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IMHH CJAEAYeT, YTO HpH OObACHEHHH OHOJIOTHUECKHX ‘NPOLEcCoB -Io-
HSITHE KoJIHuecTBa HH(popManHH He MoXeT naTb OOJblilero, ueM
MOHSITHE SHTPOIHH. 37eCb He paccMaTpHBaercs reHepanus Hubop-
MalHH M ee HHCTPYKTHpYOllee 3HaueHHe, ONnpefessiollee Ty HJIH
HHYI0 OHOJIOTHUEcKY0 (YHKOHIO HOCHTeNs HHbopMaunuH. Ilpu Hc-
CIeNOBAaHNH Da3BHBAOIIEHCS H 3BOMIOLHOHHPYIOMIEH CHCTEMBI He-
OGXOZHMO BBECTH IOHSITHE YEHHOCTU UH@POpmayuu A5 peajH3alHH
KOHKPETHOrO IIpoliecca, 3KBHBAJEHTHOE ee INporpaMMHpYIONIEMY,
HHCTPYKTHpYIOlleMYy, 3HaueHHo0. llennocts nHGOpManuH Bhipaxaer
ee coieplKaHHe, TOFda KakK KOJHYECTBO HHGMDOPMAIHH HE HMEET OT-
HOlIeHHS] K ee copepxanuoo. CoaepXaHHe MOXKHO OIEGHHTDL JIHILD
MPHMEHHTEILHO K ONpeneseHHLM (H3HUECKHM NpOoLeccaM.

Ditren BepBLIe NPEANPHHAJ NONLITKY AaTh KOJHUECTBEHHOe H-
3HUECKOE ONpefeeHHe HeHHOCTH HHOOPMAanMH, coaepKaieics B
Guosornueckn (YHKOHOHAJLHBIX MAKPOMOJIEKYJIax B Mponecce HX
ecrecrBenHoro orbopa [13]. Cesekrusnan yenHocTs no DHreHy ecrtb
Ge3pa3MepHBIl KHHeTHUECKHH nNapaMeTp, XapaKTepH3yolHi aBTo-
KaTaJHTHUECKHH CHHTE3 MaKPOMOJIEKYJSIDHLIX IeNeH, KOTOpbH- npo-
HCXOAHT 3a CUeT Lemefl ¢ MeHblleH MeHHOCTbIO, MOABEPTaOIHXCA
necrpykunH. Ilpomecc mpoTekaeT B CTalMOHApHON OTKPBITOH CH-
cTeMe, Aajekoll oT paBHOBecHsi. TeopHs DifireHa coryacyercs ¢ Teo-
pHell BO3HMKHOBEHHS AWUCCHIATHBHLIX CTPYKTYp IIpHroxuHa H
I'nancpopta u onHchlBaetT HeKHH Hava/bHBEIH 3Tan gOoOHOJIOTHYECKOM
3BOJIIOLHH. '

Teopus Diirena, nMeromas BaXHOEe 3HaueHHe A5 OUODH3IHKH,
OCHOBLIBA€TCs Ha peasbHBIX CBOHCTBAX GHOJNIOFHYECKHX MAaKpPOMO-
Aekya. HManoxeHne, aHajgu3, yTOuHEeHHe H pajbHelllee pasBHTHE
3TOH TEOPHH BO3MOXHLI JHIIL MOCTE AETAJbLHONO O3HAKOMJIEHHSI C
6HOJIOTHUECKHMH MakKpomosekyinamH. OO6cyxnenHe TeopHH ODiireHa
BBIXOAHT 32 PAMKH 3TOH KHHTH.

§ 1.5. KOONEPATHBHOCTb

IMocrpoenne HU3NKH XKHUBLIX CHCTeM TpebyeT HCCIeROBaHUsA
cBOeo6pa3HbIX MHKPOCKOMHUECKHX, aTOMHO-MOJEKY/ISIPHBIX CBOHCTB,

KieTka, opranH3M — reTepoTeHHbIe KOHJAEHCHPOBaHHEE CHCTe-
MbI, MIOCTPOEHHBIE H3 KBa3HKDHCTANJHUECKHX Tes (HAaZMOJEKYJsp-
HBIE CTPYKTYpbLl) H XHAKOCTEH, M3 OOJBIIHX H MaJbiX MOJEKYJ.
HaamosexynsipHble CTPYKTYPH B OpraHH3Me BBLICOKOYIOPSIAOYEHK H
NpeacTaBIaoT coG0H MPEHMYUIECTBEHHO JHHeHHbe H ABYMepHbE
eucTeMbl. B kauecTBe JIHHEHHBIX CHCTEM yKaxeM Ha MHODHOPHIIY
MLIIIIBI, aKCOH HEPBHOH KJETKH, YCJIOBHO ABYMEPHEIX — pa3J/IHUHble
KJeTOUHbLIe H BHYTPHKJETOUHbIe MeMOpaHnol, B-bopMbl GENKOBHIX
cTpyrTyp. ['0BOpPSA O KBA3HKPHCTA/VIHYHOCTH TAKOFO POAA CTPYKTYP;
Mbl HM€eM B BHAY HMEHHO HX BHICOKYIO YHOPSIZOYEHHOCTb, BBIpa-
KaloIWylocs B psiie Cjyyaes B NEPHOAMYHOCTH CTpOeHHs. Bmecre
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¢ TeM BHICOKas YNOPSMOUEHHOCTh (B ONHOM, IBYX H Tpex H3aMepa-
HHSIX) CBOHCTBEHHA H MOJEKYJSIDHOMY YPOBHIO OpraHusaiiH, Mak-
pPOMOJNIEKY/IEl GHOMOJHMEPOB — OEJIKOB H HYKJEHHOBHIX KHCJIOT —
XapakKTepH3YIOTCA He TOJALKO 3aJaHHOM reHeTHYeCKH nocieloBa-
TEJbHOCTBIO MOHOMEDHEIX 3BEHbEB, HO H ONpele/eHHON CTPYKTypo#H
LEeNOCTHOR CHCTEMHI,

Beenennoe [lIpennnrepom NOHSITHE allepHOIHUYECKOr0 KPHCTas1a
NPHMEHHMO H K MOJEKYJsIpHOMY, H K HaJMOJEKYJAspHOMY, H K Op-
raHN3MEeHHOMY YPOBHIO CTPOGHHS KHBOH CHCTEMHI.

KonzencupoBaHHble CHCTEMEI, COCTOSIIIHE H3 OOJIBLUIONO YHCIA
YaCTHL, KoonepaTHBHHL. HMHBLIMH cl0BaMH, CBOHCTBAa TaKHX CHCTEM
ONpeRensiloTCs B3aMMOAEHCTBHEM YaCTHI, H HX Hesb3si MOHATL MPH
uccnenoBaHud oTHenbHON uwacTHub. Cnennduueckas 0COGEHHOCTD
KOHZEHCHPOBAHHOH CHCTEMBl — ee CMOCOOHOCTL H3MEHSITb CBOE CO-
CTOsIHHE H CTPYKTYDHYIO OpPraHH3allHIO B LE€JOM, T. €. lIpeTepnesaTh
thasoBuiii nepexon (B 4aCTHOCTH, NepPeXOX NOPsLOK — GeCHOpsaaoK).
ViMenHo npumenurenbHo K ¢a3oBblM npespanieHHsM Qaysep BBeJ
HOHSITHE KooNnepaTHBHOCTH. KoonepaTHBHBIE mnepexol MOXeT oOCy-
HIECTBJAATLCA KaK caMOYCHJHBawomeecs npespauieHne, PaccMoTpHM
npocrofi npuMep — ypaBHeHHe COCTOSIHHSI peasibHOrO rasa Ban-nep-

Baanbca
(p+ N?%a/V? (V — Nb)= NkT, (1,59)
rie N —uncno monekyn raza (N> 1). CoxmMeM ras npH temie-
paType HHXe KPHTHUECKOH. YMeHbmleHHe o6beMa V nNpHBOIHT K
YBEJIHUEHHIO BHYTPEHHEro HapjeHHs a/V?, uro B CBOIO ouepelb BHI-
3bIBaeT yMeHbuleHHe oO6vema H T. I Ilepexon npomosxaercs IO
HOJIHOTO TpeBpauleHHsl rasa B JXHIKOCTb. ITO — THIHUHLIA NpHMep
KOONepaTHBHOTO NpoIiecca, HAYUIErQ MO NPHHIHNY «BCE HIH HHYEro».
TepMonunaMuKa laer ycnoBHsl paBHOBecHsi a3z (cm. [37]). Ilse
(a3bl HaxomATCsS B paBHOBECHH, €CJIH PaBHBI HX TeMIEpaTyphl, KaB-
JIeHHS1 H XHMHYECKHe NOTeHIHAHI, T. €. eCJIH

Ty=Ty, py=pys wp, D=p;(p, 7). (1,60)
Tak Xak XHMHUYECKHe IOTEHIlHaJbl 3aBHCAT oT p H T, paBHOBecHe
BO3MOXHO, B0OOILIe ToOBOps, JIHUIL. [IpDH ONpejlesieHHbIX 3HAUEHHAX
9THX BeJIHUHH. YCJIOBHE PaBEHCTBa XHMHUECKHX NOTEHIHA/IOB IKBH-
BAJIGHTHO YCJIOBHIO
H2— Hl - Tnep(sz—sl)=0’
rae H — suranvnus, S-—surponusi. CrelosaTesbHO, TeMnepaTypa
nepexosa
AH
Tnepz"ATg'; (lvﬁl)

sgecs AH — KOJNHTeCTBO TelJia, NMOMVIONLA€MOr0 HJH BHIAEASEMOro
OpH mepexoxe (HalpuMep, NMPH NJAaBJEHHH H KPHCTANJIH3alHH CO-
OTBETCTBEHHO). DHTAMbIHs HCNHITBIBAET Pa3pHB B TaKOM Nepexole,
Ha3blBaeMoOM ¢ha3osuim nepexodom nepeoz2o poda. Pa3phiB 3HTa/b
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NHH, a TaKXe 3HTPONHH H oObeMa onpenefsercs cKauikoo6pasHbIM
H3MEHEeHHeM CTPYKTypH BellecTBa. B nepexomax KpHCTasla— XHI-
' KOCTb NPOHCXOAHT OUEBHAHOE pa3pPLIBHOE H3MEHEHHe CHMMETPHH —
3/leMEeHT CHMMETPHH JH6O0 ecTb, JHOO €ro HeT — OH He MOXKeT Hcue-
3aThb HJIH MNOSABASTBCS MocTeneHHO. [T03TOMY HeT KPHTHYECKOro Co-
CTOSIHHSl 4Jsi [Mepexoga KpHCTaJsl — XKHAKOCTb. [lepexom Xua-
KOCTb —r'a3, HalpOTHB, MOXET COBepUIaTbCcsi HerpepbiBHO uepes
KPHTHYECKyI0 06/1aCTh, TaK KaK CHMMETPHSI B 3THX COCTOSIHHSIX OIIH-
HakoBa (cM. [37]). O6LiunbIA nepexon XHAKOCTL — ra3 HPH TeMile-
parypax HHiKe KPpHTHUeCKOH sBJsieTcs $a30BHM NEpeXonoM HepBOro
pona. Ilepexoabl MeXay pasJHYHBIMH KpHCTaJ/JHYECKHMH MopHpH-
KallHAMH TaKXKe ABJSIOTCS nepexodamu nepozo poda ¢ U3MeHeHHEeM
CHMMETPHH.

B Tex cayuwasx, Korma CTpPyKTypa CHCTeMbl MEHSIETCSl Herlpe-
pBIBHO, a CHMMeTpHsi — CKauKOM, TaKXe IPOHCXOLHT (ha3oBLIll Ile-
pexox, HO ¢ HHBLIMH ocoGeHHocTsiMH [37]. TIpencrasuM COBOKYITHOCTD
3/eKTPOHHBIX CHOHHOB B (eppOMarHHTHOM BellecTBe B BHOE pery-
JsipHON JABYMepHON pelIeTKH, B YaJdax KOTOpol pacno/oXeHsl
crpenkH. IlycTh cnHHBI cHaua/la pacroJOXEHB TakK, YTO CTPEJKH
C paBHOH BepOSITHOCTbIO HANpaBJEHHl BBEPX M BHH3. DyzeM ogpny
3a IpYrol noBopayMBaTh BBEPX CTPEJKH, HanpaBjaeHHble BHH3. IIpu
IIOBOPOTE BBepX MnocJdegHel CTpeJKH CHMMETpPHsI H3MEHHTCSl cKau-
xoM. Bemecrso nepefineT H3 napaMarruTHoro B (deppoMariHTHOE
cocrossHHe. Takok nepexon (a rakxke Iepexoawn LOpSAOK — Gecro-
pPANOK B OHHapHHIX CIflaBaX H JIpP.) sBJAsieTcsi Gha30BLIM nepexodom
8T0p02o poda [37—42]. On XapaKTepH3YeTCsl HenpepLIBHLIM H3MeHe-
HHEM 3HTaJbIHH, YAEJbHOro o6beMa H T. 1., HO pa3pHIBHLIM H3MeEHe-
HHEM HX MPOH3BOAHLIX — TeNJOeMKOCTH, Ko3¢hPHIHeHTa TenJoBOro
pacIIHpeHHsi, CXXHMaeMOCTH H T. .

Takum o6pazoM, Ga3oBele NepexofH O03HAYAIOT HAJHYHE OCO-
GeHHOCTEH Ha KPHBLIX 3aBHCHMOCTEH TepMOIHHAMHYECKHX BEJHUYHH
0T BHelIHHX NapaMeTpPOoB, B YaCTHOCTH OT TeMnepatypol. TepMonn-
HaMHYecKHe BEJHYHHBI BBIpaXKalOTCs Yepe3 CTaTHCTHUECKYI0 CyM-
My cHCTeMBI Z, T. €.

Z= E g, exp (— E,[kT), (1,62)

riie E, — 3Heprus r-ro CocTOSIHHS YacTHL, o6pasylomux aHcaMO6Jb,
gr — crTaTHYeCKHH Bec 3TOro cocTosiHHs. Brlpaxenus mns cso6on-
HOW H BHYTpeHHeH sHeprHil H TelJOEeMKOCTH (B pacuere Ha OJHH
MOJIb) HMEIOT BHJ

F=—RTInZ, (1,63)
E=Rr-4nZ, (1,64)

d dinZ
cy=Rﬁ(T2—7T—). (1,65)
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Oco6eHHOCTH MOTYT BO3HHKATL JHIIL BCJAEACTBHE B3aHMOLEHCTBHA
YacTHIl, ONpeletfIONlero 3aBHCHMOCTL COCTOSIHUSI KaXXAOH YaCTHIIbI
OT COCTOSIHHE OCTaJIbHBIX uacTuil [39].

TeopeTuueckuii BEHBOA ypaBHeHHs Bau-mep-Baanbca BEHIXOmHT
5a npepeab TePMOAMHAMHKH, OH OCHOBHIBaeTCs Ha MOJeKyadapHOH#
Mopend. MerononOrHa TeopeTHYecKOro HCCJAefAOBaHHS KOOMepaTHB-
HOM CHCTEMBI COCTOHT B TOM, 4TO CTPOHTCS MOJIEKYJ/sipHAsi MOZeJb
TaKOH CHCTeMEbI, BHIUHCASieTCs OTBedaloniasi 3TOH MOpesaH CTaTHCTH-
YecKasi CyMMa H H3 Hee OlpenessiioTes TepMOJHHaAMHuYeckHe GyHK-
I[HH, KOTOpbLle CPABHHBAIOTCH C ONLITOM,

PaccmorpuM npocrelimmne mMomenH KoonepaTHBHEIX cHcTeM. OG-
IUHHA MOAXOA TpPH YNPOLIEHHOM CTAaTHCTHYECKOM pacueTe CHCTeMB
OCHOBLIBAaeTCsi Ha npubausceruu moaeKyaaptozo noas. YacrHia
nopBepraercs AeHCTBHIO CHJ, CO31aBaeMBIX [ApPYTHMH TaKHMH Xe
gactHuaMH. OHa HaxXoAHMTCA B CHJIOBOM [M0J€, KOTOPO€ HpencTaB-
JieTcsl HEKHM CpPeAHHM 3HadeHHeM, — B MojeKyadpHom mnode. Co-
CTOSIHHSl 4acTHIE pacCMaTpPHBAIOTCS MeETOZAMH CTAaTHCTHYECKOH
MeXaHHKH, U ONpeAelsieTcs cpeiHee NoJe, CO3AaBaeMoe gaHHOH 4a-
CTHHEeH H BJHsiOUlee HA COCeJHHe dYacTHIBL. ITO cpeaHee MnoJe
HOJIXKHO COBNMAajaTh ¢ MONEKYAAPHLIM, T. €. GBITb CaMOCOF/acOBaH-
HEIM., B CYIHOCTH TOT e MeTOJA HPHMEHsieTCsl NMPH BHIBOAE Ypas-
Henusi Bau-pep-Baaabca [39].

Paccmorpum Mopenn ¢geppomarHernka Msunra [40]— cnunosyio
peutetky (cM. crp. 139). Cocrosanue j-ii crpenku (j=1,2,3, ..., N,
N — nonsoe 4HCAO CTPEIOK) MOXKHO OXapaKTepH3OBaTh NapaMer-
POM ©j, NIPUHUMAIONIMM 3HAUeHHA -1 H —1 B 3aBUCHMOCTH OT Ha-
npaBJeHHs] CTPEIKH., DHeprusi B3aHMOKEHCTBUS COCEAHHUX CHHHOB
paBHa

Easz— ;Jjgcio-l’ (1,66)

T. €. 3HeprHs Napel NapauiesbHLIX CTPEJIOK MEHbIIe JHepTHH naphl
aHTHNapa/NeNbHLIX CTPeNoK Ha 2&.

deppoMarHeTHsM AeHCTBHTE/ILHO ONpPeaessiercs napasielbHol
YCTaHOBKOH 3JEKTPOHHHIX CIHHOB. DHepris 2& XapaKTepHsyeT: HX
06MeHHO€ B3aHMOAEHCTBHe, CO3halollee NMPEUMYIIECTBO Mapasselib-
Holf ycTanoBkH. [IpencTaBnM B3aHMONCHCTBHE CPENHHM MarHHTHbIM
nonem H’, pefictBylomm Ha Kaxauiéi cnud. CunraeM, uto H’ mpo-
MOPUHOHANIbHO HaMarHMYeHHOCTH M, T. e. pasHOCTH MeXHy 4HC-
JlaMH CNIHHOB, CMOTPALLAX BBEPX H BHH3

H' =M. (1,67)
HamaruutienHocts M paBHAa MArHHTHOMY MOMeHTY €AHHHIEI O6b-
eMa, T. €. UHCAY CIHHOB B eAHHHIEe o0beMa M, YMHOXEHHOMY Ha

CpeaHHil MATHHTHHIH MOMEHT chHHa fi . CTaTHCTHYECKAsi CYMMa AJist
- CIIHHA paBHa

Z =exp (nHyqe/kT) + €XP (— pHage/kT) =2 ch (4 Hage/kT), (1,68)
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TaK KakK cruH (MarHEUTHBIE MOMEHT KOTOPOr'0 ) MOXKeT "Haxo-
OUTBCS JIHIID B JBYX COCTOSIHHAX — NapajsieJIbHOM H aHTHHapaj-
JeabHoM noaio Hapg. CBoGonuas sHeprus (cp. (1,63))

F=—kTInZ=— kT In{2ch(uH,pe/kT)) (1,69)
H
= a,"jfw — wth (H,ge/kT). (1,70)
CaenoBaTesbHO,
M = nji, = np th (WH g/ RT). (1,71)

ITpu nanuuun BHewHero nosas H momyuum

Hypo=H + H' = H + M

M= th{ - ( + pan}. (1,72)

DTo TpaHCUEHAEGHTHOe ypaBHeHHE JaeT CaMOCOIVIAaCOBAHHOE Olpe-
nejgenne M, 1. e. H'.

Ilycte nanHBLIE chHH HMeer 4
2z 6aMXKalmnx cocemell, H3 HHUX 47|

BBEDX CMOTPAT B CpelHEM 2y, N '\;“’
BHH3 z_. MeeM 75 N y=ths
2y tz.=z2 2z, —z_=zM/np. AL vt |
[Tonoxum G
M | ! L
HH,=5)(Z+—Z“)=Z5)71—“—’ g 45 10 ) gﬂ

toraa f = 2&/np? u

— th( R 28 M
Minp = th( S+ 520} 1,79)

Puc. 1.3. Kpusue HamarnnynpaHus.
Pewas 370 ypaBHeHHe rpadHyeckH, HaXOAMM lepeceueHHe KPHUBON
y =th(a + x) c upsamoit y = bx, rne
g 28 M wH AT
T kT ap ET T o2&

Ilpy a =0 (r. e. B orcyrcTBHe BHeliHero noas ) uonydaem pe-
3y/1bTaT, NoKa3aHHbIA Ha puc. 1.3. CHcreMa CHOHTAHHO HaMarHH-
unBaercd, T. €. B OTCYTCTBHE BHRIIHEroO IoJst M CTaHOBHTCA OTANY-
HblM OT HyJi 1HpH :

T <T,=2z8k. (1,74)

3necy T.— rtak HasbiBaemas Temneparypa Kropu, remnepatypa
$asosoro nepexona QeppomMarieTHk — napaMarLeT,
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[Tpubauxenne MONEKYJAPHOTO 10JI1 OGOCHOBLIBaeTCA B MeTojle
Bparra — Buabsamca.

IMycte N — noJiHOe HHCJIO CIMHOB, H3 HHX N cMOTpAT BBepx,
N_ — BHu3. UHC/IO BO3MOXHBIX MHKPOCOCTOSIHHH

W= N!

NN (1,75)

Hcnonbsys Gopmyny CrTHpsMHra, HOJYYHM BbIpaXkeHue AJs SHTPO-
nuy
S=k1an-k(N+lnﬂf+N_ln—1\%—.). (1,76)
BBeneM Be/MUMHY X Kak Mepy OTk/joHeHusi Ny M N_ or cpeaHero
HX 3HAYeHHUA B OTCYTCTBHE B3auMojpeHcTBHs N/2:
NyN=[,(14x), N_IN="1(1—x).
Torna (1,76) npumer BuJ
=—kN {/,(1 +x)n'y(1 +x) +'(1—xnl(1 =2} (1L,77)
Ins sHeprun B3aumonedicTBusi cuuHoB (cp. (1,66)) momydaem
E=—&WNy s +N-——N,.), (1,78)

rae N,y — 9HC/I0 Hap COCeNHHX CITHHOB, CMOTpPSILIHX BBepx, N__—
YHCJIO MAp COCEAHHX CNHHOB, CMOTPAMIMX BHH3, Ny _ — 4HcJI0 map,
B KOTOPHIX COCEHHE CIHHBI CMOTPAT B pa3Hble cTOpoHbl. Ofllee uyu-
CJIO Hap COCeIHHX CHHHOB paBHO lfp (2N).

Cpennune 3Havenus uHcesn Nip, N__ u Ny paBHM

Now="haN, Xt =Yzn (1 + 22, |
= N_
Ni-=2N, = 42N (1 — x%), (1,79)

= 2N (1 — x)%.
IMoacrasisas 3T 3HaueHHs B BhipaxKeHHe (1,78), mosnyuaem
=—1/,z&Nx2 (1,80)

Hafinem Tenepn cBoGoanyio sHepruio F = E —TS u u3 ycsnosus
MHHMMyMa F onpenendm Haubojiee BeposiTHOe 3HaueHHe x. s
OF/dx = 0 nonyyaem

th(£F%) ==, (1,81)
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uwro copnapaer ¢ (1,73). I[Npubaukenue MoJeKyASIPHOrO MOJsA 3KBH-
Ba/IeHTHO NpPHO/NHIKEHHIO, B KOTOPOM 3HTDOLHSI CHCTEMBl NPHHH-
MaercA paBHOH SHTPOIHU CMEIlIeHHs ee KOMIIOHEHT, a 3Heprus noJy-
qaercsl ycpeJHeHHeM [0 BCeM BO3MOXKHBLIM KOHQHIYpalHsaM.

Bonee Tounoe pemienne 3ajgauyu M3suHra naer upuGaHKeHue
Bere — Ilaitepaca (cM. [41]), uaH K8asuxumudeckoe npubiuxcerue,
B KOTOPOM YUHTBHIBAETCH JIOKA/JbHAsl KoppeJsanus cnuHoB. Paccmar-
puBaeTCA y3eJs pellieTKH H 2z ero GaHXKaHLIMX cocelell u ompene-
JAIOTCS BepOSITHOCTH paclpele/ieHuss HallpaB/ieHHHl CIHHOB B 3THX
2 y3Jiax IpH JAHHOM HalpaBJeHHH CIOHHA B 3aJlaHHOM y3Je. B npu-
Osmxkenun Bparra — BusbsaMca GaMXKHEHA NOPANOK, T. e. BEIHYHHA

Ny, ompenensercs RaibHEM g /kf
nopsIKOM NgyToe n
Niy=2N2% /2N,

Hamnporus, B kBasuxumuue-
CKOM NpHOJIHIKEHUU 3TH BeIH- sl
YHHBl BBIYUC/IAIOTCA He3aBH-
CHMO, HO OTpeje/sloTca 4e-
pes ONMH H TOT XKe napaMerp |
pewetku. Ilpunaumaercs, uro

NetlNem 1) exp(— &/RT), e

2
N% _
(1,82)
TOMla Kak B MNPpHOJMKEHHH —_—

Bpsrra — BuibaMmca, corsac- ¢ 05 77 75 27
Ho (1,79), ‘ 7%

NiyNeme ;
—t—jé— =1/, (1.83) Puc. 1.4 Cxauknm TenJToeMKOCTH npH
NG $a30BOM  nepexome  BTOPOr0  poxa.

Koa(’p(bHuHeHT 1/, nossm- (o6bsicHeHHSt B TEKCTe).
ercsi MOTOMY, YTO COCTOSAHHA
+ -+ H — — HMeIOT YHCIa CHMMETPHH, paBHbIE 2, — 3TH COCTOSIHHA
He MEHSIOTCSl NPH repeMeHe COCeJHHX CnuHOB Mectamu. Popmyia
(1, 82) CXOJHa C Bblpa)KeHHeM /11 KOHCTAaHTH PaBHOBECHS <XHMH-

4eCKONl peaKuuus
2(+ =)= (+ +) + (= —).

IMosromy npubsiikenHe H Ha3biBaeTCs KBa3HXHMHYECKHM.

Crporoe BbluHC/IEHHEe CTaTHCTHUECKOH CYMMB ISl nByMepHoﬂ
samaun Msunra Gblio BbimmosHeno OnsarepoM (cM. [41,42]). Has
TpexMepHOH 3aflauM He yAaJochb HOJNYYHTb aHaJUTHUECKOE BhIpa-
KeHHe, HO HalJeHbl YHC/EHHble pelleHus.

Ha puc. 1.4 nokasaHsl CKaYkH TemJoeMKOCTH B Touke Kiopu
(dasopnifi mepexox BTOpPOrO pona), BhiuMCAeHHble N0 Bparry —
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BunbsMcy (a), METOAOM KBasHXHMHYECKOro INpuUGauKeHusa (6) u
cTporuM MertonoMm (8).

B OuoJsoruuecknx cucreMax (pUTypHpPYyIOT ONHOMEpHBIE, ABYMEp-
HbBle H TpexMepHhle KOooHepaTHBHEHE CHCTeMbl, colepKaiiue GoJib-
III0e YHCJIO CTAaTHCTHYECKHX 3JIEMEHTOB. DTO COOTBETCTBEHHO MaKpo-
MOJIeKy/Ip! GuononuMepor (6€NIKOB H HYKJIEHHOBHIX KHCJIOT), Han-
MOJIEKyJIsipHHEe MeMOpaHHBE CTPYKTYPH H T. A. ['106yJbl 6GenKoB
B pacTeOpax H B HaAMOJEKYJAPHHIX CTPYKTypax MOTYT paccMarT-
pHBaThCsl KaK TpPeXMepHble KoolepaTHBHble cHcTeMbl. $H3nuecKue
CBOHCTBA YKa3aHHHX CTPYKTYD KOOHEDAaTHBHH, T. €. OHH CyLIECTBEH-
HHM 00pa3oM 3aBHCAT OT B3aHMOAEHCTBHA 3JeMeHToB. Koomepa-
THBHOCTh — HPHHIHIHANLHAS OCOGEHHOCTL MOJIEKYJIS1pHO-OHOJIOTH-
YeCKHX CHCTEM, ONpeae/slomasi IHPOKHH Kpyr spjeHHd (cM. [43]).
Meronnl ucelenoBaHus KoonepaTHBHBIX MPOHNECCOB HMET GoJblioe
3HayeHHe B TEOPeTHUECKOH GHOGH3HKe.

Bce ussioxenHoe OTHOCHTCS K CTaTHCTHUecKoll (pu3HKe Kooie-
paTHBHBIX CHCTEM, HaXOJALIHUXCH B YCJOBHAX TEPMOJHHAMHYECKOrO
pasHoBecusi. HecmoTps Ha To, 4To GHOCHCTEME HepaBHOBECHBI, CTa-
THCTHYECKAsl TEOPHsA [NaeT MHoroe M HX nouuMmanus. He wmenee
CYIIeCTBEHHO, OJHAKO, HCCJeAOBaHHE KHHETHKH KOONEPaTHBHBIX
MPONECCOoB. o .

TepmonuHaMuueckasi pe3skocTb (pasoBoro iepexojaa He O3Hauaer
aHOMaJbHO OoJIbIIOA ero ckKopocTH. Tak, XKHIKOCTb MOXKET KpH-
CTaJJIA30BaTbCAA JOCTATOUHO MeJJIEHHO IIpH TeMiepaType (asoBoro
nepexofa. B caMoM mene, cKopocTh KPHCTaJIH3ANHH Onpefelsercs
t¢akTopaMH, He (HIYDHPYIOIIHMH B CTAaTHCTHUECKOH TepMoO/HHA-
MHKE, & HMEHHO, CKOPOCTbIO 00pa3oBaHHs 3apOABILEH KPHCTAJIOB,
T. €. CKOPOCTBbIO HYKJIeallHH H CKOPOCTBIO poCTa KPHCTAJJIOB.

Kunernueckuit mpopecc, T. €. OPONECC NEPEXOAa BEIIECTBAa H3
OMHOI'O COCTOSIHHSI B JApYroe, 3a4acTylo TpeGyeT SHEPrHH aKTHBa&-
nud. McxonHoe u KOHeUHOe COCTOsIHHE pasjielieHbl aKTHBAIHOHHHIM
6apvepom. KoHcraHTa CKOpOCTH Mpouecca, T. €. YHC/IO HMEepPExo/0B
yepes Gapbep B NaHHOM HaNpaB/eHHH B eJHHHIY BPEMEHH, BbIpa-
xKaetes popmuyrod Appenuyca

k — Aexp[— E*/RT], ' (1,84)

rae E* — sHeprus aktusamuu, A — NpeNsKCIOHEHIHANLHBE MHO-
xuTeNb. CMbica 3ToH PopMyJBl pacKpbipaercsi B TEOPHH abGCosIioT-
HBIX CKOpocTeH peaknHil, usioxeunHoil nanee (cu. § 6.1).

B HekoTophlx mponeccax E* — KoHCTaHTa, He 3aBHCAILAs OT
treMnepaTtypel. B caMoycHiHBalomeMmcs KoollepaTHBHOM Hporecce
KOHCTAaHTa CKOPOCTH CaMa MEHsieTCsl 10 Mepe IPOXOXKIAEeHHs Hpo-
necca; HHHIMH cloBaMH E* mensiercs B xome npespamenus. Tak,
BA3KOE TeueHHe KHIAKOCTH KoollepaTHpHO, HGO nepeMelialouiHecs
YaCTHIIH B3aHMOIEHCTBYIOT ¢ coceflHHMH. [l nepeMeleHus OHH
AOJKHBl «pacTo/JKaTb» COCENEH H TeM caMHM HPEoAOJeTh HEKOTO-
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pbiii sHEpreTHueckHi Gapebep, T. €. ob6Jajaatb 3Hepruefl akTHBALIMH.
Curyanua mogoGHa TO#H, C KOTOPOH BCcTpedaercd 4esoBeK, NMPOJBH-
ralomHUACA K BBIXONY B meperosHeRHOM aBrobyce. [lisd toro urobbl
OH MOr MpOHTH, MOMXHH [EPEMECTHTbCS OCTaJbHBiE MacCaxKHpPH.
JHeprusi aKTHBALUH B KOOMEPATHBHOM IIPOLECCE 3aBHCHT OT UHCJA
HacTHL, YiKe Npeononesilnx Gapbep. UeM Oosblile JIONeH BHIIJIO
H3 aprobyca, TeM Jjerde nNpoGparbcsl K BHIXOMY.

B orcyTcTBHE KOONEpPaTHBHOCTH 3aBHCHMOCTb Jorapudma CKo-
pocTH npoLecca or ofparHoll Temneparypbl JaHHefiHa —H3 (1,84)
caenyer Ink =InA— E*(RT)~!. KoonepaTHsHOCTb HapyLIaeT 3Ty
JHHeRHOCTh, POpMaNbHO KOONEPATHBHOCTE BBIPAXKAETCsl B TOM, 4TO
E* cama 3apHCHT OT TeMIlepaTypHl.

B orinune oT TePMOIHHAMHKH KOONEPATHBHEIX HpPOUECCOB, HX
KuHeTHKa pa3pafoTaHa coBeplIeHHO HeNoCTaTo4Ho. B cymuocTH
¢u3uKa MokKa He pacrosaraer NOJAHOH KHHeTHYeCKOH TeopHel KpH-
craJiH3alu HWIn njasaeHus. OQHako GHAH OPEANOKEHB HEKOTO-
pble NpHOJHKEHHBIE IOAXOAB K QJHOMEepHBIM 3ajayaM, OCOGEHHO
CYIIECTBEHHBIM [ GHO(PH3HKH (MaTpPHUHBIA CcHHTE3 GHOlOJHMeE-
pos) (cM., HanmpuMeD, [43, 44]).

ITorsiTHEe KOOMEPATHBHEIX MPOIECCOB, BBEAEHHOE NMPHMEHHTEIbHY
K (asopbIM NpeppamieHHAM B aHcaMOAAX, coXepiKallux GoJblloe
4HCJIO YacTHI, TpaKTyercd B COBpeMeHHOA O6HobH3HKe pacImHpH-
teabHo. JIloGHe sipieHHs), onpejesnsieMble B3auMoOjaeficTBHeM paKe
MaJIOro HHCJA 3JeMEHTOB CHCTEMBI, NPHHATO HaswlBaTb Koonepa-
TusHbiMu. B aToM cMbic/ie KoonepaTHBHA, HanpHMep, NPOTeKaloMIas
B JBe CTaJHH XHMHUeCKasl peakiHsi THIa

A+B<=AB, AB-+ B AB,,

€CJIH KOHCTAHTH DaBHOBECHS 1epBOil H BTOpPOH cTaiHil pa3/iHuaioTCs.
B nauHoM caydae H3oTepMa CBA3bLIBAHHS penlectsa B pemecrsoM A
MOXKeT UMeTh OCOGeHHOCTb (HampuMep, TOUKY meperu6a), toraa Kax
npHu papeHcrse o0euX KOHCTaHT 3Ta H30TepMa IVIABHO HAET K Hachl-
weHuio nogo6Ho H3orepMe JIsurmiopa. S-o6pasHocTb KpHBOH CBA-
3bIBaHKs, KaK TNpPaBHNo, CBHAETEILCTBYET O KOONEpPaTHBHOCTH CH-
creMbl (cM. HHXe I1. 7).

[Npu manbHefieM paclIMpeHHH MOHSTHA MOXHO CUHTATh KOOMEe-
paTHBHOH H reTeporeHHylO CHCTEMY, CBOHCTBA KOTOPOH CyIeCTBEH-
HO 3aBHCAT OT B3aHMOJEHCTBHH MeXAy ee OJHOPOLHLIMH M Heo[HO-
pPOMHBLIMH 3J1eMeHTaMH. MB mepexoauM, TeM caMbiM, OT IOHSITHA KO-
OnepaTHBHOCTH K Oosiee INHPOKOMY IOHSITHIO CHCTEMHOCTH B TOM
cMblcie, B KaKoM ero seofHT Bepranandpdu [3]-

Cratucrnueckas (pH3HKa He pacroJaraer 1noka MeTojiaMH, 1O-
3BOJISIIOIIHMH pacCMaTpUBaTh NMOBEJEHHE COBOKYIHOCTH MHOTHX B3a-
MMOJAEHCTBYIOIIHX pPAa3HOPONHBX 3/eMEHTOB, B KOTOPOH KaKpwlil
COPT J€eMeHTOB mpejcraBjed MaabM HX uHcioM. [lopenenne raxoit
COBOKYMHOCTH OIpenejasdercsi He CTaTHCTHYECKHMH, HO JHHaMHue-
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CKUMH 3aKOHaMH. B3anMonelicTsue 371€MEHTOB NMPUBOJUT K Op2aHil-
3ayuu CUCTEMBbI, T. €. K IPOCTPaHCTBEHHON H BpeMeHHOH ylopsafoueH-
HOCTH 3JIEMEHTOB H TPOLECCOB, pPa3BUBaloOMHXCs B cHcTeMe. Bonpekn
yTBepxKaeHHI0 Deprananddu, noHsTHe OPraHH3alHH €CTECTBEHHO
BO3HHKAaeT H B OOBIUHOH ()HM3HKe, HellOCPEACTBEHHO He yUHTHIBaloleH
HHIHBHAYAJbBHOCTH 371€MEHTOB cHcTeMbl. Tak, KOHAEHCALHsa rasa B
JKHIKOCTb, KPHCTAJJIM3aUHs KHAKOCTH, CIIOHTAHHOE HaMarHHYMBa-
HHe ¢deppoMarHeTHKa 03HauyaloT opraHH3auHuio. I pyrofi npumep, He
OTHOCSIIHICS K cHCTeMe, coepKameli Go/IbIHoe YHCTIO 3JEMEHTOB,—
pacupenesieHHe 3JeKTpOHOB B aToMe 1o obosioukam. OpraHu3yomuM
NpHHUHIOM 3Jeck sBaderca upuHuun Ilaynu. T'naBHOoe oT/iHuMe
OpPraHH30BAHHON GHOJIOTHUECKOH CHCTeMBl OT ODraHH30BaHHOH, YyHO-
psiioueHHON CHCTeMBl, H3yuyaeMol oObMHONA DH3UKOMH, COCTOHT B TOM,
4yto GHoJIOrHYeCKasi CHCTeMa HepaBHOBECHA, OTKphITa H rereporeHHa.
Arto cospaer GosbiiHe H elfe NaJIeKo He IPeofo/ieHHBe TPyAHOCTH
B Pas3sBHTHH COOTBETCTBYIOUIHX pasnesop OHOGH3HKH, pacCMOTpeHHe
KOTODBIX BHIXOXHT 32 paMKH 3TOH KHHIH.

§ 1.6. BHODH3HKA

Buogusuka ecTb (H3HKa XHBBIX OpPraHH3MOB. TepMonHHAMHYE-
CKHH H TeOpeTHKO-HHGOPMALUMOHHLIA aHAJIH3 sIBJAEHHHA XKH3HH CHSJI
Ka)KylllHecss NMPOTHBOpedHs Mexny (H3HKOH u Guosorneil. Hesbss
He COIVIACHTbCS ¢ DUreHOM, KOIjia OH yTBepXKJaeT, YT0o COBpeMeHHad
¢u3HKa B HPHHIHIE AOCTATOYHA JiJjiA OOBACHEHHA SBJIEHHH XKH3HH,
nJs obocHoanusa GHosoruu [13]. Takoe o6ocHosanme TpebyeT Bae-
NeHHA HOBBIX MOHATHH (HanpHMep, TNOHATHA CEJIEKTHBHOH II€HHOCTH
HH(pOpMALHH), HO He NOCTPOEHHA NPHHIHMNHa/JbHO HOBOH (H3HKH.
Hopasi ¢H3uKa, cKaXKeM, KBAHTOBASI MeXAHHMKa HJIH TCODHS OTHOCH-
TeJIbHOCTH, BO3HHKa/Ja B pe3ysbTaTe yCTaHOBJEHHsS T'paHHI npHMe-
HHMOCTH paHee NPHHSTHIX TIpeACTaBjeHHH. B GHOJOTHH Mbl OKa He
BCTpeuaeMCsd C TAKHMH I'PaHHNAaMH 175 QU3MKH. -

Buodu3nueckoe HeceleloBaHHe HAaYyHHAeTCs ¢ NOCTAaHOBKH (pH3U-
uyeckolfi npobsembl, popMyaHpyeMoli Ha ocHOBe OGUIHX 3aKOHOB (H-
3HKH H aTOMHO-MOJIEKYJISIDHBIX (T.€. KBAHTOBOMEXaHHUYECKHX) mpel-
crapieHui. [TyTb GHodH3HKH HAeT uepe3 heHOMEHOJOTHIO (1pexne
BCEro 4epe3 TepMoOJHHAMHKY H TeOpHIO HH(opMamMH), K aTOMHO-
MOJIEKY/ISIPHOMY HCCJIEI0BAHHIO XHBOrO Teda. JKHBoe Tes0 MpHHIH-
NHAJbHO MaKPOCKOINHYHO, COCTOHT H3 o4YeHb GOJbIIOrG YHCJIa aTo-
MOB, MOJIEKYJI, 3BeHbeR IIOJUMEPHEIX nenell, o6/anaoluX B TOH HJIH
HHOH Mepe He3aBHCHMBIMH CTeleHsMH CBOOGORb. YHOPSZAOUEHHOCTH
GHOJIOTHYECKOH CHCTEMDBl H €€ clI0COOHOCTh K Pa3BHTHIO He MOIVIH Obl
CyIleCcTBOBATb, €C/IH Obl cHCcTeMa Oblia MHKDOCKOMHYecKOH H, 3Ha-
UHT, HOABEPKEHHOH oueHb GonbimuM daykTyanusam (10].

Bronoruueckas npoGieMa MoXKeT pelllaTbesl CPEACTBAMH DH3HKH
{ckaxeM, ¢ OMOUIbIO 3JIEKTPOHHOI'O MHKPOCKOIa), HO OT 3TOrO HC-





