M.I'.'Kyuepenko

BPOYHOBCKUE BJIYKJIAHUS
N KNHETUKA AHHUT WJISTLIAM OTHOCOPTHBIX
YIEKTPOHHBIX BO3BYKIEHUI

B pa6oTe pa3BuBaercs ¢opmMasii3M ONMCAHUS KMHETUKH aH-
HUTWJISINMH OJMHAKOBBIX KBa3W4acTHIl HAa OCHOBE MeTOJAOB Teo-
pyu OpoyHOBCKOro ABHM:keHUsl. OnpeaesieHa BepOATHOCTh BbIKH-
BaHMsl YacTHLbI JJIs JAaHHOI peajiM3alluM ee BUHEPOBCKOI Tpaek-
Topuu. Had/ronaemble BpeMeHHbIe H3MeHEHHs] BEPOSITHOCTH Tpea-
CTaBJIEHbI KaK CpeJAHMe MO0 peaju3alMsM pa3IMYHbIX TpaeKTopuii
ciay4aiiHoro oayxnaHusi. PaccMoTpeH BapuaHT onmuUcaHUsi KHHETH-
KH, YYUThIBAOWIUA aucnepcuro oobema BUHepoBOii 30HbI. [Ipous-
BeJeH aHaJM3 BJIUSAHHMS Maj000beMHbIX BUHEPOBBIX 30H Ha acHM-
NTOTHYECKYI0 CTAAUI0 KMHETUKH M YCTAHOBJIEHA CBSI3b C Mpolec-
coM aenokajauzauun dyactuusl. [ToaTBepiaeH BBIBOJ psiia aBTO-

POB 00 yCTAHOBJIECHUH TPaJAMLHOHHOI0 KHUHETHYECKOIro peknuma
CMO/1yX0BCKOI0 AJI MPOMEXKYTOYHOH aCHMNTOTHUKU B OMMOJIEKYJSPHOH peaKLUH AHHUTHJISLHU
OJHOCOPTHBIX YACTHUU, T.e. OTCYTCTBUU cTaauu “¢uayKTyaunoHHoi KuHeTuku”. [IpuBeneHo cpaBHM-
TeJIbHOE ONMHMCaHHMe MpodJjieMbl B TEPMUHAX TPEXYACTHYHBIX KOPPEJSUUOHHBIX (PYHKIHUIA.

KuneTrka GuMONeKyIIpHBIX peakiuii ¢ y4a-
CTHEM YacTHIL OJIHOTO COpTa B ycIOBUAX NUDPy-
3MOHHOTO KOHTPOJISI CKOPOCTH €€ MPOTeKaHMUsI HC-
cienoBaHa B Kiaccuueckoi pabore CMoOmyXoBc-
koro [ 1] B mpubIMmKkeHNY MapHBIX KOppesuii [2].
HeoGxonumocTh 60iee AeTaIbHOrO U3Y4YEeHHS TPo-
Onembl B o0lIeM ciyuyae MpuiBesia K MOSBICHUIO
pa6or [3]-[6], B KOTOpBIX KOHLIEMLHUS (ITYKTYyalH-
OHHOM KMHETUKHM 3esibaoBu4a-OBUMHHUKOBA [5,7 ]
MpUMEHsJIach JJIs aHalih3a peakluu B CUCTEMe
OIMHAKOBBIX 4YacTull. ABTOpHI pabot [8,9] nmoka-
3aJIM, YTO MHOTHE Pe3yJIbTarhl QJIyKTyalMoOHHOM
TEOPUHU peaKuii MOTYT ObITh BOCIIPOU3BEICHBI IPU
WCIIOJIb30BAHUM B KMHETHYECKHUX 3a/ladax MeTo-
JIOB TEOPUU OPOYHOBCKOTO JIBMIKEHUsS 4YacTull. B
JIaHHOHW paboTe Mbl peaJiu3yeM Takoi MoJaXoHa B
npobJieMe onricaHUs Pa3BUTHS BO BpEMEHHU peak-
UMY MapHOW aHHUTWIISLMU YacTHL (KBa3UYaCTHIL)
OJTHOTO COPTa: A+ A4 —> () -

PaccmoTpum cuctemy u3 N dacTul, coBeplia-
IOIUX clTy4aitHble OTy>KIaHusl B IPOCTPAHCTBE pa3-
MEPHOCTH d, MPUUEM YUCIIO N MOKET U3MEHSIThCS
co BpemeHeM f, T.e. N = N(1) - kak B pe3yJbrare
CTMOHTAaHHOTO MCYE3HOBEHUS YacTHLl, TAK U B PE3YJlb-
Tare HEKOTOPOU peakluu, MPOTeKarolel ¢ uX yJa-
crueMm. [lon wactuuamu copra A Oynem nojpasy-
MeBaTh U 3JIEKTPOHHBIE BO30YKIeHUS (IKCUTOHBI),
JIOKaJIM30BaHHBIE HA MOJIEKYJIaX-HOCHUTEISAX U CITO-
coOHbIe MUTPUPOBATH B cpefie TUOO BMeCTe ¢ HO-
cutenieM (MaTepuaibHas auddysus), 1udo nocpea-
CTBOM «IIEPECKOKay» C OJTHOM MOJIEKYJIbl Ha IPYTYIO
(pe3oHaHcHas Ge3bI3nydaresibHas Tepeaada sHep-
UM 3JIEKTPOHHOTO BO30YKIeHUs ). MBI mpou3BeieM
aHaIM3 KHHETHKH PeaKMU 4 + 4 — () , ClieAys JOTru-
ke paboTsl [9], B KOTOpO# M3yUyanack KUHETHUKA T'H-
Oenu yacTul] 4 Ha HEHACHIIIAEMbIX JIOBYIIKAX
B:A+B—>B

BeposTHOCTh BEKMBaHUS P OpOYHOBCKOM Ua-
CTHUIIBI paguyca 7, K MOMEHTY BpEeMEHH /, CTapTO-
BaBLIEH U3 Hayasia KOOpJUHAT rOZO Y JBHOXKYILIEHCS

10 BMHEPOBCKOM TPaeKTOPHH T, (1) MOXKET ObITH
npelcTaBiieHa yepe3 uHTerpail Bunepa

tN(U)-1

P (1) = expi= [ 2 U rW(z’)_RV(V/)(I/)”dt/ o

VYrnoeeie ckoOku B (1) o3Ha4arOT ycpemHe-
HUE 10 Pa3IMuHBIM peanu3alusM BHUHEPOBCKO
TPaeKTOpHH r,(1). ®ynkuus U(r) u3 (H urpa-
eT poJb “moTeHlMarda B3auMOJEWCTBUA B
YpaBHEHHMH AJi TJIOTHOCTH BEPOSITHOCTH OOHa-
pyKeHus dacTuibl Py, y(1.1) .

N(t)-1

B _
=Pl (120) = DAPy y(71) = Z} Ul =R PPy o 10,
=

U(r)=0 opu r>r,
U(r) =0 1ipu r <r,
P (1.0) =(r).

MHoskecTBO {R, | npencTaiaser coboii
Habop BMHEPOBCKHUX TPAeKTOPHUI OCTalbHBIX
N-1 vactuu, a D - xoapduumnent nudpdysvu.
Pe3ynpTHpyromyro BEepOSITHOCTh BBI)KMBaHMUSA
p(t) monmydaeMm ycpenHeHuem (1) mo peanusa-
LOUAM Ry, | .

BBIMOJHUM NEpBBIM UMEHHO 3TO yCpeaHe-
Hue. M30exaTh rubenu BblgelieHHas 4YacTuLa
MOXET TOJIbKO B TOM cjyuae, €Cli Ha MyTH
ee OmyxaaHus r,(1) He BCTPETUTCA HU OJHOM
4acTHULBI - MapTHepa Mo peakiuu. IDTO O3Ha-
4aeT, YTO 7, ~-OKPECTHOCTh M300pakarolnei
TOYKH BHUHEPOBOW TpaeKTOpuHu Ty, (1) Oyner
nycroil. HazoBem 30Ho¥l BuHepa r, -okpyxe-
HUE BCEHW BbIJICJIEHHOW K MOMEHTY ! TpaeKTo-
pumn 6poyHOBCKOUM 4"acTuibl (“cocucka Bune-
pa” B [9]). CnyuaiiHble mepeMelIeHus peareH-
TOB MPUBOJAAT K MyacCOHOBCKOMY pacmpene-
JIEHUIO ﬁ/. uX B MaTpuue (Mo kpailiHeill mepe
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JUTSL BEPOSTHOCTH P, OTCYTCTBUS YaCTHULIbI B 1aH-
HOM MHKpOOOBEME U P, - BepOSITHOCTH OOHapY-
JKEHUS TOJIBKO OOHOU qaCTI/Iubl).

B pesynpTrare ycpeaHeHHs MO peanu3alH-
M Habopa BUHEPOBCKHX TPACKTOpPHUMH {RW
noaydyaeM GYHKLHIOp,(t), KOTOpass mnpen-
cTaBisgeT cobol ciay4aliHyr BEJMYUHY, 3aBH-
CALYI0 OT OpPOYHOBCKOTO ABHUXEHUS 0O0HOIU
yacTulbl. B TO e Bpems 3TO ABUXKEHUE BJIHUS-
€T Ha COCTOSIHME BCE€X OCTaJbHBIX YaCTHUL| CHU-
creMbl. TakuM oOpa3omM MBI NIPUXOJUM K 3a-
Jlaye 0 camMocCOrjlacOBaHHOM ToJie p, . Benu-
YUHA Py (!) TPEeACTaBIAETCS MPOU3BEIAEHUEM
MyacCOHOBCKUX (pakTOPOB P, .

Py (t) = exp[—n(,pW(At)Av(At,O)]. . .exp[—nﬂpw(t)Av(t,t—At)], (2)

rae n, - HavyajabHasg KOHLEHTpauus; A¢ - Npo-
MEXXYTOK BPEMEHH, NOCTATOYHO MaJblid, YTOOBI
CYMTATh KOHLEHTPALMUIO YacTUL B HEM
n(t) =n,py(t) HEU3MEHHOW; Av(t,t') - mpupocCT
oObeMa 30HBI BuHepa w¢) 3a Bpemss—; . Oue-
BUIIHO, YTO W'{) MpenacTaBiseT coboil ciydvaid-
HYIO BeJIMYMHY, PaBHO Kak M p,(t) . CyTh Aanb-
HeWmuX mnpeoOpa3oBaHuil (2) - BeIpaxkeHHE
Py (t) uepes v(t) 1 yCpeOHEHHE py, [0 peain3a-
LUSIM BUHEPOBCKHUX TPACKTOPUH #,(t) BbIAE-
JIEHHOW YacTHIIBI.

I'mankocTh QyHKUMH p (t) u v(t) MOXKET
npeacTaBiasaTbCsl cOMHUTeNbHOU. [lo 3TOM mpu-
4hHE, NOCJIEeAYIIUe NMPOUeAyPbl C 3TUMHU Be-
JryuHaMu OyaeM MPOU3BOJUTH MOJBEPTHYB HMX
MpeABapUTEIbHOMY CTiIaKHBaHUIO. B pesyrnpra-
Te 3TOro mpousBeaeHue (2) 3amuchiBaeTcs B
KpaTKol cuMBoMYeckoi (opme

t
py(t) =exp| —n, J.pW(t')d—v,a’t'—L , 3)
; dt T,
rae T, - BpeMs JKU3HHM BO30YXKIAEHHOTO 3JIEKT-
POHHOTO COCTOSIHUS, OmpeaesseMoe JHUIIb Mpo-
[IECCOM €ro CIMOHTAHHOW Je3aKTUBALUMHU (HO He
aHHUTWJIANNEN KBa3znuyacTull). Beipaxkenue (3),
CTPOTO TOBOPS, ClieAyeT NMOHUMATh KaK yCJIOB-
HYIO 3alUCh JTUCKPETHBIX COOTHOLIEHUH

ij(z) = ar —ZpW(IAt)AV[lAt(l—])At]

Cnaraemoe /1, B mokasarese (3) y4uThI-
BAeT CIMOHTaHHYIO (MOHOXPOHHYIO) Je3aKTHBa-
U0 HECTAOMJIbHBIX YaCTHIl, OJHOPOIAHYIO IO
cUCTeMeE.

®dopmanbHoe nuddepenposanue (3) Mo3Bo-
JSIET TOJIyYHTh TS CIJIaKeHHOTro aHanora py, (/
ciaenyroiee nuddepeHaibHoe ypaBHEHUE

.t dv 5
Pw __?pw_ dt Pw-  (4)

[To cBoemy Buay (4) HAaMOMHWHAET COOTBET-
CTByIOIIlee ypaBHEeHHE (OpPMaTIbHOW KUHETHKH,
HO OTJIMYaeTcsl OT MOCJIEIHEero TeM, YTO cojep-
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JKUT HE CPEeIHUE BEJIMUMHBI p,, (1) UK(t) = <v'{t)> ,a
YX Clly4aiiHble 3HaYeHHUs (peaanu3aluu).

Pemenue (4) HamoMUHAET TPaAUIIMOHHYIO
3aBUCHUMOCTb, €CJIM UTHOPUPOBATH TOJIBKO YTO
NpUBEJICHHOE 3aMeuaHue

o Py(Y)
Py (1) = T+ n(t)’ )
_p() o dy
rlle pw(t) _]+n0V(t) ,’ V(t) _a[po(t) dt’dt

Pe3yapTUpyIOIIMI 3aKOH JeaKTUBaLMU MOJy-
yaeM rocie ycpeaHeHHd (5) Mo peaausauysM r, .

1
P =Py ——)
) =Pl T (©)
Takum oGpazom, B oTauume OT [9] mpu omnu-
CaHWU KUHETHUKU peakluuu 4+ 4 —( YCpelnHe-
HUIO TOJBEPraeTcsl He dKCMOHEHTa exp|-n(1)],

a QyHKuMs []+nﬁ(t)]71

Yuem pnyxmyayuii 06vem euneposoii

30Hbl 8ONU3U(V

BeposaTHOCTh BBDKMBAHHUS p(?) MOMKET OBITh
omnpenejgeHa 4yepe3 IUJIOTHOCTh BEPOSTHOCTHU
F,(v) pacnpeneiieHuss o0beMa BUHEPOBOU 30HBI

ML) =py(1) j LR )

Kak u B [9] BBenem 6e3pa31vleprle nepeMeH-
Hele t=Dit/r, ,u=v/v, , tae v, =’ 1! [T 1+d/2)
- o0beM chepuueckoil GpOyHOBCKOW YaCTHIIbI
panmyca r,; I'(x) - ramma-QpyHkuus; d - pasmep-
HOCTh MPOCTPAHCTBA, B KOTOPOM ABHXYTCS Ha-
ctuubl. O6beMHas 107, 3aHMMaemMas dacTula-
MU B HaYaJIbHbII MOMEHT COCTaBJISET BEJIMYH-
HYV=n,v,. Torga B HOBbIX 0003HaUEHUSIX

F(u)du

M) =p,(7) j 7)
Onpenenum, BHavalle, 3aKOH Jie3aKTHBAa-

MU pft) AAdg chaydas, korjga (yHKOus

F.(u) MOXeT OBITh anMmpOKCUMHPOBAHAa pac-

npenenenuem [aycca

(u—(u)’
F = -
(w \/ch"(r) o 26°(1)
3amMeTnm, 4yTO npu o(t) >0,
F(u) —>6(u—< >) M Torga KUHETHKa p(1)

ompejiesieTcs TPaIULMOHHOW 3aBUCUMOCTBIO
P() =po( V) [(1+V(iL.)).

Ecnu npotiecc MOHOMONEKYIISIPHO# 1e3aKTHRA-
119787 JaCcTHIL HedhdeKTUBEH,
p,(t) > 1, %(1t) > u(t) . llpu Beiunciaenuun (7°)
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METO/IOM IepeBajia HaX0UM 3KCTpeMasibHOE 3Ha-
yeHue obbema u,, depes napameTpbl rayccoBa pac-
npezaeaeHus

] ] 1/2
u, =—(V(uy—1) +| —(v{u)+1)° —=c’ | .
=)=+ )+ 17 =
B [8] Obuia BhIUMCIEHAa aCUMIITOTHKA CPEJI-

Hero o0beMa BHHEPOBOW 30HBI <u . W ero auc-
nepcust ¢°(t) U PazIMYHBIX 3HAYCHUI d.

d (), o’(r)

1 /7" 2(In2-2/7)z
2 4z/lnz B, 7 /n'z
3 3r 97/Int

rae Pz & const( B, @705z . I[ﬂ/l g = 2B} nocraroy-

HO OOJBLINX T, TaKKX, 4TO () >>G°(T) mony-
yaeM

vo’
u, z<u>—Tv<u>. (8)
_ep(-g/2) 1
p(r)_\/1+8(8—3) (1+v(u(v) ©)
vic’

REevAES

B otcyTcTBHE nucnepcud g’ - (), —>(0 U U3
(9) momy4yaeM TpagUIMOHHYIO KMHETHUKY OWMO-
JIEKYJIAPHOU aHHUTWJISLIMA

1
P =Ty

K Tomy ke BBIpaXeHHUIO MPUXOAUM H
nput — o . JlefictButensHo, U3 (9) caenyer, 4To
IpH ¢ >2 C POCTOM T YMCHBIIACTCS OTHOLIE-
nuec’/(u)” »>0. Tlo >Toli mnpuumnHe ¢-—0
up—p,. lakum o6pazomM, B MPOTUBOMOIOK-
HOCTb YCHUJIMBAIONIEMYCS OTKJIOHEHUIO OT Tpa-
NUIMOHHOM 3aBUCUMOCTH (3aMeJJICHUI0) B pe-
aKUWU 4 + B — B, TIPU aHHUTHISALKAK OJHOCOP(]-
JYKTyalluu CKOPOCTH pearupoBaHUs CrIIaKUBa-
IOTCS, a JIOKaJbHbIe KMHETUYECKHE PEKUMBI B
Pa3IMYHBIX 00JIACTAX CUCTEMBI HUBEIUPYIOTCS.

B onHOMepHOM ciyuyae cUTyalusi WHas.
XoTs BeJIMYMHA g2 COCTaBJISET OT <u>2 R10701103
8.9% [8], B cuily onnMHaKoBOW BPEMEHHOW 3aBH-
CHUMOCTH c“’(r) " u; OTHOLIEHUE G°(7T) (u)I
HEW3MEHHO MpH JIIObIX 1. B TO e Bpems npu-
OmmkeHHOe BhIpakeHHe (9) MoXKeT OBITh UCTIONb-
30BaHO W npu d=1 (cM. 00CYy)KJIeHHE B KOHIIE
crathbu), ecii 10% TOYHOCTb OMMCaHMS SBJSETCA
YIOBJIETBOPUTENILHOM.

ITpu v<u> >>] KUHeTHKa #n(t)=np(1) nepe-

CTaeT 3aBHCETh OT HavyaJIbHOM KOHLIEHTpallMU Yac-
TULL U 71~ <u>T

Manoobvemnvie prykmyayuu

6UHEPOBCKUX 30H.

OTnenbHBI WHTEpec TNPEeACTaBIAIOT
OnyKJaHUsl YacTHLl, XapaKTepuyemble Majo-
00BbEeMHBIMU BUHEPOBCKUMHU 30HamMu. MHTYH-
M TOJCKa3blBaeT, YTO Takue, He CKJIOHHBbIE
K 3¢ $EeKTUBHOM MUTpaLUUM pPEareHThl, JAOJXK-
Hbl 00Jl1alaTh HAWBBICUIEH BBI)KUBAEMOCTHIO.
C npyroii ctoponsl, 3¢ dekT “ocemynocTn” Mo-
JKeT OBbITh COBEPIIEHHO MOJIaBJieH aKTUBHO Te-
peMellauMUc] YacTULlaMH, YbH BHUHEPOBHI
o0bembl v Benuku. Kakas u3 tenpeHuui Oy-
neT mpeoOsaparolleid 3aBUCUT OT TOrO, Ha-
CKOJIBKO OBICTPO “BBIXOASAT W3 UTPbl” “aKTHUB-
Hble” U “MacCUBHbIe” LIEHTPHI.

CrenenHas (a He dKCMOHEHLMaJlbHasA) 3a-
BUCHUMOCTb Py, OT ¥ MPHUBOAHUT K TOMY, YTO
Jnlaxke TpU OONBIIMX T MaKCHUMYyM MOJUHTEr-
panbHOTO BBEIpaxkeHus B (7.29°) He Oyner oT-
YEeTJIUBO CABHHYT B 00JacTh JIEBOTO Kphijia
KpUBOI pacnpenenieHus F (u) , 1o KpailHell mepe
nns d>2. Tem He MeHee, paccUlTaeM KHHETH-
Ky rubenu yacTui, npearnojaras, 4YTo oHa OI-
penenseTcs HadalbHBIM y4YacTKOM (u <<<u>)
pacnipenenenus F(u) . Bun 3aBucumoctn F(u)
IUTSL 3TOTO ciydas HaigeH B [9] u ompenenser-
cs CIeAYIOIUM BBIpaXK€eHUEM

T T
FT(M) :adWexP[_Vd ug/d j) (10)

rae o, =const; y,- KBaapar MEPBOro HyJs
¢byuknouu beccens mepBoro ponaa MoOpsAa-
Ka(d-2)/2 . llepeBanbHas TOYKa JJis MHTErpa-
na (7.29%) ¢ dynkuuedr F(u) wu3 (10) sBasercs

KOpPHEM YpPaBHEHUS
—d)2
1
+1|— 11
Lﬂ (11)

[Ipu ompeneneHUW UCTUHHOW aCUMMTOTHKH
nojaraeM vy >>/ W torma pemenue (11) mpen-
CTaBJISIETCS BBIpakKeHHUEM

d)2
u;u _|_Ya® .
d+1

IIpu 5TOM 3aBUCUMOCTB (1) NPUHUMAET BUJ

oo~ (1, 0" (12)
Ecnu HadanbHas KOHIIEHTpAIUS YacTHUIL
Maja HacTOJbKO, YTO vy >> [, kopHeM (11) sB-
JIsIeTCs BeJTMYMHA

dj2
u;,]/z) _ 2y, .
d+2

Takum o6pazom, B oOIleM cirydae

L[ 2vy) d
Al (1+vw) 2
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dj2
u¥ {%j , ésgs], (13)
rue
- 1+2vu,)
2A1+vu,)’
puyeM

E=1 mpu vu>>1
E=1 npu vu<<lI

B ciayyae vy <</ 3aBUCUMOCTb KMHETHKH OT
HayaJlbHOM KOHLEHTPALMU YacTHUL] COXPaHsIeTCs

dyn(d+2) expl-(d+2)/2] i
2v, ll+vuf,,1/2)(r)]‘(14)

Kanr u Pennep [3] yka3biBasg Ha WMHOU
KJ1acC YHUBEPCAJIbHOCTHU PEAKLUUU 4+ A4 —> ()
MO OTHOLIEHWIO K peakuusiM Ag+B->() H
A+B—>B ¥ UCTOJb3ys CKEHJIMHTOBYIO apry-
MEHTaLUMIO, MPULIJIH K TAKOMY K€ aCUMIITO-
THYECKOMY 3aKOHYy pacmajaap~:“?, uro u
(12). Ilpu sTOM, M3 cpaBHEHHUS CO CpeaHENo-
JIEBBIM pelUIeHMeM OHW YCTaHOBUJIH, UTO KpH-
TUYECKOWH pa3MepHOCTBIO AJsl (PIyKTyalHuoOH-
HOM KUMHETHKHU siBJIsieTca d, =2 . DTO CBSI3aHO C
TeM (akToMm, 4TO AN 4 <2 BUHEpPOBCKas Tpa-
ekTopusa B cucteMe kommnakTtHa [10, 8, 11], T.e.
yacTvUa Npu ONyXAaHWM MocellaeT, B OCHOB-
HOM, Bce TOuku Auddy3noHHoro odbema. be-
3yCJOBHO, 3TO CBS3aHO ¢ TeM 00CTOSTENb-
CTBOM, 4TO (hpakTajbHas pa3MepHOCTb Opo-
YHOBCKOTO MYTH 7, paBHa IByM [12].

[InoTHOCTH BEepOSsITHOCTH P(r,0,t) HaWTH
OpOYHOBCKYIO YacTHIly B TOYKE I' B MOMEHT Bpe-
MEHH #, eClIi B HavaJlbHbIH MOMEHT /=( oHa Ha-
xoauiack B Touke 0 ompenessieTcs BbIpakeHUEM

p(t) =

(d _ —dJ2 r’
PYr0,t) =(4nDt)™ exp[—4Dt) (15)

Torma xuHeTHKa “MCTEeYEHUA YaACTHULILI U3
obacTu HayajabHO# JOKalu3al 1
P@000,t) =(4nDt)~"?. CpasuuBas P (0,0,t) ¢
3aKJII04YaeM, 4TO BPeMEHHas 3aBHCUMOCTbL pOC-
Ta Majloo0ObeMHBIX 30H BuHepa onpenensercs
MPOLIECCOM JIeJIOKATU3aINK BO30YKIESHHS.

B Gosee o6iieM ciiydae ¢ppakTaJbHOIO MHO-
JKeCcTBa C Pa3MEpPHOCTBIO d, U CIEKTpalbHOU
pasmepHocTbiO d, P(r0,t) npeacrapiaseT coboi
HeaHaNUTUYeCKYy0 (QYHKIHIO, UMEIOLIYIO 0CO-
OeHHocTH Ha Bcex Macmrabax [13]. Ilo atoii
NMpUYMHE BBOJAT MJAaBHYIO OTHOAONIYIO 3TOM
GyHKUMK P(r,t) , KOTOpas yIOBJIETBOPSET ypaBHe-
HUO

] 6(1/16
‘”Iﬁr

a—P(ro 1) =K, —P(r0.1), (16)
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B oTnnMumMe oT eBKIMIOBA MPOCTPAHCTBA, HA
¢bpakranax ko3ppuument aupdysun K, uzor-
poTieH.

Pemenue ypaBHenus (16) nmeer Bug [14]

rdm J
- (17

rae d,=2+6 - pa3MepHOCTb TPACKTOPHUH CIy-
yaiiHoro Ony»xnanus. Iloka3aTeab aHOMaJIbHOM
nuddy3un © cBsA3aH CO CNEKTpajJbHOUW pazMmep-
HOCTBIO dbpakTana d, COOTHOIIEHU-
em:d, =2d,[/(2+6) . U3 (17) cpasy noiy4aem
BbIPpAXX€HUE OJI1 KUHETUKH yTe‘-lKl/l yacTHULbI
C MecTa HayaJlbHOU JIOKaIW3alnu

_ b x
I(d,/2)

P(r0,t) = (K,d*t)™? exp(

d, 2,y —ds/2
P(0,0.1) = Td.j2) (K,d,t) (18)
O0 acHMMNTOTUYECKOM KMHETHYECKOM 3aKO-
He p~ /7, cpaBeIMBOM TIpu d, <2, coob1a-
nock B [11,15]. OH MoxeT ObITh MOJyueH W3 TPO-
CTBIX HAIJSIOHBIX COOOpa)KeHUMH, €Cliu y4ecTb,
4TO0 ManooObeMHbIe 30HBI BuHepa uMeroT ce-
pudeckyro ¢opmy [9]. Tlockonbky cpemHuit
KBaJpaT CMEIleHUs YacTHUIbl, COBEpIIAIOIIei
OpoyHOBcKkoe OnyxkaaHue mo (pakrtany 3a Bpe-
Ms ¢ umeet Bup [13]

(ren)-

cpenHuil o0beM <S(t) (dbpaktanbHON 00nacTH,
“mccneqoBaHHOW” ONyXXAarloIlel dYacTHUIlEH
YIAOBJIETBOPSET COOTHOIIECHHIO

I(d, +2/d,)

2fdy
a2 | Kod!

()~ {rp® -k,

Ecnu oOHapykeHHe YacTHUIIBI BO BCEX TOY-
KaX 3TOro oobeMa UMeeT OJMHAKOBYIO BEPOST-
HOCTb, TO CPENHsA MIOTHOCTH BEPOATHOCTH
P(t) —]/<S(t)§) B TOM YHCJI€ W JIJId CTaAapTOBOM
TOuku P(0,0,t) = l/(S(z)). Torna

P(0.0,1) ~(K,d’t)",

YTO COBMHajaeT ¢ BbipaxxeHuem (18).

AHanuz mescuacmuyHvlx KOppeasyuil.

OCcoOEHHOCTH KUHETUKH aHHUTHIISALUMA OJI-
HOCOPTHBIX YaCTHIl MOTYT OBbITh BBISBJICHBI U3
JWHAMWUKHW TapHBIX KOPPENSUA peareHTOB.
[TapHas koppensiuuoHHas QyHKUUS f(7,¢) ns
CHCTEeMbl YacTHIl, YyYacTBYIOUIUX B peak-
N 4 + A —> () , YIOBJIETBOPsIET ypaBHEeHHUIO [16]

%f(r,t) =DV f(rt)~Ur) () +1(f) (19)

101) = 2nftrlken = [uer o st o e,
e K(1) = J‘U(r)f(’”’t)djr; U(r) - IMCTaHIMOHHO-
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3aBUCHLIAs CKOPOCTh JIEMEHTApHOIO aKTa pearu-
poBaHuA napel yacTul. s pacuensieHus Tpexyac-
TUYHBIX KOppensTopoB B (19) ucronszoBaHo cymnep-
no3uumMoHHoe npubimkenne Kupksyna. Tako# non-
X071 ucrnonb3oBajics B paborax KysoBkoa u Koro-
muHa [17] s onvcaHuss KWHETUKW OMMOJIEKYIISp-
HBIX pEeaKUHWi pa3juyHOro THUIMAa, B TOM 4YHCIIE U

ANAA+4 >0 -

C0KHOCTh HEIMHEHHOr0 MHTEerpo - Audde-
peHuManbHOTO ypaBHeHus (19) Tpebyer uc-
MOJIb30BAHUS YHCJIEHHBIX MeToa0B [17]. Mbl
obOpamaeMcsi K HeMy 37eCh JIMIIb JJIS WLTIOCT-
paluuy HEKOTOPBIX crnelu(pUUecKux 4epT KUHe-
THUKU paccMaTpUBaeMOMW peakiivu.

B npenene KOHTakTHOrO pearupoBaHUs
Ucr)~dr-n) uf(r.t)=0 ,K(t)=41'[l’02(Vf)r0 .
WaTerpanerseiit wien I(f) B (19) saasercs uc-
TOUYHUKOM TOJIOKUTEJIbHBIX KOppeNsiuuii B OT-
HOCHTEJILHOM pacrpeaeseHnu yactul. OH BO3-
HUKaeT B pe3yJibTaTe KOHKYPEeHUHUH MOoTMapHo-
o pearupoBaHHs MapTHEPOB B TPEXUACTUUYHOM
KJjacTtepe.

HNmMesd B BUAY HaMEUEHHYIO L€JIb WIIIIOCT-
pUpOBaHUs, MpeAcTaBuUM ciaraemoe /(f) B npu-
ONM>KEHHOM BMJI€, YTO 3HAUYMUTENbHO YNpoluaeT
ero CTPYKTYpy M obJierdyaet aHaliu3

I(f) =2n()K(0) f(r)]l - f(r0)]

[Tockonbky Bcroay f(r,t)<I, mnolyua-
eMmI(f)>=0. Bmecto ypaBHeHus (19) moxem 3a-
nucaTh

L fr) =DV stra) - 20K ) St fr -k L (20)

J(r0) =8r=rn).

B npenebpexeHnn TpexyacTUUHBIMH KOppe-
nsauusmu /=0 u pewenue (20) gaet TpaguLMOH-
HBIH pesynbpTaT CMoJyXoBcKOro fy,(rt) W
K, (t) nns oynkuuii f(r,t) u K(t). B o6o3Ha-
YEeHUAX MPEeABIAYIINX pa3AeoB MoiaydaeM

n()

")

Py(1), ,

(D)= [Ka(1)pu()dl". (20)

[pu sTOM K, (1) ~ 1 +1,(nDt) "7, a bynkums
Sfsn(r,t) pe3ko maMeHsercs oT 0 go 1 Ha ywacrt-
K€ r~7r, - B CUCTEME UMEET MECTO OTPULIATEIIb-
HO KoppenupoBaHHoOe pacrnpeaesnenue. Ilonoxu-
TenbHoe ciaraemoe I(f) B (19-20) ymeHbinaet
JeCTBUE CTOKOBOTO YiieHa - K(1)d(r—r,) /( 4mr’) ,
noaromy K(t) <K, (t) . Jipyrumu clioBaMH, OJHO-
BPEMEHHOE CO3JaHNe KOPPEITLIIA MPOTUBOMOIOKHO-
IO 3HaKa YaCTUYHO KOMIIEHCUPYET MPOBaJjl MapHOro
pacnipeneneHus f, (r) , 1 TeM CaMbIM, YMeHbUla-
emrpaaueHTV, f . OTO U IPUBOAUT K YMEHbULEHUIO
K(t) no cpaBuenmto cK g, (t) . B nanbHelem, on-

HaKo, IO MPUYMHE peJlaKCalMH INIOTHOCTH n('t) — 0
uMmeeT Mecto I(f) >0 uk(t) - K, (1) .

Takum 0Opazom, acCUMNTOTHYECKHUI PEIKUM KH-
HETUKH pEeakUuu 4+4 —>() TpHU 4>2 Tpen-
CTaBJISIETCSl TPAAUIIMOHHOHN 3aBUCUMOCTHIO (21)
Y BO3HUKAET B pe3yJIbTaTe yeeauueHus CKoOpoc-
TH aHHUTWIAUMHU. 3aMeTHUM, UYTO B peakUHiX
A+B—>B MA+B (0, HA000pOT, 3aMeaJieHUE
Ha4yMHaeTcss oT K, (1) KaK OT BEPXHETO ypOB-
us. I[lpu d=1 acumnroruka n(t)~ 1~ onpene-
nsercss GAyKTyaMOHHBIM MEXaHU3MOM, HO TIO-
KazaTelb CTeNeHH o =//2 3TOW 3aBUCHUMOCTH
cognaoaem c ToOKa3zaTeJeM TPaAWLMOHHOW 3a-
BucumoctH n(t) (21) (cm. Tabmuny). OTnuduii
ACUMMTOTUYECKHUX KUHETUUYECKUX PEKHUMOB OT
3aKOHOMEpPHOCTEH TEOpPUU CPEIHEro Mojs cie-
JyeT OKHMJATh JIMIIb A1 (GpaKkTaTbHBIX CUCTEM
cl<d,<2.

B utore 3akiovaeM, 4TO AJIs LEJOYUCTIEH-
HBIX pa3zMepHocTedd d=1,2,3 acUMNTOTHUKA KU-
HETUKHU PEAKLUMU A4 + 4 —> () ONpenesnsercs cpel-
HEIMOJIEBOU 3aBUCUMOCTBIO n('t) ~ (V(t))fl. B ne-
pexoaHol 00JacTH peaklvs MPOTEeKaeT MeaJIeH-
Hee, YeM MpeAcKa3bIlBaeT TPaAWLMOHHAS TeOpUs
CMOyXOBCKOT'0. DTOT pe3yJibTaT CIAeIyeT U U3
ypaBHEHUs Uil mapHbIX Koppensuuit (19-20) u
u3 gopmynsl (9). JelictBurensHo, cornacHo (9)
nphvy >> 1 .

(v =vp(v) =o(e)(u(t)) ",

rue

ep(—e/2)

(P(S):m , 0<s<3/2—\/§/2»

o V2G_7
(1+v<u>)2 .

ITpu €0 nonyvyaem oe) >1+e
un(t) z(1+8)<u(‘c)>71. [Ipu 1, — o BBHINONHSET-
co

d(1
K(v) —E(;j
U TOoraa
Ko, (U( 1+8) +[g](u( 1))
K(t)= (1+e)’ - (22)

HerpynHo yoeauThes, 4To NpU 1 >>] BTOpOE
ciaraemoe B (22) 3aTyxaeT HaMHOTO OBICTpee Tiep-
BOTO.

TorpaK(t) =K, (1) /(1+¢) <K, (1) . Kpo-
Me TOro, BbIpaxkeHHto (9) MOXKHO MpUAATh BUA
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K(t) > K, (t) 1 KHUHETHKA BBIXOJIUT Ha aCUMIITO-
o1) = we)1-¢) ’ THUeCKHUit pexuM n(t) ~ (¥(1)) .
2 __2
v'c
1 +v<u(r)>—7 (23) N
1+v<u(‘r)> Cnucok Mcnosib30BaHHOI JUTEPATYPhI

NpUYEeM gg)( [ —¢g) = 1+0(g’) .

Takum obpazom, u3 (23) X0opoio BHIHO, YTO
yObLJIb YaCTHL[ B CUCTEME Ha MEPEeXOJHOM 3Tare
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