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@ - PabGouas mporpamMma v CIUIUIMHBI

1 IIEJIb ¥ 3AJIAYM OCBOEHMSI JUCLIUTLTUHBI

]_IGJH)IO OCBOCHHUA JUCHUIIIINHBI «Dusnyeckasgd H KoJuiIouaHass XUMUs» ABJISICTCA
(dbopMUpOBaHHE CHUCTEMHBIX 3HAHWH, KOTOPHIE HEOOXOIUMBI CTYIACHTaM IPH PACCMOTPEHUU
(1)I/I3I/IKO-XI/IMI/I‘-I€CKOI71 CYHIHOCTH W MCXaHHM3MOB IIPOLECCOB, IMPOHUCXOAAINIUX B OpPraHu3Me
YeJ0BeKa Ha MOJICKYISIPHOM W KJIETOYHOM YPOBHSX; (DOPMHUPOBAHHE YMEHHH BBHINOJHATH B
HEOOXOJMMBIX CIIydasX pac 4eThl MapaMeTpPoOB STHX MPOIECCOB, YTO TO3BOJIUT OoJiee TIIyOOKO
IIOHATH q)yHKHI/II/I OTACJBbHBIX CHUCTEM OpraHudMa M OpraHudMa B LOCJIOM, a TaKXKE C€ro
B3aMMOJICHCTBHUE C OKPYKAIOUIEH CPETON. .

3agauu ocBoeHMs QMCHUIIMHBI. OCHOBHBIE 33]]aul U3Y4EHUS JAUCLUUILIMHBI COCTOST B
OCBELICHUHU KJIIOYEBBIX BOIIPOCOB IPOTPAMMBI; MaTepHasl JIEKIHMW IPU3BaH CTUMYJIUPOBATh
CTYIEHTOB K HOCJEAYIOIIEH caMOCTOsATENbHON paboTe; GopMUPOBAaHUN YMEHUN M HAaBBIKOB JUIS
peICHUA HpO6J'IeMHBIX N CUTYAlIlMOHHBIX 3aJady; q)OpMI/IpOBaHI/II/I MPAKTUYCCKUX HABBIKOB
IIOCTaHOBKHU U BBITIOJIHCHU S 3KCHepI/IMeHTaJ'II)HOI\/’I pa60Tr,1.

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

Juctunnuaa otHocuTcss K bioky Jlucrumiamael (Moxynu) 0a30BOM YacTH y4eOHOTO
miaaHa, OasupyeTrcss Ha 3HAHUSAX M YMEHHSAX, BBIPAaOOTaHHBIX TMPU  MPOXOKICHUH
MPEAIECTBYIOMIUX KYpCOB (HEOpraHuueckasi XMMHUsl, MaTeMaThuKa | Jp. ).

B pesynbTare m3yueHus 3TUX AMCLUUILINH, 0Oydarolluecs: ITOJDKHBI 00J1a1aTh BOJHBIMU
3HAHUSIMH U YMEHHUSIMHU, HEOOXOJMMBIMHU JUIsl OCBOeHUs Kypca «Dusmueckass U KOJIOWIHAS
XUMHUSI»:

BJIQJICTh 3HAHUSMU O CTPOEHUU, CBOMCTBAX M KJIACCU(UKALUU XUMHUYECKHX BEIIECTB,
CBOMCTBaX pacTBOPOB HU3KO- U BEICOKOMOJIEKYSIPHBIX COETMHEHHIM

HMMETh IPEJCTABICHUE O CTPYKTYpPE U OCHOBHBIX (PM3MUYECKUX CBOMCTBAX TEJ

BJIQIETh HaBBIKAMU IIPUTOTOBJICHUS PACTBOPOB

YMETb NMPOBOJIUTH TUTPUMETPUUYECKUH, TOTCHIIMOMETPUUECKUN, TPABUMETPUUYECKUH U JIP.
aHaJIN3bI,

METPOJIOTHYECKYI0 00pabOTKyY pe3ylbTaTOB IKCIIEPUMEHTA

ymeTb auddepeHpoBaTh, HWHTETPUPOBATH, MPOBOJAUTH OOpPAaOOTKM NPSIMBIX H
KOCBEHHBIX M3MEpPEHUH, pacCUUTHIBATh JOBEPUTEIbHBIM MHTEPBAN, 3HATH CIIOCOOBI BBHIPAXKEHUS
KOHIIEHTpPAIIUU BEIIECTB;

MPUHIIUIBI PA0OTHI ONTUYECKUX U DJIEKTPHUUECKUX MPUOOPOB.

JlaHHasi TUCIUIUIMHA U3ydaeTcs Ha 2-3 Kypcax Bo 2 U 3 cemecTpax.
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3 HEPEYEHD IIVIAHUPYEMBIX PE3YJIbTATOB OBYUEHUS 11O JUCHUIIJIMHE
MOAYJII0), COOTHECEHHBIX C INTAHUPYEMBIMMU PE3YJIbTATAMMU
OCBOEHMS OIToII

Koa n HauMeHOBaHuE peaiu3yemMon

[lepeuenp mIaHUpyeMBbIX PE3yAbTATOB OOYUEHHUS 110
JUCLUILINHE (MOJYII0), COOTHECEHHBIX C

KOMIIETCHIIUU
WH/IMKAaTOPaMH JOCTI)KEHUS! KOMITETCHIIUH

OIIK-1  CnocobeH  MCHONB30BaTh | 3HATH:

OCHOBHBIE OuWojormueckue, ¢usuko- | [IpaBuna TexHUKH O€30MacHOCTH MpH padoTe B
XAMUYECKHE, XAMUYECKHE, | XUMUYECKOH  J1aboparopuu C XUMUYECKUM
MaTeMaTHIeCKUe METOIbI ISl | TabOpaTOpPHBIM 00OPYIOBAaHHEM M M3MEPUTEIEHBIMHU
pa3paboTKH, WCCIICIOBAaHHH u | npubopamu (MI-1, U/-2)

OKCTIEPTH3BI JIEKAPCTBEHHBIX CPENICTB, | OCHOBHBIE 3aKOHBI (M3MKM W XUMHUH, (PU3HKO-
W3TOTOBIICHUS JIEKApCTBEHHBIX | XUMUYECKHE SIBIICHUS " 3aKOHOMEPHOCTH,
IIpernaparoB UCIOJIb3yeMble B (PU3NYECKON U KOJUIOUTHOM XUMUU;
1 OCHOBHI (pu3uKo-xumuueckoro ananuza (MJ-1, UJI-

[TpumeHsieT OCHOBHBIE OHOJIOTHYECKHE METOJIBI
aHanu3a Juis pa3pabOTKH, HCCIEIOBaHUH H
JKCIIEPTU3bl  JIEKAPCTBEHHBIX  CPEACTB U
JIEKApCTBEHHOI'O PACTUTENIBHOTO ChIPbS

NJ-2

[TpumeHsier oCHOBHBIE (HU3MKO-XUMHUYECKUE U
XMMHUYECKHE METO/Ibl aHalu3a Juis pa3paboTky,
HCCIIEOBAHUA M DKCIIEPTU3BI JIEKAPCTBEHHBIX

CPEACTB,  JIEKAPCTBEHHOIO  PaCTHTEIBHOIO
CBIPbSl U OMOJIOTNYECKIX OOBEKTOB

na-3

[lpuMeHsieT  OCHOBHBIE  METOABI  (PU3UKO-
XMMUYECKOrO0  aHajimW3a B  H3TOTOBICHHU
JICKapCTBEHHBIX MPEIIapaToB

na-4

[lpuMmeHsleT  MaTEeMaTHYECKHE  METOOBI U

OCYIIECTBIISIET MaTEeMaTHYECKyI0 00paboTKy
JaHHBIX, TIONYy4YEeHHBIX B XOA€ pa3paboTKu
JIeKapCTBEHHBIX CpEIICTB, a TaKKe
HCCIIEIOBAaHUI W SKCIEPTU3BI JIEKAPCTBEHHBIX
CPEICTB,  JIEKApCTBEHHOTO  PaCTUTEIHLHOI'O
CBIPBS 1 OMOTOTHYECKUX 00BEKTOB

2);

YMersb:
[Tonb3oBaTbes  1aOOpaTOPHBIM  OOOpYIOBAaHHUEM,
CO6I/IpaTB nu HCIIOJIB30BAaTh YCTaHOBKHU JJIsL

npoBeAeHuUs J1abopatopHbiXx uccienoBanmii (M]I-2,

NJI-3)
AQHAIM3UPOBATh TOJYYEHHBIE HKCIEPUMEHTaJIbHbIE
JTaHHbIE, HUHTEPIPETUPOBATD MOJTy4YEHHBIE

9KCIIEpUMEHTaIbHBIC pe3yiabTarhl (U]1-4),

Bianers:

Mertononorueii  BeiOOpa  MeToJa  aHaluM3a B
3aBHCHMOCTH OT 3a/lady aHalu3a U oOBbeKTa aHaln3a
na-1, Ua-2, UJ1-3)

TEXHUKOW BBITIOJIHEHUSI OCHOBHBIX ONEpaluil INpu
KaueCTBEHHOM U KOJMYECTBEHHOM aHAJIN3€ BEIECTBA
na-1, Ua-2, NJ1-3)

HaBpikamu aHanu3a ¥ HMHTEpIpETAlUU pPE3yIbTaTOB
MIPOBEACHHBIX AKCIIEPUMEHTOB M Habmromenui (M]1-

4)
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OBLIAA TPYJTOEMKOCTD INCHUTIJIMHBI

4.1. O0beM TMCHMILIHHBI B 3a4eTHBIX equHunax (scero) 6 3ET
4.2. llo BugaM y4eOHoii padoTsl (B yacax): 216

KonunuecTBo yacos
(bopma oOydeHuUs - oOuHAas)

Bun yue6Hoit paboTsl B 1.4. o
Bcero no niiany ceMecTpam
2 3
1 2 3 4
KonraktHas pabota oOyuaromuxcs ¢ 126 79 54
MPEIOJIaBaTEIEM B COOTBETCTBHH C YII
AyIUTOpHBIE 3aHSATHSL: 126 72 54
JIEKIUHA 36 18 18
CEeMHMHApPHI M TPAKTUICCKUE 3aHATHSI 0 0 0
nmabopaTtopHbIe padOThI, MPAKTHKYMBI 90 54 36
CamocTosTenpHas paboTa 54 36 18
dopma TeKyIero KOHTPOJIS 3HAHUN U
. TECTUPOBAHUE, TECTUPOBAaHUE, | TECTHPOBAHUE,
KOHTPOJISI CAMOCTOSITEITLHON pabOTHI:
pelieHue pelieHune pelieHue
TECTHPOBAaHUE, KOHTPOJIbHAS paboTa,
CHUTYallHOHHBIX | CHTYallMOHHBIX | CUTYaIlHOHHBIX
KOJUIOKBUYM, pedepar u ap. (He meHee 2
3a7a4 3amad 3amad
BHJIOB)
Kypcosas pabora HE HE
HE 3arIaHMpOBaHa
3alUTaHMPOBaHa | 3aIUITaHMPOBAaHA
Buzbl mpoMexxyTo4HOM aTrTecTauuu
AbL I N . 9K3aMeH /36 Dk3amen /36
(3aueT, sK3aMeH)
Bcero yacos 1o quciuIuinHe 216 108 108

4.3 Conep:xaHue TUCUMILIMHBI (MoayJisi.) Pacmpenenenue 4yacoB mo TeMaM W BHJAaM

yueOHOi padoThbI:

®dopma o0ydyeHus: ouHas

Bune yaeOHBIX 3aHITHI
AyIUTOpHBIE 3aHITUS 3aHs Dopva
o IIpaktuu | JlaGopatop tua B | Camocrod TeKymIero
Ha3zBanue pa3nenoB u Tem 3 ecKue HBIC UHTEP TeINb
@ | Jlexn 3aHATUS, paboTHI, aKTHB Has KOHTPOTS
U . 3HaHUH
CEeMUHAp | MPAKTUKYM HOU pabora
Bl Bl ¢dopme
Pazpes | ®usuyeckasi XuMusi
Tema 1. Xwumwnueckas TecTsl,
TEPMOJMHAMUKA 3 ) 9 i 6 peleHne
CUTYallMOH
HBIX 3a]1a4
Tema 2. TepmoguHammuka Tecrtsl,
XUMHYECKOTO paBHOBECHUS 3 ) 9 i 6 peleHue
CUTYallMOH
HBIX 3a]1a4

®opma A
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Tema 3. XuMudeckas
KAHETHUKA U KaTaaus3.

TecTbl

Tema 4. Teopust pacTBOpoB -
U PacTBOPUTEIIEH.
KomuratuBHele CBOMCTBA 3
pactBopoB. PacTBOpHI
DJIEKTPOIUTOB.

TecTbl

Tema 5. OxucnurtenbHO- -
BOCCTAaHOBHUTCIIbHBIC
niporiecchl. CTaHAApPTHBIN U 3
peanbHBIA  AJIEKTPOIHBIN
MOTEHIHAL.

TecThl

Tema 6. ['ereporennbie -
cucTteMbl. TepMoTuHAMUKA 3
(ha30BBIX PaBHOBECHH.

9

TecThbl

Pazpgen II Koutonmaas xumust

Tema 1. OcCHOBHBIE
THOHATUSA KOJUIOWUIHOU
XAMHH, OOBEKTHI M IIENIH
M3Y4EHUSI.

Tectnl,
perenne
CUTYaINOH
HBIX 3a7a4

Tema 2. Tepmomnnammka
TTOBEPXHOCTHBIX SIBJICHUI

TecTosl

Tema 3. Kammmnispasie
SIBIICHUS

Tectnl

Tema 4. IloBepXHOCTHBIE
SIBIIGHUST ¥ MEXaHHYECKHE 2 -
CBOMCTBA TBEPJBIX TEJ

Tectnl

Tema 5. AncopOuus Ha
TTIOBEPXHOCTH pazzena a3

Tectnl

Tema 6. DIIeKTpo-
MOBEPXHOCTHEIC SIBIICHUS B 2 -
JIMCTIEPCHBIX CHCTEMax

Tectnl

Tema 7. JImodoOubie 2
CHCTEMBI

Tectrl

Tema 8. JlmoduibHbIE
JICTICPCHBIE CUCTEMBI

Tectnl

Tema 9. DMmynbcuu, NEHbI
a’p0301H1

Tectrl

Tema 10.
CennMeHTaMOHHAS 1 -
YCTOWYUBOCTh

Tectrl

Tema 11. ArperaruBHas
YCTOWYUBOCTh

Tectrl

Tema 12. Koarymsmus
30JIel DIIEKTPOITUTAMHU

Tectrl

Tema 13. OcHOBBI (U3UKO-
XMUMHYECKOH MEXaHUKH

Tectrl

OK3aMeH 36 -

36

UTOI'O 216 | 36 -

90

12

90
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5 COJEPKAHUE JUCLUILJIMHBI (MOLYJIST)

5. COAEP)KAHUE KYPCA
Paznen | dusuveckas xumus
Tema 1. Xumunueckasi TepMoauHaMuKka MaKkpOCKOIIMYECKUE CUCTEMBI M TEPMOJMHAMUYECKUN
MeTo/ uxX omnucaHus. Temnora U paboTel pa3nuyHoro poja. IlepBblil 3akOH TEpMOJIMHAMUKU.
Buytpennss sHeprus. DHranbnus. 3akoH ['ecca u ero cienctBusa. CTaHIapTHBIE COCTOSIHUS U
CTaHJApTHHIE TEIUIOTHl XMMMUYECKUX peakuuid. Teriora cropanus. TermioTsl 00pa3oBaHUS.
3aBHCHMOCTH TETJIOBOTO () (heKTa peaKkiiu OT TEMIEPaTypHhI.
Pacuerts! TennoBbix 3¢ ¢dexToB peakuuid. TaOauIbl cTaHAAPTHBIX TEPMOJIUHAMUUYECKUX BEIUUNH
U UX KCIOJIb30BaHME B TEPMOJMHAMHYECKHUX pacuerax. BTOpoll 3aKOH TEpMOJAWHAMUKU U €ro
paznuuHble GOPMYIUPOBKH. ODHTPONUS. YpaBHEHHE BTOPOTO Hadajla TEPMOJAMHAMUKH IS
o0paTUMbIX M HEoOpaTHMBIX IPOLIECCOB. DHTpomNMs Kak (yHKUMsS cocTosiHMs. V3MeHeHue
SHTPONUM TPH Pa3IMUHBIX Npoleccax. M3MeHeHne 3HTPONMM H30JMPOBAHHBIX MPOLECCOB U
HampaBiieHue npouecca. DyHnameHTalbHble ypaBHeHHMs ['u0O06ca. Xapakrepuctuueckue
¢byakuu. Metoasl BbelunciaeHHus 3Hepruu ['mbbOca. VYciaoBus paBHOBECHS U KPUTEPHH
CaMOTIPOU3BOJIBHOTO MPOTEKAHUS MPOIIECCOB
Tema 2. TepMoanHAMHMKA XMMH4YECKOr0 paBHOBecHsl. 3aKOH JeicTBHsS Macc. KoHcraHTa
paBHOBecus. DHeprusi [ mO0ca u sHeprus ['enpMrobiia paBHOBECHOTO TpoIlecca. 3aBUCUMOCTD
KOHCTaHThl XMMHYECKOTO pPaBHOBECUS OT TeMmIepaTypbl. Pacder KOHCTaHTHI paBHOBECUS C
MOMOIIBI0 CTaHJAPTHBIX TEPMOJMHAMMUYECKUX BEIMYMH. BiusHue (akTopoB Ha CMeElIeHHE
xuMuueckoro paBHoBecus. [Ipunuun Jle [laTense.
Tema 3. XumMuuyeckass KHHETHKAa M KaTajau3. OCHOBHBIC NOHATUS XUMUYECKOW KHHETHKHU.
Onpenenenue ckopoctu peakiuu. KuHernueckue KpuBble. KuHeTHueckue ypaBHEHUS.
Onpenenenre KOHCTAHTBI CKOPOCTH U TOpsiKa peakiuu. Kunetndeckuii 3aKOH IEMCTBUS Mace U
oOmacte ero npumMeHMMOCTH. COCTaBleHHME KMHETHYECKUX YpPaBHEHHUH s HW3BECTHOTO
MEXaHu3Ma peaknuu. YpaBHeHne AppeHuyca. "ODddexktuBHas" W "UCTHHHAS" DHEPrUU
aktuBauuu. OnpeneneHue KOHCTAHT CKOPOCTH M3 OMNBITHBIX JaHHBIX. CIOXKHBIE peakLuu.
[IpyHUMI HE3aBUCUMOCTH DJJIEMEHTAPHBIX CTaauid. MeToxbl COCTaBICHMS KHHETUYECKUX
ypaBHeHUH. OOpaTUMble peakLuy IepBoro nopsaka. OnpeneneHue 31eMEeHTapHbIX KOHCTAHT U3
OTIBITHBIX IaHHBIX.
Omnpenenenue karanuza. OOmue NpuUHUMIBL Katanu3a. Ponb karanum3a B Xxumuu. OCHOBHbIE
IIPOMBIIIJICHHBIE ~ KAaTaJIUTUYECKHE Ipoueccel. [Ipumepbl MEXaHM3MOB  KaTaIUTHYECKHUX
nporeccoB. I'omorennslii karanu3. KucnorHo-ocHoBHON kartanu3. Knaccudukanums peaxumii
KHCJIOTHO-OCHOBHOT'O THUIIA.
Tema 4. Teopusi pacTBopoB M pacrBopureseii. KosummratuBuoie CBOMCTBAa PacTBOPOB.
PacTBOpBI  3J1€KTPOJIHTOB. Paznuunble  crmocoObl  BBIpaXKEHHUsS COCTaBa  PacTBOPA.
TepmoauHaMuyeckue M MOJIEKYJISIPHO — KHHETHYECKHE YCIOBUS OOpa30BaHMs pPacTBOPOB.
IIpenensHO pa3baBieHHbIe pacTBOPBL. 3akoHbI ['eHpu, Jlanbrona, CeueHoBa.
OOmiee paccMOTpeHHME KOJUIMIATUBHBIX CBOWCTB pacTBOpoB l3MeHeHue TemmepaTypbl
3aTBEpACBAHUS PA3IMUHBIX pPACTBOPOB. [I3MeHEHHMe TeMmepaTypbl KHIIEHHS pacTBOPOB.
Ocmotunueckue siBneHus. YpaBHenus Bant-I'odda, ero repmoaunamudeckuii BbIBO M 001aCTh
IIPUMEHUMOCTH. /[laBJeHHE HACBIIEHHOTO Mapa >KUIKUX pPacTBOpoB. 3akoH Payns u ero
TEepMOJAMHAMUUYECKHI BbIBOJ. Kpuockonndyeckuid, 30yIIHOCKOMUYECKUN MM OCMOTHYECKHM
croco0 omnpeeseHst MOJIIPHBIX Macc.
OcHoBHble TOJIOKEHUST Teopun Appenuyca. Henocratkm stoit Teopuu. Ilporonnas Tteopus
bpencrena — Jloypu. CoBpeMeHHbIE TEOPUH TUCCOLMALMHU cIal0bIX EeKTpoiauToB (JIbrouca,
W3maiinoa). KomnmuratuBHble CBOWCTBAa pacTBOpPOB 3eKTposnuToB. [loHATHS cpenHein
aKTUBHOCTM H CpeAHero Kod(p(uIMeHTa aKTHUBHOCTH; HUX CBS3b C aKTUBHOCTBIO U
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KOA(QQHUIIMEHTOM aKTUBHOCTH OTAEIbHBIX HOHOB. OCHOBHBIE JomymieHusi teopun Jlebast -
I'roxkens. [loreHnman noHHOU aTMOC(hEpHI.

Tema 5. OkucANTEJBLHO — BOCCTAHOBHMTE/IbHBIC NMpouecchbl. CTaHAAPTHBIH U peaJbHbII
3JIEKTPO/HBIN NMOTEeHUHAJ. YCIOBUS 3JEKTPOXMMHUECKOIO paBHOBECHS Ha TpaHHUIaX paszeia
¢da3 u B anekrpoxumuueckor nenu. Cesazp DJIC co cBoOoaHOM »HEprueit 'nb0Oca. YpaBHeHUs
Hepucra u I'mb66ca - ['enbmrosbiia mJis paBHOBECHOW 3JIeKTpoxumudeckoil nenu. [lonstue
AIIEKTPOAHOTO TOTeHIMana. Kiaccupukamuss 5>IeKTpOJOB W DIEKTPOXUMHUYECKUX IETEH.
Omnpenenenne K03 HUITMEHTOB aKTUBHOCTH U YHCENl TIepeHoca Ha ocHoBe n3Mepenuit D/1C.
CrangapTHBIM ¥ peajbHbIA 3JEKTPOaHbIA noTeHuan. CTaHIapTHHIM BOJOPOJHBIN 3JIEKTPOA U
BOJIOpPOJIHAS IlIKaJla MOTEHUHUaNoB. [loTeHInanbl METaJUIMYECKUX, Ta30BbIX U OKHUCIUTEIBHO —
BOCCTAaHOBUTEIbHBIX  MOTEHIUAJIOB. lNanpBannueckue AJIEMEHTHI. AKKYMYJSTOPBI.
DOnexTpoJABMXKyIlas cujia U ee wusMepeHue. l[loTeHIManbl METaUIMYECKUX, Ta30BBIX U
OKHUCJIUTEIBHO — BOCCTAHOBUTEIbHBIX MOTEHIUAJIOB.

VpaBuenne Hepucra-Iletepca n HampaBiieHHME OKHUCIUTEIbHO-BOCCTAHOBUTEIBLHOIO MPOIIECCa.
CpaBHHTENIbHAS CHJIA OKUCTUTENCH U BOCCTAHOBUTEIIEH.

Tema 6. 'ereporennnie cucrembl. TepmoauHamuka (a3oBbix paBHoBecuil. [lonstue dassl,
KOMIIOHEHTa, cTerneHu cB0oOobl. [IpaBuno ¢a3 I'm66ca m ero BbBOA. OIHOKOMIIOHEHTHBIC
cuctembl. JluarpamMmbl COCTOSIHHS BOJBL, cepbl, (ochopa u yriaepona. daszoBble Mepexobl
nepBoro pojaa. Ypasuenne Knaneiipona - Kimaysuyca u ero npuMeHeHHe K pa3IHIHbIM (Ha30BbIM
repexo/iaM MepBoro poja.

Paznuunble nuarpaMmbl COCTOSIHUS JIBYXKOMIIOHEHTHBIX CHCTEM M MX aHalIM3 Ha OCHOBE
npaBuwia (a3. CUCTeMbl C HEOrPaHUYEHHON pPACTBOPUMOCTHIO KOMIIOHEHTOB B JKUJIKOM U
B3aMMHOM HEpPacCTBOPUMOCTBIO B TBEPJAOM COCTOSIHMM. PaBHOBecHE XHMIKOCTb - Map B
JNBYXKOMIIOHEHTHBIX CUCTeMaX. PaBHOBECHBIE COCTaBbl Mapa W >KUAKOCTH. PasnuuHble BUABI
auarpaMm coctosiHus. CHcTeMbl ¢ HEOTPAaHUYEHHOM PaCTBOPUMOCTBEO KOMIIOHEHTOB B JKHJIKOM
U TBEPJOM COCTOSHUU. Tepmudeckuil aHanu3. 3HaueHue (a3oBBIX auarpamMm Ui (apMaluu.
Paznenenne HEOrpaHMYEHHO pACTBOPUMBIX JKHAKOCTEH TMyTeM MPOCTOM  IMEPETOHKHU.
OpakuuroHHas mneperonka. Pextuduxanus. Meroapl pas3ieneHUs a3e0TPOMHBIX >KHUIKOCTEH.
OrpaHr4eHHO PaCTBOPUMBIE KHUAKOCTH. B3aMHO HEpaCTBOPUMBIE KUJIKOCTH.

Tpernii KOMIOHEHT B CHUCTEME W3 JIByX B3aMMHO HEPACTBOPUMBIX JKHUJIKOCTEH. 3aKOH
pacnpeneneHusi.  JKCTpaKIUs. Tpeyronmbauk  ['m66ca.  JlmarpamMmmbl  TJIABKOCTH
TPEXKOMITOHEHTHBIX CUCTEM.

Pasznea |1 Kostonguas xumus

Tema 1. OcCHOBHbIe NOHATHS KOJUJIOMJIHON XMMHH, OOBEKTHI M UeJH H3YYCHUs.
Knaccudukanus mucnepcHsix cucteM. OCOOEHHOCTH YIbTPAMUKPOTETEPOreHHOTO COCTOSHUAL
KomnounnHple 4YacTHIbl M KOJUIOMJIHBIE CHCTEMBI; KOJUIOMIHOE (JIMCIIEPCHOE) COCTOSHUE
BemiectBa. KonuuyecTBeHHOE OIpeAesieHHe JUCHEPCHOCTH: JUCIEPCHOCTb U yJeJbHas
MMOBEPXHOCTh KPHMBH3HA IMOBEPXHOCTH 4YaCTUIl JUCHEpPCHOM (a3bl. Posb MOBEPXHOCTHBIX
SIBJICHUH B MpoIeccax, MPOTEKAOIINX B JMCIEPCHBIX cHCTeMaX. B3auMOCBS3b KOJIOUIHOM
XUMHH C JPYTUMH XUMHYECKUMHU AUCHUIUIMHAMH, C (U3UKOH, OuoJIOTHEH, TreosoTHEH,
MEIUILIUHOM.

Tema 2. TepmoanHaAMH KA MOBEPXHOCTHBIX ABJICHHUI

[ToBepxHocTh pazmena ¢a3. CBoOoaHAST OBEpXHOCTHAS dHeprus. [loBepXHOCTHOE HATSKEHUE,
CWJIOBasi M DHEpPreThyeckas TPaKTOBKH. MeToJ HM30BITOYHBIX TEPMOJMHAMUYECKUX (GYHKIIHIA
noBepxHocTHOTO crnost  (I'm06c). IloHsATHE O TOBEPXHOCTH pa3pbiBa U  paseisromen
noBepxHocTu. OOO0OIIEHHOE ypaBHEHHE IEPBOTO W BTOPOTO 3aKOHOB TEPMOJWHAMUKU ISt
MMOBEPXHOCTHU pa3zena ¢as.

H3MmeHeHne TOBEPXHOCTHOTO HATSDKEHUS JKMIKOCTH Ha TpaHHWIE C COOCTBEHHBIM MapoM B
3aBUCHUMOCTH OT TEMIIEPATyphl, KpUTHUECKasi TeMIiepaTypa o MeHjeneeBy.
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[ToBepxHOCTh pazgena MEXIy IBYMs KOHICHCHPOBAaHHBIMHM ¢a3amu. IlpaBmiio AHTOHOBA;
YCIIOBUS €r0 IPUMEHEHUSI.

Tema 3. Kanuaisipable siBJIeHUsI

Kanunnsproe nasnenue. 3akoH Jlamiaca u ero ciaencTBus.

3aBUCUMOCTh JIaBJEHMSI Mapa OT KPHUBHM3HBI IOBEPXHOCTH KUAKOCTU. 3akoH TomcoHa.
Kanunnspuas konaencanus. M3orepmuyeckas neperonka BEUIecTBa.

CmauuBanue. Kpaepoit yron. 3akon HOHra (cujaoBOM U SHEPreTUYECKH BBIBOJBI).
CooTHolIeHre MeXTy paboTaMH KOTE3WH U aAre3uu MpH cMaynBaHud. KanmwmspHoe mogHsTue
KHUIKOCTH, ypaBHeHHe JKiopeHa, KanmwUIsipHas TIOCTOSHHAs KUAKOCTH. M3OuparenbHoe
CMauMBaHME KaK METOJ| XapaKTepUCTHKU TOBEPXHOCTEH TBEpAbIX Teln (JUOPUIBHBIX U
nnohoo6ubIx). [TlomHOE cMaurBaHuEe (TEPMOJIMHAMUYECKOE YCIOBHUE).

MeTtopl M3MepeHHUs] MOBEPXHOCTHOTO HATSHKEHHS JKUIKOCTEM M IOBEPXHOCTHOM SHEpruu
TBEPAbIX TEN.

Tema 4. IToBepxHOCTHBIE SIBJICHUS u MexXaHn4yecKHue cBoiicTBa
TBePIAbIX TeJ

Paspymienne u usMenbueHue (IAMCHEPrUpPOBAaHUE) TBEPABIX TeNl KaK (PU3UKO-XUMHUYECKUN
nportecc 00pa3oBaHKsI HOBOI MOBEPXHOCTH.

Oddexr Pebunmepa: HM3MEHEHHE MPOYHOCTH M IUIACTUYHOCTH KaK CJIEICTBUE CHIDKEHUS
MOBEPXHOCTHOM »dHepruu TBepAbiXx Ten. OcHoBHBIE (opmbl  mposiBieHus dddexra:
miacTU(pUIMpPOBaHUE, BO3HUKHOBEHHE XPYNKOCTH, CaMOINPOU3BOJIBHOE JAMCIIEPTUPOBAHUE.
Tepmoaunamuueckue yciaoBusi mposBieHUs 3pdexra Pebunnepa. BiusHue xummuueckoin
MIPUPOBI TBEPABIX TEN U KUJIKOCTEH Ha BO3MOXKHOCTH €T0 MPOSIBICHUS. DICKTPOKAMUIIIIPHBIN
addext. IlposBnenne sdpdexra PeOunHmepa B HPHUPOAHBIX W TEXHOJOTHYECKHX IPOIECCax
(pumeps).

Tema 5. AxcopOuusi Ha MOBEPXHOCTH pa3aesa ¢a3

Ancopbuus Kak caMONpPON3BOJIbHOE KOHIIEHTPUPOBAaHUE HA TIOBEPXHOCTH pasfena (pa3 BelecTs,
CHIDKAIOIIUX Mexda3zHoe HaTspkeHue. [loBepXHOCTHO-aKTHBHBIE M -MHAKTHBHBIC BEIECTBA
(mpumepsl). OTHOCHUTENBHOCTh MOHSTHS '"MOBEPXHOCTHAsE AKTHBHOCTH" (3aBUCUMOCTH OT
MIPUPOJIbI KOHTAKTUPYIOIIHX (a3).

TepmouHamuka mporecca aacopOiuu. YpapHenue aacoporuu ['mb0oca.

Opranndeckue mnoBepxHOCTHO-akTuBHBIE BemiectBa (IIAB). Krnaccupukamus ITAB 1o
MOJIEKYJISIPHOMY CTPOCHHIO (QaHHMOHO- M KaTHOHOAKTUBHBIC, HEHMOHOTEHHbIC, aM(OJIUTHBIC);
obnmactu mnpumenenusi [IAB. Breicokomonekynsapusie I[IAB (mpumepbl, OTauuus OT
Huzkomonekysipubix [1AB). [Ipobnema Ouopasznaraemoctu [TAB. Knaccudukamus ITAB no
MEXaHHU3MY UX ACUCTBUS (CMAauyMBaTENH, TUCIEPraToOphl, CTA0MIN3aTOPHI, MOIOIIME BEUIECTBA).
[Tonsitre o ruapodunbHO-HIOGUILHOM O6anance (I'JIb) monexyn [TAB.

3aBUCUMOCTD IMOBEPXHOCTHOTO HATsbKEHMs OT KoHLeHTpauuu [IAB. YpaBuenue [lumkoBckoro.
[loBepxHOCTHAasE ~ aKTUBHOCTb, €€ M3MEHEHHEe B  romojoruyeckux psgax  [IAB.
TepmoaunaMuyeckoe o6ocHoBaHue npasuiia Tpayoe - J[rokia0. MeTo/ibl O1IeHKH TOBEPXHOCTHON
akTUBHOCTH  opranuueckux IIAB. PaGota ancopOuum. [luHamudeckuil — xapakrep
a/icOpOLIMOHHOTO pPaBHOBECHs Ha TMOBepXHOCTU pasnena pactBop IIAB - ras. VYpaBHenue
JIsurmropa, ero cBs3b ¢ ypaBHeHUsIMU [ 160ca, [lumkoBckoro u @pymKuHa.

Ancop6uust [TAB u3 pacTBOpoB Ha MNOBEpXHOCTH TBepAbIX Ted. IIpaBuio ypaBHHUBaHUS
noyisipHocteit  PeOunzpepa. Momuduuupytomee aeiicteue [IAB: runpodmnmsanus u
rusipodoOu3aIus TBepA0i MOBEPXHOCTH.

Tema 6. DJ1eKTPONOBEPXHOCTHBIE SIBJICHUSI B JMCIEPCHBIX CHCTEMAX

JBoiiHoi snektpuueckuit cinoit (JIIC). Ilpuumnel obpazosanus JDC. TepmoanHamuueckoe
paBHOBECHE MOBEPXHOCTHU pazjienia a3 C yueToM EKTPUIECKON SHEPTUH.
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DNEeKTPOKMHETUYECKUE SBJICHUS: DJIEKTPOPOpe3, 3EKTPOOCMOC, MOTEHIMAIBl TEUCHHS U
ocenanusi; Tteopuss I'enpmronbra - CMOJIYXOBCKOTO. OJIEKTPOKMHETUYECKUH IMOTEHIIMAI;
I'paHULIA CKOJIbXEHUS. MeTOo/1bl OIIpeIeNeHNs AIEKTPOKUHETUYECKOTO [TOTEHIIMAA.

Crpoenue muieibl ruipoPoOHOro 30:1s. BiausHue KOHUEHTpaluu U IpUpObl JIEKTPOIUTa Ha
BEIMYMHY M 3HAK 3apsga KOJUIOMIHBIX dacThll. OCHOBBI MOHHOTO OOMeHa. JIMOTpOITHBIE PSIBL.
W303anekTpuyeckoe  COCTOSIHME B JUCIEPCHBIX ~ CHCTEMax;  METOJbl  ONpeesieHUs
M303JIEKTpUYecKoi ToukH. [IpakTHueckue NpunoKeHus JMEKTPOKUHETUUECKUX SIBJICHUM.

Tema 7. JInoodHbIE cHCTEMBI

JlucnepralluOHHbIE METOJAbl IOJIyYE€HHUSl JIUCIEPCHBIX CHUCTEM (30J1€M, 5SMyJbCUM, IIEH,
asposonieit). Pons IIAB B mpomecax mnosyueHus: aucnepcHbix cucteM. CBsizb paboOThI
JUCIIEPrUpOBaHUSl C I[OBEPXHOCTHOM 5Heprued TBepabx Ten. Mcmonp3oBanue »sddexra
Pebunnepa nns ymeHblieHuss paOoThl aucneprupoBaHus. [lpoueccel nucneprupoBaHus B
MIPUPOJIE U TEXHUKE.

KonneHncannonHble ciocoObl mosydeHus: nucnepcHbix cucreM. O6pazoBaHue 30J€i B Ipolecce
XUMHUYECKUX PEAKIIUH.

OO6pa3zoBaHue dYacTull AucrepcHOW (a3bpl B Mpoleccax KpPUCTAJUIM3ALUMU M3 PACTBOPOB,
KOHJICHCAIIUM TEPECHIIEHHOr0 Mapa, KUleHus. MeToapl peryinupoBaHusi pa3MepoB YacTHI] B
JMCTIEPCHBIX CUCTEMAX.

OcHOBHBIE METO/IbI OUMCTKHU 30J1€H (AManu3 U ynbTpaduibTpanus).

Komnmonnno-xumuueckue cpoiictea BMC.

MerTo bl onpeieNieHrs KOHIEHTPALUK U pa3MepOB YaCTHI] 30JIEH.

Tema 8. J/InopuabHbIe TUCTEPCHbIE CHCTEMBI

Munennoo6pa3oBanue B pactBopax [IAB. Kputnueckas KOHIEHTpanus MULEIIO00pa30BaHUs
(KKM), ocunoBHbie meTtonbl onpenenennss KKM. Dmnupudeckue 3aKOHOMEPHOCTH W3MEHEHUS
KKM u MHHMManbHOTO 3HAa4€HUs MOBEPXHOCTHOTO HATSHKEHUs HA TPaHUIE pas3fesia pacTBOP
ITAB - Bo3myx B romosorudeckux psagax [TAB. Ctpoenne nmpsMbIX U OOpaTHBIX MHIICIUT MPU
pa3nu4HbIX KOHIEeHTpauusx [IAB.

TepmonuHamuka  MHIEITIOOOpa3oBaHus:  TerwioBble  ADdexTsi, poiab  TUAPOHOOHBIX
B3aUMOJICHCTBUM, TuarpamMma (a3oBBIX COCTOSIHMM, TemmneparypHas 3aBucuMocth KKM; Touka
Kpadra.

Comrobunuzanus (KOJJIOUTHOE PACTBOPEHUE OPraHMYEeCKHX BEHIECTB B MPSMBIX MHIIEIIAX).
OtHocuTenbHasE  COJMIOOMIM3ALINSA, 3aBUCUMOCTH OT TEMIIEpaTypbl M  KOHIEHTpAIUU.
Conrobunu3zanus B HEBOJAHBIX CpeJiax.

Tema 9. IMyJIbCHH, IIEHBI, 23P030JIU

Omynbeuu. Knaccudukanus, onpeneneHue CTeneHu TUCIEPCHOCTH. DMYIbraTopbl, TPUHIIUIIBI
BeiOopa [IAB  jans  crabunuzauud  mOpsAMBIX U oOpaTHbIX — oMynbcuil.  Poib
ruapodmibHOIUIIOUIBHOTO  Oanmanca Monekynsl [IAB B crabmnmmzanuu  SMynbCHil.
DOMyIbCUOHHBIE IIJICHKU; UX CTPOCHHE U (PAKTOPHI, BIUSIONIUE HA YCTOMYUBOCTH IMYJIbCUOHHBIX
wieHok. OOpamenue (a3 B sSmynbcusx. TBepasle 3Mynbratopbl. MeToabl pa3pylICHHS
smyibeuid. [IpakTyeckoe npUMeHEHUE SMYIbCUM.

ITensr. Ctpoenue meH u ux kinaccudukamusa. Kpatnocts mneH. IleHooOpa3oBatenu,
3¢ GEKTUBHOCTD UX BIUSHUS U CBS3b C THAPO(DUIHHO-TUNOPHUIBHEIM 0alaHCOM HCIIOJIb3YeMBIX
[TAB. BnusHue 37eKTpOJIMTOB Ha NeHooOpasyomyio crnocobHocTh [TAB. IlenHble mieHkH,
CTpoeHue, (PakTOpbl yCTOMUNBOCTH.

Anspo3zonu. Knaccudukanust a3po30iei o arperaTHoMy COCTOSIHUIO YacTHIl AUCTIEPCHOM (hazbl.
Metonpl moJlydeHUST M M3MEPEHMsS pa3MEPOB  a’pO30JIBHBIX YacTULl. MoJekynspHo-
KUHETHYECKHE CBOMCTBA a’p030Jieii (BBICOKO- U Ipy0OIMCIIEPCHBIX).

DNEeKTpPUYECKUE CBOMCTBA a’po30Jiel, MPUYMHBI BO3HUKHOBEHHS 3apsijia Ha MOBEPXHOCTH
qacTull. ArperatuBHas ycTOMUMBOCTH a’po3oield. CrnocoObl M OCOOEHHOCTH pa3pyIIEHUs
a’pO30JIeH.
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Tema 10. CenuMeHTAMOHHASA YCTOWYNBOCTH

MonexkynsipHO-KHHETUYECKUE CBOMCTBA JUCHEPCHBIX cucTeM. Juddy3us B KOIIOUIHBIX
cUcTeMax. 3aKoH DWHIITEHHA.

CenMMEHTALlMOHHBIM  aHAJIM3  MOJUAMCIEPCHBIX  cucteM. KoHcTaHTa  ceuMEHTalUH.
HuddepennunanbHas KpuBas paclpenesieHus YacTHIl MO pa3MepaM; HHTerpajbHas KpUBas;
MIOCTPOEHUE UX U3 JJAHHBIX 110 KUHETUKE HAKOIUICHUS OCaJIKa.
CemumentanmonHo-muddy3nonHoe paBHoBecue. Meron Ileppena omnpenereHus dYucia
ABorajnpo. [Ipumenenue ynpTpaueHTpuyr 1Uisi U3MEPEHUsI MacChl YIbTPAAUCIIEPCHBIX YaCTHULL
1 Makpomosiekyn (ymanckmii, CBenbepr).

Tema 11. ArperaruBHasi yCTOMYHMBOCTh

Teopus ycroitunoct ruapodoonsix 3o01eil (teopust AJIPO). TepmoanHaMuKa TOHKUX MJIEHOK.
PacknunuBaroee nasienue no [epsruny. MonekynspHas cOCTaBisIONIAs PacKIMHUBAIOIIETO
JABJICHUS. YYeT MOJEKYJISIPHOW MNpUPOIbl KOHTAKTUPYIOUIMX (a3, A TOHKUX IUIEHOK U
cepuyecKux YacTULl. OIJEKTPOCTATUYECKass COCTaBISAIONIAs PACKIMHHUBAIOIIETO JABJICHUS.
3aBUCUMOCTb PHEPIUH B3aUMOJICHCTBUS YaCTULL JUCIIEPCHOMN (has3bl OT PACCTOSIHUS MEKYy HUMHU.
OcHoBHbIE (aKTOpBI, BIUAIONIMNE HAa arperaTuBHYI0 YCTOWYMBOCTb JHCIIEPCHBIX CHCTEM.
OddexTrBHAS YNPYrocTh TOHKUX IUIEHOK. [ 'MApOJAMHAMUYECKHE OCOOCHHOCTH YTOHBLICHUS
MIJICHOK.

CrpykrypHO-MexaHudyeckuii  Oappep (teopust Pebunnepa). Peonoruueckue cBoiicTBa
ancopOunoHHbIX cioeB [IAB - cTabuian3aTopoB KOJUIOMIOB KOJUIOMAHBIX CHCTEM. 3allUTHbHIE
KOJUTOUBI.

Tema 12. Koaryasinus 30J1eii 3JIEKTPOJUTAMU

[Topor koarynsiuuu; 3aBUCUMOCTb KPUTHUYECKOW KOHIIEHTPALMM JJIEKTPOJUTA OT pasMepa u
3apsana kKoarynupytomero uoHa (mpaBuio Ilymeme - I'apaw). AHTaroHusmM W CHHEPrU3M B
JNEHUCTBUHU 3JIEKTPOJIUTOB Ha MTPOLIECC KOATYISALNH.

Koarymsiuust cunpHo U cnabo 3apsHKeHHBIX 30J1€i (KOHUEHTPAalMOHHAsS W HeWTpanu3alroHHas
koaryssnusi). O6ocHoBanue npasuia [lynsie - lapau u xputepus Ditnepca - Kopda B Teopun
JUIDO.

QIoKyNALKMSA, TETEPOKOATYIISIINS, alaryysius (OnpeaesieHus, IpUMephI).

Kuneruka koarynsauuu. Teopust 6picTpoit koarymsiiuu (CMOTyXOBCKHIA); OCHOBHBIE TIOJIOKEHUS
Teopuu MeieHHon koaryisaiuu (H.®dykc). O6patumocTs nponiecca koaryisiiuu. [lentu3zanus.
Tema 13. OcHOBbI GPU3NKO-XUMUYECKON MEeXaHUKHU

3aKOHOMEPHOCTU TEUEHUsI CBOOOJHO-IUCHEPCHBIX CHCTEM IIOJl JAEUCTBUEM MPUIIOKEHHOTO
naBineHus. 3akoH HpioTtoHa. BriusiHue KoHUEHTpanuu U (HOpMbl YacTHIl AUCTIEPCHOU ¢a3bl Ha
3aKOHOMEPHOCTH TeUeHUS (3aKOH DHILTEITHA).

CrpykrypooOpazoBanue B  AHMCIEPCHBIX  CHCTeMaX. BO3HMKHOBEHME U pPa3BUTHE
MPOCTPAHCTBEHHBIX  CTPYKTYp. lIpupona KOHTAakTOB MEXIy JJIEMEHTaMU  CTPYKTYP.
[Tepuoauueckue cTpykTypbl. OOpa3oBaHUE U CBOICTBA reyeil.

KoarynsiiroHHble CTPYKTypbl. YcloBUsi 00pa3oBaHUs, MEXaHUYECKHUE CBOWCTBA; SIBICHUE
TUKCOTPOIIUH.

KpucrannmuzaunoHnssie CTpyKTypbl. MexaHHUeCKre CBOMCTBA KPUCTAIUTU3ALMOHBIX CTPYKTYP.
Onucanue TUCIEPCHBIX CHCTEM Ha OCHOBE peojiornueckux mojeneil (Maxcsemna, KenbBuHa,
bunrama, 1IBegosa). [loxHas peonorudeckast KpuBasl.

OU3NKO-XMMHUYECKHE  METOJIbl  PEryJupOBaHUs  CTPYKTYPHO-MEXaHUYECKUX  CBOMCTB
JMCTIEPCHBIX CHUCTEM Ha Pa3MUYHBIX CTAAUAX UX (POPMHUPOBAHUS KaK OCHOBHas 3ajada (U3HUKO-
XUMUYECKON MEXaHUKH.

6 TEMBI MIPAKTUYECKUX 1 CEMUHAPCKHUX 3AHATHIA

JlanHblii BU paboThl He mpeaycMoTpeH YIIL
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7 JJABOPATOPHBIE PABOTbBI, IPAKTUKYMBbI

Paznen | ®uznueckast xumust
Tema 1. TEMA 1. IOCTYJIATHUBHBIE OCHOBbI TEPMO/JHHAMUKU

Pabora 1-1. OnpeneneHue TeIIOTH PAaCTBOPEHUS COITU

Hsmenenue sumanonuu 6 xooe pacmeopenus 1 mons eewgecmea npu P = 1 amm. ¢ makom
Kouuecmee pacmeopumelis, KOmopoe coomeemcmasyem nowyyeHur0 pacmeopa ¢ MOJAIbHOCIbIO
m, HA36IBAECMCA CIMAHOAPMHOLL MONANLHOL mennomoii pacmeoperus AH®™ ,ucme.

3amaua pabOTHI: O3HAKOMJICHHE C KAJOPUMETPUYECKUM METOJOM  OIpPEICIICHUS
Ter10BOTO dhPexTa HU3NKO-XUMUYECKOTO MPOIecca U YCTAHOBIIEHUE XapaKTepa 3aBUCHUMOCTH
CTaHJAPTHOW MOJISUTHHOW TETUIOTHI PACTBOPEHHSI COJIM OT KOHIIEHTPAIIMH PacTBOPA.

OO0opynoBaHue, pEaKTHBBI: KaJOPHUMETP, MEPHBI IMIUHIP, TepMmomerp bekmana,
tepmomeTp prytHBIH OT 0 mo 50° C, cexynmomep, conm KCI u K>SOs (moxuo NaCl, KNOs,
Na>SOs u 1p., IO YKa3aHUIO MPETOIaBaTeNs).

Brinosnnenue paboTsl
1. [ToaroraBnmmBaroT K paboTe KalopuMeTp, 300pakeHHbI Ha puc. 1-1.

e ————

Puc.1-1. YerpolicTBo KanopumeTpa Ajsl OnpeieieHus TeIIoBbIX 3G (HEKTOB.

Crakan (1), BCTaBJECHHBIII B HM30TEPMHUYECKYI0 000104KYy (2), 3aKkpbiBaeTcsi KpbImLKou (3).
OtBepctue (4), npeaHa3HAYEHHOE IS BBEJACHHUS HABECKH COJIM, 3aKpbIBaeTcs MpoOkoi (5),
CKBO3b KOTOPYIO MpoIyieH oco6o uyBcTBUTENbHBIHN (0,01°/0em) pryTHBIi Tepmomerp bekmana
(6). [ns mepeMeruBaHus pacTBOpa COYKHUT Mmemanka (7), COeMuHEHHAs ¢ IeKTPOIBUTaTeNIeM
(8).

Omnpenenenre TEMIOTH JOOOT0 (U3UKO-XMMHYECKOTO TMpoliecca, MPOTEKAIOIIETo B
kanmopumetpe mipu P = 1 atm., 6a3upyercs Ha hopmyre:

AH°® = Ci * AT, (1-1)

rae Cx - IOCTOsSIHHAS KaJopuMeTpa, a AT - u3MeHeHHe TeMIIepaTypsl B X0/1e Tpolecca.

2. Jlnsa waxoxaeHus Cy KaJIOpUMETp NpPEABAPUTEIHHO KaluOpyroT, usmepsis AT B
mporecce, TeroBoi APPEeKT KOTOPOro 3apaHee M3BecTeH. Tak, mpu pacCTBOPEHUHM HABECKH {J =
10 r KC1 B 400 mn Boasl BenmunHa AH® coctasnset 2,58 x/x (mpu 20 °C) u 2,37 x/Ix (mpu 25
°C). UtoObl BBIOpaTh OJHO M3 STUX 3HAYECHMI, B CTaKaH KaJOpUMETpa HAIMBAIOT JaHHOE
KOJIMYECTBO BOJIbI U OOBIYHBIM TEPMOMETPOM HU3MEPSIOT €r0 TeMIIepaTypy.
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3. Ha ananutnueckux Becax 6epyr naBecky KC1 g =10r.

4. BronsaT B kanopumerp TepmomeTp bekmana. Ilpu momomum mabopaHTa HaCTpauBaIlOT
€ro TakuM 00pa3oM, 4YT0ObI yPOBEHb CTOJIOMKA PTYTH PACIoarajcs HECKOJIBKO BBIIIE CEPEANHBI
YCIIOBHOH TemIepaTypHOU LIKajbl. BkiltoyaloT Memanky u B TedeHue 5-6 MUH yepe3 Kaxjple 30
ceKyH[ (pUKCHUPYIOT MOKa3aHus TepMoMeTpa bekmana.

5. AkkypaTHO mnpunofHsB TepmoMmeTp bekmana, uepe3 orBepcTHe (4) BBICBHINIAIOT B
CTakaH 3apaHee OTMEPEHHYI0 Ha aHAJWTUYECKHMX Becax HABECKy Xxjopuia Kanus. beicTpo
BCTaBJISIIOT TEPMOMETP U, HE BBIKIIIOYAS MEIIAJIKH, MPOJOJIKAIOT PETUCTPUPOBATH M3MEHEHUE
TEeMIlepaTypbl pacTBopa. BHauane npous3oWJeT pe3koe MOHWKEHHE TeMIlepaTypbl, KOTopas,
ciycts 5-10 MUHYT, CTAOMIM3UPYETCA UM JJa’Ke HAYHET HECKOJIBKO MOBBIIATHCA. 3aKaHYUBAIOT
SKCHEPUMEHT, BBIKJIIOYAIOT Melalky, BbulMBalOT pactBop KCI1, omonackuBaioT crakaH
KaJIOpUMETpa ITUCTHJUTMPOBAHHON BOJIOM.

6. CTposT 3aBUCUMOCTb TEMIIEpPATYphl (B YCIIOBHOM IIKaje) OT BpPEMEHH OIbITa, KOTOpas
J0JDKHA MMETh BHI, H300pakeHHBIN Ha pHc. 1-2.

T. veanrpan
bl P Ar -
IR Lo
(=
B _|
t. MHH
e ~" — ~— —
5-6 10

Puc. 1-2. TemneparypHnas kpuBas mpoiecca pactsoperust KCI.

[IpoBoasT KacarenpHble K Ha4aJbHOMY U KOHEUHOMY YYacTKy KpPUBOH, NIENST OTPE30K
AB nomonam 1 Mexxy Toukamu A1 u By onpenensitor Benmmuuny A7. Beraucisior Cy 1o (1-1).

7. OTMEpSIIOT Ha aHATMTHYECKHX Becax ABe HaBecku B 5 1 10 r KoSO4 (unmm uHO#M comn).

8. 3anuBarot B kajmopumerp 400 M JUCTUIIMPOBAHHOM BOJIBI M TIOBTOPSIOT U3MEPEHUS
o 1.1 4 - 6, ucroJib3ys BMecTo Xjaopuaa kainus HaBecky KoSOs g = 5 r. Otmernm, 4yto dopma
TEMIIepaTypHOH KpUBOM MOXkeT yxke ObiTh uHOW. [loacraBnss monmydeHHoe 3HaueHue AT u
naiigennoe Cx B (1-1), onpenensitor Bennuuny AHCyucn HaBecku Maccoit St K:SOs B 400 M
BO/IBL

9. PaccuuThIBalOT CTaHAAPTHYIO MOJISJIBHYIO TEIUIOTY PACTBOPEHUS COJM, HCHOJIb3YS
dbopmyny:

0(m) _ ;0 . 1000 )
AHpaer = AHpacr (400-p+g) (1-2)

rJie p - IIOTHOCTh BOJIBI PU TeMIEpaType onbiTa. OOBIYHO MPUHUMAIOT p = 1 r/cM®,

10. TIposoasaT BHOBL ompexenenue AH*™,,., no mm. 8 - 9, Ho ¢ HaBeckoit g = 10 T
K2SOas.

11. ®opMyaupyrOT BBIBOJBI, KACAIOIIMECS 3HAKa TETJIOBOTO 3 deKTa pacTBOPEHHS COJIH
U XapakTepa ero 3aBUCMMOCTH OT KOHIIEHTpaluu pactBopa. OGopmisitoT padoTy.

Pa6ora 1-2. Onpenenenue temnoBoro ¢ dekra mporecca AUCCOIHAINH
CJ1a00# KUCIIOTHI
Usmenenue sumanvnuu 8 npoyecce ouccoyuayuu 1 mMosisi 00HOOCHOBHOU C1AO0U KUCIOMbL

RH na R"u H" npu P = I amm nazvieaemcs cmanoapmuoi MOIAPHOU MENIomotl OUCCoyuayuu
AHO(C)ducc.
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3amaua paboOTHI: O3HAKOMIJIGHHE C KAJIOPUMETPUYECKUM METOJIOM OTpEACICHUs
TeroBoro 3¢dexra Gu3MKo-XxuMHUYECKOTro mporiecca. PacueTr ctaHmapTHONW MOJSIPHON TETJIOTHI
JMCCOIMALMU  CJIAa00H OJHOOCHOBHOW KHCJOTBHI 10 CTaHAAPTHBIM MOJISIPHBIM — TEIUIOTaM
HEUTpaIU3alUA ATON KHUCIOTHI U KaKOW-TMOO CHUIIBHOW KHUCIOTHI (TaKOM ke KOHIICHTPAIUH)
OJIHUM U TE€M K€ PaCTBOPOM CHIILHOTO OCHOBAHHS:

AH© auee.— AH© Helitp. cnab. ~ AH© HEUTp. CHJIbH. (1'3)

O6opynoBaHue, pPEaKTUBBI: KaJOPUMETP, MEPHBIM IWIMHJIpP, NpPOOUpKa, TEPMOMETP
bexmana, Tepmometp prytHbIil oT 0 10 50°C, cexynaomep, 0,1 M pactBopsl ci1aboil U cuiabHOI
kucnot (Hanpumep, CHs3COOH u HC1), 4 M pactsop NaOH, kpuct. cosie KC1.

Brinosinenue paboTsl

1. [ToaroraBmmBaroT Kk padbore kamopumerp. Onpenenstor ero noctossHuyro Cyx COrJacHO
. 1-6 paboTtsi 1.
2. Hanugator B kanmopumetrp 400 ma 0,1 M pactBopa yKCyCHOM KHUCIOTBI, a B IPOOUPKY -

10 mm 4M pactBopa NaOH. IlepecrpamBaror TepmomeTp bekmana Tak, 4ToObI ypOBEHB
CTOJIOMKA PTYTU pacrojiarajics BHHU3Y YCIOBHOM TeMIepaTypHOM mIKaibl, T.K. MpOLEcc
HEUTpAIM3alMKU KHCIOTHI K30 TEPMUYECKU .

3. Bxiroyaror Memanky U npoBOJAT CHATHE IMOJTHOW TEMIEPATYpPHOW KPHUBOM, BIMBAs B
KHCTIOTy pacTBop ocHoBamus. Pacuer AH?cimp cias. BemyT mo dopmyne (1-1). TomyuenHas
BEJIMYMHA XapakTepu3yeT AP ekt HeHTpaanu3aluuu v MoJiel KUCIIOTHI.

Jlnig mepexoia K MOJISIPHOM TEIJIOTE pacTBOPEHHUS COCTABIISAIOT TPOMOPLIUIO:

AHOHeﬁTp. cna6. - V MOJIb

AHO(C)HCP{TP‘ cna6.— 1 MOJIb

B nanroM ciygae v = C *V= 0,1 moms/nm° » 0,4 v = 0,04 MoIb, TO3TOMY

AHO(C)HCP{TP‘ cna6. = 25 AHOneﬁTp‘ cna6. (1' 4)

4, Hanmusaror B xamopumerp 400 mia 0,1 M pacrBopa HC1 u npoBomdar ompeneneHue
MOJIIPHOH KHCIOTHl HEWTPATM3alUM CHIBHON KUCIOTH AHycimp. cumn. COTTACHO TLIL 2 U 3
JTaHHOU pabOTHI.

5. PaccunteiBaror  AH*@puc. 1o  ypaBHeHmio (1-3). AHaNM3MPYIOT ~ pe3yibTar,
(hOpMYTUPYIOT BBIBOABI U OOPMIISIOT padoTy.

Pabota 1-3. M3mepenue TermaoBoro 3¢ dekra npoiecca ruapaTooOpa3oBaHms
Cmanoapmuoii  monsproii mennomoii AH*® .., 2udpamoobpazosanus nazvieaiom
U3MeHeHue IHMATLNUU 8 npoyecce npucoeOuHeHus K 1 monto 6e3600HOU KpUCMAIIUYecKol colu
coomeemcmayoue20 KoIU4ecmaea KpUucmaiiu3ayuoHHol 600vl npu P = 1 amm. ¢ obpazosanuem
YCMOUYUBO20 KPUCALLIOSUOPAMA.
3amaua paOOThI: O3HAKOMJICHHE C KaJOPUMETPUUYECKHM METOIOM OTpeesieHus
TerioBoro 3ddexra U3NKO-XUMHUYECKOTO MpOoIlecca M HAXOXKJIECHUE CTaHIAPTHON MOJIIPHOU
TEIUIOTHI THAPATOO0Opa30BaHUs M0 CTAaHAAPTHBIM MOJISPHBIM TEIJIOTaM PacTBOPEHUS OE3BOIHOM
kpucTammueckoit comu AH yuems. /6 1 ee kpuctamnoruapata AH" yuems puem cuop) -
AHO(C)anp. = AHO(C)paCTB. (6/B) = AHO(C)paCTB. (xpucr.rump) (1'5)
OO6opynoBaHue, peakTUBBI: KAJIOPUMETp, TepMoMeTp bekmaHna, TepMomeTp pTyTHBIH OT 0
1o 50°C, cexynnomep, conu CuSO4 u CuSO4*5H20 (MOXKHO MHBIE TTapbl O€3BOJHOM COJIM U ee
KpHUCTaJNIOTHApaTa Mo yKa3aHUIo mpernoaaBatens), coyib KCI1.
BrimonHenue paboTbl
[lonroraBnmuBaroT K paboTe KaJIOpPUMETP M OIpPENeNsioT ero TemioeMKkocTb Cy
COrJIacHo I.1. 1-6 paGotsr 1.
bepyr Ha ananutmueckux Becax HaBecky = 10 r 6e3BojgHON comu CuSQO4, KOTOPYIO
NPEABAPHUTENIFHO HY)KHO MPOKAINUTh. JTa HaBecka cojaepxut v = §/M Monb conu, npuyem M =
160 r/monb - MonsgpHast Macca 6€3BOIHOTO Cynb(darta Meu.
3anuBaror B kasopumerp 400 Mi1 ITUCTUIUIMPOBAHHOM BOJBL. BKITIOYAaOT MemanKky u
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MPOBOJAT CHSITUE MOJHOM TEMIEPATYpPHOU KPUBOM IMpoIlecca pacTBOPEHHUS, UCIOJIb3Ys BMECTO
XJIopua Kanusi HaBecKy cyibdara memu. [loncrasmsis nomydenHoe 3HaueHue AT U HaiiieHHOE
Ci B dopmyny (1-1), ompenenstor Bemuauny AH® puoms 66 J1d mepexoma K CTaHJApTHOM
MOJISIPHOM TEIIJIOTE PACTBOPEHUS COJIA COCTABJISIOT MPOTIOPIIUIO:

AHpacrs. (6/8)— V MOJIb

AHO(C)paCTB. (6/B) — 1 MOIJIb,

OTKy1a

AHO(c)paCTB. (6/B) = AHopacn;. (6/B) * M/ g (1'6)

OtmepsitoT HaBecky g = 10 r CuSO4*5H20 u npoBosaT BHOBE M3MepeHus 1o 11.3. [Ipu
3TOM B KajopuMeTp HamuBaioT 396,4 Mia BOJbL, YYHMTHIBasg BOAY, MMEIOIIYIOCS B
kpuctasutoruapare. Haxomsat AH pueme (xpuem. 2uop) KpUCTAIUIOTHApPATA Cyabdara Meau, a 1o (1-6)
paccunteBaloT AH" ums apuem. wuop). Hago mumb ydecTs, uto Temeph M=250 r/monb -
MOJISIpHAs Macca KpUCTaIOTUpara.

Ucnons3ys (1-5), paccumtbiBaror AH",,,.. ®OpMyIHpYIOT BBIBOABI, OQOPMIAIOT
pabory.

Pa6ora 1-4. Onpenenenue TEMIOTH CMAYUBaHUS U YAEIbHON MOBEPXHOCTH MOPOIIIKA
KaJIOPUMETPUIECKUM METO0M

BaxxHOW XapaKkTepHUCTUKOM IOBEPXHOCTH TBEPAOTO Tejla SBISAETCA CTENEHb €€
ruapodmibHocTH. [IpUMEHHMTENTPHO K  TIOPOIIKAM  3a4acTyl0  OMPENEISIOT — BEIMYHHY
Koaghhuyuenma euopoguronocmu - omHoueHue yO0eibHou meniomvl CMAvu8anus NOPOUIKA
8000l K YOEIbHOU Mmenjiome CMAYUBAHUS HENONAPHOU HCUOKOCMbIO  (Y21e8000pO00OM).
[ToBepxHOCTh cumTaeTcsi TuapodmiIbHON, ecnu f >1, u runpodobuolt, ecnu f <1. Temmoty
CMauMBaHMsI OOBIYHO OTHOCAT K €IMHUIIE TOBEPXHOCTH (MJIM MAcChl) CMaulBaeMOT0 BElIeCTBa U
BBIpaXxkaroT B /M2 nn B JHK/KT.

3amaya pabOThI: OMPEACTUTh TEIUIOTY CMAauMBaHUs TOPOIIKA, paccunuTaTh KodDuIueHT
TUAPOPMIBHOCTH f U YAETBHYIO IOBEPXHOCTH MOPOIIIKA.

O6opynoBaHue, peakTHUBBI: KaJllOpUMETpHYecKas YCTaHOBKa, TepMmoMeTp bekmana,
CEeKYHJIOMEpP, MEpHBIH IWIMHIAP, KOHWYEeCKWe Koiaobl Ha 250-400 mn ¢ mpoOkamu;
JUCTUJUTMPOBAHHAS BOJA, aKTUBUPOBAHHBIN yroyib (MOKHO OKCHJ LIMHKA, MEN, MPOKaJICHHBIN
CHJIMKaresib, Kpaxmall, arap-arap, u T .J.), 0eH30J (MOKHO TOJIYOJI, H-T€NTaH, H-IeKCaH).

Brinonnenue paboTsl
[ToaroraBnmBawT K paboTe KaJOPUMETP U OMPEACTSIOT ero MocTosiHHyto Cy COTJIaCHO
. 1-6 paboTsr 1.
B nByx Orokcax Ha TEXHHYECKUX BecaxX OepyT JIB€ HAaBECKU HCCIIETYEMOTO IMOPOIIKa
Maccoit 5-10 r (o BeiOopy npemnoaaBarens). [lopoiok nomkeH ObITh TPeIBapUTEIbHO JIOBEACH
B CYLIMJIBHOM HIKa(y /10 MOCTOSIHHOM MacChl.
C nomorpo MepHOH KoJIObI oTOMparoT 200 M1 TUCTHUTMPOBAHHOMN BOJBI M TAKOM Ke
00BEM HETOJSIPHOM KUAKOCTU. PacCUMTHIBAIOT MAcChl KUAKOCTEH MO ypaBHeHHIO: § = p ¢ 200,
/i€ p - TUIOTHOCTh COOTBETCTBYIOMIEH KUIKOCTH (T/MIT) IPU TEMIIEpaType OIbITA.
Bonay BbUIMBAIOT B KaJOpUMETp, KyJa MOMENIAIOT HACTPOEHHBIH TepMomeTp bekmana
(cMm. m.1), BKIOYAIOT MeEMIAIKy M B TeYeHHE 5-6 MUHYT depe3 kaxiable 30 ¢ duxcupyroT
3Ha4YeHMs TeMriepaTyphl. [lo OkoHYaHUU 3TOrO BpEMEHHU, He MpeKpalias nepeMenInBaime, yepes3
OTBEPCTHE B KPBIIIKE B KAJOPUMETP BHOCAT MEPBYIO HABECKY MOpoOIKa. OTBEPCTHE 3aKPHIBAIOT
U MPOJOJIKAIOT 3allUChIBaTh TEMIIEpaTypy C TeMm ke uHrepBasioM eme 10-12 munyt. Ilo
MOJIYdCHHBIM pe3yJibTaTaM cTposT 3aBucumocth 1 = f(t), ompenmenstor AT, paccuuThIBarOT
TEIIOTY cMaduBaHUs AH yq, TOpOIIKA HA 1T:
_ AT {Cye+8, C+G2 Cyy

AHpgy=—————— (1-7)

g1
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rae g1 ¥ g2 - Macchl MOPOIIKA U CMAauMUBaIOUIEH XKUJIKOCTU COOTBETCTBEHHO, C1 u (2 -
3HaueHUs WX yAeHbHBIX Temnoemkoctel (Jk/rK). 3HadueHHs yIENbHBIX TEMIOEMKOCTEH
MIPUBEJICHBI B TAOJIHUIIE.
[Tonp3ysice 3HaUY€HMEM TEIUIOTHI CMAayMBAaHHMS B pacyueTe Ha CAMHUILY TUIOIIATH
nmoBepxHocTH (Tabn.1-2) wm, B3SB OTHONIEHUE PACCUYMTAHHOW BETUYHUHBI AH(yq, K TaOIUIHOM,
OTIPEICIISAIOT YICTBHYIO IIOBEPXHOCTH MOPOIIIKA Sy,

OnBIT MOBTOPSIIOT C YTIICBOAOPOIOM. PacCUUTHIBAIOT KOAIPPHUITHCHT

AHEAE
B = Jmeasa ACTAIOT BBIBOJL O TUAPO(PHILHOCTH UCCIICTyEMOTO TIOPOIIKA.

cMau

Odopmasitor paboTy.
BemectBo C, Ix/rK | Tennora cMaunBaHus B
BOJIOM, BOJIOM, [[X/T | yrmeBomopoaoMm,
Jlox/cm? *10% Jx/ T
AXTUBHpOBaH. 0,84 0,035 31,80 93,30 0,34
yroJib (BAY)
SiO, mpokanen. | 0,74 0,10 38,10 18,40 2,10
Kpaxman 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. XUMHUYECKOE U ®A30BOE PABHOBECHE
Pa6ora 2-1. OnpezneneHne MOJISIPHON MacChl HEAIEKTPOIUTA KPUOCKOTMUECKUM
METOI0M
Temnepartypa Ty, IpU KOTOPON HayMHAETCA KpUCTaUIM3alus (3aMep3aHHe) pacTBopa
HIDKE, YyeM pacTBOpUTeNst Tp(1). s pa30aBiIeHHBIX PAaCTBOPOB HEIJICKTPOIMUTOB TOHMIKCHUE
TeMIEepaTypbl KPUCTAUIM3AIIMNA PACTBOPA CBSI3aHO C MOJISTIBHOW KOHIIEHTparuein M (MOJIB/KT)
COOTHOILIEHUEM:
ATwp = Tip - Tip) = Kip™ M (2-1)
rae Ky - Kpuockonuueckas nocrosinnas pacrsopurens. s Boast Ky, = 1,86 kr K/ Mosb.
B cBo0 0ouepenb, MOJIAIIBHOCTD PAacTBOPA HaXOIUTCS 10 GhopMmyIie:
= 1000-g4 (2_2)
Mygy
rae g1 - macca pactBopuTens, a §2 u Mz - Macca U MoJsipHas macca (B I/MOJIb)

pactBopenHoro BemiectBa. Coderanue (2-1) u (2-2) mo3BosisieT HailTh M>:
1000,
kp ATy g,

MZZK

(2-3)

3amada paboOThI: 03HAKOMJICHHE C KPHUOCKOIMYECKUM METOJOM OMpEENICHUs MOJSPHOMN
MacChl pACTBOPSHHOTO B BOJIC BEIIIECTBA, OTPEICIICHUE MOJIIPHON MacChl HEAJICKTPOJIHTA.

O6opynoBaHue, peakTUBBI: KpUOcKom, TepmoMeTp bexkmana, numnerka Ha 25 unu 50 mu,
TJIF0K03a, MOYCBHUHA HJIM MHOW PACTBOPUMBIN B BOJIC HEJICKTPOIIUT, JICI.

Brimonnenue padboTh

1. CoGuparor kpuockorn (puc. 2-1), coctosmuii U3 CTEKISIHHOTO cocyaa (1), 3akpbITOoro
KpBIIIKOH (2), B KOTOpyro BcTaBisiercs npobupka (3) u Memainka (4). [Ipobupky 3akpbiBaroT
po0OKoii (5), ckBO3b KoTOpyIO mpomyiieH Tepmometp bekmana (0,01 °/nen) (6) u memanka (7) B
(dbopMe KoJIbIIa, 0XBATHIBAIOIIETO TEPMOMETP.

2.Cocyn (1) mpumepHo Ha 2/3 o0beMa 3aNOTHSIOT OXJIAIUTENBHONU CMECHIO U3 JIbaa (MU
CHera), BOJIbl U XJIOpUJa HATPHSL.

3. C momormpo 1abopaHTa HACTPaUBAIOT TepMoMeTp bekmana Takum oOpa3om, 4TOOBI
YpOBEHBb CTOJOMKA PTYTH pacrojiarajics B BEpXHEH YacTU yCIOBHOW TEMIEpaTypHOU IIIKAIIbI,
MIPUMEPHO MEXKIY 4 U 5 IeNeHUSIMH IITKATbI.

4.B npoOupKy BBOJAT HABECKY (1 =25 T IUCTUIUTUPOBAHHON BOJBI, OTMEPSs TpeOyeMbli
o0vem muneTkoi. Berapnstor B mpobupky Tepmomerp bekmaHa M KoJiblieoOpa3Hyl0 MEIajKy,
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MOTPYXKAIOT MPOOUPKY B OXJIAJAUTEIEHYIO CMECh.

o.IlepememnBas OXJaJAUTENbHYIO CMECh U, OJHOBPEMEHHO MENJIEHHO IIOKayuBas
Memanky (7), HaOMOAaT 32 MOHMKEHUEM TeMIepaTypbl pactBoputens. [losBieHne mepBhIX
KPUCTAJUTMKOB JIbJIa OTBEUYAET IMOBBIIMICHUIO Temneparypbl Boabl Ha 0,2 — 0,3 rpagyca. B xone
MOCIIEAYIOETO WHTEHCUBHOTO TIEPEMEIIMBAHMUS ~ PACTBOPUTENS  JOJDKHO — HAOIOIATHCA
YBEJIMUEHUE KOJMYECTBA KPUCTAIOB U UX POCT, TEMIEpATypa € OCTaeTCsd HEM3MEHHOU. JTa
TeMrepaTypa M OyJeT HCKOMOH TeMIepaTypoil KpUCTaIIM3alUM pPacTBOPUTENS TP,
BBIPA)KEHHOW B rpajycax yCIOBHOM IIKaibl TepMoMeTpa bekmana.

6. BrnMas npoOupKy BMECTE ¢ TEPMOMETPOM U3 KPHOCTATa, HarpeBaroT ee PyKoH,
HO JMIIb JI0 MOMEHTa IOJIHOTO Hucue3HOBeHMs KpuctauioB jpga. BHUMAHUE! Cronbux
TepMoMeTpa bekmaHa He JODKeH IMpU ATOM BBIMTH 3a mpezensl mikaiael! BHOBb BBOIAT
MPOOUPKY C paCTBOPUTETIEM B KPUOCTAT U MOBTOPSIFOT OIIBIT IO 1I. 5.

7. OTMepSIOT Ha aHATMTHYECKUX BecaxX HaBECKy m3ydaemoro Bemiectsa gz =0,2 — 0,3
r. U3Bnekaor npobupky ¢ tepmoMerpoM bekmana u3 Kpuockomna, JOOMBAIOTCS MCUE3HOBEHUS
KPUCTAJUIOB JibJa (CM. 1M.6) ¥ BBOJST HABECKY B PacTBOPHUTEINb. [[al0T BEMIECTBY MOJHOCTHIO
pacTBOPUTHCSL.

8. Onpenenstor TeMmMIeparypy KpUCTAJUIM3alUu pacTtBopa iy COTJIaCHO
yKazaHusM 1n.0. 5 wm 6. Haxomar cpeaHue 3HAYEHHsI TEMIEPATypbl KPHUCTAUIM3ALHH
pactBoputens (Tip)®*") u pactBopa (T,"" ).

bexm

Puc. 2-1. Kpuockon

9. TeMmmeparypbl KpUCTaUTU3AIMU pacTBOpUTENs Tyy(1) U pactBopa Tip, K3MEPEHHBIC
B mkaie KenbBuHa M B yCIOBHOW TeMIepaTypHOW IiKaie TepMoMerpa bexkmana, cBsi3aHbl
COOTHOIIICHUEM:

Tup(1) = Tip()**™ + a, (2-4)

Tip = Tipo™™ + a, (2-5)

TJ€E a - HEKAW MIOCTOSIHHBIN ITapaMeTp, 3aBUCSIIUN OT YCIOBUM HACTPOUKH
TepMomeTpa. Yuuteias (2-1), (2-4) u (2-5), onpenensitor AT y:

ATKp — TKp(l)EeKM _ TKpEeKM (2_6)

10. TonacraBnstor AT, B (2-3), pacCUMTHIBAIOT MOJSIPHYIO Maccy Mp H3y4aeMoro
BellleCTBA. 3HAs €ro HCTUHHBIM XMMHMUYECKUM COCTaB, OLIEHUBAIOT TMOTPEIIHOCTh
KPHUOCKOTMMYECKUX U3MepeHnidl. DopMyIHpYIOT BBIBOIBI, 0(OPMIISIIOT padoTy.
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Pabora 2-2. OnpeneneHue CTeNeHU AIEKTPOIUTHICCKON JUCCOITUAITIH

KPUOCKOIMYECKUM METOJIOM

Temneparypa T, IpU KOTOPOM HayMHAETCA KpUCTaUIM3alMs (3aMep3aHME) pacTBopa
AJIEKTPOJIUTA HUXKE, YEM PACTBOpA HEDJIEKTPOJUTA TOM ke KOHLEHTpauuu. [ pa3zdaBiieHHBIX
pPacTBOPOB 3JIEKTPOJIMTOB MOHMKEHHE TEMIEPATyphl KPUCTAIIM3ALUU CBSA3aHO C MOJISJIBHOU
KOHIIEHTpanueid M (MOJIb/KT') COOTHOIIICHUEM:

ATip = Tip - Tipr) = FKip* M, (2-7)

3nech K, - kpuockonmueckas nmocrosiHHas pactBopurens (K = 1,86 krK/ mons - ms
H20), a i - u3oToHMYeCKnit KOIPPUITUCHT:

i=1+(v-1a, (2-8)

rge v = v’ + V' - YHCJIO KaTHOHOB M aHMOHOB, OOPa3yIOIIUXCS TPU JUCCOLUAIIN
MOJIEKYJIBI AJIEKTPOJINTA, & - CTENEHb AUccolUai. MoJsIbHOCTh pacTBOpa M pacCUUTHIBAIOT
o ¢popmyie (2-2).

3ajmaga pabOThl: O3HAKOMJIEHME C KPHUOCKOIMYECKHMM METOJIOM  OIpEJeNIeHUs
M30TOHMYECKOTO K0P PUIIMEHTA U OTIpeieTICHIE CTENIEHHU AUCCOLMAIIMY AIEKTPOJIUTA.

OGopynoBaHue, peakTUBBI: KPUOCKOII, TepMomeTp bekmana, munetka Ha 25 wmm 50 mot
cosu NaCl, NaNOgz, NaxSOa, A1C13 nau unbie (10 yKa3aHHUIO MPEMoaaBaTeis), JeI.

Brinosinenue paboTsl

1. CobOuparoT KpUOCKON M TOTOBAT €ro K paboTe, WCIOJB3YyS yKa3zaHUs
. 1-3 paboTsi 1.

2. B npobupky BBOAAT HaBecky g1 = 25 I TUCTHIUTMPOBAHHON BOAbL. OmNpenensioT
TeMIeparypy ee Kpucrammsanun Ty, (1)°" cornacuo mm. 4-6 pa6otsr 1.

3. OTMepsIIOT Ha aHaJIMTUYCCKHX BecaX HABECKy BBIOPAHHOW COMM (2 C TeM
pacdyeToMm, 4ToObI KOHIIEHTpPAITUs MTOJTYIeHHOTO pacTBopa He npeBbimana 0,1 moms/n. U3BnaekaroT
npobupKy ¢ TepmMoMeTpoM bekmaHa W3 KpuocTaTa, JOOMBAIOTCS MCUE3HOBEHHS KPHCTAIIOB
Tb/1a. BBOISIT HABECKY B PACTBOPUTEITD, TAIOT BEIIECTBY IMTOJTHOCTHIO PACTBOPHTHCS.

4. [IpousBoaAT onpeneneHne TeMIepaTypbl KPUCTAILUTU3AIUN PACTBOPA AIEKTPOIUTA
T,"" no (2-6). U3 cpemuux 3HaueHuil T,,°"" u TP onpenensior ATy, Ilo (2-2)
PaACCYMTHIBAIOT MOJISUTBHOCTD PACTBOPA COJIH H, MOJIB3YSICh (hopMyinoi (2-7), HAXOIST BEIUYHHY
HM30TOHUYECKOr0 KO3 dHImeHTa I.

5. 3Hasi XUMUYECKYIO (DOPMYITy COJM M YYUTBIBAS, YTO JUIsi CHIIBHBIX DJICKTPOJIUTOB
a —1, paccuuthiBaloT | 10 BbIpaxkeHHO (2-8). COMOCTABISIIOT IMOJYYECHHOE 3HAYCHHE C
JaHHBIMH SKCTiepuMeHTa. DOpMYITHPYIOT BBIBOIBI, 0(OPMIISIOT PaboTYy.

PaGora 2-3. [locTpoenue nuarpaMmMbl paCTBOPUMOCTH B CUCTEME COJIb - BOJIA

YacTHBIM cllydyaeM AUarpaMMbl COCTOSIHHS IBYXKOMIIOHEHTHOH cucteMbl npu P = const
SABJISETCA JAWarpaMma IJIaBKOCTH, KOTOpas CTPOUTCS B KOOpAMHATaX «TeMIeparypa
kpuctaumsanuu (Typ) - coctaB pacmiaBa (X)», rae X- MosbHas J0JsI PacTBOPEHHOIO
KoMIoHeHTa. OTHaKO AJIs CUCTEM THUIa "COJIb-BOJA" MOJIHYIO AHAarpaMMy IJIaBKOCTH MOCTPOUTD
HEBO3MOKHO,
T. K. HElb3s MPUTOTOBUTH YCTOMYMBYHO CMECh M3 BOJbl M paciuiaBiieHHOW coiu. [lostomy
MPAKTUYECKH HW3YYaloT JIHIIb YacTh JMarpaMMbl IIJIaBKOCTH, OTBEYAIOMIEH BBICOKOMY

COI[Cp)I(aHI/IIO BOAbBI H HI/I3KOMy -  COJn. Takasa "_[Eﬁlal"paMMa HA3bIBACTCSI TPH}/IB.F paMMOﬁ
pacTBOPUMOCTH 1-H.O cou
2 B
(puc. 2-2). 2 - com / T
Trpcty
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Puc.2-2. lnarpamma pacTBOPUMOCTH COJIA

Ona cocroutr u3 BeTBU AL KpuctajuM3auuu BOJbl U3 pacTBopa U BeTBU EB —
KpUCTAJUIM3aluK coii. Touka £ OTBeYaeT 3BTEKTUYECKON TeMriepaType 1k M IBTEKTHYECKOMY
coctraBy Xz B mnpubnukeHuum uAEanpHOTO pPacTBOpa KpUBbIE KPUCTAUIM3AUUU  (JIMHUU
nukBunyca) AE u EB MoxHO paccunTath 10 ypaBHenuto [llpenepa:

T L)

Kp - : . o

(2-9)
npuyeM i=1 uiau 2 COOTBETCTBEHHO IS PACTBOPHUTENISI M PACTBOPEHHOTO BEIIECTBA.
XapakTepUCTUKH Psijia COJIeH M MX BOJHBIX IBTEKTHK JaHbI B Ta0mwuie 2-1.

Jlnst Bogwt Tip(1) =273 K, M1 - 18 r/monb. AH (1) — 6,0 xJIx/ MOJIb.
3amaya paboTHI: M3Y4YEHHE KPUCTAUIM3AallUM B BOJHO-COJIEBOM CHCTEME, MOCTPOECHHE
JarpaMMbl paCTBOPUMOCTH COJIM, COIIOCTABJIEHHE €€ C PACUETHOM.

Tabmuma 2-1.
Conn M3, /Mo T2, K AH®1n2), TE, K XE
kJ>x/Monb
Na2SO4 142 1157 24,30 271,8 5,05*107
K2SO4 174 1343 36,65 2714 9,50*10°
KNO3 101 607 11,70 271,1 2,13* 107

OO6opynoBaHue, MaTepHaNIbl: KPHOCKOII, TepMOMETp bekmana, mumnerka Ha 25 uiu 50 mur,
costb Na2SO4 (i K2SO4, KNO3), ne.

Brinosinenue paboTsl

1. CoOuparoT KpHOCKOT M TOTOBST €ro K paboTe B COOTBETCTBUU ¢ Tl. 1-3 paboTsI 1.

2. B npoOupky BBOAAT HaBecKy ¢1 = 10 I AMCTHILTMPOBAHHOW BOJBI, OTMEPSS 00bEM
nurneTkor. Micronb3ys ykazanus mi. 4-6 paboThel 1, onpenesnstoT TeMIepaTypy KpUCTaUTU3aluH
pactBoputens Ty P B yCIOBHBIX Ipajlycax IIKaibl TepMoMeTpa bekmana.

3. OT™MepsAI0T Ha aHAIMTHYECKUX Becax 4 OaMHAKOBBIX HaBecku @2 = 0,125 r comm
Na2SO4 (mns K2SO4 , g2 = 0,280 1, nmss KNO3 g2 = 0,36 1).

4. V3BnekaroT npobupky ¢ TepmomerpoM bekmaHna U3 pacTBopa, HarpeBaroT ee PyKoi /10
ucyesHoBeHHs kpuctawmukoB sbga. BHUMAHUE! Cronuk pTyTd HE JOKEH BBIUTH 3a
mpenenbl YCIOBHOW TeMIlepaTypHO#l mikaibl! BBoOAST mepByr0 HaBecKy B HPOOUPKY, IAOT
BEILIECTBY PACTBOPUTHCS.

5. IIpou3BoOAAT OnpeseneHne TeMIIEPaTyphl KpucTammu3anuu 1y, pacTBopa.

6. BHOBb wu3BNEKalOT TPOOHMPKY, MOOOWMBAIOTCSA MCUE3HOBEHUS KPUCTAIJIOB JIbJA.
[TocnenoBarenbHO BBOJSAT B PACTBOP BTOPYIO, TPEThIO M YETBEPTYIO HABECKHU, ONpENENss B
KaXJIOM Cydae TeMIEepaTypy KpUCTAUIU3aluH.

7. PaccuuThIBaIOT MOJIAPHYIO JOJF0 BTOPOTO KOMIIOHEHTA B pacTBOpax mo gpopmyre:

g, /M,

X:Xq:

(2-10)

®opma A Crpannna 18 u3 66



MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO

o . Dopma
VYIbSIHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouas mporpamMma v CIUIUIMHBI

IIPUHUMas BO BHUMaHUE, YTO (2 — CyMMapHas HaBecKa COJIHU.
8. KomOunanus Beipaskenuii (2-4) u (2-5) npuBOIUT K COOTHOUICHHUIO:

Tip = Tip(1) +( Tip”™ = Tip1y”**) (2-11)
Ioxcrasnss B (2-11) nonydeHnslie Ha onbiTe 3HA4YeHUS Ti,?" 1 Typ)®*" u yuuThIBas,
yto Twp) = 273 K, ompenensitor Ty, B mikane KenpBuna. CTposiT 3aBUCHUMOCTB 1y - X,

MIPEJICTABISIONIYIO JHArpaMMy PACTBOPUMOCTH B CHCTEME COJIb-BOJIA.

9. Ipusnekas gannbie Ta0d. 2-1, paCCYNTHIBAIOT 00€ BETBH 3TOUW 3aBUCUMOCTH JUIST BOJIBI
u comu 1o (2-6). 3uauenue AH®,;, Boasl paBHO 5,983 KJ[k/M0Jib. COMOCTABIISIFOT TOJIydeHHBIC
JAHHBIE C IKCTICPUMEHTATBHBIMU. DOPMYITUPYIOT BBIBOJIBI, 0(OPMIISIOT padoTy.

Pabora 2-4. Onpenenenue ko3pPuirenTa pacrnpeneneHus U CTeneHu U3BJIeueHus Hoaa
IIPU OJJTHOKPATHOM U ApOOHOM 3KCTpaKkUIuu

Oxkcmpakyueli Ha3vlearom npoyecc Uu36iedeHus eujecmeda pacmeopeHHo20 6 OOHOM
pacmeopumene, Opyeum pacmeopumenem (IKCMpazeHmom), KOMOpbll He CMEeuwusaemcs c
nepeviM.

Ecmu x nBym xuakum dazam, HaxonsmumMcsl B paBHoBecuu npu P, T=const, no6aButh
TPETHI KOMIIOHEHT, TO OH pacHpelesIuTcs MeXIy obenmu ¢azaMu, HO B pa3HOM KOJIMYECTBE.
[Ipn 5TOM OTHOIIEHHE KOHIIEHTpAlMil TPEThEro KOMIOHEHTa B JABYX XKHUJAKHX (a3ax sBIsSETCS
BEJIMYMHOM MOCTOSIHHOM M HE 3aBHCHUT OT OOLIETO COJEPKAaHUSI KOMIIOHEHTa B CUCTEME:

(I)

K o
pacm. [{: (I }u
1 (2-12)
rae c¢i - KoHIeHTpamus pacnpenensiemoro komronenta B (1) m Bo (ll) dazax

COOTBETCTBEHHO, ¢ - MOKAa3aTelb, XapaKTepU3YIOLINIl CBOMCTBA BCEX KOMIIOHEHTOB B CHCTEME.
[Ipu sToMm koapdumenT pacnpeneneHus: Kpaen. 3aBUCUT OT TEMIIEPATypPhbl M IPUPO/IbI BEIIECTB U
HE 3aBHCHUT OT HAYaJIbHOM KOHIEHTPALIUU IKCTPArHpyeMOro BELIECTBA.

DKCTpakius MOXKET ObITb 0OHOKPAmMHOU, KOTJa SKCTPAreHT J00aBJISIOT B OJUH MPUEM U
OpoOHOUI - €CHNH JKCTpareHT A00aBJIAIOT HOpUUsAMHU. Maccy BelecTBa, OCTaBIIYIOCS MOCIe
AKCTPAarupoOBaHMUsl, PACCUUTHIBAIOT 10 POpMYIIE:

¢ w11
Vi
gin~= g{{} )
b Kpaca V2 + Vi
\ - : (2-13)
rae g(0) - ucxoaHOEe KOJMYECTBO SKCTPArupyeMoro Bemiecta; Vi - 00beM pacTBopa, U3
KOTOPOro H3BJCKACTCA KOMIIOHCHT, V2 - O6’bCM IopuoruH JSKCTpAarcHra, n - KpaTHOCTb

sKcTparupoBaHus. [IOHATHO, YTO MOJHOTA M3BJIECYEHMs BEIIECTBA IMPHU APOOHON 3KCTPAKIUU
BBIILIE, YEM IIPH OJTHOKPATHOM.

OKCTpakLIMOHHOE U3BJICYCHHE KOMIIOHEHTOB MCIIOJIB3YIOT B IPOLIECCE IOJYyYEHUS
aHTUOMOTHUKOB, TAJICHOBBIX MpENapaToB, a TAKXkKe MPU aHaJIN3e JIEKapCTBEHHBIX (HOpM.

3agaua paOOTHI: MPOBECTH OJHO- M TPEXKPATHYIO SKCTPAKIHUIO #HoJa U3 BOIHOTO
pacTBOpa, BBIYUCIUTH KOIPPHUIMEHT pachpeneneHus, OUeHUTb 3((EeKTUBHOCTb OJHO- U
TPEXKPATHOM IKCTPAKLUH.

OO6opynoBaHHMe, pPEAKTUBBI: YCTAHOBKA JUISI BCTPSIXUBAHMS;, KOJOBI C MPUTEPTHIMHU
npobkamu Ha 200 mut - 5 mt.; GropeTka Ha 25 M - 2 IIT.; KOJOBI JUIsl TUTPOBAHUS - 5 INT.;
munetkn Ha 5,0; 10,0 m 25,0 M, AenUTENbHbIE BOPOHKH C MPHUTEPTBIMU TIPOOKaMU
BMecTUMOCTBhIO 200 mi - 5 mt. McxoaHbelii BOAHBIA pacTBOp Hoja ¢ KoHieHTpanued c(1/2
12)=0,1 Momb/11; X7T0pOPOPM WM TETPAXIOPHU YIIIEPOJIa; BOJHBIA pacTBOP THOCYNIb(aTa HATPUS
¢ konueHrpauueit 0,1 u 0,01 Mosb/1; CBEXENPUTOTOBIEHHBIN PacTBOP Kpaxmaja ¢ MacCOBOM
nonen 1%.

Brimonnenue paboTbl
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1. YcranaBnaMBalOT TOYHYIO KOHIIGHTPAlMIO BOJHOTO pacTtBopa Hona. s storo B
YUCTYI0O KOJIOY JUIS THTPOBAaHUS OTOMPAIOT TNHUIETKOW aJMKBOTY HCCIEIYEeMOTO pacTBOpa
oosemom 10,0 mit. loGasisitor 20-25 MiT XOJI0AHOM AUCTHIUIMPOBAHHON BobI U TUTpYIOT 0,1 M
pacTBopoM THOCYIb(aTa HaTpUsl OO0 CBETIO-KENTOH (COJIOMEHHOHM) OKpackdW. 3areM K
MOJIy4eHHOMY PacTBOPY A0OABISIOT ~ 1 MJI pacTBOpa Kpaxmaia U MpOA0JDKAIOT TUTPOBAHUE 10
nepexojia OKpackd U3 CuHel (roiyooii) B OecuBeTHYI0. OMNBIT MOBTOPSIOT HECKOJBKO pa3 10
MOJTyYECHUS Tpex CXOSIIIIUAXCS
(T.e. oTnuyaronuxcst He 6osee yem Ha 0,02 mut) pe3ynbraToB. KOHIIEHTpAIHMIO 012 BBIYUCIISIOT
110 YPaBHEHHUIO:

R. :‘*IHES-] C"_';

. C:‘JHISED:;
‘n = vV

TPOOSL (2-14)

rme  Na3$203 - cpesree apudMeTHuecKkoe M3 MOTYHEHHBIX CXOJSIIMXCS PE3YNbTATOB
TUTPOBAHUS;, Viposw - 00bEM TMpoOBL, B3ATOW A TUTpOBaHUS Oe€3 ydeTra KOJMYeCTBa
no6aBiieHHOU BB (T.€. 10,0 M).

2. Jlist paGoThI TOTOBSIT YETHIPE CMECHU M3 MCXOJHOTO BOJHOTO pacTBOpa iojna, BOJBI U
IKCTpareHTa (XjaopodopM WK TETPAXJIOPH YIIIEpOoaa), MOMEMIAIOT UX B YUCTHIE B CYyXHE KOOI
BMEeCTUMOCTBI0O 200 MJI ¢ TIpUTEPTHIMU MPOOKaMU (PE3MHOBBIC MPOOKW IS ATOM IeU He
noaxoaT). CoctaB cmecel yka3aH B Tabmute 1.

3. [IpuroToBeHHBIC CMECH BCTPSAXHUBAIOT B TeueHHEe 10 MUHYT (MOYKHO BPYYHYIO WUJIM HA
anmapare Ui BCTpsAXHBaHUS). VIHTEHCUBHOCTbh BCTPSAXUBAHUS JOJDKHA OBITH JOCTATOYHOM s
MEepPEeMEIIMBAHNS BOJHOTO M OPraHMYECKOro CIIOSsl, OJHAKO IMPH ITOM >KMJIKOCTH HE JOJLKHBI
SMYJbIUpoBaTh. [I0 OKOHYaHUM BCTPSIXHMBAHUS COAEPKMMOE KOJIO MEPEHECTH B JIEIUTENbHBIE
BOPOHKHM M OCTaBUTh Ha 5-7 MHUH JI0 pacClauBaHMs KUJIKOCTEH. 3aTeM OTACIUTh BOJIHBIN CIOM
OT OPraHUYECKOro.

Tabnuua 2-2.
CocTaBbl UCIIOJIB3YEMbIX CMECEil
Ne O0BEM UCXOTHOTO O0BeM O0BeM Konnentpanus
POObI pacTBopa ioja, BO/IBI, JKCTpareHTa, roma c(1/2 1),
MJI MJI MJI MOJIB/T

1 100 - 30 0,100

2 50 50 30 0,050

3 25 75 30 0,025

4 10 90 30 0,010

4. OmpenensoT cojepkaHue Hojia B 000MX CIIOSX MO pe3yiabTaTaM TUTPOBAHUS MPOObI
THocynbparoM Hatpus. TuocynbdaromM HaTpus MOXKHO OTTUTPOBAaTh HOJ TOJBKO B BOJHOM
cioe. IloaTomy mpu ompeneneHUM KOHLEHTpAMK HoJa B OpraHudeckoil ¢aze K TUTpyeMoi
npo6Ge OpraHMYecKOHl  KMIAKOCTH HEoOXOAMMO H00aBIaTh BoAy. Moa — HOCTENeHHO
SKCTparupyercs B BOAHBIA CIIOH, TJie U BOcCcTaHaBlIMBaeTcs THocynbdaToM. s onpeneneHus
KOHIIEHTpaluu HoJla B OPraHUYeCKOM cJI0€ OTOMPAIOT aTMKBOTY 0ObEMOM 5 MJI U MEPEHOCAT ee
B KOJOY JUISI TUTPOBAHUS, COJAEpXKAIIylo 25 MJ JUCTHILIMPOBAHHOM BOJBI M 1 MJI pacTBOpa
kpaxmaina. TutpoBanue npooair 0,05 M pactBopom NazS:03. B npouiecce TuTpoBanusi koidy
BCE BpEMs BCTPSAXMBAIOT, YTOOBI OOJErYUTh SKCTPAKIMIO HOJAa B BOJHBIM CJOH, a THUTpaHT
npUOaBIAIOT MEUIEHHO. TUTpOBaHUE MPOJOIDKAETCA 0 MOMEHTa 00ECHBEUMBAHUS BOJHOTO U
opranuueckoro cioeB. OnblT noBTOpstoT 3 pasa. KoHueHTpauuio ioga BBIUUCISIIOT IO
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ypaBHEHHIO (5), pu 3TOM V poss = 5,0 mut. Coziepxanue oa B BOJHOM CJIO€ OIPENETSIOT TakK
e, KaK IPU yCTAaHOBJICHUU KOHLIeHTpauuH |2 B ucxomnom pactsope. Tutpant - 0,01 M Na2S20s.
5. PaccuuThiBarOT KOX(QQUIIMEHT paclpeneicHusl Hoaa 1mo ypaBHeHUio (2-12), cumras
¢a3oii (1) - opranndeckuid, a pazoii (2) - BoaHbIHA cioii 1 o0 = 1.
Berumcisiror Maccy #o/1a B MICXOAHBIX BOAHBIX pacTBopax (gi2 (0)):

(0 _ G "100-127
9% = 71000

W Maccy HE H3BIIEYEHHOTO Hona 1o ypaBHeHMIO (2-13), yuutbiBas, uto Vi - oObeMm
BOJHOTO cjosd, V2 - 00beM opranuyeckoro cios, a N paBHo 1. CteneHs (MOJHOTY) U3BICUYEHUS
PaCCUYHUTHIBAIOT 110 YPaBHEHHIO:

y

g = 91,(0) — g,,(1)
! g5, (0)

6. MHorokpatHas skcrpakius. B konOy emkoctsto 200 My ¢ mputepTod NpoOKoi
nomentator 100 mi ucxomHoro pactBopa ioma u gobGamistor 10,0 mMa skcrparenta. Cmech
BCTPSAXUBAIOT B TeyeHHe 10 MUHYT M MEPEHOCAT B JACTUTENbHYIO BOPOHKY, I'Jil€é OCTaBJISIOT
cTosTh 5 MHMHYT. OpraHM4ecKHid W BOJHBIA CJIOW Pa3JeNsoT, IPUYEM BOJHBIM CIIOM BHOBB
MOMENIAIOT B YUCTYIO KO0y eMKocThio 200 Mit ¢ ipuTepToi mpookoi. K BomHOMY CIIOIO OTISITH
noGasistoT 10,0 Mi1 3KCTpareHTa; 3KCTPaKLUIO MOBTOPAIOT. OTAENSIOT OpraHUYecKUid CIIoil.
OnbIT NOBTOPAIOT B TpeTUH pa3. ONpeaensroT coaepKaHue Hoaa B KaKJI0M MOPLUHH dKCTpAareHTa
TaK ke, Kak omucaHo B 1. 4-5. PaccunTteiBaroT Maccy #oja (T) B OpraHU4eCKOM CJIOE:

C, °PT-127-10
9L, 1000

oOlIyf0 Maccy W3BIIEYEHHOTO B XOJE TPEXKPATHOW OKCTpakIWU #oxa (cymma
MOJTYYCHHBIX PE3yJbTaTOB) (i3 U MAacCy H0/1a, OCTABIIETOCS B BOJAHOM CJIO€ IO ypaBHEHHIO (4)

gr. (0)—
YUTH KaK Pa3HHILY (g I (0) 21,3 )
BBIUNCIISIOT MOTHOTY H3BICUCHHUS:

gll._:i

By =—22.100%
g1, (0)
HpOBOHﬂT CpPaBHUTCIBHYIO OLCHKY CTCIICHH HU3BJICUYCHUA ﬁo,ﬂa B X04¢€ O,I[HOKpaTHOI?'I n
TPEXKpATHOM SKCTpaKMu. JenaroT BeIBO, 0(QOPMIISIOT paboTy.

+100%

opr _

Pa6ora 2-5. Onpenenenue ko3hGUIMEHTa pacpeiesIeHUs U CTEIIeHU U3BJICUCHUS
110a3o0Jia HKCTPAKIIMOHHO-(POTOMETPHUECKUM METOJIOM

[Ipumenenne (GOTOMETPUYECKOTO METOAa aHalIn3a TPeOyeT MOJY4YEeHHUS OKpAaIIEHHBIX
pactBopoB. [ubazon (dibasolum) - 2-GeH3unbOeH3UMHUAA30]I THAPOXIOPUI - CIOCOOEH JIETKO
00pa30BbIBaTh OKPALIEHHOE KOMIUIEKCHOE COEIMHEHHE C KpacuTeleM OpOMTHUMOJIOBBIM CHHUM
(BTC) B cootnHomennn 1:1, KOTOPBI XOpoOIIO M3BIEKaeTcs XJI0po(opMoM, OKpaliuBas €ro B
xKenThlid 1BeT. OnTUMallbHbIe YCIOBHS sl SKCTpakIMM cieayromue: pH BogHoro pacrsopa ~
5,0; cooTHOLIEHNE 0OBbEMOB BOJIHON U opraHuyeckoit (a3 2:1, MakcuManbHOE MOTJIONIEHUE TIPH
A = 417-421 um (cunmii cBeropmibTp). PactBop BTC ycroituuB B Boge, a cam BTC He
U3BIIEKaeTCs XJI0pohopMoM.

3agaua pa®oOTHI: MPOBECTH SKCTPAKLMOHHOE W3BJIEUeHHE u0a3ojia M3 €ro BOJHOIO
pactBopa xiopodopmMoM (pacTBOpbl 3-4 KOHIEHTpAlUil), BBIYMCIUTH CTENEHb W3BICUEHMUS,
paccumTaTh cpeiHee 3HaueHHe Ko PHUIMEeHTa pacipeesieHus.

Ob6opynoBanue, peakTuBbl: (oTodrnekrpokosopumerp Tuna KOK-2 wmn OIOK-56M;
KoJIOBI ¢ mpuTepThiMH TpoOkamu o0bemoMm 50 m 100-200 mut; BoAHBIM pacTBOp Ambaszoia c
KoHIeHTpamuelr 5*10% mons/m (~122 wMxkr/n); pactBop ambaszoma B xiopodopme
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xoHmeHnTpanuei 1*10° Mons/n (~245 Mkr/n); xnopodopm, Boarsii 0,03 M pacteop BTC; 0,015
M BOJHBIN pacTBOP XJIOPUCTOBOAOPOJHOU KUCIIOTHI.

Brimonnenue paboTsl

1. IMocTpoenne rpagyupoBOYHOTO Tpaduka. ['OTOBIT cepui0 CTaHAAPTHBIX PACTBOPOB C
pa3NUYHBIM cojiepxkaHueM aubazona. B 5-6 koyid ¢ mpuTepThIMH MpOOKamMH (pE3WHOBHIE HE
noaxonsat) orbOupator nunerkoi 0,2; 0,4; 0,6 ..My HCXOIHOTO pacTBopa aubazona B
xaopodopme. B kaxayro kos0y go6asisiot o 0,2 mi pacrBopa HCI u mo 0,8 mut pacteopa BTC.
KonOy 3akpbpIBatoT MpoOKOH U BCTPSAXUBAIOT 0KOJIO 30 CekyHI, a 3aTeM J100aBIsI0T XI0podhopm
TakuM 00pazoM, 4ToObI o0mmii 00beM pactBopa coctaBisul 20,0 mi. [lomydeHHBIE pacTBOPEI
BHOBB TIIATEIBHO IMEPEMEIIMBAIOT M 4Yepe3 1-2 MUHYTBHI M3MEPSIOT ONTHYECKYIO TUIOTHOCTH
OKpAIIEHHOTO OPTaHWYECKOTO CJIoS Ha (OTOAEKTpOKoJopuMeTpe nipu jauHe BoiHbl 400-440
HM (K®K-2) mmm co cetopunbrpom Ne3 (OIK-56M). Tonumna nornouiatomero cios 1,0 cm.
B kauectBe pacTBOpa CpaBHEHHUS HCIIOJIb3YIOT YUCTBIA Xsopodopm. M3mepeHus ontuueckoi
IJIOTHOCTH (A) KaXKJOr0 pacTBOpa MPOBOJAT HE MeHee 3 pa3, paCCUUTHIBAIOT CPEeIHEE 3HAUECHUE
A 57 KaXJI0ro pacTBopa M CTpOSIT rpa@uK B KOOpAMHATaX: ONTHYECKas IUIOTHOCTH (A) -
KOHIIEHTparus aubdasona (MKr/mi) (3aBucuMocts A=f(c) 00s13aTesbHO T0JDKHA OBITh JTMHEHHOM).

2. DKCTpakIMOHHOE W3BJIeUeHHe auba3ona xiopodopMoM. B deTeipe KOJOBI €
MPUTEPTHIMU ITpoOKaMu oTOuparoT nunerkoi 0,8; 1,0; 1,2; 1,4 Mi1 HCXOJHOTO BOJHOTO pacTBOpa
mbazona. K kaxnoi npobe npubasisitor mo 0,2 mi pactBopa HCI u 0,8 mn pactBopa BTC.
O6bem BogHOM dazbl moBoasT a0 40,0 M. K xaxmoi cmecu no6asisttot o 10 M xmopodopma,
KOJIOBI 3aKpBIBAIOT W BCTPSXMBAIOT B TEUEHHE 5 MHHYT. 3aTeM pPAacTBOP M3 KaXIOW KOJIOBI
NEPEHOCAT B JEJIUTEIbHYI0 BOPOHKY U OCTAaBIJIAIOT Ha 5 MUHYT Il YETKOTO Pa3/IeJICHUsI CIIOEB.
Opranuueckyto a3y OTAEIAIOT U U3MEPSIOT ONTHYECKYIO INIOTHOCTh PACTBOPOB TaKXkKe, KaK B
m.1. Onpenensor coaepxkaHue xyiopodopMa B opraHUYecKkod (aze Mo TpaayHpOBOYHOMY
rpaduky. [To pa3HOCTH UCXOTHOHM KOHIIEHTpAITUU B BOJIHOM (ha3e M paBHOBECHOM KOHIIEHTpAIIUU
B OpPraHMYECKOIl PacCUMUTBHIBAIOT PABHOBECHOE COAEp)KaHUE qu0a30Jia, OCTABLIETOCs B BOJHOM
cioe mocie kctpaknuu. [lo ypaBHeHHto (2-12) BRUUCTAIOT KOYDPHUITUEHT pacipeieieHus s
BCEX HCCIIEyeMBIX pacTBOpoB. HaxonsaT ero cpenHee 3Hau€HUE, PACCUMTHIBAIOT CTENEHb
u3BiedeHus 1ubaszona. GopMyaupyrOT BEIBOABI, OQOPMIISIOT paboTy.

TEMA 3. XUMUYECKAA KUHETUKA U KATAJIN3
Pabora 3-1. oMOreHHO-KaTAJIMTUYECKOE OKUCIIEHUE HOIUIA KA
nepcyiabparoM aMMOHHS

Kamanusz - smo yeenuuenue ckopocmu Xumuueckou peakyuu 6 npucymcmeuu 6euecms
(Kamanuzamopos), Komopwvie He 6X00AM 6 CMEeXUOMEeMPUYECKOe YPAGHEeHUe U Nocie PeaKyuu
Xumuuecku He uzmemnsiiomcs. Paznuuarom eomocennulii u cemepocenuwiti kamanus. B nepsom
cyyae peazupyrowjue 8ewecmed U KAamaiuzamop oopasyrom ooxy ¢asy, a 60 6mopom - peaxkyus
npoucxooum Ha eparuye pazoeia gas.

Hcnonb3yembie KaTaln3aTopbl UMEIOT OOIIHE CBOWCTRA!

. HE BJIMSIOT HA BEIIMYMHY KOHCTAHTHI PABHOBECHS, a JIMIIL YCKOPSIOT MPOIECC
JOCTH)KCHUS] pAaBHOBECHS;

. 00namaroT W30MpATENbHBIM JICHCTBHEM, T.C. YBEJIUYMBAKOT CKOPOCTH TOJIBKO
HEKOTOPBIX PEaKIUii;

. HEOOJIbIIIME KOJIMYECTBA KaTallu3aTopa MOTYT B 3HAYHMTEIBHOW CTEIEeHU
YBEIMYMUBATh CKOPOCTh, IMOCKOJBKY CHUAIOT BEJIMUWHY SHEPrUM AaKTUBAIUU peakiuu Ey,
BXOJISIIYIO B MOKA3aTeb CTENICHH B YPaBHEHUU JijIst CONSt ckopoctu: K = Koexp(-Ea/RT).

B kuc10M BOJTHOM pacTBOpE MpoIiece

2KJ + (NH4)2S208 =79*—-J; +(NH4)2S04 + K2SO04 (3-1)

27+S5,0g% =B J,+2504", (3-2)

SIBIIIOIIMICS ~MPUMEPOM  HOHHBIX  OKHCIUTEIbHO-BOCCTAHOBUTEIILHBIX — PEaKIUi,

®opma A Crpannna 22 u3 66



MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO

o . Dopma
VYIbSIHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouas mporpamMma v CIUIUIMHBI

NPOTEKaeT MEJICHHO M IMpakTHYecku HeoOparnmo. OIHAKO €ro MOXKHO 3aMETHO YCKOPHUTh
BBEJIEHHEM B Pearupyrolyio cMech nonoB Zn?*, Cu?*, Fe?* um Cd?*, BeIcTynaromux B kKauecTse
KaTaJIn3aTOPOB peakuu. MeXaHu3M KaTaJUTUYECKOTO JCHCTBHS TaHHBIX HOHOB BECbMa CIIOKEH
u 37ech o0cyxnarbes He Oyner. OO0 m3aMeHeHMH CKOpocTH peakuuu (3-1) ymoOHO cymuTh 1o
KOJIMYECTBY BBIJCIMBIIETOCS B €AWHUILy BPEMEHHM HOJAA, OTTUTPOBBIBASI €r0 PacTBOPOM
THOCYNb(haTa HATPUS:

J2 + 2NaxS>03— 2Nal + NaxS406 (3-3)

B IIPUCYTCTBUM MHAMKaTOpa (Kpaxmana). 3aBeplieHue peakuuu (3-3) ycTtaHaBIMBAaETCS
[0 MCUYE3HOBEHUIO H3HAYAIILHO CHHEH OKpPAacCKW WOICO/IEPKAIEro pacTBOpa, BBI3BAaHHOMN
B3aMMO/ICHCTBUEM HoJa ¢ KpaxMaioM. Bo3HHKaromiee BHOBH CIYCTS Kakoe-TO Bpems ciiaboe
CHHEE OKpallliBaHue MPOOBl BO BHUMAaHKE HE TPUHUMAOT.

3amaua pabOTHI: KAYECTBEHHOE M3yYECHUE 3aBUCUMOCTH CKOPOCTH TOMOTEHHON peakinu
OKHCIICHHSI HOJTU/I-MOHA OT HAJIMYMS, IPUPOJIBI M KOHIIEHTPAIIMH KaTalln3aTopa.

OOGopynoBanue, MaTepHUaIIbl: JIel, TEPMOMETpP, 4 KOHHUeCcKnX KoJIOsl Ha 200 - 250 M u
onHa - Ha 500 mu. BropeTka ans TUTpoBaHMsL, KOJObI 1 TUTPOBAHMSI, CBEKEIPUTOTOBICHHBIN
pacTtBop Kpaxmaina, nunetku Ha 10, 25 u 50 ma uinu HeOoJIbIIOW MEpHBIN HMINHAP. PacTBOpPHI:
0,1M (NH4)2S20s; 0,02M KI; 0,5M H2SO04; 0,0025M Na2S203 u 0,025M CuSOs.

Boinonnenue paboTsl

1. Kon6y na 500 mn 3anmuBator H2O (ucT.) 1 cTaBAT Ha Jief U OXJIaxaeHus. bropeTky
3aIOJTHSIOT PACTBOPOM THOCYIb(aTa HATPHSI.

2. Kon6er wa 250 wmn 3amonHsoT, Kak TMoka3zaHo B Tabn. 3-1. M3wmepsitor
TeMreparypy cmeceid. ONBIT HAaYMHAIOT JIMIIb MOCJE BBIPABHUBAHHUS TEMIIEpaTypbl BO BCEX
koJsibax. [Ipu Hamuuuu TepMocTaTa WM BOASHOW OaHM SKCIIEPUMEHT yJA0O0HEee BECTH MpH OoJiee
BBICOKO#1, YeM KOMHaTHas, Temneparype, Hanpumep 30-35 °C.

3. B mepsyio konby BBogst 20 mi pactBopa Kl (0,02M), BcTpsixuBaroT Koja0y u
Ha4YMHAIOT OTcueT BpeMeHu. CrycTs 5 MUHYT Mociie Hayana omnbiTa oTOMparoT nunerkoi 10 mi
pEeaKIMOHHON CMECH, BIIMBAIOT €€ B KOJOY JUIsl TUTPOBAHUS, KyJa MpeaBapUTeIbHO J00aBICHO
20 M OXJIAKJIEHHOW MUCTHJTMPOBAHHOW BOJBI (IJ11 OCTAaHOBKHM peakuuu (3-1)) u HECKOJBKO
Karelsb pacTBopa Kpaxmaina. BiuBas u3 O6ropetku mo karmisM pactBop NaxS,0s, TutpyroT npody
10 ucyernnrenua cuneii nienacku, MoOJISIPHYIO KOHIIEHTPALUIO HO/1a OTPEIEINSIOT 10 hopMyIie:

. CNEESED_:; 1}.
T2 10

(3-4)
rae Vx - o6peM (B MJI) pacTBopa THUOCYNb(ara HaTpUs, 3aTPAu€HHOTO0 Ha THUTPOBAHHE.
Pesynbratel 3aHocsT B Tabi. 3-2.

Tabmuua 3-1
Ne O0beM, Mt
KOJIOBI H.O (NH4)2S20s H2S04 CuSOq4 Bcero
1 60 20 20 0 100
2 55 20 20 5 100
3 50 20 20 10 100
4 40 20 20 20 100
Tabmuna 3-2
t, MuH 0 5 10 20 30 40 60
Vx, M1 0
Cj2, MOJIB/TT 0

4. BpIIMBaIOT PEaKIMOHHYID CMECh M3 KOJIOBI JJIi TUTPOBAHUs, OIOJIACKMBAIOT €e.
UYepes 10 muH ot MomeHta poOaBnenus KJ konOy A TUTPOBAaHUS BHOBH 3allOJIHSIOT
OXJIXJICHHOW JucTHIUIMpoBaHHOW Bojou (20 mu). OtOupator creaymoomyr npoldy u
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TUTPOBAHUEM OIIPEACIAIOT B HEM KOHLIEHTpALMIO Hoaa U T.J.

5.Co BTOpOM, TpeTbel M UYETBEPTON PEAKIIMOHHBIMU CMECSIMHU IIPOJIENBIBAIOT TE XK€
omepanuu, pe3yabTaThl (pukcupyroT B Tabnwmmax Ttuma (3-2). oS 3KOHOMUU BPEMEHHU
PEKOMEHAYETCSI BCE YEThIpE OSKCIEPUMEHTa BECTH MapajiesbHO. Yucino Oroperok s
TUTPOBAHHUS [TPU HEOOXOIUMOCTH MOKET OBITh YBEITUYEHO.

6. CTposAT 3aBUCHMOCTh Ci2 OT BPEMEHM Il BCEX YETBHIPEX M3YYCHHBIX CHCTEM.
AHaTU3UPYIOT pe3yabTaThl, POPMYIHUPYIOT BEIBOIBI, OPOPMIISIOT padoTy.

Pabora 3-2. M3y4yeHue KHHETUKU TUAPOJIN3a YKCYCHO-3TUIIOBOTO drpa
B KUCJIOU cpere™
Dopma npoeedenus - GbINOIHEHUE UCCIe008AMENbCKUX PADOM YACMUYHO-NOUCKOBO20
xapakmepa
I'unponus cnoxHoro »dupa, Hampumep OTUlaLeTaTa, SBISETCI OUMOJIEKYISIPHOU
TOMOTE€HHO-KaTaTUTUYECKOM pEeaKIUeN, YCKOPSEMON HOHAMU THIPOKCOHMS

(H30")
CH;COOC,Hs +H.0 —= CH3;COOH + (C;HsOH

(3-5)
Onnako B W30BITKE BOJBI ATOT MPOIECC OMHUCHIBACTCS KHHETHYECKUM YpaBHEHUEM
pEeaKIrU MCEBIO-TIEPBOrO MOPSIAKA

dc,s (1)

P

—;—z Ky - oy (1),
' (3-6)
KOTOpOC IMOCJIC HHTCIPUPOBAHUA UMECCT BU:
(0)

k;=- 111 ©0

o Cyp(t) (3-7)

B (3-6) u (3-7) ¢»¢(0) 1 cop(t) - vicxomHast U TeKyIias MOJSIPHbIC KOHIEHTpALUK dupa.
3a xomom peakuuu (3-5) ymoOHO CJEIWTH IO HAKOIUICHHUIO B CpPEIE YKCYCHOM KHCIIOTBHI,
OTTHTPOBBIBAs €€ IIeIoubo. IIpu sToM:

¢33(0) = 0 [Veer V(0)] (3-8)
Csp(t) = a [V V(1)] (3-9)

3necek V(0), V(t) 1 Vu,- 00beM 1miesioun, momieaiieii Ha TUTpOBaHUE MPOOBI B HAYAIbHBIM
MOMEHT BpPEMEHH, B IMpPOIECCEe THAPOJIM3a U IOCIE €ro MOJHOrO 3aBEpPIICHUs, a o - HEKUi
koa¢punment nponopruoHanbHocTH. C yuetom (3-8) u (3-9) ypaBuenme (3-7) mnerko
npeoOpasyeTcs K BUAY:

V,, — V(0
In m—(j =kt
vV, —V(t) 3-10)
3agaua pabOThl: YCTAaHOBUTh KHWHETHYECKMH MOPSAOK Mpoliecca THUAPOJU3a YKCYCHO-
3TUIIOBOTO 3GHpa B KUCION cpelne MpU HM30bITKE BOJIBI, ONPENETUTh KOHCTAHTY CKOPOCTH
peaKIuu.

O6opynoBanue, MaTepuaibl: Jie[, MUMNETKH Ha 2 W 5 MJI MEpHBIM IMIMHIpP, JBE
koHnueckue koiosl Ha 100 - 200 mu, xonba Ha 500 mi, konba A TUTPOBAHHUS, TEPMOMETP.
PactBopsl: stunanerar, 0,5 M u 1,0 M HC1; 0,5 M NaOH, denondranenn.

Brimonnenue paboTbl
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1. 3anonuuTh K00y Ha 500 M ITUCTWITUPOBAHHOW BOJOH, MOCTaBUTH €€ HA JICN IS
OXJIQKICHUS.

2. B nmBe xomObl Ha 100-200 mn 3amute mo 50 M pacTBopa COJSHOW KHUCIOTBI C
koHnenTpamusmMu 0,5 u 1,0 M cooTtBercTBeHHO. M3mepuTh TemmepaTypy pacTBOpoB. OIBITHI
MOXXHO BECTM M Ipu Oojiee BBICOKOM, YeM KOMHATHas, TeMIIepaType, OJHAKO 3TO Tpelyer
HaJIMYMUs TepMocTaTa (MM BOJSHOM OaHU) U 00paTHOTO XOJIOAMIbHUKA.

3. C nmoMo1IpI0 MEPHOM MUMIETKH BBOAAT 2 M 3GHUpa B OJHY U3 KOJIO C KHUCIOTOH,
BCTPAXHUBAIOT U 3aKPBIBAIOT MPOOKOH. MOMEHT BiMBaHUs 3(pupa NMPHHUMAIOT 32 BpeMs Hadaia
peakuu ruaponu3a. CIycTs Kakoe-To BpeMs BBOIAT 2 Mil 3dupa B APYryro KOJIOY ¢ COJISTHOU
KHUCIIOTOH, TaKkKe (PUKCUPYIOT MOMEHT Hauyaja peaKiiHy.

4. [Toouepenno, B cpeaneMm uepe3 kaxjaple 10 MHHYT, OTOMpAlOT MHUIETKOW W3
KKJIOM KOJIObI C pEaklMOHHOM CMEeChl0 MpOoObl MO 5 MJI M BBUIMBAIOT UX B KOJIOBI JJIs
TUTpOBaHMs. B HUX MpemBapuTenpHO 3aMuBa0T 20 CM° OXJIAXKAEHHON AUCTHITHPOBAHHOM BOIBI
JUIsl TOTO, YTOOBI MaKCHUMAaJbHO 3aTOPMO3UTH Iporiecc ruapoiusa. Konby ¢ peakimuoHHOM
CMECBIO 1TOocie 0TOOpa MpoObI CIeAYET cpasy ke 3aKpbITh MPoOKoH. MoMeHT t BauBaHUS TPOOBI
B KOJIOY AU TUTpOBaHUs (PUKCHPYIOT. TUuTpoBaHHe MPOBOJAT B MPUCYTCTBUHU (heHosndTamenHa
(1-2 xamm). OObeM 1ienouu V, MomeIInil Ha HeHTPaTH3anio KUCIOTH, 3aHOCAT B Tab. 3-3.

HanomHuM, 4TO ONBITHI MO THAPOJU3Y APHUpa C pa3HON KOHILEHTpaluen KaTalin3aTopa
(0,5 u 1,0 M HC1) Benyrcs mapaiesbHO, MOITOMY JaHHBIC OMBITOB 3aHOCAT B JIBE pa3HbIC
Tabiuupl. B HUX eCTeCTBEHHO cieayeT YKa3blBaThb MCTHMHHOE BpeMs, MpOIlEIiee OT Hayaia
Ka)KJIOTO OTbITa A0 B3ATHS MPOObI, KOTOPOE MOXET HE COBMNAAATh C IMPUBEICHHBIM B Taliule
11 ODUEHTUPOBKH.

Tadmuma 3-3
t, MUH 0 10 20 30 60 ... 120 0
V, M
5. Jnst ycranoBneHUsT V. OCTaBISIOT 3aKpPBIThIE KOJIOBI C PEAKIIMOHHOW CMEChIO 10

CIIEyIOIIEero 3aHATUs. MOKHO MPUHYAUTEIBHO YCKOPUTD MPOIIECcC THAPOIN3a, HarpeBas KoJObl
1o 3aBepieHuo onbita 10 50-60 °C B Teuenue 30 MUHYT, TIOCIIE€ YE€TO MPOBECTH OTOOP MPOOHI C
MOCJIETYIOLIUM TUTPOBAHUEM.

6. s onpenenenus V(0) manuBarot B aBe k0j10b1 o 50 M 0,5 u 1,0 M pactBopa
HC1, HO no6aBnstoT B HUX, BMECTO 3dupa, 1o 2 MJI JUCTUUTMPOBAHHON BOJIbI. OTOMpast mpoObI
o 5 MJI, BBOAAT MX B KOJOBI At TUTpoBaHUs ¢ 20 MJI AUCTUIUIMPOBAHHOM BOJABI U TUTPYIOT
IEJI0YbIO.

7. Tlocne 3aMoJTHEHUS obeunx TabIuUI CTPOSIT 3aBHCHUMOCTHU
I{[(Vo - V(0))] / [Vo- V(1)]} oT t. Onpenenstor CTeneHb WX JMHCHHOCTH, YTO SIBIISETCS
KpUTEpUeM TMopsiaKa peakuuu. M3 HakIOHAa JMHEHHOrO YydacTKa OIpPENeNsiioT BEIUYUHY
KOHCTaHThl CKOPOCTH rHapoju3a K 3dupa mnpu JaHHOW KOHIEHTPAIMH KaTalu3aTopa.
AHANIM3UPYIOT pe3yabTaThl, GOPMYIUPYIOT BBIBOIBI, O(OPMIISIOT paboTy.

Pa6ora 3-3. M3ydyeHue KUHETUKU OMBUIEHUS] YKCYCHO3THIIOBOTO 3upa
B ILLIEJIOYHOM cpere
OMbUIeHHE CIOXKHOTO 3(upa, HampuMep, 3TUIALETaTa, SBIsSETCS OUMOJIEKYISPHOI
HeoOpaTUMOM peakiueil:
CH3COOC:Hs + NaOH — CH3COONa + C2HsOH (3-11)
3a ee CKOPOCTBIO YI0OHO CIIEANUTH MO M3MEHEHHUIO KOHLIEHTPAIIMHU UCXOJHBIX BEIECTB BO
BpeMeHu. [Ipu 3TOM mporecc ONnuchIBaeTCsd KHHETUYECKUM ypaBHEHUEM peakuuu 11 mopsaka:
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dec_(t)
i}
———— =k, (t)-c(t).
dt “o (3-12)
B KOTOpOM Cog(t) u cy(t) - Tekymme xoHumeHtpaiuu dhupa u menoud. Ecnm

KoHIeHTpanuu menoun c,(0) u adupa ¢,4(0) B MOMEHT Hauana peakiiu pasjiudHbl, [TPHYCM
cu(0) > ¢,¢(0), To mocne uaTerpupoBanus (3-12) npuoOperaeT BUI:

ko = 1 o C,acp((])-_[cm(())—cm(t)]_
I [cm(U)—C.3¢ (O)Jt Co (0) - [C,_,,¢ (0)_(:3(1) (t)J

(3-13)
[omuepkHeM, 9T0 Cy(0) # €47, a Cop(0) # €40, THE €40 U €4 - NCXOTHBIE KOHIIEHTPALUH
pearenToB. [locneanue npu oOpazoBanum peakioHHon cmecu Mensrores. [lyers V(0), V(1), Vo
- 00BEMBI KUCIIOTBI C UCXOTHOM KOHIIEHTPAIMEH ¢°, KOTOPbIC MOIUIA HA TUTPOBAHHUE MICIOYH B
npode 06beMoM Vyp COOTBETCTBEHHO B MOMEHT Havana peakuuu (3-11), B Xoje mpoiiecca u no
ero TI0JIHOMY 3aBepIIeHHUI0. TOora U3 yCIOBHs SKBUBAJICHTHOCTH CJIEIYET, 4TO:

T
w(o) LV . Ve
HP mp op

(3-14)
KonnenTtpammst »dupa B 1poOe B MOMEHT Hayajga pPEaKIUd OMPEAeNIIeTCs

0 —CO

up (3-15)
[Moncrasnss (3-14) u (3-15) B (3-13), npuxoauM K BBIPKECHHIO:

Vo o V(- [V(©0)-V,]
0—7‘ 111 T 7 7
c, V, V() [V() -V, ] (3-16)

Jns  rpaduueckoit  00pabOTKH  SKCIEPUMEHTaIbHBIX JaHHBIX (3-16) ynoOHee
MPEACTaBUTh B BUJIC:

r T O r

V(i) V(0) C, V., .

n =In + S
Vol Vo v,

Buano, uro ecnmu pacuer ki mo (3-16) tpebyer 3manus V. , V(t) u V(0), To mpu

omnpenencHuu ki u3 rpaduka 3asucumoct IN(V(1)/[V(t)-V]) ot t HE0Ox0aKMMO 3HATH JHIIb Voo U
V().

¢z (0) =

ky, =

3amadya pabOThI: YCTAaHOBUTh KWHETHYECKUN TMOPSIOK Mpollecca OMBIJIEHHUS YKCYCHO-
STHIIOBOTO 3(Hpa B IMIETOYHON cpeie, OMPeAeTUTh KOHCTAHTY CKOPOCTH PEAKITHH.

O6opynoBaHue, MaTepUaNbl: Jie], MANETKA Ha 2 MJI, MEPHBII HUIHHJP, JBE KOHUYECKHE
konOb1 Ha 100 Mt u oxHa Ha 250 My, OropeTka, XUMHUYECKUN CTakaH, TepMOMETp. PacTBOpsI:
CH3COOC:Hs (0,02 M); NaOH (0,05 M); HC1 (0,1 M), denondranenn. [1jis NpuroToBICHHS
OJIHOTO JIUTpa pacTBOpa JTUJAIETaTa HYKHOW KOHIIEHTpAIMu Heobxomumo 2 wmiu adupa
pactBoputs B 100 Mn otunoBoro cmupta, a 3areM JgoBectu o0beM 1o 1000 wmn
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JUCTULIIMPOBAHHOM BOJOM.
Brimonnenue paboTsl

3anonHuTh KOOy Ha 250 MJ IUCTHIUIMPOBAHHOW BOJOW M TOCTaBUTh HA JIEJ JUIA
OXJIQKICHUSI.

B onny u3 ko6 Ha 100 mut BBectu 20-25 mut pactBopa stmianerara (0,02 M), B 1pyryro
- TOYHO TakKoe K€ KoJmuecTBO pactBopa mienouu (0,05 M). U3mepurs TemmnepaTypy pacTBOpOB,
IIOCJIE YEro 3aKPbITh KOJObI CTEKISHHBIMM WJIM KOPKOBBIMHM IMPOOKaMU. DKCHEPUMEHT MOXHO
BECTU U MpU TeMIepaType, OTIMYHOM OT KOMHATHOM, HO 3TO MOTpeOyeT HCHOJb30BaHUs
TEpPMOCTATa WU BOJSTHOM OaHH.

B crakanuuk mist tutpoBanus HanmuBatoT 20 mi1 H2O 1 BBoaAT mipoOy mienoyu 00beMomM
2 mu . TuTpoBaHWEM COJITHOW KHCIOTOW ¢ KoHHeHTpammed c° =0,1M B mnpucyrcrBuu
deHoNndTanenHa YTOYHSIOT HCTHHHYIO HCXOJIHYI0 KOHIIEHTpAIMIO IIeno4yn c¢,°. B xoxme
MIPUTOTOBJICHUS! PEAKIIMOHHON CMECH HMCXOJIHAs KOHLIEHTpalus IIEJI0YH CHIKAETCs, O3TOMY
cu(0) = 1/2 » ¢, [IpuBnexas mepBoe U3 cooTHomeHu# (3-14), mo 3HaueHUIM c°, Cy(0) U Vip
Haxo T pacueTHbIM myTem V(0).

BnuBaror pactBop mienouun B 3¢HUp, OTMEHas BpeMsl BIMBAaHUS. OTOT MOMEHT
MPUHUMAIOT 32 Hayalo peakiu OMbUIEHUS. PeakuuoHHas cMech J0JDKHA OBITh MOCTOSIHHO
3aKphITa MPOOKOH, UTO B KAKOW-TO MEPE MPEOTBpAIAaeT UcIapeHue rhupa.

Coycts mpumepHo 10 MHHYT Tociie Hayaia peakimud OBICTPO OTOMPAIOT TMHUIIETKOU
poOy 00beMOM B 2 MJI PEaKIIMOHHOW CMECH M BBOJT €€ B CTaKaHYHK JUISl TUTPOBAHHS, Kyla
npeaBapuTebHo HamuTo 20 MIT OXJIaXIEHHOW JUCTHILITMPOBAHHOW BOABI. MOMEHT BiHMBaHUS {
TOYHO (HUKCUPYIOT, THUTPOBaHHEM HaxomaT o0bem kuciotel V(f), 3arpaueHHON Ha
HEUTpAITM3ALMIO IETOYH.

[ToBTOpAIOT OmpeneneHUe TEKylled KOHUEHTPAlUU IIEeJIOYH B CMECH, oTOupas Uit
TATpOBaHUs P00kl 110 20 Mit ¢ mepuoanyHOCThIO 10-15 MuHyT B Teuenue 1,5-2 gacoB. [{anHbie
3aHOCAT B Tabm. 3-4.

Tabmuua 3-4

t, MUH 0 10 20 . o0

V, M

s ycranoBieHHs V. OCTaBISAIOT 3aKpBITYIO KOJOy C pEakIHOHHOM CMEChIO 10

ClIeyIomero 3aHsaTus. MOXHO NMPUHYIUTENILHO YCKOPUTH OMBUICHHE 3(dupa, HarpeBas Kooy
(mocne 3aBepmieHust onbIToB) 10 50-60°C B Teyenwe 30 MHHYT, MOCJE YEro MPOBECTH OTOOP
MPOOBI ¢ MOCIEAYIOININM TUTPOBAHHUEM.
7. [Tocne 3amosHeHus TaOMUIBI paccuuThiBaOT 1O (3-16) Bemuuuny Ky s Bcex t # 0,
HaxXo T cpenHee 3HaueHue. Ctpost takke 3aBucumocth In (V(t)/[V(L)-Vx]) ot t, onpenensior
CTENEeHb €€ JUHEHMHOCTH, YTO SIBJSIETCS KPUTEPUEM BTOPOro Mmopsiaka peakinuu. M3 HakioHa
JMHEHHOTO y4acTKa TaKKe OMpPEACISIOT KOHCTAaHTy CKOPOCTH OMBUICHUS dupa Kii B 1IeT09HON
cpene. AHaIU3UPYIOT PE3yAbTaThl, (GOPMYIUPYIOT BEIBOBI, 0(GOPMIISIOT paboTy.

Pabora 3-4. M3yueHue KUHETUKU OKHCICHHS HOHIa BOIOPOia

MEPOKCUIOM BOJOPOa B IPUCYTCTBUM KaTalu3aTropa

Peakust okucnenust noauaa Bogopona B kucioi cpene B mpucyrctBun (NH4)2M0O4
SBIIICTCSI TPUMEPOM TOMOI€HHOIO KaTajlu3a. ODKCIEPUMEHTAIBHO IMPOILECC OCYIIECTBIISIOT
crenyromuM oOpazom: Kk peakuuoHHoi cmecu Nal + H2SOs nmpu 3amannHoil Temmeparype
N00aBIISIOT OIpeeNieHHbI 00beM NepoKCcHIa BOJAOPOJa W THOCYIb(ara HATPHUs OAMHAKOBOU
KOHIIeHTpauuu. [Ipy 3ToM nocieoBaTesIbHO MPOTEKAIOT CIEAYIONINE PEaKIIUN:

2Nal + H2SO4 = Na S04 + 2HI (3-18)
2HI + H20; = 2H,0 + J; (3-19)
J2 + 2 NaxS203 = 2NaJ+ NaxS40s (3-20)
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Peakumu (3-18) u (3-19) npoTekaroT 04eHb OBICTPO, TOITOMY CKOPOCTH BCETO MPOIIecca B
LIEJIOM ONpEeNeNsieTCss CKOpOCThI0 MemiieHHou craguu (3-20). [lockonbky wuoaua HaTpus
pereHepupyercs B X0/ B3aUMOACHCTBHS HOJa ¢ THOCYIb(haToM HaTpus, To coaepkanue Nal u
HI npakTudecku mocTosiHHO U, CIEA0BATEIBHO, CKOPOCTh peakiuu (3-18) onpeaensercs TOIbKO
KOHIICHTpAallMe TMepokcuaa Bojaopona. B atux ycnoBusix mporecc (3-18) ommcwiBaeTcs
KHHCTUUACKUM VNARHAHUAM NEAKTIIH I HOp;[IIKa:

3. Dyso,
k, = 2, lo H,0,
t nHzO: (t) (3_21)

Pacxon mepokcuaa BoAOpoJa ONPENENSIOT 1O KOJMYECTBY BBIAEICHHOIO HOJA
(peakuus (3-18)), KOTOPBI OTTUTPOBBIBAIOT PACTBOPOM THOCYIb(aTa HaTpus (peakuus (3-28)).
VYpasuenue (3-21) npu 3TOM MOKHO NPEACTABUTH B (hopme:

k= 22 1o Vity0, (0

{

| 'H,0, (0) _VNazSZO3“)_)
e V202 (0)

T
\ Na35703 (t) - 00beM Tuocynb(dara HaTpUs 10OaBIECHHBINA B PEAKIIMOHHYIO CMECh Ha
MOMEHT BpeMeHH t.

3amaya paboOTHI: OMpPENENUTh KOHCTAHTY CKOPOCTH PEAKIMH OKHUCIEHHS HOAUJA
BOJIOpPOJIa MEPOKCUIOM BOAOpoAa 0e3 M B MPHUCYTCTBUHM KaTallM3aTopa; OLIEHUTh HYHEPIHI0
aKTUBALIUU PEAKIUU.

OGopynoBaHue, peakTUBBI: KOJIOBI ¢ TpUTEpTHIMU npoOkamu Ha 200-250 mur; K001 11
TUTPOBaHUS BMeCTUMOCTBhIO 50 ™mi; Oroperka; cexkyHaomep; Tepmomerp ot 0 mo 100°C;
TEpMOCTaT; pacTBOp MoAMJa HaTpus ¢ MaccoBod noneit 0,4 %; pacTBOp CEpPHOW KHUCIOTHI C
koHreHrpanuein ¢(1/2H2S0s) = 1 mouw/i; pacTBOpHI IEPOKCHIA BOJOpPOJA W THOCYIb(para
HaTpusi ¢ KoHmeHtpanuend 0,025 Moib/i; pacTBOp MoJuOmata aMMOHHUSI C KOHIIGHTpanuen 1
MOJIB/JT; PacTBOP Kpaxmara.

Brinosinenue paboTsl

(3-22)

- ICXOJHBIM 00beM MEPOKCHJIa BOJOPO/Ia, B3ATHIN JJIs OTIBITA,

1. B xon0y BmectumocThio 200-250 Mt HammBarot 100 Mt pacTBopa noauaa HaTpUs
U 5 MJ pacTBopa cepHO# KHUCIOTHL. B npyryro koia0y BMecTUMOCThIO S0 M momemiarot 15 mu
pacTBopa nmepokcuaa Bojoponaa. KonObl mnomemaoT B TEpMOCTaT C  ONpeAeTIeHHOU
temrieparypoit (ot 18 go 40 °C). BropeTky 3anofiHsAI0T pacTBOpoM THOCYIbGaTa Hatpus. Korga
pacTBOpel B TepMOCTaTe NMPUMYT OJUHAKOBYIO Temreparypy (~ 10 mMuHyT), UX ciMBarOT U
noGasistoT u3 Oropetku 1 mi pactBopa NaxS203 u 5 kanenb pactBopa kpaxmana. CoaepxKumoe
KOJIOBI TIEpEeMEeNIMBalOT, BKIIOYAIOT CEKYHJOMEpP M OTMEYAalOT BpEMSl TMOSIBICHUS CHHETO
okpamuBanus pactBopa (t1). beictpo mobasisror eme 1 mu pactBopa NaxS»>03, nepemeninBarT
Y BHOBb OTMEUAIOT BpeMs MOSBIEHHS cuHEH okpacku (I - oT Havana ombiTa). He BhIKITIOUas
ceKyHiomep, oneparuio fobasienus NaxS;03 mo 1M moBTopstOT ee 4 pasa.

2.01BIT MPOBOJAAT aHAJIOTMYHBIM 00pa3oM IIpU JAPYroil Temmeparype (yKa3bIBaeT
MIperno/iaBaTelb).

3. s xaxxmoro MmoMenTa BpeMeHH (11 ... t) ¥ TeMiepaTypbl BEIUUCISIOT KOHCTAHTHI
CKOpOCTH peakiuu 1o ypaBHeHUto (3-30). PaccumrthiBaoT cpeqHee 3HAYEHHUE KOHCTAHTHI
ckopoctu peakuuu (3-27) mis nByx Temmeparyp Kr; U K2 . BBIUMCISIIOT 3HaueHHE SHEPTHH
aktTuBanuu E, mnpoiiecca o ypaBHEHHIO:

le sz _ Eﬂ (TE - Tl )

)} le 2.3RTT,
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YKa3bIBAIOT Pa3MEPHOCTh PACCUUTAHHON BEITMYMHEI.

4. OnwIT u pacueTsl MOBTOPSIOT (ILI. 1 - 3) I 9TUX ke TeMIIEparyp, HO B MCXOIHYIO
cmech NaJ + H2SO4 BBOsIsiT 0,1 MIT pacTBOpa MoJIMO1aTa aMMOHHSI B KAUECTBE KaTalu3aTopa.

JlenaroT BBIBOJI O BIIMSHUHU KaTallM3aTopa HA CKOPOCTh MPOIECCa U BEIWYHHY YHEPTUU
aktuBanuu. OPopMISIFOT padoTy.

TEMA 4. DJIEKTPOXUMU A
Pa6ora 4-1. Onpexnenenue npeaeabHON MOJISIPHOM JIEKTPOIPOBOIHOCTH
CHJIBHOTO 3JIEKTPOJINTA
DNEeKTPONpPOBOJHOCTh PACTBOPOB HAXOAAT KOHIYKTOMETPUUECKUM METOJOM, ONpeaAemss
COINPOTHUBIICHHE RAY NBYXAIEKTPOJHOW SYEHKHU C IJIATUHOBBIMH 3JIEKTPOJIAMH, BKIFOUCHHOU B
MOCTOBYIO CXEM Y MEPEMEHHO TOKOBBIX U3MepeHuit (puc. 4-1).

Puc. 4-1. MocroBas cxema onpeaesieHus 3JIEKTPOITPOBOIHOCTH

B mmaronanm wmocta BKIIOYEHBI OCHMILIOTpaduueckuii WHAUKATOp /1, TeHepaTop
nepeMeHHoro Toka [, compoTtuBieHus Ri1 m Rz 00b9HO onmHakoBb. MoCT cOanmaHCHpOBaH,
koraa Rau = Ry, 4To ycTaHaBnuBaeTcs MO MCUE3HOBEHUIO NIEPUOINYECKOT0 CUTHAJA Ha dKpaHe
ocimutorpada. Y aenpHyro 3JeKTPOIPOBOIHOCTE PacTBOpa (&) Ha XOIAT 1Mo hopMyIie:

Kqe -1 - .
&= 2L (OM oM ), (4-1)
R gy
rne Kgy - TIOCTOSIHHAs JIaHHOW A4YeWKU. 3aTeM  pPacCUUTHIBAIOT  MOJISIPHYIO
ANIEKTPONPOBOIHOCTH (1) pacTBopa 1-1 BaJe€HTHOTO JEKTPOJIMTA ¢ KOHIIEHTpaluen ¢ (MoJIb/J):
a 1000 2,
A, =— (cM/OM MoOIB). (4-2)
C
3amaua paOOThI: O3HAKOMIJICHHE C KOHIYKTOMETPHYECKUM METOJIOM H3MEpPEHUs
AIIEKTPONPOBOJAHOCTH,  OMpEIENIEHHE  MOJSPHON  BJIEKTPOMPOBOAHOCTH  OECKOHEYHO

pa30aBIEHHOTO PacTBOPa CUIBLHOTO 3JIEKTPOJIHTA.

O6opynoBaHue, MaTepHalbl: YCTAHOBKA AJI1 KOHTYKTOMETPUUECKUX U3MEPEHU, sueiika,
TepMoMeTp, MepHas nocyaa, 0,02M pactBop KCl, 0,1M pacrtsop HCI (moxuno HNO3, NaOH,
KNOs3 nnu nuHOM cuibHBIN 1-1 3JIEKTPONIUT MO YKa3aHUIO MPENoIaBaTes).

Brimonnenue paboTsl

1. VYcranaBnmBarT 4YacTOTy reHepaTopa Toka B uHTepBaie 0,3-2 kl'u, ammmuryny
curHana He 6osiee 1,5 B. IIpoBepsitoT paboTOCIOCOOHOCTH MOCTOBOM CXEeMBbI, BKJIIOUasi BMECTO
SYEHKH JTOTIOJIHUTENbHBIN Mara3uH CONPOTHUBIICHHH.

2. 3anonHAWT s4elKy pactBopoM xinopuna kamus (0,02 M) ¢ u3BecTHOH yaenbHOM
ANIEKTPOIPOBOTHOCTHIO (Tab. 4-1).

Tabnumna 4-1.

t, °C 15 17 19 21 23 25

T
© O OMT | ) 243+109 | 2,345%10° | 2,449%10° | 2,532%10° | 2,659%10° | 2,765%10°
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3. OmpenensoT TeMIlepaTypy 3TOTO pacTBOpa M HAxXOJAT €ro conpoTuBiieHHe Ricl.
MeHnsis pacTBOp B sSiU€lKe, OBTOPSIOT 3KCIIEpUMEHT enle 2-3 pas3a. Haxonsir cpennee 3HaueHue
R 1, nonw3ysach JaHHBIMU Ta0i. 4-1, pacCUNTBIBAIOT IOCTOSHHYIO Aueiiku Kyy.

4. TlocnenoBatenbHbiM paszbaBienuem 0,1M  pactBopa HCIl rortoBsr pactBopsr ¢
konneHTpamueit 0,05; 0,02; 0,01; 0,005; 0,002 u 0,001 M.

5. OnonackuBarOT SYCHKY IUCTUIUTMPOBAHHOW BOJOW M, MOCIIEIOBATEIBHO 3AIOIHSIS €€
pactBopamMu HCI| pasHbIX KOHIIEHTpAIMid, MPOU3BOISIT H3MEPEHUE COMPOTUBIICHUS SYCHKH.
HNannpie 3aHocaT B Tabmuiyy 4-2. JIBe HwkHHE Tpadbl 3alOIHSIOT, MPOBOJS PACYETHI II0
dopmynam (4-1) u (4-2) c UcrONB30BAaHUEM HaWAEHHOTO 3Ha4eHUs Kiy.

Tabnumna 4-2
Chcl, MOJIB/1T 0,1 0,05 0,02 0,01 0,005 0,002 0,001
Rsu, Om
2,0Mem™

A, cM2/OM*MOITH

6. [IpoBepsrOT CIpaBeIMBOCTh SMIUPHYECKOTO coOoTHOMEHUs OH3arepa
Ae = A° * const\c (4-3)
oTKmajpiBas Ha rpaduke 3HaueHus A (o ocn y) u VChcL (1o ocu x). Ipn Hamuuann
JTUHEWHOCTH METOJIOM JIMHEHHOM skcTpanosiiwn K Chc. — 0 Haxomst A°(HCI) - monspryro
AJIEKTPOTPOBOIHOCTH PACTBOPA COJISIHOM KHUCIOTHI IPU €ro OECKOHEYHOM pa30aBICHHM.
7. ConocTaBisIOT MOJYyYEHHOE 3HAU€HHE A C TaOJMYHBIM, HAWJIEHHBIM MO MPaBUIY
agnutuBHOCTH Konbpayia:
A c (HCh = r°(H") *A°(Cl) (4-4)
3HayYeHUs MPEACTbHBIX MOHHBIX MOABMKHOCTEH psija OJHO3APAMHBIX HOHOB mpu 298K
MpUBEICHBI B TA0I. 4-3.

Taomuua 4-3
Uon H* OH K* Na* Cl NO3 NHs* | CH3COO"
? 2%, 349,8 198,3 73,55 |50,14 76,30 71,46 73,55 40,9
cm“/Om*MoItb

@OopMYIHPYIOT BBIBOJIBL, OPOPMIISIIOT padoTy.

Pabota 4-2. M3ydeHnue nuccornyanuy caadoro 3JIeKTPOJIUTa
KOHJTyKTOMETPHUYECKUM METOI0M

3amaua paOOThI: O3HAKOMIJICHHE C KOHIYKTOMETPHUYECKUM METOJIOM H3MEpPEHUs
ANIEKTPONPOBOJHOCTH, HAXOXJICHUE KOHCTAHTBl M CTEIEHW JIUCCOLMAIMM PacTBopa ciaaboro
AJIEKTPOJINTA.

O6opynoBaHue, MaTepuaabl: YCTaHOBKA  JUIS KOHIYKTOMETPHUYECKUX H3MEPEHHUIA,
siyeiika, TepMomeTp, MepHas mocyaa, 0,02 M pactsop KCI, 0,5 M pactsop CH3COOH, NH4OH
WJIM MHOTO CJIab0ro 3JIEKTPOJIUTA M0 YKAa3aHHIO MPEero aBaTers.

Brinmonnenue paboTsl

1. Ucnone3yst ykazanust K pabote 1, 03HAKOMUTHCS C OOIIMM TMPHUHIMIIOM MPOBEICHUS
KOHJIYKTOMETPUYECKUX U3MEPEHUN TEPEMEHHOTOKOBBIM METOJIOM I10 MOCTOBOM CXEME.

2. OnpenensOT NOCTOAHHYIO Kgy. A4YEWKH i1 U3MEPEHUN 3JIeKTPONPOBOIAHOCTH,
MPOBOJIS U3MepeHus mo 1m.m 1-3 paboTsr 1.

3. IMocnenoBatenbubiM pazbaBieHueM ux 0,5 M pacTBopa yKCYCHOM KHCIOTBI TOTOBSIT
cepuIo pacTBopoB ¢ KoHieHTpanuei 0,25; 0,1; 0,025 u 0,01 monb/m.

4. OnoyiackuBaOT SYEHKY AUCTUIIMPOBAHHOM BOJOM M, MOCIIEOBATENBHO 3aIOJIHSS €€
pactBopamu CH3COOH pa3HbIX KOHUEHTpALMid, MPOU3BOAAT H3MEPEHUE COMPOTUBIICHUS
sueiiku. JlanHbie 3aHOCAT B Ta0md. 4-4. Pacder & u A. ocymecTBistoT no (4-1) u (4-2), ucnonp3ys
HaliJIecHHOE paHee 3HaueHue Kyy.
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Tabmuua 4-4
C cH3cooH, MOJIB/IT 0,01 0,05 0,1 0,25 0,5
Rsu, OM
a,0m oM™
A, cM?/OM*MOJTh
o

5. HpI/IBJIeKaﬂ TaOJIMYHEIE JaHHBIC IUIA NPEACTIbHBIX MOJIAPHBIX MOHHBIX HOIIBI/I)KHOCTGI\/JI
(Tabn. 4-3), pacCUMTHIBAIOT MOJISIPHYIO SJIEKTPOIPOBOJHOCTh YKCYCHOH KHCIOTBHI, MCIIOJB3YS
npaBwiIo aauTuBHOCTH Konbpaymma:

A°c (CH3COOH) = A°(CHz") * A°(COOH) (4-5)
6. OmpenenstoT CTENeHb AUCCOIUAINN 0. PACTBOPOB Pa3HBIX KOHIIEHTPALINA:

a= Ae/ A% (4-6)
7. Wcnomnw3ys 3akoH pazbaBienust OcTBaibaa:

Kc=(?*C)/1—-a (4-7)

BBIYHCIISIOT  KOHIIEHTPAIIMOHHYIO KOHCTAHTy JTUCCOLMAIMU JUIS KaXJOTO PacTBOpa
YKCYCHOW KHCIIOTBI, HAXOAT CpeJHee 3HAYCHHE, COTIOCTABJISAIOT €ro ¢ TaOJIMYHBIM, PaBHBIM
1,75 *10 momnb/m.

DOopMYITHPYIOT BBIBOJIBI, OPOPMIISIOT PadoTy.

Pabota 4-3. Onpenenenue coaepKaHus JEKapCTBEHHOTO BEIIECTBA B TAOJIETKE MPSMBIM
KOHIYKTOMETPUIECKUM METOJ0OM C XUMHUYECKUM BO3ICMCTBHEM HA CHCTEMY

MHorue JsexapcTBEHHbIE TIpernaparbl SBISIOTCS ClIa0bIMH  DJIEKTPOJIUTAMH, JIMOO
collep’kaT UX B cBoeM cocTaBe. K coskaneHuio, mpsiMoe KOHIYKTOMETPHYECKOE OIpeseieHHe
KOHLIEHTpalMK cJaboro AIIEKTPOJIUTA OCYLIECTBIISETCS C OYEHb OOJBIION MOrPEUIHOCThIO, a
3a4acTylo0 BOOOIIEe HEe BO3MOXKHO. Eciu ske mpemnapaThl BHECTU B pacTBOP peareHTa, KOTOPHIH ¢
HUM B3aUMOJIEUCTBYET, TO TMPHU OMNPEICICHHBIX YCIOBHUSIX HM3MEHEHHE AIIEKTPONPOBOJHOCTU
pacTBopa OyIeT NpPONOPIUOHAIBFHO KOHIIEHTPAllUM BHECEHHOTO BellecTBa. Takod MeTon
HA3bIBAIOT MPSIMON KOHAYKTOMETpUEH ¢ XMMHUYECKUM BO3JeicTBUeM Ha cuctemy. OH coyeTaer
OBICTPOTY MNPSAMON KOHAYKTOMETPUU U KOHIYKTOMETPHUECKOro TUTpoBaHuH. [ ycnemHoro
MIPOBEJICHUS aHAIKM3a B3aUMOJEHCTBHE JOJDKHO UATH OBICTPO U JI0 KOHIA, TPOIYKTHl PEaKIUU 1
peareHT  JOJDKHBI ~ MMEThb ~ MAaKCUMalbHO  paszfuyYalonivecs  3HAa4eHHs  MOJISIPHBIX
AIIEKTPOTIPOBOTHOCTEH.

Ecnu B xauectBe mpemnapara B3sTh ciaboe ocHoBanue BOH, To B kauyecTBe peareHra
HY)KHO MCIOJb30BaTh PAcTBOP CHUIILHOM KHCIOTH HA wu3BectHOM kouueHtpauuu Cpy %,
VienbHas 3IeKTPONPOBOAHOCTh Takoro pactBopa @ p 7Y, Tlocne noGapienus ciaboro
ANEeKTpoJinTa ¢ KoHUeHTpauue Cpoy 1 nipu ycinoBuu, yto Cpoy < Chs, TPOUCXOAUT MOJIHAA
HeWTpanu3auus ocHoBanusi: HA + BOH = BA + H20O. Temepp B pacTBOpe HaxoIuTCA
oOpa3oBaBuiasica coib BA B koHueHTpauuud Cpa = Cpon M H30BITOK CHUJIBHON KHCIOTHI B
xonuentpauuun COTyy - C"*py - Cpon. Ha ocHOBaHMM TpaBHia aUIMTUBHOCTU yeldbHas
ANEKTPOTPOBOIHOCTh MOIYYEHHOTO pacTBopa (6e3 ydera MPOBOJUMOCTH PACTBOPUTEINSA) & =

®pa + ®14°C7, a M3MEHEHHE FIEKTPOIPOBOHOCTH TIPH HEHTpaIn3aluu:
Ax= &HAOCT —&= &HAHCX- &HAOCT- &BA (4-8)
HOCKOJ‘ILKy &HAHCXZ Cra *ﬂHA*lo_S, &HAOCTZ COCTHA *11-1,4*10_3 u

®p4 = Cpa* Apa*10°= Cpon * Ap4*1073, a 11 CHIBHBIX DIEKTPOIUTOB Apa= (Au ¥ - J4) W
4= (A" - A4), TO IOCIIE HEKOTOPBIX MPEOOPA30BAHHIA:
A & = Cgou(hu* - Ag*) *107 (4-9)
B xonme peakiuu HeWTpaau3alMd KOJHMYECTBO OOpa30BaBIICHCS COJIM HSKBUBAJIECHTHO
KOJIMYECTBY M3PACXOJI0OBAHHOM KHUCIOTHI, OTOMY OOlee YMCIO0 MOHOB He u3MeHsiercs. Ilpu
3TOM pasHOCTh (Agy ' - Ap *) ocraercsi MOCTOSHHOW, T.e. HE 3aBHCHT OT KOHIIEHTPAIUH
aHanu3upyemMoro cinaboro ocHoBanus (ypaBHeHue (4-9)). K aHanormyHomy BBIBOJY MOYKHO
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MIPUIATH, B35B B Ka4eCTBE IIperapara pacTBOp ciaboil KUCIOTHI, a B KAYECTBE PeareHra - pacTBoOp
LIEII0YU:
A&=Cua* (lon™-ia’)*103 (4-10)

Takum 00pa3om, BHOCS B PAacTBOpP peareHTa pas3JIMUYHbIE MAcChl gj aHAIM3UPYEMOTO
BEIIECTBA U ompeneisisi Ace, MOJNy4aloT 3aBUCUMOCTh A@ = f(gi), MOJb3ysSch KOTOPOH MOYKHO
OLICHUTH KOJIMYECTBO JAaHHOTO BEUIECTBA B JIEKAPCTBEHHOM IIpenapare.

3amaua pabOTHI: MOJYYUTh 3aBUCUMOCTh M3MEHEHHSI YIIEIBbHOM 3JEKTPOIPOBOJIHOCTH OT
KOJINYECTBA MCCIIENYEMOIO BEUIECTBA W OINPEACINUTh COJEPKAHWE JAaHHOTO BELIECTBA B
TabJeTKe.

O6opynoBaHre M  pPEaKTUBBI: YCTaHOBKA JJIsl  ONPENCNIEHUS  DJIEKTPUUYECKOM
MIPOBOJMMOCTH, KOHJIYKTOMETpHUYEcKas sueilka, KOHHMYeckue KoiObl ¢ mpoOkamu ~ 100 wmui,
Oroperka uinu nunerka Mopa Ha 50 mu; 0,02 M pactBop xmopuna kanusti; 0,02 M pactBop
peareHTa - XJIOPUCTOBOJIOPOJHOM KUCIIOTHI; CTYIIKA; OJHO M3 NEPEUYMCICHHBIX HUKE BEILECTB B
YICTOM BUJIE U B TaOJIETKE:

e Crpenronus (streptocidum) — n-aMHHOO@H3CYIb(paMHI;
e AmugonupuH (amidopyrinum) - 1-deHnI-2.3-1uMeTHI- W
4 -THMeTHIaAMHHOIIHP 830.10H: 7 c1a0kle OCHOBAHHA
e Cymprus (sulgini) — m-aMmuHOGeH30ICYIB(pOTYAHHIHH; J
e beHzoar HaTpuA:

N
e CymppammmesnH (sulfadimezinum) — 2-(I-aMHEOOEH30ICYIb()aMHHIO)-

4,6-IUMeTHINHPeIHH; ~ crmadble
¢ TlaHaHTHH (panangin) — acIaparHHOBaHA KHCIOTA _  KHCIOTHI
Brimonaenune padoTs
1. [TocTpoenune rpagyupoBodHoro rpaduka. B 5-6 koHHnuecknx K00 BHOCSIT TOUHBIE

Macchl YHCTOro (hapMakoMeWHOro mpemapara (BBIOMpAET MpernojaBaTeab) W MPHOABISIIOT
mo 50,0 mx 0,02 M pacrtBopa HCIl. Maccer BeliecTBa pacCUUTBHIBAIOT TaKUM O0OpPa3oM, Y4TOOBI
OTHOIIIEHHE MacC OMpPEIeIEMOr0 BEIIeCTBa W KHCIOThI Haxoawioch B mpexaenax 0,40 - 0,95.
KonObl 3aKkpbIBarOT, THIATETBHO NEPEMEIIMBAIOT M CHOYCTS 1-2 MHHYTHI U3MEpPSIOT
COINPOTHUBJICHUE AHAIM3UPYEMBIX PACTBOPOB, a TaK)KE COMPOTUBIICHUE HCXOTHOTO pacTBOpa
COJISTHOM KUCJIOTHI 03 100aBOK (M3MEPEHHE COMPOTUBIIEHUS pacTBOpa omucaHo B padore 1). Ilo
MOJIy4EHHBIM PE3yiIbTaTaM CTPOAT 3aBUCHMOCTh 1/R = f (Qi).

2. TabneTky ¢ HEM3BECTHBIM COJICP)KaHUEM JICKAPCTBEHHOTO BEIIECTBA B3BEIITUBAIOT
Ha aHAIMTHYECKUX BECAX, PACTUPAIOT B CTYIKe, BHOCAT B 50,0 M1 pacTBOpa COJSTHON KHCJIOTHI,
MOJIHOCTBIO PACTBOPSIOT. ECu pacTBOp mosydaeTcsi MyTHBIM (HM3-32 HAJIMYHS HEPACTBOPUMBIX
MIpUMeceii), To ero GUIBTPYIOT Yepe3 OyMaxKHbI QUIBTP.

W3MepsiroT CONPOTHUBIICHHE MOJYYEHHOTO pacTBOpa M, MOJb3YSACh T'PATYHPOBOYHBIM
rpaduKoM, OTIPENEIISIOT COJIEpKaHKE BelecTBa B TabiaeTke. OPopMIIsIoT padoTy.

Pa6ota 4-4. CTexIsiHHBIN NIEKTPOT

Ecniu nBa pactBopa paszmeneHbl (PU3MYECKOW TpaHUIEH KOHEYHOW TOJIIWHBI,
M30MpaTeNnbHO TMPOIYCKAIOMIeH YacTHUIIBI Pa3MYHOTO COpTa, TO Takas TpaHUIAa SBISETCS
MeMOpaHoii. Ha ocHOBe mMOMyNmpOHUIIaEMBIX MeMOpaH, OONAJAIOIIUX MOBBIIIEHHON
M30UPaTEeTbHOCTBIO K OIpPENIeICHHBIM HOHaM, CO3/aHbl T.H. MOHCENEKTHUBHBIE ANEeKTpobl. C
OTIpeJIeIeHHBIM JIOMYIIEHUEM K MOHCETEKTUBHBIM DJIEKTPOJaM C TBEPIOM MeMOpaHOW OTHOCST
CTEKJITHHBIN 3JIEKTPOJI, CEIEKTUBHBINM 10 OTHOMIEHHI0 K noHam H3O". Kak mpasuio, oH umeer
(hopMy TOHKOCTEHHOTO Iapuka (1), U3rOTOBIEHHOTO M3 0COOBIX COPTOB CTEKJIa, 0OJIaAOIIEro
BBICOKOM THUT'POCKOMUYHOCTHIO M OTHOCUTEIBHO XOPOIIEH 3IIEKTPUUECKOW MPOBOIUMOCTBIO
(puc. 4-5).
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BomsTMeTp

© O

Puc. 4-2. N'anpBaHnueckas Henb A1 U3MEPEHUs OTEHIIMala CTEKIITHHOTO 3JIeKTpoa

BHyTpp mapuka nomMerieH xjiopcepeOpsHbIi 31eKTpo cpaBHEHUS (2) U 3aJIUT pacTBOD,
conepskanuii noubl CI" 1 H3O". OGBIYHO 3TO pacTBOP COJISHOM KHCIIOTHI, B KOTOPOM aKTUBHOCTh
MOHOB THJIPOKCOHUS COXPaHAETCS HEN3MEHHOM.

[lorpy3um CTEKIISSHHBIM 3JEKTPOJ B pPACTBOpP, AKTUBHOCTh HOHOB THAPOKCOHUS B
KOTOpPOM He u3BecTHa. Mexay nonamu HzO", HaxoaamumMucs B 000HMX PacTBOpax, a TAKKe Ha
BHYTpEHHEl W BHEIIHEH TpaHuIa CTEKISIHHOW MeMOpaHbl, YCTaHaBJIMBAaeTCAd IIEToYKa
paBHOBecHil. Kak moka3piBaeT TeopeThdeckuil aHanmms3, ecim pHa. < 12, To mnoTeHuman
CTEKJISTHHOTO AJIEKTPO/1a OTIUCHIBAETCS (hOPMYIIOM:

E.=E. +¥lga . =E.. — 0.059pH,

Hﬁ(:} (4-11)

B sTOoM BhIpaxenuu E'.p, SIBASETCS KOHCTAHTOM JJIs TAHHOTO 3JIEKTPOJA, T . K. 3aBUCUT OT
copTa CTEKJIa, THIA AIEKTPOia CPABHEHHUSI U Psiia UHBIX (GaKTOPOB.

3amaua pabOThl: M3Y4YE€HHUE CTEHEHH OOpaTMMOCTH HOHHBIX PEAKUUH, OMpeIesIFoIInX
MOTEHIIMAT MEMOPAaHHOTO CTEKJISIHHOTO AJIEKTPOJa, HAXOXKICHHE KUCIOTHOCTU KOHTPOJIHHOIO
pacTBopa.

O6opynoBanue, MaTepuaibl: CTEKISHHBIN dnekTpon ¢ H - dynkuueit, xinopcepeOpaHbIii
ANIEKTPOJ cpaBHEHUs, TepMoMeTp Ha 50°C, Habop cTaHIapTHHIX pacTBOpoB s pH-MeTpun (niu
0,1M pacteop HCI), pactBop Beiibens, mepuas mocyma, pH-metp.

Brinonnenue paGoThl

1. CTeKISHHBIA 3J1eKTpOo, OOBIYHO XpaHsuiics B pazbaBieHHoMm pactBope HCI,
MIPOMBIBAIOT AUCTUJUIMPOBAHHON BOJION U BBICYIIMBAIOT (DMIBTPOBAIBHOM OyMaroii.
2. CocCTaBisIOT ralbBaHUUYECKYIO LIETb JJIS M3MEPEeHHs MOTEHIMaia CTEKISTHHOTO

anektpona. s storo B crakaHuuk (3) emkocthto 50 - 100 MJ, MOMHUMO CTEKISHHOTO
ANIEKTPO/a, BBOJAT XJIOPCEPEOPSHBIN 3IEKTpoJ] cpaBHEHUs (4). DIEKTponbl 3aKpervisioT B
LITaTUBE (5)
(cM. puc. 4-5). BbIBOJBI OT 3/E€KTPOJOB MOAKIIOYAIOT K BOJBTMETPY, B KauecTBE KOTOPOIO
y100HO Hcnob30BaTh pH-MeTp B perxumMe u3MepeHus HalpshKeHMSL.

3. 3anoiHAIOT CTakaH CTaHIApTHBIM OydepHbIM pacTBOpoM mans pH-metpuw,
U3MEPSAIOT €ro TemnepaTypy. [IpousBoaar usmepeHne HalpsKeHUs TalbBaHUYECKOTO JJIEMEHTA,
pe3yabTaThl 3aHOCAT B Ta0MI. 4-5.

Tabmuna 4-5
Chc, M 0,001 0,002 0,005 0,01 0,02 0,05
fiHeL)
4. [lpu otcyrcTBUM cTaHAapTHBIX pactBopoB it pH-merpunm w3 0,1 M HCI

MOCJIEIOBATENFHBIM pPa30aBIEHUEM TOTOBST CEPUI0 PACTBOPOB C KOHIICHTpAIUEH 1*¥1072; 1*10°3;
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1*10%; 1*10° M u 0,05 M pacrteop Terpabopara Hatpus ¢ pH = 9,18. KUCIOTHOCTE pacTBOpOB

HCI paccuursiBaror mo Gpopmysie PH, =- lg{-fifHCI]' " (HC) }
rae Chcl - MOJsIpHAsi KOHIEHTpanusi, a fi(HcL) — MOJSIpHBIN CpenHMi HMOHHBIA KOd(pdUIHEHT
aKTUBHOCTH COJISTHOW KHCJIOTHI, IPUBEICHHBIN B Tabmwuie 4-6.

Tabnuma 4-6

pH a
E u3m. B

o. AxKypaTHO cnuBaloT Oy(epHBIi pacTBOp CTakaHYMKa B Ty MOCYAY, TZi€ OH
XpaHUTCS B Jlabopatopuu, Mpu Hcnojb3oBaHuu pactBopoB HCI 3to nenate HeoOs3aTeNnbHO.
[IpoMBIBaIOT  CTEKJISIHHBIA ~ JJEKTPOJ  JUCTWJUIMPOBAHHOM  BOJOHM,  MOJCYIIHMBAKOT
¢ubTpOBaNBLHON Oymaroi.

6. [TocnenoBarenbHO MPOU3BOAAT U3MEPEHHE MOTEHIHMANA CTEKISTHHOTO 3JIEKTpoJa
B KaXJIOM U3 IPUTOTOBJICHHBIX PACTBOPOB Pa3JINYHOMN KUCIOTHOCTH.

1. CrtposiT 3aBUCUMOCTH Eyzy 0T pHa. [IpoBepsitoT ee TMHEHHOCTh, HAXOAAT HAKJIOH

nuHerHoro ydactka dEusu/d(pHa) = AEu/A(pH.). ConmocTaBisioT MOJydEeHHOE 3HAYEHHE C
TeopernyeckuM, paBHbIM 2,3 RT/F (nmm 0,058 B mpu 298 K).

8. 3anuBaloT B CTAaKaHYMK KOHTPOJIBHBIN pacTBOp, Haripumep pactBop Beitbens, ans
kotoporo pHa = 2,04. M3MepsrOT HanpspKEHHWE TajJbBAHMYECKOTO AJIEMEHTA, ONPEIENSIOT I10
rpaduKy KHCIOTHOCTh KOHTPOJIBHOTO pacTBOpa. AHaJIM3UPYIOT Pe3yibTaTbl, (HOPMYIUPYIOT
BBIBO/IbI, 0(DOPMIISIIOT paboTYy.

Pabota 4-5. OnpeneneHue KOHCTAHTBHI H CTETICHH JUCCOIMAIIAN JICKTPOJIUTA
MOTEHIIMOMETPUUECKHM METOJIOM

TuUnu4HeIM NpuUMEpPOM CIa0OT0 DSJEKTPOJUTA SIBISIOTCS OPraHUYECKHE KHUCIOTHI -
YKCyCHas, JUMOHHas1, OeH30iHas u T.4. Jlucconmuanusi OJHOOCHOBHOM ciaboi kucimotel HA B
BOJIHOM CpeJie IPOUCXOAMT M0 YPAaBHEHHUIO:

HA + H0 = HsO" + A (4-12)

U XapakTepu3yercs KOHLUEHTPAUMOHHOM KOHCTAaHTOM paBHOBECHUs, HAa3bIBA€MOU
KOHCTAHTOW JUCCOLIMAIUU:

X
K(c'} _ O Cpa
S
(4-13)
C
- H30+
31ech CHA - CTENeHb JAWCCOUMANMHM KUCIOTh, a Chmy — €€ MoJIsIpHas

koHHeHTpamus. Ecnum o << 1, TO BbIpaKCHHE Exr = Epau + EHH, MIPEICTABIISIIONIEE 3aKOH
OcTBanba, MOXHO MTPeoOpa3oBaTh CIACAYIOIIUM 00pa3oM

| 1
PH, :;PR{;}_;IQC}LA (4-14)

Onpenenenne Ky cBoaurcs, TakuMm 00pasoM, K H3MEPEHMIO KUCIOTHOCTH CEpUH
pacTBOPOB Cl1ab0il KHUCIOTHI.

3amaua paboTHI: MpoOBepKa crHpaBeAIMBOCTH 3akoHa OcTBambaa, pacuer K, cnaboit
KHCJIOTHI TI0 JAHHBIM OTEHIIMOMETPUYECKUX U3MepeHNN pHa CO CTEKIITHHBIM 3JIEKTPOIOM.

OGopymoBaHue, MaTepualbl: CTEKISTHHBIN dmekTpoa ¢ H'- dyHKImei, xmopcepeOpsHbIit
3JIEKTPOJ] CpaBHEHUs, PTYTHBI TE€pMOMETpP, HabOp CTaHIAPTHBIX PacTBOpoB s pH-merpuu
(uma 0,05M pactBop HCI), 0,5 M pacTBOp yKCYCHOH KHCIOTBI, MepHas mocyna, pH-merp wim
BOJIbTMETP.

Brimonnenue paboTsl

1. Hcnonw3ys ykazanus nm. 1 u 2 pa®oTbl 4, COCTaBISIOT TaJIbBAaHMUYECKYIO IEMb

(puc.4-2) nyist mpoBeieHUsI U3MEPEHMH TOTEHIIMAJIA CTEKIITHHOTO 3JIEKTPOA.
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2. Cornacuo mm. 3-7 53Toil ke pabOThl MPOU3BOAAT HW3MEPEHUE HANPSHKEHUS

rajlbBaHUYECKOTO 3JIEMEHTa B CEPHH BOJHBIX PACTBOPOB M3BECTHOW KUCIOTHOCTH pHa. CTposiT
KaTrOpOBOYHBIN TpauK 3aBUCUMOCTHU Ecp OT pHa.

3. N3 0,5 M pactBopa yKCYCHOW KHCIJIOTBHI TMOCIEIOBATEIBHBIM pa30aBlieHHEM
rotoBsaT o 100 M pactBopoB ¢ C(cuscoony = 0,1; 0,05; 0,01; 0,005 u 0,001 M.
4, [Toouepenno 3anmuBasg pacTBOPhl B  CTAaKaHYMK, M3MEPSAIOT TMOTECHIIMAIIBI

CTCKJISTHHOTO 3JieKTpoja. Mcmons3ys KanmuOpoBOuYHBIN Tpaduk, Haxomatr pH pactBopos
YKCYCHOM KHCJIOTHI, TAaHHBIC 3aHOCST B Ta0II. 4-7.

Tabnuna 4-7
Ccnzcoon, M 0,5 0,1 0,05 0,01 0,005 0,001
Ig C cuscoon
E H3M, B
pHa
5. Crpost 3aBucumoctb pHa 0T Ig C cH3coon , TPOBEPSIOT €€ IMHEUHOCTb.

Haxonsat Hakmon nunerinoro yuactka d(pHa) / dige = A(pH,)/A (Igc). ConoctaBnsior
MOJIyYEeHHOE 3HAYCHUE C TEOPETUUECKUM, paBHBIM -0,5 B COOTBETCTBUH C BhIpakeHHeM (4-14).

6. DKCTpanmoupyst JUHEHHBIH y4acTOK 3TOro rpaduka Ha 3HaueHue Ig C chzcoon = 0,
i K(©
PR ©
1o OTpe3Ky Ha ocu pHa ompenensior BennauHy 2 , oTKyna HaxomiT Ky . Vcnonb3ya (4-

13), pacCUUTHIBAIOT BEIMYMHY ¢ JIJIS1 K&KJIOTO PacTBopa.
AHaTM3UPYIOT PE3YNIbTATHI, (GOPMYITUPYIOT BBIBOIBI, OPOPMIISIOT paboTy.

Pabota 4-6. OnpeneneHue KOHCTAHTHI M CTETICHH THAPOJIN3a COJIHA
MOTEHLHOMETPUYECKUM METOJIOM

Xumuueckoe 63aumoodeticmaue conu ¢ 8000U Hazvieaemcs 2uopoauzom. Ecinu B3sTa conb
MA cunbsnoi kucinotel HA u cmaboro ocuoBanus MOH (mampumep - NH4Cl), To peaxius
TUAPOJIN3A:

M* + 2 H,0 = MOH + H3z0" (4-15)

KoHIIeHTpalMoHHas KOHCTaHTa paBHOBecHs (koHcTanTa ruaponusa K.©) onpenensercs

3aKOHOM pa3zbaBneHust OcTBanpaa:

i
k') = O Cppa
' 1o«
T
B KOTOpOM CMA - MOHﬂpHaﬂ KOHHeHTpaHI/IFI COJIn Hu

C

_ TH307

o = 4(:
MA - creneHs ruapoNH3a.

Ecmu o, <<1, 10 (4-13) MOXHO mTpeoOpazoBatTh CIeayOMUM 00pa3oMm:

I o) 1
pH, :_pR:{r } _ElgCMA

2 (4-16)
Jns conu cnaboit KUCHAOTH U cuinbHOTO ocHOBaHus (Hampumep - CH3COOK) paBHOBecue
TUIPOJIN3a BBHIPAYKACTCS YPABHEHHUEM:
A"+ H20 =HA + OH, (4-17)
npu dToM Bhpaxkenne s K.©  ocraercs chpasemmuBeiM.  OfHAKO  Temephb
0. = C4~/ Cya = Cou/ Cra, TOITOMY pe3yNbTAT IPe0OpazoBaHus Ipu o, <<1 nHOIA:

. I ), 1
pH, =pKy __Pl\{r '] +—lgcy,
2 2 (4-18)
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3neck pKw = - IgKw, @ Kw = 10 - nomnoe nmpoussenenue soas! mpu 298 K. Takum

obpasom, ompezenenue K© B 060X ciydasx cBOAMTCA K M3MEPEHMIO KHUCIOTHOCTH CEpHH
BOJIHBIX PACTBOPOB COJIEH.

3amaua paboOTHI: TpPOBEpKa CIPaBEIMBOCTH 3akoHa OCTBalbJa MPUMEHHUTEIBHO K
npoueccy ruaponusa, pacuer K. u cTeneHM TMaposus3a cOJM CUIbHOM KHCIOTHI U C1aboro
OCHOBAHUS 10 JaHHBIM MOTEHLIHOMETPUUECKUX U3MEPEHUM CO CTEKIIIHHBIM 3JIEKTPOJIOM.

OGopynoBanue, Marepvaibl: CTEKISHHBIA odexkTpony ¢ HY - QyHkuued, wabop
CTaHJIApPTHBIX pacTBOpoB s pH-MeTpun, BBICOKOOMHBINM BOJIBTMETD, XJIOpCEpEOpsIHbIN
anekTpon cpaBuenus, 0,1 M pacrsop HCI, 0,5 M pactBop NH4Cl, xpomoBasi cmech, MepHas
OCy/ia, TEPMOMETP.

Boinosnnenue paboTsl

1. CocTaBisIOT TajgbBaHUYECKYIO Lenb (puc. 4-2) g NPOBEAEHUS H3MEpPEHUl
MOTEHIIMAJIa CTEKJITHHOTO 3JIEKTPO/Ia, UCIIOJIb3YS P 3TOM yKazaHud mil. 1 u 2 paboTsl 4.
2. W3mepsaoT HampsikeHHE TrajlbBaHUYECKOrO 3JeMeHTa Ecn B CEpUU BOJTHBIX

pacTBOpoB U3BeCTHOM KucinoTHocTH pHa cormacHo mm. 3-7 pabotel 4. CTposT KanuOpOBOUHBII
rpaduk 3aBucuMOCTU Ecm OT pHa.

3. N3 0,5 M pactBopa NH4Cl mocnenoBaTenbHbIM pa3daBieHHeM roTOBST 0 50 mut
pactBopoB ¢ Cnhaci =0,2; 0,1; 0,05; 0,02; 0,01 u 0,005 M.
4. [ToouepenHo 3amuBas 3TH pacTBOPBl B CTAaKAHYMK, HM3MEPSIOT HANpPsHKEHHE

raJbBaHUYECKOTO djemMeHTa. Mcmone3ys kamuOpoBouHbldi rpaduk, Haxomsat pHa pacTBopoB
XJIOpHJIa aMMOHHS, JaHHBIC 3aHOCAT B Ta01. 4-8.

Tadmnumua 4-8
Cnhaci, M 0,005 0,01 0,02 0,05 0,1 0,2 0,5
Ig CnHacl
Ee., B
Ol
5. Crposit 3aBucuMocTh pHa oT lg CNhacl, TIPOBEPSIIOT €€ JIMHEHHOCTh, HAXOMIST

HaKJIOH JuHelHoro ywactka d(pH)/d(lgC) ~ A(pH)/A(lgC). ComnocTaBisiOT TOJy4EHHOE
3HAYEHHE HAKIIOHA C TEOPETHYCCKUM, paBHBIM -0,5 B COOTBETCTBHH C BhIpaxkeHueM (4-16).

6. DKCTpanojgupyst JUHEHHBIH ydacToK mpsMoi Ha 3HadeHue lg Cnwact =0, mo
oTpe3Ky Ha ocu pH, ompenensior Bemuuuny -0,5*/g K., otkyna naxomar K.©. Wcnoms3ys
BoIpakenne i K., paccuMmTBIBAIOT BENMYUHY ¢ IJIs KaKIOTO PacTBOpa. AHAIU3UPYIOT
pe3ynbTaThl, GOPMYIHUPYIOT BBIBOBI, OPOPMIISIOT padoTy.

Ilpumeyanue: BMECTO XJIOpUJa aMMOHUSI MOKHO HCIIOJIb30BaTh aleTar HaTpus. B sTtom
cityuae pacueT K. neo6xomumo Bectu mo gopmyiie (4-18).

Pa6ora 4-7. Bydepnsie pactBopsl. Onpenenenue 0yhepHoi eMKOCTH
bygepnvim nasvigarom pacmeop, cnocobHulii N000epIHCUBAMb ONpedesieHHOe 3HAYeHUE
PH npu oobasnenuu nekomopo2o Koauyecmea CuibHOU KUCIOMbL WU OCHOBAHUS, a4 MAKiCe npu
pasbasieHuu.

BybepubiM neiicTBueM 00magalOT CMECH CHa0BIX KUCIOT W WX COJEeH C CHUJIIBHBIM
OCHOBaHMEM, cJa0bIX OCHOBAHUM M UX coJiell ¢ cunpHOU KucnoToi. Kpome Toro, OydepHblit
pacTBOp  MOXKHO  MNpPHUIOTOBUTH W3  CMECHM  COJIeH  MHOTOOCHOBHOM  KHCIOTBHI
(manpumep, NaH2PO4 + NazHPO4).

3nauenue pH OydepHbIX pacTBOPOB, COCTOSIINX U3 KUCIOTHI U €€ COJIM, PACCUUTHIBAIOT
CIIEAYIOIIHUM 00pa3oM:

H _ K o 12 C KHCII
p o p KHCI =

C o (4-19)
rac pKKuc,z = - ngKuc;[ - IIOKa3aTcCJIb KOHCTAHTHI JUCCOLIUAIINU ciraboit KUCIIOTBI, Ckuc: U
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Ccomu - MOJISIPHBIE KOHIIEHTPAIUU KUCIIOTHI U COJIA B Oy(EepHOM pacTBOpE.

[TonsTHO, uTO 3HaueHue pH 3aBUCUT OT COOTHOLIECHHS KOHILIEHTpPaUUid KOMIIOHEHTOB
pacTBOpa U HE 3aBUCUT OT pa30aBIICHHUSL.

Jiis OydepHOro pacTBOpa, COCTOSIIErO M3 ClabOro OCHOBaHUsS M ero cosm, pH
PacCUUTBIBACTCS IO YPABHEHUIO:

3 C
pH=14-pK ., +1g—=—%
Cconn (4-20)

Benuuuny OydepHoro neicTBus xapakTtepusyeT OydepHas eMKOCTh pactBopa f. OHa
OTIpe/IeNAeTCsl KOJMYECTBOM CUIIbHON KHCIIOTHI UM OCHOBaHUs (B pacdyere Ha MOJISIPHYIO Maccy
SKBUBAJIEHTA), KOTOPOE MOXHO 700aBUTh K 1 11 OydepHOTO pacTBOpa Ajia u3MeHeHus ero pH Ha
eAVHUIly. 3HA4YeHHE B 3aBUCUT OT MPHUPOJLI KOMIIOHEHTOB Oy(epHOTO pacTBOpa H OT
COOTHOIIEHUS X KOHLIEHTpauuid. Uem Bbllle KOHIIEHTpAUsl KOMIIOHEHTOB M OJIMKE K €TUHULE
WX COOTHOIIEHHWE, TeM OoJblle BenuuunHa OydepHoil eMkocTh. Eciu ke COOTHOIIEHHE
KoHUeHTpauuid Oonbmie 10 wim wmensme 0,1, To Takas cmech OyQepHbIM JAeHCTBHEM
MPaKTUYECKH He 00JaaeT U3-3a KpaliHe MaJloro 3HaueHus f.

Takum 06pa3oM, U3 BEIOpAHHOW Mapbl KUCIOTHI U COJIM (UM OCHOBAHHUS U COJIM) MOKHO
MIPUTOTOBUTH Oy(depHbIe pacTBOPHI, 3HaueHUs pH KoTopbIx nexar B npenenax pK + 1.

Ecnu a u b - uucno MonsipHbIX Macc SKBUBAJICHTOB COOTBETCTBEHHO CHUJIbHOW KHUCIIOTBI U
OCHOBAaHUS, TO

__a S -V___.. -1000
/ 7 ./
ApH Viagpep - APH
IUTIT
_ b _ Cocn Vo - 1000
r y ?
ApH Vaypep - APH (4-22)
rne ApH - usmenenue pH npu no6aBiieHUM JaHHOT'O KOJMYECTBA CHJIBHOW KMCIIOTHI HIIU
CWIBHOTO OCHOBAHUS; Ci-mw W Cocu = MOJSIPHA] KOHLEHTPALMsA DJKBUBAJICHTA CUJIBHOTO

AJIEKTPOJINTA, 100aBIIeMOro K OydhepHOMY pacTBOpY.

3amaya pabOTHI: MPHUTOTOBJIICHHE Oy(depHOTO pacTBOpa W ompeaeieHue ero OydepHoi
€MKOCTH.

OGopynoBanue, Marepuanbl: pH-meTrp wm  MwumMBOARTMETp TuUma OB-74,
WHJUKATOPHBIM CTEKIJISIHHBIM 3JIEKTPOJ W AJIEKTPOJA CpaBHEHHUS (JIydlle XJIopcepeOpsiHbIN);
MarHuTHas MeIlaiKa, CTaKaHYuK JUisi TUTpoBaHus oObemMom 50-100 mut; rpamyrpoBaHHBIE
nunetkd Ha 5,0 u 25,0 mur; GropeTka; KOHUYECKUE KOJIOBI, CTaHIApTHBIE pacTBOpbI 1t pH -
metpun; pactBopsl HCIl; NaOH; CH3COOH u CH3COONa ¢ xonuenTparmeii 0,1 M.

Brinonnenue paboTsl

1. Hcnonb3ys ykazanus K padote 4, COCTaBISIIOT TajlbBAaHUYECKYIO 1emb (puc.4-2) u
IPOBOJAT M3MEpPEHHE HANpsDKEHUs STOW IEenM B CEpUH BOJHBIX PACTBOPOB C M3BECTHBIM
3HaueHueM pHa.

Eciu cepum craHmapTHbeIX OydepHbIX pacTBOPOB HET, TO IMOCJIEI0BATEIbHBIM
pas6aBnenreM rotosat cepuio pactBopos HCI ¢ konnentparmeii 0,1; 1*10%; 1*103; 1*10* u
1*10° monw/n u cranpaptHeiit 0,05 M pactsop NaoBsO7 (Terpabopara Hatpus), pH koToporo
paseH 9,18.

2. [To moxyueHHBIM pe3yabTaTtam cTposT 3aBucuMocth E = f (pHa). [Iposepsror ee
JMHEWHOCTh, OLIEHUBAIOT HakJIOH AE/ApH, cONMOCTaBIAIOT €ro 3HAYeHHE C TEOPETUUECKUM,
JIENIAf0T BBIBOJ 00 0OPATUMOCTH TAHHOTO CTEKJISTHHOTO 3JIEKTPO/Ia Mo OTHOMIeH!H0 K H - noHam.

3. W3 ncxoAHbBIX pacTBOPOB YKCYCHOM KHCIIOTHI U alieTaTa HaTpus FOTOBAT 1o 20 M
Oydepubix cmeceit ¢ pH, paBabiM 3,75; 4,75 u 5,75. B npuroToBieHHBIX pacTBOPaX HU3MEPSIOT

®opma A Crpannna 37 u3 66



MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO

o . Dopma
VYIbSIHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouas mporpamMma v CIUIUIMHBI

HaNpsHKEHUE TaTbBAHMYECKOTO AJIEMEHTA, COCTaBIEHHOTO M3 CTEKISIHHOTO U XJIOpCepeOpsHOro
anekTposoB. [lo umeromeiics 3aBucumoct E = f (pH,) onpenenstor pHa 3THX pacTBOpOB U
CPaBHUBAIOT €r0 C TEOPETUYECKH OXKHUAaeMol BenmrmuuHOU. K KaxkaoMy pacTBopy 100aBISIOT 1O
10,0 M3 AMCTUIIMPOBAHHOM BOJBI M MOBTOPAIOT onpenesneHue pHa. [lenaror BbIBOA 0 BIMSHUU
pa3basienus Ha BennunHy pH OydepHoro pactBopa.

4. K kaxxpomy nosyaeHHOMY pacTBopy mooasssitor o 5,0 mu 0,1 M pactopa HCI,
BHOBb omnpezeistoT pH. Ilo ypaBHenuto (4-22) paccuuThiBaroT Oy(pepHyI0 EMKOCTh PACTBOPOB.

Odopmisitor padory.

Pabota 4-8. 3ydenue 3aBucumoctu 0ypepHoi eMKOCTH OT COOTHOIIICHHUS
Ci-toi/ Cconn TIO PE3YIIBTATaM MOTEHIIHOMETPUIECKOTO TUTPOBAHUS

3aBucuMocTh OypepHOil eMKOCTH OT COOTHOILIEHHUS! KOHUEHTpaluui yl10O0HO M3ydaTh IO
WHTETPATBHBIM KPUBBIM TIOTEHIIMOMETPUYECKOTO THUTPOBAHHUS pACTBOpa CJIAa00H KHCIOTHI
pacTBOpOM CHIIBHOTO OCHOBaHUS. CyIIHOCTh METOJa TMOTCHIIMOMETPUYECKOTO THUTPOBAHHS
COCTOHUT B TOM, YTO KOHEYHas TOYKAa TUTPOBAHMS YCTAHABIMBACTCS HE 3a CYET HM3MECHEHUS
OKpacKy MHIUKATOpa, a 10 Pe3KOMYy U3MEHEHHIO TOTEHIMala WHANKATOPHOTO AiekTpoaa. [lpu
3TOM TOTCHIMAI HWHIUKATOPHOTO AJEKTPOJa JOJDKEH OBITh CBS3aH  HEPHCTOBCKOM
3aBHCHUMOCTBIO C KOHIICHTpAIHEH aHaIH3HUPyEeMOTO BEIIeCTBA MIIM THTPAHTA.

Jisi  TOTEHIIMOMETPHUYECKOTO  KHCIOTHO-OCHOBHOTO  THTPOBaHUSI B KadyecTBe
WH/INKaTOPHOTO BBEIOMPAIOT AIIEKTPOJI, MOTEHIHA KOTOPOTO 3aBUCUT OT pH pacTBopa, Hampumep
- CTEKJISTHHBIN AJIEKTPOJI.

3aBUCHUMOCTh MOTEHIIMANa CTEKJISTHHOTO 3JIeKTpoJa (MM HAMPSHKEHUS FalbBaHUYECKOTO
AJIEMEHTA, COCTaBJICHHOIO M3 CTEKISIHHOTO AJIEKTPOJA U DJIEKTPOJa CPaBHEHHS) ONUCHIBACTCS
ypaBHeHHEeM (4-19), Torma 3aBHCHMMOCTh TOTEHIHMAJNAa OT J00aBIEHHOTO 00bEeMa CHIIBHOTO
OCHOBAHUS BBITJISAUT CIEIYIOIIUM 00pa3oM:

E

: OuKa
.................. ‘ "TI\'BITBU'IL"H’IHOCIU

Vigen.

Vra. 2V,

Puc. 4-3. 3aBucMMOCTb MNOTEHIMAla CTEKISIHHOTO 3JEKTpoJa OT 0oObeMa CHUJIBHOTO
OCHOBaHHS.

Ha HavanbHOM OTpe3ke oa MOTEHIMA CTEKJITHHOTO 3JIeKTpo/ia, a COOTBETCTBEHHO U pH
pacTBOpa, M3MEHACTCS JOCTATOYHO PE3KO, YTO CBS3aHO C YMEHBIICHHEM KoHmeHTtpanuu HzO"
MOHOB TpH J00aBIeHUM HEOOJBIIOro KoiuyecTBa mienoud. Crnaboe M3MEHEHHE MOTeHIHana
(pH) Ha yudacTke a6 oOycioBieHO OydepHbIM JeicTBHEM CMecH Cl1abOi KHUCIOTHI U COJIH,
oOpa3oBaBuielics B xoje HeWTpamuzamuu. C NpHOMMKEHHMEM K TOYKE SKBMBAJCHTHOCTHU
OyhepHasl eMKOCTh CTPEMHTCS K MHHHMYMY, a KoHIeHTparus H3O" cTaHOBHTCS CTOJIb MAJOH,
YTO ee U3MEHEHHE BbI3BIBACT pe3Koe NnajieHne notenuuana (ypenuuenue pH) Ha yuactke 6s. [Ipu
3TOM B TOYKE 3KBHBaJIeHTHOCTH pH pacTBOpa Bceraa >7, MOCKOJBKY COJb, O0Opa3oBaHHAs
cy1aboit KUCIIOTOM U CHIIbHBIM OCHOBAaHHUEM, MOJIBEPraeTcsi THAPOJIU3Y MO0 aHUOHY.

3agaya pabOTHI: MPOBECTH MOTEHIHMOMETPUUYECKOE THUTPOBAHUE pacTBopa crnaboit
KHCJIOTBl CUJIBHBIM OCHOBAHHUEM, OLIEHUTH BIIMSHHE COOTHOLIEHHS KOHUEHTPALMH Cruc/Ceons HA
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BeMUUHY Oy(epHOil eMKOCTH pacTBOpa.

ObopynoBanue, Mmarepuaibl: pH-MeTp wWiIM MWIDIHMBOIBTMETp THHa DB-74,
WHIWKATOPHBIA CTEKJISIHHBIA 3JIEKTPOJ M D3JEKTPOJ CpaBHEHHs (JIydlle XJIOpcepeOpsHBIi);
MarHuTHas MeINaJKa, CTaKaHYuK JUIsi TUTpoBaHUs oObeMom 50-100 mut; rpamyrpoBaHHBIC
nunetku Ha 5,0 u 25,0 mu1; OropeTka; cTaHAapTHBIE pacTBOpbI Mg pH - MeTpuu; cranmapTHbIC
pactBopsl HCI; NaOH; CH3COOH c konnentparweii 0,1 M.

Brinosinenue paboTsl

1. Wcnonb3ys ykazanus kK padote 4, COCTaBIISIIOT T'ajlbBAHUYECKYIO LIeTb (puc.4-2) u
MPOBOJAT HM3MEPEHHE HANpSDKEHUS STOW IEeNH B CEpUH BOAHBIX PACTBOPOB C HM3BECTHBIM
3HaYeHueM pHa.

Ecim  cepum craHmapTHeIX OydepHBIX pacTBOPOB HET, TO IOCIEIOBATEIHHBIM
pas6apienyeM rotoBaT cepuio pactsopo HCI ¢ xormenTparmeii 0,1; 1¥102; 1*103; 1*107 u 1*
10®° monw/n u cranmaptaeii 0,05 M pactBop NayB4O7 (Terpabopara Harpus), pH koToporo
paBeH 9,18.

2. [To mosydeHHBIM pe3ylibTaTaM CTPOST KaTHuOPOBOUHYIO 3aBUCUMOCTh E = f(pHa).
[IpoBepsAOT ee JTMHEHHOCTh, OLIEHUBAIOT HAaKIOH AE/ApH, cONOCTaBISIOT €ro 3Hau€Hue C
TEOPETHUYECKUM, JETal0T BBIBOJ 00 OOpaTHMOCTH JaHHOTO CTEKJISTHHOTO JJEKTpoja IO
otHomenuro k H' - nonam.

3. B crakanuuk i TuTpoBaHus HAIMBAOT 20,0 MJT HCXOAHOTO pacTBOpa YKCYCHOM
KHACJIOTBI, OIYCKAIOT DJEKTPOJbI W M3MEpPSIOT HANpsDKEHHWE TalbBAaHWMYECKOTO DJIEMEHTA.
BropeTky 3amojiHSIOT CTaHAAPTHBIM PacTBOPOM THIPOKCHAA HATpus. [IpOBOAAT THUTpOBaHHE,
noGasisis mo 1,0 M1 menoyn u u3Mepss HampsbkeHue (B XO0Je TUTPOBAHUS PAcTBOP AOJDKEH
MepeMeNnBaThCs!) TaIbBAaHUYECKOTO JJIEMEHTAa B KaxJoW Touke TuTpoBanms. Korma pH
pactBopa OymeT 61au30K K 6 (opreHTupyrorcs mo 3apucumoct E = f (pH)) menous mo6aBiasior
nopausiMa o (0,2 M1 BIUIOTH JI0 pe3Koro m3MeHeHus HampsbkeHus (Ha 0,2 - 0,3 B). 3arem
(dbukcupyror eme 2-3 ToukH, 100aBiss THTpadT mo 1,0 mor.

4, B xaxmoit Touke TuTpoBaHUs onpeneysioT pHa Mo uMeromnieics KamnOpoBOYHOM
3aBUCHUMOCTH JUISL CTEKJISHHOro oayekrtpona. [lo mosnydeHHBIM  pe3yabTaTam  CTPOST
uaterpaasayio (PH = f(V)) u mubdepennumansuyo (ApH/AV = f(V)) KpuBble TUTPOBAHHS
(puc.4-4). Ilo makcumymy Ha nuddepeHImanbHOi KpUBOH TUTpoBaHUs (puc.4-4 0) onpenessoT
o0beM B TOYKE OKBUBAJEHTHOCTH V75, 3Has 53Ty BeIMYMHY, BBIOUPAIOT TOYKH,
cootBercTByromue 10; 25; 50; 70 u 80 % HelTpanuzauuu, U HAHOCAT UX HA HHTETPAIbHYIO
KpUBYIO TUTpOBaHUsI (puc. 4-4 a).

pH ApH/AV

ApH=0.2 ex

Vi Vs Vs Vi

Puc. 4-4. Kpusble TUTpOBaHHUS

JIaHHBIM TOYKaM COOTBETCTBYIOT 00beMbI V1 - V5. OT BEIOpaHHBIX TOYEK OTMEPSIOT BHU3
otpesku pasuble 0,2 ex pH (MoxxHo B npeaenax 0,1-0,3), mpoBoasaT napaisenbHble ocH adcuuce
JUHUM U HaxonaaT oowembl Vi’ - Vs'. 3Has oObeM Ienouw, nomesmeil Ha u3menenue pH Ha
0,2 enunutet (4V1=V1-V1’ u 1.1.), 0 ypaBHEHHIO (4-22) pacCUUTHIBAIOT f.

5. CrposaT 3aBUCUMOCTb [ = f(Comw/Ccom), TPHU OTOM pacdeT MOJAPHBIX
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KOHI_ICHTpaL[I/If/’I KHCJIOTBI X1 COJIM BCAYT 110 YPABHCHUAM:
T T T
{ . - ! . — P . -
c _ Vxa0H * CxaoH 0 e — VHac " CHac ~ VNaoH " CxaoH
NaAc — \r —|— \,.T HAc — '\.:,r —|— '\ll:,r
HAe NaOH HAc NaOH

rae Vneon - 00bembl mmienouu B BbeIOpaHHBIX Toukax (Vi - Vs). Jlemaior BbIBOA O
3aBUCHUMOCTH 5 OT COOTHOIICHHUS KOHIICHTPAIIUH CKTPOIUTOB. ODOopMIISIIOT paboTy.

Pabota 4-9. Onpenenenue coaepx anus JEKapCTBEHHOTO BEIIECTBA
MOTEHIIMOMETPHUUECKIM TUTPOBAHUEM B allPOTOHHOM PacTBOPHUTEIIE

Ecniu  ananmusupyemMoe  BEHIECTBO  NPEACTaBIsAeT  co00i  cinabylo  KHCIOTY
(w1 OCHOBaHHWE), TJIOXO PACTBOPUMBIE B BOJIE WM HMEIOIIUE KOHCTAaHTY JIMCCOIMAIIUU
< 1*1078, To ;s aHANMM3a TAKMX COEMHEHMIT M MX CMecel MCIONb3yI0T HEBOJIHOE TUTPOBAHHE.
[Ipu sTOM pemaroiiee 3HaAYCHHE UMEET BBIOOP pacTBopuTelns. [logxonsium sBISe€TCs TOT, B
KOTOPOM HanboJiee Jerko M TiIyO00KO MPOTEKAET peakius HeuTpanu3anuu. [ yonHa mpoTeKaHus
mpoiiecca HeUTpaIU3aIUU ONPEIEISETCS OTHOIICHHEM KOHCTAHThI JUCCOIMAIIMKI KUCIOTHI WU
OCHOBaHHSI K IOHHOMY TTPOU3BEICHUIO PACTBOPUTES.

K(C)
_THA
Ky

Pacmeopumenu, obnaoarowue cunbHbelM CpPOOCMEOM K NPOMOHY, HA3LIBAIOMCA
npomocgunvHuiMu. B UX cpee KUCIOTHBIE CBOMCTBAa paCTBOPEHHBIX BEIIECTB YCHIIMBAIOTCS, a
3HAYUT YCIOBUS TUTPOBAHUS KHUCIOT YIy4IIarOTCs, MOCKOJbKY KOHCTaHTa paBHOBecus K
peakuuu HerTpanmmzaruun HA + OH™ = A” + HoO B TakoM pacTBopuTeNie MOXKET OBITh Ha
HECKOJIbKO MOPSIIKOB BhIIIE, YEM B YHUCTOU BOJIE.

N3 mpoTopuibHBIX pacTBOpUTENEH 4Yallle BCEro MNPUMEHSIOT AUMETHIPOopMamMua
(IM®A), xapaKTepu3yIOIHUKCSI TOCTATOYHO BBICOKHMM  3HAYCHUEM  JIUAJICKTPUYECKOM
MIPOHULIAEMOCTH
€ = 36,7 u MaibpIM 3HaYE€HHWEM HOHHOTrO mpou3BeneHus Ks = 2*10%, U3BecTHO, YTO B cpene
JIM®A cTeknsHHBIA 37€KTpoJ coxpaHseT cBorw H'-dynkumroo. TuTpantamMmu MOryT OBITH
pactBopel NaOH wmm KOH B 3TaHONe WM 3TaHOJIBHO-OCH30JBHOM CMECH, a JJIEKTPOJOM
CpPaBHEHHMsSI - XJIOPCEPEOpPSIHbINA 3JEKTPOJ, 3alOJHEHHBIM HACBHIIIEHHBIM PAacTBOPOM XJIOpHIA
KaJusi B 9TaHOJIE.

3amaua pabOThl: MPOBECTH HEBOJHOE TMOTEHIMOMETPUUECKOE THUTPOBaHUE claboi
KHUCTIOTBI IIPU IOMOIIIH CTEKJITHHOTO 3JIEKTPOa.

Ob6opynoBanue, peakTuBbl: pH-MeTp WM MWUIMBOJNBTMETp Tuma DB-74; MarHUTHas
MelIalika; CTeKJISIHHBINA 37ekTpoa ¢ H-pyHkuuen, xmopcepeOpsHbIi 3MeKTpoa, 3anoJHEHHBIN
HACBIIIEHHBIM PACTBOPOM XJIOpUJA Kallsig B ATAHOJIE;, CTaKaH JAJs TUTPOBAHMS C KPBILIKOI;
noixymukpoOroperka Ha 5,0 mu; 0,1 M pactBop KOH B 3TaHone win 3TaHOJIBHO-0EH30JIBHOM
cmecu (1:5); crammapTHeId pacTBOp OeH30#HON KuCIOTBI B JIM®DA; 3 KOHMYECKHE KOJOBI
o0BbeMOM
50 wmu; pacTBOp THUMOJIOBOTO CHHEro B 3TaHoie ¢ MaccoBod poned 1 %; pactBop
cynbbagumesnHa (MOKeT ObITh 3aMEHEH M0 yKa3aHHUIO MpernojiaBareis Ha pacTBop OapOuTana,
¢dranazona, METUITypamuIa 1 T.11.).

Cynbdpanumesnn (sulfadimezinum), wmm xe 2-(m-amMmuHOOEH30JICYIbPAMUI0)-4,6-
JUMETHITUPEINH, SBIseTCs c1ab0il KUCIOTOH.

Brimonnenue paboTsl

1. VYcranaBnuBaloT TOYHYIO KoHIeHTpauuto pactBopa KOH mno cranmaptHOmMy
pacTBopy OeH30iHON kucnoTel B JIM®DA ¢ MHIMKATOPOM THUMOJIOBBIM CHHHM. J[iisi 5TOTO B
CYXYyI0 KOHHYECKYI0 KonOy ortOuparot 10,0 Ma craHgapTHOTO pacTBOpa OSH30WHOUW KUCIOTHI U
N00aBISIOT 2-3 KAl UHAMKATOpa TUMOJIOBOTO CHHEro. bropeTky 3amonHstoT pactBopom KOH

K=
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U TUTPYIOT JI0 TIEpEX0Jia OKPACKU PacTBOPA U3 KENTOW B CHHIOW. OIBIT MOBTOPSIOT JBAXKIBL
PesynbTaThl mapayuieNbHBIX TUTPOBAHMM HE JOJDKHBI OTIM4YaThest Oonee uvem Ha 0,5 %.
KonuenTtpauuto pactsopa KOH paccunTsiBaroT 10 ypaBHEHMIO:
C.. — CI\‘—TBI ) \II\'—TI:I
KOH —— ~,
Vkon (4-23)

I/1€ Ci-mw - KOHLIEHTPALUs CTaHJAPTHOTO pacTBOpa OEH30MHON KUCHOTHI; Vimw - 00bEM
npoObl, B3sATOM 11t TuTpoBanus (B Hamem ciydae 10,0 mi); Vkon - cpennuii 00beM TUTpaHTa,
3aTpayeHHbI HA THTPOBAHUE.

2. Tabnerky cynbdanumesnHa (WM MHOTO Tperapara) B3BEIIMBAIOT Ha
AQHAJTMTHYECKMX BecaxX. [OTOBSAT aHAIM3HPYEeMBId PACTBOP PACTBOPEHHEM  TaOJETKH
nekapctBeHHoro npemnapara B 100,0 ma JIM®A. HeOosblnas omaiecueHIUsl pacTBopa H3-3a
HAJINYHSI HEPACTBOPUMBIX ITPUMECEH - HAITOJHUTENS - aHAIM3Y HE MEIIaeT.

3. CobuparoT ranbBaHMYECKUH B3JEMEHT, Kak IoKa3aHo Ha puc. 4-2. OtOuparoT
IIMKBOTY pacTBopa cyibpaaumesuHa oobemoM 20,0 M B cTakaH Ui TUTpOBaHUs. BkitoyaroT
MeIIaJIKy W TPOBOJIAT TUTPOBaHUE aHanu3upyemoro pactBopa pactBopoM KOH, noGasinss
TUTPaHT nopiwsiMe 110 0,5 MIT 1 GUKCHPYs 3HAUCHUE HANPSHKCHUS TaTbBAHUYECKOTO AJIEMEHTA.
Onpenenstor 001acTh pe3Koro U3MeHeHus HanpspkeHus. ONbIT HOBTOPSIIOT C TOW pa3HULEH, 4To
BHaUajie TUTPAHT J00aBisA0T mo-mpekHemy mo 0,5 mu, a B 00yacTu CKavyka Ha KPUBOU
TATpOBaHus - o 0,1 mur.

4. [Io mosyuyeHHBIM pe3yibTaTaM CTPOSIT HMHTETPAbHYI0 U AuddepeHInaibHyI0
KPUBYIO TUTPOBAHHUS, ONPENEIIAIOT 00BEM TUTPAHTA B TOUKE HKBUBAIEHTHOCTH, PACCUUTHIBAIOT
Maccy cyabhanumesnHa (T) Mo ypaBHEHHUIO:

g = Cxon *Vkon * M *1073,

rae M - monsipHast Macca cyiab(daaumesnna, paBHas 246 r/MoJib.

OnpenensoT coaepkanus cyibdaauMe3nHa B TabieTke B Macc. Aojsix. Odopmisior
pabory.

TEMA 5. IOBEPXHOCTHAKIE AABJIEHUA.
KOJUUIOHUIHBIE CUCTEMBbI

Pabota 5-1. ITosryueHre KOJJIOMIHBIX PACTBOPOB M X KOATYJISIINS

Mo cpemHemy pa3Mepy yacTHIl mucrepcHoi dassl (10° - 107M) komnoumHble PacTBOPHI
(30114) 3aHUMAIOT TPOMEKYTOYHOE TOJOXKEHUE MEXKAY HUCTUHHBIMU M MHUKPOJIUCIEPCHBIMH.
OaHMM M3 OCHOBHBIX METOJIOB MOJYYEHHS KOJUIOUIHBIX CUCTEM SIBIISICTCS KOHACHCAIIMOHHBIN. B
X0JIe XUMUYECKON KOHACHCAIIMU MOJTy4YaroT BEUIECTBO B JUCIEPCHOM COCTOSIHUU MPHU MOMOIIH
KaKoM-TM00 XMMHUYECKOH peakiuu (TUAPOoJin3a, OKUCICHHUSI-BOCCTAHOBIICHUS U T.[.), IPOYKTOM
KOTOpOil SIBIIIETCS TPYAHO PacTBOpPUMOE coefuHeHue. [IpuMepoM MOXKET CIy)KUTh peaKius
TUAPOIIU3A:

FeClzpot+ 3 H2Opx) = Fe(OH)31s) + 3 HClx) - (5-1)

[locne mocTmwxeHHUs HEOOXOAMMOW CTENEHU AWCIEPCHOCTH KOJUIOMIAHOE COCTOSIHHE
HEO0OXO0IMMO CTa0MIIM3HPOBATh, YTOOBI MPEIOTBPATUTH O0BEANHEHNE MHUKPOKPUCTAIITHYECKUX
yacTull B O6osiee KpymHbIe 00pazoBaHus (Koarynsuuio). CtaOuin3amus oCyiecTBIsSETCS MyTeM
(dbopMHUpOBaHHS BOKPYT MHKPOKPHUCTAITMYECKOW YaCTHI[BI MOHHON 000JOYKH, 00pasyroliei
JBOWHOW DJIEKTPUYECKHUM CIIOM.

OCHOBHOM CTPYKTYpHOW €OMHULEH KOJUIOMJAHOIO pacTBOpa SABIAETCS MHMIIEIIa.
CrpoeHue MuIlEIUIBI BKpaTIle PacCMOTPUM Ha TMpHUMepe 3018 cepedpa, BO3HUKAIOIIETO IMPHU
no6asnenuu KI B pactBop AgNOs,

B 1neHTpanpHONW YacTH MHIEIUIBI  HAaXOOUTCS TPYAHO PACTBOPHMBINM  arperar
u3 M "mousexyn" Agl, 4To oTpaxkaercs B T. H. KOJJIOUIHO-XUMHUUECKOH popmyrte:

®opma A Crpannra 41 u3 66



MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO

o . Dopma
VYIbSIHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouas mporpamMma v CIUIUIMHBI

MHITEILTIA

e

-~

™
{ m[Agl] *nAg * (n-x)NOs” }™ + xNO;
\__\ AP0 _/ ) p
rpafyia (5-2)

Ha mnoBepxHocTH arperara u30UpaTeabHO COpOMpYeTcs ClIOM M3 N KaTHOHOB Ag',
o0pa3ylIux BHYTPEHHIOW OOKJIaJKy JIBOWHOro ciosi. Tak oOpa3yercs sIpO MHIICIUTHL.
DIEKTPOCTATHUCCKUMH CHJIaMU ¢ KaTHOHamu cBsizaHo (N - x) anunoHoB NO3,, 00pa3yromux
BHEIIIHIOIO OOKJIAJIKy IUIOTHOM YacTH JBOMHOTO CJIOS. SIpo MUIIEIUTBI BMECTE C BHEIITHEH
OOKJIaIKOM TUIOTHOM YacTU JBOWHOTO CJIOsI Ha3bIBaeTcsl rpanyiaoil. OOBIYHO M3-3a TEIIOBOTO
JBIDKEHUSI YaCTHUI[ BHEIIHSA OOKJIaJKa pa3MbITa, MOITOMY X aHMOHOB NO3™ pacnoJioKeHO B
muddy3HOM YacTH ABOMHOTO cios. Bce rpaHynsl HeCyT B CpelIHEM OJUHAKOBBIM 3apsij, B
JAHHOM CJIydae TMOJIOKHUTEIbHBIN (#>X), YTO W TPENOTBpAIIAeT KOATYJISIUI0 KOJIOUIHOTO
pactBopa. Muiesia e B IeJIOM 3JIEKTPOHEUTPAIIbHA.

DNEKTPOTUTHIECKYIO KOATyJSAIHMIO KOJUIOMAHOTO PAcTBOPA BBI3BIBAIOT HWOHBI, 3apsi
KOTOPBIX TPOTHBOTIONOKEH 3apsay TrpaHyisl. Koarymupyromiee neWCTBHE TaKHMX HOHOB TEM
BBIIIIE, YeM OoJiblie uX 3apsiaoBoe uucio (mpasuio [lymsie - [apam).

3amaua pabOTHI: MOTYYEHHE KOJUIOUTHOTO PAacTBOpPA THAPOKCHUIA JKelle3a, H3yudeHHe ero
ANEKTPOJIUTUUECKOU KOATyISIIAHN.

OO6opymoBaHue, MaTepHaIbl: TEPMOCTOMKasT KOHHYecKas kKojoa Ha 200 - 250 mu, Tpu
koJi061 Ha 100 M, mumnetka Ha 10 M, MEpHBIN IMIMHIP, OFOpeTKa Il TUTPOBaHUS. PacTBOpHI:
FeCls (0,3 M); Ks[Fe(CN)s] (1*10* M); NaCl (2 M); NaSOa (102 M).

BrimonaeHune padoTs

1. 3anuBaloOT B TEPMOCTOMKYIO KoJ0y 100 MJI TUCTHILTHPOBAHHON BOJBI U JIOBOJAT
€€ 1O KUIICHHUS.
2. Otoupator munerkoii 10 mur pactopa FeCls (0,3 M) u nocTenenHo, HEOOIbIIUMU

MOPLUHUSAMHU, BBOJAT €r0 B KUISIIYIO BOAY MPU SHEPTUYHOM MoMelMBaHuu. KursueHnue BeayT He
MeHee 5 MuHyT. OXJIaXIar0T MOJTYyYEHHBIN 1Mo peakuuu (5-1) KOJJIOUIHBIN pacTBOP THIPOKCHAA
xene3a. CoCTaBISAIOT KOJJIOUTHO-XUMHUYECKYIO (DOPMYITY MHUIIECIUIBI.

3. B tpu konboukm BBOmAT mo 10,0 My kosutommHOTO pactBopa. I[loodepemaHo
TUTPYIOT HX, NMpHIHBas K 30i0 u3 Oropetku mopiusmu 1o 0,1 mu pactBoper Kiz[Fe(CN)s],
Na>SO4 u NaCl cootBercTBeHHO. THUTpOBaHKE BEAYT J0 Hayasla KOAryyissuud, GUKCUPYEMOit 1o
BO3HMKHOBEHHUIO MYTH. 3amHCBIBAlOT 00beM V 3JIEKTPOJIMTOB, MOMISANINX HA THTPOBAHHE.
OmnbIThl HEOOX0AUMO AYyOIMpPOBaTh 2-3 pasa.

4. [TepecuuThiBatoT 00beM V KaXKIOTO U3 MPUIMBAEMBIX AJIEKTPOJIUTOB Ha 00BeM V'~
3TOTO K€ DNEKTPONIHTA, HO MpH KoHIeHTpanuu 1*10™ M. J{yst 3Toro ucnons3yior GopMyiy:

“‘F_.YT — 17 ) C'E)I[—Iﬂ
1-107% (5-3)
TJI€ C s1-ma - MOJISIpHAS] KOHIICHTPAIMS TUTPAHTA.
ComocraBnsis  3apagoBsle umcna aHmoHoB comn  (Fe(CN)e®; SO um CI) ¢
COOTBETCTBYIOIIMMHU 3HaueHUssMH V', mpoBepsitoT npaBuiio lllynere - apau. AHanuzupyroT
pe3ynbTaThl, GOPMYIUPYIOT BBIBOJBI, OPOPMIIIOT paboTy.

PaGora 5-2. AncopOrusi TOBEPXHOCTHO-aKTHBHBIX BEIIECTB

Ha TPaHHUIIE BOJIA - BO3IYX

Camonpou3gonvublll U30MEPMUYECKULl NPOYEcC HAKONJEHUS Beuecmed Ha epanuye
pasoena ¢haz Hazvigaemcs aocopbyuel. 3a4acTyi0 TOJI afcopOulMel TMOHHMAIOT TaKXKe
MMOBEPXHOCTHYIO KOHIIEHTpaIuio / BeriecTBa (agcopOeHTa). AncopOIus CBsi3aHa ¢ aKTHBHOCTBIO
a BemecTBa B 00beME U IOBEPXHOCTHOHM »SHepruedl (IMOBEPXHOCTHBIM HATSDKEHHUEM) O
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Mexdas3Hoi rpanuisl ypaBaeHueM ' nooca muddepennunansuoit n30TepMbl aacopouuu:

_ado
RT da (5-4)

JlaHHOE ypaBHEHHE NPUMEHHMO K TpaHUIAM pa3jieia JIoObIX (a3, HaXOMAIUXCS B
COCTOSIHUM TEPMOJMHAMUYECKOTO paBHOBecus. Jlis HE CIMIIKOM KOHUEHTPHUPOBAHHBIX
pPacTBOpPOB BMECTO aKTHBHOCTH MOKHO HMCIIOJIB30BAaTh MOJIIPHYIO KOHIIEHTpaluio ¢. Pacyer /" mo
(5-4) orpanuyeH cucTeMaMu, B KOTOPBIX MOKHO HEMOCPEJACTBEHHO U3MEPUTh 3aBUCUMOCTh @ OT
¢, HaIIpuMep KHUAKOCTb - Ta3.

VYcTaHOBIIEHO, YTO MpHU aAcOpOLMM psila TOBEPXHOCTHO-akTUBHBIX BeulecTB (ITIAB) Ha
TpaHUIle pa3jesia BOJA-BO3/IyX 3aBUCUMOCTh d OT C OIHUCHIBACTCS SMITMPHUYECKHM IPABHIIOM
[IIAImKOBCKOTO:

o (c)=0(0) - b In(l + kc), (5-5)
riae b u K - mocrostaHblie mapameTpsl s qanHoro [TAB.

Nuddepennupys (5-5) u noacrasiss do /de B (5-1), IPUXOIUM K BBIPAKCHHIO:

~ b-k-c
RT-(1+kc) (5-6)
®opmanbHO (5-6) MOTHOCTBIO COBMANAeT C YpaBHEHHWEM HHTETPaIbHOM H30TEPMBbI
agcopO1uu JIeHrmMiopa, Moy9eHHBIM JJIs CIIydasi MOHOCIIOMHOM HEMCCOIMAaTUBHON aicopOnum
Ha DHEPTreTHYECKH OJHOPOTHON MOBEPXHOCTH B OTCYTCTBHE KAKOTO - JIMOO B3aMMOICHCTBHS
MEX/y YaCTUIIaMH ajicopOara:

k-c
r=r, ——
1+ kc (5_7)
Crnenyer numib NPUHATH, uTo b = RT1 o, Tie [ - mpenenbHOE 3HAYCHUE afCOPOINHU C

00pa3zoBaHHEeM MOHOCIOS, @ K IMEET CMBICIT KOHCTAHThI aICOPOIIMOHHOTO PaBHOBECHSI.
VYpasuenue (5-7) ynobHo npeoOpazoBaTh K CICIYIONIEMY BUIY:
1 1 1

= 4
I 1—5,? 1—7 ke (5_8)

DTO MO3BOJISET, IEPECTPOUB 3aBUCUMOCTE I = [(c) B koopauHaTax //I" oT I/c, HAalTH Kak
I, Tak u K. Tlo BenuumHe /00 MOXKHO OICHUTH IJIOMIAAb So, TPUXOISIIYIOCS Ha OJTHY MOJICKYITY
[TAB B MoHOCHOE:

SO = ﬁ
At w (5-9)

rie Na = 6,02¥10% wyact./MONb - YHCIO ABoragpo. 3Has MoJIsIpHYrO Maccy M
MOBEPXHOCTHO-aKTHBHOTO BEIIECTBA W €r0 IUIOTHOCTh O, HECIO0KHO HAWTH W TOJIIHHY
MOHOCIIOS J, T.€. CpeHUI pa3mep MoJieky:ibl [IAB npu ee BepTUKaIbHON OpHEHTAIINN:

M-T,

d (5-10)
3agaua paboThI: OMpesAeieHne MOBEPXHOCTHOIO HATSDKEHUsS] CEpHHM BOJHBIX PAacTBOPOB
ITAB, pacuet ancop6ouuu ITAB Ha rpanuie Boja - BO3yX, IpoBEpKa MPUMEHUMOCTH YpaBHEHUN
Jlenrmropa u InmkoBckoro.

Ob6opynoBanue, MaTepuaibl: HpUOOp ISl M3MEPEHHUS IOBEPXHOCTHOTO HATSHKEHUS
KHUJIKOCTH (CTaJlarMOMETp), TEPMOMETP, HAOOp MEPHOMU MOCY/IbI Ul IPUTOTOBJIEHUS PACTBOPOB,
5 ko110 Ha 50 - 100 M, pactBop CH3COOH (2M).

Brimonnenue paboTsl
1. l'otoBaT mnocnenoBarenbHBIM pazbaBieHueM 1o 50 MJI BOJHBIX PacTBOPOB

o7
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CH3COOH c¢ konuentpanueit: 0,25; 0,50; 1,00 u 1,50 M. [lo ykazanuwo mnpenogaBaTeisi B
kadectBe [IAB MoryT OBITH MCHOJIB30BAaHBI M CHHPTHI - STHIIOBBIM, MPOMMIIOBBIH, OyTHUIOBBIMA
WIM aMWIOBBIM. [l HUX KOHLIEHTpaUuu CleIyeT YMEHbUIUTh B 2-3 paza. M3mepstor
TeMIIepaTypy pacTBOpPOB.

2. 3anonHAOT crajmarmomerp (puc.5-1) aucTwiImMpoBaHHOW BOjoM. [ns 3Toro
CIIEyeT, OMYCTHB KOHUMK KamwuisipHoil TpyOku (1) B crakan ¢ H2O (amcr.), mogHsATh BOIy C
IIOMOIIBIO PE3UHOBOM rpyiiu (2) Bellie METKH (3), mocie yero nepekpuith kpaH (4). BuntoBoit
3aKHUM (5) IpH 3TOM 3aKPHIT.

3. OcTOopokHO OTKpbIBasg 3axuM (5), HEoOXOAUMO JOOUTbCS MEAJIEHHOTrO
BBITEKAaHUSI BOJbI M3 Kamwuisipa - He Oojee | Kamiau B 2 CEKyH[bl, U IPOBECTH OTCUET YHUCIIA
Karesab, OTBEYAIOIIEro MPOXO0KIEHUIO YPOBHS BOJIbl Mex 1y MeTkamH (3) u (6). IloBTopuB onbIT
2-3 pa3a, HaXO/IAT CPeHEEe YMCIIO Karelb BOJBI No.

4. [IpombIB cramarmomeTp Haunbosiee pazOaBieHHbIM pacTBopoM [IAB, moBTopsitoT
OTCUeT Karesb (IOJIOKEHUE 3aKUMa 5 MpH 3TOM HE U3MEHSI0T). OnpenensioT cpeHee YUCIIo
Karesb N Ui KaKJI0To pacTBopa.

Puc. 5-1. YcrpoiictBo cralarmoMeTpa
5. OnbIT MOBTOPSAIOT € KaXAbIM M3 uMeromuxcss pactBopoB [TAB. JlaHHble 3aHOCAT B
Tabn. 5-1.

Tabmuma 5-1
Cnas, M 0 0,25 0,50 1,00 1,50 2,00
n
o, MJDx/M?
6. PaccunThIBalOT MOBEPXHOCTHOE HATSHKECHUE KaXKJIOTO pacTBopa 1o Gopmyiie:

n,-d n,

c=oc(0)- =c(0) -

3nech o u d - MIOTHOCTH pacTBOpuTeNs (BOIBI) M PAcTBOpPa, KOTOPHIC MOJAraroT
onuszkumu. HeoOxoaumoe uist pacyetoB 3HaueHue o(0) mpu Temmneparype omnbita OepyT u3 Taoil.
5-2.

Tabmumna 5-2
T, K 283 288 293 298 303
c (0), 74,01 73,20 72,53 71,78 71,03
MK /M2

7. CTpoAT 3aBUCUMOCTh ¢ = o (c). [IpoBoadT ee rpaduueckoe quddepeHIupoBaHue, s
4ero HeoOX0AUMO MPOBECTH K MOJIy4EHHOH KPUBOM MATH KAacaTeIbHBIX IPU MATH UCTIOIb3YEMBIX
B OIBITE€ KOHIEHTpALUAX (cM. puc. 5-2). Onpenensitotr 4 o /Ac.

8. Ucnonw3ys ypaBHeHue (5-4), BBIYMCHSIOT MATh 3HA4eHWM [, moJiarasi, 4To
A ¢ /Ac = d o Idc Jins nonydenus 3Hadenuit I” B Monb/M? B ypaBHeHuH (5-4) clieflyeT BBECTH
muoxutens 1073, Crpost uzorepmy ancopouuu I'= I (c).
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G. xl,El,;H/)I;

€. MOIB/ T
:

1,0 2.0

Puc. 5-2. [Ipumep rpaduueckoit 06pabOTKH o, ¢ - 3aBUCUMOCTH

9. [TepecTpanBaroT Moay4YeHHYIO 3aBUCUMOCTh B KoopauHatax 1/ - I/c. TIpoBepsroT
€€ JIMHEWHOCTh, BBIHOCAT CYXICHHE O MPUMEHUMOCTH HW30TEpMBI JIeHTMIOopa i omucaHus
ascopOLMU YKCYCHOM KUCIIOTHI HA TPaHUIIE BOAA - BO3IYX.

10.  DKCTpamoJaMpyrT MOJTYYEHHYIO 3aBUCUMOCTh K 3Ha4eHUI0 [/c — (), OTpeIenstoT
[ 10 OTpe3Ky, OTCEKaeMOMY Ha OCH OpAMHAT. 3Has /00 , W3 HAKJIOHA 3aBUCHMOCTH
onpenensior K. Ucnons3ys (5-9) u (5-10), Haxomar So u o st mosrexyasl CH3COOH.

10. Crpost 3aBucuMocTh o oT 1n(1+KC), mpoBepstoT ee TMHEHHOCTh. DKCTparoisiei
3aBucuMoctd Ha In(l + kc) — 0 onpenensior o (0), cOMOCTaBAAIOT ¢ TaOIMYHBIM 3HAYECHUEM.
DopMyIUPYIOT BBIBOIBI, 0(OPMIISIOT palboTy.

Pabota 5-3. U3yuenue ancopbuun [1AB Ha yrie

Bewecmea, mnaxkannusarowuecsi Ha 2epaHuye paszdera Gaz U - yMeHvlaroujue
NOBEPXHOCMHYIO 9HEpPeUlo, HA3bIBAIOMCS. NOBEPXHOCMHO-aKmugHbiMu eewjecmeamu (I1AB).
Ancop6uus I[TAB urpaer BakHy!0 poJib B TEXHOJOTHH MPOU3BOACTBA MHOTHX JIEKAPCTBEHHBIX
CPEACTB: Ma3eil, SMYJIbCHI, CYyCIIEH3UHN U T ..

[Ipyn mornomeHn pacTBOPEHHBIX BEUIECTB TBEPIABIMH aJCOPOCHTaMU KOJUYECTBO
ajgcopOupoBaHHOTO BemiecTBa (agcopOaTa) MOKHO OINPEAETUTh [0 HU3MEHEHHUIO €ro
KOHLIEHTpauuu B pacTBope. KommdecTBo BemiecTBa, aacopOMpPOBAHHOIO EAMHMIICH MAacChl
aacopOeHTa, Ha3bIBaeTcs YyAeNbHOM azncopOumert [)9. OTa BeluMuMHA M PaBHOBECHas
KOHLIEHTpauus ajzcopbara B pactBope ¢ npu 1 = const CBsI3aHbl MEXAY COOOH ypaBHEHHEM,
Ha3bIBa€MBIM H30TepMa azacopbuuu. M3BectHo, uto ancopbuus I[IAB Ha yrmsx xopoiio
OTIHCHIBACTCS M30TEPMOi afcopounu OpeiHixa:

I'yx=Kc" = X/g. (5-12)
3nmecy X - KOJIMYECTBO aJcOpPOMPOBAHHOTO BelecTBa (MOJb), - Macca aJIcOpOEHTa;
K - xoncranrta agcopbuuu, 3aBucsmas oT npupoasl [IAB u ancopbenrta; n - smmoupuyeckas
KOHCTaHTa, 00b19HO u3MeHsomasics ot 0,1 go 1,0. J{ns Haxoxknenus 3HadeHuit K u N ypaBHeHUE
(5-12) norapudMupyrOT, IPUBOIA K BUIY:

Ig (X/g) = IgK +nlgc. (5-13)

3Has § ¥ ONpeAeTUB IKCIEPUMEHTAIBHO X MPH Pa3HbIX ¢, CTPOST rpaduK B KOOPAWHATAX

lg (X/g) = f (Igc). Ecnu monydeHHast 3aBHCHMOCTh JIMHEHHA, TO TOJIAraloOT, YTO IMPOIECC
ancopbuun ITAB mnomumnsiercs uzotepme Dpeitmnuxa. [Ipum 3TOM OTpe3ok, OTceKaeMblit
MOJYYEHHON MNpsMON Ha OcH opauHar, ecth IgK, a TaHreHc yriia HakjiIoOHa OPSAMON 1acT
BETTUYHHY N.

Crnenyetr uMeTh B BUIY, YTO 3HAUYEHUE U PA3MEPHOCTH YIAEIbHOU aJcOpOIUU 3aBUCAT OT
croco0a BBIpAXKEHUS KOHIIEHTpanuu c. st pacTBOPOB OPraHMYECKUX COSAMHEHUN ee OOBIYHO
BBIPAKAIOT B €MHHUIIAX MOJISPHOCTH - MOJIb/II.

Ecmu B xadectBe I[IAB wucnone3yercss kakas-nubo cnabas KHCIOTa, TO YAOOHBIM
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METOJIOM OIpeAeTCHUsI €€ KOHICHTPAllMd B pacTBOpe SBISETCS OOBEMHOE TUTPOBAHUE C
LBETHBIM MHJIUKATOPOM.

3amaua paboTel: paccuuTath yaenbHyr ancopb6uuio ITAB (CH3COOH) na yrie,
MOCTPOUTHh HU30TEPMY aACOPOIMHU, OMPEACTUTh KOHCTAHTY aJcopOlUU 10 YpPaBHEHUIO
Openmxa.

OGopynoBaHue, PEaKTHBBI: BEChl AHATUTUYCCKHE, KOHUYECKHE KOJIObI BMECTUMOCTBIO
100 M ¢ npoOKaMu; CTEKJISIHHbIE BOPOHKM, TUIETKH T'paayUpOBaHHBIE BMECTHMOCTHIO
25 n 10 mu; Oymaxsble (UIBTPBI; PaCTBOP YKCYCHOM KHCJIOTHI ¢ KOHueHTpauueidl 0,5 M;
pactBop (eHoN(TaNCHHA; aKTUBHPOBAHHBIN yroib Mapku BAY unu tabiieTku kapOoJieHa.

Boinosnnenue paboTsl

1. TlocnemoBareiabHBIM pa30aBICHHEM TOTOBIT 6 pAacTBOPOB YKCYCHOW KHCJIOTHI
o6bemoM 1o 100 mut ¢ konuentparusimu 0,3; 0,2; 0,1; 0,05; 0,025 u 0,0125 moub/11.

2. Ha anamuTHuYecKMX BecaxX OTBEIIMBAIOT IIECTh HABECOK yrist mo 1,5 T Kakmas
(Macca HaBeCKH MOKET ObITh U3MeHeHa OT 1 10 4 1). B mects mpoHyMepOBaHHBIX KOJIO BBOIST
HaBeCKM yrass U mo S50 MJI TPUTOTOBIEHHBIX PACTBOPOB KHUCIOTHL. KojaOBI WHTEHCHBHO
B30QJITHIBAIOT M OCTaBJISIOT CcTOsITh Ha 20-30 MUHYT [UIsi YCTaHOBJICHHS PaBHOBECHS,
MEePUOANYECKH B30aNThIBas cojepkumoe. HeoOXommMo clieiuTh, 9To00Bl TIPHU TIEpPEM CIIUBAHIHT
YaCTHIIHI YTJIA HE OCTABAJIMCh HA CTEHKAaX KOJIOBI.

3. OnpenensiroT UCXOJHYIO KOHIICHTPAILMIO MPUTOTOBJIEHHBIX pacTBOpoB. Jlist 3TOTO B
KOHHYECKYI0 KOJOy oTOuparoT amukBoTy 5,0 MJI OJHOTO M3 TMPUTOTOBIEHHBIX pPabOYMX
pactBopoB, n00aBisitoT 2-3 Kamu pactBopa (eHondranenHa. broperky zamomusror 0,2 M
pactBopoM NaOH u tuTpyror mpoOy A0 mepexoda OKpacKH pacTBOpa M3 OSCIBETHON B SPKO-
PO30BYI0. DKCIIEPUMEHT MOBTOPSIOT 2-3 pa3a /10 MOJTY4EHHUs CXOIIMMXCS (T.€. OTIMYAIOLIUXCS
He Oosiee ueM Ha 0,1 M) pesynbTaToB. MCXOMHYIO KOHIIEHTPAIIMIO PACTBOPA BBIYHUCISIOT TIO
YpaBHEHHUIO:

Cucx = CNaOH-VNaOH/ Vl‘[p06bl )

rae Vieon - cpelHee 3HaueHHe o0beMa MIeNIOuH, 3aTpPayeHHONW Ha TUTPOBAHUE JTAHHOU
poOBL; Viposw - 00bEM aTMKBOTHI KUCIOTHI (B JaHHOM cityyae 5,0 mur). AHamoru4HbIM 00pazoM
OTPEEISAIOT UCXOJHYIO KOHIIEHTPALUIO IPYTHX IPUTOTOBICHHBIX PACTBOPOB.

4. TloaroTaBIMBAOT 6 YUCTHIX U CYXUX KOHHYECKHX KOJIO M 6 BOPOHOK C OyMa>KHBIMH
¢buibTpaMu, CMOYEHHBIMU BOJIOM. PacTBOpPBI KUCIOTHI € yriieM OT(QHIBTPOBHIBAIOT, OTOPOCUB
nepBele nopuuu (3-5 mi) dbunbTpaTa, MOCKOIBKY COJAEp)KAaHUE KHUCIOTHI B HMX MOMET OBITh
MEHbIIE H3-32 aACOpOLMU KUCIOTHI (punbTpoBanbHONW Oymaroi. KoHIIEHTpaluio ¢ KUCIOTHI,
OCTaBILICHCS B PAaBHOBECHOM DPACTBOPE IOCIE aacopOLUU, ONMPEAeNsIoT TaK >Ke, KaK OMUCAHO
Boimie (11.3). Ho ams mepBBIX Tpex pacTBOpoB 00beM alnMKBOTHI OepyT paBHbIM 10,0 Mi, a mmis
oCTaJbHBIX - 110 20,0 M.

KosnuecTBO ascopOMpOBaHHON KUCIOTHI B pacdyeTe Ha eAMHHILY Macchl yris (T.e. X/Q)
PacCUUTHIBAIOT:

X - (CI-ICX _C)

¢ o -1000

VI

T7I€ Qyorn - Macca HaBeckH yriist; 50 - 00beM pacTBOpa KUCIOTHI, B3ATOM IS OMBITA.

5. Tlo moOJyYeHHBIM pe3yJabTaTaM CTPOSIT JIOTAPUPMUYECKYI0O H30TEPMY aJCOPOIHH
lg (X/g) = f (Igc). Ompenensiror 067acTh JIMHEHHOCTH JaHHOW 3aBHCHMOCTH, T.€. 00JacTh
NPUMEHUMOCTH ypaBHeHus: Dpeiinanuxa. PaccuutbiBaror Benmuuubsl K u N, Opopmistor
pabory.

- 2

Pabora 5-4. [lonyueHue u CBOWCTBA dIMYIbCUIT*
Dopma nposedenusi - 8bINOIHEHUE UCCIE008AMENLCKUX PAOOM YACMUYHO-NOUCKOBO20
xapakmepa
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Omynbcuel  Hasvigairom OUCHEPCHYIO — cucmemy, 00pa308aHHYI0  O08YMS  83AUMHO
HEepacmeopuUMbiMU  HCUOKOCMAMYU. DMYIbCHH MOKHO TOJIyYHTh METOJaMHM KOHJICHCALUU |
aucrneprupoBanus. st npenaHus 3MyJbCUM arperaTMBHOM YCTOMUMBOCTH K KOAJECLIEHLUU B
CUCTEMY BBOJST IOBEPXHOCTHO-MHAKTHBHBIE BELIECTBA WJIM BBICOKOAMCIIEPCHBIE IOPOILKH,
HCHOJIHAIOLIME POJIb CTA0MIIN3aTOPOB AMYJIbCUM - 3MyabraTropoB. DpPEeKTUBHASA CTAOMIN3ALINS
OUYeHb BaKHA IPU MOJYYCHUU (DapMaleBTUIECKUX SMYIbCHHI, TOCKOIBKY 3TO YBEITMUHUBACT CPOK
UX TOJHOCTH W YCHJIMBACT TepareBTHIECKUi 3(hdeKT.

B 3aBucuMocTH OT XapakTepa IPUMEHSEMOIO 3MYJIbraTOpa OKa3bIBAECTCA YCTOMYMBOMN
SMYJBCHUS OJTHOTO U3 JIBYX THUIOB:

e Tmpsimas, T.€. Maciio-Boja (M/B);

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

B mepBoii karmmm macna (amcnepcHas ¢asa) pacmnpenelieHbl B BoJe (IUCIIEpCHOHHOM
cpene). Bo BTopoii qucniepCMOHHON Cpeioi sBIISIETCS Maclio, a TUCIepcHOM da3oi - Boja.

[TomydeHne mnpsMBIX W OOPAaTHBIX OSMYIBCHH 3aBHCHUT, B OCHOBHOM, OT IPHPOJIBI
smynbraropa. [uapodunpHbie  SMyabraropbl  CTaOWIM3UPYIOT OMYJIbCUM  THIA  M/B.
I'unpodobHbIe (KUPOPACTBOPUMBIE) SMYIBIaTOPbl MPUMEHSIOT JUIsl CTAOWIM3alUU SMYIbCHI
THTIA B/M.

Tun oSMynbcuM ONpPENENSIOT Ppa3HBIMH  METOJaMH: pPa30aBlieHUs; OKpaIlMBaHUS
HenpepbhIBHOM (ha3bl; pacTeKaHUs Karljiu.

Merton pa36asiienus. Eciu B Bogy BHECTH KaIUllO SMYJIbCHUH M OCTOPOKHO BCTPSIXHYTH,
TO 3MYJBCUSl THIA M/B PaBHOMEPHO paclpeAenuTcs B o0beMe. OMYJIbCHs TUIIA B/M C BOJIOW He
CMEIINBAETCS.

Merton okpamuBaHus HepepbIBHOU (a3bl. Karmio sMynbcun moMemaroT Ha MpeIMeTHOE
CTEKJIO PSJIOM C HECKOJbKUMH KPHUCTAJUIAMH BOJOPACTBOPUMOIO KpacHUTeNs, HaIlpumep,
METHUJICHOBAasl CHHb WJIM METUJIOBBIN OpaH)keBbId. /[0OMBaIOTCSI COMPUKOCHOBEHHUS KPAaCUTENS U
KallJId SMYJbCUU, IIOCIIE YEro ee paccMaTpuBarOT MoJa MHUKpockoroMm. Ecmm okxpamena
HenpepeiBHas (asza, TO SMyibcHs TuUna M/B. B IpoTUBHOM ciydyae OMNBIT MOBTOPSIOT C
XKUpopacTBOpUMBIM KpacuteneM (dykcuH, Cynan III), uroOs1 yOeauTcs, 4To 3TO SMYJIbCHS TUIIA
B/M.

Meron pacrekanus kamd. [IpenmeTHoe CTEKIIO OKPHIBAIOT TOHKUM CIIOEM NapaduHa U
HAHOCST KaIlUTI0 SMYJIbCHH. DMYIICHSI THUIIa M/B HE PACTEKAETCs 110 MTOBEPXHOCTH.

[TpakTHyeckn HEOOXOAMMBIM OBIBAET BBIICICHHE M3 AMYJIbCHU COCTABHBIX YaCTEH.
K sTomy mpuBOAAT TpH IpoLiecca: CeIMMEHTaINs, KOATECICHIU U HHBepcus (oOpateHue ¢as).

CenuMmeHTanus - OcelaHWE WJIM BCIUIBIBAHHME Kallellb JTUCIepcHOU (asbl, (nanpumep,
omoeleHue CiUBOK om Moaoka). Ilpu smom smyrbcus paspywaemcs He ROTHOCMbIO, d
obpazyiomcs 0se: bonee u MeHee KOHYEeHMPUPOBAHHAS.

Koanecyenyuss - nonnoe paspyuienue smynvcuu, npugooaujee K 00paA308aHUur0 08yxX
uucmovix as.

Hnsepcus - npespawenue smynvcuu 00Ho20 muna 8 0pyeou 0obagienuem 0O0NbULO2O
KOIuYecmea smyrveamopa opyeoco pooa. Ilpu smom Oucnepcnas ¢haza cmaHo8umcs
OUCNEPCUOHHOU Cpedoll.

OMYABTUPYIOIIYIO CIIOCOOHOCTh 3MYIBIaTOPOB OLIEHUBAIOT:

o 10 TIpeIeNIbHOMY 00beMY 3MYJIbTUPOBaHHON AuctepcHo dasbl (V,p),
NpUXOJAIIeics Ha 1 ¢cM aMysbraTopa,
o 1o 00BEMHOM J10JIe TUCTIEPCHOM (a3l (Pog);
o 0 KPaTHOCTH 3MYJIbCUH (N).
Ve = 0 (5-14)
Vs
o Vip 100
O — 5, s Crpannna 47 u3 66
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(5-15)

(5-16)

rae Vop - oObeM gucnepcHoit dasel; V, - o0beM smyinbraropa; Voo - o0beM
JMCTICPCUOHHON cpebl (eciiM JUCIIEPCHOHHAs Cpelja COCTOMT W3 BMyJibratopa W JIpyrou
YKHUJKOCTH, TO UX 00BEMBI CKJIaIBIBAIOT).

[To koHIIeHTpaIu AUCTIEPCHON (Da3bl SMYIIbCUH MOIPA3IEISIIOT Ha:

. pazbaBiieHHBIE - C 00BEMHOM J01eH aucniepcHo# ¢dasbl He Boite 0,1 %;

o KOHLIEHTPUPOBAaHHbIE - 00beMHAas A0S JucnepcHoil gasel < 74 %;

o BBICOKOKOHIIEHTPUPOBAHHbIE WM TIEHOOOpa3Hble - 74-95%);

o MpeebHO KOHIICHTPUPOBAHHBIE - MAKCHMAIBHO-BO3MOKHOE B JIAHHBIX YCIIOBHSIX

coJiep’KaHue AUCTIepcHOM (a3bl.

3amaya pabOTHI: MPUTOTOBUTH MPEACIHLHO KOHIIECHTPUPOBAHHYIO SMYIBCHIO THIA M/B U
B/M; paccuuTaTh €€ KOHIICHTPAIIMIO B KpaTHOCTh. [Ipon3Bectn pazbaBienue u obpamienue das.

O0opynoBaHue, PEaKTHBBI: YCTAHOBKA JUISI SMYJIBIHPOBAHUS; ONTHYCCKHUI MHKPOCKOTI;
MMOKPOBHBIE CTEKJa, (PMIIBTPOBaIbHAS OyMara, MHUICTKH T'PaTydpOBAaHHBIC, OIOPETKH, PAacTBOP
rupohoOHOTO dMYJIbraTopa B YIrJI€BOIOPOIe (HarpuMep, pacTBOP oJieaTta KalbIlus B OCH30JIC C
MaccoBoit poneir 10%); kpacutenu Cynman III u MerTuneHOBbIM cuUHUN (WM METUJIOBBIN
OpaH)XeBBIi); BOJHBIA PacTBOP THAPOPUILHOTO HMYJIbraTopa, HalpuMep oJieaTa HaTpus
(o = 10 %); BomHBIN pacTBOp Xyopuaa Kaimbius (o = 5 %); yrieBonopona (OKTaH, KEPOCHH,
TerTaH, TOJIYOJI WIIH Jp.).

Brimonaenue paboTsr

1. TlonyyeHue npenenbHO KOHLEHTPUPOBAHHON AMYIbCHUH.

Omynvcuss muna e/m. B cyxoi nmmuaap odbemom 100 mu mumerkoi BBOAAT 1,0 Mt
pactBopa THAPO(GOOHOro sMynabraropa u [100aBlsi0T W3 OwopeTku Kamio Bonbl. Cmech
THIATENIbHO PACTUPAIOT KPYrooOpa3sHbIMU JIBIKEHHUSIMH METAINTMYECKON CIHPAIbHON MeEIIanKu
10 THY IMWJIMHJIpa 10 oOpa3oBaHus rycToM oaHOpoaHON Macchl. (HeoOxomumo cienuTh 3a TeM,
9YTOOBI MEIIAJIKa HEe BBIXOJIMIIA 3a MIPEIENIbl AMYIbCHH U HE pa3Ma3biBajia €€ 10 cTeHKaM). Takum
ke crocoOOM IUCHEPrupyloT elle HECKOJIbKO Kameib Bojbl. [lo mepe yBennueHus oObema
AMYJIBCUU MEPEXOJAT OT KpyrooOpa3HbIX K BO3BPATHO-MIOCTYMATEIbHBIM JIBHXKEHUSM MEIIATKU
BJIOJIb OCH IWIKMHApa. Kaxayro mociaenyromyo Kari BOAbI JOOABISIOT TOJBKO MOCIE TOTO,
KaK MOJIHOCTBIO AMYJIBIUpOBaHa mpeabiaymias. Bogy n06aBisioT 40 Tex Mop, MoKa MOCIeIHss
nopuus BoAbl (00bemoM He Ooniee 0,5 mi1) He mepecTaHeT AMyIbrupoBaThes. ONpeaensioT
CyMMapHbIii 00beM BobI Vg BO B3STOM 00beMe aMymbratopa. Ilockonsky Vo,=lcm3, 1o Vop =
V. Tlo pesynbraTaM SKCIIEpUMEHTa PACCUUTHIBAIOT OOBEMHYIO JONIO JTUCHEpCHOM (ha3bl
KKIOW SMYJIbCUH, MpeAeNbHbI 00beM aucnepcHor ¢a3bl Ha 1 MII AMynbratopa, KpaTHOCTh
AIMYIBCHHU TI0 YpaBHeHUsM (5-14) - (5-16).

Omynvcus muna m/6. B cyxoi mummHAap BBOAST numetkod 1,0 Ma pactBopa oseara
Hatpust ¢ ® = 10 %. M3 OmopeTku mo KamisiM A00aBISIFOT A3MYIBTUPYIONIYIO KUIKOCTh
(yrneBogopon). [IpurotoBnenue sMylnbCUU U PacyeThl aHAIOTUYHBI OTIMCAHHBIM BBIIIIE.

2. YcTaHOBJIEHHE THIIA YMYIbCHUI METOJIOM pa30aBiIeHHUS.

B naBa crakama momemaroT mo 3 M TOJIy4eHHBIX cMmeceid. OaHy TOpIHIO,
MIPEIOJIOKUTENFHO IMYIIbCUU M/B, pa30aBIsIOT BOJIOH, a IPYTYIO - MPEIANOJIOKUTEIBHO B/M -
yraeBoaopoaoM. JKuakoctd i pa3daBleHUsT BBOASAT MEUIGHHO TPU  OCTOPOKHOM
MEePEeMEIIMBAHUN KPYTOOOpPa3HBIMHU JBMKEHHUSMH. OMYIbCUs THUNA M/ B JOJDKHAa XOPOIIO
pa30aBIATHCS BOJIOM, a B/M - YTIIEBOJAOPOIOM.

3. O6paiuenue a3 SMyJIbCHH.
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B mpoOupky HanwBaroT 2 MJ yIJIEBOJIOpOAa, OKpamieHHOro kpacuternem Cyman 11,
NO0ABISIOT TaKOW K€ 00BEM BOJBI M CHIIBHO BCTPSIXUBAIOT. Y 0€KIAIOTCS, YTO SMYILCUSI OUYCHB
HEyCTOMYMBaA W OBICTpO pacciauBaeTcs. JI0OaBISAIOT 5 MJI BOJHOIO pacTBOpa oJjicara HaTpUs
c ® = 10 % , BHOBb CHJIBHO BCTPSXHBAIOT. YOEXKTAIOTCS, YTO TEHEPh 3MYJbCHS BIIOJHE
ycroiumBa. Kammo moMemarT Ha MPeJMETHOS CTEKIIO W PAacCMATPUBAIOT TMOJ MHKPOCKOIIOM.
ITo oxpacke (a3 ompeAensoT THII 3MYJIbCHU. 3aTeM A00aBiSIFOT | M pacTBOpa XJIopuia
Kbl U 3 MJI YIJIEBOJOPOJA, CMECh BCTPSXMUBAIOT. [IOMEMIAOT KaIulio IMOJ MHKPOCKOI U
yOEKIAFOTCSI, YTO MPOU30ILIO oOpameHue ¢as.

3apUCOBBIBAIOT MHUKPOCKOIMYECKYIO KapTHHY OSMYIbCHH, pacTyIIeBbIBas 00JacTH,
COOTBETCTBYIOIIHE yriieBoA0poy. CxemMaTndecku N300paaroT CTPOCHUE CJI0Sl AMYJIbraropa Ha
MOBEPXHOCTH JUCIIEPCUOHHOM (pa3bl, MOSICHIIOT MEXaHU3M oOpaleHus das.

Pabota 5-5. Kommouanas 3amuta 3051ei pactsopamu BMC

AHenenue nosviuieHus nopoea Koazyaiayuu 2uopoghooHo2o 30158 npu 000a61eHUU 8 He2o
pacmeopa 8viCOKO Moaekyiaprnozo eewpecmea (BMC) nasviearom KoOMIOUOHOU 3auumoll.
Obpamnoe oeticmsue pacmeopa BMC nocum nazeanue cencubunuzayuu.

Komnonnnass 3ammrta 4Ype3BblYaiHO BakHA i (apMarii, IOCKOJIBKY C POCTOM
JTUCTIEPCHOCTH U YCTOWYHMBOCTH JICKAPCTBEHHOTO Tpernapara MOBBIIIACTCS €ro TePaneBTUISCKUN
ahdext. Hanmpumep, cycniensuro cynbdaTa 6apusi CTaOMIH3UPYIOT MOJHMCaXapuiaMu, KOJUIAPTOJ
- OeTKOM.

3amuTHOE JEUCTBUE 3aBUCUT OT JTUO(MUIBHOCTH BBHICOKOMOJICKYISIPHOTO COSAMHEHUS W
ero cpoactBa k aucrepcHoi (aze. KommuectBenHo crabunmsupyromee aeicteue BMC
BBIPAXKAIOT 3aIUTHBIM YHUCIOM M1g, MPEACTABISIONIMM MHUHHUMAalbHYIO Maccy cyxoro BMC,
JOCTATOYHOTO JUIsl 3auThl 10 MJI JaHHOTO 307151 OT KOArYJISIMH MpU 100aBIeHUU K HeMy 1 M
BOJIHOTO pacTBopa xjopuaa Hatpus ¢ ® = 10 %.

3amaua pabOTHI: TPUTOTOBHTH 3aJaHHBIA 307 © pactBopel BMC (xenatuna,
TTOJIMBUHUJIOBBIM CTIUPT, Kpaxmai). CpaBHUTh MX 3alIUTHOE JACHCTBHE.

O6opynoBaHue, pEaKTUBBI: INTATUB C NPOOMPKAMU; KOHUYECKHE KOJIOBI 00BbeMOM
150-200 mut - 5 mit.; MepHbIe k01061 HA 100 M1 - 3 mT.; MepHBIe HIUHAPH HAa 100 MJ1; BOpOHKA;
OymaxkHble (puIbTphI; BoAHBIE pacTBOPHI KoaryaaTopoB: NaCl (o = 10 %); FeCls (o = 47 %);
Ks[Fe(CN)s] (o = 20 %); pactBop maBeneBoii kuciotel (0,15 M); 3amuTHbIC BEIIeCTBa B
MOPOIIKOOOPa3HOM COCTOSIHUM (KellaTUHA, KpaxMall, TOJTUBUHIIOBBINA CIIUPT).

Brinonnenue paboTsl

1. ITpuroroBnenue 30 u pactBopo BMC.

[To BeIOOpY mpenoiaBaTesist TOTOBAT 30J1b THAPOKCHIA Kelle3a UiIN OEpIUHCKOM J1a3ypH.

a) K 100 mi kunsimiedt TMCTUITMPOBAHHOW BOJIbI prOaBisitoT 0,5 M1 pacTBopa XJopuaa
xenesa (II1) c maccoBoii noneit 47 %. B pesynbraTe peakuuu:

FeCl; + 3 H20 = Fe(OH)3 + 3 HC1

oOpa3zyercs 30Jb TUAPOKCUIA JKeTie3a BUIIIHEBO-KPACHOTO 1[BETA.

6) K 100 mn auctuimupoBaHHON Boawl fobasistor 3,8 ma pactBopa Ka[Fe(CN)s] ¢
MaccoBoit moneit 20 % u 6 xanenb pactBopa FeCls ¢ MmaccoBoii noneit 47 %. BeimaBmumii ocagok
MEePEeHoCAT Ha (PUIBTP U MPOMBIBAIOT BOJOM. [locne 3Toro BopoHka ¢ GUIBTPOM, COAEPIKAIIUM
0CaJIoK, TIOMEIIAeTCs] B YHCTYIO KOJOYy M TPOMBIBAETCS PAcTBOPOM MIABENIEBOM KHCIOTHI C
koHueHTpanueit 0,15 M. Ocanok nenTu3upyeTcst KUCIOTOM 3a CUeT afcopOluy OKcanaT HOHOB U
4yepe3 pUIbTp MPOXOAUT CHHHIA 30716 OEPIMHCKOM Ta3ypu:

Ks[Fe(CN)s] + FeClz = KFe[Fe(CN)s] + 3 KCI.

2.  CocCTaBisilOT CTPYKTYpHYIO (OpMYITy MHIEIUIBI MOJYYEHHOTO KOJUIOMIHOTO
pacTBOpa, ONPEAeIAIOT 3aps] TPaHyJIbI.

3. TotoBst mo 100 M pacTBOpPOB KENATHUHBI, KpaxMala M MOJMBHHHUIOBOTO CIUPTA C
MaccoBoii goner 0,5 %. s storo HaBecku mo 0,5 r BMC BHOCAT B KOHHYECKHE KOJIOBHI,
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no6aBmnsioT o 80 MII AUCTUIUTMPOBAHHOW BOJIBI U J1al0T HAOyXxHYTh B TeueHue 20-30 munyt. B
xozne HaOyxanus u3 BMC npoucxonuT pacTBOpeHHE MpUMECEH, Ui yOaleHHsT KOTOPBIX, BOIY
nociie HaOyXaHHsl CIIMBAIOT B MEPHBIN LIWIMHIP M 3aMEHSIOT CBEXKEH TaKoro ke o0beMa, Kak H
YIAJIEHHBIN.

Jlanee koyiObI HarpeBaroT Ha BoAsHOM Oane mpu 50 °C mo mosHoro pactsopenuss BMC.
PacTBOpBI 0XJ12XK/1aK0T, IEPEHOCAT B MEPHBIE KOJIObI eMKOCThIO 110 100 M1 M TOBOAST BOIOH 110
MeTkH. (CMech HaOyXIIIero Kpaxmania JTOBOIAT A0 KUTICHHS TIPU SHEPTUYHOM pPa3MEIINBaHUN).

4. YcraHOBIEHUE BIIMAHUA KOHUEHTpauuu U npupogsl BMC Ha BenumuuHy nopora
KOaryJsiiuH.

bepyr 5 nponymepoBanHbIX npoOupok. B uetsipe u3 Hux (Ne 2-5) HanmuBator mo 1 mu
Bojbl. B mpo6upku Ne 1 u 2 momemaroT mo 1 mu pactBopa oxnoro u3z BMC. Cmech B mpoOupke
Ne 2 TmarenbHO nepeMennBaoT CTEKISIHHON Mal04YKOi, OTOMPArOT 1 MII OJIy4€HHOTO pacTBOpa
u mnepeHocsaT ero B mpooupky Ne 3. Comepkumoe TEpeMelnBalT, BHOBb OTOMpAarOT 1 M
KHUJKOCTH U TepeHocsaT B mpodupky Ne 4, oTkyna mocie mepeMeniuBaHusi 1 M pacTBopa
otOpackiBarot. [lomydaror mo 1 mu pactBopoB BMC ¢ maccosoit goneit 0,5 (1 mpobupka); 0,25
(2 mpobupka); 0,125 (3 mpobupxka) u 0,0625 % (4 mpobupka) coorBeTcTBeHHO. B mipobupke No 5
COJIEP’)KUTCS TOJIBKO BOJA.

Bo Bce mpoOupku m00aBiSIOT O 5 MJ MPUTOTOBJICHHOTO 30JI1 M BCTPSAXUBAIOT. 3aTeM
OTPEENA0T TOPOTH KOAaryislW{, HauWHas C HE3al[UIIEHHOTO 30Ji1 B mpooupke NeS.
[IpenBapuTenbHO B OTNENBHON MPOOMPKE CMEMIMBAIOT | MJ BOABI M 5 MJI UMEIOIIErocs 30JId,
MPUTOTABJIMBAsT KOHTPOJBHBIN pacTBOp. B mpobupky Ne 5 noGasmnsitot u3 6ropetku pactop NaCl
(0 = 10 %), a B KOHTpPOJBHYIO MPOOy - Takoil xe 00beM JUCTUIUIMPOBAaHHOW Bojabl. B xone
TUTPOBaHUS 00€ NPOOUPKU BCTPAXHUBAIOT, KAXKIBIM pa3 CpaBHUBAsS TUTPYEMBIM 30Jb C
KOHTPOJIBHBIM pacTBOpoM. OTMeYaroT BHU3yalbHbIE MPU3HAKU KOATYISAIUH (MOSIBICHHE MYTH
uau 00pa3oBaHUE XJIOMbEB), (PUKCUPYIOT O0OBEM SJICKTPOJIUTA, TOMIEAININN Ha KOATYJISIIHIO.
[Topor koarynsiiuu BHIYUCISIOT [0 YPAaBHEHUIO:

CO*E'TK
c. =—-.
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IZle co - KOHLUEHTpALMsl 3JEKTPOJIUTA, BBI3BIBAIOLIET0 KOATYIALUIO, MOJb/T; Vi - 00beM
3JIEKTPOJINTA, MOIIEAMNI Ha Koaryisinuio. [ToBTOpsIoT onbIT ¢ pacTBopaMu B npodupkax Ne 1-4,
BBIUNCIIAA JUI HUX 3HAUCHUS Cr.

5. BbumBaroT pacTtBOpel M3 NPOOMPOK, MPOMBIBAIOT HX BOJOH, BBICYHIMBAIOT
¢bwibTpoBanbHOM OymMaroil u roToBAT pacTBopbl cieayromux BMC. Omnpeapenstor uis HHUX
3HAa4YEeHUE Cx AaHAJOTMYHBIM 00pa3oM.

I[Io BbluMCHEHHBIM B IL.I. 4-5 m[oporaMm KOaryiaslUH CTPOST 3aBHUCHUMOCTb
cx = f(Cmc). OTpe3ok, oTcekaeMblii Ha OCH OpPAMHAT, COOTBETCTBYET MOPOrY KOArylisiHu
HezamuieHHoro 30is. Ecnu 3amuTHoe neiicteue BMC He mposiBisieTcs, TO MOJIyYUM MPSMYIO
napamiensiyto ocu abcuucc. Ecium pactBop BMC mposiBisier 3aliuTHOE JeiicTBUE, TO Ha
COOTBETCTBYIOIEN 3aBMCHUMOCTH IMOSBUTCS BOCXOASIUMN y4acTOK. JlemaroT BBIBOJ O BIIMSHUU
KOHLeHTpauuu 1 npupoasl BMC Ha BennunHy nopora KoaryJsiiyH.

6. OnpenensioT 3alUTHBIE yncia pactBopos BMC.

bepyr 10 npoHymMepoBaHHBIX TPOOUPOK, B 9 3 HuX (Ne 2-10) HanuBaroT 1o 1 M BOJBI.
B npo6upku Ne 1 u 2 BHocsaT no 1 mu ucxonHoro pactBopa BMC. 3atem u3 mpobupku Ne 2
oTOuparoT 1 Mi1 pacTBopa U nepeHocsAT B npoOupky Ne 3 u T.1. 10 npobupku Ne 9 (ananornyso
m.4). U3 mpobupku Ne 9 - 1 M sxkuakoctu otOpaceBatoT. [lomydarot pactBopsl BMC ¢ maccoBoit
noneir (%), pasuoit 0,5; 0,25; 0,125; 0,0625; 0,0312; 0,0156; 0,0078; 0,0039 u 0,00195
COOTBETCTBEHHO. 3aTeM B KaXIyl0 MPOOMPKY HaTUBAIOT MO 5 MJI 3078 M TIIATEIbHO
nepememnBaroT. [locie 3Toro B mepBble JEBATh BBOJAT PacTBOpP XJOpHAa HATpus B oObeMe,
COOTBETCTBYIOILIEM KOAryJsIliMK HE3aLIUIEHHOTO 3014 (00BbeM omnpenensiorT B 1.4). B nmpoOupky
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Ne 10 noGaBistOT Takoil ke 00BEM BOJBI - KOHTPOJBHBIM PAcCTBOp. 3alMCHIBAIOT BPEMs
n00aBIICHUS JEKTPOJIUTA U Yepe3 S MUHYT OTMEUAIOT, B KaKMX MPOOUpPKax U3MEHHJIICS LBET WU
MYTHOCTb 30JIs1 [I0 CPAaBHEHUIO C KOHTPOJIbHBIM PACTBOPOM.

3ammTHOE uncio A 10 mit 3075 (m1o) ONPEACIIAIOT 1O pe3yabTaTaM 1.6 Kak YABOSHHOE
cpenHee apudMeTHyecKoe Mexay Maccoi BMC, mnposBisiomiel 3alluTHbIC CBOWCTBA M
Onmvkaiimeld kK HEl Maccoil, He TPOSBIAIONICH 3amUTHOrO neicTBus. Hampumep, 3ammrTHOE
neiicTBue nposBisieTcs, B pactBopax Ne 1- 4, a B oCcTalIbHBIX - OTMEUYEHBI IPU3HAKU KOATYJISALIUU.
Torga munumaneHas Macca BMC, neoOxonmmas [uis 3aliuThl 5 MII 30J8 OT KOAryJsIuH,
cootBercTByeT Macce BMC B mpobupke Ne 4. Maccy BMC (Qsmc) paccUHMTHIBAIOT, 3Has
MacCOBYIO JIOJIFO COOTBETCTBYIOIIETO0 pacTBOpa M MpuHUMasi Maccy pactBopa BMC paBHoii ero
00BeEMY:
B po6upke Ne 4 gpmc = 0,0625/100 = 62,5*10° r = 0,625 mr. bamkaitias k Heil HauMeHbIIas
Macca BMC, He nposiBisitomiast 3alMTHOTO JI€HCTBUS, COOTBETCTBYET npodupke Ne 5, 1.e. 0,312
MT.

0.625+0.312
m, =2- > =0.937 Mmr .
1. OmnbIT U pacueTsl NOBTOPSIOT ¢ Apyrum BMC.

CpaBHuBas pe3ynbTatbl st pazmuuabix BMC, nenaior BbIBOI 00 3(dexkTHBHOCTH
3amuTHOTO JieicTBUsA. OPopMISIIOT padoTy.

PaboTa 5-6. OnpeneneHue N302IEKTPHIESCKON TOUKH OeJIKa 10 TAaHHBIM KUHETHKHU
HaOyXaHHs

benku mocTpoeHbl W3 aMUHOKHCIIOT, OOnamarmux aMQpoTepHBIMU cBoWcTBamu. [lpu
3TOM B 3aBUCUMOCTH OT pH B BOAHO cpesie BO3MOMXHBI paBHOBECHS:

+l“3N\\ NH; + OH- +I_L“N NH2
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Takum o6pazoMm, u3mensss pH cpenpl, MOXXHO TOI00paTh YCIOBHS, MPH KOTOPBIX

MaKpOMOJIEKY/Ibl Oellka UMEIOT CyMMAapHBIi 3aps/ B pacTBOPE PaBHBIA HYNIO. Takoe cOCTOsHUE
HA3bIBAIOT M303JIEKTPUYECKHM, a COOTBETCTBYIOIIee 3HAaUeHHE pH - M3031eKTpUYECKON TOUKOM
(12T).

3nayenue MOT g KOHKpeTHOro Oenka OIpenenseTcs COOTHOUIEHHEM OCHOBHBIX M
KHUCJIOTHBIX TpyNn B MakpoMmosiekyne. [lng OenkoB pa3avyHOrO BUAA 3Ta BEJIMYMHA HE
onuHakoBa. B UDT 6enok xapakrepusyeTcs MUHUMAIbHOW Ha0yXaeMOCTbIO U paCTBOPUMOCTBIO
U, KpOME TOro, MHMHHUMAJIBHOW BSA3KOCTHIO OOpa3yIOLIMXCS pacTBOPOB. ITO CBS3aHO C
n3MeHeHneM 3((EeKTUBHOTO pazMepa Makpomosiekya oenka. B I9T pa3zHoMMEHHO 3apshKeHHbIE
3BEHbs MPUTATUBAIOTCS U CXKUMalOT Moisiekyny. Hamportus, Be UDT B Makpomosnekyne Oenka
NOSIBJIsIETCSI OOJIbIIIE OJJHOMMEHHBIX 3apsJI0B, KOTOPbIE, OTTAIKUBASICh, PACHIPSIMIISIIOT MOJIEKYITY.

Habyxanue -  @uzuko-xumuyeckuil npoyecc HNPOHUKHOBEHUS  MANblX — MOJNEKY
pacmeopumens ¢ oopazey BMC, conposocoarowuiics ygeruuenuem e2o 00vema u Macchi.

Crenenpto HaOyxaHHs at Ha3bIBAIOT OTHOIIEHHE TNPUPALICHUS MacChl HaOyXIIero
oOpa3ia Mt Ha MOMEHT BpeMeHH t K ero UCX0aHOM Macce Mo!
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o) t = rio .
my (5-17)
Ecmm nponecc Ha6yX3.HI/I$I MNOAYMNHACTCA KUHCTUUICCKUM 3aKOHOMCPHOCTAM HCO6paTHMOfI
") —
L{l __[} o
o
peakuuu | mopsaka, To > 3nech goo - TpenenbHas CTENeHb Ha0yxaHus,

orBevaromas t — oo (akruuecku AOCTHXKMMA yepe3 3-4 yaca MOCie Hayajia Ombita), a Ki -
KOHCTaHTa CKOPOCTH TPOIIECcca, OMPEACIISIONIEro KHHETUKY Ha0yXaHUSI.

Kak ki, Tak u at 3aBHCAT OT MPHUPOJBI PaCTBOpHUTENs, TemmepaTypbl, pH cpensr,
MPUCYTCTBUS IOCTOPOHHUX JICKTPOJMTOB M CTEIIEHU MCXOIHOTO U3METbUeHUs 00pasiia.

3amaya paboOThI: YCTAaHOBUTh KWHETHKY HAOyXaHUsS KEJIATHHBI B BOJHBIX PAacTBOpax C
pa3HbIM pH, onpeaenTs 3HaYEHUE U303JIEKTPUIECKON TOUKH.

OO6opymoBaHue, peaKTUBBI: O00paslbl KEJAaTHUHBI B BHUJE IUIACTHHOK; IPOOUPKH,
O0ydepurie pactBopel ¢ pH ot 1,68 no 9,18; TopcuoHHBIE BECHI, BBICOKOOMHBIN BOJBTMETD;
¢unbTpoBanbHast Oymara, MpoBOJIOKA.

Boinosnnenue paboTsl

1. B3pemmBaroT Ha TOPCHOHHBIX BeCax IMOOYEPETHO 5-6 KYCOUKOB MEIHOM IPOBOJIOKH.
[TpuKpeIwIsAoT K HUM ¢ TTOMOIIBI0 HUTH KYCOYKH CYXOH JKEJIaTWHBI M BHOBBH B3BENIMBAIOT. [1o
Pa3HOCTH MacC OMPENENSIIOT MacCy KaXAoro oOpasiia >KeJIaTUHBI (3KeJaTeIbHO, YTOOBl MacChl
00pa3roB ObLTH OJTU3KH).

2. Ecni cranmapTHBIC pacTBOPHI sl pH-METpUu OTCYTCTBYIOT, TO MX MOXHO 3aMCHHTH
pactBopamu HCl m NaOH (koHmeHTpanuu ykasplBaeT NpenojaBaTens). Beruucmstor pH
HCIIOJIb3YEMBIX B pabOTE PaCTBOPOB 10 YPABHEHHIO, IPUBEIACHHOMY B 1.4 pabOThI 4 TeMHI 4.

3. HanuBatoT B mpoOUpKy HMOPLHU COOTBETCTBYIOIIMX PACTBOPOB, 3aT€M B JKUIKOCTh
IMOMEIIAIOT Ha IPOBOJIOKE 00pa3Ibl JKEJIATHHBI TaK, YTOOBI 00pa3ell ObLT MOJHOCTHIO MOTPYKEH B
pactBop. Yepes ompeneneHHoe Bpems (Hampumep, 10, 20, 40, 60 u T.n. MUHYT) BBIHUMAIOT
00pa3iibl U3 MPOOUPOK, MOMELIAIOT Ha (GHIIBTP, BIUTHIBAIOIINM M3JIUILIEK BJIArd, U B3BELINBAIOT.

4. Tlo ypaBHeHuto (5-17) paccUMTBIBAIOT CTENEHb HAOyXaHHWS >KEJIATUHBI @t IPHU
pasznuunbix pH u Bpemenax. s pasubix pH cTposT rpaduku 3aBUCUMOCTH B KOOpAUHATAX

cL
Ig _ -t

U Jor t, yOexxmaroTcs B MX JIMHEHHOCTH. M3 HakjIOHA 3THUX 3aBHCHMOCTEH
onpenensitor 3Hadenus Ki: ast pasusix pH. Crposr 3aBucumocts K = f(pH), u3 ee Mmunnmyma
ompenensror UDT. Crpost cepuro 3aBucumocteit ar = f(pH) u taxke onenmBaror MOT.
CpaBHUBAIOT pe3yJIbTaThl, HOPMYITUPYIOT BBIBOIbI, 0OPMIIAIOT paboTy.
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8 TEMATHUKA KYPCOBBIX, KOHTPOJIBHBIX PABOT, PEOEPATOB

Jlanublit Buj paboTel He npexycMoTper YII

9 MNEPEYEHb BOITPOCOB K DK3AMEHY (BAUETY)

a) IEPEYEHDb BOITPOCOB K OK3AMEHY

=

MakpocKonruecKrue CUCTEMbI U TEPMOIMHAMUYECKUN METO UX OTHCAHUSI.

2. Temnora m paboTel pa3muuHOro pona. IlepBblid 3akoH TepMOAMHAMHKH. BHYTpeHHsS
sHeprusi. DHTanbnus. 3akoH l'ecca u ero ciuenctBus. CTaHAapTHBIE COCTOSIHUS U
CTaHJIApTHBIE TEIUIOTHl XHUMHUYECKMX peaknud. Temnora cropanus. TemnoTsl
00pa3zoBaHus. 3aBUCUMOCTH TETIOBOTO A (eKTa peakIuu OT TEMIIEPaTypPHI.

3. Pacuersl TeruoBeiX 3¢(ekToB peakmmil. TaOMUIBI CTAHTAPTHBIX TEPMOIUHAMHYCCKHUX
BEJINYMH U UX UCTIOJIB30BAHUE B TEPMOJUHAMUYECKUX pacyeTax.

4. Bropoil 3akOH TEPMOJAMHAMUKH U €ro pas3iudHbie (OPMYITUPOBKUA. DHTPOIIHSL.
VYpaBHEeHHE BTOpPOrO Hauaja TEPMOJWHAMUKH [UIsi OOpaTUMBIX W HEOOpaTHUMBIX
MIPOLIECCOB.

5. DHTpomnus Kak (QyHKIHS COCTOSHHS. VMI3MEeHEeHHe SHTPONMHH MPU Pa3TUIHBIX MPOIEeCCax.
W3MeHeHne SHTPONHMH U30JIMPOBAHHBIX MTPOLIECCOB U HAMPABIIEHUE ITPOLIECCA.

6. dyrpameHTanbHBIC ypaBHeHHs [m0O0ca. Xapakrepuctuueckue GQyHKIMH. MeToapl
BbIYMCIIeHUs! dHeprun ['nb6ca. YcnoBus paBHOBECHS M KPUTEPUU CaMOIIPOU3BOJIEHOTO
MIPOTEKAHHUS IPOLIECCOB

7. 3axkoH geiictBus Macc. KoHcraHTta paBHOBecus. OHeprusi [ubGbca u  sHeprus
l'enbMmronena paBHOBECHOTO Ipoliecca. 3aBUCHUMOCTh KOHCTaHThl XMMHYECKOIO
paBHOBECHS OT TEMIIEpaTypbl. PacyeT KOHCTaHThI PABHOBECHUS C IOMOIIBIO CTAHAAPTHBIX
TEPMOAMHAMUYECKUX BEJIMYHH.

8. BimsiHue dakTopoB Ha cMenieHre xumudeckoro pasHoBecus. [Ipunnumn Jle [laTensbe.

9. OcHoBHbIE TMOHATUS XUMHUYECKOW KuHeTUKU. OrmpeneneHne CKOPOCTH PEAKIHH.
Kunernueckue kpupble. Kunernueckue ypaBHEHUS.

10. Onpenenenne KOHCTAHTBI CKOPOCTU U MOpsAaKa peakiuu. Kunetnueckuii 3akoH JeCcTBUS
Macc u obnactb ero mnpumMeHUMOcTU. COCTaBieHHWE KHHETUYECKUX YpPaBHEHUU IS
M3BECTHOTO MEXaHU3Ma PEaKInu.

11. VpaBuenue Appenuyca. "DddexktuBHas" u "HCTUHHAA" HSHEPrUM  AKTUBAIUU.
OrnpeneneHre KOHCTAHT CKOPOCTH U3 ONIBITHBIX JIAHHBIX.

12. Cnoxuble peakiuu. [IpuHIMI HE3aBUCUMOCTU JJIEMEHTApHBIX CcTafauil. MeToabl
COCTaBIICHUS KWHETHYECKUX ypaBHeHHH. OOpaTUMble peakiuu TMEepBOTO MOpPsAKa.
OrnpezneneHue 31€MEHTapHBIX KOHCTAHT U3 ONBITHBIX JAHHBIX.

13. Onpenenenne karanu3a. OOmMe NPUHLUIBI KaTanu3a. Ponlb kaTamm3a B XUMHH.
OCHOBHbIE TPOMBIIUICHHbIE KaTAIUTUYECKUE mpouecchl. I[IpuMepbl MexaHU3MOB
KaTaJINTUYECKUX TmporeccoB. ['omoreHHbii katanu3. KuCIOTHO-OCHOBHOM KaTalus.
Knaccudukanus peakiuii KHCIOTHO-OCHOBHOTO THIIA.

14. Paznuunbie  cmocoObl  BBIpaKEHUS COCTaBa pacTBOpa. [epMOIMHAMHYECKHE H
MOJIEKYJISIPHO — KHHETUYECKUE YCIOBHS 00pa30BaHUs PaCTBOPOB.

15. TIpenenwsHO pazbaBieHHBIE pacTBOPHI. 3akoHbI ['enpu, [lanprona, CeueHona.

16. O0mmee paccMOTpeHHE KOJUTUTaTUBHBIX CBOWMCTB pacTBOpOB l3MeHeHHE TemmepaTypsl

3aTBEp/ICBaHUs Pa3IMYHbIX pacTBOPOB. M3MeHeHre TeMnepaTypbl KUIIEHHs paCTBOPOB.
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17. Ocmotuyeckue siBnenusi. YpaBuenus Bant-I'odda, ero tepmMoanHaMUUYECKHi BBIBOJ U
007acTh MPUMEHUMOCTH.

18. JlaBneHne HACBIIEHHOTO Tapa JKHJIKUX pacTBOpoB. 3akoH Payms wu  ero
TEPMOJAVNHAMUYECKUN  BBIBOJ. Kpunockonmueckuid, 30yUTMOCKOTIMUECKUN WK
OCMOTHYECKHH CIIOCOO OTpeeseH s MOJISIPHBIX Macc.

19. OcHoBHbIe mONOKEHUST Teopuu Appenuyca. Hemocratku sToit Teopuu. IlporonHas
teopus bpencrena — Jloypu. CoBpeMeHHBIE TEOPHH JUCCOIMALINH CIIA0BIX dJIEKTPOJIUTOB
(JIprouca, 3maiinona).

20. KoymumiraTuBHBIE CBOWCTBA PAacTBOPOB 3JICKTPONIUTOB. [IoHATHS CpeaHel aKTHBHOCTU M
cpenHero kodh@duIMeHTa aKTUBHOCTH, MX CBS3b C aKTUBHOCTBHIO U KOd(DPHIImeHTOM
AKTUBHOCTH OTJENbHBIX HMOHOB. OcHOBHBIE nmomymieHust Teopun [ebas - ['rokkens.
[Torenunan noHHOU aTMOC(hEpHI.

21. YcrnoBus DIEKTPOXMMHYECKOTO paBHOBECHS Ha TpaHMIax pasgena (a3 u B
anekrpoxumudeckoil nenu. Cssazp DJIC co cBobogHON sHeprueil ['nb6ca. YpaBHeHUs
Hepucra n ['n66c¢a - I'enpmronbua uiss paBHOBECHON 3JIEKTPOXUMHUYECKON LEH.

22. TloHsTHE AIIEKTPOIHOTO MOoTeHInaNa. Kitaccuukarust 371eKTpOIOB U IIEKTPOXUMUICKUX
ueneit. Omnpenenenre Kod(h(UIUMEHTOB AKTUBHOCTHM W YHCEN IEpPeHoca Ha OCHOBE
n3mepenuit J1C.

23.CraHIapTHBI W pPeabHBIA 3JIEKTPOJMHBIA MoTeHIHMan. CTaHTapTHBIM BOJIOPOTHBIN
AJIEKTPOJ U BOJOPOIHAS IIKaJa TOTEHIIHAJIOB.

24, lanpBaHWyeckre dSIE€MEHTHl. AKKYMYJISTOPBL.OJEKTPOABUAKYIAs CHJIA H €€
n3mepenue.  lloTeHumManbl  METAUIMYECKHX, TAa30BbIX U OKHUCIUTEIBHO  —
BOCCTAHOBUTEIIBHBIX MOTEHIUAJIOB.

25. YpaBuenne Hepucra-Ilerepca u HampaBlieHHE OKHUCIUTEIHLHO-BOCCTAHOBHUTEIIBHOTO
npouecca. CpaBHUTEIbHAS CUJIa OKUCIUTENEH U BOCCTAHOBUTEIICH.

26. [Tonstue ¢a3pl, KOMIIOHEHTa, cTeneHn cBoOoabl. I[IpaBuno ¢a3 I'm66ca u ero BBIBOI.
OAHOKOMITIOHEHTHBIE CHUCTEMBL. JluarpamMMbl COCTOSIHUSL BOJBIL, cepbl, ¢docdopa u
yriepona. da3zoBbie nepexoabl nepBoro pojaa. Ypasuenue Kianeiipona - Knaysuyca u
€ro NpUMEeHEeHHUe K Pa3InYHbIM (Da30BbIM MepexoaaM MepBOro poja.

27. PaznuyHble 1UarpaMMbl COCTOSIHUS IBYXKOMITIOHEHTHBIX CHCTEM U UX aHAJIU3 Ha OCHOBE
npaBuia ¢a3. CucreMbl ¢ HEOrPAaHUYEHHON PACTBOPUMOCTHIO KOMIIOHEHTOB B JKUJKOM U
B3aMMHOM HEPaCTBOPUMOCTBIO B TBEPJAOM COCTOSIHHH.

28. PaBHOBecue >KUIKOCTh - Map B JIBYXKOMIIOHEHTHBIX cHcTeMaxX. PaBHOBeCHbIE COCTaBbI
rapa ¥ )XUJAKOCTH. Pa3nuuHble BUIIbI IUarpaMM COCTOSIHUS

29. CucteMbl ¢ HEOTPAHUYECHHON PAaCTBOPUMOCTHIO KOMIOHEHTOB B KHIKOM U TBEPAOM
cocrosiHuM. TepMudeckuii ananu3. 3HaueHue (HazoBbIX AUArpaMm s GpapMaruu.

30. PaznienneHe HEOTPaHWYEHHO PACTBOPUMBIX KHUJIKOCTEH IyTeM MPOCTOH TMEPErOHKH.
@paknuoHHas neperonka. Pekruduxarus.

31. Metonpl pa3aeneHus a3e0TPOMHBIX KUAKOCTeH. OrpaHUYeHHO PACTBOPUMBIE KUAKOCTH.
B3aumHO HepacTBOpUMBIE XKUIKOCTH.

32. Tperuii KOMIOHEHT B CHCTEME M3 JIBYX B3aMMHO HEpPacCTBOPHUMBIX KHUIKOCTEH. 3aKOH
pacnpeneneHus. OKCTPAKLUS. Tpeyronpauk ['u66ca. JlmarpaMMmbl MJIaBKOCTH
TPEXKOMIIOHEHTHBIX CUCTEM.

33. MakpoCcKONU4ecKrue CUCTEMBbI M TEPMOIMHAMUYECKHIM METO/] X OITUCAHUSI.

34. Terota u paboThl pa3nuyHoro poja. IlepBblif 3akoH TepMoAMHAMUKU. BHyTpeHHss
sHeprus. OHTanenusa. 3akoH I'ecca u ero cnenacrBuss. CTaHIApTHBIE COCTOSHHUA U
CTaHJApPTHBIE TEIUIOTHl XMMHYECKMX peakuuid. Temmora cropanus. TemioTsl
o0pa3oBaHus. 3aBUCUMOCTH TEIJIOBOTO 3P PeKTa peakMu OT TEMIIePaTypHl.

35. Pacuetsl TemoBbIX 3¢ ¢eKkToB peakiuil. Tabauibl CTaHIAPTHBIX TEPMOAMHAMHYECKUX
BEJIMYMH U UX UCII0JIb30BAHUE B TEPMOJAMHAMHUUYECKUX PacyeTax.
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36. BTopoii 3akOH TEPMOAMHAMUKA U €ro pasziuyHble (OPMYIUPOBKH. DHTPOIUSL.
VYpaBHEeHHEe BTOpPOrO Hayaja TEPMOJAWHAMHUKH JIsi OOpaTMMBIX M HEOOPAaTUMBIX
IIPOLIECCOB.

37. DuTpomnus Kak (YHKIUS COCTOSHUSA. VI3MEHEeHUe SHTPOIHHU TPU PA3IHMUHBIX MPOIECCaX.
W3meHeHne sHTpONMH U30JIMPOBAHHBIX MPOIIECCOB U HAIPABJIEHHE MTpoliecca.

38. dynnamenrtanbHble  ypaBHeHus: [m00ca. Xapakrepuctuueckue GyHKOUU. MeToabl
BbIUMCIeHus: sHeprun ['mb0ca. YcnoBusi paBHOBECHS M KPUTEPUH CaMOIIPOU3BOJIEHOTO
MIPOTEKAaHUSI IPOLIECCOB

39.3akon geiictBusi Macc. Koncranta paBHOBecuws. OHeprus [ub0ca W dHeprus
l'enpMronpia paBHOBECHOTO Ipoliecca. 3aBUCUMOCTb  KOHCTaHTBl  XMMMYECKOTO
paBHOBECHS OT TeMIiepaTypbl. PacyeT KOHCTaHTHI paBHOBECHS C TIOMOILbIO CTAHIAPTHBIX
TEPMOIUHAMHYECKUX BEJIUYHUH.

40. BnusiHue $akTopoB Ha cMelIeHne XuMudeckoro paBHoBecus. [Ipunmmmn Jle Hlaremnse.

41. OCHOBHBIC TIOHATUS XUMHUYECKOW KHUHETUKU. OTmpenereHue CKOPOCTH PEaKIUH.
Kunernueckue kpupsle. KnHeTHUECKUE YpABHEHUS.

42. OnpeneneHne KOHCTaHTBI CKOPOCTH | MOPsAKa peakini. KnHEeTHIeCKuii 3aK0H AeHCTBUS
Macc u oOnactb ero npumeHuUMocTd. CocCTaBieHHWE KMHETUYECKHUX YpPaBHEHUU IS
M3BECTHOI'O MEXaHU3Ma peaKiuu.

43. VpaBHenne Appenmyca. "DddextuBHas" W "HCTUHHas" DHEPrUW  aKTHBAIIWU.
Onpenenenre KOHCTAaHT CKOPOCTH U3 OTBITHBIX JIAHHBIX.

44, Cnoxnple peakuud. [IpUHIMN HE3aBUCHUMOCTHA O3JEMEHTApHBIX CcTaguil. MeTomapl
COCTaBJICHUsl KHHETUYECKUX ypaBHEHHUH. OOpaTUMble peakiuu IepBOro MOpsAKa.
Onpenenenne 3I1eMEHTapHBIX KOHCTAHT U3 ONBITHBIX JAHHBIX.

45. Onpenenenne katanu3a. OOmmMe TPUHIUIBI KaTanusa. Poibk Kataiv3a B XHUMUHU.
OcCHOBHBIE TIPOMBILIUICHHBIE KaTAJMTHYECKHE mpoueccel. IIpuMepsl MexaHH3MOB
KAaTaJIUTUYECKUX IpoueccoB. ['oMmoreHHsli karamu3. KuCIOTHO-OCHOBHOM KarTaius.
Knaccudukanus peakiuii KUCIOTHO-OCHOBHOTO THIIA.

46.PaznuuHble crocoObl  BBIPAXKEHMsI cOCTaBa pacTBopa. TepMOJUHAMUYECKUE U
MOJIEKYJISIPHO — KHHETUYECKHE YCI0BUs 00pa30BaHMs pacTBOPOB.

47. TlpenensHO pa3daBieHHbIC pacTBOPHI. 3akoHbl ['eHpu, lanpToHa, CeueHoBa.

48. O0uiee pacCMOTpPEHUE KOJUIMTATHBHBIX CBOMCTB pacTBOpOB M3MeHeHue Temmeparypsl
3aTBEpACBaHMS PAa3JINYHBIX PaCTBOPOB. MI3MEHEeHHe TeMIepaTypsl KUIIEHHs PaCTBOPOB.

49. OcmoTnueckue sBiaeHUs. YpaBHeHUs Bant-T'odda, ero TepmMoanHaMHYeCKHil BBIBOJ U
001aCcTh MPUMEHUMOCTH.

50. /laBineHne HACBILIEHHOTO Mapa JKUAKUX pacTBOpoB. 3akoH Payns wu  ero
TEPMOJUHAMHYECKUNA  BBIBOJ. Kpuockonuueckuil, 30yUIMOCKOIIMYECKUN WM
OCMOTHYECKHH cI0co0 OIpeiesieHUs] MOJISIPHBIX Macc.

51. OcHoBHBIE TOJOXEHUs Teopun AppeHuyca. Hemoctatku stoit Teopuu. IIpoToHHas
teopus bpencrena — Jloypu. CoBpeMeHHbI€ TEOPHU JUCCOLMALIUY CIIA0BIX AJIEKTPOJIUTOB
(JIprouca, N3maiinona).

52. KonnuratuBHele CBOWCTBA pacTBOPOB 3JEKTPOJUTOB. [IoHATHS cpeaHel aKTHBHOCTU M
cpeaHero kod(@uimeHTa aKTUBHOCTH; MX CBSI3b C AKTUBHOCTBIO U KO3(duumeHToM
aKTUBHOCTH OTJENbHbIX HOHOB. OcHOBHBIE nomymieHuss Teopuu [lebGas - I['tokkens.
IToTrenuman MOHHON aTMOC(EpHI.

53.YcioBusa  2MEKTPOXMMHMUYECKOTO paBHOBECHS Ha TpaHMLAX pasjena ¢a3 U B
anektpoxumudeckoit nenu. Ces3p DJIC co cBoboanoil sneprueir ['mG6ca. YpaBHeHUS
Hepucra u ['n66c¢a - 'enpmromnbia s paBHOBECHOH 3JEKTPOXUMHUYECKON HETH.

54. Tlonsite IIEKTPOIHOTO MOTEHLHAA. Knaccudukanms JNIEKTPOJOB u
ANIEKTPOXUMHUYECKUX weneil. OnpeneneHne Kod((GHUIMEHTOB AaKTUBHOCTH M YHCEIN
nepeHoca Ha ocHose n3mepenuit J/1C.
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55. CrangapTHBIi M peanbHBIA 3JEKTPOJAHBbIA mnoTeHuuan. CTaHJapTHBIM BOJOPOIHBIN
IEKTPOJ U BOAOPOHAS IIKajIa [OTEHIAIOB.

56. 'asibBaHNYECKHE 3JIEMEHTBL. AKKYMYJISTOPBI. DJIEKTPOABIKYIIAs CUJIa U €€ U3MEpPEHHE.
[loTeHnmanel METAUIMYECKUX, Ta30BBIX M OKUCIUTEIBHO — BOCCTAHOBHUTEJIBHBIX
MIOTEHIIMAJIOB.

57.YpaBuenne Hepucra-Ilerepca u HampaBiieHHE OKHUCIUTEIHLHO-BOCCTAHOBUTEIBHOTO
npouecca. CpaBHUTENbHAS CHJIa OKUCIIUTENEH U BOCCTAHOBUTEIIEH.

58.Ilonstue ¢a3wl, KOMIOHEHTa, cTeneHn cBoOObI. [IpaBuino (a3 I'mbGOca u ero BHIBOIL
OIHOKOMITIOHEHTHBIE CHUCTEMBI. JlMarpamMmbl COCTOSIHUSI BOJBI, Cepbl, Qocdopa u
yriepona. Pa3oBeie mepexoabl mepBoro poaa. YpasHeHue Kianeipona - Kiaysuyca u
€ro NpUMEHEHHUE K Pa3IMYHbIM (Da30BbIM MEepexoaM MePBOTo poja.

59. Paznuynple qrarpaMMBbl COCTOSHUS IBYXKOMITOHEHTHBIX CHCTEM W WX aHAJM3 Ha OCHOBE
npaBuia ¢ga3. CucreMbl ¢ HEOrPAaHUYEHHON PaCTBOPUMOCTHIO KOMIIOHEHTOB B JKUJKOM U
B3aMMHON HEPACTBOPUMOCTBIO B TBEPJIOM COCTOSIHUU.

60. PaBHOBecHe XUAKOCTh - TIap B JIBYXKOMIIOHEHTHBIX CHCTeMaX. PaBHOBECHBIE COCTaBHI
napa M *KUAKOCTU. Pa3iauuHble BUIbI TUarpaMM COCTOSTHUS

61. CucteMbl ¢ HEOTpaHUYEHHOH pPACTBOPHUMOCTHIO KOMIIOHEHTOB B JKHJKOM M TBEPIOM
coctosiHuM. TepMuueckuii ananu3. 3HaueHue (pa3oBbIX AUArpaMM JUIs papMaruu.

62. Pa3neneHne HEOTPaHWYEHHO PACTBOPHMBIX MKHIKOCTEH IyTeM TMPOCTOH NEpEeroHKH.
@®pakuroHHas neperonka. Pekruduxarus.

63. MeToIpI pa3ziesieH s a3e0TPOITHBIX KHUIKOCTeH. OTpPaHMYEHHO PAacTBOPUMBIC KUIKOCTH.
B3anMHO HepacTBOpUMBIE KUIKOCTH.

64. TpeTuii KOMIIOHEHT B CHCTEME M3 JIBYX B3aMMHO HEPACTBOPHUMBIX KHIKOCTEH. 3aKOH
pacnpeneneHusi. DKCTPaKIIUs. Tpeyronmbank ['n66ca. [{uarpamMmbl TUIaBKOCTH
TPEXKOMIIOHEHTHBIX CUCTEM.

65. Kmaccudukanuss mucnepcHbix cucteM. OCOOEHHOCTH — yIBTPaAaMHUKPOTETEPOTEHHOTO
cocrosinus. KosonHple 4acTUIBI U KOJUIOUTHBIE CUCTEMBbI; KOJUIOUIHOE (JIMCIEPCHOE)
COCTOSIHME BEIIECTBA.

66. KonruecTBeHHOE Ompe/iesieHne AUCIIEPCHOCTH: AUCIEPCHOCTh U ylIelbHasi MOBEPXHOCTh
KpUBH3HA MOBEPXHOCTU YaCTHIl AUCIIEPCHON (a3bl. Poiib MOBEPXHOCTHBIX SIBICHUN B
rpolieccax, MPOTEKAIUX B JUCIIEPCHBIX cUCTeMax. B3auMOCBsA3b KOJUIOMIHON XUMHUH C
OPYTUMU  XUMHUYECKMMM JUCUUIUIMHAMH, C (GU3MKOW, OHOJNOruei, TreoJiorueii,
MEIUIMHOMN.

67.IloBepxHocTh paznmena ¢a3. CBoboaHas mNOBEpXHOCTHAs sHeprus. I[loBepxHOCTHOE
HAaTsKEHHE, CUJIOBAsi U SHEPreTUYEeCKas TPAKTOBKH.

68. MeToi M30BITOYHBIX TEPMOJUHAMHUYCCKHX (GYHKIHMIA MoBepxHOCTHOrO cios (I'm6oc).
[lonsiTHE O MOBEPXHOCTH pa3pbiBa M pasnensomeid mnoBepxHocTu. (O600IIEHHOE
ypaBHEHHUE MEPBOTO U BTOPOTO 3aKOHOB TEPMOJIMHAMUKY IS IOBEPXHOCTH pazjena das.
N3meHeHne MOBEPXHOCTHOTO HATSXKEHUS JKUJIKOCTH HA TPaHUIe C COOCTBEHHBIM MapoM B
3aBHCHUMOCTH OT TEMIIEPATYpbl, KpUTHUECKAs TEMIIEpaTypa 10 MeHeneeny.

69. IloBepxHOCTh pa3liesia MeXIy JBYMs KOHJCHCUpOBaHHBbIMH azamu. [IpaBuio
AHTOHOBA; YCIIOBUS €r0 IPUMEHEHUS.

70. KanmyuisspHoe naBnienue. 3akoH Jlamiaca u ero ciefcTBus. 3aBUCUMOCTD JIaBJICHHUS Mapa
OT KPUBU3HBI NOBEPXHOCTU >KUJIKOCTH. 3akoH TomcoHa. KamwmiuisipHas KoHzeHcaius.
N30Tepmuueckas neperoHka BEIecTBa.

71. CmauuBanue. Kpaeoit yron. 3akoH HOHra (cuioBoil M SHEpreTHYeCKHi BBIBObI).
CooTHolleHne MeXJIy padoTaMu KOTe3MH W aAre3uH NMpu cMmauuBaHuu. KamwispHoe
MOAHATHE KHUAKOCTH, YypaBHeHHME JKropeHa, KanmwulssipHash TNOCTOSIHHAs JKUIKOCTH.
N36upaTensHOEe CMauMBaHUE KaK METOJl XapaKTEPUCTUKHU MOBEPXHOCTEH TBEPIBIX Tel
(muodunbHBIX 1 MHO0(oOHBIX). [lonTHOE cMaunBaHUe (TEPMOAMHAMUYECKOE YCIOBUE).
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72. Biiusinue KpUBU3HBI MIOBEPXHOCTH (pa3Mepa 4acTuIl) Ha JaBJICHHE HACHIIIEHHOTO Mapa u
pacTBOpUMOCTD BelllecTBa. M30TepMuueckas eperoHka U KanwuisipHas KOHJEHCALHS.

73. MeTo1pl U3MEpEHHUsI TOBEPXHOCTHOTO HATSHKEHUS] M CBOOOHOM MOBEPXHOCTHOM SHEPTUH
TBEPAbIX TE.

74. PazpyiieHue u U3MelbYeHHe (JIUCIEprupoBaHue) TBEPBIX TENl KaK PU3UKO-XUMHUECKUN
nporecc 00pa3oBaHUS HOBOM MOBEPXHOCTH.

75. 3 dexr Pebunnepa: n3MeHEHHE TPOYHOCTH M IUIACTHYHOCTH KaK CJICJCTBUE CHIDKCHUS
MMOBEPXHOCTHON d3Hepru:m TBepAbIXx Ten. OcHoBHBIC (opmbl mposiBicHus 3S(hdekra:
IaCTU(HUIMPOBAHNE, BO3HUKHOBEHHUE XPYIKOCTH, CaMOIIPOU3BOJILHOE
nucneprupoBanue. TepMoauHaMudecKkue ycaoBus nposiBieHus agpdexra PeOunaepa.

76. BiusiHue XUMHYECKOW TPHUPOJIBI TBEPABIX TEN M KHUJIKOCTEH Ha BO3MOXKHOCTH €TO
MposIBJIEHUs. JneKTpokanwuisipHbell  3dext. Ilpossrenue s¢ddexra Pebunmepa B
MIPUPOJIHBIX U TEXHOJIOTHYECKUX Ipolieccax (IpUMEpHI).

77. AncopOuusi Kak CamMOINPOU3BOJIHLHOE KOHIICHTPUPOBAHWE HA MOBEPXHOCTH pazzena (a3
BEIIECTB, CHWXAIOMMX Mex(pa3zHoe HarTspkeHue. [loBepXHOCTHO-akTHBHBIE M -
WHAKTUBHbIE BemecTBa (mpuMepbl). OTHOCHUTENBHOCTh MOHATHS "TIOBEPXHOCTHAS
AKTUBHOCTH" (3aBUCUMOCTH OT MIPUPOIBI KOHTAKTUPYIOMTUX (a3).

78. TepmomHaMHuKa Tporiecca ajcopOIuu. YpaBHeHue ajacopomuu ['udoca.

79. Oprannveckne MmoBepxHOCTHO-akTHBHBIE BemectBa (I[TAB). Kmaccuduranus ITAB mo
MOJIEKYJISIPHOMY ~ CTPOCHHIO  (aHMOHO- M  KaTHOHOAKTUBHBIE, HEUOHOTCHHBIE,
am¢onutHeie); obrmactu npumeHeHus [IAB. Bricokomonekynsapusie [TAB (mpumepst,
ommuus OT Hu3KoMmoJsieKysipHbiX [IAB). IIpobnema Ouopasnaraemoctu IIAB.
Knaccudukanus [TAB mo MexaHusmy uX ACUCTBUS (CMauyuBaTeNd, IUCIIEPTaTOPHI,
cTabmn3aTophl, MowIue BemecTsa). [lorstue o ruapoduIbHO-IUIOPHIEHOM OaaHce
(I'JIB) monexyn ITAB.

80. 3aBUCHMOCTh TMOBEPXHOCTHOTO HaTsKEHUs OT KoHueHTpanmuu [IAB. VYpaBuenue
umkoBckoro. [ToBepXHOCTHAsE aKTUBHOCTh, €€ U3MEHEHUE B MOMOJIOIMUYECKUX psaax
ITAB. Tepmoamnamuveckoe obocHOBaHME npaBmwia Tpayoe - Jlrokimo. MeToapl OlEHKH
MOBEPXHOCTHOM aKTUBHOCTHU opranndeckux [1AB.

81.Pabora amcopOumm. JluHAMUYECKUI XapakTep aJACOpPOIIMOHHOTO paBHOBECHsS Ha
noBepxHoctu pazaena pactBop IIAB - ra3. YpaBuenue JIsHrmiopa, ero cBsi3b C
ypaBHeHUsiMH [ 106ca, [lInmkoBckoro u @pymMkuHa.

82. Ancopbuus ITIAB u3 pacTBopoB Ha MOBEPXHOCTU TBepAbIX Tei. IIpaBuiio ypaBHUBaHUS
nossipHocteit Pebungepa. Moauduuumpyromee neiictsue [TAB: ruapodmmmzanus u
ruapodoOu3aus TBEPAOi MOBEPXHOCTH.

83. Ipoiinoit  snexktpuueckuit  cmoit  ([ADC).  Ilpuwumnsl  obpazoBanus  JIO3C.
TepMmoanHaMuueckoe paBHOBECHE MOBEPXHOCTU pazjiena a3 ¢ y4eTOM 3JICKTPUUECKOI
SHEpPruMu.

84. DNeKTPOKMHETUYECKUE SIBICHUS: AIIEKTPOOpe3, AMEKTPOOCMOC, TOTSHIUABI TEUSHUS U
ocenanus; Teopus I'enpmronbua - CMOIYXOBCKOTO. DJIEKTPOKMHETHUECKUN MOTEHIINAT,
TrpaHMIla CKOJIbKEHHS. MeTO bl ONIpeiesieHUsl JIEKTPOKUHETUYECKOTO MOTEHIIMaa

85. Ctpoenue wmuinemwisl ruapodoOHOro 30ms. BrusHue KOHIIEHTpAlMU W TPUPOJIBI
AJNIEKTPOJIUTa HAa BEIWYMHY M 3HAK 3apsiia KOJUIOMAHBIX 4acTUL. OCHOBBI HOHHOTO
oOMmeHa. JInoTpomnHuslie psibl. M3037€KTpudyeckoe COCTOSHUE B JUCIEPCHBIX CHCTEMaXx;
METOJbl  ONpPEACNICHUs] HM303JIEKTpUUECKOM Touku. IIpakTuyeckue mNpuIOKEHUS
ANEKTPOKUHETUYECKUX SIBICHUM.

86. JlucnepraiioHHBIE METOJbl TMOTYYCHUS TUCTIEPCHBIX CHUCTEM (30JIel, SMYIbCUH, TEH,
aspo3sozeii). Pons I[TAB B mpouecax mosydeHus AMCHEPCHBIX cucTeM. CBA3b pabOTHI
JMCTIEPTUPOBAHMsI C TIOBEPXHOCTHON sHepruei TBepabix Tein. Mcmonb3oBanue sddexra
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Pebunnepa ans ymeHbIneHus: paboThl aucneprupoBanus. [Ipoeccsl qucneprupoBaHus B
MPUPOJIC U TEXHHKE.

87. KonneHcamoHHbIe CIIOCOOBI MOJYYEeHUs1 NUCTIEpPCHBIX cucteM. OOpa3oBaHue 305el B
IIPOLIECCE XUMHUUYECKHUX PEAKLIAMN.

88. O6pa3zoBaHne YacTUIl AUCTIEPCHON (ha3bl B MpoIeccax KPUCTALIU3AIUU U3 PACTBOPOB,
KOH/ICHCAIIMM TIEPECHIIIEHHOTO Tapa, KUIeHHA. MeTOoapl peryaupoBaHHs pPa3MepoB
YaCTHI] B TUCIIEPCHBIX CHCTEMaX.

89. OcHOBHBIE METO/IBI OUYMCTKH 30JI€H (IMaNN3 U YIbTpa(UuIbTpaIIHs).

90. KommongHo-xumudeckre cBoiictea BMC.

91. Metobl onipe/ielIeHUsT KOHIICHTPAITUU ¥ pa3MEpPOB YaCTHIT 30JICH.

92. MuniemiooOpazoBanne B pactBopax  I[IAB.  Kputwdeckas  KOHIEHTpamus
munemiooopasoanus (KKM), ocHoBHble Metoasl onpeaenenuss KKM. DOmnupuueckue
3akoHOMepHOCTH u3MeHeHuss KKM u MUHMMaQIbHOTO 3HAYE€HHUS TMOBEPXHOCTHOTO
HaTsKEHMs Ha rpaHulle paszena pactBop [IAB - Bo3ayx B romonornueckux psagax [TAB.
Ctpoenre npsiMBIX M 00paTHBIX MUIIEIUT TIPU pa3IMYHBIX KOHIeHTpanusx [TAB.

93. TepmoarHaMuKa MUIEIUIO00pa3oBaHus: TeIIOBbIe 3(deKTsr, poiab TUAPOPOOHBIX
B3aUMOJIEHCTBUI, quarpamma (a3oBbIX COCTOSIHUM, TemneparypHas 3aBucumoctb KKM;
touka Kpadra.

94. Conrobmnmuzanus (KOJUTOMJHOE PACTBOPCHHE OPraHWYeCKHMX BEMIECTB B  MPSIMBIX
muremiax). OTHOCHTENbHAs CONMIOOWMIIM3AIMs, 3aBHCHMOCTh OT TEMIIEpPaTypsl H
KkoHIeHTparmu. Como0uIn3anusi B HEBOIHBIX CPEIax.

95. Omynecun. Krnaccuduxamus, omnpeneneHwe CTENeHW AUCIEPCHOCTH. OMYJIbraTOpPHI,
npuHnunbl Beioopa [TAB mis crabunusamuu mpsMbIX U OOpaTHBIX AMyJbcuid. Poib
ruapoduibHOTMIOGMIBHOTO Oamanca Mosiekyabl [TAB B crabwnmm3anuu 3MysbCHH.
DOMYIIbCUOHHBIE IUJICHKH; HMX CTpOE€HHE M (aKTOphbl, BIUAIOIIME HA YCTOWYHUBOCTD
SMYJIbCUOHHBIX MIeHOK. OOpaienue a3 B aMynbcusix. TBepbie amynbratopsl. MeTo s
pa3pyLICHUS SMYJIbCUI.

96.Ilensl. Ctpoenne men u ux kiaccudpukauua. Kparnocts nen. IlenoobpazoBatenu,
3 ()EKTUBHOCTP WX BIUSHUA M CBSI3b C THAPOPMIBHO-IUMIOMUILHEIM OaTaHCOM
ucrnoab3yembix [IAB. Brnusaue 35ekTpouToB Ha MEHO00pa3yromyto crmocooHocTh [TAB.
[lennbie maeHKHU, cTpoeHue, GakTopbl yCTOWYMBOCTH.

97. Aspozonu. Kitaccudukanus a3po3oieil o arperaTHOMY COCTOSIHUIO YaCTHIL AUCIIEPCHOM
¢da3zpl.  MeroApl TOJMYy4eHHS M HM3MEPEHHUS pa3MepoB  adpO30JIbHBIX  YACTHIIL.
MouiekynsapHO-KUHETHUECKHUE CBOMCTBA a3p030Jieii (BBICOKO- U ITPYOOIUCIEPCHBIX).

98. DnexTpuueckue CBOKWCTBA adpO30JIeH, MPUUMHBI BOSHUKHOBEHUS 3aps/a Ha TOBEPXHOCTU
YyacTull. ArperaTuBHasi yCTOMYHUBOCTE a3po30ieid. CriocoObl 1 0COOEHHOCTH pa3pylIeHUs
a’po30JIeH.

99. MonekynsapHO-KHHETUYECKHUE CBOWCTBA AUCHEPCHBIX cucTeM. Auddy3us B KOITOUAHBIX
cucreMax. 3akoH DUHIITEHHA.

100. CeavMEHTalMOHHBI  aHanM3  MOJMAMCIIEpPCHBIX  cucteM.  KoHcranTa
cenumenTanuu. JuddepennuanpHas KpuBas paclpelesieHUs] 4acTUI[ MO pa3MepaM;
UHTETpajbHas KPUBasi; IOCTPOEHUE UX U3 JAHHBIX 110 KUHETUKE HAKOIJICHUS OCaJIKa.

101. CeaumenTaunoHHO-1u(pdy3noHHOE paBHOBecue. Meton Ileppena ompenenenus
yucna  ABoraapo. [lpumenenue — yabTpalleHTpUdyr Aias  HU3MEpPEHUs  Macchl
YABTPAAUCIEPCHBIX YAaCTULl U MakpoMouiekyln (Jymanckuii, CBenbepr).

102. Teopus yctoiunBocti ruapodoOHbIX 305ei (Teopus AJIDO). TepmoanHamuka
TOHKMX IUJICHOK. PackinuHuBaromee fapienue 1o [lepsaruny. MonekynspHas
COCTAaBJISIIONIAS  PACKIMHMUBAIOLIETO  JABJCHUSA. YUYeT MOJEKYISIpHOW  NPHUPOJIBI
KOHTaKTHpYIOIIMX a3, I  TOHKMX IUIGHOK U CPEpUUECKUX  YaCTHII.
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DneKTpocTaTUUECKass COCTaBJSAIONIAsl PACKIMHUBAIOLIETO JABJICHUSA. 3aBUCHUMOCTh
SHEPTUU B3aUMOJICHCTBUS YaCTHUI] JUCTIEPCHOM (Pa3bl OT pacCCTOSHUS MEXKy HUMH.

103. OcHoBHBIE (DAaKTOPHI, BIUSIONIME HA arperaTMBHYI0 yYCTOMYMBOCTH AUCHEPCHBIX
cucreM. DPQeKTUBHAS YIPYrocTh TOHKUX IUICHOK. | MAPOJMHAMUYECKHE OCOOCHHOCTH
YTOHBUIEHUS IJIEHOK.

104. CrpykTypHO-MeXaHH4Yecknii Oaprep (Teopusi Pebunpepa). Peonormveckue
cBoiicTBa ancopOunoHHBIX cioeB [IAB - cTabuim3atopoB KOJUIOMIIOB KOJUIOWIHBIX
CUCTEM. 3alllUTHbIE KOJIOU/IBI.

105. [Topor koarynsuuy; 3aBUCUMOCTb KPUTHYECKON KOHLIEHTPALMU DJEKTPOJUTA OT
pa3mepa | 3apsiga Koaryiaupyromero nona (mpaswio Ilymneie - Iapau). AHTaronusm u
CHUHEPrU3M B JIECTBUH JIEKTPOJIMTOB Ha MPOLIECC KOATYIISALUH.

106. Koarymsiuust cunbHO U cnabo 3apsHKeHHBIX 30J1ed  (KOHIEHTpAalMOHHAs M
HeHTpanu3aunoHHas koarynsauus). O6ocHoBanue npaswia lynsue - T'apau u kpurepus
Ditnepca - Kopda B Teopun 1JIDO.

107. @noKyNIALHMs, TETEPOKOATYIISIIMS, alaryisius (ONpeaesieHus, IPUMEpHI).

108. Kuneruka xoarymsauuu. Teopus ObicTpoit koarynsuuu  (CMOIYXOBCKHIA);
OCHOBHbIE TIOJIOKEHUS Teopuu MemieHHoM koarynsuuu (H.®Dyke). O6paTtumocTtsb
npouecca koaryiasiuuu. [lentuzanusi.

109. 3aKOHOMEPHOCTH TEYCHHS CBOOOJHO-UCIEPCHBIX CHCTEM TIOJ JCHCTBUEM
MIPWJIOKEHHOTO JaBieHus. 3akoH HeioroHa. BiusHue xoHueHTpanuu u GOpMbl YaCTHUI]
JMCTIEpCHOM (a3l Ha 3aKOHOMEPHOCTH TE€UEHHUS (3aKOH DHIITEHHA).

110. CtpykTypooOpa3oBaHuEe B JUCIIEPCHBIX CHUCTEMax. BO3HHMKHOBEHHE M pPa3BUTHE
IIPOCTPAHCTBEHHBIX CTPYKTYp. Ilpupona KOHTAakTOB MeXAy 3JIEMEHTaMHU CTPYKTYP.
[Tepuoanaeckue cTpykTypbl. OOpa3oBaHue U CBOMCTBA T'EIICH.

111. Koarynsaunonnasie CTpyKTypbl. YcinoBusi 00pa3oBaHMs, MEXaHUYECKHE CBOWCTBA;
SIBTICHHE THKCOTPOTIHH.
112. Kpucrannmzannonssie CTPYKTYPHI. MexaHnudeckue CBOMCTBA

KPUCTANIM3ALMOHBIX  CTPYKTYyp. OmmcaHue AUCIEPCHBIX CHUCTEM Ha  OCHOBE
peonormveckux mogaeneit (MakcBemna, KenpBuna, bunrama, IllBemosa). Ilosnast
peosiornyeckasi Kpunasi.

113. OU3UKO-XUMHUYECKUE METOJbl  PEryJUPOBAHHUS  CTPYKTYPHO-MEXaHHUYECKUX
CBOMCTB JUCIIEPCHBIX CHUCTEM Ha Pa3IUYHBIX CTAAUAX UX (HOPMHUPOBAHUS KaK OCHOBHAS
3a/a4a (pU3MKO-XUMUYECKON MEXaHUKH.

10 CAMOCTOATEJIBHAS PABOTA OBYYAIOIIUXCHA
Copnepxanue, TpeOOBaHMs, YCIOBUS U MOPAJOK OpraHU3aLMH CaMOCTOSTEIIbHOM

paboTel 00y4YaOIIUXCS C y4eToM (OpMBI OOYYEHUS OMPENENSIeTCs] B COOTBETCTBUU C

«ITonoxxenuem 00 OpraHnu3alnuu CaMOCTOSTEIILHOM pa6OTBI

00yJaroIuXxcs,

yTBEpkKJICHHBIM YueHbiM coBeToM Y'Y (mpotokois Ne 8/268 ot 26.03.19 1.).
dopma 00ydeHHUsI: OUHAas.

Ha3zpanue pa3nenoB u TeMm Bua camocrosiTeJIbHOM PadoThI Oo0bem B ®opma
yacax KOHTPOJIsA
Pazpes | ®uszuyeckasi XuMusi

Tema 1. Xumnueckas | [Ipopaborka ywyeOHOro wmarepuana c TECTUPOBAHUE,

TepMOJHAMHKA UCIIOJIb30BAHUEM  PECypcoB  Yy4eOHO- pelieHue
METOANYECKOr0 ¥ MH(POPMAIMOHHOTO 6 CUTYallMOHHBIX
obecrieueHus TUCUUIUINHBIL. 3a7a4 BO BpeMs
[TonroroBka K yCTHOMY OIpPOCY. AyJIMTOPHBIX
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TloaroroBka K caade 3K3amMeHa. 3aHATHUH,
BKJIIOUCHUE
BOIIPOCOB Ha
dK3aMEHEe
Tema 2. Tepmoaunamuka | [Ipopaborka yueOHOro wmaTepuana C TECTUPOBAHUE,
XUMHUYECKOTO PaBHOBECHUS UCIOJb30BAHMEM  PECYPCOB  y4eOHO- perieHne
METOJMYECKOr0 U  WHGOPMAI[HOHHOIO CUTYaIIMOHHBIX
obecrieueHus JUCITUILIHHEIL. 3amad BO BpeMsi
IToaroroBka K yCTHOMY OIIPOCY. 6 ayIUTOPHBIX
IloaroroBka K caade SK3amMeHa. 3aHATHH,
BKJIIOUCHHE
BOITPOCOB Ha
JK3aMEHEe
Tema 3. Xumuaeckas | [IpopaboTka yueOHOro Mmarepuana ¢ TECTUPOBAHUE,
KHWHETHKA 1 KaTaJu3. UCIIONIb30BAaHUEM  PECypcoB  y4ueOHO- pernieHne
METOJMYECKOr0 U  HHGOPMAI[HOHHOIO CUTYaIIMOHHBIX
obecrieueHUs TUCIUTLTHHBI. 3amad BO BpeMsi
IToaroToBka K yCTHOMY OITPOCY. 6 ayIUTOPHBIX
IlogroroBka K caade dK3aMeHa. 3QHATUH,
BKJIIOUCHUE
BOITPOCOB Ha
JK3aMEHEe
Tema 4. Teopus pactBopoB u | [Ipopaborka ydebHOTO MaTepuaga C TEeCTHUPOBaHUE,
pacTBOpHTETIEH. WCIIONIb30BAaHUEM  PECypCoOB  y4eOHO- pernieHne
KonmnmuratuBHbIC CBOMCTBA METOIUYECKOro ©  HHGOPMAI[HOHHOIO CUTYaIIMOHHBIX
pactBOopoB. PacTBOpHI obecreueHUS TUCIUILINHBI. 3amad BO BpeMs
BJIEKTPOITUTOB. IToaroToBKa K YCTHOMY OITPOCY. 6 ayIUTOPHBIX
IToaroroBka kK cjade 3K3aMeHa. 3aHATHH,
BKJIIOUCHUE
BOITPOCOB Ha
SK3aMCHE
Tema 5. OxkucnourensHo- | IlpopaboTka yueOHOro Marepuaia c TEeCTHPOBaHNE,
BOCCTaHOBHUTEILHEIC HCIIONB30BAaHUEM  PECypcoB  y4deOHO- perieHne
npomecchl. CTaHTAPTHBI W | METOOMYECKOr0 ¥ HH(POPMAITHOHHOTO CHUTYaITMOHHBIX
peaNbHBINA DJICKTPOIHBIA | 00CCTICUEHUS TUCITATIINHEL. 3amad BO BpeMs
IMOTEHIINA. [TonroroBka K ycTHOMY OIpPOCY. 6 ayIUTOPHBIX
TToaroroBka k cjade 3K3aMeHa. 3aHATHH,
BKJIIOUCHUE
BOIIPOCOB Ha
SK3aMCHE
Tema 6. I'ereporennbie IIpopaborka ydeOHOrO Marepmana C TECTUPOBAHUE,
cucteMbl. TepMonnHAMUKA WCTIONB30BAaHUEM  PECypcoB  y4deOHO- peteHue
(ha30BBIX PaBHOBECHUH. METOJIMYECKOTO0 ¥  HWH()OPMAIMOHHOTO CHUTYaITMOHHBIX
o0ecreueHHUs TUCIUILIUHEI. 3a7a4 BO BpeMs
[TonroroBka K ycTHOMY OIpOCY. 6 ayJIUTOPHBIX
IlogroroBka Kk caade dK3aMeHa. 3QHATUH,
BKJIIOUCHUE
BOIIPOCOB Ha
SK3aMCHE
Pazpgen 11 Komnounnnas xumus
Tema 1. OcHoBHble ToHsATHS | [IpopaboTka y4eOHOro MaTepuana ¢ TECTUPOBAHUE,
KOJIJTOMJHOM XMMWH, | UCTIONB30BAHHEM  PECypcoB  y4eOHO- pelieHne
OOBEKTHI U I U3yYCHUSI. METOJIMYECKOr0 ¥ HWH()OPMAIMOHHOTO 1 CUTYallMOHHBIX
obecrieueHus JUCITUTLIHHEIL. 3aJa4 BO BpeMs
IToaroroBka K yCTHOMY OIIPOCY. ayIUTOPHBIX
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IToaroroBka k craye sK3aMeHa. 3aHATHUH,
BKJTFOUCHHE
BOIPOCOB Ha
9K3aMeHe
Tema 2. Tepmogunamuka | [IpopaboTka yueOHOro Marepuana c pelieHue
MTOBEPXHOCTHBIX SIBJICHHM UCIOJb30BAHMEM  PECYPCOB  y4eOHO- CUTYaIMOHHBIX
METOJMYECKOr0 H  WHGOPMAIMOHHOTO 3a7a4 BO BpeMs
o0ecrieueHHs TUCIUTUINHBI, 1 ayJIUTOPHBIX
IToaroroBka K yCTHOMY OIIPOCY. 3aHATHUH,
IToaroroBka k craye sK3aMeHa. BKJTFOUCHUE
BOIPOCOB Ha
9K3aMeHe
Tema 3. Kamwwuiapusie | [Ipopaborka yuebHOTO MaTepuansa C pernieHne
SIBJICHUS UCIOJIb30BAHUEM  PECYPCOB  y4eOHO- CUTYaI[MOHHBIX
METOJMYECKOr0 U  HHGOPMAI[HOHHOIO 3a7a4 BO BpeMs
o0ecrieueHHs TUCIUTUINHBI, 1 ayJIMTOPHBIX
IToaroroBka K yCTHOMY OITPOCY. 3aHATHUH,
IToaroroBka K craye dK3aMeHa. BKJTFOUCHHE
BOTIPOCOB Ha
JK3aMeHe
Tema 4. TIloBepxHoctHbIe | [IpopaboTka yduebHOTO MaTepuaga C pernieHne
SBJICHMSI M MEXaHMYECKHE | MCIOJIb30BAHUEM  PECYpCOB  yueOHO- CHTYaIlMOHHBIX
CBOWCTBA TBEP/IBIX TEI METOJMYECKOro ©  HHGOPMAI[HOHHOIO 3amad BO BpeMsi
o0ecriedeHus] AUCIUTUINHBL. 1 ayIUTOPHBIX
IloaroroBka K yCTHOMY OMpoOCY. 3aHATUH,
ITonroroBka k ciade SK3aMeHa. BKITIOUCHHE
BOIIPOCOB Ha
JK3aMeHe
Tema 5. Ancopbuus Ha | [IpopaboTka ydueOHOro Marepuajiga ¢ TECTHPOBaHHE,
TTOBEPXHOCTH pazfena ¢as HCTIONB30BAaHUEM  PECypcoB  y4deOHO- pereHue
METOJUYECKOT0 ¥  HWH()OPMAIMOHHOTO CHUTYaITMOHHBIX
o0ecrieueHus TUCIUTUTHHEI. 3a7a4 BO BpeMsd
[TonroroBka K ycTHOMY OIpPOCY. 1 ayIUTOPHBIX
IToaroroBka k cjade 3K3aMeHa. 3aHATHH,
BKITIOUCHHE
BOIIPOCOB Ha
JK3aMeHe
Tema 6. Onektpo- | [Ipopaborka ydeOHOrO Marepmana C TECTUPOBAHUE,
TIOBEPXHOCTHBIE SBIIEHUS B | HCIONB30BAHUEM  PECYpPCOB  y4eOHO- peteHue
JICTIEPCHBIX CHCTEMax METOJIMYECKOTO0 ¥  HWH()OPMAIMOHHOTO CHUTYaITMOHHBIX
o0ecrieueHus TUCIUTUTHHEL. 3a7a4 BO BpeMsd
[TonroroBka kK ycTHOMY OIpOCY. 2 Ay TOPHBIX
TToaroroBka k cjade 3K3aMeHa. 3aHATHH,
BKITFOUEHHE
BOIIPOCOB Ha
JK3aMeHe
Tema 7. Jlmogpobusie | [Ipopaborka ydeOHOrOo Marepmana C TECTUPOBAHUE,
CHUCTEMBI WCIIOJh30BAHMEM  PECypcoB  y4eOHO- peteHue
METOJMYECKOr0 ¢  WH(POPMAIIMOHHOTO CHUTYaIMOHHBIX
o0ecrieueHus TUCIUTUTHHEL. 3a7a4 BO BpeMs
[TonroroBka K ycTHOMY OIpOCY. 1 ayJIMTOPHBIX
[TonroroBka k ciade SK3aMeHa. 3aHATHUH,
BKITFOUCHHE
BOIIPOCOB Ha
JK3aMEHe
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Tema 8. Jlwopuneusie | [Ipopaborka ydyeOHOro MaTepuana ¢ TECTUPOBAHMUE,
JIUCIICPCHBIE CUCTEMBI UCIIOJb30BAHMEM  PECYpPCOB  y4eOHO- pelieHne
METOJMYECKOr0 U  WHGOPMAI[HOHHOIO CUTYaIlMOHHBIX
o0ecrieueHHs TUCIUTUINHBI, 3a7ad BO BpeMs
IToaroroBka K yCTHOMY OIIPOCY. 1 ayIUTOPHBIX
IToaroroBka k craye sK3aMeHa. 3aHSTHH,
BKJTFOYCHUE
BOIIPOCOB Ha
JK3aMeHe
Tema 9. Dwmynscum, nens! | [Ipopaborka yuebHOrO MaTepuaza C TECTUPOBAHUE,
a’pO30JIH1 UCIIONIb30BAaHUEM  PECypcoB  y4ueOHO- pernieHne
METOJMYECKOr0 U  WHGOPMAI[HOHHOIO CUTYaIIMOHHBIX
obecrieueHus JUCITUTUINHEI. 3a1ad BO BpeMsi
IToaroroBka K yCTHOMY OMIpoCY. 1 ayJUTOPHBIX
IToaroroBka k craye sK3aMeHa. 3aHSITHH,
BKJTFOUCHHE
BOITPOCOB Ha
dK3aMEHe
Tema 10. | IIpopaboTka y4eOHOrO MaTepuaga ¢ TEeCTHUPOBaHUE,
CemnMeHTaIlMOHHAS WCIIOJIb30BAaHUEM  PECypCcoB  y4ueOHO- pernieHne
YCTOWYHUBOCTH METOJMYECKOro ©  HMHGOPMAI[HOHHOTO CUTYaIlMOHHBIX
obecrieueHus JUCITUTUIHHEI. 3amad BO BpeMs
IToaroToBKa K yCTHOMY OITPOCY. 2 ayIUTOPHBIX
IToaroroBka k cjade 3K3aMeHa. 3aHATHH,
BKITIOUCHHE
BOIIPOCOB Ha
JK3aMeHe
Tema 11. ArperatuBnas | [Ipopaborka ydeOHOTO MaTepuaga C TECTHPOBaHHE,
YCTOINYHUBOCTH WCIIOJB30BAHMEM  PECypcoB  y4eOHO- pereHue
METOJUYECKOTO0 ¥  HWH()OPMAIMOHHOTO CHUTYaITMOHHBIX
o0ecrieueHus TUCIUTUTHHEI. 3a7a4 BO BpeMsd
[TonroroBka K ycTHOMY OIpPOCY. 2 ayIUTOPHBIX
IToaroroBka k cjade 3K3aMeHa. 3aHATHH,
BKITIOUCHHE
BOIIPOCOB Ha
JK3aMeHe
Tema 12. Koarymsnus 3omeit | [Ipopabotka y4deOHOro Martepuama ¢ TECTUPOBAHUE,
ANEKTPOIUTAMHA WCTIONB30BAaHUEM  PECypcoB  y4eOHO- peteHue
METOJIMYECKOTO0 ¥  HWH()OPMAIMOHHOTO CHUTYaITMOHHBIX
o0ecrieueHus TUCIUTUTHHEL. 3a7a4 BO BpeMd
[TonroroBka K ycTHOMY OIpOCY. 2 Ay TOPHBIX
TToaroroBka k cjade 3K3aMeHa. 3aHATHH,
BKITFOUCHHE
BOIIPOCOB Ha
JK3aMeHe
Tema 13. OcHoBbl (usuko- | Ilpopaborka yueOHOro wmarepuana c TECTUPOBAHUE,
XUMHYECKOW MEXaHUKH WCIIOJh30BAHMEM  PECypcoB  y4eOHO- peteHue
METOJMYECKOr0 ¢  WH(POPMAIIMOHHOTO CHUTYaIMOHHBIX
o0ecrieueHus TUCIUTUTHHEL. 3a7a4 BO BpeMs
IToaroroBka K yCTHOMY OIIPOCY. 2 ayIUTOPHBIX
IToaroroBka Kk caye 3K3aMeHa. 3aHSITUH,
BKJIIOUCHUE
BOIIPOCOB Ha
JK3aMEHe
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Hpogheccuonaibhpie 6azbl OaHHBLY, UHHOPMAYUOHHO-CRPABOUHBIE CLCMEMB]

1. DaeKTpPOHHO-GHBIHOTEYHBIEC CHCTEMBI?

1.1. Uudpoeoii odpazoeatensruiii pecype IPRsmart : anexTponHo-0nbnHoTedHas cHCTEMA !
caitt / 000 Komnanua «Ait [Tn Ap Meauay. - Caparos, [2024]. — URL: http://www.iprbookshop ru.
— Pemum nocryna: Ans 3aperHcTpHp. NOJAb30BaTeNneH. - TeKCT | MeKTPOHHKI.

1.2. Obpazoparenchas nnardopma KOPAWT : ofpazopaTensHeli pecypc, eKTpOHHAS
GubmioTeka : caiit / Q00 Dnextponnoe wigatensctso «HOPANT». — Mocksa, [2024]. - URL:
https:/furait. mu . — Peskum JoCTyna: A8 3aperHcTPHP. Nonb30Bareneii. - TeKcT : 3NeKTPOHHEII.

1.3. baza nanHeix «2nextpoHHas Oubmuotexa Texuudeckoro BY3a (DbC «KoucynsranT
CTYIAEHTa») - aﬂempcmHu—ﬁHﬁmidTeqHan cuctema : caiit / 000 «llonutexpecypcr. — Mockea,
[2024]. — URL: https:/fwww studentlibrary ru/cgi-bin/mb4x. — Pexum noctyna: 1Is 3aperucTpHp.
noae3oearenei. — TeKCT | AMeKTPOHHEIH.

1.4, KoHcynbTanT Bpaua. DNEKTPOHHAS MeIHIMHCKas GubnuoTexa - Gasa gamHBIX : caift /
000 «Becmas mkona OpPraHH3alHH H  YOpPaBIEHHA  3ApaBooxpaHeHHeM-KoMniekcHsi
MEIHIMHCKHIT KOHcamTHHr». — Mockea, [2024]. — URL: https//www.rosmedlibru. — Pemum
JOCTYNA: JUIA 3aperHCTPHP. Moab3osarenei. — TeKcT : AMeKTpoHHEIH.

1.5. boneman megurmHcKas OndIHOTEKA | INeKTpoHHO-DHbnoTeuHas cucrema : caiit / Q00
«bykamn». — Tomck, [2024]. — URL: https:/fwww books-up ru/m/library/ . — Pemnm JOCTYIA: JUIs
3APETHCTPHP. NOJb30BaTeneld. — TeKCT : AIeKTPOHHBIH.

1.6. ObC Jlans : anexTpoHHO-OHOMHOTeHaA cuctema : caiit / 000 DbC «Jlans». — CaHkT-
[erepbypr, [2024]. — URL:  https://e lanbook.com. — Pewum poctyma: s 3APErHCTPHP.
nonak30BaTencii. — TeKCT : AMEKTPOHHBIH.

1.7. BBC Znanmm com : 3neKTpoHHO-OHOIHOTe Has cucTeMa : caiit / 000 «3HaHHYMY». -
Mockga, [2024]. - URL: http-//znanium com . — PesxiM I0CTYTIA © U 3aPErHCTPHP. MOMb30BaTENEi.
- Tekcr : aNEeKTPOHHBIH.

2. Koncyasranrllmoc [Dnextponnsiii pecypc]: cnpasousas npasoeas cuctema. [ 000
«Koncynerant [Lmocy - nexrpo. nan. - Mocksa : KoncynerantIlmoc, [2024].

3. eLIBRARY.RU: Hayunas snexkrpoHHas OwOmmotexka : caiitr  / 000 «Hayunas
Onexrponnas bubnuorexa». — Mockea, [2024]. — URL: http://elibrary.ru. — Pesxum goctyna : ans
ABTOPH3. NOAL30BATENEH. — TEKCT : AMeKTPOHHLIH

4. MepepanbHA# TOCYIAPCTBeHHAR #HHpopManHoHHan cucerema «Haunonanbnas
WIeKTpoHHas OnbanoTexay» : aexkTpoHHas oubnuoreka : caiit / OI'BY PI'b. — Mockea, [2024]. —
URL: https://u36.pdp. — Pesum noctyna @ ans nons3oBareneii HayuHoii 6ubmuotexn. — Teker :
WIEKTPOHHLIH.

5. Poceniickoe ofpasosanme - denepansusii nopran / yupeaurens OIAY «DHLTO». —
URL: http://www.edu.ru. — TeKcT : 3neKTPOHHSIH.

6. Dnexrponnan Gubamoreunan cucrema Yal'V @ moayne «DnexkTponHas OHOMHOTEKa»
ABHUC Mera-ITPO / Q00 «Jlata Dxcnpece». — URL: http:/lib.ulsu ru/MegaPro/Web. — Pemum
JIOCTYIA : /U4 Nonks3oBaTeneid HaydHoi OnbnuoTexn. — TeKCT @ AMEKTPOHHEII.
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MATEPHAJNBHO-TEXHHYECKOE OBECITEYMEHHE HAYYHO-
HCCJEJOBATEIBCKOH PABOTHI

Vuefnan ayauropus 212 nna npoeegeHss Nexudii, rpynnoBeX W HHIHBHIYATEHEIX
KEOHCVIRTALMN, TeEVIIErd EOHTPOIE H OPpOMEEYTOUHOH artrecTauMu (¢ Habopom
NEMOHCTPALHOHHOTD  0BOpYIOBAHHA 18 ODEcnedeHHs TEMATHYECKHX WUNOCTpauuil B
COOTBETCTEBHH ¢ pabodeil nporpavmodi  JucuMmanHu).  [loMemenne  yROMIICKETOBAHO
cneuHanHInporannoil medeneo Ha 24 NoCaf0uHBIX MECT H TeXHHYECKHMH CPeiCTHAMM:
IKpaH HAcTeHHEIH, fjocka ayauTopuas. Pabouee mecto npenogasarens, WI-FI, muTepuer.
Mromans 42 93 ke

Vuehuas aygaropaa 216 qns nposeienns, 3aHaTH 1a80paTopHOTO THOA, MPYINOBEIX H
HHIHBHIYANEHEIX KOHCVALTALHA, TEKVIIErD KOHTPONA H NPOMEKVTOUHON aTrecTaliy (c
HADOPOM  JeMOHCTPALMOHHOID  O0OPVIOBAHHA 114 ODECHeYeHH:  TEMATHYECKHX
HIAKCTpauHid B cooTBeTcTBHH ¢ padouell nporpamsod  IHcUHIUMHE).  [Tomemenne
YROMILIEKTORAHO cleuHannInposanHol Mefensio Ha 16 nocanouHex MECT H TeXHHYECKHMH
CPEACTRAMH: IKPAH HACTEHHRIH, BocKa ayauTopHad. Pabouee mecto npenojasarens, WI-FL,
uHTeprer. [Tnomane 42,93 ke,

Yuefiuas ayJHTOpHE 108 camocToaTensHol paborel cryaentor 230 ¢ gocrynom k IBC.
ana  camoctosTensHoli  pabotet  crypewtom, Wi-F1 ¢ poerynom x DHOC, 3BC.
KoMmnpioreprsil  knace YKOMILIEKTOBAHHEIL cneumanmiuposansoll  mefenswy na 32
NOCANOMHEX MECT W TeXHHYecKHMH cpefcTeami  obyuenma (16 nepoomantHux
KOMIBIOTEPOR) ¢ AocTynoM K cetd «Hutepuers, DHOC, IBC. Inowanes 93,51 ke

UnransHeii 3an sHaysnoil Gubnmoress (ayammropua 237) ¢ sonoil ana camocTosTensHoli
pabotel, WiF1 ¢ mocrymom k  DHOC, 3BC.  AymHTopHs  YKOMIIEKTOBAHA
cnennanuinporannoil Mebeneio Ha 20 nocanouHEIX MECT H OCHAIIEHA KOMILRTEPHOMN
TEXHHKOH ¢ pocTynosm K cetd aHurepuers, DJHOC, DBC, axpanosm 0 npoektopos. Tlnomais
220,39 xkB.m.

CNEHNHAIBHBIE ¥C/IOBHA 114 OBYYAIOHNIAXCA C
OI'PAHHYEHHBIMH BOSMOKHOCTAMH 310POBLA (OB3) H
HHBAJIHIOB

B coyuae HeoOXOAHMOCTH, OOVHAROLIMMCH W3 4YHCIA JIHL ¢ OIPaHHYEHHBEIMH
BOIMOEKHOCTAMHE A10POBEA (N0 IAHBNSHHID O0YYAIIIETOCE) MOTYT NPEIAraTecs OJHH H3
CHEIYHAIHY  BAPHAHTOR BOCTIPHATHA HHDOPMALHH € VHETOM HX  HHIHBHIVANEHBIX
NCHXOPHINYECKHX 0CoDeHHOCTE:

= 1A JHL ¢ HAPYIIEHHAMH IPEHHA: B nedaTHoll gopue YBeNIHYEHHEIM WPH(TOM, B
popuMe AMEKTPOHHOIO AokyMenTa: B Gopue avauodaiinag (nepesol vyedHBIX MATEPHAIOR B
ayamodopyar); B nedatHol fopse Ha Aimike bpaiind: HHIHBHOVATEHEIE KOHCYILTALMH C
NpHBIEYEHHEM THRIOCYPAONEPEROIMHER; HHIHBHIVANEHEE JAIAHHA H KOHCYVIETALHH;

= IR JIHI C HAPVINEHHAMH cayxa: B newatHoll dopse; B dopme eKTpOHHOTO
NOKYMEHTA, BHACOMATEPHANR! ¢ CVOTHTPAMN; HHIHBHIVANEHEE KOHCYIRTALHH ¢ NPHBISYSHHEM
CYPAONEPEROIYHKR; HHIHEHIVAILHEIE JAMAHHA H KOHCYILTALHMK,

= 1A JHI ¢ HAPYIIEHHAMH ONOPHO-ABHIATENLHOIO annapara: B nevatHoli Qopme; B
popMe  WEKTPOHHOTO J0KyMeHTa; B Qopse ayinodaiing; HHIHEHIYAILHEIE JA0AHHA H
KOHCYIBTALHN.

B Clayuae HeODX0JHMOCTH HCNONEIOBAHHA B yuehHOM nponecce
YACTHYHOHCKMIOYHTENEHO  AHCTAHUHOHHEX  00paloBaTeNHblX  TEXHOMNOIWHA, OpraHH3alHs
paboru IIC ¢ obysawmmvuca ¢ OB3 0 HHBATHAAMH NPeIVCMATPHBASTCE B WIEKTPOHHOR
HHPOPMALHOHHO-OOPAIOBATENEHOH CPpele ¢ VIETOM HX HHIHBHIVAIBHEX NCHXOMPHINYECKHX
OCODEHHOCTEH.
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MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO

o . Dopma
VYIbSIHOBCKUI rOCY1apCTBEHHBII YHUBEPCUTET

@ - PabGouas mporpamMma v CIUIUIMHBI

10 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE HAYYHO-
HCCJEJOBATEJbCKOM PABOTHI

YueOnas aymuropusi 212 s NpoOBEIACHHS JEKIUH, TPYNIOBBIX M WHIAMBHUIYaTbHBIX
KOHCYJIbTAIIMH, TEKYIIEr0 KOHTPOJA W MPOMEKYTOYHOM arrectanmuu (¢ Habopom
JEMOHCTPAIIMOHHOTO 000pYIOBaHUS Il OOECIICUCHHS] TEMATHYCCKHX WJUTFOCTPAIUi B
COOTBETCTBUU C pabodeil mnporpaMMor JuCHUIUIMHBI). [lomemienne yKOMILJIEKTOBAaHO
CHCIHMAM3UPOBAHHON MEOCNbI0 Ha 24 TOCAaJOYHBIX MECT W TEXHHYECKUMHU CPEICTBAMH:
9KpaH HACTEHHBIM, JMocka aymauTopHas. Pabouee mecro npenomasatens, WI-FI, unTepHer.
ITnomans 42,93 kB.M.

VYuebnas aymutopus 216 s mpoBeaeHus1, 3aHATHIA J1a00paTOPHOTO THIIA, TPYNTIOBBIX U
WHIUBUAYAITBHBIX KOHCYJBTAIIUH, TEKYIIEro KOHTPOJSI M IMPOMEKYTOYHOH aTTectanuu (C
Ha0OpOM  JIEMOHCTPAIIMOHHOTO  O0OpymOBaHHsS  JJia  OOeCrmedYeHUs:  TEeMaTUYeCKHUX
WUIIOCTpAllMii B COOTBETCTBUM ¢ paboueill mporpamMmoil aucuuiuidHel). Ilomemnienue
YKOMIUIEKTOBAHO CIICIUATN3UPOBAHHON MeOelbio Ha 16 mocaoYHbIX MECT U TeXHUYCCKHUMHU
CpencTBaMu: dKpaH HACTCHHBIN, IOCKa ayauTopHas. Pabouee mecto mpenogasarens, WI-FI,
naTepHeT. [Inomans 42,93 kB.M.

Y4ueOHas ayauToOpHs AT CaMOCTOSATEIbHON paboThl cTyaeHToB 230 ¢ moctymoM k DBC.
JUIL  caMOCTOsTeNbHOM paboTel  crymentoB, WIi-Fi ¢ goctymom & DOUHOC, DBC.
KommproTepHblii  Kilacc yKOMIUIEKTOBAHHBIM — CIIEIMATU3MPOBAHHON Mebenpto Ha 32
MOCAJOYHBIX MECT HM TEXHHYECKMMH cpejactBamMu  oOydenns (16 mepcoHambHBIX
KOMIIBIOTEPOB) C oCcTynoM k cetn «MuTepreTy, DUOC, DBC. ITnomanp 93,51 kB.M.

YwuranbHbIH 3a1 HaydHOU OMONMHoTekH (ayauTopus 237) ¢ 30HOM IS CAMOCTOSITEIBHOM
paborer, Wi-Fi ¢ gmocrymom k DOUHOC, DBC. Ayauropus YKOMIUICKTOBaHA
crienMaau3upoBaHHo Mebenpto Ha 80 TMOCAaTOYHBIX MECT M OCHAIleHa KOMITBIOTEPHOU

TEXHUKOU ¢ nocTynoMm k cetu «Mutepuery, DMOC, DBbC, sxpanom u npoektopoM. Ilnomanp
220,39 kB.M.

11 CIIEHUAJIBHBIE YCJOBUSA 1JIs1 OBYYAIOUIUXCSA C
OI'PAHUYEHHBIMHU BO3MOXHOCTSAMMU 310POBbS (OB3) U
HNHBAJINJI0B

B cnydae HE0OXOQMMOCTH, OOY4YalONIMMCS W3 4YHCIAa JUI[ C OTrPaHWYCHHBIMU
BO3MOJKHOCTSIMU 3JIOpPOBBsSI (IO 3asBJICHHIO OOYYarolIerocs) MOTYT NpEJIaraTthCsi OJHH U3
CIICAYIOIIMX BApUAHTOB BOCHPUATHS HWHQPOPMAIMM C y4ETOM HMX HWHIUBUAYAIbHBIX
MCUXO(U3HIECKHX 0COOCHHOCTEH:

— IS JIAI C HApyUICHUSMHU 3PCHUS: B IMEYaTHOW (opMe yBEIUYCHHBIM mipudTOoM; B
dbopmMe SIIEKTPOHHOTO JOKyMeHTa; B (opme ayamodaiina (mepeBoj y4eOHBIX MaTepUaioB B
aynuodopmar); B medyatHoW ¢opme Ha s3bike bpaiins; MHIMBHIyalbHBIC KOHCYJIBTAIlMH C
MPUBJIICYCHUEM TU(IIOCYPIOTIEPEBOIUMKA; MHINBUIYyIbHbIC 3aJ[aHUsI U KOHCYJIbTAIINY;

— Ui Il C HapymIeHUSIMU CiIyxa: B MedaTHou ¢(opme; B ¢GopMe 3IEKTPOHHOTO
JOKYMEHTA; BUJEOMATEePHAIIbI C CYOTUTPAMK; MHINBUIyaIbHbIe KOHCYIbTAIIMH C MPUBICYCHUEM
CYpAOTIEepPEeBOIUHNKA; HHINBU Iya IbHbIC 3a/IaHUSI U KOHCYIIbTAIIUU;

— JUIsl WLl ¢ HApyHIIEHUSIMU OTOPHO-IABUTATEIBHOIO ammapara: B medyaTtHol (dopme; B
dbopMe DIEKTPOHHOTO JOKyMeHTa; B ¢opme ayauodaiiina, WHANBUAYAIbHbIE 3aJaHus U
KOHCYJIbTAIIHH.

B ciiydae HEO0OXOTUMOCTH WCTIOJIE30BaHUS B ydeOHOM nporecce
YaCTUYHO/UCKITIOUUTEIHHO JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTUM, OpraHu3alus
paboter IIIIC ¢ oOywarommmucs ¢ OB3 u wHBamugamMu mpeaycMaTpPUBAETCS B 3JIEKTPOHHOM
nH(pOpPMaIIMOHHO-00pa30BaTeNbHOM cpelle ¢ Y4ETOM WX WHAMBHIYaTbHBIX MCUXO(DHU3UIECKHX
0coOeHHOCTeH.
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