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METOAUMECKHE YKAZAHIA

e B v XuMus SBISSTCA HE TONBKO OOIIETeXHHYeCcKoH, HO ¥ oﬁmeo6pa303a'renbﬂon

VIIK 54 -(076.1)
HaYKOH, II03TOMY ucheHep JIIOGOI/I CIIeLIPIaJIBHOCTH ]IOJDKEH ()6JIaI[aTI> ,E[OCT&TO‘ZHBIMH

Cocrasurens: C. J. Bamerxo, E.A. HHKOHGHKO, M. H Konecuuxosa, 3HAaHWAMY B 00NACTH XAMHH,
HM. Turos , ' OcHOBHO¥ BHJ 3aHATHI cry;(eHTOB-sanHHKOB — CAMOCTOSTEBHASL pabora Hax
HaquLm penaxrop — npod., Z-p XAM. Hayk M. I I/IBa.HOB . T o . yuebubmM Matepranom.. 1o Kypey XuMmH OHA CharaeTcs M3 CHEAYIONEX 2JIEMEHTOB:

H3y4YEHMA MaTepHana IO - y4eOHMKaM M . y4eOHBIM HOCOOMAM; BHIIOTHEHWS
KOHTPOJIbHOM paGots (mociaenumii cpok caaun 1 gexabps). ITocemenwe JIeKimi,
BEITIO/HEHAE a00paTOPHOTO NPAaKTHKYMa, CAAYA 3a9€Ta WM IK3aMEHa IPOMCXONUT B
TIEPHON SK3aMeHamuonsol cecomn. K naboparopHoMy NpaxTaxyMy JOIyCKaIOTCs
TONBKO CTYNCHTE!, CAABIINE B CPOK KOHTPONLHEIE 33 AR,

Kontponsayto paboTy cTyNEeHTH IMIIYT B TOTPaiyl ¥ CHAIOT WIS PErUCTPalK
B fexanar. Ha o6moxKe TeTpaln ykasaTh (GaMUNMIO, HMS, OTIECTBO, HOMED TPYIIIIE,
'HOMep BapHaHTA, Ha3sBaHHe CHEUNaNbHOCTA. (613aTeNbHO IIONHOCTHIO HEPENHCATH
ycnoBmS 3ajaHui, wHade pabora He OyxerT mnposepeda. BapmadT samamns
COOTBETCTBYET NOCHEAHMM ABYM muppaM HOMepa 3a4eTHON KHIKKE (WK
CTyAEHUECKOTO OHiIeTa) cryz[eHTa (#oMepa BapHAHTOB U COOTBeTCTBYIOHII/IX 3afanui
Ha ¢. 34-37).
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XAMMS:  Meromudeckae — yKasaHAS W iconrponﬁmle >73a,ném}1>;i i
/ C.J. Bamenxo, E:A. Huxowernxo, M.IL Konecaukosa, H.M. THTOB e
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Meronzaeckue yKa3aH1m conep)xa'r KOHTPOJIBHEIS 3aIAHMS 1m0, OCHOBHLIM
pasienaM Kypca XUMWH U 06pa3m,1 ‘pereiys HPHMepOB. HpHBe,Z(eHBI HeoBXomuMble
Harmele W TabIMIel, & TAaKKe ' CIHCOK, JHTEPaTypsl. IIpe;rHasHaqenm Ing
CaMoCTOATeNEHOK paGoTE! CTYREHTOB 1 — 10 Kypca 3aovmox fbopMH oqueHmI

OGpasen BbIIOTHEHHS JOMANIHETO 3a1aHNS
1. CTPOEHHME ATOMA
3aganme 1. a) VXaXWTe HUCNEHHHIE 3HAYCHWS TIABHOIO X op6HTan5Hor0

i HHBE cmeTa
: 7 P KBAHTOBBIX  WHCENl JaHHBIX NOAypoBHel, paccqmame TIOCIIeIOBATENEHOCTE  MX
i Bu6nmc 3amoMHeHHs: 5p, 7p, 7s. .
| - 546 | Xumus: METOM. yKas3. Pemenue. 5p Tp Ts
SHaveHune n 5 7T
| i 3ravenue 1 1 0
1 KORTp. 3amanng/ 2HNCROI0 FOCYEOT Cymma(m+1) 6 8 7 _
) ; IocnenopatenpHOCTs 3ai10MHeHEAL 1 3 2 (ga  OCHOBaHMH  [pPaBHI
i 1 KieuxoBckoro). :
| o4 137 _ N o 16) Paciipeziénute 110, XBAaHTOBBIM s9¢fKaM BaieHTHBIE IEKTPOHEI, ONPSASIHATE
‘, \7 ! : FERIE \‘j XuMIrdeckull BIeMeHT H ero nonoxceHHe B cucteMe J[LV.Mengeneesa (momep
! : BAHHUEY: : TlepHoJia, TPyIa, IOArpyIma): 25 20"
Pemenne, Bnemponm IO KBAHTOBBIM saeHKaM pacnpeneneﬂm CIEIYIOTIIM
obpazom: 2p
| INIINIT!Tl
TIpemyoXeHHEI 3IeMEHT KUCIOPOJ, PACIIONONKEH BO BTOpOM eprone, IIecTol

rpyme, IMaBHOM TOATpyYIIe Mepuonieckolt cucTemsl JI.W.Mensieneesa.

B) Hanummre snexTpottble GOPMyIIbl aTOMOB I HOHOB, YKaXHTe nonoxcemae
ux B cucreme J{.M.Menzeneena (Homep nepHOLA, Tpyrma, Hoarpyrma): K, Zn*

Peinenue. SHeKTpOHHaﬂ hopMyITa XEMHUECKOTO HTEMEHTA KaHs cne,z:ymmax
1522s22p63523p64s .OH pacIIoNoXkeH B USTBEPTOM IEPHOJE, [IEPROH IpyIIle, INABHOH
nom‘pynne neprouaeckol cucremsr LI MCHJIGJIeeBa

OneKTpoHHas (opMyna KaTHOHA 7 15%25%2p%3s%3p%3d ", XI/IMI/I‘IeCKKI/I
3NeMeHT IHHK PaCcIIONOKEH B, HETBEPTOM nepﬁone, BTOpO#l rpynue, mobouHo#

TOATPJTITTe TEPHOR -MeHzeneesa. -
' AHAJIOT] él% oqmpMJmT h penIenHe BeeX 3aAaHuH. -

TOY ¥Ypaanekoro TOCYRapCTEEHROTO
TeXHHUECKOro yRuBepeutera - ¥ IIHKH
B r. Kamencre-Ypaancronm

Crepanosckoli ofiacry
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- dopmyy.

1. CTPOEHHE ATOMA

Bce W3BECTHBIE OEMEHTHI IIPELCTABICHSI B nepnonmxecrcoﬁ CHCTEME
JII/IMeH,neneeBa (Tabm.JL1), xotopas cocrout. u3 7 mepuozos (1-3 manwie, 4-7
Gonpmze), 8 rpyrn. Kaxas rpynma pasaenena Ha IaBHyR0 ¥ TOGOYHYFO IONTPYILIEL
TiaBiast MOATPYyIia CONSPXAT HISMEHTS! MAEIX ¥ 6on5mx nepnonos a moboynas —
TONBKO GONBIIHX.

Hpumep 1. VkaxuTe B nepno;m%crcon cucreme JLY. Mekneneena TIONOKEHNe
(HOMep meproTia, HOMep IPyIIILL, [IaBHAS WK N0609HAs no;u*pynna) aToMa IeMeHTa
c 3apsaom gapa Ne 85.

Pemenne. DiaeMedT (gsAt) HAXOJUICS B 6-M nepno;[e 7% rpytme, TTIaBHOH
TIOATpyIe.

ATOMSE! SIIEMEHTOB COCTOST W3 TONOKHATEIEHO 3apHKEHHOTO SAIpa (HpOTOHOB u
HeHTPOHOB) ¥ SNEKTPOHOB. KOMMYECTBO 3NEKTPOHOB PABHO TOPAIKOBOMY HOMEDY

anemenTa. Cocrogmue ICKTPOHA B ATOME XapaKTIepH3yeTCs KBaHTOBBIME THCIaME 1, -

I, m; ¥ m, KOTOpEIS Hésr;ma}or‘cx COOTBeTCTBeHHo riasHoe, opbuTanbHoOe,
MATHMTHOE H CIIHHOBOE. ’ ’ - ’

~ TlopsiioK 3amoyHERus opGHTAel HIEKTPOHAMY onpenewzeTca CJIe,[LyIOIHIIMI/I
npasrnamu B, Kieuxosckoro:
® 3aJIONHEHHE IPOUCXOIHT B nop;mlce yBenudenns cyMMs! (0 + I);
° NPU OIMHAKOBEIX 3HAYEHUAX JTOH CYMMEI — B TEPBYIO O9epelb 3alOJHASTCS
DOJYPOBEHE ¢ MEHBIIMM 3HAYECHHEM TTIABHOTO KBAHTOBOTO THCHA .

TlocIenoBaTebHOCTS 3aMONHEHUS HIEKTPOHAMH 3Hepremqecmx ypOBHeH 7
TOOypOBHEH B MHOTORNIEKTPOHNBIX ATOMAaX HMeeT BH/L:

15<2s<2p<3s<3p<ds< 3d < 4p<Ss<4d < 5p<6s<5d~4f< 6p <7s<6d~5{< Tp.

Hpumep 2. Hcuomssys npasuna Kiedxoeckoro,  paccyuraiite, Kako#
TIOYPOBEHE paHbIIe 3aIIOHASTCH SNeKTPOHaMu 4p Anu 55, '

Pemenue. [l 4p-mopypoHs 2n + [ =4+1=5; mm Ss-momyposss
Sn+17=5+0=5. Tak Kkak CyMMa OTHHAKOBA, TO B ICPBYIO O4EPENb 3ATIONHAETCH
TOLYPOBEHE C MEHBIIIM 3HAYSHNEM I, TO €CTE 4p.

Ipumep 3. Ilo pacnpe/:(eJIeHmo BaJIeHTHEIX 31IEKTPOHOB — - 3d%4s? onpe,uenme
KaKo#l 9TO SieMeHT, YKaXHTe ero CHMBON H HANMIINIE IOJNHYI0 3JEKTPOHHYIO

Pemrenue. - 3HAYCHUIO TTIaBHOTO KBaHTOBOTO gucHa HOCHEIHEro
SHEPreTH4ecKoro ypOBHA COOTBEICTBYET HOMEP IEpHOZa, CIEHOBATENBHO, BIEMEHT
Haxomurcs B 4-M nepnoue. CyMMa BaJICHTHBIX 3JIeKTPOHOB IIOKA3BIBAET HoMep

TPYIIEL, B KOTOpOH HaXONMTCS 3MEMEHT, B JaHHOM CIIyYae HOMEp . rpyrmm 7. Tax

KaK BaJleHTHbIe SIEKTPOHBl HAXOAATCS Ha d-TIOAYpOBHE, TO 310 sneMeHT noGo9noi
HOATPyDILL: 2sMn 1522s22p63sz3p63d54s

Hpamep 4. Harmmmure TOJTHYIO ‘IIEKTPOHHYIO (bopmyny aToma 3JreMem"a c
3apapoM saapa 22.

Pemrenne. 2Ti 1522s22p63523p63d24s

IIpamep 5. HanwmmTe NOnHEE 2JIEKTPOHHBIE cbopMym,I PIOHOB ¥, Sn*

Pemenne. IIpn obpazopanua OTpI/IHaTeJIBHO 3ap5m<eHHoro HOHa HolrpaJibnbIA
aToM 3JJeMeHTa IPHUHUMAET SJIEKTPOHEI: FP+le=F"
oF = 15°25%2p°. TlomoXmTeNBsHO 3apsKeHHBI HOH nQerqaeTcﬁ? Korza Helrpanssuemi

4

, STeKTpoHHas (HOPMy)ia HoHa

e~ e il

aTOM DTEMEHTa OTHAST HIeKTPOHE: .Sn’ — 28 = Sn?, SNEKTPOHHAA opMyna HoHE

soSn™ 1522522p63s23p 3d1°4sz4p64d105525p ' ' o
3anamm K pasgeiy 1

Kaxmoe 3az:a1me coliepxuT 3 Bompoca (a,6,8) -

Homep ) VKaxuTe .= UHCICH- | 6) Pacrpenenure 1o | B) Hanmmmite snex-
3aja- HBIC 3HAYCHHA. IIABHOIO | KBAHTOBEIM ‘AYeiixaM | TpOEHBIE (HOpMyIEI
HHS 0p61/I’I‘aJII>H01"O KBaH- | BaJICHTHBIS JJIEKTPOHBI, | HPEIJIOXKCHHEBIX aTo~
OBBIX HHCET JaHHBIX | ONIPEACIHTE XUMIIeckuii | MOB A HAOHOB,
OIYPOBHEH, PaccuuTali- | 3IEMEHT W ero NOM0- | YKAKHTE  TONOXKe-
€ HNOCIeAOBATENEHOCTE | XXKEHUE B CHCTEME | HH€ WX B CHCTEME
3AMONIBCHMSL A M. Menneneesa (womep | JL.M.Menneneena
nepHosia, TIpyuma, IIoA- | (HoMep — mepuona,
v Ipymma) I'pyNna, IOArPyIia)
1  3p; 4s; 2p 3d 4s? Fe,Na *
2 3d; 4p; 3p 3d%4s” Co,Cl— -
3 5d; 4p; 4d 3d° 4s° Ni, Ba %
4 3d; 4f; 5s 3d°4s' Zn, Ca ™
5 4d; 4s; 55 _4d°5s” Sn, §*
6 6s; 4p; 4f 3d%4s° W, In*
7 3d; 5s; 7p 3d74s? S,La”*
8 4d; 6s; 5d 3d°4s? F, T1°7
9 4p; Sp; 4F 3d 45T Br, Zr ¥
10 3d; 3p; 2s 3d 452 Al Hg *
11 5d; 3s; 65 4s%4p! Pb, Au "
12 6d; 4f; 5p 4s5°4p* Ge, Ag”
13 5d; 3p; 4d 45%4p?’ Ga, Sb>"
14 7s; 6p; 4d 45%4p* N,Bi”*
15 5d; 4p; 3d  4s%4p° ClL, Pb*
16 5s; 63; 4p " 45%4p° Y, Y
17 6p; 5Sf,6d ~ 5d76s” , Zr, At~
18 5d; 5s; 4f 5d6s° Ta, Ga>"
19 3s; 4d; 3p 5d° 65> Cr,Se ™™
20 5f: 4d; 4s 5d°6s” Mo, Cu >

2. 3AKOHOMEPHOCTH XUMHYECKHX ITPOIIECCOB

2.1. TepmognramugecKuil METO]| paccMOTPERAS XAMAYECKHX IPOHECCOB

Tepmonyuamadeckuil TONXOM 3aKMFOYACTCS B PACCMOTPEHWH HAYANBHOIO M
KOHEYHOTO COCTOXHWI B3AHMOAEHCTBYIONMMX BENIECTB, HPH TOM HE YUUTHIBAIOTCA
MEXaHH3M K CKOPOCTh IIpoIiecca.

Jng omicaHMs CHCTEM HMCHONB3YIOT Eabop TepMOIMHAMHYECKHX ¢»ymcnpm,
OCHOBHEIMH U3 KOTOPBIX ABIIHOTCE H — spramenms, S — surpomus, G — sueprus
Tub6ca. B crpaBouHsix TaGiuuIax HpMBOLAIT CTAHARPTHEIS: SHTANEINH O0pazoRaHAs

BEUISCTB AHg6p N K,I{deonb, SHTPOIHY BENIECTE 8398 >, Jox/(monsK) (Tabmn. T1.2),




~ DHTPOUHE (ASY p), smeprau I'u66ca (AGY )

aﬁsprnu Tu66ea obpasoBanys BemééTB"AGvg 6p° KI5/ MONB. Cranyapresle ycloBysL:

T=298K,P=1,013 10° l"ia, BEIECTBA ~XUMIIECKU TUCTHIE.
Dnransmuinsi 5Gext XuMuuecKol peaKumy’ OIPE/eITOT 1o 3aKoHy I'ecca

H CICACTBHIO U3 HETO. CJIC,HCTBI/IG u3 BaKOHa Fecca H3MeHeHue JHTAJBIHR

XMMHYECKOH peakuuy PpaBHO pPasHOCTH cyMMm ‘3HTANbHMA  0GpasoBanHs
UPOIYKTOR Peakumd M HCXOAHBIX BEm[ECTB € YYEToM cTexnomeTpnqecKnx
Koaq)(pnnuenTOB

AHX P =2(n Aanoz[) Z (m AHHCX B)’ :

Tae n, m— CTeXHOMe:rpnqecme K03 DHINEHTEL, .
AHanorHUHEIM 00pa3oM MOXHO paccanmBaTL HIMEHEHWe U OPYIHK (pyHKmrIH -

'

B cmeremax, BaXORsIUXCA IPH IOCTOAHHEIX ~TEMIIEPaType M HaBICHHY,
CaMOIPOH3BOIBHO MOTYT IPOTEKaTh TOJIHKO T IPOLECCH, KOTOPEIE CONMPOBOXKARIOTCH
yMeHBIIeHHeM sSHépruy I'ub6ca (AG < 0). Ecmu AG > 0, peaxims nporeKaeT B
obparroM Hampasiewun, a npu AG = 0 CHCTEMA HAXOTUTCS B COCTOAHHH
XMMHYECKOr0. PASHOBECH. :

HpHMep BBIMHCIUTS CTAHAAPTHbIC W3MEHEHHS SHTANBIINY, SHTPOIIHH, aﬂepnm
I'u66ca B peaxmum COuxqy + C gpaguny = 2COg). Onpenemurs — TeMIepatypy, IpH
KOTOpOif yCTaHaBIMBAeTCA XMMITIECKOS PaBHOBECHE Peakiliy, 1 CHeNaTh BEIBOL O
BO3MOXHOCTH HPOTEKaHHI PeaKiur B npmva HATIPABIICHINA.

Pemenne.
® Paccumrats CTaHIapTHOE H3MEHEHHE SHTATHINE peaKmm

| Ang =2 Aano;x) -3 (m AHox )=
— 2 AHY, - (AHY, + AHZ)=2.110,5) - (—3935+0)—1725K1Lx<

AHY p>0~3HIoTepMmICccKas peammx
o PaccunTaTh CTaHIAPTHOE H3MEHEHVE SHTPOIAN peamxm
AS?{QPY =@ Sgpolr) -z (m‘ Sg{CX.B): QS(c)o coz +SO) =
=197,5 - (213,7++5,7)=175,6 IIx/K = 176,5- 10 kK.,

¢ Paccumrath CTaHIAPTHOS H3MEHEHWe sHeprm I u60ca peakiam:
AGY, = AHY - TASY , = 172,5-298-176,5- 10‘3— 120,2 kX,

AG}OL >0, mpuT= 298 K npamas peaKuns HEBO3MOKHA.

¢ Ompemenurs  TeMmepaTypy, IIpH KOTOpOI/I YCTaHaBJII/IBaeTCH XUMI9ecKoe . .o

DaBHOBECHE.

Ecnmu npewebpeds 3apucumoctsamu AH u AS ot TeMHepaTypm H CYHTATE MX
HOCTOSIHHBIMH, MOXHO paccumrars oHeprmo I'mb6ca mpu HecTaHZapTHOH
Temmepatype T:  AG=AH-TAS~ AH? - TASY '

AH° 172,5  con e
e N 2 __ =982 K
= T As? T 1756107

AGy, = AHY,~ TASS ;=0

e TloctpouTts rpadux 3a3ncmviocrn AGyporT.

" 172,5

1202

0 298 i 982 T,X

s rpa(bmca BUJHO, 410 B HMHTEPBAle TeMIEparyp 0 — 982K AG > 0,
CTTeOBATENBHO, TIPAMAs peakuus HeBosMoxHa; Bemre 982 K AG < 0, Te.
CaMOIIPOU3BOIBHO NIPOTEKALT IIPAMas PEarLIHs. :

3amanus k nogpaspxeay 2.1
. BeracnuTh cTagAapTHEE H3MEHSHNS SHTANBINH, SHTPOIHY, SHepran ['ub6cea

., 0
B - COOTBETICTBYIOIEH peakimm (AH_gﬁp, Szgg . B Tabn. IL2). Onperemurs

TeMIIepaTypy, IpH KOTOpPOH YCTaHABIMBACTCS XHMUYECKOS PABHOBECHE PEaKiuH, X -
crenars BEBOZL O BO3MOXHOCTH IIPOTEKAHUS PEaKIu B HpﬂMOM HampaplIeHmn (¥3
pacueTHHIX b0 rpaduTeckux JAHHBIX).

Homep YpaBHenue peaknsa
3ajganns :
21 4NH; (3 + 505y .= 4NO @+ 6H,0
22 - ANH;z 1+ 30; ¢y =2N; (n+ 6Hz0 n
23 4HCl ) + Oy = 2H,0 v+ 2Cly
. 24 Fe, 03 w+3C0O ¢ =2Fe w T 3CO, ©
25 CHy (y+ 207 = COy i + 2H,0
26 ' 2H0 (n+2Ch oy = 4HCl (3 + Oy
27 _ 2CH; iy + 505y = 2Ha0 (n+ 4COy
. 28 ] CaO (1) + COz(r) = CaCO; (1)
29 2H,8 (9 + 30,9 = 2H,0 (n + 280 ¢
30 ‘ 20+t 0y =2C0 @
31  2C0p+0,n=2C0;
32 - BaO (z) + COz o = BaCO;; (1)
33 NOw + Ory = 2NOy
34 ' NoOsy = 2NOs )
35 ALOs + 3803 = Al(SO0) 3w
36 | : Ca0 y + HyO = Ca(OH)o (»)
37 . Fe, 03 T 3CO m = 3CO, @t 2Fe o
38 o CuOqy + Cqy = Cum + COpy
.39 CHyy + 302 = 2Hh,0 i+ 2C0z ¢
40 CaO w T SO, o= CaSOy(p




2.2. CxopocTh XHMHYECKHAX NPoHeccos

J7I1 TONHOTO OIMUICAHWS XHMHMHECKOH peaxiiuy HeoGXoIuMOo 3HATE HE TONBKO
OpHHIUIMATEHYIO BO3MOXKHOCTH €€ OCYNICCTBIEHWS  (permaeTcs TepMOTUHAMHE-
9eCKH), HO M 32KOHOMEDHOCTH IIPOTEKaHMs BO BPEMEHH, T.e. €€ CKOpOCTh X
MEXaHI3M.

XyMpreckue Peakiyy MOIYT IPOXONHUTE B FOMOT€HHBIX M TeTEPOTSHHEIX CHC- i
Temax. I'oMOreHHOH Ha3BBAIOT CHCTEMY, ONHOPOJHYIO IO COCTABY H CBOMCTBAM.
TeTeporenHOl HA3HBAIOT CHCTEMY, COCTOSIIYIO M3 ABYX WM Gonee OIHOPOIHEIX
gacTell, OTAENICHHBIX JPYT OT Apyra MOBEPXHOCTEIO paszena. :

CxopoCTs roMOTreHHOH XUMIAIECKOIl peakiliyl OLpefeNnieTcd H3MeHeHueM KOH-
HICHTPAINY OIHOTO 3 MCXOJHBIX BEMICCTB MMM IPOLYKTOB PEAKIMM B eJMHMILY

BpEMEHHU IIPH HCHBMBHHOM 061:.eMe CHCTEMBI )
- 1 C,-C | _| AC
U= - = -,
T,-T, At

rie v - CKOPOCTE XHMMHIECKOH PeaKIIHi, Moma/(mc);

Cy — HepBoHavATIEHAS KOHIEHTpaLHs BEINecTsa (B MOMEHT BpeMeHH T1 ), Mois/I;
C; — KOHIIEHTpalXi BEMECTEA B MOMEHT BpeMenu T >, 3\4011},/31; ‘

AC —u3menenwe KbHueHTpam/m BEIIeCTBA 33 BpeMs Ar= Ty

T - chommﬁ MOMEHT BpEMEHH, C;

Ty —TeKyan MOMEHT BpeMenH, ¢, (T, ~T.).
B reTeporeHHHIX CHCTEMaX PeaKiliH WIYT Ha HOBerHocm paszena OTHeNE-
BbIX Hactell cucreMsl. CKOPOCTH IeTEPOreHHON PEaKUMy ONPEHEIIIOT H3MEHEHHEM
KOJHMYECTBA BEIIECTBA, BCTYHUBINETO B PEaKIHio WK 00pa3yIomerocs B peakilui B
eIUHWIY BpeMeHH Ha emmrme TIOBEPXHOCTH. :
- I Av ]
Urerep SA’[

e AV - H3MEHCHNE KOIFIeCTBa BEIeCTBA, MO 32 MPOMEXKYTOK BpeMEHH At ¢
S ~ IUIOMmA/E TOBEPXHOCTH Pasziefa, M .
CKOpOCTE XMMMYECKOH PeaKiyl 3aBUCUT OT npnponm peampyfomnx Bemech
H YCUOBHH IpPOTEKAHHA pEakIu{: KOHIEHTPAUMH, TEMIeparypsl, MpHCYTCTBESA
KaTali3aTopos. ' ' )
Bnusinue KOHUEHTPALAN PEATUPYIOLIHX BEIIECTE

CropocTs 371eMeHTapHOH XUMAY9ECKOH peakiid IPSIMO IPONOPNHOHAILHA
HpOU3BEICHAI0 MOJAPHLIX KOHOEHTpPaNui pearupymnmx BelecTe (3aK0H
nmevicTByromux mace K. T'yneabepra u T1.Baare). ‘

DJeMeHTapHEIMI Ha3BIBAIOT PEaKIIMy, NPOTEKAOINMe B OfHY crammio. Mare-
MaTHIeCKOe BBIpaKeHME 3aBUCHMOCTH CKOPOCTH peakldd OT KOHLEHTPaIwi
pearupyiomyx BeUlecTB A APYTHX peakuui nonyqaxm? 9KCHEePUMEHTANLHO, JTO
ypaBHeHMe Ha3BIBaeTCH KHHETHHEECKIIM.

v=kC, C,

Hpumep. H+L=2H

Koscp@mmem IIpOHOpI(I/IOHaJIBHOCTH HAa3BIBAIOT KOHCTAHTOH . cxopocm peax-
uyn. Pusngeckuit CMEICT K — 3T0 CKOPOCTS PEaKituy IPH KOHNEHTPaIiy KOKIOT0 U3
PearupyroyX BelleCTs, paBHo# 1 Mo/, -

Bausiune Temnepa'rypu
3aBHCHMOCTE CKOPOCTH PEAKIHHE OT TEMIIEPATYPEI onpezenseres npaBmmM

Bant-T'odda: npy NOBIIEH:E TEMIEPATYPEI Ha KAX/IBIE 10 CKOPOCTH GONBIIHCTRA
peaxuuit ysenmauBaercs B 2 — 4 pasa:

Ty
il
-2
o

ty

3apanus K~ noapasxexy 2,2

41, BSa.I/IMOHeI/ICTBI/Ie MEXIy OKCHAOM YTIepoia ¥ XJIOpPOM HET I10 YPABHEHHMIO

CO + Clhy 5 COClyg. Hcxommas wxommentpanus CO pasea 0,3 Mons/m,
Cl 2 — 0,2 moms/n. Kax m3MeHWTCS CKOPOCTH HpPAMON DEAKIMH, ecid YBEIHUHTH
KoHIeHTpamo xiopa go 0,6, a CO xo 1,2 mons/n?

42. Ha CKONBKO IpafycoB HAIO IOHU3UTH TEMIEPATYPY, 9T0GEI CKOPOCTh PEaKIkH
yMeHbIIIack B 81 pas npu TeMIIEPATYPHOM Koa@(bnunem?e CKOPOCTH peaKilyy,
pasHoM 37

43, Koncranra ckopocrd peakuuu A+2B S ABg paBra 5-107 1 % (Moms>c). Pac-
canTaiiTe CKOPOCTS IpsaMolt peaxrmu npu [A] = 0,6 mons/n u [B] = 0,8 Moms/ 1.

44. Tlpm temmeparype 773 K peaxuus NpOTeKaeT - B TeUeHHE 1 ceKyHIEL CKOIBEKO
BpeMeHH (CeKyHT) noTpebyeTca jus ee OXOH4aHHA Ipu 673 K, ecim TeMIepaTypHBIH
KOI(QOUIHEHT CKOPOCTH Peakiyy pagen 27?

45. Ompezenuts, BO CKONBKO pa3 YBEIWYHICS CKOPOCTE nperOﬁ peaxiu
2NO iy + Os ¢y = 2NO; 1y, eclH KOHIEHTPANMIO KAXKAOTO U3 HCXOMHEX BemecTs (Oa,
NO) yBenuquts B 6 pasz?

46. CKOpOCTH HEKOTOpO# PpeakIuy IMp¥ YMEHbIICHHH TeMmeparypsl ¢ 333 K no
303 K ymensunmiacy B 8 pas. Ornpenemats TeMIepaTypHBIH KoacprbHuHeHT CKOPOCTH
3TOH peakiini.

47. Bo cxomsko pas yBeIHYHUTCS CKOPOCTH 0OpaTHOH peaKIuy B FOMOTEHHOH cHcTe-
Me 2N; Osy S Ogpy +2NyO4y TpH ~ yBeNUYCHAN NABNEHES B CHCTEME B 3 pasa?
48. Bo cxonbko pa3 yYMEHBIIWTCH CKOPOCTH Peakiliy IPH HOHIDKEHHH TeMIepary-
pbi Ha 40°, €CIIH TEMIEPATYPHBLH KOSQHUIHMEHT CKOPOCTH PeaKiuK PaBeH 37

49. Bo cKONBKO pa3 ClegyeT YBeIWYWTh HABIE€HHE B CHCTeMe, TTOOBI CKOPOCTh
ol6parro¥ peaxiuy Bozpocna 8 100 pas? Cucrema: C g +H, Oy SCOmn+Hy
50. e peaximu npu Temmeparype 283 K mpoTexaloT ¢ OXMHAKOBOM CKOPOCTEIO
(v,= v . ). TemreparypHsii Ko3¢pdrIHEeHT CKOPOCTH IEPBO peakiyy paBeH 3, BTopoit

paBer 4, Kax 6yayT OTHOCHTHCS CKOpOCTH peakumi (U, U, ), ecid peakiuio

npoBoAuTs mpu 303 K? »
51. Bo cxonpKo pas yBENHIHTCA CKOPOCTE IPAMOM PEaKii B TOMOTEHHOM cHcTeMe
Ny +029 52N;0y Tpu yBeNHYSHHH JaBICHHA B JiBa pasa?

52. TIpu 273 K peaxius 3aKkaHUHBAcTCA 33 OJWH gac. [IpuHuMasn TeMIeparypHbi
- :




KO()QUIUEHT CKOPOCTH peammn paBHEIM 3, paccamTaiiTe, CKONBKO MHHYT
notpelyercs Ha 3Ty e peaxiwro mpu 323K?. S

53. Baamwoneucmne MEXIy OKCHAOM YIIEpOJia ¥ XJI0poM TIPOMCXOHT TI0 PeaKITHH
CO @ +Chp S COCl (. Bo ckonpKo pa3 yBENHIUTCS CKOPOCTE IPSIMOM PeaKITan
IIpH YBENWYICHNUH JIaBIEHAS B 4 paza?

54. Cxopocrs HEKOTOPOM peakiyyi IIpH yMeHBUIEHHH TeMIepaTyphl oT 333 K mo
303 K ymensumnace B 27 pa3. Ompesenare TeMIepaTypHbii Kos@ci)mmem CKOpOCTH

_ 9TOY peaxuHu?

55. Bo cxonpko pa3s clefyeT YBeIHINTh KOHISHTPAIMIOo OKCHAA YTIIEPOJia B CHCTEME
2C0 ) SCO;y + Cpy, 9TOOB! CKOPOCTE PEaKLMH YBEIWYMIACE B 16 pas?-

56. Ilpu. ysemudenyu TeMmmepaTypsl Ha 40° cKOPOCTH peakimy BO3pOCia B 256 pas.
Onpegenure TeMIepaTypEET k03O OUOINEHT CKOPOCTH PeaKIyIH.

57. Peaxius Mexmy oxcupoM asora (II) m XJIOpOM HpOTEKAeT 1Mo ypaBHeHmo
2NO y + Clh ¢ 5 2NOCL (- Bo cronsko pa3s yBemuuuThCs CKOPOCTE NpSMOR
peaxiyy PR  yBENHYCHNAN KOHIEHTpaliy 000X BEIeCTR B J(Ba pasa?

58. Bo CKONBKO pa3s BO3PacTacT CKOPOCTH HEKOTOPOH XWMIMECKOH peakuuy Ipy
noBmenuy Temueparypsl ot 298 K mo 328 K, ecnu TemmepaTyprsit xosddument
CKOPOCTH PEAKITMH paBeH 37

59. Bo CKOmBEKO pa3s YBeIMIUTCS CKOPOCTE PEaKIIHH IPY NOBBIEHAN TEMIEPaTyPhL
Ha 70°, eCITH TeMIIePATYPHELR KOS(QHUIMEHT CKOPOCTH PEAKIY PaBer 27

60. Cxopocrs peaxuun A+ 2B = C gpu [A] = 0,5 Mons/nt u [B] = 0,6 Mons/nt

pasua 1,08 mMons/(i°c). Ornpenenure KOHCTAHTY CKOPOCTH peaKuIm (Mo’ -c).

2.2. XaMuYecKoe paBHOBECHe

Cocrosue cuCTEMEL IIPH KOTOPOM CKOPOCTH IPSIMOi H 0GpaTHOMH peakiny
PABHBI, HA3LIBAOT XAMAIECKAM paBHoBecHeM. Cocrostye paBHOBECHS XapaKTe-
PU3YIOT KOHcTauTOH pasroBecus (K.

Tomorennas cucrema:

280, (+0; ¢y 22503 _ SO
2(M)TV2(r) &~ 3(r) e ra 2 s,
| [SO,F[O,]
rae | ] — paBHOBECHBIC KOHIGHTPALMNY BEINECTB.
I'ereporennas cucrema:

[H,0P°
[H,7

B BrIpaxerye KOHCTaHTH paBHOBECHS KOHIEHTpAlws TBEPIAOH (askl He BXOMNWT, Tak
Kax OHa ABJIAETCS MPAKTHYSCKH IOCTOSHHOM BeMHUMHOM.

Fezog m T 3H, ) Z 3 Fe 0] + 3H,0 ) Kc =

Upeagun Jle [Harease

Ha cocrosmme paBHOBECHS CHCTEMBI BIMSMIOT JAAaBiEHHE, KOHIEGHTpAIWs
peardpylomEX BEIIECTB ¥ TeMuepaTypa. CHcreMa MOXKeT HaxXOOUTHECSI B COCTOSHME
paBHOBecHA OeckoHewuHO [oinro. EciM W3MEHUTEH - YCIOBHSL €0 CYyLIECTBOBAHMI,

-pasnoBecue OyneT Hapymeno. Co BpeMeHEM YCTAHOBHTCS HOBOE COCTOSHHE

PaBHOBECUS, HO C OPYIUMH PABHOBSCHBIMH KOHHCHTPAUMIMH. Hepexon W3 OOHOTO

PaBHOBECCHOTO COCTOSHMA B }Ipyroe Ha3BIBAIOT CMEICHIEM paBHOBeECHS.
10

Ka4ecTBEHHO ONpE/IENUTh HANPABIEHHS CMETNEHES paBHOBecHs TIO3BONIAET
TIPHMHITHII Je IIIaTen:Be (1884r.): ecom HAXOAMIASCH B HCTHHEOM PaBHOBECHH
cHCTeMa NogBepraeTcs BHEMIHEMY BO3XEUCTBHIO, paBHOBECHE CMemaercs B
HANpPaBIeHNH, KOTOPOE crocofcTByeT oc.naﬁ.neﬂmo 3TOTO BO3AECHCTBHSL. -

Ipamep 1. Jina peakiym Ny oy + 3H n 2 2NH; oy 1pm H3MeHeHUH
TapaMeTpoB pasHoBecue cMeraercs; 1) ¢ yemmuernmem C gy NH,

. 2) cyBennquHeMP LS ,
Ipamep 2. B cucreme A(,) + 2By 2 D paBHOBeCHBIE KOHIEHTPALWH,

morne/1: [A] = 0,06; [B] = 0,12; [D] = 0,216. Hanm KOHCTaHTY PaBHOBECHA peamm u
WCXOIHEIE KOHIIEHTPAIAY BelecTs A 1 B.
Pemenune. KoxcranTa paBHOBECHS JaHHON peamxm»x BLIpaJKaeTC}I ypaBHeHHeM

_[D] __ 0216

¢ [A]IB 006:(0,12)

= Loy

OGo3HaumM  WCXONHBIE KOHUEHTpAlWH  BEIECTB CU, KOHI[CHTpaIH
IpopearnpoBasmmx Bemects — CPP;  C0=C™®P+[ ]. :
Cornacyso ypaBHEHMIO PEaKiH:
Ca ™" =[D], Ca’=Ca ™P +[A] = 0,216 + 0,06 = 0,276 MoB/11.
Cg ™* =2 [D], Cp’ = Cp ™ + [B] =2- 0,216 +.0,12 = 0,552 moms/m.

3apanns k noapasgeny 2.3

61. Tlpu cuirrese aMMuaKa B PaBHOBECHH HAXOAMICS 1 MOIE BOXOPOXA, 2 MOIIb a30Ta
# 8 mons NH;. Bo ckonbko pa3 HcxoHoe KonmiecTBo N, 6onbine paBHOBECHOTO?

62. B 3aMKHYTOM COCyze IpOTekaeT oOpaTHMBI Lponecc NUCCOLHAl(v

PCls v & PCh y + Cly ¢y Hagamphas xommentpaums PCls papHa 2,4 MOms/I.
PaBHOBECHS - YCTAHOBHJIOCH TOCTe TOTo, Kak 33,3% PCls mpommccommmpoBano.
Brruncinith paBHOBECHEIE KOHUEHIPALNY BCEX BellecTs u K.

63. B cocyne emxocTsio 1 1 mpu 410°C cmemanm 1 mMoms H, u 1 Mo I,. Bermcnars,
IpY XaKnX KOHIEHTPALWAX YCTAHABIMBACTCH XUMHUYECKOS DABHOBECHE, €CIIH
KOHCTaHTa PaBHOBECHA paBHA 48. ‘

Y 64 B cocyne ofsemoM 0,5 it maxomares 0,5 Mons H, u 0,5 moins N,. Tpu HexoTopoi
"TEMIEPATYPE K MOMEHTY YCTAHOBICHWA PaBHOBECHS o6pa303a110c1> 0,02 ‘moms NHs.
BEIMHCIATE KOHCTAHTY XUMHYECKOI0 PaBHOBECHA. :

65. B obpatimoii peaximn CO  + Cl (y & COCly (y yeTamosmmacs cneny}onme
paBHOBECHEIE KOHIEHTpalmy Bemects, Mons/1: [COY = 0,1; [Cl,] = 0,4; {COCL] =

Brrauenuts Kpasy 1 HCXomebie xorneRTpanu# Cl, 1 CO.
66. Onpenenn‘rz, 00BeMHBIN COCTAaB CMECH B MOMEHT PAaBHOBECHS ML CHCTEMBI

Copar + Q2 ¢y 2 CO2 gy, ecmu 1ip 1300 °C - K, = 0,289.

67. Papnoecrme B cucteMe CO ) + HyO () 2 Hy (y + CO; () yCTaHOBANOCE TIPH cre-

IYIOIFX KOHIEHTPAMAX Belects, Moas/1: [CO] = 0,04; [H,O] = 0,08; [CO,] = 0,08.

Bomucmats K, # Hauansasie xonnertpamun CO u HzO

68. KoucrarTa paBHOBeCHS cucTeMst 2N oy + Oy ¢y & 2N;0 () passa 1,21 PasHosec-

HBIe KOHIeHTpaumm, Moms/m: [No] = 0,72; [N,O] = 0,84. Paccuurats chom{yxo "
it




PABHOBECHYIO KOHIEHTPAUKY KHCTIOPOa:
69. Papnosecwme B cucreme CO o+ FoO ¢y 2 Hoy + COz g YCTaHOBHJ'IOCB npu cire-
JIYIOINMX 'KOHIIeHTparwsx semects, Mous/1: [CO] = 1; [H,0] = 4; [Hy] = [CO,] =2.
BsroicimaTs paBHOBECHBIe KOHICHTPAIUE, KOTOPEE YCTAHOBEIIHCEH HOCHIE HOBBIIISHHUS
xomnerTpanuy CO 8 Tpu pasa. B xaxoM HallpaBIeHHM CMECTHICHA PAaBHOBECHE?

70. Paccuntath koncranty papHosecHs peakipu CO g+ Chy & COClL @, ecnn
ucxonuele KommenTtpammm CO m Cl, cocTasmanm 4MoOnB/N, a pPaBHOBECHASL
xonruentpamus COCL, pasna 2 MONE/TL

71. PasHosecue B cucreMe 2CO (n+ Oy &2 ZCOZ (v) YCTAHOBHIIOCE TIPH CIe/IyI0-
TIPX KOHIEHTPAIHAX BemecTs, Mons/m: [CO] = 1,2; [0,] = 0,1; [COs] = 4. Beraucmurs
HCXOIHYI0 XKoHIeHTparmo CO.

72. Bo CKOJBKO pa3 BO3pacTeT CKOPOCTh peaxuma 200 n+ 0 2 '7C02 (r)» €CITIH
nporece roperns CO npoTexaeT He Ha BO3LYXe, & B MUCTOM KUCIopoze?

73. Komncraura pasropecma mpomecca CO y + Clyy 2 COClay mpu onpenenen-
HBIX YCIIOBWIX PaBHa 4. PaBHOBECHBIS KOHIEHTDANVY BEINGCTB COCTABIITIOT, MOML/M:
[CL]=0,5; [COCL] =2. Onpenemuts paBHOBECHYI0 Kornentpamuio CO.

74. Bo cKONLKO pas YBENFHHTCS CKOPOCTh paMoit peakima 2NOg; + 0, © 4_2N02 )

€CJIH KOHUCHTPaH KCXOHEIX BEIICCTE YBCHUIUTE B 6 paz.

75. Hcxonssle KoHIeHTpamuu okcupa asora (II)m xsiopa B FOMOTeHHOH cHcTeMe

2NO ¢ + Cly oy & 2NOCI ¢ cocrapnsmor coorBerctBenEo 0,5 u 0,2 MONB/L

Brerawcnuts K., ecnv K MOMEHTY HACTYIDICHHS PaBHOBeCHd Tpopearuposaio 20%
oxcuna azota (II).

76. Jie peakipum IpOTEKalH C TaKoH cxopocmxo 9TO 33 eUHKIYY BPEMEHH. B IIepBoi
peaxuum obpasoBanocs 3 I cepoBogopoza, a Bo Bropo# — 10 r Hogosonopona. Kakas
U3 peaxiuii IpoTeKana ¢ GobInel cpeymed cxopocrmo‘? OTBET IOACHUTE.

77. B cocyne obsemom 2 1t cmemany ra3 A (4,5 Mons) 1 a3 B (3 moims). [assl AuB _

DearmpyroT B COOTBETCTBHE ¢ ypasHemmeM A + B = C. Yepes 20 ¢ B cHCTeMe
ofpasoBanock 2 Momb rasa C. OnpenenuTs CPeIHIOn cxcopocm peakiin. CKOIBKO
MOIE ra30B A 1 B ocranocs 8 cucteme?

78. Pasmosecme romorenroi cucremsl 4HC oy + Oy ¢y 2 2H,0 (r)+ 2Ch yCTaHo-
BATOCH TIPH CHEIYIOMIX KOHIIEHTPANMSX PEATMpyIOMEX BEINeCTB, MOJB/T:
[H,O] = 0,14; [Cl;] = 0,14; [HCI] = 0,20; [O,] = 0,32, Brmumcnapre HCXOIHEE
KOHITEHTPAIHHE XJIOPHCTOr0 BOJOPOA M KUCTOPOa.

79. Brrancimre KoHCTAHTY paBHOBecks At crcteMsl COgy + HZO(F) 2 COxpnt Ha,
€CITM PAaBHOBECHBIE KOHIIGHTPAIHH BEIECTB,: MOTE/TT: [CO] 0,004; [H,O] = 0,084;
[CO,] =10,016; [H,] = 0,016.

80. Komcranta pasmosecus romoremmodt cuctemst COgy+ HyOu 2 COup+ Hag
IIpY HEKOTOpOil TeMIiepaType paBHa 1. BrrucnuTe paBHOBECHBIE KOHIIEHTPAIM BCEX
PEarmpyrOnIEX BEIIecTB, eCl¥ KCXONHHe KOHIeHTpamww,. Mois/m: [CO] =0,10;
[H,0]= 0,40. ‘

12

3anamms 81-100, Ham/lmme MATEMaTHYECKOE BEIPaKSHHE K, (KOHCTAHTEL -
XMMHYECKOTO paBHOBECHS) ~ HNf o6pa’rm\u,n( péaxmmi @ | yKaxuTe HampaBleHKe
CMeILE S PaBHOBECHS [IPH M3MEHeHUH YCIOBHI:

a) YMEHBLICHNH TapIHalbHOIO JABIeHNIT OZIHOTO 13 I/ICXO,ZI‘HBIX ra3000pasuexX

BEIIEeCTs;

§) IOHIDKeHUH- naBneHm,

B) TIOBBILCHUY TeMIIepaTyphL.

AH®, xJlox/Moie

Homep YpaBaenne peaxuan
3aJaHid | i . . . .
81 12N)Ogy + Ozp 2 4NO : ' 196
82 [4NHp + 50, & 4NOg + 6 H,0¢ 908
83 |[2HS@ + 3019 & 280,y + 2H,0 - | 1038
84 |COyy + g 2 COy + HpOp - a1
85 2Hy i + Or9 2 2H0 gy » | —484
8 - (250, ® T 02(,-) Z 2SO3(,-) ’ -196 .
87 |2NOg + Oy 2NOy gy , R
88  [Fe:Osq + Hogy & 3FeO oy +H,0 62
89 |[FeOgp + Hoy 2 Fey + HOyy L —272
90 | Clrupm * H:O & CO + Hagy 131
91 [COq + HOy & COrgy + Hag T —41
92 SO + Hz(r) 2 SOy + HOgy e - 144
93 |Hyq + Chy 2 2HClg —184
94 [FeOg + CO@ 2 Few + COzgy - T -1l
195 127084 + 3010 2 2700 + 28050 Z878
96 N, o T 3H, ) 2 2 NH; © : : -92
97 CaCOs Z Ca0 @ T CO, ® . 175
98  [2MgClymy + 20,0y 22MgO g + 2Ch ‘ 82
99 Ca(OH), @ Z CaO(T) + H,O © - 48
100 |[HOp + COm o COy + Hoy T}

31 Kom;lelrrpanm[ pacn;opos

Baxceitmeit XapaKTePUCTHKOH co,nepxcaﬂml KOMIOHEHTOE B CHCTEME SBIAETCH
KOHIIEHTPaIiA PacTBOPOB.

KonneHTpanmed paCTBOPOB Ha3EIBalOT onpeneneHHoe MacCcoBOe (HJm o6BeM-
HOE) COTepaHye PaCTBOPEHHOTO BEIeCTBa B OIPEENEHHOM MACCOBOM (MK 06'BCM-
HOM) KOIIIECTBE PACTBOPHTCII M PACcTBOPa. .

Cymec'rsyfo'r HECKOJIHKO METO/IOB BHIPAXeHHs KORI[EHTPAIIA PacTBOpPOB. Pac-

CMOTpHM CaMEIe PACIPOCTPAHEHHBIE H3 HIX (rabn.3.1).
13




5 TaGJIm);a 3.1
MeToRs! BRIDAKEHUS KOHNEHTPA- Oﬁosnaqenue ¥ Pa3sMepPHOCTH HPUMeEHsIe~
- [IHA PACTBOPOB , MBIX BEJHYHMH .

MaccoBass 04l PacTBOPEHHOTO | @ —~MaccoBas OJI PAaCcTBOPEHHOTO BeIecT-
BellecTBAa — 3TO OTHOIIEHHE MacCH | pa, GespasMepHAs BeINIHHA
PacTBOPERHOIO BellecTBa K OOISH | 5~ Macca pACTBOPEHHOIO BEINECTBA, T

Mmdcce pacTBopa: Mp.pa~MaCCA PACTBOPA, T
o=l _ " V-ofpem pactBopa, M
Mppy VP - | p - IWIOTHOCTE PACTBOPE, I/MII
IIpouenrnas KORNEHTPaNH: C% — TpONEHTHAS KOHIEHTpanms, %
C% = 100% - M5~ MAcCa PACTBOPEHHOTO BeIIeCTBa, T
Mp py - _ Mp-p4~MECCa PACTBOPA, T
MouspHasi KOHHEHTPAmus WM | Cj ~MONIpHAS KOHIEHTPALMS WK MOJLIp-
MOJISIpHOCTE  —  9mcno  Mojell | HocTs, wHorza 0603Eaga0T M
PacTBOPEHHOTO BEIECTBA B OIHOM | V —KOJHYECTBO (YHCIO MOJIL) PACTBOPEHHO-
JIATPE pacTBopa: A | ro BemecTRa, MOIS
' V-o65eM pacTBopa, 11
C, = yv__m mp—MACCa PACTBOPSHHOTO BENIECTRa, T.
V M-V Mp—MonspHas Macca paCTBopeHHOTO Berte-

: CTBa, I/MOJIb

Mpu pemenvw 3afa2 HeobxoxwMmo oOpaImaTh - oc060e BHWMaHWe Ha
pasMepHOCTh IPUMEHICMEIX BeIUIHH M 0013aTeNEHO IPHBOIUTD UX B COOTBETCTBUC
Ipyr -apyry. IodToMy mpu IIOACTAHOBKE UHCIEHHBIX 3HAYCHUI B (QOPMYyIEHl . HAJO
yKasbIBaTh pasMepHOCTs bemwdmH.  Jig Gomee pAIMOHANBHOTO BBIIONHEHML
PeLIeHyA 330249 MOKHO IPEMEHSTh BCIIOMOTaTeNbHEIe hopMyisl (1a6i.3.2).

d)oprvlyna __Hpumenenne
mppg=Vep Ui BETIUCIEHHS Macchsl pacIBopa
My =Vio " Pro I BOFEL o =1%/m npu 4°C '
_C%:p-10 | g Mepexosia OT IPONEHTHOR K MOJAPHOH KOHIEHTPALHN
M- M -1% . . . ) » oo
Cc% C, M -1% - | And mepexona OT MOIIPHOH K HPONEHTHON KOHISHTPAI[UH
0o = """ . R o
p-10 .
my » U1 HaXOXKJIGHUT KOIMIecTBa BellecTsa
V =
B M 5

Myppat Map.pg= Mp.py | TIPY CIUABAHUYN JBYX PACTBOPOB PAa3ATHEIX KOHIEHTPAIHH
MACCHI TIEPBOI'0 ¥ BTOPOTO PACTBOPOB CKIIAIbIBAIOTCA
mypt mp= Mg IIpY CVBAHWA JBYX PACTBOPOB PasiiyHbIX KORIEHTpAIHH

' Maccsl PacTBOPEHHEIX BEIIECTB, CONEPXAIIIXCS B
pacTBOpax, CKIaBBAIOTCA

Mp= M35 np¥ pa3baBieHHH PACTBOPOR BONOM Macca BellecTsa,

TaGJnma 3.2 .

COZepKalierocs B pacIBOpe, OCTAETCs HEU3MEHHON
14 )

. Pemenmue zamag opopmiaTs oszaTenLuo B COOTBETCTBHH C anBeL(eHHLn\m
HIDKe TIPUMEPaMHL.
Hpumepm PemIeHHs THUHEIX 32/a%

I[pumep 1. 3anaua na paséasienne.

Kaxoit 06Bem 95%-Horo pacteopa cepHOH xucnoT (0 =1,84 r/mn) Hago B3ATH
s TIpEToTORNeHHA 4001 10%-Horo PacTBOPa RUCTIOTE?

IIpuroToBneHye PacTBOpa 03HAYAET, IT0 KOHICHTPHPOBARHEIH PacTBOp pas-
GasmsuoT Bonoi. ITpu 5TOM OCTAETCS HEM3MEHHOM Macca PaCTBOPSHHOTO BEIIECTBA.
KpaTko 3anmIeM ycIioBys 33/ia98, OG03HATHB MapaMeTPEl HCXOIHOTO PacTBOpa C HH-
AEKCOM 1, IPUTOTOBIIAEMOTO PACTBOPa C HEAEKCOM 2.

Jano: ) Pemrenne:
C%,=95% ¢ I3 BeIpaXeHHS V1 DPOIEHTHOHN KOBIEHTPALHN
p1=1,84 /v NIPHATOTOBAEMOr0 PacTBOPA BEIPA3UM HEOGXOAUMYIO
Moppa=400 T Maccy paCTBOPEHHOTO BEIIECTBA (CepHON KHCTOTEL):
' . = e = C%,y mypp
C%,=10% C%, = 100% = m,, =
0% e 00w W
Haiita: 11=? . Onpe;[emleM MacCy CepHOM KHMCHOTH {#;p) B HCXOIHOM
pacTBope: C%, = -100%, tax xax mippa=Vip; TO
m11> PA
C%, - p, -V,
C%, =B 100% =y = =LA ' @
Vi-p 100% :
. TlockoNEKy mip=m;p, TO IPHpaBHHUBacM BEIpaxerns (1) 1 (2).
C%, My =C%1’/)1'V1 = V. = _Mlﬂ’é_
100% 100% - L C%,-p
10%-400 : '
. Pacuer Vi = B M 22,9 ML

%- r/
95%-1,84 A{ ,
" OtBeT: 005eM 95%-HoT0 pacTBOpa CEPHOH KHCIOTHI paBeH 22,9 MiL
Hpumep 2. 3agaua ¢ pacgeToM 0O YPABHEHAIO XAMHIECKOH - PeaKiay.

Kaxas macca 25%-Horo pacTsopa IHAPOKCHIA KaIHg pacxo,uye'rcﬂ Ha HeiiTpa-
amsamuo 75 r 15%-Horo paciopa VKCYCHOR KACTOTHI?

O6o3HaunM napaMeTpsl, OTHOCAINHeCA K YKCYCHOH XucioTe mHEeKcoM 1, THA-
POXCUIY Kalus HHAEKCOM 2.

Hano: Pemenne:
C%=15% e VpaBHeHHE PeaKiyH HeHTPAIH3ALE;
mip.pa=15T CH;COOH + KOH = CH; COOK + H,0
C%y=25% - . PaccumraeM Maccy pacTBOPEHHOTO  BEIECTBa,
Ha#Ta: mppa=?- | ~ . comepxamerocs B pacTBOpe YKCYCHOM KWCIOTHL:
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LT

' - _C%, mp
- C%, =—2-100% = T e
o Tnon ° T

J OnpenengeM KOXAYECTEO BELIECTRA (chyCHon mcno"rm), cozzepx(ameecz B
pacTBope: g .

g C% mpp, - 15%-75e
M, 100%- M1 T 100%- 50/

: =0,188mons
o Tlo ypaemenwto peaxum V; — W .~ Paccauraem V,:
' v, = v, =0,188Mom15
e  HaifeM Maccy pacTBOPEHHOIO BEIECTBA, COLEPKAIIETOCS B PACTBOpE THAPO-
wenma xanms: Mop =M, v, =56 %4 o 0+188M0m =10, 5r.

A4 Onpe,ueJmeM MaccCy pacTBOpa 'HAPOKCHIA Kalnud, COUCpXalero 1agHoe KOmu-
HYEeCTBO PaACTBOPECHHOIO BEINECTRA —~ I'MAPOKCHIA KAk

' My -100% _ 10,5r:100%
Tapra =T o 25%

OTser: 42— Macca pacTBOpa mnpoxcm:(a Kauys, KOTOpaﬂ pacxonyercs Ha pe-
aKIIO ¢ YKCYCHOM KHACIOTOH.

= 42r.

IIpnmep 3. 3apaga ma npnromlmenue pacTBOpa coJiu U3 KpucTannom;(paTa.

‘B 430r Bops! pacTROpHIA 50r CuSO, 5H,0. Bemamicmuts TIPOTEHTHOE CONEpXa-
Hue kpuctamtoraapara (CuS0,-5H,0) 1 Gespoaroit comu (CuSOy) B pactsope.

O60o35a9mM NapaMeTps! PacTBOpa KPHCTAIUIOTHApAaTa ¢ uHiekcoM 1, pacTsopa Ges-
BOJTHOH COIY C WHASKCOM 2.

Mano: , Pemenne:
My o =450r ' e  THaiigeM o6mnryIo Maccy pacTeopa:
mis= 50r Mppa™ Mip.pa= Mop.pA= Myo+ Mip
Haijitn: mppa = 4501 + 50r = 500r
C%, C%,="? | R
o Paccumtaew TIPOLEHTHO® CONEPKAHNE KPYUCTAIIOTHIPATA B pacnaope
C%, = n::l; 100% = %%)PO—A’ 10%
° OrpenenuM Maccy 6e3BORHOM COIM B pacTBOpe:
My _ Mp myp -Myp

L= mZB=

Vig=Vap = =
1B 28
M, M,

_50r-159, 5/0HL31 ose
Pacuert: Myp= : r
249, S/OHB

¢ TlpouenTHOe comiepxanue Ge3BOHOM COM B PACTBODE:
C%, = —2B_.100% = 31.96r-100% _ 6,39%
Moppa 500r

Oxzer: 10% — conepxanue Kpﬂcrannornxpara B paCTBope 6,39% — conepxa-
Hye 6e3BOJHOH COMM B pacTBOPE.

Ipamep 4. 3azaua Ha pacueT MOISPHOH KonueHTpannn, €CJIN U3BECTHA
HpPOUEHTHAs KOHNEHTPaus.

OnpefenuTs MOJIAPHYIO KOHIERTpauwo 36,2% - ro (no Macce) pacTBOpa Cosi-
HOM KCJIOTEL, INIOTHOCTE KOTOporo pasxa 1,18 /.

Jano: _ Pemenmne:
C%=36,2% e V3 BripaxeHWsa AIA OPONEHTHOH KOHIEHTPAIH
£ =1,180/Mr JaHHOTO PACTBOPA BEIPA3HAM HEOOXOIHMYIO MACCy

PacTBOPEHHOTO BEMECTBA {COILTHOM KHCIOTEL):

=T g00% =y = S e »
%PA' 100% o /

. HOJICTa‘BJlﬂeM Macey COILTHOM KMCIOTH (mB) B tbopMley Bmpama}omym MO-
JTHAPHYIO KOHIEHTPAIHIO PacTBOpa 1, YYUTEIBAS, YTO Mp.pq = V'p, 3AIHCHIBAEM <bop—
MyJLy Hepexoa OT IPONeHTHOH KOHNEHTPalH K MONIPHOM:
c %y,  C%Vop
M M-V100%  M-V-100%

o s anBe;[eHmI PA3MEepHOCTH MPUMEHAEMBIX BETUHH B COOTBETCTBHE K APYT
HAPYTY BEIPasiM IWIOTHOCTE pacTBOpa B /a0 p=1,18: +10°r/1, Torma o6BeM pacTEopa

Haitrn: Cy=7?

@)

. TIOJIY9HTCs B JIMTPax | CoKpamaercs, hopmyia mprobpeTaeT B

_ C%mppy _ C%V-p10°  C%: p-10
MO MV100%  MV100%  M-1%
TlpomssomuM pacset, HCToNs3ys GopMyiy (3) A Iepexo/ia OT IPOLEHTHOH
KOHIEHTPAIWH K MOJISPHO:

0/, . 36 2%-1,18%/ -10
M=CA),010‘___ / _117M0HV
M1% 365 / 1%
Orser: 11,7M005/1.
Wm__ﬂg_@ye NPOLEHTHO} KOHIEHTPANAH, ecau us-'
BecTHA mMoJspaad KOMISRTlanas pacTeopa. .

Onpenphi: YRsknsed Oééiﬁéﬁﬂéﬁﬁégfézcmopeﬁnoro'BemeCTBa B 1,58M pactBope
TeXHUYeCKOro yHuBepeutera - YIIMW o '

B r. KameHncke-Ypaascrom
Crsepnnosckoil o6nacryu

&)




H,80,, mrotEOCTE KOTOPOrO pasxa 1,1 /ML

Hano: " Pemrerue:
Cy~=1,68 Monp/1|  ® PacaeT mpowusseneM, UCIONB3YA q)opMyny v3 Tab1.3.2
p=11r/Mn JUTS I6PEX0Jia OT MOJSIPHOH KOHIGHTPAIHH K HPOLEHTHOMN

~{(BBIBOJ OPMYITEI MOJKHO NIPOH3BECTH = CAMOCTOSTENEHO,

HCTIONB3YS TpuMep 4):

C%=2 ;
Gy M1% 168M0H%-9SFMOHB-1%_ )
C% = = . =15%
p- _ 1,1_4 10
Orser: 15%.

3apanus k nogpasgeny 3.1

Kaxcp;oe 3a7anHne COIEPHHUT no 2 3ama9n (3,6)

101, a) K 500 mx pacTBopa consrol kuenotsi {p = 1,10 r/mu) mpubasumu 2,5 1 BOIEL,
mocae uero pacteop cran 4% - meM. Ompegenudre IPOLCHTHOE COAEPKaHUE
PacTBOPEHHOTO BEINECTBA B MCXOHHOM pacrsope. 6). Onpenenute MONSPHYIO
koHNernTpanuo 10% - Horo pactsopa azoTHO Kucnotsl (p=1,06 r/mi).

102. a) OnpenienwuTe MOTAPHYIO KOHIISHTPAIIAIO PACTBOPa CyibdaTa Kamms, B 200 M
KOTOPOTrO COREpXUTCA 1,74 T PacTBOPEHHOro BemecTsa. 6) Onpenenure NpoleHTHOS
COZepKaHue PACTBOPEHHOTO BemecTsa 1 M pactsopa Hutpara aukers(Il), mroTHocTs
xotoporo 1,08 r/mm. _

103. a) OmpenemuTe MOIAPHYO KoHIeHTparmio 10% - HOro pacTBopa CepHOM KHCITo-
TH (p = 1,07 r/mix). 6) Cromeko M BOAEI clexyer mpubasuts X 100 Mm 20% - Horo
pactsopa cepHol KucioTsl (p-= 1,14 r/Mm) mirs nonydeRrs 5% - HOTO pacTBopa?

4.%) B xaxoM 06BeMe BOTE! crexyet pacTroputs 32,2 T NaS04 10H,0, urobe
uth 5% - mEIf pacTBOp cymhdara Hatpus? 6) Oupenemare IpPOTGHTHOS

cofiepkanue pacTBOpeHHOro semecrsa 0,9 M pacteopa H;PO, (p = 1,05 r/w).
105. a) Cxonexo rpammos mezmoro kynopoca CuSO, - SHO m Bozs Tpebyercs Lt
nperotoBierud 150 r 8% - Horo pacrBopa B pacHeTe Ha 0€3BOIHYIO CONb?

6) Onpenemate MOMIPHYIO KOHIEHTPAUKIO 27% - HOTO PacTBOpa COJEHOHN KHCIOTE]
(p= 1,14 o/mn).

106. a) Ho xaxoro o6Bema crexyet pasbasuts 1,5 1 20% - Horo pacTsopa XIOpHA
.ammonus (p = 1,06 r/mi), aTobsl momydauts. 10% - Heni pacrsop (p = 1,03 r/mn)?
6) Cxonpko mummamuTpoB 70% - HOro pacTBOpa HETparta kamas (p = 1,16 o)
Tpebyerca s npurotosnenms 0,5 1 0,2 M pactsopa?
+ 107, a) CKoIbKo IpaMMOB KpHCTAILTHIECKOH comEl NayCOs - 10H,0 mapmo B3gTs 1%

npuroroBiernd 2 1 0,2 M pactsopa Na,CO3? 6) Cxonsko MAmamTpos 36% - Horo -

pacTBOpa CONSTHON KHCNOTEL (p = 1,18 r/mm) Tpebyerca s npurorornesrs 4 10,5 M

pacteopa?

108.23)K 1 120% - noro pactsopa rrmpoxcm:a HanHH (p = 1,22 r/mi) an6aBHm/1

10 x Boxsr.” OmpefenuTe UPOLEHTHOE CONEPKaHHE DACTBOPEHHOIO BEIIECTBA B
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TTONy9eHHOM pacTBope. 06) Onpe/:(enm*e MOIIIPHYIO KonneHTpanmo 8% - moro
pacteopa cymsdara Harpust (p = 1,08 r/mm).

_109. a) CronbKo MPULTHIHTPOB 10% — =Horo ?éCTB;)pa Na2C03 r =110 r/MJI),

“crenyer mpmbasuTh K 11 2% Horo pactopa (p = 1,02 r/mm), 9rob5 moXyamTE

3% ~ HBI pPAacTBOP OSTOH cONH? B) Oupepemnre npoleHTHOE couepx(a}me
pacTBOpenHOTO BemecTsa B 2 M pacTBope rBapoxcraa Hatpus (p= 1,08 r/mi).

110. a) Cxo/IsK0 MILTHIHTPOB BOAHL cliefyeT nprbasuth K 25 mit 40% - Horo pac

- teopa KOH (p=1,40 r/mm), gro6s momy=awrs 2 % - Heui pacteop? 6) Cxombko

MHEIUIEIHTPOR 96 % -HOTO pacTeopa cepHOM kucnoTr (p = 1,84 r/mm) Ipeﬁye'rcz bize: |

- mpurorosnesna 300 ma 0,5 M pactsopa?

111. a) Cxomsko rpaMMoB MeFHOTO Kynopoca CuSO; - 5H20 cnez(ye'r H06aBUTH K

150 mn Boster, 900K nONY4HTh 5% -HEI pactBop CuSO,? 6) Cxomsko Mnnmnmpma
30% - HOTO pacTBOpa a30THOH KuCHoTH (p= 1,84 /M) Tpe6yerc>1 UL IPUTOTOBIEHIA

250 mn 0,5 M pactBopa? '

112. a) Onpe/ienuTe IPONEHTHOE COJIEP/KAHTE PACTBOPERHOTO BemecTsa B 0,25 M

pacTeope ruppokcuua Hatpus (p = 1,01 r/mm). 6) Cxomsxo munmamarpor 0,1 M

pacreopa HCl moxwo mpurorosuts #3 20 mi 0,5 M pactBopa 370 KECIOTHI?

113. a) Oupegenure MOAIPHYIO KOHIERTpalpno 10% - HOro-pacTBopa COMFHON KHCIO-

™ (p = 1,05 r/ma). 6) Cxombko MmmIAIHTPoB 30% -HOM a30THOM KHCIIOTEL

(p = 1,18 r/mx) tpebyerca A mpurorosierns 250 mu 11% - moro pacTBOpa

(p=1,07 o/mm)?

114. a) Cxonsko MammmarpoB 30% - rmoro pacrsopa KOH (p = 1,29 r/mn) tpebyercs
mms mpuroroererus 300 mx 0,1 M pacrsopa? 6) K 760 mu 20% - mOTO pacrsopa
NaOH (p = 1,22 r/mn) nppmbasmmm 140 mn 10% - Horo pactsopa NaOH
{p=1,11 r/m). OmnpeennTe IPOLEHTHOS COAEPKAHNE PACTBOPEHHOTO BELISCTBRA.

115. a) K 50 v 96% - Horo pacrsopa cepHo#i kucnoTs! (p = 1,84 r/mn) npubapmmu

50 mu Bomsl. OnpefenuTe NPOLECHTHOS COMNEPIKAHEE PACTBOPEHHOTO BEINECTBA B
noly4eHHoM pacTsope. 6) Onpegenute MOJI}IpHy}O KOHLleHTparmio 72% - HOro
pacTBOpa a30THOR KucHoTs! (p = 1,43 r/Mim).

116. a) Onpenenute MOMIPHYIO KOHIEHTpanuIo 6%-HOT0 pacTBOpa GochopHOH Kuc-
motsi (p = 1,03 r/mm). 6) Oupenenure HPOLEHTHOE COAEp)KaHHE PAaCTBOPEHHOTO
BEIISCTRA PacTBOpa, HoiydeHHoro cMemernueM 10 mix 96% - HOro pacTROpa a30THOHR
xucnots (p = 1,50 r/mm) u 20 mu 48% - HOrO pacTBOpa a30THON KUCIOTEHL
(p = 1,30 r/mm).

117. a) Jo xakoro o0seMa ciienyeT pasGaBuTh 500 w1t 20% - HOTO pacTBOpa XIOpUaa
warpws (p = 1,15 /v, 310651 Domysuts 4,5% - geii pacteop (p = 1,03 r/Mm)?

0) Omnpenenute MOIIPHY0 KOHUCHTPALIO 50%-Horo pacTBopa a30THOX KHCIOTHI
(p= 1,31 r/mm).

118. a) OmpenenviTe MOIIPHYIO KOHIEHTPALIIO 60%-H0r0 pacTBOpa CepHOI KUCIOTEI
(p= 1,50 r/mx). 6) Cxonbko MuUIARHTPOB 32% - HOFO PacTBOpPA a30THOH KUCIOTH -
(p = 1,19 r/mr) TpeGyercs mis mpurotosienus 300 v 0,75 M pactsopa?

119. a) Crosisko MuwpmainTpos 0,2 M pacTBopa a30THOM KHUCIOTH HEOOXOZAMO A7 .
mefitpaymzarpu 80 mu 0,6 M pactBopa NaOH? 6) Ompenemmte NIponeHTHOS
CORepXaHMe PacTBOPEeHHoro BemecTsa B 1,5 M pactsope KOH (p = 1,07 v/mu).

120. a) Ompegenmre MOIAPHYIO KOHISHTpaipmo 10%-Horo pacTBopa KapGonaTa
matpas (p = 1,10r/mn). 6) Cxomsxo mmmmmmrpoB 30%-Horo pacteopa NH,OH
(p = 0,90 r/mu) TpebyeTcs ms noiygenust 400 i 2 M pacteopa?
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3 2. DneRTPONIATAYIECKAN ABCCONMANMS.
Honﬂo-monelcymxpnue ypaBReERs

- DUIeKTPOJIATAMY Ha3EBAIOT Bemecma, PACTBODHI ¥ PACIIIARET KOTOPBIX npo-
BOJAT 3IEKTPHYECKII TOK. :

K snmekTponmTaM OTHOCATCA HEOPTaHWYSCKUE KACIOTHI, & TAKKe OCHOBAHWI,
amoTepHEle THAPOKCHAS! # COMH. - OHM pPacHaialoTcs B BOIHBIX pacnaopax u
pacruraBax Ha xaruousr (K™ n amonsr (A™).

Tponecc pacrafa MONEKyN SNEKTPOIMTOB Ha ¥OHEI B Cpeje PACTBOPUTENS
TOJYYMI HA3BAHHE 3JIeKTPONATHYCCKOH aucconnanad (4 HORN3aMEN).

JA9  XOMMIeCTBEHHON - XapaKTEPUCTHKY CHIIBI - 9NEKTPONWTA  HCIONEIYIOT
. TIOHSTHE CTENEeHH 3ISKTPONMTHIECKOA Auccotmanyy (HOHR3ANUN) - O, KOTOpas
DaBHA OTHOIIGHUIO THCIA MONEKYN, PACTIABIIMXCS Ha MOMEI (n), K 06INeMy HHCIY
MOJISKYJI S/eKTPOIHTA, BREASHHEIX B pacTBop (N):

a=n/N.

Taxem o6pa30M, o Bmpamaro'r B HOIUIX €IHHHIIEL

Tlo crenmenu JECCOnMAalMy SIEKTPOIUTE YCIOBHO HOZPA3KENMIOT HA CHILHEIE
(o~ 1) u cnabsie (o < 1).

CuiibHbBIe 3JIEKTPOIATEI
¢ Conu (cpemnue, xucimle, ocHOBHEIE): A15(80,)s, NaHCO;, CuOHCI.
¢ Heoprammuecxue xucnots: HNO3, H,SO,, HC1, HBr, HI, HCIO,. u 1p.
o THMIpOKCHAR IIENOYHBIX K IUENOYHO3EMENBLHEIX METAILIOB: KOH, NaOH,
Ca(OH);, Ba(OH) m fp. |

CHNBHEE HITEKTPOIBITE ,ILI/ICCOHI/IHpYIOT B BOJHOM pacmope TPaKTA9ECKA

maneno:  Aly(SOu)s=2A1+3 SO~ NaHCO;=Na' +HCO;~
HNO;=H"NO;™ H,S0,=2H+80,
CuOHCI = CuOH+CI Ba(OH)z Ba*+20H"

Cnatbie 3JeKTPOIATHI
¢ Tlourm Bee OPTaHMTEeCKIE KACIOTHL: CH3COOH H,CoO4m nip.
. HeKOTopLIe Heoprarzeckue kucnors: H,CO;, H,S, HCN, H2$103, HNO,,
HzSO3 N H3PO4, HCIOxn Ip.
¢ T'mppokcumsl MeTamIoB . OCHOBHOTO. XapakKTepa
IHENOIHO3EMENBHEIX) B THAPOKCHS aMmonus NH,OH.
o  Amdorepusie regpoxcusl: Al(OH);, Zn(OH), , Cr(OH);, Sn(OH),, Pb(OH), u ap.

Jnst ciabrIX SIEKTPOIATOB TUCCOLMANES — 00paTHMBIM Tpoliece, Ik KOTOPOTO

CIIpaBeqIUBEL OOIIHE 3aKOHEI PABHOBECHA. :
Hrccouuanyto ciabbIX BIEKTPOIHTOB XapaKTepu3yeT KOHCTAaHTa paBHOBECHS,

HasbIBacMast KOHCTaHTol qucconnanun (monmsamum) K

CH;COOH 22 CH;COO™ +H"
[cH,C00™ ) [H"]
A [CH,COOH]

M=uoroocHoBHEIE KHCIIOTEI M MHOTOKHCIOTHEIE OCHOBAHWS JHCCOLUHPYIOT
CTYHeHYaTo, W KAKIYH CTYNEHb pABHOBECHOTO COCTOSHUS XapaKTEPH3YeT CBOS

xoncTanTa gucconmarmy (npudeM Kx, Bcerma Gomerme Kx, = T.4.), HatpuMep, TIpH
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{(xpoMe IIENOYHBIX H

Ancconuannn H,S: 1-5 crymens H,S Z H'+HS™ Kn ™ [H S] =6-107%,
E . 2

2- a crynens HS™ 2 H+8* Kg =

rre [ ] — paBHOBECHEIE KOHLICHTpaL[I/IH HOHOB ¥ MONEKYIL.
Jnacconnagns Cu(OH);:
I-st crymens Cu(OH); 2 Cu(OH)* + OH"

. 2-scrymess Cu(OH)" 2 Cu®'+OH"
AquTepHHe raaporcnarl, nanpamep Pb(OH),
tuny: Pb(OH), 2 PbOH'+ OH ~

PbOH" 2Pb*" + OH™
H KHCIOTHOMY: 4

ABRCCOLIUHYPYIOT IO OCHOBHOMY

H,PbO, 2 H' + HPbO,”
HPbO,” 2 H' + PbO,*~
B pactsopax 3MeKTPONUTOB PEaKWH IPOTEKAIOT MeXAy noxamu. s 3amuicu
HOHHBIX Deakiuil IpUMeHTIOT MOHHBIE - ypaBHenwd. IIpH COCTaBIGHME HOHHBIX
YpapHEeHMH peakumi Bee crnabhle ' BNEKTPONMTHI, rashi’ M TPYLHOPACTBOPHMEIE
DIEKTPONMTHL 3aIACHIBAIOT B MONEKYIApHOH (OpMe, BCE CHIIBHBIE 3NEKTPOTHTEI
(kpoMe TPYAHOPACTBOPHMBIX coNeH) B WOHHOH -dopMme. IIpHMepsl COCTaBIEHHS
VIOHHBIX YPaBHEHUH peaxiyii: .
e 00pa3oBaEue TPYAHOPACTBOPHMEIX COSMUHSHHI:
~ Pb(NOj); + 2KI = {Pbl, + 2KNO; Pb™ +217 = IPbI,
& PEaKIUE ¢ yIacTHeM CIabonHCcCOMAPYIOLNX COSTUHEHM:
CH3;COONa + HC1 = CH;COOH + NaCl
CH;COO™ +H' = CH;COOH
HC1 +NaOH =NaCl +IL0 - H'+OH ™ =H,0
HC1 + NH,OH = NH,C1+ H,0O - H'+ NH,OH =NH;" + H,0
CH;COOH +NH,OH = CH;COONH, + H,0O
CH,;COOH + NH,OH = CH;COO + NH,"+ H,0
» o0pa3oBaBHe Ta3006pa3HEIX BEILECTR: N
Na;CO; +2HC1 =2NaCl + CO,T +H,0 €O+ 2H' = CO,T+ H,0
ITpumep 1. Ocymectsuts npespamerns NaOH — NaHSO; — Na,S0; .
Pewenue. NaOH + H,80; = NaHSO; + H,O
OH + HzSOs = HSOs— +H20
NaHSO0; +NaOH = N2,S0; + H,O
HSO; + OH ™ =S0y* "+ H,0
Hpumep 2. Ocymectputs npeppamesus Ni(OH), — (NiOH),SOy4 —> NiSO..
Pemenne. 2Ni(OH), + H,80, = (NiOH),SO, + H,O
2Ni(OH), + 2H" + 804~ = (NiOH),SO, + H,0
" (NiOH),S0, + H,SO, = 2NiSO; + 2H,0
(NiOH),SO, + 2H" = 2Ni * + 280+ 2H,0
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3a,z(amm K nonpa:meny 3. 2

Sapamms 121- 140 Hanmmmite B MONEKYIIpHOR ¥ HOHHOM cbopMax YpaBHEHHAS
BO3MOXKHBIX PSaAKITHH npemoxcemrmc okxcupos ¢ HyO, Na20 KOHHNO;.

121. N203, NaZO 126. SOZ; CuO 13,1. MnO, P205 136. N205, CuO.

122, SnO, P205 ) 127. Cr203;~C1207 132. BaO, Mn207 137. 'P205, CoO.

123. SO CaO 128. CoO; ZnO_ (133, CdO; SnO- | 138. PbO; MgO

124. SiO,; NiO 129. P,0;; FeO 134. As,Os; CuO 139, CLOy; MO

125. . PbO; N,Os 130. FeyO5;, KoO (1135, A1203; Si0, | 140, 'SOg; TiO-

3aganus 141-160. Hanummre fis Hpe/:[JIO)KeHHBD( CoeJlMHeHUl ypaBHEHHS .

JIMCCOMMAIINY, & TAKXe B ‘MONeKyNIPHOH 1 HOHHOMH thopMax ypaBHEHHNI BO3MOXKHEIX
peaxamii B3aumometicrsis ux ¢ HoSO4 u NaOH.

141. HCI; Cr(OH)s 142. Ca(OH),; H;PO,
143. Cd(OH),; H,S | 144. HNO;; Be(OH),
145, Cuy(OH),; HBr : 146. H,Cr,0;; KOH
147, H,SOs;; Sn{OH), ) 148. HCN; Ga{OH);
1149. H,Si0;; Pb(OH), : 150. KOH; H,CO,
151. CH;COOH; Fe(OH); 152. HF, Be(OH),
153. H,Se; Zn(OH), 154. NH,OH; HCIO,

-1 1585, FGQH)Q, H3A303 156. Pb(OH)25 I‘INOZ
157. RbOH; HI : 158, Mg(OH),; HCIO
159. H,Te; AOH), . 1160. G&(OH);; HMnO,

3anarmus 161-180. Hanumare ypasrenus THCCONMAITHE COMeil ¥ HABOBHTE HIX.

161. ZnCl,, MnOHCI, Ba(HSO;)Z 171.. Pb(HSOy),, NHNO;, CoOHCI

162, KzI‘IASOg,, AlOHCIZ, Nast3 172. AI(OH)zNO_:;, Fez(SO4)3, ‘KHSe

163. KHSOs;, (PbOH),SO;, CrBr, | 173. CsHTe, Cas(PO,),, MnOHBr

164.  Fe(NOs);, SnOHCI, NaHTe 174. Mn(NOj),, Bi(OH),CL, KHS
165. NaHSe, CoOHNOs;, MgCl, 1175. Al(80,); CrOHCl,, KHSO,
166. CdOHBr, NiCl,, KH,PO, 176. NaHSe, NiOHNO;, ZnSO,

167. CaBr;, (SnOH),SO, K HPO, 177, -CrOHSO,4, BaBr,, CsHSO;

168, BaCl,, Ca(HCO;),, AIOHCL 178, Cu(NOs),, CoOHCl, NaHS

169. NiBry, (CoOH),SO4 XHCO,. 179, FeCly, NaH,AsOs, KCrO,

170. NiOHCl, NiBr,, NaHzPO4 180. AIOHBr,, Sr(HS),, -~ K,S0;

3aganns 181-200. Harwmmte B MoneKmepHon ¥ HOHHOM Q)opMax ypaBHEHHS
PeaKui JUlA CHeTyIONIEX MPEBPASHUH.
181. Ni(OH), —» (NiOH),804 — NiSO; — NI(OH)z, . ,H3PO4_ — KH,PO,
182, CuSO,; = (CuCH),80; — Cu(OH), —» CuOHNQOs;; NaHSO; — Na,SO;
183. BI(NO3 )3 Ed BIOH(NO3)2 —-> Bi(OH)g - BizOg; Ca3(PO4)2 —> Ca3(HzP 04)2
184.. Co(OH), — CoOHCI —» CoCl, — Co(NOs),;; ©  NaOH —> NaHSO;
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Cu(NO;), + HOH  CuOHNO; + HNO;

185. Pb(NO;); —> PbOHNO; - Pb(OH), — K,Pb0O,; - Na,Te —»—» NaHTe _

186. NiCl, - Ni(OH), > NiOHCI —> NiCly; Ba(HS), > BaS

187. CrOHCl, —> CrCl; ~> Cr(OH); — CrOHSOy; H,8i0; NaHSiO;

188. (SHOIDzSOz; - SHSO4 s d SH(OH)Z - NE@zSnOz; T K2SO3 -—)KHSO3

189. NiBr; —» NiOHBr — Ni(OH),; — NiSOy; NaHSi0O; — Na3SiOs

190. CoSO, — Co(OH), ~ (CoOH),80, —> Co(NO3)s; HaS —> Ca(HS), _
191- CI'z(SO4)3 - CI'OHSO4 - CI'z(SO4)3 - CI’C13; Mg:,(P 04)2 - MgI‘IPO4 .

192. NiSO; —> (NiOH),SO; — Ni(OH), - NiBry; NaHCO; —> Na;CO;
193.FeOHSO; — Fex(SOy); — Fe(OH); — FeCls; MgCO; — Mg(HCO3),
194. Sn(OH), — SnOHCI — K,Sn0; <> Sn(OH)y; H3;AsO4 - KH,AsO4
195. NiBr, — Ni(OH); - NiOHCI —> NiCl;; BaSO; — Ba(HSO; ),

196. Al(OH); — AI(OH),Cl — AICl; — AI(NOs)s; ¥ NaH,As0; — Na;AsOs

197. CoCl, - Co(OH), - (CoOH);SO, — CoSOy;  H,CO; — NaHCO;
198. Bi(OH); —>Bi(OH),NO; — Bi(OH); -> Bi;O3; K,HPO, — H;PO, -
199. Cu(OH), =3 CuOHCl — CuCl, — Cu(NOs)s; _H,Se >KHSe

1200.. CoSO;—> (CoOH);80; — Co(OH); = Co(NOs);;  K,SO; —> KHSO;

3.3. 'maposns cojeit

I'mapoinz cojieli — 5TO HpoilecC B3aHMOJeHCTBHS  HOHOB COTH. €
MOJIeKy/IaMH BOJbl, MPABONAMMAN K CMEMICRAI0 HOHHOTO DABHOBECHN BOIBI K
a3mencnnio pH cpegsl,

- T'anponus sBrsercs OﬁpaTI/IMBIM npoueCCOM B PeaKIUax rmxpomlsa y4acTBy-
0T HOHEI CJ'Ia6I>IX SHSKTpOHHTOB KaTHOHEI CJI&6LP( OCHOBaHMY M aHHOHEI -ClIaDBIX
kucnoT. IlpugwuHa rumpommsa — 06pasoBaHHe ClaGOINHCCOLHHPOBAHHEIX  HIIH
TPYAHOPACTBOPHMEIX DIpPOAyKTOB, CiefcTBHEM IMAPONH3a - ABJIETCH HAPYMISHHE
papHOBecHs B cucteme  H,O 2 H' + OH ™ ; B pesynprate cpena CTaHOBWTCS OO
kucno# (pH < 7), nubo mesounoit (pH > 7).~ ’ _ _

o Conn, .o0pasoBaHHas CHJIbHBIM OCHOBaHMEM H c¢i1aboil . kHcnOTOI,
TIOZABEPTacTCS IHAPONK3Y 110 aHuORy. Peaknus cpensl menounas (pH > 7).
- Na,CO; +HOH 2 NaHCO; + NaOH
Ilepsas CTyneHL mz(pomaza CO> + HOH 2 HCO;”+OH ™
L Co.m,, oﬁpasonannan cnadbiM  OCHOBaHMEM H CHJILHOH - KHCJI0TOH,
HonBepraeTes THAPONUy Mo Katrory. Peaxima cpenst xucnas (pH < 7).
Cu*" +HOH 2 CuOH' +H'
o Cous, o6pazoBannas ciaGbiM 0CHOBaHHEM H c1aboil KHCIOTOH, ONBEPTacTcs -
THPONU3Y 1O KATHOHY M aHHOHY. XapakTep Cpeibl ONpefernsieTcs KOHCTAHTaMY
MUCCOIMAITY OBPa30BABNIMKCA CHaBBIX SIIEKTPONHATOB.
CH;COONH, + HOH 2 CH;COOH + NH4OH
~ CH;COO™ + NH; + HOH "’ < CH;COOH + NFH,OH

o Iipm coBMECTHOM rHApOJH3E JBYX éoneﬁ 06pasy10’rcg cnaboe OCHOBAHME ¥ -
cnabas kucnota; 2FeCls + 3Na,8 +6H,0 = 2Fe(OH); ¥+ 3H,S T + 6NaCl -
Fe®* +28% + 6H,0 = 2Fe(OH); 4 + 3H,ST.

23



201. NaNO,, Cu(NO;) 211. Na,FHPO,, MgfNO,),
202.  AICl;, NaHCO; 1212, Al (S8O4)s, Na,SeQ;
203. 'Na3P04, ZIIC12 C m CUSO4, K3PO4

204. FGCIZ, KzS ' 214, Nast3, Fez (SO4)3

205. K,S0s, ZnSO,4 ‘ -1215. NaCN, FeSO,

206. NH,CI, KCIO 216. Ba (CH;CO0),, CoSO;
207. Na,Se, MnCl, : 217. NiSQ,, NaF :
| 208. ZHSO4, BaS ’ ) 218. Pb(NO3)2, Ba(NOZ)z
209. Ni (NO3),, KNO, 2 219. Cry(SO,);, Na CH,COO
210. NH,Br, Na,S 220. KHS, MgS0, .=~

" e Conp, 06pasopaHHas CHALHOH KHCIOTOH H CHIBHBIM OCHOBAHHEM, THAPOIH3Y

HE TIOZBEPraeTCs, PeaKIUs Cpejlsl Helitpansaas:  KNO; + HOH #.

1

- Viows1 K1 NO; ™ He 06pa3yioT ¢ Bofoil cna6ozmccounﬁpyfonmx IPOINYKTOB- (KOH .

HNO3 ~ CHNBHBIE SIEKTPONHTE).

. 3aganns K nbnpasﬂeny.3.3 S
3aparms 201-220. HanummTe B MONEKYISpHOR M HOHHOM (opMax ypaBHeHms

. peaximil ruApomEsa conel, ykaxate 3HaueHus pH pacTBopoB stEx conell (Gompie win

MEHBIIIE CeMH).

3amanus 221-240. Hanpmvite B MONEKyIAPEOH W HOHHOM q)opMax ypaBHeHI/IH
peakipii COBMECTHOT'O THIPOIA3a IPEIOKEHHBIX CONeH.

221. Fez(SO4)3 + N32CO3 231, CrC13 +. KzS ;

222.. NaZS + Alz (804)3 232, Na2CO3 + Cr (N03)3
223. NH,Cl + Na,;8i0; C 233, K,Si0; +Bi (NOs)
224, Cl’z (804)3 + KzS 234, Nast3 + CI‘C13
225. KyCO; +Bi (NO3); 235. NHyNO; + Na,SiOs
226. Na,S + AlCL ‘ 236. AICl; £Na,S0O,
227. BeSO;+ K58 237. K;80s + CrCly

228, Cr, (SO4); + Na,SO; 238. NayS + Al, (SO,
229. KzSO3 + AlBI';; - 239, Fe (NO3)3 + K2C03
230. Bi (NOy); + Na,CO; 240. Al (SO,); + Na,CO,

4. OKHCJIUTEIbHO-BOCCTAHOBUTEJIBHBIE ITPOECCHI :
4.1. Okuénn'rem,ﬂo—noccTaHOBuTenbﬁme peaxpun

OxHeIUTETBHO - BOCCTAHOBHTEILHBIMHE HA3HIBAIOT PEAKINY, IPOTEKAONTHE
C U3MEHEHVEM CTEelIeHH OKUCIICHIS IIeMEHTOB.

CreneRb OKHC/IEHHS — 3T0 TOT YCHOBHEBIM 3apsj aToMa IeMeHTa, KOTome
BEIUHCIISIOT, MCXOAS W3 TPE/IONOKEHNS, 9T0 MOJIEKYJIa COCTOUT TONBKO W3 FOHOB
(xax mpasmno, 0GosHavaeTCs apaGeKkod NUGPOH, 3apsy CTaBAT Hepef LuppoH).

s HAXOXKAEHHS CTETICHY OKHCISHYS HCTIOIB3YIOT CJ'IGI(}’IOHIH& TpaBuia:

& CTGIEHB OKHMCIEHHS aTOMOB B IPOCTHIX BENISCTBAX PaRHA HYINO;

L4 (1)T0p BO BCEX COGILI*IHCHH)IX 6e3 HCKITIOYCHUA UMECT CTCIICHE OKHUCIICHMA 1
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® CTeNeHb OKHCIEHWs mcnopo,t(a paBHa. -2 (MCKHOUSHHE: @Topm.(m KUCIIOpPOAS,
Haxpumep, OF,; nepokcursl, CyOGOKCHIE], O30HMEL); .
® CreneHb OKWCIAEHF BOHOpoja papHa +1 (WCKOueH¥e - THJPUIE METAIUIOB,
panpumep, NaH, CaH, u ap.); D :

e CTEHmeHb  OKHCJICHHS IIENOYHBIX - META/IOB B COSJWHEHWAX paBHa +1,
WEeTOYHO3EMENbHEIX +2, aioMuEmL +3. ’ ‘
e ajyreGpamuecKas CyMMa CTeNiCHeH OKHCIEHMA B-MOIEKYIC paBHa HyIIO.

" Jlnst onpe/ieie Ry CTENEHY OKMCHEHHUS ATOMOB 3JIeMeHTOB COCTARIIIOT TIpo-
crefiiie -anrebpamaeckue  ypasHenwsa. Hanmpmmep, mis MnO, , KoMnOs, KMnO,
cTeneds oxmeneHns Maprasa (X) pacCIUTEHIBAIOT CAeZYIOMMIM 0GpasoM:

MnO, X +4(2)=0 o X=+4
Ky MnO; 2:(+1)+X+4(2)=0 X=+6
KMnO, 1 +X+4(-2)=0 CX=+47

3apsaa noHa paBeH anrebpandeckol cymme CTelleHeH OKHCIICHHT aTOMOB 3J1e-
MEHTOB, BXOAAIOUX B COCTAB HOHA.

NO;~ +5+3-(-2)=-1;

Cr,0, 2:(+6H+7(2)=-=2
3apsz. wona, Kax IPABIIIO, CTABAT HOCHE IHOPEL

COCTaBJIEHHe ypam{eﬂm‘i 0KﬂcﬁHTeﬂbHO—BOCCTaHOBPITeJIbHLIX peammifl

Jns Haxoxuerus KoahOHIHEHTOB IIPU COCTABNICHIH OKHCIHTEIBHO-BOC-
CTAHOBUTENBHBIX peaKI_{I«IIfI HCOGXOI(I/IMO
. CO6JT£O}I€HH6 MaTepHaAJIBHOI'O Oanangca (‘H&[CJIO aTOMOB Ja8HHOT'O SJIGMCHTa B JIeBOH
H HpaBOPI JaCTH AOJLKHO OBITE OJIPIHaKOBO) ] . -
. 'COGJ’HO)IEHI/IG 3JIeI(Tp0HHOI‘0 R 6aJxcha ‘HHCIO 3SJIEXTPOHOB, OTHAHHBIX

SO +6+4(-2)=-2

" BoccraHosuTeneM (Red), nmomxHo OniTE paBHO HHCIY ONIEKTPOHOB, IIPHHATEX

oxmenmureneM (0x), Har[pnMep Al+Cl,— AlCl;
Red Ox
Al-3a=AP*  nponecc oxmenenus, wim nonypeaxnm OKVCITeHHs
3 |Cl,+28=2CI" npomecc BOCCTAHORIEHHUS, HIIM OTypEaKnusI BOCCTAHORIEHH
2A1+3Cl, =2A177 +6CI
2A1+3Cl, =2AICE :

TIpm cocraBieddd OKHUCIHTENHPHO-BOCCTAHOBHTENBHEIX PpEaKIHA B BORHEIX
pAacTBOpaX YACTO BOSHHKACT HeOGXONMMOCTH HCTomb30Bars cpeny (H', OH ™,
H,0). IIpx 3ToM, eCiIM 4acTHIa B JIEBOH acTH TONypPEakImyi COIEPXHT KHACIOpOXa
Gossime, geM B npasolt (NO;  — NO, ™), To Hy*HO CBA3aTh "OP"; ecm qacmua B
JIEBO YacTy MONYPEAKIMHA COAEPIKUT KHCIOPOKa MEHBIIE, M B IIPaBOH 9aCTH (SOs*

© = 80,77), 0 nycHo sBecTE "O” " (mpescTaBIeHo B TabHITE).

HpaBHJIa HCNOJAB30BAHHA Cpeabl
Cpef.(a B OKMCIIMTENILHO-BOCCTAHOBUTCIBHBIX PEaKIMIX B

Hponecest pacuere Ha "O” " B coenuEeVH

kactas () | memouras (OI) Heltrpamssas (H,0)
Ceszats "O7 " | O +2H = H,0 |O" +H,0=20H |0 +H,0=20H"
NO; = NO, )
Beecru "O7 " |H,0=0""+ 2H |20H =0"+H,0 [H,0=0"+2H"
SO > SO~ N

s peaxin K,CryO;+ KT+ HaSO, — Cry(SO4)s + I + HoO + K, SO
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