(1977) umccremoBaHE: TaKHe UEPEXOAH! B cHMcTeMax epMeHTATUBHBIX
peaxumit Tpu Hanuyun cy6cTpaTHOro WHrEOHpoBanma u gAQPysHI.
ITokasana BO3MOMKHOCTH IPOCTPAHCTBEHHOTO pasfienenda a3, COOT-
BeTCTBYIOMHUX KOMIUIEKcaM (PEPMEHTa ¢ HECKONBKEMH MOJIEKyRaMIE

X

Puc. 15.20. ®asoseiii me-

pexo; BTOPOTO poma B

aBTOKATAINUTHUECKON XH-
MHYECKOH pearknuu

I

cyberpara. Benmunes u Bonsxeumreiin (1977) nokasanm, 410 BO3—
HOKHOBEHAE HOBOTO BHja B pe3aylbTaTe reorpagMueckorec pasmeie-—
HEA nonynAannd momgofuo daszosoMy mepexony (eM. c. 554). Cxopunte
ABIeHHsA IOPOUCXONAT B PARE MEeMOPaHHBIX IPOMECCOB, B JaCTHOCTH,
npd reHepanum HepBHOro mMmyikca (cm. § 114.3, 16.5).

§ 15.6. Croxacruveckne Tponeccs

IIpu onmcanun AuHAMHYECKHX OPONECCOB MBI NPHMEHAIHN aOdlapar
nadpdepennnanbusix ypabuennit. Ho, kak yse rosopuiocs (c. 494),
Ipd OrpaHHYEHHOM YHCIe MOJNEKY]l HIH ocoleil mpEXOAuMTCA HEMmo-
CpejCTBEHHO YUHTHIBATL JUCKPETHOCTH HX BOBHAKHOBEHAS W YHHU-
TOMKEHOA — AKTOB «pOsKmeHusi» U «cmepTd». He MoKeT NOABHTHCST
Ha CBET HWJIH HCYE3HYTH MONOBHHA MOJEKYJNH HJH IOJOBHHA 3alima.
I'I‘HCerTHbIe CHCTEMBI ONUCHIBATCA CTOXACTHYCCKHMH YypaBHCHUA-
MH, OCHOBAHHHIMH Ha TEOpHH BepoATHOcTeil. OrpammuaMcA paceMoT-
peHmeM J(ByX OPHMEpOB.

Nmeem cucreMy XuMuueckwX peaxnuil, yKe paccMaTpPHMBaBIIyOCHd Ha:
¢. 908:

ky

A+ X =2 02X, (Iy
-1
kZ

B+X==C, 11y
—2

Cuntas, 970 MOJEKYABl (POKIAIOTCA» W «YMHPAIOT», BLIBEJEM O0CHOBHOE KlU—
HeTuYecKoe ypaeHeHUe CACTEMbl, IPHIEM B KadeCTBe NEePeMEHHBIX (PUIYPHDYIOT
yike He KOHIEHTpamau, a gucia Mojekyld OGoamaunM gepes N umuciao Modeky.
X; pacupejeleHne BePOATHOCTeH, u3MENAWIIeeCHs BO BPEMeHH, BHIPAKAETC:
¢yexmueit P(N, t). B kampgoit m3 peakuuit N MeHgercg ma eguuumy. Pac-
cmorpuM Bce nepexonsl. Haunem ¢ peakmum (I1).

1. Ilepexoxy N~ N 4 1 — «pospenne» mMoxeryast X. Ymeao Takux mepexo-
70B B elimHUNy BpeMmeHu paHO P(N,t)W(N 4 1, N), rae W(N + 1, N) — Beposar-
HOCTh I€pexofa, paBHax

W(N+1, N) =k_,CV,
rae C — Koumentpanus Mojekysa C, T. e. uX umcio B epuEmie o0bema, V —
00neM, CV ecth unciao pearupymioimx Mmonexya C,
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2. Mlepexog N — 41— N — ramske «posxaenuey X, UYuenao sTux mepexonor B
oaEy cekyHny paBHO P(N —1, t)k_.CV. YuursiBasa, 4To «HaceJeHHOCTbY YyPOB-
sa N ogHOBpeMeHHO yMeHbIIaeTcsa BcielcTBue npomecca (I), noayuaem noamyio
<KropocTh mepexona B peaxuuu C~ B 4 X:

[P(N—1,t) — P(N, t)]k-oCV,

Teneps paccMoTpuM peaknuw B 4+ X — C. B aroit peakmum Mondexyant X
«yMupaimoT», yucido N yMmeHbmaercdA Ha equHAny. ViMeem mepexomml N 41—+ N
u N—N—1. IloaHasm CKOpPOCTH €CTb
rne B — xoHnerTpanua B. AmasorvunsiM o0pa3oM HaXOguM CKOPOCTH NJIA P~
Mol m obparmoit peaxnmit (I). B peakmum A + X — 2X modexyast X «posima~
JOTCA» CO CKOPOCTHIO

[P(N—1, t)(N—1) — P(N, t)N]k 4,
a B peakguE 2X — A 4 X «yMEHPawT» CO CKOPOCTBIO
[P(N 41, t) (N + )N — P(N, )N (N — 1)]k,/V.
Tenepp Mul Mo;keM HamHcaTh KEMHeTHYecKoe ypaBHeHHe. OHO HMeeT BHJ
PN, t)y =P(N—1, YW(N, N—1) + PN+ 1, t)W(N, N+ 1) —

— PN, t)[W(N41, N) + W(N—1, N)], (15.68)
e
W (N, N—1)= (klA}-\-]—V———i—{— k_zc) 174
(15.69)
W(N,N+1)=[k_ -@—%;-MMC BN;"1] V.

Vimeetcs TPYAHOCTH, COCTOAIAA B TOM, YTO CTAUMOHAPHOE permeHme (15.68) ectb
£(0) =1, P(N) = 0 npu N = 0. IlosToMy HY;KHO BBECTH TPETHil IPOLECC CHOH~
TAHHOTO POKACHEUA MOJIEKYNI X u3 MOJIeKYJI A

A% x, (111

ITpu atoM dopmyant (15.69) uameralorcs:

N .
W (N, N—1) = (klA -+ k_20> v,

N+O)N N (15.70)
W (N, N+ 1)= [k_ (—iv—)—+ k_zB——i’—] V.
Pemenne ypapHeHHs (15.68) mmeer Bup
3w 1,
P (N)=P(0) H W§2t+';)) (15.71)

s toro 4To0hl mepefiTH K JeTepPMEHHUCTHICCKOMY KOHTHHYaJIbHOMY YDaB-
meuruio (15.64), (15.65), Halinem cpepune 3nasenusa N u BepoaTHocTeir W. Umeem

oo

(Ny= D\ NP (N, 1), : (15.72)
N=0
WWNLE1L,Ny= 3 WINL1, N)P(N, 1) (15.73)
N=o0
° d
AN = (W (N 41, N)> — W (N — 1, N)). (15.74)
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C nomombio (15.69) maxommm

d N4 (N(N—1y (N
'Ta Ny = [klA-—V— Fh C—k | — k,B T] V. (15.75)

JT0 ypaBHEeHHWe COBOARAeT € KOHTHHYANbHHIM npu 6oasmux N, KOTHa MOMKHO
npenebpeub eAununedl no cpaBHenuio ¢ N u 3ameHHTh (N)/V ma X. Iloaygaem
X =kAX + k_sC — k_1X? — ksBX = vy — vy,

gr0 coBmagaer ¢ (15.64). 3amema (N)/V Ha KOHNEHTDANHIO ABIAETCA BIONHE
erporoi, ecam P ecTb pacupefenenne Ilyaccoma. YCIoBueM TAKOro pacmpefese-
HEA ABJAETCA JieTajlbHOE PaBHOBecHe JJIA pacupefelieHuil B KAKIAOH H3 peax-
umit (I) ® (II) noposss. IT0 Becerja COPaBefIHBO LPH TEPMOAMHAMUYECKOM
paBHOBECHH, HO MOKET He BHINOJNATHCH BAANA OT HEro. [[03TOMY BOIPOC O COOT-
HOUICHWH JleTePMHHAUCTHYECKHEX H CTOXAacTHUeCKHX YPaBHEHHI Bcerja TpeGyer
CcoenuasbHOrG MCCHACOBAHUA.

B kavecTBe BTODOTO OpAMEpA PpAaCCMOTpAM MOJAENRDL «XHIHHK — JKePTBay
Boasteppa (§ 15.3). OGosEauum umcino 3aiimeB uepes M, 9mcno pricedl — uepes
N. PasmEBOMeHme 3alineB, T. e. Nepexoasnt M — M - 4, onmcslBaeTCA BEPOATHO-

CTBIO
W(M -1, N; M, N) = k,M.

CMepTh phiceil oOnMCHIBAETCA BEPOATHOCTBIO nepexonoB N — N — 1
W{(M,N—1; M, N) = Ek;N.

Ilpu BcTpeuax phiceil ¢ 3afimpaMm DPOHCXORAT mepexofnl M —~M —4, N~ N+ ¢

¢ BEPOATHOCTAME
W(M—1, N4 1; M, N) = kMN,

Mn1 monoxmnm k' = k (cMm. ¢. 496). OCEOBHOe KMHETHYECKOE yPaBHEHHE HMCET
BU[
PM,N; t) =k (M—1)P(M —14, N; t) -+ ko (NF1)P(M, N +1; 1) +
o E(M )N —=1)PM 1, N—1; 1) — (kM + kN -1 kMN)P (M, N; t)(15.76)
Komeuno, HarJaajpiBaerca ycioBue P = 0 mpum orpunaTebHsIX 3HaueHHAX M n
N. ExmncreenHoe cranpmoHapHOoe pemende, P = 0, orBeuaer P(0, 0) = 1 u Bce
ocranbEble P = (. HapiMa cinoBaMu, o6a BHZAa AOKEL BeIMepeTh. ComocTaBie-
nme ¢ paddepennmanbaME  ypasneHuaME Jlorka — BoasTeppa packpHiBaer
¢cMBICH BTOTo peaynbrara. Mul BEenn, 4To 3aMEHYTHIEe (Ja30BBIE TPAE€KTOPHH, 0X-
BATHIBAIOIME HEHTP, MOTYT HM3MEHATHCH HOPH NOOHIX (QAYKTyan#aAX — CHCTEMa
HepexofuT ¢ OJHOX TPAaeKTOPHH Ha APYTYI0 IPH H3MEHEHWHM HAUYAIBHBIX YCIO-
puii. Ecnm 3afinnl ciyuaiiHO BBIMEDJIH, TO pbICH HE CMOTYT BBUKUTDL B M =
= N = 0 ecTb eIUHCTBEeHHOE CTamAOHAPHOE COCTOTHHE. B mpmpoje saiimul Mo-
TYT YKPHIBAThCA OT phiceil uam yGeraTs OT HAX B ApDYTHe pailombl.

Mz1 BUAMM, UTO AHAJH3 CTOXACTHYCCKOTO yPABHEHHA IAaeT B DTOM
ciay4ae l_iOBLIe OOYYHTEAbHEBIC PEe3yALTATEHL.

§ 15.7. InnamMuka u perynanua

Bo3HUKHOBEHHE YIOOPANOUYEHHOI0 BO BPEMEHW W NPOCTPAHCTBE
KOJLICKTHBHOTO HOBEICHHA OTKDPLITOH CHCTEMEl B pesyibTaTe Imepexo-
na, momoGHOro (PasoBOMY, 03HAYAET HAJAMYHE OCOGBIX PETYIATOPHEIX
BO3MOKHOCTEH ¥ TaxuX cucTeM. IlpoCTpaHCTBeHHAS JAOKANH3ANUA Be-
mectpa (cM. ¢. 503) ABAAETCS BEPOATHHIM MEXaHH3MOM cTafmimsa-
MY MHCCHIATHBHOM CTPYKTYDPHL IO OTHOHNIEHHMI0 K W3MEHEHHWAM XH-
MUTECKOTO OKpPYKeHHA.

JlorkannaoBaEHEble CTPYKTYPH XAapPaKTePHU3YIOTCA IPOU3BONCTBOM
60JbMAX KONWYECTB ONPEMEICHHOLV BEILECIBa B OTPAaHMYCHHOM 06-
sacTE mpocrpancTBa. TeM caMmM cEcTeMa 00JajfaeT peryiaTOpHHEME
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