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3JIEMEHTbI OPIrAHU3ALIMK U CAMOOPIrAHU3ALUU

B ®U3UKO-XUMUYECKUX CUCTEMAX

B nocaennuue aecars jJer cnenuaqHCTE pasanu-
HLIX OTpacheli 3HAHWN TBLITAIOTCH BBISICHHTD
HpHudHGl cTabUILHOCTH W HaZexHocTH GHOJMOTH-
HECKUX CHCTEM 1 TOKa3aTh, YTO MOAEAHpPOBAHHE
HEOPraHuyeckux CcHCTeM TI0 COOTBETCTBYIOIIHM
MpHU3HAKaM, XapaKTepHLIM A5 OHOJIOTHYECKHX,
NPUBEIET K CO3MaHHIO HEOPTAHHUCCKHX CHCTEM,
00JaRAIOUIHNX 3HAUHTEILHON TJIOTHOCTBIO MOH-
Ta)Ka AKTHBHBIX M 1ACCHBHBIX 3JEMEHTOB TMpH
GoapmIoll HANEKHOCTH W CTAOMILHOCTH TaKHX
cucrem [1—4].

ITosTromy marematuyeckue M . QusHUecKHE
NPHHIKNL caMooprannsauuu [5] cucerembl BooO-
e, HE3aBUCHMD OT e NPHPOALl, NPeACTABISIOT
CYylUIeCTBEHNbBIH HHTepeC.

B Hacrosiem. coobulenn# PaccMaTpHBaOTCA
HEKOTOPBIE 3JEMEHTBl OpraHu3aluu W camoopra-
HE3aUHH B (PHIUKO XUMMYECKHX CHCTeMax, B KO-
TOPBIX HMEIOT MECTO XMMHUYGCKHE MpOIecchl, CBfl-
3anuble ¢ ynopsgodcnneM [6—9], cTpyKTypHBIM
npeppauteniem [10], umuranmeit B XHMHYECKHUX
;')eamm]ax [11] » camopenporyuHpoBanHeM cHeTe-
Mot [12].

1. OPTAHH3ALHS U CAMOOPTAHH3ALHA —
MCEBJAOPABHOBECHBIE MPOILECCHI
TEPMOJITUHAMUKH

Opraum3auus CHCTEMBl ONpelessiercs Kak
CnocoBHOCTL CHCTEMBI HE palTpauyuBaTh CBOIO
VIOPAAOYEHHOCTh, 4 CaMOOPraHk3allus CHCTeMbL
XapAKTepH3YeTesi CnocoOHOCTLIO NOBBIIATE CBOIO
ynopsaaouYeHHoCTh ¢ Tevendem Bpemenu [13].

B paGorax [14—16] Obut nogpobuo passur
annapar TCEBLOPaBHOBECHOH TepMOAHHAMHKH
oGpaTuubix npoueccos. YpasHenne I'mG6ca-
Feasmronsia ang ¢poboAnOfl IHEpPrUH NCeBJO-

PaBHOBECHLIX NPOUECCOB 3anucLiBaeTCd B BHAE:

Fev=glakF Tltr b 2

— Cyeut | - (1)
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or" or
rae F, U,t;, e cBoOO/HAs SHEPTHA, IHEPTH,

TOTOK H rpaiuent cBOGOAHON IHEPruu;

T,V,Cv — Temneparypa, o6beM, TENI0eMKOCT
npu mocTtosHHoM o0beMe, a K, t — KOHeTaHTa
CKOPOCTH ¥ BpeMsi npouecca.

[Tpu xt —co nceBROpaBHOBECHBI ITpoUEce MPH-
OamKaercss K COCTOAHHIO PaBHOBECHS (B 3TOM
ciayyae crenenb IpeBpalleHus mpouecca a—1).

CootHomenne mMexny ynopsigouentoit (AF) u
HeyNopAZoueHHOA (SHTPOMHHHON uau OGpoyHOB-
cKoil) dopmaMn 3HepruM Mozer GLITL 3anuHCaHO
[9] no H. H. KoGoaeBy B Buje:

TAS +&|RT
—_—rex
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Yy — OTHOLIEHHE ANPHOPHBIX BEPOATHOCTEH He-
YHOPsAAOHEHHOr0 H YROPALOYEHHOTO  COCTOAHHIT
BBLIIGJIMBLIEroCst 9JeMeHTa SHepruu, e — kubep-
HeTHUECKHH MOTEHIMHAJ CHCTeMB.

Knbeprernuecknii norenuxan cucrems (e)
ompejesserT 3aTpaTy IHEPrHH Ha ynopsaoyYeHHe
WK pasynopsjoueHune npouecca 3a Cyer HMelo-
LIerocsi 3HepPreTHYecKoro COCTOAHHA CHCTEMBL,
CrmocoGHOCTE CHCTEMLL HE PACTPAYHMBATL HAKOI-
JeHHoe coctosHue ynopsaodexHocty [16] onpene-
JseTcst NOTOKOM H3MeHeHHs CBOOOAHON 3Hepruu
(npn nocroaHnoil Temmeparype H obneme), BO3-
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HAKaomAaM Grarogapsi HeIproaHocTH (ncesjo-

pOBHOBECHOCTH) npoiecca, T. €. HMeeT MeCcTOo:
—_ — _ pA okt 3
( Dy Ve (3)

rie Ay — TennoBoit apexT npH  NoCcTOAHHOM
ofbeme B 11CeBLOPABHOBECHONH CHCTEME,

Takum obGpasom, eci BOSHUKHOBEHHE YIOPSs-
JAOUYEHHOTO COCTOSIHHA CHCTeMLI BO3MOXKHO B 00-
paTHMOH CHCTEME XMMHYECKON TepMOAHHAMHKH,
TO ¢rnoco0HOCTL CHCTEMBI HE PacTpavyHBaTh CBOKO
YHOPAAOHEHHOCTD CBOHCTBEHHO sl NCeBAOPABHO-
BeCHLIX {IPOLECCOB OOpaTHMON XHUMWUeCKOll Tep-
MOAHHAMHKH 0Jarofaps BOSHHKHOBEHHIO TIOTOKA
¢BoGOAHON 3HEPrUH B NCEBAOPABHOBECHOH CHCTE-
me. To ecth, OpraHu3auus (PHIHKO-XHMUYECKOH
CHCTEeMbl ecTb NCEBJOPABHOBECHBIH npoiece, HC-
yesawuiHi npu kt — oo,

[Notok rpazuedra ceoGoAHOIli IHEPrHH MO TeM-

e

neparype ( = d:r) B IICEBIOPABHOBECHOH CHCTE-

M€ onpeensercs BOSHHKHOBEHHEM aHTHIHTPOTIHH
(S), noToxkoB suTponuK 1 antuIHTponuu [16]:

o‘F = " ) r
prewrs, (R STS); (4)
S=—~Cye. =SBy

Brepenne nonarng asrHsHTPONAN, Kak caMo-
NIPOU3BONBHOTD IIpolecca ynopaiodenuns Oes 3a-
TpaTtel paboThl AJs onucaHua QHIHKO-XHMHYeC-
KOro MoJeanpoBaHus npoueccos undopmauun i
MEIILIEHNS, ocyllecTBaeHo B paGore [17]. Boaun-
KIOBeHHe B [CeBLOPABHOBECHLIX Mpoleccax 006-
nacrefl caMonpoH3BONBLHOro Viopagouenusn Gea
aarparel paloThl H  NOTOKA TAKOTO ynopsiaoye-
HHA — XAapaKTePHIYET TAKYIO CHCTEMY KaK cucrTe-
MYy ¢ npucylleil eil camoopraHusaiuei, 1. K. Bo3-

-,ﬁxamume AHTHSHTPONHS H TIOTOK AHTHIHTPOMNHH

AFIOTCS NPUUMHON MOBBIUCHAA YIOPALOYEHHO-
CTH cHCTeMbl ¢ Tedennem spemenn. To ecrs, ca-
Moopranusauus  (PH3INKO-XHMHYECKOH CHCTEMbI
€CTh MCEeBJAOPABHOBECHLIN mponece, obycaoBieH-
Hblll BO3SHHKHOBEHMEM 00aacTell aHTHSHTPONMHM H
ee noToKA. -

Tak xak Xxapaktep  TICeBJOPABHOBECHOIO
npouecca -3aBHCHT 0T BHIA KMHETHUECKOTO 3aKo-
na [11, 15]), no xoropomy npoTekaer mpouecc A0
MOMEHTa Kt —co, TO OPrain3aius i caMooprani-

3aung QUINKO-XUMHYECKOH CHCTEMBI MOMKET H

Ao/kna o0/agaTh BCeMHA CBOHCTBAMH KHHETHHEC-
KOl CHCTEMBI, T. € Pas3BHBATHCA B 3aBHCHMOCTH
OT VCIOBHI KMHETHKH MPOLEcca H ero 3akona ro-
CTENEeHHO WAH CHOHTAHHO, ¢ HHAYKUHOHHLIM MEe-
puogom #au 6es wero [11]%. (Cm. cTp: 4).
HMcexons M3 onpemeseHusi caMOOPraHH3ainH
(PU3HKO-XHMHULCKOH CHCTEMbl — KaK MceBropan-
HOBECHOrO npoueccea, ¢AeLyeT oTMeTuTh (popmy-
Ja 4), uTo BO3HHKHOBEHHE B MCeBA0PaABHOBECHOM

npouecce MOTOKA aHTHSHTPOINHH, T. €. YIOpsaLoye-

HHEe CHCTeMBbl BO BPEMEHH, CBA3aHO C KOMIIEHCH-

uMell moToka 3HTPONMHM, T. €. HampaBjleHo Ha
yMeHbllieHHe PasynopsloueHus [CeBIOpaBHOBEC
HOH CHCTEMbl BO BPEMEHH.

B cBasu c 3THM Iesecoo6pa3Ho paccMOTPeTL
[pBeAeHHe OPraHnu3alliy ¥ caMouprannzainun -
3IUKO-XHMHUECKOH cHCTEeMBI HA pealibHOM (poHTEe
BpeMeHH,

2. HANPABJIEHHE BPEMEHH B OPTAHHU3ALLHH H

CAMOOPTAHH3AUMH ®PH3HKO-XHMHUYECKOH
CHCTEMbI '

[Moaxox &k mpodyeme BpeMeHH C MMO3HIHIA MHO-"
roppemMenHoCTs Ouia caesan namu B pabore [18],
a B pabforax [19, 20] noxazaHa BO3IMOKHOCTD
NPHMEHEHHA AHCHEPCHOHHOrO H TPAHCASILHOHHO-
ro CBOWCTB BPEMEHH B XHMHHUECKOH KWHETHKE [IJI
KJaacchHpHuKalHi MOHOMOJEKYAAPHBIX peakuni H
HpeBpaesus BaIEHTHLIX CTPYKTYP.

BO3HHKHOBEHHE OpradM3alnl (QHU3UKO-XHMHYE-
CKOIl CHCTeMbl B NCEBIOPABHOBECHLIX Npoleccax
CBA3aHO © TMOABJACHHEM JIOKAJLHOro MOTOKA CBO-
GoAHON SHEepruu, O0OYCJAOBJEHHOr0 HEe3IProZHbIM
npoTeKanneyM XuMHYeckoi peakuunu. Jlns Heko-
TOpoi o6JaacTH MNCeBNOPAaBHOBECHOro mpouecca
mopsaKa moanoro aupdepeHiHana sa [poMexy-
TOK CMEWIAHHOro0 BpeMeHH dt, MpH NOCTOAHHOIN
Besngune Temaosoro sddexra Ay u HEeusMeHHO-
CTH KHHETHYECKOro 3aKoHa IPOTeKaHHA MCeBILO-
paBHOBECHOr0 Mpolecca ynopsgouenue (pasyno-
pALOYEHHE) CHCTEMbl, OMpPEsenserTcs U3MeHCHHEM
cBOGOIHON SHEPrHH CHCTEMBI, BO3HHKalOUwed B
pesyawTate INpoTeKaHHd  TICEBAOPABHOBECHOrO
npouecca B JAUCTEPCHOHHOM M TPaHCAANHOHHOM
spemenu. T. e. u3 ypasueuus (3) caexyer:

(kt)’
dF=Ay fe™" d(—kt) | e =

= Ay [exp (—kt)’ — exp(— kB)*], (6)

rae (kt)® u (kt)” — oTHOCATCA K TNPOTEKAHHIO
NCEeBAOPABHOBECHOrO Npolecca B AUCTEPCHOHHOM
(cobeTBenHoM, KojaeGaTeNbHOM) HAH TPaHCJALIH-
OHHOM BPEMeHH.

B patore [18] nokazaxo, 4To AHCMEPCHOHHOE
BpeMsl, Hrpas po/b MPOLIVIOTO IO OTHOWEHHIO K
TPaHCASUNOHHOMY, XapaKTepHsyer KoJebaresb-
Hble CBOMCTBa THXKEJABIX YacTuu, obnanaioiiux

cKopoeTblo Konebanusa c* == 7.107 cmlcex, B

TO BpeMd, KaK Ha TpaHCASIHOHHOM (pouTe Bpe-
MEHH CYLIECTBYIOT TOJBKD CBETOBEIE KBAaHTHI CO
CKOpoCTblo Kodebanus 6aH3K0H K CKOPOCTH CBeTa.

Takum o0OpasoM, CcOXpaHeHHe OpraHH3aluH
(ynopazouenus) (QU3HKO-XHMHYECKON CcHCTeMO
(dF <0) obyci0BIeHO NPOTEKaHHeM [CeBlopas:
HOBECHOTD [1pollecca B AHCHEPCHOHHOM BpPEMEHH
3a cYeT YNOpALOYEHHA TSNKEJLIX UacTHIL, B TO
BpeMsl KaK Xa0TH3alMs CBASAHa ¢ npoTekanueMm
npoiecca Ha TPaHCAAIHOHHOM (dpoHTe BpeMeHH
3a CUeT pPasynopALOYEHHs BOIHHKAIOUHX HA 3TOM
¢ponrte Bpemenu ceroBhix KBaHTOB. To-ects,
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pasynopsiouesue CHCTeMLl B HanpasiaeHun 6yay-
[ero MCeBA0PABHOBECHOro IpoLecca KOMMEHCH-
pyvercd ynopsaAoYeHHEM, BOSHHKAWOMIMM 33 cuer
cOOCTBeHHOr0, KoNedaTeqabHOr0 BpeMeHH THKEILIX
4aCcTHIL 1CeBL0PaBHOBECHOrO Mmpoiecca NPH HEeH3-
MEHHOM 3aKOHe KHHeTHKH MpoLecca W MOCTOAHHOMN
peananne TemoBoro sgupekra (Ay —const.).

Kopoye rosops, opraunsaung (GHIHKO-XHMHYE-
CKOTO HCEeBAOPABHOBECHOrO Hpouecca, BOIHHK-
11af B NPOLIJIOM, CTPEMHTCH K YMEHLIIeHHIO J1e3-
Opranuaaiuny - PHIUKO-XHMHUECKON  CHCTeMBI,
BosHHKawuleh B Gyayuiem. Tak Kak guenepeHon-
HOE Bpemst 0dJa1deT CBORCTBAMH NCEBAOBEKTOpa,
T. €. B TAKOH cHcTeMe He Oo0HapyXKUBACTCA HIE-
aJpHOMl CHMMETPHH, TO JIOKaJdbLIoe YNopsioUeHue
BMUIMKO-XMMUTECKOTO fipoiecca B AUCTIEPCHOHHOM
BpEeMeHH SBAFETCSH YCTOHYUBLIM MPOTHB OpOyHH-
3auud. «B mope xaoca cymlecTByeT Mope Hopsi-
Ka». Jas camoopranumsauui 3TO COOTBETCTBYET
paccesHHIO auTHIHTPONHKM B OyAyUIEM IO OTHO-
MISHHI0 K TPOUIOMY TNCeBAOPaBHOBECHOrD [po-
necca. Ho 37o He o3nadaer nepexoi K o0bIUHOMY
IHTPOTHIHHOMY COCTORHHIO MOJEKYAApHOfi cHcTe-
Mbl, TAK K4K AEpPexod MOACKYAspPHOH 3HTPOTHA
yepes HyJleBoe 3IHAYEHWE 3anpelied  TeopeMol
Hepuncera-Tlaauka [21]. C nosuinii MHOroBpeme-
HOCTH 3T0 03HAYEET, 4TO B CHJIY PACCAOEHHOCTH H
NCeBAOBEKTOPHOCTH AHCHEPCHOHHOTO BPEMEHH MO-
JEKYAAPHYIO SHTPONMIO HEBOSMOKHO NepPeBecTH B
COCTOSTHHE AHTHIHTPONHM MCEBAOPABHOBECHOrO
npouecca. Taxum obpasom, cCaMOOpTaHH3AUMS
CHCTEMbBl NOAXEPAUBACTOR B COCTORAHHN YHOPALO-
YeHHA HanpaBICHAeM BpeMeHH,

3. HALEXHOCTh, MOIIHOCTb H
BBICTPOAEHCTBME NCEBJOPABHOBECHBIX
NPOLECCOB, OBJIALAIONIWE OPTAHHM3ALHEN
®HU3HKO-XHMHUYECKOH CHCTEMBI

[TycTs usiKko-XxHMHYeckas cucrema obaagaer
opraiusaiucil # caMoopranusauueil. dro ozHava-
eT, Ur0 OHAa SBASETCH  TICeBAOPABHOBECHOH H

A0JKHAa 00Jajgath [OTOKOM SHTPONHH  paB-
npim {16]:

a8 RPN 05 g -

“5 = oter Tm ® (7)

[ToToKk 2HTPONUH MOZKHO BBIPA3ATH H KaK Npo-
usBeneune Mownoct (P) mepexoAa Heynopsamo-
YEHHOrO COCTOSAHHS B VINOPSA0OYEHHOE Ha Tewmie-
patypy npouecca (T) |

as
—— T 8
i | (8)

H3 ypasuennit (7) a (8) caenyer (9):

= a: e
e 5o

= 9
at-oT at  f @)

T. €. MOLHOCTL CAMOOPTaHH3AIHH (PUIHKO-XHMH-
YECKOH CHCTEMBI ecTh (PYHKIAS MOTOKA aHTHIHT-

ponuHK, 1MoTOKa rpagnedTa CRoOOAHOH 3IHEPTHH,
AHTHIHTPONKHH MCEBAOPABHOBECHOIO MpoLUeced,

HazexHoCTb Takoil OpPraHu3auyd XapakTepH-
3VeTCH BepPOATHOCTBLIO YHOPIAOYCHHO-HEYHOPALO-
YeHHOro (BeKTOPHO-OpoyHOBCKOro) nepexona (y),
PaBHOrO OTHOIIEHWI0 ATIPHOPHBIX BepodATHOCTEH
HEYMOpsS/A04eHHOr0 (OpPOYHOBCKOTO) M YNOPALO-
YeHHOro (BexTopHore) cocrosuns [9):

=g, (10)

rie ¢ — XapakTepHayer HNTCHCHBHOCTh OTKA30B
TAKOro nepexosa,
T — BpeMs.
W3 ypasnennii (2) n (10) womno 3anncats
Boipaxkenue (U1) aas HagemHOCTH TAKOH CHCTe:
Mbl:

TAS

[n(:t)-‘zlnF—J— (11)

&
RT’

Msmenenue snTponun aas BekrTopHo-OpoyHOB-
CKOTO MpeBpalleHHs MOXKET ObITL ONpefe/]eHo no
vpaBHeHHio [22]:

AS =xlny, (12)

e Kk — nocrosnnag boasumana.
Ecawn nonarats u3 ypassenus (8), uro umeer
MECTD'B HeKOTopbli MoMent AS=PTx, T0;

TPr=«lIn(ot)~". ( 13__)'_

Tax 4To npH MHTEHCHBHOCTH OTKA30B /g Ie-
pexola ynopsinouesHoe — HeynopagouYeHHoe co-
crofnne o<10-1% cex ' u Bpemenn mnepexona
T<10~0 cex npn KoMHATHOH TeMmEpaType MOUI-
HOCTH TAKOro nepexoga ne wmexee 10719 goe,
HJIH NOPsSAKA OAHOrO 3JMEKTPOHBOJLTA. IToH
HEPrad Tepexofa BHOJHE JOCTATOYHO A
IKCMEPHMEHTANBHON PeANH3AINHHE YIOPALOICHHO-
HEYNOPALOUCHHBIX MNPEBPAIEHHH B SJ€MEHTAX
SeKTPOHHKHU. :

Boaee neranbroe naydenype TeopHH NCCBLOPAB-
HOBECHBIX NPOUECCOB KaK IPOLCCCUB, A5 KOTO-
PBIX CBOHCTBEHHA OpraliH3alya W CAMOOpPranH3a-
1{H#, MOZKeT MpeicTaBHTh HA Haul B3radd cyie-
CTBeHHBII HHTepec B Oyayiuem I NOHHMaHHA
HE TOJILKO XHMHHYECKHX, HO ¥ OHOXHMHYECKHX T1pO-
LectoB, /18 NoCTPoeHAs Go/1ee NOJHOIO MEXaHH3-
Ma TEOpHM CaMOOpraHH3alMH, MPUTOLHON  AJf
OTIHCANHA WHPOKOro Kjacca SBJEHHIT Opranuye-
CKOIl 1 HeOpran#yecKoil IPHPOLLL
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