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BJIIMAHUNE pH HA ITIOBEPXHOCTHOE HATSAXKEHME B3BECHU OSPUTPOILIUTOB

ITaBea Banentunosny MOKPYIITHUKOB

HUU 6uoxumuu CO PAMH
630117, e. Hosocubupck, ya. Tumarxosa, 2

DKCIEepUMEHTAJIbHO U3y4YeHa 3aBUCUMOCTh IMOBEPXHOCTHOTO HATSDKEHUSI B3BECH B3PUTPOLIMTOB Kpbic oT pH B3Becw,
a(pH). Ycranosneno, uro dynkius o(pH) nmeer makcumym B paiione pH 7,35. I1puBeneH repMonmHaMUUeCKU pacueT
dyukuuu o(pH). Ob6cyknaeTcsi BO3MOXHOCTh AMATHOCTUKM PEOJOTMUECKUX HApyLIEHU KPOBU METOJIOM M3MEPEHUI 1

aHanusa o(pH) B3BeCcH 3pUTPOLIUTOB.

KimouyeBblie ci0Ba: 3pUTPOLIUTHI, IIOBEPXHOCTHOE HATSDKEHUE, OMOMEeMOpaHBbI.

IToBepXxHOCTHOE HATsKEHME MeMOpaH SpUTPOLIM-
TOB W WX B3BECEil SIBJSIETCSI OMHUM M3 BaKHEHIINX
9JIEMEHTOB, OMpPENEISIONINX PEOJIOTMYECKe CBOMCTBRA
kpoBu. [Ipexmae Bcero, oHO OTpaxkaeTcsl Ha €e BSI3KO-
ctu [1]. B aputpountapHbix MeEMOpaHax, COCTOSIIIIMX U3
GdochoIMMUAHOrO0 OMCI0sI, B KOTOPHI BCTPOSCHBI MO-
JIEKYJIbl OEJIKOB M XOJIECTEPUHA, OCHOBHBIMU CUJIAMU,
BJIMSIIOIIMMU Ha TTOBEPXHOCTHOE HATSKEHWEe MEMOpaH,
SIBJISIIOTCS DJIEKTPOCTATUUECKUE U TMIPO(GOOHbIE B3au-
MOJIEWCTBUS MeXTy MosiekyiaMu. OHU ke ompesessi-
0T B3aUMOJEHCTBUE IPUTPOLIUTOB C OKPYXKAIOIIUX WX
cpenoit [2]. U3MeHeHHUe CTPYKTYPbl KJIETOYHBIX MEM-
OpaH BIMSIET Ha 3TU B3aUMOJEHCTBUSI U OTpaKaeTcst
Ha TMOBEPXHOCTHOM HATSDKEHUU B3BECU 3PUTPOLIUTOB.
CTpyKTypHbIE U3MEHEHUSI IPUTPOLIUTAPHBIX MEMOpPaH
00HapyXXeHbI MPY MHOTUX MaTOJOTMYECKMX COCTOSIHU-
gX: TIpyu 00J1e3HNU AnblreiiMepa [3], TepCUCTUPYIONITNAX
BUPYCHBIX MHpeKIMgx [4], Tpu caxapHoM 1madere,
COINPOBOXIAIOUIMMCS  COCYTUCTBIMU  OCJIOXKHEHUSI-
MU [5], a Takke TIpU PU3MOJIOTMIECKOM CTapeHnn [3].
D10, 06e3yCcNOBHO, HapyIlIaeT reMOAMHAMUKY B Karui-
JISPHOM pycCJie U MOXET MPUBECTU K CTa3y C Iociie-
JIYIOIMM Pa3BUTUEM UIlIeMUU opraHoB. Eciu marosno-
TUYECKME TIPOLECCHl COMPOBOXIAIOTCS W3MEHEHUEM
Temnepatypsl 1 pH KpoBuU, TO 3TO ellie O60JbIIe MOXET
OTPa3UTHCS HA BEJIMUMHE TTOBEPXHOCTHOIO HATSKEHMUS
1 BSI3KOCTU KPOBM. YCTaHOBJIEHO, HAIIPUMED, UTO JUISI
OOJIbHBIX MIIEMUYECKOU O0JIe3HBIO cepllla OJUH U3
MUKOB 3aBUCHMMOCTU BSI3KOCTWM B3BECU 3PUTPOLIMUTOB
OT TemrepaTypbl CMellleH B 00JacTb HU3KUX TeMIie-
patyp Mo CpaBHEHHWIO C TOJOXEHUEM aHAJIOTMYHOIO
MUKa JJis1 SPUTPOLIMTOB 300poBoro uenoseka [6]. Io-
XoxXue 3(pPeKThl OOHAPYXKEHBI 1JIsI OOJBHBIX PACCESH-
HBIM CKJIEPO30M, XPOHMYECKUM aJIkoroim3moM [7, 8.
M3yueHue u3MeHeHUsI peoIoTMYeCKUX CBOMCTB KPOBU
MPY MATOJOIMYECKUX COCTOSIHUSIX aKTYaJlbHO U C TOY-
KU 3peHUsT pa3pabOTKM HOBBIX METOIOB AUArHOCTUKU
KPOBH, HaipUMEP, C TIOMOIIBI0O MUKPOUMIIOB [9].

Llenpio paboThl SIBJISIETCS IKCIIEPUMEHTAIbHOE UC-
cJleloBaHUE 3aBUCUMOCTU TTOBEPXHOCTHOTO HATSIKe-
HUSI B3BECU 3pUTPOLIUTOB Kphic oT pH Oydepa, a(pH)
U TepMoAMHaMU4YecKuii pacueT pyHkunu o(pH).

Matepuan u MeTOIbI

DPUTPOLIUTHI BBIIEISUIA U3 KPOBU KPBIC CaMIIOB
JuHuM Wistar. DKcrieprMeHTaIbHbIE UCCIIEOBAHMST Ha
SKUBOTHBIX TTPOBOIUIN B COOTBETCTBUU C «IIpaBunamu
MPOBeIeHUsT paboT C HCMOJb30BAaHUEM SKCIIEPUMEH-
TaJIbHBIX XXWBOTHBIX», YTBEPXKICHHBIX MpUKazoM M3
CCCP ot 12.08.1977 Ne 755. Inst mojaydeHUsT B3BECU
SPUTPOLIMTOB MCIOJIB30BAIM U30TOHUYECKU pocdat-
HEBI 0ydep ¢ pasaeiM pH. [Ii1g 3TOTO CMEIIMBaIN OTHY
yactb BoaHoro pacrtsopa KH,PO, ¢ koHueHTpaumei
C, = 0,18 M 1 m yacreit BogHoro pactsopa NaH, PO,
¢ konueHrpauueit C; = 0,18 M. K 4 mi kposu 106aB-
Jsua 150 Mot 6ydepa npu Temneparype 4 °C (277,1 K).
Becb mpoliecc BbLIEIEHUSI PUTPOLIUTOB MPOBOAWIU
B XoJogHOI KoMHate. [locie neHTpudyruposaHus B
teyeHue 10 MUHYT ¢ yrimoBoit ckopocthio 105 pan/c u
neperpy3koit 330 g HamoCamTOUHYIO XKUIKOCTh YOUpan
ABTOMATUYECKOM MUMETKOU, LIMKJ MOBTOPSUIM €llie 1Ba
paza. C nomoliipto kamepbl ['opsieBa uaMepsiii KOH-
LIEHTPALMIO 3PUTPOLIUTOB BO B3BecU. OT OMHON KpbI-
Cbl TOTOBWJIM B3BECh C KOHIEHTpPALIMEl 3PUTPOLIUTOB
1 - 10' kaeToK/Mi, pa3nuBain mopuusamMu mo 200 MK
B OIIMHAKOBBIE CTEKJISTHHBbIE Mpobupku. Habop mpo-
OMpPOK CTaBWIM B BOAHBINA TEPMOCTAT C TeMIEPaTypoit
T, = 33,2 °C (306,3 K). ITocne necATUMUHYTHO# BbI-
JIEPXKKM B KaXKIYIO0 TTPOOUPKY BEPTUKAIBHO OMYCKaJIU
KanuOpoBaHHbI Kamwuisdp (munerky Canu) ¢ nua-
MetpoMm 250 MkM < d < 300 mxm. Kaxnmas mumerka
Obla MpenBapuTesbHO OTKATMOpoBaHA HAa AUCTUIUIN-
poBaHHOI Boje. M3mepsiiv BbICOTY TMOAHSITUSI B3Be-
cu B kanusuisipe. PesynbraT mpenactasieH Ha puc. 1 B
Buge o = (Z/Z,) - o, roe o, o, — KoahduuueH-
ThI TTIOBEPXHOCTHOTO HATSKEHUST B3BECU IPUTPOLIMTOB
U BOIBI COOTBETCTBEHHO, Z, Z, — BBICOTA INOABEMA
B3BECU BPUTPOILIMTOB U BOJBI B KAaIWIISIPE COOTBET-
ctBeHHO. [lpu pacyerax Opanu TabJIMYHOE 3HAUYECHUE
a, = 70,1 MmH/m.

Pe3ynbTaTni

Ha puc. 1 npuBeneHsl sKCIepUMeHTAIbHbIE BEIU-
ynuHbl o(pH) U Teopernueckue 3HaUEHUS, TMOJTYyYEH-
Hble W3 TEPMOIMHAMMUYECKOW MOJIEJU, OMUCAHHOUN
HUXeE.

Moxpywnuxog II.B. — k.¢b.-m.H., cmapui.i.c. 1abopamopuu MOAEKYAAPHOU buosoeuu, e-mail: pwm64@ngs.ru
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Puc. 1. Ilosepxnocmuoe namsicenue 836ecu IpUMpoUUnMos o,
6 zagucumocmu om pH npu memnepamype T = 306,3 K.
B — 5KCnepuUMeHmanbHble 3HaYeHUs.,
CHAOWIHAS AUHUS — Meopemu4ecKas Kpueas,
paccuumannas no (111.7).
Ilpu pacueme meopemuueckux Kpugblx KOHUEHMpayus
apumpoyumos N, = 10" kaemox/m’>, L =4 - 107° u,
e=8Lh=105"+ 10" m, 0_= 3 uH/n.

OCHOBHYIO TOTPEIIHOCTh B M3MEPEHUST TOBEPX-
HOCTHOTrO HatTspkeHust o(pH) BHocWIO u3MeHeHUe
CILIETUIEHUsI B3BECU CO CTEHKOU KaImwuisipa. DTO Tpo-
WCXOJUJI0, KaK MBI TOjlaraeM, M3-3a aare3uu XoJje-
cTeprHa Ha CTeHKe Kamwuisipa. Ilocie HeckoibKux
9KCIEPUMEHTOB KaIlUUISIP BBIXOAWI U3 CTposi. bbiiu
MPOBEJEHbI SKCMEPUMEHTBI C TSThIO Pa3HbIMU KPbI-
camu. Ilo pacnpeneneHuto CTblofieHTa BbIUMCIEHA
paciipeHHast HeolpeaeaeHHOCTh (23 %) rpu 1oBepu-
TebHOU BeposiTHOCTU 95 %, uncino usmepeHuin — 5.

Tepmoodunamuueckoe 060cHO8aHUE IKCNEPUMEHMANb-
HOU 3aeucumocmu

ITpu yBenuuenuu pH (BbIllle M303JIEKTPUUECKOM
TOYKM) TTOBEPXHOCTHASI TUIOTHOCTh 3apsiioB HAa MeM-
OpaHe spuTpouuTa ¢ Bo3pactaeT. Cuibl 2J1€KTpOCTa-
TUYECKOTO OTTATKMBAHUS KJIETOK OT COCEIHUX 3PU-
TPOLIMTOB B MMOBEPXHOCTHOM CJIOE YBEJIMUMBAIOTCS, UYTO
BeZeT K YMEHblIeHUI0 K03(hdUIIMEeHTa MOBEPXHOCT-
HOTO HaTsKeHUsT B3BecU. [Ipu 3TOM MOJIEKYJIbI BOAbBI
TMOBEPXHOCTHOTO CJIOS1, 3aKJIIOYEHHbIE MEXIY IPUTPO-
LIUTaMU, TIPEMSITCTBYIOT Pa3ABUKEHUIO 3PUTPOLIMTOB
u3-3a yeeiuueHus cwi Jlonnona — Ban-nep-Baanbca
MEX/1y HUMU U 3apsiiaMu Ha OMoMeMOpaHax, 4To BeJIeT
K TIOBBIIICHUIO KO3 UIIMeHTa TOBEPXHOCTHOTO HaTSI-
keHus B3Becr. COBMECTHOE ACHCTBUE ITUX ABYX 3(]-
¢deKTOB 00YCIIOBIIMBACT KYyIOJIOOOPa3HbBIA BHUI (YyHK-
MY TToBepXHOCTHOro HaTstkeHus a(pH) (puc. 1).

PaccMOTpUM TJIOCKYIO TPaHMILy MEXAY B3BECHIO
SPUTPOIIUTOB U Ta30M. DPUTPOLIUTHI «Pa3PbIXISIOT»
TMOBEPXHOCTHBIN CJIOW BOJAbI M YMEHBILIAIOT MOBEPX-
HOCTHOE HATSKEHME B3BECH o [0 CPaBHEHUIO C MO-
BEPXHOCTHBIM HATSKEHUEM o, BOIBI:

a zoco—aN_% +a,, (1)

roe N_ — oObeMHasT KOHIIEHTPAIUsI 3PUTPOIIMTOB
B TIOBEpXHOCTHOM CJIO€ B3BECH (BBIBOI 3aBHCHMO-
ctu (1) nan B [Ipunoxenun [ 1 Hike).
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an/I BBIBOJIC ITOJIara€M, 4TO ITOBEPXHOCTHOEC HaATA-
>)keHue Oydepa paBHO TMMOBEPXHOCTHOMY HATSKEHUIO

Bonbl. JlobaBka aN’/? maeT yMeHbIlIeHUE MTOBEPXHOCT-
HOTO HAaTsSDKEHUSI B3BECH, CO3JaBacMOE€ 3PUTPOIIUATA-
MU C HYJEBOH IIJIOTHOCTBIO BJIEKTPUYECKOTO 3apsiia
Ha MeMOpaHe. Jlo6aBKa o, MOSBIAETCA U3-3a HATMYMS
OTPUILIATEJIBHOTO 3apsiia Ha MeMOpaHe 3pUTPOIIMTa
IpH 11esIoyHoM pH BEIIIIE M303/1€KTPUUECKOM TOUYKM.

Crnenya [10], BblUMCIMM o, CleaylOLMM 00pa-
3oM. [lycTh cucTteMa U3 B3BECH 3PUTPOLIMTOB U rasa,
MMEIOIIAs TUIOCKYIO TpaHULY pasiesia IDIOIAablo A,
3aKJII0YEHA B COCY, UMEIOLINiA (DOPMY IIPSIMOYTOJIb-
HOTO Tapasuiejienuriena, oJHO pedpo KOTOPOro Ha-
MpaBJICHO II0 HOPMAaJM K TpaHulle pasaena (puc. 2).
CuyuraeM, YTO ra3 He OKa3bIBaeT BIMSIHUSI Ha MTOBEPX-
HOCTHOE HaTsbkeHne Tpanuubl. [IpeacraBum cebe,
YTO IUIOMIAAb IPAaHUIBI A YBEIUUMIACh HA BEIUUNHY
dA TIOCpeACTBOM M30TEPMUYECKOrO CMEIIEeHUsT OOKO-
BbIX CTeHOK. CHCTeMa HaxXOAUTCS B TUAPOCTATHYC-
CKOM DPaBHOBECHUM IIpM ITOCTOSHHOM HaBiieHuu. [a-
JIee CABUHEM BEpPXHIOI M HIIKHIOIO KPBIIIKK COCYAa
TakKMM 00pa30oM, YTOObI BEPHYTh €€ K IIepBOHAYAIb-
HoMy obbemy. CucteMa coBepliuiaa padoty dW, uro-
Obl BBHI3BAaTh YBEJIMYEHHUE ILIOLIAAM TpaHULBI Ha dA.
IToBepXHOCTHOE HATSIKEHUE o B3BECU BPUTPOLIMTOB
paBHO:

dw
=—, 2
a=-——">0

C‘{I/ITaeM, YTO SPUTPOLUTHI pacriojararoTcsda IL10-
CKUMU TOPU3OHTAJIbHBIMMU CJIOSAMH, B KaXJIOM CJIO€
SPUTPOLUTHI HAXOAATCA Ha OAMHAKOBOM pPAaCCTOAHUN

Y
%

Puc. 2. Cocyo co e36ecvro apumpouumos. [lnowaos ceverus
cocyoa A = H x H. Dpumpoyumsr (Kyburxu pazmepom
L x L x L) pazmewaromcsi 20pu30HManbHulMu CA0AMU.
h — paccmosnue mexcdy spumpoyumamu. 4modot
He 3a2pomodicoams pUCYHOK, HOKA3AHO 6Ce20 mpu
apumpouyuma.

BIONNETEHb CO PAMH, TOM 30, Ne 2, 2010 .
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IPYT OT Opyra, KaXAbli CJIOM — Ha OAMHAKOBOM pac-
CTOSTHUM OT COCeIHUX cioeB. O0beMHasi KOHIEHTpa-
1IMSl DPUTPOLIMTOB B MOBEPXHOCTHOM cjioe N_ 00Jib-
me, yeM OObeMHasd KOHLEHTpauus B ILiyouHe N,
M3-3a2 Pa3HOUl IHEPTUU MPUTSIKEHUS] dPUTPOLIUTA OT
COCEIHUX DPUTPOLIMTOB B TTOBEPXHOCTHOM ciioe U_u
B nyoune B3Becu U, (BoiBoa B ITpunoxenuu II). ITo
dopmyne bosbiiMaHa TOTyYUM:

V.-V
N =N, -expl &—1|,(3
SN e = 3)
rae k — nmoctostHHas boabiMaHa.

[Tpy n3MeHeHUU TUTONLIAIM TPaHULILI pa3jiesa Ha dA,
OIMCAHHOM BbIllIe, paboTa MOBEPXHOCTHOTO CJIOSI B3BE-
cM U paboTa aHAJOTMYHOIO BHYTPEHHETO CJiosi OyayT
pasHbIMM M3-3a pasmnuusd N_u N,. x pasHocts dW
MPECTaBISIETCSI B BUE PaOOThI CUJIBI TTOBEPXHOCTHOTO
HatspkeHus B (2). B TTpunoxenun 111 a1 BeruvcneHust
TPOJIE/IaHbl U TIOJYYEHO BbIPAXKEHUE IS oL

%, (4)

IIe ¢ — IIOBEPXHOCTHAS IJIOTHOCTh 3JIEKTpUYE-
CKOro 3apsiia Ha MemOpaHe spuTpouuTa, a, b, f —
(YHKLIMU, He 3aBUCSILKE OT G.

o =a, —aN_% —b|cs|3 +f|0

B uzoanexrpuyeckoii Touke (pH 5,8) o = 0. Cuura-
€M, 4To Tpu yBeanyeHuu pH o Bo3pacTtaer HeTMHEHO,
TaKk 4yto (yHKImo o(pH) MOXHO MpeacTaBUTh Kak:

(O 4
c = -(pH -58)", (5
3375 (p ), ()

IJie 6, — NOBEPXHOCTHAs TJIOTHOCTb 3JIEKTPUYECKO-
TO 3apsima Ha MeMOpaHe sputpoumTa nipu pH = 7,3.

IMoncraBuB (5) B (4), momyunMm ¢GOpMyJTy, OITH-
CHIBAIOIIYIO IKCIIEPUMEHTAJbHbIE pe3yJbTaThl Ha
puc. 1. TeopeTuueckass KpuBasi TIOCTpOEHA TIpU
=33+ 102 Kn/m* h = 10,5 um, (p)=0,32/p| .

Oocyxnenne

W3 ananuza mpuseneHHoi Hike dopmyabl (111.7)
BUJHO, YTO TMOJIOXEHNWE MakcuMyMa (hYHKIIMU TIOBEPX-
HOCTHOTO HATSIKEHMSI 3aBUCUT OT o. [LIsi HEKOTOpBIX
natojioruii (npu Oosie3Hu AsiblLreliMepa, TepCUcTU-
PYIOIIMX BUPYCHBIX MHMEKIMUSIX, caxapHOM Auadere),
a Takxke sl (PU3UOJOTUIECKOTO CTApeHUs] XapaKTepHO
M3MEHEeHUe TTIOBEPXHOCTHOM TUIOTHOCTH 3apsiioB G U WX
pacnpeniesieHtsl TI0 CPaBHEHUIO C HOPMO# U3-3a U3Me-
HEeHUsT OeJIKOBO-JIUIMUIHOTO cocTaBa MeMOpaH. bymyt
JIPYTUMU KYJIOHOBCKHME CUJIbI U cuJjibl JIoHmoHa — BaH-
nep-Baanbca, neiicTByIONME MEXIY SPUTPOIMTAMM.
Torna makcumym oa(pH) Takke M3MEHUT CBOE MOJIOXKE-
HME OTHOCUTEJIbHO HOPMbI. OTKJIOHEHHE TMOJOXEHUS
Makcumyma o(pH) Oyner nokaspiBaTh OTKJIOHEHWE TO-
BEPXHOCTHOM TJIOTHOCTU 3apsiIOB G M UX pacripesese-
HMSI HA MeMOpaHe oT HopMbl. Ha aToM addexTe MoXHO
MOCTPOUTH AMArHOCTUKY MATOJOTMYECKUX COCTOSTHUIA.

BIONNETEHb CO PAMH, TOM 30, Ne 2, 2010 .

IIpencraBieHHass Moaeidb HE YYWUTHIBACT MHAYK-
IIMOHHBIE W JWCIIEPCUOHHBIE B3amMmomaeiicTBusi. MH-
JTYKIIMOHHOE B3aMMOJEHCTBUE MPUMEPHO Ha MOPSII0K
HIUKE KYJIOH-IUIOJBHOIO B3aUMOICUCTBUS, a IUC-
MePCUOHHOE B3aUMOJACHCTBUE HE 3aBUCUT OT 2JIEKT-
pUYECKOTo 3apsiaa.

Bormpoc BbI3bIBaeT 1 04eHb MAJIEHBKOE PACCTOSTHUE
h Mexay 3puTpoLUTaMU IIPU pacyeTe TEOPETUUECKUX
kpuBbIX Ha puc. 1. [To nutepatypHbiM maHHbIM [11],
SPUTPOLIMTEI MOTYT COJIMKAThCSl HAa PACCTOSTHUE J10
16 um. IIpu pacuerax mo (I11.7) mnst cornacoBaHus ¢
SKCIEPUMEHTAIbHBIMU TaHHBIMU HEOO0XOAMMO Opath
paccrossHue h = 10,5 HM. DTO MOXHO OOBSICHUTD IPy-
0OCTBIO MOJIE/IN, B KOTOPOI MpenrnoiaraeTcsi, 4To 3a-
psibl PACIIONOXKEHBI CTPOTO B OMHOM TUIOCKOCTH, Ha
IMOBEPXHOCTU OMoMeMOpaHbl. MexXay TeM B peaIbHbIX
SpUTpOLIMTAX MeMOpaHa He SIBIISICTCSI TTIOCKOM, ABYX-
MEpPHOI CTPYKTYpOil, U 3apsiabl Ha KapOOKCHJIbHBIX
M aMUJIHBIX TpyMIax OeJKOB MOTYT pacrnojiaraTtbCs U
CHApYXU JIMITUIHOTO OuMcios, 6onee OJM3KO K COCeI-
Heil MeMOpaHe.

3akioueHune

DKCMEPUMEHTAIBHO M3MEPEHO ITOBEPXHOCTHOE
HaTsKEHUE B3BECH 3PUTPOLIUTOB KPHIC oL B UBOTOHU-
yeckoM Oydepe B 3aBucMMOCTH oT pH B nmamazone
6,5 < pH < 7,9. YcranosneHo, uto ¢yHkius o(pH)
nmeeT Makcumym Tipu pH 7,35. KosddpuumeHt mo-
BEPXHOCTHOI'O HATSIKEHUST OBICTPO CHUXKAETCS MO 00e
CTOPOHBI OT MakCHMMyMa. DTO TOBOPUT O TOM, 4YTO
Ha ITOBEPXHOCTHOE HATSLKEHHE B3BECH 3PUTPOIIMTOB
BJIMSIET B PAaBHOM CTEIIEHU CABUT KaK B KHUCJIOTHYIO,
TaK ¥ OCHOBHYIO 00JacTh cpenbl. [IpuHuMass BO BHU-
MaHMe, 4TO (pu3nonorndyeckue kojedbanusi pH mo-
TyT OBITh 3HAYMTEIBHBIMU (B Tipenmenax 1,0—1,5 em.),
BKJIaJ, TIOBEPXHOCTHOIO HATSKEHMSI B H3MEHEHUE
PEOJIOTUYECKMX CBOMCTB KPOBU MOXET OBITh TaKXKe
3HAUUTEJNbHBIM. JlaH TepMOAMHAMUYECKUIl pacyer
(obocHoBanue) ¢yHkuu o(pH). Ilokazano mgocra-
TOYHO XOpOIlee COOTBETCTBUE IKCIIEPUMEHTAIBHBIX 1
TeopeTndeckux KpuBbix o(pH). Meton omnpeneneHus
3aBrcuMocTu o(pH) MOXeT Mcronab30BaThCs B Kaue-
CTBE JOIOJHUTEIBHOIO TeCTa ISl OLIEHKW PEOJIoTU-
YEeCKMX CBOMCTB KPOBM MPU Psjie MaTOJOTMYECKUX
COCTOSIHUM.

Ilpunoocenue 1

Bbluncinum MOBEPXHOCTHOE HATSIXKEHHUE 3JIEKTPO-
HeUTpaibHOI B3BeCHU (IMOBEPXHOCTHAS TUIOTHOCTh
9JIEKTPUUYECKOTO 3apsiia Ha MeMOpaHe SpUTPOLIMTA
o = 0). DpuTpouuT MpeAcTaBisieM B BUIe KyOukKa
¢ peopamu L x L x L. Pa3obbeM IUIOCKYIO TPaHUILY
«B3BECh — ra3» Ha s4eiiku (puc. 2), B LIECHTPE KaxKaoi
13 KOTOPBIX HAXOJAUTCSI BCIUIBIBILIMUI Ha MOBEPXHOCTh
B3BECU IPUTPOLIUT CO CTOPOHOH pasmepom L x L.
ITycTb Besl mI011aab MJIOCKOM IpaHUIIbl A, TOTIa Yurc-

2
Jo siueek A + aN ,A . [Ipu uzorepmMuyeckom obpaTu-
MOM pAaCTSKEHUM TIJIOCKOM TpaHWUIBI Ha dA paborta

2
MeMOpan A + aN ,A SPUTPOIUTOB, BCIUIBIBIIMX Ha
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IJIOCKYIO TpaHUIy paszaena, paBHa C, rme o — Mo-
BEPXHOCTHOE HATSKEHME MeEMOpaHbl SPUTPOLIMTA.
PaGorta BogHOIM YacTH TTOCKOM TPaHUIIBL:

(1—L2 -N%)-a.odA,

rae o, — NOBEPXHOCTHOC HATSKCHUC BOIDI.

CknanpiBaeM 3TH paboOThl U 10 (2) HaXOAUM:
2
a=0a, —aNé, (I.1)

e a=L" (0, —o_).

Ilpusoxcenue 11

[Monb3ysich Teopueii Jdepsiruna — Jlangay — ®Dep-
Best — OBepOeka, HaiiieM HEPrUM 3JIEKTpocTaTUyue-
CKOTO OTTAJIKMBAHUSI 9PUTPOLIMTA OT COCEIHUX BPU-
TPOLMTOB B MOBEPXHOCTHOM cjioe U_ U B miIyOuHE
B3Becu U,. PaccMoTpuM Be napaijiebHble ONMHAKO-
BO 3apsDKeHHbIE 3JIeMEHTapHbIE TUIOLIAAKU €IUHUY-
HOI TUIOIIAAM Ha MOBEPXHOCTHM MEMOpaH COCETHMX
SPUTPOIIUTOB, MEXIY KOTOPBIMU pacrioyiaraetcs cjoi
oydepa TommmHONW A. Och X IEKapTOBON CHCTEMBI
KOOpAMHAT HaNpaBUM K MPOTUBOIOJIOXHON TIOLIaI-
Ke, 3a X = () BO3bMeM IIOCKOCTD ILIOIIAnKu (puc. 3).
CuutaeM, 4TO MO OPYIMM KOOPAMHATaM MapameTpbl
CHUCTEMbl HE MEHSIIOTCSI. DJIeKTPOCTaTUYECKOe MOJie
CUMMETPUYHO OTHOCHUTEJIbHO TUIOCKOCTM X = h/2.
B npubnvxkeHuun ciabbix TMOJEl Ha MOBEPXHOCTHU
TIomaaku U3 ypaBHeHus ['yu — YanMmeHa nosydyaem
3HAUEHUE BJIEKTPUYECKOTO TOTeHIIMAaa;

b2

(m+1)-RT 5(0).

2@m+1)ee, -C, - Fy

e(x=0)=

raie R — raszoBasi mocTosiHHasi, 7 — aOcCoJIIOTHas
Temmneparypa, F; — uncno Papanes, g, — I€KTpUYE-
CKasl TIOCTOSIHHASI, € — a0COMIOTHAs AU2JIEKTpUUYecKast
MOCTOSIHHASI BOIBI, M — YKCJIO YacTell BOOHOTO pac-
tBopa Na,HPO,.

Bydep cuntaeM HECUMMETPUIHBIM 3JIEKTPOJTUTOM.
KoHueHTpanio aHMOHOB W KaTUOHOB BBIYUCIISIN C
MOMOLIbIO ypaBHeHUs1 XeHaepcoHa — Xaccesbbaxa
s ocdarHoro Oydepa. IToacTaBisieM BhIpaXKeHUe
IIJIST DJIEKTPUYECKOro MOTeHIMAaja B ciioe Oydepa Ipu
X = h B npubmvxkeHuu Jlebass OT OMHOM ILIOLIAIKU
(BTOpPOI1 KaK ObI HET):

9, (x)=¢(0)-exp(—x - h),

1
26m+1)C, - F2 ) > (LD
(m+1)ee RT

rae y =

56

2

ot !

Puc. 3. Tlomenyuans snexmpocmamuueckux noaei ¢, u ¢,
cozdasaemvie 08YMA OMPUUAMENbHO 3APANCCHHBIMU
naockocmamu 1 u 2. Cmpenoukamu noKas3amsl
HANpaeAeHUs 6eKMOpos HaANPANCCHHOCIU
anekmpocmamuueckux noseii E, u E, , nanpaenenue
6EKMOPA OUNOALHO20 MOMEHMA MOACKYAbL 600bl D
0K010 naockocmu 1, K KOMopomy cmpemumesi
no6epHymb 2AeKMPOCMamu4eckoe noie ece Ounolu
0K010 naockocmu 1.

B BBIPAXKXCHUEC OJId SHEPIUM SJIEKTPOCTATUYCCKOTIO
OTTAJIKMBaHUW ABYX €AVMHUWYHbBIX ITIJIOIIAI0K:

U=6-¢,(x)=c"-G-exp(—y -h),

(m+1D)RT h - ({12)

2QBm+)ee, -C, - Fy

rne G =

DHeprust B3aUMOJACUCTBUS  (KYJIOH-IUMOJBHOTO)
MOJIEKYJI BOJbI C 3JIEKTPOCTATUYECKUM MOJIEM JABYX
€MHUYHBIX TLJIONIAIOK MEMOpaH 3PUTPOIIMTOB paBHa:

V=2 j( -E) ndx = 2n j( .| 1900 dy, (I1.3)
x

d(Pz
dx

re 7 — KOHIIEHTpalMs MOJIEKYJ Boabl, K — Ha-
MNPSZKEHHOCTh 3JIEKTPOCTAaTUYECKOIO MOJIsI MEMOpPaHBbI,
D — [UIONbHBIA MOMEHT MOJEKYJbl Bombl. M3-3a
TEIUIOBBIX KOJICOAHUI MOJIEKYI BOIBI HE BCE OUIIOJIUN

BOIbI ) OPMEHTUPYIOTCS COHIPABTEHHO C BEKTOPOM
roe (p) — cpel-
HAAS IO BPEMEHU TPOEKLMS U0 Ha HalpaBieHUe

E, nostomy — p- E=

Bekropa £ (puc. 3). Haxomum E ¢ momorrsio (11.1),
VUUTBIBAs, 4YTO IIOTEHIMA], CO3IaBaeMbIii BTOPOI
wIowaakou, ¢,2) = ¢(0) - exp(—y - (h—x)). DHep-
MU 3JIEKTPOCTATUYECKOTO TMPUTSKEHUS SPUTPOLIUTA
K COCEIHUM DPUTPOLIMTAM B ITIOBEPXHOCTHOM CJIOE
V.=V S msmyoune BsBecu V, =V - S 1Ie S,
S, — mIowaay NOBEpXHOCTH MeMOpaHbl dPUTPOLIUTA,
B3aMMOJICHCTBYIOILINE C COCCIHUMU SPUTPOLIMTAMU.
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Ipunoxcenue 111. Boruucaenue nonpasku o,

DpUTpounThl, 00jamasi OTPUILATEIbHBIM TTOBEPX-
HOCTHBIM 3ap4/ioOM, OTTAJIKMBAIOTCA JIpPyr OT Apyra.
PaGorta 3puTpoIMTOB ITOBEPXHOCTHOTO CJIOS IIPU pac-
LUMPEHUM TUIOCKOM I'paHMLBl pas3fena IUIoagplo A
Ha dA moJioXXUTeIbHA W paBHA:

AWl ~—AL? NP -%dh,

roe L? — momank OOKOBOIM MOBEPXHOCTH BpU-
TpouMTa; h  — paccTosHUE MEXAYy COCETHUMU DPU-

2
TPOLIUTAMU B MOBEPXHOCTHOM ciioe; A * N 75 — KO-
JINYECTBO 3PUTPOLIUTOB B MOBEPXHOCTHOM ciioe. U3
dW1_ HyXHO BblueCTb paboty d W1, , Ipou3sBOAUMYIO

A - N_% SPUTPOLUTAMU BHYTPEHHETO CJIOs, TIe
N_, N, — oObeMHasl KOHLEHTPALUS 3PUTPOLIUTOB B
IIOBEPXHOCTHOM CJI0€ M OObeMHasl KOHLICHTpalLKs B
rIyOMHE COOTBETCTBEHHO. JIJIsI MPOCTOTHI PacyeTOB
npuHuMaeM, uto h. = h, = h.

M30biTOuHast paboTa 3PUTPOILIUTOB B MTOBEPXHOCT-
HOM CJIO€, BOSHMKAOIIAS M3-3a UX OOJBIIETO, Y4eM BO
BHYTPEHHEM CJIO€, KOJTWYECTBA, paBHa:

AWl =dW1 —dW1, = A-LZ(N,% —N%)%dh, (IIL1)

Beipazum dh yepes dA. Cuntaem, uyTo Kaxmas rnapa
9PUTPOLIMTOB Pa3BUTAeTCsl HA OJMHAKOBOE PACCTOsI-
Hue dh npu pa3ABUKEHUM TIJIOCKON rpaHMIbI Ha dA.
Torma A=H?, dA=2H - dH,dH = N)5 - H - dh.
OO0beaHUB 3TU (POPMYJIbI, TTOTYINM:

dA=2N% - A-dh, (I11.2)

DPUTPOLUTHI TTOBEPXHOCTHOIO CJIOSI, B OTIMYME
OT DPUTPOIIMTOB BHYTPEHHMX CJIOEB, HE B3aMMOIEHi-
CTBYIOT C COCEIHUMM DPUTPOLIUTAMU CBOEH BepxHEi
cTopoHoil: S, — S_ = [? Cuutagd pa3HOCTb SHEPTUit
V., — V_wu3 (I1.2) mainoii, packianbiBaeM 3KCIIOHEHTY
B psia Teiiopa, ocTaBIssl ABa MEPBLIX YICHA:

NSNS = NS (— 1+ exp[%n, (IIL.3)

IMoncrasnasa (I111.3), (I11.2) B (I11.1), momyunm:

3kT

awl=

-exp(—y -h)-dA, (111.4)

MouteKysbl BOIBI ITOBEPXHOCTHOTO CJIOSI, 3aKJTFOUYCH-
Hble MEXIY SpUTPOLMTAMM, OYAyT TpPersiTCTBOBATH
Pa3IBMKEHUIO 3PUTPOLIMTOB UM3-3a CUJ  KYJIOH-

BIONNETEHb CO PAMH, TOM 30, Ne 2, 2010 .

JUTIOJILHOTO B3aMMOJEHCTBUS MEXIY HUMU U 3apsiaa-
MU Ha OmoMeMmOpaHax. MoJIeKyJIbl BOOLI OYIyT COBEp-
1aTh OTPULIATEbHYI0O paboOTy TMpU YBEJIUUYEHUU
MJIo1aM rpaHulibl Ha dA. Pa3HOCTb paboThl MOJIEKYJT
BOJIbl TOBEPXHOCTHOTO CJIOSI U BHYTPEHHETO CJ0s OT-
puiiarenbHa. [1ponenabiBaeM Bce BBIKIAAKKA aHATOTHY-
Ho (III.1), (II1.4) u moyryuaeM pa3HOCTh pabOT MoJIe-
KyJT BOJIbI TTOBEPXHOCTHOTO W BHYTPEHHETO CJIOEB:

2N 12 {p) -0 (0)°
3kT

dw?2=-

-exp(—y -h)-dA, (111.6)

Cnoxwus (111.4) u (I111.6), moacTaBuM B (2) u TO-
JayyuM o,. O6beaunsd ¢ (1.1), momyunm:

o=, —aN_% —b|cs|3 +f|0 2, (I11.7)

rae a = L? (o, — o),

L4~N+%-n-<p>

b= -G -exp(—y -h),
T p(=%-h)
f=2n(p) - b.
0O003HaueHus:

o, o, — KO3(OUUMEHTHI TOBEPXHOCTHOTO HATSIKE-
HUS B3BECU U BOJbI COOTBETCTBEHHO;

N_, N, — o0beMHasa KOHLEHTpALUA 3PUTPOLIUTOB B
IMOBEPXHOCTHOM CJIO€ U B TJIyOMHE COOTBETCTBEHHO;

A=H x H — momanb I10cKoi TpaHUILIBI pa3aeiia
«ra3 — B3BeCb»;

U, U, — sHeprum 3neKTpoCTaTUYECKOTO OTTaJ-
KUBaHUS BPUTPOLIMTA OT COCEIHUX SPUTPOLIUTOB B
MOBEPXHOCTHOM CJIO€ U B IJIyOMHE B3BECU COOTBET-
CTBEHHO,;

k — moctostHHas boabiMaHa;

G — TIOBEPXHOCTHAsl IJIOTHOCTH B3JIEKTPUUYECKOTO
3apsaa Ha MeMOpaHe 3pUTPOIINTA;

L — xapakTepHBbIii pa3Mep 3pUTpoLmuTa (TIPeICcTaB-
JIsIEM €ro B BUIe KyOuka ¢ pedopamu L x L x L);

h — TommmHa cimos Oydepa MeXIy COCETHUMU
SPUTPOLIUTAMHU;

R — ra3oBasi IIOCTOSIHHAS;

T — abcoJiroTHas1 TemIiepaTypa;

F, — uncno Papanes;

g, — SJIEKTPUYECKas TMOCTOSHHAS,

C,= 0,18 M;

¢ — aOCOMIOTHAs IMAJIEKTpUYECKas ITOCTOSTHHAs
BOJIbI;

m — 4ucio vyacreil BonHoro pactsopa Na,HPO, ¢
koHueHTpauueit C, = 0,18 M B pocharrom Oydepe;

G- (m+1)RT A
\26m+1)ee,-C, - F2 )
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b2

2

(26m+1)C, - Fy
| (m+1)eg RT

n — KOHUICHTpauuda MOJICKYJT BO/bI,

E — HanpsikeHHOCTb 3JIEKTPOCTATUYECKOTO IO
MeMOpaHBbI;
P — IUNOJbHbIA MOMEHT MOJIEKYJIbl BOJbI.
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THE INFLUENCE OF PH ON THE SURFACE TENSION
OF SUSPENDED ERYTHROCYTES

Pavel Valentinovich MOKRUSHNIKOV

Scientific Research Institute of Biochemistry of SB RAMS
630117, Novosibirsk, Timakov st., 2

The surface tension of suspended rats erythrocytes depending on a buffer pH a(pH) was studied experimentally. It was
determined that a a(pH) function has a maximum near pH 7,35. A thermodynamic calculation of the a(pH) function is
presented. A scope for pathology diagnosis by measurement of suspended erythrocytes a.(pH) is discussed.

Key words: erythrocyte, surface tension, biomembranes.
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