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MaremaTtHueckHil anmapat TeopHH ueneii MapkoBa amexkBaTeH
annapaTy CTaTHCTHYECKOH TeOPHHM KOONEPATHBHOH [OJHMEpPHOH
nenu. [TonruMepHas uemnb, B KOTOPOH OCYLIECTBJAAIOTCS CHAbHLIE B3aH-
MOIEHCTBHA, oNpeaensomue GAMKHHA MOPAAOK, MOXKeT MOLEeNHpo-
BaTbCA MaPKOBCKHM NPOLECCOM C NMaMATbIO Ha KOHEYHOe YHCIO Hia-
roB (cm. [3), § 10). Onnako dusuka 3necp pasnuyHa. Koudopmauuns
MaKpOMOJIEKYJ/Ibl HellpEepLIBHO MeHsieTcs Osiarolapsl TemnJoBOMY JIBH-
)KeHnio. Kondopmannsa xaxmgoro 3BeHa 3aBHCHT OT KOH(dopmaluii
Kak OpeIUIeCTBYIOIIUX, TaK M NOCAedyIoUHX 3BeHbeB. B aT1OM
CMBICTIE KOONEepaTHBHOCTb B MPOCTPAHCTBE OTJIHYHA OT KOOTIEePaTHB-
HoctH Bo BpemeHH (cM. [B], III, 8). Teopus uemeii MapkoBa Hero-
CpelCTBEHHO NPHMEHHMa K HCCJAELOBAHHIO COCTaBa H NOCaenoBa-
TeJbHOCTH 3BEHbEB CONOJHMEPOB, BO3HHKAIOIIUX B pe3yjbTraTe IIO-
JIUMEPH3AUHH [BYX HJIH HECKOJbKHX MOHOMEpOB, eCllH BEpOSTHOCTb
I:DHCOeIHHEeHHs1 MOHOMepa A uan B K KoHLY pacTylleil 1end 3aBH-
CHT TOJIBKO OT TOI'O, KAKOH MOHOMEp Ha 3TOM KOHue Haxoaurcs. Ta-
KHE CONOJIMMEpH HashBaloTcs MapkoBckHMH ([5]).

§ 3.5. 0COBEHHOCTH MAKPOMOJIEKY bl
KAK CTATHCTHYECKOH CHCTEMBI

Orsnune MakpoOMonekyasipHOH uend or Lend MapkoBa Bhpa-
)KaeTca H B HePDACCMOTPEHHOM A0 CHX NOP 3ampere camonepeceye-
nusa nenu. [Ipu GecrnopsigouHom OayXKIaHHH OGPOYHOBCKOH YaCTHILbI
TAKOro 3anpera, ecTecTBEHHO, HeT — 3/lech MBl HMeeM Jesi0 ¢ Ioche-
JLOBaTeNbHOCTbIO LIAroB («3BeHbeB») BO BpeMeHH. PeanbHas mak-
pPOMOJIeKyJla COCTOHT H3 aTOMOB, KOTOpHe OTTaJKHBAIOTCsH APYT OT
Apyra Ha MaJbiX paccTOAHHAX. Buile Obliu omucanbl OaHKHHE
B3aHMOJefAcTBHA 4TOMOB, COCEACTBYIOIIUX APYT C APYrOM B LeNH, —
STH B3aHMOAEHACTBHs H NPHUBOAAT K DOTaAMepPHH H KOPpEJISUHH po-
taMepoB. Ho B GecnopsimouHo cBepHyTOH HeNH peanH3yloTcs H Janb-
HUe B3aMMOJEHCTBHS — B3aHMHOe OTTaJKHBaHHE aTOMOB, YyLaJieH-
HBIX ApPYT OT Apyra BAOJbL LENH, HO OKa3asluXcd OJH3KHMH ApPYT
K ApPYTy B IIpOCTPaHCTBe BC/eNCTBHE CBePTHIBaHHA LeNH B KAyOOK.
OTrankuBaHHe MOKHO TPAKTOBaTh KaK HaJHyHe Y aTOMOB COOCTBeH-
Horo obGbeMa H 3ampeT B3auMONpPOHHKHOBeHHs1 aTtoMoB. Coorser-
CTBEHHO BJIHSIHHSA B3aHMHOTO OTTAJKHBaHHSA Ha3bIBalOTcs 06BeMHbi-
mu sphexTany. ' '

OueBnpHo, uto oObeMHble 3G QeKThl AOKHE BO3MYLIaTh pacnpe-
AejleHHe NJHH MakKpOMOJeKyJ, KOTopoe ObuIo HalileHo Bhillle 6e3

yuera atux 5¢dexros. Ecin h? uctuHHoe cpeiHee 3HaueHHe A2, TO
h2 = (12 (h2)0’ (3,51)

rae (h?), — BeqMuMHA, BHIYACIEHHAS C y4eToM JHIIb GIHKHHAX, HO He
JalbHAX B3aMMOJENCTBHI, o -— (pakTop, XapaKTepH3yIOMUi H3Me-
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HeHHe pas3Mepa KiyOka BCACACTBHE /aJbHHX B3aHMOJEHCTBHI, T. €.
06 beMHBIX 3¢ PexToB.

O61peMuble 3 dexTh, xapakTepH3yeMbie BeJHYHHOH &, 3aBHCAT
He TOJIbKO OT cOOCTBeHHOro 06beéMa aTOMOB B LiellH, HO H OT €€ B3aH-
MOZEACTBHS C PACTBOPHTEJEM. ¢ 3aBHCHT OT PACTBOPHTEJS, & TaAKXKe
or temnepaTypn. Teopernueckoe BLIUHCJIEHHE o, BeécbMa CJIOXKHO.
Oznnako uMeercsi BO3MOXKHOCTb HCKJIIOUHTb BO3MYLIEHHE pacnpepe-
JIEHHS] MOJIEKYJI [10 JJIHHAM 3KCIEPHMEHTAJILHO H ONPELe/INTL TaKUM
06pa3oM HEBO3MYILEeHHble pa3Mephl Kay6ka.

B Xopollux pacTBOpHTE/SIX HCKIIOUEHHBIA 06beM BO3pacTaeT, Ha-
NPOTHB, B IIJIOXHX DacTBODHTE/SIX B3aHMHOE IIPHTAXKEHHE aTOMOB
nenu GoJibllle, 4eM HX HNPHTAXKEHHE K MOJEKYJaM pacTBOpHTe s, H'
o6bemHble 3pdexTnl yMmeblawoTcd. [Ipn Hagnexamem Bubope
PaCTBODHTEJIST H TeMIepaTypH o6 beM 3BE€Ha MOMKET B TOYHOCTH KOM-
NEeHCHPOBAThCS B3aHMHBIM INPHTAXKEHHEM 3BeHbEB, 3(PQPEKT HCKIIIO-
ueHHoro o6bema HcuesaeT U o = 1. OTH uaen OB BIepBHeE pas-
BUTH Dopu [45—47]. OueBugHo, YTo peub UAET O SIBAEHHH, aHAJO-
ruuHoM HabusojaeMoMy B Touke DBo#ss peanbHoro rasa. [lpu
tremnepatype Boflia oTranknBaHHe MoJieKyJ KOMIIEHCHpyeTcd HX
B3aHMHBLIM NpUTAXKeHHeM. PJopH BBeJ NoHATHE B-TOYKYU A5 pacTBoO-
poB monuMepoB. AHasoruuso Touke Boijisi 0-Touka ecrb Temnepa-
Typa, IpH KOTOpoH obpamaercsa B HyJb BTOPOH BHPHaJIbHBIA KO3(-
(PUILHEHT OCMOTHUeCKOro namJjieHHsa (cMm. ctp. 147), 1. e. B O-ToUke
OCMOTHYECKOe [1aBJIeHHe pacTBopa ciaenyer 3akoHy Bawr-T'odda.

Takum o6pa3oM, TeOpeTHYECKHE PACUETH XaPAKTEPHCTHK MaKpo-
MOJIEKYJ, HE YUYHTHIBAIOIIHE [ajbHHX B3aHMOJEHCTBHH, CJeLyer
CpPaBHHBAaTb C 9KCIEPHMEHTAJbHLIMH DPe3y/bTaTaMH, HaHIAeHHBIMH
B O-touke. Jlpyrasi BO3MOKHOCTL COCTOHT B NlepecueTe Pe3yJbTaToB,
NoJydeHHBIX B XOPOWIHX pacTBopuTenax, Ha 0-touky. Takue mepe-
cueThl TPeOYIOT TeopeTHYeCKOH OUneHKH a. Jljs aToro pasBuTa focra-
TOYHO NpakTHuHas Teopus (cm. [2, 47, 48]). OO6bemHbie 3 derTH
HauGoJiee CylecTBEHHE B pa3baBieHHEX PacTBOPaX B XOPOLIUX pac-
TBOPHTEJISIX, KOTOPbIE HCIOJIL3YIOTCS Yallle BCEro.

OrpaHHY4eHHOCTb AHAJIOTHH MakKpPOMOJEKYJSPHOH LeNH cO CTo-
XaCTHUYECKOH MAapPKOBCKOH LeNbio BO BPEMEHH NPOSBJAETCS H B ca-
MHX OCHOBaX CTaTHCTHKH MakpoMoJiekyJ. Ee npuHuunuaabHbie oco-
GeHHocTH Owlan paccmorpeHnl JIndunnem [49]. Makpomoanexyna
XapaKkTepH3yeTcs HaJHUHEM AUHelHOl namaTu — 3BeHbsi CB3aHBI
I eIHHYIO lellb H paclosoXeHbl B Hell NocjepoBarenbHo. [Toatomy
3BEHbsl (YaCTHUH CTATUCTHUECKOro aHcaM6.d) NPHHUHIHAJBHO pa3-
JHYHMBI, KaXJ10€ H3 HHX HMeeT CBOH HOMEp B LelH H [epecTaHOBKa
3BeHbeB TpefyeT paspbiBa XHMHUECKHX cBfsed. JIMHehHas naMaTe
HaJu4ecTBYeT Kak B OJHOPOAHOH, TOMOIOJHMEDHOH, LeNH, Tak
i B HHPOPMaUHOHHOH uenu OHomosumepa. Bo BTOpoM ciydae
naMsaTh BbIpaxKaeTcd HaJHYHEM [EPBHYHOH CTPYKTYpH  (cM.
crp. 73).
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QPurcupOBaHHaA NOCJAEAOBATENbHOCTh 3BEHHEB O3HAYAET HENOJ-
Hoe paBhoBecHe Lenn. llenouedHass cTpykrypa o0yC/OBJIHBAET OCO-
fenHocTH (AYKTyallMOHHOTO NOBELeHHA. XapaKTepHOe BpeMs KOH-
(opManMOHHOA penaKcallun OAHHHOH H THOKOR Lenn NpomopLHo-
Hajbno N2 (N — uncio 3BeHbeB). YcCiOBHE CTaGHJABHOCTH IeNH
HMeeT BHI,

N2exp(— E/kT) K 1, (3,52)

rae E; — sHeprernyeckne Gapbephbl, Mellalolhe pas3pbiBy BaJeHTHHEIX
CBsI3€ed.

O6osnaunm uepes X; KOOPAHHATHI j-T0 3BeHa Ienu” (= 1,2,...
..., N). Dnaromapsa B3aHMOCBfI3H NONOKEHHS COCERHUX 3BEHBLEB
KoppennpoBaHbl. Koppensnyuio MOXKHO BBIPa3HTb PYHKUHAMH g; =
= g(Xj, Xj+1), 1 COOTBETCTBEHHO (QYHKIIHS pacnpejesieHHs] 3BEHLEB
B KOHOUTYPAallHOHHOM IIPOCTPAHCTBE BCEX KOOPAHHAT 3aNHUCHIBAaETCH
caenywouuM obpasom:

p(Xp ..oy Xy) = 1;[ 8. (3153)

BeeneM KOOpmHHATDLI y,=x,+i—xi. ®ynkuun g; = g(y;) Hopmu-
POBaHLL:

f grdyjs dymdyr=1,

Tie Yt Yy Yz — DPOEKUMH BEKTOPa y; Ha ocH Koopaunar. as npo-
CTOTHl NPHHSATO, YTO g; 3aBHCAT JHIIL OT KOOPDAMHAT COCEIHHX
3BeHbeB, HO He OT UX OpHeHTalMH. BeposTHOCTb TOro, 4TO j-€ 3BeHO
HaXOAHTCS B TOUKE X, €CJIH HyJIeBOE 3aKPeNIeHO B Hauyaje KOOpIH- .
HaT, AJa OoJblINX | paBHa

01 (x) ~ j~ " exp (— £¥4ja?), (3,54)
rae

@ ="sF="ls [ g(y) s’ dy, dy,dy,. (3,55)

Taxkum oBpas3om, Mbl 3mech HMeeM [eJ0 C TFayCCOBLIM pacnpexnese-
HueMm (cp. cTp. 127).

Kak mb BHgend, npu N > 1 cBobomHas Lenb cBOpauuBaercs
B CTaTHCTHYECKHH KayOGOK BcaencTBHe daykryanuii uaruba. JIunei-
nbie pasmepl kIy6ka hy oo al/N, H ero obvem Vy oo a®N%, Cie-
JLOBaTeNbHO, 4Js1 cpefHel MiOTHOCTH KAYOKa uMeem N/Vy coa3N-",
I110THOCTL 3BE€HBEB B TOUKE X

pw=Sox—xi, (3,56)
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rie § — ¢oysxuns [dupaka, paBHas equHHIE NPH X = X; H HYJIO TIPH
X # x;. CpenHee 3HaueHHe f BBHIYHCIAAETCS C NMOMOLILIO QYHKIHH
pacnpeneneHus (3,54). Umeem

fi(x) dx, dx, dx,=Np(r)dr,dr,dr,, (3,57)
rae _
r=X/hN, hN =aVN
' 1 ! d.
S
0 ()= g [ exp(—r/4s) G- (3,58)

0

B HoBOM macuiTabe r mJIOTHOCTL p(I) CyUIECTBEHHO OTJIHYHa OT
HyJl Ha pacCTOAHHAX r ~ 1, T. €. pagHyc cucTemnl ry ~ 1. Pac-
CMOTPHUM Tenepb KoppeasinHio ¢Jiykryauuii. B oTcyTcTBHE KOppe-
JISILHH

n(x;) n(xg) == fi (x) fi (Xy).

CienoBaTebHO, B KAUECTBE Mephl KOPpeJs Ui MOXHO II01b30BAThCH
REJHUIHHON

n(x)n(X)—a(x)a(xy) __  pi2(rnr) -
i (X;) 7 (Xp) T p1(ry) pa (ro) L (3,59)

JJsi OGHIUHBIX PABHOBECHBIX CHCTEM, CKaXKeM, [Jis1 rasa, w oo N-I
T. e. JJs1 aHcaMG6Jis, colepiKaulero 60JblIoe YHCIO YacTHL, KOppe-
asauus mana. HanpOTus, Aaa MakpoMoJeKyJbl KOppessuHs IJIOTHO-
CTH CyllecTBeHHO OTVIHYHA OT HyJifl Ha TeX JKe PacCTOSHHUSX, The He
paBHa HyJIO H cama NJOTHOCTb., Besnunna

1 4o r [ —r 2
— _ 1 Ty
P12 (rl’ r2)_ dlt J fexp{ }
(V]

W=

dSl dS2

s sy — s, [
(3,50)

Takke yOblBaeT Ha paccrosHuax r ~ 1. Takum o6pasom, paxuyc
KOppeJsIllHH OKa3blBaeTcsl NMOpsjKa pajghyca CHCTeMbl, H MIHOBEH-
Hasi IJIOTHOCTb He HMeeT Onpeje/]eHHOro 3HaueHHs — OHa He sB-
JiseTcs TepMOIHHAMHYECKHM MapaMeTpPoM, T. €. JJOCTOBEPHOH BeJH-
unHOk npH N - co. MIHEIMH cIOBaMH, MaKpOMOJMEKYJSAPHBLIH KIy6OK
HENIPEPLIBHO «IYJALCHPYET», ero (JIyKTyalHH B NPOCTPAHCTBE Ma-
KPOCKONUUHHEL., BmecTe ¢ Tem KJIyOOK — 3promguyeckasi CHCTeMa, €ro
napameTphl, yCpeJHEHHEIe 10 3K3eMIIsipaM, COBIAfaioT C Iapame-
TpaMH, "yCpeIHEHHBIMH 110 BpeMeHHU. BBegeHHble 3mech NJIOTHOCTH
p(r) KaK pa3 H BJSAIOTCS TAKHMH CPEIHHMH II0 BPEMEHH.

. HsznoxeHHble Bhillle 0COGEHHOCTH CylIeCTBEHHBI /11 NIOHHMaHHS
(bu3HUECKAX CBOKCTB TJIOGYJNSPHEIX MakKPOMOJIEKYJ, KOTOpble GyAYT
ONUCaHH B II. 4.

4s 4]s; — 59|
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Haznnune nnHEHHO namsiTH H KOONEPATHBHOCTH B MakpoMoJe-
KyJspHOH Iienu ompejensier ee ocofnie CBOMCTBA B HHPOPMATHOH-
HOM acnekre. M3meHnenne kOH(GOpPMAUHH yyacTKa IeNH BJHseT Ha
€ro XMMHUYECKYI0 DEAaKTHBHOCTb H, HAaoGOPOT, XHMHUYECKHe BO3jefl-
CTBHA Ha YYaCTOK LeMH H3MEHSAIOT ero KOHPOpPMAalHOHHOE COCTOsIHHE.
CoGriTHs, MpoOHCIIEIIINE B KAKOM-JIHOO ydacCTKe IefH, BHI3bIBAIOT
KOHQOpMauHOHHBIE H3MEHEHHs BO BceH nenu. MakpoMmonekysasipHas
Iens crnocofHa CAYXKHTb KaHaIoM JJid nepegaud HHPOPMaluu O XH-
MHUeCKHX cOOBITHAX B HEKOTOPOM YJaleHHOM 3BeHe. B cBowo oue-
penb KOHPOPMAUHOHHBIH CHIHAJ, COOOIIEHHbIH Hauaay HelH, MOXeT
HONTH [0 JIOGOTo ee 3BeHa H BhI3BaTh H3MEHEHHE ero XHMHUYECKHX
caoiicts [60, 51]. Peanusyiorcsa 371eKTpOHHO-KOH(POpMaNHOHHLIE B3aH-
mozeiierBua (KB, cm. ctp. 110). Ha siseike HepaBHOBecHOH TepMo-
JMHAMHKH CKa3aHHOe O3Hayaer CONpsKEHHe XHMHUECKHX (3Jiek-
TPOHHBIX) NIPOLECCOB C KOH(POPMAIUOHHLIMU IEePeCTPOHKAMH, H MHI
MOXKeM HalucaTh B JHHEHHOM TIPUGJIHXKEHHA

Vxuw = L1 Axuu + LIZAKouq;a }
Ugonp = LQIAXHM + L22AK0H¢,
rjge v -— CKOPOCTh, A — 3HauyeHHusa CpOACTBa IJil XHMHUYECKHX H KOH-

¢opmMaunoHHEIX nepectpoek. CKOPOCTh XHMHUYECKOH peakliH 3aBH-
CHT OT KOH(QOPMAaIHOHHOrO CPOLCTBA H Ha00OpOT.

(3,61)

§ 3.6. ONMPEAE/EHHE MONEKYIAPHbLIX BEGOB MAKPOMOYIEKY )

HccnepgoBanne MakKpOMONEKyJ Kak CHHTETHYECKHX, Tak H GHOJI0-
THYECKHX IIOJIHMEPOB TpeGyeT Mpexje BCero onpejpeseHHs MOJeKy-
JSIPHBIX BECOB (M. B.). DTH Onpeje/eHHs] IPOU3BOASATCA B PACTBOPAX
NOJIHMEPOB ¢ MOMOIIBIO psiia MeTOAOB. MeTo[bl, OCHOBaHHbIE Ha 110-
HHKEHHM TOUKH 3aMep3aHus H Ha MOBHIIEHHH TOYKH KHTEHHSI pac-
TBOpa, — KpUockonus u 30yAAUOCKONUA — NPUTOAHBL JIHIb AJIS
pechMa pa30aBleHHLIX PACTBOPOB TOJHMEpPa MaJjior0 MOJEKYyJsp-
Horo Beca {100—5000). UyBcTBUTENLHOCTh TAKHX METOAOB Majaer
¢ yBeJHMYeHHEM M.B., H HMH IIPAakTHYeCKH He moJbaylorcs. Merox
U30TepMULECKOll nepe2OHKU, OCHOBAHHBIH Ha MOHHXKEHHH HaBJEHHUS
napa Haj pacTBOPOM N0 CDABHEHHIO C YHCTHIM DAaCTBOPHTE/EM, [0-
CTaToOuHO TOYeH B HHTepBaje M. B. 1000—20 000, Ho cBsi3aH ¢ GoJb-
WHMH 3KCIePHMEHTAaNbHHMH TpyaHocTaMmu [47, 52]. Teoperuueckue
OCHOBHI 3TOTO METOJa B CYIUIHOCTH Te e, 4TO U MEeTOAa H3Me-
peHHs OCMOTHYECKOTO NaBJIeHHs, OCMOMETPUYU, KOTOPbIA BeCbMa M-
POKO TipHMeHsieTcsi B Qu3HKe H (H3H4ecKOll XHMHH IOJHMepoB [47,
52, 53]. _

IlpuntunuajdnHas cxeMa OcMoMerpa MoOkasaHa Ha puc. 3.13.
MewmOpana M mpoHHunaeMa 411 MOJIEKyJl PAacTBOpPHTeNs, HO He AJs
MaKpOMONeKyJl. ¥ C/IOBHEM paBHOBeCHs pacTBopa B KaMepe // u up-





