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HOCTb 3Hepruit poraMepoB oueHena B 900 xas/moae. B nanbHelmeM
OBl TpoBedeH aHAJOTHUHBIA aHa/ k3 YC/AOBHA BHYTPEHHero Bpalie-
HUA B COEJHHEHHAX, COAEPKAUUX aTOMEI KucJaopona [15] u nBofinste
cBssu [16]. a Takke mMHorux mpyrux [17, 18].

Wsyuenrie MOBOPOTHON H30MepHH — KOHPOPMALHOHHBIX Mpe-
BpalleHKH MoJeKysa — npuobpeso cefiuac oueHb 60JbIIOE 3HAUEHHE
B OpraHuuecKof ¥ OuOOpraHWuecKod XuMHH. XHMHUeCKHe H ¢H-
3HKO-XHMHUECKHE CBOWCTBA MOJIEKYJ CYLIECTBEHHHIM 00pasoM 3a-
BHCAT OT HX KoHdopmauui [19, 20]. Tnasuele ocobeHHocTH (U~
3HYECKOr0 [MOBENeHHS MaKpPOMOJIeKYJ ONpeie/sioTcs IMOBOPOTHOH
H30MepueiQi.
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B magpomoJiexy/asipHoll uemd monustuaeHa (cM. ctp. 117), co-
crosmell U3 efMHAYHBIX cBasedd C—C, BHYTpeHHME MOBOPOTHI MPOHC-
XOMAAT B KaK[OM 3BeHe lend. VIMeHHO BHYTDEHHHM BpalleHHEM H
onpenensiercd 'HOKOCTb LieNH, OTBETCTBeEH- i
Hasl 32 BBICOKO3/aCTHYHOCTD li0J1HMepa.

IIpennosoxum, 4ro uenp cBOGOZHO cO-

4/leHeHa, T. €. B Helf HeT (QHKCIPOBAHHBIX
Ba/JICHTHBIX YIVIOB H NMOBOPOTH MPOHCXOAST
cBobonno. TeM cambiM HaGop KoHdopMa-
UH#, BOSHHKAIONHX MPH MOBOPOTax BOKPYT
JlaHHOTO aTOMa LeNH, HEMPEPhBEH B HHTEP-
BaJsie yrioB ot 0 50 4n ¥ 3Heprusi npu mno-
BopoTax He MeHsercd. Ilens moxHo oxa-
pakTepR3oBaTh BeKTOpoM h, mpoBeleHHBIM
OT NepBOro aroMa M[enH K [OC/AefHeMY
(puc. 3.7). OueBHAHO, UTO CpEJHEE O BCEM
KoHopManuaM sHadeHue BeKTOopa h paBHO
HYJIO, Tak KaK [pH TelJIOBOM JBHXKEHHH :
ero HampaBJeHHsi paBHOBeposTHH. Kak Puc. 3.7. Cxema cBoGon-
MpH 3TOM pachpene/ieHbl BEPOSTHOCTH ocy- 1O COUNeHEHHoh memm.
HIECTBJIEHHS Tex HJH HHBIX  3Haue-
Hult A = |h|, KoTOpHE MOT'YT MeHATbCH OT HYJs A0 MaKcHMaJ/bHOI
JJIMHBL [enH, paBHO# Zb (Z —uHc/O 3BeHbeB, b — JInHA 3BeHa)?
Peledne 3T0d 3alaud aHa/JOTHYHO PEUIGHHIO 3a7ad TeOPHH Aub Y-
3HM — HAXO0XK/IEHHIO BEpPOATHOCTH MNepeMelleHHss GPOYHOBCKOH uac-
THUB! Ha yTh A B pesy/ibrarTe Z WIaroB, KaX/[bli U3 KOTOPHX HMeeT
mauny b [21]. Pacnpenenende oKasblBaeTcsi TayCCOBBIM — BepOSAT-
HOCTb TOI'O, YTO PACCTOSIHHE MeXJy KOHIAMH LENH JIeXKHT B HHTEp-
BaJse ot h 1o h 4 dh, paBHa

W (k) dh = (gnz—b)’ 4nhexp(— o) dh. (3,13)
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COOTBEeTCTBEHHO
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0
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B2 [ h2W (k) dh == Zb?, (3,14)

0

T. €. llenb CuJAbHO cKpydeHa., Popmyan (3.13) u (3.14) cnpaBeAauBH
npu Z>> 1.

Tagum ofpasoM, TelioBOe ABHXKEHHe CBEPTHIBAET MaKpoMOoJe-
Ky/1y B KJAy6OK. DTO cocTosiHHe HauGoJee BepOsITHO, HOO MOJIHOCTHIO
BLITSHYTasi KOHGOPMAIHS UENH MOMXKeT OCYIIECTBHTbCH OIHHM CHO-
coboMm, a CBepHyTaﬂ—MHO)KeCTBOM crnocoboB. Kay6xoobpastas
dopma MaxpoMoJeKyl B pacTBope J0xa3aHa
NPAMBIME ONLITaMH (CM. JaJjee).

DHTpONHAHAA TNPHPOAA BLICOKO3IACTHUHOCTH
KayuyKa HeNOCPEeJCTBEHHO CJAelyeT H3 CKasaH-
Horo. B HepacTsHyTOM COCTOSSHHH [ellH CBep-
HYTHl B CTAaTHCTHYECKHe KAyOKH, YeMYy COOTBET-
CTBYeT MakcuMa/bHas 3HTponHs. IIpu pacrsaxe-
HUH KJAY6Ka SHTPONHS yMeHbIaeTcA. DHTPOMHUS
Lend paBHA

~ S=rFkInW(h)=C — 3kK}2Zb% (3,15)
rie C—mnocrosiHHas BeJHYHHA, He 3aBHCALIAS

ot h. Coraacno (3.7) ympyrasi cujia OpH, pacTs-
XKeHHH [eNH paBHa

Puc. 3.8. Llens ¢

dbuxkcUpOBaHHHM - (_@_S_) — 3kT .
H  BaJeHTHRMH f T ok Jr 752 h. (3,16)
yraamg.

Monyip ynpyrocti, nolo6Ho MOAY/IO YIPYrocTH
HleaJbHOTO rasa, paBuoMy p = RT/jV, auuefino -
3aBHCHT OT TemmnepaTypsl. Ha 3ToM ocHOBaHa KHHeTHYeCcKas TeopHs
KayuyKa, BIepBble TMpefsoXeHHass KyHowm.

B pea/ibHBIX MakKpPOMOJIEKYJaX BaJleHTHbIE YIVIbl MEXAY CBA3SMH
(bHuKCHpPOBaHb H NOBOPOTHI He CBOGOAHML - 3alla/luM MOJIOKEHHEe IBYX
nepBbIX 3BeHbEB MoJH3THJEeHOBoH uenu (puc. 3.8). Tpertbe sBewo
MOXET 3aHHMaTb pa3/HuYHble MOJOXKEHHS Ha IIOBEPXHOCTH KOHycCa
¢ pactBopoM 20 (mx — 0 — BaneHTHBI yron Mexay cBsassmu C—C,
GJaH3KHA K TerpasapuyeckoMy 109°28’). DTuM pasiHUYHBIM NOJIOXKe-
HHSM, XapakTepH3yeMbIM YIJIOM NMOBOPOTa (¢ BOKPYr BTOPOH CBsI3H
C—C, orseuatot pasuble sHeprin U(g). [Tosoxkeune 4eTBeproil cBs-
3H 110 OTHOLIEGHHIO K MEPBHIM BYM MeHee ONMpelde/eHHO, TaK KaK OHA
OpPHEHTHPOBAHA Ha KOHYCE, OIHCAHHOM BOKPYT KaXk/IOro H3 moJoXKe-
HHH TpeThel cBsisu ¥ T.A. Jlocratouno ynajeHHasi cBsI3b pacmoJa-



§ 3.3. TOBOPOTHO-U3OMEPHASl TEOPHSI MAKPOMOJEKYJ 129

raeTca O OTHOLIEHHIO K TEpBOH CBfI3H NMPAKTHYECKH OPOU3BOJLHBIM
o6pasoM. [loaroMy n/HHHaAA Lenb CBEPThIBACTCSl B KAYOOK. Makpo-
MOJIEKYJY MOXKHO MBICIEHHO Pa3GUTb Ha CErMeHTHl, [0J0XKEHHS KO-
TOPHIX YK€ He KOppeTupoBaHB APYr ¢ ApyroM. Toraa dopmynsl
(3,13) —(3,16) coxpansiiorcsi, HO Z 1 b 03HAYAlOT yXKe YHCIO M LJIH-
Hy CBOGOLHO COUNEHEHHHX CErMEHTOB, a He PeaJ/IbHbIX 3BEHbLEB.

MoxHO, OfH2KO, BHPa3UTh CPEAHUH KBajapar IJIHHH KiayOxka h?
He uepe3 BeJHYHHB Z W b, a uepe3 peasbHble BeqHUHHBI N — ynCIO
3B€HbEB, | — NJHHY 3BeHa, O -— yros, NOMOJHUTE/IbHBIA K BaJeHT-
HoMy. Bexrop h ecrp cmea BeKTOpOB 3BEHBEB

h= 2. 1,. (3,17)
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CienoBarenbHo,
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g‘, (3,18)

®opmyna (3,14) caenyer orciona aBTOMaTHYECKH: NPH CBOOOLHOM
cousnenednn (Iid;)=0npui=~=jn

K= NP, (3,19)

B pea/ibHOH Lienmu cpefHHue 3HAUEHHS CKAJAPHBIX NPOU3BEACHHH
(11;) saBucar or 0 u ¢. Hag uenu ¢ cCUMMETPHYHBIMH MPHBECKAMHU
THMA NOJMUSTH/EHa (HO He NOJHCTHPOJaA, cM. puc. 3.1) crporuil pac-
uer (cM. [2, 3, 5]) npuBonut X dopmyJe, BnepBble noaydeHnol Oka

’

-
—

i=

i=

2 l+cosG 141
= NI T—cos® 1—n° (3,20)

rie 1 -— cpelHu KOCHHYC yria BHyTpeHHeI‘O BpallleHHus

2n

n=cosq>==J‘exp< (w))coscpd(p/fexp U(q’))dcp (3,21)
0

@opmyna (3,19) cupaBemnuBa M AJAHHHBIX nemed ¢ N > 1.
Beanuuna h2, Boluucienuas no (3,20), Gonbme, 4eM y CBOGOAHO
couneHennoll uenu (cM. (3,19)), Tak Kak Koppeasuus, onpenesnse-
Masi OTCYTCTBHEM CBOGOAB! BPallleHHs H BaJCHTHBLIMH yIJlaMH, YiJIH:

Hsier uenb. OYeBHIHO, UTO BeAHUHHY A2 MOXKHO paccMaTpuBaTh Kak

Mepy TepMOAMHaMudeckol THOKOCTH uenu -—vuyeM MeHbile A2 npu
sananubix N u [, reM 6oJjibuie TeGKOCTh. Js oueHb KecTKOH Ieny,
XapaKTepH3yeMOoH NpeHMYIIeCTBEHHO TPAHC-KOHDHUIYpalyeH, yroa ¢
6ausok kK 0° u n Gsusko k 1. CoorBercrBento u3 Qopmysan (3,20)
caeayer

I-+cosB® 2

22 —— NJj2 T COSY <
h*=Ni 1—cos® 1—1n°

(3,22)

5 M. B, Boabkenwreftn
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Hnst rubkux ueneft Bolunuciaenue n no dopmyrae (3,21) tpebyer
3HaHus noTedkuaabHON suepruu U (g).

Teopus pasmepos, GopMel, a TaKKe AUNOJbHBIX MOMEHTOB, aHH-
30TPONMHBIX NOJAApH3yeMOCTeH U T.A. NOJHMEPHBIX Lelell A0/MKHA
HCXOIUTh U3 GH3UTECKOTO MexaHH3Ma uxX rubroctd. Tak wiu uuHade
THOKOCTb ONpefensieTcsi NOBOPOTAMH BOKPYT eAHHHYHBIX CBs3eil.
Brepsele yuyeT HecBOGONL! ABHKEHHSI 3BEHbEB MPOBOLKJICSA HA OCHOBE

Puc. 3.10. Poramepn noausTuIeHa.

NpeCTaBJ/eHHss O KPYTH/bHBIX KosleGaHHgX OKO/MO TpaHc-xoHpopMa-
uuit 3pednes uen# [23, 24]. B stom ciyuae dynkuus U (@) umeer Bug

U(p) =2 Us(l —cosg) = !/, Usg? (3,23)

# pacuer h?> npusoauT K ¢opmynae (3.22), Tak Kak cos¢ OJH30K
K eftuuuie, OfxHako CpaBHEHHE C QIBITOM HE NOATBEpAH/IO [IpaBHIb-
HOCTH 3TOH GOpPMYJB! I/ peasJlbHHX MaKpOMOJeKyJl.

Kax Mbl BHIHM, JIHIIEHHBIE aKCHa/bHOM CHMMETPHH MaJjble MO-
JIEKYJ/Ibl 00pasyloT BC/eACTBHE BHYTPEHHHX MOBOPOTOB CMECH MOBO-
poTHbIx n3oMepoB. To Xe OTHOCHTCH H K MakpoMmoJjexy/aam. Ha
puc. 3.9 u 3.10 noxa3zaHsl poTaMepsl #-6yTaHa H NOAH3TH/IEHA, NOJAY-
yaloumecss B pe3yJabTaTe NOBOpPOTa BOKpyr Jwboi ceasy C—C s
penu. Pasauuke cBoAHTCS K TOMY, 4TO BO BTOPOM C/lyyae BMECTO
CHg-rpynn ¢urypupyior rpynnet CH,, npucoeninHeHHsle K npogo.-
Kamleics ey, 9To H3obpaxeno Ha puc. 3.10 sgakom ~.

[Mpennoxeunas B 1951 r. nosoporHo-usomepras Teopus [25] pac-
CMaTpPHBAaeT MaKpPOMOJEKY/y Kak paBHOBECHYIO CMeChb MOBOPOTHBIX



§ 3.3. MOBOPOTHO-U3OMEPHAS TEOPHUSI MAKPOMOJIEKYJI 131

H30MepOB, @ BHYTPEHHEe BpallleHHe B LENH — KaK [I0BOPOTHYIO H30-
MEepH3a[HIo, NIePecKoK H3 oAHOR KoHdopManuM B apyryo. MHnimu
caoBaMy, HenpepuiBHas KpuBas U(gp) 3amensiercst paspuiBHOH ¢YHK-
nue, cofpepxamefl pan 6eCKOHEUHO Y3KHX meJsell npH GuKCHpOBal-
HbIX 3HaYeHHAX .

Kouneuyno, B neficTBHTeTbHOCTH NPOHCXOAAT (DIYKTyalHH — KDPY-
THJIbHEE KOJeGaHHs OKOJO 3HAYeHHH ¢, OTBEUYAIONHX [OBOPOTHHIM
n3oMepaM. OIHaKO HX MOXKHO HE YUYHTHIBAThH, TAK Kak 3TH PJIYKTya-
nuy, O6yoydn clyd4afiHEIMH, B CpelHeM KOMIEHCHPYIOT [APyr Apyra H
He BJHAKT Ha yCPeIHEHHBIE CBOHCTBA MaKpOMOJIEKYJIHL.

B noBopoTHO-M30MepHON TEOPHH HHTerpHpoBaHHe B (3,21) same:-
HAETCS CYMMHDOBaHHEM 110 poraMepaM. Tak, AJs NoJMH3THIAEHA

__ cos @1 exp (— Ei/kT) + cos ; exp (— Ep/kT) + cos s exp (— Es/kT)
exp (— Ei/kT) + exp (— Ey/kT) + exp (— Es/kT) )

(3,24)
Coraacuo (3,12) E;—E,=E;—E,=AE, ¢, =0° ¢;=120°
@3 = — 120°. Torza

. 1 —exp(— AE/RT)
M= T Sexp (— AEJAT) (3,242)

[Tpu AE =600 xas/mosrs, T = 0°C nonyunm m = 0,37. Haxonum
no ¢popmyse Oxka (3,20) npu cos 0 = —1/;

h=1,INI. . (3,25)

Tepmodunamuuecxas eubKOCT6 MaKPOMOJIEKYJ, HHBIMH CIOBaMH,
CTeNEHb CKPYYEHHOCTH CTATHCTHYECKOro KJIy6ka, TeM Gosblie, 4eM
MEHbIIIE 1), T. €. 4eM MeHbile AE. Ecjin MHHAMYMEl 9HEPrHH pacnoJio-
Kenpl cHMMeTpHuHO (¢ == 0° @ = 120° ¢3= —120°), To npmH
AE = 0 umeem n == 0, 1 MakpoMoJeKyJa BejaerT cefs Kak lellb CO
cBOGONHHIM BHYTPEHHHM BpalleHHeM.

OueBHHO, UTO MOBOPOTHO-H30MepHAs TEODHA XOpPOIIO OGOCHO-
BaHa JJf TeX cJyuaes, KOTla MHHHMYMEI 3HEPTHH Pa3jie/ieHbl 3Hep-
FeTHYECKMMH GapbhepaMH, cyulecTBeHHO npeBbimatwomuMu RT. Ecnu
3TO ycJaOBHE He co6/10faercs, TOBOPOTHO-H30MepHas TeopHsa coxpa-
HAeT 3HauYeHHe NpPHOGJHKEHHOIO MaTeMaTHYeCKOTO MeToja, IO03BO-
JISIOLILET0 ‘3aMEHSATh MHTErPHPOBaHHE CYMMHPOBaHHEM.

TToBopoTHas H3OMEDPHS MOJIHMEPOB YCTAaHOBJIEHA PSAIOM METOAOB,
npexjae BCErO MeToJAOM HH(ppaxpacHOH crnekTpockonuH. [as Baxk-
HEHIIHUX TOJHMEPOB 3HEepreTHUecKue Gapbephl 3HAUMTENILHO IIPEBHI-
matot kT. TloBOpOTHO-H30MEPHAS TEOpHS MOJYYHJI2 NPAMEE 3KCle-
pHMEHTaJbHble [OATBEPKIEHHS NIPH H3YUCHHH T€PMOMEXaHHUECKHX
CBOHCTB H pacrsikeHHs nosauMepos (cM. crp. 136). Dra Teopud
JerJla B OCHOBY COBPEMEHHOH CTaTHCTHueCKOH (PH3HKH MaxkpoMo.e-
KyJ1, TIoC/Ie[0BaTe/qbHO H3JO0XKEHHOH B MoHorpaduax [2, 3, 5].

5*
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Pacuer ru6koCTH KOHKPETHLIX NOJUMEPHBIX melell JOJMKeH OCHO-
BLIBATbCH Ha HMX XUMHYECKOM crpoeHMH. Tak, xondopManHu MOHO-
MepHbIX 3BeHbeB B nosuMepax tHna (—CH;—CHR—), (uanpu-
Mep, noaucrupod, cM. puc. 3.1) u (—CHy;—CRy—),, onpeneasiorcs
NPEHMYUIECTBEHHO B3aHMOAEHCTBHAAMH MAaCCHBHbIX GOKOBLIX NpHBC-
cxoB R. Ceesenns 06 atux kOHPOpPMAaUHAX YAAETCA MOJAYYHTD NYTEM
HCCJIEIOBAHHA KPUCTAJNHYECKHX I1OJUMEPOB METONAOM pEHTTeHO-
CTPYKTYpPHOTO aHa/H3a. Benepcreue KOHOHTYpanHOHHOH reTeporeH-
HOCTH H JHCIEpPCHH AJHH nenell 06blYHbIE [IOJHMEpPbl HE KPHCTAMIH-
3YIOTC HJIH KPUCTA/IH3YIOTCA JIHmb dacTudHo. OmHako crepeope-
TyJ1pHble IOJHMEPBl KPHCTANIH3YIOTCA XOPOIIO, HX MOKHO MOJYYHTh
Naxe B BHIe MOHOKpHcTa/10B. Ho B 6/I0Ke M CTepeOperyisipHbie
MOJMMEPBl KPHCTANJIH3YIOTCS He IoJHOCThi0. Hapsay ¢ rerepore-
HOCTbIO, KPHCTA/JIH3aUUH NpEeNsTCTBYIOT KHHETHUYeCKHe (aKTOpHL.
Jnst Toro uro6e 06pasoBaTh KPHCTAJMI, MaKPOMOJEKY/Ibl JOJIKHLI
nepeopHeHTHpoBaThcAd. CracTHYecKHe QIYKTYHPYIOmHe KJIyOKH 3a-
KPHCTa/IIN30BAaTbCA HE MOTYT — [ellH JOJKHB BBITAHYThCA. Jlake
eCJIH TePMOJAHHAMHYECKHEe YCJOBHSI GJarolpHATCTBYIOT Pas3BepThiBa-
HHIO KJTyOKOB H OpPHEHTalUHH [eleH, 9TH Nporecchl MOTYT NOTpedo-
BaTh CJHIIKOM [JHTEJbHOTO BPEMEHH IO CPaBHEHHIO C BpPEMEHeM
onbita. Heo6xonnmo npeonosets Gapbepbl BHYTPEHHETO BpallleHHs.
PaBHOBecHble TepMOJHHAMHYECKHE CBOHCTBA IIOBOPOTHO-H30MEPHOM
MaKpOMOJIEKYJIbl ONPEAE/ISIOTCH Pa3sHOCTAMH 3HEPTHH NOBOPOTHBIX
H30MEepOB; HalPOTHB, KHHETHUECKHE CBOHCTBA ONpENeJsIOTCS BhICO-
TaMH 9HepreTHYeCcKHX 6apbepos. L/ KpHCTaIH3anyH CYIHEeCTBEeHHA
He TOJIbKO TepMOJMHaMHYecKas,, HO M KHHeTHYeckas THOKOCTb Ie-
neit. [Tporpes mosuMepa HIM ero HaGyXxaHHe B HH3KOMOJIEKYJISAPHOM
pacTBopHTese 06JeT4al0T KPUCTALIH3ANHNIO.

TepMonuHaMuuecKHe yC/AOBUSA KPHUCTA/LIN3alHH H I1aBJEHHS TIO-
JHMEPOB HENOCPEeACTBEHHO CBSI3aHbI ¢ NOBOPOTHOH H30MepH3aiHueil.
TeMIepaTypa mJaBleHHst BolpaXKaeTcsd Kak OTHOIIEHHe PasHOCTH BH-
TaldbNHA K Pa3HOCTH SHTPONHH B TBEPIAOM H XKHIKOM COCTOSTHHSIX
(cMm. crp. 38). YBesnueHHe SHTPONHH IPH IJIABJIEHHH NOJIHMepa CBA-
34HO, B YaCTHOCTH, C IEPEXOAOM OT YIOpsAOYeHHOH KOH(opManun
HemnH K CMecH MOBOPOTHBIX H30MEPOB, K CTAaTHCTHYECKOMY KIyGKy.
JHTpONHA CMelleHHs ABJSAETCS CYLECTBEHHHIM BkJaanoM B AS [2, 3]

Kpucraninueckoe cTpoeHHe XapakTEpPHO AJS BOJOKOHHBIX NOJH-
MepoB. MakpOMOJIeKyJ/Iibkl B BOJIOKHE YJ/IOXKEHBI PeryJsipHO, HX LENH
napaJjeNbHbl OCH BOJOKHA. BOJIOKOHHbIE OJUMEPHBIE IOJHKPUCTA.T-
Jbl HTPAIOT BaXHyIO pOJib B ObiTy M TeXHHKe. Tak MOCTPOEHH CHH-
TETHYECKHE BOJOKHA — NOJUAMHAbL, NOJAHIDHPBI H T. A, W IPHPOA-
Hble — [IEJIJTI0JI03HOE BOJIOKHO, MIepCTh M meJK. B mocielHnx AByx
c1y4asiX Mbl BCTpeuaeMcss ¢ QHOPHAAAPHLIMH OelkaMH (CM. HHXKe
. 4).

PeHTreHOCTPYKTypHbIe HCCIEOBaHNS CTEPEOPETYMAPHLIX NIOJHME-
pos, npoBenenusie Harra u Koppaaunu [26, 27], nokasanau, 4t0 B
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KpHCTaJ/Ie NOBTOPSAIOMWIHECS CTPYKTYPHBIE EIHHHIB NENH 3aHHMAIOT
reoMeTPHUYECKH SKBHBAJIEHTHbIE MOJOXKEHHS] OTHOCHTEJNLHO €€ OCH.
OTH HaGMONEHNs JIETTIH B OCHOBY NOCTYJlaTa SKBHBAJEHTHOCTH €0~
METPHUYECKHX MOJOXKEeHHH CTPYKTYpHbiXx enuHun (cM. [3]). Ilocrynat
9KBUBAJEHTHOCTH NaeT BO3MOXKHOCTb YCTAHOBHTb CHMMETPHIO IEHH
B KpPHCTaJJIe H KOHGOpPManHH MOHOMEPHHIX 3BEHLEB, HCXONS M3 CTe-
PEOXHMHUYECKOTO CTPOEHHS LEMNH, H3 ee KOH(pHTrypanuHu. Beaexcrsue

2)

Puc. 3.11. KondopManun KpHCTAJNIHIECKHX IeHed.

a) HsoTakTHueckHi noJuUNpoNnHed; 6) cCHUAHOTAKTHUECKHH NOJANponu/ed; 8) yuc-1,4-nonn-
usonpeHn; 2) nafjgon 77. B

peryJisipHOCTH 1elH 1 S5KBHBAJEHTHOCTH 3BEHbEB MOJEKY.Ibl MOJHaMH-
JIOB H NOJTHNENTHIOB MOTYT KPHCTAJIH30BaThCs JIMUIL B BHAE CIHPA-
Jell, Tak KaK CTPOEHHE MX MOHOMEpHLIX 3BEHbEB HE CHMMETPHUHO.
1,4-M0/IHM300PEH MOMKEH KPHCTAMIU3OBATHLCS THGO B BHAE CIHpAJH,
au60 B BUIE CTPYKTYpH, HMEIGIEH MJI0CKOCTb 3€PKaJbHOTO CKOJIb-
xenua. Ha puc. 3.11 nokasannl KOHGOpPManmHu KpHCTaJJIHYECKHX
nemnefi HEKOTOpbIX moaumepoB. CnHpaap KaK neJOe MOXKET ObiTb
MpaBoO- H/IH JEBOBHHTOBOH HE3aBUCHMO OT TOTO, 06/1a1aloT JIH MOHO-
MEpHbIE 3BEHbsl XHPaJbHOCTbIO (CM. cTp. 79), M, 3HAYHT, OHA ONTH-
yeckd aKtusHa. OqHaKO o6pasen CHHTETHUECKOro MOTUMEpa, MoJy-
YEHHOTO M3 CHMMETPHYHbLIX MOHOMEpPOB, ONTHUYECKH HeakTHBeH. OH
COIEpXKHUT pPaBHOE KOJHUECTBO NPaBhiX H JIEBHIX CIMpaJell — HX pa-
IEMHYECKYIO CMECh.

Koudopmanus crepeoperynaspuoii makpomosaekyan (—CHe—
—CRR’—)» xapakTepHayeTes I1ByMs yrjlaMH BHYTPEHHETO Bparié-
HHS @1 H @y, COOTBETCTBYIOIMUMH MOBOPOTaM BOKpYr CBfA3el




134 TJ1. 3. ®M3UKA MAKPOMOJIEKYJ

—CH;—CRR’— u —CRR’—CHy—. Cnupanb MoXer GHTb mnpen-
craBjJeHa B BHAE (@1, @2)n, NPHUEM @ 7= @2; PABEHCTBO @ == 3
BO3MOXHO JIHIIb NIPH HYJEBLIX 3HaUEeHHAX ITHX YTJOB, T.€. AJd ILIO-
cKofl Tpanc-nenu. Ecan (¢, 2)» npeacrasager co6oil npasyio Ciu-
paJab, To JeBad CNHpaJb (OINTHYECKHIl aHTHION) BHpaxaercs Kak
(—@2, ¢1) n. TlogpoOHbI aHaJH3 3THX COOTHOMUIEHH! NpHBeAeH B [3].
Hsorakruueckne (cm. crp. 119) nmomumepn (—CH;—CHR—), B
6ONbLUIMHCTBE CAydaeB KPHCTAJNJAH3YIOTCA B BHAE CIHpastH 3;, 49TO
coorBercTByeT ¢ = 0°, @2 = 120°, 1. e. uepenosaHuio Tparc- u
CBepHYTHIX KOoH(PHTypauuii poraMepoB. HanpoTHs, cHEAHOTaKTHue-
ckue (cM. ctp. 119) moanMepsl KpHCTaMIH3YIOTCA JHGO B BHIE MJO-
CKHX Tpaxc-nenefl, TG0 B BHAE COHpajH ¢ yraaMu ¢p= @i = 0°
¢2= s = — 120° (moaunmponuyeH; B 3THX cayYaax Kondopmanusa
IelH XapagTepH3yeTcsa yXKe He IByMH, a 4eTHIPbMA yIJlaMH [I0BOPOTa).

IlnaBiaeHHe KpHCTaJNINYECKOTO CIHPaJbHOTO NOJHUMEpa ecTh IO-
BOPOTHad M30MEpH3anHa, Nepexox Ccrupasb— Kay6ok. Cxonanbie
nponeccsl HTPAOT BaXKHYIO pO/Ib B MOJNEKYJAAPHOH GHOPH3HKe — B
¢busnke GEJKOB W HYKJEHHOBBIX KHCJAOT (cM. HHXKe rj. 4 u 8).

B paGorax [15, 16, 28, 29] 6GbliH npoBefeHbl pacyeThl SHEPTHH
BHYTPEHHEro BpallleHHd Kak GyHKUHH YIVIOB @1 H (g AJs PALA MOJHU-
MepoB (cp. crp. 126). B macrosumiee BpeMs Takoro poxa pacdeTs
BLIIOJIHEHKl [ MHOXKECTBA BaXKHEHIINX CHHTETHYECKHX NOJHMEPOB
(em. [3, B]) m nna 6GuonoanMepos. PesynbTaThl, oTHOCAmKECH K Ge-
KOBBIM [€NfIM, PacCMOTPeHHl B rJl. 4.

Taxum o6pasoM, npeacrasjieHHe 0 NOBOPOTHOH H3OMEPHH MaKpo-
MOJI€KyJ 060CHOBAHO Pe3ybTaTaMH H3yYEHHA KPHCTANAHYECKHX IIO-
numepos. B cBowo ouepeib 3TH pe3y/bTaThl 0Ka3bIBAIOTCA BecbMa
BaXXHBHIMH JU/Il TEOPETHYECKOTO PacCMOTPEHHA MaKPOMOJIEKYJ B pac-
TBOpE.

Qduxcanud onpeneneHHHX NOBOPOTHBHIX H30MepPOB [JA BCeX
3BeHbEB 1lellM B KpHCTaase obecneunBaer ero JaasHuil nopajox:
3Has NOJOXKEHHS aTOMOB B JaHHOM MOHOMEPHOM 3BeHe, MHl 3HaeM
HX IJI CKOJb YIOJHO yAaJIeHHbIX 3BEHbEB, TaK KaK PacloNoXKEeHHe
4TOMOB-CTPOTO NepHoAHYHO. BMecTe ¢ TeM B KpHCTallle HMEETCH, KO-
HEUYHO, U OAUNCHUL NOpAdOK — ONpeleeHHOE PacloNoKeHUe coces-
HHX 3BeHbeB. I1pu NJaBAeHHH HAM PacTBOPEHUH NMOJHMEPA NajbHHIA
NOpRAOK HCUE3aET, HO ecTh BeCbMa BECKHE OCHOBAHHA CUHTATh, 4TO
G6AHXKHUA 10PANIOK COXpaHfAercs. To YCTAHOBJEHO IJS HH3KOMoJe-
KyJsipHBIX XHIKOCTEH, COBpeMeHHasd TeOpHA KOTOPHIX HCXOAHT H3
nipentrasieHHil 06 HX KBa3HKPUCTAJJIHIECKOM CTPOEHHH, BBEJIEHHBIX
®penkenem [24]. Coxpanenne GamKHEro mopsiika B MaKpOMOJIEKY-
Jlax clleflyeT M3 TOTO, YTO KPHCTaJIHUeCKHEe CTPYKTYPbl NOJHMEpPOB
COOTBETCTBYIOT MHHHMYMY NIOT€HnHMabHON snepTHH. Mcxona us srux
coobpaxenuit, [Ttuuptu n [laponos [30] npennonoxunu, uro Ganx-
HUH ofHOMepHbI! NOPSAAOK B CBOGONHON MaKpOMoJeKyJae, o6pasyio-
HieH eTaTueTHYECKNA KayGoK, aHaJQrHHeH [ajbHeMy OIHOMEepHOMY
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nopAAKy B KpHcCTa/je. BrickasaHHass HMH HJes [OJy4YHaa [IOJ-
Hoe TMOATBepXKJeHHe B pacueTaXx KOHPOPMauHit — LOBEPXHOCTEN
U(gy, @2) 1 T.0., a TakkKe B PE3yNbTaTaX CIHEKTPOCKONHYECKHX H
onTHueckux wucciaenosanuii (cMm. [3]). Ona Jsersa B ocHoBy Gousee
TOYHBIX pacueToB ¢(pH3UYECKHX CBOACTB CBOOOMHBIX MaKpOMOJIEKY.TI,
HCXONAIINX U3 IOBOPOTHO-H3OMEDHOH TEOPHH.

HAns neneit ¢ cummerpHunbivE npHBeckaMu (—CHy—CRo—)n
NOTeH[HabHasi SHEPTHS BHYTPEHHETO BPalleHHs He 3aBHCHT OT TOrO,
OPOHCXOAAT JM IIOBOPOTH BOKPYT €JHHHUHbIX CBfA3eH MO YacOBOH
cTpenxe uiau npotHs Hee, T.e. U (@1, o) = U(— @1, — @2), rne ¢ —
yroa nosopora BOKpyT cBsi3H —CHy—CRy— u @9 — BOKpyr cBsAsH
—CRy—CHjy—. Tag xax 5T aABe cBA3H OAHHaKoBH, TO U(@, ¢2) =
= U(gz, ¢1)= U(— ¢2, —¢1). Ectm B xpHcramie peasnusyerca
e1HHCTBeHHbIH poTaMep (@i, P2), TO B pacTBOpe, HAPAAY C HHM, 10J-
XHbl QUTYypHpOBaTb poTaMeph (@2, 1), (—@1, —2), (—P2, —1)
c Tol e sHeprHell. 3HaueHHs @i, QP2 H3BECTHbl M3 PEHTTEHOCTPYK-
TypHBIX HccaenoBanuil. CienoBaresibHO, H3BecTeH Becb Habop pora-

MEepPOB H MOXKHO IpPOH3BECTH pacueT 1 = cos ¢. i HecumMer-
pPHYHBIX H30TaKTHYECKHX NOJHMEpPOB KpHCTalauuecKaa xoHdop-
ManHa (@i, g2) maer AJA CBOGOTHOM MaxpoOMOJEKyJaH (@i, ) H
(—@2, —@1), M7 CHHIHOTAKTHYECKHX KPHCTaJMHdyecKad KoHdop-
mMaunsa (@i, 1, P2, @2) AaeT (@1, §1) H (P, 2). Takum obpasom,
HOBOPOTH B COCEIHHX 3BEHbAX [I€NH KOPPEJHPOBAaHH JApYyr C
ApyroM (MMeeTcsd KOONEpaTHBHOCTb, CM. Bbime § 2.4) H cpenHHui
KBaJapaT JJMHB LenH Bhipaxaercd HOpMyJaoH

B2 = exp(—AU/RT) (B zy —ps , (3,26)

rae (B npocreiinmeM ciydae JByX KBHBaJEHTHbIX pOTaMepOB)

AU =Ul[(e, 9), (9, 9 —Ul(®, 9), (—p, —@)].

Kpyrible ckoGKH OTHOCATCA K ABYM COCENHHM MOHOMEPaM IEelH.
Jaa uenell, KpHCTaMJIH3YOIINXCA B CIHpaJbHOH KOH(pOpMaIKH, NO-
CIe0BaTEABHOCTh OJHHAKOBBIX POTaMePOB FHEpreTHYeckH 6oJiee BH-
roJua, 4eM IOC/A€0BaTeIbHOCTb Pa3HbiX poTaMepos. MHbIMH ci0Ba-
mu, AU < 0. Koppensanua yrauHAeT nelb, nelaeT ee Gosee XKecTKOMH.

Beanuuust AU wmoxkHo naliTh Teopernueckd, s noaustuaena
ycrofuussl Koubopmaunu (0°, 0°), T. e. rpanc, rpauc (it); (0°, 120°)
u (0°, —120°) (¢s); (120°, 0°), (—120° 0°) (st) m (120°, 120°),
(—120°, —120°), T. e. (ss).

Koudopmanuu (120°, —120°) u (—120° 120°), . e. (s*s™) H
(s"s*) oHepreruueckH HeBHIrOgHbH. B 3TOoM cayyae B KoHpopma-
muax (fs) u (st) (uUTypHPYIOT HEIKBHBAJeHTHble pOTaMephl H
pacyer h%? c yyeTOM KOpPPEJSILMH HECKOJbKO CJOXKHEe, u4eM 1o
.popmyae (3,26). 3nauenna AU nna ({£) u (St) paBHH HyJdIO,
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nas (ts) u (ss) 0,5 kkaa/moas, nas (s*s”) 2,3—2,7 kkaa/moae. Tlo-
ayqaeM

h? =3,2h% = 1,6NI2, . (3,27)

rne ho — Benuunna h’, Bbluucaennas npu AU = 0. B orinyme or

(3,25), 3Ta BesqMYHHA COTJIACYETCS C ONLITOM.

Jna mecummeTpHunBIX nenelt gopmyna Oxa (3,20) yxe neneil-
CTBHTeJbHa. TeopHs NpPHBOAHT K 0O/Iee CIOXKHLIM BLIPaXKCHHAM, CO-
mnepxkalluM Hapsigy ¢ cos¢ ewe H sing. EciH npueeckH cuMme-
TPHYHH, TO sin ¢ = 0. .

IToBopoTHO-H3OMepHast TeOpHs HAaeT KOJHYECTBEHHOE HCTOJIKO-
BaHHe (PH3HYECKHX XapaKTepHCTHK MaKpOMOJIEKYJ B pacTBope —
pasMepoB H ¢$OpPMH KJIyOKOB, AHNOJbHBIX MOMEHTOB H ONTHYECKHX
csoiicte. Teopns xopomo corimacyerca ¢ onbitoM [2, 3, 5]. Ona
packpriBaer (DH3HYECKHA MeXaHH3M pacTSAXKEHHH NOJHMEpOB — BH-
COKO3JIaCTHYHOCTb Kayuyka. [Ipu pacTsKeHHH penu NpOHCXOZHT H3-
meHeHHe Habopa ee kKOHpopManHil. MexaHH3M Takoro H3MeHEHHS —
noBopoTHas H3oMepHsanus. [1oacHHEM cKasaHHOe ¢ NOMOIIbIO OJHO-
MEepHOH MojeaH MakpoMoseKyabl. [IpeacraBHM KaXnoe 3B€HO CTpe.-
KO JJMHHOM [, KOTOpas MOXET CMOTPETb HJIH BIpaBO, HJH BJEBO.
OaHOMY NOBOPOTHOMY H30Mepy (0603HauMM €ro ) OTBEYalOT OBE
COCENIHHE CTPEJKH, CMOTpsIlHe B OQHY CTOPOHY, Ipyromy (o6o3na-
YHM Er0 §)-— [B€ COCeJHHe CTPEJKH, CMOTpsILHE B pa3Hble CTOPOHBL
O6mas pauHa penu BbIpaXkaercs ajreOpanvyeckod CyMMOH INJIMH
Bcex crpeqoK. Ha puc. 3.12,a n3o6paxkena penb, cocrosmas H3

a).....,.._>._><——->—-)-<-<—-——><—-<—
b) w2 Do e I e e D — > €—

b) > = = > > >~ > >

Puc. 3.12, OnnoMepHas MoHelds, HIMOCTPHPYIOmAs DACTsXKEHHE IelH.

10 3Benbes. M3 uux 5 cmorpsaT Bnpaso, 5 — BJIEBO; clen0BaTeNbHO,
obmasa n/JHHa penH h == 0. B uenum narb {- H NATL S-pOTaMepoOB
(uro6bl oflllee YHCJIO POTaMEPOB PaBHAJNOCH YHCIY 3BEHbEB, T, €. 10,
MB HOGaBHM elle «HYJIeBOE» 3BEHO, CMOTpAILEEe BIIPABO — OHO II0-
Ka3aHo NyHKTHpOM). Bynem pactsarusaTh nenb CHIOH, OPHEHTHPYIO-
‘et crpenxu snpaso. Ha puc. 3.12, 6 nokazaHo 0JHO H3 BHITAHYTHIX
COCTOSIHHH penH. 3aech JinHA nenu h = (7—3)/ =41, a uncia po-
TaMepoOB OCTaJHChb NpPEXHHMH — ux no nsatH. Llenb ynaunmaace
B pesyJbTaTe NepepacnpeleleHHs poTaMepoB 0e3 H3MEHEHHS HX
OTHOCHTEJIbHOTO cojepXaHus. [lepepacnpeneneHne oNHuChIBaeTcs ne-
pexoaom tisststsst — tttsstssts. OHO He CONpPOBOXKMAETCH H3MeEHe-
"HHeM 9HeprHH, HO SHTPONHS MeHsercs, yOuBad ¢ YBEJIHYCHHEM YIO-
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psiAoueHHOCTH poTaMepoB. OmHako NMyTeM INPOCTOrO Iepepacrupeng-
JIEHHA [- M S-pOTaMepoB HeJsb3s NOCTHUL NOJIHOTO pacTAXKEeHHs [EINH,
ITonHocTeio pacranyras ueno (puc. 3.12,8) COCTOHT H3 necATH
t-poramepoB. B sToM ciyuae mnpeBpauieHHe CONPOBOXKAAETCH He
TOJIbKO H3MEHEHHEM SHTPOINHH, HO H H3MEHEHHEM BHYTPEHHEH sHep-
ruH, tak Kak 10E; == 5E; - BE,.

TakuM o6pa3oM, TEOPHA NaeT MOJEKY/IAPHOe HCTOTKOBaHHE pac-
Ts2KEHHIO TOJIHMepa M IpefcKasblBaeT, YTO BbIpaXKeHHe IJsi BBICOKO-
anmacTHYecKol nedopmanuu (3,16) He MoXKeT GHITh BIOJIHE CTPOTHM,
FHapany ¢ «9HTpONHAHON» YyNPYyTOCTbIO HOJXKHA GbiTb H «IHEPTETH-
yeckasi», IOCKOJbKY pa3HOCTb SHeprHd poramepoB AE oTiHuHa OT
Hyaa. MHBIMH clioBaMH, NO/XKHA GblTb OTJHYHOH OT HYJA H BesH-

YHHa
r aE
] —( ah)r’

npuueM [ 3aBucHT ot AE [2, 3, 31]. 3T0 npexckazaHHe TEOpHH NOA-
1BepXKJeHo onbiToM. HccienoBaHHs TepMOMeXaHHYECKHX CBOHCTB
KayyyKonoaoGHbIX MOJTHMEPOB, NnpoBeneHHsie Puiopn H ero coTpyn-
HHKaMH Ha OCHOBE IOBOPOTHO-H30OMEPHOH TEOPHH, HE TOJILKO MOKa-
3a/TH Ha/JHUHe SHePTeTHYECKOH YNPYTOCTH, HO H IO3BOJHJIH HaHTH
sHavendst AE M3 onbiTa, OKa3aBUIHECS B XOPOIIEM COTJIACHH C Teope-
tHYeckuMH [3, 32]. BmecTe ¢ TeM npsiMoe HCC/IelOBaHHE pacTAXKEHHS
MOJIHMEpPOB METONOM HHdpPaKpaCHOH CHEKTPOCKONHM IOKa3ajlo, 4TO
IPH pacTsXKeHHH JeHCTBHTENLHO H3MEHSeTCsl OTHOCHTEJLHOE COolep-
JXaHue poraMepos [2, 3, 33—35].

§ 8.4. MAKPOMOJIEKY/IA — KOONEPATHBHAA CHCTEMA

3BeHbst B 1eNH B3aHMOCBSI3aHbl, U [OITOMY MaKpOMOJEKyJa
npeacrasaser coboll KoonepaTHBHYIO cHcTeMy. CoCTOsHHE JaHHOTO
5B€Ha 3aBHCHT OT COCTOSIHHH COCEINHHX 3BEHbEB. YueT B3aHMOCBS3H
NPHBOIMT K TOMY, 4TO B BLIPAXXEHHH LI NOTEHUHa/bHOH SHEprHH
coaepxkarcs WieHsbl, 3aBHCSLIHE OT on(bopMaunn o KpafiHel Mepe
IABYX COCEJHHX 3BEHLEB

N
U@, Q oovs Q)= Z U Qs ), (3:28)

rae Qp — xKoHpopMmanus k-ro 3BeHa, NpencTaBJeHHas COOTBETCTBYIO-
WMMH yTJIaMH NIOBOPOTOB.

MakpoMoJiekyJia — OfHOMepHas KoollepaTHBHasi CHCTEMA, B KO-
TOPOH Ka)KJoe 3BEHO HMeeT ABa cocefHHX. CTaTHCTHYECKOE paccMo-
TpPEHHE TaKOH CHCTEMBLI, BHIUHC/EHHE JJIf Hee CTaTHCTHYECKOH CyM-
Mbl, HECDaBHEHHO IIpPOLIE, YEM B cjJydyae ABYMepHOH H, TeM OoJee,
TpexMepHOH cHcTeMbl. PacueTsl MOXHO NpoBeCTH Ha OCHOBE OJHO-
mepHo# Monenn Msuura (cm. crp. 40). CraTHcTHUeCKasi cyMMa JJd





