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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Nel( 2 gaca).

Tema: «ArperaTHble COCTOSTHUS BEIIECTBA: CBOMCTBA UCATBbHBIX U PEATBHBIX PACTBOPOB»
1.1.1 Bonpochl JieKum:

1. Xapakrepuctuka pacTBopoB. MaeanbHble U peajibHble PacCTBOPHI.

2. CBoiicTBa UcalbHbIX PACTBOPOB.

3. CBoiicTBa peasibHBIX pacTBOPOB. [IpenensHblit 3akoH [[ebas-I tokkens
4. BydepHbie pacTBOPHI U UX 3HAUCHHE.

1.1.2 KpaTkoe cogep:kaHue BONPOCOB

1. Xapakrepuctuka pacTBopoB. MaeanbHble U peajibHble PacCTBOPHI.

PacTBOpBI — 3TO TEPMOJUHAMUYECKH YCTONYMBBIE TOMOTCHHBIE CHUCTEMBI, TIEPEMEHHOTO
COCTaBa, COCTOSIIIME HE MEHEEe 4YeM U3 JIBYX KOMIIOHEHTOB. |'OMOreHHOCTh oOecreunBaeTcs
PaBHOMEpPHBIM paclpeielieHueM KaKJOoro KOMIIOHEHTa B Macce APYroro B BHUIE MOJIEKYI,
aTOMOB U HOHOB. [lepeMeHHOCTh cOCTaBa O3HAYaeT, YTO COCTaB PACTBOPA MOXKET HEMPEPHIBHO
W3MEHSATHCS B OTNPEICIICHHBIX TIPE/Ieiax.

[To cBoeil BHYTpEHHEH CTPYKTYpE PacTBOPbHI 3aHUMAIOT MPOMEKYTOYHOE IOJIOKEHUE
MEXy MEXaHUYECKUMHU CMECSIMU U XUMHUYECKHUMH COSIUHEHHMSIMH. Kak MexaHU4ecKne CMecH,
Tak U J1I000i 00BEM pacTBOpa MMEET TOT K€ COCTaB, YTO M OCTallbHAas Macca. Brinenenue unu
MOTJIONICHHE TETJIOTHI IIPU 00pa30BaHUU PACTBOPOB YKa3bIBAET HA UX CXOJICTBO C XUMHUUYECKUMU
coequHeHUSAMU. OT XUMHUYECKUX COEIMHEHUIN PacTBOPHI OTJIMYAIOTCS HEMOCTOSHCTBOM COCTaBa,
OTCYTCTBHEM KPATHBIX OTHOIICHHIA, XapaKTePOM U BETHUNHON SHEPTUU CBS3H. TaK, XUMHUYECKUE
coequHEHUs o0pa3yloTCcsi 3a CUeT KOBaJeHTHOM CBS3M, a pPacTBOpPbl — 3a CUET ClalbIX
MEXMOJICKYISIPHBIX CHIL

B cooTrBercTBUM € TEpMOAMHAMHYECKHMHU CBOMCTBAMU DPACTBOPHI TMOAPA3JEISAIOT HA
ujcanbHble W peajbHble. B OTIUYHME OT WICANbHBIX Ta30B HJICAThHBIC PACTBOPBI CYIIECTBYIOT.
Hoeanvuvle pacmeopsi — 3T0 PacTBOPbI, B KOTOPBIX CHIIBI B3aUMOJCHCTBHS MEXYy MOJIEKYJIaMU
pa3HOTO BHUJA paBHBI CHJAM B3aUMOJCHUCTBUS MEXKIYy MoOJeKylamMu onHoro Buma. C
TEPMOJMHAMHYECKON TOUYKH 3pEHHUS UJCalIbHBI pacTBOp OMIpelesieTcss Kak pacTBOD,
oOnamaomuii TpU TMOCTOSHHBIX 3HAYEHUSX [ABICHHUS H TEMIIEPATyphl CIEAYIOIUMU
TEPMOJMHAMHYECKUMHU CBOMCTBaAMHU:

1) o6pazoBaHue UACATHHOTO PACTBOPA MPOUCXOIUT O€3 H3MEHEHUS 00beMa;

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

3) B mporecce 00pazoBaHMs UACATHHOTO PACTBOPA SHTPONHMS YBEIHMUUBACTCS, SHEPTUS
['u60ca ymeHbI1aeTcs.

4) 5TH pacTBOPBI 0OPA3yIOTCS U3 BELIECTB, MOJIEKYJIbl KOTOPBIX CXOAHBI O MOJIIPHOCTH,
M0 CTPOEHHUI0, XUMUYECKOMY COCTaBY (CMech O€H30J1a ¥ TOJTyoJIa).

PacTBOpbI, 11 KOTOPBIX HE BBITIONHSETCS XOTS OBl OJJHO W3 TEPEUMCICHHBIX BBIIIE
yCIIOBUH, Ha3bIBAIOT HEUICAIbHBIMU, WU PeaibHbIMU.

B 3aBuUCHMMOCTH OT TOrO, JJIGKTPOHEUTPAIBHBIMH WU 3apsDKCHHBIMH YaCTHIIAMH
ABIIIOTCS KOMIIOHEHTBI pAacTBOPOB, HUX TMOAPA3AEISAIOT Ha MOJIEKYJISIpHBIE (PacTBOPHI
HEAJIEKTPOJIUTOB) U HOHHBIE (PACTBOPHI AIEKTPOJIUTOB).

2. CBoiicTBa HI€ATBHBIX PACTBOPOB.

Cesoticmea pacmeopoé Hes1eKmpoaumos
- /lasnenue HacvluyeHHO20 nApa pacmeopumens Had pacmeopom
Omuocumenvroe noHudiceHue 0aIeHUs HACLIWEHHO20 NApa Pacmeopumelis Hao pacmeopom
PABHO MOJIAPHOU 00J1€ PACMBOPEHHO20 Beuecmad 8 pacmeope



V1
Ap = po
L Rl 1))
V] — YUCJIO MOJIEH paCTBOPEHHOTO BEIIECTBA;
V2 — YHCJIO MOJIEH PACTBOPHUTENA
Tonudicenue dasnenus napa NPamo NPONOPYUOHAILHO KOHYEHMPayuu
pacmeopa
JlaHHBIN 3aKOH TPUMEHUM IS CUIbHO PA30ABNeHHbIX PACMBOPO8 HeINeKMPOIUmos, y
KOTOPBIX Uy > V1. [ToaTOMy V| B 3HAMeHaTese MOKHO TIpeHeOpeys. Toraa:

Vg Ap Vg
Ap = po - wm = -
V2 Po L)
[ToHm>xeHue naBIeHHS HACBIIIEHHOTO Mapa pacTBOPUTENS HaJl PaCTBOPOM HCIOJIb3YETCS
JUTSL OTIPEICIICHUS] MOJIIPHOM MacChl paCTBOPEHHOTO BEIIECTBA!
po m;y M,

M1 =
Ap m;

- memnepamypa 3amep3aHus pacmeopoé — 3TO TEMIIEpaTypa, pu KOTOPOH JaBlieHHE
HACBIIIEHHOIO Tapa HaJl KUJIKOCThIO CTAHOBUTCS PaBHBIM JABJICHHUIO HACBHIIIEHHOTO Mapa Hajl
KPUCTAJUIAMH 3TOU KUIKOCTH.

PazHocTe Mexay Temmeparypoil 3amep3aHusl UYHMCTOTO pacTBOPUTENS W pacTBOpa
HA3bIBACTCS NOHUNCEHUEM MEMNEPAmypbl 3AMeP3aAHUsL PACMBEOPa

T, - T, = AT,

[TonmxkeHne TeMmepaTypbl 3aMep3aHMsl 3aBUCUT OT KOHIIEHTPAlMM pacTBoOpa W
MOIUYUHSETCS] BTOPOMY 3aKkoHy Payns:

Tlonudcenue memnepamypul 3amep3anus pacmeopa npsamo nponoOPYUOHAILHO
MOANbHOU KOHYEHMPayuy pacmeopa
AT3 = E3 b

E; — xpuockonmyeckas rnocrositaHas (a1 Boasl = 1,86 rpan - T/ MOJIb)

CrocoOHOCTh  PACTBOPEHHBIX  BEIECTB  IOHIDKATh  TEMIEpaTypy  3amMep3aHus
UCIIONIB3YETCSl ISl Pa3iMyHBIX Heneid. MeTon uccieAoBaHHsA, OCHOBAHHBIM Ha HM3MEPEHUU
MOHIDKEHUS TEMIIepaTyphl 3aMep3aHusl, Ha3bIBAaCTCS KPUOCKOMHUEIA.

- memnepamypa KUNEHUsA pacmeopa — 5TO TemIepaTypa, MpU KOTOpPOil NaBieHHE
HACBINICHHOTI'O IMapa Hald )KUJKOCTbIO PABHO BHCIIHCMY JaBJICHUIO.

Pa3HOCTp 3THX BENWYMH HA3bIBACTCA MOGbIULCHUEM MeMNepamypbl
KUNeHusi pacmeopos:
Te-T = ATy

IloBblIEHME TEMIEPATyphl KUIIEHUs TAaK)KE 3aBUCUT OT KOHLEHTpALUMM pacTBopa M
MOYMHSETCS] BTOPOMY 3aKkoHy Payuns:

Tlosviwenue memnepamypbl KUNeHUs: pacmeopa nPsSimo nPONOPYUOHATLHO €20 MOJIAPHOU

KOHYeHmpayuu pacmeopa
ATy =E.b

E — a0ynmnuockonuyeckas nocrosiuHas (s Boasl = 0,52 rpan - T/ MOJIb)

MGTOI[ HUCCICOOBaHUA, OCHOBAHHBIA Ha N3MCPCHUU MOBLIMICHUS TCMIICPATYPbl KUIICHUS,
Ha3bIBACTCS 30y UIMOCKOIUE.

- ougpgysusa — 3TO CaMONPOU3BOJIBHBIA IPOLECC PACHPENEICHUS MOJIEKYJ, aTOMOB,
MOHOB, KOJJIOMJIHBIX MHIIEJIT BCIEACTBHE UX OECHOpSIOYHOrO TEIJIOBOTO JABM)KEHHS B raszax,
JKUJIKOCTSX Y TBEPJBIX BELIECTBAX, IPUBOISIINI K YCTAHOBIEHUIO PABHOMEPHOW KOHLIEHTPALIUU
0 BCEMY 00BEMY.

Juddy3us moguuHseTCsl IBYM 3aKOHaM, BBIBEJCHHBIM HEMEIKUM Y4YeHbIM A. Duxom
(1855). TlepBwIifi 3aKOH YCTaHABIWBAET IMPOMOPIHUOHATBLHOCTh AUGPEGY3HOTO IMOTOKA YaCTHIL
rpaAuEHTy UX KOHLEHTpauuu. BTOpol 3aKOH ONKCBHIBAET W3MEHEHHE KOHILIEHTpalUu,
oOycnoBienHoe nuddy3uei.



AC
=-DS _t_
AX

D — xosddurnment nuddy3un, paBHBIN KOJIUYECTBY BemiecTBa, AUd(yHIUpYOIIETo 3a
eMHHILY BpEMEHH uepe3 | cM~ MOBEepXHOCTH pasjiea Mpu IpaJleHTe KOHIEHTPAIUY, PaBHOM 1;
AC / AX — TpaaueHT KOHIIEHTpAIlM¥ B HAMpaBJICHUHM TEpeHoca (3HaK MHUHYC O3HA4aeT, 4TO
nepeMelIeHIe BeeCTBA MPUBOIUT K YOBLITH KOHIICHTPAIIHH).

A. DitamTeitH u M. CmonyxoBckuii (1906) nns onpenenenust kodddurmenta quddy3um
BBIBEIIH CIIEIYIOIICEe YPABHCHHE

RT
D=
N067ﬂ]r

No — uncno ABoranpo; r — paanyc IMPpPYHAUPYIOUUX YACTHII.

- 0CMOC ¥ OCMOTHYECKOE JaBJIeHUE

OcMoc — 310 omHOoCcTOpoHHSST Aupdy3uss pacTBOpuUTENs UYepe3 MOIYNPOHUIIAEMYIO
MeMOpaHy, OTIENAIOIIEr0 PAacTBOP OT YKUCTOTO PACTBOPHUTENS WM pacTBoOpa C MEHbIIEH
KoHIeHTparuei. OcMOC MPOI0IKASTCS 10 TEX TOpP, KOHIIEHTPAIHs pACTBOPEHHOTO BEIIECTBA 110
00e CTOPOHBI MEPETOPOAKH HE CTAaHET OAMHAKOBOM. To naBieHHe, KOTOpOe HYXKHO MPUIOKHUTH K
pacTBOpy, 4TOOBI MPUBECTH €T0 B PABHOBECHE C YUCTBIM PACTBOPUTEIEM, OTIEICHHBIM OT HETO
MOJIYTIPOHUIIAEMO MeMOpaHOW HAa3bIBAETCSI 0CMOTHYECKHM JaBJIE€HHEM.

CymiecTBy10T 3 METO1a OTIPEIETICHUS OCMOTHUYECKOTO JIaBJICHUS:

1) ocmomempuueckue memoOvl, TAE€ TPUMEHSIOTCS CHEIUAIbHbIE NPUOOPH —
OCMOMETPHI;

2) naasmonumuyeckue memoowl. IIpy HCHONB30BaHUU 3TUX METOJOB OCMOTHYECKOE
JABJICHUE PACTBOP CPABHUBAETCS C OCMOTHYECKHM JIABJICHHEM H30JUPOBAHHBIX KHUBBIX KIETOK
JKUBOTHOTO MJM pacTeHud. PacTtBoppl ¢ Oojee HUZKUM OCMOTHYECKHM JaBJIEHHEM
(rMMOTOHMYEeCKHE), YeM B KIETKaxX, IO-HHOMY OKa3bIBAlOT OCMOTHYECKOE JCHCTBHE —
pacTBOpUTENDb Yyepe3 MeMOpaHy IPOHUKAET BHYTPb KIIETKU, €€ 00beM yBeIMUnuBaeTcs, MeMOpaHa
pa3peIBaeTCs U COACPKUMOE BBIXOJUT B Cpeny. Eciam KIeTKU MpenCcTaBICHBI PUTPOIUTAMH,
MPOUCXOJUT FeMOJIN3 — FeMOTJIO0MH BBIXOIUT B PAcTBOP.

PacTBOpBI ¢ OCMOTHYECKUM JaBJICHHEM, PABHBIM OCMOTHYECKOMY JaBIICHUIO KIIETOK, HE
MPOU3BOJAT U3MEHEHUS 00beMa KIIeTOK. VX Ha3bIBalOT M30TOHNYECKHMMHM.

3) kpuockonuyeckue unu 30y1IUOCKONUYECKUe Memoobl. 3axon Bouna-Mapuomma: npu
OOHOU U MOl Jice memnepamype ocMomuieckoe O0dgleHue paziudHblX pacmeopos NpsImo
APONOPYUOHATLHO UX KOHYEHMPAYUU.

™ / CI=m / C

3axon [eii-Jlioccaka: npu 00HOU u Mot Jice MOIAPHOU KOHYESHMPAYUU OCMOMULECKOoe

oasneHue npsamMo NPONOPYUOHATLHO AOCOIOMHOU memnepamype.
P1 / P2= T, / T,

3axon Aeozadpo: pacmeopvl pasuvix 6eujecms OOUHAKOBOU MOJISIPHOU KOHYEHMpayuu
ApU 0OUHAKOBOU MeMnepamype UMerom 00HO U Modice OCMomuieckoe 0asieHue.

Eounviti 3akon  Baum-T'oghgha: ocmomuueckoe oasnenue pacmeopa pasHo momy
2a3080My 0aeieHulo, Komopoe 0vl10 0bl, eciu Obl PACMBOPEHHOe BeWecm8o HAXOOUIOCh 8
2a3000pa3HOM COCMOAHUU U 3aHUMAN0 Obl 00beM pacmeopa npu moti KHce memnepamype.

n=cRT

3. CBoiicTBa peanbHbIX pacTBOpoB. IIpenensHblil 3akoH Jlebas-I tokkemns

[lepeuncnennsie Bbime 3akoHbl Bant-T'odpda u Payns copaBemuBbl TONBKO s
UCAIBHBIX PacTBOPOB, T.€. TAaKUX, B KOTOPBIX HET XUMHUYECKOIO B3aMMOICHCTBHS MEXKAY
KOMIIOHEHTaMH pacTBOPA, a TaKKe AMCCOLMALMM WM acCOLMALMU PACTBOPEHHOI'O BEILIECTBA.
OmnbIT MOKa3aj, 4YTO y pacTBOPOB AJIEKTPOIUTOB 00Jiee BBICOKOE OCMOTHYECKOE AABICHHUE, OHU
KHUIIAT TpH 0o0Jiee BHICOKOM TeMIepaType U 3aMep3aloT Mpu 0oJiee HU3KOU TeMIieparype.



Ucxons wu3 otoro, Baut-I'opd nans pacTBOpoB 3IEKTPOIUTOB BHEC IOMPABKY,
MOJIYYMBIIYIO Ha3zBaHUe Koagguyuenma Banm-Ioggha nnm uzomonuyeckoeo kospouyuenma

(-

V1 iE; 1000 m,
Ap=ipy —— AT, =
vyt v, M; m,
iE, 1000 m,
=1icRT AT, =
M; m;

CMbIca 3TOro Ko3(p@UUUEHTa CTall SICEH IOCIE BBEICHHS TEOPUH 3JIEKTPOIMTUYECKON
nuccormanuu C. AppeanycoM. OCHOBHBIE MOJOKEHUS:

1. DOnekTponutel 00Naa0T CIOCOOHOCTBIO IPHU PACTBOPEHHUU TUCCOLMMPOBATH Ha
IPOTHBOIOJIOXKHO 3apsHKCHHBIE YaCTHUIBI — MOHBI, 32 CUYET K4O0TOPHIX YBEIMUMBACTCS YHCIO
YaCcTULl, BIUAIOIIEE HA OCMOTUYECKOE JIaBJI€HUE, TEMIIEpaTypy 3aMep3aHusl U KUIIEHUS.

2. DAEKTPOIUTHl NMPU PACTBOPEHUHU IUCCOLMHUPYIOT HAa HMOHBI HE IMOJHOCTHIO. Ymcio
YacTUll, paclaBIINXCsA HA MOHBI XapaKTepu3yeTcsl cTeNneHblo auccounanuu (o). OHa cBsi3aHa C
U30TOHHYECKUM KO3((UIIMEHTOM CIIEIYIOUIMM COOTHOLICHUEM:

i—1
o=
n-1
N — YUCJIO NOHOB, HA KOTOPBIE PACIaJacTCsl MOJIEKYJIa AIEKTPOJINTA

[IpuunHy OTKJIOHEHHUS PACTBOPOB 3JEKTPOJIUTOB OT 3aKOHOB OOBsCHs:IOT Jlebaii u
I'tokkenb, kotopeie B 1923 roay co3naiyd TeOPHI0 CHJILHBIX 3JIEKTPOJHUTOB (NpeaebHbII
3akoH [lebas-I'tokkess — II3/1I"). CornacHo 3Tol Teopuu B pacTBOpax CHUIIbHBIX 3JEKTPOIUTOB
MEXJy HMOHAMH BO3HHUKAET CHJIA 3JEKTPOCTATHYECKOrO B3aMMOJEHCTBHS M BOKPYI KaXKJI0TO
MOHA IPYNIHUPYETCsl U30BITOK HOHOB MPOTHBOIIOIOKHOIO 3HaKa, KOTOPBIM 00pa3yeT BOKPYT HErO
UOHHYI0 ammocghepy. DTOT UOH SIBIISETCS LIEHTPAILHBIM U OJJHOBPEMEHHO OH MOXKET BXOJUTH B
COCTaB OJHOW WJIM HECKOJIbKMX HMOHHBIX aTMmocdep Apyrux HoHOB. Bce 3To 0Opasyer oueHb
CIIO)KHO€ B3aMMOJECHUCTBUE MEXIy HOHAMM, KOTOpPOE BIMSIET Ha psJ CBONCTB pPacTBOPOB
anekTponuToB. MoHHas arMocdepa HMeeT 3apsi, MPOTUBOMOJOXKHBIM MO 3HAaKy 3apsaa
LIEHTPaJIbHOTO NOHA.

[InotHOCTH WOHHOW aTtMocdepbl 3aBUCUT: 1) OT KOHIIGHTpalMM pacTBopa. Yem
pa3z0aBieHHEH pPacTBOpP, TEM MEHBIIE €€ IUIOTHOCTH, 2) oT TemmepaTypbl. C TOBBIIICHHEM
TEeMIEPaTyphl TNIOTHOCTh MOHHON aTMOC(ephbl YMEHBIIIAETCA 3a CUET YBEJIMYEHUS! KUHETUYECKOM
SHEPrUU UOHOB.

Honnas atmocdepa BOKpYT Ka)KIOro MOHA OTPaHMYUBAET CBOOOY ABMKEHHS MOHA, T.€.
YMEHBILIAET CKOPOCTh €ro nepemenieHus. Cuia 3J1eKTpOCTaTUYECKOTO B3aUMOAECUCTBUS MEKIY
MOHAMU TeM OOJIbIlIe, YEM MEHbIIIE PACCTOSIHUE MEXAY HUMH, T.€. YeM OOJIbIle KOHLIEHTPALIUS,
U, B COI0 OYepe/Ib, TeM OOJIbIIEe TPOUCXOIUT OTKIOHEHHE OT 3aKOHOB.

Jlig XapakTepUCTUKH TMOBEACHUS PeaJbHBIX cucTeM JIpiorcoM ObLIO BBEIEHO IMOHSTHE
akmugHocmu uoHa (a;), KOTOpoe sBisercs (yHKIMEeH ero KOHLEHTPAlMH B pacTBOpe U
OTIIMYAETCS OT KOHLEHTPALlUM Ha MHOXUTENb, KOTOPBI Ha3bIBaeTCs KO3ppuyuenmom
AKMUGHOCMU.

ai=fi-¢ (ci=c-m)

fi — K03(ppULIMEHT aKTUBHOCTH; €; — KOHLIEHTPAIMSI HOHA; ¢ — KOHIICHTPALUs PacTBOPa; N
— KOJIMYECTBO JTAaHHOI'O MOHA.

Pacuer koadduirienTa akTHBHOCTH MOHA MOXKHO MPOU3BECTH MCXOJS M3 €ro 3apsjia u
MOHHOM CHUJIBI pPacTBOpA:

Igfi=-AZ V1

A — KOHCTaHTa, KOTOpas 3aBUCUT OT JUAIJIEKTPUYECKON IPOHUIIAEMOCTH U OT

Temneparypsl (Uit BOAHbIX pacTBopoB = 0,51); I — noHHas cuia pacTBopa.



I=1/22€ili2

M3 II3I cnenyer mpaBuJIO MOCTOSIHCTBA HOHHOM CHJIbI
Bo ecex pazbasnennvix pacmeopax ¢ 00uUHaK080U UOHHOU CUNOU KOIDDuyuenm
AKMUBHOCMU CUILHO20 JJIeKMPOJIUMA 0OUHAKO8 He3A8UCUMO OM NPUPOObL INeKMPOIUMA.
4. BydepHbie pacTBOPHI U UX 3HAUCHHE.

BonpmmHCTBO XuUIKOCTEH (KJIETOYHBIN COK, CIFOHA) UMEIOT HEUTPaIbHYIO WM OJIM3KO
HelTpanpHylo peakuuto. [IpudeM, Bce KUAKOCTH, 0COOCHHO KPOBB, OUYTH HE U3MEHSIOT pH mpu
n00aBIeHUH HEOOIBUINX KOJIMYECTB CUJIbHOM KUCIOTHI WM LIEJIOYH.

CBOHCTBO cHCTEMBI MPOTUBOICHCTBOBATh U3MEHEHHIO pH Tipu 100aBICHUH KUCIOTHI WK
IEJI0YH, a TAK)KE MPU HEOOJIBIIIOM pa30aBICHUU Ha3bIBACTCs Oy epHBIM JeiicTBHEM.

PacTtBOpbl, KOTOpBIE OONanmaroT OydepHbIM JAelicTBUEM, Ha3bIBalOTCS OygepHbIMHU
pacTBOpaMu.

Bunst OydepHbIX pacTBOPOB:

- ayemamHulil 6ygeprsvili pacmeop — CMeCh YKCYCHOU KHCIIOTHI U alleTaTa HaTpHs;

- AMMOHULIMBI 6)YpepHblll pacmeop — CMeCh TUIPOKCHIa aMMOHUS U XJIOPH/Ia aMMOHHS;

- KapooHamuwlll OyghepHvill pacmeop — CMECh YTOJIBHON KHCIOTHI M THAPOKapOOHATa
HATpUS,

- @ochamuwiti  Oygepuwiii  pacmeop — cMmech ruapooptodocdara HaTpus u
nuruapooprodocdara HaTpus.

BossMmewm aneratHerit 0ydep.

CH;COOH < CH;COO + H'

[H'] [CH;COO]
K =

[CH3COOH]
Beripasum [H']
[CH3;COOH]
[H'] = K,
[CH;COO]
JloGaBUM B 3Ty KUCIIOTY COJIb — alleTaT HATPHUs:
CH;COONa < CH;COO + Na*
[Ipu mobGaBieHMH CONM B KUCIOTY PAaBHOBECHE CMEIIAETCS B CTOPOHY OOpa3OBaHHUS
HEJIUCCOLIMMPOBAHHBIX MOJEKYJ YKCYCHOM KHCHOTHL. [Ipr 3TOM cCTemneHb IUCCOLMAlU €€
yMeHbIaercs. Toraa,

[kucnora]
[H'] =K,
[comp] - a
W
[kucaoTa] Viuenor
[H'] = K,
[CO.HL] : Vcoml
[Tponorapudmupyem

lg [H] =g K, + Ig [kucnora] — Ig [conb]
MEHSIEM 3HaKH
-1g[H'] =-1g K, - Ig [kucnora] + Ig [comns]
[coanb]
pH=pK +Ig
[kucoTa]



Ecnu B pacTBOpe mpuCyTCTBYET OCHOBAaHHUE, TO

[coab]
pOH =pK +1g
[ocH]

Ilouemy npu pazbaenrenuu ne mensaemcs pH o6yghepnoeo pacmeopa?

IIycte B 1 1 pacTtBOpa mpu 25°C coaepkutTcsa 1 Mob YKCYCHOM KHUCIOTHI U 1 MOJIb
anerara HaTpus. Paccuntaem 3HaueHue pH:

[conb]
pH=pK+Ig
[kucioTa]

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

Paz6asnsem B 10 pa3. [Ipu 3ToM KOoHIIEHTpanust ymeHbmaercs B 10 pas

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

T.e. mpu pa3daBieHUU KOHIEHTpALUS COJM U KHUCIOTHI MEHSeTcsl oJHOBpeMeHHOo. pH
Oydepa HEe UBMEHSIETCA.

Nwmeercs 1 1 anerarnoro Oydepa, conepxamiero 0,1 Mons ykeycHoit kucnotsl u 0,1 Monb
arerata Hatpus. pH = 4,756. JlobaBum x 11 3toro Oydepa 0,01 MOIb COJNSTHOW KHCIIOTHI.
Wsmenurces nu pH?

CH3;COONa + HCI1 = CH3COOH + Na(Cl

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

[IpoucxoauTt He3HauuTenbHOe M3MeHeHue pH pactBopa mpu Ao00aBiIeHUH HEOONBIINX
KOJINYECTB KUCIIOTHI.

[Ipenen, B koTOpoM mposiBisgeTcs OydepHoe nelcTBue, Ha3biBaeTcsa OydepHOit
€MKOCTBIO.

BydepHasi eMKOCTb — KOJMYECTBO BEIIECTBA 3KBHBAJCHTA CHJIBHOM KHCIOTHI WJIU
CHJIBHOTO OCHOBAaHHMs, KOTOPOE HY)KHO 100aBUTH K 1 11 OydepHoro pactBopa, 4ToObl BEIUYHHA

pH u3menunace Ha eIMHMILY.
CKP[CJI VKl/lCJ'I

- Ho=1 Vs.p-pa (PH2 — pHy)
p; —phy =

3nauenue OydepHbIX pAaCTBOPOB

Bydepnbie pacTBOpel HCHOJB3YIOTCS B JIaDOPATOPHOM MpPaKTHKE, KOIJA MPUXOAUTCS
NOJIEP’KUBATh TIOCTOSIHHBIM 3HaueHue pH cpeasl (MpH BBIpALIMBAHUN KYJIBTYpHl OAKTEpPHH); B
KayeCcTBE CTAHJIAPTHBIX PACTBOPOB HCIOJIB3YIOTCS IPU KOJOPUMETpUUYECKOM ompeneieHuu pH;
PEryjiupyroT KMCJIOTHOCTb KPOBU U KIICTOYHOI'O COACPIKUMOIO; CO3AAa0T OIITUMAJIbHBIC YCJIOBHUA
JU1s1 paboThl (DEPMEHTOB U TOPMOHOB.

1. 2 Jleknus Ne2( 2 yaca).

Tema: «OCHOBBI TEPMOXUMHUH U TEPMOJUHAMUKN XUMUYECKUX TPOLIECCOB.»
1.1.1 Bonpocsbl JieKum:

1. OCHOBHBIE IOHATHUA U ONIPEIECTICHUS
2. PaboTa pacupeHust ueaabHOro rasza
3. IlepBblil 3aKOH TEPMOAMHAMUKH U CIEACTBUS U3 HETO

4. BTopoil 3aKOH TepMOJUHAMUKH



5. Tepmoxumus. 3akoH ['ecca
6. 3aBUCHUMOCTbH TEIUIOBOTO AP PeKTa OT TeMIepaTyphl

1.2.2 KpaTkoe coaep:kaHue BONPOCOB

1. OcHOBHBIE TTOHSITHUSA U ONPECICHUS

TepmoaMHAMUKA — HayKka, u3yuarwas 63auMHble Npespaujeruss pa3iuyHulX U008
9HepaUul, C8A3AHHbIE C NePex000M IHepIUU Mexcoy meiamu 6 ¢opme meniomel u pabomsi u
VCMaHaeIuearouias 3aKoHbl SMux npespaujeHul.

OCHOBHBIM OOBEKTOM B HCCJIEIOBAHUU TEPMOJUHAMUKH sBiseTcs cuctema. Cucrema —
9TO TENO, WM COBOKYITHOCTh TeJI, 000COOJEHHBIX (PU3NYECKUMH WU BOOOpakaeMbIMU
TrpaHUIIaMU  pa3ziella OT OKpyxatomiei cpenbl. COCTOSIHHE CHUCTEMBI XapaKTepH3yeTcs
TEPMOJMHAMHYECKUMU MapameTpamMu u QyHkuusmu. K napamempam cocmosinus OTHOCAT
MEPEMEHHBIC BEIMYMHBI, KOTOPBIE HEMOCPEACTBEHHO MOTYT OBITh 3aJaHbl W W3MEPCHBI:
Temmneparypa, oobem, aasineHue. K mepmoounamuueckum ¢ynxkyusm OTHOCAT TEpPEMEHHBIE
BEJIMYMHBI, 3aBUCSIINE OT MapaMETPOB COCTOSIHUSI, KOTOPhIE HE MOTYT OBITh HEMOCPEICTBEHHO
121V (501521

Buytpennss sneprus. Ternora. Pabora

2. Pabora pacmupenus uaearabHOTO ra3a

Paccmotpum, kakyro paboTy MOXKET MPOU3BOANTH UICATBHBIN a3 MPHU €ro PacIIipPEHUH B
pe3ynbTare pa3InyHbIX MPOLIECCOB.
H3oxopusiii npoyecc: A =pAV,AV=0,A=0
[Ipu u3oxopHOM Mpoliecce paboTa pacuIMpeHus ra3a paBHa HYJIIO.
Uszo06apuwiii npoyecc: A =pAV,
A=p(V,-Vy)
wim A =p(V,—V)), pV =RT;
A=R((T:-Ty)
I[Ipu wu300apHOM Tmporecce paboTa raza MNPOTUB BHEIIHETO JABJICHHUS paBHA
MIPOU3BE/ICHUIO JaBJICHUS Ha U3MEHEHUE o0beMa.
H3zomepmuueckuii npoyecc: V;
A=pAV,p=RT/V;A=RT[dV/V=RTIn Vy/V,,
Vi
A=v2303RTIgV,/V;

A=v 2,303 RT lg Pl/Pz

3 IlepBslii 3aKOH TEPMOAMHAMMKY U CIEACTBUSI U3 HETO
Tennoma, nepedannas cucmeme, u0em Ha ygeruderue ee 6HympeHHel SHepeun U Ha
cosepuienue pabomovl CUCMEMOU NPOMUE BHEUHUX CUJL
Q=AU+A
4. Bropoii 3aKOH TEpMOANHAMUKH
Heso3zmooicen camonpoussonbHulii nepexoo meniomul 0m X0J100H020 Mena K 20pAuemy

CMBICT BTOPOro 3aKOHa TEPMOJMHAMHMKH TakKXe COCTOMT B TOM, 4TO JOOOH
CaMOIIPOM3BOJIBHBIM IPOLIECC NPOTEKACT B HANPABICHUIM, IIPM KOTOPOM CHCTEMa M3 MEHEe
BEPOSITHOTO COCTOSIHUSI MEPEXOJUT B Oosiee BeposiTHOE. MHaye roBops, caMONpPOU3BOIHHOMY
IPOTEKaHUIO MpOIecca CIOCOOCTBYET YBEIMYEHHUE HEYNMOPSAIOYEHHOCTH B CHUCTEME, Mepoi
KOTOpOH sBIIgeTCs IHTpONus (S).

5. Tepmoxumus. 3akoHn ['ecca

Tepmoxumusi — pa3gen (QU3HUECKOW XMMHHM, H3YYAIOUMH TeruioBble 3(PQeKThI
XUMHUYECKUX PEaAKIUM.

Tennosoti 3¢pghexm xumuueckoli peakyuu — KOJIUYECTBO TEIUIOTHI, KOTOPOE BBIICIAETCS
WIY MIOTJIOIIAETCS IPU XUMUYecKol peakuuu. [Ipu 3ToM 10/1KHO cOO0MI0AaThCS YCIOBUE, YTOOBI
crcTeMa He COBepIllajia HUKAKOH paboThl, KpOME pacIIupeHusl.



OCHOBHBIM TIOCTYJIATOM TepMOXUMHHU siBIsieTcs 3akoH I'ecca (1840), mo3BossrOIIMIA
TEOPETUYECKH BBIYMCIUTD TEIOBOM d(h(PEeKT XUMHUUECKON peaKInu:

Tennosoti a¢hghexm peakyuu 3a6ucum om Ha4aAILHOLO U KOHEYHO20 COCOSHUS BEUeCma,

U He 3a8ucum om nymu nepexood.
J1J1s1 BEIYUCTICHUS SHTAIBITHH 00pa30BaHUs PEAKIIHH, HEOOXOIUMO:
AH2980 (peaKHHH) = Z (D AH2980)Hp0LlyKTOB p-uu = Z(D AH2980)HCX. B-B

6. 3aBUCUMOCTH TEIJIOBOTO 3P eKTa OT TeMIIEPaTyPhI

3aBUCHMOCTh TEIJIOBOrO 3¢ (ekra OT TeMmepaTypsl BIepBble BbiBereHa Kupxropom B
BU/JIE 3aKOHA

Temnepamypnuiii Koaghguyuenm mennosoeo 3¢ghexma pasen pasHocmu CyMMapHbIX
MOJISIPHBIX MENN0eMKOCIeEl HAYAIbHBIX U KOHEUHbIX Geuyecma
AQ / AT = Cpear = Cupon

CrocoOHOCTh ~ BELIECTB  MOIVIOIIATh  TEIUIOTY MHpPH  HAarpeBaHUM  Ha3bIBAIOT

TeNJI0eMKOCTBIO.
Tenmnoemkocts (C) — 3TO KOJWYECTBO TEIUIOTHI, HEOOXOAMMOE JyUisi HarpeBaHws | T

(yaenbHasl TETUIOEMKOCTb) WM 1 MOJb (MOJISIpHAsI TETUIOEMKOCTH) BetiecTBa Ha 1 K

¢c=Q/AT

1. 3 JJexknus Ne3( 2 yaca).

Tema: « XumMuueckas KHHETUKA.».
1.3.1 Bonpocsl JieKnum:

1. CkopOoCTh XUMUYECKOW pEAKIIUU
2. @akTOpHl, BAUSIONIME HA CKOPOCTh XUMUYECKOU PEaKIIUN:

a) MpUpPOJa pearupyromux BelecTB;

0) KOHILIEHTpAIUS pearupyrolinux BELIeCTB;

B) TEMIIEpaTypa;

1.3.2 KpaTkoe coaep:kaHue BONPOCOB

1. CkopOoCTh XUMUYECKOU PEAKIIUU

XumMuyeckass KHHETHKA — pa3aen (U3HUeCcKoi XUMUH, TIPEICTABISAIONINI cOO0N yueHHe
0 XMMHUYECKHUX PEaKIUAX, 3aKOHAX UX MPOTEKaHUs BO BPEMEHHU, CKOPOCTAX U MexaHu3max. [lox
CKOPOCTHI0 peaKIUH TOHUMAIOT M3MEHEHHE KOJIMYEeCTBAa BELIECTBA B EIUHMIIE OObeMa B
€MHUIlY BPEMEHHU WM U3MEHEHHUE MOJISIPHOW KOHILIEHTPALlUX B €IMHUILY BPEMEHU

v ==£Av/V ‘At =Ac/At

2. @akTOopHl, BIUSIONIME Ha CKOPOCTh XUMUYECKOW pEaAKIIMHU

DKCHEepUMEHTAIbHBIE HUCCIEIOBAHUS TOKa3aJd, YTO CKOPOCTh PEAKIMH 3aBUCUT OT
MHOTHX (DaKTOpPOB:

a) npupoosl peazupyrouux eeujecms (TUI XUMHUECKON CBS3N);

0) xoHyenmpayuu peacupyrowux eewjecme. ITa 3aBUCUMOCTb BBIpa)kKaeTcs 3aKOHOM
nejicTByrommx Macc: v =Kk ¢4 - ¢g” — KHHeTHYecKoe ypaBHeHHe. BennuuHs! a 1 b Ha3pBarOTCS
YaCTHBIMU MOPSAKAaMH peakuuu mo BeuiectBaM A u B, a cymma n = a + b — oOuum nopsiakom
peaKkiuu.

Iopsintok peakuuMu — 5TO CyMMa TIOKa3aTeled CTENEeHEeW MpPHU KOHUEHTPALMSAX B
KHMHCTUYCCKOM YpaBHCHUU PCAKIUU.

Peaxyuu nepsozo nopsodka — 3T0 peakuu, B KOTOPHIX 3aBUCUMOCTb CKOPOCTH PEaKIMU
OMUCBIBACTCA KUHCTUYCCKUM YPABHCHUCM MOHOMOJICKYJISAPHBIX peaKuHﬁ.



2,303 Co
k= g —
T12 C
MOHOMOJNEKYJIIpHBIE PEAaKIUU — O3TO pEaklWh, B OTIACIBHOM JJEMEHTAPHOM AaKTe
KOTOPBIX YYacTBYET OJTHA MOJIEKYJIA.
Peakyuu emopoeo nopsioka — 3T0 peakiuu, B KOTOPBIX 3aBUCUMOCTh CKOPOCTH PEaKIHI
OTIMCHIBAETCS KHHETUYECKIM YPaBHEHHEM OMMOJEKYIISPHBIX PEaKIIHA.

1 X
k=—- lg —
t (VIR V)

X — KOJIMYECTBO HpopeaerOBaBmero BCIIECTBA K MOMGHTy BpeMeHI/I.
Ecmu ¢, # ¢y, TO

2,303 ¢s(Ca - X)

t(ca—cp) ca(Cs - X)

C,, C; — HAYAJIBHBIE KOHILIEHTpAIUK BelecTB A u B.

Peaxyuu mpemvezo nopsioka — 3T0 peakiiuu, B KOTOPbIX 3aBUCUMOCTb CKOPOCTH PEAKIIUU
ONUCHIBAETCS KHHETUYECKUM YPAaBHEHHEM TPEXMOJIEKYJIIPHBIX PEaKIIU.

Monexynaprocmo eviuie mpex Oblmy He MOHCEM.

Peaxyuu nyneeoeo nopsoxka — 3To peakliud, B KOTOPBIX CKOPOCTbH MOABOJIa PearupyroInx
BEIIIECTB BO MHOT'O pa3 0OJbIIIe CKOPOCTH XUMHUUYECKOTO B3aUMO/ICHCTBUSI.

-de/dt=k ¢’
k= Co / 21’1/2

T1/2 — IEPUOJ MTOTypacnaja.

[lepnon nmonypacmnana — 3TO BpeMsl, B TEYEHUE KOTOPOro MPEBPAIAETCsl POBHO MOJIOBUHA
B35ITOTO KOJIMYECTBA BEIIECTBA.

CKOpOCTh TAaKUX pEAKUUN IMOCTOSIHHA W HE 3aBUCHUT OT KOHIICHTPALMHM PEarupyrolux
BEIIECTB.

B) memnepamypda. ITa 3aBUCUMOCTh ONHCHIBaeTcss mnpaBuiaom Baut-TI'odda: npu
yeenuyeHuu memnepamypul Ha Kaxcovie 1 0’c CKOPOCMb XUMUYECKOU peakyuy Y8eaudusaemcs 6
2 —4 pasa.

t—t
v,=v1-7 10

3akoH nelicTByromMx Macc. Teopuss Appenmyca. OH cuuTal, YTO K XUMHYECKOMY
B3aUMOJICVICTBUIO MIPUBOJUT CTOJIKHOBEHHME TOJBKO AKTUBHBIX MOJIEKYJ. COOTHOLIEHUE MEXIY
KOHCTAaHTOM CKOPOCTH PEaKUWH, YaCTOTOW CTOJKHOBEHHUW W JOJIEd AKTUBHBIX CTOJKHOBEHHM
ONUCBIBAET ypasHenue Appenuyca

-E,
RT

k=Ze
I/I3 ypaBHeHI/Iﬂ BHUJHO, 4YTO A0JIsI aKTHBHBIX CTOJ'IKHOBGHI/Iﬁ TEM 6OJ'II>I_HC, YCM MCHBIIIC
DHEPrus aKTHBAIIMM U YEM BBIIIC TeMIIepaTypa.

2,303 R Ig k» / Kk
1/Ti-1/T,

E,=



1. 4 Jlexknus Ne4( 2 gaca).

Tema: «Katamus. oToxumMusn»
1.4.1 Bonpochl JieKIum:

1. Katanutrnueckue peakiuu. ['oMOreHHBIN M reTepOreHHbIN KaTtanu3. MexaHusm
KaTajau3a. ABTOKaTaIu3.
2. ®OTOXUMHUYECKHE PEAKIIHH.

1.4.2 KpaTtkoe cogep:xaHue BONPOCOB

1. Katanuruyeckue peakiuuu. [OMOTeHHBIN U reTEPOreHHbIN KaTanu3. MexaHu3M KaTausa.

ABTOKaTaIN3.

Karanu3om Ha3bIBAIOT siBJIeHHE U3MEHEHH e CKOPOCTH pC€aKIMU B IIPUCYTCTBUU BCIIIECTB
KaTaJIu3aTopoB.

Karaim3arop — 3T0 BeliecTBO, B3aUMOIECTBYIOIIEE ¢ MOJIEKYJIaMH
pearupymoumx BemecTs, H3MEHsI0Iee CKOPOCTh XUHMUYECKOil peakiuu u
BbIIJISIIONEecs Ha MOCJTeAYIOIIUX CTAANAX B XHMIYeCKH HEH3MEHEHHOM BH/IE.

Peammn, MNpOoTEeKAKIIUE C YIJACTHEM KAaTAJIU3aTOPOB, HA3BIBAIOT
KaTAaJIMTHICCKUMMU.

A+B+K —> [(A+B)K] —> C+D+K

A
aHeprus

|:aKTMBMpOBaHHbII7I]
KOMMMEKC

koopauHaTa
peakumm

. CHIKeHHe SHEPTUH aKTHBALUHU MPU KaTATUTHIECKOH peakilny.

Karanutuueckue peakiiuy 4pe3BbIUaiiHO pacpOCTpaHeHbl B Ipupoae. MHorue us Hux
KaTanu3upyrorcs pepmeHTamu (hepMeHTaTUBHBIN KaTanu3). Katanmutuueckue mporeccsl
LIMPOKO UCIIONB3YIOTCA B IPOMBILIIEHHOCTH. Hanpumep, Ipou3BOACTBO a30THOM, CEPHOM
KHCJIOT, aMMHaKa, OJy4YeHHe CHHTETHIECKOTO KaydyKa.

BnusHue Kkaranmm3aTopoB Ha CKOPOCTh XMMHUYECKOM pPEAaKIMM B OCHOBHOM
3aKJII0YAETCs B OCYIECTBICHUH MPOLECCa, YHEPT U aKTUBALIMM KOTOPOTO HUXKE, YEM IHEPIHUs
aKTHUBAlLlUH, COOTBETCTBYIOLIAsl HE KaTaau3upyemol peakuuu. Kpome Toro, xataiuzaTopsl



YBEJIMYUBAIOT DSHTPOIMUIO aKTUBAIMM, T.€. CIIOCOOCTBYIOT OpHEHTAIMM MOJEKYT B
MPOCTPAHCTBE, YIOOHOU JIJI1 XUMUYECKOTO B3aUMOICHCTBUSI.

Karanusaropamu MOTyT OBITH aTOMBI, MOJICKYJIbI, HOHBI.
OCHOBHBIE 3aKOHOMEPHOCTH KaTaIu3a:

1. Kartanmuzatop akTHUBHO, 3a CYET XUMHUYECKHX CBsI3€d, y4aCTBYeT B JJIEMEHTAPHOM AaKTe
peakiuii (00pa3ysi akTHBHPOBAHHBIN KOMILJIEKC).

2. YdacTue KaTalu3aTtopa B PEaKkiMu HE OTPAXKACT Ha CTEXHUOMETPUUECKOM YPABHCHHH.

3. Karamuzatop obnamaer m30MpaTebHOCTHIO (CHEIU(UIHOCTBIO) NEHCTBUA, T.€. OH MOXKET
MU3MEHSTh CKOPOCTh OJJHOM PEAKIIMU U HE BIIMATH Ha CKOPOCTH IPYTOM.

Hanpumep

N Al,O4

NH;—CH,—OH m’ CH,=CH, +H,0O
o u //O
NH;—CH,—OH m’ CH3—C\H+ H,

CrnennuyHOCTh TEUCTBHUS 0COOEHHO CHIIBHO TIPOSBIISIETCS Y (DEPMEHTOB, KOTOPHIS
SABJIAKOTCA 61/IOJ'IOI‘ NYCCKUMH KaTAJIN3aTOpPaAMU.

4. JletictBue KaTaim3aToOpa CBOJUTCS K IIOHMKEHHUIO SHEPruM akTuBanuu. HeGoibmioe
W3MEHEHUE HHEPruM aKTHUBALMKM MPUBOAUT K 3HAUYUTEIBHOMY YBEJIWYEHUIO CKOPOCTH
peakiuu (Ha HECKOJBKO MOPsAKOB). Hampumep, TepMuyeckoe pa3ioKeHHe areTalbIeruaa
CH3;CHO — CH4+CO karanusupyercss mopamMu Moja, YTO BBI3BIBAET CHM)KEHHUE DHEPIHU
aKTUBAlUU Ha ~ 55 KJ[>K/MOJIb. DTO CHUKCHHE BBI3BIBACT YBEIIMYCHHE KOHCTAHTHI CKOPOCTH
B 10000 pas.

5. Karanuzatop He BIUAE€T Ha TMOJOKEHHE TEPMOJMHAMUUYECKOTO paBHOBECHs, T.€. Ha
3HAYCHHE KOHCTAHThl PAaBHOBECHS, T.€. B OJUHAKOBON CTETICHU M3MEHSIET CKOPOCTH MPSIMOMH
¥ 00paTHOM peakluy TOJBKO YCKOPSIET HACTYIICHUE PABHOBECHSI.

6. Ilpm nmobaBreHWHM HEKOTOPHIX BEIIECTB, HA3bIBAEMBIX IPOMOTOPAMH, AaKTHBHOCTH
KaTajan3aTopa pacTeT; 100aBlIeHUE K€ HHTHOUTOPOB YMEHBIIIAET CKOPOCTh PEaAKIIHH.

Paznuuarot:
rOMOTreHHbIN reTeporeHHbI ¢hepmMeHTaTUBHbLIN
Katanus Katanus Katanus

T'oMoreHHBIM Ha3bIBACTCS TAKOM KaTaNN3, KOT/Ia KaTaTH3aToOp M BCE PearupyroIie BEIecTBa
COCTaBIISIIOT OJHY OOIIyIO (ha3y.

K reTeporeHHbIM OTHOCST KaTATMTHYECKHE TPOIIECCHI, IPOTEKAOIINE HA TPAHUIIE pa3zesa
$ha3 T—T U T-K .

@ ®@epMeHTHI ( FH3UMBI - Tped. «3H» - BHYTPH, «3UM» - 3aKBaCKa) - OHOJIOTHYEeCKHe KATaJIn3aTophl
0eJIKOBOIl NPHUPOJABI, KOTOpPble O00pa3ylOTCsi B KUBBIX KJETKAX H 00J1aJal0T CIHOCOOHOCTHIO YCKOPATH
. XHMHYecKHe mpoumecchl B opranmsme. IlaBaoB Ha3Baid ¢epMeHTHI HMCTHHHBIMH [BHIATEISIMH BCeX
| JKM3HEHHDIX IPOLIECCOB.

2. ®OTOXMMHUYKCKUE PEAKIIUH.




Peakmun, mpoxosiye moj 1eHCTBUEM CBETA, HAa3bIBAIOTCA (DOTOXUMUYECKUMHU, a pa3zel
XUMUHU U3YYaIOMUNA 3TH peakiuu — PoToXuMHEH.

B ocHOBe POTOXMMUYECKUX PEAKIIHI JICKUT MOTIIONIEHUE MOJICKYIaMH KBaHTa CBeTa hv
¢ 00pa3oBaHHEM PEaKIHOHHBIX YacTuI] (IIOCTOSHHAs IUiaHka h = 6,6268-10 >* Jix/c, v - yacrora
Kosie0aHus cBeTa

[Ipumepsr: cMech Ta30B BOIOpoAa U TOpa Ha CBETY B3PHIBACTCS, aMMHAK pa3jaraeTcs
Ha BOJIOPOJ U a30T, OpoMuj cepedpa paziaraercs ¢ BblJIEJICHUEM METallIn4eckoro cepedpa.

Peakuuu, mportekaroiniye mnoj ACUCTBHEM HU3JIYYEHHH BBICOKMX 3HEPruil (y U3JIydeHHE,
PEHTT€HOBCKOE M3JIy4Y€HHUE U T.J.) HA3bIBAIOTCS PagHallMOHHO-XUMHUYECKHUMH — paJHallMoOHHas
XUMHUSL.

B ochoBe (oToxumMuyeckux MporeccoB Jiexar ABa 3akoHa. COIJacHO MEepBOMY,
cpopmymupoanHomy ®.U. I'porrycom (1817r):

XUMHYECKOe MPEBPALEHUE BBI3BIBAET TO U3ITyUYEHUE, KOTOPOE MOTJIONIAETCS BEIIECTBOM.

OTpakeHHbIE BEIIECTBOM Jy4d, a TaKXe IMPOIIEAIINE CKBO3b HEr0 HE BBI3BIBAIOT
HUKAKHX XUMUYECKUX MPEBPALLICHUH.

Bropoii 3akoH doToxumun, npemioxer DiHmTerHOM (1912): Kaxnprii nmorinomeHHbIi
kBaHT cBeTa (hV) BeI3BIBaET MpeBpanieHue OTHON MOJICKYJIBI.

DTOT 3aKOH HA3BIBAIOT 3aKOHOM (DOTOXMMHUYECKOW SKBUBAICHTHOCTH M MATEMaTHYCCKU
BBIPAXAaloT B BUJIE:

E

hv
E — K0Im4ecTBO MOIIOLIEHHON CBETOBOW dHEPTUU
np — YMCII0 IPOPEArUPOBABIIMX MOJIEKYII
Ng — YKCJIO NOMJIOIEHHBIX KBAHTOB
DUHIITEWH MOCTYINPOBA, YTO BCSI DHEPTHsI KBAHTA COOOIASTCS MIPH MOTJIONICHUN CBETa

np = Ny

OJIHOMY-EIMHCTBEHHOMY JJIEKTPOHY, BCJIEJCTBHE YEro 3TOT 3JEKTPOH MOJHMMaeTcs Ha Oosee
BBICOKMI SHEpreTH4eckuili ypoBeHb. UTOOBI JIydlle MOHATH MPOIECC MOTJIOLIEHUS CBETa,
HEOOXOMMO PACCMOTPETh POJIb JIEKTPOHOB B aKTE MOTJIOIICHUS.

DOoTOXUMUYECKAs PEAKIINS C KBAHTOBBIM BBIXOJIOM Y >> 1 00BIYHO MPOTEKAIOT 110 MEXAHU3MY
[IEHHBIX IPOIIECCOB, TJI€ KBAaHTHI CBETA 00PA3yIOT MEPBHUUHYIO BO30YKIEHHYIO YaCTHILY,
KOTOpast 1ajee CO3AaeT LeMb.

Tak ¢ y~50 ocymecTBisgercs poroxummuueckuit pacrnag H,O,
H,0, + hv — OH-:

H,0, +-OH — HO,- + H,O +116,2 x/Ix

H,O, + -HO, — H,O + O, + OH: + 83,7 xJIx

HO;- +-OH — O, + H,O +305,6 x/Ix

B 1964r. JL.Baut — T'odd ycTaHOBMJI KOJIMYECTBEHHYIO 3aBHCHUMOCTH MEXIY CKOPOCTBHIO
(OTOXMMHUYECKUX PEAKIMI U KOJIMUYECTBA NOMIOIEHHON SHEPTHH.

KonnuecTBo XMMHMUECKH M3MEHEHHOI'O BEIECTBA IPONOPLUOHAIBLHO IOIVIOIMIEHHON CBETOBOM
JHEPIUU.

CkopocTh (OTOXMMHYECKUMX PpEAKUUi 3aBUCHUT OT KOHLEHTpPAllMd M TMPONOPLUOHATbHA
KOJIMYECTBY MOTJIOIMEHHOW SHEPTUU U3ITYyYCHHUS.

Cornacno 3akony Jlambepra — bepa Mexay HHTEHCHBHOCTBIO [y  magarormero
MOHOXPOMAaTHYECKOI0 CBETAa U NHTEHCUBHOCTHIO CBeTa |, mpomieiniero yepes Ciioi BeIecTBa.
I= IO e -ecl

C — KOHIIEHTpaLus BEeIeCTBa MOJIb/1

| — TonmuHa cios



€ — MOJIIPHBIN KO3((DUIIMEHT MOTJIOMECHHS

KonnuecTBO NOTIONIEHHON SHEPTUU MTPONOPILIMOHATBHO Pa3HOCTH

Ih—1=AI

I=Tp-Ip-e™

CKopocTh (hOTOXUMHUYECKUX PEAKIUN MPOMOPIIUOHAIbHA MHTEHCUBHOCTH JIEHCTBYIOIIETO CBETa
U pacTeT C POCTOM KOHIIEHTPAIIMK BEIeCTBA U JUIMHBI IIyTH JIy4a CBETa B pa3Mepe.

1. 5 Jleknus Ne5( 2 yaca).

Tema: «DJIeKTPONPOBOAHOCTH PACTBOPOB IEKTPOTUTOB. DICKTPOXUMHUS.»
1.5.1 Bonpochl JieKnum:

1. DaeKTpOonpOBOIHOCTh PACTBOPOB JEKTPOJIUTOB

. Bnusinue paz0aBieHust Ha MOJISIPHYIO JIEKTPOIIPOBOIHOCTD

. IIpakTH4eckoe NpUMEHEHNE IIEKTPOIIPOBOJHOCTU

. Yuenne 00 D/IC raapBaHUYECKOTO dJIEMEHTa

. Ckayok moTeHIMaNa Ha TPAHMIIE «METAJT — PACTBOP»

. Onpenenenue MEKTPOAHBIX IOTEHIIMANIOB. Y paBHeHHe HepHcTa

. Knaccugukanus 31mextpo1oB

o N N W B~ WD

. KoHnleHTpannonHblie raJbBaHMUECKUE JIEMEHTHI
9. IloreHumoMeTprUeCcKuii MeTo onpenenenus pH
1.5.2 KpaTtkoe cogep:kaHue BONPOCOB

1. DaeKTpOnpOBOIHOCTh PACTBOPOB JEKTPOJIUTOB

DnekmponpoeoOHOCHb — 3TO CIIOCOOHOCTH BEIECTB MPOIMYCKATh JEKTPUYECKHI TOK MO/
JEICTBUEM 3JIEKTPUUECKOTO HAPSIKEHUSI.

CBOICTBOM MPOBOJIUTH 3JEKTPUUECKUN TOK 00JIaAal0T MPOBOAHHUKHM | poma (MeTaisl,
rpa¢uT) W TPOBOMHUKH 2 poja (PJIEKTPOIUTHI B BOJHOM PACTBOPE M B PACIUIABICHHOM
COCTOSIHHH).

DJIEKTPOJIUTBI — 3TO BEIIECTBA, MPOBOASAIIME dIEKTpUYeCKHil TOK. Kak wH3BeCTHO,
MPOBOJIHUK, TI0O KOTOPOMY TEYET JJIEKTPUUECKUH TOK, MPEACTABIISIET NJIsi HErO OINpPEAeICHHOE
COMPOTHUBIIEHUE. YeJbHAsl  IEKTPONPOBOJAHOCTb —  3JEKTPONPOBOJAHOCTH  OIHOIO
KyOMUYEeCKOTO MeTpa pacTBOpPa IEKTPOIUTA, 3aKITFOYCHHOTO MEXAY IJIATHHOBBIMH AJICKTPOIaMHU
¢ IUTOIAaRIO B 1 M U HaxOoSIIMXCS HAa paccTossHUU 1 MeTpa.

L=yxS/1

1 — paccTosiHre MEXAY SIEKTPOAAMH, S — IJIOMIAIb SJIEKTPOIA.

Daxmopul, erualowUe HA YOIbHYIO dIeKMPONPO8OOHOCb

- NpUPOOa NeKMpOoaUMa U pacmeopumeis

- KOIUu4ecmeo UoHos 6 eounuye obvema pacmeopa (C; = Cppa 0 ). YeM OoJble HOHOB,
TeM OOJIbIIIe .

- CKOpOCMb OBUNCEHUS UOHOB. - MeMnepamypa pacmeopd. - 3apsA0 uoHa. Yem BbIle
3apsij, TeM OOJIbILIE KOJIMYECTBO 3JEKTPUUECTBA MEPEHOCUTCS C OJHOTO AJIEKTPOJa Ha IPYrow,
TEM BBIIIE JIEKTPOIPOBOHOCTb.

2. Briusinue pa36aBieHus: Ha MOJISIPHYIO 3JIEKTPOIIPOBOIHOCTh

Moasipaasi (3KBMBAJIEHTHas1) 3JIEKTPONPOBOJAHOCTh — 3TO 3JIEKTPONPOBOJIHOCTH
pactBopa, cojaepxkamero 1 MOJb 3JEKTPOJIUTA, 3aKIIOUYEHHOTO MEXIY dJIEKTpoAamH,
HaXOJSIIUMHUCA JPYT OT Ipyra Ha paccTOSTHUU 1 MeTp.



A=yV

N3yuass MONApPHYIO 3JE€KTPOINPOBOJHOCTh PA3IUYHBIX AJIEKTPOJIIUTOB IPU OECKOHEUHOM
pa3baBnennn, Komappaym oOpaTwii BHMMaHHE Ha TO, YTO KAaTHOHBI M AHUOHBI HPOBOIST
JIEKTPUUYECTBO HE3ABUCUMO JPYT OT Apyra.

3akon Koubpayima (3aK0H He3aBHCHMOT0 NepeMellleHUs HOHOB):

DKeusaneHmuas 31eKmponpo8oOHOCHb Npu OeCKOHeUHOM pa30asieHul pasHa cymme
NEKMPONPOBOOHOCIU (NOOBUNHCHOCTNU) KAMUOHA U AHUOHA OAHHO20 INEeKMPOIUMA.
Ao = T Ay

3. IlpakTHyeckoe MPpUMEHEHHUE IEKTPOIPOBOJHOCTH

MGTOI[BI HUCCIICA0BaHMsA, OCHOBAHHLIC HAa H3MCPCHHU SBJICKTPONPOBOJHOCTH PACTBOPOB,
Ha3bIBAIOTCS KOHAYKTOMETpHeii.

I/I3MepeHHe SJICKTPOIIPOBOAHOCTU HCIIOJIB3YCTCA JJIsA OIPCACIICHUA CTCIICHHU
JUCCOLIMALIMU  DJIEKTPOJINTA. APpPEHUYC CUMUTAJ, 4YTO HJIEKTPOINPOBOJHOCTh IPU JAHHOM
p3.36aB.H€HI/II/I IpsAMO IponopuruoHajibHa CTCIICHU JUCCOIUALINH.

Mh=2i o

qepe3 SJICKTPOMPOBOAHOCTb MOJKHO BbIPA3UTh KOHCTAHTY JUCCOLHUALINU

Ci2
Ao (Moo= Ay)

4. Yuenue 00 3/]C raipbBaHHYECKOIO dJIEMEHTa

K,=

l'anveanuyeckuti s1emenm — OSTO CHUCTEMA, B KOTOPOM XHUMHYECKAsl JHEPrus
OTIpeICNIEHHOTO MPOIIecca MPEBPAIIACTCS B MOJIE3HYIO MIEKTPUIECKYIO padoTy.

CyMMa ckKaykoB TOTEHIIMAJIa Ha Bcex TrpaHuIax pasaena ¢asz HaszpiBaeres IAC
3JIeMEeHTA.

Mexanu3m Bo3HUKHOBEHUS D/]C ONMUCHIBAIOT ABE TEOPUU:

Koumaxmnas meopus (Boaem) — D]JIC BO3HMKaeT B MECTE€ CONPUKOCHOBEHHS IBYX
Pa3HbIX METAJIOB. DTa TEOPHUs HE CMOTIJIa OOBSCHUTH MEXaHNU3M BOSHHUKHOBEHHUS SJIEKTPUUECKOI
SHEPTUU B rajIbBaHUUECKOM 3JIEMEHTE.

Xumuyeckas meopus (A. /e-ns-Pug) — ICTOUHUKOM dHEPruu B demMeHTe sBisaroTcs OBP,
MPOTEKAIOIMEe HA TPAaHUIIe KOHTAKTa METaJlJIa C pACTBOPOM JJIEKTPOJIUTA.

5. Cka4ok MOTEHIIMaIa Ha TPAHUIIE «METAJLT — PACTBOP»

[Ipu HacTymaeHUM B CHUCTEME PaBHOBECHSI HA TPaHULIE «METAJI-pPACTBOP» BO3HHUKAET
CKa4OK MOTEHIIMaIa, KOTOPbIA HAa3bIBAECTCS 3JIEKTPOAHBIM MOTEHUAIOM ().

[lpyurHa ero BO3HMKHOBEHHS — OOMEH HOHAMU MEXIy METAIZIOM U PacTBOPOM.
Bo3Hukaer ABOWHOW 3JIEKTpUUECKHH CJoW (BKIOYAaeT B ceOS YacTHIIBI ITPOTHBOIIOIOKHBIX
3apsiioB)

6. OnpeaeneHue MEKTPOJHBIX MNOTEHIIMANIOB. Y paBHeHUue HepHcera

BaxkHoll XapakTepUCTUKON rajibBaHU4ecKoro snemeHTa siBisercs IJAC — 310 pa3HOCTH
JNEKTPOAHBIX TOTCHIIMAJIOB OKUCIUTENS U BOCCTAHOBUTEIIS
E=0,— s
Eciu 3JIC wu3Mepsercss mpu aKTUBHOCTSIX HWOHOB, paBHBIX eauHuie, To 3ta IC
HazbIBaeTcs crangaptHoit DJ(C

£ = o° 0
Q0 o—05
O/1C MoxHO onpenenuTsb 1o ypapHennio Hepuera
2,303 RT Ao
E=E"+ Ig

1/z
F Apocr



2,303 RT/F =b (mpu 25°C b =0,059)
Ecnu pactBop pa3daBieHHBIH, TO BMECTO aKTUBHOCTEH MUCIOIB3YIOT KOHIIEHTPAIHUIO.
UToOBI ONIpeAeIUTh SIEKTPOAHBINA TOTEHITHANT 110 HepHCTy:

PMent/Me = @ MentiMe + b / Z1g a (Me™)

7. Knaccudukarus 31eKTpooB

1. DOnexmpoovr 1 poda — METAUIMUECKHE DJICKTPOJbI, OOpaTHMbIE OTHOCUTEIHHO
kaTnoHoB (Me / Me"), ® HeMmerammHueckhe, OOpaTHMble OTHOCHTENHFHO AHHMOHOB
(A/A™).

2. Dnexmpoovl 2 pooa — TPEACTaBISAIOT CcO00M MeTaui, TMOKPBITEIA CIOeM
TPYAHOPACTBOPUMOTO COEAMHEHUSI 3TOTO METaJlla U MOTPYKEHHBINA B pacTBOp, COAEpKAIIUN TOT
K€ aHWOH, YTO W TPYJAHOPACTBOPUMOE COETMHEHHE 3JeKTpoaHoro meramia (A" / MeA, Me).
[Tpumep, KaTOMENTbHBIN JIEKTPO/I, XJIOPCEPEOPSIHBIN FTEKTPO/I.

3. I'az06vbie 31eKkmpoObl — MOIIY3JEMEHTBI, COCTOSIIINE U3 METAIUIMYECKOIO IIPOBOJIHUKA,
KOHTaKTHPYIOIIETO C ONpeIesIeHHbIM Ta3oM. [Ipumep, BOIOPOIHBINA, XJIOPHBIM, KUCIOPOIHBIN
AIEKTPOIBI.

4.  OxucnrumenbHO-60CCMAHOBUMENbHbIE — INeKMPOObl  —  WHEPTHBIM  3JIEKTPOJ,
MNOTPYKEHHBI B OKHUCJIHMTEIIbHO-BOCCTAHOBUTENbHYIO cpeny. [lpumep, XUHTHIPOHHBIN
JIEKTPOA.

8. KoHlIleHTpalluOHHbIE TaTbBaHUUECKHUE 3JIEMEHTHI

Oto nenu, DJIC KOTOpPBIX BO3HHMKAET BCJIEACTBUE PA3TUYHON AKTUBHOCTH BEIIECTB
AJIEKTPO/Ia UM HOHOB B PACTBOPAX AJIEKTPOJIUTOB.

Paznuuarot:

Konyenmpayuonnvie yenu 1 pooa. OHU COCTOST M3 JABYX OIMHAKOBBIX IO IPHUPOJE
3JIEKTPOAOB, HO OTIMYAIOTCA MO aKTUBHOCTH BelllecTBa 3JeKTpoaa. Oba 31ekTpoaa MorpyKeHsbl
B OJIMH M TOT € PacTBOP.

Konyenmpayuonnvie yenu 2 pooa. OHM COCTOAT W3 OJUHAKOBBIX METAJIOB,
MOTPYKEHHBIX B PACTBOPHI COJIEH ITUX K€ METAJUIOB, HO C Pa3JIMYHON aKTUBHOCTHIO HOHOB.

Bosnukaer snektpudeckuii Tok. J/{C BO3HMKAET 3a CUET BbIPABHUBAHUS aKTUBHOCTEH
HMOHOB.

9. IloreHuoOMeTpHUECKUd MeTO onpenenenus pH

CymHocTh 3TOro MeroAa cocTouT B u3MepeHuu DJIC ompeneneHHON rajabBaHUYECKON
nenu. [lng onpegenenuss pH 5>TuM METOOOM HCHONB3YIOTCS HHAWKATOPHBIE 3JIEKTPOIbI
(BOIOPOJHBIN, XUHTUAPOHHBIA, CTEKJISHHBIN), MOTEHLHUAN KOTOPBIX 3aBUCUT OT AKTUBHOCTHU
HMOHOB BOJIOPOJIa B pacTBOpE.

1. 6 Jlexnus Ne6( 2 yaca).

Tema: «HOBerHOCTHBIG SABJICHUSA: a;[cop6u1/1;1, aAre3usi, NOBCPXHOCTHOC HATSXKCHUCH
1.6.1 Bonpocsl JieKnum:

1. IToBEpXHOCTHBIE SIBIICHUS: ONPEAECICHNE IOHSTHUS.

2. Aaresus ¥ cMayMBaHUE: OIpe/ieJIeHHe MOHATHS, BUJIbI, 001Ias XapaKTepUCTHUKA

3. IloBEpXHOCTHOE HATSKEHUE U METO/IbI €T0 U3MEPEHHUS.

4. Copbuust. Bunbr copOruii. AncopOrus.

1.6.2 KpaTkoe cogep:kaHue BONPOCOB

1. IToBepXHOCTHBIE SIBIICHUS: ONPEAECICHNUE MOHITHS.



IloBepxHOCTHOE HATSI’KeHHMe — Pad0Ta, HEOOXOAMMAs /ISl YBEIHUYEHUS MMOBEPXHOCTH
JKHUIKOCTH Ha 1 M.

6=Ph/21h=P /21 (H/w)

- gA3K0Cmb Jcuokocmu. BSAZKOCTb — 3TO BHYTpPEHHEE TPEHME, MPOSBISIONIEECS NpHU
OTHOCHUTEJIBHOM JBUKEHUU COCEIHUX CJIOEB KUIKOCTU U 3aBUCSILEE OT CUJI CLECIUICHUS MEXIY
HUMU.

[TycTh XUAKOCTH MPOTEKAET Yepe3 CTEKISAHHYIO TPYOKY. TOT coi ’KMIKOCTH, KOTOPBIN
IpUJIeraeT K CTeHKe TPYyOKM OCTaeTcs HEMOABMXKHBIM, & CKOPOCTb OCTaJbHBIX CJIOEB OyIeT
YBEIIMYUBATHCS TI0 MEpe MPOABMKEHHSI OT CTEHKU K OCH TPYOKH. MBICIEHHO pa3o0beM CTpyIO
AKHUJIKOCTH Ha OO0JIBIIOE KOJIMUYECTBO MAJIBIX CJI0€B U 0003HAYHUM 3TH CIIOH.

2. Anre3ust ¥ cMaunBaHUe: ONpeAeTIeHUEe IOHATH, BUBI, 0011asi XapaKTepUCTHKA

IToBepXHOCTHOE HATSKEHME M MEXMOJIEKYJIpDHbIE B3aUMOJEHCTBHMsSI BHYTpH (a3
00yCIaBIMBAIOT TMPOLECCHl CMAYMBAHHUS W PACTEKAHMs KAl JXUJAKOCTH Ha TBEPAOH WM
KUAKOU MMOBEPXHOCTH, a TAK)KE SBICHUE A[IT€3UU U KOTE3HH.

Manas kamis KHAKOCTH, TOMELICHHAas Ha TBEPAYIO IMOBEPXHOCTb, MOXKET IPHUHSITH
paszHyo dopmy: b0 OIU3KYI0 K chepruyuecKkoi, Kak Karjis BOJbI Ha IMOBEPXHOCTH TNapaduHa,
1100 TUIOCKYIO, TMOAOOHO Karjie BOJAbI Ha MOBEPXHOCTH YUCTOTO CTeKja. B mepBoM ciyuae
TBEpAAs MOBEPXHOCTh HE CMAYNBAETCS KUAKOCTBIO, BO BTOPOM — CMAauMBaeTCsl.

KonnyecTBeHHON Mepoii mpoliecca CMadMBaHUS MOXET CIY)KUTh yroj, oOpa30BaHHBIN
Karuled U TBEpOi MOBEPXHOCTBIO (PUC. ). DTOT yrojl Ha3bIBaIOT KPAEBBIM YIJIOM CMAaYMBAaHUS U
obo3HavatoT 0. 3HaueHus 0 moryt m3meHsaThcs B mpeaenax ot 0 go 180°. Bemuumny yria
CMaYMBAHMS OTCUMTBIBAIOT MEXKIY TBEPIOM IOBEPXHOCTBIO M KacaTeIbHOW, MPOBEACHHOM K
MOBEPXHOCTH KaIUIM B TOYKE CONPHUKOCHOBEHUS TBEPOH, KUAKON U ra3000pa3Hoii (as3.

Gxr r

___r.____
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Puc.20. KpaeBbie yriipl CMauuBaHHS: a — CMauyUBAIOIIAs )KUIKOCTb;

0 — HECMAYMBAIOIIAsl KUIKOCTE.

CBsi3p MeXAy YIJIOM CMauMBaHMs U IIOBEPXHOCTHBIM HAaTSDKEHMEM BBIpaXKaeTcCs
ypaBHeHueM FOHra

cos@ = 2 .

O xr

O1Tr, OTK U O — TP CUJIBL, JIEMCTBYIOIIME HA €INHUILY AJIUHBI IEpUMETPa CMaunBaHUSL.

SIBneHne cMauuMBaHUS M PACTEKAaHUS TECHO CBS3aHbl C JIEHCTBMEM CHJI KOT€3UU H
a/ire3um.

Kore3ueil Ha3pIBalOT CLEIUIEHUE OJHOPOAHBIX MOJIEKYJ, aTOMOB MJIM HOHOB, KOTOpOE
BKJTIIOYAET BCE BUIBI MEKMOJIEKYISIPHOTO U MEKATOMHOTO MPUTSIKEHUSI BHYTPH OJHON (ha3bl.

Anres3us (IpWINIIAHUE) — 3TO MOJIEKYJISIPHOE MPUTSHKEHUE MEKY IIOBEPXHOCTSAMU JIBYX
COIPHUKACAIOLINXCS PA3HOPOIHBIX TBEPIABIX WM XKUAKUX (a3. AAres3us sBIAETCS NPUUUHOU
CKJIEMBaHUS JBYX pa3HbIX BEIECTB 3a CUeT JAEHCTBUS (PU3MUECKUX WM XUMHUYECKUX
MEXMOJIEKYJIIPHBIX CHIL.

KonnyecTBEHHO KOTE3H1I0 U a/INe3UI0 XapaKTePU3YIOT BEIMUUHON paboThl Kore3uu W, u
anresuu W,.
3. IloBEpXHOCTHOE HATSKEHUE U METO/IbI €r0 U3MEPEHHUS.

1. KanunasipHbiii MeTO (BUCKO3UMETPUYECKHUIL).



On ocHoBaH Ha nmpuMeHeHnH Gopmynsl ['orena-Ilyaseins. Ota Gpopmyna ycraHaBiuBaeT
MaTeMaTUYECKYI0 CBsSI3b MEXIy O0OBEMOM BBITEKAIOIIEH M3 KamWuispa >KUIKOCTH, BPEMEHEM
UCTEUEHUsl >KUJKOCTH, HABJICHUEM, IOJ KOTOPHIM MHAKOCTh IPOTEKAET 4Yepe3 Kamwuisp,
paguycoM Kanwuisipa U €ro JUIMHOM.

mTPp r!
V= dopmyna 'orena-Ilyaseiins
81

Ha mpakTuke ompenensitoT OTHOCHTENbHBIH KO3(PGUIUEHT BA3KOCTH. DTO OTHOIIECHUE

BA3KOCTH HCCIIEYEMOMN KHUAKOCTU K BA3KOCTH KUAKOCTH, BEIMUMHA KOTOPOH U3BECTHA (BOJA).
TTpr MTTopoT N ucen. o Tp
n HCCIL K — T‘I BOIBI 5

81V 81V ’ N oo To Po

HOCKOHBK}/ KUIKOCTHU BBITCKAIOT IIOA JaBJICHHCM COOCTBEHHOT'O B€Ca, TO OTHOIICHUC
JaBJICHHUA MOKHO 3aMC€HHUTHh OTHOIICHUEM ITIJIOTHOCTH XXUJAKOCTH:

P
070':00

Taxkum o0Opa3omMm, cyTb MeTOAA: BCs paboTa CBOAUTCS K MU3MEPEHHUIO BPEMEHHU MCTEUEHUS
paBHBIX OOBEMOB BOABI M HCCIEAYEMOW KHUAKOCTH 4Yepe3 OJWH M TOT K€ KamuuIsp
BHUCKO3MMETpA.

2. Metoa nagawmero mapuka (Meroxa Crokca).

Ecnu B uaKyro cpeny ¢ INIOTHOCTBIO dy OIYCTUTH LIApUK € MIOTHOCTHIO d, mpuuem d >
do. IIpu 3TOM CKOpOCTH MasieHus Oy/eT YCKOpEeHa B MEPBBIE MOMEHT. 3aTEM CHJIa BHYTPEHHETO
TPEHUs KUJKOCTH, OKa3bIBasi COMPOTUBIECHUE JIBUKEHUIO IIapUKa, YPABHOBECUT BEC IIapHKa B
KUJKOCTH, U CKOPOCTh MaJaHUs IIapuKa CTaHeT paBHOMepHOU. CorjacHO HCCIeI0BaHUSIM
Crokca CKOpOCTb MAaJIeHUsI OJJHOTO U TOTO K€ IIapuKa SIBISETCS BEIWYUHOM, XapaKTepHOU aJis
nanHou cpenbl. OH BeIBEN hopMyTy:

n=n

F=6nrnv
F — conporuBnenne cpeapl; r — panyc MIapuKa; V — CKOPOCTh TaIeHHs MIapuKa.
3Hast 06beM mapuka (4/3 7 r°), Bec maprka (Vd) 1 Bec KUAKOCTH TOro xe oobema (Vdy),
TO MOXHO BBIYHCIHTH CHJTY, IOJ JEHCTBHEM KOTOpPOW IIApHK MaJaeT B JKUIKOW cpenae (IO
3aKOHY Apxumena):
P=@A3nrd-43nrd) -q=43nr (d-dy)q

Ecnu ckopocTh majgeHus cTaHeT paBHOMEpHOU, To F = P:
_2r ’ (d —d, )q
7 9v
Ota (opmyna MO3BOJISET ONPEACTUTh BA3ZKOCTh IYTEM H3MEPEHHUS CKOPOCTH MaJaHUs
HIapyuKa B JaHHOM JKUJKOU Cpee.
4. Copbuumst. Bunbr copOruii. AncopOrus.

Hpoueccm MOTJIOIICHHS Ir'a30B UM PACTBOPCHHBIX BCUICCTB TBEPABIMU MaTCprUaIaMu UIIN
KHUJIKOCTSIMH MOTYT IPOTEKATh 110 pa3HbIM MEXaHU3MaM M HOCAT 00IIee Ha3BaHUE COPOITUH.

Bemecrsa — MOIJIOTHTENM HAa3bIBAIOT A
copOeHTamMH,  TOTJIONIAEMblE  Ta3bl  WIM A .
pacTBOpeHHBIE BelIecTBa — copdaramMu  WIN O = const
copOTHBaMH.

Baxneiien XapaKTEPUCTUKON
COpOIIMOHHOTO TpoIlecca sBIAETCS Tpaduaeckas
3aBHUCUMOCTh  KOJHMYECTBA  COPOMPOBAHHOTO

Y8



BemiecTBa [ OT KOHIIGHTpAIlMK WM JaBlIeHUs MpU T=const Ha3pIBaeMasi H30TEPMOU COPOIIHH.
PaznuyaroT yeTsipe BUAa coOpOIUu:
AGcopOrieil Ha3pIBAIOT MOTJIOLICHHUE Tra3a UM Mapa BCeM 00beMOM TBEPIOIoO BEILIECTBA
WM JKUJIKOCTU. PacmpocTpaHeHne MoJIeKysd raza B TBEPAOW WIIM KUIKOW (aze MPOUCXOIUT
TJIaBHBIM 00pa3oM mytem nuddy3uu.
N3otepma copOrum.

AncopOreld Ha3bIBAlOT CaMOINPOW3BOJBHOE KOHIICHTPUPOBAHWE HA TBEPIOH WU
KUJKOW TOBEPXHOCTH pasnena (a3 BemEecTBA C MEHBIINM TOBEPXHOCTHBIM HATSIKECHUEM.
AncopOupyroriee BEIIECTBO Ha3bIBaeTCS afCOpOEHT, a aacopOupyeMoe — ajacopoar wim
a71copOTHB.

Kanunnspuas koHJeHcanus MpeacTaBisieT coO0OM Mmpolecc CXKIDKEHUS IMapa B Iopax
TBepAoro copbenra. Ilap MoOXXeT KOHACHCHUPOBATHCA JHINbL TPU TEMIEpaType HIKe
KPUTHYECKOM.

XeMocopOuust — 3TO TpoIecC aacopOIHK, KOTOPBIM MPOTEKAeT MOJ JACWCTBUEM CHII
OCHOBHBIX BaJICHTHOCTEH, TO3TOMY €€ OTHOCST K XUMUYECKOU aJICOPOIIHH.

B 3aBucHMMOCTH OT XapakTepa B3aMMOACHCTBHSI 4acTHIl ajcopOeHTa M aacopOTHBa,
ancopOLus MOXKET OBITh:

duznyeckass — €CJIM Mpolecc COpOLUU MPOTEKAET 3a CUET AIEKTPOCTATUYECKUX HIIN
Ban-nep-BaanbcoBbix,

XuMuyeckasi — €cii cOpOLMsI OCYIIECTBIISETCS 3a CUET CUJI OCHOBHBIX BaJIEHTHOCTEH.

AncopOrust  sBnsieTcss  mporieccoM  oOpatumbIM.  [Iporece, oOpaTHbI  agcopOuum,
Ha3bIBACTCS 1eCOpOIIHs

AncopOumsi Ha TpaHUIE JKUIKOCTh — Ta3 M JKUAKOCTh — JKHIKOCTh 3aBHUCUT OT
KoHIeHTpauuu [IAB B pacTBope M MOBEPXHOCTHOTO HATSKEHUS. JTa 3aBUCUMOCTh BBIPAXKAETCs
ypaBHeHHeM [ nb0ca:

C do

............ Teopus JlenrmMiopa Ui MOHOMOJIEKYJISIPHOM aicOpOIIUH ra3oB.

OpeluIX MPeanosiokui, 4To Macca aAcopOMpPOBAHHOTO ra3a WM PACTBOPEHHOIO
BEIIIECTBA, MPUXOASIIAsCS Ha €IWHUILy Macchl aacopOeHTa JOoJDKHA ObITh HPONOPLUOHATIbHA
PaBHOBECHOMY JIaBJICHHIO (Ui ra3a) WM PaBHOBECHOM KOHLEHTpauuu (AJis pacTBOPOB)
BO3BEJICHHYIO B KaKyl0-TO CTENEHbIO.

1
r=>_g.p r=2_-g.c
m m

1
Ku — — xoncranTsl, P u C — paBHOBECHBIC JJaBJIeHHWE U KOHIICHTpAIUs aacopoaTa
n

[MomumonekysipHast ancopOIus
C.bpynayap, [1.Ommer, E.Teiinop co3znanu Hanbosee obmryro Teoputo aacopounn (BIT).

AncopOIus 3JIeKTPOIUTOB

1.7 Jlexknus Ne7( 2 yaca).

Tema: «/lucniepcusie cuctemsl. JInodoOHBIE 3011 (KOIJIOUIHBIE PACTBOPHI): CTPOCHUE,
cBoiicTBa, nonydenue. Komnonansie [IAB.»

1.7.1 Bonpochl JieKIum:

1. Knaccudukamus 7UCTIEPCHBIX CHCTEM.



2. JInohoOHBIE 3011 (KOJUTOUAHBIC PACTBOPHI):

a) METO/IbI TIOJTYYCHHS;

0) crocoObI OUYHCTKHY;

B) CTPOSHHE KOJIUIOMTHON YaCTHIIBI (MHUTIEILIHI);
') CBOMCTBA KOJUIOUIHBIX PACTBOPOB

1.7.2 KpaTkoe coaep:kaHue BONPOCOB

1. Knaccugukaius 1ucrepcHbIX CUCTEM.

Kaaccnpukanus mo pasmepy 4acTuu
JucnepcHocTh D sIBNIsieTCS OCHOBHOM XapaKTEPUCTHKON TUCIIEPCHON CUCTEMBI M MEPOU pa3apOOICHHOCTH
BerecTBa. MaTeMaTHYECKH TUCTIEPCHOCTD OTIPENIENIAIOT KaK BEIUMIHHY 0OpaTHYIO pa3Mepy YacTHIIBL:

1 -1
D=— a — pa3Mep YacTHIbl, M
a
ITo ArucTIepCHOCTH CHCTEMBI TIOAPA3ACISIOT HA HECKOJIBKO THIIOB
No Haspanue cucremsl Pasmep wactun, m
1 I'pyboaucnepcHbie 10*- 1077
2 Komnnounno-nucnepcHoie 107-10"°
3 MonexymsipHble 1 HOHHBIE PACTBOPEI menee 107

Knaccupukanus AucnepcHbIX CHCTEM M0 arpPeraTHOMY COCTOSIHHIO.
Hawubornee pacnpocrpaHeHa KiiacCU(pHUKAIUS JUCISPCHBIX CUCTEM [0 arperaTHOMY COCTOSIHHIO AMCIIEPCHON
(ha3pl U IUCTIEPCHOHHOM CPEJIbI.

VYcaoBHOE
HucnepcuonHas
JucnepcHast hasa cpora 0003HaucHUE ITpuMepbl TUCTIEPCHBIX CHCTEM
P CHCTEMBI
Ta3 la3 o He cymecTByeT
KHAKOCTD Tas /r TymaH, o0aka, a3p030JI1 KUIKHAX
JIEKapCTB
TBepaoe Teno T'a3 T/T HbIM, MBS, IOPOLIKH
Tas FHAKOCTS K TleHbl, ra30BbIC AIMYILCHH
OMyIIbCUI
JKunkocts JKunkocts XK/ K Y
Teepmoe Teno KUIKOCTh T/% CycreH3uH, KOJJIOUIHBIC PACTBOPBI
TBepabie MeHbl, IeM3a, CUITHKArelb
Ta3 TBepnoe Teno r/'T > ’ ’
pA AKTHBHUPOBAHHBIN Yroilb
JKunkoctsb TBepmoe Teno XK/T JKeMuyr, KamMUIIPHBIE CUCTEMBI, T€JIH
TBepmoe Teno TBepmoe Teno T/T I{BeTHBIE CTEKIa, MUHEPAJIbI, CILIABEI

Knaccupukauuss mo OTCYTCTBMI0 MJIM HAJIMYMIO B3aUMOAEHCTBUS MEXKIY
YacTHLAMH JUCIIepCHOH ¢a3bl.

[To KMHETHYECKMM CBOMCTBAM IUCIIEPCHOM (ha3bl BCE IUCHEPCHBIE CHCTEMBI MOKHO
MOJpPa3/IeNIUTh Ha JIBa KJlacca: CBOOOIAHO-TUCIIEPCHBIE, B KOTOPBIX YaCTHUIbI TUCTIEPCHOM a3kl
HE CBSI3aHBI MEXIY CO0OM M MOTYT CBOOOJHO IepeMenaThcsi (JIM030JId, adpPO30JId, CYCIICH3HH,
IMYJIBCUH), U CBS3HO-AUCIIEPCHBIE, B KOTOPBIX OJHA U3 (ha3 CTPYKTYPHO 3aKperyieHa U He MOKET
nepeMeniarbcsi CBOOOAHO (Teu, CTYAHH, TEHBI, KaMWUISPHO-TIOPHCThIe Tena (nuadparmsr),
TBEP/bIE PACTBOPHI)

Knaccndukanus no creneHn B3auMoaeiicTBus AUCHepcHOii ¢a3bl ¢ AUCIEPCHOHHOI
cpenoit
J11st XapaKTepUCTUKH B3aUMOJICHCTBHSI MEXK]TY BEIIIECTBOM JUCTIEPCHOM (ha3bl U KUIKON

JTUCTIEPCUOHHON CPEION CITyKaT MOHATHUS «JTHOQUIBHOCTBY U «IH0(oOHOCTHY. [lon
B3aMMOJIeicTBHEM (Da3 NUCIIEPCHBIX CHCTEM MOIPa3yMEBAIOT MPOIIECCHI COTbBATAIINH

(ruapaTtauu) 000JI04YeK U3 MOJIEKYI JUCTIEPCHOHHON CPeIbl BOKPYT YaCTHUI] AUCTIEPCHON (ha3bl.




CucTeMbl, B KOTOPBIX CHJIBHO BBIPQXKEHO B3aUMOJCHCTBHE YaCTHI] JUCTIEPCHOM (Da3wl ¢
pacTBOpUTENIEM, Ha3bIBAIOT TMOPIIBHBIME (110 OTHOIIEHUIO K BOJAE TUAPOPIIbHBIME). Ecrin
YaCTHIIBI TUCTIEPCHOMN (ha3bl COCTOST U3 BEIIECTBA, CIa00 B3aMMOACHCTBYIOIIETO CO CPEIOH,
CHUCTEMBI SBJISIOTCS TMO(HOOHBIMHE (110 OTHOIIEHHUIO K BOJIE TUAPODOOHBIMHM).

2. JInohoOHBIE 307U (KOJIJIOWIHBIC PACTBOPHI)

a) METO/IbI MTOJTyUCHUS
MeToabl moTy4eHUs] KOJUIOHIHBIX CHCTEM

Bo3MoxHBI ABa MyTH MOTYYEHUS KOJIOUIHBIX pacTBOpoB. OIMH MyTh COCTOUT B
YKPYITHEHUU YaCTHUIl IIPY arperanuy MoJIeKyJ UM HOHOB — TaKOM METO/ Ha3bIBaIOT
KOHJIEHCAllMUOHHBIM. BTOpO# myTh 3aKi04aeTcs B U3MENbYEHUU KPYITHBIX YaCTHIL 10
KOJUIOUTHOM IUCTIEPCHOCTH, €r0 OCYIIECTBISIOT METOJOM JIUCIIEPTUPOBAHUS

0) cIocoObl OUUCTKHU
MeToabl 0YMCTKH KOJIJIOHIHBIX PACTBOPOB

O4YHCTKY KOJUIOMIHBIX PAcTBOPOB MOXXHO MPOBOAWTH JIMOO METOJIOM JIuaim3a, 0o
yIbTpaIbTpaLHei.

B) CTPOEHHUE KOJIJIOUIHON YaCTUIIbI (MULIEIUIBI)

CtpoeHue KOJUTOMAHBIX YaCTUII THOGOOHBIX 30JICH.

CornacHo OOIIETIPUHSATON MUIEIUIIPHONH TEOPUHM CTPOCHHS KOJUIOMIHBIX PAacTBOPOB,
30Jb COCTOMT W3 JIBYX 4YacTeW: MHIEUT U HUHTEPMHUUEIIPHOW KUIKOCTH. Munemia — 3To
CTPYKTypHasi KOJUIOMJHAs YacTHIla, T.e. YaCcTUIA TUCTEPCHOW (a3bl OKpYKEHHAs TBOWHBIM
JNEKTPUUYECKUM CJI0eM. VHTepMULEIIAPHON >KUIKOCTHIO HA3bIBAIOT AMCIIEPCHOHHYIO CpeEmy.
Yactuibl nucnepcHoi ¢a3bl UMEIOT CIOKHYIO CTPYKTYPY.

CTpoeHue IBOIHOI0 JIEKTPUYECKOT0 CJI0
CoracHO COBpEMEHHBIM MPEICTABICHUSM, TBOHHOM 2nekTpuueckuii cioi (JI9C) — ato

oOpasyromuiicsi Ha rpaHulle ABYX (a3 TOHKWN MMOBEPXHOCTHBIHN CJION U3 MPOCTPAHCTBEHHO
pa3/IeTeHHBIX YJIEKTPUYECKUX 3aps0B MPOTHBOIOIOKHOTO 3HAKA (TOTEHIINATO0PA3YIOIINX
MOHOB U IPOTUBOMHOB).

') CBOMCTBA KOJUIOUIHBIX PACTBOPOB
MoJiekyJsIpHO-KHUHETHYeCKHE CBOMCTBA KOJJIOMJIHBIX CHCTEM

bpoyHOBCKOE IBH)KEHUE TOSABISAETCS B XA0TUYECKOM U HEIIPEPBIBHOM JBH)KCHHUH YaCTHIL
JUCTIEPCHOM (a3bl MOj JAEHCTBHEM YAApOB MOJEKYJT pacTBOpHUTENS. YacTHUII KOJUIOMIHOM
JUCIIEPCHOCTH MOTYT MEPEMEIIaThCsl MOCTYNATeNbHO B CaMbIX Pa3HOOOPA3HBIX HAIPABICHHUSX.
A.DiHmTeitHoM 1 M.CMOTYyXOBCKMM OBUIO TOKa3aHO, YTO CpeJHee 3HAueHUE KBaJpara
CMEILECHNS YaCTHIIBI 33 BPEMsI { paBHO

KZ = i t

3znrN ,

Huddysueit Ha3pIBaIOT CaMOMPOU3BOJBHBIA TMPOIECC BBIPABHUBAHUS KOHIIEHTPAIIUH
YacTHI] 110 BCEMY 00beMy pacTBOpa UJIH ra3a 1o BIUSHUEM TEIJIOBOTO JIBUKECHUSI.

OiHITeWH Hamen, 49To Kodbdumment auddy3um cBI3aH ¢ pazMepamu
TUGPYHAUPYIOUTNX YaCTHI] ypaBHEHHEM

RT

67nrN ,
................ CenumMenrtanueil (ot yar. sedimentum - ocaJoK) Ha3blBalOT MPOLECC OCENAHUSA



YacTHUI] TUCIIEPCHOM (a3bl B )KUIKOW WM Ta3000pa3HOii cpese MoJ IeHCTBUEM CHIIBI TSDKECTH.
BcenuibiBaHMe 4acTUI HOCUT Ha3BaHHE OOPATHON CeIMMEHTALUU.

CkopocTh ocefjaHMsl 4acTHUIl HE 3aBUCHT OT MX INPUPOIBI, a ONPEAEISAETCS pasMepoM
YacTUI I, Pa3HOCThIO IUIOTHOCTEH YacTHIl P U CPeAbl Po U BA3KOCTHIO cpedsl M. Ilo 3akony
Croxca, CKOpOCTh OCEIaHus MAPOOOPA3HBIX YACTHIL C PAIHYCOM I' paBHA

= 22p-p)r

]

OnTryeckue CBOKWCTBA TUCIIEPCHBIX CUCTEM

OcoOble ONTHYECKHWE CBOWCTBA JUCHEPCHBIX CHCTEM OOYCIOBJIEHBI TJaBHBIM HX
[JIABHBIMU NPU3HAKaMU: JHMCIIEPCHOCTBIO M TrereporeHHocTeio. Ha onTuueckue cBoiicTBa
JMCIIEPCHBIX CHCTEM B OOJIBLION CTENEHH BIHUSAIOT CTPYKTYypa, pasmMep u (opma dvacTuil.
[TpoxoxxaeHue cBeTa yepe3 AMCIEPCHYIO CHCTEMY CONPOBOXKIACTCA TaKMMHU SBICHHUSAMHU, Kak
IIPEJIOMJICHUE, TMOTJIOIEHUE, OTPAXKEHUE U paccesHHe. B BBICOKOAMCIEPCHBIX 30JIIX YaCTHIIbI
(10"=10" M) COM3MEPHMSI C JUIMHON BOJIHBI BUAMMOIO CBETA, B PE3ylIbTAaTe HEero mpeodnamact
CBETOpaCCEsIHUE.

C omanecueHnuen CBsA3aHO cien(GUIHOE TS KOJJIOUIHBIX PACTBOPOB SBJICHHE — KOHYC

Tunnand.

Teopus cBetopaccestaus 6bu1a paspadota [1.Paneem (1871).

VYpaBuenue Pones 1 MHTEHCMBHOCTH PACCESTHHOTO CBETA [, NMEET BUJL
2

DNEKTPUYECKHHN 3apsi]] KOJUIOUIHBIX YaCTHL. DJIEKTPOKMHETUYECKUE SIBICHUS.
DJIEKTPOKMHEeTHYeCKH e SABJICHUSA

ONEKTPOKMHETUYECKUE SIBJICHUS OCHOBAHBI HA B3aMMOCBA3U MEXAY JJIEKTPHUYECKUMHU H
KMHETUYECKUMHU CBOWCTBaMHU AMCIIEPCHBIX CHCTEM. OTH SIBICHMS IOAPA3JEISIIOTCS Ha JBE
IpyNIbL: OpsiMble U oOpaTHble. K MpsAMBIM OTHOCST T€ JIEKTPOKMHETHUYECKUE SIBIEHUS, KOTOpPbIE
BO3HHUKAIOT MO/ ACHCTBUEM BHEIHETO 3JIEKTPUUECKOTO MMOJIs (3IeKTpodopes U 3IEKTPOOCMOC).
OOpaTHBIMM HAa3bIBAIOT 3JIEKTPOKMHETUYECKUE SIBJICHUSA, B KOTOPBIX IPU MEXaHHUYECKOM
nepeMeleHNH OJHOM (ha3bl OTHOCHUTENBHO JAPYrOodM BO3HUKAET HIIEKTPUYECKHHM MOTEHLIHA
(moTeHIMa MPOTEKaHUS U TTOTSHITAJ CETUMCHTAIIUH ).

1.8 Jlexnus Ne9( 2 yaca).

TeMma: «YCTONYMBOCTB U KOATYJISINUS KOJUIOUIHO-IUCIIEPCHBIX CUCTEM..»
1.8.1 Bonpocsl Jeknun

1. ITonsiTHe 06 ycTOMYMBOCTH 30J€i. Bupl ycTOHYUBOCTH.

2. Koarynsiius KOJUIOUIHBIX PAaCTBOPOB, €€ BU/IBI.

3. IIpaBuno snektponutHOM koaryisiiuu [lynbia-INapan.

4. Koarymsmus 3051eif CMECBIO 3JIEKTPOJIUTOB.

5. BzanMHas xoarymisauus 30J€n.

1.8. 2 KpaTkoe coaep:xkaHue BOIPOCOB

1. [TonaTre 06 ycToiunBOCTH 30JIei. Buapl ycTOHYMBOCTH.

YCcTOoYMBOCTH U KOATYJISIIIUS KOJJIOHIHBIX CHCTEM



IToxg ycTOMYMBOCTBIO JUCHEPCHOM CHCTEMBI ITOHUMAIOT IIOCTOSHCTBO BO BPEMEHHU €€
COCTOSIHUSL M OCHOBHBIX CBOMCTB: IUCHEPCHOCTM M XapakTepa B3aMMOICHCTBHS MEXKIY
YaCTULAMU.

Koarynsimust mpencrasisier coO0OM IMpolece CIUMaHus YacTHUIl TUCIEepCHON (as3bl mpu

MOTEPe CUCTEMOMW arperaTuBHOM ycToWumBocTH. [IpmaaHue cuctemMaM yCTOMYMBOCTH TpeOyeT
ocoObix MmetonoB crabmwmmsanuu. H.ILITeckoB (1920) BBenm moHATHE O JBYX BHAAX
YCTOMUYMBOCTU JIUCIIEPCHBIX CHUCTEM: CEAMMEHTAIMOHHOW (KMHETUYECKON) M arperaTuBHOM.
CenuMeHTaIlMOHHAsT ~ YCTOWYMBOCTH  MO3BOJISIET ~ CUCTEME  COXPaHATh  PaBHOMEPHOE
pacmpeneleHne 4acTHil B o0beMe, T.€. MPOTHUBOCTOSThH IMpOLieccaM OCENaHUs U BCIUIBIBAHUS.
ArperatuBHas YCTOWYHMBOCTb JHUCIEPCHBIX CHUCTEM — JTO CIOCOOHOCTh MPOTHUBOCTOATH
DI 010 I 11 1 (P
2. Koarynsiusi KOJUIOUIHBIX PACTBOPOB, €€ BUJIBI.

Teopun koaryisiquu

Bce Teopum  KkoarynasnuM  MOXHO — IOJIPA3leiIUTh  Ha  ajCOpPOLUOHHBIE U
AIIEKTPOCTATUYECKUE.

AncopOunonHas Teopus koaryssiuu ['.dpeiirxa

OnexTpocTaThuueckas Teopus koarymsauuu I'.Mroiepa.

Teopus ycroitunBocTu ruapododusix cuctem AJIDO..................

3. IIpaBuiio anexTponuTHoM koaryasauuu [ynsua-I"apau.

IIpasuno Ulynsue-I'apau

Koarynupyromum aeiicTBueM 00J1ajaeT TOT MOH AJIEKTPOJIUTA, KOTOPBIH UMEET 3apsi,
MPOTUBOIIOJIOKEHHBIN 3apsily TpaHyJbl; KOAryJupyroliee IeHCTBUE TeM CUJIbHEE, YeM BBIIIE
3apsi HOHA-KOaryJisaropa.

Kputnueckoe 3HaueHuE KOHIIEHTPALMH, IPU KOTOPOM JIAaHHBINA 3JEKTPOJIUT BBI3bIBAET
KOaryJisiiuio, Ha3bBatoT moporom koaryisaiuu (Cg). Ero BepakaroT B MMOJIB/JT UJTH MOJIB/JI.

Cornacno npasuiny [ynsue-I'apau, ecan npoBecTu koarysauuio snexkrpoautamu KNOs,
Ca(NOs),, AI(NO3)3, Th(NO3)4, Yy KOTOPBIX KOAryJIUPYIOIIUM JEHCTBUEM 00J1aal0T KaTUOHBI,
TO TO KOAaryjJupyrouiemMy JIeHCTBHI0O HOHBI B 3aBUCHMOCTH OT 3aps/ia pacrojliararorcs B
IIOCJIENOBATEIILHOCTH 4>3>2>1.

4. Koaryssius 3051€il CMEChIO 3JIEKTPOJIUTOB.

[Tpu Koarynsuu CMeCSIMH JICKTPOIUTOB BO3MOXKHO TPU SBIICHHUS:

AJTUTUBHOCTh ~ TIPOSIBIISICTCS B~ CYMMHPOBAHHMM  KOAryJIUPYIOIIETO  JIEHCTBHUS
DJIEKTPOJIUTOB; AHTaroHW3M — SBJICHHE, MPH KOTOPOM JUIS Hadaia OBICTPOHM KOATyISIUU
TpeOyeTCsl CMECH DJIEKTPOJIMTOB OOJbIIE, YeM KaKIOTO0 M3 HHUX B OTACIHHOCTH, CHHEPIH3M
nposiBiisieTcss B Oonee A((EKTHBHOM JEWCTBUM CMECH, Ye€M KaXJOro DJJIEKTPOJIUTa B
OTJEITLHOCTH.

5. B3auMHas koarysiius 30J1ei.

Bzanmuas KoaryJjsnus KOJIJIOUJ0B Ha6mo/:[aeT051 IIpu CMCIIMBAHUN 301eH .C PAa3SHOUMCHHO
3apsKCHHBIMHA YaCTUI[AMH. MexaHu3M B3auMHOM KoaryJjadanuuu COCTOUT B TOM, 4UTO IIP
NEPEKPbIBAHNN HBOﬁHBIX CJIOEB KOJUIOUMAHBIX YAaCTHUI], IPOUCXOAUT HE OTTAJIKUBAHHUE, a
SJICKTPOCTATUYCCKOC MPUTSAIKCHUC U 6BICTpa}I arperanus 4aCTHII.



1.9 Jleknus Ne9( 2 yaca).

Tema: «JIuodunpHbIE 307M: PacTBOPHI BBHICOKOMOJICKYJSPHBIX coeauHeHud. ['emm.
Crygau.»

1.10.1 Bonpocsl JieKuuu

1. ITonaTHE O BEICOKOMOJNEKYISPHBIX cucTteMax. Teopuu pacrsopo BMC.
2. CaoiictBa pactBopoB BMC.

3. HaGyxanwme u pactBopenue BMC.

4. 3ammutHoe nerictsue BMC.

5. OU3UKO-XUMUYECKHE CBOWCTBA OEITKOBBIX PACTBOPOB.

6. [lonsitue o rensix u ctyausx. [lonydenue u cBoiicTaa.

1.10. 2 KpaTkoe conep:kaHue BONPOCOB

1. ITonaTHE O BEICOKOMOJNEKYISPHBIX cucteMax. Teopuu pacrsopos BMC.

K BBICOKOMONEKYJIApHBIM BENIECTBAM OTHOCST COEAUWHEHHUS C MOJEKYJISIPHOW Maccoil
10°-10° u Bemme. Onu MOTYT OBITh TNPUPOJHOTO MPOUCXOXKICHUs (OenKH, BBICIINE
MoJicaxapubl, MEeKTHUHbI, HATypaJIbHbIA KaydyK) WM MOJYy4YalOTCs CHHTETHUYECKU B Ipoleccax
HOJIMMEPHU3AlMM U MOJIMKOHJEHCAMM (IJIaCTMAcChl, CUHTETHUYECKHE BOJIOKHA). MoseKyssl
BMB upe3BblUaiiHO BEIMKM M HOCAT Ha3BaHWe MakpoMosekyn. Ilpuponnsie BMB
(OmoronuMepsl) XapaKTepU3yIOTCS IIOCTOSHHBIM 3HAaU€HUEM MOJIEKYISIPHOI MaccChl.

KonnuecTBeHHOE M3MEHEHHE MOJIEKYIISIPHOIN Macchl MPUBOAUT K KAUECTBEHHOMY CKauKy
— TOSIBJICHUIO HOBBIX CBOMCTB ITOJINMEpPA: BBICOKOM MJIACTUYHOCTH U DJIACTUYHOCTH.

2. CaoiictBa pactBopoB BMC.

IIpakTruecku BakHble cBoMcTBa BMB cBsizanbl ¢ ux crpoeHueM. Pasznuyaror Tpu Tuma
CTPYKTYpBI LIETICH: TMHEWHAs, PA3BETBICHHAS, IPOCTPAHCTBEHHAS.

Crnenuduueckue 0COOEHHOCTH TMOJIMMEPOB OOYCIOBIEHBI TJIABHBIM 0O0pa3oM JBYMs
0COOEHHOCTSAMU: 1) CyIlecTBOBaHUE ABYX THUIIOB CBSI3€H — XUMHMUECKUX U MEXMOJIEKYJISPHBIX,
YIEPKUBAIOMIUX MaKpOMOJIEKYJISIpHBIE LENH JIpYr OKOJO JApyra; 2) THOKOCTBhIO Iemei,
CBSI3aHHOM C BHYTPEHHHM BPAILlCHUEM 3BCHbBEB.

3. HaGyxanue u pacrBopenue BMC.

HcTtuHHOMY pacTBOpEHHUIO TIOJUMEPOB TpeIuIecTByeT Impouecc HaOyxanus. OH
3aKIII0YacTCd B YBCIUMYCHUUA O6’b€Ma U MAacCChbl IOJIUMEPA 3a CUHCT MOIJIOMICHUA WM KaKOro-To
KOJIMuecTBa pacTBoputens. [lpu KoHTakTe moimMMepa ¢ pacTBOPUTENIEM HAUMHAETCS B3aWMHas
QG dy3us MOJIEKYN pacTBOPHUTENS B MOJIMMEP, & MOJIEKYJ OJIMMepa B pacTBopuTesb. OHAKO
ckopocth nudpdy3un B OAHOM M B JPYyroM HANpPaBJICHHUSAX OyIeT pa3iuyaTbCsi B TOH IKe
IOPONOPLMHK, YTO W Pa3Mephl, a TaKXKe IOABWKHOCTH IuGGYyHIUPYIOIUX YacTull. Peskoe
paziauyue B MOABUKHOCTIX MOJIEKYJ pacTBOPUTEIISI U MakpoMoJsiekyll BMB sBisiercst npuunHon
HaOyxaHUsI.

KonnuecTBenHoit Mepoil HaOyxaHUsl SBISETCS CTENEHb HAOyXaHUs O, KOTOpas MOXKET
UMETh 00BEMHOE WJIM MACCOBOE BBIPAKCHHUE:

V-V, m—m,
o0=——— Wl O =—

4. 3amutHoe nerictsue BMC.



CriocoOHOCTh 3alUINaTh 30JI OT KOAryJslUU KOJIWYECTBEHHO BBIPAXKAIOT 3AIIUTHBIM
YUCIIOM, PaBHBIM YHUCIYy MWUIMIpaMMoB cyxoro BMB, 3ammumaromero 10 mu 3018 0T
KOaryJsiuu npu npuiuBanud K 300 1 M 10% pactBopa NaCl. B 3aBucuMOCTH OT NPHPOJIBI
3011 3alIUTHOE 4YHCIO HA3bIBAIOT «30JIOTBIM», €CIM OHO OTHOCHUTCS K 3010 30I10Ta,
«cepeOpSHHBIMY - TS 307151 cepedpa, «wkene3HbM» 1 30011 Fe(OH);.

5. OUBUKO-XUMHYECKHE CBOMCTBA OCIIKOBBIX PACTBOPOB.

[TomuanekTponuramu HaspiBaloT BMB, umeromue B CBOEM COCTaBe MOHOICHHBIE
rpynnsl. [lo xapakrepy 006pazyeMbIX HOHOB MOJIUAIEKTPOIUTHI ACSAT HA TP TPYIIIIHL.

1. TloamanexkTpoauTsl, KUCIOTHOrO THMa coaepsxkamue rpynmnsl —COO™ unu —OSO; .

2. TlonuaaeKTposIuThl OCHOBHOTO THUIIA, UMEIOIME, Hanpumep, rpynny —NHo.

3. TMomuamdonuter — BMB, conmepkaimye u KUCIOTHYIO, © OCHOBHYIO T'PYIIIBI (O€IKHU C

rpymmamu —COO™ u —NH3")

Hanbonee momHO wu3y4deHsl cBolicTBa OenkoB. B 3aBucumoctn ot pH pactBopa

MaKpOMOHBI OENKOB MMEIOT IOJIOKUTENBbHBIA 3aps] (B KUCIOW Cpele 3a CueT Tpymil

—NH3") mmi oTpunaTenbHblil 3apsy (B MENTOYHOH cpenie 3a cuer rpymn —COO7). Mexay

3TUMHM  COCTOSHHUSAMHU OeJKa CYIIeCTBYeT COCTOSHME, TMpU KOTOPOM  YHCIIO

MOHU3UPOBAHHBIX OCHOBHBIX I'DYIII PaBHO YUCIIy MOHU3UPOBAHHBIX KUCIOTHBIX I'PYIIIL.

OTO paBHO3apATHOE COCTOSIHME HA3bIBAIOT M303JEKTPUUECKUM, a 3HadeHue pH,

OTBEYAIOIIEE 3TOMY COCTOSIHHUIO — U303JIeKTpuueckor Toukoit (UIT).

6. ITonsTue o rensix u cryassx. Ilomyuenue u cBoiicTsa.

I[J'DI HAaNUMCHOBAHUSA CTPYKTYPUPOBAHHLIX CUCTEM IIPUHATHI HA3BAHUA I'CJIb U CTYACHD.
[TonsiThe Tenp U reneodpa3zoBaHre 0OBIYHO OTHOCHUTCS K MEePeXoy THOPOOHBIX TUCTIEPCHBIX
CUCTEM B BA3KOAUCIICPCHOC COCTOSHUC. T'enn aBasrorcs TCTCPOTCHHBIMU CUCTCMAMU. Hepexo;[
pacTBOPOB K HETEKYYEH 3JacCTUYHON opMe 0003HAYAIOT TOHITHEM CTYTHEOOpa30BaHUE U
CTYJACHL. HOHI/IMepHBIG CTYJAHU MOT'YT GBITB KaK TOMOI'€CHHBIMHA TAK U T'€TCPOrCHHBIMHU.

2. METOAUYECKHUE MATEPHAUJIBI 110 BBIITIOJIHEHUIO
JIABOPATOPHBIX PABOT
2.1 Jlabopatopnas padora Nel ( 2 yaca).
Tema: «ArperaTHble COCTOSHUS BEIIECTBA: CBOMCTBA UI€ATbHBIX U PEAIbHBIX T'a30B)»
2.1.1 Heab padoThl: H3y4YUTh OCHOBHbIE MOHATHS XUMUH
2.1.2 3agauu padoTsI:
1. .Mcnonp30BaTh 00IIYIO0 XapaKTEPUCTUKY PACTBOPOB.
2. [lppumMeHUTH TEOPUN PACTBOPOB.
3. CpaBHUTH UJICATIbHBIE U PEaTIbHBIE PACTBOPHI.
4. 3yuuTh 0OCOOEHHOCTH Ta3000pa3HOTO COCTOSHHSL.
5. IlpuMeHHUTH Ta30BbIC 3aKOHBI.

2.1.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHON padoTe:

1. Ilepuoamnueckast cucteMa xuMuueckux anemeHTos /.M. Menpeneena.

2. Kpatkuii cripaBOYHUK (PU3UKO-XUMHUYECKUX BEITHYUH

2.1.4 Onucanue (xox) padorTni:

I'a3oBbIe 3aKOHBI

HaubGonee BakHBIMM BETUYMHAMU B OINpeAeNeHUH (PU3NUYECKOrO0 COCTOSHHUS Tasa
SIBIISTFOTCSL JTaBJICHHE, Temreparypa u o0beM. OHH CBSI3aHBI MEXIY CO0OW B OMpEIeIeHHOM



3aBUCHUMOCTM 4Y€pe3 Ta30Bble 3aKOHBI. ['a3bl, KOTOpbIE NOJUMUHSIOTCS Ta30BBIM 3aKOHAM,
HA3bIBAIOTCS WJCATBHBIMHU Ta3aMH (3TO Takue rasbl, Y KOTOPHIX MOXHO INpeHeOpeub CHilaMu
MEXMOJICKYJIIPHOTO B3aMMOJCHCTBHS U COOCTBEHHBIM 00BEMOM €ro MoJieky:n). VneanbHblil ra3
— 3TO TEOpeTHYecKass MOJeNIb ra3000pa3HOro COCTOSHUS, KOTOpas OCHOBaHA Ha CIEAYIOLIUX
AOMYHIICHUAX: HaCTUIBI I'a3da NPCACTABIAIOT C060ﬁ MaTCpUAJIbHBIC TOYKU, YaCTUIILI T'a3a OAPYT C
JIPYTOM HE B3aMMOJECHCTBYIOT.
3akon boitas-Mapuorra
IIpu nocmosinnoii memnepamype, 06vem 0aHHO20 KOIU4ecmsa 2aza oopamHo
APONOPYUOHALEH OABNEeHUI0, NOO KOMOPbIM HAXOOUMCA 243.

P1V1 = Psz = const UIINn Pl/Pz = Vz /V1

M30TepMBI H1€aIbHOTO ra3a

I3
T,
T
Vv

»
»

CnenctBus u3 3akoHa boitns-MapuoTra:

- IJIOTHOCTh Ta3a MpPH MOCTOSHHOW TeMIleparype MpsiMO MPOMOPHHUOHATBHA JIaBICHUIO
raza: pi/pz = pi/pz

- TaBJICHHE Ta3a IPU JaHHOW TeMIepaType IpsiMO IPOMOPIIUOHATEHO €0 KOHIIEHTPALIUU:
pl/pz = Cl/ Cy

3akoHn I'eii-JIloccaka

Tpu nocmosnnom dasnenuu usmenenue memnepamypol na 1°C usmensem obvem
. 0
0anHoeo Konuvecmaa 2aza Ha 1/273 yvacms om moeo ob6vema, komopwiti 2asz sanuman npu 0°C

Vt = V() +1/273 V() t

IIpu nocmosinnom oasnenuu 00vembl OAHHO20 KOTUYECMBA 2a3d NPAMO
NPONOPYUOHANLHBL AOCOTIIOMHBIM MEeMNEPAmypam

A V1/T1=V2/Tz
P,
P,

P3

N306ape! nueanpHOTO Ta3a

s al N
T >

3akon LHlapas
Ilpu nocmosinnom obveme dasienue OGHHO20 KOIUYECMBA 2a3d NPAMO NPONOPYUOHATLHO
abCcoOMHUbIM MeMnepamypam

P1/T1=P2/T2



Vi

M3oxopsl naeanpHOrO raza

T

YpaBHenne Menneineesa-Kinaneiipona

BriBo aHHOTO ypaBHEHUSI OCHOBAaH Ha 00beUHEHNH 3aKOHOB boitnsa-MapuoTtra u ['eii-
JIroccaka
pvV =vRT

Jlnst ra3oB, CYIIECTBYIOIIMX B TMPHUPOJIE peabHO (peajbHble Ta3bl), XapaKTEPHBI
HEKOTOpPbIE OTCTYIUIEHUS OT Ta30BbIX 3aKOHOB. PeanbHBI ra3 omiM4yaercs OT HACATBHOIO
CYILIECTBOBAaHUEM B3aMMOJCHCTBUSA MEXIYy YacTHUIAMU. Y HHMX YUCJIO YJAapOB O CTEHKY cocyJa
00JbIIe, YEM YHCIIO YAApOB, BBIYUCIEHHOE JIJIsl U/I€aTbHBIX Ta30B.

OTtkJioHEeHUE OT 3aKkoHa boilngs-MapuoTTa: rmpu MOCTOSTHHOM TeMIiepaType Npou3BeAeHUE
pV He sABIAETCS BEIUUYUHON MOCTOSIHHOM.

OtknoHenue oT 3akoHa [eii-Jlroccaka: sl  peanbHBIX Tra3oB KO3 HUIHEHT
TEPMHUYECKOTO pacmmpenus # 1/273.

OTkJI0OHEHHE OT 3aKoHAa ABOraapo: o0beM | MOJS pealbHOTO rasza mpu H. Y. HE paBeH
22,4 .

OtkiioHeHue OT ypaBHeHus MenzaeneeBa-KnaneilpoHa: He OMNHMCBHIBAIOTCA 3THUM
ypaBHeHueM. [Toaromy Ban-aep-Baansc BBen nmonpaBky

(V-b)(p+a/V)=RT

b — HecokKUMAaEeMBIH 00BLEM
a— BEJIN4YMHAa, IOCTOAHHAA 14 JaHHOI'O I'a3a.

I'azoBblIe cMecn

B ra30BBIX CMeECAX KaKIbIH ra3 BeJeT ce0s He3aBUCHMO OT CBOMCTB OCTaJbHBIX T'a30B.
I"a30BBIE CMECH TOAUMHSAIOTCA 3aKOHY NAPUHMAJBHBIX JaBJeHnH (3aK0oH lajbToHA):

Obwee 0asnenue 2a30601 cmecu paeHO CyMMe NAPYUATbHLIX 0AGTeHUL.

[MapuuanbHoe AaBJjieHHEe — 3TO JABICHHE, KOTOPOE OKAXeT JaHHBIM ra3, BXOMSIIUN B

COCTaB CMECH, €CJIM OH OJIMH Oy/IeT 3aHUMaTh 00bEM CBEH CMECH.
Posm=P1 tp2tps+...

Jns ompeneneHus NapUUAAIBHOTO JABJICHUS MOXKHO BOCIOJIB30BaThCAd ypaBHEHHEM

Menneneesa-Kiamnelipona

Pobug V06Lu =RT- ZU (1)
P1 Voo = VIRT (2)
PaszennM nepBoe ypaBHEHHE Ha BTOPOE:
Vi
P = Pos
> P

Takum oOpa3om, mapuuagIbHOE JaBJICHHUE ra3a paBHO €ro MOJISIPHOM J10J1e CMecH,
YMHOXXEHHOM Ha 00I1Iee JaBICHUE CMECH.

JlaHHBIM 3aKOH TPUMEHUM K HJICaTbHBIM Ta3aM. PealbHbIe Ta3pl OOHAPYKUBAIOT
OTKJIOHCHUA.



2.2 JlabGopatopHas padora Ne2 ( 2 yaca).
Tema: ArperaTHbie COCTOSIHUS BEILIECTBA: CBOMCTBA UICATIbHBIX U peajbHBIX PACTBOPOB.
2.2.1 Henn padotbl: U3y4nTh CBOMCTBA PACTBOPOB HEXJIEKTPOJIMTOB H

IJEKTPOJIUTOB

2.2.2 3apayu padoThI:
1. PaccuntaTrs 0OCMOTHYECKOE AABJIEHUE PACTBOPOB.
2. Paccuurtarh TemMiieparypy 3aMep3aHusl U KUTIEHUS pacTBOPOB.
3. Ilpumenuts 3akoH BanT-I'odda u BTOpoii 3aKon Payns
4. Ucnonb3oBaTh Teopuu: Apperuyca, Jledas- Xtokkers.
5. OnepupoBaTh MOHATUSIMH: TEPMOJMHAMHYECKAsh KOHCTaHTAa AMCCOLMALINM, aKTUBHOCTb,
KO3(PUIMEeHT aKTUBHOCTH, HOHHAS CHJIa pacTBOpa.
6. PaccunTtarh KOHIIEHTpALlUU PACTBOPOB.
7. IlpurotoBuTh Oy(pEpHBIA PACTBOP C 3aJaHHBIM 3HaYeHUEM pH;
8. 9KCIIepUMEHTATbHO U3MEPUTh pH MPUTOTOBICHHOTO U Pa30aBIEHHOTO PacTBOPA;
9. U3yuuTh CBOKCTBA Oy(hepHOTO pacTBOpa MPH JACUCTBUU CUBHBIX KUCOT U IIEJIOYCH;
10. paccunrats TeopeTHueckue 3HaueHus pH.
2.2.3 Ilepevyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B JIAa00paTOpPHON padore:
1. Ilepnoanueckasi cuctema xumuuyeckux snemeHToB .M. Menneneena.
. Kpatkuii cripaBouYHUK (PU3UKO-XUMUYECKUX BEJIMYUH
. Tabnuia pacTBOPUMOCTH.
. 0,1 1 pactBopsr CH;COOH CH3COONa,
. crangaptaeie pactBopbl HCI u NaOH,
. IpoOupKH,
.munetkr Ha 1, 5 m 10 Mo

NN DR W N

2.2.4 Onucanue (xox) padorTnl:
1. Paccunraiite nonb3ysicek npasmwiom Baut-I'odda, ocMoTndeckoe naBieHne pacTBopa mnpu
20 °C, eciu B IUTPE €ro HAXOAUTCA 18 T IITIOKO3BI.

2. OcMoTHYeCKOe JaBJIeHHE BOJHOTO pacTBOpa reMorioouHa, conepsxkamiero 32 /i mpu 17
°C, paBHo 43,84 kIla. HaiiTu 0THOCUTENBbHYIO MOJIEKYJISIPHYIO Maccy reMorjiioonHa.

3. PactBop, comepkamuii B 100 mit HuTpaT 6apus maccoit 11,07 T, ©30TOHUYEH C paCTBOPOM
[JIFOKO3bI MOJIApHOM KoHIeHTparuu 0,912 Moib/i1. BEIYUCIUTD KaKyIIyIOCS CTETEeHb
nuccormaiuy Ba(NOs), B 3ToM pacTBope.

4. Onpenenute, pU Kakoil TeMIlepaType 3aMep3HET PacTBOP XJIOPHUAA IUHKA MOJISIIbHOCTBIO
0,01 monp/kr. Kaxkyiasics cTenenb quccolnannu coiau pasHa 87%. Kpuockonuueckas
NOCTOsIHHAs BobI paBHA 1,86 K-Kr/mMoub.

5. PactBop conep:kaiiuii B Bojie Maccoil 25 r 6eH3oiHyro kuciaoty maccoit 0,608 1, kunut
npu 100,104 °C. D6ymmnockonuyeckas mocrosiHaas Bojsl 0,512 K-kr/mons. K cnabeiM nmu
CHJIBHBIM DJIEKTPOJINTAM OTHOCHTCS O€H30iHast KucioTa?

6. UTo Takoe KaXyIlasicsi CTENEeHb JIEKTPOIUTUYECKON aucconuanuun? Kakue
K02(pPHUILIMEHTHI BBEIEHBI B TEOPUU CHIIBHBIX AJIEKTPOIUTOB?

Bydepusie pacTBopsI

lotoBarcst Tpu OydepHbix pactBopa. [jis ATOTO B KaXIyl0 W3 Tpex MPOOHUPOK
MPUINBAIOT OINpPENeICHHOE KOJIUYEeCTBO YKCYCHOW KHUCIIOTBI M alleTaTta HAaTpus HCXOJIs W3
TAHHBIX TaOJIULIEL.



No O6Bem O6Bem N3mepennoe Breraucnennoe
CH;COOH 0,1 CH;COONa 3Hauenue pH 3Hauenue pH
H, MJI 0,1 1, M

1 1 9

2 5 5

3 9 1

MJI JUCTUIIUPOBAHOM BOJBI

PacTBOpBI THIaTENTBHO NepeMemuBatoTes. B kaxayto npoOupky gobasnseTcst 2-3 Karum
YHUBEPCAIBHOTO UHAMKAaTOpa. M3mepsiem 3HaueHre pH mo nBeTHON HIKajle YHUBEPCAIbHOIO
HHAUKATOopa. HOJIY‘-IGHHBIC JAHHBIC 3aHOCATCA B Ta6nnuy.

YHuBepcanbHbIn
WHOMKAaTOD

v

N3meputb pH

PactBop No2 nmenutcst Ha ABe paBHBIE YyacTu mo S5 mul. B ogHy u3 mpoOupok modasisiem 5

Pasnenutb pacTeop B
npo6upke Ne 2 Ha aBe
paBHble YacTu

AN

[No6aButb 5 Mn
ONCTURNIMPOBAHHOM
BOAbI

|

M3meputb pH

PacTtBop
CpaBHeHus

y

Habmronenuns:

Ve

AHanuanpyembin
pacTBop

/

PactBop Nel nmemmrcst Ha 2 paBHble 4acTH 1Mo 5 MiI. B oaHy u3 mpoOupox nobaBiseM
HECKOJIbKO Kamenb pactBopa HCI:




n __

Pasgenutb pactsop B [o6aBnTb HeCKOMNbKO
npobupke Ne 1 Ha oBe kanens HCI
paBHble YacTu

AN —

Nameputs pH

PacTteop \ /
CcpaBHeHus AHanusnpyembin

pacTeop

HaOmronenus

PactBop Ne3 nenurcst Ha 2 paBHbBIe 4acTH 1Mo 5 MiI. B oaHy u3 mpoOupok nobaBiseM
HECKOJIBKO Kanesb pactBopa NaOH:

N

Pasgenutb pacteop B [o6aBnTb HECKONbKO
npobupke Ne 3 Ha oBe kanens NaOH
paBHble YacTu

AN o

Nameputb pH

PacTtBop \
cpaBHeHus AHanusupyembii

pacTBop

Ha0mronenus

Paccuunraiite Teopernueckue 3HadueHuss pH mo dbopmyne mius kuciotHoro OydepHOro
pactBopa. Ilpu 01MHAKOBBIX KOHLEHTPALMIX KUCIOT U UX coyieil B pOpMyITy MOACTaBISIOTCS
nx 00beMsul. Kewzcoon=1,8% 10>, [TomydeHHBIEC TaHHBIE 3aHECUTE B TAOJIUILY.

CnenaiiTe BBIBOJ O CBOMCTBaxX Oy(epHBIX CUCTEM



2.3 JlabGopaTtopHas padora Ne3-4 ( 4 yaca).
Tema: OcHOBEBI TCPMOXUMHU U TCPMOJAUHAMHUKU XUMUYICCKHUX TPOLCCCOB
2.3.1 Hean padorbi: U3y4nTh MeTOABI ONpeAeIeHU TEIJIOBbIX 3(pPeKToB

XHMHYECKHUX peaKuui

2.3.2 3apayu padoThI:
1. I3MepuTh MaKCUMaJIbHOE KOJWYECTBO TETUIOTHI, BBIJEISIIONIEECS B XO/1€ PEAKIIHHI

HEUTpAIU3ALIUH;.

2. CpaBHUTH TEOPETUYECKOE 3HAUEHHUE TEIJIOBOTO A (heKTa peakiuu ¢

SKCHICPUMCHTAJIBHBIM. .........

2.3.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIb3YyeMbIX B J1a00paTOPHON padoTe:
1. TepmomeTp

2. TepMocTaT

3. nBa cyxux ctakaHa Ha 100 mn
4. 1 1 pactBopsl NaOH u HCl
5. MEpHBIN TUIUHIP Ha 25 MII

2.3.4 Onucanue (xox) padorTni:
Onpenenutsd Tem0BoM 3(h(PeKT peakuun HeUTpaau3auu

B cyxoil crakan Hamuth 25 mi1 1 H pacTBOpa IIEJIOYH, OMMYCTUTh B HETO TEPMOMETP U

yepe3 10 MuHyT m3Mmeputh Temmepatypy c¢ TouHocTeio 0,1°C. Bo BTOpoil cyxoil crakaH

HaIUTh 25 Mu 1 H pacTBOpa COJIHOM KHUCJIOTBL. BbIcTpo
MPUWINTH PAaCTBOP KUCIOTHI B pacTBOp Imienodu. OCTOPOXKHO
MOMEIINBasg CMECh TEPMOMETPOM 3aMETUTh MaKCHUMAJbHYIO
TEMIIEpPATypy pacTBOpa B MOMEHT CIIMBAHHUS C TOYHOCTBIO
0,1°C.

[TomydeHHBbIC TaHHBIE 3aHECTH B TaOJIHILY.
Teopernueckoe 3HaUYE€HUE TEMJIOBOTO AP eKTa peakuuu
HEUTpaIM3aluK CUJIBHOW KHCJIOTHI CHJIBHOM IIEJI0YbI0 PABHO

57,4 xJIx.
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2.4 JIaGopatopHas padora Ne5S ( 2 yaca).
Tema: Xumuyeckass KHUHETHKA.
2.4.1 Hean padotbl: V3yunTh KUHETUKY PEAKIIUH TUAPOJIA3a TPOCTHUKOBOTO caxapa
2.4.2 3agauu padoThI:
1. OnpenenuTh KOHCTAHTBHI CKOPOCTH MPH JIBYX Pa3JIMYHBIX TEMIIEPATYPAX.
2. PaccunTtarh SHEPTHIO aKTUBAIUU
2.4.3 Ilepeyenb NpudOpPOB, MATEPHUAJTIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOI padoTe:
. IOJIAPUMETP MOJYTEHEBOM;
. BOJSIHOM T€PMOCTAT BMECTUMOCTbIO | I1;
. TPY KOJIOBI BMECTUMOCTHIO 50 mut;
. 0JIHa K0J10a BMECTUMOCTBIO 50 MJI ¢ UTMHOHN y3KOU MIEHKOIA;
. O7IHa MepHasl K0JI0a BMECTUMOCTHIO 50 MIT;
. KyCKH (HIbTpoBaIbHOl Gymark pasmepom (10x10) cm?;
. IB€ OIOPETKH BMECTUMOCTBIO 25 MIT;
. repmomeTp oT 273 K no 323 K ¢ uenoit nenenus 0,1 rpan.;
. DJIEKTpUYECKas IJIUTKA;
10. pactBop caxapo3ssl koHueHTpauuu 10-20 mac. nonu, %;
11. pactBop HCI xoHuenTpanuu 1 Mob/.
2.4.4 Onucanue (xox) padoTnbl:
N3yuenne KUHETUKU peaKLMK TUIPOTIU3a TPOCTHUKOBOTO caxapa

O 00 1N DN K W —

VYcTaHaBIMBAaOT 3aJIaHHYI0 TEMIIEpaTypy BOASHOTO TEPMOCTAaTa IMOJJIEPKUBAIOT €€ a
npenenax + 0,5°C qoOaBieHHeM TEIION WIH XOJIOTHOW BOIBL.

N3 ucxomHOro pactBopa IOTOBAT PAcTBOP 3aJaHHOM KOHLEHTpauuu. Ecimu pactsBop
MYTHBIN €r0 PUIBTPYIOT.

OnpenenstoT yros BpalleHusl INIOCKOCTH MOJSpU3allMM B MOMEHT Hayajla PEeaklHH 0.
st aToro 20 MJI KCXOTHOTO PacTBOpPaA caxapo3bl HAMBAIOT B CYXYIO KOJOY BMECTUMOCTHIO
50 M ¥ BBIEPKHUBAIOT B TepMocTare 10 MUH. 3aTeM YUCTYIO MOJISPUMETPHUECKYIO TPYOKY
OTOJIACKUBAIOT U HAIMOJIHAIOT 3TUM pacTBOpoM. [Ipu HamosHeHMM TpYOKM CIEeIAT 3a TeM,
YTOOBl B HEE HE MONaJl BO3JYyX, TaK KaK €ro IMPHCYTCTBUE MELIAeT ONPEAEICHHIO Yyria
BpamieHus . TpyOKy nepkaT BepTHKAIbHO, 3aMOJIHSAS €€ TakK, YTOObl 00pa3oBajICs BBITYKIIBINA
MEHHCK, IOCJIE ATOr0 OCTOPOXKHO COOKY HAJBUIAIOT MOKPOBHOE CTEKJIO M HABMHYMBAIOT
OpWKUMHYIO 000iimMy. [Ipu 3TOM mNpoBepstOT, He MOATEKaeT JU TpyOKa. 3aroIHEHHYIO
TpyOKy NMOMEIIAIOT B MOJIAPUMETP B MOJOXKEHUE OJMDKaiiiiee K OKYyJIsapy, U U3MEPSIIOT yroi
BpALIEHUA 0, & 0lg=0ly’/2, TaK KaK MPHU ONPEIEICHUAX O PACTBOP caxapo3bl pa30aBiseTcs B
7iBa pasa.

OmnpenensitoT oy, B cyxyio koin0y BMECTHMOCTBIO 50 M OTMEPSIIOT U3 OIOPETKH 25 MII
caxapo3sl. B apyryro Takyto ke kondy momemaror 25 mu HCl konnentpanuu 0,1 mMomb/i.
O06e kosOBI BBIACPKUBAIOT B Tepmoctare 10-15 MuH mpu Temmeparype OmbITa, MOCJe Yero
CJIMBAIOT BMeCTe 00a pacTBOpa M MEPEMELIMBAIOT, MEepenuBas U3 KojaObl B Koja0y. MoMmeHT
CMEIIIeHHs — BpeMsl Hayaja peaklyd — OTMEYaloT M0 yacaMm C TOYHOUTHIO 10 | MHUH. DTOoMy
MOMEHTY COOTBETCTBYET Ol

[MonsipumeTpudeckyro TpyOKy, OCBOOOKICHHYIO OT PacTBOpa Caxapo3bl, OMOIACKABAIOT
MOJIYYCHHBIM PACTBOPOM., 3aAIIOJHAKOT UM U TCPMOCTATHUPYIOT YCPE3 3aJaHHBIC HHTCPBAJIbI




BpeMeHHU. TpyOKy BBIHUMAIOT U3 TEPMOCTATa, BHITUPAIOT MOKPOBHBIE CTEKJIA U U3MEPSIOT
yToJ1 BpaieHus o Becero npoBonst 6-8 usmepeHui.

Pe3ynbpTaThl U3MEpEeHHIA 3aHOCAT B TAOJIHUILY:

No Bpewms Bpewms Yron -0t
U3MEPEHUS ACTPOHOMHUYECKOE oT BpalleHusl,

Hayana Ot

peakiumn

t, MUH

2.5 JIaGopatopHas padora Ne6 ( 2 gaca).

Tema: Karanus

.2.5.1 lleab padoThI: M3yYUTHh 3AKOHOMEPHOCTH KATAJIU3a

2.5.2 3apayu padoThI:

1. PaccMOTpeTh MOHATHE SHEPIUs aKTUBAIUU

2. [TpoBecTr pacuer SHEprur aKTUBAIUU

3. OOBSCHUTH 3aKOHOMEPHOCTH KaTalln3a.

2.5.3 Ilepeuyenn npudOpoB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00paTOPHO# padore:

1. Ilepuoanueckas cucteMa xumuyeckux semenToB [[.1. MennaeneeBa

2.Tabnuma pacTBOPUMOCTH

3. CnipaBouHbIE MaTepHAIIbI

2.5.4 Onucanue (xox) padoTsbIi:
1. OueHure 5HEPrur0 aKTUBALMM HEKOTOPONM XHMHUYECKOM pEaKUHMH, €CIH  3HAYEHUsS

KOHCTaHT ckopoctel paBHbl 83,9 u 407 npu temmneparypax 600 u 645 K coOTBETCTBEHHO.

2. Jlns peakuum OMBUICHHS YKCYCHOATHUJIOBOTO 3¢upa TpH OONBIIOM H30BITKE BOJIBI
koHcTaHnTa ckopoctu nipu 20 °C pasna 0,00099 MuH, a npu 40 °C ee BelIMYMHA COCTABIISIET
0,00439 mun™". OnpenenuTh SHEPTUIO AKTUBALIMKM U KOHCTAHTY CKOpocTH peakuuu mpu 30 °C.

2.6 JIabopaTtopHas padora Ne7 ( 2 yaca).

Tema: ®oToxumMus

2.6.1 Ilesb padoThI: U3YUUTH OCHOBHBIE CTEXHUOMETPUYECKUE 3aKOHBI
2.6.2 3anayu padoThI:

1. PaccMoTpeTh 3akoHbI: ['poTryca u DUHIITEHA.

2. Paccmotpets nouHsitue - KBaHTOBBIN BBIXOJT PEAKILIUH.

3. [IpoBecTu KOJIMYECTBEHHBIN pacueT

2.6.3 Ilepeuenn npud0OpoB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1a00paTOpPHON padore:




1. Ilepnoandeckasi cuctema xumudeckux srnemeHToB .M. Menneneena

2.Tabnuma pacTBOPUMOCTH

3. CnipaBouHbIE MaTepHAIIbI

2.6.4 Onucanue (xox) padoTnbl:
1. Pactenussmu 3a ogun neHb ycBoeHo 200 kr yriepoaa Ha 1 ra. Kakoit o6bsem CO, Obul mpu
3TOM TiepepaboTaH pacTCHUSIMU?
2. Ha ocHOBaHuM aHaiM3a YCTAHOBJIEHO, YTO caxapHas CBEKJa Ha | ra B J€Hb JAaeT IMPUBEC
6uomaccel 100 kr. Cumrasi, 4To B 3TOM KojuuectBe okoino 30% yrmepoma , paccuuTaiire ,
cKoJIbKO TUTPOB CO; YCBOEHO U CKOJIBKO ITPH 3TOM BBLAEIMIIOCH KHCI0poaa?
3. PaccuuraiiTe KOMM4eCcTBO BO3/ayxa, coaepxkanue B kKoTropom CO, cocrapisieT 0,033 00BeMHBIX
%, He0OX0JMMOe JUTs BRIPAOOTKU PAaCTEHUSIMH 3a c4eT (POTOCHHTE3a | KT TIIIOKO3HI.
4. B mporiecce ObIXaHHUS YEJIOBEYECTBO BBHIACISICT B atMochepy 2,6x10' 11 CO, B rox. Kakyro
JOJIF0 COCTaBIIIET 3TO KOJMYECTBO OT YCBOSIEMOTO pacTeHHsIMH B Tpoliecce (hoTocHHTE3a
YTJIEKHUCIIOTO Ta3a, €CIU KOJIMYECTBO YCBOGHHOI'O PAaCTEHUSIMU yriiepojia cocTaBisieT 25,1 mipa.
T?

2.7 JlabGopatopHas padora Ne§ ( 2 yaca).

Tema: DJIeKTPOIPOBOAHOCTH PACTBOPOB AJIEKTPOIUTOB.

2.7.1 Heab padorbi: M3yuuTb METOABI ONPENETCHUS YACIbHOM BIEKTPUYECKOU
POBOJAUMOCTH

2.7.2 3apayu padoThI:

1. I3MepuTh CONMPOTUBIEHUE PACTBOPOB;

. paccuuTaTh YICIbHYIO M SKBHBAJCHTHYIO AJIEKTPUIECKYIO IPOBOJAUMOCTE;
. OIIPENETUTH A}

. paccuuTath KOA(QPHUIMEHT IEKTPUIECKON TPOBOAMMOCTH.

. I3MepuTh CONpOTHBIIEHHE PACTBOPOB;

. PacCUMUTaTh YAEIbHYIO U SKBUBAJICHTHYIO 3JIEKTPUYECKYIO IPOBOJAUMOCTS;
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. OIpenennTh A paccunTarh KOd()OULUEHT DIEKTPHIECKON IIPOBOAUMOCTH.

2.7.3 llepeyenb NpuOOpPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHON padoTe:
. Konnykromerp;
. TEPMOCTAT;
. KOHIIYKTOMETpHUUYECKas STYECHKa;
. PacTBOPBI UCCIEAYEMBIX ANEKTPOIUTOB U3BECTHOM KOHIIEHTPALIUH;
. JUCTUIIMPOBaHHAs BOJA;
. MEpHBIE KOJIOBI BMECTUMOCTBIO 100 MT;
7. ctakanbel BMecTUMOCTHIO 100 M.
2.7.4 Onucanue (xox) padoTsbl:
Hccneoosanue sxeusanenmuoul 31eKmpuieckotl nposooUMOCmuy Om KOHYeHmpayuu
I'oToBAT 4-5 pacTBOPOB CHJIBHOTO 3JIEKTPOJUTAa B MHTepBaie KoHueHTpauuu 0,05-0,001
M nocpencTBoM nocineaoBarenbHoro pazbasienus. Hampumep, ecinu TpedyeTcst IpUroTOBUTH
u3 0,1 M pacrtBopa 0,05 M pactBop, TO cienyer pazbaButb ucxonusiii 0,1 M pactBop B 2
paza. VI3MepsoT 9JeKTPUYECKYI0 TPOBOJUMOCTh PACTBOPOB, HauyuHas C Haubosee
pa30aBICHHOTO

AN AW —

Ne C, Monn/n ComnpoTHBIeHNE VOIII, Cm/m OKBUBaJICHTHAS
R,Om OIl, CMxM>/MOITB




2.8 JIabopatopHas padora N9 ( 2 yaca).
Tema: DIeKTpOXUMHUS
2.8.1 Heanb padotbl: M3yunTh METOIbI MOTEHIIMOMETPUUECKOE TUTPOBAHHUE.

2.8.2 3agauu padoTsI:
1. [IpoBecTr MOTEHITMOMETPUUECKOE TUTPOBAHUE CITA00H KHCIOTHI U CMECH CI1a00i U

CHWJIBHOU KHUCIIOT.

2.8.3 Ilepeuenn npud0OpoB, MaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOPHON padore:
1. crakanbl BMecTUMOCTBIO 100 M.

. pH-metp ;

. AIIEKTPOJIbI CTEKJITHHBIN M XJIOpCEPEOPSIHHBIN ;

. CTaKaH JiJIsl TATPOBaHUSI BMECTUMOCTBIO OKOJI0 50 mut;

. MATHUTHAs MEIIAJIKa U SKOPb MAarHUTHON MEIIaJIKu;

. OropeTka Ha 25 M,

. aHAJTM3UPYeMBbIid pacTBop ciaboit kucimorsl CH;COOH

. pactBop cmecu cminbHOM HCI u cma6oit CH3;COOH kucnor;

. cTanaapTHhIN pactBop NaOH
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2.8.4 Onucanue (xox) padorTni:
[ToTeHnMoMeTprUYECKOE TUTPOBAHUE CIIA00M KHCIOTHI i CMECH CIIa00W U CHIIBHOMN

KHUCJIOT.

Bxitouatror pH-metp [uist mporpeBa. AHamu3upyeMmblii pacTBOp ClabOi KUCIOTHI B
CTaKaHe JUIsl TUTPOBAHHUS CTAaBAT HAa MarHUTHYIO MeIanKy. OnmycKarT B pacTBOP 3JIEKTPOJIbI
U SIKOpPb MarHUTHOW Memanku. [IoaKI04aroT 21eKTpoasl K COOTBETCTBYIOIIUM KiiemMmaM pH-
MeTpa. 3amoJIHIIOT OIOPETKY TUTPAHTOM M YCTAaHABIMBAIOT €€ TaK, YTOOBI HOCHK OFOPETKH
HaxoJauJcs Ha 2-3 CM BBbIIIE YPOBHS TUTPYEMOI'O pacTBopa. TUTpOBaHUME HAYMHAIOT C
n3mepenns DJIC ameMeHTa ¢ pacTBOpoM KHUCIOTH (MeToauky u3meperus DJIC va pH-merpe
673-M cM. B MHCTPYKIIUH). 3aTeM I00aBISAIOT MO 2 MJ TUTpaHTa (MPUOIU3UTENTHHO A0 15
MJI), TIocyie 4ero nepexonat Ha mopuuu 1 mut. [Tocie mpubaBneHus Kak10i MOPIMH PacTBOpa
TUTPYEMYIO >KMJIKOCTh NEPEMENIMBAIOT U BBDKHUJIAIOT HEKOTOPOE BpeMs (OKOJIO 2 MHH.) AJIs
nocTkeHus: paBHoBecus. M3mepstor DJIC m 3anmuckiBaroT pe3yiabTaT B Tabmuity. Korma
nocie pobasnenus nopuuu Bl mi usmenenue 3J[C craneT Oosee CyleCTBEHHBIM, IEPEXOIST
Ha mopiuu B 0,2 mu. B obGnactu Touku SkBUBajgeHTHOCTH 3HaueHUs DJIC HU3MEHSAIOTCS
ckaukooOpasHo. [locne HOCTHKEHHsSI TOUKH SKBHUBAJIEHTHOCTH JeNaloT eme 3-4 u3MepeHwus,
n06aBisist TUTPAHT 110 0,2 MIT.

AHAJIOTHYHBIM CTIOCOOOM THUTPYIOT CMECh CHJIBHOM W ciaboit kucior. ['paduuecku
HAXOJAT JIB€ TOYKU TUTPOBAHHMS, TOCTPOUB Irpadvk HA MHJUIMMETPOBOM Oymare

2.9 JlaGopatopnas padora Nel0-11 ( 4 gaca).
Tema: [loBepxHOCTHBIE SIBIEHUS: a1cOpOIUs, aAre3usi, TOBEPXHOCTHOE HATSHKEHUE. .
2.9.1 Heab padoTbi: U3yunTh aICOPOLMIO YKCYCHOM KUCJI0THI HA yIile
2.9.2 3apayu padoThI:
1. Paccunrars yaensHyto aacop6umo CH3;COOH na yrie;




2. IOCTPOUTDH U30TEPMBI aJICOPOLINY;
3. rpaduduecku omnpenenuTh KOHCTaHTHI ypaBHeHUs DpelHmIMxa W MPOBEPUTH €ro
IPUMEHUMOCTD K aZICOPOIIMH OPraHUYECKUX KUCIOT Ha yrie
2.9.3 Ilepeuyenn npudOpPOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00paTOPHON padore:
. 12 mmockogoHHBIX K010 BMeCcTUMOCThIO 100 MIT ¢ pe3MHOBBIMHU TTPOOKAMU ;

—

. 6 CTEKJISTHHBIX BOPOHOK;

. MUIIETKY BMECTUMOCTBIO 25 1 10 Mt

. CTeKJIIHHAs majiovka (gapdopoBas CTyIKa;

. 0epe30BbIil aKTUBUPOBAHHBIN yroyib Mapku BAY unu tabietku kapOoseHa;
. OymakHbIe DHUIIBTPHI;

. PaCTBOP YKCYCHOM KHCIIOTHI KOHIIEHTpauu 0,2 MOJb/I;

. pacTBOp QeHondranenHa;
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. hapdopoBas crymnka

2.9.4 Onucanue (xox) padorThi:

IpuroroButrs 100 mu 0,1M pacTBopa XJ10pHaa HATPUS

W3yuenue aacopOIiK YKCYCHON KUCIIOTHI HA yTIie

W3 ucxoaHoro pactBopa yKCyCHOW KHCIIOTBI TOTOBSIT TIOCIIEI0BATENbHBIM pa30aBiIeHHEM
BIBOE 6 pacTBOpoB 1o 50 mi kaxaoro. OObeMbI PaCTBOPOB U BOJIBI OTMEPSIIOT ¢ OMOIIBIO
MUTIETOK BMECTUMOCTBIO 25 MII.

Ha Becax oTBemmBaroT 6 HaBECOK aKTUBHPOBAHHOIO yIuid (1o 1-4 r, coriacHO BapuaHTy
3aJlaHus), IPEIBAPUTEIBHO PAaCTEPTOTO B CTYIIKE.

B kaxnyto kondy ¢ pactBopom CH3; COOH BHOCST HaBecKy YISl M 3aKpbIBAIOT MPOOKOMH.
PacTBopsl ¢ yrieM TINATENbHO MEPEMEIIMBAIOT MM [OMEIAT Ha Kadajky s
BCTPSIXMBAaHUA NpuMepHO Ha 10 MuH. 3aTeM ocTaBisAOT cTOATh HA 40-50 MUH, NepUOANYECKU
B30QJITBIBasl CYCIIEH3MIO YIJIS Ul JOCTMXKEHUS aACOpOLMOHHOIO paBHOBecHs. Onpenensor
KOHIIEHTPALMIO UCXOAHOTO PAacTBOPa YKCYCHOM KUCIOTHI. J{JIs1 3TOTO B TpH KOJIOBI OTMEPSIOT
MUTIETKOW Wi OropeTKoi 1mo 10 M MCXOMHOTO pacTBOpa KUCIOTHI W THUTPYIOT PacTBOPOM
NaOH konnenrpauuu 0,1 monw/n B mpucyrctBuu ¢enondrairenna. M3 Tpex 3HaueHuit
HaXOJAT CPEHUH pe3yJbTar.

[To ucreueHWM 3aJaHHOTO BpPEMEHHU aJCOPOLMU CYCIEH3UIO YIS OT(QWIBTPOBBIBAIOT
yepe3 QUIbTPhI, CMOYEHHBIE PACTBOPUTENEM, B KOHMYECKHE KOJIObI BMecTUMOCThI0 100 M.
[Tepeie moprun ¢unsTpatoB (10-15 M) oTOpachiBarOT, Tak Kak B HHUX KOHIIEHTPALIUS
KHCIIOTBI MOXKET OBITh TOHIKEHa 3a CcYeT ajcopOuuu ¢uiIbTPOBAIBLHONH Oymarom.
KoH1eHTpanuio paBHOBECHOTO pacTBOpa KUCIOTHl Cpasy B QUIBTPATAX ONPEACTAIOT TaK K€,
Kak U Cyex . I3 pe3ynbTaToB Tpex onpeaeneHnidi HaXoaAT CPEIHUM I KaXX0TO pacTBOpa.

3KCH€pI/IMCHTaJIBHBIG JaHHBIC 3aHOCATCA B Ta6n1/1uy

AncopOeHT: Ancop0ar:

Jlo ancopOuuu ITocne ancopOryn




No Konnerpanu O6Bem Konuenrpauu Cpennu Konnenrtpanu

g kucaotsl Co ¢mibTpara s TUTpYIOLIEN i1 o0beM s KHCIIOTBI
TSt IIeJI091 IIeJI0YH, Cpasu, MOJIB/TI
TUTPOBAHUS MU
, MIT

Jlns ompeneneHusl KOJIMYECTBAa aJCOPOMPOBAHHO KHCIOTHI X HEOOXOIMMO 3HATh €e
conepxanue B 50 Mi1 pacTBOpa 710 afcopOuu (MMOJIB/T), KOTOPOE HAXOAAT 1Mo (hopmyJie

a=C0050

a TaK)Ke coJiepKaHue KUCIOThI (MMOJTB/T) B 50 Mt mocie agcopOumu:

bchaBH.SO

PaBHOBecHBIC KOHIIEHTPALUU KUCTIOT (MMOJIB/JT) BEIYMCIISIFOT TI0 JAHHBIM THTPOBAHHUS:

Cmenoqn o VI_IICJ'IO‘H/I

CpaBH_
Viucrors:

I'me Cuenomn ¥ Vigenoun — KOHIIGHTpAIMSA U O0BEM IIETIOYH, TMOIICANTNN Ha TUTPOBAHUE;
Viuenors — 00BEM pacTBOpPa KUCIOTHI, B3STHIN JJISI THTPOBAHUSI.

KonuuecTBo (MMOJIB/1T) aicopOUpOBaHHON KUCITOTHI
x=a-b

PazgenuB X Ha Maccy yriis m, HaXOIAT YAEIbHYIO aJCOPOIHI0 (MOJB/KT) ISl KaXKI0TO
pacTBOpa KUCIIOTHI:

No Co Cpasn m, T a b x=a-b (x/m)

Ha ocHoBe pe3ynpTaTOB OMBITa W PACYETOB CTPOAT TIpaduK H3OTEPMBI AICOPOLUH
x/m=f(Cpazn)

2.10 JIadopaTopnas padora Nel2-13 ( 4 yaca).
Tema: JlucmepcHbie cuctemsbl. JInopoOHBIE 301 (KOJJIOMIHBIE PAaCTBOPHI): CTPOCHHE,
CBOICTBA, MTOJYyYCHHUE.




2.10.1 Hean padorbi: U3yunTh CBOMCTBA CMOCOOBI MOJYyYeHUS 30J1€i.

2.10.2 3apaum padoThI:
. [IpuroroButs 4-5 30J1€i pa3HBIMU METO/IAMMU;
. OIIPENIENINTE 3HAK 3apsia KOJJIOUIHBIX YaCTHULL;
. TOATBEPAUTDH KOJUIOMJAHYIO IPUPOJTY MOTYYEHHBIX PACTOPOB;
. HamucaTh GOPMYIIbI MULIEILIT

AW~

2.10.3 Ilepeyenbs npuOOPOB, MATEPHATOB, HCIIOJb3yEeMBbIX B J1a0opaToOpHOiil padoTe:
1. k01651 BMecTUMOCTEIO 100 MiT;

2. CTaKkaHbl XUMHYECKHE BMECTUMOCTRIO 100 Mmut;

3. 6ropeTkH; HabOp MHUMETOK; BOPOHKH MPOOUPOUYHBIE;
4. CTEKIIIHHBIC MAJI0YKH;

5. mTaTUB ¢ TPOOHUPKaAMH,

6. punpTpoBasIbHAS OyMara;

7. pactBOpbI peakTuBOB: AgNO3, FeCls

2.10.4 Onucanme (xox) padoThi:

Ilonyuenue u ceoticmea 30.1eti
1. 3onb rexkcanmanodeppara(ll) —xenesa (III) kanus (GepiuHCKas Ta3yph):

K 20 M Boabl 100aBis0T2-3 Karii HACKkIIEHHOTO Ha Xonoay pactBopa FeCl; , a 3atem
npu B30anTeiBaHWK — | Karuro pactBopa rekcanuanodeppara(ll) xkamus. OGpa3yercs 3076
CHHE-3CJICHOIO I[BETA.

ypaBHEHUE PEaKINH:

CtpoeHne MULIeIIIBL:

2.30mb nonuaa cepedpa

K 50 mnm Bomel poGaBmsaror 5 Mt pactBopa AgNOs; a 3areM MO KarwisiMm, TpH
B30anTeiBanuu 0,5 mi pactBopa KI. O6pasyercs 30516 roay0ooBaTOro IIBeTa

ypaBHEHUE PEaKINH:

CtpoeHne MULIeIIbL:

3.305b rugpokcuaa xxenesa(Ill)

K 20 mn xumsmed Boxabl nobOamistor 1-2 karmum HackimeHHoro pactBopa FeCls.
OO0pa3zyeTcs 30J1b BULITHEBO-KPACHOTO IIBETA.

ypaBHEHUE PEaKINH:

CrpoeHue MULEIIBL:




2.11 JIadopaTopHas padora Nel4 ( 2 yaca).

Tema: YCTONYUBOCTD U KOAryJIsALUs KOJJIOUIHO-IUCIIEPCHBIX CUCTEM
2.11.1 Iean padorsi: U3yunTh KOATYJISINUIO 30JIeH JIEKTPOJIUTAMM.
2.11.2 3agaum padboThI:

1. IpUTrOTOBUTH 3aIAHHBIN 30J1b;

2. MPOBECTU KOATYJSLUIO TPEMs 3JIEKTPOIUTAMM, COAEPIKALIUMHU HOHBI-KOATYJISTOPBI
Pa3HOH BEJIIMYUHBI 3aPSAHOCTH;

3. BBIYUCIIUTD IMOPOru KOAryJjsiuu JJisd KaXXJA0ro 3JICKTPOJIUTA U UX COOTHOLICHUS

4. mpoBepuTh BoinoJHeHue npasuia Llynene-I"apau.

2.11.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIa00OpaTOpHOIi padore:
1. bropetku;

2. INIOCKOAOHHBIE KOJI0bI Ha 250 Mt

3. IUMNETKH BMECTUMOCTBIO 5 1 10 miT;

4. pacTtBOp 304;

5. pacTBOPBI AIEKTPOIUTOB-KOATYISATOPOB

2.11.4 Onucanme (xox) padoThI:

Onpeoenenue nopo2o8 Koazynayuu

OnpenenstoT Nopor KoaryJsiuy TUTPOBAaHUEM 30JI1 paCTBOPOM 3JIEKTpoauTa. Jis aToro
B TPU KOJOOYKH ISl TUTPOBAHUS OTMEPSIOT 1o 10 mut 301, B OropeTky HaauBarOT pacTBOp
xyiopuaa Hatpus NaCl u HauMHAIOT TUTPOBAThH J0 NMOMYTHEHHS HJIM 00Opa30BaHUS XJIOIBEB.
OTMeuaroT BU3yalbHbIE MPU3HAKK KOATYJISIIUA U (PUKCHPYIOT MO OIOPETKE OTBEUANOIIMK i
o0beM oasekTponuTa. OMNBIT MOBTOPAIOT €IIe JBa pa3a. 3aTeM aHAJIOTUYHO IPOBOJISAT
KOATyJISILMIO 3JIEKTPOJIUTAMHU, COJIEPKAIIMMHU JIBYX- U TpeX3apsiIHbIe HOHBI-KOATyJISATOPHI.

3KCH€pI/IMeHTaJIBHBI€ JAaHHBIC 3aHOCAT B Ta6n1/1uy

DJIEKTPOJIUT Konnentpanus O6Bem ITopor
(popmyna) DIIEKTPOJIUTA, MOJB/JI AIEKTPOJIUTA, MII KOaryJisiuH,
MMOJTB/JT

PaccuuTteiBaroT [Topor koarynsiuu

2.12 JladopaTopHas padora NelS ( 2 yaca).
Tema: JlnodwibHBIE 307U: PacTBOPHl BBICOKOMOJICKYJSAPHBIX coeauHeHui. ['emm.
CrynHu.
2.12.1 Heap padorbl: H3y4yuTh CBOHCTBA PACTBOPOB BBICOKOMOJIEKYJISIPHBIX
COEeIUHEHMIA.
2.12.2 3agaum padoThI:

1. OnpenenuTh 3HaUEHUE U30IEKTPHUECKON TOUKH JKEJIaTHHA 110 JaHHBIM HaO0yXaHus;




2.12.3 Ilepevyenbs npuOOPOB, MATEPHATOB, HCIIOJB3yEeMBbIX B J1a00opaTOpHOii padoTe:
. CyXas KeJlaTHHA;

. IPOBOJIOKA;

. TIATh KOPOTKUX TTPOOUPOK;

. Oy(hepHBIEC PacTBOPHI C pa3TUYHBIM 3HAYCHHUSIME PH;
. TOP3UOHHBIC BECHI;

. pH-metp;

. hunpTpoBanbHAs Oymara;
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. CTakaH ajs onpezaenenus pH pactsopos

2.12.4 Onucanmne (xox) padoThI:

Onpeodenenue uzosnexkmpuyeckou mouku BMB no oannvim nabyxanus

OnpenensiroT W30 JIEKTPUYECKYI0 TOUYKY JKellaTWHA M0 HalyxaHWio. B3BemmBaroT Ha
TOP3UOHHBIX Becax 5 OTPE3KOB MPOBOJIOKH JUIMHON 7-8 cM. 3aTeM NPUKPEIUISIOT K HUM
KYCOUKH CYXOHW JKEIaTHHBI U CHOBAa B3BEIMIMBAIOT. [l0 pasHOCTH Macc OmpeAernsioT maccy
cyxoil keratuHbl. lloMemaroT B MATH KOPOTKHX MPOOUPOK IO OJHOMY KYCOUKY
JKEJIATUHBL,IOABEIINBAs €r0 Ha MPOBOJIOYKE M 3aKpeIunsis 3a Kpas MPOOUPKHU; 3arONIHSIOT
npoOupku Oy(epHBIMH pacTBOpaMU C Pa3aUYHBIMH 3HaUYeHUSIMH pH (KyCOYKHM >KelaTHHBI
JIOJDKHBI OBITH TOJIHOCTBIO TIOTPYXKEHBI B pacTBop). M3mepsitor pH OydepHbIx pacTBOpoB Ha
pH-metpe. UYepe3 ompenenenHoe Bpems (1 yac) BBIHUMAIOT MPOBOJIOYKH C HAOyXIIeH
KEIATUHOW W TOMEMIAloT Ha (UIBTPOBAIBHYIO OyMary, KOTOpas BIUTHIBACT W3JIHIIEK
pactBopa. Yepes 2-3 MUHYTHI B3BEIIMBAIOT HAOYXIyIO JKeJlaTHHY. Pe3ynbTaTsl M3MepeHuid
3aHOCST B TaOJIHITY.

PacuutsiBatoT cTeneHs HaOyxaHus

CrposT rpaduk 3aBUCHMOCTH cTeNeHH HaOyxaHus xkenatunbl oT pH cpensl. [To rpaduky
OIIPEIETISIIOT N303JIEKTPUIECKYIO TOUKY.

2.13 JIadopaTopHas padora Nel6-17 ( 4 gyaca).
Tema: MUKpOTeTEpOr€eHHbIE CUCTEMBI
2.13.1 Hean padoTbi: M3yunTh BIUsSHUE PA3TMYHBIX (AKTOPOB HA YCTOMYHMBOCTH TICHBI
2.13.2 3agaum padoThI:
1. IloayuuTrb T€HBI JOUCIEPrallMOHHBIMM  METOJAaMHU B  IPHUCYTCTBUM  Pa3IMUYHBIX
neHooOpasoBaresnen.

2.13.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJb3yEMbIX B JIa00OpaToOpHOii padore:
. MepHbIe KOJIOBI BMECTUMOCTBIO 50 MIT;

. CTaKaHBI XUMHUUeCcKHe BMecTUMOCThIO 100 M,
3
. munetky Ha 10 cMm
3
. nunuHap eMkocThio 50-100 cm

. 0,02 moue/n pacTBOp oneara Hatpus (C7H33COONa)

AN Dn R W N =

. CEKYHI0MED

2.13.4 Onucanmne (xox) padoThI:



3aBHCHMMOCTDH YCTOMYMBOCTH MEHbI OT KOHIEHTPALMHU MeHO00pa3oBaTes —
kotonauoro INAB

B kagectBe xomnouanoro pactsopa ITAB ucnomssyercs 0,02 monb/m pacTBOp ofneara
Hatpus (C7H33COONa). M3 ncxoaHoro pactBopa ojieata HaTpusi TOTOBSIT B MEPHBIX KOJI0ax Ha
50MII IATH PACTBOPOB MEHBIIIEH KOHIICHTPAIIMH ITyTEeM MOCIIEIOBATEILHOTO pa30aBIeHHsI BIBOE.
Hampumep, B 0HY M3 MPOHYMEPOBAaHHBIX MEPHBIX KOJIO BHOCIT 25MJ MCXOJHOTO pacTBOpa
oJieaTa HaTPUS U JIOBOJAST 00BbEM pacTBOpa 10 METKH, HOOABIISISI TUCTUILTUPOBAHHYIO Bony. [Ipu
3TOM IOJY4YaroT PAacTBOP C KOHIIEHTpalMeW B 2 pa3a MEHbLIE, YeM HCXOAHOTO PacTBOpa —
0,01M. B crenyromryto kondy BHocaT 25mia 0,01M pactBopa oseara HaTpusi, B TPEThIO KOJIOY
BHOCSAT 25 MJI BTOPOTO pacTBOpa ojieata HaTpus u T.4. Takum odpa3zom rorosar 0,01M, 0,005M,
0,0025M, 0,00125M u 0,000625M pacTBOpHI OJeaTa HATPHUsI.

B mununanp emxoctero 50-100 o ¢ MOMOIIbI0 MEpHOW NHNeTKHu BHOCAT 10 o’
IPUTOTOBJIEHHOI'O PACTBOPA C HAMMEHbIIEH KOHLIEHTpAIMe (OCTaBIIUICS pacTBOP OCTaBISAIOT
JUISL CIIEAYIOMIEro ombita 4.2), 3aKphIBalOT HHJIMHIP MPOOKOi. BCTpsxuBaroT comaepkumoe
uumuHApa B TedeHue 20c. Ilocnme mnpekpaiieHuss BCTPSAXUBAHUS BKJIIOYAIOT CEKYHIOMED,
OJIHOBPEMEHHO OTMe4Yasi 00beM COJEPKUMOTO IMIMHIApPA V U 00BbeM OCTaBHICHCS KUAKOCTU
MOJT CJIOEM TeHbI Vocr. MakcuMaabHBI 00beM MEeHBI V| BEIYUCIISIIOT 10 YPAaBHEHUIO:

V=V —-Vocr,

OTtmeuaroT Bpemsi, 32 KOTOPOE MaKCUMATbHBINA 00BEM MTEHBI YMEHBIITUTCS BIBOE T /).

3aTeM OIBIT MOBTOPSIOT € KaXKIbIM M3 IPUTOTOBIICHHBIX pacTBOPOB. Pe3ymbrarhl
U3MEPEHUH 3am1uchIBaloOT B Tabmuiy 16.

PaccunThIBarOT KpaTHOCTH MEHBI IO YPABHEHUIO:

B=Vi/Vx,
rae Vi — MakKCUMaJIbHBIA 00BEM ITEHEI;
Vx =Vo—Vocr;
Vo — HCXOOHBIA 00BEM KHUIKOCTH, B JAHHOM onbITe Vo = 10 oM.
3Ha4yeHHs KPaTHOCTH NIEHBI BHOCAT B TaOuILy 16.

Tabnuma 16 — 3aBUCUMOCTD YCTOWYUBOCTH MEHBI OT KOHIICHTPAIHH
oJieaTa HaATPHs

Ne KoHnnenrpanus V, cm° VOCT,CM3 VH,CM3 T 12,C B
KOJI- C17H33COON3.,
OBI MOJIB/J

1

2

3

4

5

ITo pe3ynbTaTam ombITa CTPOAT rpaUKU:

1) 3aBUCMMOCTH MaKCUMaJIbHOTO 00beMa IIeHbI OT KOHIIEHTPAIUK oJieaTta HaTpHs;

2) 3aBUCUMOCTH KPAaTHOCTH IE€HBI OT KOHLEHTPAIMH 0JIeaTa HaTpus;

3) 3aBUCHUMOCTH BPEMEHH pa3pyllIeHUs MOJIOBHUHBI 00beMa MEHBI T 12 OT KOHLEHTPAIIUH
oJieaTa HaTpHsl.

JlenaroT BBIBOJ O BIMSHMM KOHLEHTpalUuu KojulougHoro pactsopa IIAB Ha
YCTONYUBOCTH TIEHBI.

3. METOAUYECKHUE MATEPHAJIbI
1O MPOBEJEHUIO MPAKTUYECKUX 3AHATHUH (e npeaycmorpeno PYII)



4. METOJMYECKUE MATEPUAJIbI
1O MPOBEJEHUIO CEMUHAPCKHX 3AHSITUH (ne npeaycmorpeno PYII)



