o(X,, X:) maocrocreio X, = const, nOKa oHa HE TOCTHTHET MIIHMY-
Ma 0. Ecnim Her HEKaKmMX orpammvednii, BenuuyuHa g OyfeT ABHraTb-
¢A 0o HOBEPXHOCTH ;0 PaBHOBECHO# Toukm 6 = 0.

Bosppamenite OTKIOHUBIUGHCA JUHEHHOH CHCTeMBI B CTanmmoHAap-
Hoe cocToAHmMe, 6GNM3KOoEe K PpaBHOBECHOMY, IPONCXOMUT OSKCIOHEH-
Ouanbeo, 683 oCHMANATUIA:

0F =E(8)— & = (§(0)— §")exp(—t/1), (9.94)

e E*f — cranmuoHapHOE 3HAYCHUE KOOPAMHATH PEAKINHU, T — EPEMT
Peaarcayuu.

§ 9.6. Conpasxenne XuMmyecKNX peaxumii ¢ mepenHocoM BelecTBa

OpranusM, KjIeTKa — XHUMHYECKHE MailMBsl, (yHKIUONNpYOmue
B pesyabraTe XNMHAYECKHX pearkOuili m IepeHoca BEHIECTBa MEMKIY
KJIGTKOH M OKPYMKAaKme#n cpepoii, a Tak:ke BuyTpn wiaeTwu. IlepeHoc
HMeeT OUpejielIeHHOe HAIlpaBjieHue, NepPHeH/INKYAAPHOE K KIACTOYHOIT
U BHYTpUEKJETOUHHIM MeMmOpamam. ITOTOK Bemiectsa eCTb BEKTOp.
B To e BpeMA CKOpoOcTh XMMHYECKOH peaknun — ckaisap. Hak yike
ckasao (c. 312), mpamoe conpsiKeHne CKANSPHOTO U BEKRTOPHOro
OpoNeccOB HEBOSMOXKHO B HU30TDPONHOI cHCTEME B CIUIYy OpuHEuia
Kiopn. HeposMoxu0o OHO M B aH30TPOIHBIX CHCTEMAX, MMEODIAX
nentp cummerpun. Omuako GHONOrMUECKHE CHCTEMBI, B KOTODBIX
CONpATAIOTCA XuMudeckne peaknum u and@ysnd, a #¥MEeHHO mMemOpa-
HEBI, MOCTPOSHBI M3 XUPAJIbLHBIX MOJEKYJ, JHIEHHBIX NJIOCKOCTH I
nentpa cuMMerpru (§ 2.7). Mem6pans! anmzorponnsl, B rakux cm-
CcTeMax B OPUHNHNE BO3MOMKHO UPAMOE cOUpsiIKeHHe, BEeKTOpHbIE
kospdunnertu L,,=L,, moryr oranuateess or Hyma. Teopus npa-
Moro coupmmenus xuMmuu u ardgdysnn B memOpanax, Henocpenm-
CTBEHHO YVYuTHIBAOINAA HMX AHWBOTPOILII0 H XHPanblOCTh, TOKa HE
passura. MoxHO mpencTaBuTh ceGe, HAIpuMep, MepeMelleHne HeKnx
YYaCTHHKOB pEeaKkHuy BRONb BUHTOBOTO KaHama B MeMOpaHe, B KO-
TOPOM pacIoioKeHBl [eHTphl. Torga TeweHue peaknhiu Oymer pas-
JMYHHBIM Mg BemecTB, HOCTYHAKMMX € pAasHLIX KOHIOB KaHAaja.
K rtoMy e pesynbTary NOpuBegeT pacCMOTPERUE CUMMETPATHOrO
KaHala, B KOTOPOM PEryJAApHO PaclONO}KEeHBI ACHMMETPHYHBIE, T. €.
XApaIbHEe, pearnuouubie medrpsl. Omnako moka HeT oOCHOBaHMIT
YTBePKAATH, 94TO 3TU 3PQPEKTL SHAUYNTENLHEL,

BsauMocpash xuMudecknx pearnmil m TpaHCTOPTA BEMIECTB MO-
JKET OmpefeNAThCA HE NPAMbBIM, HO KOCEEHMbLM COnpAyceHlUeM, BO3-
HAKAOMMM BCISACTBHE YCJAOBAA CTAalOMOHAPHOCTH. B crammomapuOoM
COCTOAHNY BO3HMKAET CBA3h MEMAY HeoOpaTuMBIMI IIpomeccaMm, Ko-
TOpHE HENOCPe/ICTBEHHO HE cOnpsyKeHsl. BepHeMcest ® mpuMmepy, pac-
cMorpennomy ma c¢. 317. Hapaay ¢ BemecTsaMu, y9uacTBYIOINNMH
B pearumm

A > > —->-F—->,

GymeM BROmATL B CHCTeMy mHepTHoe BemecrBo (Q, B peaknmuu HE
yuacteylomee. Ero Tpamcmopr compssken, 0AHAKO, ¢ TPAHCHOPTOM A.
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Torna

d d.n
T ”;':A =Ly S#s+ Lyt T dtQ =L, + Lzz'%Qr;
i (9.95)
y L~ LF”F: Tv = Lxum-%xum-

dt

Ylocnepnee ypaBmeHne OTHOCHTCA K CYMMAapHON XUMHUIECKOH peax-
uuu A — F. U3 ycnoBuit cranquoHapHOCTH CaelyeT:

dny doxli g dnp dexny
dt —  di —v=0, dt ~  dt +v=0,
dng . dean -0
at — di :
Tlonyuaem
T T TvL, /L
U "SR PRI PRSI ¥
L11_L12/L22 F Lu—le/[‘zz

Cponcteo £, MHEPTHOIl KOMOOHEHTH OTJIMYHO OT HYAA ¥ HPONOp-
UUOHAILHO CKOPOCTH XUMUYECKON peaxknuu, B KOTOPOH BEINECTBO HO
ydacTByeT. Benepcrsue 3TOH peaknud BO3HHKAeT PasHOCTh KOHIEHT-
panmii BemecTBa Q BHYTPH U BHe CHCTEMBI:

08)/0(02) = K exp(— S#¢/RT). (9.97)

TeM caMbIM peasniudyeTca KOCBEHHO€ CONPAMEeHHe TpaHCUOpTa HHEPT-
HOr0 BelecTBa U XAMHAYECKOT pearnuu.

PaccmorpuM KocBeuHoe conpsskenne B obmem Buie (Hawansckmit m Octep).
Hanmme™ ¢yHEKUMI0 AECCHNIANUA JNIA CACTEMbl, B KOTOPOM MMEIOTCH TPAHCIOPT
(cOobmeHHas cHIa — FPafWEHT XUMHAYECKOro TMOTCHIHAlla) H XHMHYECKas
peaKpusa:

To =TV (—1;) =2 X vy (9.98)
i . i
Veinosre HeNPEPHBHOCTH I i-# KOMIIOHEHTHI:
de;
= VI + v, (9.99)
VcnoBme cTaumOHapHOCTH, T. €. HOCTOAHCTBA KOHIEHTpAIlUA Ci, ecTh ¢ = 0, . e.
V1§ =i, (9.100)
Tloncrasuaa (9.100) B (9.98), Haxommm
To =—V DJ ;e (9.101)
i

IlponrTerpupyeM ¢ AJf OZHOMEPHOro NOTOKA BIOJEL OCH Z OT £ =0 JI0 T == a.
Ilonnas gmecmnainsg Ha eUHEALY ILUIONMIAgH paBHA

Ogons = 5‘0 dx:Ti. 2 (i O #; (0 — T, @ 1, (). 9.102)
p - _ .
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Ananormunoe muTerpmposaame VJ; maer (cp. (9.100))
a a
dfi TIONTH
de:Ji(a)—Ji 0) =v; \vdz=v.J " (9.103)
0
W3 pByX mocaemunmx ypahneanﬁ cinefyer

T, = Z T, (0) [1; 0) — 1, (@)] + Troa Z [— vl (@]  (9.104)
HIR

T9%0nm Zf (@) [11; (0) — 1ty (@)] + Tig” 2 [— vi#t; (0], (9.104a)

CyMMH B TOCHEIHHX wWieNaXx NpaBHIX HacTell BLIPAKAIT 3HAYEHHSA CPOICTBa
peaxknmm Ha rpasmnax Membpanst x =0 ® z = @ 718 NPOHUKAIOIIMX B MeMO-
pany wommoneHToB. Ilepexona w ¢eHoMeHONOrHYECKUM YDABHEHHAM, HATIMIEM

Ji (0) = Z Lij (0) Auj + Li,xnm (0) s# (a),
TIOTTH . 9.105)
Jxom = 2{ anm,i ) Ap, + Lyyy (0) S (a),
HIR
T, (@) =D L;; (@) Aj + L; yyy, (2) 57 (0),
j

(9.105a)
J;Igﬁﬂ _2} me,i (a) Ap; -+ Ly (@) 57 (0).

B MaxpoCKONHYECKHX, T. €. B IIPOMHTEIDHPOBAHHBIX, BHIPDAIHEHHAX MOABHIHCH
menuaronanbubie Ko3QdunmeaTs Li, xum(0) # Li, xam(a). CEMMeTpHUHB JH oHE?Y
B JokanbHBIX, HEHHTErPAPOBAHHBIX BHIPAKEHHAX HETHATOHAJBHBIX X0dPdmu-
eHToB A XuMEA u AAPPY3MEm HeT, TaK KAk CACTeMa H30TPOIHA W HPAHHKI
Kiopm cnpaseymus. UHEIMA ClOBAMHE,

Ji= Z lijv (— uj)' v= Ly s, (9.106)
3

e I — noxanbuabie (enoMeHOJOrAUecKHe woaddunuent. To e oTHOCHTCA K
ofparHBIM BEIDAKEHAAM

V(—u :)*Z il = P = I (9.107)

VeraHOBAM CBA3hL MeXKAY NOKaXbHEIMA M MaKDOCKONHuUeCKHEMH wonddmpmenTta~
mu. [pumenss k nepsoMy ypasuennio (9.107) omepatop V, monyumm

2
Vi =) =Dy,
i
Tlopcrapnsa yciaosne cranmonaproctr (9.100), Haxogmm
V2 (= pi) = (zvjrij) D= (Zx]m 2 v].rij) S
i i

VusoxuM obe wacTH 9TOro ypaBHemwHsi Ha ¥; B IpocymmupyeM mo I Tax xam
St = — D\ V;it;, THoryuaeMm
i

2 vV (— ) = Visk= ( xmz vV, u) (9.108)

Mu monyumnn nudepennmanbuoe ypapuenne nis S¢. Hospdunmenr, crommuid
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npu S, uMeeT pasMepHocTh cM~2 OfosmawmM ero gepes A~2 (A — JUIEHA pesak-
cauu). UmeeMm
AV — . (9.108a)
Penrenne 31010 ypaBHeIIMsi HMeeT BUJ
¢ (2) sh (z/)) - £ (0) sh [(a — z)/l]
4 sh (a/M

Jlag ucpexofa K MaKPOCKOIHIECKHM BBIPAKEHHAM NY;RHO NPOHHTETrPEPOBATH
noransHble cootHomeHnsA. Haterpmposanue (9.100) or 0 go z paer

S (z) = (9.109)

X
df .
j’d—zldxzjl (1)_.’1 (O) —'Vllngjﬂ‘%dx. (9110)

Monerasasa coga (9.109) m muTerpEpy#, HaxoguM
Ji(z)ZJi(O)—i— .
oy £ 2
sh (27;“ W @ (ch (/) — 1) — £ (0) (ch [(a — 2)/A] — ch (a/A))}. (9.411)
C gpyroit croponsl, coraacHo (9.106), JeBas 9acTh 3TOro BHIpAKEHHHA pPABHA

2) = D1V (— #y)-
7

Tloncrapum sto peipaskeHme B (9.111) m npomuterpmpyem or 0 5o a. Tar Rar

du.; )
"‘5‘%—1- dz=p,; (0) —p; (e) = Ap,

S (@) — £ (0) ——Evlp (“)+2V1P1 (0) = ZVA”H

T0 B peaym,'rare KHTerPuPoBaNAA TOJyvaeM
J;(0)a= 2 [Li;+ vV Mgy (@ cth (@/A) — M)] Ap; —
— [viM gy th (2/20)] £ (a).  (9.112)

Pazpgennm peipaskenrme (9.112) wma ¢ @ modydmM MarpocKonmmieckrme (IeHOMEHO+
normgeckme BHIpaskeHHs. O0o3HaUEM

Mxau[cth (a/A) —Aja] = &, Msumth (a/2)) = B,
OxoHYATeNhHO HAXONHM

J; 0) = D (35/a + vyvsa) Ap; — v,BF (a), (9.143),
j

uro copmagaer ¢ (9.105), npaaeM
Li;(0) = lijla -+ vivie,  Li, xum(0) = —vif.

Buancienne  Jyg AaeT

Tiont = [ T xauts = by, § 5 d2= My [ (@) + 5 ©)] th (a/20) =
0
=— D v,pAn; +28% (@), 19.11%)
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Cpasumsas (9.114) co BropeiM ypasuenmem (9.105), Haxoaum
Lsuw, 4 (0) = —Viﬁ, Lyun(0) = 28. (9.115)

TaxmM o0pasoM, MaKpOCKONHuYecKue Kod(punmeHTsl, XapakTepH3ylOOAe KOC-
Bennoe conpmxenne Andy3HOHHLIX TOTOXOB M XAMUYECKOW peaKkmuu, BhIpake-
HBl wepea MHEKpockommuecxme Kodddmmuents. CoorHomennma cuMMerpun Omnsa-
repa coxpaHgioTca. Oraudve oT HY:Is# MAKPOCKOOHYECKAX Ko3uuueHToB
CONpsKeHHs ONPeJedseTCH B M30TPONHOH CHETeMe YCJIOBHAMU CTaUMOHADPHOCTIL

Kax Mu1 yBuzuM, KOCBEHHOE CORPsDKEHHE WIpPaeT Ba)KHYI0 poJab
B teopun MemGpammoro Tpamcmopra (cm. . 10 u 13). B rnase 10
ME 03HAKOMAMCA W ¢ KOCBEHHLIM COUDSKGHWEM IIpH Taxk HashiBae-
MOM 06.1e2uenHoM TPAHCROPTE, TPOMCXONALIEM C YUaCTHEM MOJCKYJI-
nepenocuuKos.

§ 9.7. Ilpouecenl, nanexne or paBHOBECHA

tHuBele cucTeMbl XapaKTepH3YIOTCA BEICOKON YIOPAIOYEHHOCTHIO
" CTPYKTYPhI M HOBejleHusI B OpocTpamcTee ¥ BpeMenu. Mer yme or-
Meqain KaKyHieecd OPOTHBOpPETNe MEeMKIY BO3PAaCTAHHEM CIIOMKHOCTH
CHCTeMBI B Xoze ee OHOJOTMIECKOTO PasBUTHA W BTOPHIM HAYAJIOM
repmonunaMurn (c. 12). llporusopeune sto aerxo crumaeTcd: Kusasd
cmcreMa eCTh OTKpBITad CHCTEMa, SHTPomuA KOTOPOil MOMKeT U BO3-
pacrath, m yOuBars. llpumaTto rosopmth 006 «anTmsHTpONHIAHOCTHY
suapn. OnHAKO BTH CiIOBAa HUKAK HEe OGBACHAIT oCobeHHOCTH mpoO-
CTPaHCTBEHHO-BPEMEHHOTO MOPAAKA OTKPLITOH CHCTEMLI, CMBLICIH IO-
HATAA «AaHTHOHTPOMHUITHOCTLY OCTAETCA HEACHBIM.

B upupope Mpl BCTpedaeMcA ¢ gBYMA THIAMu YOOPANOYEHHOCTH —
€O CTATHYECKOI W € AWHAMAYECKONl YHOPANOYEHHOCTHIO. B mepsoM
clydae NOPAZOK peaausyeTcd B TEPMOAMHAMUIECKH PaBHOBECHBIX
yCIOBUAX NPX AOCTATOYHOM MNOHIKEHNN TEMOEPATYpPhLl, HampHMep
mpu  Kpumeradnwsamum oKmiroctn, CraTmdeckas YUOPSAGOYEHHOCTH
BO3HMKaeT B peayanTaTe (ha3oBoro mepexopa, YC/IOBHA KOTOPOro
apnA0Tca paBposecHbIMm. ( 3Toil YHNOPAAOYEHHOCTHI0 B GHONOTHIL
OPAKTHYECKH He HPUXOAUTCA BCTPEUATHCA — AREPUOTUUeCKUT KDU-
craas Wpegunrepa (c. 12) npunnunmalibHO OTIMYEH OT PaBHOBEC-
~ HOr0 MePHORNYeCKOro Kpmeraimia. JlmpaMudeckuil HOPAOK KuBOM
CHCTEMBl Pealima3yeTc HEe IOTOMY, UTO SHTDPONUA IOHIKAETCA BCIe-
CTBME MOHVIKEHUA TeMIepaTypsl, a IOTOMY, 4YTO HMEeTCA OTTOK
SHTPOLAN M3 OTKPHITONl CHCTEMBI B OKPYKalomylo cpeny. Bosmukmpo-
BOHME [POCTPAHCTBEHHO-BPEMEHHOH CTPYKTYphl M B BTOM Clydae
mMeeT Xapaktep ($asoeozo nepexoda, ogHarko He paBHOBecHOro. lec-
CIeJIOBAaHMA AMHAMMYECKONR YINOPANOYCHHOCTH, nMMewinne (yHIgaMeH-
TajgbHOe 3mavenne puA QusnKu m GrosormH, HAYAIMCH CPABHUTENb-
Ho mexasno. Ceiiuac u3BECTEH PAN MOJEILHLIX HEGHOIOTMYECKHX
cucteM (B YaCTHOCTYM, XUMHUYECKHX), B KOTOPHIX HabGnIOmaeTCAd guHA-
Muueckuit mopagox. O Humx pacckasamo B ri. 16. 3pecs MeI unpmse-
JdeM OpHMep AMHAMHYECKOTO NOPARKA, IPOABIAINETOCH B M3Iyde-
Ann Jasepa. AToMBI Jazepa Bo30ysKIEHBI M3BHE, HOCPEACTBOM OITH~
YecKoli mawauxm. Hakapli arom jelicTByer nmoaoGHO AHTeHHe, M3
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