[1naH nekumu
1. KoHaoykTOmMeTpus mn anektpodopes - MeTodbl UCCnegoBaHMA U KOHTPON4A
cocTaBa pacTBOPOB.

2. [Ondpdysuna anektponuta n gndpys3noHHbIM NnoTeHunan. BeiBog OCHOBHOIO
YpaBHEHUA, KONIMYECTBEHHbIE MOAENN N PaCYyeT.

3. HOnadcdparma, wmembpaHa, WC3IO. Hekotopble Buabl pPaBHOBECUWN,
peannaylomxca Ha membpaHax:

- noteHuman [loHHaHa, [OOHHAHOBCKOE paBHOBeEcWE, [OOHHAHOBCKOE
NCKITIOMEHME 3NEKTPONUTOB

- paBHOBeCMEe W MOoTeHUuMan Ha rpaHuue [OBYX HeCMeLlUnBaloLnXCS
XUOKNX pacTBOPOB
- noTeHUMan Ha MOPUCTON MOHOODMEHHOM MemMbpaHe (Teopwus
Teopenna-Menepa-Cusepca)
- ypaBHeHune [onbamaHa-XomxXkuHa-Kaua Ona noteHuuana nokod
KITETOYHON MeMOpaHbI
4. oHocenekTuBHbIE MEMOPAaHbI U 3NEKTPOAbl HA UX OCHOBE

- CTeknsiHHaga membpaHa. [NpocTtas n 0b6obLEeHHaa TEOPUN CTEKITAHHOIO
arnekTpoaa. YpaBHeHMe HUKOMbCKOro
5. Metoabl onpeaeneHnsa KO PUUNEHTOB CENEKTUBHOCTH



MeToa KOHOYKTOMETPUMU

MeToqg no3BondeT u3yyaTb CBOMCTBA PaCTBOPOB 3MEKTPOSIUTOB B NHOOLIX
pacTBopuUTenax, B LUMPOKOM WHTepBare Temnepartyp, OaBneHun W
KOHLIEHTpauumn.

[Onsa obecrnevyeHns BbLICOKOM TOYHOCTU U3MEPEHUN COMNPOTUBNEHUE
PacTBOPOB OOSMKHO N3MeEPSATbLCA C TOYHOCTbO He Hmxe 0,01%. [ns atoro
obecneumBaoT

1) perynupoBaHue Temniepatypbl He Hwke 0,1°; 2) ycTpaHeHue
nonapusaunmn anNekTpoaos; 3) NpUMeEHEHNE NPeLm3noHHON annapaTypsl;

OcHoBHoEe ypaBHeHue: &&= (1/R)-K

roe e - ygenbHasa aNeKkTponpoBOAHOCTb pacTBopa, R - conpoTueneHune,
K — NOCTOSHHAasA A4enku.

[TOCTOSAHHYIO SA4YENKM HaxogsdaT MO pacTBopamM C U3BECTHOW BENNYNHOW
3NEKTPONPOBOLHOCTM.

[TpuMeHsieTCcst ANsa NPAMOro onpeaeneHnst KOHUEHTPaUMn aneKTponToB
N B BapnaHTe TUTPOBaHWS. 5



YoenbHasa anektponpoBogHocTh pacteopoB KCl
(ona rpagyvpoBku KoHayktomeTpa), Om™'-m™

KoHueHTpaunsa KCI, monb/n

L e 0,0100 0,100 1,00
0,00 0,07751 0,7154 6,543
18,00 0,12226 1,1191 9,820

20,00 0,12757 1,1667 10,202

25,00 0,14114 1,2886 11,173




Mpumepbl NPpUMEeHeHNA MeToaa KOHAYKTOMETpUmn

OnpeneneHne yaoenbHOM 3f1IeKTPONPOBOAHOCTU BOAbI U
pacTBOpUTENEN

OnpegeneHne  KOHCTaHTbl  Auccoumaumm  cnaboro
areKkTponuTa

OnpeneneHne pacTBOPUMOCTU  TPYOHOPACTBOPMMOWN
conwu

OnpepenexHuve KOHCTaHTbI YCTONYNBOCTU "
CTEXUOMETPUNYECKOTIO cocTaBa KOMMMNEKCHbIX
coeanHEHUN

VlamepeHm'-l B HEBOAHbLIX Cpenax



[Mpsimast KOHOYKTOMETPUS

[Mlpyumep rpagyupoBodHOM 3aBucumocTn ana  anektponuta NaCl B
avanasoHe koHueHTpaumn 0 — 3,0 r/n

Ya. 3n-te, MCm*cm-1

3.5

1. OnpeaeneHne anekTPonPOBOAHOCTM NPUPOAHbLIX N TEXHOrEHHbIX BOA,
2. YcTaHOBIEHME MOMHOTLI ONpeaeneHnst MIOHHOro cocTaBa Mo MaKPOKOMMOHEHTaM



YcTaHoBreHMe BO3MOXHOCTN MOHN3aLUMKU KOMMIIEKCHbIX COEAUHEHNWN MO BENUYMHAM
3KBMBarieHTHON ANEKTPONPOBOAHOCTN UX PaAaCTBOPOB, CM:cM?- Morb™

dopmyna 125 | 250 | 500 | 1000 | 2000 | 4000

[MATUNOHHBIE ANEKTPOSIUTDI

K,Fe(CN)g] ; 477 | 520 | 558 - .

[Pt(NH5)s]Cl, - 433 | 458 | 528 - -

qublpeXVlOHHble ANEKTPOSINTbI

[Co(NH3)s]Cls 343 | 378 | 401 | 426 | 442 -

AIC, 342 | 371 | 393 | 413 2 .
TpeXVIOHHbIe QNEKTPONNTbI

[Pt(NH5)4(OH),]Cl, 204.9 | 218.8 | 2256 | 1965 | - -

K,[PtBrg] 226 | 240 | 268 | 286 - .

(NH,),[PtCl] 240 | 248 | 254 | 258 - -
,ElBYXVIOHHble QNEKTPOINTNTDbI

K[PtNHCl5] 96.6 | 101.3 | 103.3 | 106.8 | 111.2 | -

[Co(NH3)3Py(NO,),]Cl - : - 91.7 | 102.1 | 114

ONEKTPONUTLI, HE ANCCOLMMPYIOLLME Ha VOHbI
(NH, NO,),CIOHPt ! - - 1.35 | 3.37 | 3.75
(NH; NO,),BrOHPt . : : 0.95 | 342 | 3.79 6
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3aBMCUMOCTb A\ OT Yncna MOHOB, HaXoOALWMXCsl BO BHeLWLHeN cdepe: 1 — Pt(NH3)6CI4;
2 - Pt(NH3)5CI3; 3 - Pt(NH3)4CI2; 4 - KthCIG; 5 - Pt (NH3)4CI2; 6 — K[NH3CI5Pt];
7 - Pt (NH,),Cl; 8 - Pt(H,),(NH,); 9 — Pt(NH,),Cl,; 10 - Pt(NH,),Cl, npu pazbasneHuu

V =1000, kpome kpuomn 6, rae V = 125. 7



[MpMepbl KOHOYKTOMETPUYECKNX KPUBBIX KUCIMOTHO-
OCHOBHOIO TUTPOBAHUS

V, Mn

1 1n4 —kncnota n wenoyb; 1 1 5 — TUTPAHT U NPOAYKT UMEKT HU3KYHO anekTponp.; 1
N 6 — TUTPAHT UMEET HMU3KYIO ANEKTPONPOBOAHOCTL; 2 N 4 — criabasi kKucrora
CUIbHBbIM OCHOBaHUEM; 3 N 4 — o4eHb cnabas Kucnota CUIibHbIM OCHOBAHMEM 8



[ enb-anekTpodopes

uonelbiw YNQ

Joylew azis

3 different restriction
enzyme digests of
plasmid DNA




KanunnapHsin anekTpodopes

NcTOYHUK
HanpsXxeHUs
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Cxema OBMXeHUA NOTOKOB B Kanunnsape
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Fig. 7. Electropherogram of hydroxide, thiosulfate, sulfate, sulfide
and sulfite with indirect UV detection. For separation conditions
see the text. Reproduced from [108] with permission.

Figure 3. Electropherogram of 19 basic amino acids. Separations were obtained by using 15 cm
effective separation length at an electric field of 1000 V/cm. The separation buffer consisted of 20
mh LiTB (lithium tetraborate) and 10 mi SDS (sodium dodecyl sulfate) at pH 9.26. Peak
assignments are: Asp, Gin, Gly, Glu, Arg, Ala, His Met, Phe, Thr, Ser, Asn, Lys, Tyr, Val, lle,

Leu, Trp, Pro. Un-marked peaks are un-identified ones. Standard amino acids 2 pM each in aCSF.
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Oudrchpy3nOoHHBLIN noTeHUMan
HCI AgNO,

o

®oco o0

C1>CZ C1>C2

Onpdy3noHHBIN NoTeHUMan He SBNSETCA pPaBHOBECHbIM, T.K. MOAOEp’KMBAETCS
HanpaBneHHO NpoTeKarLwum npoueccom anddysnu.




bynem paccmatpumBaTtb AU PY3MOHHLIN CIon
MeXxay pacTteopamu

[BWXeHne NOHOB MO rPaaMEHTY KOHLIEHTpaLUUK anekTponuta (XuMm. noTeHumnana)

[lepexoaHbin Crnowu




Ouddhby3ua anekTponuta nu anhbPy3amMoHHbIN NOTEeHUUan

Ha doHe HepaBHOBeCHOro npouecca aOudpdys3nm MOXHO paccMaTpuBaTb
PaBHOBECHbLIN MEPEHOC 3apsPKeHHbIX YacTtuy (KBasuTepMocTaTuyecKkas
rmnoTtesa).

PacTtBop 2

PacTteop 1

0 d

Mo npeonoxennto [MBO6ca npu oueHke AMddDY3NMOHHOrO MnoTeHunana
cnegyet cuyuTaTtb, YTO NPOLECC UAET B KBA3MPaBHOBECHbLIX YCIOBUAX U €ro
OBWXYLLIEN CUION SIBASIETCA Pa3HOCTb XMMUYECKMX NOTEHLNANOB. 14



BbiBoa ypaBHeHUA ana andp¢gpy3MoHHOro noteHumana

IIycTh B mpeaeax oqHOro NepexXoaHOro ¢Jios A1 HOHa 1
UMEEM |L,, B ceAyIomeM cioe i+ ApL. Toraa 1071t HOHOB 1
B niepeHoce 1 F snexrpuuecTna:

—id,LTI-
Z;

I
AG =) “du

i Z;‘
(2)

@ =—EI t—"dlnaz
dudd. F % z,
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PaccmoTpum pelueHunsi ypaBHeHUs

1. YHUnonspHasa npoBOAUMOCTb 3M1eKTPOonnTa
2. Inektponut 1:1
3. YpaBHeHue 'eHAepCOHa U ero YactHble criy4yau

4. dnuMuHupoBaHune ancpdPy3mMoHHOro
noteHumana

16
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1. YHUnonspHaa npoBOAUMOCTb 3JIeKTPONnnMTa

[locne NHTerpnpoBaHus NOMy4Ynm

RT *°

Pavd. — F n CcP

2. Inektponut 1:1

[locne UHTErpnpoBaHnA nostyvynm

RT t, t_ c?
¢nw¢¢-:T(Z—| _l)ln
(D_.-D,) RT. c,

- 1
o D+Z++D_‘Z_‘ ncl

eee A,
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3. Mogenb HenpepbIBHOIo psaa cmeceun NeHaepcoHa
1. CuMTaemM KOHUEHTPaUMOHHbIN FPaAUEHT FIMHEeNHbIM.

2. Pazgenum obnactb Mexay 2-ma pacTBopaMuM Ha TOHKUE CNou dXx, B KaXAOOM
U3 KOTOPbIX M3MEHEeHUEe aKTUBHOCTU cuuTaemM NocTosiHHbIM. [lycTb k coptoB
MOHOB C 3apsiiaMu Z. U Yucnamm nepeHoca t. ancpcpyHampytor us 1 B 2.

C'x = C’_’I»'.(1-X) + C’I - X

I,

PactBop 2
Cc”.

I

PacTtBop 1
C.

I

-
0 d X

3. an peweHnn ypaBHEHUA nepexoamMm OT UHTerpupoBaHumda no
KOHUEeHTpPaunun K UHTerpupoBaHuio no npOCTpaHCTBeHHOﬁ KOoopAUuHaTe. 18
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ConocTtaBneHune N3MEPEHHbLIX N PACCHUTAHHBbIX MO

yp. [eHaepcoHa 3Ha4YeHumn ¢HM¢_

PactBop 1 | PactBop?2 .

JKen. Pacuet
0,1fM HCI |0,1M KCI -26,78 -28,52
0, 1M HCI |0,1M NaCl -33,08 -33,38
0, 1M KCI |0,1M NaCl -6,42 -4,86
0,1M NaCl |0,1M NH,Cl +4,21 +4,81
0,01M HCI [0,01M KCI -25,73 -27,48
0,01M KCI |0,01M NaCl -5,65 -4,54

20




YacTHble cnyyvaun yp. 'eHOepcoHa

1. KOHTaKTMpyloT 2 pacTBOpa O4HOIO 3fIEKTPOSINTA C Pa3HbIMU KOHLEHTPaLUAMHN

_RT t, t_ ] c*
qoﬂ”(t’d’-_ F (Z+— IZ_|)1ICTﬁ

2. KOHTaKTUpylOT 2 pacTBopa pasnuyHbIX 04HO3apsaaHbIX SNEKTPONNTOB C
OOMNHAKOBOM KOHUEHTpaUWeEn 1 ogHUM obwmm noHom (YpasHeHue Jlbtonca-
CapxeHTa)

RT AP

A@rupp. = £ ¥ lnAw

N\ - MONSIpHas 3aNeKTPONPOBOAHOCTb JMNeKkTponnTa, a u 3
pasgensieMble dasbl. 3HaK «+» CTaBUTCA NPU HANU4YNK
obLlero KatuoHa, 3Hak «-» nNpu odLEM aHMNOHE.

21



AnMMmnHnpoBaHue anddPy3noHHOro noTeHumnana

RT P 1
@ —— I ~dnCc; =0
dudd. F =5 z,
t-=0,5 t ,=05
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1. luddy3rnoHHBIEC MOTEHIMAJIBI HAa KUJIKOCTHON I'PaHUIIE KOHTAKTa PAaCTBOPOB
AIEKTPOJIUTOB:
- MOJIEJIb HEMIPEPHIBHO U3MEHSIONIEHCSI CMECH pacTBOPOB (Mojielb I eHiepcoHa)
- MOJICJb C 3aTpyAHeHHOU nuddy3uen smekTpoanTa (Moaens [lnanka)
- MOJEIb CBOOOAHOM AUPHY3UHN SIIEKTPOIUTOB
2. IloTeHnnanbl Ha TPaHUIE KOHTAKTa PACTBOPOB AJIECKTPOIUTOB
- yepe3 auadparMy OrpaHUYMBAIOIIYIO TU(PY3UI0 KPYITHBIX HOHOB (MO/JIEIIb
JloHHaHa)
- HECMEIIMBAIOIIMECS APYT C IPYTroM pacTBOPUTEIN (MOIEIb MOTEHIIMANIA
pacnpeeiaeHus )
3. MemOpaHHbI€ ITOTCHIUAIIBI
- IMCKPUMUHAIIUSA TIEPEHOCY MO pa3Mepy HOoHA (IMIPOCTEUIITNIA TUIT MEMOPaHHBIX
PaBHOBECU )
- mopucThie HOHOOOMeHHBbIe MeMOpaHnbl (Haduon u ap.)
- «CTLJIOIIHBIEY» MEOpaHbI
- CTEKJISIHHbIC MEMOpaHbI
- MoJieab» Hukosckoro
- Mozeib Hukonbckoro-Ilymnbia
- )KMJIKOCTHBIE MEMOpaHbI (MIaCTU(PUIIMPOBAHHBIE MEMOPaHBI)
- MOJICJb KUJKUX HOHOOOMEHHUKOB
- MOJIEJIb HEUTPAJIbHBIX IEPEHOCUYUKOB 23
- 0CaJI0YHbIE MEMOPaHBI



2. Onadparmbl, mMemOpaHbl 1 UCI. TepmuHbI 1 onpeaeIeHUAA

NcTtopus pasButusa MemMbpaHHbIX 3MNeKTPOAOB CBfA3aHa C MUccnegoBaHUSMU
domnsnonorndecknx npoueccos. B cepeanHe XIX Beka dmamonoru
OOHapyXunu BO3HUKHOBEHME MexOy OTAENbHbIMU YacTuuamu OpraHM3mMoB
PaA3HOCTU ANEKTPUYECKUX MoTeHumanoB. Onsa noHMmMmasi OeNCTBUA CHOXHbIX
buonorndyecknx mMembpaH Xxummkamm B KOHUe XIX 6biin  co3gaHsbl
npocTenune mogenn memopaH.

B 1890 rogy OctBanba BoOcCMOMb3oBanca MNOHATUMEM MNONYNPoOHULLAEMOU
MeMOpaHbl Ansa co3gaHua mopaenu buonormvyeckon membpaHbl M nokasarn,
4YTO 3HA4YEeHWEe Pas3HOCTU NOTEHLMASIOB B TaKOM MEeMDOpaHe MOXXHO cuuTaTb
npegenbHbIM B CnydYae >XWOKOCTHOroO MoTeHuwnana, Korga noaBMXHOCTb
OLHOro N3 MOHOB pPaBHa HYIIIO.

B Hauane XX ctonetus 6binia obHapyXeHa crnocobHOCTb CTEKMNAHHOM
MeMbpaHbl pearMpoBaTb Ha W3MEHEHME KOHUEHTpauum MOHOB BOOOPOAA.
[lepBble OCHOBHblE MCCNeaoBaHUS MOTEHUWArIOB CTEKMAHHbIX MeMOpaH
npoBeneHbl Kpemepom n abepom. imun e co3gaHbl U nepBble MPOTOTUNbI

CTEeKNAHHbIX N APYrnx anekTpogoB C TBepAbIMU U XNOKNMA MeM6paHaMI/I.
24



Aunadpparma — 310 meperopoaka MeEXAy ABYMsA pPACTBOPpAMH, KOTOpas
NPEMATCTBYET CBOOOAHOMY NEPEMENIUBAHUIO PACTBOPOB, MOHBI (YACTUIIHI)
MOT'YT IIPOHUKATh Y€PE3 HEE CBOOOHO.

MemOpana — »3To Jw00as ¢aza, paszaensmoias JABe  JAPYyTUX WU
NPENsSTCTBYIOIIAs IIEPEHOCY MacChl MEXAy OTUMM  (azamMu, HO
MO3BOJISIONIAs MEPEeXo/ C Pa3IMYHBIMU CTEICHSIMU OrpaHUYCHHUS] OJIHOTO
WJIN HECKOJIBKUX COPTOB MOHOB (YaCTHII).

HNonocenektuBHbIe 1eKTPOAbI (MCJ) — 310 n1aTynkm, KOTOPBIE COAEPKAT
MeMOpaHy, IPeICTABISAIOIIYI0 CO00iM TBEPAbIA SJIEKTPOJIMT WM KUIKUN
pacTBOp, HE CMENIMBAIOIINICSA C BOJIoW. Takass MmemOpaHa ¢ 00enX CTOPOH
KOHTAaKTUPYET C BOAHBIMU pacTBOpamu (mHOorma ¢ oxHoiu). MCO wumeer
BHYTPEHHUN TOKOOTBOJAIIMN AJIEKTPOJI, B HEKOTOPBIX CIIydasx MeMOpaHa
KOHTAKTHUPYET C TBEPABIM JICKTPOHHBIM MPOBOAHUKOM (TBEPIAOKOHTAKTHBIE

1CD).

25



HexoTopbie BUAbI MEMOPAHHBIX PABHOBECUM:
1. lonHaHOBCKOE paBHOBECHE

(1) (2)
Cuuraem pactrBopel (1) u (2) I
pa30aBjeHHBIMHA, OCMOTHYECKOE @ e [
1 H2 # ®
nasJjaenue (p'’, p*’) pacrBopmu-

TEJdA OAUMHAKOBBIM I ‘ ‘
xe®e

l'[pommaeMban qepes3 . ..

auagparmy siBJISIIOTCH TOJIbKO @ ®

KuX. @ @ SoeF o
| o
Yepe3 memOpaHy He * ®
NPOXOAST I
PaBHoOBecHe YCTAHABJIUBACTCH TOJBKO /I MPOHUIAEMbIX HOHOB:

1) PaBnoBecue njst katuonoB K~ @

—(1 —(2
B =72

ne + RTInal? + p@vy+ + Fo® =

= u;)((f') - RTlnagﬂ +p®Vg+ + F@

@ _ g KT @ @) _ (D)
Ap = @\~ — @ — F lna(l)-l- (p —» )VK+
K+




2) PaBHoBecue 11 aHNOHOB (X)) 0
—(1) _ —(2)
le‘ § I'lx-
pg(_l) + RTlnag-) + p(l)Vx— = F(p(i) =

= p.g(—z) + RTlnag_) + p®Vy- — F®

(1)
RT a,-

Ap = ¢® — M = ——In—%5 — (p™ —p@)V y
Fa

3) JIOHHAHOBCKO€ UCKJIIOYEHHE NICKTPOJIUTOB

(2)

M=p"-p (1) | (D)
v v o e N Lo
—=0; exp—=1 a? .a® PRT
RT RT Kt R

4) PacueT JOHHAHOBCKOIO NMOTEHI[MAJIA W3 YCJIOBHI HAYAJIbHOI0 COCTOSTHUS CHUCTEMbI

Haqanbﬂoe COCTOAHUC KOHG‘IHOC COCTOSHHUC
R™: A M*: A R A M ||M"; A
C1; C1 Cz; 02 C1; C1+x; X Cz-x; C2-x
27




Pacuyer TOHHAHOBCKOIO MOTEHIIMAJIA U3 HAYAJIbHBIX YCJIOBHI MEMOPAHHON CHCTEMBI

RT C
Ap =0, — —In 2
P=0Q, =@ = r C +C,

Takas curyauust MOKeT UMETh MECTO M B TBePAbIX HOHOOOMEHHUKAX, B YACTHOCTH, B
CTeKJISIHHOM MemOpaHe. [IpoHMKHOBeH e AHUOHOB B MOBEPXHOCTH CTEKJIA
peryjupyercss paBHoBecueM /loHHaHa.

¢
¢ ¢

‘ Boaubiid pacTBop

Crekiio HX
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2.2. Hexoropblie BUABI MEMOPAHHBIX PABHOBECUM
2.2.1. PaBHOBecHe M MOTEHIHAJ HA IPaHUIIE ABYX HECMEIINBAKIIUXCH PACTBOPOB

(1) (2)
K J:EK"L

A

rpaHIIIa pasgesa a3
a=p?= P +RTna®) + Fe¥ = P + RTIna??) + Fep™

=% = 1’9 +RTIna® -Fe® = 4°? + RT Ina® — Fg®
w_He —HM RT 4.

Ap=9? —g" =————+——In—5,
K+

0@) _ 00 )

_oo_m_ M TH O RTL A
Ap=¢p? —p" ="4 = 4 - lna‘(‘lz)

a
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OHeHKa IIOTCHIINAJIOB HA I'PAHHUIIC /IBYX HCCMCIINBAIOIITUXCH

sKIakocTeid n3 Beanuna AG
nepeaoca

_ 1 0,2-0,1 0,2-0,1 RT agl aiz_)
Ap= E(AGF —AGLTTT)+ 2 In 4@ 4®

BN AF
2) —_ (@). ~Q) _ Q). —
Ipu yenosuu C27 =C7, Cl =C72 y, =1, nonyuum
1

Ap =
g02F

(AG;E_)O’I . AGZ,_Z—)O,I)

Pa3jesieHue cBOOOMHBIX JHEPTHH MEPEHOCA FIEKTPOJNTOB HA COCTABJIAIIINE MPOBOAUTCSH
HA OCHOBE PAa3JIMYHOI0 PoJa HETEPMOAMHAMMNYECKHUX JONyLIeHUIl, HATIpUMep:

0,0p2. -50,H,0 0,0p2.—0,H,0
AGT@A+ B AGT@B’
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Pacteop (1) Pacteop (2)

e

-« >
MembpaHa
BHyTpumem-
MeskdpasHbiit 1 OPaHHDBIN MexdasHbiin 2
Anddy3n-
OHHbIN

E = PP 2- g7 1=(gPP2- 07) + (¢- ) + (9 - PP ) =
A(I),D,OH” + A¢umqo ) A(I),D,OH,

Ay = 4702 - M
AGy = (0P - )
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Teopua Teopenna — Meunepa - Cusepca aons nopmcrtomn
MOHOOOMEHHON MeMOpaHbI

—(1) —M/ —(2) —M/7 —(1) —M/ —(1) —M/

ﬂ —Ill )u' I"l' ﬂ+ _ﬂ+;ﬂ_ = H_
i) =EE? =g mymy =d

[Ona (Hanpumep) oTpruaTtenbHO 3apsikeHHon membpaHbl 3[M byaeTt nmeTb BUA:

w RT . (a™ ..
0@ — ™" = ln[ - J+V (p(M) p<2>)
(M")
_((0(2) (M >) _ ( ] (M ) _p(z))

(M?")
_((p(l) (M)) _ L { - j (1) p(M'))

M

: _[ et -

F

- KOHUEHTpaunAa NOHOINEeHHbIX rpynmn B MeM6paHe; nonaras

<
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PelleHnem ypaBHeHns byaer:

B npeononoXxeHun, 4YTO BHYTPUMEMOpPAHHbIN  OUPAY3MOHHBIN  MOTEeHUMan

OTOXAOECTBNSAETCA C NOTEHUMarioM >XWOKOCTHOMO COEOWHEHUdA C 3aTpyaHEeHHOoM
andpdysnen:

(M) (M)
(M") _ -

My U, —U_ RT ++u m
B In =57 ar
u, +u_ F o oum” i +tum -

u,m

Pougpp. = P @

u, —u._
O0bo03HauumB;: U= ( ¥ )/(ﬁ+ +u)

[Monyynm: 1 1
RT| &’ (4a’2 + Yz) ‘X _ (4a’2 + Yz) “4T-X
E=—|In— i + Uln 5
d (4a"2 + 3('2) % +X (4a"2 + Yz) & L HeX
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1.

CnepncrtBuA U3 ypaBHEHUSA:

X RT a’
a << —: E = In— [Monyyaem ypaBHeHMe HepHcTa
2 F a
X RT Ay [Oudd. noteHuman mexay
a>— FE = (t_ = t+)_ In— pacTBopamu.
2 F aq
HeT 4yBCTBUTENBHOCTU K
HaNU4YnKO MOHOOBMEHHbIX
rpynn B MembpaHe
N X - _ RT a YpaBHeHue aaet
a= E, E = (t_ — t+) T ln? oLEeHKY andad.

noTeHumnana B
MemMmbpaHHOM drase
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Mexanuzmot (mympeuueﬁ AKMUBHOCMU OUOI02UYECKUX
OpPD2AHU3MO6

Ona ounonornyecknx memMmopaH no ob6e CTOPOHbI KNeTo4YHON MeMOpaHbI
HaxoAsTCs pacTBOPbI NPMMEPHO paBHbIX KOHUeHTpauun C =C,
(Bb16o0 ypaeHeHusi NlonbOmaHa-Xo0xkuHa-Kauya)

CxeMbI IMPpOHHIAeMOCTIH KJe€TOUYHOI MCM6])‘£IHI>I H aKTHBHOCTH KaHAaJO0B,
CBA3AHHOI ¢ JHHAMHIKOI rpaanceHTa nmoTeHumamaa

T More Sodium Channels
en
Ac—o v Sodium Channels
Close .
+ Sodium Channels / Potassium Channels

t |

——— Potassium Channels

- +30 mV o
- 1
cl Cl .
Na* — Na+

T ? -F0 m¥Y
Inside  Qutside
cell cell Time (ms) e
A) B)
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JonyuweHus, NpuHATbIE NPU BbiBOAE YPaBHEHUA:
- MembpaHa aBnsaeTcst roMOreHHou

- QrekTpuyeckoe rnosie B MembdbpaHe NOCTOAHHO, MOJTOMY
TpaHCMeMOpaHHbIN NoTeHUuarn BHYTPU MeMOpaHbl MU3MEHAETCHA NIMHEWNHO

- [locTyn noHoB B MeMbpaHy Kak U3 BHYTPEHHErO, Tak U BHELUHEro
PACTBOPOB OCYLLECTBNAETCH MITHOBEHHO

- [NpoHnUaemMble NOHbI He B3aUMOOENCTBYIOT

- Ha noTok noHOB Yyepe3 MemMOpaHy BNUSAIOT Kak KOHLEHTpaLUusl, TaK 1
Pa3HOCTb NMOTEHLMANoB
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Bbieod ypasHeHusi onibOMaHa-Xo0)XkuHa-Kaua

E C

— m —— out “ )'
(1) >< (2) ‘

Cin X - X
x=0 x=L

: d[A] n'~\FEm j — A

— D 1, A j, — MOTOK MOHOB A,
JA A ( dx V7 of [ [ ]) n, — 3apsifi UOHOB

d|A
JA I[?AF]'E”. .\ — d.\'
~oa t "RTL U |

NHTerpmnpoBaHue ot x=0 (in) go x=L (out) npmBoguT K pesynsraTty:
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| Al — [A] €"a”
Ja = una Py Omi — e.,,AIZ
B FE,, Be3pasmepHblit Dy
H = ﬁ napamerp Py = ——  TlpoHuuaemocTsb

[epexoanm OT NoTOKa K TOKY (g, — 3apsd MOHA):
Ja=qaja

B npeanonoxeHun, 4To 06NN TOK paBeH HYMIO N BCE MOHbI UMEKOT 3apsia, PpaBHbIN
«+1» nnun «-1», To Npm NpPUNOXeHHOM noTeHunane E:

Jiot =) Ja=0
A
w—vet =0
FE u = Z PC [C+]out + Z R“\ [A_] in
PelueHne naeT: LI l‘l’ — ln — cations C anions A
RT v

U= Z Pc [CT], + Z Py [A7]

cations C anions A 38



RT (2;" Pt M low + 53 P [.4;1in)
F

By = — N 3 —
>, P Mt (M in + EJU Py- [4; Jout

Ecnn membpana pasgensieT 2 pactBopa paBHbIX KOHLIEHTpaLumn K:,;Nal_mCl ;

RT Pro+ [Na™|out + Prc+[K ot + Per- [CU in
B Ko Nay_,01 = —In T 1 + 17—
F Pyot+ [NaTin + Pre+ [K*in + Por- [CU |out

Pac4yeT BennymnHbl NoTeHunana B npocTenwem crny4yae:

- [INat _ It
Em V= Eln (R\m"‘[\a ]out> e ﬂln ([f\#a ]Out)

¥ F Ppot [Na*]in F [Na*]in
[Ona 37 °C
[X +]OUt [X —]out
Fyv =061.50 mV log = —61.5 mV log
X mYV log ( [X+]in mV log [X—]in
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[Ona 37 °C

KOHII(‘HT]) AN HOHOB B KJIeTKe CKeJIeTHOH MBI LI H BO
BHEKJIETOYH O ¢ peae

HoHbI KonueHnrpamus g KoHIIeHTp Al sl BHe
CaprormIae (MMOTh) KJIeTKH (MMOJIb )

K’ 140 25

Na~ 10 120

= 3-4 120

Ca®* <0,001 P
(nommi:mlmbl) 140 0

[Na +]out
Ex =615 mVilog| ——— ) = 66 MB

[Nat]i




OcHoBHBbIe THNIBI UCD

HNoOHOCENEKTUBHBIE AJEKTPOJbI — A3TO JAaTYUKA HAa OCHOBE HOHOCEJIEKTUBHBIX MeEMOpaH,
MO3BOJISIIOIINE ONPEAEIATh AKTUBHOCTD (KOHLIEHTPALIMIO) MOTCHIIUAJIONPEICIISIONINX HOHOB.
OCHOBHBIE BUbI HOHOCEJIEKTUBHBIX 3JICKTPOIOB:

1.91eKkTpoabl ¢ TBEPABIMU CTEKISHHBIMUA WJIM KPUCTAUIMYECKUMH (TTOJTUKPUCTAIIINYECKUMU)
MeMOpaHamMu

2.27€KTPOJIbI C )KUJAKOCTHBIMHU (TJIEHOYHBIMHU ) MEMOpaHaMu

TpeOoBanus Kk Mareprainy MEMOpPAHBI:
-XUMHUYECKass UHEPTHOCTH (OTCYTCTBHE PACTBOPUMOCTH B MOHOTEHHBIX PACTBOPUTEISX )
-Hanuuue coOCTBEHHOM MTPOBOAUMOCTH (RJIEKTPOHHOM W/WJIM HOHHOM )
-O0paTUMOCTh M OTHOCUTEJIBHO BBICOKAsi CKOPOCTh MOHHOTO OOMEHA Ha rpaHuile pasaena a3
MeMOpaHa/pacTBOp
-TeXHOTOTUYHOCTh B U3TOTOBJICHHUU AJICKTPOAOB U3 Marepruaia MeMOpaH
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HNonocenekTuBHbie diekTpoabl (MCI).
OaQHMM U3 NEPBBIX ObLI «OTKPBIT) CTEKJIAHHBIN JIEKTPO/I
oxoJ10 1907 r.

%

¢(0)

B/ o
L 5|
6 _‘,/

Rl

(1)

N

Puc. Crexnanail SHeKTpof ¥ SNeKTPoA CPasHeHnsA!
1 —RaMepuTenbibil NpRGOP; 2 — INEeKTPON CPanHeNmH,

3 — OTHEPOTHE AR JIENOMHEHUA GNEKTPOAN XJIOPMIOM KATHH,

4 — xanomens (Hg/HgCl, » nacsiessonm pacTeope XNopuin.Kauums),
8 — KpUCTANNh! XAoOpMAa kamus, 6 — mnopucras memipasa

X 7 — pacrsop, 8§ — CTEXRNO, MPOHKUAEMOE IMIR MOHOB BOAOPOAA,

9 — 0,1-mMoasapEsifi pacTeOop conaHoi KucyoTe:, 10 — cepebparas
NPOBOJNIOKA, MOKPEITan xnopugom cepebpa; 11 — crernasERl snexTpoa

i
1
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COBpeMeHHbIﬁ BapUaHT I/I3MepI/ITeJ1bHOﬁ YCTAaHOBKUW A5A onpeaeneHuns pH

KoMBUHMPOBaHHbLIN 31eKTpoa
1- cTeknsiHHas membpaHa
2- TOKOOTBOAALLMI 9NeKTpoq,
3- BHYTPEHHEE 3arnofHeHne anekTpoaa
4- ocagoK onga cosgaHus Hac. pacTeopa
5- TOKOOTBOASLLNIN IMEKTPOA 3f1. CPaBH.
6- BHyTPEHHEE 3arnofHeHne anekTpoaa
7- onadparma
8- kopnyc anekTpoaa




duekTpoaHasa GyHKIus

/ KHCJT0OTHAA 0IIOK A

NIEKTPOJHAA PVHKIA

‘\I::I:IO‘IH‘A}I
I0KAQ

1 12 pH

E=E% + 0,059Ig a,,, = E° — 0,059 pH
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IIpenen oonapyxkenuss UCI

(0,0591g2)/z

lg a
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Kucjaornast u meja0o4Has OINMOKA CTeKJISAHHOI'O IJICKTPOIAA

-1.0 —

—

|
o
n

Error, ApH

A. Corning 015, H,SO,

B. Corning 015, HCI

C. Corning 015, 1-M Na*

D. Beckman-GP, 1-M Na*

E. L & N Black Dot, 1-M Na*
F. Beckman Type E, 1-M Na™

0 2 4 6 8 10 12 14
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IIpunaTas 3anuch A4YeUKHU

A) be3 KHIKOCTHOIO COeqHHEHHA

Ag| AgCl ‘ HCI1 (0,1 M) |CrekmadHas | AHanH3HpyeMbnl | AgCl | Ag
MeMOpaHa pacTBop
B) C AHIKOCTHBIM CO€JHHeHHEeM
Ag| AgCl ‘ HC1 (0,1 M) |CreKTIHHAA AHmn-rsl-q)yenmn*li KCl |AgCl Ag

MeMOpaHa pacIBop

BcrioMor aTe MbHBII ‘Pacmop 1 I MenoOpaHa ‘Pacmop 2 ‘ Bcriomor aTelbHbIT
ITIEKTP O Py IIeKTPO T

1 P2 P3 P4
E=@-@+@-@1+@Pg

MPUHATO, UTO @,= @BI- @PP2; - 3 = PP2 - pMHa: = pMHa_ PP 1- _p = PP MHa:
Ap = @ - PP
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OcHoBHas 3axaua teopuu UCI

Bripazuth B siBHOM Qopme 3aBucumocth IJIC I'T] oT cocraBa BHemIHEro (Miu
aHAJIM3UPYEMOIr0)  pacTBopa, T.€. OT AaKTUBHOCTEM  (KOHIICHTpAIUH)
AJIEKTPOJIUTOB B PACTBOPE.

TpyaHOCTH B TOM, YTO UMEEM AEIIO C TEPMOAWHAMUYECKHA HEONPEICICHHBIMU
BeJIMUrMHaMu: 1) Mex(da3HbIMU PA3HOCTSIMU MOTEHIIHMATIOB U

2) nudPy3uOHHBIM BHYTPUMEMOPAHHBIM IMOTCHIIUATIOM.

OnHako, NpW NOPaBUIBHO TMOCTABICHHBIX YCIOBHUSX MOXHO TMOJYYHUTh
TEPMOAUHAMUYECKN CTPOTOMOE BBIPAKEHUE.

OcHOBHbBIE TOJT0KEHH S TCOPHUH CTCKIAHHOI'O JICKTPOAA

1) Monnass mpupoaa npoBOAMMOCTH (CTEKJIA);
2) llpu noBbimieHun pH CTEeKJISAHHBIN JIEKTPOA IpUodpeTaer
METAJUIMYECKYH (HATPUEBYH) QyHKIMIO.

Bnepesvie 06vscrenue nosedenus cmexaanno2o anekmpooa owino coenano b.I11. Hukonvckum 6 1937 .
Hukonbckun B.MM. // XX®X. 1937. T. 10. C. 495-504.
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IIpocTasi HOHOOOMEHHAN TEOPHUS CTEKJISAHHOIO JIEKTPOAA

H =H

CTEKIIO pacTBop
—cmexno — pacmeop
lu' ot T u o+

Ccmexno CTEKIIO pacmeop

‘LLH+ + Fq) _ HH+

pacTBop

+Fo

a
CTEKIIO pacTeBop __ pacmeop .0 emexio ,0 RT H'
P — o = (u - ) —In—-
Foa”
N CTeKJIO = Ve apaCTBop
—CmMeKIo — pacmeop
H Na* - H Na*
cmeKio CTEKJIO pacmeop pacTBop
lLtNa+ + F(p _ ILLN + FQD
CTEKJIO pacTBop _ pacmeop 0 cmexno ,0
P — @ (u — )+ o

Na™



IIpocTast HOHOOOMEHHASI TEOPHSI CTEKJISTHHOTO JIEKTPOAA

Mexay NOBEePXHOCTHbIM CITOEM M PacTBOPOM YCTaHABNUBAETCH UOHOOMEHHOE
paBHOBEecUe (PacCMOTPUM Cry4ail ogHO3apPsSAHbIX NOHOB)

H*(cT.) + Me*(p-p) & Me*(cT.) + H*(p-p)
3aKoH gencTema macc (3.4.M.) 4nga paBHOBECUA:

cm.
K _ aHaM
H-M

cm.
a, d
M™H
Pa3HOCTb aNeKTpUYEeCcKnX NoTeHUManoB Mexay CTEKITOM U pacTBOPOM

A = ¢CT - PP
onpegengeTca xumunyeckon padboTon nepeHoca NMOHOB U3 CTEKNa B pacTBop.

Ap = (DHO +S g (aH/aH-CT.) — @Me0 +S g (aMe/aMe-CT.)

S =2,303-R-T/F; ¢° — cTaHgapTHble 3HAYEHUS NOTEHLINANOB.
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B npocTtou Teopun npuHMMaloTca crniegyrowime
NMONMOXEeHUSA:

AKTUBHOCTU NOHOB H*M Me* B CTeKe paBHbl UX OOLLMM KOHLEeHTpaunam
ay=Ny;  aye =Ny
OTcloga KoOHCTaHTa oOMeHa 3anuLleTcs:
K=ay Nyc/aye Ny;
CymMmmapHag KoHLeHTpauua noHos H* n Me* B cTekne paBHa NOCTOAHHOW BENUUUHE
— KOHLUEHTpauun oUKCUpoBaHHbIX NOHOB Ny:
Ny + Nye =N,
A3 ypaBHEeHNa AnN4 3.4.M. NONy4Yum:

_K Ay, Ay + K b 0 _ Ay + K o Qe
_ H-Me - -

NH NMe NH+NM€ NO

p=9"" + Slg;—H =@ +S1g(ag + Ky 100z

Y.
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YHacTuble CJIYHall.

RT
1)a, >> K, -a o 0= @’ +—F ITIdH - cMcTeMa BeJleT ceDd Tak e, KaK ra30Bblii BO-

TOPOIHBIN 3JIeKTPON;

RT RT
2) a <<Kg,ra,., =60= ¢+ v Ina_. o"'=¢ +TZ71KU(M BJIEKTPOJ, ¢ MeTaJLIIN-

JecKol (PyHKITMeT.

Onsa ctekon KoadULIMEHT CenekTMBHOCTU MeHsieTcs B npeaenax 10«10,

YpaBaenrue HukoibCKoro B 00I11eM BUIE

E=E° +2303E1g(a +K,a™ ")

Zel®
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