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1. KOHCIEKT JEKIIUA
1. 1 Jlexkuus Nel( 2 yaca).

Tema: «ArperaTHble COCTOSTHUS BEIIECTBA: CBOMCTBA HICATHHBIX U PEATbHBIX PACTBOPOB)
1.1.1 BonpochI jJeKIuM:

1. Xapakrepuctuka pacTBopoB. neanbHbie U peaibHbIe PaCTBOPSI.

2. CBoiicTBa HI€TBHBIX PACTBOPOB.

3. CBoiicTBa peasibHBIX pacTBOPOB. [IpenenvHblil 3akon [ebas-I rokkens
4. BydepHble pacTBOPHI U UX 3HAYCHHE.

1.1.2 KpaTkoe coaep:kaHue BONPOCOB

1. Xapakrepuctuka pacTBopoB. M ieanbHble U peanbHbIE PACTBOPSI.

PacTBOpBI — 3TO TepMOIMHAMHYECKHU YCTOMUMBBIE TOMOTE€HHBIE CUCTEMBI, IEPEMEHHOTO
COCTaBa, COCTOSILIME HE MEHEE YeM U3 JBYX KOMIIOHEHTOB. ['OMOreHHOCTb 00eCIeuMBaECTCS
PaBHOMEPHBIM pacIpe/ie]IeHHeM Ka)XJI0ro KOMIIOHEHTa B Macce JIpyroro B BHJE MOJEKYI,
aTOMOB U HMOHOB. [lepeMEHHOCTh cOCTaBa O3HAYAET, YTO COCTaB PacTBOpPa MOXKET HENPEPHIBHO
U3MEHATHCA B OMPE/ICIICHHBIX Tpe/eax.

IIo cBoell BHYTpEHHEH CTPYKTYype pacTBOpBI 3aHHMAIOT IIPOMEKYTOUYHOE IIOJIOKECHHUE
MEX1y MEXaHUYECKUMHU CMECSIMU U XUMHYECKHMMH coeAnMHEeHusMH. Kak MexaHuueckue cMmecH,
TaK U J11000M 00BbEM pacTBOpa UMEET TOT XK€ COCTaB, UTO U OCTajbHasl Macca. Boljenenue wim
MOTJIOLICHHE TETJIOTHI IPU 00pa30BaHUU PACTBOPOB YKA3bIBAET HA X CXOJICTBO C XUMUYECKUMU
coequHEeHUSIMU. OT XUMHYECKHX COCTUHEHUH PacTBOPHI OTIMYAIOTCS HEMOCTOSIHCTBOM COCTaBa,
OTCYTCTBUEM KpPAaTHBIX OTHOILEHHH, XapaKTepOM U BETMUUHON SHEPIruu cBsi3u. Tak, XuMudeckue
coeIMHEHUs1 OoO0pa3yloTcsl 3a CueT KOBAJIEHTHOM CBSI3M, a pPAacTBOpPbl — 3a CUET CialbIX
MEXXMOJIEKYJISIPHBIX CHIL.

B cooTBeTcTBHHM C TEpPMOIWHAMHYECKUMH CBOWCTBAMH DPACTBOPHI IMOAPA3ACISAIOT Ha
ujeanbHble U pealibHble. B oTnuune oT MeanbHBIX T'a30B HEaJIbHBIE PACTBOPHI CYLIECTBYIOT.
Hoeanvuvle pacmeopsi — 3TO PacTBOPHI, B KOTOPHIX CHJIbI B3aUMOAECHCTBUS MEXy MOJIEKYJIaMU
pasHOro BHJA paBHbl CHJIAM B3aMMOJACHCTBUS MEXJIy MoJeKyiaamu ojaHoro Buga. C
TEPMOJMHAMHUYECKOW TOYKM 3pEHHs] HICATBbHBIA PACTBOP OIpENeNseTcss Kak pacTBOp,
oOnajarolMii NpH TOCTOSIHHBIX 3HAYEHUSAX JaBICHUS U TEeMIepaTypbl CIEAYIOIUMHU
TEPMOJIMHAMHYECKUMH CBOMCTBAMHU:

1) o6pazoBaHue UACATBHOTO PaCTBOPA IPOUCXOIUT O€3 U3MEHEHUs 00beMa;

2) TernoBoi 3G eKT mporecca 00pa3oBaHUs HICATLHOTO PACTBOPA PaBEH HYIIIO;

3) B mporecce 00pa3oBaHMs HACATBHOTO PACTBOpA SHTPOIHUS YBEIUUYHBAETCS, YHEPIUs
['n06ca ymeHbI1aeTcs.

4) 5TH pacTBOPBI 00pa3yIOTCA U3 BEIIECTB, MOJIEKYJIBI KOTOPBIX CXOJHBI 10 MOJSPHOCTH,
M0 CTPOEHUI0, XUMHUYECKOMY COCTaBY (CMech O€H30J1a ¥ TOJyoa).

PacTBOpBI, U1 KOTOPHIX HE BBINOJHIETCS XOTA OBl OAHO M3 IEPEYUCIICHHBIX BBIIIE
YCIIOBUH, Ha3bIBAIOT HEUJCAIbHBIMHU, UIH PeaibHbIMU.

B 3aBUCHMMOCTH OT TOrO, 3JEKTPOHEHUTPAIBHBIMUA MM 3apsHKEHHBIMH YacTHIIAMHU
SIBIISTIOTCSI  KOMIIOHEHTBI PAacTBOPOB, WX TOAPA3ICISIOT Ha MOJEKYISIpHBIE (PacTBOPHI
HEDJICKTPOJIMTOB) M HOHHBIE (PACTBOPHI SJEKTPOIUTOB).

2. CBoiicTBa HI€TbHBIX PACTBOPOB.

Cesoticmea pacmeopog He21eKmpoIUuUmo8
- /lagnenue nacviuienno2o napa pacmeopumens Hao pacmeopom
OmnocumenbHoe noHudceHue 0asieHuss HACbIWeHHO20 Napa pacmeopumens Hao pacmeopom
PABHO MOJIAAPHOU 00J1€ PACHBOPEHHO20 euecmed 8 pacmeope



V1

Ap = po
1+ V2

V1 — YUCIIO MOJIEH paCTBOPEHHOIO BEILIECTBA;
V2 — YUCJIO MOJIEN paCTBOPUTEIS
Tonuoicenue oasnenus napa nPAMO RPONOPYUOHATILHO KOHYEHMPAyUU
pacmeopa
JIaHHBINA 3aKOH NPUMEHUM JUISl CUTbHO pA30aBNIeHHbIX PACHEOPO8 HEINeKMPOIUMOE, Y
KOTOPBIX V2 > V1. [To3TOMY V1 B 3HAaMeHaTene MOKHO npeHedpeus. Toraa:

V1 Ap V1
Ap = po — WM = S
v2 po v2
[ToHwmkeHre MaBleHUS HACBHIIIEHHOTO Mapa PACTBOPHUTENS HAJl PACTBOPOM HCIOJIB3YETCS
JUTSL OIIPEICIICHUS MOJIIPHOM MacChl paCTBOPEHHOTO BEIECTBA!
po M1 M2

M. =
Ap m2

- memnepamypa 3amep3anus pacmeopos — TO TeMIlepaTtypa, Mpu KOTOPOH JaBieHUE
HACBILIEHHOI'O Mapa HaJl KUJKOCTbIO CTAaHOBUTCSI PaBHBIM JIaBJIEHUIO HACBHIIIEHHOI'O Iapa Haj
KPUCTAIIJIAMH 3TOH JKUKOCTH.

PasHocTe Mexay Temmeparypoil 3amep3aHMsl YUCTOIO pacTBOPHUTENsS U PpacTBOpa
HA3BIBACTCS NOHUIICEHUEM MeMnepamypbl 3aMep3aHus pacmeopa

T30 - T3 = AT3

[lonmxeHue TemmepaTypbl 3aMep3aHusl 3aBUCUT OT KOHIEHTPAllMU pacTBOpa U
MOTYUHSETCS] BTOPOMY 3aKoHy Payus:

Tonusicenue memnepamypul 3amep3anus pacmeopa nPsmo nponoOPYUOHAIbHO
MOJIANLHOU KOHYEHMPayuy pacmeopa
AT;=E3 b

Es3 — xprockonuueckas nocrosiHHas (s Bojsl = 1,86 rpan - r / MoJb)

CrnocoOHOCTh ~ pPacTBOPEHHBIX  BEIIECTB  MMOHIDKATh  TEMIEpaTypy  3aMep3aHus
WCTIONB3YETCSl Ui Pa3jMyHbIX Ueied. MeTon HCcienoBaHus, OCHOBAaHHBIA Ha W3MEPEHUU
MOHIDKEHUS TeMIIepaTyphl 3aMep3aHusl, Ha3bIBACTCS KPUOCKOMHUEIA.

- memnepamypa Kunenus pacmeopa — >TO TeMIlepaTypa, IpU KOTOPOW JaBlIEHHE
HACBIIIEHHOTO Tlapa HaJl )KUJKOCTHIO PABHO BHEIIHEMY JIaBIICHUIO.

Pa3HOCTp A3THX BENWYMH HAa3bIBAECTCA MNOGbIUIEHUEM MeMNepamypbl
KUNeuust pacmeopos:
Tk - TKO =A Tk

[ToBpIllIeHNE TeMIlEpaTypbl KUIEHUS TaKXkKe 3aBUCHT OT KOHIIEHTpAIlMM pPacTBOpa U
MO TYUHSCTCS] BTOPOMY 3aKoHy Payuis:

Llosviwenue memnepamypuvl KUneHus pacmeopa npsamo nponoPYUOHAILHO €20 MOJAPHOU

KOHYeHmpayuu pacmeopa
ATk = Ex b

Ex — s0ynmnuockonudeckas noctostaHas (s Boasl = 0,52 rpan - T/ MOJb)

MeTton rccnenoBaHus, OCHOBAaHHBIN Ha M3MEPEHUU TIOBBIIICHUS TEMIEPaTyphbl KUTICHUS,
Ha3bIBAETCS 30y UIMOCKOIUE.

- Ouggy3ua — >TO CaMONPOU3BOJIBHBINA IPOLIECC PACHPENCIICHUS MOJEKYJ, aTOMOB,
MOHOB, KOJIJIOWJHBIX MHIIEJUT BCIEACTBHE HMX OECHOpSAOYHOrO TEIUIOBOTO JIBM)KEHHUS B Tasax,
KUJKOCTSX U TBEPJBIX BEIIECTBAX, MPUBOISIINNA K YCTAHOBICHUIO PABHOMEPHOW KOHIIEHTPAIIUN
0 BCEMY 00BEMY.

Juddy3us moquuHsSeTcs] IBYM 3aKOHaM, BBIBEJACHHBIM HEMEIKUM yueHbIM A. Dukom
(1855). TlepBwIif 3aKOH YCTaHABIWBAET MPOMOPIUOHATIBLHOCTh JAU(PPY3HOTO IMOTOKA YaCTHI]
IrpaJUeHTy MX KOHIIGHTpaluu. BTopoil 3akOH ONUCHIBA€T W3MEHEHHE KOHIIEHTPALNH,
oOycnoBiennoe nuddysueii.



AC
m=-DS _t_
AX

D — xos¢pdunment nuddys3un, paBHBINH KOJIMYECTBY BEUIECTBA, TUPGYHIUPYIOLUIETO 32
eIMHHMILY BpeMeHH dyepe3 | cM? MOBEpXHOCTH pasziena IIpH TPaJyueHTe KOHIIEHTPAIuH, PAaBHOM 1;
AC | AX — TpaayieHT KOHLIEHTpPAaLlMM B HANpPaBICHHUU MEPeHOCa (3HAK MUHYC O3HAYaeT, 4TO
nepeMenIeHIe BeleCTBAa MPUBOIUT K YObUTH KOHIIEHTPALIUH).

A. Diinmrreits 1 M. Cmonyxosckuit (1906) mis onpeaenenns kodpdumenta quddy3un
BBIBEJIU CJIEIYIOIIEE YpaBHEHUE

RT
D=
Nob67n"

No — urciio ABoranpo; I — paguyc 1upGyHIUPYOMUX YaCTHII.

- OCMOC ¥ OCMOTHYECKOE 1aBJIeHue

Ocmoc — 3TO OXHOCTOPOHHSAA AU(PPY3HsT PACTBOPUTENS HYepe3 MOTYNPOHHUIIAEMYIO
MeMOpaHy, OTAEJSIONIET0 PacTBOP OT YHCTOTO PACTBOPHUTENS WM PAacTBOpa C MEHbBIIEH
KoHIeHTpanuei. OcMoC MPOA0IIKASTCS 10 TEX MOpP, KOHIIEHTPALHs pACTBOPEHHOTO BEUIECTBA 110
00e CTOpPOHBI IEPEropoIKK HE CTAaHET OMHaKoBOH. To naBieHne, KOTOPOE HYKHO MPHIIOKUTH K
pacTBOpy, 4TOOBI MPUBECTH €0 B PABHOBECUE C YHCTHIM PACTBOPUTENIEM, OTICIEHHBIM OT HEro
MOJYIIPOHHUIIAEMON MEeMOPaHOI Ha3bIBACTCS OCMOTHYECKUM JaBJIEHHEM.

CymecTByIOT 3 MeTO/1a OTIpeieNIEeHUs] OCMOTHYECKOTO 1aBIICHUSI:

1) ocmomempuueckue memoOvl, THE TPUMECHSIOTCS CICHUAIBHBIC TPUOOPHI —
OCMOMETPHI;

2) naaszmonumuyeckue memoowvi. [Ipu HCIONB30BaHUM ITUX METOJOB OCMOTHYECKOE
JABJICHUE PAcCTBOP CPABHUBAETCS C OCMOTHYECKHM JABJICHHEM H30JMPOBAHHBIX JKUBBIX KJIETOK
KUBOTHOTO WJIM pacTeHuil. PacTtBopel ¢ 0ojee HU3KHMM OCMOTHYECKHM JIaBIICHHEM
(rumoToHMYecKHe), YeM B KIETKaX, MO-MHOMY OKAa3bIBalOT OCMOTHYECKOE jeiicTBHE —
pacTBOpUTENb Yepe3 MeMOpaHy MPOHUKAET BHYTPh KJIIETKH, €€ 00beM YBEIIMIHBACTCS, MEMOpaHa
paspbIBaeTCs U COAECP)KMMOE BBIXOAMT B cpely. Eciu KieTku mpeicTaBieHbl 3pUTPOLIUTAMH,
MIPOMCXOTUT IeMOJIN3 — TeMOTIIOONH BBIXOIHT B PACTBOP.

PacTBOpBI ¢ OCMOTHYECKHUM JIaBJICHHUEM, PABHBIM OCMOTHYECKOMY JABJICHHIO KIIETOK, HE
MIPOM3BOJIAT H3MEHEHUS 00beMa KIIeTOK. X Ha3pIBalOT H30TOHHMYECKHUMHM.

3) kpuockonuueckue unu d0yanuockonuueckue memoowl. 3axon Boiinsa-Mapuomma: npu
OO0HOU U MOU Jce memnepamype OCMOMUYECKOe OdGleHUe PA3IUYHbIX PACMBOPO8 NPAMO
NPONOPYUOHANLHO UX KOHYESHMPAYUU.

m/ci=m/c2

3axon [eii-J/lloccaka: npu 00HOU u Mou e MOJAPHOU KOHYEHMPAYuu OCMOMU4ecKoe
oasneHue npsamMo npoONOPYUOHAIbHO AOCOIOMHOU memMnepamype.

p1/p2=Ti/ T2

3akon Aeoeadpo: pacmeopvi pazHwiX 6ewecms OOUHAKOBOU MOIAPHOU KOHYEHMpPayuu
npU 0OUHAKOBOU MeMnepamype UMerom 00HO U Modice 0OCMOmuieckoe 0asieHue.

Eounviti 3akon  Bamm-T'oghgha: ocmomuueckoe oasnenue pacmeopa pasHo momy
2a3080My 0aeieHulo, Komopoe 0vi10 0bi, eciu Obl paAcMEOPEeHHOe Bewecmeo HAXOOUIOCh
2a3000pa3HOM COCMOAHUU U 3AHUMANO Obl 00BeM pacmeopa npu Motl e memnepamype.

n=CcRT

3. CBolicTBa peagbHBIX pacTBOPOB. [IpeaensHblii 3akon [edas-I tokkens

[lepeuncnennsie Bbimie 3akoHbl Baut-I'opda u Payns cnpaBeasuBel TOIBKO JUIS
UJCAIBHBIX PacTBOPOB, T.€. TAaKUX, B KOTOPBIX HET XUMHYECKOIO B3aUMOACHUCTBHSA MEXIY
KOMIIOHEHTaMH pacTBOPA, a TAKXKe AMCCOLMALMM WM aCCOLMALMU PACTBOPEHHOI'O BELIECTBA.
OmnbIT MOKa3aj, YTO y pacTBOPOB JIEKTPOJIIUTOB 00Jiee BHICOKOE OCMOTHUYECKOE AABIEHHUE, OHU
KHUIIAT P 00Jiee BHICOKOM TeMIiepaType 1 3aMep3aloT MpH 0oJiee HU3KOH TeMiepaType.



Ucxons w3 »atoro, Bant-I'ohd nmms pacTBOpOB 3JIEKTPOJUTOB BHEC IOMPABKY,
MOJYYMBINYIO Ha3BaHUE Kod¢pduyuenma Banm-I'oghgha vmm uzomonuyeckozo xkosppuyuenma

(i):

V1 i E; 1000 mz
Ap=ipo ——— AT; =
V1 + V2 Mim2
_ i Ex 1000 mz
n=1CRT ATk =
M1 mg

CMbIca 3TOr0 KO3(QUIMEHTa CTall SICEH MOCJe BBEJACHHUS TEOPHH AIICKTPOIUTHYECKOM
nuccounanuu C. Appenuycom. OCHOBHBIE MMOJIOKEHUS:

1. DnexTponutel 00JIAAAI0T CIOCOOHOCTHIO NPU PACTBOPEHHH JMCCOLMUPOBATH Ha
MPOTUBOIMOJIOXKHO 3apsHKCHHBIE YACTHUI[Bl — HMOHBI, 32 CUET K40TOPBIX YBEIWYHBACTCS YHUCIIO
YacTHll, BIUSIOLIEE HA OCMOTHYECKOE JaBJIEHUE, TEMIIEPATypy 3aMep3aHusl U KUIICHUS.

2. DIeKTpONUTHl MPH PACTBOPEHUHU AMCCOIMHUPYIOT HA HMOHBI HE MOJTHOCTHIO. Ymcio
YacTHUll, PacHaBIINXCS HA MOHBI XapaKTepU3yeTcs CTENEHblo aucconuanuu (o). OHa cBsi3aHa C
M30TOHUYECKUM KOIPPUIIMEHTOM CIIETYIOIUM COOTHOLIECHUEM:

i—-1
o=
n-1
N — YKCJIO HIOHOB, HA KOTOPBIE PacaaeTcsl MOJIEKYJIa JIEKTPOJIUTA

[IpyunHy OTKJIOHEHHUS PAaCTBOPOB 3JEKTPOJUTOB OT 3aKOHOB OOBsCHAIOT [lebait u
['tokkenb, koTtopbie B 1923 roay co3nany TeOPHI0 CHJIBbHBIX 3JIEKTPOJIUTOB (TpeebHbIi
3akoH [lebas-T'roxkkens: — II3/II'). CornacHo 3TOM TEOpUH B pacTBOpax CHUIIbHBIX 2JIEKTPOIUTOB
MEXJy MOHAMHU BO3HUKAET CHJIA IEKTPOCTATUYECKOTO B3aUMOJEHCTBUS U BOKPYI KaXKIOTO
MOHA rPyNNHUpYyeTcs U30bITOK HOHOB MPOTUBOIIOJIOKHOTO 3HaKa, KOTOPBIA 00pa3yeT BOKPYT HETO
UOHHYI0 ammocghepy. DTOT UOH SIBIISETCS LIEHTPAJIbHBIM U OJJHOBPEMEHHO OH MOXKET BXOJUTh B
COCTaB OJHOW WJIM HECKOJBKMX HMOHHBIX arMocdep Ipyrux HOHOB. Bce 310 00Opa3yer odeHb
CIIO)KHO€ B3aMMOJICHCTBHE MEXKIYy HOHAMH, KOTOPOE BIIMAET Ha PsJ CBOMCTB pPacTBOPOB
anektponuToB. WoHHas aTMmocdepa umeeT 3apsii, NPOTHBOIOJIOXKHBIA 10 3HAKY 3apsia
LIEHTPaJIbHOTO NOHA.

[InoTHOCTH WOHHOW aTMocdepbl 3aBUCUT: 1) OT KOHIIEHTpalMH pacTtBopa. Yem
pa3baBiIeHHEH pacTBOp, TEM MEHbIIE €€ IUIOTHOCTh; 2) OT Temmeparypbl. C TMOBBILIEHHEM
TEeMIEPaTypbl INIOTHOCTh HOHHOM aTMOC(ephl YMEHBIIAETCS 3a CUET YBEINUYEHHS] KHHETHYECKON
SHEPrUU UOHOB.

Nonnas atmocdepa BOKpYT Ka)KI0ro HOHAa OTPaHMYUBAET CBOOOY ABM)KEHMS MOHA, T.€.
YMEHBILAET CKOPOCTh €ro nepemenieHus. Cumia 3JeKTpocTaTUYECKOr0 B3aUMOJICHCTBUS MEXKIY
MOHAMHU TeM OOJIbllle, YEM MEHbILE PACCTOSHUE MEXIYy HUMH, T.€. 4eM OOJIbIlle KOHIEHTpalus,
U, B COI0 04€pe/Ib, TeM OO0JIbIIE TPOUCXOIUT OTKIOHEHHE OT 3aKOHOB.

Jlyig XapakTepUCTUKH MOBENEHUs pealbHbIX cucTeM JIbioncoMm ObLIO BBEAEHO MOHATHE
akmuerHocmu uoua (ai), KOTopoe SBIIETCS (QYHKIMEH ero KOHICHTPAllid B pacTBOpe |
OTIIMYAeTCs OT KOHLEHTPAallUd Ha MHOXHUTENb, KOTOPBIM Ha3bIBaeTCs Koapduyuenmom
aKmu6HOCMu.

ai=fi-ci (Ci=c-ni)

fi — KO PuLMEHT aKTHBHOCTH; Ci — KOHLIEHTPALUS HOHA; C — KOHIICHTPAIMs PacTBopa; Ni
— KOJINYECTBO JAHHOI'O MOHA.

Pacuer koa(duimenTa akTHBHOCTH MOHA MOXKHO TPOM3BECTH MCXOJS U3 €ro 3apsia u
MOHHOM CHJIBI pacTBOpa:

lgfi=-Az2V I
A — KOHCTaHTa, KOTOpas 3aBUCUT OT JAUNIEKTPUUYECKOW MPOHHUIIAEMOCTH U OT
TeMneparypsl (Ui BogHbIX pacTBopoB = 0,51); | — nonnas cuna pacteopa.



| =% Cizi?

M3 TI3/AI" cnenyer npaBUiI0 MOCTOSTHCTBA MOHHOM CHJTBI
Bo scex pazbasnennvix pacmseopax ¢ 00uHaKo80l UOHHOU CUNOU KOIDpuyuenm
AKMUBHOCTU CUTLHO2O DNIEKMPOIUMA 0OUHAKOS HE3ABUCUMO OM NPUPOObL INEKMPOIUMA.
4. BydepHbie pacTBOPHI U UX 3HAYCHHE.

BonpmmHCTBO KUAKOCTEH (KJICTOYHBIA COK, CIIFOHA) MMEIOT HEUTPaIbHYI WIH OIU3KO
HelTpanbHylo peakuuio. [IpudeM, Bce KUAKOCTH, 0COOCHHO KPOBb, MOYTH HE U3MEHsIOT pH mpu
J00aBICHUH HEOOBIINX KOJIMYECTB CHIILHOW KUCIOTHI WM MICIIOYH.

CBOMCTBO cHCTEMBI IPOTUBOCHCTBOBATh M3MEHEHUI0 pH npu g06aBieHnn KUCIOThHI TN
HIEeJI0YH, a TAK)Ke IPU HEOOIBIIIOM pa30aBlieHNU Ha3bIBacTCs 0y epHBIM JelicTBHEM.

PactBopbl, KoTOphIe OONamaioT OydepHBIM AelcTBUEM, HAa3bIBAIOTCS Oy¢epHBIMHU
pacTBOpamu.

Buns 6ydepHbix pacTBOpOB:

- ayemamHuuwli 0yhepuvili pacmeop — CMeCh YKCYCHOM KUCIIOTHI U alleTaTa HaTpus;

- aMMOHULHBIU OYGhepHblll pacmeop — CMECh TUIPOKCH]IAa aMMOHUS U XJIOpUAa aMMOHMUS;

- Kapbonammuwili OyghepHulll pacmeop — CMECh YroilbHOW KHCIOTHI U THIpoKapOoHaTa
HaTpUS;

- gochamnvui  Oyghepnvri  pacmeop — cMech ruapooprodocdara HATpUS U
auruapooprodocdara HaTpUsL.

BosbsMmewm aneratneiit 6ydep.

CH3COOH « CH3COO + H*

_ [H'][CH:COO]

n=

[CHsCOOH]
Bripasum [H*]
[CH5COOH]
[H*] = Kx
[CHsCOOT]
J10GaBUM B 3Ty KHCJIOTY COJIb — alleTaT HATPHs:
CH3COONa < CH3COO + Na*
[Ipu 106aBIEHUU COJNM B KHUCJIOTY PAaBHOBECHE CMEMIAETCS B CTOPOHY OOpa3OBaHUs
HEJMCCOLMUPOBAHHBIX MOJIEKYJ YKCYCHOM KHCJIOTBIL. IIpy 3TOM CTENEHb IMCCOLMALMU €€
ymenbmaercs. Torma,

[kucioTa]
[H] =K,
[comp] - a
15810
[KI/ICJIOTa] Vnenors
[H'] = K
[CO.]II)] * Veomn
[Iponorapudpmupyem

Ig [H'] = Ig K + Ig [kucnora] — Ig [comnb]
MEHsIEM 3HAKH
-1g [H] = - Ig K, - Ig [kucnora] + Ig [comns]
[conb]
pH=pK+Ig
[kucsoTa]



Ecnu B pacTBOpe NpUCYTCTBYET OCHOBAHUE, TO

[conb]
pOH =pK + Ig
[ocH]

Ilouemy npu pasbasnenuu ne mensemcs pH 6ygeprnoco pacmeopa?

Iycts B 1 1 pactopa mpu 25°C comepxurcs 1 Monb YKCYCHOM KHCIOTHI M 1 MOJb
anerara Hatpus. Paccunraem 3nauenue pH:

[comnb]
pH=pK+Ig
[kucioTa]

pH=4,756 +1g1/1=4,756

Paz6agnsiem B 10 pas. [Ipu 3ToM KoHIIEHTparws ymeHbInaercs B 10 pas

pH=4,756 +1g 0,1/0,1 = 4,756

T.e. mpu pa30aBieHUN KOHIEHTpAIUS COJU U KUCJIOThl MEHsieTcs OJHOBpeMeHHO. pH
Oydepa He U3MEHSETCA.

Nwmeetcs 1 1 auneratHoro Oydepa, coaepxkariero 0,1 Monb ykcycHo# kuciaotel u 0,1 Moinb
anerata Hatpus. pH = 4,756. JlobaBum k 11 3Toro Oydepa 0,01 MOnb COJSHON KHUCIOTHI
N3menuTtcs ou pH?

CH3COONa + HCI = CH3COOH + NaCl

pH =4,756 + Ig (0,1 - 0,01) / (0,1 + 0,01) = 4,669

[Tpoucxonut He3HauuTenbHOE M3MeHeHHe pH pacTBopa mpu 100aBIEHUH HEOONBIIMX
KOJIMYECTB KUCIIOTBHI.

[Ipenen, B koTtopoM mposiBisercss OydepHoe nelicTBHe, Ha3biBaeTcsa OydepHoit
€MKOCTBIO.

bBydepHasi eMKOCTb — KOJIMYECTBO BEIIECTBA SKBHUBAJIEHTA CUJIBHOW KHUCIOTHI HIIH
CHJIBHOTO OCHOBaHMs, KOTOpOE HYKHO 7100aBUTh K 1 11 OydepHOro pactBopa, YToObl BEIMYMHA

pH n3menunacey Ha enuHULYY.
CKl/lC.J'l VK}‘[CJ’I

Vﬁ.p-pa (sz - le)
pH2—pH1=1

3HaueHnue Oy(epHBIX pACTBOPOB

Bydepnble pacTBOpel HCHOJB3YIOTCS B JIaDOPATOPHOM MpPaKTUKE, KOTJa MPUXOAUTCA
HOJ/IEP)KUBATh TIOCTOSIHHBIM 3HaueHue pH cpexapl (MpH BBIpAIIMBAHUU KYJIbTYPHI OakTepHuu); B
KayeCcTBEe CTaHJAPTHBIX PACTBOPOB HMCIOIB3YIOTCS MPU KOJOPUMETPUUYECKOM ompeneneHuu pH;
PETYJINPYIOT KUCIOTHOCTh KPOBHU U KJIIETOUHOT'O COJIEP’KUMOTI0; CO3A0T ONITUMAJIbHBIE YCIOBUS
JUIst paboThl (DEPMEHTOB U TOPMOHOB.

1. 2 Jleknus Ne2( 2 gaca).

Tema: «OcHOBEI TEPMOXUMHHU U TEPMOANHAMHUKHU XUMHUYCCKUX ITPOLECCOB.»
1.1.1 Bonpocel Jieknum:

1. OcHOBHbIE TOHATHS U ONIPEICICHUS
2. Pabora pacmmpenus uaeaibHOTO Ta3a
3. IlepBbIil 3aKOH TEPMOJUHAMUKH U CJICICTBUS U3 HETO

4. Bropoii 3aKOH TEpMOANHAMUKH



5. Tepmoxumus. 3akon ['ecca
6. 3aBUCHUMOCTb TEIUIOBOTO AP PeKTa OT TEMIEPATyphI
1.2.2 KpaTtkoe coaep:kaHue BONPOCOB

1. OcHoBHBIE IOHATHA U OLPEAEICHUS

TepmoauHaMUKa — HAYKa, U3YYAIOWAA B3AUMHbIE NPEGPAUEHUS DA3TUUHBIX 6UO008
9HepaUulU, CEA3AHHbIE C NepPexo00M dHepIUuU Medlcoy menamu 6 opme meniomsl U pabomol u
YCMAaHABIUBAIOWASL 3AKOHbL IMUX NPEEPAUeHULL.

OCHOBHBIM OOBEKTOM B HCCIIEZIOBAaHUM TEPMOJMHAMMKH sBIsAeTCs cuctemMa. Cucrema —
3TO TEJO, WM COBOKYIIHOCTH Te€J, OOOCOOJEHHBIX (U3MYECKMMH WM BOOOpakaeMbIMU
IpaHUIlaMU  pa3fena oT okpyxkawomed cpenpl. CoCTOSHHE CUCTEMbI XapaKTepU3yeTcs
TEPMOJIMHAMHUYECKUMH TapaMeTpaMu U ¢yHkuusmu. K napamempam cocmosnus OTHOCST
IIEpEMEHHbIE BEJIMYMHBI, KOTOpbIE HEMOCPEJICTBEHHO MOIYT OBbITh 3aJaHbl U W3MEPEHBI:
Temreparypa, oowem, nmaeinenue. K mepmoounamuueckum Gyukyusm OTHOCIT TEPEMEHHBIC
BEJIMYMHBI, 3aBUCAIIME OT I1apaMeTPOB COCTOSHUS, KOTOPbIE HE MOI'YT ObITh HENOCPEICTBEHHO
FIBMEPEHDBL. ..ttt ettt et ettt et et et et et

Buytpennss sueprus. Temnora. Pabota

2. Pabota pacmmpeHus uaeairbHOTO ra3a

PaccmoTpuM, Kakyro paboTy MOXET MPOM3BOJIUTh UJICAIbHBIN Ta3 MPU €ro PaCHIUPCHUN
B PE3yJIbTaTe Pa3InYHBIX IPOIECCOB.
H3zoxopuwiii npoyecc: A =pAV,AV =0, A=0
[Tpu n30xopHOM TIporiecce paboTa pacIMpeHns ra3a paBHa HYJIIO.
H3z06apnuviii npoyecc: A =pAV,
A=p(V2- Vi)
win A =p(V2— Vi), pV =RT;
A=R (T2-Ti)
IIpu wu300apHOM Tpoliecce paboTa ra3a TMPOTUB BHEIIHErO JaBJICHHUS paBHA
NIPOM3BEACHUIO TaBIICHHUS HA H3MEHEHUE 00beMa.
Hzomepmuyeckuil npoyecc: V>
A=pAV,p=RT/V;A=RT[dV/V =RT In V2/Vy,
Vi1
A=v2303RTIgVz2/ V1

A=v2,303RTIgPi/P;

3 IlepBelii 3aKOH TEPMOAVMHAMUKY U CIEACTBUS U3 HETO
Tennoma, nepedannas cucmeme, UOem Ha yeaudeHue ee 6HympeHHel SHepeun U Ha
cosepuienue pabomsl CUCEMOT NPOMUE BHEULHUX CUL
Q=AU+A
4. Bropoii 3aKOH TepMOANHAMUKHI
Heso3mooicen camonpoussonbHulii nepexoo menionmsl Om X0J100H020 Menad K 20pAuemy

CMBICT BTOPOrO0 3aKOHa TEPMOJMHAMMKHM TakXe COCTOUT B TOM, YTO JIHO0OM
CaMOIIPOU3BOJIbHBIN MPOLECC MPOTEKAeT B HANpaBICHUIH, NP KOTOPOM CHUCTEMa W3 MEHee
BEPOSITHOT'O COCTOSIHUSI MEPEXOJUT B Oosiee BeposiTHOe. VHaye roBops, caMONpOU3BOIBHOMY
MIPOTEKAaHUIO Ipollecca CIOCOOCTBYET YBEIMYEHUE HEYHNOPSAIOYEHHOCTH B CHCTEME, Mepoil
KOTOpOU sBIsieTcst IHTponus (S).

5. Tepmoxumus. 3axkoH ['ecca

Tepmoxumusi — pazgen (Qu3MUECKOW XHMUHM, HW3YYAIOUIMHA TerioBble 3P (EeKThI
XUMHYECKHUX PEaKIUM.

Tennosoti 3¢pghexm xumuyeckoul peakyuy — KOIUUYECTBO TEIUIOTHI, KOTOPOE BBLACISAETCS
WIX MOTJIOIIAETCS IPU XUMHUYECKOH peakuuu. [Ipy 3ToM 10KHO cOOI0aThCs YCIOBHE, YTOObBI
cucTeMa He COoBeplllaia HUKAKOM paboThl, KpOME pacIIupeHusl.



OCHOBHBIM TIOCTYJIATOM TEpMOXUMHUHM siBsieTcss 3akoH I'ecca (1840), mo3Bosstromuii
TEOPETUYECKH BBIUYMCIIUTH TEIIIOBOH A(P(PEKT XUMHUUECKON PEaKIIUU:

Tennosoti a¢hghexm peakyuu 3a6ucum om HAYATLHO2O U KOHEYHO20 COCMOSIHUS 8eUecms,

U He 3asucum om nymu nepexood.
J11s BBIYMCIICHUS SHTAIBIIMKU 00pa30BaHUs PeaKIMK, HEOOXOUMO:
AH2980 (pealcmm) = Z (l) AHZQBO)HpOJIyKTOB p-uum - Z(l) AH2980)ucx. B-B

6. 3aBUCHUMOCTbH TEIUIOBOTO AP PeKTa OT TEMIEPaTyphI

3aBUCUMOCTh TerioBoro 3ddexra oT TemmepaTypsl BliepBble BbiBeaeHa Kupxrodom B
BUJIC 3aKOHA

TemnepamypHhuiii k03phpuyuenm meniosoeo s¢hghexma pasen pazHocmu CyMmapHuLx
MOAPHBIX MENN0EMKOCHeEl HAYATbHBIX U KOHEYHbIX 8eUjecme
AQ / AT = Cpear - Cnpon

CrocoOHOCTh ~ BELIECTB  MOIVIOIIATh  TEIUIOTY IPU  HAarpeBaHUU  HA3bIBAIOT

TEeNJI0EMKOCTHIO.
Temnoemkocts (C) — 3TO KOJMYECTBO TEIUIOTHl, HEOOXOAMMOE Ml HarpeBaHust 1 r
(yaenbHasi TEIUIOEMKOCTb) WK 1 MOJIb (MOJISIpHAs TETNIOEMKOCTD) BemiecTBa Ha 1 K
c=Q/AT

1. 3 Jlekuusa Ne3( 2 gaca).

Tema: « Xumnueckass kudetrnka Karamus. QoTOXUMUA.».
1.3.1 Bonpocs! Jekuum:

1. CkopocTh XMMHYECKOM peakiuu
2. ®aKTOpHI, BIUSIOUINE HA CKOPOCTh XUMUYECKOU PEaKIUu:

a) MpUPO/Ia PEarupyroNuX BEIIECTB;

0) KOHIIEHTpAIUs pearupyrolnx BeLIeCTB;

B) TEMIIEPATYpa;

1.3.2 Kparkoe coaepxxaHne BOIIPOCOB

1. CkopocTh XMMHYECKOH peakuuu

XuMnueckasi KMHeTHKa — pas3zien (Qu3nueckod XHMMUH, MPEICTABISIOMMUNA CcOOOM
yU4€HHE O XUMHYECKHMX peaKkIusiX, 3aKOHaX MX IPOTEKaHHsT BO BPEMEHM, CKOPOCTAX U
MexaHu3Mmax. [log CKOpPOCTBbI0O peaknMM IOHMMAarT H3MEHEHHE KOJMYECTBAa BEILECTBA B
eAnHHIle 00beMa B €AMHHILy BPEMEHHM WM W3MEHEHHE MOJIIPHOW KOHUEHTpPaluu B €AUHUILY
BPEMEHHU

v ==xAv/V ‘At = tAc/AT

2. @akTOpHl, BIUSIONME Ha CKOPOCTh XUMUYECKOW pEeaKIun

DKCIEepUMEHTAIBHBIC HCCIICIOBAHUS TIOKA3aJld, YTO CKOPOCTh PEAKIUU 3aBHCHUT OT
MHOT'HX (paKTOPOB:

a) npupoovl peazupyrowux eewjecmes (TUI XUMUYECKOU CBSI3U);

0) xoHyeHmpayuu peazupyrowux ewjecms. ITa 3aBUCUMOCTb BBIPAKAECTCS 3aKOHOM
JCHCTBYIOIMX Macc: V = K ¢a? - csP — KHHeTHYecKoe ypaBHeHnue. Beanuunsl a v b Ha3pIBarOTCS
YaCTHBIMU TMOPSIKAMH PEeaKIMu 1o BemecTBaM A u B, a cymma n = a + b — oOum mopsiakoM
peakuuu.

Iopsimok peakuMu — 3TO CyMMa [OKa3aTeJed CTENEHEd IpU KOHUEHTpALUUSIX B
KMHETUYECKOM YPaBHEHUH PEAKIIMH.

Peakyuu nepgoco nopsdka — 310 peakuuu, B KOTOPBIX 3aBUCUMOCTh CKOPOCTH PEaKIINU
ONUCHIBAETCS KHHETUYECKUM YPAaBHEHHEM MOHOMOJIEKYIISIPHBIX PEAKIIUH.
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2,303 Co

k= -lg
T1/2 C

MoHOMONEKyIsIpHBIE PEaKUUH — 3TO PEAKUUU, B OTIEIBHOM 3JIEMEHTAPHOM aKTe
KOTOPBIX Y4aCTBYET OJJHA MOJIEKYJIA.

Peaxyuu emopozo nopsioxa — 310 peakiuu, B KOTOPbIX 3aBUCUMOCTb CKOPOCTH PEaKIuu
ONMCHIBAETCS] KHHETUUYECKUM YPaBHEHUEM OMMOJIEKYJIPHBIX PEaKLUM.

1 X
k=—- lg —
t C-Co

X — KOJIMYECTBO MPOPEArupOBABIIETO BEIIECTBA K MOMEHTY BPEMEHHU.
Ecnu Ca # ¢s, TO

2,303 | CB(Ca - X)

t (Ca - CB) : Ca(CB - X)

Ca, Ce — HAYAJIbHBIE KOHILIEHTpALMK BewecTB A u B.

Peaxyuu mpemvezo nopsoka — 310 peakiuy, B KOTOPbIX 3aBUCUMOCTb CKOPOCTH peaKLuu
OIMCHIBAETCS] KWHETUYECKUM YPaBHEHUEM TPEXMOJIEKYJIAPHBIX PEAKLIMH.

Monexynaprnocmo eviuie mpex Oblmv He MOJCEN.

Peaxyuu nyneeoco nopsaoka — 3T0 peakliuy, B KOTOPbIX CKOPOCTb IOJBOJIA pearupyroIux
BEIIECTB BO MHOTO pa3 0OJIbIlIe CKOPOCTH XMMHUYECKOTO B3aUMOICHCTBHSI.

-de/dt =k c°
k=co/2t12

T1/2 — IEPUOJ ITOJTypacnaja.

Ilepuon nomypacnana — 3T0 BpeMs, B TCYEHHUE KOTOPOIO IPEBPAIACTCS POBHO IOJOBUHA
B35TOT0 KOJIMYECTBA BEILIECTBA.

CKOpOoCTh TakMX peakUUil MOCTOSIHHA M HE 3aBUCUT OT KOHLEHTPALUU PEArupyrOLUX
BEIIECTB.

B) memnepamypa. JTa 3aBUCHUMOCTb onucekiBaeTcsi mpaBuwioM Baut-T'odda: npu
yeenuuenuu memnepamyput na kaxcovie 10°C ckopocme xumuueckoti peakyuu y6enuuusaemcs 6
2 — 4 pasa.

-t
vz=v1-y 10

3akoH JeHncTByromux Macc. Teopusi Appenumyca. OH cunTan, 4TO K XHMHYECKOMY
B3aMMOJEHCTBUIO IPUBOJUT CTOJIKHOBEHHUE TOJBKO aKTUBHBIX MOJIEKYJ. COOTHOIIEHHE MEXIY
KOHCTaHTOM CKOPOCTH PEaKIWH, YaCTOTOM CTOJIKHOBEHWW W JI0JE€H AKTHUBHBIX CTOJIKHOBEHUM
ONMCHIBAET ypagHeHue Appenuyca

- Ea
RT

k=Ze
I/I3 ypaBHeHI/I}I BHUOHO, YTO A0JAd aKTHBHBIX CTOJ‘IKHOBCHI/Iﬁ TCM 60J‘IBIJ.I€, YcM MCHBIIIC
BHepFI/ISI AKTUBAIIlUU U YCM BBIIIIC TeMnepaTypa.

2,303 R Ig k2 / k1
1/T1-1/T2

Ea=

11



1. Karaiutuueckue peakuuu. ['oMOTeHHBIN ¥ TeTepOreHHbI KaTaau3. MexaHu3M Katajinza.

ABTOKaTaIn3.

Karanu3om Ha3bIBAIOT sIBJIeHHEe H3MEHEHH e CKOPOCTH pC€aKIM4 B IPUCYTCTBUU BCIIIECTB
KaTaJIu3aTopoB.

Karaqm3atop — 310 BemecTrso, B3aUMO/IeliCTBYOLIee C MOJIEKYJIaMHU
pearupyoummx BemecTB, H3MeHsII0Iee CKOPOCTh XUMUYECKOH peakuuu U
BblJIeJISIIOIIEECs] HA MOC/IeAYIOIMX CTAANAX B XHMHYECKH HEU3MEeHEHHOM BHIe.

Pealcmm, MNPOTEKAKIIHUE C YIACTHEM KAaTAJIU3aTOPOB, HA3BIBAIOT
KaTaJIUTHYCCKHUMMU.

A+B+K —> [(A+tB)K] —> C+D +K

A
SHeprus

|:aKTVIBI/IpOBaHHbII7I:|
KOMMINEKC

KoopauHaTa
peakuuu

. CHIKeHHe SHEPriuH aKTHBALIMHU TPU KaTATUTHIECKON peakiiny.

Karaintnueckue peakiiuy 4pe3BbIYaliHO PACIIPOCTPAHEHBI B Iprpoie. MHOTHE U3 HUX
KaTaJIM3upyroTcs pepmeHTamu ((pepMeHTaTUBHBIN KaTtanu3). KaTanutuueckue nmporeccsl
LIMPOKO HCIIONB3YIOTCS B POMBINIIIEHHOCTH. Hanpumep, npon3BOACTBO a30THOM, CEPHOU
KHCJIOT, aMMHUAKa, [TOJIy4YEHUE CUHTETUYECKOT O KaydyKa.

BnusHue Kkartanmu3aTopoB Ha CKOPOCTh XHMHUYECKOW peaklM B OCHOBHOM
3aKJIF0YAETCS B OCYLIECTBIEHUHN IIPOLIECCA, SHEPTHSI AKTUBALUM KOTOPOT'O HUXKE, UEM DHEPIHS
aKTHBAllMM, COOTBETCTBYIOIIAs HE KaTajau3upyeMoil peakiuu. Kpome Toro, xataimzaTopbl
YBEJIMYMBAIOT JHTPOIHUIO AaKTHBAllUM, T.€. CIOCOOCTBYIOT OpHEHTALUU MOJEKYI B
IPOCTPAHCTBE, YA0OHOH U1l XMMUYECKOTIO B3aUMOJIEHCTBUS.

Karanuzaropamu MOTyT OBITH ATOMBI, MOJICKYJIbI, HOHBI.
OCHOBHBIE 32aKOHOMEPHOCTH KaTaau3a:

1. Karanuzarop akTHBHO, 32 CUET XMMMUYECKHUX CBS3€H, y4acTBYET B JJIEMEHTApPHOM aKTe
peakuuii (00pa3yst aKTUBUPOBAHHBIN KOMILIEKC).
12



2. VYudactue KaTanu3aTopa B peaKkIUH HE OTPAKaeT Ha CTEXHOMETPHUYECKOM YPAaBHEHHH.
3. Karanmzarop o0namaer u30HpaTeNbHOCTHIO (CHEMU(PUUHOCTHIO) NCHCTBUS, T.€. OH MOXKET
U3MEHSITh CKOPOCTh OJIHOW PEaKLUH U HE BIUATH Ha CKOPOCTbH JAPYTOM.

Hamnpumep

RHy— CHp—OH 2% oy CHy +Hy0
673 K

NHz—CH,—OH i» CH3—C//O+ Ha
673 K \H

Cretn(uaHOCTD ACHCTBHSI OCOOEHHO CHUIIBHO MPOSBISETCS Y (PEPMEHTOB, KOTOPBIC
ABIIAIOTCS OMOIOTUYECKUMU KaTaIU3aTOPAMH.

4. JleiicTBUe Karaqu3aTopa CBOJMUTCS K TOHIDKEHUIO DSHEpruu aktupanuu. Hebombiioe
W3MEHEHUE HHEPruy aKTHBAlUMU MPUBOAUT K 3HAYUTEIBHOMY YBEIMYEHHUIO CKOPOCTH
peakuuu (Ha HECKOJbKO nopsaakoB). Hampumep, TepMuyeckoe pasiokeHue aleTaibieruia
CH3CHO — CH4+CO karanu3upyercs mopamH Hoja, YTO BbI3bIBAET CHM)KEHHUE DHEPIUU
aKTUBALUU Ha =~ 55 kJ[>k/MOJIb. DTO CHUKEHHE BBI3bIBAET YBEIIMYCHHE KOHCTAHTHI CKOPOCTHU
B 10000 pas.

5. Karanuzatop He BIHsSET Ha TMOJOXKEHHE TEPMOJWHAMUYECKOTO paBHOBECHs, T.€. Ha
3HAQ4YEHUE KOHCTAHTHI PAaBHOBECHS, T.€. B OJJMHAKOBOW CTEIICHU U3MEHSAET CKOPOCTH MPAMOMN
¥ 00paTHOM peakluy TOJbKO YCKOPSIET HACTYIJICHUE PABHOBECHSI.

6. Ilpm pmobGaBleHMHM HEKOTOPHIX BEMIECTB, HA3bBIBAEMBIX MPOMOTOPAMHU, AKTUBHOCTh
KaTaJlnu3aTopa pacTeT; 100aBIeHNe )K€ HHTHOUTOPOB YMEHBIIAET CKOPOCTh PEaKIUH.

Paznmuygarort:
TOMOTEHHbIN reTeporeHHbI thepMeHTaTUBHbI
KaTanus Katanus Katanus

I'oMOreHHBIM HA3bIBACTCS TAKOM KaTalli3, KOT/Ia KaTaJIM3aTop U BCE pearnpyroliie BelecTBa
COCTaBJISIOT OJHY OOIIyIO (ha3y.

K reTeporeHHbIM OTHOCST KaTaJIMTUYECKHE TPOIIECCHI, TPOTEKAIONINE HA TPAHUIIE pa3zena
ha3 T-T 1 TK .

i
i
»ﬁ\t @epMeHTHI ( JH3MMBI - Tped. «3H» - BHYTPH, «3UM» - 3aKBACKA) - 0HOJIOTHYeCKHe KATAJIN3aTOPbI
0eJIKOBOIl TNPHPOJBI, KOTOpPble 00pa3ylTcsi B KHUBBIX KJIETKAX M 00JIaJal0T CIOCOOHOCTHIO YCKOPSATH
XUMH4YeCKHe mpoueccbl B opranu3me. I[laBiioB HazBan ¢epMeHThl HCTHHHBIMH [BHIATeJIsIMH BCeX

KHU3HCHHBIX MPOLECCOB.

2. DOTOXNMHUUYKCKHE PEAKIIHH.

Peakuuu, npoxozsiye noja AeWCTBUEM CBETa, HAa3bIBAIOTCA (POTOXUMUYECKUMHU, a pa3ien
XUMHUH U3yYalOIINi 3TH peakuuu — GOTOXUMHUEH.

B ocHOBEe (OTOXMMHUYECKHX PEAKIIUii JISKUT MOTJIONICHHE MOJIEKYJIaMi KBaHTa cBeta hv
¢ 06pa3oBaHIEM PEAKIMOHHBIX 4acTHII (ocTosHHAs Tianka h = 6,6268-10 34 Jx/c, v - uactora
KoJIeOaHUs CBETa

[Tpumepsl: cMech Ta30B BOAOPOAa U (hTOpa Ha CBETY B3PbIBACTCS, aMMMAK pa3jlaraeTcs
Ha BOJIOPOJ U a30T, OpoMuj cepeOpa paziaraercs ¢ BbIIEICHUEM METAIIINYECKOro cepedpa.
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Peakmuu, mporekarorue moa JeHCTBUEM HM3IyYeHHUU BBICOKUX DHEPTUi (Y U3IydeHHE,
PEHTTEHOBCKOE H3JIyY€HUE W T.J.) Ha3bIBAIOTCS PaJMAlMOHHO-XMMHUYECKUMU — paJualliOHHAs
XUMHUSL.

B ocHoBe (QoToxmMHUYECKHX MpOIeccoB Jexar aBa 3akoHa. CoriacHo mepBoMy,
chopmynupoBannomy ®@.U. I'porrycom (1817r):

XHMHYECKOE MTPEBPALLIEHUE BBI3BIBAET TO U3IYUEHUE, KOTOPOE MOIJIOIIAETCS BEIIECTBOM.

OTpakeHHBbIE BEIECTBOM JIy4d, a TakKe IMPOLICAIINE CKBO3b HEr0 HE BBI3BIBAIOT
HUKaKUX XUMHYECKUX MPEBPaIICHUH.

Bropoii 3akoH (oroxumum, npemioxer DitHmTeirHOM (1912): Kaxaplii mOTIOMEeHHBINA
kBaHT cBeTa (NV) BbI3bIBACT MPEBPAIICHUE OHON MOJICKYJIBI.

OTOT 3aKOH HA3bIBAIOT 3aKOHOM (DOTOXMMHUYECKON HKBUBAJICHTHOCTH U MaTEeMaTHYECKU
BBIPAXKAIOT B BUJIE:

E

hv
E — KOJIN4€eCTBO MOIIOIIEHHOM CBETOBOM SHEPIHU
Np — YKCIIO MPOPEATUPOBABIIMX MOJICKYIT
Ng — YMCIIO TOTJIONIEHHBIX KBAHTOB
DUHINTENRH MOCTYIMPOBAIL, YTO BCSA SHEPTHUs KBAHTa COOOIIAETCS IIPH MOTJIOMIEHHH CBETa

n, =n,

OJIHOMY-EIMHCTBEHHOMY JJICKTPOHY, BCIEJACTBHE YEro 3TOT SJEKTPOH MOJHMMaeTcs Ha Oolsee
BBICOKHI HSHEpreTHYecKuil ypoBeHb. UTOOBI Iyyllle MOHSATh MPOILECC IMOIVIONICHHUS CBETa,
HE00XO0IUMO PacCMOTPEThH POJIb 3JIEKTPOHOB B aKTE MOIJIOIIECHHUS.

DOoTOXUMHUYECKAsI PEAKIIHS C KBAHTOBBIM BBIXOJIOM Y >> 100BIYHO MPOTEKAIOT 110 MEXAHU3MY
LIEHHBIX IPOLIECCOB, /1€ KBAaHTHI CBETA 00Pa3yIOT MEPBUUHYIO BO30YXKIEHHYIO YaCTHILY,
KOTOpasi 1ajiee CO34acT LEb.

Tak ¢ y~50 ocymecTBisgercs poroxummuueckuii pacrag H20:
H202 + hv —> OH-:

H202 + -OH —— HO,- + H,O +116,2 x/Ix

H20, + -HO, —— H20 + O2 + OH- + 83,7 xJIxx

HO2: + -OH —> 0O + H.0 + 305,6 x/Ix

B 1964r. JI.Baut — T'od¢d ycTaHOBHI KOJMYECTBEHHYIO 3aBUCHUMOCTb MEXAY CKOPOCTBIO
(OTOXMMHYECKUX PEAKINI M KOJTHYECTBA MOTJIOMIEHHON SHEPTHH.

KonnyecTBO XUMHUECKH M3MEHEHHOTO BELIECTBA MPOMOPIMOHAIBHO IOTJIOMIEHHOW CBETOBOM
DHEPTHUH.

CkopocTh (OTOXMMHYECKMX pEeaKIUil 3aBUCUT OT KOHIEHTpPAallMd U TPOINOPIHOHAIbHA
KOJINYECTBY MOTJIOMIEHHON YHEPTUHU H3ITydSHHSI.

CoracHo 3aKOHY JIaM6epTa — Eepa MCKOY HNHTECHCHUBHOCTBIO |0 ImagaroIicro
MOHOXPOMATHYECKOI'0 CBETAa U MHTCHCHUBHOCTHIO CBETA | , IPOMICAUICTO YE€PE3 clou BCIIIECTBA.
1=1 0-e -gel

C — KOHIIEHTpAIHXS BENIECTBA MOJIB/JT
| — TommmAa ciost
€ — MOJISIPHBINA KOA(DPHUITUEHT TOTIIOIIECHUS
KonmuecTBo MOToneHHoM SHEPTUHN MPOTOPIIHOHATBHO Pa3HOCTH
lo—1=Al
I=1lo-lop-e!
CxopocTh (hOTOXMMHUYECKHX PEaKIUi MPOMOPIIMOHAIbHA HHTEHCUBHOCTH JCHCTBYIOIIETO CBETA
U PacTeT C POCTOM KOHIICHTPAIIMH BEIIECTBA U JUTMHBI ITYTH JIyda CBETa B pa3Mepe.
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1. 4 Jleknus Ne4( 2 yaca).

Tema: «D1eKTPOIIPOBOIHOCTE PACTBOPOB NIEKTPOIUTOB. DICKTPOXUMHUS )
1.4.1 Bonpocs! JieKuum:

1. DneKTpONpPOBOIHOCTH PACTBOPOB AIEKTPOIUTOB

. Bnusinue paz0aBieHus Ha MOJIAPHYIO 3JEKTPOIPOBOAHOCTh

. [IpakTryeckoe npruMeHeHue IEKTPOIIPOBOJHOCTH

. Yuenune 06 D/1C rabBaHUYECKOTO JIEMEHTA

. Cxauok moTeHIIMala Ha TPAHUIIE «METaJUT — PaCTBOP»

. Onpenenenue AIEeKTPOAHBIX TOTEHIIUATIOB. Y paBHeHue HepHera

. Kitaccudukanms smekrpoaon

coO N oo o A WD

. KoHnenTpanuonssle ranbBaHUUECKHUE HJIEMEHTBI
9. IloTeHIMOMETpHUECKUI MeTO ] onpeaeneHust pH
1.4.2 KpaTtkoe coaep:kaHue BOIIPOCOB

1. BAEeKTPONPOBOAHOCTH PACTBOPOB IIEKTPOIUTOB

DnekmponposoOHOCHb — 3TO CIIOCOOHOCTH BEIIECTB MPOIMYCKATh JEKTPUIECKUNA TOK MO
JIEHCTBUEM 3JICKTPUUECKOTO HAMPSIKEHUSI.

CBOICTBOM IMPOBOJUTH 3IEKTPUUECKUN TOK 00J1aJal0T MPOBOAHUKU | poja (MeTaisbl,
rpadgut) W TPOBOAHMKH 2 poja (PIEKTPOIUTHI B BOJHOM pAcCTBOPE U B PACIUIaBICHHOM
COCTOSIHUM).

DONEeKTPOIUTHl — 3TO BEIECTBA, MPOBOJAIIME 3JIEeKTpuueckuit Tok. Kak u3BecTHO,
MPOBOJHUK, 110 KOTOPOMY TEYET DJIEKTPUUYECKHHA TOK, MPEICTABISET IS HErO OMpEeeIeHHOe
CONIPOTHBIIEHUE.  Y[eJbHasi  3JIEKTPONPOBOJIHOCTb —  BJIEKTPONPOBOJHOCTH  OJIHOTO
KyOM4ecKOro MeTpa pacTBOpa dIEKTPOJINTA, 3aKITFOUEHHOTO MEX/TY IJIATUHOBBIMH JIEKTPOIaMHU
¢ momaneo B 1 M? M HAXOAAMMXCA HA PAcCTOSHUM | MeTpa.

L=yS/I

| — paccrostHre MeX Ty DIIEKTPOIaMH, S — IUIOIIA/b SJIEKTPOA.

Dakmopyl, erusOWUe HA YOETbHYI0 21eKMPOnpo80OHOCHb

- NpUpOOa 1eKMpoaIUMa U pacmeopumeis

- KOIUYecmeo UoHo8 8 eouHuye oovema pacmeopa (Ci = Cppa Ni o). YeM OoJIbIIE HOHOB,
TeM OOoJIbIIe .

- CKOpOCMb 08UdCEHUS UOHO8. - MeMnepamypa pacmeopd. - 3apso uoHa. Yem Bblllie
3apsij1, TeM OOJble KOJIMYECTBO AIIEKTPUUYECTBA MEPEHOCUTCS C OJJHOTO AJIEKTPOa Ha JPYrou,
TEM BBIIIIE JIEKTPOTIPOBOTHOCTD.

2. Bnusiaue pa3baBieHus: Ha MOJIIPHYIO DJIEKTPOIIPOBOTHOCTD

Moasippasi (3KBHBAJIEHTHAs1) 3JIEKTPONPOBOJHOCTb — 3TO 3JEKTPOIPOBOJHOCTD
pacTtBopa, conepkamero 1 MOJb OJEKTPOJHTA, 3aKIIOUEHHOTO MEXIY JJIEKTPOJaMH,
HAXOJSAIIUMHUCS JPYT OT Apyra Ha paccTOSTHUH 1 MeTp.

A=y V

W3yuast MONSAPHYIO 3JEKTPOINPOBOJHOCTh PA3IMYHBIX JIEKTPOJIUTOB IpU OECKOHEYHOM
pa3baBnenun, Komppaym oOpaTun BHMMaHHE Ha TO, YTO KATHOHBI M aHUOHBI TMPOBOJIST
AIIEKTPUYECTBO HE3aBUCUMO APYT OT JIpyTa.

3akon Kosabpayma (3aK0H He3aBHCMMOTI0 NepeMelleHusi HOHOB):

DK6UBANEHMHAS INEKMPONPOBOOHOCMb NPU DECKOHEUHOM pa30asIeHUulU pasHa cymme
9NeKMPONPOBOOHOCMU (HOOBUNCHOCIU) KAMUOHA U AHUOHA OAHHO20 INEeKMPOTIUMA.
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3. IlpakTryeckoe MPpUMEHEHUE AIEKTPOITPOBOIHOCTH

Mertoabl uccae0BaHusl, OCHOBAHHBIE HA U3MEPEHUH SJIEKTPOIPOBOJIHOCTH PACTBOPOB,
Ha3bIBAIOTCS KOHAYKTOMETPHEM.

I/ISMepeHI/Ie SJICKTPOIIPOBOAHOCTHU HCIIOJIB3YCTCA JJIsL OIPCACIICHHUA CTCIICHU
JUcCConanrn SJICKTPOJIUTA. AppeHHyc cudTall, 4YTO OJCKTPOIPOBOJHOCTH IIpU JaHHOM
pa3z0aBiieHUU MPSMO TPOIIOPIIMOHATIbHA CTEIIEHU JUCCOLIMAIIH.

W=hoa

Uepes 31eKTpOonpoOBOIHOCTh MOKHO BBIPAa3UTh KOHCTAHTY JAUCCOLMALIMT
C M

Kn =
hoo (hoo - )
4. Vyenne 06 DJIC raapBaHUYECKOr0 JIEMEHTa

l'anveanuueckuu 21emewm — O3TO CHCTEMa, B KOTOPOM XHMMHYECKash DHEPrus
OIIPENIENIEHHOTO IIPOLiEcca MPEBPALIACTCS B IIOJIE3HYIO 2JIEKTPUUECKYIO padoTy.

CymMa ckaykoB MOTEHLMAJa Ha BCeX TIpaHMuax paszena ¢a3 HasbiBaeTcs I/AC
3J1eMEHTA.

Mexanu3m Bo3HUKHOBEHMS DJ[C ONUCHIBAIOT 1BE TEOPUU:

Koumaxmnas meopus (Bonem) — DJIC BO3HUKaeT B MeCTE CONPUKOCHOBEHMS JIBYX
pa3sHbIX METAJUIOB. DTa TEOPHsl HE CMOTJ1a OOBSICHUTh MEXaHU3M BO3HUKHOBEHHMSI AJIEKTPHUECKON
SHEPrUM B rajlbBAaHUUYECKOM DJIEMEHTE.

Xumuueckasn meopus (A. /le-na-Pug) — AICTOYHUKOM >HEPruM B 31eMeHTe sBistorcs OBP,
IIPOTEKAOIINE HA TPAHUIIE KOHTAKTa METAJUIA C PACTBOPOM JJIEKTPOJIUTA.

5. Cka4yok MmoTeHIMala Ha TPaHULE «METaJUT — PacTBOP»

[Ipy HacTymIeHUM B CHCTEME PABHOBECHUS HAa I'PAHMUILE «METAJLI-PACTBOP» BO3HHUKAET
CKa4yOK MOTEHIMAJIa, KOTOPHIN HA3bIBAECTCA 3JIEKTPOJIHBIM MOTCHIHAIOM ().

[IpyurHa €ro BO3HHMKHOBEHHS — OOMEH HOHaMU MEXIy METalZIOM U PacTBOPOM.
Bo3nukaer 1BOIHOI snekTpuyeckuil cioil (BKIO4aeT B ceOs 4YacTULBl MPOTHUBOIMOJIOKHBIX
3apsiioB)

6. Ompeznenenne 3MeKTPOIHBIX MOTEHINANIOB. Y paBHeHne HepHera

Baxxnoil xapakrepucTUKOW rajabBaHH4ecKoro snemeHTta siisercss IJC — 3To pa3HOCTb
AJIEKTPOHBIX ITIOTEHIIMATIOB OKUCIIUTEIS U BOCCTAHOBUTEIS
E= Qo — Q=
Ecim OJIC um3MepsieTcsi mpu aKTHUBHOCTSAX HMOHOB, paBHbIX enuHuie, 1o 3ta JJC
Ha3zbIBaeTcs crangaptHon DJ1C

E° = ([)oo - (POB
O/1C moxkHO onpenenuts Mo ypapHeHuro HepHuera
2,303 RT ox’?
E=E"+ Ig
F Asocr?

2,303 RT/F = b (pu 25°C b = 0,059)
Ecnu pactBop pa3baBieHHBIH, TO BMECTO aKTUBHOCTEH MCITOIB3YIOT KOHIICHTPAITHIO.
YroObl onpeAeanThb IeKTPOAHBIN moTeHuan no Hepaery:

@Men+/Me = @Men+ve + B/ Z g a (Me™)
7. Knaccudukarus 31eKTpoioB
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1. Dnexmpoovr 1 poda — METAUIMYECKHE DIJICKTPOIbI, OOpaTHUMbIE OTHOCHUTEIHHO
katuonoB (Me / Me™), u Hemeraumyeckue, OOpaTHMMblE OTHOCHTEIBLHO AHUOHOB
(A/A™).

2. Onexkmpoovt 2 poda — TPEINCTABISIIOT COOOW METaul, TMOKPBITBIA CIOEeM
TPYAHOPACTBOPUMOTO COEAMHEHUS STOTO METasllla U IOTPY>KEHHBII B PacTBOP, COAEPKALIUN TOT
K€ aHHMOH, YTO M TPYIHOPACTBOPUMOE COCIHHEHHE 3IeKTpoaHoro meramia (A" / MeA, Me).
[Tpumep, KanOMeNbHBIN 3JIEKTPO/I, XJIOPCEPEOPAHBII TIEKTPO/I.

3. T'azo6vle 31ekmpodbl — MOMYIIEMEHTBI, COCTOSIIUE U3 METAJUIMYECKOTO MPOBOIHUKA,
KOHTaKTUPYIOUIETO C ONpeAeseHHbIM ra3oM. [Ipumep, BOIOPOIHBIN, XJIOPHBIM, KUCIOPOAHBIN
AJEKTPO/IbI.

4.  OxuciumenbHO-60CCMAHOBUMENbHbIE — NeKMPOObl  —  WHEPTHBIM  3JIEKTPOJ,
MNOTPYKEHHBIA B OKHUCIUTEIbHO-BOCCTAHOBUTENBbHYIO cpeAy. llpumep, XUHTUIPOHHBIN
AIEKTPOS.

8. KoHIleHTpallmOHHbBIE TaTbBAHNYECKHUE YJICMCHTHI

Oro nenu, DJIC KOTOPHIX BO3HHUKAET BCJIEACTBHUE DPA3IMYHOW AKTUBHOCTH BEIECTB
AJIEKTPO/Ia UM HOHOB B PACTBOPAX AJIEKTPOIUTOB.

Paznuyaror:

Konyenmpayuonnvie yenu 1 pooa. OHU COCTOST M3 JIBYX OJMHAKOBBIX IO TMPHUPOJIE
3JIEKTPOAOB, HO OTIMYAIOTCA MO aKTUBHOCTH BeIECTBa 3JeKkTpoaa. Oba 31eKTpoaa MorpyKeHsbl
B OJIMH M TOT € PacTBOp.

Konyenmpayuonnvie yenu 2 pooa. OHHM COCTOSAT U3 OJMHAKOBBIX METAJUIOB,
MOTPYKEHHBIX B PACTBOPHI COJICH ITHX K€ METAJIOB, HO C Pa3JINYHON aKTUBHOCTHIO HOHOB.

Boznukaer snexktpuyeckuit Tok. 3/1C BO3HUKAeT 3a CUeT BhIPAaBHUBAHUSI aKTUBHOCTEM
HMOHOB.

9. [lorenunomeTpuyeckuit Mmetoa onpenenenus pH

CymHocTh 3TOro MeroAa cocTouT B uaMmepenun DJIC ompeneseHHON raabBaHHMYECKOM
uenu. g omnpenenenus pH 3TUM METOOOM HCHOJB3YIOTCS WHJUKATOPHBIE 3JEKTPOAbI
(BOIOPOIHBIN, XUHTUIPOHHBIN, CTEKJISHHBIN), MOTEHIHMAT KOTOPBIX 3aBUCUT OT AaKTUBHOCTH
HMOHOB BOJIOPOJIa B PaCTBOPE.

1. 5 Jlekuus Ne5( 2 yaca).

Tema: «IloBepXHOCTHBIE SIBICHUS: aICOPOLINS, are3ns, TOBEPXHOCTHOE HATSIKCHHE)
1.5.1 Bonpocs! 1ekuum:

1. TToBepXHOCTHBIE SIBIICHUS: ONPEACTICHUE TTOHATHSL.

2. Afre3usi ¥ CMaYMBaHKE: ONPE/ICIICHUE TTOHITHS, BUJBI, 00Iast XapaKTePUCTHKA

3. HOBerHOCTHoe HaTSAKECHUEC U METOABI €0 USMECPCHHUA.

4. Copbuust. Bunsr copOruit. AncopOrus.

1.5.2 Kparkoe coaepxaHne BOIIPOCOB

1. HOBerHOCTHBIe SABJICHUSA: OIPEACTICHUC ITOHATHA.

IloBepxHOCTHOE HaTsI’KeHMe — PadoTa, HEOOXOAMMAs JJIsl YBEIMUYEHUS! MMOBEPXHOCTH
KUIKOCTH Ha | M2

6=Ph/21h=P /2l (H/u)
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- gA3K0Cmb Jcuokocmuy. BSAIBKOCTB — 3TO BHYTPEHHEE TPEHUE, NMPOSBISIOIIEECS IMPH
OTHOCHUTEJIBHOM JBUKEHUU COCEIHHUX CIIOEB KUIAKOCTH M 3aBUCAILEE OT CWJI CLEIUICHUS MEXIY
HUMU.

IlycTh %UAKOCTH MPOTEKAET Yepe3 CTEKISHHYIO TPYOKy. TOT ciaol ®UAKOCTH, KOTOPBIN
IpujeraeT K CTeHKEe TPYOKM OCTAeTCsl HEHNOJBM)KHBIM, a CKOPOCTb OCTaJIbHBIX CJOEB OyneT
YBEIIMYMBATHCS 110 Mepe MPOABMKEHHUS OT CTEHKH K OCH TPYyOKH. MBICIIEHHO pa300beM CTpyIo
KHUJIKOCTH Ha 0O0JIBIIOE KOJIMYECTBO MAJIBIX CIIOEB M 0003HAUUM 3THU CIIOH.

2. AI[FGSI/IH U CMaYMBaHHUC: OIPCACIICHUE IIOHATHUS, BU/bI, 06111351 XapaKTCpUCTHUKA

[ToBepXHOCTHOE HATSHKEHHE U MEXMOJCKYJISpPHbIE B3aUMOJAEUCTBUSA BHYTpH (a3
00yCIaBIMBAIOT TMPOLECCHl CMAYMBAHMUA W PACTEKAHUS KaIUIM SKUJKOCTH Ha TBEPIAOW WU
KUJKOU MOBEPXHOCTH, a TAKXKE SBJICHUE are3UH U KOTe3UH.

Marnasi Kamis SKUAKOCTH, MOMEIICHHAs Ha TBEPAYIO IMOBEPXHOCTb, MOXET HPUHSTH
pasnyio ¢opmy: I160 OIM3KYI0 K CHEpUUYECKOM, KaK KaIulisl BOJbI HA MOBEPXHOCTU napaduHa,
a100 TUIOCKYIO, TOJOOHO Karjie BOJBI Ha MOBEPXHOCTHM YUCTOTO CTeKia. B mepBom ciydae
TBEp/as MOBEPXHOCTh HE CMAUMBAETCS KHUAKOCTHIO, BO BTOPOM — CMauHBaETCs.

KonunuecTBeHHOM Mepol mpoliecca CMauyuBaHUS MOXKET CIYKUTb yroJi, oOpa3oBaHHBIN
Karyieil U TBepAOoH MOBEPXHOCTHIO (pUC. ). DTOT yrojl Ha3bIBAIOT KPACBBIM YITIOM CMAuUBAHUS U
o0o3HavaroT 0. 3HaueHus O moryt u3MmeHsThCcs B mpenenax or 0 mo 180°. Benuuuny yria
CMauMBaHUS OTCUMTHIBAIOT MEXIY TBEPIOM MOBEPXHOCTHIO M KacaTelIbHOW, MPOBEACHHON K
MOBEPXHOCTH KaIlJIM B TOYKE COIPUKOCHOBEHUS TBEPIOM, KHUIKOU U Ta3000pa3Hoil da3s.

r r

oK O K

A/ A/, /77 7474 /2,
T T O

Puc.20. KpaeBLIe Yrjibl CMAQ4YMBAHHUA: @ — CMAYUBAIOIIAA KUAKOCTD;
06— HECMadYuBaromas XuaKoCThb.

CBsi3b MCXKAY YIJIOM CMauMBaHUd MW TOBCPXHOCTHBIM HATSKCHUEM BbIPpAXaACTCA

ypaBHeHueM [OHra

cosg = 2 — I

O xr

OTr, OTK U Gxr — TPU CUJIBI, IEHCTBYIOIINE HA €IMHULLY JUIMHBI IEPUMETPA CMAaYMBaHUS.

SIBneHne cMauMBaHMS M PACTEKaHUSI TECHO CBSA3AaHBI C JIEHCTBUEM CHJI KOTE€3UU H
aJre3nu.

Kore3uell Ha3pIBalOT CLEIUIEHUE OJHOPOAHBIX MOJEKYJ, aTOMOB MM HOHOB, KOTOpPOE
BKJIIOUAET BCE BHJIbI MEKMOJIEKYJISIPHOTO M MEKaTOMHOT'O IPUTSKEHUS] BHYTPH OHOMU (ha3bl.

Anresus (IpUiUNaHue) — 3TO MOJIEKYJIIPHOE MPUTSIKEHUE MEXAY MOBEPXHOCTIMH JBYX
COIPHUKACAIOLINXCS PA3HOPOTHBIX TBEPABIX MM KHUIKUX (pa3. Aare3ust sBiseTcs NPUUHMHON

CKIICMBAHHA MOBYX Pa3HbIX BCHICCTB 3a CUCT JIeicTBUA (bI/ISI/IquKI/IX NI XHUMHUYCCKUX
MCKMOJICKYIISIPHBIX CHJIL.

KomnnuecTBeHHO KOTe3UI0 U aAr€31I0 XapaKTepu3yIoT BeIMYUHONU padoTs! kore3un We u
anresun Wa.
3. IloBepXHOCTHOE HATSHXKEHHUE U METOJIbI €r0 U3MEPEHHUS.

1. Kanuaasipablii MeTo1 (BUCKO3UMETPUYECKUIA).

On ocHoBaH Ha mpuMmeHeHun Gopmynel ['orena-Ilyaseina. Ota Gpopmyna ycraHaBiuBaeT
MaTEeMATHYECKYIO CBSI3b MEXKIYy OOBEMOM BBITEKAIOMIEH M3 KaMWJuigpa KXUAKOCTU, BPEMEHEM
UCTEUEHUsI >KUJIKOCTH, AABJIEHUEM, IO KOTOPBIM >KHMJKOCTh TMPOTEKAeT dYepe3 Karujuisp,
paanycoM Kamujuisipa v ero JUTHHOM.

TTpr?
V= ¢dopmymna ['orena-Ilyaseitns
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811
Ha mpakTke ONMpeAeNsiiOT OTHOCHUTEIbHBIH KO3(D(MUIKUCHT BSI3KOCTH. DTO OTHOIICHHE
BA3KOCTHU HCCHeI[yeMOﬁ KHUIKOCTH K BA3KOCTH KMJAKOCTH, BCJIMYMHA KOTOpOﬁ HN3BCCTHA (BOI[a).
T[Tpr4 ntopol’4 N uccn. xc TP

N ucen. x = — MBomr = )

81V 81V 1 60w 70 Po

HOCKOHBKy KHUOKOCTHU BBITCKAKOT IIOA AaBJICHHEM COOCTBEHHOTO B€Ca, TO OTHOLICHUC
JaBJICHHUA MOXHO 3aMCHHUTH OTHOIICHUEM IIJIOTHOCTH XUJAKOCTH:

T-p
To " Po

Takum o6pa3om, CyTh MeTOJa: BCSl paboTa CBOJUTCS K U3MEPEHHUIO BPEMEHU HCTCUCHHS
paBHBIX OOBEMOB BOABI M HCCICAYEMOW IKHIKOCTH Yepe3 OJUH M TOT XKE KarmuIsap
BHCKO3HMeETpA.

2. Metoa nagamomero mapuka (merox Ctokca).

Ecnu B )KUAKYIO Cpely € IUIOTHOCTHIO o OMYCTHTH MIAPHK C TUIOTHOCTHIO O, mpuuem d >
do. ITpu 3TOM CKOpOCTH MajieHus1 OyJaeT yCKOpeHa B MEPBBI MOMEHT. 3aTeM CHjla BHYTPEHHETO
TPEeHUsI KUJKOCTH, OKa3bIBasi COMPOTHUBIICHNE IBMKCHUIO IIAPHKA, YPABHOBECHT BEC IIapHUKa B
JKUJKOCTH, M CKOPOCTh TMaJaHus IIapuKa CTaHeT paBHOMepHOW. CorjacHO HCCIEAOBAHUSIM
Crokca CKOpOCTh MaJieHUsl OJIHOTO M TOTO K€ IIapuKa SIBISETCS BEIMYUHOMN, XapaKTepHOU s
naHHOU cpenbl. OH BeIBEN (OPMYITY:

="

F=6nrmv
F — conpoTuBIieHHE Cpeibl; ' — paArycC MIapuKa; V — CKOPOCTh MaIeHUS IIapHKa.
3nas o6bem mapuka (4/3 © 1), Bec mapuka (Vd) u Bec HUAKOCTH TOTo e oobema (Vdo),
TO MOXHO BBIUYHCIUTH CHIIY, MOJ| JEUCTBHEM KOTOPOW IIApPHK MagaeT B KUIKOU cpene (1o
3aKOHY ApXuMena):
P=@@/B3rnrPd-4/3nridy)-q=4/3nr3(d-do)q

Ecnu ckopocTh nasenus cTaHeT paBHOMEpHOMH, To F = P:
2
_2r’(d—dy)g
9v

Ora (opmyna Mo3BOJSET ONPEAETUTh BA3KOCTb IMYTEM H3MEPEHHs CKOPOCTU TaJaHUs
IapHvKa B JaHHOM JKUJKOH cperie.

4. CopOnus. Buapl copOruii. AacopOrusi.

[Ipouieccyl moriouieHusl ra3oB WJIM PACTBOPEHHBIX BEIIECTB TBEPABIMU MaTepHallaMu
WM KUAKOCTSIMU MOTYT MPOTEKATh [0 Pa3HBIM MEXaHU3MaM U HOCAT oOlIiee Ha3BaHHe COPOIUH.

BemectBa — mornoturenu Ha3BIBAIOT COPOCHTAMH, TMOIJIONIAEMBbIE Ta3bl I
PacTBOPEHHBIE BEIIECTBA — cOpOATaMH M COPOTUBAMH.

Baxneiien XapaKTePUCTHKOH  x A
COpPOLIMOHHOTO mpouecca ABIIAETCS O = const
rpaduueckas 3aBUCUMOCTD KOJINYECTBA

copOupoBaHHOro BemecTBa I OT KOHICHTpAITUU
win  JaBieHus npu  T=const  HazbIBaecMmas
n3oTepMoil copbumm. Paznmuuaror yeThipe Buaa
copOrmu:

AOGcopOnueil Ha3bIBAIOT TMOTJIOIICHHUE ras3a
HJIKM Mmapa BCEM OG"LGMOM TBCPAOTrO BCHICCTBA UJIU
xuakoctu. PacmpocTtpaHeHne Moiekyn raza B




TBEPJIOU WIIH KUIKOH (haze MPOUCXOIUT TIIaBHBIM 00pazoM myTem auddy3um.
N3orepma copOrum.

AncopOnyieii Ha3bBIBAIOT CaMONPOU3BOJIBHOE KOHIIEHTPUPOBAHWE HA TBEPAOH WIH
KHUJIKOH TIOBEPXHOCTH pasjena (a3 BEHIeCTBA C MEHBIIMM ITOBEPXHOCTHBIM HATSHKCHUEM.
AncopOupyroniee BEIIECTBO Ha3bIBaeTCsA aiCcOpOEHT, a ajacopOupyemMoe — aacopOar wid
a7ICOpOTHB.

KanumisipHast KOHICHCAlUs TMPEACTaBIsSET COOOW MPOILECC CHKIKEHHUs Tapa B MOpax
TBepaoro copOeHta. [lap MOXET KOHACHCHUPOBAThCA JIMIIb TPU TEMIEpaType HUXKe
KPUTHYECKOM.

XeMocopOuusi — 3TO TpOIecC aaCOPOIMH, KOTOPBIH MPOTEKAeT MOJ JCUCTBUEM CHII
OCHOBHBIX BaJICHTHOCTEH, TOITOMY €€ OTHOCST K XUMHUYECKOU aJICOPOIIHH.

B 3aBucEMOCTH OT XapakTepa B3aMMOJACWCTBHS YacTHIl afcopOeHTa W ajcopOTHBa,
a7IcCopOITHsT MOXKET OBITh:

dusndeckas — eCIHM MPOIecC COPOIMU MPOTEKAET 3a CUET AJICKTPOCTATUYECKUX HIIN
Ban-nep-BaanbcoBbix,

XuMUYecKasi — €CIIu COPOIHSI OCYIIECTBIISICTCS 33 CUET CHJI OCHOBHBIX BAJICHTHOCTEH.

AncopOuusi  siBIsieTcss  mpoiieccoM  oOpaTuMbIM. [Iporiecc, oOpatHBI — aacopOuy,
Ha3bIBACTCSI 1€COPOLIMS

AncopOmusi Ha TpaHUIE JXUAKOCTh — ra3 M IKHIKOCTh — JKUJKOCTh 3aBHCUT OT
koHIeHTpanuu [TAB B pacTBOpe M MOBEPXHOCTHOTO HATSKEHHS. ITa 3aBUCHMOCTh BBIPAYKACTCS
ypaBHeHueM ['nb6ca:

C do

................................................................................................... Teopus
Jlenrmiopa WM MOHOMOJIEKYJIIPHOM aIcCOPOIIMH Ta30B.

Opeitanux MPEAnoaoXKWI, YTO Macca aJcopOMpPOBAHHOTO Ta3a WM PACTBOPEHHOTO
BCIICCTBaA, HpI/IXOI[HHIaSICSI Ha eI[I/IHI/IIIy MacCChbI aJICOp6CHTa JOJI’)KHA 6BITI> HpOHOpHI/IOHaJ'H)Ha
PaBHOBECHOMY JaBJICHUIO (UIsl Ta3a) WJIM PaBHOBECHOM KOHIIEHTpaluu (JJis pacTBOPOB)

BO3BCJICHHYIO B KaKYIO-TO CTCIICHBIO.
1 1

r=2-kg.pn r=2_-k.cn
m m

1
Kn— - KOHCTAHTHI, PuC- PaBHOBECHBIC JaBJICHUEC U KOHLCHTPpAUA az[cop6aTa
n

[TonumonekymsipHas agcopouus
C.bpynayap, [1.Ommer, E.Teitnop co3znanu Hanbonee oburyto teoputo aacoponuu (bIT).

AncopOuust 371eKTPOIUTOB

1.6 Jlekmust Ne6( 2 uaca).

Tema: «/Ilucniepcubie cucteMbl. JInogoOHbBIE 307U (KOJUIOWIHBIE PACTBOPHI): CTPOCHUE,
CBOICTBa, MOJIyUYCHHUE.»

1.6.1 Bonpocs! Jekuum:
1. Knaccudukanust TuCrepcHbIX CUCTEM.
2. JInohoOHbIE 3011 (KOJUTOUIHBIC PACTBOPHI):

a) METO/IbI IOJTYUYEHHS;
0) crmocoObl OUHUCTKHY;
B) CTPOEHHUE KOJUIOUTHOM YaCTULIbI (MULIEIIBI);
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T') CBOMCTBA KOJUIOUHBIX PaCTBOPOB
1.6.2 Kpartkoe cojep:kaHue BOIPOCOB

1. Knaccudukanust TMCrepCHbIX CUCTEM.

Kaaccnduxanus no pazmepy 4acTun
JucnepcHoctb D sBIsieTCsl OCHOBHOM XapaKTEPUCTUKOM JUCIIEPCHOM CUCTEMBI M MEpOil pa3ipo0iIeHHOCTH
BelecTBa. MareMaTHYeCKH TUCTIEPCHOCTD ONPEACISIOT KaK BEINYNHY 00paTHYIO pa3Mepy YacTHIIbL:

D=
a

a — pa3Mep 4acTHIIbI, Mt

Ilo JUCHCPCHOCTH CUCTEMbI NOAPA3AC/IAI0OT Ha HCCKOJIBKO TUIIOB

Ne HassaHue cuCTEMBI Pazmep yacTuil, M
1 I'py6oaucnepcHbie 10 -107
2 Ko10uHO-IUCTIEPCHbIE 107-10°
3 MouleKysIpHbIE U HOHHBIE PACTBOPBI menee 107°

Kaaccudgukanus AMCHEpPCHBIX CHCTEM 0 aTPEraTHOMY COCTOSIHHIO.
Haunbonee pacmpocTpaHeHa KiacCH(HKAIMA JUCIEPCHBIX CHCTEM IO arperaTHOMY COCTOSIHHIO
JIICTIEPCHOM (ha3bl U AUCTIEPCUOHHOM CPeJIbL.

YcnoBHOE
HucnepcuoHHas
HucnepcHas daza cpena o0o3HaveHHE [IpumMeps! AUCTIEPCHBIX CUCTEM
P CHUCTEMBI
a3 la3 o He cymecTByer
TymaH, o0Jiaka, a3p030JIH KUIKUX
KunkocTs T'a3 K/T Y ° » P A
JICKapCTB
bIM, IIbLJIb, IIOPOIIKHU
Teepmoe Teno laz T/T Abi, - 1op
[leHs1, Ta30BBIE SMYIHECHUU
a3 Kunkocts /% ’ Y
MYJECUU
KunakocTs Kuakocthb KK Omy
TBepoe Teno JKUJIKOCTh T/% CycnieH3nn, KOJUIOUTHBIE PACTBOPHI
TBep/ible IEHBI, IEM3a, CUIIUKArElh
laz Teepaoe Teno r/T P > . ’ ’
AKTHUBUPOBAHHBIN YI'OJIb
Kunkocts Teepmoe Teno K/T Kemuyr, KamMJUIIpHBIE CUCTEMBI, TEIH
Teepmoe Teno Teepmoe Teno T/T LIBeTHBIE CTEKIIa, MUHEPAJIbI, CILIABHI

Knaccupukanmss 1no OTCYTCTBHI0O WJIM HAJIUMYMI0O B3aHMMOJCHCTBHUSL  MeEXKIY
YacTHLAMH JUCIIePCHO (a3bl.

[lo xKMHETHYECKHM CBOWCTBaM JUCHEPCHOM (a3bl BCE AMCIEPCHBIE CUCTEMBI MOXKHO
NOJpPa3/IeIuTh Ha JIBa KJlacca: CBOOOJHO-TUCIEPCHBIE, B KOTOPHIX YaCTHUIIBI JUCIIEPCHOM (a3bl
HE CBSI3aHBI MEX]y CO00W U MOTYT CBOOOJHO IepeMenarbest (JIM030JI1, a3p030JIU, CYCIEH3HUH,
OMYIJBCUH), U CBSI3HO-IMCIIEPCHBIE, B KOTOPBIX OJHA U3 (pa3 CTPYKTYPHO 3aKperjieHa U He MOKET
nepeMeniaTbcsi CBOOOAHO (TeNu, CTYOHH, NEHbI, KaNMWUISIPHO-TIOPUCThIE Tena (auadparmsl),
TBEp/IbIE€ PACTBOPHI)

Kanaccnpukanus no creneHn B3anMoaeCTBHS JUCIEPCHOI (a3bl ¢ JUCIepCHOHHOM
cpenoit
J7is XapaKTepUCTUKU B3aUMO/ICUCTBUS MEXK/TY BEIIECTBOM JAUCIIEPCHOMN (ha3bl M KUIKOM

JTUCTIEPCUOHHOMN CPEJION CITyKaT MOHATHS «IHO(QUIBHOCTE» U «InopoOHOCTHY. Tlof
B3aMMOJieicTBHEM (pa3 THUCIIEPCHBIX CUCTEM MOPa3yMEBAIOT MPOLIECCHI COJIbBATALIUN
(ruppararuu) 000JI0YEK M3 MOJIEKYI AUCIIEPCUOHHOM cpelbl BOKPYT YaCTHI] TUCTIEPCHOM (a3bl.
Cuctemsbl, B KOTOPBIX CHIBHO BBIPAKEHO B3aUMOJICHCTBHE YaCTHIl JUCTIEPCHO (a3bl ¢

pacTBOpHUTENIEM, HA3BIBAIOT JIMO(PHIBHBIMU (TI0 OTHOIICHHIO K BOJIE TUIPOPMIbHBIMI). Ecin
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YaCTHUIIbI TUCTIEPCHOM (ha3bl COCTOAT M3 BEIIECTBA, CJIA00 B3aUMOJICHCTBYIOIIETO CO CPEIOH,
CHCTEMBI SBJISIFOTCS THO(OOHBIMU (110 OTHOIICHHUIO K BOJE TUAPO(YOOHBIMN).
2. JIuodpoOGHbIE 3011 (KOJIOUAHbBIE PACTBOPHI)

a) METO/IbI MOJTyYEHUS
MeToabl moTy4eHusi KOJUIOWIHBIX CHCTEM

Bo3MoxHBI ABa MyTH MOITYYEHHS KOJUIOUAHBIX pacTBOPOB. OJIMH IIyTh COCTOUT B
YKPYIIHEHUU YACTHI] IIPU arperaiuy MOJIEKYJI UM MOHOB — TAKOW METOJ HAa3bIBAIOT
KOHJICHCALIUOHHBIM. BTOpOI IyTh 3aKII04acTCA B U3MEIBYCHUH KPYITHBIX YaCTHIL 10
KOJUIOUIHOM IUCIIEPCHOCTH, €TI0 OCYIIECTBIIAIOT METOAOM JUCIIEPTUPOBAHUS

0) CrtocOOBI OUNCTKH
MeTtoabl 04MCTKH KOJJIOHAHBIX PACTBOPOB

OuMCTKY KOJUIOMJIHBIX PAacTBOPOB MOXKHO IPOBOAMTH JUOO METOJOM JUain3a, JU00
yabTpaduiIbTpanue.

B) CTPOCHUE KOJUIOMIHOM YacCTHUIIbI (MHULIEIIbI)

CrtpoeHue KOJUIOMIHBIX YacTULl JINO(POOHBIX 30JI€H.

CornacHO OOIIENIPUHATOW MULEIUIIPHONM TEOPUM CTPOEHMSI KOJUIOMJIHBIX pPacTBOPOB,
30/1b COCTOMT M3 JBYX 4YacTei: MHULEI M WHTEPMULEISPHON Xkuakoctu. Munemia — 3To
CTPYKTYpHasi KOJUIOWAHAs YacTUIla, T.C. YacTUIAa AUCHEPCHON (a3bl OKpY)KEHHas JBOHHBIM
JNEKTPUYECKUM CJI0eM. MHTEpMULEIIAPHON >KMIKOCTBIO HA3bIBAIOT AMCIIEPCHOHHYIO CpErdy.
YacTuis! nucnepcHoit ¢a3bl UMEIOT CII0XKHYIO CTPYKTYPY.

Crpoenne 1BOHHOIO JIEKTPHYECKOIO CJIOS
CornacHo COBpEMEHHBIM NPEACTaBIECHUSAM, IBOMHON AnnekTpuyeckuit cioit (I3C) — aro

0o0pa3yromuiicst Ha rpaHulle ABYX (ha3 TOHKUM MTOBEPXHOCTHBIN CIIOM M3 TPOCTPAHCTBEHHO
pa3eNieHHBIX AIEKTPUUYECKHUX 3apSA0B MPOTUBOMOIOKHOTO 3HAKa (TTOTEHIINATOOPa3YIOIINX
HMOHOB U IPOTUBOUHOB).

I') CBOMCTBA KOJUIOUHBIX PaCTBOPOB
MoJieky/JIsIpHO-KMHETHYECKHE CBOMCTBA KOJLIOMAHBIX CHCTEM

BbpoyHOBCKOE IBMKEHUE TMOSBISAETCS B XAOTUYECKOM M HENPEPHIBHOM JBM)KEHHH YacTHUI]
TMCTIEPCHOM (ha3bl TOJ JCHCTBHEM YIapOB MOJEKYJT pPacTBOpUTENs. YacCTHIBI KOJUIOMIHOM
JUCTIEPCHOCTH MOTYT IMEPEMEIIaThCsl MOCTYNATeNIbHO B CaMBIX Pa3HOOOPA3HbBIX HAPABICHUSX.
A DitamTeitHOM W M.CMOJTYyXOBCKMM OBIJIO TIOKa3aHO, YTO CpeIHee 3HA4YeHHE KBajpara
CMEIIEHHS YacTHUIlbI 3a BpeMs t paBHO

- _RT

3znrN ,

Juddysueil Ha3pIBalOT CaMOINPOU3BOJIBHBIM TPOLECC BBIPABHUBAHUS KOHIIEHTPALUU
YacTHI] 110 BCEMY 00beMY pacTBOpa MJIH ra3a IO/1 BIMSIHUEM TETJIOBOTO BH)KCHUSI.

OiHIITelH  Hamen, dYro kKodpdummeHT guddy3uH  CBA3aH C  pa3Mepamu

T YHIUPYIOMINX YaCTUI] YPaBHEHHEM
RT

t

CenumenTanuerr (ot sar. sedimentum - ocafok) Ha3bIBAIOT MPOIECC OCEHAHMS YACTHUIL
JIUCTIepCHOW (pa3bl B KUAKOW WIIM Ta3000pa3HON cpefe TIMOJ JCWCTBHEM CHJIbI TSHKECTH.
BennpiBanre yacTHil HOCUT Ha3BaHUE OOpATHOW CEMMEHTAIINN.

22



CKOpOCTb OCE[JaHUs YACTHIl HE 3aBUCHT OT UX HPUPOJbL, a ONpeneseTcs pasMepoM
4acTHIl I, PA3HOCTBIO IUIOTHOCTEH YAaCTHII p M CPEeIbl Po M BA3BKOCTBIO cpemsl 1. Ilo 3akoHy
CToKca, CKOPOCTh OCEJaHHs IAapO0OPa3HbIX YACTHUIL C PAIUYCOM I' PaBHA

L= 29(p- /Oo)r2

9

OnTHyecKre CBOMCTBA AUCIIEPCHBIX CUCTEM

Oco0Oble ONTHYECKHME CBOICTBA MUCIEPCHBIX CHCTEM OOYCIOBJIEHBI TJAaBHBIM MX
[JIaBHBIMU TPH3HAKAMM: JIUCIEPCHOCTHIO M TETEPOreHHOCThIO. Ha omTudeckume CBOMCTBa
JUCIIEPCHBIX CHCTEM B OOJBINON CTENEHH BIHUAIOT CTPYKTypa, pasmep M (opMa 4HacTHII.
[IpoXosKJeHNe CBeTa uepes MMCIEPCHYIO CHCTEMY COMPOBOXKIAETCS TAKMMH SBJICHHAMH, KaK
TpeIoMIeHHe, HOrIOMEHHE, OTPaKEHUE U paccesHue. B BBHICOKOMUCIIEPCHBIX 301X YaCTHIIbI
(107-107° M) com3mepuMBI ¢ IIMHOI BONHBI BUAMMOTO CBETA, B PE3y/IbTAaTe 4ero MmpeodnaaaeT
CBETOpaccesHueE.

C omasecleHIueH CBA3aHo cenu(UIHOE IS KOJUIOUHBIX PACTBOPOB SBJIECHHE — KOHYC

Tunpans.
Teopus cBetopaccesinus Obu1a pazpadora JI.Paneem (1871).
VYpaBHenue Pases 11 HHTEHCUBHOCTH PacCesTHHOTO cBeTa |, nMeeT Bua
2
nf—ni | W? W2

=K
n‘-2n;) A ya

1, = 1,247

DNEeKTPUYECKUM 3apsil KOJJIOMIHBIX YaCTHUIl. DJIEKTPOKUHETHUECKHUE SIBJICHUS.
JIeKTPOKMHETHYeCKH e SIBJICHUSA

DNEeKTPOKMHETUYECKHUE SIBIICHUSI OCHOBaHBI Ha B3aUMOCBSI3M MEXKIY JIEKTPHUYECKUMHU U
KMHETUYECKUMU CBOWCTBAMM JIUCIIEPCHBIX CHCTEM. OTH SIBJICHUS MOAPA3ACIAIOTCS Ha JBE
TPYIIIBL: IpsiMbIe U oOpaTHbIe. K MpsSIMBIM OTHOCST T€ AJEKTPOKUHETUUECKUE SIBJICHUS, KOTOPHIE
BO3HUKAIOT MO/ JEHCTBUEM BHEIIHETO JIEKTPHUUECKOTro Mo (3JeKTPodhopes3 U NEKTPOOCMOC).
OOpaTHBIMM HA3BIBAIOT DJIEKTPOKMHETHYECKUE SIBICHHUS, B KOTOPBIX NPU MEXaHUYECKOM
nepeMenieHn: OMHOM (ha3bl OTHOCHUTENBHO JPYrod BO3HHUKAET AJIEKTPUUYECKUN MOTSHIIMAT
(MOTeHIMAa TPOTEKAHUS U TTOTCHINAN CETUMEHTAIINH ).

1.7 Jlexuus Ne/( 2 yaca).

Tema: «YCTOMYUBOCTD U Koaryjaianusda KOJIOUAHO-AHUCIICPCHBIX CUCTEM. OKHCIIUTETBEHO-
BOCCTAHOBUTCIIbHBIC PCAKIIUU.»

1.7.1 Bonpocs! Jiekuu#u

1. ITonsiTue 00 ycToiuMBOCTH 3051€l. Bunbl ycroifunBocTy.
2. Koaryssiius KOJJIOUHBIX PACTBOPOB, €€ BH/IBL.

3. IpaBuio snexTponuTHO# Koarymsinuu [lynema-Iapan.
4. Koarymsimus 3051eif CMEChbO 3JIEKTPOJIUTOB.

5. B3aumHast koarynsus 30Jei.

1.7. 2 KpaTtkoe coaep:kaHue BOIpPOCOB

1. [Tonsitne 06 yCcTOMUMBOCTH 30J1ei. BHUIBI yCTOMYMBOCTH.

YCTOMYMBOCTD U KOATYJISIIUSA KOJJIOUIHBIX CHCTEM
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[Tox yCTOMYMBOCTBIO JIUCIIEPCHOM CUCTEMBI MOHUMAIOT MOCTOSHCTBO BO BPEMEHHU €€
COCTOSSHMSI M OCHOBHBIX CBOWCTB: JHCIIEPCHOCTH M XapakTepa B3aUMOJIEHUCTBUS MEXKIY
YaCTULIAMHU.

Koarymsimust mpencraisier co0oil Mpoliecc ClAWMaHus YacTUIl JUCTIEPCHON (as3el mpu

MOTEPEe CUCTEMOM arperaTuBHOM ycToiuumBocTU. [lpuaaHue cucTtemMaM yCTOMYHMBOCTH TpeOyeT
ocoObix MeronoB crabwmmsanuu. H.ILITeckoB (1920) BBenm mnoHATHE O JBYX BHAAX
YCTOMYMBOCTU JAMCIIEPCHBIX CHCTEM: CEAMMEHTALMOHHOW (KMHETHUYECKOM) M arperaTMBHOM.
CenuMeHTAIIMOHHAsT ~ YCTOMYMBOCTH  TO3BOJIIET  CUCTEME  COXPaHATh  PaBHOMEPHOE
pacnpeziefieHue 4acTtuil B o0beMme, T.e. MPOTUBOCTOATH MpOIlecCaM OCEAAaHMsI M BCIUIbIBAHUS.
ArperaTuBHas YCTOWYHMBOCTb JUCIEPCHBIX CHUCTEM — JTO CIHOCOOHOCTh MPOTHUBOCTOATH
D 0T 1104 . (P
2. Koarymsinust KOJUTOUHBIX PACTBOPOB, €€ BUIBI.

Teopun xoarynsanuu

Bce Teopum  KoarydasSmMM  MOXHO — HOJPA3NENUTh HA  aJACOPOIMOHHBIE U
JEKTPOCTAaTUUECKHUE.

Ancopbunonnas teopust koaryisiuu I'.dpeianuxa

OnexrpocraTudeckas Teopus Koaryssuuu I'.Mroiuiepa.

Teopus ycroitunBocTr runpodoousix cuctem AJIDO..................

3. IlpaBuio snexrponuTHO# Koarymsuuu [lyneua-I"apau.

IIpasuno Ulynsue-I'apau

Koarynupyromum neiictBuem o006s1ajaeT TOT MOH 3JIEKTPOJIUTA, KOTOPBIM MMeeT 3apsij,
IIPOTUBOINOJIOKEHHBINA 3apsLy TpaHyibl; KOAaryJaupyrollee AEUCTBUE TEM CHUIIBHEE, YEM BBILIE
3apsl HOHA-KOAryJsTopa.

Kputnueckoe 3HaueHME KOHLEHTPALMU, IIPY KOTOPOM JAHHBIA 3JIEKTPOJIUT BBI3BIBAET
KOaryJisiliMio, Ha3bIBaloT oporoM koaryisuuu (Ck). Ero BepaatoT B MMOJIB/J UJIX MOJIB/J.

Cornacno npasuiy Llynbsue-I'apau, eciu npoBectH koarynauuto nekrpoiautamMu KNOs,
Ca(NOs3)2, Al(NO3)z, Th(NO3)s, y KOTOPBIX KOAryJIHPYIOIIUM ACHCTBHEM O0JIQJal0T KATHOHBI,
TO M0 KOaryjaupyrouleMy JAEWCTBHIO HOHBI B 3aBUCUMOCTH OT 3apsa paclojiararrcs B
N0CJIEI0BATENBHOCTH 4>3>2>1.

4. Koarynsmus 30jei CMEChIO JIEKTPOIUTOB.

IIpu xoarymsauu cMeCsIMH 3JIEKTPOIUTOB BO3MOXKHO TPU SIBJICHUS:

AJTUTUBHOCTD ~ TPOSABIIAETCS. B CYMMHPOBAaHMM  KOAryJUpPYIOIIETO  JIEHCTBHS
AIIEKTPOJIUTOB; AHTaroHU3M — SBJIEHUE, NPH KOTOPOM Uil Hayana OBICTPOM Koaryisuuu
TpeOyeTcss CMeCH 3JIEKTPOJIUTOB OOJbIlIe, YeM Ka)XJ0ro M3 HHMX B OTAEIbHOCTH; CHHEPrU3M
nposiBisgercss B Oonee H(PQPEKTUBHOM JEHCTBUM CMECH, YeM KaKJOro JJEKTpoJuTa B
OTJIENBHOCTH.

5. B3aumHast koarynsus 30Jei.

B3anMHas koarysiius KOJUIOU0B HAOJII01aeTCsl PU CMEITMBAHKUH 30JIeH .C PAa3HOMMEHHO
3apsHKEHHBIMM YacTULAMHU. MeXaHu3M B3aMMHOW KOAryJsiliii COCTOUT B TOM, YTO IIp
MEePEKPHIBAHNUHU IBOMHBIX CIIOEB KOJUIOMIHBIX YACTHIl, TPOUCXOIUT HE OTTAJIKUBAHUE, A
AIIEKTPOCTATUYECKOE MPUTSKEHUE U ObICTpasi arperanus YacTHil.

1.8 Jlexmus Ne8( 2 yaca).
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Tema: «JIuodunpHbIe 307M: PACTBOPHI BBHICOKOMOJIEKYJISIPHBIX coeAuHeHui. ['enu.
Cryanu.»

1.8.1 Bonpocwhl jekun

1. [TonsiTHe O BEICOKOMOJIEKYJISIPHBIX cucTeMax. Teopun pactBopoB BMC.
2. CpoiictBa pactBopoB BMC.

3. Habyxanwme u pactBopenne BMC.

4, 3ammrtHoe nericrsue BMC.

5. OU3NKO-XUMUYECKUE CBOWCTBA OEITKOBBIX PACTBOPOB.

6. [Tonsitre o rensax u crynusx. [lomyyenue u cBoiicTaa.

1.8. 2 KpaTtkoe cojep:kaHue BONIPOCOB

1. ITonaTHe 0 BHICOKOMOJEKYISPHBIX cucTeMax. Teopuu pactBopoB BMC.

K BBICOKOMOJIEKYIISIDHBIM BEUIECTBAM OTHOCST COCIUHEHHS C MOJIEKYJSPHON Maccoit
10°-10° w Bemme. OHM MOTYT OBITH TIPHPOJHOTO HPOUCXOXKAECHUS (OENKH, BBICIIHE
MOJICAaxapuabl, IEKTHHBI, HATYPAJbHBIN KaydyK) WM MOJYyYarOTCS CHHTETHYECKH B MPOLECCax
MOJIMMEpHU3aMN U TOJIMKOHJCHCAUU (IJIaCTMACChl, CHUHTETUYECKUE BOJIOKHA). MOIEKyIbl
BMB u4pe3BplHaiilHO BEJIMKM M HOCAT Has3BaHue Makpomodekyn. Ilpuponnsie BMB
(OnomonMMephl) XapaKTepU3YIOTCs MOCTOSHHBIM 3HAYEHUEM MOJIEKYJISIPHON MacChl.

KonnyecTBeHHOE M3MEHEHHE MOJICKYIISIPHONH MAacChl MMPUBOAMT K KAYECTBEHHOMY CKauKy
— TIOSIBJIGHUIO HOBBIX CBOWCTB MOJIMMEPA: BHICOKOM MJIACTUYHOCTH U DJTACTHYHOCTH.

2. CpoiictBa pactBopoB BMC.

[IpakTruecku BaxHbie cBolicTBa BMB cBsizanbl ¢ ux crpoeHueM. Pasznmnuaror Tpu thna
CTPYKTYpBI LIETI€N: JINHEWHAs!, pa3BETBICHHAs, IPOCTPAHCTBEHHAS.

Crnenunduyeckue 0COOEHHOCTH TMOIUMEPOB OOYCIOBJIECHBI TJIABHBIM 00pa3oM JBYMS
O0COOEHHOCTSIMU: 1) CyIIECTBOBAaHUE JBYX THIIOB CBSI3€d — XMMHYECKUX M MEXKMOJICKYIJISAPHBIX,
YAEPKUBAIOIIMX MAKPOMOJIEKYJSIPHBIE IIeMH JPYr OKOJO JApyra; 2) TUOKOCTBIO IIETIeH,
CBSI3aHHOM C BHYTPEHHHUM BPalllEHUEM 3BEHBEB.

3. HaGyxanue u pacrBopenne BMC.

HcTtuHHOMY pacTBOPEHHUIO TOJMMEPOB MpeAlIecTBYeT mpouecc HaOyxanus. OH
3aKJII0YaeTCsl B YBEIMYEHHHM 00BbeMa M MaccChl MOJMMEpa 3a CYET MOIJIOUIEHUS UM KaKoro-TO
KoJIMuecTBa pacTBoputesd. [lpu KOHTakTe moimMmepa ¢ pacTBOPUTENIEM HAuWHAETCsl B3aUMHas
T dy3us MOJIEKYS paCTBOPHUTENS B MOJUMEP, a MOJIEKYJ MOJIUMEpa B pacTBOpUTeNb. OqHAKO
ckopocTh nup@y3un B OJHOM U B JAPYroM HaIpaBICHUSX OyneT pa3inyaTbCcsi B TOM ke
OPOMOPLMH, YTO W pPa3Mepbl, a TaKXkKe MOJBMKHOCTH TUPPYHAUpYIOUMX dYacTHll. Peskoe
pasnuyue B MOJBHKHOCTSAX MOJIEKYJI paCTBOPUTENS U MakpoMouieKysl BMB siBisiercst npuanHON
HaOyxaHMs.

KonnyectBeHHON Mepoil HaOyxaHUs SIBISIETCS CTENEHb HAOyXaHUs O, KOTOpask MOXET
UMETh 00BEMHOE WJIM MAaCCOBOE BhIPAKEHHE:

V-V, m-—m,

o Ui o =

4. 3amutHoe nericrsue BMC.
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CrocoOHOCTh 3alMINATh 30JIM OT KOAryJSIUU KOJHMYECTBEHHO BBIPAXKAIOT 3al[UTHBIM
YHMCJIOM, pPaBHBIM 4YHCIy MWUIMrpamMmoB cyxoro BMB, 3amummaromero 10 min 301 or
KOAryJIsuK pu npuiuBanuu K 30110 1 Ma 10% pacrsopa NaCl. B 3aBucuMoCTH OT MPUPOIBI
30J11 3alUTHOE YHUCIO HAa3bIBAIOT «30JI0TBIM», €CIM OHO OTHOCHUTCS K 30JII0 30JI0Ta,
«cepeOpSHHBIMY - JIJIS1 307151 cepebpa, «wkene3HbIM» i 30511 Fe(OH)a.

5. ®u3nuK0o-XUMHYECKUE CBONCTBA OEJIKOBBIX PacTBOPOB.

[Tonusnextponuramu HazpiBaloT BMB, umerommme B cBoeM cocTaBe HOHOTEHHBIE
rpynnsl. [lo xapakrepy 00pa3yeMbIX HOHOB IMTOJTUAIEKTPOIUTHI ACIAT HA TPU TPYIIIIBL.

1. TloaudaeKTpOJIUTHI, KHCIOTHOTO TUIa coaepxariue rpynmnbsl —COO™ uin —OSO3™.

2. TloamsnexTpoauThl OCHOBHOTO THIIA, UMEIOIINe, HanpuMep, rpymnmy —NHo.

3. Tlommamdomutsel — BMB, comeprkaiue u KUCIOTHYIO, I OCHOBHYIO TPYIIIBI (OSJIKH €

rpynnamu —COO~ u —NH3")

HaumbGonee mosHO wu3ydeHbl cBolicTBa OenkoB. B 3aBucumoctu ot pH pactBopa

MaKpOHOHBI OEJIKOB MMEIOT TOJOKUTENbHBIN 3apsan (B KHCIOW cpelne 3a CueT TpyIl

—NH3") uian orpunarensHbii 3apsn (B menouHoi cpeze 3a cuer rpynn —COO™). Mexay

3TUMHM  COCTOSHUSIMH  O€JKa CYIIECTBYET COCTOSIHME, MpU KOTOPOM  YHCIO

MOHHU3UPOBAHHBIX OCHOBHBIX TPYII PAaBHO YHCIY MOHU3MPOBAHHBIX KHCIOTHBIX TPYIIIL.

OTO paBHO3apsAIHOE COCTOSIHME HA3bIBAIOT M303JEKTPUYECKUM, a 3HadyeHue pH,

OTBEYAIOIIee 3TOMY COCTOSHUIO — U303JIeKTpuueckoit Toukoi (MIT).

6. [lonsitie o rensix u crynusx. [lomyyenne u cBoiicTaa.

Jl711 HauMEeHOBaHUsI CTPYKTYPUPOBAHHBIX CUCTEM IMPUHATHI Ha3BaHUS T'ejlb U CTYCHb.
[TonsiTue renp u reaeoOpa3oBaHre OOBIYHO OTHOCUTCSA K MEPEX0ay JMOPOOHBIX AUCTIEPCHBIX
CHCTEM B BSI3KOJUCIEPCHOE COCTOsIHUE. ['eH ABIAIOTCS reTeporeHHbIMU cucteMami. [lepexon
pacTBOPOB K HETEKYYeH 3JacTUYHOM PopMe 0003HAUAIOT MOHITHEM CTYIHEOOpa30BaHKE U
cTyzaeHb. [lonuMepHble CTYJHM MOTYT ObITh KaK TOMOT€HHBIMHU TaK U T€TEPOTr€HHBIMH.

2. METOAUYECKHUE YKA3AHMUA 110 BBIIIOJTHEHHUTIO
JIABOPATOPHBIX PABOT
2.1 JIabopatopHas padora Nel ( 2 gaca).
Tema: «ArperaTHble COCTOSIHUS BEIIECTBA: CBOMCTBA MICAIbHBIX U PEAJIbHBIX ra30B. CBoiCTBa
UJCAIBHBIX U PEAIbHBIX PACTBOPOB)
2.1.1 Iesb padoThI: H3yYUTHh OCHOBHbIE NIOHATHSA XMMHUH
2.1.2 3apayu padoThI:
1. .Mcnonp30BaTh OOIIYIO XapaKTEPUCTHKY PaCTBOPOB.
2. IlpuMeHHUTh TEOpUU PACTBOPOB.
3. CpaBHHTH HICATBHBIC U pealTbHBIC PACTBOPHI.
4. 3yuuTh 0OCOOEHHOCTH Ta3000pa3HOI0 COCTOSTHHUS.
5. IlpumMeHUTH ra30BbIE 3aKOHBI.

2.1.3 Ilepeyenn npudOpPOB, MAaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00paTOpPHO# padoTe:
1. Ilepuoanueckasi cucteMa xuMuueckux anemeHTos /.. Menpaeneena.

2. Kpatkuii cripaBOYHHUK (PU3UKO-XUMHUIECKUX BEITHUYUH

2.1.4 Onucanue (xox) padoTsbIi:

I'a3oBbIe 3aKOHBI
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Haubonee BaXHBIMM BETUYMHAMU B OINpEACTICHUH (PU3NUYECKOTO COCTOSIHUS Trasa
ABIIAIOTCSA JaBJIeHHUE, TemrepaTypa U o0beM. OHU CBSI3aHBI MEXIy COOOH B OIpeAeIeHHOU
3aBHCHUMOCTH 4Yepe3 Tra3oBble 3aKOHBI. [a3bl, KOTOpbIE IOAYMHSAIOTCA Ta30BbIM 3aKOHaM,
Ha3bIBAIOTCS WACATBHBIMH Ta3aMH (3TO TaKue Tas3bl, y KOTOPBIX MOXHO HpeHeOpeub CHiiaMu
MEXMOJIEKYJIIPHOTO B3aUMOACHCTBHS U COOCTBEHHBIM 00bEMOM €ero Mojekyn). MaeanbHblil ra3
— 3TO TEOpETHYECKass MOJENb ra3000pa3HOro0 COCTOSIHMS, KOTOpash OCHOBAaHA Ha CIENYHOIIMX
JOTYIIEHUSX: YaCTUIBI ra3a MPECTaBIAIOT COO0N MaTepHalilbHbIe TOUKH, YACTULIBI Ta3a JPYT C
JIPYrOM HE B3aUMOJEHCTBYIOT.

3akon boiias-Mapuorra

Ilpu nocmosannoll memnepamype, 06vem 0aHHO20 KOIUYeCmead 2a3a 00pamuo
NPONOPYUOHANEH OABIEHUIO, OO KOMOPbIM HAXOOUMCSL 2a3.

PiVi=P2V2=const wmm P1/P2 =V2/V1

M30TepMBI M1€AIBHOTO rasa

I3
T2
T1
V

[
»

Crnenctus u3 3akona boitns-MapuoTra:

- IJIOTHOCTH ra3a IpPH MOCTOSHHOM TeMIEpaType NpsMO IPONOPLUUOHAIbHA JIABICHUIO
raza: pi/p2 = p1/p2

- JaBJICHHE ra3a IpH JaHHOW TeMIIEpaType NPpsSMO NPONOPLIHUOHATIBHO €r0 KOHIIEHTPALUH:
p1/p2 = ci/c2

3akon I'eii-JTroccaka

Ipu nocmosnnom oasnenuu usmenenue memnepamypul na 1°C usmensem obvem
dannoz2o Konuwecmsa 2aza Ha 1/273 uacme om mozo ob6vema, komoputii 2az 3anuman npu 0°C

Vi=Vo+1/273 Vot

Ilpu nocmosanHom dasnenuu 0o6vembl O0AHHO20 KOIUYeCmaa 2asd npsamo
NPONOPYUOHANLHBI AOCOTIIOMHBIM MEMNEPAmypam

A Vi/T1=V2/ T2

P1
P2
P3

N306aps! uaeanbHOTO raza

I »
»

3akon LHlapas
IIpu nocmosinnom obveme oasnenue OGHHO20 KOTUYECMBa 2a3d NPAMO NPONOPYUOHATLHO
abCoNIOMHbIM MeMnepamypam

P/ T1i=P2/ T2
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N30x0psl nacaibHOro raza

T
Ypasuenue Menaeneesa-Kiianeiipona
BriBoa aHHOTO ypaBHEHHSI OCHOBaH Ha 00beAuHEeHUHU 3aK0HOB boins-Mapuotra u [eii-
JIroccaka
pV = vRT

JUis ra3oB, CYIIECTBYIOIIMX B IPHPOJE peaabHO (pealbHble TIa3bl), XapaKTEPHbI
HEKOTOpPBIE OTCTYIUIEHUS OT Ta30BbIX 3aKOHOB. PeanbHBI ra3 OTIMYAeTCs OT HJEaJIbHOTO
CYILIECTBOBAHMEM B3aMMOJEHUCTBUSA MEXKIY YaCTHLIAMH. Y HUX YHCJIO YAApOB O CTEHKY cocyza
0oJbI1Ie, YEM YHCIIO YAApOB, BBIYUCIEHHOE JUISl UJ1€aIbHBIX Ta30B.

OtknoHeHue oT 3akoHa bolnsg-Mapuorra: npu NOCTOSHHOM TeMIepaType IPOU3BEICHUE
PV He sABisE€TCS BETUYMHON OCTOSIHHOM.

OtknoHenue ot 3akoHa [eii-Jltoccaka: Uil  peayibHBIX Ta30B KO3 QUIMEHT
TEPMUYECKOTO pacmupenus # 1/273.

OTkJIOHEHHEe OT 3aKoHa ABOrajapo: oovemM | Mol peanbHOro rasa npu H. y. HE paBeH
22,4 n.

OrknoHeHue oT ypaBHeHMs MenneneeBa-KiianelipoHa: He ONMCBIBAIOTCA JTUM
ypaBHeHueM. [Tloatomy Ban-nep-Baansc BBen nonpasky

(V-b)(p+a/V®)=RT

b — HEC)KUMAaeMBbIll 00BEM
a — BEIWYMHA, [IOCTOSIHHAS JUIs JaHHOIO rasa.

I'azoBble cMecH

B ra30BBIX CMECSAX KaXKIbIH Ta3 BeJeT ceOs HE3aBHCHUMO OT CBOMCTB OCTAILHBIX T'a30B.
["a30BbIE cMECH MOTUMHSIOTCS 3aKOHY MAapPUHAJbHBIX 1aBJIeHUH (3aK0H [[a1bTOHA):

Obwee oasnenue 23060l cMeCU PAGHO CyMMe NAPYUATbHBIX OAGIeHUL.

IMapunanbHoe qaBJjieHHe — ATO JaBJICHUE, KOTOPOE OKAXET JaHHBIM ra3, BXOIALIUN B

COCTaB CMECH, €CJI OH OJIMH Oy/IeT 3aHUMaTh 00bEM CBEIl CMECH.
Poom=Pp1rtp2+tp3+t...

Jlnst ompeneneHus TMapIUaIbHOTO JAaBJICHUS MOXXHO BOCIIOJIB30BAaThCS ypPaBHEHHEM

Menneneesa-Knaneiipona

Poo Voo = RT - D0 (1)
P1 Voo = V1IRT 2)
Pasnenum nepBoe ypaBHEHHUE HA BTOPOE:
Vy
p 1 = p 00
v

Takum oOpazom, mapuuaIbHOE JABJICHUE Ta3a PAaBHO €T0 MOJISIPHOM J10JIe CMECH,
YMHOXEHHOW Ha o0111ee JaBlIeHUEe CMECH.

JlaHHBIN 3aKOH TNPUMEHHM K HWICATbHBIM Ta3aMm. PeanbHbie ra3bl OOHAPYKHBAIOT
OTKJIOHEHHS.
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1. PaccuntaTth 0CMOTHYECKOE AABJIEHUE PACTBOPOB.
2. PaccuuraTh TeMrepaTypy 3aMep3aHus U KUIIEHUSI PACTBOPOB.
3. Ilpumennts 3akoH Bant-I'odda u Bropoi 3akon Paymns
4. Ucnonb3oBaTh Teopuu: AppeHuyca, Jledas- Xrokkers.
5. OnepupoBarh MOHATUSMHU: TEPMOJUHAMHUYECKAss KOHCTAHTA JAMCCOLMAINH, aKTHBHOCTB,
K03 (UIIMEHT aKTUBHOCTHU, HOHHAs CHJIa PacTBOPA.
6. PaccuntaTh KOHIIEHTpAIIMX PACTBOPOB.
7. IlpuroroBuTh OydepHbIi pacTBOP ¢ 3aJaHHBIM 3HaYeHHeM pH;
8. aKcrIeprMeHTaIbHO N3MEpUTh pH IPUTOTOBICHHOTO U Pa30aBICHHOTO PacTBOPA;
9. u3y4nTh CBOIiCTBA Oy(epHOro pacTBOpa MPH JCHCTBUN CHBHBIX KUCOT H HIETIOYECH;
10. paccuuTaTh TeopeTuyeckue 3HaueHus pH.
2.2.3 llepeyenb NpuOOPOB, MATEPUATOB, HCI0JIBL3YeMbIX B J1a00paTOPHOIi padoTe:
1. [lepuonnueckas cuctema xumuueckux 3neMentoB /.M. Menneneesa.
2. Kpatkwii cripaBOUHUK (PU3UKO-XUMHUYECKUX BEINIUH
3. Tabnuna pacTBOPUMOCTH.
4. 0,1 1 pactBops CH3COOH CH3COONga,
5. cranmapraeie pactBopsl HCl u NaOH,
6. mpoOupkw,
7. nunetku Ha 1, 5 1 10 M

2.2.4 Onucanue (xoa) padoTsbl:
1. Paccuuraiite mons3ysich nmpasuiioM Bant-I'odda, ocmoTHueckoe naBieHue pacTBopa npu
20 °C, ecnu B IUTpE €ro HaxXoAUTCs 18 T TIIIOKO3BI.

2. OcMoTHYECKOE JIaBJICHHE BOJIHOTO pacTBOpa reMoryioduHa, cojaepxariero 32 r/in npu 17
°C, paBHo 43,84 xIla. HaiiT OTHOCHTENBbHYIO MOJIEKYJISIPHYIO Maccy reMoriioOnHa.

3. PactBop, conepxxanuii B 100 M1 HuTpat O0apus maccoii 11,07 r, U30TOHUYEH C pacCTBOPOM
[II0KO3bI MOJISIpHOM KoHIeHTpauuu 0,912 Momb/n. BeIYMCIUTh KaXylIytocs: CTeneHb
muccormanuu Ba(NOz)2 B a3TOM pactBope.

4. Onpenenute, Npu KaKo TeMIepaType 3aMep3HET pacTBOP XJIOPHJIA IIUHKA MOJISIIBHOCTBIO
0,01 mons/kr. Kaxyimasics crenens qucconuannu conu pasHa 87%. Kpuockonuueckas
nocTosiHHas BoJibl paBHa 1,86 K-kr/Moub.

5. PactBop conmepxkamumii B Bojie Maccoi 25 r 6eH30iHyI0 Kucinoty Maccoit 0,608 r, Kumut
npu 100,104 °C. D0ynnmmockonuueckas noctosiHHast Boab! 0,512 K-kr/mosns. K cnabbim nnu
CUJIbHBIM 3JIEKTPOJIUTaM OTHOCUTCSI O€H30lHas KuciaoTa?

6. UTo Takoe KaXyIasicsi CTeNeHb IEKTPOIUTUYECKOl nucconmarmu? Kakue
K03 (UIIMEHTH! BBEJIEHBI B TEOPUU CHIIBHBIX 3JIEKTPOJIUTOB?

Bydepubie pacTBOpbI

l'otoBaTcss Tpu OydepHbIX pacTBOpa. s 3TOro B KaXIyl0 U3 TpeX MPOOHPOK
MPWINBAIOT OIpEIeIeHHOE KOJMYECTBO YKCYCHOM KHCIIOTBI M alerara HaTpusl UCXOJs U3
JTAHHBIX TaOJIMIIBI.

Ne O6wem O6Bvem W3mepennoe Beruucnennoe
CH3COOH 0,1 CH3COONa 3HaueHue pH 3HaueHue pH
H, MJI 0,1 1, M

1 1 9
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PacTtBOpBI THIATENBHO NepememuBatoTcs. B kaxayro npobupky nobasnsercs 2-3 Kamim
YHUBEpCAIbHOIO UHAMKaTopa. M3mepsem 3HaueHue pH 1o nBeTHOH IIKane yHUBEPCAIbHOTO
uHaukaropa. [lomyyeHHble JaHHbBIE 3aHOCATCS B TaOJIULLY.

YHuBepcansHbIn
MHOVKaTOD

!
/ N3meputb pH

PactBop No2 nenutcst Ha aBe paBHbIE yacTu 1o 5 mil. B ogny u3 npobupok qobasisem 5
MJT TUCTHIIUPOBAHOMN BOJIBI

3
HoGaeutb 5 Mn
PasgenuTtb pacteop B OVUCTUNNMPOBAHHOM

npobupke Ne 2 Ha aBe BOAbI
paBHble YacTu

AN 1
MN3ameputb pH
»

=
PacTtBop \ /
CpaBHeHus AHanuaupyemblii

pacTBop

HaOmronenus:

PactBop Nel pemutcst Ha 2 paBHBIe 9acTH mo 5 M. B omHy u3 mpoOMpoK m00aBisiem
HECKOJIbKO Karenb pactBopa HCI:
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ﬂ L

PaspenunTtb pactsop B [o6aBnTb HECKOIBLKO
npobupke Ne 1 Ha aBe kanenb HCI
paBHble YacTu

AN ]
_ P WamepuTb pH
/

Pactsop \
CpaBHeHus AHanusupyembin
pactBop

HaOmronenus

PactBop Ne3 nenutcst Ha 2 paBHble yacTH mo 5 mil. B oaHy u3 mpobupok mobasisiem
HECKOJIbKO Kamenb pactBopa NaOH:

5]

PaspennTtb pacteop B [o6GaBnTb HECKOMbKO
npobuvpke Ne 3 Ha aBe kanens NaOH
paBHble YacTu

A

Wameputb pH

Pacteop \ /
CpaBHeHMs AHanunsmpyembiin

pacTtsop

Hab6mronenus

Paccunraiite Teopernueckune 3HaueHus pH mo dbopmyne mns xkucimoTHOro OydepHOro
pactBopa. [Ipu ogMHAKOBBIX KOHIEHTPALUSAX KUCIOT U UX COJIel B ()OPMYITy TIOJICTABIISIFOTCS
nx 0oseMsl. Kenscoon=1,8x107. TlonydenHsle TaHHBIE 3aHECUTE B TaOJIHNILY.

Cnenaiite BBIBOJ O CBOMCTBaxX Oy(epHBIX CUCTEM

2.2 JIabopaTopuas padora Ne2 ( 2 yaca).
Tema: OCHOBBI TEPMOXUMHUU B TEPMOJTNHAMHKH XHMUYECKHUX ITPOIIECCOB
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2.3.1 Heab padorbi: U3yunTh MeTOABI ONIPeieSieHUsl TEII0BbIX 3 PeKTOB
XHMHUYECKHX peakumid

2.3.2 3agauu padoThI:
1. I3mMepuTh MakCUMaJIbHOE KOJMYECTBO TEIIOTHI, BBIICIISAIONICECS B XO/1€ PEaKIuu

HEUTpaIU3aLIUH;.
2. CPaBHUTH TEOPETUYECKOE 3HAYCHHE TEIJIOBOTO 3P PeKTa PeaKIiIiu ¢
IKCIIEPUMEHTAIBHBIM. . ........

2.3.3 Ilepeyenb npudOpPoOB, MATEPHUAJIOB, HCIIOJIL3YyEeMbIX B JIAa00paTOPHOI padore:
1. TepmomeTp

2. TepMocTaT

3. nBa cyxux crakana Ha 100 mi
4. 1 u pactopsl NaOH u HCI
5. MEpHBIA HWIMHAP Ha 25 M

2.3.4 Onucanue (xox) padorsbIi:
Omnpenenutsd TEII0BOM 3 PeKT peakuu HeRTpaIu3aun

B cyxoii crakan Hanuth 25 M | H pacTBOpa IIENI0OYH, OYCTUTh B HETO TEPMOMETP U
yepe3 10 munyt uszmeputh temneparypy ¢ TouHocteio 0,1°C. Bo BTOpoil cyxoil crakaH
HamuTh 25 M 1 H pacTBOpa COJISIHOM KHCIOTHI. BbICTpo
IIPWINTH PacTBOP KHUCIOTHI B pacTBOp wLiesnodn. OCTOPOKHO
MOMEIIMBasg CMECh TEPMOMETPOM 3aMETUTh MaKCHUMaJbHYIO
TEMIIEPATypy pacTBOpa B MOMEHT CIMBAaHUSA C TOYHOCTHIO
0,1°C.

[TonyueHHbIe TaHHBIE 3aHECTU B TAOIHILY.
Teoperudeckoe 3HaUYE€HUE TEMJIOBOTO 3PQeKTa peakuu
HEWUTpaAIN3allN CUJIBHON KUCJIOTHI CUJIIBHOW IIEJI0OYb0 PABHO
57,4 xJIx.

TermroeMKOCTh
pactBopa
[ImoTHOCTH pacTBOpa
Q061 00BbEM CMECH
Hauancaasa
TeMIiepaTypa
MaxkcumanpHas
TeMIeparypa
AT
QTeop
QE)KCH
% oImuoOKu
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2.3 JIabopaTopHasi pad6ota Ne3 ( 2 yaca).
Tema: Xumuueckas kunetuka. Katanuz. @oroxumus
2.3.1 Hean padorbi: M3yunTh KUHETUKY pEeaKlUU THIPOIN3a TPOCTHUKOBOIO caxapa
2.3.2 3agauu padoThI:
1. OnpenenuTh KOHCTAHTBI CKOPOCTH MPH JABYX Pa3IUYHbBIX TeMIIEpaTypax.
2. Paccunrtarh HEpPruio akKTUBAIIUU
2.3.3 IlepeyeHb NpuGOPOB, MATEPHAJIOB, HCIOJIb3YEMbIX B J1a0opaToOpHOii padoTe:
. IOJIIPUMETP MOJTYyTEHEBOM;
. BOJSTHOM TE€pMOCTaT BMECTUMOCTHIO 1 J1;
. TpY KOJIOBI BMECTUMOCTHIO 50 MIT;
. OJTHa KOJ10a BMECTUMOCTBIO 50 MJI ¢ ITTMHOHN Y3KOH IIEHKOM;
. OJIHa MepHas Koi0a BMECTUMOCTBHIO 50 MI;
. Kyckn (puIbTpoBanbHOi Gymaru pasmepom (10x10) cm?;
. IB€ OIOPETKH BMECTUMOCTBIO 25 MIT;
. TepmoMeTp oT 273 K no 323 K ¢ nenoit nenenus 0,1 rpan.;
. QJIEKTPUYECKAs TUTUTKA;
10. pactBop caxapo3sbl kKoHIeHTpauu 10-20 mac. nonu, %;
11. pactBop HCI konuentpauuu 1 Mosb/i.
2.3.4 Onucanue (xox) padoThbI:
N3yuenne KUHETUKU PEAKIIMK TUIPOIU3a TPOCTHUKOBOTO caxapa

OooO~NoolThWwWwN -

YcTaHaBnUBaOT 3aJaHHYIO TEMIIEPATypy BOASIHOTO TepMOCTaTa TMOJICPKUBAIOT €€ a
npenenax + 0,5°C mobaBneHreM TEIION WIIH XOJIOTHOW BOJIBI.

N3 ucxomHoro pacrtBopa TOTOBAT PacTBOpP 3aJaHHOM KOHIEHTpauuu. Eciaum pactBop
MYTHBIHN €r0 PUIBTPYIOT.

OrnpenensoT yroj BpalleHUs TJIOCKOCTH TMOJSPHU3AIMd B MOMEHT Hadajla PEakildu olo.
Jnst aToro 20 M UCXOJIHOTO PacTBOpa caxapo3bl HAIMBAIOT B CYXYIO KOJIOY BMECTUMOCTHIO
50 M U BeIIEpKUBAIOT B TepMocTare 10 MuH. 3aTeM YUCTYIO MOJSIPUMETPUUYECKYIO TPYOKY
OTIOJIACKUBAIOT U HAIOJHAIOT 3TUM pacTBopoM. [Ipu HamoigHeHuH TPyOKH CHEAST 3a TEM,
4TOOBl B HEE HE MOMall BO3JyX, TaK KaK €ro MPHUCYTCTBHE MEIIAeT OINpEeAeNeHUI0 yria
BparnieHus: . TpyOKy Jep>kaT BEpTUKAIBHO, 3aOJHAS €€ TaK, YTOObI 00pa30BajICsl BBITYKJIIBINA
MEHHUCK, TOCJE€ STOT0 OCTOPOKHO COOKY HAJBUTAIOT MOKPOBHOE CTEKIO M HABUHYHUBAIOT
NpWKUMHYIO 00oimMy. [Ipu »TOM mpoBepsitoT, HE TOATEKAeT U TpyOKa. 3amoHEHHYIO
TpyOKY MOMEIIAIOT B MOJIIPUMETP B MOJIOKEHUE ONMKaifliee K OKYIsSIpy, U H3MEPSIIOT yroi
BpallleHus 0lo’, @ Clo=0lo’/2, TaK KaK MpU OMpPENIEICHUSIX Ot PaCTBOpP caxaposbl pazdaBisieTcs B
JIBa pasa.

OmnpenensitoT ot B cyxyto kon0y BMecTUMOCTBIO 50 MJI OTMEpSIOT U3 OIOpPETKH 25 M
caxaposbl. B npyryio takyro ke konby momemiaror 25 it HCl  konmentparuu 0,1 Moub/.
O06e koyOBI BBIIEPKUBAIOT B TepMmocTare 10-15 MUH mpu TemmepaType OIbITa, MOCIe Yero
CIIMBAIOT BMecTe 00a pacTBOpa U MEpPEeMENInBaloT, MepenuBas U3 KoiObl B Koi0y. MomMeHT
CMEIIIeHUs — BpeMsl Hayalla peakild — OTMEUaloT M0 4YacaMm ¢ TOYHOYTHIO 0 1 MHH. DTOMY

MOMEHTY COOTBETCTBYET 0l0.

[MonspumeTpudeckyro TpyOKy, 0OCBOOOXKIEHHYIO OT pacTBOpa caxapo3bl, OMOJACKHUBAIOT
MOJIyYEHHBIM PAcTBOPOM., 3aIlOJIHAIOT UM U TEPMOCTATHUPYIOT 4epe3 3a/JaHHble MHTEPBAJIbI
BpeMeHH. TpyOKy BBIHUMAIOT U3 TEPMOCTATa, BBITUPAIOT MOKPOBHBIE CTEKJIA M HM3MEPSIOT
yroJi BpaiieHus ot. Becero npoBoast 6-8 usmepeHui.
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Pe3ynbrarhl n3mMepeHuii 3aHOCST B TAOIUITY:

No Bpewms Bpewms Yron ool
U3MEPEHUS ACTPOHOMUYECKOE oT BpalleHus,

Hayana ot

peakiuu

t, Mun

2.4 JlabopaTopHasi padora Ned (2 yaca).

Tema: DJIEKTPOIPOBOAHOCTH PACTBOPOB AJIEKTPOTUTOB. DICKTPOXUMHUS

2.4.1 Heab pa6orpi: V3yuuTh METOABI OMpEIeNieHUs YyIEIbHOU AIIEKTPUUYECKOU
MIPOBOJIUMOCTHU

2.4.2 3anauu paGoThI:

1. I3MepuTh CONpOTUBIIEHUE PACTBOPOB;

. paccuuTaTh yAEIbHYIO U SKBUBAICHTHYIO 2JIEKTPUUECKYIO IPOBOAUMOCTD;
. OIIPENIeTTUTH A,

. paccunTarh KO3((PUIHUEHT 3JIEKTPUUECKON IPOBOAUMOCTH.

. I3MepuTh COIPOTUBIIEHHE PACTBOPOB;

. pacCUUuTaTh YACIBbHYIO U SKBUBAJICHTHYIO 3JICKTPHYCCKYIO IIPOBOJIUMOCTD,

~N o o B~ w0

. OTIPENINIUTh A”; paccunuTaTh KOAPPHUIHUEHT 3IEKTPHUUECKON TPOBOTUMOCTH.

2.4.3 TlepeyeHb NpUOOPOB, MATEPHAJIOB, HCIOJIL3yeMbIX B J1a00paTOPHOIi padoTe:
. Konnykromerp;
. TEPMOCTAT;
. KOHAYKTOMETpUYecKas siueika,
. PAaCTBOPBI UCCIIEYEMBIX JEKTPOIUTOB U3BECTHON KOHLIEHTPALIUY;
. JUCTUITUPOBaHHAs BOJIA;
. MEpHBIE KOOI BMecTUMOCThIO 100 Mt
. CTaKaHbl BMECTUMOCTHIO 100 mu1.
2.4.4 Onucanmue (xo1) padoThbI:
Hccnedosanue 5Kk6U8aNEHMHOT 2NEKMPUYECKOL NPOBOOUMOCU OM KOHYEHMPAYUU
ToToBAT 4-5 pacTBOPOB CHIIBLHOTO DJIEKTpONMTa B MHTepBaie koHneHTpanuu 0,05-0,001
M nocpencTBoM mocieaoBaTesbHoro pazoasnenus. Hanpumep, ecnu Tpedyercss IpUroToBUTh
u3 0,1 M pacrBopa 0,05 M pactBop, To cieayet pa3daBuTh ucxoausii 0,1 M pactBop B 2
pasa. V3MepsIOT 3JEKTPUYECKYI0 NPOBOJMMOCTH pPAacTBOPOB, HauyuHas C HauOoiee
pa3z0aBIEHHOTO

~NOoO Ok~ WN -
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Ne C, moub/n CormnpoTuBieHne Y3II, Cm/m OKBUBAJICHTHAA
R,Om DI1, CMxM%/MOITB

[ToTreHoMeTprUYECKOEe TUTPOBAHHE CIIA00N KUCIOTHI U CMECH cllaboil U CHIIbHON
KHUCIIOT.

Bxitowaror pH-merp st mporpeBa. AHamM3uUpyeMblil pacTBOp ciaboil KUCIIOTHI B
CTaKaHe JJIsl THTPOBAHUS CTAaBAT Ha MarHUTHYIO Memaiky. OmycKaroT B pacTBOpP 3JIEKTPOIbI
U KOpb MarHUTHOM Memanku. [loaxmodaroT 3JeKTpobl K COOTBETCTBYIOIIUM KieMMmaM pH-
MeTpa. 3aloJHAIT OIOPETKY TUTPAHTOM M YCTaHABIMBAIOT €€ TakK, YTOObl HOCHK OIOpETKU
HaxXoJWics Ha 2-3 CM BbIIIE YpPOBHS TUTPYEMOrO pacTBOpa. THUTpOBaHHE HAYMHAIOT C
u3Mepenus D/IC anemenTa ¢ pacTBOpoM KHUCIO0Th (MeToauky usmepenust JJ1C na pH-merpe
673-M cM. B MHCTPYKIHH). 3aTeM M00ABJIAIOT MO 2 MJ TUTpaHTa (MPUOIM3UTENBHO 10 15
MJI), TIOCJIe Yero nepexosaT Ha nopuuu 1 mi. [locne npubaBineHus Kaxaoi NOpLUUU pacTBOpa
TUTPYEMYIO JKUJKOCTh NEPEMEIIMBAIOT U BbDKUJAIOT HEKOTOPOE BpeMs (OKOJIO 2 MUH.) JUIS
noctikeHus: paBHoBecus. M3mepsitor DJIC u 3amuceiBaroT pesynbraT B Tabnuny. Korna
nocine godasnenus nopunu Bl mi usmenenune IJ1C craner 6osee CyleCTBEHHbBIM, IEPEXOIST
Ha nopuuu B 0,2 mi. B obOmactu Touku skBHBajeHTHOCTH 3HadyeHus DJIC u3MeHsoTCs
ckaukooOpas3Ho. [locine AOCTHKEHUsI TOUKU SKBUBAJIEHTHOCTH JAENAaioT eme 3-4 u3MepeHus,
no0aBmsist TUTPAHT 1o 0,2 MII.

AHaJOTMYHBIM CIIOCOOOM THUTPYIOT CMECh CHUJIBHOM W cimaboi kucnoT. I'papumuecku
HAXOJAT JIB€ TOYKH TUTPOBAHHS, TIOCTPOHB rpaduk Ha MAJUTMMETPOBOI Oymare

2.5 JIaGoparopuas padora Ne5 ( 2 yaca).
Tema: [ToBepXHOCTHBIE SIBIICHHS: aJCOPOIIHSI, aATe3usl, TOBEPXHOCTHOE HATSHKEHUE. .
2.5.1 Heab padoTbl: MU3yunTh aAcOPOLNIO YKCYCHOM KUCJIOTHI HA yIJie
2.5.2 3agauu paGoThI:
1. Paccuurats ynenbHyto ancopounto CH3COOH Ha yrie;
2. TIOCTPOUTH U30TEPMBI aICOPOITHH;
3. rpaduyecku OINpeneNuTh KOHCTaHTHl ypaBHeHUss PpelHAIUXa M NPOBEPUTH €ro
NPUMEHUMOCTb K a7COPOITH OPTaHUIECKUX KUCIIOT Ha yTJe
2.5.3 IlepeyeHb NpUOOPOB, MATEPUATOB, HCI0JIb3YeMbIX B J1a00paTOPHOIi padoTe:
. 12 mocko10HHBIX KOO BMECTUMOCTHIO 100 MJT ¢ pe3MHOBBIMU MPOOKAMHU ;

. 6 CTEKJIIHHBIX BOPOHOK;

. TATIETKA BMECTUMOCTERIO 25 1 10 mit;

. CTEKJISTHHAsI masiovka (apdopoBasi CTyIKa;

. 6epe30BbIif aKTUBUPOBAHHBIHN yroib Mapku BAY unu tabneTku kapooseHa;
. OyMakHBIE (PUIIBTPBI;

. PACTBOp YKCYCHOM KHCIOTHI KOHIIeHTparuu 0,2 MOJIb/IT;

co N o o1 A W DN P

. pactBOp (heHONMpTaIEHHA;
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9. bapdoponas cTynka

2.9.4 Onucanue (xox) padoTbl:

IIpuroroBurts 100 ma 0,1M pacTBopa XJiOpHIa HATPUSA

W3zyuenne aacopOuy yKCyCHOU KUCIIOTHI HA yTIie

W3 ucxoqHOro pacTBOpa yKCYCHOM KHCIIOTBI TOTOBAT IIOCIIE0BATENbHBIM Pa30aBiIeHUEM
BJIBo€ 6 pactBopoB no 50 mu kaxaoro. O0bEMbI pacTBOPOB M BOJIBI OTMEPSIIOT C MOMOIIBIO
MUTIETOK BMECTUMOCTBIO 25 MII.

Ha Becax oTBemmBaroT 6 HaBECOK aKTHUBMPOBAHHOIO yriis (1o 1-4 r, corjaacHO BapuaHTy
3aJlaHus), IPEIBAPUTEIIBHO PacTEPTOTO B CTYIIKE.

B kaxnayro konby ¢ pactBopom CH3z COOH BHOCST HaBecKy yIJis U 3aKpbIBAlOT IPOOKOIA.
PacTBopsl ¢ yrieM TINATENBHO MEPEMEIIMBAIOT MM [OMELAT Ha Kadajky s
BCTpsIXUBaHUA NpuMepHO Ha 10 MuH. 3aTem ocTaBistoT cTosTh Ha 40-50 MUH, NepUOINYECKU
B30QJITBIBasl CYCIIEH3MIO YIJIS JJIs JOCTHKEHUS aJCOpPOLIMOHHOIO paBHOBecHs. OnpenenstorT
KOHIIEHTPALUI0 UCXOAHOIO pacTBOPA YKCYCHOM KUCIIOTBI. J{jIsl 3TOr0 B TpU KOJIOBI OTMEPSIOT
NUNEeTKON win OropeTkoil mo 10 MiI MCXOJHOIrO pacTBOpa KUCIOTHI U TUTPYIOT PacTBOPOM
NaOH konnentpanmuu 0,1 monw/nm B mpucyrctBun QenondranenHa. M3 Ttpex 3HaueHMiA
HaXOJAT CPeHUH pe3yibTar.

[To mcreueHun 3a7aHHOTO BpPEMEHU aACOPOLMU CYCIICH3UIO YIS OT(IBTPOBBIBAIOT
yepe3 (pUunbTphl, CMOYCHHbBIE PACTBOPUTEIEM, B KOHUYECKHE KOJIOBI BMECTUMOCThIO 100 Ml
[lepBbie mopruu ¢uibrpatoB (10-15 M) oTOpachiBalOT, Tak KaKk B HUX KOHIICHTPALIMS
KHCTIOTHI MOKET OBITh TIOHIDKEHAa 3a CYeT aacopOruu (UIbTPOBAIBHON Oymaroi.
KoHnenTpanuo paBHOBECHOTO pacTBOpa KUCIOTHI Cpasn B (PUIIBTpATaX ONPEIENSIIOT TAK K€,
Kak U Cycx . VI3 pe3yapTaToB Tpex onpeneneHnil HaXoIAT CPEAHMI I KaKI0TO pacTBoOpa.

DKCNEepUMEHTAIBHBIC TAHHBIE 3aHOCSTCS B TAOIHILY

AncopOeHr: Ancop0ar:
o amcopOuun [Tocne ancopOumu
Ne Konuerpaun O6wem KonuenTpann Cpennn KonuenTpann
s kucnotsl Co ¢unbTpaTa s TUTPYOLIEH i o0beM A KHMCJIOTBI
JUIs IIETI0YH 11EJI0YH, Copasn, MOJIB/JI
TUTPOBAHHS MIT
, MIT

s ompeneneHuss KOJMHYECTBA aJCOPOMPOBAHHO KHUCIOTHI X HEOOXOAMMO 3HATh e
coaepxanue B 50 My pacTBopa 710 azcopOnun (MMOJIB/), KOTOPOE HAXOIAT 1o hopmyIie

a=Coe50

a TaK)Ke coJiepKaHue KUCIOThI (MMOJIB/T) B 50 MuT TTocrie ajcopOnmu:

b=C,asu®50

PaBHOBeCHBIC KOHIIEHTPAIIUU KUCIOT (MMOJIB/JT) BEIYUCIISIOT 110 TaHHBIM TUTPOBAHUS

Cmenoqn.vmenoqn
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CpaBu_
Viuenorst

I'ne Cuenoun 1 Vienoun — KOHIIGHTpAIMSA U O0BEM IEJIOYH, OIS Ha TUTPOBAHHE;
Vucnors — 00BEM paCTBOpPA KUCIOTHI, B3SITHIN JJISI THTPOBAHUSI.

KomnyecTBo (MMOJIB/1T) aicOpOMPOBAHHON KUCIOTHI
X=a-Db

PazgenuB X Ha Maccy yriis M, HAXOJAT YACIbHYIO aJcopOmuio (MOJIB/KT) IS KaKI0ro
pacTBOpa KUCIOTHI:

Ne CO CpaBH m, r a b X=a-b (X/m)

Ha ocHoBe pe3ynbTaTOB OmNbITa M PAacyeTOB CTPOSAT TpaduK HM30TEPMbl aacoOpOLUU
XIM=f(Cpaen)

2.6 JIaGopaTopuas padora Ne6 ( 2 yaca).

Tema: JlucnepcHbie cuctemsbl. JInogoOHbIE 301 (KOJUIOUIHBIE PACTBOPHI): CTPOCHUE,
CBOICTBA, MOJTYYECHHE. Y CTOMYMBOCTD M KOATYJIALMSA KOJJIOMIHO-AUCIEPCHBIX CUCTEM
2.6.1 Hean padoTbl: U3yuyuTh CBOiiCTBAa €MOCOOLI MOJIYyUeHUsI 301€ii.

2.6.2 3agauu padoThI:
1. IlpuroroBuTth 4-5 307€il pa3HBIMU METOJAAMHY;
2. ONpeJeNuTh 3HAK 3apsAaa KOJJIOUIHBIX YaCTHII,
3. TOATBEpANTH KOJUTOMIHYIO IPHPOTY TIOTYICHHBIX PaCTOPOB;
4. HanucaTh (GOPMYIIBI MULIEIUT

2.6.3 IlepeyeHb NpUOOPOB, MATEPHAJIOB, HCIOJIL3YeMbIX B J1a00paTOPHOIi padoTe:
1. konOb1 BMecTUMOCTBIO 100 MIT;

2. CTaKaHBI XUMHUYECKHE BMECTUMOCTEIO 100 MiT;

3. 6ropeTKu; HabOp MUIMETOK; BOPOHKH TPOOUPOYHEIE;
4. CTEKIITHHBIC TIAJIOUKH;

5. mTaTuB ¢ NpoOUpKaMu;

6. dunpTpoBanbHAsS Oymara;

7. pactBopsl peaktBoB: AgNO3, FeCls

2.6.4 Onucanue (xox) padoThbi:
Ilonyuenue u ceoticmea 3o.net
1. Bonb rexcarnmanodeppara(ll) —xenesa (111) kanus (6epnuHckas J1a3yps):
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K 20 mu1 Bozbl 100aBsI0T2-3 KaIuld HACHIIIEHHOTO Ha X004y pactBopa FeCls , a 3arem
npu B30anTeiBaHuM — | Kammo pactBopa rekcanuanodeppara(ll) kamus. Obpasyercs 3076
CHHE-3€JIEHOr0 I[BETA.

YPaBHEHUE PEAKIUU:

CrpoeHue MULEIIBL:

2.30m1p wouaa cepedpa

K 50 mn Bombr nmoGaBmstor 5 mi pactBopa AgNOsz a 3aremM mo KamsiM, HOpU
B30anTeiBanuu 0,5 mi pactBopa Kl. OGpa3zyercs 30516 rory00BaTOro 11BETa

YPaBHEHHUE PEaKLINHU:

CtpoeHue MUIEIIIBL:

3.30ub ruapokcua xenesa(lll)

K 20 mn xunsmei Boabl goOamisitor 1-2 karum HackimeHHoro pactBopa FeCls.
OO6pa3yercs 30J1b BUITHEBO-KPACHOTO 1[BETA.

YPaBHEHUE PEaKIINU:

CrpoeHune MULEIIBL:

2.7 JlabopaTopHasi padora Ne7 ( 2 yaca).
Tema: JlnoduibHbIe 307M: PacTBOPHI BBHICOKOMOJICKYJSPHBIX coeauHeHui. ['enu.
Crynnu.
2.7.1 Heap paGorbl: HM3yunTh CBOWCTBA PacTBOPOB BBICOKOMOJIEKYJISPHBIX
COeIMHEeHUIA.
2.7.2 3agaum padoThbI:

1. OmpenenuTh 3HaUEHUE N303JIEKTPUYECKON TOUKH KeJlaTHHA 10 JaHHBIM HaOyXaHMUS;

2.7.3 llepeyeHb NpUOOPOB, MATEPHAJIOB, HCIOJIL3yeMbIX B J1a00paTOPHOIi padoTe:
. CyXxasd KCJIaTUHaA,

. IPOBOJIOKA;

. ISITh KOPOTKUX MPOOUPOK;

. OydepHbIe pacTBOPHI C pa3IMYHbIM 3HaUeHUsIMH pH;
. TOP3UOHHBIE BECHI,

. pH-metp;

. hunpTpoBanbHAS Oymara;

coO N o o A W DN P

. cTakal s onpenenenus: pH pactsopos
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2.7.4 Onucanue (xo1) padoThI:

Onpeoenenue uzoanekmpuieckoi mouku BMB no dannvim Habyxanus

OnpenensitoT M302JIEKTPUYECKYI0 TOYKY KellaThHA 1Mo HaOyxaHuio. B3BemmBaroT Ha
TOP3UOHHBIX BECaX 5 OTPE3KOB MPOBOJOKU JUIMHOM 7-8 cM. 3aTeM MNPUKPEIUISIOT K HUM
KYCOUKH CYXOH JKEJIaTHHBI M CHOBa B3BelIMBaIOT. [lo pazHoCTH Macc OMpenessioT Maccy
cyxoi oxenatuHbl. [loMmemaroT B MATh KOPOTKHUX HPOOUPOK MO OJIHOMY KYCOUKY
JKEJIaTUHBLIIO/IBEIINBAs €r0 Ha MPOBOJIOUYKE W 3aKperiss 3a Kpas MPOOUpPKH; 3arOoiIHSIOT
npoOupku Oy(hepHBIMH pPACTBOPAMHU C Pa3TUYHBIMU 3HaUeHUSMU pH (KyCOYKHM >KeTaTHHBI
JOJIKHBI OBITH TIOJTHOCTBIO MOTPYXKEHBI B pacTBop). M3mepstor pH OydepHbix pacTBOpoB Ha
pH-metpe. Yepes ompeneneHHoe Bpems (1 dvac) BBIHMMAIOT HPOBOJOYKM C HaOyxmien
JKEJIaTUHOM W TOMENIAIoT Ha (QUIBTPOBAJIbHYIO OyMary, KOTOpasl BIWTBHIBACT H3JIHILEK
pactBopa. Yepe3 2-3 MHUHYTHI B3BELIMBAIOT HaOyXILyIO KelaTuHy. Pe3ynbTaThl U3MepeHuit
3aHOCST B TaOJHILY.

PacuutsiBaroT cTeneHb HaOyxaHus

Ctposr rpaduk 3aBUCUMOCTH cTernieHn HaOyxaHus xenatunsl oT pH cpenst. [1o rpaduky
OIPEAEIISAIOT U30IEKTPUUYECKYIO TOUKY.

39



