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JlaHHBIE METOJUYECKHE PEKOMEHJAIMHU COOTBETCTBYIOT IporpamMMme IO XHMHUHU IO
HanpaBieHuto moAroToBku 16.03.01Texnudeckas ¢usmka. B xaxmom paszzgene mpencTaBiIeHO
KpaTKO€ TEOPETHUUECKOE BBEJEHUE, OOJeryarouiee IOHMMAaHWE OCHOBHBIX IIOJIOKEHUH

H3y‘laeM0ﬁ TEMBI, IIPUBCACHBI BOIIPOCHI U 3alaHUA IJIs1 CaMOCTOATCIIBHOI'O PCIICHMS.

1 OcHoBHBIE MOHATHS U 3aKOHbI XUMHH

XuMHsA — 3TO HayKa O BELIECTBAX U UX MPEBPALLEHUAX IPYT B Ipyra.

BemecTBo — 3TO COBOKYITHOCTb MOJIEKYJI, UMEIOIIUX OJUHAKOBBIA Ka4€CTBEHHBIN U
KOJIMYECTBEHHBIN COCTAaB U OAMHAKOBOE CTpOoeHuE. BemecTBa coCcToSIT U3 MOJIEKYIIL.

MouJekyJjia — Menpyaiilias yacTuiia BeriecTa, 001a1ao1as BCeMU ero XUMUYECKUMU
CBOICTBaMM, MOJIEKYJIa COCTOUT U3 aTOMOB (/17151 6J1arOpOHBIX Ta30B MOHSITHS AaTOMBI U
MOJICKYJIbl PABHO3HAYHBI).

ATOM - XUMHYECKHU HEAEIMMAasl YaCTULIA, U3 AaTOMOB COCTOAT MOJIEKYJIbl. ATOM -
3JIEKTPOHENTpalIbHAsA YaCTULA, COCTOALLAS U3 MOJOKUTEIBHO 3aPSKEHHOTO SApa, BOKPYT
KOTOPOTO 110 CBOMM CTPOI'0 ONpeAEIEHHbIM 3aKOHaM PACIIPEIeIeHbl OTPULIATENILHO 3apsKEHHBIE
aneKTpoHbl. CyMMapHBIN 3apsj] 3JEKTPOHOB PaBEH 3apsaay sapa.

SImpo aToMa COCTOUT U3 POTOHOB (P) ¥ HEWTPOHOB (N), 00IIIee Ha3BaHHE KOTOPBIX —
HYKJIOHBI, IPOTOH HECET MOJI0KUTENIbHBIN 3apsijl, HEUTPOH HE UMeeT 3apsAaa. Macca NpOTOHOB U
HEUTPOHOB MMPAKTUYECKH paBHa.

DnextpoH (€7) HeceT OTPHUIIATENBHBIN 3apsil, paBHBIN 3aps1y mpoToHa. Macca
3JIeKTpoHa cocTanisieT npuMepHo 0,05% oT Macchl OJHOTO HyKJIOHa. Takum o6pa3om,
IIPAKTUYECKH BCS Macca aToMa COCPEOTOYEHA B €T0 SJIPE.

UYucno NpoTOHOB B aTOME PaBHO 3apsA1y Apa U Ha3bIBAETCS MOPSAKOBBIM (ATOMHBIM)
HOMEpoM — Z. Tak kak aToM 3J€KTPOHENTPaJIEH, TO YUCIIO JIEKTPOHOB PABHO YHCIY MIPOTOHOB
(TTOpsSIAKOBOMY HOMEDY).

MaccoBoe 4HCJI0 — 3TO CyMMa IIPOTOHOB U HEUTPOHOB B siipe. COOTBETCTBEHHO,
YHCJIO HEUTPOHOB PABHO PA3HOCTU MEX]Ty MAaCCOBBIM YHCIIOM U MOPSIIKOBBIM HOMEPOM

N=A-Z (1.2)

XHWMHYECKUE CBOWCTBA ATOMOB ONPEAEIAIOTCS UX 3JIEKTPOHHBIM CTPOCHHUEM (UHCIIOM
AIIEKTPOHOB), KOTOPOE PABHO MOPSIKOBOMY HOMEpY (3apsiny siapa). CiienoBarebHO, BCE aTOMBI
C OJJMHAKOBBIM 3apsAJIOM A]Ipa B XUMUYECKOM OTHOIIEHUHU BEAYT ceOsl MPaKTUYECKH OJJMHAKOBO,
U paccMaTpPUBAIOTCSI KaK aTOMBI OJTHOTO U TOTO YK€ XUMUYECKOTO 3JIEMEHTA.

XHMHUYECKHUI 3JIeMEeHT — 3TO COBOKYITHOCTh aTOMOB C OJMHAKOBBIM 3aps0M Spa.
ATOMBI, UMEIOIINE OJIMHAKOBBIH 3apsi/, MOTYT PAa3IMUaTHCSl MACCOBBIM UMCIIOM, YTO CBSI3aHO C

Ppa3InYHbIM YU CIIOM HeﬁTpOHOB B UX dJpax.



H30TONBI — aTOMBI, UMEIOIINE OJAMHAKOBBIN 3apsijl, HO Pa3JIUIHOE MacCOBOE YHCIIO.
W3oTombI BOIOPO/Ia, UMEIOIINE HHIUBUIYAThHOE HA3BaHUE U CUMBOJIBI, TPUBEICHBI B TA0JINIIC
1.1.

Tabmuma 1.1 M3otomnel atoMa Bogopoaa

O6o3HaueHne H iD iT
Hasanue [Ipotuit Henrepuit Tputuit
Cocras spa 1n 1p+1n 1p+2n

1.1 ATomHas equHuna Mmaccol (a.e.m.). Uucsao ABoraapo. MoJb

Macchl aTOMOB U MOJIEKYJI OUY€Hb MaJIbl (10‘24-10'22 r). Jist mpakTHYECKOro
OTOOpaXeHHsI 3TUX Mace IeIeco00pa3HO BBECTU CBOIO €AMHUILY U3MEPEHUs, KOTopast
npuBoaMiIa OBl K yIOOHOH M MPUBBIYHOM IKase. Tak Kak Macca aToMa COCpeI0TOYEeHA B €T0
A7Ipe, COCTOSIIIEM U3 MPAKTUYECKU PAaBHBIX 10 MacCe IPOTOHOB U HEUTPOHOB, TO JIOTMYHO 32
€MHUILY MacChl aTOMOB MPUHATH MacCy OJJHOTO HYKJIOHA.

VY cnoBUIINCH 32 €IMHUILY MAacChl aTOMOB MPHUHATH Maccy 1/12 uzortomna yriaepoaa 2c,
UMEIOLIEr0 CHMMETPUYHOE CTpOeHHUE spa (6 IPOTOHOB U 6 HEUTPOHOB). DTy €AUHUILY Ha3BaJIU
aTOMHOU enuHUIEH Macchl (a.e.M.). OHa nmpubIu3nuTenbHO paBHa Macce |1 HykiioHa. B 3ol
HIKAJIE MacChl aTOMOB OJIM3KH K LIeJI0YnCciIeHHBIM 3HaueHnsaM: He = 4; Al = 27; Rd = 226.

Haiinem mMaccy 1 a.e.M. B rpammax:

1,993-10723

——=166-10"%r (1.2)

m(la.em.)= 1—12m(C) =

Paccunrtaem uucno a.e.m., cogepixaiieecs B 1t

- 60221023 (1.3)

m(aem)  1,66-10~24r

[MonyueHHoe 4ncino HasbiBaeTcs YucaoM ABoraapo (Na), OHO MOKa3bIBACT, CKOJIBKO a.€.M.
COJICPKHUTCS B OJTHOM TPaMMe.

ATOMHasi Macca — Macca aToMa, BEIpa)KCHHAs! B ATOMHBIX €IMHUIIAX MACCHI.

MousekyJsipHasi Macca — Macca MOJICKYJIbI, BRIPQKEHHAsI B ATOMHBIX STUHHIIAX
MacChl, HAXOIUTCS KaKk CyMMa Macc BCeX aTOMOB, 00pa3yIOIIUX JaHHYIO MOJICKYITY.
m (1 monexyavt HySO4) =12 + 321 + 164 = 98 a.e.m

Jliist iepexo/ia OT aTOMHBIX €IMHHUI] MACChI K TPAKTUYECKH UCTIOIh3yEeMON B XUMUHU
enuHuIEe — | T - BBEJW MOPIHUOHHBIN MOCYET BEIMIECTBA, IPUYEM KaX/1ash TOPIHS COACPIKHUT
YKCII0 ABOTaJIPO CTPYKTYPHBIX SIUHHMIL (ATOMOB, MOJICKYJI, HOHOB, JJIEKTPOHOB). B 3TOM Cityuae
Macca TakoW TOPIMU, Ha3bIBAeMOH | MOJIb, BEIpaXKEHHAs B TpaMMax, Oy/IeT YMCIIEHHO PaBHA

aTOMHOM W MOJ'ICKy.]'IprHOfI MaccCe, BBIPAXKCHHBIX B aTOMHBIX €IMHHULIAX MAaCCHhI.

M (1momb H,SO4) = 98-1,66-102* x 6,022:102 = 98 r..
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1 MoJIb — KOJIMYECTBO BeIeCTBa, coAepxaiiee Na CTPYKTypHBIX €AMHMIL (ATOMOB,
MOJIEKYJI U TIp.)

Moasipuas macca (M) — macca 1 MoJib BeniecTBa, BRIpaKeHHas B rpaMmax.Vv

KonuyectBo BemiecTBa (V) [Moib]: Macca BemecTBa (M) [r] u MojekyssipHas macca (M)

[r/MOJIB] CBSI3aHBI COOTHOILLIEHUEM:

VvV = ﬁ (14)

1.2 OcHoBHBIE 32aKOHbI XUMUH
3aK0H MOCTOSTHCTBO COCTABA BelIECTBA - XUMHUECKH YHCTOE BEUIECTBO HE3aBUCUMO
OT cItoco0a CBOETo MOJyUEHHS BCETIa UMEET IMOCTOSTHHBIM Ka4eCTBEHHBIN U KOJTHYSCTBESHHBIN
COCTaB.

BemecTBa, nMeronme NoCTOSHHBINA COCTAaB Ha3bIBalOTCA AAJbLTOHUABI. B kauecTBe
MCKJIIOUEHHS] U3BECTHBI BELIECTBA C IEPEMEHHBIM COCTaBOM- 0epTOJIHAbI (OKCU/bI, KapOuIbl,
HUTPpHU B 1 Tak nanee). Hanpumep, TiOggs — TiO1 33,

3aKoH cOXpaHeHHsI MacChl - MAacca BEIIECTB, BCTYNUBIIUX B PEAKIIUIO, BCET/a paBHA
Macce MPOJYKTOB peakuuu. M3 3Toro ciemyer, 4To B X0A€ XUMUYECKON peaKIMi aTOMbI HE
00pa3yroTcs ¥ He UCUe3al0T, OHU MEPEXOIIT U3 OJHUX BELIECTB B aApyrue. Ha sTom ocHOBaH
110100p KO3(PPUITMCHTOB B YPABHEHUSX XUMUICCKUX PEAKIUI: YUCIIO ATOMOB KaXKI0TO
AIIEMEHTA B JIEBOH U MPaBOl YacTsIX ypaBHEHUS JOHKHO OBITH PABHO.

3aK0H JKBUBAJEHTOB- B XHMHUECKUX PEAKIIHUAX BEIIECTBA PEarupyroT U 00pa3yrTcs B
KOJIMYECTBAX PABHBIX IKBUBAJICHTOB (CKOJIBKO HKBHUBAJICHTOB BEIIECTBA U3PACX0/I0BAJIOCH,
POBHO CTOJILKO K€ SKBHBAJICHTOB JIPYrOro BEIIECTBA 00Pa30BaIOCh WIIH U3PACXOI0BAIOCH).

XUMH4YeCKHUil IKBUBAJICHT (3KB) — KOJIMYECTBO BEIIECTBA, KOTOPOE B XOJ€ PEAKIIUU
MPHUCOEANHSIET, 3aMelIaeT UIN BICBOOOXAaeT | MOJIb aTOMOB MJIM HOHOB BOJIOPO/IA.

Fe, O3 +3 H, — 2Fe + 3H,0

1 skB FeO3 = 1/6- mons

JKBUBaJIeHTHast Macca (J) — Macca OTHOTO SKBHBAJICHTA BEIIECTBA, BRIpAKCHHAS B
rpamMmax.

UToOBI paccYUTaTh YUCIIO SKBUBAJICHTOB, HEOOXOAMMO MacCy BEIIECTBA Pa3eUTh Ha

€ro SKBUBAJIEHTHYIO Maccy ().

OnpenesuM 3KBHBAJTEHTHYIO MACCy Pa3JIHYHBIX KJIACCOB COeIHMHEHM.
1. Oxkcunpl. MonspHyto Maccy €T Ha YUCIIO aTOMOB 3JIEMEHTa, YMHOKEHHOE Ha UX

CTCIICHb OKUCJICHHA.



I3(Fe,03) =— = 0 =27 r/skB; f=1/6

2:3 6
Koadduriment, Ha KOTOPBIN HATO YMHOXHUTHh MOJIIPHYIO MacCy MPHU pacyeTe
SKBUBAJICHTHON Macchl, Ha3biBaeTcs (pakrop sxkBuBasieHTHOCTH (f).
2. Kucnorsl. MosnsipHyro Maccy JesT Ha YUCIIO aTOMOB BOJIOPO/I, 3aMEIIaeMbIX B
MOJIEKYJIe KHCJIOTBI B X0JI€ PEaKIIUH.

H,SO4 + NaOH — NaHSO4 + H,0O

53 =2=2=98r/sxs; f=1

1 1
H,SO4+ 2NaOH — Na,SO,4 + 2H,0

S =%=92—8= 49 r/3ks; f=1

3. OcHoBaHus. MOJ'ISIpHYI-O MacCy ACJAT Ha YUCII0 THAPOKCHUIIBHBIX I'PYIIIL,
3aMCIIACMBIX B XOJ€ PCAKIIMU B MOJICKYJIC OCHOBAaHUMU.

AI(OH)s + HCl — AI(OH),CI + H,0
3= % = 78 r/3kB; f=1

AI(OH); + 3HCI —AICl; + 3H,0

3= ? = 26 r/akB; f=1/6

4. Conu. MossipHyto Maccy JIesT Ha IPOU3BEIEHNE YHciIa aTOMOB METAJIOB,

YMHO)KGHHHﬁ Ha UX CTCIICHb OKHCJICHUA.

3(Al1,(S0,)) = = = 22 = 57 r/3x8 ; f=1/6

2:3 6
5. HpOCTHe BCIICCTBA. MOJ'ISIpHy'IO MacCy ACJIAT Ha MPOU3BEACHUEC YHUCJIa aTOMOB B
MOJICKYJIC TPOCTOTO BEIICCTBA, YMHOXCHHYIO HAa UX CTCIICHb OKUCJICHUSA B ITPOAYKTC PCAKIIUH.

N, + 3H, — 2NHj3

I(N,) = % = % = 4,7 r/aks; f=1/6

N, + O, — 2NO

3(N,) = — =2 =7, f=1/4

22
B OKHUCIHUTCIBHO-BOCCTAHOBHUTCIBHBIX peaKI_II/IHX 1104 3KBUBAJICHTOM BCIIICCTBA
IIOHHUMAKT TaKO€ €TI0 KOJIHYECCTBO, KOTOpOG OTaacT NN HpI/ICOCJII/IHSIeT 1 MOJIb BJ'IGKTpOHOB.
HpI/I pvaeTe 3KBI/IBaJ'IeHTHOI71 MAaCCBhI BOCCTAHOBUTECIIA U OKUCIIUTCIIA UX MO.]'ISIpHyIO
Maccy JCJIUTH HA YHUCJIO OTAAHHBIX UJIN HpI/IHﬂTLIX BHCKTpOHOB.
2Fe° + 3Cl,° — 2Fe**Cly
Fe® - 3¢ — Fe* 2
Cl, + 2e — 2CI 3

I(Fe) = % = 53—6 = 19 r/3ks; f=1/3



3(Cly) =3 = = = 35,5 r/x; f=1/2

I'a3oBble 3aKOHBI
3akoHn JlaabToHA — 00lLIee JaBlIeHUEe CMECH Ia30B PaBHO CyMMeE NaplyaibHbIX

JIaBJICHUH BceX KOMIIOHEHTOB T'a30BOM CMECH.
P=XYpi=p1+p2t+..Pn, (1.6)]
rJie Pi — NapuuagbHOe JaBJICHUE I-TOTO0 KOMIIOHEHTA ra30BOM CMECH.

3akoH ABoraapo- paBHble 00bEMBI Pa3JIMUHbIX I'a30B IIPU OJJMHAKOBBIX YCIOBHIX
coJiepKaT OJJUHAKOBOE YUCIIO MOJIEKYJI.

CaencrBusi M3 3aK0HA ABOrajipo:
1)1 moub Jr060TO ra3a pu HOpMalbHBIX ycioBusx (P =1 arm = 101325 IMa = 760 mM.prt.cT; t =
0° C, 273K) 3auumaer o6bem 22,4 nutpa.
2)O0beM, KOTOPBI 3aHUMaeT 1 MOJIb ra3a, Ha3bIBACTCSI MOJIIPHBIM 00beMOM (V).
3Has 00beM rasza (CMecHu ra30B) U MOJISIPHBIM 00BEM IIPU JAHHBIX YCIOBMSIX, JIETKO pacCUUTaTh

KOJIMYECTBO rasa (B ra30BOM CMeCH).

\
V=— 1.7
Vm ( )
Ypasuenue Menpaeineesa-KitaneiipoHa - ¢BA3bIBacT KOJIMYECTBO r'a3a ¢ yCIOBUIMU IIPU

KOTOPBIX a3 HAXOAUTCS.
pV = —RT = VRT, (1.8)

rae p — nasienue, [1a
V — 06bem, M°
m — mMacca, KT
M — MosnsipHast macc, KIr/MoJib
T —remneparypa, K
va — KOJIM4YEeCTBO ra3a, Mojb
R — razoBas nocrosinnas, 8,31 Jlx/mons-K

OTHocuTeNbHAS VIOTHOCTH OJJHOT'O r'a3a MOAPYIroMY - OTHOLIEHHE MOJISIPHOM MacChl
ra3a K MOJIIpHOW Macce rasa, BHIOpaHHOTO B KaUeCTBE CTaHIapTa, TOKA3bIBAET, BO CKOJIBKO Pa3

JTaHHBIN ra3 TsKeIee Ipyroro rasa.

_ M
Cp_M

CT

D (1.9)

rae Mj, M¢; — COOTBETCTBEHHO MOJISIPHBIE MacChl HCCIIEyeMOT0 ra3a v ra3a, BRIOpaHHOTO B

KauCCTBC CTaHdapTa.



1.3 Cnioco0bI BhIpakeHUs COCTABA BelleCTBA

1. Maccosasi 10Jis1 (®) — OTHOIIIEHHE MacChl i-TOro (m;) BelecTBa K Macce Bcei cmecu (Mmy).

(1.10)

m;
w = —
my

2. Mousipaasi(MoIbHast) 10151 () — OTHOIICHUE KOJMYECTBA JAHHOTO BemecTBa (V;) K
CyMMapHOMY KOJIMYECTBY BCEX BEIIECTB B cMecH (Vy).
Vi

e=2 (1.11)

Vy

BoJIBIIMHCTBO BCEX XUMUYECKHUX 3JIEMEHTOB B PUPOAE MPEACTABICHO B BUAE CMECH Pa3TUUHBIX
M30TONOB. 3HAast U30TOIHBIN COCTaB XUMHUYECKOTO 3JIEMEHTA, BEIPAKEHHBINA B MOJISIPHBIX J10JISIX,
PacCUMTHIBAIOT CPETHEB3BEIICHHOE 3HAYaHWE aTOMHOM MacChl 3TOT0 3JIEMEHTa, KOTOpOe U
MPUBOAUTCS B ieproauyeckoi Tadbnuue [[.1. Menneneea. IMEHHO B MOJISIPHBIX JOJISAX JaHA
pacrpoCcTpaHeHHOCTh U30TOMNOB B Iipupoe. CpeaHee 3HaYCHUE aTOMHOW Macca XUMHUYECKOTO
aJIeMEHTa, IPYBEICHHBIE B Niepuoanueckoit Tadnuie .M. Menneneesa, paccunThIBaeTCs MO
dbopmyre:

A(B) =JA;-®&; = A - ®,+A, - &, ... +A, - &, (1.12)
IIpumep: paccuuTaTh aTOMHYIO MAcCy XJIOpa IO €ro U30TOIMHOMY COCTaBY, €CIM U3BECTHBI
MOJISIpHAS JTOJIS $CI1-77,5%,a ¥'CI - 22,5%.
Pemenne:
A(Cl)=35+0,775+37 0,225 =35,45 a.e.m.

3. O6bemuas nousi (¢p) — oTHoueHue oobeMa i-toro Beriectsa (V/;) k 00vemy Beeit cmecu (Vy).

_ Y
;= (1.13)
X
Jns ra3oB MossipHas 1 00beMHas! 10JIM YUCIIEHHO PaBHBI.
Vi ViV, vi
=0 Vil Vi g (1.14)

E T vy T VeV s i

CocTaB ra3oBbIX cMeceil, Kak IPaBHIIO, JAETCSI B 00bEMHBIX JOTSX.
3Hasi cOCTaB ra30BOM CMECH, JIETKO PacCUUTATh €€ CPEIHIOI0 MOJISIPHYIO Maccy.

Miazcmeen = M- i = My - g + My - Pot+... + M), - ¢y (1.15)
IIpumep : paccuuTaTh MOJISIPHYIO Maccy BO3/yXa IO €ro U3BECTHOMY COCTaBY, €CJIM U3BECTHO
gro p(N2)=78%, ¢(02)=21%, ¢(Ar)=1%.
Pemenue: Mr (Bo3ayxa)=28 ¢ 0,78 +32 0,21 +40 « 0,01= 29 r/momnb
Bonpocs! u 3a1a4n 1Jisl CaMOCTOATEIbHOTO KOHTpOJIs [1,2]:
1. Onpenenure maccy (T) KUCIopoaa, 00beM KoToporo (H. y.) coctapisieT 44,8 .
2. Ompenenute KOJIUIECTBO MOJIb XJIOpa, 00beM KOTOPOTO MPH H. y. cocTasiser 11,2 1.

3. Macca obpasna kapOoonara kaipius pasHa 10 . Onpeaenute KoJIndecTBO MOJIb STOH COJIH. .
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4. OTHOCHTENbHAS TNTIOTHOCTh Ta3000pa3HOTO OKCHA a30Ta 1Mo BOAOpoay paBHa 15. Onpenenure
MOJISIPHYIO Maccy okcuja (I/MoJb).

5.0THOCHTEIBHAS TUIOTHOCTH T'a3a M0 KKCIOPOY paBHA 2. BEIYHCIUTH €ro INIOTHOCTD O
BOJIOPOY.

6. O6vem ammuaka npu temriepatrype T = 100 °C u gaBnenuu p = 200 klla cocrabiser 62 1.
Breruucnure maccy ammuaxa (T).

7. Kakyto maccy (r) umetor 1,55- 10% mosnekyn HyO?

8. Kakoe xonuuecTBo BemecTBa (MOJb) COCTaBIAOT 6,02 10% MOJIEKYT?

9. Paccuuraiite Mmaccy atoma 30510Ta (T).

10. B xakoM M3 KpUCTAJUIOTUAPATOB MaccoBasi 10JIsl BOJIbL, IpUXOAsmasics Ha 1 Moib 0€3BOIHOIM
comu, 6ombmie? a) Na,SO4x10H,0; 6) CrCl; x 6H,0; B) CuSO4 X 5H,0.

11. MonsipHast Macca KaKuxX M3 MIPUBEJICHHBIX HIDKE BelecTB oauHakoBa: CaCOs, CuS, H3POy,
AuCls; NaBr, H,SO,4?

12. Macca raza oosemom 10 i1 (H. y.) paBHa 0,89 r. KakoBa oTHOCHTENIbHAS MOJIEKYIJIIpHAst Macca
3TOrO rasza?

13. Kakoe KoJnu4ecTBO BeliecTBa (MOJIb) XJI0Opa COACPIKUTCS B Ta3000pa3HOM XJiope 00beMoM 3
1 npu temneparype T = 27 °C u nanenuu p = 300 xIla?

14. Kakosa temneparypa (K) B cocyne oosemom 7 1, conepskamiem Mmeran CH,4 maccoii 24 r oa
nasnenueM p = 50,5 kl1a?

15. Kakue 13 HIbKe EpEeYMCIIEHHBIX Ta30B Jierye Bo3ayXa: a30T, KUCIopo, Gprop, ammuak?

16. Kakoii 06bem 3anuMaroT npu H. y. 100 mons 1ro60ro raza?

17. Yemy paBHa OTHOCHTENbHASI MOJIEKYIISIPHASI Macca ra3a, €Cliv 2,8 J1 9TOro rasa MpH H. Y.
UMEIOT Maccy 4 r?

18. Ckonbko MoJeKyn coaepkuT 1 11 moboro rasa npu H. y.?

19. B xakom oO6beme (1) aproHa COIepP>KUTCS CTOIBKO K€ aTOMOB, CKOJIbko B 11,2 1 Bomopona?
20. DKBHBaAJICHTHBIC MACCHI KAKMX BEUIECTB PABHBI HX OTHOCHTEIHHBIM MOJICKYJISIPHBIM MaccaM:
HCI; CaCly; NaHCO3; HC1O,4?

21. KakoB ¢akTop 3KBUBaJICHTHOCTU opTOhochopHoii kuciaoTsl B peakiun: HsPO4 + 3KOH =
K3PO4 + 3H,0?

22. Onpenenute (HakTOp SIKBUBAICHTHOCTH NIEpMaHTaHaTa KaJHs U CEpOBOAOPOA B
OKHCIIHTEITHLHO-BOCCTaHOBUTENBbHOM peakinn: KMnOy + HyS + HpSO4 = MnSO,4 + S + KSO4 +
H,0.

23. Metat Maccoii 6 T Ipu B3aUMOICHCTBUU C KUCIOTON BBITECHUI BOAOPOA Maccoii 0,5 T.

Onpe/:[eJmTe OKBHUBAJICHTHYIO MacCCy MeTaJlia.



24.J151s cropanusi MeTalljia Maccoil 4 T Tpedyercst Kuciaopoa oobemom 2,24 1 (H. y.). Beraucnure
HKBUBAJICHTHYIO Maccy MeTaa.
25. Ha HelTpanu3amnuio KUCIOTH Maccoi 2,45 T U3pacxo10Balid pacTBOP, COAepKamii 5,6 T

TUAPOKCHUAA KaJIWA. OHpe,Z[CJ'II/ITe SKBUBAJICHTHYIO MAaCCy KHUCJIOTEI.

2 3Jl€Kmp0HHO€ cmpoernue amoma

B atome, ¢ TOuku 3peHUs1 KBAaHTOBOWM MEXaHHMKH, SIEKTPOH paccMaTprBaeTCs
OJTHOBPEMEHHO M Kak 4yactuiia (001aaeT Maccoil, sHepruei, 3apsioM) 1 KaKk BOJIHA (SIBJICHHE
TUQPaKLUH), TO €CTh, YIEKTPOH MPOSBISET KOPITYCKYISAPHO- BOJTHOBOM Jyan3M.

Opoutanbs — 061acTh OKOJIOSIEPHOTO TPOCTPAHCTBA, B KOTOPOU Hanbojee BEPOSTHO
HaxoxeHue aekTpona (6onee 90 mporenTo). B aToii obmacTu kak ObI «pazMaszan» 3apsij
AJIEKTPOHA.

['maBHOI XapaKTEpUCTUKOM 3JIEKTPOHA B aTOME SIBJISIETCSI €0 SHEPTUsSl. DIJIEKTPOHBI C
npUOIM3UTENBHO OJJMHAKOBOW YHEPrUel pacnoaraiTcs NpuOIN3UTENbHO Ha OJHOM
paccTosHUY OT si7pa, 00pa3ys TaKk HA3bIBAEMbIi IHEPreTHYeCKUIl YPOBeHb WK 3JIEKTPOHHBIMH
CJIOH.

B npenenax o1HOTO 3HEPreTUYECKOr0 YPOBHS AIEKTPOHBI HE3HAYUTEIBHO, HO MOTYT
pa3InyaThCs M0 SHEPTUH, PACTIOArasch Ha Pa3UYHbIX SHEPTeTUUECKUX MOTYPOBHSX.

CocrosiHME AJIEKTpOHA B aTOME OIHUCHIBAETCS TaK Ha3bIBA€MbIM BOJHOBBIM YpaBHEHHEM
[[Ipénuurepa, pemenneM KOTOporo sBIsieTcs BoaHoBas GyHKius — W(ricu), KBaapaT KOTOpOn
(Y2dV) 1 ecTb BEpOSTHOCTH HAXOKICHHAS YIIEKTPOHA B HJIEMEHTapHOM 0Gbeme- dV.

Bonnogas ¢pyuxius (W) Mmoxxer ObITh 0TOOpa’keHO HAOOPOM U3 TPeX LENbIX YHUCE
(n,I,m)), Ha3pIBaEMBIX KBAHTOBBIMH YHCJIAMH.

I'naBHOe KBaHTOBOE YN C/I0(N) IPUHUMACT I[CTIOYHUCIICHHBIC 3HAYEHHS OT 1 J10
6eckoneyHoctu. OnpenenseT OCHOBHOM 3amac SHEPruu 3JIEKTPOHA, TOKa3bIBAa€T HAa KAaKOM
HHEPreTUYECKOM YPOBHE, CUUTAsl OT SJ{pa HAXOAUTCS HJIEKTPOH.

OpouranbHoe (M060YHOEe) KBaHTOBOE YHCcJIO0 (I) 3aBUCHT OT n, NpUHUMAET 3HAYCHUS
ot 0 10 (N -1) BKJIFOYUTEIBHO, TIOKA3bIBACT HA KAKOM MOIyPOBHE HAXOIUTCS 3JIEKTPOH,
omnpezensier GopMy aTOMHON opOuTaiu. YUCIOBBIM 3HAUEHHSM | TOCTaBIIEHBI B COOTBETCTBHE
OykBeHHBIE 0003HaUeHus (Tabm. 2.1)

Tabnuma 2.1 ®opma 1 YKUCIO aTOMHBIX OpOUTaNei

YucnenHoe 0 1 2 3
3HAYEHHE
BbykBenHoe S p d f




o00o3HayeHue

dopma opOuTamm

O Cnoxnas

UYwucno opOutaneit

Ha MOJYpPOBHE 1 3 5 7
MaxkcumansHOoe
YHCJIO DJICKTPOHOB 2 6 10 14

Ha MOJYpPOBHE

DJEKTPOHHOE CTPOSHHE aTOMOB BCEX U3BECTHBIX Ha CETOTHSIIHHUN J€Hb XMMUYECKUX
3JIEMEHTOB TOJIHOCTHIO OMKCHIBACTCS IIPUBEICHHBIMHU YETHIPHMSI THITAMH OpOUTANIeH: -, P-, d-
f-. . DeKkTpoHbI, HAXOIAIIUECS HA S-TIOYPOBHE, HA3bIBACTCS S-3JICKTPOHAMH, Ha P-TIOyPOBHE
—P-2IIEKTPOHAMH U TaK Jajnee

MarHuTHOe KBAaHTOBO€E Y CJI0 (M;) 3aBUCHT OT |, IpUHKUMas 1IeTI0YUCIICHHbIC
3HaueHus ot-l,.., 0,..., +l. OrpaxaeT B3auMHYI0 OpHUEHTAIMIO OpOUTANICH HA MTOyPOBHE
OTHOCHUTEIIBHO JIpyT Jpyra.Uucio 3HaueHni mj paBHO 4nCiI0 opOUTanel Ha moaypoBHe (Talml.
2.1).

Z[J'ISI IMMOJIHOT'O OITMCAaHUA SJICKTPOHA B ATOMEC HOTpe6OBaJ'IOCB BBECTHU YCTBCPTOC
1
KBAHTOBOEC YHCJIO - Mg- CMUMHOBOE, KOTOPOC MPUHUMACT TOJBKO ABAa 3HAYCHU A + E .B

YIPOIIEHHON opMe MOKHO CKa3aTh, YTO Ms OTpaXkaeT BOZMOXKHOCTh BpallleHUs DJIEKTPOHA,
BOKPYT CBOEH OCH KaK I10 YaCOBOM, TaK U IIPOTUB YaCOBOU CTPEJIKHU.
HaGop 13 dyeTblpex KBaHTOBBIX YHCEIl SBJISIETCS TOJTHOM XapaKTepUCTUKON 3JIEKTPOHA B aTOME.
2.1 PacnipenesieHue 3J1eKTPOHOB IO MOAYPOBHAM U YPOBHSIM

Pacnipenenenue 3eKTpOHOB B aTOME OCHOBBIBAETCS Ha KBAHTOBBIX YUCIIAX U
CJIEYIOIIMX MpaBUiIax: MPUHIMI MUHUMAIbHON 3Heprun, npuHuun [laynu, npasuno XyHna u
npasuiio Kieukosckoro.

1. IlpuHIMII MUHMMAJIBHOM YHEPrUM- SJIEKTPOHBI B ATOME PACIPENEISIOTCS 110
MOIYPOBHSIM B MIOPSJIKE BO3pACTaHUs SHEPTUU aTOMHBIX OpOHTaseil.

2. Ilpunuun 3anpera [layan- B aToMe He MOXET OBITh IBYX 3JIEKTPOHOB C YETHIPbMS
OJIMHAKOBBIMH KBAaHTOBBIMH yuciamMu. Clie10BaTeIbHO, Ha OJTHOW aTOMHOM OpOUTAId HE MOXKET

OBITH OOJIEE IBYX AJIEKTPOHOB.
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3. IlpaBuio XyHaa- B peiesiax OJHOTO MOAYPOBHS JIEKTPOHBI pacoIaratoTcs mo
opOUTaIAM TaKUM 00pa3oM, 4TOOBI UX CyMMapHBIH cUH ObLT MakcuMmalieH. ClieioBaTeNnbHO, B
npezenax oJHOTO MOYPOBHS 3JIEKTPOHBI CHAaYaja pacroiaratloTcsi 0 OJJHOMY, U TOJIBKO 3aTeM B

OpOUTAIISAX MOSBISETCS 10 BTOPOMY JIEKTPOHY.

v ] R -

4. IIpaBuiio Kiie4koBCKOro -3J1€KTPOHBI 110 ATOMHBIM OPOUTAJISIM PACIIONIaraloTcs B
HOPSIIKE BO3PACTAHUSI CYMMBI TJIABHOTO U OpOMTAILHOT'O KBAaHTOBBIX uncel (n+l); B Tom ciydae,
KOI'Zla Ui Pa3IMYHBIX IIOLYPOBHEH 3Ta CyMMa OJIMHAKOBA, TO JIEKTPOH 3aIl0IHAET MOAYPOBEHb

C MCHBIIIMM 3HAYCHUECM 1.

2.2 DjeKTpoHHbIE (POPMYJIbI EPBBIX YeThIpeX MepPuoI0B

Pacnpenenenne 31eKTPOHOB B aTOME IO MOJTYPOBHSIM OTOOpakaeTcs B BUC
IEKTPOHHBIX PopMyI - (OyKBEeHHO-IIU(PPOBasi), TUOO B PACIIPEACICHUH 110 KBAHTOBBIM
sTYeKaM, KaXJ1asi U3 KOTOPBIX H300pakaeT opOuTalb. B sueiikax aJeKTpOHBI PEACTABIISIOT B

BHUAC CTPCIIOYCK, €CIIN B O,HHOﬁ Op6I/ITaJ'II/I 2 QJICKTPOHA, TO CTPCIIOYKH - PA3HOHAIIPABJICHLI.
H 1st ﬂ]
A%
1 — HOMep PHEepPreTU4ecKoro ypoBHs

2 — IOJTypOBEHb
3 — KOJIMYECTBO 3JIEKTPOHOB HAa BHEIIHEM SHEPTETHYECKOM YPOBHE

oHe 15? I_ﬂ:l - IIEPBBIN YHEPTETUYECKUI YPOBEHB 3aBEPIICH
sLi 1s%2s"
4Be 157257
5B 1s%2s%2p’
10Ne 1s%25%2p° - BTOPOM HEPreTUUECKUIN YPOBEHD 3aBEPILIEH
11Na1s°2s%2p°3st

Jyig ynpoIieHus 3JIeKTPOHHBIX (POPMYIT 3aBEpILIEHHBIE YHEPTETUUECKUE YPOBHU
NPEJCTaBISIOT B BUJIE CUMBOJIA MPEIIIECTBYIONIETr0 0JaropoJHOro rasa.

11Na[Ne] 3s', 1,Mg[Ne] 3s?, 13Al[Ne] 3s%3p™...., 1sAr [Ne] 35?3p°

[Tocie aproHa clieAyrOIIMe YIEKTPOHBI MOT'YT 3aIOIHATh Kak 3d-, Tak U 4S- MOypPOBCHb,
MOPSAIOK 3aIIOJTHEHUS OIpeiensieM 1o npasuity KiiedakoBckoro.

e

3d / \45
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n+l=3+2=5 n+1=4+0 = 45
10K [Ar] 4s*
,oCa [Ar] 4s°

ITocne xanbiys, HaYMHAs CO CKaHAMS, B COOTBETCTBUU C NMPaBUIOM KII€4KOBCKOr0 HaYMHACT
3amoNHATECS 30-0AyPOBEHB, KOTOPBII 3aBepIIacTCs y IIMHKA; 3aTeM HICT 3aIll0JHeHue 4p-
OAYPOBH:, 3aBCPIIAIOILCTOCSA Y KPUIITOHA.

e
3d / \ 4p
n+1=3+2=5 n+l=4+1 = 3d
1SC [Ar] 4s%3d* ............ s0Zn [Ar] 4s%3d™

31Ga [Ar] 4s23d™%4p*....... 36Kr [Ar] 4s23d'°4p®

Haubonee ycToitunBoii sBiseTcss KOHGUTYpalus 01aropoIHbIX ra3oB (nsznpﬁ), o
JOCTHKEHUH KOTOPOH SHEPTeTUICCKUI YPOBEHb CYMTACTCS 3aBEPIICHHBIM.

J1JIs 9JIeMEHTOB, Y KOTOPBIX Ha d-TIOypOBHE JOJIKHO OBITh 4 WM 9 2JIEKTPOHOB, UMECT
MECTO TaK Ha3bIBAEMBIN «IIPOBAID 3JIEKTPOHA: OJIUH U3 AJIEKTPOHOB C BBIIIEIEKAIIETO S-
MOIYPOBHS, IEPEXOUT Ha HIKeNexkalui d-moaypoBeHb. DTO CBA3aHO C TEM, YTO HAMOJIOBUHY
WJTH TTOJTHOCTBIO 3aIOJTHEHHBINA d-TI0AypPOBEHb YHEPreTHUECKH 0OJiee BBITOJICH (MIOATPYIIa
Xpoma u Meau). Y Bosb(pama MpoBail 3JIEKTPOHA OTCYTCBYET, 3TO CBSI3aHO C TEM, YTO MEKIY

6s-u 5 d- MMOAYPOBHAMH pacrojaracTcs rnoJIHOCTbIO 3amOJIHEHHEIN 4f- NoAypOBCHb.

copanades TR Q-0 (ORAMREY EE

2.311epuoanueckuii 3aK0H 1 nepuoanyeckas radbuuna /.. MenaeneeBa

Ilepuonnuecknii 3aK0H — CBOICTBA 3JIEMEHTOB, a TAKXKE CBOICTBA U (POPMBI UX
COEIMHEHUI HaXOATCS B IEPUOANUECKON 3aBUCUMOCTH OT 3apsJia siAep 3JIEMEHTOB (0T
aTOMHBIX Macc B (popmynupoBke Menaeneea). OToOpakeHHEM SMIMPUIECKOTO 3aKOHA
ABIsieTcs nepuoaudeckas Tabnuua .M. Menneneena.

B nepuoauueckoit Tabaulle Bce 3J1€MEHThI CTPYIITUPOBAHbI B TOPU30HTAIbHBIE PSIbI —
NepUobl U BEPTUKAIIbHBIE CTONOIBI — FpyNnbl. Pa3innyaror n8e GopMbl MEpHOIUIECKON
TaOJIUIBI — JUIMHHYIO M KOPOTKYI0. B umnHHONIEpHOAHOM popMe Kax bl Iepro]l peACcTaBIeH
B OJIUH PsiI, @ KaKaas MOJArpyIna — BbIIeTeHa B OTAEIbHBIN cTonben. HemqoctaTok —

OTCYTCTBHMEC KOMIIAKTHOCTHU U HAITIAJHOCTH, TPYAHO BBIACIIUTE OTACIIBHBIC DJICMCHT.
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Bbonee mmpoko ucnosb3yercst KOpoTkasi popMa U3-3a CBOEH HarsaHOCTH. HemocrtaToxk —
AJIEMEHTHI INIaBHBIX M MOOOYHBIX MOATPYII 00BETNHEHBI B OHY IPYIIILY, JUITMHHBIE TIEPUOIBI
NpEeCTaBJICHUE B JIBA PAJA, IPH TOM OTAEIHHO BHIHECEHBI f-371€MEHTHI.

B nepuoanieckoii Tabnune .M. MenneneeBa pa3nnyaroT epBble TPU KOPOTKUX
nepuoza, CoJlepKalliux COOTBETCTBEHHO 2-8-8 aeMeHTOB; U ueTsipe AauHHbIX: 1V u 'V no 18
aneMeHToB, B VI — 32 snementa, VII — He 3aBepén. Kaxplil nepuo HaunHaeTcsl MEI0YHbIM
METAJUIOM U 3aBepIIaeTcsi OJaropoIHBIM T'a30M, TO €CTh B IEPHO/IAaX CBOICTBA JIEMEHTOB C
POCTOM MOPSIIKOBOIO HOMEpa U3MEHSETCS OT TUIMYHOTO MeTajlia 0 THIMYHOro HemeTtasia .B
rpynnax Boeiensiercss A- u B- noarpynmnsl (riaBabie U mo6ouHsie).B A-noarpymnmax
pacnonaraercs S- u p-3JIeMeHThI, B B- moarpynmax — d- u f-31eMeHThI.

PaccmoTpuM cTpoeHMe BHEITHETO (BaJIEHTHOI'0) SHEPIE€TUYECKOT0 YPOBHS 3JIEMEHTOB

OJIHOM MOATPYIIIIBI.

Li 2t ... Ti 3d%s°... N 25°2p® ... Ne  2s%2p°
Na 3 ... Zn 4d%s®... P 3s%3p® ... Ar  3s%3p°
K 4st ... Hf 5d%s®... Ar  4s%4p® ... Kr  4s%4p°

nst ... (n-1)d°ns® nsnp ... Kr  ns’np®

Kak BuHO, y 3JIEMEHTOB OJHON NOAIPYIIIBI OJMHAKOBOE 3JIEKTPOHHOE CTPOEHUE
BHEIIIHET0 YHEPIreTUYECKOr0 YPOBHS (U1l 3JIEMEHTOB A-IIOATPYIII 3TO COOJIIOJAETCS CTPOrO, AT
B-noarpynn Bo3MOKHBI OTKJIOHEHUS).

BriBoA: meproau4eckoe NOBTOPEHUE CTPOEHUS BHEIIHETO SHEPTETUUYECKOIO YPOBHS
00ycIaBIMBaAET MEPUOINYECKOE TOBTOPEHNE XUMUYECKUX CBOIMCTB 3JIEMEHTOB.

Howmep neprosa, B KOTOPOM CTOUT 3J€MEHT, OKA3bIBAET YMCIIO SHEPTETUUECKUX
YPOBHEH B €r0 aToMe; JJIsl 3JIEMEHTOB IVIaBHBIX MOATPYII MOKAa3bIBAET YUCIIO 3JIEKTPOHOB Ha

BHCIIHCM DHCPICTHUYCCKOM YPOBHE.

2.4 Tlepnoauyeckue CBONCTBA 3JIeMEHTOB

OHeprus (moreHnuas) nonusanuu (1) — sHeprus, KOTOPYIO HEOOXOIUMO 3aTPATUTD
JUIS OTPBIBA BJIEKTPOHA OT aTOMa, IIPH ITOM 00pazyeTcs MOJ0KHUTEIbHO 3apsKeHHbIN HOH. B
[IEPUOJIaxX C POCTOM MOPSAAKOBOIO HOMEpPA BO3PACTACT PUTSKEHUE BHEIIHETO DJIEKTPOHA K
APy, ¥ TOTEHIMAI HOHU3AIMU YBEJIMUMBAETCs. B rpynmnax ¢ pocToM MOPsAKOBOTO HOMEPA
MOTEHIMA HOHN3AIUN YMEHBIIIAETCS U3-3a YBEIUUECHUS PAINyCa aTOMOB.

CponctBo k d1exkTpony(E) — sHeprus, KoTopas BBIACISIETCS MPU TPUCOSTUHEHUH

3JIEKTPOHA K aTOMY, IIPU 3TOM 00pa3yeTcsi OTPULIATENILHO 3apsKEHHBIN HOH. MaKCUMaIbHBIM

CPEJICTBOM K 3JIEKTPOHY 00JIaJatoT rajoreHbl, KUCIopoa U cepa. HanMeHbMM ynciom
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3JICKTPOHOB 00JIaIaf0T 3JIEMEHTHI C 3JIEKTPOHHOM KOH(UTYpalliel BHEIITHETO YPOBHS ns® u
0J1aropoIHBIX ra30B (KaJNblUiA, MarHui, HEOH U TakK JIaJIee).

DJ1eKTPOOTPULATENBHOCTh (D) — CIIOCOOHOCTH aTOMOB MPUTITUBATH K cede
3J1eKTpOHBI. KONMM4ecTBEHHO JIEKTPOOTPUIIATEIFHOCTD XapaKTePU3YETCs MOJTyCYyMMOM SHEPT U

HOHU3AIUU U CPOJACTBA K DJICKTPOHY.
30 == (I +E) 2.1)

Bornee 4acTo UCMONB3YIOT MOHATHE OTHOCUTEIBHON AIICKTPOOTPHLIATEIBHOCTH.
DEeKTPOOTPULIATEIIEHOCTD HJIEMEHTOB CPAaBHUBAIOT C AJICKTPOOTPHLIATEIBHOCTHIO JINTHS, Ybe
3HaYCHHE TPUHATO 32 €AUHHILY. B 3TOI 1IKoJIe MaKCUMaIbHYIO 3JIEKTPOOTPULIATEIbHOCTh UMEET
drop (4,0), kucmopox (3,5), azor (3,0). Haumenbliieit 371eKTpoOTpUIIATEIBHOCTHIO 00J1a/1a10T
IIEJI0YHbIE U IIEI0YHO3eMENIbHbIE MeTalIbl (cpeanee 3nauenue — 0,8-1,0).

B nepuosmax ¢ pocToM nopsAKOBOro HOMepa JIEKTPOOTPUIIATEILHOCTh BO3PACTaEeT, B
rpynnax yObIBaer.

Paanyc atoMa — mooBUHA MEXBSAJIEPHOTO PACCTOSHUS MEKAY COCETHUMH aTOMaMu
JUISL BELIECTB B KPHUCTAIUTMYECKOM COCTOSHHH.

B nepuoze ¢ pocToM HOPsIIKOBOrO HOMEpPa paJinyc YMEHbBIIAETCA, a B TPYyIIax —
YBEITMYHBACTCH.

Bonpocskl 1 3a1a4u VISl CAMOCTOSTETLHOT0 KOHTPOJIs [1,2]:
1.9nexrponnas hopmyia aroma 1s?2522p®3s%3p®. Onpenenute 3eMeHT 1 Bce BOSMOYXKHBIE
BAJICHTHOCTH.
2.J1ns1 anemenTa ¢ popmysoi 15%25%2p°35%3p°4s? OIIPENEIIUTE ATOMHBIN HOMEP.
3. st aTOMa C 9IIEeKTPOHHOI (POPMYIIOil BHEIIHHX HIeKTPOHOB yKaxuTe 4s°3d'%4p? onpenenuts
YHCIIO HECTIAPEHHBIX 3JIEKTPOHOB B OCHOBHOM COCTOSIHHH aTOMa.
4. DnexTpoHHas popMyia aToMa 15%25%2p®3s%3p°. VkaxuTe BBICIIIYIO BaJICHTHOCTb JJIEMEHTA.
5. DnexkTpoHHas GopmyIia aToma 15%25%2p®3s%3pP4s?. VkaxuTe uncio HECIIapEHHBIX JJIEKTPOHOB
B OCHOBHOM COCTOSTHHH.
6. YKaxxuTe 2IeKTpoHHYI0 hopMyiy aroma Gropa. a)1322522p6; B)1522522p2; 0) 1322522p5; T)
15225%2p°3s°.
7. DnekTpoHHas Gpopmylia aToma 15%25%2p®3s%3p®4s°3d'%4p*. Vkaxure BBICIIIYIO BaJIEHTHOCTb
DIIEMEHTA.
8. J1ns psia 4acTuI YKaKuTe Te, U1 KOTOPBIX JIEKTPOHHbBIE GopMyibl oauHakoBhl. a) ClI |, F,
Br ; B)Li", Na", K" ; 6) Mg®* ,F,Na ;) N, O, F.

9. VKakuTe, Kakue U3 4acTHIl UMeIoT 23 anektpona. a) F~; B) Na; 6) Al; r) Na™.
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10. YkaxuTe MOJHYIO 3JEKTPOHHYIO (hOpMYITy aTroMa 23V B OCHOBHOM COCTOSTHUH, pacriojiaras
opOuTanu (FHEPreTUIECKUe MOIyPOBHH) B COOTBETCTBUHU C YBEIMUYECHHEM dHepruu. Onpenenure
HAOOp YeThIPEX KBAHTOBBIX YHMCE JJISl IIOCIEAHETO AIEKTPOHA JAHHOTO 3JIEMEHTA.

11. Ykaxkute nosHy0 3JEKTPOHHYIO GOpMYITy aToma 30Zn B OCHOBHOM COCTOSTIHUM, pacrojaras
opbuTanu (3HepreTudeckue MoAypOBHU) B COOTBETCTBUH C YBEIUYECHUEM PACCTOSHUA OT sJIpa.
Omnpenenute HaOOp YETHIPEX KBAHTOBBIX YMCEII IS IIOCIICAHETO AJIEKTPOHA JAHHOTO 3JIEMEHTA.
12. YkaxuTe NOJIHYIO 3JEKTPOHHYIO (POpMYIly aToMa 35Br B OCHOBHOM COCTOSIHUH, paciojiaras
opbuTanu (3HepreTudeckre MoAypOBHU) B COOTBETCTBUH C YBEIUYECHUEM PACCTOSHUA OT sJIpa.
Omnpenenute Bce BO3MOKHBIE BAJIGHTHOCTU U CTETNIEHU OKUCIICHUS JAHHOTO AJIEMEHTA.

13. YkaxuTe NOJIHYIO 3JCKTPOHHYIO (POPMYITy aTOMa 345¢ B OCHOBHOM COCTOSIHUH, pacrojiaras
opOuTanu (3HepreTuyeckue noAypoBHH) B COOTBETCTBUH C yBeJIMUEHUEM dHepruu. Onpenenure
BCE BO3MOJKHBIE BAJIGHTHOCTU U CTETICHU OKUCIJICHUS JAHHOTO AJIEMEHTA.

14. YkaxxuTe NOJIHYIO AIEKTPOHHYIO PopMyiy aToma 15P B BO30YXI€HHOM COCTOSIHHH, U MOHA
P,

15. YkaxuTe NOJTHYIO 3JEKTPOHHYIO (OPMYITy aTOMa B OCHOBHOM COCTOSIHUH, pacioJiaras
opbuTanu (3HepreTuyecKue MoAypOBHU) B COOTBETCTBHH C YBEIIMYCHUEM PACCTOSHUS OT SApa,
€CJIU MOCIIEAHEMY JIEKTPOHY JaHHOTO 3JIEMEHTa COOTBETCTBYIOT CIIEAYIONIME KBAHTOBBIC YHCIA!
n=3;1=2; m=1; mg=—-%. Kakoii 310 3siemeHT?

16. YkaxuTe MOJTHYIO JIEKTPOHHYIO0 (OpMYITy aToMa 16S BO BCEX BO3MOKHBIX BO30YXICHHBIX
COCTOSIHUSIX.

17. OkucauTeneM WM BOCCTAHOBUTENEM MOTYT ObITh aToM oF 1 non F .

18. Ykaxkure Bce BO3MOKHBIE 3JIEMEHTHI, OTPULIATEIbHbIE HOHBI KOTOPHIX BCTPEUAIOTCS B
XUMHUYECKHX COETUHEHHSIX U UMEIOT CIEAYIOUIYIO 3JIEKTPOHHYIO KOHPUTYpaLUIO:
15°25%2p°3s%3p°.

19. Pacnonoxwure cieayromye opouTany (3HepreTudeckre NoJypoBHHI) B MOPSAKE BO3paCTaHUS
sHepruu: 3p, 3s, 3d, 4s, 4p. Mcnosib30BaHrEe KaKOTO IIpaBuUIIa MO3BOJISIET MOATBEPAUTH JAaHHYIO
IIOCJIENOBATEILHOCTE?

20. Pacnionoxwute criemyromie opouTanu (3HepreTuyeckue Mo lypoBHU) B MOPSIKE BO3PACTAHUS
sHepruu: 4p, 4s, 4d, 5s, Sp. Mcnonp3oBaHue Kakoro mpaBuia Mo3BOJSET MOJTBEPIUTH JaHHYIO

IIOCJIENOBATEILHOCTE?

3 Xumunueckas CBA3b

XuMHnuyecKas CBA3b — Pa3InYHbIC B3aUMOJICHCTBUSI, 00YCIaBINBAIOIINE YCTOMINBOE
CyIIIECTBOBaHHUE 2-X 1 MHOTOATOMHBIX MOJIEKYJI, HOHOB U paaukaioB. OCHOBHBIM MPU3HAKOM
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00pa30BaHMs XUMUYECKOW CBSA3H SIBIISIETCS MOHMKEHUE SHEPTUU CUCTEMBI B CPAaBHEHUU C
SHEprueil N30JUPOBAHHBIX YACTHUII, U3 KOTOPBIX 00pa3yeTcs NaHHas CTPYKTypa.

E

lo

Eo

Eo, — min E, oTBeuarorias 3a 00pa3oBaHne XUMHUYECKOM CBA3H;
I — pacCcTOsSTHUE MEXIY SIpaMH, B3aUMOICUCTBYIOIIMX aTOMOB B MOJICKYJIE.
B ocHoBe 00pa3oBaHusi XUMHUYECKUX CBS3EH JIGKUT B3aUMOICHCTBUE TTOJIOKHUTEIIBHO
3apsKEHHBIX sIIEp OJHOTO aTOMa, a TAKXKe 3JIEKTPOHOB APYT C JAPYTOM.
Buapl xumMuueckon CBS3U:
» KoBanenrHas
» HWonnas
» BogopoaHast
» Meramnnueckas
XapakTepUCTUKH CBSA3EH:
JHeprus ¢Bs3M — 3TO dHEPrus, HeoOXoauMast 1S pa3phiBa cBsi3u. (kJk/Moiib)
JJImHa ¢BAI3M — pACCTOSTHUE MEXKAY SApaMHU B3aMMOJICHCTBYIOIIUX aTOMOB B
MOJIEKYJIe, YeM MEHBIIIE IJTHA CBSI3U, TEM OHA MPOYHEE, TeM OOJIbIIIE €€ IHEPTHUSL.
JI7151 KOBaJIEHTHOM CBS3M Ba)KHOW XapaKTEPUCTUKOM TaK K€ SBIIAIOTCS HACHIIIAEMOCTh —
MaKCHUMaJIbHOE YHCJIO CBSI3€H, KOTOPOE MOXKET 00pPa30BhIBATh ATOM; HANIPABJIEHHOCTh —
B3aMMHOE PACIIOJI0KEHUE CBsI3€H B MOJIEKYJIE XapaKTepU3yeTCs BAJICHTHBIM yTIIOM.
Cl-Be-ClI 0]
N —
180° H / ¥I
104°

KpaTHOCTL — YHUCJIO JJICKTPOHHBIX I1ap, OTBCTCTBCHHLIX 3a O6p&30BaHI/Ie XHUMHUYECKOH
cBs3u. YeM BEITIIE KpaTHOCTb, TEM MCHBUIC €€ JIJINHA.

CH3-CH;3 0,154um

CH,=CH, 0,134am
16



CH=CH 0,120um

IonsipHOCTH CBA3eli — nepepacnpeecHue 3JIEKTPOHHOM INIOTHOCTH B MOJIEKYJIE B
CTOPOHY aTOMOB C 0OJIBIIEH JIEKTPOOTPHLIATEIBHOCTBIO.

[Tpu 0Opa3oBaHNM KOBAJIEHTHBIX M HOHHBIX CBsI3eH, KOH(UIYpaIys BHEITHUX
HHEPTeTUYECKUX YPOBHEW CTPEMHUTCS K KOH(UTYpanuu O6JaropoIHbIX ra3oB — nsznpe, TO €CTb Ha
BHEIIHEM SHEPreTU4YECKOM ypOBHE §e.

KoBaneHTHYI0 CBsI3b 0003HAYAIOT B BUJE MAPBI TOYEK, JINOO B COOTBETCTBUE K KaXKIOU

nape CTaBsAT YCPTOYKH.

H> O, N>
H:H 0::0 N:N
H-H 0=0 N=N

3.1 KoBaJjieHTHAd CBA3b

KoBanenTHasi cBsI3b — XUMUYECKas CBSI3b, 00pa3oBaHHass 0000IIEHHBIMU
AJIEKTPOHHBIMU NapaMu. [Ipyu 00pa3zoBaHMM KOBAJIEHTHOW CBSA3H BBIJENAIOT 2 MEXaHU3MA:
OOMEHHBIN U JJOHOPHO-AKIIEITOPHBIH.

ITo 00MeHHOMY MeXaHHM3MY, KaXIbli U3 B3aUMOACHCTBYIOLINX aTOMOB
IPEJOCTaBIISET CBOM HECIIapEHHBIE 3JIEKTPOHBI JUI 00pa30BaHUs 0000IEHHOMN 3JIEKTPOHHOM
apel.

H- + -H— HH

PaccmoTpum o6pasoBanue mosiekyssl BeCly.

e 2 ] [T1J +m—be [ BT

L 4

LS sia

[Ipu 06pazoBanny MOJIEKYJIbI Y aTOMa Oepuilins NpUHUMAET yyacTue 1s u 1p

AIIEKTPOHBI, OJJHAKO 00€ B CBS3M a0COFOTHO PABHOIICHHBI (OJIMHAKOBEIE UTMHA, SHEPTHS), YTO
00BsCHsEeTCS THOpUIM3aLUel aTOMHBIX opouTaneii Be npu oopasoBanun monexyist BeCl,.
I'uGpuau3anms — mnpolecc CMEIIeHUs U BBIpaBHUBaHUA 10 (hopMe U SHEPTUU

aTOMHBIX OpOUTaJIEH.
O ©OO© 20D
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1s + 1p 2sp

B3aumHoe oTTankuBaHue SP-TUOPUIN30BAHHBIX OpPOUTANCH MPHUBOIUT K CTPOCHHUIO MOJIEKYJIBI C
BAJICHTHBIM yrioM B 180 rpaaycos.

Paccmotpum crpoenue mosekyiisl BCls.

B 25°2p* FT T psB |I 1]
R 3535 HTHTI’E‘I:I T T

Cl
120° B|

CI/ \CI

ITpu o6pazoBanuu Mosekyssl BCls opoutann atoma 60pa mperepreBaroT sp2
THOPHIN3AIHIO.
B3anMHOE OTTAJIKHBAHHE SP°-THOPHIHBIX OPOUTAIIEH IPHBOIHT K IIIOCKOMY CTPOCHHIO
mozekyisl BCl; BasienTHbIM yriioM B 120 rpanycos.

PaCCMOTpI/IM CTPOCHUC MOJ‘IeKy.]‘IBI MCTAaHa CH4
N 2 an R 2] iaia
1 & ]
N J
4N

B MoJIeKyJie MeTaHa BaICHTHbIE OPOUTAIH YIIIEpOIa HAXOIATCS COCTOSHUM SP° —

rUOpUAN3aLIH.
B3auMHoe oTTankuBaHue sp3- THOPUIHBIX OpOUTANIel TPUBOJUT K TETPAIIPUIECKOMY
IIPOCTPAHCTBEHHOMY CTPOEHUIO METaHa.

Takum 06pazom, TUI THOPUIU3AIIUN OTIPEIEIAET MPOCTPAHCTBEHHOE CTPOSHUE

o 2
MOJICKYJI: Sp — JIMHECUHOEC, Sp — IJIOCKOCTHOC, Sp3 — TCTPasAPHUICCKOC.

JIOHOPHO-aKIIENTOPHBIN MEXaHU3M

B sTOM cnyyae oiuH U3 B3aMMOAECHCTBYIOLIMX aTOMOB IIPEOCTABIISIET CBOU
HETO/ICJICHHBIE AJICKTPOHHBIE TaphI(JIOHOP), KOTOPHIEC Pa3MEIIal0TCsI B CBOOOTHBIX OPOUTATISIX
JIPyroro aroMa(akIenTop).

PaccmoTpum o6pazoBanue nona ammonus NH,'.
Noo2s2pt MR BIEIE] - HNe#F ] -

— NH,"
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B none NHy' Tpu cBsi3u 06pa3yroTcst 10 0OMEHHOMY MEXaHU3MY H OJJHA — IO
JIOHOPHO-AKI[ENTOPHOMY, OJHAKO BCE YETHIPE CBS3H PABHOIICHHBI, UTO OOBSICHSIETCS
rHOpHIM3aIeil BAICHTHBIX OpOHTAlIei a30Ta, SP -THOPUAN3ALIS, IPOCTPAHCTBEHHOE CTPOCHIE
HOHA-TETPAdIP.

JIOHOPHO-aKIIENITOPHBIA MEXaHH3M 00pa30BaHMUsI KOBAJICHTHOM CBSI3HM UTPACT BAXKHYIO

poJIb 1pH 00pa30BaHNE KOMIUIEKCHBIX COSAMHEHHH, B TOM YHUCIIC B OMOKOMILICKCOB.

[HoasipHOCTH KOBAJICEHTHOM CBSA3U

Ecnu monekyna o6pa3oBaHa aToMaMH OHOTO XUMHUYECKOTO JIEMEHTa, TO 0000IIEHHbIE
AIIEKTPOHHBIE TAPBI HAXOUTCS CTPOTO IO CEPEIMHE MEXKY SAPAMH B3aMMOACHCTBYIOLINX
aTOMOB — KOBAJIEHTHAsI HEMOJISIPHAS CBSI3b.

Ecnu monekyna o0pa3oBaHa pa3HbIMU XUMHUYECKUMH 3JIEMEHTaMH, TO 0000IIEHHBIE
AIIEKTPOHHBIE TTaPHI, OTBETCTBEHHBIE 32 00Pa30BaHNE XUMUYECKOM CBS3H CMEIIEHBI K aTOMY C
OO0JIBIIEH AIMEKTPOOTPUIIATEIBHOCTHIO; HA 3TOM aTOME MOSBIISETCS YaCTHYHBIN OTPUIIATEIIHHBIN
3apsif (-0), Ha APYrOM — YACTUYHBIHN MOJOXKUTENbHBIN 3apsaf (+0) — KOBaJeHTHAs MOJIsIpHAs
CBA3b.

[Tpornecc cMeneHns AIEKTPOHHBIX Map K 00JIee AIEKTPOOTPHLIATEIEHBIM aTOMY
Ha3bIBACTCS MOJIIPU3AIMEH, a TOJSIPU30BaHHAS MOJIEKYJIa Ha3bIBACTCS AMUIIOJIEM, U300parkaeTCst

B BUJIC 3JUIMIICA C PA3HOUMCHHO 3aps’KECHHBIMU ITOJIFOCaMU.
o¥ ®H-CI?

o NG

0-CBSI3b — BaJICHTHbIE OPOUTAJIM MEPEKPBIBAIOTCS BAOJIb JIUHUH, COSTUHSIIOIEH
LEHTPBI B3aUMOJCHCTBYIOINX aTOMOB, 00pa3yeTcs S- U p- 3JEKTPOHAMHU.

T-CBSI3b — BAJIEHTHBIE OPOUTAIIN NTEPEKPHIBAETCS HAJl U MO JINHUEH, COeAMHAIONIEH
LEHTPbI aTOMOB; 00pa3zyeTcs p U d- AJIeKTpoHaMH. XapaKTepHa /sl KpaTHbIX cBsi3eil. HamHoro

cirabee cUrmMa-CcBsI3U.

BanenTHOCTH
BajeHTHOCTBH — YHCIIO CBA3€EH, KOTOPBIMU JTAHHBI aTOM CBSI3aH B MOJIEKYJIE C
COCETHUMM aTOMaMHU.
PaccmoTpum Kakue BaI€eHTHOCTH MOTYT MPOSIBIATH aTOMBI (PTOpa U XJopa.

A

VY ¢Topa Ha BHELIHEM YPOBHE OTCYTCTBYIOT CBOOOJHBIE OpOHUTAIH, IOATOMY MEPEXO/]
AJIIEKTPOHOB HEBO3MOXKEH. B aroMe (hropa mmeeTcst e IMHCTBEHHBIN HECTTAPSHHBIN YJIEKTPOH,
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Yy4acTBYIOIIMI B 00pa30BaHUU XUMUYECKOU CBS3U — BAJIEHTHOCTH (PTOpa BO BCEX COETUHEHUSIX
paBHa 1.

2n a5
cl 3% HEEEE

B atome xiopa B otiinume ot propa umeeTcst cBOOOAHBIN d-1101lypOBEHb, HA KOTOPHIH B
BO30Y)KICHHOM COCTOSTHHH BO3MOJKEH IEPEX0/ 3JCKTPOHOB C HWKEJIEeKAIIUX S- U p-
MOypOBHEH, IPU ATOM BO3MOKHOE YHCIIO HECTIAPEHHBIX 3JIEKTPOHOB B aTroMe XJopa 1; 3; 5; 7 u
COOTBETCTBYIOILINE BAJICHTHOCTH MOJKET HPOSBIIATH XJIOP B CBOMX COCIMHEHHSX.

H-O-CI - xsopHoaructas (1)
H-O-CI=O - xmopucras (I11)
H-O-CI(O), - xmopuosaras (V)
H-O-CI(O); - xnopnas (VII)

MakcumanbHasi BaJISCHTHOCTh HE MOKET MIPEBBIIIATH YMCIIa OPOUTAICH HA BHEIIIHEM
+
YPOBHE, IOATOMY Yy a30Ta B COSAMHCHUSX MaKCUMaJIbHast BaieHTHOCT paBHa 4(NH4 ', HNO3 u
ee COJIn)

Ormpenenenre BAIGHTHOCTH YIJIEpoia U KHCIOPOJa B yrapHOM rase.

e [ FIEL]
0 25%2p* ] ﬁ]ﬂﬂ] C=0
B MOHeKy.]'Ie CO JBC CBsA3U O6pa3OBaHBI 10 O6MeHHOMy MeXﬁHI/I3My, OoJHa — II0 I[OHOpHO'
aKIETITOPHOMY, TO €CTh BaJIEHTHOCTH M YIJIEPOJIA, U KUCIOPOIa PABHBI TPEM.

BI)IBO)I: MaKCuMaJIbHaAaA BAJICHTHOCTH OHpe]leJ'[f[eTCﬂ qUCJIOM HeCHapeHHBIX BJ'ICKTPOHOB
(B TOM YHCIIe, B BO30YKICHHOM COCTOSHHN) + YHCIIO CBsA3€ei, 00pa30BaHHBIX MO JOHOPHO-

AKIICTITOPHOMY MEXAaHU3MY.

3.2 Uonunas cBA3b

XapakTepHa AJIs CBA3EM MEXAY aTOMaMU TUIIMYHBIX METAJIJIOB C TUITUYHBIMHU
HeMeTaulaMu. MoJKeT paccMaTpUBaThCs KaK YaCTHBIN C1y4dail KOBAJIEHTHOW MOJIIPHOM CBSI3H,
IIPU KOTOPOIl 0000IIEeHHbIE 3JIEKTPOHHBIE MTAaphl, OTBETCTBEHHBIE 32 00pa30BaHNE XUMUYECKON
CBSI3M NMPAKTUYECKH MOJHOCTHIO CMEIIEHBI K aTOMY HEMETaslla ¢ BBICOKOM
AIIEKTPOOTPULIATENBHOCTEIO. [IpH TakoM pacnipeieIeHuH 2IEKTPUUECKUX 3apsI0B aTOM MeTaia
IIpeBpallacTCs B MOJIOKUTEIbHBIA HOH, AaTOM HEMETaJlJla — OTPULATENBHBIN HOH, IIPU 3TOM
AIIEKTPOHHBIE KOHPUTYpaliy 00pa30BaBIIMXCS HOHOB CTPEMSATCS K KOH(UTyparun
0J1aropoIHBIX ra30B. XUMHUUYECKas CBsI3b, 00pa30BaHHAS 3@ CUET NIEKTPOCTATUYECKOTO
HaNPsDKEHUST PA3HOUMEHHO 3apsyKEHHBIX MOHOB, Ha3bIBAE€TCSI HOHHOM.

Na- + Cl — Na:Cl — [Na'][CI]
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[Ne] 3s* [Ne] 3s°3p° [Ne][Ar]

Tak xak SHEprus NOHHU3AIKH, BCET1a OOJIBIIIEC YHEPTHH CPOJICTBA K MICKTPOHY, TO
HUKOT/Ia HE MPOUCXO/IUT IOJIHOTO CMEIIEHHS SJICKTPOHOB, MHBIMHU CIIOBAMH, B K&KIOH HOHHOMN
CBSI3U €CTh OIIPEJICIICHHAs JI0JIsl KOBAJICHTHOCTH (B caMO MOHHOM coeauHennu CsF cmenienne
3JIEKTPOHOB OT 11e3Us1 KO (hTOPY OCyIecTBIIsAeTCs auib Ha ~ 80 %).

OO0pazoBaBIIUeCs HOHBI CO3JJAI0T JIEKTPOCTATUIECKOE TT0JIe, IMEIoIIee C(hepruIecKyro
cumMeTpuro. [1o3ToMy i HOHHOM CBSI3W HE XapaKTepHbI HU HACHIIIICHHOCTh, HU
HaIpaBJICHHOCTh — 3apsHKCHHBIA MOH B3aUMOJICHCTBYET CPa3y CO BCEMU OKPYKAIOIIMMU €T0
IMPOTHUBOUOHAMMU. 910 IMPUBOAUT K TOMY, YTO AJId BEHICCTB C HOHHOH CBS3BIO B
KPpUCTATNINYCCKOM COCTOAHUH HCIPUMCHUMO IMMOHATUC MOJICKYJIbI — BCIICCTBO CYHICCTBYCT KaK
enuHbIi kpuctaut. Ho Mosnekysbl noHHBIX coenunenuit (Hanpumep, NaCl) cymectsyror B

razoBou (asze.

3.3 Bonopoanas cBsi3b

BonopoaHas cBsI3b - XUMHUYECKAsl CBSA3b MEXKTY MOJIOKUTEIHHO MOJISPU30BAaHHBIM
aTOMOM BOJIOPOJIa,d aTOMOM C BBICOKOH 3siekTpooTpuniarenbHocThio (F,O,N).

OO0pazoBaHue BOJIOPOAHON CBSI3H OOYCIIOBJICHO CIICIYIOIIUMHU ABYMsI (paKkTopamu:
1. Ilpu cMeneHny 3JEKTPOHA y aTOMa BOJIOPOJIa K aTOMY C BBICOKOM
ANEKTPOOTPHLIATEIHHOCTHIO BOSHUKAIOT PA3HOMMEHHBIE 3apsi/bl, YTO BHI3BIBACT
AIIEKTPOCTATUIECKOE TIPUTSHKEHUE B3aUMOJICHCTBYIOIINX ATHX aTOMOB;
2. Ilpu cMenieHnH dIIEKTPOHA Y aTOMa BOJOPOJIa B 3HAYMTEIHHON CTENEHH BEICBOOOKIAETCS
opOuTaib, B KOTOPOH YaCTUYHO Pa3MEIIAEeTCs O/IHA U3 HEMOACICHHBIX AIIEKTPOHHBIX ITap aToMa
C BBICOKOH 3JIEKTPOOTPHUIATEIBHOCTBIO, TO €CTh BOZHUKAET MPO00pa3 KOBAJCHTHOH CBS3HU 110
JIOHOPHO-aKIENTOPHOMY MEXaHU3MY.
H*"-0°-H"

JI1s BE1eCTB ¢ BOAOPOIHBIMU CBA3SMHU XapaKTEPHBI BBICOKME TEMIIEPATYPHI IIJ1aBICHUS
U KUIMEHHUs, TeTUI0Ta IUIaBJICHUS U TapooOpa30BaHusl, BICOKAs BA3KOCTh. DHEPIUs BOJIOPOIHON
cBs3u B 15-10 pa3 MeHbIlIe SJHEPTHHM KOBAaJIEHTHOM CBSI3H.

CH,-CH,OH  CH,(OH)-CH,(OH) CH,(OH)-CH(OH)-CHa(OH)

YBEJIIMYEHUE BA3KOCTH, TEMIIEPATYPhl KUIIEHUS
Bonpocs! u 3a1a4n 1J1si CaMOCTOATEIbLHOTO KOHTpOJs [1,2]:
1. VkaxxuTe, B KaKUX U3 MIPUBEICHHBIX HIKE MOJICKYJT KPaTHOCTh CBsI3M paBHA ABYM: 1) Oo; 2)
N2; 3) Clz; 4) Csz; 5) H2.
2. YkaxwuTe, B KAKUX U3 MPUBEICHHBIX HIDKE MOJICKYJI KPATHOCTH CBsi3U paBHa Tpem: 1) Oo; 2)

No; 3) Cly; 4) Ho.
21
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3. Vkaxxute MoJiekyiy, kotopas Haunbosnee nmosspraas: 1) HCI; 2) HBr; 3) HI; 4) HF.

4. YKaxxuTe MOJIEKYJIbl, B KOTOPbIX XMMHUECKHE CBA3HM KOoBaJleHTHbIE noJisipHbie: 1) HyO; 2)
H2SOy4; 3) Cly; 4) Ha.

5. YKaxuTe MOJIEKYJIbl, B KOTOPBIX UMEETCS CBSA3b, 00pa30BaHHas IO JOHOPHO-aKIENTOPHOMY
mexanmmMy: 1) Oy; 2) Ny; 3) Cly; 4) NH,4"

6. YKaKuTE COCIMHEHHS, B KOTOPBIX HMEIOTCS Sp -rubpunsie opouranu: 1) H,S; 2) NH3; 3)
HCI; 4) CO.

7. VKaKuTE COeTUHEHHUS, MOJIEKYJIBI KOTOPBIX UMEIOT JInHeiHoe ctpoeHue: 1) CO2; 2) Ho0; 3)
NHs; 4) CCl,.

8. YKaxkuTe COeIMHEHUs, B KOTOPBIX opma Monekyn TpuroHanbHas mupamuaa: 1) COz; 2) NOo;
3) NH3; 4) BF.

9. YKa)uTe COCAMHCHHS, B KOTOPBIX OPOHTAIIH LIEHTPAIBHOTO aTOMA HAXOATCS B SP°-
rubpuausanun: 1) CHy; 2) BF;3; 3) CO; 4) CO..

10. YkaxxuTe BeIecTBa ¢ KOBAJICHTHON HEMOJIpHO# cBsi3bio: 1) SOy; 2) Oy; 3) P,0s; 4) Cls.
11. Ykaxwure BemectBa ¢ nonnoi csa3pio: 1) KCI; 2) CO; 3) NOy; 4) P,0s; 5)Nal.

12. Ykaxure BellecTBa, B KOTOPHIX KOBAJIEHTHAs CBSA3b 00pa30BaHa TOJIHKO MO0 0OMEHHOMY
mexanusmy: 1) H3POy; 2) NH4CI; 3) [BF4] ; 4) H2SO:s.

13. Kakue okcuapl OyayT HMeTh 0oJiee MOIPHYIO CBSI3b: OKCHIIBI METAJUIOB | TpyIIIBI TTIaBHOM
HNOArPYHIbI WK OKCUAbl MeTasuioB Il rpynmnel rnaBHol noarpynmnel? B BeIOpaHHOM noarpyme
YKQ)KUTE 3JIEMEHT, OKCHJI KOTOPOTro MMeeT Hanbosiee MOISIPHYIO CBA3b.

14. YkaxuTte COeAMHEHUs], MEX]Ty MOJIEKYJIaMH KOTOPBIX BO3MOKHA BOJOpOAHAsA cBs3b: 1) NHs;
2) HF; 3) H,0; 4) O,.

15. B kommutekcaoMm coenunennu Ks[Fe(CN)3Cls] onpenenure 3apsiq KOMIUIEKCOOOpa3oBaTels.
16. B komrutekcaom coenunaernu [Pt(NH3),Cl,] onpenenure 3apsia koMIuiekcooOpa3oBatens.
18. B KOMIUIEKCHOM COEJMHEHUE OMpPEIETUTE YHCIO0 KOBAJICHTHBIX CBs3el, 00pa30BaHHBIX 110
noHopHo-akienropuomy mexanusmy Na[PtNH3Cls].

19. Vkakute cCoeMHEeHUs ¢ KoBalleHTHOM cBs3bio: 1) NHj; 2) NaF; 3) H,O; 4) MgO.

20. Yxkaxwure Tun rudpuauzauu B B coenqunenun BCls.

4 XuMmuueckasi TepMOJIMHAMHMKA

XuMuyeckme PCaKnuu, Kak ImpaBujio, MPOTCKAOT IMTPH ITOCTOAHHOM JaBJICHUU
(u300apHbIE MPOLIECCHI).

DHepreTudeckuii 3pHEeKT XUMHUUECKON Peaklnu- BbIIETICHUE WU TOTJIOLICHHUE,
TEIUIOTHI B XOJI€ PEaKIMHU, CBSI3aH C U3MEHEHHEM BHYTPEHHEH SHEPTHU WM SHTAIBIINN
XUMHUYECKON CHUCTEMBI.
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[Tox BHYTpeHHEH YHEPTUEN TOHUMAIOT SHEPTUIO B3AUMOACHCTBUS MEKIY
CTPYKTYpOOOPa3yIOIMUMHU YaCTUIIAMHU BEIIECTBA, 4 TAKXKE SHEPTUIO B3aMMOJICHCTBUS BHYTPH
CcaMHUX aTOMOB U MOJIEKYJI.

[Ipenmonoxum, XUMHYECKasi CUCTEMa, MOTIIOoNas TETIOTY Q MepeXxouT U3 COCTOSHUS
(1) B cocTostaue (2). Ecnu mporiece mpoTekaeTt mpu MOCTOSHHOM 00beMe, TO BCS TETUIOTa UIET
Ha U3MEHEHUE BHYTPEHHEN YHEPIHH.

Q,=U,-U;=AU (4.1)
Ecnu ImpouecC MpPOTECKACT IIPHU ITOCTOSIHHOM OaBJICHUH, TO HOFJ'IOH_[éHHaSI TEIJIOTA UACT
Ha U3MEHEHUE BHYTPEHHEN SHEPIUH U HA COBEPIIEHHUE PAa0OTHI IPOTUB BHEIMIHUX CUJI — I 3aK0H

TEPMOAUHAMHUKH.
Q= AU- A (4.2)

4.1 DHTaabNUsA
PaccMmoTpuMm, Kakyro paboTy coBepIlIaeT ras, 00pa3yromuiics Ipu NPOTEKaHUH PEAKIIUU:
CaCO3+2HCI—-CaCl,+CO,1+ H,O
Cunraem, 4YTO NOPILLIEHb JBUTAETCs 6€3 TPEHUSI 110]] TOCTOSHHBIM JaBJICHUEM.
A=Fx Al=pxSxAl=pAV (4.3)
[MoacraBum Beipaxkenue (4.3) s padboThl B ypaBHenue (4.2) u Boiaenum cymmy (U+PV)
COCTOSIHUI XuMudeckoi 1 u 2.

Q=(Uz-U1) + (PV2-PVy) = (UxtPV3) — (U1+PV3) (4.4)
Cymma (U+PV) obo3nauaercst OykBoit H 1 Ha3bIBaeTCsi IHTAIBIHEH.
H=U+PV (4.5)

JHTAJIBNNA- YHEPTUS PACIIMPEHHOM CUCTEMBI; TEpMOIMHAMHUYECKas (PYHKIUSA
COCTOSIHUSI XUMHUYECKOM CUCTEMBI, TO ECTh 3aBUCUT TOJIBKO OT HAYaJIbHOIO U KOHEYHOTO
COCTOSIHUSI CUCTEMBI, HO HE 3aBUCHUT OT IIyTH IIEPEXOAA.

Juist ax30TepMuueckux peakiueit Q>0, TerioTa BeIIENeTCs, COOTBETCTBEHHO
BHYTPEHHSS1 DHEPTUs U dHTabNUs yMeHbinatores (AH<0). g sHaoTepMUyuecKux peakuyen
Q<O0, TeroTa MOTIONIAETCS, COOTBETCTBEHHO BHYTPEHHSISI YHEPTUS M SHTAIBINS BO3PACTAIOT
(AH>0).

Taxum oOpa3oM, TeraoBoi 3¢ ekt peakuu Q U U3MEHEHUE SHTAIBIINY B XOJI€ PEaKIIUU
AH 4ncneHHO paBHBI, HO IPOTUBOMOJIOKHBI 10 3HAKY:

Q=-AH (4.6)

TepmoxumMu4eckoe ypaBHEHHs - YpaBHEHNE XUMUUYECKOM peakliii, B KOTOPOM yKa3aH
TEII0BOH 3 dekT (JTnb0 B BUC dHepreTudeckoro s¢dekra Q, mubo B BUIC U3MEHEHUS
sHTanbnuu AH.

C+ 0O, — CO; + 394 ]Ik
C + 0O, — COy, AH; =-394 x/Ix

4.2 3axon I'ecca
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3akon I'ecca -rerroBoii 3G PeKkT XuMuuecKoi peakiuu (mpu p, V= CONSt) 3aBucut
TOJIBKO OT MMPUPOAbI U COCTOAHUSA UCXOAHBIX BCIICCTB U NPOAYKTOB PCAKIIMU, HO HC 3aBUCUT OT
YKCJIA ¥ BUJIA IPOMEKYTOUYHBIX CTaJHMN.

3aBHCHUMOCTH TEIIOBOTO A (heKTa CyMMapHOTO TpoIiecca ¢ TEIIOBBIME AP deKTaMu
POMEKYTOYHBIX CTAJNN 0TOOpaXKAeTCsl FIHTANBIMHHON AuarpaMMoi. PaccMoTpuM oKuCIieHHEe
rpadura no CO,.[laHHbII MpoIiecc MOKHO MPEICTaBUTh, Kak okucieHue rpadura qo CO c
nocienyronum okucienuem CO no CO; (AH — temoBoit s dekr).

C + O, — COy, AH; = -394 x/Ix

c+§02—>co, AH,

CO + %oz — CO,, AH; = -283 ]k
AH: = AH, + AH3

DKCIepUMEHTAIEHO MOXHO OTPEeNuTh Term1oBoi 3¢ dekt cropanus rpaputa u CO —
AH; 1 AH3, HO HEBO3MOXKHO OIPECIIUTh TEILUIOBOM 3P (EKT peaKIIuu OKUCICHHS TpaduTta 10
CO, HO ero JIeTKO pacCUYMTaTh, UCTIOIBL3Ys 3aK0H [ ecca.
AH; = AH; - AH3 = -394 — (—283) = —111 x/Ix

JHTAJIBNNA 00Pa30BaAHUS BellleCTBA — TEIUIOBOU Y QeKT peakiyu oOpa3oBaHus 1
MOJIb BEIIIECTBA U3 POCTHIX BelecTB. Eciu TemnoBoit a3¢ ekt o0pa3oBaHus BeliecTBa
ofpenieNnsercs Ipu cTaHAapTHBIX ycnoBusax (t=298 K u p=1 aTM), TO TOBOPST 0 CTaHAAPTHOM
SHTanbIUKH o0pasoBanus — AH®. TabnuuHbIe ClIpaBOYHbIE JAHHBIE, ONpeaeseHbl 11 6onee 4000
BEIIECTB. DHTAIBINS 00pa30BaHMsI MPOCTHIX BEIIECTB IPUHUMAETCS 32 HOIIb.
3Has SHTAIBIINU 00pa30BaHMs, HA OCHOBAaHUHM 3aKoHa ['ecca MOXKHO ONpeenuTh TeIIOBOH
3P PEeKT XUMHUECKON peakluu o cleayrolei popmyne:
AHS =Y v; AH mpox.— Y v; AHY ucx. 4.7)
TJIE Vj ¥ Vi — COOTBETCTBYIOLINE CTEXUOMETpUUECKHE KOI(D(DULIUEHTSI;
AH7u AH? - cTaniapTHBIE SHTAIBIMK 0OPa30BaHHUs IPOYKTOB U HCXO/IHBIX BENIECTB.

Omnpenenum TermoBoi 3¢ ekt peakuuu:

Al,O3 (kp) + 3SO;3 (r) — Al2(SO4)3 (kp)

AHp = AH°(Al5(SQ4)3) - (AH(Al2O3) + 3AH®(SO3)) = -3442,2 — (-1876 + 3:(-396,1)) = -577
KkJ[x.

TenJioTa cropanus TOIJIMBA — TETIOBOH 3(PPEKT peakinu OKUCICHUS KUCIOPOIOM
DIIEMEHTOB, BXOJISIIIMX B COCTAB BEIIECTBA IO 00pa30BaHUs BBICIIMX OKCUAOB.Ecin TerioBoi
3 PEKT OTHOCAT K eJMHULIE CcropeBIlero Tomimaa (1 Monb, 1 Kr), To TOBOPAT 00 yIeNbHOI
TEIIOTE CTOPAHHUSL.

Paccunraem YACIBbHYIO TCIJIOTY CTOpaHUs 3TUJIOBOI'O CrikpTa:
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CH3-CH2-OH(>MH) + 0, — 2C02(F) + 3H20(F), AH=?
AHS = (2AH*(CO,) + 3AH(H,0)) - AH*(C,HsOH) = 2-(-306,3) +  3-(-241,8) — (-277,7) =

K/

=-1234,7

MOJIb

KaHOPHﬁHOCTb IMAIIH - IIPU OKUCJICHUHN IIPOAYKTOB IIMTAHUA B OpraHU3ME YCTIOBEKA

BbIACIISICTCA DHECPIUA.

CeH1,06 + 60, — 6CO, + 6H,0: AH = -2816 <2

MOJIb

CpenHuii pacxo/i SJHEPrUM B CYTKHU y YEJIOBEKA: B COCTOSIHUU NOKOA: 6-7 ThicsaY KJIK;
npu paboTe co cpenHeil HUHTEHCUBHOCTBIO: KEHIIUHBI 7-9 Thicsd KJK; y My»uuH 9-13 ThICSY
KJIX.

DHepreTUYEeCcKyr0 HEHHOCTh UM MPUHATO BbIpaKaTh B KKal:  1kkan = 4,19 xJIx.

1 KKaJ — KOJIMYECTBO TETUIOTHI HEOOXOIMMOE /IJIsi HarpeBaHus 1Kr Bojabl Ha 1 rpamyc.
KanopuiiHocTh TPOyKTOB (KKAJI/T): Macjio CJIMBOYHOE 7-7,5; xup 9; 6enku 4; opexu 5,5; chip 4-

5; caxap 4; msco 2,6; xieb oenbrii 2,4; sitno 1,45; s6moku 0,5-0,6; anenbcunst 0,35; muso 0,35.

4.3 DHTpOnusA

AuTponus (S) — TepMoIHAMUYECKas: HYHKIINS, XapaKTEPH3YIOLIas Mepy
HEYIOPAIOYEHHOCTH B CUCTEME.

Bce xumuueckne mpoueccsl MOKHO pa3/IeMTh Ha JiBa TUIA: TPOTEKAOIIUe
CaMOIIPOMU3BOJILHO U HE IPOTEKAIOIIUE CAMOIIPOU3BOJILHO;

Kpurepruem camMonpon3BOJIBHON peakliuy SBISIOTCS IHTAJBIIUUHBIA (PAKTOP — Kak
IIPABUJIO CAMOIIPOM3BOJIBHO MTPOTEKAIOIINE PEAKIINY, UIYIINE C BBIIECIEHUEM TEIIOTHI;
IHTPONUMHBIN (PAKTOP — B CAMOIIPOU3BOJIBHBIX IIPOLECCAX HEYNOPAJIOUYEHHOCTD ITPOLIECCOB
BO3pacTacr.

DHTpOIUS MOKET ObITh OXapaKTepU30BaHA YHNCIOM MUKPOCOCTOSHUNA XUMHUYECKOMN
CHCTEMBI: YHCIJI0 MTHOBEHHBIX KOOPJIMHAT U CKOPOCTEH MOJIEKYJ, 00pa3yromuX XUMUYECKYIO

CUCTCMY. Tak xak 3T0 YHCI0 OYEHb BCJINKO, TO 6CpCTC$I J'IOI“apI/I(I)M OT 4ucliia MHKpOCOCTOHHHﬁ.

S=RInW [Moﬂb.K] 4o
rae R —rasosasg nocrosauas, R = 8,31 [Mi):}(] ;

W — 4uciio MUKPOCOCTOSIHUH.
B ornunuue oT BHYTpEHHEW SHEPTUU U SHTAJIBIIMU, KOTOPbIE HE MOTYT OBITh U3MEPEHbI
a0cosr0THO (OmpeeNsIeTcs UMb UX U3MEHEHHE), SHTPOTHS MOXKET ObITh H3MEpeHa

HEMOCPECACTBCHHO, YTO BBITCKACT U3 MMOCTYJIaTa IInanka.
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Mocryaar [lnanka - SHTpONUS UAEaIHLHOTO KpUCTAJLIa MpU aOCONIOTHOM HYJIE paBHA
HYJIIO.

MaxkcuManbHOU SHTPONHEH 00J1aAat0T ra3bl, MPH YCI0KHEHUH MOJIEKYJ (IIpH

YBEJIMUEHUH YMCIIa aTOMOB) SHTPOINMUSI Takke Bo3pactaeT. Ha puc. 4.2 oToOpakeHa 3aBUCUMOCTD
SHTPONHHU OT TEMIIEPATYPHI.

A
S

B

v

T Txuo T

Pucynok 4.2 — 3aBUCUMOCTb SHTPOMUH OT TEMIIEPATYPbI

DHTpOIUS, BEIYUCICHHAS ITPHU CTAaHAAPTHBIX YCIOBUSX, HA3bIBAECTCS CTAHIAPTHON
sutponueii (S°) (tabnauunble aeHHbIe). Tak Kak SHTPONHUS TEPMOAUHAMUYECKAs QYHKIIHA, TO €€
U3MEHCHHS 3aBUCSAT TOJIBKO OT HAYAJIbHOTO M KOHEYHOTO COCTOSTHHSI CUCTEMBbI U BBIYHCIISTIOTCS
1o (opmysie aHaTOTUYHON H3MEHEHHUIO YHTAJIBITHH.

ASS =%Vi S{mpon) ~ZVi Si (e (4.9)

OHTpOIUS MPOCTHIX BEIIECTB HE paBHA HYIIIO.

Bropoii 3aK0H TepMOANHAMHUKHM: B N30JIMPOBAHHBIX CHUCTEMAX CaMOIPOU3BOJILHO
UJIyT TOJBKO TE MPOLIECCHI, KOTOPBIE COMPOBOKAAIOTCS yBeInYeHHeM dHTponuu (AS>0).
TakuMm o0pa3oM, B XUMHUUECKHUX PEAKIMIX BO3MOXKHBI JIB€ TPOTUBOIOJIOKHbIE TEHACHIINN:

1.06pa3oBanue 0oJiee MPOUHBIX YIOPSIOYCHHBIX CUCTEM, CONTPOBOXKIAIOIICECS
noHmwkeHneM sHepruu (AH>0).

2.CtpemiieHHe K OecriopsaKy, KOTHYECTBEHHO XapaKTepHu3yroleecs BO3pacTaHueM
srTpomnuu (AS>0).

XapakTep npoTeKaHus MPOLECCOB U OYJET ONMpelesIThCsl COOTHOIIEHUEM ITHX ABYX
($haKTOpPOB — SHTATBITUHHOTO U YHTpONUKHHOTO0. KOTOphie 00BeIMHEHBI B TEPMOIUHAMUYECKON
GyHKIMH, Ha3bIBaeMOH cB00OAHOI YHeprueii ['no66ca (AG), n3MeHeHne KOTOPOii B X0/Ie
pEaKLUy ONPENETAETCS YePE3 U3MEHEHUE SHTPOIIUU U SHTAJIBIINH.

AG = AH - TAS, (4.10)
rae AH — usmenenue sneprun ['ndoca (Ix);

AS — u3menenune >aTponuu ([x/K);
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T — remniepatypa nporekanus peakuun (K).

Hcxons 3 paccuntanHoro 3HadeHre A G MOXKHO CyIUTh O BO3MOXXHOCTH

CaMONPOU3BOJILHOTO MPOTEKAHUSI XUMUYECKOW PEaKlMK MpU JaHHOU TeMIlepaType:
1. Peakums mpoTtekaet caMmonpou3BoibHO, eciu AG <0;
2. Peaxmus He MOXKET MPOTEKATh CaMOINIPOU3BOIIbHO, eciii AG>0;
3. Xumudeckas CHCTEMa HaXOJUTCS B COCTOSTHUM paBHOBecHs, eciu AG= 0

Jueprusi 'ud6ca o6pasoBaHus BellecTBa - u3MeHeHue sHeprun [ n66ca npu
00pa3oBaHUM OJHOT'O MOJIb BELIECTBA U3 MPOCTHIX BeulecTB. DHeprus ['ub0ca, paccuntanHas
JUISL CTAaHAAPTHBIX YCIOBHIM, HAa3bIBaeTCsI CTaHAApTHOM 3Heprueit [ m66ca oOpazoBaHus BellecTBa
(ms mpocthix BemecTB = ). DHeprus ['m66ca MokeT ObITh MPUBEIEHA B KAUeCTBE TAOJIUIHBIX
JAaHHBIX, 2 MOKET OBITh paccuMTaHa 1o ypaBHeHUIO (4.10).

Tax xak sHeprus ['n66ca TepmoanHamMuueckas GyHKIUSA, TO €€ U3MEHEHHS B XOJIe
XUMHUYECKON PeaKIMi MOKET OBbITh paccyMTaHa 1o GopmMyaaM aHaJOTUYHBIM IS pacuéTa
M3MEHEHUS SHTAIBIINHN U SHTPOIIMH B XOJI€ PEAKIUH.

AGR =3V Gilpogy = ZVi G (nen) (4.11)

[Ipu 1ocTHXKEHUN XUMUYECKOTO PAaBHOBECHSI XUMUYECKOW CUCTEMBI CTaHIaPTHOE

n3MeHeHue dHeprun [ md0ca cBsI3aHHO ¢ KOHCTAHTHON PaBHOBECHUSI COOTHOIIICHHEM
AG® = -RT-InKp (4.12)
PaccunraB crannapTHoe u3MeHeHnue sHeprun [ n6oca no ypasaenuto (4.8), MOKHO

MOJIYYUTDb 3HAYCHUA M1 KOHCTAHTBI paBHOBCCH.

AG

Kp = e RT : (4.13)
Taxxe MoxeT OBITH pelieHa oOpaTHas 3a1ava. [1o skcepuMeHTalIbHBIM TaHHBIM
OTIpEEIAI0T KOHCTAHTY PABHOBECHUS U 0 ypaBHEHUIO (4.13) paccunThIBalOT CTaHAAPTHOE
n3MeHeHue Hepruu ['nbdOca.
Bonpochkl 1 331241 JUISE CAMOCTOSATEILHOT0 KOHTPOJIs [1,2]:

1. CTaHgapTHBIM COCTOSIHUEM BEIIECTBA SIBIISETCS: a) PACTBOPEHHOE BEIIECTBO C
koHientpanuen 1 moas/n1 ipu 0°C u 1 atm.; 6) uncroe BemiecTBo npu 0°C u 1 at™m.; B)
PacTBOPEHHOE BEIIECTBO ¢ KOHIIeHTpalen 1 Monw/kr pu 25°C u 1 at™m; 1) 9ncToe BEIeCTBO
npu 25 °Cu 1 atm.

2. Pa3zHOCTh CyMM DHTANBINN 00pa30BaHUs MPOIYKTOB PEAKIIMHA U CYMM SHTAIBINAN
00pa30BaHMs UCXO/IHBIX BEIIECTB C YUETOM CTEXHOMETPUUYECKUX KOI(DPUIIMEHTOB B ypaBHEHUH
XUMUYECKOW PEaKIuy MPH p = const, HA3BIBACTCS: a) BHYTPEHHEH dHEPTUEH CUCTEMBI; 0)
SHTAIIBIINEHN Pa3lI0KEeHUS BEIIECTBA; B) TEIUIOBLIM 3(DPEKTOM XUMUIECKON peaKIuu; T)

W3MEHEHHEM DHTAIBIINNA XUMHISCKON pCaKknunu.
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3. Cucrtema Ha3bIBa€TCs TOMOTEHHOM, €CJIN: a) BCE BEIIECTBA HAXOSTCS B OJIMHAKOBOM
arperaTHOM COCTOSTHHH; 0) BCE BEILIECTBA HAXOAATCS B PA3JIMUHBIX arperaTHBIX COCTOSHUSIX; B)
OHA COCTOMUT U3 YaCTHUL| PAa3JIMYHbIX BELIECTB, PA3JIMYHOIO arpEraTHOr0 COCTOSIHUSL, pABHOMEPHO
pacrpeieIeHHbIX OTHOCUTENIBLHO JIPYT ApYra; I') OHA OJJHOPOJIHA BO BCEX CBOMX TOYKAX I10
XUMHYECKOMY COCTaBY U CBOMCTBAM U HE COICPKUT IPaHUIIbI pa3jiena.
4. DHTANBIUS XapaKTEepHU3yeT: a) BHYTPEHHIOI YHEPTHIO BEIIECTBA; 0) TEII0CoAepKaHue
BELIECTBA; B) CTPEMJICHUE BEILIECTBA BCTYNUTh B XMMUUECKYIO PEAKIIUIO; T') TEIUIOTY
00pa30oBaHUs BEIIECTBA, B3ATYIO C IPOTHUBOMOIOKHBIM 3HAKOM.
5. DHTanbnus 00pa3oBaHus BEIIECTBA XapaKTEPU3YET: a) TEIIOTY 00pa3oBaHus 1 T CI0XKHOTO
BEIIECTBA U3 MPOCTHIX BEUIECTB; 0) TEIIIOTY 00pa3oBaHus 1 MOJIb CII0KHOTO BEIIECTBA U3
IPOCTHIX BEIIECTB; B) TEIUIOTY CrOpaHus | T BeUIecTBa; T') TeIUI0BOM 3 ekt oOpazoBanus 1
MOJIb CJIOKHOTO BEUIECTBA U3 MPOCTHIX BEIIECTB, B3ATHIM ¢ MTPOTHUBOMOIOKHBIM 3HAKOM.
6. I XUMUYECKUX peaklUid, MPOTEKAIOUINX MIPH CTAHAAPTHBIX YCIOBUAX, BEPHO CIEAYIOIIEE:
a) PHIOTEPMHUECKUE PEAKIH HE MOTYT MPOTEKATh CAMOIIPOU3BOJILHO; 0) SHIOTEPMHUYECKHE
pEaKIy MOTYT MPOTEKATh TPH TMOBBIIICHHBIX TEMIIEPATypax, €CJIH U3MEHEHHE YHTPOITUH MIPH
3TOM OYyJeT MOJOXKUTENbHBIM; B) SHAOTEPMHUUECKUE PEAKIIUU MOTYT MPOTEKaTh MpU
MOBBILICHHBIX TEMIIEPATypPax, €CIU U3MEHEHUE SHTAIBIIHNH IIPH 3TOM OyJI€T MOJIO0KUTEIbHBIM; T)
HHIOTEPMUYECKUE PEAKIIMM MOTYT IIPOTEKATh MPH JIIOOBIX TEMIIepaTypax, €Clii U3BMEHEHUE
sHepruu ['nub0ca npu 3ToM OyAET OTpULIATENbHBIM.
7. He mpou3BoAsl BIYUCIECHUH, YKXKUTE, U KAKUX U3 MIEPEUUCTICHHBIX HUXKE MPOIIECCOB
M3MEHEHHUe YHTponuHu nonoxurenbHo: a) C (rpadur) + CO, (1) =2CO (1);
0) 4HCI(r) + Oz (r) =2Cl12(1) + 2H,0 (1); B) MgO(x) + H> (1) = Mg(x) + H20 (x);
r) NH4NO3(x) = N20 (r) + 2H20 ().
8. Jlnsa kakux mporeccoB u3MeHeHue 3Hepruu ['ndoca 6yaer orpunarensto mpu 260 K u
HOPMaJTbHOM aTMOC(EepHOM JaBICHUHU: a) TasiHUS JIbJa; B) IUIABJICHHUS jKene3a; 0)
KPUCTAILTU3AI[UHN BOJIBI; T') KUTICHHSI BOIBI.
9. Ecnm nnst nannHoit peakun AG < 0, To ee mpoTeKaHue: a) HaOIIoAaeTCs TPH JTFOOBIX
ycloBUAX; 0) He HaOIr0AaeTCs PU JTIOOBIX YCIOBUSX;
B) BO3MOXKHO, HO TPAKTUYECKU M3-32 MAJIOM CKOPOCTH MOXKET He HAaOMI0aThCs; T') BO3MOXKHO
MIpU HATMYWW HEOOXOAMMOTO peareHTa.
10. Tepmoaunamuueckast yHKIMSI, KOTOpasi XapaKTepU3yeT MEPY YIOPAT0UEHHOCTH CUCTEMBI
WK Mepy Oecriopsiika, Ha3bIBaeTCs: a) PHTPOIUEil; 0) SHTaIbIMEN; B) CBOOOAHOM SHEpruei; 1)
sHeprueit ['uboca.
11. Yemy paBHa Teruiota oopazoBarusi NoO(T) B TEPMOXHUMHYECKON pEaKITHH:
C(rpadur) + 2N,0(r) = CO2(1)+ 2Na(1); AH®(peaktus) = — 557,5 xJIx;
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ecu AH®(CO,) = - 393,5 k/[x/Mob.

12. Yemy pasen TemnoBoit 3¢ dexr peakuuu 2Mg(kp) + CO2(r) = 2MgO(xp) + C(rpadwur),

eciu AH (CO,) =—393,5 k/Ix/monb; AH°(MgO) = — 601,8 xIx/M0J1b.

13. ITpu cropanuu 1 monb rpadura (C) Beiaensercs 393,5 k/[x Ternorel. OnpeneauTs TEMIoTy
cropanus rpadura.

14. Onpenenuts 3Hepruro ['n66ca (AG®) peakuuu mipu 298 K CHy(T) + 20,(1) = CO,(T) +
2H,0(r); AH°=—802,2 xJIx; S° (CO2) = 213,66 x/monb K; S° (H20) = 188,72 JIx/mons K; S°
(CHy) = 186,27 JIxx/moms K; S° (02) = 205,04 Tx/mois K.

15. Yemy paBHa HTaJIBIHS 00pa30BaHMS KUIKOW BOJIBI, €CJIU IIPH B3aUMOJICHCTBUH 1 MOJIb
Bozopoza u 0,5 moinb kucinopoaa Beiaenuiaoch 285,83 k/x teruia?

16. Peakus BoccranoBieHus okcuza xenesa (I11) BoropoaoM npoTekaeT no ypaBHEHUIO
Fe,Os(kp) +3Ha(r) = 2Fe(xp) +3H,0(r); AH®= 496,61 xJIx; S° (Fe,O3(xp)) = 87,45 xJIx/MOIIb-
K; S° (H20) == 188,72 x/Ix/mons- K; S° (Hy) = 130,52 xJ/x/moinb- K; S° (Fe) =27,15
k/x/mone- K. [Ipu kakoit TemnepaType Ha9HETCSI 9Ta peaKius?

17. Ilpu xakoii TeMIepaType HaCTYITUT PaBHOBECHE CUCTEMBI !

4HCI(1) + Oz(r) = 2H,0(r) +2Cl5(1); AH® =— 114,42 xJIx; S° (Clp) = 222,98 xJIx/moinb- K; S°
(H,0) = 188,72 x/Ix/momab: K; S° (HCI) = 186,79« /x/monb- K; S° (O2) = 205,04 x/[x/mMonb K?
18. Uemy paBHa SHTaNbIN 00pa30BaHUs XJIOPOBOIOPOA, €CIIU MIPHU B3aUMOJICHCTBUU 1 MOITb
Boziopoa u 1 monb xjopa Beiaenuiock 184 x/lx temia?

19. OnpenenuTh TEMHIEpaTypy, Ipu KoTopoil HacTynuT paBHoBecue B cucteme PCly(r) = PCl3(T)
+ Cly(r), ectu AH® = 92,59 xJIx; S°(Clp) = 222,98 Jx/monb - K; S°(PCls) = 364,47 JIx/Moub -
K; S°(PCl3) = 311,71 dx/mons - K.

20. Onpenenuts suepruto ['u66ca (AG®) peakuuu npu 298 K Ha(r) + Cl; (1) = 2HCI(1); AH=—
184,62 x/Ix; S°(HCI(r)) = 186,79 Hx/moinb K; S°(Hy(1)) = 130,52 Ix/monsb - K; S°(Cl; (1)) =
222,98 Ixx/momb K.

5 XuMnyeckasi KHHeTHKA
XumMuyeckass KHHETHKA — pa3/iell XUMUH, U3y4arolIil CKOPOCTH XUMHUYECKUX
peakuii. CKOpOCTh XUMHUYECKON peakIiu (V) — OTHOIIEHNWE U3MEHEHUS! KOHIIEHTpaIH

BEIIECTBA K MPOMEXYTKY BPEMEHH, B TEUEHHE KOTOPOT0 JAHHOE U3MEHEHHE MTPOU301LILIO.
Av
v=+—=4—[Monb/aC] (5.1)
vat
Pa3znnyatoT roMoreHHble peakiuu (XUMHUYECKUE MPOIIECChl B OAHOMN (aze) u

rereporeHHble Npoleccsl (MPOTEKarT Ha FPaHuIle pas3zena (a3 — KUIAKOCTb-TBEPOE, Ta3-

TBCPOOC, Fa3-)i(I/I,Z[KOCTL).
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aA +bB — cC +dD (5.2)
AC=C,-C;
C A At=t1 -1
XuMuuecKkas peakiys BCeraa UAeT CTPOro B
C(D) OJIHOM HAITPaBJIEHUH, IO3TOMY 3HAYEHHE

CKOPOCTH JIOJDKHO OBITH Oosibie 0. B cBsizu ¢

C1 9THUM, €CJIM 3a CKOPOCTBIO CICIAT 110 HCXOOAHBIM

BELIECTBaM, KOHLEHTPALKUs KOTOPBIX yOBIBAeT U

< N
c2 / C(A) AC <0, To B ypaBHeHuu (5.1) cTaBsT 3HaK «-» ;
/ \ €CIIH CJICIST TI0 IPOAYKTY PEaKII|H, IS
tl 12 4 t koTopbix AC > 0, To ypaBHenue (5.11) 3HaK «+».

Pucynok 5.1- 3aBUCHMOCTbH CKOPOCTH XUMHUUYECKOM peakluu OT KOHIEHTPAIIUU
VYpasuenue (5.1) qaet cpeaHee 3HaUCHUE CKOPOCTU XMMHUECKOM peakluu 3a
MPOMEXKYTOK BpeMeHH At, MTHOBEHHOE 3HaUYE€HUE CKOPOCTU PACCUUTHIBACTCS IO
muddepeHmaIbHOMY ypaBHEeHuUIo (5.3)
v= +— (5.3)
Tak KaK CKOPOCTh PEAKIMH PACTET C YBEITMUYCHHEM YaCTOThI CTOJIKHOBEHUS
pearupyroIux MOJIEKyJl, TO CKOPOCTh peakituu (5.2) OyaeT mponopiroHaibHa KOHIIEHTPAIH
pearupyrommx BemecTs.
v =kCa" - Cg"™® (5.4)
rae K- KOHCTaHTa CKOPOCTH PEakIliuy, K He 3aBUCHT OT KOHIIEHTPAIIMU PearupyroIinx
BEIIIECTB, a 3aBUCUT TOJILKO OT IMPHPOIBI BEIIECTBA U TEMIIEPAaTyphl. YUCIIEHHO paBHA CKOPOCTH
peaKIuy NpH KOHIIEHTPAIIUY PEarupyrOIINX BEecTB | MOJIb/II;
Na ¥ Ng — COOTBETCTBEHHO MOPSAOK PEaKIMu Mo peareHTaMm A u B, Na 1 Ng B 00111eM
ClIy4ae He paBHBI CTEXMOMETPUIECKUM Kod(duimentaM. OnpeaenstoTcs SKCIepUMEHTAIBHO.
VpaBuenue (5.4) Ha3pIBACTCS KWHETUYECKUM YPaBHEHUEM XUMUUYECKON PEAKIIUH.
Ecim peakius mpoTekaeT B OJHY CTaINIO (PEaKITUs 3aBEPIIASTCS TPU SAMHHIHOM
CTOJKHOBEHUH PEarnpyrolInx MOJIEKYI), TO ypaBHeHUE (5.4) MpUHUMAET BUJ
v=KkCA®- Cg" (5.5)
I7Ie a,B — CTEXHOMETpUUYECKre KOAPPUITUEHTHI TIPU Pearupyronux Bemecrrax A, B
COOTBETCTBEHHO.
Ecnu peakiust mpoTekaeT B Ta30Boit (aze, To ypaBHeHHe (5.5) MoKeT ObITH 3aMMCaHO Yepe3

NnapuuaJIbHbIC JaBJICHUA PCarupyronux BCIUICCTB
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v=kpa® - pg’ (5.6)
[opsimok oTHOCTAIMHHON pPEeaKIIUU PaBEH CyMME CTEXHOMETPUIECKUX KOA(DPHUIIECHTOB
pearupyromux Beriects (5.7).
n=a+b (5.7)
VYpasuenue (5.5) u (5.6) HOCAT HA3BaHUS 3aKOHA AeHCTBYHOIIHUX MACC (TOJIBKO JJIS
OJTHOCTA/IMHHBIX MTPOIECCOB).

PaccmoTpuM cuHTE3 H040BOOPOAA:

H, +J, — 2HJ
n=1+1=2
V

=k-C(Hz) - C(J2)
Peakuuu nepBoro nopsiika
H,S,03 — S| + SO21 + H,0
Kunernyeckoe paBHeHHe peakiuu | mopsiika uMeeT BU:
v=kC (5.8)
[MpupaBusiem npaBbie yactu ypaBHeHwui (5.3) u (5.8) (3a CKOPOCTBIO ClieUM 110

HCXOJIHOMY peareHTy):
——=kC (5.9)
B ypaBuenuu (5.9) pa3zaenseM nepeMeHHbIE U HHTETPUPYEM NPU HadyaIbHBIX YCIOBUSX,
npu t =0, C = Cp u monyuaewm (5.10)
C=Coe™ (5.10)
VYpasuenue (5.10) B norapupmMuyeckux

KOOpAMHATaX In % = kt, (5.11)

C Ipe/ICTaBIsIeT CO00 MpsAMyto, tg yriia HaKIoOHa
KOTOPOH SIBIISIETCSI KOHCTAHTON CKOPOCTH
XUMHUYECKON PEAKIINN.

k=tga JJ1st XapaKTepUCTUKHA CKOPOCTH PEaKITUH

9acTO MCIOJB3YIOT IIOHATHUE MEPUOAA

nojynpespaieHus T1/, — BpeMsi, 10 UCTCUECHUH

~
t/
KOTOPOro OCTacTCs pOBHO IMOJIOBUHA OT

WCXO/HOTO BEIIECTBA.
Pucynok 5.2 — Kuneruka peakuunu | mopsiaka B koopaunatax Inc,/c=f(t)

Haiinewm cBsi3b T1, 1 K. U3 ypaBHenwust (5.11) umeem
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Co

Tip = an'sc = lnTz (5.12)

U3 ypaBHenus (5.12) cnenyert, 4To UIsl peakliuy NEPBOro Nopsaka T/, HE 3aBUCUT OT UCXOTHON
KOHIIEHTPAIIUHU BEIICCTBA.
Peakuuu BTOpOro mopsiika
Kunernyeckoe ypaBHeHHE PEeaKIMK BTOPOTO MOPSIKA
L= k'CA - Cg (5.13)
B wyactHOM citydae, KOrjia pearupyroT OJHHAKOBbIE MOJIEKYIIbI ypaBHeHue (5.13)

MMPUHHUMACT BHU/]

v = kC? (5.14)
ITpupaBuuBaem npasbie yactu ypaBuenus (5.3) u (5.14)
A Sy (5.15)
1/C dt
Pemenne ypaBuenus (5.15) MokeT ObITh PEICTABICHO
B BHJIC:
k=tga =4 kt (5.16)
c G
/ Vpasnenue (5.16) B KoopauHaTax % = f(t)
1/Co
\ MpeCTaBIseT co0ol MpsMyIo tga yria HaKJIoOHa,
7

t KOTOpI:Iﬁ €CTb KOHCTaHTa CKOPOCTHU PCaKIINU.

Pucynok 5.3 — Kuneruka ypapaenus Il nopsiaka B koopaunatax 1/c = f(t)
W3 ypaBuenus (5.16) qns C = % HalJIeM [IepUOJI ITOIYIIPEBPAILCHUS

(; _

1 1
Tz =+ 05Ce C_o) (5.17)

T = 1 (5.18)

Kak cienyer u3 ypaBHenwust (5.18), nmepro/ moaymnpeBpalieHus Uisi peakiui BTOPOro
NOpsJKa B OTIMYKE OT peaKklMy IepBOro NOpsAAKa 3aBUCUT OT UCXOAHON KOHIIEHTpaLuu

pearupyromero BemecTna.
3aBHCHMOCTBH CKOPOCTH PeaKLMH OT TeMIepaTypbl

Ipasuiio Bant-TI'odda — npu moBsIIIeHNN TEeMIIEpaTyphl peakiiui Ha Kaxeie 10

T'padyCoB CKOPOCTb pCaKIIMU BO3PACTACT B 2-4 pasa.

vi_ =Ty AT (5.19)
v2 10 10
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i€ V1 M V2 — CKOPOCTHU PEaKIUu MPpH T1 U T2 COOTBETCTBEHHO; Y — TEMIIEPaTypHBIN
K03((PUIMEHT peakIiy, IIOKa3bIBACT BO CKOJIBKO Pa3 BO3PACTAET CKOPOCTh PEAKIMH IPU
NOBBILIEHUH TeMIlepaTypbl Ha 10 rpaaycos.

Bosnee ToyHas 3aBHCUMOCTDh KOHCTAaHTBI CKOPOCTHU peakiuu K ot Temmeparypbl

BBIpaXKaeTcsl ypaBHEHUEM AppeHuyca.

Ea

k=A-emr (5.20)

rae R —razoBas nocrosiaHas 8.31 Jlx/Monp*K;

T — TemniepaTtypa o abcomtorHoi mkaie (K);

A — IpeIPKCIIOHEIMABHBI MHOYKHUTEIb, OTPAXKAET BEPOSATHOCTH OJIaronpHsTHOTO
CTOJIKHOBEHUS MOJIEKYJ] (OT 10® 1o 10'2);

Ea — sHeprus aktuBanyu (kx/Mob).
JHeprusi AKTUBALMHU

MuHuMmanbHas SHEprus, KOTOPOM AOKHBI 00J1a7jaTh MOJIEKYJIbI, YTOObI
B3aUMO/ICHCTBUE MEX1Y HUMHU CTAJI0 BO3MOXKHBIM, bHA3BIBACTCS IHEP2Uel AKMUBAUUU.

Ecnu paccMoTpeTh NpOTEKaHUE peaKIuy 32 OUEHb MaJIbIE IPOMEXYTKH BPEMEHHU, TO
O0OHapYXUTCSI, YTO PEAKIHUS UJIET Yepe3 00pa30BaHUE MPOMEKYTOYHOI'O COCTOSHUSL CUCTEMBI,
Ha3bIBAEMOT0O MePeX0IHbIM (AKTUBMPOBAHHBIM) KOMILIEKCOM, PACIaj] KOTOPOIO
COITPOBO’KIAETCS BBIJCIEHHUEM SHEPTUU U MTPUBOAUT K 00Pa30BaHHIO MPOAYKTOB PEAKIIHMH.

Aj + By — [akTuBHpOBaHHBIN KOMILIEKc| — 2AB

B akTuBHpOBaHHOM KOMILJIEKCE CTAphI€ CBSI3M OCIA0JIEHbI, HO HE pa30pPBaHbl; HOBBIC
CBsI3H €1le He 00pa30BaINCh, HO HAMETUJIIHCh.
PaccMOTpuM M3MEHEHUE SHEPTUU XUMUYECKOM CUCTEMBI, TPU MPOTEKAHUH PEAKIIUU B BUJIE
IHepreTuuYecKoii Auarpammsl. [Ipu pacnane akTHBUPOBAaHHOTO KOMIIJIEKCA BBIJCISIETCS
SHEPTHsI, paBHASI JHEPIUU AKTHBAIUN
N 00paTHOM peakuMu; €ciii IPU 3TOM
A A SHEPTUU BBIJENSIETCS OOTBIIE, YeM

OBLIIO 3aTPavueHO HA AaKTUBAIIHIO

XMMHYECKON PEaKIUU, TO XUMUYECKU I
-2 MPOIIECC B IIEJIOM MTPOTEKAET C
BbIeieHrueM TeruioThl (Q>0) —
Ea & IK30TepMHUYECKAs peakus (KpuBas

| 2AB

" “aHnpon
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1). Ecniu sHepruu BbIAENSAETCS MEHbIILIE, YeM SHEPTHs MPSIMOI peakliu, TO MPOIECC MPOTEKAeT ¢

noromeHrueM TerioThl (Q<0)- sHAoTepMHUYecKast peakuus (KpuBas 2).
Pucynok 5.4 — DHepreTrdeckas 1uarpaMma XuMUUeCKON peakiuu

KonuyecTBO TEMIIOTHI, BHIACIUBIICICS WIH MOTJIOMIEHHOMN B XOJI€ peaKkIuu (TemI0BOM
3P PEKT XUMHUECKON PEaKIIUN), PABHO Pa3HOCTH MEXKIY SHEPTHsIMH aKTUBAIIMU OOpaTHOU 1

MPSMOM peaKIUH.

Q=Ea_ +Ea, (5.21)

OOpaTumble peakuun
XUMHYeCKUe peakluy, NPOTEKAIOIUe OJJHOBPEMEHHO B JIBYX IPOTHBOIIOJIOKHBIX
HarpaBJICHUSX.
A+B e AB (5.22)
C TeueHreM BpeMEHHU KOHIIEHTPAIHS
MCXOJIHBIX BEIIECTB YMEHBIIACTCS H,
COOTBETCTBEHHO, YMEHBIIIAETCSI CKOPOCTH MPSIMON
peaKLu.
2 |,  =k_CC (5.23)

/ KOHHCHTpaIII/Ifl IMPOAYKTOB pCaKlUuU U,
>

. COOTBETCTBEHHO, CKOPOCTh OOPaTHOM peakluu C
TE€YEHUEM BPEMEHH BO3PACTACT.
Pucynok 5.5- MI3MeHeHue KOHIIEHTpaIK BELECTB B 00paTUMOI peakiiuu
V] — k<_ CAB (524)

Hactynaer MOMeHT, Korjja CKOpoCTb MpsIMO M 00paTHON peaKkLMu CTAHOBSITCS PaBHBI:
CKOJIBKO MOJIEKYJI 00pa3yeTcs B €IMHUILy BPEMEHH, POBHO CTOJIBKO e UX U pacnanaercs. Takoe
COCTOSTHUE XUMUYECKONW CUCTEMBI HA3bIBACTCSI AMHAMHYECKHM XMMHYECKHM PABHOBECHEM.
KoHnenTpanuu yyacTHUKOB 0OpaTUMOM peakiiuu, KOTOPhIE peaIn3yloTCs K MOMEHTY
JOCTHKEHUS] paBHOBECHS Ha3bIBACTCS PABHOBECHBIM KOHIEHTPAIIUSIMHU.

KpureprueMm 1ocTHKEHNSI XUMUYECKOTO PABHOBECHS SIBIISIETCS HEU3MEHHOCTD
KOHIIEHTPALMil BCEX YYaCTHUKOB PEAKIIMU B TEYCHUU BCETO BPEMEHU HAOIIOIEHUS TPU
HEU3MEHHBIX BHEIIHUX YCIOBUSIX.

O‘—IGBI/II[HO, qTO IPpHU JOCTHIKCHUHU XUMHUYCCKOI'0O PABHOBECHUA CKOPOCTHU HpﬂMOﬁ u

00paTHOM peaKIfii CTAHOBSITCS PABHBI.
k_, CiCp =k CaCg (5.25)
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N3 Beipaxkenus (5.25) BbIIETUM OTHOIIEHNE TTOCTOSTHHBIX BEJTMYMH — KOHCTAHT

CKOpPOCTH MPSIMOW M 0OpaTHOM peaKIuil.

_k> _ _C(AB)
P ™ ke T C(A)C(B)

(5.26)

OTHoLIEHNE TOCTOSHHBIX BEJIMUNH TaKXKe SBJIIETCS BEIMUNHON TOCTOSHHOM, KOTOPYIO
Ha3Balll KOHCTAHTOM paBHOBecHs K, HE 3aBUCUT OT KOHLIEHTPALUK y4aCTHUKOB 00paTuMOi
peaKuuy, 3aBUCUT TOJIBKO OT TEMIIEPATYPHI.

W3 Beipaxenus (5.26) cienyet, uto K, MOkKeT ObITh HAlIEHO, KaK Yepe3 OTHOLIEHHE
KOHCTaHT, TaK ¥ Y€pPe3 OTHOILIEHNE PABHOBECHBIX KOHIIEHTPALUil IPOIYKTOB peakLuu U
HCXOJIHBIX BEILLECTB, B3ATHIX B CTEICHSX, PABHBIX CTEXHUOMETPUUECKUM KOAIPPUIIMEHTAM.

IIpu u3MEHEHNH BHEIIHUX YCIOBUI MPOMCXOAUT TaK HA3bIBAEMbIN CABHI
XMMHY€eCKOr0 pABHOBECHSI - PABHOBECUE YCTAaHABIMBAETCS IIPU HOBBIX KOHUEHTPALIUX.
Hampasnenue cipura B CTOpOHY NPsAMO Uiin 0OpaTHOM peakLyu onpeaeseTcs] NPUHIUIIOM
Jle-lllaTesbe — ecau Ha CUCTEMY, HAXOZSILYIOCS B PABHOBECUN OKA3bIBAETCS BHEIIIHEE
Bo3zeicTBue (u3menenue T, P, C) , To paBHOBecue cMelaeTcst B CTOPOHY TOM U3 ABYX
MPOTHBOIOJIOXKHBIX PEAKIUN, KOTOpasi OCIA0IISET MPOU3BOANMOE BO3/ICHCTBHE.

N, +3H; — Q © 2NH3 + Q

[NH3]?
[N2][H2]3

Kp=

HN3MeHeHue TeMnepaTyphl - IIPU MOBBIICHUN TEMIIEPATYPhl PABHOBECHE CMENIAETCS B
CTOPOHY HJIOTEPMUUYECKOHN PEAKIUU, IPU MTOHWKEHUH — B CTOPOHY AK30TEpMUYECKOM. B Hamem
pUMepe MOBBIIICHNE TEMIIEPaTyphl CMENIaeT PAaBHOBECHE B CTOPOHY 00OpaTHON peaKiiuy;
PABHOBECHAsI KOHLIEHTPALMsl aMMHUaKa ITOHUKAETCsl, a4 MOJIEKYJISIPHOTO a30Ta U BOAOPOJa
BO3pacTaer.

HN3MeHeHue 1aBJaeHUSA - IPY MOBBIIICHUU JABJICHUS PABHOBECUE CMEIIAETCS B CTOPOHY
00pa30oBaHMs MEHBILIETO YHCIIa MOJIb Ta30B, IPU MOHMKEHUU —OO0JIBIIIET0 MOJIb ra30B (J1aBleHUE
BIIUSIET TOJIBKO HA T€ XUMHYECKHE MPOIIECChI, B KOTOPBIX €CJIM XOTs OBl OJIMH YYaCTHUK
SIBJISICTCSI TA30M).

B namem npumMepe npu NoBBIIIEHUN JABJICHUS PABHOBECUE CMEILIAETCS B CTOPOHY
peaklMy CUHTE3a aMMHUaka, ciieBa 4 MoJib ra3a, cripasa 2. Ecnu B 1eBoii v nmpaBoi yacTu
YpaBHEHUS OJUHAKOBOE YUCIIO MOJIb Ia3a, TO JaBJIICHUE HE BIIUSIET HA CMEIICHUE PABHOBECHS.
Hampumep, N, + O, & 2NO

N3MeHeHne KOHLIEHTPALMH - YBEIMUCHUE KOHIICHTPAIIMH JTI000T0 U3 YUaCTHUKOB

06paTI/IMOFO XUMHYECCKOTO IMpo1recca CMEIacT paBHOBECHEC B CTOPOHY PCAKIIMU pacxXoaa 9TOro

BE€IICCTBA.
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BBenenue karajau3aTopa He BIUSCT HA CMEIICHUE PEAKIIUN: OHO YCTAaHABIIMBACTCS
IIPH T€X )K€ PABHOBECHBIX KOHIICHTPAIUSX, HO 32 MEHBIIIEE BpEMSI.
Karanu3
BemectBa, pe3ko H3MEHSIOIINE CKOPOCTh PEAKIIMU, HO TIPU 3TOM B HEl He
PacCXOIYIOIINECS, HA3bIBAIOTCS KaTAJIU3aTopaMu. XMMHUYECKHE ITPOIIECCHl B IPUCYTCTBUHU
KaTaJan3aTopa Ha3bIBAIOTCS KATATUTHYECKUMH PeaKIHsAMH.
KaranuszaTopsl O3BOJISIOT:
1.  Usmenuts ckopocth peakuuu. [Ipu BBenennn B H,O, HEGOIBIIIOTO
KOJIMYECTBA CEPHOM KHCIIOTHI CKOPOCTh paznoxenus H,O, nmpaktuuecku paBna 0. [Ipu
BBEJICHUU HECKOJIBbKUX KpynuHOK MNnOy, PbO,, Habmomaetes OypHOE pas3iiokeHue.
2H,0, — 2H,0 + OQT
Karanuzatopsl, yMeHbIIAIONINE CKOPOCTh PEAKINH, HA3bIBAIOTCS HHTMOUTOPaMU;
YBEJIMUYEHUE CKOPOCTU PEAKIIUH — MOJIOKUTEIbHBIN KaTalnu3, YMEHbIIEHUE CKOPOCTH —
OTPHULATEIbHBIN.
2.  V3MeHHTH HampaBiIeHHUE Mpolecca
CH3-CH,0H — CH,=CH, + H,0 — karanuzarop Al,O3 mpu t=300° C
CH3-CH,0H — CH3-CH=0 + H; — xaranuzarop Cu npu t=300° C
3. YiemeBWTh XUMUYECKHH MMPOIIECC 32 CUECT CHUKCHHSI TEMITEPATYPhI
peakuu
Cwmech Hy u O, B3peiBaercs nipu t=700° C, a B IPUCYTCTBHU KaTalM3aTOpa
MJIATUHUPOBAHHOTO acbecTa — MpH KOMHATHOM TeMIeparype.
Pa3znnyaroT roMOreHHBIN KaTauu3 — pearupyromnie BemecTBa U KaTain3aTop, HaX o TCs
B OJIHOM (pa3e; M reTepOTreHHBIN — PeaKIIMOHHAs CMECh M KaTau3aTop B Pa3HBIX (a3ax.
I'omorenHslii — razogasHblii KaTaau3
SO, + 0,50, — SO3 - mpu 0OBIYHBIX YCIOBUSIX HE UAET, HO mipu BBeaeHun NO
3aBepIIaeTcs 3a KOPOTKOE BpeMsl.
NO + 0,50, — NO,
SO, + NO, — SOz + NO
NO + 0,50, + SO, + NO, — NO, + SO3 + NO
SO, +0,50, — SO;3
I'omorenHslit xkuAKOGA3HBIN KaTAJIN3
H,O, +J — H,0 +JO
H,O, +JO" — H,O + O,1 +J
2H,0, — 2H,0 + OzT
I'ereporennblii KaTaaus
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CKOpPOCTh FeTEPOreHHBIX PEAKIIHI B IEPBYIO OUYEPEIb 3aBUCUT OT ILIOIIAIN
MOBEPXHOCTH pasjeina ¢a3. [Ipu rereporeHHOM Katain3e He00X0UMO F€OMETPHUECKOE
COOTBETCTBHE MEKIY IMapaMeTpaMu KPUCTAUTHUCCKON PEIICTKH U [UTMHAMH CBSI3€H MCXOIHBIX
pEarcHTOB M MIPOAYKTOB PEaKIIHIA.

H>C=CH, + H, — CH3-CH3

Bce rereporeHHbie KaTaTUTUYCCKUE PEAKIIMN BKJIFOYAIOT B €0 CTAAUU aJCcopOInu
(TorIIoIIIeHNE BEIIECTBA), 1eCOPOIUH (BBIACICHNE BEIIECTBA). 3a CUET YHEPT U
aJICOpOIIMOHHOTO B3aUMOICHCTBUS XUMUYECKHE CBSI3U B HCXOJHOM pearcHTe 0CIabsioTCs, a
WHOT/Ia ¥ Pa3phIBAlOTCS, M 110 MECTY pa3pbiBa MPOTEKACT MPUCOCANHEHHE aTaKYIOIIETO
pearcHra.

[Tpumepsl reTeporeHHbIX peakiuii- ruapupoBanue, aeruapupoanue (Ni, Pt, Pd),
ruapatanus, aeruapatanus (Al,O3), cuate3s NH3 (rybuatoe xene3o), cuare3 HoSO4 (V20s)

B kadecTBe THITUYHBIX KaTATHU3aTOPOB HUCIIOJIB3YIOT INIATHHOBBIC METAILIBI, @ TAKXKE UX
OKCH/IBL.

BeiectBa, yBemnunBarone akTHBHOCTh KaTaIMn3aTOPOB, HA3bIBAIOTCS MPOMOTOPAMH
(aKTUBHOCTB T'y0YaTOrO JKeie3a BO3paCTaeT B IPUCYTCTBUH MIETOYHBIX METALIOB).

BeiectBa, yMeHbIIIAOIINE aKTHBHOCTD KATaIM3aTOPOB BILIOTH JI0 MOJHOTO
YHUYTOXKCHHUS KaTaIUTHYECKON CIIOCOOHOCTH — KATAJTMTHYECKHE bl (IS IUTATHHOBBIX

METAJIJIOB — COEIMHEHUS] MBIIIbSIKA U PTYTH).

DepMeHTATUBHBINH KaTaIU3
[TpakTnyecku Bce OMOXUMHUECKUE PEAKIIMH, TIPOTEKAIOIIHIE B KHUBBIX CUCTEMAX, UIYT MO
JeiicTBHEM OMOJIOTHYECKUX KaTallu3aToOpoB — (PEpMEHTOB.

®epMeHTBI (3H3MMBI) — OEJTKOBBIE MOJIEKYJIbI, KOTOPbIE KaTATU3UPYIOT XUMHUECKUE
PEaKIMHU B )KUBBIX CHCTEMaX.

B ¢epmenTax BbIENSIOT:

AKTHBHBIE IEHTPbI — YIaCTKH OCITKOBBIX MOJIEKYJ, KOTOPBIE 3aXBaTHIBAIOT
cyOcTpartsl (pa3iiaraeMoe BEIIECTBO), IPUYEM Pas3IoKEHHE HOCUT CTPOTO HAIpaBJICHHBIN
XapakTep;

AJutocTepryeckmne HeHTPbI — y4aCcTKU (PEPMEHTOB, KOTOPbIE PACIO3HAIOT MOJIEKYJIbI
cy0cTpaTa U CloCOOCTBYIOT UX Pa3MEIIECHUIO B AKTUBHBIX IICHTPAX.

Crnenndunyeckne cBoiicTBa (epMEHTOB
1.MonekynsipHas Macca gocturaer 10°-107, peakiuu, IpoTeKaioie B IPHCYTCTBHH (hEPMEHTOB
OTHOCATCS K KJIacCy YIbTPaMUKPOT€TEPOTEHHBIX (T.K pa3Mepbl PepMEHTOB COTIOCTABUMBI C

pa3MepaMy KOJUIOUJHBIX YacTHII);
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2.Ype3BbI4aiiHO BBICOKAsl KaTAIMTUYECKAsh aKTUBHOCTbD — IEPHOJ ITOTYIPEBPAILEHUS MOYEBHUHBI
npu 25°C paBeH 10° CEeKYH]I, a B IPUCYTCTBUU (pepMEHTA ypeas3bl 10" CEeKYH]I, TAKUM 00pa3zom
CKOPOCTb Pa3JIOKECHUS YBEIMYUBACTCS B 10" pas.

OxuH MOJIb (pepMEHTa ATbKOTOJIbAETHAPPOTeHasbl 3 OHY ceKyH Iy npu 0°C
npespaiaer 720 MoJib 3TUIOBOIO CIIUPTA B YKCYCHBIN albJIeru]; B TO BpeMsl Kak
IPOMBINIIEHHBIN KaTanu3atop npu temneparype 200°C 3a 310 ke BpeMsi OKHCIISET JHIIb | MOJTb
cruprTa.
3.BbIicokas ciennuyHOCTh - eficTBHE (PEPMEHTOB HOCUT CTPOrO OPHUEHTUPOBAHHBIM XapakTep.
Tak ypeasa pa3pyiaer TOJIbKO MOUEBUHY, a aJIbKOTI0JIbIETHIPOreHa3a — IpyIy CIUPTOB.
4.®epmenTsl 3 (HeKTUBHO pabOTAIOT TOIBKO MPU CTPOTO ONPEIETCHHBIX 3HAUYCHHSIX
temneparypsl 1 pH. OntumanbHON TeMnepaTypoil st O0JIbIIMHCTBA PEPMEHTOB siBisieTcs 36-
38°C, a pH — 7,4-7.8. Pax dpepmenToB criocoben paborars B Kucioi cpeae (nerncun:  pH —1,8-
1,9), B menounoii cpexae (tpuncun: pH — 8).

[Tpu moCTOSIHHOM KOHIIGHTPAaUU (epMEHTa B )KUBOM CUCTEME CKOPOCTH Pa3I0KEeHUS

cyOcTpaTa 3aBUCHT OT KOHIIEHTpaIuu cyocTpara.

Vo

n=0

> C(S)
Pucynok 5.6 —3aBucuMOCTb cKOpOCTH (hepMETATUBHOIO KaTalu3a OT KOHIIEHTpaIlK cyocTpara.

3oHa | — KOHIIEHTpaIus cyOcTpaTa MHOTO MEHBIIIE YHCIIa aKTUBHBIX [IEHTPOB B
MoJieKyJe (pepMEeHTOB, MOPSAAOK PEaKLIUU paBeH 1.

3oHa || — KOHLIEHTpaIMsI AaKTUBHBIX LIEHTPOB ()EPMEHTOB COIIOCTaBUMA C
KOHIICHTpaInel cyOcTpaTa, HO aKTUBHBIE IICHTPHI 3aII0JIHEHBI HE MOTHOCTHIO. [Topsnok peakuu
paBeH o 0 go 1.

3oHa |l — Bce akTHBHBIE LIEHTPHI MOJIEKYJT (PEPMEHTOB 3aHATHI MOJIEKYJIaMu CyOcTpara.
CKOpOCTh peakiMy He 3aBUCUT OT KOHLIEHTpAIMK cyOcTpara, Mops oK peakiuu paseH 0.

Bce ¢pepMeHTaTHBHBIC peaKIIMU MPOTEKAIOT Yepe3 00pa3oBaHUE MPOMEKYTOUHOTO
COCTOSIHUSI CHCTEMBI - (DEPMEHTCYOCTPATHOTO KOMIUIEKCA, Pa3I0KEeHHE KOTOPOTO MPUBOINT K

00pa30BaHUIO IPOAYKTOB U BBICBOOOXKICHUIO MOJIEKYT ()EPMEHTOB.
K2 K2
E+S >E-S->INI+E (5.27)
K1
rae E, S, IT — pepment, cydcTpar v IpoOAYKT COOTBETCTBEHHO,
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E-S — dbepmenTcyOCcTpaTHBII KOMILIEKC;

K1 1 ko — KOHCTaHTBI CKOPOCTH COOTBETCTBYIOIUX PEAKIIHA.

JlumuTupyrouei craguen (caMmoil MeIJIEHHOMN) SIBJISIETCSL Pa3JIoKEeHHE
bepmeHTCcyOCcTpaTHOrO KOMILIEKca. 3aBUCUMOCTh CKOPOCTH Pa3JIoKEHUsI OT KOHIIEHTPAUU

cyOcTpara gaercs ypaBHeHneM Muxasiuca-MeHTeH.

_ C(s)
V = Vmakc —— (5.28)

rae C(S) — koHIeHTpanus cyocTpara;
Vmax — MakcuMasbHast CKOPOCTh Pas3lioXKeHHs CyOcTpaTa Py JaHHOM KOHIIEHTPAIlUK

depmenra,

K1 + K2

= (5.29)

K\ — koHcTanTa Muxasnuca, kotopas paBHas Km =

Bonpocskl 1 3a1a4u UIsi CAaMOCTOSITETLHOTO KOHTPOJIst [1,2]:

1. CkopocTh XMMHUYECKOH peakK 3aBUCUT: a) OT IMPUPObI pearupyroIux BeuecTs; 6) ot
KOHIIEHTPALUil pearupyrolyx BEeLIeCTB; B) OT KOHLIEHTPAIMHA IPOAYKTOB XMMUYECKOH peaKIii;
') OT TEMIIEPaTypBhl.

2. 3aBUCUMOCTb CKOPOCTH XMMHUYECKON PEAKIIUU OT KOHLIEHTPALMK pearupyrouux BEeIecTB
yCTaHaBJIMBAET: a) 3aKOH JIEMCTBYIOIUX Macc I TOMOI'€HHBIX peakluii; 0) npasuio BanT-
['odda; B) 3akon pazdasnenus OcTBanbaa; ) ypaBHeHue [ 'nuoocea.

3. I3MeHeHne KOHIIEHTpalK pearupyromnux BelecTB B €IMHUILY BPEMEHHU B €IMHUIIE 00beMa
WJIM YUCJIO 3JIEMEHTAPHBIX aKTOB B3aUMO/ICHCTBUS B €IMHUILY BPEMEHHU B €MHUIIE 00beMa
Ha3bIBAETCS: a) MOPSJIKOM peaKIiK; 0) CKOPOCTBIO PEAKIIMHU; B) MEXaHU3MOM PEAKIIUH; T)
JHEPTrUeH peakiui.

4. KoHcTaHTa CKOPOCTH XMMUYECKOM peakliuyi U3MEHUTCS, €CIIM B CUCTEME: a) U3MEHUTh
TeMneparypy; 0) BBECTH KaTalu3aTop; B) BBECTU HHIMOUTOP; T') U3SMEHUTh KOHIIEHTPAIlUU
pearupyromux BeIEeCTB.

5. CKOpOCTh KaKUX XMMUUYECKHX PEAKLUI YBEINUMBAETCS C POCTOM TEMIIEPATYpPHI: a) JHOOBIX;
0) HUKAKHX; B) 9K30TEPMUYECKUX; I') SHJOTEPMHUUECKHUX.

6. YBenuueHue CKOpOCTH XMMHYECKON peaKIMK MTPH MOBBIIIEHUH TeMIepaTyphl 00bICHAETCS:
a) YMEHBIICHUEM YHUCIIa CTOJIKHOBEHUI MEX/y MOJIeKyIaMu; 0) yBeITHUeHHEM MOTEHIIMATbHOM
HHEPTUU MOJIEKYI; B) YBEIHMUECHHEM YHCIa aKTUBHBIX MOJIEKYT; T) YMEHbIIEHUEM YHEPIUU
aKTHBALIUU.

7. JlelicTBUe KaTaiau3aTopa OObSICHSIETCS TEM, UTO: a) B IPUCYTCTBHH KaTallu3aTopa peaKiius
UJIET IPYTUM IIyTeM — Yepe3 dSHEpreTUYecku 0ojiee JOCTYIMHbIE CTaAuN; 0) KaTaln3aTop CHUXKAET

SHCPTHUIO aKTUBALIUU; B) KaTaJIM3aTop CMCHIACT XUMHNYCCKOC PABHOBCCUC PCAKIIUU B CTOPOHY
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o0pa3oBaHUs MPOAYKTOB; T) B IPUCYTCTBUH KaTaIU3aTOpa YBEIUUUBACTCS YUCIIO CTOIKHOBEHHM
MOJIEKYII.

8. Ecnu naBneHue B peaklIMOHHOM CUCTEME TIOHU3UTh B 2 pa3a, Ka U3MEHUTCSI CKOPOCTh
peakuu 2NO + O— 2NOs.

9. MareMaTHyeCcKHM BhIpOKEHHUEM 3aKOHa AeHCTBYrOIMX Macc I peakiuu COy(T) + 4Ha(r) =
CHa(r) + 2H,0(r) siBsiercst: a) v = kC(CO,)*C(Hy); 6) v = kC(CH,) - C(H20)%; B) v = kC(COy) -
C(Ho)* 1) v = kC(CH,)*C(H,0).

10. CkopoCcTh XUMHUYECKON pEAKLIUU SIBJISIETCS BHICOKOMW, €CIIN: @) SHEPrusl aKTUBALIUU BbICOKAs;
0) sHeprus aktuBanuu paBHa 0; B) SHEprusl akTUBAIIMU HU3Kasl; I') SHEPTUSl aKTUBALIUU CPEIHSIS.
11. ITpu yBenuuennu temneparypsl Ha 40 °C ckopocTh peakiiuu Bo3pocia B 81 pa3s,
TEMIIepaTypHbIA KO3 PHUIUEHT CKOPOCTH Peaklnu paBeH: a) 2; B) 4; 0) 3; 1) 5.

12. Ha cKOIBbKO TpaycoB CIEAyeT MOBBICUTH TEMIIEPATYpPy ra3000pa3HOil cMecH st
YBEJIMUYEHUSI CKOPOCTH peakiuu B 16 pa3 (TemneparypHblii K03 GUIIUeHT paBeH 2.

13. Kak u3MeHuTcs ckopocTh npsimoit peakiuu Ho(r) + Ix(r) = 2HI(T) npu noBsimeHun
JIaBJICHUSA B 5 pas.

14. Konnentpanuu NO u O,, o6pazyromux NO,, 6putr cootBeTcTBeHHO paBHbl 0,03 u 0,05
MOJIB/ M. Yemy paBHa CKOPOCTH JJAHHOM peakIIuu.

15. Ecnu naBneHue cUCTEMBI YBEIMYUTCS B 2 pas3a, TO KaKk U3MEHHUTCA CKOPOCTh XUMUYECKOM
peaknuu 2Al(kp) + 3Cla(r) = 2AI1CI3(xp).

16. Bo ckonbko Bo3pacTeT ckopocTh npsiMoid peaknu CO,(T) + C(rpadur) = 2CO(r) npu
MOBBIIIICHUH JIaBJICHHUS B 4 pasa.

17. MaTeMaTH4eCKUM BBIpaKEHHEM 3aKOHa JelcTByromux Mace i peakuuu C(rpadur) +
2N,0(r)= CO4(T) + 2Ny(r) sBisiercst: a) v = ke(C) 2c(N20); 6) v = ke(C) ¢(N20)%; B) v =
ke(N20)% 1) v = ke(CO2) o(No)2.

18. Ecnu npu nosblieHnn Temneparypsl Ha 30° CKOpOCTh peakIy yBEIUUMIach B 27 pas, TO
4yeMy paBeH TeMIepaTypHbIi KOA(GUIMEHT CKOPOCTH PEAKIIMH.

19. Eciiu TemmniepatypHblii K03()(GUIIMEHT CKOPOCTH peakIuy paBeH 2, a TeMIepaTypa Bo3pocia
Ha 20°, TO BO CKOJIBKO pa3 BO3pPaCTET CKOPOCTh PEaKINK?

20. Ecimn xonnenTpanuu [CO2] = 0,30 moas/n; [Ho] = 0,02 mone/it; k = 1, To yemy paBHa
ckopocTh 00patHoit peakiiuu CO(T) + HoO(r) = CO2(1) + Ha(T).

6 PacTBopbI
6.1 Cnioco0bl BbIpaKeHUs] KOHIEHTPALMH PACTBOPOB
PacTBOpPBI — OJHOPOAHBIE (TOMOT€HHBIE) CHCTEMBI, COCTOSIIIINE U3 IBYX U OoJiee

KOMITOHCHTOB U IIPOJAYKTOB HUX BSaI/IMOJIGfICTBI/ISI.
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B pacTBopax pa3nmm4aroT pacTBOPHUTENH (B 4Y€M PACTBOPSIOT) U PACTBOPEHHOE BEIIECTBO
(4TO pacTBOPSIOT).

CopneprkaHue paCTBOPEHHOT'O BEIIECTBA B PACTBOPAX ONPENEISAIOT OOIIMM HOHATHEM
KOHIICHTPAIIUH, KOTOPOE BBIPAXKACTCS CICAYIONIMMHU CIIOCOOAMH:

MaccoBasi 10151 (W) — OTHOIIIEHHE MacChl PACTBOPEHHOT'O BEIIECTBA K Macce pacTBOpa.

w = :p_:p (6.1)
mp—pa = Mp_py T mp—JIH (62)

Moasipaasi konunenTpamusi (C,) — OTHOIICHHE KOJHYECTBA PACTBOPEHHOIO BEIIECTBA

(MonB) K 00BEMY pacTBOpA.

[M"’“’] = [M] (6.3)

J

Vv
Cm ==
v

Haiinem cBsizb Mexay W u C,,.

mg_ 9-M Cm
w=—b =27 — =2 (6.4)
Mp—pa V-p P

/i€ p — INIOTHOCTH PacTBOPA, I/J1
MouisiiibHasi KOHIEHTpanus (M) — OTHOIIEHUE KOJIMYECTBA PACTBOPEHHOTO

BelecTBa (MOJIb) K Macce pacTBOPUTENS (KT').

Cm=—— [=2] (6.5)

Mp—nq KT

HopMaanas{ KOHICHTPpauusd (Cn)' OTHOIICHHUEC KOJIHUYCCTBA SKBUBAJICHTOB BCIICCTBA

K 00BbEMY pacTBOpa.

o=y [ =N (6.6)

Vp—pa I
I[J'If[ OJHOOCHOBHBIX KHUCJIOT U OJHOKHUCIIOTHBIX OCHOBAaHHU MOJIIpHasA 1 HOpMaJibHasA
KOHICHTPpANUA YUCIICHHO paBHBI, TaK KaK PaBHbI MOJIAPHBIC 39KBUBAJICHTHBIC MACChHI.
CBs3b MOJIIPHOI M HOPMAJIbHOW KOHILIEHTPALUH.
c, = fC, (6.7)
rae f- hakTop SKBUBaJIICHTHOCTH.
HpI/I KHCJIIOTHO-OCHOBHOM TUTPOBAHUH 3aKOH 5KBHUBAJICHTOB IJISA HOpMaHBHOﬁ
KOHICHTPAUHX OMPEACTIACTCA COOTHOMICHUCM!
CVi = CuVa (6.8)
rac CK, CLH — HOPMAJIbHBIC KOHICHTPAlIUU KUCJIOTHI U MICJIOUYN COOTBECTCTBCHHO.
Turtp (T) — comeprkanue pacTBOPEHHOIO BEIIECTBA B IpaMMax, CojieprKaliuecs B

OJIHOM MHJUTHJIUTPE PacTBOpA.
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Bonpoch! 1 3a1a4u [JIsi CAMOCTOATEIbLHOr0 KOHTpos [1,2]:

1. BrIpa3uts B MpoLeHTaX KOHLEHTPALHUIO pacTBOpa, coxepkamero B 250 T Boab! 50 T IITIOKO3HL.

2. CkonbKO BOJBI M XJIOPUCTOTO KalWsl HYXKHO B3ATh, 4T0OBI mpurotoBuTh 500 mi 20 % - pactBopa,
IUIOTHOCTH  KOTOpOro 1,133 r/em® ?

3. B kakoii macce Boawl cieayer pactBoputh 100 r Na,COz-10H,O mis momydeHwsi pactBopa,
conepikariero 4 % 0e3BoaHOM coyn?

4. BpIYHCINTh MOJISIPHYIO ¥ HOPMAIIbHYIO KOHIIEHTPAIH pacTBOpa cynb(dara kamwms, B 20 MII KOTOPOTO
coxepxutcs 1,74 T paCTBOPEHHOT'O BEIECTBA.

5. B 5 1 Boawl pactBopunu 105 nutpoB ammuaka (00beM H3MEpPEH IMPH HOPMAJbHBIX YCIOBHUSX).
PaccunTarh MOJSIpHYIO M HOpMaJIBHYIO KOHLIEHTPALUH MOJyYEHHOTO PacTBOPA, €CIIM €ro TUIOTHOCTh
paBHa 0.95 r/mi1.

6. HaiiTh HOpPMaNbHOCTE W MOJSAPHOCTDH 15 % - pactBopa H,SO4 (p =1,1 r/mn).

7. Paccuurath CH, CM pactBopa H,SO,4 ¢ » =20 %. ITnotHOCTH pacTtBopa 1,15 /M.

8. Ckonbko mummmmutpoB HsPO4s ¢ @ = 20 % (p = 1,33 r/mn) Hamo B3sTh [uis npuroToBienus 0,2 M
pactBopa H3PO, 06semom 300 1.

9. Ckonpko MuTUIUATPOB 20 % pacTBOpa CONSTHON KUCIOTHI, MIIOTHOCTH KOTOoporo 1,22r/mi, TpedyeTcs
Ju1st pactBopeHus 10 T kapOoHaTa Kalblus?

10.Beraucnuts, goctarouno i 20 mi 30 %- pacTBopa cepHO KUCIOTHI, IIIOTHOCTH KOToporo 1,22 r/m,
IU1sl peakuu ¢ 6,54 T HUHKa.

11.Kaxkoii o6bem 6,0 M pacteopa HC1 Hajo B3sTh i ipurotorienus 25 mi 2,5 M pacteopa HC1?

12.Cxonbro muumutpoB 0,5 M pacteopa H,SO, MokHO purotoButs u3 15 M 2,5 M pactBopa?

13.Kaxkoit o6bem 0,1 M pactopa H3PO4 MmoxHO ipurotoButs u3 75 mit 0,75 H pactBopa?

14.Cxonbko Boabl Hamo npubaBuTh K 25,0 ma 40 %-pacTBopa ruApokcuaa Kanus, IIIOTHOCTh KOTOPOTO
1,41 r/mi1, uroObI OJTyuuTh 2 % - pactBop?

15.Kakyto maccy 20 % -pactBopa KOH nHamo npubdaButs k 1 kr 50 %- pactBopa, uTo0bI moyduts 25 % -
pactBop?

16.0OmpenenuTh NPOLEHTHYIO KOHLEHTPALMIO PacTBOpa, MoidydeHHoro cmemenuem 300 r 25 -
nporeaTHoro u 400 r 40 — mpOIIEHTHOTO PaCTBOPOB.

17. Ans nefitpanuzanuu 20 ma 0,1 H pactBopa xucnots! notpedosanock 8 mi NaOH. Ckonpko r NaOH
coaepxut 1 1 3Toro pacteopa?

18./Ins mHeliTpanm3ammu 20 M pactBopa, conepkamiero 2.4 T KUCIOTHI, morpedoBaioch 25 mu 2 H
pactBopa mienour. OnpenenTh HOpMaTbHOCTh PACTBOPA KUCJIOTHI U €€ S9KBUBAJIICHTHYIO Maccy.

19.Ha wetitpanuzaruio 20 Mt pactBopa, cogepxkaiiero B 1 i 12 r menoun, u3pacxomosano 24 mi 0,25 H
pacTBopa KHCIOTHl. PaccunTarh 3KBHBaJICHTHYIO MacCy IIEIOYH.

19.Kaxkoit 00vem 0,3 H pactBopa KuCIOTH TpeOyeTcs Ui HeUTpalr3anuu pacTBopa, coaepikariero 0,32
r NaOH?

6.2 DiekTpoaMTHYECKAS] TUCCOIUALNUS

ITo cmocoGHOCTH MTPOBOJNTH IACKTPUUECKUN TOK BEIIECTBA ACTAT HA AIEKTPOIUTHI U
HEAJIEKTPOJIUTHI.

DJIeKTPOJIMTHI - BEIIECTBA, PACIIIIABBI WJIH PACTBOPHI KOTOPHIX MPOBOISAT
ANMEKTPUIECKUHN TOK (COJH, KUCTIOTHI, OCHOBAHMS ),

HesnekTposInThI - BELIECTBA, PACTBOPHI WM PACILIIaBbl KOTOPBIX HE MTPOBOJIAT

AIIEKTPUUYECKHH TOK (KHUCIOPO/, BOJOPO, OpraHUYEeCKHe BellecTBa — caxap, 6eH3oi1, 3¢up).
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Jl51s 00BbsiCHEHUS IIEKTPONIPOBOUMOCTH PACTBOPOB U PACILIIABOB COJIEH, KUCIIOT,
OCHOBAaHUH APPEHUYC CO3/1a]l TEOPHUIO JIEKTPOJUTHUECKON JUCCOLIUALINY.

Ecnu B siueiiky niis u3ydeHus

LS AJIEKTPOTPOBOTHOCTH HAIHTH MO OYSPEAH TPU
"\ pacTBopa, TO JIAMIIOYKA BKIIOUEHHAS B LICTIh Oy/IeT
TOPETH

a) NaCl — sapko
6) CH3;COOH — Tyckuo

} BIEKTPOIUTHI

B) TJIFOKO3a — HE TOPUT - HEAJIEKTPOIUT

p-p

Pucynok 6.1 — fueiika 1uist U3ydeHHs! 3JIEKTPOIPOBOJHOCTH PacTBOPOB.

OCHOBBI N0JI0KEHUSI TEOPUH JIEKTPOJIUTHYCCKON T CCOHALIUN
1.Monexkyiibl 3J€KTPOIUTOB IIPU PACTBOPEHUH UJIU PACIUIABIIEHUH paclaatoTcs Ha
MOJIO’KUTENbHBIE M OTpULIATEIbHbIE HOHBI HOHBL. [Iponecc pacnaza MoieKyI1 31EKTPOIUTOB Ha
MOHBI HAa3bIBAETCS — AJIEKTPOJIUTUUECKON JUCCOIUAIUEH.
2.I1pu npomyckaHuu 4epe3 pacTBOP UM PACIUIAB JICKTPOIUTA MOCTOSHHOT03JIEKTOPUUECKOTO
TOK TOJIOKUTENIbHO 3apsKEHHBIE HOHBI ABMXKYTCSI K OTPULIATEILHOMY 3JIEKTPOy (KaToay),
[I03TOMY Ha3bIBAIOTCS KATHOHAMM, & OTPULIATEIBHO 3apSKEHHBIE HOHBI IBUKYTCS K
HOJIOKHUTETBHOMY 3JIEKTPOAY (aHOJY), TO3TOMY Ha3bIBAIOTCS AHHOHAMHU.
3.ucconnanus — npouecc 0OpaTUMBIii: OTHOBPEMEHHO € PACHaJIOM MOJIEKYJIbl aH HOHBI

poTeKaeT 0OpaTHBIH Mpoliecc — 00pa3oBaHNE U3 HOHOB UCXOAHBIX HEUTPAIBHBIX MOJIEKYIL.

Z!I/ICC' + -
Mg(NOB)Z‘m '\/Ig2 + 2NO3

MexaHHM3M JIEKTPOJTUTHYECKOM M CCONUALUM
B ocHOBE 2JIEKTPOAUTUYECKON TUCCOLUALIMU JIEKUT B3AUMOAECHCTBUE HOHHOTO
KpI/ICTaJ'IJ'Ia NIn HOJ'IS[pHI)IX MOJ'IeKy.]'I C HOJ'[?[pHBIMI/I MOJ'I@KYJ'IaMI/I paCTBOpI/ITeJ'ISI (B YAaCTHOCTHU C

MOJIEKYJIaMH BOJbI).

3a cyeT IEKTPOCTATUUECKOTIO IPUTSYKEHUS IUII0JIN BOJBI BBIPBIBAIOT [IOBEPXHOCTHBIE
WOHBIN3 KPHUCTAJUIA U IEPEBOJAT UX B PACTBOP, IIPU ITOM HOHBI HAXOASATCS B
COJIbBATUPOBAHHOM (B CIy4ae BOJbI THIPATUPOBAHHOM) COCTOSIHUH - OKPYXEHHBI MOJIEKYJIaMU

pactBopuTens (puc.6.2).
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Pucynok 6.2 — Cxema AucCOnMaIMU BEIIECTB C MOHHOM CBSI3bIO.
[TonspHast MoJiekysa 3a CYET IEKTPOCTATUIECKOTO B3aUMOICUCTBUS C AUTIOISIMHU

BOJIbI MOJISIPU3YETCS M B KOHEUHOM UTOT€ paclajaeTcsl Ha KaTUOH U aHUOH (puc. 6.3).

@ B, ->
\g o
&\ R

Pucynok 6.3 - Cxema quccouuanuy BeeCTB CKOBAJIEHTHON HOJISPHOM CBSI3bIO.

PeanbHO MOHBI BOAOPOAA B OJJHBIX pACTBOPAX MPHUCYTCTBYIOT B THAPATUPOBAHHOM
COCTOSIHUM,B BUJIE TAK aH3bIBAEMBIX HOHOB THApokcoHus H3O", 06pazoBaHue KOTOPHIX MOKHO
TIpeICTaBUTh KaK MpucoearHenne nona H'k Monekysie Bo/ibl HaCUeT JOHOPHO-AKIENTOPHOTO

B3aUMOICHUCTBUSI.
H"+ H,0 < HsO" + OH

KonmnuecTBeHHO npoliece AUCCOIUMAUN XapaKTEePU3yeTCsl CTeNeHbI0 IUCCOUALMH O, —
OTHOIIIEHNE KOJMYECTBA (KOHIICHTPAIIMH ) MOJICKYJI, pacClaBIINXCsl HA HOHBI, K 0011IeMy
KOJIMYECTBY (MCXOTHON KOHIIEHTPAIIMN) MOJIEKYJ paCTBOPEHHOTO BEIIECTBA:

n C 2
no Co

PaCCMOTpI/IM JAUCCOHUAIIUIO cnaboit YKCYCHOﬁ KHUCJIOTBI:

CH3COOH < CH;COO + H*

Co Cm 0
AC o-Cm o-Cm
Cp Cm—-oa-Cm a-Cm
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[H'] = [CH3COO7] = a-Cm (6.10)

[CH;COOTJ[H*]  aCm-a-Cm _ a?Cm? _ a?Cm

Kn = [CH;COOH] ~ Cm-aCm Cm(l-a)  1-a (6.11)
a?-Cm
Kn==—r- (6.12)
TK. a < 1—1—a= 1, crezoarensio Kn=o>Cm— a = /(}:% (6.13)

3akon pa3zoaBiennss OcBajib/a: IpyU MEHBIIICHUN B PACTBOPE KOHIIEHTPAILIUU CJIa00T0
AIIEKTpONIHTA (pa30aBICHUN PACTBOPA) CTETIEHB AUCCOLUAIIMH BO3PACTACT.

HonHoe npousBeneHue Boabl. BomopoaHblii nokaszareib

H,0 & H" + OH"
Kz = —[H;]{[ZOO‘]’_] =1,6-10710,
[H,0] = const
Cm(H,0) = [H,0] = o 1000r = 55,6 MoJsib/ 11
MV 18-1
Kw = Kn[H,0] = [HT][OH™] = 1074 (6.14)

Kw — voHHOe nmpou3BeJieHre BoAbl; t° = 298K

pH + pOH = 14

[H']> [OH] - KHCIIast cpesia
[H]< [OHT] - 1enovHas cpesa
[H*]= [OH] - HelTpanbHas cpeaa

pH = -Ig[H"]- BomopoHbIiinokasaTens
Ig[H'] + Ig[OH] = 14
pOH = -Ig[OH] =14 — pH
Takum oGpazom, eci [H] = 10°M, to [OH] =10°M
HNuauxkaropsl

HHAMKATOPBI — BEIECTBA, PACTBOPLI KOTOPHIX B 3aBUCUMOCTH OT KUCJIOTHOCTH CPEIbI
CIIOCOOHBI U3MEHSTH CBOKO OKPACKY.

B kauecTBe MHIMKATOPOB, KaK MPABHJIO, IPUMEHSIOT CIIOKHBIE OPraHUYECKHE CI1a0ble
KUCJIOTHI WJIA OCHOBAHHUS

Hind <> H" + Ind

JleiicTBYE MHAMKATOPOB OCHOBAHO HA TOM, YTO U3 MOJEKYJIAPHAs ¥ HOHHBIE (POPMBI

TOTJIONIAOT BUAMMBIHM CBET B Pa3IMYHOM CIIEKTPaIbHOM auamnasoHe.llpu u30bITKE B paCTBOPE

+ o
nonos H HUHIUKATOp, NPCACTABIAIOIINNY OPraHUuYCCKYIO KHUCJIOTY, MIPEUMYIIECCTBEHHO
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HaxOJIUTCSA B MOJIEKYJISIpHOU popMe (0/1Ha OKpacka); Mpu U30bITKE THAPOKCUIIbHBIX HOHOB OH" -

MIPEUMYIIECTBEHHO B HIOHHOU popme (Ipyrast OKpacka).

[InpoKo NCHOIB3YETCSI OTPAaHUYEHHOE KOJIMYECTBO MHIAUKATOPOB:

HNupuxarop Oxkpacka B HEKOTOPBIX cpeaax
Kucmas pH<7 Heiitpansuas pH=7 [emoun pH>7
Jlakmyc Kpachbrit ®uosIeTOBBII Cunuit
MeTuiopan:k KpacHsb1it OpanskeBblit Kenterit
®enoidrasienH becuseTHbIi becueTHbIi ManuHOoBBII

HauOonee Tounoe omnpenenenue pH cpenbl OCyIIEeCTBISETCS MHCTPYMEHTAIbHBIMU METOAAMU —
noHOMepaMHu, PH-MeTpamu, B KOTOPBIX TOYHOCTb ONPEAEIAETCS 10 COThIX eauHMIL PH.

Pacyer pH kucj0T 1 0OcHOBaHMii

CuiibHBIE KHCJIOTBI

C(HCIH=0,01M

HCl - H" + CI’ (IpaKTUYECKH TTOJTHAS TUCCOITUALINS )

[H] =[HCI] =0,01M

pH =-Ig[H] =-1g 10% =2

B cnyyae MHOTOOCHOBHOM CHIJIBHOM KHCIIOTBI YYUTHIBAIOT CYMMApPHYIO KOHIICHTPAIIUIO HOHOB
H*, 06pasyrommxcs mpy AUCCOIMAIINN KHCIOTHL.

C(H,SO,4) = 0,0005M

H,SO, « 2H' + 8042-

[H™] = 2[H,S04] = 2 - 0,0005 = 0,001M

pH=-lg10°=3

CujibHbIe OCHOBaHUS (1EJI0YH)

C(NaOH) =0,1M

NaOH — Na* + OH’

[OHT] = [NaOH] = 0,1M

pOH =-lg [OH]=-Ig10* =1

pH=14-pOH=14-1=13

B cnyyae MHOTOKHCIIOTHOTO OCHOBaHUS B pacyeTax B pacueTaX yUUTHIBACTCS CyMMapHas

KOHIIeHTpalus noHoB OH'.
C(Ba(OH),) = 0,005M
Ba(OH); — Ba*" + 20H"
[OHT] = 2[Ba(OH),] =2 - 0,005 = 0,01M
pOH =-1g 10% =2
pH=14-2=12
Pacuyer pH ciadbIX KHCJIOT U OCHOBAHMH

Ciadble KHCJI0THI

C(HCN) = 10°M
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HCN < H"+ CN’

c
— pacn —
a=-— - Cpacn = aCq

H*] = aC,(HCN) = aC,

Ka _ [10710 _ _
Co A 102 107 K,(HCN) = 10710

[H'] = aCo=10" -10% = 10°M
pH=-1g10°=6

a =

Cnabble OCHOBaHHMS

C(NH4OH) = 0,001M; K,(NH,0H) = 107°
NH,OH < NH;" + OH"

[OH] = aCo

10 5
Ka =10-1
0

[OH] =0,001 -0,1 = 10™M

pOH =-Ig 10 = 4

pH=14-4=10

B CJIyda€ MHOI'OOCHOBHBIX CJ'Ia6BIX KHCJIOT XOJ PACCYKACHUS OCTACTCA a6COJ'II-OTHO
AHAJIOTUYHBIM, TOJIbKO BO BHUMAHUC ITPUHUMACTCA AUCCOIUalusA 110 HepBOﬁ CTYIICHHU.
H,CO3 < H* + HCOy Ki=10"

HCOs « H' + COs* K,=10"

6.3bydepHbie pacTBOpPbI

[IpencraBistoT coboii cMecu ciiaboi KUCIOTHI U €€ COJu (aueTaTHbIi Oydep
CH3;COOH + CH3COONa), cnaboro ocHoBaHus U ero cosin (aMmuaunslii 6ypep NH,OH +
NH4CI), cmech coneit MHOroocHoBHOM kucnoTh (hocdarubrit 6ypep NaH,PO4 + Na;HPO,).
OCOOEHHOCTBIO JJAHHBIX PACTBOPOB SBJISIETCS TO, YTO TPH JT00aBICHUN HEOOIBIINX KOJTHYECTB
CHJIBHBIX KHCIIOT WJIK 1esiour PH Takoro pacTBopa MpakTHUECKH HE W3MEHSETCS.

Mexanusm aeiicreus Oy(epHoOro pacrsopa

PaccmoTpuM Ha nmpuMepe arieraTHoro o0ydepa, npu 100aBIeHUN CUIBHOM KUCIOTHI
U30BITOK HOHOB BOJIOPO/Ia CBA3BIBAETCS C alleTaT-HOHAMH C 00pa30BaHUEM MOJIEKYIT C1aboro
ANEKTPOJIUTA YKCYCHOU KHUCITOTHI.

[Tpu no6aBneHnn k 6yhepHOMY pacTBOPY IEIOYU U30BITOK THAPOKCUI-HOHOB
HEUTpanu3yercsi yKCYyCHOM KUCIOTOM, IPpU 3TOM 00pa3yroTCcsi MOJIEKYIIBI c1aboro 3JIeKTpoIuTa —
BOJIBI.

CH3COOH + CH3;COONa

NH,OH + NH,CI

CH3COO™ + H" — CH3COOH
CH3COOH + OH" — CH3;COO" + H,0O
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['maBHBIME XapakTepucTUKamMu OyhepHBIX pacTBOPOB sBisieTcs ux PH u Oydepnast
€MKOCTb.

Paccunraem pH aneratHoro Oydepa:

CH3COOH < CH3COO+ H* (6.15)
__ [H*]-[CH3C007]
Ka = [CH3COOH] (6.16)

U3 ypasuenus (6.15) BbIpasuM KOHLEHTpaLuio nonos H™.

@ [CH3€007]

Tak kKak coJib CUIIBHBIN JIEKTPOIIUT, alleTaT HATPHsI TUCCOHUPYIOT B PACTBOPE
MOJIHOCTBIO U, MO’KHO CUUTaTh, YTO PABHOBECHAs KOHIIEHTPALIMS alleTaT-HOHOB paBHA UCXOIHOM
KOHIIEHTpAaIlMU cOJH B OypepHOM pacTBope.

Kaxk cnenyer u3 ypaBHenus auccormanuu (6.15), mpucyTcTBre B pacTBOpeE arerar-
HMOHOB CMEIIAeT PABHOBECHE B CTOPOHY 00pa30BaHMS MOJICKYJ KUCIIOTHI, TO €CTh MOXHO
CUMTAaTh, YTO PABHOBECHAS KOHIICHTPAIIHsI KUCIOTHI paBHA €€ UCXOJAHON KOHIICHTPAINH B

O0ydepHOM pacTBOpe, Toraa Beipakenue (6.17) MOKHO 3anucath B BUJE:

Cx

[H*] =K (6.18)

[Iponoropupmupyem ypaBHEHHE U YMHOXKHM Ha €TUHUILY.
-lg [H'] = -lg Ka—Ig Ck + Ig Cc (6.19)
¢ yuetom: -lg [H'] = pH; -Ig Ka = pKa
ypaBHeHue (6.19) npuHumMaeT BU:

pH = pKa + Ig g— (6.20)

rie pKa — cuioBoi mokasarelib KUCIOThI
Paccyxnenus aHanornyssl 11 0y(epHbIX pacTBOPOB, MPEACTABIAIOMNX cO00M cMech

¢71a00ro OCHOBAHHUS U €r0 COJIU. Hcxons u3 9TOro, MOXHO IMOJIYUYHUTH BEIPAKCHHUE!

POH = pKb + g (6.21)

OCH

W3 ypaBHenunii (6.20, 6.21) ciengyer, 4To NpU OJUHAKOBOW KOHLEHTPALIUU KUCIIOTHI U
coiu (ocHOBaHuUsA U conn) PH OydepHoro pacTBopa YMUCIEHHO paBEH CUIOBOMY MOKA3aTEeNIo
KHCJIOTHI, a TAKXKE U3 YpaBHEHUS CIeAyeT, yTo pH pazbasieHun 0ydepHbIx pacTBopoB ux pH
0CTaeTCsl HEM3MEHHBIM.

Omnpenenum pH aneratnoro 6ydepnoro pactsopa npu Co = 0,1M:

Co (CH3COOH) = Cy (CH3COONa) = 0,1M
pH=-lg (1,75-10°) =519 1,75= 4,76
CooTHolIeHne KOMIOHEHTOB OypepHOTo pacTBOpa (KUCIOTHI U €€ COJIM), KaK MPaBuiIo,

OepeTcsi B COOTHOLIEHUH HE IpeBbIIIaomuM naTepsan 1x10.
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Paccmotpum, kak uzmenutces pH 6ydeproro pactBopa oobemom 1 auTp ¢
KOHLEHTpauuel kucnoTsl u conu 0,1M, eciin k Takomy pacTBopy 400aBUTH 2 M
oxHoMousipaoro pacrsopa HCI.

(HCl)=2-10%-1=2- 10" moms

C(HC) =2=21" = 2. 10°Mm

14

+
JlanHoe KonyecTBO MOHOB H', CBSA3BIBAsCH C alleTaT-MOHAMM, IEPEXOIUT B MOJICKYJIbI
KHCJIOTBI, YMEHBIIAIOT KOHIICHTPAILIUIO Coiu B OydeproM pacTBope Ha 0,002M u Ha TaKyro ke

BCJIIMYMHY BO3PACTACT KOHUCHTPAUs KUCIOTHI, 1 pH pacTBOpa CTAHOBUTCA:

0,1-0,002

Cc _
pH = pKa + lgc—K =476 +1g 0.170,002

= 4,74

ApH =476 — 4,74 = 0,02

Jl11s cpaBHEHHS paCCMOTPHUM, KaK U3MeHuiIcs Obl PH mpu g006aBieHUH TaKOTO e
KOJIMYECTBA KUCIIOTHI K 11 uncToit Bojsl (PH=7)
pH=-Ig[H']=-lg(2-10%=3-1g2=2,7
ApH=7-2,7=4,3

Jpyroii BaxkHeHIIIeH XapakTepuCTUKOI OypepHbIX pacTBOPOB sBisieTcsa OydepHas
eMKkocTh (B). BydepHas eMKOCTh — 3TO KOJIMYECTBO SKBUBAJIEHTOB CUIILHOW KHCIOTHI WU
IEJI0YH, KOTOPBIE MOKHO JJOOABUTH K OHOMY JUTPY Oy(hepHOTo pacTBopa, 4TOOBl H3MEHHUTD
ero pH na equnauIy. bydepHas eMKOCTh ONpeAenseTcsi SKCIEPUMEHTATHHO (PHUIBTPOBAHUEM
poObI Oy(hepHOro pacTBOpa pacTBOpa CUIBHON KUCIOThI WM HIENOYH, U3BECTHBIN
KOHIIEHTpPALUK; IPH 3TOM puKcupyercs usmeHenue pH. Pacuer 6ydepHoil eMKkocTH 1o KUCIOTE

¥ OCHOBAHUIO BEAyT MO hopmye:

CiVie

B, = Voo lapH] (6.22)
— CHIVHI

By = Ve.p.|ApH| (6.23)

Ba u By — OydepHas eMKOCTh 110 KUCIIOTE U LIEJIOUH.
Cy u C; — HOpMaJbHast KOHIIEHTpAlLUsl paCTBOPOB KUCIIOTHI M LIIENIOYM,  B3SATHIX I TUTPOB.
Vs.p.— 00beM IpoOBI OydepHOro pacTBopa.
|ApH| - u3menenue pH npu THTpOBaHHH.
6.4 I'maposn3 coJiei

I'uaposius -370 B3auMoieiCTBHUE JIFOOBIX BEIIECTB ¢ BOAOH (KpaxMmana, OelKoB).
PaccmoTpuM dacThle ciyyan rHIpou3a — B3aUMOJEHCTBUE COJIEH ¢ BOJIOI.
[Tpu3HaKOM MPOTEKAaHUS THAPOIIH3A COJICH SIBIISIETCSI N3MEHEHHE KHCIOTHOCTH CPEIIBI C

HEUTPAJIbHOM Ha KUCIIYIO WM IEIOYHYIO.
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CymHOCTb TuApoIn3a 3aKI04aeTcs B 00pa3oBaHuE MOJIEKYJI C1a00ro 3JIeKTPOIUTa —
KHCJIOTBI MJIM OCHOBAHUS C OJJHOBPEMEHHBIM IOSBIEHUEM B pacTBOPE HOHOB BOOPOA WU
THJIPOKCUA-HOHOB.Ecim mpu ruaposinse o0pa3yroTes ciaadble OCHOBAHHUS, TO MPOLIECC MPOTEKAET
10 KaTHOHY; eCIH 00pasyeTcs crnadast KucioTa cinadbas — 1o anuony.Eciu ogHOBpeMeHHO U
cnaboe OCHOBaHHUE U cllabasi KUCIIOTa, TO TUAPOJIN3 MPOTEKAET U MO0 KAaTUOHY, U 110 aHUOHY.

YpaBHeHHE I'HIPOIM3a MOTYT OBITh 3alMcaHbl B 3 popmax:

e B monexkynsipHoi
e [losHo¥ noHHOM popme
e Kparkoii nonnoit popme (Haudosee UHPOPMATUBHO, TAK KAK [MOKA3IBAET MOJIECKYJIBI
KaKoro c1a0oro 31eKTPOoIUTa 00pa3yroTCs MpU THAPOIN3€e U30BITOK KAKMX HOHOB
(KaTMOHOB BOJIOPO/A UM TUAPOKCUI-UOHOB) MOSBIISIETCS B PaCTBOPE. )
['uponu3 npoTeKaeT npu CIEAYIOIUX TpeX Ciaydasx:
1. Coab o0pa3oBana cJiadbIM OCHOBAHMEM M CWJIbHOM KHCJIOTOM
NH,CI + H,0 <> NH4OH + HCI (monekynsapuas ¢popma)
NH;" + CI" + H,0 <> NH40H + H* + CI (nonnas dpopma)
NH;" + H,0 <> NH4OH + H” (xpaTkas nonnas dopma).
[Tpu ruaponr3e JaHHBIX COJIM B pacTBOpe 00paszyeTcs N30BITOK HOHOB BOJIOPOAa — cpena
CTaHOBHUTCA Kucioi (pH<7).
Tax kak ruAposIn3 — 0O0paTUMBIN IPOLIECC, YTO OH XapaKTEPU3YETCsl CBOEH KOHCTaHThI

paBHOBecHsI (TPY HAITMUCAHUE €€ BHIPAKEHHS YUYUTHIBAIOT TOJIBKO KPaTKyto (hopMy ypaBHEHHE

THJIPOJIN3A):
__[NaOH][H?]
Kp = NAF]iH,0] (6.34)

[Ipy runposn3e KOHUEHTpALKA BOABI B pACTBOPE MPAKTUYECKU HE U3MEHSIETCS; BHOCUM
€e 110/l 3HaK KOHCTAHThI PABHOBECHS, IIPOU3BEACHUE ABYX IIOCTOSHHBIX TAKXKE ABIACTCA

BEJIUYMHOMN HOCTOHHHOﬁ, KOTOPBIC KOJIMYCCTBECHHO HA3bIBACTCA KOHCTaHTOH ruapoJimsa Kr.

_ __ [NH,OH][H™]
Kr = Kp[H,0] = W (6.35)

VMHOkKaeM YHCINUTEIb M 3HAMEHATENIh Ha KOHLOCHTPAIUIO THAPOKCUIIBHBIX HOHOB

Kr = [NH4OH][1-1+][_0H‘] _ kw (6.36)
[NHL][0H™] Kb
Orcrona:
Kw
ke = < (6.:37)

J171s1 KOJTMYeCTBEHHOU XapaKTEPUCTUKH MPOIIecca THAPOIN3a BUIHO TOHATHE CTETICHU
TUApOIN3a h — OTHOIIEHNE KOHIIEHTPAIIUU THAPOJIU3UPOBAHHON COJTH K €T0 MCXOTHOM
KOHIICHTPAIIUX B PACTBODE.
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h = o (6.38)
Co

KoHmeHTpamus ruiposin3upoOBaHHON COJIM paBHA
Crup =hCo (6.39)
U paBHA KOHIICHTPAIIUH IPOYKTOB THIPOJIH3a
[NH4OH] = [H] = hCq (6.40)
KonreHTpaius He THIpOITU3UPOBAHHON COJM B PACTBOPE COCTABJISICT:
[NH;7=Co—hCo=Co- (1-h) (6.41)
[ToncraBum Beipaskenue B (6.40) u (6.41) B ypaBHeHue (6.35)

Kr = hCy-hCy _ h%Cy

T Co(1-h)  1-h (6.42)

[Ipu runposnse naHHBIX COJiel 3HaueHueM h B 3HaMeHaresne ypaBHeHUs (6.42) MOKHO
npeHedpeys, ¥ OHO MPUHUMAET BUJI:

Kr = h’Cy (6.43)
[IpupaBHsem mpaBbie yacTu ypaBHeHu (6.43) u (6.37)
20 = Kw
Wl =% (6.44)

OTCIO,I[a paccuuTacMm CTCIICHb Ir'HJAPOJIn3a h

Kw
h= =G (6.45)

PaccuuTaB cTeneHp THIPOIIN3A U 3HASI UCXOAHYIO KOHIIEHTPAIIMIO COJTU B pacTBOpE, U3
BeIpaskeHus (6.40) Haxo UM KOHIICHTPAIIMIO HOHOB BOA0poaa U pH pacTBopa.

IIpumep.
Paccunrars pH 0,1 momsaproro pacteopa NH,OH (Kb = 10°).

10~14 _
h= |—==10""
0,1-10~5

[H]=hCo=10"-10"=10"M
pH =-lg [H'] =-1g10° =5
2. CoJb 00pa3oBaHa CWJILHBIM OCHOBAHUEM U €JIA00# KMCJIOTOM
KCN + H;0 «» KOH + HCN
CN" + H;0 <> HCN + OH"
[Ipu ruaponu3e JaHHBIX COJIM B pacTBOpe 00pazyeTcst M30BITOK THIPOKCUI-HOHOB —
cpena mienounast (pH>7)
XO)I PaCCyXXKACHUS IIPU BBIYUCICHUN KOHCTAHTBI THAPOJIN3a, CTCIICHb TUAPOJIN3a U

KOHICHTPAUIO TUAPOKCUIIBHBIX HOHOB IMOJIHOCTHIO aHAJIOTUYCH PACCMOTPCHHOMY B ITYHKTC 1.
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Kr=2  (6.46) h= C‘z:a (6.47) [OHT = hCo (6.48)
IIpumep
Paccuurarts pH 0, 001M
h= /% =0,1
[OH]=0,1-102=10°M
pOH = -lg 10°®, pH=14-3=11

3. Coun, o0pa3oBaHHbIE CJ120bIM OCHOBAHUEM H CJ1a00H KUCJIO0TOM
CH3COONH4 + H,0 +» CH3;COOH + NH,OH

Cpena pacTBOpPOB JJaHHBIX COJIEH OMpPEENsIeTCs COMOCTaBICHUEM KOHCTAHT
JUCCOLIMAIIMU 00Pa3yIOMIUXCs cabol KUCIOTHI U ¢1a00r0 OcHOBaHUS. TOT 3JEKTPOIHT,
KOHCTaHTa JUCCOIMALMU KOTOPOTO OOJIBIIE U ONPENENISET CPENY pacTBOPA.
Ecit KOHCTaHTHI TUCCONMANIMY TPUMEPHO PaBHBI, HECMOTPS HA MPOTEKAHHUE THIPOIN3a (B
pacTBOpe MPUCYTCTBYIOT U MOJIEKYJIbI ¢1a00T0 OCHOBAHUS, M MOJIEKYJIbI C1a0ble KHCIOTHI)
cpella pacTBOpa OCTAETCsl HEUTPATIHLHOM.
Ka (CH3COOH) = 1,76 - 10-5
Kb (NHOH)=1,74-10-5 = pH=7
4. Cosin 00pa3oBaHHbIe CWIbHBIM OCHOBAHUEM U CHJILHON KHCJIOTOM.

OTH CONU TUAPOIHU3Y HE TIOJBEPraloTCs, UX PaCTBOPBI UMEIOT HelTpaibHyto cpeny (pH
=T).
['myOuny (cTeneHsb) ruAPOIU3 MOXKHO YBEITUUUTh pa30aBIeHUEM pacTBOPA COJIU WU
YBEJIMUECHUEM TEMITCPATYPBHI.
SbCl; + 2H,0 — Sb(OH),CI + 2HCI

OO0mbscHsercs cooTBeTcTBUU ¢ puHIUnoM Jle -Illarense; yBennueHUEe KOHIIEHTPAIHH
BOJIbI (pa30aBieHUs] PACTBOPOB) CKayaTh PABHOBECHUS B CTOPOHY PEAKIIMU Pacxojia BOJIbI.
[Ipu HarpeBaHuM pacTBOPOB COJIEH, CKIIOHHOCTh THAPOIU3Y MPOIECC MOKET CTAHOBHUTCS
HEOOpaTHMBIM.
FeCl; + 3H,0 — Fe(OH)3| + 3HCI

Ecam mpoaykTsl rHApOIN3a BEIBOASTCS U3 PACTBOPA B BUE OCAIKOB MIIK Ta3a , TO
TUIPOIIN3 MIPOTEKAEeT HEOOPATUMO.
Al;S3 + H,O — 2A1(OH)3| + 3H,S1

JlanHbIe COTM B TAOJIMIIE PACTBOPHUMOCTH OTMEUYEHBI MPOYEPKOM KaK HECYIIECTBYIOITHE

WJIM pasiaraeMbl€ BOJIOM.
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5. Ecnm conu 06pa3zoBanbl c1a0BIMA MHOTOOCHOBHBIMHU KHCIIOTAMU WIIH CIIA0BIMH
MHOTOOCHOBHBIMUA OCHOBAHUSIMHU, TO THIIPOJIN3 MIPOTEKAET CTYNEHYATO U IPEUMYIIIECTBEHHO TI0
MepBOM CTauHU.

Na,COj3 + H,0 <> NaHCO3 + NaOH
CO3” + Hy0 < HCO3” + OH’
AICl3 + H,0 < AIOHCI; + HCI
AP + H,0 — AIOH*+ H*

Bonpocs! 1 3a1a4u JIsi CAaMOCTOATEIbLHOr0 KoHTpoJs [1,2]:

Heo0OxonnMmble 1151 pacu€TOB CIIPaBOYHbIE TAHHBIE B3ATh B TAOJIUIIE.

1. Paccuuraiite pH 0,02 M pactsopa CH3COOH.

2. Beruucnute crenens gucconuanuu u pH 0,001 M pactBopa HCN.

3. Kakue 13 TaHHBIX peakilnii MpoTeKaroT B pacTBope Heobpatumo? 1) K,SO3 + HCI = ...2)
Na,CO3 + HSO4 = ...3) K2SO4 + NaCl = ...4) KCN + HNO3 = ..

4. Paccumraiite pH 0,001 M pactBopa Ba(OH)s.

5. Onpenenure MosipHyro KoHUeHTpanuto pactBopa KOH, ecnu pH pactBopa pasen 10.

6. Paccumnraiite pH u pOH 0,0005 M pactBopa NaOH.

7. Onpenenure MOJISIpHYIO KOHIIeHTpauio pactBopa HNO,, ecnu pH pactBopa pasen 4

8. Kakue U3 qaHHBIX peakiiuii mpoTekaroT B pactBope HeoOpatumo? 1) Ba(NOs),+ H,SO4= ...
2) Ba(NOs3),+ NaCl = .. 3) Al(NOs); + KOH =...4) KOH + HCIO, = ...

9. Onpenenure MOISIpHYIO KOHIIEHTpauuto pactBopa Sr(OH),, ecniu pH pactBopa pasen 11.
10. PaccuuTaiite pH u pOH 0,0001 M pactBopa H2COj3, yunTbIBasi TOJbKO HEPBYIO CTYIIEHb
JUCCOLIMAIINY.

11. Onpenenure MonspHYyto KoHIEeHTpauuto pactsopa HoS, eciin pOH pacTBopa paseH 9.
VY4uThIBalTE TOJIBKO MEPBYIO CTYNEHb TUCCOLUAIIMN KUCIIOTHI.

12. Onpenenure pH pactBopos comneit (NH;)2CO3 u K5S

13. Omnpenenute pH pactBopoB comneit NH4Cl; u Al,Ss.

14. Kakas u3 AByX coJeii B Oomnbliei creneHu moasepraetcs ruaponnsy: Nay,COsz unu NapySOs;
FeCl; wim FeCly?

15. Beraucnure pH 0,0001 M pactBopa Nap,COs3. YuuTsiBaiiTe TOIBKO MEPBYIO CTYTICHD
TUAPOJIN3A.

16.Paccunrats pH pactBopa 0,1 M anerara Hatpus u 0,1M yKCyCHOH KHUCIOTHI.

17. Paccuurats pH pactBopa 0,01 M ruapokcuna ammonus u 0,1 M xmnopuga aMMOHUS.

18. Paccumurars pH pactBopa 0,1 M dhopmuara Hatpus u 0,01 M MypaBEHHON KHUCIIOTHI.
19.Paccuutate pH pactBopa 0,01 M anerara kanus u 0,1 M yKCyCHON KHCIOTBHI.

20. PaccuuTats pH pactBopa 0,1 M ruapokcuga ammonus u 0,001 M xsopuia aMMOHHUSL.
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7 OKHMCIANTEILHO-BOCCTAHOBUTEIbHbIE PEAKINH

Bce peakiiun MOXXKHO pa3feiuTh Ha JIBa TUIA: IPOTEKAIOLINE C U3MEHEHUE CTEIIEHH
OKHCJICHHSI B3aUMOJICHCTBYIOIIUX aTOMOB — OKHUCJIMTEIbHO-BOCCTAHOBUTENbHBIE,
npoTeKaromue 0e3 U3MEHEHUS CTETICHH OKUCIICHHS.

CreneHb OKHCJEHNS — 3TO YCIOBHBIH 3aps]l aTOMOB B MOJIEKYJIE WIIM CJI0KHOM HOHE,
BBIYUCIICHHBIN UCXOS U3 MIPEAIIOTI0KEHUS, YTO MOJIEKYJIa COCTOUT TOJIBKO U3 HOHOB, IPUYEM
CyMMa CTEIeHEH OKHMCICHHs BCeX aTOMOB B MOJIEKYJIE paBHA HYJIIO, a B CI1a00OM — 3apsy 3TOro
MOHA.

I'oBOpst 0 cTENEHN OKUCIIEHUS B YCIOBHOM NOPSIKE, 3HAK 3apsija CTaBUTCS NEPE]

U dpoii; roBops o 3apsae UOHA (peaabHbIN (PU3NUECKON BEITMUMHE) 3HAK CTABUTCS 1OCIIe
udpel.

IIpaBuia onpenesieHNsl CTeNeHN OKUCJICHUS:

1. Crenenu oKHUCIIEHUsI aTOMOB B IPOCTBIX BELECTBAX (METaJlI, BOJOPOI, KHUCIOPO/) PaBHBI
HYJIIO.

2. CrenieHb OKMCIICHHSI BOIOPO/Ia B COSIMHEHMSIX BCeraa +1, 3a HCKIII0UeHueM OMHApHBIX
coequnenunii ¢ metayutamu( runpuasl: NaH, CaHz), B KoTopbIxX y BOJOpOa CTENEHb OKUCICHHS -
1.

3. CreneHpb OKHMCIIEHUS KUCIOPOJa B COEAMHEHUAX BCETA -2, 32 UCKIFOYEHUEM NIEPEKUCH
BoslopoJia u ee couielt (Na0O), B KOTOPBIX CTENIEHb OKUCIIEHUS KUCIIOpOJia CTaHOBUTCS -1 , a
TaKXe COeJUHEHNE CO PTOPOM, B KOTOPBIX Y KHCIOPOAA MOJOKHUTEIbHAS CTETIEHb OKUCIICHNUS (B
motekyiie OF,cTeneHb OKHCIICHUS KUCIIOPoia paBHa +2).

4. YV meramioB rpymi 1A u 2A, amoMuHMS, [IUHKA, KaIMUSI CTETICHb OKUCJICHHS paBHA HOMEPY

IPYMIIbI, B KOTOPbIM CTOUT JaHHBIA MeTall.

BocctaHoBNeHWe i = OKucneHue
i «——OneKTpoabl —

+HIl

L

4

sl
W %

-~
ey 18 @ Ty N®
) S 7, [ ) g (PP
I e = - — ——. — —
oo Sal N sy = |2 %Sul == —— =1 =~
i — = - | = s = ———— 7
e — e —~
—:_ — S— —b&’m — — s —
e =" | _ it R
L —— _ — —— B =TT e = <

Pucynok 7.1 — Cxema 3JIeKTpOIUTHIECKOMN STUEUKN
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[To OTKJIOHEHHIO CTPENKU rajibBAHOMETPA MOKHO CYAUTh O HATMYUH BHEILITHEH 1ienu
AIIEKTPUUYECKOTO TOKA.

JIIEKTPOHBI OT HOHA-HOHOB mepexost k Fe®*
21" -2e’ >, 1
Fe** +e'— Fe®* |2
2FeCl; + 2KI — I, + 2FeCl +2KCl

UYepes HEKOTOpOE BpeMsi 00Hapyx UM, 4To B pactBope ¢ Kl, obpasyercs |y, koTopsrii
JIETKO OTPEAENUTh M0 CHHEMY OKPAIlIEHHOMY PacTBOPY MpHU A00aBICHUH Kpaxmara.

B pactBope ¢ FeClzo6pasyercs Fe?*, KOTOPBIN JIETKO 0OHAPYKUTh TI0 00Pa30BaHUIO
CHHETO ocajika MpH JobaBieHuu pactBopa kpacHoit comu Ky[Fe(CN)g].

BemectBa (aTOMBI, MOJIEKYJIBI, HOHBI), KOTOPBIE OTAAIOT AJIEKTPOHBI, HA3BIBAIOTCS
BoccTtaHoBuTeasiMu.[Ipoiiecc oTaun 3MEKTPOHOB — OKHMCJIEHHeE.
BemiectBa (aTOMbI, MOJIEKYIIbI, HOHBI), KOTOPbIE MPUHUMAIOT 3JIEKTPOHBI, HA3BIBAIOTCS
okucaurteasimu.llponecc npucoeAMHEHUS JIEKTPOHOB — BOCCTAHOBJIEHUE.
B Harem npumepe, noHsl | - BoccraHoBuTeNH, KaTHoHbl Fe** - okucmmren.
[Tpu nporekanuu OBP nomxen cobmtonatecst 6amaHc 3apsiia, YUCI0 OTJAHHBIX U MPUHSATHIX
JOJIKHO OBITH PAaBHO, HA ’TOM OCHOBaH Mo100p kodduimeHToB B ypaBHeHusx OBP.

Hcnonp3yror 2 MeToa:

1) DnekTpoHHBIN OaaHC
2) DIEeKTPOHHO-HOHHBIN METO/I (METO MOTYPEaKIIHii).

AJTOpUTM METOJIa IIEKTPOHHOTO OanaHca:
1) OnpenensieM aTOMBI, HI3MEHHUBIIIHE CBOIO CTENICHb OKMCIICHUS B XOJI€ PEaKIIHH.
2) CocraBiisieM cxeMmy Tepexo/ia JIEKTPOHOB ISl BOCCTAHOBUTENSI U OKUCITUTEISL.
3) Haxoaum HanMeHbIIee 0011ee KpaTHOE MEXKIY YMCIIOM MPUHATHIX U OTAAHHBIX AJIEKTPOHOB.
4) Pa3nenuB mony4yeHHOE YHCIIO Ha KOJTMYECTBO OTAAHHBIX AJIEKTPOHOB, HAXOAUM KO3 (P PHUIHEHT
K BOCCTAaHOBHUTEITIO, Pa3/IENIUB HA YHCIIO IPUHATHIX AJIEKTPOHOB.
5) [lepenocum nosydeHHbIe KOADPHUITUEHTH B YPAaBHEHUH PEAKIIMH K BOCCTAHOBUTENIO U
OKHUCJIUTENIO, KX TTPOIYKTOB.
6) Koo durmeHTs! ocTanbHBIM YYACTHHKOM PEAKIIMK HAXOJAUM Ha OCHOBAHUHU MATEPUAIBHOTO
OanaHca — YHUCIIO AJIEKTPOHOB B JICBOW M MPABOM YACTSIX YPaBHEHUS HE JOJDKHO OBITH paBHO.
7) OxoHuaTenpHas MPoBEpKa MpaBmIbHOCTH K03 uiimentoB B OBP ocymiecTBisiercs Ha
OCHOBaHUHU MaTepUATBHOTO OajlaHca 1Mo KUCIOPOTY.
2KMnOQO4 + 16 HCI — 2MnCl; + 2KCI + 5Cl;1 + 8H,0
Mn*’ +5¢" — Mn*?| 5 2
2CI*-2¢—CI* |2 |10 | 5
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8Fe” + 30HNO3(p)—8Fe( NOs)3 + 3NH4NO; + 9H,0
Fe®-3e3 > Fe™| 3 8
N®+8e —>N3 | 8 |24 | 3

B OBP moxeT npuxoauThcsi Ha 1 BOCCTAaHOBHUTENh 2 OKHUCIUTENs, 00 Ha | OKUCIUTENh- 2
BOCCTAHOBUTEIISL.

4FeS, + 110,— 2Fe,0; + 850,

Fe*?-e'— Fe™ 11 4
25" -10e” — 28™
0L +4e—20%4 |4 |44 |11

Knaccugpukayus OBP

Bce OBP M0OxHO pa3nenuTh Ha TpU THUMA:

1. MexXMOoneKyasipHOe — OKHCIUTENIN U BOCCTAHOBUTENIU COJIEPIKATCS B MOJIEKYJIaX Pa3HbIX
BEIIIECTB.

2FeCl, + Cl,— 2FeCl;

2. BHyTpuMonekynspHas — aTOMbI OKHCIIUTENSI U BOCCTAHOBUTEIS CO/IEPKATCSA B MOJIEKYJIe
OJIHOI'O U TOI'O YK€ BEIECTBA.

(NH4)2CI’207—> Cro03+N5 + 4H,0

3. JIucrponopiuoHUpOBaHNE — aTOMBI OJTHOTO M TOTO K€ JIEMEHTA, COJCPIKAIINECs B OJTHOM
BEIIECTBE OJHOBPEMEHHO MOBBIMIAIOT M MOHMKAIOT CBOIO CTEMCHb OKUCIICHHUSI.
N3H;N*°03+ 0,— N*,07 + 2H,0

N3H4N"0;3+ 0,—N% +2H,0

4KCI™03 — 3KCI*'O,4 + KCI™*

JUJIs1 5JIEeMEHTOB TJIaBHBIX TIOJIPYIIIT BBICIIAS CTENIEHh OKUCIICHUS, KaK IIPABHUIIO, paBHA
HOMEpY TPYIIIbI, B KOTOPOM CTOSIT JAHHBIC DJIIEMEHTHI.

H25+604 _ S+6
HCI"'O, - CI'Y

Husmas cTerneHb OKUCICHHS paBHA PA3HOCTH MEKIY BOCEMbIO 1 HOMEPOM TPYIIITBICO
3HaKoM «MHHYC» (N H3-N'3; HgS-S’Z)

Ecnu aToMbI 11eMEHTOB B KAKOM-TTHOO COSTUHEHUH HaXOUTCS B POMEKYTOYHON
CTCTICHH OKUCJICHHSI, MEX/Ty HU3IIIMMH U BBICIIUMH, TO B 3aBUCUMOCTH OT YCJIOBUN PEAKITHH
JTaHHBIC BEMIECTBA MOTYT MPOSBIIATH KaK OKUCIIUTEIBHBIE, TAK H BOCCTAHOBHTEIBHBIC CBOMCTBA.
$**0; + Hy0, — H,5*°0,

+4—
S " "BoCcCTaHOBHTEIb
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2K,S? + K,S™03+ 6 HCl— 3S| +6KCl +3H,0
S?2-268° 2 2

SH+4e S 4| 4 1

S™ _ okuciurens

CrelneHnn OKUCIEHUS MOTYT UMCTb I[pO6HLIe 3HAYCHUA:
8 1
FesO4 — Fe (+§); NaO, - O (-E)
IlepmanranaromMerpus

CymHOCTh METO/Ia 3aKJTFOYACTCS B ONPEICTICHUN BOCCTAHOBHUTEIICH B pa3TUIHBIX
cpenax o 3atpadyeHHOMY 00beMy pactBopa KMnO, 1o u3BecTHOM KOHIIEHTpauu. TutpoBanue
naHHbIe TPoObI pacTBopoM KMNO4BeayT 10 NosiBIeHUs YCTOMYMBON PO30BOil Okpacku. Pacuer
COACPIKAHUA OKHCJIUTENEH B pacTBOPEC IO 3aKOHY 3KBUBAJICHTOB.
10Fe*?S0,4 + 2KMn*"0, + 8H,S0,— 5Fe*™5(S04); + 2Mn*2S0, + K,S0, + 8H,0
2Fe™?-2e — 2Fe*?| 2 5
Mn*+5¢ >Mn™ | 5 | 10| 2

Cre * Vee = Cmn* Vim

CMn'VMn
Cpp = Mo —Mn
Ve

ﬁOHOMeTpnﬂ

[Tpumensiercs nist ananu3a (OMpeeIeHUH 0OCTATOYHOTO XJI0pa NP 00e33apakuBaHUN
MUTHEBOU BOJIBI, OIIPEIeNIeHNEe KOHIIEHTPAIlMK PACTBOPOB MEPEKUCH BOJIOpoa). MeToa OCHOBaH
Ha 00pa30BaHKME MOJIEKYJISIPHOTO XJIOpa B peakIMIX HOIUA-UOHA ¢ OKucauTensiMu. C
MOCIEAYIOLUM TUTPOBAHHEM 00pa30BaBIIETOCs 0/1a paCTBOPOM THOCYIb(haTa HATpuUs
M3BECTHOM KOHUEHTpauu. [Tocine THTpoBaHus ONPENEIOT M0 UCYE3HOBEHUIO CUHEW OKPacKHu
pacTBOpa, KOTOPYIO BbI3bIBAET KpaxMmall (MHAUKATOP) B IPUCYTCTBUH y.
2KI™ + Hy0™?, + HaS04 — 1Y + K80, + 2H,07
21-2e > 1, 2 1
20+ 2¢ 2072 | 2 2 1

I, + NayS;03 — 2Nal + NayS40g (TeTpaTron HaTpus)

Bonpocs! u 3a1a4n 1J1si CaMOCTOATEIbLHOTO KOHTpOJs [1,2]:
1. Onpenenute cTeNeHh OKUCIICHUS] MapraHiia B coequHeHusx: 1) Mn; 2) MnO; 3) KMnQy; 4)
KaMnOg.

2. Onpenenure CTENEHb OKUCIEHUs cephl B coenuuenusx: 1) S; 2) SOy; 3) H,SOg3; 4) AlLSs.
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3. Onpenenure cTeneHb OKUCIEHUS xpoma B coeaunenusx: 1) Cr; 2) Cr,03; 3) KoCr,07; 4)
K2CrOs.
4. YxaxuTe BeIIeCTBa, KOTOPbIEe MOTYT HPOSIBIATH TOJIBKO OKUcIuTeNnbHbIe cBoicTBa: 1) KClOy;
2) H,S; 3) PbOy; 4) K,Cr,05.
5. YkaxxuTe BeliecTBa, KOTOPbIe MOTYT MPOSIBIISTH TOJILKO BOCCTAHOBHUTEIbHBIE cBOicTBa: 1) Fe;
2) H3S; 3) HNOg; 4) K,Cr0y.
6. YKaxuTe HOMepa BeUIeCcTB, 00JIaAal0NX OKUCIUTEIbHO-BOCCTAHOBUTEILHON
nBoiictBeHHOCTRIO: 1) PbO,; 2) HNOy; 3) Al,S3; 4) S.
7. YKaXUTE peaKiliu, P MPOTEKAHNH KOTOPHIX a30T MPOSBIISIET OKUCIUTEIBHBIC CBOMCTBA: 1)
4NH; + 30, = 6H,0 + Ny; 2) As;03 + 2HNO;3; + H,0 = 2H3As0,4 + 2NO; 3) Br, + HNO, + H,0
= HNOj; + 2HBr; 4) 3PbS+ 8HNO; = 3S + 2NO + 3Pb(NOs3), + 4H,0.
8. YKaXuTe peakiiuu, Mpy MPOTECKaHUHU KOTOPHIX a30T MPOSIBIISIET BOCCTAHOBUTEIIbHBIC CBOMCTBA:
1) 4NH; + 30, = 6H,0 + Ny; 2) As,03 + 2HNO3 + H,0 = 2H3AsO,4 + 2NO; 3) Br, + HNO, +
H,O = HNO;3 + 2HBr; 4) 3PbS + 8HNO; = 3S + 2NO + 3Pb(NO3); + 4H,0.
9. Onpezenure CTeIeHb OKHCICHNUs dIeMeHToB B noHax: 1)AIO" ; 2) PO,* '3) SO4% ; 4)S0,*
10. Kakuie u3 NpuBEICHHBIX HIKE PEAKIIHIA SBISIOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIILHBIMU: 1)
H, + Br, = 2HBTr; 2) Zn + SnCl, = ZnCl; + Sn; 3) H,SO,4 + Ba(OH), = BaSO,4 + 2H,0; 4) NH3 +
HCI = NH,CI.
11. B kakux peakiusax KACIOPO/ BHIMOIHSET poiib BoccTanoBurens? 1) H,02 + HIOz; = 1, + H,0
+ Oy; 2) AgNO3 —Ag + NO, + 0O2; 3) Mg + O, = MgO; 4) Ag + H,S + O, = H,0 + Ag,S.
12. B KaKuX peakiusx KUCIOPO BhIMOHACT posib okuciaurens? 1) H,O, + HIO; = 1, + H,0 +
0O,; 2) AgNO3; —»Ag + NO; + Oy; 3) Mg + O, = MgO; 4) Ag + H,S + O, = H,0 + Ag.S.
13. Kakuie n3 OKHCIUTEIHHO-BOCCTAHOBUTEILHBIX PEAKIINIA SBISIFOTCS PEAKIUIMHU
BHYTPUMOJIEKYIIsIpHOTO OKKceHus-BocctanoBinerns? 1) (NH4),Cr,07 — Ny + Cr,03 + H,0;
2) KCIO3 — KC1+ Oy; 3) Ag + H,S + O, = H20 + Ag2S; 4) H, + Br, = 2HBr.
14. Kakue u3 peakuuil sBISIOTCS peakUUIMUA MEXMOJIEKYISIPHOrO OKUCICHUSI-BOCCTAHOBIICHUS?
1) (NH4)2Cr,07 — N2+ Cr,03 + H,0; 2) KCIO3 — KCl1 + Oy;
3) Ag + HzS + 0z = H,0 + AgsS; 4) H, + Br, = 2HBr.
15. Kakue u3 peakiuii sSBISIOTCS peaKIUsIMU JUCTIPOTIOPIIHOHUPOBAHMS?
1) 4H3PO3 = 3 H3PO4 + PH3; 2) 31, + 6KOH = K103 + 5KI + 3H,0 3) Mg + O, = MgO;
4) Ag + H,S + O, = H,0 + Ag,S.
16. YkaxuTe HOHBI, KOTOPBIE MOTYT BBICTYIATh B POJIM BOCCTAHOBUTENEH B OKHCIUTENHHO-
BOCCTAHOBUTEILHBIX peakiusx: 1) Ag'; 2) Al 3) CI'; 4) Br.
17. Kakuie 13 HOHOB MOTYT OBITh  OKHUCITUTESIMH, U BoccTanoBuTemsimu? 1)MnQO, ; 2)NO3” ;
2)S0,%; 3)S05*
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18. Kakoit k03 HUIIMEHT JOJDKEH CTOSTh TIEpel MOJICKYJION aMMyaKka B ypaBHCHUH

NHs + O, = H,0O + N,y?

19. Kakoit k03 PumueHT J0KEeH CTOSTh Mepel MOJISKYJION a30THON KUCIOThI B YpaBHEHUU
AS,03 + HNO3; + H,0O = H3As0,4 + NO?

20. Kakoit ko3h(HUIMEHT T0JDKEH CTOSTh Nepea MaruueM B ypaBHeHnn Mg + HNO3 =

Mg(N03)2 + N,O + H,O?

MeTtoauueckue PEKOMCHAAIMHU COCTABUJIN:

B.A. KonoaskHblif — AOLEHT OTACIICHUS] OMOTEXHOJIOTUN, KAHIUIAT XMMHUYECKUX HAYK;
O.A. AHaHbeBa — JIOIICHT OT/IEJICHHS OMOTEXHOJIOTUH, KAHAUAT XUMUYECKIX HAYK.

Peneunsenr:

T.E. Hapnqua - JOLICHT OTACICHUSA 6HOTeXHOJ’I0erI, KaHaAuaaT XUMHYCCKUX HAYK, JOLCHT.
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JlaHHBIE METOIUYECKHEe PEKOMEHJAIMH COOTBETCTBYIOT NpOrpaMMe MO XHUMHHU TI0
HarpaBjeHuto noaroroBku 16.03.01Texauueckas dusuka. B kaxmom pasnerne mpeacTaBiIeHO
KpaTKO€ TEOpEeTUYECKOe BBEJEHHEe, o0Jeryariee ITOHMMAaHWE OCHOBHBIX ITOJOKEHUH
M3y9aeMO# TeMbl, IPUBECHBI BOMPOCHI U 33JaHUS JUISI CAMOCTOSTEIIBHOTO PEIICHUSI.

OcBoeHHE TTPOTPaMMBI TUCIUTUTHHBI « XUMUSD» MPEAYCMaTPUBACT:
nexnuu (32 yaca), ceMuHapckue 3aHsaTus (32 daca), mabopaTopHbie pa0boThl (32 daca), TeKYIIHi
KOHTPOJIb B BHJIC BBINOJHEHUS KOHTPOJBHBIX padOT, 3alluT JIAOOpAaTOPHBIX padoT,

IIPOMEXYTOUHBIM KOHTPOJIb — 3a4YET, SK3aMEH.

1 OcHOBHBIC NOHATHA M 3AKOHBLI XUMUH

XHMHS — 3TO HayKa O BEIIEeCTBaX U MX MPEBPALICHUSAX JIPYT B Apyra.

BemecTBO — 3TO COBOKYITHOCTh MOJIEKYJI, UMEIOIINX OJAMHAKOBBIN KaUeCTBEHHBIH 1
KOJIMYECTBEHHBIN COCTaB U OJIMHAKOBOE CTpoeHueE. BeliecTBa cocTOSAT U3 MOJIEKYJI.

MouiekyJjia — Mesbyaiiiias 4acTUIla BEIIeCTBa, 00J1a1al01asi BCEMHU €r0 XUMHUYECKUMHU
CBOWCTBaMHM, MOJIEKYJIa COCTOUT U3 aTOMOB (1J1s1 6J1arOpoIHBIX ra30B MOHITHUS ATOMBI U
MOJICKYJIbI PABHO3HAYHBI).

ATOM - XMMHUYECKU HEAEIUMAas 4acTULa, U3 aTOMOB COCTOSAT MOJIEKYJIbl. ATOM -
AJIEKTPOHEUTpabHas YaCTHIIA, COCTOSIIAS U3 MOJIOKUTEIBHO 3apsSKEHHOIO SApa, BOKPYT
KOTOPOTO 110 CBOMM CTPOI'0O ONpeAeEHHBIM 3aKOHaM PacIpe/ieNIeHbl OTPULIATENIBHO 3apsKEHHBIE
aneKTpoHbl. CyMMapHBIN 3apsj] 2JEKTPOHOB PAaBEH 3apsay sSApa.

SIapo aTroMa COCTOMT M3 MPOTOHOB (P) U HEUTPOHOB (N), 0OIIee Ha3BaHUE KOTOPHIX —
HYKJIOHBI, IPOTOH HECET MOJIOXKHUTENbHBIN 3aps/], HEUTPOH HE UMeEET 3apsiaa. Macca NpoTOHOB U
HEUTPOHOB MMPAKTUYECKH paBHa.

OnexTpoH (€7) HeceT OTPHLATENbHBIH 3apsijl, paBHBIN 3apsay MpoToHa. Macca
3NIeKTpoHa cocTanisieT npuMepHo 0,05% oT Macchl OJJHOrO HyKJIOHa. Takum o6pa3om,
MPAKTUYECKH BCSI Macca aToMa COCpPeIoTOUYEHaA B €T0 sJIpe.

UYucno MpoTOHOB B aTOME PaBHO 3apsA1y Apa U Ha3bIBAETCs MOPSAKOBBIM (ATOMHBIM)
HOMepoM — Z. Tak kak aTOM 3JIEKTPOHEUTPAJIEH, TO YUCIIO 3JIEKTPOHOB PABHO YMCILY IPOTOHOB
(TTIOpsIIKOBOMY HOMEDY).

MaccoBoe 4YHC/10 — 3TO CyMMa IPOTOHOB M HEUTPOHOB B sA/ipe. COOTBETCTBEHHO,
YHCJIO HEUTPOHOB PABHO PA3HOCTU MEX]Ty MAaCCOBBIM YHCIIOM U MOPSIKOBBIM HOMEPOM

N=A-Z (1.1)
XHWMHUYECKUE CBOMCTBA ATOMOB ONPEAEIISAIOTCS UX 3JIEKTPOHHBIM CTPOCHHUEM (UHCIIOM

3JIEKTPOHOB), KOTOPOE PABHO MOPSIIKOBOMY HOMEpY (3apsiny sapa). ClieioBaTeibHO, BCE aTOMBI
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C OAMHAKOBBIM 3apA0M d7pa B XUMHYCCKOM OTHOIICHHUU BEAYT cebs IMPAKTUYCCKHN OJJUHAKOBO,
" pacCMaTpUBAIOTCA KaK aTOMbI OOHOTO U TOT'O K€ XMMUUYCCKOI'O 3JICMCHTA.

XuMHYECKHIi 3JIeMeHT — 3TO COBOKYITHOCTb aTOMOB C OJIMHAKOBBIM 3apAa0M Apa.
ATOMBI, HUMCIOIIUC O,Z[I/IHaKOBHf/'I 3apsaa, MOT'yT pa3jindaTbCs MaCCOBBIM YUCJIOM, UYTO CBA3aHO C
Ppa3JIMIHbIM YU CIIOM HefITpOHOB B UX d1pax.

H3oTonbl — aTOMbI, UMCHOIIIUEC OJIMHAKOBKIN 3apsaa, HO pas3siIM4HOC MaCCOBOC YUCIIO.
H3oTomb! BOAOpOJa, UMCIOIIUEC NHANBUAYAJIbHOC HA3BAHUEC U CUMBOJIbI, IIPUBCACHLI B Ta6JII/II_[e

1.1.

Tabnuna 1.1 M3otomsr atomMa Bogopoaa

OGo3HaueHKe 1H 2D 3T
Hassanue [IpoTuii Hevitepuit Tputuii
Cocras spa 1n 1p+1n 1p+2n

1.1 AtomHas ennHuna Maccsl (a.e.m.). Unesio ABoraapo. MoJsb

Maccel aTOMOB ¥ MOJIEKYJT OYEHb MaJIbl (10'24-10'22 r). Jlist mpakTHYECKOro
OTOOpaXEHHS ITHUX MACC LIETIECO00Pa3HO BBECTU CBOIO CAMHUILY U3MEPEHHUSI, KOTOpast
npuBOIMIIa OBl K YIOOHOW M MPUBBIYHOM mIkaje. Tak Kak Macca aToMa COCPEeI0TOYEeHA B €r0
A7Ipe, COCTOSIIIEM U3 MPAKTUUECKH PAaBHBIX IO MAcCE MPOTOHOB U HEUTPOHOB, TO JIOTHYHO 3a
€JIMHUILY MacChl aTOMOB TIPUHSATH MACCy OJHOTO HYKJIOHA.

VY cnoBMIHCH 3a €UHUILY MacChl aTOMOB MPUHSTH Maccy 1/12 uzoromna yriaeposa 2¢,
MUMEIOIIET0 CHUMMETPUYHOE CTpOeHHUE siipa (6 MPOTOHOB U 6 HEHTPOHOB). DTy €AMHUILY Ha3BAIN
aTOMHOU enuHuUIEH Macchl (a.e.M.). OHa mpubIu3nuTenbHO paBHa Macce 1 HykioHa. B aToi
HIKAJIE MAcChl aTOMOB OJIM3KH K LI€JIOYMCIeHHBIM 3HaueHnsaM: He = 4; Al = 27; Rd = 226.

Haiinem maccy 1 a.e.M. B rpammax:

1,993-10723

m(laem)= 1—12 m(C) = =1,66-10"%r (1.2)

Paccunraem uuncio a.e.Mm., coaepikaiieecs B 1t

- —6022-1023 (1.3)

m(aem)  1,66-10~24r

[Tony4yenHoe 4yrcio Ha3biBaeTcs yncaoM ABoraapo (Na), OHO Moka3bIBaeT, CKOJIBKO a.€.M.
COJIEPXKUTCSI B OJTHOM TpamMmMe.
ATOMHAasi Macca — Macca aToMa, BEIPAKCHHAs! B aTOMHBIX €MHHUIIAX MACCHI.
MouJiekyJsipHasi Macca — Macca MOJICKYJIBI, BRIpaKEHHAsI B aTOMHBIX €IMHHIIAX

MacCChbl, HAXOOUTCA KaK CyMMa MacCcC BCCX aTOMOB, o6pa3y10umx JAaHHYIO MOJICKYITY.
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m (1 monexynvt HySOy) =12+ 321+ 164 =98 a.em

Jlns mepexosia OT aTOMHBIX €AMHUI] MACChl K IPAKTUYECKU UCIOIb3yeMON B XUMUHU
eauHMIe — | I - BBEIM MOPLMOHHBIN MTOICUYET BEILIECTBA, IPUYEM KaXK1asi HOPLUS COIEPIKUT
4KCciI0 ABOTraJlpo CTPYKTYPHBIX €UHUILL (ATOMOB, MOJIEKYJI, HOHOB, 3JIEKTPOHOB). B 3TOM ciyuae
Macca Takol MOPLMHU, Ha3bIBaeMOH 1 MOJib, BEIpa)keHHasi B rpaMMax, OyzieT YMCIIEHHO PaBHA
aTOMHOM WJIM MOJIEKYJIIPHON Macce, BBIPaXXEHHBIX B ATOMHBIX €IMHUIAX MACCHI.
M (1mous H,S04) = 98:1,66-102* x 6,022-10%° = 98 1.

1 MOJIb — KOJIMYECTBO BEILECTBA, coaepxkaiiee Na CTPYKTypHBIX €AMHMIL (ATOMOB,
MOJIEKYJI U TIp.)

Moasipaast macca (M) — macca 1 MoJb BelecTBa, BhIpaKEHHAs B TpaMMax.Vv

KomnuectBo BeriecTsa (V) [Moiib]: Macca BeriecTa (M) [r] u MosekyisipHas macca (M)

[r/MOTIB] CBSI3aHBI COOTHOILIEHUEM::

V= E (14)

1.3 OcHOBHBbIE 3aKOHbI XUMUH
3aKOH MOCTOSTHCTBO COCTABA BelIeCTBA - XMMUYECKU YHCTOE BEIIECTBO HE3aBUCHUMO
OT cItoco0a CBOETo MOJyYEHHS BCETIa MMEET IMOCTOSTHHBIM Ka4eCTBEHHBIN U KOJTHYECTBESHHBIN
COCTaB.

BemectBa, nMeroniye NOCTOSHHBINA COCTaB HA3bIBAIOTCS AAJbTOHMABI. B KauecTe
MCKJIIOUEHHS U3BECTHBI BELIECTBA C IEPEMEHHBIM COCTaBOM- 0epTOoJIHAbI (OKCHUIbI, KapOuIbl,
HUTPpHU B 1 Tak panee). Hanpumep, TiOggs — TiO1 33,

3aKoH cOXpaHeHHsI MaCChl - Macca BEUIECTB, BCTYNUBIINX B PEAKIMIO, BCErJa paBHA
Macce MpoayKTOB peakuuu. M3 3Toro cieayer, 4To B X0/1€ XUMHUUYECKON PEAKLIMU aTOMBI HE
00pa3yroTcsl U HEe UCYE3al0T, OHU MEePEXOoAT U3 OJHUX BellecTB B Apyrue. Ha sTom ocHOBaH
110100p KO3 PUIIMEHTOB B YPAaBHEHUAX XUMUYECKUX PEAKIUIl: UNCIO aTOMOB KaXA0Tr0
AIIEMEHTA B JIEBOH U MPaBOl YacTsIX ypaBHEHUS JOHKHO OBITH PaBHO.

3aK0H JKBHBAJIEHTOB- B XHMHUECKHUX PEAKIIUAX BEIIECTBA PEarupyroT U 00pa3yroTcs B
KOJIMYECTBAX PaBHBIX IKBUBAJICHTOB (CKOJILKO HKBUBAJIEHTOB BEILIECTBA U3PACX0/I0BAJIOCH,
POBHO CTOJILKO € SKBHBAJICHTOB JIPYTOT0 BEIIECTBa 00Pa30BaIOCh WM U3PACXO0I0BATIOCH).

XuMu4yeckuii IKBUBAJEHT (IKB) — KOJIMYECTBO BEIIECTBA, KOTOPOE B XOJI€ PEAKIIUU
MPUCOEANHSIET, 3aMeIaeT UIN BBICBOOOXKAaeT | MOJIb aTOMOB MJI HOHOB BOJIOPO/IA.

Fe,O3+3 H, — 2Fe + 3H,0

1 kB FeO3 = 1/6- monn
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JKBHBAJIEeHTHasA Macca (J) — Macca OJTHOTO SKBUBAJICHTA BEIIECTBA, BEIpAXKEHHAS B

rpamMmax.
YroObl paccYUTaTh YUCIIO SKBUBAJICHTOB, HEOOXOAMMO MAcCy BEIIEeCTBA pa3eNuTh Ha

€ro SKBUBAJICHTHYIO Maccy (D).

n =§ (1.5)

OnpenenuM 3KBUBAJTEHTHYIO MacCy Pa3JINYHbIX KJIACCOB COeIHMHEHMI.
6. Oxcuapl. MoNsIpHYIO MaccCy AENSAT Ha YUCIIO aTOMOB DJIEMEHTa, YMHOKEHHOE Ha MX

CTCIICHb OKUCJICHHA.

9(Fe,03) = M =107 r/skB; f=1/6

2:3 6
Koadhdurment, Ha KOTOPBIN HAZIO0 YMHOKUTH MOJSIPHYIO MacCy MPH pacueTe
9KBHMBAJIEHTHOM Macchl, Ha3biBaeTcs GakTop skBuBanentHocTH (f).
7. KucnoTsl. MosnsipHyto Maccy JeIsST Ha YUCII0 aTOMOB BOJIOPO/Ia, 3aMEIIaeMbIX B
MOJICKYJIe KHCJIOTBI B XOJI€ PEaKIIUH.

H,SO4 + NaOH — NaHSO4 + H,0O

3 =%=$= 98 r/aks; f=1

H,SO4+ 2NaOH — Na,S0O,4 + 2H,0

3 =%=92—8= 49 r/sks; f=1

8. OcHoBaHus. MOJ'IHpHy}O MacCy HCJIAT Ha YUCIIO0 TUAPOKCHUIIBHBIX I'PYIIIL,
3aMCIIAEMBIX B XOJI€ PCAKIIMU B MOJICKYJIC OCHOBAHUU.

AI(OH); + HCI — AI(OH),CI + H,0
9 == =78r/oks; =1
AI(OH); + 3HCI —AICls + 3H,0

J = 7?8 = 26 r/3kB; f=1/6

9. Comnn. MOJ'IHpHYIO MacCy ACIIAT Ha ITPOU3BCACHUC YHCJIa aTOMOB MCTAJJIOB,

YMHO)KGHHBIfI Ha UX CTCIICHb OKUCIICHUS.

342

3(Al,(S0,)) = % =22 = 57r/oxs ; =106

10 HpOCTBIC BEIICCTBA. MOJ'IHpHy}O Maccy ACJIAT Ha HpOI/ISBC,Z[CHI/IC yuciia aroMoOB B

MOJ'ICKYJ'IC HpOCTOFO BCIICCTBA, yMHO)KeHHyIO Ha UX CTCIICHb OKHCJICHHS B HpO,HYKTe pCaKI_II/II/I.
N, + 3H, — 2NH3

3(N,) = % =2 = 4,7 r/sxs; =1/6

N2 + O, — 2NO
M r
3(N2) = 52 = 7 = 75; f=1/4
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B OKHCIUTCIBbHO-BOCCTAHOBUTCIIBHBIX peaKHI/IHX 101 SKBUBAJICHTOM BCIIICCTBA
INOHUMAIKOT TaKO€ €10 KOJINYECCTBO, KOTOpOG oTaacT UJIN HpI/ICOCIII/IHSICT 1 MOJIb BJIGKTPOHOB.
HpI/I pacque BKBHBaJIeHTHOfI MaACCBhl BOCCTAHOBHUTCIIA U OKUCIINUTCIIA UX MOHSIpHyIO
Maccy JCJIINTh HA YHUCJIO OTAAHHBIX UJIN IMIPHUHATBIX 3JICKTPOHOB.
2Fe® + 3Cl,° — 2Fe¥* Cly
Fe® - 3¢ — Fe* 2
Cl, +2e — 2CI 3

I(Fe) = % = 53—6 = 19 r/3ks; f=1/3

3(Cly) =3 = = = 35,5 r/xs; f=1/2

I'a3oBbIE 3aKOHBI
3akon [JanbToHa — o0l1ee TaBICHUE CMECH Ta30B PaBHO CyMME MapIuaibHbIX

JTaBJICHUH BceX KOMIIOHEHTOB T'a30BOM CMECH.
P=2Xpi=pi+pt..pn, (1.6)]
e Pj — MapuuaIbHOE IABICHUE I-TOr0 KOMIIOHEHTA ra30BOM CMECH.

3akoH ABoraapo- paBHble 00bEMBbI Pa3IMUHbIX I'a30B IIPU OJJUHAKOBBIX YCIOBHIX
COJIepKaT OJJMHAKOBOE YUCIIO MOJIEKYII.

CaeacrBusi M3 3aK0OHA ABOrajpo:
1)1 mounb r060T0 Ta3a npu HOpMaNTBHBIX yeaoBusx (P = 1 atm = 101325 I1a = 760 mm.pr.cT; t =
0° C, 273K) 3auumaer o6bem 22,4 nutpa.
2)O0beM, KOTOPBIH 3aHUMaeT 1 MOJIb ra3a, Ha3bIBaeTCsl MOJSIPHBIM 00BeMOM (V).
3Hast 00beM rasza (CMecH I'a30B) U MOJISIPHBIN 00BEM MPH TaHHBIX YCIOBUSIX, JIETKO PACCUUTATh

KOJIMUECTBO ra3a (B ra3oBoil cMecH).

\%

V= E (17)

YI)aBHeHI/Ie MeHneﬂeeBa-KnaneﬁpOHa - CBA3BIBACT KOJMYECTBO ra3a ¢ yCJIOBUAMU IIpU

KOTOPBIX I'a3 HaXOJUTCA.
pV = —RT = VRT, (1.8)

rae p — nasienue, I1a
V — 06bem, M°
m — macca, Kr
M — monsipHas macc, KI/MoJib

T —remneparypa, K
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va — KOJIMYECTBO T'a3a, MOJIb
R — raszoBas nocrosinnas, 8,31 Jlx/mMonb-K
OTHocHUTeIbHASI IVIOTHOCTH O/THOT0 ra3a MoJAPyroMy - OTHOIIICHHE MOJISIPHON MacChl
ra3a K MOJIIPHOW Macce rasa, BRIOpaHHOTO B KAUECTBE CTaHIapTa, TOKA3bIBACT, BO CKOJILKO Pa3
JIaHHBII ra3 TsKeIee Apyroro rasa.
M;

Dcp = M_CT (19)

rie M, M¢; — COOTBETCTBEHHO MOJISIPHBIE MAacChl HCCIIEAYEMOTO Ta3a U ra3a, BRIOpaHHOTO B
Ka4yecTBE CTaHIapTa.
1.3 Cnoco0b1 BbIpakeHHsl COCTABA BellleCTBA

1. MaccoBas 10Jis1 (0) — OTHOIIEHHE Macchl i-TOro (m;) BeliecTsa K Macce Beeit cmecu (Mmy).

(1.10)

m;
w =—
my

2. MouisipHasi(MoJIbHast) 1011 (£€) — OTHOIICHHE KOJMYECTBA JAHHOTO BemecTBa (V;) K
CYMMAapHOMY KOJIMYECTBY BCEX BELIECTB B cMecH (V).
Vi

o=l (1.11)

Vx

BOapIIMHCTBO BCEX XUMHUYECKHUX JIEMEHTOB B IPUPOE MPEICTABICHO B BUJE CMECU PA3ITUYHBIX
M30TOIOB. 3Hasl U30TOIHBIM COCTAB XUMUYECKOTO 3JIEMEHTA, BBIPA)KEHHBIN B MOJISIPHBIX JOJIAX,
PacCUMTHIBAIOT CPEIHEB3BEIICHHOE 3HAYaHUE aTOMHOM MacChl 9TOI0 3JIEMEHTA, KOTOPOE U
npuBoauTCs B nepuoanyeckoi tTadbnuue .M. Menneneesa. IMeHHO B MOJISIPHBIX JOJISIX JaHA
pacpoCcTpaHEHHOCTh N30TOMNOB B Ipupoae. CpenHee 3HaUeHHE aTOMHON Macca XUMHUYECKOTO
3JIEMEHTA, IPUBEIEHHbIE B neproanyeckoi Tadbiuue .M. MenneneeBa, pacCuuThIBaeTCs M0
bopmye:

AP) =J2A;-&; = A, - 2,14, - &, ... +A, - &, (1.12)
IIpumep: paccuuTaTh aTOMHYIO MACCY XJIOpa IO €r0 U30TOITHOMY COCTaBY, €CIIM U3BECTHBI
MOJISIpHAS JTOJIS $CI1-77,5%,a *'CI - 22,5%.
Pewenue:
A(Cl)=35+0,775 +37 0,225 =35,45 a.e.m.

3. O6bemuas nousi (¢p) — otHouieHue oobeMa i-toro Beriectsa (V/;) k 00wemy Beeit cmecu (Vy).

©i = (1.13)
z
JI71s1 Ta30B MOJIApHAs ¥ 0OBEMHAs JI0JTH YHCIICHHO PABHBI.
Vi VY, .
Vi _VilVm _ Vi _ g (1.14)

Vs Vs/Vm s t
COCTaB I'a30BbIX CMeceﬁ, KaK HpaBI/IJIO, Jac€TCs B O6'BCMHLIX JOJIAX.

3Has coCcTaB ra30BOM CMCCH, JICTKO paCCUUTATh €€ CPCAHIOIO MOJIAPHYIO MACCy.
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Mrascmecn = 2Mi - ¢y = My - g + My - po+... + My - @y (1.15)

IIpumep : paccuuTaTh MOJIIPHYIO Maccy BO3/1yXa IO €ro U3BECTHOMY COCTaBY, €CJIM U3BECTHO
uqro O(N2)=78%, ¢(02)=21%, ¢(Ar)=1%.

Pemenue: Mr (Bo3myxa)=28 « 0,78 + 32 ¢ 0,21 +40 « 0,01= 29 r/monb

Bonpocs! 1 3a1a4u JIsi CAaMOCTOSATEIbLHOr0 KOHTpoJs [1,2]:

1. Onpenenure Maccy (T) KUCI0poja, 00bEM KOTOpOTo (H. y.) cocTaBiset 44,8 .

2. Ompenenure KOJTUYECTBO MOJIb XJIOpa, 00beM KOTOPOTo MpH H. y. cocTasmser 11,2 1.

3. Macca obpasna kapOoHata kanbius paBHa 10 r. Onpenennure KOTHIecTBO MOJIb STOU COJIH. .
4. OTHOCHUTENBHAS TUIOTHOCTH T'a3000pa3HOro OKCHJIAa a30Ta 10 BoJIopoay paBHa 15. Onpenenure
MOJISIPHYIO MacCy OKcujia (T/MOJb).
5.0THOCHTEIBHAS TUIOTHOCTH T'a3a M0 KKCIOPOYy paBHA 2. BEIYHCIUTH €ro INIOTHOCTD 1O
BOJIOPOY.

6. O6bem ammuaka npu temneparype T = 100 °C u naBnenun p = 200 klla cocraBnser 62 1.
Brruncnute maccy ammuaka (T).

7. Kaxyro maccy (r) umeror 1,55- 10% mosnekyn Ho,O?
8. Kakoe xoimuecTBO BemecTBa (MOJIb) COCTaBISIOT 6,02 10% MOJIEKYJ1?
9. PaccuuraiiTe maccy atoMa 30510Ta (T).

10. B xakoM M3 KpHCTAJUIOTUIPATOB MaccoBas J0JIsl BOJBI, MPUXOsiascsa Ha | Moib 6e3BOHON
comu, 6ombmie? a) Na,SO4x10H,0; 6) CrCl; x 6H,0; B) CuSO4 X 5H,0.

11. MosnsipHas Macca Kakux W3 MPUBEACHHBIX HIKe BemecTB onuHakoBa: CaCOs3, CuS, H3POy,
AuCls; NaBr, H,SO,4?

12. Macca raza o6wemom 10 1 (H. y.) paBHa 0,89 r. KakoBa oTHOCHTenbHAs MOJIEKYIIsIpHAs Macca
3TOro rasza?

13. Kakoe koam4ecTBO BeliecTBa (MOJIb) XJIOpa COACPKUTCS B Ta3000pa3HOM XJIope 00beMoM 3
1 npu temneparype T =27 °C u nasnenuu p = 300 xIla?
14. KakoBa temnepatypa (K) B cocyzne o0bemom 7 11, coneprkariem meran CHy maccoii 24 r o
nasnenueM p = 50,5 klla?
15. Kakue 13 HIKe epeyrCIIEHHbIX Ta30B Jierye Bo3ayXa: a30T, KUCIopo, prop, ammuak?
16. Kakoit 00beM 3aHnMaroT mipu H. y. 100 Mot 1r000r0 Taza?
17. Yemy paBHa OTHOCUTENIbHASI MOJIEKYJISIpHASI Macca rasa, eciiv 2,8 J1 3TOro rasa npu H. y.
UMEIOT Maccy 4 r?
18. CkoJIbKO MOJIEKYJT COJIePKHT 1 J1 JIF000TO Ta3a MmpH H. y.?
19. B xakom o0beme (J1) aproHa COIEPKUTCS CTOIBKO YK€ aTOMOB, CKOJIbKO B 11,2 11 Bomopoaa?
20. DKBHUBaJIEHTHBIE MACCHI KAKMX BEIUIECTB PABHBI UX OTHOCHTEIHHBIM MOJIEKYJISIPHBIM MacCaM:
HCI; CaCly; NaHCOg3; HC104?

67



21. KakoB ¢akTop 3KBHBAIEHTHOCTH opTOodochopHoii kucioThl B peakiuu: HsPO, + 3KOH =
K3PO4 + 3H,0?

22. Onpenenute (HakToOp SKBUBAICHTHOCTH NIEPMaHTaHaTa KaJHsl U CEpOBOAOPOAA B
OKHCIUTEIbHO-BOCCTaHOBUTENBbHOM peakiun: KMnOy4 + H,S + HSO4 = MnSO4 + S + K SOy +
H20.

23. Meta Maccoii 6 T mpu B3aUMOZCHCTBUU C KUCIOTON BBITECHUI BOAOPO Maccoii 0,5 T.
Omnpenenute 5KBUBAIEHTHYIO Maccy MeTala.

24.J151s cropanusi MeTalljia Maccoil 4 T TpedyeTcst Kuciopoa oobeMom 2,24 11 (H. y.). Berauciaure
9KBHUBAJICHTHYIO MAcCy MeTajlia.

25. Ha HeliTpanu3amnuio KUCIOTH Maccoi 2,45 T U3pacxol0Balid pacTBOP, COAepKamii 5,6 T

TUAPOKCHU A KaJIHA. OHpeI[eJII/ITC 9KBUBAJICHTHYIO MAaCCy KUCJIOTHI.

2 dnekmponnoe cmpoenue amoma

B aTome, ¢ TOUKM 3peHUsI KBAHTOBOM MEXaHUKH, JIEKTPOH pacCMaTPUBAETCS
OJITHOBPEMEHHO ¥ Kak yacTuia (o0saaetT Maccoi, SHeprueil, 3aps10M) U Kak BOJHA (SBICHUE
TU(PAKIUH), TO €CTh, HIEKTPOH MPOSBISET KOPITYCKYISPHO- BOJTHOBOM JyaTu3M.

Opourtanb — 007aCTh OKOJIOSJIEPHOTO MPOCTPAHCTBA, B KOTOPOI HanboJsiee BEPOSITHO
HaXOokJeHue 3J1eKTpoHa (6osee 90 mporieHToB). B 3T0i1 061acTu Kak Obl «pa3maszan» 3apss
3JIEKTPOHA.

['maBHOI XapaKTepUCTUKOM 3JIEKTPOHA B aTOME SIBJISIETCSI €0 SHEPTUS. DIIEKTPOHBI C
NpUOJIM3UTENEHO OIMHAKOBOM SHEPTHEH pacIoaraloTcs MpUOIU3UTEIHHO Ha OTHOM
pPacCTOSIHUU OT si/ipa, 00pa3ys TaK Ha3bIBAEMbI IHEPreTHYeCKHil yPOBeHb WU 3JIEKTPOHHbII
cJI0M.

B nipenenax oTHOTO YHEPTeTUIECKOTO YPOBHS JIEKTPOHBI HE3HAYUTEIBHO, HO MOTYT
pa3nuyaTbes O YHEPTUH, PACTIONATrasCh Ha Pa3IMYHBIX SHEPTETUIECKUX TTOTYPOBHSIX.

CocrostHME AJIeKTpOHA B ATOME OIHUCHIBAETCS TaK Ha3bIBa€MbIM BOJHOBBIM YpaBHEHHEM
HIpénunrepa, pemeHnueM KOToporo sBisieTcst BojaHoBas ¢pyHkuus — W(rcu), kBaapar KOTOpoi
(Y2dV) 1 ecTb BEpOSTHOCTh HAXOKICHHUS DIIEKTPOHA B HIEMEHTapHOM 0GbeMe- dV.

Bonnosas ¢pynkuus (V) moxer 6bITh 0TOOpak€HO HAOOPOM U3 TPEX LENbIX YHCEI
(n,I,m)), Ha3pIBaeMbIX KBAHTOBBIMH YHCJIAMH.

I'naBHOe KBaHTOBOE YN CI0(N) IPUHUMAET IETIOYHCIICHHBIC 3HAYeHHS OT 1 J10
6eckoHeuHocTH. OrpeensieT OCHOBHOM 3artac SHEPTHH AJIEKTPOHA, TOKA3bIBAET Ha KAKOM

SHEPTCTUYCCKOM YPOBHE, CHUTAA OT AApa HAXOJUTCA SJICKTPOH.
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OpouraibHoe (Mo6ouHoe) KBaHTOBOE YHcJIo () 3aBUCHT OT n, IpUHUMAET 3HAYCHUS
ot 0 1o (N -1) BKJIFOYUTEIBHO, TIOKA3bIBACT HA KAKOM IOJyPOBHE HAXOUTCS 3JICKTPOH,
orpezenser GopMy aTOMHON opOuTaiu. YuCIOBbIM 3HAUEHHSM | IOCTaBIICHBI B COOTBETCTBHE
OykBeHHbIEe 0003HaueHus (Taou. 2.1)

Tabnuma 2.1 dopma 1 YUCI0 aTOMHBIX OpOHuTaen

YucienHoe 0 1 2 3
3HAYEHUE
bykBenHoe S p d f
o0o3HayeHue

dopma opOuTamu

O Crnoxnas

Ywucno opOuTaiei

Ha MOYpOBHE 1 3 5 7
MakcumanbHoe
YHCIIO DJIEKTPOHOB 2 6 10 14

Ha MOYpPOBHE

DJNEeKTPOHHOE CTPOCHHE aTOMOB BCEX U3BECTHBIX Ha CErOAHALIHUM JJeHb XUMUYECKUX
3JIEMEHTOB TOJIHOCTHIO OMUCHIBACTCS MPUBECHHBIMU YETHIPHMSI THIIAMH OpOUTANCH: s-, P-, 0- U
f-. . DneKkTpoHbI, HAXOAIIUECS Ha S-TIOYPOBHE, HA3bIBACTCS S-3JICKTPOHAMH, Ha P-TIOIyPOBHE
—P-2JIeKTPOHAMH U TaK Jajee

MarHuTHOe KBAaHTOBOE YMCJI0 (M) 3aBUCHT OT |, MpuHKUMas 11eT0YUCIICHHbIC
3HayeHus ot-l,.., 0,..., +I. OTpakaeT B3aMHYIO OpHEHTAIIMIO OpOUTAICH Ha MTOYPOBHE
OTHOCHUTEIIbHO JIpyT Jpyra.Uucio 3HaueHuid my paBHO 4nciIo opOUTanelt Ha moaypoBHe (Talml.
2.1).

I[J'ISI MMOJIHOT'O OITMCAaHUA 3JICKTPOHA B aTOMC HOTpC6OBaJ'IOCB BBCCTU YCTBCPTOC
1
KBAHTOBOEC YHCJIO - Mg- CMUHOBOE, KOTOPOC MPUHUMACT TOJBKO ABAa 3HAYCHMU A + E .B

YIPOIIEHHOHN opMe MOKHO CKa3aTh, YTO Ms OTpaXkaeT BOZMOKHOCTh BpallleHUs JIEKTPOHA,
BOKPYT CBOEH OCH KakK I10 4YaCOBOM, TaK U IPOTUB YaCOBOU CTPEIIKH.
Habop u3 yeTbipex KBaHTOBBIX YHCEJ SBJSETCS TOTHON XapaKTePUCTUKOM AJIEKTPOHA B aTOME.

2.1 PacnipenesieHue 3J1eKTPOHOB IO MOAYPOBHAM U YPOBHSIM
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Pacnipenenenue 371eKTPOHOB B aTOME OCHOBBIBACTCS] HA KBAHTOBBIX YHCIIAX H
CJIETYIOIINX TpaBUiIaX: MPUHIMI MUHUMATBHON dHeprun, npuHmwun [laynu, npaBuno XyHna u
npasuio KieukoBckoro.

1. [IpuHIMTT MUHUMAJILHOM JHEPTHHU- YJICKTPOHBI B aTOME PACIPEICIISIOTCS 110
MIOJTyPOBHSIM B TIOPSIJIKE BO3PACTAHUS SHEPTUU aTOMHBIX OpOHTAIICH.

2. Mpunuun 3anpera [layau- B aToMe HE MOXKET OBITH IBYX 3JIEKTPOHOB C YETHIPHMSI
OJIMHAKOBBIMH KBAaHTOBBIMH yuciamMu. Clie10BaTeIbHO, HA OTHOW aTOMHON OpOUTAI HE MOXKET
OBITH OOJIEE IBYX AJIEKTPOHOB.

3. [IpaBuio XyHaa- B pejiesiax oJHOTO MOYPOBHSI AJIEKTPOHBI PACIIONATalOTCs 110
opOUTANIIM TaKUM 00pa3oM, 94TOOBI UX CYMMAapHBIN criiH ObLT MakcuMalieH. CleoBaTeNlbHO, B
npezenax 0JHOTO O YPOBHS SJIEKTPOHBI CHAaYajla PacrioiaratloTcsi 10 OJJHOMY, U TOJIBKO 3aTEM B

0p6I/ITaJ'I${X MOSABJIACTCA I1I0 BTOPOMY 3JICKTPOHY.

v ] R -

4. lIpaBniio KiieukoBcKOro -3J1eKTPOHBI IO AaTOMHBIM OPOUTAJISIM paCIIoiaratoTcs B
HOPSIIKE BO3PACTAHUSI CYMMBI TJIABHOTO U OpOMTAILHOTO KBAaHTOBBIX uncen (n+l); B Tom ciydae,
KOI'Zla Ui PasIMYHBIX OLYPOBHEN 3Ta CyMMa OJIMHAKOBA, TO MIEKTPOH 3aIOJIHAET MOAYPOBEHb

C MCHBIIIMM 3HAa4YCHHUEM 1.

2.2 JDneKTpoHHbIe (GOpMYJIbI IEPBBIX YeThIpeX NeprHoa0B

Pacnipenienenue a1eKTpOHOB B aTOME I10 TIOyPOBHSIM 0TOOpakaeTcsi B BUE
AIEKTPOHHBIX GOpMYI - (OyKBEHHO-ITU(DPOBAs), TNOO B pacIpeIeICHHH M0 KBAHTOBBIM
s4yeikaM, KaxJ1as U3 KOTOPBIX U300paxkaeT opOuTaib. B sueiikax »neKTpoHBI NPEACTaBISIOT B
BUJIE CTPEJIOYEK, €CITU B OAHON OpOUTAIH 2 3JIEKTPOHA, TO CTPEJIOUYKH - Pa3HOHAIPABIICHBI.

H 15" ]
A2%s
1 — HOMep PHEepPreTU4ecKoro ypoBHs

2 — IOJTypOBEHb
3 — KOJIMYECTBO 3JIEKTPOHOB Ha BHEIIIHEM 3HEPIreTUYECKOM YPOBHE

oHe 152 I_ﬂ:l - IEPBBIN SHEPTETUYECKUI YPOBEHB 3aBEPIICH
sLi 1s°2s'
4Be 1s°2¢
5B 1s%2s%2p’

10Ne 1s%25%2p° - BTOPOM HEPreTUUECKUIN YPOBEHD 3aBEPILIEH
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11Na1s?2s%2p°3s!

Jlnist ynpoIeHust 3JeKTPOHHBIX (POPMYIT 3aBEPILICHHBIC SJHEPTETHYECKIE YPOBHH
IPEICTaBIAI0T B BUJE CUMBOJIA NIPEALIECTBYIOIIET0 0JaropoJHOro rasa.

11Na[Ne] 3s', 1,Mg[Ne] 3s?, 13Al[Ne] 3s%3p™...., 1sAr [Ne] 3s?3p°

[Tocse aproHa ciieAyrOIIMe YIEKTPOHBI MOT'YT 3aMOIHATh Kak 3d-, Tak U 4S- MOypOBCHb,
MOPSIOK 3aIIOJTHEHUS OIpeiensieM 1o npaBuity KiieakoBckoro.

e
3d / \ 4s
n+l=3+2=5 n+1=4+0 = 4s
10K [Ar] 4s*
,oCa [Ar] 4s°

[Tocne xanbiysi, HAYMHAs CO CKaHAMSI, B COOTBETCTBUU C MpaBuiIoM KiieukoBCKOro HauMHaeT
3aMoJHATHCS 30-1101ypOBEHb, KOTOPBIH 3aBEpIIACTCS Y IUHKA; 3aTEM UJIET 3aroIHeHUE 4p-
HOypPOBHS, 3aBEPLIAIOLIETOCS Y KPUIITOHA.

e

3d / \ 4p

n+l=3+2=5 n+l=4+1 = 3d
21SC [Ar] 4s%3d* ............ s0Zn [Ar] 45%3d"

31Ga [Ar] 4s°3d"%4p*.... ... 36Kr [Ar] 4s°3d"%4p°

Haubonee ycToitunBoii sBisercs KoH(pUrypauus 01aropoHbIX ra3oB (nsznpe), o
JOCTHKEHUHU KOTOPOH SHEPT€TUYECKUI YPOBEHD CUMTAETCS 3aBEPIICHHBIM.

Jl1s 5IEMEHTOB, Y KOTOPBIX Ha d-TIOJypOBHE JOJKHO OBITh 4 WK 9 3JIeKTPOHOB, UMEET
MECTO TaK Ha3bIBAEMBIH «IIPOBAJD» 3JIEKTPOHA. OJIMH U3 JIEKTPOHOB C BBIIIEIIEKALIETO S-
MOJIypOBHS, IEPEXOJUT Ha HIKeNexXaluil d-moaypoBeHb. DTO CBA3aHO C TEM, YTO HAMOJIOBUHY
WM TTOJIHOCTBIO 3alI0JIHEHHBIN d-TI0AYpOBEHb SHEPreTHUECKH 0oJiee BHITOJIeH (MOArpyIna
Xpoma u Meau). Y Bosb(pama MpoBail 3JIEKTPOHA OTCYTCBYET, 3TO CBSI3aHO C TEM, YTO MEKIY

6s- u 5 d- MOAYPOBHAMH pacnojaracTcsd rnoJIHOCTbIO 3amoJIHEHHEBIN 4f- MNoAypPOBCHb.

comadades  [RRATRE] A0 A

2.3[1epuoanueckuii 3aK0H 1 nepuoanyeckas radbauna /.. MenaeneeBa

Ilepuonnuecknii 3aK0H — CBOICTBA 2JIEMEHTOB, a TAK)Ke CBOICTBA U (POPMBI UX

CO€IUHEHUI HAXOITCS B nepnounqecxoﬁ 3aBUCUMOCTH OT 3apsaa AACp 3JICMCHTOB (OT
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aTOMHBIX Macc B (hopmynupoBke MenaeneeBa). OToOpakeHHEeM IMITUPUIECKOTO 3aKOHA
sBIsieTcs nepuoaudeckas Tabnuua .M. Menneneesa.

B nepuoaudeckoii TabauIe BCe SJIEMEHTHI CTPYIITUPOBAHEI B TOPU30HTAIBHBIE PSITBI —
NEepUObl U BEPTUKAIIBHBIE CTONOIBI — Fpynnbl. Pa3nnyaror n8e GopMbl epHOIUIECKON
TaOJIMLbI — JUIMHHYIO U KOPOTKYI0. B muinHHONEpHogHON (hopMe KaXKIblid EpUO MPEeACTaBIeH
B OJIMH PsiJI, @ KaXK/1asi MOJTPYIIia — BbIAENIEHA B OTACNbHBIN cTonben. HemocraTok —
OTCYTCTBHE KOMITAKTHOCTH M HATJISITHOCTH, TPYIHO BBIJICIHUTH OTACIHHBIC DJIEMEHT.
bonee mmpoxo ucnonb3yercs KOpoTkas Gopma n3-3a cBoeit HarisaHoctu. HegocraTok —
3JIEMEHTBHI TJIaBHBIX U MOOOYHBIX MOATPYII O0BEAUHEHBI B OAHY TPYIIITY, IJIMHHBIC TIEPUO/IbI
MPEJICTABJICHHUE B JIBA PSAJIA, IIPU ITOM OTJEIBHO BBIHECEHBI f-2JIEMEHTHI.

B nepuoauueckoii Tabnune .M. Menneneesa pa3inuuaror nepBble TpU KOPOTKUX
nepuoza, CoJIepKalliux COOTBETCTBEHHO 2-8-8 aeMeHTOB; U ueThipe AIuHHbIX: 1V u 'V no 18
anemeHToB, B VI — 32 anementa, VIl — He 3aBepmiéH. Kaxaplii mepro1 HAYMHASTCS MICIIOYHBIM
METAJIJIOM U 3aBEpIIaeTCs 0JIArOPOTHBIM ra30M, TO €CTh B IIEPHOJIaX CBOMCTBA 3JIEMEHTOB C
POCTOM TIOPSAKOBOTO HOMEPA U3MEHSETCSI OT TUITUYHOTO METaJlIa IO TUITUYHOTO HemeTaluia .B
rpynnax Beiaensiercs A- u B- noarpymnmnsl (riaBabie U mo6ouHsie).B A-moarpymnmax
pacrosaraercs S- M p-3JeMeHThl, B B- moarpynmax — d- u f-31eMeHThI.

PaccmoTpum cTpoeHHE BHENTHETO (BaJICHTHOTO) YHEPTETHYECKOTO YPOBHS SJICMEHTOB

OJIHOM ITOATPYIIIBI.

Li 28 ... Ti 3d%4s’... N 25?2p® ... Ne  2s%2p°
Na 3 ... Zn 4d5s*... P 3s%3p® ...  Ar  3s%3p°
K 4st ... Hf 5d%s®... Ar  4s4p® ... Kr  4s%4p°

nst ... (n-1)d*ns? nsnp® ... Kr  ns’np®

Kak BuHO, y 3JIEMEHTOB OJHON NOArPYIIBI OJJMHAKOBOE 3JIEKTPOHHOE CTPOEHUE
BHEIIIHET0 SHEPreTUYECKOro YPOBHS (JUIsI 37IEMEHTOB A-TIOATPYIII 3TO COOJIIOIAeTCsl CTPOTO, AT
B-noarpynn Bo3MOKHBI OTKJIOHEHUS).

BeIBOa: meproinueckoe MOBTOPEHUE CTPOEHUS BHEIIHETO SHEPIeTHYECKOT0 YPOBHS
00ycIaBIUBAET MEPUOINYECKOE TOBTOPEHNE XUMHUUECKUX CBOIMCTB JIEMEHTOB.

Homep nepuona, B KOTOpOM CTOUT 3JIEMEHT, MIOKA3bIBAET YUCIIO YHEPTETUYECKUX
YPOBHEW B €r0 aTOME; JIJIs 3JIEMEHTOB IJIaBHBIX MOArPYII MOKA3bIBAET YUCIIO 3JIEKTPOHOB HA

BHEIITHEM YHEPTETUYECKOM YPOBHE.

2.4 Tlepnoauyeckue CBOHCTBA 3JIeMEHTOB
OHeprus (moreHnuasg) nonusanuu (1) — sHeprus, KOTOPYIO HEOOXOIUMO 3aTPATUTh

JUISL OTPbIBA 3JIEKTPOHA OT aTOMa, IIPU 3TOM 00pa3yeTcsl MOJOKUTEIBHO 3apsyKeHHbINH HOH. B
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nepuoaax ¢ poCTOM HOPSAAKOBOTO HOMEpPA BO3pAcTaeT MPUTSHKEHUE BHEIIHETO AJIEKTPOHA K
AJIpY, ¥ IOTEHIIMAI MOHU3AIMHU yBeJIMUMBaeTcs. B rpynmnax ¢ pocToM nopsiAKOBOro HOMEpa
MOTEHIMAT MOHU3AIUN YMEHbBIIACTCS U3-32 YBEIUUCHUS painyca aTOMOB.

CponctBo K 31ekTpony(E) — sHeprus, KoTopas BBIACISCTCS IPU MPUCOSTUHEHUH
JJIEKTPOHA K aTOMYy, IIPH 3TOM 00pa3zyeTcsi OTpULIATEIbHO 3apsKeHHbIN HOH. MaKkcUMalbHBIM
CPEACTBOM K 3JIEKTPOHY 00J1a/Ial0T TaJOTr€Hbl, KUCIOpOa U cepa. HanMeHbmM unciom
AJIEKTPOHOB 00JIAAFOT IJIEMEHTHI C AIEKTPOHHON KOH(UTYpAIHell BHEITHETO YPOBHS ns? u
0J1IaropoIHBIX Ta30B (KaJbIMil, MAarHUii, HEOH U TaK Jajiee).

DuiekTpooTpuuaTeabHOCTh () — CTOCOOHOCTH ATOMOB MPUTATUBATH K ceOe
AEKTPOHbI. KOJIMUYECTBEHHO 3IEKTPOOTPHUIIATEIBHOCTD XapaKTEPU3YETCsl OTyCYMMON SHEPTUU

HOHU3AlUN U CPOJACTBA K DJICKTPOHY.
30 =~ (I +E) 2.1)

Bostee yacTo HCTIONB3YIOT MOHSATHE OTHOCHTEIBHOM JIEKTPOOTPHIIATEIIBEHOCTH.
DIEKTPOOTPUIIATEIHLHOCTD SJIEMEHTOB CPAaBHUBAIOT C AJIEKTPOOTPHIIATEIIEHOCTHIO JIUTHS, UbE
3HAYCHHUE MPUHSITO 32 SAUHUILY. B 3TO# 1IKOJIe MAKCHMAIIBHYIO JIEKTPOOTPUIIATEIIBHOCTh UMEET
drop (4,0), kucmopox (3,5), asor (3,0). Haumensimeit 31eKTpoOTPUIATEIBHOCTHIO 001a1ai0T
IIEJI0YHbIE U IIEI0YHO3eMENIbHbIE MeTalIbl (cpeanee 3nauenue — 0,8-1,0).

B nepuonax ¢ pocToM MopsaKOBOro HOMEpa IEKTPOOTPULIATEILHOCTh BO3PACTALT, B
rpynnax yObIBaer.

Paamyc aToMa — moyioBUHA MEXBSAICPHOTO PACCTOSHUS MEXKIY COCCTHUMH aTOMaMHU
JUTSL BEIIECTB B KPUCTAIUTMYECKOM COCTOSIHUU.

B nepuozie ¢ pocToM MOPSIIKOBOTO HOMEpA painyc yMEHBIIIAETCsI, a B Tpynax —
YBEJIIMYNBACTCSI.

Bonpochkl 1 331241 JUISE CAMOCTOSITEILHOT0 KOHTPOoJIst [1,2]:
1.OnekrponHas Gpopmyna aroma 15%25%2p®3s%3p°. Omnpenenure 3JIEMEHT U BCE BO3MOXHBIE
BaJICHTHOCTH.
2.JList anemenTa ¢ popmynoit 15°25°2p°3s23pP4s? onpenernnte aToMHBII HOMEP.
3. JL1si aTOMa ¢ IeKTPOHHOI (pOpMYII0il BHEIIHUX 3IeKTPoHOB yKaxute 4s°3d%4p? onpenenuts
YHCJI0 HECTIAPEHHBIX 3JICKTPOHOB B OCHOBHOM COCTOSIHUHM aTOMa.
4. Dnextponnas popmyita aroma 1572522p®3s%3p°. VkaxuTe BEICIIYIO BANCHTHOCTD SJIEMEHTA.
5. DnexTponHas Gopmyia atoma 1s°25°2p°35?3p®4s?. YkaxkuTe UHCIIO HECTIAPEHHBIX YIEKTPOHOB
B OCHOBHOM COCTOSIHHH.
6. YKaxuTe 2J1eKTpoHHYI0 Gopmyy aToma (ropa. a)1822322p6; B)1322322p2; 0) 1522322p5; r)
15%25%2p°3s?,
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7. DnexkTpoHHas Gopmya aToma 1522522p63523p64523d104p4. VYKaXuTe BBICITYIO BaJICHTHOCTD
AJIEMEHTA.

8. Jlns psina yacTHIl yKaKUTe Te, U KOTOPBIX AIIEKTPOHHBIE (popmyiel onuHakoBbl. a) Cl™, F,
Br ; ) Li", Na*", K" ; 6) Mg® ,F,Na ;) N, O, F.

9. VKaxkuTe, Kakue U3 4acTHII UMeoT 23 s1ektpona. a) F; B) Na; 6) Al ; r) Na™.

10. YkaxuTe NOJIHYIO 3JCKTPOHHYIO (POPMYITy aToMa 23V B OCHOBHOM COCTOSIHUH, paciojiaras
opOuTamu (FHEPreTUIECKUE MOIYPOBHH) B COOTBETCTBUHU C YBEIHMUEHUEM dHepruu. Orpeaenure
Ha0Op YeThIpeX KBAHTOBBIX YMCEJI AJIS MOCJIEAHETO IEKTPOHA JAHHOT'O 3JIEMEHTA.

11. YkaxuTe NOJIHYIO 2JEKTPOHHYIO (POPMYIly aTOMa 30Zn B OCHOBHOM COCTOSIHUH, paciioJiaras
opbuTtanu (3HEepPreTHYecKre MoypOBHN) B COOTBETCTBUH C YBEIIMUEHUEM PACCTOSIHUSA OT spa.
Onpenenure HaOOP YETHIPEX KBAHTOBBIX YMCEN JJIsl OCIEAHETO 3JIEKTPOHA IAaHHOTO 3JIEMEHTA.
12. YkaxuTe NOJIHYIO 3JEKTPOHHYIO (POpMYIly aToMa 35Br B OCHOBHOM COCTOSIHUM, pacrojaras
opbutanu (3HepreTuyecKre Mo lypoBHN) B COOTBETCTBUHU C YBEJIMUEHUEM PACCTOSIHUS OT s/pa.
Omnpenenute Bce BO3MOXKHBIE BAJICHTHOCTH M CTETIEHN OKHUCJICHUS JAHHOTO DJIEMEHTA.

13. YkaxuTe NOJIHYIO 3JEKTPOHHYIO (OPMYITy aTOMa 34S¢ B OCHOBHOM COCTOSTHUH, Pacrojiaras
opbutanu (3HepreTuyeckre NoJypoBHU) B COOTBETCTBUU C yBeJIUUYEeHUEM 3Heprun. Onpeaenure
BCE BO3MOJKHbIE BaJICHTHOCTH U CTETIEHU OKUCIIEHUS ITaHHOTO 3JIEMEHTA.

14. YkaxxuTe NOJIHYIO IEKTPOHHYIO POopMyiy aToma 15P B BO30YX/I€HHOM COCTOSIHUM, U MOHA
P*".

15. YkaxuTte NOJIHYIO 3JEKTPOHHYIO (OPMYIIy aTOMa B OCHOBHOM COCTOSIHUH, pacioiaras
opbutanu (3HepreTuyecKre Mo ypoBHN) B COOTBETCTBUHU C YBEJIIMUEHUEM PACCTOSIHUS OT s/pa,
€CJIN MOCIIEAHEMY JIEKTPOHY JIaHHOTO 3JIEMEHTa COOTBETCTBYIOT CJIEAYIONIME KBAHTOBBIE YK CIIA!
n=3;1=2; m=1; mg=-%. Kakoii 310 asiemeHT?

16. YkaxxuTe MOJIHYIO 3IEKTPOHHYIO (POpMyITy aToMa 16S BO BCEX BO3ZMOKHBIX BO30YXKIEHHBIX
COCTOSIHUSIX.

17. OxucnureneM Uiy BOCCTAHOBUTENIEM MOT'YT ObITh aTOM oF 1 voH F .

18. YkaxuTe Bce BO3MOXKHBIC DJIEMEHTHI, OTPHUIIATEIbHBIE HOHBI KOTOPBIX BCTPEYAIOTCS B
XUMHUYECKHX COEAMHEHUSIX U UMEIOT CIIeIYIONIYIO 3JEKTPOHHYIO KOH(UTYpaIHIO:
15°25%2p°3523p°.

19. Pacmionoxxure cnemyromue opOuTanu (S HEpreTHIecKre MOAYPOBHH) B TIOPSIIKE BO3PACTAHHS
sHepruu: 3p, 3s, 3d, 4s, 4p. Micnosib30BaHre KaKOTO TIPaBUIIa MO3BOJISIET MOATBEPANTH TaHHYIO
MOCJIEI0BATEIbHOCTD?

20. Pacnionoxute cieayromie opouTanu (3HepreTuyeckre Mo ypoBHHU) B MOPSIKE BO3PACTAHUS
sHepruu: 4p, 4s, 4d, 5s, Sp. Mcnonp3oBanre KakoTo IpaBuiia MO3BOJISIET MMOATBEPAUTH TaHHYIO

IIOCJIENOBATEILHOCTE?
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5 Xumuueckasi CBi3b

Xumuyeckas CBsI3b — Pa3IMIHbIC B3aUMO/ICUCTBUS, 00YCIaBIUBAIONINE YCTOWINBOEC
CYILIECTBOBaHUE 2-X U MHOTOATOMHBIX MOJIEKYJI, HOHOB U paauKkaioB. OCHOBHBIM MPU3HAKOM
00pa3oBaHusl XUMUYECKOUN CBSI3U SIBISICTCS] TOHM>KEHHUE SHEPTHUU CUCTEMbI B CPABHEHHUH C
SHEprueil N30JMPOBAHHBIX YACTHUII, U3 KOTOPBIX 00pa3yeTcs JaHHAas CTPYKTYypa.

EA

l'o
r r

; >
|
1
1

EQ :
1
1

Eo|— min E, oTBeuarorias 3a 00pa3oBaHne XUMHUECKOW CBA3H;

I — paccTosiHUE MEXY ApaMU, B3aUMOJICUCTBYIOLIUMX aTOMOB B MOJIEKYJIE.
B ocHoBe 00pa3oBaHus XUMUYECKUX CBSI3€H JIEKUT B3aMMO/IEHCTBHE MOJIOKUTENBEHO
3apsKEHHBIX SAIEP OAHOTO aTOMa, a TAKXKE JJIEKTPOHOB APYT C IPYTOM.
Bunsl xumMnueckoil CBA3U:
» KoBanentHas
» Uonnas
» Bopoponnas
» Meramnnueckas
XapakTepUCTUKH CBSA3EH:
JHeprusi CBA3M — 3TO SHEPIHsl, HeoOXoAuMas JUIs pa3pbiBa CBsA3H. (K /MOJIb)
JJIMHa ¢BA3M — pacCTOsIHUE MEXAY SAPaMHU B3aMMOJIECHCTBYIOIIUX aTOMOB B
MOJIEKYJIe, YeM MEHbIIE JIMHA CBSI3U, TEM OHA MPOYHEe, TeM OOJIbIIIE €€ SHEPIHUsL.
JI7151 KOBaJEHTHOM CBS3M BaXKHOW XapaKTEPUCTUKOM TaK K€ SBIIAIOTCS HACHIIIAEMOCTh —
MaKCHMaJIbHOE YHCIIO CBSI3€H, KOTOPOE MOXKET 00pa30BbIBaTh ATOM; HANIPABJIEHHOCTh —

B3aUMHOC paCIIOJIOKCHUC CBsI3€i B MOJICKYJIC XapaKTCPU3YCTCA BAJICHTHBIM YTJIOM.
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104°

KpaTHoCTh — 4YuCIIO 3JIEKTPOHHBIX IIap, OTBETCTBEHHBIX 32 00pa30BaHNE XUMUYECKON
cBsi3u. UeM BbIIIE KPaTHOCTh, TEM MEHBIIIE €€ UIMHA.

CH3-CH3 0,154um
CH,=CH, 0,134um
CH=CH 0,120uMm
IMoJisipHOCTH CBsI3eit — mepepacipeaeicHie SIEKTPOHHON INIOTHOCTH B MOJIEKYJIE B
CTOPOHY aTOMOB C OOJIBIICH AJIEKTPOOTPHIIATEIIEHOCTHIO.
[Tpu 0Opa3oBaHUM KOBAJICHTHBIX U HOHHBIX CBSI3CH, KOH(MUTYpaIUs BHEITHHX

o 2.6
OHCPICTUYCCKUX YPOBHCU CTPCMUTCS K KOH(i)I/IpraI_II/II/I 6HaFOpOILHBIX razoB — NS NP-, TO €CTh Ha

BHCIIHCM DHCPICTUYCCKOM YPOBHC 8e.

KoBaneHTHYIO CBsI3b 0003HAYAIOT B BHJIE TIAPHI TOUEK, TUOO B COOTBETCTBHE K KaXKIOH

nape CTaBAT YCPTOYKH.

H> 0)) N2
H:H 0::0 N:N
H-H 0=0 N=N

5.1 KoBajieHTHAaA CBA3bL

KoBasienHTHasi ¢BAI3b — XUMHUECKas CBA3b, 00pa30BaHHasl 0000IIEHHBIMU
AJIEKTPOHHBIMU NapaMu. [Ipu 06pazoBaHUM KOBAJICHTHOM CBS3M BBIIEISIOT 2 MEXaHU3Ma!
OOMEHHBII U JOHOPHO-aKIENTOPHBIN.

ITo oOMeHHOMY MeXaHM3MY, KaXIbId N3 B3aUMOJICHCTBYIOIINX aTOMOB

MIPEIOCTABIISICT CBOM HECTIAPEHHBIE YJIEKTPOHBI JIJIs1 00pa30BaHUsi 0000IIEHHOM JIEKTPOHHOM

naphl.

Ho + -H—HH

PaccmoTpum o6pasoBanue mosiekyssl BeCl,.

Be 2¢° Fl [T 1] +hv—Be f1 BT 1]
i ]
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[Tpu oOpazoBaHMM MOJIEKYIIBI Y aTOMa OEpHILIUS TPUHUMAET ydactue 1s u Ip
AIIEKTPOHBI, OJJHAKO 00€ B CBSA3U aOCOJIOTHO PABHOIICHHBI (OJIMHAKOBBIE JUIMHA, SHEPTHS), YTO
00BsCHSIeTCS THOpUIM3alUeill aTOMHBIX opouTaeii Be npu oopasoBanuu mosnexyis BeCl,.

I'mbpunu3anms — mporecc CMEUISHUs U BBIPAaBHUBAHUSA 110 (hopMe 1 SHEprun
aTOMHBIX OpOHTaIeil.

O ©OO© 220D

1s + 1p 2sp

B3aumHoe oTTankuBaHue sp-rTuOpUIN30BaHHBIX OpOUTaNeld MPUBOAUT K CTPOCHUIO MOJIEKYJIBI C
BAJICHTHBIM yrioM B 180 rpaaycos.

Paccmotpum crpoenune monekyisl BCls.
5 o A ] FFT]
ey [ AT T

Cl
120° B|

CI/ \CI

[Tpu o6pazoBanuu mosiekyisl BClz opoutanu aroma Gopa mperepreBaroT sp2
rUOpUIN3ALHIO.
B3aiMHOE OTTATKHBAHHE SP°-THOPHIHBIX OpOHTAIIEH IPHBOUT K TIIOCKOMY CTPOCHHIO
Mmoekynbl BCl; BanenTHbIM yriioMm B 120 rpaaycos.

Paccmotpum ctpoenue monekyibl metana CHa.
c @w  EEFD- § EIEE
[ & ]
\ Y
4N

B MOJICKYJIC MC€TaHa BAJICHTHBIC 0p6I/ITaJ'II/I yriiepoa HaXoaATCA COCTOSITHUN Sp3 -

rUOpHIU3aIIH.
B3anMHOe OTTaTKHBAHNE SP°- THOPH/HBIX OpOHTAIIEil IPHBOIHT K TETPAdAPUIECKOMY
POCTPAHCTBEHHOMY CTPOSHHIO METaHa.

Taxum 00pa3oM, THUIT THOPUAN3ALIUYU ONIPEEISET MPOCTPAHCTBEHHOE CTPOCHUE

o 2 3
MOJICKYJI: Sp — JIMHCUHOC, Sp — IJIOCKOCTHOC, SP — TCTPA3APUUICCKOC.

JIOHOPHO-aKIENTOPHBINA MEXAHU3M
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B 5TOM cilydae OJMH U3 B3aUMOJEHCTBYIOIIMX aTOMOB HPEIOCTABIAET CBOH
HETIO/ICJIEHHBIE DIICKTPOHHBIC MAPBI(JI0HOP), KOTOPbIE Pa3MEIIAIOTCA B CBOOOIHBIX OPOUTAIISX
JIpyroro aToMa(akuenTop).

PaccmoTpuM o6pazoBanue nona ammornst NH,' .

Noo2s2pt MR FIEIE] - HN#F ] -

— NH,"

B none NH;" Tpu cBs3u 06pasyroTcs Mo 06MEHHOMY MEXAHHU3MY H OJHA — IO
JIOHOPHO-AKI[ENTOPHOMY, OJHAKO BCE YETHIPE CBS3H PABHOIICHHBI, UTO OOBSICHSIETCS
rHOpHIM3aIeil BAICHTHBIX OpOHTAlIeH a30Ta, SP -THOPUAN3ALIHS, IPOCTPAHCTBEHHOE CTPOCHHE
MOHA-TETPAdP.

JIOHOPHO-aKIENTOPHBIN MEXaHU3M 00pa30BaHUsI KOBAJICHTHOM CBSI3U UTPAET BAKHYIO

poJIb TIpH 00pa30BaHUE KOMIUICKCHBIX COCIMHEHUI, B TOM YHCIIC U OMOKOMIUICKCOB.

HOJIHpHOCTb KOBAJIEHTHOM CBSI3H

Ecnu monekyna o6pazoBaHa aToMaMU OJJHOTO XUMUYECKOT'0 JIEMEHTa, TO 00001IeHHbIE
AJIEKTPOHHBIE TTAPBI HAXOJIUTCS CTPOTO O CePEANHE MEXKIY SPaMH B3aUMOICHCTBYIOIINX
aTOMOB — KOBAJICHTHAs1 HEMOJISIPHASI CBS3b.

Ecnu monekyna o6pazoBaHa pa3HbIMU XUMHUYECKUMU 3JIEMEHTaMH, TO 0000IIICHHbBIE
AIIEKTPOHHBIE Tapbl, OTBETCTBEHHBIE 32 00Pa30BaHNE XMMHUECKOH CBSI3M CMEIICHHI K aTOMY C
OOJIBIIIEH AIEKTPOOTPUIIATEILHOCTHIO; HA 9TOM aTOME TMOSBIISIETCS] YaCTUYHBIN OTPUIIATEIHHBIN
3apsia (-0), Ha IPyroM — YaCTHUYHBIN MOJIOKUTEIBHBIN 3apsi (+0) — KOBaJIeHTHAasI MOJISPHAast
CBSI3b.

[Iporiecc cmeteHus AIEKTPOHHBIX Map K 0oJiee AIeKTPOOTPHUIIATEILHBIM aTOMY
Ha3bIBACTCS MOJISIpU3AlMEH, a MOJISIPU30BaHHAs MOJIEKYJIa HAa3bIBAETCs IUIIOJIEM, N300paxkaeTcs

B BUJIC DJJIMIICA C PAa3HOMMCHHO 3aps’KCHHBIMH ITOJIFOCAMMU.
o¥ ®H-CI?

S N

G6-CBA3b — BAJICHTHBIC Op6I/ITaJ'II/I NEPEKPLIBAIOTCA BAOJIb JIMHUMU, COG)II/IHSIIOHIeﬁ
[EHTPHI B3aUMOJICHCTBYIOIINX aTOMOB, 00pa3yeTcs S- U pP- SJICKTPOHAMHU.

7-CBSI3b — BAJICHTHBIE OPOUTAIH MTEPEKPHIBACTCS HAJl U O] JIMHUEH, COSTUHSIOIICH
IIEHTPBI aTOMOB; 0Opasyercs p u d- AIeKTpoHaMu. XapaKTepHa JJIsi KpaTHBIX cBs3eil. HamHoro

citabee curMa-CcBsI3H.

BaJsienTHOCTHL
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BajeHTHOCTH — YKCIIO CBA3EH, KOTOPBIMHU JJAHHBI aTOM CBSI3aH B MOJIEKYJIE C
COCETHUMU aTOMaMHU.
PaccMoTpuM Kakue BaJICHTHOCTH MOTYT MPOSIBIISTH aTOMBI PTOpa U XJiopa.

A

VY ¢Topa Ha BHEUIHEM yPOBHE OTCYTCTBYIOT CBOOOJHBIE OPOUTANIH, IIOATOMY HIEPEXO
AJIGKTPOHOB HEBO3MOXKEH. B aToMe (hropa mMeeTcsi eTMHCTBEHHBINM HECTIAPEHHBIH JIEKTPOH,
YYaCTBYIONIMIA B 00pa30BaHUU XUMUYECKOU CBS3M — BAJICHTHOCTH (PTOpA BO BCEX COCTUHEHUSIX
paBHa 1.

2n,.5
% HEEEE

B aTrome xyopa B oTiiname ot propa uMeercs CBOOOAHBIN d-110lypOBEHb, HA KOTOPHIH B
BO30Y)KJIEHHOM COCTOSTHIH BO3MOJKEH IEPEX0/ JIEKTPOHOB C HWKEJISKAIIUX S- U p-
MOAYPOBHEH, MPU TOM BO3MOXKHOE YUCIIO HECTIAPEHHBIX 3JIEKTPOHOB B aToMe xjopa 1; 3;5; 7 u
COOTBETCTBYIOIINE BAJICHTHOCTH MOXET MPOSBIISITH XJIOP B CBOUX COCTUHEHUSX.

H-O-ClI - xsopaoBaructas (1)
H-O-CI=O - xmopucras (111)
H-O-CI(O), - xmopHoBaras (V)
H-O-CI(0); - xmopuas (VII)

MakcumanbHasi BaJICHTHOCTh HE MOKET MIPEBBIIIATH YMCIIa OPOUTAICH HA BHEIIIHEM
YPOBHE, TI03TOMY y a30Ta B COEJMHEHHAX MaKCHMalbHas BageHTHocTh paBHa 4(NH;', HNO3 u
ee COJIn)

Omnpenenenne BAIGHTHOCTH YIJIEpO/ia U KUCIOPO/Ia B YTapHOM rase.
cant ] FFL]
0 25°2p" /) F TRy c=0

B monexyne CO nBe cBsi3u 00pazoBaHbl T0 0OMEHHOMY MEXaHHU3MY, OJIHA — T10 JIOHOPHO-

aKILIETITOPHOMY, TO €CTh BaJICHTHOCTHU U YIJIEPOJa, U KHCIOPO/1a PaBHBI TPEM.
BeiBoA: MakcHMalbHas BAJIEHTHOCTb ONIPEIENSIETCS YMCIOM HECITAPEHHBIX JJIEKTPOHOB
(B TOM uucIe, B BO30YKIEHHOM COCTOSTHUH) + YUCIIO CBsI3ei, 00pa30BaHHBIX MO JOHOPHO-

AKIECTITOPHOMY MEXaHU3MY.

3.2 UonHad cBA3b

XapakTepHa Juis CBA3€H MKy aTOMaMH TUITMYHBIX METAJNIOB C TUIIHYHBIMU
HeMeTaulaMu. MOXeT paccMaTpuBaThCs KaK YaCTHBIN CiIydail KOBaJE€HTHOM MOJSPHOU CBS3H,
IIpU KOTOPOIl 0000IIEHHbIE 3JIEKTPOHHBIE Maphl, OTBETCTBEHHBIE 32 00pa30BaHUE XUMUYECKOM
CBSI3M NPAKTUYECKH MOJTHOCTHIO CMEIIEHBI K aTOMY HEMETAJLJIA C BBICOKOM

SJICKTPOOTPULATCIIbHOCTLIO. HpI/I TAaKOM PACTIPCACIICHUU IJICKTPUICCKUX 3apA10B aTOM MCTaJlJId
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MIPEBPAILAETCS B MOJOXKUTEIbHBIA HOH, AaTOM HEMETAJIA — OTPULIATENbHBIN HOH, ITPU ATOM
AIIEKTPOHHBIE KOH(MUTYpaIMU 00pa30BABILNXCS HOHOB CTPEMSATCS K KOH(DUTYpALTUU
0JIarOPOJTHBIX Ta30B. XUMUYECKAasl CBsI3b, 00PA30BAHHAS 32 CUET JICKTPOCTATHIECKOTO
HaIPSKEHUSI PA3HOMMEHHO 3apsKEHHBIX NOHOB, HA3bIBACTCSI HOHHOM.

Na: + Cl — Na:Cl — [Na'][CIT]

[Ne] 3s* [Ne] 3s°3p° [Ne][Ar]

Tax kak sHEprus HOHU3ALMH, BCeria O0JIbIlIe YHEPTHUH CPOJICTBA K JIEKTPOHY, TO
HUKOTJ]a HE MPOUCXOUT MOJIHOTO CMEUIEHUS AJIEKTPOHOB, MHBIMU CJIOBAMH, B KaXA0W HOHHOMN
CBSI3U €CTh OMpEJIeJICHHAs J0JIs1 KOBAJIGHTHOCTH (B caMo MOHHOM coenuneHuu CsF cmemnenne
9JIEKTPOHOB OT 1e3HsI KO (PTOpy OcyIiecTBseTcs Juib Ha = 80 %).

OO6pazoBaBiuecs HOHBI CO3JAI0T JIEKTPOCTATUYECKOE TT0JIe, UMerolee C(hepruuecKyro
cumMmetputo. [loaToMy 1St HOHHOM CBSI3M HE XapaKTEPHBI HU HACBIIIEHHOCTh, HU
HaIPaBJIECHHOCTh — 3aPSHKEHHBIN MOH B3aUMOJICHCTBYET Cpa3y CO BCEMU OKPY>KAIOIIUMU €0
MPOTUBOMOHAMH. DTO NPUBOJIUT K TOMY, UTO JIJIsl BELLIECTB C MOHHOU CBS3bIO B
KPUCTAJUIMYECKOM COCTOSIHUM HETPUMEHUMO MOHSITHE MOJIEKYJIbl — BEIIECTBO CYHIECTBYET KaK
enuHbIi Kpuctawl. Ho Mosekyiisl noHHBIX coeaunenuii (Hanpumep, NaCl) cymiectsyror B

ra3oBoii (ase.

3.3 Bogopoanas cBs3b

BO}IOpO}]Haﬂ CBA3b - XUMHYCCKAs CBA3b MCKAY MOJOXKUTCIIbHO MMOJIAPHU30BaAHHBIM
aTOMOM BOJIOPO/Ia, aTOMOM C BBICOKO# AnekTpootpuiiateasHoctbio (F,O,N).

OO6pa3oBaHue BOJOPOJHOM CBSI3U 00YCIIOBIIEHO CIEIYIOUUMH IBYMs (haKTOpaMH:
1. ITpu cmenieHnn 3JIEKTPOHA y aTOMa BOAOPOJA K aTOMY € BBICOKOM
AIIEKTPOOTPHIIATEIIEHOCTHIO BO3HUKAIOT PAa3HOMMEHHBIE 3apSIbl, YTO BHI3HIBACT
AIIEKTPOCTATUYECKOE NMPUTKEHUE B3aUMOJICHCTBYIOIINX 3TUX aTOMOB;
2. Ilpu cMenieHnH 3JIeKTpOHa y aToMa BOJOPOJia B 3HAYMTEIBHON CTENEHH BBICBOOOXK1aeTCs
opOHTaNb, B KOTOPOH YaCTUYHO Pa3MeIIaeTcs OTHA M3 HEIOIEIIEHHBIX YIEKTPOHHBIX Map aToMa
C BBICOKOH 3JIEKTPOOTPUIIATETLHOCTHIO, TO €CTh BOZHUKAET MPo0oOpa3 KOBAJCHTHOW CBS3U 110
JIOHOPHO-aKIENTOPHOMY MEXaHU3MY.
H-05.H*

J1y1g BeniecTB ¢ BOJOPOIHBIMU CBSI3IMU XapaKTEPHBI BBICOKHE TEMIIEPATyphI MIaBICHUS
U KUTIEHUS, TEIJI0Ta TUIaBJIEHUS U Tapoo0pa30BaHus, BEICOKAS BSI3KOCTh. DHEPTHs BOJIOPOJIHOMN
cBsA3M B 15-10 pa3 MeHbIlIe SHEPIrUU KOBAJIEHTHOW CBS3H.

CH,-CH,0H  CH,(OH)-CH,(OH) CH,(OH)-CH(OH)-CH,(OH)

v

YBEIIMUEHNE BI3KOCTH, TEMIIEPATYPHI KUITCHUS
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Bonpocs! 1 3aa4u IJ1si CaMOCTOATEIbLHOI0 KouTpoJs [1,2]:
1. Ykaxure, B KaKUX U3 IPUBEACHHBIX HIKE MOJICKYJI KPaTHOCTb CBsi3U paBHa AByM: 1) Oy; 2)
N2. 3) Cly; 4) C,Hy; 5) Ha.
2. VkaxwuTe, B KAKUX U3 MPUBEICHHBIX HIKE MOJICKYJT KPATHOCTh CBsA3U paBHa Tpem: 1) Oy; 2)
Ny; 3) Cly; 4) Ho.
3. Vkaxute MoJieKyny, kotopas Haunbosee nossipuas: 1) HCI; 2) HBr; 3) HI; 4) HF.
4. YKaxxuTe MOJIEKYJIbl, B KOTOPbIX XMMHUECKHE CBA3HM KOoBaJleHTHbIE noJisipHbie: 1) HyO; 2)
H,SOy4; 3) Cly; 4) Ha.
5. YKaxuTe MOJIEKYJIbl, B KOTOPBIX UMEETCS CBSA3b, 00pa30BaHHAas MO JOHOPHO-aKIENTOPHOMY
mexanmmy: 1) Oy; 2) Na; 3) Cly; 4) NH,4™
6. YKaKuTe COCIMHEHHS, B KOTOPBIX HMEIOTCS Sp -rubprabie opouranu: 1) HoS; 2) NH3; 3)
HCI; 4) CO.
7. YKaxuTe COeIUHEHUs, MOJIEKYJIbI KOTOPBIX UMEIOT JuHelHoe ctpoenue: 1) COy; 2) HO; 3)
NHs; 4) CCl,.
8. YKakuTe COeMHEHUs, B KOTOPBIX popma Monekysn TpuroHanbHast mupamuaa: 1) COz; 2) NOy;
3) NH3; 4) BF.
9. YKa)uTe COCAMHCHHS, B KOTOPBIX OPOHTAIIH LIEHTPAIBHOTO aTOMA HAXOATCS B SP°-
ruopuausanuu: 1) CHy; 2) BF;; 3) CO; 4) CO..
10. YkaxxuTe BelecTBa ¢ KOBAJICHTHON HEMOMIPHO# cBsi3bio: 1) SOy; 2) Oy; 3) P,0s; 4) Cls.
11. Vkaxwure BemecTBa ¢ nonnoii cesa3po: 1) KCI; 2) CO,; 3) NO; 4) P,0s; 5)Nal.
12. YkaxuTe BelecTBa, B KOTOPbIX KOBAJIEHTHAs CBA3b 00pa30BaHa TOJILKO 10 OOMEHHOMY
mexanusmy: 1) H3POy; 2) NH4CI; 3) [BF4] ; 4) HoSOs.
13. Kakue okcuapl OynyT UMeTh 0oJiee MOJISPHYIO CBSA3b: OKCHJIbI METAJIOB | rpynmbl Ii1aBHOM
HOArpYINIbI WK OKcubl MeTaiuioB Il rpynmel raBHoi noarpymnmnel? B BeIOpanHOl noarpymnme
YKa)KUTE 3JIEMEHT, OKCHJI KOTOPOTO UMeeT Haubosiee MoISpHYIO CBS3b.
14. Ykaxxute coequHEHMs], MEXAY MOJIEKYJIaMHi KOTOPhIX BO3MOXKHA BOAOpoHas cBs3b: 1) NHj;
2) HF; 3) H,0; 4) O,.
15. B xommutekcHoM coenuaennn Ks[Fe(CN);Cls] onpenenure 3apsia KOMIIEKCOOOpa3oBaTedIsl.
16. B kommnexcaom coeaunernu [Pt(NH3),Cly] onpenenure 3apsn komruiekcooOpasoBares.
18. B KOMIJIEGKCHOM COEIMHEHUE OMPEIEITNTE YUCIIO KOBAJICHTHBIX CBsI3€i, 00pa30BaHHBIX 110
noHopHo-akienropaomy mexanusmy Na[PtNH3Cls].
19. YkaxuTte coeiMHEHUs ¢ KOoBaJieHTHO# cBs3bio: 1) NHgs; 2) NaF; 3) H,0; 4) MgO.

20. Yxkaxwure Tun rudpuauzanmu B B coenqunenun BCls.

6 Xumuueckasi TEPMOIHHAMHUKA
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XUMHYECKUE PeaKlit, KaK MPaBujo, MPOTEKAIOT MPU MOCTOSIHHOM JIaBJICHUU
(n300apHbBIE TMPOIIECCHI).

DHepreTudeckuil 3PpPexT XUMUIECKON peaKiuu- BIJCIICHUE W TTOTJIOICHHE,
TEIJIOTHI B X0JI€ PEaKIIUU, CBSI3aH C U3BMEHEHUEM BHYTPEHHEHN SHEPTUM WM SHTAIBIUU
XUMHUYECKON CUCTEMBI.

[Tox BHYTpeHHEH YHEPrUel TOHUMAIOT SHEPTUIO0 B3AUMOACHCTBUS MEKIY
CTPYKTYpOOOpPa3yIOIMMHU YaCTULIAMHU BEIIECTBA, a TAK)KE SHEPTUIO B3aUMOCHCTBUS BHYTPH
caMHUX aTOMOB U MOJIEKYIIL.

[Ipenmonoxum, XuMHYECKasi CUCTEMa, TTOTJIoas TeioTy Q mepexouT u3 COCTOSHUS
(1) B cocTostaue (2). Ecnu mporiece mpoTekaet mpu MOCTOSHHOM 00beMe, TO BCS TETUIOTa UET
Ha U3MEHEHUE BHYTPEHHEUN SHEPIruu.

Q,=U,-U;=AU (4.1)
Ecmn npouecc NpoTeKacT IIpHU IMOCTOAHHOM JaBJICHHUH, TO HOFJ'IOH_[éHHaSI TCIIJIOTA UACT
Ha UBMCHCHUC BHYTpeHHefI OHCPIUH U HAa COBCPUICHHUC pa6OTLI IIPpOTHUB BHCIIHUX CHII — I 3axkon

TEPMOAUHAMHUKU.
Q= AU- A (4.2)

6.1 DHTANBIUA
PaccmoTtpumM, kakyro paboTy coBepIiaet ra3, 00pa3yromuics Py MPOTEKAHUN PEAKIIHH:
CaCO3+2HCI—CaCl,+CO,1+ H,O
CuuTaem, 4TO MOPIICHb JBUTAETCA 0€3 TPEHHUS MO/ TOCTOSHHBIM JJaBJICHHUEM.
A=Fx Al=pxSxAl=pAV (4.3)
[MoacraBum Beipaxkenue (4.3) mis paboTsl B ypaBHenue (4.2) u Boiaenum cymmy (U+PV)
COCTOSIHMI XUMHUecKou 1 u 2.

Q=(Uz-Uy) + (PV2-PV}) = (Ux+PVy) — (U1+PV,) (4.4)
Cymma (U+PV) o6o3Hauaercs OykBoit H u Ha3bIiBacTCs IHTAJbIHEIH.
H=U+PV (4.5)

DHTAJBIUA- YHEPTHUS PACIITHPEHHON CUCTEMBI; TEPMOAMHAMHYECKAS (DYHKIIHS
COCTOSTHUSI XUMUYECKOUN CUCTEMBI, TO €CTh 3aBUCUT TOJBKO OT HAUYAIHHOTO U KOHEUHOTO
COCTOSIHUS CHCTEMBI, HO HE 3aBUCHT OT ITyTH Mepexoa.

s sx3oTepmudeckux peakuuei Q>0, TernaoTa BbIIEISETCS, COOTBETCTBEHHO
BHYTPEHHSISI DHEPTHs U SHTaNbNUA yMeHbiatTcs (AH<0). [lng sHaoTepMUuecKux peakiuuen
Q<O0, TeroTa MOTIONIAETCS, COOTBETCTBEHHO BHYTPEHHSISI DHEPTUS M SHTAJIBITHS BO3PACTAIOT
(AH>0).

TakuMm o0Opa3om, TerIoBo 3 dekT peakimu Q U H3MEHEHHUE SHTAIBITAN B X0OJIC pEaKIIUN
AH 4ucneHHo paBHBI, HO IPOTUBOMNOJIOKHBI IO 3HAKY:

Q=-AH (4.6)

TepmoxumMHuYecKoe ypaBHeHHS - YpaBHEHHUE XUMUUYECKOM peakiiuu, B KOTOPOM yKa3aH
Ter1oBoi 3 ekt (1ubo B Bue sHepreTudeckoro a¢dexra Q, mibo B BUIE U3MEHEHUS
sHTanbnuu AH.

C+ 0O, — CO; + 394 ]Ik
C + 0O, — COy, AH; =-394 x/Ix
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4.2 3axon I'ecca

3akon I'ecca -reruioBoii 3G et XumMuueckoi peakuuu (mpu p, V= CONst) 3aBucut
TOJIKO OT MIPUPOJIBI i COCTOSIHUS UCXOHBIX BEIIECTB U MPOJIYKTOB PEAKIIUU, HO HE 3aBUCHUT OT
YrCIia ¥ BUJIa TPOMEKYTOUHBIX CTaIHUN.

3aBUCHMOCTH TETIOBOTO 3(hekTa cyMMapHOTO Tpoliecca ¢ TeIIoBbIME d(hdexTamu
MPOMEKYTOUHBIX CTAJMK 0TOOpaXKaeTCsl YSHTANBIIMHHON AUarpaMMoi. PaccMoTpumM okucieHHe
rpaduta 10 CO,.J/laHHBII TIpOLIecC MOKHO MPEACTaBUTh, Kak okuciaeHue rpapura 10 CO ¢

nocienytonmm okucienuem CO no CO; (AH — temoBoit s dekr).
C+0,—> CO, AH;=-394 kJIx

C+§02—>CO, AH,

CO +-0, — CO,, AH; = -283 /I

AH: = AH, + AH3

DKCIIEpUMEHTAIEHO MOXHO OTIPECIIUTh TeTuIoBoM 3 ekt cropanus rpadura u CO —
AH; 1 AH3, HO HEBO3MOYKHO OIPECIUTh TEIUIOBOM 3P (EKT peaKIuu OKUCICHHS TpaduTta 10
CO, Ho ero Jerko paccyurTaTh, HCIOIB3Ys 3aK0H [ ecca.
AH; = AH; - AH3 = =394 — (—283) = —111 x/Ix

JHTANBINA 00pPa30BaHUs BellecTBa — TEII0BOH A (deKT peakuu o0pazoBanus 1
MOJIb BEIIECTBA U3 MPOCTHIX BelecTB. Ecnu TernoBoit agdext oOpazoBaHMsl BELECTBA
ofpenieNnsercs Ipu cTaHAapTHBIX ycnoBusax (t=298 K u p=1 aT™), TO TOBOPST 0 CTaHAAPTHOM
sHTaNIBIHU 00pazoBanus — AH. TaGnuuHble CipaBOYHBIE JAHHBIE, ONPeIENeHbl st osee 4000
BEIIECTB. DHTAIBINS 00pa30BaHMsI MPOCTHIX BEIIECTB IPUHUMAETCS 3 HOIIb.
3Hast SHTANBIINK 00pa30BaHMs, HA OCHOBAHUH 3aKOHA ['ecca MOXKHO OMpEeNIUTh TEIIOBOM
3P PEeKT XUMHUECKON peakliny 1o ciaeayomeil popmyie:
AHS =Y v; AH mpox.— Y v; AHY ucx. 4.7)
T'JIE Vj ¥ Vi — COOTBETCTBYIOLINE CTEXUOMETpUUECKHE KOI()(DULIUEHTSI;

AHJ?H AH?- cranmapTHBIE SHTAJIBIHK 00PA30BAHKS POIYKTOB M MCXOIHBIX BEIIECTB.

Onpenenum TemoBoi 3¢ ekt peakuuu:

Al;03 (kp) + 3503 (1) — Alx(SO4)3 (kp)
AHp = AH°(Al5(SQ4)3) - (AH(AI2O3) + 3AH®(SO3)) = -3442,2 — (-1876 + 3:(-396,1)) = -577
KkJ[x.

TenJioTa cropanus TOMJIMBA — TEIIOBOM 3(PPEKT peakiuu OKUCICHUS KUCIOPOIOM

AJIEMEHTOB, BXOJSIIUX B COCTAB BEIIECTBA /10 0Opa30BaHMsI BRICIIUX OKCHIOB.Ecnu TermimoBoii
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3 dEeKT OTHOCAT K €AMHUIIE CTOPEBIIero TorirBa (1 Mok, 1 KT), TO TOBOPST 00 yaeabHOM
TEIIOTE CTOPAHHUSL.
Paccunrtaem YACIBbHYIO TCIJIOTY CrOpaHus 3TUJIOBOIO ClikupTa:
CH3-CH2-OHun + O2 — 2CO;,(r) + 3H0(r), AH=?
AHp = (2AH°(CO2) + 3AH’(H,0)) - AH°(C,HsOH) = 2-(-306,3) +  3-(-241,8) — (-277,7) =

= .1234,7 XAx

MOJIb

KanopuiiHocTh UM - IPU OKUCIIEHUH NIPOJLYKTOB IUTAHUS B OPIraHU3ME YEIOBEKA

BbIACIISICTCA DHECPIUA.

K/

CsH12,05 + 60, — 6CO, + 6H,0; AH =-2816

MOJIb

Cpennuii pacxo/1 SHEPTUH B CYTKH y YEJIOBEKa: B COCTOSTHUU MOKOs1: 6-7 Thicsad kJIK;
npu paboTe co cpenHeil HHTEHCUBHOCTBIO: KEHITUHBI 7-9 Thicsd KJ[K; y My»unH 9-13 ThICSY
kJK.

DHepreTUYeCcKyro HEHHOCTh UM PUHATO BbIpaKaTh B Kkal:  1kkan = 4,19 kJIx.

1 KKa1 — KOJIMYECTBO TEIUIOTHI HEOOXOAMMOe AJis HarpeBaHus 1kr Boabl Ha 1 rpamyc.
KanopuiiHocTh PO IyKTOB (KKAJI/T): Macio cimBo4YHOE 7-7,5; xup 9; 6enku 4; opexu 5,5; chip 4-

5; caxap 4; msco 2,6; xieb oensbrii 2,4; sino 1,45; si6moku 0,5-0,6; anenbcunst 0,35; muso 0,35.

4.4 JuTponus

OuTponus (S) — TepMoAMHAMUYECKass QYHKIIHS, XapaKTePU3yIoIias Mepy
HEYIOPSAAOYEHHOCTH B CUCTEME.

Bce xuMuueckne npoueccsl MOXKHO pa3eiIuTh Ha JBa TUIIA: IPOTEKAIOLIUE
CaMOIIPOU3BOJIBHO U HE IIPOTEKAIOLIME CAMOIIPOU3BOJILHO;

KpurepreM caMonpon3BOIBHON pEAKIMH SBISIOTCS JHTAJBIMUIAHBIN (PaKkTOp — KaKk
IIPaBUJIO CAMOIIPOU3BOJIBHO MPOTEKAOIINE PEAKIINH, UAYIIUE C BBIICICHUEM TEIIOTHI;
JHTPONHUUHBINA PAKTOP — B CAaMOIIPOU3BOJIBHBIX IIPOLIECCAX HEYIIOPALOUYEHHOCTD IIPOLIECCOB
BO3pacTaer.

DHTpOIHUS MOKET ObITh OXapaKTepU30BaHa YHUCIOM MUKPOCOCTOSHUNA XMMHUYECKOMN
CUCTEMBI: YHCJIO MTHOBEHHBIX KOOPJIUHAT U CKOPOCTEH MOJIEKYJI, 00pa3yIOIUX XUMHUYECKYIO

CUCTCMY. Tak xak 3T0 YHCI0 OYEHb BCJINKO, TO 6CpCTC$I J'IOI“apI/I(I)M OT 4ucliia MHKpOCOCTOHHHﬁ.

_ Mo
s=RIw |2 (4.8)
Jx
rae R —rasosas mocrosunas, R = 8,31 [MOHB.K] ;

W — 4ncio MUKPOCOCTOSIHUM.
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B oTnnune oT BHYTpeHHEH SHEPTUU U SHTAIBIINU, KOTOPbIE HE MOTYT ObITh H3MEPEHBI
a0coroTHO (OmpeAeNseTcs b UX U3MCHEHHE), JHTPOIIHS MOXKET ObITh H3MEpeHa
HEINOCPEICTBEHHO, YTO BBITEKAET U3 nocTyiara [lnanka.

Mocryaar [lnanka - SHTpONUS UAEaIHLHOTO KpUCTAJLIa MpU aOCOIIOTHOM HYJIE paBHA
HYJIIO.

MaxkcuManbHOU SHTpONHEH 00J1aAat0T ra3bl, MPH YCI0KHEHUH MOJIEKYJ (IIpH

YBEJIMYEHUH YMCIIa aTOMOB) SHTPOIHS Takke Bo3pactaeT. Ha puc. 4.2 oToOpakeHa 3aBUCUMOCTD
SHTPOIUU OT TEMIIEPATYPHI.

A
S

B

v

T T T

Pucynok 4.2 — 3aBUCUMOCTb SHTPOIUH OT TEMIIEPATYPbI

OHTpOIUs, BEIYUCIECHHAs IPU CTAaHAAPTHBIX YCIOBUSX, HA3bIBAETCS CTAHIaPTHOM
surponueii (S°) (Tabmuunble neHHble). Tak Kak SHTPOMMS TepMOIMHAMHUYECKas (yHKIHUS, TO ee
M3MEHEHUS 3aBHUCAT TOJBKO OT HAYaJIbHOTO U KOHEYHOI'O COCTOSIHUSL CUCTEMBI M BBIYHUCIISIOTCS
1o (opMyJsie aHAJIOTUYHON U3MEHEHHIO SHTAJIBITHH.

o]

AS =3%Vi  Sjtmpony ~ LVi 5P (ex) (4.9

OHTpOIUS MPOCTHIX BEIIECTB HE paBHA HYIIIO.

BTopoii 3aK0OH TEePMOAUHAMMKH: B N30JMPOBAHHBIX CUCTEMAX CAMOIIPOU3BOJIBHO
UJIyT TOJBKO TE MPOLIECCHI, KOTOPBIE COMPOBOKAAIOTCS yBeIndeHHeM dHTponuu (AS>0).
Taxum 00pa3oM, B XUMHUUECKUX PEAKIIMAX BOZMOXKHBI JIBE IPOTUBOIOJIOKHBIE TEHICHIIUU:

1.06pa3zoBanue Oosiee MPOYHBIX YIOPSAJOYCHHBIX CUCTEM, COITPOBOXKIAIOIIEECs
noHmwKkeHneM sHepruu (AH>0).

2.CtpemieHue Kk OecropsIKy, KOJMYECTBEHHO XapaKTepU3YIOLIEeCs BO3pacTaHUEM
srTpomnuu (AS>0).

XapakTep MPOTEKaHHsI MPOLECCOB M OYJIET ONPEAEATHCS COOTHOIIEHUEM ITHX JIBYX
($haKTOpPOB — SHTATBITUHHOTO U YHTPONUKHHOTO0. KOTOphIe 00BeIMHEHBI B TEPMOIUHAMUYECKON
GyHKIMH, Ha3bIBaeMOi cBO0OIHOI dHeprueii ['no6ca (AG), uaMeHeHne KOTOPOii B X0/I¢

peaknuu onpeacaaCTCa 4€pe3 NSMCHCHUC DHTPOIIMU U SHTAJIBIINU.
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AG =AH - TAS, (4.10)
rae AH — usmenenue >aeprun ['u66ca ([Ix);
AS — u3menenune >aTponuu ([x/K);
T — Temnepatypa npotekanus peakuuu (K).

Ucxons 3 paccuntanHoro 3HadeHre A G MOXKHO CyIUTh O BO3MOXHOCTHU

CaMONPOM3BOJILHOTO MPOTEKAHUS XUMHUUECKOM PEaKIIUU IPU TaHHON TeMIlepaType:
4. Peaxius mpoTeKaeT caMonpou3BoibHO, eciu AG <0;
5. Peaxkuus HEe MOXET MPOTEKATh CaMOMPOU3BONIBHO, eciin AG>0;
6. Xumuueckas CUCTeMa HaXxOJIUTCS B COCTOSIHMM paBHoBecus, eciiu AG=0

Jueprusi 'ud6ca o6pasoBaHus BellecTBa - U3MeHeHue sHeprun [ n66¢ca npu
00pa30BaHUM OJHOI'O MOJIb BELIECTBA U3 MPOCTHIX BellecTB. DHeprus ['ub0ca, paccunranHas
JUISL CTAaHAAPTHBIX YCIOBHI, HAa3bIBAaCTCSI CTaHAAPTHOM sHeprueit [ mb6ca oOpazoBaHus BellecTBa
(s mpocthix BemecTB = 0). DHeprust ' m66ca MokeT ObITh MpUBEEHA B KAUeCTBE TaOJUYHBIX
JAaHHBIX, 2 MOKET OBITh paccuMTaHa 1o ypaBHeHUIO (4.10).

Tax xak sHeprus ['n66ca repmoauHamMuueckas QyHKLUSA, TO €€ U3MEHEHUS B XOJ1€
XUMHUYECKON PeaKIMi MOXKET OBbITh paccyrTaHa 1o GopmyaaM aHaJOTUYHBIM IS pacuéTa
M3MEHEHUS SHTAIIBIIUU U SHTPOIUU B XO/I€ PEaKIUH.

AGS =%V Grpony — Vi Gi (uex) (4.11)

[Tpu AOCTHKEHNHM XMMHUYECKOTO PaBHOBECHUSI XUMHUUECKOM CUCTEMBI CTaHIapTHOE
U3MeHeHHe 3Hepruu [ 'uboca cBA3aHHO ¢ KOHCTAHTHOM PaBHOBECHS COOTHOLIEHUEM:

AG® = -RT-InKp (4.12)

PaccunraB crannapTHoe u3MeHeHnue sHeprun [ n6oca no ypasaenuto (4.8), MOKHO

MOJIYYHUTD 3HAYCHHA NJIA KOHCTAHTBI PaBHOBECH.

AG

Kp = e RT : (4.13)

Taxxe MoxeT OBITH pelieHa oOpaTHas 3a1ava. [1o skcepuMeHTalIbHBIM TaHHBIM
OTIPEICIISIIOT KOHCTAHTY PaBHOBECHUS U 10 ypaBHEHHIO (4.13) paccunThIBAIOT CTaHAAPTHOE
n3MeHeHue Hepruu ['mboca.

Bonpocskl 1 3a1a4u UIsi CAMOCTOSTEILHOT0 KOHTPOJIst [1,2]:

1. CraHgapTHBIM COCTOSIHUEM BELIECTBA SIBJISIETCS: @) pACTBOPEHHOE BELIECTBO C
koH1eHTpanuei 1 mons/a mpu 0°C u 1 at™.; 6) unuctoe Bemiecto mpu 0°C u 1 atm.; B)
PacTBOPEHHOE BEIIECTBO ¢ KOHIIeHTpalen 1 Monw/kr pu 25°C u 1 at™m; r) 9ncTOoe BENIeCTBO
pu 25 °Cu 1 atm.
2. Pa3zHOCTh CyMM DHTANBINN 00pa30BaHUs MPOIYKTOB PEAKIIMHA U CYMM SHTAIBINAN

06pa3OBaHI/I$I HCXOJHBIX BCUHICCTB C YYECTOM CTCXUOMCTPUUICCKUX I(OB(b(I)I/II_II/ICHTOB B YpaBHCHHUU
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XUMUYECKON PEaKIuy MPH p = const, HA3bIBACTCS: a) BHYTPEHHEH YHEPTUEH CUCTEMBI; 0)
SHTAJIBIINEH PA3I0KEHHUS BEIIECTBA; B) TEIJIOBBIM 3((HEKTOM XMMUYECKON pEaKIuy; I)
M3MEHEHHEM PHTAJIBIINU XUMHUECKON PEeaKIInu.

3. Cucrema Ha3bpIBa€TCS TOMOTEHHOI, €CIH: a) BCE BEIIECTBAa HAXOATCS B OJMHAKOBOM
arperaTHoOM COCTOSIHMM; 0) BCE BEILECTBA HAXOAATCA B PA3IMUHBIX arperaTHbIX COCTOSHUSX; B)
OHa COCTOUT M3 YaCTHUI[ Pa3JIMYHBIX BEUIECTB, PA3IUYHOTO arperaTHOro COCTOSIHUS, PABHOMEPHO
pacripesielIieHHBIX OTHOCUTEIBHO JIPYT APYyra; I') OHAa OJHOPOIHA BO BCEX CBOUX TOUYKAX IO
XUMHYECKOMY COCTaBY M CBOMCTBAM U HE COACPKUT IPaHUIIbI pasjiena.

4. DHTaNBNUs XapaKTepU3yeT: a) BHYTPEHHIOI SHEPTUIO BEILIECTBA; 0) TEriocoaepKkaHme
BEIIIECTBA; B) CTPEMJICHUE BEUIECTBA BCTYIHUTh B XMMUYECKYIO PEaKIHUIO; T) TeIUIOTY
00pa30BaHMs BEIIECTBA, B3ATYIO C IPOTUBOIOIOKHBIM 3HAKOM.

5. DHTanbnus 00pa3oBaHus BEIIECTBA XapaKTEPU3YET: a) TEIIOTY 00pa3oBaHus 1 T CI0KHOTO
BEIIECTBA U3 MPOCTHIX BEUIECTB; 0) TEIIIOTY 00pa3oBaHus 1 MOJb CI0KHOTO BEIIECTBA U3
IPOCTHIX BEIIECTB; B) TEIUIOTY CrOpaHus | T BelecTsa; T') TeIUIoBoi A ekt oOpazoBanus 1
MOJIb CJIOKHOTO BEIIIECTBA U3 MPOCTHIX BEIIECTB, B3SATHIN C IPOTHBOIIOIOKHBIM 3HAKOM.

6. I XUMUYECKUX peaklUid, MPOTEKAIOUINX MIPH CTAHAAPTHBIX YCIOBUAX, BEPHO CIEAYIOIIEE:
a) SHIOTEPMHUYECKHUE PEAKIIUN HE MOTYT MIPOTEKATh CAMOIPOU3BOJIBHO; 0) SHIOTEPMUUYECKUE
pEaKI MOTYT MPOTEKATh IPH MOBBIIICHHBIX TEMIIEPATypax, €CIH U3MEHEHHE YHTPOITUH MIPH
9TOM OyJIET MOJIOKUTENHFHBIM; B) SHAOTEPMHUUECKUE PEAKITUN MOTYT IPOTEKATh MPH
MOBBIIIEHHBIX TEMIIEpaTypax, €CIU U3MEHEHUE SHTAJIBITUH ITPU ITOM OyJIeT MOJIOKUTENBHBIM; T)
HHJIOTEPMHUUYECKHE PEAKIIMK MOTYT NMPOTEKaTh MPH JHOOBIX TEMIIEpaTypax, €Clid U3MEHEHUE
sHepruu ['nub0ca npu 3ToM OyAET OTpULIATENbHBIM.

7. He mpou3Bo/isi BEIYUCIICHHUH, YKAKUTE, IS KAKUX U3 TIEPEUNCIICHHBIX HUXKE MPOIECCOB
M3MEHEHHUe YHTponuHu nonoxurenbHo: a) C (rpadur) + CO, (1) =2CO (1);

0) 4HCI(r) + Oz (r) = 2C1 (1) + 2H20 (1); B) MgO(x) + Hy (1) = Mg(x) + H20 (x);

r) NH4NO3(x) = N20O (r) + 2H20 (1).

8. Jlis kakux mporieccoB u3MeHenue seprun ['md6ca Oyner orpunarensHo mnpu 260 K u
HOPMaJTbHOM aTMOC(EepHOM JaBICHUHU: a) TasiHUS JIbJa; B) IUIABJICHHUS jKeme3a; 0)
KPUCTAIITU3AIUH BOJIBI; T) KUTICHHSI BOJIBL.

9. Ecm nnst nannHoit peakun AG < 0, To ee mpoTeKaHue: a) HaOIIoAaeTCs TPH JTF0OBIX
yCIIoBHsIX; 0) HE HAOJIIOaeTCS P JTFOOBIX YCIOBHUSX;

B) BO3MOXKHO, HO ITPAKTUYECKU M3-32 MAJIOM CKOPOCTU MOXKET He HAaOII0aThCs; T') BO3MOXKHO

IMpU HAJIMINU HCOGXOIII/IMOPO pcarcHra.
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10. Tepmoaunamuueckasi yHKIHSI, KOTOpask XapaKTepU3yeT MEPY YIOPAI0UEHHOCTH CUCTEMBI
WA Mepy Oecriopsiika, Ha3bIBAeTCs: a) SHTPONUEH; 0) SHTAIBIINEH; B) CBOOOIHON YHEPTHEH; T)
sneprueit ['uboca.

11. Yemy paBHa Teruiora oopazoanust NoO(T) B TEePMOXHUMHYECKON peaKIvu:

C(rpadur) + 2N,0(r) = CO2(T)+ 2N»(T); AH®(peakums) = — 557,5 kJIx;

eci AH°(CO,) = —393,5 kJI>x/MOIIb.

12. Yemy pasen TemnoBoit 3¢ dexr peakuuu 2Mg(kp) + CO2(r) = 2MgO(xp) + C(rpadwur),

ecu AH (CO,) = - 393,5 x/x/monb; AH°(MgO) = — 601,8 xI:x/MOIIb.

13. ITpu cropanuu 1 monb rpadura (C) Beiaensercs 393,5 k/[x Ternorel. OnpeneauTs TEMIoTy
cropanus rpagura.

14. Onpenenuts suepruro ['n66ca (AG®) peakunu npu 298 K CHy(T) + 202(r) = CO(T) +
2H,0(r); AH°=—802,2 x[Ix; S° (CO2) = 213,66 JIx/mons K; S° (H,O) = 188,72 IIx/moinb K; S°
(CHy) = 186,27 JIxx/momnn K; S° (O2) = 205,04 JTx/moins K.

15. Uemy paBHA SHTAIBIHS 00pa30BaHUS KHUIKOU BOJIBI, €CIIH IPU B3aUMOACHCTBUN | MOJIb
Bozopoza u 0,5 moinb kucnopoa Beiaenuiaoch 285,83 k/x teruia?

16. Peaknus BocctanoBieHus okcuza kenesa (111) BomopoaoM npoTekaeT no ypaBHEHUIO
Fe,Os(kp) +3Ha(r) = 2Fe(xp) +3H,0(r); AH®= 496,61 xJIx; S° (Fe,O3(xp)) = 87,45 xJIx/MOIIb-
K; S° (H20) == 188,72 x/Ix/mons- K; S° (Hy) = 130,52 xJ/x/moinb- K; S° (Fe) =27,15
k/[x/monb- K. Tlpu kakoi TemnepaType HauHETCsI 3Ta peaKius?

17. Tlpu xakoi TemrepaType HaACTYIUT PAaBHOBECHE CUCTEMBI:

4HCI(r) + O2(1) = 2H,0(r) +2Cl(1); AH® = — 114,42 x]JI; S° (Clp) = 222,98 xJIx/Momb: K; S°
(H20) = 188,72 xJIx/momb: K; S° (HCI) = 186,79/ x/monb- K; S° (O7) = 205,04 x/[x/mMonb K?
18. Uemy paBHa SHTANBIHs 00pa30BaHUs XJIOPOBOIOPOA, €CIIU P B3aUMOJICHCTBUU 1 MOIb
Bojiopoja u 1 Mok xjopa Beiaenuiaock 184 x/lx teria?

19. Onpenenuth TEMHEpaTypy, Ipu KoTopoil HacTynuT paBHoBecue B cucteme PCly(r) = PCls(T)
+ Cly(r), ecmu AH® = 92,59 xJIx; S°(Clp) = 222,98 Jx/monb - K; S°(PCls) = 364,47 JIx/Moub -
K; S°(PCl3) = 311,71 dx/momns - K.

20. Onpenenuts 3uepruto [ u66ca (AG®) peakuuu mpu 298 K Ha(r) + Cl; (1) = 2HCI(1); AH=—
184,62 x/Ix; S°(HCI(r)) = 186,79 Ix/moinb K; S°(Hy(T)) = 130,52 Ix/monsb - K; S°(Cl; (1)) =
222,98 JIxx/moms K.

5 XuMnyeckasi KHHeTHKA
XHuMHYecKasi KHHeTUKA — pa3Jiell XUMHUH, U3YJaroIi CKOPOCTH XUMUYECKUX
peaxuii. CKOPOCTh XUMHUYECKON peakIiuu (V) — OTHOILIEHNWE U3MEHEHUS! KOHIIEHTPaIH

BCIICCTBA K IIPOMCIKYTKY BPCMCHHU, B TCUCHUC KOTOPOI'0 JAHHOC U3MCHCHUC ITPOU30MIIIO.
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_ , Ac _ Av
vEE o=t [Monb/m-c] (5.1)

PaznuuaioT roMoreHHble peakiuy (XUMUYECKUE IPOLIECCHl B OAHOH (ase) u
reTeporeHHbIe POIECChl (IPOTEKAIOT HA TpaHMIle pa3jeiia a3 — KUIKOCTh-TBEP0e, Ta3-
TBEPJI0E, ra3-KHJIKOCTh).

aA +bB — ¢C + dD (5.2)
AC = Cz — C1
C A At=t -1t
XuMuueckas peaKknusd BCeraa nACT CTpPoro B
C(D) OJIHOM HAIPaBJICHHUH, ITI03TOMY 3HAYCHHE

CKOPOCTH JIOJDKHO OBITH Oosibie 0. B cBsizu ¢

Cl1 9THM, €CJIH 32 CKOPOCTBIO CIICMAT MO UCXOTHBIM

BCIICCTBAM, KOHICHTPAIHUA KOTOPBIX Y6I)IB3,€T u

c2 / C(A) AC <0, To B ypaBHeHuu (5.1) cTaBsT 3HaK «-» ;
/ \ €CJIM CJICHAT IO NPOAYKTY peaKIuu, 171
tl t2 4 t koTopbix AC > 0, To ypaBHeHue (5.11) 3HaK «+».

Pucynok 5.1- 3aBUCHMOCTbH CKOPOCTH XUMHUYECKOM peakliu OT KOHIEHTPAIlUU
VYpasuenue (5.1) maer cpegHee 3HaUYeHUE CKOPOCTU XUMUYECKON PEaKIuU 3a
MPOMEXKYTOK BpeMeHH At, MTHOBEHHOE 3HaUYE€HUE CKOPOCTU PACCUUTHIBACTCS IO

nuddepeHnranibHOMy ypaBHeHHIO (5.3)

Tak Kak CKOPOCTb pPEaKIMHU PACTET C YBEIMUYECHUEM YACTOThI CTOJIKHOBEHUS
pearupyroIux MOJIEKyJI, TO CKOPOCTh peakituu (5.2) OyaeT mpornopiroHaibHa KOHIIEHTPAIH
pearupyromux BeuecTB.

v =kCa"™ - Cg"™® (5.4)
rie k- KoHcTaHTa CKOPOCTH peakiiny, K He 3aBUCHT OT KOHIIEHTPAIIHH PEarkpyrOIHX
BEIIIECTB, & 3aBUCUT TOJBKO OT MPUPOJIBI BEUIECTBA U TeMIlepaTyphl. UUCIEHHO paBHAa CKOPOCTH
PEaKIuu Mpy KOHIICHTPAIIUU PEearupyroInuX BemecTB | Mob/1;

Na ¥ Ng — COOTBETCTBEHHO MOPSAOK PEaKIMu MO peareHTaMm A u B, Na 1 N B 00111eM
CiTy4yae He paBHBI CTEXHOMETpHIEeCKUM KoddurmerTam. OnpenenstoTcst SIKCIePUMEHTATBHO.
VpaBuenne (5.4) Ha3pIBACTCS KWHETUYECKUM YPAaBHEHUEM XUMUUYECKON PEAKIIUH.

Ecnu peakiust mpoTekaeT B OHY CTaIMIO (PEeaKIlus 3aBepIIaeTcs Mpy eAMHUYHOM
CTOJKHOBEHUH PEarnupyrominx MOJIEKyl), To ypaBHeHUE (5.4) MpUHUMAET BUJ

v=KkCA® - Cg" (5.5)
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TJIe a,B — CTEXHOMETPHUYECKHE KOA(PPUIIMESHTHI TIPU pearnpyronmx BemecTsax A, B
COOTBETCTBEHHO.
Ecnu peakius mpoTekaet B ra3oBoit (paze, To ypaBHeHHE (5.5) MOXKET OBITh 3alMCaHO Yepe3
napIualibHbIC JaBJICHHUS PEarnpyONIUX BEIISCTB
v=kpa® - ps” (5.6)
[opsimox oTHOCTAIMIHHON pEeaKIUU PaBEH CyMME CTEXHOMETPUICCKUX KOA(DPUIIECHTOB
pearupyromnux Beriects (5.7).
n=a+b (5.7)
VYpasuenue (5.5) u (5.6) HOCAT HAa3BaHUS 3aKOHA AeHCTBYHOIIHUX MACC (TOJIBKO JJIS
OJTHOCTA/IMHHBIX MTPOIECCOB).

PaccmoTpumM cuHTe3 ogoBosopoa:

H, +J, — 2HJ
n=1+1=2
V

PeaKHI/II/I MmMePBOro nMopsaAaKa
H,S,03 — S| + SO,1 + H,O

Kunernueckoe paBHeHue peakuuu I mopsaka nMeer BUA:

v=kC (5.8)
[MpupaBusiem npaBbie yacTu ypaBHeHwuid (5.3) u (5.8) (32 CKOPOCTHIO ClleANUM T10
HCXOJIHOMY peareHTy):
ac _
-0 " kC (5.9)

B ypaBnenuu (5.9) pa3zaenseM nepeMeHHbIE U HHTETPUPYEM NPU HadyadbHBIX YCIOBUSX,
npu t =0, C = Cp u monyuaem (5.10)
C=Coe® (5.10)
VYpasuenue (5.10) B norapupmMuyeckux

KOOpAMHATaX In % = kt, (5.11)

C IpeACTaBIseT CO00i MpsiMyto, tg yriia HaKIoHa
KOTOPOM SIBJISIETCS KOHCTAHTOH CKOPOCTH
XUMHUYECKON PEAKIINN.

k=tga JJ1st XapaKTepUCTUKHA CKOPOCTH PEaKITUH

9acCcTO MCIOJB3YIOT IIOHATHUE MEPpUOaA

nojynpespaieHus T1/, — BpeMsi, 10 UCTCUCHUH

N
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KOTOPOT'O OCTAETCsl POBHO MOJIOBHHA OT MCXOIHOTO BEIIECTBA.
Pucynox 5.2 — Kuneruka peakuuu | mopsiaka B koopaunatax Inc,/c=f(t)

Haiinem cBsi3b T1, 1 K. U3 ypaBHenwust (5.11) umeem

Co

Typ= st =12 (5.12)

N3 ypaBuenus (5.12) crnemyer, 4To I peakuy MePBOTO MOpsiIKa |1/ HE 3aBUCUT OT HCXOTHOM
KOHICHTPAMK BEICCTBA.
Peakuuu BTOpPOro nmopsiika
Kunernueckoe YpaBHCHHEC PCAKIIMU BTOPOTO IMOPAAKA
L= k'CA - Cg (5.13)
B gacTHOM citydae, Korjia pearupyroT OJMHAKOBbIC MOJIEKYJIbI ypaBHeHHE (5.13)

IMPUHUMACT BUJT

v = kC? (5.14)
[TpupaBuuBaem npabie yactu ypaBuenus (5.3) u (5.14)
A Sy (5.15)
1/C dt
Pemenre ypaBuenus (5.15) MokeT ObITh IPEICTABICHO
B BUJIC:
k=tga =4 kt (5.16)
c G
/ VYpasuenue (5.16) B koopauHaTax % =f(t)
1/Co
\ MpeicTaBiIseT co0ol mpsaMyto tga yria HaKIoHa,
I

t KOTOpBIfI €CThb KOHCTaHTa CKOPOCTU PCaKIUU.

Pucynok 5.3 — Kuneruka ypapaenus Il nopsiaka B koopaunatax 1/c = f(t)

Co .
N3 ypaBuenus (5.16) ans C = ?0 HalJIeM [IepUOJI ITOIYIIPEBPAILCHUS

1,1 1
Tz =7 (o,sco - C_o) (5.17)
T =1 (5.18)

Kaxk cnenyer u3 ypaBaenus (5.18), mepuon mosrynpeBpaieHus Uit peakiiud BTOPOro
NOpsIZIKA B OTJIMYME OT pEaKLMU IIEPBOT0O NOPAAKA 3aBUCUT OT UCXOAHON KOHIIEHTPALUU

pearupyroIuero BenecTsa.
3aBHCHMOCTDH CKOPOCTH PeaKIUH OT TeMIIepaTyphbl
Ipasuiio Bant-TI'odda — npu moBsIIIIeHNN TeMIIEpaTyphl peakiiu Ha Kaxeie 10

rpasycoB CKOPOCTh pEakIMu Bo3pacTaeT B 2-4 pasa.
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vl T,-Ty AT
v2 10 10

(5.19)

i€ V1 U V2 — CKOPOCTH peakuuu mpu T1 ¥ T2 COOTBETCTBEHHO; Y — TeMIIEpaTypHbIil
KOX((UIIMEHT peakiluy, MOKAa3bIBAE€T BO CKOJIBKO Pa3 BO3PACTACT CKOPOCTh PEAKIINH IIPU
MOBBILICHUH TeMIiepatypbl Ha 10 rpaaycos.

Bosiee ToUHas 3aBHCUMOCTh KOHCTAHTBI CKOPOCTH peakiuu K ot Temmeparypbl

BBIpaXKaeTCsl ypaBHEHUEM AppeHuyca.

Ea

K=A:e rT (5.20)
rae R — razoBas nmocrosaaas 8.31 [Ihx/Mons*K;
T — Temmepatypa mo abconrotao# mkae (K);
A — IpeIPKCIIOHEITUATBHBI MHOKHUTEIh, OTPAXKAET BEPOSTHOCT OJIATONIPHUSITHOTO
CTOJIKHOBEHUS MOJIEKyN (OT 10° o 10'2);

Ea — sneprust aktuBanmu (k/[x/Mob).
DHeprusi AKTUBAIUH

MuHMManbHas SHEPIus, KOTOPOH AOJKHBI 00J1aaTh MOJIEKYJIbI, YTOObI
B3aUMOJICHICTBHE MEKAY HUMU CTAJI0 BO3MOKHBIM, bHA3bIBACTCS IHEPZU eIl AKMUSAUUU.

Ecnu paccMoTpeTs mpoTeKkaHne peakiiK 3a OYeHb Majlble IPOMEXYTKHU BPEMEHH, TO
OOHapYKUTCS, UTO peakiysl UeT yepe3 00pazoBaHHe MPOMEKYTOUHOTO COCTOSIHUS CUCTEMBI,
Ha3bIBAEMOT0 NMEePeX0IHbIM (AKTHBHPOBAHHBIM) KOMILIEKCOM, PACIaj] KOTOPOro
COIPOBOKAAETCS BbIICJIEHUEM SHEPTUU U PUBOAUT K 00pa30BaHUIO IPOIYKTOB PEAKIIHH.

Ay + By — [akTUBUpOBaHHBIN KOMIUIeKC]| — 2AB

B akTuBUpOBaHHOM KOMIUIEKCE CTapble CBSI3U OCIIAa0JIeHbl, HO HE pa30pBaHbl; HOBbIE

CBSI3HM €1lIe He 00pa30BalliCh, HO HAMETUJIHC.

PaccmoTpuM n3mMeHeHue S3HEPrun XMMUYECKON CUCTEMBI, IIPU POTEKAHUY PEAKLIUU B BUJIE
JHepreTuyeckoi Auarpammsl. [Ipu
pacrnaje akTUBUPOBAHHOI'O KOMIUIEKCa
BBIJIEJISIETCS DHEPT S, PaBHAs JHEPIrUHU

“““ AKTHBAIMU 00PATHOM pPeaKIUu; €CIIU

2 IIPU STOM SHEPTHH BbIAEISIETCS OO0JIbIIE,

yeM OBLIO 3aTpa4CHO Ha aKTHBAIIUIO

XMMHYECKON PEaKIUU, TO XUMUYECKUHI

Ea €&

Iponecc B OCJIOM IMPOTEKACT C

| 2AB

" “aHnpon

\\ 2



BoIesieHrueM TerutoThl (Q>0) — ax30Tepmuyeckas peakuus (kpusas 1). Eciin sHeprun
BBIJICTISICTCS] MEHBIIIE, YEM DHEPIHsl MPSMOM peakiluu, TO MPOIecC MPOTEKAET C MOTJIOIICHUEM

teroThl (Q<0)- IHI0TepMUUYecKasi peakuusi (KpuBas 2).

Pucynok 5.4 — DHepreTrdeckas nuarpaMma XuMUUeCKON peakiuu

KonuyecTBO TEMIIOTHI, BHIACIUBIICICS WIH MOTJIOMIEHHOMN B XOJI€ peaKIuu (TemI0BON
3 exT XUMHUYECKON PeakIlin), paBHO Pa3HOCTH MEXAY SHEPTUSIMHU aKTUBAIIMK OOpPaTHOM U
MPSMOM peaKIUH.

Q=Ea_+Ea, (5.21)

Oo0paTtumble peakuun
XUMUYECKUE peakluu, IPOTEKAIOIINEe OJHOBPEMEHHO B IBYX MPOTHUBOMOIOKHBIX
HaIlpaBJICHUAX.
A+B & AB (5.22)
C TeyeHneM BpEeMEHM KOHLIEHTpaLUs
MCXOJHBIX BEIIECTB YMEHBIIACTCS U,
COOTBETCTBEHHO, YMEHBIIIAETCSI CKOPOCThH MPSIMOM
peaxiuu.
2 =k, CGCy (5.23)

— KoHneHnTpanus npoaykToB peakiuu u,
N
7

R COOTBETCTBEHHO, CKOPOCTh OOPaTHOM peakiuu C
TE€YEHHEM BPEMEHH BO3PACTAeT.
Pucynok 5.5- MI3MeHeHue KOHIIEHTpaIK BELECTB B 00paTUMOI peakiiuu
V] = k<_ CAB (524)

Hactynaer MOMeHT, Korjja CKOpOCTb MPsIMOM M 00paTHON PeaKLMU CTAHOBSITCS PaBHBI:
CKOJIBKO MOJIEKYJI 00pa3yeTcs B €IMHUILy BPEMEHH, POBHO CTOJIBKO e UX U pacnanaercs. Takoe
COCTOSTHUE XUMUYECKOU CUCTEMBbI Ha3bIBACTCSI AMHAMHYECKUM XMMHYeCKHUM PaBHOBECHEM.
KoHnenTpanuu yqacTHUKOB 00paTUMO peakiiuu, KOTOPbIE pEeaIn3yloTCsd K MOMEHTY
JIOCTUKEHHS PABHOBECHS HA3bIBACTCS PABHOBECHBIM KOHIEHTPALUSIMH.

KpureprueM qocTHXEHNSI XUMUYECKOTO PABHOBECHS SIBJISIETCS HEU3MEHHOCTD
KOHIEHTpAMi BCEX YYaCTHUKOB PEAKIMH B TEYCHUH BCETO BpeMEHU HAOIIOACHUS pU
HEU3MEHHBIX BHEIIHUX YCIOBUSIX.

O‘IGBI/IILHO, 4TO IpHU JOCTUIKCHUU XUMHUYCCKOI'O PABHOBCCHUA CKOPOCTU HpHMOﬁ u

00paTHOM peaKIfii CTAHOBSITCS PABHBI.
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kH CaCb = k(— CACB (5.25)
W3 BoIpaykenus (5.25) BbIACINM OTHOLIEHHE [TOCTOSHHBIX BEIMUUH — KOHCTaHT

CKOpPOCTH MPSIMON 1 0OpaTHOM peaKIuil.

_k> _ _C(AB)
P ™ ke T C(a)C(B)

(5.26)

OTHOILIEHNE TOCTOAHHBIX BEJIMYNH TaKXKE SBJIACTCSA BEIMUYNHON IIOCTOSHHOM, KOTOPYIO
Ha3Balll KOHCTAHTOM paBHOBecHs Kp, HE 3aBUCUT OT KOHLIEHTPALUK y4aCTHUKOB 00paTuMOi
peaxkuuy, 3aBUCUT TOJIBKO OT TEMIIEPATYPHI.

W3 Beipaxenus (5.26) cienyet, uto K, MokKeT ObITh HalIEHO, KaK Yepe3 OTHOLICHHE
KOHCTAHT, TaK ¥ 4€pe3 OTHOILIECHNE PABHOBECHBIX KOHIICHTPALUI IPOLYKTOB pEaKLUU U
HCXOJIHBIX BEILECTB, B3ATHIX B CTEHECHSX, PaBHBIX CTEXHOMETPUUYECKUM KOAIPPHUIIMEHTAM.

[Ipy n3MeHEeHNN BHEIIHUX YCIOBUHM IIPOUCXOANUT TaK HA3bIBAEMBINM CABUT
XMMHY€eCKOr0 pABHOBECHSI - PABHOBECUE YCTAaHABIMBAETCS IIPU HOBBIX KOHIEHTPALIUSX.
Hanpasnenue caBura B CTOpOHY NpsAIMON WIIM 0OpaTHON peakLuy onpeenseTcs NPUHIMIOM
Jle-IllaTesbe — ecau Ha CUCTEMY, HAXOZSAILYIOCS B PABHOBECHH OKA3bIBAETCS BHEIIIHEE
BozaeiictBue (u3menenue T, P, C) , To paBHOBecue cMELIaeTCsl B CTOPOHY TOM U3 IBYX
MPOTHBOIOJIOXKHBIX PEAKIUN, KOTOpasi OCIA0IIsSET MPOU3BOANMOE BO3/ICHCTBHE.

N, +3H2—Q < 2NH; + Q

_ [NH;)?

[N2][Hz]3

N3MeHeHne TeMmepaTyphl - IPH MOBBIIICHUH TEMIIEPATYPhl PABHOBECUE CMEIIACTCS B
CTOPOHY PHJIOTEPMHUYECKON PeaKIuu, MPU MOHUKEHUH — B CTOPOHY SK30TepMHUUecKoi. B Hamem
pUMepe MOBBIIICHNE TEMIIEPATyphl CMEIaeT PAaBHOBECHE B CTOPOHY 00OpaTHON peaKiluy;
paBHOBECHAsI KOHIICHTPAIIHSI aMMHaKa IMOHMKAETCS, 2 MOJICKYJIIPHOTO a30Ta M BOJOPO/Ia
BO3pacTaer.

H3meHenne qaBjaeHus - IPU MOBBIIICHUY 1aBICHUS pABHOBECUE CMEIIAETCS B CTOPOHY
00pa30oBaHMs MEHBILIETO YHCIIa MOJIb Ta30B, IPU MOHMKEHUU —OO0JIBIIIET0 MOJIb ra30B (J1aBleHUE
BJIMSIET TOJIBKO HA T€ XUMHUYECKHE MPOIIECChI, B KOTOPBIX €CJIH XOTs OBl OJTMH YYaCTHHUK
SIBJISICTCSI TA30M).

B Hammem npumepe npu MOBBINICHUH IaBIICHUSI PABHOBECHE CMEIAETCSl B CTOPOHY
peaKIuu CHHTe3a aMMHUaKa, cieBa 4 MoJb Ta3a, crpasa 2. Eciu B 1eBoii u mpaBoii yactu
YpaBHEHHUS OJIMHAKOBOE YMCJIO MOJIb T'a3a, TO JIABJICHHUE HE BIUSICT Ha CMEIIICHHE PABHOBECHS.
Hampumep, N, + O, & 2NO

N3MeHeHNe KOHIEHTPALMY - YBEIMUCHUE KOHIICHTPAIIMH JTIO00T0 U3 YIaCTHUKOB
00paTHMOT0 XHMHYECKOTO TIpOoIecca CMEMIaeT PaBHOBECHE B CTOPOHY PEAKITUU pacXojia 3TOTO

BCIICCTBA.
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BBenenue karajau3aTopa He BIUSCT HA CMEIICHUE PEAKIIUN: OHO YCTAaHABIIMBACTCS
IIPH T€X )K€ PABHOBECHBIX KOHIICHTPAIUSX, HO 32 MEHBIIIEE BpEMSI.
Karanu3
BemectBa, pe3ko H3MEHSIOIINE CKOPOCTh PEAKIIMU, HO TIPU 3TOM B HEl He
PacCXOIYIOIINECS, HA3bIBAIOTCS KaTAJIU3aTopaMu. XMMHUYECKHE ITPOIIECCHl B IPUCYTCTBUHU
KaTaJan3aTopa Ha3bIBAIOTCS KATATUTHYECKUMH PeaKIHsAMH.
KaranuszaTopsl O3BOJISIOT:
4,  UN3menuth ckopocTh peakiuu. [Ipu BBeaenuu B H,O, HebombIoro
KOJIMYECTBA CEPHOM KHCIIOTHI CKOPOCTh paznoxenus H,O, nmpaktuuecku paBna 0. [Ipu
BBEJICHUU HECKOJIBbKUX KpynuHOK MNnOy, PbO,, Habmomaetes OypHOE pas3iiokeHue.
2H,0, — 2H,0 + OQT
Karanuzatopsl, yMeHbIIAIONINE CKOPOCTh PEAKINH, HA3bIBAIOTCS HHTMOUTOPaMU;
YBEJIMUYEHUE CKOPOCTU PEAKIIUH — MOJIOKUTEIbHBIN KaTalnu3, YMEHbIIEHUE CKOPOCTH —
OTPHULATEIbHBIN.
5.  V3meHuTsh HampaBieHHE Ipolecca
CH3-CH,0H — CH,=CH, + H,0 — karanuzarop Al,O3 mpu t=300° C
CH3-CH,0H — CH3-CH=0 + H; — xaranuzarop Cu npu t=300° C
6.  YaemeBWTh XUMUYECKHI MMPOIIECC 32 CUET CHUKCHHSI TEMITEPATYPhI
peakuu
Cwmech Hy u O, B3peiBaercs nipu t=700° C, a B IPUCYTCTBHU KaTalM3aTOpa
MJIATUHUPOBAHHOTO acbecTa — MpH KOMHATHOM TeMIeparype.
Pa3znnyaroT roMOreHHBIN KaTauu3 — pearupyromnie BemecTBa U KaTain3aTop, HaX o TCs
B OJIHOM (pa3e; M reTepOTreHHBIN — PeaKIIMOHHAs CMECh M KaTau3aTop B Pa3HBIX (a3ax.
I'omorenHslii — razogasHblii KaTaau3
SO, + 0,50, — SO3 - mpu 0OBIYHBIX YCIOBUSIX HE UAET, HO mipu BBeaeHun NO
3aBepIIaeTcs 3a KOPOTKOE BpeMsl.
NO + 0,50, — NO,
SO, + NO, — SOz + NO
NO + 0,50, + SO, + NO, — NO, + SO3 + NO
SO, +0,50, — SO;3
I'omorenHslit xkuAKOGA3HBIN KaTAJIN3
H,O, +J — H,0 +JO
H,O, +JO" — H,O + O,1 +J
2H,0, — 2H,0 + OzT
I'ereporennblii KaTaaus
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CKOpPOCTh FeTEPOreHHBIX PEAKIIHI B IEPBYIO OUYEPEIb 3aBUCUT OT ILIOIIAIN
MOBEPXHOCTH pasjeina ¢a3. [Ipu rereporeHHOM Katain3e He00X0UMO F€OMETPHUECKOE
COOTBETCTBHE MEKIY IMapaMeTpaMu KPUCTAUTHUCCKON PEIICTKH U [UTMHAMH CBSI3€H MCXOIHBIX
pEarcHTOB M MIPOAYKTOB PEaKIIHIA.

H>C=CH, + H, — CH3-CH3

Bce rereporeHHbie KaTaTUTUYCCKUE PEAKIIMN BKJIFOYAIOT B €0 CTAAUU aJCcopOInu
(TorIIoIIIeHNE BEIIECTBA), 1eCOPOIUH (BBIACICHNE BEIIECTBA). 3a CUET YHEPT U
aJICOpOIIMOHHOTO B3aUMOICHCTBUS XUMUYECKHE CBSI3U B HCXOJHOM pearcHTe 0CIabsioTCs, a
WHOT/Ia ¥ Pa3phIBAlOTCS, M 110 MECTY pa3pbiBa MPOTEKACT MPUCOCANHEHHE aTaKYIOIIETO
pearcHra.

[Tpumepsl reTeporeHHbIX peakiuii- ruapupoBanue, aeruapupoanue (Ni, Pt, Pd),
ruapatanus, aeruapatanus (Al,O3), cuate3s NH3 (rybuatoe xene3o), cuare3 HoSO4 (V20s)

B kadecTBe THITUYHBIX KaTATHU3aTOPOB HUCIIOJIB3YIOT INIATHHOBBIC METAILIBI, @ TAKXKE UX
OKCH/IBL.

BeiectBa, yBemnunBarone akTHBHOCTh KaTaIMn3aTOPOB, HA3bIBAIOTCS MPOMOTOPAMH
(aKTUBHOCTB T'y0YaTOrO JKeie3a BO3paCTaeT B IPUCYTCTBUH MIETOYHBIX METALIOB).

BeiectBa, yMeHbIIIAOIINE aKTHBHOCTD KATaIM3aTOPOB BILIOTH JI0 MOJHOTO
YHUYTOXKCHHUS KaTaIUTHYECKON CIIOCOOHOCTH — KATAJTMTHYECKHE bl (IS IUTATHHOBBIX

METAJIJIOB — COEIMHEHUS] MBIIIbSIKA U PTYTH).

DepMeHTATUBHBINH KaTaIU3
[TpakTnyecku Bce OMOXUMHUECKUE PEAKIIMH, TIPOTEKAIOIIHIE B KHUBBIX CUCTEMAX, UIYT MO
JeiicTBHEM OMOJIOTHYECKUX KaTallu3aToOpoB — (PEpMEHTOB.

®epMeHTBI (3H3MMBI) — OEJTKOBBIE MOJIEKYJIbI, KOTOPbIE KaTATU3UPYIOT XUMHUECKUE
PEaKIMHU B )KUBBIX CHCTEMaX.

B ¢epmenTax BbIENSIOT:

AKTHBHBIE IEHTPbI — YIaCTKH OCITKOBBIX MOJIEKYJ, KOTOPBIE 3aXBaTHIBAIOT
cyOcTpartsl (pa3iiaraeMoe BEIIECTBO), IPUYEM Pas3IoKEHHE HOCUT CTPOTO HAIpaBJICHHBIN
XapakTep;

AJutocTepryeckmne HeHTPbI — y4aCcTKU (PEPMEHTOB, KOTOPbIE PACIO3HAIOT MOJIEKYJIbI
cy0cTpaTa U CloCOOCTBYIOT UX Pa3MEIIECHUIO B AKTUBHBIX IICHTPAX.

Crnenndunyeckne cBoiicTBa (epMEHTOB
1.MonekynsipHas Macca gocturaer 10°-107, peakiuu, IpoTeKaioie B IPHCYTCTBHH (hEPMEHTOB
OTHOCATCS K KJIacCy YIbTPaMUKPOT€TEPOTEHHBIX (T.K pa3Mepbl PepMEHTOB COTIOCTABUMBI C

pa3MepaMy KOJUIOUJHBIX YacTHII);
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2.Ype3BbI4aiiHO BBICOKAsl KaTAIMTUYECKAsh aKTUBHOCTbD — IEPHOJ ITOTYIPEBPAILEHUS MOYEBHUHBI
npu 25°C paBeH 10° CEeKYH]I, a B IPUCYTCTBUU (pepMEHTA ypeas3bl 10" CEeKYH]I, TAKUM 00pa3zom
CKOPOCTb Pa3JIOKECHUS YBEIMYUBACTCS B 10" pas.

OxuH MOJIb (pepMEHTa ATbKOTOJIbAETHAPPOTeHasbl 3 OHY ceKyH Iy npu 0°C
npespaiaer 720 MoJib 3TUIOBOIO CIIUPTA B YKCYCHBIN albJIeru]; B TO BpeMsl Kak
IPOMBINIIEHHBIN KaTanu3atop npu temneparype 200°C 3a 310 ke BpeMsi OKHCIISET JHIIb | MOJTb
cruprTa.
3.BbIicokas ciennuyHOCTh - eficTBHE (PEPMEHTOB HOCUT CTPOrO OPHUEHTUPOBAHHBIM XapakTep.
Tak ypeasa pa3pyiaer TOJIbKO MOUEBUHY, a aJIbKOTI0JIbIETHIPOreHa3a — IpyIy CIUPTOB.
4.®epmenTsl 3 (HeKTUBHO pabOTAIOT TOIBKO MPU CTPOTO ONPEIETCHHBIX 3HAUYCHHSIX
temneparypsl 1 pH. OntumanbHON TeMnepaTypoil st O0JIbIIMHCTBA PEPMEHTOB siBisieTcs 36-
38°C, a pH — 7,4-7.8. Pax dpepmenToB criocoben paborars B Kucioi cpeae (nerncun:  pH —1,8-
1,9), B menounoii cpexae (tpuncun: pH — 8).

[Tpu moCTOSIHHOM KOHIIGHTPAaUU (epMEHTa B )KUBOM CUCTEME CKOPOCTH Pa3I0KEeHUS

cyOcTpaTa 3aBUCHT OT KOHIIEHTpaIuu cyocTpara.

Vo

n=0

> C(S)
Pucynok 5.6 —3aBucuMOCTb cKOpOCTH (hepMETATUBHOIO KaTalu3a OT KOHIIEHTpaIlK cyocTpara.

3oHa | — KOHIIEHTpaIus cyOcTpaTa MHOTO MEHBIIIE YHCIIa aKTUBHBIX [IEHTPOB B
MoJieKyJe (pepMEeHTOB, MOPSAAOK PEaKLIUU paBeH 1.

3oHa || — KOHLIEHTpaIMsI AaKTUBHBIX LIEHTPOB ()EPMEHTOB COIIOCTaBUMA C
KOHIICHTpaInel cyOcTpaTa, HO aKTUBHBIE IICHTPHI 3aII0JIHEHBI HE MOTHOCTHIO. [Topsnok peakuu
paBeH o 0 go 1.

3oHa |l — Bce akTHBHBIE LIEHTPHI MOJIEKYJT (PEPMEHTOB 3aHATHI MOJIEKYJIaMu CyOcTpara.
CKOpOCTh peakiMy He 3aBUCUT OT KOHLIEHTpAIMK cyOcTpara, Mops oK peakiuu paseH 0.

Bce ¢pepMeHTaTHBHBIC peaKIIMU MPOTEKAIOT Yepe3 00pa3oBaHUE MPOMEKYTOUHOTO
COCTOSIHUSI CHCTEMBI - (DEPMEHTCYOCTPATHOTO KOMIUIEKCA, Pa3I0KEeHHE KOTOPOTO MPUBOINT K

00pa30BaHUIO IPOAYKTOB U BBICBOOOXKICHUIO MOJIEKYT ()EPMEHTOB.
K2 K2
E+S >E-S->INI+E (5.27)
K1
rae E, S, IT — pepment, cydcTpar v IpoOAYKT COOTBETCTBEHHO,
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E-S — dbepmenTcyOCcTpaTHBII KOMILIEKC;

K1 1 ko — KOHCTaHTBI CKOPOCTH COOTBETCTBYIOIUX PEAKIIHA.

JlumuTupyrouei craguen (caMmoil MeIJIEHHOMN) SIBJISIETCSL Pa3JIoKEeHHE
bepmeHTCcyOCcTpaTHOrO KOMILIEKca. 3aBUCUMOCTh CKOPOCTH Pa3JIoKEHUsI OT KOHIIEHTPAUU

cyOcTpara gaercs ypaBHeHneM Muxasiuca-MeHTeH.

_ C(s)
V = Vmakc —— (5.28)

rae C(S) — koHIeHTpanus cyocTpara;
Vmax — MakcuMasbHast CKOPOCTh Pas3lioXKeHHs CyOcTpaTa Py JaHHOM KOHIIEHTPAIlUK

depmenra,

K1 + K2

= (5.29)

K\ — koHcTanTa Muxasnuca, kotopas paBHas Km =

Bonpocskl 1 3a1a4u UIsi CAaMOCTOSITETLHOTO KOHTPOJIst [1,2]:

1. CkopocTh XMMHUYECKOH peakK 3aBUCUT: a) OT IMPUPObI pearupyroIux BeuecTs; 6) ot
KOHIIEHTPALUil pearupyrolyx BEeLIeCTB; B) OT KOHLIEHTPAIMHA IPOAYKTOB XMMUYECKOH peaKIii;
') OT TEMIIEPaTypBhl.

2. 3aBUCUMOCTb CKOPOCTH XMMHUYECKON PEAKIIUU OT KOHLIEHTPALMK pearupyrouux BEeIecTB
yCTaHaBJIMBAET: a) 3aKOH JIEMCTBYIOIUX Macc I TOMOI'€HHBIX peakluii; 0) npasuio BanT-
['odda; B) 3akon pazdasnenus OcTBanbaa; ) ypaBHeHue [ 'nuoocea.

3. I3MeHeHne KOHIIEHTpalK pearupyromnux BelecTB B €IMHUILY BPEMEHHU B €IMHUIIE 00beMa
WJIM YUCJIO 3JIEMEHTAPHBIX aKTOB B3aUMO/ICHCTBUS B €IMHUILY BPEMEHHU B €MHUIIE 00beMa
Ha3bIBAETCS: a) MOPSJIKOM peaKIiK; 0) CKOPOCTBIO PEAKIIMHU; B) MEXaHU3MOM PEAKIIUH; T)
JHEPTrUeH peakiui.

4. KoHcTaHTa CKOPOCTH XMMUYECKOM peakliuyi U3MEHUTCS, €CIIM B CUCTEME: a) U3MEHUTh
TeMneparypy; 0) BBECTH KaTalu3aTop; B) BBECTU HHIMOUTOP; T') U3SMEHUTh KOHIIEHTPAIlUU
pearupyromux BeIEeCTB.

5. CKOpOCTh KaKUX XMMUUYECKHX PEAKLUI YBEINUMBAETCS C POCTOM TEMIIEPATYpPHI: a) JHOOBIX;
0) HUKAKHX; B) 9K30TEPMUYECKUX; I') SHJOTEPMHUUECKHUX.

6. YBenuueHue CKOpOCTH XMMHYECKON peaKIMK MTPH MOBBIIIEHUH TeMIepaTyphl 00bICHAETCS:
a) YMEHBIICHUEM YHUCIIa CTOJIKHOBEHUI MEX/y MOJIeKyIaMu; 0) yBeITHUeHHEM MOTEHIIMATbHOM
HHEPTUU MOJIEKYI; B) YBEIHMUECHHEM YHCIa aKTUBHBIX MOJIEKYT; T) YMEHbIIEHUEM YHEPIUU
aKTHBALIUU.

7. JlelicTBUe KaTaiau3aTopa OObSICHSIETCS TEM, UTO: a) B IPUCYTCTBHH KaTallu3aTopa peaKiius
UJIET IPYTUM IIyTeM — Yepe3 dSHEpreTUYecku 0ojiee JOCTYIMHbIE CTaAuN; 0) KaTaln3aTop CHUXKAET

SHCPTHUIO aKTUBALIUU; B) KaTaJIM3aTop CMCHIACT XUMHNYCCKOC PABHOBCCUC PCAKIIUU B CTOPOHY
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o0pa3oBaHUs MPOAYKTOB; T) B IPUCYTCTBUH KaTaIU3aTOpa YBEIUUUBACTCS YUCIIO CTOIKHOBEHHM
MOJIEKYII.

8. Ecnu naBneHue B peaklIMOHHOM CUCTEME TIOHU3UTh B 2 pa3a, Ka U3MEHUTCSI CKOPOCTh
peakuu 2NO + O— 2NOs.

9. MareMaTHyeCcKHM BhIpOKEHHUEM 3aKOHa AeHCTBYrOIMX Macc I peakiuu COy(T) + 4Ha(r) =
CHa(r) + 2H,0(r) siBsiercst: a) v = kC(CO,)*C(Hy); 6) v = kC(CH,) - C(H20)%; B) v = kC(COy) -
C(Ho)* 1) v = kC(CH,)*C(H,0).

10. CkopoCcTh XUMHUYECKON pEAKLIUU SIBJISIETCS BHICOKOMW, €CIIN: @) SHEPrusl aKTUBALIUU BbICOKAs;
0) sHeprus aktuBanuu paBHa 0; B) SHEprusl akTUBAIIMU HU3Kasl; I') SHEPTUSl aKTUBALIUU CPEIHSIS.
11. ITpu yBenuuennu temneparypsl Ha 40 °C ckopocTh peakiiuu Bo3pocia B 81 pa3s,
TEMIIepaTypHbIA KO3 PHUIUEHT CKOPOCTH Peaklnu paBeH: a) 2; B) 4; 0) 3; 1) 5.

12. Ha cKOIBbKO TpaycoB CIEAyeT MOBBICUTH TEMIIEPATYpPy ra3000pa3HOil cMecH st
YBEJIMUYEHUSI CKOPOCTH peakiuu B 16 pa3 (TemneparypHblii K03 GUIIUeHT paBeH 2.

13. Kak u3MeHuTcs ckopocTh npsimoit peakiuu Ho(r) + Ix(r) = 2HI(T) npu noBsimeHun
JIaBJICHUSA B 5 pas.

14. Konnentpanuu NO u O,, o6pazyromux NO,, 6putr cootBeTcTBeHHO paBHbl 0,03 u 0,05
MOJIB/ M. Yemy paBHa CKOPOCTH JJAHHOM peakIIuu.

15. Ecnu naBneHue cUCTEMBI YBEIMYUTCS B 2 pas3a, TO KaKk U3MEHHUTCA CKOPOCTh XUMUYECKOM
peaknuu 2Al(kp) + 3Cla(r) = 2AI1CI3(xp).

16. Bo ckonbko Bo3pacTeT ckopocTh npsiMoid peaknu CO,(T) + C(rpadur) = 2CO(r) npu
MOBBIIIICHUH JIaBJICHHUS B 4 pasa.

17. MaTeMaTH4eCKUM BBIpaKEHHEM 3aKOHa JelcTByromux Mace i peakuuu C(rpadur) +
2N,0(r)= CO4(T) + 2Ny(r) sBisiercst: a) v = ke(C) 2c(N20); 6) v = ke(C) ¢(N20)%; B) v =
ke(N20)% 1) v = ke(CO2) o(No)2.

18. Ecnu npu nosblieHnn Temneparypsl Ha 30° CKOpOCTh peakIy yBEIUUMIach B 27 pas, TO
4yeMy paBeH TeMIepaTypHbIi KOA(GUIMEHT CKOPOCTH PEAKIIMH.

19. Eciiu TemmniepatypHblii K03()(GUIIMEHT CKOPOCTH peakIuy paBeH 2, a TeMIepaTypa Bo3pocia
Ha 20°, TO BO CKOJIBKO pa3 BO3pPaCTET CKOPOCTh PEaKINK?

20. Ecimn xonnenTpanuu [CO2] = 0,30 moas/n; [Ho] = 0,02 mone/it; k = 1, To yemy paBHa
ckopocTh 00patHoit peakiiuu CO(T) + HoO(r) = CO2(1) + Ha(T).

6 PacTBopbI
6.1 Cnioco0bl BbIpaKeHUs] KOHIEHTPALMH PACTBOPOB
PacTBOpPBI — OJHOPOAHBIE (TOMOT€HHBIE) CHCTEMBI, COCTOSIIIINE U3 IBYX U OoJiee

KOMITOHEHTOB ¥ ITPOJTYKTOB UX B3aHUMOJEHCTBHSI.
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B pacTBopax pa3nmm4aroT pacTBOPHUTENH (B 4Y€M PACTBOPSIOT) U PACTBOPEHHOE BEIIECTBO
(4TO pacTBOPSIOT).

CopneprkaHue paCTBOPEHHOT'O BEIIECTBA B PACTBOPAX ONPENEISAIOT OOIIMM HOHATHEM
KOHIICHTPAIIUH, KOTOPOE BBIPAXKACTCS CICAYIONIMMHU CIIOCOOAMH:

MaccoBasi 10151 (W) — OTHOIIIEHHE MacChl PACTBOPEHHOT'O BEIIECTBA K Macce pacTBOpa.

w = :p_:p (6.1)
mp—pa = Mp_py T mp—JIH (62)

Moasipaasi konunenTpamusi (C,) — OTHOIICHHE KOJHYECTBA PACTBOPEHHOIO BEIIECTBA

(MonB) K 00BEMY pacTBOpA.

[M"’“’] = [M] (6.3)

J

Vv
Cm ==
v

Haiinem cBsizb Mexay W u C,,.

mg_ 9-M Cm
w=—b =27 — =2 (6.4)
Mp—pa V-p P

/i€ p — INIOTHOCTH PacTBOPA, I/J1
MouisiiibHasi KOHIEHTpanus (M) — OTHOIIEHUE KOJIMYECTBA PACTBOPEHHOTO

BelecTBa (MOJIb) K Macce pacTBOPUTENS (KT').

Cm=—— [=2] (6.5)

Mp—nq KT

HopMaanas{ KOHICHTPpauusd (Cn)' OTHOIICHHUEC KOJIHUYCCTBA SKBUBAJICHTOB BCIICCTBA

K 00BbEMY pacTBOpa.

o=y [ =N (6.6)

Vp—pa I
I[J'If[ OJHOOCHOBHBIX KHUCJIOT U OJHOKHUCIIOTHBIX OCHOBAaHHU MOJIIpHasA 1 HOpMaJibHasA
KOHICHTPpANUA YUCIICHHO paBHBI, TaK KaK PaBHbI MOJIAPHBIC 39KBUBAJICHTHBIC MACChHI.
CBs3b MOJIIPHOI M HOPMAJIbHOW KOHILIEHTPALUH.
c, = fC, (6.7)
rae f- hakTop SKBUBaJIICHTHOCTH.
HpI/I KHCJIIOTHO-OCHOBHOM TUTPOBAHUH 3aKOH 5KBHUBAJICHTOB IJISA HOpMaHBHOﬁ
KOHICHTPAUHX OMPEACTIACTCA COOTHOMICHUCM!
CVi = CuVa (6.8)
rac CK, CLH — HOPMAJIbHBIC KOHICHTPAlIUU KUCJIOTHI U MICJIOUYN COOTBECTCTBCHHO.
Turtp (T) — comeprkanue pacTBOPEHHOIO BEIIECTBA B IpaMMax, CojieprKaliuecs B

OJIHOM MHJUTHJIUTPE PacTBOpA.
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Bonpoch! 1 3a1a4u [JIsi CAMOCTOATEIbLHOr0 KOHTpos [1,2]:

20.BpIpa3uTh B MPOLEHTAX KOHLIEHTPALNIO PACTBOPA, coaepkaiero B 250 T Boabl 50 T IITIOKO3HI.

21.CxonbKO BOJABI M XJIOPUCTOTO KalWsl HYXKHO B3ATh, 4T0OBI mpurotoButTh 500 mi 20 % - pactBopa,
IUIOTHOCTH  KOTOpOro 1,133 r/em® ?

22.B xakoii macce Boabl ciemyer pactBoputh 100 T Na,COs-10H,O mms momydeHus pacTBopa,
conepikariero 4 % 0e3BoaHOM coyn?

23.BBIUUCINTS MOJSIPHYIO M HOPMAJIBbHYIO KOHIIEHTPAIMH pacTBopa cyibdaTa kamus, B 20 MI KOTOPOTo
coxepxutcs 1,74 T paCTBOPEHHOT'O BEIECTBA.

24.B 5 1 Boawl pactBopmiau 105 nuTpoB amMmuaka (00beM H3MEpEeH NPH HOPMAIBHBIX YCIOBHSIX).
PaccunTarh MOJSIpHYIO M HOpMaJIBHYIO KOHLIEHTPALUH MOJyYEHHOTO PacTBOPA, €CIIM €ro TUIOTHOCTh
paBHa 0.95 r/mi1.

25.HaiiTh HOpPMaJbHOCTE W MOJSAPHOCTD 15 % - pactBopa H,SO4 (p =1,1 r/mn).

26.Paccunrath CH, CM pactBopa H,SO,4 ¢ » =20 %. [TnotHOCTH pacTtBopa 1,15 /M.

27.Cxonbko MuumutpoB HsPO, ¢ © = 20 % (p = 1,33 r/mu) Hamo B3saTh uist npurotosieHus 0,2 M
pactBopa H3PO, 06semom 300 1.

28.Cxonbko MATUIUATPOB 20 % pacTBOpa CONSTHON KUCIOTHI, MIIOTHOCTh KOTOoporo 1,22r/mi, TpedyeTcs
Ju1st pactBopeHus 10 T kapOoHaTa Kalblus?

29.Beraucnutb, goctatoyro jm 20 M 30 %- pacTBOpa cepHOM KUCIOTHI, INIOTHOCTH KOoToporo 1,22 r/m,
IU1sl peakuu ¢ 6,54 T HUHKa.

30.Kaxkoit 006bem 6,0 M pactBopa HC1 Hano B3sTh 1yist npurotoBieHus 25 mi 2,5 M pactBopa HC1?

31.Ckonbko mummunutpos 0,5 M pactBopa H,SO, MmoxkHO nipurotoBuTs U3 15 M 2,5 M pactBopa?

32.Kakoii 006sem 0,1 M pactBopa H3PO, MmoxxHO ipuroroButs u3 75 M 0,75 H pactBopa?

33.Ckonbko Boabl Hano npudasuth K 25,0 M 40 %-pacTBOpa rHAPOKCHIA KaJHsl, INIOTHOCTh KOTOPOTO
1,41 r/mi1, uroObI OJTyuuTh 2 % - pactBop?

34.Kakyro maccy 20 % -pactBopa KOH Hano npubauts k 1 kr 50 %- pacTBopa, 4To0BI 10JIy4uTh 25 % -
pactBop?

35.0mpenenuts MNPOLEHTHYIO KOHLEHTPALMIO pacTBOpa, NoiydeHHoro cmemenueM 300 r 25 -
nporeaTHoro u 400 r 40 — mpOIIEHTHOTO PaCTBOPOB.

36. s weirpanuzanuu 20 M 0,1 H pactBopa kucinotsl norpedoanock 8§ Mia NaOH. Ckonbsko r NaOH
coaepxut 1 1 3Toro pacteopa?

37.lns weitrpanuzanuu 20 MI pacTBopa, coepxkamero 2.4 r KHCIOTHI, morpedoBanock 25 miu 2 H
pactBopa mienour. OnpenenTh HOpMaTbHOCTh PACTBOPA KUCJIOTHI U €€ S9KBUBAJIICHTHYIO Maccy.

19.Ha wetitpanuzaruio 20 Mt pactBopa, cogepxkaiiero B 1 i 12 r menoun, u3pacxomosano 24 mi 0,25 H
pacTBopa KHCIOTHl. PaccunTarh 3KBHBaJICHTHYIO MacCy IIEIOYH.

38.Kakoii o6beMm 0,3 H pacTBopa KHCIOTHI TpeOyeTcst Al HEHTpaIu3aliy pacTBopa, cojepxariero 0,32
r NaOH?

6.2 DiekTpoaMTHYECKAS] TUCCOIUALNUS

ITo cmocoGHOCTH MTPOBOJNTH IACKTPUUECKUN TOK BEIIECTBA ACTAT HA AIEKTPOIUTHI U
HEAJIEKTPOJIUTHI.

DJIeKTPOJIMTHI - BEIIECTBA, PACIIIIABBI WJIH PACTBOPHI KOTOPHIX MPOBOISAT
ANMEKTPUIECKUHN TOK (COJH, KUCTIOTHI, OCHOBAHMS ),

HesnekTposInThI - BELIECTBA, PACTBOPHI WM PACILIIaBbl KOTOPBIX HE MTPOBOJIAT

AIIEKTPUUYECKHH TOK (KHUCIOPO/, BOJOPO, OpraHUYEeCKHe BellecTBa — caxap, 6eH3oi1, 3¢up).
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Jl51s 00BbsiCHEHUS IIEKTPONIPOBOUMOCTH PACTBOPOB U PACILIIABOB COJIEH, KUCIIOT,
OCHOBAaHUH APPEHUYC CO3/1a]l TEOPHUIO JIEKTPOJUTHUECKON JUCCOLIUALINY.

Ecnu B siueiiky niis u3ydeHus

LS AJIEKTPOTPOBOTHOCTH HAIHTH MO OYSPEAH TPU
"\ pacTBopa, TO JIAMIIOYKA BKIIOUEHHAS B LICTIh Oy/IeT
TOPETH

a) NaCl — sapko
6) CH3;COOH — Tyckuo

} BIEKTPOIUTHI

B) TJIFOKO3a — HE TOPUT - HEAJIEKTPOIUT

p-p

Pucynok 6.1 — fueiika 1uist U3ydeHHs! 3JIEKTPOIPOBOJHOCTH PacTBOPOB.

OCHOBBI N0JI0KEHUSI TEOPUH JIEKTPOJIUTHYCCKON T CCOHALIUN
1.Monexkyiibl 3J€KTPOIUTOB IIPU PACTBOPEHUH UJIU PACIUIABIIEHUH paclaatoTcs Ha
MOJIO’KUTENbHBIE M OTpULIATEIbHbIE HOHBI HOHBL. [Iponecc pacnaza MoieKyI1 31EKTPOIUTOB Ha
MOHBI HAa3bIBAETCS — AJIEKTPOJIUTUUECKON JUCCOIUAIUEH.
2.I1pu npomyckaHuu 4epe3 pacTBOP UM PACIUIAB JICKTPOIUTA MOCTOSHHOT03JIEKTOPUUECKOTO
TOK TOJIOKUTENIbHO 3apsKEHHBIE HOHBI ABMXKYTCSI K OTPULIATEILHOMY 3JIEKTPOy (KaToay),
[I03TOMY Ha3bIBAIOTCS KATHOHAMM, & OTPULIATEIBHO 3apSKEHHBIE HOHBI IBUKYTCS K
HOJIOKHUTETBHOMY 3JIEKTPOAY (aHOJY), TO3TOMY Ha3bIBAIOTCS AHHOHAMHU.
3.ucconnanus — npouecc 0OpaTUMBIii: OTHOBPEMEHHO € PACHaJIOM MOJIEKYJIbl aH HOHBI

poTeKaeT 0OpaTHBIH Mpoliecc — 00pa3oBaHNE U3 HOHOB UCXOAHBIX HEUTPAIBHBIX MOJIEKYIL.

Z!I/ICC' + -
Mg(NOB)Z‘m '\/Ig2 + 2NO3

MexaHHM3M JIEKTPOJTUTHYECKOM M CCONUALUM
B ocHOBE 2JIEKTPOAUTUYECKON TUCCOLUALIMU JIEKUT B3AUMOAECHCTBUE HOHHOTO
KpI/ICTaJ'IJ'Ia NIn HOJ'IS[pHI)IX MOJ'IeKy.]'I C HOJ'[?[pHBIMI/I MOJ'I@KYJ'IaMI/I paCTBOpI/ITeJ'ISI (B YAaCTHOCTHU C

MOJIEKYJIaMH BOJbI).

3a cyeT IEKTPOCTATUUECKOTIO IPUTSYKEHUS IUII0JIN BOJBI BBIPBIBAIOT [IOBEPXHOCTHBIE
WOHBIN3 KPHUCTAJUIA U IEPEBOJAT UX B PACTBOP, IIPU ITOM HOHBI HAXOASATCS B
COJIbBATUPOBAHHOM (B CIy4ae BOJbI THIPATUPOBAHHOM) COCTOSIHUH - OKPYXEHHBI MOJIEKYJIaMU

pactBopuTens (puc.6.2).
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Pucynok 6.2 — Cxema AucCOnMaIMU BEIIECTB C MOHHOM CBSI3bIO.
[TonspHast MoJiekysa 3a CYET IEKTPOCTATUIECKOTO B3aUMOICUCTBUS C AUTIOISIMHU

BOJIbI MOJISIPU3YETCS M B KOHEUHOM UTOT€ paclajaeTcsl Ha KaTUOH U aHUOH (puc. 6.3).

@ B, ->
\g o
&\ R

Pucynok 6.3 - Cxema quccouuanuy BeeCTB CKOBAJIEHTHON HOJISPHOM CBSI3bIO.

PeanbHO MOHBI BOAOPOAA B OJJHBIX pACTBOPAX MPHUCYTCTBYIOT B THAPATUPOBAHHOM
COCTOSIHUM,B BUJIE TAK aH3bIBAEMBIX HOHOB THApokcoHus H3O", 06pazoBaHue KOTOPHIX MOKHO
TIpeICTaBUTh KaK MpucoearHenne nona H'k Monekysie Bo/ibl HaCUeT JOHOPHO-AKIENTOPHOTO

B3aUMOICHUCTBUSI.
H"+ H,0 < HsO" + OH

KonmnuecTBeHHO npoliece AUCCOIUMAUN XapaKTEePU3yeTCsl CTeNeHbI0 IUCCOUALMH O, —
OTHOIIIEHNE KOJMYECTBA (KOHIICHTPAIIMH ) MOJICKYJI, pacClaBIINXCsl HA HOHBI, K 0011IeMy
KOJIMYECTBY (MCXOTHON KOHIIEHTPAIIMN) MOJIEKYJ paCTBOPEHHOTO BEIIECTBA:

n C 2
no Co

PaCCMOTpI/IM JAUCCOHUAIIUIO cnaboit YKCYCHOﬁ KHUCJIOTBI:

CH3COOH < CH;COO + H*

Co Cm 0
AC o-Cm o-Cm
Cp Cm—-oa-Cm a-Cm
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[H'] = [CH3COO7] = a-Cm (6.10)

[CH;COOTJ[H*]  aCm-a-Cm _ a?Cm? _ a?Cm

Kn = [CH;COOH] ~ Cm-aCm Cm(l-a)  1-a (6.11)
a?-Cm
Kn==—r- (6.12)
TK. a < 1—1—a= 1, crezoarensio Kn=o>Cm— a = /(}:% (6.13)

3akon pa3zoaBiennss OcBajib/a: IpyU MEHBIIICHUN B PACTBOPE KOHIIEHTPAILIUU CJIa00T0
AIIEKTpONIHTA (pa30aBICHUN PACTBOPA) CTETIEHB AUCCOLUAIIMH BO3PACTACT.

HonHoe npousBeneHue Boabl. BomopoaHblii nokaszareib

H,0 & H" + OH"
Kz = —[H;]{[ZOO‘]’_] =1,6-10710,
[H,0] = const
Cm(H,0) = [H,0] = o 1000r = 55,6 MoJsib/ 11
MV 18-1
Kw = Kn[H,0] = [HT][OH™] = 1074 (6.14)

Kw — voHHOe nmpou3BeJieHre BoAbl; t° = 298K

pH + pOH = 14

[H']> [OH] - KHCIIast cpesia
[H]< [OHT] - 1enovHas cpesa
[H*]= [OH] - HelTpanbHas cpeaa

pH = -Ig[H"]- BomopoHbIiinokasaTens
Ig[H'] + Ig[OH] = 14
pOH = -Ig[OH] =14 — pH
Takum oGpazom, eci [H] = 10°M, to [OH] =10°M
HNuauxkaropsl

HHAMKATOPBI — BEIECTBA, PACTBOPLI KOTOPHIX B 3aBUCUMOCTH OT KUCJIOTHOCTH CPEIbI
CIIOCOOHBI U3MEHSTH CBOKO OKPACKY.

B kauecTBe MHIMKATOPOB, KaK MPABHJIO, IPUMEHSIOT CIIOKHBIE OPraHUYECKHE CI1a0ble
KUCJIOTHI WJIA OCHOBAHHUS

Hind <> H" + Ind

JleiicTBYE MHAMKATOPOB OCHOBAHO HA TOM, YTO U3 MOJEKYJIAPHAs ¥ HOHHBIE (POPMBI

TOTJIONIAOT BUAMMBIHM CBET B Pa3IMYHOM CIIEKTPaIbHOM auamnasoHe.llpu u30bITKE B paCTBOPE

+ o
nonos H HUHIUKATOp, NPCACTABIAIOIINNY OPraHUuYCCKYIO KHUCJIOTY, MIPEUMYIIECCTBEHHO
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HaxOJIUTCSA B MOJIEKYJISIpHOU popMe (0/1Ha OKpacka); Mpu U30bITKE THAPOKCUIIbHBIX HOHOB OH" -

MIPEUMYIIECTBEHHO B HIOHHOU popme (Ipyrast OKpacka).

[InpoKo NCHOIB3YETCSI OTPAaHUYEHHOE KOJIMYECTBO MHIAUKATOPOB:

HNupuxarop Oxkpacka B HEKOTOPBIX cpeaax
Kucmas pH<7 Heiitpansuas pH=7 [emoun pH>7
Jlakmyc Kpachbrit ®uosIeTOBBII Cunuit
MeTuiopan:k KpacHsb1it OpanskeBblit Kenterit
®enoidrasienH becuseTHbIi becueTHbIi ManuHOoBBII

HauOonee Tounoe omnpenenenue pH cpenbl OCyIIEeCTBISETCS MHCTPYMEHTAIbHBIMU METOAAMU —
noHOMepaMHu, PH-MeTpamu, B KOTOPBIX TOYHOCTb ONPEAEIAETCS 10 COThIX eauHMIL PH.

Pacyer pH kucj0T 1 0OcHOBaHMii

CuiibHBIE KHCJIOTBI

C(HCIH=0,01M

HCl - H" + CI’ (IpaKTUYECKH TTOJTHAS TUCCOITUALINS )

[H] =[HCI] = 0,01M

pH =-Ig[H] =-1g 10% =2

B cnyyae MHOTOOCHOBHOM CHIJIBHOM KHCIIOTBI YYUTHIBAIOT CYMMApPHYIO KOHIICHTPAIIUIO HOHOB
H*, 06pasyrommxcs mpy AUCCOIMAIINN KHCIOTHL.

C(H,SO,4) = 0,0005M

H,SO, « 2H' + 8042-

[H™] = 2[H,S04] = 2 - 0,0005 = 0,001M

pH=-lg10°=3

CujibHbIe OCHOBaHUS (1EJI0YH)

C(NaOH) =0,1M

NaOH — Na* + OH’

[OHT] = [NaOH] = 0,1M

pOH =-lg [OH]=-Ig10* =1

pH=14-pOH=14-1=13

B cnyyae MHOTOKHCIIOTHOTO OCHOBaHUS B pacyeTax B pacueTaX yUUTHIBACTCS CyMMapHas

KOHIIeHTpalus noHoB OH'.
C(Ba(OH),) = 0,005M
Ba(OH); — Ba*" + 20H"
[OHT] = 2[Ba(OH),] =2 - 0,005 = 0,01M
pOH =-1g 10% =2
pH=14-2=12
Pacuyer pH ciadbIX KHCJIOT U OCHOBAHMH

Ciadble KHCJI0THI

C(HCN) = 10°M
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HCN < H"+ CN’

c
— pacn —
a=-— - Cpacn = aCq

H*] = aC,(HCN) = aC,

Ka _ [10710 _ _
Co A 102 107 K,(HCN) = 10710

[H'] = aCo=10" -10% = 10°M
pH=-1g10°=6

a =

Cnabble OCHOBaHHMS

C(NH4OH) = 0,001M; K,(NH,0H) = 107°
NH,OH < NH;" + OH"

[OH] = aCo

10 5
Ka =10-1
0

[OH] =0,001 -0,1 = 10™M

pOH =-Ig 10 = 4

pH=14-4=10

B CJIyda€ MHOI'OOCHOBHBIX CJ'Ia6BIX KHCJIOT XOJ PACCYKACHUS OCTACTCA a6COJ'II-OTHO
AHAJIOTUYHBIM, TOJIbKO BO BHUMAHUC ITPUHUMACTCA AUCCOIUalusA 110 HepBOﬁ CTYIICHHU.
H,CO3 < H* + HCOy Ki=10"

HCOs « H' + COs* K,=10"

6.3bydepHbie pacTBOpPbI

[IpencraBistoT coboii cMecu ciiaboi KUCIOTHI U €€ COJu (aueTaTHbIi Oydep
CH3;COOH + CH3COONa), cnaboro ocHoBaHus U ero cosin (aMmuaunslii 6ypep NH,OH +
NH4CI), cmech coneit MHOroocHoBHOM kucnoTh (hocdarubrit 6ypep NaH,PO4 + Na;HPO,).
OCOOEHHOCTBIO JJAHHBIX PACTBOPOB SBJISIETCS TO, YTO TPH JT00aBICHUN HEOOIBIINX KOJTHYECTB
CHJIBHBIX KHCIIOT WJIK 1esiour PH Takoro pacTBopa MpakTHUECKH HE W3MEHSETCS.

Mexanusm aeiicreus Oy(epHoOro pacrsopa

PaccmoTpuM Ha nmpuMepe arieraTHoro o0ydepa, npu 100aBIeHUN CUIBHOM KUCIOTHI
U30BITOK HOHOB BOJIOPO/Ia CBA3BIBAETCS C alleTaT-HOHAMH C 00pa30BaHUEM MOJIEKYIT C1aboro
ANEKTPOJIUTA YKCYCHOU KHUCITOTHI.

[Tpu no6aBneHnn k 6yhepHOMY pacTBOPY IEIOYU U30BITOK THAPOKCUI-HOHOB
HEUTpanu3yercsi yKCYyCHOM KUCIOTOM, IPpU 3TOM 00pa3yroTCcsi MOJIEKYIIBI c1aboro 3JIeKTpoIuTa —
BOJIBI.

CH3COOH + CH3;COONa

NH,OH + NH,CI

CH3COO™ + H" — CH3COOH
CH3COOH + OH" — CH3;COO" + H,0O
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['maBHBIME XapakTepucTUKamMu OyhepHBIX pacTBOPOB sBisieTcs ux PH u Oydepnast
€MKOCTb.

Paccunraem pH aneratHoro Oydepa:

CH3COOH < CH3COO+ H* (6.15)
__ [H*]-[CH3C007]
Ka = [CH3COOH] (6.16)

U3 ypasuenus (6.15) BbIpasuM KOHLEHTpaLuio nonos H™.

@ [CH3€007]

Tak kKak coJib CUIIBHBIN JIEKTPOIIUT, alleTaT HATPHsI TUCCOHUPYIOT B PACTBOPE
MOJIHOCTBIO U, MO’KHO CUUTaTh, YTO PABHOBECHAs KOHIIEHTPALIMS alleTaT-HOHOB paBHA UCXOIHOM
KOHIIEHTpAaIlMU cOJH B OypepHOM pacTBope.

Kaxk cnenyer u3 ypaBHenus auccormanuu (6.15), mpucyTcTBre B pacTBOpeE arerar-
HMOHOB CMEIIAeT PABHOBECHE B CTOPOHY 00pa30BaHMS MOJICKYJ KUCIIOTHI, TO €CTh MOXHO
CUMTAaTh, YTO PABHOBECHAS KOHIICHTPAIIHsI KUCIOTHI paBHA €€ UCXOJAHON KOHIICHTPAINH B

O0ydepHOM pacTBOpe, Toraa Beipakenue (6.17) MOKHO 3anucath B BUJE:

Cx

[H*] =K (6.18)

[Iponoropupmupyem ypaBHEHHE U YMHOXKHM Ha €TUHUILY.
-lg [H'] = -lg Ka—Ig Ck + Ig Cc (6.19)
¢ yuetom: -lg [H'] = pH; -Ig Ka = pKa
ypaBHeHue (6.19) npuHumMaeT BU:

pH = pKa + Ig g— (6.20)

rie pKa — cuioBoi mokasarelib KUCIOThI
Paccyxnenus aHanornyssl 11 0y(epHbIX pacTBOPOB, MPEACTABIAIOMNX cO00M cMech

¢71a00ro OCHOBAHHUS U €r0 COJIU. Hcxons u3 9TOro, MOXHO IMOJIYUYHUTH BEIPAKCHHUE!

POH = pKb + g (6.21)

OCH

W3 ypaBHenunii (6.20, 6.21) ciengyer, 4To NpU OJUHAKOBOW KOHLEHTPALIUU KUCIIOTHI U
coiu (ocHOBaHuUsA U conn) PH OydepHoro pacTBopa YMUCIEHHO paBEH CUIOBOMY MOKA3aTEeNIo
KHCJIOTHI, a TAKXKE U3 YpaBHEHUS CIeAyeT, yTo pH pazbasieHun 0ydepHbIx pacTBopoB ux pH
0CTaeTCsl HEM3MEHHBIM.

Omnpenenum pH aneratnoro 6ydepnoro pactsopa npu Co = 0,1M:

Co (CH3COOH) = Cy (CH3COONa) = 0,1M
pH=-lg (1,75-10°)=5-1g 1,75=4,76
CooTHolIeHne KOMIOHEHTOB OypepHOTo pacTBOpa (KUCIOTHI U €€ COJIM), KaK MPaBuiIo,

OepeTcsi B COOTHOLIEHUH HE IpeBbIIIaomuM naTepsan 1x10.
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Paccmotpum, kak uzmenutces pH 6ydeproro pactBopa oobemom 1 auTp ¢
KOHLEHTpauuel kucnoTsl u conu 0,1M, eciin k Takomy pacTBopy 400aBUTH 2 M
oxHoMousipaoro pacrsopa HCI.

(HCl)=2-10%-1=2- 10" moms

C(HC) =2=21" = 2. 10°Mm

14

+
JlanHoe KonyecTBO MOHOB H', CBSA3BIBAsCH C alleTaT-MOHAMM, IEPEXOIUT B MOJICKYJIbI
KHCJIOTBI, YMEHBIIAIOT KOHIICHTPAILIUIO Coiu B OydeproM pacTBope Ha 0,002M u Ha TaKyro ke

BCJIIMYMHY BO3PACTACT KOHUCHTPAUs KUCIOTHI, 1 pH pacTBOpa CTAHOBUTCA:

0,1-0,002

Cc _
pH = pKa + lgc—K =476 +1g 0.170,002

= 4,74

ApH =476 — 4,74 = 0,02

Jl11s cpaBHEHHS paCCMOTPHUM, KaK U3MeHuiIcs Obl PH mpu g006aBieHUH TaKOTO e
KOJIMYECTBA KUCIIOTHI K 11 uncToit Bojsl (PH=7)
pH=-Ig[H']=-lg(2-10%=3-1g2=2,7
ApH=7-2,7=4,3

Jpyroii BaxkHeHIIIeH XapakTepuCTUKOI OypepHbIX pacTBOPOB sBisieTcsa OydepHas
eMKkocTh (B). BydepHas eMKOCTh — 3TO KOJIMYECTBO SKBUBAJIEHTOB CUIILHOW KHCIOTHI WU
IEJI0YH, KOTOPBIE MOKHO JJOOABUTH K OHOMY JUTPY Oy(hepHOTo pacTBopa, 4TOOBl H3MEHHUTD
ero pH na equnauIy. bydepHas eMKOCTh ONpeAenseTcsi SKCIEPUMEHTATHHO (PHUIBTPOBAHUEM
poObI Oy(hepHOro pacTBOpa pacTBOpa CUIBHON KUCIOThI WM HIENOYH, U3BECTHBIN
KOHIIEHTpPALUK; IPH 3TOM puKcupyercs usmeHenue pH. Pacuer 6ydepHoil eMKkocTH 1o KUCIOTE

¥ OCHOBAHUIO BEAyT MO hopmye:

CiVie

B, = Voo lapH] (6.22)
— CHIVHI

By = Ve.p.|ApH| (6.23)

Ba u By — OydepHas eMKOCTh 110 KUCIIOTE U LIEJIOUH.
Cy u C; — HOpMaJbHast KOHIIEHTpAlLUsl paCTBOPOB KUCIIOTHI M LIIENIOYM,  B3SATHIX I TUTPOB.
Vs.p.— 00beM IpoOBI OydepHOro pacTBopa.
|ApH| - u3menenue pH npu THTpOBaHHH.
6.4 I'maposn3 coJiei

I'uaposius -370 B3auMoieiCTBHUE JIFOOBIX BEIIECTB ¢ BOAOH (KpaxMmana, OelKoB).
PaccmoTpuM dacThle ciyyan rHIpou3a — B3aUMOJEHCTBUE COJIEH ¢ BOJIOI.
[Tpu3HaKOM MPOTEKAaHUS THAPOIIH3A COJICH SIBIISIETCSI N3MEHEHHE KHCIOTHOCTH CPEIIBI C

HEUTPAJIbHOM Ha KUCIIYIO WM IEIOYHYIO.
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CymHOCTb TuApoIn3a 3aKI04aeTcs B 00pa3oBaHuE MOJIEKYJI C1a00ro 3JIeKTPOIUTa —
KHCJIOTBI MJIM OCHOBAHUS C OJJHOBPEMEHHBIM IOSBIEHUEM B pacTBOPE HOHOB BOOPOA WU
THJIPOKCUA-HOHOB.Ecim mpu ruaposinse o0pa3yroTes ciaadble OCHOBAHHUS, TO MPOLIECC MPOTEKAET
10 KaTHOHY; eCIH 00pasyeTcs crnadast KucioTa cinadbas — 1o anuony.Eciu ogHOBpeMeHHO U
cnaboe OCHOBaHHUE U cllabasi KUCIIOTa, TO TUAPOJIN3 MPOTEKAET U MO0 KAaTUOHY, U 110 aHUOHY.

YpaBHeHHE I'HIPOIM3a MOTYT OBITh 3alMcaHbl B 3 popmax:

e B monexkynsipHoi
e [losHo¥ noHHOM popme
e Kparkoii nonnoit popme (Haudosee UHPOPMATUBHO, TAK KAK [MOKA3IBAET MOJIECKYJIBI
KaKoro c1a0oro 31eKTPOoIUTa 00pa3yroTCs MpU THAPOIN3€e U30BITOK KAKMX HOHOB
(KaTMOHOB BOJIOPO/A UM TUAPOKCUI-UOHOB) MOSBIISIETCS B PaCTBOPE. )
['uponu3 npoTeKaeT npu CIEAYIOIUX TpeX Ciaydasx:
1. Coab o0pa3oBana cJiadbIM OCHOBAHMEM M CWJIbHOM KHCJIOTOM
NH,CI + H,0 <> NH4OH + HCI (monekynsapuas ¢popma)
NH;" + CI" + H,0 <> NH40H + H* + CI (nonnas dpopma)
NH;" + H,0 <> NH4OH + H” (xpaTkas nonnas dopma).
[Tpu ruaponr3e JaHHBIX COJIM B pacTBOpe 00paszyeTcs N30BITOK HOHOB BOJIOPOAa — cpena
CTaHOBHUTCA Kucioi (pH<7).
Tax kak ruAposIn3 — 0O0paTUMBIN IPOLIECC, YTO OH XapaKTEPU3YETCsl CBOEH KOHCTaHThI

paBHOBecHsI (TPY HAITMUCAHUE €€ BHIPAKEHHS YUYUTHIBAIOT TOJIBKO KPaTKyto (hopMy ypaBHEHHE

THJIPOJIN3A):
__[NaOH][H?]
Kp = NAF]iH,0] (6.34)

[Ipy runposn3e KOHUEHTpALKA BOABI B pACTBOPE MPAKTUYECKU HE U3MEHSIETCS; BHOCUM
€e 110/l 3HaK KOHCTAHThI PABHOBECHS, IIPOU3BEACHUE ABYX IIOCTOSHHBIX TAKXKE ABIACTCA

BEJIUYMHOMN HOCTOHHHOﬁ, KOTOPBIC KOJIMYCCTBECHHO HA3bIBACTCA KOHCTaHTOH ruapoJimsa Kr.

_ __ [NH,OH][H™]
Kr = Kp[H,0] = W (6.35)

VMHOkKaeM YHCINUTEIb M 3HAMEHATENIh Ha KOHLOCHTPAIUIO THAPOKCUIIBHBIX HOHOB

Kr = [NH4OH][1-1+][_0H‘] _ kw (6.36)
[NHL][0H™] Kb
Orcrona:
Kw
ke = < (6.:37)

J171s1 KOJTMYeCTBEHHOU XapaKTEPUCTUKH MPOIIecca THAPOIN3a BUIHO TOHATHE CTETICHU
TUApOIN3a h — OTHOIIEHNE KOHIIEHTPAIIUU THAPOJIU3UPOBAHHON COJTH K €T0 MCXOTHOM
KOHIICHTPAIIUX B PACTBODE.
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h = o (6.38)
Co

KoHmeHTpamus ruiposin3upoOBaHHON COJIM paBHA
Crup =hCo (6.39)
U paBHA KOHIICHTPAIIUH IPOYKTOB THIPOJIH3a
[NH4OH] = [H] = hCq (6.40)
KonreHTpaius He THIpOITU3UPOBAHHON COJM B PACTBOPE COCTABJISICT:
[NH;7=Co—hCo=Co- (1-h) (6.41)
[ToncraBum Beipaskenue B (6.40) u (6.41) B ypaBHeHue (6.35)

Kr = hCy-hCy _ h%Cy

T Co(1-h)  1-h (6.42)

[Ipu runposnse naHHBIX COJiel 3HaueHueM h B 3HaMeHaresne ypaBHeHUs (6.42) MOKHO
npeHedpeys, ¥ OHO MPUHUMAET BUJI:

Kr = h’Cy (6.43)
[IpupaBHsem mpaBbie yacTu ypaBHeHu (6.43) u (6.37)
20 = Kw
Wl =% (6.44)

OTCIO,I[a paccuuTacMm CTCIICHb Ir'HJAPOJIn3a h

Kw
h= =G (6.45)

PaccuuTaB cTeneHp THIPOIIN3A U 3HASI UCXOAHYIO KOHIIEHTPAIIMIO COJTU B pacTBOpE, U3
BeIpaskeHus (6.40) Haxo UM KOHIICHTPAIIMIO HOHOB BOA0poaa U pH pacTBopa.

IIpumep.
Paccunrars pH 0,1 momsaproro pacteopa NH,OH (Kb = 10°).

10~14 _
h= |—==10""
0,1-10~5

[H]=hCo=10"-10"=10"M
pH =-lg [H'] =-1g10° =5
2. CoJb 00pa3oBaHa CWJILHBIM OCHOBAHUEM U €JIA00# KMCJIOTOM
KCN + H;0 «» KOH + HCN
CN" + H;0 <> HCN + OH"
[Ipu ruaponu3e JaHHBIX COJIM B pacTBOpe 00pazyeTcst M30BITOK THIPOKCUI-HOHOB —
cpena mienounast (pH>7)
XO)I PaCCyXXKACHUS IIPU BBIYUCICHUN KOHCTAHTBI THAPOJIN3a, CTCIICHb TUAPOJIN3a U

KOHICHTPAUIO TUAPOKCUIIBHBIX HOHOB IMOJIHOCTHIO aHAJIOTUYCH PACCMOTPCHHOMY B ITYHKTC 1.
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Kr=2  (6.46) h= C‘z:a (6.47) [OHT = hCo (6.48)
IIpumep
Paccuurarts pH 0, 001M
h= /% =0,1
[OH]=0,1-102=10°M
pOH = -lg 10°®, pH=14-3=11

3. Coun, o0pa3oBaHHbIE CJ120bIM OCHOBAHUEM H CJ1a00H KUCJIO0TOM
CH3COONH4 + H,0 +» CH3;COOH + NH,OH

Cpena pacTBOpPOB JJaHHBIX COJIEH OMpPEENsIeTCs COMOCTaBICHUEM KOHCTAHT
JUCCOLIMAIIMU 00Pa3yIOMIUXCs cabol KUCIOTHI U ¢1a00r0 OcHOBaHUS. TOT 3JEKTPOIHT,
KOHCTaHTa JUCCOIMALMU KOTOPOTO OOJIBIIE U ONPENENISET CPENY pacTBOPA.
Ecit KOHCTaHTHI TUCCONMANIMY TPUMEPHO PaBHBI, HECMOTPS HA MPOTEKAHHUE THIPOIN3a (B
pacTBOpe MPUCYTCTBYIOT U MOJIEKYJIbI ¢1a00T0 OCHOBAHUS, M MOJIEKYJIbI C1a0ble KHCIOTHI)
cpella pacTBOpa OCTAETCsl HEUTPATIHLHOM.
Ka (CH3COOH) = 1,76 - 10-5
Kb (NHOH)=1,74-10-5 = pH=7
4. Cosin 00pa3oBaHHbIe CWIbHBIM OCHOBAHUEM U CHJILHON KHCJIOTOM.

OTH CONU TUAPOIHU3Y HE TIOJBEPraloTCs, UX PaCTBOPBI UMEIOT HelTpaibHyto cpeny (pH
=T).
['myOuny (cTeneHsb) ruAPOIU3 MOXKHO YBEITUUUTh pa30aBIeHUEM pacTBOPA COJIU WU
YBEJIMUECHUEM TEMITCPATYPBHI.
SbCl; + 2H,0 — Sb(OH),CI + 2HCI

OO0mbscHsercs cooTBeTcTBUU ¢ puHIUnoM Jle -Illarense; yBennueHUEe KOHIIEHTPAIHH
BOJIbI (pa30aBieHUs] PACTBOPOB) CKayaTh PABHOBECHUS B CTOPOHY PEAKIIMU Pacxojia BOJIbI.
[Ipu HarpeBaHuM pacTBOPOB COJIEH, CKIIOHHOCTh THAPOIU3Y MPOIECC MOKET CTAHOBHUTCS
HEOOpaTHMBIM.
FeCl; + 3H,0 — Fe(OH)3| + 3HCI

Ecam mpoaykTsl rHApOIN3a BEIBOASTCS U3 PACTBOPA B BUE OCAIKOB MIIK Ta3a , TO
TUIPOIIN3 MIPOTEKAEeT HEOOPATUMO.
Al;S3 + H,O — 2A1(OH)3| + 3H,S1

JlanHbIe COTM B TAOJIMIIE PACTBOPHUMOCTH OTMEUYEHBI MPOYEPKOM KaK HECYIIECTBYIOITHE

WJIM pasiaraeMbl€ BOJIOM.
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5. Ecnm conu 06pa3zoBanbl c1a0BIMA MHOTOOCHOBHBIMHU KHCIIOTAMU WIIH CIIA0BIMH
MHOTOOCHOBHBIMUA OCHOBAHUSIMHU, TO THIIPOJIN3 MIPOTEKAET CTYNEHYATO U IPEUMYIIIECTBEHHO TI0
MepBOM CTauHU.

Na,COj3 + H,0 <> NaHCO3 + NaOH
CO3” + Hy0 < HCO3” + OH’
AICl3 + H,0 < AIOHCI; + HCI
AP + H,0 — AIOH*+ H*

Bonpocs! 1 3a1a4u JIsi CAaMOCTOATEIbLHOr0 KoHTpoJs [1,2]:

Heo0OxonnMmble 1151 pacu€TOB CIIPaBOYHbIE TAHHBIE B3ATh B TAOJIUIIE.

1. Paccuuraiite pH 0,02 M pactsopa CH3COOH.

2. Beruucnute crenens gucconuanuu u pH 0,001 M pactBopa HCN.

3. Kakue 13 TaHHBIX peakilnii MpoTeKaroT B pacTBope Heobpatumo? 1) K,SO3 + HCI = ...2)
Na,CO3 + HSO4 = ...3) K2SO4 + NaCl = ...4) KCN + HNO3 = ..

4. Paccumraiite pH 0,001 M pactBopa Ba(OH)s.

5. Onpenenure MosipHyro KoHUeHTpanuto pactBopa KOH, ecnu pH pactBopa pasen 10.

6. Paccumnraiite pH u pOH 0,0005 M pactBopa NaOH.

7. Onpenenure MOJISIpHYIO KOHIIeHTpauio pactBopa HNO,, ecnu pH pactBopa pasen 4

8. Kakue U3 qaHHBIX peakiiuii mpoTekaroT B pactBope HeoOpatumo? 1) Ba(NOs),+ H,SO4= ...
2) Ba(NOs3),+ NaCl = .. 3) Al(NOs); + KOH =...4) KOH + HCIO, = ...

9. Onpenenure MOISIpHYIO KOHIIEHTpauuto pactBopa Sr(OH),, ecniu pH pactBopa pasen 11.
10. PaccuuTaiite pH u pOH 0,0001 M pactBopa H2COj3, yunTbIBasi TOJbKO HEPBYIO CTYIIEHb
JUCCOLIMAIINY.

11. Onpenenure MonspHYyto KoHIEeHTpauuto pactsopa HoS, eciin pOH pacTBopa paseH 9.
VY4uThIBalTE TOJIBKO MEPBYIO CTYNEHb TUCCOLUAIIMN KUCIIOTHI.

12. Onpenenure pH pactBopos comneit (NH;)2CO3 u K5S

13. Omnpenenute pH pactBopoB comneit NH4Cl; u Al,Ss.

14. Kakas u3 AByX coJeii B Oomnbliei creneHu moasepraetcs ruaponnsy: Nay,COsz unu NapySOs;
FeCl; wim FeCly?

15. Beraucnure pH 0,0001 M pactBopa Nap,COs3. YuuTsiBaiiTe TOIBKO MEPBYIO CTYTICHD
TUAPOJIN3A.

16.Paccunrats pH pactBopa 0,1 M anerara Hatpus u 0,1M yKCyCHOH KHUCIOTHI.

17. Paccuurats pH pactBopa 0,01 M ruapokcuna ammonus u 0,1 M xmnopuga aMMOHUS.

18. Paccumurars pH pactBopa 0,1 M dhopmuara Hatpus u 0,01 M MypaBEHHON KHUCIIOTHI.
19.Paccuutate pH pactBopa 0,01 M anerara kanus u 0,1 M yKCyCHON KHCIOTBHI.

20. PaccuuTats pH pactBopa 0,1 M ruapokcuga ammonus u 0,001 M xsopuia aMMOHHUSL.
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7 OKHMCIANTETILHO-BOCCTAHOBUTEIbHbIE PEAKINHU

Bce peakiiun MOXXKHO pa3feuTh Ha JIBa TUIA: IPOTEKAIOLINE C U3MEHEHUE CTEIIEHU
OKHCJIEHHS B3aUMOJIEHCTBYIOLUX aTOMOB — OKUCJIUTEIbHO-BOCCTAHOBUTEIbHBIE,
npoTeKaromue 6e3 U3MEHEHUS CTEIICHH OKUCIICHHS.

CreneHb OKHCIEHUS] — 3TO YCIOBHBIM 3apsii aTOMOB B MOJIEKYJIE MJIU CJIOKHOM HOHE,
BBIYUCIICHHBIN UCXOS U3 MIPEAIIOI0KEHUS, YTO MOJIEKYJIa COCTOUT TOJIBKO U3 HOHOB, IPUYEM
CyMMa CTEIICHEN OKHUCIIEHHS BCEX aTOMOB B MOJIEKYJIE PaBHA HYIIIO, a B C11a00M — 3apsily 3TOTr0
MOHA.

I"oBOps O cTENEeHN OKUCIIEHUS B YCIIOBHOM INOPSAJIKE, 3HAK 3apsa CTABUTCS Mepes
U dpoii; roBops o 3apsae UOHA (peaabHbIN PU3NUECKON BEITMUMHE) 3HAK CTAaBUTCS 11OCIIe
UQPEI.

IIpaBuia onpenesieHNsl CTeNeHN OKUCICHUS:

1. CteneHu oKMCIEHHS aTOMOB B IPOCTHIX BElIECTBaX (METalI, BOAOPO/, KUCIOPO/1) PaBHBI
HYJIIO.

2. CreneHb OKUCIIEHUS BOAOPOJAa B COEAMHEHUSX Beerja +1, 3a HCKIIIOUeHneM OMHAPHBIX
coequnenunii ¢ metayutamu( rugpuasl: NaH, CaHz), B KoTOpbIX y BOJOpO/a CTENICHb OKUCIICHHS -
1.

3. CreneHp OKHMCIIEHUS KUCIOPOJa B COEAMHEHUAX BCETA -2, 32 UCKIFOYEHUEM NIEPEKUCH
BostopoJia U ee coiielt (Na0O), B KOTOPBIX CTENIEHb OKUCIIEHUS KUCIIOpOJia CTaHOBUTCS -1 , a
TaK)Ke COEJMHEHHE CO PTOPOM, B KOTOPBIX Y KUCIOPO/a MOJIOKUTENIbHAS CTENEHb OKUCIEHUS (B
moJtekyiie OF,cTeneHb OKHCIICHUS KUCIIOPOia paBHa +2).

4. Y metamioB rpynn 1A u 2A, amtoMuHUS, [IUHKA, KaAMUSI CTENICHb OKUCIICHHS paBHA HOMEPY

IPYMIIbI, B KOTOPbIM CTOUT JaHHBIA MeTall.

BoccTaHoBneHWe 1 =t OkucneHue
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[To OTKJIOHEHHIO CTPENKU rajibBAHOMETPA MOKHO CYAUTh O HATMYUH BHEILITHEH 1ienu
AIIEKTPUUYECKOTO TOKA.

JIIEKTPOHBI OT HOHA-HOHOB mepexost k Fe®*
21" -2e’ >, 1
Fe** +e'— Fe®* |2
2FeCl; + 2KI — I, + 2FeCl +2KCl

UYepes HEKOTOpOE BpeMsi 00Hapyx UM, 4To B pactBope ¢ Kl, obpasyercs |y, koTopsrii
JIETKO OTPEAENUTh M0 CHHEMY OKPAIlIEHHOMY PacTBOPY MpHU A00aBICHUH Kpaxmara.

B pactBope ¢ FeClzo6pasyercs Fe?*, KOTOPBIN JIETKO 0OHAPYKUTh TI0 00Pa30BaHUIO
CHHETO ocajika MpH JobaBieHuu pactBopa kpacHoit comu Ky[Fe(CN)g].

BemecTBa (aTOMBI, MOJICKYIIBI, HOHBI), KOTOPBIE OTIAAIOT 3JICKTPOHBI, HA3BIBAIOTCS
BoccTtaHoBuTeasiMu.[Ipoiiecc oTaun 3MEKTPOHOB — OKHMCJIEHHeE.
BemiectBa (aTOMbI, MOJIEKYIIbI, HOHBI), KOTOPbIE MPUHUMAIOT 3JIEKTPOHBI, HA3BIBAIOTCS
okucaurteasimu.llponecc npucoeAMHEHUS JIEKTPOHOB — BOCCTAHOBJIEHUE.
B Harem npumepe, noHsl | - BoccraHoBuTeNH, KaTHoHbl Fe** - okucmmren.
[Tpu nporekanuu OBP nomxen cobmtonatecst 6amaHc 3apsiia, YUCI0 OTJAHHBIX U MPUHSATHIX
JOJIKHO OBITH PAaBHO, HA ’TOM OCHOBaH Mo100p kodduimeHToB B ypaBHeHusx OBP.

Hcnonp3yror 2 MeToa:

3) DnekTpOoHHBIH OanaHC
4) DIeKTPOHHO-UOHHBINA METO (METO] MOJYPEaKITHii).

AJTOpUTM METOJIa IIEKTPOHHOTO OanaHca:
1) OnpenernsieM aTOMbI, U3MEHUBIITHE CBOIO CTETICHh OKHCIICHUS B XOJIC PEAKITUH.
2) CocraBiisieM cxeMmy Tepexo/ia JIEKTPOHOB ISl BOCCTAHOBUTENSI U OKUCITUTEISL.
3) Haxoaum HanMeHbIIee 0011ee KpaTHOE MEXKIY YMCIIOM MPUHATHIX U OTAAHHBIX AJIEKTPOHOB.
4) Pa3nenuB mony4yeHHOE YHCIIO Ha KOJTMYECTBO OTAAHHBIX AJIEKTPOHOB, HAXOAUM KO3 (P PHUIHEHT
K BOCCTAHOBHTEIIIO, PA3JICIIMB HA YHCIIO MPUHATHIX 3JICKTPOHOB.
5) [lepenocum nosydeHHbIe KOADPHUITUEHTH B YPAaBHEHUH PEAKIIMH K BOCCTAHOBUTENIO U
OKHUCJIUTENIO, KX TTPOIYKTOB.
6) Koo durmeHTs! ocTanbHBIM YYACTHHKOM PEAKIIMK HAXOJAUM Ha OCHOBAHUHU MATEPUAIBHOTO
OaslaHca — YHUCIIO 3JIEKTPOHOB B JICBOW W TIPABOM YaCTAX YPaBHEHHS HE JODKHO OBITH PaBHO.
7) OxoHuaTenpHas MPoBEpKa MpaBmIbHOCTH K03 uiimentoB B OBP ocymiecTBisiercs Ha
OCHOBaHUHU MaTepUATBHOTO OajlaHca 1Mo KUCIOPOTY.
2KMnOQO4 + 16 HCI — 2MnCl; + 2KCI + 5Cl;1 + 8H,0
Mn*" +5¢" — Mn*?| 5 2
2CI*-2¢—CI* |2 |10 | 5
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8Fe” + 30HNO3(p)—8Fe( NOs)3 + 3NH4NO; + 9H,0
Fe®-3e3 > Fe™| 3 8
N®+8e —>N3 | 8 |24 | 3

B OBP moxeT npuxoauThcsi Ha 1 BOCCTAaHOBHUTENh 2 OKHUCIUTENs, 00 Ha | OKUCIUTENh- 2
BOCCTAHOBUTEIISL.

4FeS, + 110,— 2Fe,0; + 850,

Fe*?-e'— Fe™ 11 4
25" -10e” — 28™
0L +4e—20%4 |4 |44 |11

Knaccugpukayus OBP

Bce OBP M0OxHO pa3nenuTh Ha TpU THUMA:

1. MexXMOoneKyasipHOe — OKHCIUTENIN U BOCCTAHOBUTENIU COJIEPIKATCS B MOJIEKYJIaX Pa3HbIX
BEIIIECTB.

2FeCl, + Cl,— 2FeCl;

2. BHyTpuMonekynspHas — aTOMbI OKHCIIUTENSI U BOCCTAHOBUTEIS CO/IEPKATCSA B MOJIEKYJIe
OJIHOI'O U TOI'O YK€ BEIECTBA.

(NH4)2CI’207—> Cro03+N5 + 4H,0

3. JIucrponopiuoHUpOBaHNE — aTOMBI OJTHOTO M TOTO K€ JIEMEHTA, COJCPIKAIINECs B OJTHOM
BEIIECTBE OJHOBPEMEHHO MOBBIMIAIOT M MOHMKAIOT CBOIO CTEMCHb OKUCIICHHUSI.
N3H;N*°03+ 0,— N*,07 + 2H,0

N3H4N"0;3+ 0,—N% +2H,0

4KCI™03 — 3KCI*'O,4 + KCI™*

JUJIs1 5JIEeMEHTOB TJIaBHBIX TIOJIPYIIIT BBICIIAS CTENIEHh OKUCIICHUS, KaK IIPABHUIIO, paBHA
HOMEpY TPYIIIbI, B KOTOPOM CTOSIT JAHHBIC DJIIEMEHTHI.

H25+604 _ S+6
HCI"'O, - CI'Y

Husmas cTerneHb OKUCICHHS paBHA PA3HOCTH MEKIY BOCEMbIO 1 HOMEPOM TPYIIITBICO
3HaKoM «MHHYC» (N H3-N'3; HgS-S’Z)

Ecnu aToMbI 11eMEHTOB B KAKOM-TTHOO COSTUHEHUH HaXOUTCS B POMEKYTOYHON
CTCTICHH OKUCJICHHSI, MEX/Ty HU3IIIMMH U BBICIIUMH, TO B 3aBUCUMOCTH OT YCJIOBUN PEAKITHH
JTaHHBIC BEMIECTBA MOTYT MPOSBIIATH KaK OKUCIIUTEIBHBIE, TAK H BOCCTAHOBHTEIBHBIC CBOMCTBA.
$**0; + Hy0, — H,5*°0,

+4—
S " "BoCcCTaHOBHTEIb
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2K,S? + K,S™03+ 6 HCl— 3S| +6KCl +3H,0
S?2-268° 2 2

SH+4e S 4| 4 1

S™ _ okuciurens

CrelneHnn OKUCIEHUS MOTYT UMCTb I[pO6HLIe 3HAYCHUA:
8 1
FesO4 — Fe (+§); NaO, - O (-E)
IlepmanranaromMerpus

CymHOCTh METO/Ia 3aKJTFOYACTCS B ONPEICTICHUN BOCCTAHOBHUTEIICH B pa3TUIHBIX
cpenax o 3atpadyeHHOMY 00beMy pactBopa KMnO, 1o u3BecTHOM KOHIIEHTpauu. TutpoBanue
naHHbIe TPoObI pacTBopoM KMNO4BeayT 10 NosiBIeHUs YCTOMYMBON PO30BOil Okpacku. Pacuer
COACPIKAHUA OKHCJIUTENEH B pacTBOPEC IO 3aKOHY 3KBUBAJICHTOB.
10Fe*?S0,4 + 2KMn*"0, + 8H,S0,— 5Fe*™5(S04); + 2Mn*2S0, + K,S0, + 8H,0
2Fe™?-2e — 2Fe*?| 2 5
Mn*+5¢ >Mn™ | 5 | 10| 2

Cre * Vee = Cmn* Vim

CMn'VMn
Cpp = Mo —Mn
Ve

ﬁOHOMeTpnﬂ

[Tpumensiercs nist ananu3a (OMpeeIeHUH 0OCTATOYHOTO XJI0pa NP 00e33apakuBaHUN
MUTHEBOU BOJIBI, OIIPEIeNIeHNEe KOHIIEHTPAIlMK PACTBOPOB MEPEKUCH BOJIOpoa). MeToa OCHOBaH
Ha 00pa30BaHKME MOJIEKYJISIPHOTO XJIOpa B peakIMIX HOIUA-UOHA ¢ OKucauTensiMu. C
MOCIEAYIOLUM TUTPOBAHHEM 00pa30BaBIIETOCs 0/1a paCTBOPOM THOCYIb(haTa HATpuUs
M3BECTHOM KOHUEHTpauu. [Tocine THTpoBaHus ONPENEIOT M0 UCYE3HOBEHUIO CUHEW OKPacKHu
pacTBOpa, KOTOPYIO BbI3bIBAET KpaxMmall (MHAUKATOP) B IPUCYTCTBUH y.
2KI™ + Hy0™?, + HaS04 — 1Y + K80, + 2H,07
21-2e > 1, 2 1
20+ 2¢ 2072 | 2 2 1

I, + NayS;03 — 2Nal + NayS40g (TeTpaTron HaTpus)

Bonpocs! u 3a1a4n 1J1si CaMOCTOATEIbLHOTO KOHTpOJs [1,2]:
1. Onpenenute cTeNeHh OKUCIICHUS] MapraHiia B coequHeHusx: 1) Mn; 2) MnO; 3) KMnQy; 4)
KaMnOg.

2. Onpenenure CTENEHb OKUCIEHUs cephl B coenuuenusx: 1) S; 2) SOy; 3) H,SOg3; 4) AlLSs.
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3. Onpenenure cTeneHb OKUCIEHUS xpoma B coeaunenusx: 1) Cr; 2) Cr,03; 3) KoCr,07; 4)
K2CrOs.
4. YxaxuTe BeIIeCTBa, KOTOPbIEe MOTYT HPOSIBIATH TOJIBKO OKUcIuTeNnbHbIe cBoicTBa: 1) KClOy;
2) H,S; 3) PbOy; 4) K,Cr,05.
5. YkaxxuTe BeliecTBa, KOTOPbIe MOTYT MPOSIBIISTH TOJILKO BOCCTAHOBHUTEIbHBIE cBOicTBa: 1) Fe;
2) H3S; 3) HNOg; 4) K,Cr0y.
6. YKaxuTe HOMepa BeUIeCcTB, 00JIaAal0NX OKUCIUTEIbHO-BOCCTAHOBUTEILHON
nBoiictBeHHOCTRIO: 1) PbO,; 2) HNOy; 3) Al,S3; 4) S.
7. YKaXUTE peaKiliu, P MPOTEKAHNH KOTOPHIX a30T MPOSBIISIET OKUCIUTEIBHBIC CBOMCTBA: 1)
4NH; + 30, = 6H,0 + Ny; 2) As;03 + 2HNO;3; + H,0 = 2H3As0,4 + 2NO; 3) Br, + HNO, + H,0
= HNOj; + 2HBr; 4) 3PbS+ 8HNO; = 3S + 2NO + 3Pb(NOs3), + 4H,0.
8. YKaXuTe peakiiuu, Mpy MPOTECKaHUHU KOTOPHIX a30T MPOSIBIISIET BOCCTAHOBUTEIIbHBIC CBOMCTBA:
1) 4NH; + 30, = 6H,0 + Ny; 2) As,03 + 2HNO3 + H,0 = 2H3AsO,4 + 2NO; 3) Br, + HNO, +
H,O = HNO;3 + 2HBr; 4) 3PbS + 8HNO; = 3S + 2NO + 3Pb(NO3); + 4H,0.
9. Onpezenure CTeIeHb OKHCICHNUs dIeMeHToB B noHax: 1)AIO" ; 2) PO,* '3) SO4% ; 4)S0,*
10. Kakuie u3 NpuBEICHHBIX HIKE PEAKIIHIA SBISIOTCS OKUCIUTEIbHO-BOCCTAHOBUTEIILHBIMU: 1)
H, + Br, = 2HBTr; 2) Zn + SnCl, = ZnCl; + Sn; 3) H,SO,4 + Ba(OH), = BaSO,4 + 2H,0; 4) NH3 +
HCI = NH,CI.
11. B kakux peakiusax KACIOPO/ BHIMOIHSET poiib BoccTanoBurens? 1) H,02 + HIOz; = 1, + H,0
+ Oy; 2) AgNO3 —Ag + NO, + 0O2; 3) Mg + O, = MgO; 4) Ag + H,S + O, = H,0 + Ag,S.
12. B KaKuX peakiusx KUCIOPO BhIMOHACT posib okuciaurens? 1) H,O, + HIO; = 1, + H,0 +
0O,; 2) AgNO3; —»Ag + NO; + Oy; 3) Mg + O, = MgO; 4) Ag + H,S + O, = H,0 + Ag.S.
13. Kakuie n3 OKHCIUTEIHHO-BOCCTAHOBUTEILHBIX PEAKIINIA SBISIFOTCS PEAKIUIMHU
BHYTPUMOJIEKYIIsIpHOTO OKKceHus-BocctanoBinerns? 1) (NH4),Cr,07 — Ny + Cr,03 + H,0;
2) KCIO3 — KC1+ Oy; 3) Ag + H,S + O, = H20 + Ag2S; 4) H, + Br, = 2HBr.
14. Kakue u3 peakuuil sBISIOTCS peakUUIMUA MEXMOJIEKYISIPHOrO OKUCICHUSI-BOCCTAHOBIICHUS?
1) (NH4)2Cr,07 — N2+ Cr,03 + H,0; 2) KCIO3 — KCl1 + Oy;
3) Ag + HzS + 0z = H,0 + AgsS; 4) H, + Br, = 2HBr.
15. Kakue u3 peakiuii sSBISIOTCS peaKIUsIMU JUCTIPOTIOPIIHOHUPOBAHMS?
1) 4H3PO3 = 3 H3PO4 + PH3; 2) 31, + 6KOH = K103 + 5KI + 3H,0 3) Mg + O, = MgO;
4) Ag + H,S + O, = H,0 + Ag,S.
16. YkaxuTe HOHBI, KOTOPBIE MOTYT BBICTYIATh B POJIM BOCCTAHOBUTENEH B OKHCIUTENHHO-
BOCCTAHOBUTEILHBIX peakiusx: 1) Ag'; 2) Al 3) CI'; 4) Br.
17. Kakuie 13 HOHOB MOTYT OBITh  OKHUCITUTESIMH, U BoccTanoBuTemsimu? 1)MnQO, ; 2)NO3” ;
2)S0,%; 3)S05*
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18. Kakoit k03 HUIIMEHT JOJDKEH CTOSTh TIEpel MOJICKYJION aMMyaKka B ypaBHCHUH

NHs + O, = H,0O + N,y?

19. Kakoit k03 PumueHT J0KEeH CTOSTh Mepel MOJISKYJION a30THON KUCIOThI B YpaBHEHUU
AS,03 + HNO3; + H,0O = H3As0,4 + NO?

20. Kakoit ko3h(HUIMEHT T0JDKEH CTOSTh Nepea MaruueM B ypaBHeHnn Mg + HNO3 =

Mg(N03)2 + N,O + H,O?

Mertoaudueckue PEKOMCHAAIN COCTaBUIIN:

B.A. KonoaskHblif — AOLEHT OTACICHUS] OMOTEXHOJIOTUN, KAaHIUIAT XMMHUYECKUX HAYK;

O.A. AHaHbeBa — JIOIICHT OT/IEJICHHs OMOTEXHOJIOTUH, KAaHAUAT XUMUYECKIX HaAYK.

Penensenr:

T.E. JlapuueBa - 1OUEHT OTAENECHUsI OMOTEXHOJIOTUI, KaHIUAAT XUMUYECKUX HAYK, JOLEHT.
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MUHUCTEPCTBO HAVKHU U BBICIIETO OBPA3SOBAHUSA POCCUNMCKOU ®EJEPAIINU
®EJIEPAJIBHOE I'OCY IAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE YUPEX/IEHUE BBICILEEI'O OBPA3OBAHHUS

«HanmoHnanbHBIN KCcCclieq0BaTEeNbCKUH sSAepHbId YHUBEpcUTET «MUDN»

OOHMHCKMV MHCTUTYT aTOMHOV 3HepPreTUKM -

dwman deneparbHOTO TOCyIapCTBEHHOTO aBTOHOMHOTO 00pa30BaTeIbHOIO YUPEeXXIeHVIS BBICIIIETO 00pasoBaHs
«HaryoHasIbHbIN MccTIeoBaTe IbCKU SaepHbI yHVBepcuTeT «MUDV»

(IATD HUSTY MU®U)

OnobpeHo Ha 3acejaHuun
VYuenoro cosera UATO HUAY MUDU
[Ipotokon ot 24.04.2023 Ne 23.4

METOANYECKUE PEKOMEHJIALIUAU
10 OPraHU3ANUU CAMOCTOSATEIHLHOU PadOTHI
JJIsl BBINIOJIHEHHUS JIA00PATOPHBIX padoT

XumMusa

Ha3zeaHue duct;unﬂunbz

JJIs1 HAIIPpaBJICHUSA ITOATOTOBKHU

22.03.01 MartepuaJjioBe/ieHHEe U TEXHOJOTHH MAaTEPHAJIOB

Hlugp, nazsanue cneyuarbHOCmMu/Hanpagienus NOO20MosKu

oOpa3oBarenpHas mporpamma

MarepuaJjibl GOTOHUKH

Hlughp, nazeanue cneyuanuzayuu/npoghuns

dopma 00ydeHUs: OUHAS
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Kypc «Xumun» coOnpoBOKAAETCS MPAKTUYECKHMMM JIaOOPAaTOPHBIMU  3aHATHIMH,

OCHOBHAsl 1I€JIb KOTOPBIX 3aKpEIUICHUE TEOPETUYECKUX 3HAHUM, a TakXKe I0JIyueHue
NPAaKTUYECKUX HABBIKOB IPHU BBIMOJIHEHUH JTAOOPATOPHBIX paboT (0OpaleHn ¢ XMMUYECKHUMU
BEIIeCTBaMM, NMpUOOpaMu M XMMHUYECKOH anmapatypoil). Opranuszanus J1abopaTopHbIX paldoT
IPOBOJUTCS TakuM 00pa3oM, 4YTOOBI CTYAEHTbl HAy4YMIMCh CaMOCTOATENBHO pellaTh
IIOCTABJICHHBIE  33JaYyd  IYTEM I[POBEACHUS  HKCIEPUMEHTAJIbHBIX  HCCIEJOBaHUM U
KBAJTM(HUIUPOBAHHON 00paOOTKOM MOTyYEHHBIX PE3yJIbTaTOB.
Kypc BBINTOJIHEHUS 1a00paTOPHBIX pabot HauMHaeTcs 3aHATUEM 1o
O3HAKOMJIGHHIO C TEXHUKOH Oe3onmacHoctd. HeoOxoaumoe [iisi BBINOJHEHMS 3a/1aHUS
obopymoBanue BbIaet nabopanT. Tekynmii KOHTPOJIb Ha 1a00paTOPHBIX paboTax MPOBOIUTCS B
BUJIE YCTHBIX OIPOCOB, IO HUTOTaM JIA0OpaTOpHBIX paboT odopmisieTcss MUChbMEHHas paborta
(otuet). OneHuBaeTcss XoJ JIAOOPAaTOPHBIX pabOT, AOCTUTHYThbIE pE3yJbTaThl, O(OpMIIEHUE
cornacHo ['OCT, cBOeBpeMEHHOCTb CpOKa CIIauH.

I[Ipu  npoxoxneHuun  1a0OpaTOPHOTO  IPAKTHUKyMa  CTyAEHTaM  Ipeajiaraercs
paborate B ManbpIX Tpymnmax: ydeOHas Tpymma pa3OuBaeTcss Ha HECKOJIBKO HEOOIBIINX
rpynn — no 2-3 yenoseka. Kaxxmas rpynma BbIONHSET 3ajaHue (Ja0OpaTOpHbBIE ONBITHI) U3
1a00paTOpPHOTro IPaKTUKyMa. ITponecc BBIITOJIHEHUS 1a00paTOPHBIX OIIBITOB
OCYIIIECTBIISIETCS. HAa OCHOBE OOMEHa MHEHUH M BbIOOpa ONTHUMAJIBHOIO IIYTH pELIEHUS.
Ha  ocHoBaHMM  MONy4YEeHHBIX  JaHHBIX IO  BCEM  ONBITaM  KaXAbIH  CTYAEHT
3aloJIHAeT CBOM  JIaOOpaTOpHBIM  JKypHaJ, TJleé 3amUChIBAaeT  pe3yJbTaThl  ONBITOB,
HaOJIOZIEHUs, COCTAaBJIIET YypPaBHEHMS peaklUil XMMHUYECKHX MPOIECCOB, €CIH HYXHO
IPOU3BOJUT  COOTBETCTBYIOIIME  pacuyeTbl W  pe3ylbTaThl  MPEACTaBISeT B  BUJE
rpaduueckoil 3aBUCUMOCTH.

Ha coOecenoBanuu c mpernojaBaTeneM CTYAGHT MpeAcTaBiseT 0(OpMIIEHHBIN
OTYET MO JaHHOH JsaboparopHOi paboTe W OTBEYaeT Ha BOIPOCH IpenojaBaTes,
CBA3aHHBIE C METOJMKOW paboThl, pe3ynbTaraMu U BblBoAaMu. [lo psagy pabor
IpelycMaTpUBAETCs IPUMEHEHNE METO/1A «3aIUThI».

I'pynnoBas pabora B XUMHUYECKOW JabOpaTOpUM CTUMYJIHPYET COIJIACOBaHHOE
B3aMMOJEHCTBUE MEXAY CTYyAE€HTaMH, OTHOLIEHUS B3aUMHOW  OTBETCTBEHHOCTH U
corpynHudectsa. Ilpu QopmupoBaHuum Tpynm y4MTHIBAaeTCSl JBa IpPU3HAKa: CTEMEHb
XUMHUYECKON MOJAITOTOBJIIEHHOCTH CTYJECHTOB u XapakTtep MEXJIMYHOCTHBIX
OTHOWIEHWH. B psne ciaydaeB cTyaeHTaM caMHM Mpeajaraer pa3OuThCsl Ha TPYIIIBL,
COCTaB KOTOPBIX BIIOCJIEACTBUM MOYKET KOPPEKTUpPOBATbCS s IOBBILIEHUS KauecTBa

paboTHI.
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B nmabGopatopHOoM  mpakTUKyM€  MpH  BBIIOJHEHUM  OTICJIBHBIX  OIBITOB
UCTIONB3YeTCsT  METOJ  NpoOJeMHOro  oOydeHHWs: CTyJEHT T[OJlydyaeT 3aJaHhe  Ha
XUMHUYECKHHA TPOIECC, METOAUKY KOTOPOrO0 OH JOJDKCH IM0J00paTh CaMOCTOSTEIHHO,
00CyIUTh €€ ¢ MpernojaBaTesieM U 3aTeM MPUCTYIUTD K €ro BHIIOIHEHHUIO.

I'paduk nabopaTopubix padot npuseneH B PI1J] k nucuurmmne.

Bomnpocsl k 3amuTamM J1adopaToOpHBIX padoT:

OcHOBHBIE KJIaCChl HEOPTAHUYECKUX BEILECTB!
1. Oxcuzpl — onpenenenue, kiaaccupukanus, Nojay4yeHue, XMMUIecKue CBOICTBA.
O06s3aTenbHO TPUBOIUTH TPUMEPHI.
2. Kucnotsl — onpenenenue, knaccudukanus, moyrydeHIe, XMMUIeCKAE CBONCTBA.
O06s3arenbHO NPUBOIUTH IPUMEPBI.
3. OcHoBaHMs — onpeeneHue, KiaaccuuKarys, NojJy4eHne, XMMIUUeCcKUe CBOICTBA.
O0s13aTEIIbHO NPUBOAUTDH TPUMEPHI.
4. Counu — onpenienenue, kiaccuukanus, MorydeHIe, XUMUIECKAE CBOHCTBA.
O06s3arenbHO NPUBOIUTH IPUMEPBI.
S. OdopmiieHne oTyeTa U COCTABICHUE BBIBOJIOB.

XuUMHU4YECcKasi KHHETHKA!
1. Ompenenenuie CKOPOCTH XUMUYECKOM peaKkIny.

['oMoOreHHBIE U TETEPOreHHBIE PEAKIIUH.

ITpocTeie U CIIOKHBIE pEAKIIHN.

3aBUCHUMOCTb CKOPOCTH XMMHUYECKON PEAKIIMH OT TEMIIEPATYPHI.

[TpaBuiio Bant-I'odda. Temneparypublit ko3 puimeHt.

VYpaBHeHne AppeHuyca. DHEPrusi aKTUBALUU. AKTUBUPOBAHHBIN KOMILICKC.

SHGPFGTI/I‘ICCKaH AuarpaMma XUMHYECKOMN pCaKknuu.

O N o g B~ N

Karanus. Katanuzarop. Mexanusm karanusa.
9. OdopmiieHre 0TYETa U COCTABIICHUE BHIBOJIOB.

OO0BEMHBII XUMHUYECKUHA aHAINS:

1. MaccoBas 105151, MOJIsIpHasi KOHLIEHTpAIHsI.
2. Pemienue 3a1au Ha pacueT MacCOBOM J0JU, MOJIAPHON KOHIEHTPAIIUU PaCTBOPOB.
3. Pazb6asnenne pactBopoB. Pemenne 3aqad.

Bonoponnslii mokazarens:

1. DNEKTPONUT. DNEKTPOTUTHUECKAS TUCCOIHALHS.

2 Cnalpble ¥ CUITBbHBIC ANEKTPONUTHL. [IprMepsl.

3. CreneHpb 1 KOHCTAHTa JUCCOLMALIUH.

4 Juccounanus KucioT, OCHOBaHUM, cone. [Ipumepsl.
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5. 3akoH pa3dasieHuss OcBaiba.

6. HNonnoe npousBeieHUE BOJIBI.

7. pH, pOH.

8. Pacuet pH pacTBOpOB CHIIBHBIX U CJIA0BIX KHCIOT U OCHOBAHHU.
9. OdopmiieHre 0TYETa U COCTABIICHHE BBIBOJIOB.

Peakuuu nonHoro ooOmena:

1. Hanucanue peakuuii HOHHOTO OOMEHa.
2. Pemenue 3amau Ha 1P 1 pacTBOpUMOCTb.
3. Odopmienne oT4yeTa U COCTaBICHHUE BBHIBOJIOB.

I'mpponus cosend:

1. YMeTh nucath ypaBHEHHs TUAPOIN3a PA3INYHBIX COJICH.
2. PaccuurtsiBats pH pacTBOpOB comen.

3. [Iucatp ypaBHEHUs TUAPOIN32 MHOTOOCHOBHBIX COJIEH.
4, Odopmienue oTuera U COCTaBICHUE BHIBOIOB.

OKHCIUTEIIBEHO- BOCCTAHOBUTEIBHBIC pCaKkuun:

1. Kakue peakuuy Ha3pIBalOTCS OKHCIUTEILHO-BOCCTAHOBUTEIbHBIMHU.
2. Oxucnurenb, BOCCTAHOBUTEIIb.
3. YmeTsb paccTaBisATh K03()GUIHMEHTH METOJOM HOHHO-3JIEKTPOHHOTO OajaHca.

YMeTh paccuuThIBaTh 3/1¢ U 13MeHeHue [ 'uboca.
4. OdopmiteHne oTueTa U COCTaBlIEHHE BBHIBOJIOB.

XuMu4decKas TCPMOANHAMHKA

1. TepmoanHamuueckas cucrtema. THUIIbI CUCTEM.
2. TepMoanHaMuueckue napameTpbl, PyHKINU. OYHKIIMHU COCTOSHUS
3. Tepmoaunamudeckuii mporecc. OOpaTuMbIi, HEOOPATUMBIN TpoOLIECC.

PaBHOBeCHBIﬁ, HepaBHOBCCHHﬁ mnmpomnecc. CaMOHpOHSBOHBHLIﬁ mponecc.

4 BnyTtpenHss sHeprus.

5 Pabora, TemioTa.

6. IlepBblil 3aKOH TEPMOAVHAMUKH.

7 OHTanbnus.

8 3axoH ['ecca. CnencrBus u3 3akoHa ['ecca. Temnora oopazoBanus. Temnora
CrOpaHHs.

9. 3agaun Ha pacyeT TeIIOBbIX A(P(PEKTOB XMMUYECKHX PeaKIuil.

10.  OdopmiieHre 0TYETa U COCTABIICHHE BBIBOJIOB.

OCHOBBI 3JIEKTPOXUMUHU
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1.9nexTpon. JIBoitHOM ekTpudueckuit cioi. CTaHAapTHBIE JIEKTPOIHBIC TTOTCHIIHAIIHI.

CrangapTHBIN BOJOPOIHBIN TOTEHLIUAI.

2. TanbBanmyeckue n3yeMeHTbl. JnemeHT [anudnsa-Axoou. KoHueHTpanuoHHbIE

raJlbBAHUYECKUE DIIEMEHTHI.

3. Pacuer DJIC u A G raagpBaHUYECKHUX JIEMCHTOB.

4. OopmiieHue oT4eTa U COCTABICHUE BHIBOJIOB.
KomnekcHbie coenHeHUs

1. Ctpoenue KoMILIeKCHBIX coennHenuil. Kitaccuukaimsi KOMIJIEKCHBIX COSMHEHHI.

2. Xumuueckas CBA3b B KOMIUIEKCHBIX COCTUHEHUSX.

3. HowmenknaTypa KOMIUIEKCHBIX COCIMHEHUI.

4. Jluccoumarusi KOMIUIEKCHBIX COSIUHEHUH.

5. Pemenwne 3agau.

4. OdopmieHne oTyeTa U COCTaBICHUE BBIBOJIOB.
KomnounHaeie pacTBOpsI

1. Kaxkwue cuctembl Ha3bIBAIOTCS JUCTIEPCHBIMH.

2.  Knaccudukanus JUCTIEPCHBIX CUCTEM.

3. Komnmounnsie pactBopsl. [lomyuenue, onTu4eckre U 3MeKTPOKUHETHIECKHE

CBOMCTBA.

4.  CrpoeHHe MULIEIIBI.

5. YcToWumBOCTH qUCHEpPCHBIX cucteM. Koarynsius.

6. IIpaBuia KoarysmsIuH.

7.  OdopmieHre 0T4eTa U COCTABICHUE BHIBOJIOB.
Kputepun ouennBanus pe3yjibTaToB:
K BbmmonHeHHo nabopaTopHOi pabOTHI TOMYCKAIOTCS CTYIEHTHI, 3HAIOLIUE MpaBHUia TEXHUKU
0e30MacHOCTH U pa300paBIINe METOIUKY MPOBEACHUS OMBITOB. 3alIUTHI JJAOOPATOPHOU pPabOThHI
MPOBOJIUTCA TPU HAIMYUU OTYeTa (C KpPAaTKUM OINMMCAHWEM METOJIUKH TPOBEJICHUS OIIBITOB,
YpaBHEHUSMH PEAKIINi, HAOTIOIEHUSIMH, BBIBOJIAMH ).
[Tpuem nabGopaTopHBIX paboT- cobeceqoBaHue, MPeIyCMATPUBAIOIIEE CAMOCTOSTENILHBIN OTBET
CTyJIeHTa B CBOOOAHOW ¢opMe Ha MOCTaBICHHbIE BOMPOCHL. B KadecTBe BOMPOCOB MOTYT
WCIIOJIB30BAaThCS  BOTMPOCHI, BXOMSAIIME, Kak B IUIaH JICKIMOHHBIX 3aHATHH, TaKk U
chopMynupoBaHHBIE TMpENOAABATEIEM JIOMOJHHUTEIBHO B COOTBETCTBUHM C TEMAaTUKOU
71ab0paTOpHBIX PabOT W/ UK TeMaMHU, TPETYCMOTPEHHBIMH JIJIS1 CAMOCTOATEILHOTO U3YUCHHUS.
Bpewmst mpuema naboparopHoii paboTel — He 6osee 10 MuH Ha paboTy.

B) OmnrcaHue NIKaabl OIICHUBAHUS:
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CymMma GamioB 3a Bce JrabopatopHbie padoThl — 30 6aminoB (OIEeHUBAETCS: JNOMYCK K padore,
BBINOJIHEHHE Pa0OTHI, B TOM YHKCIIE COCTABICHHE OTUETA, 3aIIUTa pabOTHI).

bamn 30 — ecnu cTyzneHT cMOT MPOJEMOHCTPUPOBATh TIyOOKOE W MPOYHOE YCBOCHHE 3HAHUMN
IPOrpaMMHOTO MaTepuala, MOXeT paboTaTh CaMOCTOSTEIHHO;

bamn 24-29 - npoaeMOHCTPUPOBATH TOCTATOYHO MOJTHOE 3HaHHE MPOTrPaMMHOTO MaTepHana, pH
BBINOJIHEHHUE MTPAKTUYECKHX 33/1a4 He00X0AMMa HeOOIbINasi KOHCYIbTAIHS;

bann 18- 24 nponemoHcTpupoBath oO0IIee 3HAHHE U3y4aeMOIo Marepuania, MpU BBHIIOJHEHUU

MMPAKTUYCCKUX 3a1a4 Tpe6yeT OCHOBATCIIBHBIX KOHCYJ'IBTaHI/Iﬁ M 00s13aTEJIBHOTO IIpucMoTpa.

OO0uue TpeGOBaHMS MO TEXHUKE 0€30MIACHOCTH
1.1 Hacrosimue TpeboBaHus 00s13aTeIbHBI 17151 UCTIOJIHEHHS B XUMHUYECKOM J1abopaTopuH.
1.2 K pabote B 1abopaTopuu IOMYCKAIOTCS YYaIUECs, MPOLIEANINE HHCTPYKTAXK MO0 TEXHUKE
0e30MacHOCTH.
1.3. PabGorath B J1abopaTOpUu pa3perraeTcs TOIbKO B XajaTax ¢ JJTMHHBIMU PYKaBaMHU.
JUTMHHBIE BOJIOCHI IOJDKHBI OBITh aKKYpaTHO OJOOpaHBI.
1.4 B nabopatopuu 3anpeuiaercs NpuHIMATh MUY U HATUTKH.
1.5 3anpeniaercs paboTath B 1abOpaTopuu B OTCYTCTBHUE MPENOIaBaTeNsl UK J1abopaHTa, a
TaKXe BBIMOJHATH B JIAOOPATOPHH SKCIIEPUMEHTATIbHBIE Pa0OTHI, HE CBSI3aHHBIE C BHIITOJTHECHHEM
y4eOHOTr0 3a/1aHHS.
1.6 Bo Bpems paGoThl B 1a00paTOpUK HEOOXOIMMO COOJIIOIaTh YUCTOTY, TUIINHY U TTOPSJIOK.
[Tpu Bcex paboTax ¢ XUMHUKaTaMH COOJII0IaTh MAaKCUMATbHYIO OCTOPOXKHOCTh, TIOMHS, YTO
HEaKKypaTHOCTh, HEBHUMATEIIbHOCTh, HEJJOCTATOYHOE 3HAKOMCTBO C MMPHUOOpaMH U CBOWCTBAMH
BEIIECTB MOT'YT MOBJI€Yb 32 COOON HECUACTHBIN CiIydail.
1.7 Bce mporieaypsl IpH BBITIOIHEHUU padOTHl (OTMEPUBAHUE PEAKTUBOB, UX MEpeUBaHuE,
HarpeBaHue u T. J1.) JOJKHBI TPOU3BOIUTHCS TOJBKO Ha CBOEM pabodyeM MecTe WU MO/ TATOH.
1.8 3anpemaercs MoAKIIIOYATh HEU3BECTHBIE TPHOOPHI K JIAOOPATOPHBIM PO3ETKA
1.9 3anpemaercs TIepeHOCUTH BKIIFOYSHHBIE TPHOOPHI.
1.10 Bce Bonpochl 10 BBINOJHEHUIO IKCIIEPUMEHTA, BO3HUKAOIIME B Npolecce padoThl,
cjelyeT HeMe/lUIEHHO BbISICHUTH Yy NpenoiaBareJis.
1.11 3anpeniaercs NpoBOIUTH OMBITHI, HE HA3HAYEHHBIE MPENOIaBaTEIEM, BHOCUTh U BBIHOCUTD
13 jaboparopu Jt00bIe BEMIECTBA U IPHOOPHI O€3 pa3pereHus mperno1aBaTers.
1.12 XuMudeckue peakiiuy HaJJIeKHUT BBITIOIHATH C TAKUMH KOTMYECTBAMU U KOHIIEHTPAIUSIMHU
BEIIIECTB, B TAKUX MpHOOpax M Mocyze, Kak ykazaHo B onucanusax padot. Heo6xonumo

BHUMATCJIBHO MPOYCCTh HAAMNCh HAa OTUKETKE, IPCKIAC YEM B3ATh BEIICCTBO JJIsA OIbITA.
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1.13 Hukakue BemiecTBa B 1a00paTOpUU HEJIB3sI MPOOOBATh HAa BKYC, a TaKKe OpaTh pyKamHu.
Hioxartp kakue ObI TO HU OBLTO BEIIECTBA B 1TAOOPATOPHH HEOOXOAUMO C OCTOPOKHOCTHIO, HE
BJIbIXasl IIOJTHOW I'PYJIblO, @ HANpaBisisA K ceOe Mapbl WK ra3 ABH)KEHUEM PYKHU.

1.14 O60 Bcex Hemonaakax B pabote 000pya0BaHUs, BOJIOIPOBO/IA, JIEKTPOCETH U T. 1.
yuarngecst 00s13aHbl COOOIIUTD MPENOaBaTeli0. Y CTPaHATh HEUCIPABHOCTH CAMOCTOATEIBHO
3anpenaercs.

1.15 Tlpu nonyyeHnuu TpaBM (OpPE3bl, OKOTH U T. 11.), @ TAKXKE MPHU IJI0OXOM CAMOYYBCTBUU
HEO00XOIUMO HEMEJIEHHO COOOIIUTD MPErnoAaBaTelIio.

1.16 Heobxoaumo co0ir0AaTh OOJIBIIYI0 OCTOPOKHOCTD MPHU paboTe ¢ KUCIO0TaMU, IIeJI0YaMu
u 1p. Crnenyer ocTeperarbes oNalaHus yKa3aHHbIX PEaKTUBOB HA KOXKY (0XKOTH), OJIEXKIY
(pa3penaHue TKaHU) U BHYTPb OpraHu3Ma (OTpaBJICHUs).

1.17 HarpeBas ®UAKOCTb B TPOOMPKE UITH KOJIOE, COCY HAJIO JIEPKaTh JAepKATEIEM U CICAUTD
3a TeéM, 4TOOBI OTBEPCTHE OBLIO HAIIPABIEHO B CTOPOHY OT cebst U coceleit o padoTe.

1.18 Henb3s HaKIOHATHCA HaJ COCYJOM, B KOTOPOM KHUIIMT WJIM HAJMBACTCS KaKas-HUOYb
XKHUJIKOCTH (0COOCHHO €/1Kast), TaK KaK OpbI3rH MOTYT ITONIAcTh B Tja3a.

1.19 I'opsiueMy cTekily HaJI0 IaTh XOPOIIEHbKO OCTBITh, MPEXK/Ie YeM OpaTh €ro pyKaMu.
[TomuMTE, UTO TOpAYEE CTEKIIO MO BUY HUUYEM HE OTIUYAETCS OT XOJIOTHOTO.

1.20 Cocynsl ¢ BenecTBaMy WM pacTBOPaMU HEOOXOIUMO OpaTh OJTHOM PYKOU 33 TOPJIBIIIKO, a
JIpYroi CHU3Y MOAJIEPKUBATH 3a JTHO.

1.21 Ilpu nepenuBaHUM KHUJIKOCTEH HEOOXOIMMO MOJIB30BaThCsl BOPOHKOM, TOCTABICHHON B
KOJIBIIO IITaTUBA HaJl COCYAOM IPUEMHHUKOM.

1.22 HabupaTh B TUNETKY PaCTBOPBI XMMHUECKUX BEILECTB 0053amenbHo PESUHOBOU TpyILeH.
1.23 Heucnonb30BaHHBIE pEAKTUBBI HUKOT/IA HE TIOMEIIaliTe 00paTHO B TOT COCY/I, U3 KOTOPOTO
OHHU ObUTH B34THL. Henb3s onyckarh B cOCy/Ibl ¢ peaKTUBAMHM HUKAKUX JIPYTHUX BELIECTB WIIN
IpPeIMETOB, KPOME YHCTOIO IINAaTeNsl, KOTOPBIN Mpuiaraercs K 0aHke M CIyKUT AJIs1 HaOUpaHUs

N3 HEC CYXOT'0O pearcHra.

Mertoanueckue peKoOMeHAaMl COCTABUIIN:
B.A. KonoaskHbIN — TONEHT OT/ACICHUS OMOTEXHOJIOTHUI, KaHIUIaT XHMHUYECKUX HAYK;

O.A. AnanbeBa — JOLICHT OTACIICHUA 6HOTCXHOHOTHﬁ, KaHaAuaaT XUMHYCCKUX HaYK.

Penensenr:

T.E. JIapI/Iqua - JOLICHT OTACICHUS 6HOTCXHOHOTHﬁ, KaHaAuaaT XUMHYCCKUX HAYK, JOLCHT.

125



