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Mertonuueckue ykazaHus i npaktudeckux 3aHatuil mo EH.01 Xumwus
coctaBlieHbl B cooTBeTcTBHUM ¢ TpeboBanusmMu DPI'OC CIIO k moaroroBke
BBIITyCKAa JUIS TIOJY4YeHHMS KBalu(HUKAMKM CIEIUATNCT 110 IOBAapCKOMY U
KOHaUTepckomy neny. [IlpenHazHaueHbl ISl CTYJAEHTOB, OOYYalOIIMXCS IO
crienimanbHOCTH 43.02.15 TToBapckoe U KOHAUTEPCKOE AETO0.



TlosicuuTeabHas 3alIMCKA

Meroauueckue yKa3aHHMsl TPU3BaHbl OKa3bIBaTh IOMOINb CTYJ€HTaM B H3YYCHUU
OCHOBHBIX ITOHATHI, UAECH, TEOPUI U TIOJIOKEHUI TUCUUILIAHBI, U3y4aeMbIX B X0JI€¢ KOHKPETHOIO
3aHATHS, CIOCOOCTBOBATH PA3BUTHIO X YMEHUN U HABBIKOB

CoBpeMeHnHble TpeOoOBaHHS K y4eOHOMY MPOILECCY OPHUEHTHPYIOT IperoAaBaTeis Ha
IPOBEPKY 3HAHUH, YMEHHH, HABBIKOB Uepe3 JESITEIbHOCTb YUaIUXCSL.

3agaun paborbI:

- U3YYUTh JIUTEPATYPy, HOPMATUBHYIO IOKYMEHTALIMIO 10 JaHHOM Ipobiieme;

- U3YYUTh METOJIMYECKNE YKA3aHUs JJISl COCTABICHHS TPAKTUYECKUX paboT;

- U3Y4UTh Y4€OHYIO IPOrpaMMy, yueOHbII MaTepual o JUCLUIUIMHE.

BbinosiHeHHe NMPaKTHYeCKUX padoOT HANpaBJIeHO Ha:

- 00oOuenue, cUcTeMaTHu3aluoo,  yriayoOleHue, 3aKpeIuIeHue  MOJYYEeHHBIX
TEOPETUYECKUX 3HAHUN TI0 KOHKPETHBIM TeMaM M3Y4aeMbIX JUCIHILINH,

- (opMupoBaHHe yMEHHI NPUMEHSATH MOJTyYE€HHbIC 3HAHUS Ha MPAKTHKE, PEaTU3aLUI0
€MHCTBA MHTEJUIEKTYaJIbHOM U MPaKTU4YECKON JAESITEIbHOCTH;

- pa3BUTHE HUHTEUIEKTYyaJbHBIX YMEHHUI: aHAINTUYECKUX, IPOEKTHUPOBOYHBIX;
KOHCTPYKTUBHBIX H JIP.;

- BbIpa0OTKY MNpH pEIIEHUU IIOCTABJICHHBIX 3aJad TaKuX, KaK CaMOCTOSTEIbHOCTb,
OTBETCTBEHHOCTb, TOYHOCTb, TBOPUECKASI HHULIUATHBA.

[Ipy BBIMONHEHUU NPAKTUYECKUX  pabOT ywalluecs OBJaJEBAlOT INEepBOHAYAIbHBIMU
YMEHUSIMHU U HaBBIKAMHU, KOTOPBIC B TaJTbHEUIIIEM 3aKPETUISIOTCSI.

Hapsiny ¢ ¢popMupoBanueM yMeHHI M HaBBIKOB B IPOLIECCE BBINOIHEHUS MPAKTHUECKUX
pabot 0000IIAIOTCs, CUCTEMATU3UPYIOTCS, YTIYOISIOTCS U KOHKPETU3UPYIOTCS TEOPETUUYECKUE
3HaHUSs, BEIPA0ATHIBAECTCS CIIOCOOHOCTh U TOTOBHOCTh UCIIOJIb30BaTh

Huctunnuna «XuMus»  BXOAWT B 0a30BYyI0 YacTh MaTeMaTHYeCKOro M OOIIero
ectrectBeHHOHayyHoro 1mukiaa OIIOII CIIO no cneumansHOocTH 43.02.15 IloBapckoe u
KOHJIUTEPCKOE JIENIO U u3y4daercs B 3-4 cemecTpax.

Oco0eHHOCTBI0 00yUeHHMs ABISETCA HEPa3phIBHAS CBSI3b TEOPUU M MPAKTUKH MO IPUBUTHUIO
CTYICHTaM MPAKTHYECKNX HABBIKOB.

Ocoboe 3HaueHWe JUIsI YCBOEHHUS COAEP)KAaHUS MOAYJIS W NPUBUTHUS TPAKTHUECKUX
HaBBIKOB MIMEET IMpaBWJIbHAS M YETKas OpPTaHU3aIllsl MMPOBEICHUS M BBITOJIHEHUS CTyJSCHTaMHU
HNPaKTUYECKUX paboT ¢ TpeOyeMOoi TOUHOCTBIO MOJT KOHTPOJIEM IPEernoiaBaTes.

[Tepen HauasoM BBIMOJHEHUS KaXA0H pabOThl CTYAEHTHI TOJKHBI O3HAKOMHUTHCS C €€
OCHOBHBIMH TTOJIOKEHUSIMH, TIOPSIIKOM BBITTOJTHEHUST paOoThI. [1ocie BBIMOTHEHUS PaKTHYECKOM
paboThl HEOOXOIUMO MTPOU3BECTH 0OPAOOTKY PE3yIbTATOB MCIIBITAHUHN U ClIENaTh HEOOXOAUMBIE
BBIBOJIBI.

[lenpl0 OCBOGHHS JUCHUIUIUHBI «XHUMHSA» SBIAIOTCS: (OPMUPOBAHHE Yy ydaluxcs
(GyHIaMEHTAFHBIX 3HAHWA B OOJIACTH XUMHUYECKUX IUCIHIUIMH U BBIPAOOTKA MPAKTHYECKUX
HaBBIKOB 110 MPUMEHEHUIO METOA0B XUMUYECKUX HCCIEJOBAHUHN MPHU PEIIEHUN TEOPETUUECKUX U
NPUKJIATHBIX 3a/1a4.

B cootserctBrn ¢ @I'OC CIIO cTyneHThl JOIAKHBI:

yMeThb:

— MNPUMEHATh OCHOBHBIE 3aKOHBl XUMHMM JUIS peIIeHus 3ajad B 001acTH
poeCCHOHATBHON JIEATETLHOCTH;

— HCHIOJb30BaTh CBOMCTBA OpTraHUYCCKUX BCHICCTB, NUCICPCHBIX U KOJUIOUAHBIX CHUCTCM
AJI1 OIITUMU3AIUK TEXHOJIOTHYCCKOI'O IMTPOIECCa;



— OIIUChIBATH YPaBHCHUSAMU XHMHUYCCKHUX peaKuHﬁ IIpoLECChI, JCXKalnue B OCHOBC
MMPOU3BOACTBA MPOJOBOJILCTBCHHBIX ITPOAYKTOB,

— MPOBOAMTH PACUYEThI IO XUMHUYCCKUM (POPMYJIaM U YPaBHEHHUSIM PEaKIInH;
— HCMOJB30BaTh JTJAOOPATOPHYIO MOCYAY U 000pPYI0OBaHUE;
— BBIOMpATh METO/I M XOJI XHMHUYECKOTO aHaJIK3a, OA0MpaTh PEaKTHBHI U araparypy,

— HOPOBOJUTH KAYCCTBCHHBIC PCAKIIMU HAa HCOPTAaHUYCCKUC BCIICCTBA U MOHLI, OTACIbHBIC
KJIaCChbl OpraHN4Y€CKUX COCHHHCHHﬁ;

— BBIIIOJIHATH KOJIMYCCTBCHHBIC paCYCThI COCTaBa BEUICCTBA IO PC3yJIbTaTaM I/ISMepeHHfI;

coOJII0AaTh MpaBuiia TEXHUKH 0€30MaCHOCTHU MpU paboTe B XUMUUECKON J1a00paTOpuu.
3HATh:

— OCHOBHBIC TIOHATHS W 3aKOHBI XWUMHUH, TEOPETUYECKHE OCHOBBI OPraHHMYECKOH,
(bu3HYEeCcKOM, KOJJIOUTHON XUMUH;

— TIOHATHE XUMHUYECKOH KHHETUKH U KaTaJiu3a, KJ'IaCCI/Iq)I/IKaI_II/IIO XUMHUYCCKUX peaKI_[I/Iﬁ u
3aKOHOMCPHOCTH UX NPOTCKAHUA,

— O6paTI/IMI>Ie n H606paTI/IMBIe XUMHUYCCKHUEC pCaKInH, XHMHYCCKOC PABHOBECHUC,
CMCHICHUC XUMHUYCCKOI'0 paBHOBECHUA 110 I[GﬁCTBPICM Pa3INIHBIX Q)aKTOpOB;

— OKHUCIIUTCIIbBHO-BOCCTAHOBHUTCIILHBIC PCAKIIMHU, PCAKINH HOHHOI'O O6M€Ha;

— TUAPONM3 COJIEH, TUCCOLMALMIO 3JIEKTPOJIUTOB B BOAHBIX PACTBOPAX, IMOHITHE O
CUJIbHBIX U CITA0BIX 3JIEKTPOJIUTAX;

— TEIUIOBOW APPEKT XUMHUECKIX PEAKLIUi, TEPMOXUMHUECKUE YPaBHEHHS,

— XapaKTEpPUCTUKH PaA3JIMYHBIX KJIACCOB OPraHMYECKUX BEILECTB, BXOJAIIMX B COCTaB
CBIPbSl U TOTOBOM MUILEBOM MPOIYKIINU;

— CBOWCTBAa PACTBOPOB U KOJUIOMIHBIX CUCTEM BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN;

— JUCICPCHBIC N KOJIJIONAHBIC CUCTCMBI ITUIICBBIX MMPOAYKTOB;

— PpOJIb ¥ XapaKTEPUCTUKU NOBEPXHOCTHBIX SBJICHUN B MPUPOJHBIX U TEXHOJIOTMYECKHUX
nporeccax;

— OCHOBBI AHAJUTUYECKON XUMHH; OCHOBHBIE METOBI KJIACCUYECKOTO KOJINYECTBEHHOIO
1 QU3UKO-XUMHUYECKOTO aHAIN3a;

— Ha3Ha4yeHHUe U MpaBUJIa UCIIOIb30BAHUS JJAOOPATOPHOTO 000PYJOBAHNUS U AINAPATYPHI;
— METO/bl U TEXHUKY BBIITOJIHEHNS XUMHUECKUX aHAJIU30B;
— TpHeMbl 0e30MacHON paboThl B XUMUYECKOH J1a00paTopuH.



IIpakTuyeckas padora Ne 1.

Tema 3anamusn: OCHOBHBbIE NMOHATHA M 3aKOHBLI XUMHH. 3aKOH JKBHBAJEHTOB.
I'azoBBIE 3aKOHBI

Ienb: M03HAKOMUTBCS C HOHATHUSAMM: KOJMYECTBO BELIECTBA, MOJb, MOJSIPHAs Mmacca,
SKBHUBAJICHT, MOJIIpHAsi Macca SKBUBaJIeHTa, OCHOBHBIMH KOJIMYECTBEHHBIMHU 3aKOHAMU XUMUU:
3aKOHOM IIOCTOSIHCTBA COCTaBa, 3aKOHOM SKBHUBAJIEHTOB, 3aKOHOM KpaTHBIX OTHOLICHMH,
3akoHOM boitns-Mapuorra u ['eii-Jlroccaka; ypaBHeHuem MenjaeneeBa-Knamneiipona, 3aKkoHOM
ABorajipo, 3akoHoM [lanbTOHA

Bomnpocsl 15 00CcyKIeHUs:

1. KommuecTBO BCIICCTBA, MOJIb, MOJISIpHAsA MacCCa, OKBHUBAJIICHT, MOJIIpHasA Macca
OKBHBAJICHTA,

2. OcHOBHBIC KOJIHMYECTBCHHBLIC 3aKOHBI XHMMMU: 3aKOH IIOCTOSHCTBA coCTaBa, 3aKOH
OKBUBAJICHTOB, 3aKOH KPaTHbIX OTHOIIICHUH.

3. 3axon boitns-Mapuorra u ['eii-Jlroccaka.
4. VYpaBuenue MeHnneneeBa-Kianeiipona.

5. 3axon Aoraapo. Hopmanwshbie ycioBus. [ImoTHOCTH OAHOTO Tra3za Mo JPYromy rasy.
[TapunanbHOE JaBieHUE.

6. 3axon JlampTOoHa

3aK0H JKBHBAJECHTOB

IKBUBAJEHT (D) — 910 peanvhas uiu YCI08HAsL YACMUYA 8eecmad, Komopas Moxicem
3amewams, NPUCOEOUHAMb UNU BbIOENSAMb OOUH UOH 8000p00A 6 KUCIOMHO-OCHOBHBLIX UNU
UOHOOOMEHHBIX PeaKyusx uiu OOUH JJIeKMPOH 8 OKUCIUMETbHO-80CCMAHOBUMEbHBIX PeaKYUsiX.
[Tox «peanpHOI YacTHIlECi» MOHUMAIOT peanbHO cymecTBytomue coeaunenus (KOH, HoSOa,
H,0), 1m0 «ycaoBHOI» — K0mH 3THX peanbHbix yactull (2H2S04, !/sKMnOs). DkBUBaNEHT Tak
ke, KaK aToM, MOJIEKyJia, HOH — Oe3pa3MepHas BeJIMYMHA M €0 COCTaB BBIPAXKAIOT C MTOMOIIBIO
XUMHYECKHX (GopMyn U cUMBOJIOB. KoIMuecTBO BelIecTBa HKBUBAJIICHTOB U3MEPSAETCS B MOJISX.
Macca 1 monv 5Kkeusanenmos HA3bIBACTCSI MOJSPHOH Maccoil J3KBUBAJEHTOB (M) u
BBIPAXAeTCsl B I/MOIIb.

OKBUBaJIEHT (MOJIIpHAs Macca 3KBUBAJIEHTOB) JJIi OJIHOTO U TOTO K€ BELIECTBA MOXKET
MMETh Pa3JINYHbIC 3HAYCHMSI B 3aBUCUMOCTH OT TOT'O, B KaKyl0 PEAKIUIO 9TO BELIECTBO BCTYIAET.
OKBUBAJIEHT U Myx paCCUMTBIBAIOTCSI HEOAMHAKOBO JUISl KUCIOTHO-OCHOBHBIX U OKHCIMTEIBHO-
BOCCTaHOBUTEJIbHBIX PEAKIUH.

MonsipHast Macca OSKBHUBAJCHTOB BEIIECTBA, YYACTBYIOUIETO B  OKUCIUMENbHO-
80CCMAHOBUMENbHOU PEAKIINN, PACCUUTHIBAETCS MO (hopmMyie:

Mo =,
ne
rac M - MOJIpHasA MaccCa BCIICCTBA, Ne— YHUCIO OJBJICKTPOHOB, IMPUCOCAWMHCHHBIX O)IHOI\/'I

MOJ'ICKynOfI OKHCJIUTENS WK OTJIaHHBIX OJHOU MOJ'ICKyJ'IOﬁ BOCCTaAHOBHUTCIIA.

Hampumep, B OKHCIUTEIIBHO-BOCCTAHOBUTEIIBHOM PEeaKIINK TOpeHHsl cepoBogopoaa 2HoS
+ 302 =2H;0 + 2SO, creneHb OKUCIEHUS CEpPbl HM3MEHSAETCS OT —2 (8 H2S) nmo +4 (B
SO,). CnenoBarenvHo, Mojiekyida H>S Tepsier 6 5SIEKTPOHOB, T. €. OJHOMY JJIEKTPOHY
SKBUBAJIEHTHA YCIIOBHAS 4acTHIA '/ Monekysl HaS.



M
D(H2S) = /6H2S, a Ma(H2S) Z%ZS = 3—64 =5,6 I/MOJIb.

VY xucnopona crenenp okucieHus Mensiercst ot 0 (B O2) 1o —2 (B SO2) U, Tak Kak B
€ro MOJIEKYJIE COJEP)KUTCA 2 aToMa, TO YHCJIO IPUHSATHIX 3JEKTPOHOB Oyner paBHo 4. U,
TakuM 00pa3oM, OJHOMY DJIEKTPOHY SKBHUBAJICHTHA YCIOBHAs YyacTula Y4 MoJekyisl Oa.

M 32
9(02) =%02, a Mx(02) = 402 = ? =8 r/MoIb.

MousipHast Macca 3KBUBAJIEHTOB KUCA0Mbl UIH OCHOBAHUS, YIAaCTBYIOIUX B KUCIOMHO-
OCHOGHOI PEAKIINH, PACCUUTHIBAaETCA 1O popmyrie

M
M;«(KHCIIOTBI, OCHOBaHUS )=—,
n
rie M — monspHas Macca KUCJIOThl WM OCHOBAaHUS; N — JUISL KUCA0om — 3TO YHUCIO aTOMOB
BOJIOPOJIa, 3AaMEIICHHBIX B JAHHOM peakUMM HAa METaLl; N — JUIl OCHOBAHUL — 4YHCIIO

THIPOKCHIIBHBIX TPYII, 3aMEIICHHBIX B JAHHOW PeaKkIMy Ha KUCIOTHBIH OCTaTOK.

Hampumep, B kucnotHo-ocHoBHOM peakuuu HoS + 2NaOH = NaxS + 2H>O (1) oba unona
BOJIOpoJia MoseKynbl HoS 3aMemiarorcs Ha MeTayul U, TakUM 00pa3oM, OHOMY MOHY BOAOpPOa
SKBMBAJIEHTHA YCJIOBHas yactuua /2 HaS. B aToMm citydae

My,s 34

D H2S) =% HaS, a Moy (HaS) = = Y =17 r/Mo07b.

B peakuuu HoS + NaOH = NaHS + H>O (2) B monexyne H>S Ha Merann 3amemiaercs

+
TOJIBKO OJIMH WOH BOJOPOJA W, CJIEI0BaTelbHO, oaHoMy WMoHy H ' okBuBaneHTHa peanbHas
yactuua — Mosiekyna HoS. B aTom cinyqae

Mpg 34
D(H2S) =HaS, a My (H2S) = TZZ

1

O(NaOH) B peaknusx (1) u (2) paen NaOH, Tak kak B 000uX cllydasx Ha KHCIOTHBII
OCTaTOK 3aMellaeTcs 0/1Ha ruApokcuibHas rpynna. Ms(NaOH) = 40 r/mons.

= 34 r/mM01I1b.

MOJ'IHpHaH MaccCa 3KBUBAJICHTOB coJ/iu B pCAKIUAX obmena pacCCUUTBIBACTCA 110 q)OpMy.]'Ie

M

COJIN

n-|c.o.

2

Msi(comn)=

rae M — MossipHast Macca COJIM; N — YUCJIO MOHOB METaJlIa, YIaCTBYIOIIMX B PEAKIIUU OT KaXI0u
MOJIEKYJBI; |C. 0.] — aOCONIOTHOE 3HAYeHHE CTENEHW OKHCIEHHUS HOHa MeTalia (O CTeleHU
OKucieHus cM. ctp. 55). Hanpumep, ot kaxaoit monekynsl Alo(SO4); B peakuu  Al2(SO4); +
6NaOH = 2AI(OH);| + 3Na;SO4 yuyacTBYIOT JABa HOHA aJIOMUHUS, CTCIEHb OKHCICHUS
kotoporo+3. Otcrona,

VAl 50,); 342

M Al2(SO4)3]= =57 r/monb, D[Al(SO4)3] paBen /s Al2(SO4)s.

2-3 6
MornsipHas Macca SKBUBAJIEHTOB OKCUOA PACCUUTHIBAETCS 1O (hopMyIie
M OKCHIa
M,«(okcuna)=
o ) n-|c.o.|’



rae M — MossipHasi Macca OKCHJIa; N — YHUCIIO KATHOHOB COOTBETCTBYIOIIETO OKCHIY OCHOBAaHUS
WIH YWCIO aHWOHOB COOTBETCTBYIOIICH OKCHIY KHCJIOTHI, [C.0. — aOCOJIOTHOE 3HAYCHHE
CTETICHU OKUCJICHHSI KaTHOHA MJIH aHUOHA.

B peakuun P2Os + 3Ca0 = Ca3(POs)2 sxBuBasienT P20s, 00pasyromiero aBa Tpex3apsiHbIX

. 1 Mp,o, 142
anunona (PO4)’, pasen '/ P20s, a My(P20s) = = = 23,7 r/Monb. DKBUBAECHT
CaO, naromero oAvH ABYX3apsAIHbINA KATUOH (Ca2+) paBeH 2 Ca0, a M, (CaO)
M
=%=5—6 = 28 r/Mob.

YT1oObl OMpPEAeTUTh MOJSIPHYIO MacCy SKBUBAJICHTOB 9/eMeHMA B COCTUHEHUH, MOXHO
BOCTIOJIB30BAThLCS (POPMYJIIOH

M
M3K (3H'Ta) e — 5
|c.o.|
rac MA - MOJIAIpHasd MacCa JJICMCHTA, ‘C.O.’ — abCONIIOTHOE 3HAYEHHE CTEIIEHU OKHUCIICHUS

anemenTa. Hampumep, MossipHbIe Macchl SKBUBaIEHTOB ¢ochopa B coequnenusx PHz, P2O; u
P>0Os cootBercTBeHHO paBubl: 31 /3 = 10,3 r/moinb; 31 /3 = 10,3 r/mounb; 31 /5 = 6,2 r/mMob, a
skBUBaNeHT pocdopa B coequnenusx PHs u P,Os pasen /3 P, B coemunennu P2Os — /s P.

HY)KHO TAaK:XX€ HMCETb B BHUHAY, YTO MOJISIpHAd MacCa 3JSKBHBAJICHTOB XHMHUYCCKOTO
COCAMHCHUA paBHA CYMMC MOJIAPHBIX MAaCC 3KBUBAJICHTOB COCTABJIAIOIIUX €TO JacTeH.

Tak, My(PH3) = Ms(P) + Ms(H) =10,3 + 1 =11 r/mounp;
Msi(P203) = My(P) + My(O) =10,3 + 8 = 18,3 r/moub;
Msi(P205) = My(P) + My(O) = 6,2 + 8 = 14,2 r/moi1b.

3aKOoH JIKBHMBAJIEHTOB: MACCbl peazupyroujux opye ¢ OpyeoM Gewecme HNpsmo
NPONOPYUOHANLHBL MOTISAPHBIM MACCAM UX IKEUBALEHMOB.

m, My

m, M, 2)

Ilogenus MacCCy KaxXJI0T0 BEUIECTBA HA MOJIAPHYIO MAacCCy €ro 5KBUBAJICHTOB, ITOJTYYUM YHCJIO

m, m,
MoJiel SKBUBAJIEHTOB (V): = , wmvl=v2.

MaK(l) Max(z)

Hns peakunn A + B = C + D J0mKHO BBIOIHATBCS COOTHOIIEHHE VA=VB=VLC=VD, T.€. YUCTO
MoJeli IKUBATIEHIMO8 YUACMEYIOWUX 8 PeaKyUU 8eujecms pasHvl MedxHcoy COOOU.

Ecnu omHO m3 pearupyromuyx BEMIECTB HAXOAWTCS B Ta3000pa3HOM COCTOSIHMH, 3aKOH
HKBHUBAJICHTOB YI00HO MPEJICTABUTH B BUJIE

m — Vra3a
b
M3K Vax(ra:za)
rac VaK — 00BeM OJHOT'O MOJIA 3JSKBUBAJCHTOB Trasa. I[JIH BBIYMCIIEHUA OO0OBEMA MOJIA

HKBHMBAJIEHTOB Tr'a3a HEOOXOMMO 3HATh YUCIIO MOJIEH 3KBUBAJIEHTOB (V) B OHOM MOJIE Ta3a: v =

M
—— . Tak, M(H2) = 2 r/monb; Msy(H2) = 1 r/mons. CraenoBaTenbHO, B OJTHOM MOJIE MOJIEKYI
9K

Bomopoaa H> comepxutcs v = 2/1 = 2 Monb SKBUBAJIEHTOB Bojopoaa. Kak m3BecTHO, MOIb
mr00oro raza npu HOpManbHBIX ycioBusx (H. y.) (T=273 K, p=101,325 xIla) 3anumaer ob6bem
22,4 5. 3Ha4MT, MOJIH BOJAOPOIA 3aiiMET 00BeEM 22,4 11, a TaKk KaK B OJTHOM MOJI€ BOJIOpOJa



COJICPXKUTCS 2 MOJIb SKBUBAJICHTOB BOJOPO/AA, TO 00BEM OJHOTO MOJIS SKBHUBAJICHTOB BOJIOPO/A
paBeH Vi(Hz2) = 22,4 /2 = 11,2 n. Ananoruuno, M(O2) = 32 r/monb, My (O2) = 8 r/mons. B
OJIHOM MoJIe MoJieKys kuciopoaa Oz comepxutcs v = 32 / 8 = 4 MOJIb IKBUBAICHTOB KHUCJIOPO/IA.
OnuH MOJTh SKBUBAICHTOB KUCIOPOa 3aHUMAET 00beM Viy(02) =22,4 /4 = 5,6 m.

IIpumepsl pemenus 3agaq

Ipumep 1.1. Ha Boccranosnenue 7,09 r okcuaa Merainia CO CTEHEHbIO OKUCIEHUS +2
Tpedyercsa 2,24 n Bomopona (H. y.). Beriuuciaure MoOJsipHbIE MacChl SKBHUBAJIEHTOB OKCHIA U
MeTaia. Yemy paBHa MoJIsipHasi Macca MeTtaia’?

Pemenne. 3asaqa pemaercs 0 3aKOHY 3KBUBAJICHTOB. Tak Kak OZHO U3 pEarupyromux
BEIIECTB HAXOIUTCS B ra3000pa3HOM COCTOSHUM, TO YJJOOHO BOCIIOJIb30BaThCs (POpMYII0i

m Vra3a Mok — VH2
M

9K V:-)K(raBa) MBK(OK) V3I<(H2)
Hanomuum, 4to 00beM 1 MOb 9KBHUBaJIEHTOB BoAopoa paseH 11,2 1 (H. y.), Toraa

7,09-11,2

M,i(0k) = = 35,451/M01b.

)

MousipHasi Macca SKBUBAJICHTOB XUMHYECKOTO COCIMHEHHUS paBHA CyMME MOJISPHBIX
Macc OSKBHBAJICHTOB COCTAaBISIIOMIMX ero yacteil. OKCHA — O5TO COEAMHEHHE MeTajuia ¢
KHCJIOPO/IOM, TIOATOMY MOJIIPHAst Macca SKBUBAJICHTOB OKCHJIA TIPEICTABISIET CO00i CyMMy Moy
(okcuma) = My (MeTasuia) + Mok (kuciioposa).

Otcrona, My (Metamia) = Mok (okcuaa) — Mok (kuciiopona) = 35,45 — 8 = 27,45 r/mous.

MomnsipHast Macca MeTajuia OmpeesieTcs U3 COOTHOIIEHHUS My (MeTasia) :_A’ oTcrona Ma
|c.o.

= My(MeTana): | c.0. ‘ =27,45-2 = 54,9 v/monb. Takum obpazoM, M,x(okcuaa) = 35,45 r/mons;

M, (MeTanna) = 27,45 r/mons; Ma(metanna) = 54,9 r/Mob.

IIpumep 1.2. Ilpu B3aUMOJEHCTBUM KHUCIOpOAAa C Aa30TOM IOJdy4yeHo 4 Mouib
SKBHUBaJIEHTOB okcuaa azoTa (IV). Paccuutaiite 00beMbI Ta30B, BCTYNUBIINX B PEAKIIHIO MPH H.
y.

Pemenne. Ilo 3akoHy HKBHMBAJEHTOB YHCIO MOJIEH SKBHUBAJICHTOB BCTYMAIOIIMX B
PEaKIUIo U 00Pa3YIONIUXCS B PE3YyIbTaTe PEAKIINU BEIIECTB PAaBHBI MEeXAY co00M, T.e. V(02) =
v(N2) = v(NO2). Tak kak momydyeHO 4 MOIb SKBHUBAICHTOB okcuaa azora (IV), To,
CJIEJIOBATENILHO, B PEAKITUIO BCTYIHIIO 4 MOJIh SKBUBAICHTOB O2 ¥ 4 MOJIb 3KBUBAJICHTOB N».

Aot uaMensiet crenenb okucienus oT 0 (B N2) g0 +4 (B NO2) u, Tak Kak B €ro
MOJIEKYJIE 2 aTOMa, TO BMECTE OHHU OTJAIOT § JJIEKTPOHOB, TO3TOMY

My, 28
T =—=3,5 r/moib. Haxoaum o0beM, 3aHUMAEMBIIl MOJIEM DKBHUBAJIEHTOB a30Ta
(Iv):
28 r/mMomb N2 —22.4 11
3,5 /mMoab N2 — x

x= M =28 1.
28
Tak kak B peakiuio BCTynHIO 4 MOJIb 3KBUBaIEHTOB N2, TO UX 00beM coctaBisier V(N2) = 2,8-4
= 11,2 n. 3Hast, 4TO MOJb SKBHBAJIEHTOB KHUCIOpOJa IpPH H. y. 3aHUMaeT o0beM 5,6 i,
paccunThiBaeM 00beM 4 MOJb SkBUBaJIeHTOB O2, BcTynuBmuX B peakiuio: V(02) = 5,614 =224

JI.

Max(N2):



Urak, B peakuuro Berynuiio 11,2 1 azora u 22,4 1 kucinopopa.

IIpumep 1.3. Onpenenure MOJISPHYIO MacCy SKBHUBAJIEHTOB MeTaula, eciu u3 48,15 r
€ro OKcu/ja rnojaydeHo 88,65 r ero HUTpara.

Pemenue. YuutsiBas, 4tro Ms(okcuaa) = Mo(Meramna) + Mox(kucinopona), a Myx(comnn)
= Mu(metamia) + My (KUCIIOTHOTO OCTaTKa), TIOJCTABIIsIeM COOTBETCTBYIOIINE JAHHBIC B 3aKOH
OKBHUBAJICHTOB:

4815  Mbok(mer) + Mak(0) 4815  Mbor(mer) +8
88,65 Mbok(mer) +Mdk(NOs )~ 88,65 Mok(mer)+62°

M,(meT) = 56,2 r/MOIb.

IIpumep 1.4. Boluucnure creneHb OKUCIEHHS XpoMa B OKCUIE, coaepxauniem 68,42 %
(Macc.) aToro merauia.

Pemenmne. IIpunsB maccy okcuaa 3a 100%, HaxoguM MaccoBYIO JIOJIIO0 KHCJIOpOAa B
okcuge: 100 — 68,42 = 31,58%, 1.e. Ha 68,42 yacteit maccel xpoma npuxoautcs 31,58 uvacreit
Macchl Kuciaopojaa uini Ha 68,42 r xpoma npuxoaurtces 31,58 r kucnopoaa. 3Has, UTO MOJSIpHAs
Macca 3KBHUBAJICHTOB KHCJIOPOJa paBHA 8 I/MOIIb, ONMPEACITUM MOJIIPHYIO MAacCy SKBHUBAJICHTOB
XpoMa B OKCH/JIE TI0 3aKOHY KBHUBAJICHTOB:

m m mq, -Msk(0) 68428
Cr O Ma(Cr)= Cr 29

= ; =17,3 r/momnb.
Mbk(Cr)  Mbsk(0O) mg, 31,58

CrenieHb OKHCIICHUS XpoMa HaXOJHUM U3 COOTHOIICHHA

_MCr oTCIO/1a [C. 0.]= Mer = >2 =3
|c.o.|’ " Mbk(Cr) 17,3

M, (Cr)=

KOHTpOJ’IBHBIC BOITPOCHI

1. Ilpu B3aumopeiicTBuu 6,75 r MeTamia ¢ cepod obOpazoBanmock 18,75 T cynbduna.
PaccuuTaiiTe MOJsipHBIE Macchl KBHBAJEHTOB MeTaula U ero cyibpuaa. MomspHas macca
SKBHUBAJIEHTOB cephbl paBHa 16 r/Moib. (Omeem: 9 r/monb; 25 r/MOb).

2. Brluncaure cTeleHb OKHCIIEHHS 30J0Ta B COSAMHEHUHM coctaBa: 64,9% 3o0i0Ta M
35,1% xnopa. Monsipaast Macca 9KBUBaJICHTOB xJjiopa 35,45 r/moinb. (Omeem: 3).

3. BblunciauTe MOJSIpHBIE MacChl DKBHUBAJIEHTOB U JKBUBaJeHTHl P20s B peakuusx,
UIYIIUX 110 YPABHEHUSIM:

P20s5+ 3MgO = Mg3(PO4)2 (D)
P20s5+ MgO = Mg(PO3).. )
(Omsem: 23,7 r/monb; 71 t/moms; /s P20s; /2 P20s).

4. CKOJIBKO MOJIEW SKBUBAJEHTOB METAJJIa BCTYIUJIO B PEAKIUIO C KUCIOTOMW, €CIIH MpHU
3TOM BBIIEIWIOCH 5,6 J1 BOJOPOAA IPU HOPMAJIBHBIX YCIOBHSIX?

(Omesem: 0,5 monb).

5. Ha me#itpanuzanuto 0,943 r ¢ochopucroit kucnorsr H3PO3 uzpacxomosano 1,291 r
KOH. Berancinure MOJISIpHYIO MAacCy SKBUBAJIEHTOB KHUCIIOTBHI.
(Omeem: 41 r/momnb).

6. Onpenenure MOJSIPHYIO MAacCy SKBUBAJICHTOB METajljla M HA30BUTE METaIlI, eciu 8,34
r ero okucnusitores 0,68 1 kuciaopona (H. y.). MeTann OKUCHSETCs 10 CTENeHH OKHCIeHUs +2.
(Omeem: 68,7 r/Mob).

7. BpluncnuTe CTENEHb OKUCJIEHUS CBHUHIIA B OKCHJAE, B KOTOpOM Ha |1 T CBUHIA
npuxoautcs 0,1544 v kucnopona. (Omeem: 4).



8. Brruncnure >KBHBAJICHT W MOJSIpHYIO Maccy skBuBajeHTOB Al(OH)3 B kaxmoi u3
CIIETYIOIINUX PEaKIIHiA, BEIPAKCHHBIX YPABHCHUSMH:

Al(OH); + 3HCI = AICI3 + 3H20 (1)
Al(OH); + 2HCl = AIOHCL + 2H, 0 (2)
AI(OH); + HC1 = Al(OH):C1+ H.O  (3)

9. lns nmonyuenus rugpokcuaa xenesa (I11I) cmemanu pactBopsl, conepxaiue 0,2 MOIb
SKBUBaJIEHTOB Imesoun W 0,3 Moib 3kBuBaieHTOB xJyopuaa xkene3a (III). Ckonbko rpammoB
ruapokcuaa xkenesa (I11) nomyunnocs B pesynbrare peakuuun? (Omeem. 7,13 T).

10. 13 1,3 r ruapokcuma Mmeramuia momydaercs 2,85 T ero cyiabdara. Beraucnmre
MOJISIPHYIO MaccCy 3KBUBAJIEHTOB 3TOro Metaiia. (Omegem: 9 r/Monb).

11. Ilpu B3amMojelcTBUM 22 I MeTaJUla C KHUCJIOTOM BBIACIWIOCH NpU H. y. 8,4 1

Bojiopoja. Paccunraiite MOJIIpHYIO Maccy 3KBUBAJIEHTOB MeTa/l1a. CKOJIBKO JIMTPOB KUCIOPOa
notpelyeTcst UIsl OKUCIIEHHS 3TOTO e KoJIn4YecTBa Meraia?
(Omeem: 29,33 r/monsb; 4,2 1.).

12. Beruucnure cTeneHb OKMCICHHS MbIILIbIKA B COEIMHEHUN €r0 C Cepoid, B KOTOPOM Ha
1 r mpmmbska npuxoxutcst 1,07 T cepel. MomspHas Macca SKBHUBAJIEHTOB cepbl 16 T/MOIb.
(Omeem: 5).

13. Bpruncnure 3KBHUBAJIEHT U MOJSpHYHO Maccy skBuBalieHTOB H3POs B kaxmoil u3
CJIEAYIOUIMX peaKluil, BBIpa)KEHHBIX YPaBHEHUSIMMU:

H3PO4 + KOH = KH2PO4+ H20 (1)
HiPO, + 2KOH = K;HPOs+ 2H0 (2)
H3PO4 + 3KOH = K3PO4+ 3H>0. 3)

14. Ilpu B3anMOAENHCTBUM BOJOPOJIA U a30Ta MOJIyYEHO 6 MOJIb SKBUBAJIEHTOB aMMHAKa.
Kakne o0bemMbl BOOpO/Ia U a30Ta BCTYIIIIN MIPH 3TOM B PEAKIUIO TPH HOPMAJIBHBIX YCIOBHSIX?
(Omsem: 67,2 n;22,4 11.)

15. Ilpu mpomyckaHuM cepoBOAOPOJA uUEpe3 pacTBOp, coxaepxkamui 2,98 r xmopuaa
Mmerayuia, oOpasyercst 2,2 T ero cyiab¢uaa. Bbraumcnure MOJSpHYIO Maccy SKBHBAJICHTOB
metasuia. (Omeem: 39 T/MoIb).

16. MonsipHas Macca SKBHBAJIGHTOB MeTallla paBHa 56,2 r/Monb. Berauciante MaccoByro
J0JII0 MeTayia B ero okcune. (Omeem: 87,54%).

17. Omnpenenute SKBUBAJIEHT M MOJSPHYI0 MacCy SKBUBAJIEHTOB a30Ta, KHCIOPOJA,
yraepona B coequnenusx NHi, H,O, CHa.

18. PaccuuTaiitTe MOJSIpHYIO MacCy SKBHUBAJICHTOB METaljia, €Cli MPH B3aWMOJACUCTBUU
7,2 T Metamia ¢ xjJopoMm Obuto monmydeHo 28,2 T comu. MomsipHas Macca SKBHUBAJEHTOB XJopa
paBHa 35,45 r/mMmonb. (Omeem: 12,15 r/mMonb).

19. PaccuuTaiiTe MOJSpHYIO MacCy SKBHUBAJICHTOB BOJbI MPU PEAKIIHH €€: a) c
MeTaJUTMYeCKUM HaTpueM; 0) ¢ okcuaom Hatpus. (Omeem: 18 r/moib; 9 T/MoIb).

20. 0,43 r mMerajula IpU PeaKIMK ¢ KUCIOTOW BBITECHWIIM IIPH H. y. 123,3 M Bogopona.
1,555 r atoro xe meraia BCTyNarOT BO B3aummojeiictBue ¢ 1,415 r HEKOTOpOro HemeTaia.
Paccunraiite MOJIIpHYIO Maccy SKBUBAJIEHTOB HEMETAJLIA.

(Omsem: 35,5 r/Mmoib)

Tema 2. IlpeacraBienust o crpoeHun aroma. IIpaBuia pacnpenesneHusi 3J1eKTPOHOB 110
NMOAYPOBHSIM

He.]]b: IMO3HAKOMHUTLECA C€ KBAHTOBBIMU 4YHCIaMH, OIJICKTPOHHBIMU KOHCbI/IpraI_[I/IﬂMI/I
9JICMCHTOB.

Bonpocsl 15 00CcyKaeHUs:
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KBaHTOBBIE UnCIa.

DNEeKTPOHHBIE KOH(UTYpAITH SJIEMEHTOB.
[TpuHIIMTT MUHUMAJILHOW SHEPTHUU.
IIpaBuno B. Kneukosckoro.

[Tpuniun 3anperta [aymnu.

A e

IIpaBuino I'ynna

ATOM — 3TO HaMMeEHbIIas YacTUIAa XUMHYECKOIO 3JIEMEHTa, COXPAaHAIOLIAs BCE €ro
XUMHUUYECKHE CBOMCTBA. ATOM COCTOUT W3 MOJOXKHUTEIBHO 3apsDKEHHOIO Spa U BpallaroIIUXCs
BOKPYT HEro 3JIEKTPOHOB. 3apsi siipa aTOMa YHCIEHHO paBeH MOPAIKOBOMY HOMEpY dJIeMEHTa B
NEpPUOANYECKON cucTeMe. Tak Kak aToM B LIEJIOM JIEKTPOHEUTpaIEH, TO U YUCIIO 3JIEKTPOHOB,
JIBUKYLIUXCS BOKPYT SiApa aTOMa, paBHO MOPSAIKOBOMY HoMmepy. Harmpumep, nopsaKoBelii HOMep
Hatpus 11. 3nauut, 3apsy sapa aroma Hatpus +11. Bokpyr sigpa pasmeniaercst 11 31ekTpoHOB ¢
o0umM oTpuiareabHbiM 3apsiaoM —11. Bce siexTpoHbl aToma 00pa3zyloT €ro 3JeKTPOHHYIO
000J104KY, CTPOEHHE KOTOPOH OIpe/iesieT MHOTME XMMHUUECKHUE CBOICTBA 3JIEMEHTA.

DNEKTPOHBI UMEIOT JBOMCTBEHHYIO MPUPOY: OHH 00Jaar0T KaK CBOMCTBAMU YaCTHUIIBI,
TaK ¥ BOJHOBBIMU CBOMCTBaMHU. J{JIs1 ABMKYIIIETOCS 3JIEKTPOHA HEBO3MOXHO YKa3aTh €ro TOYHOE
MECTOMOJIOKEHNE. MOXKHO JIUIIb ONPEACIUTh 6epOsMHOCHb HAXOXKICHHUS SJCKTPOHA B
pa3IMYHBIX YacTAX BHYTPHATOMHOIO TpOCTpaHCTBa. ObOracmv npocmpancmed, 8 KOmopoll
Haubojee 8epOAMHO HAX0JICOEeHUe INeKMPOHA, HA3bIBACTCS AaTOMHOI opouTanbio (AO).

CocrosiHuE JJIGKTPOHA B aTOME XapaKTEPU3YeTCs YEThIPhbMS KBAHTOBBIMHU UHCIAMHU.
I'maBHOe KBaHTOBOEe YHCJIO 71 onpeodeisiem 3Hepeuro sekmpoua 6 amome u pasmep AO, T.e.
YAQJIIEHHOCTh 3JIEKTPOHa OT siipa. [J1aBHOE KBAHTOBOE YHCIIO 7 IPUHUMAET 3HAUCHUS IIEJIBIX
yucen 1, 2, 3, 4... Cosoxynnocmsv 21eKMpoOHO8 C OOUHAKOBLIM 3HAYEHUeM N Ha3bIBAeTCS
JHEepPreTHYeCKUM ypoBHeM. HamMenbieil sHeprueit o0magaroT 3JIEKTPOHBI MEPBOTO OT sApa
HHEPreTHUECKOTO YpOBHs (n=1); C yBEIUYEHHEM 7 DHEPTHs AJIEKTPOHA U €ro YAaJeHHOCTh OT
anpa BospactaeT. CocmosiHue amoma, Ko20a e20 JNeKMPOHbl HAXO0AMCS HA  MAKUX
OHepeemu4ecKux YpOGHsX, Ymo UX CYMMAPHAs dHepUs AGNAemcs MUHUMAILHOU, Ha3bIBACTCS
OCHOBHBIM WU HeBO30Y:KAeHHbIM. CocmosiHus ¢ 06oiee GblCOKUMU 3HAYEHUAMU DHepuu
HA3bIBAIOTCS BO30YKIEHHBIMH. DHEPreTHUYECKHE YPOBHU 0003HAUaI0T OyKBaMHU:

UucnoBoe 3HaUEHUE 1 1 2 3 4 5 6 7
BbykBeHHOe 0003HaueHnE K L M N O P Q

Yucao OHCPICTUYCCKUX ypOBHCfI B aTOMC, HaXOAAIEMCAd B OCHOBHOM COCTOSAHHU, paBHO
HOMCEpY IIepruoaa, B KOTOPOM HAXOAUTCA DJICMCHT.

Ha omHOM M TOM K€ PHEPreTHYECKOM YPOBHE MOTYT HAXOIUTHCS aTOMHBIE OpOHTATIH
pasnTuYHON (OPMBI, OTJIMYAIOIIHECS IPYT OT JApyra Mo dHepruu. [lodTomMy sHEpreTuvecKue
YPOBHU Pa3JIENSIFOTCS HAa TOIYPOBHU. DHepeuio 31eKmpoHa Ha nodyposHe u (opmy amomHOU
opbumanu XapakTepuzyeT opouTajJbHOe KBAHTOBOE YMCJI0 /. 3HaueHue / 3aBUCUT OT TIIABHOTO
KBaHTOBOTO uucia: /[ mpuHuMaet 3Hadenus ot 0 go (n—-1), 1. e. 0, 1, 2, 3... (n—1). B npedenax
OAHHO20 — DHEP2EeMUHEeCKO20 YPOBHSL  COBOKYNHOCMb  JJIeKMPOHO8,  XAPAKMEPUIVIOUIUXCS
00UHAKOBLIM ~ 3HauyeHuem [, Ha3bIBaeTCs JHEPreTHYECKUM moaypoBHeM. [lomypoBHuU
0003Ha4aroT OyKBaMu:

OpOuTanbHOE KBAHTOBOE YHCIIO / 0 1 2 3
O603HaueHue SHEPreTUYECKOro MOAYPOBHS s p d f

Takum obpazom, mipu /=0, 1, 2, 3 s7eKTPOHBI HAXOAATCSI COOTBETCTBEHHO HA §-, p-, d-, f-
MOYPOBHSX. DJIEKTPOHBI PA3IMYHBIX MMOAYPOBHEN HA3BIBAIOT S-, p-, d-, f~31eKTpoHamMu. B aToM
cllyyae TOBOPAT TaKXe O COCTOSIHHMSIX §-, p-, d-, f-3IEKTPOHOB WIHU S§-, p-, d-, f-aTOMHBIX
opOuTasix.
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Yucno 5sHEpPreTUYecKux MOIYypOBHEH B YpPOBHE HE JOJDKHO MPEBBIIATH TIJIABHOE
KBaHTOBOE 4ucio n. Tak, nepBblii ypoBeHb (n=1) uMeeT oAuH NOAYPOBEHS (§), BTOPOH YPOBEHD
(n=2) — nBa moxypoBHA (s u p), Tpetuitl (n=3) — Tpu (s, p, d), yeTBepThIil (1=4) — yeThIpe (S, p, d,
/). B 00on04kax aTroMOB HBIHE H3BECTHBIX 3JIEMEHTOB JJIEKTPOHBI 3aCTPAMBAIOT HAa Ka)JIOM
ypOBHE He 0OoJiee YeThIpex moaypoBHel. YpoBHu O (n=5), P (n=6), Q (n=7) conepxart 1o
yeTelpe MmoaypoBHs. [Ipu JaHHOM 3HAYEHMM TJABHOTO KBAaHTOBOTO 4YHCIA # HAMMEHBIICH
SHepruei 001aJatoT JIEKTPOHBI S-TIOYPOBHSL, 3aTEM p-, d-, f~IIOypOBHEM.

Kaxxaplii MOAypOBEHb COCTaBICH W3 OpOWTANCH, YHCIO KOTOPBIX OIpPEIeIsIeTCs
MarHUTHBIMH KBAaHTOBBIM 4YHUCJIOM 71, MarHuTHoe KBAaHTOBOE YHCI0 m/ oOmpesenser
803MOJICHbIE  OpueHmayuu opoumanu 6 npocmparcmee. OHO CBSI3aHO C OPOUTAIBHBIM
KBAHTOBBIM YHCJIOM U MOKET IPUHUMATh LEJIOUYHCICHHbIE 3HaYeHUs OT —/ 10 +/, BKIItoYasi HOJIb.
OnpeneneHHOMYy 3Ha4eHUIO [ cOOTBEeTCTBYeT (2/+]) BO3MOXKHBIX 3HAYEHHH MAarHUTHOTO
KBaHTOBOTO 4Kcia. Yncio 3HaueHuil ml yka3plBaeT Ha YUCIIO aTOMHBIX OpOUTasieil B MOIypOBHE
1 YHUCJIO BO3MOXKHBIX HaHpaBHCHHﬁ, 10 KOTOPBIM OHH MOT'YT OpUCHTHUPOBATLCA B IIPOCTPAHCTBE.

Jns s-nonypoBHsi /=0 u motomy ml umeer enuHcTBeHHoe 3HaueHue: ml =0. Takum
oOpa3oM, Ha S-TMIOAYpOBHE HWMEETCA €IWHCTBEHHas s-OpOMTalb W OHAa PacCIOOXKEeHa
CUMMETPUYHO OTHOCUTENIbHO siapa aTtoMma. Jlns p-moaypoBHa /=1 u ml mpuoOperaer Tpu
3HaueHus: —1, 0, 1, T. e. p-moAypOBEHb UMEET TPU p-OpOUTAIN U OHU OPUEHTHUPOBAHBI 10 TPEM
OCSIM KOOpIMHAT. d-MOAYpOBeHb ¢ [=2 wumeer nATh 3HaueHut ml: -2, —1, 0, 1, 2 wu,
CJIEIOBATENLHO, MATHh d-OpOuTasield, KOTOPhIE OPUEHTUPOBAHBI MO MATH PA3HBIM HAINIPABICHUSM.
f-nonypoBeHs ¢ /=3 umeer cemb 3HaueHuit ml: -3, -2, -1, 0, 1, 2, 3, 1. e. cempb f-opOuraneii.
Uwucno opueHTaui f~opOouTaeii paBHO CEMHU.

Ycenosao AO 00603HauaroT B BUE KBajipaTa (KBaHTOBOM stueiiku) [1. COOTBETCTBEHHO IS
s-noaypoBHs umeercs ogHa AO , nns p-noaypoBHs — Tpu AO, g d-noxypoBHs 1t AO, s
f-nonypoBHs cemb AQ.

TakuM 00Opa3oM, HJIEKTPOHBI B aTOME PACIONIAraroTCs MO DHEPreTUYECKUM YPOBHSIM,
YIAJIEeHHOCTh KOTOPBIX OT siipa XapaKTEpH3yeTCs 3HAUYCHUEM TJaBHOTO KBAHTOBOTO 4YHCIA 7,
YPOBHU COCTOSIT U3 MOIYPOBHEH, YHNCIO KOTOPBIX JJI KaKIOTO YPOBHS HE MPEBBIIIACT 3HAUCHUE
n; B CBOIO OUYepeb MOAYPOBEHb COCTOUT M3 OpOUTAJIeH, KOJTMYECTBO KOTOPBIX 33/1a€TCSI YACIOM
3HAUEHUN MArHUTHOTO KBAaHTOBOro uucna ml. KBanToBble uucna n, [, ml Xapaktepusyror
opOuUTab.

KpoMme aBrkeHHsT BOKpYT siapa, 3JIEKTPOH BpAIIAeTCsl BOKPYT COOCTBEHHOM ocu. DTO
JIBIDKCHUE TIOJIYYHIIO Ha3BaHME «CMHUH». CIHHOBOe KBAHTOBOE YMCJIO /7S XapaKTepU3yeT 06a
B03MOJICHBIX HANPABTIEHUS BPAWYEHUSL INEKMPOHA BOKpY2 cOOCcmeenHou ocu (TI0 YaCOBOM CTpeJIKe
WM npoTuB). CHMHOBOE KBAaHTOBOE YMCIIO /s IPUHUMAET JIBa 3HaU€HUs: +72 U —/2. DNEKTPOHBI
C pa3HbIMHU CIIMHAMU OOBIYHO 0003HAYAOTCS MPOTUBOIOJIOKHO HAIIPABJICHHBIMU CTpelkaMu | 1.

YeTpipe KBAaHTOBBIX YHCIA A, [, ml, ms TOIHOCTHIO XapaKTEPU3YIOT COCTOSTHUE IIEKTPOHA
B atome. CormacHo mpunuuny Ilayam g amome ne mooxcem Ovimb 08YX 21€KMPOHO8 C
O00UHAKOBLIMU 3HAYEHUAMU 6cex uemvlpex keanmosvix uucen. Ilpunnun Ilaynu ompenenser
MaKCHMaJIbHOE YHCIIO SJIEKTPOHOB HA OJHON OpOWTanu, ypoBHE W moaypoBHe. Tak kak AO
XapaKTEepPU3yeTCsl TPeMsl KBAaHTOBBIMH YUCIAMH #, [, ml, 3JIEKTPOHBI TaHHOW OpOWTAIHd MOTYT
pa3nuyaThCsl TOJIBKO CIIMHOBBIM KBAaHTOBBIM uduciioM ms. Ho ms MOXeT UMEeTh TOJIBKO J1Ba
3HaueHus +72 u —%. CnenoBarenbHO, HA OJHON OpOMTAIM MOXKET HaXOIUThCSA HE OoJiee NBYX
AJIEKTPOHOB C IMPOTHUBOIOJIOKHO HAMpaBICHHBIMU CHUHAMU 1. Makcumansroe uncio
3JIEKTPOHOB Ha PHEPreTHYECKOM YpOBHE ONpejenseTcs Kak 27°, a Ha MogypoBHe — Kak 2(2/+1).
MakcuManbHOE YUCIIO 3JIEKTPOHOB, Pa3MENIAIOUIMXCS HA Pa3JUYHBbIX YPOBHSIX U MOJYPOBHSIX,
npuBeIeHbI B Ta0. 2.1.

Tabruya 2.1. MakcumanvHoe 4ucio 21eKmpoHO8 Ha KEAHMOBLIX YPOBHAX U NOOYPOBHSAX
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Onepretud | DHepretude | Bo3MoxHbIE 3HAaUCHUS Yucno AO MakcumaiibHOE
€CKUH CKUH MardHuTHOTO YHCJIO JIEKTPOHOB
YpOBEHb | MOIYpPOBEHb | KBAaHTOBOTO uucia m/ B B Ha Ha
MOAYPOBH | YpOBHE | MOAYPOBH | YpOBHE
e e
K (n=1) s (1=0) 0 1 1 2 2
L (n=2) s (I=0) 0 1 4 2 g
p (1) -1,0,1 3 6
s (1=0) 0 1 2
M (n=3) p (1) -1,0, 1 3 9 6 18
d(F2) -2,-1,0,1,2 5 10
s (I=0) 0 1 2
=4 =1 -1,0,1
N (n=4) p (=1 , 0, 3 6 6 2
d (I=2) -2,-1,0,1,2 5 10
f(=3) -3,-2,-1,0,1,2,3 7 14

[TocnemoBaTenbHOCTh  3alOJMHEHUsSI JJCKTPOHAMH OpOUTANeH OCYIIECTBISETCS B
COOTBETCTBUH C TPHHIHIOM MHUHHMMAJIbHOH JYHEPrHH, COTJIACHO KOTOPOMY 37eKMmpPOHbL
3anoaHAlom opoumanu 8 nopsoKe nosvlulenus Ypo8Hs dHepeuu opoumanet. OUepeqHOCTD
opOuTanell 1O 3HEPruu onpezeiseTcs NpaBuiaoM KiiedkoBCKOro: ysenuuenue suepeuu u
COOMEEeMCmMBEHHO 3aN0HeHue opoumanet NPOUCXo0oum 6 nopsioke 803pacmanus cymmol (n+l), a
npu paguoti cymme (n+l) — 6 nopsaoke eospacmanusi n.

Ilopsadok pacnpedenenusi 1eKMpPOHOE NO IHEPLEMUYECKUM YPOBHAM U NOOYPOGHAM 6
06010uKe amoma Ha3bIBACTCS €ro IEKTPOHHOI KoHdurypanmeii. [Ipu 3anucu s1neKTpoHHON
KOH(UTypaluu HOMep YpoBHs (IJIaBHOE KBAaHTOBOE YMCII0) 00o3HaudaroT uudppamu 1, 2, 3, 4...,
OIypoBeHb (OpOMTaNbHOE KBAHTOBOE 4YUCIO) — OykBaMu s, p, d, f. Uucno »1eKTpOHOB B
NoypoBHE 0003HauaeTcsi LU(QPON, KOTOpasl 3aluchiBaeTcs BBEPXY Y CHMBOJA IOJIYpPOBHS.
Hanpumep, 51eKTpoHHast KOH(HUIypalus atomMa cepbl uMeeT BHA: 165 1572572p%3s?3p?, a
BaHamusa 23V 15°25°2p53s23p°3d 452,

XVMMHYECKHE CBOMCTBA aTOMOB OIPEACIAIOTCA, B OCHOBHOM, CTPOEHUEM HaPYKHBIX
HHEPreTUUECKUX YpPOBHEH, KOTOpbIE Ha3bIBAIOTCS 6aneHmubiMu. [1OMHOCTBIO 3aBepllEHHBIE
DHEPreTUUECKUE YPOBHH B XMMHYECKOM B3aUMOJEHCTBUU HE y4acTBYIOT. [losToMy wacto 1uist
KPaTKOCTH 3alMCH 3JEKTPOHHOW KOH(purypanmuum aromMa uX 0003HAYalOT CUMBOJIOM
TpeecTBYIONero 6aaropoguoro rasa. Tak, ama cepsl: [Ne]3s?3p*; nna sanamus: [Ar]3d°4s’.
OnHOBpEMEHHO  COKpallleHHas 3aluCh HAlJIAJHO BBIIEISET BaJCHTHBIE  AJIEKTPOHBI,
ONpEACISAIONINE XUMUYECKHUE CBOMCTBA aTOMOB DJIEMEHTA.

B 3aBHCHMMOCTM OT TOro, Kakoil MOAypoBEHb B aToMe 3aloJHSAETCS B IOCIETHIO0
ouepesib, BCE XUMHUECKHE JJIEMEHTHI JeNATcs Ha 4 SJIeKTPOHHBIX ceMmeiicTBa: s-, p-, d-, f-
AIIEMEHTHI. DJIEMEHTHI, Y aTOMOB KOTOPBIX B TOCJEIHIO OYepe/lb 3alOoIHSIETCs S-0YpPOBEHb
BHEIIHETO YPOBHS, Ha3bIBAIOTCS S-DJIEMEHTaMH. Y S§-3JIEMEHTOB BAJICHTHBIMM SIBIISIOTCA S§-
3JIEKTPOHBI BHEUITHETO HEPIe€TUYECKOTO YPOBHSL. VY p-351eMeHTOB MOCIETHUM
3aM0JIHSAETCS P-TIOYPOBEHD BHEIIHETO YPOBHS. Y HHMX BAJIEHTHBIE 2JIEKTPOHBI PACIIOJIOKEHBI Ha
p- ¥ S-TIOJYPOBHSIX BHEUIHETO YPOBHS. Y d-3JIEMEHTOB B IOCIEAHIOI0 OYepe]lb 3aroyHseTcs d-
HOJYpPOBEHb IPEJIBHEIIHEr0 YPOBHS W BAJCHTHBIMH SBIISIOTCSA S-DJIEKTPOHBI BHELIHETO W d-
3JIEKTPOHBI MPEABHEIIHETO SHEPTETUYECKOTO YPOBHEH. Y f-3IeMEHTOB MOCIEAHUM 3aIl0JIHAETCS
f-TIOlypOBEHb TPETHETO CHAPYKH IHEPreTUYECKOTO YPOBHSI.
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DneKTpoHHass KoH(UTrypamusi aroMa MOXKET OBITh H300paK€Ha TakKe B BHUIEC CXEM
pa3MeIIeHHs] JJIEKTPOHOB B KBAaHTOBBIX SYCHWKAX, KOTOPHIE SIBISIOTCS TpaduuecKkum
n300pakeHUEM aTOMHOM opOuTanu. B Kakmoi KBaHTOBOW sYEHKE MOXKET ObITh HEe Oojiee ABYX
JJIEKTPOHOB ¢ MPOTHBONOJIOKHO HAMPABICHHBIMHE cnuHamu [l TIOpsiok  pasMereHus
JJIEKTPOHOB B MpeJelax OJHOTO MOJYpPOBHS OMpeieseTcs MpaBujaoM XYHAA: @ npeoenax
HOOYPOBHSL INEKMPOHbI PA3MEWAIOMCA MAK, YMoObl UX CYMMAPHBIL CNUH Obll MAKCUMATLHBIM.
WupiMu ciioBaMu, opOUTaIM JAHHOTO MOTYPOBHS 3aMOJHSIOTCSA CHAayala Mo OJHOMY 3JIEKTPOHY
C OJINHAKOBBIMH CIIMHAMHU, a 3aTE€M 10 BTOPOMY SJIEKTPOHY C MIPOTUBOMOJIOKHBIMU CITMHAMH.

s p d f
=P d - EEEEEE
n=3 I T T T 1] =3 NN
=2 5Tk heo
165 n=1 1 »V =T W

CyMMapHBIH CIIUH p-3JIEKTPOHOB TPETHETO SHEPIeTHYECKOTO YPOBHS aTOMa CEPhl PaBEH XLms =
Yo=Y+ Yo+ Y5 =1; d->neKTpOHOB aTOMa BaHamusd — Xms = Yo+ Vs + Vo =13/,

YacTo n300pakaroT rpaguecKy He BCIO AJIEKTPOHHYIO (hopMyITy, a JIMIIb T€ TOAYPOBHH,
Ha KOTOPBIX HAXOJATCS BAJICHTHBIC 3JIEKTPOHBI, HAIIPHMEP

3= 3p e} 4z
16S...3s% 3p* ; »V...3d4s> UL T

[Tpu rpadguueckoM M300paKEHUN >JIEKTPOHHON KOH(UIypallMu aToMa B BO30YXK/IEHHOM
COCTOSTHUU Hapsy C 3all0JIHEHHBIMU M300paXkaloT BaKaHTHBIE BaJleHTHbIE opOuTanu. Hampumep,
B aToMe (pocdopa Ha TpEeThbeM IHEPIeTUUECKOM ypoBHE umeercs ojHa s-AO, Tpu p-AO u nsth d-
AO. U anextponHas koHpuUrypauus aroma pochopa B OCHOBHOM COCTOSIHUM UMEET BUJ:

3z 3d

3
1sP... 352 3p? .....

BanentHocts (ocdopa, ompenensemas UHUCIOM HECHAPEHHBIX 3JIEKTPOHOB, paBHa 3. Ilpu
nepexoie aromMa B BO30YXKJIEHHOE COCTOSHHE IPOMCXOAUT paclapyuBaHUE 3JIEKTPOHOB
COCTOSIHUS 35 U OJIMH U3 AJIEKTPOHOB C S-MIOJIYPOBHS MOKET MEPENTH Ha d-TIOJypPOBEHbD:

3z AR 3
P*... 35%3p 3d' ....

ITpu sToM BaneHtHocTh (hocopa mensiercss ¢ Tpex (PCl3) B OCHOBHOM COCTOSHMM 10 MSTH
(PCls) B BO30YX1I€HHOM COCTOSIHUU.

IIpumeps! pemieHust 3aga4

Ipumep 2.1. 3anmumure 3JEKTPOHHYIO KOHGUIypaiuio aroma THTaHa. CKOJIBKO
CBOOOAHBIX d-opOUTaseil cofepKUTCS Ha IPEIBHEITHEM dHEpreTuieckoM ypoBHe Ti?

Pemenne. IlopsinkoBeiii HOomep THuTana (Ti) B mepuomumyeckoil cucreme 22.
CnenoBarenbHO, MOJOXKUTENbHBIN 3apa] siipa paBeH +22 U CTOJBKO K€ 3JIEKTPOHOB B aToMe
tuTaHa. [loCKONbKY THUTaH HaxoauTcs B 4 mepuojie, AJIEKTPOHBI pacroyiaralorcs Ha 4-X
OPHEPTEeTUYECKUX YPOBHAX cleayrommum oopasom: 20Ti 2e, 8e, 10e, 2e. 3anmuch 37IEKTPOHHOU
KOH(HIypalliy aToMa TUTAaHA 110 YPOBHAM U HOJyPOBHAM uMeeT Bu: 15225*2p°35?3p03d4s>.

B cootBerctBUM ¢ mpaBuioM XyHAa 3JIEKTPOHBI Ha d-TOAYpPOBHE Y aromMa TUTaHa
3d

pacroaraloTcs CIeIyIuM 00pazoMm: NN}
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OueBHIHO, YTO Ha NPEIBHEIIHEM JHEPreTHYECKOM YPOBHE aroMa THTaHa COJCPIKHTCS
Tpu CBOOOIHBIE d-OpOuTAIH.

Ipumep 2.2. BO3MOXHO JIM HAJIMYME B aTOME JBYX DJICKTPOHOB C OJMHAKOBBIMHU
3HAUEHUSIMU TPEX KBAHTOBbIX uucel: /, ml, ms? llpuBenure npumepsl.

Pemenne. Jla, BO3MOXHO, 3TO HE mpoTuBopeudt npuHuuny I[laymu. JIBa snektpoHa,
XapaKTEepU3yIOIIMecs: OJUHAKOBBIMM 3HAUEHUAMU TPEX KBAHTOBBIX uucen [, ml, ms, IOJIKHBI
OTNIMYATbCA TJIaBHBIM KBAaHTOBBIM uucioM #n. Hampumep, B arome ¢Topa, 3IEKTpOHHAs
koHdurypanus kotoporo 1s?2s*2p°, s snexrponos 1s' u 2s' kBanTOBBIE unCIa GyayT MMETH
CJIEIyIOIINE 3HAYCHUS:

Huals'  n=1,1=0, ml=0, ms="%.
Jst 2! n=2,1=0, ml=0, ms="%.
IIpumep 2.3. Kakue opOuTanu aToMa 3aroyiHAIOTCS AJIEKTpOHaMH paHblue Sd umu 6s; 4f
uim 6p?

Pemenne. IlocnenoBaTenbHOCTh — 3alONHEHUS  OpOWMTanNeld  OCYIIECTBISIETCS B
COOTBETCTBUM ¢ mpaBuiioM KieukoBckoro u ompezensercs cymmoit (n+/). Ins mogypoBus S5d
cymma (n+l) paBua (5+2) = 7, nis nonypoBas 6s (6+0) = 6. B nepByro ouepenb 3amoJIHSIIOTCS
opOUTaNM C MEHBIICH SHepruel, ciemoBaTeNbHO, BHauaue 3amonHsercs 6s, morom S5d. Jlns
nonypoBHe# 4f u 6p cymma (n+/) oquHakoBa (4+3) =7 u (6+1) = 7. Ilpu oguHAKOBOM 3HAYCHUHU
CyMMBI (71+/) paHbliie 3aTIOTHSAETCS MO yPOBEHb C MEHBIIINM 71, CIIEZI0BATEIbHO, 4f.

Mpumep 2.4. 3anumuTe 31eKTPOHHYI0 KOH(UIypanuio noHoB Fe*" u S2.

Pemenne. DyiekTpoHHas KoH(Uryparus atoMa xenesa 2Fe 1522522p%3s23p®3d%4s*. Ecin
aToM jKele3a OTAAcT TPM 2JIEKTpOHa, oH npeBpatutca B uoH: Fe’ — 3e — Fe’". B mepayio
ouepellb aTOM OTJAeT SJEKTPOHBI ¢ 00Jee BBHICOKOTO YHEPreTHUYECKOrO YPOBHS U MOJYPOBHSI.
DnektponHas KoHpurypauus uoHoB Fe’™ umeer Bunm 15°25*2p®3s5?3p°3d°4s°. Dnextponnas
KoH(Hrypanus atoma cepsl 16S 15°2522p°3s? 3p*. Ipunss asa snexktpona S° + 2e — S, atom
cephl IIpeBpalaeTcs B MOH S2-, H1IeKTpoHHAs KoH(Urypauus kotoporo 1s°2s2p3s23p°.

Mpumep 2.5. OxapakTepu3yiiTe KBAHTOBBIMH UKMCIAMH JIEKTPOHBI COCTOSHUS 3p°.
Pemenne. M300pasuM rpauuecku pachpeselieHue »JIeKTPOHOB COCTOSIHHSA 3p°:

3p
fe=-1 0 1 . Kaxaplif 3JeKTpOH B aToMe XapakTepu3yeTcsi HaOOpOM YeThIpeX KBaHTOBBIX
yucen: n, I, ml, ms. I'maBHOe KBaHTOBOe 4HCIO n OOO3Hayaercs apaOckoil 1udpoit. [ns
yKa3aHHBIX JJEKTPOHOB TJIaBHOE KBAHTOBOE YHCIIO /1 PaBHO 3. DIEKTPOHBI HAXOIATCS HA p-
HOJYypOBHE, CIIEJOBATENIbHO, AJS BCEX TPeX AIEKTpoHOB /=1. Tpu snekTpoHa HaxoAsTcs Ha
pa3HBIX OpOMTAISX, KOTOPbIE OPHEHTUPOBAHBI 10 TPEM Pa3HBIM HampaBieHUsM. OpHEHTAINIO
AO B npOCTpaHCTBE OMpeAesieT MarHUTHOE KBAaHTOBOE YUCIIO M/, 3HaU€HUE KOTOPOTO 3aBHUCHUT
0T opOuTaNbHOTO KBaHTOBOTO uncia /. Ecimu /=1, m/ npuaumaet 3nauenue —1, 0, 1 (3naueHue ml
yKa3aHo Moj KaxJ10i opOuTanpio). CIMHOBOE KBAHTOBOE YHCIIO /1S IPUHUMAET 3HAUCHUS 172 U
—Y. TakuM 06pa3oM, DNIEKTPOHBI COCTOSHUSA 3p° XapaKTepH3yIOTCs ClIeAyIONUME KBAHTOBBLIMU
YHUCITAMU:

n=3,1=1, ml=-1, ms="% (nmm —%)
n=3,1=1, ml=0, ms="% (um —%)
n=3,1=1, ml=1, ms="% (wm—Y%)

KoHTpoIibHBIE BOTPOCHI

21. 3anumuTre SJEKTPOHHBIE KOH(HUTYypallMd aTOMOB D3JIEMEHTOB C MOPSIKOBBIMHU
HoMepamu 17 m 28. ITlokaxure pacnpenesieHMe BAJICHTHBIX 3JIEKTPOHOB ATHUX AaTOMOB IIO
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KBAaHTOBBIM siueiikam. K KakoMy 53JIEKTPOHHOMY CEMEUCTBY OTHOCHTCS KaXKIbIA W3 3THX
AJIEMEHTOB?

22. Kakue opOuTtany aroMa 3aroiqHsII0TCS AICKTPOHAMH paHbiie: 3d umu 4s; Sp wim 4d?

[Touemy? 3anummuTe IEKTPOHHYIO KOH(PHUTYpaIMIO aTOMa 3JIEMEHTa C MOPSAKOBBIM HOMEPOM
39.

23. Hanummre OSJIEKTPOHHBIE KOH(QUTYPAIIMH AaTOMOB JJEMEHTOB C MOPSIKOBBIMHU
Homepamu 14 u 40. Ckoabko CBOOOAHBIX d-OpOUTANCH CONEPKUTCS HA MPEIBHEIIHEM ypPOBHE
MOCJIEAHETO 3JIeMEHTa?

24. Hanumurte >3J€KTPOHHbIE KOHOQUIypallMd aTOMOB 3JEMEHTOB C IOPSAKOBBIMU
HoMmepamu 27 u 33. Uemy paBeH MaKCHUMaJbHBIM CIUH d-3JIEKTPOHOB Y aTOMOB IIEPBOIO U p-
3JIEKTPOHOB Y aTOMOB BTOPOI'O 3JIeMEHTa?

25. Kakume 3HaueHUss MOTYT NpPUHUMATh KBAHTOBBIE uucina n, [, ml u ms,
XapaKTEepU3YIOLIME COCTOSIHME 3JEKTpoHa B arome? Kakue 3Ha4eHHMs OHU NPUHUMAKOT IS
BHEIIHUX JIEKTPOHOB aToMa Oapus?

26. Ha ocHoBaHMM »JIIEKTPOHHBIX KOHUIypalMid aToMOB XJIOpa U Maprasia
O0XapaKTepU3yruTe UX BaJICHTHBIC BO3MOKHOCTA B OCHOBHOM M BO30Y>KJIEHHOM COCTOSIHUSIX.

27. B 4yem 3akimovaercs npuHnui [laynu? MoxxeT 11 Ha MOAYpPOBHE p HAXOIUThCS 8, a
Ha noxypoBHe d 13 anektponoB? Ilouemy? Hamuiure 37€KTpOHHYIO KOH(Urypanuio aroma
AJIEMEHTA C MOPSIKOBBIM HOMEPOM 51 U YKa)KHTE €ro BaJICHTHBIC JJICKTPOHBI.

28. 3anumure 3MEKTPOHHbIE KOHPUIYpalluy aToMoB 1 HoHOB: a) Na’, Na™; 6) Se’,
e?; B) Mn®, Mn*".
29. B kakoil mocneoBaTeIbHOCTH 3aMOIHSAIOTCS MOIYPOBHHU, ISl KOTOPBIX cymma (n+/])
paBHa: a) 5; 0) 6; B) 7?
30. CxoJIBKO AJIEKTPOHOB Ha BHEIITHEM 3HEPIeTUYECKOM YPOBHE B aToMe 49In? [lokaxkure
UX PAcCIIOJIOKEHNE B KBAHTOBBIX STYEHKAX U OXapaKTepU3ylHTe KBAHTOBBIMHU YHCIIAMHU.

31. [Tokaxwure rpaguuecky pacrpesieJeHue IeKTPOHOB B aToMax ¢ KoH(urypamueii d* B
OCHOBHOM COCTOSSHHH. OnpeesinTe CyMMapHOE 3HAYEHHUE 1S YEThIPEX IJIEKTPOHOB.

32. Bo3MOXHO J11 HaJTM4YKUE B aTOME JIBYX 3JIEKTPOHOB C OJMHAKOBBIMU 3HAYEHUSIMU TPEX
KBAaHTOBBIX uMcen: n, ml u ms? [IpuBeaure npuMepsl.

33. Cpeau mpuBEICHHBIX HIKE DJIEKTPOHHBIX KOHPUTYpAIIMN YKOKUTE HEBO3MOXKHBIE U
00BSCHUTE NPUYMHY HEBO3MOXKHOCTH MX peanmsauuu: a) 1p°; 6) 3p% B) 3s%; 1) 2s% n) 2d°;
e) 5d% x) 3% 3) 2p*; m) 3p.

34. 3anumuTe HNEKTPOHHBIE KOH(MUTYpalMu HEHUTpadbHBIX aTOMOB IO 3aJaHHBIM
SJIEKTPOHHBIM KOH(HIypalusaM HOHOB: a) 1522s22p°35?3p®3d'%4s%4p° (37); 0)
15%2522p%3523p°3d%4s° (°"); B) 15%25%2p%3523p03d'%45%4p%4d"055*5p° (D%); T)
1522522p%353p%4s° (9?"). YkakuTe CUMBOJIBI U HA3BAHUS JIEMEHTOB, ISl KOTOPHIX HPUBEIEHbI
DJIEKTPOHHBIC KOHPUTYPAITHH.

35. CKOJBKO 2JIEKTPOHOB COJIEPKUT aTOM, €CJH CIEIYIOIIMNA AIEKTPOH JOJDKEH CAENIATh
BbIOOp Mexny Sp u 4d AO? Kakyro u3 HUX U MOYEMY OH MpeAnoyTeT? ATOM KaKoro 3JieMeHTa
npu 3ToM oOpazyercs? Hamummre ero 5JeKTPOHHYIO KOH(MUIYpalMI0O B OCHOBHOM U
BO30Y)KJICHHOM COCTOSTHHUSIX.

36. OxapakTepH3yiiTe KBAHTOBBIMH YMCJIAMH SJIEKTPOHBI COCTOSTHUSA 3d°.

37. llokaxuTte rpaguyuecku pacrpeaeieHHe IEKTPOHOB B aTOMax Ha f-MOJAYpPOBHE C
KOH(Urypamueii f B OCHOBHOM COCTOSHMH. KakoBO MakCHMAaJIbHOE 4YHCIO OPUEHTAIMH f-
opOuTaneit B mpocTpaHcTse?

38. BHemHMil SHEpreTUYecKuii ypoBEHb aToMa BBIpaXKaeTcs KOH(pUTyparuei
55?5p*. HanummTe ero mojiHylo 3JMeKTPOHHYI0 KoH(urypanuio. Kakoii 910 2meMeHT? CKOJ‘IBKO
CBOOOJHBIX p-OpOUTAaJCi CONEPKUTCS HAa BHELTHEM YHEPIeTUUYECKOM YPOBHE 3TOTO AJIeMEeHTa?
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39. Kakue u3 37IeKTPOHHBIX KOH(PUTYpAIMii, OTpaKaroluX CTPOCHUE HEBO30YKIEHHOTO
aTomMa HEKOTOPOTO JIeMEHTa, HeBepHbL a) 1s°25°2p°3s'; 6) 1s22s22p5; B)
15%2522p%35°3p%3d*; 1) 15°25%2p%3s°3p%4s?; n) 15°25°2p°3s23d°? Tlouemy? AToMaM KakuX
9JIEMEHTOB OTBEYAIOT MPABUIIBHO COCTABJICHHBIC JICKTPOHHBIC KOHDUTYpALIUU?

40. HazoBuTe »5JIEeMEHTBHI, BHEUIHUM DSHEPreTUYECKUd YpPOBEHb AaTOMOB KOTOPBIX
BHIDAKAETCS  DIEKTPOHHOM  KoH(uryparumeit np*. Hamuimumre HOMHYIO — 3IEKTPOHHYIO

KOH(bI/IpraI_[I/IIO aToMa OJHOI'0 U3 3THUX DJIEMEHTOB U YKAXHUTE 3JICKTPOHHOC CEMEHCTRO.

Tema 3. Ilepuoamueckmii 3axkoH .M. MenaeneeBa. CrTpoeHne aTromMoB, HX
XumMuveckne u (usnveckue CBoiicTBa. 3aKOHOMEPHOCTH H3MEHEHUS] MX CBOMCTB IO
nepuoaM U rpynmam.

Ienab: MO3HAKOMUTBCA C COBPEMEHHBIMU IPEACTABICHUSAMH 00 MEPUOAUYECKOM
cuctemMe xumuueckux sinemeHToB .M. MenneneeBa B cBeTe y4yeHHUs] O CTPOECHUU
aTOMOB; HU3YYHUTb CTPOEHHE OHJIIEKTPOHHBIX OOOJOYEK aTOMOB 3JEMEHTOB IEPBBIX TpEX
HEepUOJIOB. DJIEKTPOHHbIE oOONaka U S-, p-opOuTanu, (OPMBI 3NEKTPOHHBIX OOJIAKOB.
XapakTepucTUKa 3JE€MEHTa U €ro COEIMHEHUN Ha OCHOBE IOJIOKEHUS B MEPUOIUYECKOU
CUCTEME M CTpPOEHHUs aroMa. XapaKTepUCTHKa 3JIEMEHTOB MalblX IEPHUOJOB IO HX
nostoxkenuto B [lepuognueckont cucreme . . Menneneesa

Bonpocsl as 00cy:KaeHus:

1. CoBpeMeHHBIE MpEACTaBICHUS O cTpoeHHMH aToMoB. CocTaB aTOMHBIX
saep. U3otonsl. [TopsiakoBbIii HOMED 3JIEMEHTA - 3apsi sipa ero aTOMOB.

2. CrpoeHue 53J€KTpOHHBIX OOOJOYEK aTOMOB 3JIEMEHTOB IEPBBIX TPEX IEPUOJIOB.
DJeKTpoHHBIE 00JaKa U s-, p-opOuTanu, (POpMbI SEKTPOHHBIX 00JIAKOB.

3. XapakTepuCTHUKa »3JIEeMEHTa U €ro COEJAMHEHUH Ha OCHOBE IIOJOXKEHUS B
MEePUOINYECKON CUCTEME U CTPOCHUS aTOMA.

B 1869 r. [I. . MengaeneeB cooOumn o0 OTKPHITUM MEPHOAUYECKOr0 3aKOHA,
coBpeMeHHasi (HOPMYJTUPOBKA KOTOPOTO TAKOBA: CEOUCMBA JJIEMEHMO8, d MakKdce Gopmvl U
CBOUCMBA UX COCOUHEHU HAXOOAMCS 8 NEPUOOUYECKOU 3ABUCUMOCMU OM 3apA0ad A0paA AmMoMO8
u  onpeoentiomcsi  NepUOOUHEeCKU  NOBMOPAIOWUMUCE — OOHOMUNHBIMU — DJIeKMPOHHLIMU
KOHGQueypayuamu ux amomog. HarnsagHelM BBIpOKEHHEM 3aKOHA CIYXKUT TepUOAMYEcKast
cuctema /1. 1. Menpeneena.

[lepuoagnueckas cucremMa cOCTOMT M3 nepuonoB u rpynn. Ilepmomom HasbiBaeTcs
nocne008amenbHbulil psi0 d1eMEeHmO08, PACNONIONACEHHbIX 68 NOPAOKe 803PACMAHUSA 3apA0a A0pa ux
amomos, >1eKmponnas Kougueypayus komopoix usmensemes om ns' 0o ns’np® (unu 0o ns’ y
nepeozo nepuooa). Bce mepnoibl HAUMHAIOTCA C S-2JIEMEHTA M 3aKaHYMBAIOTCS p-3JIEMEHTOM (Y
MEpBOro Mepuoja s-3JieMeHTOM). Masble Nepuonbl colepkaT 2 U 8 3JIEMEHTOB, OOJbIlINe
nepuoas! — 18 u 32 snemeHTa, cepbMON MEPUOJL OCTAETCA HE3aBEPIIEHHBIM. UHCIIO 27IEMEHTOB B
nepuonax 2—8-18-32 COOTBETCTBYET MAaKCUMaJIbHO BO3MOXHOMY YHCIY OJJIEKTPOHOB Ha
COOTBETCTBYIOIIUX SHEPreTUUYECKUX YPOBHAX: HA MIEPBOM — 2, HA BTOPOM — &, Ha TpeTheM — 18,
Ha 4yeTBepTOM — 32 3yeKTpoHa. B mepuonax cieBa HampaBo 0cia0eBalOT METAITIMYECKHE U
YCUJIMBAIOTCS HEMETAJTINYECKHE CBOMCTBA M KUCIIOTHBIN XapaKTep COEAMHEHUN.

[To BepTukanu B TabIUIE pPACIONOKEHO § TPYII, B KOTOPHIX OAWH IMOJA JPYIHM
pa3MeIIeHbI 3JIEMEHTHI, 00JIaJJaloIIie CXOJHBIMUA CBOMCTBAMU. ATOMBI 3JIEMEHTOB OJTHOW U TOMH
KE TIpynnbl UMEIOT OAWHAKOBOC YHCIIO BaJICHTHBIX JJICKTPOHOB. KomnuecTBO BalIEHTHBIX
AIIEKTPOHOB B 000JIOUKE aToma, KaK MPaBUJIO, PABHO HOMEPY TPYIIBI, B KOTOPOH HAXOIUTCS
SJIEMECHT, W OHNpCACIACT BBICIIYIO CTCIICHb OKHUCICHUA JJICMCHTA. prr[l'[l—;l OCIISITCA Ha
MOATPYIIIBI — INTaBHBIC U HO60‘-IHI>I€. HOI[FPYHHBI BKJIFOYAIOT B C66$I JJIEMCHTHI C aHAJIOTUYHBIMU
AJICKTPOHHBIMH CTPYKTypaMHu (dJIEMEHTBI-aHaJIoTH). B TiaBHBIX (A) moArpynmax pacmoyioKeHbI
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s-onmeMmenThl (I, II rpymmer) u p-snementsl (III-VIII rpynmer). B aromax 3ieMEeHTOB TJIaBHBIX
MOATPYIIN BAJICHTHBIC SJIEKTPOHBI HAXOSATCS Ha S- U p-TIOJyPOBHAX BHEIIHETO YHEPTETUUYECKOTO
YpOBHSL U O0Iee MX YUCIO PaBHO HOMEPY TIpYMIbl. B rIaBHBIX MOATpyIMIax MpU Mepexoje
CBEpXY BHM3 YCHJIMBAIOTCS METAJLNIMYECKUE CBOMCTBA, OCHOBHOM XapaKTep COCIWHEHUN U HUX
YCTOMYMBOCTh B HHU3IIEH cTeneHu okucieHus. Hampumep, mis snementoB IV A-rpymimbl
BO3MOXXHBIE CTEMEHU OkucieHuss +2 u +4. Jlnga yriaepona Hamboiee XapakTepHa CTENeHb
OKHUCJIEHHS +4, TO03TOMY UEThIPEXBAJICHTHBIE COCIUHEHHS YriepoJa YCTOMYMBBI MU HE
MPOSIBJISIIOT OKUCIUTEIBHBIX CBOMCTB. Y CBHHIIA METAJUIMYECKUE CBOMCTBA BBIPAXKEHBI CUIIbHEE,
YeM y yriiepoja U JUid Hero XapakTepHa CTEIeHb OKUCIICHUS +2, BCIEACTBHE YEro COCAMHEHUS
CBHHIIA CO CTENEHBIO OKUCIICHUS +4 SABIISIIOTCS OKUCIUTEISIMHU.

B no6ounbix (B) moarpymnmax pacmojararoTcs d- U f-3JIeMeHThl. BaJeHTHBIC 3JIEKTPOHBI
B aTOMax d-3JIEMEHTOB HAaXOJSTCS HA S-MOJYPOBHE BHEIIHETO U d-TIOIyPOBHE MPEABHEIIHErO
SHEPreTUYECKUX YypoBHEH. B mMOOOYHBIX MOATpyNIax, KpOMe TMOATPYIIbI CKaHAWS, pPU
MepexoJie CBEPXYy BHU3 YCHIMBAIOTCS HEMETAJUIMYSCKHUE CBOMCTBA, KHUCJIOTHBIA XapakTep
COCJIMHECHUH U UX YCTOWYMBOCTH B BBICIIICH CTEIICHH OKUCIICHHSL.

d-31IeMeHTBl  TIOOOYHBIX TOATPYNII CKJIOHHBI TPOSIBIATH IMEPEMEHHYIO CTENECHb
OKHCIIEHHs. XapakTep 00pa3yeMbIX UMU COEMHEHUHN 3aBUCUT OT CTETIEHU OKUCIICHUS HJIEMEHTA.
CoenuHeHus, B KOTOPBIX 3JIEMEHT HAXOJUTCS B HU3LIECH CTENEHU OKUCIIEHUS, UMEIOT OCHOBHOMN
XapakTep, B BbICHIEH CTENEHW OKUCIEHHS — KHMCIOTHBIM, B MPOMEXYTOYHONH — aM(OTepHBIN.
Hanpumep, XpoM mposiBISE€T CTENEHH OKucCieHus +2, +3, +6 u xapakrep 00pa3yeMbIX HM
OKCHJIOB CJIEeIyIOIUIi:
Cr'20 Cry30,4 Cr*0;

OCHOBHOM amM(OTEPHBIIA KHCIIOTHBII

DJeMEeHTHI TIaBHBIX U MOOOYHBIX HOArPYNI CUIBHO OTJIMYAIOTCA MO CBOMM CBOWCTBAM.
OO0muMu JUIsl 3JIEMEHTOB TJIaBHBIX M MOOOYHBIX MOATPYHH SBJISIOTCS (DOPMYNBI BBICHIMX
OKCHJIOB M MX THUIPOKCHIOB. Y BBICIIMX OKCHUAOB M COOTBETCTBYIOIIUX WM THMJIPOKCHIIOB

anemeHToB I-III rpynn (kpome Gopa) mpeobnamaroT ocHOBHbIE cBoicTBa, [V-VII rpynm —
KHCIIOTHBIE

I'pynna I II I IV A% VI VII

®opmyna  BbIC-
Iero0 OKCUAA

53'07 | 5720 5120, | 3™0, |D3°05 |20, | 3i0,

®opmyna

D0H 3(OH) | B(0OH); | H2D03 H203 H>304 HD204
THIPOKCHIA

OCHOB6AHUA Kucjioninl

JUis 5IeMEHTOB TJIaBHBIX MOJATPYI OOIMIMMU SABIAIOTCA (POPMYIIBI BOJOPOAHBIX COEAMHEHHH
(rumpuan)

ITogrpymma | T A A 1A IV A VA VI A VII A

dopmyna

FHHpHHa 9+1H_1 9+2H-21 9+3H§1 3-4Hzl 9-3H;-1 H-2|‘13-2 H+9_]

meepovie 2a3zo00bpasHnvie

Tak kak QJICKTPOHHOC CTPOCHUC aTOMOB 3JICMCHTOB HU3MCHACTCA TICPUOAUYCCKU, TO
COOTBETCTBECHHO TMEPHOANYCCKU HN3MCHAIOTCA U CBOMCTBaA 3JICMCHTOB, OIIPCACIIACMBIC HX
9JICKTPOHHBIM CTPOCHUCM, TAKHNEC KAK SHCPIrUus HOHU3alluU, CPOACTBO K 3JICKTPOHY.
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Ounepeus, Heobxooumas Ons OmMpwulEA INeKMPOHA OM amomad, HaA3bIBAETCs IHepruei
uonmsauum (Ey). B pe3ynbrare noHM3aluu aToM IIpeBpalacTcs B MOJIOKUTEIBHO 3apSKEHHBIN
non D’-e—D". E, Bwpaxaerca B OJEKTPOH-BONbTax (3B) W  sBideTcas  Mepoit
goccmanogumenvHol cnocoonocmu 3naementa. Yem Mensine Eu, TeM cuibHee BBIpaXKeHa
BOCCTAHOBHUTEJIbHASI CIIOCOOHOCThH 3J€MEHTa. Y 3JIEMEHTOB OJIHOTO U TOTO JK€ Mepuoja Mpu
Iepexo/ie OT IIEJI0YHOro MEeTajlla K 0JIaropoJHOMY ra3y 3aps[ siipa IIOCTEIIEHHO BO3pPAacTacT, a
paauyc aromMa yMmeHbluaercs. 11o3ToMy sHeprus MOHM3alUMK IMOCTENEHHO YBEIMYMBACTCS, a
BOCCTAaHOBUTEIIbHBIE CBOMCTBAa Ocia0eBaloT. B THaBHBIX NOATpyNmax ¢ YBEJIUYCHHUEM
MOPSIIKOBOTO HOMEpa »JJIEMEHTa pPaJuyC aToOMa YBEJIWYMBAETCS, a OJHEPrus HWOHU3aLUU
yMeHbI1aercs. BocctaHOBUTENbHAS aKTUBHOCTD §- U p-3JIEMEHTOB yBENUYHUBaeTCs. B MOOOYHBIX
MNOATPYIIAX HPU YBEJIWYEHUU NOPSIKOBOrO HOMepa FE, yBEIWYMBAETCSA, BOCCTAHOBUTEIbHAsS
AKTUBHOCTH d-3JIEMEHTOB ITOHMKAETCS.

Duepeus, 8b10e1A10WAACA NPU NPUCOEOUHEHUU IIeKMPOHA K AMOMY C NPespaujeHuem e2o
6 ompuyamesbHbulli UOH, HA3BIBACTCS CPOACTBOM K 1eKTPoHY (Ec). O+e—D3 . Ec Bopakaercs B
9B u gBsIeTCS MEpOil OKHMCIUTEIBLHON crocoOHOCTH 3eMeHTa. Yem Ooubiie Ee, TeM cunbHee
BBIPAKEHBl OKHCIUTEIbHBIE CBOMCTBA J3jieMeHTa. C yBEJIMYEHHEM TOPSIKOBOIO HOMeEpa
anemenTta Ee mo mepuogaM Bo3pacTaer, o rpymnmnam ymeHsblnaercsa. HaubonbmmMm cpoacTBoM K
JIEKTPOHY o0O0JIamaroT ¢Top, Kucimopona, xiop. OHU ke SBISIFOTCS W CAMHMH CWJIBHBIMHU
OKHCIIUTEISAMU.

IIpumepsl pemenus 3agaq

IMpumep 3.1. Kakyroo BBICIIYIO M HHU3IIYKO CTEIICHU OKUCIICHUS MPOSBISIOT (ocdop,
cepa, xyop? CocraBbTe (POPMYINIBI COEAMHEHUW JaHHBIX JJIEMEHTOB, OTBEYAIOUIUX ATUM
CTETICHSIM OKHCJICHUSI.

Pemenne. JlanHble 37eMeHTHI HaxoaaTcsi cooTBeTcTBEHHO B VA, VIA, VIIA-rpynnax u
MMEIOT BJIEKTPOHHYIO KOH(HMIYpallMi0 BHEIIHEro >HEpPreTHueckoro ypoBHs 3s23p’;  3s23p%;
3s23p°.

Tabnuya 3.1.Cmenenu okucnenus gpocgopa, cepul, xanopa

CrereHp OKUCIICHUSI
DIeMEHT CoenuHeHus
BBICIIIAS HU3LIas
P +5 -3 H3POg4; PH3
S +6 -2 SO3; NaxS
Cl +7 -1 HClO4; HCI

I[J'ISI OOJIBIIIMHCTBA DJIEMEHTOB TJIaBHBIX MOATPpYIIIl BhICIIAsA CTCIICHb OKHWCJICHHUA paBHA
HOMEPY TPYIIIbI, B KOTOPOU HAXOJUTCS JEMEHT, a HU3IAs CTETIeHb OKUCIICHUS paBHA Pa3HOCTHU
N-8, rme N — Homep rpynmnsl. OTBET Ha BONIPOC 3a7a4u cM. B Tadm. 3.1.

IIpumep 3.2. Ha xakoM OCHOBaHUU MapraHeil ¥ OpoOM pacroNOKeHbl B OJJHOM MEPHOJE
(4), omuoit VII rpynmie, HO pa3HbIX moarpymnmnax — A u B?

Pemenne. DnekTpoHHas KOH(MUTypamus aTOMOB MapraHila U OpoMa COOTBETCTBEHHO —
»sMn [Ar]3d°4s?; 3sBr [Ar]4s*4p°. KonuuecTBO 3amoNHSAIONIUXCS SHEPreTHYECKUX YpOBHEH B
aToMax YKa3aHHBIX 3JIEMEHTOB PaBHO 4, 3HAUUT 3TO AEMEHTH 4 mepuoaa. CymMma BaJ€HTHBIX
AJEKTPOHOB Yy KaXJOro aromMa paBHa 7, cliefoBareibHO, 3TO 3neMeHThl VII rpynmel. Ho
BaJICHTHBIC JJIEKTPOHBI aTOMa MapraHila pPacIloJIOKeHbI Ha 4s-MOAYpPOBHE BHEIIHETO U d-
MOJAYPOBHE TPEIBHEIIHETO YPOBHS, 3HAYUT, 3TO d-dJIEMEHT W PACMOJOXEH B MOOOYHOU
noarpynne (B). BaneHnTHble 21eKTpoHBI aTomMa OpoMa HaxoOIsATCS HA p- U S-TIOAYPOBHSIX
BHeIHero ypoBHs. CJe10BaTeNbHO, 3TO p-3JIEMEHT W PACTONIOKEH B TIaBHOM moarpytie (A).
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Hpumep 3.3. YV Kakoro u3 3JIEMEHTOB YETBEPTOro MEPUOAA — BaHAWS WA MbIIIbSIKA —
CWIbHEE BBIPAXKEHBI MeETAUTMYEeCKHe cBoicTBa? Kakoii W3 3ITHX JIIEMEHTOB 00paszyer
razoo0pa3Hoe cCoeTuHEHNE ¢ BOAOPOIOM?

Pemenne. DieKTpOHHBIE KOHPUTYPALIUA aTOMOB JAaHHBIX JJIEMEHTOB 13V
[Ar]3d34s?; 33As [Ar]4s*4p’. Banammii — d-smemeHT VB-Tpynmbl, a MBIIBIK — p-35eMeHT VA-
rpynmbl. Ha BHEIIHEM »HEpPreTHYecKOM YpOBHE Yy aToMma BaHAIusl JBa HJIEKTPOHA, a y aroMa
MBIIIBSAKA — MTh. [[pUHAANEKHOCTS €MEHTa K MeTallylaM WJIM HeMeTajulaM OIpeleisieTcs, B
OCHOBHOM, YHCJIOM 3JICKTPOHOB Ha BHEIIHEM SHEPreTUYECKOM YPOBHE. ATOMBI METAJLJIOB Ha
BHEIIHEM YpPOBHE cojaepxkar 1-2, pexe 3 »siekTpoHa. MeTauibl MNPOSBISIIOT  TOJIBKO
BOCCTAHOBUTEJIbHBIE CBOWCTBA M, OTJaBas CBOU DSJCKTPOHBI, MEPEXOASIT B IOJIOKHUTEIHHO
3apsokeHHble MOHBI. OTpUIATENbHO 3apsDKEHHBIX HMOHOB METaUlbl HE 00pa3yroT. ATOMBI
HEMETAJUIOB Ha BHEUIHEM SHEPreTHUYECKOM YpPOBHE MMEIOT 4—7 31eKTpoHOB. OHM MOTYT Kak
MPUHUMATD JJIEKTPOHBI, T. €. BBICTYNATh B KQUE€CTBE OKUCIIUTENCH, TaK U OTJaBaTh JIEKTPOHBI, T.
€. OBITh BOCCTAHOBHUTEIISIMU. Y HEMETAJUIOB OKUCIIHTEIbHAS (YHKIUS BBIpaXKCHA CHIIbHEE, YeM
BOCCTaHOBUTENbHAS. ATOMBI HEMETAJNIOB 00pa3ylOT OTPHUIATENILHO 3apsiKEHHbIE MOHBL. Takum
00pa3zoM, BaHaJUl, KaK U BCE METAJUIbI, 00JIaJaeT TOJIHKO BOCCTAHOBHUTEIbHBIMU CBOMCTBAMHU,
TOrJa Kak Juid MblIbsgka Ooyiee CBOMCTBEHHBI OKHCIUTENbHbIE (QyHKIuu. OOrieit
3aKOHOMEPHOCTBIO JUISI BCEX TPYII, COACPKAIIMX p- M d-3JIEMEHTHI, SBISETCS MpeobianaHue
METAJJIMYECKUX CBOUCTB y d-aneMeHTOoB. CleoBaTelbHO, METAJUIMUYECKHUE CBOMCTBA y BaHAIUs
BBIPOKEHBI CUJIbHEE, YeM Yy MbIIbsika. ['a3000pa3Hoe coeqUHEHHE C BOAOPOAOM 0OpasyeT
HeMeTayT MBIIbK (AsHs).

IIpumep 3.4. Bbrunmciaute MOJSIpHYIO MacCy M Ha30BHUTE JJIEMEHT, BBICHIMM OKCHJ
KOTOporo oreevaeT ¢popmyse 03, 06paszyer ¢ BOJOPOIOM ra3000pa3HOe COEAUHEHUE, MAacCOBast
JI0JIs BOoJIopoja B kKoTopoM 1,54%.

Pemenne. Beruncinum cozpepkaHue 3JeMEHTa B TMIPHUJE, NPUHSAB MacCcy TUApUIa 3a
100%: 100 — 1,54 = 98,46%, T. e. Ha 98,46 yacTeil Macchl dJIeMeHTa npuxonurcs 1,54 gacteit
Maccel Bojopoaa uinu Ha 98,46 r anemenra npuxonurcs 1,54 r Bogopona. 3Has, 4TO MOJISIpHAs
Macca 3KBUBAJIEHTOB BOJOpOAa paBHa | I/MOjb, ONpPENEIUM MOJIIPHYIO MacCy 3KBHUBaJICHTOB
AJIEMEHTA B THAPUJIE TI0 3aKOHY DKBUBAJICHTOB!
Mor-ma _ MdK(or-ma) 98,46 Mok (o1-ma)

; i Mk (an-ma) = 63,9 r/mMonb.

mH Mbk(H) 1,54 1

OnemeHT obOpa3yer BbiciMid okcug D03, cinenoBarenbHO, oH Haxoautces B VI rpymme. Ero
BbICIIAsl CTENEHb OKHUCIEHHUS B COEAMHEHMM C KUCIOpPOJAoM +6, a Hu3IIAsg — B COECJUHEHHUH C

M
BoiopoJioM —2. Haxoaum MOJsipHYIO Maccy 3JieMEHTa M3 COOTHOIIEHUs: Mok :| A M =
c.0.

63,9-2 = 127,8 r/mons. CrenoBaTenbHO, HICKOMasi MOJISIpHAs Macca dyieMeHTa 127,8, a ajeMeHT —
TEJUTYP.

KonTpoJbHbIe BOpPOCHI

1. Ucxons u3 mojokeHUs mMapraHiia, pyOuaus, MbIIIbsSKa B MEPUOAUYECKON CcHCTEME,
COCTaBbT€ (OPMYJIBI OKCHJIOB, OTBEUYAIONIMX UX BBICIIEH CTENEHH OKHUCICHHS, U
COOTBETCTBYIOIINX UM T'HIPOKCHIOB.

2. VYV xakoro u3 p-anemeHtoB VII rpynmel — Xjopa WiM MOJa — CUJIbHEE BBIPAKEHBI
HeMmeTayunueckue cBorictBa? I[louemy? Mcxonst u3 BbICHIEH CTENEHH OKHUCIIEHUS HSJIEMEHTOB,
HanuumTe GopMysbl KUCIOpoIcoaepKaiux kucioT. Kakas u3 Hux 6osee cuiabHas?

3. Y kakoro syeMeHTa MATOro nepruoja — MOJIuOAeHa WK TeJTypa — CUJIbHEE BhIPaKEeHbI
MeTajuinyeckue cBoicTBa? OTBET MOTUBUPYHTE, 3aMKcaB JIEKTPOHHBIE KOH(PUTYpaLluu aTOMOB
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9TUX 3JIeMeHTOB. Kakoif 3 Hux oOpasyeT razoodpasHoe coeauHeHnue ¢ Bogopoaom? CoctaBbTe
(dbopMyITy 3TOTO COSTMHCHHUS.

4. Vcxons U3 MOJNOXKEHUsI METaJlIa B IEPUOJUYECKON CUCTEME, JalTe MOTUBUPOBAHHBIN
OTBET Ha BOMNPOC: KaKOW W3 JBYX THUJPOKCUIOB Oosiee cuibHOe ocHOBanue: a) Mg(OH), unu
Ba(OH),; 6) Ca(OH), wmu Co(OH)2; B) Ca(OH)> wim Zn(OH),? Hamumure ypaBHEHUs
peaKIui, T0Ka3hIBAIOINX aM()OTEPHOCTh THAPOKCH/IA ITUHKA.

5. Onun u3 snementos III rpymnmel 06pazyeT okcull ¢ MaccoBoi aoneit kucinopoaa 25,6%.
Paccunraiite MOISIPHYIO MacCy 3J1€MEHTa U HA30BUTE 3TOT DJIEMEHT.

(Omsem: 69,7 r/moib).

6. Mapraner; oOpa3yeT COCIMHEHUs, B KOTOPHIX OH MPOSIBIISICT CTENIEHU OKHCICHUS +2,
+3, +4, +6, +7. CocraBbTe (HOPMYJBI €ro OKCHUIOB W THIPOKCHIOB, OTBEUAIOIIUX 3THUM
CTEIEHSIM OKHCIICHHS.

7. Uro wHasbiBaeTcs SHepruedl uoHm3anuu? Kak H3MEHsSeTCs BOCCTaHOBHUTEIbHAS
AKTUBHOCTBh DJOJICMCHTOB B TIJIABHBIX U HO60'—IHBIX HOIIFp}/'HHaX HepHOI[H‘IeCKOﬁ CUCTCMBI C
yBenuueHueM mnopsiakoBoro Homepa? Ilouemy? 3HaueHus SHEPruM HOHU3ALMU AJIEMEHTOB
TpyHIbl COOTBETCTBEHHO paBHEI (B 3B): Li — 5,4; Cs — 3,9; Cu — 7,7; Au — 9,2. V a;memeHTOB
KaKOH IMOArPYIIbl BOCCTAHOBUTEIBHBIC CBOMCTBA BBIPAKEHBI O0JIee pe3K0?

8. HazoBuTe 371€MEHT O CIIEAYIOIMM JIaHHBIM: a) 3JIEMEHT 4 Mepuo/ia, BBICHIMI OKCUJL
3,07, ¢ BooposioM 00pazyer razoobpazHoe coequHenue HJ; 6) snemeHT 5 nepuoaa, BeICIINI
okcua D02, ¢ BOJOPOAOM Ta3000pa3HBIX COCIWHEHUH HE 00pa3yeT; B) JJIEMEHT 4 mepuoja,
BeIcHIMii okcu D0, ¢ BOOPOJIOM JaeT cosneoOpasHoe coeaunenue DHo.

9. Ucxoas U3 MojIoKeHUs 3JIEMEHTa B IEPUOJUUECKON CUCTEME, JJaiiTe MOTUBHUPOBAHHBIH
OTBET Ha BOIPOC: KaK M3MEHSETCS Chja KUCIOT B Psjax: a)
H>SO4—H>Se04—HoTeO4; 6) HsS104—H3PO4—H2SO4—HCI04?

10. Yro Ha3bpiBaeTcs CpOACTBOM K JJeKTpoHY? Kak H3MeHsAeTcs OKHMCIUTENbHas
AKTUBHOCTh HEMETAJUIOB B IEPHOJE U B TPYIIE NEPUOJUYECKON CHUCTEMBI C YBEIUYEHUEM
nopsiAKoBoro Homepa? Kakol M3 aTOMOB — XJIOp WIM MOJ — SBISETCS OKHUCIUTENEM IpU
oOpazoBanuu moziexyisl ICl u3 aromos?

11. Beruncnute MaccoByro noito (B %) 3IeMEHTOB B BBICHIMX OKCHIaX: a) celeHa; 0)
penus; B) ocmust; T) unaus. (Omeem: 62,2%; 76,9%; 74,8%; 82,7%).

12. CoctaBbTe (HOpMYNBI OKCHUIOB W THUIPOKCHUIOB DIIEMEHTOB TPETHEro MEepUoja,
OTBEUAIONUX WX BBICIICH CTENEHW OKHCIIeHUs. Kak M3MEHSeTCsl KUCIIOTHO-OCHOBHOM XapakTep
TUX COEAMHEHWI TpHU Tepexoje OT HaTpus K xiopy? Hamummre ypaBHeHHsS peakiui,
JTIOKA3bIBAIOIIMX aM(OTEPHOCTh THIPOKCH I AITFOMIHHSL.

13. Tlouemy snementbl Ne39 u Ne49 pacrnosnokensl B onHoMm nepuoae (5), oanon Il
rpynie, HO pa3HbIX noarpynnax — A u B?

14. Bpruucnure MOJSIDHYIO MacCy M HA30BHUTE JJEMEHT, BBICIIMM OKCHJ KOTOPOTO
otBevaeT ¢popmyine 9205, oOpa3yeT ¢ BOIOPOJIOM razo00pa3HOE COEAMHEHHE, MaccoBasi OIS
Boziopoaa B KoTopoMm 8,82%. (Omeem. 31 r/mMomb).

15. Hamummure ¢opmysasl BBICHIMX OKCHUIOB M HMX THIPOKCHIOB JUISL 3JIEMEHTOB C
NOPSIAKOBBIMM  HOMepamu  4; 37; 75. Hanummre ypaBHEHMS peakIUi, JOKa3bIBAIOIIMX
amM(OTEpHBIN XapakTep THAPOKCH A OEPUILITHUS.

Tema 4. Xumnueckas cBsi3b. OCHOBHbIE XapAKTEePUCTHKH.
Buanl xuMH4eckux cBs3ei

Leab: MO3HAKOMUTHCS C¢ O0O3HAUYEHHWEM XWUMUYECKOW CBS3M, MOHHON W KOBAJIEHTHOU
XUMHYECKON CBSI3bI0; METOJOM BAJIEHTHBIX CBs3€d; JTOHOPHO-AaKIENTOPHBIM MEXaHU3MOM
00pa3oBaHMs KOBAJICHTHOM CBSI3U.
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Bonpocsl 15 00CcyKaeHUs:

1. O603HaUEeHHE XMMUYECKOMN CBS3H.

2. MonHas xuMuyeckas CBS3b.
. KoBasieHTHAas cB:3b, €€ cBOMCTBA. [10IpHOCTD KOBAJICHTHOU CBSI3U.
. DNEKTPUYECKU MOMEHT JUIIOJIS.

. HOHOpHO-aKHeHTOpHHI\/’I MEXaHU3M O6p&30BaHI/I${ KOBaJICHTHOM CBSI3H.

3
4
5. MeTon BaJIGHTHBIX CBsi3eil. BaneHTHOCTE 0 0OMeHHOMY Mexanu3my metoja BC.
6
7. Curma-cBsizb U KpaTHbIE CBSI3U.

8

. Jlenoxanuzaius cBs3u.
9. [IpocTpaHcTBeHHAsT KOH(UTYpAIIHsI MOJICKYII.
10. DnekTpoHHBIE KOHPUTYPAITUH MOJICKYJT

CormacHO METOAYy BaJIGHTHBIX CBSI3€H CBsI3b Mexay atomamu A u B oOpasyercs ¢
MOMOIIIbI0 OO0IIe mapbl 37MeKTpoHOB. CBs3p Ha3bIBae€TCA KOBAJCHTHOM, ecnu oOmias mapa
AJIEKTPOHOB O00pa3yeTcsi U3 HECHapeHHbIX 3JEKTPOHOB JABYX aToMOB. CBsI3b Ha3bIBaeTCs
JIOHOPHO-aKIENTOPHOM, ecii o0mas mapa d3JeKTPOHOB OOpa3yercs W3 HEMOAENEHHOW Maphbl
OJIHOTO aToMa (JIOHOpa) U CBOOOIHOM OpOUTAIH IPYTrOTro aToMa (aKIEnTopa).

A U 1 “ =A BaﬂeHTHa}ICB}ISL
A + ' B|=A 1 B @opno-aKuenTopHaﬂ CBSI3b
KoBasieHTHas1 CBs3b OOBIYHO OOpPa3ye€TCs MEXKIY aTOMaMU HEMETAJUIOB U MOXET ObITh
IPOCTOM, JABOMHOM MM TPOHHOW B 3aBUCHMOCTH OT YHCJIa OOIIMX Map 3JIEKTPOHOB MEXKAY
nByMsi aTomamu. KoBaneHTHas CBsI3b MOXKET ObITh HETIOJIIPHOM, eciiy 00111as mapa HaXoAUTCs Ha
CepeMHE PACCTOSTHUS MEXAY ABYMs OJIMHAKOBBIMHM aTOMaMHU, WM HOJSPHOM, eciiy 0011as napa
C/IBUHYTa B CTOPOHY 00Jiee 3JeKTPOOTPULIATEILHOTO aToMa.

JloHOpHO-aKIenTOpHAas CBSA3b UMEET MECTO MEXIY LIEHTPAJbHbIM HOHOM U JUTaHJaMHU
BHYTpEHHEH cdepbl KOMIUIEKCHOro coeannenus. B kommiekce [Ag(NH;3)2]Cl nuenTpanbHblii noH
Ag" saBnseTcs akenTopoM, Tak Kak uMmeeT 4 cBo6oHbIe opouTanu 4s%4p’, a Monexyna ammuaxa
ABJIIETCS JOHOPOM, TaK KaK a30T UMEET HETOEIIEHHYIO [1apy IEKTPOHOB.

BaJsienTHOCTHL aTOMOB

BaneHTHOCTh XapakTepu3yeT cnocoOHOCTh aTOMOB, 0Opa30BbIBaTh XMMUYECKHUE CBSA3H, U
paBHa YKMCIy XUMHYECKUX CBSI3el 00pa30BaHHBIX aTOMOM. COrjlacCHO METOAY BaJIEHTHBIX CBSI3€i
BAJIEHTHOCTh paBHA YUCITy OOLIMX Map 3JIEKTPOHOB, a B ClIyyae KOBAJIEHTHOW CBS3M BaJIEHTHOCTh
paBHA 4YHUCIIy HECIApPEHHBIX JJIEKTPOHOB HA BHEIIHEM YpPOBHE aTOMOB B OCHOBHOM WIH
BO30Y>KJICHHBIX COCTOSIHUSAX.

C 2s%2p’ 1 Ij T|_|_|_| Ban =2 CO
C" 2s'2p° NHEE Bat =4 CO»
s w1 -24s
S* 3s?3p*3d! ¢ T 1 | 841 =4 SO»
S 3s!3p®3d* EREEEER Bd1 =6 SOs

AToMBI 00pa3zyroT OrpaHWYCHHOE YHCIO CBS3€H, paBHOE WX BaJE€HTHOCTH. OTO
COOTBETCTBYET HACHIIIAEMOCTH KOBAJICHTHOMN CBS3H.

I'mOpuau3anmus aToMHBIX OpOUTAIeil

['ubpunuzamust aromubix opbutaneir (AO) — 310 cmemienne AQO pasHBIX MOAYPOBHEN
aToMa, 3JIEKTPOHBI KOTOPBIX y4acTBYIOT B OOpa30BaHMM SKBUBAJIEHTHBIX XUMHYECKHX CBS3EH.
DOKBUBaJICHTHOCTh THOpHAHBIX opbutaneil (I'O) oOBsICHSIET 3KBUBAIECHTHOCTh OOpA3YIOIIMXCS
XUMHYECKHUX cBA3el. HampuMmep, B ciydae 4eThIpEXBaJICHTHOI'O aTOMa yIiiepoJa UMEEM OJIUH 28
U TpH 2p 37eKTpoHa. YTOOBI OOBSICHUTH SKBUBAJICHTHOCTh CBs3€il, 00pa30BaHHBIX YIJIEpOJIOB B
monekynax CHs, CFs ®m T.n.,, aroMHbIE S- W pP-OpOUTaIM 3aMEHSIOT JKBHBAJICHTHBIMU
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rUOPHAHBIMHU SP -OpOUTATIAMH.

229" ([ Y P12 0 ][] ]

['mOpuau3anys MO3BOJSET YCTAHOBUTh TEOMETPHIO MOJIEKYJ, TaK KaK BCJICICTBHUE
HAIPABIEHHOCTH KOBAJICHTHOM CBSI3U YTJIBI MEXIY CBSI3SIMH PAaBHBI yIJIaM MEXIY THOPUIHBIMU
OpOUTAISIMH.

HanpaB/ieHHOCTh KOBQJICHTHOM CBA3M COCTOMT B TOM, 4YTO OHa oOpa3yercs B
HANpaBICHUU MAaKCHUMAaJIBbHOTO TIEPEeKphIBaHUsI opOuTasiedl, oOpasyrommx o0yl mapy
AIIEKTPOHOB.

B 3aBucuMocTH OT THNa THOpPUAM3AIMN TUOPUAHBIC OPOUTAIN HMEIOT OINPE/ICICHHOES
pacIoyio’keHre B IPOCTPAHCTBE:

Sp — JuHEHHoe, yroj Mexay opoutansmu 180°
sp> — TpeyronbHOE, yTibl MeX1y opouTazsamu 120°
sp’  — TeTpasapuueckoe, Yribl Mexy opouTtansamu 109°

sp’d' — TpuronamsHo-6MnUpamMunansHOE, yriasl 90° u 120°
sp?d' — kBazpatHOe, YTl MexKIy opOuTanamMu 90°
sp>d® — oxrasapuueckoe, yribl Mexay opouTanaMu 90°.

IIpumep — xumuveckasi cBsi3b B MoJjiexkyJie BF.

AToM 0Opa B OCHOBHOM COCTOSSHUM HWMEET JIMIIb OAWH HECIIAPCHHBIH 3JIEKTPOH, a B
BO30Y>KICHHOM COCTOSIHUUM — TPU HECHAPEHHBIX 3JIEKTPOHOB, YTO COOTBETCTBYET BaJIEHTHOCTHU
6opa B BF;.

B2822p1 ! B* 2s'2 R |:| D:D

HecnapeHHI,IIe:Tlanle;TI%II;r aToMa 00Opa HAaxXOIATCS Ha PA3IMUYHBIX (S- M p-) OpOUTAIAX, a
cBs3u B-F B Monekyne BF; omuHakoBele. IT0 o0ObAcHseTCa sp-rubpuansanueii AO, xoraa us
ool s-AO u 1ByX p-AO 00pa3yroTcs TpH Sp>-TUOpUIHEIE OPOUTAIH, HMEIOLINE OJIMHAKOBYIO
SHEPIHUIO U pacrojararoiuecs B IpocTpaHCcTBe moJ yriaom 120°.

B" 2s'2p? TI:TI T B"2s'2p? 1 1 1
Tpu HecmapeHHBIX SJEKTPOHA Ha THMOPHUIHBIX Opél/ITaJ'I}IX 0opa B3aMMOJAEUCTBYIOT C

HECHapEeHHBIMHM P-3J€KTpOHAMHU (TOpa ¢ 00pa30BaHMEM TpPEX KOBAJIEHTHBIX cBsizedl. B cuiy
HaNpaBJIEHHOCTH KOBAJIEHTHBIX CBSA3EH 3TH TPH CBSI3U OyIyT pacrosaratrbes MO TeM K€ YIIIoM
120°, uro u rudpuaHble opdbutamu, u Moaekyina BF3 Oyaer umers miockoe cTpoeHue ¢ yriaMu
120° Mexy CBSI3SIMH.

KoHTpoJIbHBIE BOITPOCHI

1. HazoBuTe OCHOBHBIE NIOJIOKEHUS METO/1a BAJICHTHBIX CBA3EH?

2. Kaxue ocHOBHBIE CBOMCTBA KOBAJIEHTHOM CBS3HM BaM U3BECTHBI? OXapaKTEpU3yNTE HX.

3. HazoBuTe u3BecTHbIE BaM BUAbl TMOpPHAM3ALMU ATOMHBIX OpOMTasIel, MPUBEIUTE HUX
OTJINYUTEIIbHBIEC YEPTHI.

Teopusi MoJIeKyJIAPHBIX OpOUTAJIEH

CornacHo Teopuu MOJIEKYJISIPHBIX OpOUTaNell MOJIEKyJIa COCTOUT U3 SJIep U AJIEKTPOHOB, a
HE MPEJCTaBIIAET CO00M COBOKYIHOCTh aTOMOB, KaK MOCTYJIUPYET METOJ BaJCHTHBIX cBs3eil. B
MOJIEKyJIaX 3JEKTPOHbI HAaXOAATCA Ha MOJNEKYIsIpHbIX opoutanix (MO). CpoiicTBa MoKy
3aBUCAT OT HUX OJJEKTPOHHOIO CTPOEHMs, TO €CTb OT CTpykTypel MO. MO BHyTpeHHHX
AJIEKTPOHOB OOBIYHO COBMHANAIOT € cooTBeTcTBytommmMu AQO, HHade TOBOps, BHYTpPEHHUE
AIIEKTPOHBI B MOJIEKYJIaX COXPAHSIOT CBOIO aTOMHYIO MPUPOJY U HE y4acTBYIOT B 00pa3oBaHUU
cBsizeil. MO BHEUIHHX 3JIEKTPOHOB UMEIOT 00Jiee CI0KHOE CTPOCHUE U YacTO pacCMaTPUBAIOTCS
KaK JIMHEWHass KOMOWHAIlMsS BHENTHUX OpOWTajeil aTOMOB, COCTABJISIONIMX MOJEKyry. Ywmcio
obpazytormxcst MO paBHo unciny AO, yyacTBYIOIIMX B UX 00pa3oBaHUU, TO €CTh U3 ABYX AO
nomydaemM 1Be MO, m3 tpex AO — tpu MO wu T.a. DHeprum MO MoryT OBITH HUKE
(cBsasbiBatome  MO), paBHbl (HecBsizbiBatomme MO) wunum  Bbime  (pa3pbIXJISIONIUE,
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anTucsszbiBatomue MO), uem sHeprumn odpaszyromux nx AO. Hanpumep, B3auMoielicTBUE TBYX
AO naer ase MO: 0/1Hy CBSI3bIBAIOIIYIO U OJHY Pa3phIXJISIOINIYIO.

VenoBus s3aumoaeiicteua AO:

1. AO B3auMOZEHCTBYIOT, €CIIM UMEIOT OJIn3KHe SHeprun. Yem Oosbliie pa3sHHLa YHEPT Ui
AQ, TeM MeHbIIIe NX B3aMOJICHCTBHE.

2. AO B3auUMOJEHCTBYIOT, €CIM OHU nepekpbiBatoTcs. Tak BHyrpeHHHME AQO pasHbIX
aTOMOB, pAacIOJIaralolyecs: BOMU3M sAep, HE IEPEeKPBHIBAIOTCA M HE B3aMMOJCHCTBYIOT,
COXpaHss CBOIO aTOMHYIO IIPUPOLY.

3. AO B3auMOJEHCTBYIOT, €CIM HUMEIOT COOTBETCTBYIOUIYIO CUMMETpUI0. CUMMETpus
MO xapakrtepu3yercss 3JE€MEHTAaMU CHUMMETPHUH, TaKUMU KaK OCb CHMMETPHUHU, IIOCKOCTh
cumMMeTpud W T.A. s naByxatomHoM Mojekynasl AB (wim mr000H JTHMHEHHOM MOJICKYJIBI)
cummetpust MO MOXKeT ObITh:

o, ecnu nanHasg MO umeet ocb CUMMETPHH,

n, ecnu gaHHas MO uMeeT MI0CKOCTh CHMMETPHH,

0, ecnu MO uMeert Be MEePHIEHAUKYIISIPHBIE MIIOCKOCTH CUMMETPUH.

Ecnu ock Mmonexkynbl AB coBmaiaer ¢ ocbio Z KOOpJIMHAT, TO

c-, - 1 0- MO 00pazyrorcs mpu B3auMoIeicTBUH creayommx AO COOTBETCTBEHHO:

6-MO u3  s-,p.,-, d- AO

n-MO u3  px-, py-. dxz-, dy--AO

8-MO u3  dyy-, d-y*-AO

AOQ pa3Hoil cummetpuu, Hanpumep, s-AO u px-AO, He B3auMoaeincTBytoT. [Ipucyrcreue
AJIEKTPOHOB Ha CBs3bIBAIOMIMX MO cTaOUIM3HpyeT CUCTEMY, TaK KAaK yYMEHBIIACT YHEPTHUI0

MOJICKYJIBI TI0 CpAaBHCHHUIO C 3Hepl"PIeI>i atoMoB. CTaOMIIBHOCTh MOJICKYJIBI XapPaKTCPUIYCTCA
MOPsAAKOM CBA3H 1N, paBHBIM

n= (ne cg — e pasp)/ 2,
TOC Ne ¢ U Ne pasp — qucia 3JICKTPOHOB Ha CBA3BIBAIOIIUX U PA3PBIXJIAIOIMIUX 0p6I/ITaJI$IX.

3anonenne MO 3JIeKTpOHAMH MPOUCXOAMT IO TEM K€ NpaBUiIaM, 4To U 3anojaHeHue AO
B aToMe, a UMeHHO: npaBuity [laynu (Ha MO He MokeT ObITh OoJiee IBYX 3JIEKTPOHOB), IPABUITY
['yana (cyMMapHbIi CIIUH 10JIKEeH OBbITh MAKCUMAJIEH) U T.JI.

AE N

0
D< >D
S [] 8

Pucynok 2. O6pa3oBanue M|0J'IeKyJ'IHpHBIX op@uTaneit aTOMOB MEPBOTO MEPHO/Ia
I

B3aumoneiicteue -AOAQOMOB nep%@o nepnozlé‘?[{ u He) npuBoaut k o6pa3oBaHuUIO
cBsizbIBaroleit 6-MO u paspeixustonieit 6*- MO.

KoHTposibHBIE BOTPOCHI

1. KakoBbl OCHOBHBIE OTJIMYUS METOJa MOJEKYJISpHBIX OpOUTajeil OT MeToAa BaJIeHTHBIX
cBsA3ei?

2. Kak, ucronb3ys MeTOJl MOJEKYJISIpHBIX OpOHUTaneil, MOXKHO MOATBEPAUTH MapaMarHeTU3M
MOJIEKYJIbI Kucaopoaa?

3. OGnamaer 11 MOHHAS CBSA3b HANIPABICHHOCTHIO M HACKHIIIIAEMOCTHIO?
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Tema 5. OcHOBHbIE MOHATHS XUMHYECKOH TepMOAUHAMUKH. DYHKIUM COCTOSIHUS, UX
ocobenHocTu. Ilesb: MO3HAKOMUTHCS C TOHSATHSAMH: BHYTPEHHSS dHEprusi, QyHKIUU TYTH,
TeII0Ta, padora.

Bonpocsl a5 o0cyxaeHunsn:
1. BuyrpeHuss sHeprusi.
2. ®yHKUMU DYTH.
3. Temnora, paborTa.
4. TepMoxuMHUUECKUE YpaBHEHUS, UX OCOOEHHOCTH.
5. PacueTsl M0 TEPMOXUMHUYECKUM YPAaBHEHUSIM

XHUMHUYECKUE DPEAKLHUHU COIPOBOKIAIOTCA BBIICICHUEM HWIIM IIOTJIOIICHUEM TEIUIOTHI.
Peaxyuu, npomekarowue c 6vioeneHuem mMeniomovl 6 OKPYICAoOwylo cpeody, Ha3bIBAIOTCS
IK30TEPMHYECKHUMH, A C NO2IOWeHueM meniomsl — 3IHA0OTEPMUYECKUMHU. Koauuecmeo
Meniomol, KOMoOpoe 6blOeNAemcs Ul NO2N0WAemcs npu XumMudeckou peaxyuu, Ha3bIBaeTCs
TEIVIOBBIM (P PEeKTOM_peaKLuH.

TennoBoil >pdexT peakuuu, NpoTeKawlell B yclnoBUAX p=const, T=const, paBeH
U3MeHeHuIo »HTanbnuu cucremsl AH u msmepsercsa B kJDk. 1Ipu sk3oTepMuueckor peakuuu
SHTaJIBNUA cucTeMbl yMeHnbmaercd U AH < 0, a mpu 3HIOTEpMUYECKOW — SHTAJIBIINS CUCTEMBI
yBenuuuBaetrcs 1 AH > 0.

Ecnu  ucxoonvie eewjecmea u npooyKmul peakyuu HAX00AMCA 6 CMAHOAPMHOM
COCMOAHUI, MO SHMATILRUIO PeaKyuy Ha3bIBAIOT CTAHAAPTHOI 1 0603HauaroT AH® . AH%os.
BepxHuuil nungexc oredaer cranaaptHomy aasienuto (101kIla), HuxHUN MHIEKC COOTBETCTBYET
CTaH/IapTHOU TeMIlepaType, IPUHATON 110 MEKIYHAPOJHOMY COIJalleHuto, paBHoi 298 K.

Tema 6. [lepBblii 3aK0H TepMoanHAMHUKU. TepMoxumus

Iean: no3HaKOMUTHCSA € 3aKOHOM ['ecca, ciaeacTBueM u3 3akoHa I'ecca.
Bonpocsl a5 o0cyxaeHus:

1. 3akon I'ecca.

2. CneactBue u3 3akoHa I'ecca.

3. HaxoxeHue 2HTanbIui XUMUYECKOU PeaKIu

Vpasuenus xumuueckux peakyuu, 6 KOMOPbIX YKA3AHbL USMEHEHUs dHMATbNUU
(mennogvie 3¢hpexmul peaxyuti), HA3bIBAIOTCS TEPMOXHUMHUYECKHMH.

Hanpumep, TepmoxumMuyeckoe ypaBHEHHUE:

No(r) + 3Ha(r) =2NHs3 (1),  AH%, =-92, 4 xJIx.

MOKA3bIBAET, YTO MpH B3auMmonercTBuu 1 momb N> u 3 monb Hz obpasyercs 2 moib
NH3 u BbIIENs€TCS KOJTUYECTBO TEIUIOTHI, paBHOE 92, 4 kJ[x.

B ocHOBe TepMOXMMHUYECKHX pacyeToB JEXKHUT 3akoH I'ecca: mennosoii a¢hghexm
XUMUYECKOU peakyuu 3a8Ucum moJabKo Om HAYAIbHO20 U KOHEYHO20 COCMOAHUSL 8eujecms U He
3a8UcCUm OmM NPOMENCYMOYHbIX cmaoull npoyecca. Yacto B TEPMOXMMHUECKUX pacueTax
IPUMEHSIOT cJieAcTBHe U3 3akoHa I'ecca: sumanvnus xumuueckou peaxyuu pasHa cymme
IHMANLRULL  00pA306aHUA NPOOYKIMOE PEeaKyuu 3a 8blYemoM CYMMbl IHMANbNUL 00paA306aHUs
UCXOOHBIX 8ewecmes ¢ yuyemom cmexuomempudeckux Koagguyuenmos peaxyuu. Hampumep,
cTaHgapTHast sHTanbnus peakuuu aA+bB=cC+dD paccuutsiBaetcs o popmyie:

AH' = (eAHc+ dAH"D) — (aAH A+ bAH'S),
208 AfHO — CTaHAapTHAA SHTAJIBIIUA 06pa3OBaHI/I}I COCIMHCHU L.

CranaapTHoii JHTajblMeld 00pa3oBaHMsi  HA3bIBACTCSA CMAHOAPMHASL IHMATLNUSA
peakyuu 06pazoeanuss 1 Moib CI0HCHO2O Geujecmea U3 NpoCmuvlX 6ewecms, YCMouyugblx npu
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298 K u oasnenuu 101 xlla. O6o3nauaerca AH%os umn AH® (Temmeparypy 298 K moxHO
onycTuTH), u3Mepserca B kJx/momnb. AH® mpocTIX BelecTs paBHA HYIIIO.

Tema 7. Bropoii 3akoH TepmoguHaMuku. Ilonsitue s3HTpOonIUM U
snepruu I'n60ca

LeJsib: TO3HAKOMUTHCA C IOHATUAMU: SHTpONHsL, SHeprus [ mooca

Bonpocsl 1ys1 00Cy:KIeHUS:

1. Outponus.

2. V3mMeHeHue SHTPOINHU B X0/1€ XUMUYECKON PEaKLIUH.

3. Kpurepuu caMonpou3BoIbHOTO MPOTEKAHUS pEAKLIUU.

4. Pacuer sHepruu ['m606ca

Hanpaenenue npomexanus xumuuecxou peaxyuu omnpenenser 3Hepruss I'mooca (AG).
[Ipu p=const, T=const peakuus CaMOIPOU3BOJIHHO MPOTEKAET B TOM HAIPABICHUU, KOTOPOMY
oTBevaeT yobutb sHepruu ['m60ca. Econ AG < 0, TO peakmusi caMOIpPOU3BOJIBHO MPOTEKAET B
npsimoM HanpaeieHuu. Eciu AG > 0, To caMOnpou3BOJIbHOE MPOTEKAaHUE Mpoliecca B MPSIMOM
HanpaBiIeHUH HEeBO3MOXHO. Ecim  AG = 0, TO peakmusi MOXXET MPOTEKaTh KaK B MPSMOM
HAIpPaBIIEHUU, TaK U B OOpPATHOM U CHUCTEMa HAXOJIUTCS B COCTOSIHMM paBHOBecHs. 3MeHeHue
AGxp HE 3aBUCUT OT IIyTH MpPOIEcCa U MOXKET OBITh PACCUMTAHO IO CICACTBUIO W3 3aKOHA
['ecca: usmenenue snepeuu I'ub6ca B pe3ynpTaTe XUMUYECKON PEAKIIMU PABHO CYMMe dHepeutl
T'ubbca obpazosanusi npoOYKmMo8 peakyuu 3a ebluemom cymmol dHepeull 1 ubbca obpazosanus
UCXOOHBIX 8ewecms ¢ Y4emom CmexuomMempuyeckux Kosgguyuenmos. Hampuwmep,
crangapTHas sHeprus ['m66ca peakiuu aA + bB = cC + dD paccuutsiBaercs mo hopmyoe:
AG’p.= (cAGc+dAGp) — (aAGa + bAGs),
rae A/G’- cranpapthas sHeprus ['m66ca obpasopanus BemectBa. OHa oTHocHTCsS K 1 MoIb
BellecTBa U usMmepsiercs B kJx/mMonb. Dueprusi [ mO06ca oOpa3oBaHus MPOCTHIX BEIIECTB paBHA
Hymo. AG%p HMMeeT Ty e pa3sMepHOCTb, YTO M SHTAJIbIIHSA, U MIO3TOMY OOBIYHO BBIPAkKAETCS B
KJIx.

N3menenune crangapTHON SHEeprun [ mO0ca XMMHUYECKON peaKkIuyi MOKET OBITh TAKXKe
BBIUKCJICHO TI0 YPaBHEHUIO:

rae T — abcomotHas Temneparypa, AS’, — M3MeHeHHe 3HTpONUM.

DHTPONMS — AGIAEMCA MEPOU HEYNOPAOOUEHHOCMU COCMOAHUS cUucmembl. JHTPOIINS —
3TO CTpEMJIEHHE YacTHUIl (MOJIEKYJ, HOHOB, aTOMOB) K Xa0TUYECKOMY JBUKEHUIO, @ CUCTEMBI — K
nepexoay OT Oosiee YNOPSAJOYEHHOTO COCTOSHMSI K MEHee YHOPSJA0YEHHOMY. ODHTPOIUS
BO3pAacTaeT C YBEIWYEHHEM [BWKECHMS YaCTHUIl: IPU HArpEBAHWM, WCIIAPEHUH, IUJIaBJICHUM,
pacuIMpeHny Tasa, MpH ociaallIeHuu WM pa3pbiBE CBsI3e Mexay aromamu M T.I. IIporeccsl,
CBA3aHHBIE C VYIOPSJAOYEHHOCTBIO CHUCTEMBbl (KOHJEHCAlMs, KpHCTaUIM3alus, CXKaTHe,
yIIpOYHEHHUE  CBSI3€H, IOJMMEpU3alusi), COMPOBOXKIAIOTCA  YMEHBIIEHHEM  SHTPOIHH.
Wzmepsiercst suTponus B Jlx/mMonb-K.

Hzmenenue snmponuu cucmemuvl B pe3yibTaTe MPOTEKaHUS XMUMUYECKOH peakiuu (AS)
(SHTpONHMS pEaKUUN) pAGHO CYMMe IHMPONUU HPOOYKMOE peakyuu 3a 6blUemom  CYMMbl
SHMPONULL UCXOOHBIX GEWECME C YUemom cmexuomempuieckux kosgguyuenmos. M3MeHeHne
SHTPONHHU B pe3yJibTaTe MpoTeKaHusi XxuMuyeckoit peakiuu aA + bB = cC + dD pasHo:

AS% = (cS% + dS% ) — (aS% + bSp)

[Ipy  XUMHYECKOM  B3aUMOJICHCTBUU  OJHOBPEMEHHO  HM3MEHSETCS  SHTAJbIIHS,
XapaKTepu3ylollasi CTPEMIIEHUE CHCTEMBl K TMOPSAAKY, M OHTPONMS, XapaKTepusyroulas
CTpeMJIeHHE CUCTeMbl K Oecniopsiiky. Ecnm TeHneHIMM K nopsaky U OecropsiiKy B CHCTEMeE
omunakoBbl, T0 AH%p = TAS ., uTo sBIAETCS yCIOBHEM PABHOBECHOTO COCTOSIHMS CHCTEMBI.
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Ecnu npenebpeus msmenenusmu AH%, u AS%, c ysenmuuenuem TemmepaTypbl, TO MOKHO
ONPEAEIUTh TEMIIEPATYPY, MPU KOTOPOW YCTAaHABIMBAECTCS PABHOBECHUE XMMHYECKOM PEAKIUU
JUTSL CTAHAAPTHOTO COCTOSIHUS PEareHTOB

Tasn. = AH x .
AS%.p.

Ilpumepul pewienusa 3a0au

[Tpu pemennu 3a1a4 3TOro paszesna clIeAyeT MOoIb30BaThCs Tabi. | MpUIoKeHHUs.

IIpumep 4.1. Berunciaute TemioBoit 3¢ (EeKT U HAMUIIUTE TEPMOXUMHUYECKOE YPaBHECHHE
peaklMy TOpEHUs alleTHICHa, B pe3yjbTaTe KOTOPOM 00pa3yroTcsl Mmapsl BOABI M JTHUOKCHUT
yraepojia. CKOJIBKO TETUIOTHI BBICTUTCS Ipu cropanuu 10 1 anetuneHa (H.y.)?

Pemenne. Peakuus ropeHus aueTuwiieHa NPOTEKAET 110 YPABHEHUIO:
CoHa(r) + 57202 (1) = 2CO2(T) + H20(1)
[Tonmb3ysick cneacTBreM W3 3akoHa ['ecca W CIPaBOYHBIMU JAHHBIMHA W3 TaOJI.1, BBIUUCISIEM
TEIJIOBOM 3P eKT ITOH peakiuu:

AH %p.= 2AH °coz + AH %m20) — (AH %comz + 5%AH %02)
AH% . =[2(-393,5)+ (-241,8)] — (226,8+ 5Y2-0)= — 1255,6 x/Ix
TepMoxuMHUUeCKOe YpaBHEHHE PEAKIIMU TOPEHUS alleTHIIeHA UMEET BU/I:
CoHa(r) + 5%0; (r)=2C0x(r) + HoO(r),  AH%, =-1255,6 xJIx
TerutoBoit 3 PeKT 0OOBIYHO OTHOCAT K OJTHOMY MOJIIO BetecTBa. CleIoBaTeNIbHO, PU CKUTAHUH
1 mons C;H; Beimenserca 1255,6 kJ/Ix. OgHako, mo ycioBHiO 3agaud cxkuraercs 10 n
ameTmiteHa, 4ro cocrasiser 10 / 22,4 = 0,446 mons CoHo, roe 22,4 1/MOJIB — MOJBHBIN 00BEM
JTr000T0 Ta3a Mpu HOPMAaJbHBIX ycloBHsX. Takum obpazom, npu cropanuu 0,446 moms (10 )
CoH> Beinenurcs 0,446-(—1255,6) = —560 x/[x TeroThI.
IIpumep 4.2. Peakius uaert no ypasHennto FeoOs + 2A1 = 2Fe + AL Os.

ITpu BoccranoBneHuun 48 r FeoOsz Beimensiercsa 256,1 x/[x TemnorTel. Berumciaure TemnoBoit
3 EeKT peakuy U CTaHAAPTHYIO SHTANIBINIO 00pazoBaHus FexOs.

Pemenue. Yucno moneit Fe,Os, conepkamuxcs B 48 T FeoOs, cocraBmsier 48 /
160 = 0,3 monb, rae 160 r/mons — momsipHas macca FeoOs. Tak kak ternnoBoi ekt oTHOCAT
K 1 Mosb BemiecTBa, To TeI0BOM A deKT qaHHOM peakiuu paBeH  —256,1 /0,3 =—-853,7 kJIx.
3anuiieM TepMOXUMHUYECKOE YPAaBHEHHE 3TOM peakuu

Fe;Os3 +2A1=2Fe + ALOs,  AH%,=-853,8 xJlx

®dopmyrna ajs pacdera TeroBoro 3G dexra JaHHOW peakiiui UMEET BUI:

AHOX.p,Z 2AH Ope + AH 0A1203) —(AH Oker03 + 2AH OAI)), oTcroa Haxoaum AH Oke203
AH %5203 = 2AH %pe + AH %anos — 2AH a1 — AH %,

[Tocre MOCTAaHOBKY CIIPABOYHBIX JAHHBIX U3 Ta0J. 1 moxydaem

AH % Fe203.=2:0 — 1676 — 2-0 + 853,8 = —822,2 kJI/MOIb

Takum 06pa3zom, TernoBoii apdekT peakiuu pasen —853,8 kJlx, a AH %re203 cocTaBnser —822,2
kJ[>K/MOb.

ITpumep 4.3. Vcxons n3 TEpMOXMMHUYECKUX YPABHEHUM

Ha (1) + O2(1) = H202(%), AH 0(1) =—187 xIx (1)
Ha05(%) + Ha(r) = 2H0(r),  AH %)= 297 xJIx )
H>O(r) = HoO(x), AH %)= — 44 k]I, 3)

paccuMTaiTe 3HaYCHUE CTAaHAAPTHON PHTAIBINK peakiuu oopazoBanus HoO(k).
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Pemienue. 3anuiieM ypaBHEHWE PEaKIUH, TEIUIOBOH 3(PdekT KoTopord HEoOX0auMO
ompenenuth: Ha(r)+ %0x(r) = HoO(k), AH’4) —? 4)

B ypasnenus (1), (2), (3) Bxoasar H20: (x) u H2O (T), koTOpble HE BXOAAT B ypaBHEHHE
(4). UtoObI uckI0UNTh X U3 ypaBHeHui (1), (2), (3), yMHOX)uM ypaBHeHHUe (3) HA 2 U CIIOKUM
BCE TPU ypaBHEHUS:

Ha(r) + O2(1) + H2O2(x)+ Ha(1) + 2 H2O(r) = H202(x) + 2H20(1) + 2H20(%) — (5)
[Tocne mpeoOpa3zoBanust ypaBHeHUs (5) W JeleHUS €ro Ha 2 TOJIydaeM HCKOMOE
ypaBHeHHe (4). AHalOrMuYHbBIC JICHCTBHS TpojaelaeM C  TeIuioBbIMH  dddekramu:

AH 1)+ AH2) + AH(3)- 2

= AH4).
7 4
B pesyibTare momydaeM: — 187~ 237 —44-2 =286k JIx; T.e. AH® mooex) paBHa —
286K J1/MOIb.

IIpumep 4.4. Ompenenute Temneparypy, HpU KOTOPOH YCTaHOBUTCS PaBHOBECHE B
cucreme CaCOs (k) = CaO(x) + COz (7).

Pemienne. [l ompeneneHus: TeMmepaTypbl, IpU KOTOPOH YCTaHOBUTCS paBHOBECHE,
AH p.
AS%sp.

BOCIIOJIb3YeMCsl YpPaBHEHHEM: Tpasn.= . s storo cuavana seruuciasieM AH% p u AS%% .

no Qopmynam:
AH %, = (AH °ca0 + AH °co2) — AH %cacos,
AS% 5 = (S%a0 + S°c02)— S°acos
Hcnonp3ys cipaBouHble JaHHBIE U3 TabI. 1, momydaem
AH%, = [~ 635,5 +(-393,5)] - (-1207,1) = 178,1 k]I,
AS% . = (39,7 +213,7) — 92,9 = 160,5 Tx/K umu 0,1605 xJIx/K

Ortcrona, TemriepaTypa, Ipu KOTOPOIl YCTaHABIIMBAECTCS paBHOBECHE:!
Tpasn = 178,1/0,1605=1109,5 K

Hpumep 4.5. Boumciure AH %, AS %, u AG 1 peakuum, nporekaromeil mo
YpaBHEHUIO: Fe>O3(x) + 3C(k) = 2Fe(k) + 3CO(1).
Bo3moskHa nu peakuusi BocctaHoBieHus: Fe;Os yrneponom npu temmnepatype 298 u 1000 K?
3asucumoctbio AH % u AS% , oT TeMmepaTypsl IpeneOpeys.

Pemenne. Brruncnsem AH% , u AS%

AH% . = (3AH °co+ 2AH %Fe) — (AH %re203 + 3AH )

AH% ,=[3(~110,5) + 2-0] — [-822,2 + 3-0] = —331,5 + 822,2 = +490,7 kJIk;
AS% p. = (28%e +3S°0) — (S? Fe203 +3S%)

AS% »=(2-27,2+3-197,5) — (89,9 + 3-5,7) = 539,9 JIx/K mmu 0,540 xJIx/K
Ouepeuro I'ubbca npu coomeemcmsyrouux memnepamypax Haxooum U3 COOMHOULeHUs.
AG y=AH , — TAS'%

AG%098=490,7 — 298-0,540 = +329,8 xJIx
AG%1000 = 490,7 — 1000-0,540 = —49,3 xJIx

Tak kak AG%9s > 0, a AG%1000 < 0, To BoccTanonenue Fe,O3 yrnepogoM Bo3moskno ripu 1000 K
Y HEBO3MOKHO Tipu 298 K.

KoHTponbHbIE BOTPOCHI
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1. Beraucnure TemioBoi 3PGEeKT W HANMUIIMTE TEPMOXUMUUYECKOE YPaBHCHHE PEaKIIUU
mexny CO(r) u Ha(r), B pesynbrare koropoit oopasyrorcss CHa(r) u H2O(r). CkonbKo TEmIoTh
BBIZICJIUTCSI, €CJIM B peakiuu 0110 u3pacxonoBano 100 1 CO (ycnoBust HopManbHbie)? (Omeem:
206,2 xIx; 920, 5 xJIx).

2. Peakuust ropeHus 3TUIICHA BBIPAXKAETCSl ypaBHEHUEM

C2Ha(r) + 302(r) = 2COx(T) + 2H20(T)

IIpu cropanuun 1 1 CoHs (m.y.) Bemensercs 59,06 kJlx temnotel. Omnpenenute

CTaH/IAPTHYIO SHTANBINIO 00pazoBanus dTrieHa. (Omeem: 52,3 xJk/MONb).

3. Coxxennl ¢ obpazoBanueM H>O(r) paBHble 00b€MBI BOAOPO/IA U AlIETUIICHA, B3STHIX
IIpY OJMHAKOBBIX YCJIOBUsX. B kakom ciyuyae BbiaenuTcst Oosnblie TemioTel? Bo ckomnbko paz?
(Omeem: 5,2).

4. Bpruucnure, CKOJBKO TEIUIOTHI BBIACIUTCS MpHU cropaHuu 165 n (H.y.) anerusicHa,
€CJIM TPOAYKTaMHU CrOpaHUs SBJISIIOTCS AUOKCUZ YriepoAa W mapbl Boubl. (Omeem. 9248,8
kJIK).

5. T'az000pa3usiii 3tunoBsiil cnupt CoHsOH MOXHO MONyYuTh NMPU B3aHMMOJCHCTBUH
stunera C2Ha(r) u BoasHBIX mapoB. Beraucinre TeruioBoil A3QeKT ITOH peakuu U HAUIIUTE
TepMOXUMHYECKoe ypaBHeHHE. CKOJIBKO TEIUIOTHl BBIACIUTCSA, €CIAM B pPeakuuu ObUIo
u3pacxonosano 100 i stunena (H.y.)? (Omeem: 45,8 xIx; 204,5 xJIx).

6. Boluncnure, Kakoe KOJIMYECTBO TEIJIOTHI BBLICIHIOCH MpU BoccTaHOBIeHUH FerOs3
METaJUIMYECKUM aIFOMUHUEM, €CJTi ObLI0 momydeHo 335,1 1 xkenesa.
(Omeem: 2554,5 x]JIx).

7. Ilpu pactBopenun 16 r CaC» B Boae Boimensiercs 31,27 kJx Ternorsl. Onpenenure
CTaHAapTHYIO SHTaNbNUI0 oOopazoBanus Ca(OH),.
(Omeem: —986,2 xJIx/ MoIb).

8. Ilpu BoccranoBnenuu 12,7 r okcuma meau (II) yrmem (¢ obOpazoBanuem CO)
noryomaercs 8,24 kJ[>x. Onpenenure cTaHIapTHYIO SHTANIBINUIO oOpa3zoBanus CuO.
(Omeem: —162 xJI/M0nb).

9. Beruucnure TtermoBoil 3¢G@dEKT peakiuu BOCCTaHOBIEHUsi okcupa xkenesa (1)
BOJIOPOJIOM, UCXOS U3 CIEAYIOIUX TEPMOXUMHYECKUX YPaBHEHUI:

FeO(k) + CO(r) = Fe(x) + COx (1), AH’1)=—-19,2 xJIx (1)
CO(1r) + 202 (r) = CO2 (1), AH) = 283 xJlx (2)
Ha () + %02 (r) = HaO(r), AH) = 2418 Ik  (3)

(Omeem: 22 xJIx)

10. BrruncnuTte cTaHIapTHYIO JHTANbNUI0 oOpasoBaHuss NO U3 TPOCTBHIX BEIIECTB,
WCXOJIS U3 CIICTYIONINX TEPMOXUMHUYECKUX YPAaBHEHUN:
4NHj3(r) + 502(T) = 4NO (r) + 6 H2O(k), AH1y=-1168,80 k/Ix (1)
4NH3(T) + 302(1) = 2N2 (1) + 6 H2O(%), AH’2)= 153028 x]Ix  (2)
Tema 8. 3akoH geiicTByIOIIUX Mace

3aBUCHMOCTh CKOPOCTH PEaKIIMH OT KOHIICHTPAIlMH BBIPAXKACTCS 3aKOHOM JdeHCTBHS
Mace: npu  NOCMOAHHOU  memnepamype  CKOPOCMb — XUMUYECKOU  peakyuu  npsimo
NPONOPYUOHANbHA NPOU3EEOEHUI0 KOHYeHmpayuti peazupyrouux eewecms. Jlns peakuuu nA +
mB = gAB maTemaTnyeckoe BbIpaKEHHUE 3aKOHA JEHCTBUSA MacC UMEET BHU]L
v=kCaA"Cs ™,
re vV — CKOpocTh xumudeckoil peakiuu; Ca u Cp — KOHIIEHTPALMKM PEarupyrouux BEIIeCTB; N,
m — KO3(QUIUEHTH B YpaBHEHMHM pEaKIUH; K — KOHCTaHTa CKOPOCTH pPEaKIUH. 3HaueHue
KOHCTaHTBl CKOPOCTH HE 3aBUCUT OT KOHIIEHTPALlMM PEarupyroliuX BELIECTB, a 3aBUCUT OT UX
MPUPOJBI U TEMIIEPATYPHI.
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B cnyuae reTeporeHHbBIX peakuuil KOHILEHTPAlMU BEIECTB, HaXOMSIIUXCS B TBEpAOU
¢aze, 0OBIYHO HE U3MEHSIOTCS B X0JI€ PEAKIIUH M MIOATOMY HE BKIIIOYAIOTCS B ypaBHEHUE 3aKOHA
neiictBus Macc. Hanpumep, u1st peakiiny ropeHust yriaepoaa

C (x) + Ox(r) = COx(r) 3aKoH peiicTBUsE Mace 3anuiueTcs Tak: V==K C,

Tema 9. BumsiHue pa3iu4yHbIX (PAKTOPOB Ha XuMH4yeckoe paBHoBecue. Ilpmumun Jle
lareane

XUMHUECKUE pPEaKIHUU JeNATcs Ha HeoOpatumble W oOpatumble. HeoOpaTmmble peakuuu
MIPOTEKAIOT TOJBKO B MPSIMOM HAIpaBIC€HUU — JO MOJHOTO H3PAcCXOJOBaHUS OJHOTO H3
pearupyoomux BemecTB. OOpaTuMble peakLUU MPOTEKAIOT KaK B MPSMOM, Tak M B OOpaTHOM
HaIIpaBJICHUSX, [IPU STOM HHM OJJHO U3 PEArHPYIOIINX BEIIECTB HE PACXOYETCS IIOJHOCTHIO.

Cocmosnue obpamumozo npoyecca, npu KOMOPOM CKOPOCMU HPAMOU U 0Opamuoul
peakyuu pasHvl, HA3BIBACTCS XMMHYECKHM paBHOBecueM. Konyemmpayuu peazupyroujux
sewjecms,  KOmMopuvle YCMAHAGIUBAIOMCA NPU  XUMUYECKOM  pABHOGecul, Ha3bIBAIOTCS
PaBHOBECHBIMH. /[1s1 obOpamumvlx npoyeccog 3aKOH JeHCTBHS MacCc MOXET ObITh
cOpPMYITHPOBaH B CIEOYIONIEM BUJC: OMHOUIEHUE NPOU3BEOeHUs KOHYeHmMpayui npooyKmos
peakyuu 6 CmeneHsiax, pAaeHblX CmexuomempuiecKum Koaqbcﬁuuueﬂmajw, K np0u3eedeHui0
KOHYeHmpayuti  UCXOOHbIX — Geujecmeé 6  CMEeNeHAX, PAHbIX  CMeXuoMempuiecKum
K03 puyuenmam, a615emcs 8eIUUUHOU NOCMOSHHOU NPU OAHHOU memMnepamype. ITa BEIUYUHA
HA3bIBACTCSI KOHCTAHTOM paBHOBecHsi. PaBHOBECHBIC KOHIICHTPAIIMU MPHHITO 0003HAYATH HE
cumBoiioM «C», a ¢dopMynoil BellecTBa, MOMEIICHHONW B KBaJpaTHbIE CKOOKH, HaIlpuMep,

Ci =[A]2, a KOHCTaHTy paBHOBECHs, BBIpaKaeMylo uepe3 KoHIeHTpaiuu — Kc. s

oOparumoii peakuuu aA+bB = dD+{F maremaTnueckoe BbIpa)keHUE 3aKOHA JCHCTBHS Macc
UMEET BU]L

drpf
_ [DI'[F]
- b
[A]*[B]
Ecnu peakuust mporekaer MexIy rasamMy, TO BMECTO KOHILIEHTpPaUMid MOKHO IOJIb30BAaThCS

MapiuagbHBIM JABJICHHEM Ta30B, W KOHCTAaHTa PABHOBECHS B 3TOM Ciiydae OO0O3Ha4daeTcs
cumBosioM Kp.

K¢

d pf
_ P, Pr
P papb
P, Py
Kp u Kc cBsi3ansl Mesxy coboit cootomennem Kp= K¢ (RT)2V, rne R-yuuBepcanbhas razopas
noctosiHHasi, paBHas 8,314 J[x/ mone-K; T— aOcomorHas Temneparypa; Av — pa3HOCTb MEXIY

YHUCIIOM MOJIeil Ta3000pa3HbIX BELIECTB B MPAaBOW U JIEBOW YacTax ypaBHeHus. Hampumep, mist
peakiuu N2 + 3Hz = 2NHj3

Av=2-4=-2 Kp=Kc (RT)?
B peakuusx, nporekatomux 6e3 usmenenus oobema, Kp= Kc.

K

XHUMHYECKOE PAaBHOBECHE OCTAETCSI HEU3MEHHBIM JI0 TeX TOp, TIOKa YCIOBUS PaBHOBECHS,
IpU KOTOPBIX OHO YCTaHOBWJIOCh, COXPAHSAIOTCS MOCTOSHHBIMHU. [Ipy HM3MEHEeHUU yCIIOBUIA
paBHOBecUs TpsMasi M oOpaTHas PEaKIMs HAYMHAIOT MPOTEKATh C PAa3HBIMU CKOPOCTSIMH H
paBHOBecHe Hapylraercsa. Uepe3s HEKOTOpOoe BpeMsi CKOPOCTH MPSMOM W OOpaTHOM peakuuu
CPaBHSIOTCS M B CHCTEME BHOBBH HACTYIUT PaBHOBECHE, HO YK€ C HOBBIMH PaBHOBECHBIMH
KOHIIGHTPALUsIMH BCE€X BeUIeCcTB. [lepexoo cucmemvl U3 0OHO20 PABHOBECHO20 COCMOSHUSA 8
Opyeoe HasbIBaeTCs cMellleHHMeM paBHOBecusi. HampaBieHue cwelleHuss paBHOBECHS
onpenensercs npunuunom Jle Ilarenve: eciu na cucmemy, HaxoO0AWyrOCcs 6 pasHO8eCul,
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oKazvleams 6HeulHee B030elicmeue, Mo pPABHOBeCUe CMewjaemcs 8 HANPAasieHuU, KOmopoe
ocnabnsem sgpgpexm sHeuHe20 8030eUCMBUsL.

[Tpy yBennueHUM KOHLEHTPALUU HUCXOJHBIX BELIECTB WJIM YMEHBIIEHUN KOHLIEHTPAILUH
IPOAYKTOB PEAaKIIMM PABHOBECUE CMELIAETCSI B CTOPOHY MPOAYKTOB peakiuuu. [Ipu yBennuenuu
KOHIIEHTPalUil MPOJYKTOB PEAKIMM WIM YMEHbIIEHUM KOHLEHTPALMH MCXOIHBIX BEILECTB
PaBHOBECHE CMEILIAETCA B CTOPOHY UCXOJHBIX BELIECTB.

Korga B peakuusx y4acTBYIOT T'a3bl, PABHOBECHUE MOYKET HAPYLIUThCSA NPU U3MEHEHUHU
nasieHus. [Ipu yBennueHUM JaBiIeHMsI B CUCTEME PaBHOBECHE CMEIIAETCS B CTOPOHY peaklu,
UIYyLIEd C YMEHBIICHHEM YHUCJIa MOJIEKYJ ra3a, T.€. B CTOPOHY INOHWXEHUs HaBJICHUS; IPU
YMEHBILIEHUH JABJICHUS PABHOBECHE CMEIIAETCS B CTOPOHY PEaKLMH, UAYIIEH ¢ BO3pacTaHUEM

Yuciia MOJIEKYJI ra30B, T.€. B CTOPOHY YBCIIMYCHUS JaBJIICHHA.

IIppy  noBBIIEHMM  TEMIEPATYphl  PaBHOBECHE  CMEUIAETCS B HAIPABJICHUU
SHJOTEPMHUUYECKOH, IPU OHNWKEHUH — B HAIIPABICHUH dK30TEPMUUECKON PEAKIIUH.

Tema 10. da3oBoe paBHoBecue. IIpaBusio ¢pa3s I'mooca. YpaBuenune Kianeiipona-
Kuaysuyca.
BemiectBa, oOpasyrome TepMOAUHAMUYECKYIO CHCTEMY, MOTYT HaXOIHUTCA B Pa3UYHbBIX
arperaTHblX COCTOAHUAX— TBEPAOM, ) KUAKOM U Fa3006pa3HOM.

['oMoreHHOI Ha3bIBAaeTCS cHCTEMa, MEKIY YacTSIMH KOTOPOM HET MOBEPXHOCTEH paszena,
OTIEISIOUINX YacTH CHUCTEMBI, Pa3UYaonIfecs MO0 Mo (U3NYECKOMY CTPOSHHIO, JIMOO TI0
XUMHYECKHM cBolcTBaM. (CBOHCTBA TOMOT€HHOM CHCTEMbI MOHOTOHHO W3MEHSIOTCS B
IIPOCTPAHCTBE.

['eTeporeHHOl Ha3bIBacTCs CHUCTEMA, YaCTH KOTOPOH pa3rpaHUuYCHbI MOBEPXHOCTSAMH, Ha
KOTOPBIX MPOUCXOJUT CKaukooOpa3Hoe (HEMOHOTOHHOE) H3MeHeHue e€ cBoicTB. Jliobas
reTeporeHHasl CHCTeMa COCTOUT U3 HECKOJIBKUX (a3.

@®a30if Ha3BIBACTCS COBOKYITHOCTh TOMOTEHHBIX YaCTeH CHCTEMBI, OJMHAKOBBHIX II0
COCTaBy, XMMMYECKMM M (U3NYECKUM CBOICTBaM M OIpaHMYEHHBIX OT JAPYrMX dYacTei
MOBEPXHOCTBIO Pa3iena.

XKunkue u TBepable (a3bl HA3bIBAIOTCS KOHICHCUPOBAaHHBIMH.

[To umcny a3 cucremsl Jnenstcs Ha oAHO(as3Hble, JByX(as3Hble, TpexdasHble U
MHorogassele. Yucno a3 B cucreme o6o3naqaercs O.

@®a30BbIM (WM TETEPOTCHHBIM) paBHOBECHEM HA3bIBACTCS PABHOBECHE B CHCTEME,
COCTOSALIEH U3 HECKOJBKUX (a3.

CoCTaBisIOMIMMHU BELIECTBAMU CHUCTEMbI Ha3bIBAIOTCS BEIECTBA, KOTOPbIE MOTYT OBITH
BBIJICIIEHBI W3 CHUCTEMBI M CYIIECTBOBaTh BHE €€ camocTosTenbHO. Hampumep, B BOTHOM
pacTBope XJIOpUJIa HATPHs COCTaBIsIOIMME BentectBamu sBisitores HoO u NaCl, a nonst Na'™ u
CI' cocTaBsIOMMME BEIIECTBAMHU HE SIBIISTFOTCSL.

Ecnmu B paBHOBECHOH cHCTeME€ MPOTEKAIOT XUMHUECKHE pEakIMH, TO KOJMYECTBA
COCTAaBJISFOIIMX BELIECTB 3aBUCAT APYT OT JIpyra W cocTaB (a3 onpeenseTcsi KOHIEHTPAIusIMH
HE BCEX, a TOJIBKO YaCTH BELIECTB.

KommonentaMun (Wi HE3aBHUCHMBIMHA ~ KOMITOHEHTaMH)  CHCTEMBI  Ha3bIBaeTCA
MHUHHUMAJIbHBII Ha0Op COCTaBJISIOMIMX BELIECTB, OJJHO3HAYHO OIPENEIISIONINI COCTaB CUCTEMBI.
Yucio KOMIIOHEHTOB B cucTeMe o0o3Havaetcs K.

[To uumciy KOMIIOHEHTOB pAa3MYalOT OAHO-, JIByX-, TPEX- W MHOTOKOMIIOHEHTHBIE
CHCTEMBI.

Ecnu B cucremMe MeXAy COCTaBIAIONIMMHM  BEIIECTBAMHU  HET  XHMHYECKOTO
B3aUMOJICHCTBHS, TO YACIIO KOMIIOHEHTOB PABHO YUCIIy COCTABJISIOIINX BELIECTB.

HpI/I HaJIn4Yuym XHUMHUYCCKOI'O B3aI/IMO,Z[eI\/'ICTBI/ISI YHUCJIO HEC3aBHCHUMBIX KOMIIOHCHTOB
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paBHsieTCSl OOIIEMY YHCIy COCTaBJISIONIMX BELIECTB PABHOBECHON CHCTEMBI MHUHYC YHCIO
yYpaBHEHUH, CBA3BIBAIOLIUX PABHOBECHBIC KOHIIEHTPALIUU COCTABISIOIIUX BEUIECTB.

JIrobas TEPMOAUMHAMHUYCCKAA CHCTEMaA O6J'Ia,Z[a€T OIpeCaACIICHHBIMU CBOMCTBaMH.
HapaMeTpaMH COCTOSAHUA CHUCTCMbI HA3bIBAKOTCA TCPMOAWMHAMHUYCCKUC CBOﬁCTBa, HaMMCHBIICC
KOJIMYCCTBO KOTOPBIX HeO6XOI[I/IMO JJIA OIIMCaHHsA COCTOAHUA I[aHHOﬁ CUCTEMBI.

B kauectBe napaMeTpoB COCTOAHHA O0OBIYHO BBI6I/IpaIOT TAaKUC TCPMOANHAMHUYCCKUC
CBOﬁCTBa, KOTOPBIC JICTKO MOT'YT OBITE HN3MCPCHBI: TEMIICPATYpa, AaBJICHUC, KOHICHTpAaIKA.

KOHHCHTpaL[I/IH 0OBIYHO BBIPAXKACTCA B MACCOBBIX UJIX MOJISIPHBIX NPOUCHTAX WA JOJIAX.

YucaoM TEPMOJMHAMHUYCCKUX CTCICHEH CBOOOIBI WM BapUAHTHOCTBIO CHCTEMBI
HA3bIBACTCSI YHUCIIO HE3aBUCHUMBIX TEPMOJIMHAMUYECKHX IapaMETpPOB  COCTOSHUS (a3
PaBHOBECHOM CHCTEMBI, IIPOU3BOJBHOE HM3MEHEHHE KOTOPBIX B ONPEICICHHBIX Ipeaeiax He
BBI3BIBACT KCUC3HOBEHUS OJHUX U oOpa3oBaHusi Apyrux ¢a3. BapuaHTHOCTH CHCTEMBI
obo3Hayaercs C.

[To 4uciy TepMOIMHAMHYECKHX CTENEHEW CBOOOABI CHUCTEMBI TOIPA3JENAIOTCS Ha
Oe3BapuantHbie (MHBapuantHele) C = 0, ogHoBapuaHTHble (MOHOBapuaHTHeie) C = 1,
JByXBapuaHTHbIE (Ou- uiu auBapuanTHbie) C = 2, TpexBapuantHbie C =3 U T.1.

Ycnosuem PaBHOBCCHA B FeTepOFGHHOﬁ CUCTCMC IIPpH IIOCTOSAHHBIX P H T saBnsercs
PAaBCHCTBO XMMHUUYCCKHUX ITOTCHIHAJIOB KAXXJI0T0 KOMIIOHCHTA BO BCEX (1)a3ax CHCTCMBEI.

Ecau napoo6pa3HbIe (1)3351 IIOAYHNHAIOTCA 3aKOHaM HJCAaJIbHBIX I'a30B, TO

yciaoBreM (ha30BOr0 PaBHOBECHS JUIsl TAHHOTO KOMIIOHCHTa B T'€TEPOrCHHOW CHUCTEME MOXKET
CIy)HTh PaBEHCTBO MMapIUAIbHBIX JaBJICHHI ((PYTHTHBHOCTEH) HACBHIIIEHHOTO IMapa 3TOro
KOMITOHECHTA HaJI BceMH (ha3amu.

Ipasuiio ¢a3 I'n6oca

B paBHOBecHOW cucteme CBSI3b MEXAy uuciaMud (a3, KOMIIOHEHTOB U
TEPMOJIMHAMMUYECKUX CTereHe cB0oOo/bl BbIpaxkaeTcss mpaBwioM (a3 ['mb6ca mnm 3akoHOM
paBHOBecuHs (a3.

HYCTI) cucreMa cocToutr u3z @O (1)213, Kaxkaad U3 KOTOPBIX COACPIKUT K koMmoHeHTOB.
HpI/IMeM B KA4YCCTBC MapaMCTpoOB, OMNPCACIIAIOIINX COCTOAHUE CHUCTEMbI, OAaBJICHUC D ,
TEMIICPpATYypPy Tnu KOHICHTpAH BCEX KOMIIOHCHTOB.

Yucno mapameTpoB, OAMHAKOBBIX BO BceX (pazax, paBHO AByM (p u T).

s ompenenenust cocraBa o00i dasbl, conepkameit K KoMInoHeHTOB, HEOOXOAMMO
ykazatb conepkanue (K-1) koMnoHeHToB.

s xapaktepuctuku Beex @ ¢a3 Heodxoaumo O (K-1) nepemMeHHBbIX.

Torna oOriee yncia0 mapaMeTpoB, ONPEAETAIOINX cocTossHUE cucTeMbl paBHO D(K-1) + 2.
O611ee ynciao ypaBHEHUH Ui BceX KOMIOHEHTOB paBHO K(D -1).

Takum 06pa3oM, YHUCIO TEPMOJUHAMUYECKHX CTENeHel cB00O0/bl (BapMaHTHOCTh) PAaBHO:
C=0K-1)+2-K(®-1)=K-®+2

[TpaBuno ®a3 ['mO6ca: B paBHOBECHOH TepMOIMHAMUYECKOH CHUCTEME, Ha KOTOPYIO U3
BHEIIHUX (DaKTOPOB OKa3bIBAlOT BIMSHHE TOJIBKO JaBJIEHHE U TeMIlepaTrypa, YHCIIO
TEPMOJIMHAMHYECKUX CTENEeHEeW CBOOOIBI PaBHO YHCIY KOMIIOHEHTOB MHUHYC YHCIO (a3 IUI0C
JIBA:

C=K-0+2 9)
[TpaBuiio a3 ['nbG6ca sBIsgEeTCS OCHOBHBIM 3aKOHOM (ha30BOTO paBHOBECHSI.
W13 Hero cienyer, YTO BAPUAHTHOCTh CUCTEMBI:
— pacTeT ¢ yBeITMYeHUEM YKciia KOMITIOHEHTOB U
— YMEHBIIAETCS PH pocTe yucina ¢as.
I[Ipu C = 0 (Ge3BapuaHTHas CHCTEMa) B PABHOBECHHM HAXOJUTCS MaKCUMaJIbHOE ISt
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JnaHHoM cuctemsbl uncio a3z @ =K + 2. B obmem ciygae O<K+2.

Ecnu n3MeHnenune qaBieHHs WM TEMIIEPAaTyphl IPAKTUYECKH HE BIUSIOT HA PAaBHOBECHUE B
cucteme (Hampumep, HeOOJbIIOE H3MEHEHHE JaBJICHHWsS HE BIMAET Ha paBHOBECHE B
KOHJICHCHPOBAHHBIX CHUCTEMax), TO BAPHAHTHOCTh CUCTEMBI YMEHBILIACTCS HA SIMHUILY H B 3TOM
ciydae npaBuio (a3 oyaer umets BUug C=K-® +n

Ecnu coctosinue cucreMbl ompeaensiercs, Kpome p U T eme W ApPYruMU BHEIIHUMH
dakropamMu (Hampumep, SJICKTPUUECKUMH, MArHUTHBIMU, TPABUTALIMOHHBIMU TIOJSIMHU), T.€.
YHCII0 BHEIIHUX (PAKTOpOB I OyzeT Oosblie AByX, TO mpaBmio (a3 I'mb0ca 3anumercs B Bune C
=K -® +n, agucno paz ® < K + n. JIng 0qHOKOMIIOHEHTHBIX CHUCTEM TpaBuiio ¢a3 ['mboca
umeeT BUA C=1-®+2 =3 - ®, T.e. B OIHOKOMIIOHEHTHBIX CUCTEMAX OJITHOBPEMEHHO HE MOT'YT
COCYIIIECTBOBAThH O0JIee TpeX PaBHOBECHBIX (ha3.

Ypasuenue Kinaneiipona-Kunaysunyca

PaccMmoTpuMm ¢a3oBblil nepexo/1 epBoro poja B 0IHOKOMIIOHEHTHOH cucteme. M3menenus
JABJICHUSI U TEMIEPATyphl IpU (Ga30BOM IEPEXOE 3aBUCST JIPYT OT Apyra.

s oOpaTUMBIX H30TEPMHUYECKHX IEPEXOA0B JCHCTBUTENBHO ypaBHeHue Kiameiipona-
Knaysuyca:

dp B ‘“HQJ.H.
dT TaV (10)

rie AHgn. — Temora (dasoBoro mepexoma, T — Temmeparypa (asoBoro
dp
nepexona, AV — usMeHenme oObema cucteMbl, @1 — NPOM3BOAHAS OT JABJICHHS IO
TeMIeparype.

KoHTpoJIbHBIE BOITPOCHI
1. JlaiiTe onpeneneHus NOHATUAM «(a3ay, KKOMIIOHEHT», «UUCIIO CTENeHEeH CBOOO B
Chopmynupyiite npasuio da3 ['nd6ca.

Tema 11. IlonsaTHe cCKOPOCTH XMMHUYeCKOH peakuuu. OCHOBHOI 3aK0H
XHMHUYECKOH KHHETUKH

IIpakTuyeckas padora Nel. [lonstue XuMuyeckod KHHETMKM U Kartanuza. CKOpPOCTb
XUMHUYECKON peakiuu, o0Ine NoHATH. MeToIbl peryaIupoBaHus CKOPOCTH peaKIuil.

XuMHUUecKass KWUHETHKAa — pa3ie] XHMHH, H3YYalolUi CKOPOCTh W MEXaHH3M
XUMHYECKHX peakiuii. CKOPOCTHI) XMMHYECKOH peaKMu Ha3bIBAIOT UBMEHEHUEe KOAULeCmEd
sewecmaa 8 eOUHUYY 8peMeHU 8 edunuye 0ovema (07151 20MOLEHHbIX peaKyutl) uiu Ha eOuHuye
nogepxHocmu pazoena Gas (015 2cemepoceHHblX peakyull).

KHHETHKA (JIp.-Tped. Kivnolg— JBHKCHUE) — MHUKPOCKONMUYECKAas TEOPHs IMPOIECCOB B
HEpPAaBHOBECHBIX cpeflax. B KMHeTHKe MeToJaMy KBaHTOBOM MJIM KJIACCUYECKON CTATUCTUYECKON
(u3uKK M3yyarT TpOIECcChl MepeHoca YHEPrUM, UMITYIbCA, 3apsjia ¥ BEIIECTBA B Pa3IUYHBIX
bu3ndeckux cucreMax (raszax, IUia3me, KHIKOCTSIX, TBEPABIX Telax) W BIUSHHE Ha HHUX
BHEIIHUX monei=l, B  omimume 0T TepMOIMHAMHMKM HEPAaBHOBECHBIX IIPOIECCOB U
DIEKTPOIMHAMUKH CIUIOIIHBIX CPEJi, KHHETUKA UCXOAUT W3 MPEIACTABICHUS O MOJIEKYJISIPHOM
CTPOEHUU PACCMATPUBAEMBIX CPEA, YTO MO3BOJSAET BBIYMCIUTHL M3 IEPBBIX MPUHLHUIIOB
KHHETHYeCKUe KOX(PGDUIMEHTHI, AUDIESKTPUUYECKUEC W MArHUTHBIC TPOHUIIAEMOCTH U JpyTHe
XapaKTepUCTUKU CIUIOMIHBIX cpea. DPusndeckas KUHETHUKA BKIIIOYAET B CceOs KHUHETHYECKYIO
TEOPUIO Ta30B M3 HEUTPAIbHBIX AaTOMOB WJIM MOJIEKYJ, CTaTUCTHYECKYIO TEOPHIO
HEPABHOBECHBIX MPOILIECCOB B wazmel=], TEOPUIO SBJICHUW TIEpEeHOCa B TBEPABIX Tejax
(IMdIeKTpUKaX, MeTallaX ¢ IOJYIPOBOIHUKAX) M JKUIKOCTAX, KHHETHUKY MarHUTHBIX
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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
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%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%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
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%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%93%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%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%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#Уравнения_переноса
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%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%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/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%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/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%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%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#Газы_и_плазма
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%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
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

IPOLIECCOB M TEOPUI0 KMHETUYECKUX SIBIECHUH, CBSA3aHHBIX C MPOXO0XKJIECHUEM OBICTPBIX YaCTHUI]
yepes BemecTBo. K Hell ke 0THOCATCA TEOpHsl IIPOLIECCOB MIEPEHOCA B KBAHTOBBIX KHUJKOCTSAX U
CBEPXIIPOBOIHUKAX U KHHETHKA (ha30BbIX Tepexononl=l,

Eciu w3BectHa (QyHKIMS pachpeieneHus BCEX YACTHI[ CHUCTEMBl MO HMX KOOpAWHATaAM U
UMITYJIbCaM B 3aBHCHUMOCTH OT BpeMEHHU (B KBAaHTOBOM CJydyae — MATPHUIIA IIOTHOCTH), TO
MOXXHO BBIYMCIUTh BCE€ XapPaKTEPUCTUKU HEPABHOBECHOW CHCTEMBI. BBIUMCIEHHE MOJHOU
GYHKIMH pacTpeIeICHHs SBISICTCS MPAKTUYSCKU HEpa3pelIuMOn 3a/1aueid, HO JIs OpeIeeHUs
MHOTHX CBOHCTB (PM3WYECKUX CHUCTEM, HAMIPUMEP, MOTOKA SHEPTUU WM UMITYJIbCa, JOCTATOYHO
3HaTh (PYHKIMIO pacrpeiesieHuss HeOOJIbIIIOro YKMCIa YacTHIl, a JUIsl Ta30B MaJIOH TUIOTHOCTH —
OJIHOM YaCTHIIBI.

B KuHeTuKe HCIOIB3YyeTCsl CYLIECTBEHHOE pa3jiMyue BPEMEH pellakcallud B HEPABHOBECHBIX
npolieccax; HampuMmep, JUIS ra3a W3 YacTUI[ WM KBa3HMYacTHI, BpPeMs CBOOOAHOTO mpobera
3HAYUTENIbHO OO0JIbIlIe BPEMEHU CTOJKHOBEHUS MEXKAY YacTULIaMU. DTO MO3BOJIAET MEPEUTH OT
MIOJTHOTO ~ OINMCAHHUA HEPAaBHOBECHOTO COCTOSIHMA (YHKIHMEH pachpeiesieHHs 10 BCEM
KOOpJMHATAM U HMIIyJIbcaM K COKPAaIIEHHOMY ONHCAHHWIO TMpU TMOMOIIK  (YHKIIHH
pacnpeneseHns 0IHOM YacTUIbl 10 €€ KOOpAHHATaM U UMITYJIbCaM.

Tema 11. IloHsaTHE CKOPOCTH XMMHUYeCKOH peakuuu. OCHOBHOI 3aK0H
XHMHUYeCKOH KUHEeTUKHU

IIpakTuyeckass padora Ne2. PeaknuoHHas crocoOHOCTh BemiecTB. OCOOCHHOCTH KHHETHKH
reTEPOTCHHBIX PEAKLIUIA

1. XuMu4ecKre mporecchl
XUMHYECKUE TTPOLIECCH — ATO PEAKIINH, MPOTEKAIOIIHNE C 00pa30Ba-HUEM HIOBBIX COCIMHEHUH.

Ha mnporexaHue .XMMHYECKMX pEaKUU BIHMAIOT TaKUEe XapaKTEPUCTU-KH, KakK SHEprus,
HeoOxoauMasi JuId Iepexoja 3JEKTPOHOB OT OJHOTO aTroMa K JAPYroMy: KOHIICHTpAI[Hs
XMMHUYECKHX BEIIECTB: AaBJICHUE U TeM-IIepaTypa; HaJIMuue KaTaau3aTopoB; (ha30BOE COCTOSIHUE
(TBepaoe, )KUJI-KO€ U ra3000pa3HOe) BEIIECTB U T.1I..

HpI/I O6p330BaHI/II/I XUMHUYECKUX CBS3eM MPOUCXOAUT BBIACICHUC UJIN TOTJIOICHUEC SHEPTHUU. Ot
MMponecCChbl IMOJHOCTHIO TOAYUHAIOTCA 3aKOHY COXPAaHCHUA BCHICCTBA W JOHEPruvu M HavdalaM
TCPMOAUHAMUKHU. Hcxonsa u3

OTHX 3aKOHOB, BO3MOKHOCTh MPOTEKAHUS XUMUYECKOW pEaKMu OINpeAesieTcs] MaKCUMaJIbHON
paboToil, MPOU3BOIMMOM JTaHHON peakiueld MpU JOCTHXKEHUH XMMHUYECKOro paBHOBECHS, 3a
BBIUMTOM COBEpILIaeMOi pabOTON MPOTUB BHEUIHETO JIaBICHUH (BO3AEHCTBHSA).

W3ydyeHrne XMMHUYECKHUX MPOIECCOB MO3BOJISET CAENaTh BHIBOJ, YTO BCE UX MHOT000pa3ue MOKeT
OBITH CBCACHO K peakiuiaM, HUAYHIUM JO IOJHOIO IMPEBpalICHUA HCXOAHBIX BCIICCTB, U
peaxiusM, MPOTEeKAIIUM B 000U B HANpaBIIEHUSX, HampuMep oOpa3oBaHHE U MOCIETYIOIINN
pacnag mpoaykTtoB peakumu (peakius bemoycoBa—XKaboturckoro). [logasmisto-miee uncio
XUMHUYECKHUX MPOIECCOB HIET Mo oOpatuMomy myTu. Ho MHO-KeCTBO peakiuil, mpuMeHseMbIX
JJFOAbMU, HeO6paTI/IMI)IZ B JTOM CcCliyda€ IpPOAYKTaMHU peaKI_[I/II\/’I ABIAKOTCA  BCUICCTBA,
HaXoJsIumecss B UHOM (a30-BOM COCTOSHUHM, YeM HCXOIHBbIE MPOAYKTHI peakuuu. Hampumep,
IPH  B3aMMOJICHCTBHM KHJIKOCTEH BBIISISICTCS Ta3000pa3HOE BEMIECTBO UM BBITIAJIaeT
HEPACTBOPUMBIHN 0CaZIOK (TBEPAOE COCTOSIHHE).

OOpatuMmble peakIMM IPH ONPENEICHHBIX CTAOWIbHBIX BHEUIHUX YC-JIOBUSAX JIOCTUTaIOT
COCTOSIHUSI XHMUYECKOIO paBHOBECHs, B 3TOM cilydae CKOpPOCTM MpOTEKAaHHs MPsIMOH U
oOpaTHON peakuuil paBHBI Apyr Apyry . OTkpeIThil B 1884 r. dpaniy3ckum yduenosim A.JL.JIe
[IlaTenbe NpUHIMI YTBEPXKAAET, 4YTO «ECIUM HA CHUCTEMY, HAXOZAIIYIOCS B HMCTHUHHOM
paBHOBE-CUHU, BO3JIEHCTBOBaTh W3BHE, W3MEHAS Kakoe-TM00 W3 YCIOBUH, OMpee-JsSIoX
MI0JIO)KEHUE PaBHOBECHs, TO B CHUCTEME YCUJIMTCS TO W3 HalpaB-JIGHUH Ipolecca, KOTOpoe
ocnabnser 3G EKT ITOro BO3ACHCTBUS, W TMO-JIOKEHUE DPABHOBECHUS CMECTUTCS B TOM JKE
HanpaBienuun*/ . Ilpossnenu-em npuHnuna A.Jl.Jle Illatenbe MOryT CiHyXuTh peakiuH,
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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#Фазовые_переходы
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%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

CBSI3aHHBIE C BblJIe-JICHHEM Teruta. Eciy Takylo XUMHUYeCKyI0 CUCTEMY TOJIBEPTHYTh HarpeBy, TO
peakuus OyAeT UATH B 0OpaTHYIO CTOPOHY, T.€. OTJIOMATh SHEPTHIO.

MHor006pa3He OKpYXaromux HaC BCIICCTB MOXKHO OOBICHUTH C IO-3MIIMHU XUMHUH.

B mepByio ouepeap MHOrooOpasue BEIIECTB OINPENENIeTCS MHOT000-pa3HeM XUMHUYECKUX
9JIEMEHTOB, M3 KOTOpPHIX 92 MpPHCYTCTBYIOT B 3E€MHOM KOpe, a OCTaJbHbIE MOJIy4YECHBI
MCKYCCTBEHHBIM ITYTEM.

Bropas npuunHa MHOTOoOpa3us 3aKiloueHa B CYIIECTBOBAHUM TPEX arperaTHbIX (WU (a30BbIX)
COCTOSIHUH, 00€CIIEUNBAIONINX TBEPAOE. KHJI-KOE U Ta3000pa3HOe COCTOSIHUE BEILIECTBA.

B TBepaoM COCTOSHUM 3JEMEHTHl MOTYT OpPraHH30BBIBATH PA3JIMYHBIE KPUCTAIIMYECKUE
coeauHeHus. V3BeCTHO, YTO yIJepoJ CyIIeCTByeT B BuIe Trpadura, KapOuHa, anM.a3a u
nosydeHHor B 1985 r. HoBoW Moaudu-karuu (QysuiepeHa, pasInyaromnuXxcs HE XUMHUYECKUM
COCTaBOM, a IIPO-CTPAHCTBEHHBIM PACIOJIOKEHUEM aTOMOB B KPUCTANTMYECKON pEeIIETKE, U 3TO
TPEThsl MPUUHHA.

XUMUYECKHUE peakunu OTBCTCTBCHHBbI 3a o6pa303aHI/Ie OECKOHEYHOTO KOJIMYECTBA
BCCBO3MOKHBIX COGHHHGHHﬁ.

Z.PeaKLII/IOHHaFI CIIOCOOHOCTH BCIICCTB

Camas o0masi KaueCTBEHHAsl XapaKTEPUCTHKA JIIOOOT0 XHMHUYEC-KOTO 3JIEMEHTa - 3TO €ro
XUMUYECKass AaKTUBHOCTb, KOTOpas II0 OTHOLICHUIO K JAPYTMM XUMHUYECKHUM BEILIECTBAM
pa3nuyHa, Hapu-Mep, HHEPTHBIE Ta3bl U OJaropoIHBIE METAJLUIBI WK BCESITHBINA (HTOP.

I/ICTOpI/I‘leCKI/I IICPBBIMHU ObLIH OTKPLITBI 3JICMCHTBLI C MajJold XMMHYECKOH aKTUBHOCTBIO —
HEMCTAJIJIBI U MCTAaJLJIBI.

PeakunonHas crmocoOHOCTh MPOSBISETCS B CIIOCOOHOCTH 3JIe-MEHTOB ObICTpee MPUCOEAUHUTD K
cebe WM OTHATH Y YK€ 00pa30-BaHHBIX COCTUHEHUN KaKOW-IIMOO, HO BIOJIHE ONpEICTICHHBIN
aIie-MEHT U 00pa30BaTh JOCTATOYHO YCTOMUMBOE COSAMHEHHE C HUM.

AXTHBHOCTB OTACJIBHBIX XUMHUUYCCKHUX 3JICMCHTOB BO3PACTACT IO MEPEC HpI/I6J'II/I)KeHI/I$I K JICBOMY
BCPXHEMY YTIIY Ta6J'II/II_IBI QJICMCHTOB MeHﬂeneeBa.

K yCTOﬁqHBBIM XHUMHUYCCKUM COCAMHCHUAM OTHOCATCA KHUCJIO-THI, IICJI0YN U BOJA (npaB,ua, BOJa
O4YCHb YCTOﬁqHBa B YUCTOM an[e).

AKTUBHOCTh WJIU PEAKIMOHHOCTh (CIIOCOOHOCTH BCTyNaTh B XWMHUYECKHE PEAKIIMHU), BEIIECTB
WJIM WX 3JIEMEHTOB, KaK MPaBUJIO, CBsA3aHa C JIEKTPUUYECKUM MOTEHIIMAIOM, KOTOPbI OHU HECYT
WM MOTYT NMPUOOPECTU MPH OMPECIICHHBIX BHEIIHUX YCIOBUSX, a TaK-)K€ C HEOOXOIAUMOCTHIO
3aTpaThl SHEpPruH. Pa3nmuuaroT ciemyromue THUTBI CBs3el: TOMHAs (JIEKTPOBAJICHTHAS),
KOBAJICHTHAs, KOOpAM-HATHBHAs W  BOJOpPOAHAs, HO CyThb IPOLECCOB €IuHA —
nepepacn-peiefiecHHe AJIEKTPOHOB aToMa BO BHEIIHUX oOonoukax. Kak more-ps, Tak u
MPUCOSANHEHNE AaTOMaMHU DJEKTPOHOB COMPOBOXKIAETCS dHepreTudeckum spdexktom —
sHeprueil nonnzanuu. BennunHa ee 3aBUCUT OT 3apsija siipa U OT aTOMHOTO pajJunyca.

Cornacno npunnuny Jle-1llarense, u3MeHEeHNE OQHOTO U3 YC-JIOBUH (TeMIlepaTypbl, AABJICHUS,
KOHIEHTpAIUHU), MPU KOTOPBIX CHU-CTEMa HAXOJUTCS B COCTOSIHUM XHMHYECKOTO paBHOBECHS,
BBI3bIBA-€T CMEILEHUS PABHOBECUS B HANPABIECHUU TON pEaklMU, KOTOpas MPOTUBOACUCTBYET
MIPOU3BEIEHHOMY U3MEHEHHUIO.

bonpimioe BiusHHE Ha CKOPOCTh pEaKLUMM OKa3blBalOT KaTalu3a-TOpbhl — BEIIECTBaA,
M3MEHSIOIINE CKOPOCTh PEaKIMK JH00 MPUBO-IAIINE K HEHM Mociie UX BBEACHUS B XUMUYECKYIO
CUCTEMY, HO HE BXOJSIINE B COCTaB KOHEYHBIX NPOAYKTOB. [Ipn 3TOM peakius mpo-Tekaer npu
Oonee HM3KMX 3HAYEHUSAX OHHEPruH, 4yeM B cucreMe. He-akTHBHBIM dYacTuIlaM BellecTBa
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KaTaJM3aToOpPbl OTAAIOT CBOIO SHEP-THIO, Aeias MX PEaKIMOHHO-CIIOCOOHBIMU JUIS IPEOIOTICHUS
SHEP-TETUYECKOT0 Oapbepa peakIyy.

KaTanuszaropsl He TONBKO CO3/AIOT YCIOBHUS JUIS PEAKLUH, HO M YBEIHMYMBAIOT UX CKOPOCTH OT
HCCKOJIBKHUX OO0 ThICAY pas. B HaCTO-A1ICC BpCMs OOJIBIINHCTBO IMPOMBIINIJICHHBIX XUMHUYCCKUX
IPOLIEC-COB SIBIISIOTCS KATAIUTHYECKAMH.

[To Mepe pa3BUTHS KaTaIM3aTOPOB MOSBUINCH U 100aBKH K HUM: IPOMOTOPBI — YCHIJIMBAIOLIHE
Y UHTHOUTOPBI — TOPMO3SIILUE UX

JIICUCTBUE.
B nenom posp kaTanuza B CIEAYIOIIEM:

l.AKTHBU3UPYET MOJICKYJbl pearceHTa NpH KOHTAKTE C KaTalld- 3aTopoM 3a CYeT
HETIOJTHOBAJICHTHOTO B3aUMOJICHCTBHS M pacciiad- JCHUs XUMHUYECKUX CBs3ei. MIHave B peakTop
HEO0OXOMMO MOJBO-- TUTh SHEPTHUIO,

2.Karanutudeckas peakius MPOUCXOIUT Yepe3 MPOMEKYTOU- HbIH KOMILICKC, B KOTOPOM HJET
nepepacnpeesieHue pacciadiieH- HbIX (HEeIOTHOBAJIIEHTHBIX ) XUMUYECKUX CBSI3EH.

3. B nopaBnsomeM OOJBIIMHCTBE CIy4aeB B KauyecTBE KaTajlM- 3aTOPOB BBICTYHAOT
COEIMHEHUS, MOJIEKYJbl KOTOPBIX COAEpKAaT LIUPOKUN BBHIOOP ZHEPreTUYECKH HEOJHOPOHBIX
CBsi3e WM Jlaxke CBOOOIHBIE aTOMbI Ha TOBEPXHOCTH.

4. HemoTHOBaJIGHTHOE B3aMMOJAEHUCTBUE MOJIEKYJ peareHTa, C KaTajau3aTopoM MOXKET JaTh elle
yeThIpe 3¢ dekTa:

-XUMHUYCCKasA OpUCHTAIA peaKHI/Iﬁ B 3aJIaHHOM HaITpaBJICHUU
BLI6paHHOM KaTaJIu3aTOPOM U3 HECCKOJIbKHX BO3MOXKHBIX]

-MaTpU4Has OPUEHTALUs PeaKLui, IPOSBISAIOIIASICS B TOM, YTO U3MEHEHHUE CTPYKTYpPbl MOJIEKYII
peareHTa oOIpenensercss O0cOo0eH-- HOCTAMU TIE€OMETPHUYECKOTO0 CTPOCHHsI IOBEPXHOCTH
KaTajan3aTopa WM OCOOCHHOCTSIMHU CTPYKTYpPbI KaTATUTUYECKOTO KOMILJIEKCa;

-yBEJIMYEHUE YHCIIa BCTPEY pearupyrollux MOJEKYJ MpH Ie-- peBojie peakiuu U3 oobeMa Ha
MOBEPXHOCTb KAaTaJIU3aTopa;

-3aXBaT KaTaJau3aTOPOM HEKOTOPOM YaCTU 3HEPrUU DK30TEP-- MUYECKOM peakluu, TO €CTb
IIPEBpAILCHUE KAaTaau3aTopa B JHEPre-- THYECKYIO JIOBYLIKY JUIsl SHEPIeTUYECKON MOAIUTKH BCE
HOBBIX aK-- TOB PEAKIUU.

PaznuuatoT roMoreHHbIN, reTepOreHHbIN 1 OMOXUMUYECKHH Ka-TaIus3.

['omorennsiii katanu3. Cpeau MHOTOYHMCIEHHBIX KaTalUTHYeC-- KX pPeakIHnii 0cobdoe MecTo
3aHUMACT KaTaJIn3 B LHCIHBIX PCAKIN-- AX aKTUBHBIC YaCTUIIbL B3aHMOH€ﬁCTByIOT C BeieCTBaMu,
o0pa- 3yI0T He TOJBKO MPOIYKTHI PEAKIIMU, HO M HOBYIO aKTUBHYIO YacTH- 11y. Takue peaxiuu
HIMPOKO pacmpocTpaHeHsl B [lpupone monm-mepusaiusi, XJIOpHUpOBaHHE, OKUCICHHE U T. 1.,
UIyIFE TI0 pau-- KAThHO-IIETHOMY MEXaHU3MY (C 00pa3oBaHWEeM CBOOOIHOTO paju- Kaia).
Cpenn karamm3aTopoB o0co00Oe MECTO 3aHMMAIOT COCIWHEHUS METAJIOB MEpPEeMEHHOMN
BAJICHTHOCTHU

I'ereproreHsslii karanu3. Bo MHOrux ciay4asx MpH 3TOM KaTalau-3€ IIPOLECC OKUCICHUS
CBOAUTCA K aAcOpOLMM OPraHMYeCKOro CO-€IMHEHUS U KHUCIOpoJa Ha TOBEPXHOCTH
KaTaJln3aTropa, KOTOPHIH pa3phbIXJsieT CBSI3M KOMIIOHEHTOB M JeNIaeT MX Oojiee peakMOHHOE
crnocoObHbIMU. Poib KaramumzaTopa MNpOSIBISIETCS B M3MEHEHUU CKOpPO-CTM M HalpaBleHUS
MU30MEpU3ALUU IIEPEKUCHBIX. PAJUKAJIOB.

buokaranus, i ¢pepmeHTaTuBHBIN KaTtanu3. OH Hepa3pbiB- HO CBA3AaH C JKU3HENEATEIbHOCTHIO
KJIIETKM. XUMHYECKMMH pPeEakK-- LUSAMH B KIETKE YIPaBIAIOT OPraHUYECKUE KaTaau3aTopbl
(dbepMeHThI. DTO aMUHOKHCIIOTHI B BU/I€ MOJIUMIENTHAHBIX Lenei.

Pazpen xumuM, H3ydalOMMi CKOPOCTH XUMUYECKHX pEaKLMi, HA3bIBACTCS XUMUYECKOU
KHHETUKOMH.
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CKOpOCTh XMMHMYECKOW peakuuH. XHMHUYECKHE PEaKIUMU MPOTE-KAlT C Pa3IMYHbIMU
CKOPOCTSAMMU. HGKOTOPBIG N3 HUX MMOJIHOCTBIO 3a-KaHUYUHAIOTCA 3a MaJIbIC JOJH CCKYHIbI, APYTHUC
OCYIIECTBIISIIOTCA 32 MHHYTBI, Yachl, JHM; HM3UECTHBI DPEAKIMH, TPEOyromue sl CBOETro
IMPpO-TCKaHus, HCCKOJIbKO JICT, I[GCSITI/IJIeTI/If/'I n cume 6OHCG OJIUTCIIBHBIX OTPE3KOB BPCMCHHU.
Kpome Toro, ogHa u Ta ke peakiusi MOKET B OJHHUX YCIIOBHSX, HAllpUMEp, MPU MOBBIILIEHHBIX
TEMIIEpaTypax, MPOTEKATh OBICTPO, a B IPYIUX. — HAIIPUMEp, IIPU OXJIAXKIEHUU, — MEIJICHHO;
[P YTOM Pa3IMYUe B CKOPOCTU OJHOM U TOM K€ peaKIIM1 MOXKET ObITh OUYEHb OOJIBIINM.

3HaHUE CKOPOCTEW XMMHYECKHUX PEaKIMid MMEeT OYeHb OOJBbIIOE HAYYHOE M IMPAKTUYECKOE
3HadyeHue. Hampumep, o XUMHUYECKOH MPO-MBIIIIEHHOCTH MPU NPOU3BOJACTBE TOI'O WM HMHOIO
BELIECTBA OT CKO-POCTH PEAKLMU 3aBUCIT pa3Mepbl M IMPOU3BOAUTEIBHOCTh ammapa-Typbl,
KOJINYECTBO BbIPAOATHIBAEMOT'0 MPOJYKTA.

IIpu paccMoTpeHHMHM BOIpPOCa O CKOPOCTH peakUUd HEOoOXOAMMO pa3M4aTh pEaKLUH,
IPOTEKAIoIMe B TOMOT€HHOM cucTeMe (IO MO-T€HHbIE PEaKLMK), U peakluu, MPOTEKaoLIue U
reTepOreHHOM CU-CTEME (F€TePOreHHbIE PEAKIIIH).

CucremMoii B XHMHHU [IPUHATO HAa3bIBATh pPACCMATPHUBACMOC BC-LICCTBO UM COHOKYITHOCTH
9 ecCTB. HpI/I 9TOM CHCTCMC IIPOTHUBOIIO-CTABJISICTCA BHCHIHAA CpCda — IICHICCTBA,
OKpYKaromue CUCTEMY. OOBIYHO CUCTEMY (1)I/ISI/ILIGCKI/I OTrpaHU4YCHa OT CPCbI.

PaznmuuaroT TOMOr€HHBIE W TETEPOrCHHBIE CHCTEMBI. ['0-MOT€HHOM Ha3bIBAETCA CHCTEMA,
coCTOsAIIAasT U3 OAHOM (ha3bl, TETEPO-TeHHOW— CHCTEMa, COCTOS TS M3 HECKOIbKHuX ¢a3. Dazou
HAa3bI-BAa€TCAd YaCTh CHUCTEMBI, OTACIICHHAsA OT JPYTUX €€ 4acTeil MOBEPXHO-CThIO pa3jena, Mpu
Mepexo/Ie Yepe3 KOTOPYIO CBOMCTBA UBMEHSIOTCSI CKAUKOM.

[IpriMepoM TOMOTE€HHOM CHCTEMBI MOXKET CIYKUTh JIt00as ra3oBas cMech (Bce rasbl IIpU HE
OUYCHb BBICOKHMX JIaBJICHUSX HEOTPAHUYEHHO PACTBOPSIIOTCA JIPYT B ApYre), XOTs Obl cMech a30Ta
C KUCJIOpPOJOM. [Ipyrum npuMepoM rOMOI€HHOW CUCTEMBI MOKET CIIYKUTh PACTBOP HECKOJIBKHUX
BEIIIECTB B OJJHOM PacTBOPHUTENIE, HAIPUMEP PACTBOP XJIO-pUJa HAaTpus, Cynb(ara MarHus, asora
U KHCIIOpOJa B BOJAE. B KaX-I0M M3 3THUX JBYX CIIy4aeB CHUCTEMa COCTOUT TOJIBKO M3 OJIHOM
(a3bl: U3 ra30Boif (ha3bl B HEPBOM NMPUMEPE U U3 BOJHOTO PACTBOPA BO BTOPOM.

B kauecTBe NMpUMeEpOB reTEPOreHHBIX CHCTEM MOKHO MPUBECTH CJIE-YIOIINE CUCTEMBI: BOJA CO
JBJOM, HACBIIIEHHBIA PAaCTBOP C OCAJAKOM, YTOJib U cepa B aTMocdepe Bosznyxa. B mociennem
ClIy4ae CUCTEMa COCTOUT U3 TpexX (a3: IBYX TBEPJbIX U OJHOU ra30BOM.

Kak yxe ropopuiocs, Ipy NpakTHYECKOM MCIOJIb30BaHUN XUMHU-YECKUX PEaKLUi BECbMa BaXKHO
3HaTh, C KAKOW CKOPOCTHIO OYyJeT MPOTEKaTh JaHHAs PEeaKlUs B TEX WJIM UHBIX YCIOBUAX, U KaK
HY>XHO M3MEHHUTh 3TH YCJIOBHSA JAJISl TOTO, YTOOBI peakiys MpoTeKaia ¢ Tpedye-Moi CKOPOCThIO.
K BaxHelmuM ¢pakropaMm, BIUSIONIUM Ha CKOPOCTh PEAKIMU, OTHOCATCS CIEAYIOIIUE: IprUpoaa
pearupymoomux BEIIeCTB, HMX KOHIEHTpalUH, TeMIeparypa, IPUCYTCTBUE B CHCTEME
Karanu3aTopoB. CKOpOCTb HEKOTOPBIX TE€TEPOTEHHBIX PpEaKIUW 3aBHCUT Takke OT
WHTEHCUBHOCTU JBMKEHHS KHJIKOCTH WJIM Ta3a OKOJO MOBEPXHOCTH, HA KOTOPOW MPOUCXOIUT
peaxkuu.

Paznen xuMmuu, 3aHUMAIOUIMIICS KOJMYECTBEHHBIM OIPEAEICHUEM TEIJIOBBIX 3(PQPEKTOB
XUMUYECKUX PEaKLMM, Ha3bIBACTCS XMUMHMUYECKOW TEpMOAMHAMHUKON. B OCHOBY €ro moioKeHbl
3aKOHBI TEPMOXHUMMH, SBJISIFOLIUECS CIEICTBUEM 3aKOHA COXPAHEHUS YHEPTUU:

-1 K@XKION0 XUMHYECKOTO COCIMHEHMS TEIUIOTa pPAa3jloKEHHs paBHas TEIUIOTE €ro
o0pa3oBaHMs, HO UMEET MPOTHBOIOJIOXKHBINA 3HaK. Tak, mIpH pa3iokeHuH 1 Moisl MeTaHa Ha
yriepoa u Bojxopon morjomaercss 11,7 Kkan TennoTsl - TernoBoi 3QQeKT peakuuud 3aBUCHT
JUIIb OT MPHUPOABI U (PU3MUECKOTO COCTOSIHUSI UCXOJIHBIX BEUIECTB U KOHEYHBIX MPOIYKTOB, HO
HE 3aBUCHUT OT ITIPOMEKYTOUHBIX CTaJUN peakluu- 3aKoH I 'ecca.

[Tpu 3TOM B TEPMOXUMHUYECKUX pacyeTax TemjaoTa 00pa3oBaHus MPOCTHIX BemecTB npu 15° C u
760 MM PT. CT, IPUHUMAETCS PAaBHOU HYIIIO.
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Hanpumep, okucek yriepoja He oOpaszyeTcsi HEMOCPEICTBEHHO W3 Yriiepoja U KUCIopoaa, a
CJIEIOBATENLHO, TETUIOBOU 3(PEKT ITON peak:Uu He MOXKET OBITh ONPEACIICH OMBITHBIM ITyTEM.
Ho, 3nas termoty o6pazoBanust CO2 u3 yriepoaa u kucioposa (94 Kkan) u TemioTy cropaHus
CO B CO2 (67,6 Kkai), 1erko BEIMUCIUTH TEIJIO-Ty 0Opa3zoBanust CO

U3 3akona ['ecca cinepyeT Takyke BBIBOA: TEIUIOBOM 3P QEKT pe-aKIUKU PaBeH Pa3HOCTH MEXIY
TEIUIOTOW 00pa3oBaHMs BCEX IMOJIY-YAIONIMXCS BEIIECTB M TEIUIOTAMU OOpa30BaHUsS MCXOJHBIX
BEIIECTB, YTO MO3BOJISIET YIIPOCTUTh BCE TEPMOXUMUYECKUE PACUETHI.

Bce xumuyeckue peakiiuu MpoTeKaroT C BbIICICHUEM WM MO-TJIOMIEHUEM SHEPIHH, KOJTHMYECTBO
KOTOpPOM HAa3bIBAIOT TEIIOBBIM 3((ekToM peakiuu, TemnoByio 3HEPruo, COMPOBOXKIAIOIIYIO
00-pa3oBaHME BEIIECTBA, HA3BIBAIOT TEIUIOCOACPKAHUEM, WU IHTANIb-TIUEH; YPaBHEHHUS 3TOTO
mpolecca ¢ yKa3aHHeM TeIUIoBOro 3¢d-dekra - TepMOXUMUYECKUMH. XUMHUECKHUE peakluu
HAa3bIBAIOT PK30TEPMUUYECKUMHU IPU BBIICJIICHUN TEIUIA, @ PEAKIMH C MOMIOIe-HUEM TETUIOThl —
SHAOTEPMHUECKUMHU, TO €CTh PE3yIbTUPYIOMIUNA TPOAYKT, COOTBETCTBEHHO, 00J1a/1aeT MEHbILIUM
Wi OOJBIIMM TEM-JIOCOJAEPKAaHUEM, YeM HMCXOAHbIEe MPOAYKThl. Hampumep, ¢ Bblnene-HUEM
TeIU1a UJET peakius oOpa3oBaHUs BOJIBI:

TepMoxuMHUECKME peakluu, Kak IIPaBUJIO, XapaKTEPHU3YIOTCS KOBAJIEHTHOM  CBSA3BIO
JJIEKTPOHHBIX IIap B3aMMOJEHCTBYIOIIMX aTO-MOB. Mepoi MPOYHOCTU 3TOW CBSI3U SBIIAETCS €€
SHEPrusl, UM SHEP-TUsl, HEOOXOoaUMast sl €€ pa3pyLIeHHUs.

B n3011poBaHHBIX CHUCTEMAX BCE TEPMOAMHAMUYECKUE IPOLEC-ChI C BEILECTBOM HE IPUBOIAT K
YMEHBLIECHUIO SHTPOIIMH, & B HE-U30JIMPOBAHHBIX CUCTEMAX IPOLECCHl UAYT B OJHUX CIIydasX ¢
[IO/-BOJIOM Te€IlIa, B APYIUX - C €r0 OTBOJOM, a 3HAK DHTPOIMU COBIIA-JACT CO 3HAKOM TEILIOTHI
npouecca. TakuM 00pa3oM, XUMHUYECKHE IPOLIECCHl, IPOUCXOJSAIINE B HEU30JIMPOBAHHOMN
cucTeMe, MOTYT UMETh JIF000M 3HaK HTPONUM; MHOTJA OH MOXET MEHSAThCS U C U3-MEHEHHEM
BHEIIIHUX YCIIOBUM, HAIIPUMEDP BHEIIHETO JABJICHMUS.

Beskas xuMudeckas peakius COIPOBOXKIAETCS U3MEHEHUEM 3a-11aca DHEPTUHU U PEearupyrolux
BellecTB. UeM Oouibllie 3HEPTUU BBI-JENUIOCH MPU OOPAa30BAHUM XHMHUYECKOTO COEIMHEHUS,
TEM, KaK IPaBUJIO, 3TO COeIMHEHHE Oosiee YCTOWYMBO, TaK KaK SHTPOIMHUS BBILIE.

Tema 12. @akTOpPBHI, BJUAOIINE HA CKOPOCTh XMMHYECKOH PeaKIuu

Ilpakmuueckasa paboma Nel. BnusHue KOHUEHTpallMW peareHToB. BnusHue
TeMIEepaTypshl. IIpaBuio Bant-T'odda. VYpaBHeHue AppeHnnyca.
[TpensKkcrnoHeHIMATBHBIA MHOXKUTEb. DHEPIHs aKTUBALIUH.

CKOpOCTh peakiuy 3aBUCUT OT IPHUPOJBI PEarMpyroOIIUX BELIECTB, X KOHILIEHTPAIWH,
TEMIIepaTypbl, IPUCYTCTBHSI KaTaIU3aTOPOB.

[Ipu TmOBBIIEHUH TEMMEPATypbl CKOPOCTh XHMMHYECKHUX PEAKIUN yBEIMYUBACTCS.
Cornacuo nmpasuiy Baur-I'opda: npu nosviwenuu memnepamypor na 10 epadycos ckopocms
peaxyuu yseauuusaemcsi 8 2-4 pasza

TZ_TI

= 10
Y ,

\P
4

I7I€ V2 ¥ V| — CKOPOCTh peakuuu npu temneparypax T2 u Ti; y — TemnepaTypHbiii ko3 puiinent
CKOpPOCTH peaklVM, IOKA3bIBAIOIIUN, BO CKOJIBKO pa3 YBEIWYMBAETCA CKOPOCTb PEAKIUU IIPU
MOBBIIIEHNH Temneparypsl Ha 10 rpaxycos.

Tema 12. @akTOpPBI, BIUAOIINE HA CKOPOCTh XMMHYECKOH peakunu

Ilpakmuueckas paboma Ne2. KaranuzaTopbl 1 KaTAIUTHYECKUE CUCTEMBI. | OMOTCHHBIHA
Y TeTepOTreHHBIN KaTaln3

®a3oBo€ paBHOBECHUE
N3 sToro npuHIuIa CJICeayeT, 4To
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- TIPY YBEJMUYCHUHU [ABJICHHUS PAaBHOBECHE CMEIACTCS B CTOPOHY TOW peakIiu, KOTOpas
COIIPOBOJKIAETCS YMECHBIICHHEM YHCIIa MOJIEH Ta3000pa3HbIX BEIIECTB, a MPH yMEHBIICHUH
JaBJICHUS - B CTOPOHY pEaKIMH, COMPOBOXIAMOIICHCS YBEIMYEHHEM YHCIa MOJICH
ra3000pa3HBIX BEIECTB;

- IPY YBEJIMYEHUU TEMIIEpaTypbl PABHOBECUE CMEIIAETCS B CTOPOHY PEaKLUU, UAYLIEH C
NOIJIOUIEHUEM TEIJIOTHI (SHAOTEPMHUYECKOM), NP YMEHBLIEHUH TEMIIEpaTypbl — B CTOPOHY
peaxuu, UIyIeH ¢ BbIICICEHUEM TeIUIOThI (IK30TEPMUUECKOM ).

[Ton ¢azoii MOHUMAIOT OJHOPOIHYIO YACTh CHCTEMBI, OOJAJAIONIYI0 OJUHAKOBBIM
COCTaBOM, (PM3MYECKUMH M XHUMHUYECKUMU CBOMCTBAMHM W OTIEJICHHYIO OT JAPYTrUX 4YacTei
CHCTEMBI TOBEPXHOCThIO paszziena. CHCTEMBI, COCTOSIIME W3 HECKONbKHX (Da3, Ha3bIBAIOT
reTeporeHHbIMU, U3 OJHOU (pa3pl — romoreHHoil.. Ilepexoapl, mpHU KOTOpBIX BellecTBa 0Oe3
HN3MCHCHUA XUMHUYCCKOI'0 COCTaBa IMEPECXOAAT OT OAHOI'0 arp€raTHoOro COCTOSAHHA K APYyromy,
HA3bIBAIOTCS ()a30BBIMH MEPEXOIaAMH.

Mexnay ¢azamu TeTepOreHHOW CHCTEMBI MOXET YCTaHABIUBATHCS PAaBHOBECHE, KOTOPOE
Ha3bIBaeTCs (pa30BbIM paBHOBecueM. Hampumep, B HaChIILIEHHOM pacTBOPE COJM B PAaBHOBECHU
HaXOJATCs 2 coCTaBAOIINE €€ (pa3bl - KUAKUN pacTBOP U KPUCTAILIbI, CKOPOCTh PACTBOPEHUS
KOTOpBIX paBHa CKOPOCTH MX Kpucraumsauuu. da3oBoe paBHOBECHE —COCYILECTBOBAHUE
TEPMOJIMHAMHYECKH PAaBHOBECHBIX (pa3, 00pa3yonnx paBHOBECHYIO CUCTEMY.

Karanuzatopsl — BeIECTB, U3MEHSIOIUE CKOPOCTh HJIM BO30YXIAaroIMe XMMHUYECKHUE
peakiun. CuCTeMBI, B KOTOpPHIX paboTaeT KaTaqu3aTop, OTHOCATCS K KaTaJUTUYECKHM
cucremaM. Kak npaBuiio, Karaau3aTopbl HE CMEIIAIOT XUMUYECKOE PABHOBECHE, @ B OJJUHAKOBOU
CTENEHU HU3MEHSIIOT CKOpPOCTb NMpsIMOW M oOpaTHOM peakuuu. KaranusaTopsl MOryT YCKOPSATH
WIH 3aMEeUISITh HACTYIIEHUE PABHOBECHS, HO HE U3MEHSIOT KOHCTAHTY PAaBHOBECHS.

OcCHOBHBIC XAPaKTCPUCTUKU  KaTajlu3aropa — KaTAIUTHYCCKAasd AaKTUBHOCTb U
CCIICKTUBHOCTD.

Karanutrueckas akTHBHOCTb XapaKTepU3yeT U3MEHEHUE CKOPOCTH TaHHOM PEAKLUU IIPU
BBCJICHUM B PEAKIIMOHHYIO CUCTEMY KaTaJIM3aTOPa, €€ Mepa — KOHCTAHTA CKOPOCTH PEAKIUU.

CenexkTUBHOCTh — HM30HMpaTeNbHOe ICHCTBHE KarTajau3aTopa Ha ONPEACICHHBIA BUJI
peakiuu. Tak, MpU MPOITyCKaHUH MApOB 3TAHOJIA HAJl METHBIM HJIM HUKEJIEBBIM KaTaau3aToOpoM
oOpasyercs dTaHalb (AJTbJIETH); €CITU KaTalu3aTop — OKCHJI aJTFOMHHHUS, 00pa3yeTcst STUIICH.

HNuorna KaTaJIm3aTop 06pa3yeTc;I B XOI€ peaKHHﬁ, KOTOPBIC TIOJYYHUIIAN Ha3BAHUC
ABTOKATAJIUTUYCCKHUMH.

KaTaJ'II/BaTOpBI MOTYT H€ TOJIBKO YCKOPATH, HO U 3aMCJIATh CKOPOCTb PCaKIHU. Takue
KaTaJIn3aToOpbl HA3bIBAIOT I/IHFI/I6I/ITOpaMI/I. I/IHFI/I6I/ITOpI)I, TOPMO3AIIHUE IMPOLECC OKHUCICHUA,
Ha3bIBAIOT AHTUOKHUCIIUTCIAMU WM AaHTHOKCHUIaHTaMU. Hx NPUMCHAIOT JJIA CTa6I/IJ'II/ISaHI/II/I
OCH3MHOB M CMa30YHBIX Macell, MNpeaoxXpaHeHud OT CTAapCHUSA HNOJIUMCPHBIX MATCPUATIOB,
NpeaoTBpaliCcHHUA IPOUECCOB OKHUCIICHHUA MPOAYKTOB IHUTaHUA W YBCIUWUCHHUA CPOKOB HX
XPaHCHUA (HaanMep, BUTaMUH E) HeKOTOpBIC CMCCHU aHTHOKCHAAHTOB OKa3bIBAIOTCs Oonee
AKTUBHBIMH, 4YEM K&)K)II:Iﬁ AHTUOKHUCIIUTCIIb B OTACIBbHOCTH. Takoe sBICHUE HAa3BIBACTCS
CUHCPIrU3MOM. CI/IHCpFCTI/I‘{eCKI/IM I[Cf[CTBHCM OGJ’I&I[&IOT U HCKOTOPBLIC BCHIICCTBA, HC
OTHOCAIIHNECA K aHTUOKUCIUTCIIAM. HaanMep, JJUMOHHas1 H aCKap6I/IHOBaH KHUCJIIOTBI B
3HAYUTEIbHON CTEIIEHU IOBBIIIAI0T aKTUBHOCTD AHTHOKCHIAHTOB, T.C. ABJISIFOTCA CUHCPIrUCTaMHU.

XUMHYECKHUE CUCTCMBI, B IPOHCCCAX KOTOPLIX YHYACTBYIOT KaATaJIMU3aTOPbI, HA3BIBAKOT
KaTaJIUTUYCCKUMH.

39



KaTaJ'II/IBaTOpI)I, Haxoasamueca B CHCTEME B TOM K€ (baSOBOM COCTOSAHHUH, 4YTO H
pCarcHThl, Ha3bIBAIOTCA TOMOI'CHHLIMHU. MexaHn3M TOMOICHHOI'O KaTaln3a OOBICHSAIOT Ha
OCHOBEC TCOPHUHU IMIPOMEKYTOUHBIX COC,Z[I/IHGHI/II‘/'I.

Ecnu xaTanm3aTopsl U peareHThl HaXOATCs B pa3HbIX (a3ax M UMEIOT TPaHULIBI pa3jea,
TO KaraJu3 Ha3blBAE€TCS TIETEPOreHHbIM. MeXaHu3M TeTepOreHHOIo KarTajau3a CJOXEH.
[Ipenmnonaraercd, 4ro peakuuss MJIET HE Ha BCEH IOBEPXHOCTH, a HA AaKTHBHBIX LIEHTpPAX.
[TosToMy GomblIOe 3HaYEHHE MMEET Cnoco0 MPUIOTOBIEHHS KaTaiau3aropa U o0paboTKa ero
MIOBEPXHOCTH.

Tema 13. MexaHU3Mbl XUMHYECKHX PeaKkI Uil

IIpakTnyeckas padora Nel. OcuHoBHble noHsATHA. Krnaccudukanus XMMUYECKHX peakUuil u
3aKOHOMEPHOCTH UX IPOTEKAHUSA. MOJIEKYJIIPHOCTb PEAKIIUH.

[IpocTeie peakuuu — 3TO pPEaKUUH, KOTOPBIE HAYT COIJACHO CTEXHOMETPUYECKOMY
YPaBHEHHIO, OTPAKAIOIIEMY JIEMEHTAPHBIN aKT PEaKIHH.

CrnoxxHasi peakiusi — 3TO CyMMa HECKOJBKHX IMPOCTBIX PEaKIHMid. YpaBHEHUE CIOXKHOM
peaKIyy He OTpaXkaeT MpoIecca Ha MOJIEKYJISIPHOM YPOBHE.

MoJieKyJsIpHOCTD pPeaKIUM — 3TO YUCJIO MOJIEKYJ, Y4aCTBYIOUIUX B 2JIEMEHTAPHOM aKTe
peakuuu. s npocThix peakiuii, Hanpumep, mA + nB — pC + gD monekynspHocTh paBHa
cymMme K03 duunenToB m+n. Peakiiuu MoryT ObITh OHO-MOJIEKYJIIPHBIMU, Hanipumep, [ — 21,
nsymonekynsapasiMu Hy + I — 2HI u peaxo tpexmonexymnspasimu 2NO + H, — N>O + H>O.
Peakiiun 6osee BEICOKOM MOJIEKYJIIPHOCTH HE BCTPEUYAIOTCSL.

Iopsiztok peakuMuM paBeH CyMME IIOKa3aTejleld CTENEeHEH KOHIIEHTpauuh B
JKCIIEPUMEHTAIILHOM BBIPAKEHUU CKOPOCTU XUMUYECKOW peakiuu. Tak, [uisl CJI0KHOW peakiyuu
mA +nB — pC + gD skcnepuMeHTabHOE BBIpQXKEHNE CKOPOCTH PEAKLIUU UMEET BUIL:

vi = kix[A]°x[B]? u mopsmox peakuuu pasen (ot+f). Ilpu sToM o u B Haxomsrcs
DKCIEPUMEHTAJIbHO U MOTYT HE COBNAJaTh C M U N COOTBETCTBEHHO, IIOCKOJBKY ypaBHEHHUE
CIIOKHOW peaklMu He OTpa)kaeT MPOIIECCOB Ha MOJEKYJISPHOM YpPOBHE U MpEACTaBIseT co00i
UTOT HECKOJIBKMX HIPOCTBIX peakiuil. [1opsmok CII0KHOM peakuuu ONpEleNseTcs MOPSIKOM
HanOoJiee MeJUICHHOM ero craauu. [1opsmok MpoCcTol peakiny COBIMAIAET C MOJIEKYISIPHOCTHIO
ITOM PEaKIUU.

Hampuwmep, mns peakmum 2HI + HoO> — 2H>O + b akcnepuMeHTanbHOE BBIpaXKEHUE

ckopoctu 3amuchiBaeTcss B Buae v=kx[HI]x[H202]. D10 00ycrnoBieHo TeM, 4TO yKa3aHHas
peaKIust IBISETCS CIIOKHOM U HJIET B JIBE CTAHH:

1. HI + H, O, — HOI + H,O  menmneHHo
2. HOI+ HI — I, + H,O OBICTPO
Tema 13. MexaHu3Mbl XMMHU4ECKHX peaKkuuii

IpakTuyeckass padora Ne2. Kwunetnka oO0med peakiud ONpeaenseTcs TepBOu
MEIJIEHHOM CTaIueH.

[MTopsinox xumuueckoit peakuuu. KonebarensHble peakiuu. LlenHsie peakiyu

Hennbie peakuuu

Hekotopble XuMHuUecKue peakuud NPOTEKaoT HeoOblyHO. CKOPOCTh HMX 3aBUCHUT OT
npupoabl U o0beMa cocyda, AJIi HEKOTOPBIX M3 HUX XapaKTepeH IOpor IaBJICHUS, HIXKE
KOTOPOTo peakius He uieT. [Ipu onpeneneHHbIX yCIOBHUAX peakius YCKOpsieTcs JTaBUHOOOpa3-
HO. BriepBble €0 0 BO3MOYKHOCTH LIEMTHOTO MEXaHW3Ma PEaKLNi BbICKa3all PYCCKUM YYEHBIN
H.A.lllunos B 1905 r. Bonbmioi Bkian B pa3pabOTKy TeOpHUH LEMHBIX peakuuid BHecan H.H.
CemenoB (Poccus) u C. XunmensByn (Bennkoopuranus).

HCHHBIC peaKI_II/II/I HAYMHAKTCSIA CO CTaauu I/IHI/IL[I/II/IpOBaHI/IH, T.C. 06pa3OBaHI/I$I AKTUBHBIX
YacTUI[ — CBOOOAHBIX pamukanoB. CBOOOTHBIC pagUKallbl TPEICTABISIOT COOOM OCKOJKH
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MOJIEKYJI, UMEIOIME HECHapeHHbIC JIEKTPOHBI. HekoTopwie CBOOOIHBIC paguKalbl SBIISFOTCS
CBOOOAHBIMU TIpH OOBIMHBIX ycioBusix, Hampumep COz, nOpyrue — TpH TMOBBIIICHHBIX
TeMIIepaTypax, HalpUMep, aTOMBI TaJIOT€HOB, MIETOYHBIX METAJIOB, TPEThH — HE CYIIECTBYIOT
B BHJIe CBOOOIHBIX BemiecTs, Hanpumep, OH, CH3. CBoOOIHBIC paguKaibl MPUHATO 0003HAYATH
TOYKOM, MOCTABIICHHOH PSIIOM C XMMHUYECKUMU CUMBOJIAMHU.

OOpa3oBaHue CBOOOJHBIX pajMKaJOB (MHULHMUPOBAHUE) MPOMCXOAUT B pE3yJbTaTe
BO3JICHCTBUS Ha CHCTEMY CBETOM, M3Jy4€HHEM BBICOKOW PHEPrHH, TemioM U T.1. CBOOOIHBIC
paduKaJIbl MOTYT 3apOXAaTbCd WM B PE3YJIbLTATC MPOTCKAHUA SK30TCPMHYCCKUX XHUMHUYCCKHUX
peakiuii. CTaguio BOZHUKHOBCHHUS PAJMKAIOB €IIe Ha3bIBAIOT 3apoXkJaeHueM Lienu. Hampumep,
OernHadg pceaxkuu-d B3aHMOI[eI>’ICTBHSI XJiopa U BOJOpOJa MOKCT HAYUHATLCA B PE3YIbTATC
BO3JICHCTBUS CBETAa HA MOJIEKYJIBI XJIOpa ¢ 00pa3oBaHHEM CBOOOHBIX aTOMOB XJIOpa.

HOTp€6JIeHI/Ie SHCPTrMM HAa HWHHUOUHUPOBAHUC B HICHHBIX PCAKIUAX HCBCIIMKO, TaK KakK
AKTUBHUPYIOTCSA HE BCC MOJICKYJIbI, @ TOJIBKO HEOOJIbIIIAA UX JOJIA.

B crnepyromeid cragum LENHOM peakUMM NTPOMCXOIUT poOcT Henu. B pesynbprare
B3aMMOJICHCTBUS pPaJUKaIOB C MOJIEKYJaMH OOpa3yloTcs TMPOAYKThl pEaKlUUd U HOBBIC
paaMKanbl, T.. peaklUu NPOTEKAIOT 4epe3 Lelb MOCIeI0BaTebHbIX CTaJull ¢ 00pa3oBaHUEM
MHTEMEINATOB-PAIUKAIIOB.

B nporecce peakiuu pagukaiibl BOCIPOU3BOIATCS U LIETHAS PEaKlMsl MPOI0KAETCs, T.€.
peakiusi MpOTEeKaeT uepe3 Ienb IOCIeJOBATeIbHBIX CTaJAWi, B KOTOPBIX 3apOXKIAIOTCS U
pearupyroT cBOOOAHBIC pamukanbl. CBOOOJHBIC pajvKaibl BeChbMa PEaKIMOHHOAKTUBHBI. U
SHEPrus aKTUBALMU IeNHbIX peakiuil Hepenuka (0-40 k/{x/mMonb).

Tperbelt cragueil IeMHON peakuu sBseTcs: OOpbIB 1ienu. B pesynpTaTe B3auMoaecTBUS
paJuKalioB Ha CTEHKaX COCYJOB WJIM Ha HMHEPTHBIX MOJIEKyJaXx OOpa3yloTCsi HeHTpasibHble
MOJIEKYJIbI, HAIIPUMED:

H +H =H:

OTUM 00BSCHSETCS BIMSHUE 00beMa U MPHUPOBI COCYJla, HHEPTHBIX MPUMECEeH U JPYrux
(bakTOpOB, BIUSIOLUINX HA CKOPOCTH IIETTHBIX peaKIuil.

Takum oOpa3oM, IENMHbIE peaKIuu UIYT 4Yepe3 CTaauu: 3apoxicHue (MHUIMUPOBAHUE),
pocT U oOphIB Lenu. BenencTBue oOpa3oBaHUs aKTUBHBIX YacTHI[ — CBOOOJHBIX PaIUKAaJIOB,
I[EMHBIE PEAKIIUU TTPOTEKAIOT OBICTPEE PEaKIIUd, UAYIIUX TI0 OOBIYHOMY MEXaHU3MY.

Ecnu B X0oz€ LlemHON peakuuyd BMECTO OJTHOTO POXKAAIOTCS ABa WM Ooliee pajukaia, To
YUCJIO PAaJUKAIOB pacTeT M IMPOMCXOIUT Pa3BETBICHHME LEnu. Takue peakuuu Ha3bIBarOTCSA
pa3BETBICHHBIMU. BcCleacTBrue yBENIMUYEHUs 4YMCIIa PAaJUKAIOB CKOPOCTb PEAKLUU BO3PACTACT
JaBUHOOOPA3HO U MOJKET 3aBEpLIMTHCS B3pbIBOM. HampuMep, B3pbIB rpeMydero rasa npoTekaer
10 CXEME:

Hz + O2 — 2HO™ — 3apoxaenue nenu

HO" + H, — H" + H,O — poct nenu

H +0;, - HO +0O°

O+ Hy, —» H + HO' — pa3BerBieHue uenu

3aTeM BO3HUKILIME PaJUKalIbl BbI3BIBAIOT JIBOEHHWE HOBBIX PAJMKAJIOB, CKOPOCTh PEAKIIUU
PE3KO0 BO3pACTAET U B KOHIIE KOHI[OB TIPOUCXO/IUT B3PHIB.

[lenHple peaklMy BCTpEYArOTCA JAOBOJBHO yacTo. Ilo memHoMy MexaHuW3My HpOTEKaroT
MHOTHE peakiuu B armocdepe. K 1emHbIM peaknusiM OTHOCUTCS M TOPEHHE TOIUIMBA, T.C.
peakuus ¢ KUCIOPOAOM, IPOTEKAIOLIasi C BBIACICHUEM TEIJIOTHl U CO CBETOBBIM M3TyueHueM. B
JIBUTATENSIX BHYTPEHHETO CrOpPaHUs IEMTHOW XapaKTep PEaklMi MOKET BBI3BIBATH MUKPOB3PHIBBI
(meToHanU0), IS WX TPEIyNPEeXIEeHUS B TOIUIMBO BBOJSAT aHTUACTOHATOPHI, Ha KOTOPBIX

MPOUCXOIUT 0OpbIB 1ieneil. [Ipu ompeneneHHbIX yCIOBUSAX TOpPEHHE BOAOPOAA U IPYTHX BUIOB
TOIUIMBA TAKXX€ MOXET NPUBECTH K B3pbIBY. [0 IleMHOMY MexaHM3My MpOTEKAalT peakluu
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MOJIMMEPU3AIM MHOTHX IOJIMMEPOB, OKHUCIEHUS, TaJOreHUPOBAHUS, BHICOKOTEMIIEPATypHOTO
pa3I0XKeHUs YIiIeBOAOPOJIOB U JIp.
KonTponbHbie BOpochl

1. Ot xakux (pakTOpOB 3aBHCUT CKOPOCTh XUMHUECKON PEaKLIUU?

2. Omnpenenure NpUOIMKEHHO, BO CKOJBKO pa3 U3MEHHUTCS CKOPOCTh XHMHUYECKOM
peakIuu, eciii TeMIepaTypa PeakIMoHHON cpepl OyneT yBenudena Ha 10K? TemmepaTtypHbiii
KOA(UIIUEHT CKOPOCTU PEAKINH MPUHATH PAaBHBIM

3. KaxoB MexaHu3M JIelCTBHS KaTaanu3aTopoB?

Ilpumepul pewuenun 3adau

Ipumep 5.1. Peakuus mexnay BeniectBamu A u B Bolpaxaercst ypaBHeHueM 2A + B =
D. Hauanpubie koHIeHTpanuu coctaBisitor: Ca = 5 monw/n, Cg = 3,5 monp/n. KoHcranrta
ckopoct paBHa 0,4. BerauciauTe CKOpPOCTh peaklMM B HAa4adbHBIi MOMEHT U B TOT MOMEHT,
KOI'Zla B peaKkIIMOHHOM cMecu octaHeTcst 60% BemiecTsa A.

o 2 o
Pemenmne. I1o 3aKOHY JACHUCTBHUA MACC V = KCACB . B HavanbHBI MOMEHT CKOpPOCTb V1 =

0,4 - 52- 3,5 = 35. 1o ucTeueHUH HEKOTOPOTO BPEMEHH B PEAKIIMOHHOM cMecu ocTanercs 60%
BelecTBa A, T. €. KOHIIGHTpaIlus BemecTBa A ctaHer paBHod 5 - 0,6 = 3 Moub/n. 3HAUwT,
KOHIEHTpanusi A ymeHbIniIach Ha 5 — 3 = 2 monb/n. Tak kak A u B B3auMOJeiCTBYIOT MEXITY
co0oil B cooTHomeHU! 2:1, TO KOHLEHTpalus BeulecTBa B ymenpmmiiace Ha 1 Monb U crana
paBHoii 3,5 — 1 = 2,5 monb/1. CriefoatensHo, v2= 0,4 - 32.2,5 =09,

Ipumep 5.2. [Ipu 323 K Hekotopas peakius 3akanuuBaetcs 3a 30 c. Onpenenure, Kak
U3MEHUTCS CKOPOCTh peaklMM U Bpems ee npoTtekaHus npu 283 K, ecin TemmneparypHbIi
KOA((UIIMEHT CKOPOCTU PEAKIINK paBeH 2.

Pemenue. Ilo npaBuny Bant-T'ohda nHaxoamm, BO CKOJBKO pa3 U3MEHHUTCS CKOPOCTh
peaKkuuu:

V, T,-T, 283-323 i

_:,Y 10 -2 10 :274:_.

Vi 16
CkopocTb peakiuu ymenbuaercs B 16 pa3. CKOpoCTh peakiiy U BpeMs €€ POTEKaHMsl CBS3aHbI
0o0paTHO MPONOPLUHUOHAIBHON 3aBUCUMOCTBIO. (CliefoBaTeNbHO, BpeMsl IMPOTEKAHMS JaHHOU
peakuuu yBenuuures B 16 pa3 u coctaBut 30 - 16 =480c = 8 MHH.

Ipumep 5.3. [Ipu HexoTopoit Temieparype B cuctemMe Na(T) + 3Ha(r) = 2NH3(1)
PaBHOBECHBIE KOHIIEHTPAIMH cOCTaBisuiu (Monib/n): [N2]= 1,5; [H2] = 1,7; [NH3] = 2,6.
BbruncnuTe KOHCTaHTY pPaBHOBECHS STOM peaklMM M HCXOJHbIE KOHIIEHTpAIMM a30Ta U
BOJIOpOAA.

Pemienue. KoHcTanTa paBHOBECHS JAHHOW PEAKIMM BBIPAXKAETCS YPABHEHUEM

__[INH,T i __(26)

= [Nz][Hz]S . [logcraBnsis gaHHbIE 3a7a4d, IOIyYaeM ~C — —1’5 ‘ (1,7)3 =0,

HcxonHble KOHLIEHTpAMU a30Ta U BOJOPOAAa HaXOJAUM Ha OCHOBE YpPaBHEHHUS PEaKIIUH.
CornacHo ypaBHEHHIO peakiuu Ha oOpazoBanue 2 monb NH3 pacxoxyercs 1 momns No». Io
yCIIOBHIO 3adadnd oOpazoBaioch 2,6 monb NHiz, Ha 4uro wm3pacxomoBaiock 1,3 mMomb No.
YuuThiBasi paBHOBECHYIO KOHIEHTPAIMIO a30Ta, HAXOJAUM €r0 UCXOJHYIO0 KOHLEHTpauuo Cna =
1,5+ 1,3 =2,8 momp/m.

[To ypaBHeHMIO peakiuu Ha oOpa3oBanue 2 Moinb NH3 HeoOxomumo 3 monb Ho, a mis
noydeHus: 2,6 moiab NH3z tpebyercs 3-2,6 / 2 = 3,9 mons Hr. Mcxonmnast xoHueHTparus

C
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Bogopoaa paBHa Cux = 1,7 + 3,9 = 5,6 monw/n. Takum obpazom, Kc = 0,92, ucxonnsie
KOHIeHTpanuu coctaBsu Cnz = 2,8 moinb/n, CHz = 5,6 Moub/11.

Ipumep 5.4. Peakiust mporekaer mo ypasHenuio A + B &= D + F. Onpenenure
PaBHOBECHBIE KOHLIEHTPALUN PEarupyroIIUX BEIIECTB, €CIM UCXOJHbIE KOHIIEHTPAI[MU BELIECTB
A u B cooTBeTcTBeHHO paBHbI 2 U 1,2 MOJIB/JI, @ KOHCTaHTa paBHOBecHUs peakuuu Kc= 1.

Pemenue. Tak kak Bce BeliecTBa B JaHHOW pEaKIMU PEarupyrOT B OJMHAKOBBIX
COOTHOIIEHUSX, 0003HAYMM U3MEHEHUE KOHIICHTPAIIMU BCEX pearnpyromux Bemuiects uepes3 x. K
MOMEHTY yCTaHOBJICHUS paBHOBECHs 00pa3oBaiioch x Mok D u x Monb F u cootrBercTBeHHO [D]
=x; [F] = x. Ilo ypaBHEeHHUIO peaKklMi HA CTOJBKO € YMEHBIINUINCHh KOHIIEHTpauu A u B, T. e.
[A] =2 —x; [B] = 1,2 — x. IloncTaBuM paBHOBECHBIE KOHILIEHTPALIMU B BBIPAXKEHHE KOHCTAHTHI
paBHOBECHS

ke=PIEL e e o s,
[A] [B] (2-x)(1,2-x)
Otcrona paBHOBecHbIe KOHIIeHTpanuu paBHbl: [D] = 0,75 mons/i; [F] = 0,75 mons/m; [A] =2 —
0,75 = 1,25 monw/n; [B]=1,2-0,75= 0,45 monb/m.
IIpumep 5.5. O6beMHBII COCTaB PEaKIMOHHON ra30BOM CMECH B MOMEHT PaBHOBECHUS

st peakiu 2A = 2B + D 6but1 cnenyrommmii: 89% A; 7% B; 4% D. Haiiaure Kp u Kc s otoit
peaxiuy, eciu obliee napjieHue B cucTeMe npu Temmneparype 900 K pasno 10° Ia.

Pemenne. /Ins peakuuu, NpOTEKAKOIIMX MEXIY Ta3aMH, IPU BBIYUCICHUHA KOHCTAHTHI
paBHOBecHsI YJOOHO TIOJb30BaThCS MAPUHUATBHBIMU JIABJICHUSMH pPEarupyroINX BEeIECTB.
[TaprmanbHBIM 1aBJIICHHEM Ta3a B CMECHU HA3bIBACTCS JaBJICHHUE, KOTOPOE MPOU3BOAMI OBl 3TOT
ra3, 3aHMMas IpU TeX ke PU3nIecKux yCIoBUAX 00beM Bcei ra3oBoit cMecu. OO1iee naBieHUE
CMECH I'a30B PABHO CyMME NapUUAIBbHBIX JABJICHUHN Ta30B.

Jng  pgaHHOM peakuMu NaplUuaibHbIE JABJIEHUS COCTaBIISIOT P»=0,89-10° Ila,
Pp=0,07-10° Tla, Pp=0,04-10° Ila. IToxcTapnseM 3TH 3HAYEHHS B BHIPAKEHHE KOHCTAHTHI
paBHOBECHS:

_P*uPy  (0,07-10°)2-0,04-10°

K
S e (0,89-10%)?

= 24,74

Kc paccuntsiBaem no ypasaenuto: Kp = Kc-(RT)V. Tak kak 11 jaHHOM peakuuu

24,74
Av=3-2=1,10 Kc= =2

o — m = 0,0033 = 393 : 10_3. Takum obpazom, Kp

=24.74; Kc=3,3-107.

Ipumep 5.6. Peakumst mporekaer mo ypaBuenuio 2SO» + O = 2S03. B kakom
HalpaBJIEHUU CMECTUTCS XUMUYECKOE PaBHOBECHE, €CITM 00bEM CHCTEMBl YMEHBIIUTH B 3 paza?

Pemienne. B HayanbHBIE MOMEHT BPEMEHU CKOPOCTH MPSAMOM U OOpaTHON peakuuu
OBLIH CIIEAYIOIIHE:

2 2
vip = K, G50, Co, voOp = K2CSO3 :

[Tpu ymenblieHun o0beMa B 3 pa3a KOHIEHTpallMu BceX BellecTB yBenuyarcs B 3 pasa. [locie
YBEJIMUYEHUS KOHIIEHTPALMM CKOPOCTh IIPSIMON PEAKIMM CcTajla

vip = x1-(3 CSO2 )23 CO2 ) = Ki1- 9(:%02 -3 CO2 =27k C§o2 +Co, , 7. e. BO3pocna B 27 pas; a
CKOPOCTh 00paTHOI voOp = k2- (3 CSO3 )y = Ko 9(3%03 = 02 C§O3 , T. €. Bo3pocna B 9 pas.

CrnenoBarenbHO, paBHOBECUE CMECTUTCSI B CTOPOHY IPSMOM peaklMy (BIIPaBo).
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Ipumep 5.7. B kKaKkyi CTOPOHY CMECTHTCS XHMHYECKOE paBHOBecHe peakiu A + B &
D, eciu noBeicuTh Temneparypy Ha 30°? TemnepatypHbie K03()(GUIMEHTHI CKOPOCTH MPSIMON U
00paTHOM peaKIuy COOTBETCTBEHHO PaBHHI 2 U 3.

Pemenne. [Ipu noseiieHuu Temnepatypsl Ha 30° CKOPOCTh MPSIMON peakluu BO3PaCTET

\4 AT AT
ﬂz 10 923 _8 . %_ ﬁ_33_27
B Y np a3, a CKOPOCTh 0OpaTHOH B Yoip =2 = a3. Taxk
v p p p p
li’lp loop

KaK CKOpOCTb 00paTHOW peakluu Bo3pocia B 27 pas, a CKOpOCTb MPSIMOii B § pa3, TO paBHOBECHE
9TOM peakUUu IPH TOBBIIIEHUH TEMIIEPaTypbl CMECTHTCS B CTOPOHY OOpaTHOW peakuuu
(B11€BO).

IIpumep 5.8. Kak u3MeHSATCS CKOPOCTH MPSMON M 0OpaTHOM peakIuu, €ClId B CHCTEME
2NO(1)+O2(r) = 2NO2(r) yMeHbIIWTh daBieHue B 2 pasza? I[lpow3oiiger au TpPH 3TOM
cMmelenue pasHoBecus? Eciu ga, To B Kakyro cTOpoHY?

Pemenne. Jlo yMeHbIICHHUS JaBJICHUS BBIPAKCHHS JJISI CKOPOCTH NPSIMOM W OOpaTHOM
. vp=x1CxoC =2 C}
peaxuun umenu Bul: - Vip =K1 Lol Voop = K2LNO,

[Ipy ymeHblIEHUM JaBiI€HUS B 2 pa3a KOHLEHTPAllMUd BCEX pEarupyrollux BEIIECTB
YMEHBIIAIOTCA B 2 pa3a, Tak Kak 001U 00beM CUCTEMbI YBEIMUMBAETCS B 2 pasa.

Torna

' 1 1 1 ' . 1 2 _ 1 2
Vip =415 Cno) (5 Co,) = 2 kiCh0C0, Vo =725 Cno,)" =5 %CEno, -

B pesynbTaTe yMmeHbIIEHUS JABIEHHUSI CKOPOCTb HpPSIMOM peakLMM YMEHbIIMJIAch B 8 pas, a
CKOpocTh 0OpaTHOM B 4 paza. Takum o0pa3oM, CKOPOCTb 0OpaTHOW peakuuu Oyaer B 2 pasa
OoJibIle, YeM MPSIMOM M CMEIICHUE PAaBHOBECHS MMPOU30MIET B CTOPOHY OOpaTHOM peakIiuu, T. €.
B CTOpOHY paznoxeHus NOa.

Konmponvnwvie 6onpocut

1. Kak n3mMeHuTcs CKOpoCcTh NpSMOI U 0OpaTHOM peakiui B CUCTEME
CO(r) + 3Ha(r) = CH4(r) + H20O(1),
€CJIM KOHIICHTPAIMM UCXOAHBIX BEIIECTB M IPOJYKTOB PEAaKIIMM YMEHBIINTH B 2 pa3a? B kakoM
HaIpaBJIeHUU cMeCcTUTCs paBHOBecue? (Omeem: 16; 4).

2. Ilpn HarpeBaHuM AMOKCHJA a30Ta B 3aKPBITOM COCYIE O HEKOTOPOW TEMIIEpaTypbl
paBHoBecue peaknun 2NO; = 2NO + O; ycTaHOBHIOCH TPH CIEAYIOMINX KOHIICHTPAIHSIX:
[NOz] = 0,4 monsw/m; [NO] = 1 mons/m; [O2] = 0,5 Monb/n1. Beruncnure KOHCTAaHTY PaBHOBECHS
JUISL OTOW TeMIEpaTyphl W HUCXOJHYIO KOHIIEHTpAIHUIO0 AWOKcuaa azora. (Omeem: 3,125; 1,4
MOJIB/IT).

3. Peakuus nporekaer 1o ypasuenuto AB = A + B. IIpu HekoTOpoii TeMneparype u3 1
Moib AB, Haxonsiierocs B 3aKpbITOM cocyae emMkocTbio 20 i1, pasmaraerca 0,6 monp AB.
Omnpenenure kKoHCTaHTY paBHOBecus. (Omegem: 0,045).

4. Koncranra paBaoBecus peakiuuu N2Os= 2NO> pasna 0,16 npu 375 K. PaBHOBecHas
koHueHTpauust NO2 pasHa 0,09 Monb/n. Beraucianre paBHOBECHYIO M UCXO/IHYIO KOHILIEHTPALIHIO
N20O4. Kakas gacts (B %) N20O4 paznoxunaack K MOMEHTY HACTYIUJICHUsI paBHOBecusa? (Omeem:
0,051 momaw/m; 0,096 Monb/m; 46,9%).

5. PaccuuTaiiTe paBHOBECHYIO KOHUEHTpanuio O3 U KOHCTAHTY PAaBHOBECHS B PEaKIUU

30,(r) = 203(r), ecnu HavansHas Macca Oz paBHa 24 T, a paBHOBecHast KOHLeHTpanus Oz paBHa
0,6 monb/i1. (Omeem: 0,1 moinp/it; 0,046).

44



6. Vicrions3ysl cripaBouHble AaHHBIE Tabn. 1 mpumoxenus, paccunTaiite AH® peakrum,
nporekaromeii mo ypasueruo 2NOz(r) &= 2NO(r) + Ox(r) u ompenennre, B KaKyld CTOPOHY
CMECTHUTCS PAaBHOBECHE ITPH OXJIAKICHUU CHCTEMBI.

7. Paznoxenue nentaxiaopuaa Gpocopa NpoucxoauT MO peakuu

PCls = PCl; + Cl,. PaBHOBecHas rasoBast cmech comepxut 30% Cla mo o6bemy. Borunciute
napiuaibHble TaBieHHs ra3oB ¥ Kp aist 3Toil peakiuu, ecim oOlnee JaBlICHHE B CHCTEME
coctapisgeT 100 kIla. (Omeem. 30 klla; 30 kIla; 40 kIla; 22,5).

8. PaccunraiiTe paBHOBECHBIC KOHIIEHTPAIIMUA Ta3000pa3HbBIX BEIIECTB B T'€TEPOTCHHOU
cucreme FeO(k) + CO(r) & Fe(k) + COx(r), ecau HauanbHas koHueHrpaus CO cocrasisia 2
MOJIb/T, KOHCTaHTa paBHOBecHs Kc=0,6. (Omegem: 1,25 monb/m; 0,75 Momnw/1.).

9. Ilpu cocrosuuu paBHOBecHs cucteMbl Nz + 3H, = 2NH3 KOHLEHTpAIMU BELIECTB
obutn (Mosis/m): [N2] = 0,3; [H2] = 0,9; [NH3] = 0,4. Paccuuraiite, Kak U3MEHATCS CKOPOCTH
npsIMOM U OOpaTHOM peaklUu, eCIM JaBlIEHUE YBEIWYUTh B 4 pa3a. B kakom HampaBieHHH
cmecturcs paBHoBecue? (Omeem: 256; 16).

10. B 3akpsiToM cocyze ycranoBuiock pasaosecue CO + H,O = CO; + H,. Ucxonambie
KOHIIGHTPALlMM OKCHJa YIJepoja M IapoB BOJbl ObUIM COOTBETCTBEHHO paBHbI 0,8 MOb/I.
Boruncnute paBHoBecHble KoHLeHTpauuu CO, H2O u Hz, ecniu paBHoBecHas koHueHTpanus CO2
pasHa 0,3 mMouib/1. PaccunTaiite KOHCTAaHTY paBHOBECHS.

(Omeem: 0,5 monp/1t; 0,5 Mmomnw/1; 0,3 moub/1; 0,36).

Tema 14. CpoiicTBa pa30aB/jeHHBIX PACTBOPOB HeJIeTy4YHX BellecTB.
OcMoTHYECKOE TaBJICHHE
IIpakTnyeckas padora Nel Xumuueckue cuctemsl. Peakimu HOHHOTO OOMEHa.

OOumMH  ABISIOTCS CBOIMCTBA PAacTBOPOB, KOTOpBIE 3aBUCAT OT KOHIEHTpALUU MU
MPAKTUYCCKNU HE 3aBHUCAT OT MNPHUPOABI PACTBOPCHHBIX BCUICCTB. OHH TakXe Ha3bLIBAIOT
KOJUTMTaTUBHBIMHM. Takue cBOICTBa MOTYT HpOSIBIATHCS B TOJIHOM Mepe B HAEANbHBIX
pactBopax. MneanbHbBIM Ha3bIBAIOT PAacTBOP, B KOTOPOM HE MPOUCXOIAT XUMHUYECKHE PEaKLIUH
MEXy KOMIOHEHTaMHM, a CUJIbl MEX-MOJIEKYJISIPHOTO B3aMMOJIEHCTBHS MEXAY KOMIIOHEHTaMHU
onuHakoBbl. COOTBETCTBEHHO, 00pa30BaHMWE JTHUX PACTBOPOB HE COMPOBOXKIAETCS TETUIOBBIM
apdpextoM (AH = 0) ¥ KaxIplii KOMIOHEHT BeJeT ce0s B pacTBOpE HE3aBHCHUMO OT JAPYIHX
KOMITOHEHTOB. K HACaJIbHBIM pacCTBOpaM IIO CBOUM CBOMCTBaM HpI/I6J'II/DKaI-OTC$I JJUIIIb OYCHb
pa30aBiIeHHbIE PACTBOPHI, T.€. PAaCTBOPBHI C OYEHb HHU3KOM KOHIIEHTpaLUeill pacTBOPEHHOIO
BemecTBa. K oOmmM CBOWCTBaM pacTBOPOB OTHOCSATCS TMOHMKCHHE IABIICHUS HACHIIIEHHOTO
napa pacTBOpUTENs Hajl PacTBOPOM M TEMIIEPaTypbl 3aMep3aHMsl, MOBBIIICHUE TeMIepaTypbl
KATICHUSI W OCMOTHYECKOE JaBJeHWe. OTH CBOWCTBA TPOSIBISIIOTCS B Cllydae pacTBOPOB
HEJIETYYMX PpACTBOPEHHBIX BEIECTB, T.€. BEIIECTB, JABJICHUEM IapOB KOTOPBIX MOKHO
npeHeOpeyb.

Tema 14. CpoiicTBa pa30aB/JIeHHBIX PACTBOPOB HeJIETY4YHX BelleCTB.
OcmoTnueckoe 1aBJjieHUe
IIpakTuyeckas padora Ne2. O0mire cBOCTBa pacTBOPOB. 3akoH Payms.
3akon Payus

Monekysbl  HEJIETY4ero  pacTBOPEHHOIO  KOMIIOHEHTa  pacTBOpa  MPENATCTBYIOT
YJIIETYYMBAaHUIO U3 pacTBOpa MoJeKkyia pactBopurensd. Opannysckuil yuenslid P. Payns oTkpbul
3aKOH, COIJIACHO KOTOPOMY IIOHMKEHHWE IaBJICHHs HACBHIIIEHHOTO Iapa pacTBOpUTENS A HaJ
PacTBOPOM IPOIOPIMOHATHLHO MOJISPHOM JI0JIe pACTBOPEHHOTO HENETYYero BemecTsa A B :

APA=DiXE (16)
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1]
rne PA, PA — /aBJIEHMS HACBIILIEHHOIO Mapa pacTBOPUTEIIS HaJl YUCTHIM PACTBOPUTEIIEM;
AP A — pasHOCTh MexIy NaBIEHHSMH HACHIIIEHHOIO Iapa PAacTBOPMUTEINS HaJ PacTBOPOM U
PaCcTBOPHUTEIIEM.

3 YpaBHCHHA CJICAYCT, YTO C YBCIMYCHHUCM COACPIKAHUA HECJICTYHYCTO PACTBOPCHHOIO
KOMIIOHCHTA OaBJICHUEC IIapa PacTBOPUTEIIA HaJ PaCTBOPOM YMCHBIIACTCH. N3 3akoHa Payn;l
BO3HHKAIOT JABa CJIICACTBHA.

CornacHo 0IHOMY M3 HHUX TemIiepaTypa KUIEHHs pacTBOpa BbIIIE TEMIEPATyphbl KUIICHUS
pacTBOpHUTENsA. DTO OOYCIOBJIEHO TEM, YTO JABJIEHUE HACBILIEHHOI'O Iapa pacTBOPUTENS Hal
pPacTBOPOM CTaHOBUTCSI PaBHBIM aTMOC(EpPHOMY IaBJICHUIO (YCIOBUE KUIIEHUS XKUAKOCTH) MpU
0oJjiee BBICOKOM TEMIEpAType, YEM B CIIyyae YMCTOro pacTBopuTels. [IoBbIIeHne TeMIepaTypbl
KUIICHUS TPOMOPLIUOHAITEHO MOJISIIBHOCTH PacTBOpa:

(17)
rae Ko — s0ynuockomuyeckas MOCTOSIHHAs PACTBOPUTENS, [L — MOJISUIbHAS KOHIEHTpAIHS
pactBopa.

CormacHO BTOPOMY CIEINCTBUIO M3 3akoHa Paynd Temneparypa 3amep3aHus
(KpucTayuiM3allMd) pacTBOpa HMIKE TeMIlepaTypa 3amep3aHusi (KpUCTAJUIM3ALUH) YHCTOTO
pactBopuTes. ITO 00YCIIOBIEHO 0oJiee HU3KUM JAaBJICHUEM IIapa pacTBOPUTENSI HaJl paCTBOPOM,
yeM Haja pactBoputreneM. lloHmxkeHue TemmepaTypbl 3amep3aHus  (KpUCTAJUIM3ALUM)
IPONOPLHUOHAIBHO MOJISUIBHOCTH pacTBOpa

(18)
rae Kk — kppockonuueckasi HOCTOSIHHAS.
3nauenust Ko u Kk 3aBUCAT OT mpUpoabl paCTBOPUTETIS.
OcMoTHYEeCKOe TaBJIeHHE

CaMonpou3BONBHBIM NEPEeXoj PAcTBOPUTENL depe3 MOJIyNPOHULAEMYK0 MeMOpaHy,
pasfeNAoIy0 pacTBOpP M pPacTBOPUTENb WM JBa pPacTBOpa C Pa3jIMYHOM KOHLEHTpauuen
pPacTBOPEHHOT0 BEIIECTBA, Ha3bIBaeTcs ocMocoM. OcMoc o0ycioBiaeH Auddy3ueil Moiekyn
pacTBOPUTEIIS YEPE3 MOIYIPOHULIAEMYIO NIEPETOPOAKY, KOTOpasi MPOIYCKAET TOIBKO MOJIEKYIIbI
pacTBopuTess. Monekysbl pacTBOpuTeNs AUPPYHIUPYIOT U3 PACTBOPUTENS B PACTBOP WU U3
MEHee KOHLEHTPUPOBAaHHOTO  pacTBopa B  0Ooiee  KOHUEHTPUPOBAHHBIM,  MOATOMY
KOHIEHTPUPOBAHHBII pacTBOp pa30aBiiseTcs, MIPU STOM YBEIMYMBAETCA M BHICOTA €ro croioda.
KonuuecTBEHHO 0OCMOC  XapaKTEpU3yeTCs OCMOTHYECKMM JABJICHUEM, pPaBHBIM CHIIE,
MNPUXOJAIIEIHCS HA €AMHUIY TUIOIIA U TOBEPXHOCTH, U 3aCTaBJISAIONIEH MOJIEKYJIbI paCTBOPUTENS
INPOHMKATh yepe3 MOJyNpPOHUIaeMyto neperopojiky. OHO paBHO JIaBJIEHHUIO CTOJ0a pacTBOpa B
ocmomMmeTpe BeicoTol h. [Ipu paBHOBecHM BHEIIHEE NaBJIECHHE YPAaBHOBEIIMBAET OCMOTHYECKOE
naBieHue. B 3TOM ciydyae CKOpOCTH MpsIMOrO M OOpaTHOrO MEPEeXOoJ0B MOJEKYJd 4Yepe3
MOJIYTIPOHUIIAEMYIO TIEPEropoJKYy CTAaHOBSTCS OAMHAKOBbIMU. Eciu BHelIHee aaBlieHue,
NPUIIOKEHHOE K 0oJiee KOHIIEHTPUPOBAHHOMY PacTBOPY, BbIIIE OCMOTHUYECKOTO f, T.€. p > s, TO
CKOpOCTb I€pEeX0/ia MOJIEKYJ PACTBOPUTENS U3 KOHLUEHTPUPOBAHHOIO pacTBopa OyneT OoJblle,
U pacTBOpUTENIb OyJIeT MEepeXOAuTh B pa30aBICHHBIM PacTBOpP (MJIM YUCTBIM PACTBOPUTEND).
OTOT mpoliecc, Ha3bIBa€Mblii OOpaTHBIM OCMOCOM, HCIOIB3YETCA ISl OYUCTKH HPUPOJIHBIX U
CTOYHBIX BOJ, JJISl MOJIyYE€HHUS NUTHEBOM BOABI U3 MOPCKOM BOABI. OCMOTHYECKOE /IaBIIEHUE
BO3pacTaeT ¢ yBEJIIMYEHHEM KOHIIEHTpallMM PacTBOPEHHOrO BeIeCTBAa M TemrepaTypsl. BaHt-
[opd npenmonoxmi, 4To A OCMOTHYECKOTO JaBJIEHHS MOKHO NPUMEHHTh YypaBHEHUE
COCTOSIHUS U/I€AJIBHOTO ra3a

p=CRT (19)
r7ie p — ocMoTHYecKoe aaBieHue; C — MOJIIpHAs KOHIIEHTPAIUsS pacTBOPA.

OcMoc wWrpaer O4YeHb BaXHYIO pOJIb B OHOJNIOTHYECKUX TMpoIeccax, oOecreunBas
MOCTYIJIEHUE BOJIbI B KJIIETKH U JAPYTUE€ CTPYKTYPHI.
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PacTBOpHI C 0AMHAKOBBIM OCMOTHYECKHUM JIaBIICHUEM Ha3bIBAIOTCS N30TOHNYEeCKUMH. Ecin
OCMOTHYCCKOC MHaBJICHHUC BBIIIC BHYTPUKIICTOYHOI'O, TO OHO HA3bIBACTCA THIICPTOHUYCCKHUM,
€CII HW)KE BHYTPHKIETOYHOTO — THIIOTOHWYECKHMM. Hampumep, cpemHee ocMOTHYECKOE
nasienue kposu npu 36°C pasro 780 kIla.

['unepToHnyeckue pacTBOpBl caxapa (CUpor) U coiu (paccoil) MIMPOKO MPUMEHSIOTCS ISt
KOHCEpPBUPOBAHUS MMPOJAYKTOB, TAK KaK BHI3BIBAIOT yJIaJI€HUE BOABI U3 MUKPOOPTaHU3MOB.

Tema 15. CpoiicTBa pa30aBJ/IeHHBIX PacTBOPOB HeJeTy4yMX BemecTB. OcMoTHuYecKoe
JaBJIeHHE

IIpakTyeckas padora Nel. Temneparypbl KUIIEHUS M KPUCTAJIM3ALUN PACTBOPOB.

Honnble ypaBHEHHS peakluii oOMeHa OTPakalOT COCTOSHUE 3JIEKTPOJIUTAa B PacTBOPE.
DJIEKTPOJIMTBI — 210 8eujecmad, pacmeopsl U Pacnidgbl KOMOPbIX NPOBOOSM 2NeKMPULeCcKutl
mok. Pacnao monexyn seujecmea Ha uOHbl HaA3bIBACTCS FJIEKTPOJUTHYECKOH qucconmnamnueii. K
AJNIEKTPOJIUTAM OTHOCSITCS KHUCJIOTHI, OCHOBaHUs, coiu. KHMCa0Thl — 9mo anexmpoaumel,
ouccoyuupylowue 6 pacmeopax c¢ obpazoeanuem Kkamuonos 6odopooa HCN & H' + CN.
OcHoOBaHMA — 27eKmpoIumsl, OUCCOYUUPYIOUWUE 8 pacmeopax ¢ 00paz0eaHuem 2uopoKcUo-
uonos NH4OH = NH4" + OH . CyimecTByIOT 3JIEKTPOINTHL, KOTOPBIE MOT'YT JUCCOLMUPOBATE 110
TUIY KUCIIOTHI M MO THIy OCHOBaHUS. Takue 3JIEKTPOJIUTHI Ha3biBalOTCS aM(porepHbiMH. K
HUM OTHOCSATCS  THJAPOKCHIBI aM(pOTEPHBIX JJIEMEHTOB, a TAaKXKE THUIPOKCHIBI METaJUIOB,
HAXOJSAIIUXCS B IPOMEXKYTOUHOM cTeneHn okucienus, Hanpumep, Be(OH)2, AI(OH)3, Zn(OH),,
Cr(OH)s u muorue apyrue. [uccorumaiuio pacTBOPEHHONW YacTH aM(OTEPHOTO THIPOKCUIA 110
000MM THUIIaM MO>KHO MPEACTaBUTh CIEAYIOIICH CXEMOA:

H"+RO ZROH=R"+OH"

B HacwimeHHOM BOAHOM pacTBOpe amdorepHoro rugpokcuaa umonsl HY, RO™ u RY, OH™
HAXOJSATCS B COCTOSIHUM PABHOBECHS, ITOATOMY aM(pOTepHbIe THAPOKCUIBI B3aUMOICUCTBYIOT U C
KHCJIOTAMU U C OCHOBaHUsIMU. [Ipu 100aBIEHNU KUCIOTHI PAaBHOBECHE CMEIIAETCS B CTOPOHY
JUCCOITMAIIMY TIO THITy OCHOBAHUS, IPHU 100ABJICHUU OCHOBAHHS — B CTOPOHY JUCCOIMAIIUU TIO
THUITY KACIIOTBHI.

Cod — DPIEKTPOJIUTHI, KOTOPhIE MPU PACTBOPEHUU B BOJIE JUCCOIMUPYIOT, OTIICTUISIS
MOJIOKUTENbHBIE UOHBI, OTJIMYHBIE OT HOHOB BOAOPO/Ia, U OTPULIATEILHBIE HOHBI, OTIUYHBIE OT
TUAPOKCHUI-UOHOB, HAITPUMED:

Al(SO4); = 2APF* + 3S04*; CuOHCI= CuOH' + Cl; KHCOs; =K'+ HCOs".

ITo cmocoOHOCTH K IUCCOIMAIINU IEKTPOIUTHI IENSIT Ha CUIIbHBIC U clla0dble. Y CHIBHBIX
AJIEKTPOJIUTOB B PACTBOPE AUCCOLMHUPYIOT HAa MOHBI MPAKTUUECKH BCE MOJIEKYJIBI, V CIA0BIX —
JUIIb 4YacTh MOJEKYN. K CHJIBHBIM 3JIEKTPOJIMTaM OTHOCSTCS MOYTH BCE COJM, OCHOBAHUS
IIEJIOYHBIX U IIEJIOYHO3EMENbHBIX MeTalIoB, a u3 BakHermux kuciaor HClO4, HoSO4, HNO;3,
HCI, HBr, HI, HMnO4. K cna®bim 251eKTpoIuTaM OTHOCSTCS TIOYTH BCE OPTaHUYECKUE KUCITOTHI,
narpumep, CH3COOH, neopranmyeckue coenunennss HoCOs, H>SOs3, H2Si03, HCN, HNO-,
H3PO4, HF, NH4OH, H>O u npyrue.

Peakiuu B pacTBOpax 3JEKTPOJIMTOB MPOTEKAIOT MEXAY MOHAMH M HUIYT MPAKTHUYECKH
HEeoOpaTUMo, €ClIM B pe3yabTaTe Peakiuu 00pa3yroTcs OCAJIKH, Ta3bl U CIA0bIE DTIEKTPOIUTHI.
OOBIYHO TaKHWE PEaKIUU H300pa)KaIOTCsl TMPHU MOMOIIM MOHHO-MOJICKYJISPHBIX ypaBHCHHWH, B
KOTOPBIX OCAJKH, Ta3bl, cladble SJEKTPOIUTHl MUINYTCI B BUIE MOJIEKYJ,  XOPOIIO
PacTBOPHMBIC CHJIBHBIE AJIEKTPOJIUTHI — B BUAE MOHOB. OJMHAKOBBIE MOHBI M3 O0EWX dYacTeu
YpaBHEHUS UCKIIIOYALOTCSI.

PaccMoTpuM THITHYHBIC BAPHAHTHI PEaKIIMA B paCTBOPax AJIEKTPOJIUTOB.
a) 3AgNOs + FeCls = Fe(NO3); + 3AgCl] — MonekynsipHOe ypaBHEHHUE
0CazioK
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3Ag" +3NO;5 + Fe**+ 3Cl- = Fe’*+ 3NOs™ + 3AgCl| — momHOe HOHHOE ypaBHEHHUE
Ag'+ ClI" = AgCl| — coKpaleHHOE HOHHOE YPABHEHHE
0) NaxCOs3 + H2SO4 = Na;SO4 + H2O + CO21
ras
2Na" + CO3% + 2H" + SO4> = 2Na' + SO4* + H,0 + CO21
2H" + CO3* = H,0 + COz1
B) HCl+ NaOH = NaCl + H,O
cJ1a0bIi 2JEKTPOITUT
H"+ ClI"+ Na™+OH =Na'+ Cl" + H,0
H'+ OH =H,0
HMoHOOOMEHHBIC pEaKIMd MOTYT IMPOXOJUTh MEXKIYy MOJIEKYJIaMH BOJBI M HOHAMH
pPacTBOPCHHOW COJIM, YTO HPUBOJMT K MPOIECCY THIpOJu3a. [ HMAPOJHM3 — 3TO 0OMeHHOoe
83aumooelicmseue UOHO8 COU C B000U, KOMoOpoe Npugooum K 00pazo8anuio ciaboco
NEKMpoIUma u conpogoxcoaemcs usmenenuem pH-cpeovi. CyTb TUAPOIU3a 3aKIIIOYACTCS B
cienyronieM. [Ipu BHECEHUU B BOJY COJICH, B COCTaB KOTOPBIX BXOJSAT aHUOHBI CIIA0BIX KHCIIOT
WIH KaTHOHBI CJIa0bIX OCHOBAaHMM, 3TH MOHBI CBsA3bIBarOTCS ¢ moHamu H' i OH™ u3 BombI ¢
oOpa3oBaHueM C€1abOro AJIEKTPOJHWTA, B peE3yJbTaTe 4Yero HapyllaeTcs paBHOBECHE
SIIEKTPOJIUTHYECKOM mucconmanuu Boasl H O = H' + OH ™. B pacTBope HaKaIIMBArOTCS MOHBI
H" wiu OH™, cooO1mas 1moay4eHHOMY PacTBOPY KHMCIYK WM INEIOYHYIO peakiuio. KaTHoHsI
CHJIbHBIX OCHOBAaHMN W aHWOHBI CHJIBHBIX KHCIOT HE 00pa3ylT C HMOHaMH BOJIbI CIa0BIX
AJIEKTPOJIMTOB, MO3TOMY COJIM, OOpa30BaHHBIC CUJIBHBIM OCHOBAaHHEM W CHUJIBHOH KHUCIIOTOM,
THIPONN3Y He mojBsepratorcs. Takum 00pa3oM, rUApONK3y TOABEPraroTCs COJIM, 00pa30BaHHBIC
CJ1Ia0BIM OCHOBAHUEM M CHIJILHOW KHUCJIOTOM; CJIa00W KUCIOTOW U CHIIbHBIM OCHOBAHUEM; CJIA0BIM
OCHOBaHMEM WU cjaboi kucioToi. B Takom ciydyae B pacTBOpe MOTYT YCTaHaBIMBAThCS
CII/TYIOIIIIIE PABHOBECHSL:
a) Ipu TUAPOIN3€e aHuoHa (A™) c1aboi KUCIIOTHI:
A+ HOH = HA + OH  (o6pa3syrorcst mousl OH™, cpena menounas, pH > 7).
0) npu ruaponuse katrona (B) cinaboro ocHoBanus:
B+ HOH = BOH + H" (o6pasytorcs nonsl H', cpena kucnast, pH < 7).
B) IIPY TUAPOJIH3E KaTHOHA C1a00r0 OCHOBAHMS M aHMOHA CJIa00# KUCIIOTHI:
A+HOH=HA + OH -
B+ HOH & BOH + H" (o6pasyrorcs nonst H" u OH™, cpena Gnuska k HeiirpanbHoii, pH ~
7).
I'uaposnus cosneit, 00pa3oBaHHBIX MHOTOOCHOBHBIMH KHUCJIOTAMH HWJIA MHOTOKHCJIOTHBIMU
OCHOBaHHSIMH, TPOTEKAET CTYNEHYaTo, MPUYEeM INPEHMYIIECTBEHHO IO MEPBOW CTYIEHH C
00pa3oBaHUEM KHUCIIBIX WM OCHOBHBIX COJIel. BBeneHMe MOMOTHUTENLHOTO KOJIMYECTBA HOHOB

H' umu OH™ B paBHOBECHYIO CHUCTEMY MOXET YCHIMTh WM IOJABUTH MPOIECC TUAPOJIH3A B
cooTBeTcTBUU ¢ npuHIunom Jle [larensbe.

Ilpumepul pewienus 3a0au

IIpumep 6.1. CocraBbTe MONEKYJISIPHBIE YPABHEHHS PEAKIUI, KOTOPBIM COOTBETCTBYIOT
CIIEIyIOIINE MOHHO-MOJIEKYJISIPHBIC YPaBHEHUS:

a) Fe(OH); + 3H" = Fe*" + 3H,0
6) H;PO4 + 30H™ = PO4* + 3H,0
B) HCO;™ + OH = CO3* + H,O
Pemienue. Ilpu pemenun m1OAOOHBIX 3aJaHUl ClIEAyeT TOJB30BaThCsA Taldm. 2
IMMPUITOKCHUA.
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B neBoil u mpaBoil YACTAX MAHHBIX MOHHO-MOJIEKYJSPHBIX YPaBHEHHUM YKa3aHbl MOHBI,
KOTOpble 00pa3yloTCsi MpH TUCCOIMALUU CUJIBHBIX O3JEKTposuToB. ClieZoBaTeNbHO, TMpU
COCTaBJICHUM MOJICKYJISIPHBIX  YpPaBHEHHMH ClIeyeT HCXOIUTh U3  COOTBETCTBYIOIIUX
pPacTBOPUMBIX CHIIBHBIX 3IEKTposinToB. Hampumep:

a) Fe(OH); + 3HCI = FeCl; + 3H,0
0) H3PO4 + 3NaOH = Na3;PO4 + 3H,0
B) KHCO; + KOH = K»>CO3 + H20

IIpumep 6.2. CocTaBbTe MOJIEKYJISPHBIE U HOHHO-MOJIEKYJIIPHBIE YPABHEHUSI PEAKLUH,
MOJTBEpKIatole aM(pOTEpHBIN XapakTep IMIPOKCH/Ia CBUHIIA.

Pemenne. AmdoTepHbIe IEKTPOJUTHI MOTYT AMCCOLMUPOBATH MO THITY KHCIOTHI U
ocHoBaHus, no3romy Pb(OH), MoxkeT pacTBOpSATHCS Kak B KHUCIOTE, TaK U B LIEJIOYH, 00pa3ys
COOTBETCTBYIOIIUE COJIN:

a) pactBopenue Pb(OH), B kucnote
Pb(OH)2 + 2HNO3 = Pb(NO3): + 2H>0
Pb(OH), + 2H" = Pb*" +2H,0
0) pactBopenue Pb(OH)> B menoun
Pb(OH)2 + 2NaOH = Na;PbO; + 2H>O
Pb(OH), + 20H™ = PbO,>+ 2H,0
B cnyuae (a) Pb(OH), BbImONHSET posib OCHOBAHUS, IOCTABIISS B PAaCTBOP TUIAPOKCUI-MOHBI IS
oOpa3oBaHus MoJieKysn Bonbel. B ciydae (6) Pb(OH), Bemonasier ponb kuciotsl (Pb(OH), =
H>Pb0O3), mocrapmsis B pactBop KaTHoHBI Bojgopoaa. Cxema auccouuanuu Pb(OH): BeImmsiauT
TaK:
2H" + PbO>*>" 2 HoPbO; = Pb(OH), 2 Pb** + 20H"

IIpumep 6.3. CocTaBbTe MOJIEKYIISIPHBIC 1 HOHHO-MOJICKYJIIPHBIE YPaBHEHUS THIPOIU3A
coxaeii: CH3COOK, K>S, CuSOs.

Pemenne. a) Anerar kanus — cojib cladoW KHCIOTHI M CHIBHOrO ocHoBaHus. [lpu
pacTBOPEHHH B BOJE alleTaT Kallks AUCCONMMPYET Ha WOHbI K™ M aHHOHBI CH3COO'.
Karnousr K™ He MoryT cBsisbiBath annonbl OH™, tak kak KOH — cuibHbIi 25ekTponut. MoHbI
CH3;COO™, cBasbiBasicb ¢ kKatnoHamu H' Bogpl, obpasyroor cnabyio kucinory CH3COOH.
['maponu3 uaet mo aHuoHy cnaboit KucimoTel. COKpalieHHOe HWOHHO-MOJIEKYIISIPHOE YpaBHEHHE
UMeeT BUJ:

CH;COO™ + H,0 & CH3;COOH + OH™

Jlns HanucaHusl ypaBHEHHs PEaKIMM B MOJHOW MOHHOM (hopme mpubaBuUM K JIEBOM M MpaBoi
4acTsIM YPaBHEHUs MOHBI, HE NIPETEPIIEBAIOIINE B PE3YIbTATE TUAPOIN3a HU- KAKUX U3MECHEHU.
B paccmarpuBaeMoM IpuMepe — 3TO KaTUOHBI KaJHsl.

K*+CH3COO™ + H,0 2 CH3COOH + K'+OH~
MOJICKYJISIPHOE ypaBHCHHE:

CH3COOK + H,0 2 CH3COOH + KOH
B pactBope mosiBisiercs u30bITok MOHOB OH™, O3TOMY pacTBOp MMEET IICIOUHYIO PEAKIIHIO
(pH > 7).

0) Cynbdun Kamuss — COJb JBYXOCHOBHOM CJIa00W KHCIOTBI M CHJIBHOTO OCHOBAHWSL.

AHNOHBI cnaboif KUCIOTEl S? CBA3BIBAIOT MOHKI BOJIOPOJA U3 BOJBI, 00pa3ysh aHHOHBI KHCIIOH
comu HS™. Cosb runponusyercs o aHuoHy. COKpaIlieHHOe HOHHO-MOJICKYJIIPHOE YpaBHEHHE:

S> + H,0 = HS + OH"
[OJIHO€ HOHHO-MOJIEKYJISIPHOE YPaBHEHUE:
2K'+S* + H,0= K"+ HS + K'+OH"
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MOJIEKYJISIPHOE YpaBHEHHE:
K>S + H,O 2 KHS + KOH
[TosiBneHne n30bITOYHOTrO KomuuecTBa MOHOB OH™ 00ycioBIMBaET IIETOYHYIO PEAKIHUIO CPEbl
(pH > 7).
B) Cynbdar menu — coib c1ab0ro ABYXKHUCIOTHOTO OCHOBAaHUS U CHUJIBHOW KHCIIOTBHI.

['maponu3 TakoW COJAM WAET NO KaTHOHY CJIabOro OCHOBaHUS C 0Opa3oBaHMEM KaTHOHOB
ocHosHoi#t conu CuOH". CokpalieHHoe HOHHO-MOJIEKYJIIPHOE YPABHEHHE THUAPOIIN3A:

Cu*" +H, 02 CuOH" + H"
MOJIHOE€ MOHHO-MOJIEKYJIIPHOE YPaBHEHHE:
2Cu*" + 2804% + 2H,0 2 2CuOH" + SO4> + 2H" + SO4*
MOJICKYJIIPHOE YpaBHCHHE:
2CuSO04 + 2H20 2 (CuOH)2S04 + H2S04
B pacTtBOpe HaKOmMIMCh KaTHOHBI BOAOPO/a, KOTOPHIE CO3IaAyT KUCIYI0 peakuuto cpeasl (pH <
7).
IIpumep 6.4. Kakue npoaykTsl nonydarcs npu cMmemmBaHuu pactBopoB AlCl; u NapS?
CocTaBbTe HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHOE YPaBHEHUE PEAKIUU.
Pemenne. Conp AICI3 rugponnzyercs no kaTuony, NaxS — 11o aHuoHY:
AP+ H,0 2 AIOH*" + HY
S* + H20 2 HS+OH"
O6pasyromuecs nousl H' 1 OH™ cBA3bIBAOTCS B MOJIEKYIIBI cl1a0boro sextponura HoO, casuras

TUIPOJIMTUIECKOE paBHOBECHE BIpaBo. ['maponus uaer 1o kKoHma ¢ oopazoBanueM Al(OH)s u
H>S. MloHHO-MONIEKYISIpHBIE 1 MOJIEKYJISIPHOE YpaBHEHHE UMEIOT BU/I:

2AP" + 38 + 6H,0 = 2A1(OH)34 + 3H,ST
2APT + 6CL + 6Na' +3S> + 6H,0 = 2A1(OH)34d + 3H2ST + 6Na* + 6C1
2AICI; + 3NasS + 6H20 = 2A1(OH)3d + 3H2S T+ 6NaCl

KOHmpOﬂbele 60NPOCHL

101. CocraBbTe MONEKYJISIPHbIE ¥ HOHHO-MOJICKYJSIDHBIE YPaBHEHUS PEaKIHi
B3anMoJieiicTBus B pacTBopax Mexay: a) KaS u CuSOs; 6) AgNO3 u NH4Cl; B) NaxSiO;
u H2SO4; 1) CaCO3 u HNO:s.

102. Kakue u3 nepedncieHHbIX HUXKe coieil noasepratorcs ruaponnsy: NaCN, KNOs,
CuCl, NH4CH;COO? [lns kaxaod M3 TUIPOIM3YIOIIMXCS COJEeH HamuIIUTE ypaBHEHUE
THJIPOJIM3a B HMOHHO-MOJIEKYJSIPHOM M MOJIEKYJIIDHOM BHJE, YKaKUTE PEAKIHI0 CpPedbl ee
BOJIHOT'O PacTBOpA.

103. CocraBpTe MO JBa MOJIEKYJISPHBIX YpPaBHEHHUS PEAKIUI, KOTOPBHIE BBIPAXKAIOTCS
HMOHHO-MOJIEKYJIIPHBIMU YPaBHEHUSIMU:

a) Fe** + 30H = Fe(OH);
6) H" + NO2~ = HNO»
B) Cu®* + S? = CuS
104. CocraBpTe HOHHO-MOJIEKYJIPHOE M MOJEKYISPHOE YpaBHEHUE THJPOJINA3A

Cr2(S0s)s. K pactBopy mobaBunu cienyromue Bemiecta: a) HoSO4; 6) KOH. B xakom ciydae
ruapoinus cyibdara xpoma ycunures? [Houemy?

105. Kakue w3 comeit: KoSO4, NaSOs, NH4CN, LiCl, Fex(SO4); moasepratorcs
ruaponuzy? CocTaBbTe€ MOHHO-MOJIEKYISIPHBIE M MOJIEKYJISIPHBIE YpaBHEHHUS THUAPOJIN3a ITHX
couieid. Kakoe 3nauenue pH (>7<) uMeroT pacTBOPBI 3TUX COJICH?
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106. CmemmBator monapro pactBopbl: a) KOH u Ba(NOs); 6) LioCOsz u HCI; B)
Pb(NO3)2 u KCI; ) NH4Cl u KOH. B kakux ciydasx peakiuy IpakTHUECKU MOUAYT 10 KOHIa?
[IpencraBpTe UX B MOJIEKYJISIPHOM U HOHHO-MOJIEKYJIIPHOM BH/IE.

107. TloxGepure 1o aBa ypaBHEHHS B MOJICKYJSIPHOM BHUJIEC K KaXKIOMY M3 HOHHO-
MOJICKYJISIPHBIX YPaBHEHUH:

a) AI’* + H,O 2 AIOH*" + H*
6) S* + HoO = HS + OH"
B) CN+ HO# HCN +OH™

108. CoctaBbTe MOJEKYISIPHBIE U WOHHO-MOJICKYJIIPHbIC YPaBHEHUS pPeaKIMil
B3aMMOJIeCTBHS B pacTBOpax mexay: a) BaCOs u HNOs; 0) Fea(SO4); u KOH; B) HCI u KsS; 1)
CH3COOK u HCI.

109. CocraBbTe HOHHO-MOJIEKYJISIPHBIE W MOJICKYJSIPHBIE YpaBHEHUS THAPOJIN3A,
npoucxosiero npu cauBanuu pactBopoB: a) FeCls u Na;COs; 6) CuSO4 u K2CO:s.

110. CocraBbTe MOJEKYISIPHbIE W HOHHO-MOJICKYJISIPHBIE YpPAaBHEHHS PpeaKIuil
B3aumojeiicTBus B pactBopax Mexay: a) CH3COONa u H»SO4; 6) NH4Cl u NaOH; B)
Ba(OH), u K>CrOg4; 1) CaClz u Na3zPOs.

111. TlonGepure mo ABa ypaBHEHHS B MOJIEKYJSIPHOM BHUJIE K KaKIOMY M3 HOHHO-
MOJICKYJISIPHBIX YpaBHEHUI:

a) Fe’" + 2H,0 2 Fe(OH)," + 2H"
6) CO3> + HO= HCO5; + OH-
B) NHs" + H,0 2 NH4OH + H'

112. CmemmuBatot nonapHo pactBopsl: a) KoSO3 u HCI; 6) NaxSO4 u KCl; B)
CH3COONa u HNOs; 1) Alx(SO4); u uzbbitok KOH. B kakux W3 NpUBEACHHBIX CIy4yaeB
peaKkuu TpaKTHUeCKu Mouaytr no konna? CocTaBbTe AN ATHX PEaKIUil MOJEKYIsSpHbIE U
HMOHHO-MOJIEKYJISIPHBIC YPaBHEHUSI.

113. Kakue u3 BemecTB OyAyT B3auMoelcTBOBaTh ¢ rujapokcugoM kamus: Ba(OH),
Zn(OH)2, FeCls, H3PO4? Beipazute 3TH peakiuy MOJIEKYISIPHBIMH U MOHHO-MOJIEKYJISIPHBIMU
YpaBHEHUSMHU.

114. Kakue u3 npuenenubix coneit: KCN, Cr(NOs3);, KNOs;, ZnSO4 nmoasepraroTcs
ruaponusy? CocTaBbTe€ MOHHO-MOJIEKYISIPHBIE M MOJIEKYJISIPHBIE YpaBHEHHUS THUIPONIH3a ITHX
COJIEH, YKAXKUTE PEAKLIUIO CPEBL.

115. CoctaBpTe MO ABa MOJEKYISPHBIX YpaBHEHHUS pPEaKIMid, KOTOPBIC BBIPAKAIOTCS
MOHHO-MOJICKYJIIPHBIMU YPaBHEHUSMHU:

a) OH + HS =H,O0 + S*°
6) COs> +2H" = H,0 + CO;
B) OH™ + NH4" = NH4sOH

116. B xakoii nBeT Oyner okpaiieH JakMyc B BOJIHBIX pacTBopax KoSOs, (NH4)2SOs,
Na2CO;3, Li2SO4? OTBeT 0060CHYiTe HOHHO-MOJIEKYJIAPHBIMU YpaBHE- HUSIMH COOTBETCTBYIOIINX
peaKkuuii TuIpoIIn3a CoeH.

117. CoctaBbTe MOJEKYISpHBIE W  HOHHO-MOJICKYJISIPHBIE YpaBHEHHS peakiui
B3anMojeiicTBus B pactBopax Mexay: a) K2SOs u HCI; 6) CH;COOH u KOH; B)
Na,HPO4 u NaOH; r) AI(OH); u KOH.

118. Kakwue u3 coneit KI, Cu(NO3)2, KNO,, CrCl; nonsepratorcs ruaponusy? CoctaBpTe
MOHHO-MOJIEKYIISIPHBIE M MOJICKYJISIPHBIE YPaBHEHUS THAPOIIN3A ITHX COJIEH, YKaXKUTE PEaAKIIHIO
Cpenpl.

119. CvemmBarot nonapao pactBopbl: a) Cu(NOs3), u NaxSO4; 6) BaCly u K2SOs; B)
NaHCO3 u NaOH; r) Cu(OH), u HCI. B kakux 13 NpuBEICHHBIX CIIy4aeB PEAKIINU MTPAKTUUECKH
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nouayr no koHua? CocraBbTe ISl ATUX PEAKIHMI MOJIEKYJISIPHbIE M HOHHO-MOJIEKYJISPHBIE
YpaBHEHHUS.

120. Kakue u3 nmpueaeHubix coneit: NaxSOs, AlCl3, NH4NO> moasepraroTcst THAPOITU3Y
M0 KAaTHOHY, IO aHUOHY, M0 KaTHOHY M aHWoHy? Ykaxute pH cpensl, cocraBbTe HOHHO-
MOJICKYJISIPHBIE U MOJICKYJISIPHBIE YPaBHEHUS THAPOIIN3a ITUX COJIEH.

Tema 15. CpoiicTBa pa30aB/ieHHbIX PACTBOPOB HeJIeTy4YHX BemecTB. OcMoTHUYeCKOe
JAaBJIeHHe

IIpakTuyeckasi padora Ne2. OcmoTuueckoe napienue. 3akoH Bant-I'odda

Ocmoc — nporecc OJHOCTOpOHHEH MU Py3un depe3 NOTYIPOHULIAEMYIO
MEMOpaHy MOJICKYJ PAcCTBOPHUTENS B CTOPOHY OOJbIIEH KOHIEHTPAI[MH PACTBOPEHHOIO
BEIECTBA (MEHbIIIEH KOHIIEHTPALIUU PACTBOPUTEIIS).

OcMOTHYECKOE 1aBJICHHE

PaccmotpuMm cutyanmio, nmpu KOTOPOM YaCTHMYHO MpOHHUIIaeMas MeMOpaHa (T. €., Takas,
yepe3 KOTOPYI0 MOTYT MPOXOAUTD JIUIIb METKHE 00BEKThI, HAIPUMEP, MOJIEKYJIBI PACTBOPUTEII,
HO HE KpYyNHBIE — HANpUMEpP, MOJIEKYJbl PACTBOPEHHOIO BEIIECTBA) pa3ACiieT YHCTHIN
pacTBOpPUTENb U PacTBOP (UM JBa pacTBOpa C pa3HbIMH KOHIIGHTpalusmu). Torma MoyeKysbl
pacTBOPUTENSI HAXOMATCS MPAKTUYECKU B PABHBIX (PU3UYECKUX YCIOBHUSX MO 00€ CTOPOHBI
MeMOpaHbl, OJIHAKO B 0oJiee HACHIIIEHHOM pPAacTBOPE HEKOEro BellecTBa MX KOHIICHTpaIus,
pa3ymeeTcsi, MeHbIIIE, 4eM B Ooyiee pa3z0aBiieHHOM (B KOTOPOM MEHbBIIIE MECTa B pPacTBOpPE
3aHUMAIOT MOJIEKYJBl pPAacTBOpEHHOTO BemiecTBa). ClenoBaTenbHO, CO CTOPOHBI MEHEe
HACBHIIIIEHHOTO pacTBopa depe3 MeMOpaHy aud@yHaupyeT OoibplIee YUCIO MOJEKYJ, 4YeM C
MPOTUBOMNOJIOKHOW CTOPOHBI. A 3TO 3HAYHUT, YTO PACTBOPUTENH MOMPOCTY MEPEXOIUT U3 MEHEE
HACBIIIIEHHOTO0 pacTBopa B 0Oojiee HACHIIMICHHBINW, pa30aBisisi ero (BbIpaBHUBAs KOHIICHTPAIUU
000MX pacTBOPOB) U CO3/1aBas JaBjeHHe Ha MeMOpany. [Ipoiiecc ATOT (OH HA3BIBAETCSI OCMOCOM)
MOKHO TpEeKpaTHTh, OKa3aB ONpEJeNEHHOE JaBjieHHe Ha OoJjiee HACHIIIEHHBI pacTBOp
(HampuMmep, TPU TOMOIIM MOPIIHA) —— O3TO JaBJICHHE M Ha3bIBACTCSI OCMOTUYECKUM
JTaBJICHUEM.

PacTBOpBI ¢ 0IMHAKOBBIM OCMOTHYECKUM JAaBJICHUEM HA3bIBAIOTCS M30TOHUYECKUMU.
Ornpenenutb 0CMOTUYECKOE JIaBJICHUE PacTBOpPa MOXKHO 10 (hopmyrie, moaydeHHol B 1886
roxy 5. X. Baut-I'oddom:
7 =Cwmssa " R T, 1€
mol mol

CMse-sa — MOJISIpHAs KOHLEHTpALMs pacTBOpa, BbIpaKEHHas B m? , @ HC B l , Kak
00BIYHO;

R — YHUBCpPCAJIbHAA Ia30Bas MOCTOAHHAS,
T— TEPMOJUHAMHNYICCKAA TEMIIEpATypa CUCTCMBIL.

C naBieHuMEM HACBIIIEHHOTO Mapa TECHO CBsA3aHbl TaKHE€ CBOMCTBA pPACTBOPOB, Kak
TeMIlepaTypa KUIICHUS U TeMIeparypa 3amep3anus. JKuIKoCcTh 3aKUIaeT TOTa, KOT/1a 1aBJICHHUE
HACBIIEHHOTO TMapa HajJ Hell paBHO BHemrHeMy (aTtMocdepHOMY) mAaBieHUI0. JKHIKOCTh
3aMep3aeT TOI/a, KOI/a JaBJ€HHE €€ HACBIIIEHHOTO Mapa HaJ >KUIKOCTbIO OyIeT paBHO
JABJICHUIO HACHIIICHHOTO Napa Haja TBepAou (azoii (paom). Tak kak JaBleHHE HACBIIIEHHOTO
mapa HaJ pacTBOPOM MEHBIIE, YeM HaJl YUCTBIM PACTBOPHUTENEM (BOJO), TO ISl 3aKUIaHUS
pacTtBopa TpebyeTcst Oonee BBICOKasi, a AJsA 3aMep3aHus — OoJiee HU3Kask TeMIieparypa, 4eM s
pactBoputens (Boabl) (puc.l). I 3akon Payns wim cneactBus u3 I 3akona Payns: “TloBbimenue
TEMIIepaTypbl KUMEHHUS AtKWI UM TOHMKEHHE TEMIIepaTypbl 3aMep3aHus (KpUCTAILITU3ALIMH)
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At3aM pacTBOpPOB TI0 CpPaBHEHHIO C YHCTBIM pACTBOPHUTENEM TPSMO MPONOPIMOHATHHO
n m

B B

MossutbHOCTH pacTBopa” Atkun = E -Cm; (5) Atzam = K -Cm; (6) Cm= M p—aas , NB= M, (7)
rae E—»s0ymuockonmueckas (30yiaroMeTprueckas) KOHCTaHTa, Kr-rpaa-moib-1, K —

KpUOCKOMHUYEeCcKas (KpUOMETPHUECKasi) KOHCTaHTa, Kr-rpaa-Mojib-1, Cm — MOJSIBHOCTB,
MOJIB/KT.

N3mepenne TemMneparyp KUIMEHUS U 3aMeP3aHus paCTBOPOB JICKHUT B OCHOBE
30YyIMOCKOMUYECKOTO U KPUOCKOIIUYECKOTO METO/I0B ONpPEACTICHUSI MOJISIPHBIX (MOJIEKYJISIPHBIX)
Mmacc BemectB. [loacraBuB B ypaBHeHus (5) u (6) nanubie BeipaxeHus (7), MOXKHO pacCUUTATh
MOJIIPHYIO Maccy (I/MOJIb) paCTBOPEHHBIX BEIIECTB - HEAIEKTPOJIUTOB 1O hopMyiaM:

_ K'm, _ E-m,
M, = At_ -m M. At

3am P T nn mp—m{
s

rac KuE - KPUOCKOIIMYCCKass H 36YJII/IOCKOHI/IIICCK8H KOHCTAHTHI, Kl"'l"paI['MOJ'IB—l;
At3aM — ITOHMKEHHE TEMIICPATYypPhI 3aMCP3aHUA U AtKUII.— TTOBBINIICHUE TEMIICPATYPbI KHUIICHUA,
OMMPCACIICHHBIC 3KCIICPUMCHTAJIbBHO, MB — MacCa paCTBOPCHHOI'O BCUICCTBA, I'; Mp-JIsd — Macca
pacTBOpPHUTCIIA, KI'.

Tema 16. /IucnepcHblie cuCTEMBI.
IIpakTuyeckas padora Nel. Komtonansie pacTBOpsI

HctuHHBIE pacTBOPBI COAEpKAT MOJEKYJbl WM aTOMBI, pa3Mepbl KOTOPBIX OOBIYHO HE
npepbimaoT 5-10° M (5 um). Ilpy yBenMUeHMH pPa3MEpOB YacTHIl CHCTEMa CTAHOBUTHCS
reTepOreHHOM, COCTOAIIEH U3 ABYX UM Oosee a3 ¢ CUIBHO pa3 BUTOM MOBEPXHOCTHIO pa3fena.
Takue cucTeMbl OJIYYHJIM Ha3BaHU JTUCTIEPCHBIX CUCTEM.

Bce nucnepcHble CHCTEMBI COCTOSIT W3 CIUIOIIHOM (Da3bl, Ha3bIBAEMOW AMCIIEPCHOHHOMN
cpenoi, u mpepbIBUCTON (pa3bl (YacTHIl), Ha3bIBaeMOMW aucriepcHoi (azoit. B 3aBucumocTtu ot
pa3Mepa 4acTHI] AUCIEPCHBIE CUCTEMBI MMOAPA3AEISIIOT HA TPYIIIbL:

a) B3BeCH (CYCHEH3MH, SMYJIbCUHN), Y KOTOPBIX YacTHIIEI UMeIoT pasmep 1000 um (108 m) u
Ooiee;

0) KOJUIOMJIHBIE CHCTEMBI, pa3Mep YacTHI] KOTOPBIX JIGKUT B mpenenax or 1 mo 500 am
(10°m -510' wm).

JucniepcHble CHUCTEMBI TaKXe KIACCHPUIHUPYIOTCS TO arperaTHbIM  COCTOSIHUSIM
JTUCTIEpCHOM (a3bl U AUCTIEPCHOHHON cpebl (3071b, a3P030JIb, IeHA, IMYJIbCHS, Tellb).

XapakTepHOH 0COOEHHOCTBIO KOJUIOMAHBIX YaCTHUIL SBJISETCS HATUYUE HA UX TTOBEPXHOCTH
3apsia, 00yCIOBIEHHOr0 N30UpaTenbHON aacopoumel noHoB. KomtonaHas 4acTuia BKIIOYAET B
cedst  Aapo, aacopOMpOBaHHBIE MOHBI, MPOTUBOMOHBI W pacTBoputTenb. CyliecTBYIOT
aruo¢uibHble (TUAPOGUIBHBIE) KOJUIOMABI, B KOTOPBIX DPAaCTBOPHUTEIb B3aMMOJEHCTBYET C
AapaMu 4YacTull, W JnopoOHble (rUAPOPOOHBIE) KOJIOMABI, B KOTOPBIX PAcTBOPHUTENb HE
B3aUMOJICHCTBYET € SPOM YacTUll. PacTBOpUTENb BXOJUT B COCTAB IMIPO(OOHBIX YACTHIL JIUIIb
KaK coJIbBaTHas 000JI0UKa aiIcOpOMPOBAHHBIX MOHOB WM NPpH Hann4uu cradminzaropos ([TAB),
UMeIUX JH0(OOHYIO U TNO(PUIBHBIE YACTH.

Sapo cOCTOUT M3 ANEKTPOHEUTPATHHOTO arperara 4acTuil ¢ aJicopOUpOBAaHHBIMU WOHAMU
2IEMEHTOB, BXOASMIMX B cocTaB sAapa (Hanmpumep, moHamm Ag', HS", Fe*"). Komnouanas
yacTHUIla KpoMe SiJjpa MUMEET MPOTHBOMOHBI M MOJIEKYJBl PAcTBOpPUTENA. AJCOpOHpPOBaHHBIE
WOHBI U TIPOTHBOUOHBI C PACTBOpUTEIEM 00pa3yroT afacopOupoBaHHbIN croil. CyMMapHO 3aps
YaCTUllbl paBCH pa3HOCTU 3apsAa0B aH00p6I/IpOBaHHBIX HWOHOB U IMPOTHBOMUOHOB. BOprr qacCcTHUIL
HaxoauTcst udQy3HbI CIOW MOHOB, 3apsAh KOTOPBIX paBeH 3apsly KOJUIOMJHOM YacTHUIIBL
Konnoumnas gactuna u nuddy3HbIi CIoi 00pa3yroT 3IEKTPOHEHTPATBHYIO MUTICILTY.
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Metoapl mOMy4YeHHS KOJUIOMAHBIX pPAacTBOPOB. [l TMPUTOTOBIEHHS KOJIJIOUIHBIX
pPacTBOPOB CJIEYET MOTYyYUTh YacTHIIBI pa3MepoM oT 1 1o 500 HM, momo0paTh TUCTICPCHOHHYIO
cpenly, B KOTOpOIl HE pacTBOPSIETCS BEIIECTBO YACTHUIl, U 00ECIIEYUTh YCTOMYUBOCTH YacTull. B
KauCCTBC BCHICCTBA KOJUIOMAHBIX YaCTHL B BOJHBIX CpC€aax CJIyxXaT MCTaJlJIbl, OKCHUIBI,
TUAPOKCUABI, CYIbGUIbl U IPYrHe MallOpacTBOPUMBIE COCIUHEHUS METAJJIOB M HEMETaJUIOB.
YacTuiisl COOTBETCTBYIOIIMX Pa3MEpPOB MOTYYarOT MO0 U3MENbYCHUEM KPYIHBIX YacTHUL, JHO0
o0bearHeHHEeM (KOHJEHCAIMei) aTOMOB, MOJIEKYN, MOHOB. B mepBoM MeToie NPUMEHSIOT
pa3M4YHbIC TUCTIEPraTOphl, HAMPUMEDP KOJUIOMIHBIE MEIbHUIBL. BO BTOpOM ciydae OOBIYHO
UCIOJIB3YIOT METOAbl OCaXJACHUS: THAPOJIU3, OKHCIEHHE, BOCCTAaHOBIIEHUE, HEWUTpalu3alus.
Hampuwmep, B pe3ynbrare runponusa coiueil sxenesa (I1I) nomyuaror ero rugpoxcun

Fe’" + 3H,0 = Fe(OH); + 3H"

J1Jist IOBBITIIEHHS] YCTOWYMBOCTH KOJUTOMIOB B PacTBOP BBOJSAT CTAOMIIM3ATOPHI, HAITPUMEP
[TAB, unu MOHBI BellecTBa, U3 KOTOPOTO COCTOUT yacTulia. B mpupone MAyT eCTeCTBEHHBIE
MpOIEeCChl 00pa30BaHUsl KOJUIOWIHBIX PACTBOPOB TIPU B3aUMOJICHCTBHU BOJBI C TJIUHOM,
OpraHUYECKUMH, HAPUMEpP I'yMYCOBBIMHU, KUCIOTAMHU M IPYTHMH BEIIECTBAMHU.

OnTuyeckue CBOMCTBA KOJUIOWJIHBIX pacTBOpoB. Eciam paccmaTpuBarh IyTh CBETOBOTO
Jqy4a, IPOXOJALIETro Yepe3 COBEPIIEHHO NMPO3payHbli KOJUIOMIHBIA PacTBOp, COOKY Ha TEMHOM
¢doHe, TO OH CTAHOBUTCS BUIUMBIM. DTOT ONTUYECKHNA dPPEKT Ha3bIBAeTCA KOHycOM THHIAS.
OH BBI3BIBACTCS PACCEIHUEM CBETa YAaCTHLIAMHU JMCIEPCHOM (a3bl KOIJIOWIHOIO pacTBopa U
ABJISIETCS CIEACTBUEM KOJUIOMJIHOW CTENEHU JUCIEPCHOCTH 3TUX YacTUL. YacTUIbl AUCIIEPCHOU
¢a3pl 305Iel 10 CBOMM pPa3MEHaM MEHbIIE JJIUH BOJIH JIyyeil Bugumoro ceera. [loatomy oHM
paccenBaroT CBET, IPUYEM JTOBOJIBHO HHTEHCUBHO, HO HE OTPaXXaroT €T0.

JUis  KOJUIOMAHBIX PpPacTBOPOB XapaKTEpHO JBWKEHME YacTHIl JHUCIEPCHOM (hasbl,
BbI3bIBa€MOE OECHOpSAJOYHBIMU YyAapaMU CO CTOPOHBI MOJIEKYJ CpElbl, HaXOASIIUXCS B
TEIIOBOM JIBHKeHHU. Ero BriepBble HaOo1a) moTaaHAckuil 6oTanuk bpoyH. IMeHHO mosTomy
JBUKEHHE YacTUIl AUCTIEPCHON (ha3bl B TUCHEPCUOHHON Cpejie 307151 Ha3bIBAETCS OPOYHOBCKHM.
B pesynbrare HampaBiieHHME IBWXKCHMSI KaXKIOM YacCTHIBI IOABEPracTCs HENPEPBIBHOMY U
IpUTOM OecropsI0YHOMY H3MEHEHHI0. CKOpPOCTH TEpEeMEIeHUs YacTHI[ B KOJIJIOUJHBIX
pacTBOpax MEHbIIIE, YeM B HCTHUHHBIX (3TO CBSA3aHO C pa3MepaMH YacTHIL).

OnekTpodope3 U IIEKTPOOCMOC OOYCIOBJICHBI HATWYUEM pPA3HOMMEHHOTO 3apsia y
YacTHI] JUCHepcHOM (a3pl U JUCIepCHOHHOM cpenbl. Ha rpanuue pasnena a3 BO3HHKaeT
JIBOMHOM 3J7EKTPUUYECKUH CIIOHM, COCTOSIIIUNA U3 TOHKOU (aCOPOLIMOHHOMN) YaCcTH U MPOTSKEHHON
mupdy3Hoit wactu. Mexay (¢$azamMu  BO3HHMKAaeT pa3HOCTh IOTEHLIMANOB, Ha3bIBaeMas
AIIEKTPOTEPMOJIMHAMUYECKUM TOTEHIMANoM ¢. YacTh Ckauka MOTeHLHaga, O00YCIOBIEHHAs
Tu(h(dy3HBIM CII0€M, Ha3bIBAeTCsl JJIEKTPOKMHETUYECKUM WM  &(J13eTa)-MOTEeHIUaIoM
ONEeKTPOKMHETUYECKUN TOTEHIMAT ONpeAenseTcss TOMMMHOM U 3apsaoM Juddy3HOTro cios,
KOTOpBIE 3aBHUCIT OT KOHILIEHTpAallMM W 3apsijia MPOTUBOMOHOB M Temriieparypbl. Ero 3Hauenue
MO’KHO PEryJIMpOBaTh, HAIIPUMED, BBEACHUEM ITIPOTHUBOMOHOB C BBICOKUM 3HAYEHUEM 3aps/10B.

KuneTnueckue CBOICTBA KOJUIOMIHBIX PACTBOPOB OINPENEISIIOT HX KHHETUYECKYIO
YCTOWUYHBOCTB, KOTOpPasi COCTOUT B TOM, YTO KOHILIEHTPALUs KOJUIOUJHBIX paCTBOPOB OJAMHAKOBA
10 BCEMY 00beMY CUCTEMBI U NPU PABUILHOM XpPaHEHUU HE U3MEHSETCSI BO BPEMEHH.

SJICKTpI/I‘ICCKI/Ie CBOMCTBA KOJUIOHIHBIX pacTBOpPOB OOBSCHAIOT HX ar-peraTuBHYIO
yCTOI\/'I'-H/IBOCTB, KOTOpas MmpoABIIACTCA B TOM, YTO YaCTHIbI )IPICHepCHOfI (1)331:1 B KOJJIOMJHOM
pacTBOPC HE YKPYINHAIOTCA, HC CIUIIAIOTCA. COXpaHeHI/IC KOJIJIOUHON CTEIICHU AUCTICPCHOCTH
BO BpPEMCHH O6YCJ'IOBJ'IGHO nNpexKaAC BCEro HAIMYMEM OJHOUMCHHOT'O JJICKTPHUYCCKOI'0O 3apsaaa
qacTuI J'IPICHCpCHOfI (1)33]:1, BBI3BIBAOIICTO KX B3aMMHOC OTTaJIKMBAaHUC. C YBCIIMYCHUEM
SJICKTPOKHMHECTHYCCKOI'O IMOTCHIIUAJIa PACTET yCTOI\/’I'-II/IBOCTI) KOJITIOMJHBIX CHUCTEM.

Hanuune »snexkrpuueckoro 3apsga y YacTHI[ JAUCHEpCHOW (a3l NPUBOIUT K UX
3HAUUTENBHOM  ruzapatanuu  (MOJSIPHbIE  MOJIEKYJBl  BOABI  OIpPENEIEHHBIM  00pa3oM
OPUEHTUPYIOTCS OTHOCUTEIBHO 3apsKEHHBIX YAaCTULl M BCTYNAIOT C HUMHU BO B3aHMOJIEHCTBHUE).
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I'mapatHast 060104YKa 3aMETHO CHMYXKAET MOBEPXHOCTHYIO 3HEPIUIO JHUCIEPCHOM (a3bl U TeM
CaMbIM YMEHBIIIAET CTPEMJICHUE YaCTHUIl K YKPYIHEHHIO. [ uapaTHas 000109Kka MPUBOJUT TAKKE
K Pa300ILEeHHI0 YaCTUL B KOJUIOMIHOM PACTBOPE, YTO MOBBIIIAET arperaTUBHYIO YCTOMUMBOCTb, a
MHOT/a JJaXKe 00eCIIeYMBAET COXPAHEHUE KOJIJIOUIHON CTENEHN JUCIIEPCHOCTH.

Yactuupl aucrnepcHol (a3bl HEKOTOPBIX BEUIECTB, CKIOHHBIX K OOpa30BaHUIO 30JIEH,
HPOSIBIIAIOT OOJBIIOE CPOACTBO K Mojekyiaam cpensl H2O, ancopOupyst uX B MEpBYIO o4yepenb.
SApo KOMIOMAHON YaCcTUIIBI TAKUX 30JIel UMEET COOCTBEHHYIO THIPATHYIO 000JI0UKY

'uapodunpHble KOJJIOMAHBIE PAcTBOPHI MPHUOIMIKAIOTCS 1O CBOWCTBAM K HCTHHHBIM
pacTBOpaMm. JTO, KaK IIPaBWJIO, 30JIM OPraHUYECKOIro MPOUCXOXKAcHMs. KoimonaHele pacTBOpSI
OOJIBIIMHCTBA HEOPTAaHMYECKUX BEIIECTB UMEIOT TUAPOPOOHBII XapakKTep.

ArperatuBHasi yCTOWYMBOCTh THAPOGUIBHBIX 30Jied OCOOCHHO BEIMKA, TaK Kak TpH
HATMYUU 3a[IUTHOTO JACHCTBUS OJHOMMEHHOTO 3apsi/ia KOJJIOUTHBIX YaCTHUI] M OOIIel THIPaTHON
0007109KH sApa 700ABIISIETCS CIIIe 3alIUTHOE ACHCTBUE THAPATHON 000JIOUKH s/Ipa.

['em u TBepable Kowtonasl. [Ipu AuTeIbHOM XpaHEHUU THAPO(UIBHBIE 307U MEPEXOIT
B ocoboe ‘“‘cTynHeoOpa3HOe” KOJIOMAHOE COCTOsHHME. B TakoMm BHIle MX HAa3bIBAIOT TeEISMHU.
CrtpykTypa rens TakoBa, 4YTO MULEILJIbI HE Pa3pyILAIOTCA, @ IPOCTO CBA3BIBAIOTCA APYT C APYTOM,
o0pa3yst cBoeoOpa3Hble SYEWKH, BHYTPH KOTOpbIX coxpansiercs cpeaa H2O. T'enp MoxHO
BBICYIINTb, IPEBPATUB €r0 B TBEP/IbI KOJUIOU.

[Tpumepom THIPOGUITBHOTO 30JI1 MOXKET CIYXKUTh 30JIb JkeidartuHa. [Ipu HaOyxaHuu ero B
Bojic oOpa3yercs renb. [Ipu HarpeBaHmm Tensi («CTyHOHS») oOpasyercst 305b. Bce mporecch
00paTHUMBI.

CoxpaHeHHE BO BCEX COCTOSIHUSIX MHLEUIAPHOW CTPYKTYpbl CBSI3aHO C BBICOKOM
YCTOMUYUBOCTBIO THAPOPHUIBHON KOJUIOUMIHOW CUCTEMBI.

Koarynsnusi KOJJIOMIHBIX pacTBOPOB. Y CTOMYMBOCTH 30JI1 MOKHO HapyIIUTh, YCTPaHUB
OJTHOMMEHHBIH 3aps/] KOJUTOUIHBIX YaCTHUI] U 3alIUTHYIO THJIPATHYIO 000JIOUKY.

VYMeHbIIIEHHE 3apsA/la 4YacTULBl IPUBEIET, B CBOIO O4Yepe]pb, K YMEHBIICHHUIO YHUCIA
MOJIEKYJ BOJbl B THAPATHOH OOOJOYKE KOJUIOMJHOM YacTULbl. YCTOHYMBOCTH KOJUIOMIHOW
cucTeMbl HapymuTces. [Ipn HEKOTOPBIX YCIOBHSX YHMCIIO MPOTHBOMOHOB B KOJUIOMIHOM YacTULE
MOYKET CTaTh TAKHM, YTO UX 3apsj MOJHOCTbIO HEUTpAIU3yeT 3aps/l 3aps1000pa3yroluX HOHOB,
T. €. KOJJIOMJIHAsl YacTUIa CTaHET He3apsukeHHOU. [Ipu aToM &-moTeHnuan cTaHOBUTCSI paBHBIM
Hymo. Takoe COCTOAHME KOJUIOMIAHOW YacCTULBI Ha3bIBACTCS HM30JIEKTpUYECKUM. ['mupaTHas
000JI0YKa YaCTUIBl B HM303JEKTPUUECKOM COCTOSSHUM B 3HAYUTENIbHOM Mepe pas3pylleHa.
KomymonnHele 4acTULbl HE 3alMIIEHBl U IPH CTOJIKHOBEHHUSX CIMIAIOTCS, YKPYIHSIOTCS.
[Ipouecc yKpynmHEHHs 4YacTHIl, NOTEPS arperaTUBHOM YCTOMYMBOCTH 30Jis1 HAa3bIBACTCS
koaryssinuen. Koarymsnus 301 NpUBOIUT K IOTEPE €ro KNHETHYECKOW YCTOMYMBOCTH, KOTOpast
BbIpa)kaeTcsi B 00pa30BaHUU OCAJIKA.

OnHMM M3 OCHOBHBIX METOJIOB KOAryJiSIIUU CIYKUT BBEACHHE B KOJUIOWJIHYHKO CHCTEMY
JJIEKTPOJIUTA, HMMEIOLIEr0 IPOTUBOMOHBI II0 OTHOLICHUIO K 3apsDKEHHBIM  KOJUJIOHMIHBIM
yactuuaM. Hampumep, B pacTBOpe C OTPULATENBHO 3apsHKEHHBIMHM KOJIJIOMJIHBIMU YacTHULAMU
BBOJAT Cynb(aThl ATIOMMHHS WIM >Kene3a. B pesymbraTe 3apsa  KOJUIOMIHBIX YacTHUI
HelTpanusyercs. Kpome TOro mpu 3ToM NPOMCXOAUT TMAPATAlNs MOHOB 3JIEKTPOJIMTA 33 CUET
mosiekyn H>O u3 nucnepcuoHHoOW cpensl. PesynabTaToM sBieTCs HapyLIEHHUE YyCTONYMBOCTH
307151, CONPOBOXKJAAOIIEECs ero koaryssuen. Koarymsmuioo Takke MpoBOIAT IMyTEM AHOIHOTO
PacTBOpEHHs alIOMHHUS U JKelle3a ¢ MepexoaoM B pacTBop noHoB A1°" u Fe?”,

KonmouaHeie pacTBOpbl B MPUPOAEC W TEXHUKE. B MPUPOIHON BOJE COAEPKHUTCS YacTh
puMeceldl B KOJUIOMAHOM coCTOssHUU. [loaTOMy Boay, HCIIONIB3yeMyRO Uil KOMMYHAJIBHBIX
HYX], 3J€KTPOCTaHIINM, CTPOUTENIbCTBA MOJBEPral0OT 00pabOTKe, BBI3BIBAIOIICH KOATYIISIIHIO
KOJUIOMJIHBIX YacTHLl. /[pIMOBBIE Ta3bl IEKTPOCTAHLIMN, METAIUTYpPIrUUECKUX 3aBOJOB U APYTUX
NPEANPUITHA  MPEACTABIAIOT co0oM  a’po3onmm. J{ms WX  KOArymsmud — TPUMEHSETCS
AIIEKTPOTra300YUCTKA METOJIOM 3JIEKTPOo(ope3a Mpu OYEHb BHICOKUX HANPSHKEHUAX MOt MOXHO
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pa3feNuTh KOJIJIOWIHBIE YacTUIBI U HOHBI 4Yepe3 MeMOpaHy, MPOHUIAEMYIO Uil MOJIEKYJ U
MOHOB M HEMPOHUIAEMYIO JUIsI KOJUIOMJIHBIX 4acTUll. Takoil MeToJl pa3fiesieHHs] Ha3bIBAeTCs
muanu3oM. OH, HallpuMep, JIEKHUT B OCHOBE JCHCTBHS anmapaTa «ICKyCCTBEHHAsI TOUKa.

Bwmecrte ¢ TeM, KOJUTOMIHBIE PACTBOPHI HAXOISAT OYCHD IMUPOKOE MPUMEHEHUE B TEXHUKE,
MEJMIIMHE U CEJIbCKOM XO03AicTBe. MHOTME JIEKapCTBEHHBIC BEUIECTBA, MUILIEBHIC MPOIYKTHI,
nap@roMepHBIE TOBAapbI, CPEICTBA OOPHOBI C CEIHCKOXO3SWCTBEHHBIMH BPEIUTEISIMH U
COpHSIKAMH TPUMEHSIOTCA B KOJUIOMJHOM COCTOSIHUU. B KOJJIOMAHOM COCTOSIHUM HaXOISATCS
MHOTHE COCTAaBHBIC YACTH JKMBBIX OPTraHU3MOB: KPOBB, JUMQa, BHYTPUKICTOUHAS KHUIKOCTb.
[ToaTomMy i JedeHus HEKOTOPBIX OoJie3HEeH MIMPOKO HCMOJIb3YeTCs BBEIEHHUE B OPraHU3M
JIEKapCTB METOJIOM JIeKTpodopesa.

KoHTpoJibHBIE BOITPOCHI
1. Kakue Tumbl UCIEPCHBIX CUCTEM BbI 3HAETE?
2. OOBIICHUTE MEXaHU3M YCTOMUYHUBOCTH KOJUIOUIHBIX CUCTEM.
3. Uro Takoe anmekrpodopes? YKaxuTre 00JacTH ero MPUMCHCHHUS.
4. Yro Takoe koarymsaius? Kakue cnocoObl Koarynisiuu Bbl 3HaeTe?

Tema 16. /IucnepcHblie cuCTEMBI.

IIpakTuyeckasa padora Ne2. [lonstue o aucrnepcHbIX cuctemax. THIBI AUCIEPCHBIX
CHCTEM.

JucriepCHBIMH Ha3bIBAIOT CHCTEMbI, COCTOSIIIME M3 MHOKECTBA MaJbIX YAaCTHII, pacrpe-
JICTICHHBIX B KUJKOH, TBEPION WM ra3000pa3HOM cpeie.

[TonsATHE «IMCTIEPCHBIN TPOUCXOIUT OT Jat. dispersus - pa3apoOIeHHBINA, PaCCESTHHBIH.

Jis  BceX JMCIEPCHBIX CHUCTEM XapaKTepHbl JBa OCHOBHBIX TPU3HAKa: BBICOKAS
pa3apoOIEHHOCTH (AUCTIEPCHOCTH) U T€TEPOT€HHOCTb.

['eTeporeHHOCTh AUCHEPCHBIX CHCTEM MPOSIBISETCS B TOM, YTO 3TU CHUCTEMBI COCTOSIT U3
IByX (umm Oosee) a3: nucnepcHoil (as3el M aucnepcuoHHOW cpenwl. JucnepcHas ¢asa - 3To
pa3apobienHast ¢aza. OHa COCTOUT M3 YaCTHI HEpPaCTBOPUMOIO TOHKOM3MEIbYEHHOTO
BEILIECTBA, PACHIPEAETICHHBIX IO BCEMY 00bEMY AUCIEPCHOHHON CPEJIBL.

Bbicokast IHCIIEPCHOCTh NPHUIAET BEIIECTBAM HOBBIE KAauyeCTBEHHBIE IIPU3HAKU:
MOBBIIICHHYIO PEAKIIMOHHYIO CIIOCOOHOCTh U PacTBOPUMOCTb, WHTEHCHUBHOCTb OKpPACKH,
CBETOpaccesiHue W T. M. boiblias MOBepXHOCTh pa3zena CO3AaeT B ATUX CHCTEMax OOJbIIOH
3armac IMOBEPXHOCTHOM SHEPruM, KOTOpas JellaeT MX TEePMOJMHAMHYECKH HEYCTOWYHBBIMU,
Ype3BbIUAIIHO PEaKIMOHHOCHOCOOHBIMU. B  HHUX JIlerko MNpOTEKalT CaMOIPOM3BOJIbHBIE
IPOIIECCHl, TPUBOAALINE K CHU)KEHUIO 3araca MOBEpXHOCTHOM SHEPIHU: aCcOpOIHs, KOary s
(cmunaHue TUCHEPCHBIX YacTull), 00pa3oBaHUE MAKPOCTPYKTYp U T. I. Takum obpazom, caMble
BaXHBIE U HEOTHEMJIEMBIE YEPTHI BCAKON AUCIIEPCHONW CHCTEMBI - T€reTPOr€HHOCTh U BBICOKAs
JUCIIEPCHOCTS - TTOJIHOCTBIO ONPEIENIAIOT CBOWCTBA U TOBEJCHHE ITUX CUCTEM.

Knaccugukauio IUCHepcHBIX CHUCTEM INPOBOASAT HAa OCHOBE pa3IMYHBIX NPU3HAKOB, a
MMEHHO: 10 pa3Mepy YacTHll, [0 arperaTHOMY COCTOSHUIO TUCHIEPCHO (a3bl U AUCTIEP CHOHHON
Cpebl, 110 XapakTepy B3auMOJICHCTBUS YaCTHIL JUCTIEPCHOM (ha3bl Mex 1y coboil 1 co cpenoit.

Knaccupukanus mo pasmepy yactuu (IMCrepcHOCTH)

HucniepcHoCTh D ABIISIETCS OCHOBHOM XapaKTEPUCTUKOW JUCIEPCHOW CHUCTEMBI U MEpOM
pa3fpoOJIEHHOCTH BelecTBa. MareMaTudecku JTUCIEPCHOCTh OMNPEAEISIOT KakK BEIWYMHY,
00paTHYIO pa3Mepy YacTUIIBL:

D=1/a,
IJie @ — pa3Mep YacTHII! (UaMeTp UIM JIMHA pedpa), M.

C npyroil cTOpOHBI, /Ui XapaKTEPUCTUKU CTENEHHU Pa3fApOOJEHHOCTH CIIYKUT BEJIUYUHA
yAEIbHON MOBEPXHOCTU Syo. Y ACIBbHYIO MOBEPXHOCTh HAXOJAT KaK OTHOLIEHUE MOBEPXHOCTH S
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yacTULIBI K ee 00beMy V unmu macce m: Syo = S/V umn Syo = S/m. Ecnu ynenbHyt0 MOBEpPXHOCTD
OTIPEICIISAIOT TI0 OTHOIICHHWIO K MAacCe YacTHUIbI Pa3apoOJIEHHOTO BEIIECTBA, TO €€ Pa3MEPHOCTh
M%/KT, ecili e MO OTHOIIEHHIO K 00bEMy, TO Pa3sMEpPHOCTh COBIAAAeT C Pa3MEPHOCTHIO
aucnepcHocTu (M),

@dusnyeckuil CMBICI TOHATHUS «yAETbHAs MOBEPXHOCTH» 3aKIIOYaeTCs B TOM, YTO 3TO
CyMMapHas TOBEpXHOCTh BCEX YACTHI, OOIMii 00BbEM KOTOPHIX cocTaBiseT IM> mmm obumias
Macca KOTOPbIX paBHa | Kr.

[To mUCTIEpCHOCTH CUCTEMBI TTOIPA3CIISFOT HA TUIIBI:

1) rpy6o-mucnepcHbie (TpyOble B3BECH, CYCIICH3WH, IMYJIbCHUHU, TIOPOIIKH) C PaaNyCcoOM
gactun 1074- 107 um;

2) KOIIOMIHO-IUCTIEpCHBIE (3011H) ¢ pasMepoM dacTurl 107 - 107 m;

3) MOJIeKyIApHBIE U HOHHBIE PACTBOPHI ¢ pa3MepoM yacTuil MeHee 107 M.

B Kko/TOMAHBIX CHCTEMax JOCTHTaeTCs BBICIIAS CTETICHb Pa3apoOsICHHUsl BEIISCTBA, MPHU
KOTOpPOW eIe COXPAHSIOTCS TOHATHSA «(]a3a» M «reTePOTCHHOCTHY. YMEHBIICHUE pazMepa
YacTUIl elle Ha MOPSAOK MEePEeBOAUT CHUCTEMBbl B TOMOTCHHBIE MOJIEKYJISPHBIE WJIM HOHHBIC
pacTBOPBHI.

JluctiepcHOCTh BIIMSIET HA BCE OCHOBHBIC CBOMCTBA JUCIIEPCHBIX CHUCTEM: KHHETHYECKHE,
OIITUYECKHUE, KATATUTUUECKHUE U T. 1.

CBo¥iCTBa AUCTIEPCHBIX CHCTEM COIOCTaBJIEHBI B Ta0. 1.2.

Tab6nuia 1.2.CBolicTBa TUCTIEPCHBIX CHCTEM Pa3HBIX THUIIOB

I'py6omgucniepcusie  Kommouano- MonekyisapHble U

CHCTEMBI JUCIIEPCHBIE UOHHBIE (MCTUHHBIC)
CUCTEMBI PpacTBOpLI

Hemnpospaunsle - IIpo3paunbie IIpo3paunslie

OTPa)KaroT CBET ONAJIECHIUPYIOUIUE HEONAIECHIUPYIOLIHE,
- paccenBaroT KOHyC TuHpmans He
CBET, JAIOT KOHYC HaOIroaaeTcs

Tuanang

YacTu1ipl He YacTuiml YacTuusl  1pOXOIAT
MPOXOIST yepe3 MPOXOIAT  4epe3 uepes OyMasKHBIN
bubTp OyMaKHBIN ¢bunbTp

bunbTp
YacTu1pl YacTuusl Yactuusl 1pOXOIAT
3a1ePKUBAKOTCS 3a7€P>KUBAIOTCSA 4yepe3 JIbTPaQrIbTph
yabTpaduiIbTpaMu  yIbTpapuIbTpaMu
I'eTreporennsie I'eTeporennsie T'omorennsie
Heycroiiunussl OTHOCHUTENBHO Y CTOWYNBEI KUHET. U
KHHETUYECKU M YCTOMYUBBI  KU- TEPMOJMHAMUY.KU
TEPMOJIMHAMUYECKH HETHYECKH
Craperot Bo CraperoT Bo He craperor
BpPEMEHU BpPEMEHU
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Yactunsl BuaHel B YacTunsl BUAHEL B YacTUIbl HE BUIHEI B

ONTUYECKUI JJEKTPOH. COBPEMEHHBIE
MHKPOCKOII Mukpockon U MHUKPOCKOIIBI
YIBTPaMHKPOCKOIT

[ToMumo pa3mepa dacTHIl OOJBIIOE 3HAYCHUE JJISI CBOWCTB JUCHEPCHBIX CHUCTEM HMEET
reoMerpuueckas (opma uactull. B 3aBucuMocTH OT ycioBuii IpoOiieHus BemiecTBa ¢opma
YACTHUI] IUCTIEPCHOMN (ha3bl MOXKET OBITH OYEHb Pa3HOOOpasHoil. OnuH M> MCXOJHOTO BElIecTBA
NPUHIUIHAILHO BO3MOKHO PasapoOUTh Ha KYOUKH ¢ JyiuHOM pebpa [=10M, BRITAHYTH B HUTH C
ceuenneM 10® x 10 M wmn pacrmromuTs B mnacTuny (mieHky) TommuHoi 10 M. B kaxkaom u3

OTHUX CIy4acB CUCTEMA 6y,I[CT HHCHCpCHOﬁ CO BCEMH MIPUCYIIMMH ITPHU3HAKaMU.

VY aenpHast MOBEPXHOCTh YaCTHI] KyOU4ecKoi (pOpMBI BO3pACTAET OT MUCXOAHOTO 3HAYCHHS
B 6 M? /10 3HAYEHMS, OIPEEIAEMOro Mo GopMmyJie

Syo =SV =6F/FP=6"10° u"’
Jlns auteit Syo = 4-10° m'; anst mnenku Syo =2 108 M 7.
Yactumpl KyOM4YecKoW, MmapooOpa3HOW WM ONM3KOH K HUM HENpPaBWIBHON (OpPMBI

XapaKTEepHBI AJI1 MHOTHX KOJUIOMJHBIX PACTBOPOB - 30Jiel U Oosiee rpy0OIUCIIEPCHBIX CUCTEM —
AMYJIbCUU.

Kuacenpukanusi mo arperaTHoMy COCTOSIHUIO (pa3

Hambonee pacnpoctpanena kiaccu(uKkanusi AUCIEPCHBIX CHCTEM TI0 arperaTHOMY
COCTOSTHUIO JTMCHEPCHOM (a3bl U nucnepcuoHHon cpenbl. Kaxaas u3 stux ¢a3 Moxer ObITh B
TPEX arperaTHeIX COCTOSHHSIX: Ta3000pa3HOM, >KHIKOM W TBepAoM. [lodToMy BO3MOKHO
CYILIIECTBOBaHHE BOCHBMHU THUIIOB KOJJIOUIAHBIX cucteM (Tadnm. 1.3). Cuctema «ra3 B raze» He
BXOJHUT B 3TO YHCJIO, TaK KaK SBISIETCS TOMOTEHHOW MOJIEKYJSIPHOH, B HEH OTCYTCTBYIOT
IpaHUIbl pa3zena. BeicokoaucnepcHble KOJUIOMIHBIE PacTBOPBI, OTHOCAIIMECS K THILYy CHUCTEM
T/’K, HOCSIT Ha3BaHWE 30Je (OT JaT. solutio - pactBop). 307U, y KOTOPHIX IHUCIIEPCHOHHOM
cpeloi sBiSeTCS BOJA, Ha3bIBalOT TUAPO30JsiMHU. Ecium nucnepcMoHHOW cpemod CiayXuT
OpraHuvecKast )KHJIKOCTb, KOJUIOMIHBIA PacTBOP HOCUT Ha3BaHWE OPTaHO30JIs. DTH TOCIEIHHE, B
CBOIO Ouepelb, MOJPA3NEISAIOT Ha aJKO30JHM, OEH30305IM, 3TEpO30JM U T.I., B KOTOPBIX
JUCTIEPCUOHHOMN CPEZION SIBJISIFOTCSI COOTBETCTBEHHO CIUPT, O€H307, 3dup u T. A. B 3aBucumMoctu
OT arperaTHOro COCTOSIHUSI JHUCHEPCHOHHOW Cpellbl pa3jMyaroT JIMO30JM - 30JM C KUIKOU
JTUCTIEPCUOHHOM cperol (oT Tped. lios — KHUAKOCTh), a’po30JM - 30JIM C Ta3000pa3HOM
JMCTIEPCUOHHOI Cpesloi, TBep/ble 30JIM - CUCTeMbI TUNA T/T. [ pyboucrepcHble CUCTEMbI THUIA
T/’ Ha3bIBAIOT CYCIIEH3USIMH, THIIA K/5K — YMYITbCHSIMHU.

Tabnuna 2..2. OCHOBHBIE TUIIBI TUCIIEPCHBIX CUCTEM

Hucn ¢aza | Hucn.cpena | O6o3nau. | [Ipumepst
las las He cymecrts.
Kunkocts | » x/T Tyman, obnaka,
a’po30Jin
JKUJIKUX
JIeKapCcTB
TBepnoe » T/T e, IIbLIb,
TEIo MOPOLIKH,
a’po30Jiu
TBEPJIBIX

58



JICKapCTB

I'a3 Kugkocthb r/% Ilenrl, rasoBble
MYJIbCUHU

Kuaxocts | « KK OMyJIbCUU
(MoJToKO,
JIEKapCTBCHHBIE
AIMYJIbCHUH)

TBepnoe « T/ %K Cycnensun,
TEJo KOJUIOHTHBIE
pacTBOpHI

T'a3 Trepnoe r/T TBepapie TEHBI,
TENO0 XJ1€0, rnemMsa,
CHJIMKAreb,
AKTUBHBIC YIJIH

Kuakocts | « XK/T Kemuyr,
KamLIIPHBIC
CHCTEMBI,
[IEMEHTHBIN
KaM€Hb, Telln

Teepnoe « T/T LIBeTHBIE

TENO CTEKIIa,
MUHEPAJIBL,
CIIJIaBBI

Kunaccnpukanusi no oTCyTCTBUIO MM HAJIMYMIO B3aMMOAEHCTBUS MEXKAY YaACTULAMHU
aucnepcHoi ¢gasbl

[To xkMHETHMYECKUM CBOMCTBaM JAMCIEPCHOM (ha3bl BCE IUCIEPCHBIE CUCTEMbI MOXKHO
NOJPa3/IeNINTh Ha JIBa KJlacca: CBOOOAHO-IUCIIEPCHBIE, B KOTOPBIX YAaCTHUIIBI JUCIIEPCHOM (a3bl
HE CBSI3aHbI MEXAY COOOH M MOTI'YT CBOOOJHO mepememaTbes (JIM030JIM, a3p0o30Jid, CYCIIeH3HH,
AMYJIBCUH), U CBA3HO-AMCIIEPCHBIE, B KOTOPBIX OJHA U3 (ha3 CTPYKTYPHO 3aKpeTyieHa U HE MOXKET
nepemeniatbest cBoOOHO. K 3TOMy KilacCy OTHOCAT Tend M CTYJHM, MEHbI, KalWUISIpHO-
nopucThie Tena (auadparmsl), TBEpAbIE paCTBOPHI U .

Kinaccnpukanus no creneHn B3auMOAeHCTBHA TMCIEPCHOH (pa3bl ¢ JMCNIEPCUOHHOM
cpenoit

JUis XapaKkTepUCTHKU B3aUMOJICHCTBUS MEXIy BEIIECTBOM TUCIEPCHOM (haszbl M KHIKOM
TMICTIEPCUOHHON ~ Cpelloil  CIIy)KaT TOHSATHS <JTHOGWIBHOCTEY H  «IHoPoOHOCTEY. [lon
B3auMoJieiicTBueM (a3 JUCIEPCHBIX CHUCTEM IMOJPa3yMEBalOT IPOLECCH  COJbBATALUU
(rugpatanuu), T. €. O00pa3oBaHHME COJIbBATHBIX (THAPATHBIX) O0OOJOYEK U3 MOJEKYI
JMCTIEPCUOHHOIN cpellbl BOKPYT dYacTHl] aucrepcHoi ¢a3pl. CUCTEMBbI, B KOTOPBIX CHIIBHO
BBIPQKEHO B3aWMOJICHCTBHE YACTHIl JUCHEPCHOW (a3bl C pacTBOPUTENEM, HA3bIBAIOT
auogunvbbimy (IO OTHOLIEHUIO K Bojie — eudpoghunvruimu). Ecnu yactuiel aucnepcHoi ¢assl
COCTOSIT W3 BEIIECTBA, CJIa00 B3aWMOJCHCTBYIOIIETO CO CPEIOH, CHUCTEMBI SIBISIOTCS
auogoonvimMy (IO OTHOUICHHIO K BOJIE — 2uopogobuvimu). TepMUH «THO(UIBHBIIN

59



MIPOUCXOAMT OT Tped. 1yo - pacTBopsito u philia - m000Bb; «1H0POOHBIH» OT 1y0 - pacTBOPSIO U
phobia - HEHaBUCTH, UTO O3HAYAET «HE JIOOALINI PAaCTBOPEHHs». XOPOIIO COIBBATUPYIOLIHECS
JI1O(UIbHBIE JUCIIEPCHBIE CUCTEMBI 00Pa3yOTCs IYTEM CaMOIIPOU3BOIBHOIO JUCIIEPTUPOBAHUSL.
Takue CHUCTEMBbl TEPMOAMHAMHYECKM YCTOWYMBBHI. [IpuMepamu TakuX CHUCTEM SIBISIFOTCS
JUCIIEPCUM  HEKOTOPbIX IJIMH M IOBEpPXHOCTHO-akTHBHbIX Bemects (IIAB), pactBopsl
BBICOKOMOJIEKYJISIpHBIX BeuiecTB (BMB).

Y ruapodoOHBIX 3051€d YacTUIBI COCTOSAT M3 TPYAHOPACTBOPUMBIX COEIUHEHUH,
OTCYTCTBYET HJIM cIab0 BBIPAXEHO CPOJCTBO AMCIEpCHON (a3bl K pacTtBopuTento. Takue
YacTULIBI IUIOXO COJbBAaTHPOBaHbL. [ 'MapodoOHbIE 307K SBJISIOTCS OCHOBHBIM —KIIACCOM
KOJJIOUZHBIX PAcTBOPOB, y KOTOPBIX SPKO BBIPAKEHBI IE€TEPOI€HHOCTh M BBICOKAs yJelbHas
MOBEPXHOCTb.

Tema 17. Oxucauresn u BocctaHoBuresu B OBP. Kiaaccupuxanmss m  meroabl
cocraBjieHus1 ypapHenuii OBP

IIparkuyeckas padora Nel. Crenenp oxucnenus. IlpaBuna ee ompenenenus. I[lpoueccsl
OKHCIICHUS U BOCCTAHOBJICHUSI.

Peam;uu, 6 pe3ylbmame KOmopbvlx USMEHAEMC e CmeneHb OKUCTEeHUS I1eMeHmos,
Ha3bIBAOTCA OKHCJIUTECJIBbHO-BOCCTAHOBUTC/IbHBIMU. HOII CTCIICHBIO OKHUCJICHUA (C.O.)
MNOHUMAKOT 3apsad 3JIEMCHTAa B COCIHMHCHHMU, BBI‘II/ICJ]GHHBII;'I, HCXOoOd U3 IIPCAIIOJIO0XKCHUA, YTO
COCAMHCHUE COCTOMT U3 HOHOB. OHpeI[eJICHI/Ie CTCIICHU OKHUCJICHUA HPOBOAAT, UCIIOJIb3YS
CJICAYIOIIHUC ITOJIOKCHU:

1. Crenenp OKMCIEHUS JIEMEHTa B MPOCTOM BellecTBe, Hampumep, B Zn, Ca, Ho, Brz, S, O
paBHa HYIIO.
2. CrereHb OKUCIICHUS KUCIOPO/Ia B COCIMHEHHSIX OOBIYHO paBHA —2. VICKIIFOUEHHS] COCTABIISIOT
nepoxcuasl H2"'027!, Nay™ 027! m dropun kucnopona O*2F,.
3. CreneHb OKHCIEHUS BOAOPOJAAa B OOJBIIMHCTBE COCIMHEHMM paBHa +1, 3a HMCKIIOYCHHEM
coneoOpasHbIX THAPUIOB, Hampumep, Na™TH!,
4. TlocTOosSHHYIO CTENEHb OKHUCICHHUS UMEIOT IIeNouHble MeTaulbl (+1); 1menoyHo3e- MeabHbIe
MeTanbl, Oepuiunii u Marauii (+2); grop (—1).
5. Anre0Gpandeckasi CcyMMa CTENIEHEH OKHCIICHHs AJIEMEHTOB B HEUTpPabHON MOJIEKYJIE paBHA
HYJIIO, B CJIIO)KHOM HOHE — 3apsly HOHA.
B xauectBe mpumepa paccuumrtaeM c.0. mapraHua B coeguHeHun KoMnOs u xpoma B
anmnone Cr,07%>
K> Mn* 042 2+ +x+4(-2)=0 x=+6
(Cr*O72)* 2x+7(2)=-=2 x=+6
JIro0yr0 OKHCIUTEIHHO-BOCCTAHOBUTEIBHYIO PEaKIUI0 MOKHO pa3feluTh Ha JIBE
MOJTYPEaKIIUN: OKHCIICHUE U BOCCTAHOBJICHUE, HATIPUMEDP
Ca’ + Cl’ = Ca™ Cl,'!
BoccranoButenb Ca’ 28 — Ca™  okucienue
OKHUCJIUTENh Cl °+2& — 2Cl" BOCcTaHOBIEHHUE
OxuciaeHune — npoyecc omoayu 21eKmpoH08, CONPOBOAHCOAIOWUICS NOBLIUEHUEM CTeNneHU
oxucienus  snemenma. BoccTaHOBIeHHEe — npoyecc  NpUcoeOUHeHUs  DJIeKMPOHO8,
CONPOBONCOAIOWUNCA — NOHUNCEHUeM  cmeneHu  oxkucienus dnemenma. OKUCIEHUE W
BOCCTAHOBJIEHHME  —  B3aMMOCBSA3aHHBIE  MPOLECCHl,  MPOTEKAIIIUE  OJAHOBPEMEHHO.
OKHCIUTEJSIMM HA3BIBAIOT Bewecmea (amomvl, MOAEKYIbl UNU UOHbL), KOMOpble 8 npoyecce

peaxkyuu npucoeduHﬂiom 9/1eKmMpOoHbl, BOCCTAHOBUTCJIAMHU — e6euecmaa, omdaiomue
JJIEKMPOHDbL.
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Pa3nmuyaroT Tpu THIa OKHCIUTEIBHO-BOCCTAHOBHUTEIBHBIX PEAKLIMNA: MEKMOJIECKYJISIPHBIN,
BHYTPUMOJICKYJISIDHBI WM JUCIPONOPLUOHUPOBAHUA. B MEXMOIEKYISIPHBIX — PEAKLUAX
OKHCJIUTEIb W BOCCTAHOBMUTENb  COAEpKATCA B  pasHbIX MoOJeKylax. B cioywae
BHYTPUMOJICKYJISIPDHBIX PEAKIM OKUCIUTENIb W BOCCTAHOBUTEIb HAXONATCS BHYTPU OJIHOH
MOJIEKYJIBl. B peakuusx IUCHPONOPLUOHUPOBAHHUA  OJMH M TOT K€ JJIEMEHT SBISETCS
OKHCITUTENIEM M BOCCTAaHOBHTEJEM, T.€. CaM Ce0sl OKHCISET M BOCCTAHABIMBAET, HAXOJSCH MPHU
9TOM B COCTaBE OJHON MOJIEKYJIBI.

Ilpumepot pewienusa 3a0au

Ipumep 7.1. Ucxonsa u3 crenenu okucienus azota B coeauHeHusix NHiz, KNO>, KNOs,
OTPENICTTUTE, KAaKOe M3 HUX MOJXKET OBITh TOJHKO BOCCTAHOBUTEJIEM, TOJIBKO OKHCIUTEIEM W
KaKO€ M3 HUX MOXKET MPOSBIISITH M OKUCIUTEIIbHBIE 1 BOCCTAHOBUTEIIbHBIE CBOMCTBA?

Pemenne. Bo3MoxHBIE cTEIIeHW OKUCIEHHS azora: —3, —2, —1, 0, +1, +2, +3, +4, +5. B
YKa3aHHBIX COEIMHEHMSIX C.0. a30Ta paBHbL: —3 (Hu3mas), +3 (IpPOMEXyTOUYHAas), +5
(Bbicmias). CnepoBarenbHo, NH3 — Ttonbko BocctaHoButenb, KNO: — u okuciaurens u
BocctaHoBUTENb, KNO3 — TOJIEKO OKHUCIIUTED.

I[Ipumep 7.2. Moryr JM NOPOUCXOAUTH OKUCIUTEIHbHO-BOCCTAHOBHUTEIbHBIC PEAKIIUU
mexay BemectBamu: a) HBr u H2S; 6) MnO2 u HCI; B) MnO2 u NaBiO3?

Pemenne. a) Crenens okucinenust B HBr c.o. (Br) = —1 (au3mas); B HoS c.o. (S) =2
(am3mas). Tak kak OpoM M cepa HaXOAATCA B HM3IIEH CTENEHU OKHCIEHHUS, TO OHHU MOTYT
MPOSIBISATH TOJIBKO BOCCTAHOBUTEIbHBIC CBOMCTBA M PEAKIIHMS MEXIy HUMH HEBO3MOXHA; 0) B
MnO: c.0o. (Mn) = +4 (mpomexyrounas); B HCl c.o. (Cl) = —1 (mm3mast). CrnemoBarensHo,
B3aMMOJICICTBHE 3TUX BEIIECTB BO3MOXHO, rpuueM MnQO; sBisiercst okucnuteneM; B) B MnO»
c.0. (Mn) = +4 (mpomexyrounas); B NaBiOs3 c.o. (Bi) =+5 (Bbicmasi). B3siTeie BemecTBa MOTyT
B3anMoJeiicTBoBaTh. MnO; B 3TOM citydae OyJaeT BOCCTAHOBUTEIIEM.

Ipumep 7.3. CocraBbTe ypaBHEHHUE OKHUCIHTEIBHO-BOCCTAHOBUTEIHHON pEaKIINH,
UIYIIEH IO CXEME:

KMnO4s+ KNO>+H2SO4 — MnSO4+ KNO3 +K2SO4+H>0
Onpenenure OKHUCIUTENh W BOCCTAHOBHTETh. Ha OCHOBaHWM DJIGKTPOHHBIX ypaBHEHUH
pacctaBbTe KO3(PHUIIUEHTHI.
Pemenne. OmnpeiensieM CTEIICHU OKUCIICHUS TEX AJIEMEHTOB, KOTOPHIE €€ U3MEHSIIOT:

KMn*’04+ KN*02+H,S04 — Mn*2S04+ KN"03 +K2S04+H,0
CocraBisieM 2JIEKTPOHHBIE YPAaBHEHHUS TPOIECCOB OKHUCIICHUS M BOCCTAHOBJICHHS, OIPEICIIseM
OKHCIIMTEIIb U BOCCTAHOBUTEIb:

BoccTaHoBUTEh N7 —28 — N 5 OKHCIECHHe

| 10|
OKMCIIUTENb Mn'” + 58 — Mn*? 2 BOCCTaHOBJICHUE

VYpaBHUBaEM pEaKIMIO METOAO0M 3JIEKTPOHHOro OanaHca, CyTh KOTOPOTO 3aKJIHOYaeTCs B
TOM, YTO OOIIee YUCIIO AJIEKTPOHOB, OTJAHHBIX BOCCTAHOBHUTEJEM, PABHO UHUCITY 3JIEKTPOHOB,
IOPUHATBHIX OkuchuTeneM. Haxomum oOriee HauMeHbIEe KpaTHOE Ul OTAAHHBIX U MPUHATHIX
ANEKTPOHOB. B mpuBeneHHoi peaknuu oHo paBHO 10. PazmenuB 3T0 yucimo Ha S5, mosydaem
KOO PHUIUEHT 2 JUIsl OKUCIUTENs U NMPOAYKTa €ro BOCCTAHOBIEHMs, a MpHu jaeneHuu 10 Ha 2
nosiyyaeM Kod((UIMEHT 5 Juisi BOCCTaHOBUTENS M MPOJYKTa ero okuciaeHus. KoagduireHrsr
nepe]] BEIECTBAMU, aTOMbI KOTOPBIX HE MEHSIOT CBOM CTEIIEHU OKHUCIIEHUS, HAXOUM II0JI00POM.

VYpaBHeHue peakiuu OyAeT UMETh BU:
2KMnOj4 + 5KNOz + 3H2SO4 = 2MnSO4 + SKNO3 + K2SO4 + 3H20
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IIpumep 7.4. CocraBbTe€ YpaBHEHUS OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX pEaKIUM,
HAYHUX 110 CXCMaAM:

a) Mg + HNOj3 (paz6.) - Mg(NO3), + NH4sNO3 + H,O
6) KC10; — KCl + O2
B) KaMnO4 + H20 — KMnO4 + MnO; + KOH

B kaxxnoi peakiyy OnpenenuTe OKHCIUTEIb U BOCCTAHOBUTEINb, paccTaBbTe KO3()(DUIIMEHTHI,
YKaXXHUTE TUI KaXKA0H pPEaKLUH.

Pemenue. CocraBiisieM ypaBHEHHS PEaKIU:
a) 4Mg° + 10HN"03 = 4Mg*? (NOs), +N *HsNO; +3H,0
BOCCTaHOBUTEIb Mg’ - 28 — Mg"? 4 okucineHue
| 81
OKMCIIUTENb N +88 — N7 1 BOCcTaHOBIEHHUE

6) 2KC1"052 =2KCI'' + 30,°
BOCCTaHOBHUTEJb 2072 — 48 > Oy 3 OKHCICHHE
|12 |
OKHCIIUTENb CI* +68 — CI'! 2 BOCCTaHOBIJICHHE

B) 3KoMn™%04 4+ 2H,0 = 2KMn*’04 + Mn**0, + 4KOH
BoccraHoBuTenb  Mn'® —18 ->Mn"’ 2 OKHUCIECHHE
| 2]
OKHCIIUTEID Mn™ +2& — Mn™ 1 BoOCcTaHOBIEHHE

Kak BuUAHO W3 TpeACTaBIEHHBIX YpaBHEHWH B peakuud (a) OKHUCIHUTETh U
BOCCTAHOBUTCIIb — Pa3HBIC 3JICMCHTBI B MOJICKYJIaX ABYX PAa3HBIX BCIOCCTB, 3HAYUT, AaHHAA
peaklysi OTHOCUTCA K TUITY MEXKMOJIEKYIISIPHBIX OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX peakuuii. B
peakiuu (6) OKUCITUTETh — XJIOP Y BOCCTAHOBUTEIb — KUCIOPOJ] COJIEPKATCS B OHOM MOJIEKYJIE
— peakiusi BHYTpUMOJIEKYJspHas. B peakiuu (B) poJib OKHCIUTENS M BOCCTAHOBHUTEIS
BBITIOJIHACT MapraHel], CJICA0BaTCIIbHO, 3TO pCaKuus JUCIITPOMOPIUOHUPOBAHUSA.

KOHmpOJleble 680RPOCHL

121. Ucxoas u3 crenenu oxucieHusi cepbl B BemiectBax: S, HzS, NaxSOs, HzSOs,
OTIpEe/ICITUTE, KaKOe W3 HHUX SIBIIICTCS TOJBKO OKHCIIMTETIEM, TOIBKO BOCCTAHOBUTEIIEM U KaKHe
MOTYT OBITh U OKHCIIUTENEM U BoccTaHOBUTENEeM. [louemy?

Ha ocHOBaHuM »3JIEKTPOHHBIX ypaBHEHHH moadoepute KOAIPGUUIUEHTH B YpaBHEHHU
peakuyu, UIyIIEH 110 CXEME:

KI + KIOs+ H2SO4 — I+ K2SO4 + H2O
Ornpenenurte TUT OKUCITUTETLHO-BOCCTAHOBUTEIIBHON PEAKIIUH.
122. Peakuuu BbIpakaroTCsl CXEMaMHU:
Zn + HNO3 (paz6) — Zn(NO3)> + N2O + H2O
SnCl; + KoCr207 + HaSO4 — Sn (SO4) 2 + CrCls + K2SO4 + H20

CocraBbTe OJICKTPOHHBIC YPABHCHUA, HOI[6CpI/ITC KOB(I)(bI/ILII/ICHTBI, YKAKHUTEC, KaKOC BCIICCTBO B
Ka)K}IOﬁ PEaKMU ABIACTCA OKHUCIIUTECIIEM, KAKOC BOCCTAHOBUTCIICM.

123. CocTaBbTe 37IEKTPOHHBIE YPABHEHUS M YKAXKUTE, KAKOW IPOLECC — OKUCICHUE WIH
BOCCTaHOBJIEHHE MPOUCXOAUT IIPU CIEAYIOIINX NIPEBPAILECHUSX
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P2 5 P73, N® 5 N3, CI'—ClO;; SO —»S7?
Peakuus BeIpaxaeTcs CXeMOo:
KMnO4 + HzS + HSO4 — MnSO4 + S +KoSO4 + H2O

OmnpenenuTe OKUCIUTENb U BOCCTAHOBUTENb, HA CHOBAaHHH JICKTPOHHBIX YPaBHEHHH PACCTaBbTE
KO3 PHUIHEHTHI B ypaBHEHUH PEAKIIHH.

124. Moryr 1M mNpoTeKaTb OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIE PEAKIUU MEXKIY
BemectBamu: a) Cly u HoS; 6) KBr u KBrO; B) HI u NH3? [Touemy?

Ha ocHoBaHuM 3JIEKTPOHHBIX ypaBHEHUH mnoadepuTe KO3 ULIMEHTHI, ONMPEIeIUTe THII
OKHCJIMTEIBHO-BOCCTAHOBUTEIBHON PEAKIIUU, UAYILEH IO CXEME:

NaCrO; + PbO; + NaOH — Na,CrOg4 + Na;PbO; + H,O

125. Ucxonsa u3 CTENEHW OKUCIICHUS >Kelie3a, ONMpPEJEIuTe, KaKoe U3 BEIIECTB MOXKET
OBITh TOJIBKO BOCCTAHOBHUTEJIEM, TOJILKO OKHCIHMTEIIEM K KAaKOe — W OKHCIUTEIEM H
BocctaHoButeneM: FeSOa, Fe2O3, KoFeOq. [Houemy?

Ha ocHOBaHMM 3IIEKTPOHHBIX ypaBHEHUH mondeputTe KOd(PPHUIMEHTH Ui BEIIECTB B
YPaBHEHUHU PEAKLUH, HIYLIEH 110 CXEME:

CrCl;3 + Br; + NaOH — NayCrO4 + NaBr + NaCl + HO
126. CocTaBbTe DIIEKTPOHHBIE YPABHEHHS M YKAKHUTE, KAKOM IPOLIECC — OKHCIIE-
HHE WIIM BOCCTAHOBJICHUE IPOUCXOIUT IIPH CIIELYIOIMX IPEBPAILCHUIX:
As™ — As™; CrOss — CrO; ; MnOs~ — MnO4*; Sit*— Si°

Ha ocHOBaHWU »SJEKTPOHHBIX ypaBHEHUI paccTaBbTe KOA(D(UIIMEHTHI B pEaKIuH,
UIYIIEN IO CXEME:

H>S + H.SO3 — S + H20

127. Peakuuu BbIpaxaroTcsl CXeMaMHu:

KNO; + KI + H2 SO4 — KNO3 + I+ K2SO4 + H, O

NaNO; — NaNO: + Oz
CocTaBbTe ANIEKTPOHHBIE YPAaBHEHUS, paccTaBbTe KOI(DPUIMEHTHI, ONPENEIUTEe OKUCINUTENDb U
BOCCTAHOBUTENb B KaxA0W peakunu. K KakoMy THIy OTHOCHUTCS KaXAas W3 IPUBEIEHHBIX
peakiuit?

128. CMm. ycnosue 3ananus 127.

KBr + KBrOs3;+ H>SO4 — B + K» SO4 + H20O

NH4sNO3; — N2O + H,O

129. CMm. ycnosue 3ananus 127.

H>S + K2Cr2O7 + H2SO4 — S + Cr2(S04)3 + KoSO4 + H, O

NaBrO — NaBrO; + NaBr

130. Vcxons u3 cTerneHu OKUCICHHs XJopa, OnpenennTe, kakoe u3 coenune- Huii: Cla,
HCI, HCIO4 — TOIBKO OKHCIMTEIb, TOJBKO BOCCTAHOBHUTEIbL M KAaKO€ M3 HHUX MOXKET HMETH
(GYHKIMIO M OKHCITUTENS U BoccTaHOBUTENA. [Touemy?

Ha ocHOBaHuM »AJIEKTPOHHBIX YpaBHEHUN paccTaBbTe KO3(D(UIMEHTHI B ypaBHEHUU
peakuuu, UIyIIEH 110 CXEME:

HNOs+ Bi - NO + Bi(NO3); + H.O

131. Cm. ycnoBue 3aganus 127.

H3AsO3;+ KMnOs + H2SO4— H3AsO4+ MnSO4 + K2SO4 + H2O
AgNO3 > Ag+NO; + O

132. Morytr 5IM TOPOUCXOIUTh OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIE PEAKIUU MEXKIY
BemiectBamu: a) HoS u Bry; 6) HI u HIO3; B) KMnO4 u KoCr2O7? Tlouemy?
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Ha ocHOBaHuM »JIEKTPOHHBIX YpaBHEHHH paccTaBbTe KOI(PUIMEHTH B YpaBHEHUU
peaKkuuu, UayuieH 1o cxeme:

H>0, + KMnOs + H2SO4 — Oz + MnSO4 + K2SO4 + HO

133. CocTaBbTe JIEKTPOHHBIE YPABHEHUS M YKAKUTE, KAKOW MPOIECC — OKUCIIE-HUE WU
BOCCTAaHOBJICHUE MPOUCXOJIUT MPH CIEIYIONINX MPEBPAIICHUSX

BrOs~ — Bry; Bi— BiO;; VOs—V; Si *—Si™.
Ha ocHOBaHMHM »BIIEKTPOHHBIX YpaBHEHHH moadepuTe KO3((UIMEHTH B YypaBHEHUH
pEaKIMU, UIYIICH M0 CXeMe:
Al + KMnO4 + H2SO04— Al(SO04)3 + MnSO4 + K2SO4 + H2O
134. Cwm. ycnoBue 3ananus 127.
NaSO3 + NaxS + HoSO4 — S + NapSO4 + HO
KMnO4 - KoMnOs + MnO» + O2

135. MoryT 1 UATH OKHCIUTEIIEHO-BOCCTAHOBUTEILHBIC PEAKIIMH MKy CIICTYIOIIUMU
BemiectBamu a) PbO> u KBiO3; 6) H2S 1 H2SO3; 8) HoSO3 u HCIO4? TTouemy?

Ha ocHoBaHWUW SIIEKTPOHHBIX YpaBHEHHH paccTaBbTe KOI(D(UIMEHTH B YpaBHEHUH
peaxkuuu, UIyLen 10 CXeMe:

S + KOH — K»S03 + K>S + H,O
Onpenenute TUN OKUCIUTEIBHO-BOCCTAHOBUTENIBHOM peakinu.
136. Cwm. ycnoBue 3ananus 127.
(NH4)2Cr207 > Nz + Cr03 + H,O
P + HNO; + H2O — H3PO4 + NO
137. Cwm. ycnoBue 3ananus 127.
Ba(OH), + I - Ba(103); + Bal + H>, O
MnSO4 + PbO; + HNO3 - HMnO4 + Pb(NO3)2 + PbSO4 + H20
138. Cwm. ycnoBue 3ananus 127.
MnSO4+ KClO3 + KOH — KoMnO4 + KC1 + K2S04 + H20
Ni(NO3)2 = NiO + NO; + O2

139. Ha ocHOBaHuM 37EKTPOHHBIX ypaBHEHUH paccTaBbTe KOG UIIMEHTHI B ypaBHEHUSIX
peaxkuui, HIyIuX 10 CXeMaMm:

HNO; —» HNOs + NO + H,O
Cr203 + KCIO3 + KOH — K»CrO4 + KC1 + H2O
YKaXuTe OKUCIUTENb U BOCCTAHOBUTEND B KaXKJ0M peakiuu, ONPEAeIIUTE €€ THUIL.
140. Cm. ycnoBue 3aganus 139.
Si+ Oz + NaOH — Na»Si03 + H,O
NH4sNO> — N> + H>O

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

B aromax s-3JIEMEHTOB 3JIEKTPOHBI 3alOJHSIOT S-TIOAYPOBEHb BHEIIHETO YpOBHS. B
NEepUOINYECcKOil cucrteMe ecTh 14 s-311eMeHTOB (BKIItOYast BOJOPO/ U renuii). OHM, B YaCTHOCTH,
o0pa3ytoT IA u IIA rpynnsl nepruoANYEcKOi CUCTEMBI.

Xumusa 3iemMeHToB IA rpynnbl. OnemeHtsl [A rpynmnel, Ha3bIBaeMble IIEIOYHBIMU
MeTaJIaMH1, UMEIOT JNIEKTPOHHYI0 GopMyny ns'. OHM SBJISIOTCS CUILHBIME BOCCTAHOBHTEIISMH.
Jlns HUX XapakTepHa CTENEHb OKUCIEHMs +1. B 3Tol cTeneHM OKHCIIEHUs aTOMBI IIETOYHBIX
METAJUIOB YCTOHYMBBI M BOCCTAHABIMBAIOTCS € OOJBIIMM TpPyaoM. B mpupone mienoudssle
METaJUIbl HaxOATCA B BHJEC COCAMHEHHH — CoOJe : XJIOpHUIOoB, Cyiab(paToB, KapOOHATOB,
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CHIIMKaTOB U T.A. M3-3a yCTOMYMBOCTH COEAMHEHMH IIEIOYHBIX METaNIOB B WX CTENEHU
oKucieHus +1, 3TH MeTaulbl MOKHO MOJYYUTh JIUIIL AJIEKTPOJIMU30M PACIJIAaBOB UX COJIEH WIIU
neiictBueM Oojiee CUIIBHBIX BoccTaHoBHTeNel. Hampumep, HaTpuil moiydaroT 3J€KTPOJIU30M
pacmiaBa NaCl, a kanuii — mpomyckaHueM apoB HaTpus yepes xiopun kainus mpu 800°C:

KCIl + Na — K + NaCl

[Ilenoynble MeETAIBI MATKUE, JIETKO PEXKYTCS HOMXOM, HA CBEXEM Cpe3€ HMMEIOT
cepebpuctyro okpacky. Bce oOHHM Jerkue U JIETKOIUIAaBKHE METaulbl C  XOpOUIeH
AIIEKTPOIPOBOTHOCTHIO. B mapooOpa3HOM COCTOSIHUM aTOMBI HIETOYHBIX METAJUIOB 00pa3yroT
MOJIEKYJbl D2, Hampumep, Na. B KpucTalIMueckoM COCTOSHUM JJIsl HIEJIOYHBIX METaUIoB
XapakTepHbl 00BEMHO-IIEHTPUPOBAHHBIE KYOMUECKUE PEIICTKH.

KOHTpOJ’IBHHe BOITPOCHI
1. KaKym CTCIICHb OKUCJICHUS NPOABJIACT BOAOPOA B THAPHUAAX HICITIOYHBIX METaIoB?
2. B kakwue OBCTA OKpalInuBarOT 6CCI_IB€THOG 1aMs ropejKu COJIM MECJIOYHBIX METaJIOB?

Xumus 3j1emMeHToB 1A rpynmnsl

DnemenTsl IIA Tpynmsl UMEIOT 3JeKTpoHHYI0 (opMydy ns’. Bce oHM sBIsIOTCS

MeTaJlJIaMH, CHUJIbHBIMH BOCCTAHOBUTEISIMH, HECKOJIBKO MEHEE AKTHBHBIM, 4Y€M ILEIIOYHbBIC
MeTauibl. JI7s HUX XapakTepHa CTeNeHb OKUCIeHHWS +2 u BajieHTHocTh 2. [Ipu oOpa3oBanumn
KOBJICHTHOH CBSI3W MPOUCXOIUT S—P BO30YXKAECHHE diIeKTpoHa M sp-ruOpummsamus AO.
OnemenTsl 1IA TpyNIbl MOKHO pa3/ieMTh Ha TPH 4acTu: 1) mienovno3emenbHble MeTauibl Ca,
Sr, Ba, Ra, ocHOBaHUsI KOTOpPBIX SBISIOTCS IelodyamMu, 2) Mg, OCHOBaHHME KOTOPOTO Majio
pactBopuMO B Boje, 3) Be, ocHOBaHHMe KOTOpOro siBisieTcsi aM(OTEpPHBIM OCHOBaHHEM. B
npupoe dieMeHThI [[A Tpynmbl HaXoAsITCs B BUIE coyei: cynbdaroB, kapOoHATOB, Gocharos,
CHJIMKATOB. DTH DJIEMEHTHI IMOJIy4arOT 3JICKTPOJIU30M pacIIaBOB UX coyied. DiemeHThl [1A
TPYIIIBI MPEICTABISIOT CO0O0M JIeTKHE CepeOpPUCThIE METaJUIbI, O0Jiee TBEp/bIC, YeM IEIOYHbIC
METaJLIBI.

XuMHYEeCKHe CBOMCTBA DJIEMEHTOB

OnemenTs! [IA rpynnel — MeHee akTUBHBIE BOCCTAHOBUTEINH, YEM IIEIOYHbIE MeTalIbl. Mx
BOCCTaHOBUTEIIbHBIE CBOICTBA YBEJIMYMBAIOTCA OT Oepwims K paauto. Kucinopon Bosmyxa
okucnser Ca, Sr, Ba, Ra npu o6s14H0i Temnepatype. Mg u Be mOKpBITEl OKCHIHBIMU TJIEHKaMU
Y OKHCJISIFOTCSI KUCIIOPOAOM TOJIBKO IIPA HarpeBaHUU:

2Ca+ 0Oy — 2Ca0O

2Mg + O2 E 2MgO

AKTUBHBIE BOCCTaHOBHTENU, MeTaibl [[A rpymnmbel, pearupyroT ¢ HeMeTauiaMu
(Hampumep, ¢ XJIOPOM), BOJIOH, KUCIIOTaMH:

Ca+ Cl; — CaCl;

Ca+ 2H>O — Ca(OH); + H2?

Mg+ 2HC1 — MgCl> + Ho?

4Mg + 10HNO3(pa36.) — 4Mg(NOs), + NH4NO3 + 3H,0

XuMu4YecKue CBOiCTBA coeTMHEHM I

FI/IIlpI/I,Z[BI MCI0YHO-3CMCIIbHBIX  MCTAJJIOB  ABJIAIOTCA  HMOHHBIMU COJICO6p3.3HBIMI/I
COCAMHCHUSAIMH U BSaHMO}IeﬁCTBYIOT C BO)IOﬁ 1 KUCJIOTaMHU:

CaH; + 2H>O — Ca(OH), + 2H>
CaH; + 2HC1 — CaCl, + 2H»

Oxcuapl mienovHo-zemMenbHbIX MetamwioB Ca, Sr, Ba, Ra pactBopstorcs B Bozme ¢
oOpazoBanueMm menoveid. OKcuJ MarHusi — Majio pacTBOPUM B BOJI€ M UMEET TOJIbKO OCHOBHBIE
cBoiicTBa. HepacTBOpuMBIii B BOJie OKCHT OEpHILTHSA UMEeT aM(pOTEpHbIE CBOMCTBA.

BeO + H,0 #
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BeO + 2HCl — BeCl; + H>0O

BeO + 2NaOH E NaxBeO»
MgO + H,0 #

MgO + 2HCI — MgCl, + H20O
MgO + NaOH #

CaO + H,0 — Ca(OH)»

Ca0O + CO, — CaCOs3

CaO + 2HCI — CaCl, + H20O

I'mapokcuner Ca, Sr, Ba, Ra saBnstorcs menoyamu, ruipokcua Mg — MaiopacTBOPUMBIM
OCHOBHOU TUAPOKCH]I, TUAPOKCUA Be — aMpOTepHBIN THIPOKCHI.

Be(OH).| +2HCl — BeCl + 2H>O

Be(OH)2| + 2NaOH — Nay[Be(OH)4]

Mg(OH),| + 2HCI — MgCl, + 2H>0

Ba(OH), + 2HCI — BaCl, + 2H,O

Ba(OH); + CO; — BaCOs] + H20

Ba(OH); + H2SO4 — BaSO4| + 2H>O

KapGounaTel u cynbdarsl 31eMeHToB IIA rpynmsl ManopacTBOpuMbl B Boje. KapOGoHaThl
PACTBOPAIOTCA B KUCJIOTAaX:

CaCl; + Na,CO3 — CaCOs3|+ 2NaCl

CaCOs + 2HCI — CaCl; + H2O + CO2?

CO,Z[ep)KaHI/Ie HOHOB Ca% u 1\/‘[g2Jr 06yCJIaBJIHBaeT JKCCTKOCTb BOABI: BPCMCHHYIO, €CJIN €CTh

ruapokapOoHarsl Ca u Mg, 1 IOCTOSTHHYI0, €CJIU B BOJIE €CTh XJIOpUbl WK cynbdaTsl Ca u Mg.
[Tpu KUNSTYEHNN KeCTKask BOJA CMAT4aeTcs 3a CUET YMEHBIIEHNUS] BDEMEHHOM KECTKOCTH BOJBI:

Ca(HCO3) E CaCO3] + H,O + CO21

XKectkocts Boasl (PK) u3MmepsieTcss B MUJUIMMOJISX SKBUBAJIEHTOB coyiel B 1 JIMTpe BOABIL:
K =1000xC, , rne C, — MOJIsipHast KOHIIEHTPAIIUS YKBUBAJICHTOB (HOPMAJIBHOCTh) COJIEH B BOJIE.

Comu BaCl; u BaCO; s10BUTBI M UCHOJB3YIOTCS B KAaueCTBE WMHCEKTULMIOB. Maruuit
SBJISICTCS Ba)KHBIM KOHCTPYKLIMOHHBIM MaTepHajoM, SIBISETCS MHMKPOAJIEMEHTOM, BXOAUT B
coctaB xjopoputa. [ameHas u3BecTh ucHosib3yeTcss B cTpouTenberBe. ConM  KaubLus,
Hanpumep, CaSO4x2H20 — runc — ucnonb3yercs JUisi THIICOBAHMSI 3aCOJICHHBIX I10YB.

KoHTpOJILHBIE BOIPOCHI

1. Yro oOycnaBiuBaeT ®KeCTKOCTh BOAbI? Kak BEIYHCIUTH €€ BETUIUHY?
2. Kpatko oxapakTepuzyWTe NPUMEHEHHE COJIEH IIEJIOYHBIX M IIEJIOYHO-3EMEIbHBIX
METAJIJIOB B MPOMBIIINIEHHOCTH, CEIbCKOM XO3SIIICTBE U B OBITY.

XuMmus p-3JIeMEHTOB

B aromax p-3>JIEMEHTOB DJIEKTPOHBI 3alOJHAKOT P-IIOAYPOBEHb BHEIIHETO YpOBHA. B
nepuoandeckorn cucrteme ectb 30 p-3JIEMEHTOB. Y aTOMOB P-3JIEMEHTOB, PACIOJIOKEHHBIX B
rnaBHbIX noArpynnax III — VIII rpynm. YV p-371€MeHTOB SBIIAIOTCS BaJIECHTHBIMU HE TOJIBKO p-, HO
M S-2JIEKTPOHBI BHEIIHETO YpOBHs. BBICHIAasl CTENEHb OKHUCIEHHMS aTOMOB pP-3JIEMEHTOB paBHA
HOMEPY I'PYIIIBL.

Xumus 3j1emeHToB 1A rpynnsi

Dnementsl IIIA rpynmsl MMEOT SIEKTpoHHYIO Qopmyny ns’np'. OHM sABIAIOTCA
3HAYUTCIBHO MCHEC AKTHMBHBIMH BOCCTAHOBHUTCISIMH, YEM HICIIOYHO3CEMCIBHBIC MCETAJJIbI. JIJ'I?I
HUX XapaKTepHa CTeNeHb OKHCIeHHs +3, W BaJeHTHOCTh 3. Ilpum oOpa3oBaHMM KOBaJEHTHOU
CBSI3M TIPOMCXOIHUT S—P BO30OYKIEHHE dIeKTpoHa M sp’ rubpummszanus AO. B rpymme cepxy
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BHHU3 pPaACTYT MCTALNIMYCCKHC CBOMCTBaA OJICMCHTOB, paCTyT BOCCTAHOBUTCJIBHBIC CBOMCTBA MX
aTOMOB. YBEJIWYHMBAIOTCS OCHOBHBIC CBOMCTBa TUAPOKCUAOB W YMCHBINAKOTCA HX KHUCIIOTHBIC

cBoiicTBa (TalI. 5).

Tabmuua 5. CoiicTBa aToMOB 351eMeHTOB [IIA Tpymmel U UX COeAMHEHHH

OJIEMEHTHI OKcuael IM'mapoxcuibt

B - mHemeraimn B>0O3 - KHCJIOTHBIN H3BOs - KHCJIOTA

Al - wMeramn AlO3 - amdotepubii | AI(OH)3 - am$OoTepHbII
Ga - meramn GaxO3 - am¢orepusiii  [Ga(OH); - am¢orepHbIit
In - wmeramn 203 - am$oTepHbIi In(OH); - am$OoTepHbII
Tl - meramn T1,03 - OCHOBHOM TI(OH)3 - OCHOBaHHE

Coemunenus TP

coemuaeHNi T1.

SABJIIOTCA CHJIBHBIMHM OKHCIMTCIIIMH M BOCCTAHABJIMBAKOTCA OO

CaoiicTBa 00pa M ero coeMHeHUI

bop HaxomutTcs B mpupoie B BUAC COSAUHEHMM, Harpumep, Oypel — NaxB4O7x10H2O. Bop
ABIIsEeTCS HeMeTauioM. [Ipu HarpeBaHUU B3aUMOCHCTBYET C KHCIOPOAOM:

4B + 302 — 2B20s

Oxcun Oopa sBISiETCS KUCIOTHBIM OKCHIOM M PacTBOpsieTCSl B BOoAe ¢ 0Opa3oBaHHEM
cnaboit opTOOOPHOM KUCIIOTHI:

B,0s + 3H,0 — 2H3BOs;  (K; = 6x1071%)

Optobopnas kucinora H3;BOs; mnpu HarpeBaHuu TOCIEIOBATEIBHO pa3jiaraercs o
meTtabopuoit kuciaotel HBO» , Terpabopnoit kucnotst HoB4O7 u 6opHoro anruapuna B20s.

t t t

H3BOs; = HBO:2 = H2B4O7 = B20Os

Optobopnas kuciora H3;BO;
TEeTpabOPHOUN KUCIIOTHI:

4H3BO3 + 2NaOH — Na;B4+O7 + 7H,0

CunpHbIE KUCJIOTHI TPU B3aUMOJICHCTBUU C TETpabOpaTOM HATPHs BHITECHAIOT CIa0yro
OpTOOOPHYIO KUCIIOTY:

Na>B40O7 + H2SO4 + 5SH>0 — NaxSO4 + 4H3BO3

OptoOopHas KUCI0Ta B3aMMOJICUCTBYET C 3TAHOJIOM B MPHUCYTCTBUHM KOHIICHTPUPOBAHHOM

CepHOW KHCIOTBI € 00pa3oBaHHEM OOPHO-3THIIOBOTO 3(Upa, KOTOPBIH TOPUT 3€JIEHBIM
IUIAMEHEM.

B3aI/IMO,Z[eI\/’ICTByeT C ImcjIo4YaMHu H o6pa3yeT COJIn

O—H O—CyH;s

B M—H +3HOC;Hs > B 0—Csfs +3H,0
Q—H O—Cals

Bop sBnsercs MuKpossneMeHTOM. MUKPOJIEMEHThl (WIM MHUKPOYIOOpeHus) — 3TO
coenuHenus B, Cu, Mn, Co, Mo u ap. OHHU NOBBIIIAIOT AKTUBHOCTh (PEPMEHTOB, KaTaTU3UPYIOT
OMOXUMHYECKHE TIPOLECCHl, CIOCOOCTBYIOT CHHTE3y OEIKOB M HYKIEMHOBBIX KHUCIIOT,
BUTAMMHOB, CaxapoB M KpaxMmalja, BIHAIOT Ha (OTOCHHTE3, YCKOPSIIOT POCT pacTeHUil H
cozpeBanue ceMmsH. CoeluHEHUs OOpa BIUSIOT Ha YIJIEBOAHBII OOMEH M HEOOXOAUMBI IS
HOPMAaJIbHOTO POCTA U 00pa30BaHUs CEMSIH.

CBolicTBA AJJIOMUHUSA U €ro COeAUHEeHU I

B npoMBIIIUIEHHOCTH allOMUHUI TMOJYy4aloT 3JIEKTPOJIM30M paciuiaBa Ookcuta Al,O3; B
kpuonure NazAlFs mpu 960°C.

3—
A1203 <—>A13++A1(}3
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Ha katoje unet Boccranorienne: AP + 3e — Al

Al03~
Ha a”oae uner okuciieHue: 4 3 —12e > 30, +2A10s3

AJNIOMMHUN TIOKPHIT MHEPTHOM 3ammuTHOW TuieHKoil AlOs. be3 okcuagHoi tuieHku Al
OUYCHb aKTHUBEH M B3aMMOJENUCTBYET C KMUCIOPOAOM U BOAOM:

4A1+ 302 — 2A103

2Al+ 6H20 — 2AI(OH); + 3H>

AIOMUHUN B3aUMOAEUCTBYET C KMCIOTAMHU U IIEJI0YaMU:
2Al+ 6HCI — 2AICI; + 3H2

2Al + 6NaOH + 6H,0 — Nas;[Al(OH)s] + 3H>

Oxcup anroMUHUS UMeeT aM(OoTepHbIe CBONCTBA:

Al,O3 + HO #

AlO3 + 6HCl — 2AICI; + 3H,0

t-
Al,03 + 2NaOH — 2NaAlO: + H>O

FI/IIlpOKCI/II[ AIIOMHWHUA MOKHO ITOJYUUTH U3 coleit IIGfICTBPICM THAPOKCHUa aMMOHUSA WA
,I[efICTBHCM HEOOCTAaTKa IICJIOYH. rI/II[pOKCI/II[ AJIFOMUHHA UMECT aM(I)OTepHBIC CBOMCTBA.

AICl; + 3NH4OH — AI(OH)3| + 3NH4Cl

AICl; + 3NaOH — AI(OH)s| + 3NaCl

AI(OH)3] + 3NaOH — Nas[Al(OH)¢]

AI(OH)3] +3HCl — AICI3 + 3H2O

Comu amomunus ruaponusytorcs. Hexortopeie w3 Hux (AlS3, Alx(CO3)3) MOTHOCTBIO
paznararorcs BOJOM.

ADS;3; + 6H,0O — 2A1(OH); + 3H»S

ANIOMUHUN MCHOJIB3YEeTCS JJis TMOJYYEHHS METalIOB — METOJ aJOMHUHOTEPMUH.
TepmutHast cmech Al + FesOs mpu mopkuraHuy BBIACNSET OOJIBIIOE KOJTHMYECTBO SHEPTHH,
MOJIy4aeMoe KeJI€30 IPU 3TOM PaCIUIaABIISIETCS.

8Al + 3Fe304 — 9Fe + 4A1,03

AJNIOMMHUH IIUPOKO TpPHUMEHSETCS KaK KOHCTPYKIMOHHBIM Marepuan, a Takke B
anekTpoTexHuke. CoeTMHEHUS! UHIUS U TaJUIUS SAOBUTHI. Tak cynb(aT Talus HCIONb3yeTcs
KaK 30011/ st 00pbOBI C TPhI3yHAMHU.

KoHTpoJibHBIE BOITPOCHI

1. Kakwue snemMeHThl OTHOCAT K MUKpo3eMeHTaM? KakoBo ux 3HaueHue?
2. TloarBepaute amboTepHBIE CBOMCTBA THAPOKCHIA ATIOMUHHUS YPAaBHEHUSIMHA XUMHUYECKHIX
pEeaKuui.
Xumus 3j1eMeHToB IVA rpynnsi

DiemenTs! IVA rpynmbl UMEIOT 3J1eKTpoHHYIO (opmyny ns’np?. Yrinepoa M KpeMHHii
ABJIAIOTCS HEMETAJIAMM, T€PMaHMIi, 0JI0BO, CBHHEIl — MeTalIaMu. JIis SIeMEHTOB XapaKTepHbI
crenenu okucnenns +4, +2, 0, -4 u BaeHTHOCTH 4. B B030YXkKIE€HHOM COCTOSIHUM aTOMbI HMEIOT
KOH(Urypamuio ns'np®, B 5TOM COCTOSHUM ISl HUX XapakTepHa s'p’-rubpuausanpms.

CBoiicTBa yriiepoJaa u ero coeJMHeHui

Oxkcun yrnepona(Il) CO sBnsercs 6e3pa3nuyHbIM OKCHIIOM, Takxke, kak 1 Si0, NO, N>O.
Ero MoxHO MOJTy4YHTh:

2C0O; - 2CO+ 02 mm 2C+ 0, — 2CO
CO — cUJILHBIA BOCCTAHOBUTEID:

t-
3CO + FexO3 =* 2Fe + 3CO2
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CO + CuO — Cu + CO

CO -  yrapHelii Ta3 — SAJOBHUT, pearupyer C TEeMOrlIoOMHOM, 00pa3yro
KapOOKCHUTEMOTIOOHH.

Oxcun yraepona(IV) CO; — yriekucnblii Ta3 — B3aMMOAEUCTBYET C BOJOH, 00pasys
cnabyro, HeyCTOMUMBYIO yroybHY0 Kuciaoty HoCOs:

COz + H,0 < HoCO3 «» H + HCO;3 «» 2H' + CO3>

CO2 B3anMOJEICTBYET C OCHOBaHUSIMH, 00pa3zyst KapOOHATHI U TUIPOKAPOOHATHI:

CO; + Ca(OH); — CaCOs| + H20

CO, + CaCOs3| + HoO — Ca(HCOs3)»

B mnpombimuiennoctn COz momywator mnpu oOxkure wu3BectHiaka CaCO;, momydas
Heramienyto u3Bectb CaO, npu remneparype 6osee 950°C:

1000
CaCO3z —— CO21 + CaO
B na6oparopun CO, monydaror B anmapare Kwumma, neiicTBys Ha Mpamop COJISHOM
KHCJIOTOMH:

CaCOs + 2HCI — CaCl; + H2O + CO2?

O6pazyromuiics npu 3tom CO; ounmator ot npumeceit HCl u mapoB Boabl, mpormyckas
yepe3 pacTBOp THAPOKapOOHATa HATPUS U KOHIICHTPUPOBAHHYIO CEPHYIO KUCTIOTY:

HCI + NaHCO3; — NaCl + H>O + CO»
H>0 + H2SO4(xor) — H2S04% H2O

CO; He TOpUT U HE MOJJCPKUBAET TOPEHHUE, €r0 MCHOIb3YIOT AJIs TYLIEHUS MOXKapa.
CaCO3 ucnonb3yroT JJist U3BECTKOBAHUS CUIIbHOKUCIBIX MTOYB.

B coeguHeHuax ¢ MeTallIaMu yriepod MmposBIACT OTPHUHATCIBHBIC CTCIICHU OKUCJICHUSA!

+3 s _
Alg~C , Ca 23y ap. Auermnenny (“kapoun’) kanbius CaCs MOMydYarOT NMPH BBICOKOM
TeMIlepaType CIUIABIEHUEM OKCHIA Kaiblus ¢ yriaem. Ilpu B3ammogeiicteuu ¢ Bomon CaCa
o0Opasyer aleTuseH.

CaO +3C E CaCy + CO

CaC; + 2H>0O — Ca(OH); + CoH»

CpoiicTBa KpeMHHUS U €ro coeMHEeHUH

KpeMHuil MOXHO MOJIyYUTh IO PEAKLIUU:

Si0, + 2Mg — Si + 2MgO

Kpemuuii ycroitunB k kucioram (kpome cmecu KoHueHTpupoBanHeix HNO; u HF), Ho
PacTBOPHM B IIIEJIOYAX:

Si + 2NaOH + H>0O — NaySiO3 + 2H»1

Oxcupn kpeMuuA(IV) sBisieTcst KUCIOTHBIM OKCUAOM, HO, UMesl MTOJIMMEPHON CTPOEHHUE, He
pPacTBOPSIETCS B BOAE:

Si0; + H2O #

erMHI/ICBaH KHCJI0Ta, OYCHb cnabas u HEpaCTBOpHUMaA B BOAC, MOKET OBITH oJIydcHa 1nmpu
HeﬁCTBHH KHCJIOT Ha €€ COJIM — CUJIMKAaThI:

NazSi0;3 + 2HCl — 2NaCl + H»Si103]

erMHI/IeBaﬂ KHCJIOTA IIPU CUJIBHOM Harp€BaHWH pPasjiara€tca Ha OKCHJ KPEMHHUA U BOIY.
CrimkaTsl HaTpus U KaJIgd paCTBOPUMBI B BOAC, CUJIUKATBI APYTUX METAJIJIOB — HCPACTBOPHUMEIL.

CBoiicTBa coeIMHEeHHUH 0J10Ba U CBHHIIA

['mapokcuapl 0J0Ba M CBMHLA HUMEIOT amdoTepHble cBOicTBa. [Ipm 3TOM B creneHH
OKHCIIEHUS +2 B THAPOKCHUIAX MPe0OIaTaloT OCHOBHBIC CBOMCTBA, a B CTCIICHU OKHUCIICHHS +4 —
KHCJIOTHBIE.
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SnCl, + 2NaOH — Sn(OH),| + 2NaCl
Sn(OH).| + 2HC1 — SnCl; + 2H,0

Sn(OH)2| + 2NaOH — Nay[Sn(OH)4]

SnCls + 4NH4OH — H>SnO3| + 4NH4Cl + H2O
H>SnO3] + 2NaOH + H20 — Nay[Sn(OH)s]
H>SnO3] + 4HCI — SnCls + 3H2O

CoemuHeHUsT Sn’” HMMEIOT BOCCTAHOBHTEIBHBIE CBOMCTBA, a coequHeHus Pb*'
OKHUCIIUTENLHEIE:

SnCl; + 2FeCls — 2FeCl, + SnCly
PbO, + 4HCI1 — PbCl; + Cl21 + 2H,0
KOHTpOJIBHbIe BOITPOCHI

1. Kakue creneHu oKUCIEeHUS XapaKTepHbl A 3j1eMeHToB [V A-rpynnbl?
2. IlpuBeaurte ypaBHEHHUE peaKIMM MOJYUYEHHUs alleTUIeHa U3 KapOuia KalbLus.

XuMus 3JIeMeHTOB VA rpynnbl

DeMeHThl VA TpyIIIBl UMEIOT SIeKTPOHHYI0 GopMyny ns’np’. A3oT, Gochop U MbILIbIK
SBIISIIOTCSI HEMETa/UIaMH, BHUCMYT M CypbMa HMEIOT MeTauIndeckue CBOHCTBa. Hamboree
XapakTepHble creneHu okucieHus: +5, +3, 0, -3. Oxkcuapl 9205 UMEIOT KUCIOTHBIE CBOMCTBA,
cBoiicTBa okcuaoB D203 : kucnotHble — 111 N u P, amdoTepnbie — st As 1 Sb, oOCHOBHBIE — JUIs
Bi.

CaBoiicTBa a30Ta U ero coeAuHeHuii

A30T HaxoAauTCs B MPHUPOJAE B CBOOOJHOM cocTossHUM B Buue N2 (78% artmocdepsl).
CBSI33,HHI>II>1 a30T HaAKaIlJInBaACcTCiaA B paCTI/ITeJH)HOM U XHUBOTHOM MI/Ipe — B OpFaHI/I3MaX
JKUBOTHBIX, Hampumep, oT 1 mo 10% a3ora. Bce BakHellne 4yacTu KIETOK IMOCTPOEHBI U3
OEeJIKOBBIX BellecTB. be3 Oeiika HeT Ku3HH, a 0e3 a30Ta HeT OeiKa.

B npoMbIIUIEHHOCTH a30T MOJIyYarOT CXKW)KEHMEM BO3JyXa, IpPH IOCIEAYIOIIEM
HarpeBaHUu KOTOPOro MepBbIM ucnapsercs a3oT (twm = -195,8°C) m aume mocie Hero —
KUCTOPOJ (tiun = -183,0°C).

[Tpu 0OBIYHBIX TEMIIEpATypax a30T XUMUYECKU MHEPTEH, BCIEICTBUE OOMIBIION MPOYHOCTH
€ro JBYXAaTOMHBIX MoOJIeKyl Nz, HMEIOIIUX TPOWHYIO CBfA3b. A30T UCHONb3YyeTCs B
IPOMBIIIJIEHHOCTH JJIi CUHTE3a aMMMaka M JajdbHEHIero MmoJiyueHus a30THBIX YAOOpEHUH.
Cunte3 ammuaka uzet rnpu 320 — 1000 atm., npu 500-550°C Ha Kene3HOM KaTalu3aTope.

N> + 3H; — 2NHj3 ; AH = -46,36x/1>x/Monb

CoenuHeHne a30Ta B CTEMEHU OKUCIeHHs -3 — ammuak NH3 — sBiseTcss GeclBETHBIM
ra3oM ¢ pe3KUM 3amaxoM. AMMHAaK SIJJOBHT, JIETY€ BO3[yXa, XOPOIIO pacTBOpUM B Bojae (B 1
o0wveme Bonbl npu 20°C pactBopsiercst 710 o0beMOB amMmHaka) ¢ 00pa3oBaHUEM THUIPOKCH]IA
AMMOHHSI, KOTOPBIi cunTaeTcs caabsiM ocHoBanueM (K = 1,79x107):

NH3 + H20 — NH3xH,0 <> NH4OH — NH4s" + OH

OcHOBHBIE CBOICTBa aMMHaKa MPOSBIISIOTCS U B PEAKIHSIX C KUCIOTaAMHU:

NH3 + HCI — NH4Cl

AMMHaK MMeeT BOCCTAHOBUTENIbHBIE CBOWMCTBA (a30T — B HU3IIEH CTETICHH OKUCIICHWS),
pearupys ¢ KACJIOPOJIOM JI0 a30Ta IIPH TOPEHUH aMMHaKa Ha Bo3ayxe win 10 NO B MPUCYTCTBUU
IUTATUHOBOTO KaTanuzaropa mpu 600°C.

4NH3 + 302, — 2N» + 6H>0

Ft.t-
4NH; + 50, —* 4NO + 6H,0

Hanmuuue y atomMa a3oTra B MoOJEKyle aMMHaka HEMOJEJICHHOW TMapbl 3JIEKTPOHOB
oOycraBnuBaeT TOHOPHBIE CBOWCTBA aMMHaKa, OOpPa3yIOMIEr0 KOMIUIEKCHBIE COCIUHEHUS —
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aMMUaKaThl:

CuSO4 + 4NH3 — [Cu(NH3)4]SO4

Conu aMMOHUS TIPY HATPEBAaHUU pa3iararoTcs:

NH4Cl — NH3 + HCI

NH4NOz — Nz + 2H,0

NH4NO3; — N>O + 2H,O

B nocnenneit peaknuu mMbl mosrydaem okcup azora (I) — NoO, Ha3siBaeMbIi “‘Becensmum’”
ra3oM. JTo O€3pa3IMYHbIA OKCH, pa3jararolluiicss NMpU HAarpeBaHUM HAa a30T M KHUCIOPOI.
be3paznuunbiM okcugoMm sBisieTcs Takke W okcwa aszora (II) — NO, momydaemslii 1o
CIIEYIOINM PEAKLUAM:

N2+ 02 — 2NO mpu t > 1000°C

3Cu + 8HNO3(pass.) — 3Cu(NO3)2 + 2NO + 4H20

Oxkcup azora (II) — NO, OecuBeTHBbIH a3, SBISETCS BOCCTAHOBUTENIEM U JIETKO OKHUCIISETCS
KHCIIOPOJIOM, Bo3ayxa a0 okcua azora (IV) — NO».

2NO + O — 2NO»

Oxkcupa azota (IV) — NO2 — ra3 6yporo uera, 110BUT. [Ipn oxnax1eHUN TUMEPU3YETCS B
OecuBetHbiit okcua N2Os. NO2 — CUITBHBIN OKHCIUTENb: Yrojb, cepa, Gochop ropsar B HeM, a
okcun cepel (IV) SO oxucnsercas no oxcuma cepol (VI) SO;s. Oxcuma azora (IV)
B3aMMOJIEHCTBYET C BOJOH M IIENOYaMHu, HPOSABJIAsS KUCIOTHble cBoifctBa. Ilpu sTom N
aucrponopuyonupyer Ha N u N*3:

2NO; + HO — HNO3 + HNO>

2NO> + 2NaOH — NaNOs; + NaNO; + H,O

Oxcun azorta (III) N2Os cymecTByer numb npu HU3KUX Temnepatypax. [Ipu t=3,5°C
KHUITUT U pa3JiaraeTcs:

N>O3 — NO; +NO

DTOMY OKCHMy COOTBETCTBYeT cnabas asotucras kucmora HNO> (K=4x10), xoropas
CYIIECTBYET JIUIIb B pa30aBICHHBIX PACTBOpPAX U JIETKO pa3jaraeTcs:

2HNO; — NO;, + NO + H;O

Conu a30THUCTOM KHUCIOTBI — HUTPUTHI — YCTOWYMBBIL, AN HHUX XapakTEPHBI Kak
OKHUCJIUTEIbHBIC, TaK M BOCCTAHOBHUTEIHHBIC CBOWCTBA (230T — B MPOMEKYTOYHOW CTEICHU
OKHCIICHUS):

2NaNO; + 2KI + 2H2SO4 — I + 2NO + K2SO4 + NaSO4 + 2H,0
2KMnO4 + 3H2S04 + 5NaNO2 — 2MnSO4 + NaNOs + K»SO4 + 3H20
Paznoxenne noauaa azora(lll) mporcxoaut ¢ B3ppIBOM:

2NI; — N2 + 21

I'uppatueiM coequnenueM okcuaa azota(V) N2Os saBnsercss a3otHas kucinora HNOs.
ITomy4yenue a30THOW KHCIOTHI M €€ COJEH OCHOBAaHO HAa CHMHTE3€ aMMHAaKa, €r0 OKUCIECHHH 0
NO, okucinennn NO no NO; u B3aumopeiictBuun NOz ¢ BOAOW B NPUCYTCTBUU KHUCIOPOIA

BO3/yXa:
A Fe

N> +3H» Ll 2NHs ;
Pt.t-
4NH3 + 50, ——* 4NO + 6H,O
2NO + Oz — 2NO;
4ANO;7 + Oz + 2H20 — 4HNO3

A30THas KHMCIOTa — CHJIbHAs KHUCJIOTa, €€ COJM XOPOIIO PacTBOPUMBI B BOAE. A30THas
KHACJIOTAa U €€ COJIM — HUTPaThl — SBJSIFOTCA OKHCIUTENSIMM (a30T — B BBICIIEH CTENEHU
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okucnenus). KoHeHTpupoBanHas a30THas KHCJIOTa He pearupyeT ¢ Au u Pt, maccuBupyer Ha
xomony Fe, Al, Cr, Beigensier NO; ¢ TspxenbiMu Metaiuiamu U N2>O — ¢ akTUBHBIMH METaJIaMU:

Cu + 4HNO3(kom) — Cu(NO3)2 + 2NO; + 2H>0

4Ca + 10HNO3(xom) — 4Ca(NO3)2 + N20 + 5SH20

Paz0aBnennas kucinota BbiaenseT NO C TsHKeNbIMH MeTaulaMd M N» — C aKTUBHBIMHU
MeTaJlJIaMH, O4YeHb pa30aBJICHHAs KHUCJIOTa BBIICTSET C aKTHUBHBIMH MeTauiamMu NH3 wim
NH4NO3

3Cu + 8HNOj3 (pass.) — 3Cu(NO3)2 + 2NO + 4H>0O

4Ca + 10HNO3 (ou.pass.) — 4Ca(NO3)2 + NH4NO3z + 3H20

A30THasi KUCIIOTa OKHUCIIET MIPU HarpeBaHuM HEKOTopbie HemeTawisl (S, P, C), npu stom
KOHIICHTpUpOBaHHas kuciioTa oopasyer NO», a pazbaBnennas kuciora — NO.

6HNO3 (KOHIL.) +S — 6N02 + stO4 + 2H20

SHNO3 (pass) + 3P + 2H20 — 5NO + 3H3POq4

Hurtpatel pasnaratorcs npu HarpeBaHuu. CocTaB TPOIYKTOB 3aBHCHUT OT TOJOKECHHS
METajlla COJNM B psiay HampstkeHui. IIpu pasznokeHuum HUTPATOB METAIJIOB, CTOAILIUX B 3TOM
pALy JeBee Maruus, o0pa3yrTcs HUTPUTBI U KUCIOPO/, CTOSIIUX OT MarHus J10 MU — OKCHJIbI
MeTaisioB, okcua azota (IV) u kucmopon, cToAumx mocie Meau — CBOOOTHbIE METAILIbl, OKCH/T
azora (IV) u kucnopo:

t-
2KNO3 =+ 2KNO; + O3
t-
2Cu(NO3)2 * 2CuO +4NO;z + O

t-
2AgNO3 = 2Ag + 2NO2 + O2

Counn a30THOM KHMCIOTHI (CEIUTPBI) U COJIM aMMOHMSI SIBJISIFOTCS LIEHHBIMU MUHEpPaIbHBIMU
y100pEeHUsIMU.

CaoiicTBa ochopa u ero coeuHeHN

®ochop — cocTraBHasl YAaCTh PACTUTENBHBIX M JKUBOTHBIX O€NKoOB. Y pacreHuil docdop
COCpPEIOTOUEH B CEMEHAX, Yy JKMBOTHBIX — B HEPBHOH TKaHM, MBIIIAX, ckeiere. OpraHusm
4eJoBeKa colepkuT okoiio 1,5 kr ¢ocdopa: 1,4 kr — B kocTsax, 130 r — B mbimmax u 13 r B
HepBHOU TKaHU. B mpupone ¢gocdop Haxomutcs B cBsi3aHHOM BHje. BaxHeiliine MUHepaibl:
anatut Cas(PO4)sF u dochopur Caz(PO4)2. Dochop MoxkeT ObITh IOTyYeH HarpeBaHUEM CMECH
dbocdoputa, yris 1 necka B CEIIHATBHOM MeUu:

Ca3(PO4)2 + 5C + 38102 E 2P + 3CaSiOs + 5CO

®dochop oOpa3zyeT HECKOJIBKO aJUIOTPOIHBIX MOAUUKAIUI: OENblii, KpaCHBIN U YEepPHBII
docthop. Haubonee axtuBeH Oenblit (ocdop, MoneKynaspHas KpUCTaJUIMYEecKas pelieTka
KOTOPOTO TIOCTPOEHAa W3 TeTpadapuieckux Mojekyn Pi. ®Docdop wucmomszyercs mpu
npou3BoJcTBE ochopopranuvecknx mnectunuaoB (Tuodoca, kapdodoca, xmopodoca u ap.).
Kpachslii hocdop, nMeromuii aTOMHYIO PEIIETKY, UCTIONIb3YeTCsl B CIUYEYHOM ITPOU3BOJICTBE.

®ocdop B creneHu okHcIeHHS -3 oOpasyeT BojopoaHoe coenuHeHue ¢ochun PHs,

AQHAJIOTUYHOE aMMHaKy. JTa CTENeHb OKHCICHHs MeHee XapakTtepHa ais ¢docdopa, yem s
azota. @ocuH — SIOBUTHIM ra3z ¢ YECHOUHBIM 3alaxoM, MOXET ObITh MoyiydyeH u3 Qocduna
[IUHKA JIEHCTBUEM KHCIIOT WJIH BOJIBI:

Zn3P> + 6HCI — 2PH3 + 3ZnCl>

OcHoBHbI€ cBOIcTBa (pocurHa ciabee, yeM y aMMuaKa:
PH3 + HCI — PH4Cl

Comnu dhochonust B BOIHBIX PaCTBOPAaX HEYCTOMUNBHI:
PH4" + H,O — PH3; + H3;0"
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®dochuH UMEEeT BOCCTAaHOBUTEIBHBIC CBOWCTBA (HU3IIAS CTENEHb OKUCIeHUs (ocdopa),
TOPHT Ha BO3JyXe:

2PH3 + 402 — P,0s5 + 3H,0

dochua HUHKA HCTIONB3YETCs B KAUECTBE 3001111 17151 O0PHOBI C TPhI3YHAMH.

Oxkcua pocdopa (II1) P20z (mmm P4Og) 06pazyercs npu okuciernu ¢pochopa B HETOCTATKE
KHCJIOPO/Ia U MPEJCTaBISAET co00i Oenoe KpUCTAITMUECKOe BEeIIeCTBO, miassimeecs npu 23,8°C.
DTOT KUCIOTHBIN OKCHUJI B3aUMOJICHCTBYET € BOJIOM, 00pa3ys PochOpPUCTYIO KUCIIOTY:

P03 + 3H20 — H3PO;s

docdopucras Kuciora B BOJHBIX PAaCTBOPAX CYHIECTBYET B BHJE IBYX PaBHOBECHBIX
TayTOMEpPHBIX (hopMax:

H—O H—O

O
P\ / — H—O P \

[Ton nelicTBHEM I€n0YEH paBHOBECHE CABUIAETCS BIEBO, Npu AelcTBuu cnuproB ROH —
BrpaBo. [loaTomy docdopuctas kuciaora sBisercs cnaboil ABYXOCHOBHOH KHCJIOTOM,
oOpasyromei pu AeiictBuu menodeit, Hanpumep NaOH, kucnyro cons NaH,PO3 u cpeanroro
cosib NaHPO:s.

Tpex 3amenieHHbIe GOCHUTHI HE U3BECTHEI.

Oxkcun dpocdopa(V) P20s (unu P4O10) 0Opa3yercs npu ropenuu dpocdopa Ha BO3TyXeE.

4P + 502 — 2P205

TBepmoe kpucramumueckoe BemectBo P2Os MUTpOCKONUYHO M HMCIONB3YETCs Kak BOO-
oTHHMaroIIee cpenacTro. [Ipu B3anmopaeiictBuu ¢ Bogoi okcua Gochopa(V) odpazyer Ha XOIOAY
meTtadochopryto kucinoty HPOs3, umeromyro monuMepHoe CTpOEHUE, WIM TPU HarpeBaHUU
optodochopnyro kuciaory H3POs.

P>0Os + H,O — 2HPOs3

P,0Os + 3H,0 E 2H3PO4

Ocanok meradocdara cepedbpa AgPO3; — Genoro mBera, ocagok oprodocdara cepedpa
Ag3PO4 — xenroro upeta. B mpomsinuieHHOCTH (HOCHOPHYIO KHUCIOTY MOITYYalOT JIEHCTBUEM
CepHO KUCIOTHI Ha hocdopur:

Ca3(PO4)2 + 3H2SO4 — 3CaSO4 + 2H3PO4

OprodocdopHas KHca0Ta MPEICTaBIsAET co00M KpUCTaNIMYecKoe BemecTBO (tnr = 42°C),
pactBopuMoe B Bojie. Kak TpeXOCHOBHasI KHCJIOTa CPEeJHEH CHJIBI JAUCCOLIMUPYET CTYIEHYATO.
Paznuuatot cpennue conu — pocdartel (NazPOs) u kucnsie conu — ruapodocdars! (Na2HPO4)
murunpodocdarel (NaH2POs). PactBopumbl B Boge ¢ocdarsl u ruapodocdaTsl MIETOUHBIX
MeTauIoB U aMMoHus. Bee auruapodocdarsl pacTBOpUMEI B BOJIE.

MHuorue docdarbl UCTIOIB3YIOTCS B KauecTBe yaoOpenuid: pocoputnas myka Caz(PO4)

u nperunutat CaHPO4 (Ha kucnbix mousax), cymnepdochar Ca(H2POs)2x2CaSO4, nBOIHOIM
cynepdochar Ca(H2PO4)s.
KoHTpoibHBIE BOTPOCHI

1. Oxapakrepu3yiTe OCHOBHbIE CBOMCTBA a30THOM KUCIIOTHI.
2. KakoBa Owuonoruueckas poib ¢ochopa? OxapakTepusyiTe ero auIOTPOIHBIE
Mo (DUKAITHH.

Xumus 3j1eMeHTOB VIA rpynmnsl

VIA rpynmy o0pa3yroT 4eThipe HeMeTalla: KUCIOpPOJ, cepa CeJeH, TeUTyp, Ha3bIBaeMbIe
XaJIbKOTEHAMM , U PAJIUOAKTUBHBIA METasll MOJOHUN. ATOMBI 351IeMeHTOB VIA rpymnmsl UMEOT
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3IeKTpoHHYI0 (opmyny ns’np®. Jng HEX XapaKTepHbI cTemeHH okucienus -2, 0, +4, +6. Y
aToMa KHCJIOpo/a OTCYTCTBYIOT 2d-opOuTau, mo3TOMY €ro BaJIeHTHOCTh paBHa ABYM. Hamuune
d-opburaneil y aToMOB JpYTUX 3JIEMEHTOB I103BOJISIET UM UMETh BAJIEHTHOCTH JBa, YEThIPE WU
IECTh.

XuMHs KHCJIOPOA U ero coeIMHEeHn

Kucnopon — camblil paciipoCTpaHEHHBIN 3J€MEHT, Ha €ro aoito npuxomurcs 47,2% no
Mmacce JuTocdepsl U aTMocepbl BMecTe B3AThIX. Kucnopona B3auMoaencTByeT ¢ OOJBIIMHCTBOM
XUMHYECKHX  DJIEMEHTOB. benku, KHpbl W  YIJIEBOABI  SIBIAIOTCA  OPraHUYECKUMU
KHCJIOPOAOCOEepXKallUMK  BeljecTBaMu. Kak JKMBOTHbBIE, TaK M pAacTEHUs HIpPU JbIXaHUU
HOTJIOIIAIOT aTMOoc(hepHbIi Kucinopoa. TermokpoBHbIE KUBOTHBIE MOTHOAIOT 0€3 KUCIOpona B
TE€YEHUH HECKOJbKUX MHUHYT. C ydacTHeM KUCIIOpOJa UJET MUHEpAIN3alisl paCTUTENIbHBIX WIN
JKUBOTHBIX ocTatkoB B mouBe n0 NHiz, CO2 u H>0O. be3 aspanuum mouBa HE MOXKET OBITH
TUIOJIOPOJTHOM.

Kucnopox npeacrasisier coboii ra3 6e3 msera, 0e3 BKyca, 6e3 3amaxa. Kucnopon moxer

ObITH IOJyYeH NpPHU CKIKEHUU M pa3/ieleHHu Bo3layxa. B maboparopuu KUCIOpOJ MOITYydYaroT
pa3oKeHHUEM MepMaHTaHaTa Kallus I pa3joKeHUEM XJIopaTa Kajms — OepTOIeTOBON COMH:

t—
2KMnO4 * KoMnQO4 + MnO; + O2

=
2KCl10O3 = 2KCIl + 302

W3BecTHBI /1Be ayUIOTpONHUYECKUEe MOIUUKAMKH Kuciaopoaa: kuciopox O2 u o30H Os.
O30H MOXeT ObITh MOJIyY€H M3 KHUCIOpOAa MOJ JEHCTBUEM SJICKTPUUYECKOTO pa3psjaa WiId
yIBTPa(UOIETOBOTO U3ITyUCHHS:

RV

302 — 203

O30H — CHUJIBHBII OKUCIIUTENb. €r0 aKTHBHOCTb OOYCJIOBJEHA PACHaJOM €ro MOJEKYJ C
o0pa3oBaHMEM aTOMApHOTO KHUCIOPOAa, KOTOpbIA Oojiee aKkTUBEH, YeM MOJEKYJSpHBIN
kuciopoq: O3 — O + O°

MonexkynsapHbIii KUCIOPOA (CTETIEHh OKHUCIEHUS pPaBHA HYIIO) SBISICTCS aKTUBHBIM

okucnureneMm. Kucinoposa B Hu3LIeH CTENeHU OKUCIEHUS -2 (B OKCHax, B BOJE) OKHUCIUTENIEM
ObITh HE MOXET. B mpoMexxyTouHOI cTeneHn oKucieHus -1, Hampumep, B IEPOKCHIE BOJOPO/a,
KHACJIOPOJ MOXET HMMEeTh KaK OKHCIHTENIbHbIE, TaK M BOCCTAaHOBUTENbHBIE CcBoiicTBa. C
CHJIBHBIMU OKHCJIMTEISIMA TIEPOKCHJI BOJOPOJa MpPOSBISIET BOCCTAHOBUTENbHBIE CBOMCTBA,
OKHUCTISIACH 110 Kucaoponaa Oo.

2KMnO4 + 3H2S04 + 5H202 — 5032 + 2MnSO4 + K2SO4 + 8H20

C CHUIBHBIMH BOCCTQHOBHTENSIMH TIEPOKCH]] BOJOpOJA TMPOSBISIET OKHUCIHTEIbHBIC
cBoiicTBa. Kucinopos npu 3ToM BOCCTaHABIUBAETCA J0 CTETIEHH OKUCIICHUS -2.

2KI + H2SO4 + H2O2 — I + K2SO4 + 2H20

[Tepoxcun Bo10po/1a MOXKET OBITh MOJTYYEH JEHCTBUEM KUCIOT Ha MEPOKCUIbI METAIJIOB:

BaO; + H.SO4 — BaSO4 + H202

OxucnurenbHass  aKTUBHOCTh  IEPOKCHAA  BOJAOPOJAA,  OOyCaBIMBAIOIas  €ro
00e33apakMBalONIfe CBOWCTBA, CBsi3aHA C OOpa30BaHMEM B MOMEHT BBIJICTICHHS aTOMapHOTO
KHCJIOpO/a:

H202 — H0+ 0O

XuMus cepbl M ee cCoeUHEeHU N

B npupope cepa BcTpeyaeTcss B caMOPOJTHOM COCTOSIHUHM U B BHJIE MUHEPAJIOB, TAKUX KaK
muput FeSz, mupabunut NaxSO4x10H20, runc CaSO4x2H>0, u ap. Cepa BXOAUT B COCTaB
OCJIKOB pacTeHWW W KUBOTHBIX. [Ipu pasnmokeHuM (THUEHUH) Msica, PBIOBI, SUIl BBIICISCTCS

cepoBojopon H>S, wumeronuit HenpuatrHeid 3anax. CoeAuHEHUs, COJAEpXKAIIUE Cepy,
00yCclaBnuBalOT FOPHKUNA BKYC JIyKa, YECHOKA, XpeHa. DJIeMEHTapHas cepa He TOKCUYHa s
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YyeJioBeKa, HO MMeeT (GyHTUIUAHbIE CBOMCTBA. B MPOMBIIITIEHHOCTH Cepy MOJIy4yaroT OYUCTKOM,
IIEPETOHKOM CaMOPOIHOM CEephl UM MPU Pa3JIOKEHUU IUPUTA:

FeS; — FeS+ S

Uucras cepa — XpyINKoe KpPUCTAJUIMYECKOE BeLIECTBO kenToro nsera. Cepa umeer
HECKOJIBKO  QJUIOTPOIIMYECKUX  MOJUGHKALMHA:  pOMOO3IPUUYECKYIO,  MPU3MATHUYECKYIO,
IUIACTHYECKYI0. AJUIOTpomnHs cepbl OOYCIOBICHA Pa3IMYHOM CTPYKTYpOM KpHCTaJLIOB,
IIOCTPOCHHBIX U3 BOCBMUATOMHBIX MOJIEKYJ Sg. B paciiiaBe cepbl cylecTByOT MOJIEKYIIbI Sg, Se,
B [1apax cepbl — MOJIEKYIbI S¢, S4, S2. Cepa sABIsIETCSI TAIMYHBIM HeMeTalioM. OHa pearupyer c
MEeTaJulaMU, IPOSBIISISL OKUCIUTENIbHbIE CBOWCTBA:

Hg+S — HgS

Pearupys ¢ 0osnee aKkTUBHBIMM HEMETAJUIaMU cCepa HPOSBISET BOCCTAHOBUTENbHBIE
CBOMCTBA, HAaI[pUMEP, Cepa FOPUT:

S+ 02— SOz

B Husmeir creneHu OkucieHus -2 cepa 00pa3yeT COCIMHEHHS C BOJOPOJIOM —

cepoBoopoa HzS u ¢ metayuiamu — cynbdun Hatpust NazS u ap.

CepoBogoposi — OecCUBETHBIM ra3 ¢ HENPUATHBIM 3allaxoM. B BOJIHBIX pacTBopax (c
KoHIeHTpauueil menee 0,1M) Bezner ceOs Kak ciabast IByXOCHOBHAsI KUCJIOTA:

H,S <> H" + HS K, = 6x1078

HS « H"+ 8% Ky =1x10"°

CepoBOIOpOJT WMEET BOCCTAHOBHUTEIILHBIC CBOWCTBA. Ha BO37yxe TOPHUT, OKHCISACH JIO
okcuna cepsl (IV):

2H>S + 302 — 2S0; + 2H,0

[Tpu Henocratke kucnoponaa H>S okucnsercs 10 cBOOOAHOM cepbl:

2H,S + O; — 2S + 2H,0

Mmuorue okucnuTenu (MepMaHraHaT Kalvs, JUXPOMAaT Kajus, XJOp, a30THAas KHUCIOTa U
JIp.) OKUCTISIIOT CEPOBOAOPO]I 10 CBOOOHOM CEPHI:

2KMnOg4 + 3H>SO4 + SHoS — 2MnSO4 + 58S + K3SO4 + 8H20

Cynbhubl TSHKEIBIX METAJUIOB MAJIOPACTBOPUMBI B BOJIE M UMEIOT XapaKTePHbIE OKPACKH:
ZnS — 6enbrii, MnS — po3oBsiii, CdS — sxenTsiii, SbaS3 — opanxkeBsiid, SnS — kopuuneBbiit, CuS —
YEPHBIN.

B crenenn okucnenus +4 cepa obpasyer okcun SO, cepHuctyto kuciaory H2SOs, u
COOTBETCTBYIOILIME €l coNM — CyNb(UThI, HanpuMmep cyabGuT HaTpusd NaxSO3. Okcup cepsl (IV)
SO2 (cepHHCTBIN Ta3) NOAYYAIOT B IPOMBIIIJICHHOCTH IPU TOPEHUU CEPbI U 00XKHUTe MUPUTA:

S+ 02— SOz

4FeS; + 1102 — 2FexO3 + 8502

B na6oparopuu SO> mosydaroT JeHCTBHEM CONAHOM KMCIOTHI Ha CYIb(HUT HATPUSL:
NazSO3 + 2HC1 — 2NaCl + H,0 + SO

[Mpu pactBopernun SO> B Boje oOpa3yercs ciabas JBYXOCHOBHAs CEPHUCTAs KUCIOTa
H>SOs:

SO; + H20 — H2S03

H»SO; & H" + HSO;”  K;=2x10?

HSO3 « H'+S05*  Ky=6x10"

CoenuHEHHST CEephl B JTOM MPOMEXYTOYHOW CTEMEHH OKHCIEHHUS MOTYT HMETh Kak
OKHCIUTEIbHBIE, TAK M BOCCTAHOBUTEILHEIE CBOMCTBA:

H>SO;3 + 2H,S — 3S + 3H,0

H2SO3 + Clx + H2O — HaSO4 + 2HCI
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[Tpu oxucnennn oxcuna cepol (IV) kucmopogom B mpucyrctBum katanusaropa (Pt, V20s
wi NO) o6paszyercst okeup cepsl (VI) SOs3. PactBopenne SO3; B BoJie MPUBOJUT K 00Opa30BaHHIO
cepHoit kuciaotsel HoSOq.

280, + 02 — 2503

SOs; + H2O — H2SOq4

CepHas Kuciota — TspKenasi, OeclBeTHas, MaciIsHUCTasl KUAKOCTh. KOHIEHTpUpoBaHHAs
98% H,SO4 umeer miotHocTs 1,84 r/em®. 100% H>SOs HaseiBaeTcss MoHOruzapar. Pactsop
cepHoro anruapuna SOs; B mMoHoruapare HazbiBaercs ojeym HzSO4xSO; = HzS;07. Cepnas
KHCJIOTa CHJIbHAsA JABYXOCHOBHAsI KUCIIOTa, oOpa3yromias cpennue coiu — cynbdarsl (NaxSOs) u
kucieie conu — ruapocynbpatel (NaHSO4). CepHast kucIoTa SHEPrHYHO pearupyer ¢ BOJOM,
o0Opa3ys ruapatel. OHa TOIJIOMIAET Hapbl BOJBI M3 BO3JyXa, OTHUMAaeT BOJY OT YIJIEBOJOB
(caxapa, KJI€T4aTK1) O0yTauBas UXx:

H2SO4 (xoun) + H2O — H2SO4xH20 + Q

[Ipu pa3baBiieHHH KOHLIEHTPUPOBAHHOM CEPHOM KHUCIIOTHI HENb3sl HaJIMBaThb BOAY B
KHCJIOTY, MOKHO OCTOPO>KHO HAJIUBATh KUCIIOTY B BOJY.

CepHast kucioTa SBISETCS OKHchUTeneM. Paz0aBieHHas cepHas KUCIOTa pPEearnpyer ¢
METaJUlaMH, CTOSIIIUMH B DSy HalpsDKEHHs 0 BOJIOpOJa, 0Opa3yeT COJM U BBITECHSET
BOJIOPO/I.

Fe + H2SO4 (pass.) — FeSO4 + Ha

Cu + H2SO4 (pas6.) #

KoHnuenTtprupoBaHHasi KUCIIOTa pearupyer ¢ OOJbIIMHCTBOM MeTaylioB (kpome Pt u Au) ¢
00pa3oBaHHeM COJiell M BbIAEICHHEM MPOAYKTOB BoccTaHoBieHus S*C: oxcuma cepwl (IV) — ¢
TSDKETIBIMH METaJJIaMH, Cepbl — C aKTUBHBIMH METaNIaMH, CEPOBOJOPOAa — C HICTOYHBIMH H
IeJ0YHO3EMENIbHBIMU ~ MeTajlaMi. KOHIIEHTpUpOBaHHasi CepHas KUCJIOTa Ha  XOJOIy
MMACCUBUPYET KENE30, ATFOMUHHUI U XPOM.

Cu + 2H2S04 (ko) — CuSO4 + SOz + 2H,0
3Zn + 4H2S04 (xorm) — 3ZnSO4 + S + 4H>0
4Ca + 5H2SO4 (xouw) — 4CaSO4 + H2S + 4H20
KoHImeHTprpoBaHHas cepHast KUCIOTa OKUCIIAET U HEKOTOPbhIe HEMETAJLIBL:
2H>SO4 + S — 3S0O2 + 2H20
2H»S04 + C — 250; + CO; + 2H20
KoHTposbHBIE BOIIPOCH

1. OxapakTepu3yiTe OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIE CBOWCTBA MIEPOKCUA BOLOPOA.
2. IlpuBenute OCHOBHBIE XMMHUYECKHE CBOMCTBA CEPHOM KUCIIOTHI.
Xumus 3j1emenToB VIIA rpynnsi
ATOMBI TanoreHoB, oOpasyroomux VIIA rpynmy, UMET 3JIEKTPOHHYIO KOH(UIYpaluio
ns’np>. Bce ranoreHsl SBIAIOTCS AKTUBHBIMU HEMETAJUIAMM, OKHCIMTENAMH. VX aKTHBHOCTBH
ymenbiiaercs B psaay F > Cl > Br > [ > At. XapakTepHble CTEICHH OKUCIIEHUS TajJoreHos: -1, 0,
+1, +3, +5, +7. Ognako y ¢ropa, Hauboyiee aKTUBHOTO HEMeTallja, €CTh JMILIb CTENEHU
okucnenus -1 u 0. DekTpoHHas popMyna aroma Bogoposa 1s!. C rajorenamu ero oobeIuHsIET
CIIOCOOHOCTh MPUHUMATH OJIMH AJIEKTPOH U 00pa30BbIBaTh CTAOMIIBHYIO SJIEKTPOHHYIO 000JI0UYKY
1s2. TIooTOMY 4acTo BOJOPOJI pacroararoT BMecTe ¢ ranoreHamu B VIIA rpyme.
XuMHSA BOIOPO/ia U ero coeIMHeHU
Bonmopon 3aHumaer 0co0oe MOJOXKEHHE CPeAu JPYrHX JIEMEHTOB HEPUOAMYECKOM
cucreMsl. [1o100HO aromMaM HIETOYHBIX METAUIOB aTOM BOJOpOJAa CHOCOOEH OTAAaBaTh OJUH
BIIEKTPOH, TPOSBIASL BOCCTAHOBUTEIbHBIE CBOMCTBAa, W 0OOpa30BBIBATH MOJOXKHUTEIHHO
3apspKkeHHBbIN MOH. [1o100HO rasoreHam, BOOPO MOXKET MPOSBIATh U OKMCIUTEIbHbBIE CBOICTBA
U 00pa3oBBIBaTh THIpHUIbI, Hampumep, NaH, cXomHbIe ¢ COOTBETCTBYIOIIMMHU TaJOT€HUAMHU.
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Bonopon, momoOHO ramorenam, oOpasyeT AByXxaroMHble MoJiekyiasl H>. B opranmueckmx
COCMHEHUSAX aTOMBI TAJIOTEHOB MOTYT 3ameniath atoMbl Bogopoaa: CHs — CH3Cl — CH2Cl: u
T.4. OTCYTCTBHME BHYTPEHHHX JJIEKTPOHHBIX O0OJIOUEK y aToMa BOAOPOJa OOYyCIaBIMBAET €ro
CIOCOOHOCTh K 00pa30BaHUIO BOJOPOIHBIX CBSI3EH.

B mpOMBINUIEHHOCTH BOAOPOA MOJIYYalOT KOHBEPCHEW MPUPOJHOTO Ta3a B MPHUCYTCTBUU
KaranuzaTtopa npu remneparype 800-900°C:

2CH4 + 2H>0 + O3 — 6H, + 2CO»

B nabGoparopuu BOIOpOA MONYYAIOT JACWCTBUEM COJISHOW KHCJIOTHI HA IIMHK B ammapare
Kumnma:

Zn + 2HCI — ZnCl; + H»

Bomopon npencrasisier co0oii jerkuii ra3z 6e3 mnpera, 0e3 3anaxa. Bogopos pactBopsiercst
B HEKOTOPBIX METAJUIaX: B OJJHOM oO0beMe naiaaus pactBopsiercss 900 o6beMoB BoopoIa.

OxucnuTenbHble CBOICTBa BOJOPOJ IPOSBISET NPU B3aUMOJEHCTBUM C aKTUBHBIMHU
MeTajulaMH ¢ 00pa30BaHUEM HOHHBIX COJIE00Pa3HbIX MMIPUIOB:

H> + 2Li — 2LiH

BoccranoBuTenbHbIE CBOMCTBA BOJOPO MPOSBIIAET IIPU B3aMMOJICHCTBUM C HEMETAJIJIAMU:

H; + Cl, — 2HCI

3H> + N> — 2NH;

CMech BOIOpOZAa M KHCIOpPOJA 3aropaercs cO B3PbIBOM, YHCTBI BOAOPOJ T'OPUT
0€33BY4HO.

2H; + O2 — 2H>0

I'vapuapl aKTUBHBIX METAJUIOB Pa3JlararoTcs NpU JEHCTBUXA BOJbI MIIM KUCIIOT:

NaH + H,0 — NaOH + H»

CaH; + 2HCI — CaCl; + 2H>

Xumus ¢propa u ero coeIMHeHU

®TOop sBAseTcss Haubosiee AKTUBHBIM HEMETAJUIOM, CHJIbHBIM OKHciauTeneM. drtop —
3€JICHOBATO-)KENThIM ra3z ¢ pe3kuMm 3amaxoM. B atmocdepe ¢ropa ropar MHOrme meranisl U
HEMETaJUIbl C OO0pa30BaHHEM COOTBETCTBYIOIIMX (GTOpuAoB. DTOp B3aUMOJEHCTBYET C
BOZIOPOJIOM C B3PBIBOM B TEMHOTE U IIPY HU3KUX TEMIIEpaTypax:

F, + H, — 2HF

DTOp B3aUMOAECUCTBYET C BOJOM:

2F; + 2H2O — 4HF + O,

DTOp BBITECHSET XJIOP U3 XJIOPUAOB:

F> + 2NaCl — 2NaF + Cl»

®dTopoBoaopoaHas (IJIABUKOBAsi) KUCJIOTa sBISETCS cinaboil kucioroil. Monekynsr HF
CBSI3aHBI PYT C IPYTOM BOJIOPOJHBIMU CBS3sIMU, 00pa3yst monekynsl HoFy, rae n=2-6, mostomy
MJIaBUKOBAs KMCJIOTA MOXKET 00pa30BBIBaTh KUCHbIE comu, Hampumep, KHF,. dTopoBomoponnas
KHCJIOTA $1/T0BUTA, BBI3BIBAET OXKOTH KOXkH. [ImaBuKkoBast KMcioTa pa3pylaer CTeKIIo, pearupys ¢
okcunom kpemuus (IV) ¢ o6pazoBanuem razoodpasznoro SiF:

4HF + Si0; — SiF4 + 2H,0

XuMHus XJ10pa ¥ €ro CoeAUHEHNH

B npupone xyop HaxoauTcs B BUAE XJIOPUAOB. B MPOMBINIIEHHOCTH XJOp MHOJIYy4YarOT
BMECTE C BOJOPOJOM M THUIPOKCHUJIOM HATpHUs MpPH DJIEKTPOJIU3€ BOIHOIO pacTBopa XJIOpHIa
HATPUS:

2NaCl + 2H,0 H: + Cl; + 2NaOH
B nabGopatopum xJiop TOJYy4arOT TMpH B3aMMOACUCTBUM IE€pPMaHTaHaTa KaJus C
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KOHIIEHTPUPOBAHHOM COJITHOW KUCIOTOM:
2KMnOs4 + 16HCIl — 2KCl + 2MnCl; + 5Cl, + 8H20

XJ0p — TSDKENbIM ra3 jKeiaTo-3eJIeHOro I[BeTa ¢ PEe3KUM 3amaxoM. PacTBop matu o0beMoB
XJOpa B OJHOM OOBEME BOJABl HA3bIBAIOT XJOPHOW BOJOW. AKTHBHBIM OKHUCIUTENb XJIOP
B3aMMOJEHCTBYET C BOJOPOJOM Ha CBETY:

Cl; + Hz = 2HCI

XJI0poBOIOPOJT — OECIBETHBIN ra3 ¢ PE3KUM 3alaxoM, XOpOIIO PacTBOPHM B Boue: B 1
oboveme Boael mpu 0°C pactBopsiercs Oonee 500 oOveMOB xyopoBogopoga. PactBop
XJIOPOBOJIOPOZIA B BOJC HA3BIBAIOT XJIOPOBOJOPOJHOW COJISIHOH KHCIOTOH. DTO CHIIbHAS
KHCJIOTA, €€ COJIU — XJIOPHIBL.

I[Ipu  B3aumopeiicTBuM  Xjiopa €  BOAOW M IIEJIOYaMH  IPOUCXOIUT
JTUCTIPOTIOPIIMOHUPOBAHUE ~ XJIOpa, M Hapsily C  COJITHOM  KHCIOTOW — 00pasyroTcs
KHCIIOPOJIOCOEPIKAIINE KHCIOTHI XJI0pa HIIM UX COOTBETCTBYIOIINE COJIU:

Cl, + H,O — HCI + HCIO

2Cl; +2Ca(OH), — CaCl; + Ca(CIO),; + 2H,0

Cwmech xnopuna u runoxyioputa kaneius (CaCl, + Ca(ClO)2) Ha3bIBAIOT XJIOPHOW WIIN
OenuIbHOM M3BecThIO. XJIOp B KodaudectBe 1,5 T Ha 1M’ BOmbl MCHONb3yeTcs JUls
obe33apakuBanus Boabl. OOpasyromasicss npu dToM xyopHoBatucTtas kucinora HCIO

pasznaraetcs ¢ oOpazoBanuem aromapnoro kuciopoaa (HCIO — HCI + O), koTopslii, ABIssACH
AKTHUBHBIM OKHCIIUTENIEM, yOUBAaeT MUKPOOBI, 00ECIIBEUMBAET KPACKU U T.JI.

B psagy xucnopomoconepxkammx kuciaotr xsopa: HCIO, HCIO;, HCIO;, HClO4 c
YBEJIMYECHUEM CTEIICHHM OKUCIIEHUS XJIOpa pacTeT CHJIA KUCIOT, & UX OKUCIUTENIbHAs aKTUBHOCTh
YMEHBILAETCS.

Xumus Opoma, Hoa M MX COeMHEHU I

B npupone Opom u mon Haxoxasrcs B Buae coieit (NaBr, Nal u np.). Ux nomywaror
JIEHCTBUEM XJIOpA HA PACTBOPBI 3THX COJICH:

2NaBr + Cl; — 2NaCl + B,

2Nal + Cl, — 2NaCl +

Ecnun xmop — ra3, To OpoM — TeMHO-Oypasi *KHMJIKOCTb C PE3KMM 3allaxoM, a HOJ —
KPUCTAJIJIMYECKOE BEIIECTBO TEMHOro IBeTa. V3MmeHeHue (a30BOro COCTOSHUSI TaJOr€HOB
00yCJIOBJIEHO  YBEIMYEHHEM  MEXMOJIEKYJISPHOIO  JUCHEPCHOHHOIO  B3aUMOJEHCTBHS,
CBSI3aHHOT'O C YBEJIMYEHHEM pPa3MEPOB U MOJISAPU3YEMOCTH MOJIEKYH FaJOTeHOB B psLy XJIOp —
Opom — Hof.

bpom 1 o1 B3auMOAECUCTBYIOT CO MHOTMMH METaJUIAMM:

2Al + 3Br; — 2AIBr3

2A1+ 3L — 2Al1

OxucnurenbHas CIOCOOHOCTh TaJOT€HOB YMeHbIIaercs oT ¢ropa Kk wuomy. Tak
B3aUMOJICHCTBHE OpoMa C BOJOPOAOM HIET JuIlb mpu Temreparype Oomnee 300°C, a
B3aMMO/IEIICTBHE HO/Ia C BOJIOPOJIOM HE UJET /IO KOHIIA U SIBJIETCS] 0OpaTUMBIM IIPOIIECCOM:

t-
Br, + H, = 2HBr
I, + H» < 2HI

PactBopbl OpOoMOBOJIOpOAA W MOJOBOJOPO/AA B BOJIE SIBISIFOTCS CUJIBHBIMU KHCIOTAMHU.
Cuna xucnor pacrer B psgy HCl — HBr — HI B cBsi3u c yBenMueHHEM pa3MEpoB H
noysipusyemMocted 3tux Mojekyn. Comm 3TUX KUCAOT (OpOMHABI W HOIUIBI) XOPOIIO
pacTBOpUMBI B Boje. JIumib ranoreHuisl cepedpa MaJopacTBOPUMBI B BOJIE.

AgNOs; + NaBr — AgBr| + NaNOs
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AgNOs + Nal — Agl| + NaNO3

BpoM u wmona Xopomo pacTBOPMMBI B OPraHMYECKHX PACTBOPUTENSX U MOTYT OBITH
OKCTparupoBaHbl HMMH W3 BOJHBIX pacTBOpoB. PactBop Opoma B Todyosne WM
YETHIPEXXJIOPUCTOM YTIIEPOAC OPAHXKEBBIM, pacTBOp uona — (uoneroBbrii. C KpaxMaaoM HOJ
JlaeT TEMHO-CHHEE OKpalllMBaHWE, MCUe3arollee MPU HArpeBaHWHM U TMOSBIISAIONICECS BHOBb MPH
OXJIaX/IeHUH. BoccTaHOBUTENBHBIE CBOMCTBA TaJIOTEHUI-MOHOB yBenuuuBaroTcsa B pagy ClIm —
Br — I' v moaun-voH SIBISETCS CUIBHBIM BOCCTAHOBUTEJEM.

10KI + 8H2SO4 + 2KMnO4 — 51 + 2MnSO4 + 6K2SO4 + 8HO
KOHTpOJIBHBIe BOITPOCHI

1. Kak noiy4aroT BOJOpPOJ B IPOMBIIUIEHHOCTH U B JIa00OpaTopuu?
2. Kakas kucnora criocoOHa paszpymats crekio? IIpuBenure ypaBHEHHE pEaKIu.
3. Kax m3mensiercst cuna kuciot B psgy HCl — HBr — HI? Tlouemy?

Xumuda d-3j1ieMeHTOB

B aromax d-snemeHTOB (mEpeXOAHBIX 3JIEMEHTOB) 3alOJHAETCS JJIeKTpoHamu d-
HOJYPOBEHb IpPEABHEIIHET0 YpoBHS. Ha BHemHeM ypoBHE aTOMBbI d-3JIEMEHTOB HMEIOT, Kak
NpaBUJIO, JIBa S-AJIEKTPOHA. BIM30CTh CTPOCHMS BAJCHTHBIX YPOBHEH aTOMOB NEpPEXOIHBIX
3JIEMEHTOB OIpEEIsieT UX o0Ie CBOMCTBA. Bece OHUM SBISIOTCS METaJUIaMH, UMEIOT BBICOKYIO
IMPOYHOCTb, TBCPAOCTb, BBICOKYIO OJICKTPO- HW TCIUIOIPOBOAHOCTE. Mmuorue U3 HUX
JIIEKTPOTIOJIOKHUTEIBHBl M PACTBOPSIOTCS B MUHEPAIBHBIX KHCIOTAX, OJHAKO CPEIH HHUX €CTh
METalllbl, HE B3aHMOH€ﬁCTBy10HIHe OOBIYHEIM CIIOCOOOM C KHCIOTaMH. bBOJBIIMHCTBO
NePEXOJHBIX METAJUIOB UMEIOT MIEPEMEHHYIO BJICHTHOCTh. MaKcHManbHasi BAICHTHOCTh, KaK H
MaKCuMaJibHasA CTCIICHb OKHUCJIICHUA, KaK IIPaBUJIO, PaBHO HOMCPY I'PYIIIIbI, B KOTOpOfI HaxoauTcCs
JTAHHBIN 3JIEMEHT.

XHuMHA XpOMA U ero coeJuHeHUil
B npupone xpom HaxoauTcs B BUAe XpoMoBoro xkenesnska FeOxCr20Os

wmn  Fe(CrO2),. XpoM monaydaroT BOCCTAHOBJIEHHEM XPOMOBOTO JKEJIE3HAKA YIJIeM B
3NIEKTPUUYECKUX Teyax B BUje peppoxpoma, cogepxaiiero 60-65% xpoma:

FeOxCr203 +4CO — Fe + 2Cr + 4CO»

YucTelif XpoM MOXKET OBITh MOJYYEH 3JEKTPOJIM30M PAcTBOPOB WM PACIIaBOB COJIEH,
METOJIOM aJTIOMUHOTEpMUU U3 okcuaa xpoma (II0):

t—
Cr0O3 +2A1 = 2Cr + AlLO3
XpOM HpeI[CTaBJI}IeT CO6OI>1 KOBKI/H\/’I THFy‘II/H\/’I MECTAaJIJl CepO—CTaHLHOFO OBCTA.

B crenenu oxuciaenus +2 COCAMHCHUA XpOMa MMPOABIAIOT OCHOBHBIC CBOMCTBA U SIBJISIOTCS
BOCCTAHOBUTCIIAMHU — JICTKO OKHUCIAIOTCA 1O 0oJiee BLICOKUX CTEIICHEH OKHMCIICHHUS.

Oxcun xpoma (III) moxxer OBITH MONYYEeH pa3IOKEHHEM IUXpOMATa aMMOHHUS MpU
HarpeBaHuu:

t-
(NH4)2Cr207 = N2 + Cr203 + 4H,0

CootBeTcTBYIOIINI €My HepacTBOpUMBIH ruapokcul xpoma (I1I) momyyaroT npu aelcTBUM
HeJocTaTKa menodeit Ha conu xpoma (I1):

CrClz + 3NaOH — Cr(OH)3| + 3NaCl

Cepo-3enenslii ruapokcus xpoma (II1) umeer amporepHsie cBoiicTBa:
Cr(OH)3| + 3HCI — CrCl; + 3H20

Cr(OH)3| +3NaOH — Na3z[Cr(OH)s]

Coenunenus xpoma (III) B mienodHoit cpene MMEIOT BOCCTAaHOBUTENBHBIE CBOWCTBA U
OKHUCIISIIOTCS OPOMOM, TEPOKCHUIOM BOJOPOAA WM JPYTUMH OKHCIUTEISIMU. 3€JICHBI PacTBOp
rekcargapokcoxpomarta (I1I) HaTpus sxenreeT BciaencTBUE 00pa30BaHUs XpoMaTa HaTPUs:
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2Na3[Cr(OH)s] + 4NaOH + 3Br; — 2NaxCrO4 + 6NaBr + 8H>O

Oxcun xpoma (VI) mMeer KuCIOTHBIE CBOMCTBA. EMY COOTBETCTBYIOT ABE KHUCIIOTHI:
xpomoBas HoCrO4 u nuxpomoBas HoCr,O7:

CrO3; + HO — H»CrOq4
2CrOs + H,O — H>Cr Oy

B BoaHBIX pacTBOpax MeEXKIy JKEITBIMH XPOMAar HOHAMU U OPaHXKEBBIMU AUXPOMAT
MOHaMH Ha0JII0/1aeTcs PaBHOBECHE:

2Cr0O4% + 2H" — Cr,04 + H,O

OT0 paBHOBECHE B KHCIIOH CpeJie CABUTAETCA B CTOPOHY O0pa30BaHUs AUXPOMAT-HOHOB, a
B LIIEJIOYHOM cpesie — B CTOPOHY XpOMaT-HOHOB:

2K>CrO4 + H2SO4 — K2CrO7 + K2SO4 + H2O
K>Cr0O7 + 2KOH — 2K,CrO4 + HoO

CymecTByronie B KHUCIOM cpele AMXPOMAThl SIBISAIOTCA CHJIBHBIMU OKHCIUTEISIMH,
BOCCTaHaBIIMBasACh 10 coennnenuit xpoma(lll):

K>Cr207 + 4H2SO4 + 3K2SO3 — Crz(S04)3 + 4K2S04 + 4H20

K>Cr207 + 7TH2S04 + 6KI — Cr2(SO4)3 + 312 + 4KoSO4 + 7TH2O

XuMusl MAPraHUa u ero coeJMHeHu i

Tak >xe, Kak ¥ XpOM, B MPUPOJIE€ MapraHelr] BCTPEUaeTCs B BUIE OKCHIOB: MUPOJIO3UTA
MnO>, raycmanuta Mn3O4, Opayaura Mn2O3. BerpeuaeTcss mapraHeln ¥ B KeJE€3HBIX pyZax.
COBMECTHBIM BOCCTAHOBJICHHEM JKCJIE3HBIX W MapTaHIEBBIX Py MOJYyYaT (eppomMapraseil,
conepxamuii 80-85% MapraHua u UCHOJIB3yeMbI B MPOU3BOJCTBE CTANM M YyryHa. YHCTHIN
Maprasel] TMoJy4aroT ATFOMUHOTEPMHUCH HIIM 3JIEKTPOJIM30M PACTBOPOB Cylb(dara mim Xjaopuaa
Maprasiia.

Mapranen, — cepeOpucTo-0enblii TBEpAbIMH M XpYNKUH MeTaul. MapraHell BBITECHSET
BOJIOPOJI U3 COJITHOM KHCIIOTBI, pEarupyeT ¢ CEpHON U a30THOM KUCIOTAMM:

Mn + 2HCI — MnCl, + H»

Mn + 2H>SO4 — MnSOs4 + SO; + 2H>0

3Mn + 8HNO3 (1:1) — 3Mn(NO3)2 + 2NO + 4H>O

Mapraner oOpa3yeT HECKOJIbKO OKCHIOB. C TIOBBIIIIEHHEM CTETIEHU OKHCIIEHUSI MapraHIia,
CBOMCTBA 3TUX OKCHUJIOB U3MeHsIOTCs: okcuabl Maprania (I1 u 1) — ocHoBHBIE, OKCH MapraHiia
(IV) — amdotepnsiii, okcuas! mapradna (VI u VII) — kucnotHsle.

HepactBopumslit B Boje ruapokcua mapranua (II) mosker ObITH ModydeH JeHCTBUEM
1IeJI0Y€ei Ha COJIM MapraHiia:

MnSO4 + 2NaOH — Mn(OH)2| + NaxSOq4

I'unpokcun mapranua(ll) nmeer ocHOBHBIE CBOICTBA (HO HE KUCIIOTHBIE):
Mn(OH),| + 2NaOH #

Mn(OH).| + H2SO4 — MnSO4 + 2H>0

a TaK)K€ BOCCTAaHOBUTEJIbHBIE CBOMCTBA, OH OKHUCIISIETCS Ha BO3IyX€:
2Mn(OH)2| + O2 — 2MnO»| + 2H>0

JlelicTBUEM CUJIBHBIX OKUCIHTENEH, TakuX Kak BucMmyrtaT Hatpus NaBiOs; unm okcup
ceunua (IV) PbO2, conu mapranna(ll) Mmoryr ObITh OKHCIIEHBI B KUCIOW cpelie 10 (uoeToBON
MapranioBoi kuciaotsl HMnOs.

2Mn(NOs3)2 + 16HNO3 + 5NaBiO3 — 2HMnO4 + 5Bi(NO3)3 + 5NaNOs + 7H20

VYcroituussbiii okcua Mapranna (IV) MnO2 umeer ampotepHble CBOIHCTBA U pacTBOPSIETCS B
KHCIOTax M mienoyax. B kucnoi cpege MnO; sBiseTCsl CUIBHBIM OKUCIIUTENIEM, CIOCOOHBIM
BBIIETIUTH XJIOP U3 COJISTHOM KUCIIOTHI:
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MnO; + 4HCl — MnCl; + Cl; + 2H>O

Oxkcupn mapranua (VI) MnOs u cooTBeTcTByIOmas eMmy MaprasioBuctas kuciaora HoMnOq
HeycToHuuBbl. Heckonbko Gosee yCTOHYMBBI COJMM 3TOM KHCIOThl — MaHraHaThl, HAIPUMED,
K2MnOy4, numeroniye B pacTBopax 3€J€HbIN LBET.

MapranuoBas kuciora HMnOs4 U COOTBETCTBYIOIIME €Ml COJMM — I[EpMAHTAHATHI,
Hanpumep, KMnQOs, uMeIOT B pacTBOpax XapaKTepHbIH (uoneToBblii 1BeT. llepmaHraHatsl
ABIISIOTCS CHJIBHBIMH OKUCIIMTEISIMU, OCOOCHHO B KHCToM cpefe. [Ipoaykramu BoccTaHOBIECHUS
TIEpPMAHTaHAT-MOHOB MOTYT OBITH MOHBI Mn>* (GeclBEeTHBIH pacTBOP B KUCIOH Cpeje), Y4epHO-
Oypalii ocagok MnO2 (B HEWTpaIbHOM MM CIabOIET0YHOM cpejie) nik HoHbl MnO4>™ (3eneHblit
pacTBOp B CUJIbHOILEIOYHON CpeJie):

2KMnO4 + 3H2S04 + 5NaSO3 — 2MnSO4 + 5NaSO4 + K2SO4 + 3H20
2KMnO4 + H20 + 3NaxSO3 — 2MnO; + 3Na,S04 + 2KOH

2KMnO4 + 2KOH + NaxS03 — 2KoMnO4 + NaxSO4 + H,O

XuMus Kejie3a U ero coexnHeHmii

XKenezo sABnseTcs BTOPBIM IOCIE AIIOMHUHUS METAJUIOM II0 PACHPOCTPAHEHHOCTH B
npupone. OcHoBHbIe pyabl: MarHeTUT Fe3O4, rematur FexOs, numonut 2Fe;03X 3H20, nupur
FeS,. U3 pyn xene3o moiydaroT BOCCTAHOBJIEHHEM YIJepoJoM B JoMHax. [lomydaemoe mpu
ATOM JKEJI€30 COJEPKUT 0K0JI0 4% yriiepoja u Ha3biBaeTcs uyryHoM. IIpu nepepaborke dyryHa
MOJIy4aroT CTaJIk, B KOTOPBIX coAeprkaHue yraepoaa cocrasiset 0,2-2,0%.

Kemne3zo sBuseTcs AO0CTAaTOYHO AKTHBHBIM MCTAJIJIOM MW PaCTBOPACTCA B COJITHOM H
pa36aBHeHHBIX a30THOH U cepHoﬁ KHCJIOTax.

Fe + 2HCI — FeCl + H»
Fe + H2SO4 (pass) — FeSOs + Ha
Fe + HNO3 (pass) — Fe(NO3)s + NO + H2O

KoHueHTprpoBaHHbIE cepHAs U a30THAsI KUCJIOTHI HA XOJIOAY MACCUBUPYIOT XKeJe30 (Kak U
AITIOMUHUM, U XpOM)

HepactBopumbiii B Boae okcun xeneza (II) FeO wumeer ocHOBHBIE CBOHCTBA U
pacTBOPSIETCS B KMCIIOTaX, HO HE B LIEJI0OYAX:

FeO + H,O #
FeO + H>SO4 — FeSO4 + H2O

3eneHoBatblil ocagok ruapokcusa xenesa (1) Fe(OH), monydaror nefictBuem menoyeit Ha
conu xene3a(Il).

FeSO4 + 2NaOH — Fe(OH)2| + NaxSO4

Fe(OH), nMeeT oCHOBHBIC CBOWMCTBA:

Fe(OH)2| + H2SO4 — FeSO4 + 2H,0

Fe(OH)»| + 2NaOH #

U JIETKO OKHCIISETCS KUCIOPOJOM Bo3ayxa 10 Oyporo ruapokcuna xenesa (I11), mpossuss
BOCCTAaHOBUTEJIbHbBIE CBOMCTBA:

4Fe(OH)2| + 2H20 + O2 — 4Fe(OH)3|

Kpacno-0ypsiii ocamox rtumapokcuna sxenesa (III) Fe(OH); mnomywator peiictBuem

nienoueit Ha conu xkenesa (I10).

FeCls + 3NaOH — Fe(OH)s| + 3NaCl

I'mapoxcun xenesa (III) umeer amdporepusie cBoiicTBa. Ero ocHoBHbBIE cBOICTBa cialee,
yeMm y Fe(OH),, a ero xucimoTHbIE CBOMCTBaA ciabee €ro OCHOBHBIX CBOWCTB W TMPOSBISIOTCS
JIMILIB B OYEHB KECTKUX YCIOBUS, HAIPUMED, IIPH CIUIABJICHUU.

Fe(OH);| + 3HCl — FeCl; + 3H,0
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Fe(OH)3| + NaOH # He uzmer B pacTBOpe
Fe(OH)3| + NaOH — NaFeO» + H,0O

B xucnoit cpene uonbl sxeneza(lll) sSBAIOTCS OKUCAUTENSIMH U TEPEXOJAT B HOHBI
xenesa(ll):

FeCl3 + 2HI —2FeCl; + I + 2HCI

B mienoyHoi cpene cruiaBiaeHHUEM ¢ HUTpaTOM Kayus W3 coeauHeHuit skenesa(lll) moryr
OBITH TIONTyYeHBI coemnHeHus xene3a (VI) — conmu xene3Hol KUCIOThI — epparhl:

Fe;03 + 3KNO;3; + 4KOH — 2K>FeO4 + 3KNO> + 2H20

Nonnl xxene3a (I1) u xenesa (I111) o6pa3yroT MHOTOYHCIIEHHBIE KOMITJIEKCHBIE COSTUHEHUS C
MoJIeKyJiIaMH BoJibl, ammuaka, nonamu Cl, F, CN°, SCN™ u apyrumu Jurasjiamu:

FeSO4 + 6KCN — K4[Fe(CN)s] + K2SO4
FeCls + 6KCN — K3[Fe(CN)e] + 3KCl

NurtencuBHas kpoBaBo-kpacHas okpacka pomanuaa xenesa (III) Fe(SCN); cuyxut mis
oOHapyxenus noHos xene3a (III) B pactope.

FeCl; + 3KCNS — Fe(SCN); + 3KCl

I'excarmanodeppar (I1) kamus Ks[Fe(CN)g] o6pasyer ¢ nonamu >xenesa (11I) reMuo-cunuit
0CaJIOK OCpIIMHCKOM JIa3ypH, YTO TaKXKe HMCIIONb3yeTcs s oOHapyx)eHus: noHoB xene3a (I1I) B
pacrtBope:

Ka[Fe(CN)s] + FeCl; — KFe[Fe(CN)s]| + 3KCl

I'excanmanodeppar (I1I) kanus K3[Fe(CN)g] o6pasyet ¢ nonamu xenesa (1) reMuo-cunuit
0CaJIOK TYpHOYJIEBOIM CUHU, UTO UCIOJIb3YETCs JIJIs1 0OHapy-keHust HoHOB xene3a (II) B pacTBope:

K3[Fe(CN)s] + FeSO4 — KFe[Fe(CN)s]| + K2SO4

Bbuonorndeckoe 3HaYeHHE jKeJe3a BEIMKO, JKEJIe30 — COCTaBHAs YacTh TIeMOTTIOOMHA
KpPOBH.

XUMHA MeIU U ee COeTNHEeHUH

B mnpupone Menp HaxoguTcs B OCHOBHOM B BHJE COeAMHEHHI: Xambko3nHa CuzS,
koBenuHa CuS, kynputa Cu20, manaxuta (CuOH)>CO3 u apyrux coeAMHEHUH, HO BCTpedaeTcs
U B CaMOpPOJHOM cOCTOSHUHU. [losyueHue OOBIYHO CKJIaJIbIBAE€TCS M3 HECKOJIBKHMX 3TaIoB:
o0xwra cynb(huaI0B, BOCCTAHOBJICHHUS TIOJTYYEHHBIX OKCHIIOB yIJIeM B paQUHUPOBAHUS MEITH:

2CuS +30; — 2SO0, +2CuO
CuO+CO — Cu+COy

Menp — MATKUI KPacHBIA METAJLI, XOPOLIO MPOBOJAUT TEILJIO U DJIEKTPUUECKUM TOK. Menb
oOpa3yer craBsl: JaTyHb (60-90% Cu u 10-40% Zn), 6pon3sr (Hanpumep, 80% Cu, 15%Sn, 5%
Zn), menbxuop (80% Cu, 20% Ni) u 1pyrue crjiaBsbl.

Menp pacnionoxeHa B psly HapsDKEHUN MOcie BOAOPOJA U HE pearupyeT ¢ OOBIYHBIMU
KHCIIOTaMU B OTCYTCTBUM OKHCIIUTEIEH!

Cu + H2SO4 (paz6.) #

Cu+HCI #

O/HaKo MeJlb pearupyer ¢ KUCIOTaMU OKHCITUTEIISIMH:
Cu + 2H2SO4 (xorm) — CuSO4 + SOz + 2H,0

Cu + 4HNO3 (xon) — Cu(NO3)2 + 2NO> + 2H20

3Cu + 8HNO3 (pass.) — 3Cu(NO3)2 + 2NO + 4H,0

Kpacusriii okcun menu (I) Cu2O obpasyercst npu HarpeBanuu 10 200°C Meau Ha BO3ayxe
npu Hepoctatke kuciopoaa. CoorsercrByromuii okcu CuOH HecToek, pacmanasch Ha OKCHIT U
Boay, u uJserko okucisercs g0 Cu(OH),. U3 coenunenunit menu(l) ycTONYMBBEI JIHIID
KOMIUIeKCHbIe ~ coenuHeHusi,  Hampumep, [Cu(NH3)]JOH wmm  H[Cu(CN)], wm
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MaJjiopacTBOPUMBIE BellecTBa, Harpumep Oenbiii Cul.

Yepnbiii oxcug meau (II) CuO momywaeTcss mpu HarpeBaHMM MEIU Ha BO3JYXE BBIIIE
300°C npu u30sITKEe KHciaopoaa. [Ipu HarpeBanuu Beime 1000°C CuO pacmamaercs Ha CuxO u
KHCIIOPOJI.

I'omy6oit ocagok ruapokcuaa meau (II) Cu(OH), monmydaroT AeiicTBUEM IIETI04EH Ha COJH
meu (10):

CuSO4 + 2NaOH — Cu(OH)| + Na;SO4

[lpyu HarpeBaHuWM STOT OCAJOK 4YEpHEET BCJIEICTBHE OOpa30BaHUS UYEPHOTO OKCHIA
meau(1I):

=
Cu(OH)| = CuO + H,0
I'unpokcun menu(Il) Cu(OH), umeer ampoTepHbIe CBOMCTBA C TPE0OIaJaHNEeM OCHOBHBIX
cBoricTB. Kucnorneie cBoiictea Cu(OH), He HabmrogaroTCs B pacTBOpax, HO MPOSBISAIOTCS MPH
CIUJIaBJICHUU WM IEUCTBUH KOHIICHTPUPOBAHHBIX IEJIOUCH:

Cu(OH)2| + H2SO4 — CuSO4 + 2H,0
Cu(OH)2| + NaOH # He uzaer B pacTBOpe
Cu(OH)2| + 2NaOH (xonn) — Naz[Cu(OH)4]

Honbl menu (II) o6pa3yroT koMmIuiekcHble coenuHeHus. Tak, oOpa3oBaHHe MHTEHCUBHO-
cusero terpammuna menu (1) ucnons3yercst s oOHapysxenust noHos meau (1) B pactBope:

CuSO4 + 4NH4OH — [Cu(NH3)4]SO4 + 4H,0

Comu mezu (1) UMEIOT BCIEACTBHE THAPOJIN3a KUCIYIO CPEY:

2CuS04 + 2H20 <> (CuOH)2S04 + H2SO4

Cu*" +S04* + H2O <> CuOH" + H" + SO4*

Cu*" + H20 <> CuOH" + H" (pH < 7)

OxuciuTeIbHbIE CBOMCTBA IJIs1 HOHOB MEU (II) MaJIO XapaKTCPHbI, HO MPOABJIAIOTCA IIPU
B3aHMOHeﬁCTBHH C HOOAUI-UOHOM:

2CuS0O4 + 4KI — 2Cul| + I + 2K2S04

MCI[I) ABJICTCA MHUKPOIJICMCHTOM. B 0onpmux KOHLOCHTpaudaX COCAUHCHUA MCIAU
TOKCHYHBI U UCITOJIB3YKOTCA KaK MECTUIHUBI.

XuMHA HUHKA U €ro CoeAMHEeHu

B mnpupone nmHK HaxoauTcs B BUAE CyIb(QUIHBIX pyH, Hampumep, chanepura ZnS.
[TonryueHne 1MHKA BKJIIOYaeT OOXUI Cyab(QUIOB [0 OKCHAA IIMHKAa U JajbHeilliee
BOCCTAaHOBJICHME OKCHJA [IMHKA YIJIEM:

27nS + 30, — 2S0; +2Zn0O
Zn0+CO —- Zn+ CO»

[{luHK MOXeT OBITh TOJYYeH U DJIEKTPOJIM30M PACTBOPOB COJIEH IIMHKA, HAIMpUMED,
pacTBopa cynbdara IUHKA.

[lunk — cuHeBaTO-OeNbI TUIACTHYHBIA M TATYy4uil Metaul. OH HaXoAWTCS B PAAyY
HaIpsDKEHUH 10 BoJopoJa (M A0 »Keile3a) U BeCbMa aKTHBEH. /[ IMHKAa B COEAMHEHMSX
XapakTepHa JIMIb OJIHA CTeNeHb OKucieHus +2. [luHK OOBIYHO MOKPHIT 3aIIUTHOW OKCHUIHOMN
IIJICHKOH, pa3pylIaeMoi IIpyu IeUCTBUM KUCIIOT U LIEJI0YEH:

Zn + 2HCI — ZnCl, + Hat

Zn + H2SO4 (pass)— ZnSO4 + Ha?

47Zn + 5SH2SO4 (konn) — 4ZnSO4 + HoST (o S|) + 4H,0

47Zn + 10HNO3 (xonn) — 4Zn(NO3)2 + N2O1 (1 Oyperit NO»2) + SH2O
4Zn + 10HNO3 (oupass.) — 4Zn(NO3)2 + NH4NO3) + 3H,0
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Zn + 2NaOH + 2H>0 — Nay[Zn(OH)4]

Benebrit ocanox rugpokcuaa uunka Zn(OH): monyyator aeiicTBUEeM HeJOCTaTKa HIeI0vYeit
HA COJIM LIMHKA!

ZnSO4 + 2NaOH — Zn(OH)2| + NazSOs

Cuapokcu MHKa UMeeT aM()OTEPHBIE CBOMCTBA M PACTBOPAETCS B KUCIOTAX M IIEI0YAX:

Zn(OH)2| + H2SO4 — ZnSO4 + 2H,0

Zn(OH),| + 2NaOH — Nas[Zn(OH)4]

Cugpokcua UUHKA (B OTIMYMH OT TMAPOKCHIA AIOMHHKS) PAacTBOPUM U B PacTBOPE
aMMHMaKa ¢ 00pa3oBaHUEM KOMILIEKCHOTO COEIUHEHUS:

Zn(OH),| + 6NH;OH — [Zn(NH3)s](OH)2 + 6H20

CoJn IMHKA THAPOIU3YHOTCS:

27ZnS04 + 2H20 < (ZnOH)2SO4 + H2SO4

Zn*" + S04 + Hy0 <> ZnOH' + H' + SO4*

Zn*" + H,O <> ZnOH' + H" (pH < 7)

[IMHK SABISETCA MHMKPODJIEMEHTOM, IPU €0 HEAOCTATKE HapyllaeTcs oOMeH OElNKOB U
YIJIEBOJIOB.
KOHTpOIBHBIE BOIPOCHI

1. Kakyro poib JuXpomarbl WUrpal0T B OKHUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKLUAX?
[TonTBepauTE ypaBHEHUAMH PEAKIIHA.
2. Kaxue ciocoObl noy4eHus IMHKa BaM U3BECTHBI?

Tema 19. CBoiicTBa pacTBOpOB.

He.ﬂb: IIO3HAKOMHUTHCA C COBpPCMCHHBIMHA npeaAcCTaBJICHUAMUA (O) pacTBOpax U
KOHIOCHTpAUAX; pacuCTaMu JIA IIPUTOTOBJICHUS paCTBOPOB 3a,I[aHHOﬁ KOHICHTpAaIuu B 6BITy 151
Ha IpOU3BOJCTBC.

PacrBopumocTh BelecTs

PacTBOopuMOCTh coOnel, KHCIOT M OCHOBAaHMH B BOJE MpEACTaBIeHA B TalmuIe
pacTBOpUMOCTH. MBI 3HaeM, 4TO OJHHM BEIIECTBA PACTBOPAIOTCS B BoJE (TUAPOPHUILHBIE),
JIpyrue He pacTBOPAIOTCS (ruapodoOHbIe).

P - pactBopuMsl Bee coequnenns Na“, K™ u NHs" (NaxSO4), a Takxke a30THast U yKCyCHast
KHUCJIOTBI M UX COJIM (HUTPATHI U alleTaThl);

H - nepactBopumsl: H2Si103, BaSO4, CaCOs.
M — manopactBopumsle (ruric CaSO4-2H>0)

KonnuecTBeHHas XapaKTepUCTHKA COCTaBa pPACTBOPOB: «pa30aBICHHBIA pacTBOpP» U
«KOHII. pacTtBop». KonnyecTBEeHHBIM COCTaB pacTBOpOB. MaccoBas 10Js PacTBOPEHHOTO
BEILECTBA UJIM MIPOLIEHTHASI KOHIIEHTPALIMs pacTBOpa

Bonpocs! ais 00cy:kaeHus:
1. IloHATHs pacTBOp, PACTBOPUTEID U PACTBOPEHHOE BEILIECTBO.

2. CrocoOpl BbIpaXeHHS KOHIIEHTpaluil. PacueTsl Mo onpeaeneHuio KOHIIEHTpauu
pacTBOpPOB.

3. IloaroToBka pacTBOPOB 3aJJaHHOM KOHIEHTPAIIMHU B MPOU3BOICTBEHHBIX MPOIECCAX.
OCHOBEBI CTeXHOMETpUU. PacdeTsl mo XUMUYecKiM GopMyaaM M ypaBHEHHSM.

4. Croco0bl 3KCTpaKkIMM M3 XUBOTHOTO W PACTUTEIBHOTO CBIPhS, €€ MPAKTHUYECKOe
IIPUMEHEHUE B TEXHOJIOTMYECKUX IPOLECCAX.

5. BrausHue pa3nudHbIX (AKTOPOB HA PACTBOPHUMOCTH Ta30B, KUIKOCTEH W TBEPIBIX
BCIICCTB, UX UCIIOJB30BAHHUC B TCXHOJIOTUH NPOAYKIIUN TUTAHUS
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Tema 20. Xumuueckass uaeHTHukanus. HMaeHTupukanusi KaAaTHOHOB M AHMOHOB
HEOPraHU4eCKHUX BellecTB

Heab: MO3HAKOMUTBHCS C COBPEMEHHBIMU MPEACTABICHUSIMU O AHATUTUYECKON XHUMHH,
IpaBUJIaX UCIIOJIb30BaHUS Ja0OPATOPHOTO OOOPYIOBAHUS U allapaTyphl.

Bonpocsl a5 o0cyxaeHunsn:

1. OCHOBBI aHANTUTUYECKON XUMHUH.

2. Unentudukaius KaTHOHOB U AHKOHOB HEOPTaHUYECKHUX BEIIECTB.

3. Ha3znavenue u mpaBuiia HCIOJIb30BaHUS JIaOOPATOPHOTO 000PYAOBAHUS U allIapaTyphl.
4. MeTo/1bl ¥ TEXHHKA BBIITOJIHCHUS XUMHUYECKUX aHATTN30B.

5. IIpuemsbl 6e3omacHOM pabOTH B XMMUYECKOH JIa0OpaTopru

AHanuTHYECKash XMMHUS - 3TO HayKa O TPUHIMIAX, CIIOCO0aX M METOJaX ONpeAelICHHS
XMMHYECKOTO COCTaBa U CTPYKTYPhI XUMUYECKUX COCTUHECHUIH.

[Tog XMMHUYECKMM COCTaBOM BEIIECTB MOHUMAETCSI COCTaB AIIEMEHTHBIH, MOJIEKYJISPHBIMH,
Ga3oBblii, u30TONMHBIA. OmnpeneneHue OTAEIbHBIX 3JEMEHTOB B aHAJIU3UPYEMOM BEIIECTBE
Ha3bIBAIOT DJIEMEHTHBIM aHAIN30M; ONpeAeTeHre QYHKIMOHAIBHBIX TPYNH - QYHKIIMOHATBHBIM
aHAJIM30M; OIpEICIICHHE MOJICKYJISIPHON MacChl - MOJIEKYJISIPHBIM aHAJIN30M.

Kauecmeennuiii ananus pemaet BOIPOC: KaKHe KOMIIOHEHTHI BXOJAT B COCTaB COCTMHEHUS,
MuHepana. KauecTBEHHBI aHalN3 MOKAa3bIBAET, W3 KAKUX XHUMUYECKUX JIIEMEHTOB COCTOHT
aHAJTM3MPyeMO€e BEIIECTBO M KAaKWe MOHBI, TPYIIITBI aTOMOB HIIM MOJIEKYJIbl BXOJST B €r0 COCTaB.
[lpn wmccrenoBaHMM cocTaBa HEM3BECTHOTO —BEIIECTBA KAYECTBEHHBIM aHaIM3  BCerja
NPEIIECTBYET KOJTHYECTBEHHOMY.

B 3aBucMMOCTH OT MemoOa aHaNUTHYECKas XUMHS JICIUTCA HA Memoobl pazoeneHus u
Memoobl onpedeneHus.

Memoouvl pazdenenus: OCAXICHHE M COOCAXJIEHUE,  HKCTpaKLus, Xpomartorpadus,
aneKTpodope3, TUCTHIUIALNS, SJICKTPOTUAIINS U JIP.

Memoowvr  onpedenenusa:  xumuueckue  (TpaBUMETPHUUECKHE, THUTPUMETPUUYECKHE),
Quszuueckue (CTIEKTPOCKOIMYECKHE, (dhoToMeTpuueckue, sJ1IepHO-(U3NYECKUE,
JIOMHHECLEHTHBIE), Qusuko-xumuyecKue (KuHeTH4eckue, JIOMUHECLIEHTHBIE,
TUTPUMETPHUECKUE, HOTOMETPHUUECKHUE, FINEKTPOXUMHUYECKHE).

Cpenn  CHEKTPOCKONMYECKMX  BBLACISIOT ~ METOJBl:  MacC-CIIEKTPOCKOIHMYECKHE,
PEHTTEHOCTIEKTPAIbHBIE, aTOMHO-a0COPOIIMOHHBIE, YMUCCHOHHO-CIIEKTPAIIbHBIE.

Cpenu siiepHO-(QU3MUECKUX  BBLACISIOT  METOABI: PaJMOAKTHBALMOHHBIE, HM30TOIHOE
pa30baBieHHe, METO/Ibl, OCHOBAHHBIE Ha MOTJIOLIEHUN U PACCETHUH U3ITyUCHHUS.

Cpenmn  DIIEKTPOXMMHUYECKHUX BBIJICIIIIOT ~ METOJIBI:  KOHIYKTOMETPHUYECKHE,
KyJIOHOMETPHUYECKHUE, TOTEHIIUOMETPUYECKHE, aMIIEpPOMETPHUUECKHUE, MOJIIporpaduuecKue.

B 3aBucHMOCTH OT 00vexkma WCCIENAOBAHUS PA3NUYAOT AHAIU3 HEOP2AHUYECKUX U
Op2aHUYECKUX COeOUHEHUI.

Tunel peaxkuuii, IpUMeHsIEeMbIX B AHAJIUTHYECKONH XUMHHU

AHQINTUYECKUMH  pPEAaKUUSIMH MOTYT OBITh TOJBKO TaKH€ pPEaKIHH, KOTOpPbIE
COIPOBOXKAAIOTCS KAKUM - JINOO BHEUTHUM 3()PEeKTOM, TPOXOAAT OBICTPO U MOIHO.

Peakuuu, KoTOpbIe CONPOBOKIATCH BHEIIHUM aHAJTUTHYECKUM ¢ deKTom:
OO6pa3oBaHue WU PaCTBOPEHUE OCaIKa
AgNOs3 + HCl = AgCl| + HNO; ( peaknus oOMeHa )

AgCl‘L + 2NH3H>0 — [Ag(NH3)2]Cl +2H20 (peakiiust KOMITIIEKCO0Opa30BaHMs)
Oemnblit 0caoK OecCIBETHBII pacTBOp
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H3MeHeHHe IIBeTa PacTBOPA WM 06pPa30BaHNe OKPAIIEHHOT0 COeTHHEHHUS

PeaKHI/Iﬂ OKHCJICHHUA - BOCCTAHOBJICHUS
2Mn(NO3); + 5NaBiO3 + 4HNO3 = 2NaMnO4 + 5(BiO)NO3 + 3NaNO3 + 2H,0
OECIBETHBIE KPHCTAJLIBI PO30BBI PacTBOP

BOCCTAHOBHUTCIIb OKHUCIUTCIb

BBI}IeJ—[eHI/Ie rasa

Na;COs + 2 HCI =2 NaCl + H,COs3; H,CO3 — CO;2 + H,O

TepMI/IHLI N IMIOHATHUA B KAYECTBCHHOM aHaJIn3e

YacTHble, XapaKTepHbIE AHAJTUTUYECKHE PEAKIMH, NPH KOTOPBIX Pa3JIMYHBbIC pPEareHTHI
JIAIOT XapaKTEePHbIE aHATUTUYECKHE YPPEKTHI C OTHUM HOHOM.

Pb>*+2KI = 2K ™ + Pbl, | (>xenTslif 0canokx)
Pb** + K,CrOs = 2 K" +PbCrOs | (5kentslii 0canox)

['pymnmnoBeie (001IMEe) aHATUTUYECKUE PEAKIUH, MPU KOTOPBIX OJIMH TPYMIOBOM (00mIIuniA)
peareHT o0pa3yeT XapaKTepHBIH aHATUTUYECKHid d(P(GEKT C pa3HbIMH HMOHAMH. | pynmoBBIMH
pearentamu MoryT ObiTh kKucnoTel — HCl, HoSO4, H2S, ocnoBanmus - NaOH, KOH, NH;OH,
comiu — BaClz, AgNO3, (NH4)>CO3, Na3POs.

Hampumep. I'pynmnoBeiM peareHtom Ha Il aHanmuTHyeckyro rpynmy KaTHOHOB SIBIISETCS
2M pactBop HCI :

Pb** +2 HCl =2 H" + PbCl, | (6enblii ocanok)
Ag" + HCI = H* + AgCl | (Genblii 0camoK)

['pynmoBeIM peareHToM Ha | aHATMTHYECKYIO TPYIITy aHHOHOB MOYET OBITH PACTBOP COJIH
BaCl; :

S04 + BaCl, = 2 CI' + BaSOs | (6emnslit 0canok)
COs* + BaCl, = 2 Cl" + BaCOs | (6emblif ocaiok)
SiOs* + BaCl, = 2 Cl" + BaSiOs | (6enblit ocanok)

2 PO4* + 3 BaCl, = 6 CI" + Ba3(PO4): | (6enblit 0canok)
HPO4> + Ba?" = BaHPO4] (6enslit ocagok)

Crenuduyeckuii peareHt, KOTOPHIM MOKHO OTKPBITh JIaHHBIA MOH B MPUCYTCTBUU JIPYTUX
HMOHOB.

Hampumep, kpaxman sBisieTcsi crieliMUYECKUM pEareHToM Ha CBOOOAHBIA Hom o,
aHamuTUYeCKuii >(PQPEeKT - MOSBIEHME OKPACKM TEMHO-CHHero uBera. Ha katmon  Fe*
crienu(PUIecCKuM peareHTOM SIBJISIETCSl THOLIMOHAT aHWOH. B3aumojeicTBre MEXy HUMH HET
110 YPABHEHHUIO:

Fe’* + 3SCN- = Fe (SCN);
Ananmutrdeckuii 3Q(GEeKT 3TOro B3aUMOJEHCTBUS — MPOAYKT PEAKIIMH KPOBABO-KPACHOTO
1[BETA.

Paznenenne — 310 OTAENeHHE OAHOrO MOHA OT APYroro WM APYrMX HOHOB Pa3HBIMU
crioco0amu, IpueMaMH, METOIaMHU.

[Ipenen oOHapykeHus (YyBCTBUTEIBHOCTh) — OTO MHHUMAJIbHAs KOHIEHTpAIUs
BEILIECTBA, NMPU KOTOPOM aHANM3UPYEMBI HMOH MOKHO OIPEISIUTh JaHHOW peakiuuend Win
JaHHBIM peareHToM. [Ipenen oOHapyXeHUsS WM OTKPHIBAEMbII MUHUMYM MOXET BBIPAKATHCS
YHCIIOM aTOMOB, MOJIEKYJI WM JPYTHX YacTHI], a TaKkke Maccoil B Mukporpammax (1 Mxr =

—6
110 r). Ipenen oOHapyxkeHMs B LBETHBIX peaknusax cocrtapiser o 107'' r. Hampuwmep,

omxpuisaemviti munumym Ca’™ cocmaensem 0,1 me ( 1x10™ 2) peaxyueu CaCl, + H>SOs +
2H,0 = 2HCI1 + CaS04*%2H;0.

THIIC, UTOJIBYATBHIC KPUCTAJLIIbI
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[IpenenbHOE pazbaBieHrEe XapaKTePU3yeT HAMMEHBIITYIO KOHIICHTPAIIMIO BEIIecTBa (HOHA),
IpU KOTOpOM OOHapyeHUE €ero IOCPEACTBOM JAaHHOM peakuuu Bo3MoxkHO. IIpenenbHoe
pa3baBiieHHE BBIPA)KAIOT OTHOIIEHHEM 1 : g (e g — Macca pacTBOPUTENA, pUXosiasics Ha 1
MacCOBYI0 4YacTh OOHapyXuBaeMoro uoHa). OObIYHO B KAaUYEeCTBEHHOM AaHAJIHM3€ MPUMEHSIOT
JUIIb T€ PEaKUUH, OTKPHIBEMbIH MUHUMYM KOTOpbIX He Ooinbmie 50 MKr, a npeaenbHoe
pazbasnenue 1 : 1000.

UyBCTBUTEIBHOCTh PEAKIIUU 3aBHCHUT: OT TOJIIMHBI CJI0s pacTBopa (B MajoOM CJI0€ MOXKHO
HE OOHApPYXHUTh OTKPBHIBAEMBIII MOH, a B OOJBIIOM CJIO€ MOXXHO YBUAETH IOMYTHEHHE, KaK
OpU3HAK  MPUCYTCTBUS ~ HMOHA); OT  MPOJOJDKUTENIBHOCTH  peakiuu  (yBeJIUdeHue
IPOJIOIDKUTEIPHOCTH PEaKIUU yBEIMYMBACT  YYBCTBUTEINBHOCTh PEAKIMM); J0OaBICHHUE
OpPraHUYECKOI0 PACTBOPHUTENS IOBBIIIAET YYBCTBUTEIBLHOCTh pEAKLUHU, A00aBJIEHHE CIUpPTa
MOHMXKAET PaCTBOPHUMOCTH 00pPa30BaBIIETOCS 0CAIKa HEOPTaHMUECKOW COJIH.

YcaoBusi npoBeeHUs peaKkuuid
[IpoBons Ty WM WHYIO pEakIUio, HEOOXOJIMMO CO3/1aBaTh OMpENEIECHHBIE YCIIOBUSI,

3aBHCSIIME OT CBOMCTB pEareHTOB W 0Opa3ymloIIMXCsS MPOAYKTOB pPEaKIMH, TaKk KaKk WHaude
pe3yabpTaT OyaeT HeMPaBUIbHBIM WM HE MTOTYYUTCS.

Hanpumep, ocajiku, pacTBOpUMbIC B M30BITKE LIEIOYH, HE BBIIAAYT B IIEIOYHOU Cpejie.
DTO OTHOCUTCS K COCAMHEHHSAM C aM(pOTEPHBIMH CBOCTBaMH. B X0lle Ka4eCTBEHHOIO aHAU3a
pH omnpenensroT mpu HOMOIIM HHIMKATOPOB, LBET KOTOPBIX 3aBUCHT OT KOHICHTPALIUK HOHOB
BOJZIOPOJIA.

B KauecTBEHHOM aHaluM3e Yalle BCEro MOJB3YIOTCS OYMaKHbIMH HHAMKATOPAMHU:
JaKMycoBas OymMaxkka, (heHopTarenHOBasi Oymara, yHUBEPCAIbHBINA HHIUKATOP.

JlakmycoBas Oymara KpacHeeT B KHCJIOH cpeae npu pH < 5, cuHeer B mieno4Hoi cpene
npu pH >8. ®enondranennosas 6ymara Genast (OecuBeTHasi) B HEMTpanbHOW U KHUCION cpene,
MaJInHOBas (po30Basi, KpacHas) B I1eJI04HOM cpeae mpu pH >9.

YHuBepcalbHbIl MHAWKATOP — 3TO CMECh HECKOJbKUX HWHAMKATOPOB, MOATOMY JaeT
MIMPOKYo mikany 3HaueHuit pH: ot 0 go 14 npu unrepsane 1. lllenouynas cpena pH 9 u Gonee
co3naercs godasnenueM 2M pactBopa NaOH, KOH, NH4OH. Kucnas cpena pH 3 u menbiue
coznatorcsi cunbHbIMH kucinotamu 2M HCI, H>SOs, HNOs.  CnaGokucnast cpena pH 4-5
cozmaercss 2M CH3COOH. HeiitpansHasi cpena cosaercs MOocieoBaTeIbHBIM J00aBlIeHUEM
KHUCJIOTBl U OCHOBAaHUS WJIM HA000pOT, OOBIYHO CJIA0BIMH YKCYCHON KHCIOTOM M PacTBOPOM
aMMHuakxa.

[Iupoko npumeHsoT B aHanuze OydepHble pacTBOpbl. WX NpUMEHSIOT, Koraa IpH
BBINIOJIHEHUS onbITa pH HE TOKHO U3MEHSTHCS U TOJAEPKUBACTCS MOCTOSIHHBIM C ITOMOIIBIO
OydepHoit cmecw.

BaxxHbIM yciioBHEM NPOBENEHHUS PEAKLMM SIBISETCS TeMIleparypa pactBopa. HexoTtopsie
peakuuu UAYT TOJBKO IMPU HArpeBaHUU, APYrue MpH OXJIAKICHHH, HAalpUMEp IMOJ CTpyeu
XOJIOZIHOM BOJONPOBOJHOW BOABI. BOJBIIMHCTBO aHAJINTUYECKUX PEAKLUM MPOXOAAT IpH
CTaHJIAPTHOU TemIepaType.

Ocanku, pacTBOPUMOCTh KOTOPBIX CHJIBHO YBEJIWYMBAETCS IPU HArpeBaHUU, HE CIEAYyeT
MOJIy4yaTh U3 HArPEThIX PaCTBOPOB.

ITpu o4ueHb MasbIX KOHIIEHTPAIUAX HOHA B PaCTBOPE peakLUs MOXKET He Noay4uuThes. [Ipu
ATOM YUHTHIBAIOT OTKPHIBAEMbI MUHUMYM U NpefiesibHoe pa3basnenue. [Ipu nomyuyeHun ocaaka
cileflyeT TIOMHUTb YCJIOBUE OOpa30BaHUS OCAJKa: MPOM3BEACHUE KOHILIEHTPAIlMM HOHOB (B
CTEMEHH UX CTEXHOMETPUYECKHX KOIPQHUIMEHTOB) JOJKHO TPEBBINIATh  BEJIUYUHY
IIPOU3BENECHUSI PACTBOPUMOCTH JTaHHOTO MaJIOPACTBOPHUMOTO BEIIECTBA.

Peakuuu BBIMONHAIOT “‘CyxuM” cocoOoM U “MOKpbIM™ criocoboM. Peaknuu  “cyxum”™
CHoco0OM TPOBOAT C TBEPABIMH BELIECTBAMHU.

HarpeBanue BemiecTBa B IJIJaMEHH Ta30BOM Tropenku (CUPTOBKH). Jleryume comm
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HEKOTOPHIX MOHOB OKPAIMBAIOT IIaMs B XapakTepHblii 1BeT: Ca>’ — KHPHIUYHO-KPACHBIH 1[BET,
Ba?" — sxenro-3enensrii, Na™ — sxenrsiit, K — 6nenmo-huonerossiii u ap. ITo okpacke miameHu
HEKOTOPBIX COCIMHEHUN MOKHO OMPEIENIUTh MPUCYTCTBUE JAHHOTO 3JIEMEHTa B HCCIIEyeMOM
oOpaste.

BrlmmontHeHHE peakiuy “MOKPBIM~ CIIOCOOOM — 3TO MPOBEACHHE PEaKIMM B PACTBOpax.
JIJisi BBITIOJTHEHUS peaknuid “MOKPBIM~ CIIOCOOOM BEIIECTBO IMPEABAPUTEIBHO JTOJIKHO OBITH
pactBopeHo. Peakiium B pacTBOpax MOXHO MPOBOAMTH KarelbHBIM METOJIOM. Peakuuu
KareJabHbIM METOJ0OM MOXHO IPOBOJUTH B MPOOUPKE, HA TMPEAMETHOM CTEKIE, Ha dhapPpopoBoi
IJIaCTUHKE, HAa (GUIBTPOBAIBHOM Oymare.

MeTtoabl onpeaejJicHus Ka4eCTBCHHOI'0 cocTaBa pacrsopa

I[J'IH OIMPECACIICHUA KAa4YCCTBCHHOI'0 COCTaBa pacTBopa IHIPHUMECHSAIOT ,Z[pO6HBII>i MCTOL
aHajgh3a M CHCTEMAaTHYECKUM METOJ aHajau3a.

Hpobubiit Meron ananmuza. [ns oOHapyxkeHuss MOHOB OepyT u3 oOlIell cMecn HOHOB
OTJICIIBHYIO TIOPITUIO HCCIEAYEMOTO pacTBopa M JOOABISIIOT K Hed crnenuuueckuid Wi
XapaKTEepHBIM peareHT, ¢ MOMOIIbI0 KOTOPOrO MOXXHO OTKPBITh JaHHBIM MOH B IMPUCYTCTBUH
JpYrux MOHOB.

9T1oT MCTOJ 6LICTpBII71, HC Tpe6yeT MHOI'0O BpEMCHH, IMMO3BOJIACT OTKPbIBATH HOHBI, MHHYS
JJIUTCIIBHBIC OIICpalyy IMOCJICAOBATCIBHOIO OTACICHHA OJHUX HOHOB OT APYTIHUX. OTKpI)ITI/IC
HOHa ,Z[pO6HI>IM MCTO/JIOM BBLIIIOJIHACTCA B IBA IIpUEMaA.:

1. CHayasla C TOMOIIBIO pPa3JIMYHBIX PEAreHTOB CO3/JAI0T YCIOBHUS, NPU KOTOPBIX
YCTpaHSAETCsl BIMSHUE MEIIAIOLINX HOHOB, PErYIHpYeTCs Hy)KHOe 3HaueHue pH.

2. 3aTeM XapaKTepHOW peakIuMeld YyCTaHaBIMBACTCS HAJIMYME OTKPHIBAEMOTO HMOHA B
pacTBope.

Opnaxo npoOHBIN MeToA aHanu3a 3(h(eKTUBEH, KOr/ia B pacTBOPE HaAXOAUTCA HEOOJbIIOE
yuciao coneil. Ecaum  pactBop mpencTaBisieT coOOH CIOXHYIO CMECh HMOHOB, TO IPOBOJSAT
CHUCTEMaTUYECKUM METOJ] aHAJIN3A.

Cucremaruueckuil  (MONMHBIA)  METOA  aHauu3a  TMPOBOJAUTCA B ONpEAETICHHOM
IIOCJIEIOBATEIbHOCTH. M3 aHaiIM3upyeMOM CMECH BBLACISAIOT OTAEIBHBIE TIPYIIIBI MOHOB C
MIOMOILBIO TPYIIOBBIX peareHToB. PasjeneHre MOHOB Ha I'PYIIBI IPOBOIAT B ONPEACIIEHHON
MOCJIEI0BATENbHOCTH. 3aTeM aHATU3UPYIOT HMOHBI KaXXJIOM Tpynmbl TOXKE B ONpPEIEICHHOMN
[OCJIEI0BATEIbHOCTH MPH TOMOIIM CHeNM(PUYECKMX M XapakTepHbIX peareHToB. Jlins
paszienieHrs MOHOB Ha TPYIIIbI IPUMEHSIOT pa3iMuHble METO/Ibl, MpueMsl, criocoObl. Hanpumep,
OCaXKJICHHE MOHOB B BUJE MAJIOPACTBOPUMBIX COCIMHEHMM, BOCCTAHOBIEHHE NOHOB METAJJIaMU
B COOTBETCTBUU C UX CTAHJAPTHBIMH OKHCIWTEIbHO-BOCCTAHOBUTEIBHBIMUA ITOTEHIUATAMM.

AHaJIUTHYECKHE K.ﬂaccmbmcaunn HOHOB

B xauecTBEHHOM aHaJIM3€ HEOPraHUYECKUX BELIECTB MPEUMYILIECTBEHHO AHAIU3UPYIOTCS
pacTBOpHI COJIEH, KUCTIOT, OCHOBAHHI, KOTOPhIE B BOJHOM PAacTBOPE HAXOJATCS B BUJIE€ MOHOB.
[TosTOMy XMMHUYECKMI aHalu3 BOIHBIX PACTBOPOB JJIEKTPOJUTOB CBOAUTCA K OTKPBITHIO
OTIENBHBIX HOHOB, a HE »JJEMCHTOB WM HMX coeguHeHmii. KadecTBEHHBIM aHaIN3
HEOPraHWYECKUX BELIECTB JICJIUTCS Ha KAYECTBEHHBIN aHAJIM3 KATHOHOB M KAYE€CTBEHHbIN aHAIIN3
aHWOHOB.

st ynoObcTBa OOHapyXKeHHsI HMOHBI JIEST Ha aHanuTUdeckue rpynmbl. Knaccuduxarms
MOHOB Ha aHAJUTHYECKHE TPYMIbl OCHOBAHA HAa OTHOLIEHUWH HOHOB K JEMCTBHUIO TPYIIOBBIX
pEeareHToB, Ha CXOJCTBE M pa3IMYUH PACTBOPUMOCTH 0Opa3yeMbIX UMM COEIMHEHHH M Ha
JIPYTUX MpU3HAKAX.

KucnotHo-ocHOBHast KiaccUpUKalMsl KaTHOHOB OCHOBaHAa Ha JEHCTBUM KHCIOT H
ocHoBanuii. [lo sroit kmaccudukanmm karvonsl II w Il aHamuTHYECKMX Tpymm UMEIOT
rpynnoBoi peareHT pa3dasneHHyto cosssnyio HCI u cepuyro H2SO4 KHCIOTY COOTBETCTBEHHO.
B IV ananuTH4ecKyro T'pYIIy CBEICHBI KaTHOHBI, 00pa3yroIIHe OCHOBaHHUS ¢ aM(pOTEPHBIMHU
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CBOMCTBaMH U PacTBOPSIOLIMECS B U30BITKE LIEIOUH, KOTOPAsl SBJSETCS IPYIIOBBIM PEareHTOM
Ha 3Ty rpynny. V. u VI  ananuTudeckue Trpynmnsl HUMEOT TIPYNIIOBOM peareHT —
KOHIEHTPUPOBAaHHbII pacTBop (25%) ammuaka. Kartuonst VI  aHanutuyeckoil rpymmbl
00pa3yloT C KOHILIEHTPUPOBaHHBIM pPACTBOPOM aMMHAaKa pPACTBOPUMBIE KOMIUIEKCHbBIE
aMMHAKaThl, & KATUOHBI V aHAJTUTUYECKOHN I'PYNIbI OT ACHCTBUS KOHLIECHTPUPOBAHHOTO PacTBOpa
amMMmuaka o0pa3yroT 0CaJKu THIPOKCHIOB.

Knaccudukanus aHnOHOB OCHOBaHa Ha Pa3IMYHOM pacTBOPUMOCTH COJieil cepebpa, Oapus
COOTBETCTBYIOIINX aHHOHOB.

['pynnoBeiM peareHToM Ha | aHamUTHYECKyl0 TpYIIy aHUOHOB, B KOTOPYIO BXOJST
aranonsl SO+, CO3*, PO4>, SiOs%, snsercs cons Gapus (BaCly umu Ba(CH3COO)y).

I'pynmnoBsiM pearedToM Ha Il aHanmuthyeckyro rpynmy adumoHoB (Cl, S?°) sBusercs
AgNOs; B npucyrctBun HNOs3. O6paszyrotes ocaaku: AgCl — 6enoro nsera, Ag>S — gepHOro
nsera. Ocamok AgCl He pacTBopsieTcss B KHCIOTaX, HO PaCTBOPUM B KOHILEHTPUPOBAHHOM
pacTBope aMMuaka ¢ oOpa3oBaHHMEM OECIBETHOTO pacTBOpa  KOMIUIEKCHOTO COCIMHEHHS
[Ag(NH3)2]Cl. Ocanok Ag:S He pacTBOpsieTcsi B ammuake u xonogHor HNOs, HO pacTBopsieTcs
B ropsiueit HNOs.

[Tpu nevictBun AgNO3; B HeHTpanbHOW cpeie aHMOHBI | rpynmbel MOTYT 00pa3oBaTh
oenbie ocaaku AgrSO4, AgrCOs, xkentoie ocanku AgzPOs, AgrSiOs. Ocamox AgrSO4 BeImaaeT
U3 KOHILIGHTPUPOBAHHBIX PACTBOPOB W pacTBOpsieTcsl B Bojae mpu  pazbamienun. Ocaiku
kapOonara, ¢ocdara, cuiamkara cepeOpa pacTBOPSAIOTCS B aMMHAKe, B A30THOH KHCIIOTE.
Ag>Si03 paznaraercs MuHepanbHOU KuciaoToi 10 HoSiOs.

PactBopenue B ammuake UaeT 0 YpaBHEHUIO:

Ag,CO; + 4NH; = 2 [Ag(NH3):]" + COs*

[Tpu neiictBun AgNO3 B KHUCIOH cpelle aHMOHBI | aHATMTHYECKOM TpynIbl He 00pa3yroT
ocajika.

Penxue annonsl VO3', MoO4>, WO Moryt o6pa3oBaTh ocaiki ¢ kKaTuoHamu Ag’, Ba**
coctaBa AgrpMoOQO4 ( Oenbiit), AgogWO4 ( 6enbrif), AgVO; (kenTslit), Oenoro mpera ocajaku
BaMoO4, BaWO4, Ba(VO3)2. MonubaaTel pacTBOPSAIOTCS B IIeJI04Yax, KUCIoTax. Boabdpamarst
pPacTBOPSIOTCS B IIENOYaX M HE PACTBOPSIFOTCS B KUCIOTaX.

AHHOHBI, KaK MPaBUII0, OTKPHIBAIOT JPOOHBIM METOJOM B OTJEIBHBIX MOPIUSIX PACcCTBOpA.
HmeroTcss peareHTBhl, KOTOpBIE OCAKIAIOT WM JEHCTBYIOT OMNpENENICHHBIM 00pa3oM Ha
HEKOTOPBIE TPYIIHI AaHUOHOB.

Tema 21. KosmuecTBeHHbIN aHAAM3: 00lIMe NMOHATHS, KjIaccHpUKanus. XUMHUYeCKHe U
(pu3nKO-XUMHYECKHE METOAbI KOJIHYECTBEHHOI0 aHAIHU3A

Konuuecmeennviti  ananu3 TO3BOJSET YCTAaHOBUTh KOJUYECTBEHHbIE COOTHOIICHUS
COCTaBHBIX YaCTeW WCCIIEAyeMOro BeIIeCTBa, MHHEpaja WIA CMECH BeliecTB. B oTimyme ot
KaueCTBEHHOI'O aHallu3a KOJIMYECTBEHHBIH aHalW3  OIpelesseT CoJepKaHhue OTAETbHBIX
KOMITOHEHTOB B aHAJIM3UPYEMOM BEIIECTBE MM OOIIee CoepKaHhe BEUIeCTBa B UCCIETyEMOM
HPOJIYKTE.

XVAMHUYECKUE METOIBI OCHOBAHBI Ha CIICYIOIINX PEBPAIICHUSX: 00pa30oBaHKUe 0CaIKa HITH
pacTBOpeHHe Ocaika, 00pa3oBaHME OKPAIIEHHOTO COSAMHEHHs MM U3MEHEHHUE I[BETa PacTBOPA,
0o0pa3zoBaHme Ta3000pa3HBIX BEIIECTB.

I'paBumerpus

Merton oOcCHOBaH Ha W3MEPEHHH MAacChl MaJOpPacTBOPHMOTO COECOMHEHHs (Oocamka),
00pa3yIoIerocss B pe3ysbTaTe XUMHUECKOW pEakIMi MEXAy OINpeaeIsieMbIM KOMIIOHEHTOM M
peakTHBOM. V3MepeHMe TPOBOIMTCA IyTeM B3BEIIMBAaHMSA Ha AHAJUTHYECKUX Becax
IPaBUMETPUUECKON (HOPMBL.
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OnpenenseMblil KOMIOHEHT + OCaAMTENb = OCaZOK — B3BelIMBaeMas Gpopma

TurpuMerpusi (00beMHBbINH aHATU3)

Merton OCHOBaH Ha TOYHOM  H3MEpPEHMHM O0beMa pacTBOpa HM3BECTHOIO pEaKTHBaA,
HOLIEAIIEr0 Ha pEeakUUI0 C OIpeNeIsieMbIM KOMIIOHEHTOM. B TUTpumeTpum uCHOIB3YIOT
TUTPOBAHHbBIE PACTBOPBI, KOHIEHTPALUs KOTOPBIX HU3BECTHA. OTH PacTBOPbI HA3bIBAIOT
tutpanTtaMmu. [Iponecc nocreneHHoro npuwivBanus (J00aBIEHUS 110 KaIlIsIM) pacTBOpa TUTPAHTA
K pacTBOpYy aHaJU3UPYyeMOIo BelLIeCTBAa HasblBaeTcsi  TUTpoBaHMeM. Ilpu TuTpoBaHUM
N00aBIIIOT KOJIMYECTBO BEIIECTBA TUTPAHTA HKBUBAICHTHOE KOJMWYECTBY OMNPEAEISIEMOro
BEIIIECTBA.

TpeOGoBanusi K pEaKIMSAM, KOTOPBIE COCTaBJISIOT OCHOBY METOIOB KOJIHYECTBEHHOTO
aHaym3a. B3aumoieiicTBE MEXIy OIpeIeieMbIM KOMIIOHCHTOM M PEaKTHBOM JOJDKHO MJITH B
OHpGI[eJIeHHBIX CTeXI/IOMeTpI/I‘-IeKI/IX OTHOLICHUAX I1O ypaBHeHI/IIO peaKLII/I. PeaKLII/ISI JOJIKHA UATHU
NPaKTUYECKH JI0 KOHIA. [IpOayKT peakiuu JOJDKEH ObITh ONPEACICHHOTO TOYHOTO COCTaBa M
bopMyIIBI.

Peakiyst 10JpKHA TPOXOAUTH OBICTPO, ¢ OOJBIION CKOPOCTBIO, YTO OCOOCHHO BAXKHO IPH
OpSMOM THUTPOBAaHUHU. TOYHO (PUKCHPOBATH TOUKY SKBUBAJICHTHOCTH IPH MEIUICHHBIX PEAKIIHIX
TpyaHO. [I000YHBIX WM KOHKYPUPYIOIIMX PEaKIHi JOJDKEH ObITh MHHUMYM.

,Z[OJDKGH OBITh YIIOBJICTBOpI/ITeJH)HI)If/'I c1oco6 HaXOXJACHHUsI TOYKH 3KBUBAJICHTHOCTH U
KOHIIa TUTPOBAHMA.

(I)I/IKCI/IpOBaHI/Ie TOYKH 3KBUBAJCHTHOCTH

1. be3auHaMKaTOpHBIN CIIOCO0, €CIIM OKPAILICHHBIH peareHT B MPOIECCe PEaKIUH U3MECHSIET
CBOIO OKPAacKy.

Hampuwmep.
MnOs + 5Fe** + 8H" = Mn?>" + 5Fe** +4H0
PO30BBIi OeclBETHBII

2. NanukatopHblii coco6. B HeM wucmonb3yroTcs BemiecTBa (MHAUKATOPHI), KOTOPHIE
IIPETEPIEBAIOT PA3JIUYHbIE W3MEHEHUs IIPU TUTPOBAaHUHU: M3MEHEHHME OKPACKH, BBINAJECHUE B
0CaJIOK U T.J., U TEM CaMbIM MO3BOJISIOT (PUKCUPOBATH TOUKY IKBUBAJIEHTHOCTH.

3. HCTpyMEHTANIBHBIM.

CocTaBHBIE YaCTU TUTPUMETPUUYECKUX METOJIOB

1. Turpant unu paGoumii pacTBOpP WM BTOPUYHBIA CTaHIApPT

TuTpanTOM B 3aBUCUMOCTM OT METOJa MOTYT OBIThb KHCIJIOTa, LIEJI0OYb, MEPMAaHraHAT
Kalnus, 1o U Ip., T.6. PACTBOPHI BEUIECTB, TOYHBIE KOHLEHTPALMU KOTOPBIX IPUTOTOBUTH
HEJb3s 110 HAaBECKE.

Munepansabie kucinotsl (HCIL, H2SO4) BbnenuTs B 4MCTOM BHJEe HEBO3MOXHO. [llenoun
(NaOH, KOH) wuMeroT HemoCTOSIHHBIN COCTaB, TakK Kak, morjomas u3 Bo3ayxa CO: u Buary,
U3MEHSIOT COCTaB NpHU XpaHEHUM U B3BewmInMBaHUHM. [lo3TomMy pacTBOp THTpaHTa TOTOBSIT
IIPUMEPHOM KOHLEHTpPAllMM M 3aTéM THUTPYIOT PacTBOPOM IMOAXOMAIIETO  CTaHJAPTHOTO
BEIIECTBA.

VYcraHOB/IEHME TOYHOM KOHLEHTpPAMM TUTpPAaHTa [0 CTaHAAPTHOMY pacTBOPY
(MepBUYHOMY CTaHAAPTY) HA3bIBAETCSl CTaHAapTU3aIMel TuTpaHTa ( pabodyero pacteopa ).

2. IlepBuuHBI cTaHAAPT WINM YCTAaHOBOYHOE BEIIECTBO

PacTBop TOUYHOI KOHILIEHTpallMM Ha3bIBaeTCs TUTpOBaHHBIM. OH MoOXeT ObITh
IPUTOTOBJIEH M TOIJAa OH HAa3bIBAETCA  IPUTOTOBICHHBIM CTaHAAPTHBIA pacTBOp WIH
MEPBUYHI CTaHIAPT.

Ero Mo>xHO npUroToBUTH U3 (prukcanana. Gukcanani - 3TO 3aMassHHAs CTEKJISTHHAs aMITyJia C
yrayOlneHussMH, B KOTOPYIO IIOMEIIEHO TOYHOE KOJIMYECTBO MOJb HKBUBAJIEHTOB MAacChl
BeniectBa. Hanpumep. @ukcanan cogepxut TouHo 0,1 Monb skBHBajieHTa BellecTBa. PacTBopsis

90



COJICPXKUMOE aMITyJIbl B MEPHOU KoJI0e 00beMoM B 1 JI, monydaroT 1 J1 pacTBOpa C MOJISPHOH
KOHIIeHTpauuei skBuBasienta 0,1 MoJb/i.

3. YcTaHOBIIEHHE TOYKHU OKBHUBAJICHTHOCTHU, KOHIIA TUTPOBaHUA

B XO0J€ TUTPOBAHUA HYKHO YCTAHOBUTHL MOMCHT OKOHYAaHHA PCAaKIMU, KOHCL TUTPOBAHUS,
OIPENEIUTh TOYKY JKBUBAJICHTHOCTH, KOTJIA BEIIECTBA MPOPEArupylOT B JKBUBAJICHTHBIX
KOJIM4YeCcTBax. ILJ'ISI OnpeACICHHUA TOYKH SKBHUBAJICHTHOCTH, KOHIA THUTPOBAHUSA HCIIOJB3YIOT
UHCTPYMEHTAJIbHBIN, WHIMKATOPHBINA croco0. B TOYke SKBHBAJCHTHOCTH WHIMKATOP MEHSET
OKpacky.

IMoTeHnMOMeTpHUYECKOE THTPOBAHHE

MeTo1 TOTEHITMOMETPUYECKOTO TUTPOBAHMSI OTHOCHTCS K DIIEKTPOXUMHUYECKHUM METO1aM
aHanmm3a. OCHOBaH Ha M3MEPCHHUU TIOTCHIIMANA 3JICKTPOJa, MOTPYKEHHOTO B aHAU3UPYEMbIi
pacTBOp, WIM, UHAYE, HA U3MEPEHUU KOHIEHTpAIMU HOHA 1O 3JekTpoasmxkymen cuie (3C)
raJIbBAHUYECKOTO 3JieMeHTa. ["anbBaHUYECKUI 3JIEMEHT COCTOUT U3 ABYX 3JeKTpooB, a D/C -
3TO pa3HOCTh MOTECHIHAIOB JTHX OJEKTPOJOB. JIsI TOTEHIIMOMETPHUYECKOTO aHalu3a
UCTIOJIB3YIOT ~ TaJbBAaHMUYECKUE OJJIEMEHTBI, COCTOSAIIME W3 HMHIUKATOPHOTO JJIEKTpOJa |
JIeKTpoa cpaBHeHUs. [loTeHIMAn WHAMKATOPHOTO 3JIEKTPOJa 3aBUCHT OT KOHIICHTPAIUU
OINpEeNeNsieMOro MOHA B pAacTBOpPE W JIOJDKEH YCTAaHABJIMBATHCS OBICTPO, a MOTEHIMAI
DIIEKTPOAA CpPaBHEHUS HE 3aBUCUT OT KOHIEHTpamuu »3T1oro wuoHa. Ilostomy O3JIC
raJlbBAaHUYECKOTO 3JIEMEHTA 3aBHCUT TOJBKO OT KOHIICHTPALMU OIPENEIIeMOro HOHa B
pacTBope.

B kaudecTBe S7€KTPOAOB CpaBHEHUS MOTYT OBITh HCIOJb30BAaHBI TAKHE SJCKTPOIbI, KaK
XJIOpCepeOpSHBINA, KaJOMENbHBIH, METAIIOKCUIHBIE. XJIOPCEPEOPSHBIA 3JIEKTPOJ CpPaBHEHUS
MMEET H3BECTHYIO M BCErJa IMOCTOSIHHYIO BEITUYMHY MOTEHIMaNa. DTOT JIEKTPOJ COCTOUT U3
cepeOpsiHOM TPOBOJIOKH, KOTOPYIO IIyTeM aHOJHOM 0OpabOTKM B XJIOPUIHOM pPACTBOpE
MOKPBIBAIOT TOHKUM CJIOEM XJopuja cepebpa. Bmecto cepeOpsiHONW NpPOBONOKKM HHOT/AA
UCTIONB3YIOT TUTATHHOBYIO MTPOBOJIOKY, AJIEKTPOIIMTUIECKH MTOKPHITYIO cepedpom. KamomenbHbIi
AIIEKTPOJ MPEJICTABISAET COO0N METAIIIMUECKYIO PTYTh, MOKPHITYIO CIIOEM TBEPJOH KaloMelu
HgoCl, u  morpyxennyro B pactBop xJopuaa kanusg KCl omnpeneneHHON KOHIIEHTpaIUH.
MeTtannokcHuIHbIE AIIEKTPOABI MPEACTABIAIOT COO0M MeTasll, MOKPHITHIM CI0EM OKCHIA MeTallia.
Ero morenuuman He 3aBucut ot pH pactBopa.

WMHAMKAaTOPHBIM 3JEKTPOJIOM MOXKET ObITh CTEKJISIHHBIM 3JIEKTPO, KOTOPBI OTHOCUTCS K
MeMOpaHHBIM 3J1eKTpoaaM. CTEKISHHBIA 3JIEKTPOJ| MPEACTaBIseT cOO0N CTEKIIIHHYIO TpPYOKY,
KOHEIL| KOTOPOM CJlielaH B BHUJE TOHKOCTEHHOIO IIAapHKa M3 CTEKJIA CHEUAIBHOTO cocTaBa. B
BHYTpPh IIApHKa HAJIWBAIOT KaKOW-TMO0 OyQepHBI pacTBOP M TMOMEMIAIOT  AJIEKTPOI C
YCTOMUYMBBIM TIOTEHIMATIOM. BeiecTBre criocoOHOCTH CTeKIa 0OMEHUBATh MOHBI Na* Ha HMOHBI
BOJOpPOJAa M3 pPacTBOpa, Ha BHYTPEHHEW M HApyXHOW IOBEPXHOCTH CTEKJISHHOIO IIapHKa
YCTaHaBIIMBAETCS NOHHOE pPaBHOBECHE, KOTOPOE OINpeAeNsieT MOTEHIHall 00euX MOBEpXHOCTEN
niapuka. MexaHu3Mm JeHCTBUSL CTEKISHHOIO 3JeKTpoja cienyrowmui. llpu mnorpyxenun
CTEKJISTHHOTO  3JIEKTPOJa B BOJHBIA PAcTBOpP MOJIEKYJbl BOJbI MPOHUKAIOT B CHIUKATHYIO
peleTky, 00pa3ysl BHEUIHUI U BHYTPEHHHH TUIpaTHPOBAHHBIE CIIOU.

B npouecce ruaparaiuu moHbl  Na' , c1a00 CBA3aHHBIE C CHJIMKATHOW — PELIETKOM,
0OMEHUBAIOTCA HA HOHBI BOJOPOJA:

Na' (crexno) + H" (Boma) < Na' (Bomn.) + H' (cTekio)

KoHIeHTpanuss HMOHOB BOAOPOJA BO BHYTPEHHEM CIIO€ IIOCTOSHHA, HAa TPaHUIE
THAPATHPOBAHHBIX CIIOEB BO3HUKAET IIOTEHIHAIL.

E = E° - 0,06 pH

[ToTeHIMal CTEKISHHOIO OJJIEKTPOAa sBiIsAeTCS (DYHKIMEH IOTEHIMana Hapy)KHOM

MMOBEPXHOCTH CTEKJITHHOTO AekTposa. [loTeHnan cTekIssHHOTo AIekTpoaa B ooiact pH ot 1
no 10 sBnsercss nuHeHON — ¢yHkumed BenuuumHBl pH M He 3aBUCHUT OT  NPHCYTCTBUSA
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OKHMCJINTEIEH U BOCTAHOBUTEIIEH.

[ToTeHIHOMETPUYECKOE THUTPOBAHUE OCHOBAHO HA TOM, YTO  TIPH MOCTCIIEHHOM
M00aBJICHUH OIPENIEJICHHOI0 00beMa TUTPAaHTa HU3MEHSETCs] KOHIEHTpalUsi HOHOB B PacTBOpE,
YTO COMPOBOXKIACTCS M3MEHCHHEM IOTEHIMAIa HA WHAUKATOPHOM 3JIEKTPOJE, MOTPYKEHHOM
B TUTpyeMbIi pacTBop. KoHueHTpauus ompenensieMblX HOHOB U3MEHSETCSl B 3aBUCUMOCTH  OT
o0beMa /100aBJICHHOTO TUTpaHTa HepaBHOMepHO. CHadajga 3TO M3MEHEHHE HEBEIIMKO, 3aTeM
CTAaHOBHUTCA 0Oojiee  3aMETHBIM M OKOJO TOYKM SKBUBAJICHTHOCTH MPOUCXOJUT CKAuOK
MOTeHIMana. MaKCUMaIbHOE W3MEHEHHE COOTBETCTBYET  DKBHUBAJIECHTHOMY OTHOIICHHIO
pearupyromux BemiectB. [lo pesynbraraM TUTpPOBaHUS CTPOSITCS KpuBble THUTpoBaHus: pH -
o0wem nobamienHoro tutpanta; ApH / AV ot oObema 100aBIEHHOTO pacTBOpa THTPAHTA ;
AV / ApH or o0bema go06aBieHHOro TUTpaHTa. [lo KpHUBBIM THUTpPOBAHUS HAXOIAT
OKBHUBAJICHTHBIA 00bEM TUTPaHTA. 3HAsI KOHIIEHTPAIIUIO TUTPAHTA, €r0 DKBUBAJICHTHBIA 00BEM U
00BeM orpenesieMoi MIeI0UU, MOKHO BBIYHCIUTH KOHIICHTPAIUIO HISTOYH.

[ToTeHLIMOMETpUYECKOE TUTPOBAHUE MOXKHO HCIIOJIB30BAaTh I Pa3IMYHbIX THUIIOB
peakumii: HeMTpanu3aluy, OKUCICHUA-BOCCTAHOBIICHUS, OCAXKICHUS U KOMIUIEKCOOOPa30BaHUsL.
['maBHBIM ABISICTCS TPAaBWIBHBIA MOXOOpP WHAMKATOPHOTO dJeKTponaa. Mcmonb3oBaHue
CHeLMalbHbIX MOHOCEJIEKTUBHBIX 3JIEKTPOAOB Mo3BoiisieT ompenenarts pNa, pK, pNHa, pCl,
pAg. Moxno paborate ¢ MalbiMH OObeMaMH pPa30aBICHHBIX pacTBOpOB. [IpoBOIUTH
TUTPOBAHME OKPAIIEHHBIX U MYTHBIX PacTBOPOB, KOIJA HEJb3s HCIOJIb30BaThb HWHIAMKATOPBI.
OmnpenensaTs cnadble U O4YEHBb CIIa0ble KUCIOTHl M OCHOBAHWS, CMECH KHCJIOT WM OCHOBAaHHIA,
CMECH OKHMCIIUTENEeH MM BOCCTAHOBUTEIIE B HEBOAHBIX CpEax.

DOTOKOJOPUMETPUA OTHOCUTCS K ONTHYECKUM METOJaM aHaiu3a. MeToJbl aHaiu3a,
OCHOBaHHbIE Ha MOIJIOIIEHUHM CBETAa PAacTBOpaMM, HasbiBalOT (Goromerpueit. Komopumerpus -
o0macte (POTOMETPUH, UCIOIB3YIOMIasi BUAUMBIH cBeT. DOTOKOIOPUMETPHS - METOJ aHaJIH3a,
OCHOBAHHBIM Ha U3MEPEHUM IOTJIOUICHUsI BUAMMOIO cBeTa pacTBopamu. [IpumMensiercs “Oenbiii
CBET”’ HEMOCPEICTBEHHO WJIM MPOMYLIEHHBIH Yepe3 MIMPOKOINOI0Chle CBETOPMIBTPBI. Buanmblit
CBET - 3TO AJIEKTPOMAarHUTHOE H3Iy4YEHUE, KOTOPOE CIOCOOHO BOCHPHUHUMATH UEIOBEUECKUH
r1a3. XapakTepUCTHKA U3IIYYCHHS B BUIUMOM obOnacTu: JyiuHa BOJHBL A = 380 - 750 M (1 HM =
10°m =107 cm).

B pesynbrare noriomeHuss UMEIOT MECTO JIEKTPOHHBIE TEPEXO/IbI B MOJIEKYJIE BEIIECTBA.
[Tornomenue cBera 3aBUCUT OT 3JIEKTPOHHOT'O CTPOECHUS MOHOB M MOJIEKYJ BellecTBa. YacTHUllsl
BEIIeCTBA (AaTOMBI, MOJIEKYJBI) MOTYT IIOTJIONIaTh KBAaHTHl DJHEPrUM W TEPEXOIUTH B
BO30Y)KJIEHHOE COCTOSHHE, B KOTOPOM HAaXOAHTCA oueHb kopoTkoe Bpems 10710 - 1014 ¢ u
3aTeM BO3BpAIlla€TCsi B OCHOBHOE COCTOSIHME. OJHeprusi, HeoOXoaumasi uis BO30YXKIEHUS,
onpenensiercss popmynoit E = hv, rne h - mocrosunas Ilmanka, v — 4yacTtoTa HM3Ty4eHUS.
[Tornomenue 3HEpruy BBI3BIBAECT MEPEXO]] HJIEKTPOHA C BHELIHETO0 YPOBHS aTomMa Ha Ooiee
BBICOKHME JHepreTuyeckue ypoBHU. KonumdecTBO sSHepruu, HYKHOE i Takoro mepexoja,
CPaBHHUTENHHO BEIHKO, €r0 MOXKET COOOIIMTh aTOMY H3JIyYeHHe, 4acToTa KOToporo Bhime 10
['1, B yacTHOCTH, BUIUMBIA WIU yAbTpaHOIETOBbIM cBeT. [ Toro, 4ytoObl BBI3BATh
AIIEKTPOHHBIE MEPEX0/Ibl, HEOOXOAUMO BO3ICHCTBOBATh Ha HUX M3Iy4YEHHEM NPUMEPHO TaKOH
’Ke SHEPTUu.

[lenpio  (POTOKONIOPUMETPUUECKOTO aHajdM3a  SBIAETCS OIpeJesieHue KOHLEHTPAIH
BCIIECTBA B PaCTBOpPaxX OKpalICHHBIX COG)IPIHGHI/Iﬁ. I'maBHBIME ONITHYECKUMU XapaKTECPUCTUKAMHA
OKpAIIIEHHBIX PacTBOPOB SBISETCS I[BET U HWHTEHCUBHOCTH LiBeTa (OKpacku). LIBer cBsizaH ¢
}IHHHOﬁ BOJIHBI HOFJ'IOHIGHHOﬁ YaCTH CBE€TOBOT'O ITOTOKA U HC 3aBUCUT OT CTPYKTYPhI BEIICCTBA.
Ecinn BemecTBo HE MMEET IBETa, TO NMPOBOJAT COOTBETCTBYIOUIYIO PEAKIMIO, B PE3YJbTATE
KOTOpOM 00pa3zyercsi okpaiieHHoe coeuHeHre. OKpacky MOXKHO YCUJIUTh, MPHOAaBIIsis peareHrT,
B3aMMOJEHCTBYIOIUI C ONIPEAENSIEMBIM HOHOM.

CBETOBOM IMOTOK OCJIA0JSETCS TOCNIe TMPOXOKACHHWS 4epe3 OKpaIleHHBIM pacTBOp B
pPE3yabTaTe MOIJIOIICHHUA CBCTA. HOFJIOIJ_IGHHOG KOJIMYCCTBO CB€Ta TCEM 60.]1]:]]_[6, 4yCM TOJIIIC
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CJION pacTBOpa M 4eM OO0JIbIIIe KOHIIEHTpPAITMS BEIIeCTBa B pacTBope. [Ipu ucnonb30BaHUN OTHON
Y TOU K€ KIOBEThl MHTEHCUBHOCTb OTPAKEHHOI'O CBETOBOIrO MOTOKA I mocrosiHHa. JlJIst BOJHBIX
pPacTBOPOB 3Ta BEJIMYMHA HEBEJIMKA U €10 MOXKHO npeHedpeub. Toraa

=1 + Iz

CBeToBOI NOTOK, MPOXOJs 4Yepe3 pacTBOp, TEPS€T 4YacThb CBOEW HMHTEHCUBHOCTH. JTa
CTETIEeHb OCJIa0JIEHUS] CBETOBOT'O IIOTOKA 3aBHCUT OT MPUPO/BI BeulecTBa, oT KoHueHTparuu (C) u
ot TomuuHbl ciosi (I). OTHOCUTENbHOE KOJMYECTBO CBETA, IOMVIOMIEHHOTO OKpalIeHHBIM
pacTBOpPOM, HE 3aBUCUT OT HMHTEHCHMBHOCTH NaJarolIero CBETOBOro mnoroka. I[loriomienHoe
CBETOBOE U3JIYYCHHE OLICHUBAIOT OTHOCUTEJIBHOW BEJIMUMHOM - MOTJIOIEHHEM A - ONTHYECKOU
IUIOTHOCTBIO,  HMHOTJIA MOTAIlIEHUEM WM  JKCTHHKIUEH, KOTOpOe MPEACTaBIseT COOOH
jgorapuM OTHOIIEHHUS MHTEHCUBHOCTEH CBETOBBIX IOTOKOB, BXozsmero lp B KioBeTy ¢
PacTBOPOM BEILIECTBA U BBIXOSIIETO [ U3 Hee:

A=1g(l/L)
HOFJIOHIGHI/IG xapaKTepI/ByeT B OTHOCUTCIIBHBIX BCIMYHNHAX KOJIUYCCTBO ITOTJIOIIICHHOI O
CBCTA4, CBA3AHHOC C KOJINMYCCTBOM MOJICKYJI BEIIECTBA B paCTBOPC.

3aKOH CBETONOIJIOLICHUS, Ha3blBaeMblil 3akoHOM byrepa-JlamGepra-bepa, mnokasbiBaer,
YTO  HMHTEHCHBHOCTb Mpoueauero ( BbIXOJSIIEr0 ) CBETOBOIO IIOTOKA Yepe3 pacTBOPbI
NPOTNOPIHOHATbHA KOHIIEHTpaluu Bemectsa (C) u Tonmuae nornomaromero cios (1) :

lglo/Is =KCI; A=KCI

Koo duuument normomenust K mpenacraBinsier coOOH MOTJIOMIEHWE pacTBOpa IMpPH €ro
KOHIIGHTPALlMU U TOJILIMHE, PaBHBIX €IMHUIIE, U SBJISIETCS XapaKTepHbIM i BemiecTBa. Ecnu
KOHIIEHTpAlMsl pacTBOpa BhIpaskeHa B Monb/nm°, To K - mokasarenb HOIVIOMIEHHS PacTBOPA,
coziepkaniero | Monb/mM® BellecTBa, NP TONLIMHE CIOs, paBHOM 1 cm. B sToM ciydae
MOKa3aTelb IOTJIOLIEHUS] Ha3bIBAlOT MOJISIPHBIM IOTJIONIEHWeM U obOo3HauyatoT €. llpu
0003HaueHNM KOHIEHTpAllUd pacTBOpa B IMPOLEHTAaX TOIJIONEHHE pacTBOpa Ha3bIBAIOT
yIEIbHBIM MOIJIOMIEHUEM WM YIENbHbIM Moka3areneM nornouienus (Ew;). Pacuer monspHoro
yIeNBbHOTO TOKa3aTess IMOIVIOIIEHUs, KOTOpBI SBJISETCS OCHOBHOM XapaKTEPHCTUKOM
MOTJIOUIAIOIIEH CUCTEMBI, MPOBOJAT IO hopmyie:

e=A/Cwml

s OllEHKM CTENeHW MOTJIOUIEHUS] MCCIeAyeMOro pacTBopa IpPOBOJSAT CpaBHEHUE
MHTEHCUBHOCTU IOTOKA W3IIy4EHUs, MPOXOMSAIIErOo 4epe3 3TOT pacTBOpP, C MHTEHCHUBHOCTBIO
MOTOKAa M3JIY4YeHMs, NPOXOJSIIEr0 4Yepe3 pacTBOp CpPaBHEHHUS, IMOIJIOIIEHWE KOTOPOIo
IIPUHUMAIOT 3a HYyJb. /{715 onpeneneHuss KOHLIEHTPALUK BEIECTBA B HCCIENYEMOM pacTBOpE
UCIOJIB3YIOT METOJ KaJuOpOBOYHOrO rpaduka 3aBUCUMOCTH ONTHUYECKOH MiIoTHOCTH (A) oT
koHUeHTpauuu (C). ['oToBAT cepuio cTaHAApTHBIX PAacTBOPOB C M3BECTHOM KOHILIEHTpauuen
BemecTBa. V3MepsIoT ONTHYECKYI IUIOTHOCTh 3THUX pacTBOpoB. CTpOSAT KaJIuOpPOBOUHBIM
rpaduk. Ilo ocu (X) oTknanpiBatoT KoHIeHTpanuio (C) BellecTBa CTaHJIAPTHBIX PacTBOPOB,
no ocu (V) - 3HAUEHHE ONTUYECKON MIIOTHOCTH (A) 3THUX e PacTBOPOB.

KamuOpoBouHass kpuBasi MpeACTaBIsET COOON MPSIMYIO JIMHHUIO, MPOXOJAIIYIO dYepes3
HayaJlo KOOpAMHAT. 3aTeM HM3MEpSIOT ONTHYECKYI0 IUIOTHOCTh HCCIEAYyEeMOro pacTBOpa U MO
rpaduKy onpeaensoT ero KOHLUEHTPALIUIO.

[Ipu moguMHEeHHMH pacTBOpa 3aKOHy cBeTomnorjomeHuss byrepa - JlamGepra - bepa
HaOMIOZaeTCsl TPSMOJIMHEHHAsT 3aBUCUMOCTh ONTHYECKOW TUIOTHOCTH OT KOHIICHTPAIMH
BEIIECTBA B PACTBOPE MPH MOCTOSIHHOM 3HAYEHUH TONIIUHBI CJI0SL. DTO CTPOTO COOIIIOIaeTCs st
MOHOXPOMATHYECKUX M3ITYYEHUHN (CBET ONMpPEACICHHON JUTMHBI BOJHBI). OTKIOHEHHS OT 3aKOHA
MOTJIONICHUS] BO3MOXKHBI TPU BO3HUKHOBEHHUH MOOOYHBIX XUMHUYECKHX MPOLIECCOB, BIUSHUU
MOCTOPOHHUX  YaCTHIl, HW3MEHEHWU HWOHHOW CHJBI PACTBOpA, TMOJUMEPHU3ANNA  WIH
JienoiMMepu3anust u Jp.

KoHTponbHbIE BOTPOCH
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1. OxapakTepusyilTe XMMUYECKHE METObI KOJTMYECTBEHHOTO aHAJIN3A.
2. TlpuBenute 3akoH byrepa-Jlambepra-bepa.

Tema 22. CBoiicTBa BaskHeHIIUX KJIACCOB OPraHMYeCKUX COeIMHEeHUi

JIaHHBIX KaueCTBEHHOTO 3JIEMEHTHOT'O aHAJIN3a HEOCTAaTOYHO JUIs OTHECCHHUS BEIIECTBA K
OIIPEJIETICHHOMY KJIaCCy COEAMHEHMH. DTa 3ajada peraercs ¢ MOMOIIbI0 (DYHKIMOHAIBHOTO
aHaJM3a, T.€. ONPEEIICHNs TPYIIIMPOBOK aTOMOB, KOTOPBIE HMMEIOT XapaKTEPHYIO PEAKIIHOHHYIO
CHOCOOHOCTH, — TaK HA3bIBAEMBIX (DYHKLIMOHAJIBHBIX TPYIIIL.

I/ICXO,Z[SI U3 JaHHBIX I/ICCJ'IGILOBaHI/II‘/'I (1)I/I3I/ILIGCKI/IX 0COOEHHOCTEH M KaueCTBEHHOI'0 aHAJIM3a
HpI/I6JII/ISI/ITeJIBHO ONpCAC/IIOT KJIACC, K KOTOPOMY MOXKCT NMPHUHAMJICKATh JAHHOC COCIMHCHUC.
ITocae sToro IMPOBOJAT KAYECTBECHHBIC PECAKIIMHU HA OIIPECACICHHBIC I'PYIIIIbI.

1. KauecTBeHHBIC peaKIMK HA KPATHBIC YIIIEPOI-yTICPOIHBIE CBI3U
a) Peaknus ¢ 6pomom

CoenuHeHus, CoJEp)Kalle KpaTHbIE CBSI3W B JIIOOBIX HMX KOMOMHanusax (Kpome
apOMAaTUYECKHUX ), JIETKO MPUCOETUHSAIOT OpOM, UTO OIpeesnseTcs o o0ecBeunBaHUI0 OpoMa.

06) OOpa3oBaHu€ alETUIICHUIOB

AUETHIICH U OJIHO3aMEIICHHBIC allCTUIICHOBBIC YIJIEBOJOPOJIbI 00pa3yloT aleTHICHUIbI —
MPOIYKTH 3aMEIICHUs BOJOPOJAa IPH TPOWHOH CBS3M aTOMOM MeETalllla, KOTOPBIE JIETKO
B3PBIBAIOTCS OT yapa MOJIOTKOM WJIW TIPH TTOKUTAHUH.

2. KadecTBeHHBIC peaKkIIiy HA APOMATUUYCCKUE YTIIEBOIOPO,IbI

a) Peakuus ¢ xmopodopmom

UTOoOBI OTIIMYUTH APOMATUYECKUE COCTUHEHHS OT alr(paTHUISCKUX, MOXKHO HCIOJIB30BaTh
HEKOTOpBIC I[BETHBIC PEAKIIMU, HAIPUMEP PEAKIMI0 apoOMaTHYECKHX YIJIEBOJOPOJOB C
XJIOpo(hOpMOM B MPHUCYTCTBUU XJIOPHJIA AIFOMHHHS. Peakius CONpPOBOXIAaeTCs 00pa30BaHUEM
OKpaIllEeHHBIX MPOAYKTOB. Tak, mpu B3auMojAeicTBUU OeH301a ¢ XJI0pOPOPMOM B MPHUCYTCTBUU
XJIOpU/Ia ATIOMHHHUSL PEAKIUsl COMPOBOXKIAETCS O0pa3oBaHMEM, KPOME OCHOBHOTO IIPOJYKTa
peakiuu — TpueHnIMeTaHa, OKpPaIIeHHOW KOMITJIEKCHOM COJIM TPU(PEHUIXIIOpMETaHa:

B peakmum ¢ OeH30J710M TOSBISETCS KPOBaBO-KpacCHOE OKpAIIMBAHWE, C JUPUHUIOM —
MyprypHOE, C HAQTaTMHOM — CHHEE, C aHTPAI[CHOM — 3€JICHOE.

6) HutpoBanue

MOXHO UAEHTU(PHUINPOBATh APOMATHUECKUE YIIIEBOIOPO/Ibl, UCIONb3Yysl UX CIIOCOOHOCTH
JIETKO BCTYNaTh B peakUMM HUTpoBaHMs. Eciy mpu 3TOM BbIMagaeT TBEPAOE BELIECTBO HIIU
BBIJIETISIETCSI HEPACTBOPUMOE B BOJE Macilo, TO IPEAINOIAracTcsl HaJIWYUE apoOMaTHYeCKON
CUCTEMBI.

3. KauecTBeHHBIE peakIIMU Ha CIIMPTHI

a) Kcanrorenosas peaxuus

Oto Hambojee 4YYBCTBUTENbHAs peaklus Ha CHUPTOBYIO rpynny. IlepBuuHbie u
BTOPUYHBIE CHHUPTHl B NPHUCYTCTBUM LIEJIOYEH B3aUMOJEHCTBYIOT C CEPOYIVIEPOJOM C
o0pa3oBaHNEM AJIKMJIKCAHTOT€HATOB, KOTOPBIE pacTBOpsitoTCs B Bojie. [locneanue ¢ pactBopamu
coJieil Me 00pa3yIoT KOPUYHEBbIE KCAHTOT'€HATHI MEJIH.

be3 kcanToreHara pactBop cuHMN. KcaHTOreHaTel TPETHUYHBIX CHUPTOB HECTOWKH U
pasnaraioTcs ¢ 00pa30BaHHEM HEHACHIIIEHHBIX COEIMHEHHH, MOATOMY TPETHUYHBIE CIIUPTHI HE
MOTYT OBITh OTKPBITHI JJAHHON PEaKIIHEH.

0) Peakuust ¢ XJIOPUCTHIM alleTUIIOM

Pasznuynble nepBUYHBIE U BTOPUYHBIE CHUPTHI SHEPTUYHO B3aUMOJIEHCTBYIOT C XJIOPUCTHIM
areTusoM ¢ oOpa3oBaHueM CcIOXHBIX 3¢upoB. [loBbimenue Ttemnepatypsl Ha 20-30°C
CBUJETEIBCTBYET O HAIMYUU IIEPBUYHOIO WJIM BTOPUYHOTO CIIUPTA. DTy JK€ PEaKLUIO TAaeT BOJA,
(beHOIIbI, aMUHBI.
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B) PeaKHI/Iﬂ Ha I''TMKOJIM U MHOI'OATOMHBIC CITMPTBIL

[lonuatoMHBIE CHUPTBI, COACPKALIUE THAPOKCUIIBHBIE TPYNIBl Yy COCEIHUX AaTOMOB
yriepoja, 00pa3yroT xapakTepHble riukosaTel Meau (11), pactBopuMble B BOJIE U OKPALIEHHBIE B
APKO-CUHUN 1BET. | TTMKOIATEI yCTOMYUBEI B IIEJIOYHOM Cpele, HO paslararoTcs Ha MCXOJHBIC
COEJIMHEHUS B KUCIIOHN CpeJe.

[omy0Goii ocanok cBexenpuroToBieHHoro ruapokcuna menu (II) pacTBopsiercsi, pacTBop
npuOOpeTaeT MHTEHCHUBHYIO CHHIOIO OKpacKy. Tak »e BenyT ce0si 0-aMUHOKUCIOTHI U 0O-
AMUHOCIIUPTEIL.

4. KauecTBeHHBIEC peaKkuu Ha (PEHONBI U €HOJIbI

Jns GonpIIMHCTBA (DEHOJIOB M €HOJIOB XapaKTepHA HMHTEHCHBHAS LBETHAS PEAKIUsS C
xynopunom kenesa (L). B cnyuae ¢Qenona mnosiBisiercss cuHe-(UOIETOBOE OKpalllBaHUE,
pe3opirHa — (UOJETOBOE, THAPOXUHOHA — JKENTOe, O-HaToima — 3eleHoe. AnmdaTrnueckue
€HOJNIbl (HAampHUMep, METaHOJIbHBII PacTBOpP AalETOYKCYCHOrO 3¢upa) HaeT KpacHO-KeIToe
okpamuBanue. [Ipu pazbaBieHWrM BOJOW OKpacka OsemHeer. B ciywae deHosoB, Ha000pOT,
pa3baBiieHHEe BO/ION YBETUYMBAET HHTEHCUBHOCTh OKPACKH.

5. KauyecTBeHHbIE peaKIMy Ha ajbJIeTU/Ibl U KETOHbI

a) Peakius ¢ GucynbhuTom HaTpUs

Anpreruapl U anu@aTudeckue METHIIKETOHBI PEarupyroT ¢ OUCynb(pHUTOM HATPHS C
oOpa3oBaHueM OUCYIb(OUTHBIX COCIUHEHHH, KOTOpbIE SBIAIOTCS HATPUEBBIMU COJSIMU O
OKCHCYIB(OKHUCIOT. B pe3ynbprare BhIagaeT KPUCTALUTNIECKUH OCaIOK.

0) Peakuus TonneHca Ha anbIETHIHYIO TPYIIITY

Bce anpaernnpl BoccTaHaBIMBAKOT aMMHauHBIM pacTBOp okcupaa cepedpa. [Ipoucxonut
BbIMa/ieHue cepedpa Ha CTEHKaX MPOOUPKH.

Takyto e peaknuio JaloT MHOTOAaTOMHBIE (DEHOJNBI, JWKETOHBI W HEKOTOpHIC
apoMaTHYeCKHE aMUHBI.

B) Peaknus ¢ 2,4-mTuHUTPOPEHIITHAPAZUHOM

HaubGonee oOmas peakius Ha KapOOHWIbHBIE COEOUHEHHS - oOpasoBaHue 2,4-
TUHATPOGEHIITHIPA30HOB. IMHATPODEHUITUIPA3OHBI — SIPKO-)KENIThIEC WIH KPaCHBIC BEIIECTBA,
HE pacTBOPUMBIE B BOJIE.

F) PeaKum{ C COJIAHOKHUCIIBIM THAPOKCHIIAMUHOM

OOpazyromuiicss OKCHM HE SBIISETCS CHIIBHBIM OCHOBAaHHEM, 32 CUET B3aMMOICHCTBHUS
ucxonubix BemiecTB Bbiensercs HCl u yBenmmuumBaercs KUCIOTHOCTH cpeiabl. JloOapnsroT 1
KaIjIl0 pacTBopa MeTwiopanka. HabmiomaeTcst oTueT/iMBOe MOKpacHEHHWE pacTBopa. Peakiuu
MENIA0T KapOOHOBBIE KHCIOTHL. B MX OTCYTCTBHU MOKHO yOEIHMTHCS, MPOBEPUB HCCIEAYEMOE
BEIIIECTBO TIEPE/T AaHAJTM30M Ha JIAKMYC.

1) Monodopmuast peaxius

MeTHIKEeTOHBI pearupyroT ¢ MOJOM B IIEJTOYHOH cpele ¢ oOpa3zoBaHHeM XJopodopma.
Oxkpacka nojia ucue3aer, U MOsBISETCS 0cafoK omodopma

6. KauecTBeHHBIC peakiiy Ha KapOOHOBBIE KUCTIOTHI
a) Peakuus Ha nakmyc

Takyro ke peakluio MJal0T AaHTUIPUJIbI, TaJOr€HAHTUIPUIBI, HEKOTOphle (EHOIMbI,
Cynb(QOKHUCHOTH, THO(eHonbl. B mpoOupky HamuBaroT 2-3 mi 5%-HOro pacTBopa COIbl U
npuOaBisAoT 2-3 Kallll HCCIEIyeMOro BellecTBa. B OTCyTcTBUM KapOOHWJIBHON TpyMIIbI
BBIJIETISIOTCS ITy3BIPHKU YTJIEKUCIIOTO Ta3a.

6) O6pa3oBaHre CBUHIIOBBIX U CepeOPSIHBIX COJel

[Tpu B3auMOJEHCTBUM HATPUEBBIX COJIEH KapOOHOBBIX KHCIOT C COJSIMH cepedpa WM
CBHHIIA 00pa3yroTcsi OBICTPO TEMHEIOIIHME cepeOpsiHbie (CBHHIIOBBIE) COJM 3THUX KapOOHOBBIX
KHCJIOT.
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7. KadecTBeHHBIC peaKIIMK HA AaHTUIPHUIBI U TAIOTCHAHTUIPUIBI KHCIIOT

Jnis uaeHTuUKay aHTHAPHIOB U TaJOT€HAHTHIPUIOB KUCIIOT MOJIB3YIOTCS peaKue ¢
aHuiIuHOM. IIpoaykThl peakuuu — aHWIUABI — TBEpAble BellecTBa. B OonblIMHCTBE cilydaeB
BBIJICIISIETCS TEILIO.

8. KadecTBeHHbIE peakluy Ha CIIOKHbIE 3(UpPBI

BonbmmHCTBO CIOXKHBIX 3(UPOB UMEET XapaKTepHBIN 3amax U pacTBOPUMEI B Boje. [Ipu
aHaJIM3€ CIOXKHBIX A(UPOB UCIONB3YIOT UX CIOCOOHOCTh K THIIPOJIN3Y MOJ JECHCTBUEM IIEIOYH.
J[00aBISIOT HECKOJILKO Karelb pacTBopa ¢GeHondTanienHa u 100aBIsSIOT TaKoe Ke KOJIUYECTBO
10%-H0T0 pacTBOpa €IKOro HATPUSI B STUIOBOM (MJIM METUIIOBOM) CIIUPTE, YTOOBI OBLIIO 3aMETHO
KpacHoe okpamuBaHue. [IpoOupKy 5 MHHYT HarpeBalOT Ha BOJSHON OaHe MpH TeMIepaType
40°C. YMeHbIlIeHUE HUHTEHCUBHOCTH KPAaCHOTO OKpAIIMBaHUs CBHICTEILCTBYET 00 00pa3oBaHUM
KHCJIOTHI BCIICACTBUE OMBIICHHS CI0KHOTO 3(upa.

9. KauecTBeHHEBIE PCaKIM1 Ha aMHHBI

OrmpeziesieHe aMHHOB OCHOBBIBACTCSI TJIABHBIM 00pa30M Ha MX OCHOBHOCTH, a TaKke
MOJIBIKHOCTH aTOMOB BOJIOPOJIa, CBSI3aHHBIX C a30TOM. AMHHBI PAacTBOPHUMBI B KHCIOTaX,
MMEIOT XapaKTEepHbIN 3amax, JatoT MET0YHYI0 PEAKIUIO Ha JIAKMYC.

a) OmnpeneneHue NepBUYHBIX AMUHOB

s omnpeneneHuss NMEPBUYHBIX aMUHOB IPHUMEHSIOT H30HUTPWIBbHYIO peakuuio: 0,5 r
HNEpBUYHOTO aMuHa (OyTHIIaMUH) pacTBOPAIOT B 1 MII 3TaHONa, 100ABIAIOT 2 MJI OKPALIEHHOTO
pacTBopa €IKOTr0 HaTpHsi, BHOCAT HECKOJBKO Karelb XJopodopma U OBICTPO HArpeBaroT [0
kunenust. IlosiBnsieTcss odeHb HENPHUATHBIM 3amax, CBUAETENBCTBYIOLMI 00 o0pa3oBaHuu
M30HUTpUIIA.

0) OmnpeneneHre BTOPUYHBIX aMUHOB

s onpenenenyss BTOPUYHBIX aMHHOB IPUMEHSIOT PEAKLIAIO C HUTPOIIPYCCHIOM HAaTPHS U
aneranbaeruoM. Ilpu HamuuuM BTOPUYHBIX AMMHOB TOSBISETCS CHUHEe WIM (PHOIEeTOBOE
OKpallVBaHUE.

B) OnpeﬂeneHI/Ie TPETUYHBIX AMUHOB

TpernyHble aMHUHBI ONPENENAIOTCS MO PEAKIUH C JUMMOHHOM KHCIOTOM M YKCYCHBIM
anruapunoM. [losBusercs kpacHOE WK ypIIypHOE OKpAIllBaHUE.

10. KauecTBeHHBIE peaklMy Ha YIIEBOIbI

a) C a-Ha¢ToIOM

Peakuus ¢ o-Hadtonom sBisiercs obmied uist Bcex yrieBoJoB. llpu neiicTBum cepHoit
KHCJIOTBI Ha CJIOXKHBIE YTJIEBO/bI CHavanaa MPOUCXOMUT UX THAPOJIN3, a 3aTeM 00pa30oBaBIIMICS
MOHOCaxapuj KOHJeHcupyercs B S-okcumetrui-pypdyposn. Ilocnennuit KoHAeHcUpyeTcs ¢
JIBYMsI MOJIEKYJIaMU O-Ha(ToJia B CIIOKHYI0 XHHOUJHYIO CTPYKTYpY, KOTOpasi Cyiabpupyercs ¢
00pa3oBaHUEM SIPKOrO KpPacHO-(HOJIETOBOIO COEIMHEHHS XWHOUJHOTO Tumna. Peakius o4eHb
YYBCTBUTEIbHA.

0) Peaknus denunra

Bzaumogpeiicteue caxapoB ¢ comsimu Meau (II) B mienmounom pactBope. Cunmii 1BeT
MCUE€3aeT, BBIJICNISAETCS KEJIThIA MM KPaCHO-KOPUYHEBBIM 0caZok okcuja Meau. Eciau ObLT B3ST
HEBOCCTaHABJIMBAIOLINH caxapu], TO U3MEHEHHsI OKPAaCKU IIPU HarpeBaHUU HE MPOUCXOIUT.

B) Peaknust CenuBanoBa

JlanHast peakius Mo3BOJSIET ONpeAeNuTh KeTo3bl. B mpobupky HanuawoT 1 mi 5%-Horo

pacTBOopa HCCIeAyeMoro BemiecTBa ((QpykTo3a, pacTBOp caxapo3bl) M 2 M peakTHBa
Cenuanosa (pactsop 0,05 r pezopumna B 100 Mt comnstaoit kucnotsl 1:1). Cmech HarpeBaroT 2-3
MHUHYTBI Ha BO/IIHOM Oane. [losiBisieTcst IpKo-KpacHOE MIIM BUIITHEBOE OKPAIIMBAHHUE.

Tema 23. JIlunuabl (KUPbI U MACJIA).
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He.ﬂbZ IMO3HAKOMHUTBECA C COBPEMCHHBIMH IMPEACTABICHHUAMHU O CTPOCHHUHU M COCTaBC
JMIINAOB U MHUIIEBOM IIEHHOCTH Macel U JKHUPOB.

Bonpocsl a5 o0cyxaeHunsn:

1.CtpoeHue 1 cocTaB JIUIUI0B

2.7)KMpHOKHUCIIOTHBIN COCTAaB Macell U )KUPOB.

3.ITumeBas HEHHOCTh Macell U KUPOB.

4.MeTo/1bl BBIJICTCHUS JTUMUI0B U3 ChIPbS U MUILEBBIX MPOYKTOB.
5.MeTo1bl aHaNK3a JTUIKI0B B ChIPbE U MUIIEBBIX MPOIYKTaX.

JIummupgamu (OT rped. lipos - )Kup) HA3BIBAIOT CIOKHYIO CMECh OPTaHMYECKUX COCTUHEHUIN
¢ OM3KUMHU (PU3MKO-XMMHUYECKUMHU CBOMCTBAMH, KOTOPAsi COJEPHKUTCA B PACTEHUAX, )KUBOTHBIX
U MUKpOOpraHusmax. JIMNuapl IIUPOKO paclpoCTpaHEHbl B MPUPOJE M BMECTE C OelKkaMu U
YIJIEBOJAaMHU COCTAaBJISIIOT OCHOBHYIO MAacCy OPraHMYECKUX BEIIECTB BCEX KUBBIX OPraHU3MOB,
SBISISICH  O0SI3aTENIbHBIM KOMIIOHEHTOM KaXKAOW KiIeTkH. OHHM IIUPOKO HCHOJIB3YIOTCS TpU
IIOJIyYUEHUN MHOTMX IHPOAYKTOB IIUTAHUS, SIBISAIOTCS BaXKHBIMM KOMIIOHEHTAMM IIHUILEBOIO
CBIpBS, OJYIPOTYKTOB ¥ TOTOBBIX MUILEBBIX IPOJYKTOB, BO MHOTOM OIIpENEss UX MUILIEBYIO U
OMOJIOrMYECKYIO MOJHOLICHHOCTh U BKYCOBBIE KauecTBa.

Jlunuael HEpacTBOPUMEI B Boje (THAPO(OOHBI), XOPOIIO PACTBOPUMEI B OPraHUYECKUX
pacTBopHTeNIX (OCH3WHE, TUITHIOBOM ddUpeE, XJI0podhopMe H IIp.).

B PACTCHUAX JIMIIUAbBI HAKAIIJIMBAKOTCA, I'NTaBHBIM 06pa30M, B CEMCHAaXxX U 1jioaax.

Tema 24. YriieBoabl B NUIEBBIX NPOAYKTAX.

ITpakTryeckas pabora Nel. XapakTepucTuka coctaBa, CTpOSHHsI, CBOMCTB, MOITY4YEHUS U
NPUMEHEHHUS MOHOCaxapuaoB (TJIOKO3bI), JUcCaxapuaoB (caxaposbl), IOJIHCAXapuI0B
(KpaxmaJa U 1eJUTI0JIO3bI)

Henb: NO3HAKOMUTHCA C COBPEMEHHBIMU MPEJCTABICHUSIMH 00 yIieBO/Jax B MUILEBBIX
OPOAYKTax
Bonpocsl 1ys o0cyKIeHUs:
1. Knaccudukarus yrieBoJoB.
. XapaKTepuCcTUKa COCTaBa U CTPOSHMSI MOHOCAXapUJIOB (TJIFOKO3bI).
. CBoiicTBa MOHOCaxapuI0B (IJIFOKO3bI)
. XapaKTepucTUKa COCTaBa U CTPOCHMSI TMCaXapuI0B (caxapo3bl)
. CBolicTBa Arcaxapu1oB (caxapo3bl)
. XapakTepucTHKa cOCTaBa M CTPOCHMS MOJUcaxapuIoB (Kpaxmaia U HeJUTF0JI03bI)
. CpoiicTBa monmcaxapuaoB (Kpaxmania u IeJITI0I03bI)
. YcBauBaeMble U HEYCBAUBAEMBIE YIJIEBOABI .

O 00 3 &N L B W DN

. YTIJIeBOJIbI B IIUIIIEBBIX MTPOIYKTAX

Haspanue "yrmeBoapl" OBLJIO JaHO COEAMHEHHUSM 3TOTO Kiacca mouytu 90 ner Hazan,
KOT/Ia TI0JIaraJid, YTO BCE OHU COJEPIKAT YIIAEPOl, BOJOPOI M KUCIOPO B TAKUX COOTHOIICHHSIX,
Kak OyJTO IpeCTaBISAI0T COO0M pa3nuuHble THIpaThl yriepoaa oomeit popmynst Cn(H20)m. B
JIaTbHEUIIIEM OKa3aJIOCh, UTO PSAJl COSAMHEHUM, MPUHAIEKAIIUX 110 CBOMM CBOMCTBAM K KJIACCY
YTJIEBOJOB, COAEPKAT BOJOPOJ M KHUCIOPOJ B HECKOJbKO MHOW MPOIMOPIMH, YEM YKa3aHO B
obmerr dopmyne (Hampumep, ae3zokcupubo3a - CSH1004). Ognako Ha3BaHue "yriieBOJbI"
COXPaHUJIOCh, XOTSI XUMHUYECKOTO CMBbICTIA OHO HE UMEET.

VYTneBobl MUPOKO PACTIPOCTPAHEHB! B MPHUPOAE, OHM BCTPEYAIOTCS B CBOOOJHOM min
cBsizaHHOU (hopMme B J11000H pacTUTENBHOM, KUBOTHON WM OAKTEPHATIBHON KJIETKE. YTJIEBOIbI
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COCTaBJISIIOT TPU YETBEPTH OHojormueckoro mupa u mnpumepHo 60-80% kamopuitHocTH
MUIIEBOIO pallMoHa.

Haubonee pacnpocTpaHeHHBI yriaeBoJ - LEJUTI0JI03a, CTPYKTYpPHBIM KOMITOHEHT
JIEPEBbEB U JIPYTMX pACTEHUMN. [JIaBHBIA MHUILIEBOM MHIPEAMEHT - Kpaxmayul. MoHocaxapubl
BCTpEUaIOTCs B CBOOOJAHOM BHUJE B MPHUPOAEC B HEOOJBIIMX KOJWYECTBAX; B OCHOBHOM OHU
MPUCYTCTBYIOT KaK CTPYKTYpHbIE €IMHHULbI IIOJMCAXAPUJIOB, BXOIAT B JUCaxapuibl U
OJINTOCaXapuU/bl.

OBILIASA XAPAKTEPUCTHUKA YI'VIEBOJLOB

CornacHo NMpUHATON B HACTOsIIEE BpeMs KiIaccu(PUKALUU YTIIEBOIbI OAPA3IEIAIOTCS Ha
TPU OCHOBHBIE TPYIIIBI: MOHOCAXaPH/Ibl, OJTUIOCaxapuabl U NOJIMCaXapU/bl.

MOHOCAXAPU/IbBI

Monocaxapuabsl 00bIUHO coaepkar oT 3 10 9 aToMoOB yriepoja, mpuueM Hauboiee
pacrpoCcTpaHeHbl MEHTO3bI U TeKco3bl. 110 (yHKIIMOHATBEHOM TpyIIe OHU JIEISATCS Ha aJIbJI03bl U
KETO3EL.

Mounocaxapuabl HaX0ATCsl OOBIYHO B TAYTOMEPHOM PaBHOBECUU CO CBOEH IUKINYECKON
dopmoii. TayromepHble nMKINYEcCKHE (OPMBI CaxapoB IMPEACTaBIAIOT COOOH BHYTpPEHHUE
noJstyaueranu. B pe3ysbrare IMKIM3alny MOSBISIETCS. HOBBIM aCHMMETPUYECKHUIM aTOM YIJIEpoa,
KOTOPBII Ha3bIBAIOT TNIMKO3UIHBIM (MJIM aHOMEpHbIM). M30Mepbl OTHOCHTEIHLHO aHOMEPHOI'O
LIEHTPa Ha3bIBAIOTCS - U J-aHOMEpaMHu.

Cpenu MOHOCaxXapuJOB IIMPOKO M3BECTHBI IIIFOK03a, (PPYKTO3a, rajiakro3a, apadMHO3a,
kcmio3a u D-pubo3a.

I'mroko3a (BUHOTpaAHBIN caxap) B CBOOOJHOM BHJE COACPKHUTCS B Arojax U ¢ppykrax (B
BUHOTpane 1o 8%; B cinuse, uepeniHe 5-6%; B meae 36%). M3 mMonekys TIOK03bl MOCTPOCHBI
Kpaxmall, IJIMKOTeH, MallbT03a; TJII0K03a SBIISETCS COCTABHOM YacThIO Caxapo3bl, JIAKTO3HI.

®pykTo3a (MWI0AOBBIA caxap) COAEPKUTCS B YMUCTOM BHjE B muenuHoM mene (10 37%),
BuHorpaae (7,7%), sénokax (5,5%); sABIsSETCS COCTAaBHOM YaCThIO Caxapo3bl.

l'anmakTo3a - cOCTaBHAas YacTh MOJIOYHOTO caxapa (JIaKTO3bI), KOTOpas CONEPKHUTCA B
MOJIOKE MJIEKOITUTAIONINX, PACTUTENBHBIX TKAHIX, CEMEHaX.

Apa6I/IH033 COACPIKUTCA B XBOMHBIX pacTCHUAX, B CBCKIOBHYHOM KOMEC, BXOJUT B
NEKTUHOBBLIC BCIICCTBA, CIIN3U, T'YMMHU (KaMeI[I/I), TCMULICIIIIOTI03BbI.

Kcunoza (apeBecHbIf caxap) COIEpKUTCS B XJIONKOBOM IIeNyXe, KyKYpPY3HBIX
KouepbDkkax. Kcuioza BxoauT B coctaB meHTo3aHOB. Coenussisick ¢ (ocopom, Kcuiaoza
NEepeXOAUT B aKTHUBHBIC COEIMHEHMs, WIpalollde BaXKHYIO PpOJIb BO B3aMMOIPEBPALICHUIX
caxapos.

B psany monocaxapumoB ocoboe mecto 3aHumMaer D-pubosa. Iloyemy mpupona Bcem
caxapaM Tmpeanowia pubOo3y - IMOKa HE SICHO, HO WMEHHO OHa CIYXHT YHHBEPCAITbHBIM
KOMIIOHEHTOM TJIaBHBIX OHOJIOTMYECKH AaKTUBHBIX MOJIEKYJ, OTBETCTBEHHBIX 3a Ilepeaady
HacJieICTBeHHOU nHpopmanuu, - pudonykinenHoBoil (PHK) u nezoxcupudonyxiennonoii (JIHK)
KUCJIOT; BXOIUT oHa U B cocTaB AT® u AJI®, ¢ moMouipo KOTOPBIX B JIIOOOM KUBOM OpraHU3Me
3amacaeTcsi U MepeHOCUTCS XMMHueckas sHeprus. 3ameHa B AT® oxHoro uz QocdaTHbIx
OCTaTKOB Ha MHUPHIWHOBBIN (pparMeHT MPUBOAUT K 0OPa30BaHMIO €IIe OJTHOTO BA)KHOTO areHTa
HAJl - BemecTBa, NMPUHUMAIOMIETO HEMOCPEICTBEHHOE YYacTHE B MPOTEKAHWH >KU3HEHHO
BO)XHBIX OKHCIIUTENIbHO-BOCCTAHOBUTENIBHBIX THporneccoB. Emie oaWH KIIOYEBOM areHT -
pubyno3o-1,5-mudocdar. D10 coeauHEeHNE yIaCTBYET B MPOIIECCAX ACCUMUIISIIUNA YTIEKUCIIOTO
ra3a pacTeHUSIMH.
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IHOJIMCAXAPUIBI

Onurocaxapuipl. ITO NOIMCAXapUIbl 1-ro mopsaka, MOJEKyJIbl KOTOPBIX COAEpAkKaT OT 2
70 10 ocTaTKOB MOHOCaxapuA0B, COEAMHEHHBIX TNIMKO3UIHBIMH CBs3siMHU. B cooTBercTBHM C
ATUM pa3InyaloT Jucaxapuibl, TPUCAXapUuIbl U T. [I.

HI/IcaXapI/II[I)I - CIOXHBIC CcCaxapa, Kaxaasd MOJICKYJIa KOTOPbIX IIpU THUAPOJIU3C
pacnagacTtcd Ha ABC MOJICKYJIbI MOHOCAXapuaoB. I[HC&XElpI/IIILI, Hapsaay € nojJucaxapuaaMu,
ABJIIIOTCA OAHHMM M3 OCHOBHBIX HMCTOYHHMKOB YIJICBOAOB B ITHIIC YCJIOBEKA M XHBOTHBIX. Ilo
CTPOCHUIO AuCaxapuAbl SABJIAOTCA TTIMKO3UAAaMH, B KOTOPBIX ABC MOJICKYJIBI MOHOCAaXapuJIo0B
COCOMHCHBI FJII/IKOSPI,Z[HOI;'I CBA3bIO.

Cpenu nucaxapuioB OCOOCHHO IIUPOKO M3BECTHBI MallbTO3a, €axapo3a U JAKTO3a.
ManbTto3a, ABIAIOMIAsACS O-TIOKONUPaHo3ui-(1,4)-0-rioKonupaHo30ii, oOpa3zyeTrcs B KauecTBe
IIPOMEXKYTOUHOT'0 MPOAYKTA IPU JEHCTBUM aMuiIa3 Ha Kpaxmail (WIH IJIMKOTEH).

OnauM u3 HamboJiee PACIPOCTPAHCHHBIX JUCAXAPHUIOB SBISICTCS caxapo3a - OOBIYHBIN
MUIIEBON caxap. Mojekyna caxapo3bl COCTOMT M3 OJHOrO OcCTaTka o-D-Iitoko3bl U OJHOTO
ocratka B-D-dppykTo3sl.

B omnnune oT OonpUIMHCTBA JUcaxapuioB, caxapo3a HE HMeeT CBOOOJHOIO
MOJTyalleTalbHOro THAPOKCHIIA U He 00J1ajaeT BOCCTAHABIMBAIOIUMU CBOMCTBAMHU.

Jucaxapuj JIakTo3a COACPIKUTCA TOJBKO B MOJIOKE M COCTOMUT U3 P-D-ramaktossl u D-
TJTFOKO3BI.

Cpenu TpUPOIHBIX TpUcaxapuaoB Hamboiiee wu3BecTHa padduHOo3a (comepkarias
ocTaTKu (PYKTO3bI, TIIIOKO3BI M TanakTo3bl). OHa HaXOAUTCSA B 3HAUMTENBHBIX KOJIMYECTBAX B
caxapHOH CBEKJIE W BO MHOTHUX JPYI'HX pAacCTeHHAX, B YaCTHOCTH B 0000BBIX. B 1memom
OJIUTOCAaxXapubl, TPUCYTCTBYIOIIME B PACTHTEIbHBIX TKAaHAX, pPa3HOOOpa3Hee II0 CBOEMY
COCTaBy, UEM OJIUTOCaxXapuJbl )KUBOTHBIX TKaHeH.

IMomucaxapuasl II-ro mopsaka. VX, ¢ TOYKM 3peHHs OOLIMX NPHUHIMIIOB CTPOEHUS,
MOKHO pa3/ieJUTh Ha JBE TPYIIbI: TOMOIOJIMCAXAPUJIbl, COCTOSIINE U3 MOHOCAXapHJIHBIX
€MHMUIL TOJIBKO OJHOTO THIIA, U T€TEPONOIUCAXapUIbl, A1 KOTOPBIX XapaKTEpHO HAJIMYME IBYX
M 0oJiee TUTIOB MOHOMEPHBIX 3BEHBEB.

C ToukM 3peHus PyHKIMOHAIBHOTO Ha3HAYCHUS MOIUCAXaPHIbl MOTYT ObITh Pa3J/ieeHbl
Ha CTPYKTYpPHBIE W PE3EpPBHBIC MOJUCaXxapuabl. BaXHBIM CTPYKTYpHBIM IIOJHCAXapHIOM
SBJISIETCSA 1I€JUTI0JI03a, a TJIaBHBIE pE3epBHBbIE IMONIMCAXapHIbl - TJIMKOTeH U Kpaxman (y
YKUBOTHBIX U PACTEHUN COOTBETCTBEHHO).

Kpaxman mnpexacraBnser coOoi KOMILJIEKC JBYX TOMOTMOJIMCAXapHUIOB: JUHEHHOTrO -
aMUJIO3bl U PA3BETBIICHHOTO - aMWJIONEKTHHa, obmas dopmyna kotopeix (CO6H1005)n. Kax
IIPaBUJIO, COJIep’KaHuEe aMuio3bl B Kpaxmane cocraBiser 10-30%, amwmnonexktuna 70-90%.
[Tonucaxapuapl KpaxManaa MOCTPOCHBI U3 OCTATKOB TIIOKO3bI, COSAMHEHHBIX B aMUJIO3€ U B
JUHCHHBIX IEMSIX aMUJIONEKTHHA o-1,4-CBS3sSMH, a B TOYKAaxX BETBJICHHS AaMHJIOTICKTHHA -
MEXIEMOYHBIMHU O-1,6-CBA3IMH.

Kpaxman sBisieTcst TJIaBHOW COCTAaBHOW YacThIO THIMM 4YeIOBEKa. XJed, KapTodenb,
KPYIIbl, OBOIIH - [JIABHBIN YJHEPTETUUYECKUM PECYPC €0 OpraHu3Ma.

I'mukoreH - monucaxapu, MUPOKO PacCpOCTPAHEHHBIN B TKAHAX KUBOTHBIX, OJU3KUIA 1O
CBOEMY CTPOEHHMIO K aMWJIONEKTHHY. MojeKyia INIMKOreHa, Kak M MOJIEKYJIa aMUJIONEKTHHA,
IIOCTPOCHA U3 CHUJIBHO Pa3BETBJICHHBIX LENOYEK (Pa3BETBICHHE 4Yepe3 Kaxkable 3-4 3BeHa) C
OOIIMM KOJIMYECTBOM TITIOKO3UIHBIX OCTATKOB 5-50 ThIC (¢ MOneKyssipHON Maccoil 1-10 min).

[lemmono3za (mnm  KieTdaTka) SIBISETCS OAHMM W3 Hambojee pacripoCTpaHEHHBIX
pacTUTENBHBIX roMornonrcaxapu1oB. OHa BBIMOIHAET POJIb ONMOPHOTO MaTepHajja pacTeHui, u3
Hee CTPOMTCS KECTKUII CKeNeT cTediei, TMCcTheB. B urcToM BHe OHA M3BECTHA B BHUJIE BaTHl U
¢mibTpoBaNbHON Oymaru (mucyast U Bce ApPYyrue BHIBI Oymaru mpokjieunBaroTcs). [[peBecuHa
HAIOJIOBUHY COCTOMT M3 KJIETYaTKH M, KPOME TOTO, COJCP)KUT CBSI3aHHBIH C HEIO JINTHUH -
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BBICOKOMOJICKYIISIDHOE BemlecTBO (heHompHOTO Xapakrepa. llemmonosza mpeacraisier coOoi
nosmmep, coaepxamiuii 600-900 ocTaTkoB IIIOKO3bI (CpeiHss MOJeKyIsipHas macca 1-1,5 min).

B Monexyne 1emtono3sl OCTaTKU [IIOKO3bI COeAMHEHBI B-(1,4)-TMKO3UAHBIMU CBA3SIMH,
4TO ONpEeeNsieT JUHEHHYI0 CTPYKTYpy mosmmepa. Llemmono3a He pacuiemsiercs OObIYHBIMU
dbepMeHTaMu KeTyJOYHO-KHUIIEYHOIO TpaKTa MIIEKONUTAIOMIMX, a MpH AeWcTBUM (epMeHTa
LEJUTIONIAa3bl,  BBLACISEMOT0 M3  KHUIIEYHOW  (JIOpBl  TPaBOSIHBIX, pacmagaercs Ha
LEJUTOIEKCTPUHBI (OJTUTOLEITIOCaXapu/Ibl) U LEII00H03Y.

Tema 24. YriieBoabl B NHIEBBIX NPOAYKTAX.
[IpakTrueckas padota No2. YcBanBaembie 1 HEYCBAaUBACMbIC YTJICBOIBI .
Lenp: M3yunTh yCBauBaeMbl€ U HEYCBAaUBAEMbIC YTIICBOJIBI .

C Toukm 3pCHUA MMHUIIEBOM OEHHOCTH YIJICBOABI MOAPA3AC/IAOTCA Ha YCBAMBACMBIC U
HCYCBaNBAaCMbIC. YcBanBaeMbie YIJIICBOAbI — MOHO- M OJIMTOCaxXapulbl, Kpaxmaj, I''IMKOI'CH.
HCYCBaI/IBaCMbIe — LEJUIK0JIO3a, ITEMUICIIIIFOJIO3bl, HHYJIMH, IICKTUH, T'YMMH, CIIM3U.

IIpy mnocrymneHMM B NULIEBAapUTENIbHBIA TPAaKT ycBauBaeMble YIJIEBOJBI (3a
UCKJIIOUEHHMEM  MOHOCAaxapuJ0B)  pacLICIUIAIOTCS,  BCACBIBAIOTCS, a  3aTeM WU
HEINOCPEJACTBEHHO YTHJIM3HUPYIOTCS (B BMJIE TJIIOKO3bI), WM IPEBPALIAIOTCS B JKHUP, WUIU
OTKJIA/IbIBAIOTCSI HA BPEMEHHOE XpaHeHue (B BUje IiMKoreHa). Hakomnenue sxupa ocoOeHHO
BBIP@XEHO IIPU U30BITKE B AUETE IPOCTHIX CAXapOB U OTCYTCTBUU Pacxo/a SHEPrUH.

OOMeH yrieBooB B OpraHM3Me YeJOBEKa CKJIAJBIBACTCSI B OCHOBHOM U3 CIEIYIOIINX
IPOLIECCOB.

Pacmennenue B KCITYAOUHO-KHIICYHOM TPaKTC IMOCTYIAroImurX C MUIIeH
noJicaxapuoB M AuUCaxXapuiaoB — OO MOHOCAXapuIoOB. BcacreiBanue MOHOCaxapuaoB H3
KHIIICYHHNKA B KPOBb.

CuHre3 u pacnan riimkoreHa B TKaHgX, IPEKAC BCEro B IICYCHU.

AHa3poOHOe pacIIeIUIeHHe TJHKO3bl — TJHMKOJIM3, NPUBOIAIMN K 0Opa30BaHUIO
nypyBara.

AdpoOHBIN MeTab0IM3M NMUpPYBaTa (JAbIXaHUE).
Bropuunsie myTu karabosm3ma TitoK03bI (eHTo30docharHpiii MyTh U Jp.).
B3auMornpespallieH1e rekcos.

I'mokoHeoreHes, M 00pa3oBaHUE YIVIEBOAOB U3 HEYITIEBOJAHBIX MPOIYKTOB. Takumu
OPOAYKTaMU SIBJIIIOTCS, B TEPBYIO OdYepeab, NMHUPOBUHOTPAIHAs M MOJOYHAs KHCIOTHI,
[JIMLIEPUH, aMUHOKHUCIIOTHI U PAJl APYTUX COEAUHEHUH.

I'moko3a siBisieTcst OCHOBHOM (hopMOii, B BHZIE KOTOPOM yIJIeBOAbI LUPKYIHUPYIOT B
KpOBH, o0ecreunBas »HEpPreTHUecKue HyXIbl opraHuzMa. HopmanbHoe cojlepiaHue
rimoko3bl B KpoBH 80-100 Mr/100 mut. M36sITOK caxapa mpeBpaiiaercsi B TIIMKOI'eH, KOTOPbIH
pacxoayeTcsl Kak MICTOYHMK IUIFOKO3bI, €CJIM MaJIO YIJIEBOIOB IocTynaeT ¢ numiei. [Ipounecchl
YTUJIU3ALKUN TJIOKO3bl 3aMEMJISIOTCSA, €CJIM TOJDKETyJOYHOM JKene30il BbhlpabaThIBaeTCs
HEZ0CTaTOYHO TOPMOHA — MHCYJIMHA. YPOBEHb INIFOKO3bI B KpoBU noBbilIaercsa A0 200— 400
Mr/100 M1, TOYKH TEepecTaroT 3aJePKUBATh TAKME BBHICOKHME KOHIIGHTpAIlMU caxapa, U caxap
nossinsieTca B Moye. Hactymaer Tspkenoe 3a0oneBaHue — caxapHblii 1uadet. boicTphiit mogbpeM
YPOBHS TJIIOKO3bI B KPOBU BBI3BIBAIOT MOHOCAaXapH/JIbl U IMcaxapuabl, 0cOOeHHO caxapo3a. Ha
BOPCHHKAX TOHKOTO KHIIEYHHWKA M3 Caxapo3bl W JAPYIHX AMCAXapHIIOB BBHICBOOOXIAIOTCS
OCTaTKH TIIIOKO3bI, KOTOPBIE OBICTPO MOCTYNAIOT B KPOBb.

[Tpu notpebneHnn GpyKTO3bl YPOBEHD IITIOKO3bI B KPOBU YBEIMUYMBAETCS MEHEE PE3KO.
®pykro3a B OOJbIIel CTENEHU 3aJepKUBAeTCS IEUEHbIO, a TOCTYNHB B KpPOBb, CKOpee
BCTYIaeT B OOMEHHBIE MPOLECCHl. YTHIM3alUsA (PYKTO3bl HE TpeOYyeT WHCYIHMHA, TOITOMY
OHa MOJKET NMOTPEOIATHCS U OONBHBIMU CaXapHbIM nuaderoM. OpyKTo3a B MEHbILEH CTENCHH,
yeM TIJII0OKO3a M caxapo3a, BbI3bIBACT Kapuec 3yOoB. bompimas 1menecooOpa3HOCTD
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noTpeOaeHuss PPyKTO3bI TTO CPABHEHUIO C IPYTUMH caxapaMu CBsi3aHA U C TeM, 4TO (PyKTO3a
obnamaer O60bIIeH CIaTOCThIO.

MoHocaxapuj ranakro3a B CBOOOAHOM BHJE B MHUIIEBHIX NMPOJYKTAaX HE BCTPEUACTCS.
Ona sABIsieTCA IPOAYKTOM PACIIEIUIEHUS] MOJIOYHOIO caxapa.

Jlucaxapua JaKkTo3a COJIEPXKUTCSA TOJBKO B MOJIOKE M MOJIOYHBIX HPOAYKTax (ChIpHI,
kedup u T. 1.), cocTaiss mpuMepHo 1/3 cyxux BemiecTB. [ Mapoau3 JaKTO3bI B KUIICYHUKE
MIPOTEKAET 3aMEJIEHHO, B CBA3H C YEM OIPaHUYHBAIOTCS

nporecchl OpOKEHUsI U HOPMAIIU3YeTCs JIEITeNbHOCTh KullleyHoH Mukpodiaopsl. Kpome
TOro, IOCTYIJICHHE JIAaKTO3bl B IUIIEBAPUTENbHBIM TPaKT CHOCOOCTBYET Ppa3BUTHUIO
MOJIOYHOKHCIIBIX ~OaKTepHil, SBISAIOMIMXCA AHTArOHWCTAMHU MATOTCHHOW W  YCJIOBHO-
[aTOr€HHOW MUKPOQIIOPBI, THUIOCTHBIX MUKPOOPTaHU3MOB.

HeyCBaI/IBaeMBIe YIJICBOJAbI YCJIIOBCUCCKHUM OpPTraHU3MOM HE YTHIIM3UPYIOTCA, HO OHHU
qpe3BL1an71H0 BaXXHbI JIA IIHIICBAPCHUA W COCTABJIAIOT (BMCCTG C J'II/IFHI/IHOM) TakK
Ha3bIBACMbIC ITHIIICBLIC BOJOKHA. HI/IHIGBI)IG BOJIOKHA BBIIIOJIHAIOT CJIICAYIOIIUC Q)YHKHI/II/I B
OpraHnu3Me 4CJIOBCKaA:

CTUMYJIMPYIOT MOTOPHYIO (YHKIIMIO KUIIEYHUKA,
MPENATCTBYIOT BCACBIBAHUIO XOJIECTEPUHA;

UTPAIOT TOJOKUTEIBHYIO POJIb B HOPMAJIM3AIIUM COCTaBa MUKPO(DIOPH KUIICYHHUKA, B
MHTUOMPOBAHNUYU THUJIOCTHBIX IPOLIECCOB;

OKa3bIBAIOT BIIMSHUE HA JHMIUAHBIA OOMEH, HapyIIeHHe KOTOpPOrO TPUBOIUT K
0’KUPEHHUIO;.

a7ICOPOUPYIOT KETUHBIEC KHCIIOTHI,

CHOCO6CTBYI-OT CHMKCHUIO TOKCHUYHBIX BCIICCTB KU3HCOACATCIIbHOCTHU MHK
POOPraHM3MOB U BBIBCACHUIO U3 OPraHn3Ma TOKCUYHBIX 3JICMCHTOB.

IIpu HemoCTaTOUHOM COJEpX AHWM B NUILE HEYCBAaHMBAEMbIX YTJIEBOJOB HaOIrOfaeTCs
YBEJIUYCHHUE CEPCUHO-COCYAUCTHIX 3a00J€BaHUN, 37I0KAYECTBEHHBIX OOpa30BaHUMN MPSIMOUN
kuiky. CyTo4Hasi HOpMa MUILIEBBIX BOJIOKOH cocTasiisieT 2025 .

Tema 24. YrieBoabl B NUIIEBBIX MPOAYKTAX.
[IpakTuueckas padota Ne3. YriieBobl B MUIIEBBIX MPOIYKTaX
[lenb: U3yunTh YriIeBOABI B MUILEBBIX IPOIYKTAX.

VYrneBoabl cocTaBisoT 3/4 cyxoil Macchl pacTeHHIl M BOAOPOCIEH, OHU coaepxkKarcs B
3epHOBBIX, PPYKTaxX, OBOILIAX U B APYTUX MPOAYKTaX.

I'maBHBIMM yCBaWBaeMbIMH YIJIEBOAAMU B IHMTAHUM YEJIOBEKA SBIIAIOTCS Kpaxmanl U
caxapo3a. Kpaxmai - rjnaBHbBIN SHEPreTUYECKUN pecype YeIOBEYECKOro opranusma. Mcrounuku
KpaxMmaia - 3epHOBbIe, 0000BbIe, kKapTodens. Ha momo kpaxmana npuxoautcs npuMmepHo 80%
BCEX MOTPEOISIEMBIX YEIIOBEKOM YTJIEBOJIOB.

Mounocaxapuasl ¥ OJUrocaxapuabl (B TOM YHCIE caxapo3a) IPUCYTCTBYIOT B 36pHOBBIX B
OTHOCHUTENIbHO MaJjiblX KojudecTBax. Caxapo3a 0ObIYHO MOCTYMAET B YEJIOBEUECKHUI OpraHU3M C
IPOAYKTaMH, B KOTOpbIE OHA J00aBisercs (KOHIAUTEPCKUE H3ENHs, HAUTKH, MOPOKEHOE U
np.). [Ipuaumas Bo BHUMaHueE TO, YTO Caxapo3a B 3HAYUTEIbHOW CTENEHU CIOCOOCTBYET POCTY
[JIIOKO3bI B KPOBH, CIEIYyEeT OTMETHUTh, YTO MPOJYKTHI C BBICOKHM COJIep)KaHHEeM caxapa (B
NEPBYIO OYepeb KOHJIUTEPCKUE U3/ENusl) SBISIIOTCS HaMMEHee LEHHBIMU U3 BCEX YTJIEBOJHBIX
IPOJYKTOB.

B Hacrosimee BpemMsi MOXKHO CUUTaTh JOKa3aHHBIM, YTO HEOOXOJMMO YBEIMYMBATH B
palroHe MUIEBbIe BOJIOKHA. VICTOYHUKOM HX SBIAIOTCS P’KaHbIE U MIIIEHUYHbIE OTPYOH, OBOIIH,
bpykThl. Xi1e6 U3 IEeNbHOrO 3epHa, C TOYKU 3PEHUsl COAEPKAHMS MUILEBBIX BOJOKOH, TOpa3o
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Oosee LeHeH, YyeM XxJe0 U3 MYyKH BBICHIMX COPTOB, HE COAEpXKallUX aJeHpOHOBOrO CIOS U
3apo/IbIIlIa.

VYrneBoabl MIOAOB MPEICTABICHbBI B OCHOBHOM Caxapo30M, TIIOKO30H M (PPyKTO30i, a
TaK)Ke KJIETYAaTKOW U MEKTUHOBBIMM BellecTBaMu (B yepHoM cMmopoauue - 1,1; B cnuse - 0,9; B
KItokBe - 0,7; B kopkax HuTpycoBbiX - 20-30; B Kopkax 610K - 8-20% NEeKTUHOBBIX BEIIECTB).

KuBoTHBIC IMPOAYKTBHI COACPIKAT 3HAYHUTCIBHO MCHBIIC YCBAMBACMBIX YIJICBOAOB, YCM
pPaCTUTCIIBHEIC. MscHOM ¥ TIEUEHOYHBIH TJIMKOTCHBI HO,Z[O6HBI II0 CTPOCHHIO KpaxMaJIbHOMY
AMUJIOTICKTUHY U YCBAHMBAIOTCA TaAK KC, KaK Kpaxmall.

KOPOTKO O I''TABHOM

1.YrieBoapl COCTaBISIOT HAUOOJBIIYI0 B TPOICHTHOM OTHOIICHWW YacTh HUIIH - B
cpennem 250-400 r B geHb. OcHOBHAs (yHKIMS YTIIEBOJIOB - 00SCIICYCHHE OpraHu3Ma dHepruen
(55-70% oO111eli KaJIOPUITHOCTH B CYTKH ).

2. YrieBo/ibl MUK AETSATCS HA MPOCThIE YIIIEBObI, BKIOYAIOIINE MOHO - U JAUCAXapUIbL,
U CIIOKHBIC YIJIIEBOABI - TMonucaxapuisl. [lonmcaxapuapl BKIIOYAIOT yCBOsieMble (Kpaxmana U
[JIMKOTEH) M HEYCBOSIeMble HEKpaxMallbHbIE TMOJUCaXapuabl, Ha3blBa€MbIEC MUIIEBHIMU
BOJIOKHAMH.

3. OCHOBHBIMH HCTOYHHUKAMH YIJIEBOJOB  SBIAIOTCS MPOAYKTHl  PACTUTEIHLHOTO
MIPOUCXOKICHHS: MPOAYKTHI U3 3€pHA U MYKHU (XJ1€000yIOYHBIE W3AEHs, KPYIbl, MAaKapOHbI),
caxap, oBomd GpyKThl. JKUBOTHBIE MPOIYKTHI COJEPKAT JIAKTO3Y, INIMKOT€H, TJIIOKO3Yy B MAaJbIX
KOJIMYECTBAX.

4. ITumeBble BOJOKHA COJIEPIKATCS UCKIIOUUTEIBHO B PACTUTENBHBIX MPOIYKTaX: OBOIIAX,
¢pykrax, 0000BBIX M NHpPOAYKTax U3 3epHa. [IpaBmiibHOE 310pOBOE NMHUTAHMUE IPEANOIATACT
o0s3aTenpHOe MOTpeOIeHNE MHUILEBBIX BOJIOKOH (OKOJIO 25 T B CYTKH).

5.®uzunonornueckue APGEKThl MHUIIEBBIX BOJIOKOH O00ECIIEUMBAIOT  MOJJEPKaHUE
HOpPMaJIbHOW (DYHKLUHM KeTyJOYHO-KUIIEYHOIO TpakTa, OCOOEHHO TOJICTOTO KHUIIEYHHKA,
BJIUSIIOT Ha COCTaB MHUKpO(dIopsl (mpeduoTndeckast GyHKIMSA) U MNEPUCTAIBTUKY KHILIECYHHKA;
UTPAIOT BAXHYIO pOJb B NPOPHIAKTUKE TSDKEISHIIMX 3a00JIeBaHU YeIOBEKa: CepJeyuHo-
COCYAMCTBIX, HEKOTOPBIX BUIOB paka, 1uadera.

6. Takne MUCTOYHMKHU YTJIEBOJAOB, KaK OBOINU, (PPYKTHI, SITOMABI SBISIOTCS HUCTOYHHKAMU
OMOJOTUYECKN aKTUBHBIX BEIIECTB - BUTAMUHOB U NPUPOJHBIX AHTHOKCHJIAHTOB, UTPAIOIINX
BOXHYIO PEryJIsATOPHYIO (QYHKUUIO B (DU3MOJIOTMYECKUX IMIpoleccax, a Takke (akropamu
IpeyNpexIeHNs COBPEMEHHBIX 3a00JI€BaHUI UeIOBEKa.

7. ExenneBHoe mnoTrpebiieHHMe caxapa He JODKHO mpeBblmate 50 I, Tak Kak OH
CHOCOOCTBYET pa3BUTHUIO Kapueca 3y00B U 0)KUPEHHUS.

Tema 25. AMMHOKHCJI0TBI U 0€JIKH.

ITpaktnueckas pabora Nel. Pacmo3zHaBaHMe Ba)KHEHIIMX aMHUHOKHCIOT M OEIKOB B
KUBOTHOM M PAaCTUTEIBHOM CBIpbE, MOJYYEHHE M OILIEHKAa KauecTBa OT/AEIbHBIX OEIKOBBIX
IIPOJTYKTOB.

Ilesib: MO3HAKOMUTBCS C COCTABOM, CTPOCHHUEM, CBOMCTBAMU aMUHOKHUCIIOT U OEJIKOB.

Bonpocsl ais 00cy:KaeHus:

1. XapakTepucTHka cocTaBa, CTpOSHHsI, CBOMNCTB aMUHOKHUCIIOT U OEJIKOB.

2. AMUHOKHUCJIOTHI U UX (PYHKLIUU B OpraHU3Me.

3. HezaMeHUMblEe aMHHOKHUCIIOTHI.

4. ITumeBas u OuosIornyecKkas IIEHHOCTh OEJIKOB.

5. Pacno3HaBaHue BaXKHEHIIMX aMHHOKHCIOT U OEITKOB B JKMBOTHOM U PACTUTEIHHOM
CBIphE.

6. IlomydyeHnue 1 OLIEHKA KaueCTBA OT/IEJIbHBIX OEIKOBBIX MPOIYKTOB.
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7. ©OyHKIIMM aMHUHOKHUCIIOT U OCJIKOB B OpraHU3Me.
8. Onpenenenre TUIIEBOH U OMOJIOTHYECKOM IIEHHOCTH OEJIKOB.

benku wnaM mnpoTeMHBI - BBICOKOMOJIEKYJSIPHBIE a30TCOJEpIKAIIMEe OpraHU4ecKHe
COEIMHEHUS, MOJIEKYJIbl KOTOPBIX MOCTPOEHBI M3 OCTaTKOB aMUHOKHUCIIOT. Ha3BaHuem Oenku
(umu  OeNKOBBIE BEIIECTBA) B OTEYECTBEHHOW JUTEpaType MPUHATO 0003HAYaTh KJjacc
COCMHEHUH, KOTOPBIE TI0 aHAJIOTHH ¢ OETKOM KYPHHOTO siflia IpU KUTISTYEHUH (JIeHATyparum)
npuoOperator Oenbiii 1BeT. TepmuH '"mportewHbl", BBeAcHHBIM baprenumycom B 1838 .,
IPOMCXOTUT OT TPEUECKOTO CI0Ba proteios, 03Havyaromero "neppocreneHHsiii”. OHO T0CTaTOYHO
TOYHO OTpa)kaeT IJIaBEHCTBYIOIIEee OMOIIOTUYECKOE 3HaUCHHE BAXKHEHINEro Kiacca COeAMHEHUH,
KOTOpOE 3aKJII0YaeTcss B OOECICUEHUH CIOXKHOM HepapXuu MOJEKYISPHOU CTPYKTYpHl M
cnenupuyecknx QyHKIUN )KUBBIX OPraHU3MOB.

B npupoge cymectByer npumepro ot 1010 1o 1012 pa3zaudnHbix O€IKOB, COCTABISIIOLIUX
ocHOoBYy 1,2 - 106 BUIOB XKMBBIX OPraHM3MOB, HAUWHAs OT BUPYCOB U 3aKaHYMBAs YEIOBEKOM.
OrpomHOe pa3HOOOpa3ue OETKOB OOYCIIOBICHO CIOCOOHOCThIO 20 TPOTCHHOTCHHBIX O-
AMUHOKHUCIJIOT B3aUMOJEWCTBOBATH APYr C JIPYrOM C OOpa30BaHHUEM IOJIMMEPHBIX MOJIEKYN C
MOJIEKYJISIPHOM Maccou oT 5 TBIC 10 1 MJTH (u Ooiee)
naneToH<http://www.edulib.ru/storage.aspx/HTML/001/001/B3465/B3465Part4-17.. K
npUMepy, BKIIOYEHHE B COCTaB OelKa OCTaTKOB TOJBKO 15 aMHHOKHCIOT TPHUBOAUT K
nonyueHuto npudbmusutensHo 1,3 - 1012 uzomepos. [ToaTomy HETpyAHO MpenCTaBUTH, KaKoe
MHOTrooOpa3ue OETKOB CO BCEMH OCOOEHHOCTSIMH CTPYKTYPHOH OpraHHM3aliyd BO3MOXXHO B
MPUPOJIE TIPH YCIOBUHU BKIIIOUEHUS B MOJIMMEPHYIO LIEMb OKOJIO COTHU M 00Jiee MPOTEUHOTEHHBIX
AMUHOKHCIIOT.

Kaxapiii BU )KUBBIX OPraHU3MOB XapaKTEPHU3yeTCs MHIUBUIYaIbHBIM HA0OPOM OENKOB,
OTpe/IeNIIeMbIM HaCJIEICTBeHHOW wWH(popmanuel, 3akonupoBanHoi B JIHK. Muadopmarnus o
JUHEWHOM mociaenoBarenbHocTH  HykieotuaoB JIHK mepenuceiBaeTcss B JuHEHHYIO
MOCJIEI0BATEIbHOCTh AMUHOKHUCIIOTHBIX OCTaTKOB, KOTOpas, B CBOIO OYepe]b, OOecreunBaeT
CaMONPOM3BOJIbHOE (DOPMUPOBAHHE TPEXMEPHOH YCTOWYMBON CTPYKTYpPhl HMHIMBHYaIbHOIO
Oenka.

PacrnionoxeHne OETKOBBIX MOJIEKYJI B IPOCTPAHCTBE OIpenenseT uX Ouosoruyeckue
(GYHKIMM, TJIABHBIMH U3 KOTOPBIX SIBJISIFOTCS CTPYKTYypHas (KE€paTWH BOJIOC, HOTTEH, KOJUIareH
COCMHUTENHOM TKaHW, OSJIACTUH, MYIUHBI CIM3MCTBIX BBIJICJIECHUM), KaTaJIuTHUECKas
(bepmenTsl), TpaHcOpTHasi (T€MOTVIOOWH, MHUOTJIOOWH, adbOYMUHBI CBIBOPOTKH), 3alUTHAs
(anTHTENa, (UOPUHOTEH KpOBM), COKpaTHTEIbHas (AKTUH, MHO3MH MBIIIEYHOM TKaHM),
FOpMOHaJIbHAs (MHCYJIMH TMO/KETYAOYHOW »Keye3bl, TOPMOH pOCTa, TacTpUT Kelylaka) Hu
pe3epBHas (OBaIbOYMUH sIIA, Ka3eUH MOJIOKA, (DEPPUTHH CEJIC3EHKH ).

PesepBHast, wnaM nuraTenbHas, (QYHKIMS 3aKIIOYaeTCs B MCIOJIB30BAaHUM OEJIKOB B
KayecTBe MCTOYHHMKA aMHHOKHCIIOT, PACXOAYIOIIMXCS HAa CHUHTE3 OEIKOB U JAPYTUX AKTHUBHBIX
COEIMHEHUH, Peryaupylomux Mpolecckl oOMeHa, HampuMmep, B pa3BUBAIOLIEMCS IUIONE HIIU
npopoctkax pacteHuid. IlomoOHoro pona Oenku OTKJIAABIBAIOTCSA MPO 3amac B Ipoleccax
CO3PEBAHUSI CEMSH M KU3HEACSITEIbHOCTH )KMBOTHBIX. [[03TOMY MX el1e Ha3bIBAIOT 3allaCHBIMHU.
3amacHple O€TKM PpACTUTENLHOTO IPOUCXOXKAEHUS, B COOTBETCTBHM C KiaccH(UKaiuen
OcOopHa, OTHOCATCS K KJaccaM MPOJaMHHOB (TJMaJWH MIIEHUIBI, TOPJEHH SUMEHs, 3€HH
KYKypy3bl) U TJIIOTETMHOB (OpU3EHHMH pHCa, NIIOTEHWH MUICHUIbI). Takue OENKM TO0CTaTOYHO
IIMPOKO PACIIPOCTPAHEHBI B IPUPOJIE M B OTHOCUTEIBHO OOJIBIIIOM KOJIMYECTBE BXOJAT B COCTaB
MUIIA U KOPMOB KUBOTHBIX.

benkoBble BeliecTBa y4yacTBYIOT B OCYLIECTBICHMHM MHOXECTBAa M JPYTUX BaKHEMIIMX
IPOIIECCOB B OpPraHWU3ME, TaKWX, HApUMep, KaK BO30YAMMOCTb, KOOPIWHAIMS JBFIKEHHA,
nuddepeHIpoBKa KIETOK.

VY4uTheIBas TO, YTO OEJIKH COCTABISIOT 3HAYUTENBHYIO YaCTh CYXOT'O BEIIECTBA HE TOIBKO
KHUBBIX OPraHM3MOB, HO W TPOAYKTOB NHUTAHHUSA, a TaKKe TO, YTO OHU HAJEJIEHBI PSJIOM
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cnenupuUYeckux CBOMCTB U (YHKIUH, KOTOpble HE SIBISIOTCA XapaKTePHBIMU ISl APYTUX
KJIACCOB COCIUHEHUH, OIMpENEeIeHHUEe COCTaBa U CTPYKTYPHO-()YHKIIMOHAIBHOW OpraHU3aIiu
MOJIMMIENTHIOB 3aK/II0YaeT B ce0e OTBET Ha PEIIeHHEe MHOTUX BaKHEHIINX MpoOiieM He TOJIBKO B
OMOJNIOTHM W MEAMIIMHE, HO U B MPOM3BOJCTBE, XPAaHECHUU U TOTPEOICHUN MUIIECBBIX HM3/IETHMA.
VYriny0iaeHHOe H3yueHHUE JIaHHOTO Kiacca COSAMHEHHH B Kypce NUIIEeBOH XUMUHU (B pamMKax
(GyHIaMEHTATBHBIX M HPUKJIAIHBIX HCCIEIOBAHUN) HEOOXOIUMO B CBSI3U C KOHEYHOHU HEINBIO -
COXpaHEHHEM 3I0POBOr0 00pa3za >KM3HU 4YelIOBEKa U MPOJJICHHEM CPOKOB €ro >KM3HU. DTUM
CJIelyeT pyKOBOJICTBOBAThCS CIIELUAIMCTAM, 3aHATHIM B COBPEMEHHOM IIPOU3BOJICTBE MUILIEBBIX
IIPOJTYKTOB.

B ectectBeHHBIX Haykax mpobOiema Oenka BKIIOYAaeT JABa acmekTa. llepBelii M3 HHUX
3aKIJIIOYAeTCsl B HCCIIEOBAaHUM MPHUPOJABI Oelka W ero OMOJOTrMYecKHX (YHKIMI B KayecTBe
MHIPEUEHTA MPOTOIIa3Mbl KJIETKH, UIPAIOLIETO MEPBOCTEIEHHYIO POJb B PA3BUTUHU KUBBIX
OpPraHU3MOB (B MPMKU3HEHHBIX MTPOIIECCaX).

Bropoii BkitOyaeT M3ydeHHE €ro PEeCcypcoB KakK 0053aTeIbHOr0 KOMIIOHEHTA IHIIH,
nyred WX yBenudeHus (¢ mpugaHueM oco0oro 3HayeHHs OeJIKy  pacTUTENbHOTO
MPOUCXOXKICHUS), pPa3padOTKy CHOCOOOB  YIIYYIIEHHsS KadecTBa O€lka ¢  y4eTOM
(GYHKIIMOHAJIBHBIX CBOMCTB M 3aBUCHUMOCTH HUX OT PEAKI[MOHHON CIMOCOOHOCTH, CTPYKTYpPHOM
OpraHu3any, QU3NKO-XUMUYCCKUX, OWOXMMHUYECKMX M JIPYTHMX BHJIOB MPEBPANICHHA B
TEXHOJIOTHYECKHUX TpoIleccax MPOM3BOACTBA M XPaHEHMs MUIIEBBIX MpoAyKToB. HecMoTps Ha
TO, 4TO 00€ CTOPOHBI MPOOJIEMBI M3y4YeHUs OeJKa CaMOCTOSTEIBHBI, B TO X€ BpPeMs OHH U
B3aMMOCBS3aHbI, TaK KaK JOMOJHSIIOT APYr Jpyra KOHKPETHBHIMHU 3HAHUSMHU KaK MPHU U3y4YECHUU
(UBHOIOTHYECKUX TPOIECCOB B OpPraHu3Me, TaK M IPOIECCOB IMPUTOTOBIICHUS THUIIH TPH
pa3paboTKe MPOAYKTOB NHUTaHHMS M YCIOBUH UX XpaHeHHs. Bompocsl mepBOro acmekra
npoOJIeMbl OeliKa COCTABIISIFOT MPEAMET W3YYCHHS OWOXMMHU M MOJICKYJISIPHOH OWOJIOTHH,
BTOPOTO - MUIIEBOM XUMHH.

Tema 25. AMMHOKHCJIOTEI ¥ 0€JIKH.

[TpakTuueckas pabota No2. M3yueHune QyHKIHMI aMUHOKUCIIOT U OEJIKOB B OpraHu3Me.

Hean: M3yunth QyHKIIMUN aMUHOKHUCIIOT U OE€TTKOB B OpTaHU3ME.
3HaueHue aMHUHOKHCIOT JIsi OpraHu3Ma B MEPBYIO OYepeb 3aKJII0YaeTcs B TOM, YTO OHHU
WCIIOJIB3YIOTCS JUTsl CHHTE3a OCJIKOB, META00IM3M KOTOPBIX 3aHUMAET 0C000€ MECTO B MIpoIieccax
oOMeHa BEIIeCTB MEXIYy OpPraHM3MOM M BHEUIHEH cpenoil. AMUHOKHCIOTHI HEMOCPEICTBEHHO
YYaCTBYIOT B OMOCHHTE3€ OOJBIIIOT0 KOJMYECTBA PYTUX OMOJIOTHYCSCKH AKTHBHBIX COCAMHCHHMIA,
PEryIUpYIOIIUX MpolecChl OOMEHa BEIIeCTB B OpraHM3Me, TaKHX Kak HelpomMenuaTropbl U
TOPMOHBI. AMHWHOKHUCIIOTBI CITy’)KaT JOHOpPAMH a30Ta TPH CHHTE3€ BCEX a30TCOJEPIKAIINX
HEOEITKOBBIX COCIMHEHUH, B TOM YHCIIC HYKJICOTHIOB, TeMa, KpeaTHHa, XOJIUHA H JIP.
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Karabomnuzm
OCJIKOB TKaHEH

benku numm .
\ donn

Cunres [ CBOGOIHBIX \——> benku
U3 yTICBOJOB ' aMHUHOKHCIIOT TKaHEH
A30TOocoaepKamme — NHs —  moueBHuHa
COETUHEHHUS
CC-KETOKHUCIIOThI
_ \ |
buorenusie T'opMoHBI _
aMUHBI Hyxkneoruasl CO:2H20 © T'moxkosa
I'em ATD KeToHoBbIC TENA

Kpearun u ap.
Puc. 23.1. Obwasn cxema memabonuzma amMuHOKUCIOM 8 OP2aAHUZME

Kara®omm3M aMHHOKHCIOT SBJISETCS MCTOYHHKOM OSHeprum i cuHTe3a ATO.
OHepreruyeckass QYHKLIHS aMHHOKHMCIOT CTAaHOBUTCS 3HAUMMOM NP TOJIOJAHUM, HEKOTOPBIX
MATOJIOTUYECKUX COCTOSIHMSIX (caxapHblii AuabeT). IMeHHO 0OMeH aMUHOKHUCIIOT OCYIIECTBIISET
B3aMMOCBSI3b MHOTOOOPA3HBIX XUMHUUECKUX MIPEBPALLIEHUH B )KMBOM OpraHU3Me.

bonpmas d9acth aMHUHOKHCIIOT BXOIUT B COCTaB 6CJ'IKOB, KOJIMYCCTBO KOTOPBIX B
OpTraHnu3MeE B3POCIIOro YCJIOBEKAa COCTABIIACT IIPUMCPHO 15 xr.

Kaxoii-mnbo cnenuanbHoil (GOpMbI JEIOHUPOBAHUS AMUHOKHUCIOT M OENIKOB, MOJ00HO
[JIFOKO3€ WJIM KUPHBIM KHUCJIIOTaM He cyuecTByer. 11o3ToMy pe3epBoM aMHUHOKHCIOT MOTYT
CIIY’)KMTh BC€ (DYHKLMOHAJIbHbIE U CTPYKTYpHbIE O€JKM TKaHEH, HO MPEeUMYIIECTBEHHO OeiIKu
MbllI. B opraHusme denoBeka B CYTKHM pacmajaeTcs Ha aMHHOKHMCIOTHI okojio 400 r Oenkos,
IPUMEPHO TaKO€ K€ KOJIMYeCTBO cHHTe3upyercs. [loaToMy TKaHeBble O€IKH HE MOTYT
BOCTIOJIHATh 3aTpaThl aMUHOKUCIIOT MPH MX KaTaboJIM3Me W UCIOJIb30BaHUHM HAa CHHTE3 JPYTUX
BeulecTB. Ilepuon momypacnaga OenKOB pa3iMyeH — OT HECKOJIbKUX MHUHYT JO HECKOJIBKHX
CyTOK. IlepBUYHBIMM MCTOUHMKAMU AMHUHOKHUCIIOT HE MOTYT CIY>KUTb W YIJI€BOIBI, TAK KaK U3
HUX CUHTE3UPYETCS TOJBKO YIIIEPOJHAS 4aCTh MOJIEKYJIbI, @ aMUHOTPYIINA MOCTYNAET OT APYTUX
aMUHOKHUCIIOT. ClieJ0BaTe€IbHO, OCHOBHBIM HCTOYHMKOM aMHMHOKMCIOT OpraHM3Ma CIy’KaT
OEJIKH ITHIIH.

[Tokazarenem, OTpa)karOIIMM WHTEHCUBHOCTh aMHUHOKHCIOTHOTO OOMEHa, SBIseTCS
a30TUCTBIH 0aJJaHC — pa3HUIA MEXIY KOJWYECTBOM a30Ta, MOCTYMAIOIero ¢ MUIIeH, U
KOJIMYECTBOM BBIIENIIEMOr0 a30Ta (MPEMMYIIECTBEHHO B BHJIE MOYEBUHBI M aMMOHMITHBIX
coJiei).

[TepeBapuBanue O0€IKOB HAUYMHACTCS B JKEIYKE MO JecTBUEM (PEepMEHTOB KETyJOUYHOTO
COKa. 3a CyTKH €ro BbIIEIAETCA 10 2,5 TUTPOB U OH OTJIMYAETCS OT APYIMX MUIIEBAPUTEIBHBIX
COKOB CHMJIBHO KHUCIIOW peakiueil, Omaromaps HNPUCYTCTBHIO CBOOOJHOM COJSHOM KHCIIOTHI,
CEeKpEeTUPYEMON OOKIaJOUYHBIMHU KJIETKAMH CIM3UCTON KETYIKA.

Cekpenusi COJNSIHOM KHCJIOTBI IPEACTaBIISIET AKTUBHBIM TPaHCIOPT, OCYIIECTBISEMBIN
npoToHHO AT®-a30ii ¢ 3aTpaTtoit ATD.

PoJsb cONAHON KUCHOTEL:
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e JICHATYpUPYET OCIKH;

e CTEpWIM3YET MUIILY;

e BBI3BIBACT HAOYXaHUE TPYAHOPACTBOPUMBIX OCIKOB;

¢ aKTUBUPYET MEIICUHOICH;

e coznaet pH-onTuMyM jsist IEHCTBHSI TIETICHHA;

e CIIOCOOCTBYET BCACBIBAHUIO JKEJIe3a,;

e BBI3BIBACT CEKPEIIMIO CEKPETUHA B IBCHAIIIATUIICPCTHON KHUIIIKE.

B sxenyno4HoM coke coaepiKarcsi MPOTEOTUTHYECKHE (PEPMEHTHI MEINCHH, TACTPUKCHH H
peHHuH. ['nmaBHBIM W3 HUX sABnserca nerncuH. OH BbelpaOaThIBaeTCs ITIaBHBIMH KIIETKaMU
CIIM3MCTON JKeNylKa B BHJIE MpodepMeHTa NENCHHOTeHa. AKTHUBAIUS €ro OCYIIECTBIISIETCS
COJITHOM KHUCJIOTOM (MEUICHHAas) W ayTOKaTAIMTHYECKH TeTicMHOM (OBICTpas) ImyTeM
oTHICTICHUs ()parMeHTa MOJIUIIENTHIHON 1enu ¢ N-KoHIa (YacTU4HbIN mpoTteonns). [lpu sTom
IPOMCXOIUT M3MEHEHHE KOH(OpMalMM MOJIEKYJIbl U (OPMHUPOBAHME AKTHBHOIO IIEHTpA.
[lencun peiictByer npu 3HaueHusx pH 1,5-2,5 u gBnsercs sHAONENTUAA30H C OTHOCUTEIHHOU
creuu(UYHOCTBIO ICHCTBHUS, PAaCILEIUIAIONICH TeNTH/IHbIE CBSI3U BHYTPU O€IKOBON MOJIEKYJIBI.

Kpome mencuHa B KeIyJIOYHOM COKE COJCPIKUTCS (PEPMEHT TaCTPUKCHH, MPOSBISIOLIHNA
IPOTEONUTHYCCKYI0 akTuBHOCT, mpu pH 3,0-4,0. Ilo-BUIuMOMYy, HUMEHHO OH HaYMHACT
nepeBapruBaHue OCIIKOB.

B xenymo4HOM coke TpyIOHBIX JAeTed COAEpKUTCS (EPMEHT PEHHUH, KOTOPBIA UMEET
OonplIoe 3HAUCHWE JJIsI TEpeBapUBaHUS OCNKOB Yy TPYAHBIX JETeH, T.K. KaTalu3HpyeT
CTBOpaXMBaHHE MOJIOKa (MPEBpalllEeHUE PaCTBOPUMOI0 Ka3eMHOIeHa B HEPACTBOPUMBII Ka3euH),
B pe3yiapTaTe  Yero  3aMeUisieTcsl  MPOJBMKEHHME  HEpacTBOPUMOIO  Ka3eWHa B
JBEHAAIIATUIIEPCTHYIO KUIIKY U OH JIOJIbIIIE TIOJIBEPraeTCs IeUCTBUIO IPOTEa3.

OO6pa3zoBaBmuecs B pe3ybTaTe ACHCTBHS METICHHA B )KETY/IKE TIOJTHUIICITH/IBI TOCTYIAIOT B
JIBEHAUATUIIEPCTHYIO  KUIIKY, KyJa  BBUIEISETCS  COK  TOJDKENYJO0YHOM  KeJle3bl.
[Tankpeatnueckuil COk MMeeT IenouyHyro peakuuto (pH 7,5-8,2), yTo 00ycrnoBiI€HO BBICOKUM
cojgepxkaHueM  Oukap6bonatoB. Kucmoe cozepkumoe, IoCTymaromee M3 KeIyJaKa
HEUTpaNn3yercsi, U ETNICHH TePSET CBOI0 aKTHBHOCTb.

B nmaHkpeaTHuecKOM COKE COAEp)KaTcsi MPOTEONUTHYECKHE (EepMEHThl TPHIICHH,
XUMOTPHUIICHH, KapOOKCUIIENTHAA3a M 3jacTa3a, KOTOpble BbIpaOaThIBAIOTCS TaKKe B BHJE
npodepMeHTOB. TpPUIICMHOTEH AaKTHBHUPYETCsl SHTEPOKHMHA30i (BbIpaOaThIBaeTcs KIETKaMU
CIIM3UCTOM JIBEHAJUATHUIEPCTHOM KHILIKH), TEPEXOAUT B AaKTUBHBIM TPUIICUH, KOTOPBIN
aKTUBUPYET BCE OCTaJbHblE (EPMEHTHl MOJUKETYAOYHOIO M KHIIEYHOro coka. Kierku
MOJKEITYI0YHOMN JKeJe3bl 3allUIIeHbl OT ACUCTBUS MPOTEa3 TeM, 4TO (EPMEHTHI KeNTyI0UHOTO
coka 00pa3yloTcs B BHJIE€ HEaKTHUBHBIX NPEIIIECTBEHHHUKOB, a B MaHKPEac CHUHTE3UPYETCs
0co0bIit 6enok-unrnourop tpuncuHa. B nmonoctu JKKT nporeassl He KOHTAaKTUPYIOT ¢ OeKaMu
KJIETOK, TIOCKOJIBKY CIIM3UCTasi 000JI0UKa MOKPHITA CIIOEM CIIM3H, a KaKJas KJIeTKa COACPKUT Ha
Hapy>KHOW TOBEpXHOCTH IIa3MaTU4YecKod MeMOpaHbl TOJHMCaxapuabl, KOTOpble HE
PaCHICTUISIOTCS MpOoTea3aMu. PaspylieHne KIeTOYHBIX OEIKOB (pepMEHTaAMH KEITYJOUYHOTO HIIH
KHIIEYHOT'O COKA MPOMCXOUT MPHU S3BEHHON OOJIE3HH.

[lepeBapuBaHue MPOAYKTOB MPOTEOIM3a MUIIEBHIX OETKOB B TOHKOM KHILIEYHHUKE
OCYIIECTBIISICTCSI C MOMOINBIO aMHMHO-, M-, M TPUNENTUIa3, KOTOpble (YHKIHOHUPYIOT
MPEUMYIIECTBEHHO MPUCTEHOYHO.

Takum 00pa3oM, KOHEUHBIMH HpoaykTamu mnepeBapuBaHus OenkoB B JXKT sBusiorcs
CBOOOHBIE aMUHOKHCIIOTHI, KOTOPHIE BCACHIBAIOTCA.

BcacbiBanue aMHHOKHUCJIIOT.

[TporcxoauT myreM aKTHMBHOTO TPAHCIOPTA € Y4aCTHEM NEPEHOCYMKOB. MakcuManbHas
KOHIICHTPALUsl aMHMHOKHUCIIOT B KpOBH jaocturaercs yepe3 30-50 MuH mocie npuema GelKOBOM
numy. [lepeHoc dyepe3 HIETOUHYIO KaeMKy OCYILECTBIIAETCS LENbIM PSIOM MEPEHOCUYHKOB,
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MHOTHE M3 KOTOPBIX JEHCTBYIO NMpU y4acTHu Na'-3aBHCHMBIX MeXaHM3MOB cummopTa. [Ipuaem
AMUHOKHUCIIOTHl KOHKYPHPYIOT JIpyr C JAPYyroM 3a CHEIU(PUYECKHE YYACTKU CBS3BIBAHUS.
BbBIICHEHO, YTO CYHIECTBYIOT TpPAHCHOPTHBIE CHUCTEMBI, MEPEHOCAIIME aMUHOKUCIOTHI
OTIPE/ICIIEHHOTO CTPOSHUS: HEUTPAIbHBIC C HEOOIBIINM PAIUKATIOM, HEUTPAIbHBIE C 00HEMHBIM
paauKagIoM, KUCIble, OCHOBHbIE U UIMHUHOKHUCIIOTHI.

B mnacrosimee Bpems, pacmudpoBaH MEXaHHW3M TPAHCIOPTA AMUHOKHCIOT B KIETKU
KUILEYHHKA, MO3ra, IOYeK, IOJYyYUBIIMM Ha3BaHHe Y-TIyTaMWIbHOrO IuMKkiIa Maiictepa,
KITFOYEBBIM (DEpMEHTOM KOTOPOTO SIBISIETCA Y-TIIyTaMUITpaHcdepasa.

BcocaBmmecss aMUHOKHCIIOTHI MONAIA0T B MOPTAIbHBIA KPOBOTOK M, CIEIOBATEIILHO, B
IICUCHb, a 3aTeM B OOIINI KPOBOTOK. OCBOOOKIAETCS KPOBb OT CBOOOIHBIX aMHHOKHUCIIOT OY€HB
obicTpo — yxke uepe3 5 muH 85-100% wux oxaspiBaeTcsi B TKaHAX. OCOOCHHO WHTECHCHUBHO
AMHHOKHUCJIOTHI TIOTJIONIAOTCS NIEYCHBIO U TOYKAMHU.

Tema 25. AMUHOKHCJIOTEI M 0€JIKH.

[IpakTuueckas pabora Ne3 OrmpeneneHue NUIIEBONM U OMOJIOTMYECKON IIEHHOCTH OEJIKOB.
Heas: Onpenenenue NUILEBONH U OMOJOTMUECKON IEHHOCTH OEJIKOB.

OOMeH OesKOB 3aHMMaeT 0co00€ MECTO B MHOTOOOpa3HBIX MPEBPAICHHSIX BEIIECTB,
XapakTepHBIX JUIsl BCEX JKUBBIX OpraHu3MoB. CyIIeCTBEHHOE BIMSHUE Ha OEIKOBBIH OOMEH
OKa3bIBACT XapPaKTCP MNHUTAHUA, B HACTHOCTH, KOJIMYCCTBO NPUHUMACMOTO C HI/IHIGf/'I OeJlka U ero
Ka4eCTBEHHBIN COCTaB.

[Tpu HETOCTATOYHOM MOCTYIUICHUHU OCIIKOB C MUIIECH pacmaj TKaHEBhIX OCJIKOB OpraHu3Ma
MPEBOCXOAUT uX cuHTe3. [IpuHATHIE HOpPMBI Oenka [Js YelOBEeKa YYUTHIBAIOT pa3HbIe
KJIMMAaTUYEeCKHUE YCIOBUS, BO3PACT, YCIOBUS TPpYa, MPopeccrio U Apyrue GaKkTopsl.

CyrouHas moTpeOHOCTh uenoBeka B Oenkax coctasnser 100-120 r npu Tpare obuiero
konuuectBa sHepruu 12 000 x/Dx, mis moneit ¢usuueckoro tpyna — 130-150 r, a qua nereit
paHHero Bo3pacta — 55-72 r. OTCYTCTBHE WJIM HEIOCTATOK OEJIKOB B IMHIIE CONPOBOXKIACTCS
3a/Iep>KKOH pocTa, MaJIeHUEM Beca Tejla U BBI3BIBAET Psii OOIMIMX MAaTOJOIMYECKUX U3MEHEHHH B
opranuzMe. OCOOEHHO 4YyBCTBHUTEIbHBI K OE€IKOBOMY TOJIOJJAHWIO HEpBHAs U HSHAOKPUHHAs
CHCTEMa, U B IIEPBYIO OYEpelb KOpa rOJOBHOTO MO3Ta.

CocrossHue OeIKOBOTO OOMEHa B OpraHu3mMe 3aBUCUT HE TOJBKO OT KOJHUYCCTBA
MNPpUHHUMACMOTO C nuIei 66.]'[1(21, HO W OT €ro Kad4€CTBCHHOI'o COCTaBa, OIMPCACIIAIOIICTO
6I/IOJ'IOFI/I‘IGCKYIO OCHHOCTD IMUIICBBIX OCIIKOB.

[IpuHrmaemble ¢ nuiied OeNKH 3HAYUTENbHO OTIMYAOTCS IO CBOEMY AMHHOKHUCIOTHOMY
coCTaBy M OHMOJOrMYecKOW IIeHHOCTU. buonorndeckas II€HHOCTh O€JIKOB oOmpeaessercs,
[JIABHBIM 00pa3oM, CleIyomuMH (pakTopamMu:

— bauzocmoeio amunokucnomunozo cocmaeéa nuuie6020 0eaKa K AMUHOKUCIOMHOMY
cocmagy 0enxoe mena. Yem Ommke aMUHOKHUCIIOTHBIA COCTaB MPUHUMAEMOI0 MUIIEBOro Oerka
K aMHHOKHCJIOTHOMY COCTaBYy O€JIKOB OpraHM3Ma, TEM BBIIIE ero OMOJorHuecKas IIeHHOCTh. J{is
4eJIoBeKa, HalpuMep, OCIKU Msca, MOJIOKA, sIMIl OMOJIOTHYECKH Oosiee IIEHHBI, TOCKOJIBKY HX
AMUHOKHUCJIOTHBI COCTaB OJIM)Ke€ K aMHUHOKHCIOTHOMY COCTaBY OpPraHOB M TKaHEW YesloBeKa.
OpHako 3TO HE MCKIIOYaeT IpHeMa pacTUTENbHBIX OENKOB, B KOTOPBIX COJEPKHUTCA
HE0OXOIUMBIA HAOOP AMUHOKHUCIIOT, HO B APYTOM COOTHOIICHHUH.

— Cmenenvio yceoenus nuuieozo oOenxka. CTENEeHb YCBOCHMs JIIOOOr0 IHUIIEBOTO
MPOJIYKTAa 3aBUCUT Takke OT J(P(EKTUBHOCTH €ro pacrnajga ToJ BIUsSHUEM (HEPMEHTOB
KEITYA0YHO-KUIIIEYHOTO TpakTa. Psii OeTKOBBIX BEIIEeCTB, HarpuMep, GUOPOUH IIeNKa, KepaTUH
BOJIOC, POTOB, KOIIBIT M JIp., HECMOTPSI Ha WX OJU3KUN aMUHOKHCJIOTHBINA COCTaB K OejKaM Tena
YeNOBeKa, IMOYTH HE UCHONB3YIOTCS B KAauecTBE MHINEBOTO Oelika, MOCKOJIbKY OHHU He
TUAPOJIU3YIOTCS TPOTEHHAa3aMH JKEIYJOYHO-KHUIIEYHOrO0 TpaKTa 4YeloBeKa U OOJBIIMHCTBA
JKUBOTHBIX.
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— Coodepiycanuem 6 0Oenxkax He3ameHUMblx amunoxuciom. W3BectHo, uro u3 20
AMUHOKHCIIOT, BXOJISIIUX B COCTaB OEJIKOB, TOJIHKO 10 crIOCOOHBI CHHTE3UPOBATHCS B OPTaHU3ME
YyeJloBeKa M KUBOTHBIX — 3TO 3aMEHHUMBbIE aMUHOKHUCIIOTHI, OcTalbHble 10 aMUHOKHUCIIOT (BajMH,
JCHINH, W30JCHIMH, TPEOHWH, METHOHWH, TpuntodaH, (CHUIATAHWH, JIU3UH, TUCTUIWH,
apruHUH) HE CUHTE3UPYIOTCSA B OpraHU3MeE U SIBJISIFOTCS He3aMEHUMBIMH. Takue aMUHOKHUCIIOTHI,
KaK TUCTHIMH U apTUHUH OTHOCSITCS K IMOJTy3aMEHUMBIM (4aCTUYHO 3aMEHUMbBIM), T.€. OHU MOTYT
CUHTE3UPOBATHCS B OpraHU3Me, HO B KOJIMYECTBE, HEJAOCTATOYHOM ISl COXPAaHEHUS! HOPMAIbHOMN
KUBHEJEATSIILHOCTH 4esioBeka. CreoBaTelIbHO, HE3aMEHUMbBIE aMHUHOKHCIIOTHI JIOJDKHBI OBITH
00s3aTeNbHO BBEJIEHBI B OPTaHU3M YeJIOBEKa WIIM KUBOTHOTrO ¢ numieil. Ecnu ux Oyner B nuiie
HEJ0CTATOYHO, TO HOPMAJIbHOE PAa3BUTUE U )KU3HEAEATEILHOCTh OPraHM3Ma HapyIIaloTCsl.

Taxxe CICAYCT OTMCTUTH, YTO HEAOCTATOK B ITHUIIEC OI[HOﬁ HE3aMEHHMOM aMUHOKHCIIOTHI
BCACT K HCIIOJIHOMY YCBOCHUIO JPYIUX aMUHOKHCIIOT.

BmMmecTe ¢ TeM OBLIO JOKa3aHoO, 4TO HOTpe6HOCTI/I OTACIBHBIX HC3aMCHHUMbBIX aMHHOKHUCIIOT
MOT'YT OBITH YaCTUYHO KOMIICHCHUPOBAHbI 3aMCHUMBIMU aMUHOKHCJIOTaAMHU. HaanMep, TUPO3HUH
CHMXKACT HOTpe6HOCTB B (I)CHI/IJ'IaJ'IaHI/IHe, OUCTCHH CHHMXKXACT HOTpe6HOCTB B MCTHOHHMHC, a
TJIyTaMHUHOBAs KUCJIOTA B apruHHUHC.

J71g OLleHKH OMOJIOTUYECKON IIEHHOCTH MUIIEBOro Oelka Ba)KHOE 3HAUYEHHE MMEET 3HAHUE
€ro aMUHOKHCIIOTHOTO cocTaBa. OTaebHbIE OCIKH MOTYT OBITh OMOJIOTHUECKH HETIOJHOLCHHBI
[0 CBOEMY aMHHOKHUCIIOTHOMY cocTaBy. OJHAaKO HEOOXOIMMO HCCIIEOBATh AaMUHOKHUCIOTHBIN
COCTaB HE OT/EIbHBIX OEJIKOB, @ BCErO MX KOMIUIEKCA, COIEPXKALIErocsl B MUILIEBOM MPOIYKTE.
TonpKo Mpu TaKOM MOJXOAE MOTYT OBITh MOJTYYEHBI MPaBUIbHBIC JaHHbIE 00 aMHUHOKHCIOTHOM
cocTaBe, a CJIE€JOBATEIbHO, U O MHUUIEBOW LEHHOCTU MpOAyKTa. Tak, Hampumep, LEIbHOE
KYKypy3HO€ 3epHO cofepxuT 2,5% nuzuna, 0,7% tpuntodana, B TO BpeMs KaK BbIACICHHBINA U3
KYKypy3bl OCIIOK 3€MH HE COACPKUT JHM3MHAa BooOmie, a Tpuntodana B HeM Bcero 0,1%.
[TosToMy, uis muTaHus OOJbIIOE 3HAYCHHE HMMeEET COAJlaHCMPOBAHHOCTh AMUHOKHCIOTHOTO
cocTaBa OEJIKOB.

ITo conmepxaHuio B OejKe HE3aMEHUMBIX AMUHOKHCIOT, ONpPEENAEeMBbIX XHMHUYECKUMHU
METOJIaMH, BBIYHMCISAIOT AMUHOKHUCIOTHBIH CKOpP, KOTOPBIM XapaKTEpPHU3yIOT OHOJOTHYECKYIO
LIEHHOCTh OesKka. B mpoaykre onpenensioT cojepkaHue KaxJoi He3aMEHUMON aMUHOKHUCIIOTHI.
HaiinenHoe KoIM4ecTBO BBIUUCISIOT B MPOLEHTAX K COJAEPYKAHUIO TOM K€ aMMHOKMCIIOTHI B
uneanbHOM Oenke (KypHHOro siiia, Mosioka). Yamie Bcero B KayecTBE MJI€AIbHOrO Oerka
NPUHUMAIOT aMUHOKHUCIOTHYIO mKany komuteta @PAO/BO3. AMHUHOKUCIOTHBIM CKOp Kaxa0i
HE3aMEHUMOM aMHHOKHCIOTHI B uaeanbHoM Oenke (mkane @AO/BO3) mpunumarot 3a 100 %.
Pacuer ckopa Beayt o ¢popmysie

AK :g 100 (1)

2

rac A— KOJIMYE€CTBO, MT, HE3aMECHMMOM aMUHOKHUCIOTBI B 1 T HCCIICAYEMOTO 66.]11(3.;

B — kommuecTBO, MI, dTOM ’K€ HE3aMECHMMOM aMMHOKHCJIOTHEI B |1 I maeajlbHOro Oejika
(maHHBIe aMUHOKHCITIOTHOM miKaybl @AO/BO3).

[To BBIYHCIEHHOMY CKOPY OMNPEACISIIOT JUMUTHPYIONIYIO OHOJOTUYECKYI0 II€HHOCTH
M3y4aeMoro 06enka — aMUHOKHUCIIOTY ¢ HAUMEHBIIIMM CKOPOM.

Takum oOpa3om, JuIsi HOPMAJIBLHOTO POCTa M TAPMOHUYHOTO Pa3BUTHS OpraHU3Ma YesIOBeKa
0oJbIIOE 3HAYEHUE HUMEIOT COCTaBIEHHE W TMOAOOp MHUIIEBBIX MPOIYKTOB, COAEPIKAIINX
ONTUMAIBHBI AaMHUHOKHCIOTHBIA COCTaB U OOECTIEYMBAIOIMINX (PH3UOJIOTHYECKH TTOJTHOIIEHHOE
MUTAaHUE JUISl Pa3JIMUHBIX TPYIIT HACEICHUSI.

Tema 26. ®U3UKO-XUMMHYECKHE H3MEHEHHMSl OPraHUYeCKHX BelleCTB MHUIIEBbIX
NMPOAYKTOB.
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Leab: MO3HAKOMUTHCS C BIMSIHUEM TEXHOJIOTHYECKOW 0OpabOTKM Ha COCTaB MUILIEBBIX
MIPOJTYKTOB.

Bomnpocsl 15 00CcyKaeHUs:

1. BnusiHue TeXHOJIOTUYECKOW 00pabOTKH HA COCTAB MUIIEBBIX MPOTYKTOB.

2. IlpeBpamieHus yrieBoaoB, OEIKOB, JUIUIOB MPH MPOU3BOJICTBE MPOAYKTOB MHUTAHUS,
(bakTOpbI, BIUSIONINE HA TAHHBIC TTPOIECCHI.

3. Cpoiictea BMC.

4. HabyxaHue u pacTBOPEHHE IMOJMMEPOB, (PAKTOPHI, BIHSIONINE HA JAHHBIC POIIECCHI.
5. CtynHu, METOAbI IOTyUYEHUS, CHHEPE3UC.

6. I3MeHeHune yriieBoI0B, OEIIKOB, )KHPOB B TEXHOJIOTHUECKUX MPOIIECCaX

HatuBHasg TpexmepHas CTpyKTypa O€NKOB MOAJEPKHBAETCS pazHOOOpa3ueM BHYTPHU- U
MEXMOJIEKYJISPHBIX CHUJ U TONEpeuHbIX cBs3ed. JIioOoe u3MeHeHue yclloBUM cpeabl B
TEXHOJIOTUYECKUX MOTOKaX IPOU3BOACTBA IHMIIEBBIX MPOAYKTOB OKa3blBaeT BIUSHHME Ha
HEKOBAJICHTHBIE CBS3M MOJIEKYJIIPHOM CTPYKTYpbl U MPHUBOJIUT K Pa3pylICHUIO YETBEPTUYHOM,
BTOPUYHON U TPETHUYHOW CTPYKTYpbI. Pa3pyleHre HaTUBHOM CTPYKTYpBI, CONPOBOXKIAIOIIEECs
norepeid  OMOJIOTMYECKOH  aKTHBHOCTH  (()epMEHTATUBHOW, TOPMOHAIBHOMN), HA3bIBAIOT
neHarypauveil. C  (u3M4YecKOM TOYKM 3pEHHUs JICHATYpalUI0  pPacCMaTpUBAalOT  Kak
pasymnopsiodeHre KoHPOpMalry MOJUIETITHIHON enn 03 N3MEHEHHUS IEPBUYHON CTPYKTYPHI.
[Tponiecc neHaTypanuu OpOTOMEpa CXEMaTHYECKU MpejacTaBieH Ha puc.  JleHaTypauus
OJIMTOMEPHOTO OeJIKa 3aKII0YaeTCs B JUCCOLUALNY HA IIPOTOMEPHI, COIIPOBOKAAIOIICHCS U HE
COIIPOBOKIAOIIEICS H3MEHEHHEM UX KOH(POpPMAaLUH.

HaTUBHBLIA OesloK NCHATYPHPOBaHHBIN Genok

Puc. Cxema nenatypauuu npotomepa

BonpmnHCTBO OENKOB JEHATYPHUPYIOTCS B IPUCYTCTBUU CUIBHBIX MHHEPAIBHBIX KHCIIOT
WM OCHOBAaHWM, TPU HArPEeBaHHWM, OXJIKICHUH, OOpabOTKE TMOBEPXHOCTHO-AKTHBHBIMU
BellecTBaMH (JOJICIMICYIb(PaTOM), MOYEBUHOM, TYaHUIMHOM, TshKeNbIMH MeTauiamMu (Ag, Pb,
Hg) unm opranvueckuMu pacTBOPUTENSMHU (ITaHOJIOM, MeTaHoJoM, aueroHoM). lllupokoe
MPUMEHEHUE KUCIOT, OCHOBAHUM, COJIEH, OPraHMUEeCKUX pacTBOPUTENEH MPEeAyCMaTpUBAETCS B
MPaKTUKE BBICIICHUS] OCJIKOB M3 IMHINEBOTO CHIPhS M TOTOBBIX MPOMYKTOB MPU M3YyYEHUU HX
CBOMCTB M CTPYKTYPHBIX OCOOCHHOCTEH, a TakKe MPH SKCTPAKIIUU U OYUCTKE B TEXHOJOTUU
BBIJICJICHHS] KOHIICHTPATOB M U30JIATOB. JleHaTypupoBaHHBIE OEITKH OOBIYHO MEHEE PACTBOPHMBI
B BOJI, TaK KaK WX TMOJHIIECTITUHBIC IIEMH HACTOIBKO CHIIBHO MEPEIUIeTeHbl MEXIy COOOM, 4TO
3aTPYAHSIETCS TOCTYI MOJIEKYJ paCTBOPUTENS K paJrKajaM OCTaTKOB aMUHOKHCIIOT.

Bonpmas wacte OenkoB neHarypupyetcs mpu 60-80°C, ogHAKO BCTpEUArOTCS OCIKU U
TEPMOCTaOUIIbHBIC, HAIPUMED, O-TAKTOTIOOYJIUH MOJOKA U O-aMUIa3bl HEKOTOPBIX OaKTEpHid.
[ToBbilIeHHasT YCTOMYMBOCTh OENKOB K HArpeBaHUIO 4acTO OOYCIIaBIMBAETCS HAIUYUEM B UX
cocTaBe OOJIBIIOTO KOJIMYECTBA AUCYIbPUIHBIX cBsi3edl. OJHAKO CTENEHb JICHATYpPUPYIOIIETO
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BO3EHUCTBUS TEMIIEPATyphl HA OEIKHU 3aBUCHUT U OT UX BIAXKHOCTHU, PEAKILUH U COJIEBOTO COCTaBa
Cpelipl U IPUCYTCTBUS HEOETKOBBIX coequHeHuil. Hanpumep, Temneparypa neHaTypanuu 0eIKoB
COU U TOJACOJIHEYHUKA CYIIECTBEHHO IOHMXKAETCSl B NMPHUCYTCTBUU KHUCIOT JKUPHOIO psAja, B
KHCJION U BJIaKHOM cpezie, HO MOBBIIIAETCS B IPUCYTCTBUU CaXxapo3bl U Kpaxmasia.

@DakTophl, BBI3BIBAIOIINE JIEHATYpAIMI0 OEIKOB, UMEIOT 0CO00 Ba)XHOE 3HAYCHME IS
peryaupoBaHUs  aKTHBHOCTH  (epMeHTOB. JItoOble BO3ACHCTBUS, HANpaBICHHBIE Ha
CTaOUITU3alMI0 BTOPUYHOW U TPETUYHOW CTPYKTYpbI, NMPUBOAST K TMOBBIIICHUIO AKTUBHOCTU
(depMeHTOB, a Te, KOTOPBIE pa3pyIIaloT HATUBHYIO CTPYKTYPY, K X UHAKTUBALIUH.

YYEBHO-METOANYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHUE
JAUCHHUIIJINHBI
Pexomenagyemas aureparypa
OcCHOBHBIEC HCTOYHUKHU:

1. Cracp H.®. O0mas u HeopraHuveckas XuMus [DIEKTPOHHBIA pecypc| : CIpaBOYHHK
misn CIIO / H.®. Crack. — ONeKTpOH. TEKCTOBble JaaHHble. — Caparos:
[TIpodobpazosanme, 2020. — 92 c. — 978-5-4488-0022-1. — Pexum pocryma:
http://www.iprbookshop.ru/66393.html

2. Jposnos, A. A. Xumus [DaexkTpoHHBINA pecypc] : yueOHoe nocobue mns CIIO / A. A.
Hpoznos, M. B. JIpo3noBa. — DIeKTpOH. TEKCTOBbIe naHHble. — CaparoB : Hayunas
kaura, 2020. — 317 c. — 978-5-9758-1900-0. — Pexum pocryna:
http://www.iprbookshop.ru/87083.html

3. benuk B.B. ®usnueckas M KOJJIOWJHAS XUMHUS @ YYEOHUK I CTYH. YUpexaAeHuin
cpen.npod.odpazoanus / B.B. bemuk, K.M. Kuenckas.— M. : U3narenbckuii meHTp
«Axagemus», 2019. — 288 c.

JIONOJIHNTEIbHbIE HCTOYHUKH:

1. [yrane#t M.B. Xumus Oenka [DnexkTpoHHbIM pecypc] : ydeOHoe mocobue / U.B.
[Myraneit, A.B. I'a-pabamxny, 1.B. Llenunckuil. — DNEeKTpOH. TEKCTOBbIE AaHHbBIE. —
CII6. : Ilpocnext Hayku, 2019. — 200 c. — 978-5-903090-54-9. — Pexxum poctyna:
http://www.iprbookshop.ru/35818.html

2. Penerutop mo xumuu [InexktponHsii pecypc] / A.C. EropoB [u nap.]. — DHEeKTpoH.
TEKCTOBBIE JaH-HbIe. — PocToB-Ha-/lony: ®enukc, 2019. — 764 c. — 978-5-222-28049-
2. — Pexwum nocryna: http://www.iprbookshop.ru/59423 . html

HNHTEpHET HCTOYHUKHU:
http://www.chemnet.ru — xumMudeckasi ”HGOPMAIIOHHASL CETh XUMUYECKOTO (paKyIbTeTa
MI'Y um. M.B. JlomoHOCOBa;
http://www.ximuk.ru — 6a3a 3HaHUI IO XUMHUYECKUM JUCIUILITUHAM;

http://www.chemistry.ru — MyIbTUMeIUNHHBIN yueOHBINH OHIalH-KypC «OTKpBITasi XUMHUS
2.7».
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Tabnuna 1. Crangaprabie HTaALNUN  o0pasoBanus AfH9s , suTpomum S'208 ¥ SHeprum

I'u66ca oopazosanus ArG%29s8 HekoTOpbIX BemecTs npu 298 K (25 °C)

BemecTBo AH® 208 kJTx/MOIB S%os Jlax/monb K A/G9s KJIK/MOIB
Al (k) — 28,32 —

AlL0O3 (k) —-1676 50,9 —1580
C(rpadwur) — 5,7 —

CO (1) -110,5 197,5 -137,1
CO2 (1) -393,5 213,7 -394.,4
CHa4 (1) -74.,9 186,2 -50,8
C2Hz (1) 226,8 200,8 209,2
C2H4 (1) 52,3 2194 68,1
CH30H (x) —238,6 126,8 -166,23
C2H50H (1) -235,3 278 -167,4
CaCoOs (k) -1207,1 92,9 —1128,7
CaO (x) —635,5 39,7 —-604,4
CaCs (k) -62,7 70,3 —-67,8
Ca(OH); (x) -986,2 83,4 —898,5
CuO (x) -162 42,6 -129,4
Fe (k) — 27,2 —

FeO (k) —264,8 58,8 —2443
Fe;0s (k) —822,2 89,9 -740,8
Ha (1) — 130,6 —

H>O (1) -241,8 188,7 —228,6
H>0 (k) —-285,8 70,1 -237,3
H3POs4 (k) -1279.,9 110,5 -1119,9
NH; (1) —46,2 192,6 -16,7
NH4 NO3 (k) -365,7 151,1 —-183.9
NO (1) 90,3 210,6 86,7
NO: (1) 33,5 240,4 51,84
N20(1) 82,1 220 104,2
02 (1) — 205 —
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PCl; (r) 277 311,7 -286,3
PCls (r) -369,4 324,6 -362,9
P>0s (k) 1492 114,5 ~1348.8
Pb (k) - 64,9 -

PbO (x) 217,3 69,5 -188,5
PbO; (k) -276,6 76,4 219

Taonuya 2. Pacmeopumocmev coneii u ocnoseaunuii 6 eooe (P — pacmeopumoe, M —
manopacmeopumoe, H — npakmuuecku nepacmeopumoe eeujecmeo, Npoyuepk — o3navaem,
Umo éeuiecmeo He Cyuiecmeyem Uil paziazaemcs 6000ii)

AHHMOHBI
Katnonsi
OH- | CI" | S | NOs3 | SO32 | SO4 | COs3 | CrO4? | SiO3* | POs | CH3CO
_ 2 - 3 o-
NH4* 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*t - 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
Ba** P P P P H H M H H H P
Zn?* H P | H P H P H H H H P
Hg** - P | H P H P - H - H P
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Fe?*

Fe3*

AP

Cr3+
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