maBa XX

WNHaynMpoBaHHBIM MOHHBIM TPAHCIOPT

§ 1. BucionHble UM HBIE MeMOpPaHEI

OCHOBHEIE 3aKOHOMEPHOCTHM TPAHCIOPTA MOHOB Ye€pPe3 MEMOPAHEI M3Y9YEHBI B OMBITAX C
PA3INYIHLIMU MOJEIAMU, U3 KOTOPBEIX CAMOH OJM3KOM K OmoMeMOpaHaM OKa3alaChb OU-
caonsas aunuHas membpasa (BJIM) (cm. §2 ru. XV).

3aTpaThl SHEPruu, HEOOXOMMMEIE 1A MPOHUKHOBEHMA MOHA B HENOJAPHYIO a3y,
MOXKHO oueHuTh 10 (opmyrae Bopra [cm. (XVIIL.2.3)], cortacHo xoTopon sHeprus, 3a-
TpadmMBaeMas Ha TepEMeIIeHNe MOHA U3 BOALI B MEMOPAaHy, 3aBUCAT OT €r0O pAInyCa I 1
QUK TPUICCKAX TTPOHUIAEMOCTEN BOABI €5 U MEMOPAHEL €, .

B cucreme CI'C sTa ¢popmyna mmeeT HauboIee MPOCTYIO U HATVIAIHYIO 3ANUCh:

2262
W =S5 (16— 1/e), (XX.1.1)

rle Z — BAJEHTHOCTD UOHA, € — HIEMEHTAPHBIN 3apsa. PaccauTanHbie Mo JaHHOMY ypaB-
HEHMIO 3HAUeHWA cBOOOIHON sHeprum ais mepexofa KT m KT w3 Bognl B HemonapubI
PACTBOPUTEIH C €, = 2 COCTABIAIOT Goablyio Beanduny (250-350 k/1Ix/monb). Umenuo
2TO CO3MaeT OaPhEP, MPEMATCTBYIOMINY TIPOXOXK JCHUIO NOHOB IIEJOTHREIX METAJLIOB Y€pe3
ruApOodOOHYIO 9aCTh JUIKIHOTO OUCJIOA B HECUAPATUPOBAHHOUN (hOPME.

Kak Bugno m3 (XX.1.1), smeprus mepexoga MOHA B MeMODaHy CHUXKAETCA C yBe-
auaeHuneM paguyca uoHa. [losToMy KpymnHBIE OpraHmvYeckme HOHBI IPOHUKAKT Yepe3
BJIM gnerde, ueM KaTWMOHBI IIEJOYHBIX METAJNLIOB. [l TAKUX KPYHHBIX JUMOMUILHBIX
MOHOB, KaK TUIUKPUIAMUH U TeTPadEeHmIO0D, BO3MOKHO IPAMOE MPOXOXKICHUE UePe3
MeM6pany. [Ipu n3ameHeHuy rpafreHTa KOHIEHTPALNY B CIy9ae OJHOIO IIPOHUKAIOMIEr O
MOHA PA3HOCTH dieKTpuyeckux norexnuanoB Ha BJIM wmsmensercs B cooTBeTcTBHE C
ypaBuenueMm HepacTa. DTuM METOI0M OBLIO MIPOAEMOHCTPUPOBAHO HACCUBHOE TBUKEHUE
MPOHUKAIIAX MOHOB Yepe3 MeMOPAHBI MUTOXOHIUU, CYOMUTOXOHIPUATHLHBIX TACTWUII,
OaKTepUaTbHLIX XPOMaTO(OPOB P SHEPTO3ABUCAMOU TEHEPAIIUA MEMOPAHHOT0 TIOTEH-
mmana (M. nr XXIV).

Y Kak Bugno u3 (XX.1.1), BetuduHa sHEPreTUIECKOr0 6apbepa B MeMOPaHe yMeHbILIa-

eTcd, a CIeJ0BATEIbHO, IPOHUIIAEMOCTh MeMOPAHEL /I MOHA BO3PACTAET HE TOIBKO
PN YBEIUYEHUNM €r0 PaJUyCa, HO W TPHU TPUOIMKEHUN 3HAYMEHUN €, K €. Ha »Tux
dU3MIeCKUX TPUHINANAX U OCHOBAH IepeHOC MOHOB moHOodopamu. MoHODOPHT MOTYT
00pa30BBIBATE C NOHOM KOMILIEKC OOJIBIIO0 pa3Mepa — MePEHOCUYNKN — Ju00 (pOPMUPO-
BaTh MOPY B MeMOpaHe, 3alOJHEHHYI0 BOLOU, — KAHAJBL OTO MEXAHU3MBI IEPEHOCA —
C yJacTHEeM NEePEHOCYUKOB U Uepe3 HOHHBbIE KAHAJIBI — U3y4eHbl Hambosee MOAPOOHO B
onwiTax ¢ BJIM. O
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§ 2. IoaBuXHBIE IEPEHOCIUKH

ITepenoc nona 1epes meMOpaHy C yIaCTUEM IEPEHOCINKA BKIIOYAET CTALAN OOPA30OBAHUS
KOMILIEKCA MOHA C MOHO(OPOM HA OTHOU CTOPOHE MEeMOPAHEBI, HEPEMEIEHUs KOMILIEKCA
1epe3 MeMOpaHy, OCBOOOXK IEHUsA MOHA HA APYT'OU CTOPOHE W BO3BPALIEHUsA MOHOMOPA.
BosmoxHBI 1Be cxeMBl PA0OTHI MEPEHOCYMKA: MAJas «(KapyCelb», KOrga HOHOMOD He
BBIXOJIUT U3 MeMOpaHbl, 1 OOJbIIAA «KAPYCEeIby, KOI'Aa MOHOMPOP HPOXOAUT MeMOpaHy
HACKBO3b, & 00Pa30BaHUe U PACIA] KOMILIEKCOB IPOTEKAET B HEIePEeMelINBAEMbIX CJIOIX
0K0JI0 MeMOpaHbL. [[0 MEXaHU3My MaJOu Kapycean
OCyIIeCTBIATCA, HampuMep, meperoc Kt B mpu-
CYTCTBUU BAJIMHOMUIINHA.

DHEPruo KOMILIEKCA NOHA PALUYCOM T° C TIepe-
HOCYUKOM PaamycoMm b B MeMOpaHe C AWAJIEKTPU-
YECKOU MPOHUIIAEMOCTBIO €, MOXKHO 3aIMUCATh Ha
ocHoBanuu popmyasl Bopua (puc. XX.1):

W e’ 1 1/b XX.2.1
_2sMb+E(/T_/)’ (XX.2.1)

rae €x — d3(p@PeKTUBHAA AUIJICKTPUICCKAsSA NPOHU-
[IAEMOCTL BHYTPEHHEN C(Pephl KOMILIEKCOHA,. DHEP-
' KOMILIEKCA NOH-TIePEHOCINK OKa3bIBAETCA 3HA-

Puc. XX.1.

K pacuery smekTpocTaTHIeCKON
SHEpPrUu KOMILIEKCA NOH—TIEPEHOC-
YUK:

€v — JUDJIEKTpUIeCKas IIOCTOAHHAA
MeMOpaHbI, Ex — 2(pdEKTUBHAA TUIIEK-

TpUYECKaA TOCTOAHHAA BHYTPEHHEN
[OJOCTH  KOMIUIEKCOHA, T — DAJUYC
noHa, b— pagmyc KOMIIEKCA HOH—
[IePEHOCIUK

YATEIHLHO MEHBIIE DHEPIUU JEerUIPATAPOBAHHOIO
noua. Tax, [y 3aPAKEHHOT 0 KOMILIEKCA Pa Iy COM
1 HM cBOOOHAA DHEPTUA EPEX0a U3 BOALI B MEM-
6paHy cocTapiseT 0KOIo 15 k[ /MOIb B OTIAIIE
ot 3uadenun 250-350 x/x/Moib, COOTBETCTBYIO-
X DHEPIrUM AEeCHIPATALNNN CBOOOTHBIX MOHOB C
paguycom 0,1-0,15 mMm.

Cpenu coeiuHEHUN, OTHOCAIINXCA K MOHHBIM
IEPEHOCIUKAM, [IEHTPAIBHOE MECTO 3aHUMAIOT Ma-

KPOLUMKINYECKNE AHTUOMOTUKU, BHIJEJCHHBIE W3
MUKDPOOPT'aHU3MOB, W PAL CHHTETHIECKAX MaKPO-
nukangeckux Komiiekcouos (0. A. Opuunnuxos, A. M. lllkpo6, B. T. sanos). Hekoro-
pble COeUHEHU U3 DTOU IPYIIIL — HEUTPAILHBIE MIOHOMOPHI — HE CONEPKAT UOHUIUDY-
e€MBIX TPYMH. JTO MUKINICCKUE TOMUTNETTULL, [IUKITICCKIE MOJEKYIBI, COCTOAIINE 13
YepepyIIInuXCA AMUHOKUCIOT U 0-OKCUKUCJAOT (TaK HA3BIBAEMBIE IETICUTICITHIBI, TIPU-
MEpPOM KOTODBIX SBJAIOTCS BAIMHOMULVH U €00 AHAJIOIH), MAKPOUUKINIECKUE CTPYK-
TYDPBL, BKIIOYAIOMIUE Y€THIPE JaKTOHOBBIX KOJbIA, — MAaKPOTETPOIUAL (HOHAKTUH) —
U HEKOTOPBIE CHHTETUIECKUE MUKAmIecKne moan>duper. KoMmiekcer, o6pasyevuie Hen-
TPATbHBIMYA MAKPOUUKINIECKUMYA COSIUHEHUAMU C MOHAMU IIETOYHBIX METAJIOB, HECYT
MOJIOKUTEIBHBIN 3apsaa. [lepeHoc nona depes MeMOpaHy MTPOUCXOIUT B BUIE 3aPAKEHHO-
0 KOMILIEKCA.

Y PeHTreHOCTPYKTYPHBIN aHAIN3 TaKUX KOMILIEKCOB MOKA3LIBAET, UTO KATUOH BXO-

[IUAT BO BHYTPEHHIO MOJOCTH MOJEKYIBI HOHOPOPA, IpudeM 00pa30BaBIIAACA CTPYK-
Typa CTA0WIN3UPYETCS 38 CIET B3AUMMO IEUCTBUA NOHA ¢ 6—8 MOMAPHBIME TPy IIUPOBKAMY
(adupHBIE, AMUIHBIE WK CIOXKHOI(PUPHBIE). B TaKnx KOMILIEKCAX MOH METAIA DKPAHU-
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POBAH OT B3aMMOJEUCTBUA C PACTBOPUTEIEM. XUMUYECKOE CTPOEHUE MOJIEKYJbl BAJIU-
HOMUIIMHA TMOKA3aHO Ha puc. XX.2. Burcokas m3buparesbHOCTD BAIMHOMUALNIMHA K OOpa-
30BaHMIO KOMILIeKCOB ¢ KT nocTuraercsa xopommm cTepmaeckum cooTsercTueM KT m
BHYTPEHHEU TIOJOCTYU BAJTUHOMUIIMHA, KOTOpPYIO ob6pasyioT CO-rpynmel. Bamunomunus,
kommiekcysack ¢ KT, momsocThio ero geruapatupyet, a kapGorunsabie (CO—) gumonu
3aMeHAIT rugpaTHyio 060m04uky. Mon Na MoxeT moMecTuTbCsa B MOJOCTH BAIUHOMU-
IUHA, OJHAKO BCJACACTBME MeHbIIero (mo cparenmio ¢ KT) pamuyca oH okasbiBaeTcs
HE B COCTOSIHUM B3aMMOJEUCTBOBATHL C KUCJIOPOAOM KapOOHWIBHBIX rpymm. IlosTomy
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Puc. XX.2.

XuMIIECKOE CTPOEHUE HEKOTOPBIX MOHO(OPOB. I — MojeKyaa BaarnHOMUIuHA, I — cu-
CTeMa MEeTALI-KUCJIOPOIHBIX U BOJAOPOAHBLIX CBA3EU B CEPEOPAHON COMM HUTEPULINHA

SHEPIUA CBA3LIBAHNUA MOHA Na ¢ BOIOU I'MAPATHON 000JOYKN OKA3LIBAETCA OOJIbIIE SHEP-
PUM €r0 CBA3BIBAHUA C MOJEKYJOUW BAJTUHOMUIIMHA. FKCau ObI MOMEKYJIa BATMHOMUIINHA
OBLI& JOCTATOYHO IMOKOM M Pa3Mep MOJOCTH MOXKHO OBLLIO OBl (IIOACTPOUTE) IO Na+,
TO BaJIMHOMUIIMH He 00aaal OLI XOPOIIeH CeJIeKTUBHOCTBI0. MoJeKya BaInHOMUIIMHA,
neperocut “epes BJIM me 6omee 10* monos/c. |

HekoTopbie mOHOMOPHI, Takue, KAK HUTEPUIINH U MPU3OPUKCUH, (POPMATHLHO UMEIOT
HEIUKJITIECKOE CTPOEHUE, HO OHU TAKkKe CIOCOOHBI CBA3BIBATH MOHBI METAJLIOB, 00pa3ys
KOMILIEKCHI, B KOTOPBIX MOJEKYJIa HAXOAUTCSA B CBEPHYTOU, TICEBIOIUKINIECKON KOH(DOP-
Manuu. B murepummue u ero ananorax npucyrcrsyer COOH-rpynmna, nonusupoBanHas
npu HeuTpaabHbiX 3Hadenusax pH. [Ipeamosaraemoe cTpoeHne KOMILIEKCA KATUOHA, C HU-
TEePUIIMHOM TaKXe MOKA3aHO Ha puc. X X.2.
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Byayun caabbiMu KucaoTaMu M O JHOBPEMEHHO 00anas CIIOCOOHOCTBIO 0OPA3OBLI-
BaThb KOMILIEKCHI C MOHAMY METAJUIOB, HUI'EPULIMH U €r0 AHAJOIU [IEPEHOCIT Yepe3 MeM-
OpaHy Ccpasy ABa TUIA UOHOB, a MPU HAJIUYUU TPAJIUEHTA UOHOB UHIYIIUPYIOT OOMEHHBIN
rparcnopt (cM. §3 ru. XXIV). Tak, uurepunuu uagyuupyet B BJIM u Guomormde-
ckux Membpanax obmern H1 ma K. B pacTBope ¢ BEICOKMM cOepKaHWEM IPOTOHOB
HUTEPULUH NPOTOHUPYETCA U B (POPME HEUTPAILHON HEIMCCONUUPOBAHHOU MOJEKYJIBL
nepecekaeT meMOpany. Ha apyroun cropone MeMOpaHbI IPOUCXOAUT ACMPOTOHUPOBAHUE

AH
H+
K H* H*
A
1 11 i

Puc. XX.3.

NuaynupoBaHHEIN TPAHCIOPT MOHOB IPK yYACTUM PA3IUIHLIX IEPEHOCINKOB, | — Hen-
TpabHbIe nOHOMGOPE! (BamuHOMEIHMH), I — Hurepmiua (o6MerHBI TpancmopT HT u
K*); IIT — nunodurbueie pazodmuTenu dhochopurrposarus (MepeHoc TpOTOHOB):

A~ — nuccommumpoBanuas ¢opma mepeHocunka, AH — nporonupoBanuas ¢opma nepenocumka, V —
BAJMHOMUILIVH

COOH-rpynnsl HUCEpUIHA; IPH STOM MOJEKY.JIa CBEPTEIBACTCA B KOILIO BOKpYT KT.
CrabuibHas KOHGUrypauus 06pa3yeMoro KOMILIEKCA IO JePKUBACTCA B3AUMO [ENCTBY-
€M KaTHOHA C MUIOJBHBIMU YACTAMHU HOHO(MOPA M BOLOPOAHBIMU CBSI3SMU MEXKIY €ro
nporuBonotoxubiMu kKoHuaMu (puc. XX.2). IlepeHocunky AByXBaJeHTHBIX KaTUOHOB
X537 u A23187 ungyunpyioT srekrTponenTpatsaei oomer Ca’t u Mgt ma mpoTonsr.
PaccmoTpennbie BapuaHTH pab0OTHL MEPEHOCYNKOB MOKA3aHBl Ha puc. XX.3, 31ech
e M300paKeH MeXaHm3M mepeHoca HT IumoduisHBEIME OpOBOJHMKAMHI IPOTOHOB. lle-
PEHOC IPOTOHOB 4Yepe3 MeMOPaHy OCYIIECTB/SIETCS B OCHOBHOM CJIAOBLIMU KUCJIOTAaMU,
JIUCCOMMUPOBaHHaA (POpMa KOTOPEIX mpucoeamaseTr HT ¢ oOpaszoBanmem HeHTpPaIbHOM
mosekysl. HequcconuupoBauuas popma mpoToHOGOPA MEPECEKAET MEMOPAHY, IBUTASICH
[0 TPAJUEHTY KOHIICHTPAILINU; IEPEHOC OTPHUIATENBHO 3aPAKEHHON aHUOHHOUN (POPMEBL B
06pATHOM HANPABICHUM TPOUCXOAUT TOJ AEUCTBUEM DICKTPUIECKOro mosd. I1o Tako-
My MEXaHu3My PaboTalT PAa300MUTENN OKACIUTEILHOIO U (POTOCUHTETUIECKOrO (POC-
dopuwiupoBanus, nopeimaomue npourunaemMocts BJIM u sHeproconpsramommx memopax
mia HT, maxwe, xax 2,4- TuHETPOpEHON, KapOOHMIMMAHN IXI0PMEHMIT T IPA30H, TeTPa-
xaopTpudTopMeTUIGeH3nMuaa301 u ap. (puc. XX.4).

§ 3. Kananoo6pa3syroiue areHTs

Y [[BueHUe MOHA 3HAYUTETHLHO OOJErdaeTCs, €CAU MOJEKYJBl MOHO(pOpa 006pa3yoT

KOMILIEKC, UMEIOLINN BOAHYIO TOPYy — KaHaua. Haubomee n3BeCTHBIMU KAHAIOOODA3y-
IOIIMMU COEIUHEHVSME ABIAIOTCA MPAMULMUINH A, ajaMeTuI, aM(OOTEPUIIMH, MOHA30-
MUIIVH U TOJIUEHOBBIE aHTUONOTUKI. O
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Bce sty Mosmekyasl 06Ja7a0T CPOACTBOM K BOJHOU M OPraHUYECKOU (azam, UTo,
C ONHOU CTOPOHBI, MO3BOAAET UM OOPA3OBBIBATHL BOIHYIO MOPY, & C APYTOU — IPUBO-
OUT K CUIBHOU COPOIUU aHTUOMOTUKA HA MeMOpaHy. BHEIHAA 9acThb MONEKYJT B MOpE
ruapodoOHa, a BHYTPb KaHaIa O0pAaIeHbl XOPOIIO MOIAPU3yeMble I'DYIIIHL.

3apsAXKeHHbIE WIN CAJILHO MOJSAPHBIE CPYINBEl MOT'YT HAXOAUTHCA HA OJHOM KOHIIE
MOJIEKYJIbI. Takue IPYINIEBL CIy2KaT «IKOPEM», YIEPKUBas HOJAPHLIA KOHEIl Ha OJHOU U3
CTOPOH MeMOPAaHbI, ITO3BOJIAA MOJEKYJIe IPOHU3ATH M'UAPOPOOHYI0 YaCTh MEMOPAHHL.

OH
NO, NC
" Ca=N—NH
N Puc. XX 4.
Yo Cl XuMIIeCKOe CTPOEHME HEKOTOPBIX
2
JUNOPUIBLHBEIX NIEPEHOCIUKOB IIPO-
1 1 ¢ TOHOB
NC Ci N
\'C=N—NH 0—CF, \>_‘c F, [I—2,4-puaurpodenos; IT — xap6o-
Ne” cl N HUWIIAAHA IXJIOPGEHNAT 1 Pa3 0H; I —
. KapOOHUATIMAHU ATPUDTOPMETOKCHAD CHUI-
¢t ruapa3osn; IV — Terpaxiaoprpudropme-
II7 V1% Tua6ensumugazon (TTFB)
CHO — L-6aa — eau — L-ana — D-aeil
L-asa — D-6an — L-6an — D-6an — L-mpu — D-neii
L-mpu — D-aeit — L-mpu — D-neii — L-mpu — NHC,H,OH
Puc. XX.5.

Crpykrypa rpavunuaunaa A. Kax b ropusoHTANBHBIN P AMUHOKHUCIOT COOTBET-

CTBYeT IPUMEPHO OTHOMY HOBOPOTY TY 1-CIUPATH, THATOHATHHBIE JUHIN — TETITH THBIM
;

CBA3AM, COCIUHAIOMINM OTIeJbHbIE BUTKU CIUPAJIA

Nounnre kanaas B BJIM skcnepuMeHTATIBHO MOXKHO OOHAPYKUTH IO XapPAKTEPHO-
My ILIyMy OPOBOJUMOCTHU, BO3HUKAIOIIEMY BCJIEACTBUAE WX OTKPLIBAHUA U 3aKPLIBAHUA
(cm. §5 rur. XX). ITa uepTa QyHKIMOHUPOBAHUA KAHAIOB MO3BOJIAET OTIUIATE JaHHBIN
MEXAHU3M IPOBOAUMOCTU OT TPAHCIOPTA C YIACTUEM HEPEHOCUUKOB.

Kanaisi, o6pasoBanmasie rpavumuguaoM A. [lenTuguas nens MOTEKyIBI TDAMUALIA -
Ha A cdopMHUPOBaHA NATHAAUIATHIO M1APOMOOHEIME aMuHOKucaoTaMu (puc. XX.5), mpu-
JeM XapaKTEePHOU YePTON ABIAETCA YepenoBanue L- u D-kondurypauun aMuHOKKCIOT, a
TakXKe HaInIre (GOPMUIbHOU TPYIHsl HA N-KOHIE MOJIEKYIbl (T0I0BA) U STAHOTAMUHA Ha,
C-xonue (xBoct). Mosekyna nomHOCTbI0 ruapod06Ha, 33 UCKIIOIEHIEM KApOOHUIbHBIX
U UMUHOT'PYIII MENTUIHON LEMN U KOHIIEBHIX MOJAPHLIX T'PYIIIL.

Haxogsce B MemGpane, MOTEKy/1a IpAMULUANHA A CBOPAYUBAETCA B CIMPAJIEBU/I-
HYIO CTPYKTYPY — HOIYIOPY, CTAOWIN3UPOBAHHYIO TUAPOPOOHBIMU CBA3AME, U HOPMU-
PYeT TOJBI IUINHAD IJIUHOW OKOJIO 3 HM U AuamMeTpoMm mopkl okoao 0,5-0,8 um. Taxas
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CTPYKTYpa HA3BEIBAETCS ngD—anpa,ano. HasBanue ompegensercs TeM, 9TO KaXKIBIU BU-
TOK cnupaju 06pPAa30BaH IIECTbI0 AMUHOKUCAOTHBIMEU ocTaTKamu, npudeM CO-rpymnmst
L-aMUHOKUCIOTHBIX OCTATKOB OPUEHTUPOBAHLI BIOML OCK CHUPAIU MO HATPABICHUIO K
C-koHIy, & COOTBETCTBYOIINE TPyl D-0CTATKOB U TIMIMHA — K N-KOHIIY.

IIpu gobapmeHuy HEGOIBLIIUX Koaum4uecTB rpamunuauHa A k BJIM mabmwogamoTcsa
CKa4YKO0OOpa3HbIE U3MEHEHUs TOKa depe3 MeMOpany. [lpu ¢pukcupoBaHHOM 3HAYEHUN HA-
npsxenus Ha BJIM npoucxonsaT guckpeTHbe M3MeHEHUs IPOBOAUMOCTH MeMOPaH Mpu-

ru Puc. XX.6.
10 HCM:| ! l SaHHCH TOKa ‘Iepe:‘} O,[[I/IHO‘IHBIG Ka-
’ | I—

HaJwl, oOpaszoBauubie B bJIM rpamu-
10¢ U IUHOM A

Puc. XX.7.

Pasuosecue antu-33- (I) u nf p-companeir (IT)
FpaMULNUINHA A ; IITPUXOBLIMHU JUHUAMEA 0O03HA-
4enbl Bogopoausie cBsas3u (mo D. W. Urry, 1972)

HpeﬂHOHaFaIOT, 9T0 K%’D—Cnﬂpaﬂb MOXKE€T HaXOIUTHCA

)4 I B PABHOBECUU C APYTOU CTPYKTYPOU — TaK HA3BLIBAEMOU
aHTn—Bg—cnnpaﬂmo. B aHTn—Bg—cnnpaJm HET BHYTDEHHeN

OJOCTH, 7 TIO3TOMY OHa He MOKeT BMeIATh MOHb MeTamios. Tak kak anTu-35-crmpars nveeT Menbmmit
AWIOMBHBEIA MOMEHT, 9eM TP 1 -CIIHpAIb, TO PABHOBECHE MEXIy STHMH (HOPMAMH MOXKET CMEIATHCA B

Ty WX IPYT'yI0 CTOPOHY TOJ BIUAHMEM BHEITHErO DJIeKTPUIECKOTO IOJs

MepHO paBHou BeauduHbl (puc. XX.6). OHu MOryT OBITH BBI3BAHBL, HAIPUMED, 00Pa30Ba-
HUEM U PACIa oM OIMHOYHBIX KAQHAJOB TP ACCOMUAIINN IBYX MOHOMEPOB U TUCCOIIAAIIAL
ouMepa TpaMunuauHa. JuMepHas CTPYKTypa O0OpasyeT CKBO3HOU TPAHCMEMOpPAHHBIN
xanaa ¢ mpoBoauMocThio 0k0a0 40 mCm B 0,1 M pacreope KCI. Ilo Takomy kaunamty
MOxKeT meperocuThes okoao 107-108 monos/c.

[Ipryusbl EpEXOnOB MEX Ay MPOBOSAIIAM X HENPOBOLAIIAM COCTOSHUAMY KAHAIA
MOT'YT OBITH PA3IUYHBL. AJTBTEPHATUBHBIN MEXAHU3M OTKPBIBAHUSA DPAMULIN[AHOBBIX Ka-
HaJIOB TIOKa3aH Ha puc. XX.7.

OTHOCUTENBHO HI3KAS CEJEKTUBHOCTD MPAMUIININHOBOIO KAHAJIA MOXKET OBITH CJI€ /-
CTBUEM DJIACTUYHOCTHU CIUPAILHOU CTPYKTYPHI. I[Ipu BXOLe MOHA B KAHAJ BOLA TUIPAT-
HOU OOOIOYKU YACTUYHO 3aMENIAeTCsa Ha KapOOHWIbHBIE DPYIIIbL, OODAILIEHHBIE BHYTPD
mopsl. IIpu 5TOM IPOUCXOAUT HEKOTOPOE CMEIeHNEe KapOOHMWIBHBIX IPYIII 10 HAIPABJIe-
HUIO K OCU CIUPAJH, B PE3y.IbTATE Yero AMaMeTp MOPHI CYKAeTCA IPUMEPHO 10 pa3Mepa
nona. Takum 00pa3oOM 00€CIeINBAETCA HAUOOJEE CUIBLHOE B3AUMOJEUCTBUE KATUOHA C
JUTQHIHOW CUCTEMOU KAHATA.

I'pavunu qua — kpanne spdekruBabi MogupukaTop BJIM. B cybmukpomoaspubix
KOHIIEHTPAIMAX OH HOBHIMaeT mpoogumocts B 109-10% pas mo ormomenmo x ypopmio
TIPOBOAMMOCTHY HEMO IUMDUIIUDOBAHHBIX MEMOPAH.
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AnaMeTHiMH, DTO NENTUIHLI AHTUOMOTHUK, COCTOAUN u3 20 IpenMyIecTBEHHO
ruApOdOOHBIX AMUHOKUCIOT, OOBEIUHEHHBIX B JUHENHYIO nenb. [IpoBoaumocts BJIM,
HAXOISIINXCA B BOMHOM PACTBOPE, B HPUCYTCTBUU ATAMETUINHA PE3KO 3ABUCUT OT
KOHIIEHTPALUY AHTUOUOTUKA U DICKTPOIUTA U OT 3HAYEHUS MEMOPAHHOTO MOTEHIINAIA
(puc. XXI.8).

YCTaHOBIEHO, 9TO KAXK LI KAHAT, 00PA3yeMBbIl ATaMETUIIMHOM, MOXKET UMEThH He-
CKOJIBKO (10 ceMu) cocTOosHUN npoBogumocTu. [IpennosaraoT, 970 KaHaI IpeqCTAB/IIeT

i MKA-CM2
20 |

10 |

L
—200

00 o, B P {’PC{}; GI::)(\\}
CI°Q9 = o

Puc. XX.8. Puc. XX.9.

3aBucumocts nposogumoctu BJIM (B C6opxa anameruimnHoBoro kanaua. Iloka-
IPUCYTCTBUM AJAaMETULUHA) OT 3HAYEHUs.  3aHbl PA3/JIAIHLIE COCTOAHUSA KAHALA, COOT-
MeMOPAHHOIO IOTEHIHAN (¢): BETCTBYIOIIE TPUMEDPY, T€TPAMEPY U II€H-
i — TOK 4epe3 MeMOpaHy TaMepy U3 MOJEKYJ aJIaMETUIINHA

co60U BOJHYIO MOPY TIEPEMEHHOTr0 AraMeTpa. [JobaBierue OQHON MOICKYJIEI ATaMeTUIIN-
HA B KOJBIIO MOJEKYJI, 0Opa3yOINUX BOJHYIO MOPY, IPUBOANT K yBEIXICHUIO d(PQEKTUB-
HOT'O CEYeHUA MOPHI, a KAXKJIOMYy COCTOAHMIO KAHAJIA COOTBETCTBYET OMpPEIEeICHHOE KO-
JMYECTBO MOHOMEPOB B KoJble. IlepBoe mpoBoaAIee COCTOSHAE 00y CIOBICHO TPUMEPOM
U3 MOJEKYJ ATaMeTHUIMHA, BTOPOE — TeTpaMe-
pom u T. 1. (puc. XX.9).

In N(?)

Y CocrosHre KaHaTa XapaKTepusyeTcs He 100
TOJBKO BEIUYUHOU TPOBOAUMOCTHU, HO WU

cpegHuM BpeMmeneM xku3Hu. Eciu mepexo el Mex- 10

Oy OTKPBITBIM W 3aKPBITBIM COCTOAHUAMU KaHa-
JIa ABISAIOTCA CIYYAUHBIMU, T.€. TPENCTABIAIOT
€cO00M MAPKOBCKUY MIPOIECC, TO 3aBUCUMOCTE U1- 5 10 15 20 t, ¢
ClIa KaHaJOB, BpeMA XKW3HN KOTOPBIX IIPEBHIIIA-

er 3agannoe Bpems t, N(t), or 3uadenus mapa-  Puc. XX.10.

MeTpa t B HOJyJOrapudMmUIecKuX KOODAWMHATAX  PacmpeleneHne BPEMEH KU3HUA aM-

cupsmisercs (puc. XX.10). O  ¢oTepuumHOBEIX KAHAJIOB:
Cpeanee BpeMs XKU3HH KaHATA To ONPees- N(t) —9uCca0 KaHATOB, HAXOAAMMXCA B
€TCsA YPaBHEHUEM OTKPBITOM COCTOAHMK B T€IeHHE OOJIBIICrO

BpeMeHH, JeM 3aJaHHOe 3HaIeHue

N(t) = Ny exp(—t/0). (XX.3.1)




110 Tnasa XX. MHAyUuMpOBaHHBIN MOHHBIA TPAHCIOPT

Bemuuunua t¢ cBA3aHA ¢ KOHCTAHTOU CKOPOCTHU MEPEXOa KAHAJIA U3 OTKPBITOTO B
3aKPBITOE COCTOsIHUE 0L COOTHOLIeHNEM o = 1/7g. |

[luckpeTHBIE U3MEHEHUsA MPOBOIUMOCTY PETUCTPUPYIOTCA JUIIL B TOM CIydae, KO-
r'Ja TPOBOAMMOCTEH MeMOPAHbI COITOCTABAMA C IPOBOANMOCTHIO OIMHOYHOI'O KAHAIA, T. €.
pU KparHe MAJIBIX KOHIEHTPAUUAX aHTUOn0TUKA. [Ipu BEICOKOU cTenenu Moandukanuu
MeMOpaHbL AaHTUONOTUKAMHU €€ IIPOBOIUMOCTD Ha HECKOIBKO IOPAAKOB IIPEBBIMIAET IIPO-
BOJVMOCTb OJUHOYHOI'O KaHAJIA U JUCKPETHBIE U3MEHEHU IPOBOANMOCTY HEM3MEPUMBI.
Tem He MeHee CYIIECTBYET BO3MOXKHOCTBH OTJINYMUATH MEXAHU3MBI IIEPEHOCA C YIACTUEM
MOABUKHBIX TIEPEHOCYUKOB U TIO MOHHBIM KAHAJIAM M0 U3MEPEHUAM WHTErPAIBLHOU MPO-
BOJUMOCTH.

Puc. XX.11.

Kornenrpanmonnnie 3aBucuMOCTH

npoBogumvoctu BJIM ma mocross-

oM (I) u mepemennom (II) Toke B

ClIydae TPAHCIOPTA MO KaHAJILHO-
¢ My mexanusmy (1) u ¢ ydactumem
I I [OABUKHBIX IIEPEHOCIUKOB (2).

ﬂBa MEXaHU3Ma MOHHOT'O TPAHCIIOPTA (KaHa.JIbI n HepeHOC‘{I/IKI/I) MOXHO Pa3anuYaTh 110 KOHIIEHTPAIIA-
OHHBIM 3aBUCUMOCTSAM MPOBOAMMOCTU HA MEPEMEHHOM TOKe, 60Jee MH(POPMATUBHBIM, Y€M W3MEDEHUS
Ha IIOCTOAHHOM TOKeE. HaanMep, 3aBUCUMOCTH IIPOBOAUMOCTHU Ha IIOCTOAHHOM TOKE OT KOHIEHTpaInm
[MEPEHOCUMOr0 MOHA KAK [ TPAHCIOPTA C MEPEHOCUYMKOM, TAK U MO KAHAILHOMY MEXAHW3MY HOCHUT
HEMOHOTOHHBIN KyMOJOOOPAa3HBI XapakTep. IJTO OOBACHAECTCA OJIOKMPOBKOW KAHAJIOB IPU BBICOKUX
KOHIIEHTPANUAX TPAHCIOPTUPYEMOrO MOHA. B Ciaydae MOIBUKHBIX MEPEHOCIYUKOB CHUKEHUE CKOPOCTH
MEPEHOCa TPU BLICOKUX KOHIEHTPAIUAX OGYCIOBIEHO OTCYTCTBUEM CBOGOTHOU (POPMBI MOHODOPA, TAK
KaK BeCb I/IOHOq)Op HAXOAUTCA B BUJI€ KOMILIEKCA C KATUOHOM. Ha IepeMeHHOM TOKE 3aBUCUMOCTHU IIPO-
Bogumoctu BJIM s 1ByX pasHbIX MEXaQHU3MOB MEPEHOCA OTIMYAIOTCA. [IpyM BBICOKMX KOHIIEHTPAIUIX
DIEKTPOJSUTA BXOJHBIE YIACTKM KAHAJOB 3AIOJHEHBI, TEPECKOKW [9€pe3 IeHTPAJbHBI 0aphbep HEeBO3-
MOXHBI ¥ IIPOBOJAMOCTb KaHAJNA HA IEPEMEHHOM TOKe OCTaeTCA HU3KOU. B TO e BpeMms 3apsKeHHbIe
KOMILIIEKCHI [IEPEHOCYMKA C KATMOHOM ¥ HA BBICOKOM 4aCTOTE MOI'YT IEPEHOCHTH TOK 4Yepe3 MeMOpaHy,
6aarogapsa 4eMmy npoBoauMocTh BJIM ¢ mepeHoCYnKOM OCTAeTCS BBLICOKOU

Oaus u3 MOAXOLOB COCTOMT B TOM, YTO MeMOPaHy OXJIaXkKIAT IO TEeMIepaTypb
HIKe ToYKu (paz3oBoro mepexona gunmga (cm. §1 ro. XVI). Ilpu sToM mpoBoauMocTh
BJIM, nuayunpoBaHHasA IO IBUKHBIMY TEPEHOCINKAMY — BATMHOMUIINHOM WX HOHAKTU-
HOM, — 3HAQUUTENbHO YMEHBIIAETCS, a TPOBOANMOCTD, NHAYINPOBAHHAA TPAMUIII TUHOM,
[IOYTY HE M3MEHsEeTCS. YBeJINIeHre BI3KOCTY MEMOPAHBI IPY IOHMKEHUYN TEMIIEPATYPHI
[IPEeATCTBYeT ABUXKEHUIO I10JBUXKHBIX IEPEHOCINKOB, HO OKA3bIBAET OTHOCUTEILHO CJIa~
60€ BIWSAHME HA TPAHCIOPT MOHOB Yepe3 KAHAJ, NPOHU3LIBAIOUINA MEMOPAHy HACKBO3b.
[pyron mogxon COCTOUT B CPABHEHUM MPOBOAUMOCTUA MEMODAH Ha TTEPEMEHHOM TOKE
(puc. XX.11).

§ 4. Biuanue IIOBEPXHOCTHOI'O U JUIIOJBHOI'O ITOTEHITNAJIOB
Ha CKOPOCTHb MOHHOI'O TpaHCIIOpTa

IIpoBogumocTs MeMOpaH, MHAYUIUPOBAHHAS HEUTPAILHBIMUA KOHO(POPAMU-TIEPEHOCIUKA-
MM, CYILIECTBEHHO U3MEHAETCA IPU BBEJICHUM B BOJHBEIE DACTBODHI 3apPAKEHHBIX IIOBEPX-
HOCTHO-QKTUBHBIX BEIIECTB U AUMNOJBHBIX MOAU(PUKATOPOB. DTO OOBACHAETCSI TEM, 9TO
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[OBIKEHIE 3aPSXKEHHBIX KOMILTEKCOB noH-Trepenocuuk depe3 BJIM u kineTounbie memGpa-
HBI CyIIECTBEHHBIM 00PA30M 3AaBUCUT OT CKAYKOB MOTEHIIUAIA HA I'PAHUIE MEMODAHHI C
DJIEKTPOJIUTOM, HA3BIBAEMBIX TDAHUIHBIMY TOTEHITNATAMHA.

I'pasnussm norenmman ¢, (puc. XX.12) ckIageIBaeTCA U3 IBYX KOMIOHEHTOB —
IIOBEPHOCTHOI'O MOTEHNNAIA @y U JUIOIBHOIO MOTEHINAIA (4

Po = Ps + Pa- (XX.4.1)
|

Puc. XX.12.

I'pasnunbm moTeHmmax ((p) Kak
CyMMa IOBEPXHOCTHOIO (@5) U au-
HOJBHOIO ((g) IOTEHIIMATIOB

Mem6paHa HaxXOQWTCA B CAMMETPUYHOM
MOHHOM OKDYXKEHHU IPU OTCYTCTBUHI
BHEIITHE NIPWJIOXKEHHOU Pa3HOCTY TOTEHIIU-
aJoB

IToBEPXHOCTHBIM TOTEHIAT OOYCIOBICH (PUKCHPOBAHHBLIMU 3apPALAMEA MEMODAHEL,
06pa30BAHHBLIME TUCCONUUPYEMBIMIA MPYTITAMA B TOIAPHLIX TOJOBKAX JUTHAIOB, & TAKKE
MOHW3UPYEMBEIMU TPYNNAMHA AMUHOKHUCIOT, BXOOAMNX B COCTAB CTPYKTYPHBIX GEITKOB
meMOpanel. PUKCUPOBAHHLIE HA MOBEPXHOCTH MEMODPAHBI 3aPAIEL U IPUTATHBAIOIIAECT
K HUM [IPOTUBOMOHEI 00PA3yoT OBOMHOU daekTpudeckun caou (cm. § 5 ru. XVIII).

[I10THOCTE (PUKCUPOBAHHBIX 3aPAN0B MEMOPAHBEI G OOBLITHO HAXOAWTCA B MPEIeIax
ot 0 10 5 mxKa/cm? u 3aBucut oT cocrasa qumugos u pH cpenst (cum. §1, 2 r. XV).
OTpunaTenbHLIR 3apAn MeMOpaH BO3pacTaeT ¢ yeenmyaerueMm pH cpensr.

[lnoTHOCTE 3apAK0B MEMOpPAHBLI M3MEHAETCA TAKXKE B PE3y/IbTaTe aacopbnum Ha
MeMOpaHe KATMOHHBLIX M AHUOHHBEIX NETEPreHTOB, HAPUMED IEeTUITPUMETUIAMMOHLA
Wiy 10 genmicyabdara, a Takxke mEoropatenTHex noHOB (Ca, La, Al, MHOrOBaseHTHBIE
AHVOHBI).

Y [UMONBHBEIN CKAYOK TTOTEHIINAI 00PA30BAH OPUEHTUPOBAHHLIMY JUMOIAMYA BOLLI U

TIOJIAPHBIX TPYIIT JUTHIHEIX MOJeKy 1. Ha OCHOBAHUY N3MEpEHUN MPAHUIHOTO TIOTEH-
[[AaJa MOHOCJIOEB Pa3JUYHBIX JANALOB OBLI CHETAH BBIBOA, 9TO rugpodobHas 00IaCThb
BJIM sapsixeHa mOJ0XKATEIHLHO HA HECKOJIBKO COT MULJINBOJIBT IO OTHOIIEHUIO K IOTEH-
[UALY BOJHBIX PACTBOPOB y I'PAHUIBI ¢ MeMOpaHou. [IpuHATO cUuTaTh, 9TO B OTJIAYIUE
OT TMOBEPXHOCTHOT'O MOTEHIINATIA JAUMITOJbLHBIU TTOTEHIuaI He 3aBucuT oT pH u monnon
CIJIBI BOJHOT'O PACTBOPA.

[UMONBHBEIN TTOTEHIMAT MOXHO MEHATH, BBOAA B BJIM pasiuvnbe BerecTsa — Qu-
MOJBHBIE MOAU(DUKATOPHI, JEKTPOHEUTPAIBHBIE MOJEKYIbI KOTOPBIX O0JALAI0T 3HAYU-
TeJbHBIM JUIOJIBLHBIM MOMeHTOM. K Takum BemrecTBaM OTHOCATCs, HAIIPUMED, XOJECTe-
puH, camunmiaMug u GaopeTud. [IOBepXHOCTHBIN U IUMOJLHBIN MTOTEHIIUATE OTHOCATCA
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K OJHUM F3 OCHOBHHIX (h)aKTOPOB, OIPEeNeNAIMNX IPOHUIAEMOCTD JUIUIHLIX OuCIOEB
[UI TPOHUKAIOIIAX MOHOB U 3aPIKEHHBIX KOMILIEKCOB MOH—TIEDEHOCYUUK. JHAYEHUE I10-
BEPXHOCTHOI'O IOTEHINAIA ONpeeasIeT PABHOBECHYIO KOHIIEHTPAIINIO NOHOB B MeMOpaHe
Ha I'PAHUIE C PACTBOPOM:

cp = YCexp (—%) , (XX.4.2)

rae y — Koap@uuueHT pacupeneneHns NOHA WIN 3aPAKEHHOIO KOMILIEKCA MEXIy MeM-
OpaHou U BOAOU. FCJIM MOBEPXHOCTHBIN MOTEHIMAN OTPUIATEICH, IYTO XaPAKTEPHO [
OOJBIINHCTBA KIeTOYHBIX MeMbpaH u MHOrux BJIM, To npumemOpaHHAas KOHIIEHTDAIIMS
KATHOHOB IIOBBIIIIEHA, & COOTBETCTBEHHO IIOBBIIICHA U KOHIIEHTPAIUA KATUOHOB B MeM-
OpaHe Ha I'DAHUIIE C PACTBOPOM. |

3HavueHne QUIOJLHOIO MOTEHIUAIA ONPENeaseT B Ka9eCTBE OJHOU U3 COCTABJIIAIO-
X BBICOTY MOTEHIMAIBHOIO 6APhEepa MJsA MePeX01a 3apAKEHHBIX JACTUIl B MEMODAHY.
Tax kax TPOBOAMMOCTH MEMOPAHBI g MPOMOPIUOHATLHA MTPOU3BEICHUI0 PABHOBECHOU
KOHIIEHTPAINY 3aPAKEHHBIX YaCTUI] B MeMOPAHe y TPAHUIILI C PACTBOPOM HA, KOHCTAHTY
CKOPOCTH X [IEPEMELIeHUs depe3 MeMOpaHy v, To ¢ yaeroM (XX.4.2) noaygaeM npocTyio
opMyy, OMUCHIBAIOIIYIO 3aBUCUMOCTD MPOBOAUMOCTY OT TPAHUIHOIO MOTEHIIUAJIA!

g = ycexp (— Z;;ES) Vo €Xp (—Z]};;Ed) = gpexp (—Z]};;Eb) ) (XX.4.3)
Basentrocts 2z B (XX.4.3) oTHOCUTCA K 3apALy TPAHCIOPTUPYEMOI'O MOHA B CIy4dae
[IPAMOIO IPOXOXKACHUS NOHA U K 3aPSLy KOMILUIEKCA HOH-IEPEHOCUNK B CJIY9ae WHIYIIN-
POBaHHOI'O MOHHOT'O TPAHCIIOPTA.

W3 ypasuenus (XX.4.3) BUAHO, 9TO yBeaMUEHUE OTPULATEILHOIO IOBEPXHOCTHOI'O
noTeHnuaia (Ipy HEM3MEHHOM 3HAYEHUM IUIOJBHOrO MOTEHINAJA) JOJKHO COIPOBO-
KAATHCA yBeIUueHueM mposogumocTu BJIM, uHIyIUpyeMOU MOJOXKUTEMILHO 3aPAKEH-
HBIMU KOMILTEKCAMY HOH—TIEPEHOCYIUK. DKCIEPUMEHTAIBHOE UCCICIOBAHNE 3ABUCUMOCTY
nposogumoctu BJIM, uHIyIupOoBAHHON MOJOKUTEIBHO 3aPAKEHHBIM TOHO(POPHBIM KOM-
IUIEKCOM HOHAKTUH—KAJIUU, MOJHOCTHIO MOATBEPKAAET 3TO Npeamnonoxenue. Tak kak
3apan BJIM o6pasyeTcs B pe3yabTaTe AUCCOUMANNYN KUCAOTHBIX M OCHOBHBIX TDYIII
rOJIOBOK (pOCGOMUNUIOB, TO OH MEHAETCA B 3aBucuMocTu oT pH, 4To mpuBoguT ¥ pocty
npoBoaUMOCTH ¢ yBenauwdenueM pH B npucyrcTrBuu HOHakTHHA. B cooTBeTCcTBUEM C hOp-
myqon (XX.4.3) mposogumocts 3apsxkenHsix BJIM, unaynupyemas HOHAKTHHOM, IPH
HEUTPAJbHBIX U IIEJOYHBIX 3HaUYeHUAX pH CHuXKaeTcs ¢ yBeJudeHneM HOHHOU CUJIBI, YTO
BBI3BAHO DKPAHWPOBAHUEM IIOBEPXHOCTHOI'O 3apsa, YMEHBIICHUEM 3HAYCHUA Qg U CO-
OTBETCTBYIOIIVM CHUXKEHUEM DPABHOBECHOU KOHIIEHTPAIUU TOJOKUTEIHHO 3aPAKEHHBIX
HOCHTeNen TOKa B MeMOpane (puc. XX.13).

[Junonbuein MoauduxaTop camuumiamug B KouuenTpauuu 10 MM mnoBbimaer B
20 pas nposoaumocTts BJIM s KaTHOHOB 1 BO CTOJIBKO K€ Pa3 CHUXKAET IPOBOIUMOCTh
[JIsI AHUOHOB, HO HE OKA3BIBAET BIUAHUSA HA DICKTPOKMHETUIECKUU (A3€Ta) MOTEHIMAL
BE3UKYJI. YKA3AHHBIE W3MEHEHUs OOYCJOBJIEHBI CIBUTOM AUIOILHOTO MOTEHIINANA, HA,
BemuuHY OKoaI0 75 MB. ®aoperun B xonnenTpamuu 10~* M HOBLIMIaeT IPOBOIMMOCTD
BJIM pns xatmouoB B 1000 pa3, 9TO COOTBETCTBYET CABUTY IUIIOJBHOTO TTOTEHIINAIA
ua 180 mB.

Ecan u3pecTHA MIOTHOCTE N PACIIONOXKEHUS [UAIOJBHBIX IPYIII, OPUEHTUPOBAHHBIX
HepIeH UKYIAPHO IIOCKOCTH MeMOPAHL], I U3BECTHA BEIUYINHA JUIOILHOI'O MOMEHTA U,
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C
g’l Ofg L I & Cum i
10741
103 L
—4 1
10 106F o~ =)
3
1075 L
1076 108 F
1 1 1 1 1 1 1 1 1 1 1 1 1
234567 8910pH 1073 102 107! cLiCl, MM

Puc. XX.13.
BJII/I}{HI/IQ TIOBEPXHOCTHOT'O 3apAla Ha WHAYOUPOBAHHYIO HOHAKTWHOM HOPOBOANMOCTH
BJIM (g):

I — Bimanue pH wa mposoaumocTs BJIM n3 amdorepnoro ¢ocdarugnryranoramuna, II — Biuaaue
MOHHOU Cuibl HA npoBogumocTs BJIM u3 docdaruamisranonamuna npu pasnaniabix pH (1 — 10,95 2 —
5,5; 3—2,4)

MOXKHO OLICHUTHb ,ELHHOJIbeIfI IIOTEHOUAJI:

or = 2 (XX.4.4)
€o

SHAYEHUs MUIONBHBIX MOMEHTOB HEKOTOPBIX XUMUYECKUX CBA3EU U MOJEKYJIAPHBIX
rpynmn npuBeneHsl B Tadaume XX.1.

Ipu pacuerax mo (XX.4.4) HEOGXOAUMO YIUTHIBATE, YTO JUNOJILHBI MOMEHT BEJIU-
aunol onuH nebait coorsercTyet (1/3)- 10729 Ka - m B cucreme CHU.

Nsmenenune nposogumoctu BJIM mpu agcopOiiuu Ha HE 3apAXKEHHBIX IEeTEPreHTOB
7 MOHOB MHOI'OBAJEHTHBIX METAJIOB TAKXKe OOBICHIETCS WU3MEHEHWEM MOBEXHOCTHOI'O
norennuaaa BJIM.

Tabanna XX.1.

JunonbHBIe MOMEHTEL MOJIEKYJISIPHBIX Py 1 xuMudeckux csa3er (mo S. Ohki, 1985)

[IumoNbHBIE MOMEHTEI CBA3eM B MULIAAE6aAX JunonpHbIE MOMEHTHI I'PyHI B gebasx
I Amndarudeckue ApomMaTudeckue
pymmna

CH, CO€eIMHEeHNA CO€IMHEeHNA

n=0—1 CHz—C 0 0,4
)

fH2/H = 360 (wlD) c-al 2.1 16
Ct=0 C—Br 2,0 1,5
70/ NH3—-C 0,8 1,5
w=170—->°%, -9 C—CN 3,8 3,9
*+CH, C—NO3 3,5 3,9
p=0-- C-OH 1,7 1,6
CH3 C—OCH3 1,3 1,3

C-COOH 1,7 1,6




