Yyumcsa pewamp 3adaqu
1o Xumuu




ConepkaHue:

KoJinuecTBO BeliecTBa

YucJjio CTPYKTVYPHLBIX €1MHHU
OTHoOcHuTEeIbHAS NJOTHOCTL I'a30B
MaccoBas 10151 BEIIIECTBA B CMECH
MaccoBasi 10151 DJIEMEHTA
O0némMHan 1014 ra3a

MoJibHas 10J151 BelecCTBa

Cpennsissi MoJisipHasi Macca CMeCH ra3oB
MaccoBas J10J15 ra3a

O0benHEHHBIN ra3oBbii 3ak0H bonjasg — MapuorTa u I'enn-JIroccaka
YpasHenune Menneseesa — Kiaaneripona

MaccoBasi 10151 pACTBOPEHHOI'0 BellecTBA

MaccoBasi 10Ji51 pACTBOPEHHOI0 BeNIECTBA B CMEIIAHHOM PacTBOpe
/lnaronajapbHasi cxeMa CMeNIMBAHUA PACTBOPOB (KIPABUJIO KpPeCcTa»)
MoJasipHasi KOHIEHTPAIMA PACTBOPEHHOI0 BelllecTBA

CKOpoCTh XMMHYECKOW peakinu

3aKoH el CTBYIOIIUX MACC

IIpaBuio Bant-T'odda

MouasipHas macca (15 ra3on)

Il1oTHOCTH BelllecTBa




Konuuecmeo eeuwecmea
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Vm=22,4 a/monw (npu n. y. - 0°C; 101,3 xIla)



Hucno cmpykmypnuoix eounuy
N=N,p
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Maccoeasn 0ons éeutecmea 6 cmecu

0 — m(eeuiecmea)

m(cmecu)

[ pumep




Maccoeasn 0015 3n1emenma

w@=_ 10O
M ( sewyecmea)
(3= 2D M)
M ()

l IIpumep




Oovemnasa 0014 2aza

_ V(ea3za)

V(cmecu)

¢




Monasnasn 0onsa eeuecmea

= v(eeuwecmea)
v(cmecu)

[ pumep




Cpeonsasn moaapuas macca cmecu 2a3oe

M(X+Y+Z)=I (X)"M(X)*L (Y)"M(Y)*L (Z2)' M(Z)

MX+Y+Z)=c(X)M(X)*tc(¥) MX)+c(2) M(Z)




Maccoeas 0014 2aza
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Oo0veounénuslit 2a308olil 3aKOH
bouna — Mapuomma u I eu-/Iroccaka

P _ PV
T T,

Toepo=101,3 klla,
Vo - 00vém 2aza npu n.y.

Tv=273




Ypaseuenue Menoeneeea - Knaneipona

pV=vRT=""RT
M

Ioe R — 8,31 A
4 mdls * K




Maccosasa 0ona pacmeopeéHHo2o

eeuiecmed

O(p.s. = m( p.s.

) m pacmea?)a

m(p.s.)
V °

pacmeopa

W(ps.) =

O(p.8.) =

m( p.e.)
m(p.s.) T my ,




Maccosasa 0ona pacmeopeéHHo20
geuLecmea 6 CMEULaHHOM Pacmeope

ml(p 6. U M p.s.

cm(p.6. + )
) Mhp-pay T M2(p-pa)

l Ilpumep




Jluazonanvnan cxema cmeuiueanus
pacmeopos («npasuio Kpecma)

: — MaccoBbie

wl \w — (0)1 wcm) yacTu
0 e (CU ¥ () ) HCXOTHBIX
2 = cm 27 pacTBOpOB

wl - boJsiee BbICOKasi MaccoBasi A0JHA HCXOAHOI0O pacTBOpa.

Q) 5 " besiee HU3KasA MaccoBasi 10/ MCXOTHOI0 pacTBopa.

o - MaccoBasi 10J1s1 pacTBOpa, MNOJY4YE€HHOT0 P

CM
[Opumep|

CMeEIIMBaHUM.




Monapnasa koHueHmpayus
pPacmeopeHHo2o0 eeniecmea

C=2 MOJ1b
V  a
m
C=
MV
C=V’Mﬂ .K .m(pg)
M Vv




Ckopocmb Xxumuueckou peaxkuuu
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3AKOH 0eUCmBYIOUIUX MACC

v=k'C(a) C(b)




Ipaeuno Baum-Ioghgha

t, =t

— O 100
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Monapuasa macca (014 2a3oe)

M=V, r




Inomnocmo éeuecmea
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l Ilpumep




Ipumepwt 3a0au:

Ilpumep: BouruucianTe OTHOCUTEIBHYIO IVIOTHOCTH OKCHIA CePbI
(IV) o Bogopoay u mo BO3ayXxy.

Hano:
M(50,)=64 r/mob.

Haumu:
D, (50,)
Deozd (SOZ)

Pewenue:

H3 gpopmyner cnedyem, umo:

D, (50,) = 2C%)
: M(H,)
D, (50,) = % =32
M (SO
D8036(S02) — ( 2) ) D3030(S02) :2_9
6030

Omeem: D, (SO,)=32;D,,,(S0,)=2,2.

64

2,2




Ipumepot 3a0au:

3agaya: BbpruucianrTe, CKOJbKO aTOMOB CONEPKUTCS B cepe
KOJIMYECTBOM BelllecTBa 2 MOJIb.

Aano: Pewenue:

¥(S)=2 MoIb. Jucino cmpykmypusix eOUHUY cepbl onpeoesiiem
Haumu: no gpopmyne:

N(@S) N(5)=N,-v(5)

Torza N(S)=6-10"-2=12-10*(aToM0B cepsbl).

Omeem: N(S)=12-10>3 atromo0B cepbl.




Ipumepot 3a0au:

Banaqa: BeruuciuTe MaccoBblie 1014 3JIEMEHTOB B BOJI€.

aHO:
A Pewenue:

v(H,0)=1 mous, Monsapnas macca 600bt pasna:

Haumu: M(H ,0)=2-1+16=18 (r/mo.n).
©(H);®((0)

bepem Ju1sl pacueTa KoJIM4ecTBO BelecTBa 1 MoJib, TOrAA
m(H,0)=18(2).

Ha ocHoBe (hopmyJibl onpeaesasiemM:

(i) = MU __v(H) - M(H) _ 21

m(H,0) M(H,0) 18

0(0) = m(O) :v(O)-M(O):1~16
m(H,0) M(H,0) 18

Omeem: o(H) = 0,1 lunul 1%;w(O) = 0,8911189%. m

= 0,11, umul 1%.

= 0,89, unu89%.




Ipumepot 3a0au:

3agaua: Onpegenanre KOJIMYECTBO BellleCTBA,
COOTBETCTBYHIOILIEE TUOKCHAY KpeMHusaA Maccoi 180 r.

Hano:

Pewienue:
mBSI0)7180 E | y1(Si0,)= M(Siy+2M(0)=28r/Mob-+216r/M0mb=
Haumu: =60r/M01b
¥(S10,). Ucnoab3ys popmy.y, onpenesasseM

KOJIHYECCTBO BeIICCTBA TMOKCHIA KPEMHU .
W(Si0,) = TH510,)
M (SiO,)

Toraa v(Si0,) = % =3 (MoJIB)

Omeem: v(510,)=0,5 Mo.1b.




Ipumepot 3a0au:

3agaua: Omnpegennre KOJMYE€CTBO BellleCTBA,
COOTBETCTBYIOILIEEe KUCA0poay 00bémoMm 11,2 1 (H.Y.).

Aano: Pewenue:
V(O)=11,2 a Jlis1 pacuera HCIoJIb3yeM Gopmy.ry:
Haumu: 0,) = Vo,)
2
%0,) Vi
Toraa v(0,) = R (MoTB)
7224 a/ mone

Omeem: v(0,)=0,5 MoJIb.




Ipumepot 3a0au:
IIpumep: Onpeaeaure Maccy OJJHOM MOJIEKYJIbI OKCHIA
yriaepoaa (IV).
Hano:
M(CO )=44 o/monv

Pewenue:

N3 dpopmyanl ciaenyert, uro 1 moJub
Haitmu: BemiecTBa comepxkut 6102 Monexy.,
CJIE0OBATEIbLHO:

m (CO,) A

M(CO)=m (CO)N,

TOIA
M(CO,) 44

N, 6-10%
Omeem: m,(CO,)="7,31-107(2).

m, (Coz) —

=731-107%(2).




Ipumepot 3a0au:

3agaua: Onpeaennre Maccy CEpHOM KHUCJI0THI KOJHUYE€CTBOM
BemecTrBa (0,25 MoJb.

Hano: Pewenue:

W(H 50 )=0,25 mone.| ¢dopmyJIbI cienyert, 4To:
Haumu: M(H_SO )= v(H,SO ) M(H_SO);
m (H SO

M(H,S0 )=2M(H)+M(S)+4M(0)=
=2"1 &/monv+32 2/monv+4 16 o/monv=98 /mone.
m(H,$0 )=0,2598=24,5 (2).
Omeem: m(H SO )=24,5 2.




Ipumepot 3a0au:

3agaua: Omnpenejante MOJAPHYIO Maccy 0J1aropoaHoro rasa X,

IUIOTHOCTHh KOTOPOIO MO Bojgopoay cocrasJsier 20.
HaszoBure 3T0T ras.

A AR Pewienue:
D, (X)=20

’ H3 gpopmynwt cneoyem, umo:
Haumu: M(X)=2"D, (X),
PAET M=202=40 (r/moup).

U3 Ilepuoanyecko CHCTEMBI 3JIEMEHTOB CJIEAYeT, YTO ITOM

MOJIIPHOM Macce COOTBETCTBYET 0JIaropoAHbIA ra3 aproH
(M(Ar)=39,948 r/mouin).

Omeem: M(X)=39,949 e/monw; apzon.




Ipumepot 3a0au:

3agaya: Onpenennre MaccoByro 10J10 (%) cou B pacTBope,
MoJIy4eHHOM npu pacropeHuu S0 r coau B 200 r BoabI.

Hano: Pewenue:
m(coam) =50r
m(H,0) =200 r o (comn) = m(cifm)H . =
Hayrn: m(conu) ™ m(H, 0)
o (coym) = S0 =0,2 nim 20%
50 + 200




Ipumepot 3a0au:

3agaya: OkucijieHne cepbl NpoTekaeT Mo ypapHeHu: S(TB)+0,(r)=S0O,(r)

Kak U3MeHHUTCH CKOPOCTH peaKlum, ecJid 00bEM CUCTEMbl YMEHbIIUTD B 4 pa3a?

Hano:
V./V =4

Hantn:

L, /L,

OTBeT: CKOPOCTH peaKIuu YBeJIUYUTCH B 4 pa3a. E

Pewenue:
S(rB) +0,(r)=S0,(r) (reTeporennasi peakuusi)
O003Ha4YuM KOHIIEHTpanuIo Kucjaopoaa: [O,] =a

1. ComiacHo 3aKOHY AeliCTBYOIIUX MACC CKOPOCTH
peaKkIuu 10 U3MeHEeHUs 00bEMa paBHA: = k[O,]=ka

2. CkopocTh peakuuu mocjie yMeHbleHusi 00bEMa
(BCJIeacTBME YMEHbIIEHUA 00b€MAa KOHIEHTPAIUsA
KHCJI0POJa YBeJUYMBaeTcs B 4 pa3a):, - k(4a)=4ka

3. OnpexaensieM, BO CKOJIBbKO Pa3 BO3PACTET CKOPOCThH
peaKkiuuu:

v, _4ka

0, ka




Ipumepot 3a0au:

3agaya: Beiuuciaure, BO CKOJIbKO Pa3 YBEJIHMYUTCH CKOPOCTh PeaKUu MpHU
nosbimenny Temmeparypsl ot 30 xo 70 °C, ecoin TemneparypHbIii
KOI(PPUUMEHT CKOPOCTH PeaKIMK PaBeH 2.

Hano: Pewenue:
t=30 °C; Mo npaBuay Bant-Todda
t=70 °C; 6ot
y =2. v(t,)=v(t)y 1
ITo yciioBHIO 3a1a4H TpeOdyeTcst ONpeIeauTh (t,)/0 (t,)
Hautmu: IHoacraBum JaHHBbIE 321244 B (pOopMYy.Ly:
0(t,)/0(t;) b)) L

v(t,)

CaenoBaresibHO, CKOPOCTH PeaKIMH YBeJUYUTCH B 16 pa3

Otsert: yBesnuurtca B 16 pas. E




Ipumeput 3a0au:

3amauya: Onpeneaure MOJISIPHYIO U HOPMAJIbHYI0 KOHIIEHTPAIMU PACTBOPEHHOIO BenlecTBa B 1 J1
PacTBOpa ¢ MacCOBOIi J10J1eH CepHOI KUCJI0THI 62%, NJIOTHOCTH KOTOPOro paBHa 1,52 r/mJ.

ano:

o(H,S50,) =62%
p =1.52r/Mn1
V=1n

Haurn:

C(H,S0,);
C3KB(HZSO4)

Otser: C(H,SO,)=9,616 M  C_ (H,SO,)=19,232 =.

Pewienue:

1.0npenessiem maccy cepHoit Kucjorsl B 1 51 (1000 mur)
pacTBopa ¢ maccoBoii gosiei H,SO, 62%:

m(H,S ,)=V'p oH,S ,)=1000"1520,62 =942,4 (V)
2.Berunéisiem moaspuocro@acreopa (06néM pacTBopa
cocrasJser 1 J):

CH,S50,) = UH:50,) _ Whidhs /gy ygyn 9,616 M
M(H,S0,) 981
3agauy MOKHO pelIuTh B OTHO JielicTBHE:

C(H,50,) = "HLS0) _Vom): p-o(H,50,) _1000-1,52-0,62
YT M(HLSO,) M(H,S0,)-V (1) 98-1
c _Vww P @

3.61_1péﬁeﬁﬁéM HOPMAJILHYI0 KOHIIEHTPALMIO PacTBOpa:

=9,616(monv/ 1), unu 9,616 M

M (H,S0
M, (H,S0,) = (H,50,) =28 49 (r/mMo.1b)
OCHOBHOCMb KHUCJIO0TbI 2
H,S0 1000 *1,52 * 0,62
C. (H,50,)=—"H:30) _ 2 D02 19,232 (1)
M. (H,S0,)'V 491




Ipumeput 3a0au:

3anaua: Ilpu nasaenun 105,4 kIla u remneparype 25 °C azor 3anumaer cocya 00bémom 5,5 1.
Borunc/nTe KOJNYeCTBO BelleCTBA a30Ta, HAXOASAIIEroCcsi B JAHHOM COCY/I€.

ano:
p=105,4 klla;

t=25°C;
V(N,)=5,5 n

HanTn:

V(1Y)

Oteert: v(N,)=0,234

MOJlb

Pewmenue:

Cmoco0 1.

1.BbruucisieM a0COIOTHYIO TEMIIEPATYPY, IPH KOTOPOIl HAXOAUTCH a30T:
T= 273+t = 273+25 = 298 (K).

2.Ha ocHoge (popmy.ibl onpenesisieM 00b€M a30Ta MPHU H.Y.:

F’VT0 _ 105 ,4°5,5°27

vV, = = 5,24 (n
" PT 10 ,3°297 :
3.I1o ¢hopMyJie BEIHHCIAEM KOJMYIECTBO BellleCTBA a30Ta, HAXOAsileecs B
cocyae:
VNN ) 5,24
Y (N )= L= = 0,234 (Moub)

Cnoco0 2. V 22 ,4

m

1.BbruucisieM a0COIIOTHYIO TEMIIEPATYPY, IPH KOTOPOii
Haxoautcs a3or: T=273+25=298 (K)

2.BplunciisieM KOJIM4eCTBO BeuecTtsa azora. U3
ypaBHenusi Menneneepa-KiianeiipoHa ciaeayer, 4To

P .
_Pv 105455,
R 8,31-298

T

v( )
N




Ipumeput 3a0au:

3agauya: Bo3ayx cocrout npumMepHo u3 4 00éMoB azora u 1 00béma
Kucjaopoaa. Onpeneaure CpeIHIO MOJISIPHYI0O MacCy BO31yXa.

Pewenue:
Hano:
1.Acnouan3ys (popmyiry, onpeaeasieM 00bEMHBIE 10U I'a30B:
V(N,) : V(O,)= ysi popmy.ry, onp
=4:1 ¢( )= V(NZ) = 4 =08
N V(N)TV(0,) 4+1 7
Havtu:
$0)=7 NV('|O'2V) 0, 411 e
2.Ha ocHoBe ¢popMYyJIbl HAXOAMM CPETHIOK MOJISIPHYI0 MACCy
BO31yXa:
M(Bo3ayxa)=

0,8-28+0,2-32 =28,8=29
M(Bo3ayxa)= (r/Mo0J1B)
¢(N,)"M(N,)+¢(0,) M (0,)

OtBer: M(Bo31yxa) = 29 r/moJib.




Ipumepwt 3a0au:

3agaya: Cmemaau 300 r pacTtBopa ¢ MmaccoBou aoJien xjgopuaa Harpus 20%
u 500 r pacrBopa ¢ maccoBou xoJeii - 40%. Boruucjure MaccoBYIO 10110

XJIOPU/Ja HATPHUS B MOJY4€eHHOM PacTBOpe.

Hano:

m, =300
p-pa

m, =500:
ppa

o, =20%
@, =40%

HaiTu:

)

M

Pemmienue

_ M p—pay " OL T Ty pay " O

CDCM -
M p—pa) v My p-pa)

o =300 02450008 355 m32.5%
300+ 500




Ipumepwt 3a0au:

3agaua: UMerorcst pacTBOpbI ¢ MaccoBO# noJield xuiopuaa Harpus 10 u 20%. Kakyro maccy
KaKI0r0 pacTBOpPa HA/A0 B3ATh JJis moay4denus 300 r pacteopa ¢ maccoBou noJieu com 12%?

Hano: Pewenue:
®, =10%
1. ITo mpaBHJIy KpecTa onpeaesieM MacCOBbIe€ YaCTH HCXOTHBIX
@, =20% PACTBOPOB:
m, (p—pa)=300z| 02 0,02
o, =12% o012
: / \
0,1 . 0,08
o Ciaenyer cMelmIaTh 0oJiee KOHIEHTPUPOBaHHBIN pacTBop (20%) 1 10%
Haiitu: y HEeHTPHUP p p (20%) 0

p-p B coorHomenuu 0,02:0,08 nim 1:4 (Bcero S uacrei).

ml(p-pa)
mz(p-pa)

Macca 10% p-pa:

300°4 _ 240

5
Macca20%pacrBopa
300°1




Ipumepwt 3a0au:

3agaua: OnpeneauTs MOJSPHYIO Maccy rasa X, eciau macca ero 0,6 i (u.y.) cocrasiasier 0,75 r.

ano:
Pewenue:
m(X)-0,75r
V(X)- 0,6 o ghopmynam:
Haiitu: p =m— M:W'p
M(X) 4
Paccuuraem:
M=22.,41/moab'(0,75r : 0,6 1) = 28 T/MOIb




Ipumepwt 3a0au:

3agaua: Paccunranre IJIOTHOCTD rasa X, ecjau macca ero 0,6 i (a.y.) cocrasasier 0,75 r.

ano:
Pewienue:
m(X)-0,75 r
11 :
V(X)- 0,6 2 0 gpopuyne
Haii p = m
alTH: = —_—
V
p X)

Paccuutaem: P

0,751 : 0,6 1=1,25 r/n

OtBer: p =125r/n




Ipumepwt 3a0au:

3agaua: Cmech a3ora u okcujaa yriepoaa(lVv) oosémom 14 a1 (H.y.) umeer macey 25,5 r.
Onpenenure 00bEMHYI0, MOJIBHYI0O U MACCOBYIO J0JII0 230Ta B CMECH.

Hano: Pewienue:

1.Haxoaum KoJim4yecTBO BEIECTBA TA30BOU CMECH:
m(cmecun)=25,5r

V(emeci) = V(cmecu) _ 14

2.4
V(cmecn)=141 b 22
2.BbIUnCIIsIEM CPETHIOI0 MOJISIPHYIO MAcCy CMECH:

=0,625(monv)

m(cmecu) 25,5
v(emecu) 0,625

M (cmecu) = =40,8(2/ monwv)

Hantu:

(P(N 2 ); X (N 2 ); CO(N 2) 3. Haxonum 00bE€MHYIO 10110 a30Ta B cMecH. [lycTh X — 00bE€MHAsI 101 a30Ta B
cmecu, Torna (1-x) — o0sEmHas gomnst okcuaa yrepoaa (IV) B cmecu:

o(N,) =x,0(CO,)=1-x;
M (emecu) = (N,)- M (N,)+¢(CO,)-M(CO,) =
=40,8=x-28+(1-x)-44; x=0,2umu 20%

4. OnpepernsieM MOJIBHYIO 00 a30Ta B cMecH. [1o 3akoHy ABoraapo oObEMHas
7107151 Ta3a B CMECH paBHA €ro MOJIBHOM J0J1€, M03TOMY 00BbEMHAs OIS a30Ta
paBHa ero moJsbHOMU foe (0,2 uiu 20%)

S.BbIUnCIsiEM MAaCCOBYIO OO a30Ta B CMECH:
V(N,) = x(N,)-v(cmecu) =0,2-0,625 = 0,125(monv),
m(N,)=v(N,)-M(N,)=0,125-28 =3,5(e),

omxkyoa o(N,) = (N2) = 2 =0,137, unu13,7%
2
m(cmecu) 25,5




Ipumepwt 3a0au:

3anaua: Peakuus nporekaet mo ypapHeHur A+B = 2C. HauanbHasi KOHIEHTpPauusa Belecrsa A
paBHa 0,22 mosib/J1, a yepe3 10 cek -0,215 monn/a. Beraucianre CpeaHio CKOPOCTh PeaKIUu.

Jano: Pewmenue:

C,-0,22 mosb/nt

A C
C,-0,215 moun/a

HanTu:
_ 0 22-0 215(MOJII)/J1)
C ’ ’
PEAHIOI0 CKOPOCTH P-U , 5 MOJIb/JI

10 cex CEeK




