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OIITNYEeCKRUuX BOBﬁY}HﬂeHI/Iﬁ B JIOMUWHECHHVPYIOIIMX HaHo4dYacTuiax

T. T. BacuesV), H. T. Bacuepa, B. A. ['tymkoB
HuctutyT obmeit ¢pusuru um. A.M. IIpoxopoBa IIAII, 119991, MockBa, Iloccua

IlocTynuna B pemakuuio 25 AuBapa 2009 r.

HonyquO KOMIIAaKTHO€ aHaluTHU4YeCKoe BbIpasieHHe OIA OMMCaHUuA KMHETHUKM NOHOPHO-aKLUEeNTOPHOrOo Iie-

peHoca 3Hepruvu U TYILIeHHUA OINTHUYECKUX BOBﬁy?KI[eHl/Iﬁ B ctpepw{eclmx HaHoYacTUulax C JIOMHHeCHOUpPYOMmn-

MU IPpUMeCAMU. l'IpOBez[eHa cepufd YUCIEHHBIX 3KCIIePUMEHTOB, MOOEeIUPYIONIUX MpOoIecC C NMOMOIIbIO MeToaa

MOHTe-Kap.TIO A HAHOYAaCTUIl pa3nuvyHoOro pasMmepa u KOHHeHTpaHHﬁ aKIenTopos. Anamutudeckoe BbIpasieHue

XOpoIIo ONnrUChIBaeT pe3ylbTaThl YACIEHHOI'0O MOJeINPOBaHUA.

CraTuyeckoe TyIIeHHe TOHOPHBIX BO30Y:IeHUN Ha-
60pOM CIy4aiiHO pacloloKeHHBIX aKLEeNTOPOB ABIAETCA
mpeIMeTOM KaK SKCIepPUMEHTAlIbHOro, Tak M TEeOpeTH-
4ecKOro uaydeHusl Gomee momyBeka. IlOCTpOeHBI Teo-
pHH, YCHENIHO ONKCHIBAIOLINE MePEeHOC SHepruu B pas-
JMYHBIX MaTepuaiax, JasePHbIX U JIOMHHECHHPYIOUNX
KpHUCTalIaX ¥ CTeKlIaX, pacCMaTPUBaeMbIX Kak Gecko-
HeuHaf cpefia, B KOTOPOii Bce MO3UINY JOHOPOB U akIjer-
TOpoB paBHomnpaBHsI [1-4]. OTHelbHbIN HHTEpeC Mpef-
CTaBIAIOT CIy4aH, Iie Heo6X0AUMO yUUThIBATh [EOMET-
pHIO MaTepuaina, KOTfa B 3aBHCHMOCTH OT Pacloloe-
HUA [OHOPa KOHQUTypaLNK OKPYKAOMKX ero aKIenTo-
POB pa3IM4aloTCA U MOIYT KOHTPOIMPOBAThCA MO KUHe-
THKe (II0OpeCIeHIn .

IpuMepoM Takux cpel ¢ OrpaHMYEHHOH reoMeTpH-
elf MOTYT CIyUTb IOMUMepHbIe KIYOKH [5], MOpUCThIe
crekna [6,7], HaHouacTuus! [8]. TeopeTHueckH KHHe-
THKa NepeHoca SHepruy B MaTepHuanax ¢ OrpaHUYeHHON
reoMeTpHeil ucclefoBanack, HanmpuMep, B pa6orax [8,9],
rfie GbLIM [0y YeHbl aHATNTHYECKHe BbIPAKEHUA 1A PA-
fla 4acTHBIX CIy4aeB, HAPUMeD, TyIIeHNe BO30Y# JeHUA
IOHOPOB, PACIONOKEHHBIX HA NOBEPXHOCTH LIapooGpas-
HBIX HAHOYACTHL[, aKIENTOPAMH, CIy4aifHO PaCIOIO0KeH-
HBIMU B 00'beMe HaHOYACTHUI].

Ms1 paccMoTpenu Gollee CIOMHBIA ClIydail TYUIEHHUA
Bo30y:;KI€HUA TOHOPOB Ha aKleNTopax MPH UX ciydvaii-
HOM pAaCIONOeHUN BHYTpPH IIapoo6pasHOii HaHOYACTH-
usl.  OH BameH [IA NPUMEeHEHHUA HAHOYACTHUI B Ka-
decTBe (IIOOPECHEHTHBIX MapKepoB B GHONOTHU U Me-
OULKHE, IPU CO3JaHMM 1a3epPHONl HaHOKEPAMUKH U IO-
POIIKOBBIX MoMuHOMopoB. IIpu cozgaHuu (oTOHHO-
KPHCTALINYeCKUX JTIOMHHODOPOB U Ia3epPHBIX CPel TH-
Ia MHBEPCHBIX OMAlOB MbI TaKie CTalKMBaeMcA C 3aja-
ueil ucce0BaHUA KOHIEHTPALMOHHOTO TYyLIeHN , KBaH-
TOBOTO BBIXOJa M KMHETHKU [epeHoca SHepruu JOHOP —
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aKIenTop B chepruuecKkMX HaHOPa3MepHBIX IyCTOTax, 3a-
MOJMHAEMbIX aKTHUBHOUN la3epHOi cpemoil.

B nanHoit paGoTe momyueHbl aHATUTHUYECKUE BBIPa-
MEHUA U IPOBeIeH0 KOMNIbIOTePHOe MOJeInpOBaHNe AN
KUHETUKY TYIIeHUA IPU MyJIbTUNOILHOM B3aUMOOEHCT-
BUHU [IOHOD — aKILenTop.

KoHueHTpanua aklenTopoB HamMu Mpejmolaraiach
Maloil U B cpefHEM OJMHAKOBOI M0 BceMy 00beMy Ha-
Houactun. IIpy KOMIbIOTEPHOM MOJETNPOBAHUM CUNTA-
JI0Ch, UTO Ha KaM{JyIO0 HAHOYACTULy NPUXOTUTCA IO OJ-
HOMY BO30y#[IEeHHOMY OOHODY, KOTOpBI# TYUIUTCA aK-
HernTopaMu, Cily4aiHO pPacloOJOMEeHHBIMHM B 3TOH dac-
THUIe.

BepoaTHOCTEL mepeHOca 3HepruM OT AOHOpa K KOH-
KPEeTHOMY aKIeNToOpY, pacloliokeHHOMY OT Hero Ha pac-
CTOfIHMU T, CUYMTaeTCA PaBHOU CDA/"'S, rae S — Mynb-
TUNONBLHOCTL B3aumojeiictBua (S = 6 mua AUNOIL-
OUMONbHOrO, 8 ONA OUNONb-KBagpymnoinbHoro, 10 mnsa
KBaJpyIoib-KBaJpynoiabHoro B3aumopeiicteus), Cpa —
MUKponapaMeTp 3 (PeKTUBHOCTU NlepeHoca dHepTruu.

JOoHODPEI U aKLeNTOpPhI clyuaitHbIM 00pa3oM pacioda-
raloTcA BHYTpU HaHouyacTuusl paguyca R. Ilacemorpum
cHayaja TYyLIeHHe JOHOPOB, OKa3aBIIMXCA Ha KaKOM-TO
paccTOAHUU Tp OT LIEHTPa, a 3aTeM yCPeJHUM TYyIIeHue
1o BceM 7p, TakuM, uto 0 <rp < R.

Ucnonbsys winaccuyeckuit nogxox [10], HopmupoBan-
HYIO KMHETHKY JIIOMUHECLHEHINU BCleJCTBUE TYIIeHUf
MOMHO NMPeACTaBUThL B BUJE

I(rp,t) = exp{—f(rp)} (1)

C ToKa3aTelleM DKCIOHEHThI, KOTOPbI MPU MaJbIX KOH-
[EeHTPalUAX B MPUGIMKEHUN CIUIOMHON Cpeabl BBITJIA-
OUT Kak

£(rp) = Na V/ av-(1-ew |-2]), @

rae N4 = ¢- N — 4nclio akllenTOpoB B eINHUIe 06beMa,
N — uucno y3noB (MM MO3ULMIA), JOCTYNHBIX MJIA aK-
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LIEeNTOPOB B efinHMIle 06bemMa, ¢ — JOJA 3aHATHIX y3JI0B
(koHUEHTpanus).

ITaccmoTpuM ciydail TpexMepHbIX dacTul d = 3 B
npeHeOpeKeHNM KOHEUYHBIM PasMepoM JOHOPOB M aKIlel-
TOopoB (MUHHUMAaNbLHBIM paccTosHueM mepeHoca). Torma
unTerpan B (2) 6eperca mo Bceit chepe dV = 4rridr,
eciu r +rp < R, toecth 0 < r < R — rp, nubo

110 CETMEHTY
2 2 2
R —rp —1 i
,r’
27'[)

eciur+rp>Rur—rp<R(R—rp <r<R+rp),

dVieerm. = Sdr = 2mr (7‘ + [

R—’I‘D C
t
f(rp) = Ny / dr - 4mr® (1—exp [— fs“‘ ]) +
0
R+rp
2 _ .2 _ 2
+Ny dr - 27mr? <1+7R DT )x
2rrp
R*TD

X (1 — exp [— Cfs“ltD = Ji(rp) + J2(rp).  (3)

3mech NmepBbIil MHTErpal

R—T‘D
Ji(rp) = N4 / dr - 4mr? <1 — exp [— C:;”]) (4)
0

aHaJoruyeH WHTerpainy, KOTOpbIfi BO3HMKaeT NpHU pac-
CMOTpEHUU TylIeHuA B GeCKOHEUHO# cpele, HO C KOHeU-
HbIM BepxHuM npegeinom (R —rp). Korga Bepxuwuii npe-
zen B unrerpaie (4) ouenb Gonbiuoit 1160 A1 3HAYSHUN
BpeMeHH ¢, YAOBIETBOPAIOIIUX YCIOBUIO

1< Cpat < (R—rp)°,
MBI MOJYUYUM HKJIaCcCUuYeCKOe BbIpameHHne [1]
Ji ~ N4D(1 — 3/8)(Cpat)®/S4r/3 = (Wit)*/S, (5)

rie BBelleHa CKOpPocTh W; — BennuuHa, o6paTHasA Bpe-
MeHHM, 3a KOTOpoe JIOMHUHECIEHIMA BCIeJCTBHE TyIle-
HUA B 6eCKOHEUHOMN cpefie ynajeT B e pa3. llpy IUMONb-
IaunonbHOM B3auMopeiictBuu (S = 6)

Wy = (47N 4/3)*Cpa.

B cnyuae, eciu BepxXHWMii IpefieNl COOTBETCTBYET KaKoMy-
TO (pUKCcHpoBaHHOMY pamuycy R, ¢pyuruusa J;, 3agaBa-
emas BbIpaskeHueM (5), onuceiBaeT TylueHue (Ha Bpe-
MmeHax Wyt > 1) BO30y K\ JeHUIl TOHOPOB, HAaXOAAIMIUX-
Cfi B IleHTpe NIapooGpa3HbIX HaHOuYacTull paguyca R;,
Ha aKkIeNTOpPbI, PACIOIOMEHHbIE BO BCeM 0ObeMe TaKuX
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HaHouactuu. Ila MHTepecymoOWKUX Hac BPeMeHaX, OTIH-
une uHTerpana (4) ot Tymenus B GeckoreuHoii cpeze (5)
CBOAMTCA K UCIONL30BAHMIO BMECTO raMMa-Oy HKINK He-
nonHoi ramMmma-gyHkuuu. Ilanpumep, npubnusenne 1as
AUNONb-AUNONLHOTO B3aUMOeHCTBIA

Wht
Ji(R) ~ /Wit (1 - —1> , (6)
TNap
rue

Nap = N447R?/3 (7)

— CpeliHee YKCIO aKLEeNTOPOB B OJHON HaHOYACTHUIIE.

Otauune (6) or TymeHnus B GeckoHeuHoM o6beme (5)
MMeeT IUHEHHY O 3aBUCKMOCTh OT BPEMEHHU U NpeHebpe-
UMO Mano npu Beinonnenuu ycnosus (Wyt)3/S ~ Nyp.
®usnyeckuil cMbich BbIpaxeHus (6) COCTOMT B TOM, 4TO
U3-3a OTCYTCTBHUA TYIINTeNell BHe o6bemMa HaHOYACTH-
116l ZOHOPBI (pacnoloeHHble BOIM3M LEHTPa HaHOYaC-
THUIL) TYWATCA HECKONbKO MeJieHHee, YeM B 06beMHOM
KpuCTalle.

Oznnako uckombIit nHTerpan (4) c mepeMeHHBIM BepX-
HUM [pelenoM, 3aBUCAILMM OT PAcClONOMEHUA NOHOpa
BHYTPM HaHOUYAaCTHUIbI, IpecTaBIfAeT co6oil Golee ClIOHK-
HOe BbIpaKeHue, KOTopoe Henb3s cBecTd K (5) mau (6).
[Manpumep, a1s TOHOPOB, OKa3aBUIMXCA BOIM3M IOBEPX-
HOCTH HaHOYacTUUbI, J; GYIET CTPEMHUThLCA K HYIIO.

BTopoit uuterpan

R+’I‘D

dr - 2mr? 1+7R2_T%_1‘2 X
2rrp

x (1 _ exp [_ Cf;“]) (8)

oTpamaer crnenuduUKRy KOHPUTrypaluu aKIenTopoB,
OKpY’KaIOUIUX [OHOPBI, OKa3aBIIMeCcHA HeJaleko OT
TNOBEPXHOCTH, a HMEHHO, TOT GaKT, YTO y MOBepX-
HOCTHBIX [JOHOPOB B MONOBHHEe WIU B Goiblieit dacTu

IIPOCTPAHCTBA aKIENTOPbI OTCYTCTBYIOT.

[emenue A0A cryyas TYUIEHAA TIOMHUHecUeHUuu g
IIOBEPXHOCTHBIX HOHOPOB (rp = R) GblNo MONy4eHO B
pabote [5]. B Hamux obo3HaveHuAX:

Is(t):
_ (Wat)*/5 (3 _T(1-4/S) (Wit)/S
=exp T o _g[F(l—S/S)]4/3 N;/Pg ,

(9)

TO ecTh HpU (Wlt)3/s ~ Njp norapudM OT UHTEHCHUB-

HOCTH TajaeT NPUMEPHO B 2 pa3a MeAlleHHee, YeM B
KitaccuueckoM (pepcTepoBCKOM CiIydae.

IIlnAa HaxomJeHus peimeHusi B obwem ciayuae (3)

BOCTIONb3YEMCA KYCOUHO-TUHEHHBIM NPUGTMMKEHNEM
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f(rp) = hi(rp) + ha(rp), rae dyuruua h; coBnagaer
C TOPU3OHTANBHBIM yuyacTKOM J; 10 Touku R, mepece-
UeHVf HTOJ FOPU3OHTANM U KacaTelbHON K Jy B TOUKe
rp = R (3mech 3uauenue dyuruuun —f(R) = —J3(R)
IOCTHUTaeT MakCUMyMa, 3HAUEHUA NPOU3BOIHBIX TaKKe
copnagator f'(R) = J'(R)). Hocme rp = R, hy
TOMIECTBEHHO paBHa HymO, a GyHKUUA he, Hao0o-
poT, paBHa Hymio mpu rp < R, a mpu rp > R,
ha(rp) = Jo(rp = R) — (R — rp)J5(rp = R) nuneitHo
npubnusaet Jo.

B roneunoit Touke rp = R, snauenne f(rp) mamaer
IPUMEpPHO BABOE M0 CPABHEHHUIO CO 3HAUCHUEM B HaUalb-
Hoii Touke rp = 0:

3/S 1/8
J2| = 7(Wlt) (1 — 2]{70 7(Wlt) ) 5

rp=R 2 1/3

AP
3 T(1-4/9)
T 16 (1 — 3/9)]4/3

MpousBopHasn #e (0603HAYMM MONOKUTEILHYIO BEIUYK-
HY, PaBHYIO MUHYC [IPOU3BOIHOM, q),

ko ~ 0.2, (10)

q=—J3)| (Wat)*/* < kN k (Wlt)l/s>,

rp=R_ /s — fo 1/3
D R (Wlt) NAP
3 T(1-2/5)
LA -3/S)PR
IIpaMas NUHUA, UAYLIAdA 110 KacaTelbHON B TOUKe rp =
= R mepeceyeTcA C FOPU3OHTAIBLHON IMHUEH B TOYKE
rp = R,, 3aBucawmeit ot Bpemenu: R, = R(1 — AR),
rme AR = (Wit)'/5 )2k, NY/2.
WUrag, peuienue JiA KHHETUKY TYLIEHUA UMeeM B BU-
ne

~ 0.7. (11)

R
1
I= Vg /3r2Dere_f(”D) R~
0
R

~ % /r%drpe_hl(’"n)_’”(“?) =
0

Ra R
= % /r%drpe*hl(m) +/r%drpe*h2(”3) =
0 R,
RA\?
h < N3 ) e M ze BUPTH, (12)

hl = (Wlt)3/5><

(W) (S=3)/S NS/ ) N

(1_ T(1-3/8)S/3(S—3)(1—(Wit)V/S [ (2ks N y5))S 2
~ (Wit)®/3, (13)

RPN B
(gR)?
x(2 — 2qR + ¢>R?* + exp(—qAR){—2 + 2qR, — ¢*R2}).

(14)
31ech

AR — (Wit)3/$ 1 (Wit)*/ S ko \
1 - 2 B N2/3 k_l ~
AP

MUK (1

N - (Wlt)2/5> . (15)

3N

Boipamenune (14) nna kosddunueHTta z CyIeCTBEHHO
IpY ONMCAHNN KUHETUKYU TYIIEHWA HaMalbIX BpPeMeHaX
(W1t)3/S < 1). Ero MomHO CymecTBEHHO YNPOCTHUTB
NI GOMBIIMX BpeMeH, HO MpM ycrounu, uto (Wit)3/S
MeHhIlle CpeJHero uucia aklenTopoB B OHOM udacTuie

NAP3 5
I = 1-— M X
- 1/3
2k1N 4p
3
x exp(—(Wyt)¥5) + ——————x
' ko N Y2 (Wit)2/s
3/8 1/S
xexp{—% (1—2k0%>}. (16)
N4p

IlaccMoTpuM, Kak OTIMYAETCA CKOPOCTh TYIIEHUA
Bo36y#aenus (o6o3naunm ee W») Ha OganbHeidl craguu
(t — oo) nna mamouactun exp(—(Wat)3/S) or wraccu-
yeckoil ckopoctu W; niA o6beMHOro ¢epcTepoBCKOro
Tywenusa. Bropoe cnaraemoe B dopmyie (16) orauua-
€TCAl OT TYLIEHUf [OBEPXHOCTHBIX NOHOPOB (9) MHOMU-
TeleM HepeJ SKCIIOHEHTOH

3 1

_— (17)
1/3

kLN (W)

Bripamenue nus ckopocT Wy B KOHKDETHBIH MOMEHT

BpemeHu monyuaerca us (16) B Buge

S/3

12 4(Wy)/S

W = _+_—ko% Wi, (18)
2 3z 3N /p

IInf caMbIX MallbIX pa3MepoB HAHOYACTUIl U KOHIEHTpa-
Uil aKkIenTopoB CKOPocTh Wy MoeT GbITh 3HAUUTEND-
HO Menblte ckopoctu Wi, Tak, B (18) Bennuuna B cK0G-
Ke 3HaunTenbHo Menbuie 1/2. Ilanpumep, Koraa oxa go-
cruraer 1/4, mbl nonyuyaem ckopocts Wy = 0.06, 0.02,
0.01 W, masa mynbrunonsuocteit S = 6,8,10, cooTBeT-
crBeHHo. Ila ¢oHe Takoro MHOrOKpaTHOr0 U3MeHEHUA
CKOPOCTHM TYIUIEHUA W3-3a OrpaHUUYeHUA BO3MOMHOCTHU
aRIeNTOPOB OKPY:KAaTh JOHOP CO BCEX CTOPOH, HUUTOMHO
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MalbIM fIBIAETCA BIUAHUE OrPaHUYEHHOCTH 00BheMa Ha
TylleHue “LeHTpalbHbIX” TOHOPOB, HAXONAIMIUXCA Nale-
KO OT MOBEPXHOCTH, omuckiBaeMoe (opmyioi (6) u na-
Iolllee MONMPaBKY K TYIIEHHWIO B MacCUBHOM KpUCTalle
JUIIb B HECKONBKO MPOIEHTOB.

B xauecTBe UMCIEHHOT'O AKCIepUMeHTa GbINo MpoBe-
JeHo MofenupoBaHue TyuieHusa MetogoM Moute-Kapimo
¢ uucnoM KoHurypanuit (Hamouactun) 60-600 TeicAu
I1A HaHodyacTul pasMepoM R = 3—15HM M KOHIEHT-
panuit Ny = 0.3—2uM 3. JloHOpHI UM aKIeNTOpbI CIy-
yaliHbIM 00pa3oM 3aHUMall y3ilbl IPOCTO KyOudyecKoi
peleTKM B HAHOUACTHUIAX, TIPU 3TOM pa3Mep MEeXIY Y3-
1aM{ YCJIOBHO mpuHuMaincA paBHeIM (.4 HM, mapameTp
Cpa = 4umb/c.

Mapamerp N4p (onpenensiemsiit (7)), OpU KOMIBIO-
TEepPHOM MOJEIUPOBAaHUM CTATUCTUUECKU BapbUpPYeTCA
OT YacTHUIbI K YaCTHIle, TOCKOIbKY NPEIIoNaranoch, 4YTo
¢uKcHpOBaHHAA KOHIEHTPANUA ONpeAeNfeT MUIIbL BEPO-
ATHOCTh y3na ObITh 3aHATHIM aklenTopoMm. Torga uuc-
JI0 aKUEeNTOPOB, MONMABIIKX B OJHY HAHOYACTHULY, HOJH-
HO UMETh rayCCOBCKOE paclpeeleHe CO CPEJHUM m =
= N4V u mucnepcueit ¢ = (N4V (1 — ¢))'/2.

HaHHbIe MOZeNMpPOBaHUA MOATBEPMKIAIOT, YTO Ngp
MeeT TaKoe raycCOBCKOe pacHpeleleHue:

e—(Nap—m)?/20® o —(Nap—NaV)?/(2N4V(1-c))
V2ro B 2rNAV (1 —¢)

IIpu 3TOM cymMMapHOe YMCIO aKkleNTOPOB BO BCEX HAHO-
yacTUIlaX, yU4acTBOBABIIUX B MOJEIUPOBAHUM, OTKIOHA-
eTcA oT ToYHOro 3HaueHuA Nyaerun - Na -V He Gomee uem
Ha 0.02%.

N3 MonenvpoBaHuA A pa3HbIX KOHIIEHTpalui, pas-
MepoB R u C'py GbLIO HONYYEHO OTHOLIEHWE CKOPOCTEM
W /W, Ha BpemeHax (Wlt)3/s = 10—15, rae MHTEHCUB-
HOCTb MajaeT Ha 2-3 mopAgKa OT HAayalbHOW (CM. TOY-
ku Ha puc.l). Jlunueit Ha puc.l mokasaHo OTHOLIEHWE
cropocreit Wo /W1, KoTopoe naeT aHanuTHYeCcKOe BbIpa-
menne (16). IloguepkHeM, UTO OJUHAKOBBIE 3HAYEHUA
W, /W, peanusyroTca mis 4dacTul pasHoro pasmepa R
¥ pa3HbIX KOHIEHTpaluii akimenTopoB N4, CBA3aHHBIX
cootHourenneM N4 R? = const. To ecTh, npu yBemuye-
HUM KOHIEHTpAaIlUK aKleTOPOB MbI BCerja HaiineM aHa-
JOTUYHYIO KMHETUKY JIOMUHECIEeHIINU IJIA HaHOYacCTHI]
MeHbIIero paguyca.

C ymenbmenuem N R3® = N4p3/4m yrmosas po-
Jf TPOCTPaHCTBa, MNOCTYMHAafA AJA aKIelnTopoB, TYyIla-
MIUX MOBEPXHOCTHBIE NOHOPBI, 3HAUYUTENbHO yMeHbIIa-
eTcH, UTO Bblpamaercd B nageHun Wy /Wjy.

HosepxuocTHoe Tywenue (dopmyna (9)) maer Gaus-
Kue 3HayeHus Wo/W; B HaHOuYacTMLAX C TOYHOCTHIO
~20%. IIna caMbIX MalbIX 3HaueHUi mapameTpa N4p
norpemHocTh nagaet g0 10%.

p(Nap)=
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ITuc.1. CropocTh TymeHud Bo3Gy:JAeHUA B HaHOYACTULIAX
OTHOCUTEILHO CKOPOCTH TYIIEHUA B MacCUBHOM KpHCTal-
ne W3/W: B nBOiiHOI nTorapudMuueckoii mKale IPOTHB
norapudma Bpemenu (Ha Bpemenax 10 < (Wit)? < 15)
B 3aBUCHUMOCTU OT mapameTrpa N4p. Junoab-gunoinHoe
B3auMogeiicTBue. Jlunua — popmyna (16), Touku — uuc-
JIeHHBI 3KCIIepUMeHT

1
10 20

Manee aBropamu [8] G110 IPEAIOMEHO ONUCAHKE KK~
HETUKM CTATUUECKOro TYIIEHUA B HAHOUACTHUIAX B BUJE
CYMMBI IBYX (DepCTepPOBCKUX KOPHEBHIX KUHETUK IIpU
noMouy GeHoMeHOoJIornyeckoit GopMyJIb

I(t) =n exp(—Wlt)d/S + na exp(—Wgt)d/S, (19)

rae d — pasaMepHOCTh MpocTpaHcTBa. U3 aHanuTHUeCKo-
ro peutenus (16), mony4eHHOro B JaHHO# paGoTe, MbI MO-
JKeM TNONYYUTH NPUGIUMEHUA AJA MapaMeTpoB Ny, Na,
W1 u W, Bxomamux B (19). IManpumep, nns BpemeH
(W1t)3/5 = 10—20 ¢ TounocThio 10 20% MbI MOKeM Ha-
HUCaTh:

1
It) = (1~ —75 exp[—(W1t)*/ 5]+
NAP
1 Wit)3/S 0.6
+—173 exp _{ 12) 1-—7 - (20)
NAP NAP

Manpumep, Mpu MapaMeTpax, UCMONb3YEMBIX Ha pHUC.2,
ny = 0.85, To ecTh oKkoio 85% MOHOPOB TymaTcA Tak
e, KaKk B MacCHBHBIX KpUCTaJIaX, ¢ KiacCudyeckoii dep-
cTepoBcKoil ckopocthio Wi, okono 15% (n2 = 0.15)
IOHOPOB TYIIATCA KAk PACIOJOMEHHbIE HA MOBEPXHOC-
TH HAHOYACTHL, CO CKOPOCTBIO, MeHbel, yem 1/4W;
(Wa = 0.21W7).

Kax norazan ananus, Beipamenuve (16) u cymma gByx
depcrepoBckux KuHeTuk (19) paBHO XOpOIIO OMUCHIBA-
10T pe3yJibTaThl YUCIEHHOTO JKCMEPUMEHTa, CM. PHC.2.
Crnomnas nunus (popmyana (19)), Asasromanca cyMmmoit
IBYX NYHKTHUPHBIX NPAMBIX ((epcTepoBcKUe KMHETUKU
co crkopoctamu Wy u Wy) u kpusas no dopmyie (16)
(TpeyronbHUKM) cOBHAZalOT C MONENUPOBAHMEM, KOTO-
poe TOKAa3aHO KPYKKAMU.
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[uc.2. lle3ynbTaThl MOAEINPOBaHUA dKCcepuMenTa MeTogoM Monte-Kapno (kpysku). Ananutuueckoe Boipaxenue (16) (Tpe-
yronoHukM). [IByxcraguiinaa annpoxcumanusa (19) — cnnombasa nuHuA

3axaouenue. [lonyyeHo KoMmaKkTHOe IBYUYJIeHHOE
aHaNMTHUYECKOe BbIpaieHNe ANl KHUHETUKU CTaTHUYecKo-
ro TyuleHUA NOHOPHBIX BO30y:IOeHW Ha aKlenTopax B
chepuyeckux HaHouactunax. IIpoBemeHo MozenupoBa-
Hue mpolecca metonoM MonTe-Rapno ana cnyuas mpoc-
Tol KyOUUYecKOll pellleTKU U pAfa KOHIEHTpaluii U pas-
MEpPOB YacTHUIl, KOTOPOe MOJHOCTHIO NMOATBEPKAAET IO-
Jy4YeHHYIO 3aBUCUMOCTb WHTEHCHBHOCTU TYyLIEHUA OT
Bpemenu. IloaTBepsieHa npeicka3aHHasA paHee BO3-
MOKHOCTb ONKMCaHWA TYUIeHWA B HaHOYacTULaX B BU-
e CyMMBI JIBYX HE3KCIIOHEHIMAaJIbHBIX (DepCTEPOBCKUX
KUHETHUK, CO CKOPOCThIO TYILIEHUA Ha BTOPOM (epcTe-
POBCKOM yuacTKe CylIeCTBEHHO MeHbIleil, 4eM Ha mep-
BoM. IlajineHbl aHanuTHYeCKNe BbIpaKeHUA AIA CKOPOC-
Tell HedKCIOHEHIIMAbHOI0 3aTyXaHUf U aMIIIUTYIHBIX
uyneHoB. KBaHTOBBIM BBIXOJ MIOMUHECIEHIIMM HaHOYAC-
TUL 1P OJUHAKOBOM cpelHeil KOHLEHTpalUUuU IpumMeceit
OKa3bIBaeTCA Ha JECATKM IPOLEHTOB BhbIlIe, YeM B 00B-
eMHbIX o6pa3nax.
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