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HOTEHIIHAJIOM, ONMHCHBAIOMUM 0o6pa3oBaHue BOAOPOAHHX cBa3el. [To-
JIydeHa MOJeJb, YIOBJIETBOPHTEIBHO BOCIPOU3BOASAIIAS DAL CBOHCTB
KHMIKOCTM M IIpHUMeuaTelbHasi CBOMM OTJIHYHEM OT JbJAONOZOOHOH
CTPYKTYPHI.

B pa6ore [174] TepmMonMHaMHuecKHe CBOHCTBA BOJH BHIYHC/S-
JUChL ¢ IOMOIblo Merona MoHte-Kapno Ha ocHOBE aTOM-aTOM IIO-
TeHIManoB Kurafiropoxckoro. Jlasi BOLOPONHOA CBS3H NMPUMEHSICH
norennuan Mopse, 3Heprusi BOXOPOXHOH CBS3H MpHHMMAaNach PaB-
Hol 5,5 Kkaa/more. Pacuerbl TepMonvHaMHYecKMX QYHKuMH, Ipo-
BefleHHble aJa teMmuepatryp 300; 320 u 350 ° K, nanu pasymHoe co-
rJacve BHIYMCJAEHHBIX H H3MePeHHHIX 3HaYeHHH BHyTPeHHeH 3HEepru,
TeIIOEMKOCTH M CBOGONHON 3Hepruu. Meron [aeT BO3MOXKHOCTB
HalTH pacriosiokeHHe H opueHTanuio moaexyn HeO B skupxocru.

OcTaHOBUMCSl B 3aK/JI0UEHHE Ha 3JEeKTPHYECKHUX ¢BOACTBax BOMHL.
Donbinasi BeJMYMHA ee JIU3JIEKTPHYECKOH IIPOHHIIAeMOCTH OObsc-
HSETCSl He TOJNBKO MOJSIPHOCTBIO OTZAEJIbHBIX MOJIEKYJ, HO H Koppe-
JAANUSIMH HX B3aMMHOH opHeHTanuy [63], T. e. HalMUHeM BOLOPOMHBIX
cBsAzell. Manasi 3JeKTPONPOBOLHOCTb BOABI, NO-BHAHMOMY, OIpefie-
JsieTcsl NPUCYTCTBHEM HHMYTOXKHOro yuciaa (2-107°) cunabHo ruppa-
THpOBaHHHX HOHOB H* u OH™ (Hs07 u np.). VicenenoBatue nonBn-
socti uoHoB H+ u OH- moxkasano, 4yTo I/is HHX OHa CYLIECTBEHHO
Gonbuie, yeM IS APYrHX ONHOBaJIeHTHBIX HOHOB B Bome. Jns H+
u, = 3,62.103, gns OH- u_ = 1,98-10-3 cm2.81-cex’!, .Torna xax
nasg Nat u, = 053103 u gaa Cl- u. = 0,79-10-8 cm2.g-1-cex .
310 MOXHO OOBACHUTH CIIOCOOHOCTBIO BOLOPOIHBIX CBsizell obJer-
4aTh OGBICTPBHIA IIepeHoC IIPOTOHOB IO TlelH MOJIEeKYJ BOJIBI
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HMonruxtuocts HoHoB H* u OH- Bo abjge Gouibiile, TaK Kak B HEM BO-
JopoaHble cBsi3H Goslee ynopsinouenn [41, 44, 54].

§ 45. NEPEXOAbl CAIHPANL — KJIYBOK

PerynaspHbe xoHGOpManHH MNOJHIENTHAHHIX IleNel, cTaGHAH30-
BaHHBEE BOLOPOJHBIMHM CBSI3AMM (Tpexpie Bcero, a- H B-Gopml),
YCTOHYHMBHI JIHIIb B ONIpeJeNeHHBIX ycaOBHsAX. Mamenenue remiepa-
TYpH, pacTBopHTens, pH cpens mpHBOAHT K nepexofaM MOpALOK —
6eclopsAllOK, K IIpeBpallledHIO PeryaspHol KOH(QOPMANHMH LIl B cTa-
THCTHYECKHN K1yGoK. JTH mpomecch yjo6Hee BCEro M3yyaTbh B MO-
JedbHBIX cHcTeMax — CHHTEeTHUeCKHX IIOJTHaMHHOKHCIIOTaX.
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MHorne nOJIHaMHHOKHCIOTH, B YaCTHOCTH IOJMIVIYyTaMHHOBasS
kuciora (II'K) wu ee mnpousBoaHOE — MOJIH-Y-OEH3UIITyTaMaT
(TIBT)

—[CO—CH—NH|,—
CHy—CH,;—CO—0—CH,—C;Hs

¢burypupyoor B pactBopax B popMe a-cnHpaJel, 4TO JOKa3bBaeTCs
Bceldl COBOKYMHOCTBIO UX 'MIPOJHHAMHYECKHX H ONTHYECKHX CBOHUCTB.
Ioty ycTaHOBHJ, YTO nepexodsi cnupaib — KAYGOK BecbMa pe3KH

[55, 56]. Ha puc. 4.16 mo-

[«] {7] Ka3aHa 3aBHCHMOCTbL CTe-

20 T T 0., TIEHH HOHM3aUHUH, Xapaxre-
ol % Honiayun g's pHcTHueckoli BaskoctH [n]

20} g5l do S ylenarHOH Bpallalouiest
' e 17 —40§ cnoco6HoctH [e] TITK ot
2l —1% s pH cpemn. B oGnacru

-6 = (] H2 § B6ausu pH 6 npoucxomut
-gL g5 A 1Jp & peskoe mnaneHHe BSI3ZKOCTH
4 § 8 0 /4 U YyAEJbHOTO BpallleHHs.

p B oranume ot [IT'K, MBT

Puc. 4.16. T'padbukn 3aBHCHMOCTH cTemend PaCTBOPSIETCSl B OpraHpue-
womusauun, [n] u [a] oT pH cpeast npH CKHUX pacTBopHTedsAX. B nu-

nepexope cnupajds — k1y6ok B INT'K. xJopsTaHe, xJopodopMe,
dopmamune I[IBI' cyme-
CTBYeT B BHLE MKECTKUX MNaJIOYeK — o-ClHpaJedl. DTo [0Ka3aHo

METOLlaMH CBETOpacCesiHHs M BHCKO3HMETDHH, a TakXKe Hemocpel-
CTBEHHO METOJOM 3/eKTPOHHOH MHUKpockonuH. Hamporus, B pactso-
purenax, nawomux ¢ [IBT" BogoponHbie cBa3u (HanpuMep, B TPHXJIOP-
YKCYCHOH M TPHPTODYKCYCHOM KHCJIOTaX), MakKpoMmoseky.an [IBI
HaXOHATCA B COCTOAHHM CTaTHCTHYecKoro KayOxa. Taxue pactsopH
XapaKTepH3yloTCsl MaJjol BA3KOCTbIO M MaJhHM JBOHHBIM Jyderpe-
JomyeHnemM B moroxke. [Ipd mocremeHHoM H3MEHEHHH COCTaBa pac-
TBOpHTENs (6MHApHON CMecH) B HEKOTOPOH Y3KOH 06s1aCTH HacTy-
maer pesxkuil mepexon cnupanab — kay6ok (puc. 4.17). Pesxocrs me-
pexona CBHIETEJAbCTBYET O €ro KOONEepPaTHBHOM Xapaxrepe. B stom
CMBIC/IE TIepeXxo[, Cupajb — KJAy60K MopoOeH MJaBJEHUIO KpPHUCTAJI-
Jla, B JJaHHOM cJiydae ojHoMmepHoro. IlpuydHa KoomepaTHBHOCTH He-
MOCPENCTBEHHO OYEBHIHA M3 PAaCCMOTPEHHS CTPYKTYpPHl o-CIHpalp.
KondopManuy nenTHIHLIX €IHHHI, 1€ B3aHMMO3aBHCHMBHI, TaK KakK
BOLOPOLHasl ¢Bsidb MexkAy rpynnoi C=O i-fi eLvHUUB ¥ Ipynmoi
N—H (i —4)-h epuuvnpl HaK/Ja[plBaeT XKECTKME OrPAHUYEHHs Ha
koupopmanun (i —1)-, (i—2)-u (i —3)-h exvavu. Jas ocso6ox-
JleHHs JaHHOW MeNTHIHOH €IMHHIbI, 03HAYAIOMIEr0 BbIMI'PHILI SHTPO-
nyd, HeoGXOAHMMO OLHOBPEMEHHO pa3opBaTb He MEHee Tpex BOLO-
PONHBIX CBH3€H Kpsidy, 4TO TpeOyeT COOTBETCTBYIOUICH 3aTpaThl
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suepruy. [losToMy mnentujaHble eNHHHIB MOTYT OCBOOOXKAATHCH
TOJIbKO KOOIEPAaTHBHO.

Teopus nepexoma crnupajib— KIy0OK CTPOHTCA Ha OCHOBE MO-
nenu Mamara (cM. erp. 40, 137). 3anaya, 04eBHAHO, COCTOUT B Ha-
XOXKJEHUH CTAaTHCTHUECKOH CYMMBl IJA 2]
a-cnupald. dta 3ajaya pewanace B pi- 1
ne pa6or [57—61]. Hauboaee nmpocroe u
SICHOE MOCTPOEHHE TEOPHH CONEPKHTCH Jp .
B pa6ore 3uMMa u Bperra [57] (cM. Tak-
xe [62, 63]). ok -

Kax oe nentuaHoe 3BeHO MOXKeT Ha-
XOIUTbCA B CBOGONHOM ¥ 3aKpeleHHOM -7+ -
BOLOpPONHON cBA3blo coctosinuu. [Ipumu-
IeM NepBOMy (CBOGOLHOMY) COCTOSIHHIO
i-ro 3BeHa cuUMBoa u; =0, BTOpPOMY
(cBsizanHOMy) — cuMBoa p; = 1. Cgo-
6onHasi 3HEPrusa IeNH 3aBHCHT OT 3HA-
YeHHH w;, MPHYEM HENOCPENCTBEHHO B3a-
"HMO3aBUCHMBl KOH(QOpPMAanH¥  yeTsIpex
noc/nenoBaTe/bHEIX 3BeHbeB. [losToMy cBoGomHast 3HEpTHs [enH
paBHa .

-2 I R S
0 X W W & MW
CHCl CHEl, Lo

Puc. 4.17. OnrtHueckast ak-
taBHocTs [IBT kak (Qynk-
UHS COCTAaBa DPACTBOPHTEJS.

=

Il

F(uy, poy vy MN)=i IF(P«i—:a: Wi—gy Hi—ps Wi). - (4,29)

Kaxk u panee (cm. crp. 138), cunmraem nens BecbMa NJIHHHOI,
N > 1, u npene6peraeM KoHLeBoIMH 3ddexramu. OduesHaHO, 4TO
cBo6onHasi 3Heprus CBOOGOLHOrO0 3BeHa He 3aBHCHT OT COCTOSIHHMH
IIpeLUIeCTRYIOIIHX 3BEHLEB, T. €.

Fcnodzﬁ(ui—3, Wi—gs Wi—y, O) (4’30)

CeobGonHasi SHEpPrusi CBA3aHHOTO 3BEHa 3aBHCHT OT COCTOSIHUH
npenuiecTByOMNX 38eHbeB. CBOGONHAN 3HEprUs CBA3aHHOrO 3BeHa,
cJIeLyIOlero 3a CBA3aHHHIM, PaBHa

chaEF(P«i—a: Wi—gs 1’ 1) (4931)

Fepas HEe 3aBHCHT OT cocTOsIHUE (i — 3)-ro ¥ (i — 2)-ro 3BeHbEB,
TakK KaK OrpaHHYeHMs, HaKJaJbBaeMble CBSI3aHHBIM (i — 1)-M 3Be-
HOM Ha 3TH 3B€Hbs, yUTEHBl T€M, YTO Wi = l.

Takum oGpasoMm, H3MeHeHHe CBOGOLHON SHEPTHH 1elH NpH YBe-
JVUEHHH YHUCJAAa CB3aHHHX 3BEHbEB Ha eIWHHLY 3a CUeT COCe[Hero
HeCBsI3aHHOrO PaBHO

AF = F g5 — Fc|306=ﬁ (Mi—3s Pi—gs 1, 1) — F (uy—3. y—2, 1, 0). (4,32)

Ecnu cesizaHHOe 3BEHO MNOABJSETCS MOCHAE TPex CBOGOAHBIX, TO
4/ 3TOTO HYXKHa JQOIOJHHTEIbHAS 3Heprus cBepX AF. CBAsbiBaHHE
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3Be€Ha O3Hauyaer HHHIMHDPOBaHHE CIIHPAJJIH, H OHO ONHOBPEMEHHO Ha-
KJaAbIBa€T OrpaHuyeHMs] Ha YEThIpE 3BEHA. HUmeem

F(0,0, 0, 1)== Fepgs + Fuunu- (4,33)

Fypun OTIpefieisieTcsi yMeHbIIeHHEM SHTPONMH CBS3LIBAEMBIX MeEM-
THAHBIX TPynn. Eciu npHHATH, 4TO NPH BPALleHHH CBOGOLHOrO 3€Ha
OKOJIO KaXKJIOH CBSI3H BO3MOXKHO BO3HHKHOBEHHE TPeX MOBOPOTHBIX
H30MEPOB, TO

Fusun ==4RT In3 ~ 2,5 kKaa/mors,

T. €. MoJiy4yaercsl BeJMYHHA, 3HAUHTEIbHO npesocxonasimas RT.

OuesunHo, yTo cBOOOAHAs 3Heprus, Tpebyemas Ajs 0cBOOOXKje-
HHUs1 OLHOI'0 UJIM ABYX 3BEHbLEB, 3aKJ/JIOUYEHHHIX MEXIYy CBA3aHHbIMH
3BEeHbSIMH, LOJXKHa OHITb BecbMa BeJIHKAa, TaK KaK Ha CaMOM [eje
OCBOéO)KILGHPIﬂ B 3TOM CJy4dae He MNPOUCXOIHT, 3BEHbSI OCTAIOTCSA
B COMpaJi. DHeprus, 3aTpaydBaeMas Ha Da3phlB BOLOPOIHBIX CBf-
3ef, He KOMIIEHCUPYETCs MOBbILIEHHEM SHTPOMHH, H NO3TOMY MOMKHO
NOJIOXKHTh

F(pims, 1,0, )> 0, F(1,0,0, 1)—> oo, (4,34)

Pacrosarast 3THMH 3HadeHHsAMH F, MOXKHO HanHCaTh BhIDaXKeHHe [Js
cTaTHCTHYeCKOH cymMsl Z. Brian maHHOro cocrosinusa uenu s Z co-
LepKHUT CeAYIOLU[He MHOKHTEH:

1) MHoxurean 1 a9 Kaxagoll eguBHIL B ¢BOOOLHOM COCTOSIHHH
(n; = 0). UuHpiMuH cnoBamH, ee cBOGOAHAst 3HEPTHsi NpPHHATA 33
HYJIb

€xp (— choﬁ/kT) =1, ’

2) MHOXKHTEND
s ==exp(— AF/kT) (4,35)

oJs 3B€Ha B cBfi3aHHOM cocrosiHMu (w; = 1), BeamnuuHa s umeer
CMBICJI KOHCTAHTH PaBHOBECHS ISl peaKuuH o6pa3oBaHUs BOLOPOL-
HOJ CBSI3H B 3BeHe, CJEAYIOUIEM 32 CBSI3aHHEIM.

3) MHuoxkuTe b

0 =exp(— Fupu/kT) (4,36)

JIJIf KaXIOro cB3aHHOTO 3BEHa, CJAEAYIOUIEro 3a TpeMs H GoJee
cso6onHbIMU. BenlHyHHa ¢ ecTs KOHCTaHTa PABHOBECHS [JI peaKuuH
o6pa3osaHisl OLHOrO Pa3priBa B NOC/IEIOBATENBLHOCTH BOLOPOIHBIX
ceasell. Ecau Fymm = 2,5 xxas/moss, 10 o ~ 1072, OueBugHo, uto
MMEHHO ¢ UIpaeT POJb TapamMeTpa KOONepPaTHBHOCTH.

4) B coorsercrsuu c¢ (4,34) mHOoXHTean O 1/ Kaxporo csi-
3aHHOrO 3BeHa, CJe[yIOLIEro 3a HECBSI3aHHBIM, eCJIH YHCJIO MOCJel-
HHX MEHblle Tpex.
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Hraxk,

1= Yol 24

{ws)

N
= 2 I]. sttt (=) [1 - 6*‘:" ‘6";'—1- 0(1 - 6'*;‘—2' 06'*:'—3' 0)]’ (4,37)

{m:}
rge § — CUMBOJ KpOHeKepa CyMMupOBaHHe MPOM3BONMTCS IO BCEM
Ha6opam {pi}.

Kax mbl Bugenu (cM. crp. 138), Z, BhpaXeHHOe B BHIe CYMMDI
npouspeletuii, MOXHO NPEICTaBATL KaK CJel HeKOTOPOH MaTpHILH,
B3ATOH B cTeneHn N. B paccmarpuBaeMoMm cilyuae MaTpHIa HMeeT
paHr 3, Tak Kak HYXHO y4YeCcTb COCTOsiHHE Tpex NOC/IeJ0BaTeNbHHIX
3BeHbEB, KaX[0e H3 KOTOPHX MOXeT GHTb B ABYX Da3HBIX COCTOf-
HUAX (pL1 paBso O unu 1). 3uMM ¥ Bperr npose/u noJiHBIE aHAMH3
9TOH 3amad4d M I0Kasasid, YTO NPAKTHUECKH Te Ke pe3yJbTaThl
MOXHO NOJYYHTb, CHJILHO ee YNPOCTHB. Ec/AM OrpaHHuHThCS pac-
CMOTpeHHeM COCTOSIHHE BCero JMIIb JBYX INOC/TIeJ0BaTeJNbHEIX
3BEHbER, TO PAHT MaTPHIB YMEHBUIMTCS N0 ABYX. MeXIy TeM CBA3b
cocrosiiuit i-ro, ({ —2)-ro u (i — 3)-ro 3BeHbeB AaeTcs JHLIbL yC-
sioBusiMu (4,34). Eciu oTBieusCst OT 3THX YCJIOBHE, TO

N
Fus bz i) =2 F (1> 1) (4,38)
] <
Feas =F (;-1, 0), (4,39)
Fepgs=F (1, 1), (4,40)
chna"["FnHau:ﬁ(O’ l) (4:41)

~ Cunrrasi cBOGOJHYIO SHEPrHiO HeCBS3aHHOrO 3BeHa HYJeBOH, Iio-
JiyuaeM CTaTHCTHYECKYI0 CYMMY, YUMTHIBasl, uTO KaXKJo0e CBsI3aHHOe
3BeHO BHOCHT B Hee MHOXHUTeb S, CBOGOIHOE — MHOXHTENb elIu-
HHLY, 4 NepBOe M3 CBA3AHHLIX 3BeHLeB, Clelyloliee 3a ONHUM HJH
GOMBUINM YHCIOM CBOGOMHBIX, — MHOXKHTeNb 0. FMeem

N
Z= 2 [] s"c" (") = Sp (PW), (4,42)

{ng} =

Martpuna P umeer Bug

P= (‘ ) (4,43)
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Ee xapakTepucTHYecKOe ypaBHEHHE
(A—1)(A —s)=os, (4,44)

rae A — coGCTBEeHHOE 3HaueHHe (KOpeHb) MaTpHILHL.

PaccmoTpuM nBa kpafiHHX caydasi: NOJAHONH KOOHNEPATHBHOCTH H
[OMHOrO €€ OTCYTCTBUs, KOOnepaTHBHOCTb MakCHMaJjabHa, KOria
Fupug — 00, T. e, npu ¢ = 0. B 3TOM cnygae uMeeM ABa KOpHs A = 1
1 A = s. CraTHCTHYeCKasd CyMMa paBHa

Z=1+4s¥ (4,45)
unpu N2> 1

.

sV, s>1,
Z={ (4,46)

1, s<lUl.

3navyeHue Z pesako MeHsieTcss npH § = | — npoHcxOAHT KOONEPaTHB-
BbIfl mepexon cnupasib — kAyGok. Jloss CBA3aHHBLIX NeNTHAHBIX
rpynn paBHa

1 oz sV
6_7 dlns _l-l-sN (4,47)
rnpu N> 1
1, s>1,
e~{0, s< 1. (4,48)

KoollepaTHBHBIE nepexon NPOUCXOAUT MO NPUHIUNY «BCE HIH
HHYero» B Touke s = |. Eciu ¢ Mano, HO OTAMYHO OT HyJd, TO pe-
uienue (4,44) Takxke gaer nepexof, HO yxke He B OJHOH TOUKe,
a B HEKOTOPOM HHTepBaJie 3HauyeHUil S, KOTODHII TeM YyikKe, 4UeM
MeHbllle g, TeM caMbIM, HMeeTCsi HEKOTOpasi 06J1acTh COCYNIeCTBOBA-
HHUSl CNHUPAJbHBIX H HEyNOPAAOUYEHHEIX yYacTKOB I€NH — IPHHIHNI
«BCe MJIM HHYETrO» 37ech He paGoTaer.

Ecau xoonepaTHBHOCTH HeT, Fumm = 0 u ¢ = 1. KopHu ypas-
neHus1 (4,44) npu stom pasHb | -+ s u 0. CraTucTHyeckasi cyMMa
paBHa

Z=(1+ sV, (4,49)

T. €. NpeAcTaB/iseT coGOofi NpPOCTO NpOH3BeleHHe CTATHCTHYECKUX
CyMM OTAE/bHBIX efMHHL; HHBIMH C/IOBaMH, Pa3pHB U oGpa3oBaHHE
BOJIOPOAHBIX CBfI3edl B KaXKAOH eNHHHIE NPOUCXOAAT HE3aBHCHMO.
Jlonst cBsI3aHHEIX NenTHAHBIX TPYyNI paBHa

3aBUCUMOCTb 0 OT § B 3TOM C/iyuae naaBHasi — HHKAKOTO pe3Koro
nepexona HeT. Ha puc. 4.18 nokasanw xpusbie 0(s) aas o= 10,
06 ==102 u ¢ = 1. OueBunHO, 4TO 3aBUCHMOCTb O OT § O3HAYaer,
coraacuo (4,35), saBucumocts 6 ot teMnepatypsl. Temnepatypy ne-
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pexoza COHpajb — KAyGOK MOXKHO Ha3paTh TEMNepaTypoli mJjapJie-
HuA cnupanu. [lnasnenuio cnupa/du cooTsercTByeT § = I, T.e.

AH —T,, AS=0. (4,51)

3necb AH — pasHocTb 3HTaJMbOHHA kJAy6Ka W CIOHpaJH, T.e. Tel-
J0Ta nepexoja. Pacuer mokasslBaeT, 4TO MHTepBaJ TeMIepaTyp re-
pexona NpH KOHEYHOM, HO MaJ/IOM 3HaueHHH ¢ AaeTcd ycaosueM [62]
kT,,,,

4,52

BripakeHnue (4.50), oTBedaloniee HekoonepaTUBHOMY Iepexony,

T. €. He3aBUCHMOMY H3MEHEHHIO COCTOAHHs OTHEJbHBIX NeNTHIHBIX
€NMHHL, TIpH TIOJHOH XKOONepPaTHBHOCTH 3aMeHseTc BblpaXKeHHEM
(4,47), omuchiBalomuM KOONEpaTHBHOE TpeBparienxe Bcex N eni-
BHll. B npomexyTounbix ciaydadax, korna 0 << ¢ << 1, npuGanHKeHHO

HMeeM 10
-4
0= +s,, , (4,53) U Y
/

rae 1 << n << N. Bregem oGo3uauc-
Hue s" =S5 Benanynna § umeer g5
CMBIC/JI KOHCTAHTH paBHOBecHS MJs )
MOHOMOJIEKY/IAAPHOH peakluu, B KO-
TOpPOU y4acTBYeT 7 eJHHHI, T. €.

. AHspg — T ASspsy ] 0 s

S=exp {— BT : , 4z g g

(4,54)  Puc. 4.18. TeopeTnHueckne KpHBLE
0 (s) npu pasHHX 3HAUEHHSX O.
rae AHB(DFD u ASafb(b —*ua(b(l)EKTHBHbIe Yuesa y KPHBHIX YKA3HBRIOT BEJHYHHE .
3Ha4YeHHaA HU3MeHEeHHH 3HTAJBITUU

H SHTPOMMH, 3aBucAmue OT n. Pacuer nokasmpaeT, uto B o06Jja-
cTu nepexona AH,pe He 3aBUCHT OT TeMIlepaTyphl H, C/Ie10BaTe/bHO,
§ ectb sKcnoHeHlUuanbHasi ¢yukmusi ot 1/kT. Hocxonbxy §=s",
MOXHO MOJIOXKHUTH

AHarbcb =nAh, (4a55)

rae Ah — U3MeHeHHe SHTaJIbIIUK IIpH OCBOGOXKIEHHH ONHOTO 3BEHA.
OuepnaHO TakXKe, 4TO 7 CBI3aHO C NapaMeTPOM KOONEpaTHBHOCTH O:
ecim d = 1, Ton==1, ectu 0 = 0, To n = N. Hafinem sty cpa3b.

OGmee peuienne xapakTepuCTHYecKOro ypaBHeHus (4,44) ume-

€T BHI '
Ao =" (14 8) £ [", (1 — 5)° + s]". (4,56)

[Ipu N >> 1 craTucTudeckasi CyMMa BHpaXkaeTcsl TOJAbKO Yepe3
6OabUINE KOPEHb A; (CO 3HAKOM --)

Z=Al. (4,57)
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Jlo2141 CBSI3aHHBIX eIUHMUIL PARHA
dinZ  dink M —1

1
e=‘1‘v‘ dins ~ dlns 24—t —s"' (4,58)
IpUpaBHSB 3TO BbipaxeHHue O == §/(1 + §), mosnyunm
. M=
s=JoL (4,59)
Pasunocts snTanenui B cuny (4,54) parna
dins dins ding dins
AHspp=— d(/kT) —  d(IJkT) dins =0 Gy (4,60)
FPacyet naer
ding§ 'S 20— DM —s8)+o(l —5s)
dins — (M —1)(A —5) % —1—s (4,61)
u B 06JsiacTH llepexofa, B KOTOPOk s = 1,
din§ 2s 1
~ ~ . 4,62
dins % —1—s Ve ( )
Cule10BaTeNbHO, ~ )
AH,ee =~ ARV o, (4,63)

B 4HCJIO efMHHI,, COBMeCTHO COBepUIalOLINX IepPexOf, 06paTHQ Mpo-
NOPIHMOHAJNbHO KOPHIO KBaZpPaTHOMY M3 IlapaMeTpa KOOlepaTHB-
HOCTH

n=~1/Vo. (4,64)

Benuuuny AH 55 MOXHO HaliTM IO HAKJIOHY KPHBOH 3aBHCHMO-
ctu 0 ot 1/kT B oGnactu nepexona. B caMoM fene, Tak Kak B 3TOM
obnactu § & 1, 10

d8 d8 §
d(I/kT) —  dins AHspp = — (1+3)7° N Y
- AR

OnTHyeckHe MeTOAbI HCCJAeAOBaHMs (CM. 1. 5) I03BONSIOT He-
NOCPeJCTBEHHO ONpefenisiTh 6 KaK (QYHKIHMIO TeMIepaTypol H, TeM
caMBbIM, Ah/VO’.IIJ‘Iﬂ HaxOXAeHHs Bejuyun Ah U ¢ TIOPO3HL HeOb-
XOAMMBI [pyrue AaHHble. FIX MOXHO NONYyduThb NIyTeM H3YydeHHs 3a-
BUCUMOCTH Ty OT cTemeHu nosiuMepusanuu N. B paGotax [64, 65]
6bly1a pa3BUTa TeOPHA MePexON0B B NOJUMIENTUAHBIX LensX ¢ KOHed-
HEIME 3HauyeHHsaMu N. Ilpu ymenburennu N Touka Nepexoma cMe-
maeTcsi B CTOPOHY 6OJIBLINX 3HAayYeHHuH S, T. e, B CTOPOHY 0Gpa3oBa-
HHsl KnyGka. ONHOBpPEMEHHO paciiupsieTcsi HHTepBaJsl 3HadeHHH §
(unu T), otBeyaromux nepexony. KoHKpeTHble 3aBHCHMOCTH O OT §
npu pas3ubix N naior HCKOMBlE napameTpsl Ah, o, AS.
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B paGorte [66] Gblin mosyyeHs! KpHBbie NIABJIEHHsI sl TOJIH-y-
Gensus-L-rayramara npu N = 1500, 46 u 26. Bbuin nafizednl 3Ha-
yenust Ah = 890 3~ 130 xaa/mosab v ¢ =2-10-4,

B ra6sn. 4.9 npuBeneHbl XapaKTePHCTHKH NE€PEXON0B IJIsl TPex
CHHTETHYECKHX NOJIMNENTHIOB.

Ta6auga 4.9

XapakTepHCTHKH nepexo]0s COHpalh — KAy60K B noaunentupax [62)

IMosm-L-rnyTaMu-
IMoaH- y-6eH3na- HoBas KHcJOTa, Hosu-L-nusny,
L-raytamat HOHH30BAHHAN HOHNA30BAHHBIA
Ha 67% Ha 20%
PacTeopurean CHCI,COOH - 0,2M NaCl s H,0 + H,0, 22°C
+1,2-C,H,Cl, (4:1) 4 nuokcaH
: (2:1), 25°C
N 1600 260 1500
AWV &, kkaaf moas 470+ 14 —50+0,5 —53-+05
Ah, kanr/mons 4-1000+200 —~70£7 —75+7
AS, kasfmons-2pad 4-3,2+0,6 —0,23+0,02 —0,25+0,02
o 2-107" 2.107* 2.10~*

M&l BUIMM, 9TO BeJIMYHHA Ah MoXKeT GBITh KaK IOJIOXKHTENbHOH,
Tak M OTpHLaTenbHol. B mepBoM cayuae cnupasibHOe COCTOsIHHE
MeHee BHINOAHO, YeM KiyOkooGpa3Hoe; riepexol CNHpasib — KJIyGOK
IIPOMCXOAHMT He NPH NOBBIIEHHH, a NPH NOHHKEHHH TeMIepaTyphl.
OnunospeMeHHOE NOJIOXKHUTEIBHOE 3HaueHHe AS, T.e. yBeJHYeHHE 3H-
- TPONHMM B CIHMPaJIM [0 CPaBHEHHIO € KJIYyGKOM, MOXKHO OOTBSCHHUTH
TOJIBKO YMEHbIIEHHeM 3HTPONHH pactBoputens. OrTpunartesnbHbe
3Hayenuss Ak U AS B IByx ApYrux ciaydasix oTBe4aloT nepexoay CIH-
paJsib — Kry60OK DU NOBHIILIEHUH TeMIepaTypbl H yMEHBIIEHHOH 3H-
TPOIUK CIHPAJH N0 CPaBHEHHIO ¢ KIyOKoM. IMEHHO B 3TUX caydasx
YMECTHO FOBOPHUTD O NNJIaBJIEHHH CIHpAJIH.

Teopust nepexona cnupasb — KAy60K, BHI3BBAHHOTO H3MeHeHHeM
pactoputenss uWau pH cpeanl, a He MNOBHIIEHHEM TeMIepaTyphl,
CTpOUTCS HA Tex ke ocHoBax (cM. [62]). Bo BTOpOM cayyae HeoG-
XOAMMO Yy4ecTb, 4TO KaXAoe NeNnTHAHOe 3BeHO MOXKeT HAaXOAHTbCS
yXe He B ABYX, & B TpeX COCTOsiHMAX: 6e3 BOMOPOAHOM CBsI3H, C BHY-
TPUMOJIEKYNAPHBIMH BOLOPOAHHIMHM CBSI35IMH H ¢ MEXMOJEKysnsp-
HBIMH BOAOPOJHBIMH CBSI3IMH C MOJIEKyJaMH pacTBopuresnd. Mex-
MoJieKyJapHOe CBsi3bIBaHHE Mbl BIpaBe CYUTATb HEKOOIepaTHBHBIM,
H Torfa KaX[I0e HecBsi3aHHO€ 3BeHO BHYTPH MOJIEKYJbl BHOCHT B Z
MHOXKHTE/b, paBHbIi He equnune, a 1 4 exp (Ap/kT), rae Ap — pas-
HOCTh XMMHUYECKHUX NMOTEHLUHAMNOB 3B€HA B COCTOSIHMH C MEXMOJEeKY-
AApUOH BOAOPOAHOH CBA3BIO H B CBOGOXHOM COCTOSIHHH, T. €. H3Me-
HeHue cBOGONHOH 3HEPrHHM 3BeHa NpH 006pa30BaHHH BOAOPOMHOH
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cesi3u [58, 61]. CooTBeTcTBEHHO yc/iOBHe {1€pEXOfa 3aBHUCHUT OT Ayp.
PeakocTb nepexona no-npexHeMy 3aBHCHT OT o. IIpu yBenuuenuu
KOHIIEHTPAIHH clendUIecKH CBSI3BIBAEMBIX MOJIEKYJ DAacTBOpUTEJs
Thn nonuxkaercsa. Ecim B OTCYTCTBHE MEXMOJEKYJISPHOTO B3aHMO-

o 0
nelcTBUsi TemIepaTypa TJaBJeHHs paBHAa [nx, TO B NPHCYTCTBHH
aKTHBHOFO pacTBopHTens [62]

T
U+ (T, [IAH ) In (1 + exp (Ap/kT))

TIpn Ay - — oo, T. €. KOTZa cOCTOsIHUE ¢ MEXKMOJEKYJsIPHOH BO-
JOPOMHOM CBAI3bIO NIPAKTHYECKH He OCyHIeCTBISAETCS, Tuy = T?U,. YeMm
6osbuie Ap, TeM MeHblie Tyy.

TlosunenTuasl, NOCTPOEHHble U3 HOHU3YEMBIX AMHHOKHCJIOTHBIX
OCTaTKOB (HampuMep, NOJUIYTAMHHOBAsl KHCJOTAa, IOJHJIM3HH), CO-
BepILIAlOT Nepexoibl clHpaJ/b—KIy60x npu udmeHenuu pH. Ilepe-
XOI MOXKHO OOHApyXHTb M H3y4UTb KaK YIOMAHYTHMH BHIIE
MeTOLaMH OINTHKH MU THAPOAMHAMHKM, TaK U METOJOM IOTEHIHO-
METPHYECKOTO THTPOBaHHA, MAIOLIEF0 CTelleHb HOHU3anuu (cM.
puc. 4.16). Teopust nmepexoma clHpasb-— KAYOOK B IOJHNENTHAAX
¢ HOHU3YyeMBIMM IPyNmaMH paspura B paborax [61, 67]. ITocrenusa
pa6oTa no-npexHemMy OCHOBaHa Ha Mertone Mauwxra.

B nenu ¢ HOHH3yeMbIMU 3BEHbSIMH KaXKJ0e 3BEHO CJIeayeT xapak-
TepH30BaTh He TOJIbKO NapameTpoM u; = 0, | COOTBETCTBEHHO M)
¢BOGOMHOrO U CBSI3aHHOTO 3B€HA, HO U BTOPHIM napametrpom ;= 0, |
COOTBETCTBEHHO [J/Is1 He3apsXeHHOH H 3apsAXKeHHOH HOHM3yeMOH
rpynnel, CTaTHCTHYECKAasi CyMMa A1 [ellH HMeeT BH]

(4,66)

To=

N
2= Zexp(— Flud/kD) 2 1 a%exp (= Py (n/eT), (467
i iy "

rae F{u;} — cBoGonHas sHeprus He3apsKeHHOH LENH NIPU RaHHOM
Haope 3HayeHHH W, F‘{fg.} ({n,}) — snexrpuyeckuit Brian B croGon-
4

HYIO 3HepTHIO, @ — OTHOIUEHHEe aKTHBHOCTEH 3apsKEHHOro M He3a-
psIKeHHOTO 3BeHbeB, ca3anHoe ¢ pH cpenbt ypapHeHHEM

lga = (pH — pK) (4,68)

(cp. crp. 62). 3HaK NJIOC OTHOCHTCA K KHCJIOTHOH, 3HaK MHHYC

K OCHOBHOH rpymnne. B cymuoctu F‘{fg‘} ({ni})— cBOGOZHASI 3HEPTHS
1

3JIEKTPOCTAaTHYECKOrO B3aMMOMEHCTBHSA 3apsKeHHBIX TPYNI NpH 3a-
AaHubX HaGopax pu; M m;. Takum o6pasom, B BHIDAXKEHHH mais Z
YYTEHO B3aHMHOEe OTTaJKHBaHHEe 3apsiKeHHbIX TDYMI, €CTeCTBEHHO,
3aBHcsulee OT KOHQOpMaUUi 3Benbes, T.e. OT Habopa {u.}. Pacuer
NOKa3biBaeT, 4YT0 B CNHPaJbHON KOH(QOPMAIMH LENH OTTaJKHBAHHE
CHibHEe, yeM B KJIyGKooGpasuoi. C/efoBaTe/NbHO, 3apsanxa UemnH
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CrocoGCTBYET nepexony cnupaJjb — Kiaybox. Haxoxaenne cratucTu-
4ecKO#l cyMMH N0 meTony MauHra mosposisieT KOJMHYeCTBEHHO Ofipe-
AeJIuTh nouyukenue Ty NPH yBeJIHYEHHHU CTelleHH HOHM3aLUH Lenw o,
2 TaKiKe HalTH KDHUBYIO TUTpOBaHuf Nojunentupa (puc. 4.19), na
KOTOpO#l OTYeTIMBO 0GHapy:KHBaeTCs H3JIOM, COOTBETCTBYIOIIMHA ne-
pexonay cnupanb — KJyGOK.

Ecau nonunenTuaHasa Uelb He rOMOTeHHA, HO COAEPKHT H KHC-
JIOTHBIE M OCHOBHbIE I'DYMIIbl, TO AeCNHpa/u3alus lLenu MOXKeT npo-
MCXOAUTb H MPH KUCJAOTHBEIX H npu menoyunix pH. Pacemorpum npo-
cTefilIyIo MOJesb CONoJMMepa, B KOTO-

pOM Ha KakIble TPH HeHOHH3yeMble A o/

eIUHULb MPUXOIMTCA OAHA HOHH3Ye- wr N

Mas, npudeMm KUCAOTHBIE M OCHOBHBIC §/
AMHHOKHCIOTHbE OCTATKH (@ H k) 3a- |3 ) 7y
KOHOMepHO uepenyioTcs. Tako#t coro- = ’ / , 7%
JUMep, OYEBHIHO, Jy4liec MOLEIHDYET = -

6es0K, yeM OAHOpORHAs moiuamuuo- L g5 / -

xucnora. Pacyer cratHciugecKoil cyM- o o

MBI IJIf STOH MONeJH JaeT KPHBYIO A
3aBHCUMOCTH CTErleRH CIUPAaJbHOCTH T T T

8 or pH xynonooGpasuoit dopmsl

[68]. [Ipu nonHoOfi KOOUNEepATUBHOCTH, Puc. 4.19. Kpusasm THTpOBaHHs
T. e, Ipd ¢ = 0 KynoJs npespainaercsi TOJIATenTH A,

B NIPAMOYTOJIbHUK, NpPHYEM OCb CHM-

MeTpHH nepecekaer aGcuuccy B Touke pH =1/, (pKq + pKe). [u-
pUHa NpPAMOYroJbHHKA HJH COOTBETCTBEHHO KOJIOKOJA CHJABHO 3aBH-
CHUT OT § M, TeM CAMBIM, OT TeMIepaTypLl.

®opma xpusoit O(pH) pasmuuna pna pasHpx nocnegoBaTedh-
HOCTeil KHCJIOTHBIX U OCHOBHHIX 3BeHbeB. B paGore [68] paccmoTpenst
pasnuyHble Momenu Uened, Tax, ecqu nosunenTHaHas melb COAeEp-
KHT NOCTaTOYHO KPYIIHBIE GJIOKH, COCTOSIIIME U3 OAHOTHMHBIX OCTAT-
KOB, TO KDHUBas MOXKeT ObITb HE€ BBINYKJOH, a BOrHyTOH. BoaMoxkuo
¥ NoABJIEEHe Ha TAKOH KPHBOH NBYX MaKCHMYMOB, PACIONOXKEHHBIX
B6su3u pK-coorsercrBylomux rpymnm.

Teopus, pasputas B [68], o6bacHIET 3aBUCHMOCTD CTENeHu chu-
paJbHOCTH MbllIednbix GeqkoB oT pH cpendl, usydennyw Jlasu [69].
Ymasoch yCTAaHOBHTb KOppeAdlUMIo MeXAy GOPMOA KPUBBIX U OTHO-
CHTeJIbHHIM COAepKaHHeM AHMOHHBIX H KATHOHHBIX OCT4TKOB B TPO-
[IOMHO3UHE U JPYTHX MbIIIeYHHX GesKax.

DKcllepUMEeHTaJbHOE H3ydeHHe 3aBHCUMOCTH VAEJbHOrO Bpalie-
Hud (a OTCIOZA M CTENEHH CNMPAJbHOCTH) NoJiH-L-nu3una, momu-L-
rJIyTAMUHOBOfl KHCJIOTH H HX conosiuMmepa ot pH mano pesyabrarTh,
noxasanuble Ha puc. 4.20 {70, 71]. Teoperuueckue pacyeTbl corJa-
cyloTcsl ¢ 3TUMH naHHbIME [68]. Brita paccuutana ajiekTpocTaTHye-
CKas Heprus coloJMMepa, NpHYeM GHIJIO [TOKa3aHO, 4TO e€ 3aBH-
cuMmocth ot pH onpenensercs pasiHudeM B 3J€KTPOCTATHYECKHX
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B3aUMOJIENICTBUSAX 3aPSANOB Ha MOHOMEpAX, BO3HUKAIONIUM U3-3a Pas3-
HHLpBI B JJIMHE [IPHBECKOB.

MOXHO 1M CYHTATh Nepexolbl CIHPAJb — KIy60oK (a30BbIMU Ie-
pexojaMH IepBoro poaa, NoAOGHBIMM MuaBieHHo? CylnecTByeT Jiu
paBHOBeCHe MEXAY AByMd Pa3aMH B 3THX Clydasix?

Jlannay u JIudmun [72] nokazanu HeBO3MOXKHOCTb TAKOTO paB-
HOBECHsI B OfHOMepHOk cucteme. CBoGoaHasi sHeprusi ABYX(]asHO
OJHOMEpHOH CHCTEMH paBHa

F=NOF,+ N (1 — 8) Fy + mkT In [t~ 4 m, (4,69)

rae 6 — RoJsi epBoi ¢asnl, Fy U F; — cBOGOIHBIE SHEPTHH 3BEHbEB
B lepBOH U BO BTOpOi (asax. JlorapudMuueckuii ujeH BbipaxkaeT
\ SHTPOIHIO CMEUIeHHs] /M TOYeK CONPHKOCHO-
i / BEeHHsI MeXAy daszaMU CO 3BEHbSMH [ellH,
) — 3HEPTUsSI NOBEPXHOCTHOTO HATSKeHHT
—4k ( B 3TUX TOukax. Mmeem
2

JdF m

~-87 Tak xak m << N, To F yMeHbInaetcs ¢ poc-
N TOM M, CTPEMsICb K MUHHMyMy npu 0F/0m =
- B =0,T1. e

gk m == N exp (— Y/RT). 4,71)
O6e ¢dasw GyayT nepeMelIMBaThCs, NO-

0 4 8 {2 _  Ka He pas;ejsTCs Ha MaJjible KOHeyHbie OT-
il Pe3KH, YIOBJETBOpsiomHue ycnopHio (4,71).
3nauuT, $a30BOr0 paBHOBECHS B OJHOMEp-

Puc. 4.20. SasucumocTs yop cpcTeMe HeT, HEBO3MOXHH H (a3oBble
YAeJBHOrO BpalneHuss oOT
. . IepexomHl.

pH.
I—noau-L-rayTaMuHoBad KHC- Hep exon <nHpanb— KJIy60K CXOlEH ¢

noTa I—Hom-LoMond, I—NX  qyiaBJIEHHEM, HO 5TO He HCTHHHBHIA daso-

’ BRIl mepexoA. Buuucienue cpeaHedl xonu
nap 3BeHbEB, HAXOASMIIUXCH Ha CTHIKe CBA3AHHBIX M CBOGOAHBIX yda-
CTKOB, IaeT

&= Vo = exp(— Fuuu/2kT). (4,72)

CpaBHeHHe NOCTeIHHX [BYX .COOTHOLICHMH II0OKa3biBaeT, YTO
1/oFymun, HTPAET pOJIb SHEPrUH NOBEPXHOCTHOrO HaTskenus. Ilpu xo-
HEYHOM 3HAYeHUH Fymm, T.€. Ipn ¢ << 1, nmepexox He aGCOMOTHO
pesok. Pa3oBbIil Nepexox nosydyaercsi Toabko npu ¢ = 0, T. e. npu
Fumum — 00, 4TO HEBO3MOXHO.,

ITepexon f-popMa — KnyGOK MMeeT HHOH XapakTep, Tak Kak
B-popma neymepHa. Teopusi Taxux NepexofoB paspuTa Bupuirein
u np. [73] npuMenuTebHO K Kpocc f-(opMe NOIUNENTUIHOH IHeny,



§ 4.6. BEJIKOBASl I'VIOBYJIA U THAPO®OBHLIE B3AUMOJEVICTBUSA 219

Takasg cTpyxTypa cBolicTBeHHA NOJH-S-KapGoGeH30KCHMeTH-L-1u-
CTeHHy [74] B pa6ote [73] BrYHciaeHa CTATHCTHYecKast cyMMa sl
IVIOCKOH CHCTeMDI, COCTOsIIlell M3 CTPYKTYPUPOBAHHLIX H HeCTPYK-
TYPHPOBAHHBIX Y4acTKOB. K nepBHIM OTHOCATCS KeCTKHMe y4acTKH
C HeHACHIIieHHbIMY BOZOPOAHBIMH CBSI3SIMH («CTePXKHH») H y4acTKH,
BxoasiuiMe B P-GopMmy. PaccmaTpupaercss aHcaM6ab lelled pasnuy-
HOH JJIMHEI C Pa3HBLIMH 4HciaMH 3BeHbeB N. CTaTHcTHYeckas cymMa
4151 TAaKoro 0606IeHHoro aHcaMGist HMeeT BHI

Z@)= 32 (N)exp(— uN/ET), (4,73)

rie u — XUMHYeckuil noTennuan 3BeHa. Jnsa gocraTtouno 6oub-
uux N

Z (N)=exp(— F[kT) = exp (mN/kT), - (4,74)

ITepexon B-dbopma — KNyGOK NPOMCXORUT NPU HEKOTOPOM KPUTH-
4eCKOM 3HayeHUH p. Teopus maeT rpaHUIH pasjena Mexjiy AByMS
dazaMu: kny6Ka ¢ npuMechio B-GopMbl U perynsapHoi B-dopMb, T. e.
daszoByo auarpammy. B 3aBUCHMOCTU OT BeJHYHHbI SHEPTHH KOH-
TakKTa /ABYX e[HHUL], T.e. SHEePrUH BOLOPOLHOH CBSI3U, NPOUCXOMUT
Ilepexof NepBOro HJH BTOpPoro poia. Bomee peanmncTHYeH nepBblit
cnyqaf.

Teopusi no3BoJsisieT NOAYYUTL AaHAJUTHYeCKHe BLIPAXeHUS s
A0Jeld MOHOMEPOB B CTPYKTYPUPOBAHHOH H HeCTPYKTYpPHPOBaHHOM
dopMax B 3aBHCHMOCTH OT NapaMeTPOB CHCTeMHBl H TeMIepaTyphl
[73]. OcHoBHoO#i Gu3uyeckuil BHBOA H3 aHaJjH3a NepexonoB B-dop-
Ma — KAyO0OK COCTOUT B TOM, YTO B cJyyae XKeCTKHX Iellell Majioro
IIPHTAXKEHUs AO0CTAaTOYHO NJiF CKaykooOpa3HOro H3MeHeHHUS xapak-
TePHCTHK CHCTeMbl (Iepexofi IepBOro poja). ITo cornacyercs ¢ Teo-
puell KPHCTaJJIH3AIMH KEeCTKHX NonuMepHLIX 1eneli ®maopu [75]. He-
IAaBHO GHJIO NMOKA3aHO Tak¥XKe, YTO AN XKeCTKUX Ienell ofpasoBaHue
KOMIIAKTHHIX CTPYKTYp Ha KyGH4eCKOH pellleTKe IPOHCXOIHUT IO
NPUHIMIY «BCe HJH HHYero» [76].

TakuM 06pa3oM, ciabble B3aHMOZEHCTBUS B MOAENHPYIOWHX Ge-
JIOK HOJMIENTHAHBIX CUCTEMAaX NPUBOAAT K HX Pe3KO BHIPaXKEHHOMY
KOOIepaTUBHOMY NOBelleHHIO, K HAJHYHIO lepeX0/0B, NonobHbx da-
3oBbiM. JanbHelinime nogpoGHOCTH, OTHOCAIIHECS K TEOPHUH U 3KCIle-
pPUMeHTAaJNLHBIM Hccnenoaanuﬂm 3THX MepexoAoB, CM. B MOHOrpa-
duax [62, 63].

§ 4.6. BENIKOBAA TNOBY/A W TMIAPODOGHLIE B3AUMOLEHCTBHA

BTopuYHEe CTPYKTYpH — ot-CIIHPagu U PB-HOpMbI PeasH3yroTcs
B YMCTOM BHJe y NOJHMAMHHOKHCIOT, He ABJSIOMHXCS HHPOPMALHOH-
HDIMM MakpoMosieky;aaMu. COOTBETCTBEHHO 3TH CTPYKTYpPbLI HMeIOT
MOHOTOHHOE NepHOJHYeCKOe CTPOeHHe.





