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1 OcHOBHBIC NOHATHA ¥ 3AKOHBLI XUMUH

XHMHSI — 3TO HayKa O BEHIECTBAX U MX MPEBpAIICHUIX APYT B Apyra.

BemecTBo — 5T0 COBOKYIMHOCTH MOJIEKYJI, HMEIOIINX OJUHAKOBBIA KaueCTBEHHBIN U
KOJIMYECTBEHHBIN COCTaB U OJIMHAKOBOE CTpOEHUE. BeliecTBa cocTOAT U3 MOJIEKYJI.

MouJiekyJjia — Menpyaiilas yacTuIla BEIecTBa, 00J1a1aro1as BCeMU €ro XUMHUYECKUMU
CBOICTBaMH, MOJIEKYJIa COCTOUT U3 aTOMOB (/17151 6J1arOpOHBIX Ta30B MOHSITHUS ATOMbBI U
MOJIEKYJIbI paBHO3HAYHBI).

ATOM - XUMHUYECKH HEJeTUMast YacTUIIa, U3 AaTOMOB COCTOSIT MOJIEKYJIBL. ATOM -
AJIEKTPOHEUTpasIbHAs YaCTUIIA, COCTOSILAs U3 MTOJIOKUTEIBHO 3apSKEHHOTO SApa, BOKPYT
KOTOPOTO 110 CBOMM CTPOT'O ONpeAeNICHHBIM 3aKOHAM pacIipeieNieHbl OTPUIIATENILHO 3apsKEHHBIE
3ekTpoHbl. CyMMapHBIi 3aps/ 3IEKTPOHOB PAaBEH 3apsay Aapa.

Snpo aroma cOCTOUT U3 IPOTOHOB (P) U HEUTPOHOB (N), 001IEE HA3BAHUE KOTOPHIX —
HYKJIOHBI, IPOTOH HECET MOJIOKUTENIBHBIN 3apsl, HEUTPOH HE UMeEeT 3apsAaa. Macca NpOTOHOB U
HEHUTPOHOB MPAKTUYECKH PaBHA.

DnexTpoH (€7) HeceT OTpHUIATEeNbHBIN 3apsi, paBHBINA 3apsaay mpoToHa. Macca
anekTpoHa coctasisieT npumepHo 0,05% ot maccel ogHOr0 HYKJI0HA. TakuM 0Opazom,
MPAKTUYECKH BCSl Macca aToMa COCpPeIoTOUYEHa B €T0 sJIpe.

Yucno NpoTOHOB B aTOME PAaBHO 3aps/y SApa U Ha3bIBAETCS MOPSIKOBBIM (AaTOMHBIM)
HOMepoM — Z. Tak Kak aToM 3JIeKTPOHEUTPaJIeH, TO YHUCIIO 3JIEKTPOHOB PaBHO YHCIY POTOHOB
(TOpsIIKOBOMY HOMEPY).

MaccoBoe 4YHCJI0 — 3TO CyMMa IIPOTOHOB U HEUTPOHOB B A1pe. COOTBETCTBEHHO,
YHCII0 HEUTPOHOB PAaBHO PA3HOCTU MEXKAY MAaCCOBBIM YHCIIOM U MOPSIKOBBIM HOMEPOM

N=A-Z (1.1)

XUMHYECKHE CBOMCTBA aTOMOB OIPEACIISIOTCS UX DJIEKTPOHHBIM CTPOECHUEM (YUCIIOM
AJIEKTPOHOB), KOTOPOE PABHO MOPSIKOBOMY HOMEPY (3apsany siapa). CiiemoBaTebHO, BCE aTOMBI
C OZIMHAKOBBIM 3apsIJIOM s/Jpa B XUMHUYECKOM OTHOILIEHUH BEIYT ce0s MPaKTHUYECKU OJJMHAKOBO,
U pacCMaTPUBAIOTCS KaK aTOMBI OJTHOTO U TOTO YK€ XUMHUYECKOTO JIEMEHTA.

XHUMHYECKHIi 3JIEeMEHT — 3TO COBOKYITHOCTH aTOMOB C OJTMHAKOBBIM 3apsOM sifipa.
ATOMBI, IMEIOIITHE OJTMHAKOBBINA 3apsiji, MOTYT Pa3IudaThCsl MACCOBBIM YHCIIOM, UYTO CBSI3aHO C
Pa3IMYHBIM YHCJIOM HEUTPOHOB B UX sIIpax.

H30T0nbI — aTOMBI, UMEIOIINE OJJMHAKOBBIN 3apsi/l, HO pa3IMYHOE MAaCcCCOBOE YHCIIO.
H3oTonsl BOOOpOJa, MMCIOIINE NHANBUAYAJIbHOC HA3BAHUEC U CUMBOJIBI, TIPUBCICHBI B Ta6n1/1ue
1.1.

Tabnuma 1.1 M3otomber atomMa Bogopoaa



O6o3nauenne | 1H D T

Hassanue | IIporuit | [Jeitepunt | Tputuit

Cocras siipa In 1p+1n 1p+2n

1.1 AtomHas equauna Mmaccol (a.e.m.). Uucsao ABoraapo. MoJb

Macchl aToMOB 1 MoJeKy oueHb Manbl (10724-107%2 1). JIist npakTHYecKoro
OTOOpaXeHUsI 3TUX Macc 1EeIeco000pa3HO BBECTU CBOIO €AMHUILY U3MEPEHUs, KOTOpast
npuBoania Obl K yIOOHOH M MPUBBIYHOM IIKase. Tak Kak Macca aToMa cOCpeIoTOYEHa B €T0
AJIpe, COCTOSIIEM U3 MTPAKTUUECKH PABHBIX 10 MAacCe MPOTOHOB U HEUTPOHOB, TO JIOTUYHO 3a
€MHUILY MacChl aTOMOB MPUHATH MAcCy OJTHOTO HYKJIOHA.

VCIIOBUIINCH 3a €MHUITY MAcChl aTOMOB NPUHATH Maccy 1/12 m3ortomna yrnepona 2C,
HMMEIOIIETO CHMMETPUYHOE CTpOEHHUE sAzipa (6 TPOTOHOB U 6 HEUTPOHOB). DTY €AMHUILY Ha3BaIH
aTOMHOM enuHUIIeH Macchl (a.e.M.). OHa mpubIu3uTeNbHO paBHa Macce 1 HykiioHa. B aToii
IKaJIe MacChl aTOMOB OJIM3KH K 1I€JIOYUCIIEHHBIM 3HaueHusaM: He = 4; Al = 27; Rd = 226.

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

1,993-10723 ¢

m(laem)=—m(C)= =1,66-10"2*T (1.2)

Paccuurtaem uucio a.c.M., coacpikalieccs B It

- 60221023 (1.3)

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

[MonyueHHoe 4yncino HasbiBaeTcs YucaoM ABoraapo (Na), OHO MOKa3bIBACT, CKOJIBKO a.€.M.
COJIEP’KUTCS B OJTHOM I'PaMMe.

ATOMHas1 Macca — Macca aToMa, BEIPAKEHHAs! B aTOMHBIX €MHUI[AX MACCHI.

MouiekyJasipHasi Macca — Macca MOJIEKYJIbI, BRIPaKEHHAs B AaTOMHBIX €IMHMIIAX
Macchl, HAXOJAUTCA KaK CyMMa Macc BCEX aTOMOB, 00pa3yIolUX JaHHYIO MOJIEKYIY.
m (1 monexynvt HoSO4) =12 +32-1 + 164 = 98 a.e.m

Jlst mepexo/1a OT aTOMHBIX €IMHHI] MacChl K MPAKTUIECKH UCIIOJIB3YEeMOU B XUMHUH
enuHuIe — | T - BBEJIM MOPIMOHHBIN IMOJCYET BEMIECTBA, MPUYEM KaXK/ash MMOPIIHUS COJIEPKUT
9HCII0 ABOTaJIpO CTPYKTYPHBIX €IUHHUII (ATOMOB, MOJIEKYJI, HOHOB, 3JIEKTPOHOB). B 3TOM citydae
Macca Takou MOpIIMH, Ha3bIBaeMoil 1 MoIb, BRIpaKeHHAs B TpaMMax, Oy/IeT YUCICHHO paBHA
ATOMHOW HWJIM MOJICKYJIIPHON Macce, BRIPAKEHHBIX B ATOMHBIX €IMHUIIAX MACCHI.
M (1momb H2S04) = 98-1,66-10%4 x 6,022:1022 =98 r.

1 MoJIb — KOJTMYECTBO BEMIECTBa, cojiepkaiiee Na CTPYKTYpHBIX €TUHHII (ATOMOB,
MOJIEKYJI U TIp.)

Moasipuast macca (M) — macca 1 MoJib BeniecTBa, BEIpaKeHHAs B rpaMmax.Vv



KonuuectBo BemectBa (v) [Moib]: Macca BemiectBa (M) [r] u MosekyssipHas macca (M)

[r/MOTB] CBSI3aHBI COOTHOIIICHUEM:

vV=— (1.4)

M

1.2 OcHOBHBIE 3aKOHBI XUMHH
3aKoH MOCTOSTHCTBO COCTABA BEIECTBA - XMMHUYCCKH YHCTOE BEIIECTBO HE3aBUCHMO
OT c1oco0a CBOETO MOJYYCHHSI BCETIa UMEET IMOCTOSIHHBIM KaYeCTBEHHBIN M KOJIMYECTBEHHBIN
COCTaB.

BemiecTBa, nMeronye MOCTOSHHBINA COCTAaB Ha3bIBAIOTCS AAJbLTOHMABLI. B KaduecTBe
HCKIIFOYCHHS M3BECTHBI BEIIECTBA C IEPEMEHHBIM COCTaBOM- 0ePTOJLIH/BI (OKCUIBI, KapOUIbI,
HUTpUAbI 1 Tak panee). Hanpumep, TiOges — TiO1,33,

3aKoH cOXpaHeHHsI MACChI - Macca BEIIECTB, BCTYMUBIIUX B PEAKIIMIO, BCETJa paBHA
Macce NpPOIYyKTOB peakuuu. M3 3Toro ciienyer, 4To B X0J1€ XUMHUYECKOM PEAKIIMU aTOMBI HE
00pa3yroTcs ¥ He UCYE3al0T, OHU MEePEeXOIsAT U3 OJJHUX BELIeCTB B Apyrue. Ha sTom ocHOBaH
10100p KO3 PUIIMEHTOB B yPABHEHUSAX XUMUYECKUX PEAKIUI: UUCIO aTOMOB KaXKI0T0
9JIEMEHTA B JICBOH W MPABOM YaCTIX YpaBHEHUS JOHKHO OBITh PAaBHO.

3aK0H IKBUBAJIEHTOB- B XUMHUYECKHUX PEAKIIMAX BEIIECTBA PEarupyroT U 00pa3yroTcs B
KOJIMUECTBAX PaBHBIX IKBUBAJICHTOB (CKOJILKO HKBUBAJIEHTOB BEI[ECTBA H3PACX0/I0BAIOCH,
POBHO CTOJIBKO K€ DKBUBAJICHTOB JPYTOro BElecTBa 00pa30BaioCh WM U3PACX0I0BATIOCH).

XuMUYeCKU IKBUBAJIEHT (3KB) — KOJIMYECTBO BEIIECTBA, KOTOPOE B XOJI€ PEAKIIUH
MIPUCOEIUHSIET, 3aMENIaeT WK BHICBOOOKIaeT 1 MOJIb aTOMOB WJIM MOHOB BOJIOPO/IA.

Fe.O3+3 H, — 2Fe + 3H20

1 5xB FeO3 = 1/6- momub

JKBUBaJIeHTHAasA Macca (J) — Macca 0IHOrO SKBUBAJICHTA BELIECTBA, BEIPAKEHHAS B
rpamMmax.

UToO0BI paccuyuTaTh YHCIIO YKBUBAICHTOB, HEOOXOAMMO MacCy BEIECTBA pa3/IeIuTh Ha

€ro SKBUBAJICHTHYIO Maccy (D).

OnpeneanM 3KBHBATIEHTHYIO MacCy Pa3JIMYHBIX KJIACCOB COCIUHEHMIA.
1. Oxcuabl. MosipHYIO Maccy AEJST Ha YUCIIO aTOMOB 3JIEMEHTa, YMHOKEHHOE Ha UX

CTCIICHb OKHCJICHUA.
M 160
3(F6203) = >3 = e =27 I‘/BKB; f=1/6
Koadduunent, Ha KOTOPBIN HAI0O YMHOKUTH MOJISIPHYIO Maccy IpH pacueTe

SKBUBAJICHTHON Macchl, Ha3biBaeTcs (pakrop sxkBuBasieHTHOCTH (f).

4



2. Kucnotel. MonspHyto Maccy JeisT Ha YMCII0 aTOMOB BOZOPO/Ia, 3aMEIllaeMbIX B

MOJICKYJIC KUCJIOTHI B XO4€ PCAKIINH.

H,SO4 + NaOH — NaHSO4 + H20

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

H2SO4+ 2NaOH — NaxS04 + 2H,0

3 =%=92—8= 49 r/sks; f=1

3. OcHoBanus. MoJIpHYIO Maccy JeNAT Ha YUCIIO THAPOKCHIIBHBIX TPYI,
3aMEILAaEeMbIX B XO/J1€ PEAKLUU B MOJIEKYJIE OCHOBAHUMU.

Al(OH); + HCI — AI(OH).CI + H,0O
9 = =78r/oks; f=1

Al(OH)s + 3HCI —AICls + 3H,0

3=2-726 r/3kB; f=1/6

3

4, Comn. MOHﬂpHYIO MaccCy ACJIAT Ha MPOU3BEACHUEC Y1 CJIa aTOMOB MCTAJIJIOB,

YMHO)KSHHHﬁ Ha uX CTCIICHb OKUCJICHUA.

3(Al,(S0,)) = % =322 = 57 /38 ; f=1/6

2 6
5. TIpocrtsie BemecTBa. MOJSPHYIO MacCy JEJIST Ha MPOM3BEICHHUE YUCIIa aTOMOB B
MOJICKYJIC IPOCTOTO BCIICCTBA, YMHOKCHHYIO Ha UX CTCIICHb OKUCJICHUS B IIPOAYKTC PCAKIIUH.
N2 + 3H2 — 2NH3
M 28
3(N2) = >3 = o =47 I‘/BKB; f=1/6

2

N2 + O2 — 2NO

ANy =-=22= 7——; f=1/4

22
B OKHCIUTCIBbHO-BOCCTAHOBUTCIIBHBIX peaKuHst 1101 S KBUBAJICHTOM BECIIICCTBA
INOHUMAIKOT TaKO€ €10 KOJIHNYCCTBO, KOTOpOC OTHacT UJIIn HpI/ICOC,Z[I/IHSIeT 1 MOJIb 3J‘IeKTp0HOB.
HpI/I pacque BKBI/IBaﬂeHTHOﬁ MaACChl BOCCTAHOBHUTCIISI U OKHUCIIUTCIIA UX MOJBIpHYI()
Maccy JCJIUTH HAa YHUCJIO OTAAHHBIX UJIN HpI/IH}ITLIX 3J‘IeKTp0HOB.
2Fe® + 3Cl° — 2Fe®*Cly
Feo - 3¢ — Fed* 2
Cly +2e — 2CI 3

I(Fe) = % = 53—6 = 19 r/aks; f=1/3

3(Cl,) = % =21 = 35,5 r/sxs; f=1/2

2



I'azoBbIE 3aKOHBI
3akon /laabToHa — 00IIee TaBJICHUE CMECH Ta30B PAaBHO CYMME IMapIUATbHBIX

JIABJICHU BCEX KOMIIOHEHTOB Ia30BOM CMECH.
P=3p;=pi+p2t...0n, (1.6)]
rJie Pi — napuyaibHOe JaBJICHUE I-TOTO0 KOMIIOHEHTA ra30BOM CMECH.

3akoH ABorajapo- paBHbie 00bEMbI Pa3IMUHBIX T'a30B MIPU OJJUHAKOBBIX YCIOBUIX
COJIepKaT OJJMHAKOBOE YUCIIO MOJIEKYIL.

CaeacrBusi U3 3aK0Ha ABOrajpo:
1)1 Mo mr0060T0 Ta3a npu HopMaabHBIX yeroBusax (P =1 arm = 101325 [Ta = 760 Mmm.pT.CcT; t =
0° C, 273K) 3anumaer o6bem 22,4 nutpa.
2)O0beM, KOTOPBIH 3aHMMAET 1 MOJIb ra3a, Ha3bIBACTCSI MOJIIPHBIM 00beMoM (V).
3Hast 00beM Ta3a (CMeCH T'a30B) U MOJISIPHBIN 00BhEM MPH TAHHBIX YCIOBHUSX, JIETKO PACCUUTATh

KOJIMUECTBO ra3a (B ra30BOM CMecH).

v=— (1.7)

" Vm
YpaBuenue MenpaeineeBa-KiianeiipoHna - ¢BSA3bIBacT KOJIMYECTBO I'a3a ¢ yCIOBUSIMH MPU

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

rae p — nasienue, Ila
V — o6beM, M°
M — Macca, KT
M — monsipHas macc, KI/MoJib
T —remneparypa, K
va — KOJIMYeCTBO Ta3a, MOJIb
R — ra3oBas nocrostuHas, 8,31 Jx/mMoinb-K

OTHocUTEIbHAS JIOTHOCTH OJTHOT'0 T'a3a MOAPYroMy - OTHOIICHHE MOJIIPHOW MacChI
ra3a K MOJIIPHOW Macce rasa, BRIOPaHHOTO B KAYECTBE CTaHIapTa, IOKA3bIBACT, BO CKOJIBKO pa3
JTAHHBIN Ta3 TsDKETee IPYyroro rasa.

M;

Dcp == M_c-r (19)

rae Mi, M¢r — COOTBETCTBEHHO MOJISIPHBIE MAaCChl HCCIIEyeMOro Ta3a U raza, BRIOPAaHHOTO B
KayecTBE CTaHJapTa.
1.3 Cnoco0bI BhIpakeHUs COCTABA BelleCTBA

1. Maccosasi 10Jis1 ((0) — OTHOIIIEHHE MAcChI i-TOTO (M;) BEIIeCTBA K Macce BCei cmecH (Mmy).
L
W= (1.10)



2. Mousipaasi(MoJIbHast) 10151 (€) — OTHOIICHUE KOJMYECTBA JAaHHOTO BenlecTBa (V;) K

CYMMapHOMY KOJIMYECTBY BCEX BEIIECTB B CMecH (V).

&= (1.11)

Vy

BonbmmHCTBO BCex XMMHUECKUX 3JIEMEHTOB B IMIPUPO/IE IIPEICTABICHO B BUJIE CMECH Pa3IuYHBIX
M30TONOB. 3HAast U30TOIHBIN COCTaB XUMHUUYECKOTO 3JIEMEHTA, BEIPAYKEHHBIN B MOJISIPHBIX JIOJISIX,
PacCUYHMTHIBAIOT CPEIHEB3BEIICHHOE 3HAYaHUE aTOMHOM MacChl ATOTO 3JIEMEHTa, KOTOPOE U
npuUBOAUTCS B ieproanyeckoi Tadbmuue [{.1. MenneneeBa. UIMEHHO B MOJISIPHBIX JOJISX JTaHA
pacrpoCTpaHeHHOCTh U30TOMNOB B IIpupoje. CpeaHee 3HaUCHHE aTOMHON Macca XUMHUYECKOTO
3JIEeMEHTa, PUBEICHHBIE B TIepuoanueckon tadbmnuie .M. MenaeneeBa, pacCUUTHIBAETCS IO
dbopmye:

A(B) =2A;-®&; = A - ®,+A, - &, ... TA, - &, (1.12)
IIpumep: paccunTaTh aTOMHYIO Maccy XJIopa IO €ro U30TOIMMHOMY COCTaBY, €CIIU U3BECTHBI
mousipHast 1ot >°Cl -77,5%,a 3'Cl - 22,5%.
Pemecune:
A(Cl)=35+0,775+37 0,225 =35,45 a.e.m.

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

_ Y
0= (1.13)
X
Jlns ra3oB MossipHas 1 00beMHas! 10JIM YUCIEHHO PaBHBI.
Vi ViV, vi
=0 YilVm Vi g (1.14)

E T vy T VeV s i
CocraB ra3oBbIX CMECEH, KaK MPaBHIIO, 1a€TCSI B O0BEMHBIX JOJISX.
3Hasi COCTaB ra30BON CMECH, JIETKO PacCUUTATh €€ CPEIHIOI0 MOJISIPHYIO Maccy.
Mrascmecn = 2Mi - by = My - g + My - po+... + My - @y (1.15)
IIpumep : paccuuTaTh MOJISIPHYIO Maccy BO3/yXa IO €ro U3BECTHOMY COCTaBY, €CJIM U3BECTHO
g10 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 1J1sl CaMOCTOSAITEILHOTO KOHTpoJIs [1,2]:
1. Onpenenure Maccy (T) KUCIOpoia, 00beM KOTOpPOTo (H. y.) cocTaBiser 44,8 1.
2. Onpexnenute KOJIXYECTBO MOJIb XJI0pa, 00bEM KOTOPOTO MpH H. y. cocTaiser 11,2 .
3. Macca obpasna kapOoonara kanpius pagHa 10 r. Onpeaenute KoJIndecTBO MOJIb dTOHM COJIH. .
4. OTHOCHUTENBHAS TUIOTHOCTh T'a3000pa3HOro OKCHJIa a30Ta 10 BoJIopoay paBHa 15. Onpenenure

MOJISIPHYIO Maccy okcupa (I/MoJb).



5.0THOCUTENBHAS TUIOTHOCTH T'a3a M0 KUCIOPOAY paBHA 2. BEIYMCINTE €ro mIOTHOCTH 10
BOJIOPOLY.

6. O6bem ammuaka npu temrepatype T = 100 °C u gaBnenun p = 200 klla cocrasnsier 62 .
Beruncnure maccy ammuaka (r).

7. Kakyro maccy (1) mmerot 1,55-10% monexyn H20?

8. Kakoe KOIMuecTBO BElEeCTBA (MOIIb) COCTaBIAIOT 6,02-10% Momexyn?

9. Paccuuraiite Maccy atoma 30J10Ta (T).

10. B xakoMm U3 KPUCTAJUIOTUIPATOB MAcCOBast 10Jis BOAbI, MPUXOsmiasics Ha 1 Mosib 6€3BOHON
comu, 6ompmie? a) NazSOsx10H20; 6) CrClz x 6H20; B) CuSO4 X 5H20.

11. MonsipHast Macca KakuxX U3 MPUBEICHHBIX HIDKe BeniecTB onuHakoBa: CaCOs, CuS, HzPOy,
AuCls; NaBr, H,S0O4?

12. Macca raza oosemom 10 11 (H. y.) paBHa 0,89 r. KakoBa oTHOCUTeNIbHAs MOJIEKYJISIpHAs Macca
3TOro rasza’?

13. Kakoe kom4ecTBO BeliecTBa (MOJIb) XJI0pa COACPKUTCS B ra3000pa3HOM XJI0pe 00beMOM 3
1 npu temneparype T = 27 °C u nanenuu p = 300 xIla?

14. KakoBa temnepatypa (K) B cocyne oobemom 7 11, conepxkaiem meran CHa maccoit 24 r mof
napienueM p = 50,5 klla?

15. Kakue u3 HuXe NepeunciIeHHbIX ra30B JIerdye Bo3yxa: a30T, KUCIopo, PTop, aMMHUaK?

16. Kakoit 00bem 3aHuMaroT npu H. y. 100 mosb mro6oro raza?

17. Uemy paBHa OTHOCHUTEIbHASI MOJIEKYJISIpHAsI Macca Trasa, eciu 2,8 J1 3TOro rasza mpu H. y.
UMEIOT Maccy 4 r?

18. CkoJIbKO MOJIEKYIN COAepKUT 1 J1 mo0oro ra3a npu H. y.?

19. B xakoMm o0beme (1) aproHa coAepKHUTCS CTOJIBKO e aTOMOB, CKOJIbKO B 11,2 11 Bomopozaa?
20. DKBUBAJICHTHBIE MACChI KAKUX BEIIECTB PABHBI X OTHOCUTEILHBIM MOJIEKYJISIPHBIM MaccaM:
HCI; CaClz; NaHCO3; HC104?

21. KakoB (haktop 3kBUBaJIEHTHOCTH opTodocopHoit kuciaoThl B peakuuu: H3PO4 + 3KOH =
K3POs + 3H20?

22. Onpenenure GhakTop YKBUBAIEHTHOCTU NIEpMaHTaHaTa Kallusi U CEpOBOJIOPO/Ia B
OKHCIUTENbHO-BOCCTaHOBUTENbHON peakiun: KMnOg + H2S + H2SO4 = MnSO4 + S + K2SO4 +
H-0.

23. Metamt maccoii 6 T 1py B3aUMOJIEVCTBUM C KACIOTON BBITECHHWII BO10opo 1 Maccoit 0,5 T.
Onpenennute YKBUBAJIEHTHYIO MacCy MeTaa.

24.]1na cropanus MeTaiia Maccoit 4 T Tpedyercs kuciaopo  oobemoM 2,24 11 (H. y.). Beruucnure

OKBHUBAJICHTHYIO MacCCy Me€TaJljia.



25. Ha HelTpanu3anuio KUciIoThl Maccol 2,45 T u3pacxoaoBain pacTBOp, CoAepKamuii 5,6 T

TUAPOKCHU A KaJIHA. OnpeneJmTe OKBHUBAJICHTHYIO MAaCCy KHUCJIOTHI.

2 Dnekmponnoe cmpoenue amoma

B aTome, ¢ TOUKM 3peHUs] KBAHTOBOW MEXaHUKH, IEKTPOH pacCMaTPHUBACTCS
OJIHOBPEMEHHO U Kak 4yacTula (o0iagaer Maccoil, sHeprue, 3apsa0M) U Kak BoJiHA (SBJICHUE
JU(PPaKLUK), TO €CTh, JIEKTPOH MPOSABISET KOPIYCKYJIAPHO- BOJTHOBOM Jyannu3M.

Op6uTanbp — 001acTh OKOJIOSIIEPHOTO TPOCTPAHCTBA, B KOTOPOW Hanbosee BEPOSITHO
HaXOXKJeHue 31eKTpoHa (6onee 90 mporeHToB). B 310l ob6nacTu Kak OBl «pa3Maszany 3apsi
3JIEKTPOHA.

I'maBHOI XapaKTEPUCTUKOM JIEKTPOHA B aTOME SIBJISIETCS €10 SHEPIrus. DJIEKTPOHBI C
NpUOJIM3UTENEHO OIMHAKOBOM SHEPTHEH pacIoaraloTcsi MpUOIU3UTEIHFHO Ha OTHOM
paccTosiHuH OT siipa, 00pas3ys TaK Ha3bIBACMbIi IHEPreTHYeCKUil YpoBeHb WIN 3JIeKTPOHHbII
CJIOH.

B npenenax olHOro HEPreTUYECKOro YpOBHs 3J€KTPOHbBI HE3HAUUTEIBHO, HO MOTYT
pa3nuyaTbes O YHEPTHH, PACTIONArasch Ha Pa3IMYHbIX YHEPTeTUUYECKUX MTOTyPOBHSX.

CocrostHHE AIIEKTPOHA B aTOME OMUCHIBACTCS TaK Ha3bIBAEMBIM BOJTHOBBIM ypaBHEHHEM
HIpénunrepa, pemeHueM KOTOporo sABisieTcst BoiaHoBas GpyHkuus — W(rcu), kBaapar KOTOpoi
(¥?dV) 1 ecTh BEPOATHOCTH HAXOKICHHUS HIEKTPOHA B HJIEMEHTapHOM 06beme- dV.

Bonnosas ¢pynkuus (V) moxer 6bITh 0TOOpaXk€HO HAOOPOM U3 TPEX LENbIX YUCEI
(n,I,m)), Ha3pIBaEMBIX KBAHTOBBIMH YHCJIAMH.

I'1aBHOe KBaHTOBOE YN CJI0(N) MPUHUMACT [IEIOYHUCIICHHBIC 3HAUYCHHUS OT | /10
6eckoHeuHocTH. OmpeiensseT OCHOBHOM 3arac 3HEepriH JIEKTPOHA, TOKa3bIBAET HA KAKOM
HHEPTEeTUYECKOM YPOBHE, CUUTASI OT Apa HAXOIUTCS IIEKTPOH.

OpoutanbHoe (M0604YHOE) KBaHTOBOE YucI0 (1) 3aBUCHT OT n, NpUHUMAET 3HAYCHHUS
ot 0 710 (n -1) BKIIOYUTENHHO, TOKA3bIBAET Ha KAKOM I10lypOBHE HAXOJUTCS 3JEKTPOH,
orpezenser GopMy aTOMHON opOuTanu. YucIoBbIM 3HAUEHHUAM | ITOCTaBIIEHBI B COOTBETCTBHE
OykBeHHbIEe 0003HaueHus (Taou. 2.1)

Tabnuma 2.1 ®opma 1 YncI0 aTOMHBIX opOuTanei

YuciieHHOE 3HAYEHUE 0 1 2 3

BbykBeHHOE 0003HAUCHHE S p d f




dopma opburtanu

O CrnoxHas

UYwuco opOuTasneit Ha moypoBHE

MakcuMaIbHOE YHCIIO OJICKTPOHOB Ha

MOIypOBHE 2 6 10 14

3HeKTp0HHO€ CTPOCHUC aTOMOB BCCX U3BCCTHBIX HA CGFOZ[HSIIHHI/Iﬁ JCHb XUMHNYCCKUX
3JIEMEHTOB TOJIHOCTHIO OIMKCHIBACTCS IPUBEICHHBIMU YETHIPHMSI THIIAMH OpOUTAlICH: S-, P-, d- 1
f-. . DeKTpOHbI, HAXOAIIUECS Ha S-TIOAYPOBHE, HA3bIBACTCS S-3JIEKTPOHAMH, HA P-IIOIyPOBHE
—p-2JIEKTPOHAMHU M TaK Jiajee

MarHuTHoe KBAaHTOBO€ YHCJI0 (M) 3aBUCUT OT |, MprHUMASs 110U CIICHHBIC
3HayeHus ot-,.., 0,..., +|. OTpakaeT B3auMHYyIO OpHEHTAIIMIO OpOUTAICH Ha MOyPOBHE
OTHOCHUTEINBHO JIpYT Ipyra.Uucno 3HaueHuid m| paBHO YKCIIO OpOUTaelt Ha MoaypoBHE (Ta0ml.
2.1).

I[J'Ifl IMMOJIHOT'O OIIMCAaHHA BJICKTPOHA B aTOMC HOTpe6OBaJ'IOCI) BBCCTHU YETBCPTOC
1
KBAHTOBOEC YHCJIO - Ms- CMUMHOBOE, KOTOPOC MPUHUMACT TOJIBKO ABAa 3HAYCHM A + E .B

YIIPOLIEHHOM (popMe MOXKHO cKa3aTbh, 4YTO Ms OTPAXKAET BO3MOKHOCTb BPAILICHHSI AJIEKTPOHA,

BOKPYT CBOEH OCH KaK I10 YaCOBOW, TaK M MPOTUB YaCOBOU CTPEJIKH.

Habop 13 ueTbipex KBaHTOBBIX UMCEI SBJSETCS MOJTHONW XapaKTEPUCTUKON IEKTPOHA B aTOME.
2.1 PacnipenesieHue 3JIEKTPOHOB 10 MOAYPOBHSAM H YPOBHSAM

Pacrnipenienenne a1eKTpOHOB B aTOME OCHOBBIBAETCSl HA KBAHTOBBIX YHCIAX U
CJIEIYIOIINX MpaBUiiaxX: MPUHIUI MUHUMaIbHOU sHeprun, npuHuun [laynu, npaBuno XyHna u
npaBuio KieukoBckoro.

1. IlpuHIMII MUHMMAJIBHOM YHEPTUM- SJIEKTPOHBI B ATOME PACIPENEISAIOTCS 110
MOYpPOBHSIM B MOPSIKE BO3PACTAHUS JHEPTUU aTOMHBIX OpOUTaIIeH.

2. lIpunnun 3anpera [layaun- B aToMe He MOXKET OBITH ABYX AJIEKTPOHOB C YETHIPHMSI
OJINHAKOBBIMH KBaHTOBBIMU unciaamu. ClieJoBaTeIbHO, HAa OJTHOM aTOMHON OpOUTAIN HE MOXKET
OBITH OOJIEE IBYX AJIEKTPOHOB.

3. lIpaBuio XyHaa- B pesienax 0JHOIO IOypOBHS 3JIEKTPOHBI PacIOIaratoTcs 1o
opOUTaISIM TaKUM 00pa3oM, 4TOOBI UX CyMMapHBIH criuH OblT MakcuMaiieH. ClieoBaTeNbHO, B
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npeaciax OaHOTro MOAYPOBHS SJICKTPOHBI CHaYaIa pacCriojiararoTcsd rnmo OJHoMy, 1 TOJIbKO 3aTEM B

OpOUTAIISAX MOSBISAETCS 10 BTOPOMY JIEKTPOHY.

v [ EE -2

4. lIpaBuiio KineukoBcKOro -3yieKTpOHbBI IO aTOMHBIM OPOUTAJISIM pacloiaraloTcs B
HOPSIIKE BO3PACTAHUS CYMMBI TJIaBHOTO M OpOMTAILHOTO KBAaHTOBBIX uncen (n+l); B Tom ciydae,
KOI/ia ISl Pa3jIuvHbIX MOIyPOBHEH 3Ta CyMMa OJIMHAKOBA, TO 3JIEKTPOH 3aIO0JIHAET MOJAYPOBEHb

C MCHbBIIIUM 3HAa4YCHUEM 1.

2.2 DueKkTpoHHbIe (opMYyIIbI MEPBBIX YeThIpeX epHOI0B

PacnpenenceHue 37eKTPOHOB B aTOME IO MOIYPOBHSIM OTOOpaXKaeTcs B BUC
ANEKTPOHHBIX opMy - (OykBeHHO-IIM(POBas), MO0 B paclpeaeeHUH M0 KBAHTOBBIM
siaeiikaM, Kax/1as U3 KOTOPhIX N300paxaeT opOuTalib. B siaeifkax 37eKTPOHBI IPEICTABIISIIOT B

BUJIEC CTPEJIOYEK, €CJIM B OJTHON OpOUTAIH 2 AJIEKTPOHA, TO CTPEIOYKH - Pa3HOHAIIPABJICHBI.
1H 15t ﬁ]
AN
1 — HOMep PHEPreTHUEcKOro ypoBHs

2 — IOJTypOBEHB
3 — KOJIMYECTBO 3JIEKTPOHOB Ha BHEIIHEM 3HEPreTUYECKOM YPOBHE

2He 1s? |ﬂ| - IEPBBII SHEPTeTUUECKHI YPOBEHbD 3aBEpIICH
sLi 1s%2s!
4Be 15725
5B 1s22s22pt
10Ne 1s22s%2p° - BTOPOM HEPreTUYECKU YPOBEHb 3aBEPILIEH
11Na1s22s?2p®3st

JUnist ynpoIeHus 3JeKTPOHHBIX (POPMYIT 3aBEpILIEHHbIE SJHEPTeTUUECKHE YPOBHU
MPEJICTaBIISIIOT B BUE CUMBOJIA MTPEILIECTBYIONIEr0 OJIaropoIHOTO rasa.

11Na[Ne] 3s?, 12Mg[Ne] 3s?, 13AI[Ne] 3s23p’,..., 1sAr [Ne] 3s23p°

[Tocsie aproHa ciieayroIIMe SIEKTPOHBI MOT'YT 3aMOIHATh Kak 3d-, Tak U 4S- MOypOBEHb,
MOPSIIOK 3aII0JIHEHUS OTipeieliieM 1o npaBuiy KieukoBckoro.

e

3d / \43

n+1=3+2=5 n+1=4+0 = 4s

11



10K [Ar] 4st
20Ca [Ar] 4s?

[Tocne xanbLysi, HaYMHASL CO CKAaHAMS, B COOTBETCTBUU C NpaBUIoM KiI€4KOBCKOro HaYMHAET
3amoNHATECs 30-10AyPOBEHB, KOTOPBII 3aBepIacTCs y IIMHKA; 3aTeM HJCT 3aIlloJHeHHe 4p-
OAYPOBH:, 3aBCPIIAIOILCTOCSA Y KPUIITOHA.

e
n+l=3+2=5 n+l=4+1 = 3d
21SC [Ar] 4s23dt ............ 30Zn [Ar] 4s23d*°

31Ga [Ar] 4s23d%%4p?..... .. 36Kr [Ar] 4s23d1%4p°

HauGornee ycToitunBoii aBaseTcs KoHGUrypanus 6aaropoassix razos (ns?np®), mo
JOCTH>KEHUH KOTOPOH SHEPTreTHUECKUI YPOBEHb CUMTACTCS 3aBEPIICHHBIM.

JlJ1st 57IEMEHTOB, y KOTOPBIX Ha d-TIOJypOBHE TOJKHO OBITH 4 WK 9 3JIEKTPOHOB, UMEET
MECTO TaK Ha3bIBAEMBIN «IIPOBAID SJIEKTPOHA: OJIMH U3 AJIIEKTPOHOB C BBILIEIEHKAIIETO S-
MOJIypOBHS, IEPEXOUT Ha HIKeNexalui d-moaypoBeHb. DTO CBA3aHO C TEM, YTO HAMOJIOBUHY
WM TIOJTHOCTBIO 3aIOJIHEHHBIN d-TIOAYpOBEHb SHEPreTHYEeCKH OoJiee BBIrOIeH (oArpymna
Xpoma u MeqH). Y Bosb(pama TpoBall JIEKTPOHA OTCYTCBYET, 3TO CBSI3aHO C TEM, YTO MEKIY

6s- u 5 d- MMOAYPOBHAMH pacrojaracTcs rnoJIHOCTbIO 3amOJIHECHHEBIN 4f- MoAYypOBCHb.

cotanates  FUREURNE] B e EUREVEEY D

2.311epuoanueckuii 3aK0H 1 nepuoanyeckas radbuuna /.. MenneneeBa

Ilepuonnuecknii 3aK0H — CBOICTBA 3JIEMEHTOB, a TAKXKE CBOICTBA U (POPMBI UX
COCTMHEHU I HaXOJSTCS B MEPUOANYECKON 3aBUCUMOCTH OT 3apsija siiep 2JIEMEHTOB (OT
aTOMHBIX Macc B (hopmynupoBke MenaeneeBa). OToOpakeHHEeM IMITUPUIECKOTO 3aKOHA
aBIsieTCs mepuoanueckas tabmuna J[.1. Menneneesa.

B nepuoaudeckoii Tabmulie Bce SIEMEHTHI CTPYIITUPOBAHbBI B TOPU30HTAIBHEIE PSIBI —
MIEPUOJIBI M BEPTUKAIBHBIE CTONOIBI — rpynibl. PaznuyaioT n18e GOpPMBI IEPHUOANIECCKOM
TaOIUIBI — JITMHHYIO M KOPOTKYI0. B mnmmHHONIEpHOIHON (hopMe Kaxabli IepUO/I MPEACTaBICH
B OJIMH PsiJI, @ KaXKJ1asi MOJTPYIa — BbIAeNIeHa B OTAENbHbIN cTonben. Hemocratok —
OTCYTCTBHE KOMIAKTHOCTH U HATJIAITHOCTH, TPYAHO BBIJCIUTH OTJEIbHBIE SJIEMEHT.

Bbonee mmpoko ucnosb3yercst KOpoTkasi popma u3-3a CBOeH HarsaHOCTH. HemocTtaTok —
3JIEMEHTHI TJIaBHBIX U MOOOYHBIX MOATPYII 00bEIMHEHBI B O/IHY TPYIIY, JUTMHHbIE IEPUO/IBI

MNpEaACTaBJICHUC B ABA psaa, IpHU 3TOM OTACIBHO BHIHCCCHBI f-3eMeHTEI.

12



B nepuoanueckoii Tabmure JI.M. MeHnneneeBa pa3audaroT epBbIe TPH KOPOTKUX
NepHUoa, COIePIKAIINX COOTBETCTBEHHO 2-8-8 21eMEeHTOB; U ueThipe NuHHBIX: IV 1V mo 18
aneMeHToB, B VI — 32 anementa, VII — He 3aBepiuén. Kaxplil nepro HaUMHAETCS LEIT0YHBIM
METAJUIOM U 3aBeplIaeTcs 6JaropoHbIM Ia30M, TO €CTh B IEPUO/IaX CBOICTBA 3JIEMEHTOB C
POCTOM MOPSIIKOBOTO HOMEPA U3MEHSIETC OT TUIIMYHOI'O MeTaljla 10 THIIMYHOro HeMmeTtaia .B
rpymnmnax Beiensiercss A- u B- moarpynmsl (TiaaBable U oOouyHbIe).B A-moarpymnmax
pacnonaraercs S- u p-dJIeMeHThI, B B- moarpynmax — d- u f-3eMeHThI.

PaccMoTpuM cTpoeHne BHENIHETO (BaJICHTHOT0) SHEPTeTHUECKOr0 YPOBHSI 3JIEMEHTOB

OJIHOU TTOATPYIIIIHI.

Li 2st ... Ti 3d%4s? ... N 2s22p° ... Ne  2s22p®
Na 3t ... Zn 4d%s®... P 3s23p® ...  Ar  3s23p®
K 4st . Hf  5d%s? ...  Ar  4s%4p® ... Kr  4s%4pb

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

Kaxk BUIHO, y 2JIEMEHTOB OJJHOM MOAIPYIIIBI OJUHAKOBOE AIEKTPOHHOE CTPOCHHE
BHEIIIHET0 YHEPreTUYECKOr0 YPOBHS (JUIsl JIEMEHTOB A-IIOATPYIIII 3TO COOJIIOJAETCS CTPOrO, AT
B-noarpynn Bo3MO>KHbI OTKJIOHEHUS).

BeiBoA: meprogu4eckoe NOBTOPEHUE CTPOEHUS BHEIIHETO YHEPTETUYECKOIO YPOBHS
00yClIaBIUBaET MEPUOINYECKOE TOBTOPEHNE XUMUYECKUX CBOICTB 3JIEMEHTOB.

Homep nepruona, B KOTOpOM CTOUT 3JIEMEHT, ITOKA3bIBAET YUCIIO YHEPTETUYECKHUX
YPOBHEU B €T0 aTOME; IS SJIEMEHTOB IJIaBHBIX IIOATPYIII ITOKA3bIBAECT YUCIIO DJIEKTPOHOB HA

BHCIIHCM DHCPIC€TUYCCKOM YPOBHE.

2.4 TlepnoauyecKue CBONCTBA 3JIeMEHTOB
DHeprus (morennuan) nonuzamuu (1) — sHeprus, KOTOPY HEOOXOJUMO 3aTPATHTH
JUI OTPBIBA 3JIEKTPOHA OT aTOMa, IIPU ITOM 00pa3yeTcs MONOKUTEIbHO 3apsKeHHBIH HOH. B
MEPHOIax C pOCTOM MOPSAKOBOIO HOMEpPA BO3PACTAET MPUTSKEHUE BHEIIHETO 3JIEKTPOHA K
APy, ¥ TOTEHIMAI HOHM3AIMU YBEeJIMYUBaeTcsa. B rpynmnax ¢ poctoM nopsiKoBoro Homepa
MOTEHIMAJl MOHU3AIUN YMEHBILAECTCS U3-3a YBEIUYCHUS PAJIAyCa aTOMOB.

CponctBo K d1ekTpony(E) — sHeprus, KoTopas BBIACISIETCS MPHU IPUCOSTUHEHUH
AIIEKTPOHA K aTOMY, IIpU 3TOM 00pa3yeTcs OTpULIaTENbHO 3apsHKEHHbIN HOH. MakcUMalbHBIM
CPEICTBOM K 3JIEKTPOHY 00J1a/1at0T Taj0reHbl, KUCIOpoa U cepa. HanMmeHbmmuM ynciom

2

9JICKTPOHOB 06Jla,Z[aIOT QJICMCHTHI C BHCKTpOHHOﬁ KOH(I)HpraHHCﬁ BHCIIHCTO YPOBHA NS™ U

0JIarOpPOTHBIX Ta30B (KaNbIUil, MATHUI, HEOH U TaK Jaliee).
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DuiekTpooTpUUATENbHOCTD (I0) — CTOCOOHOCTH ATOMOB MPUTATUBATH K ceOe
AEKTPOHbI. KOJIMYECTBEHHO 3IEKTPOOTPHUIATEIIBHOCTD XapaKTEPUIYETCs OJYCYMMOW SHEPTUH

VMOHU3ALMH U CPOJICTBA K JIEKTPOHY.
30 =~ (I +E) (2.1)

Bornee 4acTo MCHOIB3YIOT MOHATHE OTHOCUTEIBHOW 3JICKTPOOTPULIATEIBHOCTH.
DJEeKTPOOTPUIIATEIILHOCTD JIEMEHTOB CPABHUBAIOT C 3JICKTPOOTPHULIATEIIBHOCTHIO JIUTHUS, YbC
3HA4YCHUE MPUHSITO 32 SAUHMITLY. B 3TOil 1IK0JIe MAKCUMATBHYIO 3JIEKTPOOTPUIATEIEHOCTh UMEET
drop (4,0), kucnopon (3,5), azot (3,0). HaumeHbI11€i 37€KTPOOTPUIIATETHFHOCTHIO 00J1a1aI0T
IIEJI0YHbIC U IIEI0YHO3eMEeNIbHbIe MeTaslIbl (cpeanee 3nadenue — 0,8-1,0).

B neproax ¢ pocToM mopsaKOBOro HOMepa JIEKTPOOTPHUIIATEILHOCTD BO3PACTacT, B
rpymnmax yObIBaer.

Paamyc aTomMa — 1moJioBUHA MEXbSJICPHOTO PACCTOSIHUS MEKIY COCEITHUMH aTOMaMu
JUISl BELIECTB B KPHUCTAIUTMYECKOM COCTOSTHHH.

B niepuoie ¢ pocToM HOPSIIKOBOrO HOMEpa pajinyC YMEHBIIACTCS, a B TPYIIIaX —
YBEINYHBACTCS.

Bonpocs! 1 3a1a4u IJ1si CaMOCTOATEILHOIr0 KoutTpoJs [1,2]:
1.2nextponHas hopmymna atoma 1s22s22p°3s23p%. OnpenenuTe sneMeHT U Bce BO3MOKHBIE
BAJICHTHOCTH.
2. Jlnst anementa ¢ opmyioii 1s22s22p83s23pP4s? onpenenute aToMHBIH HOMED.
3. Jlyist aTOMa ¢ IEeKTPOHHOM (hOpMyIIoii BHEITHHUX 3IeKTPOHOB ykaxuTe 4s230d1%4p? onpenenuts
YHCJI0 HECTIAPEHHBIX 3JICKTPOHOB B OCHOBHOM COCTOSIHUM aToMa.
4. DnextporHas Gopmyna atoma 1s22522p83s23p°. VkakuTe BEICIIYIO BAIEHTHOCTB HIEMEHTA.
5. DnekTpoHHas popmya atoMa 1522522p®3s23pP4s?. VkaxkuTe uncio HecapeHHbIX JIEKTPOHOB
B OCHOBHOM COCTOSTHHH.
6. YkaxuTe 371eKTpoHHyI0 GopMyy atoma dropa. a)l1s?2s22pP; B)1s22522p?; 6) 1s225%2p%; 1)
1s%25%2p°3s2.
7. DnexTpoHHas popmyna atoma 1s22522p®3s23p®4s23d%4p*. YkakuTe BBICIIYIO BaIEHTHOCTD
JIIEMEHTA.
8. Jlyis psiia 4acTHIl YKaKUTE Te, U KOTOPBIX AJIEKTPOHHbBIE hopmMyiibl onuHakoBbl. a) ClI™, F,
Br ; B)Li*, Na*, K*; 6) Mg* ,F,Na ;) N, O, F.
9. VKaxkuTe, Kakue U3 yacTuI] uMeroT 23 asekTpona. a) F~; B) Na; 0) Al ; 1) Na™.
10. YKakuTe MOJNHYIO JIEKTPOHHYIO GOpPMYITy aToma 23V B OCHOBHOM COCTOSIHUH, pacrioiaras
opOuTanu (3HepreTUIEcKre NOAYPOBHU) B COOTBETCTBUY C yBEIMYeHHEM dHeprun. Onpeaenure

Ha6op YCTBIPEX KBAHTOBBIX YHUCECII AJIA IMOCIICAHECTO 3JICKTPOHA JaHHOI'O 3JICMCHTA.
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11. YkaxxuTte MoNHYI0 3JIEKTPOHHYIO (hOpMYITy aToMa 30Zn B OCHOBHOM COCTOSIHHH, pacroJiaras
opbuTanu (3HepreTuyecKue NoAypOBHH) B COOTBETCTBUU C YBEJIMUEHUEM PACCTOSHUSA OT sJIpa.
Omnpenenute HaOOp YETHIPEX KBAHTOBBIX YHCEI JJIS TIOCJIEIHETO AIIEKTPOHA JAHHOTO 3JIEMEHTA.
12. Ykaxxute MoJHYIO 3JEKTPOHHYIO GopMyiTy aTroma 35Br B OCHOBHOM COCTOSIHMHM, pacrioyaras
opbuTanu (3HepreTudeckue MoAypOBHU) B COOTBETCTBUU C YBEIMUYECHUEM PACCTOSHUSA OT sJIpa.
Onpenenure Bce BO3MOKHBIE BAJIGHTHOCTU U CTEIIEHU OKUCIJIEHUS JAHHOIO DJIEMEHTA.

13. VkakuTe MOJNHYIO 3JIEKTPOHHYIO (OPMYITy aTOMa 34S€ B OCHOBHOM COCTOSHUH, pacriojiarast
opbuTanu (3HepreTudeckue MoAypoBHU) B COOTBETCTBUH C yBeIMYeHUEM sHepruu. Onpenenure
BCE BO3MOJKHBIE BAJICHTHOCTU U CTETIEHU OKUCIJICHUS JAHHOTO AJIEMEHTA.

14. YkaxxuTte MOJHYIO 3JIEKTPOHHYIO GopMyiTy aroma 15P B BO30OYKICHHOM COCTOSTHUH, U HOHA
P3*,

15. Ykaxurte noIHYI0 JIEKTPOHHYIO (OpMYTy aToMa B OCHOBHOM COCTOSTHUH, pacrosiaras
opbuTanu (3HepreTudeckre MoAypPOBHU) B COOTBETCTBUH C YBEIUYCHUEM PACCTOSHUSA OT A]Ipa,
€CJIN MOCIIEAHEMY JIEKTPOHY JIaHHOTO 3JIEMEHTAa COOTBETCTBYIOT CJIEAYIOINE KBAHTOBBIEC YHCIIA!
n=3;1=2; m=1; ms=—-%. Kakoii 310 351emeHT?

16. Ykaxxute MOIHYIO 3JEKTPOHHYIO (OPMYITy aToMa 16S BO BCEX BO3ZMOXKHBIX BO30YKICHHBIX
COCTOSTHUSIX.

17. OxucnureneM Uiy BOCCTAHOBUTENEM MOTYT ObITh aTOM oF 1 voH F~.

18. YkaxuTe Bce BO3MOKHBIE DJIEMEHTHI, OTPHUIIATEIbHBIE HOHBI KOTOPBIX BCTPEYAIOTCS B
XUMHUYECKHX COEAMHEHUSIX U UMEIOT CIEAYIOIIYIO 3JIEKTPOHHYIO KOH(DUTYypalnio:
1522522p%3s23p°.

19. PacnionoxwuTte cineayroiye opouTaiu (3HepreTuuecKrue NolypoBHH) B NMOPSIIKE BO3PACTAHUS
sHepruu: 3p, 3s, 3d, 4s, 4p. Mcnosib30BaHre KaKOTO MIPaBUIIa MO3BOJISIET MOATBEPAUTH TaHHYIO
MOCJIEI0BATEIBHOCTD?

20. Pacnionoxute criemyromie opouTaiu (3HepreTHuecKue Mo lypoBHN) B MOPSIKE BO3PACTAHUS
sHepruu: 4p, 4s, 4d, 5s, Sp. Micnonb3oBanre KakoTo MpaBuiIa MO3BOJISIET MOATBEPAUTH TaHHYIO

IIOCJIENOBATEILHOCTE?

3 Xumunueckas CcBA3b

Xumuyeckas CBsi3b — PazlINYHbIC B3aUMO/ICHCTBUS, 00YCIaBIUBAIOINE YCTOWYNBOE
CYILIECTBOBaHUE 2-X U MHOTOATOMHBIX MOJIEKYJI, HOHOB U pagukanoB. OCHOBHBIM MPU3HAKOM
00pa30oBaHUs XUMUYECKOW CBS3H SIBISIETCS MMOHIKEHUE SHEPTUH CUCTEMBI B CPABHEHUH C
SHEeprueil N30JMPOBAHHBIX YaCTHUII, U3 KOTOPBIX 00pa3yeTcs JaHHAs CTPYKTYypa.

EA
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o

Eo

Eo — min E, oTBeuaroras 3a 00pa3oBaHne XUMHUECKOW CBA3H;
I — paccTOsSIHUE MEXY JIpaMH, B3aUMOJICHCTBYIOIINX aTOMOB B MOJIEKYJIE.
B ocHoBe 00pa30BaHusl XUMHUYECKUX CBS3€H JIEKUT B3aUMOJICHCTBHE MOJIOKUTEIBHO
3apsOKEHHBIX 1€ OJHOIO aTOMA, a TAK)KE JIEKTPOHOB IPYT € APYTOM.
Bunsl xumMuueckoil CBA3U:
» KoBanentnas
» Uonnas
» Bopopoanas
» Merannnueckas
XapakTepUCTUKH CBA3EH:
JHeprus ¢BA3M — 3TO dHEPrus, HeoOXoauMast JUIsl pa3pbiBa cB3H. (K/[x/Mob)
JJIMHA CBSI3M — PACCTOSIHUE MEXAY SAPaMU B3aUMOECHCTBYIOIUX aTOMOB B
MOJIEKYJle, YeM MEHbIIIE JIJIMHA CBS3U, TEM OHA MPOYHee, TeM OOJIbIIIe ee SHEPTusl.
JI7151 KOBaJIEHTHOM CBS3M Ba)KHOW XapaKTEPUCTUKOM TaK e SABIISIOTCS HACBIIAEMOCTh —
MaKCHMaJIbHOE YHCIIO CBSI3€H, KOTOPOE MOXKET 00pa30BbIBaTh aTOM; HANIPABJIEHHOCTh —

B3aMMHOC pACIIOJIOKCHUC CBs3€H B MOJICKYJIC XapaKTCPU3YCTCA BAJICHTHBIM YIJTIOM.

180° H / ¥I
N

104°

KpaTHOCTL — YHUCJIO SJICKTPOHHBIX Iap, OTBETCTBCHHBIX 3a 06p330BaHI/Ie XHUMHYISCKOM
cBs3U. UeM BEIIIIE KpaTHOCTb, TCM MCHBIIC €€ JIJIMHA.

CH3-CH3s 0,154aMm
CH2=CH 0,134aMm
CH=CH 0,120uM
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IMoasipHOCTH CBSA3eil — mepepacnpeesieHue AIEKTPOHHON INIOTHOCTH B MOJIEKYJIE B
CTOPOHY aTOMOB C OOJIBIIEH AJIEKTPOOTPHILIATEIIEHOCTHIO.

[Tpu 06pa3oBaHUM KOBAJIEHTHBIX X MOHHBIX CBS3€H, KOH(MUTYpAIUs BHEITHUX
SHEpPreTHYEeCKUX YPOBHEH CTPEMHUTCS K KOH(DHTypalliu 61aropoaHbIX ra3os — NS2Np®, To ects Ha
BHEIIHEM SHEPreTH4ecKoM ypoBHe 8e.

KoBaneHTHYyI0 CBsI3b 0003HAYAIOT B BHJIE APl TOUEK, TUOO B COOTBETCTBHE K KaXKOM

nape CTaBAT YCPTOYKH.

H2 O N2
H:H 0::0 N:N
H-H 0=0 N=N

3.1 KoBajieHTHaA CBSI3b

KoBasienHTHasi ¢BAI3b — XUMHUECKas CBA3b, 00pa3oBaHHasl 0000IIEHHBIMU
AIIEKTPOHHBIMU MapaMu. [Ipu oOpa3zoBaHUM KOBAJIEHTHON CBSI3H BBIACISIOT 2 MEXaHU3Ma!
OOMEHHBII U JOHOPHO-aKIENTOPHBIN.

[To 00MeHHOMY MeXaHHM3MY, KXl U3 B3aUMOJICHCTBYIONINX aTOMOB
MIPEOCTABIISIET CBOM HECIIAPEHHBIE YJIEKTPOHBI JIJIs1 00pa30BaHus 0000IIEHHOMN JIEKTPOHHON
Mapkl.

Ho + -H—HH

Paccmotpum oOpazoBanue mounekyibl BeClo.

Be  2¢? |ﬂ| |:|:|:| +hv — Be |f| |ﬂ:|:|

‘e

s’ R R

ITpu oOpa3oBaHUM MOJIEKYJIBI Y aTOMa OepHIUIMS IPUHUMAeET yyactue 1s u 1p

AIIEKTPOHBI, OJJTHAKO 00€ B CBSI3U a0COJIFOTHO paBHOLIEHHBI (OJIMHAKOBBIE UIMHA, YJHEPTHsl ), UTO
00BsICHSICTCS THOpUIM3allel aTOMHBIX opOuTaieii Be npu oOpa3oBanuu mosekyss BeClo.

I'uGpuau3anms — mpolecc CMEIeHUs U BBIpaBHUBaHUA 10 (hopMe U SHEPTUN
aTOMHBIX OpOHUTAJIEH.

OF ©© 220D

1s + 1p 2sp
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B3aumHoe oTTankuBaHue sp-THOpUIN30BaHHBIX OpOUTaNIell MPUBOAUT K CTPOSHUIO MOJIEKYIIHI C
BAJICHTHBIM yriioM B 180 rpaaycos.

Paccmotpum crpoenne monekyisl BCla.

B 2s22p? |I| | |—>B |I |I| |
pU 33’ m}%] YT T - T

Cl
120° B|

CI/ \CI

IIpu o6pazosanuu Monekyins BCls opburanu aToma 6opa IpeTepreBaroT sp?
THOPUIU3AIIHIO.
B3auMHOE OTTaJIKHBAaHHUE SP>-THOPHIHBIX OpOUTAsIeil IPHBOIUT K IMIIOCKOMY CTPOEHHIO
monekyisl BCls BasienTHBIM yriioMm B 120 rpamycos.

Paccmotpum ctpoenue monekysbl metana CHa.
c ww  [EFD- fEIEE
[ & ]
\ Y
4N

B MOJICKYJIC ME€TaHa BAJICHTHBIC 0p6I/ITaJ'II/I yriiepoaa HaXoAATCA COCTOSIHUN Sp3 -

TUOpUIN3AIIH.
B3auMHOe OTTaNIKMBAHME SP°- THOPHIHBIX OpOUTANEH TIPHBOIUT K TETPAdIPHUECKOMY
MIPOCTPAHCTBEHHOMY CTPOSHUIO METaHa.

Taxum oOpazom, THI THOPUIU3AIIUNY ONIPEAETISIET MPOCTPAHCTBEHHOE CTPOCHHE

MOJICKYIJI: Sp — HHHeﬁHOC, sz — IINIOCKOCTHOC, Sp3 — TCTPadAPpHUICCKOC.

JIOHOPHO-aKIENTOPHBINA MEXAHU3M

B sTOM ciyyae oiuH U3 B3aMMOAEHUCTBYIOLIMX aTOMOB IIPEJOCTABIISIET CBOU
HETMO/EJICHHbIE AIEKTPOHHBIE MapbI(JI0HOP), KOTOPBIE Pa3MELIal0OTCA B CBOOOTHBIX OpOUTAIISIX
JIPyroro atoMa(akIenTop).

Paccmotpum o6pasoBanue nona ammonust NH4".
Vo ) EEEee E1EIE - e e

— NH4"
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B none NHa"™ Tpu cBsI3u 00pa3yroTcs o 0OMEHHOMY MEXaHM3MY U OJHA — I10
JIOHOPHO-AKI[ENTOPHOMY, OJHAKO BCE YETHIPE CBSA3M PABHOIICHHBI, YTO OOBSICHSICTCS
ruOpuM3aIueil BaleHTHBIX OpOMTasIel a30Ta, SP -THOPUIN3AINS, IPOCTPAHCTBEHHOE CTPOCHHE
HOHA-TETPAdIP.

JIOHOPHO-aKIENITOPHBIA MEXaHH3M 00pa30BaHMUsI KOBAJICHTHOM CBSI3HM UTPACT BAXKHYIO

pois ipu 00pa30BaHNE KOMITJIEKCHBIX COCTUHEHHM, B TOM YHCIIe U OMOKOMILIEKCOB.

[HoasipHOCTH KOBAJICEHTHOM CBSA3U

Ecnu monekyna o6pa3oBaHa arToMaMu OJHOT'O XUMHYECKOTO JIEMEHTa, TO 0000IIeHHBIE
AJICKTPOHHBIC TTAPhI HAXOUTCS CTPOTO 10 CEPEANHE MEXKIY SAPAMU B3aUMOICHCTBYIONUX
aTOMOB — KOBAJIEHTHAsI HEMOJISIPHAS CBSI3b.

Ecnu monekyna oOpa3oBaHa pa3HbIMH XUMUYECKUMU 3JIEMEHTaMH, TO 0000IIECHHbIE
AJICKTPOHHBIE TIAPhI, OTBETCTBEHHEIE 32 00Pa30BaHUE XMMHUYECKOH CBSI3M CMEIICHEI K aTOMY C
OOJIBIIICH AIEKTPOOTPHUIIATEITHFHOCTHIO; Ha ’TOM aTOME TIOSIBJISICTCS. YaCTUYHBIA OTPUIIATEIILHBIH
3apsif (-0), Ha APYrOM — YACTUYHBIHN MOJIOXKUTENbHBIN 3apsa/ (+0) — KOBaJeHTHAs MOJIsIpHAs
CBA3b.

[Tpornecc cMeneHns MIEKTPOHHBIX Map K 00JIee AIEKTPOOTPHLIATEIEHBIM aTOMY
Ha3bIBACTCS MOJIIPU3AIINEH, a IOJIPU30BaHHAS MOJIEKYJIa HAa3bIBACTCS IUTIONIEM, H300pakaeTcs

B BUJIC 3JUIMIICA C PA3BHOUMCHHO 3aps’KCHHBIMU ITOJIFOCaMU.
o *H-CI?

H6+/ \ H6+

G-CBSI3b — BAJICHTHBIC OpPOUTAIIN TIEPEKPHIBAIOTCS BAOJb JIMHUHU, COSAMHSIONMIEH
[EHTPHI B3aUMOJICHCTBYIOIINX aTOMOB, 00pa3yeTcs S- U pP- SJIEKTPOHAMHU.

T-CBSI3b — BAJICHTHBIC OPOUTAIH MTEPEKPHIBACTCS HAJl U MO JIMHUEH, COSTMHSIONIEH
IIEHTPBI aTOMOB; 0Opaszyercs p U d- AIeKTpoHaMH. XapaKTepHa It KpaTHBIX cBs3ei. HamHoTro

citabee curmMa-CcBsI3H.

BanenTHOCTH
BajeHTHOCTH — YHCIIO CBA3€EH, KOTOPBIMU JJAHHBI aTOM CBSI3aH B MOJIEKYJIE C
COCETHUMM aTOMaMHU.
PaccmoTpum Kakue BaT€eHTHOCTH MOTYT MPOSIBIATH aTOMBI (pTOpa U XJopa.

A

VY ¢ropa Ha BHENITHEM YPOBHE OTCYTCTBYIOT CBOOOJIHBIE OPOUTAIH, TOATOMY TIEPEXO]]
3JIEKTPOHOB HEBO3MOKEH. B atoMe (propa mmeeTcst e TMHCTBEHHBIN HECTTAPSHHBIN JIEKTPOH,
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y4acTBYIOHIMI B 00pa30BaHUU XMMUYECKOW CBA3M — BAJIEHTHOCTH (PTOpa BO BCEX COCTUHEHUSX
paBHa 1.

2915
cl 3% HEEEE

B aTome xyopa B oTiinume ot propa uMmeercs cBOOOAHbBIN d-1101ypOBEHb, HA KOTOPHIA B
BO30Y)KJICHHOM COCTOSIHHM BO3MOXEH IEPEXO0/ ICKTPOHOB C HUXKEIIEKAIIUX S- U P-
MOJIYPOBHEH, MPH 3TOM BO3MOXHOE YHCIIO HECIIAPCHHBIX AIEKTPOHOB B aTome xiopa 1; 3; 5; 7 u
COOTBETCTBYIOIIUE BAJICHTHOCTHA MOXET MPOSBIISITH XJIOP B CBOMX COCIMHEHHSIX.

H-O-CI - xsopHoaructas (1)
H-O-CI=O - xmopucras (I11)
H-O-CI(O), - xmopuosaras (V)
H-O-CI(O)s - xmopnas (V)

MakcumanbHasi BaJISCHTHOCTh HE MOKET IIPEBBINIATH YKCIIa OPOUTANICH Ha BHEIIIHEM
YPOBHE, IIOITOMY y a30Ta B COEJMHEHUAX MaKCMMallbHas BajeHTHOCTH paBHa 4(NH4*, HNO3 u
ee COJIn)

OmnpenenieHre BAJICHTHOCTH YIIIEpo/ia U KUCIOPO/a B yrapHOM rase.

e [ L]
0 2522p* ] ﬁ]ﬂﬂ] C=0
B MOHeKy.]'Ie CO JBC CBsA3U O6pa3OBaHBI 10 O6MeHHOMy MeXﬁHI/I3My, OoJHa — II0 I[OHOpHO'
aKIETITOPHOMY, TO €CTh BaJIEHTHOCTH U YIJIEPO/IA, U KUCIOPO/a PABHBI TPEM.

BI)IBO)I: MaKCuMaJIbHaAaA BAJICHTHOCTH OHpeI[eJ'IﬂeTCﬂ qUuCJIOM HeCHapeHHI)IX SHGKTpOHOB
(B TOM YHCIIe, B BO30YKICHHOM COCTOSTHHM) + YHCIIO CBsA3ei, 00pa30BaHHBIX MO JOHOPHO-

AKIICTITOPHOMY MEXAaHU3MY.

3.2 Uonunas cBA3b

XapakTepHa Ui CBA3€H MEKAy aTOMaMU TUITMYHBIX METAJIJIOB C TUITUYHBIMU
HeMeTaulaMi. MOoJKeT paccMaTpuBaThCs KaK YaCTHBINM CiIydail KOBaJIEHTHOW MOJIIPHOM CBS3H,
IIPU KOTOPOI 000OIIIEHHBIE YJIEKTPOHHBIE TIApbl, OTBETCTBEHHBIE 32 00Pa30BaHNE XUMUYECKON
CBSI3M NMPAKTUYECKH MOJHOCTHIO CMEIIEHBI K aTOMY HEMETaslla C BBICOKOM
AJIEKTPOOTPULIATENBHOCTEIO. [Ipy TakoM pacrpeeneHnu dJIEKTPUUECKUX 3apsI0B aTOM MeTalia
IIpeBpallacTCs B MOJIOKUTEIbHBIA HOH, AQaTOM HEMETaJljla — OTPULATENBHBIN HOH, IPH 3TOM
AIIEKTPOHHBIE KOHPUTYpaLiy 00pa30BaBIIMXCS HOHOB CTPEMSATCS K KOH(UTyparun
0J1aropoIHBIX Ta30B. XUMHUYECKasl CBsI3b, 00pa30BaHHAs 3@ CYET JIEKTPOCTATHUECKOTO

HAIPSKCHUSA Pa3HOMMCHHO 3aps’KCHHBIX NOHOB, HA3bIBACTCA MOHHOM.

Na- + Cl — Na:Cl — [Na'][CI]
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[Ne] 3s [Ne] 3s23p° [Ne][Ar]

Tak xak SHEprus MOHU3AINH, BCET/1a OOJIBIIIE YHEPTHH CPOJICTBA K DJICKTPOHY, TO
HUKOT/Ia HE MPOUCXO/IUT IOJIHOTO CMEIIEHUS SJIEKTPOHOB, MHBIMHU CIIOBAMH, B K&KIOH HOHHON
CBSI3U €CTh OIIPEICIICHHAs JI0JIsl KOBAJICHTHOCTH (B caMO MOHHOM coeauHeHun CsF cmenienne
AJIEKTPOHOB OT 11e3usl KO (PTOpy ocymiecTBisieTcs uirb Ha =~ 80 %).

OO0pazoBaBIuecs HOHBI CO3AI0T JIEKTPOCTATUIECKOE TI0JIe, UMetoIee CHEPUUECKYIO
cummMeTpuro. [1o3ToMy it HOHHOU CBSI3W HE XapaKTepHbI HM HACHIIIIEHHOCTh, HU
HAIPaBJICHHOCTh — 3apsHKCHHBIM HOH B3aUMOJICHCTBYET Cpa3y CO BCEMU OKPYKAIOIIMMU €T0
IMPOTHUBOUOHAMMU. 910 IMPUBOAUT K TOMY, YTO IJid BEHICCTB C HOHHOH CBSI3BIO B
KPHUCTATNIMYCCKOM COCTOAHUH HCIIPUMCHUMO IMOHATUC MOJICKYJIbI — BCIICCTBO CYHICCTBYCT KaK
enuHbIi kpuctaut. Ho Mosekysbl nonHbIX coeaunennit (Hanpumep, NaCl) cymectsyror B

razoBou (asze.

3.3 Bonopoanas cBsi3b

Bonopoanasi ¢BsA3b - XMMUYECKasl CBSA3b MEXY MOJIOKUTEIBHO MOISIPU30BAHHBIM
aTOMOM BOJIOPOJIa, i aTOMOM C BBICOKOH 3s1ekTpooTpunarensHoctbio (F,O,N).

O06pazoBaHue BOJIOPOAHOM CBSI3H 00YCIIOBJIEHO CIEAYIOIIUMHU ABYMsI (pakTOopamu:
1. Ilpu cMmemieHnu >JeKTpOHA y aTOMa BOJOPOJia K aTOMY C BBICOKOM
AJIEKTPOOTPHLIATEIbHOCTHIO BO3HUKAIOT PA3HOMMEHHBIE 3aps/ibl, YTO BBI3BIBAET
AIIEKTPOCTATUYECKOE MPUTHKEHHE B3aUMOICHCTBYIOIINX 3TUX aTOMOB;
2. Ilpu cMeleHnn 3JIeKTPOHA y aTOMa BOJOPOJA B 3HAYUTENIBHOM CTENIEHN BBICBOOOKIAETCS
opOuTanb, B KOTOPOH YaCTUYHO pa3MeIlaeTcs 0JlHa U3 HEIOJIeIEHHBIX AIEKTPOHHBIX Map aToMa
C BBICOKOH 3JIEKTPOOTPULIATEILHOCTBIO, TO €CTh BOZHUKAET MPo0o0Opa3 KOBAJEHTHOW CBSA3U O
JIOHOPHO-aKIENTOPHOMY MEXaHU3MY.
H*?-0®-H*®

Jly1s1 BE1eCTB ¢ BOJAOPOIHBIMU CBA3SMHU XapaKTEPHBI BBICOKUE TEMIIEPATYPHhI IIJIaBICHUS
U KUITEHUs, TEeTUI0Ta IUIaBJICHUS U TapooOpa30BaHusl, BHICOKAs BA3KOCTh. DHEPrUsl BOJOPOIHOM
cBs3u B 15-10 pa3 MeHbIlIe SHEPTHHM KOBAaJIEHTHOM CBSI3H.

CH2-CH20H  CHo(OH)-CH2(OH) CH2(OH)-CH(OH)-CH,(OH)

YBEJINYEHUE BSI3KOCTH, TEMIIEPATYPhl KUITEHUS
Bomnpocs! u 3aga4u 1Jisi cCaMOCTOSAITEILHOTO KOHTpOJIs [1,2]:
1. VkaxxuTe, B KaKUX U3 MIPUBEICHHBIX HI)KE MOJICKYJI KPaTHOCTh CBsi3H paBHA AByM: 1) O2; 2)
N2 3) Cly; 4) C2Hy; 5) Ho.
2. VKaxkuTe, B KAKMX M3 MPUBEICHHBIX HIUKE MOJIEKYJI KPaTHOCTh CBs3H paBHa TpeM: 1) O2; 2)

N2; 3) Cl2; 4) Ho.
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3. YkaxuTte MoJekyiy, kotopas Hanoomee nomsipHas: 1) HCL; 2) HBr; 3) HI; 4) HF.

4. YKaxxuTe MOJIEKYJIbl, B KOTOPbIX XMMHUYECKHE CBSA3M KOoBaJleHTHbIE noJsipHble: 1) H20; 2)
H2SOy4; 3) Clz; 4) Ha.

5. YKaxuTe MOJIEKYJIbl, B KOTOPBIX UMEETCS CBSA3b, 00pa30BaHHAas M0 JOHOPHO-aKIENTOPHOMY
mexanusmy: 1) Oz; 2) Nz; 3) Clz; 4) NH4".

6. YKaxuTe COeMHEHNs, B KOTOPBIX UMEIOTCs Sp -rubpunbie opourtamu: 1) HzS; 2) NHs; 3)
HCI; 4) CO.

7. YKaXHUTE COSIUHEHUS, MOJICKYJIbI KOTOPBIX UMEIOT JInHEHoe cTpoenue: 1) CO2; 2) H20; 3)
NHz; 4) CCla.

8. YKakuTe COeIMHEHUs, B KOTOPBIX (opma Mosekyn TpuroHanbHas mupamuaa: 1) COz; 2) NOo;
3) NHs; 4) BF.

9. VKaxuTe COeMHEHNS, B KOTOPBIX OPOUTAIH LIEHTPATEHOTO aTOMa HaXOAATCA B Sp°-
rubpuausanun: 1) CHs; 2) BFs; 3) CO; 4) CO..

10. YkakuTe BelecTBa ¢ KOBaJICHTHON HENOISApHO# cBs3bio: 1) SO2; 2) O2; 3) P20s; 4) Cl,.
11. Ykaxwure BemecTBa ¢ nonnoi casa3pto: 1) KCI; 2) COz2; 3) NOg; 4) P2Os; 5)Nal.

12. Ykaxure BellecTBa, B KOTOPHIX KOBAJIEHTHAs CBSA3b 00pa30BaHa TOJIBKO M0 0OMEHHOMY
mexanusmy: 1) HaPOs; 2) NH4Cl; 3) [BF4]7; 4) H2SO:s.

13. Kakue okcuabl OyayT UMeTh 0oJiee MOJSPHYIO CBA3b: OKCHJIbI METAJIOB | rpynIib! Ii1aBHOM
NOArPYHIbI WK OKcuAbl MeTasuioB Il rpynmnel rnaBHoM noarpynnsl? B BeIOpaHHOM noarpymme
YKa)KUTE JIEMEHT, OKCHJI KOTOPOT0 UMeeT Haubosiee MOISPHYIO CBS3b.

14. YkaxuTte COeAMHEHUs, MEX]ly MOJIEKYJIaMH KOTOPBIX BO3MOXKHA BOJOPOAHAsA cBs3b: 1) NHs;
2) HF; 3) H20; 4) 0.

15. B kommutekcHoM coenuaennu Ks[Fe(CN)3Clz] onpenenure 3apsiq KOMIUIEKCOOOpa3oBaTels.
16. B komrutekcaom coenunaernu [Pt(NH3)2Cl2] onpenenute 3apsia KOMILIEKCOOOpa3oBaTels.
18. B KOMIUIEKCHOM COE€JMHEHUE ONPEETUTE YHCI0 KOBAJIEHTHBIX CBsA3el, 00pa30BaHHBIX 110
noHopHo-akienropuomy mexanu3my Na[PtNH3Cls].

19. Vkakute coeMHEeHUs ¢ KoBayleHTHOM cBs3bio: 1) NHs; 2) NaF; 3) H20; 4) MgO.

20. YxaxwuTe Tun rudopugusanuu B B coennnennu BCls.

4 XuMmuueckasi TepMOJIMHAMHMKA

XUMUYeCcKHe peakliiu, Kak MpaBuiio, MPOTEKAIOT MPU NOCTOSTHHOM JaBJI€HUU
(u300apHbIE MPOLIECCHI).

DHepreTuyeckuii 3pHEeKT XUMHUUECKON PeaKlUu- BbIICTICHUE WU TOTJIOLICHHUE,
TEIUIOTHI B XOJI€ PEAKIIUH, CBSA3aH C U3MEHEHUEM BHYTPEHHEN SHEPIrUU WIHM SHTAJIBIINN
XAMHYECKON CHUCTEMBI.
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[Tox BHYTpeHHEH YHEPTUEN TOHUMAIOT SHEPTUIO0 B3AUMOACHCTBUS MEKIY
CTPYKTYpOOOPa3yIOIMMMHU YaCTUIIAMH BEIIECTBA, a TAK)KE YHEPTUIO B3AMMOJICHCTBHS BHYTPH
CcaMHUX aTOMOB U MOJIEKYII.

[Ipenmonoxum, XUMHYECKasi CUCTEMa, TTOTIIoMas TerioTy Q mepexoauT u3 COCTOSTHUS
(1) B cocTosiaue (2). Ecu mporiece mpoTekaeTt npu MOCTOSHHOM 00beMe, TO BCS TEIUIOTA UET
Ha U3MEHEHUE BHYTPEHHEN YHEPTHH.

Qv=Uz-U1;=AU (4.1)
Ecnu ImponecC MpOTECKACT IIPH ITOCTOSAHHOM JaBJICHUU, TO HOFJ’IOH_[éHHaH TCIJIOTA UACT
Ha U3MEHEHHUE BHYTPEHHEN YHEPTUU U HA COBEPIICHNE paOOTHl IPOTHUB BHEIIHUX CHII — | 3aKoH

TEPMOAUHAMHUKH.
Q= AU- A (4.2)

4.1 DuTanbnus
PaccMmoTpuMm, Kakyro paboTy coBepllaeT ra3, 00pa3yromuiics pu NpOTeKaHUU PEaKLUU:
CaCO3+2HCI—-CaCl+CO21+ H20
Cunraem, 4YTO NOPILLIEHb JBUTAETCs 0€3 TPEHUs 110]1 HIOCTOSHHBIM JaBJICHUEM.
A=Fx Al=pxSxAl=pAV (4.3)
[MoacraBum Beipaxkenue (4.3) s paboTel B ypaBHeHue (4.2) u Boaenum cymmy (U+PV)
COCTOSTHUIM XUMu4eckoi 1 u 2.

Q=(U2-Uy) + (PV2-PV1) = (U2+PV2) — (U1+PV1) (4.4)
Cymma (U+PV) oGo3nauaercs 6ykBoil H u Ha3bIBaeTcs IHTAIbIIHEH.
H=U+PV (4.5)

JHTAJIBNMA- YHEPTUS PACIIMPEHHOM CUCTEMBI; TEpMOIMHAMHUYECKas (PYHKIUSA
COCTOSIHUSI XUMHUYECKOM CUCTEMBI, TO ECTh 3aBUCUT TOJIBKO OT HAYAJIIBHOI'O U KOHEYHOTO
COCTOSIHMSI CUCTEMBI, HO HE 3aBUCHUT OT IIyTH IIEpEXOa.

Juist ax30TepMuduecKux peakiueit Q>0, TerioTa BeIIENSeTCs, COOTBETCTBEHHO
BHYTPEHHSS DHEPTrUs U dSHTaNbNUs ymeHnbiatores (AH<0). lns sHnoTepMuyeckux peakuuei
Q<O0, TeroTa MOTIONIAETCS, COOTBETCTBEHHO BHYTPEHHSISI DHEPTUS M SHTAJIBITHSI BO3PACTAIOT
(AH>0).

Taxum oOpa3oM, TeraoBoi 3¢ ekt peakuu Q U U3MEHEHUE SHTAIBINY B XOJI€ PEaKIIUN
AH 4ncneHHO paBHBI, HO IPOTUBONOJIOKHBI 10 3HAKY:

Q=-AH (4.6)

Tepmoxumu4eckoe ypaBHeHHs - YpaBHEHNE XUMUUYECKOM peakLii, B KOTOPOM yKa3aH
TETI0BOH 3 dekT (b0 B BUE sHepreTudeckoro a¢dekra Q, mubo B BUIC U3MEHEHUS
sHTanenuu AH.

C+ 02 — CO2 + 394 x/Ix
C + 02 — CO2, AH1 = -394 ]Ik

4.2 3axon I'ecca
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3akon I'ecca -rerutoBoit 3G ekt XuMuuecKoi peakiuu (mpu p, V= CONSst) 3aBucut
TOJIBKO OT MPUPOAbI U COCTOAHUA UCXOAHBIX BCIICCTB U NPOAYKTOB pCaKIIMKU, HO HC 3aBUCUT OT
YKCJIA U BUJIA IPOMEKYTOUYHBIX CTaJHMN.

3aBHCUMOCTH TEIIOBOTO A (heKTa CyMMapHOTo MpoIiecca ¢ TEIIOBBIME AP eKTaMu
POMEKYTOYHBIX CTAJUN 0TOOpaXKaeTCsl SHTANBIIUHHON AuarpaMMoi. PaccMoTpum okuciieHue
rpadura no CO».[laHHbII MpoIriecc MOKHO MPEICTaBUTh, Kak okucieHue rpadura 10 CO c
nocneaytonmum okucieaueM CO no CO2 (AH — remoBoii addekr).

C + O2 — COo, AH1 = -394 k/Ix

c+§02—>co, AH,

CO + %02 — CO2, AHz = -283 ]k

AH1 = AH> + AH3

DKCIepUMEHTAIBHO MOXKHO OTPEeNUTh TeroBoii 3¢ dekt cropanus rpaputa u CO —
AH1 1 AH3, HO HEBO3MOKHO OIIPECIUTh TEIUIOBOM 3P (EKT peaKIuu OKUCICHHS TpaduTta 10
CO, Ho ero JIETKO pacCUYMTaTh, UCTIOIB3Ys 3aK0H ['ecca.
AH2 = AH1 - AH3 = —394 — (—283) = —111 x/Ix

JHTAJIBNNA 00Pa30BaHUSs BellleCTBA — TEIUIOBOU Y eKT peakiyu oOpa3oBaHus 1
MOJIb BEIIECTBA U3 MPOCTHIX BemecTB. Eciu TennoBoil a¢ ekt oopazoBaHus BellecTBa
ofpenieNseTcs Ipu cTaHAapTHBIX ycnoBusx (t=298 K u p=1 aTm), TO TOBOPAT 0 CTaHAAPTHOM
sHTANBIUU oOpa3zoBanus — AH®. TaGnuunbIe cripaBOYHbBIC JaHHBIE, onpeneieHbl s 6onee 4000
BEIIECTB. DHTAIBINS 00pa30BaHMs MPOCTHIX BEHIECTB IPUHUMAETCS 32 HOJIb.
3Has SHTaNBINU 00pa30BaHMs, HA OCHOBAaHMHM 3aKoHa ['ecca MOXKHO ONpeeTuTh TeIIOBON
3P PEKT XUMHUECKON peaklinu Mo cleayromei popmye:
AHS =Y v; AH mpox.— Y v; AHY ucx. 4.7)
I'JIe Vj U Vi — COOTBETCTBYIOIIUE CTEXHUOMETPHUECKUE KOAPPUIIMEHTHI;

AH7u AH - cTaniapTHBIE SHTANIBIMK 0OPa30BaHHUs IPOYKTOB H HCXO/IHBIX BENIECTB.

Omnpenenum TeroBoi 3pPexT peaknu:

Al203 (kp) + 3S03 (1) — Al2(SO4)3 (xp)

AHP = AH°(Al2(SO4)3) - (AH°(AI203) + 3AH®(SOs)) = -3442,2 — (-1876 + 3-(-396,1)) = -577
KkJ[x.

Tenora cropaHusi TOIUIMBA — TETUTOBOM A (DEKT peakInu OKUCICHUST KACIOPOIOM
9JIEMEHTOB, BXOJISIINX B COCTAaB BEIIECTBA JI0 00pa30oBaHMs BRICIINX OKCHIOB.Ecin TeroBoit
3¢ (deKT OTHOCAT K eAMHUIIE CropeBInero Torusa (1 Mok, 1 Kr), To TOBOPAT 00 yAEIbHON
TEIJIOTE CTOPAHUSI.

PaccuntaeMm ynenabHyIO TEIJIOTY CrOpaHUs 3TUIIOBOIO CIIUPTA:
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CHa-CH2-OH i) + 02 — 2COx(r) + 3H,0(r), AH=?
AHS = (2AH%(CO2) + 3AH(H,0)) - AH(C2HsOH) = 2:(-306,3) +  3:(-241,8) — (-277,7) =

K/

=-1234,7

MOJIb

KaHOPHﬁHOCTb IMAIIH - IIPU OKUCJICHUHN IIPOAYKTOB IIMTAHHA B OpraHU3ME YCJIOBEKA

BbIACIISICTCA DHCPIUA.

CeH1206 + 602 — 6COz + 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 HHTEHCUBHOCTBIO: XKEHIMHBI 7-9 Thics4 K/K; y My»unH 9-13 ThICSY
KJIK.

DHepreTUYeCcKyro HEHHOCTh MUY MPUHATO BhIpakaTh B KKal:  1kkan = 4,19 kJIx.

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

5; caxap 4; msico 2,6; xieb 6enbrii 2,4; siino 1,45; s6moku 0,5-0,6; anenscunst 0,35; nmuso 0,35.

4.3 DHTpONUA

OuTponus (S) — TepMoIHAMUYECKAs: HYHKIINS, XapaKTEPH3YIOLIas Mepy
HEYIOPSAJAOYEHHOCTH B CUCTEME.

Bce xuMuueckne nponeccsl MOXKHO pa3/iesInTh Ha JBa TUIIA: TPOTEKAOIINE
CaMOIIPOMU3BOJIBHO U HE IIPOTEKAIOIIUE CAMOIIPOU3BOJIBHO;

KpurepueM camonpon3BOJIbHON peaklUy SABISIOTCSA IHTAJBIUUHBIA (PAKTOP — Kak
IIPaBUJIO CAMOIIPOU3BOJIBHO IPOTEKAIOIIME PEAKIINH, UAYILHE C BBIAEICHUEM TEIUIOTHI;
JHTPONMUUHBINA PAKTOP — B CAMOIIPOU3BOJIBHBIX IIPOLIECCAX HEYIIOPALOUYEHHOCTD IIPOLIECCOB
BO3pacTaer.

DHTPOIMHUS MOKET ObITh OXapaKTepU30BaHa YUCIOM MUKPOCOCTOSHUNA XMMHYECKOM
CHCTEMBI: YHCII0 MTHOBEHHBIX KOOPJIUHAT U CKOPOCTEH MOJIEKYJ, 00pa3ylomuX XUMUYECKYIO

CUCTCMY. Tak KaK 3TO YHCIIO OYEHb BCJIMKO, TO 6CpCTC}I J]OFapI/I(I)M OT 4yucliia MHKpOCOCTOHHHﬁ.

S=RInW [Moﬂb.K] @9
rae R —rasosasg nocrosauas, R = 8,31 [Mi):}(] ;

W — 41cio MUKPOCOCTOSIHHIA.
B oTnnume oT BHYTpeHHEH SHEPTUU U SHTAIBIINU, KOTOPBIE HE MOTYT OBITh H3MEPEHBI
a0COJTIOTHO (OTIpeIEIAETCS JIUIIh UX U3MEHEHUE), SHTPOITHS MOKET OBITh U3MEpEHa

HEMMOCPEACTBCHHO, YTO BBITCKACT U3 IIOCTYJIaTa IInanka.
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Hocrtyaar [lnanka - SHTPONUS UACATHLHOTO KpPUCTAIJIA IPU aOCONIIOTHOM HYJIE paBHA
HYJIIO.

MaxkcuManbHOU SHTPONHEH 00J1aAat0T ra3bl, MPU YCI0KHEHUH MOJIEKYJ (IIpH

YBEJIMYECHUH YUCIIa aTOMOB) SHTPOMHS Takxke Bozpacraer. Ha puc. 4.2 oToOpakeHa 3aBUCUMOCTb
SHTPOINU OT TEMIEPATYPBHI.

A
S

B

v

T Txumo T

Pucynok 4.2 — 3aBUCUMOCTb SHTPOIUH OT TEMIIEPATypPbl

DHTpOIUS, BEIYUCICHHAS ITPH CTAaHAAPTHBIX YCIOBUSX, HA3bIBAETCS CTAHAAPTHON
sutponuei (S°) (Tabauunblie AeHHbIE). Tak Kak SHTPONHUSA TEPMOIUHAMUYECKAsT HYHKITHUS, TO €€
M3MEHEHUS 3aBHUCAT TOJIBKO OT HAYaJIbHOTO M KOHEYHOT'O COCTOSHUSI CUCTEMBI M BBIYHCIISIOTCS
1o (opmysie aHaJTOTUIHON H3MEHEHUIO YHTAJTBITHH.

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

OHTpPOIUS NPOCTHIX BEIIECTB HE paBHA HYIIIO.

BTopoii 3aK0H TEePMOAUHAMMKM: B MU30JUPOBAHHBIX CUCTEMAX CAMOIIPOU3BOJIBHO
UJIYT TOJILKO T€ MPOIIECChI, KOTOPHIE COMPOBOXKIAOTCS YBeIuUeHHeM sHTporuu (AS>0).
TakuM o0pa3oM, B XUMHUUECKHUX PEAKIMIX BO3MOXKHBI JIB€ TPOTUBOIOJIOKHbIE TEHACHIINN:

1.06pazoBanue 0osee MPOYHBIX YIOPSAOUYEHHBIX CHCTEM, COTIPOBOXKIAIOIIEECS
noHmxenueM sueprun (AH>0).

2.CtpemiieHre K OecriopsaKy, KOTUYECTBEHHO XapaKTepHU3yIolleecss BO3pacTaHUEM
srTpomnuu (AS>0).

XapakTep MpoTeKaHUs MPOLECCOB U OYJET OMpeNesIThCsl COOTHOIIEHUEM ITHX JABYX
($haKTOpPOB — SHTATBITUHHOTO U YHTpONUKHOTO0. KOoTOphie 00beIMHEHBI B TEPMOIUHAMUYECKON
(GyHKIMH, Ha3bIBaeMO cB00OAHOI YHeprueii ['n66ca (AG), n3MeHeHne KOTOPOii B X0/1e
pEaKLUy ONPENETAETCS YePE3 U3MEHEHUE SHTPOIIUU U SHTAJIBIIHH.

AG =AH —TAS, (4.10)
rae AH — usmenenue snepruu ['m66ca (J1x);

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

Hcxons 3 paccuntanHoro 3HadeHne A G MOKHO CyIUTh O BO3MOXXHOCTH

CaMONPOU3BOJILHOTO MPOTEKAHUSI XUMUYECKOW PEaKlMK MpY JaHHOU TeMIiepaType:
1. Peakums mpoTekaet caMornpoun3BoiibHO, eciu AG <0;
2. Peakmus He MOXET MIPOTEKATh CaMONIPOU3BOIIbHO, ecii AG>0;
3. Xumudeckas CHCTEMa HaXOJUTCS B COCTOSTHUM paBHOBecwHs, ecir AG= 0

Jueprusi 'ud6ca o6pasoBaHus BellecTBa - u3MeHeHue sHeprun [ n66ca mpu
00pa3oBaHUM OJHOT'O MOJIb BELIECTBA U3 MPOCTHIX BellecTB. DHeprus ['ub0ca, paccuntanHas
JUISL CTAaHAAPTHBIX YCIOBHIM, HAa3bIBAaeTCS CTaHAAPTHOM sHeprueit ' m60ca oOpa3zoBaHus BellecTBa
(s mpocthix BemecTB = 0). DHeprust [ m66ca MokeT OBITh MPUBECHA B KAYeCTBE TAOJUIHBIX
JIAHHBIX, @ MOKET OBITh paccuuTaHa 1o ypaBuenuio (4.10).

Tax xak sHeprus ['n66ca TepmoanHamMuueckas QyHKIUA, TO €€ U3MEHEHHS B XOJIe
XUMHYECKON pPeaKIMi MOKET OBITh pacCYMTaHa Mo GopMyiaM aHAJIOTUYHBIM ISl pacuéTa
M3MEHEHUS SHTAIBIINHU U SHTPOIIHH B XOJI€ PEAKIUH.

AGY =XVi Glpon) = Vi G ey (4.11)

[Ipu 1oCTHXKEHUU XUMUYECKOTO PAaBHOBECHSI XUMUYECKOW CUCTEMBI CTaHIaPTHOE
n3MeHeHue dHepruu [ mb0ca CBA3aHHO C KOHCTAHTHOW PAaBHOBECHS COOTHOIIIEHUEM:

AG® = -RT:InKp (4.12)

PaccunraB crannapTHoe u3meHnenue sHeprun [ mo6oca o ypasuenuio (4.8), MOKHO

MOJIYYUTDb 3HAYCHUA M1 KOHCTAHTBI paBHOBECH.

AG

Kp = e Rt : (4.13)
Taxxe MokeT OBITH pelieHa oOpaTHas 3agayda. [1o sSkcrepuMeHTanbHBIM JaHHBIM
OTIpEeENAI0T KOHCTAHTY PaBHOBECHUS U MO ypaBHEHUIO (4.13) paccuMThIBaIOT CTaHIAPTHOE
n3MeHeHue Hepruu ['nbdOca.
Bonpocs! u 3aga4n [1J1si CaMOCTOATEIbLHOTO KOHTpOJIs [1,2]:

1. CtanapTHBIM COCTOSIHUEM BEILECTBA SIBJSIETCSA: @) PACTBOPEHHOE BEIIECTBO C
koHmentpanuen 1 moaws/a ipu 0°C u 1 atm.; 6) uncroe BemiecTBo npu 0°C u 1 at™m.; B)
PacTBOPEHHOE BEIIECTBO ¢ KOHIIeHTparuen 1 Moab/Kr nipu 25°C u 1 at™m; 1) 9ncToe BEnecTBO
npu 25 °Cu 1 atm.

2. Pa3zHOCTh CyMM DHTaNBINN 00pa30BaHUs MPOIYKTOB PEAKIIUU U CYMM DHTAIBIUN
00pa30BaHMs UCXO/IHBIX BEIIECTB C YUETOM CTEXHOMETPUUYECKUX KOI(DPHUIIMEHTOB B ypaBHEHUH
XUMUYECKON PEaKIuy MPHU p = const, HA3bIBACTCS: a) BHYTPEHHEH SHEPTHEH CHCTEMBI; 0)
SHTAIIBIIMEH PA3II0KEHHUS BEIIECTBA; B) TEIUIOBLIM 3(DPEeKTOM XMMUYECKON peaKIluH; T)

W3MEHEHHEM DHTAIBIINN XUMHUUECKOM pCaKknunu.
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3. Cucrtema Ha3bIBaeTCs TOMOTEHHOM, €CIIN: a) BCE BEIECTBA HAXOISITCS B OJIMHAKOBOM
arperaTHOM COCTOSTHHH; 0) BCE BEILECTBA HAXOAATCS B PA3JIMUHBIX arperaTHbIX COCTOSHHSIX; B)
OHa COCTOUT M3 YaCTHUIl PA3JIMYHBIX BELIECTB, PA3JIMYHOTO arperaTHOrO COCTOSIHUS, PABHOMEPHO
pacnpeieIeHHbIX OTHOCUTENBHO JIPYT IpYra; I') OHA OJJHOPOJIHA BO BCEX CBOMX TOYKAX I10
XUMHYECKOMY COCTaBY U CBOICTBAM U HE COJEPKUT I'PaHUIIbI pa3jena.
4. DHTANBIUS XapaKTEPU3yeT: a) BHYTPEHHIOIO YHEPTHIO BEIIECTBA; 0) TETIOCOAepKaHUE
BEIIIECTBA; B) CTPEMJICHUE BEUIECTBA BCTYIHUTh B XMMUYECKYIO PEaKIHUIO; T) TeIUIOTY
00pa30oBaHUs BEIIECTBA, B3SATYIO C MPOTHBOIMOIOKHBIM 3HAKOM.
5. DHTanbnus 00pa3oBaHus BEIIECTBA XapaKTEPU3YET: a) TEIIIOTY 00pa3oBaHus 1 T CI0KHOTO
BELIECTBA U3 MPOCTHIX BELIECTB; 0) TEIIOTY 00pa3oBaHusl 1 MOJIb CII0)KHOTO BEIIECTBA U3
IPOCTHIX BEIIECTB; B) TEIUIOTY CropaHus | T BemiecTsa; T') TerioBoi s¢ ekt odpazoBanus 1
MOJIb CJIOKHOT'O BEUIECTBA U3 MPOCTHIX BEIIECTB, B3ATHIM ¢ MPOTUBOMOIOKHBIM 3HAKOM.
6. I XUMUYECKUX peaklUid, MPOTEKAIOUINX MIPU CTAaHAAPTHBIX YCIOBUAX, BEPHO CIEAYIOLIEe:
a) PHIOTEPMHUECKUE PEAKIH HE MOTYT IPOTEKATh CAMOIIPOU3BOJIbHO; 0) SHIOTEPMHUYECKHE
pEaKIy MOTYT MPOTEKATh NP MOBBIIIEHHBIX TEMIIEPATypaXx, €CIIM H3MEHEHUE SHTPOIIUHU TIPU
3TOM OYyJET MOJOXKHUTEIbHBIM; B) SHAOTEPMHUUECKHE PEAKIIMH MOTYT MPOTEKATh MPU
MOBBILICHHBIX TEMIIEPATypax, €CIU U3MEHEHUE SHTAIBIHNH [IPU 3TOM OyJI€T MOJIO0KUTENbHBIM; T)
YHJIOTEPMHUYECKHE PEAKIIMHA MOTYT MPOTEKATh MPH JFOOBIX TEMIIEpaTypax, €CIIM H3MEHEHUE
sHepruu ['ub0ca npu 3ToM OyAET OTpULIATENbHBIM.
7. He mpon3Bo/isl BEIYMCICHUM, YKaXHUTE, 151 KAKUX U3 TIEPEUNCIIEHHBIX HUXKE IPOIIECCOB
M3MEHEHHUe YHTponuu nonoxurenbHo: a) C (rpadur) + CO2 (1) = 2CO (1);
0) 4HC1(r) + O2 (1) = 2Cl2(r) + 2H20 (1); B) MgO(k) + H2 (1) = Mg(x) + H20 (x);
r) NH4NO3(x) = N20 (r) + 2H20 ().
8. Jlnsa kakux mporeccoB u3MeHeHue 3Hepruu ['ndoca 6yaer orpunarensto npu 260 K u
HOpPMaJIbHOM aTMOC(EpHOM JIaBJICHUHU: a) TasHU JIbJ1a; B) IUIABJICHUS XKene3a; 0)
KPHUCTAJTU3AI[H BOJIBI; T') KHIIEHUS BOIBI.
9. Ecnu nnst nanHoit peakiuu AG < 0, To ee mpoTeKaHue: a) HAOIIOIAeTCs TIPH JIFOOBIX
ycloBUAX; 0) He HaOMI01aeTCs MPHU JTIOOBIX YCIOBUSX;
B) BO3MOXKHO, HO IPAKTUYECKU M3-32 MAJIOW CKOPOCTU MOXKET He HAaOII0aThCs; ') BO3MOXKHO
MIpU HATMYWUW HEOOXOAMMOTO peareHTa.
10. TepmommHamMuyeckasi pyHKIHS, KOTOpast XapaKTePU3YeT Mepy YIIOPSITOUYEHHOCTH CUCTEMBI
WK Mepy Oecriopsiika, Ha3bIBaeTCs: a) PHTPOIUEi; 0) SHTaIbIMEN; B) CBOOOAHOM SHEpruei; 1)
sHeprueit ['ubdoca.
11. Yemy paBHa Teruiora oopazoBarust N2O(T) B TEPMOXUMHYECKON peaKIvu:
C(rpadur) + 2N20(r) = CO2(1)+ 2N2o(T); AH®(peakums) = — 557,5 xJIx;
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ecu AH®(CO2) = — 393,5 k/Ix/MoJIb.

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

eciu AH (CO2) =—393,5 x/lx/monb; AH°(MgO) = — 601,8 xIx/M0J1b.

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

14. Onpenenuts 3HEpruro ' n66ca (AG®) peakunu ipu 298 K CHa(t) + 202(1) = CO2(T) +
2H20(r); AH°=—802,2 xJIx; S° (CO2) = 213,66 x/monb K; S° (H20) = 188,72 JIx/mons K; S°
(CH4) = 186,27 Jxx/moms K; S° (02) = 205,04 Tx/mois K.

15. Yemy paBHa 2HTAJIBIHSA 00pa30BaHMsI )KUIKOU BOJIBI, €CJIU TIPH B3aUMOJCHCTBUU | MOJIb
Bozopoza u 0,5 moinb kucnopoa Beiaenuioch 285,83 k/x teruia?

16. Peakuus BoccranoBieHus okcuza xenesa (111) BoropoaoM npoTekaeT no ypaBHEHUIO
Fe2O3(kp) +3H2(r) = 2Fe(xp) +3H20(r); AH°= 496,61 xJIx; S° (Fe203(xp)) = 87,45 kJIx/M0JIb-
K; S° (H20) == 188,72 xx/momns- K; S° (Hz2) = 130,52 xIx/mons- K; S° (Fe) = 27,15
k/x/mone- K. [Ipu kakoit TemnepaType Ha4HETCsI 9Ta peaKius?

17. Ilpu xakoii TeMIiepaType HaCTyIUT PAaBHOBECHE CUCTEMBI:

4HCI(T) + O2(r) = 2H20(r) +2Cl2(T); AH® =— 114,42 xJIx; S° (Cl2) = 222,98 xJl»x/momb- K; S°
(H20) = 188,72 x/Ix/momb: K; S° (HCI) = 186,79k /x/monb- K; S° (02) = 205,04 x/[x/monb K?
18. UeMy paBHa 3HTaIbIMS 00pa30BaHUS XJIOPOBOIOPOIA, €CIIU MPU B3auMojiecTBuu 1 MoJb
Boziopoaa 1 1 Moib xnopa Beigenunoch 184 x/lx tera?

19. Onpenenuth TEMnepaTypy, Ipu KoTopoil HacTynuT paBHoBecue B cucteme PCly(r) = PCl3(T)
+ Cla(r), ecmu AH® = 92,59 xJIx; S°(Cl2) = 222,98 JIx/monb - K; S°(PCls) = 364,47 JIx/Moub -
K; S°(PCl3) = 311,71 dx/mons - K.

20. Onpenenuts suepruro ['u66ca (AG®) peakuuu mpu 298 K Ha(r) + Clz (1) = 2HCI(1); AH=—
184,62 x/Ix; S°(HCI(r)) = 186,79 Hx/moinb K; S°(H2(T)) = 130,52 Ix/monsb - K; S°(Clz (1)) =
222,98 JIxx/moms K.

5 Xumuyeckas KHHETHKA
XumMuyeckass KHHETHKA — pa3/ie]l XUMUU, U3y4arolIil CKOPOCTH XUMHUECKUX
peakuii. CKOpOCTh XUMHUYECKON peakIiuu (V) — OTHOIIEHNE U3MEHEHUS! KOHIIEHTPaIH

BEIIECTBA K POMEXYTKY BPEMEHH, B T€YEHHE KOTOPOTO TaHHOE U3MEHEHHE MTPOU30IILIO.
Av
v=+—=4—[Monb/aC] (5.1)
vat
Pa3znnyatoT roMoreHHble peakiyu (XUMUYECKUE MPOIIecChl B OAHOMN (aze) u

reTeporeHHble TPOIECCH (MPOTEKAIOT Ha TpaHUIle pa3nena (a3 — KUIKOCThb-TBEPIOE, Ta3-

TBEPAOE, ra3-KUIKOCTb).
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aA +bB — ¢C +dD (5.2)
AC=C,-Cy
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 HCXOAHBIM

BEIIECTBAM, KOHIICHTPALUs KOTOPBIX YOBIBACT U

< o -
C2 / c(A) AC <0, To B ypaBHeHuH (5.1) CTaBAT 3HAK «-» ;
/ \ €CJIM CJICHAT IO NPOAYKTY peaKluu, AJIs
tl t2 4 t koTopeix AC > 0, To ypaBHenue (5.11) 3HaK «+».

Pucynok 5.1- 3aBUCHMOCTbH CKOPOCTH XMMHUYECKOI peakliiuy OT KOHIEHTPalluu
VYpasuenue (5.1) naet cpeHee 3HaYCHUE CKOPOCTU XMMHUECKOM peakluu 3a
MPOMEXKYTOK BpeMeHH At, MTHOBEHHOE 3HaUYE€HUE CKOPOCTU PACCUUTHIBACTCS IO

g depeHraIbHOMY ypaBHEeHuUIo (5.3)

v= £ (5.3)

Tak KaKk CKOPOCTh PEAKIIMHU PACTET C YBEIMUYCHUEM YaCTOThI CTOJIKHOBEHUS
pearupyrommx MOJIeKy, TO CKOPOCTh peakiiuu (5.2) OyAeT mpornopluuoHaibHa KOHIIEHTPAIIUU
pearupyromux BeuecTB.

V= kCAnA : CBnB (5.4)
rae K- KOHCTaHTa CKOPOCTH PEakIliuy, K He 3aBUCHT OT KOHIIEHTPAIIMU PearupyroImnx
BEIIIECTB, & 3aBUCUT TOJBKO OT MPUPO/IBI BEUIECTBA U TeMIlepaTypbl. UUCIEHHO paBHA CKOPOCTH
peaKIu P KOHIICHTPAIIUK PEarupyronux BenecTB 1 MOb/;

NA ¥ NB — COOTBETCTBEHHO MOPSAOK PEaKIMu Mo peareHTaMm A u B, Na 1 Ng B o0111eM
CIIy4ae He paBHBI CTEXMOMETPUIECKIM Kod(durmenTaM. OnpeaenstoTcs SKCIepUMEHTATBHO.
VYpaBuenue (5.4) Ha3pIBACTCS KWHETUYECKUM YPAaBHEHUEM XUMUUYECKON PEAKIIUH.

Ecnm peakiust mpoTekaeT B OJIHY CTaAHIO (PeaKIlus 3aBEpIIaASTCs IPU €AMHUIHOM
CTOJKHOBEHUH PEarupyrolIux MOJEKYI), TO ypaBHeHHE (5.4) MPUHUMAET BU]T

v =KkCa? - Cg° (5.5)
r7ie a,B — CTEXHOMETpUUYeCcKre KOdPGUITMEHTHI IPU pearupyronmx BemecTsax A, B
COOTBETCTBEHHO.
Ecnu peakiust mpoTekaeT B Ta30Boi ¢aze, To ypaBHEHHE (5.5) MOKeT OBITh 3aITMCaHO Yepes

MapUHAIbHBIE TABJIEHUS PEArupyIOLINUX BEIIECTB
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v=kpa? - ps° (5.6)
[opsimox oTHOCTAIMHHON PEaKIIUU PaBEH CyMME CTEXHOMETPUIECKUX KOA(DPHUIICHTOB
pearupyromux BeuiecTs (5.7).
n=a+b (5.7)
VYpasuenue (5.5) u (5.6) HOCAT HA3BaHUS 3aKOHA AeHCTBYOIIHUX MACC (TOJIBKO JJIS
OJTHOCTA/IMHHBIX MTPOIECCOB).

PaccmoTpumM cuHTE3 H010BOOpOA:

H; + Jo — 2HJ
n=1+1=2
V

=k-C(H2) - C(J2)
PeaKHI/II/I MmMePBOro nMopsaAaKa
H2S203 — S| + SO21 + H20

Kunernueckoe PaBHCHUC pCaKIIUKU I IopsaaKa UMCCT BUA!

v=KkC (5.8)
[IpupaBusiem mpaBbie yactu ypaBHeHu# (5.3) u (5.8) (32 CKOPOCTHIO CIEAUM T10
HCXOJIHOMY peareHTy):
ac _
-0 " kC (5.9)

B ypaBuenuu (5.9) pa3zaenseM nepeMeHHbIE U HHTETPUPYEM MPU HauaJIbHBIX YCIOBHUSX,
npu t =0, C = Co u nonyuaem (5.10)
C=Coe™ (5.10)
VpaBuenue (5.10) B norapu@mMudeckux

KOOpAMHATaxX In % = kt, (5.11)

C IpeACTaBIseT CO00i MpsiMyto, tg yriia HaKIoHa
KOTOPOM SIBJISIETCS KOHCTAHTOW CKOPOCTH
XUMHUYECKON PEAKIINN.

k=tga JJ1st XapaKTepUCTUKH CKOPOCTH PeaKIIui

JacTO UCHOJB3YIOT IIOHATHUE MEPpUOaA

noJynpeBpaieHus T1/2 — BpeMsi, 10 UCTCUCHUH

~

t/
KOTOPOro 0CTacTCs POBHO IMOJIOBUHA OT
HCXOAHOI0 BEIICCTBA.

Pucynox 5.2 — Kuneruka peakuuu | mopsiaka B koopauHarax Inco/c=f(t)

Haiinem cBsi3b T12 u K. U3 ypaBHenus (5.11) umeem
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Co_

Tup= st =12 (5.12)

N3 ypaBuenus (5.12) cnemyer, 4To I peakiy MEPBOTO MOpsIKa T1/2 HE 3aBUCUT OT UCXOHOU
KOHIICHTPAIlUU BEIIECTBA.
Peaknuu BTOpOIro mopsiika
Kunernyeckoe ypaBHeHHE PEeaKIMK BTOPOTO MOPSIKA
v=k-Ca-Cg (5.13)
B yactHOM citydae, Korjia pearupyroT OJMHaKOBbIE MOJIEKYJbl ypaBHeHHE (5.13)

MMPUHHUMACT BHU/

v =kC? (5.14)
[IpupaBHuBaeM mpaBbie yacTu ypaBHeHus (5.3) u (5.14)
A S e (5.15)
1/C dt
Pemenue ypaBuenus (5.15) MoxkeT ObITh MPEACTABICHO
B BHJIC:
k=tga 2=l kt (5.16)
c G
/ Vpasuenue (5.16) B koopauHaTax % = f(t)
1/Co
\ MpesicTaBiIseT co0ol mpsaMyto tga yria HaKjIoHa,
7

t KOTOpI:IfI €CTb KOHCTaHTa CKOPOCTHU pCaKIINu.

Pucynok 5.3 — Kuneruka ypapaenus Il nopsiaka B koopaunatax 1/c = f(t)

Co .
W3 ypaBuenus (5.16) nns C = ?0 HalJIeM [IepUOJI ITOIYIIPEBPAILCHUS

_1, 1 1

Tz = p (_0,5(:0 - C_o) (5.17)
_ 1

Tip = "o (5.18)

Kak cnenyer u3 ypasuenus (5.18), nepuoa nosynpeBparieHus Juis peakliii BTOPOro
MOpsAJKa B OTIMYHE OT PEaKIMU MePBOro MOPSAKA 3aBUCUT OT UCXOAHON KOHIIEHTPALMH

pearupyromero BemecTBa.
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_ - AT (5.19)
v2 10 10
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IJIe V1 M V2 — CKOPOCTHU PEaKIUM MPH T1 U T2 COOTBETCTBEHHO; Y — TEMIIEPaTypHBIN
K03((UIMEHT peakIiy, IIOKa3bIBaeT BO CKOJIBKO Pa3 BO3PACcTaeT CKOPOCTh PEAKIMH IPU
NOBBILIEHUH TeMIlepaTypbl Ha 10 rpaaycos.

Bosnee TouHas 3aBHCUMOCTD KOHCTAaHTBI CKOPOCTHU peakiuu K ot remmeparypbl

BBIpaXKaeTcsl ypaBHEHUEM AppeHuyca.

Ea

K=A-e rT (5.20)
rae R —razoas nocrosiaHas 8.31 Jlxx/mMonp*K;
T — Temmniepatypa 1o abcomotnoi mkane (K);
A — IpedKCIIOHEIMABHBI MHOXHUTEIb, OTPAKAET BEPOSTHOCTh OJIaronpUsTHOTO
cronkHOBeHHs Monekyn (ot 10 no 1072);

Ea — sHeprus aktuBanyu (k/x/Mob).
JHeprusi AKTUBALMHU

MuHuMmanbHas SHEprus, KOTOPOH JOKHBI 00J1aaTh MOJIEKYJIbI, YTOObI
B3aUMO/ICHCTBUE MEXAY HUMHU CTAJI0 BO3MOXKHBIM, bHA3bIBACTCS IHEPZUeI AKIMUBAUUU.

Ecnu paccMOTpeTh NpOTEKaHNE PEAKIIMY 3a OYEHb Majible IPOMEXYTKH BPEMEHH, TO
OOHapYXUTCS, YTO PEAKIIUS UJIET Yepe3 oOpa3oBaHUE MPOMEKYTOUHOIO COCTOSIHUSI CUCTEMBI,
Ha3bIBAEMOT0 MePeX0IHbIM (AKTUBMPOBAHHBIM) KOMILIEKCOM, PAcCIaj] KOTOPOIro
COIIPOBO’KIAETCS BBIJCIEHUEM SHEPTUU U IPUBOJUT K 00pPa30BaHUIO MPOTYKTOB PEaKIUH.

A2 + B2 — [akTuBHpOBaHHBIN KOMILIEKC] — 2AB

B akTuBHpOBaHHOM KOMIIJIEKCE CTAphIe CBSI3HM OCIa0JIeHbI, HO HE Pa30pBaHbl; HOBBIC
CBsI3H €l1le He 00pa30BaINCh, HO HAMETUJIIHCD.
PaccMoTpuM n3MeHEHME SHEPTUU XUMUUECKON CUCTEMBI, IIPU MPOTEKAHUH PEAKLIUH B BUJIE
JHepreTu4YecKoi nuarpamMmmsl. [Ipu pacnage akTHBUPOBAHHOTO KOMILJIEKCA BBIACIISIETCS
SHEprus, paBHasi JHEPIruHM AKTUBALMHU
N 00paTHO# peakuMu; eCiiy IPU 3TOM
A A SHEPTUU BBIJENSIETCS OOMBIIE, YeM

OBLIIO 3aTPAvueHO HA AKTUBAIIHIO

XMMHYECKON PEaKIMU, TO XUMUYECKU I
-2 MPOIIECC B IIEJIOM MTPOTEKAET C
BhIIeTIeHHEM TeroTh (Q>0) —
Ea € IK30TepMHUYECKas peakuusi (KpuBas

| 2AB

" “aH npon
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1). Ecniu sHepruu BbIAENSAETCS MEHbIIIE, YeM SHEPTHs MPSAMOM peakliy, TO POIECC MPOTEKAeT ¢

noromeHrueM TerioThl (Q<0)- sHAoTepMHUYecKast peakuus (KpuBas 2).

Pucynok 5.4 — DHepreTrdeckas 1uarpaMma XuMU4eCKON peakiuu

KonuyecTBO TEMIOTHI, BHIJCIUBIICHCS WM MOTJIONICHHOW B XO/€ PEaKINH (TEII0BOM
3P PEKT XUMHUECKON PEaKLIMN), PABHO Pa3HOCTH MEX]y SHEPIUAMHU aKTHBALIUU OOPAaTHON U

MPSMOM peaKIUH.

Q=Ea_+Ea. (5.21)

OOpaTumble peakuun
XMMHYECKUE Peaklny, NPOTEKAIOIINE OJTHOBPEMEHHO B JIBYX IPOTHUBOIOJIOKHBIX
HarpaBJICHUSX.
A+B e AB (5.22)
C TeueHreM BpeMEHHU KOHIIEHTPAIHS
MCXOJIHBIX BEIECTB YMEHBIIACTCS H,
COOTBETCTBEHHO, YMEHBIIIAETCSI CKOPOCTH MPSIMOU
PEaKINH.
€2 | ,=k.Cdlp (5.23)

— KoHuenTpanus npoayKkToB peakiuu u,
>

R COOTBETCTBEHHO, CKOPOCTh OOPAaTHOW pPeaklny C
TE€YEHHEM BPEMEHH BO3PACTACT.
Pucynok 5.5- MI3MeHeHue KOHIIEHTpaIK BELIECTB B 00paTUMOI peakluu
V1« =Kk Cas (5.24)

Hactymaer MOMeHT, Korjja CKOpOCTb MIPSIMOIl U 0OpaTHON peaKLUU CTAHOBSITCS PABHBI:
CKOJIKO MOJIEKYJI 00pa3yeTcs B €IMHUILy BPEMEHH, POBHO CTOJIBKO e UX U pacnanaercs. Takoe
COCTOSTHUE XUMUYECKOW CUCTEMBI Ha3bIBACTCSI AMHAMHYECKUM XMMHYECKHM PABHOBECHEM.
KonnenTpanuu yqacTHUKOB 00paTUMOI peakiuu, KOTOpbIe peaIn3yloTCs K MOMEHTY
JIOCTHKEHUS] paBHOBECHS Ha3bIBACTCS PABHOBECHBIM KOHIEHTPAIUSIMHU.

KpurepueMm 10cTHXEHNSI XUMUYECKOTO PABHOBECHS SBJIIETCS HEU3MEHHOCTD
KOHIIEHTPALUi BCeX YYaCTHUKOB PEAKIIMU B TEUCHUH BCETO BPEMEHU HAOIIOIEHUS IPH
HEU3MEHHBIX BHEIIHUX YCIOBUSIX.

O4eBHIHO, YTO MIPU TOCTUKEHUU XUMUYECKOTO PAaBHOBECHSI CKOPOCTHU MIPSIMOM 1

00paTHOM peaKIii CTAaHOBSITCS PABHBI.

k. CaCpb =k CaCg (5.25)
34



N3 Beipaxkenus (5.25) BbIICTUM OTHOIIEHNUE TOCTOSTHHBIX BEJTMYMH — KOHCTAHT

CKOPOCTH TPSIMON M 0OpaTHOM peaKIuid.

_k> _ _C(AB)
P ke T ca)c)

(5.26)

OTHo1IEHNE TOCTOSAHHBIX BEJIMYNH TaKXe SIBJIIETCS BEIMUYNHOM IOCTOSHHOM, KOTOPYIO
Ha3BaJId KOHCTAHTON paBHOBecHs Kp, He 3aBUCHUT OT KOHLIEHTPALMU YYaCTHUKOB 00paTuMoOi
peaxkuuy, 3aBUCUT TOJIBKO OT TEMIIEPATYPBI.

W3 Beipaxkenus (5.26) cnenyer, uro K, MoxeT ObITh HaliieHO, Kak Yepe3 OTHOLICHHE
KOHCTaHT, TaK U Y€pPe3 OTHOILIEHNE PABHOBECHBIX KOHIIEHTPALUil IPOIYKTOB peakLuu U
HCXOJIHBIX BEILECTB, B3ATHIX B CTEICHSX, PABHBIX CTEXUOMETPUYECKUM KO3 PULIEeHTaM.

IIpn U3MEHEHNH BHEIIHUX YCIOBUI MPOMCXOAUT TaK HA3bIBAEMbIN CABHI
XMMHY€eCKOro pABHOBECHSI - PABHOBECUE YCTAHABIMBAETCS IIPU HOBBIX KOHIICHTPALUSX.
Hampasnenue cipura B CTOpOHY NpsAMOil MM 0OpaTHOM peaklyy onpeAesseTcs: NPUHIUIIOM
Jle-IllaTesbe — ecau Ha CUCTEMY, HAXOZSILYIOCS B PABHOBECUU OKa3bIBACTCs BHEILIHEE
Bo3zeicTBue (u3menenue T, P, C) , To paBHOBecue cMelaeTcst B CTOPOHY TOM U3 ABYX
IIPOTUBONOJIOXKHBIX pPEeaKIMii, KOTopas ociaabiaseT NPOU3BOAUMOE BO3AECHCTBHUE.

N2 +3H2 - Q & 2NH3 + Q

[NH3]?
[N2][H,]3

Kp=

HN3MeHeHue TeMnepaTypsbl - IIPU MOBBIIIEHUH TEMIIEPATYpbl PABHOBECHE CMENIAETCS B
CTOPOHY HJIOTEPMHUUYECKOHN PEAKIUH, TPU MTOHMKEHUH — B CTOPOHY AK30TEpMUYECKOM. B Hamem
IpUMepe MOBBIIICHNE TEMIIEPATyphl CMEIIaeT PAaBHOBECHE B CTOPOHY OOPATHON PEaKIIvH;
PABHOBECHAsI KOHLIEHTPALMsl aMMHUaKa IIOHUKAETCsI, a MOJIEKYJISIPHOTO a30Ta U BOAOPOJa
BO3pacCTaer.

HN3meHnenue qaBJjIeHUs - IIPU NOBBIIICHUH JJABJICHUS PAaBHOBECHE CMEIAETCS B CTOPOHY
00pa30oBaHMs MEHBILIETO YKCIIa MOJIb Ta30B, IPU MOHMKEHUH —OO0JIBIIETO MOJIb Ta30B (J1aBlIeHUE
BIIUSIET TOJIBKO HA T€ XUMHUYECKHE MPOIIECCHI, B KOTOPHIX €CJIM XOTsI OBl OJIMH YYaCTHUK
SIBJISICTCSI Ta30M).

B namem npumMepe npu NoBBIIEHUN JABJICHUS PABHOBECUE CMEILIAETCS B CTOPOHY
peaklMi CUHTE3a aMMHUaka, ciieBa 4 MoJib rasa, cripasa 2. Ecnu B 1€Boil 1 mpaBoii yacTu
YpaBHEHUS OJUHAKOBOE YUCIIO MOJIb Ia3a, TO JIaBJICHUE HE BIMUSAET HA CMELICHUE PABHOBECHS.
Hanpumep, N2 + O2 & 2NO

HN3MeHeHne KOHLEHTPALMY - YBEIHMUECHUE KOHIICHTPAIMH JTI000T0 U3 YUaCTHUKOB

00paTUMOTro XMMHUYECKOTO MPOIIECCa CMEIIAET PAaBHOBECHE B CTOPOHY PEAKIIMH PACXOAA ITOTO

BE€IICCTBA.
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BBenenne karaamzaTropa He BIUSET Ha CMEUICHHE PEaKI[MU: OHO YCTaHABJIMBACTCA
IPU TEX K€ PaBHOBECHBIX KOHLEHTPAIIHSX, HO 32 MEHBILIEE BPEMS.
Karaiu3
BemecTBa, pe3ko U3MEHSIONINE CKOPOCTh pEaKliu, HO IPU 3TOM B HEl He
pacxoayIoIIHecs, Ha3bIBAIOTCA KaTAJIM3aTOPaMu. XUMUYECKUE MPOLIECCHl B MPUCYTCTBUU
KaTaJIn3aTopa Ha3bIBAIOTCS KATATUTHYECKHUMHU PeaKuusiMH.
KaranmszaTopbl O3BOJISIOT:
1.  Usmenuts ckopocth peakuuu. [Ipu BBenennn B H.O2 HEGoIBIIIOTO
KOJIMYECTBA CEPHOM KUCIOTBI CKOPOCTh paznoxkeHus: H2O, nmpaktuuecku pasHa 0. [pu
BBEJICHUU HECKOIBbKHX KpynuHOK MNnO2, PbO», Habmomaetest OypHOE pas3iiokeHue.
2H>02 — 2H20 + O21
Karanuzatopsl, yMeHbIIAIONINE CKOPOCTh PEAKINH, Ha3bIBAIOTCSA HHTHOUTOpaMU;
YBEJIMUYEHUE CKOPOCTU PEAKIIUH — MOJIOKUTEIbHBIN KaTalnu3, YMEHbIIIEHUE CKOPOCTH —
OTPHULATEIbHBIN.
2.  V3MeHHTDH HampaBiIeHHUE MpoLecca
CH3-CH20H — CH2=CH; + H20 — karanu3zarop Al.O3 mpu t=300° C
CH3-CH20OH — CH3-CH=0 + H; — katanuszarop Cu mpu t=300° C
3. VYiemeBHTh XUMHUYECKHH MPOIIECC 32 CUET CHIDKEHUS TEMIIEPaTypPhI
peaxiun
Cwmecs H2 1 O2 B3pbiBaercs npu t=700° C, a B mpuUCYTCTBUM KaTalau3aTropa
IUTATUHUPOBAHHOTO acbecTa — MpU KOMHATHOM TeMmepaType.
PazniyaroT roMoreHHBIN KaTallu3 — pearupyoie BenecTBa U KaTaan3aTop, HaX oI TCs
B OJTHOH (ha3e; M reTepOreHHBIN — PEaKIIMOHHAsI CMECh M KaTajln3aTop B Pa3HbIX (ha3ax.
I'omorenHslii — razogasHblil KaTaau3
SO2 + 0,502 — SOz - mpu 0OBIYHBIX YCIOBUSIX HE UAET, HO mipu BBeaeHun NO
3aBepIIaeTCs 32 KOPOTKOE BpeMsI.
NO + 0,502 — NO>
SO2 + NO2 — SO3 + NO
NO + 0,502 + SOz + NO2 — NO2 + SO3 + NO
SO2+ 0,5 02 — SO3
I'omorenHslit :xxkuAKO(GA3HBIN KaTAIN3
H202 + J° — H20 + JO
H202 +JO" — H0 + O21 +J
2H>02 — 2H20 + 021

I'ereporennnbiii kaTaaus
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CKOpOCTh TeTepOreHHBIX PEAKIINHA B TIEPBYIO OYepElb 3aBUCUT OT TUIOIIAIH
NOBEPXHOCTH pazaena ¢a3. [Ipu rereporeHHOM Katanuse He00X0AUMO FeOMETPHUECKOE
COOTBETCTBUE MEKY MapaMeTpaMH KPUCTAJUIMYECKON PEIICTKH U JUTMHAMU CBSI3€H MCXOTHBIX
PEareHTOB M MPOAYKTOB PEAKIIHIA.

H>C=CH> + H2 — CH3-CH3

Bce rereporeHHbIe KaTaTUTHYECKUE PEAKITUH BKIFOYAIOT B ce0s CTauu afacoponuu
(TIorIoIIeHre BEMeCTBa), 1ecOpOIUH (BBIACICHUE BEIIECTBA). 3a CUET YJHEPTHH
aJICOPOIIMOHHOTO B3aUMOJICHCTBUSI XUMUYECKUE CBSI3U B HCXOJHOM peareHTe 0ciaalsroTes, a
WHOT'/Ia ¥ Pa3phIBAOTCS, U 110 MECTY pa3pbiBa MPOTEKAET MPUCOSANHEHHE aTaKYIOIIETO
peareHra.

[Tpumepsl reTeporeHHbIX peakiuii- ruapupoBanue, Aeruapupoanue (Ni, Pt, Pd),
ruapatanus, aeruapatanus (Al203), cunte3s NHz (rybuatoe xene3o), cuare3 H2SO4 (V20s)

B kadecTBe THIIMYHBIX KaTAJIM3aTOPOB UCIOJIB3YIOT TUIATHHOBBIC METAJIIBI, @ TAKIKE UX
OKCH/IBI.

BemecTBa, yBeIMuMBaOMe aKkTHBHOCTh KaTaJIM3aTOPOB, HA3BIBAIOTCS MPOMOTOPAMH
(aKTHBHOCTB T'Y0OYaTOTO KeJie3a BO3pacTacT B MPUCYTCTBUH NICITOYHBIX METAIUIOB).

BerectBa, yMeHbpIIAIOMINE aKTHBHOCTh KaTAIIM3aTOPOB BILIOTH JIO ITOJIHOTO
YHHUTOKCHUS KaTATUTHIECKON CIIOCOOHOCTH — KATATUTHYECKHE Bl (JUIS IUTATHHOBBIX

METAJIJIOB — COEIUHEHUS] MBIIIbSIKA U PTYTH).

DepMeHTATUBHBINH KaTaIU3
[TpakTHyecku Bce OMOXUMHYECKHE PEaKIUH, IPOTEKAIOIINE B AKUBBIX CUCTEMAaX, UIYT MO
JeiicTBHEM OMOJIOTHYECKUX KaTallu3aToOpoB — (PEpMEHTOB.

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

B ¢epmenTax BbIENSIOT:

AKTHBHbBIE HEHTPbI — YIaCTKH OEJIKOBBIX MOJIEKYJ, KOTOPbIE 3aXBaThIBAIOT
cyOcTpartsl (pa3iiaraeMoe BEIIECTBO), IPUYEM Pa3NIOKEHHE HOCUT CTPOT0 HAIPaBICHHBII
XapakTep;

AJutocTepryeckmne HeHTPbl — y4aCTKU (PEPMEHTOB, KOTOPbIE PACIO3HAIOT MOJIEKYJIbI
cy0cTpaTa M ClIOCOOCTBYIOT UX Pa3MEIICHUIO B aKTUBHBIX IIEHTPax.

Crnenndunyeckne cBoiicTBa (epMEHTOB
1.MonexynspHas macca nocturaer 10°-107, peakuuu, mpoTeKarolue B PUCYTCTBHH (epMEHTOB
OTHOCATCS K KJIAacCy yJIbTPaMUKPOI€TEPOreHHBbIX (T.K pa3Mepbl HepMEHTOB CONOCTABUMBI C

pa3MepaMu KOJUIOMAHBIX YacTHIL);
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2.Ype3BbluaiiHO BBICOKAs KATAIUTUYECKAsl aKTUBHOCTb — IIEPUO/] ITOJIYTIPEBPALLIEHNUS MOYEBHHBI
ipu 25°C pasen 10° cexynn, a B mpucyTcTBuM epmenta ypeassl 10 cexyn i, Takum o6pazom
CKOPOCTh pasnoxkenus ypenundupaercs B 101 pas.

OnuH Mosb pepMeHTa abKOrobAEeTuApporeHassl 3a oqHy cekyHay npu 0°C
npespaiaer 720 MoJib 3TUIOBOTO CIUPTA B YKCYCHBIN aJIbCTUI; B TO BpeMs KaKk
IPOMBIIUIEHHBIN KaTanu3atop npu remreparype 200°C 3a 3To ke BpeMs OKUCISET Julllb 1 MOoJb
CHHpTA.
3.Beicokas crienupu4HOCTb - 1eiicTBUE (EPMEHTOB HOCUT CTPOTO OPUEHTUPOBAHHBINA XapakTep.
Tak ypeasa pa3pyiaer ToJIbKO MOUEBUHY, a aJIbKOTIOJIbJIETUpOreHasa — IpyIiy ClMpTOB.
4.®DepmenTs! 3(pPekTHBHO paboTaIOT TOJIBKO MPU CTPOTO ONPEIEICHHBIX 3HAUCHHX
temneparypsl 1 PH. OnTuManbHOM Temmepatypoit [yt 00IbIIMHCTBA (PEPMEHTOB SBIISIETCS 36-
38°C, a pH — 7,4-7.8. Psan pepmeHTOB criocoOeH padborath B Kuciou cpeae (merncun: pH —1,8-
1,9), B menounoii cpexe (tpuncun: pH — 8).

[Ipu nocToAHHON KOHLIEHTpalMK (pepMEHTa B )KUBOM CUCTEME CKOPOCTb Pa3JIoKEHUs

cyOcTpaTa 3aBUCHT OT KOHIIGHTpAIMu cyOcTpara.

vV o

n=0

> C(S)
Pucynok 5.6 —3aBucuMOCTb cKOpOCTH (hEPMETATUBHOIO KaTaiKu3a OT KOHIIEHTpAIMHU cyOcTpara.

3oHa | — KOHIIEHTpaIUs cyOCcTpaTa MHOTO MEHBIIIE YHCITa aKTUBHBIX IIEHTPOB B
MoJieKyJe (pepMEeHTOB, MOPSAAOK PEaKLUU paBeH 1.

3oHa || — KOHIIEHTpaIMsI aKTUBHBIX LIEHTPOB (PEPMEHTOB COMOCTABUMA C
KOHIICHTpaInei cyOcTpaTa, HO aKTUBHBIE IICHTPHI 3aII0JIHEHBI HE MOTHOCTHIO. [Topsnok peakum
paBeH o 0 go 1.

3oHa |l — Bce akTHBHBIE LIEHTPHI MOJIEKYJT (PEPMEHTOB 3aHATHI MOJIEKYJIaMHU CyOcTpara.
CKOpOCTh peakiMy He 3aBHUCUT OT KOHLEHTpAIMK cyOcTpara, Mops 10K peakiuu paseH 0.

Bce ¢pepMeHTaTHBHBIC peaKIIMU MPOTEKAIOT Yepe3 00pa3oBaHNe MPOMEKYTOUYHOTO
COCTOSIHUSI CHCTEMBI - (DEPMEHTCYOCTPAaTHOTO KOMIUIEKCA, Pa3IoKEeHNE KOTOPOTO MPUBOINT K

00pa30BaHUIO IPOAYKTOB U BBICBOOOXKICHHUIO MOJIEKYT ()EPMEHTOB.
K2 K2
E+S>E-S->I+E (5.27)
K1
rae E, S, I1 — ¢epmenT, cydbcTpat U mpoIyKT COOTBETCTBEHHO;
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E-S — dbepmenTcyOCcTpaTHBIN KOMILIEKC;

K1 1 ko — KOHCTaHTBI CKOPOCTH COOTBETCTBYIOIIUX PEAKIIHIA.

Jlumutupyrouei craguen (caMoil MeIJIEHHOMN) SIBJISIETCSL Pa3IoKEeHHE
bepmeHTCcyOCcTpaTHOrO KOMILIEKca. 3aBUCUMOCTh CKOPOCTH Pa3IoKEHUS! OT KOHIICHTPAIUU

cyOcTpara gaercs ypaBHeHHeM Muxasmrca-MeHTeH.

_ C(s)
V = Vmakc —— (5.28)

rae C(S) — koHIeHTpanus cyocTpara;
Vmax — MakcuMasbHast CKOPOCTh Pa3lioXKeHHsl CyOcTpara Mpu JaHHOH KOHIICHTPAIUH

bepmeHnTa;

K1 + K2

= (5.29)

Ku — koHcTanTa Muxasnuca, kotopas paBHas Km =

Bonpocsk! 1 3a1a4u UIsi CAaMOCTOSITETLHOTO KOHTPOJIst [1,2]:

1. CkopocTh XMMHUYECKOH peaKkIMK 3aBUCUT: a) OT MPUPO/Ibl pEarupyroNux BeecTs; 0) oT
KOHIIEHTPALUil pearupyroliyx BEeLIeCTB; B) OT KOHLUEHTPAIMH IPOAYKTOB XMMUYECKON peaKkIii;
') OT TEMIIEPaTypBhl.

2. 3aBUCUMOCTb CKOPOCTH XUMHUYECKON PEAKIIUU OT KOHLIEHTPALMH pPEearupyroiux BEeIEecTB
YCTaHaBJIMBAET: a) 3aKOH JIEMCTBYIOIMX Macc /Ul TOMOT€HHBIX peakuuii; 0) npasuio BanTt-
'odda; B) 3akoH pazdasnenust OcTBayib/a; r) ypaBHeHHe [ n60ca.

3. I3MeHeHune KOHIIEHTpaIK pearupyonux BelecTB B €IMHUILY BPEMEHHU B €IMHUIIE 00beMa
WJIM YUCJIO 3JIEMEHTAPHBIX aKTOB B3aUMOJIEHCTBUS B €IMHUILY BPEMEHU B €IMHUIIE 00beMa
Ha3bIBAETCS: a) MOPAIKOM PEAKIMH; 0) CKOPOCTHIO PEAKLIUH; B) MEXaHU3MOM PEAKIIUU; T)
JHEPTrUeH peakiui.

4. KoHcTaHTa CKOPOCTH XMMHUYECKOM peakliuy U3MEHUTCS, €CIIU B CUCTEME: a) U3MEHUTh
TeMneparypy; 0) BBECTH KaTalu3aTop; B) BBECTU HHIMOUTOP; T') U3SMEHUTh KOHIIEHTPALlUU
pearupyromux BeIeCTB.

5. CKOpOCTh KaKMX XUMHUYECKUX PEAKLU YBEINYMBAETCS C POCTOM TEMIIEPATYPHIL: a) JTHOOBIX;
0) HUKAKKX; B) 9K30TEPMUYECKUX; I') SHJOTEPMHUUECKUX.

6. YBennueHue CKOpOCTH XMMHUUECKON peaKIMU MPU MOBBIILIEHUU TEMIIEpaTypbl O0BSICHIETCS:
a) YMEHBIICHUEM YHUCIIa CTOJIKHOBEHUI MEX/y MOJIeKylaMu; 0) yBeITHMUeHHEM MOTEHIIMATbHON
SHEPTUU MOJIEKYI; B) YBEJIHMUECHHEM YHCIa aKTUBHBIX MOJIEKYIT; T) YMEHbIIEHUEM SHEPIUU
aKTHBALINU.

7. JleficTBUe KaTanu3aTopa OObSICHSIETCSA TEM, YTO: a) B IPUCYTCTBUM KaTaau3aTopa PeaKius
UJIET IPYTUM IIyTeM — Yepe3 dHEepreTuYecku 0ojiee JOCTYIMHbIE CTaAuN; 0) KaTaln3aTop CHUXKAeT

SHCPTHUIO aKTUBALIUU; B) KaTaJin3aTop CMCIIACT XUMUUYCCKOC PaBHOBCCUC PCAKIINH B CTOPOHY

39



0o0pa3oBaHus MPOAYKTOB; T) B IPUCYTCTBUH KaTalM3aTOpa yBEIUUUBACTCS YUCIIO CTOIKHOBEHHM
MOJIEKYII.

8. Eciiu 1aBiieHue B peaklIMOHHOW CUCTEME ITOHU3UTH B 2 pa3a, Ka U3MEHUTCSI CKOPOCTh
peakuu 2NO + O2— 2NOso.

9. MareMaTHueCcKiM BhIpOKEHHUEM 3aKOHa AeHCTBYrOMMX Macce s peakiuu COz(T) + 4Ho(r) =
CHa(r) + 2H20(r) siBasercst: a) v = kC(CO2)*C(Hz); 6) v = kC(CHa) - C(H20)?; B) v = kC(COy) -
C(H2)* 1) v = kC(CH4)*C(H20).

10. CkopoCcTh XUMHUYECKON pEAKLIUU SIBJISIETCS BHICOKOMW, €CJIN: a) SHEPrus aKTUBALIUY BbICOKAs;
0) sHeprus aktuBanuu paBHa 0; B) SHEprusl aKTUBALIMU HU3KAs; I') SHEPTUSl aKTUBALIUU CPEIHSIS.
11. ITpu yBenuuenuu temmepatypsl Ha 40 °C ckopocTh peakuuu Bo3pocia B 81 pas,
TEMIIepaTypHbIA KO3 PHUIUEHT CKOPOCTH Peaklnu paBeH: a) 2; B) 4; 0) 3; 1) 5.

12. Ha cKOIBbKO TpaycoB CIEAyeT MOBBICUTH TEMIIEPATypy ra3000pa3HOil CMeCH st
YBEJIMUYEHUSI CKOPOCTH peakiuu B 16 pa3 (TemneparypHbiil ko3 uineHT paseH 2.

13. Kak u3amMeHHTCs CKOpocTh npsiMoit peakiuu Ha(T) + Io(r) = 2HI(r) mpu nmoBbIeHrn
JIaBJICHUSA B 5 pas.

14. Konnenrpatuu NO u O2, o6pazyromux NO2, 61t cootBeTcTBeHHO paBHbl 0,03 u 0,05
Mons/mv®. UeMy paBHA CKOPOCTh JaHHOM PEaKInH.

15. Ecnu naBneHue cucTeMbl YBEIMUYUTCS B 2 pa3a, TO KaK H3MEHUTCS CKOPOCTh XMMUYECKOM
peaxmmm 2Al(kp) + 3Cl2(r) = 2AICI3(kp).

16. Bo ckomibko Bo3pacteT ckopocTh npsimoit peakiun CO2(r) + C(rpadur) = 2CO(r) npu
MOBBIIIICHUH JIaBJICHHUS B 4 pasa.

17. MaTemMaTH4ecKUM BBIpaKEHHEM 3aKOHa JelcTByromux Mace i peakuuu C(rpadur) +
2N20(r)= CO2(T) + 2N2(r) sBsierca: a) v = ke(C) 2c(N20); 6) v = ke(C) ¢(N20)%; B) v =
ke(N20)%; 1) v = ke(CO2) ¢(N2)2.

18. Ecnu npu nosblieHny Temneparypsl Ha 30° CKOpOCTh peakIuy yBENUUMIach B 27 pas, TO
4YeMy paBeH TeMIIepaTypHbIH KOAPPHUIIMEHT CKOPOCTH PEAKIIUH.

19. Ecnu remnepaTypHbIi KO3 GHUIMEHT CKOPOCTH PEAKIIMU paBeH 2, a TeMIiepaTypa Bo3pocia
Ha 20°, TO BO CKOJIBKO pPa3 BO3pPaCTET CKOPOCTh PEAKIINH?

20. Ecimn xornenTpamuu [CO2] = 0,30 mons/n; [Hz] = 0,02 mons/it; k = 1, To uemy paBHa
ckopocTh 00patHoit peaktiuu CO(T) + H20(r) = CO2(1) + Hao(T).

6 PacTBopnI
6.1 Cnoco0bI BhIpa:KeHUs] KOHIEHTPALlMH PacTBOPOB
PacTBOpbI — OTHOPOIHBIE (TOMOTEHHBIE) CHCTEMBI, COCTOSIINE U3 IBYX U OoJee

KOMITOHCHTOB U IIPOJAYKTOB HUX BSaHMOHeﬁCTBHﬂ.
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B pacTBopax pa3nu4aroT pacTBOPHUTENH (B 4Y€M PACTBOPSIOT) U PACTBOPEHHOE BEIIECTBO
(4TO pacTBOPSIOT).

CopneprkaHue paCTBOPEHHOTO BEIIECTBA B PACTBOPAX ONPENEISIOT OOIIMM HOHATHEM
KOHIICHTPAIIUH, KOTOPOE BBIPAXKACTCS CICAYIONIMMHU CIIOCOOAMH:

MaccoBasi 10151 (W) — OTHOIIIEHHE MacChl PACTBOPEHHOI'O BEIIECTBA K Macce PacTBOPA.

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

Mouasipaasi koHueHTpanus (Cyu) — OTHOILICHHE KOJIMYECTBA PACTBOPEHHOI'O BELIECTBA

(MonB) K 00BEMY pacTBOpA.

[M"’“’] = [M] (6.3)

J

A\
Cm =<
v
Haiinem cBsizb Mexay W u Cy.

mg_ 9M Cm
w=—8 =27 — =2 (6.4)
Mp—pa V-p P
/i€ p — INIOTHOCTH PacTBOpPA, I/J1

MouisiiibHasi KOHIEHTpamus (M) — OTHOIIEHHE KOJIMYECTBAa PACTBOPEHHOTO

BelecTBa (MOJIb) K Macce pacTBOPUTENS (KT).

Cm=—— [=2] (6.5)

Mp—nq KT

HopMaanas{ KOHICHTPpauusd (Cn)' OTHOIICHHUEC KOJIHNYCCTBA SKBUBAJICHTOB BCIICCTBA

K 00beMy pacTBOpA.

Co=g2 [ =N (6.6)

Vp—pa I
I[J'If[ OJHOOCHOBHBIX KHUCJIOT U OJHOKHUCIIOTHBIX OCHOBAaHHU MOJIIpHasA 1 HOpMaJibHasA
KOHICHTPpANUAg YUCIICHHO paBHBI, TaK KaK PAaBHbBI MOJIAPHBIC DKBUBAJICHTHBLIC MACCHI.
CBs3b MOJIIPHOI M HOPMAJIbHON KOHLIEHTPALIHH.
c, = fC, (6.7)
rae f- hakTop SKBUBaJIICHTHOCTH.
HpI/I KHCJIIOTHO-OCHOBHOM TUTPOBAHUH 3aKOH 5KBUBAJICHTOB IJISA HOpMaHBHOﬁ
KOHICHTPAUHX OIPEACTIACTCA COOTHOIICHUEM!
CeVi = CuVi (6.8)
rac CK, CHI — HOPMAJIbHBIC KOHICHTPAalIUU KUCJIOTHI U IICJIOYN COOTBCTCTBCHHO.
Tutp (T) — comepkanue pacTBOPEHHOTO BEIIECTBA B IpaMMax, Co/IeprKaluecs B

OJIHOM MHJUTHIIUTPE PacTBOpA.
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Bonpochk! 1 3a1a4u J1JIsi CAaMOCTOATEIbLHOr0 KoHTposn [1,2]:

1. BrIpa3uTh B MpOIEHTaX KOHLIEHTPALUIO pacTBopa, coepxaiiero B 250 T Boas! 50 T MIIOKO3HL.

2. CkonbKO BOJBI M XJIOPUCTOTO KalHs HYKHO B3sITh, 4T0OBI mpurotoButs 500 mi 20 % - pactBopa,
I0THOCTE  KoToporo 1,133 r/cm® ?

3. B kakoii macce Boabl cieayer pactBoputh 100 r Na,COsz-10H,O nns momyueHus pactBopa,
conepkariero 4 % 06e3BoaHOM coyn?

4. BpIYHCIUTH MOJISPHYIO M HOPMAJIBHYIO KOHIIEHTPAIMH pacTBopa cyibdara Kamus, 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 HOPMaJbHYIO KOHLEHTPALWHU MOJyYEHHOTO PAacTBOPA, €CIIU €ro IUIOTHOCTh
paBHa 0.95 r/mu.

6. HaiiTi HOpPMaNbHOCTE M MOJSAPHOCTD 15 % - pactBopa HoSOs (p =1,1 r/mi).

7. Paccuurats CH, Cm pactBopa H2SO4 € ® =20 %. IInotHOCTH pactBopa 1,15 r/mi.

8. Cxonbko MummiutpoB HaPOs ¢ @ = 20 % (p = 1,33 r/mi) Hamo B3saTh uisi npurotosieHus 0,2 M
pactBopa HzPOs 06semom 300 1.

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

10.Boruncnuts, nocrarouno au 20 mit 30 %- pacTBopa CepHOM KUCIIOTHI, INIOTHOCTH KOTOporo 1,22 r/mi,
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 mumutpoB 0,5 M pactBopa H.SO4 MoskHO npurotoButs u3 15 M 2,5 M pactBopa?

13.Kaxkoit o6bem 0,1 M pactBopa HsPO4 MmoxHO ipurotoButs u3 75 mit 0,75 H pactBopa?

14.Cxonbko Boabl Haso npudaBuTh K 25,0 Ma 40 %-pacTBopa ruApoKcuaa Kauus, IIIOTHOCTh KOTOPOTO
1,41 v/mu, uToObI ONyuuTh 2 % - pacTBop?

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

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

17. Ans weditpanuzanuu 20 ma 0,1 H pactBopa xucnots! notpedosaiock 8 mia 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. OnpeneanTs HOpMaTbHOCTh PACTBOPA KUCIIOTHI U €€ SKBUBAJIEHTHYIO Maccy.

19.Ha wetitpanmzaruto 20 M pactBopa, cogepkaiiero B 1 1 12 r menoun, uzpacxomonano 24 mi 0,25 H
pacTBopa KHCIOThI. PaccunTarh 5KBUBaJICHTHYIO MacCy MIECIOYH.

19.Kakoii 00bem 0,3 H pacTBopa KucnoTh TpeOyeTcs i HeHTpanu3aluy pacTBopa, cogepskaiero 0,32
r NaOH?

6.2 DiekTpoaMTHYECKAS] TUCCOIUALNUS

ITo ctocoGHOCTH TPOBOAMTH AIEKTPUUECKUN TOK BEIIECTBA JACTAT HA AJICKTPOIHUTHI U
HEAJIEKTPOJIUTHI.

DJIeKTPOJIMTHI - BEIIECTBA, PACIIIIABBI WJIH PACTBOPHI KOTOPHIX TPOBOIAT
ANEKTPUIECKUHN TOK (COJU, KUCTIOTHI, OCHOBAHMS ),

HesnekTponThI - BEIIECTBA, PACTBOPHI WM PACILIIaBbl KOTOPHIX HE MIPOBOJIAT

AIIEKTPUUYECKHUI TOK (KUCIOPOJ, BOJIOPOI, OpraHUYECKHE BEllecTBa — caxap, 6eH3o1, 3¢up).
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Jl51s 00bsiCHEHUS IIEKTPONIPOBOUMOCTH PACTBOPOB U PACILIIABOB COJIEH, KUCIIOT,
OCHOBaHU AppeHuyc co3aall TEOPHUIO IEKTPOTUTHUECKON AUCCOIHAIINH.

Ecnu B siueiiky niis u3ydeHus

LS AJIEKTPOTPOBOTHOCTH HAIHUTH 110 OYSPEN TPU
"N\ pacTBopa, TO JIAMIIOYKA BKJIIOUEHHAS B LIETIh OyIeT
TOPETH

a) NaCl — sapko
6) CH3;COOH — Tyckuo

} BIEKTPOIUTHI

B) TJIIOKO3a — HE TOPUT - HEAIEKTPOIUT

p-p

Pucynok 6.1 — fueiika 1uist U3ydeHus! 3JIEKTPOIPOBOJHOCTH PacTBOPOB.

OCHOBBI NOJIOKEHHUSI TEOPUH 3JIEKTPOJIUTHYECKOMN T CCOMALIUN
1.Mouiekynbl 3JIEKTPOJIUTOB NPU PaCTBOPEHUH WM PACILIaBICHUM paclalaloTcs Ha
MOJIO’KUTENbHBIE M OTpULIATEIbHbIE HOHBI HOHBL. [Iponecc pacnasa MoIeKyI 3J€KTPOIUTOB Ha
MOHBI HAa3bIBACTCS — AJIEKTPOJIUTUUECKON JUCCOIUAIUEH.
2.11pu nponyckaHuu 4epe3 pacTBOP WIH PACILIaB AIEKTPOIUTA TOCTOSHHOTOJIEKTOPUIECKOTO
TOK TOJIOKUTEJIbHO 3apsKEHHBIE HOHBI ABIXKYTCS K OTPULIATEILHOMY 3JIEKTPOY (KaTony),
MI03TOMY Ha3bIBAIOTCS KATHOHAMM, a OTPULIATEIbHO 3apsKEHHbBIE HOHBI IBUKYTCS K
MOJIOKUTEITBLHOMY 3JEKTPOAY (aHOJY), MOATOMY Ha3bIBAIOTCS AaHHOHAMH.

3. luccorumarus — mporecc 0OpaTUMBIIA: OJHOBPEMEHHO C paclajoM MOJIEKYIIbI aH HOHBI

poTeKaeT 0OpaTHBIH Mpoliecc — 00pa3oBaHUE U3 HOHOB UCXOAHBIX HEUTPAbHBIX MOJIEKYIL.

HCC
Mg(Noa)zr;C—‘;;_ Mg?* + 2NOz

MexaHHM3M JIEKTPOJTUTHYECCKON AU CCONMALUM
B ocHOBE 2JIEKTPOAUTUYECKON NTUCCOLUALIMU JIEKUT B3AaUMOAECHCTBUE HOHHOTO
KpI/ICTaJ'IJ'Ia NIn HOJ'ISIpHI)IX MOJ'IeKy.]'I C HOJ'ISIpHBIMI/I MOJ'IeKy.]'IaMI/I paCTBOpI/ITeJ'ISI (B YAaCTHOCTH C

MOJIEKYJIaMU BOJIbI).

3a cyeT IEKTPOCTATUUECKOT O IPUTSYKEHUS IUITIOJIN BOJIBI BBIPBIBAIOT IOBEPXHOCTHBIE
VMOHBIN3 KPHUCTAJUIA U IEPEBOJAT UX B PACTBOP, IIPH 3TOM HOHBI HAXOJSTCS B
COJIbBATUPOBAHHOM (B CIy4ae BOJbI THAPATUPOBAHHOM) COCTOSTHUM - OKPYXEHHBI MOJIEKYJIaMU

pactBopuTens (puc.6.2).
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Pucynok 6.2 — Cxema AuCCOIMAIMU BEIIECTB C MOHHOM CBSI3bIO.
[TonspHas MoJiekysa 3a CYET JIEKTPOCTATUIYECKOTO B3aUMOICHCTBUS C AUTOISIMHU
BOJIbI MTOJISIPU3YETCSI 1 B KOHEYHOM MTOT'E€ PacIialaeTcsl Ha KaTHOH U aHUOH (puc. 6.3).

0

g

S Q+Q00
&\ On

Pucynox 6.3 - Cxema quccoraiuy BenecTB CKOBAJIGHTHON TOJISIPHOM CBS3BIO.
PeanpHO MOHBI BOJIOPO/A B OIHBIX PAaCTBOpaxX MPHUCYTCTBYIOT B TUAPATUPOBAHHOM
COCTOSIHUM,B BUJIE TAK aH3bIBAEMBIX HOHOB rHapokconus HzO*, obpasoBanue KOTOPBIX MOXKHO
IPEICTaBUTh KaK MpUcoearHenre nona H'k Monekysie Bojibl HACYET JOHOPHO-AKLENTOPHOTO
B3aMMOJIEHCTBHSL.
H*+ H,0 < H3O" + OH"
KonumdecTBeHHO mporiece AUCCOIUAITIHN XapaKTEPU3YETCsl CTENEeHbI0 AUCCOIUALHH 0, —
OTHOIICHUEC KOJINYCCTBA (KOHHCHTpaIII/II/I) MOJ'ICKy.]'I, paCHaBHII/IXCSI Ha HUOHBI, K O6HICMy
KOJIMYECTBY (MCXOIHOW KOHIICHTPAIIMH ) MOJICKYJI pACTBOPEHHOTO BEIIIECTBA!

C 2
a= —= 2L (6.9)

no Co

PaCCMOTpI/IM JAUCCOHUALIUIO cinaboit YKcyCHOﬁ KHCJIOTHI:

CH3COOH <« CH3COO + H*

Co |[Cm 0
AC | a-Cm o-Cm
C |Cm—oaCm | aCm
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[H] = [CH3COO] = 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. 0 < 1—1—a=1,creroBarenbio Kn=a?>Cm — a = /(}:% (6.13)

3akon pa3oaBienns OcBajib/a: IpyU MEHBIIICHUN B PACTBOPE KOHIIEHTPAILIUU CIIa00T0
AIIEKTpONIHTA (Pa30aBICHUN PACTBOPA) CTETIEHB AUCCOLUAIIMH BO3PACTACT.

HonnHoe npousBeneHue Boabl. BonopoaHbiii moka3areib

H20 < 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]> [OHT] - KHCIIast cpefia
[H'] < [OH] - 1enovHas cpesa
[H]= [OH] - HelTpanbHas cpeaa

pH = -Ig[H*]- Bomopoaumliinokaszarens
Ig[H*] + Ig[OH] =14
pOH = -Ig[OH] =14 — pH
Takum o6pazom, ecm [H'] = 10°M, To [OH] = 10°M
HNuauxkaropsl

HHAMKATOPBI — BEIIECTBA, PACTBOPHI KOTOPHIX B 3aBUCUMOCTH OT KUCJIOTHOCTH CPEIbI
CIIOCOOHBI H3MEHSTH CBOKO OKPACKY.

B kauecTBe MHIMKATOPOB, KaK MPABHJIO, IPUMEHSIOT CJI0KHBIE OPraHUYECKHE Ci1a0ble
KUCJIOTHI WJIA OCHOBAHHUS

Hind < H* + Ind

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

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

1oHOB H™ MHAMKATOD, MPEACTABIISIOUA OPraHHYECKYIO KMCIIOTY, PEUMYIIECTBEHHO
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HaxOJIUTCS B MOJIEKYJISIpHOU (popMme (0/THa OKpacka); Mpu U30bITKE THAPOKCUIBLHBIX HOHOB OH™ -
MIPEUMYIIIECTBEHHO B HIOHHOU opme (Ipyrast OKpacka).

[InpoKo NCHOIB3YETCSI OTPAaHUYEHHOE KOJIMYECTBO MHIAUKATOPOB:

HNuaunkarop Oxkpacka B HEKOTOPBIX cpeaax
Kucmas pH<7 Heiitpansuas pH=7 [emoun pH>7
Jlakmyc Kpacusbiit ®uoseToBbIN Cunuit
MeTuiiopank KpacHusiit OpanrkeBblii JKenterit
DeHoJdralIenH becuseTHbIi becuseTHbIi ManuHOBBIN

HauOonee Tounoe onpenenenue pH cpenbl OCyIIECTBISETCS MHCTPYMEHTAIbHBIMU METOAAMU —
noHoMepaMHu, PH-MeTpamu, B KOTOPBIX TOYHOCTb ONPEAEIAETCS A0 COThIX eAuHMIL PH.

Pacyer pH kucj0T 1 0OcHOBaHMii

CuiibHBIE KHCJIOTBI

C(HCIH=0,01M

HCl — H* + CI" (npakTudecky mosHas Aucconuanus)

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

pH=-lg[H"]=-lg102=2

B cnyyae MHOTOOCHOBHOM CHIIBHOM KHCIIOTHI YYUTHIBAIOT CYMMapPHYIO KOHIIEHTPAIIUIO HOHOB
H™, o6pa3syromuxcst Ipy JUCCOIMAIIMU KUCIOTHI.

C(H2SO4) = 0,0005M

H.SO4 <> 2H" + SO4*

[H*] = 2[H2S0O4] = 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]=-lg101=1

pH=14-pOH=14-1=13

B cnyuae MHOTOKHCIIOTHOTO OCHOBaHUS B pacueTax B pacueTaxX yYUTHIBACTCS CyMMapHas

KOHIIeHTpanus noHoB OH".
C(Ba(OH).) = 0,005M
Ba(OH); — Ba?" + 20H"
[OH] =2[Ba(OH).] =2 - 0,005 = 0,01M
pOH =-Ig 102 =2
pH=14-2=12
Pacuyer pH ci1adbIX KHCJIOT U OCHOBAHMH

Ciadble KHCJIOTHI

C(HCN) = 102M
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HCN < H"+ CN-

_ Cpacn

a = Co - Cpacn = aC,
[H*] = aCy(HCN) = «C,

-10
a= o= =10t Ko (HCN) = 10710
[H*] = aCo = 10* - 102 = 10°M
pH=-lg10°=6
Cnabble OCHOBAaHUS
C(NH4OH) = 0,001M: K,(NH,0H) = 1075
NH4sOH < NH4* + OH"
[OH7 = aCo

K, |10-5
= _— = = 1 -1
== o= 10

[OH] = 0,001 -0,1 = 10"*M

pOH =-lg 10* =4

pH=14_-4=10

B CJIyda€ MHOI'OOCHOBHBIX CJIa0BIX KUCIIOT X0 PpacCyKJACHUA OCTACTCA a0COJIFOTHO
AHAJIOTUYHBIM, TOJIbKO BO BHUMAHUEC ITPUHUMACTCA AUCCOHUAUS 110 HepBOﬁ CTYIICHHU.

H.COs3 <> H* + HCOg’ Ky =107
HCOs; « H' + CO3> K, =10
6.3bydepHbie pacTBOpPbI

[Ipeacrasnstor coboii cMecu caboi KUCIOTHI M €€ COJH (areTaTHbii 0ydep
CH3COOH + CH3COONa), cnaboro ocHoBaHus U ero cosin (aMmuaunslii 6ypep NH4sOH +
NH4Cl), cmech coneit MHOroocHoBHOM KucnoThI (hocdarubrit 6ypep NaH2PO4 + Na;HPO4).
OCOOEHHOCTBIO JAHHBIX PACTBOPOB SBJISIETCS TO, YTO MIPH JOOABICHIH HEOOIBIINX KOJIMYECTB
CHJIBHBIX KHCIIOT WJIK 1esiour PH Takoro pacTBopa MpakTHUECKH HE U3MEHSIETCSI.

Mexanusm aeiicreus Oy(epHoOro pacrsopa

PaccmoTpuM Ha mpuMepe arieratHoro 0ydepa, npu 100aBIeHUU CUIBHON KHCIOTHI
N30BITOK HOHOB BOJIOPO/Ia CBS3BIBAETCS C alleTaT-HOHAMH C 00pa30BaHUEM MOJIEKYIT C1aboro
ANEKTPOJIUTA YKCYCHOU KHUCIIOTHI.

[Tpu no6aBnennn k 6yhepHOMY pacTBOPY IEIOYH U30BITOK THAPOKCUI-HOHOB
HEUTpanu3yercsi yKCYCHOM KUCIOTOM, IPU 3TOM 00pa3yroTCcsi MOJIEKYIIbI cl1aboro 3J1eKTPOIUTa —
BOJIBI.

CH3COOH + CH3COONa

NH;OH + NH4Cl

CHsCOO™ + H" — CH3COOH
CH3COOH + OH" — CH3COO" + H20
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['maBHBIME XapakTepucTUKaMH OyhepHBIX pacTBOPOB sBisieTcs ux PH u Oydepnast
€MKOCTb.

Paccunraem pH ameratHoro Oydepa:

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

U3 ypaBHenus (6.15) BeIpasiM KOHIIEHTpaLKO HOHOB H.

[CH3COH]

+1 —
[H*] =K, [CH3C00™]

(6.17)

Tak Kak coJib CUIIBHBIN JIEKTPOJIUT, alleTaT HATPHsI IMCCOHUPYIOT B PaCTBOPE
MIOJTHOCTBIO M, MOXXHO CUUTATh, YTO PABHOBECHAsI KOHIICHTPAIIUS alleTaT-WOHOB paBHA UCXOIHOM
KOHIICHTPAIIUH COJIM B OyQepHOM pacTBope.

Kaxk cnenyer u3 ypaBHenus aucconuaiuu (6.15), npucyTcTBrUe B pacTBOpE areTar-
HMOHOB CMEIIAET PAaBHOBECHE B CTOPOHY 00pa30BaHMS MOJIEKYJI KHUCIOTHI, TO €CTh MOYKHO
CYUTaTh, YTO PAaBHOBECHAsI KOHIICHTPAIIMS KUCJIOTHI paBHA €€ UCXOIHOW KOHIICHTPAIIUH B

O0ydepHOM pacTBOpe, Toraa BeipaxkeHue (6.17) MoxkHO 3amucath B BUIE:

Cx

[H*] =K (6.18)

[TponoropupmMupyem ypaBHEHHE U YMHOXKHM Ha €TUHUILY.
-lg[H"] =-lg Ka—1g Cx + Ig Cc (6.19)
¢ yuerom: -Ig [H*] = pH; -lg Ka = pKa
ypaBHeHue (6.19) npuHumaer BU:

pH = pKa + Ig g— (6.20)

rie pKa — cuinoBoi mokasaresb KUCIOThI
Paccyxnenus aHanornyssl s 0y(epHbIX pacTBOPOB, MPECTABIAIOIINX 000 cMech

¢71a00ro OCHOBAHHUS U €0 COJIMU. Ucxons u3 9TOr0, MOXXHO IOJIYYHUTH BBIPAKCHHUC!

POH = pKb + g (6.21)

OCH

W3 ypaBHenunii (6.20, 6.21) cneayet, 4To Npu OJUHAKOBOW KOHLEHTPALIUU KUCIIOTHI U
coiu (ocHOBaHuUsA U conn) PH OydepHOro pacTBopa YUCIEHHO paBEH CUIOBOMY ITOKA3aTEII0
KHCJIOTHI, a TAKXKE U3 YpaBHEHUS CIeAyeT, YTo NMpH pazbaBieHuu 0ydepHbIX pacTBopoB ux pH
0CTaeTCsl HEU3MEHHBIM.

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

Co (CH3COOH) = Co (CH3COONa) = 0,1M
pH=-lg (1,75-10°) =519 1,75 = 4,76
CooTHolIeHre KOMITOHEHTOB Oy(epHOTro pacTBOpa (KUCIOTHI M €€ COJIH), KaK TIPaBHUIIO,

OepeTcst B COOTHOIIICHUH HE MPEBbIIaronuM uaTepai 1k10.
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Paccmotpum, kak uzmenutcest pH 6ydeproro pactBopa oobemom 1 1uTp ¢
KOHIIEHTpauuei kucaotel u conu 0,1 M, eciu K TaKOMy pacTBOPY A00aBUTH 2 MIT
oxHoMousipHoro pacrsopa HCI.

(HC)=2-10%-1=2- 103 momp

C(HC) =2=21"= 2. 10%M

14

JIaHHOE KOJIMYECTBO HOHOB H, CBS3BIBAsCH ¢ alleTaT-mOHAMH, TIEPEXOAUT B MOJIEKYIIBI
KHCJIOTBI, YMEHBIIAIOT KOHIICHTPAIIUIO Coii B OydeproM pacTBope Ha 0,002M u Ha TaKyro Xe

BCJIIMYMHY BO3PACTACT KOHLUCHTPAUs KUCIIOThBI, U pH pacTBOpa CTAHOBUTCA:

0,1-0,002

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

= 4,74

ApH =4,76 — 4,74 = 0,02

Jlist cpaBHEHUS PacCMOTPUM, Kak U3MeHuIcs Obl PH mpu 106aBiieHUH TaKoro xke
KOJIMYECTBA KUCIOTHI K 11 uncToit Bojsl (PH=7)
pH=-lg[H"]=-lg(2-10%)=3—-1g2=27
ApH=7-2,7=43

Jlpyroii BakHeHIIel XapaKTepUCTUKOM Oy(depHbIX pacTBOpOB sBisieTcs OydepHas
emkocTh (B). BydepHast eMKOCTh — 3TO KOJIMUYECTBO S3KBUBAIIEHTOB CHIIBHOW KHUCIIOTHI MU
IIEeJI0YU, KOTOPbIE MOYKHO TOOABUTh K OHOMY JUTPY OypepHOro pacTBopa, 4T0Obl H3MEHUTh
ero pH na equnauIly. bydepHas eMKOCTh ONpeAeseTcst SKCIEPUMEHTATHHO (PUIBTPOBAHUEM
poObI Oy(hepHOro pacTBOpa pacTBOpa CUIbHON KUCIOTHI MM HIENOYH, U3BECTHBIN
KOHIIEHTpPALUK; IpH 3ToM puKkcupyercs usmeHenue pH. Pacuer 6ydepHoil eMkocTH 1o KucaoTe

¥ OCHOBAHUIO BEAyT MO hopmye:

CxVk

Ba = Vo iapH] (6.22)
— CuyViy

Bo = v lap (623)

Ba u By — OydepHas eMKOCTh 110 KUCIIOTE U LIEJIOUH.
Cx u Cy — HOpMaJIbHASE KOHIIEHTPAIIMS PACTBOPOB KUCIOTHI U IIENOYH, B3SATBIX AJIS TUTPOB.
Ve.p.— 00beM 11po0bl OyepHOTro pacTBopa.
|ApH| - u3menenue pH npu THTpOBaHHH.
6.4 I'mppoJsn3 coneit

I'uaposius -370 B3auMoieiCTBHUE JIFOOBIX BEUIECTB ¢ BOAOH (KpaxMmana, OelKoB).
PaccMoTpuM "acThie ciyyau TUIpoIM3a — B3aUMOJICHCTBUE COJIEH C BOJIOH.
[Tpu3HaKOM MPOTEKAHUS THAPOIH3a COJICH SIBIISETCS N3MEHEHHE KUCIIOTHOCTH CPEIbI C

HEUTPAJIbHOM Ha KUCIIYIO WIIH IIEJIOYHYIO.
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CylHOCTh rUApPOIIN3a 3aKII0YaeTcsa B 00pa30BaHUE MOJIEKYJI CJIa00ro 3JIEKTPOJINTa —
KHCJIOTBHI MJIM OCHOBAHUS C OJJHOBPEMEHHBIM IOSBIEHUEM B pacTBOPE HOHOB BOJOPOA WU
THIPOKCUA-UOHOB.Ecnu pu ruaposinse o0pa3yroTes ciaadble OCHOBAHHUSA, TO MPOLIECC MPOTEKAET
10 KaTHOHY; eciin o0pasyeTrcs ciadast kuciaoTa ciaadas — 1o annony.Ecnu oHoBpeMeHHO U
cyaboe OCHOBaHUE U ci1adast KMUCI0Ta, TO MMIPOJIN3 IPOTEKAET U 110 KaTHOHY, U 110 aHHOHY.

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

e B monexkynsipHoi
e [losHo¥ noHHOM popme
e Kparkoii nonHol popme (Hanbosaee HHPOPMATUBHO, TAK KAK OKa3bIBAET MOJIEKYJIbI
KaKoro cjaboro 3J1eKTpoiauTa o0pa3yroTcs P IMIPOIN3€e U30BITOK KAaKUX HOHOB
(KaTHOHOB BOIOPO/Ia UJIH TUIPOKCUI-MOHOB) MOSIBIISIETCS B PACTBOPE. )
['uponu3 npoTeKaeT Npu CIEAYIOIUX TpeX Ciaydasx:
1. Coab o0pa3oBaHa cjiadbIM OCHOBAHMEM M CHWJIbHOM KHUCJIOTOM
NH4CI + H,0 <+ NH4OH + HCI (monekynspras ¢popma)
NH4" +CI" + H,0 <> NH4OH + H* + CI" (nonnas ¢popma)
NH4" + H20 <> NH4OH + H* (kparkas wonnas dopma).
ITpu ruaposin3e AaHHBIX COJIM B pacTBOpe 00pa3yeTcst H30bITOK HOHOB BOJIOPO/ia — cpenia
cTaHoBHTCS Kucioi (pH<7).
Tax xak ruAposIn3 — 0OpaTUMBIN IPOLIECC, YTO OH XapaKTEPU3YETCsI CBOEH KOHCTAHThI

paBHOBecHs (TPY HAMMUCAHKUE €€ BHIPAKECHHS YUUTHIBAIOT TOJIBKO KpaTKyto (popmMy ypaBHEHUE

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

[Ipy runposn3e KOHUEHTpALKA BOABI B PACTBOPE MPAKTUYECKH HE U3MEHSIETCS; BHOCUM
€e 110/l 3HaK KOHCTAHThI PABHOBECHS, IIPOU3BEIACHUE ABYX IIOCTOSHHBIX TAKXKE ABIIACTCA

BEIUYMHOMN HOCTOHHHOﬁ, KOTOPBIC KOJIMYCCTBCHHO HA3bIBACTCA KOHCTaHTOMH TUAPOJIN3a Kr.

. __ [NH,OH][H™]
Kr = Kp[H,0] = == ""— (6.35)

VMHOkKaeM YHCINUTEIb U 3HAMEHATENIh Ha KOHIOCHTPAIUIO TUAPOKCUIIBHBIX HOHOB

Kr = [NH4OH][1-1+][_0H‘] _ kw (6.36)
[NHL][0H™] Kb
Otcrona:
Kw
Kr = &2 (6.37)

JIJ1s KOM4eCcTBEHHOM XapaKTepUCTHKY Mpollecca TUAPOIN3a BUTHO MTOHITHE CTEIEHU
ruponn3a h — oTHoIIeHHe KOHIEHTPALNUK THIPOIU3UPOBAHHOM COM K €r0 UCXOJHOU
KOHIIEHTPAIlUU B pacTBOPE.
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ho= (6.38)

KoHneHnTpanus ruipoau3upoBaHHOM COJIM paBHA
Crump = hCo (6.39)
Y paBHa KOHLEHTPALUK IPOJYKTOB THIPOJIN3A
[NH4OH] = [H*] = hCo (6.40)
KoHuenrpanus He ruipONU3UpOBAaHHOM COJIU B PACTBOPE COCTABIISIET:
[NH4]=Co—hCo=Co- (1-h) (6.41)
[TonacraBum Boipakenue B (6.40) u (6.41) B ypaBHeHue (6.35)

hCy-hC h?c
KF _ 0 0 __ 0

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

[Ipu ruaposm3e TaHHBIX coyei 3HaYeHueM h B 3HaMeHaTene ypaBHeHUs (6.42) MOKHO
npeHedpeys, ¥ OHO MPUHUMAET BUJI:

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

OTCIO,I[a paccuuTacM CTCIICHb T'NAPOJIN3a h

Kw
h= =G (6.45)

PaccuuntaB crenenb ruipoausa U 3Hasi HCXOJHYIO KOHLIEHTPAIUIO COJIM B pacTBOPE, U3
BhIpakeHus (6.40) HaX0 UM KOHIIEHTPAIIMIO HOHOB Boopoaa u pH pactBopa.

IIpumep.
Paccuutats pH 0,1 mossiproro pactsopa NH4OH (Kb = 107).

10~14 _
h= |[—==10""
0,1-10~5

[H']=hCo=10*-101=10°M
pH =-Ig [H*] = -1g10° =5
2. CoJb 00pa3oBaHa CWJILHBIM OCHOBAHUEM U €JIA00# KMCJIOTOM
KCN + H20 <« KOH + HCN
CN™ + H20 <> HCN + OH"
[Ipu ruaponn3e JaHHBIX COJIM B pacTBOpE 00pazyeTcst M30BITOK THIPOKCUI-HOHOB —
cpena menoynas (pH>7)
Xona paccyXIeHus MPHU BHIYUCIEHUU KOHCTAHThI THAPOJIN3a, CTETNIEHb TUAPOIIN3A U

KOHICHTPAUIO TUAPOKCUIIBHBIX HOHOB IMOJIHOCTHIO aHAJIOTMYCH PACCMOTPCHHOMY B ITYHKTC 1.
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Kr=2  (6.46) h= C‘z:(va (6.47) [OH] = hCo (6.48)
IIpumep
Paccuurats pH 0, 001M
h= =01
[OH]=0,1-102=10%M
pOH = -1g 1073, pH=14-3=11

3. Coun, o0pa3oBaHHbIE CJ120bIM OCHOBAHUEM H CJ1a00H KUCJIO0TOM
CH3COONHj4 + H20 «> CH3COOH + NH4OH

Cpena pacTBOpPOB JJaHHBIX COJIEH OMpPEENsIeTCs COMOCTaBICHUEM KOHCTaHT
JUCCOLIMAIIMU 00Pa3yIoIUXCs caboi KUCIOTHI U ¢1a00ro OCHOBaHUs. TOT 3IEKTPOIIHT,
KOHCTaHTa JUCCOIMALMU KOTOPOTO OOJIBIIE U ONPEIENISIET CPEY PACTBOPA.
Ecn KOHCTaHTBI AEiCCOIMAIIMY TPUMEPHO PaBHBI, HECMOTPSI Ha IPOTEKAHUE THAPOIH3a (B
pacTBOpe MPUCYTCTBYIOT U MOJIEKYJIbI C1a00T0 OCHOBAHUS, M MOJIEKYJIbI ClIa0ble KUCIOTHI)
cpelia pacTBOpa OCTAeTCsl HEUTPaIbHOM.
Ka (CH3COOH) = 1,76 - 10-5
Kb (NHOH)=1,74-10-5 =  pH=~7
4. Cosin 00pa3oBaHHbIe CWJIbHBIM OCHOBAHUEM U CHJILHON KHCJIOTOM.

OTH COJM TUAPOTIU3Y HE MOABEPIatoTCs, UX PACTBOPHI UMEIOT HEUTpasbHYo cpeny (pH
=7).
['myOuny (CTeneHb) rUAPOIU3 MOXKHO YBEIMUUTh pa30aBI€HUEM pacTBOPA COJIU WU
YBEIMYECHUEM TEMIIEPaTyPHI.
SbCl3 + 2H20 — Sb(OH)Cl + 2HCI

OO0mwscHsieTcs cooTBeTCTBUM ¢ ipuHIMnoM Jle -Illatenbe; yBennyeHne KOHIIEHTPAILIMH
BO/IbI (pa30aBiieHUs PacTBOPOB) CKayaTh PABHOBECHS B CTOPOHY PEaKLMU PAcXo/ia BOJIbI.
[Tpu HarpeBaHWM pacTBOPOB COJIEH, CKIIOHHOCTH THIPOJIM3Y IPOIIECC MOXKET CTAHOBHUTCS
HEOOpaTUMBIM.
FeClz + 3H20 — Fe(OH)3| + 3HCI

Ecnu mpotyKThI THAPOJIM3a BEIBOISTCS U3 PACTBOpA B BHJIE OCAIKOB WIIM Ta3a , TO
THJIPOJIU3 IPOTEKAET HEOOPATUMO.
Al>S3 + H,0O — 2A1(OH)3| + 3H2S1

JlaHHble coM B TabJHIle PAaCTBOPUMOCTH OTMEUYEHBI IPOYEPKOM KaK HECYIIECTBYIOIINE

WJIM pasjiaraéMbl€ BOJIOM.
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5. Ecniu conm oOpa3oBaHbl C1a0bIMU MHOTOOCHOBHBIMH KHCJIOTaAMH HJIA CJIa0BIMU
MHOTOOCHOBHBIMU OCHOBAHHUSIMHU, TO THJIPOJIN3 MIPOTEKAET CTYIIEHYATO U MIPEUMYIIICCTBEHHO TI0
MEepBOM CTaauMu.

Na2COj3 + H20 <> NaHCO3 + NaOH
COs% + H20 <> HCOs® + OH
AICl3 + H20 < AIOHCI + HCI
AP* + H,0 > AIOH> + H*

Bonpochb! 1 3a1a4u JIsi CAaMOCTOATEIbLHOI0 KoHTpos [1,2]:

Heo0xoanmebie a1t pacu€ToB CIIPaBOYHBIE JAaHHBIE B3STh B TaOJHIIE.

1. Paccuuraiite pH 0,02 M pactsopa CH3COOH.

2. Beruucnute crenens aucconuanuu 1 pH 0,001 M pactBopa HCN.

3. Kakuie U3 TaHHBIX peakilnii MpoTeKaroT B pacTBope Heobpartumo? 1) KoSO3 + HCI = ...2)
Na2CO3 + H2SO4 = ...3) K2SO4 + NaCl = ...4) KCN + HNO3 = ..

4. Paccunraiite pH 0,001 M pactBopa Ba(OH)z.

5. Onpegnenure MosipHyro KoHUeHTpamuto pactBopa KOH, eciu pH pactBopa pasen 10.

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

7. Onpenenure MOJISIpHYIO KOHIIeHTparuio pactBopa HNO2, ecnu pH pactBopa pasen 4

8. Kakue u3 qaHHBIX peakiinii mpoTekaioT B pactBope HeoOpaTumo? 1) Ba(NOsz)2+ HoSO4= ...
2) Ba(NOs3)2+ NaCl = .. 3) Al(NO3)3 + KOH =...4) KOH + HCIO4 = ...

9. Onpenenure MOJISIpHYIO KOHIIeHTpanuto pactBopa Sr(OH)2, ecnu pH pactBopa pasen 11.
10. PaccuuTaiite pH u pOH 0,0001 M pactBopa H2COg3, yunTbIBasi TOJbKO IEPBYIO CTYIIEHb
JUCCOLIMAIINY.

11. Onpenenure MonspHyto KoHUEHTpauuto pactsopa H2S, eciin pOH pacTBopa paseH 9.
Y4uThIBalTE TOJIBKO MEPBYIO CTYNEHb TUCCOLMALINN KUCIOTBHI.

12. Ompenenute pH pactBopos cosneii (NH4)2CO3 u KoS

13. Omnpenenute pH pactBopoB comneit NH4Cl; u AloSs.

14. Kakas u3 nByx coneit B Oonbiieit crenenu noasepraercs ruaponu3y: Na2COs unn NaxSOg;
FeCls unu FeClp?

15. Berauciure pH 0,0001 M pactBopa Na;COgz. YUnuThIBaliTE TOJIBKO MEPBYIO CTYIICHD
TUAPOJIN3A.

16.Paccunrats pH pactsopa 0,1 M anerara Hatpus u 0,1M yKCyCHON KHCIOTHI.

17. Paccuntats pH pactBopa 0,01 M runpokcuna ammonus u 0,1 M xnopuia aMMOHUS.

18. Paccumrats pH pactBopa 0,1 M dopmuara vatpus u 0,01 M MmypaBbHHOM KUCIOTHI.
19.Paccuutate pH pactBopa 0,01 M anerara kanus u 0,1 M yKCyCHON KHCIOTBHI.

20. Paccuurats pH pactBopa 0,1 M runpokcuna ammonus u 0,001 M xsopuia aMMOHUS.
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7 OKHMCIANTEILHO-BOCCTAHOBUTEIbHbIE PEAKINH

Bce peakiiun MOXXKHO pa3feiuTh Ha JiBa THIA: IPOTEKAIOLIUE C U3MEHEHNE CTEIICHU
OKHCIICHHSI B3aUMOJICHCTBYIOIIMX aTOMOB — OKHUCJIMTEIbHO-BOCCTAHOBUTENbHBIE,
npoTekaromue 0e3 U3MEHEHUS CTETICHH OKUCIICHUS.

CreneHb OKHCJIEHNS — 3TO YCIOBHBIH 3aps]l aTOMOB B MOJIEKYJIE WIIM CJI0KHOM HOHE,
BBIYMCIICHHBIN UCXOS U3 MIPEAIIOI0KEHUS, YTO MOJIEKYJIa COCTOUT TOJIBKO U3 HOHOB, IPUYEM
CyMMa CTEIeHEH OKHCICHHs BCeX aTOMOB B MOJIEKYJIE paBHA HYJIIO, a B CI1a00OM — 3aps1y 3TOro
MOHA.

['oBOpsI 0 cTENEHN OKUCIIEHUS B YCJIOBHOM NOPSAJKE, 3HAK 3apsijia CTABUTCS NEPE]

U dpoii; roBops o 3apsae UOHA (peaabHbIN PU3NUECKON BEITMUMHE) 3HAK CTABUTCS 110OCIIe
udpel.

IIpaBuia onpenesieHNsl CTeNeHN OKUCJICHUS:

1. Crenenu oKHUCIIEHUSI aTOMOB B IIPOCTBIX BEILIECTBAX (METalI, BOJOPOI, KUCIOPO/) PaBHBI
HYJIIO.

2. CrenieHb OKHMCIICHHSI BOIOPO/Ia B COSIMHEHMSIX BCeraa +1, 3a HCKIIr0UeHueM OMHApHBIX
coequnenunii ¢ metayutamu( runpuasl: NaH, CaHz), B KoTopbIX y BOJOpO/a CTENEHb OKUCICHHS -
1.

3. CreneHp OKHMCIIEHUS KUCIOPOJa B COEAMHEHUAX BCETA -2, 32 UCKIFOYEHUEM NIEPEKUCH
BostopoJia u ee couieit (Naz202), B KOTOPBIX CTENIEHb OKUCIIEHUS KUCIIOpOJia CTAaHOBUTCS -1 , a
TaKXe COeJUHEHHE CO PTOPOM, B KOTOPBIX Y KMCIOPOa MOJIOKUTENbHAsI CTENIEHb OKUCICHUS (B
moekyiie OF2cTenieHh OKHCIICHUST KUCIIOPOia paBHa +2).

4. ¥V meramnoB rpynn 1A u 2A, antoMUHMS, IUHKA, KaJMUs CTEIIEHb OKUCIIEHUS pPaBHA HOMEPY

IPYMIIbI, B KOTOPbIM CTOUT NaHHBIN METaI.

== OKucneHue

BoccTaHoBneHue f
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Pucynok 7.1 — Cxema 3JIeKTPOIMTHYECKON STUCHKU
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[To OTKJIOHEHHIO CTPENIKU raJibBAHOMETPA MOKHO CYAUTH O HATMYMH BHEITHEH 11enu
AIIEKTPUUYECKOTO TOKA.

DJIeKTPOHBI OT HOAU-HOHOB TlepexosT k Fe®*
21 -2e—l> 1
Fe** +e— Fe?* |2
2FeCls + 2Kl — I + 2FeCl +2KCl

Yepes HEKOTOpOE BpeMsi 00Hapyx M, 4To B pactBope ¢ Kl, obpasyercs |2, koTopsrii
JIETKO OTpPEAENUTh IO CHHEMY OKPAIlIEHHOMY pacTBOPY MpHU A00aBICHUH Kpaxmara.

B pactBope ¢ FeClzo6pasyercs Fe?*, koTopsIii 1erko 0GHapyKHUTh 110 00Pa30BAHUIO
CHHEro ocajika rpu jobasienuu pactBopa kpacHoit comu Ko[Fe(CN)e].

BemectBa (aTOMBI, MOJIEKYJIBI, HOHBI), KOTOPBIE OTAAIOT AJIEKTPOHBI, HA3BIBAIOTCS
BoccTtaHoBuTesiMu.[Ipoiiecc oTaun IMEKTPOHOB — OKHMCJIEHHeE.
BemiectBa (aToOMbl, MOJEKYIIbI, HOHBI), KOTOPbIE MPUHUMAIOT 3JIEKTPOHBI, HA3bIBAIOTCS
okucaurteasimu.llponecc npucoeAMHEHUS JIEKTPOHOB — BOCCTAHOBJIEHUE.
B namem npumMepe, HoHs! | - BoccTaHOBHTENH, KaTHOHBI F€** - okucnuTeny.
[Tpu nporekanuu OBP nomxen cobntonatecst 6anaHc 3apsiia, YUCI0 OTJAHHBIX U MPUHSATHIX
JOJIKHO OBITH PAaBHO, HA 3TOM OCHOBaH 1oa00p kKodgduimeHToB B ypaBHeHusx OBP.

Hcnone3ytor 2 MeToja:

1) DnekTpoHHBIN OaaHC
2) DNeKTPOHHO-MOHHBIN METO]T (METO/I MOTYPEAKIIHiA).

ANTopUTM METOZA JIEKTPOHHOTO OajaHca:
1) OnpenensieM aTOMBI, HI3MEHHUBIIIHE CBOIO CTENICHb OKMCIICHUS B XOJI€ PEaKIIHH.
2) CocraBiisieM cXeMy Tiepexo/ia JIEKTPOHOB ISl BOCCTAHOBUTEIISI U OKUCITUTEIS.
3) Haxoaum HanMeHbIiee 0011ee KpaTHOE MEXKY YMCIIOM MPUHSATHIX M OTAAHHBIX JIEKTPOHOB.
4) PaznenuB NOTy4€HHOE YHCIIO Ha KOJIMYECTBO OT/IAHHBIX MJIEKTPOHOB, HAX0IUM K03 (duimeHt
K BOCCTAaHOBHUTEITIO, PA3JICIIUB HAa YMCIIO IPUHATHIX SJIEKTPOHOB.
5) [lepenocum nosydeHHbIe KOADPHUITUEHTHI B YPABHEHUH PEAKIIMH K BOCCTAHOBUTENIO U
OKHCITUTEIIO0, UX MPOTYKTOB.
6) Koo durmeHTs! ocTalbHBIM YYACTHHKOM PEAKIIUU HAXOJUM HAa OCHOBAaHUHM MAaTEPHAIEHOTO
OanaHca — YUCIIO AJIEKTPOHOB B JICBOW M NMPABOM YACTSIX YPaBHEHUS HE JOJDKHO OBITH paBHO.
7) OxkoHuaTenpHas MpoBepKa MpaBmiIbHOCTH K03 duiinentoB B OBP ocymiecTBisiercs Ha
OCHOBAHMHU MaTepHAILHOro OanaHca 1o KUCIOpPOIY.
2KMnOg4 + 16 HCIl — 2MnCl2 + 2KCI + 5Cl21 + 8H20
Mn*” + 5e" — Mn*?| 5 2
2CIt-2e—cCrt |2/10 | 5
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8Fe® + 30HNOs(—8Fe( NOs)s + 3NHsNOs + 9H,0
Fe?-3e? — Fe*? | 3 8
N*> +8¢"— N3 8 (24| 3

B OBP moxeT npuxoauThcsi Ha 1 BOCCTAaHOBHUTENh 2 OKHUCIUTENs, JTu00 HAa | OKUCIUTENh- 2
BOCCTAHOBUTEISL.

4FeS; + 110,— 2Fe>03 + 8S02

Fe*? - e— Fe*® 11 4
2571 -10e” — 28™
0 +4e— 2024 | 4 44 |11

Knaccugpukayus OBP

Bce OBP M0OxHO pa3nenuTh Ha TpU THUIA:

1. MexXMoneKyasipHOe — OKHCIIUTEIN U BOCCTAHOBUTENU COJIEPIKATCS B MOJIEKYJIaX Pa3HbIX
BCIIICCTB.

2FeCl; + Clo— 2FeCls

2. BHyTpuMonekynsipHas — aTOMbl OKUCIIUTENS] U BOCCTAHOBUTEISI COAECPKATCS B MOJIEKYJTIE
OJIHOTO ¥ TOTO )K€ BEIIECTBA.

(NH34)2Cr.07— Cr203+N2 + 4H20

3. JIucrponopimoHUpOBaHNE — aTOMBI OJTHOTO M TOTO K€ JIEMEHTA, COJICpIKAIINeCs B OJTHOM
BEIIECTBE OJHOBPEMEHHO MOBBIIIAIOT M MOHMKAIOT CBOIO CTENICHb OKUCITICHHUSI.
N-3H4N*°03+ 02— N*,07? + 2H,0

N-3HsN*303+ 0,—N% +2H,0

4KCI**03 — 3KCI*'04 + KCIt

JUJIs 5JIEeMEHTOR TJIaBHBIX TIOJIPYIIIT BBICIIAS CTENIEHh OKUCIICHUS, KaK ITPABUIIO, paBHA
HOMEpY IPYIIBI, B KOTOPOM CTOSIT JAHHBIC DJIEMEHTHI.

H28+604 _ S+6
HCI*Os4 - CI*

Husmas cTerneHb OKUCICHHS paBHA PA3HOCTH MEXKIY BOCEMbIO 1 HOMEPOM TPYIIITBICO
3naxoM «vuHyc» (NH3-N3; HyS-S72)

Ecnu aToMbI 21eMEHTOB B KAKOM-TTHOO COSTUHEHUH HaXOUTCS B POMEKYTOYHON
CTCTICHH OKHCJICHHSI, MEX Ty HU3IIIMMH U BBICIIUMH, TO B 3aBHCHMOCTH OT YCIIOBHH PEaKITUN
JTaHHBIC BENIECTBA MOTYT MPOSBIIATH KaK OKUCIIUTEIBHBIE, TAK K BOCCTAHOBUTEIHHBIC CBOMCTBA.
S*0z + H202 — H25"%04

S*~BOCCTaHOBHTEID
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2K2S? + K2S™03+ 6 HCl— 3S| +6KCI +3H20
S?2-2e—8° 2 2

S*+4e S 4 | 4 1

S* — okucnurens

CreneHb OKHCICHUSI MOTYT UMCTb I[pO6HBIe 3HAa4YCHUA:
8 1
FesOs — Fe (+§); NaO; -0 (-E)
IlepMaHraHaToMeTpus

CyIHOCTh METO/Ia 3aKJTFOYACTCS B ONPEACTICHUU BOCCTAHOBUTEIIEH B pa3IMIHBIX
cpenax o 3atpadyeHHOMY 00beMy pactBopa KMNnO4 1o u3BecTHOM KOHIIEHTpauu. TutpoBanue
nanHble poObl pactBopoM KMNnO4BeayT 110 mosiBIICHUS] YCTOHYHUBOI pO30BO OKpacku. Pacuer
COJICpKaHUsI OKHCIUTEIICH B PaCTBOPE 110 3aKOHY SKBHBAJICHTOB.
10Fe*?S04 + 2KMn*'04 + 8H2S0s— 5Fe*™3(S04)s + 2MNn*2S04 + K2SO4 + 8H20
2Fe*?-2e” — 2Fe*?| 2 5
Mn*"+5¢—Mn'2 | 5 | 10| 2

Cre * VFe = Cmn* Vin

Cre=——2
Vre

ﬁOHOMeTpnﬂ

[Tpumensiercs nist aHanu3a (OMpeeIeHNH 0OCTaTOYHOTO XJIopa pH 00e33apakKuBaHUU
MUTHEBOU BOJIBI, OIIPEIeNIeHNEe KOHIIEHTPAIlMK PaCTBOPOB MEPEKUCH BOJIOpoa). MeToa OCHOBaH
Ha 00pa30BaHKE MOJIEKYJISIPHOTO XJIOpa B peaklUiX HOJUA-UOoHA ¢ oKucauTeasimu. C
MOCIEAYIONUM TUTPOBAHHEM 00pa30BaBIIETOCs 0/1a pacCTBOPOM THOCYIb(haTa HATpuUs
M3BECTHOM KOHUEHTpAMK. [1ocie THTpoBaHUs ONPEENIOT M0 UCYE3HOBEHUIO CUHEN OKPacKu
pacTBopa, KOTOPYIO BBI3bIBAET Kpaxmall (MHIUKATOP) B IPUCYTCTBUH 2.
2KI't + H,0L + HoSOs — 10 + KoSO4 + 2H,072
210-2e -1 2 1
201+ 2e" -»207? | 2 2 1

I2 + Na2S203 — 2Nal + Na»S40¢ (TeTpaTron HaTpus)

Bonpocs! u 3aga4n 1J1si CaMOCTOATEIbLHOTO KOHTpOJIs [1,2]:
1. Onpenenute CTEeNeHb OKUCIICHUST MapraHiia B coequHenusx: 1) Mn; 2) MnO; 3) KMnOg; 4)
KoMnOa.

2. Onpenaenure CTENeHb OKUCIEHUs cephl B coeauuenusx: 1) S; 2) SO2; 3) H2SOg3; 4) AlzSa.
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3. Onpenenure cTeneHb OKUCIeHUs xpoma B coeauaenusx: 1) Cr; 2) Cr203; 3) K2Cr207; 4)
K2CrOa.
4. YxaxuTe BeIeCTBa, KOTOPbIEe MOTYT HPOSIBIATH TOJIBKO OKUcIuTenbHbIE cBoMcTBa: 1) KClO4;
2) H2S; 3) PbO2; 4) K2Cr20:.
5. YkaxuTe BeIecTBa, KOTOPbIE MOTYT MPOSIBIISATH TOJIBKO BOCCTAHOBUTENbHBIE cBOCTBA: 1) Fe;
2) H2S; 3) HNO2; 4) K2Cr20:.
6. YKaxuTe HOMepa BeUIecTB, 00JIaAal0NNX OKUCIUTEIbHO-BOCCTAHOBUTEILHON
nBoiictBeHHOCTRIO: 1) PbO2; 2) HNO2; 3) AlLS3; 4) S.
7. YKaxuTe peakiuuu, Ipu MPOTEKAaHUH KOTOPBIX a30T MPOSIBIISIET OKUCINTEIbHbBIE CBOMCTBA: 1)
4NH3 + 302 = 6H20 + N2; 2) As203 + 2HNO3 + H20 = 2H3As04 + 2NO; 3) Br2 + HNO2 + H20
= HNOs + 2HBr; 4) 3PbS+ 8HNO3 = 3S + 2NO + 3Pb(NO3), + 4H0.
8. YKaxuTe peakiyu, Ipu MPOTEKaHHH KOTOPBIX a30T MPOSBISIET BOCCTAHOBUTEIBHBIEC CBOIMCTBA!
1) 4NH3 + 302 = 6H20 + N2; 2) As203 + 2HNO3 + H20 = 2H3AsO04 + 2NO; 3) Br2 + HNO: +
H20 = HNO3s + 2HBr; 4) 3PbS + 8HNO3 = 3S + 2NO + 3Pb(NO3)2 + 4H20.
9. OnpesenuTe CTeNeHb OKUCIEHNS 21eMeHToB B noHax: 1)AlO0" ; 2) PO4>'3) SOs% ; 4)S04*
10. Kakue 3 npuBeICHHBIX HUKE PEaKIMi SBIISIOTCS OKHCIUTEIFHO-BOCCTAHOBUTEIbHBIMU: 1)
Hz + Brz = 2HBr; 2) Zn + SnCl2 = ZnCl; + Sn; 3) H2SO4 + Ba(OH)2 = BaSO4 + 2H20; 4) NHz +
HCI = NH4Cl.
11. B kakux peakiusx KUCIOPO BBIMONHACT poiib BocctaHoButens? 1) H202 + HIO3 = 1, + H20
+ O2; 2) AgNO3 —Ag + NO2 + 02; 3) Mg + O2 = MgO; 4) Ag + H2S + Oz = H20 + AgeS.
12. B KkakuXx peakuusix KHCIopoa BeinonHseT poib okucautens? 1) H2Oz + HIOs = 12 + H20 +
O2; 2) AgNO3 —Ag + NO2 + O2; 3) Mg + O2 = MgO; 4) Ag + H2S + Oz = H20 + AgeS.
13. Kakuie n3 OKHCIUTETHHO-BOCCTAHOBUTEILHBIX PEAKIINIA SBISIFOTCS PEAKIUIMHU
BHYTpHUMOJIEKYJsIpHOTO OokucieHus-socctanoBieHus? 1) (NH4)2Cr.07 — N2 + Cr203 + H20;
2) KCIO3 — KCI + Og; 3) Ag + H2S + O2 = H20 + Ag2S; 4) H2 + Bra = 2HBr.
14. Kakue u3 peakumii sIBISIIOTCA PEaKIUsIMU MEXMOJIEKYIIPHOTO OKUCIIEHUSA-BOCCTAHOBICHUS?
1) (NH4)2Cr207 — N2+ Cr203 + H20; 2) KCIO3 — KCl1 + Oy;
3) Ag + H2S + 02 = H20 + AgeS; 4) Hz + Brz = 2HBr.
15. Kakue u3 peakuuii siBISIOTCS peaKUsIMH JUCTIPOIIOPIIMOHUPOBAHUSA?
1) 4H3PO3 = 3 H3PO4 + PHg; 2) 312 + 6KOH = K103 + 5KI + 3H20 3) Mg + O, = MgO;
4) Ag + HoS + 02 = H20 + AQ»S.
16. YkaxuTe HOHBI, KOTOPbIE MOT'YT BBICTYIIATh B POJIM BOCCTAHOBUTENIEH B OKUCIUTEIBHO-
BOCCTaHOBHTENBHBIX peakumsx: 1) Ag®; 2) Al*®; 3) CI; 4) Br-.
17. Kakuie 13 HOHOB MOTYT OBITh M OKHCIUTEIAMH, U BoccTaHoBuTeasMu? 1)MnO4™ ; 2)NO3” ;
2)S04%; 3)S0z*
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18. Kakoit k03 HUIIUEHT JOJDKEH CTOSTh TIEpPel MOJICKYJION aMMyaKka B ypaBHCHUH

NH3 + O2 = H20 + Ny?

19. Kakoit k03 PumueHT J0KEeH CTOSTh Mepel MOJISKYJION a30THON KUCIIOThI B YpaBHEHUN
As;03 + HNO3 + H20 = H3AsO4 + NO?

20. Kakoit k03hHUIMEHT T0JDKEH CTOSTh Nepe MaruueM B ypaBHeHun Mg + HNO3 =

Mg(NOs)2 + N2O + H20?

MeTtoauueckue PEKOMCHAAIMHN COCTAaBHUIIN:

B.A. KonoaskHblif — AOLIEHT OTACICHUS] OMOTEXHOJIOTUM, KAaHAUIAT XUMHUYECKUX HaYK;
O.A. AHaHbeBa — JIOIICHT OT/ICJICHHS OMOTEXHOMOTUH, KAaHAUIAT XUMUYECKUX HaYK.

Peneunsenr:

T.E. Hapnqua - JOLCHT OTACICHUSA 6I/IOTeXHOJ'IOl"I/II71, KaHaAnaaT XUMHYCCKUX HAYK, JOIICHT.
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MUHUCTEPCTBO HAVKHU U BBICIIETO OBPA3SOBAHUSA POCCUNMCKOU ®EJEPAIINU
®EJEPAJIBHOE F'OCYIAPCTBEHHOE ABTOHOMHOE OBPA30BATEJILHOE VYPEXJEHUE BBICIIETO OBPA3OBAHUS

«HanvuoHanpHB N HCCIENOBATENbCKUN AAepHBH YyHUuBepcurer «MUDOU »

OOHMHCKMV MHCTUTYT aTOMHOV 3HepPreTUKM -

dwman deneparbHOTO TOCyIapCTBEHHOTO aBTOHOMHOTO 00pa30BaTeIbHOIO YUPEXXIeHVIS BBICIIIETO 00pa3soBaHs
«HaryoHasIbHbIN MccTIeoBaTe IbCKU SaepHbI yHVBepcuTeT «MUDV»

(IATD HUSTY MU®U)

OnobpeHo Ha 3acejaHun
VYuenoro cosera UATO HUAY MUDU
[IpoTtokon ot 24.04.2023 Ne 23 .4

METOAUYECKHUE PEKOMEHJALIUAN
10 NMPENnoJAABAHNI0 Y4eOHO! AUCIUTIMHBI

XuMusa

HAa3e6aHue z)ucuunﬂqul

AJIS1 HAIIpaBJICHUS ITOATIOTOBKHU

22.03.01 MarepuaJjioBeJleHUE W TEXHOJIOTHU MATEPHAJIOB

Hlughp, nassanue cneyuanbHocmu/HanpasieHus no02oMmoeKu

oOpa3oBaresnbpHas porpamma

MatepuaJjibl (POTOHUKH

Llugp, naseanue cneyuaruzayuu/npouis

®dopma oOydeHus: OUHAas
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JlaHHBIE METOJUYECKHE PEKOMEHJANHA COOTBETCTBYIOT TpOrpaMMe IO XUMHUH TI0
HarpaBjeHuto noaroroBku 16.03.01Texauueckas ¢usuka. B kaxmom pasnerne mpeacTaBiIeHO
KpaTKO€ TEOPEeTUYECKOe BBEJEHHE, O0Jeryarpiee ITOHMMAaHWE OCHOBHBIX ITOJOKEHUN
M3y9aeMO# TeMbl, IPUBECHBI BOTIPOCHI U 33JaHUS JUISI CAMOCTOSITEIIBHOTO PEIICHUSI.

OcBoeHHE MTPOrPaMMBI TUCIUTUTHHBI «XUMUSD» PEAYCMATPUBACT:
nexnun (32 yaca), ceMuHapckue 3ansaTus (32 daca), mabopaTopHble padoThl (32 vaca), TeKyIui
KOHTPOJIb B BHJIC BBINOJHEHUS KOHTPOJBHBIX padoOT, 3aIlMT JIA0OPAaTOPHBIX padoT,

IIPOMEXKYTOUHBIM KOHTPOJIb — 3a4YET, SK3aMEH.

1 OcHOBHBIC NOHATHA M 3AKOHBLI XUMWH

XHMHSI — 3TO HayKa O BEIIECTBAaX U MX MPEBpaICHUIX APYT B Apyra.

BengecTBo — 5T0 COBOKYMHOCTH MOJIEKYJI, HMEIOIIMX OJJUHAKOBBINM KaueCTBEHHBIN U
KOJIMYECTBEHHBIN COCTaB U OJIMHAKOBOE CTpOeHUE. BeliecTBa cocTosAT U3 MOJIEKYII.

MouiekyJjia — Mesbpyaiiiias 4acTUIla BEIIeCTBa, 00J1a1al011asi BCEMU €r0 XUMHUYECKUMHU
CBOICTBaMH, MOJIEKYJIa COCTOUT U3 aTOMOB (/17151 6J1arOpOHBIX Ta30B MOHITHUS ATOMBI U
MOJIEKYJIbI paBHO3HAYHBI).

ATOM - XMMHUYECKU HEAEeTUMas 4YacTUIA, U3 aTOMOB COCTOAT MOJIEKYJIbl. ATOM -
AJIEKTPOHEUTpaNbHAas YaCTHIIA, COCTOSIIAS U3 MOJIOKUTEIBHO 3apSKEHHOIO pa, BOKPYT
KOTOPOTO 110 CBOMM CTPOT'0O ONpeAEICHHBIM 3aKOHAaM PACIpeiesICHbl OTPULATENBHO 3apsKEHHBIE
251eKTpoHbl. CyMMapHBIN 3apsi/] JIEKTPOHOB PABEH 3apsLy AApa.

Snapo aroma cOCTOUT U3 IPOTOHOB (P) ¥ HEUTPOHOB (N), 0OIIEee HA3BAHUE KOTOPHIX —
HYKJIOHBI, IPOTOH HECET MOJIOXKHUTENbHBIN 3aps/], HEUTPOH HE UMEET 3apsaa. Macca MpoTOHOB U
HEHUTPOHOB IPAKTUYECKHU PABHA.

DOneKTpoH (€7) HeceT OTPHULATENbHBIN 3apsi/l, paBHBIN 3aps1y npoToHa. Macca
3NIeKTpoHa cocTanisieT npuMepHo 0,05% oT Macchl OHOTrO HyKJIOHa. Takum oO6pa3om,
MPAKTUYECKH BCSI Macca aToMa COCpPeIoTOUYEeHa B €T0 sJIpe.

Yucno NpoTOHOB B aTOME PaBHO 3apsALy Sapa U HAa3bIBAETCS MOPSIIKOBBIM (aTOMHBIM)
HOMepoM — Z. Tak kak aTOM 3JIEKTPOHEUTPAJIEH, TO YUCIIO 3JIEKTPOHOB PABHO YMCILY IIPOTOHOB
(TTIOpsIIKOBOMY HOMEDY).

MaccoBoe YHCJ10 — 3TO CyMMa IPOTOHOB ¥ HEUTPOHOB B A1ipe. COOTBETCTBEHHO,
YHCIIO HEUTPOHOB PABHO PA3HOCTU MEX]Ty MAaCCOBBIM YHCIIOM U MOPSIKOBBIM HOMEPOM

N=A-Z (1.1)
XHUMHUYECKHE CBOWCTBA ATOMOB ONPEAEIAIOTCS UX 3JIEKTPOHHBIM CTPOCHHUEM (YHCIIOM

3JIEKTPOHOB), KOTOPOE PaBHO MOPSAIKOBOMY HOMEpPY (3apsiay siapa). CiiemoBaTeIbHO, BCE aTOMBI
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C OAMHAKOBBIM 3apA0M dapa B XUMHUYECKOM OTHOIICHHUU BEAYT ce0s IMPAKTUYCCKHU OJJUHAKOBO,
H paCcCMaTpUBAIOTCA KaK aTOMbBI OAHOTO U TOI'O K€ XUMUYCCKOT'O 3JICMCHTA.

XyMHYECKHIi 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 sapax.

H3oTonbl — aTOMBbI, UMCHOIIIUEC OJIMHAKOBKIN 3apsaa, HO pasIM4YHOC MaCCOBOC YUCIIO.
H3oTomb! BOAOpOJa, UMCIOIIUEC MHANBUAYAJIbHOC HA3BAHUEC U CUMBOJIbI, IIPUBCACHLI B Ta6JII/II_[e

1.1.

Tabnumua 1.1 U3otomel atoma Bogopoaa

OGosnavyenue | 1H D T

HaszBanue | Ilpotuii | Jewrepuit | Tputuii

Cocras spa In 1p+1n 1p+2n

1.1 AtomHas eqnnHuna Mmaccsl (a.e.M.). Uucsio ABoraapo. MoJsb

Macchl aToMoB 1 MosieKy oueHb Manb! (1024-10%2 1), JIns npakTHUecKoro
O0TOOpaXeHUsI 3TUX Macc LEeIecO00pa3HO BBECTH CBOIO €AMHUILY U3MEPEHUs, KOTOpast
npuBOIMIa OBl K YIOOHOW M MPUBBIYHOM mIkasne. Tak kak Macca aToMa COCpe0OTOUYEeHA B €ro
A7Ipe, COCTOSIIIEM U3 MTPAKTUUECKH PAaBHBIX MO0 MAacCe MPOTOHOB U HEUTPOHOB, TO JIOTUYHO 32
€JIMHUILY MacChl aTOMOB TIPUHSATH MACCy OJHOTO HYKJIOHA.

Y CIIOBHITHCH 3a €JMHHUILY MAcChl aTOMOB NPUHSATE Maccy 1/12 m3ortona yriaepona 2C,
MUMEIOIIET0 CHMMETPUYHOE CTpOCHHUE siipa (6 IPOTOHOB U 6 HEHTPOHOB). DTy SAUHUILY HA3BATU
aTOMHOM enuHuUIEH Macchl (a.e.M.). OHa nmpubau3uTenbHO paBHa Macce 1 HykioHa. B aToit
IIIKaJIe MacChl aTOMOB OJIM3KHM K II€JIOYHCIIEHHBIM 3HaueHnsaM: He = 4; Al = 27; Rd = 226.

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

1,993-10723

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

Paccunrtaem uncio a.e.M., coaepkaiieecs B It

= _—6022-10% (1.3)

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

[Tony4yenHoe 4yrcio Ha3biBaeTcs uyncaoM ABoraapo (Na), oHO Mmoka3bIBaeT, CKOJIBKO a.e.M.
COJIEPXKUTCS B OJJTHOM IpamMMe.
ATOMHas1 Macca — Macca aToMa, BbIpaKEHHasi B aTOMHBIX €IMHUIIAX MACCHI.
MouJiekyJIsipHasi Macca — Macca MOJIEKYJIbl, BRIPaXKEHHAsI B @aTOMHBIX €TUHUIAX

MAacChl, HAXOJAUTCA KaK CyMMa Macc BCEX aTOMOB, 00pa3yIOIUX JaHHYIO MOJICKYIY.
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m (1 monexynvt H2SO4) =12+ 321+ 164 = 98 a.e.m

Jlns mepexosia OT aTOMHBIX €AMHUI] MACChl K IPAKTUYECKU UCIIOIb3yeMON B XUMUHU
eauHuIe — | I - BBEIM MOPLMOHHBIN [TOICYET BELECTBA, IPUUYEM KayKasi IOPLUS COAEPKUT
4KciI0 ABOTraJlpo CTPYKTYPHBIX €UHUIL (ATOMOB, MOJIEKYJI, HOHOB, 3JIEKTPOHOB). B 3TOM Ccityuae
Macca Takoi OpLMHU, Ha3bIBaeMOH 1 MOJib, BEIpa)keHHast B rpaMmax, OyJeT YUCIEHHO paBHa
aTOMHOM WJIM MOJIEKYJISIPHON Macce, BhIPaXEHHBIX B ATOMHBIX €IMHUIAX MACCHI.
M (Imons HSO4) = 98:1,66-10%4x 6,022-10% = 98 r.

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

Moasipaasi macca (M) — macca 1 Momb BelecTBa, BRIpaXKEHHAs B TpPaMMaXx.V

KomnuectBo BeriecTsa (V) [MoJib]: Macca Beriecta (M) [r] u MosekyisipHas macca (M)

[r/MOTIB] CBSI3aHBI COOTHOILLICHUEM::

V= E (14)

1.3 OcHOBHBIE 3aKOHBI XUMHH
3aKo0H MOCTOSTHCTBO COCTABA BEIIECTBA - XMMHUYECCKU YHCTOE BEIISCTBO HE3ABUCHUMO
OT Cc10c00a CBOETO MOJYYCHHSI BCETIa UMEET MOCTOSTHHBIN KaYeCTBEHHBIN M KOJIMYECTBEHHBIN
COCTaB.

BemecTBa, nMerolne NOCTOSHHBIM COCTAaB HAa3bIBAIOTCS AAJbTOHHABI. B kKauecTBe
MCKJIIOYEHHS U3BECTHBI BELIECTBA C IEPEMEHHBIM COCTaBOM- 0epTOJIHAbI (OKCUbI, KapOuIbl,
HUTPpHU B 1 Tak panee). Hanpumep, TiOges — TiO1,33,

3aKoH coOXpaHeHHsI MaCChl - Macca BEUIECTB, BCTYNUBILIUX B PEAKIMIO, BCETJa paBHA
Macce MpoIyKTOB peakuuu. M3 3Toro ciueayer, 4To B X0/1€ XUMUYECKON PEAKIIUU aTOMBI HE
00pa3yroTcs M He UCUe3aloT, OHH MEePEeXOIsT U3 OJHUX BelecTB B Apyrue. Ha sTom ocHOBaH
moa00p K03(PGUIIMEHTOB B YPABHEHUAX XUMHUICCKUX PEAKITUIN: YUCIO aTOMOB KaXJI0T0
AIIEMEHTA B JIEBOHM U MPaBOIl YaCTSIX YpaBHEHUS JOHKHO OBITH PABHO.

3aK0H JKBHBAJIEHTOB- B XMMHUECKUX PEAKIIMAX BEIIECTBA PEarupyroT U 00pa3yroTcs B
KOJTMYECTBAX PABHBIX IKBUBAJICHTOB (CKOJIBKO YKBHUBAJICHTOB BEIIECTBA U3PACX0/I0BAJIOCH,
POBHO CTOJIBKO € SKBUBAJICHTOB JPYTOro BEIIECTBA 00Pa30BaATIOCH MIJIM U3PACXOJ0BAIOCH).

XuMu4eckuii IKBUBAJEHT (3KB) — KOJIMYECTBO BEUIECTBA, KOTOPOE B XOJI€ PEAKIIUU
MPUCOEANHSIET, 3aMeIIaeT UIN BICBOOOXIaeT 1 MOJIb aTOMOB MJIM HOHOB BOJOPO/IA.

Fe,Os+3 H, — 2Fe + 3H20

1 axB FeO3 = 1/6- Mmoib
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JKBHBaJIEeHTHasA Macca (J) — Macca OJTHOTO SKBUBAJICHTA BEUIECTBA, BEIpAXKEHHAS B

rpamMmax.
YroObl paccYUTaTh YUCIIO SKBUBAJICHTOB, HEOOXOAMMO MAcCy BEIIECTBA pa3AeluTh Ha

€ro SKBUBAJICHTHYIO Maccy (D).

n =§ (1.5)

OnpenenuM 3KBUBAJTEHTHYIO MacCy Pa3JIMYHBIX KJIACCOB COeIUHEHMIl.
6. Oxcuapl. MoNsIpHYIO Maccy AENSAT Ha YACIIO aTOMOB AJIEMEHTa, YMHOKEHHOE Ha MX

CTCIICHb OKUCJICHHA.

J3(Fe,03) = M =107 r/aksB; f=1/6

2:3 6
Koadhdurment, Ha KOTOPBIH HAZIO0 YMHOKUTH MOJSIPHYIO MacCy MPH pacueTe
9KBHMBAJIEHTHOM MacChl, Ha3biBaeTcs GpakTop skBuBanenTHOCTH (f).
7. KucnoTsl. MossipHyro Maccy JeST Ha YUCII0 aTOMOB BOJIOPO/Ia, 3aMEIIaeMbIX B
MOJICKYJIe KHCJIOTBI B X0J1€ PEaKIIHH.

H>SO4 + NaOH — NaHSOg4 + H,0

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

H2S04+ 2NaOH — Na2SO4 + 2H20

3 =%=92—8= 49 r/3kB; f=1

8.  OcHoBaHus. MoJIpHYIO Maccy JeJAT Ha YUCIO TMIPOKCUIIBHBIX TPy,
3aMEIAaEMBIX B XOJ€ PEaKLMU B MOJIEKYJIE OCHOBAaHUHU.

Al(OH)3 + HC1 — Al(OH).Cl + H20
9 == =78r/oks; =1
AIl(OH)s + 3HC1 —AICl3z + 3H20

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

9. Comnn. MOHHpHy}O MacCy ACIIAT Ha MPOU3BECACHUEC YU CJIa aTOMOB MCTAJIJIOB,

yMHO)KGHHBIfI Ha UX CTCIICHb OKUCIICHUS.

342

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

10 HpOCTBIe BCIICCTBA. MOJ'IﬂpHy}O MacCy ACJIAT Ha NPOU3BCACHUEC YUCIIa aTOMOB B
MOJICKYJIC ITPOCTOTO BEIICCTBA, YMHOKCHHYIO Ha UX CTCIICHb OKUCJICHUS B IIPOAYKTC PCAKIIUH.
N2 + 3H2, — 2NH3
3(N,) = % =2 = 4,7 r/sxs; =1/6
N2 + O, — 2NO

M 28 r _
ANy =~ ===7—; f=1/4
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B okuCcIuTENbHO-BOCCTAHOBUTEIBHBIX PCeaKugX MO S9KBHUBAJICHTOM BCIICCTBA
IMOHUMAIKOT TaKOC €ro KOJINYICCTBO, KOTOPOC OTAACT UJIM ITPUCOCAUHACT 1 MOJIb 3JICKTPOHOB.
[Tpu pacuere 3KBUBAJICHTHOW MaCChl BOCCTAHOBUTEISI M OKUCITHUTENSI UX MOJIIPHYIO
MacCy OCJIUTh Ha YHMCJIO OTAAHHBIX UM HNPUHATBIX 3JICKTPOHOB.
2Fe® + 3Cl,° — 2Fe®*Cly
Fe? - 3¢ — Fe* 2
Clo +2e — 2CI 3

I(Fe) = % = 53—6 = 19 r/3ks; f=1/3

3(Cl,) = % =2 = 35,51/axks; =1/2

I'a3oBbIE 3aKOHBI
3akon /laabToHA — 0011IEe TaBICHUE CMECH T'a30B PaBHO CYMME MMapLUaJIbHbBIX

JIaBJICHUH BceX KOMIIOHEHTOB Ta30BOM CMECH.
P=2pi=pi+pt..pn, (1.6)]
e Pi — MapuuagbHOE IaBICHUE I-TOr0 KOMIIOHEHTA ra30BOM CMECH.

3akoH ABoraapo- paBHble 00bEMBbI Pa3IMUHBIX I'a30B MIPU OJJUHAKOBBIX YCIOBUSX
COJepKAT OJUHAKOBOE YUCIIO MOJIEKYJI.

CaeacrBusi M3 3aK0OHA ABOrajpo:
1)1 Monb mr06Or0 ra3a npu HopMaidbHbIX yeaoBusax (P =1 atm = 101325 I1a = 760 mm.pr.cT; t =
0° C, 273K) 3anumaet 06beM 22,4 nuTpa.
2)O0beM, KOTOPBIi 3aHUMaeT | MOJIb ra3a, Ha3bIBaeTCsl MOJSIPHBIM 00BeMOM (V).
3Hast 00beM rasza (CMecH T'a30B) U MOJISIPHBIN 00bEeM MPH JITAHHBIX YCIOBHUSAX, JIETKO pacCUUTaTh

KOJIMYECTBO ra3a (B ra30BOi cMecH).

\'%

V= E (17)

YI)aBHeHI/Ie MeHneﬂeeBa-Knaneﬁpona - CBA3BIBACT KOJIMYECTBO rasa ¢ yCJIOBUAMU IIpHU

KOTOPBIX I'a3 HAXOJUTCA.

pV = %RT = VRT, (1.8)
rae p — nasienue, I1a
V — o6sem, M°
m — macca, Kr

M — monsipHast macc, KI/MoJib

T —temmeparypa, K
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va — KOJIMYeCTBO Ta3a, MOJIb
R — raszoBas nocrosinnas, 8,31 Jlx/mMons-K
OTHocHUTeIbHASI IVIOTHOCTH OJTHOTO ra3a MoAPYroMy - OTHOIIICHHE MOJISIPHOM MacChl
ra3a K MOJIIPHOW Macce rasa, BRIOpaHHOTO B KAUECTBE CTaHIapTa, IOKA3bIBACT, BO CKOJIBKO pa3
JIaHHBII ra3 TsKeIee Apyroro rasa.
M;

Dcp = M_CT (19)

rzie Mi, Mc¢r — COOTBETCTBEHHO MOJISIPHBIE MAacChl HCCIICAYEMOTO Ta3a U ra3a, BRIOPaHHOTO B
Ka4yecTBE CTaHIapTa.
1.3 Cnoco0b1 BbIpakeHHsl COCTABA BellleCTBA

1. Maccosas 10Jis1 ((®) — OTHOIIEHHE MAcChI i-TOro (M;) BEIIECTBA K Macce BCel cmecH (Mmy).

(1.10)

m;
w =—
my

2. Mouisipaasi(MoJIbHast) 1011 (#€) — OTHOIICHHE KOJMYECTBA JaHHOTO BemlecTBa (V;) K
CYMMapHOMY KOJIMYECTBY BCEX BELIECTB B CMeCH (V).
Vi

o=l (1.11)

Vx

BOABIIMHCTBO BCEX XUMHUYECKHUX JIEMEHTOB B IIPUPOJE MPEICTABICHO B BUJE CMECU PA3ITUYHBIX
M30TOIOB. 3Hasl U30TOMHBIM 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 AOJSIX JaHa
pacpoCTpaHEHHOCTh U30TOMOB B Ipupoae. CpenHee 3HaUeHHE aTOMHON Macca XUMHUYECKOTO
3JIEMEHTa, IpUBE/IeHHbIE B neproanyeckoit Tabnuue /.M. Menneneea, paccuuTbiBaeTcs o
bopmye:

AP) =J2A;-&; = A, - 2,14, - &, ... TA, - &, (1.12)
IIpumep: paccuuTaTh aTOMHYIO MACCY XJIOpA IO €r0 H30TOITHOMY COCTaBY, €CJIM U3BECTHBI
MonsipHast gonst >°Cl -77,5%,a 3'Cl - 22,5%.
Pewenue:
A(Cl)=35+0,775 +37 0,225 =35,45 a.e.m.

3. O6bemuas nousi (¢p) — otHolieHre oobeMa i-Toro Beriectsa (V) k 00bemy Beeit cmecu (Vy).

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

Lovy Ve/Vm vs ¢
CocTaB ra3oBbIX cMeceil, Kak IPaBHUIIO, JAETCSI B 00bEMHBIX JOJISX.

3Hasi COCTaB ra30BOM CMECH, JIETKO PaCCUUTATh €€ CPEIHIOI0 MOJISIPHYIO Maccy.
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Mrascmecn = 2Mi - ¢y = My - g + My - po+... + My -y (1.15)
IIpumep : paccuutaTh MOJISIPHYIO Maccy BO3/lyXa IO €ro U3BECTHOMY COCTaBY, €CJIU M3BECTHO
10 O(N2)=78%, 0(02)=21%, ¢(Ar)=1%.
Pemenue: Mr (Bo3mayxa)=28 « 0,78 + 32+ 0,21 +40 « 0,01=29 r/monb
Bonpocsb! 1 3a1a4u JIsi CAMOCTOSATEIbLHOr0 KOHTpoJs [1,2]:
1. Onpenenute mMaccy (T) Kuciopoa, 00beM KOToporo (H. y.) coctaBisieT 44,8 1.
2. Onpexnenute KOJIXIECTBO MOJIb XJI0pa, 00bEM KOTOPOTO MPH H. y. coctasiser 11,2 .

3. Macca obpasna kapOonata kanbius paBHa 10 r. Onpenennure KOJIMIECTBO MOJIb TOW COJIH. .
4. OTHOCHUTENBHAS TUIOTHOCTH T'a3000pa3HOro OKCHJIa a30Ta 10 BoJIopoay paBHa 15. Onpenenure
MOJIIPHYIO Maccy OKcuja (I/MoJib).
5.0THOCHTEIBHAS TUIOTHOCTD T'a3a M0 KKCIOPOY paBHA 2. BEIYHCIUTD €ro mIoTHOCTH 110
BOJIOPOY.

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

7. Kakyro maccy (1) nmerot 1,55-10% momnexyn H20?

8. Kakoe KoIMuecTBO BemecTBa (MOIIb) COCTaBIAIOT 6,02 102 Momexyn?

9. PaccuuraiiTe Mmaccy aToMa 30510Ta (T).

10. B xakoM U3 KpUCTAIIOTHAPATOB MAacCOBast 10 BOJbI, puxoasmascs Ha 1 MoJb 6e3BOIHOM
comu, 6ompmie? a) NaxSOsx10H20; 6) CrCls x 6H20; B) CuSO4 X 5H20.

11. MonsipHast Macca KakuX U3 MPUBEICHHBIX HIDKe BeniecTB onuHakoBa: CaCOs, CuS, HzPOs,
AuCls; NaBr, H2SO4?

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

13. Kakoe koimuecTBO BemiecTBa (MOJIb) XJIOpa COAEPKHUTCS B Ta3000pa3HOM XJIOpEe 00hEMOM 3
1 npu temneparype T =27 °C u nasnenuu p = 300 xIla?

14. Kakosa Temmnieparypa (K) B cocyne oobsemom 7 11, conepxaniem meran CHs maccoit 24 1 nmon
nasnenueM p = 50,5 klla?

15. Kakue u3 HuXKe NepeunciIeHHbIX ra30B JIerdye Bo3yxa: a3oT, KUCIopo, PTop, aMMHUak?

16. Kakoit 00bem 3aHuMaroT nipu H. y. 100 Mosb mro6oro raza?

17. Uemy paBHa OTHOCUTEIbHASI MOJIEKYJISIpHASI Macca Trasa, eciu 2,8 J1 3TOro rasa mpu H. y.
UMEIOT Maccy 4 r?

18. CKOJIBKO MOJIEKYIN COAepKUT 1 J1 mo0oro ra3a npu H. y.?

19. B xakom oObeMe (J1) aproHa COAEPIKUTCS CTOJIHKO )K€ aTOMOB, CKOJIbKO B 11,2 11 Bomopoaa?

20. DKBUBaJICHTHBIE MACCHI KAKUX BCIICCTB paBHBI UX OTHOCHUTCIIbHBIM MOJICKYJIAPHBIM MacCaM:

HCI; CaClz; NaHCO3; HC1O4?
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21. KakoB ¢akTop s3xBUBaNieHTHOCTH opToochopHoit kuciotsl B peakiuu: HsPOs + 3KOH =
K3PO4 + 3H207?

22. Onpenenute (pakTop IKBUBAIEHTHOCTH MTEPMaHTaHaTa KaJKs U CEpOBOAOPOA B
OKHCIUTEIbHO-BOCCTaHOBUTENBbHOM peakiun: KMnOs + HoS + HoSO4 = MnSO4 + S + KoSO4 +
H-0.

23. Merasu1 Maccoii 6 T ipy B3aUMOJEHCTBUH C KMCIOTOM BBITECHUI BoAopoa maccoit 0,5 .
Omnpenenute SKBUBAICHTHYIO Maccy MeTaslia.

24.J151s cropaHusi MeTaJljia Maccoit 4 T Tpedyercst Kuciaopoa oobemMom 2,24 1 (H. y.). Beraucnure
SKBUBAJICHTHYIO MacCy MeTaJla.

25. Ha HeliTpanu3anuuio KUCIOTh Maccol 2,45 T u3pacxooBalid pacTBOp, CoJepKaliuii 5,6 r

TUAPOKCHU A KaJIHA. OHpeI[eJII/ITC OKBHUBAJICHTHYIO MAaCCy KHUCJIOTHI.

2 dnekmponnoe cmpoenue amoma

B aTtome, ¢ TOUKM 3peHUsI KBAHTOBOW MEXaHUKH, JIEKTPOH pacCMaTPUBAETCS
OJIHOBPEMEHHO U Kak 4yacTula (o0agaeT Maccoil, sHeprueH, 3apsa0M) U Kak BoJiHa (SBJIEHUE
TU(PaKIUH), TO €CTh, JJEKTPOH MPOSBISIET KOPIYCKYJISIPHO- BOJTHOBOW AYyaJIU3M.

Opourtanb — 00JaCTh OKOJIOSJIEPHOTO MPOCTPAHCTBA, B KOTOPOIl HanboJIee BEPOATHO
HaXoxJeHue 31eKkTpoHa (6osee 90 mporieHToB). B 310l 065acTu Kak OBl «pa3maszan» 3apss
3JIEKTPOHA.

I'maBHOI XapaKTepUCTUKOM 3JIEKTPOHA B aTOME SIBJISIETCS €0 SHEPTUS. DIJIEKTPOHBI C
NpUOIU3UTEIBHO OJJUHAKOBOW SHEPrUell pacnoaraoTcs NpuoOIU3UTENbHO HAa OJHOM
pacCTOSIHUU OT si/ipa, 00pa3ys Tak HAa3bIBAEMbIH IHEPreTHYeCKNil YPOBeHb WU 3JIEKTPOHHbII
cJI0M.

B npenenax o1HOTO SHEPreTUYECKOTO YPOBHS AIEKTPOHBI HE3HAUUTEIHHO, HO MOTYT
pa3NIuYaThCs 0 SHEPTUH, PACIIONATAsACh HAa PA3IMYHBIX DHEPTETHUECKUX MOTyPOBHSX.

CocTrostHHME AJIEKTpOHA B aTOME OMHUCHIBACTCS TaK Ha3bIBAEMBIM BOJHOBBIM ypaBHEHHEM
HIpénunrepa, pemeHueM KOTOporo sABisieTcst BoJaHoBas ¢pyHkuus — W(rmcu), kBagpar KOTOpoi
(¥2dV) 1 ecTh BEpOSTHOCTH HAXOKIEHHS NEKTPOHA B dIIeMEHTapHOM o0beme- dV.

Bonnosas ¢pynkuus (V) moxer 65ITh 0TOOpaXkeHO HAOOPOM U3 TPEX LENbIX YHCEI
(n,I,m), Ha3pIBaEMBIX KBAHTOBBIMH YHCJIAMH.

I'naBHOe KBaHTOBOE YN CI0(N) IPUHUMAET I[ETIOYHCIICHHBIC 3HAYEHHS OT 1 J10
6eckoneyHocTu. OnpenenseT OCHOBHOM 3amac SHEPruu 3JIEKTPOHA, TOKA3bIBaeT Ha KaKOM

SHEPreTUYEeCKOM yPOBHE, CUUTAsI OT siipa HAXOAUTCS AJIEKTPOH.
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OpouraibHoe (Mo6ouHoe) KBaHTOBOE YHcJIo (|) 3aBUCHT OT n, IpUHUMAET 3HAYCHUS
o1 0 110 (n -1) BKJIIOUNTEIBHO, IOKA3bIBAET HA KAKOM II0JlypOBHE HaXOAUTCS IEKTPOH,
orpezenser GopMy aTOMHON opOuTaiu. YuCIoBbIM 3HAUEHHUSM | IOCTaBIICHBI B COOTBETCTBHE
OykBeHHbIEe 0003HaueHus (Taou. 2.1)

Tabnuma 2.1 ®opma 1 YKUCI0 aTOMHBIX OpOuTaen

YuciieHHOE 3Ha4YEHUE 0 1 2 3

BykBeHHOe 0003HaYeHHE S p d f

dopma opburtanu

O CnoxHas

Ywucrno opOuTaneii Ha IO ypOBHE

MaxkcumManbHOE YUCIO0 QJICKTPOHOB Ha

MOAYpPOBHE 2 6 10 14

DJEKTPOHHOE CTPOSHHE aTOMOB BCEX M3BECTHBIX Ha CETOHSIIHHN JeHb XMMUYECKUX
9JIEMEHTOB TOJIHOCTHIO OMUCHIBACTCS MIPUBEJCHHBIMH YETHIPbMSI THIIAMH OpOUTANICH: S-, P-, 0- U
f-. . DeKTpoHbI, HAXOIAIIUECS Ha S-TIOYPOBHE, HA3bIBACTCS S-3JICKTPOHAMH, Ha P-TIOIyPOBHE
—P-2IIEKTPOHAMH U TaK Jajnee

MarHuTHOe KBaHTOBOE Y CJI0 (M) 3aBUCHT OT |, mpuHUMast 1IeTI0UNCICHHbIC
3Ha4yeHus ot-l,.., 0,..., +|. OTpakaeT B3aMHYyIO OpHEHTAIMIO OpOHTaIeH Ha MOypOBHE
OTHOCHUTEIIbHO JIpyT Jpyra.Uucno 3HaueHuid my paBHO 4nciIo opOUTanel Ha noaypoBHe (Talml.
2.1).

I[HH MMOJIHOT'O OITMCAaHUA 3JICKTPOHA B ATOMC HOTpe60BaHOCL BBCCTHU YCTBCPTOC
1
KBAHTOBOEC YHCJIO - Ms- CMHHOBOE, KOTOPOC MPUHUMACT TOJBKO ABAa 3HAYCHHUSA + E .B

YIPOIIEHHOHN opMe MOKHO CKa3aTh, YTO Ms OTpaXkaeT BOZMOKHOCTh BpallleHHUs DJIEKTPOHA,
BOKPYT CBOEH OCH KakK IO 4YaCOBOM, TaK U IPOTUB YaCOBOU CTPEIIKH.
Habop u3 yeTpipex KBaHTOBBIX YHCEJ SBJSETCS MOTHOM XapaKTepPUCTHUKON AJIEKTPOHA B aTOME.

2.1 PacnipenesieHue 3JIEKTPOHOB 110 IOAYPOBHAM M YPOBHAM
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Pacrnipenenenuie 31eKTPOHOB B aTOME OCHOBBIBAETCSl HA KBAHTOBBIX UHCIAX U
CJEAYIOIIMX ITpaBuiax: MPUHLUUI MUHUMAJIbHOW SHepruu, npunuun [laynu, npaBuno XyHaa u
npasuio KieukoBckoro.

1. IlpyHIMI MUHUMAJILHOM IHEPIrUH- HIEKTPOHBI B aTOME PACIIPEACTSIOTCS MO
MOJYPOBHSM B HOPSKE BO3pACTAHUS YHEPTUU aTOMHBIX OpOUTaNICH.

2. punuun 3anpera [layau- B aToMe HE MOXKET OBITh IBYX JIEKTPOHOB C YETHIPHMS
OJIMHAKOBBIMH KBAaHTOBBIMH uuciiaMu. Clie1oBaTeIbHO, Ha OJTHOW aTOMHOM OpOUTAT HE MOXKET
OBITH O0JIEE IBYX AJIEKTPOHOB.

3. [IpaBuio XyHaa- B pejienax 0JHOTO HOyPOBHS 3JIEKTPOHBI PACIONAraoTCs 1Mo
opOUTAIIIM TaKUM 00pa3oM, YTOOBI UX CYMMAapHBIH cliMH ObLT MakcuMalieH. ClieToBaTelIbHO, B
npeJienax oJHOT0 MOAYPOBHS AJEKTPOHBI CHAavajla paclolaratoTcs o OJJHOMY, U TOJIBKO 3aTEM B

Op6I/ITaJ'I$[X MOSABJIACTCA 110 BTOPOMY 3JICKTPOHY.

v ] [ -

4. IIpaBuiio KineukoBcKOro -3J1eKTPOHBI 110 aTOMHBIM OPOUTAJISIM PacolaraloTcs B
HOPSIIKE BO3PACTAHUSI CYMMBI TJIABHOTO ¥ OPOMTAJILHOTO KBAaHTOBBIX uucen (n+l); B Tom ciydae,
KOI'Zla JJIs PasJIMYHBIX IIOJYPOBHEH 3Ta CyMMa OJMHAKOBA, TO 3JIEKTPOH 3aIIOJIHAET IO0JypOBEHb

C MCHBIIIMM 3HAYCHUCM 1.

2.2 DueKTpoHHbBIe (hopMYIIbI EPBBIX YEThIPEX NEPHOAOB

Pacrnipenienenue a1eKTpOHOB B aTOME I10 TIOyPOBHSIM 0TOOpakaeTcsi B BUIE
ANEKTPOHHBIX GOpMYI - (OyKBEHHO-ITU(DPOBAs), TNOO B paCTPECIICHUH MO0 KBAHTOBBIM
s4yeikaM, Kax/1as U3 KOTOPBIX M300paxaeT opOuTais. B sueiikax 31eKTpOHBI MPEACTaBISIOT B
BUJIE CTPEJIOYEK, €CIIU B OHOM OpOUTaM 2 3JEKTPOHA, TO CTPEJIOUYKH - Pa3HOHAIPABIICHBI.

1H st ]
A2%s
1 — HOMep PHEepPreTU4ecKoro ypoBHs

2 — IOJTypOBEHb
3 — KOJIMYECTBO 3JIEKTPOHOB Ha BHEIIHEM 3HEPreTUYECKOM YPOBHE

2He 1s? Iﬂl - IEPBBIN YHEPTETUYECKUI YPOBEHB 3aBEPILICH
aLi 1s22s?
4Be 15725
5B 1s%2s22p?

10Ne 1s22s%2p® - BTOPOM HEPreTUUECKUIN YPOBEHD 3aBEPILIEH
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11Na1s%2s22p°3st

Jlnist ynpoIeHus 3JeKTPOHHBIX (POPMYIT 3aBEPILICHHBIC SHEPTETHYECKIE YPOBHH
IPEICTaBIAI0T B BUJE CUMBOJIA NIPEILIECTBYIOIIET0 0J1aropoJHOro rasa.

11Na[Ne] 3s!, 12Mg[Ne] 3s?, 13AlI[Ne] 3s23p?,..., 1sAr [Ne] 3s23p®

[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+l=4+0 = 4s
10K [Ar] 4st
20Ca [Ar] 4s?

[Tocne xanblysl, HAYMHAs CO CKaH/AMSI, B COOTBETCTBUU C MpaBuiioM KiieukoBcKoro HayMHaeT
3aMoJHATHCS 30-1101ypOBEHb, KOTOPBIH 3aBEpIIACTCS Y IUHKA; 3aTEM UJICT 3aIl0JHEeHUE 4p-
HOypOBHS, 3aBEPLIAIOLIETOCS Y KPUIITOHA.

e
n+l=3+2=5 n+l=4+1 = 3d
21Sc [Ar] 4s23dt ............ 30Zn [Ar] 4s23d*°

31Ga [Ar] 4s23d%p?....... 36Kr [Ar] 4s2301%4p°®

HauGornee ycToitunBoii aBaseTcs koHpuryparums 6aaropoassx rasos (ns?np®), mo
JOCTHKEHUHN KOTOPOH SHEPT€TUYECKUI YPOBEHD CUMTAETCS 3aBEPIICHHBIM.

J1st 5IEMEHTOB, Y KOTOPBIX Ha d-TIOJypOBHE JOJKHO OBITh 4 WK 9 3J1eKTPOHOB, UMEET
MECTO TaK Ha3bIBAEMBbIH «IIPOBAJD» JIEKTPOHA: OJIUH U3 MIEKTPOHOB C BBILLIEIEKAIIETO S-
MOJIYpOBHS, IEPEXOJUT Ha HUKeNexalui d-moaypoBeHb. DTO CBA3aHO C TEM, YTO HAMOJIOBUHY
WM TTOJIHOCTBIO 3aM0JIHEHHBIN d-TI0AYpOBEHb SHEPreTHUECKH 0oJiee BHIT0/IeH (MoArpynna
Xpoma u Meau). Y Bonb(pama MpoBall 3JEKTPOHA OTCYTCBYET, 3TO CBSI3aHO C TEM, YTO MEXKIY

6s- u 5 d- MMOAYPOBHAMH pacnojaracTcsd rnmoJIHOCTbIO 3amOJIHEHHEIN 4f- oAypOBCHb.

cowaes  FURERRE) [-es EORVRER

2.3l1epuoanueckuii 3axK0H 1 nepuoanyeckas raduuna /.. MenaeneeBa

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

COGI[PIHGHPIFI HaxoasaTCs B Hepnozmqecxoizi 3aBUCUMOCTH OT 3apsaa AACp 3JICMCHTOB (OT
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aTOMHBIX Macc B (hopmynupoBke MenaeneeBa). OToOpakeHHEeM SMITUPUIECKOTO 3aKOHA
ABIsieTcs nepuoauueckas Tabmmua J.1. Menneneesa.

B nepuoauieckoii TabauIe BCe SJIEMEHTHI CTPYIITUPOBAHEI B TOPU30HTAIBHEIC PSIBI —
NEepUObl U BEPTUKAIIbHBIE CTONOIBI — FPyNbl. Pa3nnyaror n8e GopMbl epHOIUIECKON
TaOJIMLBI — JUIMHHYIO M KOPOTKYI0. B nimHHONIEproaHOM hopMe KaxKabplid Iepuo NpeAcTaBieH
B OJIMH PsiJI, @ KaXK/1asi MOJTPYIIIa — BbIACNIEHA B OTACNbHBIN cTonben. HemocraTok —
OTCYTCTBHE KOMITAKTHOCTH ¥ HATJISITHOCTH, TPYIHO BBIJICIIUTH OTACIHHBIC DJIEMEHT.
bonee mmpoxo ucnonb3yercs KopoTkas popma n3-3a cBoeit HariasaHocTd. HemocraTok —
9JIEMEHTBHI TJIaBHBIX U MOOOYHBIX MOATPYII 00bEIMHEHBI B OJIHY TPYIINY, JUTMHHbIE IEPUO/IBI
MIPEJICTABJICHHUE B J[BA PSAJIA, IIPU ATOM OTJCIIBHO BBIHECEHBI f-3JIEMEHTHI.

B nepuoauueckoii Tabnune .M. Menneneesa pa3nuuaror nepBble TpU KOPOTKUX
nepuoa, CoJlepKalliux COOTBETCTBEHHO 2-8-8 aeMeHTOB; U ueTsipe AauHHbIX: 1V u 'V mo 18
anemeHToB, B VI — 32 anementa, VII — He 3aBepmiéH. Kakapiii mepro1 HAYMHASTCS IISTIOYHBIM
METAJIJIOM Y 3aBEPIIaeTCs 0JIArOPOTHBIM ra30M, TO €CTh B IIEPHOJIaX CBOMCTBA 3JICMEHTOB C
POCTOM TOPSAKOBOTO HOMEPA U3MEHSETCSI OT TUITMYHOTO METaJlIa IO THITUYHOTO HemeTasuia .B
rpynnax Beaensiercs A- u B- noarpynmnsl (rnaBable U mo6ouHbie).B A-nmoarpymnmax
pacrosaraercs s- u p-3JIeMeHThI, B B- moarpynmax — d- u f-31eMeHTbI.

PaccMoTpumM cTpoeHHE BHENTHETO (BAJICHTHOTO) YHEPTETHYECKOTO YPOBHSI JIEMEHTOB

OJIHOM ITOATPYIIIBI.

Li 2st ... Ti 30%4s? ... N 2s22p% ... Ne  2s22p®
Na 3st ... Zn 4d%s?... P 3s23p® ...  Ar  3s%3p°
K 4st . Hf  5d%s? ...  Ar  4s%p® ... Kr  4s%4pb

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

Kak BuHO, y 3271EMEHTOB OAHON MOATPYIIIBI OJMHAKOBOE JJIEKTPOHHOE CTPOEHUE
BHEIIIHET0 SHEPreTUYECKOro YPOBHS (JUIsI 3JIEMEHTOB A-TOATPYIII 3TO COOJIIOJAaeTCsl CTPOro, s
B-noarpynn Bo3MOKHBI OTKJIOHEHUS ).

BeIBOA: meproinueckoe MOBTOPEHUE CTPOEHUS BHEITHETO SHEPTETHYECKOTO YPOBHS
00ycIaBIMBaET MEPUOANYECKOE TIOBTOPEHUE XUMUYECKUX CBOMCTB JIEMEHTOB.

Homep nepuona, B KOTOpOM CTOUT DJIEMEHT, IIOKA3bIBAECT YUCIIO YHEPTETUYECKUX
YPOBHEW B €r0 aTOME; JIJIs1 SJIEMEHTOB IJIaBHBIX IMOATrPYII MOKA3bIBAET YUCIIO AIEKTPOHOB HA

BHEIITHEM YHEPTETUYECKOM YPOBHE.

2.4 Ilepnoauyeckue cBOICTBA 31eMEeHTOB
Oueprus (moTeHuuas) nonusanuu (1) — sHEprus, KOTOPyIO HEOOXOIUMO 3aTPATHTD

JUTSL OTPBIBA 3JIEKTPOHA OT aTOMa, IIPHU STOM 00pazyeTcsl MONOKHUTEIbHO 3apsKEHHBIN noH. B
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nepuoaax ¢ poCTOM HOPSAAKOBOTO HOMEpPA BO3pAcTaeT NPUTSKEHUE BHEIIHETO AJIEKTPOHA K
SIIPY, ¥ MIOTSHIINAJI HOHU3AIUN yBEIIMIUBACTCS. B rpymnmax ¢ pocToM MopsIKOBOTO HOMEpa
MOTEHI[MAT MOHU3AIIUN YMEHbIIIAETCS U3-32 YBEIUUCHUS painyca aTOMOB.

CponctBo K 31ekTpony(E) — sHeprus, KoTopas BBIACISIETCS IPU MPUCOSTUHEHUH
3JIEKTPOHA K aTOMY, IIPH 3TOM 00pa3yeTcsi OTpULIATEIbHO 3apsSKEHHBINA HOH. MaKkCUMallbHbIM
CPEIICTBOM K 3JIEKTPOHY 00JIaar0T TajJoreHbl, KUCIOPO U cepa. HanMeHbIIiM 4yuciiom
JIEKTPOHOB 00JIa/1AI0T IEMEHTHI C YEKTPOHHOM KOH(MUTYpalueil BHEITHEr0 ypOBHS nsZ 1
0JIaropoIHBIX Ta30B (KaJIbIIUNA, MarHUi, HEOH U TakK Jlajee).

DuiekTpooTpuuATENIbHOCTDH () — CTOCOOHOCTH ATOMOB MPUTATUBATH K ceOe
AMEKTPOHBI. KOJIMYECTBEHHO 3IEKTPOOTPHUIIATEIIBHOCTD XapaKTEPUIYETCs TTOTYCYMMON SHEPTUH

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

Bostee 4acTo MCMONB3YIOT MOHATHE OTHOCUTEIILHON 3JIEKTPOOTPHUIIATEIIEHOCTH.
DJIEKTPOOTPHUIIATEILHOCTH SJIEMEHTOB CPABHUBAIOT C DJICKTPOOTPHIIATEIIEHOCTRIO JINTHUS, UbC
3HAYCHHUE MPUHSITO 32 SAUHUILY. B 3TOil 1IKOJIe MAKCUMAIBHYIO AJIEKTPOOTPUIIATEIIBHOCTh UMEET
drop (4,0), kucaopon (3,5), a3ot (3,0). HaumeHbIel 31eKTpoOTPUIIATEIPHOCTBIO 001a1a0T
IIEJIOYHBIC U IEI0YHO3eMeNTbHbBIE MeTalIbI (cpeanee 3nadenue — 0,8-1,0).

B meprogax ¢ pocToM MOPSIKOBOTO HOMEPA JIEKTPOOTPUIIATEIILHOCT BO3PACcTaeT, B
rpynnax yObIBaer.

Paamyc aToMa — moIoBUHA MEXbSJICPHOTO PACCTOSIHUS MEKIY COCEITHUMH aTOMaMu
JUTSL BEIIECTB B KPUCTAIUTMYECKOM COCTOSIHUH.

B niepuojie ¢ pocToM MOPSIIKOBOTO HOMEpa Pajinyc YMEHBIIIAETCs, a B TPyIIIax —
YBEITUIUBACTCS.

Bonpochkl 1 331241 JUIsI CAMOCTOSITEILHOT0 KOHTPOJIst [1,2]:
1.2nextponHas popmyna atoma 1522522p®3s23p®. OnpeenuTe 3MEMEHT 1 Bce BO3MOKHbIE
BAJICHTHOCTH.
2.Jlnst anemenTa ¢ opmyioii 1s22s22p83s23pP4s? onpenenute aToMHBIH HOMED.
3. JIyist aTOMa ¢ SIEKTPOHHOM (hOpPMyIIoii BHEITHUX 3IEeKTPOHOB ykaxuTe 4s230d%4p? onpenenuts
YHCJI0 HECTIAPEHHBIX 3JICKTPOHOB B OCHOBHOM COCTOSIHUH aTOMa.
4. DnextporHas Gopmyna atoma 1s22522p83s23p°. VkakuTe BEICIIYIO BAIEHTHOCTB HIEMEHTA.
5. DnekTpoHHas popmyna atoMa 1522522p®3s23pP4s?. VkaxkuTe uncio HecriapeHHbIX JIEKTPOHOB
B OCHOBHOM COCTOSTHHH.
6. YKakuTe 21eKTpoHHYI0 hopMyny atoma dropa. a)1s22s22pb; B)1s22522p?; 6) 1s22522p°; 1)
1522522p%3s2,
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7. DnekTpoHHas popmyia atoma 1s22522p®3s23p®4s23d%4p*. YkakuTe BBICIIYIO BAIGHTHOCTD
AJIEMEHTA.

8. Jlns psina yacTHIl yKaKuTe Te, U1 KOTOPBIX AJIEKTPOHHBIE (popmMyiibl onuHakoBsl. a) Cl™, F,
Br ; B)Li*, Na*, K*; 6) Mg* , F,Na ;) N, O, F.

9. VkakuTe, KaKie U3 4acTHI UMeIoT 23 snekrpona. a) F; B) Na; 6) Al ; r) Na™.

10. YkaxuTe NOJIHYIO 3JEKTPOHHYIO (OpMYITy aToma 23V B OCHOBHOM COCTOSIHUH, pacioiaras
opOuTanu (FHEPreTUIECKUe MOJYPOBHH) B COOTBETCTBUHM C YBEIMUYECHHEM dHepruu. Onpeaenure
HA0Op YeThIpeX KBAHTOBBIX YHCE JJISl OCTIEAHEr0 ANEKTPOHA JAaHHOTO 3JIEMEHTA.

11. Ykaxkurte nosHy0 3JEKTPOHHYIO GOpMYITy aToma 30Zn B OCHOBHOM COCTOSIHUH, pacrojaras
opbuTanu (3HepreTuyecKue MoAypOBHU) B COOTBETCTBUH C YBEJIIMUEHUEM PACCTOSHUSA OT Ipa.
Onpenenure HaOOP YETHIPEX KBAHTOBBIX YMCEN AJIs TOCIEAHETO 3JEKTPOHA JTaHHOTO 3JIEMEHTA.
12. Ykaxxute MOJIHYIO 3JEKTPOHHYIO GopMyiTy aTroma 35Br B OCHOBHOM COCTOSIHMHM, pacrioyaras
opbuTanu (3HepreTudecKkue MoAypOBHU) B COOTBETCTBUH C YBEIIMYCHUEM PACCTOSHUSA OT sApa.
Onpenenure Bce BO3MOKHbBIE BAJIGHTHOCTU U CTETIEHU OKUCJIEHUS JAHHOTO JIEMEHTA.

13. YkaxuTe NOJIHYIO 3JEKTPOHHYIO (OPMYITy aTOMa 34S€ B OCHOBHOM COCTOSTHUH, Pacrojiaras
opbuTanu (3HepreTudeckue MoAypoBHHU) B COOTBETCTBUU C yBeIUYeHUEM dHepruu. Onpenenure
BCE BO3MOJKHBIE BaJICHTHOCTH U CTETIEHU OKHUCIICHUS JAHHOTO 3JIEMEHTA.

14. YkaxxuTe MOJHYIO dJIEKTPOHHYIO (OpMYyTy aTroMa 15P B BO30YKJIE€HHOM COCTOSTHUH, U HOHA
P3*,

15. YkaxuTre NOJIHYIO 3JEKTPOHHYIO (OPMYIly aTOMa B OCHOBHOM COCTOSIHUH, paciioiaras
opbuTtanu (3HepreTuyecKre Mo lypoBHN) B COOTBETCTBUHU C YBEJIMUEHUEM PACCTOSIHUSA OT S7pa,
€CJIN MOCIIEAHEMY JIEKTPOHY JIaHHOTO 3JIEMEHTa COOTBETCTBYIOT CIIEAYIOIIE KBAHTOBBIE YK CIIA!
n=3;1=2; m=1; ms=—-%. Kakoii 310 a5iemeHnt?

16. YkaxuTe NOJIHYIO 2JEKTPOHHYIO (POPMYITy aTOMa 16S BO BCEX BO3MOXKHBIX BO30YKIECHHBIX
COCTOSIHUSIX.

17. OxucnureneM Ui BOCCTAHOBUTENEM MOTYT ObITh aToM oF 1 voH F~.

18. Ykaxkute Bce BO3MOKHBIE 3JIEMEHTHI, OTPUIIATEIbHbIE HOHBI KOTOPBIX BCTPEUAIOTCS B
XUMHUYECKHX COEAMHEHUSIX U UMEIOT CIIeIYIONIYIO 3JIEKTPOHHYIO KOH(PUTYpAIHIO:
1522522p%3s23p°.

19. PacnionoxuTte cineayroniye opOuTanu (3HepreTuyecKre Mo JypoOBHHI) B MOPSIIKE BO3pACTaHUS
sHepruu: 3p, 3s, 3d, 4s, 4p. Micnosib30BaHre KaKOTO TIPaBUIIa MO3BOJISIET MMOATBEPAUTH TaHHYIO
M0CJIEA0BATEIBHOCTD?

20. Pacnionoxwute criemyromiie opouTanu (3HepreTuuecKue Mo ypoBHU) B MOPSAIKE BO3PACTAHUS
sHeprud: 4p, 4s, 4d, 5s, Sp. Ucnonp3oBaHne KaKoOTo MpaBujia MO3BOJISIET MOATBEPAUTH JAHHYIO

IIOCJIEN0BATEILHOCTE?
74



5 Xumuueckasi CBi3b

Xumuyeckas CBsI3b — Pa3lIMIHbIC B3aUMOJICUCTBUS, 00YCIaBIUBAIONINE YCTOWYNBOE
CYILIECTBOBaHUE 2-X U MHOTOATOMHBIX MOJIEKYJI, HOHOB U pagukaioB. OCHOBHBIM MPU3HAKOM
00pa3oBaHusi XUMUYECKOUN CBSI3U SIBISETCS TOHM)KEHHE SHEPTUU CUCTEMBI B CPABHEHUH C
SHEepruei N30JMPOBAHHBIX YACTHUII, U3 KOTOPBIX 00pa3yeTcs JaHHAas CTPYKTYypa.

E A

lo
r r

, >
1
i
1

Eo i
i
1

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

I — paccTosHUE MEXIY AIpaMH, B3aUMOJICUCTBYIOIIMX aTOMOB B MOJIEKYJIE.
B ocHoBe 00pa3oBaHusl XUMHUYECKUX CBSI3€H JIEKUT B3aUMO/IEHCTBHE MOJIOKUTEITHHO
3apsKEHHBIX SAIEP OAHOIO aTOMa, a TAKXKE 3JIEKTPOHOB APYT C APYTOM.
Bunsl xumMnueckoil CBA3U:
» KoBanentHas
» Uonnas
» Bopoponnas
» Meramnnueckas
XapakTepuUCTUKH CBA3EH:
JHeprusi cBsA3M — 3TO SHEPIHsl, HeoOXoauMast I pa3pbiBa CBsA3U. (K [x/Mob)
JJIMHa ¢BA3M — pacCTOsIHUE MEXAY AAPAMHU B3aMMOJIECHCTBYIOIIUX aTOMOB B
MOJIEKYJIe, YeM MEHbIIIE JJIMHA CBSI3U, TEM OHA MPOYHEe, TeM OOJIbIIIE €€ SHEPIHsL.
JI7151 KOBaJI€HTHOM CBS3M BaXKHOW XapaKTEPUCTUKOM TaK K€ SBIISIOTCS HACBHIIAEMOCTh —
MaKCHMaJIbHOE YHCIIO CBSI3€H, KOTOPOE MOXKET 00pa30BbIBaTh aTOM; HANIPABJIEHHOCTh —

B3aUMHOC paCIIOJIOKCHUC CBs3€El B MOJICKYJIC XapaKTCPUZYCTCA BAJICHTHBIM YIJIOM.
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104°

KpaTHoCTh — 4uCII0 3JIEKTPOHHBIX IIap, OTBETCTBEHHBIX 32 00pa30BaHUE XUMUYECKOU
cBsi3u. UeM BbIlIE KPaTHOCTh, TEM MEHBIIIE €€ JUINHA.

CH3-CH3 0,154uMm
CH2=CH: 0,134uMm
CH=CH 0,120uM
IMoJsipHOCTH CBsI3eit — mepepacnpeeiicHie HIEKTPOHHON TNIOTHOCTH B MOJIEKYJIE B
CTOPOHY aTOMOB C OOJIBIICH AJIEKTPOOTPHIIATEIIEHOCTHIO.
[Tpu 0Opa3oBaHUM KOBAJICHTHBIX U MOHHBIX CBSI3CH, KOH(MUTYpaIUs BHEITHUX

OHCPICTUUYCCKUX ypOBHCfI CTPECMUTCA K KOH(l)I/IpraI_[I/II/I 6HaF0p0,Z[HBIX ra3oB — nsznp6, TO €CTh Ha

BHCIIHCM SHCPICTUYCCKOM YPOBHC 8e.

KoBasieHTHYI0 CBSI3b 0003HAYAIOT B BUJIE MAPBI TOYEK, JTMOO B COOTBETCTBUE K KaXKI0M

nape CTaBAT YCPTOYKH.

H> oF} N>
H:H 0::0 N:N
H-H 0=0 N=N

5.1 KoBajieHTHAaA CBA3bL

KoBasienTHas1 ¢BI3b — XUMHUECKas CBA3b, 00pa3oBaHHasi 00001IEHHBIMU
AIIEKTPOHHBIMU NapaMu. [Ipu 06pa3zoBaHUN KOBAJIEHTHOM CBSI3H BBIIEISIOT 2 MEXaHU3Ma!
OOMEHHBII U JOHOPHO-aKIEITOPHBIN.

ITo oOMeHHOMY MeXaHM3MY, KaXIblii U3 B3aUMOJIECTBYIOIINX aTOMOB

MIPEIOCTABIISICT CBOM HECIIAPEHHBIE YJIEKTPOHBI JIJIs1 00pa3oBaHUsi 0000IEHHOM JIEKTPOHHOM

naphl.

Ho + -H—HH

PaccmoTpum o6pazoBanue mosekyssl BeClo.

Be  2¢? |ﬂ| |:|:|:| +hv — Be |f| |ﬂ:|:|

‘e

S i )
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[Tpu oOpazoBaHMM MOJIEKYIIBI Y aTOMa OEpHILITUS TPUHUMAET ydactue 1s u Ip
AIIEKTPOHBI, OJJHAKO 00€ B CBSA3U aOCOIIOTHO PABHOIICHHBI (OJUHAKOBBIC JINHA, YHEPTUS), UTO
00BsCHsIeTCS THOpUIM3alUeill aTOMHBIX opOuTaieii Be npu oopasoBanuu mosekyis BeCly.

I'uGpuausanus — npouecc CMEIeHUs U BBIpaBHUBaHUA 110 (hopMe U SHEPTUU
aTOMHBIX OpOHUTaJIEH.

O OO 220D

1s + 1p 2sp

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

Paccmotpum crpoenne mosekysibl BCls.

B 2s22p? |I | | |—>B |I |I | |
R a3y’ m}%] YT T T

Cl
120° B|

CI/ \CI

ITpu o6pazoBarmu MoneKysl BCls opouTann aToma 60pa IIpeTepreBaoT sp2
rUOpUIN3ALHIO.
B3auMHOE OTTaNKUBAHUE SP>-THOPUIHBIX OpOUTANell MPUBOIUT K MIIOCKOMY CTPOSHHIO
moiekynbl BCls BanenTHbIM yriiom B 120 rpagycos.

Paccmotpum ctpoenue monekysbl Mmetana CHa.
c ww  [EFD- §]EIEE
[ & ]
\ Y
4N

B MOJICKYJIC MC€TaHa BaJICHTHBIC 0p6I/ITaJ'II/I yriiepoaa HaXoA4ATCA COCTOSITHUN Sp3 -

rUOpHIU3aIIH.
B3anMHOE OTTanKMBaHKE SP°- THOPUIHEIX OpOHTaIel MPUBOANT K TETPAdIPUIECKOMY
IPOCTPAHCTBEHHOMY CTPOCHHUIO METaHa.

Taxum 0Opa3oM, TUIT THOPUANU3ALINY ONIPEEIIseT MPOCTPAHCTBEHHOE CTPOCHHE

MOJICKYJI: Sp — HHHeﬁHOC, Sp2 — IINIOCKOCTHOC, Sp3 — TCTPadApHUICCKOC.

JIOHOPHO-aKIIENTOPHBIA MEXAHU3M
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B sToM ciyyae oauH U3 B3auMOIEHCTBYIOIIMX aTOMOB MPEOCTaBISET CBOU
HETIOJICTICHHBIE 3JIEKTPOHHBIC MAPHI(JIOHOP), KOTOPHIE Pa3MEIIAIOTCS B CBOOOIHBIX OpOUTAIISIX
JIpyroro aroMa(akuenTop).

PaccmorpuM oOpa3zoBanue nona ammonus NH4™,

Nooasepr B R IeH BIBIE] -  HNe#F ] -

— NH4*

B none NHs" Tpu cBsi3u 00pa3yroTcs o 0OMEHHOMY MEXaHH3MY U OJ(Ha — T10
JIOHOPHO-AKI[ENTOPHOMY, OJHAKO BCE YETHIPE CBS3M PABHOIICHHBI, YTO OOBSICHSICTCS
ruOpuM3aIMeil BaIeHTHBIX OpOHTANeH a30Ta, SP -THOPHIU3AINS, IPOCTPAHCTBEHHOE CTPOCHHE
HMOHA-TETPAdP.

JIOHOpHO-aKIENTOPHBINA MEXaHU3M 00pa30BaHUsl KOBAJIEHTHOM CBSI3U UTPAET BAXKHYIO

pOJIb TIpH 00pa30BaHUE KOMILUIEKCHBIX COCTUHEHUI, B TOM YHCIIC U OMOKOMILICKCOB.

HOJIHpHOCTb KOBAJIEHTHOM CBSI3H

Ecnu monekyna o6pazoBaHa aToMaMu OJJHOTO XUMUYECKOTO JIEMEHTa, TO 00001IeHHbIE
AJIEKTPOHHBIE TTAPhl HAXOJIUTCSA CTPOTO O CEPEAMHE MEXY SAPAMH B3aUMOICHCTBYIOIINX
aTOMOB — KOBAJICHTHAs1 HEMOJISIPHASI CBS3b.

Ecnu monekyna o6pazoBaHa pa3HbIMU XUMUYECKUMU dIIEMEHTaMH, TO 0000IIEHHbIE
AIIEKTPOHHBIE Taphl, OTBETCTBEHHBIE 32 00pa30BaHNE XUMHUECKOH CBSI3U CMEIIEHBI K aTOMY C
OOJIBIIIEH AIEKTPOOTPHUIIATEILHOCTHIO; HA 9TOM aTOME MOSBIISIETCS YaCTUYHBIN OTPUIIATEIbHBIN
3apsia (-0), Ha IPyroM — YaCTHYHBIN MTOJIOKUTEIBHBIN 3apsi (+0) — KOBaJIeHTHAasI MOJIAPHAast
CBSI3b.

[Iporiecc cmeteHus AIEKTPOHHBIX Map K 0oJiee AIeKTPOOTPHUIIATEILHBIM aTOMY
Ha3bIBACTCs MOJISIpU3alMEH, a MOISPU30BaHHAs MOJIEKYJIa Ha3bIBAETCs AUIIOJIEM, U300paxaeTcs

B BU/JIC DJJIMIICA C Pa3HOMMECHHO 3apsKCHHBIMH ITOJIFOCAMMU.
o *H-CI?

H8+/ \ H8+

G6-CBAA3b — BAJICHTHBIC Op6I/ITaJ'II/I NEPECKPLIBAIOTCA BJAOJIb JIMHUU, COG)II/IH?I}OHIeﬁ
[EHTPHI B3aUMOJICHCTBYIOIINX aTOMOB, 00pa3yeTcs S- U P- SJICKTPOHAMHU.

T-CBSI3b — BAJICHTHBIE OPOUTAIH MTEPEKPHIBACTCS HAJl U IO JIMHUEH, COSTMHSIOIIEH
IIEHTPBI aTOMOB; 0Opasyercs p U d- AIeKTpoHaMH. XapaKTepHa s KpaTHBIX cBs3eil. HamHoro

citabee curMa-CcBsI3H.

BaJsieHTHOCTEL

78



BajeHTHOCTH — YHKCIIO CBA3EH, KOTOPBIMU JJAHHBI aTOM CBSI3aH B MOJIEKYJIE C
COCETHUMU aTOMaMHU.
PaccMoTpuM Kakue BaJICHTHOCTH MOTYT MPOSIBIISITH aTOMBI (PTOpa U XJI0pa.

A

VY ¢TOopa Ha BHEUIHEM YPOBHE OTCYTCTBYIOT CBOOOIHBIE OpPOHMTAIH, IOITOMY HEPEXO
AJIGKTPOHOB HEBO3MOXKEH. B aToMe (hTopa mMeeTcsi eTUHCTBEHHBIN HECTIAPEHHBIN JIEKTPOH,
YYaCTBYIONIMIA B 00pa30BaHUU XUMHUYECKOW CBS3M — BAJICHTHOCTH (PTOpA BO BCEX COCTUHEHUSX
paBHa 1.

2915
cl HEEEE

B aTome xyopa B oTiimume ot propa uMeercss CBoOOAHbBIN d-110ypOBEHb, HA KOTOPHIH B
BO30Y)KJIEHHOM COCTOSTHHUH BO3MOJKEH IEPEX0/] JCKTPOHOB C HWKEJISKAIIUX S- U p-
MOJTYPOBHEH, P 3TOM BO3MOXHOE YHCIIO HECIIAPSHHBIX AJIEKTPOHOB B aTome xyopa 1; 3; 5; 7 u
COOTBETCTBYIOIINE BAJICHTHOCTH MOYKET MPOSIBIISITH XJIOP B CBOMX COCTUHEHUSX.

H-O-ClI - xsopaoBaructas (1)
H-O-CI=O - xmopucras (I11)
H-O-CI(O). - xmopHoBaras (V)
H-O-CI(O)s - xiopnas (VII)

MakcumanbHasi BaJISCHTHOCTh HE MOKET IIPEBBINIATH YKCIIa OPOUTANICH Ha BHEIIIHEM
YPOBHE, ITOITOMY y a30Ta B COEJUHEHMAX MaKCUMallbHas BajgeHTHOCTh paBHa 4(NH4*, HNO3 u
ee COJIn)

OmnpeneneHne BAICHTHOCTH YIIIepo/ia U KUCIOPO/ia B yrapHOM rase.

O 2822[)4 |ﬂ| |A |A |;“ C=0

B monexyne CO nBe cBsi3u 00pazoBaHbl T0 0OMEHHOMY MEXaHHU3MY, OJIHA — T10 JIOHOPHO-
aKIENITOPHOMY, TO €CTh BAJICHTHOCTH M YTIIEPO/Ia, U KUCIOPOa PaBHBI TPEM.

BoiBoa: MakcuManbHasi BAJICHTHOCTD OINPEAEIISIETCS] YACIOM HECTIAPEHHBIX 3JIEKTPOHOB
(B TOM umcIe, B BO30YKIEHHOM COCTOSTHUH) + YUCIIO CBsI3eH, 00pa30BaHHBIX 11O TOHOPHO-

AKIECTITOPHOMY MEXaHU3MY.

3.2 UonHad cBA3b

XapakTepHa Ui CBA3€H MEXKAy aTOMaMU TUIIMYHBIX METAJIJIOB C TUITUYHBIMU
HeMeTaulaMu. MOXeT paccMaTpuBaThCs KaK YaCTHBIN CIIy4ail KOBaJEHTHOM MOJISIPHOM CBSI3H,
IIPU KOTOPOI 000OIIIEHHBIE YJIEKTPOHHBIE TIApbl, OTBETCTBEHHBIC 32 00pa30BaHNE XUMUUYECKON
CBSI3M NPAKTUYECKH MOJHOCTHIO CMELIEHBI K aTOMY HEMETaJlIa C BBICOKOM

SJICKTPOOTPULATCIIbHOCTLIO. HpI/I TAaKOM PACHPCACIICHUU 3JICKTPUICCKHUX 3apAa0B aTOM MCTaJlIa
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IpeBpallaeTcs B MOJIOKUTEIbHBIM HOH, aQaTOM HEMeTalljla — OTPUIATENbHbIN HOH, IPH 3TOM
AIIEKTPOHHBIE KOH(UTYpAaLIUU 00pa30BaBIINXCS HOHOB CTPEMSATCS K KOH(PHUTypaluu
0JIarOPOJTHBIX Ta30B. XUMUYECKAasl CBSI3b, 00PA30BAHHAS 32 CUET ICKTPOCTATHICCKOTO
HANPSDKEHUS. Pa3HOUMEHHO 3apsKEHHBIX NOHOB, Ha3bIBAETCS HOHHOIM.

Na- + Cl — Na:Cl — [Na'][CI]

[Ne] 3s* [Ne] 3s23p° [Ne][Ar]

Tax xak sHEprus HOHU3ALMHU, BCeria O0JIbIIIE SHEPTHUH CPOJICTBA K AJIEKTPOHY, TO
HUKOTIa HE MPOUCXO/IUT MOJTHOTO CMEIICHHS ICKTPOHOB, MHBIMH CJIOBAMH, B KaXKI0W MOHHOMN
CBSI3M €CTh OIpEENICHHAs 1015l KOBAJIEHTHOCTH (B caM0O HOHHOM coenunHeHuu CsF cmemenune
AJIEKTPOHOB OT 11e3Usl KO PTOpy ocymecTBiseTcs auuib Ha =~ 80 %).

OO6pazoBaBiIuecs HOHBI CO3JAI0T JIEKTPOCTATUUECKOE T0JIe, UMerolee ChEepUIECKYIO
cummeTputo. [loaTomy aJiss MOHHOHM CBSI3M HE XapaKTEPHBI HU HACKHIIIEHHOCTh, HU
HaIPaBJIECHHOCTh — 3aPSHKEHHBIN MOH B3aUMOJCIHCTBYET Cpa3y CO BCEMHU OKPYKAIOIIUMH €T0
MPOTUBOMOHAMHU. DTO NPUBOIUT K TOMY, UTO JIJIsl BEIIECTB C MOHHOM CBSI3BIO B
KPUCTAIIMYECKOM COCTOSIHUM HETPUMEHUMO OHATHE MOJIEKYJIBI — BEIIECTBO CYIIECTBYET Kak
enuHbIi Kpuctawi. Ho Monekysisl moHHBIX coenunenuit (Hanpumep, NaCl) cymiectsyror B

razoBou (ase.

3.3 Bogopoanas cBs3b

BO)IOpO)IHaﬂ CBA3b - XUMHUYCCKAs CBA3b MCKAY IMOJOKHUTCIBbHO ITOJIAPHU30BaHHBIM
aTOMOM BOJIOPOZIa, aTOMOM C BBICOKO# anekTpoorpuiiatenbrocThio (F,O,N).

OO6pa3oBaHue BOJOPOIHOM CBSI3U 00YCIOBIICHO CIEAYIOUIMMHU ABYMS (aKTOpaMu:
1. ITpu cmeneHnn 3JIEKTPOHA y aTOMa BOJOPOAA K aTOMY € BBICOKOM
AIIEKTPOOTPHIIATEIIEHOCTHIO BO3HUKAIOT PA3HOMMEHHBIE 3apsIbl, YTO BHI3HIBACT
AIIEKTPOCTATUYECKOE MPUTHKEHUE B3aUMO/ICHCTBYIOIINX 3TUX aTOMOB;
2. Ilpu cMenieHnu 3JIeKTpOHa y aToOMa BOJIOPOJa B 3HAYMTENBHOM CTENEHN BBICBOOOKIaeTCs
opOHTaNb, B KOTOPOH YaCTUYHO pa3MeIaeTcs OTHA U3 HEIOISIIEHHBIX AIEKTPOHHBIX Map aToMa
C BBICOKOH 3JIEKTPOOTPUIIATETLHOCTHIO, TO €CTh BOZHUKAET MPo0Opa3 KOBAJICHTHOM CBS3U 110
JIOHOPHO-aKIENTOPHOMY MEXaHU3MY.
H*-0%-H"

J1y1g BeniecTB ¢ BOAOPOIHBIMH CBSI3IMU XapaKTEPHBI BBICOKHE TEMIIEPATyphl IJIaBICHUS
Y KUTIEHUSs, TETJI0Ta IUIaBJIEHUs! M Tapoo0pa30BaHus, BHICOKAS BSI3KOCTh. DHEPIHs BOJOPOIHOMN
cBsA3M B 15-10 pa3 MeHbIlIe SHEPIrUY KOBAJIEHTHOW CBS3H.

CHz-CH20H  CHa(OH)-CH2(OH) CHa(OH)-CH(OH)-CHa(OH)

v

YBEJIMYEHHUE BI3KOCTH, TEMIIEPATYPbl KUIIEHUS
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Bonpocs! 1 3aa4u /st CaMOCTOSATEIbLHOT0 KOHTpos [1,2]:
1. Ykaxwure, B KaKuX U3 MPUBEACHHBIX HIDKE MOJIEKYJI KPaTHOCTb CBsi3U paBHa AByM: 1) O2; 2)
N2. 3) Clz; 4) CoHz; 5) Ho.
2. Yxkaxure, B KaKUX U3 MPUBEICHHBIX HIKE MOJICKYJI KPaTHOCTh CBsi3u paBHa TpeMm: 1) Og; 2)
N2; 3) Clz; 4) He.
3. Ykaxute Monekyny, kotopas Haubonee nomsipaas: 1) HCL; 2) HBr; 3) HI; 4) HF.
4. YKaxxuTe MOJIEKYJIbl, B KOTOPbIX XMMHUECKHE CBSA3M KOoBaJleHTHbIE noJsipHble: 1) H20; 2)
H2S04; 3) Cl2; 4) Ha.
5. YkaxxuTe MOJIEKYJIbl, B KOTOPbIX UMEETCsI CBSA3b, 00pa30BaHHas 110 JOHOPHO-AKLIEITOPHOMY
mexauusmy: 1) O2; 2) N2; 3) Clz; 4) NH4".
6. YKaxuTe COeMHEHNS, B KOTOPBIX HMEIOTCs Sp -rubpunsie opourtamu: 1) HzS; 2) NHs; 3)
HCI; 4) CO.
7. YKaxuTe COeIUHEHUs, MOJIEKYIIbI KOTOPBIX UMEIOT JuHelHoe ctpoenue: 1) CO»; 2) H20; 3)
NHs; 4) CCla.
8. YKakuTe COeIMHEHUs, B KOTOPBIX (opma Mosekysn TpuroHanbHast mupamuaa: 1) COz; 2) NOo;
3) NHs; 4) BF.
9. VKaKUTe COEANHEHHS, B KOTOPBIX OPOMTAIH LIEHTPAJILHOrO aTOMa HAXOAATCA B SP°-
ruopuauzanun: 1) CHs; 2) BFs; 3) CO; 4) CO..
10. YkakuTe BelecTBa ¢ KOBAJICHTHON HENOISApHO# cBs3bi0: 1) SO2; 2) O2; 3) P20s; 4) Cls.
11. Vkaxkute BemiectBa ¢ HOHHOH cBsi3bio: 1) KCI; 2) CO2; 3) NO2; 4) P2Os; 5)Nal.
12. Ykaxure BellecTBa, B KOTOPbIX KOBaJIEHTHAs CBsI3b 00pa30BaHa TOJIBKO 110 OOMEHHOMY
mexanusmy: 1) HaPOs; 2) NH4Cl; 3) [BF4]7; 4) H2SO:s.
13. Kakue okcuabl OyayT UMeTh 0oJiee MOJSPHYIO CBA3b: OKCHJIbI METAJIOB | rpymiibl Ii1aBHOM
HNOArpYINIbI WK OKcubl MeTaiuioB Il rpynmnsl rnaBHoi noarpymnmnel? B BeIOpanHO# noarpymnme
YKa)KUTE JIEMEHT, OKCHJI KOTOPOTr0 UMeeT Haubosiee MOISPHYIO CBS3b.
14. Ykaxxute coequHEHUs, MEXAY MOJIEKYJIaMU KOTOPhIX BO3MO>KHA BOAOpOHas cBs3b: 1) NHs;
2) HF; 3) H20; 4) 0.
15. B xomrutekcHoM coenuaennn Ks[Fe(CN)3Cls] onpenenure 3apsia KOMIIEKCOOOpa3oBaTedIs.
16. B xomrutekcHoM coenunennn [Pt(NH3)2Clz] onpenenure 3apsia komiiekcooopa3oBaTeds.
18. B KOMIJIEGKCHOM COETMHEHNE OTPEICTUTE YHCIIO KOBAJICHTHBIX CBsI3€i, 00pa30BaHHBIX 11O
noHopHo-akienropuomy mexanusmy Na[PtNH3Cls].
19. YkaxuTte coeIMHEHUs ¢ KOBaJieHTHO# cBsi3bio: 1) NHz; 2) NaF; 3) H20; 4) MgO.

20. YkaxwuTe Tun rudopuausanuu B B coennnennu BCls.

6 XumMuyeckasi TEpMOJIMHAMHUKA
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XUMHUYECKUE PEaKlUU, KaK PaBuiIo, MPOTEKAIOT MPU OCTOSSHHOM JIaBJICHUU
(n300apHbBIE TMPOIIECCHI).

DHepreTudeckuil 3PpPexT XUMUIECKOM PEaKIuu- BIJCIICHUE WIIN TTOTJIOICHHE,
TEIJIOTHI B XOJI€ PEAKIIMH, CBSI3aH C U3BMEHEHUEM BHYTPEHHEH SHEPTUU WU SHTAJIBITUU
XUMHUYECKON CUCTEMBI.

[Ton BHYTpeHHEH YHEPrUE TOHUMAIOT SHEPTUIO0 B3AUMOACHCTBUS MEKIY
CTPYKTYpOOOpPa3yOIMMHU YacTUILIaMHU BEIIECTBA, a TAK)XKE SHEPTUIO B3aUMOJICHCTBUS BHYTPH
caMHUX aTOMOB U MOJIEKYII.

[Ipenmonoxum, XUMHYECKas CUCTEMa, TTOTIIoMas TerioTy Q mepexoauT u3 COCTOSTHUS
(1) B coctosiaue (2). Ecu mporiece mpoTekaeTr npu MOCTOSHHOM 00beMe, TO BCS TEIUIOTA UET
Ha U3MEHEHUE BHYTPEHHEHW SHEPTUH.

Qv=Uz-U1=AU (4.1)
Ecmn npouecc NpoOTCKacT IIpHU IOCTOAHHOM HAaBJICHHUH, TO HOFJ’IOH_[éHHaH TCIJI0TAa UACT
Ha UBSMCHCHUC BHYTpeHHeﬁ OHCPIur U Ha COBCPUICHUC pa6OTBI IMPOTHUB BHCHIHUX CHIT — I 3axkon

TEPMOAUHAMHUKU.
Q= AU- A (4.2)

6.1 DHTANBIIHA
PaccmoTtpuM, kakyro paboTy coBepIaet ra3, 00pa3yromuics Mpy MPOTEKAHUN PEAKIIHH:
CaCO3+2HCI—CaCl>+CO21+ H20
CuuTaem, 4TO OPIIEHb JBUTAETCS 0€3 TPEHUS MOJI TOCTOSHHBIM JJaBJICHUEM.
A=Fx Al=pxSxAl=pAV (4.3)
[ToacraBum Beipaxkenue (4.3) st paboTel B ypaBHenue (4.2) u Boiaenum cymmy (U+PV)
COCTOSIHMI XUMHuecKkon 1 u 2.

Q=(U2-Uy) + (PV2-PV1) = (U2+PV2) — (U1+PV1) (4.4)
Cymma (U+PV) o6o3nauaercs 6ykBoit H 1 Ha3pIBaeTCs IHTAJIbIHEIA.
H=U+PV (4.5)

DHTAJBIUA- YHEPTUS PACIITHPEHHON CUCTEMBI; TEPMOAMHAMIYECKAsT (DYHKIIHS
COCTOSTHUSI XUMUYECKOHN CUCTEMBI, TO €CTh 3aBUCUT TOJIBKO OT HAYAIBHOTO U KOHEYHOTO
COCTOSIHUSI CHCTEMBI, HO HE 3aBUCHT OT IyTH Mepexoa.
st sx3oTepmudeckux peakunuei Q>0, Ternaora BbIIEISETCs, COOTBETCTBEHHO
BHYTPEHHSISI DHEPTHs U SHTaNbMUsg yMeHnbiatTcs (AH<0). lns sHmoTepMUYecKux peaxkiueit
Q<O0, TeroTa MOTIONIAETCS, COOTBETCTBEHHO BHYTPEHHSISI DHEPTHS M SHTAJIBITHSI BO3PACTAIOT
(AH>0).
TakuM o0Opa3om, TeruIoBo# 3 dekT peakimu Q U H3MEHEHHUE SHTAIBITHN B XOJIC pEaKIIUN
AH 4ucneHHo paBHBI, HO IPOTUBOMNOJIOKHBI IO 3HAKY:
Q=-AH (4.6)
TepmoxumMHuvecKoe ypaBHeHHS - YpaBHEHHUE XUMUUYECKOM peakiiiu, B KOTOPOM yKa3aH
Ter1oBoi 3 dexT (Tubo B Bue sHepreTudeckoro d¢dexra Q, m1bo B BUAE U3MEHEHUS
sHTanbnuu AH.
C+ 02— CO2+ 394 xJIx
C + 02 — CO2, AH1 = -394 x/Ix
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4.2 3axon I'ecca

3akon I'ecca -reruroBoii 3G ekt XumMuuecKoi peakiuu (mpu p, V= CONst) 3aBucut
TOJIEKO OT MIPUPOJBI M COCTOSIHUS UCXOHBIX BEIIECTB U MPOJAYKTOB PEaKIIMU, HO HE 3aBUCHUT OT
YrCIia ¥ BUJIa TPOMEKYTOUHBIX CTaIUH.

3aBUCHMOCTH TETIOBOTO 3(hdekTa cymMMapHOTo Tpoliecca ¢ TeroBbME dhdexTamu
POMEKYTOUYHBIX CTAJUN 0TOOpaXKaeTCsl SIHTANBIIUHHON AuarpaMMoi. PaccMoTpum okuciieHue
rpaduta 10 CO-.J/laHHBII TIpOLIECC MOKHO MPEACTaBUTh, Kak okuciaeHue rpagura 10 CO ¢
nocneaytonmum okuciieaueM CO no CO2 (AH — remooii addekr).

C + O2 — CO2, AH1 = -394 x/Ix

c+§02—>c0, AH,

CO +-0; — COz, AHs = -283 /I

AH1 = AH> + AH3

DKCIEpUMEHTAIEHO MOXHO OTIPECIIUTh TeTUIoBOM 3 ekt cropanus rpaduta u CO —
AH1 1 AH3, HO HEBO3MOKHO OIPEICIUTh TEIUIOBOM 3P (EKT peaKIuu OKUCICHHS TpaduTta 10
CO, Ho ero Jerko paccyurTaTh, HCIOJIB3Ys 3aKoH ['ecca.
AH2 = AH1 - AH3 = =394 — (—283) = —111 k/Ix

JHTANBINA 00pPa30BaHUs BellecTBa — TEII0BOH A (deKT peakuu oopa3oBanus 1
MOJIb BElIeCTBa U3 MPOCTHIX BeulecTB. Ecnu TemnoBoit agdext oOpazoBaHMs BELECTBA
ofpenieNnseTcs pu cTaHAapTHHIX ycnoBusx (t=298 K u p=1 aTm), TO TOBOPST 0 CTaHAAPTHOM
sHTaNbNUU oOpazoBanus — AH®. TaGnuuHblie cripaBouHbIE JaHHBIE, ONpenenaeHsb! A 6omee 4000
BEIIECTB. DHTAIBINS 00pPa30BaHMs MMPOCTHIX BEHIECTB IPUHUMAETCS 32 HOJIb.
3Hast SHTaNBINK 00pa30BaHMs, HA OCHOBAHUH 3aKOHA ['ecca MOXKHO ONpeeNuTh TEMIOBOM
3P PEeKT XUMHUECKON peakliu 1o cleayromei popmye:
AHS =Y v; AH} mpox.— Y v; AHY ucx. 4.7)
I'JIe Vj U Vi — COOTBETCTBYIOIIUE CTEXHUOMETPHUECKIE KOAPPUIITMEHTHI;

AHJ?H AH?- cranmapTHBIE SHTAIBIHE 00PA30BaHKS POIYKTOB M HCXOIHBIX BEIIECTB.

Ompenenum TemioBoi d3pdeKT peakuu:

Al>203 (kp) + 3S03 (1) — Al2(SO4)3 (xp)
AHP = AH°(Al2(SO4)3) - (AH°(Al203) + 3AH®(SOs)) = -3442,2 — (-1876 + 3-(-396,1)) = -577
KkJ[x.

TennoTra cropaHusi TOIUNIMBA — TEIUIOBOI A(PEKT peaKui OKHCICHHS KHCIOPOIOM

3JIEMEHTOB, BXOIAIIMX B COCTAB BEIIECTBA 10 00pa30BaHUs BHICIIMX OKCHUIOB.Ecin TermoBoit
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3 deKT OTHOCAT K €AMHUIIE CTOpeBIIero ToriuBa (1 Mok, 1 Kr), TO TOBOPAT 00 yAETbHOM
TEIUIOTE CTOPAHHUSL.
PaccuntaeM ynenpHYIO TEIDIOTY CTOPAHUS ATHIIOBOTO CITUPTA:
CH3-CH2-OHxun) + O2 — 2CO2(r) + 3H20(r), AH=?
AHP = (2AH°(CO2) + 3AH°(H20)) - AH°(C2HsOH) = 2-(-306,3) +  3:(-241,8) — (-277,7) =

k/bx

=-1234,7

MOJIb

KanopuiiHocTh UM - IPU OKUCIEHUH NIPOJLYKTOB MIUTAHUS B OPIraHU3ME YEIOBEKA

BbIACIISICTCA DHCPIUA.

CeH1206 + 602 — 6CO2 + 6H20; AH = -2816 “2%

MOJIb

Cpennuii pacxo/1 SHEPTUH B CYTKH y YEJIOBEKa: B COCTOSTHUU MOKOs: 6-7 Thicsad kKJIK;
npu paboTe co cpenHeil HHTEHCUBHOCTBIO: XKEHIMHBI 7-9 Thicsd KJK; y My»kunH 9-13 ThICSY
kJK.

DHepreTUYeCcKyro HEHHOCTh MUY MPUHATO BhIpakaTh B KKal:  1kkan = 4,19 xJIx.

1 KKa1 — KOJIMYECTBO TEIUIOTHI HEOOXOAMMOe AJis HarpeBaHus 1kr BoAbl Ha 1 rpamyc.
KanopuiiHocTh TPOyKTOB (KKAJI/T): Macjio CJIMBO4YHOE 7-7,5; xup 9; 6enku 4; opexu 5,5; chip 4-

5; caxap 4; msco 2,6; xieb oensbrii 2,4; siino 1,45; ss6moku 0,5-0,6; anenbcunst 0,35; muso 0,35.

4.4 DuTponusn

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

Bce xuMuueckue npoueccsl MOXKHO pa3eiIiTh Ha JBa TUIIA: IPOTEKAIOLIUE
CaMOIIPOU3BOJIBHO U HE ITPOTEKAIOLIME CAMOIIPOU3BOJIBHO;

Kpureprem caMonpon3BOIBHON PEAKIMHU SIBISIOTCA JHTAJBIMUIAHBIN (PaKTOp — Kak
MIPaBUJIO CAMOITPOU3BOJIBHO MPOTEKAOIINE PEAKIINH, UAYIIHE C BBIACICHUEM TEIUIOTHI;
JHTPONHUUHBINA PAKTOP — B CAaMOIIPOU3BOJIBHBIX IIPOLIECCAX HEYIOPSAAOUYECHHOCTD IIPOLECCOB
BO3pacTaer.

DHTpPOIHUS MOKET ObITh OXapaKTepU30BaHa YHMCIOM MUKPOCOCTOSHUNA XMMHUYECKOMN
CUCTEMBI: YHCJIO MTHOBEHHBIX KOOPJIUHAT U CKOPOCTEH MOJIEKYJI, 00pa3yIoIuX XUMHUYECKYIO

CUCTCMY. Tak KaK 3TO YHCIIO OYEHb BCJIMKO, TO 6CpCTC}I J]OFapI/I(I)M OT 4yucliia MHKpOCOCTOHHHﬁ.

s=RInw |2 o
Jx
rae R — rasoas mocrosinnas, R = 8,31 [MOHB.K] ;

W — 9nci0 MUKPOCOCTOSTHUH.
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B otnmume oT BHyTpeHHEW SHEPTHH M SHTAIBIINH, KOTOPBIC HE MOTYT OBITh H3MEPEHBI
abCcoIOTHO (OTpeaeNsieTCst JTUIb UX U3MEHEHHUE), SHTPOIUS MOXKET ObITh U3MepeHa
HETOCPEICTBEHHO, YTO BBITEKAaeT U3 nocTynara [lnanka.

Mocryaar [l1anka - >HTPONHUS UACATHHOTO KPUCTAIUIA IPH a0COTIOTHOM HyJIE paBHA
HYJIO.

MaxkcuManbHOU SHTPONHEH 00J1aAat0T ra3bl, MPU YCI0KHEHUH MOJIEKYJ (IIpU

YBEJIMYEHUH YMCIIa aTOMOB) SHTPOIHS Takke Bo3pactaeT. Ha puc. 4.2 orobpaxeHa 3aBUCMOCTh
SHTPOIUU OT TEMIIEPATYPHI.

A
S

B

v

T Txumo T

Pucynok 4.2 — 3aBUCUMOCTb SHTPOIIUH OT TEMIIEPATYpPbl

OHTpOIUs, BEIYUCIECHHAS [IPU CTaHJAPTHBIX YCIOBUSIX, HA3bIBAETCS CTaHAAPTHOU
suTporueit (S°) (Tabmuunble geHHbIe). Tak Kak SHTPOITHSI TEPMOTHHAMUYECKAsT (QYHKIIUS, TO €€
M3MEHEHUS 3aBUCAT TOJIBKO OT HAYaJIbHOTO U KOHEYHOI'O COCTOSIHUSI CHCTEMBI U BBIYUCIISIOTCS
1o (opMyJsie aHAJIOTUYHON U3MEHEHHIO SHTAJIBITUH.

o]

ASY =%Vi  Sjtmpony ~ LVi 5P (nex) (4.9)

DHTPOMUS MPOCTHIX BEIIECTB HE paBHA HYIIIO.

BTopoii 3aK0H TepMOJUHAMMKM: B M30JUPOBAHHBIX CUCTEMAX CAMOIPOU3BOJIBLHO
UIYT TOJBKO TE€ MPOIIECChI, KOTOPBIC COMPOBOKIAOTCS yBeIHueHueM dHTporuu (AS>0).
TakuM 00pa3oM, B XUMHUUECKHUX PEAKIIHSIX BO3MOXKHBI JIB€ TPOTHBOMOIOKHBIE TEHICHIIHH:

1.06pazoBanue 60s1ee MPOYHBIX YIOPSIOUYEHHBIX CUCTEM, COMPOBOXKIAIOIIIEECs
noHmwkeHneM sHepruu (AH>0).

2.Ctpemienue K OecropsIKy, KOJMYECTBEHHO XapaKTepU3yIolieecsi BO3pacTaHUEM
srTpomnuu (AS>0).

XapakTep MpoTeKaHUs MPOLIECCOB U OYIET ONMPEAEATHCS COOTHOIIIEHHEM ITHX IBYX
(haKTOpPOB — SHTATBITUHHOTO U YHTpONUKHOTO0. KOoTOphie 00heIMHEHBI B TEPMOIUHAMUYECKON
byHKInH, Ha3pIBacMOil cBOOOAHON YHeprueil I'nooca (AG), uaMeHeHHE KOTOPOii B X0/1€

pCaknuu onpeacadaCTCsa 4€pe3 USMCHCHUC SHTPOIINU U SHTAJIBIINU.
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AG =AH - TAS, (4.10)
rae AH — usmenenue >aeprun ['m66ca (Ix);
AS — m3menenune >aTponuu ([x/K);
T — Temnepatypa npotekanus peakuuu (K).

Ucxons 3 paccuntanHoro 3HadeHne A G MOXKHO CyIUTh O BO3MOXKHOCTHU

CaMOIPOM3BOJILHOTO MPOTEKAHUS XUMHUUECKOW PEaKIIUU IpU TaHHON TeMIlepaType:
4. Peakuus npoTeKaeT caMONpou3BoJIbHO, ecian AG <0,
5. Peakuus HEe MOXET MPOTEKATh CaMOMPOU3BONIBHO, eciiu AG>0;
6. Xumuueckas CUCTeMa HaXxOJUTCS B COCTOSIHMM paBHOBecusl, eciit AG= 0

JHeprusi 'nd6ca odpasoBanus BelecTBa - U3MEHeHHE dHepruu [ nbodca npu
00pa30BaHUM OJHOTO MOJIb BEIIECTBA U3 MPOCTHIX BemiecTB. DHeprus I mb0ca, paccuntanHas
JUISL CTAaHAAPTHBIX YCIOBHI, HAa3bIBACTCS CTAaHAAPTHOM sHeprueit ' mb0ca oOpa3zoBaHus BellecTBa
(s mpocthix BemecTB = 0). DHeprus ['m66ca MoxeT ObITh MpUBEEHA B KAUeCTBE TaOJIUYHBIX
JIAHHBIX, @ MOKET OBITh paccuuTaHa 1o ypaBHenuto (4.10).

Tax xak sHeprus ['n66ca repmoarHamMuueckas QyHKLUSA, TO €€ U3MEHEHUS B XOJ1€
XUMHYECKON peaKIi MOXKET OBITh pacCYMTaHa MO PopMyIaM aHAJIOTUYHBIM JJIsl pacuéTa
M3MEHEHUS SHTAIIBIIUU U SHTPOIUU B XOJI€ PEaKIUH.

AGS =%V GPrpony —2Vi i (new) (4.11)

[Tpu AOCTHXKEHNM XMMHUYECKOTO PaBHOBECHUSI XUMHUUECKOM CUCTEMBI CTaHIapTHOE
U3MeHeHHe 3Hepruu ['ndoca cBA3aHHO ¢ KOHCTAHTHOW PAaBHOBECHS COOTHOIICHUEM:

AG® = -RT:InKp (4.12)

PaccunraB crannapTHoe u3menenue sHepruu [ mo6oca mo ypaBuenuio (4.8), MOKHO

MOJIYYHUTD 3HAYCHHUA NJIA KOHCTAHTBI PaBHOBECH .

AG

Kp = e ®rr : (4.13)

Taxoke MoxeT ObITh perieHa oopartHas 3aaa4a. [1o sxcniepuMeHTaNbHBIM JaHHBIM
OTIpeNIeNIAI0T KOHCTAHTY PaBHOBECHUS U 110 YpaBHEHUIO (4.13) paccunThIBAIOT CTaHAAPTHOE
n3MeHeHue Hepruu ['mboca.

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

1. CtanapTHBIM COCTOSIHUEM BEILECTBA SIBJSIETCSA: @) PACTBOPEHHOE BEIIECTBO C
koH1eHTpanueit 1 mons/1 mpu 0°C u 1 at™.; 6) unctoe BemiectBo mpu 0°C u 1 at™m.; B)
PacTBOPEHHOE BEIIECTBO ¢ KOHIIeHTpaluen 1 monb/kr npu 25°C u 1 at™m; 1) 9ncToe BENecTBO
pu 25 °Cu 1 atm.
2. Pa3HOCTh CyMM SHTaJIBIIUI 00pa30BaHus MPOILYKTOB PEAKIIUN U CYMM SHTAJIBINN

00pa30BaHUs UCXOHBIX BEIIECTB C YUETOM CTEXHOMETPUUECKUX KOI(P(PUIIMEHTOB B ypaBHEHUN
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XUMHUYECKON PEaKIUy MPHU p = const, HA3bIBACTCS: a) BHYTPEHHEH dYHEPTUEH CUCTEMBI; 0)
SHTAJIBIIMEH PA3TIOKEHHUS BEIIECTBA; B) TEIJIOBBIM 3()(HEKTOM XMMHUYECKON PEaKIuy; I)
M3MEHEHHEM SHTAJIBITUU XUMHUYECKON PEeaKIInu.

3. Cucrema Ha3bpIBa€TCS TOMOTEHHOI, €CIH: a) BCE BEIIECTBAa HAXOATCS B OJJMHAKOBOM
arperaTHoOM COCTOSIHMH; 0) BCE BEILECTBA HAXOASTCS B Pa3IMUHbIX arperaTHbIX COCTOSHUSX; B)
OHa COCTOUT M3 YaCTHUIl PA3JIMYHBIX BELIECTB, PA3JIMYHOTO arperaTHOrO COCTOSIHUS, PABHOMEPHO
pacripesielIeHHBIX OTHOCUTEIBHO JIPYT APYyra; I') OHA OJHOPOIHA BO BCEX CBOUX TOUKAX I10
XUMHYECKOMY COCTaBY U CBOMCTBAM U HE COJCPKUT IPaHUIIbI pa3jea.

4. DHTaNBNUs XapaKTEepU3yeT: a) BHYTPEHHIOI SHEPTUIO BEIIECTBA; 0) TEII0CoAepKaHue
BEIIIECTBA; B) CTPEMJICHUE BEUIECTBA BCTYIUTh B XUMHUYECKYIO PEAKLHUIO; T) TEIJIOTY
00pa30BaHMs BELIECTBA, B3ATYIO C MPOTUBOMOIOKHBIM 3HAKOM.

5. DHTanbnus 00pa3oBaHus BEIIECTBA XapaKTEPU3YET: a) TEIIOTY 00pa3oBaHus 1 T CIOKHOTO
BEIIIECTBA U3 MPOCTHIX BELIECTB; 0) TEIIOTY 00pa3oBaHus 1 MOJb CII0)KHOTO BEIIeCTBA U3
IPOCTHIX BEIIECTB; B) TEIUIOTY CropaHus | T BemiecTsa; T') TerioBoi s¢ ekt odpazoBanus 1
MOJIb CJIOKHOTO BEIIIECTBA U3 MPOCTHIX BEIIECTB, B3SATHIN C MIPOTHBOIIOIOKHBIM 3HAKOM.

6. I XUMUYECKUX peaklUid, MPOTEKAIOUINX MIPU CTAaHAAPTHBIX YCIOBUAX, BEPHO CIEAYIOIEe:
a) SHIOTEPMHUYECKHUE PEAKIIUN HE MOTYT IIPOTEKATh CAMOTPOU3BOJIbHO; 0) PHIOTEPMUYECKUE
pEaKIK MOTYT MPOTEKATh NPH MOBBIMICHHBIX TEMIIEpaTypax, €CJIM H3MEHEHHE YHTPOIINHU TTPU
9TOM OyJIET MOJIOKUTEIFHBIM; B) SHJIOTEPMHUECKUE PEAKIIH MOTYT MPOTEKATh TPH
MOBBIIIEHHBIX TEMIIEpaTypax, €ClIi U3MEHEHNE SHTAJIBIIUY IIPH 3TOM OyZIET MOJ0KUTEIbHBIM; T)
HHJIOTEPMHUUYECKHE PEAKIIMK MOTYT NMPOTEKATh MPH JIFOOBIX TEMIIEpaTypax, €ClId U3MEHEHUE
sHepruu ['nudb0ca npu 3ToM OyAET OTpULIATENbHBIM.

7. He mpon3Bo/isi BEIYUCIICHHUH, YKAXKUTE, IS KAKUX U3 TIEPEUHCIICHHBIX HUXKE MTPOIIECCOB
M3MEHEHHUe YHTponuu nonoxurenbHo: a) C (rpadur) + CO2 () = 2CO (1);

6) 4HCI(r) + O2 (r) = 2C12(1) + 2H20 (1); B) MgO(x) + H2 (1) = Mg(x) + H20 (x);

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

8. Jlns kakux mporieccoB u3MeHenue snepruu ['md6ca Oyner orpunarensHo mpu 260 K u
HOPMaJTbHOM aTMOC(hEepHOM JaBICHUHU: a) TasiHUS JIba; B) IUIABJICHHUS jKene3a; 0)
KPUCTAILITU3AIUH BOJIBI; T) KUTICHUSI BOJIBL.

9. Ecnm nnst nannHoit peakiuu AG < 0, To ee mpoTeKaHue: a) HAOIIOIAeTCs IPH JIFOOBIX
ycIIoBHsIX; 0) HEe HAOII0aeTCs MPH JTFOOBIX YCIOBHUSX;

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

IMpu HAJIMINU HGOGXOIII/IMOFO pcarcHra.
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10. Tepmoaunamuueckast yHKIMSI, KOTOpask XapaKTEPU3yeT MepPy YIOPSI0UEHHOCTH CUCTEMBI
WA Mepy OecTiopsiika, Ha3bIBAETCs: a) SHTPONUEH; 0) SHTAIbIINEH; B) CBOOOIHON YHEPTHEH; T)
sneprueit ['uboca.

11. Yemy paBHa Teruiora oopazoanust N2O(T) B TEPMOXHUMHYECKON peaKIvu:

C(rpadur) + 2N20(r) = CO2(T)+ 2N2o(T); AH®(peakums) = — 557,5 kJIx;

eci AH°(CO2) = —393,5 k/I>x/M011b.

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

ecu AH (CO2) = - 393,5 x/x/monb; AH°(MgO) = — 601,8 xI:x/MOJIb.

13. ITpu cropanuu 1 mons rpadura (C) Beiaensercs 393,5 k/[x Ternorel. OnpeneanuTs TEIIOTY
cropanus rpadura.

14. Onpenenuts sHepruro ['m66ca (AG®) peakunu npu 298 K CHa(r) + 202(r) = CO2(T) +
2H>0(r); AH°=—802,2 x[Ix; S° (CO2) = 213,66 JIx/Mons K; S° (H20) = 188,72 IIx/moinb K; S°
(CH4) = 186,27 JIx/momns K; S° (02) = 205,04 JTx/moins K.

15. Yemy paBHa dHTaIBIHA 00pa30BaHUS KUAKOW BOJBI, €CIIH ITPH B3aMMOACHCTBHH | MOJTB
Bozopoza u 0,5 moinb kucnopoa Beiaenuiaoch 285,83 k/x teruia?

16. Peaknust BocctanoBieHus okcua xkenesa (111) BomopoaoM mpoTekaeT no ypaBHEHHUIO
Fe2O3(kp) +3H2(r) = 2Fe(xp) +3H20(r); AH°= 496,61 xJIx; S° (Fe203(xp)) = 87,45 xJI»x/M0JIb-
K; S° (H20) == 188,72 x/Ixx/mons- K; S° (Hz2) = 130,52 x>x/monb- K; S° (Fe) =27,15
k/[x/monb- K. Tlpu kakoit TemnepaType HauHETCsI 3Ta peaKius?

17. Tlpu xakoi TemmepaType HACTYIUT PAaBHOBECHE CUCTEMBI:

4HCI(T) + O2(r) = 2H20(r) +2Cl2(T); AH® =— 114,42 xJIx; S° (Cl2) = 222,98 xJI»x/momb- K; S°
(H20) = 188,72 x/Ix/monb: K; S° (HCI) = 186,79« /x/monb- K; S° (02) = 205,04 xJ{x/monb K?
18. Uemy paBHa SHTANBIH 00pa30BaHUs XJIOPOBOIOPOA, €CIIU MIPH B3aUMOJICHCTBUU 1 MOITb
Bojiopoia 1 1 Mok xjopa Beiaenuioch 184 x/x tera?

19. Onpenenuth TeMIepaTypy, pu Kotropoid HacTynuT paBHoBecue B cucteme PCly(t) = PCl3(T)
+ Cla(1), eciu AH® = 92,59 x/Ix; S°(Cl2) = 222,98 Jx/monb - K; S°(PCls) = 364,47 JIx/Mob -
K; S°(PClz) = 311,71 dx/mons - K.

20. Onpenenuts 3uepruto ['u66ca (AG®) peakuuu npu 298 K Ha(r) + Clz (1) = 2HCI(1); AH=—
184,62 xJIx; S°(HCI(r)) = 186,79 Tx/mons K; S°(Hz(r)) = 130,52 Jx/mons - K; S°(Clz (1)) =
222,98 JIxx/moms K.

5 Xumnuyeckasi KHHeTHKA
XuMHYeCKasd KHHETHKA — PA3esl XMMUH, U3YYaOIUi CKOPOCTH XUMHUYECKHUX
peaknuii. CKOpOCTh XUMHUYECKON peakiiuu (V) — OTHOIIIEHNUE U3MEHEHHS KOHIIEHTPAITIH

BCIICCTBA K IMMPOMCIKYTKY BPCMCHHU, B TCUCHUC KOTOPOI'0 JaHHOC U3MCHCHUC ITPOU3OIILIIO.
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A
T ﬁjlt [Moub/11-C] (5.1)

c
n
|
n

=+

Pa3nu4aroT roMOreHHbIe PEaKInK (XMMUIECKHE POLIECCHI B OHOU (ase) u
rereporeHHble poueccsl (MPOTEKAOT Ha IPaHMIEe pasaena (a3 — KUAKOCTb-TBEPIOE, Ia3-
TBEPJIOE, Ia3-)KUIKOCTD).

aA +bB — cC +dD (5.2)
AC=C,-Cy
C A At=t1 -1t
XuMuyeckas pCaKknusd BCeraa nACT CTPOro B
C(D) OJIHOM HAITPaBJIEHUH, IO3TOMY 3HAYEHHE

CKOPOCTH JIOJDKHO OBITH Ooibie 0. B cBsizu ¢

C1 9THM, €CJIH 32 CKOPOCTBIO CIICMIAT MO0 UCXOTHBIM

BCIICCTBAM, KOHICHTPAHA KOTOPBIX Y6I>IBaeT u

C2 / c(A) AC <0, To B ypaBHeHHUH (5.1) CTaBAT 3HAK «-» ;
/ \ €CJIM CJICHAT IO NPOAYKTY peaKuu, AJIs
tl t2 4 t koTopbix AC > 0, To ypaBHeH#ue (5.11) 3HaK «+».

Pucynok 5.1- 3aBUCHMOCTH CKOPOCTH XMMHUYECKOH peakluy OT KOHI[EHTpaIlluu
VYpasuenue (5.1) maet cpegHee 3HaYCHUE CKOPOCTU XUMUYECKON PEaKIIUU 3a
MPOMEXKYTOK BpeMeHH At, MTHOBEHHOE 3HaUYE€HUE CKOPOCTU PACCUUTHIBAETCS IO

nuddepeHnranibHOMy ypaBHeHHIO (5.3)

Tak Kak CKOPOCTb PEAKIMY PACTET C YBEINYEHUEM YacTOThI CTOJKHOBEHUS
pearupyomux MoJIeKyJl, TO CKOPOCTb peakiuu (5.2) OyaeT nponoproHaibHa KOHIEHTPAIuU
pearupyromux BeIeCTB.

V= kCAnA : CBnB (5.4)
rae K- KOHCTaHTa CKOPOCTH PEaKIUK, K He 3aBUCHT OT KOHIICHTPAIMU PearupyroIinx
BEILIECTB, & 3aBUCUT TOJBKO OT MPHUPOJIBI BEIECTBA U TeMITepaTypbl. UUCIEHHO paBHA CKOPOCTH
pPEaKIMU IpU KOHLIEHTPAIMH Pearupyronux BemecTB 1 MoJb/Ji;

NA ¥ NB — COOTBETCTBEHHO MOPAIOK peakiMu Mo peareHtam A u B, Na 1 N B 0011em
ClIy4ae He paBHbI CTEXMOMETPHUUECKUM KodduirentaM. OnpeaenstoTcs SKCIepUMEHTAIBHO.
VYpaBuenue (5.4) Ha3pIBACTCS KWHETUYECKUM YPAaBHEHUEM XUMUUYECKON PEaKIIUH.

Ecnu peakius nporekaeT B 0JIHY CTa/InIO (peakius 3aBepIIaeTcs Mpu eJMHUYHOM
CTOJIKHOBEHUH PEarupyroinux MoJeKy), To ypaBHeHHE (5.4) IpUHUMAET BU]L

v =KkCa? - Cg" (5.5)
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TJIe a,B — CTEXHOMETPHUYECKUE KOA(PDUIIMESHTHI TIPU pearupyronmx BemecTsax A, B
COOTBETCTBEHHO.
Ecnu peakmust mpoTekaeT B ra3oBoil (ase, To ypaBHeHue (5.5) MOKeT ObITh 3aIIMCAHO Yepe3
napIualibHbIC JIaBJICHHUS PEarHpyONUX BEIISCTB
v=kpa? - pg® (5.6)
[opsimox oTHOCTAIMIHHON PEeaKIIUU PaBEH CyMME CTEXHOMETPUIECKUX KO (PUITCHTOB
pearupytromux BeuiecTs (5.7).
n=a+b (5.7)
VYpasuenue (5.5) u (5.6) HOCAT Ha3BaHUS 3aKOHA AeHCTBYHOIIHUX MACC (TOJBKO JJIS
OJTHOCTA/IMHHBIX MTPOIECCOB).

PaccmoTpumM cuHTe3 HogoBonopoa:

H; + Jo — 2HJ
n=1+1=2
V

=k-C(H2) - C(J2)
PeaKHI/II/I MmMePBOro nMopsaAaKa
H2S203 — S| + SO21 + H20

Kunernueckoe paBHeHMe peakiuu | mopsaka uMeer BU:

v=kC (5.8)
[IpupaBHsem mpaBble yacTu ypaBHeHUH (5.3) u (5.8) (32 CKOPOCTHIO CAEIUM MO
HCXOJIHOMY peareHTy):
ac _
-0 " kC (5.9)

B ypaBnenuu (5.9) pazzgenseM nepeMeHHbIE U HHTETPUPYEM MPU HauaJIbHBIX YCIOBHUSX,
npu t =0, C = Co u nonyuaem (5.10)
C=Coe™ (5.10)
VYpasuenue (5.10) B morapudmMudeckux

KOOpMHATaX In % = kt, (5.11)

C IpeACTaBIseT cO00i mpsiMyto, tg yriia HaKIoHa
KOTOPOM SIBJISIETCS KOHCTAHTOW CKOPOCTH
XUMHUYECKON PEAKIINN.

k=tga JJ1st XapaKTepUCTUKH CKOPOCTH PeaKIIui

JacTO UCHOJB3YIOT IIOHATHUE MEPpUOaa

noJiynpeBpameHus [ 1/2 — BpeMs, 10 UCTEUCHUH
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KOTOPOT'O OCTAETCsl POBHO MOJIOBMHA OT MCXO/IHOTO BEIECTBA.
Pucynok 5.2 — Kuneruka peakuuu | nopsiika B koopaunarax Inco/c=f(t)

Haiinem cBsi3b T12 u K. U3 ypaBaenwust (5.11) umeem

Co

Tip= st =12 (5.12)

N3 ypaBuenus (5.12) cnemyer, 4To I peakiiy MEPBOTO MOpsIKa T1/2 HE 3aBUCUT OT UCXOHOU
KOHIIEHTPAIlUU BEIIECTBA.
Peaknuu BTOpOro mopsigka
Kunernueckoe ypaBHEeHUE peakliMi BTOPOTO MOpsIKa
v=Kk:Ca-Cg (5.13)
B yacTHOM citydae, Korjia pearupyroT OJMHAKOBbIe MOJIEKYIbI ypaBHeHHE (5.13)

IMPUHUMACT BU/JT

v =kC? (5.14)
[IpupaBHuBaeM npasbie yactu ypaBHeHus (5.3) u (5.14)
A S48 ke? (5.15)
1/C dt
Pemenue ypaBuenus (5.15) MoxkeT ObITh MPEACTABICHO
B BUJIC:
k=tga =4 kt (5.16)
c G
/ VYpaBuenue (5.16) B koopauHaTax % =f(t)
1/Co
\ MpesicTaBiIseT co0ol mpsaMyto tga yria HaKjIoHa,
7

t KOTOpBIfI €CTh KOHCTaHTa CKOPOCTU pCaKIUU.

Pucynok 5.3 — Kuneruka ypapaenus Il nopsiaka B koopaunatax 1/c = f(t)

Co .
N3 ypaBuenus (5.16) nnsa C = ?0 HalJIeM [IepUOJI ITOIYIIPEBPAILCHUS

1
0,5Co

-1
Tip = pres (5.18)

-1 _ 1
Tp = p Co) (5.17)

Kak cnenyer u3 ypasuenus (5.18), mepuos nosynpeBparieHust Juis peakliii BTOPOro
NOpsIIKA B OTJIMYME OT PEaKLMU IIEPBOT0O MOPSAAKA 3aBUCUT OT UCXOAHON KOHIIEHTpALU1

pearupymouero BeniecTna.
3aBHCHMMOCTb CKOPOCTH PEAKIUH OT TeMIIepPaTyphl
IIpaBuao Banut-T'od¢a — nmpu noBeIieHNN TeMIIepaTyphl peakiuy Ha Kaxasie 10

rpagycoB CKOPOCTh PEaKIMU BO3pacTaer B 2-4 pasa.
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vl T,-Ty AT
v2 10 10

(5.19)

IJIe V1 U V2 — CKOPOCTH peakuuu mpu T1 ¥ T2 COOTBETCTBEHHO; Y — TEMIIEpPaTypHbIi
KO3 PUIMEHT peaKInu, MOKa3bIBACT BO CKOJIBKO pa3 BO3PACTAET CKOPOCTh PEAKIIUH MPH
MOBBILICHUH TeMIiepatypbl Ha 10 rpaaycos.

Bosiee ToUHas 3aBUCUMOCTD KOHCTAHTBI CKOPOCTH peakiuu K ot Temmeparypbl

BBIpaXKaeTCsl ypaBHEHUEM AppeHuyca.

Ea

K=A:e rT (5.20)
rae R — razoBas nmocrosauas 8.31 JIx/mons*K;
T — Tremniepatypa no abcomornon mkane (K);
A — IpeIPKCIIOHEITUATBHBI MHOXKHTEIh, OTPAXKAET BEPOSTHOCTD OJIATONPHUSITHOTO
CTOJIKHOBEHUS MOJIEKyN (OT 10 1o 10'2);

Ea — sHeprust aktuBanmu (k/[x/Mob).

3Hepl"lflﬂ AKTHBaluu

MuHMManbHas SHEPrus, KOTOPOH JOJKHBI 00J1aaTh MOJIEKYJIbI, YTOObI
B3aUMO/ICHICTBHE MEKIY HUMU CTAJI0O BO3MOKHBIM, bHA3bIBACTCS IHEPZUell AKMUSAUUU.

Ecnu paccMoTpeTs mpoTeKkaHne peakiiy 3a 04eHb Majible IPOMEXYTKH BPEMEHH, TO
OOHapYKUTCS, UTO peakiysl UeT yepe3 00pa3oBaHUe IPOMEKYTOUYHOI'O COCTOSHUSL CUCTEMBI,
Ha3bIBAEMOT0 NMEePeX0IHbIM (AKTHBHPOBAHHBIM) KOMILIEKCOM, PAcIa] KOTOPOro
COIPOBOKAAETCA BbIICJIEHUEM SHEPTUU U IIPUBOJUT K 00Opa30BaHUIO MTPOTYKTOB PEAKIUH.

Az + B2 — [akTUBUpOBaHHBIN KOMIUIEKC]| — 2AB

B akTHBUpOBaHHOM KOMIUIEKCE CTaphle CBSI3U OCIIAa0JIeHbl, HO HE pa30pBaHbl; HOBbIE

CBSI3HM €llle He 00pa30BaliCh, HO HAMETUJIIHCD.

PaCCMOTpI/IM HU3MCHCHHUEC SHEPTUN XUMHYECKOH CHUCTCMBI, ITPHU IPOTCKAHNU PCaKIH B BUAC
JHepreTuyeckoi Auarpammsl. [Ipu
pacrnaje akTUBUPOBAaHHOIO KOMILIEKCa
BBIJICIACTCA DOHEPIvsd, paBHasd IHEPIrUum

“““ AKTHBAIMU 00PATHOM pPeaKIUu; €CIIU

2 IIPU STOM 3HEPTHH BbIAEISIETCS OO0JIbIIE,

yeM OBLIO 3aTpa4CHO Ha aKTUBAIIUIO

XUMHYECKON PEaKIuu, TO XUMUYECKU I

Ea €&

Ipouecc B OCJI0OM IPOTEKACT C

| 2AB

" “aH npon
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BoIesieHrueM TerutoThl (Q>0) — ax30TepmMuyeckas peakuus (kpusas 1). Eciin sHeprun
BBIJICTISICTCS] MCHBIIIE, YEM DHEPIHsl MPSMOM peakiluu, TO MPOIecC MPOTEKAET C MOTIONICHUEM

tertoThl (Q<0)- sHgoTepMUYecKast peakuus (KpuBas 2).

Pucynok 5.4 — DHepreTrdeckas 1uarpaMma XuMUUeCKON peakiuu

KonuyecTBO TEMIOTHI, BHIJCIUBIICHCS WM MOTJIONICHHOW B XO/€ PEaKINH (TEII0BOM
3 exT XUMHUYECKON PeakIlin), paBHO PA3HOCTH MEXKTY PHEPTUSIMH aKTUBAIIMK OOpPaTHOU U
MPSMOM peaKIUH.

Q=Ea_ +Ea. (5.21)

Oo0paTtumble peakun

XUMUYECKHE peakliy, IPOTEKAIOUIIe OJHOBPEMEHHO B BYX MPOTHUBOIOIOKHBIX
HaIlpaBJICHUAX.

A+B & AB (5.22)

C TeyeHneM BpEMEHH KOHLIEHTpALUs
MCXOJHBIX BEIIECTB YMEHBIIACTCS U,
COOTBETCTBEHHO, YMEHBIIAETCS CKOPOCTh MPSIMOU
peaxiuu.

€2 =k CiCp (5.23)

— KoHneHnTpaius npoyKToB peakiuu u,
N
7

R COOTBETCTBEHHO, CKOPOCTh OOPAaTHOW pPeaklnu C
TE€YEHHEM BPEMEHH BO3PACTAET.
Pucynok 5.5- MI3MeHeHue KOHIIEHTpaIK BELIECTB B 00paTUMOI peakiuu
V1« =K Cas (5.24)

Hactymaer MOMeHT, Korjja CKOPOCTb MPSIMOIl 1 0OpaTHOW peaKLMU CTAHOBSITCS PABHBI:
CKOJIKO MOJIEKYJI 00pa3yeTcs B €IMHUILY BPEMEHH, POBHO CTOJIBKO e UX U pacnanaercs. Takoe
COCTOSTHUE XUMUYECKOU CUCTEMbI HAa3bIBACTCSI AMHAMHYECKUM XMMHYeCKHUM PaBHOBECHEM.
KonnenTpanuu yqacTHUKOB 00paTUMOI peakiuu, KOTOpbIe peaIn3yloTCs K MOMEHTY
JIOCTHUKEHUS PABHOBECHS HA3bIBACTCS PABHOBECHBIM KOHICHTPALUSIMH.

KpurepreMm 10cTHXKEHNSI XUMUYECKOTO PABHOBECHS SBJIIETCS HEU3MEHHOCTD
KOHIEHTpAU BCEX YUaCTHUKOB PEAKIMH B TEYEHUH BCETO BPEMEHH HAOIIOACHUS IIPU
HEU3MEHHBIX BHEIIHHUX YCIOBHSX.

O‘-ICBI/II[HO, 4TO IpHU JOCTUIKCHUU XUMHUUYCCKOT'O PAaBHOBCCHA CKOPOCTH HpHMOI\/'I n

00paTHOM peaKIii CTAaHOBSITCS PABHBI.
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k- CaCp =k CaCs (5.25)
W3 BoIpaykenus (5.25) BbIACINM OTHOIIEHHUE [TOCTOSIHHBIX BEJIMUUH — KOHCTaHT

CKOPOCTH TPSIMOU M 0OpaTHOM peaKIuid.

_ k> _ _C(AB)
P™ ke T ca)C(B)

(5.26)

OTHOLIEHHNE TOCTOAHHBIX BEJIMYNH TaKXKE SBJIACTCSA BEIMYNHOMN IIOCTOSHHOM, KOTOPYIO
Ha3BaJId KOHCTAHTON paBHOBecHs Kp, He 3aBUCUT OT KOHIIEHTPALMU YYaCTHUKOB 00paTuMO
peaxkuuy, 3aBUCUT TOJIBKO OT TEMIIEPATypBhI.

W3 Beipakenus (5.26) cnenyer, uro K, MoxeT ObITh HaliieHO, Kak Yepe3 OTHOLICHHE
KOHCTAHT, TaK ¥ Y€pe3 OTHOILIEHNE PABHOBECHBIX KOHIICHTPALUil IPOLYKTOB pEaKLUU U
HCXOJIHBIX BEILECTB, B3ATHIX B CTEICHSX, PABHBIX CTEXUOMETPUYECKUM KO3 pULIeHTaM.

[Ipy n3MeHEeHNN BHEIIHUX YCIOBUHM IIPOUCXOANUT TaK HA3bIBAEMBIN CABUT
XMMHY€eCKOr0 pABHOBECHUSI - PABHOBECUE YCTAHABIMBAETCS IIPU HOBBIX KOHIICHTPALUSX.
Hanpasnenue caBura B CTOpOHY NpsAMON WIIM 0OpaTHON peakLuy onpeesnseTcs NPUHIMIIOM
Jle-lllaTesbe — ecu Ha CUCTEMY, HAXOZSILYIOCS B PABHOBECUN OKa3bIBACTCSI BHEILIHEE
BozaeiicTBue (u3menenue T, P, C) , To paBHOBecHE CMELIAETCSl B CTOPOHY TOM U3 IBYX
IIPOTUBONOJIOKHBIX pPEaKIMii, KOTopas ociaabiasieT NPOU3BOAUMOE BO3AECHCTBHUE.

N2 +3H2, - Q & 2NH3 + Q

_ [NH;5)?

[N2][H]3

H3menenne TemMnepaTypsl - IPH MOBBIIICHUN TEMIIEPATyphl paBHOBECHE CMEIIAETCS B
CTOPOHY PHJIOTEPMUYECKON peaKLuy, IPU MOHWKEHUHU — B CTOPOHY 3K30TepMUUecKoi. B Harem
IpHUMepe MOBBIIIEHHE TEMIIEPATypPhl CMEIAeT PaBHOBECUE B CTOPOHY 00paTHOM peakiuu;
paBHOBeCHasI KOHIICHTPAIMS aMMHaKa IMOHMKAETCS, @ MOJIEKYJISIPHOTO a30Ta U BOJIOPOJIa
BO3pacTaer.

H3meHnenne qaBJjieHMs - IPY TOBBIIICHUH JaBJICHHUSI pABHOBECHE CMEIAETCS B CTOPOHY
00pa30BaHMs MEHBIIIETO YHCIIa MOJIb Ta30B, TP MOHWKEHUN —OOJIBILIEr0 MOJIb I'a30B (J1aBiIeHUE
BJIMSIET TOJIBKO HA T€ XUMHUYECKHUE MPOIECCHI, B KOTOPBIX €CIIH XOTS ObI OIMH YYaCTHHUK
SIBJISICTCSI Ta30M).

B namem npumepe npu noBBIIIEHNWH J1aBJICHUS PABHOBECHE CMEIAETCsl B CTOPOHY
peakIMy CUHTe3a aMMHMaKa, ciieBa 4 MoJIb rasa, crpasa 2. Eciau B J1eBO# U paBoit yacTu
yYpaBHEHHSI OIMHAKOBOE YMCIIO MOJIb Ta3a, TO JIaBJICHHE HE BIUSET HAa CMEIICHNE PaBHOBECHSI.
Hanpumep, N2 + O2 & 2NO

H3MeHeHMe KOHIEHTPALMH - YBEIMUEHUE KOHIICHTPAIMH JI000T0 U3 YYaCTHUKOB
00paTUMOro XMMHUYECKOTO TMpoIecca CMEIIaeT PaBHOBECHE B CTOPOHY PEaKIIMH pacxoia 3TOro

BCIICCTBA.
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BBenenne karaamzaTropa He BIUSET Ha CMEUICHHE PEaKI[MU: OHO YCTaHABJIMBACTCA
IPU TEX K€ PaBHOBECHBIX KOHLEHTPAIIHSX, HO 32 MEHBILIEE BPEMS.
Karaiu3
BemecTBa, pe3ko U3MEHSIONINE CKOPOCTh pEaKliu, HO IPU 3TOM B HEl He
pacxoayIoIIHecs, Ha3bIBAIOTCA KaTAJIM3aTOPaMu. XUMUYECKUE MPOLIECCHl B MPUCYTCTBUU
KaTaJIn3aTopa Ha3bIBAIOTCS KATATUTHYECKHUMHU PeaKuusiMH.
KaranmszaTopbl O3BOJISIOT:
4,  N3menuts ckopocTh peakiuu. [Ipu BBeaenuu B H2O2 HebombIoro
KOJIMYECTBA CEPHOM KUCIOTBI CKOPOCTh paznoxkeHus: H2O, nmpaktuuecku pasHa 0. [pu
BBEJICHUU HECKOIBbKHX KpynuHOK MNnO2, PbO», Habmomaetest OypHOE pas3iiokeHue.
2H>02 — 2H20 + O21
Karanuzatopsl, yMeHbIIAIONINE CKOPOCTh PEAKINH, Ha3bIBAIOTCSA HHTHOUTOpaMU;
YBEJIMUYEHUE CKOPOCTU PEAKIIUH — MOJIOKUTEIbHBIN KaTalnu3, YMEHbIIIEHUE CKOPOCTH —
OTPHULATEIbHBIN.
5.  V3meHuTsb HampaBieHHE IpoLecca
CH3-CH20H — CH2=CH; + H20 — karanu3zarop Al.O3 mpu t=300° C
CH3-CH20OH — CH3-CH=0 + H; — katanuszarop Cu mpu t=300° C
6.  VYiaemeBHTh XUMHUYECKHH MPOIIECC 32 CYET CHIDKEHUS TEMIIEPaTypPhI
peaxiun
Cwmecs H2 1 O2 B3pbiBaercs npu t=700° C, a B mpuUCYTCTBUM KaTalau3aTropa
IUTATUHUPOBAHHOTO acbecTa — MpU KOMHATHOM TeMmepaType.
PazniyaroT roMoreHHBIN KaTallu3 — pearupyoie BenecTBa U KaTaan3aTop, HaX oI TCs
B OJTHOH (ha3e; M reTepOreHHBIN — PEaKIIMOHHAsI CMECh M KaTajln3aTop B Pa3HbIX (ha3ax.
I'omorenHslii — razogasHblil KaTaau3
SO2 + 0,502 — SOz - mpu 0OBIYHBIX YCIOBUSIX HE UAET, HO mipu BBeaeHun NO
3aBepIIaeTCs 32 KOPOTKOE BpeMsI.
NO + 0,502 — NO>
SO2 + NO2 — SO3 + NO
NO + 0,502 + SOz + NO2 — NO2 + SO3 + NO
SO2+ 0,5 02 — SO3
I'omorenHslit :xxkuAKO(GA3HBIN KaTAIN3
H202 + J° — H20 + JO
H202 +JO" — H0 + O21 +J
2H>02 — 2H20 + 021

I'ereporennnbiii kaTaaus
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CKOpOCTh TeTepOreHHBIX PEAKIINHA B TIEPBYIO OYepElb 3aBUCUT OT TUIOIIAIH
NOBEPXHOCTH pazaena ¢a3. [Ipu rereporeHHOM Katanuse He00X0AUMO FeOMETPHUECKOE
COOTBETCTBUE MEKY MapaMeTpaMH KPUCTAJUIMYECKON PEIICTKH U JUTMHAMU CBSI3€H MCXOTHBIX
PEareHTOB M MPOAYKTOB PEAKIIHIA.

H>C=CH> + H2 — CH3-CH3

Bce rereporeHHbIe KaTaTUTHYECKUE PEAKITUH BKIFOYAIOT B ce0s CTauu afacoponuu
(TIorIoIIeHre BEMeCTBa), 1ecOpOIUH (BBIACICHUE BEIIECTBA). 3a CUET YJHEPTHH
aJICOPOIIMOHHOTO B3aUMOJICHCTBUSI XUMUYECKUE CBSI3U B HCXOJHOM peareHTe 0ciaalsroTes, a
WHOT'/Ia ¥ Pa3phIBAOTCS, U 110 MECTY pa3pbiBa MPOTEKAET MPUCOSANHEHHE aTaKYIOIIETO
peareHra.

[Tpumepsl reTeporeHHbIX peakiuii- ruapupoBanue, Aeruapupoanue (Ni, Pt, Pd),
ruapatanus, aeruapatanus (Al203), cunte3s NHz (rybuatoe xene3o), cuare3 H2SO4 (V20s)

B kadecTBe THIIMYHBIX KaTAJIM3aTOPOB UCIOJIB3YIOT TUIATHHOBBIC METAJIIBI, @ TAKIKE UX
OKCH/IBI.

BemecTBa, yBeIMuMBaOMe aKkTHBHOCTh KaTaJIM3aTOPOB, HA3BIBAIOTCS MPOMOTOPAMH
(aKTHBHOCTB T'Y0OYaTOTO KeJie3a BO3pacTacT B MPUCYTCTBUH NICITOYHBIX METAIUIOB).

BerectBa, yMeHbpIIAIOMINE aKTHBHOCTh KaTAIIM3aTOPOB BILIOTH JIO ITOJIHOTO
YHHUTOKCHUS KaTATUTHIECKON CIIOCOOHOCTH — KATATUTHYECKHE Bl (JUIS IUTATHHOBBIX

METAJIJIOB — COEIUHEHUS] MBIIIbSIKA U PTYTH).

DepMeHTATUBHBINH KaTaIU3
[TpakTHyecku Bce OMOXUMHYECKHE PEaKIUH, IPOTEKAIOIINE B AKUBBIX CUCTEMAaX, UIYT MO
JeiicTBHEM OMOJIOTHYECKUX KaTallu3aToOpoB — (PEpMEHTOB.

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

B ¢epmenTax BbIENSIOT:

AKTHBHbBIE HEHTPbI — YIaCTKH OEJIKOBBIX MOJIEKYJ, KOTOPbIE 3aXBaThIBAIOT
cyOcTpartsl (pa3iiaraeMoe BEIIECTBO), IPUYEM Pa3NIOKEHHE HOCUT CTPOT0 HAIPaBICHHBII
XapakTep;

AJutocTepryeckmne HeHTPbl — y4aCTKU (PEPMEHTOB, KOTOPbIE PACIO3HAIOT MOJIEKYJIbI
cy0cTpaTa M ClIOCOOCTBYIOT UX Pa3MEIICHUIO B aKTUBHBIX IIEHTPax.

Crnenndunyeckne cBoiicTBa (epMEHTOB
1.MonexynspHas macca nocturaer 10°-107, peakuuu, mpoTeKarolue B PUCYTCTBHH (epMEHTOB
OTHOCATCS K KJIAacCy yJIbTPaMUKPOI€TEPOreHHBbIX (T.K pa3Mepbl HepMEHTOB CONOCTABUMBI C

pa3MepaMu KOJUIOMAHBIX YacTHIL);
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2.Ype3BbluaiiHO BBICOKAs KATAIUTUYECKAsl aKTUBHOCTb — IIEPUO/] ITOJIYTIPEBPALLIEHNUS MOYEBHHBI
ipu 25°C pasen 10° cexynn, a B mpucyTcTBuM epmenta ypeassl 10 cexyn i, Takum o6pazom
CKOPOCTh pasnoxkenus ypenundupaercs B 101 pas.

OnuH Mosb pepMeHTa abKOrobAEeTuApporeHassl 3a oqHy cekyHay npu 0°C
npespaiaer 720 MoJib 3TUIOBOTO CIUPTA B YKCYCHBIN aJIbCTUI; B TO BpeMs KaKk
IPOMBIIUIEHHBIN KaTanu3atop npu remreparype 200°C 3a 3To ke BpeMs OKUCISET Julllb 1 MOoJb
CHHpTA.
3.Beicokas crienupu4HOCTb - 1eiicTBUE (EPMEHTOB HOCUT CTPOTO OPUEHTUPOBAHHBINA XapakTep.
Tak ypeasa pa3pyiaer ToJIbKO MOUEBUHY, a aJIbKOTIOJIbJIETUpOreHasa — IpyIiy ClMpTOB.
4.®DepmenTs! 3(pPekTHBHO paboTaIOT TOJIBKO MPU CTPOTO ONPEIEICHHBIX 3HAUCHHX
temneparypsl 1 PH. OnTuManbHOM Temmepatypoit [yt 00IbIIMHCTBA (PEPMEHTOB SBIISIETCS 36-
38°C, a pH — 7,4-7.8. Psan pepmeHTOB criocoOeH padborath B Kuciou cpeae (merncun: pH —1,8-
1,9), B menounoii cpexe (tpuncun: pH — 8).

[Ipu nocToAHHON KOHLIEHTpalMK (pepMEHTa B )KUBOM CUCTEME CKOPOCTb Pa3JIoKEHUs

cyOcTpaTa 3aBUCHT OT KOHIIGHTpAIMu cyOcTpara.

vV o

n=0

> C(S)
Pucynok 5.6 —3aBucuMOCTb cKOpOCTH (hEPMETATUBHOIO KaTaiKu3a OT KOHIIEHTpAIMHU cyOcTpara.

3oHa | — KOHIIEHTpaIUs cyOCcTpaTa MHOTO MEHBIIIE YHCITa aKTUBHBIX IIEHTPOB B
MoJieKyJe (pepMEeHTOB, MOPSAAOK PEaKLUU paBeH 1.

3oHa || — KOHIIEHTpaIMsI aKTUBHBIX LIEHTPOB (PEPMEHTOB COMOCTABUMA C
KOHIICHTpaInei cyOcTpaTa, HO aKTUBHBIE IICHTPHI 3aII0JIHEHBI HE MOTHOCTHIO. [Topsnok peakum
paBeH o 0 go 1.

3oHa |l — Bce akTHBHBIE LIEHTPHI MOJIEKYJT (PEPMEHTOB 3aHATHI MOJIEKYJIaMHU CyOcTpara.
CKOpOCTh peakiMy He 3aBHUCUT OT KOHLEHTpAIMK cyOcTpara, Mops 10K peakiuu paseH 0.

Bce ¢pepMeHTaTHBHBIC peaKIIMU MPOTEKAIOT Yepe3 00pa3oBaHNe MPOMEKYTOUYHOTO
COCTOSIHUSI CHCTEMBI - (DEPMEHTCYOCTPAaTHOTO KOMIUIEKCA, Pa3IoKEeHNE KOTOPOTO MPUBOINT K

00pa30BaHUIO IPOAYKTOB U BBICBOOOXKICHHUIO MOJIEKYT ()EPMEHTOB.
K2 K2
E+S>E-S->I+E (5.27)
K1
rae E, S, I1 — ¢epmenT, cydbcTpat U mpoIyKT COOTBETCTBEHHO;
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E-S — dbepmenTcyOCcTpaTHBIN KOMILIEKC;

K1 1 ko — KOHCTaHTBI CKOPOCTH COOTBETCTBYIOIIUX PEAKIIHIA.

Jlumutupyrouei craguen (caMoil MeIJIEHHOMN) SIBJISIETCSL Pa3IoKEeHHE
bepmeHTCcyOCcTpaTHOrO KOMILIEKca. 3aBUCUMOCTh CKOPOCTH Pa3IoKEHUS! OT KOHIICHTPAIUU

cyOcTpara gaercs ypaBHeHHeM Muxasmrca-MeHTeH.

_ C(s)
V = Vmakc —— (5.28)

rae C(S) — koHIeHTpanus cyocTpara;
Vmax — MakcuMasbHast CKOPOCTh Pa3lioXKeHHsl CyOcTpara Mpu JaHHOH KOHIICHTPAIUH

bepmeHnTa;

K1 + K2

= (5.29)

Ku — koHcTanTa Muxasnuca, kotopas paBHas Km =

Bonpocsk! 1 3a1a4u UIsi CAaMOCTOSITETLHOTO KOHTPOJIst [1,2]:

1. CkopocTh XMMHUYECKOH peaKkIMK 3aBUCUT: a) OT MPUPO/Ibl pEarupyroNux BeecTs; 0) oT
KOHIIEHTPALUil pearupyroliyx BEeLIeCTB; B) OT KOHLUEHTPAIMH IPOAYKTOB XMMUYECKON peaKkIii;
') OT TEMIIEPaTypBhl.

2. 3aBUCUMOCTb CKOPOCTH XUMHUYECKON PEAKIIUU OT KOHLIEHTPALMH pPEearupyroiux BEeIEecTB
YCTaHaBJIMBAET: a) 3aKOH JIEMCTBYIOIMX Macc /Ul TOMOT€HHBIX peakuuii; 0) npasuio BanTt-
'odda; B) 3akoH pazdasnenust OcTBayib/a; r) ypaBHeHHe [ n60ca.

3. I3MeHeHune KOHIIEHTpaIK pearupyonux BelecTB B €IMHUILY BPEMEHHU B €IMHUIIE 00beMa
WJIM YUCJIO 3JIEMEHTAPHBIX aKTOB B3aUMOJIEHCTBUS B €IMHUILY BPEMEHU B €IMHUIIE 00beMa
Ha3bIBAETCS: a) MOPAIKOM PEAKIMH; 0) CKOPOCTHIO PEAKLIUH; B) MEXaHU3MOM PEAKIIUU; T)
JHEPTrUeH peakiui.

4. KoHcTaHTa CKOPOCTH XMMHUYECKOM peakliuy U3MEHUTCS, €CIIU B CUCTEME: a) U3MEHUTh
TeMneparypy; 0) BBECTH KaTalu3aTop; B) BBECTU HHIMOUTOP; T') U3SMEHUTh KOHIIEHTPALlUU
pearupyromux BeIeCTB.

5. CKOpOCTh KaKMX XUMHUYECKUX PEAKLU YBEINYMBAETCS C POCTOM TEMIIEPATYPHIL: a) JTHOOBIX;
0) HUKAKKX; B) 9K30TEPMUYECKUX; I') SHJOTEPMHUUECKUX.

6. YBennueHue CKOpOCTH XMMHUUECKON peaKIMU MPU MOBBIILIEHUU TEMIIEpaTypbl O0BSICHIETCS:
a) YMEHBIICHUEM YHUCIIa CTOJIKHOBEHUI MEX/y MOJIeKylaMu; 0) yBeITHMUeHHEM MOTEHIIMATbHON
SHEPTUU MOJIEKYI; B) YBEJIHMUECHHEM YHCIa aKTUBHBIX MOJIEKYIT; T) YMEHbIIEHUEM SHEPIUU
aKTHBALINU.

7. JleficTBUe KaTanu3aTopa OObSICHSIETCSA TEM, YTO: a) B IPUCYTCTBUM KaTaau3aTopa PeaKius
UJIET IPYTUM IIyTeM — Yepe3 dHEepreTuYecku 0ojiee JOCTYIMHbIE CTaAuN; 0) KaTaln3aTop CHUXKAeT

SHCPTHUIO aKTUBALIUU; B) KaTaJin3aTop CMCIIACT XUMUUYCCKOC PaBHOBCCUC PCAKIINH B CTOPOHY
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0o0pa3oBaHus MPOAYKTOB; T) B IPUCYTCTBUH KaTalM3aTOpa yBEIUUUBACTCS YUCIIO CTOIKHOBEHHM
MOJIEKYII.

8. Eciiu 1aBiieHue B peaklIMOHHOW CUCTEME ITOHU3UTH B 2 pa3a, Ka U3MEHUTCSI CKOPOCTh
peakuu 2NO + O2— 2NOso.

9. MareMaTHueCcKiM BhIpOKEHHUEM 3aKOHa AeHCTBYrOMMX Macce s peakiuu COz(T) + 4Ho(r) =
CHa(r) + 2H20(r) siBasercst: a) v = kC(CO2)*C(Hz); 6) v = kC(CHa) - C(H20)?; B) v = kC(COy) -
C(H2)* 1) v = kC(CH4)*C(H20).

10. CkopoCcTh XUMHUYECKON pEAKLIUU SIBJISIETCS BHICOKOMW, €CJIN: a) SHEPrus aKTUBALIUY BbICOKAs;
0) sHeprus aktuBanuu paBHa 0; B) SHEprusl aKTUBALIMU HU3KAs; I') SHEPTUSl aKTUBALIUU CPEIHSIS.
11. ITpu yBenuuenuu temmepatypsl Ha 40 °C ckopocTh peakuuu Bo3pocia B 81 pas,
TEMIIepaTypHbIA KO3 PHUIUEHT CKOPOCTH Peaklnu paBeH: a) 2; B) 4; 0) 3; 1) 5.

12. Ha cKOIBbKO TpaycoB CIEAyeT MOBBICUTH TEMIIEPATypy ra3000pa3HOil CMeCH st
YBEJIMUYEHUSI CKOPOCTH peakiuu B 16 pa3 (TemneparypHbiil ko3 uineHT paseH 2.

13. Kak u3amMeHHTCs CKOpocTh npsiMoit peakiuu Ha(T) + Io(r) = 2HI(r) mpu nmoBbIeHrn
JIaBJICHUSA B 5 pas.

14. Konnenrpatuu NO u O2, o6pazyromux NO2, 61t cootBeTcTBeHHO paBHbl 0,03 u 0,05
Mons/mv®. UeMy paBHA CKOPOCTh JaHHOM PEaKInH.

15. Ecnu naBneHue cucTeMbl YBEIMUYUTCS B 2 pa3a, TO KaK H3MEHUTCS CKOPOCTh XMMUYECKOM
peaxmmm 2Al(kp) + 3Cl2(r) = 2AICI3(kp).

16. Bo ckomibko Bo3pacteT ckopocTh npsimoit peakiun CO2(r) + C(rpadur) = 2CO(r) npu
MOBBIIIICHUH JIaBJICHHUS B 4 pasa.

17. MaTemMaTH4ecKUM BBIpaKEHHEM 3aKOHa JelcTByromux Mace i peakuuu C(rpadur) +
2N20(r)= CO2(T) + 2N2(r) sBsierca: a) v = ke(C) 2c(N20); 6) v = ke(C) ¢(N20)%; B) v =
ke(N20)%; 1) v = ke(CO2) ¢(N2)2.

18. Ecnu npu nosblieHny Temneparypsl Ha 30° CKOpOCTh peakIuy yBENUUMIach B 27 pas, TO
4YeMy paBeH TeMIIepaTypHbIH KOAPPHUIIMEHT CKOPOCTH PEAKIIUH.

19. Ecnu remnepaTypHbIi KO3 GHUIMEHT CKOPOCTH PEAKIIMU paBeH 2, a TeMIiepaTypa Bo3pocia
Ha 20°, TO BO CKOJIBKO pPa3 BO3pPaCTET CKOPOCTh PEAKIINH?

20. Ecimn xornenTpamuu [CO2] = 0,30 mons/n; [Hz] = 0,02 mons/it; k = 1, To uemy paBHa
ckopocTh 00patHoit peaktiuu CO(T) + H20(r) = CO2(1) + Hao(T).

6 PacTBopnI
6.1 Cnoco0bI BhIpa:KeHUs] KOHIEHTPALlMH PacTBOPOB
PacTBOpbI — OTHOPOIHBIE (TOMOTEHHBIE) CHCTEMBI, COCTOSIINE U3 IBYX U OoJee

KOMIIOHEHTOB Y IIPOAYKTOB MX B3aUMOJICUCTBHS.
99



B pacTBopax pa3nu4aroT pacTBOPHUTENH (B 4Y€M PACTBOPSIOT) U PACTBOPEHHOE BEIIECTBO
(4TO pacTBOPSIOT).

CopneprkaHue paCTBOPEHHOTO BEIIECTBA B PACTBOPAX ONPENEISIOT OOIIMM HOHATHEM
KOHIICHTPAIIUH, KOTOPOE BBIPAXKACTCS CICAYIONIMMHU CIIOCOOAMH:

MaccoBasi 10151 (W) — OTHOIIIEHHE MacChl PACTBOPEHHOI'O BEIIECTBA K Macce PacTBOPA.

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

Mouasipaasi koHueHTpanus (Cyu) — OTHOILICHHE KOJIMYECTBA PACTBOPEHHOI'O BELIECTBA

(MonB) K 00BEMY pacTBOpA.

[M"’“’] = [M] (6.3)

J

A\
Cm =<
v
Haiinem cBsizb Mexay W u Cy.

mg_ 9M Cm
w=—8 =27 — =2 (6.4)
Mp—pa V-p P
/i€ p — INIOTHOCTH PacTBOpPA, I/J1

MouisiiibHasi KOHIEHTpamus (M) — OTHOIIEHHE KOJIMYECTBAa PACTBOPEHHOTO

BelecTBa (MOJIb) K Macce pacTBOPUTENS (KT).

Cm=—— [=2] (6.5)

Mp—nq KT

HopMaanas{ KOHICHTPpauusd (Cn)' OTHOIICHHUEC KOJIHNYCCTBA SKBUBAJICHTOB BCIICCTBA

K 00beMy pacTBOpA.

Co=g2 [ =N (6.6)

Vp—pa I
I[J'If[ OJHOOCHOBHBIX KHUCJIOT U OJHOKHUCIIOTHBIX OCHOBAaHHU MOJIIpHasA 1 HOpMaJibHasA
KOHICHTPpANUAg YUCIICHHO paBHBI, TaK KaK PAaBHbBI MOJIAPHBIC DKBUBAJICHTHBLIC MACCHI.
CBs3b MOJIIPHOI M HOPMAJIbHON KOHLIEHTPALIHH.
c, = fC, (6.7)
rae f- hakTop SKBUBaJIICHTHOCTH.
HpI/I KHCJIIOTHO-OCHOBHOM TUTPOBAHUH 3aKOH 5KBUBAJICHTOB IJISA HOpMaHBHOﬁ
KOHICHTPAUHX OIPEACTIACTCA COOTHOIICHUEM!
CeVi = CuVi (6.8)
rac CK, CHI — HOPMAJIbHBIC KOHICHTPAalIUU KUCJIOTHI U IICJIOYN COOTBCTCTBCHHO.
Tutp (T) — comepkanue pacTBOPEHHOTO BEIIECTBA B IpaMMax, Co/IeprKaluecs B

OJIHOM MHJUTHIIUTPE PacTBOpA.
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Bonpochk! 1 3a1a4u J1JIsi CAaMOCTOATEIbLHOr0 KoHTposn [1,2]:

20.BpIpa3uTh B MPOLEHTAX KOHLIEHTPAIHIO PacTBOPA, coaepskaiero B 250 r Boasl 50 T TIIOKO3HI.

21.CxonbKO BOJABI M XJIOPUCTOTO KalHs HYKHO B3sITh, 4T0OBI mpurotoButs 500 M 20 % - pactBopa,
I0THOCTE  KoToporo 1,133 r/cm® ?

22.B kakoii macce Boabl cieayer pactBopuTh 100 r Na,COsz-10H.O nns momyueHus pacTBopa,
conepkariero 4 % 06e3BoaHOM coyn?

23.BBIUuCINTh MOJPHYIO M HOPMAJIBbHYIO KOHIIEHTPALIMH pacTBOpa cyiabdara xamus, 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 HOPMaJbHYIO KOHLEHTPALWHU MOJyYEHHOTO PAacTBOPA, €CIIU €ro IUIOTHOCTh
paBHa 0.95 r/mu.

25.HaiiTh HOPMaNbHOCTE M MOJSPHOCTD 15 % - pactBopa HoSOs (p =1,1 r/mi).

26.Paccunrats CH, CM pactBopa H2SO4 ¢ @ =20 %. IInotHOCTH pactBopa 1,15 r/mi.

27.Ckonbko MuumutpoB HaPOs ¢ © = 20 % (p = 1,33 r/mu) Hamo B3saTh 1uist npurotosieHus 0,2 M
pactBopa HzPOs 06semom 300 1.

28.Cxonbko MATUIUATPOB 20 % pacTBOpa CONSTHON KUCIOTHI, MIIOTHOCTh KOTOoporo 1,22r/mi, TpedyeTcs
Ju1st pactBopeHus 10 T kapOoHaTa Kalblus?

29.Bprancants, noctatouHo jau 20 mi 30 %- pacTBopa CepHON KHUCIOTHI, INIOTHOCTH KOTOporo 1,22 r/mi,
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 mummunutpoB 0,5 M pactBopa H2SO4 MmoxkHO nipurotoBuTs U3 15 M 2,5 M pactBopa?

32.Kakoii 006sem 0,1 M pactBopa HzPOs MmoxxHO ipuroroButs u3 75 M 0,75 H pactopa?

33.Ckounbko Boabl Hano npudasuth K 25,0 M 40 %-pacTBOpa rHAPOKCHIA KaJHsl, INIOTHOCTh KOTOPOTO
1,41 v/mu, uToObI ONyuuTh 2 % - pacTBop?

34.Kakyro maccy 20 % -pactBopa KOH Hano npubauts k 1 kr 50 %- pacTBopa, 4To0BI 0Jy4uTh 25 % -
pactBop?

35.0mpenenuts MNPOLEHTHYIO KOHLEHTPALMIO pacTBOpa, NoiydeHHoro cmemenueM 300 r 25 -
nporeaTHoro u 400 r 40 — mpOIIEHTHOTO PaCTBOPOB.

36.1ns weitrpanuzanuu 20 ma 0,1 H pactBopa kucnotsl notpedoBasiock 8 Mia NaOH. Ckonbko 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. OnpeneanTs HOpMaTbHOCTh PACTBOPA KUCIIOTHI U €€ SKBUBAJIEHTHYIO Maccy.

19.Ha wetitpanmzaruto 20 M pactBopa, cogepkaiiero B 1 1 12 r menoun, uzpacxomonano 24 mi 0,25 H
pacTBopa KHCIOThI. PaccunTarh 5KBUBaJICHTHYIO MacCy MIECIOYH.

38.Kaxkoit oobem 0,3 H pacTBopa KucioTsl TpebyeTcst Uil HelTpanu3anuu pacTBopa, conepxamiero 0,32
r NaOH?

6.2 DiekTpoaMTHYECKAS] TUCCOIUALNUS

ITo ctocoGHOCTH TPOBOAMTH AIEKTPUUECKUN TOK BEIIECTBA JACTAT HA AJICKTPOIHUTHI U
HEAJIEKTPOJIUTHI.

DJIeKTPOJIMTHI - BEIIECTBA, PACIIIIABBI WJIH PACTBOPHI KOTOPHIX TPOBOIAT
ANEKTPUIECKUHN TOK (COJU, KUCTIOTHI, OCHOBAHMS ),

HesnekTponThI - BEIIECTBA, PACTBOPHI WM PACILIIaBbl KOTOPHIX HE MIPOBOJIAT

AIIEKTPUUYECKHUI TOK (KUCIOPOJ, BOJIOPOI, OpraHUYECKHE BEllecTBa — caxap, 6eH3o1, 3¢up).
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Jl51s 00bsiCHEHUS IIEKTPONIPOBOUMOCTH PACTBOPOB U PACILIIABOB COJIEH, KUCIIOT,
OCHOBaHU AppeHuyc co3aall TEOPHUIO IEKTPOTUTHUECKON AUCCOIHAIINH.

Ecnu B siueiiky niis u3ydeHus

LS AJIEKTPOTPOBOTHOCTH HAIHUTH 110 OYSPEN TPU
"N\ pacTBopa, TO JIAMIIOYKA BKJIIOUEHHAS B LIETIh OyIeT
TOPETH

a) NaCl — sapko
6) CH3;COOH — Tyckuo

} BIEKTPOIUTHI

B) TJIIOKO3a — HE TOPUT - HEAIEKTPOIUT

p-p

Pucynok 6.1 — fueiika 1uist U3ydeHus! 3JIEKTPOIPOBOJHOCTH PacTBOPOB.

OCHOBBI NOJIOKEHHUSI TEOPUH 3JIEKTPOJIUTHYECKOMN T CCOMALIUN
1.Mouiekynbl 3JIEKTPOJIUTOB NPU PaCTBOPEHUH WM PACILIaBICHUM paclalaloTcs Ha
MOJIO’KUTENbHBIE M OTpULIATEIbHbIE HOHBI HOHBL. [Iponecc pacnasa MoIeKyI 3J€KTPOIUTOB Ha
MOHBI HAa3bIBACTCS — AJIEKTPOJIUTUUECKON JUCCOIUAIUEH.
2.11pu nponyckaHuu 4epe3 pacTBOP WIH PACILIaB AIEKTPOIUTA TOCTOSHHOTOJIEKTOPUIECKOTO
TOK TOJIOKUTEJIbHO 3apsKEHHBIE HOHBI ABIXKYTCS K OTPULIATEILHOMY 3JIEKTPOY (KaTony),
MI03TOMY Ha3bIBAIOTCS KATHOHAMM, a OTPULIATEIbHO 3apsKEHHbBIE HOHBI IBUKYTCS K
MOJIOKUTEITBLHOMY 3JEKTPOAY (aHOJY), MOATOMY Ha3bIBAIOTCS AaHHOHAMH.

3. luccorumarus — mporecc 0OpaTUMBIIA: OJHOBPEMEHHO C paclajoM MOJIEKYIIbI aH HOHBI

poTeKaeT 0OpaTHBIH Mpoliecc — 00pa3oBaHUE U3 HOHOB UCXOAHBIX HEUTPAbHBIX MOJIEKYIL.

HCC
Mg(Noa)zr;C—‘;;_ Mg?* + 2NOz

MexaHHM3M JIEKTPOJTUTHYECCKON AU CCONMALUM
B ocHOBE 2JIEKTPOAUTUYECKON NTUCCOLUALIMU JIEKUT B3AaUMOAECHCTBUE HOHHOTO
KpI/ICTaJ'IJ'Ia NIn HOJ'ISIpHI)IX MOJ'IeKy.]'I C HOJ'ISIpHBIMI/I MOJ'IeKy.]'IaMI/I paCTBOpI/ITeJ'ISI (B YAaCTHOCTH C

MOJIEKYJIaMU BOJIbI).

3a cyeT IEKTPOCTATUUECKOT O IPUTSYKEHUS IUITIOJIN BOJIBI BBIPBIBAIOT IOBEPXHOCTHBIE
VMOHBIN3 KPHUCTAJUIA U IEPEBOJAT UX B PACTBOP, IIPH 3TOM HOHBI HAXOJSTCS B
COJIbBATUPOBAHHOM (B CIy4ae BOJbI THAPATUPOBAHHOM) COCTOSTHUM - OKPYXEHHBI MOJIEKYJIaMU

pactBopuTens (puc.6.2).
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Pucynok 6.2 — Cxema AuCCOIMAIMU BEIIECTB C MOHHOM CBSI3bIO.
[TonspHas MoJiekysa 3a CYET JIEKTPOCTATUIYECKOTO B3aUMOICHCTBUS C AUTOISIMHU
BOJIbI MTOJISIPU3YETCSI 1 B KOHEYHOM MTOT'E€ PacIialaeTcsl Ha KaTHOH U aHUOH (puc. 6.3).

0

g

S Q+Q00
&\ On

Pucynox 6.3 - Cxema quccoraiuy BenecTB CKOBAJIGHTHON TOJISIPHOM CBS3BIO.
PeanpHO MOHBI BOJIOPO/A B OIHBIX PAaCTBOpaxX MPHUCYTCTBYIOT B TUAPATUPOBAHHOM
COCTOSIHUM,B BUJIE TAK aH3bIBAEMBIX HOHOB rHapokconus HzO*, obpasoBanue KOTOPBIX MOXKHO
IPEICTaBUTh KaK MpUcoearHenre nona H'k Monekysie Bojibl HACYET JOHOPHO-AKLENTOPHOTO
B3aMMOJIEHCTBHSL.
H*+ H,0 < H3O" + OH"
KonumdecTBeHHO mporiece AUCCOIUAITIHN XapaKTEPU3YETCsl CTENEeHbI0 AUCCOIUALHH 0, —
OTHOIICHUEC KOJINYCCTBA (KOHHCHTpaIII/II/I) MOJ'ICKy.]'I, paCHaBHII/IXCSI Ha HUOHBI, K O6HICMy
KOJIMYECTBY (MCXOIHOW KOHIICHTPAIIMH ) MOJICKYJI pACTBOPEHHOTO BEIIIECTBA!

C 2
a= —= 2L (6.9)

no Co

PaCCMOTpI/IM JAUCCOHUALIUIO cinaboit YKcyCHOﬁ KHCJIOTHI:

CH3COOH <« CH3COO + H*

Co |[Cm 0
AC | a-Cm o-Cm
C |Cm—oaCm | aCm
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[H] = [CH3COO] = 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. 0 < 1—1—a=1,creroBarenbio Kn=a?>Cm — a = /(}:% (6.13)

3akon pa3oaBienns OcBajib/a: IpyU MEHBIIICHUN B PACTBOPE KOHIIEHTPAILIUU CIIa00T0
AIIEKTpONIHTA (Pa30aBICHUN PACTBOPA) CTETIEHB AUCCOLUAIIMH BO3PACTACT.

HonnHoe npousBeneHue Boabl. BonopoaHbiii moka3areib

H20 < 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]> [OHT] - KHCIIast cpefia
[H'] < [OH] - 1enovHas cpesa
[H]= [OH] - HelTpanbHas cpeaa

pH = -Ig[H*]- Bomopoaumliinokaszarens
Ig[H*] + Ig[OH] =14
pOH = -Ig[OH] =14 — pH
Takum o6pazom, ecm [H'] = 10°M, To [OH] = 10°M
HNuauxkaropsl

HHAMKATOPBI — BEIIECTBA, PACTBOPHI KOTOPHIX B 3aBUCUMOCTH OT KUCJIOTHOCTH CPEIbI
CIIOCOOHBI H3MEHSTH CBOKO OKPACKY.

B kauecTBe MHIMKATOPOB, KaK MPABHJIO, IPUMEHSIOT CJI0KHBIE OPraHUYECKHE Ci1a0ble
KUCJIOTHI WJIA OCHOBAHHUS

Hind < H* + Ind

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

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

1oHOB H™ MHAMKATOD, MPEACTABIISIOUA OPraHHYECKYIO KMCIIOTY, PEUMYIIECTBEHHO
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HaxOJIUTCS B MOJIEKYJISIpHOU (popMme (0/THa OKpacka); Mpu U30bITKE THAPOKCUIBLHBIX HOHOB OH™ -
MIPEUMYIIIECTBEHHO B HIOHHOU opme (Ipyrast OKpacka).

[InpoKo NCHOIB3YETCSI OTPAaHUYEHHOE KOJIMYECTBO MHIAUKATOPOB:

HNuaunkarop Oxkpacka B HEKOTOPBIX cpeaax
Kucmas pH<7 Heiitpansuas pH=7 [emoun pH>7
Jlakmyc Kpacusbiit ®uoseToBbIN Cunuit
MeTuiiopank KpacHusiit OpanrkeBblii JKenterit
DeHoJdralIenH becuseTHbIi becuseTHbIi ManuHOBBIN

HauOonee Tounoe onpenenenue pH cpenbl OCyIIECTBISETCS MHCTPYMEHTAIbHBIMU METOAAMU —
noHoMepaMHu, PH-MeTpamu, B KOTOPBIX TOYHOCTb ONPEAEIAETCS A0 COThIX eAuHMIL PH.

Pacyer pH kucj0T 1 0OcHOBaHMii

CuiibHBIE KHCJIOTBI

C(HCIH=0,01M

HCl — H* + CI" (npakTudecky mosHas Aucconuanus)

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

pH=-Ig[H"]=-lg102=2

B cnyyae MHOTOOCHOBHOM CHIIBHOM KHCIIOTHI YYUTHIBAIOT CYMMapPHYIO KOHIIEHTPAIIUIO HOHOB
H™, o6pa3syromuxcst Ipy JUCCOIMAIIMU KUCIOTHI.

C(H2SO4) = 0,0005M

H.SO4 <> 2H" + SO4*

[H*] = 2[H2S0O4] = 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]=-lg101=1

pH=14-pOH=14-1=13

B cnyuae MHOTOKHCIIOTHOTO OCHOBaHUS B pacueTax B pacueTaxX yYUTHIBACTCS CyMMapHas

KOHIIeHTpanus noHoB OH".
C(Ba(OH).) = 0,005M
Ba(OH); — Ba?" + 20H"
[OH] =2[Ba(OH).] =2 - 0,005 = 0,01M
pOH =-Ig 102 =2
pH=14-2=12
Pacuyer pH ci1adbIX KHCJIOT U OCHOBAHMH

Ciadble KHCJIOTHI

C(HCN) = 102M
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HCN < H"+ CN-

_ Cpacn

a = Co - Cpacn = aC,
[H*] = aCy(HCN) = «C,

-10
a= o= =10t Ko (HCN) = 10710
[H*] = aCo = 10* - 102 = 10°M
pH=-lg10°=6
Cnabble OCHOBAaHUS
C(NH4OH) = 0,001M: K,(NH,0H) = 1075
NH4sOH < NH4* + OH"
[OH7 = aCo

K, |10-5
= _— = = 1 -1
== o= 10

[OH] = 0,001 -0,1 = 10"*M

pOH =-lg 10* =4

pH=14_-4=10

B CJIyda€ MHOI'OOCHOBHBIX CJIa0BIX KUCIIOT X0 PpacCyKJACHUA OCTACTCA a0COJIFOTHO
AHAJIOTUYHBIM, TOJIbKO BO BHUMAHUEC ITPUHUMACTCA AUCCOHUAUS 110 HepBOﬁ CTYIICHHU.

H.COs3 <> H* + HCOg’ Ky =107
HCOs; « H' + CO3> K, =10
6.3bydepHbie pacTBOpPbI

[Ipeacrasnstor coboii cMecu caboi KUCIOTHI M €€ COJH (areTaTHbii 0ydep
CH3COOH + CH3COONa), cnaboro ocHoBaHus U ero cosin (aMmuaunslii 6ypep NH4sOH +
NH4Cl), cmech coneit MHOroocHoBHOM KucnoThI (hocdarubrit 6ypep NaH2PO4 + Na;HPO4).
OCOOEHHOCTBIO JAHHBIX PACTBOPOB SBJISIETCS TO, YTO MIPH JOOABICHIH HEOOIBIINX KOJIMYECTB
CHJIBHBIX KHCIIOT WJIK 1esiour PH Takoro pacTBopa MpakTHUECKH HE U3MEHSIETCSI.

Mexanusm aeiicreus Oy(epHoOro pacrsopa

PaccmoTpuM Ha mpuMepe arieratHoro 0ydepa, npu 100aBIeHUU CUIBHON KHCIOTHI
N30BITOK HOHOB BOJIOPO/Ia CBS3BIBAETCS C alleTaT-HOHAMH C 00pa30BaHUEM MOJIEKYIT C1aboro
ANEKTPOJIUTA YKCYCHOU KHUCIIOTHI.

[Tpu no6aBnennn k 6yhepHOMY pacTBOPY IEIOYH U30BITOK THAPOKCUI-HOHOB
HEUTpanu3yercsi yKCYCHOM KUCIOTOM, IPU 3TOM 00pa3yroTCcsi MOJIEKYIIbI cl1aboro 3J1eKTPOIUTa —
BOJIBI.

CH3COOH + CH3COONa

NH;OH + NH4Cl

CHsCOO™ + H" — CH3COOH
CH3COOH + OH" — CH3COO" + H20
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['maBHBIME XapakTepucTUKaMH OyhepHBIX pacTBOPOB sBisieTcs ux PH u Oydepnast
€MKOCTb.

Paccunraem pH ameratHoro Oydepa:

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

U3 ypaBHenus (6.15) BeIpasiM KOHIIEHTpaLKO HOHOB H.

[CH3COH]

+1 —
[H*] =K, [CH3C00™]

(6.17)

Tak Kak coJib CUIIBHBIN JIEKTPOJIUT, alleTaT HATPHsI IMCCOHUPYIOT B PaCTBOPE
MIOJTHOCTBIO M, MOXHO CUUTATh, YTO PABHOBECHAsI KOHIICHTPAIIUS alleTaT-WOHOB paBHA UCXOIHOM
KOHIICHTPAIIUH COJIM B OyQepHOM pacTBope.

Kaxk cnenyer u3 ypaBHenus aucconuaiuu (6.15), npucyTcTBrUe B pacTBOpE areTar-
HMOHOB CMEIIAET PAaBHOBECHE B CTOPOHY 00pa30BaHMS MOJIEKYJI KHUCIOTHI, TO €CTh MOYKHO
CYUTaTh, YTO PAaBHOBECHAsI KOHIICHTPAIIMS KUCIOThI paBHA €€ MCXOIHOW KOHIICHTPAIIUH B

O0ydepHOM pacTBOpe, Toraa BeipaxkeHue (6.17) MoxkHO 3amucath B BUIE:

Cx

[H*] =K (6.18)

[TponoropupmMupyem ypaBHEHHE U YMHOXKHM Ha €TUHUILY.
-lg[H"] =-lg Ka—1g Cx + Ig Cc (6.19)
¢ yuerom: -Ig [H*] = pH; -lg Ka = pKa
ypaBHeHue (6.19) npuHumaer BU:

pH = pKa + Ig g— (6.20)

rie pKa — cuinoBoi mokasaresb KUCIOThI
Paccyxnenus aHanornyssl s 0y(epHbIX pacTBOPOB, MPECTABIAIOIINX 000 cMech

¢71a00ro OCHOBAHHUS U €0 COJIMU. Ucxons u3 9TOr0, MOXXHO ITOJYUYHUTH BBIPAKCHHUEC!

POH = pKb + g (6.21)

OCH

W3 ypaBHenunii (6.20, 6.21) cneayet, 4To Npu OJUHAKOBOW KOHLEHTPALIUU KUCIIOTHI U
coiu (ocHOBaHuUsA U conn) PH OydepHOro pacTBopa YUCIEHHO paBEH CUIOBOMY ITOKA3aTEII0
KHCJIOTHI, a TAKXKE U3 YpaBHEHUS CIeAyeT, YTo NMpH pazbaBieHuu 0ydepHbIX pacTBopoB ux pH
0CTaeTCsl HEU3MEHHBIM.

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

Co (CH3COOH) = Co (CH3COONa) = 0,1M
pH=-lg (1,75-10°) =5-19 1,75 = 4,76
CooTHolIeHre KOMITOHEHTOB Oy(epHOTro pacTBOpa (KUCIOTHI M €€ COJIH), KaK TIPaBHUIIO,

OepeTcst B COOTHOIIICHUH HE MPEBbIIaronuM uaTepai 1k10.
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Paccmotpum, kak uzmenutcest pH 6ydeproro pactBopa oobemom 1 1uTp ¢
KOHIIEHTpauuei kucaotel u conu 0,1 M, ecii K TakOMy pacTBOPY A00ABUTH 2 MIT
oxHoMousipHoro pacrsopa HCI.

(HC)=2-10%-1=2- 103 momp

C(HC) =2=21"= 2. 10%M

14

JIaHHOE KOJIMYECTBO HOHOB H, CBS3BIBAsCH ¢ alleTaT-mOHAMH, TIEPEXOAUT B MOJIEKYIIBI
KHCJIOTBI, YMEHBIIAIOT KOHIICHTPAIIUIO Coii B OydeproM pacTBope Ha 0,002M u Ha TaKyro Xe

BCJIIMYMHY BO3PACTACT KOHLUCHTPAUs KUCIIOThBI, U pH pacTBOpa CTAHOBUTCA:

0,1-0,002

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

= 4,74

ApH =4,76 — 4,74 = 0,02

Jlist cpaBHEHUS PacCMOTPUM, Kak U3MeHuIcs Obl PH mpu 106aBiieHUH TaKoro xke
KOJIMYECTBA KUCIOTHI K 11 uncToit Bojsl (PH=7)
pH=-lg[H"]=-lg(2-10%)=3—-1g2=27
ApH=7-2,7=43

Jlpyroii BakHeHIIeH XapaKTepUCTUKOM Oy(depHbIX pacTBOPOB sABIseTCA OydepHas
emkocTh (B). BydepHast eMKOCTh — 3TO KOJIMUYECTBO S3KBUBAIIEHTOB CHIIBHOW KHUCIIOTHI MU
IIEeJI0YU, KOTOPbIE MOYKHO TOOABUTh K OHOMY JUTPY OypepHOro pacTBopa, 4T0Obl H3MEHUTh
ero pH na equnauIy. bydepHas eMKOCTh OnpeeNsieTcs: SKCEPUMEHTATBHO (PUIBTPOBAHUEM
poObI Oy(hepHOro pacTBOpa pacTBOpa CUIbHON KUCIOTHI MM HIENOYH, U3BECTHBIN
KOHIIEHTpPALUK; IpH 3ToM puKkcupyercs usmeHenue pH. Pacuer 6ydepHoil eMkocTH 1o KucaoTe

¥ OCHOBAHUIO BEAyT MO hopmye:

CxVk

Ba = Vo iapH] (6.22)
— CuyViy

Bo = v lap (623)

Ba u By — OydepHas eMKOCTh 110 KUCIIOTE U LIEJIOUH.
Cx u Cy — HOpMaJIbHASE KOHIIEHTPAIIMS PACTBOPOB KUCIOTHI U IIENOYH, B3SATBIX AJIS TUTPOB.
Ve.p.— 00beM 11po0bl OyepHOTro pacTBopa.
|ApH| - u3menenue pH npu THTpOBaHHH.
6.4 I'mppoJsn3 coneit

I'uaposius -370 B3auMoaeicTBIE JIFOOBIX BEUIECTB ¢ BOAOH (KpaxMmana, OelKoB).
PaccMoTpuM "acThie ciyyau TUIpoIM3a — B3aUMOJICHCTBUE COJIEH C BOJIOH.
[Tpu3HaKOM MPOTEKAHUS THAPOIIH3A COJICH SIBIISETCS N3MEHEHHE KHCIOTHOCTH CPEJIBI C

HEUTPAJIbHOM Ha KUCIIYIO WIIH IIEJIOYHYIO.
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CylHoCTh rUAPOIN3a 3aKII0YaeTCsa B 00pa30BaHUE MOJIEKYJI CIIA00T0 3IEKTPOINTa —
KHCJIOTBHI MJIM OCHOBAHUS C OJJHOBPEMEHHBIM IOSBIEHUEM B pacTBOPE HOHOB BOJOPOA WU
THIPOKCUA-UOHOB.Eciu pu ruaposinze o0pas3yroTes cinadble OCHOBaHMS, TO MPOILECC MPOTEKALT
10 KaTHOHY; eciin o0pasyeTrcs ciadast kuciaoTa ciaadas — 1o annony.Ecnu oHoBpeMeHHO U
cyaboe OCHOBaHUE U ci1adast KMUCI0Ta, TO MMIPOJIN3 IPOTEKAET U 110 KaTHOHY, U 110 aHHOHY.

YpaBHEHHE I'HIPOIM3a MOTYT OBITH 3anucansl B 3 ¢popmax:

e B monexkynsipHoi
e [losHo¥ noHHOM popme
e Kparkoii noHHOH popme (Hanbosaee HPOPMATUBHO, TAK KaK MOKA3bIBAET MOJICKYJIbI
KaKoro cjaboro 3J1eKTpoiauTa o0pa3yroTcs P IMIPOIN3€e U30BITOK KAaKUX HOHOB
(KaTHOHOB BOIOPO/Ia UJIH TUIPOKCUI-MOHOB) MOSIBIISIETCS B PACTBOPE. )
['uponu3 npoTeKaeT Npu CIEAYIOMUX TpeX Ciaydasx:
1. Coab oOpa3oBaHa cJiadbIM OCHOBAHMEM M CWJIbHOM KUCJIOTOM
NH4CI + H,0 <+ NH4OH + HCI (monekynspras ¢popma)
NH4" +CI" + H,0 <> NH4OH + H* + CI" (nonnas ¢popma)
NH4" + H20 <> NH4OH + H* (kparkas wonnas dopma).
ITpu rugposin3e JaHHBIX COJIM B pacTBOpe 00pa3yeTcst U30bITOK HOHOB BOJIOPO/Ia — cpenia
cTaHoBHTCS Kucioi (pH<7).
Tax xak ruAposIn3 — 0OpaTUMBIN IPOLIECC, YTO OH XapaKTEPU3YETCsI CBOEH KOHCTAHThI

paBHOBecHs (TPY HAIUCAHKUE €€ BHIPAXKCHHS YUUTHIBAIOT TOJIBKO KPaTKyIo (opMy ypaBHEHHE

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

[Ipy rupposnnse KOHUEHTpALKsA BOABI B pACTBOPE MPAKTUYECKU HE U3MEHSIETCS; BHOCUM
€e 110/l 3HaK KOHCTAHThI PABHOBECHS, IIPOU3BEIACHUE ABYX IIOCTOSHHBIX TAKXKE ABIIACTCA

BEIUYMHOMN HOCTOHHHOﬁ, KOTOPBIC KOJIMYCCTBCHHO HA3bIBACTCA KOHCTaHTOH ruapoJmsa Kr.

. __ [NH,OH][H™]
Kr = Kp[H,0] = == ""— (6.35)

VMHOkKaeM YUCIUTEIb U 3HAMEHATENIh Ha KOHOCHTPAIUIO THAPOKCUIIBHBIX HOHOB

Kr = [NH4OH][1-1+][_0H‘] _ kw (6.36)
[NHL][0H™] Kb
Otcrona:
Kw
Kr = &2 (6.37)

JlJ1s KOM4eCcTBEHHOM XapaKTepUCTHKY Mpoliecca TUAPOIN3a BUTHO MTOHITHE CTEIEHU
ruponn3a h — oTHoIIeHHe KOHIEHTPALNUK THIPOIU3UPOBAHHOM COM K €r0 UCXOJHOU
KOHIIEHTPAIlUU B pacTBOPE.
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ho= (6.38)

KoHneHnTpanus ruipoau3upoBaHHOM COJIM paBHA
Crump = hCo (6.39)
Y paBHa KOHLEHTPALUK IPOJYKTOB THIPOJIN3A
[NH4OH] = [H*] = hCo (6.40)
KoHuenrpanus He ruipONU3UpOBAaHHOM COJIU B PACTBOPE COCTABIISIET:
[NH4]=Co—hCo=Co- (1-h) (6.41)
[TonacraBum Boipakenue B (6.40) u (6.41) B ypaBHeHue (6.35)

hCy-hC h?c
KF _ 0 0 __ 0

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

[Ipu runponuse gaHHBIX cojiel 3HaueHneM h B 3HaMeHaresne ypaBHeHUS (6.42) MOXXHO
npeHedpeys, ¥ OHO MPUHUMAET BUJI:

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

OTCIO,I[a paccuuTacM CTCIICHb T'NAPOJIN3a h

Kw
h= =G (6.45)

PaccuuntaB crenenb ruipoausa U 3Hasi HCXOJHYIO KOHLIEHTPAIUIO COJIM B pacTBOPE, U3
BhIpakeHus (6.40) HaX0 UM KOHIIEHTPAIIMIO HOHOB Boopoaa u pH pactBopa.

IIpumep.
Paccuutats pH 0,1 monsproro pactsopa NH4OH (Kb = 107).

10~14 _
h= |[—==10""
0,1-10~5

[H']=hCo=10*-101=10°M
pH =-Ig [H*] = -1g10° =5
2. CoJb 00pa3oBaHa CWJILHBIM OCHOBAHUEM U €JIA00# KMCJIOTOM
KCN + H20 <« KOH + HCN
CN™ + H20 <> HCN + OH"
[Ipu ruaponr3e JaHHBIX COJIM B paCTBOPE 00pa3yeTcss M30BITOK THIPOKCH I-HOHOB —
cpena menoynas (pH>7)
XoJa paccyXIeHus P BHIYMCIECHUN KOHCTAHThI THAPOJIN3a, CTEIEHb THAPOIN3a U

KOHICHTPAUIO TUAPOKCUIIBHBIX HOHOB IMOJIHOCTHIO aHAJIOTMYCH PACCMOTPCHHOMY B ITYHKTC 1.
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Kr=2  (6.46) h= C‘z:(va (6.47) [OH] = hCo (6.48)
IIpumep
Paccuurats pH 0, 001M
h= =01
[OH]=0,1-102=10%M
pOH = -1g 1073, pH=14-3=11

3. Coun, o0pa3oBaHHbIE CJ120bIM OCHOBAHUEM H CJ1a00H KUCJIO0TOM
CH3COONHj4 + H20 «> CH3COOH + NH4OH

Cpena pacTBOpPOB JJaHHBIX COJIEH OMpeesieTcs CONOCTaBICHHEM KOHCTAaHT
JUCCOLIMAIIMU 00Pa3yIOMIUXCs cab0i KUCIOTHI U C1a00r0 OCHOBaHUS. TOT 3IEKTPOJIHT,
KOHCTaHTa JUCCOIMALMU KOTOPOTO OOJIBIIE U ONPEIENISIET CPEY PACTBOPA.
Ecn KOHCTaHTBI AEiCCOIMAIIUY TPUMEPHO PaBHBI, HECMOTPS Ha IPOTEKaHUE THAPOIN3a (B
pacTBOpe MPUCYTCTBYIOT U MOJIEKYJIbI CJ1a00T0 OCHOBAHUS, M MOJIEKYJIbI C1a0ble KHCIIOTHI)
cpelia pacTBOpa OCTAeTCsl HEUTPaIbHOM.
Ka (CH3COOH) = 1,76 - 10-5
Kb (NHOH)=1,74-10-5 =  pH=~7
4. Cosin 00pa3oBaHHbIe CWJIbHBIM OCHOBAHUEM U CHJILHOI KMCJIOTOM.

OTH coNM TUAPOIIN3Y HE MOABEPIatoTCsl, UX PaCTBOPHI UMEIOT HEUTpabHYIO cpeay (pH
=7).
['myOuny (CTeneHb) rUAPOIU3 MOXKHO YBEIMUUTh pa30aBI€HUEM pacTBOPA COJIU WU
YBEIMYECHUEM TEMIIEPaTyPHI.
SbCl3 + 2H20 — Sb(OH)Cl + 2HCI

OOmscHsieTcs cooTBeTCTBUM ¢ ipuHIMNoM Jle -IllaTenbe; yBennyeHne KOHIIEHTPAILIIH
BO/IbI (pa30aBiieHUs PacTBOPOB) CKayaTh PABHOBECHS B CTOPOHY PEAKIIMU PacXo/1a BOJIbI.
[Tpu HarpeBaHWM pacTBOPOB COJIEH, CKIIOHHOCTH THIPOJIM3Y IPOIIECC MOXKET CTAHOBHUTCS
HEOOpaTUMBIM.
FeClz + 3H20 — Fe(OH)3| + 3HCI

Ecmu mpotyKThI THAPOIIM3a BEIBOISTCS U3 PACTBOPA B BHJIE OCA/IKOB WIIM Tasa , TO
THJIPOJIU3 IPOTEKAET HEOOPATUMO.
Al>S3 + H,0O — 2A1(OH)3| + 3H2S1

JlaHHble coM B TabJHIle PAaCTBOPUMOCTH OTMEUYEHBI IPOYEPKOM KaK HECYIIECTBYIOIINE

WJIM pasjiaraéMbl€ BOJIOM.
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5. Ecniu conmm oOpa3oBaHbl C1abbIMH MHOTOOCHOBHBIMHU KUCIIOTaMH WIIH CITA0BIMU
MHOTOOCHOBHBIMUA OCHOBAHHUSIMHU, TO THJIPOJIN3 IPOTEKAET CTYIICHYATO U MIPEUMYIIIECTBEHHO 110
MEepBOM CTaauMu.

Na2COj3 + H20 <> NaHCO3 + NaOH
COs% + H20 <> HCOs® + OH
AICl3 + H20 < AIOHCI + HCI
AP* + H,0 > AIOH> + H*

Bonpochb! 1 3a1a4u JIsi CAaMOCTOATEIbLHOI0 KoHTpos [1,2]:

Heo6xoaumeie asist pacu€ToB CIIpaBOYHBIC JaHHBIC B3STh B TaOIHIIE.

1. Paccuuraiite pH 0,02 M pactsopa CH3COOH.

2. Beruucnute crenens aucconuanuu 1 pH 0,001 M pactBopa HCN.

3. Kakuie U3 TaHHBIX peakilnii MpoTeKaroT B pactBope HeoOpatumo? 1) KoSO3 + HCI = ...2)
Na2CO3 + H2SO4 = ...3) K2SO4 + NaCl = ...4) KCN + HNO3 = ..

4. Paccunraiite pH 0,001 M pactBopa Ba(OH)z.

5. Onpegnenure MosipHyro KoHUeHTpamuto pactBopa KOH, eciu pH pactBopa pasen 10.

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

7. Onpenenure MOJISIpHYIO KOHIIeHTparuio pactBopa HNO2, ecnu pH pactBopa pasen 4

8. Kakue u3 qaHHBIX peakiinii mpoTekaioT B pactBope HeoOpaTumo? 1) Ba(NOsz)2+ HoSO4= ...
2) Ba(NOs3)2+ NaCl = .. 3) Al(NO3)3 + KOH =...4) KOH + HCIO4 = ...

9. Onpenenure MOJISIpHYIO KOHIIeHTpanuto pactBopa Sr(OH)2, ecnu pH pactBopa pasen 11.
10. PaccuuTaiite pH u pOH 0,0001 M pactBopa H2COg3, yunTbIBasi TOJBKO IEPBYIO CTYIIEHb
JUCCOLIMAIINY.

11. Onpenenure MonspHyto KoHUEHTpauuto pactsopa H2S, eciin pOH pacTBopa paseH 9.
Y4uThIBalTE TOJIBKO MEPBYIO CTYNEHb TUCCOIMALINN KUCIOTBHI.

12. Ompenenute pH pactBopos cosneii (NH4)2CO3 u KoS

13. Onpenenute pH pactBopoB coireit NH4Cl; n AlpSa.

14. Kakas u3 nByx coneit B Oonbiieit crenenu noasepraercs ruaponu3y: Na2COs unn NaxSOg;
FeCls unu FeClp?

15. Beraucnute pH 0,0001 M pactBopa Na,COs. YuuTsiBaiiTe TOIBKO MEPBYIO CTYTICHD
TUAPOJIN3A.

16.Paccunrats pH pactopa 0,1 M anerara Hatpus u 0,1M yKCyCHOH KHCIOTHI.

17. Paccuntats pH pactBopa 0,01 M runpokcuna ammonus u 0,1 M xnopuia aMMOHUS.

18. Paccumrats pH pactBopa 0,1 M dopmuara varpus u 0,01 M MmypaBbHHOM KUCITOTHI.
19.Paccuutate pH pactBopa 0,01 M anerara kanust u 0,1 M yKCyCHO# KHCIIOTBHI.

20. Paccuurats pH pactBopa 0,1 M runpokcuna ammonus u 0,001 M xsopuia aMMOHUS.
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7 OKHMCIANTETILHO-BOCCTAHOBUTEIbHbIE PEAKINHU

Bce peakiiuu MOXXKHO pa3feiuTh Ha JiBa THIA: IPOTEKAIOLIUE C U3MEHEHNUE CTEIICHU
OKHCJIEHHS B3aUMOJICHCTBYIOIMX aTOMOB — OKHUCIIUTEIbHO-BOCCTAHOBUTEIIbHBIE,
npoTekaromue 0e3 U3MEHEHUS CTETICHH OKUCIICHUS.

CreneHb OKHCJIEHUS] — 3TO YCIOBHBIM 3aps aTOMOB B MOJIEKYJIE HJIU CJIOKHOM HOHE,
BBIYUCIICHHBIN UCXOs U3 MPEAIOI0KEHUS, YTO MOJIEKYJIa COCTOUT TOJIBKO U3 HOHOB, IPUYEM
CyMMa CTENeHeW OKHCICHHS BCEX aTOMOB B MOJICKYJIE paBHA HYJIIO, a B CIIA0OM — 3apsIy 3TOTO
HOHA.

I"oBOps O CTENEHN OKUCIIEHUS B YCIIOBHOM NOPSAJIKE, 3HAK 3apsa CTAaBUTCS Iepes
U dpoii; roBops o 3apsae MoHa (peaabHbIN PU3NUECKON BEIMYMHE) 3HAK CTABUTCS 110CIIe
UQPEI.

IIpaBuia onpenesieHNsl CTeNeHN OKUCICHUS:

1. CteneHn oKMCIEHUS aTOMOB B IPOCTHIX BEIIECTBaX (METall, BOAOPOJ, KUCIOPO/) PaBHBI
HYJIIO.

2. CrerneHb OKUCIIEHUS BOAOPOJAa B COEAMHEHUSX Beerza +1, 3a UCKIIIoUeHneM OMHAapHBIX
coequaenunit ¢ metayutamu( ruapuasl: NaH, CaHz), B KoTopbIX y BOJOpO/a CTENEHb OKUCIICHHS -
1.

3. CreneHp OKHMCIIEHUS KUCIOPOJa B COEAMHEHUAX BCETA -2, 32 UCKIFOYEHUEM NIEPEKUCH
BostopoJia u ee coiielt (Naz202), B KOTOPBIX CTENIEHb OKUCIICHUS KUCIOPOia CTAaHOBUTCS -1 , a
TaK)Ke COEJMHEHHE CO TOPOM, B KOTOPBIX Y KUCIOPO/Ia MOJIOKUTENIbHAs CTENIEHb OKUCICHUS (B
motekyiie OF2cTeneHh OKHCIIEHUST KUCIIOPOia paBHa +2).

4. ¥V meramnos rpynn 1A u 2A, alntOMUHMS, IUHKA, KaMUS CTEIIEHb OKUCIIEHUS PaBHA HOMEPY

T'pYyHIIbI, B KOTOpBIﬁ CTOMUT JaHHBIN METaIlI.

BoccTaHoBneHue i 1 Okucnerue
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Pucynok 7.1 — Cxema 3JIeKTPOIMTHYECKON STUCHKU
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[To OTKJIOHEHHIO CTPENIKU raJibBAHOMETPA MOKHO CYAUTH O HATMYMH BHEITHEH 11enu
AIIEKTPUUYECKOTO TOKA.

DJIeKTPOHBI OT HOAU-HOHOB TlepexosT k Fe®*
21 -2e—l> 1
Fe** +e— Fe?* |2
2FeCls + 2Kl — I + 2FeCl +2KCl

Yepes HEKOTOpOE BpeMsi 00Hapyx M, 4To B pactBope ¢ Kl, obpasyercs |2, koTopsrii
JIETKO OTpPEAENUTh IO CHHEMY OKPAIlIEHHOMY pacTBOPY MpHU A00aBICHUH Kpaxmara.

B pactBope ¢ FeClzo6pasyercs Fe?*, koTopsIii 1erko 0GHapyKHUTh 110 00Pa30BAHUIO
CHHEro ocajika rpu jobasienuu pactBopa kpacHoit comu Ko[Fe(CN)e].

BemectBa (aTOMBI, MOJIEKYJIBI, HOHBI), KOTOPBIE OTAAIOT AJIEKTPOHBI, HA3BIBAIOTCS
BoccTtaHoBuTesiMu.[Ipoiiecc oTaun IMEKTPOHOB — OKHMCJIEHHeE.
BemiectBa (aToOMbl, MOJEKYIIbI, HOHBI), KOTOPbIE MPUHUMAIOT 3JIEKTPOHBI, HA3bIBAIOTCS
okucaurteasimu.llponecc npucoeAMHEHUS JIEKTPOHOB — BOCCTAHOBJIEHUE.
B namem npumMepe, HoHs! | - BoccTaHOBHTENH, KaTHOHBI F€** - okucnuTeny.
[Tpu nporekanuu OBP nomxen cobmonatecs 6amaHc 3apsjia, YACIO OTJAHHBIX U MPUHATHIX
JOJIKHO OBITH PAaBHO, HA 3TOM OCHOBaH 1oa00p kKodgduimeHToB B ypaBHeHusx OBP.

Hcnone3ytor 2 MeToja:

3) DneKTpOoHHBIH OanaHC
4) DneKTPOHHO-UOHHBIA METOJT (METO/I MOTYPEAKIIHiA).

ANTopUTM METOZA EKTPOHHOTO OanaHca:
1) OnpenensieM aTOMBI, HI3MEHHUBIIIHE CBOIO CTENICHh OKUCIICHHSI B XOZI€ PEAKIIHH.
2) CocraBiisieM cXeMy Tiepexo/ia JIEKTPOHOB ISl BOCCTAHOBUTEIISI U OKUCITUTEIS.
3) Haxoaum HanMeHbIiee 0011ee KpaTHOE MEXKY YMCIIOM MPUHSATHIX M OTAAHHBIX JIEKTPOHOB.
4) Pa3nenuB moly4yeHHOE YHCIIO Ha KOJIMUYECTBO OTAAHHBIX JIEKTPOHOB, HAXOAUM KO3 hUleHT
K BOCCTAaHOBHUTEITIO, PA3JICIIUB HAa YMCIIO IPUHATHIX SJIEKTPOHOB.
5) [lepenocum nosydeHHbIe KOADPHUITUEHTHI B YPABHEHUH PEAKIIMH K BOCCTAHOBUTENIO U
OKHCITUTEIIO0, UX MPOTYKTOB.
6) Koo durmeHTs! ocTanbHBIM YYaCTHHKOM PEAKIIMU HAXOJAUM Ha OCHOBAHUHU MATEPHAIIEHOTO
OanaHca — YUCIIO AJIEKTPOHOB B JICBOW M NMPABOM YACTSIX YPaBHEHUS HE JOJDKHO OBITH paBHO.
7) OxkoHuaTenpHas MpoBepKa MpaBmiIbHOCTH K03 duiinentoB B OBP ocymiecTBisiercs Ha
OCHOBAHMHU MaTepHAILHOro OanaHca 1o KUCIOpOy.
2KMnOg4 + 16 HCIl — 2MnCl2 + 2KCI + 5Cl21 + 8H20
Mn*” + 5e" — Mn*?| 5 2
2CIt-2e—cCrt |2/10 | 5
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8Fe® + 30HNOs(—8Fe( NOs)s + 3NHsNOs + 9H,0
Fe?-3e? — Fe*? | 3 8
N*> +8¢"— N3 8 (24| 3

B OBP moxeT npuxoauThcsi Ha 1 BOCCTAaHOBHUTENb 2 OKHCIUTENS, JIMOO HA | OKUCHHUTENh- 2
BOCCTAHOBUTEISL.

4FeS; + 110,— 2Fe>03 + 8S02

Fe*? - e— Fe*® 11 4
2571 -10e” — 28™
0 +4e— 2024 | 4 44 |11

Knaccugpukayus OBP

Bce OBP M0OxHO pa3nenuTh Ha TpU THUIA:

1. MexXMoneKyasipHOe — OKHCIIUTEIN U BOCCTAHOBUTENU COJIEPIKATCS B MOJIEKYJIaX Pa3HbIX
BCIIICCTB.

2FeCl; + Clo— 2FeCls

2. BHyTpuMonekynsipHas — aTOMbl OKUCIIUTENS] U BOCCTAHOBUTEISI COAECPKATCS B MOJIEKYJTIE
OJIHOTO M TOTO K€ BEIIECTBA.

(NH4)2Cr207— Cr203+N2 + 4H20

3. JIucrponopimoHUpOBaHNE — aTOMBI OJTHOTO M TOTO K€ JIEMEHTA, COJICpIKAIINeCs B OJTHOM
BEIIECTBE OJJHOBPEMEHHO MOBBIIIAIOT U MOHIKAIOT CBOIO CTETIEHb OKUCIICHUS.
N-3H4N*°03+ 02— N*,07? + 2H,0

N-3HsN*303+ 0,—N% +2H,0

4KCI*0; — 3KCIT04 + KCI?

JUJIs 5JIEeMEHTOR TJIaBHBIX TIOJIPYIIIT BBICIIAS CTENIEHh OKUCIICHUS, KaK ITPABUIIO, paBHA
HOMEpY IPYIIBI, B KOTOPOM CTOSIT JAHHBIC DJIEMEHTHI.

H28+604 _ S+6
HCI*Os4 - CI*

Hwusmas cTeneHb OKUCICHHS paBHA Pa3HOCTH MEKIY BOCEMbIO 1 HOMEPOM TPYIIITBICO
3naxoM «vuHyc» (NH3-N3; HyS-S72)

Ecnu aToMbI 21eMEHTOB B KAKOM-TTHOO COSTUHEHUH HaXOUTCS B POMEKYTOYHON
CTCTICHH OKHCJICHHSI, MEX Ty HU3IIIMMH U BBICIIUMH, TO B 3aBHCHMOCTH OT YCIIOBHH PEaKITUN
JTaHHBIC BENIECTBA MOTYT MPOSBIIATH KaK OKUCIIUTEIIBHBIE, TAK H BOCCTAHOBUTEIHHBIC CBOMCTBA.
S*0z + H202 — H25"%04

S*~BOCCTaHOBHTEID
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2K2S? + K2S™03+ 6 HCl— 3S| +6KCI +3H20
S?2-2e—8° 2 2

S*+4e S 4 | 4 1

S* — okucnurens

CreneHb OKHCICHUS MOTI'YT UMCTb HPOGHBIC 3HAYCHUA:
8 1
FesOs — Fe (+§); NaO; -0 (-E)
IlepMaHraHaToMeTpus

CyIHOCTh METO/Ia 3aKJTFOYACTCS B ONPEACTICHUU BOCCTAHOBUTEIIEH B pa3IMIHBIX
cpenax o 3atpadyeHHOMY 00beMy pactBopa KMNnO4 1o u3BecTHOM KOHIIEHTpauu. TutpoBanue
naHHble TpoObl pactBopoM KMNnO4BeayT 110 MosiBIIEHUS] YCTOHYMBO# pO30BOii Okpacku. Pacuer
COJICpKaHUsI OKHCIUTEIICH B PaCTBOPE 110 3aKOHY SKBHBAJICHTOB.
10Fe*?S04 + 2KMn*'04 + 8H2S0s— 5Fe*™3(S04)s + 2MNn*2S04 + K2SO4 + 8H20
2Fe*?-2e” — 2Fe*?| 2 5
Mn*"+5¢—Mn'2 | 5 | 10| 2

Cre * VFe = Cmn* Vin

Cre=——2
Vre

ﬁOHOMeTpnﬂ

[Tpumensiercs nist aHanu3a (OMpeeIeHNH 0OCTaTOYHOTO XJIopa pH 00e33apakKuBaHUU
MUTHEBOU BOJIBI, OIIPEIeNIeHNEe KOHIIEHTPAIlMK PaCTBOPOB MEPEKUCH BOJIOpoa). MeToa OCHOBaH
Ha 00pa30BaHKE MOJIEKYJISIPHOTO XJIOpa B peaklUiX HOJUA-UOHA ¢ OKucauTeasimu. C
MOCTEAYIOLUM TUTPOBAHHEM 00pa30BaBIIETOCs 0/1a pacTBOPOM THOCYIb(haTa HATpHUs
M3BECTHOM KOHUEHTpAMK. [1ocie THTpoBaHUs ONPEENIOT M0 UCYE3HOBEHUIO CUHEN OKPacKu
pacTBopa, KOTOPYIO BhI3bIBAET Kpaxmall (MHIUKATOP) B IPUCYTCTBUH 2.
2KI't + H,0L + HoSOs — 10 + KoSO4 + 2H,072
210-2e -1 2 1
201+ 2e" -»207? | 2 2 1

I2 + Na2S203 — 2Nal + Na»S40¢ (TeTpaTron HaTpus)

Bonpocs! u 3aga4n 1J1si CaMOCTOATEIbLHOTO KOHTpOJIs [1,2]:
1. Onpenenute CTeNeHb OKUCIICHUSI MapraHiia B coequHeHusx: 1) Mn; 2) MnO; 3) KMnOg; 4)
KoMnOa.

2. Onpenaenure CTENeHb OKUCIEHUs cephl B coeauuenusx: 1) S; 2) SO2; 3) H2SOg3; 4) AlzSa.
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3. Onpenenure cTeneHb OKUCIeHUs xpoma B coeauaenusx: 1) Cr; 2) Cr203; 3) K2Cr207; 4)
K2CrOa.
4. YxaxuTe BeIecTBa, KOTOPbIe MOTYT IPOSIBIATH TOJIbKO OKHcIuTenbHbIe cBoiicTBa: 1) KClO4;
2) H2S; 3) PbO2; 4) K2Cr20:.
5. YkaxuTe BeIecTBa, KOTOPbIE MOTYT MPOSIBIISATH TOJIBKO BOCCTAHOBUTENbHBIE cBOCTBA: 1) Fe;
2) H2S; 3) HNO2; 4) K2Cr20:.
6. Ykaxxute HOMepa BelIeCTB, 00JaJat0lUX OKUCIUTEIbHO-BOCCTAHOBUTEIHHOM
nBoiictBeHHOCTRIO: 1) PbO2; 2) HNO2; 3) AlLS3; 4) S.
7. YKaxuTe peakiuuu, Ipu MPOTEKAaHUH KOTOPBIX a30T MPOSIBIISIET OKUCINTEIbHbBIE CBOMCTBA: 1)
4NH3 + 302 = 6H20 + N2; 2) As203 + 2HNO3 + H20 = 2H3As04 + 2NO; 3) Br2 + HNO2 + H20
= HNOs + 2HBr; 4) 3PbS+ 8HNO3 = 3S + 2NO + 3Pb(NO3), + 4H0.
8. YKaxuTe peakiyu, Ipu MPOTEKaHHH KOTOPBIX a30T MPOSBISIET BOCCTAHOBUTEIBHBIEC CBOIMCTBA!
1) 4NH3 + 302 = 6H20 + N2; 2) As203 + 2HNO3 + H20 = 2H3AsO04 + 2NO; 3) Br2 + HNO: +
H20 = HNO3s + 2HBr; 4) 3PbS + 8HNO3 = 3S + 2NO + 3Pb(NO3)2 + 4H20.
9. OnpesenuTe CTENeHb OKUCIEHNS 21eMeHToB B noHax: 1)Al0" ; 2) PO4>'3) SOs% ; 4)S04*
10. Kakue 3 npuBeICHHBIX HUKE PEaKIMi SBIISIOTCS OKHCIUTEIFHO-BOCCTAHOBUTEIbHBIMU: 1)
Hz + Brz = 2HBr; 2) Zn + SnCl2 = ZnCl; + Sn; 3) H2SO4 + Ba(OH)2 = BaSO4 + 2H20; 4) NHz +
HCI = NH4Cl.
11. B kakux peakiusx KUCIOPO BBIMONHACT poiib BocctaHoButens? 1) H202 + HIO3 = 1, + H20
+ O2; 2) AgNO3 —Ag + NO2 + 02; 3) Mg + O2 = MgO; 4) Ag + H2S + Oz = H20 + AgeS.
12. B kakuXx peakuusix KHCIopo BeimonHseT poib okucaurens? 1) H2Oz + HIOs = Iz + H20 +
O2; 2) AgNO3 —Ag + NO2 + O2; 3) Mg + O2 = MgO; 4) Ag + H2S + Oz = H20 + AgeS.
13. Kakuie n3 OKHCIUTETHHO-BOCCTAHOBUTEILHBIX PEAKIINIA SBISIFOTCS PEAKIUIMHU
BHYTpHUMOJIEKYJsIpHOTO okucieHus-BoccTanoBieHus? 1) (NH4)2Cr.07 — N2 + Cr203 + H20;
2) KCIO3 — KCI + Og; 3) Ag + H2S + O2 = H20 + Ag2S; 4) H2 + Bra = 2HBr.
14. Kakue u3 peakumii sIBISIIOTCA PEaKIUsIMU MEXMOJIEKYIIPHOTO OKUCIIEHUSA-BOCCTAHOBICHUS?
1) (NH4)2Cr207 — N2+ Cr203 + H20; 2) KCIO3 — KCl1 + Oy;
3) Ag + H2S + 02 = H20 + AgeS; 4) Hz + Brz = 2HBr.
15. Kakue u3 peakuuii siBISIOTCS peaKUsIMH JUCTIPOIIOPIIMOHUPOBAHUSA?
1) 4H3PO3 = 3 H3PO4 + PHg; 2) 312 + 6KOH = K103 + 5KI + 3H20 3) Mg + O, = MgO;
4) Ag + HoS + 02 = H20 + AQ»S.
16. YkaxxuTe MOHBI, KOTOPBIE MOT'YT BBICTYIATh B POJIM BOCCTAHOBUTEINEH B OKUCIUTEIIBHO-
BOCCTaHOBHTENBHBIX peakumsx: 1) Ag®; 2) Al*®; 3) CI; 4) Br-.
17. Kakuie 13 HOHOB MOTYT OBITh M OKHCIUTEIAMH, U BoccTaHoBuTeasMu? 1)MnO4™ ; 2)NO3” ;
2)S04%; 3)S0z*

117



18. Kakoit k03 HUIMEHT JOJDKEH CTOSTh TIEPe MOJICKYJION aMMUaKka B ypaBHCHUH

NH3 + O2 = H20 + Ny?

19. Kakoit k03 PumueHT J0KEeH CTOSTh Mepel MOJISKYJION a30THON KUCIIOThI B YpaBHEHUN
As;03 + HNO3 + H20 = H3AsO4 + NO?

20. Kakoit ko3 (HUIHEHT T0JDKEH CTOSATh Nepea MaruueM B ypaBHeHnn Mg + HNO3 =

Mg(NO3z)2 + N20O + H20?

Mertoauueckue PEKOMCHAAIN COCTaBUIIN:

B.A. KonoaskHblif — AOLIEHT OTACICHUS] OMOTEXHOJIOTUM, KAaHAUIAT XUMHUYECKUX HaYK;

O.A. AHaHbeBa — JIOIICHT OT/EJICHHS OMOTEXHOIOTUH, KAaHAUIAT XUMUYECKUX HayK.

Penensenr:

T.E. Hapnqua - JOLCHT OTACICHUSA 6I/IOTeXHOJ'IOl"I/II71, KaHaAnaaT XUMHYCCKUX HAYK, JOIICHT.
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MUHUCTEPCTBO HAVKHU U BBICIIETO OBPA3SOBAHUSA POCCUNMCKOU ®EJEPAIINU
®EJEPAJIBHOE F'OCYIAPCTBEHHOE ABTOHOMHOE OBPA30BATEJILHOE VYPEXJEHUE BBICIIETO OBPA3OBAHUS

«HanvuoHanpHBH HCCIENOBATENbCKUN ssHepHBH yHUBepcurter « MUDOU »

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 coseta UATO HUAY MUOU
[IpoTokon ot 24.04.2023 Ne 23 .4

METOANYECKHUE PEKOMEHJIAIINN
10 OPraHU3ANUU CAMOCTOSATEILHOU PadOTHI
J1JIS1 BHITIOJIHEHHSI JIAOOPATOPHBIX PadoT

XumMus

HazeaHue Oucuunﬂqul

JJI1 HaIIpaBJICHUS ITOATOTOBKH

22.03.01 MartepuaJioBeJleHiEe U TEXHOJIOTUH MATEPUAJIOB

Hlughp, nassanue cneyuanbHocmu/HanpasieHus no020MmoeKu

oOpa3oBarenbpHas mporpamma

MarepuaJjibl GOTOHUKH

Hlugp, nassanue cneyuanrusayuu/npopuis

dopma oOydeHUs: OUHAas
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Kypc «Xumun» conpoBokIaeTcsi MNPaKTUYECKUMHU JTAOOPATOPHBIMU  3aHATHIMH,

OCHOBHAsl 1I€JIb KOTOPBIX 3aKpPEIUICHUE TEOPETUYECKUX 3HAHUM, a TakkKe I[OJIyYeHue
NPAaKTUYECKUX HABBIKOB IPHU BBIMOJHEHUH JTa0OpaTOPHBIX paboT (0OpalieHnu ¢ XUMHUYECKUMU
BellecTBaMM, MpubopaMu U XUMUYECKOW ammapaTypoii). Opranuzanust 1a00paTOpHBIX padoT
NPOBOAMUTCS TaKUM 00pa3oM, YTOOBI CTYIEHThl HAYYMJIUCh CaMOCTOSITENIbHO pelaTh
IIOCTABJICHHBIE  33Jaud  IyTEM I[POBEACHUS  HOKCIEPUMEHTAJIbHBIX  HCCIEJOBaHUM U
KBAJTM(PHUIUPOBAHHON 00paObOTKOM MOTyYEHHBIX PE3yJIbTaTOB.
Kypce BBITIOJTHEHUS 1a00paTOPHBIX pabor HA4YMHAETCS 3aHATHEM 1o
O3HAKOMJICHHIO C TeXHHMKOW Oe3omacHocTd. Heobxomumoe [uisi BBINOJIHEHHS 3aJaHUS
00opyoBaHue BbIAET JabopaHT. TeKyluii KOHTPOJIb Ha Ja00OPaTOPHBIX paboTax MPOBOAUTCS B
BUJIE YCTHBIX OIPOCOB, MO HMTOraMm J1abOpaTOpPHBIX paboT odopmisieTcss MUCbMEHHas padbora
(otuer). OuenuBaercs xona Ja0OpaTOPHBIX pPabOT, IOCTUTHYTHIE Pe3yibTaThl, O(OopMIICHUE
cornacHo 'OCT, cBOeBpeMEHHOCTh CpOKa CIIAuH.

I[Ipu  npoxoxneHuun  1a0OPaTOPHOTO  NPAKTHUKYMa  CTYAEHTaM  IpeaJiaraercs
pabotarh B MajbIX Tpynmnax: ydeOHas rpymnmna pa30uBaeTcs Ha HECKOJIbKO HEOOJIBIINX
rpynn — no 2-3 uenoBeka. Kaxpmas rpyrmia BBIIONHAET 3ajJaHue (1a00paTOpHbIE OIBITHI) U3
1abopaTopHOTO MPaKTUKyMa. [Tpouecc BBITIOJTHEHUS 1a00paTOPHBIX OTIBITOB
OCYIIECTBIISIETCS. HAa OCHOBE OOMEHa MHEHUH U BbIOOpa ONTHUMAIBHOTO IYTH pELICHUS.
Ha  ocHOoBaHMM  MONy4YEeHHBIX  JaHHBIX 1O  BCEM  ONBITAaM  KaXAbId  CTYAEHT
3aloJIHAeT CBOM  JIaOOpaTOpHBIM  KypHaJ, TJleé 3amUChIBAeT  pe3yJbTaThl  ONBITOB,
HaOJIOZICHUs, COCTAaBJIIET YpPAaBHEHMS peakluil XMMHUYECKHX MPOIECCOB, €CIH HYXHO
IPOU3BOJUT  COOTBETCTBYIOIIME  pacuyeTbl W pe3ylbTaThl  MPEACTaBIsSeT B  BUJE
rpaduueckoil 3aBUCUMOCTH.

Ha coOecenoBanun ¢ mpernojaBaTesieM CTYAGHT TpeAcTaBiseT O(OpMIEHHBIN
OTYET MO JaHHON JsabopaTopHOi paboTe W OTBEYaeT Ha BOIPOCHl IPENoAaBaTes,
CBA3aHHBIE C METOJMKOW paboThl, pe3ynbTataMu U BbIBoAaMu. [lo psgy pabor
IpelycMaTpUBAETCs IPUMEHEHNE METO/1A «3aIUThI».

I'pynnoBas pabora B XUMHUYECKOW JabOpaTOpUM CTUMYJIHMPYET COIJIACOBaHHOE
B3aMMOJEICTBHE MEXAY CTYACHTaMH, OTHOLUEHUS B3aUMHOM  OTBETCTBEHHOCTH U
corpynHudectsa. Ilpu QopmupoBaHum Trpynm y4duTHIBAaeTCsl JBa IpPU3HaKa: CTEMEHb
XUMHUYECKON MOJATOTOBJIIEHHOCTH CTYJECHTOB u Xapaktep MEXJIMYHOCTHBIX
OTHOWIEHWH. B psne ciaydaeB cTyaeHTaM camMMM IpeajaraetT pa3OuThCsl Ha TPYIIIBL,
COCTaB KOTOPBIX BIIOCJIEACTBUM MOYKET KOPPEKTUpPOBAaThCS JJIs TOBBIIIEHUS KauecTBa

paboTHI.
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B nmabGopatopHOM  mpakTUKyM€  MpPH  BBIIOJHEHUM  OTHCJIBHBIX  OIBITOB
UCTOJNB3YeTCsT  METOJ  NHpoOJeMHOro  OoOydeHHs: CTYyAEHT TIOJydaeT 3aJaHue  Ha
XUMHUYECKHHA TPOIECC, METOIUKY KOTOPOrO0 OH JOJDKCH IM0J00paTh CaMOCTOSTENHHO,
00CyIUTh €€ ¢ MpernojaBaTesieM U 3aTeM MPUCTYIIUTD K €r0 BBIIOJIHEHHIO.

I'paduk nabopaTopubix padot npuseneH B PI1J] k nucuurmne.

Bomnpocsl k 3amuTamM J1adopaToOpHBIX padoT:

OcHOBHBIE KJIaCChl HEOPTAHUYECKUX BEILECTB!
1. Oxcuzpl — onpenenenue, kiaaccupukanus, Nojay4yeHue, XMMIUUecKue CBOICTBA.
O0s3aTenbHO MTPUBOIUTH TPUMEPHI.
2. Kucnotsl — onpenenenue, knaccudukanus, morydeHIe, XMMUIeCKAE CBOHCTBA.
O06s3arenbHO NPUBOIUTH IPUMEPBI.
3. OcHoBaHMs — onpeeneHue, Kiaaccupukarys, Nojay4eHne, XMMIUUeCKUe CBOICTBA.
O0s13aTEIIbHO NPUBOAUTD TPUMEPHI.
4. Counn — onpenienenue, kiaccuukanus, MorydeHre, XUMUIeCKAE CBOUCTBA.
O06s3arenbHO NPUBOIUTH IPUMEPBI.
S. OdopmiieHne oTyeTa U COCTABICHHE BBIBOJIOB.

XuMH4YecKasi KHHETHKA!
1. Ompenenenuie CKOPOCTU XUMUYECKOUN peaKIny.

['oMoOreHHBIE U TETEPOreHHBIE PEAKIIUH.

ITpocThie U CIIOKHBIE PEAKIINH.

3aBUCHUMOCTb CKOPOCTH XMMHUYECKON PEAKIIMH OT TEMIIEPATYPHI.

[TpaBuiio Bant-I'odda. Temneparypublit ko3ppuirieHT.

VYpaBHeHnne Appenuyca. DHEprus akTUBALUU. AKTUBUPOBAHHBIN KOMILIEKC.

SHGPFGTI/I“ICCKaH AuarpaMma XHUMHYECKON pcaKkuuu.

© N o g K~ N

Karanuz. Katanuzarop. Mexanusm kaTanusa.
9. OdopmiieHue oTUETa U COCTABIICHHE BBHIBOJIOB.

OO0BEMHBII XUMHUYECKUHA aHAINS:

1. MaccoBas 105151, MOJIsIpHasi KOHLIEHTpAIHsI.
2. Pemienue 3agad Ha pacueT MaccOBOM J0JIM, MOJIIPHON KOHILEHTPAIUU PAaCTBOPOB.
3. Pazb6aBnenne pactBopoB. Pemenne 3aqad.

Bonoponnslii moka3arens:

1. DAEKTPOIUT. DACKTPOIUTUYECKAS TUCCOLIMALIUS.

2 CnaOble U cuJIbHBIE 31EKTPOIUTHI. [IprmMepsl.

3. CreneHb ¥ KOHCTAHTA JUCCOIMALINY.

4 Juccoumanus KucioT, OCHOBaHUM, conei. [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 oTYETa U COCTABIICHHE BBIBOJIOB.

Peakuuu nonHoro ooOmena:

1. Hanucanue peakuuii HOHHOTO OOMEHa.
2. Pemenue 3anayd Ha I[1P 1 pacTBOPpUMOCTb.
3. Odopmienne oT4eTa U COCTaBICHHUE BHIBOJIOB.

I'mpponus coseii:

1. YMeTh nucaTth YpaBHEHHs TUAPOIN3a PA3INYHBIX COJICH.
2. PaccuutsiBath pH pacTBOpOB coueil.

3. [Tucate ypaBHEHUS THAPOIN3a MHOITOOCHOBHBIX COJIEH.
4, Odopmienue oTuera U COCTaBICHUE BHIBOJIOB.

OKHCIUTEIIBEHO- BOCCTAHOBUTEIBHBIC pCaKkuuun:

1. Kakue peakuuy Ha3pIBalOTCS OKHCIUTEILHO-BOCCTAHOBUTEIbHBIMHU.
2. Oxucnurenb, BOCCTAHOBUTEIb.
3. YMeTh paccTaBisITh KO3()PUIMEHTH METOI0M HOHHO-3JIEKTPOHHOT0 OajaHca.

YMeTh paccuuThIBaTh 3/ U u3MeHeHue ['nboca.
4. OdopmiieHne oTueTa U COCTaBJI€HHE BBIBOJIOB.

XuMu4decKas TCPMOANHAMHKA

1. TepmoanHamuueckas cuctema. THUIbI CUCTEM.
2. TepMoanHaMuueckue napameTpbl, yHKIUU. OYHKIIMHM COCTOSHUS
3. Tepmoaunamudeckuii mporecc. OOpaTUMbIi, HeOOpPATUMBIN TpoLIECC.

PaBHOBeCHBIN, HEpaBHOBECHBIN ITporecc. CaMONpON3BOJIBHBIN MPOLIECC.

4 BHyTpeHnHs4 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 XMMUYECKUX PEaKIuil.

10.  OdopmiieHre oTYETa U COCTABIICHUE BBIBOJIOB.

OCHOBBI PTIEKTPOXUMHUH
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1.2nektpon. [IBoitHOM snekTpuueckuid ciioi. CTaHIapTHBIE SJIEKTPOIHbIC MOTEHIUAIIBI.

CrangapTHBIN BOJOPOIHBIN TOTEHLIUAI.

2. TanbBanmyeckue n3yeMeHThl. JnemeHT Janudnsa-Axoou. KoHueHTpanmoHHbIE

rajbBaHUYECKHUE DIIEMEHTHI.

3. Pacuetr OJIC u A G raibBaHMYECKHX DJICMEHTOB.

4. OopmiieHue oT4eTa U COCTABIICHUE BHIBOIOB.
KomMruiekcHble coeTuHEeHUs

1. CTpoeHne KOMIUIEKCHBIX coennHeHni. Kitaccudukamnus KOMIIEKCHBIX COSAMHEHU.

2. XuMuuecKas CBSI3b B KOMIUJIEKCHBIX COCTUHECHUSIX.

3. HowmenknaTypa KOMIUIEKCHBIX COCIMHEHUM.

4. Jluccoumarusi KOMIUIEKCHBIX COSIUHEHUH.

5. Pemenwne 3agau.

4. OdopmieHHe OTYETa U COCTABIICHUE BHIBOJIOB.
KomnonHaeie pacTBOpsI

1. Kaxkue cuctembl Ha3bIBAIOTCS JUCTIEPCHBIMH.

2.  Knaccudukarus qUCIEPCHBIX CHCTEM.

3. Komnmounnsie pactBopsl. [lonyuenue, onTudeckue v 31eKTPOKUHETUIECKHE

CBOICTBA.

4.  CrpoeHHe MULIEIIBI.

5. YcToWumBOCTH qUCHEepCHBIX cucteM. Koarynsims.

6. IIpaBuia KoarysmsIuH.

7.  OdopmieHre 0T4eTa U COCTABICHUE BHIBOJIOB.
Kputepun ouennBanus pe3yjibTaToB:
K BbImonmHeHUIo nabopaTopHON padOTHl TOMYCKAIOTCS CTYIEHTHI, 3HAIOIINE MPaBHUIa TEXHUKU
0€30MacHOCTH U pa300paBIINe METOIUKY MPOBEACHUS OMBITOB. 3alUTHI JAOOPATOPHOU PabOTHI
MPOBOJIUTCS TPU HAIWYUU OTYeTa (C KPATKUM OIMMCAHUEM METOJUKH TPOBEICHHS OIBITOB,
YpaBHEHUSMH PEAKIINi, HAOTIOIEHUSIMH, BBIBOJIAMH ).
[Tpuem nabGopaTopHbIX paboT- cobeceqoBaHue, MPEeIyCMATPUBAIOIIEE CAMOCTOSTENILHBIN OTBET
CTyJIeHTa B CBOOOAHOW ¢opMe Ha MOCTaBICHHbIE BOMPOCHL. B KadecTBe BOMPOCOB MOTYT
WCIIOJIB30BAaThCS  BOTMPOCHI, BXOMSAIIME, Kak B IUIaH JICKIMOHHBIX 3aHATHH, Tak H
chopMynupoBaHHBIE TMpENOAABaTEIeM JIOMOJHHUTEIBHO B COOTBETCTBUHM C TEMaTUKOU
1ab0paTOpHBIX paboT W/ UK TeMaMHU, TPETyCMOTPEHHBIMH JIJIS1 CAMOCTOATEILHOTO U3YUCHHUS.
Bpewmst npuema naboparopHoii pabotel — He 6osiee 10 MuH Ha paboTy.

B) OmnrcaHue NIKajbl OIICHUBAHUS:
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Cymma GamtoB 3a Bce yrabopatopHbie padoTel — 30 OamnoB (OIEHHMBAETCS: JOIMYCK K padoTe,
BBINOJIHEHHE Pa0OTHI, B TOM YHKCIIE COCTABICHUE OTUYETA, 3aIIUTa PaOOTHI).

bamn 30 — ecnu cTyzneHT cMOT NMPOJEMOHCTPUPOBATh TIIyOOKOE M MPOYHOE YCBOCHHE 3HAHUM
IPOrpaMMHOTO MaTepuaa, MOXKeT paboTaTh CaMOCTOSATEIIHHO;

bamn 24-29 - npoaeMOHCTPUPOBATH TOCTATOYHO MOJIHOE 3HAHHE MPOTPAMMHOTO MaTepHana, pH
BBINOJIHEHHUE MTPAKTUYECKHX 33/1a4 He00X0ArMa HeOObIasi KOHCYIbTAIHS;

bann 18- 24 nponemoHcTpupoBaTh 00lee 3HAHHE M3y4aeMOro Marepuaia, IpU BBITOJIHEHUH

MMPAKTUYCCKUX 3a1a4 Tpe6yeT OCHOBATCJIBHBIX KOHCYJ'II)TaI_[I/Iﬁ H 0053aTEILHOrO IIpucMoTpa.

OO0mume TpeGOBaHUS 110 TEXHUKE 0€30MACHOCTH
1.1 Hacrosimue TpeboBaHus 00s13aTEIbHBI 1J1s1 UCTIOJIHEHHS B XUMHUYECKOH J1abopaTopuH.
1.2 K pabote B 1abopaTopuu IOMYCKAIOTCS YYaIUecs, MPOIIEAIINE HHCTPYKTAX M0 TEXHUKE
0e30MacHOCTH.
1.3. PabGorath B J1abopaTOpUu pa3perraeTcs TOIbKO B XajaaTax ¢ JJIMHHBIMU PYKaBaMHU.
JUTMHHBIE BOJIOCHI JIOJDKHBI OBITh aKKYpaTHO OJO0PaHBI.
1.4 B nabopatopuu 3anpeniaercs IpuHUMATh MUY U HATTUTKH.
1.5 3anpeniaercs paboTath B 1abOpaTopuu B OTCYTCTBHUE MPEINoiaBaTesl Uiv J1adopaHTa, a
TaKXe BBITIOJHATH B JIAOOPATOPHH SKCIIEPUMEHTAIbHBIE paOOTHI, HE CBSI3aHHBIE C BHITOJHEHHEM
y4eOHOTr0 3a/1aHHS.
1.6 Bo Bpems paGoThl B 1a00paTOpUy HEOOXOIMMO COOJIIOIATh YUCTOTY, TUIINHY U TMTOPSIOK.
[Tpu Bcex paboTax ¢ XUMHKaTaMH COOJII0IaTh MAaKCUMAIBHYIO OCTOPOKHOCTh, TIOMHS, YTO
HEaKKypaTHOCTh, HEBHUMATEIbHOCTh, HEIOCTATOYHOE 3HAKOMCTBO € TPHUOOpaMu U CBOWCTBaMU
BEIIECTB MOT'YT MOBJI€Yb 32 COOON HECUACTHBIN Cydail.
1.7 Bce mporieaypsl pH BBITIOIHEHUU padOTHI (OTMEpUBAaHNE PEAKTHBOB, UX MEPEIUBAHUE,
HarpeBaHue U T. J1.) JOJKHBI TPOU3BOIUTHCS TOJBKO Ha CBOEM pabodyeM MecTe WU MO/ TATOMH.
1.8 3anpemaercs MOAKIIIOYATh HEU3BECTHBIE TPHOOPHI K JTAOOPATOPHBIM PO3ETKA
1.9 3anpemaercs MIEpeHOCUTH BKIIFOYSHHBIE TPHOOPHI.
1.10 Bce Bonpochl 10 BBINOJHEHHIO IKCIIEPUMEHTA, BO3HUKAKOIIME B NpoLecce padoThl,
cjelyeT HeMe/lUIEHHO BbISICHUTH Yy NpenoiaBareJis.
1.11 3anpeniaercs mpoOBOIUTH OMBITHI, HE HA3HAYEHHBIE MPENOIaBaTEEM, BHOCUTh U BBIHOCUTD
13 1aboparopu Jt00bIe BEIIECTBA U IPUOOPHI O€3 pa3pelieHus MpenoaBaTes.
1.12 XuMudeckue peakiiuy HaJJIKHUT BBITIOTHATH C TAKUMH KOJTMYECTBAMHU U KOHIICHTPAIUSIMU
BEIIIECTB, B TAKUX MpHOOpax M Mocyze, Kak ykazaHo B onucanusax padbot. Heooxonumo

BHHUMATCJIBHO MMPOYCCTh HAAIINCH HAa OTUKETKE, IIPEKAC YEM B3ATH BCIICCTBO JJI OIIBITA.
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1.13 Hukakue BemiecTBa B 1a00paTOpUN HEJB3s MPOOOBATh Ha BKYC, a TAKXKE OpaTh pyKaMH.
Hroxartp kakue ObI TO HU OBLTO BElIECTBA B 1TAOOPATOPUH HEOOXOAUMO C OCTOPOKHOCTHIO, HE
BJIbIXasl IIOJTHOW I'PYJIblO, @ HANpaBisisi K ceOe Mapbl WK ra3 ABH)KEHUEM PYKU.

1.14 O60 Bcex Hemonaakax B pabotre 000pyA0BaHUs, BOJOIPOBOAA, HIEKTPOCETH U T. 1.
yuarngecst 00s13aHbl COOOIIUTD MPENoaBaTelto. Y CTPaHATh HEUCIIPABHOCTH CAMOCTOATEIBHO
3anpenaercs.

1.15 Tlpu nonyyenuu TpaBM (IIOpPE3bl, OKOTH U T. I1.), @ TAKXKE MPHU IJIOXOM CAMOYYBCTBUU
HEO00XO0IUMO HEMEJIEHHO COOOIIUTD MPENoaBaTelo.

1.16 Heobxoaumo co0aroaaTh GOIBIIYI0 OCTOPOKHOCTD MPH paboTe ¢ KUCIO0TaMU, IIeJI0YaMu
u 1p. Crnenyer octeperarbes MonajlaHus yKa3aHHbIX peaKTUBOB Ha KOXKY (0KOTH), OJIEKIY
(pa3penaHue TKaHU) U BHYTPb OpraHu3Ma (OTpaBJICHUs).

1.17 HarpeBas ®UAKOCTb B TPOOUPKE UITH KOJIOE, COCY HAJI0 IEP>KaTh JAepKaTeIeM U CIeIUTh
3a TeM, 4TOOBI OTBEpCTHE OBLIO HAIIPABIEHO B CTOPOHY OT cebst U coceieit o padoTe.

1.18 Henb3s HaKIOHATHCA HaJ COCYJOM, B KOTOPOM KUIIMT WJIM HAJMBACTCS Kakas-HUOYb
KUJKOCTH (OCOOCHHO e/IKas), TaK KaK OpBhI3TH MOTYT IOMACTh B IJIa3a.

1.19 I'opsiueMy cTekily HaJIO0 IaTh XOPOIIEHBKO OCTHITh, MPEXK/IE YeM OpaTh €ro pyKaMu.
[TomuMTE, UTO TOpAYEE CTEKIIO IO BUIY HUYEM HE OTIUYAETCS OT XOJIOTHOTO.

1.20 Cocynsl ¢ BemecTBaMu UM pacTBOpaMu HEOOXO0AMMO OpaTh OJTHOM PyKO# 3a TOPJIBIIIKO, a
JIpYroi CHU3Y MOAJIEPKUBATH 3a THO.

1.21 Ilpu nepenuBaHUM KHUJIKOCTEH HEOOXOIUMO MOIB30BATHCS BOPOHKOM, TOCTABICHHON B
KOJIBIIO IITaTUBA HaJ COCYAOM IPHUEMHHUKOM.

1.22 HabupaTp B TUNETKY PAaCTBOPBI XMMHUECKUX BEILECTB 0053amenbHo PESUHOBON TpyIleH.
1.23 Heuncnonb30BaHHBIE pEAKTHBBI HUKOT/Ia HE TIOMEIIaiiTe 0OpaTHO B TOT COCY/, U3 KOTOPOTO
OHHU ObUTH B34THlL. Henb3s onmyckarh B cOCy/Ibl ¢ peaKTUBAMH HUKAKUX JIPYTHUX BELECTB MIIH
IpPEIMETOB, KPOME YHUCTOIO IINAaTeNs, KOTOPBIN Ipuiaraercs K 0aHke M CIyXHT JJis1 HaOUpaHus

N3 HEC CYXOTI'0O pearcHra.
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