MHHHCTEPCTBO HAaYKH H BbIciLero obpasosania Pd
VY AbAHOBCKHI rOCYAQPCTBCHHBIH YHHBEPCHTCT

Mopma

M-Pafouas nporpamMma AHCUHIIHHE

@&

WwOE
o\%q,\'—“ T A

%ﬁ?&;}w

WHCTTY T

r'lE,anu,@Tu 22\ H}

!K(UIUI wh

S OBPAG s
Fwoo' 0

YTBEPKJAEHO
Yfiem)‘ro cOBETA MHCTHT yla MEJHLUTHEL,

20r., npomlco_n__,Ns 10/220
< ——Muienko B.M.
22 wions 2020 r.

e

PABOYAsI HPOFPAMMA"JIFI"CIII/IHJ]HHLI

Jucumruinaa: duznueckas U KOJUIOUIAHAS XHMUs
DakynbTeT DKOJOTHYECKHH

Haumenosanne Kadenpa obuieil u GHONOrHUECKOH XHMHH
Kadepsl

Kype 1 xype 2 cemectp, 2 Kype 3 cemecTp

Hanpassienne (crennansiocts): 33.01.03.

«Papmanus» (YPOBEHb CIIEIHAIATET)

Hanpasneunocts (mpodune/crienuanusanis): Yupasiaenune (papManeBTHUECKOH

JeATECJILHOCTBIO

®opma 00yUeHHs: OUHAS

Tara BBejenns B yueGHbIi npouece Ynl'Y: 01 cenraopa 2020 r.

[IporpamMma aKTyaJH3upoBaHa Ha 3acelanuy Kadeapo:

npotokon Nell 027.052021 .

[TporpamMma axTyaausuposata Ha 3aceiannn Kadeaper: npotokon Ne_or 201

[Iporpamma akTyanusuposana Ha 3acesianun kadeapur: npoTokon Ne_ ot 20 T,

TIporpamma akTyanu3npoBaHa Ha sacejianun kadenpst: nporokon Ne__ ot 20T,

Cenenust 0 pa3paboTUHKax: -

JIOIKHOCTB,
OHO Kadenpa yUCHAST CTENEHb.
3BAHHME
Kykos K. T O6mn1ei 1 OHOJOrHYCCKOIl XUMHH K.0.H., ZOLEHT J
COI'JIACOBAHO COI'JTACOBAHO

3aeaylomui xkadenpoi,
peau3yloue JUCUHIIHHY

3aBeyIONIHil BBIyCKAIOMEH Ka(enpoii

3as.xadepoii oduei 1 OHOIOTHICCKOH
XHUMHH

o~

7 /IIpose 0.10./

3aB. Ka(lmupon ob1eil 1 KIMHHUECKOil
(papMaKoJIOTHH €

KypPCOM MHUKPOOHOIIOTHH

/MapKLBVIlI MLIL/

T IOTE 2040 .

«

77>

Wﬁéﬂ 20 T




MuHucTepcTBO 00pa3oBaHus U Hayku PO

o o Dopma
VI1bIHOBCKUIi roCy1apCTBEHHbIH YHHUBEPCUTET

@-Pabouast mporpaMma 110 IUCIUILIIHE

1. HEJIb 1 3AJAYU KYPCA:
Iles1b10 0CBOCHNST IMCIMITITMHBT «Dr3rdecKast U KOITTOWITHAS XUMISDy SIBISIETCS (DOPMUPOBAHKE CHCTEMHBIX 3HAHUH,
KOTOpbIe HEOOXOIMMMBI CTYZICHTaM TIPH PACCMOTPEHHH (PHBUKO-XUMHUYECKON CyIITHOCTH M MEXAHW3MOB TTPOLIECCOB,
TPOMCXOIMIIMX B OpraHM3Me YeIOBEKA HA MOJISKYJEIPHOM M KIETOYHOM YPOBHSIX; (DOpMEpOBAHKE yMEHMi
BBIIQIHSTH B HOOOXOIMMBIX CITy4asiX pac YeTh MApaMETPOB ITHX MPOLIECCOB, YTO TIO3BOAT OOJIee TITYOOKO TIOHSTH
(YHKIMM OTZENBHBIX CHCTEM OpraHK3Ma M OpraHM3MA B IIETIOM, a TAloKE €ro B3AMMOJICHCTBIE C OKPYIKAFOIIICH
CpEIOi.
3anaun ocBOCHNS TUCIAILTNHEI
OcHOBHBIE 331Ul M3y4eHVs] JUCIMIUIMHBI COCTOSIT B OCBEILICHMM KJTFOUEBBIX BOMPOCOB MPOrpaMMBbI; MaTepras
JISKUIMH TPU3BAH CTUMYIIMPOBATH CTY/ICHTOB K TIOCTIEITYFOIIICH CAMOCTOSITENTHHON padoTe; (PopMUPOBAHIH YMEHHH 1
HABBIKOB ISl PEITICHHSI IPOOJIEMHBIX 1 CHTYAIMOHHBIX 3a1a4; (DOPMHUPOBAHMH MPAKTHYECKUX HABBIKOB TOCTAHOBKH
1 BbITIOJHEHHS1 SKCTIEPUMEHTATIBHON paOOThL

2. MECTO JUCIMIIJINHBI B CTPYKTYPE OIIOII
JlanHas ydeOHas OuCHUIUIMHA BKitoueHa B pasznen bl. Hucuunmussl (Mogynu) yueOHOTO
pabouero mmana OIIOIl mo nHampaBnenuio moaroroBku OakamaBpoB 33.05.01 dapmanus u
OTHOCUTCS K 0a3oBoi ero udactu. OCHOBOH /B ¢ OCBOCHMS! SIBISIFOTCA 3HAHWSL, TIONydaeMble B TPOLIECCE
VBY4EHUsI IUCIATITHH 6a30Boi yacti AaHHOro 1nkia OOI T «O01iast 1 HeopraHIecKast XMMEs), «MateMatika.

3. HEPEYEHbB IINTAHUPYEMBIX PE3YJIbTATOB OBYUEHUS 11O JUCIHUIIJIMHE,
COOTHECEHBIX C INTAHUPYEMBIMHU PE3YJBTATAMU OCBOEHUA
OBPA3OBATEJbHOM ITPOT'PAMMBI
N3yuenne nucnummbbl «Pusmdeckas v kowioniHat xuMus»y B pamkax ocsoeHus OIIOIT 33.05.01

dapmarus HanpaBiIeHO Ha GOpMUpPOBaHUE Y 00YyUAIOIIUXCS CAEAYIOUIMX KOMITETEHIINHA:

Ne | Mnpekc Conepxanue B pesynbraTe u3ydeHus: yaueOHOM U CIUTUINHBI
/T | KOMIIET KOMITETEHITUH 00yYarONHeCs TODKHBI:
SHITUH (nm ee 4acTH) 3HATH YMETh BJIAJIETh
1 | OIK-1 | Cnocoben OCHOBHBIE MOJIb30BaTHCS HaBBIKAMH
HCIIOJIB30BaTh 3aKOHBI (PU3UKHU U | OCHOBHBIMHU WHTEPIPETALNH
OCHOBHBIE XUMUH, GU3UKO- | TPUEMaMH U paccUMTaHHBIX
OMOJIOTUYECKHE, XUMHAYECKHE MeToaaMu 3HAYCHU U
¢uzuko- SIBJICHUS U ¢uzuko- TEPMOJMHAMUYEC
XUMUYECKUE, 3aKOHOMEPHOCTH, | XMMUYECKHUX KuX QYHKIHH C
XUMUYECKUE, UCIIOJIb3YEMbIE B | U3MEPEHUI 1 LEJIbIO
MaTeMaTHYECKHe (bu3rIecKoii u pacyeroB MIPOTHO3UPOBAHUS
METOBI JUTSL | KOJJIOUIHOMN Ppa3JInYHbIX BO3MOXHOCTH
pa3paloTkH, XMMUHU; GbyHKUMA mporecca;
HCCJICIOBAHMI OCHOBBI (DM3UKO- | COCTOSTHUSA METOIUKAMU
SKCIEPTU3bI XUMHYECKOTO CUCTEM,; aHanmza
JIEKapCTBEHHBIX aHaJM3a. cobupathb buznUecKux u
CpCACTB, HpOCTGfIH.IHC XUMHUYECKUX
U3TrOTOBJICHUS YCTaHOBKH HJIA CBOHUCTB BCIICCTB
JIEKapCTBEHHBIX MIPOBECHUS pa3IMyHOI
npenapaTon na60paTopHHx OpUpOabI
HUCCIICIOBAHUM;
00pabartwIiBaTh,
aHaJM3UPOBATH U
000011aTH
pe3yJIbTaThl
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XHUMHUYCCKHX
HaOJII0IeHUH U
WU3MEPEHUN.

4. O6vem oucyuniunol.

4.1. O0beM THCHMILIMHBI B 3a4eTHBIX eanHunax (scero): 6 3E

4.2. mo BuaM y4e0HOI padoThI (B 4acax):

KomunuectBo yacoB 216
iy o (bopma oOyueHMsT OvHas )
BCero Mo IJiaHy B T1.4. o cemecTpam
2 3
1 2 3
KonTakTHas pabora
00YyJarOIINXCS C 126/12* 72/18* 54/4*
npernojaBareaemM
AynuTOpHBIE 3aHATHUA: " %
126/12 7218 54/4%
Jlexumn 36/4* 18/2* 18/2*
Hpakiieckue u e HE MPEJYCMOTPEHBI | HE MPEAYCMOTPEHBI
CEMHMHAPCKUE 3aHATHUS MPEeyCMOTPEHBI
JIaGopaTopHbIe paboTHI
(rabopaTopHbIi 90/8* 54/6* 36/2*
MPAKTUKYM)
CamocrosiTenbHas paboTa o4 36 18
Tekymmii KOHTPOJIb
(KoNMUYecTBO U BUJ: HE
KOHTpOJIbHas pabora, IIPEYCMOTPEHbI HE MPEAYCMOTPCHBL | HE MPEAYCMOTPEHbT
KOJUTOKBUYM, pedepar)
KypcoBas paborta HE He IpeyCeMOTpeHa HE NpeaycMOTpeHa
IpeyCMOTpPEHa

Buns! npomexyTouHOU
aTTecTauu (IK3aMeH, 9K3aAMeH - 9K3aAMEH
3a4eT)
Bcero yacos no " %
JUCIUTUINHE 216/12 108/8 108/4*

*-KOJMYECTBO YacOB, TPOBOAUMBIX B MHTEPAKTUBHOUN (opMe.

4.3. Conep:kanue JUCUMIUIMHBI. Pacnpenesienne 4acoB mo TeMaM M BHUAAM Yy4eOHOM

padoThIi:

dopma oOydeHHs _oyHas

Ha3Banue u pa3nesioB u
TeM

Buabl yueOHbIX 3aHATHH

Bcero

AyIHTOpPHBIE 3AHATHA \

B T.Y. \CaMocmﬂ

®opma A
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3aHAITHA B| TeJIbHas
NPaKTHYeCK JadoparTo
JIEKIIUM |Me 3aHSTHS, PHbIE HiTepaKt p abora
HBHOI
CeMHUHAapbl | padoThI bopme
1 2 3 4 5 6 7
Paznien | Ousieckas xumust
Tema L. XuMudeckas 18 2 i 8 ) 8
TEPMOIMHAMUKA
Teva 2. TepmomHamuka 14 2 i 8 ) 4
XFIMIYECKOTO PABHOBECHST
Tema 3. Xumpndeckast KuHeTMKA 16 5 i g% 5 5
Y KaTaJI3.
Tema 4. Teopus
pacTBOPOB U
pacTBOpPUTEIIEH. 20 4/0% i 10/2* 4 6
KomnnuratuBHeie cBoiicTBa
pactBOpOB. PacTBOpHI
AJIEKTPOJIUTOB.
Teva 5.  OxucmrensHO-
2 OCCTAHOBHIBIRIIE TIPOLIESERL | 20 4 - 10/2* 2 6
CraHmapmHeii M peaibHbIA
AIEKTPO/HBIN TOTEHI VAL
Tema 6. ['ereporeHHble
cuctembl. TepmonHaMKKa 20 4 - 10 - 6
(ha30BBIX PABHOBECHIA.
Paznien Il KomonHast xumuist
Tema 1. OcHOBHBIE TOHSTVIS
KOJIOM/THOM XMMWH, OOBEKTHI 1 4 1 - - - 3
LIEM M3y4YEHUSL
Teva 2. TepmomHamuka 7 1 i 3 ) 3
TIOBEPXHOCTHBIX SIBJICHHI
Tema 3. KamumsipHble sByeHust 8 1 - 3 - 4
Teva 4. TloBepxHOcTHBIC
SBICHUST ¥ MEXaHUYECKUe 8 1 - 3 - 4
CBOVCTBA TBEPIBIX TEJ
Tewa 3. Ancopousitia 10 2 : 2 . 6
TIOBEPXHOCTH pa3iera (a3
Tema 6. Onexpo-
TIOBEPXHOCTHBIC ~ SBJICHUSI B 8 1 - 3 - 4
JICITEPCHBIX CHCTEMAX
Tema 7. JlnohoOHBIe cricTeMbl 8 2 - 3 - 3
Tewma 8. JnodusHbie 9 2 i 3 ) 4
JICIIEPCHBIE CHICTEMBI
Teva 9. Oy, mesel |-, 2/2% i 4/2* 4 6
a3
Tema 10. CemimeHTaIMOHHAs 8 1 i 3 ) 4
YCTOMUMBOCT
Tema 11.  ArperarusHas 8 1 i 3 ) 4
YCTOMUHMBOCT
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Tema 12. Koarymsumst 3omeit 8 1 i 3 ) 4
AICKTPOJIMTaMU
Tema 13. OcHOBBI
(U3UKO-XUMUYECKOM 10 2 - 3 - 5
MEXaHUKHU

[ToaroroBka K 3K3aMeHy 36 - - - - 36

Bcero 216 36/4* - 90/8* 12 90

* - Koauuecmeo 4acos, npoeooUMbIX 8 UHMEPAKMUBHOU opme

I/ICHOHBSVCMBIC HNHTCPAKTUBHBIC 06D330B3TCJ'II)HBIC TCXHOJIOTUHN
B mpomecce wu3ydyeHHs AMCLUMIUIMHBI, C 1€dbl0  (OPMUpPOBAHUS U Pa3BUTHS
po(heCcCUOHANBHBIX HABBIKOB O0YyYarolMXCs, Hapsay € TPaAUMLMOHHBIMU BUIAMH 3aHSATUH,
IPOBOSTCS JIAOOPATOPHBIC 3aHATUS B WHTEPAKTUBHBIX (OPMax: BBIIOIHEHHE HCCIICIOBATEIIHCKIX
paboT YaCTHYHOAIOMCKOBOTO XapakTepa.. YIENBHBIA BeC 3aHSTWM, TPOBOIMMBIX B MHICPAKTMBHBIXK (hopMax,
OIPEIIETICH C YJETOM TIOCTABJICHHOM I pabodeil MporpamMMbl, OCOOCHHOCTEH OOYHAFOIMXCS U COIEPMKAHMS
JWCITATUTAHBI ¥ COCTABIIOT He MeHee 20%0 OT Bcero 00hema ay M TOPHBIX 3aHSTHIA.

5. COAJEP/ KAHHUE KYPCA
Paznen | duznyeckas XumMus
Tema 1. XumMnyeckass TepMOAUHAMHKA MaKpOCKOIIMYECKHE CUCTEMBI U TEPMOJNHAMHYECKUI
METOJI MX onucaHus. Tenjora u pabOTHl pa3auM4HOro pona. IlepBblii 3aKOH TEPMOAMHAMUKH.
Buyrpennsisi sneprust. Outansnus. 3akoH ['ecca u ero cieactBus. CTaHaapTHbIE COCTOSHUS U
CTaHJApTHBIE TEIJIOTH XUMUYECKHX peakuuidl. Temmora cropanus. Temnotel oOpa3oBaHMS.
3aBUCUMOCTbH TETJIOBOr0 () eKTa peakui OT TEMIIEpaTyphl.
Pacuets! TemnoBeix 3¢ dekToB peakumii. TaOMHUIBl CTAHIAPTHBIX TEPMOJUHAMUYECKUX BEJIHMYHH
U WX UCIOJb30BaHUE B TEPMOAMHAMUYECKUX pacuerax. BTopoil 3aKOH TEpMOJAMHAMUKU U €ro
paznuuHbie (GOPMYIUPOBKU. DHTpOMNHS. YpaBHEHHWE BTOPOrO Hayajga TEPMOAMHAMUKH JJIs
O00paTUMBIX M HEOOPATUMBIX IPOIECCOB. DHTpOMHs Kak (yHKIUS cocTosHUS. V3MeHeHue
SHTPONMUMU NPH PA3IUMYHBIX Ipoueccax. M3MeHeHHe 3HTPONUU H30JHMPOBAHHBIX MPOLECCOB M
HampaBieHne mnporecca. @OyHaameHTandbHble YypaBHeHHs [nO6ca. XapakrepucTuueckue
¢byukuuu. MeToasl BblYMCIeHUsT SHeprun [ubOca. VYciaoBus paBHOBecMS M KpPUTEPUHU
CaMOIIPOU3BOJIBHOTO IPOTEKAHUs IPOLIECCOB
Tema 2. TepmoamHaMMKa XHMHMYECKOr0 paBHOBecHsl. 3aKoH jeiicTBus macc. Koncranra
paBHOBecus. DHeprusi [m60ca u sHeprust I'enpMrosiblia paBHOBECHOT'O MPOIECCca. 3aBUCHMOCTb
KOHCTAaHThl XMMHUYECKOTO PaBHOBECHS OT TeMIepaTypbl. PacdeT KOHCTaHTbl PABHOBECHS C
MIOMOIIIBI0 CTaHAAPTHBIX TEPMOIMHAMHYECKUX BENUYHMH. BiusHue ¢HakTopoB Ha CMeEIleHUE
xumuueckoro pasHosecus. [Ipuniun Jle [larense.
Tema 3. XumMuuyeckass KHHeTHKa M KaTaju3. OCHOBHbIC MOHITHS XWMHUYECKONM KHUHETUKH.
Onpenenenue ckopoctu peakuuu. KunHetmueckue Kpubble. KHHETHUYECKHE ypaBHEHMS.
OmnpeneneHne KOHCTaHTbI CKOPOCTH U MOpsiiKa peakuuu. KnHeTnyeckuil 3aK0oH JeHCTBHS Mace U
o0nacTe ero mnpuMeHUMOCTH. COCTaBJICHHE KHHETHYECKUX YPaBHEHUW i HM3BECTHOTO
MEXaHHM3Ma peakiuu. YpaBHeHue Appenuyca. "OddexktuBHas" u "HCTHHHAs" OSHEPruu
aktuBanuu. OrnpenesieHue KOHCTAHT CKOPOCTU W3 OMNBITHBIX JaHHBIX. CJO0XKHBIE pPEaKIUU.
[IpyHIMD HE3aBUCMMOCTH DJIEMEHTAPHBIX CTaAud. MeTonbl COCTaBIEHHS KUHETHYECKUX
ypaBHeHH. OOpaTuMBbIe peakiuy MepBoro nopsaka. OnpeneneHue 3J1eMeHTapHBIX KOHCTAHT U3
OTIBITHBIX JJAHHBIX.
Omnpenenenue katanusa. OOue MpUHIUIB KaTanu3a. Poib katanmsza B xumuu. OCHOBHBIC
MPOMBIIUICHHBIE ~ KaTaJUTUYECKHE Mpouecchl. IIpuMepbl MeEXaHM3MOB  KaTAJIMTHYECKUX
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nporeccoB. ['omoreHHbiii katamu3. KucnotHo-ocHoBHONM kaTanu3. Knaccudukanust peaxumii
KHMCIIOTHO-OCHOBHOI'O TUIIA.

Tema 4. Teopussi pactBopoB u pacTrBopurtesneil. KosauraruBubie cBOWCTBAa PacTBOPOB.
PacTBOpBI  3J1€KTPOJINTOB. Paznuuynbie  crocoObl  BBIPaXKEHUS COCTaBa  pacTBOPA.
TepmoanHaMuyeckue M MOJEKYISPHO — KHHETHYECKHE YCIOBHMS OOpa3oBaHHs PacTBOPOB.
[IpenenvHO pazbaBneHHbie pacTBOPHL. 3akoHbl ['eHpu, lansrona, CeueHoBa.

OOmee paccMOTpeHHE KOJUIMTAaTUBHBIX CBOMCTB pacTBOpoB M3MeHeHue TemIepaTypsl
3aTBEPJEBAHMS PA3JUYHBIX pacTBOpPOB. lM3MeHeHHe TeMIepaTypbl KUIIEHUS pPacTBOPOB.
Ocmoruueckue sBieHus. YpasHeHus Bant-I'odda, ero repmogrHaMuuecKkuii BBIBOI U 00JaCTh
IIPUMEHUMOCTH. JlaBlieHHE HaCBIIIEHHOIO0 Iapa >KMJIKHMX pacTBOpoB. 3akoH Payns u ero
TEpMOAMHAMHUUYECKU BbIBOA. Kpuockonnuyeckuil, 30yJIMOCKONUYECKUNH WM OCMOTHYECKUI
crnoco0 onpeneneHus MOJSIPHbIX Macc.

OcHoBHble TonOXeHUs1 Teopun Appenuyca. Hegocratku 3toil Teopuu. IIpoToHHas Teopus
Bbpencrena — Jloypu. CoBpeMeHHbIE TEOpUHU AMCCOLUAIUHU CIaObIX 3JeKTpoiuToB (JIbiouca,
N3maiinosa). KomnmuraTuBHbIE CBOMCTBA pPAacCTBOPOB  3JEKTPOJUTOB. [loHATHS —CcpemHei
aKTUBHOCTH U CpeJHero Kod(QQHUIMEHTa aKTUBHOCTH; MX CBA3b C AaKTHUBHOCTBIO H
KO3 GUIIMEHTOM aKTUBHOCTH OTAEIbHBIX HOHOB. OCHOBHbIE nomymieHuss teopuun [lebas -
I'okkens. [Torenunan noHHONU aTMOChEPHI.

Tema 5. OxucIMTEJBHO — BOCCTAHOBHMTE/IbHbIE Npouecchl. CTaHAapPTHBIA U pealbHbII
3JIeKTPOJAHBIN MOTEHIHAI. YCIIOBUS 3JIEKTPOXMMHUYECKOTrO PaBHOBECUSI HA I'paHMIlAX pasjena
¢a3 u B snekrpoxummudeckoi nenu. Ces3p DJIC co cBoboaHOI 2Heprueit ['m60ca. YpaBHeHUs
Hepucra u ['mb06ca - 'enmpMmroisblia [Uii paBHOBECHOW SJIEKTpoXMMUUYECKoW menu. [loHsTre
ANIEKTpOJHOro mnoreHuuana. Kiaccudukanus 5>1€KTpOJOB M DJIEKTPOXUMHUYECKUX LIETEH.
Onpenenenne k03P GUIIMEHTOB aKTUBHOCTH U YK cel nepeHoca Ha ocHoBe umepenuit J/1C.
Cra"aapTHBIA U peabHBIA AJIEKTPOAHBIN moTeHIan. CTaHIapTHBIA BOJAOPOIHBIN AJIEKTPO U
BOJIOPO/IHAs IIKajla MOTeHIHanoB. [loTeHnuanbsl MeTasIM4ecKuX, ra3oBbIX M OKUCIMTEIBHO —
BOCCTaHOBUTEJIBHBIX MIOTEHILIUAJIOB. I'anpBaHMYECKHE JJIEMEHTHI. AKKYMYJIATODBI.
OnexkTpoABMKyllass cuiaa U ee usMepeHue. lloTeHnmanbl MeTalNIMYECKHWX, Ta30BBIX U
OKHUCJIMTEJIBHO — BOCCTAHOBUTENBHBIX IOTEHLIUAJIOB.

VYpaBuenue HepHcra-Ilerepca m HampaBlieHHE OKHMCIHUTEIBbHO-BOCCTAHOBUTEIBHOIO IIPOIECCa.
CpaBHUTENbHAS CUJIA OKUCIIUTEIEH U BOCCTAHOBUTEIEH.

Tema 6. Iereporennbie cucrembl. Tepmommnammka ¢azoBbIx paBHoBecuil.  [losiTue  asel,
KOMIIOHEHTa, cTeneHu cBobonpl. [lpaBuno ¢a3 I'm6bca u ero BbeBOA. OJHOKOMIIOHEHTHBIE
cucteMbl. JluarpaMmbl COCTOSHUSI BOABI, cepbl, (ocdopa u yriaepona. das3oBbie mepexosl
nepBoro poaa. Ypasnenue Knaneiipona - Knaysuyca u ero npuMeHeHue K pa3IudHbIM (a30BbIM
nepexojiaMm IepBoro poja.

Pa3nnuHble auarpaMMbl COCTOSIHUSL JBYXKOMIIOHEHTHBIX CHCTEM M HMX aHalu3 HAa OCHOBE
npaswia (a3. Cucrtembl C HEOrPAaHMUYEHHOM pacTBOPUMOCTBIO KOMIIOHEHTOB B JKHUJKOM H
B3aMMHOH HEPACTBOPUMOCTBIO B TBEPAOM COCTOSHMM. PaBHOBecue KUIAKOCTH - Iap B
JBYXKOMIIOHEHTHBIX CHCTeMaX. PaBHOBECHBIE COCTaBbl IMapa M KUJIKOCTU. PazmuuHble BHJIbI
auarpaMm cocTostHusl. CuCTeMbl C HEOIPAaHUUYEHHOM PacTBOPUMOCTHIO KOMIIOHEHTOB B KHJAKOM
U TBEPIAOM COCTOSHUHU. TepMmuueckuil aHanu3. 3HadueHUe (a3oBBIX AUArpaMM i (apMailui.
Pa3neneHne HEOrpaHMYEHHO PpPAaCTBOPUMBIX JKHJIKOCTEH IIyT€M IIPOCTOM  II€PErOHKH.
@OpakunoHHasi neperonka. Pextudukanus. Metonsl pa3feieHHs a3e0TPONHBIX JKHJIKOCTEH.
OrpaHM4YeHHO paCTBOPUMBIE KUIAKOCTH. B3aMHO HEpacTBOPUMBIE KUKOCTH.

Tperuii KOMIIOHEHT B CHUCTeME€ M3 JBYX B3aUMHO HEpPaCTBOPUMBIX KHUAKOCTEH. 3aKOH
pacnpeneneHus.  DKCTpakLHUsl. Tpeyrompauk  I'm66ca.  JlmarpaMMmbl — TIIaBKOCTH
TPEXKOMIIOHEHTHBIX CHCTEM.

Paznea |l Koaxnongnasa xumus
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Tema 1. OcHOBHble NOHATHS KOJJIOMIHOW XMMHMH, O0BEKTHI H MLeJIH H3YYeHHUs.
Knaccudukanus aucrnepcHbpix cucreM. OCOOEHHOCTH YIbTPaMUKPOTE€TEPOr€HHOIO COCTOSIHHMSL.
Konmounnple wyacTulbl M KOJUIOMAHBIE CHCTEMBI; KOJUJIOWJHOE (JAMCIIEPCHOE) COCTOSIHUE
BemiecTBa. KoJIMYEeCTBEHHOE OMpENesieHue JUCIEPCHOCTH: JUCIEPCHOCTh U yjellbHad
MOBEPXHOCTh KPHUBH3HA TOBEPXHOCTH YaCTHIl JHUCIepcHOW a3bl. Ponbh MOBEPXHOCTHBIX
SIBJIEHUM B IIpoleccax, MPOTEKAKIMUX B JUCIEPCHBIX CHCTEMaxX. B3anMOCBA3b KOJJIOMIHOMU
XUMUU C JIPYTUMH XAMHYECKHUMHU JUCIUIUIMHAMHU, C (QU3HKOW, OWOJOTHeH, TreosorueH,
MEULIMHOM.

Tema 2. TepmoauHaMHKa NOBEPXHOCTHBIX SIBJICHUI

[ToBepxHOCTh pa3znena ¢a3. CBoOOgHAS TOBEpXHOCTHAS 3HEprus. [loBepXHOCTHOE HATSHKEHUE,
CUJIOBas M DHEpPreThdeckas TPaKTOBKH. MeToa M30BITOYHBIX TEPMOAMHAMUYECKUX (DyHKIMH
noBepxHocTtHOro ciosi  (I'm66c). ITloHATHE O TOBEPXHOCTH pa3pblBa H  pa3IeisroNIeh
noBepxHocTH. O000IIEHHOE YpaBHEHHE NEPBOIO M BTOPOTrO 3aKOHOB TEPMOJWHAMUKH IS
MIOBEPXHOCTH pazfena (as.

V3meHeHne MOBEPXHOCTHOTO HATSXKEHUS JKUIKOCTH Ha TpaHMIE C COOCTBEHHBIM MapoM B
3aBUCUMOCTH OT TEMIIEpaTypbl, KpUTUUYECKAs TemIepaTypa o MeHeneeBy.

[ToBepxHOCTh pa3zfena MexAy JABYMs KOHAEHCUpOBaHHbIMHM (azamu. IlpaBuino AHTOHOBa;
YCIJIOBUS €0 IPUMEHEHMUS.

Tema 3. Kanuiisipubie siBJIeHUsA

Kanumisipaoe naBnenue. 3akoH Jlamnaca u ero cieacTBusl.

3aBUCUMOCTb JIaBJCHHUS TMapa OT KPUBHU3HbI IOBEPXHOCTH KHUAKOCTHU. 3akoH TomcoHa.
Kanunmnspuas konaencanus. M3orepmMudeckasi eperoHka BeIecTBa.

CmauuBanue. KpaeBoit yrosn. 3akon IOHra (cuioBoil U DHEPreTUYECKUN BBIBOJBI).
CootHomleHne Mexay paboTaMu KOTe3UH U aare3uu Mpu cMaunBaHuu. KanwusipHoe nmonHaTHE
KHUJKOCTH, ypaBHeHHE JKIopeHa, KamwjUlsipHas TMOCTOSHHAs JKUAKOCTH. W30OuparenbHOe
CMauMBaHHE KaK METOJl XapaKTePUCTHKH TIOBEPXHOCTEH TBEpAbIX Ten (IHO(DUIBHBIX H
modoOHbIX). [TomHOE cMaunBaHUE (TEPMOIUHAMUYIECKOE YCIIOBUE).

MeToapsl M3MepeHHs MOBEPXHOCTHOI'O HATSHKEHMS KHUAKOCTEH M TMOBEPXHOCTHOW HHEPruH
TBEPJBIX Tell.

Tema 4. IToBepxHOCTHBIE SIBJICHUS " MeXaHU4YecKue cBOiicTBA
TBePIABIX TeJ

Paspymenne u usMmenbueHue (IUCIEPrUPOBAHUE) TBEPABIX TeN KakK (PU3MKO-XMUMHUUYECKUI
rpoiiecc 00pa3oBaHUs HOBOW MOBEPXHOCTH.

O¢ddexr PeOunaepa: u3MeHeHHME NPOYHOCTH M IUIACTUYHOCTH KaK CIEACTBUE CHIKEHHUS
IOBEpXHOCTHOW dHepruu TBepAbIXx Ted. OcHoBHble QopMmbl TposiBieHUs dpdekra:
acTUUIIMPOBAHUE, BO3HHUKHOBEHHE XPYHNKOCTH, CaMOMPOM3BOJBbHOE IHCIIEPTUPOBAHHUE.
Tepmonunamuyeckue ycnoBus mnpossieHuss 3¢dexkra Pebunaepa. BausHue xumuueckoi
IIPUPOJIbI TBEPIBIX TEN U KUAKOCTEH Ha BO3MOKHOCTb €r0 MPOSBICHHUS. DIEKTPOKANUIUIIPHBINA
apdext. Ilpossnenue sddexra PeOunHmepa B NPUPOIHBIX M TEXHOJOTHUECKHUX IMPOIECCaX
(TIpuMepBI).

Tema 5. AncopOuusi Ha NIOBEPXHOCTH pa3jena a3

AncopOuusi Kak caMOIpOU3BOJIbHOE KOHLIEHTPUPOBAHUE HA MIOBEPXHOCTH pasjiena (a3 BELeCTB,
CHIDKAIOIMX Mex(a3zHoe HaTskeHue. [1oBepXHOCTHO-aKTUBHBIE W -MHAKTHBHBIE BEIIECTBA
(mpumepbl). OTHOCUTENBHOCTh TOHATHS '"TOBEPXHOCTHAsT AKTUBHOCTH"' (3aBUCHUMOCTH OT
IPUPOABI KOHTAKTUPYIOIHUX (a3).

Tepmonnnamuka mporiecca aacopomuu. Y paBHenue aacopounu ['n6oca.

Opranudeckue mnoBepxHOCcTHO-akTHBHBIE BemectBa ([IAB). Knaccudukamus ITIAB 1o
MOJIEKYJISIPHOMY CTPOEHUIO (QaHHOHO- W KaTHOHOAKTHBHBbIC, HEHMOHOTECHHbIE, aM{QOJIUTHbIE);
obmactu mnpumenenus IIAB. Bricokomonekynsipusie [IAB (mpumepsl, oTauuus OT
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Huzkomoliekysipaeix [1AB). Ilpo6nema Ouopasnaraemoctu ITAB. Knaccupukanus ITAB mo
MEXaHMU3MY UX JeWCTBUA (CMauMBaTENlH, AUCIEPraTophl, CTAOMIN3aTOPHI, MOIOIIME BEIIECTBA).
[Tonstue o ruapoduisHo-nmunodmisHoM 6anance (I'JIb) monexyn ITAB.

3aBUCUMOCTb TOBEPXHOCTHOTO HaTsKeHUs oT KoHueHTpauuu [TAB. Ypasuenue IlInnikoBckoro.
[loBepxHOCTHasT ~ akTUBHOCTb, €€ H3MEHEHHMEe B romosorudyeckux psgax  [TAB.
Tepmonunamudeckoe o0ocHoBanue mpasuia Tpay6e - J[rokno0. MeToabl OlIeHKH MOBEPXHOCTHOM
aktTuBHOCcTH  opranmdeckux [TAB. PaGora azacopbumu. JluHaMuueckuid  XapakTep
a7ICOPOIIMOHHOTO pPaBHOBECHsSI Ha IMOBEPXHOCTH pasnena pactBop [IAB - ra3. VYpaBHeHue
JIsurmiopa, ero cBs3b ¢ ypaBHeHussMu [ '166ca, lunkoBckoro 1 @pyMKHHa.

Ancopbuuss ITAB u3 pacTBopoB Ha NOBEpPXHOCTH TBepAbIX Tes. I[IpaBwiio ypaBHHBaHMS
nonsipHoctel  Pebunpepa. Momudpunupyromee neiicteue IIAB:  rugpopmmmzanusa u
ruipododu3anus TBEpAoH MTOBEPXHOCTH.

Tema 6. D1eKTPONOBEPXHOCTHBIE SIBJICHHUS B JUCIIEPCHBIX CHCTEMAX

JBoitHoii snextpudeckuii cioit ([IDC). Ilpuuunsl obpazoBanus JIOC. TepmomuHamuveckoe
paBHOBECHE TOBEPXHOCTH pasiena (a3 c yueToM dIeKTPHUECKON SHEPruu.
DNEeKTPOKUHETUYECKUE SIBIIEHUS: AJIEKTPOPoOpe3, 3JIEKTPOOCMOC, IMOTEHLHUAIbl TEUEHHUS MU
ocenanusi; Tteopus [‘enpmronbna - CMOIYXOBCKOro. ODJIEKTPOKMHETHYECKUM IMOTEHIMAT;
IPaHMIA CKOJIbXKEHUA. MeTObI ONpeeNeHNs] IIEKTPOKMHETUYECKOr0 TOTEHINAIIA.

Crpoenune Munemnsl TuapohodHoro 30is. BrusHrue KOHIEHTpaUKU U MPUPOJBI AJIEKTPOIUTA Ha
BEJIMUYMHY U 3HAK 3apsi/ia KOJUIOUJHBIX YyacTull. OCHOBBI HOHHOTO OOMEHa. JIMOTponHbIie psibl.
N3o03nekTpuueckoe  COCTOSHUE B JIUCIEPCHBIX ~ CHUCTEMax;  METOAbl  ONpEAeNICHUs
M309JIEKTPUYECKON TOUKH. [TpakTnyeckne NpuinoKeHns 3JeKTPOKUH ETUYECKUX SIBJICHU.

Tema 7. JIuogoOHBIE CHCTEMBI

JlucriepralilioHHbIE METOJbl TOJYYEHHUS TUCIEPCHBIX CUCTeM (30JIel, SMyJbCHUl, TIeH,
aspozozeif). Pomp IIAB B mpouecax mnonydeHus JucrnepcHbXx cucTeM. CBsizb pabOThI
JUCIIEPTUPOBAHMS C TIOBEPXHOCTHOM »JHepruei TBepAsix Ten. Mcmons3oBanue »s¢dekra
Pebunnepa misi yMeHblieHHs paOOThI TuceprupoBaHus. lIpomecchl AMCIEPrUPOBAHUS B
MIPUPOJIE U TEXHHKE.

Konpencanmonnsie cnocoObl Moay4yeHus: aucnepcHbix cucreM. Obpa3zoBaHue 30Jei B mpolecce
XUMHUYECKUX PEaAKITHi.

OOpa3oBanue dYacTUI] TUCIEPCHON (a3pl B TMpoleccax KpUCTAJUIM3ALUU W3 PAacTBOPOB,
KOHJICHCAIIMU TIEPECHIIICHHOT0 Mapa, KUIMEeHUs. MeToJbl peryjiupoBaHusl pa3MepoB YacTHI] B
JUCIEPCHBIX CUCTEMAX.

OCHOBHBIE METO/IBI OYUCTKH 30JI€H (Inanu3 U yiabTpaduiabTparus).

Komnonnno-xumnueckue csorictsa BMC.

MeTtonb! onpeaeneHusi KOHUEHTPALMHU U pa3MEPOB YaCTHULL 30J1€H.

Tema 8. JIuopuibHbIEe TUCTIEPCHBIE CUCTEMBI

MunemioobpazoBanue B pactBopax [IAB. Kputndeckass KOHIEHTpAs MHUIEINIO00pa30BaHUS
(KKM), ocuoBuble Meroabl onpeaenenuss KKM. Omnuprnyeckne 3aKOHOMEPHOCTH M3MEHEHUS
KKM ¥ MUHMMAaJIbHOIO 3HA4Y€HUS MOBEPXHOCTHOIO HATSKEHHUS Ha T'PaHUIIE pa3jliesia pacTBOP
I[TAB - Bo3ayx B romonoruueckux psgax [TAB. CtpoeHue mpsMbIX U OOpaTHBIX MHUIIEIUT TPU
pa3nuHbIX KoHIeHTparusax [TAB.

TepmonnHaMuka  MMLEIOO0pa30BaHUSA:  TEIUIOBbIE  3(QQeKThl, poiab  TuApo(oOHBIX
B3aUMOJICHCTBUM, AuarpaMma (a3zoBbIX COCTOSHUM, TeMmepaTypHas 3aBucumocth KKM; Touka
Kpadra.

ComoOunm3anus (KOJUIOMJIHOE PAacCTBOPEHHUE OPraHUYECKHMX BEIIECTB B MPSIMBIX MHIIEIUIAX).
OtHocuTeNnbHasE  CONMOOMIIM3AIUS, 3aBUCUMOCTH OT TEMIEpaTypbl M  KOHIIEHTPALMH.
ComoOunu3anys B HEBOJAHBIX Cpeax.

Tema 9. Imyabcuu, nNeHbl, 23P030J1H1
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Omynbeun. Knaccudukanus, onpeneneHue CTeneHd AUCIePCHOCTH. DMYJIbraTopbl, MPUHLUIIEI
Boibopa I[IAB  jang crabuimzanuum  OpsMbIX U 0OpaTHBIX — 3Mmyjbcuil.  Pounb
ruapopunbHomunoduibHoro Oamanca Monekyiasl [IAB B crabunmszanum  3Mysbcuid.
OMyJIbCUOHHBIE MJICHKH; UX CTPOEHHE U (PAKTOPBI, BIUSIOINE HA YCTOMYUBOCTh AMYJIbCHOHHBIX
wieHok. OOpamienne ¢a3 B AIMyJIbCUAX. TBepable AMYJIbraTopbl. MeTonsl pa3pylieHHs
aMyJbcui. [IpakTHUecKoe NIPUMEHEHUE MY IIbCUH.

Ilensl. Ctpoenne mneH u ux kiaccuuxanus. KpatHocts mneH. IlenooGpasoBarenw,
3¢ GEeKTUBHOCTh UX BJIMSHUSA U CBSI3b C TMAPO(PUIBHO-TUNIO(GUIBLHBIM OalaHCOM HCIOJB3YEMBIX
[TAB. BnusiHue >JIeKTpOJMTOB Ha MeHooOpasymomlyio crnocobHocts ITAB. IlenHsle mieHkH,
CTpoeHue, GaKToOphbl yCTOMYUBOCTH.

Aspozomu. Knaccudukammst a3po30i1eid o arperaTHoMy COCTOSIHUIO YaCTHIl JUCIIEPCHON (as3bl.
MeToapsl TOMydyeHUS M M3MEPEHHUs Pa3sMEpOB  a’pO30JIbHBIX YacTUL. MOJEKYJIspHO-
KHHETHYECKHE CBOUCTBA a3p030Jiei (BBICOKO- U ITPYOOAHCIIEPCHBIX).

OJNeKTpUYEeCKHue CBOWCTBAa a’po30JIel, NPUYMHBI BO3HUKHOBEHHUS 3apsja Ha IOBEPXHOCTH
qacTull. ArperaTMBHas YCTOWYMBOCTH a’po3oiiel. CrocoObl M 0COOEHHOCTH pa3pyIleHUs
a’pO30JIEH.

Tema 10. CenmMeHTAIIHOHHAST YCTOWYHUBOCTH

MonekynsipHO-KMHETUYECKHE CBOWCTBAa JucnepcHbx cucteM. duddy3us B KOMIOMAHBIX
cucTemMax. 3aKkoH DUHILITEHHA.

CenMMEHTALMOHHBI  aHaNM3  MOJMUOUCHEPCHBIX  cucTeM. KoOHCTaHTa  CceIuMEHTalMH.
HuddepennmanpHas KpuBas pacupeeleHuss 4acTUI[ IO pa3MepaM; WHTerpajbHas KpHBasd;
MIOCTPOEHUE UX U3 JaHHBIX [10 KWHETHKE HAKOIIJIEHUS OCaJIKa.
CeaumenrtaunoHHo-au(¢y3nonHoe paBHoBecue. Meron Ileppena omnpeneneHus yucia
Asorazpo. [lpumenenue ynapTpaleHTpUyr s U3MEPEHUsI MacChl yJIbTPaJUCIEP CHBIX YaCTHUIL
u Makpomouiekyn (Jymanckuii, CBenoepr).

Tema 11. ArperaTuBHasi ycTOHYMBOCTD

Teopust ycroitunBocTr rufpodo0HbIx 30mei (Teopust AJIDPO). TepmoaguHaMuKa TOHKHX MJICHOK.
PacknunuBatomee nasinenue no Jepsaruny. MosekynspHas COCTaBJIsIONIas PacKIMHUBAIOIIETO
JaBJieHUS. Y4YeT MOJEKYJISIpHOW NPUPOAbl KOHTAKTHpYHOUMX (a3, I TOHKHX MJICHOK H
cepuyecKkux YacTUll. DIEKTPOCTaTHYECKas COCTAaBJIIONIAs PACKIMHUBAIOMIETO JaBJICHMS.
3aBUCUMOCTh SHEPIHH B3aUMOJIEHCTBHS YaCTHIL U CIIEPCHON (Das3bl OT pacCTOSHUSA MEXIY HUMH.
OcHOBHbIE (DAKTOPbI, BIMAIOLIME Ha arperaTMBHYI0 YCTOWYMBOCTb JHMCIEPCHBIX CHUCTEM.
DddexTrBHAs YNPYrocTh TOHKHX IJIEHOK. [ MIponMHAMUYECKHE OCOOEHHOCTH YTOHBIIECHUS
IUIEHOK.

CrpykTypHO-MexaHudeckuid  OGappep (Teopus Pebunpepa). Peonmorndeckue cBoiicTBa
azcopOunoHHbIX cioeB [IAB - cTabMiM3aTOpOB KOJIJIOMIOB KOJUIOMAHBIX CHUCTEM. 3allUTHBIE
KOJIJIOUIBL.

Tema 12. Koaryasinusi 30J1€i 3JIeKTPOJTUTAMH

[Topor koaryssiuu; 3aBUCUMOCTb KPUTUYECKOM KOHLIEHTpAIMH 3JEKTPOJUTa OT pa3Mmepa u
3apsiia koaryiupyroomero voHa (mpaBuio Illynbre - apaw). AHTaroHusM W CHHEPrusM B
JEUCTBUU AJIEKTPOJIMTOB HA MIPOLIECC KOATYJIILIUHU.

Koarynsauust cuiibHO M c1a00 3apspKEHHBIX 301eM (KOHIIEHTPALMOHHAs W HeWTpaau3allMOHHAs
koaryssiuust). O6ocHoBanue npasuia Ulyneie - Iapau u kputepus Ditnepca - Kopda B Teopuu
JJIDO.

OnoKy AU, TE€TePOK0aryJIsLNs, aaaryasuus (onpeneaeHus, IpuMephl).

Kunernka xoaryinsiiuu. Teopust ObicTpoii kKoarynsinuu (CMOTyXOBCKH); OCHOBHBIE TTOJIOKEHUS
Teopun MeyieHHoU koarymsauun (H.dykc). O6patumocts npoiecca koaryisuuu. [lentuzamms.
Tema 13. OcHOBBI PU3HKO-XUMHYECKOI MeXaHUKH
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3aKOHOMEPHOCTH TEYEHUsS CBOOOAHO-AMCIIEPCHBIX CHUCTEM MOA JEHCTBUEM MPHIOKEHHOTO
nasieHus. 3akoH HproToHa. BiusHue xoHUeHTpauuu U GOpMbl YaCTHIl JUCIEPCHON (a3bl Ha
3aKOHOMEPHOCTH T€UCHHUs (3aKOH DHINTEIHA).

CrtpyktypooOpa3oBaHue B  JAHCIEPCHBIX  CHUCTEeMaX. BO3HUKHOBEHHE U Pa3BUTHE
MPOCTPAHCTBEHHBIX  CTPYKTYp. Ilpupoma KOHTAaKTOB MEXAYy JJIEMEHTAaMHU  CTPYKTYP.
[lepunonnueckue ctpykTypbl. OOpa3oBaHue U CBOWCTBA refeil.

KoarynsunonHsle CTPYKTypbl. YcCJOBHS 0OOpa30BaHMs, MEXaHHMYECKHE CBOWCTBA; SIBJICHHE
TUKCOTPOIIHH.

Kpucrammsanuonsslie CTpyKTypbl. MeXaHUUYeCKHE CBOMCTBA KPUCTAIIM3ALIMOHBIX CTPYKTYP.
Onucanue TUCHEPCHBIX CHCTEM Ha OCHOBE peojormueckux mojeneit (Makcpemna, KenbBuHa,
bunrama, [lIsenosa). [lonnas peonoruueckast KpuBasi.

OU3UKO-XUMMHUYECKME  METOABl  PETYIMPOBAHUS  CTPYKTYPHO-MEXaHUYECKUX  CBOMCTB
JUCTIEPCHBIX CHCTEM Ha Pa3JIMUHBIX CTaIuAX UX (POpMUpPOBAHUS KaK OCHOBHAs 3a7ada (hU3MKO-
XUMHUYECKON MEXaHUKH.

6. TEMbI IPAKTUYECKHNX 1 CEMUHAPCKHX 3AHATHIA
He nipemycmoTpeHbL.

7. JABOPATOPHBIE PABOTHI (IABOPATOPHBIN ITIPAKTUKYM)
Paznen | ®msuyeckast xuvmst
Temal. TEMA 1. IOCTYJIATUBHBIE OCHOBBI TEPMO/[HMHAMUKH
Padora 1-1. OnpenesieHue TemI0ThI pACTBOPEHUS COJTH

Hsmenenue snmanvnuu 6 xooe pacmeopenus 1 mons eewpecmea npu P = 1 amm. 6 maxkom
Kou4ecmee pacmeopumelis, KOmMopoe coomeemcmayem noayueHuIo pacmeopa ¢ MOJAIbHOCIbIO
m, HA3bIBAEMC s CMAHOAPMHOU MOJANLHOU Meniomotl pacmeoperus AH ofm) pacme:

3agaua palGoThI: O3HAKOMJIEHHE C KAJOPUMETPUUECKHMM METOIOM OmpeleleHus
TerIoBOro 3 dexra PU3NKO-XUMHUECKOT0 MpoIlecca U YCTAaHOBIEHHE XapaKTepa 3aBHCUMOCTH
CTaH/IaPTHOW MOJISLIIBHOM TETJIOTHI PACTBOPEHMSI COJIM OT KOHIIEHTPALIUH PACTBOpPA.

OGopynoBanue, peakTHBBI: KaJOPHUMETP, MEPHBIM IWIUHApP, TepMomeTp bekmana,
tepmomerp pryTtHbIA oT 0 10 50° C, cexynmomep, comu KCl u K;SO4 (moxxHo NaCl, KNOs,
NazSOg4 u ap., 110 YKa3aHHUIO MPENoaaBaTes).

BroinosineHue padoThbl
1. I[ToaroraBauBaioT K paboTe KaJropuMeTp, 1300pakeHHbIi Ha puc. 1-1.
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Puc.1-1. YcrpoiicTBo KamopumMeTpa Uit ONpeeieHus TEMIOBIX 3P (EKTOB.

Crakan (1), BCTaBJIEHHBII B HM30TEPMHUYECKYI0 000J04YKy (2), 3aKpbIBaeTcst KpbIIKO (3).
OtBepctre (4), mpeaHa3HAYEHHOE ISl BBEIACHUS HABECKH COJIM, 3aKpBhIBAETCS MPoOKou (95),
CKBO3b KOTOPYIO IpoIyileH ocobo yyBcTBuTenbHbIN (0,01°0e1) pryTHbIil TepMmoMerp bexkmana
(6). ns mepemenmmBaHus pacTBopa CIYXKUT Memmanka (7), COeIMHEHHAs! C 3JEKTPOJBUTaTeIeM
(8).

OmnpeneneHne TEMIOTH JO00r0 (U3UKO-XMMHUYECKOTO TpoIecca, IMPOTEKAIOIIEro B
kasnopumerpe ipu P = 1 at™m., 6a3upyetcs Ha dpopmyie:

AH® = Ci * AT, (1-1)

rae Cy - MOCTOSIHHAA KaJopuMmeTpa, a AT - u3MeHeHre TeMIepaTyphbl B X0/1€ Ipoliecca.

2. JIns nHaxoxaeHus C, KaJOpUMETp MpEABapUTEIbHO KaJuOpyroT, usmepsss AT B
nporecce, TermioBoi 3¢gdekT KoToporo 3apaHee u3BecTeH. Tak, IpyU PaCTBOPEHUU HABECKU J =
10 r KC1 B 400 mn Bons! BennunHa AH° cocraBiser 2,58 k[ (pu 20 °C) u 2,37 x/x (npu 25
°C). UroObl BbIOpaTh ONHO W3 3TUX 3HAYEHHWI, B CTaKaH KaJOpUMeETpa HajJMBalOT JaHHOE
KOJIMYECTBO BOJIBI U OOBIYHBIM TEPMOMETPOM U3MEPSIOT €ro TEMIIEPATYPY.

3. Ha ananmutraeckux Becax 6epyT HaBecky KC1 g=10r.

4. Beoasar B kanmopumetp tepmoMerp bekmana. Ilpu nomoum nabopaHta HacTpauBarOT
€ro TaKuM 00pa3oM, YTOOB! ypOBEHb CTOJOMKA PTYTH PACIOarajics HECKOJIbKO BBIILIE CEPEIHBI
YCJIOBHOM Te€MIIEpaTypHOM MIKaJIbl. BKIIIOYaOT Memalky U B Te4eHHE 5-6 MUH depe3 kaxasie 30
CeKyHJ GUKCUPYIOT OKa3aHusa TepMomeTpa bekmana.

5. AkKypaTHO MHpUIIOAHAB TepMomeTp bekmana, yepe3 oTBepcTHe (4) BBICHIIAIOT B
CTaKaH 3apaHee OTMEPEHHYI0 Ha AHAJIMTHUUECKMX BE€CaX HAaBECKy XJopujaa Kamus. beicTpo
BCTaBJISIIOT TEPMOMETP M, HE BBIKJIIOYAs MEUIAJIKHU, IPOJOJDKAIOT PErUCTPUPOBATh U3MEHEHHE
TeMIepaTypbl pacTBopa. BHavalie mpou3oiaeT pe3koe MOHMKEHHME TeMIIepaTypbl, KOTopas,
crycts 5-10 MUHYT, CTaOMIIM3UPYETCS UITH J1a)K€ HAUHET HECKOJIbKO MOBBIIIATHCS. 3aKaHYNUBAIOT
OKCIIEPUMEHT, BBIKIIOYAIOT MeIanKy, BbUMBaOT pactBop KCI1, omosackuBaroT cTakaH
KaJIOpUMeETpa JU CTUILIMPOBAHHOW BOJIOM.

6. CTpoAT 3aBUCUMOCTH TEMIIEpaTyphl (B YCIOBHOM IIKajie) OT BPEMEHH OIbITa, KOTOpas
JOJDKHA MMETh BUJI, H300payKEHHBIH Ha puc. 1-2.
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Puc. 1-2. TemnepatypHas kpuBas mnpouecca pactBoperust KCI.

[IpoBonsaT KacaTenbHble K HAYaJIbHOMY M KOHEUHOMY YYacCTKy KPHBOH, JIEJISAT OTPE30K
AB nonosiam u Mexy Toukamu A1 u By onpenenstor Benmunny A7. Beraucisior C, mo (1-1).

7. OTMEpSIOT Ha aHAMTHYECKUX Becax aBe HaBecku B S 1 10 1 KySO4 (wim nHOM coim).

8. 3anuBatot B kajnopumerp 400 Mi1 JUCTUILUTMPOBAHHON BOJBI U MTOBTOPSIOT U3MEPEHUS
no 1.m. 4 - 6, ucnonp3ys BMecTo xynopuaa kanus HaBecky K;SO4 g = 5 1. OTmerum, 4To dopma
TEMIIEepaTypHOH KPUBOH MOXET yxke ObIThb MHOW. [lomcTaBnsst monydeHHoe 3HaueHue AT u
HaiinenHoe C. B (1-1), onpenensiror BenmuauHy AHC,qq, HaBecku Maccoit St K;SOs B 400 mit
BOJIBL.

9. PaccunThIBalOT CTaHIAPTHYIO MOJISUIBHYIO TEIUIOTY PAaCTBOPEHUS COJIM, WCIOJb3YsI
dbopmyiy:

o(m) _ 0 . 1000
AHpaCT - AHpaCT (400-p+g) (1-2)

IJie p - IIOTHOCTB BOJBI IIPH TeMITepaType ombita. OGBIMHO TPHHAMAIOT p = 1 r/cM’,

10. TIpoBOoasAT BHOBBH OmMpeicicHue AHO(m)pacm mo m.i. 8 - 9, Ho ¢ HaBeckoit § = 10 T
K2SOa.

11. ®opmMynupyroT BBIBOJBI, KacarolIMecs 3HaKa TEMJIOBOro 3¢ eKkTa pacTBOPEHUS COIH
U XapakTepa ero 3aBUCUMOCTH OT KOHIIEHTpaluu pactBopa. OpopMisioT padboTy.

PaGora 1-2. Onpenesnenne Temiosoro 3gppexra npouecca JMCCOLM ALUH
€J1a00# KHCJI0THI

Hsmenenue smmanvnuu 6 npoyecce ouccoyuayuu 1 Mo 00HOOCHOBHOU c1abOU KUCIOMbL
RH na R u H' npu P = 1 amm nazviéaemcs cmaHOapmuoil MOIAPHOT Meniomoti OUccoyuayuu
AH 0D .

3agaua paGoThI: O3HAKOMJIEHHE C KaJOPUMETPHUUYECKUM METOAOM OIpEAelICHUs
Ter1oBoro 3dexra Gpu3nKo-XuMHUIEeCcKoro mporecca. Pacyer ctannapTHON MOJISPHOI TEMIOTHI
JAUccolMany  clabol OAHOOCHOBHOM KMCIOTHI IO CTaHJAPTHBIM MOJISIPHBIM TEIIOTaM
HEUTpaIM3aIlUU 3TOM KUCIOTHl M KAaKOW-TMOO CHUIBHOM KHCJIOTHI (TaKOW K€ KOHIIEHTpAI[UH)
OJIHAM U T€M € pacTBOPOM CHJIBHOI'O OCHOBAHUS:

AHO(C) nmce.— AHO(C) He#Tp. cnad. ~ AHO(C) HENTp. CHIIBH. (1'3)

OO6opynoBaHHe, peaKTHBBI: KaJOPHUMETP, MEPHBIH IWIMHIpP, MPOOHpPKA, TEPMOMETP
bexmana, Tepmomerp prytHbiit oT 0 10 50°C, cexkynnomep, 0,1 M pacTBopbl craboi 1 CUIIbHOM
kucnoT (Hanpumep, CH3COOH u HC1), 4 M pactsop NaOH, xpucr. cons KC1.

Boinosinenue padoTsl

1. [ToaroraBnuBarT Kk padore kamopumerp. OnpenensoT ero nocTossHHy0 C, COTJIacHO
nm. 1-6 paboTsr 1.
2. Hanusatot B xanopumetp 400 ma 0,1 M pacTBopa yKCyCHON KHCIOTBL, @ B IPOOUPKY -

10 ma 4M pactBopa NaOH. IlepectpamBator TepmomeTp bekmana Tak, 4TOOBI YpOBEHb
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CTOJIOMKAa PTYTH pacrmoyiarajcsi BHU3Y YCJIOBHOW TEMIEpaTypHOM IIKaJlbl, T.K. MPOIIECC
HEUTpaM3alliy KU CIOThI SK30TEPMHYECKUN.

3. Bxirogaror Memanky M NpOBOIST CHATHE IMOJHON TEMIIEPaTypHON KpUBOM, BIMBAs B
KHUCJIOTY pacTBOp OCHoBaHus. Pacuer AH° (")Hel;mp. a6, BenyT 1o dopmyne (1-1). TTomyueHHas

BEIMYMHA XapakTepusyeT 3¢ (eKT HeHTpaau3auu V MoJieil KUCIOTHI.
Jlnis mepexofia K MOJISIPHOM TEIMJIOTE PACTBOPEHMSI COCTABJISIOT MPONOPLHIO:

AHOHeﬁTp. cma6. - V MOJIb
AH*® iirp. cnas.— 1 MOJTTB
B nannom ciywae v = C *V= 0,1 MOIB/IM° * 0,4 M = 0,04 moib, mO3TOMY

AHO(C)HeﬁTp. cmab. — 25 AHOHEI‘/’[TPA ciab. (1' 4)
4. Hanuatror B xanopumerp 400 mn 0,1 M pactBopa HC1 u mpoBonsaT ompeneneHue
MOJISIPHOM KHCJIOTBI HEUTPAIM3alHUHU CUIILHOM KHCIIOTBI AH° neiimp. curwn. COTJIACHO ILIL. 2 W 3
JTAHHOM paboTHI.
5. PaccuntsiBator  AH'@yc.. 10 ypaBHeHuio (1-3). AHamM3UpylOT  pe3ysbTart,
(hOpMYIHPYIOT BBIBOJIBI U O(DOPMIISIFOT padoTy.

Padora 1-3. U3mepeHue Tem1oBoro 3ppexkra npouecca ruipaTroodpazoBaHus

Cmanoapmuou MOJApHOU  Meniomot AH° (c)eu()p, 2uUOpamoodpa306anUsi HA3bLIBAIOM
UsMeHeHUue SHMAaIbNUY 8 npoyecce NpucoeouHeHus K 1 Moo 6e3600HOU KpUCMALIUYECKOL COlU
COOMBEMCMBYIOULe20 KOAUYeCm8a KpUCMALIU3AYUOHHOU 8006l npu P = 1 amm. ¢ obpazosanuem
YCmMoUu4U8020 KpUCMAaulocuopama.

3agaua paboOThI: O3HAKOMIJICHHE C KAaJOPUMETPHUYECKHM METOJOM OIpEIelICHHS
TernaoBoro 3 ¢dexkra GU3NKO-XUMHUYIECKOTO MpoIecca M HAXOXKJIEHUE CTAHJAPTHOW MOJIIPHOU
TEIJIOTH TUAPATOOOPa30BaHUS MO CTAHAAPTHBIM MOJISIPHBIM TEIUIOTaM PacTBOPEHUS 0€3BOTHON
KPUCTAIUTMYECKOM COMn AH© pacme. (6/s) I €€ KPUCTAITIOTHpATa AH© Ppacme. (kpucm.2udp) -

AHO(C)FI/IL[p. = AHO(C)paCTB. (6/B) = AHO(C)paCTB. (KpHCT.THUD) (1'5)

OO6opyaoBaHue, peaKTUBBI: KAIOpUMETp, TepMOMETp bekMaHa, TepMOMETp PTYTHBIH OT
0 1o 50°C, cexynmomep, comr CuSO4 u CuSO4*5H,0 (MOxkHO MHBIE TTapbl OE3BOTHON COJIH U €€
KpHUCTAJJIOTHApaTa Mo yKa3aHHIo npenojaasarens), cois KC1.

BoinoJsiHeHHe padoThI
[ToaroTaBnuBaroT K paboTe KaJOPUMETP U ONPENENSIOT ero TeoeMKocTh Cy COraacHo .. 1-6
paboTs!I 1.
bepyr Ha amamuTmueckmx Becax HaBecky § = 10 1 Oe3Bomnoii comum CuSOs, KoTOpYIO
IpeBAPUTEIBHO HY)KHO MPOKAJIUTh. JTa HaBecka coaepxut v = ¢/M mMoib comu, npuuem M =
160 r/mMounb - MosIsIpHast Macca 0€3BOIHOTO CysbdaTa MEIu.
3anmuBatot B kanopumerp 400 MI AMCTUIUIMPOBAHHOM BOABI. BKIIIOYAIOT MEMIAIKy U TMPOBOIST
CHATHE IOJIHOM TEMIEpaTypHOM KPHBOM IpoLEecca PAaCTBOPEHHs, MUCIOIb3Yysl BMECTO XJIOPHIA
Kanus HaBecKy cyibparta menu. IloacraBisas nomydyeHHoe 3HaueHue AT u HailineHHoe C, B
dbopmyny (1-1), onpenenstoT BEMUIUHY AH® pacme. /6. JJIL IEPEX0Aa K CTAHAAPTHON MOJIAPHOU
TETJIOTE PACTBOPEHHS COJIA COCTABIISAIOT MIPOIOPIIHUIO:
AHpacrs. (6/s) — V MOJIB
AHO(C)paCTB. ©/s)— 1 MOIIb,
OTKyJa
AHO(C)paCTB. (6/B) = AHOpaCTB. (6/B) * M/g (1'6)

Otmepsitot HaBecky § = 10 T CuSO4*5H,0 u npoBoasT BHOBE u3MepeHus 1o 1m.3. [Ipu sTom B
KaJIOpUMETp HanuBaroT 396,4 Mul BOIbI, YYUTHIBask BOJY, MMEIOIIYIOCS B KpPUCTAJIOTHUJpaTe.
Haxonat AH ucms (opuem. wuop) KPUCTAILIOTHApATa Cyibdata meau, a mo (1-6) paccyuTsiBaroT
AH’ (c)pacmg (cpucm- euap)- Hamo mume yuects, uto Tenepp M=250 r/mMonb - MoispHas macca
KpHUCTAJIOTHIpaTa.
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5. Hcmoms3ys (1-5), paccunthisaior AH’ (C)Zm)p.. DopMyIUPYIOT BBIBOJbI, OPOPMIISIOT paboTy.

Padora 1-4. OnpeneseHue TeMJI0THI CMAYUBAHUS U YAeJbHOH MOBEPXHOCTH
MOPOIIKA KAJIOPUMETPUIECKUM METOA0M

BaxHoil XapakTepUCTUKON TMOBEPXHOCTH TBEPAOrO Teja SBJSIETCA CTEIEHb €€
ruapodunbHOCTH. [IpUMEHHUTENBHO K MOPOIIKAM  3a4acTyl0  ONPEACISIOT — BEIUYUHY
Koagpuyuenma cuopogpuibHocmu ff - omHoweHue y0eibHoUu meniomovl CMAYUBAHUs. NOPOUIKA
6000l K YOeIbHOU meniome CMA4UBAHUS HENOJAPHOU IHCUOKOCMbIO  (Vene8000p00OM,).
[ToBepxHOCTh cumTaercs ruapoduibHOM, ecmu f >1, u ruapododHoM, ecmu f <1. Temmoty
CMauMBaHHS OOBIYHO OTHOCST K €AMHHUIIC MOBEPXHOCTU (MM MACChl) CMAaYUBAEMOr0 BEIISCTBA U
BBIPAXKAIOT B Jik/M? i B JUK/KT.

3amaua paboTBI: ONPENEIUTH TEIUIOTY CMAYMBaHUS IOPOIIKA, PACCUYUTATh
K03 HUIMEHT TUAPOPUIBLHOCTH £ U YAETbHYIO TTOBEPXHOCTh MOPOIIIKA.

OOGopynoBaHue, peakTHBBI: KaJOpHUMETpUYECKas yCTaHOBKa, TepMoMeTp bekmaHa,
CEeKyHJOMEp, MEpHBIA NWIWHIP, KOHWYeckue Komobl Ha 250-400 M ¢  mpoOkamu;
JTUCTUIUTMPOBAHHAS BOJA, aKTHBHPOBAHHBIA yroiib (MOXHO OKCHJ ITMHKA, MEJ, MPOKAJICHHBIH
CHIIMKATellb, Kpaxmal, arap-arap, v T .1.), 0eH30J1 (MOXHO TOJYOJ], H-T€ITaH, H-TeKCaH).

BoinosineHue padoThl

1. TlomroraBnuBarOT K paboTe KaJOPHUMETP U OMPEAENAI0T ero noctossHuyto C, cornacHo mm. 1-6
paboThI 1.

2. B nByx Orokcax Ha TEXHHMYECKHX Becax OCpYT JIB€ HABECKH HMCCIIEAYEMOro IMOPOIIKa Maccou 5-
10 r (mo BeIOOpPY mpernopaBatessi). [lopomok nomKeH OBITh MPEABAPUTEIBHO JIOBEICH B
CYIIMJIBHOM KAy J0 OCTOSTHHOW MacCCHI.

3. C momornrsto MepHOH KoJOBI oTOMparoT 200 M TUCTUIIMPOBAHHON BOJIBI M TaKOH ke 00beM
HEMOJIIPHOM XKUIKOCTH. PaccUMThIBaIOT MacChl KUJIKOCTEH 10 ypaBHeHUIO: § = p * 200, rae p -
IJIOTHOCTH COOTBETCTBYIOIIEH KUIKOCTH (T/MIT) IPU TEMIIEpaType OIbITA.

4. Bopay BBUIMBAIOT B KaJIOPUMETP, Ky/la MOMEUIAIOT HACTPOEHHBI TepmomeTp bekmana (cm. m.1),
BKJIFOYAIOT MEINAJIKy M B TEYeHHE 5-6 MHUHYT uepe3 Kaxasie 30 ¢ (QUKCHPYIOT 3Ha4YCHHS
temnepaTypsbl. [1o OKOHYaHUU 3TOr0 BpeMEHH, He TIpeKpaias nepeMenmBaHue, 4yepe3 OTBEPCTHE
B KpBIIIKE B KAJOPUMETP BHOCAT IMEPBYIO HaBeCKy mopoiika. OTBEpCTHE 3aKpPHIBAIOT H
IIPOAOJDKAIOT 3alMChIBaTh TEMIEpaTtypy ¢ TeM e uHTepasoMm eme 10-12 munyt. Ilo
MOJYYCHHBIM pe3yJbTaTaM CTposT 3aBucuMocth | = f(t), ompenmensitor AT, pacCcUUTHIBAIOT

TENI0Ty cMauuBanusd AH ., opomka Ha 1r:

AH _ AT(Crc+g1 C11+g2 Cp)
cMay — g1

(1-7)

rae g1 u g2 - Macchl MOPOIIKAa M CMAYMBAIOUIEH KUJIKOCTH COOTBETCTBEHHO, C1 u (7 -
3Ha4YeHUs] WX yAedbHbIX TeminoeMkocterd ([x/rK). 3HadeHus yIoenbHBIX TEIIOEMKOCTEH
IpUBEEHBI B TAOIHIIE.
5. Tlonp3ysich 3HaU€HHWEM TEIJIOTHl CMAaYMBAHUS B pacueTe Ha eIWHUIly TUIOMAAH MOBEPXHOCTH
(Tabn.1-2) u, B3SB OTHOIICHHUE PACCUMTAHHOW BETUYMHBI AH, 4, K TaOJTUYHOU, ONPEACISIOT
YIEJIbHYIO MOBEPXHOCTb IOPOLIKA Sy,

6. OmnbIT MOBTOPSIOT C YraeBoAopoioM. PaccunTsiBatoT KO3 pUIUEHT

AHBU;{a
p = A}IYMJT‘ZZTW, JIEAr0T BBIBOJ O THUIPOGUIBHOCTH UCCIIEAYEMOTO MOPOIIIKA.

cMay

OdopmisroT padoTy.
BemectBo C, Ix/ K Terora cMaunBaHus B
BOJIOM, Bojoi, JI/T | yriaeBomopoaom,
Jix/em? Jx/ T
*10*
AKTHBUPOBaH. 0,84 0,035 31,80 93,30 0,34
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yroJib (bAY)
SiO; mpokaJeH. 0,74 0,10 38,10 18,40 2,10
Kpaxmain 1,30 2,41 96,2 5,40 17,80
Arap-arap 1,37 4,42 146,0 4,20 34,80

TEMA 2. PACTBOPbI. XUHMHYECKOE H ®A30OBOE PABHOBECHE
Pa6ora 2-1. OnpeneneHue MOJISIPHOH MacChl HEIJIEKTPOJIUTA
KPHOCKONMYECKHUM MeTO0/10M

Temnepatypa T,, Ipu KOTOPOM HAUYMHAETCS KpUCTAJUIM3aLUs (3aMEp3aHUE) pacTBOpa
HIKe, 4eM pacTBoputens T, (1). [ pa30aBlICHHBIX PacTBOPOB HEIJIEKTPOJIMTOB IOHIKEHUE
TeMIlepaTyphl KpUCTaTM3aMU PAaCTBOPA CBA3AHO C MOJISJIBHOM KOHIEHTpauued M (MOJIB/KT)
COOTHOIIIEHHEM:

ATKp = Txp - TKp(l) = KKp* m (2-1)

rae K, - kppockonuyeckas nocrosiHHas pactsopurens. g Boasl Ky, = 1,86 kr K/ mois.

B cBo1o0 ouepeb, MOJSUIBHOCTh pacTBOpa HAXOAUTCA IO PopMyie:
_ 1000-g, (2-2)
My-gq

rae gi - macca pactBopuTens, & g u M, - Macca U MoJsipHas Macca (B T/MOJb)
pactBopenHoro BemectBa. Coueranue (2-1) u (2-2) nmo3Bosisier HalTH Mo:
1000-g, (2-3)
ATkp g1

3amaua paGoThl: 0O3HAKOMJIEHHE C KPHOCKOIIMYECKUM METOJIOM ONpEAeSIEHUs MOJISIPHOM
Macchl PaCTBOPEHHOI' 0 B BOJI€ BELIECTBA, ONPEAEIEHNE MOISPHOI MacChl HEAJIEKTPOIUTA.

Oo0opynoBanme, peakTUBbI: KpUOCKOI, TepMoMeTp bekmana, nunerka Ha 25 uinu 50 m,
IJII0KO03a, MOYEBHMHA WM MHOW PAaCTBOPUMBIN B BOJI€ HENIEKTPOJIUT, JIEN.

Beinosninenue padoTsl

1. CobuparoT kpuockon (puc. 2-1), cocTosimuii U3 CTEKITHHOrO cocyna (1), 3aKpbITOro
KpBIIKOH (2), B KOTOpYyI0 BcTaBisgercs nmpooupka (3) m memanka (4). [IpoGupky 3akpbIiBaioT
poOkoi (5), CkBO3b KOTOPYIO mpomyiieH TepmomeTp bekmana (0,01 °/nen) (6) u memainka (7) B
(opme KoIIbIIa, OXBATHIBAIONIETO TEPMOMETP.

2. Cocyn (1) mpumepHo Ha 2/3 00beMa 3aMOTHSIIOT OXJIATUTEILHOW CMECHIO U3 JIbja (WK
CHEra), BObl ¥ XJIOPUAA HATPUS.

3. C momormpto nabopaHTa HacTpauBarOT TepMoMmeTp bekmana Takum o0pa3zom, 4TOOBI
ypOBEHb CTOJOMKAa PTYTH pacrojiarajcsi B BEpXHEil 4acTH YCJIOBHOH TeMIIepaTypHOH IIKabl,
IPUMEPHO MEXAY 4 U 5 1eJIeHUsAMHU ILIKAJIbI.

4.B npoOupKy BBOAST HaBECKy (1 =25 I' AUCTUILIIMPOBAHHON BOJIbI, OTMEpSIs TpeOyeMblil
o0beM nunetkoi. BeraBisior B npoOupky TepmoMerp bekmaHa U KoiapleoOpa3Hyl0 MeEIasKy,
MOTpyXaroT NPOOUPKY B OXJIAAUTEIbHYIO CMECh.

5.[lepememmBas OXJaaUTEIbHYIO CMECh U, OJHOBPEMEHHO MEIJICHHO MOKa4YUBas
Memanky (7), HaOMIOAaT 3a MOHMW)KEHHUEM TeMIlepaTypbl pacTBoputelns. [losBieHue mepBbIX
KPUCTAJJIMKOB JIbJIa OTBEYAET MOBBIIIEHUIO TeMiiepaTypbl Boabl Ha 0,2 — 0,3 rpamyca. B xoxne
MOCJIEAYIOLEr0 MHTEHCHUBHOI'O IIEPEMEIIMBAHUS  PACTBOPUTENS  JOJDKHO  HAOII0JaThCs
yBEJIMYEHHE KOJIMYECTBA KPUCTAJUIOB M UX POCT, TEMIIEPATypa K€ OCTaeTCsl HEM3MEHHOW. OJTa
Temreparypa M OyIeT MCKOMOH TeMIepaTypoil KpHCTallM3alud pacTBopuTens T o,
BBIPAXEHHOM B Irpajlycax yCIOBHOM LIKajbl TepMoMeTpa bekmana.

6. BeiHnMas mpoOupKy BMecTe C TEpPMOMETPOM M3 KPHOCTATa, HArpeBaloT €€ PyKoi,
HO JIMIIb 70 MOMEHTa IOJHOTO HcYe3HoBeHus kpuctauioB jbaa. BHUMAHUME! Cronbuk
TepMomeTpa bekmaHa He MOKEH MpU 3TOM BBIMTH 3a mpenensl wikansl!! BHOBb BBOJAT
MPOOUPKY C paCTBOPUTENIEM B KPUOCTAT U MOBTOPSIOT OMBIT IO 1I. 5.

7. OTMepSIOT Ha aHAIMTUYECKUX Becax HaBeCKy n3ydaemoro Bemecrsa g2 =0,2 — 0,3
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r. M3BnekaroT mpoOupky ¢ TepMoMeTpoM bekmaHa M3 KpuocCKoma, JOOMBAIOTCS MCUYE3HOBEHUS
KpUCTAUIOB JibJa (CcM. 1.6) W BBOAAT HABECKY B PAacTBOpPUTENb. JlalOT BEMIECTBY MOJHOCTHIO
pacTBOPUTHCS.

8. ONpenessioT TeMIepaTypy KpHCTAIIH3auMu  pactBopa Ty, "  cornacuo

YKa3aHuAM  II.II. 5 u 6. HaXO,Z[HT CpCAHHUC 3HAYCHUSA TCEMIICPATYPbl KpUCTAJIM3allun
EeKM)

pactBopurens (T, ") u pactopa (T,

Puc. 2-1. Kpuockon
9. TemmnepaTyps! KpucTau3anuy pacTBoputels 7,,(1) u pactBopa T, H3MEpEHHbIE
B mkaine KenbBMHA M B YCJIOBHOM TEMIEpaTypHOW MIKajle TepMomeTpa bekmaHa, CBA3aHbI
COOTHOIIIEHHEM:
— Bexm
Txp(l) = Tﬁgg} +a, (2-4)
Top=Ty  *+a, (2-5)
TZI€ a - HEKUM MOCTOSHHBIN IMapaMeTp, 3aBUCSIIUN OT YCIOBUI HACTPOMKH TEPMOMETPA.
VuursiBas (2-1), (2-4) u (2-5), onpenensror A7,,:
— bexkm bexkm
ATy = Trp(1) -Top (2-6)
10. IMoxpcraBmsror AT, B (2-3), pacCUMTBIBAIOT MOISIPHYIO Maccy Mp H3ydaeMoro
BEUIECTBA. 3Hasg €ro MCTUHHBIA XMMMYECKMH  COCTaB, OLIEHMBAIOT  IOTPEHIHOCTh
KPHOCKONMUYECKUX U3MepeHuii. @OopMyInupyIOT BEIBOBI, OGOPMIISIOT padoTy.

Pabora 2-2. OnpenesieHue cTeneH! IEKTPOJUTHYECKON TUCCOIHATIUN
KPHOCKONMYECKUM MEeTOA0M
Temneparypa T,, Ipu KOTOPOM HAYMHAETCA KPUCTAJUIM3aLUA (3aMEp3aHUE) pacTBOpa
AIIEKTPONUTA HIKE, YEM PACTBOPA HEIJEKTPOIMTA TOW K€ KOHIeHTpauuu. [l pa3zdaBieHHbIX
pacTBOPOB 3JEKTPOJUTOB MOHMIKEHHUE TEMIIepaTypbl KPUCTAUIM3ALMKM CBS3aHO C MOJISLJIBHOU
KOHIIEHTpaIed M (MOJIb/KT) COOTHOILIIEHUEM:
ATKP = TKp - TKp(l) = i*KKp* m, (2-7)
3nech Ky, - Kpruockonuyeckas nocrosHHas pactsoputens (K, = 1,86 krK/ mons - qis
H,0), a i - u3oToHnueckuii K03 PUIUCHT:
i=1+(v-1a, (2-8)
rme v = v’ + V - uMClO KAaTMOHOB M AaHHOHOB, OOPA3yIOIMXCA MPH JMCCOIHAIHH
MOJIEKYJIbI 3JIEKTPOJIUTA, 0 - CTENEHb AMCCOUMANMHU. MOJSIBHOCTh pacTBOPA M pacCUUTHIBAIOT
o popmyie (2-2).
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3amaua pabdoTbI: O03HAKOMJIEHME C KPUOCKOIHWYECKUM METOAOM  OINpeaeieHUs
M30TOHUYECKOro KO3 (pULMeHTa U ONpeieIeHUE CTENEHU AU CCOLUALUU AIIEKTPOJIUTA.

OobopynoBanme, peakTHBBI: KpUOCKOII, TepMoMeTp bekmaHna, nunerka Ha 25 nim 50 mi
, cou NaCl, NaNOs, Na;SO4, A1C13 nam uHble (110 YKa3aHHUIO MPEMOaBaTes), JIeI.

Beinosinenue padoTsl

1. CoOuparoT KpPHOCKOI W TOTOBSAT €ro K paboTe, UCHONB3ys YKa3aHHs
nim. 1-3 paGotsr 1.

2. B npobupky BBOAAT HaBecKy §1 = 25 I AUCTWJUIMPOBAHHOM BOJbI. Onpenenstor
TemmepaTypy ee kpuctammsaruu Ty,(1)>" cormacho mm. 4-6 paGors 1.

3. OTMepsI0T Ha aHAJMTHYECKUX BecaX HAaBECKy BBIOpAaHHOM colid (2 C TeM
pacuyeroM, YTOOBI KOHIICHTpAllUMsl IIOJTY4CHHOTO pacTBopa He mpeBbimana 0,1 wmomw/m.
W3BnekaroT mpoOupky ¢ TepmoMmeTrpoM bekmaHa W3 KpuocTara, JOOMBAIOTCS HCYC3HOBCHHUS
KPHCTAJUIOB JibJla. BBOAST HaBeCcKy B pacTBOPUTEIb, JAIOT BEIIECTBY MOTHOCTHIO PACTBOPUTHCA.

4, [Tpon3BoAsAT onpeneneHne TeMepaTypbl KpUCTAIIM3AUN PACTBOPA JIEKTPOIUTA
T, Kme’ no (2-6). U3 cpenuux 3HaueHuit T, K,,Be"” 1 T )Em’ onpeneinsitor ATy, Ilo (2-2)
PacCUYHMTHIBAIOT MOJISUIBHOCTh PACTBOPA COJIA M, TTONIB3YSCh PopMyoi (2-7), HaXOAAT BETUINHY
M30TOHUYECKOTr0 KOdPHIIUeHTA .

5. 3Has XUMHYECKYI0 (OPMYITY COJIM U YYUTHIBAS, UYTO JJI CUIIBHBIX AJIEKTPOIUTOB
o —1, paccuuThiBalOT | 10 BhIpakeHHIO (2-8). CONMOCTABIAIOT MOJYyYEHHOE 3HAYCHHE C
JaHHBIMU SKcTiepuMeHTa. DOpMyIUPYIOT BEIBOABI, 0()OPMIISIIOT padoTy.

Pa6ora 2-3. IlocTpoenne 1uarpaMmmbl pacTBOPUMOCTH B CHCTEMeE COJIb - BOJIA

YacTHbIM ciiydyaeM AuarpaMMbl COCTOSIHMS JIByXKOMIIOHEHTHOM cucTeMsl npu P = const
SBIISICTCSL AMarpaMMa IIJIaBKOCTH, KOTOpask CTPOMTCS B KOOpAMHATaX «TeMIepaTypa
kpuctasumsauuu (7,,) - cocraB pacmiaBa (X)», Tae X- MosbHas J0NS PacTBOPEHHOTO
KoMIToOHeHTa. OHAKO JIsl CUCTEM TUMA "COJb-BoAa" MOJHYIO JUArPaMMYy IJIaBKOCTH MOCTPOUTh
HEBO3MOXHO,
T. K. HEIb3sl MPHUTOTOBUTH YCTOWYMBYIO CMECh M3 BOJBI W paciuiaBieHHOW comu. [loaTomy
MPAKTUYECKH HW3Yy4YalT JHIIb YacTh JAWarpaMMbl TUIABKOCTH, OTBEYAIOIICH BBICOKOMY
COJCP)KaHWIO BOABI M HHU3KOMY - coiid. Takas TJjarpaMma  Ha3blBacTCs TFZ\:B/IanaMMOI}'I

pacTBOPUMOCTHU 1-HO coam
B

(puc. 2-2). 2- com / To2)

Puc.2-2. Jlnarpamma pacTBOPUMOCTH COIHU

Ona cocrout u3 BeTBU AFE KpuCTalIu3allMM BOJbI U3 pactBopa M BeTBU EB —
Kpucrtaumsanuu conu. Touka E OTBe4aeT IBTEKTHUECKOW TemmepaTtype Tz U DBTEKTUYECKOMY
coctaBy Xz B mnpubmmxeHun wuaeanbHOro pacTBopa KpHUBBIE KpUCTAUIM3ALMM  (JIMHHUU
mukBunyca) AE n EB MoxHO paccuuTaTh 1o ypaBHenuto [llpenepa:
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T Tow

® [1 ~(RT,,/AHZ,, )InX

0 |

(2-9)
npudeM i=1 uam 2 COOTBETCTBEHHO JIJISt PACTBOPUTENS U PACTBOPEHHOI'O BEIIECTBA.
XapakTepUCTUKH psZia COJICH U MX BOJHBIX BTEKTHK JaHbI B Tabmuie 2-1.

Jst Boztbt Tip(1) =273 K, M1 - 18 r/monb. AH®;,(1) — 6,0 xJ[/ Mous.
3agauya pabdoThl: U3yUCHHE KPUCTAJUIM3ALUU B BOJHO-COJICBOW CHCTEME, MOCTPOCHUE
JarpaMMbl PACTBOPUMOCTH COJIH, COITOCTABJIEHHUE €€ C PACYETHOM.

Tabmuma 2-1.
Coinp My, r/MoIB Tun2), K AH52), Tg, K XE
kJI>x/Mob
Na,SO4 142 1157 24,30 271,8 5,05*107
K2S04 174 1343 36,65 271,4 9,50*10°
KNO; 101 607 11,70 271,1 2,13*10°

Oo6opynoBanmne, maTepuajbl: Kpuockon, TepMmoMmerp bekmana, nunerka Ha 25 wim 50
M1, costb NaxSO4 (nimn KaSO4, KNO3), nten.

BoinosineHue padoThbl

1. CobuparoT KpuOCKOIl U TOTOBST €ro K padoTe B COOTBETCTBUH ¢ 1. 1 -3 padoTsl 1.

2. B mpobupky BBOAST HaBecky (1 = 10 I TUCTHIUIMPOBAHHOM BOJBI, OTMEPAS 00bEM
nurnerkor. Mcnomp3ys ykazanus Iil. 4-6 paboThl 1, ompenenstoT TeMIepaTypy KpucTaain3ain
pactBoputens Ty, " B yCIOBHBIX Ipajycax IIKajibl TepMOMeTpa bexmana.

3. OTMepsIOT Ha aHAJIMTHYECKMX Becax 4 oauMHAKOBBIX HaBecku (2 = 0,125 r comwm
NaSO4 (st K2SO4, 92 = 0,280 1, nit KNO3 g2 = 0,36 1).

4. U3BnekaroT npoOUpKy ¢ TepMomMeTpoM bekmaHa U3 pacTBOpa, HarpeBaroT ee pyKoi 10
ucuesHoBeHuss Kpuctawwmmko jpaa. BHUMAHUME! CronOuk pTyTH HEe IOMKEH BBIMTH 3a
mpeaesbl YCIOBHOM TemmepaTrypHoil mkansl! BBoOmsT mepByl0 HaBeCKy B TpPOOHpPKY, HAlOT
BELIECTBY PACTBOPUTHCSL.

5. TIpou3BOIAT ONpeIeseHne TeMIepaTypsl Kpuctammsamun T,"" pacTBopa.

6. BHOBb wH3BIEKalOT MNpPOOMPKY, JAOOMBAIOTCS MCUE3HOBEHUS KPUCTAJUIOB JIbJa.
[TocnenoBaTenbHO BBOAAT B PAacTBOP BTOPYIO, TPETbIO M YETBEPTYIO HABECKH, ONpEIesis B
Ka)X/IOM cllydae TeMIlepaTypy KpHCTaTH3aIiu.

7. PaccuuThIBalOT MOJISIPHYIO JOJII0 BTOPOrO KOMIIOHEHTA B pacTBOpax o (Gopmyie:

gy /M,

R Y, /M
- g/ My+ g /N
£ 2 T8 1 (2-10)
IpUHUMas BO BHUMaHHE, YTO Jo — CyMMapHas HaBecKa COJIH.
8. KomOunanus Beipaxxenuit (2-4) u (2-5) npuBOAUT K COOTHOUICHUIO:
_ bexm bexm
Tip=Tip) H(Tip " = Tipy ™) (2-11)
Toncrasnas B (2-11) mosyuennsie Ha onbite 3Hauenus Ty," ™" 1 Tipu)” 1 yunteiBas,
910 Tip1) = 273 K, ompenemstor T, B mkane KensBuna. CtposaT 3aBucumocts I, - X,

MPEICTABISIONIYIO JHArpaMMy PacTBOPHUMOCTH B CHCTEME COJIb-BOJIA.

9. IlpuBnekas naHHbie TabJ. 2-1, paCCYUTHIBAIOT 00€ BETBH 3TON 3aBUCUMOCTH JIJISI BOJBI
u comu 1o (2-6). 3nauenne AH®,, Boasl paBHO 5,983 k/[/Momb. COMOCTaBISIOT MOJyYEHHBIS
JaHHBIE C YKCITEPUMECHTATBHBIMUA. DOPMYIHPYIOT BBIBOJIBI, OOPMIIIOT paboTy.
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Padora 2-4. Onpenenenue Kod(ppunueHTa pacnpeaeeHusi M CTeNeHU U3BJIeYeHUs
o2 NPU OTHOKPATHOM U APOOHOM IKCTPAKIIUM

OKkcmpakyuell Ha3blBaOm Npoyecc U3eledeHus: 8ewecmea pacmeopeHHo20 8 0O0HOM
pacmeopumeine, Opy2um pacmeopumenem (IKCMpazeHmom), KOMopbvli He CMeuusaemcs ¢
nepeviM.

Ecmu x nBym >kuakum Qazam, HaxoasmuMmcs B paBHoBecun nipu P, T=const, 1o6aButh
TPETHI KOMITOHEHT, TO OH pacHpenesuTcs MexXay o0eumMu ¢a3zaMu, HO B pa3HOM KOJHYECTBE.
[Ipn 5TOM OTHOIIEHHE KOHIIEHTpAIMi TPEThero KOMIIOHEHTa B JIBYX JKHUIKHUX (ha3ax sBIsSCTCS
BEJTMYMHON MOCTOSIHHOW U HE 3aBUCUT OT OOIIET0 COJAEP)KaHMsI KOMIIOHEHTA B CUCTEME:

(I)
- _ i

pacm. — ;o
[C EH} )ﬂ (2-12)

A€ ¢i - KOHUeHTpauus pacnpexaemsiemoro kommnonenta B (1) u Bo () dazax
COOTBETCTBEHHO, (. - TIOKA3aTellb, XapaKTePU3YIOIINH CBOHCTBA BCEX KOMIIOHEHTOB B CHCTEME.
ITpu sToMm K03 dduLueHT pacnpeneneHust Kyqc,. 3aBUCUT OT TEMIIEPATYPBI U MIPUPOABI BELIECTB U
HE 3aBUCHUT OT Ha4aJbHOI KOHIIEHTPAIIMH SKCTParupyeMoro BeIlecTBa.

DKCTpaKIUs MOXKET ObITh 0OHOKPAMHOU, KOT/1a SKCTPAreHT 100aBIsOT B OAUH MPUEM U
OpoOHOUI - €CIM DKCTPAreHT J00aBIIIOT MOpUUSAMH. Maccy BeIecTBa, OCTaBIIYIOCS IOCIHE
AKCTPArupOBaHUs, PACCUUTHIBAIOT 11O (hopMyIIe:

Py w11
Vi
gin = (0} —
I“pamvf +WVi
- ’ (2-13)
riae g(0) - ucxoaHOe KOMMUYECTBO IKCTParupyeMoro Bemiectsa; Vi - 00beM pacTBopa, u3
KOTOpPOT'O M3BJICKACTCS KOMIIOHEHT, Vo, - 00BbeM TMOpIUU DJKCTpareHTa, N - KpPaTHOCTh

sKcTparupoBanus. [IOHATHO, YTO TMOJHOTA W3BJICUEHHUS BEIIECTBA MPH JPOOHOW IKCTPAKIIMH
BBIIIE, YEM IIPU OJHOKPATHOM.

DKCTPaKIIMOHHOE W3BJICUCHHE KOMIIOHEHTOB HCIOJB3YIOT B MPOIECCe MOIYyYCHHS
aHTHOMOTHKOB, TAJICHOBBIX MPEMAPATOB, a TAKXKE IIPU aHATHU3E JIGKAPCTBEHHBIX POPM.

3agaya paGoThI: TIPOBECTH OJHO- U TPEXKPATHYH HKCTPAKIMIO HOAa M3 BOJHOTO
pacTBOpa, BBIUHUCIHTH KOIPOHUIMEHT pacrpeneneHus, OLEeHUTh 3()PEeKTUBHOCTH OAHO- U
TPEXKPATHON IKCTPAKILIUH.

OO0opynoBaHue, peaKTHBBI: YCTAaHOBKA JJISi BCTPSIXUBAHUS;, KOJOBI C INPUTEPTHIMU
npobkamu Ha 200 mu - 5 mr.; Oroperka Ha 25 mil - 2 WT.; KOJOBI A TUTPOBAHUA - 5 IIT.;
nunetku Ha 5,0; 10,0 mw 25,0 mu; genurensHble BOPOHKH C MPUTEPTHIMH MTPOOKAMH
BMecTUMOCTBI0O 200 M - 5 mT. McxomHblii BOAHBIA pacTBOp Homa ¢ KoHueHTparuer c(1/2
1,)=0,1 Moub/11; X70pOhOpM WIIM TETPaxXJIOPU] YIIIepoia; BOAHBIN pacTBOP THOCYIb(ara HATPHSI
¢ konmentpanuer 0,1 u 0,01 MoOIB/JI; CBEKENPUTOTOBIICHHBIH pacTBOP Kpaxmalia ¢ MacCOBOH
nounei 1%.

BroinosineHue padoThbl

1. YcranaBimMBarOT TOYHYHO KOHIEHTPAIMIO BOAHOTO pacTtBopa ioma. s 3TOoro B
YUCTYI0 KOJIOY JJisi TUTPOBAaHHSA OTOUPAIOT NHUIETKOW aJIMKBOTY HCCIEIyeMOro pacTBOpa
oobemom 10,0 mut. lobaBmnstoT 20-25 MIT XOTOTHOW TUCTUILTUPOBAHHOM BOJbI U TUTPYIOT 0,1 M
pacTBOpoM THOCyIb(haTa HATPUsS O CBETJIO-KENTOH (COJIOMEHHOM) OKpacku. 3aTeM K
MOJIY4eHHOMY pacTBOpY A00aBIISIIOT ~ 1 MJI pacTBopa Kpaxmala U MpOoJI0JHKAI0T TUTPOBAHUE J10
mepexoa OKpacKu M3 cuHel (rosy0oit) B OecriBeTHYO. OTBIT MOBTOPSIFOT HECKOJBKO pa3 o
TTOJTYYCHUS Tpex CXOISIIMX CS
(T.e. oTuuaronuxcs He 6osiee ueM Ha 0,02 mur) pesynbTaToB. KOHIIEHTpaIUIO 1HoMa BEIYHCISIOT
10 YPaBHEHUIO:
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. CHHJS}C’} ' R HEES-]D}
‘L = vV

PO (2-14)

rge  Nax$03 . cpenHee apu(METHYECKOe M3 MONYYEHHBIX CXOSIINXCS Pe3yIbTaTOB
TUTPOBAHUS; Vyposy - 00BEM NpPOOBI, B3ATOM U1 TUTpPOBaHMS 03 ydyera KOJIMYECTBa
nobaBiieHHO# BobI (T.€. 10,0 mu).

2. JInst paGoThI TOTOBAT YETHIPE CMECH M3 MCXOJHOT'O BOJHOTO PAacTBOpa 1oja, BOABI U
JKCTpareHTa (XJ10pohopM UIH TETPaXJIOPHU YIIIepoaa), HOMEIAIOT UX B UUCThIE U CyXHe KOJIOBI
BMecTUMOCTBI0O 200 MJI ¢ HpUTEpTBIMH NpoOKaMu (PE3MHOBBIE MPOOKU JUIsl 3TOM Lenu He
noaxonsT). CoctaB cMece yka3aH B Tabiuiie 1.

3. IlpuroToBiieHHBIE CMECU BCTPSIXUBAIOT B TeueHHe 10 MUHYT (MOKHO BPYUHYIO WM Ha
anmapate A BCTpsAXuBaHUs). IHTEHCHBHOCTD BCTPSXUBAHUS J0JDKHA OBITH JOCTATOYHOM ISt
nepeMelIMBaHusl BOJHOIO U OPraHUYecKOro CJ0s, OJHAKO IPU ITOM KUJIKOCTH HE JOJDKHBI
AMYJIbTUpOBaTh. [10 OKOHUAHWHM BCTPSIXUBAHMS CONEPKUMOE KOJO MEepPEeHECTH B ACIUTENbHbIE
BOPOHKH M OCTaBUTh HAa 5-7 MHUH J0 pacClavBaHUs KUAKOCTEU. 3aT€M OTAEIUTh BOJHBIA CJION
OT OPraHUYECKOr 0.

Tabmuma 2-2.
CocTaBbl UCTIOTIB3YEMBIX CMecer

Ne O6bem UCXOIHOTO O6bem O6bem Konnentpanus
poObI pacTBopa Hoja, BOJIbI, JKCTpPAreHTa, roma c(1/2 1y),

MJT MJT MJT MOJITB/TI

1 100 - 30 0,100

2 50 50 30 0,050

3 25 75 30 0,025
4 10 90 30 0,010

4. OnpenensitoT couepikaHue Hona B 000MX CIOAX MO pe3yibTaTaM TUTPOBAHMS MPOOBI
THocynb(aTtom Hatpus. TuocyiabpaToM HATPUS MOXKHO OTTUTPOBATH HOJA TOJHKO B BOAHOM
cioe. [loaToMy mpu omnpeneseHun KOHLEHTpalMU Hoja B OpraHudeckod ¢aze K THUTpyeMoOu
npoGe  OpraHM4ecKoil IKMAKOCTH HEOOXOMMMO m00aBisiTh BOXY. MOX  IOCTENEHHO
9KCTparupyercsi B BOJHBIA CIIOW, IIe U BOCCTaHABIMBAETCS THOCYIb(aToM. Iy onpeneneHus
KOHIIGHTPAIMH H0]]a B OPraHUYECKOM CJIO€ OTOMPAIOT aJMKBOTY 0OBEMOM 5 MJI U MEPEHOCHT ee
B KOJOy Ui TUTPOBAaHMS, COAEpXKAIlyl 25 M AUCTUIUIMPOBAHHON BoAbl M 1 Ml pacTBOpa
kpaxmana. Tutpoanue nposoaat 0,05 M pactBopom NapS;03. B mpouecce TutpoBanus Kojaly
BCE BpEMs BCTPSAXHMBAIOT, YTOObI OOJIErYUTh 3KCTPAKLMIO HoJa B BOJHBIM CIOWH, a TUTPAHT
npuOaBIAIOT MeIJIeHHO. TUTpoBaHME MPOJOIDKAETCS O MOMEHTa 0OECIBEYMBAHUS BOJHOIO U
OpraHuyeckoro cioeB. OnbIT moBTOpsOT 3 paza. KoHueHTpauuio #oga BBIYHUCISIOT MO
ypaBHEHUIO (5), Ipu 3TOM V 1po6 = 5,0 M. Conepikanue ioja B BOAHOM CJIO€ ONPEACIAIOT TaKk
JKe, KaK IPH YCTaHOBJICHWU KoHIeHTpauu |, B ucxomuom pacreope. Tutpant - 0,01 M NazS;03.

5. PaccunthiBatoT kod(pPHUIMEHT pacmpeneneHus ioaa mo ypaBHeHHIO (2-12), cuutas
¢azoii (1) - oprannueckuii, a hazoi (2) - BogHbIH cinoit u o= 1.

BhIamcsitoT Maccy #oja B HCXOMHBIX BOJAHBIX pacTBopax (g2 (0)):

0) = Cp, -100 - 127
91,(0) = 1000 )

U Maccy He HM3BIICUEHHOro ioma mo ypaBHeHHIO (2-13), yuurtbiBas, uro Vi - o0beM

BOAHOrO ciosi, Vo - 00beM OpraHu4eckoro cios, a N paBHo 1. CteneHpb (MOJHOTY) U3BJICUCHUS

(r)
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PACCUUTHIBAIOT [0 YPABHEHHUIO:
8, = 91,(0) — g;,(1)
91,(0)

6. MHorokpaTtHast ’kcTpakius. B kon0y emkoctsto 200 My ¢ mputepTod NpoOKoi
nomenatoT 100 mi ucxomHoro pactBopa Homa u gobammsror 10,0 mu skctparentra. Cmech
BCTPSIXMBAIOT B TeueHUe 10 MMHYT U NEPEHOCAT B AEIUTENbHYIO BOPOHKY, I'IE OCTABIIIOT
CTOATh 5 MUHYT. OpraHuyueckuil M BOJHBINA CIIOM pa3AelsiioT, MPUYEM BOJHBIN CIIOM BHOBB
MOMEIIAIOT B YUCTYIO KoJIOY eMKocThio 200 M ¢ mpuTepToii mpodkoii. K BogHOMY €010 OmATH
no6asisiioT 10,0 Mi1 3KCTpareHTa; 3KCTPaKUUI0 MOBTOPSIOT. OTHENAI0T OpraHUYecKUidl CIoM.
OnbIT HOBTOPSIIOT B TpeTuit pa3. Onpenensor coaepkanue Hoaa B Kax 10 MOPIIMH SKCT pareHTa
TakK e, KaK OMucaHo B Iil. 4-5. PaccunTriBatoT Maccy oja (T) B OpraHuyeckoM Cioe:

opr _ C, °Pr-127-10
g = 1000

o0IIyl0 MacCy M3BJICUEHHONO B XOA€ TPEXKpPaTHOM 3KCTpakuuu MHoxa (cymMma

MOJIYYEHHBIX PE3YyJIbTATOB) (2,3 M MacCy i0/1a, OCTABIIEr0CsI B BOJHOM CJIO€ 10 ypaBHEHUIO (4)

g, (0)—
WM KaK Pa3HHUILY (g L ©) €53 )
BbIUMCIISIOT HOJHOTY U3BJICY CHHUS:

£1,.
Bs = -

-100%

g1, (0)

[IpoBOASAT CpaBHUTENBHYIO OLEHKY CTENEHU W3BIECUEHHS 0/la B XOAE OJHOKPATHOM M
TPEXKPATHOM dKCTpaKIUU. J[enarT BIBOA, OPOPMIISIOT padoTy.

PaboTa 2-5. Onpenenenne kodppumnuenTa pacnpeaeseHus U CTeNeHU U3BJIeYEHUsI
Au0a30/1a IKCTPAKINOHHO-(POTOMETPUYECKHMM METOA0M

[Ipumenenue (GoToMeTpHUEcKOro Merojna aHamu3a TpeOyeT MOIydeHHs OKpalleHHBIX
pactBopoB. Jlubazon (dibasolum) - 2-GeH3unOeH3MMHUIA30 THAPOXJIOPHI - CIOCOOEH JIETKO
00pa30BBIBATH OKPAIICHHOE KOMILIEKCHOE COCAMHEHHUE C KPacUTeIeM OPOMTHMOJIOBBIM CHHHUM
(BTC) B coorHomennu 1:1, KOTOpBI XOPOIIO M3BIEKAETCS XJIOPOGOPMOM, OKpammBasi €ro B
XKeNTbl 1BeT. OnTUMaIbHBIE YCIOBUS I SKCTpakuuu ciuenyromme: pH BogHoro pactsopa ~
5,0; cooTHOIIEHHE 00HEMOB BOIHOM M opraHndeckoil a3 2:1, MakcUMallbHOE MOTJIOUICHNE TTPU
A = 417-421 um (cunmii cBeropunsTp). PactBop BTC ycroituuB B Bome, a cam bTC He
U3BIIEKAETCS XJIOPOPOPMOM.

3amauya padoThl: NPOBECTH AKCTPAKIMOHHOE H3BJIeUeHUE anuba3zosa U3 €ro BOAHOIO
pactBopa xiopodopmMom (pacTBOpel 3-4 KOHIIGHTpAIWii), BBIUUCIUTH CTEMEHb H3BIICYCHUS,
paccuuTaTh CpeiHee 3HaueHne Kor(puireHTa pacupeaeneHus.

Oo6opynoBanue, peakTuBbI: (orodsekTpokoigopumerp Tuna KOK-2 wmun ®OK-56M;
KOJIOBI ¢ mpuUTepThiMH NpoOkamu oobemom 50 m 100-200 mu1; BoAHBIM pacTBOp aubazoia ¢
KoHueHTpauueit 5*10™ wmoms/n (~122 wmkr/m); pactBop mubasoma B xuopodopme C
KOHILIEHTpAIY ei 1*10™ Moub/n (~245 MKr/1); xjnopodopm, Bogusiid 0,03 M pacteop BTC; 0,015
M BOZHBIN PACTBOP XJIOPUCTOBOJOPOAHONU KUCIOTHI.

BroinosineHue padoThbl

1. TTocTpoenue rpaayupoBoYHOro rpacduka. ['OTOBIT Cepuio CTaHAAPTHBIX PACTBOPOB C
pa3nUyHBIM cofepkaHueM aubazona. B 5-6 xond ¢ mputepThiMH MpoOKaMu (PE3MHOBBIE HE
moaxoadaT) orouparoT munerkod 0,2; 0,4; 0,6 ..MJI HCXOAHOrO pacTBopa Juba3ona B
xnopodopme. B kaxkayro kondy mobasisitot o 0,2 mut pactsopa HCl u o 0,8 mut pactBopa BTC.
Kon0y 3akpbiBatoT npoOKoi U BCTpAXUBAIOT 0K0J0 30 cexyH[, a 3aTeM J00aBIsIOT XI0podopm
TakuM 00pa3oM, 4ToObl o0mmi o0veM pactBopa cocraisl 20,0 mi. ITomydeHHbIE pacTBOpPHI
BHOBb THIATEJIBHO MEPEMEIIMBAIOT U 4epe3 1-2 MUHYTHI MU3MEPSIOT ONTUYECKYIO TJIOTHOCTh
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OKpAIIIEHHOTO OPraHUYecKOro cios Ha (OTOAJEKTpOKOoNopuMeTpe npu anune BoiHbl 400-440
HM (K®DK-2) unmu co ceeropunbrpom Ne3 (OOK-56M). Tonmmua nornomatomniero cios 1,0 cm.
B kadectBe pacTBOpa CpaBHEHMsI UCIOJb3YIOT YMCTBIH Xjopodopm. M3mepeHus onTuueckoit
IJIOTHOCTH (A) Ka)XJI0ro pacTBOpa MPOBOASAT HE MEHee 3 pa3, PaCCUYUTHIBAIOT CpeHEE 3HAUCHUE
A NS KaXJ0ro pacTBOpa M CTPOAT TpaduK B KOOpAMHATAX: ONTHYECKas IIIOTHOCTH (A) -
KOHIIEHTpaIusl 1uda3oia (MKr/mi) (3aBucuMoctbh A=f(c) 00s13aTebHO JOKHA OBITH TIHHEHHOM).

2. DKCTpakIIMOHHOE W3BJeueHue aubazona xmopodopmom. B dyersipe konObl ¢
MPUTEPTHIMU ITpoOkamu orouparot numnerkoi 0,8; 1,0; 1,2; 1,4 M1 uCXOAHOTO BOJHOTO pacTBOpa
nubaszona. K kaxmpoit mpobe mpubasnstor nmo 0,2 mia pactsopa HCI1 u 0,8 ma pactBopa BTC.
Oo6wem BoaHOM ¢a3sl goBoaar 10 40,0 ma. K xaxxnoit cmecu nob6asisttor o 10 M xiopodopma,
KOJIOBI 3aKpHIBAIOT M BCTPAXUBAIOT B TEUCHHE 5 MHHYT. 3aTeM pacTBOP M3 KaXIOH KOJOBI
MIEPEHOCHT B JCJIUTENbHYIO BOPOHKY U OCTaBJISAIOT HA 5 MUHYT JUIsl YETKOT'O Pa3/ieleHUsl CIIOEB.
Oprannyeckyto (azy OTAEISIOT U U3MEPSIOT ONTUYECKYIO IJIOTHOCTh PACTBOPOB TaKXke, KaK B
n.1. OmpenensioT copepkaHue Xxjaopodopma B oOpraHuyeckod ¢aze Mo IpagyUpOBOYHOMY
rpaduky. ITo pasHOCTH HCXOAHOM KOHILIEHTpAlMK B BOAHOM (a3e 1 paBHOBECHOH KOHLIEHTpPALUH
B OPraHMYECKOW PacCUUTHIBAIOT PABHOBECHOE COJlep)KaHME aM0a301a, OCTaBLIErocs B BOJHOM
cioe nocine 3kcTpakuuu. Ilo ypaBHeHuto (2-12) BBIYUCIAIOT KO3PPUIMEHT pacipeneaeHust 1
BCEX MCCIEAYEeMbIX pacTBOpoB. HaxomsT ero cpenHee 3HaueHUE, PACCUUTHIBAIOT CTENEHb
u3BJedeHUs anba3ona. PopMyIUPYIOT BBIBOABI, 0GOPMIISIOT paboTy.

TEMA 3. XUHMHYECKAA KHHETHKA H KATAJTHU3
Padora 3-1. oMOreHHO-KATAJIUTHYECKOE OKHCJIeHUE HOANAA KAJTUA
nepcyiabdparomM aMMOHMS

Kamanus - amo ysenuuenue cxopocmu xumuueckou peaxyuu 6 npucymcmeuu 8eujecms
(kamanauzamopos), Komopwvie He 6X00am 6 CmexXuoMempuiecKkoe ypasHeHue u nocjie peaxyuu
XUMU4ecku He uzmeusiomcs. PazmudarT comozenuwili U cemepozeHHbill kamaau3. B mepBom
cllydae peardpyrolie BellecTBa M KaTalu3aTop o0pa3yrT oAHy a3y, a BO BTOPOM - PEaKIIus
MIPOMCXOANUT Ha TpaHHIle pa3zaena ¢as.

Hcnonp3yemble KaTaau3aToOpbl UMEIOT OOIIEe CBONCTBA!

. HE BIMSIOT Ha BEJIMYMHY KOHCTAHTHI PaBHOBECHS, a JIMIIb YCKOPSIOT Mpolecc
JIOCTUKEHUS pAaBHOBECHS;

. 001aaloT HU30MpATENbHBIM JCHCTBUEM, T.€. YBEIMYMBAIOT CKOPOCTb TOJIBKO
HEKOTOPBIX PEaKIIUil;

. HeOoNbIIMe KOJWYECTBA KaTalM3aTopa MOTYT B 3HAYUTENBHOW CTENEHH
YBEJIMYMBATh CKOPOCTb, MOCKOJbKY CHIDKAIOT BEJIMYMHY SHEPrUU aKTUBALMU peakuuu £,
BXOJISIIIIYIO B TIOKAa3aTeNlb CTEIICHH B YPaBHEHUH It CONSt ckopoctu: K = Koexp(-Ea/RT).

B kuciioM BOTHOM pacTBope mpouece

2KJ + (NH4)2S:05 —139" 5 J; +(NH4)2S04 + K804 (3-1)
2J+5,0¢7 —10" 5 1,4250,% (3-2)

SBIIIOINMICS  MPUMEPOM  HOHHBIX  OKHCJIUTEIbHO-BOCCTAHOBUTEIBHBIX  PEAKIIHIA,
MPOTEKaeT MEAJICHHO U MpakTHuecKu HeoOpaTumo. OJHAKO €ro MOXKHO 3aMETHO YCKOPHTH
BBEJICHHEM B pearupyrouryo CMech HOHOB Zn*, Cu®*, Fe** wm Cd**, BBICTYIIAIOIIUX B KAYECTBE
KaTaJau3aToOpOB peakuu. MexaHnu3M KaTaJTuTHUYECKOTO JAeHCTBHS TaHHBIX HOHOB BECbMa CII0MXKEH
U 37ech oOcyxaaThes He Oyner. OO0 M3MEHeHHH CKOpocTH peakuuu (3-1) yaobHO CyauTh 1O
KOJIMYECTBY BBIJICIMBIIErocs B EIUHHUILY BPEMEHH HOAA, OTTUTPOBBIBAS €ro pacTBOPOM
THOCYNIb(]aTa HATPUS:

Jo + 2NayS;,03— 2Nad + NayS40¢ (3-3)

B IPUCYTCTBUM MHAMKATOpa (Kpaxmana). 3aBepuieHue peakiuu (3-3) ycTaHaBIMBaeTCs
M0 HMCYE3HOBEHUIO W3HA4YalbHO CHHEH OKpacku Hojcojepkaliero pacrBopa, BbI3BaHHOM
B3aMMOJICiCTBHEM Ho/la ¢ KpaxmasioM. Bo3HuKarolee BHOBb CIYCTSI KaKoe-TO BpeMs ciaboe
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CHHEE OKpaIlMBaHUE TPOOBI BO BHUMAHUE HE MPUHUMAIOT.

3agauya padoThl: KaUECTBEHHOE N3yYEHUE 3aBUCUMOCTH CKOPOCTH TOMOT'€HHOM peaKiuu
OKHUCJICHHS HOJIUI-MOHA OT HAJIMYMsI, TPUPOJILI U KOHIICHTPAIIUU KaTamu3aTopa.

OO6opynoBaHue, MaTepuaibl: Jel, TepMOMeTp, 4 KoHn4eckuX Koaosl Ha 200 - 250 mi u
onHa - Ha 500 M. bropeTka 11t THTPOBaHMUS, KOJOBI JAJII TATPOBAHUS, CBEXKETPUTOTOBICHHBIN
pacTtBop kpaxmaina, murnetrkd Ha 10, 25 u 50 M wim HeOONMbIIONH MEpHBIA HUIHHIP. PacTBOpHI:
0,1M (NH4,)2S20s; 0,02M KI; 0,5M H,S04; 0,0025M NazS;03 u 0,025M CuSO,.

BoinosiHeHHe padoThl

1. Kon6y na 500 mn 3amuBaror HoO (uct.) w1 cTaBsT Ha Jen Uil oXJaxacHus. bropeTky
3aIONHSIOT PACTBOPOM THOCYIb(aTa HATPHUS.

2. Kon6sr nHa 250 wMn 3amonHsAOT, Kak MmokazaHo B Tabn. 3-1. Msmepsior
Temrepatypy cmeceid. OTBIT HAYMHAIOT JIHMIIL TIOCIE BBEIPABHUBAHUS TEMIIEPATypbl BO BCEX
konbax. [Ipy Hamuuum TepMocTaTa MM BOJASHOM OaHM SKCIEPUMEHT yJo0Hee BecTu mpu Oolee
BBICOKOM, YeM KOMHaTHasl, Temmneparype, Harpumep 30-35 °C.

3. B nepeyito kon0y BBomsaT 20 mi pactBopa Kl (0,02M), BcTpsixuBaroT Koyily u
HAYMHAIOT OTcYeT BpeMeHH. CIyCTs 5 MHHYT ITOCIIe Hadajia OmbITa OTOMparoT murmetkor 10 mu
PEaKIMOHHON CMECH, BIMBAIOT €€ B KOJOY JJIsi TUTPOBAHUS, KyJa MPEABAPUTEIBHO H00aBICHO
20 M OXJIaXKJICHHOW JUCTUIUIMPOBAHHON BOZBI (1 OCTAHOBKH peakiuu (3-1)) u HECKOJIBKO
Karejab pacTBOpa Kpaxmaia. Biuas u3 O0roperku mo kammsiMm pactBop Na;S,0s, THTpyrOT npoly
710 MICYE3HOBEHUS CHHEH OKpacKu. MOJSIpHYIO KOHIIEHTPAIMIO HOa ONPEaeIsIIoT o hopMyJIe:

CNEESED_:; '1':'};
CJE =
10 (3-4)

rae Vx - odbem (B Mu1) pacTBopa THOCYJb(haTa HATpHs, 3aTPAYCHHOTO HAa THUTPOBAHHUE.
PesynbTater 3aH0CAT B TabmI. 3-2.

Tabmuma 3-1
Ne O0BeM, MII
KOJIOBI H,O (NH,)2S20s3 H>SO., CuSOq Bceero
1 60 20 20 0 100
2 55 20 20 5 100
3 50 20 20 10 100
4 40 20 20 20 100
Tab6mmma 3-2
t, MUH 0 5 10 20 30 40 60
Vy, M 0
Cj2, MOJIb/JI 0

4. BpUMBaIOT PEaKIMOHHYI CMECh M3 KOJOBI AJIi THUTPOBAHUS, ONOJACKHUBAIOT €e.
Uepez 10 mua or MomeHTa noOaBieHuss KJ konOy ans TUTPOBaHHUS BHOBb 3allONHSIOT
OXJIKJICHHON JucTUIUTMpoBaHHOW Bomoir (20 wmur). OTOMparOT CleAyrolyl npody Wu
TUTPOBaHUEM OMNPENENIAIOT B HE KOHIEHTpALUIO Hoaa U T.1I.

5.Co BTOpOH, TpeTbell W YETBEPTOM pPEAaKLUHOHHBIMU CMECSMHU IPOJENIbIBAIOT TE XKeE
orepanuu, pe3ynbTaTbl (QUKCHPYIOT B Tabmmmax tumna (3-2). i 2KOHOMHH BpPEMEHH
pPEKOMEHIlyeTcss BCE 4YeThbIpe OHKCHEpPUMEHTa BECTH mapamienbHo. Yuceno Oroperok s
THUTPOBAHUS NTPH HEOOXOAUMOCTH MOXKET OBITh YBEIUYECHO.

6. CTposT 3aBHCUMOCTH Cj2 OT BpPEMEHH ISl BCEX UETHIPEX M3YYCHHBIX CHCTEM.
AHaMM3UPYIOT pe3ynbTaThl, POPMYIHPYIOT BBIBOABI, 0)OPMIIAIOT paboTy.

Pa6ora 3-2. U3yuyeHne KHHETHKH T'HIPOJIH3a YKCYCHO-3THJIOBOIO 3(phupa
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B KHCJIOHN cpene™
Dopma nposedenisi - BbINOTHEHUE UCCTE00BAMETCKUX PAOOM YACHTUHHO-NOUCKOBO20 XAPAKMEDA

I'mapomu3s  ciokHOro »Qupa, HampuMmep OHTUJIALIETaTa, SBJISETCS OUMOIEKYJIIPHOU
FOMOT'€HHO-KaTaJIUTUY €CKON peakluen, yCKOPsIeMO HOHAMHU T'UAPOKCOHHUS
(H30 )
CHsCOOC;Hs +H)0 — = CH3COOH + C(C:Hs0H
(3-5)
OpHako B M30BITKE BOABI ATOT IPOLIECC OMMCHIBAETCS KHHETUYECKUM YpaBHEHHEM
peaKuny MCeBAO0-NIEPBOro MopsIKa

de s (1)
$
—Z{—: ky ¢y (1)
! (3-6)
KOTOPOE MOCIIC MHTETPUPOBAHUS UMECT BUI:
(0)
k;=- 111 T
t Cag (1) (3-7)

B (3-6) 1 (3-7) ¢»,¢(0) m ¢,¢(t) - mcXomHas 1 TeKymas MOJSIPHBIE KOHIEHTPAHK dpHpa.
3a xogoMm peakiuu (3-5) yqoOHO cieiuTh HO HAKOIUIEHHWIO B Cpelleé YKCYCHOM KHCIIOTBHI,
OTTHTPOBBIBas €e 1eI0ubto. [Ipu aToM:

Cg.d;.(ﬂj =a [Tk«'r.x.- -\‘1-( D}] (3-8)

Ccagplt) = a [Vaem V(D)]. (3-9)
3neck V(0), V() 1 Vo,- 00beM I1es109H, MOIIEANIeH Ha THTPOBAHKHE MPOOBI B HAYATbHBIH
MOMEHT BPEMEHH, B IpOIECCE THAPOJM3a M IOCIE €ro IMOJHOTO 3aBEpINCHUs, a 0 - HEKH

kodpdumnment muponopruonansHoctd. C  ydetom (3-8) u (3-9) ypaBHenue (3-7) nerko
npeodpasyercs K BUAY:

In LW =yt
V, —VI(t) (3-10)
3agaya padoThl: YCTAHOBUTH KMHETHUYECKHH MOPAIOK Ipoliecca THAPOIN3a YKCyCHO-
3TUIOBOrO 3pHpa B KHUCIOM cpene mpu U3OBITKE BOIBI, ONPENEIUTbh KOHCTAHTY CKOPOCTHU
peaKIu.

OO6opynoBanue, MaTepuaJbl: Jiel, NMUNETKA Ha 2 U 5 MI MEpHBIH UWIMHID, IBE
kornyeckune koyobl Ha 100 - 200 mu, konb6a wa 500 My, komda ISl TUTPOBAHHS, TEPMOMETP.
PactBopsr: stumanerar, 0,5 M u 1,0 M HC1; 0,5 M NaOH, ¢enondranenn.

BoinosineHue padoThbl

1. 3anonauTh KOOy Ha 500 M IUCTHITMPOBAHHOM BOJIOM, IMOCTABUTh €€ Ha JIeA s
OXJIQXKICHHUSI.

2. B nBe konowl Ha 100-200 mu 3amute mo 50 Mi pacTBopa CONSIHOW KHCJIOTHI C
koHueHTpausamu 0,5 u 1,0 M coorBerctBenHo. M3meputs temmeparypy pacTBOpoB. OMNbIThI
MOXXHO BECTH W TpU OoJjee BBICOKOW, YeM KOMHATHas, TeMIlepaType, OJHaKo 3To Tpelyer
HAITMYHUs TepMocTaTa (MM BOASHOW OaHK) M 00pPaTHOTO XOJOAMUIbHHKA.

3. C moMomip0 MEpHOI MUTIETKHA BBOJAT 2 MJ 3(upa B OIHY U3 KOJIO C KHCIIOTOH,
BCTPSAXMBAIOT U 3aKPBIBAIOT MPOOKOH. MoMeHT BiuBaHMs 3hHpa NPUHUMAIOT 32 BpeMs Hadaja
peakuuu ruaponusa. CrycTsi Kakoe-To BpeMsi BBOJAT 2 M 3¢dupa B Opyryro Kojly ¢ CONSHON
KHCIIOTOH, Takke GUKCUPYIOT MOMEHT Hauaja peakiny.

4, [Toouepenno, B cpemHeM depe3 Kaxkzaple 10 MUHYT, OTOMpArOT MUIETKOH W3
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KXKJIOM KOJNOBI C PEAKIMOHHOHW CMEChI0 MPOOBI MO 5 M M BBUIMBAIOT UX B KOJOBI JJIA
TUTpOBaHMs. B HUX npeaBapuTenbHO 3anuBaroT 20 cm® OXJIAKJIEHHOW JUCTUJUIMPOBAHHON BOJIbI
JUIs TOro, 4TOOBl MAaKCHMaJbHO 3aTOPMO3UTH Ipouecc rujaponusza. Konaby c peaxkuuoHHON
CMECBIO TIOCIIe 0TOOpa MPOOBI CIEAYET Cpa3y e 3aKPbITh MPOOKOH. MoMeHT t BiIMBaHUS TTPOOBI
B KOJIOY A TUTpOBaHUS (PUKCUPYIOT. TUTpOBaHHE MPOBOAST B MPUCYTCTBUH (PeHonpTanenHa
(1-2 xamm). O0beM 1ieaouu V, MOIIEAIINA Ha HEWTPaTU3aIMI0 KUCIOTHI, 3aHOCAT B Tabi. 3-3.

HamomHMM, 4TO OMBITHI MO TUAPONM3Y 3Hpa ¢ pa3HON KOHIIEHTpalMeld KaTaiau3aropa
(0,5 u 1,0 M HC1) Beaytcs mapamienbHO, OITOMY JAHHBIC OMBITOB 3aHOCST B JIBE pa3HbIC
TaOyMIbl. B HUX €CTeCTBEHHO CIIeyeT yKa3blBaThb MCTHHHOE BpeMs, MpOIIeNIiee OT Hadaja
Ka)XJIOTO ONbITa J0 B3SITUS MPOOBI, KOTOPOE MOXKET HE COBIIAJaTh C MPUBEIECHHBIM B TaOIuIle
JUTSL OPUEHTUPOBKH.

Tabmmna 3-3
t, MuH 0 10 20 30 60 120 00
V, Mmn
5. Jna ycraHoBineHus V., OCTaBJSIOT 3aKpbITble KOJObI C PEAKLHOHHOW CMECHIO [0

CIIEYIONIEro 3aHATHA. MOKHO MPUHYAUTEIHHO YCKOPUTH MPOIECC THAPOIIN3a, HArpeBask KOJIObI
1o 3aBepieHuto omnbita 70 50-60 °C B Teuenue 30 MUHYT, MOCIIE YEro MPOBECTH OTOOP MPOOBI C
HOCJIEIYIO UM TUTPOBAHUEM.

6. Jns onpenenenuns V(0) HamuBarot B aBe kou0bl mo 50 mur 0,5 u 1,0 M pactBopa
HC1, Ho n0o6aBiisitoT B HUX, BMECTO 3¢upa, mo 2 M AUCTUIUIMPOBAHHOMN Bobl. OTOMpas npoOsl
o 5 MJI, BBOAAT UX B KOJOBI /uig TUTpoBaHUS ¢ 20 MJI JUCTHILIMPOBAHHOM BOJBI U TUTPYIOT
LIEJI0YbIO.

7. Tlocne 3aIOJHEHU A obenx Ta0IHIL CTpPOST 3aBUCHMOCTH
In{[(Vo - V(0))] / [V~ V()]} or t. OnpenensitoT cTeneHb WX JMHEHHOCTH, YTO SIBISCTCS
KpUTEpUEM Inopsaka peakuuu. M3 HaxiIoHa JMHEHHOrO Yy4yacTKa ONPEAENAIOT BEIUYUHY
KOHCTaHTBl CKOPOCTM THAponu3a K, »¢upa mnpu JTaHHOW KOHIEHTPALUUH KaTalu3aTropa.
AHaNMM3UPYIOT pe3ynbTaThl, GOPMYIHPYIOT BEIBOABI, 0)OPMIIAIOT paboTy.

PaGora 3-3. U3yuyeHne KHHETHKH OMbLICHHS YKCYCHOITHJI0BOT0 3¢upa
B 1EJIOYHOM cpene
OMblIeHHE CJOXKHOrO 3(Hpa, HaNpuMep, ITUIALETATa, SBJSIETCS OMMOJIEKYJISpHOU
HEOOpaTUMOM peakiuen:
CH3COOC;Hs + NaOH — CH3;COONa + C;HsOH (3-11)
3a ee CKOPOCThIO YJOOHO CIEIUThH 110 U3MEHEHUIO KOHIIEHTPALUU UCXOJHBIX BEIECTB BO
BpeMeHHU. [Ipu 3TOM mporiecc onuchIBaeTCsi KWHETUYECKUM ypaBHeHUeM peakiuu 11 nopska:

dc_(t)
i
- :kII'CBq}(t)'LE{(t)"
dt (3-12)
B KOTOPOM Cop(t) M cu(t) - Texymme xoHumeHTpamuu d>¢upa u Imenodu. Ecmu

KOHIeHTparuu menoun ¢,(0) u sdupa c,;(0) B MOMEHT Havana peakiMu pas3IudHbI, IIPHYEM
cu(0) > ¢,4(0), To mocie unterpupoBanus (3-12) npuodbperaer BUA:

) 1 o (0L (0) =y (1)
o= - ' -
en (0) ey (O ey (0)-fey (0) = oy (1)
(3-13)
Ioguepkuem, uto c,,(0) # 634,0, a cp(0) # csqbo, rue 034,0 ¥ ¢,,° - HCXOHbIC KOHIICHTPAIIHH
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pearenToB. [lociennue npu 00pa3oBaHuK peakimoHHO# cMecu Menstotes. [lycrs V(0), V(t), Ve
- 00BbEMBI KMCIIOTHI C HCXOJHON KOHLIEHTpALUen ¢,°, KOTOpbI€ MOILIM Ha TUTPOBAHUE IIEJIOYH B
npode 00beMoM Vyp COOTBETCTBEHHO B MOMEHT Haudaja peakuuu (3-11), B Xxoae nmporecca U 1o
€ro IMOJIHOMY 3aBCPIICHUIO. Torz[a H3 yCJI0OBHUA OKBUBAJICHTHOCTH CJICAYCT, YTO:

. V(0 V(t &
C (0)—c ().c (t)— L C :cg
\Y Y Vi

op op

(3-14)

Konnentpamuss »¢pupa B mnpobe B MOMEHT Hadala pEaKIUU OIpenenseTcs

COOTHOUICHHUEM:
V(0)-V_
3@ (0) —Cq ; vV
p (3-15)
[oxacrapmss (3-14) u (3-15) B (3-13), npuxoauM K BBIPAKECHHIO:

Ve VOV -V, ]

0 7 7 . 7 _\7
'V, V() [V()-V,] 16

Jns  rpaduyeckori  00pabOTKM  JKCIIEpPUMEHTAJbHBIX JaHHBIX (3-16) ymoOHee
MIPEICTAaBUTh B BUJIC:

k]I

V(1) V(0) V.,
n —=In— TRyt
[V(t) -V, ] [\” 0) -V, ] Vo (3-17)

Bunno, urto ecim pacuer Ky mo (3-16) tpebyer smamums V., , V(t) u V(0), To mpu
onpenenenun xy U3 rpaduka 3asucumoctr In(V(t)/[V(t)-V.]) ot t HeoOxomuMmo 3HaTh UL Vo, U
V(t).

3agaya paGoThl: YCTAHOBUTH KMHETHUECKHUN MOPSIOK MpPOIecca OMBUICHUS YKCYCHO-
STUIIOBOTO 3(Hpa B IETOUHOH Cpefie, ONPeaeIUTh KOHCTAHTY CKOPOCTH PEAKIIHH.

OOGopynoBanue, Mmarepuaibl: Jiel, NUIETKa Ha 2 MJI, MEpHBIM IWIMHAD, JBE
KoHUYeckue kosiobsl Ha 100 mur m ogHa Ha 250 M1, OrOpeTka, XUMHYECKHI CTakaH, TEPMOMETD.
PactBoper: CH3COOC;,Hs (0,02 M); NaOH (0,05 M); HC1 (0,1 M), denondraneun. s
MIPUTOTOBJICHUSI OJJHOTO JINTPA PacTBOpA ITHIIALETATA HY)KHON KOHLIEHTPAIIMH HEOOXO0IUMO 2 MII
sapupa pactBoputs B 100 M stmioBoro cmmpra, a 3ateM noBectd o0beM no 1000 mn
JUCTUIIMPOBAHHOM BOJIOM.

BbinosniHenue padoTsl
3anonHuTh K00y Ha 250 M TUCTHITMPOBAHHOM BOAOW U MOCTaBUTh HA JIE IS OXJIaXKCHUSI.
B onny u3 kon6 Ha 100 mut BBectr 20-25 mut pactBopa 3Triianerara (0,02 M), B Apyryr - TOYHO
TaKoe ke Komm4decTBO pactBopa menoun (0,05 M). U3meputs TemmnepaTypy pacTBOPOB, MOCIE
9ero 3aKphITh KOJOBI CTEKISTHHBIMH WJIM KOPKOBBIMH MTPOOKaMH. DKCIEPUMEHT MOXKHO BECTH U
[IpU TEMIEpAType, OTIMYHONU OT KOMHATHOM, HO 3TO NOTPeOYEeT UCIOIb30BAHUS TEPMOCTATa UITU
BOJISIHOM OaHwU.
B crakanuuk mis tutpoBanus HanmuBaroT 20 mut HyO u BBoAST mpoOy mienodn odbeMoM 2 M .
TutpoBanueM CONSHON KUCIOTON ¢ KOHIEHTpanuen c® =0,1M B npucyrcTBuu QeHondraienna
YTOYHSIOT HWCTHHHYIO HCXOJIHYIO KOHIIEHTpPAaIMIO INenodn ¢,°. B Xome mnpuroroBieHus
pPEaKkIIMOHHOM  CMecH  HUCXOAHAas ~ KOHLEHTpalus  LIeNOYd  CHIDKAETCs,  MOATOMY
cu(0) = 1/2 « ¢,°. Tpusnekas mepsoe u3 cooTHoureHuit (3-14), Mo 3HAUEHHIM C,° C4y(0) U Vip
HaxoaAaT pacyeTHbIM myTeMm V(0).
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4. BnuBaroT pacTBOp LIEN04YU B 3Hp, OTMEUast BpeMs BIMBaHUSA. DTOT MOMEHT MPUHUMAIOT 3a
HayaJlo peakluuu oMbUIeHUs. PeakinoHHas cMech JA0JKHA OBbITh MOCTOSHHO 3aKphbITa NMPOOKOIA,
YTO B KaKOI-TO Mepe MpeoTBpalliaeT ucnapenue 3gupa.

5. Cnycrs npumepHo 10 MHHYT mociie Hayajia peakiMH OBICTPO OTOMPAIOT IHUIIETKOW MpOOy
00beMOM B 2 MJI pPEaKIMOHHOW CMECH WM BBOMAST €€ B CTaKaHUWK JUIsI TUTPOBAHHS, Kyjaa
npeaBapuTenbHo HamuTo 20 MIT OXJIaKISHHOW TUCTHIUTMPOBAHHON BOABI. MOMEHT BiMBaHUS
TOYHO (UKCUPYIOT; THUTPOBAaHHEM HAaXOsIT o00beM kucinorel V(t), 3aTpaycHHON Ha
HEUTpaJIN3aL1IO EJI0YH.

6. IloBTopsIOT ompenesneHNe TEKYIEH KOHIEHTPALUU IIeJI0YH B CMECH, OTOMpast sl TUTPOBAHUS
poosl o 20 mu ¢ mepuoanyHocTh0 10-15 MuHYT B Teduenue 1,5-2 gaco. JlaHHBIE 3aHOCAT B
Tabun. 3-4.

Tabmuna 3-4

t, MuH 0 10 20 00

V, M

Hnst ycranoBnenusi V., OCTaBJSIIOT 3aKPBITYI0 KOJOY € PEAKIMOHHOM CMECHIO 0

CIIEIYIONIEro 3aHsATHs. MOXXHO MPUHYAUTEIBHO YCKOPUTH OMBLICHHE 3(upa, HarpeBas Kojly
(mocne 3aBepiieHust onbiToB) 10 50-60°C B Teuenue 30 MHUHYT, MOCIE YEro MPOBECTH OTOOP
npoOBbl C MOCIEAYIOIUM TUTPOBAHHEM.
7. ITocne 3amonHeHus TaOuMIbl paccuuThiBalOT 1o (3-16) Beanuuny Ky mas Bcex t # 0,
HaxomaT cpeanee 3HadeHue. Ctpost Takke 3aBucumocts In (V(t)/[V(t)-V.]) ot t, onpenensitor
CTENEeHb €€ JMHEHHOCTH, YTO SBJSETCS KPUTEPUEM BTOPOro MOpsiaKa peakuuu. M3 HakinoHa
JMHEHHOI 0 yJacTKa TakXKe ONPEISIIOT KOHCTAHTY CKOPOCTH OMbLICHHS 3¢upa K B memouHoim
cpene. AHaIM3UPYIOT Pe3yIbTAThl, GOPMYITHPYIOT BBIBOIBI, OPOPMIIIIOT paboTy.

Pabora 3-4. U3yueHne KMHETUKH OKUCJIEHUS HOAUIA BOAOPOAA
NMEePOKCHI0M BOIOPO/Ia B MPUCYTCTBUM KaTaIu3aTopa
Peakuus okucieHus moauaa Bomopona B kucioit cpeae B mpucyrctBuu (NHz)2Mo004
SBIISIETCS TIPUMEPOM TOMOT€HHOrO KaTajiu3a. ODKCIEePUMEHTAJbHO TMPOIECC OCYLIECTBISIOT
crenyronmM obOpazom: k peaknuonHod cmecn Nal + HpSOs mpu 3amanHOl TemmepaType
N00aBISIFOT OMpPENEICHHBI 00heM TEPOKCHIa BOAOPOJa U THOCYNIb(aTa HATPUS OJUHAKOBOM
KoHLeHTparuu. [Ipu 3TOM mocnenoBaTeIbHO MPOTEKAIOT CIAEAYIOIINE PEAKIIUU:

2Nal + H,SO,4 = Na,SO4 + 2HI (3-18)
2HI + H,0, = 2H,0 + 1, (3-19)
Jo + 2 NaS,03 = 2NaJ+ NayS406 (3-20)

Peakiiuu (3-18) u (3-19) nmpoTrekaroT odeHb OBICTPO, IOATOMY CKOPOCTh BCETO Ipoliecca B
LIEJIOM OTpeAeNsieTcsl CKOpocThio MemiieHHOW ctaauu (3-20). IlockonbKy wWOIWI HATpHs
pereHepupyeTcs B X0/l€ B3aMMOAECHCTBUS nojia ¢ THOCYIb(aToM HaTpus, To conepkanue Nal u
HI npaktrueckn moCTOSIHHO |, CJIEOBATEIBLHO, CKOPOCTh peakiuu (3-18) onmpenensiercss TOIbKO
KOHIIGHTpaIlMe mnepokcuaa Bojopona. B stux ycmoBusx mnpouecc (3-18) omuceiBaercs
KMHETHYECKHM YpaBHEHUEM peakiuu [ mopsaka:

3, Dy,0,(0)
Kk, = 2. le H,0,
t HHEO:(t) (3_21)

Pacxon mepokcuga BOAOPOAA ONPENENSIOT IO KOJIMYECTBY BBIJEJIEHHOIO HOAa
(peakuus (3-18)), KOTOPBIN OTTHTPOBBIBAIOT PACTBOPOM THOCYIb(aTa HaTpHs (peakius (3-28)).
VYpaBuenue (3-21) npu 3TOM MOXKHO NpeICTaBUTh B (hopMe:
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23 VH,0,(0)
ky=—lg ( ; . P )
t .\;HEOQ (0) - 1';"II‘JEI 257203 {t) (3-22)
\FH 20A (0) s i
rie 2~2 - UCXOJHBIN 00BEM TIEPOKCHIA BOAOPO/A, B3STHIM JJIs OIBITA,
Via-caon (T
Na3$703 ( ) - 00beM THOCYyNIb(aTa HATpHs JOOABICHHBIN B PEaKIIMOHHYIO CMECh Ha

MOMEHT BpEMEHH 1.

3agaya padoOTHI: ONpEAETUTh KOHCTAHTY CKOPOCTH pEaKLUUU OKUCICHHUS HOIua
BO/IOpPO/Ia TMEPOKCHIOM Bogopoga 0e3 W B NPUCYTCTBHM KaTalM3aTopa; OLEHUTh SHEPruio
AKTUBAIIUU PEAKIIUU.

OO0opynoBanue, peakTHBBI: KOJObI ¢ IpUTepThIMU NMpoOkamu Ha 200-250 mur; konaObI
ISl TUTPOBAHMs BMECTUMOCTBIO 50 mui; Groperka; cekyHmomep; Tepmomerp or 0 mo 100°C;
TEpPMOCTAT; pacTBOp HoAMAa HaTpus ¢ maccoBod nomeit 0,4 %; pacTBOp CepHOW KHCIOTHI C
koHnentpanueir ¢(1/2H,SO4) = 1 Monb/;; pacTBOpBl MEpPOKCHIAa BOIOPOAA M THOCYJb(ara
HaTpusi ¢ koHueHtpauued 0,025 momnb/m; pacTBOp MonaubIaTa aMMOHMS C KOHIEHTparueir 1
MOJIB/JT; paCTBOP Kpaxmara.

BroinosineHue padoThbl

1. B xon6y BMectumocthio 200-250 Mt HanmuBaroT 100 M1 pacTBOpa MOaUAA HATPHS
MU 5 MJ pacTBOpa CEpHOM KUCIOTHL. B npyryio kosiby BmectuMocThio 50 M1 moMemarT 15 M
pacTBopa mepokcyaa Boxopoaa. Koubel momemarT B TepMOCTaT €  OMNPEIEICHHOM
temneparypoii (ot 18 10 40 °C). BropeTky 3amonHsoT pacTBOpoM THOCY/b(paTa Hatpus. Korma
pacTBOPBl B TEPMOCTATE MPUMYT OJWHAKOBYHO Temrepatypy (~ 10 MUHYT), UX CIMBAKOT U
no0aBisroT U3 Oropetku 1 M pactBopa NaS;O3 u 5 kamenb pactBopa kpaxmana. Conepkumoe
KOJIOBI TIepeMEeNINBAIOT, BKJIOYAIOT CEKYHIOMEp U OTMEUYaloT BpPEMs IOSBJICHUS CHHETO
okpammBanus pacteopa (t1). beictpo mobasmsioT erte 1 ma pactBopa Na,S;03, mepeMemmmBaoT
Y BHOBb OTMEYAIOT BpEMs IMOSBJICHUS CHHeW okpacku (t2 - or Havyama ombiTa). He BhIKIIOUAs
ceKkyHaoMep, onepanuto nodasiaeHuss Nap;S;O3 mo 1mt moBTOpsIOT emie 4 pasa.

2.01BIT MPOBOAAT aHAJOTMYHBIM 00pa3oM IpH JAPYroi TemmepaType (yKa3bIBaeT
MIperoaBaTeb).

3. JJs KaXK70ro MOMEHTa BpeMeHH (1 ... ty) ¥ TeMiepaTypbl BEIYUCIISIFOT KOHCTAHThI
CKOpoCcTH peakuuu 1o ypaBHeHHIO (3-30). PaccuuThiBaloT cpenHee 3HAYEHHE KOHCTAHTBI
ckopoctu peakumu (3-27) s AByX Temmeparyp Kr; U Krz . BBIUMCISIOT 3Ha4YeHHE SHEPruu
aktuBanuu E, mporecca 1o ypaBHeHHIO:

le sz _ Ea (TE _Tl :I

“ky  23RTT,

YKa3bIBAIOT Pa3MEpPHOCTb PACCUMTAHHOW BEJIMYUHBI.
4. OnwIT 1 pacueTsl NOBTOPAIOT (ILIL. 1 - 3) I STHX e TeMIIepaTyp, HO B HCXOJHYIO
cmeck NadJ + H,SO4 BBOAAT 0,1 MIT pacTBOpa MOJIMO1aTa aMMOHUS B KAUECTBE KaTaau3aTopa.

JlenaroT BBIBOJ O BJIMSHHM KaTaJIM3aTOpa Ha CKOPOCTh MpOIlEcCa U BEIUYUHY SHEPrHH
axktuBauuu. OQopmisitoT padoTy.

TEMA 4. DJIEKTPOXUMMUA
Padora 4-1. OnpenesieHue npeaeabLHOM MOJSIPHOM 3J1eKTPONPOBOIHOCTH
CHJIBHOTO 3JIEKTPOJIMTA
DNEeKTPOIPOBOIHOCTh PACTBOPOB HAXOAAT KOHAYKTOMETPHUUECKUM METOJIOM, ONpENeIIssi
COIIPOTUBIICHUE RAu JBYXDJIEKTPOAHOU SYEHKU C IJIATMHOBBIMM JJIEKTPOJAMH, BKIIOYEHHOU B
MOCTOBYIO CXEM y EPEMEHHO TOKOBBIX H3MepeHHii (puc. 4-1).
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Puc. 4-1. MoctoBas cxema onpeneneHus 3JeKTpoIpoBOJHOCTU

B nwuaroHasm Mocra BKJIOUEHBI OCHMJUIOrpaduueckuil uHAMKAaTOp /1, TreHepaTop
nepeMeHHoro Toka [, compotuBieHus Ri u Ry oObluHO oxmHakoBbl. MocT cOalaHCHpOBaH,
xorga Rsu = Ry, 4TO ycTaHaBIMBaeTCs 10 NCUE3HOBEHUIO NIEPUOJANYECKOTO CUTHANIA HAa DKPAaHe
ocuusutorpaga. Y 1enpHyo 3JIEKTPONPOBOIHOCTb pacTBopa () Ha XOIAT 1o (hopMmyie:

Kqu -1 -l .
e = 2L (OM o). (4-1)
R qq
rne Kgy - TOCTOSIHHasg JaHHOM SYEHKW. 3aTeéM pacCUYUTHIBAOT  MOJISIPHYIO
AIEKTPOIPOBOHOCTH (4) pacTBOpa 1-1 BaJC€HTHOT O AJIEKTPOJIMTA ¢ KOHIIEHTpaIuen ¢ (MoJb/):
& -1000 5
Ac=—— (cM/OmM MOIIB). (4-2)
C
3agaya padoOThI: O3HAKOMJIEHHWE C KOHIYKTOMETPUUYECKUM METOJIOM H3MEpPEHUs
3JIEKTPONPOBOHOCTH, ompezeeHue MOJISIpHO#M 3JIEKTPOIPOBOIHOCTH OECKOHEUHO

pa30aBIEHHOr0 pacTBOpPa CHJIBHOTO 3JIEKTPOJIUTA.

OOGopynoBanue, MaTepuajibl: YCTaHOBKA J/JIi KOHAYKTOMETPUYECKHX HW3MEpEHUH,
sigeiika, TepMomMetp, MepHas mocyaa, 0,02M pacteop KCl, 0,1M pacteop HCI (moxuno HNOs3,
NaOH, KNO3z unu nHo# cuiibHBbIH 1-1 3J1EKTPOJIUT 11O yKa3aHUIO IIPENO1aBaATENs).

Beinosinenue padoTsl

1. VYcranaBnmuBarOT 4acTOTy reHepatopa Toka B uHTepBane 0,3-2 xl'u, ammautyny
curHasia He 6onee 1,5 B. [IpoBepstoT paboTOCIOCOOHOCTh MOCTOBOM CXEMBI, BKJIFOYAsi BMECTO
SAYENKU JOMOJHUTEIbHBIM MarasuH CONPOTHUBIICHUM.

2. 3anonHsOT s4eiiky pactBopoM xsopuaa kaimus (0,02 M) ¢ M3BECTHOH yHIelbHOMN
AIIEKTPOMPOBOAHOCTHIO (Tab1. 4-1).

Tabmuma 4-1.

t, °C 15 17 19 21 23 25

-1 -1
@ OMTM™ |5 243109 | 2,345%10° | 2,449%10° | 2532%10° | 2,659*10° | 2,765*10°

3. OmpenensitoT TeMIepaTypy 3TOrO pacTBOpa W HaxOISAT €ro COmpoTHUBIEeHUE Rkcl.
MeHnsist pacTBOp B siueiike, MOBTOPSAIOT IKCIIEPUMEHT eie 2-3 paza. HaxonsT cpennee 3HaueHue
R u, monb3ysich JaHHBIMH TaOJ. 4-1, pacCUNTHIBAIOT MMOCTOSHHYIO sSTUeKku Kyy.

4. TlocnenoBarensHbiM pa3zbasienuem 0,1M pacrBopa HCI roToBsT pactBOpHI C
koHueHTpanuen 0,05; 0,02; 0,01; 0,005; 0,002 n 0,001 M.

5. OnonackuBarT SYEUKY IUCTHILIMPOBAHHOM BOJOM M, MOCJIEIOBATEIIBHO 3aMOHSAS €€
pactBopamu HC| pasHbIX KOHIICHTpaIuii, TPOM3BOIAT HW3MEPCHUE COMPOTUBIICHUS SYCHKH.
Jannple 3aHocAT B Tabnmmy 4-2. JIBe HmKHUE Tpadbl 3aMONHSAIOT, TPOBOAS pacueThl IO
dopmynam (4-1) u (4-2) c uCoNb30BaHUEM HalJIEHHOTO 3HauYeHHs Kgy.

Tabnuma 4-2

Chicl, MOTB/T 0,1 0,05 0,02 0,01 0,005 0,002 0,001

R}[T{, Om
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T
&,0M cM

2
A, cM /OM*MOIB

6. [IpoBepsroT CpaBeAIMBOCTD SMIIMPUYECKOTO COOTHOEeHUs OH3arepa
Ae = A% * constVc (4-3)
OTKJajpIBast Ha rpaduke 3HadeHns Ao (mo ocu y) u VChel (mo ocu x). IIpu Hammduu
JMHEHHOCTH METOZOM JIMHEHHOM 3kcTpanossiuu K Cyc. — 0 Haxonsat A°(HCI) - monspayro
AJIEKTPONIPOBOAHOCTh PACTBOPA COJITHOM KHCJIOTHI IPU €ro OECKOHEYHOM pa30aBiIeHUU.
7. ComocTaBiAIOT MONYy4EHHOE 3HaueHHe A°. ¢ TaOJMYHBIM, HANJACHHBIM IO MPaBHITY
anautuBHOCTH Komnbpayma:
A°c (HCI) = A°(H™) *A°(CI") (4-4)
3HaueHUs NPEAEIbHBIX HOHHBIX MOJABUKHOCTEH pAa ONHO3apsAHBIX MOHOB Ipu 298K
MIpUBEIEHBI B Ta0I. 4-3.

Tabmuua 4-3
Hou H* OH K" Na* cr NO3 NH," | CH3COO
2 A%, 349,8 198,3 73,55 50,14 76,30 71,46 73,55 40,9
cM/OM*MOoIB

DopMyIMpPYIOT BBIBOABI, OQOPMIISIOT padoTy.

PaGora 4-2. U3yueHne qucconmanuu cjadoro 3JeKTpoauTa
KOHAYKTOMETPHYECKUM MeTOA0M

3agaya pabdoThI: O03HAKOMJIEHHE C KOHJAYKTOMETPUUYECKHMM METOJOM H3MEpEeHUs
AJIEKTPONPOBOJHOCTH, HAXOXIEHWE KOHCTAHThl M CTEINEHM AMCCOLMALMM pacTBOpa cJaboro
JNEKTPOJIMTA.

ObOopynoBanne, Marepuajbl: yCTaHOBKAa Il KOHIYKTOMETPHYECKUX HW3MEPEHUH,
siyeiika, TepMoMerp, MepHas nocyna, 0,02 M pacteop KCI, 0,5 M pacrteop CH3COOH, NH,OH
WIM MHOTO C€J1a0boro 3JIEKTPOJINTA MO0 YKA3aHUIO MPernoaBaTes.

Beinosinenue padorsl

1. Ucnionb3ys ykazaHus K pabore 1, 03HAKOMHUTHCS ¢ OOIIMM TMPUHIUIIOM MPOBEACHUS
KOHAYKTOMETPUYECKHX U3MEPEHHH MepeMEHHOTOKOBBIM METOJIOM IO MOCTOBOM CXEMe.

2. OmpenensitoT MNOCTOSHHYIO Kygy. sUEWKH [ M3MEPEHUH 3JIEKTPONPOBOIHOCTH,
MIPOBOAS U3MepeHus no 1.1 1-3 padoTs! 1.

3. [locnenoBarenbHbIM pa3basieHueM ux 0,5 M pactBopa YKCyCHOW KHMCIOTHI TOTOBSIT
cepuIo pacTBOpoB ¢ KoHIeHTpauueit 0,25; 0,1; 0,025 u 0,01 mons/m.

4. OnonackuBarOT SUEHKY TUCTUIUIMPOBAHHON BOJOM U, MOCIEAOBATEIbHO 3aIONIHASA €€
pactBopamu CH3COOH pa3HbIX KOHLEHTpauui, NPOU3BOAAT HM3MEpPEHHE CONPOTUBIICHUS
siueliku. JlaHHbIe 3aHOCAT B TaOJ. 4-4. Pacuer @ u A, ocymectBisitoT o (4-1) u (4-2), ucnoyib3ys
HallZIeHHOE paHee 3HaueHne Kyy.

Tabnuna 4-4
C CH3COOH, MOJIB/JI 0,01 0,05 0,1 0,25 0,5
R;[q, OM
ze,OM'1CM'1
A, eM/OM*MoITB
o

5. IlpuBnekas TaOIMYHBIE JaHHBIC U MPEACTHHBIX MOJISIPHBIX MOHHBIX TOABMKHOCTEH
(Tabm. 4-3), pacCYUTBHIBAIOT MOISPHYIO JJIEKTPOIMPOBOAHOCTh YKCYCHOW KHCIOTBI, HCIONB3YS
npaBuiio aaauTuBHOCTH Konbpaya:

A°c (CH3COOH) = A°(CH3") * A°(COOH ) (4-5)
6. OnpenensoT CTENeHb TUCCOIUAIIMN 0. PACTBOPOB PA3HBIX KOHIICHTPAIIHNA:
o= A/ A% (4-6)
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7. Vcnonp3ys 3akoH pa3basienus OcTBajiba:
Ke=(@**C)/1-a (4-7)
BBIUUCIISIIOT ~ KOHILEHTPAIIMOHHYIO KOHCTAHTY JHMCCOLUMAIMH Ul Ka)XIOro pacTBOpa
YKCYCHOM KHCJIOTBI, HAXOAST CpeIHEee 3HAUCHHE, COMOCTABISIIOT €ro C TaOJMYHBIM, PAaBHBIM
1,75 *10 momp/m.
DopMyIHPYIOT BBIBOJABI, OQOPMIISIOT padoTy.

Pabora 4-3. Onpenesnienue coep:kaHus JeKAPCTBEHHOI0 BelllecTBA B TalJieTKe
NPSIMBIM KOHAYKTOMETPUYECKHMM METOI0M ¢ XUMHYECKHM BO3/IelicTBHEM HA CUCTEMY

MHuorue JeKkapCTBEHHBIE TpenapaThl SBISIOTCS CIHA0BIMU  DIIEKTPOJIUTAMH, JHOO
colepkaT UX B CBOeM cocTaBe. K coxaneHuio, mpsiMmoe KOHIYKTOMETPUYECKOE OTpe/esieHue
KOHIICHTpAIIMH CIIA00r0 AJEKTPOIUTA OCYHIECTBISIETCS C OUYEHb OOINBINONW MOTPEIIHOCTHIO, a
3a4acTylo BooOIIe He BO3MOKHO. Ecim e mpenapaTsl BHECTH B PacTBOP peareHTa, KOTOPHIi C
HUM B3aUMOJEHCTBYET, TO IpPH OIPEAEIEHHBIX YCIOBHUSIX H3MEHEHHE 3JIEKTPOINPOBOJAHOCTU
pacTBopa OyAeT MpONOPHHOHAIBHO KOHIIEHTpAallMd BHECEHHOro BelmiecTBa. Takoil meron
Ha3bIBAIOT NPAMON KOHJIYKTOMETPHEH C XUMHUYECKUM BO3JeHCTBHEM Ha cucreMy. OH codeTaer
OBICTPOTY TPSAMON KOHIYKTOMETPHUH U KOHIYKTOMETPHYECKOTO TUTpOBaHMH. (751 ycmemHoro
MIPOBE/ICHUS aHAJIM3a B3aUMOJIEHCTBHE JODKHO UATH OBICTPO M J0 KOHIIA, IPOAYKTHI PEAKIUUA U
peareHT  JOJDKHbI ~ MMEThb ~ MaKCUMAaJIbHO  pa3jiMyalollydecs  3HA4eHHs  MOJISIPHBIX
3JIEKTPONPOBOHOCTEM.

Eciu B kauectBe mpemnaparta B3sATh ciaboe ocHoBanue BOH, To B kauecTBe peareHra
HYKHO HCIOJIb30BaTh PACTBOP CHJIBHOM KHUCIOTBI HA W3BECTHOW KOHUEHTpPALUHU CHAHCX.
VaenbHAs 3NMEKTPONPOBOIHOCT: TAKOrO — pactBopa @ s . Ilocite moGaBieHmst craboro
aneKTponuTa ¢ KoHueHTpauuet Cpoy W nipu ycinoBuH, 4to Cpop < Cpg, TPOUCXOAUT TMOJHAS
HedTpanm3anuss ocHoBanus: HA + BOH = BA + H;0O. Tenmeps B pacTBOpe HaxOAUTCs
obpa3zoBaBmasics conb BA B koHueHTpauuu Cps = Cpop W HM3OBITOK CHUJIBHOW KHCIOTHI B
xouuentpamnn C%yy - C"““yy - Cpon, Ha ocHOBaHME TNpaBHIa a/UIMTHBHOCTH YIeIbHAs
ANIEKTPOITPOBOTHOCTh TMOJYYEHHOTO pacTBopa (0e3 ydera MPOBOIUMOCTH PACTBOPUTEIS) & =
s + e’ a N3MeHEHHe 2NeKTPOIPOBOJHOCTH [IPH HEH TPaTH3aLHN:

Am=aep” —@=eys " - @A - ®pa (4-8)

HOCKOJILKy CEHAMCX: CHA */1}[,4*10-3, CBHAOCT:COCTHA *iHA*l 0-3 u
gy = Cpa* lp107°= Chon * /13,4*10'3, a JUIS CHUJIBHBIX JJIEKTPOJUTOB Aps= (A Yo ) m
Asa= (A T J.4), TO TIOCJIE HEKOTOPBIX MPEOOPa3OBaAHHIA:

A &= Cpou(Ay -Ag") *107 (4-9)

B xome peakinuu HeHTpaidu3aluu KOJMYECTBO 0Opa30BaBUICHCS COMM SKBUBAJICHTHO
KOJIMYECTBY M3PACXOJOBAHHON KHCIIOTHI, MOITOMY OOIIee YMCIO MOHOB He u3MeHsercs. [lpu
3TOM pa3HOCTh (Ay ' - A ') OCTaeTcs MOCTOSHHOW, T.e. HE 3aBHCHT OT KOHIEHTPAIHH
aHaJIM3upyeMoro ciaboro ocHoBanus (ypaBHeHue (4-9)). K anaiorudHoMy BBIBOAY MOKHO
MIPUITH, B3SIB B KAUECTBE IperapaTa pacTBOP CIadoil KUCIOTHI, @ B KAYECTBE peareHTa - pacTBOp
LIEJI0YH:

Az=Cum* (hou -Aa) *10° (4-10)

Takum o0pa3zom, BHOCS B PAacTBOp peareHTa paszIHYHbIE MAacChl gi aHAIM3HPYEMOTO
BEIL[ECTBA M ONpezesssi A, MOMy4alT 3aBUCUMOCTh A = f(gi), NOJb3YsACh KOTOPOH MOXKHO
OIICHUTHh KOJIMYECTBO JAHHOT'O BEIIECTBA B JICKAPCTBEHHOM Tperapare.

3agauya paGoThI: IOJIYYUTh 3aBHCUMOCTh U3MEHECHHUSI yIETHbHOM 3JIEKTPOIPOBOTHOCTH OT
KOJIMYECTBa MCCIEAyEeMOr0 BEUIECTBA M OIpPENeNIUTh COJIepKaHUE JaHHOTO BellecTBa B
Tabyerke.

O0opynoBanne W PpeakTHBBI: YCTAHOBKAa JUIsI  OINPEACICHHUS  DJIEKTPUUYECKOU
MPOBOJAMMOCTH, KOHAYKTOMETpUYECKas sSueika, KOHHMYeckue KoJObl ¢ mpookamu ~ 100 mu,
Oropetka unu nunetrka Mopa Ha 50 mi; 0,02 M pactBop xiopuna kamus; 0,02 M pactBop
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peareHTa - XJIOpUCTOBOJOPOAHON KHUCIIOTHI; CTYIIKA; OJHO U3 IIEPEUNCICHHBIX HUKE BEIECTB B
YHCTOM BHJIE U B TaOJIeTKe:
e Crpenronun (streptocidum) — m-aMHHOOEH3CYIB(AMHN;
e AmugonupuH (amidopyrinum) - 1-peHHI-2,3-TUMETHI- W
4 -TIMeTHIAMHHOIIHP a30710H; 7 cra0ble OCHOBAHHA
¢ Cymerud (sulgini) — m-aMuHOGEH30ICYIH(QOTY AHHIHH; J
» BeH30aT HATPHA:
N
e Cymppamumesud (sulfadimezinum) — 2-(I-aMHHEO0EH30/1CYIb()aAMUHIO)-
4,6-IUMeTHINHpPeIHH: ¢~ crmaGble
o IlaHaHTHH (panangin) — acaparHHOBAHA KHCI0Ta _  KHCIOTH
BroinosineHue padoThbl
1. [Toctpoenue rpagynpoBodHoro rpaguka. B 5-6 koHndeckux Kojad BHOCAT TOYHBIE
Macchl 4HUCTOro (papMakonelHOro mnpenaparta (BbIOMpaeT MpenojaBaTeib) U HMPUOABISAIOT
o 50,0 ma 0,02 M pacteopa HCI. Macchl BelecTBa pacCYMTHIBAIOT TAKUM O0Pa3oM, YTOOBI
OTHOILIEHUE Macc OIMpEeAeNsieMOro BelecTBa U KHUCIOThl Haxoawmioch B mpenenax 0,40 - 0,95.
Kon0bl 3akphiBaloOT, TIIATETHHO TMEPEMEIIMBAIOT M COYCTS |-2 MUHYTBI H3MEpPSIOT
COIIPOTHUBJICHHE AHAIM3UPYEMBIX PAaCTBOPOB, & TAKXKE COINPOTHBIICHHE HCXOJHOTO pacTBOpa
COJITHOM KHCJOTHI 6€3 100aBOK (M3MEpEeHHE COMPOTUBIICHHS pacTBOpa onucano B padote 1). Ilo
MOJIYYCHHBIM pe3yJibTaTaM CTposT 3aBucuMocts 1/R = f (Q).
2. Tabnerky ¢ HEM3BECTHBIM COJIEP)KAHUEM JIEKAPCTBEHHOI'O BEIIECTBA B3BELIMBAIOT
Ha aHAJMTHUYECKUX BECaxX, paCTUPAIOT B CTynkKe, BHOCAT B 50,0 M1 pacTBOpa COISHOM KHCIIOTHI,
MOJIHOCTBIO pacTBOpsAOT. Eciin pacTBop mosyyaercss MyTHbIM (M3-32 HaJIMYUsl HEPACTBOPUMBIX
npumMeceit), To ero GUIBTPYIOT Yepe3 OyMakHbINA QUITBTP.
N3mepsroT conmpoTUBIIEHHE IOJYYEHHOIO pPACTBOpa M, IMOJB3YACh TI'PAaTyHMpPOBOYHBIM
rpaduKoM, ONPEALISIOT CoepKaHue BeniecTpa B Tadsetke. OpopMisitoT padoTy.

Padora 4-4. CTekJISIHHBIN 3J1eKTPO/

Ecoim nBa pactBopa pasneneHbl (PU3MYECKONM TrpaHUIE KOHEYHOM TOJIIIMHBI,
M30MpaTENbHO TMPOIMYCKAOMIECH YaCTUIBl PAa3JUYHOTO COpTa, TO TaKas TpaHUIA SBISETCS
MeMOpaHoii. Ha ocHOBe moOJynpoHUIIaeMBIX MeMOpaH, OOJIaJaloIMX  TMOBBIMICHHOM
U30MpPaTENbHOCTBIO K OINpENeNIeHHbIM HOHAM, CO3/1aHbl T.H. MOHCEJIEKTUBHBIE 3JeKTpoabl. C
OTPEEICHHBIM JOMYIIEHUEM K MOHCEIEKTUBHBIM 3JIEKTPOJIaM C TBEPIOH MEMOpaHOM OTHOCST
CTEKJIIHHBIM 3JEKTPOJ, CEIEKTUBHBIA 0 OTHOLIEHHUIO K MOHAM H30". Kak MPaBUJII0, OH UMEET
(hopMy TOHKOCTEHHOTrO mapuka (1), U3roTOBJIEHHOI0 U3 0COOBIX COPTOB CTEKIIA, 00JIaal0IIEro
BBICOKOW THUIPOCKONUYHOCTBIO M OTHOCUTEIBHO XOPOILIEH 3JIEKTPUYECKOM IPOBOAMMOCTHIO
(puc. 4-5).

Bomsetp

© 0O

Puc. 4-2. 'anpBaHn4ecKas LeNb 111 U3MEPEHUS MOTEHIMaNa CTEKISIHHOTO 3JIEKTPOJIa
BHyTpp mapuka momenieH XJopcepeOpsHblil 3JIeKTpoa cpaBHEHUs (2) W 3alIUT pacTBOp,
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conepxaruii nousl Cl” 1 H30". O6BIMHO 3TO pacTBOpP CONSAHON KUCIOTHI, B KOTOPOM aKTUBHOCTH
VMOHOB T'MJIPOKCOHMS COXPAHSIETCS HEM3MEHHOM.

[lorpy3uM CTEKJISHHBIM 2JIEKTPOA B PacTBOp, AKTUBHOCTb HMOHOB THJIPOKCOHMS B
KOTOPOM He u3BecTHA. Mexay nonamu HzO", Haxopsmumucs B 060X pacTBopax, a TakKe Ha
BHYTpEHHEl W BHENIHEW TpaHHIa CTEKISHHOW MeMOpaHbl, YCTaHAaBIUBAETCS IIETIOYKA
paBHOBecuil. Kak mnoxa3bpiBaeT Teopermueckuil anamu3, ecim pH, < 12, To mnoreHuman
CTEKJIIHHOT'O 3JIEKTPOJia ONUCKIBaeTCs (POpMYIIoi:

. 23RT 1 i
E.=E_.+~"""lga_ . =E. — 0.059H,
F H30 (4-11)

B stom Beipakenun E'y, SBISIETCS KOHCTAHTOM JUISL IAHHOT'O 3JIEKTPOA, T . K. 3aBUCUT OT
COpTa CTeKJia, TUIIA 3JIEKTPOJia CPABHEHUS U Psi/ia UHBIX (aKTOPOB.

3agaya padoThl: M3y4YeHUE CTENEHH OOpPATUMOCTH MOHHBIX PEaKIHi, ONMpemessiomnx
HOTEHI[Ma]I MEMOPAHHOTO CTEKJITHHOT'O 3JIEKTPOAd, HAXOXKACHHE KHUCIOTHOCTH KOHTPOJIBHOTO
pacTBopa.

OGopy/1oBanHe, MaTepHAJbl: CTEKIAHHBIA  dmekTpony ¢ H'-  dyHkuuei,
XJIOpCepEOPSHBINA AIEKTpoa cpaBHEHMs, TepMomerp Ha 50°C, HabOp CTaHAAPTHBIX PacTBOPOB
it pH-metpun (wm 0,1M pacteop HCI), pactBop Beiibens, mepHas mocyna, pH-metp.

Beinosinenue padoTsl

1. CTeKJISHHBIA AJIEKTPO, OOBIUHO XpaHsiuiics B pazbasieHHoMm pactBope HCI,
[IPOMBIBAIOT /I CTUJUIMPOBAHHON BOJIOM U BBICYIIMBAIOT (PUIJIbTPOBAJIHLHON OyMaroi.
2. CocCTaBisA0T raJbBAaHUYECKYIO LENb Ui U3MEPEHHs IOTEHIMala CTEKJISIHHOIO

anektpona. Jas storo B crakaHyuk (3) emkocteio 50 - 100 M, TOMHMO CTEKJISTHHOTO
ANIEKTPOJIAa, BBOIAT XIJIOPCEPEOPSIHBINA JIEKTpox cpaBHEHHs (4). DIEKTpPOAbl 3aKpPEIUISIIOT B
ITaTHBE (&)
(cM. puc. 4-5). BeiBoAbl OT 3JIEKTPOAOB MOJKIIOYAIOT K BOJIBTMETPY, B KauecTBE KOTOPOIO
yIOOHO MCIOIK30BaTh pH-METp B peKuMe U3MEPEHUS HATTPSHKCHMUS .

3. 3anoNHAIOT CTakaH CTaHgapTHeIM OydepHbIM pactBopoMm st pH-merpun,
U3MEPSIOT ero TemrepaTypy. [[pou3BoasT u3MepeHne HanpsoKeHHs TATbBAHUYECKOTO AJIEMEHTA,
pe3yabTaThl 3aHOCAT B Ta0. 4-5.

Tabnuma 4-5
Cha M 0,001 0,002 0,005 0,01 0,02 0,05
fiHen)
4, IIpu oTcyTCTBMM CTaHIApTHBIX pactBopoB s pH-merpun u3z 0,1 M HCI

MIOCJICZIOBATEIbHBIM Pa30aBICHUEM T'OTOBSIT CEPHIO PACTBOPOB C KOHIICHTPAIIUEH 1*10'2; 1*10'3;
1*10™%; 1*10° M u 0,05 M pactBop Terpabopara Harpus ¢ pH = 9,18. KucnotHocts pactBopoB

HCI paccuursiBarot o popmyiie PH, =— lg{-filfHCI]' " C(HC1) }
rae Chcl - MoisipHast KOHIeHTpauus, a fipcl) — MOJSIpHBIA cpenHHi MOHHBIA KOd(duIHeHT
aKTMBHOCTHU COJISTHOM KHMCIIOTBI, IPUBEACHHBIN B TabuIe 4-0.

Tabmuna 4-6
pHa
E u3m. B
o. AKKypaTHO CIMBarOT Oy(QepHBI pacTBOp CTakaHYMKa B Ty MOCYAy, T'Jie OH
XpaHUTCS B Jabopatopuu, mpu ucmoss3oBaHuu pactBopoB HCI 310 nenats HeoOs3aTenbHO.
[IpomMBIBalOT  CTEKIISIHHBIN ANEKTPOA  JUCTUIIIIMPOBAHHOM BOJIOM, MOACYIINBAIOT
¢bunbpTpOBaNBbHON OymMaroi.
6. [TocnenoBarenbHO MPOU3BOAAT U3MEPEHUE MOTEHIMANA CTEKJIIHHOIO 3JIEKTPOoJa

B KaKJIOM U3 ITPHUT'OTOBJICHHBIX paCTBOPOB pa3anH0171 KHCJIOTHOCTH.
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7. Crposar 3aBucumocTts E,;, or pHa. IIpoBepsrOT ee TMHENHOCTh, HAXOAAT HAKIIOH

nuHeiHoro yuactka dE,;,/d(pHa) = AE.../A(pH,). CONOCTaBJIAIOT MOJyYEHHOE 3HAYCHHE C
TeopeTuueckuM, paBHbM 2,3 RT/F (umu 0,058 B ipu 298 K).

8. 3anMBalOT B CTAKaHYMK KOHTPOJILHBIN pacTBOp, HampuMmep pactBop Belibens, ais
kotoporo pHa = 2,04. W3mepsioT HanpspkeHUE rajlbBaHUUECKOrO 3JIEMEHTA, ONpPENeNsioT 110
rpaduKy KHCIOTHOCTh KOHTPOJBHOT'O PAacTBOpPA. AHAIM3UPYIOT PE3YyNbTaThl, (HOPMYIHUPYIOT
BBIBOJIBI, 0OPMIISIOT paboTy.

Pabota 4-5. OnpenesieHue KOHCTAHTHI U CTENEHU JUCCOLUALIMH YIEKTPOJIUTA
NOTEeHIIHOMETPHYECKHUM METO10M

TunuyHelM nOpUMepoM C1a00T0 BJIEKTPOJIUTA SBIISIFOTCS OPraHMYEeCKUEe KHUCIOTHI -
YKCyCHasi, JIMMOHHas1, OeH3oifHas u T.4. Jluccouuamnusi oOqHOOCHOBHOM ciaboit kucnotel HA B
BOJIHOM cpejie MPOUCXOIUT MO YPaBHEHUIO:

HA + H,O0=H30" + A (4-12)

U XapaKTepu3yercss KOHIEHTPAIlMOHHONW KOHCTAaHTOH paBHOBECHS, Ha3bIBaeMOMU
KOHCTAHTOM JMCCOLUAIIUU:

|
K(c'} _ O Cpa
T —q
(4-13)
c
- H30+
3mecn CHA - CTemeHb Jucconuanuu kuciaotrel, a Cpy — €€ MOoJisIpHas

KoHIeHTparusa. Ecom o << 1, To BbIpakeHUe Exr = Epau + Exﬁ, NpeacTaBIAOIICe 3aKOH
OcTBanpaa, MOXHO MPE0OPa30BaTh CICTYIOIUM 00pa3oM

L e 1
pH, = sz:l le CHA (4-14)

© cBommTCs, TAKMM 0Opa3soM, K H3MEPEHHIO KHCIOTHOCTH CEPUH

Onpenenenue K
pacTBOPOB cIab0N KUCIIOTHI.

3agauya paGoTHLI: MpOBEpKa CHpaBeIIMBOCTH 3akoHa OctBambia, pacuer K, cmaGoit
KHUCJIOTHI IO TAHHBIM MTOTEHIIMOMETPUYECKUX U3MepeHuit pH, CO CTEKIISTHHBIM AJIEKTPOIOM.

OGopyloBanHe, MaTepHAJbl: CTEKIAHHBIA  dmekTpony ¢ H'-  dyHkuuei,
XJIopcepeOpsiHbIN 3JIEKTPOJ CpPaBHEHUS, PTYTHBIM TepMOMETp, HAOOp CTaHAApPTHHIX PAcCTBOPOB
st pH-metpun (i 0,05M pactBop HCI), 0,5 M pactBop yKCyCHOW KHCIIOTBI, MepHast ocy/a,
pH-MeTp nim BOJIBTMETD.

Beinosinenue padoTsl

1. Hcnonb3ys ykazaHus nm. 1 u 2 paGoThl 4, COCTAaBIJIAIOT TajlbBaHUYECKYIO IIEb
(puc.4-2) nns npoBeNeHUsI U3MEPEHUHN OTEHIMAa CTEKIISTHHOIO AJIEKTPO/a.
2. CornacHo mm. 3-7 »Tol ke pabOThl HPOU3BOAAT H3MEpPEHHE HAIPSHKEHUs

raJbBAHUYECKOI0 3JIEMEHTA B CEPUU BOJHBIX PACTBOPOB M3BECTHOM KHCIOTHOCTH pH,. CTpost
KaJIMOPOBOYHBIN I'PauK 3aBUCUMOCTH E;, OT pH,.

3. N3 0,5 M pactBopa YKCYCHOM KHCJOTBHI TOCJEIOBATEIbHBIM pPa30aBICHHEM
rotoBat 1o 100 ma pactBopoB ¢ Ccmscoon = 0,1; 0,05; 0,01; 0,005 u 0,001 M.
4. [Toouepenno 3anuBasi pacTBOPbl B  CTAKaHYUK, M3MEPSIOT MOTEHIHAbI

CTEKJIIHHOIO 93JekTpoaa. HMcmonb3ys kanuOpoBouHb rpaduk, Haxonst pH pactBopos
YKCYCHOM KM CJIOTHI, TAaHHBIE 3aHOCT B Ta0JI. 4-7.

Tabmuma 4-7
Ccuscoons M 0,5 0,1 0,05 0,01 0,005 0,001
I9 € cHscoon
E HU3M» B
pHa
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5. CrposT 3aBucuMocTb pH, 0T 1g C crscoon , TPOBEPSIIOT €€ JIMHEHHOCTb.

Haxomsat nHakyion nmuueiiHoro yuaacrtka d(pHa) / dige = A(pH,)/A (Igc). ComocTaBasioT
MOJIYYCHHOE 3HAYCHHE C TCOPETHYECKUM, paBHBIM -0,5 B COOTBETCTBHH C BhIpakeHueM (4-14).

6. DKCTpanoaupys JIMHEHHBINA y4acTOK 3TOro rpaduka Ha 3HadeHue 19 € cuscoon = 0,

i K(C)
P ©

0 OTPE3KY Ha och pH, ONpenesstoT BEIMUUHY 2 , 0TKyaa HaxomaT Ky'” . Ucnonb3yst (4-
13), pacCYUTHIBAIOT BETUYUHY ¢ JIJIS1 KAKOTO pacTBOPA.

AHaM3UPYIOT pe3yabTaThl, (HOPMYIHPYIOT BEIBOABI, OGOPMIIIOT paboTYy.

Padora 4-6. OnpenesieHue KOHCTAHTHI M CTENEHHU TUAPOJIH3A COJTH
NMOTEeHIHOMETPHYECKHM METOA0M

Xumuueckoe zaumooericmeue coau ¢ 6000l Hazvleaemcs 2uopoauzom. Eciam B3sra colb
MA cunbHoM kucinotel HA u cmaboro ocroBanus MOH (mampumep - NH4Cl), To peakius
THJIPOJTH3a:

M*+ 2 H,0 = MOH + H30" (4-15)

KOHIEHTpaIMOHHAs. KOHCTAHTa paBHOBecHs (KOHCTaHTa ruapommsa K.”) ompenemsercs

3aKOHOM pa3basiieHust OcTBanbpaa:

ke O Cya
'l
T
B KOTOPOM Chma - MOJISIpHAs KOHUEHTpaLUs COJIH u

~

C
_ H307

CMA - cremens THJIPOJIH3a.
Ecmu o, <<1, o (4-13) MmoxxHO 1TpeoOpa3oBaTh CIACAYIOIIMM 00pa3oMm:

I o 1
pH :—pR{r } ——lgey,

) 2 (4-16)
Jns conu c1aboii KUCIOTH U cuiibHOTro ocHoBaHus (Hanmpumep - CHzCOOK) paBHoBecue
TUAPOJIN3a BBIPAXKAETCS YPABHEHUEM:
A"+ H,O =HA + OH, (4-17)
npu  5ToM  BeIpaxenme i K. ocraercs crmpaBemmBbiM.  OmHAKO  Terephb
0. = Cu~/ Cpa = Cou~/ Cppa, IO3TOMY pE3YJNIBTAT NPe0Opa3zoBaHus NpH o, <<l MHOM:

i I o) 1
pH, =pKy - _PR{rLJ +-lgey,
25T T2 (4-18)
3nech pKy = - IgKy, a Ky = 10 - younoe npousBegeHue Boasl npu 298 K. Takum
oGpazom, ompenererne K. © B 060MX Ciydasx CBOZMTCS K M3MEPEHHIO KHCIOTHOCTH CEpHH
BOJIHBIX PACTBOPOB COJIEH.
3agaya padoTBI: NpPOBEpKA CIHPAaBEIMBOCTA 3akoHa (OcCTBajblJa MNPUMEHUTEIBHO K
npoueccy ruapoiusa, pacder K. W cremeHH THapoNM3a CONMH CHIIBHOH KHCIOTHL M CIaGOro
OCHOBAHMS 110 JAHHBIM IMOTEHIIMOMETPHYECKUX U3MEPEHUHN CO CTCKIISTHHBIM JIEKTPOJIOM.
OGopynoBanue, MaTepuajbl: CTEKISHHBIA diexTpon ¢ H' - ¢ynxmueit, nabop
CTaHJApTHBIX PAcTBOPOB s pH-MeTpuu, BBICOKOOMHBIH BOJBTMETP, XJIOPCEPEOPSHBIMA
anektpona cpaBuenus, 0,1 M pacrsop HCI, 0,5 M pactBop NH4Cl, xpomoBasi cmech, MepHas
rnocyja, TEpMOMETP.
Boinosinenue padoTsl

1. CocCTaBisIOT TalbBAaHUYECKYIO Lenb (puc. 4-2) nans MpoBeAeHHs H3MEpeHui
MOTEHIMAJa CTEKJITHHOTO 3JIEKTPO/1a, UCIOb3Ys IPU ATOM yKazaHus 1. 1 u 2 pa®oTsl 4.
2. W3MepstoT HanpspkeHuE TajlbBaHMYECKOro 3jeMeHTa E., B CEpUU BOAHBIX
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pacTBOpOB M3BECTHOU KuciIoTHOCTH pH, cornacHo nm. 3-7 pa6otsl 4. CTposAT KaauOpoBOYHBIN
rpauk 3aBUCUMOCTH E, 0T pHa.

3. 13 0,5 M pactsopa NH4Cl nocienoBarenbubiM pa3baBieHueM TOTOBAT 110 50 M
pactBopoB ¢ Cnpacl =0,2; 0,1; 0,05; 0,02; 0,01 u 0,005 M.
4, [ToodepenHo 3anmuBasi ATH PAcCTBOPHl B CTAaKaHUYWK, W3MEPSIOT HAMpPSIKEHUE

raJlbBaHUMYECKOro ajeMeHTa. Mcmonb3ys kanumOpoBo4HBIH Tpaduk, Haxomsar pH, pacTtBopoB
XJIOpH/Ia aMMOHUSI, JaHHBIE 3aHOCST B Ta0JI. 4-8.

Tabmuua 4-8
Cnhaci, M 0,005 0,01 0,02 0,05 0,1 0,2 0,5
|9 CNHacl
E..,B
Or
5. Crpost 3aBucumoctb pH, ot lg Cnhacl, IPOBEPSIOT €€ JIMHEHMHOCTh, HAXOIAT

HaKJIOH JwmHeWHoro ywactka d(pH)/d(gC) ~ A(pH)/A(lgC). ComnocTaBisioT MOJIy4EeHHOE
3HAYEHHE HAKJIOHA C TEOPETHYECKUM, paBHBIM -0,5 B COOTBETCTBUH C BBIpakeHHEM (4-16).

6. OKCTpanoaupysl JUHEHHbIM y4dacTok mnpsiMoil Ha 3HaueHue lg Cnpac) =0, mo
orpesky Ha ocu pH, ompenemsior Bemmunny -0,5*Ig K., orkyna maxomsr K,“. Vcnoms3ys
BeIpakerne 11 K., pacCuMTBIBAIOT BeNMMUMHY @, UL KaXIOTO PAacTBOPA. AHANH3HPYIOT
pe3yJsibTaThl, (GOPMYIUPYIOT BBIBOJIbI, 0QOPMIISIOT paboTy.

Ilpumeuanue: BMECTO XJIOpHJIa aMMOHHSI MOXHO HCIIOJIb30BaTh aleTaT HaTpus. B aTom
ciyuaae pacuer K. neobxoxumo Bectu mo hpopmyie (4-18).

Pabora 4-7. Bydepubie pacTtBopbl. Onpenesienue 0ypepHoii eMKOCTH

Bygepnvim naszvisarom pacmeop, cnocobHwiil noodepicueams onpeoeienHoe 3HaueHue
PpH npu 0obasnenuu nexomopozo Koauuecmea CuibHOU KUCIOMbL UNU OCHOBAHUS, A MAKICE NpU
pazbasnenuu.

Bydepubim nelictBueM 0051aal0T CMECH CJIA0BIX KUCIOT M HMX COJIEH C CHIJIbHBIM
OCHOBaHHEM, clIa0bIX OCHOBAHMH M MX coliell ¢ cuiibHOM kucinoToil. Kpome Toro, OydepHslit
pacTBOp ~ MOXHO  IPUTOTOBUTH W3  CMECH  COJEM  MHOIOOCHOBHOM  KHCIJIOTBI
(marmpumep, NaH,PO4 + NapHPOy).

3nauenue pH OydepHBIX pacTBOPOB, COCTOANIUX U3 KUCIOTHI U €€ COJH, PACCUUTHIBAIOT
CIIelyIOIIUM 00pazoMm:

H _ K o lg ¢ EKHCII
p - p KHCI =

C comn (4-19)
rae pKwe = - 12K - TIOKa3aTedb KOHCTAHTHI TUCCOIMALAN CITA00U KUCIOTHI, Cyer U

Ccomu ~ MOJIIPHBIE KOHLIEHTPALIMU KUCIIOTHI U cOJIU B Oy(epHOM pacTBope.

[Tonarno, yro 3HaueHue pH 3aBUCUT OT COOTHOLIEHHS KOHUEHTPALMI KOMIIOHEHTOB
pacTBopa U He 3aBUCHUT OT pa30aBieHUS.

Ilns OydepHOro pacrtBopa, COCTOSIIEr0o M3 C€lIadoro OCHOBaHMS M ero coiu, pH
pacCcYUTHIBACTCS IO YPABHEHUIO:

pH = 14— pK , + g%

Ccom (4-20)
Bemuuny OydepHoro amelictBusi xapakrepusyeT OydepHas eMKOCTh pactBopa f. OHa
OIpeNeNseTCs] KOINYECTBOM CHJIBHOM KHCIIOTHI MJIM OCHOBaHMS (B pacyeTe Ha MOJIIPHYIO Maccy
SKBHUBAJIEHTA), KOTOPOE MOXKHO A00aBUTH K 1 11 6ydepHOro pactBopa ajs usMeHenus ero pH na
€IUHUIy. 3HAauY€HHWE B 3aBUCUT OT IMPUPOJBI KOMIIOHEHTOB Oy(depHOro pacTtBopa U OT
COOTHOUIEHMSI UX KOHIIeHTpaluii. UeM BbIllIe KOHLIEHTpALMs KOMIOHEHTOB U OJMXKE K €IUHUIIE
UX COOTHOLIEHHE, TeM Oomblle BenuuuHa OydepHOll eMkocTH. Ecinm ke COOTHOLIEHHE
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KoHIeHTpanuii Oospmie 10 wmu wmesnsme 0,1, To Takas cMech OydepHBIM JelcCTBHEM
MPaKTUYECKU HE 00J1a1aeT U3-3a KpaitHe MaJIoro 3HA4YCHUS f.

Takum 00pa3zom, U3 BEIOPaHHOM MAPbl KUCIOTHI M COJM (MJIM OCHOBAHUS M COJIM) MOXKHO
MIPUTOTOBUTH Oy epHbIe pacTBOPHI, 3HaUeHUs pH KOTOpHIX Jexat B npenenax pK + 1.

Ecnut a 1 b - ynciio MOJSIpHBIX Macc SKBUBAJICHTOB COOTBETCTBEHHO CHJILHON KHCIIOTHI U
OCHOBAHMSI, TO

a CK—T.BI ) \‘!71{—1131 -1000
ApH V - ApH

oydep

OCH

b Cow Vi -1000

]

T /
ApH Vayapep - APH (4-22)
riae ApH - n3menenue pH npu n00aBIeHUH 1aHHOTO KOJMYECTBA CHUIIBHON KHUCIOTBI UM
CUIBHOIO OCHOBAHMSA; Ci-mw M Cocy - MOISIPHAs KOHLEHTpALUsl SKBUBAJIEHTa CUJIBHOIO

AIIEKTPONNTA, 100ABIIEMOro K OypepHOMY pacTBoOpy.

3agaua padoThl: mpUroToBieHue 0yhepHOro pacTBOpa W ONpeAeNeHue ero OyQepHon
€MKOCTH.

Oo6opynoBanue, Marepuaabl: pH-merp wim MwumBonbT™METp Tuna OB-74,
WHJIUKATOPHBIA CTEKJISHHBIM JJIGKTPOA W DJICKTPOJA CpaBHEHUs (JIydine XJopcepeOpsHBIi);
MarHuTHas MeIlaiKa, CTaKaHYMK i1 THTpoBaHHs oObemMoM 50-100 Mi; rpaaynpoBaHHBIC
nurnerkn Ha 5,0 u 25,0 mur; OropeTka; KOHWYECKHE KOJIOBbI, CTaHJIapTHbIC pacTBOpPHI misi pH -
merpun; pactBopbl HCI; NaOH; CH3COOH u CH3COONa c¢ konrentpanueii 0,1 M.

Boinosinenue padoTsl

1. Hcnonp3ys ykazaHus K pabote 4, COCTaBISIIOT raJlbBAHUYECKYIO 1enb (puc.4-2) u
MPOBOJAT M3MEPEHHE HANPSIKEHUS 3TOM I[eNM B CEPUU BOAHBIX PACTBOPOB C HU3BECTHBIM
3HayeHueM pHa.

Ecimm  cepum cranmapTHBIX OyQepHBIX pPacTBOPOB HET, TO IOCIEAOBATEIbHBIM
pasbaBieHreM TOTOBAT ceputo pactBopoB HCI ¢ konmentpanueit 0,1; 1¥10% 1*10% 1*10* u
1*10™ moub/n 1 cranmaprHeii 0,05 M pacreop NayB4O; (terpabopara matpusi), pH KoToporo
paBeH 9,18.

2. [To monmy4yeHHBIM pe3yiibTaTaM cTposT 3aBucuMoctb E = f (pHa). [IposepsitoT ee
JTUHENHOCTh, OIIEHUBAIOT HAKIOH AE/ApH, CONOCTaBIAIOT €ro 3HAY€HUE C TEOPETHUYECKUM,
JIENAIOT BBIBOJ 00 06PATUMOCTH JAHHOTO CTEKJISHHOTO JIEKTPo/a Mo oTHomIeHu o K H - monam.

3. W3 ucxomHbIX pacCTBOPOB YKCYCHOM KHMCIIOTBI M alleTaTa HaTpHs TOTOBAT 1o 20 M
Oydepubix cmeceii ¢ pH, paBubiM 3,75; 4,75 u 5,75. B IpuroToBICHHBIX PacTBOPax HU3MEPSIOT
HaNpsHKEHHUE TrajbBaHMYECKOrO AJIEMEHTa, COCTABJICHHOI'O U3 CTEKJIIHHOTO U XJIOpCepeOpsHOro
anekTpoaoB. [lo umeromieiics 3aBucumoctu E = f (pH,) onpenenstor pH, 3THX pacTBOpOB U
CPaBHUBAIOT €T0 C TEOPETUUECKH OXKHJaeMol BennunHoi. K kaxxnqomy pactBopy 100aBiIsIOT IO
10,0 Mi1 AMCTUIIMPOBAHHON BOABI M MOBTOPSIIOT onpeneneHue pH,. JlenaroT BEIBOA O BIAMSHUU
pasbaBnienus Ha Benuuuny pH OydepHoro pactBopa.

4, K xaxmomy moiayueHHOMY pacTBopy ao0aristoT mo 5,0 ma 0,1 M pacteopa HCI,
BHOBb onpenessitoT pH. ITo ypaBHeHHI0 (4-22) paccuuThiBalOT O0y(hepHYIO eMKOCTh paCTBOPOB.

OdopmmsroT pabory.

Pabora 4-8. U3yuenue 3apucumoctu 0ydepHoii eMKOCTH OT COOTHOIIECHHSA
Ce-r1i/Cconn TIO PE3YJIbTATAM MOTEHIMOMETPHYECKOT0 TUTPOBAHMA
3aBHCUMOCTD Oy(EepHON €MKOCTH OT COOTHOMICHHUS KOHI[EHTpalHi y1o0HO M3ydaTh IO
MHTErpajbHBIM KPHUBBIM MOTEHIMOMETPHYECKOTO THUTPOBAHUS pACTBOpA CIa0ON KHCIOTHI
pacTBOPOM CHJIBHOTO OCHOBaHUsA. CyIIHOCTh METOAAa MOTEHIMOMETPUYECKOI'O TUTPOBAHMS
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COCTOMT B TOM, YTO KOHEUYHAas TOYKAa TUTPOBAHHS YCTAHABJIMBACTCS HE 3a CUYET MU3MEHEHUS
OKpAacKH MHIUKATOPA, a M0 PE3KOMY M3MEHEHHIO MOTEHIMAIa WHIUKATOPHOTO ekTpoaa. [lpu
9TOM TMOTEHIHAJT WHIUKATOPHOTO DOJIEKTPOAA JIOJDKEH OBbITh  CBA3aH  HEPHCTOBCKOM
3aBUCUMOCTbBIO C KOHLIEHTpAIMell aHaIM3upyEeMOro BelllecTBa UM TUTPAHTA.

Jns  MOTEeHIIMOMETPUYECKOr0  KHCJIOTHO-OCHOBHOTO  THUTPOBAaHHUS B  KadyecTBE
WHJMKATOPHOT'O BBIOMPAIOT 3JIEKTPOI, MOTEHIMAI KOTOpPOro 3aBUCUT OoT pH pacTtBopa, Hanmpumep
- CTEKJIIHHBIN 3JIEKTPO/I.

3aBUCUMOCTh TIOTEHIIMAJIA CTEKJITHHOTO 3JIEKTpo/a (MM HAIMpPsDKEHUS TalbBAaHUYECKOTO
3JIEMEHTa, COCTABIIEHHOI'O M3 CTEKJIIHHOTO 3JIEKTPOa U AJIEKTPO/a CPaBHEHMsSI) ONMHCHIBACTCS
ypaBHeHueM (4-19), Torga 3aBUCMMOCTH MOTEHIMala OT J00ABJIEHHOrO0 00bEeMa CHJIBHOIO
OCHOBAHMSI BRITJISAUT CJICAYIOLIIMM 00pa3oM:

E

: Ouka !
.................. . ."7KBXTB3'!¢Y{II{\‘C111

Vigen.

Vra. 2V,

Puc. 4-3. 3aBucumocTh NOTEHIMANa CTEKJITHHOIO 3JIEKTpoJa OT 0o0beMa CHIIbHOIO
OCHOBaHUSI.

Ha HavanbHOM OTpe3ke oa MOTEHLHal CTEKISIHHOTO 3JIeKTPoa, a COOTBETCTBEHHO U pH
pacTBOpa, U3MEHSETC IO0CTATOYHO PE3KO, YTO CBA3AHO C yMeHblIeHHeM KoHnenTparuu Hz0"
WMOHOB TIpU J00aBIIEHUU HEOONBIIOro KonudecTBa menoun. Crnaboe M3MEHEHHWE TOTEHIMaa
(pH) Ha yuactke a6 obOycnoBieHO OydepHbIM IeicTBHEM cMecH ciIa0oil KHCIOTHI U COJH,
oOpazoBaBmieiics B xoxe HeiTpaimmzanuu. C mpuOIMKeHMEM K TOYKE HKBUBAJIEHTHOCTH
OydepHast eMKOCTh CTPEMHUTCS K MUHMMyMY, a KoHlleHTpamus HzO" cTaHOBHTCS CTOL Maloi,
YTO ee U3MEHEHHE BhI3bIBACT pe3Koe NajeHne norenuuania (ysenndenue pH) Ha yuactke 66. [lpu
3TOM B TOYKE SKBHBajJeHTHOCTH pH pacTBopa Bceraa >7, MOCKOJBKY COJb, 00Opa3oBaHHAS
cy1aboii KUCIOTOM U CUJIbHBIM OCHOBAHUEM, ITOABEPracTCsl FTUAPOJIN3Y IO AHUOHY.

3amauya padoTBI: MPOBECTU IOTEHIMOMETPUYECKOE THUTPOBAHUE pacTBopa ciaaboit
KHUCJIOThl CHJIBHBIM OCHOBAHHEM, OLICHUTH BJIMSIHUE COOTHOIIEHUS KOHLUEHTPAUMH Ciycr/Ceonn HA
BeNMUYUHY Oy(epHOii eMKOCTH pacTBopa.

Oo6opynoBanue, Marepuaiabl: pH-merp wiM MwumMBoIbTMETp Tuna DOB-74,
UHAUKATOPHBIN CTEKJISIHHBIN SJIEKTPON M SJEKTPOJ CpaBHEHHUs (Jydlle XJIOopcepeOpsHBbIii);
MarHuTHas MeIIaiKa, CTaKaHYWK i TUTpoBaHus odobemoMm 50-100 Mmi; rpamynpoBaHHBIS
nunerku Ha 5,0 u 25,0 mu1; OropeTka; cTaHmapTHbIE pacTBOphl st pH - MeTpuu; cTraHmapTHBIE
pactBopsl HCI; NaOH; CH3COOH c konrentpanueii 0,1 M.

Beinosninenue padoTsl

1. Wcnonb3ys ykazaHust kK pabote 4, COCTaBISIIOT ralbBaHUYECKYIO 1enb (puc.4-2) u
MIPOBOAAT W3MEPEHHE HAINPSDKEHUA STOW I[€NU B CEPUM BOJHBIX PAcCTBOPOB C M3BECTHBIM
3HaYeHueM pHa,.

Ecnmu cepum crtannmapTtHbiX Oy(depHBIX pacTBOpPOB HET, TO IOCIEI0BaTEIbHBIM
paszbaBieHreM rotoBsT cepuro pactBopoB HCI ¢ konmenrpanmwmeii 0,1; 1¥107%; 1*103; 1*10% u 1*
10™ moms/n u craumaprHbii 0,05 M pacteop Na,B4O; (terpaGopara matpust), pH koToporo
paseHn 9,18.

dopma A Crpanuna 39u3 60



MuHucTepcTBO 00pa3oBaHus U Hayku PO
o o Dopma
V IIbSIHOBCKHIA TOCYAapCTBEHHBIN YHUBEPCUTET
@-Pabouast mporpaMma 110 IUCIUILIIHE
2. [To mony4eHHbIM pe3ysibTaTaM CTPOST KaIuOpoBOUYHYHO 3aBucuMocTh E = f(pH,).

[IpoBepsitoT ee JTMHEWHOCTb, OLICHUBAIOT HAKIOH AE/ApH, CONOCTaBIAIOT €ro 3HAa4YeHHE C
TEOPETUYECKUM, JI€Jal0T BbIBOA 00 OOpaTUMOCTH JaHHOTO CTEKJSHHOIO JJEKTpoAa IIo
otHomenuio K H' - nonawm.

3. B crakanuuk ans tutpoBanus HanuBaroT 20,0 MJI HCXOJIHOTO pacTBOpa YKCYCHOM
KHUCJIOTBI, OMYCKAalOT D3JEKTPOABl U HU3MEPSIOT HANpPSKEHWE TaJlbBAHMYECKOTrO 3JIEMEHTA.
bropeTky 3amojHSIOT CTaHAAPTHBIM PAacTBOPOM THIpoKcuAa Hatpud. IIpoBonat TuTpoBanHme,
nob6asisist mo 1,0 My menoun U u3Mepsis HampsbkeHue (B XO/e TUTPOBAHUS PacTBOP JIOJDKEH
nepeMennBaThes!) raJbBaHUYECKOro JJIeMEHTa B KaxJIoil Touke TuTpoBaHus. Korma pH
pactBopa Oyner 6au30k kK 6 (opueHTHpYIOTCS 10 3aBuckumocT E = f (pH)) menous mobassnstor
nopuusmu 1o 0,2 M BIJIOTH JO PE3KOro M3MeHeHus HampsbkeHus (Ha 0,2 - 0,3 B). 3arem
¢bukcupyror emie 2-3 TOYKH, 100aBiIsAs TUTPAHT 110 1,0 Mi1.

4, B kaxaol Touke TUTpoBaHUS ompeneistoT pH, mo umeromeics KaauOpoBOYHON
3aBUCUMOCTH  JJIsl  CTEKJSIHHOrO 3JiekTpoaa. Ilo moslyueHHBIM pe3ysibTataMm  CTpPOSIT
uaterpansyto (PH = f(V)) u auddepentmansuyio (ApH/AV = f(V)) KpuBble THTPOBAHUS
(puc.4-4). ITo makcumyMy Ha auddepeHnaibHON KpuBoil TUTpoBaHus (puc.4-4 6) onpenenstor
00beM B TOUYKE OKBUBAJIEHTHOCTH V7. 3Has 53Ty BEIUYMHY, BbIOMpAIOT TOYKH,
cootBeTctBytome 10; 25; 50; 70 u 80 % HeWTpanu3aluu, U HAHOCSAT UX Ha MHTErPaJbHYIO
KPUBYIO TUTpOBaHus (puc. 4-4 a).

pH ApH/AV

ApH=0.2 en

Vi Vs' Vs V..

Puc. 4-4. KpuBble TUTpOBaHUs

JIaHHBIM TOYKaM COOTBETCTBYIOT 00BbeMbI Vi - V5. OT BEIOpaHHBIX TOYEK OTMEPSIOT BHU3
orpe3ku paBubie 0,2 en pH (MmoxkHo B ipenenax 0,1-0,3), mpoBoasT mapaieabHble OCH a0CIIUCC
JUHUU U Haxo#saT oobembl Vi’ - Vs5'. 3Has o0beMm mienouu, mouiemieid Ha u3MeHeHue pH Ha
0,2 enunwntst (4V1=V1-V1’ 1 T.1.), 10 ypaBHEHUIO (4-22) pacCUUTHIBAIOT .

5. Ctpost 3aBUCUMOCTh f = f(Ci-mo/Ccony)y TPH DOTOM pPacCueT MOJSPHBIX
KOHIIEHTPAIMI KUCIOTHI M COJIM BEYT IO YPABHEHUSIM :

T T T
_ Vieon * CrnaoH B Viae *Crac — Vaeor * Cnaow
T
HAc Hac T VNaoH

CNaae — 55 . I Cyac = .
V + Vion V

rae Vnaon - 0OBbeMbl 1ienoun B BbeIOpaHHBIX Toukax (Vi - FVs). JlemaroT BBIBOX O
3aBUCUMOCTH 5 OT COOTHOIIICHUS KOHIICHTPAIIUU 3JEKTPOIUTOB. ODopMIISIOT padoTy.

Pabora 4-9. Onpenesienue coepkaHus JTeKAPCTBEHHOI0 BellleCTBA
NMOTEHIUOMETPUYECKUM TUTPOBAHUEM B alIPOTOHHOM PacTBOpPHUTEJIe
Ecim  amanu3upyeMoe  BEHIECTBO  MPEACTAaBIsAET  coOOW  ciabyr  KHCIOTY
(M OCHOBaHME), IMJIOXO PACTBOPUMBIE B BOJI€ WJIM HMEIOIIME KOHCTAHTY JIUCCOLUALUU
< 1*10'8, TO JUIA aHAJIN3a TAKUX COCIMHEHUN M UX CMECEU HCIOJb3YIOT HEBOJHOE TUTPOBAHHUE.
[Ipu sTOM pemaromee 3HauYeHUE UMEET BBIOOp pacTBopuTens. [lomxomsimmm siBIAsSETCS TOT, B
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KOTOpOM HauboJiee JIerko U IiyO0oKo MpoTeKaeT peakuus HelTpanuzauuu. ['yOruHa nporekanus
npolecca HeWTpaau3alli ONpeaensieTcs OTHOIEHNEM KOHCTAHThI TUCCOLMAalluK KUCIOThl MU
OCHOBaHHS K MOHHOMY IIPOM3BE/IEHUIO PACTBOPUTEIIS.
K(C)
THA

Ky

Pacmeopumenu, obnradarowue CcuibHbiM CPOOCMBEOM K NPOMOHY, HA3LIBAIOMCS
npomogunvHeimu. B UX cpene KUCIOTHbIE CBOMCTBA PACTBOPEHHBIX BELIECTB YCHIIMBAIOTCS, a
3HAUUT YCJIOBHUS TUTPOBAHUS KHCIOT YJIyYIIAIOTCS, IOCKOJbKY KOHCTaHTa paBHOBecus K
peaknun HeWtpamuzauuu HA + OH™ = A" + H,O B Takom pacTBOpHUTeNne MOXET OBITh Ha
HECKOJIbKO TOPSIKOB BBIIIE, YEM B UUCTOM BOJE.

W3 mpoToduiabHBIX pacTBOpUTENEH dYalle BCEro MNPUMEHSAIOT JUMETHIhOopMaMu
(AM®A), xapakTepu3yIOLIUICS AOCTATOYHO BBICOKMM 3HAYEHHEM  JAMAJICKTPUUYECKOU
IIPOHUIIAEMOCTH
€ = 36,7 u MayibIM 3HAYEHUEM HOHHOrO mpousBeaeHus: Ks = 2*107°, W3BectHO, uTO B cpene
JIM®A cTekIaHHBI SIeKTpoA coxpaHseT cBoro H'-pyHkimio. THTpaHTAMH MOTYT OBITh
pactBopel NaOH wmmu KOH B 3TaHOJIle WM 3TaHONBHO-OCH30JIBHOW CMECH, a 3JEKTPOJIOM
CpaBHEHHUS - XJIOPCEPEOPSHBIMA 3JIEKTPOJ, 3alMOJIHEHHBIN HACBIIIEHHBIM PAacTBOPOM XJIOPHA
KaJIus B 3TAHOJIE.

3amauya paGoThI: NPOBECTH HEBOAHOE IOTEHLUMOMETPHUYECKOE TUTPOBAHME CIa0oi
KHUCJIOTHI ITPH MOMOILM CTEKISIHHOIO AJIEKTPOJA.

Oo6opynoBanue, peakTuBbl: pH-MeTp niaM MHWIITUBOILTMETP Tuna OB-74; maruuTtHas
MeIllaiKa; CTEKJSHHBIM 3JeKTpon ¢ H-pyHkiumeln, xmopcepeOpsHbI 3JIEKTPO, 3aroJIHESHHBIH
HACBIILIEHHBIM PACTBOPOM XJIOpHUJIa Kallusid B 3TAHOJE, CTaKaH Ui TUTPOBAHUSA C KPBIIIKOW;
nonymukpodroperka Ha 5,0 mi; 0,1 M pactBop KOH B 3TaHose UM 3TaHONIBHO-0€H30IbHOM
cmecu (1:5); cranmapTHbid pacTBOp OeH30MHON KUCHOTHI B JIM®A; 3 KOHMYECKHE KOJIOBI
00beMOM
50 ™mi; pacTBOp THMOJIOBOTO CHHETr0 B J3TaHoJe ¢ MaccoBod goneit 1 %; pactBop
cyabgaauMesnHa (MOXKET OBbITh 3aMEHEH 10 yKa3aHUIO MpernoAaBaTessi Ha pacTBop OapOuTaia,
¢ranazona, METHIIypauia u T.1.).

Cympdpagumesnn (sulfadimezinum), wmum ke 2-(m-amMmuHOOEH30JICYIB(pamum0)-4,6-
JTUMETHIITUPETINH, SIBISIETCS C1ab0i KHCIOTOM.

BeinosniHenue padoTsl

1. VYcTaHaBIMBalOT TOYHYIO KoOHLEHTpauuio pactBopa KOH mno cranmaptHomy
pactBopy OeH3oiiHON KuciIoThl B JIM®DA ¢ MHAUKATOPOM THUMOJIOBBIM CHHUM. [l 3TOTO B
CYXyI0 KOHMYECKYI0 K0J0y oTOupatotr 10,0 My cTraHmapTHOro pactBopa OSH30HHOM KHCIOTHI U
N00aBISIOT 2-3 KaIuld MHIWKAaTOpa TUMOJIOBOro cuHero. bropetky 3anonustor pactsopom KOH
U TUTPYIOT A0 NEPEXO0/a OKPACKU PacTBOpa M3 KEJITOH B CHHIOK. OMNbBIT MOBTOPSIOT JBAXK/BL.
Pe3ynbTaTthl mapaiuieNbHBIX TUTPOBAHHMM HE MODKHBI OTiIM4YaThes Oosiee uem Ha 0,5 %.
Konnentpanuro pactsopa KOH paccuuThIBarOT O ypaBHEHUIO:

CI\OH — Cl\'—TBl‘Y : \’II\'—TI:I
Vion (4-23)

T/I€ Ci-myw - KOHIICHTpAIUS CTAaHAAPTHOTO pacTBOpa OEH30HHOU KUCHOTHI, Vi, - 00bEM
poObl, B3ATOM s TuTpoBanus (B HameM ciaydae 10,0 mn); Vkom - cpeqauil o0beM TUTpaHTa,
3aTpay€HHBIM Ha TUTPOBAHUE.

2. Tabnerky cynbganuMesnHa (WIM HHOrO TMpenapaTa) B3BELIMBAIOT Ha
AQHAIMTUYECKUX Becax. [OTOBAT aHAJIM3UPYEMBIH pacTBOp pACTBOPEHHEM  TaOJETKH
nexkapctBenHoro npenapata B 100,0 min JIM®A. HeGosnblnasi omanecueHlns pacTBOpa U3-3a
HaJIU4usl HEPACTBOPUMBIX IIPUMECEH - HAIIOJIHUTENS - AHAIU3Y HE MeEIlIaeT.

3. CoOuparoT rajabBaHUYECKHMU DJIEMEHT, Kak MokazaHo Ha puc. 4-2. OtOuparot

K =
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AJMKBOTY pacTBoOpa cyibhamumesnHa oobemom 20,0 Ma B cTakaH Juisi TUTpOBaHus. Bxirogaror
MEUIaJKy W MPOBOJAT TUTPOBAHHE aHaIU3UpyeMmoro pactBopa pactBopom KOH, nobasisis
TUTpaHT nopuusMu 1o 0,5 mi u Gukcupys 3HadeHHE HANPSDKEHUS TajbBAaHUYECKOIO 3JIEMEHTA.
OnpenesnsitoT 00JaCTh PE3KOro U3MEHEHHs HanpskeHus. ONbIT TOBTOPSIIOT ¢ TOM pa3HULIEH, YTO
BHayajie TUTPAHT A00aBIAIOT mo-ipexxkHemy mo 0,5 mu, a B o0nacTH ckayka Ha KPHUBOM
TuTpoBaHus - mo 0,1 M.

4. [To momyyeHHBIM pe3ynbTaTaM CTPOSIT MHTErPabHYI0 U JIUd(epeHIHaIbHYIO
KpUBYIO TUTPOBAHUS, ONPENEISIOT 00beM TUTpPAHTa B TOUKE 3KBUBAJEHTHOCTH, PACCUUTHIBAIOT
Maccy cysbaauMesuHa (T) o ypaBHEHHIO:

g = Cxon *Vkon *M *10°,

rie M - MoJsipHasi Macca cynbhaanuMesnHa, paBHast 246 r/Mob.

OmnpenensioT copepkanusi cyibpaauMesuHa B TabieTke B mMacc. Aoisax. OdopMisior
pabory.

TEMA 5. ITOBEPXHOCTHBIE ABJIEHU L.
KOJUIONAHBIE CUCTEMBI
Pa6ora 5-1. [lonydyeHnue KOIOUIHBIX PACTBOPOB M UX KOATYJIALUS

Io cpexremy pasmepy gactur mucrepcHoii dassr (107 - 107m) komwtonaHbIe pacTBOPHI
(30711) 3aHUMAIOT MPOMEXKYTOUHOE MOJOKEHHE MEXAY HMCTUHHBIMU M MHUKPOJIUCIEPCHBIMH.
OpHMM U3 OCHOBHBIX METOJIOB MMOTYYCHUS KOJIJIOUJAHBIX CUCTEM SIBISIETCS KOHJIEHCAI[MOHHBIH. B
X0/Ie XUMUYECKOW KOHJEHCAIMH MONTYYar0T BEIIECTBO B JMCIEPCHOM COCTOSHUU IPH ITOMOIIU
KaKOW-TMO0 XUMHYECKOU peakuuu (TUApOiIn3a, OKUCICHUSI-BOCCTAHOBIICHUS U T.J.), TPOJYKTOM
KOTOPO# SIBIICTCA TPYIHO PACTBOpPUMOE coenuHEHHE. [IpuMepoM MOXKET CIyKUTh PEaKius
TUAPOIIN3a:

FCC13()K)+ 3 Hzo(m) = FC(OH)3(TB) +3 HCI(;K) . (5-1)

[Tocne mocTwkeHHs HEOOXOAMMOW CTENEHH HUCHEPCHOCTH KOJUIOMJHOE COCTOSHUE
HEOOXOIMMO CTaOUIM3UPOBATH, YTOOBI MPEAOTBPATHTh OOBEAMHEHHE MUKPOKPHUCTATUINIECKUX
yacTHIl B Ooyiee KpyImHbIe oOpazoBaHus (Koaryssnuio). CTaOuimmu3aius OCyIIeCTBISCTCS MyTeM
(dhopMHUpPOBaHUST BOKPYT MHKPOKPHCTAUIMYECKON YaCTUIIBI MOHHOW 00O0JIOUKH, 0Opasyrolen
JIBOMTHOM 3JIEKTPUUYECKUN CIIOM.

OCHOBHOI CTPYKTYpHOM €IMHHIICH KOJJIOMJHOTO pacTBOpa SIBISETCS MHMIIEIIA.
Crtpoenrie MUIEIUTBI BKpATIlE PACCMOTPUM Ha IMPUMEpPE 30Ji1 cepedpa, BO3HHKAIOIIETO IPU
nob6asnenuu KI B pactBop AgNOs3,

B uenTpanpHOi dYacTM MUIEIBI HAXOAWTCA TPYOHO pPAacTBOPUMBINH arperar
u3 M "mouekyn" Agl, 4To oTpakaercs B T. H. KOJUIOUHO -XUMHYECKOH (popmyiie:

MHITEIIITIa
— — = —
{ m[Agl] *nAg * (n-x)NO;" }* » xNO;3"
\__\ AHAPO _’ ) Py
rpadyna (5-2)

Ha mnoBepXHOCTH arperata u30HMpaTenbHO copOMpyeTcs cilod M3 N KaTHOHOB Ag’,
o0pa3yronmx BHYTPEHHIOIO OOKJIaJAKy JIBOMHOTO cios. Tak oOpa3yercs Sapo MHMIICIUIBL.
DJIEKTPOCTATUYECKUMH CHUJIAMH C KaThoHamu cBsi3aHo (N - x) anmonoB NOjz,, 00pa3yrommx
BHEIIHIO OOKJIaJIKy IJIOTHOM 4YacTW NBOHHOro cios. SIApo MHIE/UIBl BMECTE€ C BHEIIHEH
OOKJIaIKOW TIJIOTHOM YacTH JBOWHOTO CIIOsl Ha3bIBaeTcs rpaHynoil. OObMHO M3-3a TEMJIOBOTO
JBUKCHHUST YAaCTUI[ BHEIIHSS OOKIAJKa pa3MbITa, MO3TOMY X aHHOHOB NOj3 pacroiioxkeHO B
nuddy3HOH YacTh OBOHHOrO clos. Bce TpaHynsl HeCyT B CpeqHEM OJWHAKOBBIA 3apsi, B
JAHHOM clly4dae MOJIOKUTETbHBINA (7>X), YTO M MPENOoTBpallaeT KOaryjsluio KOJUIOMJHOTO
pacTBOopa. Muremnia e B 1eJI0M 3JIEeKTPOHEHTpaIbHA.

DNEKTPONUTUYECKYIO KOAryJysiliMI0 KOJUIOMJTHOTO pacTBOpa BBI3BIBAIOT HOHBI, 3apsij
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KOTOPBIX TPOTUBOMOJIOKEH 3apsay Tpanynbl. Koarymupyroiee AeCTBHE TaKHMX HOHOB TEM
BBIIIIE, YeM Oomble ux 3apsmoBoe uncio (mpaswuio Llymnsie - Fapan).

3anaya paboOThI: MOJyYEHUE KOJUIOUIHOTO pacTBOpa FUAPOKCHIA XKeje3a, U3YyUEHHUE €ro
ANEKTPOIUTHUECKON KOAryJISALUH.

ObopynoBanue, MaTepuaibl: TEPMOCTONKas KOoHWYeckas kojba Ha 200 - 250 mu, Tpu
kosObl Ha 100 My, muneTka Ha 10 Mi1, MepHBIA IUIMHAP, OIOpEeTKa A THTPOBAaHHS. PacTBOpHI:
FeCls (0,3 M); K3[Fe(CN)s] (1*10™ M); NaCl (2 M); Na,SO,4 (1072 M).

Boinosinenue padoTsl

1. 3anuBaroT B TEPMOCTONKYIO KoJ0y 100 MJI JUCTHILTMPOBAHHOW BOJBI M JIOBOJIST
€€ J10 KUTICHHUS.
2. Ot6uparot numnerkoi 10 mi pactBopa FeCls (0,3 M) u mocteneHHO, HEOO b ITUME

MOPITUSIMH, BBOJIST €T0 B KUIISIIIYIO BOY IPU DPHEPTUIHOM TIOMemBaHuU. KunssueHrne BeayT He
MeHee 5 MUHYT. OXJIQXKIAI0T NOTYYCHHBIN 10 peakiuu (5-1) KOJTOUIHBIN pacTBOP THAPOKCHIA
xese3a. COCTaBISIOT KOJUIOUTHO-XUMUYECKYIO (DOPMYITY MHIICILIBL.

3. B Tpu konboukum BBOmAT mo 10,0 mu kosutommHOro pactBopa. IloodepemHo
THTPYIOT UX, NpWIMBas K 3010 u3 Oroperku mopuusmu 1o 0,1 mur pactBoper Ks[Fe(CN)g],
Na;SO4 u NaCl coorBerctBeHHo. TuTpoBaHue BemyT 10 Havyala KOArYJISAUHU, PUKCUPYEMOM 110
BO3HHKHOBEHHIO MYTH. 3amUCHIBAIOT 00BeM V BIIEKTPOIMTOB, MOMICAIIMX HA THUTPOBAHHE.
OmnbIThl HEOOX0MUMO AyOIMpOoBaTh 2-3 pasa.

4, [TepecunThiBatOT 00beM V KaXKJ10TO U3 MPUIUBAEMBIX DJIEKTPOJIUTOB Ha 00beM V'~
-4
3TOTO XK€ EKTPOJIUTA, HO IpH KoHIeHTparuu 1*10™ M. [{ns 3Toro ucnoibs3yot GopMmyiy:
1'\‘_.77 _ ‘__7 C 31 —Ta
1-107*
(5-3)

TJI€ C 57-mq - MOJISIPHASI KOHIIEHTPALIUS TUTPAHTA.

ComocraBisisi  3apsigoBele  wmcna  anmoHoB  coma  (Fe(CN)s®; SO4~ u Cl) ¢
COOTBETCTBYIOIIMMHU 3HaueHHsAMHU V', mpoBepsaroT npasuio Illymene - Iapau. AnanusupyroT
pe3ysbTaThl, (POPMYIUPYIOT BBIBOBI, OQOPMIISIOT padoTy.

Pa6ora 5-2. AncopOuus mOBEpXHOCTHO-AKTUBHBIX BEIIECTB
Ha TpaHHIle BOJIa - BO3AYX
Camonpou3onvbHblll  U30MeEPMUYECKUll Npoyecc HAKONIEHUs 6eujecmed Ha 2paHuye
pazoena ¢as Hazvieaemcss aodcopbyueti. 3a4acTyl0 TMOJ aacopOuuell TOHMMAIOT TaKKe
MOBEPXHOCTHYIO KOHIIEHTpaluio /[  BemecTBa (agcopOeHTa). AncopOius cBsizaHa ¢ aKTUBHOCTBIO
a BelecTBa B 00beME M TOBEPXHOCTHOM »JHEpruei (IOBEpXHOCTHBIM HATSKEHUEM) O
Mex (a3Hoii rpanuilsl ypaBHeHueM ['n60ca aud epennnanbHoil H30TEpMbI aACOPOLIHH:

_ado
RT da (5-4)

JlaHHoe ypaBHEHHME NPHUMEHHMMO K TpaHHUIlaM pas3jena Jo0bIX (a3, HaxoAsAIMXCS B
COCTOSIHUM TEPMOJMHAMHYECKOro paBHOBecHs. JlIs He CIHMIIKOM KOHIEHTPUPOBAHHBIX
pacTBOPOB BMECTO aKTUBHOCTH MO>KHO M CIIOJIb30BAaTh MOJIIPHYIO KOHIIEHTpaIuio c. Pacyet /" o
(5-4) orpaHuYeH CHCTEMaMHM, B KOTOPBIX MOKHO HEMOCPEACTBEHHO U3MEPHTh 3aBUCUMOCTh @ OT
¢, HalpuMep >KUIKOCTh - Ta3.

VYcTaHOBNIEHO, YTO MpU afcOpOLUU psAa MOBEPXHOCTHO-aKTUBHBIX BemiecTB (ITAB) Ha
rpaHulle pa3jiena BOAAa-BO3/yX 3aBUCUMOCTb @ OT ¢ OIHKCHIBACTCS AIMIMPUYECKUM IPABUIOM
[nmKoBCKOro:

o (¢)=0(0) - b In(l + kc), (5-5)
riae b u K - mocrosiHHbIe mapameTpsl A qanHoro [1AB.

Huddepentupys (5-5) u noacraisist do /de B (5-1), IPUXOIUM K BBIPaXKEHHIO:
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- b-k-c
RT-(1+ kc) (5-6)
®opMmanbHO (5-6) MONHOCTBIO COBHAAAET C YPABHEHUEM MHTErPaJbHOM H30TEPMBbI
agcopOoumu JIeHrMropa, MoTydeHHBIM ISl ClTy4dasi MOHOCTIOWHON HEJIMCCOIIMaTUBHON aIcopOIuu

Ha 2HEPIeTHYCCKH OJIHOPOJHOM IMOBEPXHOCTH B OTCYTCTBHE KAaKOro - JIMOO B3aMMOICHCTBUS
MEX]ly YaCcTHIIaMH ajicopdaTa:

k-c
r=r, ——
1+ ke (5-7)
Crenyer JUIIb NPUHATE, YTO B = RTT o, rae [ - mpeaebHOe 3HAaUCHUE aJCOPOIIUU C
oOpa3zoBaHHEM MOHOCIIOS, @ K UMeeT CMBICII KOHCTAHTHI aICOPOIIMOHHOTO PABHOBECHSL.
VYpaBuenue (5-7) ynoOHO peoOpa3oBaTh K CICAYIOIIEMY BUIY:

1 1 1
—_ = + .
I 1—9,: 1—_,;_. ke (5_8)

DTO MO3BOJISIET, MEPECTPOUB 3aBUCUMOCTh I = [(c) B koopaunatax [/I" ot 1/c, HaWTH Kak
I', tak u K. [To BenmmuuHe /00 MOKHO OILICHUTH IUIOMIAMb So, TPUXOSIIYIOCS Ha OJTHY MOJICKYITY
ITAB B MmoHOCIOE:

1
SO =
N.T. (5-9)
rne Nap = 6,02*1023 4acT./MOJb - 4YHCIIO ABoraapo. 3Has MOJSpHYK wmaccy M

IMOBCPXHOCTHO-AKTUBHOI'O BCHICCTBA MW €ro IINIOTHOCTDH d, HECJIIO)KHO HaWTH U TOJIHIUHY
MOHOCIIOS J, T.€. CpeaHuil pazmep MosekyJsl [IAB npu ee BepTukanbHON OpUEHTALINH:

M.T,

d (5-10)
3amaua padoThl: onpeaeieHNe TOBEPXHOCTHOIO HATSXKEHUSI CEPUM BOJHBIX PACTBOPOB
ITAB, pacuert ancop6uuu [IAB Ha rpanuiie Boaa - BO3ayX, IPOBEpKa MPUMEHIUMOCTH yPaBHEHUI
Jlearmropa u IlInmkosckoro.

OOGopynoBanue, MaTepuaybl: MpuOOp ISl U3MEPEHHs] MOBEPXHOCTHOTO HATSIKEHUS
AKHJIKOCTH (CcTajarMoMeTp), TEpMOMETP, HAOOp MEPHOI MOCY/bI AJIs IPUTOTOBJIICHUS PACTBOPOB,
5 kon6 Ha 50 - 100 M, pactBop CH3COOH (2M).

BoinosineHue padoThbl

1. loToBsiT mocnenoBaTenbHBIM pazbaBienreM 1Mo S50 M BOJHBIX PacTBOPOB
CH3COOH c¢ xonnentpamueii: 0,25; 0,50; 1,00 u 1,50 M. Tlo yka3zaHuio mpemnojaBaTesisi B
kayectBe I[IAB MoryT ObITh MCIOJB30BAHBI U CHUPTHI - 3THIJIOBBIN, MPONUIOBBIH, OYTHIIOBBIN
WK aMWIOBbIM. Jli1 HMX KOHIEHTpalUuu clelyeT yMeHbIMTh B 2-3 pasa. M3mepstor
TEMIIEpaTypy pacTBOPOB.

2. 3anonHAT cranarmMoMmerp (puc.5-1) auctuiumpoBaHHOM Bojoi. s sToro
CIIEyEeT, OIyCTUB KOHYMK KamwuiipHod TpyOku (1) B crakan ¢ H,O (aucrt.), moaHaTh BOoay C
MOMOIIIBI0 PE3WHOBOM TIpyid (2) BeImie METKH (3), mociie 4ero nepekpuith kpaH (4). BuntoBoit
3akUM (5) MpU 3TOM 3aKPHIT.

3. OcTopoXkHO OTKpbIBas 3axuM (5), HeoO0XoauMo TOOUTHCS MEIJICHHOTO
BBITEKaHMS BOJBI U3 Kamujuigpa - He Oojee 1 karum B 2 CEKyHIbI, U MPOBECTH OTCYET YHUCIIA
Karesib, OTBEYAIOLIET0 MPOXOXKICHNIO YPOBHS BOAbI Mexay MeTkaMmu (3) u (6). [loBTopuB OMBIT
2-3 pa3a, HaXOJAT CpeHee YUCIIO Kalelb BOABI No.

4. IIpombIB cTanarmoMeTp Hambosee pa3daBieHHbIM pacTBopoM IIAB, mosTopsioT
OTCYET Kamenb (IOJIOKEHHE 3aKHMa S5 MPU 3TOM He M3MEHSIOT). OnpenensioT cpeaHee YUcio
Karesb N A1 KaXA0ro pacTBopa.

o7
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cTamammneTp

Puc. 5-1. YcrpoiicTBo cranarmomeTpa

5. OnBIT TOBTOPSIOT ¢ KKIBIM W3 MMEIOIIUXCs pacTBopoB ITAB. JlaHHBIE 3aHOCST B
Tabi. 5-1.

Ta6mua 5-1

Crag, M 0 0,25 0,50 1,00 1,50 2,00

n

o, MJlK/M

6. PaccunThIBarOT MOBEPXHOCTHOE HATSDKEHUE KaXI0r0 pacTBoOpa 1o popmysie:
n, - -d n
0 0
c=c(0)—2>— =5(0). -2

3neck dg u d - TIOTHOCTH pacTBOpPUTENs (BOABI) M PACTBOPA, KOTOPBIC IMOJIATAIOT

om3kumu. Heo6xomumoe 11t pacuetoB 3HaueHue o(0) mpu TemmnepaType omnbita 6epyT u3 TalJL.
5-2.

Tabmuma 5-2
T,K 283 288 293 298 303
c (0), 74,01 73,20 72,53 71,78 71,03
M/x /m

7. CtposT 3aBUCUMOCTb 0 = & (c). [IpoBoasT ee rpaduueckoe nuddepenunpoBanue, s
94ero HeoOXOIUMO MTPOBECTU K MOTYYEHHOW KPUBOMW IMATh KACATENbHBIX IPH IISTH UCTIONB3YEMBIX
B OIBITE KOHLIEHTpaLusxX (cM. puc. 5-2). Onpenensitor 4 o /Ac.

8. Ucnonb3yst ypaBHeHue (5-4), BBIUMCISAIOT M8Th 3HaYeHUM [, 1osaras, 4To
A o /Ac = d o [dc s nonydenus 3uHauennii I B Mois/M° B ypaBHeHuu (5-4) cleiyeT BBeCTH
muoxurens 10, Crpost usorepmy agcopbuuu I =17 (c).

G. xl,IL;H/)I;

Ac

C. MOTB/Tr
:

1,0 2.0

Puc. 5-2. Ilpumep rpadudeckoit 00paboOTKH g, ¢ - 3aBUCHMOCTH

9. [TepecTpanBatoT MoTy4eHHYIO 3aBUCUMOCTh B Koopaunarax 1/I" - 1/c. IlpoBepsitot
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€€ JIMHEHHOCTb, BBIHOCAT CYXJEHHE O NPUMEHHMOCTH W30TepMbl JleHrmiopa i onucaHus
a7IcOpOIMH YKCYCHON KHMCIIOTHI Ha IPaHUIE BOJA - BO3AYX.

10. DKCTpanoaupyroT MOTy4eHHYI0 3aBUCUMOCTb K 3HaUeHHuto [/c — (), onpenenstor
[ 1o OTpe3Ky, OTCEKaeMOMY Ha OCH OpAMHAT. 3Hasg /oo , U3 HAKIOHA 3aBUCUMOCTU
ompenenstot K. Ucnonb3ys (5-9) u (5-10), naxonsat So u o 1 mosekyist CH3COOH.

10. Crposit 3aBucumMocth o 0T 1Nn(1+KC), mpoBepsIOT ee JIMHEHHOCTh. DKCTPAMONIAIUCH
3aBucumoctu Ha In(l + kc) — 0 onpenensitot o (0), cOnoOCTaBISIIOT ¢ TAOIMYHBIM 3HAUCHUCM.
DopMyIHPYIOT BBIBOJBI, OPOPMIISIOT paboTy.

Pa6ora 5-3. Uzyuenne agcopounu ITAB Ha yrie

Bewecmea, nakanausarowuecs Ha epanuye paszoera pasz u - ymeHvuarwue
NOBEPXHOCMHYIO IHEPIUI0, HA3bIBAIOMCS NOBEPXHOCMHO-akmueHbiMu  eewjecmeamu (I11AB).
Ancopb6musi IIAB urpaer BaxkHyt0 pojib B TEXHOJOTHU MPOU3BOJICTBA MHOTUX JIEKAPCTBEHHBIX
CPENCTB: Ma3€il, SMYJIbCUH, CYCIIEH3UN U T .1I.

[Ipu mornomeHUH pacTBOPEHHBIX BEIIECTB TBEPABIMU aJCOPOCHTAMU KOJIUYECTBO
aZcopOMpOBaHHOrO BellecTBa (agcopbaTa) MOXKHO OMNPENENUTh IO HW3MEHEHHUIO ero
KOHIIEHTpalu B pacTtBope. KommuecTBo Bemiecrsa, aacopOMpPOBAHHOTO E€IMHHUIIEH MAacchl
ancopOeHTa, Ha3blBaeTCad YACNbHOM azacopbuueit [}, OTa BeIMYMHA M PaBHOBECHAs
KOHIIEHTpalus ajacopbata B pacTtBope ¢ npu I = const CBsi3aHbl MEXJy CO0OW ypaBHEHHEM,
Ha3bIBaeMbIM H30Te€pMa ajcopbuuu. M3BectHo, uto ancopbuus [TAB Ha yrasx xopoino
OIMKMCBIBACTCS U30TEPMOI ajcoporru DperiHmxa:

Iy, =Kc" = X/qg. (5-12)
3naech X - KOJIMYECTBO aACOpOMPOBAHHOTO BellecTBa (MOJIb), § - Macca ajacopOeHTa;
K - xoncranTta agcopO6uuu, 3aBucsmias ot npupoasl [IAB u amcopOGenra; N - sMmmmpuyueckas
KOHCTaHTa, 00bIyHO n3MeHsttontasics ot 0,1 go 1,0. [{ns nHaxoxnenus 3HaueHuid K v N ypaBHEHUE
(5-12) norapudmMupyrT, IPUBOIS K BUIY:

lg (X/g) = IgK +nlgc. (5-13)
3Has § ¥ ONpEeNHB SKCIEPHMEHTAIBHO X IIPU Pa3HbIX ¢, CTPOST TpaduK B KOOPAMHATAX
lg (X/g) = f (Igc). Ecnu monydeHHass 3aBUCHMOCTH JIMHEIHA, TO TMOJIaraloT, YTO MPOIECC

aacopbouun ITAB momguunsercs wuszorepme Ppeiinanuxa. IIpu 3ToM 0Tpe30K, OTCEKaeMbIii
MOJIYYCHHOW TPsIMOM Ha ocu opauHatT, ecth IgK, a TaHreHc yria HakjIOHa MPSIMOW JacT
BEJIMYUHY N.

CnenyeTr nMeTh B BUAY, YTO 3HAUEHHUE U Pa3MEPHOCTh YAEIbHON aJCOpOLIUH 3aBUCIT OT
crioco0a BbIpaXKE€HUSI KOHIEHTpaluu c. [l pacTBOPOB OPraHUYECKMX COEAMHEHUN €€ OOBIYHO
BBIpAXalOT B €UHHUIIAX MOJIIPHOCTH - MOJIB/JI.

Ecmu B kauectBe IIAB wucnonb3yercs kakas-nubo ciabasi KHCIOTa, TO YyIOOHBIM
METOZIOM ONpEENEHUsT €€ KOHIEHTPallud B pacTBOpe sBIsAETCS O0OBEMHOE THUTPOBAHUE C
LBETHBIM MHJUKATOPOM.

3amaua pabotel: paccumtaTh yaenpHyl azacopomuio [IAB (CH3COOH) na yrie,
[IOCTPOUTh H30TEPMY aJCOPOLMM, ONPENEIUTh KOHCTAHTYy aAcopOUMM IO YpPaBHEHHIO
OpeliHnxa.

O6opynoBaHue, peaKTUBBI: BECHl AHATMTUYECKUE; KOHHMYECKHUE KOJOBI BMECTHMOCTBHIO
100 M ¢ mnpoOkamu; CTEKJISHHbIE BOPOHKH; MHIETKH TIpagyupPOBAaHHBIE BMECTHUMOCTHIO
25 u 10 mi; OymakHble (QUIBTPBI; PACTBOP YKCYCHOW KHCJIOTBHI ¢ KOHUeHTpanueid 0,5 M;
pactBop QeHoNpTaTenHa; aKTUBUPOBAHHBIN yTroJib Mapku bAY unu tabnerku kapOoseHa.

Brimonnenne paboTbl

1. TlocnemoBarenbHBIM pa30aBICHHEM TOTOBIAT 6 pPACTBOPOB YKCYCHOH KHCIIOTHI
oovemom 1o 100 mn ¢ kornenTpanusmu 0,3; 0,2; 0,1; 0,05; 0,025 u 0,0125 momns/m.

2. Ha aHanuTH4YeCKMX Becax OTBEUIMBAIOT MIECTh HABECOK yris mo 1,5 T kaxmas
(Macca HaBeCKH MOXKET ObITh U3MeHeHa OT 1 110 4 T). B mectb npoHyMepoBaHHBIX KOJIO BBOIST
HaBeckd yriust U mo 50 MIJI IPUTOTOBJIEHHBIX pAcTBOPOB KHUCIOTHL. KonObl HHTEHCHBHO
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B30aNTHIBAIOT U OCTaBISIOT cToATh Ha 20-30 MHMHYT A0 YCTaHOBJICHHUS pPaBHOBECHS,
NepuoANYecKy B30anThiBas copepxumoe. HeoOxonumo ciaenuTh, 4TOOBI MPU MEPEMEIINBAHUU
YacTUIIbl YTJIs HE OCTaBaJINUCh HA CTEHKAaX KOJIOBI.

3. OmnpenenstoT UCXOAHYIO KOHIEHTPAILMIO MPUTOTOBJICHHBIX PacTBOPOB. st 3Toro B
KOHMYECKYI0 KoJOy oTOMparoT amukBoTy 5,0 MJI OJHOTO M3 HPUTOTOBIEHHBIX pabodymx
pacTBOpoB, n00aBnsOoT 2-3 Karum pactBopa ¢eHondTanenHa. broperky 3anonssoor 0,2 M
pactBopoM NaOH u TutpyroT nmpoOy a0 mepexojia OKpacKd pacTBopa U3 OECIBETHOH B SIPKO-
PO30BYI0. DKCIEPUMEHT MOBTOPSIOT 2-3 pa3a 0 MOJyYeHUs CXOASIMUXCsS (T.e. OTIIMYAIOIIUXCS
He Oonee yem Ha 0,1 mi) pe3ynbraTtoB. MCXOIHYIO KOHIIGHTpAIMIO PAcTBOPA BBIYUCISIOT IO
ypaBHEHHIO:

Cucx = CNaOH'VNaOH/VnpoﬁbI )

rae Vyeon - cpeaHee 3HaueHue oObeMma ILEeNOoYM, 3aTPaueHHOW Ha TUTPOBAHHE AAHHOMN
npoObl; Viposm - 00bEM AIMKBOTHI KUCIOTHI (B JaHHOM ciaydae 5,0 mil). AHaJIOTUYHBIM 00pa3oM
OIPENENAI0T UCXOIHYIO KOHLIEHTPALUIO APYTUX IPUTOTOBJIEHHBIX PACTBOPOB.

4. IoaroraBnuBaOT 6 YUCTBIX U CYXUX KOHHUYECKHX KOJO M 6 BOPOHOK C OyMaKHBIMH
¢unbTpaMM, CMOYEHHBIMU BOOM. PacTBOpBI KUCIOTHI C yrieM OT(GWIBTPOBBIBAIOT, OTOPOCUB
nepBbie nopuuu (3-5 mu) QuapTparta, MOCKOJIBKY COIEp)KAaHUE KHCIOTHI B HUX MOXKET OBITh
MEHbIIIE HM3-3a aJCOPOIUU KHUCIOTH (MIBTPOBaNbHONW Oymaroii. KoHIIeHTpaluio ¢ KHUCIOTHI,
OCTaBUICHCSI B PaBHOBECHOM pAacCTBOpE TOCIE aJCOpOIHH, OMPENENA0T TaK K€, KaK OMHCaHO
Bble (11.3). Ho a1 nmepBbIX Tpex pacTBopoB 00beM aluKBOTHI OepyT paBHbM 10,0 M, a 11
OCTaIIBHBIX - 10 20,0 M.

KonmuectBo amcopOMpoOBaHHOM KHCIIOTHI B pacyeTe Ha eIUHHIYy Macchl yris (T.e. X/Q)
paccUMTHIBAIOT:

X (Cpex —
X IILX- C) .50,
g .1000

I71€ Uyonn - Macca HaBecKu yriis; 50 - 00beM pacTBOpa KUCIIOTHI, B3STOM JIs OIBITA.

5. Tlo momydeHHBIM pe3yibTaTaM CTPOST JIOrapU(MHUYCCKYI0 H30TEPMY aJCOPOLUH
lg X/g) = f (Igc). OmpenensitoT 006MaCTh JMHEHHOCTH MaHHON 3aBUCHMOCTH, T.. 00JIaCTh
npuMeHUMocTH ypaBHeHHsT Dpelinanmuxa. PaccuuthBator BemuuuHbsl K u N. OdopmisioT
pabory.

g}’]’lﬂ

Pa6ora 5-4. [lonyuenue u cBoiicTBa IMyIbcuil ™
Dopma nposedeHust - GbINOTHEHUE UCCTIE008AMETTLCKUX PADOM YACHUYHO-NOUCKOBO20 XAPAKINEDA

Omynvcuen  Hazvlgaiom  OUCNEPCHYIO  cucmemy, 00pa308anHHYI0  O8YMs  G3AUMHO
HepacmeopUMbIMU  HCUOKOCAMU. DMYJIbCUA MOXHO MOJY4YUTh METOJAMHU KOHACHCAIUU H
aucneprupoBaHus. [y mpenaHusi SMYJbCUM arperaTUBHOM YCTOMYMBOCTH K KOAQJIECLIEHLIUM B
CHUCTEMY BBOJST IOBEPXHOCTHO-WHAKTHUBHBIE BEUIECTBA HMJM BBICOKOIUCIIEPCHBIE MOPOUIKH,
UCIOJHSIONINE POJIb CTAOUIIM3AaTOPOB 3MYJIBCUN - AMYJIBraTopoB. DddexTuBHas crabunu3anus
OYEHb Ba)KHa IPU MOJIyYeHUHU (papMarieBTUUECKUX IMYJIbCUI, TOCKOIBbKY 3TO YBEJIMYUBAET CPOK
WX FOJJHOCTU M YCUJIMBAET TE€PareBTUYECKUI AP PEKT.

B 3aBucuMoOCTH OT XapakTepa NPUMEHSEMOI'O 3MYJIbraTopa OKa3bIBAETCS YCTOWUYMBOM
SMYJIbCHS OJJHOTO U3 ABYX TUIIOB:

® TmpsMas, T.e. Maclio-Boaa (M/B);

e oOpaTHas, T.e. BoJga-Macio (B/M).

B mepBoit karum macna (aucnepcHasi ¢asa) pacmpeneiieHbl B Bojae (AMCIEPCHOHHON
cpene). Bo BTopoii mucniepcnoHHOM cpenoit sIBsieTcs Macio, a JucnepcHon $a3oif - Boja.

[Tonyyenue mnpsAMBIX M OOPAaTHBIX AMYJIbCHH 3aBUCHUT, B OCHOBHOM, OT HIPUPOIBI
sMmynbraropa. [ uapoduibHBIE OMYJIBraTophl  CTAOMIM3UPYIOT OMYJIBCHM THIA  M/B.
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I'unpodobHble (>KUPOPACTBOPUMBIE) 3MYJIBraTOPhl MPUMEHSIOT JUIS CTAaOMIM3ALUU SMYJIbCUN
THUIIA B/M.

Tun oSMmynbcun onpeaenstoT pa3HbIMU METOJAaMHU: pa30aBlICHUs; OKpaIlWBAHUS
HENpepbIBHOM (pa3bl; pacTeKaHUs KaIlIu.

Merton pa3baBieHus. Eciau B Bogy BHECTH KAl SMYJIbCUU M OCTOPOXKHO BCTPSIXHYTH,
TO SMYJIbCHS TUIIA M/B PAaBHOMEPHO pacrpenenauTcs B o0beme. DMyNbCUs TUIIA B/M C BOJIOH He
CMEILIUBAETCs.

Merton okpammBanus HempepblBHOU (has3pl. Kammro amyiibcuu moMenaT Ha MpeAMETHOES
CTEKJIO pSAOM C HECKOJIbKUMH KpHUCTallaMH BOJOPACTBOPUMOrO KpacuTens, HampuMmep,
METUJICHOBAs] CHHb WJIM METUJIOBBIA OpaH)KeBbIid. J[0OMBalOTCS CONPUKOCHOBEHUS KPAaCUTENS U
KallsIi 3MYJbCUM, IIOCIE 4YEero €€ paccMaTpuBalOT IOJ MHUKpockornoM. Ecmm okparieHa
HenpepbiBHAsg ¢a3a, TO SMYJIbCHS THUMA M/B. B TNPOTHBHOM ciy4ae ONBIT IMOBTOPSIIOT C
AKHUPOpacTBOPUMBIM KpacuteneM (pykcuH, Cynas III), uto6sl yOeaurTcs, 4To 3TO IMYJbCUS THIIA
B/M.

Merton pactekanus kamau. [IpeaMeTrHoe cTEKIIO MOKPHIBAIOT TOHKUM cjI0eM napaduHa u
HAHOCAT KaIlJII0 SMYJIbCUH. DMYJIbCUS TUIIA M/B HE paCTEKaeTCs 110 TOBEPXHOCTH.

[TpakTideckn HEOOXOTUMBIM OBIBAET BBHIICICHUE W3 AMYJIBCHU COCTABHBIX YacCTEH.
K sToMy npuBoasT Tpu npouecca: ceAMMEHTalus, KoaJleCleHIIUs U nHBepcus (oOpamienue das).

CenuMmeHTanusi - OcelJaHME MM BCIUIBIBAHME Kalellb AUCIEpCHOM (aswl, (Hanpumep,
omoeneHue CAuoK om Mmoaoka). Ilpu smom smynvcus paspywaemcs He HNOJIHOCMbIO, d
obpa3zyiomcs 06e: bonee u menee KOHYeHMpUpOBaAHHAsL.

Koanecuenuuss - monHoe paspylleHHE AMYJIbCHH, NPUBOJALIEE K 0Opa30BaHUIO IBYX
YUCTBIX (a3.

WuBepcus - mpeBpallieHHe 3MYJIbCUU OJHOTO TUIA B JIpyroil jo6aBiieHHMEM OO0JbIIOro
KONMYecTBa HMyJjbratopa Japyroro poxa. Ilpu »sTtoM nucnepcHas ¢as3a CTaHOBHUTCS
JIUCTIIEPCUOHHOMN CpeJlou.

OMyYJIBTUPYIONIYIO CIIOCOOHOCTH AMYJIBIaTOPOB OLIEHUBAIOT:

. IO IIpeAeIbHOMY 00bEMY SMYJIbIHPOBAHHON qucriepcHol dassl (V,)),
NPUXOASIIEHCsS Ha 1 cM AIMYJIbraTopa;

. 110 0OBEMHOM J1071e TUCTIEPCHON (asbl (¢yp);

o 10 KPaTHOCTH 3MYyJbcud (N).

\Z -
Vip = % (5-14)
v,
v

=— T 100 -
(P,f[([) Vnp + VH, (5 15)

V;up

n= s

A%

(5-16)

Je
rae Vop - o0beM aucnepcHoit ¢asp; V, - o0bem smynbratopa; Voo - 00beM
JUCIIEPCHOHHON CpeAbl (eClM AWCIEPCHOHHAS cpella COCTOMT M3 AIMYJbraropa W Jpyrou

KHUIKOCTH, TO UX 00BEMBI CKJIAJIBIBAIOT).
ITo koHIIEHTpaluu AUCTIEPCHON (ha3bl IMYITBCUH MOAPA3ICIAIOT Ha:

. pa30aBiIeHHBIE - ¢ 00beMHOM nosel aucnepcHoi (asel He Boime 0,1 %;

. KOHIICHTPHPOBAHHBIE - 00BEMHast oISl AuctiepcHor Basbl < 74 %;

. BBICOKOKOHIICHTPHPOBAHHBIE HIIH ITeHO00pa3HbIe - 74-95%;

. IpeiebHO KOHIIEH TP POBAHHBIE - MAKCUMAJIbHO-BO3MO)KHOE B JTAHHBIX yCIOBHUSX

coziep)kaHue AUCIIEPCHOM (ha3bl.
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3anaya paOoThl: MPUTOTOBUTH MPEEIbHO KOHLIEHTPUPOBAHHYIO AMYJBCHIO THIA M/B U
B/M; paccuuTaTh €€ KOHIIEHTPAINIO U KpaTHOCTh. [Ipon3BecTu pa3dasienue u oopaimenue das.

O6opynoBaHue, PeaKTUBBI: YCTAaHOBKA JJII AMYJIbIMPOBAHUS; ONTUYECKUH MHKPOCKOII,
MOKPOBHBIE CTeKsa, (pUIbTpoBajbHAs Oymara, MHUIETKA TPaJlyUpOBaHHBIC, OIOPETKH, PacTBOP
ruipooOHOr0 SMYIBraTopa B YriieBoAopo/e (Hampumep, pacTBOp ojeara Kajblus B O€H30IIe C
MaccoBoit noneir 10%); kpacutrenun Cynan I u MeTUseHOBBIM CHHUNM (MM METHIIOBBIN
OpaH’)KEBbII); BOJHBIM pAacTBOpP TUAPODUILHOIO SMYJIbraTopa, HampuMep oJjieaTa HaTpus
(0 = 10 %); BomHbI pacTBOp XJopuaa Kambius (o0 = 5 %); yriaeBomopos (OKTaH, KEPOCHH,
TenTaH, TOXYOJ UK AP.).

Beimonnenne paboTs

1. IlomydeHue npeaeIbHO KOHIIEHTPHPOBAHHON DMYILCHH.

Omynvcuss muna é/m. B cyxoit mumHAp oobemom 100 mi mumerkoir BBoAsaT 1,0 mn
pactBopa ruapodoOHOro sMyjbpratopa M JI00aBISAIOT W3 OIOpeTKH Kammo Boabl. CMmech
TIIATEIbHO PACTUPAIOT KPYrooOpa3HBIMU JIBHKEHUSIMU METaJUIMYECKOW CHHpaTbHOM Melalku
1o JAHY LHMJIUHApA 10 00pa3oBaHus T'ycTOM ogHOpoaHOU Macchl. (HeoOxonumo crneauts 3a TeM,
4YTOOBI MEIIaJIKa HE BBIXOAMIIA 32 MIPEAEIIbl SMYJIbCUU U HE pa3Ma3bIBaja €€ 110 CTeHKaM). Takum
&KE CIOCOOOM IUCIEPrUpyIOT €lle HECKOJbKO Kamenb Boabl. [lo mepe yBennueHus obdbema
OMYJILCUM MEPEXOAST OT KPYyrooOpa3HbIX K BO3BPATHO-IIOCTYNATEIbHBIM JBUKEHUSIM MEILAJIKH
BJIOJb OCH LWIMHIpa. KaKayro mocleayronlylo Kario BOAbI 100aBISIOT TOJBKO IMOCIE TOro,
KaK TIOJHOCTHIO SMYJIBIUPOBaHa Mpeabiaymas. Boay 1o0aBisioT 10 Tex Mop, MOKa MOCIETH SIS
nopuus Bonbl (o0bemMoMm He Oosee 0,5 MiI) HE mepecraHeT AMYJIbIHPOBAThCA. ONpenesiroT
cyMMapHbiii 00beM BoIbl V,g BO B3STOM 0ObeMe smyibratopa. Iockombky V,=lcm3, 10 V,p =
V,p. Ilo pesynbTaTaM 5KCIEPUMEHTAa PACCUUTHIBAIOT OOBEMHYIO JIOJII0 JUCIEPCHON a3kl
KON SMYJIbCHH, TpeaebHbIl 00beM aucrepcHoil ¢a3bl Ha 1 M1 3MyJbratopa, KpaTHOCTb
9MYJIbCUU 10 ypaBHeHUsM (5-14) - (5-16).

Omynvcuss muna m/s. B cyxoil munmuHap BBoasT munetkoi 1,0 mu pactBopa oseata
Hatpuss ¢ ® = 10 %. M3 OropeTku 1o KarusiM JO0aBISIOT AMYJIBIHPYIOUIYIO JKHUIKOCTD
(yrnesonopon). IlpuroroBnenue sMynbcuu U pacueThl aHaJIOTUYHBI O CAaHHBIM BBIIIIE.

2. YcTaHOBJICHHE THIIAa DMYJIbCHI METOI0M pa30aBlieHUs.

B nBa crakana momemamT TO 3 M TONyYeHHbIX cMecedl. OpHy mopuuio,
MIPEATIOIIOKUTENIFHO SMYJIBCHH M/B, Pa30aBIIIOT BOJOW, a APYTYIO - MPEANOIOKUTEIBHO B/M -
yraeBogoponoM. JKuiakoctu Ui pa30aBieHMs BBOAAT MENJIEHHO IIPM  OCTOPOXHOM
MepeMeIMBaHUU KPYyrooOpa3HbIMUA JBIKEHUSMU. OMYJbCUSL THUINAa M/ B JOJDKHA XOPOIIO
pa30aBiATbHCA BOAOH, a B/M - yTIIEBOIOPOAOM.

3. O6panienue $ha3 IMYJIbCUH.

B npoOupky HamuBaroT 2 Mi yrieBojopoda, okpameHHoro kpacutenem Cynan III,
N00aBJISIIOT TaKOM ke 00beM BOJBI M CUIBHO BCTPSIXUBAIOT. YOEXKIAIOTCS, UTO IMYJIbCHS OUEHb
HeycToWunBa U OBICTpO pacciauBaercs. J[00aBisA0OT 5 M BOJHOrO pacTBOpa ojeaTra HaTpus
¢ ® = 10 % , BHOBb CWJIBHO BCTPSIXUBAIOT. YOEXKIAIOTCS, YTO TENEpPh SMYJbCUS BIIOJIHE
ycroitunBa. Kario momemarT Ha TpeaMeTHOE CTEKJIO M PacCMaTPHUBAIOT MO MHKPOCKOIIOM.
ITo okpacke ¢a3 ompenensiOT THI IMYIbCHH. 3aTeM 00aBisAi0T 1 MI pacTBopa XJopuaa
KalmbIUs U 3 MJ yIJI€BOAOPOAA, CMECh BCTPAXUBAIOT. [loMEImarT Karuiro MoJ MHUKPOCKOI H
yOexaaroTCs, 4TO MPOU30ILIO oOparieHue ¢as.

3apUCOBBIBAIOT MMKPOCKOMHMYECKYI0 KapTUHY OMYJIbCHM, pacTylieBbiBas o00JacTy,
COOTBETCTBYIOIIHUE yrieBogopoay. CxemMaTHuecKu U300pakatoT CTPOEHUE CII0s MYJIbraTopa Ha
MTOBEPXHOCTH JTUCIIEPCUOHHON (pa3bl, MOSCHSIIOT MEXaHU3M oOpatieHus §as.

Pabora 5-5. Komnonanas 3ammra 3omeit pactsopamu BMC
SIBieHME MOBBIIICHUS TTOpPOra KOaryJsiuu rupodoOHOro 3015 NpH 100aBICHUH B HErO
pacTBOpa BBICOKO MoJeKyysipHoro Bemectsa (BMC) Ha3blBalOT KOJJIOMJHOM 3aIlUTOMN.
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O6patHoe aelictBue pactBopa BMC HocuT Ha3BaHHME CeHCHOMIM3AINN .

Komnongnas 3ammTa 4pe3BbIUAHO BakHa M7 (papManuu, TOCKOJIBKY C POCTOM
JTUCTIEPCHOCTH M YCTOWYMBOCTH JIEKAPCTBEHHOT'O TIPerapara MOBBIIIAETCS €ro TepaneBTUYeCKUM
a¢ddekt. Hanmpumep, cycnensuro cyiabdara 6apus cTaOMIM3UPYIOT MOJIMCaXapuaaMu, KOJIaprol
- OeTKOM.

3amuTHOE NEHCTBUE 3aBHCUT OT JMO(UIBHOCTH BBICOKOMOJEKYIISIPHOTO COSNUHEHUS H
ero cpoxacrBa k gucrnepcHoir ¢asze. KonmuectBeHHO crabmmsupytomee aeiicteue BMC
BBIPAXAIOT 3AIIUTHBIM YHCJIOM Mig, MPEACTABISIONIMM MHUHUMaJbHYIO Maccy cyxoro BMC,
JIOCTATOYHOTO IS 3a1UThl 10 MJI JTAaHHOTO 30JIs1 OT KOAryJISIIUU TP T00aBJICHUH K HeMy | M
BOJIHOT'O pacTBopa xJyopuaa Hatpusi ¢ ® = 10 %.

3amaya paboOTBHI: MPUTOTOBUTH 3aJaHHbIM 301bp U pacTBopel BMC (xenatuna,
MOJIMBUHUJIOBBIN CUPT, KpaxMmai). CpaBHUTH UX 3allIUTHOE JICHCTBUE.

O6opynoBaHue, peakTHBBI: IITATHUB C NPOOMPKAMU; KOHHYECKHE KOJIObI 00beMOM
150-200 mut - 5 mT.; MmepHbIe KoJ0bI Ha 100 Mt - 3 1mT.; MepHbIe MUMHIPHI Ha 100 MII; BOPOHKA;
OymaxkHble (GUIBTPBI; BoAHBIE pacTBOphl koaryisTopos: NaCl (o = 10 %); FeCls (o = 47 %);
Ks[Fe(CN)s] (o = 20 %); pactBop miaBeneBoii kuciotbl (0,15 M); 3ammrHBIC BEIIECTBA B
MOPOIIKOOOPA3HOM COCTOSIHUH (KeNaTHHA, KpaxMall, TOJIMBUHUIIOBBIN CIIUPT).

Brimonnenne paboTbl

1. IIpuroTosyieHue 301 U pactBopoB BMC.

[To BEIOOPY MpenoaaBatens TOTOBST 30J1b THAPOKCHIA Keje3a Ui OSpIMHCKOH JTa3ypH.

a) K 100 mu kunsiei TucTUIIMPOBaHHON BobI TprOaBstoT 0,5 Mi1 pacTBopa Xjaopuaa
xene3a (III) ¢ maccoBoit noneit 47 %. B pe3ynbTaTte peakuuu:

FeCls + 3 H,0 = Fe(OH)3 + 3 HC1

o0pa3yercs 30J1b THAPOKCH/IA JKelie3a BULITHEBO-KPACHOT O IIBETA.

0) K 100 mn muctumampoBaHHOM Bozbl go0aBimsiioT 3,8 mur pactBopa Ka[Fe(CN)g] ¢
MaccoBoit moneit 20 % u 6 xamenp pactBopa FeCls ¢ maccoBoit poneit 47 %. BeimaBmiui
0CaJIOK TIEPEeHOCAT Ha (QUIBTP M MPOMBIBAIOT Bomoi. Ilocrme 3Troro BopoHKa C (QUIBTPOM,
COZIepXKAIIMM OCaJIOK, MOMEMIAETCS B YHUCTYIO KOJIOY M TIPOMBIBAE€TCS PACTBOPOM IIIaBEJICBOM
KHCHOTHl ¢ KoHIeHTpanueil 0,15 M. Ocagok menTusupyercs KUCIOTOM 3a c4eT aJcopOIuu
OKcaJiaT MOHOB U Yepe3 PUIbTP MPOXOJAUT CHHUM 30J1b OEPIIMHCKON JIa3ypH:

Ka[Fe(CN)g] + FeCl; = KFe[Fe(CN)g] + 3 KCI.

2.  CoCTaBISIFOT CTPYKTypHYEO (OpPMYITy MHIEIUIBI TOJY4EHHOr0 KOJUIOMIHOTO
pacTBOpa, ONPEEISIOT 3apsil TPAHYJIbL.

3. I'otoBar mo 100 mi pacTBOpOB KeJNaTHHBI, Kpaxmaja U MOJUBUHUIOBOTO CIHUPTA C
maccoBoit gonei 0,5 %. Jng storo HaBecku mo 0,5 r BMC BHOCAT B KOHHMYECKHE KOJIOHI,
n00aBIIOT 1O 80 MJI U CTUIUTMPOBAHHOM BOJIBI M TalOT HAOyXHYTh B TeueHue 20-30 muHyT. B
xozne HaOyxanus u3 BMC npoucxoauT pacTBopeHue npuMecei, i yAajJeHus] KOTOPbIX, BOAY
nocyie Ha0yXaHusl CIMBAIOT B MEPHBIN IMIJIMHJP U 3aMEHSIOT CBEXKEH TAaKOoro e o0beMma, Kak U
yAaJIEHHBI.

Janee koa0Obl HarpeBarT Ha BoAsHOM Gane mpu 50 °C mo momHoro pactoperus BMC.
PacTBOpBI OXJIQKIAIOT, IEPEHOCAT B MEPHBIE KOJIOBI eMKOCThIO 110 100 MJI M TOBOAST BOJOU 10
MeTKu. (CMech HaOyXIIero Kpaxmasa JOBOAST O KUIIEHUS [TPU SHEPTUYHOM Pa3MEIINBAHNH ).

4. YcTaHOBJIEHUE BIJIMSHUS KOHUEHTpauuu u npupoasl BMC Ha BenuuuHy nopora
KOATyJISAIHAH.

bepyT 5 mponymepoBaHHBIX TTpoOupok. B detpipe u3 Hux (Ne 2-5) namuBaroT mo 1 M
Bozbl. B mpoOupku Ne 1 u 2 nomemarot no 1 mi pactBopa oguoro uz3 BMC. Cmeck B npoOupke
Ne 2 TmiaTenbHO mepeMenMBalOT CTEKISTHHON MaJIOUKOM, OTOMPAOT 1 MJI MOIy4YE€HHOT 0 pacTBOpa
u mepeHocaT ero B mpooupky Ne 3. ComepkuMoe TEepeMelIMBarOT, BHOBb OTOMparoT 1 M
XKUJIKOCTH M TIEpEHOCAT B mpodbupky Ne 4, oTKyna mocie mepeMemmrBaHus | M1 pacTBopa
oropaceBatoT. [lomydaroT mo 1 mi pactBopoB BMC ¢ maccoBoit goneit 0,5 (1 mpobupka); 0,25
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(2 mpobupka); 0,125 (3 mpodbupka) u 0,0625 % (4 npobupka) coorBeTcTBeHHO. B mpobupke Ne 5
COAEPIKUTCS TOJBKO BOAA.

Bo Bce npoOupku 100aBJISIOT 1O 5 MJI MPUTOTOBJIEHHOTO 30151 U BCTPSIXUBAIOT. 3aTeM
ONPENENSIOT TMOPOTH KOAryJsalUH, HayMHas C HE3alMIIEHHOro 307 B mpoOupke NoS.
[IpenBapuTenbHO B OTACIBHON MPOOUpPKE CMEMIMBAIOT 1 MJI BOABI U 5 MJI UMEIOLIEroCs 30714,
MIPUTOTABIMBAsl KOHTPOJIBHEIN pacTBOp. B mpobupky Ne 5 nob6aisitor u3 6ropetku pactBop NaCl
(0 = 10 %), a B KOHTPOJBHYIO MPOOYy - TaKOW ke 00BheM AMCTHJUIMPOBAHHOW BOIBL. B xome
TUTPOBAHHUS 00€ TPOOUPKH BCTPSAXUBAIOT, KAXKIBIM pa3 CpaBHUBAs TUTPYEMBIH 305Ib C
KOHTPOJILHBIM pacTBOpoM. OTMEUarOT BU3yalbHBbIC NMPHU3HAKH KOATYISIUU (TOSBICHUE MYTH
WM 00pa3oBaHHE XJIONbEB), (UKCUPYIOT 00BEM 3JEKTPOJMTA, MOMICAINNNA Ha KOATYISIHIO.
[Topor koaryssiuu BEIYUCIISIOT 110 YPaBHEHHIO:

CI{ = ﬁ .
(5+V,)

I/I€ Co - KOHI[EHTpAIUsl 3JIEKTPOJIMTA, BBI3BIBAIOIIET0 KOATYJALNI0, MOJIb/II; V. - 00beM
ANEKTPONNTA, MOMIESAIINNA Ha Koaryauuto. [TIoBTOpAIOT onbIT ¢ pacTBOpamu B mpodupkax Ne 1-4,
BBIUMCIISAS JJIs1 HUX 3HAUYEHUS Cy.

5. BeumBaroT pactBopel M3 HpOOUPOK, MPOMBIBAIOT HUX BOJOM, BBICYIIMBAIOT
(bunbTpOBaNBbHON Oymaro M roToBsT pacTBOphl cieayrommx BMC. Ompenenstor ans HHX
3HAaYEHHE C; AHAJIOTUYHBIM 00Pa30M.

[lo BbluucaeHHBIM B ILIO. 4-5 mnoporaM KoOaryysiiMud CTPOST 3aBUCHUMOCTD
cx = f(Cpuc). OTpe3ok, oTcekaemplii Ha OCH OPAMHAT, COOTBETCTBYET IIOPOrY KOAryJsiuu
He3amuieHHoro 3o, Eciu 3amutHoe nefictBue BMC He mposiBIIsSIETCsI, TO MOJYYUM HPSMYIO
napaienbHyto ocu abcuucc. Ecmum pactBop BMC mposiBisieT 3ammTHOE ACHCTBHE, TO Ha
COOTBETCTBYIOIIEH 3aBUCUMOCTU MOSIBUTCS BOCXOISIIMI ydacTOK. JenaroT BBIBOA O BIMSIHUH
KOHLeHTpauu 1 npupoasl BMC Ha BennunHy nopora KoaryJisiuu.

6. OnpenensroT 3aMUTHEIE yucia pactBopoB BMC.

BepyT 10 mpoHyMepoBaHHBIX TPOOHPOK, B 9 n3 HUX (Ne 2-10) HanmBaroT Mo 1 M BOJBL
B npoGupku Ne 1 u 2 BHocaT mo 1 mu ucxoanoro pactsopa BMC. 3atem u3 npobupku Ne 2
otOuparoT 1 M1 pacTBOpa U nepeHocat B mpodupky Ne 3 u t.1. 1o mpobupku Ne 9 (aHaIOrmyHO
.4). 3 npoGupku Ne 9 - 1 mut sxunkoct oropaceiBaroT. [lomydarot pactBopst BMC ¢ maccoBoit
noneit (%), pasuoit 0,5; 0,25; 0,125; 0,0625; 0,0312; 0,0156; 0,0078; 0,0039 u 0,00195
COOTBETCTBEHHO. 3aTeM B KaXAyl0 HpOOMpPKY HaJMBAIOT MO S5 M 3018 M TIIATEIbHO
nepeMemnBatoT. Ilocine 3Toro B mepBble I€BATH BBOJSAT PAacTBOP XJIOpUIA HATpus B oObeEMe,
COOTBETCTBYIOIEM KOAryJISIUHU HE3alUILEHHOro 301 (00beM onpenensoT B 11.4). B mpobupky
Ne 10 noGaiisitoT Takoil ke 00bEM BOABI - KOHTPOJIBHBIA pPacTBOp. 3alMCHIBAIOT BpeEMs
N00aBICHUS IEKTPOJIUTA U Yepe3 5 MUHYT OTMEYAIOT, B KAKUX MPOOUpPKAX U3MEHHIICS [[BET WIN
MYTHOCTb 307151 IO CPABHEHUIO C KOHTPOJIbHBIM PACTBOPOM.

3amuTHOE uncno 1t 10 mit 3055 (m1o) ONpeaemsoT Mo pe3yabrataM I.6 Kak yABOCHHOE
cpennee apudmernueckoe Mexay wmaccoii BMC, mposBistonieil 3aliMTHBIE CBOWCTBA H
Oyvkadeil Kk Hell Maccoil, He MPOSBISIONIEH 3alMUTHOrO AeiictBus. Hampumep, 3ammuTHOE
neiicTBue nposiBisieTcs, B pactBopax Ne 1- 4, a B oCTaJIbHBIX - OTMEUEHBI IPU3HAKU KOATYJIALIUH.
Tornma MuHmMmanbHass macca BMC, HeoOXomwmasi Uil 3aIIMTBI 5 MJI 30Js OT KOAryJisluH,
cootBeTcTBYyeT Macce BMC B mpobupke Ne 4. Maccy BMC (Qpmc) paccUMTHIBAIOT, 3HAs
MacCOBYIO JIOJIF0 COOTBETCTBYIOILErO pacTBOpa U mpuHUMas Maccy pactBopa BMC paBHoit ero
o0Bemy:

B mipobupke Ne 4 gpye = 0,0625/100 = 62,5*10™ r = 0,625 mr. bmmkaiimas K Heil HaUMeEHBIIAS
macca BMC, He mposiBIsifolas 3alldTHOT O AEHCTBUSI, COOTBETCTBYET mpodupke Ne 5, T.e. 0,312
MT.
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0.625+0.312
m,, =2 - > ):0.937mr.
7. OnbIT 1 pacueTsl NOBTOPAIOT ¢ 1pyrum BMC.

CpaBHuBas pe3ynbTaThl uis pa3zmuuHbix BMC, nemarot BbIBOA 00 3(PEeKTUBHOCTH
3aimUTHOrO AelctBud. OpopMisioT padory.

PaGoTa 5-6. OnpeneneHne U303JIEKTPUUSCKON TOUYKH OeJIKa 1O JaHHBIM KHHETHKU
Ha0yxaHHUs
benkn mocTpoeHbl M3 aMHUHOKHUCIOT, oOnajaroumx aM@oTepHbIMH cBolcTBaMu. Ilpu
3TOM B 3aBUCUMOCTH OT pH B BOZIHOI cpesie BO3MOXKHBI paBHOBECHSI:

*H,N NHy con- [ HN NH,
\Rl_Rz/ Lo, N +OH]
N AN - H,0 1 2 “Hot
oocC Coo™ z / N\ H0

peleled COO

n

+ OH_ HZN‘\R R / 2

-— T ™2

- Hyo" —ooc’/ \CDO_
n

Takum obOpazom, u3Mensis pH cpeapl, MOXHO MOAOOPaTh YCIOBHS, HpPU KOTOPBIX
MaKpOMOJIEKYJIbl Oellka UMEIOT CyMMAapHbIi 3apsia B pacTBOpe paBHbIN HyI0. Takoe cocTosiHue
Ha3bIBAIOT M303JIEKTPUYECKUM, a COOTBETCTBYIOIIEE 3HaueHue pH - M3031eKTprudecKol TOUKOn
(UDT).

3nauenre MOT st KOHKpETHOro Oelika OINpeNessieTcsl COOTHOIIEHHMEM OCHOBHBIX U
KHCIIOTHBIX Tpynnm B MakpoMmosekyne. Jlnsg OenkoB pa3lIuyHOrO BUJA 3Ta BEJIMYMHA HE
omuHakoBa. B UDT Genok xapakTepu3yeTcss MUHIMAIBHON Ha0yXaeMOCThIO 1 PACTBOPUMOCTHIO
MU, KpOME TOro, MHUHUMAJbHOM BS3KOCTHIO OOPa3yIOIIMXCS PAacTBOPOB. ODTO CBS3AHO C
n3MeHeHueM 3(pdexTuBHOrO pazmepa Makpomosekyn o6enka. B DT pasHouMeHHO 3apsKeHHBIC
3BEHBS MPUTATUBAIOTCS U CKUMAIOT Monekyny. Hampotus, BHe UDT B mMakpomonekyine Oenka
MOSIBJISIETCSL OOJIbIIIE OJTHOMMEHHBIX 3aps/10B, KOTOPbIE, OTTAJIKUBASICh, PACTIPAMIIIOT MOJIEKYITY.

HaOyxanue - QU3MKO-XUMUYECKHI TMPOIECC MPOHUKHOBEHHS MAaJIBIX MOJIEKYII
pactBopureisi B oopazerr BMC, conpoBoxaaromuiicst yBeIndeHHEM ero 00beMa u Macchl.

Crenenpto HaOyxaHHUs a; HA3bIBAIOT OTHOIIEHHE MPHPALICHHUS Macchl HaOyXIIero
o0pasia M; Ha MOMEHT BpeMeHH t K ero HCXOTHON Macce My:

_my —1my

o .
W (5-17)
Ecmm mnpouecc Ha6yxaHI/I}I MNOAYHHACTCA KUHCTHYCCKHUM 3aKOHOMCPHOCTAM H606paTI/IMOI7I
L —
15{1 - —t} =kt
o~
peaknuu 1 nopsiaka, TO *~ . 3mece awo - npeaenbHast CTCHCHBb HanyaHI/I;I,

orBeyaromiast t — oo ((hakTuyecku AOCTHKMMA 4yepe3 3-4 yaca Mocje Hadajga ombiTa), a K -
KOHCTaHTa CKOPOCTH IIPOLIECCa, ONPENEISIIOIEr0 KHHETUKY Ha0yXaHHUsL.

Kak k;, Tak ¥ @; 3aBHUCAT OT MNPHUPOABI PACTBOPHUTENS, TeMmepaTypel, pH cpenbl,
MPUCYTCTBUS MIOCTOPOHHUX AJIEKTPOJIUTOB U CTETIEHU UCXOAHOI0 U3MEIbUYeHHs 00pasia.

3amaya paboOTHI: YCTAHOBUTh KMHETUKY HAOYyXaHWs >KEJIaTWHBI B BOJHBIX pPacTBOpax ¢
pa3HeIM pH, ornpenenuTs 3HaYE€HUE U303IEKTPUUECKON TOUKH.

OO6opynoBaHue, pEaKTUBBL: OOpa3lbl JKENAaTHHBI B BHJE IUIACTHHOK;, MPOOHPKH,
O0ydepubie pactBopsl ¢ pH ot 1,68 no 9,18; TopcuoHHBIE BeChl, BHICOKOOMHBIA BOJIBTMETD;
¢bunpTpoBanpHas Oymara, IpoBOJIOKA.
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Brimonnenue paboTbl

1. B3BemmBamOT HA TOPCHOHHBIX BECaX MOOYEPETHO 5-6 KYCOUKOB METHOM MPOBOJIOKH.
[TpukpensioT K HUM C MOMOIIBI0O HUTH KYCOUKH CyXOW JK€lIaTHHBl M BHOBB B3BelIMBaroT. I1o
Pa3HOCTH Macc ONPENeNA0T Maccy Kaxa0ro odpasia »xelaTHHbI (PKelaaTeabHO, YTOObI Macchl
00pa3moB ObLITH OJIU3KH).

2. Ecnu cranmapTHbie pacTBOPHI it pH-METpUHM OTCYTCTBYIOT, TO MX MOKHO 3aMEHUTh
pactBopamu HCl u NaOH (koHumeHTpamuu ykasbslBaeT IpenojaBarenb). Beruuciasior pH
UCIOJIb3yEMBIX B pab0Te pPacTBOPOB MO YPAaBHEHUIO, IPUBEIEHHOMY B 1.4 pa®oThl 4 TeMbI 4.

3. HanuBaror B mpoOupKy MOPIUH COOTBETCTBYIOIIMX PACTBOPOB, 3aTEM B KHUJIKOCTb
MOMEIIAIOT Ha MPOBOJIOKE 00Pas3IIbl KEIAaTHHBI TaK, YTOOBI 00pa3er ObLI MOJHOCTHIO MTOTPYKEH B
pactBop. Uepe3 ompeneneHHoe BpeMms (Hampumep, 10, 20, 40, 60 u T.n. MUHYT) BBIHUMAIOT
00pa3irsl U3 TPOOUPOK, MOMEIIAIOT Ha (UIIBTP, BOUTHIBAIOIINI U3JIMIIEK BJIATH, U B3BELIMBAIOT.

4. Tlo ypaBHeHuto (5-17) paccUMTHIBAIOT CTENCHb HAOyXaHUS >KEIATHHBI a; IpHU
pasnnusbiX pH u Bpemenax. st pa3Heix pH cTposT rpaguku 3aBUCUMOCTH B KOOpAMHATaX

lg| 1 — il 8

% Jor t, yoexxaaoTcs B MX JMHEHHOCTH. M3 HakiIOHa 3THX 3aBHCUMOCTEH
onpenensitor 3HadeHus K. s pasubix pH. Ctpost 3aBucumocts K| = f(pH), u3 ee Mmunumyma
ompenensitor UDT. Crpost cepuro 3aBucumoctern @ = f(pH) m Taxxke onenmBaror MOT.

CpaBHUBAIOT Pe3yIbTATHI, POPMYIHPYIOT BBIBOABL, OPOPMIIIOT PaboTy.
8. TEMATUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE@EPATOB

He npenycMmorpeHst.

9. CAMOCTOATEJIBHASA PABOTA CTYAEHTOB

Ne  [Pazpnen, Tema Kpatkoe conepxanue Camocr |[loaroto| ®opma KOHTpoOJIs
OATENIbH| BKa K

Paznien |. ®wmsnueckas| Makpockonuueckue CHCTEMBI U 8 - BBIOOpOYHAs

XVMMSL TEPMOJAMHAMUYECKUN METOA HX IIPOBEPKA BO BpeMs

Tema 1. Xumrueckas|onmucaHusl. Tepmuueckoe ayJUTOPHBIX

TEPMOIMHAMUKA paBHOBecue CHUCTEMBI. 3aHATHM;
TepMmoguHaMuueckue BKJIIOUEHHE
IIEPEMEHHBIE. Temneparypa. BOIIPOCOB Ha
VHTEeHCUBHBIE M HDKCTEHCHBHBIC 3a4ere, SK3aMeHe
BEJIMYMHBIL. O6patumeble u

HEOOpaTUMBbIe MPOLECCHl M UX
cBoiictBa. Temora W pabOTHI
pa3IMYHOr O pona. Pa6oTa
pacmmpeHus ISl Pa3IMYHBIX
IIPOLIECCOB. ITepBbrit 3aKO0H
TEPMOIMHAMUKH. BHyTpenHss
SHEPrus. OHTaJIbIUS. 3aKkoH
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Tema 2.
TepmonuHamrka
XPMHIYECKOrO
aBHOBECHSI

Ounepruss I'mbbca u sHeprus
I'enbmrossLa PaBHOBECHOTO
npoiecca. Y paBHEHUsI U30XOPHI U
M300appl XUMHYECKON pEaKIuu.
Pacuer KOHCTaHTBI paBHOBECHUS C

BbIOOpOYHAs
IIPOBEpPKa BO BpeMs
ayJIUTOPHBIX
3aHATUM;
BKJIIOUEHHE
BOIPOCOB Ha

Tema 3. Xummdeckas
KUHETVKA U KATAIA3,

MTOMOIITHIO CTaHIapTHBIX
Kunernueckuii 3akoH IelCTBUS
Macc nu 00J1aCTh ero
MIPUMEHHUMOCTH. CocraBieHue

KMHETUYECKUX YpPaBHEHUM I
M3BECTHOIO MEXAaHM3Ma pEaKIMH.

BbIOOpOYHAs
IIPOBEpPKa BO BpEMs
ayJIMTOPHBIX
3aHATUM;
BKIIIOUCHHE

VYpaBHeHuE Appennyca. BOIIPOCOB Ha

"Yhherrupuag"  u  "uctuuuag" 2aueTe auzaneua
Tema 4. Teopus Oouiee paccMOTpeHHe - BbIOOpOUYHAs
pacTBOpOB U KOJJIMTaTUBHBIX CBOICTB IIPOBEPKA BO BpEMs
pacTBOpPUTEIIEH. pacTBOpOB N3menenune ayIUTOPHBIX
Kosumratuseele  |TeMieparypsl 3aTBEpJEBaHUs 3aHATHH;
CBOICTBA pa3IMYHBIX pacTBOpPOB. BKJIFOUECHHE
pacTBOpPOB. W3menenune TEMIIEPaTypbl BOIIPOCOB Ha
PacTtBOpsI KHIIEHUS PaCTBOPOB. 3ayere, IK3aMEHe
AIEKTPOJIUTOB. Kosmratusnasie CBOMCTBA

pacTBOpOB JIEKTPOIUTOB.

IlonsTHs cpenHel aKTUBHOCTU H

CDEIHETO kordhdunmenTa
Tema 5.|YpaBuenus Hepucra u I'mb6ca - - BBIOOpOYHAs
OxucimTeNbHO- l'enpMronbua s paBHOBECHOM IIPOBEPKa BO BpeMs
BOCCTAHOBUTEJIBHBIE  [3JIEKTPOXUMHY €CKON LEeMnu. ayJIUTOPHBIX
TPOLIECChL [TonsTne 3JIEKTPOIHOT O 3aHATHM;
CrannapmHbiit U|IIOTEHLIMAIA. Knaccuduxanus BKJIFOUEHHUE
PeATbHBINA JIEKTPOOB u BOIIPOCOB Ha
VIEKTPOHBIA ANEKTPOXUMHUYECKUX LENEH. 3a4ere, 3K3aMeHe
TIOTEHI AL CranpapTHbIN u peanbHbIN

JIEKTPOJHBIN NOTEHI AL
Tema 6.I'ereporennble ([IonsiTe  (a3bl, KOMIIOHEHTA, - BbIOOpOYHAs
CHCTEMBL crerieHn cBobonbl. IIpaBuno ¢a3 IIPOBEPKA BO BpeMs
TepmonyHamiika I'nG6ca U ero BBIBO/L. ayJIUTOPHBIX
(azoBbIX paBHOBECHL. |OTHOKOMIIOHEHTHBIE  CHUCTEMBI. 3aHATUH;

JuarpaMmbl  COCTOSIHMSL ~ BOJBI, BKJIIOUEHHE

ceprl, ¢ochopa u yriepona. BOIIPOCOB Ha

Pa3nnunbie JyarpaMMbl 3a4ere, SK3aMeHe

COCTOSIHHAS ~ JIBYXKOMIIOHEHTHBIX

CHCTEM U HUX aHalM3 Ha OCHOBE
npaBuia ¢as.

CucreMbl ¢  HEOrpaHHMYEHHOMU
pPacTBOPUMOCTHIO KOMITOHEHTOB B
JKUJIKOM u B3aHMHOU
HEpPaCTBOPUMOCTBIO B TBEPAOM
COCTOSIHUH. PaBHOBecue
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Paznien Il. Komowmas| KonmmyectBenHoe  ompeneneHnue 2 BbIOOpOYHAs
XUMMSL JUCIIEPCHOCTU: JIUCHEPCHOCTh H MIPOBEPKa BO BPEMSI
Tema 1. OcHoBHBIE yZeJIbHas TOBEPXHOCTh KPUBU3HA ayJIUTOPHBIX
TIOHATVIS KOJUIOMHOM | TTOBEPXHOCTU YaCTHUILL AUCIIEPCHOU 3aHATUN;
XUMHH, OOBEKTHI 1 ¢da3zpl.  Ponp  mMOBEpXHOCTHBIX BKJIIOUEHHE
LIEIH M3YUIEHUSL SIBJICHUM B npoieccax, BOIIPOCOB Ha
MPOTEKAIONUX B  JIUCIEPCHBIX 9K3aMeHe
CHACTEMaX. B3anMocssi3b
KOJUIOUJTHOM XHMHH C JIPYyTUMH
Tema 2.\3menenue IIOBEPXHOCTHOT' O 2 BBIOOpOUHAs
TepmormmHammka HATSHKEHUS KUIAKOCTH Ha TPaHUIIe MIPOBEPKa BO BpEMsI
TIOBEPXHOCTHBIX C  COOCTBEHHBIM  MapoM B ayJIUTOPHBIX
SBJICHUI 3aBUCUMOCTH OT TEMIEpPATYpHl, 3aHATHM;
KpUTHYECKass TeMmIepaTypa IO BKJIIOUEHHE
MenneneeBy. BOIIPOCOB Ha
ITorenxvOCTE Nnarmena MEXTTV AKRAMEHE
Tema 3. Karmwsipasie | KanuisipHoe MOAHSTUE 3 BBIOOpOYHAS
SIBIICHUS KUIKOCTH, ypaBHeHue JKropeHa, IIPOBEPKa BO BpEMsI
KanuJuisipHas MMOCTOSTHHAS ayJIUTOPHBIX
JKHUJIKOCTH. NzbupartensHoe 3aHSATUH;
CMa4YMBaHHE KaK METO/T BKJIIOUEHHE
XapaKTEepPUCTUKU  MOBEPXHOCTEH BOIIPOCOB Ha
TBEPAbIX Ten (JMO(PUIBHBIX U SK3aMeHe
m0()OoOHBIX). [Tonnoe
CMavYMBaHHE
Tema 4.|TepMOaAMHAMHUUYECKHE  YCIIOBHUSA 3 BBIOOpOYHAs
IloBepxHOCTHBIE nposiBieHus a¢pdexra Pebunnepa. IIPOBEPKa BO BpEMs
SIRITCHHISI u|BiusHne xumudeckoil MpHUpPOABI ayJIUTOPHBIX
MEXAHNYECKUE TBEPABIX TEI M JKHUJIKOCTEH Ha 3aHATUI;
CBOVCTBA TBEPIIBIX TEJI |BO3MOXKHOCTb €0 NPOSIBIECHHUS. BKJIIOUCHHE
DNEKTPOKANMUIUISIPHBIA 3 eKT. BOIIPOCOB Ha
[Tposienenne 3¢ dexra Pedunaepa dK3aMeHEe
B ITNUNOITHEIX I TEXHOTOTTUACKIAX
Tema 5. Ancopormsina |OpraHudeckie  MOBEPXHOCTHO- 4 BBIOOpOYHAS
TMOBEPXHOCTY pazzieyia |akTHBHBIE — BemiectBa  (ITAB). IIPOBEPKa BO BpEMsI
¢a3 Knaccudukanus ITAB o ayJIUTOPHBIX
MOJIEKYJIIPHOMY CTPOEHUIO 3aHATHM;
(aHMOHO- W KAaTHOHOAKTHUBHBIE, BKJIIOUCHHE
HEMOHOTEHHBbIE,  aM(OJIUTHBIC); BOIIPOCOB Ha
obmactm  mpumenenuss  [IAB. AK3aMEHE
BricokomonekysipHbie ITAB
(mpumepsl, OTJINYUS oT
HU3KOMOJIEKYJISIPHbIX ITAB).
[Tpobema OmopasnaraeMocTu
ITAB. Knaccudukanus [TAB no
MEXaHU3MY ux e CTBUS
(cMaumBaTenyd,  JTUCIIEPTraTOPHI,
CTaOMIM3aTOPBI, MO IIIHE
BEII[ECTBA). [TonsTne 0

ruapobUILHO-TUIIOGHILHOM
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Teva 6. Onexrpo-| DNEKTPOKUHETUUECKUE SBJICHUS: 2 BBIOOpOYHAS
TIOBEPXHOCTHBIE anekTpodopes, 3JEKTPOOCMOC, MPOBEPKA BO BpEMsI
SIRTICHUSI B JUCTIEPCHBIX | TOTEHIUAJIbI TEUCHUS u ayJIUTOPHBIX
crcTeMax ocenanusi; Teopus ['enbmrosbia - 3aHATHH;
CMOIyXOBCKOTO. BKJIFOUEHHUE
DNEeKTPOKUHETUYECKUM BOIIPOCOB Ha
MTOTECHITNAT, rpaHuna AK3aMEHE
CKOJIb)KCHUS. MeTtobt
onpeeNIeHUs
ANEKTPOKHUHETHYECKOT O
MOTEHIINANA.
Tema 7. Jlnododuele  |KoHeHcaoHHbIe CI10COOBI 2 BbIOOpOYHAs
CHCTEMBI MOJIYYeHHS JUCIIEPCHBIX CHCTEM. MIPOBEPKa BO BpeMsi
ObpazoBanue 305ell B Ipoliecce ayJIUTOPHBIX
XUMHYECKUX PEAKLIUM. 3aHATUH;
Komnongno-xumuueckue BKJIIOUEHHE
cBoiictea BMC. BOIIPOCOB Ha
Tema 8. TepMmoauHaMuka 2 BBIOOpOYHAS
Jinodwnbtbie MUIETI000pa30BaHUsl: TEMJIOBbIE IIPOBEPKa BO BpeMsI
JCTIEpCHBIE CUCTeMbI |3 eKThI, posib  TUAPO(HOOHBIX ayJIUTOPHBIX
B3aHMMOJICHCTBUM, Irarpamma 3aHATHH;
(hazoBbIX COCTOSIHH, BKJIFOUCHHE
TeMIepaTypHas 3aBUCUMOCTh BOITPOCOB Ha
KKM; touka Kpadra. 9K3aMeHe
Comroounu3anus (komouiHOE
pacTBOpeHHE OpPraHUYECKUX
Teva 9. OMmynbcun,| OMyJIbCHOHHBIE — MJEHKH;  HX 4 BBIOOpOYHAS
TICHBI 23PO30SU CTpoeHue U (HaKTOPhI, BIUSIIOIINE MIPOBEPKa BO BPEMSI
Ha yCTOWYUBOCTH AMYJIbCUOHHBIX ayJIUTOPHBIX
wieHok. OOpamenne ¢a3 B 3aHATUH;
OMYJIbCUSX. TBepasbie BKJIIOUCHHE
AMYJIbraTOPHI. MeTtobt BOIIPOCOB Ha
pa3pylieHus M YJIbCUH. 9K3aMeHe
[IpakTuueckoe IIPUMEHEHNE
SMYJIbCUH.
Ilennple  TIICHKH, CTpPOCHHE,
(bakTopbl yCTOWYUBOCTH.
Absposomu. Knaccupukanus
a’po30Jieil Mo arperaTHoOMy
COCTOSIHUIO 4YaCTUI] JUCIIEPCHOMU
¢da3pl. MeTonel MONy4eHUS U
HU3MEPEHUS pasmepoB
a’PO30JIbHBIX YaCTHII.
Ao xaxexzxanx S AYIIYAMIITIAATATIA
Tema 10.|CenrmeHTalIuOHHO- 2 BBIOOpOUYHAS
Cemvenrarmonsast | iuddy3nonHoe paBHOBECHE. MIPOBEPKa BO BpEMsI
YCTOMYMBOCT Meron Ileppena onpeneneHus ayAUTOPHBIX
yuciaa Asoraapo. Ilpumenenue 3aHSITUH;
YIbTpaeHTPU (PYT I U3MEPEHUS BKJTFOUCHHE

MacChl YABTPAJUCIIEPCHBIX

BOIIPOCOB Ha
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Tema 11.|OcHoBHBIE (DaKTOPHI, BIUSIOIINE 3 BBIOOpOYHAs
ArperatvBHas Ha arperaTUBHYI YCTOWYHUBOCTH MIPOBEPKa BO BPEMSI
YCTOMYHMBOCTH JUCTIEPCHBIX CHCTEM. ayJIUTOPHBIX
DddexkTrBHAS YyIPYroCTh TOHKHUX 3aHATHI;
TIJICHOK. I'upponunamuyeckue BKJIIOUEHHE
0COOEHHOCTH YTOHBILIEHUS BOIIPOCOB Ha
TIJICHOK. IK3aMeHEe
CTpyKTypHO-MEXaHHUYECKHI
Oappep (Teopus PebGunmepa).
Peonornueckne CBOICTBA
Tema 12. Koarymumsi|Koarynsmuss cuiabHO U crnabo 3 BBIOOpOYHAs
30716l AEKTPOIMTAMU | 3aPSKEHHBIX 3071€i IIPOBEPKa BO BpEMsI
(KOHLIEHTpaLlMOHHAS U ayJIUTOPHBIX
HEWUTpau3aliOHHas 3aHATHH;
KOaryJsLus). O6ocHoBaHME BKJIFOYCHHE
npasuna Ilynmene - Tapan u BOIIPOCOB Ha
kputepusi Diniepca - Kopda B AK3aMEHE
teopuu [JIDO.
QuoKySIUsA, TeTEepPOKOoaryJsaus,
afaryssius (ompenenenus,
IIPUMEPBHI).
Kunernka xoarviodaimu.  Teonus
Tema 13. OcHoBbl |KoarymsiiinoHnHbie CTPYKTYPBHI. 4 BBIOOpOYHAs
¢buzuKo- YcnoBus oOpa3oBaHwUs, MIPOBEPKa BO BPEMSI
XUMUYECKON MEXaHUYECKUE CBOMCTBA; ayJAUTOPHBIX
MEXaHUKH SIBJICHUE TUKCOTPOTIHH. 3aHITHI;
Kpucrannmmzanuonnsie BKJIIOUEHHE
CTPYKTYPBL. Mexanuueckue BOIIPOCOB Ha
CBOMCTBAa  KpPUCTaJUIM3AIMOHBIX HK3aMeHEe
CTPYKTYP.
Onucanue JUCHEPCHBIX CHCTEM
Ha OCHOBE PEOJIOrMYeCcKuX
Mozeneit (MakcBemra, KenpBuHa,
bunrama, IlIBemoma). Ilonnas
peoJioruyeckast KpuBasi.
OU3NKO-XUMUYECKUE METO/bI
Hroro|54 36

YYEBHO-METOIUYECKOE MW HWH®OPMAIIMOHHOE OBECIHEYEHHUE

TV CHUTLIAHBI

CrmcoK peKOMEHITyeMOi JITepaTypbl
) OCHOBHas! JITEpaTypa

Orpudeckast v KorwonaHas xuMust | yaeOHvK / Tion pell. A. I1. bersiesa. - M. : TOOTAP-Memua, 2008. 704 c.

0) JIOMOHATENBHAS JTEpaTypa

3umon A/l Duzrueckast xumust. 3. 3-e. ML.: Arap, 2006.320 ¢
3umon AJ1. Kommonmmast xummst. 3n, 3-e. ML: Arap, 2007.344 ¢
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@-Pabouast mporpaMma 110 IUCIUILIIHE
CornacoBano:
Lo, £ Ceteppesticefd- | MQ}"‘-]%{/;/(,&/;M, Ny i SR

JIOMKHOCTE COTPYAHMKA Hay4HOH ubnnorexy ~pUo noxnpc aara
0) IlIporpammMHoe oGecrieueHue
HaAaHMeHOBaHHe JA0TOBOP
CIIC KoncynpranT [Limtoc JoroBopNel-2016-1327 ot 01.03.2016
H2b PO Horosop Nel01/HDOB/2155 ot 14.04.2017
OBC IPRBooks KOHTpakT Ned429/18 ot 10.10.2018
AUBC "Merallpo" Horosop Ne727 o1 22.11.2018
OC MicrosoftWindows koHTpakT Ne580 ot 29.08.2014, korTpakT Ne581 ot 29.08.2014
MicrosoftOffice 2016 JToroBop Ne991 or 21.12.2016
1381178

«MoiOduc CranaapTHBIIN» ‘ Horosop Ne793 ot 14.12.2018

B) IIpodeccuonanbubie 0a3pl JAHHBIX, HHPOPMALMOHHO-CIIPABOYHBIE CHCTEMBI
1. D1eKTPOHHO-0MOJINOTEYHbIE CUCTEMbI:

1.1. IPRbooKS : 37eKTpOHHO-OMOIMOTEYHAS CHCTEMa : calT / rpynmna komnanuii A Iu
Ap Menna. - Capatos, [2020]. — URL: http://www.iprbookshop.ru. — Pexxum moctyma: mist
3aperucTpup. noib3oBaresieil. - TeKCT : 3JIeKTPOHHBIMN.

1.2. FOPAUT : snekTpoHHO-6MGIMOTeuHass cuctema : caiit / OOO DieKTpoHHOE
m3natenserBo FOPAUT. — Mocksa, [2020]. - URL.: https://www.biblio-online.ru. — Pexum
JIOCTyMa: JJIsl 3apETUCTPUP. MOJIb30BATENEN. - TEKCT : 3JIEKTPOHHBIN.

1.3. KoHCYnbTaHT CTyAEHTa : 3JIEKTPOHHO-OMOIMOTeyHas cucrema : cait / OOO
[TonuTexpecypc. - Mockaa, [2020]. — URL:
http://www.studentlibrary.ru/catalogue/switch_kit/x2019-128.html. — Pexum moctyma: st
3aperucTpup. nojp3oBaresnen. — TeKCT : 3IeKTPOHHBIN.

1.4. Jlanb : snexTpoHHO-OMOMMoTeuHas cucrema : cait / OOO DBbC Jlanb. — CaHkT-
[MerepoOypr, [2020]. — URL: https://e.lanbook.com. — Pexum mocrtyna: i 3aperucTpup.
IIOJIb30BaTeNEeH. — TeKCT : 3JIEKTPOHHBIM.

1.5. Znanium.com : 3jeKTpoHHO-OMOIHOTeYHas cuctema : cat / OOO 3HaHUyM. -
Mocksa, [2020]. - URL: http://znanium.com. — Pexum pgoctyma : mis 3aperucTpup.
IIOJIB30BATENEN. - TEKCT : 3JIEKTPOHHBIN.

1.6. Clinical Collection : koytekuust JUisi MEIUIMHCKUX YHHUBEPCUTETOB, KIIMHUK,
MEIUITTHCKIX OnOIMOTEK // EBSCOhost : [mopTau]. — URL:
http://web.a.ebscohost.com/ehost/search/advanced?vid=1&sid=e3ddfb99-ala7-46dd-a6eb-
2185f3e0876a%40sessionmgr4008. — Pexwum gocrymna : 1j1s aBTOPHU3. MMojab3oBaTeneld. — Tekcr :
3IEKTPOHHBIN.

2. Koncyabrantllaroc [DnekTpoHHBIN pecypc|: cnpaBouHas mpaBoBasi cucrema. /000
«KoncynpranT [Imroc» - DnektpoH. aaH. - Mocksa : KoncynerantlImoc, [2020].

3. ba3bl JaHHBIX NEPUOAUYECKUX U3TAHUI:

3.1. baza gaHHBIX MEPUOAMYECKUX M3JAHUMN : AeKTpoHHBIE xypHaisl / OO0 UBUC. -
Mocksa, [2020]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexum moctyma : ams
aBTOPU3. I10JIb30BaTENIEH. — TEKCT : DJIEKTPOHHBIM.
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3.2. eLIBRARY.RU: nayunas snexktpoHHass Oubimumoreka : caiit / OOO Hayunas
Onekrponnas bubanoreka. — Mocksa, [2020]. — URL: http://elibrary.ru. — Pexxum moctyna : st
aBTOpU3. I10JIb30BaTENIEN. — TEKCT : 3JIEKTPOHHBII

3.3. «Grebennikony : anexrponnas 6udmuoreka / M/ I'pebennnkoB. — Mockga, [2020]. —

URL:  https://id2.action-media.ru/Personal/Products. — Pexum poctyma : Ui aBTOpH3.
MoJb30BaTeNe. — TEKCT : AJIEKTPOHHBIN.

4. HauumoHanbHasi 3JeKTpPOHHasi OuO/IMOTeKa : DHIEKTpPOHHas OubIMOTEeKa
(benepanbHas rocyaapcTBeHHas MH(GOpMAIMOHHAs CUCTeMa : caiT / MUHUCTEPCTBO KYJIBTYPHI
P® ; PI'b. — Mockasa, [2020]. — URL: https://H36.pd. — Pexxum mgocryna : mnst moib3oBarteneit
Hay4YHOH OMOIMoTeKH. — TeKCT : 2IeKTPOHHBIN.

5. SMART Imagebase I EBSCOhost : [mopraun]. — URL:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexxum goctyma : Ui aBTOPHU3.
nosb3oBaTeneil. — M3o0paxeHue : 3J1eKTPOHHbIE.

6. ®enepanbHbie HHPOPMALHOHHO-00Pa30BAaTEIbHbIE OPTAJIBI:

6.1. ExnHOoe OKHO jocTyma K 00pa3oBaTelbHBEIM pecypcam : (enepaibHbIid mopTat /
yupeautens ®IAOY AIIO LPTOIT u UT. — URL: http://window.edu.ru/. — Teker
3IEKTPOHHBIN.

6.2. Poccuiickoe oOpa3oBanue : ¢emepanbHbiii moptan / yuapeautens @PIAOY ATTO
IIPT'OIT u UT. — URL.: http://www.edu.ru. — TekcT : 31eKTPOHHBIA.

7. O0pa3oBareibHblie pecypebl Yal'y:

7.1. Dnextponnas Oubmmoreka Yal'V : momyms ABUC Mera-ITPO / OO0 «JlaTta
Okcnpece». — URL: http://lib.ulsu.ru/MegaPro/Web. — Pexum mocryna : ais mojb3oBaTelnei
Hay4yHOU 0MOMMoTeku. — TeKCT : AMEeKTPOHHBIH.

7.2. O6pazoBarensbiii moptan Yal'y. — URL: http://edu.ulsu.ru. — Pesxxum moctyna : aist
3aperucTp. noJjibzoparenen. — TEKCT : AMEKTPOHHBIMN.

CornacoBaHo: _ _ ) . ’
Wies ke YT | /é/(« ettt /Z / A
HO Tio

DKHOCTB coTpyAHuka YUTuT Ch BaTa

11. MATEPUAJIBHO-TEXHUYECKOE OBECIHNEYEHUE JUCHUIIJINHBI:
11. 1. Cpeocmesa obecneuenus 0c80enust OUCYUNTUHBL
IToka3 ciaii10B, CIIEKTPOB, IPE3EHTALMHI, CXEM 110 OCHOBHBIM Pa3zeiaM IIPOrpPaMMBbl.
11.2. Mamepuanvno-mexnuueckoe obecneyenue
VY4eOHbIe ayTUTOPHH, OCHAILCHHBIE MYJIbTUMEIUIHHBIM 000py10BaHHEM.

XUMHYECKHUE JIaA00PATOPHIH, JICKLIMOHHBIE a1, Ayl U TV/IP.
O6opynoBaHKe: AHATMTUIECKVE BEChL TEPMOCTATB, CYIIIBHBIE Kb, KATIOPUMETPBL LIEHTPU(YTY, TEPMOMETPBI,
pH-MeTpbl, MarHUTHBIC MEIIATIKH, pedppakToMeTp, HabopbI apeoMeTpoB, criekTpodoTometp, MK-criektpodoromerp,
TIOJBIPUMETPBL, MY(erTbHasl I1€4b, CYIIIbHBIE IIKA(bL, BOISHbIE OaHH, HAOOPb! XMMUYIECKOH TOCY/IbI U XUMUUYECKHX
]PEAKTHBOB, KOMITJICKT TAOJIHII.

12. CHEUUAJIBHBIE YCJIOBUS 1JIs1 OBYYAIKOLIUXCSA C OTPAHUYEHHBIMU
BO3MOKHOCTSAMHU 31OPOBbSI
B cnyuae HeoOxomumocTd, OO0ydyalIMMCS W3 4YWCIA JIMIl C OrPaHUYCHHBIMH
BO3MOKHOCTSIMH 3/10pOBbsl (IIO 3asIBJICHHUIO OOYyYalOUIerocs) MOTYT MpejularaTbCsl OJHU U3
CICAYIOIINX  BAapPUAHTOB BOCIIPUATUA I/IH(i)OpMaHI/II/I C YyUCTOM nux HUHAUBUAYAJIbHBIX
NCUXO(U3NIECKIX 0COOCHHOCTEH:
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— IS JIMLI C HapyUIeHWSIMM 3pEHUs: B MedaTHOW (opMe yBENIWYEHHBIM IIPUPTOM; B
(dbopMe BJIEKTPOHHOI'O JIOKyMeHTa; B ¢opMme ayauodaitia (mepeBoa y4eOHBIX MaTepUajioB B
ayauodopmar); B medaTHOM (opme Ha s3blke bpailns; MHAWBHUIyalbHble KOHCYJBTALUU C
MpUBJICYCHUEM TH(IIOCYPAONIEPEBOTUNKA; HHIMBUIYaJIbHbIC 3aJaHHUsI U KOHCYJIbTallUH;

— NS JMI C HapyIIeHWsIMH clyxa: B medaTHOW ¢opme; B (opMe 3IEKTPOHHOIO
JOKyMEHTa; BUJeoMaTepuasbl ¢ CyOTUTpaMH; MHIMBUTyallbHble KOHCYIbTAI[UH C MPUBJICYECHHUEM
CypIOIIepeBOIYMKA; MHMBHUIYaJIbHBIC 3a1aHUS U KOHCYJIbTAIlUH;

— JUISL JIMII C HapyLIEHUSIMH OIOPHO-IBUIaTEJIbHOrO ammapaTa: B NeyaTHOW ¢opme; B

dbopmMe BJIEKTPOHHOrO JOKyMeHTa; B (opme ayauodaiina; HHIWBHIyalbHbIE 3aJaHUs H
KOHCYJIbTaIlHH.
B ciydyae HE0oOXOIMMOCTH HCIIOJIB30BaHHUS B Y4€OHOM NpoOIEecce YaCTHYHO/MCKIFOUUTENBHO
JUCTAaHLIMOHHBIX 00pa30oBaTENbHbIX TEXHOJOrui, opranuzauus padotel [IIIC ¢ OB3 wu
MHBAJIMIaMU IPEAYCMaTpPUBAETCA B AJIEKTPOHHON MH(OpPMAIMOHHO-00pa30BaTEIbHON cpene ¢
YUETOM UX MHIUBUAYAIBHBIX ICUXOPHU3MUECKUX OCOOEHHOCTEH.
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Pexxunm nocryna: OBC Yal'V. - Tekcr : 21eKTpOHHBII.
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. 6) IIpogheccuonanvrvie 6azvl Oannwlx, UHGOPMAYUOHHO-CRPACOYHBIE CUCTIEMbL

1. DJIeKTPOHHO-0HOIHOTEYHbIE CHCTEMBbI:

1.1. IPRbooks : anexkTpoHHO-OubIHOTEYHAs crcTeMa : caifT / rpynna komnanuii A ITu
Ap Menua. - Capatos, [2021]. — URL: http://www.iprbookshop.ru. — Pexum moctyma: ams
3aperucTpyp. Nosb3oBaTeneil. - TeKeT : AIeKTpOHHBII.

1.2. IOPAUT : smexrponno-6uGmmoreunas cuctema : caiit / 00O DIEKTPOHHOE
usnarensctso FOPAMT. — Mocksa, [2021]. - URL: https://urait.ru. — Pexxum goctyna: jyis
3apETUCTPHP. MOJIb30BaTeNeH. - TeKCT : AJIeKTPOHHBIH.

1.3. KoHCynbTaHT cTyleHTa @ SIEKTpOHHO-OMOmMoTeuHas cucrtema : caiit / OO0
[Tomurexpecype. — Mocksa, [2021]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. —
Pesxxum noctyma: ast 3aperucTpup. mosbzoBaresel. — TeKeT : 37IeKTPOHHbII.

1.4. KoncynbranT Bpava : 3JI€KTpOHHO-OMOIHOTeuHas cuctema : caitt / OO0 Beicmras
IIKOJIa ~ OPraHM3allid W yNpaBICHHUs!  37paBooXpaHeHHeM-KOMIUIEKCHBI — MeIMIMHCKHMI
KOHCITHHI. — Mocksa, [2021]. — URL: https://www.rosmedlib.ru. — Pexum mocryna: s
3aperUCTPHP. MoJIb30BaTesed. — TeKCT @ AIeKTPOHHBIN.

1.5. Bonbias MemuumHCKas GUOIMOTEKA © IeKTPOHHO-OMOIHOTEe Has CHCTEMa : CalT /
00O Byxkan. — Tomck, [2021]. — URL: https://www.books-up.ru/rw/library/ . — Pexum nocrymna:
JUISL 3aPETUCTPUP. TT0b30BaTeNIel. — TEKCT : 3JIeKTPOHHBIIA.

1.6. Jlanb : saextponHO-OubIHOTEYHAs cuctema : caitt / OO0 DBC Jlanb. — CaHkT-
IlerepGypr, [2021]. — URL: https://e.Janbook.com. — Pexxum jocTyma: juis 3aperucTpup.
nojb3oBarenei. — Teker : AMeKTPOHHBIH.

1.7. Znanium.com :3jekTpoHHO-OnOIHOTEUHas cuctema : caiit / OO0 3uanuym. -
Mockga, [2021]. - URL: http:/znanium.com . — Pexum gocTyma : Juls 3aperucTpHp.
noJb3oBateneil. - TeKCT : ek TpOHHBIH.

1.8. ClinicalCollection : koiuleKuMs JUIs MeIUIMHCKHX YHHBEPCHTETOB, KIHHHK,
MEAMIIMHCKUX Oubimorex // EBSCOhost : [rmopra]. - URL:
http://web.b.ebscohost.com/ehost/search/advanced ?vid=1&sid=9f57a3e1-1191-414b-8763-
€978281917¢1%40sessionmgrl 02. — Pexum mocTyna : Ul aBTOpH3. TOIb30BaTesei. — Teker :
SJIEKTPOHHBIH.

1.9. Pycckuii s3bIK KaK HHOCTPAHHBIH :3JIEKTPOHHO-00PA30BATENBLHBIN PECype Juls
HHOCTPaHHBIX CTyNeHTOB : callT / OO0 Kommnanus «Ai [Tu Ap Meauay. — Caparos, [2021]. —
URL: https://ros-edu.ru. — Pexum Jocryma: st 3aperncTpup. mofbp3osateneif. — Tekcr
IJIEKTPOHHBIMH.

2. Koncymprantllimoc [Dnexrponnsiii pecypce]: cnpaounas npasosas cuctema. /000
«Koncynpsrant ITmoe» - Dnexrpon. aan. - Mocksa :Koucynsrantllmoc, [2021].

3. ba3bl JaHHBIX EPHOAHYECKHX H3IAHUIT:

3.1. basza aHHBIX TIEPHOIMYECKHUX H3IAHUH : dJeKTpoHHble KypHansl / OO0 UBUC. -
Mocksa, [2021]. — URL: https:/dlib.castviev.com/browse/udb/12. — Pexum mocTyma : s
ABTOPH3. MoJIb30BarTesel. — TeKkcT : JeKTPOHHBII.

3.2. eLIBRARY.RU: Hnayunast onektpoHHas Oubimumoreka : caiit / OOO Hayunas
Onextponnas bubnnoreka. — Mocksa, [2021]. — URL: http://elibrary.ru. — Pesxum goctyna : st
aBTOPH3. 10JIb30BaTeNel. — TeKeT @ AeKTPOHHBIH

3.3. «Grebennikony : anexrponnas 6ubmuorexa / ]I I'pebernnkon. — Mocksa, [2021]. —
URL:  https://id2.action-media.ru/Personal/Products. — Pesxxum foctynma : /s aBTOPH3.
nosb3oBarenei. — Texcr : aNeKTPOHHBIH. ¢

4. HaumonaibHasi HJeKTPOHHAsi OuOJHOTEKAa : OJEKTPOHHAs OMOJIHOTEKA
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denepanbian rocyaapcTECHHAR NHPOPMAIOHHAR cNCTeMa @ caift / MUHHCTEPCTRO KVIBTYPH
P® ; PI'b. — Mockaa, [2021]. — URL: hitps:/u30.pp. — Pewum gectyna @ s nonszoparceici
HayuHoi GudaHoTeRy, ~ TERCT | WICKTPOHHBIH.

5. SMARTImagebase EBSCOhost ; [nopran]. - URL:
htips:ebscosmartimagebase.com/ 7 TOKEN-EBSCO-
1a2ff8c55aa76d48229047223a7d6deOe&onustid=s689574], ~ PekuM A0CTYNR | JUIA aBTOPHI,

noassosateneit. — Hiobpamenne : 2eKTpoHHLIC,

6. @eacpainsubie MHGOPMANTHOHHO-0DPAIOBATEALHLIC TOPTAILL:

6.1. Eausoe OXHO JOCTYIA K _ODpajoparedbilM pecypcaM | deaepansnmit nopran /
yvapeantens GIAOY JUIO LIPFOIl v MT. - URL: htp/window.eduru/ . — Texer
ANEKTPOHHBIH,

6.2. Poceniickoe ofpazonanne : denepanbibift nopran / yupenwrens ®IAOY MO
HPTOIT 1 MUT. ~ URL: hup:/www.edu.ru, — Teker @ aiekTpoHHEIii.

7. Odpasosareasnsie peeypest Yal'y:

7.1. Daexrponnas tndamorexa Yal'y : moayims ABHC Mera-T1TPO / 000 «Jlara Ixenpeccy, -
URL: hup:/libulsuruMegaPro/Web. — Pewum 1octvna © 118 nobs308arcicit HaysHOoi
OHOIHOTERH. — TEKCT | MEKTPOHHBII.
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