Kpamkoe pe3tome nexuyuu «Be3necymasi 1 He3aMeHUMAasi... MeEMOpaHay.

(Jlexums-ipuzep koukypca @onna B. [Totanuna, 2005 r.)

Llenvio kypca «buoxumus memobpany A6naemcs pacuwuperue u yenyoaeHue 3Hanuil cryuameneii o
KIIOYe8OU U YHUBEPCANbHOU CMPYKMype MHCUBOU KIemKu — Ouonocudeckoli memobpare. Jlekyus
«Be3zOdecywas u Hezamenumas... memopanay — nepeas, 6800HAS NeKYUs Kypca Cmagum nepeo
coboil 3a0a4y 00CMAmMoO4HO NONYIAPHO, KOHYENMYAIbHO U HeoObIYHO NoO08ecmu CMYOeHmo8 K
YEeHMPATbHOMY NpeomMemy 00CYHCOeHUs. U HAMEeMUmMb OCHOBHbIE HANPABIEHUs PA3GUMU MbICIU 6
pamkax yumaemozo Kypca. Modxcno ckasamv, Ymo OaHHASL NeKYUs HOCUM XApaKmep aHHOMAayuu
mamepuana éce2o Kypca «buoxumua memopany. OOHUM U3 NPUHYUNOE NOCMPOEHUS JeKYUll no
OaHHOMY KypCy Obll HPUHYUN OBUNCEHUSI OM YACMHO20 K 00wemy, NOnblmKa paccmompems
MeMOpaHvl He MONbKO KAK 91eMeHmbl KIemoK, HO U KAaK YYACMHUKO8 0Oojee MacuimaOHblx
Memabonuueckux —AeneHull.  Gomocunmesa, Ovixanus u m.0. Taxou nooxo0 nomozaem
Gopmuposanuto yeroCmHol ecmecmeeHHOHAYYHOU KAPMUHbL Mupa y cmyoeHmos. B amotul cesa3u
HeOOHOKpAmMHOe CpasHeHue 6 Hauane AeKyuu KIemOoyHOU MeMOpanvl ¢ 6000U Ha 3emie He
CYYatiHo.

B xo00e nexyuu npedcmasnsiemcs uinoCmpupo8anHulii (8 ude pazoamouyHo20 MAamepuana u
yeemmuvlx epaghuyeckux (pazmenmos Ha NPO3PAYHLIX NIEHKAX) CUCTMEeMamu3upo8aHHblll
mamepuan, cOOPAHHbIUL U3 CAMBIX PA3IUYHLIX UCMOYHUKOS8, 8KI0Yas internet. /[ns axmyaiusayuu
KUHeCMemuyeckoe0 KAamaia 60CNPUAMUA UHDOPMAYUU UCHOIbIYEeMCcsa MAK#ce IMOYUOHATLHO-
HACBIWEHHbIN  CIUXOMBOPHLILL  (hpacmenm. B kauecmee 6u3yanvHozo psoa UCnOIb308aHbI
unmoCmpayuu Ho8o myrvmumeoutinou npozpammol (Temuuxoe /[.A., Mezuna 3.P. «Haenaownas

ouosnepeemuxay. Kazans, Kazanckuii ynugepcumem, 2007), comossaweticsi K 8bINYCKy 8 cepeoure

2007 zo0a.

Mamepuan na 1eKyuu u3nazaemcs no cieoyiouiemy niaHy
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TexkcT nexmun

Be3necy1uaﬂ H HE3aMCHUMAail... MeMﬁpaHa

CornacHo OJHOW U3 COBPEMEHHBIX THMIIOTE€3, BCS CYIIECTBYIOIIAsh Ha IUIaHETEe BoOJa
npezcTaBisieT co00i OUeHb CIOKHYI0, HO €IMHYIO MOJIEKYJIY, KOTOpas (3a CYeT CBOMX YHUKAIbHbIX
CBOWCTB COXpaHEHHUs W Tmepenaud uHpopmanun) oOecreyuBaeT BO3MOXKHOCTH CYIIECTBOBAHHUS
XKuznu Ha 3emute. JlelicTBUTENBHO, BOJA HA 3eMIle — 3TO €€ HEOThEMJIEMBIN aTpUOyT U BaKHEHIIIas
4acTh BCEro JKUBOTO — M BO3MOXHO JIaX€, COINIACHO yOeXJECHUSM JAPEBHUX, MHPOPMAIMOHHAS U
3alMTHas 000JI0YKa HAleH IUIAaHEThI, O3BOJISIONIAs BCEMY )KMBOMY CYIIECTBOBATH B FAPMOHUU U
HENPEPbIBHOM PETYJIUPYyEeMOM B3auMojieiicTBuU. Eciiu NMPUHATH Takyr TOYKY 3pEHHUS, MOXKHO
CKa3aTh, YTO POJIb BOJBI JJIs1 3eMJIM IOUCTHHE YHUKAJIbHA U KOJIOCCAJIbHA.

Knerky ¢ Toil miam MHON cTeneHbl0 NPUOIMKEHHS MOKHO paccMaTpuBaTh KaK OTAEIbHYIO
IUTAaHETY, KOTOpasi TaK)Ke€ HaXOAUTCS B CBOEM MUKPOKOCMHUYECKOM OKPYXKEHUH, HO B TO € BpPEMs B
3HAYUTENbHON cTemeHn obocobsieHa. JlaHHOE CpaBHEHME HE TaK YK JajJeKo OT pealbHOCTH,
MOCKOJIBKY MBI JICHCTBUTEIBHO CUMTAEM KJIETKY 3JIEMEHTOM MHUKPOMHUpPAa M MHKPOKOCMOM B cebe
(anemeHTapHOM OcHOBOW ku3HM). [lomaBnsromiee OOJIBIIMHCTBO (YHKUUNH STOT MHUKPOKOCM
peanusyer Onaronmapsi CBOed BHENTHEH 00O0JI0YKEe W BHYTPEHHHUM OOpa30BaHbsIM — MeMOpaHaM.
[Tpomomxkast HaIIM aHAJIOTMU, MOKHO CKa3aTh, YTo MeMOpaHa Taxke BakHa a1 Kietku, kak Bona
Ba)KHA IS 3€MJIH.

WHTEepecHO 3aMeTUTh TakXKe, YTO MEeMOpaHa CBs3aHa C BOJAOH «(pHIOTEHETHYECKH» — OHa
OyKBaJIbHO BBIIUIA M3 BOJbI, KOTAAa (COIVIACHO NPUHATHIM KOHLENIMSIM) Ha 3ape 3BOJIOLMHU
«JIMMHUJHBIE KalllM» 3aMKHYJIM B cebe camopemnuuupytomrytocs cmece PHK n Oenka. M Ha
CETOJHSIIHEM JTale 3BOJIIOLMU BOJA OKpYXaeT M obecreuynBaeT (YHKIMOHHPOBAHHE CaMOU
MEMOpaHBI.

Hackonbko pazHooOpaszasl popmbl 1 PyHKIIMK BOABL. OO0 3TOM B MOITUYECKOM MPOU3BEICHUN
ckazan U. I'pynes:

B cady ysemvt crenuna uzo avoa,
Tlepenuna ux 6 my3viky Kkaneiu.

Ilomom na ceemnom 3epkane npyoa
Pucyem ux maskamu axeapenu:
Jlobvemcs stce npedenvHol npocmomat,
Koeoa sicusvie nanoum yeemeol.

OyHKUMU ¥ TUIBI MeMOpaH He MeHee pa3HooOpa3Hbl. CTPYKTYpHO MeMOpaHbl (32 pEeIKuM
UCKITIOUEHHEM) YHUBEPCAJIbHBI. MeMOpaHa OTAETSeT KIETKY OT BHemHero mupa. OHa mpoHHUIaeMa
JWIIb M30UpaTeNbHO - BXOJ B KJIETKY M BBIXOA M3 HEE pa3IMYHBIX METa0OJIMTOB M HOHOB
HaXOJMTCS O/ MIOCTOSTHHBIM KOHTPOJIEM MEMOpaHHBIX cHCTeM. Bce 310 obecnieunBaeT co3gaHue B
KJIETKE CBOET0, 0COO0r0 «MHKPOMUPA», KOTOPBIH COXPAHIETCs IMMOYTH HEU3MEHHBIM NPH JIIOOBIX

U3MEHEHUSAX OKpy’Karollei cpenpl. MeMmOpaHa - coBepllieHHas OMOIHepreTHYecKasl CUCTeMa —



«IUTIO3» KIETKH. 3a CYeT CO3JaHusl pa3HOCTH IMOTEHLUAJoB Ha MeMmOpaHe, NpeBpalleHui
sHeproeMkux coeauHeHut (ATO) KJIETKa BBIpA0aThIBACT DHEPrUI0, HEOOXOAUMYIO IS
¢dyHKUHOHMpOBaHUS. MeMOpaHa - HH(OPMALMOHHAsI CHCTEMa, C KOTOPOM BpSJI JM MOTYT
cocTs3aThesl camble coBpeMeHHble OBM. Ona pa0oTaeT mo eAIWHOMN, COTJacoBaHHOM Mporpamme,
I7Ie BCE MPOILIECCHl B3aMMOCBS3aHbl, B3aMMO3aBHCUMBI, CTPOr0 (PMKCHPOBAHBI B MPOCTPAHCTBE U
BpeMeHu. Ha MemOpaHe eXeceKyHJHO OCYLIECTBISIOTCS ThICSUM NPEBPALCHUH, U €CTh BCe
OCHOBAHMS CpPAaBHUBATh €€ ¢ MMHUATIOPHBIM XMMH4YeCKMM 3aBojioM. U, HakoHen, MemOpaHa - 3T0
pPa3BETBIIEHHAs] CUCTEMA CTPYKTYp, CBS3aHHBIX CETHbIO IIEPEXOJ0B, KAHAJIOB, IO KOTOPBIM
HENPEPBIBHO JIBMXKYTCS MPOAYKTHl Pa3HOOOpa3HbIX INPEBpAIlCHU M CHHTE30B; MeMOpaHa —
«Meranojucy». MHTepecHo, 4TO NMPUOJIM3UTENBHO TO XK€ CaMO€ MOYKHO CKa3aTb M O (PyHKIUIX
KJIEeTKHM, Kak wenoro. TakuMm oOpa3om, MeMOpaHa SBJs€TCA U JKUBOM KIETKH KIIIOUEBBIM
KOMITOHEHTOM, OOECIIEYMBAIOIIUM BCE €€ OCHOBHbBIE MOTPEOHOCTH W OTpa)xkaeT Bce (YHKIHUU
KJIeTkH. Bee atu mepeunciienHble GpyHKIME MEMOPaHbI CTAaHYT OOBEKTOM HAILIEr0 PACCMOTPEHHS B

pamkax Kypca «buoxumus memOpan».

Wrak, mMeMOpaHbl WIpalOT KIIOYEBYIO pOJIb, KaK B CTPYKTYPHOM OpraHu3alyu, TaKk U B
(YHKIIMOHUPOBAHUM BCEX KJIETOK — MPOKAPHUOTUYECKHX U IYKAPUOTHYECKUX, PACTUTEIbHBIX U
JKUBOTHBIX. MeMOpaHbl (OPMUPYIOT BHYTPUKIETOUHBIE KOMITAPTMEHTHI (OTCEKH), C UX TOMOIIBIO
HPOMCXOIUT pa3elieHHe COAECP)KUMOr0 KOMIIAPTMEHTOB U OKpy:karolei ux cpeasl. Ho memMOpansl
HE TOJBKO Pa3JEISAIOT KIETKY Ha OTAEIbHbIE KOMIIAPTMEHTHI, HO M Y4acTBYIOT B PETYJISLMM BCEX
CBsI3€H U B3aUMOJCUCTBUM, OCYILECTBISIOINXCS MEK/Ly HApY’KHOM M BHYTPEHHEN CTOPOHAMH ITUX
KOMITAPTMEHTOB. JTO MOXXET MPOSIBIATHCS B BUAE (U3NYECKOTO IMEPEHOCAa MOHOB WM MOJIEKYJI
yepe3 MeMOpaHy (BHYTpb KOMIApTMEHTA WM U3 HEro) Wiu B Gopme nepenaadyu MHGopManuu npu
HOMOIIM KOH(OPMAIIMOHHBIX M3MEHEHUH, UHAYLUPYEMbIX B MEMOpaHHBIX KOMIOHEeHTax. Kpome
TOro, ¢ MeMOpaHaMH CBsI3aHbI MHOTHE KJIeTOUHbIe (hepMeHThl. HekoTophle M3 HUX KaTalIU3UPYIOT
TpaHCMeMOpaHHBIE PEaKIMU, KOTJa pearcHThl HaXOISATCS 1O pa3Hble CTOPOHBI MEMOpPaHBI WU
KOTJja KaTaJIUTUYECKUH aKT COIIPOBOKAAETCS TPAHCIIOPTOM MOJIeKyJl. JIpyrue ¢pepMeHTsl 00pa3yroT
CBOEOOpa3Hble KOMILJIEKCHI, KOTOPbIE OCYIIECTBIISIOT LEMb IOCIEJOBAaTEIbHBIX MPEBPALICHUH,
npudyeM Omarojapss TOMY, YTO OTH (EpMEHTHl pacHojararoTcs B IUIOCKOCTH MEMOpaHBI,
noBbImaeTcst 3()(HEeKTUBHOCTh Bcero mporecca. MMeroTcss ¢epMeHTHI, KOTOphe, JCHCTBYS Ha
MeMOpaHOCBsI3aHHBIE CyOCTpaThl, YYacCTBYIOT TeM caMblM B OnocuHTe3e MeMOpaH. C ydactuem
MeMOpaH B TOW MM MHOM CTENEHHU OCYIIECTBIIAETCS OONBIIMHCTBO KU3HEHHO BaXKHBIX KJIETOYHBIX
(GyHKUMH, HampuMep, MPOTEKAIOT TaKWe MPOIECcChl, Kak perutmkanus npokapuotnyeckor JIHK,
OnocuHTe3 OENKOB M MX CEKpelHs, OMO’HEPTeTHUECKUE MPONEcChl U (DYHKIIMOHUPOBAHUE CUCTEM

TOPMOHAJIBHOI'O OTBETA.



JlanHble, MOJNy4EHHbIE IPU H3YUYEHUHM KIETOK MJIEKONUTAIOMIUX METOAOM 3JIEKTPOHHOM
MUKPOCKOIIMH, CBUJCTEIbCTBYIOT O HAIUYMHM IOUPOKO PA3BUTOM CETH BHYTPHKIETOYHBIX
MeMOpaHHBIX 00pa30BaHMM, KOTOPas 3aHUMAET 3HAYUTEIbHYIO YaCTh BHYTPEHHETO 00beMa KIETKH.
Celiuac yke HE BbI3bIBAET COMHEHMM, YTO OCHOBHBIE NPUHIUIIBI CTPYKTYPHOH OpraHM3alMM BCEX
THX MEMOpaH MO CyTH OJUHAKOBBI. boiyiee TOro, 3TW NPUHLHUIIBI COOIOJAIOTCS TAK)XKE U B Cllydae
MeMOpaH pacTUTENbHBIX U OaKTepUalbHBIX KI€TOK. OCHOBHBIE 3aKOHOMEPHOCTH, YCTAaHOBJIEHHBIE
Pobeprconom B koHue 1950-x rr. XX Beka, MO3BOJISIOT HAM NEPEHOCUTH PE3YJIbTaThl, HOJTYUYEHHBIE
IpY UCCIIEIOBAaHUU OJTHOW MEeMOpaHHOM CUCTEMBbI (HanpuMep, MEMOpPaHbl SPUTPOIIMTOB), Ha IpyTrHe
CUCTEMBl (KOHEYHO, CO BCEMHM HEOOXOJUMBIMHU NPEIOCTOPOXKHOCTAMHU). EcTecTBeHHO, yuer
creuru(UKH 3/1ech HE0OXOANUM, TOCKOJIBKY, KaK 3TO HU NMapaJoKCaIbHO 3BYYMT, OJHOW M3 CaMbIX
XapaKTepHBIX OCOOCHHOCTEH MeMOpaH sBISeTCs MX upe3BblYaiiHOe pa3HooOpasue. Takoe
pa3HooOpa3ue 00yCIOBIEHO, MPEXKIE BCEro, pazHoOOpa3srueM OENKOB, MPUCYTCTBYIOIUX B KaXIOH
MeMOpaHe, U CII0COO0B MX B3aMMOACUCTBHS JAPYT C APYTOM M C KOMIOHEHTAMHU IUTOIIa3Mbl. DTH
B3aUMOJICCTBUSL TIPOSIBISIIOTCA B crerupuyeckod MopdoJIoru MEMOpPaHHBIX 00pa30BaHUMA
(MUKPOBOPCHUHKU KHUIIEYHOTO SMUTENUS WM TyOYyJSpHBIM SHIOMIA3MaTHYECKUH PETUKYIyM) U
MOTYT OBITh CBSI3aHBI C JIATEPAIbHOM reTepOreHHOCThIO TOM UM MHOM MeMOpaHbl. Takum obpazom,
OCHOBHAs 3aJ1a4a UCCIIEIOBATEIIeH 3aKIII0YaeTCsl B TOM, YTOOBI, ONUPAasCh Ha 00IINE NPEACTaBICHHUS
O CTIPYKType M (QYHKUMAX MeMOpaH, BBISIBUTH MOJIEKYJISIPHO-OMOJIIOTHYECKHE OCHOBBI HX
CTPYKTYPHOTO U (PYHKIIMOHAJILHOT'O Pa3HOOOpa3usl.

VYcnexoB B UCCIIEOBAHUM MEMOpaH yJalloch JOCTHYB OJarojapsi CpaBHUTEIBHOMY H3yYEHUIO
MeMOpaH M3 MHOXKECTBAa Pa3HOOOpA3HBIX OPraHM3MOB. bakTepuanbHbIE KIETKH MMEIOT JTOBOJIHHO
IPOCTYI0 HapyXHYI O000JIOYKY, COJAEpKallyl0 OAHY WIM JABE MEMOpaHbl, KOTOpPbIE MOXHO
MOIU(HUIMPOBATh TEHETHYECKH WM IIyTeM HM3MEHEHHUs YCJIOBUM pocTa KieTok. Bupycel ¢
000JI0YKOM BHEAPSIOTCS B KJIETKU JKUBOTHBIX Onarojaps CIUSHHIO C IJIa3MaTHYecKoi MeMOpaHon
NOCIETHUX M BBICBOOOXKIAIOTCS W3 KIETKH-XO35MHA, OTIOYKOBHIBasCh OT Hee. V3yueHue
CO3pEBaHMsI BUPYCHBIX OEIKOB IO3BOJISIET y3HaThb MHOTO HOBOTO O TIporeccax OWOCHHTE3a

MeMOpaHHBIX OCITKOB.

OCHOBHBIMU KOMIIOHEHTaMU MeMOpPaH SBISAIOTCS Oenku 1 Tunuasl. Ha 1oimo yriaeBogoB MOKeET
npuxoauThest okoio 10% maccsl MeMOpaH, IpU TOM OHM BCErza BXOJST B COCTAB INIMKOJIUIHIOB
WIN TIUKONpoTenHOB. COOTHOLIEHHE MEXIy OelKkaMu U JIMNUAaMU B MeMOpaHax 3HAYUTEIbHO
Bapbupyet - oT 20% (1o macce cyxoro BemiecTBa) Oenka B muenuHe a0 80% B MUTOXOHAPUSX.
[T1oTHOCTH MEMOpaH MPSMO MPOIMOPIIMOHAIBHA COJCPKAHUIO B HUX O€JIKa; YeM BBIIIE COJIEpKAHHUE
Oenka B MemOpaHe, TeM OoJbllle €€ TUIOTHOCTh. Haime mpencraBieHne o OEIKOBOM COCTaBe
MeMOpaHbl 3aBUCUT OT METO/1a €€ BblesieHus. HekoTopble OeIKu HEMPOYHO CBA3aHbI C MEMOpaHOH

U JICTKO YAAIAKOTCA IPpHU IPOMBIBAHUH €€ paCTBOpaMU C BBICOKOM HJIY, HAIIpOTHUB, C HU3KOM MOHHOMU



CI/IHOI>'I, IICJIOYHBIMH paCTBOpPaMU HJIM PACTBOPAMH, COACPKAIMMU XCIIATUPYIOIMIHUE arCcHThI TUIIA
OJITA. BeBaroT u ciydam, KOrja TpPYIHO CKas3aTh, SIBISETCS JIM OEIIOK MEMOpaHHBIM WIH
[UTOIIA3MATHYECKHUM, CITy4YaiiHO CBA3aBIIUMCS C MEMOPAHOI B X0OJI€ €€ BbIJCIICHUSI.

DyKapuOTHYECKUE KJIETKH COJEpKaT pa3IMyHbie MEMOpaHHBIE OpTaHEeIbl, MPUYEM KaKIas
MeMOpaHa yHHKaJIbHA IO CBOEMY COCTaBY, OCOOCHHOCTSM CTPYKTYpHOW OpTaHWU3alUd H TI0
XapakTepy BBINOJIHAEMBIX (QYHKIMA. BHemHuil BUI opraHeml HEOJMHAKOB B KJIETKaX pPa3HOIro
tuna. Kpome Toro, HeKOTOphIe KIETKH, HAPUMED MATOYKU CETYATKH, a TAKKE KIETKU CKEJIETHBIX

MbIIIL, UMCHOT BBICOKOCIICIIMAIN3NPOBAHHBIC MeM6paHI>I, BBIITOJHAIOIHEC YHUKAJIBHBIC q)yHKI_II/II/I

1. Ilmasmarndyeckas MeMOpaHa (mIazMajieMMma).

Mnasmatnyeckan membpaHa

MRk Mne g 2 7

ALY BHYTRMENETOYHO R
; NEOCTRAHCTED

Eenok

DPochHonKaMg

[TnasmaTtndeckas MemOpaHa 0Opa3yeT TpaHuIly, Ha KOTOPOH OCYIIECTBISETCSI KOHTAKT KJIETKH C €€
okpyxeHueM. OHa  CONEPXHUT  CHEUHMAIM3HPOBAHHBIE  KOMIIOHEHTBHI, Yy4YacTBYIOIIME B
MEKKIJIETOYHBIX KOHTAKTaX M B3aWMOJICHCTBHAX, B CUCTEMaX TOPMOHAIBHOTO OTBETa M TPAHCIIOPTa
KaK MaJbIX, TaK U OONBIINX MOJIEKYJ M3 KJIETKH M BHYTph ee. OmHaKo M caMa IuIa3MaTH4ecKas
MeMOpaHa COCTOUT U3 CIEHUATU3MPOBAHHBIX YYAaCTKOB, KOTOPBIE MMEIOT Pa3IMYHOE OKPYKECHHE.
AnukanpHass MeMOpaHa KOHTakTHpPYeT C KakoOW-InOo BHYTPUKIETOYHOH cpemoit. Tak, y
reraToluTOB OHA oOpalieHa B TPOCBET MKEMYHBIX KaHAJBIEB, a Yy SIUTEIHAIBHBIX KIETOK
KUIICYHHUKA - B TIPOCBET JKEITYA0YHO-KHIIEYHOTO TpakTa. OHa MOKET UMETh CIIENUAIN3UPOBAHHBIC
CTPYKTYpBI, HallpuMep, MHKPOBOPCHHKH; IIOCICIHHE B HEKOTOPHIX BCACHIBAIOMIMX KIIETKaX
00pa3yloT IMIETOYHYI0 KaeMKy. MUKPOBOPCHHKM 3HAYUTEIbHO YBEIMYHMBAIOT  IUIOIIA/Ib
MOBEPXHOCTH MeMOpaHbl, B pe3yjbTare dYero moBblmaerca 3((eKTuBHOCTE MeMOpPaHHOTO

TPaHCIIOPTA.



AnvrkancHaa
remSpaHa

M BasonaTepansHaa

renbpEHs

bazonarepanpHas mMeMOpaHa HaxOOUTCS B KOHTakTe C JAPYTMMHU KIETKaMd (B 3TOM CiIy4ae OHa
Ha3bIBACTCS JIaTepalbHOW WM KOHTAKTHOHN) WM oOpaileHa B MPOCBET KPOBEHOCHBIX COCYAOB (H
Ha3bIBACTCSl CHHYCOMIHOW MeMOpaHoii). JlaTepanbHas W CHHyCOWAHas MEeMOpPaHBI Te€aTOLUTOB
pasnmuuaroTcs Kak Mo cBoeil MopdoJiornu, Tak W Omoxumuuecku. basomarepanpHas mMeMOpaHa
TenaToUTOB UMEET TAK)KE CIEeIHMaTU3UPOBAHHBIE CTPYKTYpPbI, OTBETCTBEHHBIC 32 MEXKKJICTOYHYIO

AZIrC3UI0 U TPAHCIIOPT.

[TnotHble KoHTakThl (tight junction) repMeTHU3UpPYIOT 0O0JACTh CONPHUKOCHOBEHUS KIETOK U

OpeaoTBpaIlaroT NMNEPpEeMCIINBAHNUEC COACPIKUMOI0 KCTYHBIX KAaHAJIBIICB U KPOBCHOCHLIX COCYOB.




[lemeBbie KOHTAKTHl (gap junction) coxep’kaT MHOXKECTBO PEryJISPHO PACIIOJIOKEHHBIX TI0D,
KOTOPbIE MO3BOJISIOT HEOOIBIINM MOJIEKYJIaM MPOXOJUTh Yepe3 MIa3zMaTHYecKre MeMOpaHbl IByX
COIPHUKACAIOLINXCS KIETOK. DJIEKTPOHHO-MHUKPOCKOIUYECKHE U OMOXMMHUYECKHE HCCIEeIOBAHUS
BBIIBWIN XAPAaKTEPHbIC ACTAIIA MOJIEKYJIIPHOM OpraHU3allMM 3TUX II0p, I0Ka3aB, YTO KaxKJaas U3
HUX COJEPIKHUT TeKCaroHAIBHO YIIaKOBaHHBIE OEIKOBHIE CyOBEINHUIIBI.

KapTHUHKA

Aecmocoma (MUEpOQOoTarpafiua)

JlecMocoMBI  Takke OOECIEYMBAIOT KIETOYHYIO aare3Mi0 M Y4YacTBYIOT BO B3aUMOJICHCTBUHU
IUTa3MaTHYECKOM MeMOpaHBl C DJIEMEHTAaMH IIMTOCKENeTa. ATHMKAIbHBINA, JIaTepalIbHBIA U
CHUHYCOUIHBIM Y4YacTKM IJIa3MaTHYECKOH MeMOpaHbl pa3In4aroTcs MOP(OJIOTMYECKH U HMEIOT
YHHMKaJIbHBIA cocTaB M (QyHKUuH. Ecim KJIETKH pa3pyliMTh B MATKUX YCIOBHAX, TO MOYHO
BBIJICJIUTh M OUUCTHUTH (PPAKIIMU, OTBEYAIOIIME STUM yJacTKaM IjIa3MaTudeckoil memOpansl. Kak Ha
MOJIEKYJISIPHOM YpPOBHE OOECIEUMBAETCSA B KJIETKE CYIIECTBOBAHME TAKUX CIIELUATM3UPOBAHHBIX
JIOMEHOB, IOKa HEACHO, XOTS HU3BECTHO, YTO HE BCE HUX KOMIIOHEHTHI CIIOCOOHBI CBOOOJHO

b GyHAUPOBATh MEXKAY JOMEHAMHU.

2. Slnepnas memOpana.

MemBpaHa AApa ¢ NOPOELIMM EDMITIEKCAMM




Snepnas o0ojoOYKa KIETKH, HaxomsmieWcs B WHTep(dasze, Ha DJIEKTPOHHBIX MHKpPOQOTOrpadusx
UMeeT BHUJ JBYX DJEMEHTApHBIX MEMOpaH C Y3KHUM IMPOCBETOM MEXAY HUMH, Ha3bIBa€MbIM
HNEepUHYKJIEapHbIM MPOCTPAHCTBOM. OJTa MeMOpaHa MPOUCXOAUT U3 SHJIOIIA3MAaTUYECKOIo
peTuKyiIymMa U, TMO-BUAMMOMY, HEPa3phlBHO CBs3aHa ¢ HHUM. Hawmbonee XapaKTepHBIMH
MOP(OJIOTHUECKUMH TIPU3HAKAMHU SIBJSIFOTCS TTOPOOOpasHble CTPYKTyphl. OHU HMEIOT JAHaMETp
okosio 600A u cocTosIT W3 MOP(OJOTHUECKH YETKO BBISIBISEMBIX KOMIIOHEHTOB, OOpa3yrOIINX
OKTaroHaJIbHYyI0 peEIIeTKy. B ToM MecTe, Ile paclosiokKEHbl ITH CTPYKTYpBl, BHYTPEHHSA U
Hapy’kHas sAepHble MeMOpaHbl BBINVIAIAT CIAUBIIMMUCS. [lomaraior, 9YTo TOPBI IMO3BOJSIOT
komriekcam MPHK-0Genok mepexomuTs W3 siipa B MHUTOINIA3MY, a PETYJISTOPHBIM OeiKaM
nepeMeniaThcsi B 0OpaTHOM HaIlpaBJIEHWH, M3 IUTOIUIa3Mbl B sSApo. buoxumuueckue JaHHbBIE MO

ﬂ,ﬂepHOﬁ 000J104Ke BECbMa HEMHOTOYKCIICHHBI.

3. DOwnmpomrazMarnueckuil petukyaym (OP).

DTO CIOXHAsi CeTh ILHUCTEPHOOOPA3HBIX WM TPyOYaThIX CTPYKTYp, KOTOpas 3aHUMAeT
3HAYUTEJIbHYIO YacTh BHYTPEHHEro oObeMa OOBIYHOM KMBOTHOM KieTkH. OcHoBHas poib OP
COCTOUT B TOM, YTO OH CIY>KHUT MECTOM OHOCHMHTE3a OEJIKOB, KOTOpPHIE 3aTEM CEKPETHPYIOTCA,
BKJIFOYAIOTCS B IM30COMBI WJIM B IJIa3MaTU4ecKyto MeMOpaHy. [loTeHnnanbHO onacHble A KIETKU
THJIPOJIUTUYECKHE (PEPMEHTBI, KOTOpbIE JOJDKHBI CEKPETHPOBAaThCS WM HaKalIUBaTbcs B
JIU30COMax, MOJIBEPraloTCs 37€Ch MPOLECCUHTY 10 3peioi ¢popmbl. C OP yacTo OBIBAIOT CBSI3aHBI

pI/I6OCOMBI, B pC3YJIbTATC YCTO HA 3JICKTPOHHBIX MI/IKpO(i)OTOI‘pa(i)I/ISIX OH BBIITIAAWUT HICPOXOBATLIM.

o u Magkui IHAONNZZMATHHECKMA PETHIYITYM (MUKpODOTOrPaDAA
LWepoxoBaTeld 3HAONNEZMATHYECKHA DETHEYNYM (MUEpodoTorpadua) B N 1 A QTS PEIED

Oo6mactu DOP, He coxepxamme puOOCOM, HA3BIBAIOTCS ThaakuM DP. 3mech ocymiecTBIseTcs
OMOCHHTE3 CTEPOJIOB, MPOTEKAOT PEAKIIMH JICTOKCHKAIMU W TPOUCXOIMT JIecaTyparis KHPHBIX
KHUCTO0T. Bee 3T mporiecchl BXOIAT B CIOKHYIO, COTVIACOBAaHHYIO CHCTEMY TPaHCIOPTA AJIEKTPOHOB,

OCYIIECTBIIIEMOTO TPU YYACTHH IIUTOXPOMOB b5 u P450.



4. Amnmapar ['oapoKH.

Annapat [onem#m

LMCTEfHE LC-0BnacTE
I TRAHCMNOPTHAA
O . //Besmwna
; _— :“-1_i_ Y L o1 3P

{ POpMKPOE aHME
L~ BESHKYIb

TREHC-

ofnacTe
TREHCMOPTHS A

BEsMEYNa  —
K 3P

Ota opraHemia COCTOMT M3 CETH YIUIOIIEHHBIX MEIIKOB (LIMCTEPH), COOpPaHHBIX B CTONKH.
OcHoBHas ero (yHKUHs 3aKJIIOYAeTCs B MOCTTPAHCISIIMOHHOM MOAM(UKALNU TIIUKONPOTEHHOB,
CHUHTE3MPOBAaHHBIX B HHJOIIA3MAaTHYECKOM PETHKYJIyME U NpPEIHA3HAYCHHBIX [UIS CEKpEIHH,
BKJTIOYCHUS B IJIA3MATHYECKYI0 MEMOpaHy HMJIM JOCTaBKH B JIM30COMBI. DTH OPTaHEIUIBl COAEPIKaT
TJIUKO3KA3bl M TIIMKO3WITpaHC(epas3bl, KOTOPbIe BCTYNAIOT B ICHCTBHE MTOCIE0BATEIBHO, IO MEpe
TOTO Kak O€JOK, TOABEpPracMblii MPOLECCHHTY, TIepeMemaeTcsi (BEpOosSTHO, C IOMOIIBIO
MeMOpaHHBIX BE3WKYJ) OT Hauana ammapara lompmku (1uc-o0iacTe) 10 €ro KoHma (TpaHc-
obmacte). dakrtuyecku ammapar [ONBIKH COCTOMT W3 COBOKYHNHOCTH OTHCIBHBIX MeMOpaH,
00pasyromMx MUCTEPHBL. OTH MEMOpaHBl, KOTOPbIE MOXKHO BBIJCIHTH, XapaKTEPU3YIOTCS

ofpeielIeHHbIM Ha0OpoM (hepMEHTOB.

5. JIM30COMEL
DTH OpraHesUIbl OTBETCTBEHHBI 32 JCTPAAIINI0 MAKPOMOJICKYJI U COJAEPKAT PSIT THAPOJIUTHIECKUX
dbepMeHTOB, TakuX, Kak MpOTeas3bl U JHMa3bl. BeliecTBa, 3aXBaueHHbIC KIETKOM IMyTeM 3HII0- WU
darouTo3a, KOTOpble HEOOXOAMMO PACHICTHUTh, JOCTABISIFOTCS B JTU30COMBI C TIOMOIIBIO BE3UKYIL.
JIN30COMBI UIparOT KIIOYEBYIO POJIb B pa3pyLIEHUH CTapblX OpPraHe/l BHYTPU KIETKH. OTOT

IpoIiecc Ha3bIBaeTCs ayTodaruei.



NHz0coMa B NPOUBCCE PAZRYWEHMA MEMARAHE! MHUTOXOHINHK
(Mpouecs ayTodariK)

MepokcAcoma (MUEpOQOTOrpafiiA)

OTH OpraHe/ubl COJEpKaT OKUCIUTEIbHbIE (EPMEHTHI, YYAaCTBYIOIIME B JErpajallid MajbIX
MOJIEKYJI, TAKMX, KAK aMHHOKHCJIOTBI, KCAHTHH H, B OCOOCHHOCTH, )KUPHBIC KHCIIOTHI. 11X Ha3BaHUE
CBSI3aHO C TPHCYTCTBUEM B HHX KaTajasbl, KOTOpas pasjaraeT HEepeKucH, oOpasyrommecs Kak

MOOOYHBIE MPOAYKTHI PU PEAKIHSIX OKUCIICHUS.



7. MUTOXOHIpUHU.

B »THX opraHemnax ocCylecTBISeTCS OKHCIUTENbHOe ¢ochopunupoBanue (cM. naiee), B
pe3ysbTaTe 4ero B XoJe OKUCIIeHUs cyOcTpartoB, Takux, kak HAJIH wnmm cykumuat, oOpasyercs
AT®. MutoxoHapur 00pa3oBaHbl JIBYMS MEMOpaHamH, pa3leliCHHBIMH  HEKOTOPBIM
MIPOMEXYTKOM. BHyTpeHHss1 001acTh MHUTOXOHJIPHUH HAa3bIBa€TCsl MAaTPUKCOM. BHYTpeHHss
MeMOpaHa oOpa3yeT CKIaJKM B BUAE IEPEropoJIoK, HAa3bIBAEMbIX KPHUCTAaMH, M COAEPXKUT

(hepMeHTHI, Y4aCcTBYIOIIUE B TPAHCTIOPTE JIEKTPOHOB U cuHTe3e ATD.

FpMCTEl MUTOXOHAPMK (MUEpOQOTOrpadva)
CTpenkod nokazaHel AT O-CHHTETAZHEIE KOMNNBKCEL.

¥noponnact (Mukpo doTorp adua)

;




OT0 opraHeiibl, cofaepxamue (HoToCHHTEeTHUECKUI anmapaT. OHM UMEIOT HApYKHYI0 00OJOYKY,
obpazyeMmyro OByMs MeMOpaHamMHu, W BHYTPEHHIOIO 00JacTh — CTpoMy. B cTpoMe HaxomsaTcs
TUJIAKOMIHbIC MEMOPaHBI, IJI¢ JIOKAJTM30BaHbI KOMIIOHEHTHI CHCTEMBI (poTocuHTE3a. Ha oTIenpHbIX
ydacTKaxX THJIAKOMJIHBIE MeMOpaHbl IUIOTHO YIAKOBaHbI B CTONKM, a Ha JPYyTUX oOOpalleHbl
HENoCpeACTBEHHO K cTpoMe. CoCTaB IMJIOTHOYNAKOBAHHBIX U OOpaIIeHHBIX B CTPOMY JOMEHOB
TUJIAKOUIHOW MeMOpaHbl pPa3JIM4eH, YTO YKa3bIBACT Ha JIATEPAIbHYIO TE€TEPOTeHHOCTh ASTOU

MeMOpaHBI.

Tot ¢axT, uTo mIazmaTuyeckass MeMOpaHa, OKpy>KaroIias KJIETKH, PEICTaBIsIeT COOON BIIOJIHE
OTIPENIETICHHYIO CTPYKTYpYy, OblT oco3HaH B cepeanHe XIX cronerus. Ha ncxone »Toro cronerus
OBepToH 00paTW BHUMAHHE HAa KOPPESLMIO MEXAY CKOPOCTBIO, C KOTOpOH HeOoJbIIne
MOJIEKYJIbl MTPOHUKAIOT B PACTUTENbHBbIE KICTKH, U MX KO3()PULUEHTOM paclpenesieHUus] MEKIY
MacJIOM M BOJOW; 3TO MPHUBEJIO €ro K MBICIH O JUIMUAHON mpupoae memOpan. B 1925 r. Toprep u
I'pennen mpennoyaoXuiu, 4TO JIMIMUABI B MEMOpaHe 3PUTPOLUTOB 00pa3yloT OMOMOJIEKYIISPHBIN
CJIOM (JIMTIMIHBIN OWCIION). DTa Waes BO3HUKIA HA OCHOBE PE3YJIbTATOB DJIETAHTHOTO W MPOCTOTO
9KcHepuMeHTa. JIMMuael SpUTPOLIUTOB HKCTPArupoOBajIM alleTOHOM M 3aTeM B KioBere JIHrmiopa
NOJyYald M3 HUX TOHKYIO IUIGHKY Ha MOBEPXHOCTU BOJBL. C MOMOIIBIO MOIUIABKA CKUMAIU CIIOU
JUMHUIHBIX MOJIEKYJl Ha TpaHUIlE pa3zesia BOJa-BO3AyX A0 TEX IOp, MOKa 3TOT CJIOM HE HauWHal
OKa3bIBaTh COIPOTHBIICHHE JaJIbHEHIIEMY CXKATHUIO; TO SIBIEHUE ObLIO OOBSICHEHO 00pa3oBaHUEM
IUIOTHOYTIAKOBAaHHOM MOHOMOJIEKYJISIPHOM JTUMHUIHON TUIeHKU. M3Mepenue miomiaaum, 3aHuMaeMon
JUNUAJAMH, U CPAaBHEHUE €€ C IUJIOMIAbI0 MOBEPXHOCTH SPUTPOLUTOB, U3 KOTOPBIX ITH JHIHIBI
OBLIM SKCTparupoBaHbl, Janu cooTHomeHue 2:1. Orcrona ObLI caenaH BbIBOJ O TOM, YTO MeMOpaHa
SPUTPOLIMTOB COCTOUT M3 JIMIHUAHBIX MOJeKys, PacnonoxeHHsix B aBa ciod. Ilo-BuauMomy, 31oT
BeIBOA ['oprepa u I'penaena okasajncs MpaBUIBHBIM TOJIBKO Onarojaps B3aMMHOW KOMIIEHCAlUU
olIMOO0K, OIHAKO B HCTOPHUYECKOM IUIaHe 3Ta paboTa mmerna OOoJbIIOe 3HaUYEHHE, TIOCKOJIBKY C TeX
NOp KOHLEMIMS JIMIMUAHOTO OUCIIOSN KaK CTPYKTYPHOM OCHOBBI OMOJIOTHUECKHMX MEeMOpaH craia

JTOMUHHPYIOIIEH M Ha CaMOM JieJie OKa3aiach BEPHOI.
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TpH Monen# CTPYKTYDHON OpraHu3auMH GHONOTHYECKHX memOpaH, okalasluue

B/IHAHHE HAa palBHTHe BeeH HaykH o membBpamax . A. Monens [d3scoHa—
Hauwennn. 5. Monens yuntapHo# Membpanel Pobeprcona. B. Monenb *HAKOCTHO-
Mo3anuHol membpansl Cunrepa w Huxoncoma.



Konuenmus OuMONEKyIspHON JIMNUAHOW MeMOpaHbl MOJIy4yusia JajbHeillee pa3BUTHE B
npeioxkeHHot B 1935 r. momesm [3Bcona-/{aHMesiiv, WIM MOJEIH «COHJIBUYA», B KOTOPOU
Mpeanonaraioch, 4Yro OENKW TOKPHIBAIOT MOBEPXHOCTh JIUMUAHOTO Oucinos. DTo ObuLia
HEOOBIKHOBCHHO yJadHasi MOJeNb, U B TeUeHHEe mnocieAayromux 30-Th JIeT MHOTOYHUCICHHBIE
IKCIIEPUMEHTAIbHBIC JaHHBIC, OCOOCHHO MOJYYECHHBIC C TIOMOIIBIO JU(PAKINU PEHTTCHOBCKHX
Jy4el W AJIEKTPOHHOM MHUKPOCKOIHH, MOJHOCTBIO MOATBEPANUIN €€ aJAeKBaTHOCTh. OHAaKO Toraa
e OOHApYKUJIIOCh, YTO MEMOpPaHbI BBIMOIHSAIOT OTPOMHOE MHOXKECTBO (YHKIMH, M YTOOBI
OOBSICHUTH ATOT (PEHOMEH, MCXOJHas Mojelb J[IBcoHa-/laHMENTM HEOMHOKPATHO IMOABEprasiach
MOTU(PUKAIHSM.

BricTphlil mporpecc B MeMOpaHOJIOTHH, B pe3yJibTaTe KOTOPOro cpOPMUPOBATIICH COBPEMEHHBIE
MpEJCTaBICHNs, TOCTUTHYT, B 3HAUMTEIBHOW Mepe, Omarofaps ycmexaM B W3YyYE€HHU CBOMWCTB
MEMOpaHHBIX OENKOB. DJIEKTPOHHO-MUKPOCKOMMYECKHUE HCCIICIOBAHMS C MPUMEHCHHEM METOoja
3aMOpaKUBAHUSI-CKAJIBIBAHUS MTOKA3aJIM, YTO B MEMOpaHbl BCTPOEHBI TJIOOYJSpHBbIE YacTULBL. Tem
BpEeMEHEM OMOXMMHKaM C IOMOUIbIO JIETEPreHTOB YAAIOCh AMCCOLUMUPOBATH MeMOpaHbl /10
COCTOSHUSL (PYHKIIMOHATbHO AaKTUBHBIX «4acTHIl». JlaHHBIE CHEKTpadbHBIX HCCIEAOBaHUN
YKa3bIBaJIM, YTO JJIsI MEMOPAHHBIX OCIKOB XapaKTEPHO BBICOKOE COJACPIKAHHE O-CIIHPATCH U UYTO
OHM, BEPOSITHO, 00pa3yloT TJI00YJIbl, a He pacnpedeneHvl 6 GUOe MOHOCI0A HA NOBEPXHOCHU
JAURUOHO020 Oucnosn. HemonspHple CBOMCTBA MEMOPAHHBIX OCJTKOB HABOAMIM HA MBICIH O HATHYUH
ruApoPOOHBIX KOHTAaKTOB MEXAy OelKkaMh M BHYTPEHHEH HEMOJSpPHONW OO0JIACTHIO JIUMUIHOTO
oucnosi. Torma ke ObUIM pa3pabOTaHBI METOMBI, MO3BOJIUBIINE BBISBUTH TEKYYECTh JTUIHIHOTO
oucnos. Cunrep u HUKOJICOH cBelM BOEAMHO BCE ATH HJIEU, CO3[AB HCUOKOCHIHO-MO3AUUHYIO
Mooenb. B pamkax 3TOW Mojmenu MeMOpaHa NpEACTaBIseTCS Kak TeKyuud (ochomumuaHbii
OHCIO, B KOTOPHKIN morpyxkeHsl cBoOogHO audyHaupytrome 6enku. [Ipexuss moaens [[3Bcona-
Januennau Oblia CTATUYHOW U yCHEIIHO OOBSCHSIA UMEBIIHECS B TO BpeMsl CTPYKTYPHBIE TaHHBIE,
NOJyYeHHBIE C JOBOJILHO HU3KMM pasperieHueM. B 1o sxe Bpems, HaumHas ¢ 1970 r. Gonbiioe
BHUMAaHHE CTAJIO YICTATHCA U3YUCHUIO TMHAMUYECKUX CBOMCTB M MX B3aUMOCBS3U C MEMOPAHHBIMU
byukmusamMu. B mocnenHue roAbpl  KUAKOCTHO-MO3aM4yHAash MOJENb TOXKE IOABEpraeTcs
Mou(UKaIMH, U ATOT Mpolecc OyaAeT NpoAoKaThesa. B yacTHOCTH, Teneps cTajo SCHO, YTO HE BCe
MeMOpaHHbIe O6eTKH cBOOOTHO TU(DPYHIUPYIOT B )KHUIKOM JTUMUAHOM Oucioe. IMeroTcs: JaHHbIE O
CYILIECTBOBaHHM JIaTEpalbHBIX JTOMEHOB B caMoil MeMOpaHe. TiiaTenbHO M3ydaeTcsi TakkKe poiib
nuTockenera. CTaHOBUTCA BCE OUYEBHUJHEE, YTO HEKOTOPBHIE YYaCTKM MEMOpaH OTJIMYAIOTCS IO
CBOCH CTPYKType OT KIACCHYECKOro JTUMUAHOrO Oucnos. Tem He MeHee, B 0003pUMOM OyyIieM
KUJKOCTHO-MO3aW4yHasi MOJENb B €€ pa3HbIX Moaudukamsx OyIeT CIyXHTh B KadecTBe
KOHLIETITYaJIbHOM OCHOBBI JIJI1 MHOTHX MEMOPaHHBIX UCCIICAOBAHUI.

OcHOBHBIM (YHKIIMOHAJIBLHBIM KOMIIOHEHTOM MeMOpaHbl SBJSIOTCS, MO-BUAMMOMY, OENKH,

TOrJa KakK poJjib JIMIIKUAOB B COCTaBC MeM6paH 3aKJII0O4acTCsa B CTaGI/IHI/ISaHI/II/I OHCIIOHHOM



cTpykTypbl. Ha 3ape pa3BuTusi MeMOpaHOJOTMM IOJIarajly, 4TO MeMOpaHHbIE OENKH IO CBOEH
CTPYKTyp€ JOBOJIBHO TOMOTEHHBI U YJIOKEHBI (KaK Mbl YK€ TOBOPUJIM) IO MOBEPXHOCTU OUCIION B
Bune PB-cnoeB. Ceifuac ckopee CKJIOHHBI CUHMTaTh, YTO, MO KpaWHEH Mepe y TpaHCMeMOpaHHBIX
OETIKOB T€ MX YYaCTKH, KOTOPBIE MOTPYkKEHbI B MeMOpaHy, coaepxkar o-cnupanu. KoHeuyHo, oueHb
XOTENIOCh OBl ceNaTh KaKHe-TO OJHO3HAYHBIC BBIBOABI 10 STOMY IOBOAY, HO OHH JOJDKHBI
OCHOBBIBaThCSl Ha (PAKTUUECKHX NaHHBIX. [lepen IHUIIOM OTPpOMHOTO CTPYKTYPHOIO pasHooOpas3us
pPacTBOPUMBIX OENKOB YYEHBIE MPUXOIAT K 3aKIIOYCHHIO, YTO MHTETpalibHbIe MEMOpaHHbIE OENKH
MOTYT OKa3aThCsl TOpA3J0 CIOXHee, YeM ceidac mpenacrasisiercs. Kiaccudukanms pacTBOPUMBIX
OETKOB 1O THIIaM CTPYKTYp Obla MpOBEIEHA TOJBKO IOCIIE TOTO, KAK YCTAaHOBHJIHM C BBICOKHM
paspemienueM cTpykTypy 6osiee 100 paznmuunbix 6enkoB. UTo kacaeTcst TpaHCMEMOPaHHBIX OEITKOB,
TO 3TO YAAJIOCh CAENAaTh TOJIBLKO B OJTHOM CiIydae - AJs 0enka (POTOCHHTETHYECKOTO PEeaKIIMOHHOTO
neHTpa Oakrepuil. Bmecte ¢ 3/eKTpOHHO-MHKPOCKOIIMYECKUMHU JAHHBIMUA HU3KOTO pa3perieHus O
CTPYKTYype OaKTepHOPOIONICHHA 3TO €IWHCTBEHHBIH MCTOYHUK, HA KOTOPOM MOKET OCHOBBIBATHCS
MOCTPOEHNE MOJCIICH JJIsl OOIBIIMHCTBA APYTHUX TPAHCMEMOPAHHBIX OCIIKOB.

Eme oaHMM BaXHBIM MOMEHTOM SIBJISIETCS BOIMPOC CHOCOOOB MPHUKPEIICHUS OENKOB K

mMemOpane. OHU CXeMaTHYECKH MPeICTaBICHbl HA PUCYHKaX.

1) C8assiBanue ¢ doy-  (2) BocHobwom aexmpo-  (3) B ocxobuom eud-  (4) Jasxopuba -
2umu "aKapHeimu” cmamuvecnoe 8R - pogobwoe c8R360- HUE CNOMOWUBH
bennamu Jsfarue ¢ bucaoem Banue HoRPANMU-  KOPOMKOO
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Jecudpozewasa) acHabusid denox ) orcudaia £.coli) Zpom by)

Z

202 O

ELIRELLL

CALLEALL

(7} Jaswopubarue
U ¢ noMOLbI0 KOBQ -
(6) MuoxcecmBernee JeHmKg COR3aH-
(5) Odurounsid mpancmemiparisie Ho20 AuUnUda
mpaHcmembpan - ceeMEHmbI
HeIl CeameHm
(ApuMEp : 2AUKO~ (npumMep : AaKMI3I0 - (AouMED : WEATYHAR
Popuw) nepMeaia) gocgamasia

FyHapuom)

1. Cs3bpIBaHue C OeIKaMH, IOTPYKEHHBIMU B OUCIION. B kauecTBe mpumMepoB MOXKHO npuBecTH F-
+ )
yacte H -AT®a3bl, koTopast cBsA3bIBacTca ¢ Fo-dacTbio, MOrpyXKeHHOW B MeMOpaHy; MOKHO

YHOMSIHYTh TaK)K€ HEKOTOpBIE OEJIKM LIUTOCKENETA.



2. CBs3bIBaHHE C TOBEPXHOCTHIO OHCIOS. DTO B3aUMOJEHCTBHE HMEET B TIEPBYIO OYEPEIb
3JICKTPOCTATHUECKYIO TPUPOAY (HAmpuMep, OCHOBHBIM OCIOK MHUETWHA) Wi THAPOGOOHYIO
(HampuMmep, MOBEPXHOCTHO-aKTHUBHBIC MENTUIBI U, BO3MOXHO, (pocdonumnassl). Ha moBepxHoCcTH
HEKOTOPBIX MEMOpaHHBIX OeNKOB UMEIOTCs TuapodoOHBIe AOMEHBI, oOpa3syromuecs: Onaromaps
OCOOEHOCTSIM  BTOPMYHOM WM  TPETUYHOM  CTPYKTYpbl.  YKa3aHHble  IOBEPXHOCTHbIE
B3aMMOJEHCTBHSI MOTYT UCIIOJIB30BATHCS KaK JIOTOJHEHHE K IPYTUM B3aUMOJICHCTBUSM, HAIIPUMEpP
K TPaHCMEMOPAHHOMY 3asKOPUBAHHUIO.

3. Cas3pIBaHME C MOMOIIBIO THAPOGOOHOTO "AKOpA'"; 3Ta CTPYKTypa OOBIYHO BBISABIAETCS Kak
MIOCJIEIOBATEIBHOCT HETOJISIPHBIX aMHWHOKHCIIOTHBIX OCTaTKOB (HampuMmep, y muToxpoma bS).
HexkoTtopsie MmemOpaHHbIe OEKHU UCTOJIB3YIOT B KaueCTBE SIKOPS KOBAJICHTHO CBSI3aHHbIE C HUMU
YKUPHBIE KUCIOTHI WK (HOCHONUTTUIBL.

4. TpancmemOpanuble 6enku. OHU U3 HUX MEpeceKkaloT MeMOpaHy TOJIBKO OJUH pa3 (Harmpumep,
mIMKO(OPHH), IPyTHE - HECKOJIBKO pa3 (HampuMmep, JaKTo3omnepmeasa, 0akTepuopoIOTICHH).
Paznmuuusamu Mexay HapyXKHBIMH (WM epru(epruuecKuMm) U BHYTPCHHUMU (MJTH UHTETPATbHBIMH )
MeMOpaHHBIMM O€NKaMHi HE 3a/aeTcsi CIMOCO0 MX MPUKPEIUICHUS K OWCIOI0; 3TH pa3inyus

OMPCACIIAIOT JIMIIb OTHOCUTCIIbHYIO CUITY CBA3BIBAHUS OEJIKOB.

MemOpaHHble O€KM — OCHOBHBIE YYACTHUKHU KIIIOYEBBIX IPOLIECCOB IO MEPEHOCY BELIECTB C
OJTHOW CTOPOHBI MEMOpPaHBI Ha JIPYTyIO, CO3JJaHUIO TPAHCMEMOPAHHBIX IPAJUEHTOB.
Bb11essitoT HeCKOIBbKO BUJIOB MEMOPAHHOTO TPAHCIOPTA: aKTHUBHBIM, MACCUBHBIM M BE3UKYJISPHBIN
(uTO3).
1. AKTHBHBIN: KOrJa BEILIECTBAa IEPEHOCATCS 4Yepe3 MeMOpaHy NPOTHB KOHLEHTPAILOHHOTO,
JIEKTPUUYECKOTO U APYTUX BUAOB I'PAJUEHTOB, HA 3TO TPATUTCS SHEPIHsI KIETOYHOIO METaboIM3Ma.
PaznuuaroT nepBUYHbIN aKTUBHBIN TPAHCIIOPT U BTOPUYHBIM aKTUBHBIN TPAHCIIOPT.
2. TlaccuBHbI: BemecTBO 0e3 3aTpaT SHEPrUM KJIETOYHOIO MeTaboyiM3Ma IMEPEHOCHUTCS depe3
MeMOpaHy B HalpaBJIeHUH rpaguenTta. B ero ocHoBe nquddysus u ocmoc. Auddysus onpenensercs
JBVKCHUEM MOJIEKYJISIDHBIX YacTHIl II0 HANpaBICHUIO KOHLEHTPALMOHHOrO rpanueHTa. /[lng
ckopocTu Au(y3un BaKHOW BETMUMHOM SIBIISETCS] KOHLEHTPAMOHHBIHN rpaguent. [log neiictBuem
AHTUINYPETUYECKOTO TOPMOHA MPOHHUIIAEMOCTh MeMOpaHbl MOXKeT Bo3pacTtaTh B 10 pa3. Ocmoc
ObuT OTKpHIT B 1748 1. OdumansHo cumraercs, 4to OTKphUl ero JKaH-AHTyan Moste. U3yuns
0COOBIE CBOMCTBA MOYEBOTO MY3BIPs JISATYIIKH, OH YCTAHOBHII, YTO 3Ta MeMOpaHa 00JagaeT 0COObIM
CBOWCTBOM: €CJIU 1O OJJHY CTOPOHY YHCTas BOJIA, 110 JPYTYI0 pacTBOPEHHBIE BEIECTBa (PacTBOPHI
caxapoB). B 3THX ycnoBHsAX BOJa HAUMHACT AKTMBHO MNPOHHKATh uYepe3 MeMOpaHy MOYEBOIO
my3bIps B pactBop. OcMoc 3akirodaeTcss B IEPEXOoJe MOJIEKYJ BOABI 4epe3 MeMOpaHy II0
HAIPAaBJICHUAM €€ KOHLEHTPALMOHHBIX I'PATUEHTOB JO HACTYILICHUS TUHAMUYECKOTO PAaBHOBECHS.

CymeCTBYIOT IHOHATHA OCMOTHYHOCTHM M TOHHMYHOCTH. Z[Ba pacTBOpa, B KOTOPBIX CO34ACTCIA



OJIMHAKOBOE OCMOTHUYECKOE JaBJICHHE 110 00€ CTOPOHBI MEMOPaHbI IPOHUIIAEMOH TOIBKO TSI BOJIBI
Ha3bIBAIOTCS M300CMOTHYECKHMH, PAacTBOPBI COAEpPXKAT B €JUHMLE O00BbEMa OJMHAKOBOE YHCIO
pacTBOPEHHBIX MOJIEKYJI. Eciin 0IMH U3 pacTBOPOB NMEET OCMOTHYECKOE JaBJICHUE 110 OTHOLIECHUIO
K JIpyroMy, TO IEPBBI PAacTBOP HAa3bIBAETCS I'MIIEPOCMOTHUYECKH, BTOPOH - TMIIOOCMOTHYECKHUM.
TOHMYHOCTB ONpeNENsIeTCs M0 PEeaKUu KIETOK U TKaHEH Ha UX MOIPY)KEHUE B pACTBOP; €CIU NPH
NOrPY’)KEHUH B pPAcTBOp TKAaHb HE Ha0yXaeT, HE CMOPIIUBAETCSA, TAaKOM pacTBOpP Ha3bIBAIOT
U30TOHMYECKUM I10 OTHOIICHUIO K TKaHW. Eciu mpu morpykeHun TKaHb HaOyXaeT - pacTBOp
TUIIOTOHUYECKUH, €CJIM TKaHb CMOPIIMBAETCS - PACTBOP FMIEPTOHUYECKUH.

3. lluTo3 (BE3UKYJISAPHBIA TPAHCIIOPT) — TPAHCIIOPT C MOMOILBIO BE3UKYIL.

MexaHu3M MEPBUYHOr0 AKTUBHOI'O TPaHCHOPTA

OHeprusg B JaHHOM ciydae KoHueHTpupyercs B Buie AT®. CymecTBYOT clenuaibHbIe
MeMOpaHHBIE HACOCHI, MX COBOKYIHOCTb M OIpEIENIIeT WHTEHCHUBHOCTh NEPBUYHOTO AKTHBHOTO
TpaHcnopTa. MICTOUHUK SHEpruM - KIETOYHBIA METa0O0IM3M, €CIH OTKJIIOUYUTh UCTOYHHMK 3HEPrUH,
TO HOHBI PacIOJIOKATCsl PAaBHOMEPHO, OTHOCUTEIbHO MeMOpaHbl. KOHILIEHTpAIlMOHHBIN TpaJueHT
HAaNpaBIeH BHYTph KIETKM, MOHHI Na'  MacCHBHO MOCTYyHAlOT BHYTph KieTku. Ho
KOHIICHTPAIMOHHBIA TPAJAMEHT TOCTOSHEH, TaK KaK €My MpPOTHBOCTOSAT Na-HacOChl, MEXaHU3M
paboThI KOTOPBIX MBI pACCMOTPUM B paMKax Kypca I03/JHee.

OcHOBHBIE 0COOEHHOCTH MEPBUYHOI0 aKTUBHOI'O TPaHCIIOPTa!

1. OcymecTBasieTcs NPOTHB KOHIICHTPALIMOHHOTO I'PAHEHTA.

2. CucremMa TEpBUYHOTO TpaHCHOpTa B BhIcHiel creneHn crnenupuuna (Na-cuctema He
NepeKayuBaET IPyrve HOHBI).

3. Hna ero oOecrneueHus HeoOxoauma Mousiekyna AT® wuam apyrue HMCTOYHMKM SHEPruu
(MeTabonmu4eckue bl OJOKUPYIOT HACOC).

4. OOmeHuBaeT oauH BUJ MOHOB Ha npyroi (K-Na nHacoc).

5. MHorue BUbI HOHHBIX HACOCOB BBIMIOJHSIOT JIEKTPHUECKYIO padoTy, MEpEeHOCs 3apsibl 4epe3
MeMOpaHy (pEOreHHbIN HAacOC - 3TO HAcOC, P pabOTe KOTOPOTO CO3/1AETCS IIEKTPUUECKUMA TOK).

6. AKTUBHBIH TpPaHCHOPT C T[IOMOIIBIO MOHHBIX HAcOCOB U30MpaTeIbHO MOJABISIETCS
onmokupyromumu  areHTamu. (CymecTByIOT cHenu(UyYecKre BEIIeCTBa, KOTOpPbIe OJIOKUPYIOT
JNaHHBIA HAcoc, HampuMmep, yaOamH — CEepIEYHBI TJIMKO3WJI. OTO BEHIECTBO KOHKYPEHTHO
OJIOKMPYET Y4acTKH, CBA3bIBafoNIMe HoHbI K.)

7. DOueprusi, HeoOXoaumas JUIsl TEPBUYHO AaKTHUBHOIO TPAHCIOPTA, BBICBOOOXKAAETCS TNpU
runponnze AT® gepmeHTaMu, pacnoiIoKEHHBIMA B MeMOpaHe. AKTUBHOCTh (DEPMEHTOB 3aBHCHUT
OT KOHIIEHTPAIIUH HOHOB.

MexaHu3M BTOPHUYHOI'O aKTHBHOI'O TPAHCIOPTA 3aKII0YaeTcs B IEPEHOCE BCHICCTB YCPE3

MCM6paHy IIPOTHUB KOHHOCHTPALIMOHHOI'O TI'paduCHTA, obecreynBacMoM BHCPFI/IGI‘/JI, KOTOpas



BBICBOOOKIAETCS TIPU TIEPEHOCE APYroro BEHIeCTBA MO TPaJAreHTY. To, 4TO TPAHCIOPTUPYETCS 1O
IPagueHTYy, HA3bIBAETCS] CUMIIOPTOM, WJIM KO-TpaHcnopToM. [Ipumep, TpaHCIIOPT aMUHOKHUCIIOT WIIH
caxapoB depe3 6uomMemMOpansl. Hampumep, B IpHCYTCTBUM BHEKIETOUHBIX HOHOB Na' TpaHCHOpPT
AJIaHWHA B KJICTKH OCYHICCTBIIACTCA OO0 TCX IOP, IOKA BHYTPUKIICTOYHASA KOHICHTPALIUA Na+ 6y,ueT
B 7-10 pa3s Gonblie BHeKIeTOuyHOH. Ecim Bo BHeKIeTOuHOM cpeae Na'  OTCyTCTBYeT, TO
KOHIICHTpaIUsl aJlaHuHa BHYTPH KJIETKHM HE OTJIMYaeTcs OT BHEKJIeTOYHOW. CHUCTeMBbl aHTHIOPTA,
WM KOHTP-TPAHCIOPTa — 3TO CUCTEMa BTOPUYHO aKTUBHOTO TPAHCIOpTa, (YyHKIMOHUPYIOIIAs Ha
OCHOBE  TIepeHOCUYMKa —  OOMEHHHMKa, OOECHEeYMBAIOIIETO  BHIBEACHME U3  KIETKHU
TPAHCHIOPTUPYIOIIETO BEIIECTBA TMPOTHUB €ro KOHIEHTPAIMOHHOTO TpaJueHTa B OOMEH Ha
COTIPSKEHHBII, TACCHBHO TTOCTYMAONIHI B KJIETKH MOTOK HoHOB (Na'; IBIIKyIIei CHIIOH sBIIseTCS
TIOTEHIMAIbHAS YHEPTUs KOHIIEHTPAIOHHOTO IpajueHTa HoHoB Na').

CuUMIIOPT M AaHTUIIOPT MOTYT, HalpUMEp, OCYLIECTBIISITHCS IPHU BCACHIBAHUM AMUHOKHUCIIOT M3
KUIEYHUKA ¥ peadbcopOIMy TIIIOKO3bI M3 MEepBUYHON MouH. [Ipm 3TOM HMCHONB3yeTcst SHEpTus
IpaJMeHTa KOHIeHTpanuy HoHoB Na ', cosnaBaemoro Na', K -AT®-a30ii.

MexaHn3Mbl IACCUBHOT'O TPAHCIIOPTA Yepe3 MeM6DaHH.

[TaccuBHBIN TpaHCHIOPT OCYIIECTBISIETCS TIABHBIM 00pa30M TPpeMs CIIOCO0aMH:

1. BemectBa, Haxoasmpecs B BOJHOW (a3e MO OJHY CTOPOHY MEMOpaHbI, PacTBOPSIOTCS B
JUTIUHO-0EIIKOBOM CJI0O€ MEMOpaHbI, MEPECEKAlOT €r0 W BHOBH NEPEXOASIT B BOAHYIO (a3y c
MPOTUBOIMOJIOXKHOW CTOPOHBI MEMOpaHbl. DTOT MEXaHW3M OCYIIECTBISIETCS TMOJ BIUSHUEM
menn06020 0sudxcenus yacmuy. J1jis Toro 4ToObI MONMACTh U3 BOJHON (hasbl B JIMMUAHYIO, MOJIEKYJIa
JIOJDKHA Pa3opBaTh BCE CBOM BOJOPOJHBIE CBSI3M C BOJOM, HAa 3TO 3aTpaydBaeTCs SHEPTHS S
KKaJI/MOJIb BOJOPOJHBIX CBsi3ei. UeM MeHbIe MoJIeKyJia o0pa3yeT BOJOPOIHBIX CBS3CH, TeM
OoJbllIe ee MIAHCHI MPOHUKHYTh Yepe3 MeMOpaHy. DTOT BUJ TpaHcnopTa (Oughgy3us) TONbKO s
HezapsbkeHHbIX Mosekyn (H,O, CO,, O,). Ha moaBMW»KHOCTH MOJIEKYJIbI BHYTPU MeMOpaHbl OyaeT
BJIMATH MOJIEKYJIsipHasi Macca U (opma Mosekybl. Ho camblii rinaBHbIN hakTop - 3T0 KO3 PUIHEHT
pactipenenenus. OH ONpeAeNsieTcs: SKCIIEPUMEHTAIbHO: OepeTcs MpoOupKa, coaepskaiias paBHbIC
00beMbl (KOJTMYECTBA) BOABI M OJMBKOBOTO Macja, 3aTéM B HeEE J00aBISETCS HCCIETyeMOe
BemlecTBo. [IpoOUpKYy XOpOIIEHBKO BCTPSIXMBAIOT, YTOOBI CMECh paclpefenunach MO BCEMY
00beMy. 3aTeM OIpeesisioT KOHIIEHTPAIMIO 3TOTO BEIIECTBA B BOJIE U B MacIe.

2. BemecTBa, KOTOpBIE TIEPEMEIIAIOTCS Yepe3 Nopbl Ul KAHAIbI MEMOPAHBI, 3aII0JIHEHHBIE BOJIOM.
OcHoBHasi Macca KaHaJIOB crenu@uyuHa (MPOIMyCKaeT TOJbKO OJWH BUJ HWOHOB), IPYTHE WU He-
WIM YacTHYHO cCHenu(HUUHBI, TMpPUYEeM KaHalbl 3alOJHEHBl BOAOW. DTO  JI0OKa3aHO
HKCIIEPUMEHTAIbHO B HAONIOJCHUAX Ha HCKYCCTBEHHOM JHMUAHOM Oucinoe. Ecim Ha ero
MIOBEPXHOCTh TIOMECTUTH JJIEKTPOJIUT, TO MPOXOXKICHHUS MOHOB HE HAONIOMACTCs, €CIH T00aBHUTH
KaHasooOpasyromue OelKd, TO BO3HHUKAET JJeKTpuYeckuil Tok. KanamooOpasyromue Oenku

BBIACIIIOT U3 MPUPOAHOT'O CbhIPpbA, IIPUUCM OHU CaMOCTOATCIBHO BCTPAUBAKOTCA B MeM6paHy. B



HACTOsIIee BpeMs pa3paboTaHbl METOMAbI BBIICICHUS KaHalooOpasyromux OenkoB. Hucratun -
NPOTHBOTPHUOKOBBI  aHTUOMOTHK, €r0 MOJICKYJIBl MPEICTABISIOT COOOW  CTEP)KHEBHIHBIC
0o0pa3oBaHus, KOTOpbIE MOTYT BCTPAaWBaThCs, KaK B €CTECTBEHHbIE, TaK U B HCKYyCCTBEHHbIE
MeMOpaHbI

3. Monekynsl TpPaHCTIOPTUPYEMOTO BEIIECTBA COCTUHSIIOTCS C MOJIEKYJIOH MEPEeHOCYHKOM
(TpaHCcIIOKa3a), BCTpPOCHHBIM B MEMOpPaHY W MIEPEHOCUUK ITOT OOJIeTYaeT TPAHCTIOPT (0OecueHHast
unu onocpedosannas ouggysus). Monekyiabl INEepeHOCUMKa BCEr/a >KUPOPACTBOPUMBI, OHHU
YCKOPSIIOT TPAHCIIOPT BELIECTB 110 UX KOHIEHTPAIIMOHHOMY HJIH AJIEKTPOXUMUYECKOMY T'PATUCHTY.
Ckopocth obnerdeHHod nuddy3um AOCTUTAET MAKCUMyMa, KOTJa BCE MOJICKYJBI IEPEHOCYUKA
OyAyT 3aHATHI TPAHCIIOPTHUPYEMBIM BEIIeCTBOM. [laHHBIM BU TpaHCIIOpTa MOKHO MHTHOUPOBATH C
MOMOIIBI0 XUMUYECKHUX aHAJIOTOB TPAHCIIOPTUPYEMOT'O BELIECTBA.

[MompoObHO MeXaHU3MBl AaKTHUBHOTO M MACCHBHOTO TPAHCIOPTAa MBI PACCMOTPUM Ha CIETYIOLIUX

JICKOUAX C UCITOJIb30BAHHUEM CXEM U PUCYHKOB.

Be3uKyaspHBINA TPAHCIIOPT MNPOUCXOAUT ITYTEM SHAOIUTO3a U 3K30IUTO34.

g oumrtoz. OBpazoEaHMe EE3MKY B OKPYHREHHOA KNATRMHOM.

Ha muxpothororpahun kneten {oxpacka (3EFP -

- seNeHHE QNyopecleNTHLE OpoTEHE) TOIMOMAIST
O¥TEM SHOOUHTOSA YAcTHIH, QIyopecle I HpYIOUHE
KPACHEIM IEETOM,



Ha mukpodotorpaduy nokazadel 4 kneTkw obknankm npoToka
(FK2OKPUHHEIR KNATKM) NOO¥ENY LOYHOR Henezwl. 30ece BCTpe-
MAKITCA ANMKANEHEIE NOEBNXHOCTH 3THY KNeTok. Cdie pUYeCKHe
TEN3 OTNOYKOBABLWMECA OT annapata [onen¥W BelDpacrEST
CEOE COMEPKUMOE (MPef WECTE BHHHKH NMLLEE APMTENEHEIX
fEpMEHTOE] E NONOCTE NPOTOKS NYTEM 3K30UMTOZE.

DTO BHJ TPAHCIIOPTA, IPU KOTOPOM BEIIIECTBA ITEPEKAYMBAIOTCS BHYTPh KIICTKU WIH U3 HEe BHYTPH
MaJIeHbKHUX ITy3bIPbKOB WM Be3WKyJ. JKHIKHE BellecTBa - NHUHOIMTO3, TBEPIbIC BEIIECTBA -
¢arouunTo3. Koryma nepeHocATcsi TOpMOHBI MJIM MEMATOPhI, TO BHAa4Yajie OHU B3aUMOJACHCTBYIOT C
MeMOpaHHBIMH perenTopamMu. PenenTopsl 00agaroT CrOCOOHOCTBIO K JIaTepainbHON nuddy3um,
Opy 3TOM 00pa3oBaHME KOMIUIEKCA DPELENnTOpa C JIMTaHAOM BBI3BIBACT IEPEMEIICHUE 3TOrO
KOMIUIEKca B yriryOnenne MmemOpanbl. OOpasyercsi okaiiMiieHHas! sMKa. BHYTpeHHsIsI TOBEPXHOCTh
MOKPBITa 0COOBIM OEJIKOM - KJIATPHHOM, OH CBSI3BIBACT 3aHSTYIO JIMTAHIOM MOJICKYIy peLenTopa,
3aTeM O3TOT OEJIOK YYacTBYeT B OTIIHYpPOBBIBAHHHM BE3HWKYJBl OT TOBEPXHOCTH MEMOpPAaHBI.
Besukybl pa3pymaroTcsi, HO HEKOTOPBIE IPOXO/ST HACKBO3b, M TOTJIA BELIECTBA BBICBOOOKIAIOTCS
¢ apyroii croponsl. Korza Be3ukymna pa3pymaercsi BHyTpU KJIETKH — 3TO SHIOLUTO3, BHE KICTKH —
9K301UTO3. MeMOpaHHbII MaTepHai 3aTeM BHOBb BKJIFOUACTCS B KIICTKY.

[MogBenem wutorn. Bce paccMOTpeHHBIE KICTOYHBIE MEMOpaHbl OTBEYAKOT EAWHOMN
CTPYKTYpHOHl MO, HO B TO JK€ BpEeMs  4YpE3BBIYAIHO pa3HOOOPa3HBl MO CTPOCHUIO U
(GYHKIMOHABHBIM — MposiBIeHHAM. OTpakeHHeM (PyHKIMOHAIBHBIX XapaKTepPUCTUK MeMOpaH
SIBIISIFOTCSL MX (POPMOOOpa3yIolIne, SHepreTHIeCKre, HHPOPMAMOHHbBIE U TPAHCIIOPTHBIC CBOMCTBA,
KOTOPLIC OCJIar0T MeM6paHy HCE3aMCHHMBIM M BE3JCCYHIUM KIICTOYHBIM KOMIIOHCHTOM. BepOfITHO,
YTO TPHHATAS KUIKOCTHO-MO3aMYHAsI MOJICb OyleT B OnbkaiiieM OyxynieM KOppEeKTHPOBATHCS.
OTa KOPPEKTUPOBKA 3aTPOHET INPEXKAE BCETO OTAEIbHBIE CTPYKTYPHBIE KIacTephl B MeMOpaHax,

CBsI3aHHBIE C BBIIIOJHEHHUEM ompeneneHHol pyHkiun. bonee noapobHoe paccMOTpeHHE CTPYKTYphI



TaKUX KJIACTEPOB (MJIM Y4acTKOB) MeMOpaH udepe3 MPHU3My BBIOJTHIEMON UMM (YHKIUU U OyIeTr

OCHOBHOM TeMOM HaIUX JICKIMI B paMKax Kypca «bruoxumus memOpan».

biaronapro 3a BauManue. Iloxainyiicra, Bamu Bonpocs!.
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