHBHBIMU BOCCTAHOBHUTENSIMHU, YE€M IIEIOYHO3EMENbHbIE MeTauIbl. J{is
HUX XapakTepHa CTENeHb OKUCIEHUs +3, W BaneHTHOCTH 3. IIpu oOpazoBaHUM KOBaJICHTHOM
CBA3U IIPOMCXOAUT S—P BO30YyXkJIEHHE d>IeKTpoHa U sp’ rubpummszanus AO. B rpymme cBepxy
BHU3 pacTyT METaUIMYECKUE CBOMCTBA 3JIEMEHTOB, PAacCTyT BOCCTAHOBUTEIIbHBIE CBOICTBA MX
aTOMOB. YBEJIMUYMBAIOTCS OCHOBHBIE CBOWCTBA THMAPOKCUAOB M YMEHBIIAIOTCS HUX KHCIOTHBIE
cBoiicTBa (TabdiI. 5).

Tabnuma 5. CBoiicTBa aToMOB 251eMeHTOB [IIA Tpynmsl 1 UX coOeTMHEHHIA

DJIEMEHTHI Oxcuabl I'mapoxcuabt

B - Hemeramn B-0; - KACJIOTHBIN H;BO; - KACJIOTa

Al - wmeramn ALO; - amporepubrii | AI(OH); - aM(OTEepHBIi
Ga - meramn Ga,0O3 - amoorepuniii  |Ga(OH); - amdorepHsbIi
In - meramn In,0O5 - am¢orepubrii | In(OH); - aM(OTEepHBIi
Tl - meramn TL,0; - OCHOBHOM TI(OH); - OCHOBaHHE

Coemunenus TI°*

coenquaennit T1".

SABJIAIOTCA CHUJIBbHBIMH OKHCIWUTCIAIMHW MW BOCCTAaHABJIMBAKOTCA 1O

CaoiicTBa 00pa u ero coeJuHeHH

Bop HaxoauTcst B Ipupojie B BUAE COCMUHECHHM, HAanpumep, 0ypsl — Na,B4O;x10H,0. bop
ABJIAETCS HEMETAIUIOM. [Ipy HarpeBaHUM B3aUMOJEHCTBYET C KMUCIOPOIOM:

4B + 302 — 2B203

Oxcun Gopa sBiISIeTCSI KUCIOTHBIM OKCHJIOM U pPacTBOpsiETCS B Boje C 00pa3oBaHUEM
caboit OpTOOOPHOM KUCITOTHI:

B203 + 3H20 — 2H3BO3 (K1 = 6% 10_10)

Optobopnast kuciota H;BO; mnpu HarpeBaHum MOCIEAOBATENbHO pasjiaraeTcs 0
metabopHoi#t kucnotel HBO, , TerpabopHoit kucnorst H,B4O; u 6opHoro anruapuna B,Os.

tt tt tt
H;BO; 77 HBO, " H,B40; 7 B,0;
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Oproboprast kucinora H;BO; B3aumopeiicTByeT ¢ 1menouyamMu U oOpa3yer coid
TeTpabOPHOI KUCIIOTHI:

4H3BO3 + 2NaOH — NazB407 + 7H20

CusnbpHbIE KUCIOTHI MPU B3aUMOJICHCTBUU C TETPabOpAaTOM HATPHUs BBITECHSIOT ClIalyio
OpTOOOPHYIO KUCIIOTY:

Na2B4O7 + HzSO4 + 5H20 — Nast4 + 4H3BO3

OptobopHast KUCTIOTa B3aUMOJICUCTBYET C 3TAHOJIOM B MPUCYTCTBHH KOHIICHTPUPOBAHHOMN
CEepHOIl KHUCJIOTBI € 00pa3oBaHHEM OOPHO-ITHIOBOrO 3(upa, KOTOPBHIA TOPUT 3E€JICHBIM
IJITAMEHEM.

0—H 0—C,H;
B ©—H +3HOCH;s > B O0—CH; +3H,0
“O—H O—CaH;

bop sBmsiercs MukpossieMeHTOM. MUKpO3JIeMEHThl (WM MHUKpPOYIJOOpPEHHs) — 3TO
coeaunenus B, Cu, Mn, Co, Mo u ap. OHU NOBBILIAIOT AKTUBHOCTh (PEPMEHTOB, KaTAIU3UPYIOT
OMOXMMHMYECKHUE TMPOILIECChl, CIOCOOCTBYIOT CHHTE3Y O€JIKOB U HYKJIEHMHOBBIX KHUCIOT,
BUTAMHMHOB, CaxapoB M Kpaxmala, BIHUSAIOT Ha (OTOCHHTE3, YCKOPSIOT POCT PACTCHUHA U
co3peBanue cemsiH. CoenuHeHus: Oopa BIUSIOT Ha YIVIEBOAHBIH OOMEH M HEOOXOAMMBI JUIS
HOPMAaJILHOTO POCTa U 00pa30BaHUsI CEMSH.

CBoiicTBa aJIOMHHHS M €0 COeTHHEHUI
B npoMbIIIIEHHOCTH aTIOMUHMNA MOJIYy4YaroT 3JEKTpoJau3oM paciuiaBa Ookcutra AlLOs B
kpuosute NazAlF¢ mpu 960°C.

3-— —_
ALO; < AP . AlO3 " AlO3

Ha xarone uner BocctaHoBienue: Al + 3e — Al

3—- 3—
4‘*‘]“L3 AlO3 _ 12e — 30, + 2A1,0;

ATIOMUHUY TOKPBIT UHEPTHOH 3aiuTHOH TuieHKor Al,Os. bes okcunnoit nnenku Al oueHb
AKTUBEH U B3aUMOJEHCTBYET C KUCIOPOJOM U BOAOM:

4Al + 30, — 2A1,0;

2Al+ 6H,O — 2AI1(OH); + 3H,

AnroMuHHAI BSaHMOHeﬁCTByeT C KUCJIOTaMH U IICJI0YaMM:
2Al+ 6HC] — 2AICl; + 3H,

2A1+ 6NaOH + 6H,0 — Nas[AI(OH)g] + 3H,

Oxcup amOMHHUS UMEET aMPOTEepPHBIEC CBOMCTBA:

A1203 + HzO *

A1203 + 6HC1 — 2A1C13 + 3H20
-t
A1203 + 2NaOH - 2NaA102 + HzO

FI/I)IpOKCI/I,ZI AJTIOMUHUA MOXKHO ITIOJYYUTh U3 coJeit HeﬁCTBHeM THAPOKCHUAa aMMOHUSA HUIIN
,Z[GI>'ICTBI/ICM HCOOCTaTKa IICI0OYH. rPII[pOKCI/I,Z[ AJIIOMHUHHUA UMECCT aM(bOTepHLIC CBOICTBa.

AICI; + 3NH,OH — AI(OH);| + 3NH,CI
AICL; + 3NaOH — Al(OH);| + 3NaCl
Al(OH);| + 3NaOH — Na;[Al(OH)q]
Al(OH);| + 3HCI — AICL; + 3H,0

Comu amomunus ruaponusytorca. Hekoropeie 3 Hux (AlLS;, Al(COs);) momHOCTBIO
pasiararorcs BOJIOM.

Ale3 + 6H20 — 2A1(0H)3 + 3H2S

Ha anone uaet okucneHue:
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AJIIOMUHUN UCHOJIB3YyeTCS Il TOJIyYEHHUS METalIOB — METOJ[ aJIIOMUHOTEPMUH.
TepmutHas cmech Al + Fe;Os mpu momkuranuu BbLIEseT OOJBIIOE KOJIMYECTBO SHEPTUH,
I10JIy4aEMO€ KE€JI€30 IIPU 3TOM PaCILIaBIISAETCA.

SAI + 3FG304 — 9Fe + 4A1203
ATIOMUHAT IHUPOKO NPUMCHACTCA Kak KOHCprKL{I/IOHHHﬁ Marepuajl, a TaKXC B

anekTporexHuke. COeMHCHUST UHIUS U TaJUTUsL SIOBUTHL. Tak Cynb(daT Tauidus UCIOJIb3yeTCsI
KaK 30011 IUIs1 00pBOBI ¢ TPBI3yHAMH.

KOHTpOJ’IBHHe BOITPOCHI

1. Kakue ay1eMeHThl OTHOCAT K MUKpo3aemMeHnTam? KakoBo ux 3HaueHue?
2. TloprBepaute am@oTepHble CBOHCTBA T'MAPOKCHIA  AJOMHHHUA  YPABHEHUSIMU
XUMHUUYECKUX PEAKIIUM.

Xumus 3jiemeHToB IVA rpynnsi

Dnementsl [VA rpynmbl UMEOT 3IEKTPOHHYI (opMmyny ns’np’. Yriepoa ¥ KpeMHUH
SIBJISIFOTCSL HEMETAJJIaMH, T€pPMaHMii, 0JI0BO, CBUHEI] — MeTaJllIaMU. J[J1s1 3JIeMEHTOB XapaKTepHbI
cTernenu okucienus +4, +2, 0, -4 1 BaJIGHTHOCTh 4. B B030Y»XI€HHOM COCTOSIHHH aTOMBI UMEIOT
KOH(HUTYPALMIO Ns' Np°, B 3TOM COCTOSHUM JJI1 HUX XapakTepHa s'p’-rubpuausanms.

CBoilicTBa yriiepojaa u ero coeJMHeHuit

Oxkcun yraepona(Ill) CO sBisieTcst 6e3pa3nuaHbIM OKcuaoM, Takke, kak u Si0, NO, N,O.
Ero MoHO moay4uTs:

2CO;, —»2CO+0; mm 2C+ 0, —2CO

CO — cUJIBHBIA BOCCTAHOBUTEID:
-t
3CO + Fe,0; 7 2Fe + 3CO»

CO + CuO — Cu + CO,

CO —  yrapHeli Ta3 — SAI0BUT, pearupyeTr C TreMorioOouHoM, 00pasyio
KapOOKCUTEMOTIIOOHH.

Oxcun yraepona(IV) CO, — yriaekucnslii ra3 — B3aUMOJCHCTBYET C BOJOH, 00pasys
cnabytro, HeyCcTOMUMBYIO yroyibHyto Kuciaoty H,COs:

CO; + H,O <> H,CO; & H" + HCO;™ «» 2H" + CO5*>

CO; B3anMOICHCTBYET C OCHOBAaHUSIMHU, 00pa3ys KapOOHATHI ¥ TUAPOKAPOOHATHI:

CO; + Ca(OH), — CaCOs| + H.O

C02+ CaC03l + HzO — Ca(HC03)2

B npowmpimennoctn CO, momywatoT mnpu oOxkure wusBecTHaka CaCQO;, momydas

Heramenyto u3Bects CaO, npu Temneparype 6oiee 950°C:

1000~ 1000"
CaCO; 7~ 7~ " CO,1 +CaO

B nma6oparopun CO, momywaror B ammapare Kwumma, nelicTBys Ha Mpamop COJISTHOM
KHUCJIOTOM:

CaCO; + 2HCI — CaCl; + H,O + CO»1

O6pazyroummiics npu 3toM CO, ounmator ot npumeceir HCl n mapoB Bozpl, mpomyckas
Yyepe3 pacTBOp rMApoKapOOHaTa HATPHsI U KOHIICHTPUPOBAHHYIO CEPHYIO KUCIIOTY:

HCl + NaHCO3 — NaCl + Hzo + COz
HZO + HQSO4(K0HH,) g HzSO4)Ic x HQO

CO, He ropuT M HE MOAJEPKUBAET FOPEHHUE, €r0 MCIONB3YIOT IS TYLIEHHs MoXkapa.
CaCOs MCONB3YIOT 711 U3BECTKOBAHUS CHIIBHOKHCIIBIX I10YB.

B COCIUHCHHUAX C METAaJIJIaMHU YTIJICPOd HNPOABIIACT OTPULATCIIBHBIC CTCIICHU OKHUCJIICHUS:

AIF3CHAILRCH CaCa cac
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+3 -4 4713 4
AI4 G AI4 G , Ca Ca -C3 (3 u 1p. Auerunenun (“xap6un’) kansuus CaC, moaydaror
[P BBICOKOM TeMIepaType CIUIABICHUEM OKCHJa Kaibliug ¢ yruiem. IIpu B3auMopencTsuu c
Bozoit CaC, oOpa3yeT areTHIICH.
tt
CaO +3C 77 CaC, + CO

CaCz + 2H20 —> Ca(OH)z + Csz

CBolicTBa KpeMHHUS U €ro COeINHeHu

KpemMHuii MOKHO MOJYYUTh MO PEAKIINU:

SiO, + 2Mg — Si +2MgO

Kpemuwnii ycroiiumB k kuciaoram (kpome cMmecu kKoHIeHTpupoBaHHBIX HNO; u HF), HO
pacTBOPHUM B IIeJIOYaX:

Si+2NaOH + H,O — Na,SiOs; + 2H,1

Oxkcua kpeMuus(IV) gBisieTcsi KUCIOTHBIM OKCHJIOM, HO, UM€sI TIOJIUNMEPHON CTPOEHUE, HE
pacTBOpsIETCS B BOJE:

Si0; + H,O #

KpeMmHuueBas kuciaora, oueHs ciiadasi 1 HepacTBOpUMasi B BOJIE, MOXKET OBITh MOJIy4€Ha MIPU
JeWCTBUU KUCIIOT Ha €€ COJIM — CHIIMKATBI:

Na,SiO; + 2HCl — 2NaCl + H,Si0s]

erMHI/IeBaH KHCJIOTA IIpU CUJIIbHOM HArp€BaHWU pa3jiaracTcs Ha OKCUJ KPEMHUSA U BOLY.
Cunukatel HaTpus U KaJId paCTBOPHUMBI B BOAC, CUJIMKATHI JPYTUX MCTAJJIOB — HCPACTBOPUMBI.

CBoiicTBa cOeIMHEHHUH 0JI0BA H CBHHIIA

I'mapoxcuabl 0J0Ba M CBHHIEA HWMEIOT aMQoOTepHble CBOWCTBa. IIpm 3TOM B creneHH
OKMCIIeHHs +2 B TUAPOKCHUIAX Mpeo01aJjatoT OCHOBHbBIE CBOWCTBA, @ B CTENIEHU OKUCIIECHUS +4 —
KHCJIOTHBIE.

SnCl, + 2NaOH — Sn(OH),| + 2NaCl
Sn(OH),| + 2HCI — SnCl, + 2H,0

Sn(OH),| + 2NaOH — Na,[Sn(OH),]

SnCls + 4NH,OH — H,SnOs| + 4NH.CI + H,O
H,Sn0O;| + 2NaOH + H,O — Na,[Sn(OH);]
H,Sn0O;| + 4HCl — SnCl4 + 3H,O

CoenuneHus Sn’>' HMeEOT BOCCTAHOBUTEIbHbIE CBOMCTBA, a coeluHEeHUs Pb*
OKHUCJIUTEIILHEIE:

Sl’lClz + 2F6C13 — 2FCC12 + Sl’lCl4
Pb02 + 4HC1 g PbClz + ClzT + ZHQO
KoHTponbHbIE BONIPOCHI
1. Kakue cTeneHu OKUCIEHUS XapaKTepHbl Ui 31eMeHToB [V A-rpynmnsi?
2. TlpuBenuTe ypaBHEHHE PEAKLIMU MOIYUYEHUS alleTHIIeHa U3 KapOua KajabIHsl.
XuMmus 3J1eMeHTOB VA rpynnsl
DieMeHTHl VA TPYIIBI HMEIOT 2JIEKTPOHHYIO (popMyity ns’np’. A30T, pocdop U MBIIbIK
ABIISIIOTCSI HEMETAUIaMH, BHCMYT M CypbMa HMEIOT MeTa/uTMdeckue cBoiicTBa. Hambonee
XapakTepHble cTeneHu okucienus: +5, +3, 0, -3. Oxcuapl 3,05 UMEIOT KUCIOTHBIE CBOMCTBA,
cBoiicTBa OKcua0B I,0; : kucinoTHble — 11 N u P, amdoTepHsie — anst As u Sb, OCHOBHBIE — 1Is1
Bi.
CBoiicTBa a30Ta U ero coelMHEHN I
A30T HaxoAMTCs B NpUpPOAE B CBOOOJHOM cocTosiHMM B BHAe N, (78% armocdepsl).
Cpsi3aHHBI a30T HAKaIJIMBA€TCS B PACTUTEILHOM U XUBOTHOM MHpE — B OpraHu3Max
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KHUBOTHBIX, Hampumep, oT 1 no 10% a3zora. Bce BaxHeilne 4acTu KJIETOK IOCTPOEHBI U3
OeJIKOBBIX BelllecTB. be3 Oelka HET sKU3HU, a 0e3 a30Ta HET OeKa.

B 1OpOoMBIIUIEHHOCTH a30T TOJYYarOT CXXHKEHUEM BO3AyXa, IMpPH IMOCIEIYIOIEM
HarpeBaHUU KOTOPOTO MEpBBIM Hcmapsercs a3oT (twm = -195,8°C) m nummpb mociae Hero —
KUCIOPO (tiun = -183,0°C).

[Tpu 0OBIYHBIX TEMIIEpaTypax a30T XUMUYECKU UHEPTEH, BCIEACTBUE OONBIION MPOUYHOCTH
€ro JBYXaTOMHBIX MOJIEKYJ N, HMEIOIIMX TPOWHYIO CBSi3b. A30T UCHOJIB3YeTCs B
MPOMBIIIJICHHOCTH JJIsl CHHTE3a aMMMaKa M JaJbHEWIIero MOJMY4YeHHsI a30THBIX yIOOpeHHil.
Cunre3 ammuaka uzet rpu 320 — 1000 atm., pu 500-550°C Ha xene3HoM KaTaau3aTtope.

N, + 3H, — 2NH; ; AH = -46,36x/[/M071b

CoenuHeHue a30Ta B CTENICHU OKHUCIEHUS -3 — amMuak NH; — siBisieTcst 6eCIiBETHBIM ra30M
C PEe3KUM 3amaxoM. AMMHAK SJJOBHT, JIerdye BO3yXa, XOPOLIO pacTBOpUM B Boje (B 1 oObeme
Bozibl mipu 20°C pactBopsiercst 710 00beMOB aMMuaka) ¢ 00pa3oBaHUEM THAPOKCHIA aMMOHUS,
KOTOPEIi cunrtaercs cnabsiM ocHoBanueM (K = 1,79x107):

NH; + Hzo — NH; ><HzO > NH4OH — I\IH4Jr +OH"

OcHoBHbIE CBOMCTBa aMMHUaKa MPOSBISIOTCSA U B PEAKIHSIX C KUCIOTaMHU:

NH3 + HC] — NH4C1

AMMUaK “MeeT BOCCTaHOBHUTENbHBIE CBOWCTBA (a30T — B HM3IIEH CTENEHH OKHUCIICHHS),
pearupys ¢ KUCJIOPOJOM JI0 a30Ta IIPU TOPEHUH aMMHUaKa Ha Bo3ayxe win 10 NO B IpUCyTCTBUU
IJIATUHOBOTO KaTtanu3aropa mpu 600°C.

4NH3 + 302 g 2N2 + 6H20

Ptt-Pt.t

4ANH; + 50, 7 77 " 4NO + 6H,0

Hannume y atoma a3oTa B MoOJEKyJle aMMHaka HEMOJEJICHHOM Mapbl 3JIEKTPOHOB
0o0yClaBIMBaeT JOHOPHBIE CBOWCTBA aMMHaKa, OOpa3ylOMIero KOMIUICKCHBIE COCIUHEHUS —
aMMUaKaThl:

CUSO4 + 4NH3 g [CU(NH3)4]SO4

Conu aMMOHMSI TIPU HArpeBaHUM pasararoTcs:

NH4CI — NH; + HCI

NH4N02 — Nz + 2H20

NH4NO; — N,O + 2H,O

B nmocnenneit peakiuu mbl mosrydaem okcup azora (I) — N»,O, HazpiBaeMbldl “Becemnsum’”
ra3oM. DTO Oe3pa3iuyHBbIA OKCHJ, PA3JIaralolIuiicsl MpPU HArpeBaHWU Ha a30T U KHUCIOPOI.
bespaznuunsiM okcugoMm sBhsercs Takke W okcua azora (II) — NO, momydaemslii 1o
CIIETYIOIIUM PEAKIUSIM:

N2+ 0O, — 2NO npu t> 1000°C

3Cll + 8HNO3(p336.) — 3CU(NO3)2 + 2NO + 4H20

Oxkcwup azota (II) — NO, OGecuiBeTHBIN Ta3, SBISAETCS BOCCTAHOBUTEIEM U JIETKO OKUCIISETCS
KHCJIOPOJIOM, Bo3ayxa A0 okcuja azora (IV) — NO,.

2NO + O, — 2NO,

Oxcuna azota (IV) — NO; — ra3 Oyporo 1sera, sa0But. [Ipu oxitaxxaeHnn TuMepu3yercs B
oecuBeTHbIl okcu N2O4. NO, — CUIIBHBIN OKHCIUTENB: Yroyib, cepa, ¢hochop ropsAT B HEM, a
okcun cepel (IV) SO, okucnsercs o oxcuga cepsl (VI) SOs. Oxcupa azora (IV)
B3aMMOJICHCTBYET C BOJOW M IIENOYaMHM, HPOSBISAS KHCIOTHBIE CBoOMcTBa. Ilpm sTom N™
nucnpornopuronupyet Ha N™ u N7

2N02 + HQO — HNO3 + HN02

2N02 + 2NaOH — NaNO3 + NaN02 + Hzo
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Oxcup azora (III) N,Os cymiectByer nuiub npu Hu3kux temneparypax. [pu t=3,5°C kunur
U pazjaraercs:

N203 — NOz + NO

DTOMY OKCHIy COOTBETCTBYeT ciabas aszorucras kuciora HNO, (K=4x10"), koropas
CYIIECTBYET JIMIIb B pa30aBICHHBIX PACTBOPAX U JIETKO pa3iiaraercs:

2HNO; — NO, + NO + H,O

Conu a30THCTOM KHCIOTBI — HHUTPUTBI — YCTOHYMBBI, JUIsI HUX XapaKTE€pHbl Kak
OKHUCJIUTEIbHBIE, TaK U BOCCTAHOBHUTEIbHBIE CBOWCTBA (30T — B MPOMEKYTOYHOH CTEHEHH
OKHUCJICHUS):

2NaNO; + 2KI + 2H,SO4 — I, + 2NO + K,SO4 + Na,SO4 + 2H,0

2KMnO4 + 3HZSO4 + 5NaN02 e 2MHSO4 + NaN03 + KzSO4 + 3H20

Paznoxxenne noguma azora(Ill) mporucxoauT ¢ B3phIBOM:

2NI3 — N2 + 212

I'unpataeiM coenuuenneMm okcuma aszota(V) N.Os sBisercs asotHas kucinora HNO;.
[TonydyeHue a30THOM KHCIIOTBI M €€ COJIEM OCHOBAHO HA CHUHTE3€ AMMHUAKA, €r0 OKUCICHHH 10
NO, oxucinennn NO no NO, u B3aumoneiictBurn NO, ¢ BOAOW B NPUCYTCTBUHM KHCJIOpOAA
BO3JIyXa:

p.t.Fept.Fe
Nz + 3H2 T 2NH3 5
Ftt PL.C

4NH; + 50, 7 "7 7 4NO + 6H,0

2NO + O, — 2NO,

4NO; + O, + 2H,0O — 4HNO;

A30THasi KHUCIIOTa — CHJIbHAsI KUCJIOTA, €€ COJM XOPOILIO PAacTBOPUMBI B BOJE. A30THas
KHCJIOTAa M €€ COJIM — HHUTPAThl — SBIAIOTCS OKUCIUTEISIMU (a30T — B BBICHIEH CTEMEHU
okucieHus). KoHueHTpupoBaHHas a30THas KHUCI0Ta He pearupyer ¢ Au u Pt, maccuBupyer Ha
xononay Fe, Al, Cr, Beigensier NO; ¢ TspkenbiMu MeTtaiuiaMu U NoO — ¢ aKkTUBHBIMU METaJLIaMHU:

Cu + 4HNOj3kom) — Cu(NOs), + 2NO, + 2H,0

4Ca + 10HNO3(K0HH,) — 4C3(NO3)2 + NzO + 5H20

Pas0aBiennas kuciora Beimensser NO ¢ TsDKeIbIMH MeTaulaMd U N, — ¢ aKTUBHBIMH
MeTa/UlaMHi, OYE€Hb pa30aBlieHHas KHCIIOTa BBIAEISET C aKTUBHBIMU MeTauiamu  NH; wim
NH4NO;

3CL1 + 8HNO3 (pas6.) —> 3CU(NO3)2 + 2NO + 4H20

4Ca + 10HNO3 (ou.pas6.) —> 4C&(NO3)2 + NH4NO3 + 3H20

ABOTHasI KUCJIOTa OKUCIISIET TIPH HarpeBaHWW HEKoTopble HemeTasunl (S, P, C), mpu stoM
KOHIIEHTPUPOBaHHAs KucioTa oopaszyeT NO,, a pazdasnenHas kucinora — NO.

6HNO; (xom) + S — 6NO, + H,SO4 + 2H,0
5HNO3 (pasb.) + 3P + 2H20 — 5NO + 3H3PO4

Hutpatel paznaratorcs npu HarpeBaHuu. CocTaB MPOJYKTOB 3aBUCHUT OT IOJIOKECHHS
MeTaJJla COJM B psay HampspkeHuil. [Ipu paznoskeHWu HUTPATOB METAIOB, CTOSIIUX B 3TOM
psdy JeBee Maruusi, 00pa3yroTcs HUTPUTHI U KUCIOPO, CTOSIIMX OT MarHus 10 MEAU — OKCUIbI
MeTayuioB, okcua azora (IV) u Kucmopoa, CTOAMMX MOClie MEAU — CBOOOTHBIC METAIIIBbI, OKCH/T
azota (IV) u kucnopo:

rt
2KNO; 77 2KNO; + O,
tt
2CU(NO3)2 - 2CuO + 4N02 + Oz
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-t
2AgNO; 77 2Ag + 2NO, + O,
COHI/I a3OTHOI\/JI KHCJIOTHI (CCJII/IprI) " COJIM aMMOHUS ABJIAKOTCA HCHHBIMU MI/IHepaJIBHbIMI/I
yI0OpEHUSIMH.

CaoiicTBa (pocdopa u ero coequHeHNH

dochop — cocTaBHAs YACTh PACTUTEIBHBIX U JKUBOTHBIX O€NkoB. Y pacteHuid ¢docdop
COCpPEIOTOUEH B CEMEHAaX, y XUBOTHBIX — B HEPBHOW TKaHHW, MBIIIIAX, ckeinere. Opranusm
YeJnoBeKa cofepkut okosio 1,5 kr docdopa: 1,4 xr — B koctax, 130 T — B mpimmax u 13 v B
HEpBHOW TKaHU. B mpupone ¢gocdop HaxomuTcs B CBI3aHHOM BHJE. BakHeillne MUHEpabI:
anatut Cas(PO4);F u dpocdoputr Cas(PO,),. Dochop MoxkeT ObITh MOTYyUEeH HAarpeBaHUEM CMECH
dbocdopuTa, yris u necka B CelMaIbHON MEYH:

trt

Ca;(PO,), + 5C + 3Si0, ™ 2P + 3CaSiO; + 5CO

®ocdop o0pa3yeT HECKOIBKO AJUIOTPONHBIX MOIU(UKAIMA: Oeblil, KpaCHBIA U YEpHBIN
dbochop. Hambomee axtuBeH Oenbiii ¢Gocdop, MOJEKyIspHAsS KPUCTALIMYECKAsl peIlIeTKa
KOTOPOrO TIOCTPOEHAa W3 TETpadJApuueckux Mmojekya Pi @ocdop wucnomb3yercs mpu
npou3BoACTBe GochopopraHnueckux mnectuiuaoB (tTuodoca, xkapdbodoca, xmopodoca u mp.).
KpacHsiii hocdop, nMeronmii aTOMHYIO PEIIETKY, HCIIONIb3YETCs B CIUYEUYHOM ITPOU3BOJICTBE.

®dochop B crenmeHH OKHUCIEHHUS -3 00pa3yeT BoaoponaHoe coemuHenune ¢ochun PHs,

aHAJIOTUYHOE aMMHAKy. JTa CTENEeHb OKHCIICHUS MEHee xapakTepHa Uit docdopa, 4em s
azota. @ochuH — SAOBHUTHIA Ta3 ¢ YECHOYHBIM 3alaXxOM, MOXET OBITh MojydeH u3 docduaa
[IUHKA JEHCTBUEM KUCIIOT WU BOJIBI:

Zn;P, + 6HCl — 2PH; + 3ZnCl,

OcHoBHbIe CBOHCTBa pocduHa cnabee, 4eM y aMMHUaKa:

PH; + HCl — PH4Cl

Conu gochoHus B BOTHBIX PACTBOPAX HEYCTOMYHBHI:

PH4+ + HzO — PH3 + H3C)+

@dochuH MMeeT BOCCTAHOBUTEIBHBIE CBOWMCTBA (HU3IIAs CTENEHb OKHCcIeHus (ocdopa),
TOPHT Ha BO3IyXeE:

2PH; + 40, — P,Os + 3H,O

docdua MMHKA UCTIOIB3YETCS B KAUECTBE 3001H1a JJIs1 O0PHOBI C TPHI3YHAMH.

Oxcun docdopa (IIT) P,Os (umu P4Os) 06pazyercs npu okucineHnu pocdopa B HeTOCTATKE
KHCJIOPOJIa U MPEJCTaBIsET COO0M 0e10e KPUCTAUTHYECKOEe BEIIeCTBO, MaBsmeecs npu 23,8°C.
DTOT KUCIOTHBIN OKCH]I B3aUMOJICHCTBYET C BOJIOH, 00pa3yst GocPOopUCTyIO KHCIOTY:

P203 + 3H20 — H3PO3

docdopucras KHCIOTa B BOJHBIX PACTBOPAX CYIIECTBYET B BHJE IBYX PaBHOBECHBIX
TayTOMEPHBIX hopMax:

H—O H—O

O
P XH H—O P \

[Tox nelicTBHeM wienouYel paBHOBECUE CIIBUTAETCS BIIEBO, Npu AeiicTBuu cnuptoB ROH —
BrpaBo. [loaToMy docdopucras KuciaoTa SBISETCS CIa00W JBYXOCHOBHOW KHCIIOTOM,
oOpasyromie npu aeicTBuM 1menodeld, Hanpumep NaOH, xucnyro cons NaH,POs u cpennroro
conb NaHPO:;.

Tpex 3amenieHHbIe HOCPUTHI HE U3BECTHBI.
Oxcun dpochopa(V) P,Os (mmm P4O,) o6pazyercs npu roperuu Gochopa Ha BO3ayxe.
4P + 502 — 2P205
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TBepaoe kpucraummyeckoe BemecTBO P>Os THTpOCKONMMYHO M HCIIONB3YETCs Kak BOJO-
oTHHMaromiee cpeactso. [Ipu B3aumoaeiicTBuu ¢ Bogoi okcua pocdopa(V) odpasyer Ha Xomoay
metadocdopuyto kuciaory HPO;, mmeromyro noiaumMepHOE CTPOCHHE, WM TPU HarpeBaHUU
oprodochopnyro kuciaoty H;POs.

PzOs + Hzo i 2HPO3

tt

P,Os + 3H,0 = 2H;PO,

Ocanok metadocdara cepedbpa AgPO; — OGemoro mBera, ocaaok oprodocdara cepedpa
AgiPO, — xentoro neta. B mpombinuieHHOCTH (POCHOPHYIO KHUCIOTY MOMY4aroT IEHCTBHEM
CEPHOM KUCIOTHI Ha GOCHOPHUT:

Ca3(PO4)2 + 3stO4 — 3C8.SO4 + 2H3PO4

OptodocdopHas KHCIOTa TPEACTABISIET COO0N KPUCTANTUYECKOE BEIECTBO (tn; = 42°C),
pactBopuMoe B Boje. Kak TpexocHOBHast KUCJIOTa CpeAHEN CHUJIbI TUCCOLUHPYET CTYINEeHYaro.
Paznmuuarot cpegnue comu — gocdater (NasPO4) u kucneie conu — ruapodocdarsr (Na,HPO4) u
muruapodocdarsr (NaH,PO,). PactBopumbl B Boge ¢ocdatsl U ruapodochaTsl MIETOYHBIX
MeTaiioB 1 aMMoHUs. Bee nurunpodocdarsl pacTBOPUMBI B BOJE.

MHorue (ocdaTsl HCTIONB3YIOTCS B KauecTBe yaoopenuil: pochoputHas myka Cas(POs),
n nperunurar CaHPO4 (Ha kxucnbix nouBax), cymnepgochar Ca(H,PO4),x2CaSO,, aBoiitHON
cynepdocdar Ca(H,PO,)..
KoHTposibHBIE BOIIPOCHI

1. OxapakTepu3syiTe OCHOBHbIE CBOMCTBA a30THOM KHCIIOTHI.
2. KakoBa Owomormueckass ponb Qochopa? OxapakTepusyilte ero aIOTPOIHEIE
MoaAu(UKAITIH.

Xumus 3j1eMeHToB VIA rpynmsl

VIA rpynmy o0pa3yroT 4eTsipe HeMeTaia: KUCIOpOI, Cepa CeJIeH, TeJLUTyp, Ha3bIBaeMble
XallbKOTeHAMHU , U PAJHOAKTUBHBIN METallJl MOJOHUH. ATOMBI 3JeMeHTOB VIA rpynmsl UMeroT
3IEKTPOHHYI0 (opmyny ns'np. g HMX XapakTepHBI CTENEHHM OKucienus -2, 0, +4, +6. YV
aToMa KHCIIOpOJa OTCYTCTBYIOT 2d-opOuTaiu, Mo3TOMy €ro BaJleHTHOCTh paBHa AByM. Hanndue
d-opOuTasneii y aToMOB JPYTHX 3JIEMEHTOB IMO3BOJISET UM MMETh BAJICHTHOCTH JIBa, YETHIPE HIIH
IECTb.

XuMusi KUCJIOPOAA U ero coenHeHui

Kucnopon — camslil pacnipoCTpaHEHHBIN 3JIEMEHT, Ha ero Aot npuxoautcs 47,2% mno
Macce Jutocdepsl U atMochepsl BMecTe B3sAThIX. KHUCIIOpo ] B3anMOACHCTBYET C OOIBITHHCTBOM
XUMUYECKUX  DJIEMEHTOB. benku, OKUpbl M  yIIEBOAbl  SIBIAIOTCS  OPraHMYECKUMU
KHCIIOPOJIOCO/IepKaUMK  BemecTBaMu. Kak JKMBOTHBIE, TaK M PACTCHHsS] TPU JbIXaHUH
MOTJIOUIAIOT aTMOC(EpHBIN Kucnopoa. TemaoKkpoBHBIE KUBOTHBIE MOTHOAIOT 0€3 KUCIOpoJa B
TEUEHUU HECKONBKUX MUHYT. C ydacTheM KHCIIOPOJa HAET MUHEPAIH3aAIUsl PACTUTEIbHBIX WU
KHUBOTHBIX ocTaTkoB B mouBe 10 NH;, CO, u H,O. be3 aspanuu mouBa He MOXKeT OBITh
IJIOAOPOHOM.

Kucnopon npexacrapnsier coboit raz 6e3 1sera, 6e3 Bkyca, 6e3 3amaxa. Kucnopon moxer
OBITh TOJTYYCH MPHU CKWKCHHH W PA3JICICHUH BO3IyXa. B J1abopaTopuu KUCIOPO MOJYYArOT
pa3ioKeHHeM MepMaHTraHaTa Kaius UITU pa3liosKeHHuEeM XJiopaTa Kanus — 0epTolIeTOBOM COH:
tt
2KMHO4 - KzMnO4 + Mn02 + Oz
tt-

2KClO; 77 2KC1 + 30,

N3BecTHBI J1Be aioTponuveckue Moaudukaruu kuciaopoaa: kuciaopon O, um o30H Os.
O30H MOXeT OBITh TOJNYyYeH W3 KHCIOpPOJAa TOJ ICHCTBHEM JJICKTPUUYECKOTO paspsijia WId
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yIBTPa(UOIETOBOTO U3ITyYCHHS:
RV RV
30, 777205
O30H — CWJIbHBI OKHCIIUTENb. €r0 aKTHUBHOCTh OOYCIIOBJIEHA PACMaJOM €ro MOJIEKYJ C
o0pa3oBaHMEM AaTOMapHOIO KHCIOpOJa, KOTOpbI Ooyiee aKTUBEH, 4YeM MOJICKYJISApPHBIN
kuciopon: O; — O, + O’

MonekyaspHbIi KHCIOPOJ (CTENEeHb OKUCICHUS pPaBHA HYJIO) SBISAETCS AKTUBHBIM
okuciureneMm. Kucnopon B Hu3lIel cTerneHn OKUCIEeHUs: -2 (B OKCHIAX, B BOJE) OKHCIIUTEIEM
OBITH HE MOXeT. B mpoMexyTouHOM cTeneHn oKuCIeHus -1, HampuMep, B IEPOKCUAE BOAOPO/a,
KHCIIOPOJT MOXET HUMETh KaK OKHCJIHUTENIbHbIe, TaK U BOCCTAaHOBHUTEIbHBbIE cBoMcTBa. C
CWIBHBIMM OKHUCIUTEISIMUA MEPOKCHJ BOJOPOAA IPOSBISAET BOCCTAHOBUTEIIBHBIE CBOMCTBA,
OKHUCIISISICH 110 Kuciopoaa O,.

2KMI’IO4 + 3HQSO4 + 5H202 — 502 + 2Ml’lSO4 + KzSO4 + 8H20

C CUIBHBIMM BOCCTAaHOBHUTEIISIMH INEPOKCHUJ BOAOpOJa MPOABIIACT OKHUCIUTCIBHBIC
CBOICTBA. KI/ICJ'IOpO,Z[ IIpHU 5TOM BOCCTAHABJIMUBACTCA 10 CTCTICHU OKHUCJIICHUA -2.

2KI + HzSO4 + HzOz g Iz + KzSO4 + 2H20

HCpOKCI/IIl BOOOpPOaa MOXKET OBLITH TIOJIYUCH HeﬁCTBHCM KHCJIOT Ha ICPOKCUABI MCTAJIJIOB:

B302 + HzSO4 —> BaSO4 + HzOz

OxucnureabHas AKTUBHOCTbH Nnepoxkcuaa BOOOpOaa, 06YCJ'IaBJ'II/IBaIOH_IaH €ro
o0e33apaXuBaoIINe CBOWCTBA, CBsi3aHa C OOpa30BaHMEM B MOMEHT BBIJICIICHUS aTOMAapHOTO
KHCJIOpOJia:

H202 — HZO + O

Xumus cepol U ee CoeAUHEHU N

B npupone cepa BcTpeuyaeTcsi B CaMOpPOJIHOM COCTOSIHUM M B BUJIE MUHEPAJIOB, TAKUX Kak
nuput FeS,, mupabunut Na,SO4x10H,O, runc CaSO,x2H,0O, u ap. Cepa BXOOUT B COCTaB
0enKoB pacTeHU U KUBOTHBIX. llpu pasnmoskeHuu (THHUEHMM) Msica, pbIObI, SUI] BBLAENSETCS
cepoonopoa  H.S, wumerommii HenpusaTHeld 3anax. CoeAuHEHHs, COAEpXKallue Cepy,
o0yclaBIMBalOT TOPHKUN BKYyC JyKa, YeCHOKAa, XpeHa. DJIEMEHTapHas cepa He TOKCHYHa s
YeJoBeKa, HO uMeeT (YHIHIMHbIE CBOMCTBA. B MPOMBIIIJIEHHOCTH Cepy MOJIy4YaloT OYUCTKOM,
MEPETOHKOM CaMOPOJIHOM Cephbl U MPU Pa3JI0KEHUN TUPUTA:

FeS, — FeS + S

Uucras cepa — XpyIKOe KpHCTaJUIMYECKOEe BellecTBO »kenToro IBera. Cepa wumeer
HECKOJIbKO  QJJIOTPONHMYECKUX  MOJU(HUKAIMHA:  pOMOOdIPUYECKYIO,  MPU3MATHUYECKYIO,
MJIACTHYECKYI0. AJUIOTpONHsST Ccepbl OOYyCJIOBIIEHA PAa3IUYHOW CTPYKTYpOH KPHCTAJUIOB,
IIOCTPOECHHBIX U3 BOCBMHUATOMHBIX MOJIEKYJ Sg. B pacmuiaBe cepsl CylIECTBYIOT MOJIEKYJIBI Sg, Se,
B Mapax cepbl — MOJIEKYJBI Se, S4, S». Cepa sBHsSETCS TUNUYHBIM HeMeTaiioM. OHa pearupyer ¢
MeTaJlJIaMU, MPOSIBJISISI OKUCIUTENBHbBIE CBOMCTBA!

Hg+S — HgS

Pearupyss ¢ Oojee aKTHBHBIMH HEMETaJUIaMU Cepa MpPOSBISIET BOCCTAaHOBHUTEJbHbIC
CBOMCTBA, HAI[pUMEP, Cepa FOPUT:

S+ 02 — SOz

B Husmel cTteneHu OKHCIEHHUS -2 cepa o0Opa3yeT COEIUWHEHHS C BOJOPOIAOM —
cepoBoopoa H,S u ¢ Metamnamu — cynbdun Hatpust Na,S u ap.

CepoBozioposi — OecLBETHBIM ra3 ¢ HENpHUATHBIM 3amaxoM. B BoaHbIx pacTBOpax (c
KoHueHTpauueilt menee 0,1M) Bener ceds kak cinabasi IBYXOCHOBHAsS KUCIIOTA:

H,S < H" + HS K, = 6x10*

HS & H"+S* K, = 1x10"

CepoBoZi0pOJT UMEET BOCCTAHOBHUTENbHBIE CcBoOWcTBa. Ha BO3myxe Tropur, OKUCISSACH 0
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okcupa cepsl (IV):

2H,S + 30, — 250, + 2H,0

[Tpu Henocratke kucmopoaa H,S okucnsieTcs 10 CBOOOIHOM cephl:

2H,S + O, — 2S + 2H,0

MHuorue okucnuTenu (MEpMaHTaHAT KaJIWs, JTUXPOMAT Kallus, XJOp, a30THAs KHUCIOTa U
Jp.) OKHUCIISIIOT CEPOBOAOPO/] 10 CBOOOIHOM Cephl:

2KMnO; + 3H,S0, + 5SH,S — 2MnS0O, + 5S + K,SO4 + 8H,0

Cynb(ubl TSHKETBIX METAJIOB MAJIOPACTBOPUMBI B BOJIE U UMEIOT XapaKTePHbIE OKPACKHU:
ZnS — 6enbrit, MnS — po3oBsrii, CdS — xenTsrii, Sb,S; — opamxkeBsiid, SnS — kopuaHeBsid, CuS —
YEePHBIH.

B crenenu okucienuss +4 cepa obpasyer okcun SO,, cepructyro kuciory H.SOs;, u

COOTBETCTBYIOIIHME €l COU — CyJIbPUTHI, HanpuMmep cyibdut HaTpust Na,SO;. Oxcun cepoi (IV)
SO, (cepHUCTHI ra3) Moyy4aroT B MPOMBIIUIEHHOCTH IIPU TOPEHUU CEPhI U 00XKUTE MTUPUTA!

S + 02 — SOz

4FeS; + 110, — 2Fe,0; + 8SO,

B nma6oparopun SO, nmomy4arot 1eHCTBUEM COJISTHON KUCIOTHI Ha CYJIb(MUT HATPHUS:

Na,SO; + 2HCl — 2NaCl + H,O + SO,

IIpu pactBopenun SO, B Boje oOpasyercs ciabasi ABYXOCHOBHAsi CEpHHUCTas KUCIIOTa
HQSO3Z

SOz + HzO — HzSO3

H,SO; <> H"+ HSO; K, =2x107

HSO; < H" + SOs* K, =6x10*

Coenuuenus cepbl B 3TOM MPOMEKYTOYHOM CTENEHH OKUCIEHUS MOTYT HMMETh Kak
OKHUCJIUTENbHBIC, TAK U BOCCTAHOBUTEIIbHBIE CBOMCTBA:

H,SOs; + 2H,S — 3S + 3H,0

HQSO3 + Clz + HzO had HzSO4 + 2HC1

[Ipu okucnennn oxkcuna cepsl (IV) kuciaopoaom B npucyrctBun karanuzatopa (Pt, V,0s
unu NO) o6pazyercst okcup cepsl (VI) SOs. PactBopenne SO; B Bojie TPUBOJUT K 00pa30BaHUIO
cepHoii kuciotel H>SOs.

2802 + Oz — 2SO3

SO3 + HzO g HZSO4

Cepnas kucloTa — TsDKenasi, OecBeTHasi, MacCISIHUCTasA >KUIKOCTh. KoHIeHTprupoBaHHAs
98% H,SO, umeer miotHocts 1,84 r/cm’. 100% H,SO, HasbiBaeTcss MOHOTWapar. PactBop
cepHoro anrugpuga SOs; B moHoruapare HazbiBaeTcsi ojieyM H.SO4xSO; = H,S,0;. Cepnas
KHCJIOTa CHJIbHAS IByXOCHOBHAsI KUCJIOTa, o0pasytomias cpeaaue conu — cyiabdarsl (Na,SO4) u
kucible conu — ruapocyibdarel (NaHSO,). CepHas KuCIOTa SHEPTHYHO pearupyer ¢ BOJOM,
o0pasyst ruaparbl. OHa MOTJIOMIAET Mapbl BOJBI M3 BO3AyXa, OTHUMAET BOJIY OT YIJIEBOJIOB
(caxapa, KJIeT4aTKH) OOYTIIMBAs UX:

H2SOy4 xouny) + H2O — HaSO4xH,O + Q

[Ipun pa3baBieHUH KOHIIEHTPUPOBAHHOM CEPHOM KHCIOTHl HENb3s HAIMBAaTh BOAY B
KHCJIOTY, MOXHO OCTOPOHO HAJIUBAaTh KUCIIOTY B BOLY.

CepHas kucjoTa sBISETCS OKuciuTeraeM. Pa3z0aBieHHas cepHas KUCIOTa pearupyer C
METaJUIaMH, CTOSIIIMMH B DSy HANpsDKEHUS J0 BOJIOpOJA, OOpa3yeT COJIM U BBITECHSET
BOJIOPO/I.

Fe + HzSO4 (pas6.) — FGSO4 + Hz
Cu + H,S0s pass) #

76



KoHueHnTpupoBaHHas KHCIOTa pearupyer ¢ OOJBIIMHCTBOM MeTauioB (kpome Pt u Au) ¢
00pa3oBaHUEM COJIEM M BBIIEIECHUEM MPOAYKTOB BoccTaHoBiaeHus S okcuma cepol (IV) — ¢
TSOKEIBIMU MeTalllaMH, Cepbl — C aKTUBHBIMH METaNIaMH, CEPOBOJOPOJAa — C HICTOYHBIMHU U
IIEJIOYHO3EMENIBHBIME ~ MeTalaMi. KOHIIEHTpHpOBaHHAsh CcepHas KUCJIOTa HA  XOJIOAY
MMACCUBUPYET KEJE30, ATFOMUHHUI U XPOM.

Cu + 2H>SO4 ko) — CuSO4 + SO, + 2H,O

37Zn + 4HQSO4 (kom1.) 3ZHSO4 +S+ 4H20

4Ca + 5H2804 (koHi.) —> 4CaSO4 + HzS + 4H20

KonuentpupoBanHas cepHasi KMCJIOTa OKUCISET U HEKOTOPbIE HEMETaJUIbI:

2H,SO,+S — 3S0O; + 2H,0

2stO4 + C i 2802 + COz + 2H20
KonTponbHbie Bonpockl

1. OxapaxkTepu3yiTe OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA IEPOKCHUIA BOAOPOA.
2. IlpuBenuTe OCHOBHBIE XUMUYECKHUE CBOMCTBA CEPHON KHUCIIOTBHI.

Xumus 3j1eMmenToB VIIA rpynnsi

AToMBI rajoreHoB, obpaszywommx VIIA rpynmy, UMEIOT 3JIEKTPOHHYIO KOH(PHUTYpaIUio
ns’np’. Bce ranoreHsl SBISIOTCS AKTMBHBIMU HEMETAJUIAMM, OKUCIMTENAMH. VX aKTMBHOCTH
yMmenbmaercs B psagy F > Cl > Br > [ > At. XapakrepHbie CTEIIEHH OKHCIICHUS TaJloTeHOoB: -1, 0,
+1, +3, +5, +7. Omnako y ¢ropa, Hambojee aKTUBHOTO HEMETaUla, €CTh JIMIIb CTEICHH
okucienns -1 u 0. Dnexrponnas Gpopmyna atoma Bogopoaa 1s'. C rajorenamu ero o0beIUuHIET
CIIOCOOHOCTh TIPUHUMATH OJIUH JIEKTPOH U 00Pa30BBIBATH CTAOMIBHYIO MJICKTPOHHYIO 000I0UYKY
1s%. [TosTOMy 49acTo BOZOPOJ PACIONAaraloT BMecTe ¢ rajgoreHamu B VIIA rpymme.

XuMusi BOIOPO/IA M €ro CoeTUHEeHU I

Bogopon 3anumaer oco0oe MOJOKEHUE CPEeAd JPYTUX DIEMEHTOB IEPUOAUYECKOM
cucrembl. [1omoOHO aToMaM IIETOYHBIX METAUIOB aTOM BOJOPOJAa CIIOCOOCH OTAaBaTh OJUH
AJIEKTPOH, TPOSBISS BOCCTAHOBUTENBHBIE CBONCTBAa, W OOpPa30BBIBATH MOJOKHUTEIHHO
3apsokeHHBIN MOH. [10100HO ranorenaM, BOAOPO MOXKET MPOSIBIISITh U OKUCIIUTEIHHBIE CBOMCTBA
1 00pa3oBbIBaTh TUApPUIBI, Hampumep, NaH, cxoaHble ¢ COOTBETCTBYIOIIMMHU TaJOr€HUIAMHU.
Bonopon, momoOHO ramoreHam, oOpasyeT aByxaromHble MoJekyinbl H,. B opranmdeckmx
COCIMHECHMSIX aTOMBI TaJIOT€HOB MOTYT 3ameniath arombl Bogopona: CHs — CH;Cl — CH.CL u
T.4. OTCYTCTBHE BHYTPCHHHX 3JIEKTPOHHBIX O0OJIOUEK y aToMa BOJOPOAa OOYCIIaBIMBAET €ro
CHOCOOHOCTH K 00pa30BaHUIO BOJIOPOIHBIX CBA3CH.

B npowmbliiiieHHOCTH BOJOPO/ MOMY4Yal0T KOHBEPCHUEW MPUPOTHOTO ra3a B MPUCYTCTBUU
Karanusatopa npu remneparype 800-900°C:

2CH4 + 2H20 + Oz — 6H2 + 2C02

B nabopatopuu Bogopon MOIy4aroT IEHCTBHUEM COJITHOM KHUCIIOTHI Ha IIMHK B ammapare
Kumnna:

Zn + 2HCI — ZnCl, + H,

Bonopon npencrasisier co0oii erkuii ra3 6e3 1usera, 6e3 3anaxa. Bogopoa pactBopsieTcs
B HEKOTOPBIX METaJuIax: B OJJHOM oObeMe naaaus pactBopsercs 900 o0beMoB Bogopoa.
OKHCIUTENBHBIE CBOMCTBA BOJOPOJ MPOSBIAET MPU B3aUMOJCHCTBUU C AKTUBHBIMU

MeTaJlJIaMHi ¢ 00pa30BaHUEM HOHHBIX COJICOOPA3HBIX TUIPUJIOB:

H, +2Li — 2LiH

BoccTranoButenbHbIe CBOMCTBA BOAOPOI MPOSBIISET NMPU B3aUMOICHCTBUU C HEMETaNIaMU:

Hz + Clz — ZHCI

3H2 + Nz g 2NH3

CMmech BOJOpoZa M KUCIOpOAA 3aropaercsi CO B3PBIBOM, YHUCTBIM BOJOPOA TOPUT
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0€33By4HO.
2H2 + Oz g 2H20
['unpuapl aKTUBHBIX METAJIJIOB Pa3JiaraloTcs MpU JEHCTBUU BOJBI UM KUCIIOT:
NaH + H,O — NaOH + H,
CaH, + 2HCI — CaCl, + 2H,
Xumus ¢propa u ero coexuHeHu

@rop sBusiercs HanOojiee AKTUBHBIM HEMETAJUIOM, CWIBHBIM oOKuciutenemM. drtop —
3eJICHOBATO-KEThI ra3 ¢ pe3kuM 3amaxoM. B atmocdepe (ropa ropst MHOTHE METaIbl U
HEMETAIBl C 00pa30oBaHMEM COOTBETCTBYIOIIMX (TopumoB. DPTOp B3aUMOJCHCTBYEeT C
BOJIOPOJIOM C B3PHIBOM B TEMHOTE U MPU HU3KHUX TeMIlepaTypax:

F, + H, — 2HF

dTOp B3aMMOACHCTBYET C BOJIOM:
2F, + 2H,0 — 4HF + O,

@DTOp BHITECHSET XJIOP U3 XJIOPUIOB:
F, + 2NaCl — 2NaF + Cl,

dTopoBogopoHas (IJIaBUKOBas) KUCIIOTa SBIsSETCA ciaabod kucimoTo. Mosekynsr HF
CBSI3aHBI JIPYT C PYTOM BOJIOPOJHBIMU CBSI3sIMHU, 00pa3ys Mosekyisl H,F,, rae n=2-6, mostomy
IUTABUKOBAs KUCIOTa MOXKET 00pa30BbIBaTh Kucible conu, Harpumep, KHF,. ®dTopoBogoponnas
KHCJIOTA $/TOBUTA, BBI3BIBAECT OXKOTU KOKU. [[1aBUKOBast KUCI0Ta pa3pylIaeT CTEKIIO, pearupys ¢
okcunom kpemuus (IV) ¢ oopazoBanuem razooopasnoro SiFs:

4HF + SIOZ g SlF4 + 2H20
XuMus XJI0pa U ero coeJMHeHu i

B mnpupone xmop HaxoauTCs B BHJE XJOPHUIOB. B IPOMBIIUIEHHOCTH XJIOP IOJIy4arOT
BMECTE C BOJOPOAOM M TMAPOKCHUIOM HATPHs IIPU DJICKTPOJIU3E BOAHOIO PACTBOpPA XJIOpUAA
HaTpus:

2NaCl + 2H,O H; + Cl, + 2NaOH

B naGoparopum XJOp TONydYalOT TIPH B3aWMOJCWCTBHM IepMaHTaHaTa Kalusi C
KOHIIEHTPUPOBAHHOM COJITHOM KHUCIIOTOM:

2KMnO4 + 16HCI — 2KCI + 2MnCl, + 5CI, + 8H,O

XJ0p — TSKEINbI ra3 KeNTo-3eJeHOro [BeTa ¢ pe3KuM 3amnaxoM. PacTtBop nsatu o0beMOB
XJiopa B OJHOM OOBEME BOABI HA3bIBAIOT XJIOPHOW BOAOH. AKTHUBHBIM OKHCIHTENH XJIOP
B3aMMOJICHCTBYET C BOJIOPOAOM Ha CBETY:

RV RV

Cl,+H, — " 2HCI

X70poBOIOPOJT — OECHBETHBIM ra3z ¢ Pe3KUM 3araxoM, XOpOIIO pacTBOPUM B Boje: B 1
oovreme Boawsl mpu 0°C pactBopsiercs Oonee 500 ob6vemoB xyopoBogopona. PactBop
XJIOPOBOJIOPOZA B BOJE HA3bIBAIOT XJIOPOBOAOPOJHOW COJISIHOM KHCIOTOH. OJTO CHIIbHAs
KHCIIOTa, €€ COJIM — XJIOPHU/IbI.

I[Ipu  B3aumopeiicTBMM  XjJopa €  BOAOW M MIEJNOYaMH  IPOUCXOAMT
JUCTIPONOPLMOHUPOBAHUE  XJIOpA, MW  Hapaay C  COJISHOM  KHCIOTOM  oOpasyrorcs
KHCIIOPOIOCOJAEPIKAIIME KMCIOTHI XJI0pa WM UX COOTBETCTBYIOLINE COJIN:

Cl, + H,O — HCI + HCIO

2C12 + 2C3(OH)2 — C&Clz + Ca(CIO)z + 2H20

Cwmech xnopuna u runoxyopura kaneius (CaCl, + Ca(ClO),) Ha3bIBalOT XJIOPHOW WM
OenMIBHON M3BECTHIO. XJop B KoiamuectBe 1,5 © Ha IM® BOABI MCHOJNB3YETCS IS

o0Oe33apaxuBanus Bojabl. OOpasyromasics mnpu d3TOM  XJopHOBatucTas kuciota HCIO
pasznaraercsi ¢ obpazoBanuem aromapsoro kuciopoaa (HCIO — HCI + O), koTopslii, SBISsACH
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aKTHBHBIM OKHCJIMTEJIEM, YOMBAaeT MHUKPOOBI, 00ECIIBEUNBACT KPACKHU H T.JI.

B psany xucnopomocomepxkammx kucior xiopa: HCIO, HCIO,, HCIO;, HCIO, c
YBEJIMUCHUEM CTETICHU OKUCIICHHUS XJIOpa PACTET CUJIa KUCIIOT, @ UX OKHCIUTEIIbHAS aKTHBHOCTh
YMEHBIIAETCSI.

Xumusi 6poMa, 102 M UX COeTUHEHUH

B mpupone 6pom m won Haxonsarcs B Buue cosier (NaBr, Nal m mp.). x momyuarot
NEMCTBUEM XJIOpa Ha PacTBOPBI ATUX COJIEH:

2NaBr + Cl, — 2NaCl + Br,

2Nal + C12 — 2NaCl + Iz

Ecmum xmop — ra3, To OpoM — TeMHO-Oypasl >KUIKOCTb C PE3KUM 3allaxoM, a HOJ —
KPUCTANINYECKOE BEIIECTBO TEMHOro IBera. l3meHeHue (pa30BOro COCTOSHUS TajJOreHOB
O0YyCJIOBJIEHO  YBEJIMYCHMEM  MEXMOJIEKYJSIPHOIO  JUCIEPCHOHHOIO  B3aUMOJIECHCTBUI,
CBA3aHHOI'O C YBEJIMYEHUEM pPa3MEpPOB U IOJIPU3YEMOCTH MOJIEKYJ FaJIOT€HOB B POy XJIOp —
OpoM — HojI.

bpoM u nox B3auMOAECUCTBYIOT CO MHOTUMHU METAJLIIaMU:

2Al+ 3Br, — 2AIBr;

2A1+ 31, — 2All;

OxucnutenpHass CHOCOOHOCTh TaJIOTEHOB yMeHbIIaeTcss oT @ropa kK wuoxy. Tak
B3aMMOJICHiCTBME OpoMa C BOJOPOJOM HJET JHMIIL Tpu Temneparype Oomnee 300°C, a
B3aMMOJICIICTBUE HOA C BOAOPOJOM HE UJET J0 KOHIA U SIBJIIETCS 00paTUMbIM IPOIIECCOM:

rt
Brz + Hz - 2HBr
Iz + Hz <> 2HI

PactBOopbl OpOMOBO/IOpOAAa M HOJOBOJOPOJAa B BOJE SIBISIFOTCS CUIBHBIMU KHUCJIOTaMHU.
Cuna xucnmor pacrer B psaxy HCl — HBr — HI B cBs3u ¢ yBenndyeHueM pasmMepoB U
nossipuzyemMocteit 3Tux Moisiekyd. Conu 3THX KuciaoT (OpoMHABI M HOIUABI) XOPOIIO
pacTBOpUMBI B BoJie. JIMIIb ranoreHuibl cepedpa MaJopacTBOPUMEBI B BOJIE.

AgNO; + NaBr — AgBr| + NaNO;

AgNO; + Nal — Agl| + NaNO;

bpom u uoxg Xopomo pacTBOPUMBI B OPraHUYECKUX PACTBOPUTENISIX U MOTYT OBITh
OKCTpAarMpoBaHbl HWMH W3 BOJHBIX pacTBOpoB. PactBop Opoma B TolyoJe WIH
YETBIPEXXJIOPUCTOM YTJIEPOJIC OPAHXKEBBIM, PacTBOp Moja — (¢uoseToBblil. C KpaxmMajaoMm KO
JaeT TEMHO-CHUHEE OKpPAIIMBAaHUE, MCUE3AIOLIee NIPU HAarpeBaHUMU U MOSBIAIOLIEECS BHOBb NpU
oXJIaXKJeHNH. BoccTaHOBUTENbHBIE CBOMCTBA T'aJOT€HUA-UOHOB yBenuuuBatoTcs B pany Cl —
Br — I' u nonua-uoH sABISETCS CUIBHBIM BOCCTAHOBUTEIIEM.

10KI + 8H,SO4 + 2KMnO4 — 51, + 2MnSO4 + 6K,SO4 + 8H,O
KoHTponbHbIE BOIIPOCH

1. Kak momy4aroT BOAOPO/ B MPOMBIIIJIEHHOCTH U B JIA0OpaTOPHH?
2. Kaxkas kucnora ciocobHa paspymarts crekno? [IpuBenuTe ypaBHEHHE peaKLIUu.
3. Kak uamensercs cwia kuciot B psagy HCl — HBr — HI? [Touemy?

Xumuga d-3j1ieMeHTOB

B aromax d-snemeHTOB (HEpEXOMHBIX DJJIEMEHTOB) 3amoOJHSAETCA dJeKTpoHamu d-
MOIypOBEHb TMpEABHEIIHEro ypoBHs. Ha BHemrHeM ypoBHE aTombl d-DIEMEHTOB WMEIOT, Kak
NPaBUJIO, JIBa S-AJIEKTPOHA. BIM30CTh CTPOCHWS BAJCHTHBIX YPOBHEH aTOMOB TEPEXOIHBIX
9JICMCHTOB OIPCACTIACT UX 06H_II/IG cBolicTBa. Bce oHU ABIAIOTCSA MCTaJllLIaMHU, UMCIOT BBICOKYIO
MPOYHOCTh, TBEPAOCTh, BBICOKYIO OJJIEKTPO- M TEIUIONPOBOIHOCTh. MHOTHE W3 HHX
SJICKTPOIIOJIOKUTCIIbHBI U PACTBOPAKOTCA B MUHCPAJIBHBIX KHCJIOTAaxXx, OJHAKO CPEAW HUX CCTh
METaJUTbl, HE B3aUMOJACUCTBYIONIME OOBIYHBIM CIOCOOOM C KHCIOTaMHU. BOJBIIMHCTBO
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MEPEXOAHBIX METAJUIOB UMEIOT IMEPEMEHHYIO BAJIEHTHOCTh. MakcuMaibHas BaJ€HTHOCTh, KaK U
MaKCHUMaJIbHas CTEIEHb OKUCJICHUS, KaK MPAaBUJI0, PABHO HOMEPY I'PYIIIIbI, B KOTOPOH HAXOAUTCS
JTAHHBIN DJIEMEHT.

XumMusi XpoMa M ero coeiuHeHn
B npupone xpom HaxoauTcs B Buie XpoMoBoro xkenesnska FeOxCr,03

wim  Fe(CrO,),. XpoM moiy4aroT BOCCTaHOBJICHHEM XPOMOBOIO JKEJE3HsKa YIJeM B
ANIEKTPUUECKUX Tedax B Buae Geppoxpoma, coaepxariero 60-65% xpoma:

FeOxCr,0; +4CO — Fe + 2Cr +4CO,

UHCTBIIT XpOM MOXET OBITh IMOJYYCH DJIEKTPOJIU30M PACTBOPOB HIIM PACIIABOB COJICH,
METOIOM allFoMHUHOTEepMUHU U3 okcuaa xpoma (III):

rt
Cr203 +2Al - 2Cr + A1203

XpoM mpeacTaBiIsieT cOO0N KOBKUI TATYUHIA METAUI CEPO-CTAIBHOTO [[BETA.

B crenenn oxucnenns +2 COCIMHCHUA XpoOMa MMPOABIAOT OCHOBHBIC CBOMCTBA U SIBIISIOTCS
BOCCTAHOBHUTCIISIMHA — JICTKO OKHCIIAOTCA A0 0oJiee BLICOKHX CTEIICHEH OKMCIICHUS.

Oxkcua xpoma (III) moxker OBITH TOMY4YEH pA3lIOKEHHUEM IUXpOMara aMMOHHUS TIPHU
HarpeBaHUU:
-t
(NH4)2CI‘207 - Nz + CI‘203 + 4H20

CootBeTcTBYIOUIMI €My HepacTBOpUMBIN ruapokcua xpoma (III) nomyyarot npu aeicTBun
HesocTaTKa mienodeit Ha comu xpoma (I11):

CrCl; + 3NaOH — Cr(OH)s| + 3NaCl

Cepo-3enensriii ruapokcua xpoma (I11) umeer amdorepHbie cBOMCTRA:

Cr(OH);| + 3HCl — CrCl; + 3H,0

Cr(OH);] +3NaOH — Nas[Cr(OH)s]

Coenunenus xpoma (III) B mienouHol cpene MMEIOT BOCCTAHOBUTEIbHBIE CBOMICTBA U

OKHCIISIFOTCSL OpPOMOM, MEPOKCUAOM BOJOPOJA WIN JPYTUMHU OKHCIUTEISIMH. 3eJIeHbI pacTBOp
rekcaruapokcoxpomata (I1I) HaTpus sxenTeeT BeieacTBUE 00OpAa30BaHMS XpOMaTa HaTPUS:

2Na;[Cr(OH)s] + 4NaOH + 3Br, — 2Na,CrO, + 6NaBr + 8H,0O

Oxcun xpoma (VI) mmeer kucinoTHble cBoicTBa. EMy COOTBETCTBYIOT [BE KHCIIOTBI:
xpomoBas H.CrO4 u quxpomonas H.Cr,O5:

CI'O3 + Hzo — HzCI‘O4
2CI‘O3 + HzO —> HzCI’zO7

B BomHBIX pacTBOpax MEXAy JKEITBIMM XpOMAaT HOHAMU U OpPAHKEBBIMM JIUXPOMAT
MOHaMU HaOJII0JJaeTCs PaBHOBECHE:

2CI‘O42_ +2H — CI‘2072_ + H,O

OTO paBHOBECHE B KHCIIOW Cpelie CABUTaeTCsS B CTOPOHY 0Opa30BaHUs TUXPOMAT-HOHOB, a
B IIEJIOYHOM cpejie — B CTOPOHY XPOMAaT-MOHOB:

2K2CTO4 + HQSO4 —> KzCI’zO7 + KzSO4 + Hzo
KzCI‘zO7 + 2KOH d 2K2CI‘O4 + Hzo

CymecTBytonme B KHCIOH cpelle AUXPOMAThl SIBJISIOTCS CHJIBHBIMH OKHCIHUTEIISIMH,
BOCCTaHaBIIUBAsCh 10 coequHeHuit xpoma(Ill):

KQCI‘207 + 4stO4 + 3Kst3 —> CI‘Q(SO4)3 + 4K2SO4 + 4H20
KzCI‘zO7 + 7stO4 + 6KI — CI'z(SO4)3 + 312 + 4Kst4 + 7H20
XMMHUSA MapraHia 4 ero coeMHeHu i

Tak >xe, Kak U XpOM, B MPUPOJIE€ MapraHel] BCTPEUAETCS B BUAE OKCUAOB: MHUPOIIO3UTA
MnO,, raycmanuta Mn;O4, Opayauta Mn,Os;. Berpedaercss MapraHer] U B JKEJIE3HBIX pyaax.
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CoBMECTHBIM BOCCTAHOBJICHHEM JKEJIC3HBIX M MapraHIEBBIX Py MOIy4aroT (eppomMapraHer,
conepxamuii 80-85% MapraHua M MCHOJb3YEeMbId B MPOU3BOJACTBE CTalIM M 4yyryHa. UucThlil
Maprasel nojJy4yaroT aJIOMHHOTEPMHUEH WM 3JIEKTPOIM30M PAaCTBOPOB Cyib(aTa WIH XJIOpUAA
Maprasua.

Mapranen; — cepeOpUCTO-OeNblii TBEPABIH W XPYNKUH MeTaul. MapraHell BBITECHSET
BOZIOPOJ U3 COJITHOM KHUCIIOTBI, PEarupyeT C CEPHOM M a30THOM KUCIOTAMM:

Mn + 2HC1 g MI’ICIQ + Hz

Mn + 2H,SO4 — MnSO, + SO, + 2H,0

3Mn + 8HNO; (1:1) — 3Mn(NOs), + 2NO + 4H,O

Mapraner o06pa3yeT HECKOJIbKO OKCHIOB. C MOBBIIIEHUEM CTETICHU OKHUCIICHHUSI MapraHiia,
CBOMCTBA 3TUX OKCUIOB U3MEeHst0TCs: okcuabl Mapranua (II u I11) — ocHoBHBIE, OKCH MapraHiia
(IV) — amdotepnsiii, okcuasl Mapranna (VI u VII) — kucinoTtHseie.

HepactBopumslii B Boge runpokcun maprania (II) moker ObITh MONydeH IeHCTBUEM
LIeJI0YEeH Ha COJIM MapraHia:

MnSO, + 2NaOH — Mn(OH),| + Na,SO4

I'mapoxcun mapranua(ll) umMeeT ocHOBHBIE CBOMCTBA (HO HE KUCIOTHBIE):

Mn(OH),| + 2NaOH =

Mn(OH),| + H.SO; — MnSO, + 2H,O

a TaK)Ke€ BOCCTAHOBUTEIILHBIC CBOMCTBA, OH OKHUCIIACTCS Ha BO3AyXeE:

2Mn(OH),| + O, — 2Mn0O,| + 2H,0O

JlelicTBUEM CUJIBHBIX OKHCIIUTENeH, Takux Kak BucMmyTtaT Hatpus NaBiO; wim okcun

ceunna (IV) PbO,, conu mapranua(ll) moryt ObITh OKHCIIEHBI B KHCIION cpene 10 (puoneToBoit
MapranioBoit kuciaotsl HMnOs.

2Mn(NOs), + 16HNO; + 5NaBi10; — 2HMnO, + 5B1(NOs); + SNaNOs + 7H,O

Ycroituuselii okcua Mapradna (IV) MnO, umeer amgoTrepHble CBOMCTBA U pacTBOPsIETCS B
KHCJIOTaX | 1menodax. B kucnoi cpene MnO, SBISIETCS CHIIBHBIM OKHCIUTENEM, CITIOCOOHBIM
BBIJICJIUTH XJIOP U3 COISTHOM KUCIIOTBI:

MnO, + 4HCl — MnCl, + Cl, + 2H,O

Oxcun mapranna (VI) MnOs u cooTBeTcTBYIOIIas eMy Maprasuosucras kuciora Ho-MnO,
HeycTtoiuuBbl. Heckonbko Oojiee yCTOWYMBBI COJIM 3TOM KHUCIOTHI — MaHraHaThl, HAIpUMED,
K:>MnO,, nmeromue B pacTBOpax 3€JI€HbIN LBET.

MaprannoBas kuciora HMnO, u cooTBercTByIOUIMEe €l COMM — I€pMaHraHaThl,
Hanpumep, KMnO,, uMmeroT B pacTBOpax XapakTepHbld (uosieToBblii 1BeT. IlepmaHranatsl
SIBJIIIOTCSI CWJIBHBIMH OKUCIIMTEISIMU, OCOOEHHO B Kucioi cpefe. [Ipogykramu BoccTaHOBIIEHUS
[IEPMaHraHaT-HOHOB MOTYT ObITh MOHBI Mn*" (GeCLBETHBIN PacTBOP B KUCIION CpeJie), YEPHO-
Oypblii 0cagox MnO; (B HEUTPaILHOM MK CIA00MIENIOYHOM cpee) min HoHsl MnO,* (3eeHblii
pacTBOp B CHJILHOLIETIOYHOH cpejie):

2KMnO4 + 3H,SO4 + 5Na,SO; — 2MnSO, + 5Na,SO,4 + K,SO4 + 3H,0

2KM1'IO4 + HzO + 3Na2803 d 2M1’102 + 3Na2804 + 2KOH

2KM1’104 + 2KOH + Na2803 — 2K2Mn04 + Na2804 + HZO

XuMmus Kej1e3a ¥ ero coeMHeHui

Kenezo sBusgercs BTOPBIM IIOCHIE ATIOMHMHMS METALUIOM IO PACHPOCTPAHEHHOCTH B
npupose. OcHoBHbIE pyabl: MarHeTHT Fe;Os, reMatut Fe,Os, mumonnt 2Fe,0s* * 3H,0, nupur
FeS,. U3 pyn xene3o moiy4yaroT BOCCTAHOBJIEHUEM YTriepoAoM B aAomHax. [lomydaemoe npu
3TOM XKeJe30 COAEPKUT 0KOJIO 4% yrieposaa u Ha3bIBaeTca yyryHoMm. [Ipu nepepaboTke uyryHa
MOJIy4aroT CTaju, B KOTOPBIX coepkaHue yriepona coctasiuser 0,2-2,0%.

Kene3o sBIseTCSs NOCTATOYHO AKTHBHBIM METAUIOM M PACTBOPSIETCS B COJSHOM U
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pa30aBJIEHHBIX a30THOW U CEPHOM KUCIIOTAX.
Fe + 2HCI — FeCl, + H»
Fe + HoSOy4 (pass) — FeSO4 + H,
Fe + HNO3 (pas6.) —> FG(NO3)3 +NO + HzO

KoHneHTprpoBaHHbIE CEpHAs U a30THASI KUCJIOTHI HA XOJIOIy TTACCHBUPYIOT *Keie30 (KaK 1
ATFOMUHUN, U XpOM)

HepactBopumsbiit B Bome oxcun xkeneza (II) FeO wumeer ocHOBHBIE CBOWCTBA U
pacTBOpsieTCS B KUCJIOTaX, HO HE B IIeJIoYax:

FeO + H,O #
FeO + HzSO4 — FGSO4 + HzO

3enenoBaThii ocanok ruapokcuaa xkenesa (II) Fe(OH), momydarot nefictBuem menoyeii Ha
comu xene3a(ll).

FeSO4 + 2NaOH — Fe(OH),| + Na,SO4
Fe(OH), nmeet oCHOBHbIE CBOWCTBA:
Fe(OH),| + H,SO4 — FeSO, + 2H,O
Fe(OH),| + 2NaOH #

U JIETKO OKHCIIAETCS KUCIOPOJOM Bo3ayxa A0 Oyporo ruapokcuza xenesa (I1I), npossiss
BOCCTAHOBUTEILHBIE CBOMCTBA:

4Fe(OH),| +2H,0O + O, — 4Fe(OH)s|
Kpacuo-Oypwiii  ocamox rtumpokcuna sxeneza (III) Fe(OH); momywator peiicTBrem
mienoyeit Ha conu xenesa (I11).
FeCl; + 3NaOH — Fe(OH);| + 3NaCl

I'unpoxceun xenesa (III) umeer amdoTepHsie cBoiicTBa. Ero ocHOBHBIE CBOMCTBa ciabee,
gyem y Fe(OH),, a ero KucinoTHbIe CBOWMCTBA cllabee €ro OCHOBHBIX CBOMCTB M MPOSBISIOTCS
JIUIIb B OYEHb KECTKUX yCIIOBUS, HAIIPUMED, MIPH CILJIABICHHUH.

Fe(OH);| + 3HCI — FeCl; + 3H,O
Fe(OH);| + NaOH # He uzer B pacTBope
Fe(OH);] + NaOH — NaFeO, + H,O

B kucnoit cpene uonnl xkenesa(lll) sBnstoTcs OKUCIMTENSIMU M MEPEXOIST B HOHBI
xenesa(ll):

FeCl; + 2HI —2FeCl, + I, + 2HCI

B menouHoii cpene crutaBlieHMEM ¢ HUTpaTOM Kamius u3 coeauHenwuii skenesa(lll) moryt
ObITh MOJTy4YeHBI coeiuHeHus xene3a (VI) — conu xene3Hol KucioTel — Gpepparsl:

F6203 + 3KNO3 +4KOH — 2K2FCO4 + 3KN02 + 2H20

Nownwr xenesa (I1) u xxenesa (III) 06pa3yroT MHOTOYHCIIEHHBIE KOMIUIEKCHBIE COCTMHEHUS
C MoJIeKylaMu Bojbl, ammuaka, noHamu Cl, F-, CN°, SCN™ u apyrumu nuraniamu:

FeSO, + 6KCN — Kui[Fe(CN)s] + K>SO,
FeCl; + 6KCN — Ki[Fe(CN)o] + 3KCl

WNuTrencuBHas kpoBaBo-KpacHas okpacka ponanuna skenesa (III) Fe(SCN); ciyxut mist
obHapyxenus noHoB >kene3a (III) B pactBope.

FeCl; + 3KCNS — Fe(SCN); + 3KCl

I'excarmmanodeppar (I1I) kanus Ks[Fe(CN)g] obpasyet ¢ nonamu xenesa (I1I) remuo-cunuit
0caJioK OepJIMHCKOM JIa3ypH, YTO TaKXKe HUCIOJIb3yeTcs A oOHapyxeHus: noHoB xkenesa (I11) B
pacTBope:

K4[Fe(CN)s] + FeCl; — KFe[Fe(CN)]| + 3KCI
I'excarmmanodeppar (I11) kamus Ks[Fe(CN)q] o6pasyer ¢ nonamu xenesa (1) reMuo-cunuit
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0caJIoK TYpHOYJIEBOW CHUHH, YTO UCIIONB3YETCs sl OOHapy)eHust noHoB xkene3a (II) B pactBope:

K;[Fe(CN)s] + FeSOs — KFe[Fe(CN)g]| + K2SO4

Buonornueckoe 3HaUYeHHE Kelie3a BEIIMKO, KEJIE30 — COCTAaBHAs 4YacTh I'€MOINIOOMHA
KpPOBH.

Xumusi MeId M ee COeTUHEeHUii

B npupome Meap HaxoIUTCA B OCHOBHOM B BHJE COCIUHCHMA: Xaimbko3uHa CusS,
koBennHa CuS, kymnputa Cu,O, manaxura (CuOH),CO; u 1pyrux coeIuHEeHU, HO BCTPEUYaeTCs
U B CaMOPOJHOM COCTOSHHHU. IlojydeHHe OOBIYHO CKIIAJBIBACTCS W3 HECKOJIBKHX ITaIlOB:
o0xwura cynb(hUI0B, BOCCTAHOBICHUS TIOJYYSHHBIX OKCHJIOB YIJIEM U paHHUPOBAHHS METH:

2CuS + 30, — 280, + 2CuO
CuO + CO — Cu + CO,
Menb — MSATKHI KpacHBIA METAJIJI, XOPOIIIO MTPOBOAUT TEIUIO U AJIEKTPUUYECKUN TOK. Menb

obpasyer cruiaBsl: naTyHb (60-90% Cu u 10-40% Zn), 6ponssl (Hanpumep, 80% Cu, 15%Sn, 5%
Zn), menbxuop (80% Cu, 20% Ni) u 1pyrue crjaBsbl.

Menp pacmosnoxkeHa B psiiy HalpsDKCHHUN TOCTe BOAOPOJA U HE PearupyeT ¢ OOBIYHBIMH
KHCIIOTaMU B OTCYTCTBUH OKHCITUTEIICH:

Cu + H,SO; (pa36.) #

Cu+ HCI =

OpHako Meap pearupyeT ¢ KUCI0TaMU OKUCIUTEISIMHU:

Cll + 2stO4 (koni.) —> CUSO4 + SOZ + 2H20

Cu + 4HNO3 (o) — Cu(NOs), + 2NO; + 2H,0

3C11 + 8HNO3 (pas6.) —> 3Cu(NOg)2 + 2NO + 4H20

Kpacnsiit okcun meau (I) Cu,O o6pasyercs npu HarpeBanuu g0 200°C Menu Ha BO3IyXe
npu HegocTaTke kuciaopoaa. CoorsercrByronuii okcuss CuOH HecToek, pacnagasch Ha OKCUI U
Boxy, W Jjerko okucisgercs 10 Cu(OH),. U3 coemunenuii meau(l) ycToiumBeI JIMIIBL
KOMIUIEKCHBIE coequHenus, Harpumep, [Cu(NH;):JOH unu H[Cu(CN),], i maiopacTBOpuMbIie
BelecTBa, Hanpumep Oesnbiii Cul.

Yepnspiit okcua meau (II) CuO nomyuaercss nmpu HarpeBaHUM MEOU Ha BO3AYXE BBIIIE
300°C nmpu n36biTke Kuciopona. IIpu HarpeBanuu Beime 1000°C CuO pacnagaercs Ha Cu,O u
KHCJIOPOI.

INonmy6oii ocanok ruapokcuaa meau (II) Cu(OH), monyyaror neiicTBueM Ienoueld Ha COMn
menau (11):

CuSO, + 2NaOH — Cu(OH),| + Na,SO4

[Ipn HarpeBaHWHM STOT OCAJOK 4YEpHEET BCIEACTBHE OOpa30BaHUS YEPHOTO OKCHIA
meau(Il):

rt

Cu(OH),| ™~ CuO + H,0O

Iunpoxcun menu(Il) Cu(OH), umeeT ampoTepHbIe CBOIMCTBA ¢ TIPe0dIaJaHIHEeM OCHOBHBIX
cBoiictB. Kucnorueie cBoiictBa Cu(OH), He HaOmMOMarOTCS B pacTBOpax, HO MPOSIBISIIOTCS MPH
CIUTaBJICHUU WIH JEUCTBUH KOHIIEHTPUPOBAHHBIX IETIOUCH:

CU(OH)zl + HzSO4 — CUSO4 + ZHZO
Cu(OH),| + NaOH # wne uget B pactBope
CU(OH)zl + 2NaOH (xonw.) —> Naz[CU(OH)4]

Nonst meau (II) o6pa3yroT KoMILIEKCHBIE coenuHeHus. Tak, oOpa3oBaHUE HHTEHCHBHO-
cunero terpammuna menu (II) ucnons3yercs st ooHapyskenus nonos meau (I1) B pactBope:

CUSO4 + 4NH4OH — [CU(NH3)4]SO4 + 4H20
Conu meau (1) umeroT BecaeACTBUE THAPOIIN3A KUCTYIO CPEay:
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2CUSO4 + 2H20 And (CUOH)ZSO4 + HQSO4
Cu* + SO + H,0 < CuOH" + H" + SO
Cu*"+ H,O <> CuOH"+ H* (pH<7)

OxucnurensHble cBoiicTBa st HOHOB Meau (II) Mano xapakTepHbl, HO MPOSABIAIOTCS MPU
B3aUMO/ICHCTBUU C UOJIUI-UOHOM:

2CuSOy4 + 4KI — 2Cul| + I, + 2K5S0,

MGI[B ABJIICTCA MHUKPO3JICMCHTOM. B Oonpmux KOHOCHTpaIUAX COCAUHCHUA MCIAU
TOKCHYHBI U UCIIOJIB3YIOTCA KaK NECTHUIHABI.

XuMHA IUHKA U €ro coeJuHeHui

B npupone uMHK HaxomuTcs B BUAE CYIb(GUIHBIX pyH, Hampumep, cdanepura ZnS.
[lonmyyenne nWHKAa BKIIOYaeT OOXUT Cynb)UAOB [0 OKCHAA IMHKA H JajbHeiIiee
BOCCTAHOBJICHUE OKCH/Ia IUHKA YIJIEM:

2ZnS + 30, — 250, + 2Zn0O
Zn0O + CO — Zn + CO,

[{uak MOXeT OBITh TOJMYYeH W JJICKTPOJIM30M PACTBOPOB COJICH IIMHKA, HAMpHUMeED,
pacTBopa cyibdaTa [UHKA.

[luak — cuHeBaTo-Oenblil IUIACTHYHBIA U TATY4Hd Metamul. OH HaxXxomuTCs B DALY
HaNpsDKeHUH 70 Bojopona (M A0 Kene3a) U BechbMa akTHUBEH. [ IUHKa B COEIMHEHMSIX
XapakTepHa JUIIb OJIHA CTEIEeHb OKHUCIIeHUs +2. [[HHK OOBIYHO MOKPHIT 3AIMUTHON OKCHUIHOU
IJICHKOM, pa3pyliaeMoi Mpu JEHCTBUU KUCIIOT U IIEJIOUYECH:

Zn + 2HCI — ZnCl, + H>?

/n + HzSO4 (pas6.) Zl’lSO4 + HzT

47Zn + SH,SOy om) — 4ZnSO4 + H,ST (wm S|) + 4H,0

4Zn + 10HNO; (om)y — 4Zn(NOs), + N>O1 (u Oypsrit NO») + 5H,O
47Zn + 10HNO; (oupass) — 4Zn(NOs), + NH4NOs) + 3H,O

Zn + 2NaOH + 2H,0 — Na,[Zn(OH),]

benbiit ocagok rugpokcuaa nunka Zn(OH), nomydaroT neicTBUEM HEIOCTaTKA HIe0Yei
Ha COJIU IIMHKa!

ZnSO, + 2NaOH — Zn(OH),| + Na:SO4

rH,Z[pOKCI/I,I[ IIMHKA UMECT aM(I)OTepHBIC CBOWCTBA U PACTBOPACTCA B KMCJIOTAX M IICJI0YaxX:
Zn(OH),| + H,SO4 — ZnSO; + 2H,0

Zn(OH),| + 2NaOH — Nay[Zn(OH),]

IMuppokcun nmMHKa (B OTIIMYMKA OT THAPOKCHAA ATIOMUHUSI) PacTBOPUM M B PacTBOpE
amMMuaka ¢ 00pa3oBaHHEM KOMIUIEKCHOTO COEAMHEHUS:

Zn(OH),| + 6NH,OH — [Zn(NHs)s](OH), + 6H;0
CoJiu IIMHKA TUPOITU3YIOTCS:

27080, + 2H;0 < (ZnOH),S0; + H,S04

Zn*" + SO + H,0 <> ZnOH" + H' + SO~

Zn** + H,0O < ZnOH"+ H* (pH < 7)

[TuHK sBISETCS MUKPORJIEMEHTOM, IPU €ro HeJ0CTaTKe HapyllaeTcss oOMeH O€JIKOB U
YIJIEBOJOB.

KOHTpOJ’IBHHe BOITPOCHI

1. Kakyro poib AMXpOMAaThl HIPAlOT B OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIHIX?
[TonTBepuTe ypaBHEHUAMH PEaKIIHil.
2. Kakue criocoObl OTy4YeHHUs [IMHKA BaM U3BECTHBI?

Tema 19. CpoiicTBa pacTBOpOB.
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Ilenb: 1O3HAKOMUTBCS C COBPEMEHHBIMH IPEIACTaBICHUSMH O  pacTBopax MU
KOHIIGHTPALUAX; pacyeTaMu Ui IPUTOTOBJIEHUS] PACTBOPOB 3aaHHON KOHLEHTpALUU B ObITY U
Ha IIPOU3BOJCTBE.

PacTBOopuMoOCTH BeliecTB

PacTBopuMOCTh cOJIC, KHUCIOT W OCHOBaHMW B BOJE NpEACTaBICHAa B TaOJUIIC
pacTtBOpuUMOCTH. MBI 3HaeM, 4YTO OJHHM BELIECTBA PACTBOPSIOTCS B BojE (MHAPO(UIBHBIC),
Ipyrue He pacTBopsitorcs (TuapodoOHEIE).

P - pactBopumsl Bce coenuneans Na“, K" u NH,™ (Na,SO,), a Takke a30THast U yKCyCHast
KHUCJIOTBI M UX COJIM (HUTPATHI U alleTaThl);

H - nepactBopumsl: H,S10;, BaSO., CaCO:;.
M — manopactBopumsble (runc CaSO,2H,0)

KonnyecTBeHHass XapaKTepHCTUKAa COCTaBAa PACTBOPOB: «pa30aBIICHHBIH pPacTBOpPY» H
«KOHI. pacTBop». KomuyecTBeHHBII cocTaB pacTBOpoB. MaccoBass [0 pPacTBOPEHHOIO
BELIECTBA WJIU NPOLIEHTHAsl KOHLEHTPALUs pacTBOpa

Bonpocsl aJsi 00cy:KaeHus:
1. TlonsiTus pacTBOpP, pACTBOPUTEIH U PACTBOPEHHOE BEIIECTBO.

2. CrocoObl BBIpQKEHHUS KOHIIGHTpAIUil. PacueTsl 1Mo onpeeieHnI0 KOHIICHTPaIH
pacTBOpPOB.

3. IloaroroBka pacTBOPOB 3aJaHHOM KOHLEHTPALUU B IIPOU3BOJICTBEHHBIX IIPOLIECCAX.
OcHOBBI cTexuoMeTpur. PacueTsl 1o XUMHYECKHM (OpMyJiaM B ypaBHEHHSIM.

4. Croco0Osl OKCTPAKIIMK M3 XUBOTHOT'O H PACTHUTCIBHOI'O CBIPbA, €€ IPAaKTHYCCKOC
MPUMCHCHHUEC B TCXHOJIOTMYCCKUX MPOoHICCCax.

5. Bunusnue pa3nuyHbIX (AKTOPOB HAa PACTBOPUMOCTH Ta30B, >KUIKOCTEH W TBEPIBIX
BEILIECTB, UX UCIOJb30BaHUE B TEXHOJIOTUU MPOAYKIIMH MTUTAHUS

Tema 20. Xumnueckass ugeHtuuxanus. Hpentndukanmss KaTHOHOB W AHHWOHOB
HEOPraHM4eCKHUX BellecTB

Heab: MO3HAKOMUTHCS C COBPEMEHHBIMHU MPEACTABICHUSMU O AHATUTUYECKON XHMHH,
MIpaBUJIaX UCIIOJIb30BaHUS TaOOPATOPHOTO OOOPYIOBAHUS U alIapaTyphl.

Bonpocsl a5 o0cykaeHus:

1. OCHOBBI aHATUTUYECKON XUMHUH.

2. UnenTudukaims KaTHOHOB U aHKOHOB HEOPTaHUYECKHX BEIIECTB.

3. Haznayenwue u mmpaBuiia UCIIOJIb30BaHUS J1a0OPATOPHOTO 0OOPYIOBAHMS U alllapaTyphl.
4. MeTojpl ¥ TEXHUKA BBIITOJHEHHS] XUMHUUYECKUX aHAJIU30B.

5. I[Ipuemsbl 6e30macHOM pabOTHl B XUMUYECKOH J1abopaTopuu

AnamuTuyeckas XUMHUS - 3TO HayKa O IpUHIOUIIAX, crocobax u MCTOHax OIPCACICHHUA
XUMHUYCCKOI'o COCTaBa U CTPYKTYPbI XUMHUUCCKUX COGﬂHHeHHﬁ.

ITog XMMHUYECKUM COCTAaBOM BELIECTB ITOHUMAETCS COCTaB JIEMEHTHBIN, MOJIECKYJISIPHBIN,
¢da3oBbIi, M30TONHBIA. OmpeneneHue OTAEIbHBIX 3JEMEHTOB B aHAJIM3HMPYEMOM BEILECTBE
Ha3bIBAIOT JIEMEHTHBIM aHAIM30M; ONpeeieHrne (PYHKIMOHAIBHBIX IPYMII - (YHKINOHAIBHBIM
aHAJIN30M; ONIPEAEICHUE MOJIEKYJIIPHON MacChl - MOJIEKYJIIPHBIM aHAJIU30M.

Kauecmesennwiii ananus pemacT BOIMPOC: KAKNEC KOMIIOHCHTBI BXOJAT B COCTaB COCANMHCHUS,
MUHCPAJA. KauecTBeHHBIH aHaAIN3 IIOKa3bIBA€T, M3 KAaKHX XHUMHYCCKHX JJIEMCHTOB COCTOUT
AHAJIIM3UPYCMOC BCHICCTBO U KAKWC MOHBI, I'PYHIIbI aTOMOB WJIM MOJICKYJIBI BXOJAT B €ro COCTaB.
HpI/I HCCiIeJOBaHUMUM COCTaBa HCHU3BCCTHOI'O BCIICCTBa KAauyeCTBCHHBLIA aHaJIN3 BCCraa
npeaAmcCCTBYCT KOJIMYCCTBCHHOMY.
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B 3aBucuMoCTH OT Memooa aHATUTHYECKass XMUMUS JICIUTCS HA Memoobl pazoeieHus u
Memoobvl OnpeoeeHusl.

Memoowvl pazdenenus: OCAXKICHHE M COOCAXKACHUE,  OAKCTpAKUuUs, Xpomartorpadus,
aneKTpodopes, TUCTUILIALUS, HIEKTPOIUATIH3 U JIP.

Memoowvr  onpedenenus:  xumuueckue  (IpaBUMETPUUYECKHUE, TUTPUMETPUUYECKUE),
Qusuueckue (CTIEKTPOCKONIUYECKHE, (dhoToMeTpuueckue, s/1epHO-(PU3NYECKHE,
JIIOMUHECLIEHTHBIE), @uzuko-xumuyecKkue (kuHEeTHYEeCKHE, JIOMHHECIICHTHBIE,
TUTpUMETpHUECKHE, (POTOMETPUUYECKUE, DIEKTPOXUMHUUECKHE).

Cpem/l CIICKTPOCKOIMNYICCKUX BBIACIIAIOT MCETOBI: MacCC-CIICKTPOCKOIMTMYCCKHC,
PEHTICHOCIICKTPAJIbHEBIC, aTOMHO-a6COp6HI/IOHHBIe, OMHUCCUOHHO-CIICKTPAJIbHBIC.

Cpem/l SII[epHO-(bI/I?;I/I‘-IeCKI/IX BBLACIAKOT  MCETOJAbL: PaJUOAKTHBALIMOHHBIC, HW30TOITHOC
p336aBHeHI/Ie, MECTO/JbI, OCHOBAHHBIC HA ITOTJIOIICHNUHU U PACCCIHNU U3JIIYUCHU .

Cpem/l SJICKTPOXUMUICCKUX BBIACTIAIOT MCTOBbI: KOHAYKTOMCTPHUYICCKHUC,
KYJIOHOMECTPHUYECKUEC, IOTCHIUOMETPUUCCKUE, aMIICPOMETPUUCCKUE, nonﬂporpa(bnqecm/le.

B 3aBucumoctu 0T 00vekma WCCIENOBaHMS Pa3IUYAOT AHAIU3 HEOPSAHUYECKUX U
OpP2aHU4eCKUXx cOeOUHeHUl.

Tunbl peaKunifl, NMPUMEHACMBIX B aHAJIMTHYECKO XUMHUH

AHATUTUYECKIMH  PEAaKIUAMH MOTYT OBITh TONBKO TaKWe pEaKUUH, KOTOpHIC
COIIPOBOKAAIOTCS KAaKUM - JTHOO BHEIIHUM 3(PPeKTOM, MPOXOAAT OBICTPO U MOIHO.

Peakuuu, KoTOpbIe CONMPOBOKIAAIOTCH BHEIIHUM aHAJIUTHYECKUM 3¢ deKTom:
OOpa3oBaHue UM PaCTBOPEHUE OCAIKa
AgNO; +HClI 2> AgCl| + HNO; ( peakuust ooMeHa )

AgCl Vot 2NH;H,O — [Ag(NHj3),]Cl +2H,0 (peaxius KOMIUIEKCOOOpa30BaHMs)
OenbIit ocaiok OecCIBETHBII pacTBOp

HN3meHeHHe nBeTa pacTBOPa MM 00pa30BaHMe OKPALIEHHOI'0 COeIMHEHUS

Peakuust okucneHus - BOCCTaHOBJICHHS
2Mn(NOs), + 5NaBiO; +4HNO; = 2NaMnO4 + 5(BiO)NO; + 3NaNOs + 2H,0
O€CLIBEeTHBIC KPHUCTAILIBI PO30BBIil pacTBOP

BOCCTaHOBUTENb OKHUCJIUTEIb

Broinesenue raza

N32C03 +2 HCl =2 NaCl + H2C03; H2C03 —> COz + HzO

TepMHUHBI U MOHATHS B KA4YeCTBEHHOM aHAJIN3e

YacTHble, XapaKTepHbIE AHAJUTHYECKHE PEAKIMH, MPH KOTOPHIX pa3INYHBIE PEarcHTHI
JAI0T XapakTepHble aHANUTHYECKUE Y(PQPEKTHI C OHUM HOHOM.

Pb**+2KI = 2K* + Pbl, | (3kenTslii 0camok)
Pb** + KoCrO4 = 2 K" +PbCrOy | (KenTsliit 0camok)

['pynmoBsie (00mIKe) aHATUTUYECKUE PEAKITUHU, TIPH KOTOPBIX OJWH TPYNIOBOM (OOTIIHIA)
peareHT oOpa3yeT XapaKTEpHbIH aHATUTHYECKUN APPEeKT ¢ pa3sHbBIMH HOHAMHU. | pymHImoBBIMU
peareaTamu MoryT ObITh KucIOTHl — HCI, H.SO4, H,S, ocroBanms - NaOH, KOH, NH4OH, comn
— BaClz, AgNO3, (NH4)2CO3, Na3P04.

Hanpumep. ['pynmoBeim pearenTom Ha Il aHanuTHyecKyro rpynmny KaTHOHOB SIBJISIETCS
2M pactBop HCI :

Pb** +2 HCl =2 H" + PbCl, | (6enblit ocamok)
Ag" + HCl = H + AgCl | (6enblii ocamok)

['pynmoBeIM peareHToM Ha | aHATUTHYECKYIO TPYNITY aHKUOHOB MOKET OBITH PACTBOP COJIHA
BaClz .
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SO, + BaCl, = 2 CI' + BaSO, | (6enblii ocanok)
CO;* + BaCl, = 2 Cl' + BaCOs; | (Genblit 0cagox)
SiOs* + BaCl, = 2 CI' + BaSiOs | (6enblii 0camok)
2 PO,/ + 3 BaCl, = 6 CI" + Ba3(PO,), | (6enblii ocanok)
HPO,* + Ba** = BaHPO.] (6enblii ocanok)

Creuunguyeckuit peareHT, KOTOPbIM MOXHO OTKPBITH JIaHHBIA HOH B MPUCYTCTBUU JIPYTUX
HOHOB.

Hanpumep, kpaxman sBisgercss cneuu(UYecKMM peareéHTOM Ha CBOOOAHBIA Hox o,
aHAIUTUYECKUI D(P(EKT - TMOABIEHME OKPAacCKM TEMHO-CMHero mBera. Ha karmon  Fe’
crieln(pUYEeCKUM PEeareHTOM SIBJISIETCS THMOLMOHAT aHMOH. B3auMoneicTBue MexXay HUMH UAET
110 YPaBHECHHUIO:

Fe’* + 3SCN™ = Fe (SCN);
Anamutrueckuid 3p(EKT 3TOro B3aUMOJCUCTBUS — MPOAYKT PEAKIIMH KPOBABO-KPACHOTO
1BETA.

Pa3nenenue — 310 OTAENE€HHME OAHOIO MOHA OT JPYroro WM JPYIMX HOHOB pPa3HbIMU
crioco6amu, IpueMaMu, METOAAMHU.

[Ipenen oOHapykeHUs (4yBCTBUTEIBHOCTh) — OSTO MHUHUMAJbHAS KOHIICHTPALUS
BEIIECTBA, MpPHU KOTOPOW aHAIM3UPYEMbIH HOH MOXHO OIPEAETUTh NaHHOW peakuuend wiu
JTaHHBIM peareHToM. [Ipenen oOHapyXeHHUS WU OTKPBIBAEMBIH MUHUMYM MOYET BBIPAKATHCS
YHICIIOM aTOMOB, MOJIEKYJI WM JPYTHX YacTHIl, a Takxke Maccoil B mMukporpammax (1 Mkr =

-6
1X10 r). Ilpemen oGHapyXeHHs B LBETHBIX peakuusx cocrasiser go 107" r. Hampumep,

-4
omxpwisaemviti munumym Ca’" cocmasnsiem 0,1 me ( 1x10 2) peaxyueti CaCl, + H,SO4 +
2H,O = 2HCI + CaSO4 ¢ 2H,O.

TUIIC, UT'OJIBYATBIC KPUCTAJLIIbI

[IpenenpHOE paz0aBiieHnE XapaKTePU3yeT HAUMEHBIIYIO0 KOHIICHTPAIIMIO BelecTBa (MOHA),
IpU KOTOPOH OOHapy>KeHHE ero MHOCPEJICTBOM JaHHOM peakuuu Bo3MOxHO. IIpenensHoe
pa3baBiieHME BhIpaXarOT OTHOIIEHHEM 1 : g (rae g — Macca pacTBOpUTENIs, puxosiasicsa Ha 1
MacCOBYIO 4YacTb OOHapyXHBaeMoro HoHa). OObIYHO B Kaue€CTBEHHOM aHaJHM3€ NPUMEHSIOT
JUIIb T€ PEaKUUH, OTKPhIBEMbIH MUHUMYM KOTOpbIX He Oombiie 50 MKr, a mnpeneiabHoe
paz6asnenue 1 : 1000.

UyBCTBUTEIBHOCTh PEAKIMU 3aBUCHUT: OT TOJILIMHBI CJI0S pacTBOpa (B MaJOM CII0€ MOXHO
HE OOHApYXUTh OTKPBIBa€MbIi MOH, a B OOJBIIOM CJIO€ MOKHO YBUAETh NMOMYTHEHHUE, Kak
NpU3HAK  MPUCYTCTBHSI ~ MOHA); OT  MPOJNOJDKUTENIBHOCTH  peakiuu  (yBEJIUYEHHE
IPOJOJDKUTEIBHOCTH PEaKIUH YBEJIMYMBACT  YyBCTBUTEIBHOCTh pEAKLUH); J00aBICHHE
OpPraHMYECKOI'0 PACTBOPUTENS TOBBIINIAET YYBCTBUTEIBHOCTb PEAaKLUH, 100aBJIEHUE CIHUPTa
MOHMKAET PaCTBOPHUMOCTb 00Pa30BaBILIETOCS 0CAIKa HEOPTaHMYECKOU COJIH.

YcaoBus npoBeeHns peaKkumii

[IpoBons Ty WM MHYHO pEaKLUHUIO, HEOOXOIMMO CO37aBaTh OIPE/AEICHHBIE YCIIOBUS,
3aBHUCSILME OT CBOMCTB pEareHTOB W OOpa3yOIIMXCS MPOAYKTOB pEaklMH, TaK KaKk HMHaye
pe3yabTar OyAeT HeNpaBUILHBIM WIIM HE MOTYUYUTCH.

Hanpumep, ocanku, pacTBOpuMble B M30BITKE ILIE€JIOYH, HE BBHINAAYT B IIEJIOYHOM cpene.
DTO OTHOCHUTCS K COEIMHEHUAM ¢ aM(OTEepHBIMU CBOIICTBaMuU. B X0/l KauecTBEHHOTO aHaJIN3a
pH ompenensior npu nNomMoIy HHIUKATOPOB, LIBET KOTOPBIX 3aBUCUT OT KOHILIEHTPAIlM1 HOHOB
BOZOPOJA.

B kayecTBeHHOM aHajM3€ 4allle BCEro MOJB3YIOTCA OyMaKHBIMM HWHAMKATOpPaMHU:
JakMycoBas Oymaxka, peHondranenHoBas Oymara, yHUBepCalbHbI HHIUKATOP.

JlakmycoBast Oymara kpacHeeT B KHCJION cpene npu pH < 5, cuHeeT B mienodHo# cpeze
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npu pH >8. denondranennosas 6ymara Oenast (OecuBeTHas) B HEHTPAIbHOM M KHUCIOH cpene,
MaJIMHOBas (p030Basi, KpacHasi) B IeJI04HOI cpeae mpu pH >9.

VYHuUBepcanbHbI WHIUKATOP — 3TO CMECh HECKOJbKUX HWHAMKATOPOB, IMO3TOMY JaeT
MUPOKYIo mkany 3HadeHuit pH: ot 0 mo 14 npu unrtepBane 1. lllenounas cpena pH 9 u Gonee
coznaercsa pobasnennem 2M pactBopa NaOH, KOH, NH,OH. Kucnas cpena pH 3 u menbie
co3natorcs cwibHbIMH Kuciaotamu 2M HCI, H,SO,, HNO;. Cnabokucnas cpega pH 4-5
co3maercs 2M CH;COOH. HelitpanpHas cpema co3laeTcsi MOC/IeOBaTeIbHBIM J100aBICHUEM
KHCIIOTBI U OCHOBAaHMsI WJIM HA0OOpPOT, OOBIYHO CJIa0BIMH YKCYCHOH KHCIOTOH U pPacTBOPOM
aMMuaKa.

[Ilupoko mnpuMmeHstoT B aHanmuze OydepHble pacTBOpbl. X NpHUMEHSIOT, KOrja IpH
BBITIOJTHEHMSI onbiTa pH HE MODKHO M3MEHSTHCS U TOJICPKUBACTCS MMOCTOSIHHBIM C TTIOMOIIBIO
OydepHoii cmecH.

BaxHbIM ycClIOBHEM IIPOBEACHUS PEaKLUM SBIISIETCS TemIeparypa pactsopa. Hekoropsie
peakuuu UAYT TOJBKO IIPU HArpeBaHUM, APYTHe IPHU OXJIAXACHUU, HAapUMEp IOX CTpyeu
XOJIONHOM BOJONPOBOAHOM BOJbI. DBOJIBIIMHCTBO AHAIUTHUYECKUX PEAKUUN IPOXONAT IIpU
CTaHJIapTHOM TeMIIepaType.

OC&I[KI/I, PaCTBOPUMOCTb KOTOPBIX CHUJIbHO YBCIIMYMBACTCSA IMPU HArpCBaHUH, HC CICAYCT
IIOJIy4aTb U3 HATI'PETBIX paCTBOPOB.

IIpu oueHb MaJbIX KOHLIEHTPALUSIX HOHA B paCTBOPE peakLus MOXKET He NoiayuuThes. [Ipu
3TOM YUYMTBIBAIOT OTKPbIBAEMbIil MUHUMYM U NpefeiabHoe pazoasienue. [Ipu nomyuenun ocaaka
CllelyeT IIOMHUTh YCJIOBUE OOpa3OBaHUs OCaJKa: IPOU3BEIECHHUE KOHLEHTPALUMU HOHOB (B
CTENIEHM MX CTEXHOMETPUYECKMX KO3(P(PULUMEHTOB) MJOJKHO IPEBHINATh  BEJIUYUHY
IIPOU3BEJICHUsT PACTBOPUMOCTH JJAHHOI'O MaJIOPaCTBOPUMOTIO BEILIECTBA.

Peakiuy BBIMOTHAIOT “‘CyXuM™ cIOCOOOM UM “MOKpBIM™ criocoOom. Peakmmm “cyxum”
CIIOCOOOM TIPOBOJIAT C TBEPIBIMH BEIIECTBAMHU.

HarpeBanue BemiecTBa B IUIaMEHU Ta3o0BOil ropenku (cmuproBku). Jleryuue comm
HEKOTOPBIX HOHOB OKPALIMBAIOT IUIAMs B XapakTepHbIi npeT: Ca*" — KMPIMYHO-KPACHBIH IBET,
Ba*" — xenro-3enensiii, Na* — sxenreiif, K — 6nenno-¢puonerossiii u ap. Ilo okpacke miameHu
HEKOTOPBIX COCAMHEHUN MOXHO OINPEIEIUTh MPUCYTCTBUE JAHHOTO 3JEMEHTa B UCCIIEIyEeMOM
oOpasie.

BrimonHeHue peakuu “MOKphIM™ CIIOCOOOM — 3TO MPOBEICHUE PEAKIUU B PAacTBOPAX.
JIyisl BBITIOJIHEHUS PEAKIUK “MOKPBIM~ CIOCOOOM BEIIECTBO IMPEABAPUTEIBHO JOHKHO OBITH
pactBopeHo. Peakiuum B pacTBOpax MOXXHO MPOBOJUTH KaleldbHBIM METOJOM. Peakuuu
KareJbHbIM METOJOM MOXHO NMPOBOJIUTH B MPOOUPKE, HA IMPEAMETHOM CTeKiIe, Ha dapPpopoBoit
IUTACTUHKE, HA QUIBTPOBAILHON Oymare.

MeToasbl onpeaeeHusi KAYeCTBEHHOT0 COCTaBa PacTBOPa

Jlnst ompeneneHUs KadyeCTBEHHOTO COCTaBa pacTBOpa IMPHUMEHSIOT — JIPOOHBIH MeTox
aHalM3a U CHCTEMAaTMYECKHM MeTO]| aHajIu3a.

HpoOubrii Meron anamm3a. [yis oOHapyXeHHS HMOHOB OepyT W3 OOIIed CMEeCH HOHOB
OT/ICJIbHYIO TIOPIHIO HCCIIEAYEeMOro pPacTBopa W J00aBJSIOT K HEW crenuUUecKui HiIu
XapaKTEPHBIA PEareHT, ¢ MOMOIIBIO KOTOPOrO MOYKHO OTKPBITH JIaHHBIA MOH B IPUCYTCTBUU
JPYTHX UOHOB.

3T10T MeTox OBICTPHIH, HE TPeOyeT MHOTO BPEMEHH, MTO3BOJISET OTKPHIBATH HOHBI, MHHYS
JUTUTEJIbHBIC OIMEPAIlMK TOCISIOBATEILHOIO OTACICHUS OTHMX HOHOB OT JApyruX. OTKpbITHE
HOHa I[pO6HBIM MCTOJIOM BBIIIOJIHACTCA B JIBa IIpHUCMa.

I. CHauana ¢ NOMOIIBIO Pa3IUYHBIX PEAreHTOB CO3/Al0T YCJIOBHS, MPU KOTOPBIX
YCTpaHsETCs BIMSHUE MEUIAOIINX HOHOB, PEryJIUpYyeTcs Hy>)KHOe 3HaueHue pH.

2. 3aTeM XapaKTepHOHN peakluell yCTaHaBIMBAETCA HAJWYME OTKPHIBAEMOI'O MOHA B
pacTBope.
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OnHako IpoOHBIN MeTox aHanu3a 3(¢GEKTUBEH, KOTAa B PACTBOPE HAXOAUTCA HEOONIbIIOE
yuciao cosiell. Ecau  pacTBOp INpenacTaBisieT COOOM CIOXKHYKO CMEChb HOHOB, TO IPOBOJST
CHCTEMaTUYECKHI METOJ| aHaJIN3a.

Cucremarnueckuii  (TIOJHBIN)  METOJl  aHajduW3a  IPOBOJUTCA B  OMNPEACICHHOU
nocJeoBaTeIbHOCTH. M3 aHanmu3upyeMod CMecH BBLACHAIOT OTAENbHBIE TPYIIbI HOHOB C
MOMOIIbIO TPYMIIOBBIX peareHTOB. Pa3jeneHre MOHOB Ha TPyMIbl IPOBOAST B OMPEICIICHHOM
MOCJIEIOBATEILHOCTH. 3aTeM AaHAJIM3UPYIOT HOHBI KaXKJI0M TPYyNIbl TOXE B ONpPEAEICHHOMN
MOCNIEOBATEIBHOCTH TPU IOMOILIM ClNeUU(UYECKUX U XapaKTepHBIX peareHtoB. [l
pa3JesieHus HOHOB Ha TPYIIIBI IPUMEHSIOT Pa3InYHbIE METOJIbI, IPUEMBI, criocoObl. Hampumep,
OCaXKZICHHE MOHOB B BUJIE MaJOPACTBOPUMBIX COCIMHEHUI, BOCCTAHOBJICHHE MOHOB METaJlJlaMU
B COOTBETCTBUU C UX CTAHJAPTHBIMU OKHUCIUTEIHLHO-BOCCTAHOBUTEIbHBIMU MOTECHIIMAIAMH.

AHaJIMTHYeCKHe KIaccu(puKauum HOHOB

B kauecTBEHHOM aHaM3€ HEOPTaHMYECKUX BEIIECTB NPEUMYIIECTBEHHO aHAIU3UPYHOTCS
pacTBOPBI COJIEH, KHCIOT, OCHOBAHUM, KOTOPBIE B BOJHOM PacTBOpPE HaXOAATCA B BUIEC MOHOB.
[ToaTOMy XMMHYECKM! aHaJIM3 BOAHBIX PACTBOPOB DJIEKTPOJIHMTOB CBOIAUTCS K OTKPBITHIO
OTHENBHBIX MOHOB, a HE DJJIEMEHTOB WM HUX coeluHeHuM. KadecTBEHHBIN aHaIN3
HEOPraHWYECKHUX BEILECTB JIEIUTCS HA KAUECTBCHHBIN aHAIN3 KATUOHOB M KAYECTBEHHBIN aHAIN3
AHUOHOB.

Jlnst ynoOcTBa 0OHApy)KEHUSI HMOHBI JACTAT HAa aHajduThdeckue rpymmsl. Knaccupukamums
VMOHOB Ha aHAJIMTHYECKUE I'PYIIbl OCHOBAHA HAa OTHOLICHWM MOHOB K JIEHCTBUIO I'DYIIIOBBIX
peareHToB, Ha CXOJCTBE M PA3IMYUH PACTBOPHUMOCTH OOpa3yeMbIX WMH COCAMHEHHH M Ha
IPYTHUX MPU3HAKAX.

KucnotHo-ocHOBHast KiaccUpUKAIMs KaTHOHOB OCHOBaHAa Ha JCHCTBUM KHUCIOT U
ocHoBanuii. Ilo »Toit kmaccudpukamuu katuonsl Il w  III aHATMTHYECKUX TPyNI HMMEIOT
rpynIoBoi peareHT pa3dasnennyto conssnyio HCI u cepryio HoSO4 KHCITOTY COOTBETCTBEHHO.
B IV ananutuueckyio rpynmy CBeIEHbl KaTHOHBI, 00pa3ylolue OCHOBAaHUS ¢ aM(OTEpHBIMU
CBOWCTBAMH M PACTBOPSIOLIMECS B M30BITKE LIEIOYHU, KOTOPAs SIBJISETCS TPYMIIOBBIM pEarcHTOM
Ha oty rpynmy. V. u VI  aHanmuTUYecKHE TpyHIbl HMMEIOT TPYNIOBOM peareHT —
KOHLIGHTPUPOBaHHBIM pacTtBop (25%) ammuaka. Katmonst VI aHanuTHueckol rpymibl
0o0pa3yl0T € KOHIUEHTPUPOBAHHBIM PpPAaCTBOPOM aMMHaKa pPacTBOPUMBIE KOMILJIEKCHBIC
aMMHaKaThl, a KATUOHBI V aHAJIUTUYECKOMN IPYMIIbI OT AEUCTBUS KOHLEHTPUPOBAHHOIO PacTBOPA
aMMuaKa o0pa3yroT OCaJKH TUIPOKCUIOB.

Knaccugukarus aHHOHOB OCHOBaHA Ha Pa3UYHON paCTBOPUMOCTHU coJieii cepedpa, Oapus
COOTBETCTBYIOIINX aHHOHOB.

I'pynnoBbiM peareHTOM Ha | aHaJIWTHYECKYIO TpYIIy aHUOHOB, B KOTOPYIO BXOZST
annonsl SO,~, COs*, PO,*, SiO;*, aenserca conb 6apus (BaCl, nimu Ba(CH;COO),).

I'pynnosbiM pearentoM Ha I amanurtuyeckyrwo rpynmy anumonoB (Cl, S*) sBisercs
AgNO; B nmpucyrctBun HNO;. O6pasytorcs ocaaku: AgCl — 6enoro nBera, Ag,S — 4epHOTO
nBeta. Ocamok AgCl He pacTBopsieTcs B KHMCJIOTax, HO PacTBOPUM B KOHIEHTPHUPOBAHHOM
pacTBope aMMuaka c o00pa3oBaHHUEM OECIIBETHOI'O pPACTBOpPA  KOMIUIEKCHOTO COEIWHEHUS
[Ag(NH;),]Cl. Ocanox Ag,S He pacTBOpsieTcs B ammuake U xoioaHoii HNOs, Ho pacTBopsieTcs
B ropsiueit HNO;.

[Tpu neiictBun AgNO; B HEHTpanbHOW cpene aHHOHBI | Tpymmbel MOTYT 00pa3oBath
oenbie ocanku Ag,SO4, Ag,COs, xenthie ocanku Ag;PO., Ag,Si0;. Ocamox Ag>SO. BhINIagaeT
U3 KOHIIEHTPUPOBAaHHBIX PACTBOPOB M pacTBOpsieTcss B Bojae npu  pazbamienuu. Ocanku
kapOoHara, gocdarta, cuimkara cepedpa pacTBOPSIOTCS B aMMHUaKe, B a30THOM Kuciore. Ag,Si0;
pasznaraercs MUHepanbHOU kucioToi 10 H,Si0s.

PacTBOopenue B ammuake UIET 0 YPaBHEHHUIO:

Ag,CO; + 4NH; = 2 [Ag(NH;),]" + COs5*
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[Tpu netictBuun AgNO; B KHCIIOH cpelie aHHUOHBI | aHATMTUYECKOW TpyNIbl HE 00pa3yroT
ocajka.

Penxue annonsl VO3, MoO,”, WO,> moryT o6pa3oBaTh ocaiku ¢ Katnonamu Ag', Ba®*
cocraBa Ag,MoOQO, ( Oenbrit), Ag,WO, ( Oemnbrit), AgVO; (kentbiit), Oeloro 1sera OCaaKu
BaMoO., BaWO,, Ba(VOs),. MonubaaTsl pacTBOPSIFOTCS B IIEJIOYax, KHUCIOTaX. BombdpamaTsl
PacTBOPSIIOTCS B IIEJI0OYaX U HE PACTBOPSIIOTCS B KUCIOTaX.

AHUOHBI, KaK TPaBUIIO, OTKPBIBAIOT APOOHBIM METOJOM B OTIEJIBHBIX MOPLUSIX PACTBOpA.
Hmerorcss peareHThl, KOTOpbIE OCAXKIAIOT WM JCHCTBYIOT OMNpENECICHHBIM 00pa3oM Ha
HEKOTOPbIE TPYIITbI aHUOHOB.

Tema 21. KosimvecTBeHHBbI aHa/IW3: 00lIMe NMOHATHA, KJIaccupukanusa. XuMuyecKne M
(pu3HKO-XUMHYECKHE MEeTOAbI KOJIHYECTBEHHOI0 AaHAIN3a

Konuuecmeennvii  ananu3 TO3BOJIAET YCTAHOBUTH KOJIMYECTBEHHBIE COOTHOLICHMS
COCTaBHBIX YacTEH MCCIEAyeMOro BEIEeCTBA, MUHEpAJa MM CMECH BEIecTB. B oTimume or
KaueCTBEHHOI'O0 aHajlu3a KOJIMYECTBEHHBIN aHaIM3  ONpPENENsIeT COJAEP’KAHUE OTIAEIbHBIX
KOMIIOHEHTOB B aHAJM3UPYEMOM BELIECTBE UM OO0IIee COepKaHHE BELIECTBA B UCCIIELyEMOM
IIPOJYKTE.

XUMHUYECKHE METO/Ibl OCHOBAHBI Ha CIIEAYIOIINX NIPEeBpaIIEHUsIX: 00pa3oBaHue Ocalka Win
pacTBOpeHHUE ocajka, 00pa30BaHUE OKPAIIEHHOTO COCIMHEHHS WM U3MEHEHHE I[BETa pacTBOpa,
o0pa3oBaHue Ira3000pa3HbIX BELIECTB.

I'paBumerpus

Meton OCHOBaH Ha M3MEPEHMHM Macchl MajoOpacTBOPUMOIO COEAMHEHMs (ocajka),
00pasyromierocsi B pe3yiabTare XMMUYECKON PEAKIUU MEXIYy OIpeessieMbIM KOMIOHEHTOM U
peakTuBOM. [3MepeHHe INpOBOAUTCS IIyTeM B3BELIMBAaHMs Ha aHAJIWTUYECKMX BeEcax
IpPaBUMETPHUYECKON (DOPMBI.

OmnpenensieMblil KOMIIOHEHT + OCaJUTeNlb = 0CaJl0K — B3BelIuBaemas Gopma
Turpumerpust (00beMHbIN aHAJIN3)

MeTtox OCHOBaH Ha TOYHOM  H3MEPEHHHM O00BbEMa pacTBOpa H3BECTHOTO PEaKTHBA,
nmomeaumero Ha peakuuro ¢ OIpeACIdCMbIM  KOMIIOHCHTOM. B TUTPUMCTPUU UCIIOJIB3YIOT
THUTPOBAHHbIE PACTBOPHI, KOHLEHTPAIMs KOTOPBIX W3BECTHA. OTH PACTBOPHI HA3bIBAIOT
tuTpanTamu. [Iporecc mocTeneHHOro MpMIMBaHus (J00aBICHUS 110 KaIlIsIM) pacTBOpa TUTPAHTA
K pacTBOPY AaHAIM3HPYEeMOrO BEIIECTBA HA3bIBACTCS  TUTPOBaHWEM. [Ipu THTpOBaHHU
T00ABISAIOT KOJIMYECTBO BEIIECTBA TUTPAHTA JKBHUBAJICHTHOE KOJIMYECTBY ONPEIEISIEMOrO
BEILECTBA.

TpeOoBaHusi K peakuusiM, KOTOPBIE COCTaBJISIOT OCHOBY METOJOB KOJIMYECTBEHHOI'O
aHanu3a. B3aumoeiicTBre MeXIy ONMpeAesieMbIM KOMIIOHCHTOM U PEaKTHBOM JOJDKHO UITH B
OIMPCACICHHBIX CTCXUOMETPUUCKUX OTHOUICHUAX IO YPABHCHHUIO PCAKIIHU. PeaKI_[I/ISI JOJDKHA UATHU
HPaKTUYECKH 10 KOHIA. [IpOIyKT peakiMu J0JDKEH OBITh OIPEICICHHOIO TOYHOTO COCTaBa M
bopmyIbI.

Peakiyist JomkHA MTPOXOAUTH OBICTPO, C OOJIBIION CKOPOCTBIO, YTO OCOOCHHO BaXKHO IPU
IpSMOM THUTPOBaHUH. TOYHO (PUKCHPOBATH TOUKY SKBUBAJICHTHOCTH MPU MEIUICHHBIX PEAKIUAX
TpyaHO. [I0OOYHBIX WM KOHKYPUPYIOUIMX PEAKIHid JOJDKEH ObITh MHHHUMYM.

ILOJ'DKGH OBITE y[[OBJIeTBOpHTeJIBHBIﬁ CI10c00 HaxXOXACHHUA TOYKH S5KBUBAJICHTHOCTHU H
KOHI[a TUTPOBAHUSI.

@duUKCHPOBaHUE TOYKH KBHBAJIEHTHOCTH

1. bBe3nHaMKaTOpHBIA CIOCO0, €CIIM OKpAallleHHBIH peareHT B MPOLECCe Peakiuu
U3MEHSET CBOIO OKPACKY.

Hanpumep.
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MnOs, + 5Fe* + 8H" = Mn* + 5F¢” +4H,0
PO30BBI O€eCLIBETHBIN
2. Nunukatopusii cnoco6. B HeM wucnonb3yroTcss BeliecTBa (MHIMKATOPHI),
KOTOpBIE MPETEepPHeBAIOT pA3JIMYHbIE HW3MEHEHUS IMpU TUTPOBAHUHM: H3MEHEHHE OKPacKH,
BBITIA/ICHUE B OCAJIOK | T.J., U TEM CaMbIM ITO3BOJISIFOT (PUKCUPOBATH TOYKY SKBUBAJICHTHOCTH.

3. UHCcTpyMEHTaIbHbBIN.
CocTaBHbIE YaCTU TUTPUMETPUUECKUX METOOB
1. Tutpant wuam pabouuii pacTBOpP WM BTOPHUYHBIA CTaHIAPT

TI/ITpaHTOM B 3aBHUCHMOCTH OT MCETOJAAa MOIYyT OBITh KHCJI0Ta, IICJIOYb, IICpMaHIraHart
Kajusi, fIOI[ H Op., T.€. PACTBOPBI BCUHICCTB, TOYHBIC KOHLOCHTpalOWH KOTOPBIX IIPUTOTOBUTH
HCJIB3A I10 HABCCKC.

Munepanbhabie kuciaotrel (HCI, H,SO4) BbIACINTH B yMCTOM BHJIe HEBO3MOXHO. [1{enoun
(NaOH, KOH) wuMeroT HEeNnocTosHHBINA cOCTaB, Tak Kak, norjomas u3 Bosayxa CO, u Buary,
M3MEHAIOT COCTaB NpU XpaHEeHHMM U B3BemMBaHWH. [losToMy pacTBOp THUTpaHTa TOTOBST
IIPUMEPHOM KOHLEHTpAllMM M 3aTéM TUTPYIOT pPAacCTBOPOM MOAXOMAILIETO  CTaHAApTHOIO
BEIIECTBA.

YcraHoBAGHHME TOYHOM  KOHIIGHTPALIMM  TUTPAHTa IO CTaHAAPTHOMY  PacTBOpPY
(mepBUYHOMY CTaHJApPTY) Ha3bIBAETCSl CTaHIapTU3aluel TUTpaHTa ( pabodero pactsopa ).

2. IlepBrUYHBI CTaHIAPT WIM YCTAaHOBOYHOE BEILECTBO

PacTBop TOUYHOIN KOHILIEHTpAallMU Ha3bIBaeTCsi THUTPOBaHHBIM. OH MOXET ObITh
MPUTOTOBJEH W TOTJa OH HA3bIBAETCSA MPUTOTOBIICHHBIM CTAHJAPTHBIA PACTBOP Wi
MEePBUYHN CTaHIAPT.

Ero Mo>xHO mpurotoBuTh U3 puxcanana. @ukcaHai - 3To 3anasHHas CTEKISTHHAS aMITyJIa C
yrayOJaeHus MM, B KOTOPYIO IIOMEIIEHO TOYHOE KOJUYECTBO MOJIb JKBHUBAJCHTOB MAacChl
BemiectBa. Hanpumep. @ukcanan conepxut Touno 0,1 Mo skBUBajeHTa BelecTBa. PactBopsist
COJIEP’)KUMOE aMITyJibl B MEpHOU Kojbe oobeMoM B 1 11, momyuaroT 1 J1 pacTBopa ¢ MOJSPHOM
KOHIIeHTpanuei skBuBaienta 0,1 MoJb/i.

3. YcTaHOBIIEHHE TOYKH OKBHUBAJICHTHOCTH, KOHIIA THUTPOBAHHA

B X0AC TUTPOBAHHA HYKHO YCTAHOBUTH MOMCHT OKOHYAHUA PCAKIIMU, KOHCL TUTPOBAaHUA,
OIPENICNIUTh TOYKY OSKBUBAJICHTHOCTH, KOTJA BEUIECTBA IPOPEATUPYIOT B SKBHBAJCHTHBIX
KOJIMYeCTBax. I[HSI OMPCACIICHUSA TOYKHU SKBUBAJCHTHOCTH, KOHIA@ TUTPOBAHUA HCIIOJIB3YIOT
WHCTPYMEHTAJIbHBIN, WHIUKATOPHBIH croco0. B Touke SKBHBaJCHTHOCTH WHAMKATOP MEHSET
OKpackKy.

IMoTeHnmoMeTpUYeCKOe THTPOBAHHE

MGTOI[ IMOTCHIHUOMCTPHUYCCKOI'O TUTPOBAHHUA OTHOCHTCA K 3JICKTPOXUMHUYCCKUM MCTOdaM
aHanu3a. OCHOBaH Ha W3MEPEHHMU TIOTEHIMANA 3JIEKTPOJA, HOrPYKEHHOTO B aHAIU3UPYEMBIT
pacTBoOp, WM, UHA4YE, HA WU3MEPEHUM KOHLEHTpaluu HoHa 1o 3iekrpoasuwxyuei cuie (31C)
raJbBaHUUYECKOTO 3j1eMeHTa. ["aqbBaHUUECKHI 3JIEMEHT COCTOUT U3 JBYX 3J1eKTponaoB, a D/IC -
3TO Pa3HOCTb MOTEHIUAJIOB 3THUX VIEKTPOJAOB. [l MOTEHIMOMETPHUYECKOTO aHAIM3a
UCTIONB3YIOT ~ TaJbBAaHMYECKHUE JJIEMEHTHI, COCTOSIIME W3 WHAWKATOPHOTO 3JEKTpojAa W
3JIEKTpoAa cpaBHEeHUs. [loTeHIMan MHIUKATOPHOTO OSJIEKTPOJAA 3aBHCUT OT KOHIICHTPALUU
OIIPEAETsIEeMOr0 HMOHA B PAacTBOPE M JIOJDKEH YCTAHABIMBATHCSA OBICTPO, a MOTCHIHAN
JNMEKTPOJa CpPAaBHEHUS HE 3aBUCUT OT KOHIEHTpauuu »dtoro wuoHa. Ilostomy OJIC
raJbBaHUYECKOTO JJIEMEHTAa 3aBHCUT TOJBKO OT KOHICHTPAIMM OINpPENeNieMOT0 HOHA B
pacTBope.

B kauecTBe 3/1€KTPOJIOB CPaBHEHUS MOTYT ObITh HCHOJIB30BAHBI TAaKUE IEKTPOABI, Kak
XJIOpcepeOpsHbIN, KaJOMENbHBIA, METAJUIOKCUAHbIC. XJIOpCepeOpSHBIA 3JIEKTPOJ CpaBHEHUS
UMEeT U3BECTHYIO U BCErJa IOCTOSHHYIO BEJIMYMHY MOTEHIMAaIa. DTOT 3JIEKTPOJ COCTOUT U3
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cepeOpsTHOM TMPOBOJIOKH, KOTOPYIO ITyTEeM aHOJHOH OO0pa0OTKH B XIJIOPUIHOM PAacTBOpPE
MOKPHIBAIOT TOHKUM CJIOEM xyopuja cepebpa. Bmecrto cepeOpsiHONM MpPOBOJIOKKM HMHOTIA
UCTIOJIB3YIOT IUIATHHOBYIO MTPOBOJIOKY, AJIEKTPOIUTUYECKU MOKPHITYIO cepedpom. KamomenbHbIi
AJIEKTPO]I MPEICTaBISIET COO0N METAIITMYECKYIO PTYTh, HOKPHITYIO CIIOEM TBEPAOH KaJloOMelH
Hg,Cl, u mnorpyxennyto B pactBop xjopuna kanuss KCl ompeneneHHONH KOHIIEHTpAIHH.
MeTanaoKCHIHBIE 3JIEKTPOABI MPEICTABISIIOT COO0M MeTall, MOKPBITHIN CII0EM OKCHJIA MeTallia.
Ero morennman He 3aBucur ot pH pactsopa.

WHAMKaTOPHBIM 3JIEKTPOJIOM MOXKET ObITh CTEKJISIHHBIM 3JIEKTPOJ, KOTOPBIH OTHOCUTCS K
MeMOpaHHBIM 3JIeKTpoaaM. CTEKIISTHHBIN 3JIEKTPOA MPEICTaBIsieT COO0H CTEKISHHYIO TPYOKY,
KOHEI| KOTOpOH ClielaH B BHJE TOHKOCTEHHOI'O IIapHKa M3 CTEKJIa CIELUAIBHOIO cocTaBa. B
BHYTPh IIApUKa HAIMBAIOT KaKoH-mr00 OyQepHBIi pacTBOp M MOMEMIAIOT  3JEKTPOJ C
YCTONYMBBIM MOTEHIMAIOM. BeneacTBre criocoOHOCTH CTeKIa 0OMEHHUBATh MOHBI Na™ Ha HMOHBI
BOJOPO/JA M3 PAcCTBOPA, HAa BHYTPEHHEH M HAPYKHOW IIOBEPXHOCTH CTEKJISIHHOIO NIapUKa
yCTaHaBJIMBAETCSl HOHHOE PABHOBECHE, KOTOPOE OIpelesseT MOTeHLUal 00euX MOBEPXHOCTEH
mapuka. MexaHu3M JEeWCTBUS CTEKISIHHOIO JJIeKTpoja ciueayrowui. [Ipu morpyxenuun
CTCKJIIHHOTO  DJIEKTPOJla B BOAHBIA PacTBOP MOJIEKYJBbl BOJbI IIPOHUKAIOT B CHJIMKATHYIO
pelieTKy, 00pa3ys BHELIHUM U BHYTPEHHUMN THIPATUPOBAHHBIE CIIOM.

B mpomecce rugpataimu moHbl Na' , c1a00 CBS3aHHBIC C CHIIMKATHOW  PEIIETKOH,
0OMEHMBAIOTCS] HA MOHBI BOJIOPOJIA:

Na' (crekmo) + H" (Boma) < Na' (Boan.) + H' (crekio)

KoHIleHTpalist HOHOB BOJOPOJAa BO BHYTPEHHEM CJIO€ IIOCTOSHHA, HA TPaHMIE
THIPATHPOBAHHBIX CJIOEB BO3HHKAET MOTEHIIHA.

E = E° - 0,06 pH

[ToTeHIMaN CTEKISIHHOTO DBIJIEKTPOJAA SBJsSeTCSs (DYHKIMEH MOTCHIMANAa HapPyKHOM
MOBEPXHOCTH CTEKJITHHOTO 3JIEKTpoia. [10TeHIHan CTEeKISIHHOTO 3JeKTpoaa B obmactu pH ot 1

no 10 sBnsercs nuHeWHOW — (yHKIHMEW BenuyuHbI pH W HE 3aBUCUT OT  NPHUCYTCTBHUSA
OKHUCJIUTENIEH U BOCTAHOBUTEIIEH.

[ToreHIIMOMETPUYECKOE THTPOBAaHHE OCHOBAHO HA TOM, YTO  TPU TOCTCIICHHOM
I00aBIICHUH OTIPENICIIEHHOTO0 00beMa TUTPAHTa W3MEHSETCs KOHIEHTpAIUs HOHOB B PacTBOpE,
YTO CONPOBOKIACTCS M3MEHEHHEM IIOTCHIIMANIa HA WHAMKATOPHOM 3JICKTPOJIE, TIOTPYKEHHOM
B THUTPYeMBbIH pacTBop. KOHIEHTpamus onpenensieMblXx HOHOB M3MEHSETCS B 3aBUCUMOCTH  OT
oObeMa JT00aBJICHHOTO THTpaHTa HepaBHOMepHO. CHauama 3TO W3MEHEHHE HEBEIHKO, 3aTeM
CTaHOBHTCS Ooyiee  3aMETHBIM M OKOJO TOYKH SKBHUBAJCHTHOCTH TPOUCXOAUT CKAavyOK
MoTeHIMasa. MaKCUMaJlbHOe WM3MEHEHHE COOTBETCTBYET  SKBHBAJCHTHOMY OTHOIICHHIO
pearupyromux BemecTB. [lo pe3yiapTataM THTPOBaHUS CTPOSITCS KpuBbIe TUTpoBaHus: pH -
o0beM nobaBiaeHHoro tutpanTa; ApH / AV oT oO6beMa 100aBIECHHOTO pacTBOpa TUTPAHTA ;
AV / ApH or o0bemMa p06aBneHHOTO THUTpaHTa. [0 KPUBBIM THUTPOBAHMS HAXOIAT
AKBUBAJICHTHBIH 00bEM THUTpaHTa. 3HAsI KOHIICHTPAIMIO TUTPAHTA, €0 SKBUBAICHTHBINH 00bEM U
00BEM OTIpeIeNIIeMOi MIET0YH, MOYKHO BBIYMCIUTD KOHIICHTPALIMIO IIETOYH.

[ToTeHIMOMETPUYECKOE TUTPOBAaHME MOXKHO HCIIOJIB30BATh I Pa3IMYHbIX THUIIOB
peaKimii: HeuTpaau3aliy, OKHCICHUA-BOCCTAHOBJICHNUS, OCAK/ICHNUS U KOMIUIEKCOOOpa30BaHMSL.
I'maBHBIM  sBIsieTCS NPaBWIbHBIM MOAOOP MHAMKATOPHOrO 3iekTpoja. Vcmosnb3oBaHue
CHELMATIBHBIX MOHOCEJIEKTUBHBIX 3JIEKTPOJOB Mo3BoisieT ompeaensath pNa, pK, pNHs, pCl,
pAg. MoxHo paboraTb ¢ MajbIMM OObeMaMHu pa30aBICHHbIX pacTBOpoB. [IpoBoanuTh
TUTPOBAHUE OKPALICHHBIX M MYTHBIX PACTBOPOB, KOIZA HEJb3sl MCIOJIb30BaThb WHIUKATOPBI.
Omnpenensats cnaOble U OY€Hb ClIa0ble KUCIOTHI M OCHOBAHUS, CMECH KUCJIOT WM OCHOBAHUH,
CMECH OKHCIIMTEIIEH WM BOCCTAHOBUTEIIE B HEBOJHBIX CPElaxX.

DOTOKOJIOPUMETPUA OTHOCUTCA K ONTHYECKMM METOAAM aHanu3a. Meronabl aHamusa,
OCHOBAaHHBIC Ha TOTJIOIIEHWM CBETa PAacTBOpaMHM, Ha3bpIBalOT (poTomerpueir. Komopumerpus -
obsacth (HoTOMETPUM, UCTONB3YIOLIAas BUAUMBIN cBeT. DOTOKOIOPUMETPUS - METOJ aHaju3a,
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OCHOBAHHBIM Ha M3MEPEHHHU IOTJIOMICHUS BUAUMOTO CBeTa pacTBopamu. llpumensiercs: “Oenblit
CBET” HENOCPEACTBEHHO HWJIU MPOIYLIEHHBIH Yepe3 MUPOKOI0I0ckie CBeTO(GUIbTPbl. Buaumblit
CBET - 3TO DJIEKTPOMATHUTHOE H3JIy4YE€HHE, KOTOPOE CIIOCOOHO BOCHPHUHHMATH YEIIOBEUECKHI
1a3. XapaKTepUCTHUKa U3Ty4YCeHUS B BUAUMOM oOmactu: aiuHa BoHBL A = 380 - 750 am (1 M =
10°m =107 cm).

B pe3synbTare NoriomeHus UIMEIT MECTO 3JIEKTPOHHBIE MIEPEXObl B MOJIEKYJI€ BEIECTBA.
[Tornouienue cBeTa 3aBUCUT OT 3JIEKTPOHHOI'O CTPOEHMSI HOHOB M MOJIEKYJI BellecTBa. YacTuiisl
BellecTBAa (ATOMBI, MOJIEKYJbI) MOTYT IIOIJIONIATh KBAHThl SHEPrMM M IEPEeXOJUTh B
BO30YK/IECHHOE COCTOSHUE, B KOTOPOM HaxXOIUTCS OueHb KopoTkoe Bpems 1070 - 10 ¢ u
3aTeM BO3BPALIAECTCS B OCHOBHOE COCTOSIHME. ODHEprusi, HeoOxoaumas ajis BO30YyXICHHMS,
ompenensiercss ¢popmynoir E = hv, rme h - mocrosanas Ilmanka, v — yacToTa W3Iy4YCHHS.
[Tornomenure 3HEpPruy BBI3BIBAET MEPEXO]] HIIEKTPOHA C BHELIHErO YPOBHS aToma Ha Ooiee
BBICOKHME DHepreruyeckue ypoBHU. KoamuecTBO sHEprum, Hy>KHOE MAJii TaKoro Iepexoja,
CPaBHMTENILHO BEJIMKO, €0 MOYKET COOOIIUTL aTOMY H3JIy4Y€HHE, 4acToTa KOTOporo Bhime 10'
'm, B 4YacTHOCTH, BHOUMBIH WU YyibTpaduoneToBbiii cBer. Jns TOro, uytoObl BBI3BATH
3JIEKTPOHHBIE MEPEXObl, HEOOXOAUMO BO3AECHCTBOBATh Ha HUX H3IYyYEHHEM INPHUMEPHO TaKOH
K€ DHEPruu.

Llenpto (OTOKOIOPHMETPHUECKOTO aHANM3a  SBJISCTCS OINpPEJENICHHE KOHICHTPAIH
BCIHICCTBA B PAaCTBOPAX OKpAICHHBIX COCHHHGHHﬁ. I'maBHBIMU ONITUYECKUMH XapPaAKTCPUCTUKAMU
OKpAIlICHHBIX PAaCTBOPOB SIBJIAETCS IIBET M WHTEHCHBHOCTH IL(BeTa (OKpackw). L[Ber cBsizan ¢
[[JII/IHOﬁ BOJIHBI HOFJ’IOI_]_ICHHOI;’I YaCTH CBCTOBOI'O IIOTOKA U HC 3aBUCUT OT CTPYKTYPhI BEIICCTBA.
Ecnu BemiecTBO He MMeEeT ILBETa, TO MPOBOAAT COOTBETCTBYIOLIYIO PEAKIHIO, B pe3yjbTaTe
KOTOpPOi oOpasyeTcst okpanieHHoe coeanHenne. OKpacky MOYKHO YCHJINTh, HPHOABIss peareHr,
B3aUMO/ICHCTBYIOIIH C OIPEIEIIEMBIM HOHOM.

CBeTOBOI MOTOK OCNA0NsAETCS TOCTe MPOXOXKICHUS Yepe3 OKpallleHHBI pacTBOp B
pe3ynbTaTe morioiieHus: cBeta. [lorjomeHHoe KOJIMYECTBO CBeTa TeM OOJbllle, YeM TOJIIIE
CJIOM pacTBOpa M 4eM O0JIbIlIe KOHIIGHTPAUs BEIIecTBa B pacTBope. Ilpu ucmoib30BaHNH OTHOM
U TOM K€ KIOBEThl MHTEHCHBHOCTH OTPA)XKEHHOT'O CBETOBOTO MOTOKA I, mocTtostHHA. {7151 BOIXHBIX
pPacTBOPOB 3Ta BeTMUMHA HEBEJIHMKA U €10 MOKHO npeHedpeds. Torma

Lh=L + L

CBeTOBOI TOTOK, MPOXOIS HYepe3 pacTBOp, TEPsSET YacTh CBOCH WMHTECHCHMBHOCTH. JTa
CTEIEHb OCJIa0JIeHUsl CBETOBOTO MOTOKA 3aBUCHUT OT MPUPOBI BellecTBa, OT koHueHTpauuu (C) u
or tommuHbl cnost (1). OTHOCHTENhHOE KOJMYECTBO CBETA, IOTJIOMIEHHOTO OKPAIIeHHBIM
pacTBOpOM, HE 3aBUCUT OT HWHTEHCHBHOCTH MAaJAIOLIEro CBeTOBOro moroka. [lormomennoe
CBETOBOE U3JyYEHHUE OLIEHWBAIOT OTHOCUTEIHLHON BETUYMHOM - MOTJIOMICHHEM A - ONTUYECKOU
IUIOTHOCTBIO,  MHOTJA TMOTallleHUeM WM  OKCTHHKIMEH, KOTOpoe IMpeACTaBisieT coOoi
norapudM OTHOIICHHUS WHTCHCHBHOCTEH CBETOBBIX IOTOKOB, BXOJSIIETO lp B KIOBETYy ¢
pacTBOpPOM BelleCTBa U BbIXopsiero I, u3 Hee:

A=lg(L/L)
HOFJ’IOH.ICHHC XapakTCpU3yeT B OTHOCHUTCIBbHBIX BCIMYHMHAX KOJIHMYECTBO IIOITIOIICHHOI'O
CBCTAa, CBA3AaHHOC C KOJIMYCCTBOM MOJICKYJI BEIICCTBA B PACTBOPC.

3aKOH CBETOIOTJIONICHUS, Ha3bIBaeMblii 3akoHOM byrepa-JlamGepTa-bepa, mokassiBaer,
91O MHTEHCHUBHOCTh TMpoiieamero ( BBIXOASIIETO ) CBETOBOI'O IMOTOKA 4Yepe3 pacTBOPHI
MPONOpPIMOHANIbHA KOHIIeHTpanuu BemiecTBa (C) 1 Tonmuue noromiaroriero cios (1) :

Koadduuuent nornomenuss K mnpencrasisier co0oil MOMIOIIEHHE pacTBOpa MpPU €ro
KOHIIEHTPAIMU U TOJIIMHE, PABHBIX CJAMHUIIC, U SBISCTCS XapaKTEPHBIM i BemecTBa. Ecmu
KOHLIEHTPAIUs pacTBOpa BhIPaXkeHa B MOJBL/AM’, To K - mokaszaTens IOIJIONIEHHS PacTBOPa,
comepxaniero 1 Mosbs/qM’ BelIecTBa, NMPU TOJIIMHE Ciosi, paBHOM 1 cm. B stom ciyudae
MOKa3zareiab IOTJIOIIEHUS HAa3bIBAIOT MOJISPHBIM IMOIJIOIIEHHEeM U obo3Hauator €. llpu
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0003HAaYCHUH KOHIICHTPALlMM pPACTBOpa B NPOIECHTAX IMOIJOMIEHHE pAcTBOpa HAa3bIBAIOT
yZ€IbHBIM HOIJIOIEHUEM WIN YAEIbHBIM Moka3aTeneM noruomenus (Ew,). Pacuer momsipHoro
YACJIBHOIO IIOKa3aTeslsl IOTJIOLIECHMs, KOTOPBIM SBJIAETCS OCHOBHOM XapaKTEPHUCTUKOMN
MOIJIOIAOLIEH CUCTEMBI, MPOBOIAT IO hopMmyJIe:

c=A / CMI

JUis OLEHKM CTEeNEeHU MOIJIOUIEHUsT MCCIeLyeMOro pacTBOpa IPOBOAST CpaBHEHHE
MHTEHCUBHOCTH IOTOKA H3JIyY€HHUs, IPOXOISIIET0 4Yepe3 3TOT PacTBOpP, C MHTEHCUBHOCTBIO
[IOTOKa U3JIy4EHHUs, MPOXOAALIEr0 Yepe3 pacTBOP CpPaBHEHUs, IOIVIOLIEHHE KOTOPOro
IIPUHUMAIOT 32 HyJb. [[J1s1 onpeznesieHuss KOHLEHTPALUK BEIIECTBA B UCCIIEyEMOM pacTBOpE
UCIOJIB3YIOT METOJl KaJMOpOBOYHOro rpauka 3aBUCUMOCTH ONTHYECKOH IIIOTHOCTH (A) OT
koHueHTpauuu (C). ['oTOBAT cepuio CTaHAApTHBIX PacTBOPOB C M3BECTHOM KOHLEHTpaluen
BellecTBa. V3MepsroT ONTHYECKYI0 IUIOTHOCTh 3THUX pPacTBOpoB. CTpOAT KaauOpPOBOYHBIN
rpaduk. ITo ocu (X) orknaapiBatoT koHueHTpanuoo (C) BemecTBa CTaHAAPTHBIX PAaCTBOPOB,
o ocu (YY) - 3HaUCHHE ONTUYECKON TIIOTHOCTH (A) 3THUX )K€ pacTBOPOB.

KanmnOpoBouHasi KpuBasi TMpeACTaBISIET COOOH MPSIMYyI0 JHHHIO, TMPOXOJSIIYI0 Yepes
Hayajao KOOpAMHAT. 3aTeéM HM3MEpSIOT ONTHYECKYHO IUIOTHOCTh HCCIEAYyEMOr0 PAacTBOpa U IO
rpaduKy ONpeAessSoT ero KOHIEHTPALHUIO.

[Ipn momuuHeHuu pacTBOpa 3akoHy cBeTomnorjomenusi byrepa - JlamGepra - bepa
HaOIrOMaeTcsl MPSAMOJMHEHHAsT 3aBHCUMOCTh ONTHYECKOW IUIOTHOCTH OT KOHIICHTPAlUuu
BEIIECTBA B PaCTBOPE MPH MOCTOSIHHOM 3HAYEHHUH TOJIIUHBI CI0s. ITO CTPOro coOIII01aeTCs st
MOHOXPOMAaTHYECKHUX U3JIy4eHUH (CBET ONpeAeIEHHON JJIMHBI BOJIHBI). OTKIOHEHHS OT 3aKOHA
MOTJIOUICHUS] BO3MOKHBI NMPU BO3HUKHOBEHUU MOOOUYHBIX XMUMHUYECKHX MPOLECCOB, BIUSHUU
IIOCTOPOHHUX  YacTHUl, M3MEHEHUM MOHHOM CHJIBl pacTBOpa, MOJUMEpHU3ALUN WU
JenoJIMMepr3anust u Jp.

KoHTpoiibHBIE BOIIPOCHI

1. OxapakTepu3yiTe XUMHUYECKHE METO/Ibl KOJMUYECTBEHHOTO aHAJIH3a.
2. TlpuBenute 3akoH byrepa-Jlambepra-bepa.

Tema 22. CpoiicTBa Ba)kHeHIINX KJIACCOB OPraHMYeCKUX COeIMHEHUI

JIaHHBIX Ka4YECTBEHHOI'O 3JIEMEHTHOI'O aHaJIM3a HEJAOCTATOYHO JJIsi OTHECEHUSI BEIECTBA K
OIpENICJICHHOMY KJIacCy COEIMHEHHWH. DTa 3ajaya pemraercss ¢ MOMOIIbI0 (YHKIMOHAIHLHOTO
aHaiu3a, T.e. ONPeeNICHNs TPYIIUPOBOK aTOMOB, KOTOPHIE HUMEIOT XapaKTEPHYIO PEAKLIMOHHYIO
CIOCOOHOCTH, — TaK Ha3bIBAEMBIX (DYHKIMOHAIBHBIX TPYIII.

I/ICXO,Z[H U3 JaHHBIX I/ICCJ'IeI[OBaHI/Iﬁ (bl/IBI/ILIeCKI/IX 0COOEHHOCTEH M KaueCTBEHHOI'0 aHaJIMN3a
HpI/I6JII/I3I/IT€HBHO OnpeaAC/IAAI0T KJIACC, K KOTOPOMY MOXKCT NMPHUHAJIC)KATL JAaHHOC COCAUMHCHUC.
ITocme 3Toro IMPOBOAAT KAYECTBECHHBIC PCAKIMU Ha OIPEACICHHBIC I'PYIIIIBI.

1. KauecTBeHHBIC peaKIMK HA KPATHBIC YIIIEPOI-yTICPOIHBIE CBI3U
a) Peakmus ¢ 6pomom

CoenuHeHus, COJEpKaIllMe KpaTHbIE CBS3M B JIIOOBIX WX KOMOMHAIMAX (KpOMe
apOMAaTUYECKHUX ), JIETKO PUCOCIUHSIOT OPOM, YTO OTPEACISIeTCs IO 00SCIIBEUMBAHUIO OpoMa.

06) OO0pa3oBaHHEe alETUICHUIOB

AneTuiIeH U 0JHO3aMEeIleHHbIE alleTUIEHOBbBIE YIJIEBOJOPObl 00Pa3yIOT alleTUIICH /bl —
IPOAYKTHl 3aMEIICHUs BOAOPOJAa IPU TPOWHOM CBS3M aTOMOM METalljla, KOTOpBIE JIETKO
B3pBIBAIOTCS OT yZapa MOJIOTKOM WU IPH MOKUTAHUH.

2. KadecTBeHHBIC peaKkIuy HA APOMATUIECKUE YTIIEBOAOPOIbI
a) Peakums ¢ xiaopodopmom

YToOBI OTIUYUTH ApOMATHYCCKUC COCAUHCHHUA OT aJII/I(baTI/I‘IeCKI/IX, MOXXHO HCIIOJb30BaTh
HCKOTOpPBLIC MNBETHBIC pPEAKIMKU, HAOPHUMEP PCaKOHUIO apOMaTUYCCKUX YIJTICBOAOPOJOB C
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XJIOpoOPMOM B TIPHUCYTCTBHH XJIOpUIA alrOMUHUS. Peakmmsi compoBoxkmaeTcs oOpa3oBaHHEM
OKpalICHHBIX MPOAYKTOB. Tak, Mpu B3auMOJIEHCTBUU O€H30Ja ¢ XJI0pOo(hOpPMOM B IPUCYTCTBHU
XJIOpUJa AJIIOMHHMS pPEaKlis CONPOBOXKIAETCS O0Opa3oBaHMEM, KPOME OCHOBHOIO IMPOJIYKTa
peakuuu — TpueHnIMeTana, OKpaleHHOW KOMIUJIEKCHON oMM TpU(EHUIXIIOpMETaHa!

B peakiun ¢ GeH30J70M MOSBJISETCS KPOBABO-KPAaCHOE OKpALIMBAHUE, C TUPUHHUIOM —
MypIypHOe, ¢ HapTAIMHOM — CUHEE, C aHTPALIECHOM — 3€JICHOE.

6) HurpoBanue

MosxHO I/I,Z[eHTI/I(i)I/IHI/IPOBaTI) ApOMAaTHYECKUEC YITIEBOAOPOAbI, UCIIOJIB3YyA HUX CIIOCOOHOCTH
JICTKO BCTYIIATh B PCAKLIIUHU HUTPOBAHMHA. Eciu IIpyu 3TOM BbBINIAAACT TBEPAOC BCUICCTBO HJIHU
BBIACIIAACTCA HEPACTBOPHUMOEC B BOJAC MacCJjio, TO HNpCAnojaracTrCsa HaIU4due aPOMaTquCKOﬁ
CHUCTCMBEI.

3. KauecTBeHHbIE peaKIMy Ha CIIUPTHI
a) KcanrorenoBas peaxius

Oro Hambosee 4YYyBCTBUTENbHAs peaklus Ha cnupToByro Tpymmy. [lepBuunbie u
BTOpPUYHBIE CHMPTHl B NPUCYTCTBUM WIEJIOYEH B3aUMOAECUCTBYIOT C CEPOYIJIIEPOAOM C
o0pa3oBaHHEM AJIKUIKCAHTOTEHATOB, KOTOPHIE PacTBOPSIOTCS B Boje. [locnennue ¢ pactBopamu
coJjieid Menu 00pa3yIoT KOPUYHEBbIE KCAHTOTEHATHI ME/TH.

be3 kcanTorenara pactBop cuHuM. KcaHTOreHaTsl TPETHYHBIX CIUPTOB HECTOMKH MU
pasnararorcs ¢ 00pa30BaHHWEM HEHACHIIICHHBIX COCIMHEHUH, MMO3TOMY TPETUYHBIE CIUPTHI HE
MOTYT OBbITh OTKPBITHI JAHHOM peakiue.

0) Peaknus ¢ XJIOpHCTBIM alleTUIIOM

PaznuuHble IepBUYHbIE U BTOPUUYHBIE CIIUPTHI SHEPTUUHO B3aUMOJAEHCTBYIOT C XJIOPUCTHIM
aneTwiioM ¢ oOpa3oBaHHeM CJHOXHBIX 3¢upoB. IloBbimenue temmeparypsl Ha 20-30°C
CBHUJIETEJILCTBYET O HAJIMYUU NEPBUYHOTO WJIM BTOPUYHOIO CIMPTA. DTy K€ peaklHio JaeT BoJa,
(heHOITbI, aMUHBI.

B) PeaKHI/IH Ha T'JIMKOJIM U MHOI'OATOMHBIC CITMPThBI

[TonmmatomMHbIe CHOUPTHI, COAEPIKALINE THAPOKCHIBHBIE TPYIIBI y COCEAHUX AaTOMOB
yriepoja, o0pasyroT xapakTepHble ruKoisTel Meau (1), pacTBoprMbIe B BOAE U OKpalIeHHBIC B
SPKO-CUHUN 1BET. [ JIMKOIATHI yCTOWYUBEI B IIEIOYHOM Cpele, HO pasararoTcs Ha MCXOJHbIC
COEIMHEHUS B KUCIION cpejie.

I'ony6oii ocanok cBexenpuroroBieHHoro rujgpokcuna meau (II) pactBopsiercs, pactBop
npuoOpeTaeT MHTEHCHBHYIO CHHIOIO OKpacKy. Tak e BemyT ce0s 0-aMHHOKHCIOTHI U O-
AMHHOCTIUPTBHI.

4. KauecTBeHHbIE peaKIK Ha ()EHOIIBI U €HOJIBI

Jlnst 6onpbmMHCTBA ()EHOJOB M €HOJIOB XapakTepHAa WHTEHCHBHAs IIBETHAs PEAKLUs C
xamopugom kenesa (LH). B cmyuae ¢enonma mnosBuseTcs cuHe-(OUOIETOBOE OKpalIMBAaHUE,
pe3opurHa — (GUOJETOBOE, THAPOXWHOHA — JKENTOE, O-HaToia — 3eleHoe. AmumdaTnuecKkue
CHOJIBl (HampUMep, METaHOJIBHBI PacTBOP aleTOYKCYCHOTO 3¢upa) JaeT KPacHO-KEIToe
okpammBanue. [Ipu paszbaBieHuu BOJOH Okpacka OnemaHeer. B ciiydae ¢eHooB, Ha000pOT,
pa30aBiieHHE BOJON YBEIMUMBAECT HHTCHCUBHOCTD OKPACKH.

5. KauyecTBeHHbIE PEaKIMU Ha allbJICTU/Ibl U KETOHBI

a) Peakuus ¢ GucynbpuTom HaTpus

Anpreruapl U anudaruueckue METHIKETOHBI pearupyroT ¢ OHuCyIb()UTOM HATpUs C
oOpa3oBaHNeM OHUCYNb(UTHBIX COCAMHEHWH, KOTOpBIC SBISIOTCS HATPHEBBIMH COJISIMH O-
OKCHUCYNB(OKHUCIOT. B pe3ynprare BblmagaeT KPUCTAIMYECKUN OCa/IOK.

0) Peakiust TosieHca Ha anbACTUAHYIO TPYTITY

Bce anpaernjpl BocCTaHaBIMBAIOT aMMHMAuHBIM pacTBOp okcuzaa cepedpa. IIpoucxonut
BBITIA/ICHHUE cepedpa Ha CTEHKaX MPOOHPKH.
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Takyto e peakiuio JaloT MHOTOAaTOMHbIE (DEHOJNBI, JUKETOHBI H HEKOTOpHIE
apOMaTU4YECKUE aMUHBI.

B) Peaknus ¢ 2,4-mTuHUTPOPEHIITHAPAZUHOM

Haubonee oOmas peakuuss Ha KapOOHWIBHBIC COCOUHEHUs - oOpa3oBaHue 2.,4-
TUHATPOPECHUITHIPA30HOB. [JUHUTPOPEHIITHAPA3OHBI — SIPKO-XKEIITHIC WU KPACHBIE BEIIECTBA,
HE pacCTBOPUMBIC B BOJIE.

r) Peakuius ¢ CONSTHOKUCIBIM THAPOKCUIIAMUHOM

OOpa3yronuiicss OKCUM HE SIBJISIETCS CHUJIBHBIM OCHOBAaHHMEM, 3a CYET B3aMMOJICHCTBHSI
ucxonHex BemecTB Bbrensiercss HCl u yBenmuumBaeTrcss KUCIOTHOCTH cpefbl. JloOammsroT 1
KaIulio pacTBOpa MeTwiIopanka. HaOmromaercss oTuyeTnMBOEe MOKpacHEHHWE pacTBopa. Peakium
MEIIAI0T KapOOHOBBIE KUCIOTHL. B MX OTCYTCTBMU MOXKHO yOEIUTHCS, TPOBEPUB UCCIIEAyEMOE
BENIECTBO IEPE]l AHATIM30M Ha JIAKMYC.

1) Nonodopmuas peaxmust

MeTHIIKeTOHBI pearupyroT C HMOJOM B IIENOYHOM cpene ¢ oOpa3oBaHHeM XJopodopma.
Oxpacka noja uc4esaer, 1 MOsIBIISICTCS 0Ca0K Hogpodopma

6. KauecTBeHHbIe peakiuy Ha KapOOHOBBIE KUCIOTHI
a) Peaknus Ha nakmyc

Takyro K€ peakiuio MJalT aHTUAPUABI, TAJIOTCHAHTUIPUIBI, HEKOTOPbIE (EHOJIBI,
Cynb(OKUCIOTH, THOGEHONbl. B mpoOupky HamuBaroT 2-3 Ma 5%-HOTO pacTBOpa COAbI H
npubaBIsIIOT 2-3 KalUIM HMCCJIEIyeMOro BelIecTBAa. B OTCYTCTBHM KapOOHWJIBHOW TPYIIIBI
BBLACIIAOTCS ITY3bIPBKU YTJICKHUCJIOTO I'a3a.

0) OOpa3oBaHMe CBUHIIOBBIX U CEPEOPSHBIX CONCH

[Tpu B3auMOJEHCTBUU HATPUEBBIX COJIEH KapOOHOBBIX KHCIOT C COJIIMU cepedpa Win
CBUHIIA 00pa3yroTcss OBICTPO TEMHEIIIHUE cepeOpsiHble (CBHHIIOBBIE) COJM ATHUX KapOOHOBBIX
KHCJIOT.

7. KadecTBeHHEIE P€aKiyn Ha aHTUAPUABI U TaJIOTCHAHTUAPUABI KUCJIOT

Jlnst uaeHTUUKAIMKA aHTHIPUIOB M TAIOT€HAHT UPUIOB KHCIIOT MOJIB3YIOTCS PeakIfe ¢
aHUIMHOM. [IpOIyKTBl peakuuMu — aHWIUABl — TBepble BellecTBa. B OOJBIIMHCTBE CllyyaeB
BBIJIEIISIETCS TEIIO.

8. KadecTBeHHbIE peaklUy Ha CII0XKHbIE 3(PUPBI

BosbIMHCTBO CI0XKHBIX 3(UPOB MMEET XapaKTEPHBIHM 3amax u pacTBOpUMBI B Boje. [Ipu
aHAJIM3€ CJIIOXKHBIX F(UPOB UCHONB3YIOT UX CIOCOOHOCTh K THAPOIU3Y HOJ ACHCTBUEM ILEIOYH.
/J{00aBIIAIOT HECKOJIBKO Kamelb pacTBopa (eHondTasenHa U J0OABISIOT TaKOE K€ KOJIMYECTBO
10%-Horo pacTBOpa €IKOr0 HATpUsl B STWIOBOM (WJIM METWIOBOM) CIHUpPTE, YTOOBI OBLIO
3aMETHO KpacHoe okpamuBaHue. [IpoOupky 5 MUHYT HarpeBalOT Ha BOJASHOW OaHe mpu
temneparype 40°C. YMeHbllIeHHe HHTEHCUBHOCTH KPACHOT'O OKPAIIMBAHUS CBUIETENbCTBYET 00
00pa30BaHNM KUCIIOTHI BCJIEACTBHE OMBIJICHUS CI0XKHOTO 3upa.

9. KauecTBeHHbIE pEaKIM HA AMUHBI

OmnpeneneHre aMUHOB OCHOBBIBACTCS TJIABHBIM O0pa3oM HAa WX OCHOBHOCTH, a TaKXKe
MOJIBIKHOCTH aTOMOB BOJIOpPOJIa, CBSI3aHHBIX C a30TOM. AMHHBI PacTBOPHUMBI B KHCIIOTaX,
HMEIOT XapaKTEPHbIN 3anax, JatoT MET0YHYI0 PEAKIUIO Ha JIAKMYC.

a) OmnpeneneHue NepBUYHBIX AMUHOB

Jlia omnpeneneHusl NEPBUYHBIX AMMHOB IMPUMEHSIOT HM30HUTPWIBHYIO peakuuio: 0,5 r
MEePBUYHOTO amMHuHa (OyTHIIaMUH) pacTBOPAIOT B 1 Mil 3TaHoja, JOOABISIOT 2 MJI OKpPAIIEHHOTO
pacTBopa €IKOro HaTpHsi, BHOCAT HECKOJBKO Kameib XJopodopma u OBICTPO HArpeBaroT A0
kurneHus. [losBisieTrcs oO4eHb HENPHUATHBIA 3amax, CBUAETENbCTBYIOLIIMH 00 00pazoBaHUU
W30HUTpUIIA.

0) OnpeneneHre BTOPUYHBIX aMUHOB
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Jlist onipeiesieHnst BTOPUYHBIX aMUHOB IIPUMEHSIOT PEAKIUIO C HUTPOIIPYCCUIOM HATPHUS U
aneranpaeryaoM. llpm HamuuMum BTOPUYHBIX aMMHOB IOSBISIETCS CUHEE WIM (huosieToBOE
OKpalllBaHUE.

B) Onpenenenre TpeTUYHbIX aMUHOB

TpeTnuHble aMUHBI ONPENEIAIOTCA II0 PEAaKUUM C JIMMOHHOW KHCIOTOM M YKCYCHBIM
anrugpugoM. IlosBiserca KpacHOE Wi My PILypHOE OKpalIMBaHUE.

10. KauecTBeHHBIEC peaKlMM HA YTIIEBOIbI

a) C a-HadToIOM

Peakuus ¢ a-nadronom sBisercs obOmieit s Bcex yrieBoaoB. [lpu aeiicTBumM cepHOi
KHCJIOTHI Ha CJIOXHBIE YTJIEBOJbI CHaYajaa MPOUCXOIUT MX THIIPOJIHU3, a 3aTeM 00pa30BaBLIMICS
MOHOCaxXapuj KOHACHCHpYyeTCs B S-okcumetun-Gpypdypon. IlociaenHuii KOHIEHCUPYETCS C
IBYMsI MOJIEKYJIaMU O-Ha()TOJIa B CIOKHYIO XHHOUIHYIO CTPYKTYPY, KOTOpas CylIb(pUpyeTcs C
o0pa3oBaHWEM SIPKOTO KPacHO-()HMOJIETOBOTO COCTUHEHHSI XMHOMIHOTO TUMA. Peakuus oueHb
YyBCTBUTEJbHA.

0) Peakius @enunra

B3aumopeiictBue caxapoB c¢ consmu meau (II) B memounom pactBope. CHHHMI LIBET
MCYE3aeT, BBIICTSACTCS KENThIN WM KPaCHO-KOPUYHEBEIN 0CaJiok okcuaa meau. Eciu ObLT B3ST
HEBOCCTAHABIIUBAIOLIUI AHUcaxapu, TO U3MEHEHHsI OKPAaCKU IIPU HAarpeBaHUU HE MPOUCXOJIUT.

B) Peakius CenuBanoBa

JlanHast peakiusi MO3BOJISIET ONPEAETuTh KeTo3bl. B mpobupky HanuBaoT 1 mi 5%-HOro
pacTBopa HCClieAyeMoro BemiecTBa ((pyKTo3a, pacTBOp caxapo3bl) M 2 MII peaKTHBa
CenuanoBa (pactBop 0,05 r pe3opuuna B 100 mut constHoi kuciotsl 1:1). CMmech HarpeBaroT 2-3
MUHYTHI Ha BOAsHOU Oane. [TosBisieTcs: SpKo-KpacHOE WM BUIITHEBOE OKpALTUBAHUE.

Tema 23. JIunuabl (KAPBI K MacJIa).

He.]'[b: MMO3HAKOMUTHCA C COBPECMCHHBIMH INPCACTABJICHUSAIMU O CTPOCHHHU H COCTaBC
JIUIIMAOB U HHH.[CBOﬁ HCHHOCTHU MACCJI U )KUPOB.

Bonpocsl aJst 00cy:KaeHus:

1.CtpoeHue u coCTaB JUMUIOB

2. JKUpHOKHUCIOTHBIN COCTAB Macell U JKUPOB.

3. TluieBas IEHHOCTh Macell U )KUPOB.

4. Metozbl BbIIETICHUS TUITUA0B U3 ChIPbS U MUILEBHIX MPOTYKTOB.
5. Meto/bl aHaJIU3a JIMITUIOB B CHIPHE M MUILEBBIX MPOTYKTaX.

Jlununamu (ot rped. lipos - *xup) Ha3bIBAIOT CIOKHYIO0 CMECh OPraHUYECKUX COeTMHEHUI
¢ OM3KUMU (PU3HKO-XUMHYECKHUMH CBOMCTBAMHU, KOTOPAsi COACPKUTCS B PACTCHHSIX, JKUBOTHBIX
U MUKpoOpranuszMax. JIMmuabpl HIMPOKO paclpOCTpaHEHbI B MPHUPOJE U BMECTe ¢ OelkaMHu U
YIJIEBOJIAMU COCTABJISIIOT OCHOBHYIO MAacCy OPraHUYECKHX BELIECTB BCEX KHUBBIX OPraHU3MOB,
SBIIASACH O0S3aTEIbHBIM KOMIIOHEHTOM Kaxa0W KieTKu. OHU IHIMPOKO HCIONB3YIOTCS MpU
MOJIyYEHUHM MHOTUX MPOAYKTOB THTAHMS, SIBJISIIOTCSA Ba)KHBIMH KOMIIOHEHTaAaMHU IHUIIEBOTO
CBIPbSI, OJTYIPOIYKTOB M TOTOBBIX MUIIEBBIX MPOJAYKTOB, BO MHOI'OM ONpEAeNiss UX MUILEBYIO U
OMOJIOTUYECKYIO TTOJTHOIIEHHOCTh M BKYCOBBIE KaueCTBa.

JIunuael HEpPaCTBOPUMBI B Bojie (THAPOQPOOHBI), XOPOIIO PACTBOPUMBI B OPraHHMYECKUX
pacTBopuTensax (OeH3uHE, TUITIIOBOM ddupe, xmopodopme u ap.).

B PACTCHUAX JTUITUAbI HAKAINIMBAIOTCA, I'NNIABHBIM o6pa30M, B CEMCHaX U 1ioJaax.

Tema 24. YriieBoabl B IMIIEBbIX MPOIYKTAaX.
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[TpakTuaeckas pabora Nel. XapakTepucTrka coctaBa, CTPOCHHsI, CBOWCTB, TIOTYUSHUS U
MPUMEHEHHs MOHOCaxapuaoB (TJIOKO3bI), JucaxapuaoB (caxaposbl), IOJHCAXapUIOB
(kpaxmasia ¥ 1EeJUII0JI03bI)

Leab: MO3HAKOMUTHCS C COBPEMEHHBIMU MPEACTABICHUSIMU 00 YIJIEeBOJaX B MHILEBHIX
IPOIyKTax
Bonpocsl aJsi 00cy:KaeHus:
1. Knaccudukanus yrieBoaos.
. XapaKTepucTUKa COCTaBa U CTPOCHHSI MOHOCAXapHIOB (TIIFOKO3BI).
. CBolicTBa MOHOCaXapua0B (TJHOKO3bI)
. XapaKkTepucTUKa COCTaBa U CTPOCHHsI IMCaXapuA0B (caxapo3bl)
. CBoiicTBa AucaxapuoB (caxapo3bl)
. XapaKTepucTUKa COCTaBa U CTPOCHHUSI MOIMCAXapUI0B (Kpaxmalia U [eJUTF0I03b])
. CBoiicTBa nmoJyiucaxapuioB (Kpaxmania v HeJITI0I03bI)
. YcBanBaeMble U HEyCBaUBaeMbl€ YTIIEBOIBI

O 00 3 O L A WD

. YIJIeBOIbI B IUIIEBBIX IPOJYKTAX

Ha3anue "yrieBonbl" OBLIO JaHO COEAMHEHUSM AITOro kKiacca modru 90 jeT Hazaj,
KOTJ1a MoJIarajid, 4TO BCE OHH COJAEPIKAT YIIIEPO, BOJOPO U KHCIOPO B TAKMX COOTHOIIICHUSX,
Kak OyJTO IPEICTaBIAIOT OO0 pa3aIuvHble TUAPATH yriaepoaa oodmeil Gopmynsr Cn(H20)m. B
JAJBbHEUIIIEM 0Ka3aJlOCh, UTO PAJl COCIMHEHUN, IPUHAUIEKAIIUX 110 CBOMM CBOMCTBAM K KJIACCY
YIJIEBOJIOB, COJEPXKAT BOJOPOJ M KUCIOPOJ B HECKOJHKO HMHOM MPOMOPIUH, Y€M YKa3aHO B
obmieit dopmyne (Hampumep, ae3okcupuboza - CSH1004). Ognako HaszBanue '"yriieBoabl”
COXPAaHUJIOCh, XOTSI XUMUYECKOTO CMBICIIa OHO HE UMEET.

VYTraeBoapl MUPOKO PacTIPOCTPAaHEHBI B MPHPOJIE, OHU BCTPEYAIOTCS B CBOOOAHON MIIH
CBSI3aHHOM (hopMe B 11000 PACTHTEIHLHOMN, KUBOTHOW WM OaKTEpHAIbHON KIIETKE. YTJIEBOIBI
COCTaBJISIOT TPU YETBEPTH OMoONOrHueckoro mupa u npumepHo 60-80% xanopuiiHOCTH
MUIIEBOrO palMoHa.

Haubonee pacnpocTpaHeHHBI yII€BOJ - LEUII0I03a, CTPYKTYpHBIH KOMIIOHEHT
JIEPEBbEB U JIPYTMX pacTeHWil. ['JlaBHBIM NMUIIEBOM MHIPEIUEHT - Kpaxmaia. MoHocaxapuibl
BCTPEUAIOTCS B CBOOOJHOM BHJE B IMPHPOJC B HEOONBIINX KOJIUYECTBAX; B OCHOBHOM OHH
MPUCYTCTBYIOT KaK CTPYKTYpHBbIE €IHWHHUIBI TOJUCAaXapuI0B, BXOIAT B JUcCAaXapuibl U
OJIUTOCaXapuabl.

OBHIASA XAPAKTEPUCTHUKA YITIEBOAOB

Cornacao HpHHHTOﬁ B HACTOALIECC BpEMA KJIaCCI/I(i)I/IKaI_[I/II/I YIJICBOJABI IMOAPA3ACIIAOTCA Ha
TPU OCHOBHBIC I'PYIIIbBI: MOHOCAXapUu/bl, OJIMTOCaxXapulibl U MOJIMCAXapu/bl.

MOHOCAXAPH/IbI

MoHocaxapuabl OOBIYHO cozepkaT oT 3 10 9 aroMoB yriiepoaa, MpuueM HauOosee
pacnpocTpaHeHbl MEHTO3bI U Tekco3bl. [10 GhyHKIIMOHATBHON TPYIINe OHU AETSATCS Ha albl03bl U
KETO3Bbl.

MoHocaxapuibl HaXOIsATCS OOBIYHO B TAYTOMEPHOM PaBHOBECHUHU CO CBOCH IMKIUYECKOM
dopmoii. TayromepHble HHKIHYECKHE (GOPMBI CaxapoB TPEICTABIAIOT COOOW BHYTPEHHHE
noJyaneTaii. B pe3ysbrare MUKIU3aIiK MOSIBIISICTCSI HOBBIH aCHMMETPUYECKUN aTOM yIiepo/a,
KOTOPBI HA3bIBAIOT TJIMKO3HIHBIM (MM aHOMEpPHBIM). M30Mepbl OTHOCUTEILHO aHOMEPHOTO
IIEHTPA HA3bIBAIOTCA O- U [3-aHOMEpaMH.

Cpenu MOHOCaxapuJOB IIMPOKO M3BECTHHI INIIOKO3a, (PPYKTO3a, rajiakro3a, apabuHO3a,
kcuo3a u D-pubo3a.
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I'moko3a (BUHOTpaIHBIN caxap) B CBOOOAHOM BHJE COIACPKHUTCS B Arojax u (pykrax (B
BUHOTpaze 10 8%; B ciuBe, yepemiHe 5-6%; B mene 36%). V3 mMomneky riroKko3bl TOCTPOEHBI
KpaxmaJl, IJIMKOTeH, MaJIbT03a; [JIF0K03a SIBJISIETCS] COCTAaBHOM YacThbIO Caxapo3bl, JIAKTO3BI.

®pykTo3a (MIONOBBIM caxap) COAEPKUTCS B YMCTOM BUAE B mueauHoM menae (10 37%),
BuHorpae (7,7%), s6nokax (5,5%); ABIIETCS COCTABHOM YaCThIO CaXapo3bl.

I'amakTo3a - cocTaBHas 4acTbh MOJOYHOT'O caxapa (J'IaKTOBBI), KOTOpass COACPIKUTCA B
MOJIOKC MJICKOIIUTAOIINX, PACTUTCIIBHBIX TKAHAX, CCMCHAX.

ApabuHo3a COIEPKUTCS B XBOWHBIX PACTEHUSAX, B CBEKJIOBHYHOM YKOME, BXOIHUT B
MEKTUHOBBIE BEILIECTBA, CIU3U, TYMMH (KaMe/H), TeMHULIEIUTIOI03bL.

Kcunosza (mpeBecHbIli caxap) COIEpKHUTCS B XJIONKOBOM MIENyXe, KYKYpPY3HBIX
KouepbDkkax. Kcuioza BxoauT B coctaB meHTo3aHOB. CoenuHssich ¢ ¢ochopom, KCHioza
MEPEXOIUT B AaKTUBHBIE COCIWHEHHS, WUIpaloliie Ba)KHYI pPOJb BO B3aWMOINPEBPAIICHUAX
caxapos.

B psay monocaxapunoB ocoboe mecto 3aHumaer D-pubosza. Ilowemy mpupona Bcem
caxapaMm mpeanowia puOO3y - TOKa HE SCHO, HO HWMEHHO OHA CIYKUT YHHUBEPCATbHBIM
KOMIIOHEHTOM TJIaBHBIX OHOJIOTMYECKH AaKTHUBHBIX MOJIEKYJl, OTBETCTBEHHBIX 3a Ieperaudy
HaCJIeICTBEHHOU nH(popmanuy, - pudbonykinenHoBoit (PHK) u nezoxcupubdonykinennosoii (JITHK)
KHCJIOT; BXOOUT oHa W B coctaB AT® u AP, ¢ moMmomp0 KOTOPHIX B JIOOOM >KHBOM
OpraHM3Me 3amacacTcs W IEePeHOCUTCS XuMHuecKas dSHeprus. 3ameHa B AT® ogHOoro wus
dbochaTHBIX OCTAaTKOB HAa MUPUAMHOBBIM (parMeHT MNPUBOAUT K OOpa30BAaHUIO €IIe OIHOIO
BakHoro areHTa HAJI - BelecTBa, MPUHUMAIOIIETO HEMOCPEACTBEHHOE YYacTHE B MPOTCKAHUU
KU3HEHHO BA)KHBIX OKHUCIUTEIHbHO-BOCCTAHOBUTEIBHBIX MpolieccoB. Enie oauH KiIro4eBoi areHt
- puOyno3o-1,5-gudocdar. ITo coeHEHNE YIaCTBYET B MPOLIECCAX ACCUMMIISALIUH YTIIEKUCIOTO
ra3a pacTeHHUsIMH.

INOJIMCAXAPHU/IbI

OHHFOC&XapI/I,I[H. 3Tto oJmmcaxapuibl 1-ro IopsaJKa, MOJICKYJIbI KOTOPBIX COACPKAT OT 2
A0 10 ocraTtkoB MOHOCaxapua0B, COCAUHCHHLIX TJIMKO3UWIAHBIMU CBA3SIMU. B cooTBercTBHU C
OTHUM PA3JINYAOT AUCaXaprubl, TpUCaxapuabl U T. 1.

Hucaxapunpl - CIIOXKHBIE caxapa, Kaxzaas MOJIEKyJla KOTOPBIX TIPH THUIPOJIU3E
pacmazaeTcss Ha JBE MOJIEKYJbl MOHOcaxapuoB. [lucaxapuibl, Hapsay ¢ HOJHcaxapHliaMu,
SIBJISIFOTCS. OJTHUM M3 OCHOBHBIX HCTOYHHMKOB YIJIEBOJIOB B MHIIE YeJIOBEKa M KUBOTHBIX. [lo
CTPOCHMIO JMCAaXapuJibl SBISIOTCS TNIMKO3HMJIaMHU, B KOTOPBIX JIBE MOJIEKYJIbBI MOHOCaXapHa0B
CO€JIMHEHBI TJIMKO3UJIHOU CBS3bIO.

Cpenu paucaxapuioB OCOOCHHO INUPOKO HM3BECTHBI MallbTO3a, Caxapo3a M JIaKTo3a.
ManbTto3a, SBISIOMANACS O-TIOKOMUpano3ui-(1,4)-o-TIoKonupano3oi, o0pa3yercs B KauyecTBe
MPOMEKYTOYHOTO MPOAYKTA MPH JCHCTBUN aMHiIa3 Ha Kpaxmall (HITU TIIMKOTEH).

OpnuMm u3 HamboJiee PacIpOCTPAHEHHBIX TUCAXApUIOB SBIAETCS caxapo3a - OOBIYHBIHI
nUIeBoil caxap. Mouekyna caxapo3bl COCTOMT M3 OJHOTO OCTaTKa O-D-TIIOKO3BI M OJHOTO
ocratka -D-¢ppyKTo35l.

B orianume oT OOJBIIMHCTBA aucaxapuaoB, caxapo3a HE HMECT CBO60,I[HOFO
MoJIyal€TaJIbHOT'O THAPOKCHUIIA U HE 06J1a21aeT BOCCTAHABJIMBAIOIIMMU CBOMCTBAMHU.

I[I/Icaxapﬂz[ JIaKTO3a COACPIKUTCA TOJIBKO B MOJIOKE WM COCTOUT U3 B-D-raﬂaKTOBH u D-
TJTFOKO3BI.

Cpenu mnpupoIHBIX TpUcaxapuZoB Haubosiee u3BecTHa paddunHosa (comepkamias
ocTaTKd (PYKTO3bI, TIIOKO3bI U TanakTo3bl). OHA HAXOIUTCS B 3HAYUTEIHHBIX KOJUYECTBAX B
caxapHOW CBEKJIE M BO MHOTMX JPYIMX pPAacT€HHSAX, B YacTHOCTH B 0000BbIX. B memom
OJIUTOCaXapubl, MPHUCYTCTBYIOIINE B PACTUTEIBHBIX TKaHAX, pPa3HOOOpazHee IO CBOEMY
COCTaBY, YEM OJINTOCAXAPHUbI KUBOTHBIX TKAHEH.
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[onmucaxapuasr 1l-ro mopsiaka. WX, ¢ TOYkHM 3peHHsT OOLIMX NPHHLUIOB CTPOCHUS,
MOKHO pa3[eluTh Ha JBE TPYIIBI: TOMOIOJNCAXAPUIBI, COCTOSILUE W3 MOHOCAXapUAHBIX
€IVHUL] TOJIBKO OJHOIO THIIA, U TE€TEPOIOJINCAXAPUABL, Ul KOTOPBIX XapaKTEPHO HAJIMYUE IBYX
wiu 6oJiee TUIIOB MOHOMEPHBIX 3BE€HbEB.

C Touku 3peHus QyHKIIMOHATHHOTO HAa3HAYCHUS TIOJUCAXAPHUIBI MOTYT OBITh pa3/eIeHbI
Ha CTPYKTYpPHbIE M pE3EpBHBIC MONHMCAXapuibl. BaXHBIM CTPYKTYpPHBIM MOJIHCAXaPUIOM
SIBJISIETCSL  1IEJUTIONIO3a, @ TJIABHBIE PE3EpPBHBIC IMOJIMCAXapUAbl - TJIUKOTeH W Kpaxman (y
KUBOTHBIX U PaCTEHUI COOTBETCTBEHHO).

Kpaxman mnpencraBiser co0oif KOMIUIEKC JIByX TOMOIIOJIMCAXapuIOB: JIMHEHHOTO -
aMUJI03bI W PAa3BETBIECHHOTO - aMUJIONEKTHHA, oOmas ¢opmyna koropsix (C6H1005)n. Kak
IIPaBWJIO, COJEp’KaHUWE aMuiIo3bl B Kpaxmaie coctaister 10-30%, amunonekruna 70-90%.
[Tonucaxapuapl Kpaxmana MOCTPOEHBI W3 OCTATKOB TJIIOKO3bI, COCIMHEHHBIX B aMUJIO3€ U B
JUHEMHBIX LENAX aMWIONEKTUHA o-1,4-CBA3sIMM, a B TOYKAaxX BETBJICHUS aMWJIONEKTUHA -
MEXKLEMOYHBIMHU O- 1 ,6-CBSA3IMU.

Kpaxman sBnsieTcsi TJIaBHOM COCTaBHOM YacThIO THINM 4YelloBeKa. XJjebd, kaprodens,
KPYIIbl, OBOIIIH - TJIaBHBINA SHEPTETUUECKHUIA PECYPC €ro OpraHu3ma.

I'nmukoren - nonucaxapui, UPOKO PacIpPOCTPAHEHHBIN B TKAHAX KUBOTHBIX, OJIM3KUH 110
CBOEMY CTPOCHHMIO K aMUJIONEKTHHY. MojeKyja TIJTMKOTeHa, Kak M MOJIeKyJa aMWJIONEeKTHHA,
IIOCTPOEHA U3 CHJIBHO Pa3BETBICHHBIX LIENIOYEK (Pa3BETBIECHHUE 4depe3 Kaxiable 3-4 3BEHA) C
0OIIUM KOJTMYECTBOM TITFOKO3UAHBIX OCTaTKOB 5-50 ThIC (¢ MOJIeKysipHON Maccoi 1-10 muthH).

Hemmrono3za (WM KJIeTYaTKa) SBISETCS OJHUM M3 HambOoyee pacnpoCTPaHEHHBIX
pacTUTENBHBIX roMoroMcaxapuoB. OHa BBITIOIHSAET POJIb OMOPHOTO MaTepHaia pacTeHHi, U3
HEee CTPOMTCS JKECTKH CKeJeT cTebeid, IMCTheB. B uncTom BuJe OHA M3BECTHA B BHUJE BaThl U
¢bunpTpoBaJIbHON Oymaru (mucuyas ¥ BCE APYrue BHIBI OyMaru INpokjeuBaroTcs). J[peBecnHa
HAMOJIOBUHY COCTOMT M3 KIETYaTKH M, KPOME TOTO, COIEPXKUT CBSI3aHHBIA C HEIO JIUTHUH -
BBICOKOMOJICKYJIIPHOE BemecTBO (peHoNmpHOrO Xapakrepa. llemmonos3a mpexacramBiser coOoi
nosumep, coaepxamuii 600-900 ocTaTKkoB TIIIOKO3bI (CpeiHsAs MOJEKyIsipHas macca 1-1,5 min).

B Monexyine nemnono3sl OCTaTKH TII0K03bl coeuHeHbl B-(1,4)-rmuKko3uHbIMU CBSI3SIMU,
4TO OMpeesaeT JHHEWHYI0 CTPYKTypy mnonumepa. Llemmono3a He pacmierisieTcsi OObIYHBIMH
(dbepMeHTaMu >KeTyJOYHO-KUIIIEYHOTO TpaKTa MIIEKONUTAIOUMX, a MpU JeHCTBUM (epMeHTa
[EJUTIONA3bl, BBIICISIEMOTO0 W3  KHIIEYHOHW  (PIIOphI  TPaBOSOHBIX, pacragaeTcs Ha
LEJUTOIEKCTPUHBI (OJIUTOLEITIOCaXapyIbl) U LEII00H03Y.

Tema 24. YrJjieBoAbl B MUIIEBBIX NPOAYKTAX.
[Tpaktrueckas padota No2. YcBanBaemble U HEyCBAaUBAaEMbIC yTIIEBOJIHI .
enb: M3yunTh yCBauBaeMble U HEYCBAUBAEMbIC YTIIEBO/IHI .

C ToukH 3pCHUA HPIH.IGBOﬁ LOEHHOCTHU YIJIEBOABI IMOAPA3ACIIAOTCA Ha YCBAMBACMBIC U
HCYCBAaWBAaCMBbIC. YcBanBaeMbIe YIJIICBOAbI — MOHO- U OJIMIOCaxapu/bl, Kpaxmall, TJIMKOI'CH.
HCYCBaI/IBaeMLIe — OEJUII0JI03a, IT€MUIECIIIK0JI03b], HHYJIWH, IICKTUH, IT'YMMHU, CIIM3H.

IIpy nDocrymieHun B NUUIEBAapUTEIbHBIA TpakT ycBauBaeMble YIJIEBOJABI (3a
UCKJIIOUEHHEM  MOHOCAaxapul0B)  pacLICIUISIOTCS,  BCAachIBAIOTCS, a  3aTeM  WIH
HEINOCPEACTBEHHO YTWIM3HUPYIOTCS (B BMJIE TJIFOKO3bl), WM IPEBPALIAIOTCS B KHUp, WIH
OTKJIa/IbIBAIOTCS Ha BPEMEHHOE XpaHeHHe (B BUJE IiMKoreHa). Hakoruienue »xupa ocCOOEHHO
BBIPA)XEHO MPH U30BITKE B TUETE MPOCTHIX CaXapoB M OTCYTCTBUU PAcX0/ia SHEPTUH.

OOMeH yrieBoloB B OpraHM3Me YeJOBEKa CKJIAJBIBACTCS B OCHOBHOM M3 CIIEAYIOIINX
IPOLIECCOB.

PaCH_ICHJ'ICHI/Ie B JKCIIY JOUYHO-KUIIICYHOM TPAKTC MMOCTyHnaromux C nnmeﬁ
nmoJmmcaxapuoB M AuUCaxapuJoB — 10 MOHOCAaxapuoB. BcacreiBanue MOHOCaxapuaoB u3
KHUIICYHHKA B KPOBb.

CuHre3 u pacnan riivkoréHa B TKaHgX, MPCKIC BCCTO B IICYCHU.
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AHa’po0OHOE pacHICIUICHHWE TJIOKO3bl — TJIMKOJIM3, MPHUBOMAIIMA K OOpa30BaHMIO
HUpyBaTa.

AdpoOHBIN METa0OIM3M MUpPYBaTa (IbIXaHUE).
Bropuunble myTH KaTaboau3Ma TiItoKo36l (MeHT030(ochaTHBIN My Th H JIp.).
BzaumonpeBpaiieHue rekcos.

FJ'IIOKOHCOFGHC3, NI 06pa30BaHHe YIJII€EBOAOB M3 HEYTJICBOAHBIX IIPOJYKTOB. Taxumm
MNpOAYKTaMU SABJIAIOTCA, B IICPBYIO OYCPCIAb, MNHPOBUHOrpagHad MW MOJIOUHAs KHUCIIOTEHI,
TIIMOCPUH, aMUHOKHUCIIOTBI U PAd APYTrUX COC,Z[HHGHI/Iﬁ.

I'moko3a sBnsieTcs OCHOBHOHM (hOpMOM, B BHAE KOTOPOW YIJIEBOIBI IMPKYJIUPYIOT B
KpOBH, o0ecreunBasi »HEpreTMYECKUe HYXXIbl opraHusma. HopmalbHOEe cojepxaHue
rioko3bl B KpoBH 80-100 mr/100 miu. M36bITOK caxapa mpeBpalaeTcss B IIIMKOTeH, KOTOPBI
pacxoayeTcsl Kak UCTOYHHK IIFOKO3bI, €CJIM MaJIo yIiIeBOI0OB moctynaet ¢ nuiuel. [Ipoueccsr
YTUIM3AIMK TJIIOKO3bl 3aMEUIAIOTCS, €CIU TO/DKEITYI0UYHONM JKelle30i BhIpadaThIBaeTCs
HEJIOCTaTOYHO TOPMOHA — MHCYJIMHA. YPOBEHb TJIIOKO3bI B KpoBU noBbimaercs 10 200— 400
Mr/100 M1, TOYKH MEPECTAIOT 3aJCPKUBATh TAKHE BBICOKHME KOHIICHTpAIIMH caxapa, U caxap
nosiBisiercs B Moue. HactynaeTt Tspkesnoe 3abosieBaHue — caxapHblid uabdeT. beicTphiil moabemM
YPOBHSI TJIIOKO3bI B KPOBU BBI3BIBAIOT MOHOCAXAPHIBI U JIFICaXapu/ibl, 0COOCHHO caxapo3a. Ha
BOPCHHKAaX TOHKOI'O KHIIEYHHKA M3 Caxapo3bl W APYTUX AUCAXapUIOB BBICBOOOXKIAIOTCA
OCTaTKH TJIIOKO3bI, KOTOPBIE OBICTPO MOCTYNAIOT B KPOBb.

IIpu notpebaeHnn GpyKTO36l YPOBEHB INIIOKO3BI B KPOBH YBEIWYHMBACTCS MEHEE PE3KO.
@pykro3za B OOJblIell CTENEHU 3aJepKUBACTCS TEUYEHBbIO, a IMOCTYIUB B KPOBB, CKOpee
BCTyIaeT B OOMEHHBIE NpoLecChl. Y Tuau3anus (GppykTo3bl HE TpeOyeT MHCYIHMHA, TTO3TOMY
OHA MOXeET MOTPeOIATHCS M OONBHBIMU CaxapHbIM AuadeToM. OpyKTo3a B MEHBILEH CTEIICHH,
4eM TJIIOKO3a W caxapo3a, BbI3bIBAacT Kapuec 3y0oB. bomnbmas menecooOpa3HOCTh
notpebieHust GpyKTO3bl IO CPABHEHUIO C IPYTMMHU caxapaMu CBsi3aHa M ¢ TeM, 4yTO (QpyKTo3a
o0OJrazaeT OOMBIIENA CIIAOCThIO.

MoHocaxapu rajgakro3a B CBOOOJHOM BHJE B IMHUIIEBHIX MPOIYKTAaX HE BCTPEUACTCS.
OHa siBiIsieTCA MPOAYKTOM PaCIICIUIEHHUsI MOJIOYHOTO caxapa.
Jucaxapu akTo3a COAEPXKUTCA TOJIBKO B MOJIOKE M MOJIOYHBIX MPOAYKTaxX (ChIpHI,

kedup u T. A.), cocTaBisist mpuMepHo 1/3 cyxux BemiecTB. [ MIpOIN3 TaKTO3BI B KUIIEYHUKE
MPOTEKAET 3aMEJIJIEHHO, B CBSI3HM C YEM OTPAHUYUBAIOTCS

MIPOLIECCHl OPOKEHUSI U HOPMAIHU3YETCS IeATEIbHOCTh KUIIEYHON MUKpOdiopsl. Kpome
TOrO, TMOCTYIUICHHE JIAKTO3bl B MHUIIEBAPUTEIBHBI TPAKT CHOCOOCTBYET pPa3BUTHUIO
MOJIOUHOKHUCIBIX ~OaKTepuil, SBISIOMIMXCS aAHTArOHHUCTaMU [AaTOTEHHOM U YCJIOBHO-
MaTOreHHONW MUKPOQIIOPHI, THUJIOCTHBIX MUKPOOPTaHU3MOB.

HeycBanBaemble yTieBOAbl YEIOBEUECKHMM OPraHM3MOM HE YTWIM3UPYIOTCS, HO OHHU
Ype3BbIYAiHO Ba)KHBl IS IMILEBAPEHUS M COCTABIAIOT (BMECTE C JIMTHUHOM) Tak
Ha3bIBaE€Mble MUIIEBbIC BOJOKHA. [IuIieBble BOJIOKHA BHINOJHSIOT Cleayrolue (pyHKIUU B
OpraHHU3MeE YEJIOBEKA:

CTUMYJIUPYIOT MOTOPHYIO (DYHKIIUIO KUIICUHUKA;

IPENATCTBYIOT BCACBIBAHUIO XOJIECTEPUHA;

UTPAIOT IMOJIOKUTEIBHYIO POJIb B HOPMAJIM3AlUK COCTaBa MUKPO(DIOpPHI KUIIEYHUKA, B
MHTUOMPOBAHUY THUJIOCTHBIX TPOLIECCOB;

OKa3bIBAIOT BIIMAHHWE HAa JUNHAHBIN OOMEH, HapylleHHE KOTOPOro MPUBOAMUT K
OKUPEHHUIO;.

a7cOpOUPYIOT KEITYHBIE KUCIIOTHI;

CHOCOOCTBYIOT ~ CHM)KEHHIO  TOKCHYHBIX  BEHIECTB  JKMU3HEACATEIILHOCTH MUK
POOPraHU3MOB U BBIBEJICHUIO U3 OpraHu3Ma TOKCHUYHBIX 3JIEMEHTOB.
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[Ipu HemoCTaTOYHOM COJEpKAHWW B MHILE HEYCBAaHMBAEMBIX YTJIEBOJOB HaOIIONaeTCA
YBEIIMUYCHUE CEPIICUHO-COCYANCTHIX 3a00JIEBaHMH, 3JI0KAYECTBEHHBIX OOpa30BaHMN HPSMOMN
kuiky. CyTo4yHasi HOpMa NMUIIEBBIX BOJOKOH cocTaBiisieT 20-25 .

Tema 24. YrJieBoabl B MUIIEBBIX NPOAYKTAX.
[Tpaktrueckas padota Ne3. YrieBosl B MUIIEBHIX MPOAYKTaX
enb: U3yuuTh yriaeBObl B MUILEBBIX NPOIYKTaX.

VYTrIIeBosbl COCTABIAIOT 3/4 CyXOM MaccChl pacTeHHH M BOJOPOCIEH, OHU COJEP)KATCS B
3€pPHOBBIX, (PPYKTax, OBOIIAX U B APYTHX NPOTYKTAX.

['maBHBIMM yCBaMBaeMbIMHU YIJIEBOJAMU B IHMTAaHUM YEJIOBEKA SBISAIOTCS Kpaxmal HU
caxapo3sa. Kpaxmai - r1aBHbIi SHEPIeTUYECKUI PECYPC YETI0BEYECKOTO OpranusMa. Mcrounuku
Kpaxmaia - 3epHoBble, 0000BbIe, KapTodenb. Ha momo kpaxmana npuxogurcs mnpuMepHo 80%
BCEX MOTPEOIIIEMBIX YEIOBEKOM YITIEBOIOB.

MoHocaxapubl ¥ OJIMrocaxapujsl (B TOM YHUCIE caxapo3a) MPUCYTCTBYIOT B 3€PHOBBIX B
OTHOCUTENFHO MaJibIX KosmdyecTBax. Caxapo3a 0ObIYHO TOCTYMAET B YEIIOBEUECKUI OPraHu3M C
MPOAYKTaMH, B KOTOpbIE OHA J100aBisieTcsl (KOHAUTEPCKUE WU3JENUs, HAMUTKH, MOPOKEHOE U
ap.). IlpuarMas BO BHUMaHHE TO, YTO caxapo3a B 3HAUUTENILHOW CTENEHH CIIOCOOCTBYET pOCTy
TJIIOKO3bl B KPOBH, CIIEAYEeT OTMETUTh, YTO MPOAYKTHI C BBICOKMM COJEpKaHHEM caxapa (B
IIEPBYIO OYepeab KOHIUTEPCKHUE U3/IEHs) SBIIAIOTCS HaUMEHEE IIEHHBIMU U3 BCEX YIJIEBOIHBIX
MIPOJYKTOB.

B mnacrosmee BpeMss MOXXKHO CUMTATh JIOKa3aHHBIM, YTO HEOOXOIMMO YyBEIUYHMBATH B
paloHe MUIIeBbIe BOJOKHA. ICTOUHUKOM UX SIBJISIFOTCS pKaHble U MIIEHUYHbIE OTPYOH, OBOIIIH,
¢bpykThl. X11€06 U3 LENBHOTO 3epHa, C TOYKH 3PEHUS COJACPKAHUS IMUIIEBBIX BOJIOKOH, rOpa3io
Oosee 1eHEH, YyeM Xje0 M3 MYKH BBICIIMX COPTOB, HE COJEp)KallUX aJeHpOHOBOTO CIOSl U
3apoJIbIIIA.

VYrneBonabl MIOIOB MPEACTaBIEHB B OCHOBHOM Caxapo3oH, IIIIOK030il U (pyKTO30H, a
TaK)Ke KJIETYATKOW U MEKTUHOBBIMH BellecTBaMu (B yepHOM cMmopoauue - 1,1; B ciue - 0,9; B
KItokBe - 0,7; B kopkax HuTpycoBbIX - 20-30; B KOpkax s6710K - 8-20% MEKTUHOBBIX BEILIECTB).

KuBoTHBIE NINPOAYKTBI COACPKAT 3HAYUTCIBHO MCHBIUIC YCBAMBACMBIX YIJICBOAOB, 4YCM
PaCTUTCIIbHBIC. MsicHOM ¥ TEYCHOYHBIM TJIUKOICHBI HO,Z[O6HI)I II0 CTPOCHUIO KpaxXMaJIbHOMY
AMUJIOINICKTHHY W YCBAHMBAKOTCA TAK KC, KaAK KpaxMaJl.

KOPOTKO O I''IABHOM

1.YrrneBoapl COCTaBISIOT HAWOOJBIIYID B IPOIEHTHOM OTHONICHWHM YacTh IMHIMU - B
cpennem 250-400 r B nenb. OcHOBHAsI (PYHKITUS YTIIEBOJOB - oOeclieueHne OpraHu3Ma SHEpPTuen
(55-70% o6mieli KamOpUHHOCTH B CYTKH).

2. YrieBoJpl MUILK JEISATCS HA MPOCTHIE YIIIEBOIbI, BKIIOYAIOIINE MOHO - U TUCaXapHbl,
U CIIOKHBIE YTJEBOABI - mosincaxapuabl. [lomucaxapuibl BKIIOYAIOT YCBOsiIeMbIe (Kpaxmall U
TNIMKOT€H) U HEYCBOsiIeMble HEKpaXMajibHble IOJIMCaxapu/bl, Ha3bIBa€Mble IMHILIEBBIMU
BOJIOKHaMH.

3. OCHOBHBIMM HUCTOYHHMKAMHU YIJIEBOJAOB SABJISIOTCA IHPOIYKTHl  PaCTUTEIBHOTO
MIPOMCXOXKICHUS: TIPOAYKTHI U3 3epHA U MYKH (XJe000yIoUYHbIC M3/IETus, KPyIbl, MAaKapOHbI),
caxap, oBoly PpyKThl. JKUBOTHBIE MPOIYKTHI COAEPKAT JAKTO3Y, TJIMKOTEH, IIIOKO3y B MaJbIX
KOJINYECTBAX.

4. TumeBblie BOJIOKHA COJEPKATCS MCKITIOYUTEIBHO B PACTUTEIBHBIX MPOAYKTaX: OBOINAX,
¢dpykrax, 6000BBIX M TPOAYKTaX U3 3epHa. [IpaBUIIbHOE 370pOBOE MHUTAHUE MPEIIOJIAracT
00s13aTeIbHOE MOTPEOICHNE MTUIIEBBIX BOJOKOH (OKOJIO 25 T' B CYTKH).

5.®Ouznonorndeckue A(P(EKTHl MUMIEBBIX BOJOKOH OOCCIIEUUBAIOT  TMOJICPKAHUE
HOPMAJILHOW (PYHKIIUM KEITyTOYHO-KUIIEYHOTO TPaKTa, OCOOCHHO TOJICTOTO KHIICYHHUKA,
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BJIMSIOT Ha COCTaB MHUKpPOQUIOphl (mpeduoThueckas (GyHKIHA) U HMEPUCTAIBTUKY KHUIICYHHKA,
UTPAIOT BKHYIO DPOJIb B NPOQWIAKTHKE TSDHKEICHIINX 3a00JIeBaHMN YEIOBEKa: CepAeYHO-
COCYJIUCTBIX, HEKOTOPBIX BUJIOB paka, Auadera.

6. Takue MCTOYHHUKH YTJIEBOJOB, KaK OBOIIU, (DPYKTHI, ATOJbI SBJISIOTCS HCTOUYHUKAMU
OMOJIOTMYECKH AKTHBHBIX BEIIECTB - BUTAMHUHOB W TMPHPOJHBIX AHTUOKCUIAHTOB, WUTPAOIIUX
BAXKHYIO PETYJATOPHYI0 (GYHKIHIO B (PU3MOJOTMYECKHX IIpolleccax, a Takxke (akropamu
IPEIYIPEXKACHUS COBPEMEHHBIX 3a00JICBaHUN YeTIOBEKA.

7. ExemHeBHOe TOTpeOJICHHE caxapa HE JIOJDKHO mpeBblmaTh S50 T, Tak Kak OH
CIOCOOCTBYET Pa3BUTHIO Kapueca 3y0OB M 0KUPEHUSI.

Tema 25. AMMHOKHCJIOTBI U O€JIKH.

[Ipaktrueckass pa6ota Nel. Pacro3HaBaHue BaKHEHIIMX aMHHOKHCIOT U OCIKOB B
KUBOTHOM M PACTHTEIHLHOM CHIpbE, MOJyYeHHUE M OIICHKAa Ka4eCcTBa OTACIHHBIX OEITKOBBIX
MIPOJTYKTOB.

Ilesb: MO3HAKOMUTHCS C COCTAaBOM, CTPOSHUEM, CBOMCTBAMHU aMHHOKHUCIIOT U OCIKOB.

Bonpocsl aJsi 00cy:KaeHus:

1. XapaKkTepucTHKa COCTaBa, CTPOCHHUS, CBOMCTB aMHHOKHUCIIOT U OEIKOB.

2. AMMHOKHCIIOTHI ¥ BX (DYHKIIMHM B OpTaHU3ME.

3. He3zaMeHUMBIC aMHUHOKHUCIOTHI.

4. IInmeBast 1 OMONIOrHYecKas MIEHHOCTh OCIIKOB.

5. Pacno3naBaHue Ba)KHEHIINX aMHHOKHCIOT M OENKOB B JKMBOTHOM M PAaCTUTEIHLHOM
CBIPBE.

6. [Tomydenue u OLEHKA KaueCTBa OT/IEIbHBIX OEIKOBBIX IPOITYKTOB.
7. OYHKIMA aMUHOKHUCIIOT U OCJIKOB B OpPraHU3ME.
8. Onpenenenue NHUIIEBON 1 OMOIOTUIECKON IIEHHOCTH OCITKOB.

benku wnaM mpoTeMHBl - BBICOKOMOJEKYJSIPHBIE a30TCOJEpIKAallle OpraHUYecKue
COCMHEHHsI, MOJIEKYJIBI KOTOPBIX IOCTPOEHBI M3 OCTaTKOB aMHMHOKHCIOT. Ha3zBanuem Oenku
(umu  OenKoOBBIE BEIIECTBA) B OTEYECTBEHHOM JMTEpaType IpPHUHATO 0003HAa4yaTh KJAcce
COCAMHEHHH, KOTOPhIE 10 aHAJIOTHU ¢ OEJIKOM KypWHOTO siIa MPH KUITYCHUH (JeHATYpPaLUH)
npuoOpetatoT Oenbiii 1BeT. TepmuH '"mportewHsl", BBeAcHHBIM baprennycom B 1838 .,
MIPOMCXOTUT OT TPEUECKOTO CIO0BA Proteios, 03HavYaromero "neppocteneHHbii". OHO JOCTATOYHO
TOYHO OTpPaXaeT INIABEHCTBYIOLIEEe OMOJIOTMUECKOE 3HaU€HNE BaXKHEHNIIIEro Kjlacca COeAMHEHUH,
KOTOpOE€ 3aKJIIo4aeTcsi B OOECHEUYEHUU CIIOKHONM HEpapXUu MOJIEKYJSIPHOM CTPYKTYpbl U
ciennpuieckux (pyHKIHUHM )KUBBIX OPraHU3MOB.

B npupone cymectByer npumepro ot 1010 mo 1012 pa3nuuHbIX OEIKOB, COCTABIISIOMINX
ocHOBY 1,2 - 106 BMAOB XKUBBIX OpPraHU3MOB, HAYMHASI OT BUPYCOB M 3aKAHUYMBASl YEIOBEKOM.
OrpomHOe pa3HOOOpazue OenKOoB OOYCIOBICHO CHOCOOHOCThIO 20 MPOTEMHOTEHHBIX O-
aMUHOKHCIIOT B3aUMOJIEUCTBOBATh APYT C JIPYTOM C OOpa30BaHHEM IOJMMEPHBIX MOJIEKYN C
MOJIEKYJISIPHOI Maccou oT 5 TBIC 110 1 MJIH (u 6oiee)
nanpToH<http://www.edulib.ru/storage.aspx/HTML/001/001/B3465/B3465Part4-17.. K
pUMEpy, BKJIIOYEHHE B COCTaB OelKa OCTAaTKOB TOJILKO 15 aMWHOKHUCIOT TPUBOAHWT K
nosydeHuto npuommsutensHo 1,3 - 1012 uzomepoB. [loaTomy HETpyAHO MpeaCcTaBUTh, KaKOe
MHOT000pa3ue OENKOB CO BCEMH OCOOCHHOCTSIMH CTPYKTYPHOH OpTraHM3alud BO3MOXKHO B
MIPUPOJIE MIPU YCIOBUHU BKIIIOUEHUS B MOJUMEPHYIO LIEMb OKOJIO COTHH U 00Jiee MPOTEHHOT€HHBIX
AMUHOKHUCIIOT.

Kaxxaplii BUI )KUBBIX OPTaHU3MOB XapaKTepU3yeTcsl HHIUBUAYaTbHBIM HA00OPOM OENIKOB,
oTpe/ieNsieMbIM HACJICCTBEHHOW WH(opMmarmeit, 3akomupoBanHoin B JIHK. Wudopmamus o
JIMHEeWHOW  mocienoBatenbHOCTH  HykieotunoB JIHK  mepenuckiBaercss B JIMHEHHYIO
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MOCJICIOBATEIbHOCTh AMHHOKHUCIIOTHBIX OCTaTKOB, KOTOpas, B CBOIO OdYepe/b, 00CeCleYrBacT
CaMOIPOM3BOIbHOE (HDOPMHUPOBAHHE TPEXMEPHOM YCTOMYHMBON CTPYKTYPHl HHIAMBHIYaTbHOTO
Oenka.

PacrionoxeHne OEIKOBBIX MOJIGKYJI B TPOCTPAHCTBE OIPENENIeT WX OHUOJOTHYECKHUE
(YHKIIUY, TJIIABHBIMH U3 KOTOPBIX SIBIISIFOTCSI CTPYKTYypHas (KEpaTWH BOJIOC, HOTTEH, KOJUIAreH
COCJMHUTENILHOW TKaHW, OJAacTUH, MYIHUHBI CIM3UCTBHIX BBIJACICHHIN), KaTaTIUTHYeCKas
(pepmenTsI), TpaHCTOpPTHAST (T€MOTJIOOWH, MHOTJIOOWH, albOYMHHBI CHIBOPOTKH), 3al[UTHAS
(anTuTena, ¢GUOpPUHOTEH KPOBH), COKpaTUTEIbHAs (QaKTHH, MHO3WH MBIIMICYHOW TKaHM),
TOpMOHaJbHAsT (MHCYJIMH TOJDKEITYJOYHON JKeNe3bl, TOPMOH pOCTa, TAaCTPHUT JKEIyIKa) H
pe3epBHas (OBaILOYMUH SHIIA, Ka3eMH MOJIOKA, (DEPPUTHH CEIIC3CHKH).

PesepBHast, wiam mnuraTenbHas, (QYHKIUS 3aKIIOYaeTCsl B HCIOJIB30BaHUM OEJIKOB B
KayecTBE MCTOYHHMKA aMHHOKHCIIOT, PACXOMYIOIIMXCS HA CHUHTE3 OEJIKOB U JAPYTUX aKTHBHBIX
COEIMHEHMM, PETYJIHPYIOIIUX IpOLecChl OOMEHa, HAlpUMEp, B Pa3BUBAIOLIEMCS IUIOJAE WIH
npopoctkax pacreHuil. IlomoOHoro poma Oenku OTKJIAABIBAIOTCS MpPO 3amac B Ipoleccax
CO3pPEBAHUS CEMSH U )KU3HENEATEIbHOCTH KUBOTHBIX. [103TOMY HX €llle Ha3bIBalOT 3allaCHBIMM.
3amacHple O€NKM PACTUTEIBHOTO MPOUCXOXKIEHHUS, B COOTBETCTBHM C Kiaccuukaiuei
OcOopHa, OTHOCATCS K KiaccaM IPOJAMUHOB (TJIMAJAMH IMIICHUIBI, TOPJICHH SYMEHS, 3€HH
KYKypy3bl) U TJIIOTETMHOB (OPU3EHHUH pHCa, INIIOTEHUH MIICHULbI). Takue OelKku J0CTaTOYHO
LIMPOKO PACIIPOCTPAHEHBI B PUPOJE U B OTHOCUTEIBHO OOJIBLIIOM KOJMYECTBE BXOIST B COCTAB
MUY ¥ KOPMOB KUBOTHBIX.

benkoBbie BeniecTBa ydyacTBYKOT B OCYILIECTBIEHUHM MHOKECTBA M JIPYIMX Ba)KHEUILIHMX
NPOLIECCOB B OpraHM3MeE, TAaKHX, HalpuMmep, Kak BO30YJMMOCTb, KOOPAMHAIMSA JBHKEHUM,
g depeHInpoBKa KIETOK.

YuuThIBas TO, YTO OEJIKU COCTABJIAIOT 3HAYMTEIbHYIO YaCTh CyXOr'O BELIECTBA HE TOJIBKO
KUBBIX OPraHHW3MOB, HO U HIPOAYKTOB IUTAHMs, a TaKXKe TO, YTO OHM HAJEJIEHBbI PAIOM
ceun(UUecKuXx CBOMCTB M (DYyHKIMI, KOTOpble HE SBIAIOTCS XapaKTEpPHbIMU AJIS JPYTHX
KJIACCOB COEIUHEHHH, ONpeNelIeHHe COCTaBa M CTPYKTYPHO-(DYHKLIMOHAIBHON OpraHU3aluu
MOJIMIIENITHIOB 3aKJIF04aeT B ce0e OTBET Ha pelIeHUe MHOTHUX BaKHEHIIUX Mpo0JieM He TOJIBKO B
OMOJIOTUN ¥ MEIUIMHE, HO U B MPOU3BOJCTBE, XPAHEHUH U MOTPEOJICHUN MHUILEBBIX W3ICIUI.
VYray6ieHHOe M3ydyeHHEe N@HHOIO Kjlacca COEJMHEHUH B Kypce MHUIIEBOM XUMMHU (B paMKax
(byHIaMEHTABHBIX M MPUKIATHBIX HCCIEI0BAHNI) HEOOXOJMMO B CBS3HM C KOHEUHOW LIEJIBIO -
COXpaHEHHUEM 3JI0pOBOTr0 00pa3a >KU3HU YeJOBEKa M MPOJUIEHUEM CPOKOB €ro KU3HU. DTHM
CIIENyeT PyKOBOJICTBOBATHCS CHIELUAINCTAM, 3aHATHIM B COBPEMEHHOM IPOM3BO/CTBE IHILEBHIX
IIPOAYKTOB.

B ecrtectBeHHBIX Haykax mnpobOiema Oenka BKIIOYAeT jaBa acmekra. IlepBbiid M3 Hux
3aKJII0YAETCsl B HMCCIEIOBAaHUU NPHUPOJbI Oenka W ero Ouosoruueckux (QyHKIUMH B KadyecTBe
UHIPEMEHTa MPOTOIUIa3Mbl KJIETKH, UIPAIOUIET0 MEPBOCTENEHHYIO POJb B Pa3BUTHM JKUBBIX
OpPraHu3MOB (B MPM>KU3HEHHBIX IIPOLIECCAX).

Bropoii BKiIIOUaeT M3yueHHE €ro PecypcoB Kak 00s3aTeNIbHOTO KOMITIOHEHTA ITHIIH,
nyTell WX yBeNWYEeHUs (C TpUAAHMEM OCO0Oro 3HA4eHUs OeNKy pacTHTEIBHOTO
MPOUCXOXKACHUS), pPa3pabOTKy CcrmocoOOB  yilydllleHHs KadecTBa Oelka ¢ ydeToMm
(YHKIIMOHAJIBHBIX CBOHCTB M 3aBUCHMOCTH HMX OT PEaKIMOHHOW CIIOCOOHOCTH, CTPYKTYPHOM
opranuzanyy, (U3NKO-XUMHUYECKUX, OMOXMMHUYECKMX W JAPYTrUX BHJOB IMPEBpAIlCHUA B
TEXHOJIOTUYECKUX TpoIleccaX MPOU3BOJCTBA M XPAHEHUS IMUIICBBIX MPOIyKTOB. HecMoTpsi Ha
TO, 4TO 00€ CTOPOHBI MPOOJIEMBI M3Y4YCHHsI OEJIKa CaMOCTOSITENIbHBI, B TO K€ BpeMs OHU U
B3aMMOCBSI3aHbI, TaK KaK JOMOJHSIOT JIPYT Ipyra KOHKPETHBIMU 3HAHUSMH KaK MPU W3yYCHUH
(DU3HONIOTHYECKUX TPOIECCOB B OPTraHM3ME, TaK M MPOIECCOB TMPUTOTOBIICHUS THUINA TPH
pa3paboTKe MPOAYKTOB THTAaHWs W YCIOBUH WX XpaHeHHA. Bompochl NEpBOTO acrekra
mpo0JieMbl OelKa COCTABJISIFOT TMPEAMET U3YyYCHUsS OWOXMMHH W MOJIEKYJISIPHOW OHOJIOTHH,
BTOPOTO - MMUIICBON XUMHH.
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Tema 25. AMHHOKHUCJIOTHI U OeJIKM.

[TpakTrueckas padota No2. M3zydyeHue ¢yHKIIUNA aMUHOKHCIIOT U OEIIKOB B OPraHU3ME.

Heas: U3yunTs QyHKIMHUNA aMUHOKUCIIOT U OEJIKOB B OpraHU3Me.
3HaueHUe aMHUHOKHCIOT [JIsi OpraHM3Ma B NEPBYIO Odepelb 3aKII04YaeTcs B TOM, YTO OHH
HCIOJIB3YIOTCS JJIs CUHTE3a O€JIKOB, METa00JIM3M KOTOPBIX 3aHUMAET 0c000€ MECTO B IPOLECCAX
oOMeHa BEIEeCTB MEX]y OpPraHM3MOM U BHEIIHEW Cpeloil. AMHUHOKHCIOTHI HEMOCPEICTBEHHO
y4acTBYIOT B OMOCHHTE3€ OOJIBIIOrO KOJIMYECTBA APYIUX OMOJIOTMYECKH aKTUBHBIX COECAUHEHUH,
PEryIHUPYIOIIUX Mpolecchl OOMEHa BEIIeCTB B OpraHu3Me, TaKMX Kak HelpomMeauaTropsl U
TFOPMOHBI. AMHHOKHCIIOTBI CIYy’KaT JOHOpPaMH a30Ta IpPU CHUHTE3€ BCEX Aa30TCOMAEPIKALIUX
HEOENKOBBIX COCIMHEHUI1, B TOM YUCII€ HyKICOTHA0B, TeMa, KpeaTHuHa, XOJIHHA U JP.

Karabonuzm
OEJIKOB TKaHEH

\\\\

Benku nuim P
\ / dounx

y \
Cunres CBOOOTHBIX | —> benkn
13 yIJICBOJOB ~ \_ aMHUHOKHCJIOT TKaHCeH
A3oTtocoaepxkanue > NH3 —— MoueBuHa
COCJIMHEHMS
s CC-KETOKHUCIIOTHI
buoreHHbie T'opmoHBI
AMUHBI Hyxkneotusr C(XEFIEI;O “ I'moko3a
I'em KeToHoBEIE Te1a

Kpeartun u np.

Puc. 23.1. Obwasn cxema memaboauszma amMuHOKUCIOM 8 OP2aAHU3ME

Karabomm3M aMHHOKHCIOT SBJISETCS HWCTOYHMKOM OSHeprum s cuHTesa ATO.
OHepreTnyeckas (QyHKLIUS aMHUHOKHCIIOT CTAHOBMTCS 3HAYMMOM NIpHU TOJOAAHUH, HEKOTOPBIX
MATOJIOTUYECKUX COCTOSIHUAX (caxapHbIi nuabeT). IMeHHO 0OMeH aMHUHOKHUCIIOT OCYIECTBIISET
B3aMMOCBSI3b MHOTOOOPa3HBIX XUMHUUECKUX MTPEBPAILEHUH B dKHUBOM OpraHU3Me.

bonpmas dYacth aMHUHOKHCIIOT BXOOUT B COCTaB 6GJIKOB, KOJMYCCTBO KOTOPBIX B
OpraHU3ME B3POCJIOro 4YCJIOBEKA COCTABJIACT IIPUMECPHO 15 xr.

Kakoii-mubo crenuansHo (HOpMBI JETOHMPOBAHUS AMHUHOKUCIOT M OEJNKOB, MOJ00HO
TJIIOKO3€ UM JKMPHBIM KHCIIOTaM He cymiecTByeT. [1o3ToMy pe3epBOM aMHHOKHCIOT MOTYT
CIly’)KUTh BCc€ (YHKIIMOHAJBHBIE M CTPYKTYPHbIE OCNKM TKaHEH, HO MPEUMYIIECTBEHHO OEIKU
MBI, B oprannsMe yenoBeka B CyTKHM pachafaeTcsi Ha aMHHOKHUCIOTH okoio 400 T GenkoB,
NPUMEPHO TaKoe JK€ KOJMYECTBO CHUHTe3upyercs. lloaTomy TkaHeBble OENKH HE MOTYT
BOCIIOJIHATH 3aTpaThl aMHHOKHCIIOT TPH UX KaTaOOJIM3Me M MCIIOIB30BAHUH HA CHHTE3 JIPYTHX
BemiectB. [lepuon momypacnazna O€NKOB pasNuueH — OT HECKOJIBKUX MHHYT J0 HECKOJIBKHX
cyToK. IlepBHYHBIMH MCTOYHMKAMU aMHHOKHCIOT HE MOTYT CIYXKHTh M YIJICBOJBI, TaK KaK U3
HUX CHHTE3UPYETCS TOJIBKO YIIIEPOAHAS YaCTh MOJIEKYJIbI, @ aMUHOTPYTIA TIOCTYIAET OT IPYTUX
aMuHOKUCIOT. CrnenoBaTebHO, OCHOBHBIM HCTOYHHUKOM aMHHOKHCIOT OpraHM3Ma CIyXar
OCJIKY THIIIH.

105



[Tokazarenem, OTpa)KarOIIMM WHTEHCHUBHOCTh AMHUHOKHCIIOTHOTO OOMEHa, SBISICTCS
a30THCTBI 0ajJaHC — pa3HHUIA MEKAY KOJUYECTBOM a30Ta, IOCTYMAIOIIEro C MHUMICH, |
KOJIMYECTBOM BBIJCIIIEMOTO a30Ta (MPEUMYIIECTBEHHO B BHJE MOYEBHHBI M aMMOHHHHBIX
coJieit).

[lepeBapuBanue OEIKOB HAYMHACTCS B JKEIYAKE MO/ IeHCTBUEM (PEPMEHTOB KETyJ0UHOTO
COKa. 3a CYyTKH €ro BbLIEJSEeTCA 0 2,5 TUTPOB U OH OTIMYAETCS OT APYTUX MUIIEBAPUTEIBHBIX
COKOB CHJIBHO KHCIIOW peaknuei, Omaromaps IPUCYTCTBHIO CBOOOIHOM COJISHON KHCIIOTHI,
CEKpeTHPYEMOM 00KIIaI0UHBIMU KJIETKAMU CIIM3UCTOM JKETyKa.

Cekpenusi COJIIHOM KHCIIOTHI IIPEICTABISIET AKTUBHBIM TPaHCHOPT, OCYIIECTBIISEMBIH
npotoHHO AT®-a30ii ¢ 3atpaToit ATD.

Ponb cossiHOM KUCIIOTHI:

e JICHATYypUPYET OCIKH;

e CTEPWIN3YET IHIILY;

e BbI3bIBACT HA0yXaHHE TPYTHOPACTBOPUMBIX OEIIKOB;

e AaKTUBUPYET IMEIICUHOIEH;

e co3aet pH-onTumym Asist AeiicTBUA MENICUHA;

e CIIOCOOCTBYET BCACBHIBAHHUIO JKEJI€3a;

e BBI3BIBACT CEKPEIMIO CEKPETHHA B JIBEHAALIATUIIEPCTHOM KHIIIKE.

B ’xenygo4HOM COKe COoAepiKarcsl MPOTEONUTHIECKHUE (PEPMEHTHI METCHH, TaCTPUKCUH U
peHHuH. ['nmaBHBIM M3 HHX sBisercs nencuH. OH BbIpaOaThIBAaeTCA IJIABHBIMM KJIETKaMHU
CIIM3UCTOM JKellylKa B BUAEC NpOoQepMEeHTa IENCHHOTEeHA. AKTHUBAIMA €r0 OCYIIECTBISACTCS
COJITHOM KHCJIOTOM (MEUICHHas) M ayTOKAaTAIUTUYECKH TencuHOM (ObIcTpasi) IyTem
OTHICTUICHUS! ()parMeHTa MOJUNEeNTUAHON nenu ¢ N-koHIa (4acTuuHblid npoteonus). [Ipu stom
IIPOMCXOIUT M3MEHEHHE KOH(pOpMalMKU MOJIEKyJIbl U (OpMUpOBAaHME AKTUBHOIO LIEHTpA.
Ilencun peiictByet npu 3HaueHusx pH 1,5-2,5 u sBnsercs sHaonenTH1a30M ¢ OTHOCUTENIBHOM
crnenu(pUUHOCTBIO IEMCTBUS, pacIeIUIAIONIeH NEeNTUAHbIE CBSI3H BHYTPH O€JIKOBOM MOJIEKYJIBI.

Kpome merncuHa B JKeITyZOYHOM COKE COACPKUTCS (PEpPMEHT TaCTPUKCHH, MPOSBISIONINN
MPOTEOJUTHYECKYI0 akTuBHOCT, mipu pH 3,0-4,0. Ilo-BuaumMomy, HMMEHHO OH HA4YMHAET
nepeBapuBaHue OEJIKOB.

B kenygoyHOM coke TpyIHBIX JeTel COIEpKUTCS (EPMEHT PEHHUH, KOTOPHIH HMEeT
OosblIoe 3HAYCHHWE JUISI TepeBapuBaHUS OCJKOB Yy TPYIHBIX JeTed, T.K. KaTalIu3upyeT
CTBOpaXMBaHHE MOJIOKa (IIpeBpalleHIe PaCTBOPUMOTO Ka3eMHOT'€Ha B HEPACTBOPUMBIN Ka3euH),
B pe3yJpTaTe Yero 3aMeuisieTcs  MPOJABMKEHHE  HEpacTBOPUMOIO  Ka3eMHa B
JBEHA/ILIATUIIEPCTHYIO KUIIKY U OH JIOJIbIIE MOABEPraeTcsl IeHCTBUIO MTPOTEas.

OOpazoBaBiuecs B pe3yabTare JSHCTBUS METICHHA B KETYIKE TOJUICTITH B IIOCTYIAIOT B
JIBCHAIATUNICPCTHYIO  KHWIIKY, KyJa  BBIICISIETCS  COK  TOJDKEIYJOYHOW  IKEJIE3Bl.
[TankpeaTnueckuil COK MMeeT IenouHyr peakuuto (pH 7,5-8,2), uro 00yCIOBICHO BBICOKHM
colepkaHueM  OukapOoHatoB. Kwucimoe  coaepxkumoe, TOCTyNaroliee M3 JKEIyAKa
HEUTPAIIU3YETCs, U METICUH TEPSET CBOIO AKTUBHOCTD.

B maHkpeaTMueCcKOM COKE COAEp)KaTcsl MPOTEOJUTHYECKHE (DEPMEHThl TPHUIICHH,
XUMOTpPUIICHH, KapOOKCUIIENTHAa3a M 3J1acTa3a, KOTOpbIe BbIpa0ATHIBAIOTCS TAKXKE B BUJE
npodepMeHTOB. TpPUIICMHOT€H AaKTMBHUPYETCSl SHTEPOKHMHA30i (BbIpaOaThIBaeTCs KJIETKaMU
CIIM3UCTON JIBEHAJATUIIEPCTHOM KHUIIKH), IEPEXOJUT B AaKTUBHBIA TPUIICUH, KOTOPHBIH
aKTHBHPYET BCE OCTaJbHbIe (EPMEHTHl IMOKENYyAOYHOT0 M KHIIeyHoro coka. Kierku
MODKETYJOYHOM KeJe3bl 3alUIIeHBl OT ISHCTBUS MPOTea3 TeM, YTO (PEPMEHTHI KETyJOYHOTO
coka 0Opa3yloTCsl B BUJE HEAKTHBHBIX IPEALICCTBEHHUKOB, a B IAHKpPEac CHHTE3UpPYyeTCs
ocoOsrii Oenok-unrudutop tpurcuHa. B momoctu XXKT mpoTeas3sl He KOHTAKTHPYIOT ¢ OeIKaMH
KJIETOK, ITOCKOJIbKY CIM3KCTasi 000JI0UKa MOKPHITA CIOEM CIIM3H, a KaKJasi KIeTKa COAEPKUT Ha
Hapy»KHOH IIOBEPXHOCTH IUIa3MaTMYECKOM MEMOpaHbl IOJIMCAXapuabl, KOTOpbIE HE
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pacIIeruIsIFOTCs. poTea3aMu. Pa3pylieHne KJIeTOUHBIX OelnKOB (hepMEHTaMU KEITyJOYHOTO WU
KHILEYHOTO COKa MPOUCXOIUT MPH SA3BEHHON OOIE3HMU.

[TepeBapuBaHue TMPOIYKTOB TPOTEOIH3a MHUIICBHIX OEITKOB B TOHKOM KHIICYHUKE
OCYIIECTBIISICTCS C TIOMOIIBbIO aMHUHO-, JOU-, W TPUINENTHIA3, KOTOpble (YHKIHOHUPYIOT
MIPEUMYIIECTBEHHO MPUCTEHOYHO.

Takum o0pa3zom, KOHEUHbIMH MpoaykTramu mnepeBapuBanus OenkoB B JKKT ssrsrorcs
CBOOO/THBIE AMHUHOKHUCIIOTBI, KOTOPBIE BCACHIBAIOTCSI.

BcacbiBaHue AMHHOKHUCJIOT.

[IpoucXoauT myTeM aKTMBHOIO TPAHCIIOPTa C YYaCTHUEM IIEPEHOCUMKOB. MakcumasbHas
KOHIIEHTpAIUsi aMUHOKHUCIIOT B KpoBH jaocTturaercs depe3 30-50 muH mocie npuema OeIKOBOM
nuny. [lepeHoc depe3 IIETOYHYIO KaeMKy OCYILECTBISECTCA LEIbIM PSIOM IEPEHOCYUKOB,
MHOTHE M3 KOTOPBIX IEHCTBYIO NPH y4acTuu Na'-3aBHCHMbBIX MEXaHHU3MOB CUMIIOpTa. [Ipuuem
AMHHOKHUCIIOTHI KOHKYPUPYIOT JApPYr € APYyroM 3a cHenu(uyeckue Y4YacTKH CBSI3bIBAHUSL.
BbIicCHEHO, 4YTO CyHIECTBYIOT TpPAHCHOPTHBIE CHUCTEMBI, MEPEHOCALUIUE AMUHOKHUCIOTHI
OIIPEICIIEHHOTO CTPOSHHS: HEUTPaJIbHBIE C HEOONBIINUM PATUKAIOM, HEUTpaIbHbIE C 00BEMHBIM
paguKagoM, KUCIIbIe, OCHOBHbIE U UIMUHOKHCIIOTBI.

B Hacrosmiee Bpems, pacmu@poBaH MEXaHU3M TPAHCIOPTa AMHHOKUCIOT B KIJICTKH
KHUIIIEYHWKA, MO3Ta, II0YEK, TOJYYMBIIWNA Ha3BaHWE Y-TIyTaMWIBHOTO MHKIa Maiictepa,
KITFOYEBBIM (PEpMEHTOM KOTOPOTO SIBIISIETCS Y-TIIyTaMUITpaHcdepasa.

BcocaBmmecss aMUHOKUCIIOTHI MOMAIAl0T B MOPTAIBHBIN KPOBOTOK H, CJIEIOBATEILHO, B
NICYeHb, a 3aTeM B 00NN KPOBOTOK. OCBOOOXKIAETCSI KPOBH OT CBOOOTHBIX AMUHOKHCIIOT OYCHb
obicTpo — yxke depe3 5 muH 85-100% wux okaseiBaeTcs B TKaHAX. OCOOEHHO HHTEHCUBHO
AMHHOKUCIIOTHI MTOTJIOMIAIOTCS TICUYCHBIO M TOYKAMH.

Tema 25. AMUHOKHCJIOTBI M 0€JIKH.

[Ipaktuyeckas padora Ne3 OmnpexneneHre MUIIEBON M OMOIOTUYECKON IIEHHOCTH OENKOB.
Hean: OnpeneneHrie MUIIEBOW U OMOJIOTHYECKOM IIEHHOCTH OCJIKOB.

OOMeH OelKOB 3aHMMaeT 0co0Oe MECTO B MHOT0OOpasHBIX MPEBPAICHHUSX BEIIECTB,
XapaKTepHBIX IS BCEX JKMBBIX OpraHm3mMoB. CyIIeCTBEHHOE BIHMSHUE Ha OEIKOBBHIH OOMeH
OKa3bIBACT XapaKTCp IMUTAHUA, B YAaCTHOCTU, KOJIMYCCTBO IMPHUHUMACMOI'0 C HPIH.[Gﬁ OejKa U €ro
Ka4eCTBEHHBIN COCTaB.

[Ipu HEIOCTATOYHOM MOCTYIUIEHHHU OENKOB C MUIIEH pacraj TKaHEBBIX OEIKOB OpraHu3Ma
IIPEBOCXOIUT UX cHHTe3. [IpuHATBIE HOpPMBI Oelka JUIsl 4YeJOBEKAa YYHUTHIBAIOT pPa3HbIE
KJIMMAaTU4eCKUE YCIOBUS, BO3PACT, YCIOBUS Tpyaa, Mpodecchio u Apyrue (HakTopsl.

Cyrtounasi moTpeOHOCTh 4YenoBeka B Oenkax coctaBiasieT 100-120 r mpu Tpate obmiero
konmyectBa sHeprun 12 000 x/Dx, mia moneit ¢pusndeckoro tpyaa — 130-150 r, a mns gereit
panHero Bo3pacta — 55-72 r. OTCyTCTBHE WM HEAOCTATOK OEJIKOB B IMHIIE COMPOBOXKIACTCS
3aJIepKKON poCTa, MaJICHUEM Beca Tella M BBI3BIBACT Psii OOIIMX MATOJIOTUYECKUX W3MEHEHUU B
opranu3me. OcCoOEHHO 4YyBCTBUTEJBHBI K OCJIKOBOMY TOJOJAaHHIO HEPBHAS M JHIOKPUHHAS
CUCTEMA, U B IIEPBYIO OUEPElb KOpa r0JOBHOIO MO3ra.

CoctosiHue 06enkoBOro oOMEHa B OpraHu3Me 3aBHCHUT HE TOJBKO OT KOJIMYECTBA
NPUHUMAEMOT0 C THINeH Oenka, HO M OT €ro KayeCTBEHHOI'O COCTaBa, ONPEACIISIOIIEro
OMOJIOTMYECKYIO IEHHOCTD MUIIEBBIX OEIKOB.

[Ipunumaemsble ¢ numed O€IKH 3HAYUTETHHO OTIMYAIOTCS 110 CBOEMY aMHHOKHCIOTHOMY
COCTaBy M OHOJOTMYECKOW IEHHOCTU. buomormyeckass II€HHOCTh OEJIKOB OIpenessieTcs,
TJIaBHBIM 00pazoM, CIEAYIOUMMHU (haKTOpaMH:

— bauzocmvio amuHOKUCI0mMH020 cocmaga nuwiee020 0enKka K aAMUHOKUCIOMHOMY
cocmagy 6enxkoe mena. Yem O61mke aMUHOKHCIIOTHBIA COCTaB MPMHIUMAEMOTO MHIIEBOTO Oenka
K AMMUHOKHCJIOTHOMY COCTaBY O€JIKOB OpraHM3Ma, TEM BBIILIE €ro OMoJornueckasi IeHHOCTb. J{is
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YelloBeKa, HampuMmep, OCNKH Msca, MOJIOKA, SIUIl OMOJIOTHYECKH OoJiee IICHHBI, MOCKOJIBKY HX
AMUHOKHUCJIOTHBIA COCTaB OJIM)KE K aMUHOKHCIOTHOMY COCTaBY OpPraHOB M TKAHEHW dYeOBEKa.
OpHako 3TO HE WCKIIOYAeT TMpUeMa PACTHUTEIbHBIX OCIKOB, B KOTOPBIX COJNEPIKHUTCS
HEO0OXOAMMBI HA0OP aMHUHOKHCIIOT, HO B IPYTOM COOTHOIIICHHH.

— Cmenenvto yceoeHus nuuieéozo oOenxka. CTENCHb YCBOCHHUS JIOOOTO MHUIIEBOTO
NPOJAYKTa 3aBUCUT TaKkKe OT JPQPEKTHBHOCTH €ro pacmana IoJ BIUSHHEM (EpMEHTOB
KEIyJOYHO-KUIIEYHOTO TpakTa. Ps OeNKOBBIX BellecTB, HampuMmep, GUOPOUH IIeKa, KepaTuH
BOJIOC, POTOB, KOTIBIT U Jp., HECMOTPSI Ha UX OJM3KWH aMUHOKHCJIOTHBIN COCTaB K OelkaM Tela
YeJIOBEeKa, IOYTH HE UCIONB3YIOTCS B KauecTBE NHIIEBOro Oenka, IOCKOJIbKY OHH He
THIPOJIN3YIOTCS MPOTEHHA3aMHU  JKEITYJIOYHO-KHIIIEYHOTO TpaKTa YeJOBEKa M OOJBIIMHCTBA
KUBOTHBIX.

— Coodeprcanuem 6 0Oenkax He3aAMEHUMBIX amunokucaiom. W3BectHo, uro u3 20
AMUHOKHCIIOT, BXOJISAIINX B COCTaB OEIKOB, TONBKO 10 CIIOCOOHBI CHHTE3UPOBATHCS B OPraHU3Me
YEJIOBEKA M KUBOTHBIX — 3TO 3aMEHUMbIC aMHUHOKHCIIOTHI, OCTaJIbHBIE 10 aMUHOKHUCIIOT (BajIuH,
TMEUIMH, W30JCWIIMH, TPEOHWH, METHOHWH, TpuntodaH, (eHWnalaHuH, JHU3WH, TUCTHIWH,
apTMHUH) HE CHHTE3UPYIOTCS B OPraHU3ME U SBIISIIOTCS HE3aMEHHMBIMH. Takne aMUHOKHCIIOTHI,
KaK TUCTHJIMH U apTUHUH OTHOCSITCS K MOJy3aMEHUMBIM (4aCTUYHO 3aMEHUMbBIM), T.€. OHU MOTYT
CUHTE3UPOBATHCS B OPraHU3Me, HO B KOJMYECTBE, HEAOCTATOYHOM JIJISl COXpaHEHUs HOPMaTbHOU
KU3HENEATENBHOCTH denoBeKka. CiaemoBaTeabHO, HE3aMEHUMBIE aMUHOKHMCIOTHI JOJDKHEI OBITEH
00s13aTEIFHO BBEJICHBI B OPTaHM3M 4YeJIOBEKa WJIM JKMBOTHOTO ¢ muiel. Eciu ux Oyner B muiie
HEJI0OCTATOYHO, TO HOPMAJILHOE PAa3BUTHUE U KU3HEEATEIbHOCTh OpraHU3Ma HapyIIatoTCs.

Taxoxe CICAYCT OTMCTUTH, YTO HECAOCTATOK B ITHIIC OI[HOfI HE3aMEHUMOM aMUHOKHCIIOTBI
BCACT K HCIIOJIHOMY YCBOCHUIO JPYTHUX aMHUHOKHCJIOT.

BmMmecTe ¢ TeM ObLIO JOKa3aHO, 4TO HOTpe6HOCTI/I OTACIBbHBIX HE3aMCHUMBIX aMHUHOKHCIIOT
MOTYT OBITh YACTUYHO KOMIICHCHUPOBAHbI 3aMCHUMBbIMU aMHUHOKUCIIOTAMMU. Haan/IMep, TUPO3HH
CHMNXKACT HOTpe6HOCTI) B (beHI/IJ'IaJ'IaHI/IHe, OUCTCHH CHUXKACT HOTpe6HOCTB B MCTHOHHMHC, a
rllyTaMUHOBAasA KUCJIOTa B apruHUHEC.

Jis onieHKH GHOJIOrMYecKOi [IEHHOCTH MUIIEBOro Oelika BaKHOE 3HAUCHUE MMEET 3HAHHE
€ro aMUHOKHCJIOTHOTO cocTaBa. OTnenbHbIe OeKM MOTYT ObITh OMOJIOTHYECKH HETOJTHOICHHBI
[0 CBOEMY aMHHOKHCIOTHOMY cocTaBy. OJIHaKO HEOOXOIMMO HCCIe0BaTh AMHUHOKHCIOTHBIM
COCTaB HE OTJICJIbHBIX OEJKOB, @ BCETO MX KOMILJIEKCA, COJEPIKAIIETrocs B MHILIEBOM MPOAYKTE.
Tonpko mpH TakoM MOAX0JI€ MOTYT OBbITh MOJyYEHBI IPABHIIbHBIE JAaHHBIE 00 aMUHOKHCIOTHOM
COCTaBe, a CJeNOBAaTENIbHO, W O NHIIEBOW IIEHHOCTH NPOIyKTa. Tak, Hampumep, LEIbHOE
KYKypy3HO€ 3epHO coaepxuT 2,5% nuzuna, 0,7% tpunrodana, B To BpeMs KaK BbIICJICHHbIN U3
KyKypy3bl O€JIOK 3€MH HE COAEPKUT JHM3MHAa BooOme, a tpunrodpana B Hem Bcero 0,1%.
[Toaromy, mist mutaHus OOJIbIIOE 3HAUYEHHUE HMeEET COANaHCUPOBAHHOCTh AMHMHOKHCIOTHOTO
cocraBa OEJIKOB.

[To comepxanuio B Oeiike HE3aMEHHMbBIX AMHHOKUCIIOT, OMPEACNEMbIX XUMHUYECKUMU
METOJIaMH, BBIYUCISIOT aMUHOKHUCIOTHBIA CKOpP, KOTOPBIM XapaKTEpPHU3YIOT OHOJIOTUYECKYIO
LeHHOCTh Oeska. B mpoaykTe onpeaensior cojepxaHue KaKaol He3aMEeHUMONW aMHUHOKUCIIOTHI.
HaitneHHoe KOJIMYECTBO BBIUMCIAKOT B MPOLEHTAX K COAEPKAHUIO TOM K€ aAMUHOKHUCIOTHI B
uaeansHoM Oesike (KypHHOTO sifiia, Mojoka). Yarie Bcero B KadecTBE HAEaIbHOro Oelka
NPUHUMAIOT aMHHOKHUCIOTHYIO mKany komureta @PAO/BO3. AMHUHOKUCIOTHBIN CKOp Ka)KAOH
HE3aMEHUMOM aMHHOKUCIIOTHI B uaeanbHoM Oemnke (mkaie @AO/BO3) npunumaror 3a 100 %.
Pacuer ckopa BenyT no gopmyiie

B

3

Trac A— KOJIMYECTBO, MT, HE3aMEHMMOM aMUHOKHCIIOTEI B 1 T HCCIICAYyCMOI0 66)’[1(3.;
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B — kxomudecTBO, MI, 3TOH XK€ HE3aMEHHMMOM aMHHOKMCIOTHI B 1 T' uacaapbHOro Oejka
(mannaple aMmuHOKHUCTOTHOU Kbl ®DAO/BO3).

[lo BbBIUMCIEHHOMY CKOpPY ONPEACNSIOT JIMMUTHPYIOUIYIO OHOJIOTHYECKYIO IICHHOCTh
M3y4aeMoro 0ejaKa — aMMHOKHCIIOTY ¢ HAMMEHBIIUM CKOPOM.

Takum 00pa3om, 1711 HOpMAJIBHOI'O POCTa U TAPMOHUYHOTO Pa3BUTHs OPTaHU3Ma YeIOBEKa
OosibLIIOE 3HAYEHUE MMEIOT COCTaBJICHHWE W NOJ0Op MUILEBBIX IPOAYKTOB, COJEpKaIUX
ONTUMAJIbHBI aMHHOKHUCIOTHBIA COCTaB M 00ECIEYMBAIONINX (DU3NOJIOTHUECKU MOJTHOICHHOE
MUTAHUE JUISl Pa3INYHbIX TPYIII HACEIECHUS.

Tema 26. Ou3NKO-XMMHUYECKHE HU3MEHEHHMSI OPraHU4YeCKHX BelleCTB MHUIIEBBIX
NMPOAYKTOB.

Heab: MO3HAKOMUTHCS C BIMSHUEM TEXHOJIOTHYECKOH 0O0pabOTKM Ha COCTaB IHUIIEBBIX
MPOJIYKTOB.

Bonpocsl aJsi 00cy:KaeHus:

1. BnusitHue TexXHOIOTH4YecKol 00pabOTKM HA COCTaB MUINEBHIX MPOTYKTOB.

2. IlpeBparienust yrieBoaoB, O€IKOB, JTUMUAOB IPU MPOU3BOJCTBE MPOTYKTOB MUTAHUS,
(hakTOpbI, BIUSIONIUE HA TAHHBIC TIPOIECCHI.

3. Csoiictea BMC.

4. HaGyxaHue u paCTBOPEHHE IMOJTMMEPOB, (PAKTOPHI, BIMSIONINE HA JAHHBIC POIIECCHI.
5. CTyaHu, METOJIbI TIOJYYCHHUS, CHHEPE3HC.

6. I3MeHeHue yriieBoioB, OCIIKOB, )KHPOB B TEXHOJOTUIECKUX MPOIIECCaxX

HatuBHas TpexmepHas CTpyKTypa O€IKOB IOJIECpPKUBAaETCs pasHOOOpa3sHeM BHYTpHU- U
MEXMOJIEKYJIIPHBIX CHUJ U TONEepeuHbIX cBs3ed. Jlooboe u3MeHeHue ycioBuil cpeabl B
TEXHOJIOTUYECKUX IOTOKaX IPOU3BOJACTBA IMIIEBBIX IPOAYKTOB OKAa3bIBAeT BIMSIHHE Ha
HEKOBAJIEHTHBIE CBSA3M MOJIEKYJISIPHOM CTPYKTYpbl UM NPUBOJAUT K Pa3pyLICHUIO YETBEPTUYHOM,
BTOPUYHOW U TPETHUYHOW CTPYKTYpbl. Pa3pylieHre HaTUBHON CTPYKTYpBbI, CONPOBOXKIAIOIIEECs
norepeid  OMOJIOTMYECKON  aKTUBHOCTH  ((pepMEHTATUBHOM, TOPMOHAIBHOM), Ha3bIBAIOT
neHarypauuei. C  ¢Gu3nM4eckoil TOYKM 3peHHsl JIEHATypaluil  pPaccMaTpUBAaIOT  Kak
pasyrnopsiioueHne KOHPOpPMAaUU NOTUIETITHIHON enu 06e3 N3MEHEHHUs] IEPBUYHOIN CTPYKTYPHI.
IIponiecc neHatypanuu HpOTOMEpa CXEMaTHYECKU IpejcTaBieH Ha puc. JleHarypauus
OJMIOMEPHOro OelKa 3aKJII0YaeTcsl B AUCCOLUAIMY Ha IIPOTOMEPBI, COIPOBOXKAAIOUICHCS WIN HE
COIIPOBOKAAOLIEHCS N3MEHEHUEM X KOH(pOpMaLuH.

HATHBEHLIA Benok OeHaTYpHpoBaHHBIH Genok

Puc. Cxema ACHATypaluu MnmpoTomMepa

BonbmmHCTBO OEIKOB ACHATYPHUPYIOTCA B IMIPUCYTCTBUH CUJIBHBIX MUHCPAJIbHBIX KUCJIOT
I OCHOBaHHﬁ, IIpu Harp€BaHuH, OXJIAXKICHHHU, 06pa60T1<e IMOBCPXHOCTHO-AaKTUBHBIMHA
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BEIIECTBAMH (JI0ICIMICYIb(PATOM), MOYCBUHON, TYaHUJAMHOM, TsDKEIbIMH MeTauiamu (Ag, Pb,
Hg) unu opranuyeckuMu pacTBOPUTENSIMHU (ITAaHOJIOM, MeTaHoJoM, aueTroHom). Illupokoe
MIPUMEHEHUE KUCIIOT, OCHOBAHUM, COJIEH, OPTAHUYECKUX PACTBOPUTENEHN MPEIyCMATPUBAETCSA B
MIPAKTUKE BbIAETICHUS OEIKOB W3 MUIIEBOTO ChIPbSl M TOTOBBIX MPOIYKTOB MPU HU3YYEHHHU HX
CBOMCTB U CTPYKTYPHBIX OCOOEHHOCTEH, a Take IMPU IKCTPAKIMH U OUYUCTKE B TEXHOJIOTHH
BbIJICJICHUS] KOHIIEHTPATOB U M30JIATOB. JleHaTypupoBaHHbIE OEIKH OOBIYHO MEHEE PACTBOPUMBI
B BOJIC, TaK KaK WX IMOJIMIICTITUIHBIE IIETIH HACTOJIBKO CHIBHO MEPEIUIeTeHBl MEXy COOOM, UTO
3aTpyAHSETCS AOCTYI MOJIEKYJI PACTBOPUTENS K pauKajaM OCTaTKOB aMUHOKHUCIIOT.

Bonpmias gacte OenkoB neHatypupyetcs npu 60-80°C, omHaKO BCTpedaroTCss OCIKH U
TEPMOCTAOMIIbHBIE, HAIPUMED, O-JIAKTOTJIOOYJIMH MOJIOKA U O-aMHJIa3bl HEKOTOPBIX OAKTEpHIA.
IloBbm1IeHHAs YCTOI\/JI‘-H/IBOCTB 6€JIKOB K Harp€BaHUIO YacCTO O6YCHaBHI/IBa€TCSI HaJIMYUEM B HUX
cocTaBe OOJIBIIOTO KOJUYECTBA JUCYIbGUAHBIX CBsized. OIHAKO CTENEHb JICHATYPUPYIOLIETO
BO3JICHCTBUS TeMIIepaTyphl Ha OCJIKH 3aBUCUT M OT UX BIIAXKHOCTH, PEAKIIUU U COJIEBOTO COCTaBa
Cpezbl ¥ IPUCYTCTBUS HEOSIKOBBIX coeinHeHMid. Hanpumep, TemniepaTypa qeHatypaiun 0eikoB
COM M HNOACOJHCYHHUKA CYHCCTBCHHO INOHMXACTCA B MPUCYTCTBHUM KHUCIOT KHUPHOI'O psaa, B
KHCJION U BJIQKHOU Cpejie, HO TIOBBIMIACTCS B IPUCYTCTBHH CaXapo3bl U Kpaxmalia.

@DaKTopbl, BBI3BIBAIOIINE JEHATYpAIMIO OEIKOB, UMEIOT 0CO00 Ba)KHOE 3HAYCHHE JUIS
perynupoBaHusi  aKTUBHOCTH  ¢epMmeHTOB. JltoOble BO3IeiCTBHs, HampaBlIeHHbIE Ha
CTa0MJIM3AIMI0 BTOPUYHOM M TPETUYHOW CTPYKTYPHI, MPUBOIAT K IOBBIIICHUIO AKTUBHOCTH
(bepMeHTOB, a Te, KOTOPbIE pa3pyIllaloT HATUBHYIO CTPYKTYPY, K UX MHAKTUBAIIHH.

YYEBHO-METOANYECKOE U UTH®OOPMALIMOHHOE OBECIIEYEHUE
JAUCHUIIJINHBI
Pexomennyemas aureparypa
OcCHOBHBIE HCTOYHHKH:

1. Cracp H.®. Ob0mas 1 HeopraHudeckas XuMus [DJIEKTPOHHBIA pecypc| : CIpaBOYHUK
mis CIIO / H.®. Crace. — DIeKTpOH. TEKCTOBblie naHHbie. — Caparos:
[IpodobpazoBanme, 2020. — 92 c¢. — 978-5-4488-0022-1. — Pexum npocrymna:
http://www.iprbookshop.ru/66393.html

2. Jlpo3nos, A. A. Xumus [DiekTpoHHBIN pecypc] : yaeoHoe mocobue mist CITO / A. A.
Hpo3nos, M. B. Jlpo3noBa. — DnekTpoH. TekcTtoBele AaHHble. — CaparoB : Hayunas
kaura, 2020. — 317 c. — 978-5-9758-1900-0. — Pexum pgocryna:
http://www.iprbookshop.ru/87083.html

3. benmuk B.B. ®usnueckas U KOWUIOWAHAS XUMHS @ Y4eOHUK AN CTYH. YUpEeKIECHUMN
cpen.pod.odpazoBanus / B.B. benuk, K.M. Kuenckas.— M. : U3ngarenbckuii 1eHTp
«Axagemus», 2019. — 288 c.

I[OHOJ'IHI/ITCJ'ILHLIQ HCTOYHMUKHU:

1. Iyraneit M.B. Xumus Oenka [DaexkTpoHHBIA pecypc]| : ydeOHoe mocodue / U.B.
yraneit, A.B. I'a-pabamxuy, U.B. LlenuHckuil. — DNEKTPOH. TEKCTOBbIE JaHHbIE. —
CIIO. : IIpocnext Hayku, 2019. — 200 c. — 978-5-903090-54-9. — Pexum moctyma:
http://www.iprbookshop.ru/35818.html

2. Penerurop no xumuu [Dnextponnsiii pecypc] / A.C. Eropos [u np.]. — DIeKTpoH.
TEKCTOBbIE JTaH-Hble. — PocToB-Ha-/{ony: @enukce, 2019. — 764 c¢. — 978-5-222-28049-
2. — Pexum noctyna: http://www.iprbookshop.ru/59423.html
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HNHTEepHeT HCTOYHUKH:
http://www.chemnet.ru — xumuueckast ”HGOPMAIIMOHHASI CETh XUMHUYECKOTO (paKyIbTeTa
MI'V um. M.B. JlomoHOCOBa;
http://www.ximuk.ru — 6a3a 3HaHUI IO XUMUYECKUM JTUCIUILINHAM;
http://www.chemistry.ru — MyIbTUMeTUIHBIN y4eOHBIN OHIalH-KYpC «OTKpBITAs XUMUS

2.7».

Ta6muia 1. Cranaaprabie dHTAALNMM  00pazoBanus AdH’s , duTpOnUM S'05 W dHEPrUH

T'u66ca o6pazoBanns AiG’.; HekoTOpPBIX BemecTs npu 298 K (25 °C)

BerecTBo AH? 295 KJK/MOITB S%0s JIk/Momb K AG s xJ[K/MOIB
Al (1) - 28,32 _

ALO; () 1676 50,9 1580
C(rpadwur) — 5,7 —

CO (v) ~110,5 197.,5 _137,1
CO, (1) 3935 213,7 3944
CH, (r) 74,9 186,2 50,8
C.H, (1) 226,8 200,8 209,2
CaH, (r) 52,3 219,4 68,1
CH;0H (x) —238,6 126,8 -166,23
CH;0H (1) 2353 278 167,4
CaCO; () ~1207,1 92,9 11287
CaO (x) 6355 39,7 6044
CaC, () 62,7 70,3 67,8
Ca(OH): (x) -986,2 83,4 —898.,5
CuO (k) 162 42,6 1294
Fe (k) - 27,2 -

FeO (k) 264,8 58,8 2443
Fe,0s (k) 8222 89,9 740,8
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H, (1) - 130,6 -

.0 (r) 2418 188,7 -228,6
H,0 (%) -285,8 70,1 2373
H;PO, (k) ~1279.9 110,5 ~1119,9
NH; (r) — 46,2 192,6 16,7
NH. NO; () -365,7 151,1 ~183,9
NO (1) 90,3 210,6 86,7
NO; (r) 33,5 240,4 51,84
NLO(r) 82,1 220 104,2
0; (1) - 205 -

PClL; (r) -277 311,7 ~286,3
PCl; (1) -369,4 324.6 -362,9
P,0s (k) ~1492 114,5 ~1348,8
Pb (k) - 64,9 -

PbO (k) 2173 69,5 ~188,5
PbO; (k) ~276,6 76,4 219

Taonuuya 2. Pacmeopumocmsv coneii u ocnoseanuit 6 eode (P — pacmeopumoe, M —
manopacmeopumoe, H — npakmuuecku Hepacmeopumoe eéeuyecmeo, NpouepK — oO3Hauaem,
Ymo eeuiecmeo He Cyujecmeyem uiu pasiazaemcs 6000ii)

AHHUOHBI
Katuonbi
OH | CI' | S | NO; | SOs* | SO | CO;s | CrO4 | SiOs* | PO | CH;CO

- 2 - _ o

NH," P P P P P P P P — P P
Li* P P P P P P P P P H P
Na' P P P P P P P P P P P
K* P P P P P P P P P P P
Ag’ — H| H P H M H H — H P
Mg M P M P M P H P H H P
Ca* M P M P H M H M H H P
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B a2+

Zn2+

H g2+

Pb2+

Cu2+

F e2+

F e3+

AP?

C l.3+
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