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|. AHHOTAIIMA
1. Ieab 1 3a1a4M AU CHUILIHHbI

CoBpeMEHHBII ypOBEHb Pa3BUTHS AJICKTPOHHO-BBIUMCIUTEILHON TEXHUKU
MO3BOJIIET OOpabaThiBaTh OOJIBIION O00BEM pe3yJNbTaTOB (HU3UKO-XUMHUYECKOTO
OKCIIEPUMEHTa, YTO CO3JAaeT YCJOBHs Ui pacueTa KOHCTAaHT paBHOBECHH B

pacTBopax.
MonenupoBaHue XUMHYECKOTO paBHOBECHS CTaJIo Hauboee
byHIaMEHTAIBHBIM METOJIOM KHOEpHETHKHM — Haykd 00 oOImX 3aKoHax

nepepaboTKu MH(pOpMaLMKM B CIOXKHBIX CHUCTEMAax, Hampumep, xumuueckux. llo
CBOEI 3HAYMMOCTH 3TOT METOJ CPABHHUM C IKCIIEPUMEHTATIbHO-HAOII0JaTENbHBIM U
a0CTPaKTHO-JIOTMYECKUM MeTofamu. IlocTpoeHne agekBaTHOM Mojaenn 0ObEKTa ¢
MOMOILBIO pacyeTa KOHCTaHT PABHOBECHUH, MO3BOJISIET BIPaOOTaTh PEKOMEHIalluN
110 YIPaBJICHUIO IIPOLECCOM M YCIOBMSIM IIPOBEIEHUS PEAIBHOIO HKCIEPUMEHTA.
COBOKYITHOCTh BBIYMCIIMTENIBHBIX METO/0B, AITOPUTMOB PEIICHHS 3TUX 3a]1ay s
KaXXa0i obmactu Hayku cnenuduuna. [loaromy u BeiensieTcst pas3zeln CBsI3aHHBIN
C pacyeTOM XMMHYECKHUX PaBHOBECHII0. METOI MaTEMaTUYECKOTO MOIECINPOBAHUS
CJIIOKHBIX PAaBHOBECHHM HAa OCHOBE 3aKOHOB JICHCTBYIOIIMX MAacC, COXPaHEHHUS
BEILECTBA W 3apsA]a, METOJOB MAaTEMATHYECKOW CTATUCTUKU M IUIAHUPOBAHUSA
DKCIIEPUMEHTA, COBPEMEHHBIX  BBIUMCIUTENBHBIX  AJTOPUTMOB,  SIBISIETCS
BaXHEHIIUM pa3fesioM 00pa30BaTeNbHOM IMOATOTOBKM MAarucTpa-aHalIUTHKA, B
3HAYUTEIBHON CTENEHHU ONPEICISAIOIUM €r0 MOTCHIHAIBHBIE BO3MOXHOCTH M
NEPCHEKTUBbl pocTa B M30paHHOUM oOnactu. KpoMe 3TOro u3ydeHune HacTOSIIEro
Kypca HEOOXOJUMO B CBSI3U C aKTyaJIbHOM 3aJadyeil lupokoro BHeaApeHus DBM B
HAy4YHO-UCCIIEI0BATENBCKYIO IPAKTUKY XUMUHU.

2. Mecto muciuiuinibl B cTpykrype OOII

JucinunimHa «PacyeT KOHCTAaHT paBHOBECHI» BXOIUT B OJIEKTUBHBIE
JTUCHMIUIMHBL 6 00s13aTenbHOM YacTu bioka 1. «lucuuniauHel» yd4eOHOTo MilaHa.

Ona 3akjaAblBae€T 3HAHUS ISl MOJTOTOBKU BBIMTYCKHOW pabOThl, HAy4HO-
UCCIIEIOBATENbCKOM  paboThl.  JlMCHUIUIMHA HENOCPEACTBEHHO CBSi3aHAa C
JUCUUIUIMHAMU yyeOHoro miuaHa HampasieHus 04.04.01 Xumwus, marucrepckas
nporpamMma «AHaIUTHYECKAS] XUMUSD)

3. O0beM JMCHMINIMHBI: 6 3aUeTHBIX eIUHHUIL, 216 aKaJeMUYeCKUX YacoB, B TOM
qyucse:

KOHTAKTHAA ayJUTOPHAasA padoTa: nekimu - 15 yacos, 1abopaTopHbie paboThI - 75
4acoB, B T. 4. JJADOpaTopHas MPaKTUUECKas MOITOTOBKA — /9 YacoB;

camocTosiTe/ibHast padora: 99 yacoB, KOHTPOJB - 27 YacoB.

4. TlnanupyemMble pe3yJbTaTbl 00y4eHHMs MO JUCHHUILIMHE, COOTHECEHHBIE C
IJIAHUPYEeMBbIMH Pe3yJIbTATAMHU 0CBOEHHUsI 00pa30BaTeIbHOI POrpaMMbl



[Tnanupyemsbie pe3yabTaThl OCBOCHUS
00pa3oBaTeNIbHON MPOrpaMMbI
(bopMupyembie KOMITETESHITHH)

[Tnanupyemsble pe3yabTaThl 00yYEHUS 110
JUCLUTUINHE

Ha3HA4YCHUA

OIIK-1 CriocoGeH BBITIONHSITH

KOMITJICKCHBIC KCIIEPUMEHTAITBHBIC 1
PacUYeTHO-TECOPETUICCKHIE HCCIICIOBAHNS B
M30paHHOM 00JIACTH XMMHUH WITH CMEKHBIX
HAYK C UCTIOJIb30BAaHUEM COBPEMEHHBIX
pUOOPOB, IPOTPAMMHOTO 00ECTICUCHUS 1
0a3 TaHHBIX TIPOGECCHOHAILHOTO

OIIK-1.1 Mcnonp3yeT CylecTBYIOIME U
pa3pabaTeIBacT HOBBIE METOJMKH TTOTyIECHUS U
XapaKTepU3alliK BEIIECTB U MATEPUAIIOB JJIs
peleHus 3a/1a4 B 130paHHON 00J1acTH XUMHUU
VI CMEXHBIX HayK

OI1K-1.2 Ucnonp3yeT COBPEMEHHOE
00opynoBaHue, MporpaMMHOe 00ecTiedeHne 1
npodeccuoHalbHbIe 0a3bl JaHHBIX IS
peleHys 3a/1a4 B 130paHHON 00J1aCTH XUMHUU
WJIM CMEXHBIX HayK

HayK

OIIK-2 Crioco0eH aHaIM3upOBaTh,
MHTEPIPETUPOBATH U 0000IIATh
PE3YIIBTAThI AKCTICPAMEHTATTBHBIX U
PacUETHO-TEOPETUUECKUX Pa0bOT B
M30paHHOM 00JIACTH XUMHUH WIIA CMEKHBIX

OI1K-2.1 ITpoBOUT KPUTHUIECKUI aHATIHN3
PE3yIBTATOB COOCTBEHHBIX
AKCIIEPUMEHTAITBHBIX M PACUeTHO-
TEOPETHYECKUX PabOT, KOPPEKTHO
UHTEPIPETUPYET UX

OIIK-2.2 ®opmynupyeT 3aKTI0YSHUS U BEIBOJIBI
TI0 pe3yJIbTaTaM aHaIHu3a JIUTePaTyPHBIX
JTAHHBIX, COOCTBEHHBIX IKCIICPHMEHTAIBHBIX H
PacYeTHO-TEOPETUYECKUX PAOOT B U30paHHOM
00JIaCTH XMMHH WA CMEKHBIX HAYK

5. (I)opMa HpOMeH(yTOqHOﬁ aTTeCTallu 1 CEMECTP IMPOXOKACHUSA

AK3aMEH BO 3-M CEMECTE.

6. SI3bIKk NpenoaaBaHusi: PYCCKHIA.

Il. CTpykrypa aucuuminHbl (MOLyJIsi)

1. CTpykTypa AucuuniInHbI (MOILYJIs1) JIsl CTYA€HTOB 04HO (hOpMBbI 00yUeHHS

VYyeOnas nporpamma | Bcero KonTaktHas padora (dac.) CamocrostenbHass | KonTposb
— HaMEHOBaHUE (dac.) Jlexiun [IpakTrueckue pabota (4ac.)
pa3esoB U TeM (;1abopatopHbIe)
paboThI
1.BBenenue 1 1
Tewma 2. 1 1
Marematnueckoe
MOJICIUPOBAHNE
XUMHYECKHX

paBHOBECHIA




Tema 3. 9 1 2 4 2
KomnerotrepHas
porpamma ajs
MeToa
MaTeMaTH4eCKOro
MOJIETTUPOBaHUS

paBHOBECHI
RSS.XLS

Tewma 4. 2 1 1
MopaenupoBanue
KHCJIIOTHO-OCHOBHBIX
paBHOBECHIA

Tema 5. 10 1 3 5 1
MopaenupoBanue
paBHOBECHI
KOMILJIEKCOOOpa3oBa
HUS

Tema 6. 37 4 20 10 3
MoaenupoBanue
OKHUCJIUTEIBHO-
BOCCTAHOBHUTEILHBIX
paBHOBECHIA

Tema 7. 62 2 20 30 10
IIporpammer st
pacdyera KOHCTaHT
paBHOBECHI

Tema 8. 94 4 30 50 10
Pacuer koHCTaHT
paBHOBecuit o pH-
MOTEHIIMOMETPUYECK
VM JJAHHBIM

Hroro 216 15 75 99 27

III ITepeyeHsb y4eOHO-METOAMYECKOr0 00eCIeYeHHs 1JIsi CAMOCTOSITeIbHOM
PadoThI 00y4AOIIMXCS 110 TUCHUTITIHHE

. IIporpamma

. Bonpocsl HTOroBOro 3k3aMeHa 1o JUCLAILINHE

. COopHuk 3amau g camocTositenbHOM paboTel:  Pscenckuit C.C.

MaremaTrueckoe MOJEIMPOBAHUE TOMOTEHHBIX XHMHUYECKUMX paBHOBECUM TBepb,

TBI'Y.2011. 106 c.

IV.®oHx omeHOYHBIX CpeacTB /IJIsi  NPOBEJAEHUs] NPOMEXKYTOUYHOM

aTrecTanuu 00y4aKOIIUXCS N0 JUCHMILIHHE : PacyeT KOHCTAHT paBHOBeCHIt

TunoBbie KOHTPOJIbHbIE 3aJaHUS 1JIA IPOBEPKHU YPOBHS
cpopmupoBannoctu komnerenunu OIIK-1




Crnoco0eH BBINOJIHATH KOMILIEKCHBIE KCIIEPUMEHTAIIBHBIE U PAaCYETHO-
TEOPETHUYECKHE UCCIIEIOBAHMUS B U30PaHHON 00JIaCTH XMMHUH WA CMEXKHBIX HAYK C
UCTIOJIb30BAHUEM COBPEMEHHBIX MTPUOOPOB, MPOTPAMMHOT0 oOecrieueHus 1 6a3
JAHHBIX TIPO(PECCHOHATIBHOTO HAa3HAYECHUS

pa3pabaThIBacT HOBBIE
METOJTUKH TTOTYICHUS U
XapaKTepu3aIiu
BEIIIECTB M MAaTEPUAJIOB
ISl pETLICHUs 33,129 B
n30paHHOM 001acTH
XVMHHW WITA CMEKHBIX

HayK

Cwmemanu 50,0 Ma pacTBOpa
NaOH, 50,0 mx pactBopa
auMoHHO# kuciotsl (H3Cit) u
20,0 mut pactBopa CaCl,. Kakosa
BenuuuHa PCa ? YuuThIBaTh
00pa3zoBaHNe KOMIUJIEKCOB:

CaCit, Ca(Hcit), CaOH (3apsiapt
onyiensl). C(NaOH)= 0,0563
M, C(HsCit)= 0,0385 M
Paccunrate nquanason pH, B
KOTOPOM JOMHUHHUPYET KOMILIEKC
CaCit

[Ipu pemieHUu HCMONB30BATH
CHEIUATM3UPOBAHHYIO
porpaMmy RSS.EXL BCC
MPEIBAPUTEIILHBIC  BBIYUCIICHHS
PEKOMEHIyeTCsl  MPOBOAHUTH  C
TOYHOCTBIO J0 4-X 3Hauvanmx
mudp. Coortnomenne Ca : Cit
NPUHITH B COOTBETCTBUU  C
YCIIOBUEM 33a4H.

2.

[ana xpuBasg pH-tutpoBaHus B
BHJIE TaOJIHIIH. N3BecTHBI
HCXOJIHbIE KOHLIEHTpalnuu
0asucHpIx yactul. Pacumpats
KOHCTaHTBI paBHOBECHI B
pacTBope.

Ucnons3oBate nporpammy New
Dalsfek

OTan Tumnosblie IToxa3aTenu n
¢popmupoBanus KOHTPOJIbHBIE 3a1aHUA KpUTEepHUHU
KOMIIETeHIIUHU, B JJIS1 OLlEeHKH 3HAHMIA, OllCHMBaHHUs

KOTOPOM y4YacTBYeT yMeHHUii, HABbIKOB (2-3 KOMIIeTEHIIUH, IIKAJIa
AUCIHUILIMHA npuMepa) OlleHUBAaHUA
OIIK-1.1 I/Icnoﬂ},gyeT Keiic Nwmeercsa MMOJTHOE
CYyLICCTBYIOIHNE 1 1. BEPHOE pemieHue,

BKJIFOYAIOMICC HpaBHHBHBIﬁ

otBer — 3 Oamna; JlaHO
BEpHOE pelieHue, HO
JIOTTYIIICHBI
HECYIIIECTBCHHBIC
(dakTH4YeCKue OIMUOKH, HE
HCKa)KaroIme o01ero
cMbICIa— 2 Oauia; .

HMeeTcsi BepHOE peIICHHE
TOJNBKO 4YacTu 3amaHusi— 1
oaiut. 1 Oamn — «3» 2 b6aiuia

— «y» 3 bamta — «5»

OIIK-1.2 Ucnons3yer 1. Nmeercss  monHOe
00opyI0BaHUE, NaOH, 50,0 mn pacTBOpa orBeT I;l 68;;21. Tario
suMoHHoU kuciotsl (HaCit) u - i
IIPOrpaMMHOC (HsCit) BEPHOE pelieHue, HO
obecreuenue 20,0 mut pactBopa CaCl,. Kakosa IS
penuunHa PCa ? YYUTeIBaTH
npodecCuoHaIbHbIE P HECYIIIECTBEHHBIE




0aspl JAaHHBIX IS
peIIeHus 3a1a4 B
n30paHHOM 00nacTn
XUMUU WA CMEXKHBIX

HayK

00pazoBaHNEe KOMIIJICKCOB:

CaCit, Ca(Hcit), CaOH (3apsias
onyiensl). C(NaOH)= 0,0563
M, C(HsCit)= 0,0385 M
PaccuuraTe nuanazon pH, B
KOTOPOM JIOMHHUPYET KOMILIEKC
CaCit

[lpu pemieHUM  UCIOIB30BATh
CHEIUAIM3UPOBAHHYIO
porpammy RSS.EXL BCE
NpeBapUTEIIbHbIC  BBIYUCIICHUS
PEKOMEHIyeTCsI  MPOBOAWTH  C
TOYHOCTBIO 110 4-X 3HaYalux
uudp. Cootnomenue Ca : Cit
NPUHATH B COOTBETCTBUU  C
YCIIOBHEM 3a7a4H.

2.
[TocTpouTh KpUBYIO TUTPOBAHHUS
(B xoopaunarax V(CaCl 2 )-pCa)
50,0 M pacTBOpa
TETPaHATPUEBOU COIU
STHJICHMAMUHTETPAYKCYCHOU
kuciotel (NasL) u 10,0 Mo
pactBopa HCI - pactBopom
CaCl,. luckpeTHOCTH
no6apienus TuTpanta — 1,0 .
Bcero Ha kpuBoii He meHee 100
TOYEK. YUHUTHIBATh YBEITMUCHUE
o0bema TUTpyeMOil cMecu
BCJIE/ICTBUE JOOABICHHUS
TUTPAHTA. Y YUTHIBATH
obpazoBanue komiuiekcon: Cal,
Ca(HL), CaOH (zapsabt
onymensl). C(CaClz2)= 0,0270
M, C(NasL)= 0,0302 M
Paccumnrate quanason pH, B
KOTOPOM JOMHHHUPYET KOMILIEKC
CalL
[Ipu pemieHUU HCMONB30BATH
CTICIHATN3UPOBAHHYIO
IporpaMMmy RSS.EXL BCE
MIPEIBAPUTEIILHBIC  BBIYUCIICHUS
PEKOMEHIyeTCsl  MPOBOAUTH  C
TOYHOCTBIO J0 4-X 3Hauvanmx
mugpp. Coornomenne Ca : L
NPUHITH B COOTBETCTBUU  C
YCIIOBUEM 33a4H.

(dakTH4ecKue OImMUOKH, HE
HCKayKaIOII1e o01ero
cMbICIa— 2 Oaa; .

Nmeercsa BepHOE pelieHUE
TONBKO 4YacTd 3amaHusi— 1
6amn. 1 6amwr — «3» 2 6amna
—«d» 3 0amna — «5»

TunoBbie KOHTPOJIbHBbIC 32IaHUS JAJIA IPOBEPKHU YPOBHS
chopmupoBannoctu komnerenuuu OIIK-2




Crnoco0eH aHanM3upoBaTh, MHTEPIPETUPOBATH U 0000IIATH PE3YIbTATHI
HKCTIEPUMEHTANIBHBIX U PACYETHO-TEOPETUUECKUX paboT B M30paHHOM 001aCTH XUMHUU

HJIN CMCIKHBIX HAYK

pE3yJIbTaToB
COOCTBEHHBIX
OKCIICPUMEHTATLHBIX 1
pacyeTHo-
TCOPETHYECCKHUX PadOT,
KOPPEKTHO
UHTEPIPETHPYET UX

CocTaBUTh pacHIUPEHHBI 0a3uc
JUISL YKa3aHHOW HUKE CUCTEMBL.
Cwmemanu 50,0 M pacTBOpa
NaOH, 50,0 mx pactBopa
aumonHO# kuciaotel (H3Cit) u
20,0 mut pactBopa CaCl,. Kakosa
BennunHa PCa ? YUuuThiBaTh
00pa3zoBaHNe KOMIUJIEKCOB:

CaCit, Ca(Hcit), CaOH (3apsiapt
onyiensl). C(NaOH)= 0,0563
M, C(HsCit)= 0,0385 M
Paccunrate nquanason pH, B
KOTOPOM JOMHUHHUPYET KOMILIEKC
CaCit

[Ipu pemieHUU HCIOJIB30BATH
CHEIUATN3HPOBAHHYIO
porpaMmy RSS.EXL BCE
MPEIBAPUTEIILHBIC  BBIYUCIICHUS
PEKOMEHIyeTCsI IPOBOAUTH  C
TOYHOCTBIO /10 4-X 3Havalmx
mudp. Coornomenue Ca : Cit
NPUHITH B COOTBETCTBHU  C
YCIIOBUEM 33a4H.

2.

CocTaBuTh pacmIMpeHHbIH Oa3uc
JUTSL YKa3aHHOM HIKE CUCTEMBI.
[TocTpoHUTh KPUBYIO THTPOBAHHUS
(B koopaunatax V(CaCl 2 )-pCa)
50,0 mi pacTBOpa
TETpPaHATPUEBOM CONU
ATUJICHANAMUHTETPAYKCYCHOMN
kuciotsl (NasL) u 10,0 Mo
pactBopa HCI - pactBopom
CaCl,. IuckpeTHOCTH
no6asienus TuTpanta — 1,0 M.
Bcero Ha kpuBoii He meHee 100
TOUYEK. YUUTHIBATh YBEITUICHUE
o0beMa TUTPyeMO cMecH
BCJIEACTBHUE NOOABIEHUS
TUTPaHTA. Y UUTHIBATh
obpazoBanue komriiekcon: Cal,

Ca(HL), CaOH (3apsb1

Jdran Tunossbie IHoka3arenn u
popmupoBanus KOHTPOJIbHBIE 32/IaHUA KpUTEpHH
KOMIIETCHIIH, B JJIS OLICHKH 3HAHM, OLICHUBAHMS

KOTOPOM Y4YacTBYeT yYMeHHUii, HABBIKOB (2-3 KOMIIETEHIINH, IIKAJIA
AUCHUILINHA npuMepa) OLICHUBAHUS
OIIK-2.1 [TpoBoaut Keiic Nmeercs HOJIHOE
KPUTUYECKUAN aHAJIN3 L. BepHOE pelleHHe,

BKJIOUAIOLIEE MPaBUIIbHBIN

otBeT — 3 Oamia; JlaHo
BEpHOE perieHue, HO
JIOTTYIIIEHBI
HECYIIECTBECHHBIC
¢dakTuyeckue OmMOKU, HE
HCKa)KAroIUe o01miero
cMmbIcia— 2 Oaia; .

HNmeercsa BepHOE pelLIEHHE
TOJIBKO YacTH 3amaHus— 1
Oayut. 1 0amwn — «3» 2 Gajuia

—«4» 3 0amwna — «5»




onymiensr). C(CaClz )= 0,0270
M, C(NasL)= 0,0302 M
Paccuurate nuanazon pH, B
KOTOPOM TOMHUHHUPYET KOMILIEKC
CalL

IIpy pemieHHMM  UCHOIB30BaATh
CHEIUAM3UPOBAHHYIO
porpammy RSS.EXL BCE
MPEBAPUTEIILHBIC  BBIYUCIICHUS
PEKOMEHyeTCsI IPOBOAUTH  C
TOYHOCTBIO J10 4-X 3HaYalux
mudp. Coornomenne Ca : L
OPUHITH B COOTBETCTBUU C
YCIIOBHEM 3a7a4H.

OI1K-2.2 ®opmynupyeT
3aKJIFOUEHUS U BBIBOJIBI
0 pe3yJibTaTam
aHaJIM3a JIUTEPATyPHBIX
JTAHHBIX, COOCTBEHHBIX
AKCIICPUMCHTATBHBIX U
pacyeTHo-
TEOPETUYECKUX PadoT B
n30paHHOM 00J1aCTH
XUMHH WIH CMEXKHBIX

HayK

1.
CocTaBUTh pacIIMpeHHBIH 0a3uc
JUTSL YKa3aHHOM HHKE CUCTEMBI.
Cwmemranu 50,0 Mt pactBopa
NaOH, 50,0 mn pactBOpa
mumonHoH kucaoThl (H3Cit) u
20,0 mi1 pactBopa CaCl,. Kakoa
BennuuHa PCa ? YUuThIBaThH
o0pa3oBaHNe KOMILJIEKCOB:
CaCit, Ca(Hcit), CaOH (3apsias
omymiensl). C(NaOH)= 0,0563
M, C(HsCit)= 0,0385 M
Paccuurate nuanason pH, B
KOTOPOM JIOMHHUPYET KOMILIEKC
CaCit
IIpp pewmeHnn HKCHONB30BATH
CHelHaTU3UPOBAHHYIO
porpaMmy RSS.EXL BCE
MpeBapuUTeNbHbIE  BBIYUCICHUS
PEKOMEH/yeTCsS  MPOBOJAUTH  C
TOYHOCTBIO JI0 4-X 3HAyaIIUX
mudp. Coornomenue Ca : Cit
OPUHATH B COOTBETCTBUH  C
YCIIOBUEM 33a4H.

2.

CocTaBUTh pacIIUpeHHBINH Oa3uc
JUISL YKa3aHHOW HUKE CUCTEMBI.
[TocTpouTh KPUBYIO TUTPOBAHUS
(B koopaunatax V(CaCl 2 )-pCa)
50,0 M pacTBOpa
TETpaHATPUEBOU COIU
ATUIICHIMAMUHTETPAYKCYCHOM
kucnotel (Nagl) u 10,0 mi
pactBopa HCI - pactBopom
CaCly. JuckperHocTh
no6asiieHus Tutpanta — 1,0 M.
Bcero na kpuBoii He meHee 100
TOYEK. YUHUTHIBATh YBEJIUUECHUE

Nwmeetca IIOJIHOE

BEpHOE pelieHue,

BKJIFOYAIOLIEE IIPABUIIbHBIN

ortBer — 3 Oamra; JlaHo
BEpHOE pernieHue, HO
JIOTTYIIIEHbI
HECYIIECTBCHHBIC
¢dakTuyeckue OmMUOKU, HE
HCKaXaIOIIIUE o01ero
cMbIcia— 2 Oaia; .

Nmeercss BepHOE pelIeHHE
TOJBLKO 4YacTH 3amaHus— 1
bamr. 1 6oamn — «3» 2 Oamna

—«4» 3 0amna — «5»




o0beMa TUTPYEMOM CMeCH
BCJIEACTBHE T00aBICHUS
TUTpPaHTA. Y YUTHIBATH
obpa3oBanue komruiekco: Cal,
Ca(HL), CaOH (zapsabt
onyiensl). C(CaCl2)= 0,0270
M, C(NasL)= 0,0302 M
Paccuurate nuanason pH, B
KOTOPOM JIOMHHHUPYET KOMIUIECKC

CaL
[lpu  pemieHHH  HKCIOJIB30BaTh
CHCIHATM3HUPOBAHHYIO

porpammy RSS.EXL BCE
MPEBAPUTEIILHBIC  BBIYUCIICHUS
PEKOMEHyeTCsI IPOBOAUTH  C
TOYHOCTBIO /10 4-X 3Hayalmx
nudp. Cootnomenne Ca : L
NPUHITH B  COOTBETCTBUU C
YCIIOBUEM 33a4H.

3.

[TocTpouTh KpUBYIO TUTPOBAHUS
100,0 M pactBopa NazPO4
pactBopom HCI. JIuckpeTHOCTH
no6apienus TuTpanta — 1,0 mur.
Bcero Ha kpuBoii He meHee 100
TOYEK. YUUTHIBATh YBEIUUECHUE
o0bema TUTpyeMOil cMecu
BCJIEJICTBHE J0OOABICHHUS
tutpanta. C(HCI)= 0,0484 M,
C(NasPOa4)= 0,0240 M.

ITpu pemieHnn UCMOIB30BaTh
CHeHaIn3UPOBAHHYIO
nporpammy RSS.EXL Bce
IIpe/IBApUTENbHbIE BHIYUCICHUS
PEKOMEHIYETCSI IPOBOJUTH C
TOYHOCTBIO /10 4-X 3HaUYaIINX
udp. IlokpuBoii THTpOBaHUS
HalTH KOHCTAHTbI PAaBHOBECUI
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V1. MeTonnueckue yKazanus JJisi 00y4al0IIUXCS 110 OCBOCHHU IO TN CHUILIHHBI

IIporpamma
Tema 1.BBenenue.

OcCHOBHBIE MOHATUS, ONpeeaeHHs. MeTo1bl BIYMCIEHUS KO3()PUIIEHTOB
AKTUBHOCTU KOMIIOHEHTOB.

Tema 2. MareMaTtnueckoe MOJEINPOBAaHUE XUMUYECKUX PABHOBECHH.

MaremaTn4yeckoe MOJEIMPOBAHNE XUMUUECKUX paBHOBecUM. [Ipsmas
3amada. OCHOBHBIE 3aKOHBI XUMHUYECKUX paBHOBecHH. DopMynnpoBKa

«IpSIMOU 3aJ1a4n» paBHOBECUU. DOPMYITUPOBKA «IIPSAMOU 3a1a4m» IS
TOMOTE€HHBIX XUMUUYECKUX paBHOBECHH B pacTBopax . O0mias popmyaupoBKa
«IPSMOU 3aJ1a4r» XMMUYECKUX PABHOBECHUH B TA30BOM CPEJE MPHU MOCTOSTHHOM
napiieHn. GopMyIMpoOBKa «IIPSMOM 3a1a4i» PAaBHOBECUU B MHOTO(a3HBIX
cucremax. Pemenue oOpaTHol 3a1auu MaTEMaTUUECKOTO MOJIEITUPOBaHUS
XAMHUYECKUX paBHOBECHUN. OCHOBHBIE MTOHITUS MAaTEMAaTUYECKON CTAaTUCTUKH,
pUMEHsIeMbIE 1711 00paOOTKHU pe3yIbTaTOB HAOIIOACHUIA.

Tema 3. KoMmnbroTepHasi mporpamma Jijisi METoA4a MaTeMaTHYECKOIO
MojenupoBanus pasHoBecuit RSS.XLS

CymHocTts MeTtogia bpunkiu. bazucHble YacTULIbI, TPOIYKTHl PEAKIIHIA.

TpusuansHbie paBHOBecud. ba3uc cuctembl. CmeHa 6a3nca CUCTEMBI.
Martpuriia crexuomerpuueckux koddduimenton. [IpaBuia moaAroToBKu 1 BBOJA
MCXOJHBIX JAHHBIX JUISl KOMITBIOTEpHOro pacuera. opma npeacraBieHus
pe3ysbTaTOB pacyeToB. MHTEpIpeTanus nMoay4eHHbIX PE3YIbTATOB.

Tema 4. MoaenupoBaHH€ KHUCIOTHO-OCHOBHBIX PABHOBECHIA

Br16op 6a3ucHbix yactuil. CocTaBieHHe paciiupeHHoro 6asuca. Pacuer
PaBHOBECHBIX KOHIIEHTpAIIMi Bcex yacTuil B pactBope. [locTpoenue noyeBoro
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pacnpeneneHus: KUCIOTHO-OCHOBHBIX (hopM B pacTBope. [locTpoeHne KpuBbIX
TUTPOBAHUS B PA3TUIHBIX KOMOMHAITHSX.

Tema 5. MoaenupoBaHue paBHOBECUH KOMITIIEKCOOOpa30BaHMUS

Br16op 6a3ucHbix yactuil. CocTaBieHue paciupeHHoro 6asuca. Pacuer
PaBHOBECHBIX KOHIEHTPALUM BCEX YacTUI] B pacTBope. IlocTpoeHnne 1oaeBoro
pacrpejesieHrs KOMIUIEKCHBIX ¢opM B pacTBope. [locTpoeHne KpuBbIx
TUTPOBAHUS B Pa3IMUHbIX KOMOUHAIMAX. [[porHO3upoBaHre MOBEACHUSI CUCTEMBI
IPU pa3IMYHBIX BO3JICUCTBUIX Ha Hee (BiausiHue PH, cooTHOIIEHUS KOMIIOHEHTOB
U T.J.)

Tema 6. MonennpoBaHUE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
paBHOBECUU

Br160op 6a3ncHbix gyactuil. CocTaBieHHE paciiupeHHoro 6asuca. Pacuer
PaBHOBECHBIX KOHIIEHTpalMid Bcex yacThll B pactBope. [locTpoenue noseBoro
pacrnpezesieHus] OKUCINTEIbHO-BOCCTAHOBUTENIBHBIX (DOPM B pacTBOpE.
[TocTpoeHue KpUBBIX TUTPOBAHUS B PA3TUYHBIX KOMOMHAIIUSIX TUTPAHTOB.
[TocTpoeHue KPpUBBIX KYJTOHOMETPUUECKUM METOJAO0M (TaIbBAHOCTATUYECKUMA
pexuM). [IporHo3upoBaHue MOBEICHNS CUCTEMBI ITPU PA3TUYHBIX BO3JACHCTBUIX
Ha Hee (BiustHUuEe PH, cooTHOMIEHUs KoMIIOHEeHTOB, OB-noTennmana u T.1.)

Tema 7. IIporpammel [1J1s pacyeTra KOHCTAHT PABHOBECU

Br16op 6a3ucHbix yactuil. CocTaBieHue pacuiupeHHoro 6asuca. Pacuer
PaBHOBECHBIX KOHIEHTPALUM BCEX YacTUI] B pacTBope. IlocTpoeHne 101eBoro
pacrpeeneHns OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIX, KUCIIOTHO-OCHOBHBIX,
KOMILJIEKCHBIX (popM B pacTBope. [locTpoeHne KpuBbIX TUTPOBAHUS B PA3IMYHBIX
KOMOMHAIUSAX TUTPAHTOB, BKJIIOYAsl KYJIOHOMETPUYECKOE TUTPOBAHUE B
rajgbBaHOCTaTHYECKOM pexuMe. [I[porao3upoBanue MOBEACHUSI CUCTEMBI MPU
Pa3JIMYHBIX BO3JIEUCTBUAX Ha Hee (BIusiHUE PH, COOTHOIIEHNS KOMITIOHEHTOB,
OB-noTeHnuana, TUraHaI0B  T.J1.)

Tema 8 Pacuer koOHCTaHT paBHOBecuM 10 pH-nOTEHIIMOMETPHUYECKHM
JTAHHBIM

Yuer HallICHHBIX 3KCIIEPUMEHTAIIBHO PABHOBECHBIX KOHIEHTPALIUI
0a3MCHBIX YaCTHI] IIPU pacyeTe KOHCTAHT paBHOBecUil. BbIOOp Oa3nCHBIX YacTHIl.
CocraBnenue pacupeHHoro 6asuca. [I[porao3upoBanue nMoBeeHUs CUCTEMBI TIPU
pa3TUYHBIX BO3JIEHCTBUAX Ha Hee (BiusiHue PH, COOTHOIIEHHSI KOMITOHEHTOB,
OB-noTenmuana, TMraHIo0B 1 T.J1.)

Ilpozpamma o0na camokoHmpona u KOHmMpPOAA npenooasamesem
Pe3yIbmamueHoCmu U3y4eHus OUCYUNIUHbI

Marematndeckoe MOJIEIMPOBAaHNE XUMHUYECKX paBHOBecHil. [Ipsmas 3agayva.
OCHOBHBIE 3aKOHBI XHUMHYECKUX paBHOBeCHH. DOPMyIHpPOBKA «IIPSIMOM 3aJaum»
paBHOBecuU. DOPMYIHPOBKA «IPSAMOM 3adauv» IJii TOMOT€HHBIX XHMHYECKHUX
paBHOBecuHU B pacTtBopax . O61mas GopMyaupoBKa «IIpsMON 3a1aumy XUMUYECKUX
PaBHOBECUH B Ia30BOU CPEE IPU ITIOCTOSHHOM JaBjIeHUU. DOPMyIUPOBKA «IIPSIMOU
3a/layn» paBHOBECHMM B MHOro¢asHbIXx cucTemax. PemieHune oOpaTHOM 3anayu
MaTeMaTHYECKOr0 MOJAEIUPOBAHUA XUMUYECKUX PaBHOBECUN. OCHOBHBIEC TTOHATHUSA
MaTEMaTUYeCKOW CTAaTUCTHKH, TPUMEHSIEMbIe JUisi OOpabOTKH pe3yJbTaTOB
HAOJTIOICHH.

KommbrorepHas mporpamma i METOIa MaTEMATUYECKOTO MOJICIIUPOBAHUS
paBHOBecuii. CymHocTh MeToga bpunkiu. ba3ucHbie 4aCTUILIbI, TPOAYKThI PEAKIIHA.



TpuBuaneHpie paBHOBecus. baszuc cucrembl. Cmena 0Oas3uca
cucteMbl. Martpuna crexuomeTpudeckux ko3ddumuenton. Ilpasuna
NOATOTOBKM M BBOJA MCXOJHBIX JAHHBIX JUIsI KOMIIBIOTEPHOIO pacyera.
dopmMa MNpeACTaBICHUS  PE3yJbTaTOB  pacueToB. MHTepnperanus
IIOJIYYEHHBIX PE3YyJIbTATOB.

CBoOonHas  9KCIUTyaTalusi KOMIIBIOTEPHOM TEXHUKM M OCHOBHBIX
KOMITBIOTEPHBIX NPOIpaMM IO METOLYy MaTeMaTH4EeCKOTO MOJAEINPOBaHUA
XUMHUYECKUX PABHOBECH.

MaremaTtuueckoe MOJEIMPOBAHME XUMHUYECKX paBHOBECHH - oOpaTHas
3amaya. KoMibroTepHas mporpamma Juisi MET01a MaTEMaTHYECKOT0 MOJCIIMPOBAHUS
paBHOBecuii. CymHocTh MeToAa bpunkiu ams oOpatHoit 3aaa4u.

Bonpocsl HTOroBOro 3K3amMeHa (IpuMepHbIe)

buner Ne 1
1. CocraBbTe MATPUILy CTEXHUOMETPUIECCKUX KOIPPHUITUEHTOB 1
MPUBEAUTE KOHCTAHTHI BOBMOYKHBIX PABHOBECUH ISl CHCTEMBI:
koMmIniekcoH; CuSQOy; H,SO4.
B kauectBe 6a3ucHbIx yacTull Bo3pbmute: H; Cu; aHMOH(ITOJTHOCTBIO
NOHU3UPOBAHHBIN ) KOMILICKCOHA.
2. Cmm.l.
B kauectBe 6a3ucHbpIx yacTuil Bo3bMuTe: OH; Cu; aHnOH(TIOJIHOCTHIO
MOHU3UPOBAHHBIN ) KOMILICKCOHA.
3.IToctpoiite kpuByto TuTpoBanus 50.0 mi p-pa ¢ konneHnTpamuein CuSOy
0.0I1M u H,SO4 0.001M, p-pom KoMmIUIeKCOHA ¢ KOHIICHTpanuen 0.1 M.
4.PactBop coaepxut komriekcoH 1 Mg(NOs), B MOJIBHOM COOTHOIIICHUH
3:1.
Haiimute Bemunay PH mpu KOTOpOM 3aKOMILIEKCOBAaHHOCTh HOHOB MarHus
cocTaBuT 85%.

ITpumeuanue: s 3aganuii 1-4 B kauecTBE KOMILJIEKCOHA UCTIOJIB3YITE
OTUIEHIUAMUHTETPAYKCYCHYIO KHCIIOTY.

buner Ne 2

1.CocTaBbTe MaTpHUIly CTEXHOMETPUUECKUX KOIP(PULIMEHTOB U
MPUBEIUTE KOHCTAHTHI BO3MOYKHBIX PAaBHOBECHH TSI CHCTEMBI:
koMmIuiekcoH; CuSQO,; H,SO4.
B kauectBe 6a3ucHbIX gacTull Bo3pmuTe: H; Cu; aHMOH(ITOJTHOCTBIO
MOHU3HWPOBAHHBIN ) KOMIIEKCOHA.
2.Cmm.1.
B xauectBe 6a3ucHbIX yacTuil Bo3bMuTe: OH; Cu; aHnOH(TIOJTHOCTHIO
MOHU3WPOBAHHBIN ) KOMIIEKCOHA.
3.IToctpoiite kpuByto TutpoBanus 50.0 mu p-pa ¢ konnentparueir CuSOq4
0.01M u H,SO4 0.001M, p-poM komIuieKcoHa ¢ KoHIeHTparuei 0.1 M.
4.PactBop coaepxut komiuiekcoH 1 Mg(NOs), B MOTBHOM COOTHOIIICHUN
3:1.
Haiimute Bemunay PH nmpu KOTOpOM 3aKOMIUIEKCOBAHHOCTh MOHOB MarHus
cocTaBuT 85%.



[Tpumeuanue: s 3ananuii 1-4 B KauecTBe KOMIUIEKCOHA UCIOIb3YHTE
HutpunoTpuyKCyCHYy10 KUCIOTY.

bumner Ne 3

1.CocTaBbTe MaTpUILy CTEXHOMETPUUECKUX KOIDPHUIIMEHTOB U
MPUBEAUTE KOHCTAHTHI BOBMOYKHBIX PAaBHOBECUH ISl CHCTEMBI:
koMInuiekcoH; CuSQOy; H,SO4.
B kauectBe 6a3ucHbIX gacTull Bo3pmute: H; Cu; aHHOH(ITOJIHOCTBIO
MOHU3MPOBAHHBII ) KOMILIEKCOHA.
2.Cmm.1.
B kauectBe 6a3ucHbIx yacTuil Bo3bMuTe: OH; Cu; aHnOH(TIOJIHOCTHIO
MOHU3UPOBAHHBIN ) KOMILIEKCOHA.
3.Iloctpoiite kpuByro TuTpoBanus 50.0 mi p-pa ¢ koHueHTpamueit CuSO,4
0.01M u H,SO4 0.001M, p-poM KoMmIuIeKcOHa ¢ KoHIeHTparuei 0.1 M.
4.PactBop coaepxut komiuiekcoH 1 Mg(NOs), B MOJTBHOM COOTHOIIICHUN
3:1.
HaiinuTe Bennunny PH npu KOTOpOM 3aKOMIUIEKCOBAHHOCTh MOHOB MarHus
coctaBuT 85%.

[Ipumeuanue: [l 3anannii 1-4 B kauecTBE KOMIUIEKCOHA UCIIOIb3YUTE
NMUHOIMYKCYCHYIO KHCIJIOTY.

buner Ne 4

1.CocTaBbTe MaTPUILy CTEXHOMETPHUECKUX KOIDPHUIIUSHTOB H
MPUBEAUTE KOHCTAHTHI BOBMOKHBIX PAaBHOBECHH ISl CHCTEMBI:
koMmIuiekcoH; CuSOy; H,SO4.
B xadectBe 0a3ucHbIX yacTuil Bo3bmute: H; Cu; aHMOH(MMOJIHOCTBIO
MOHU3MPOBAHHBIN ) KOMILIEKCOHA.
2.Cmm.l.
B kauectBe 6a3ucHbIX yacTull Bo3bMutTe: OH; Cu; aHHOH(IIOJTHOCTHIO
MOHW3UPOBAHHBII) KOMILIEKCOHA.
3.Iloctpoiite kpuByro TuTpoBanus 50.0 mi p-pa ¢ koHueHTpamnueit CuSOy
0.01M u H,SO4 0.001M, p-pom KomILIeKCOHA ¢ KOHIIeHTpanuei 0.1 M.
4.PactBop coaepxut komriekcon 1 Mg(NOs), B MOTBHOM COOTHOIIICHUN
3:1.
Haiinure Bennuuny PH mpu KOTOpOM 3aKOMITJIEKCOBAHHOCTh HOHOB MarHus
cocTaBuT 85%.

Ipumeuanue: [{ns 3anannii 1-4 B KauecTBE KOMIUIEKCOHA HUCIIOJIB3YUTE
NMUHOIUSHTAPHYIO KUCIIOTY.

buner Ne 5

1.CocTaBbTe MaTPUIly CTEXHOMETPUIECKUX KOIPDHUIIUECHTOB U
MPUBEAUTE KOHCTAHTHI BOBMOYKHBIX PABHOBECUH ISl CHCTEMBI:
koMiiekcoH; CuSQOy; HySO4.
B kauectBe 6a3ucHbix yacTtull Bo3pbmute: H; Cu; aHMOH(ITOJTHOCTBIO
MOHU3UPOBAHHBIN ) KOMILIEKCOHA.



2.Cmm.1.

B kauectBe 6a3ucHbIX yacTuil Bo3bMute: OH; Cu; aHnOH(TIOJTHOCTHIO
MOHU3UPOBAHHBIN ) KOMIUIEKCOHA.

3.Iloctpoiite kpuByto TuTpoBanus 50.0 mi p-pa ¢ konuentpamuen CuSOy
0.01M u H,SO4 0.001M, p-poM KomIuieKcoHa ¢ KoHIeHTparuei 0.1 M.

4.PactBop coaepxut komiuiekcon 1 Mg(NOz3),2 B MOJIBHOM COOTHOILICHUH
3:1.

Haiinure Bennunny PpH npu KOTOpOM 3aKOMIUIEKCOBAHHOCT HOHOB MarHust
cocTaBuT 85%.

IIpumeuanue: /[ns 3ananuii 1-4 B kauecTBe KOMIUIEKCOHA UCIIOJIb3YIUTE
OKCHATUITMMUHOANYKCYCHYIO KHCIIOTY.

busner Ne 6

1.CocTaBbTe MaTPUILy CTEXHOMETPHUECKUX KOIDPHUIIMEHTOB
NIPUBEINTE KOHCTAHTHI BOSMOXHBIX PABHOBECHH ISl CHCTEMBI:
koMiiekcoH; CuSQOy; HySO4.
B kauectBe 6a3ucHbix yacTuil Bo3pMute: H; Cu; aHHOH(ITOJIHOCTHIO
MOHU3MPOBAHHBIN ) KOMILIEKCOHA.
2.Cm.l.
B xauectBe 6a3ucHbIX yacTull Bo3bMutTe: OH; Cu; aHHOH(TIOJTHOCTHIO
MOHU3UPOBAHHBIN ) KOMIIEKCOHA.
3.IToctpoiite kpuByto TuTpoBanus 50.0 mi p-pa ¢ konneHnTpamuein CuSOy
0.01M u H,SO4 0.001M, p-pom KomIUIeKCOHA ¢ KOHIICHTpanuen 0.1 M.
4.PactBop coaepxut komiiekcoH 1 Mg(NOs), B MOTBHOM COOTHOIIICHUN
3:1.
HaiinuTe Bennunny pH npu KOTOpOM 3aKOMIIIIEKCOBAHHOCT MOHOB MarHus
coctaBut 85%.

Ipumevanme: /{14 3ananuii 1-4 B kauecTBE KOMIUIEKCOHA UCIIOIb3yITE
DTWICHANAMUHIUSIHTAPHYIO KUCIIOTY.

buner Ne 7

1.CocTaBbTe MaTpUIly CTEXHOMETPUIECKUX KOIPDHUIIUEHTOB U
MPUBEIUTE KOHCTAHTHI BOBMOYKHBIX PABHOBECUM ISl CHCTEMBI:
koMmInuiekcoH; CuSQOy; H,SO4.
B kauectBe 6a3ucHbIX gacTull Bo3pmuTe: H; Cu; aHMOH(ITOJTHOCTBIO
MOHU3WPOBAHHBIN ) KOMILIEKCOHA.
2.Cm.l.
B kauectBe 6a3ucHbIX yacTull Bo3bMutTe: OH; Cu; aHHOH(IIOJHOCTHIO
MOHU3UPOBAHHBIN ) KOMILIEKCOHA.
3.IToctpoiite kpuByto TutpoBanus 50.0 mia p-pa ¢ konuentpanueir CuSOq
0.01M u H,SO4 0.001M, p-poM KoMmIuIeKcoHa ¢ KoHIleHTparuei 0.1 M.
IIpumeyanmue:
K xaxxmomy Ousnery BoiiaeTcs kpubasi pH-TuTpoBaHus B BUI€ TAOIHIIBI IS
KOTOpPO¥ HEOOXOIMMO BEIYMCTUTHh KOHCTAHTHI PABHOBECHI



VIl. MaTtepuajibHO-TeXHU4YeCKO€e o0ecniedyeHne MH(POPMAIIHOHHbIE
TEXHOJIOTHH:
NMporpaMMHoe odecre4eHme:
Google Chrome
Sunekc bpaysep
Kaspersky Endpoint Security 10
Muorodynkuronansubiil pegakrop ONLYOFFICE
OC Linux Ubuntu

— RSS.XLS

- Microsoft office 2007
UHGOPMAIHOHHO-CIIPABOYHbIE CHCTEMBI:
http://www.edu.ru/ denepanbusbiii noptan «Poccuiickoe 0OpazoBaHue»

http://elibrary.ru/ Haydnas siekTpoHHast OHOIHOTEKA
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clenyoume

¢popmupoBanus

KOMHeTeHHHﬁ: AUCKYCCHS, aKTUBHU3aAllUA TBOpIIGCKOﬁ JCATCIBHOCTH, MCTOA MAJIbIX

TPYyIIl, HOATOTOBKA aHAJIMTUYECKUX PadOT, U HHTEPIIPETALUs PE3YJIbTATOB.

VIl. MaTepuanbHo-TeXHU4YECKOe o0ecriedeHne

1. Kommerorepsl, 110 11 MoaenMpoBaHusl XUMAYECKAX PABHOBECHH.

VIIl. Cenenusi 00 00HOBJIeHNH pa®oyeii MPOrpaMMbl JMCIUILUTHHBI

Nerr.mm. OOGHOBIIEHHBII Ornrcanne BHECEHHBIX PexBu3uTH T0KYMEHTA,
pasnen paboueit N3MEHEHNHN YTBEPAUBLIETO
IPOTrpaMMbl W3MEHEHUS
JTUCIUTLINHBI
1. Pasnen V. VYueGHno- | [lob6aBneHsl HOBbIe mocoOus B | [IpoTokon Nell oT
METOANYECKOE U | OCHOBHOM CIMCOK JauTepaTypsl | 28.04.21r. 3acelaHus
UH(POPMALIMOHHOE YUEHOI'O COBETa XHUMHKO-
obecrieueHne TEXHOJIOTUIECKOTO
JUCITUTUTAHBI dbaxynbpTeTa
2. Paznen V. VYwueGuo- | Jlo6aBnensl HoBbIe mocoOust B | [Iporokon NelO ot  27.
METOIMYECKOE U | CIIHCOK JINTEPATYPhI 06.2023r3acenanus
UH(POPMALIMOHHOE YUEHOI'O COBETa XUMHKO-
o0ecrieyeHue TEXHOJIOTUYECKOTO
JUCITUTIIAHBI dakynbTera
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