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YCTAHOBJIEHUE CTAIIMOHAPHOI'O PERVIMA HYRJEAITNN.
TEOPUA I EE CPABHEHUE
C 9RCIEPIMEHTAJBHBIMU JAHHBIMHI IJA CTEROJI

B. A. [lnetioman

PaccMaTpuBaeTcsi TOMOTGHHOe ofpa3oBaHME 3apOfslell HOBOH (assl IOcTe MrEOBEHHOro
co3JaHAA HMCXOMHOLO MeTacTAGWIBHOTO COCTOSHAA. IIONydYeHH acHMOTOTHYCCKM TOUHHIE II0 Be-
amanHe Gapbepa 3apONAINeo0PasoBaHUA BHPAMKEHMA [JIA (MHKYOAIMOHEOIO BPEMEHH» IIPOLEcca
HYKJEaldW ¥ 3aBACHMOCTH OT BPeMeHHW 4mcila 00pa30BaBIIMXCA 3apofsiurell. PesyxbraT mop-
TBEPIKIAIOTCA GHCACHHEIM peNIeHmeM OCHOBHOTO KHHETHIECKOr0 YDPABHEHWA M CpPABHHBAIOTCH
¢ W3BECTHLIME JKCIEPAMEHTAJBIHIMA JAHHHIMY 110 KPWCTAJIIH3ANHEH CTEKOJ.

Bregenne

OcHOBHO® KHHETHYeCKO® yDaBHEHEE TEOPHM HyKIEAl[UH, COTIACHO SeIbro-
suay ['], mmeer BEL

of aj . J f of .

v ety R ]=-—DNEW=—D—0—£;+gf. 1)
3meck g — 9YmCIO MONEKYI B 3aPOAsIme («pasmep»), j — MOTOK B IMPOCTPAHCTBE Pas-
mepos, D (g) — xoaddunment nuddysmm, § — MaKPOCKOmMIECKAS CKOPOCTH POCTA
sapopmna, f (g, ¢) @ NV (§) — COOTBETCTBEHHO KWHETHTECKAS U DaBHOBECHAR (yHK-
uuz pacupefeleHHs (DOCTEAHAS IPONOPIHOHATbHA TePMOSUHAMEYECKON BEDOAT-
HOCTH QUIYKTYaLMOHHOTO BOBHUKHOBeHHA 3apommma N (g)~exp (—W (g)/kT),
W (g) — mmemmanbrass pabora, tpebyemas pua oGpasoBaHEA 3apOXBINA 3a-
MaHEHOTO0 PasMepa).

Cropocts Eyxiaeanun I o6BYHO ODPeJENANT KaK CTAHOHADHOE 3HAYCHHE II0-
ToKa jop. OmEAKO CTAMOBADPHOMY DE:REMY HYKICALHH OPeIeCTBYeT HePHOL ero
ycranosnennsa. Harname Takoro mepmoma MoskeT mMeTh HaGIiOmaeMbe IOCICNCTRBES
B CaMblX PasIEIHEX QU3MICCKUX CATyaNusAX, HATpPUMED IPH 06DPa30BaHUM 3apONH-
meit BOaMSE KpETHIeCKoH TemmepatypH [?] mmm mpm kxoHmencamum amexrTpOHHO-
merpounoi skupkocti [3]. Ilo-BmmuMomy, HamGonee CymecTBENHKIME HOLOGHbE BON-
POCHL OKA3LIBAIOTCS B CBASH C NPOGIeMON 3aKANKE MeTaCTAGHIBHEX COCTOAHHH,
B 9AaCTHOCTH, IPH ONMCAHEE Kpmcramnmsamumu crexox [¢71°]. Ilocmemmee o6ycmos-
JGHO TIABHBIM 06PasoM TeM, 9TO OGHYHO TPH MONYIEHEM CTEKOX CTDEMATCH Mpe-
ReIbHO COKPATATH BPeMs MHTGHCHBHOM HYKTAIMH W OHO OKAa3LHBAGTCA CDPABHEMEHM
¢ mepmopom ycraHoBmeRHA. G APYro#ft CTOPOHEI, SKCIEPHMEHTH CO CTOKIAMHE HAOT
VEAKAJIBHYI0 BO3MOYKHOCTD «3aMOPajKMBAHUAY PacIpefelNenns 3apORAIIed To pas-
MepaM M HeIOCPEeJCTBeHHOr0 IOACYeTa WhCAa 0GPasoBaBIIMXCA 3apOXEIeR. JTo
LOBBOJIsIET CPABHUTH HAHHHE TEOPHH ¥ HKCHEPHMEHTA, ITO IPOAENAHO B HACTOAMGH
pabore.

B paspene 1 ofcyxnanres pasnmusble TPHCIMKEHAS B TOOPHE HeCTaIHOHAD-
HO#t Hykneanma. IIorydeHs aCHMITOTHIECKN TOUHEE 0 Bexmamae Gapsepa W, /kT
BHPayKeHAS IS BeAUIMHE (ZHKYGammOHHOTO BPEMEHH» IPOMecca HyKICANUH X 3a-
BHCHMOCTE OT BPeMEHH 9HCIA 06DasoBaBMUXCA 3apOAHINeH. OTH PesyabTaTH CpPaB-
HOBAIOTCA C NAHHBIME YHCICHHOTO BKCOEPHIMEHTA.
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B {)ain]eﬂe 2 TeopeTHmIeCKHe DPe3yNbTATH CONOCTABIAITCA ¢ BKCIEPHMEHTANb-
Pl
HHIMA .

1. Teopna mecrammoHapHOH HyKIeamu:

YcramoBierne CTaNOUOHADHOTO PeXWMAa HYKIeammy BIEPBbE PacCMaTpPUBA-
mocs B ['], rme Obuta mOMydYeHa ONEHKA XapaKTePHOrO BpeMeHH < =(g,—g;)?/
4D (g,). 3mech g — YHCIO MOJEKYJT B KPETHIECKOM 3aPOIBILE, a g; MMEET CMBICI
pasMepa, JJIA KOTOPOTO (MTHOBEHHO» YCTAHABIMBAETCH CTAMOHAPHOE Dacupefese-
gue. BoocmencTsum OBLIM CHeNaHB MHOTOYHMCIEHHLE IONHTKA YTOYHEHHA yKa3aH-
HOH OIIeHKH U OIPefleNIeHns aHATuTHIecKoH 3apucamocta [ (£) (cm. o630psr [+ 5 11 12])
a rtammke [> 3 13 14]), Boxpmoe pasHooGpasme pe3yAbTATOB, MONYYeHHHX IpPH
HCCIEeTOBAHME OJHOTO W TOTO ke ypaBHeHH (1), 00ycrI0BIEHO B OCHOBHOM CIIENYIO-
MEMA DPHIFHAME.

B o6mem cirygae ypasueHme (1) He mMeeT 3aMKHYTOTO aHANAUTHYIECKOTO PEINEHH,
¥ pasimgme Pe3yIbTATOB CBA3AHO ¢ MCHONB3YyeMHIME HPHONFKEHUSAMA, B YACTHOCTH
€0 cmoco0aMu BHIIEJISHWS B MCXONHOM ypaBHeHHWE «Muddy3mOHHON» ® «IpeiidoBoiy
obnacTell mam ¢ mapabonmdeckoii anopoxcmmanmumeir gopmu Gaprepa W (g)/kT, mc-
moxb3yeMol BO MEOrEX paGorax (Hanpmmep, [* 3 18]), Taxr, pacopocrpanenue B[]
IuddysuonHOH 00IacTH HA BCe NOKPHTAIECKEE Das3MepPHl IPHBENO K CYMEeCTBEHHO
BaBHIIEHHONR ONEHKEe BPEMEHYM YCTAHOBICHU.

ITpz napa6oamaecKoil anmpoxcuManuy GopMel Gapbepa I B IPENION0KEHUE O He
saBumcAmMeM OT pasmepa 3mHadeHmu D, xospdpmmmenta mupdysmm ypasmemme (1)
cBopmTes K ypasHemmio OpEmTeliHa— YineHOeKa, HONYCKAIOINEMY TOYHOE peLIeHWTe
(mampumep, [*” *8]). B srom cayuae

e [\ e[ L W\
‘_20*“{??” , A= 5 )

Tfle © MMeeT CMBICH MAKCAMANBHOTO BPeMeHN PeJaKCaUmy — BeJHYWHH, 06paTHOi
TepBoMy, OTIMIHOMY OT Hyd, c00CTBeHHOMY 3HAUEHUIO X PePeHnIHATPHOTO OIe-
paropa —D*?ﬂ;;-—gg—l (g——gQ;—W

o > * 13

B [1°] mokasaHo, 4TO 9TOT Pe3ydbTAT COXPAHAETCHA W UPM TPOHM3BOJLHEX 3aBH-
camoctax W (g)m D (g), ecm Tonbko Benmumua Gapsepa W, /kT asnsercs Gombmoi.
CaenyeT, OMHAKO, MMETh B BEAY, UTO PEIAKCATAN HIPeAMeCTBYeT KOCTATOYHO IIPO-
HOIKUTETBHEN (MHKYGAlMORHEN HePHON», B TeYeHEEe KOTOPOr0 HOTOK IPaKTHIe-
cku paBeH Hymo. OTMETEM TaK)xe, UTo IepBasg COOCTBeHHA QYHKRIUSA YKA3AHHOTO
BBHIIIEe OIePaTopa MMeeT PABHYIO HyJIO IPOM3BONHYI0 IPH =g, , TaK IT0 yCTAHOBIe-
HEe TOTOKa j, (f) XapaKTePH3yeTcs BTOPEM COOCTBEHHSIM 3HAYeHHeM U BPeMA pe-
Jarcanuy t,=t/2 [*?

Bpens yCTAHOBIEHMA 3aBECHT OT pasvepa g. B GoabmumcTBe pafor HpOBOAE-
JIECH OLEHKA JIA g=g,. TaKAX OMeHOK, BOOOmE roBOps, HEJOCTATOYHO, TAK Kak
dopmumpymomeecss BOIESE g, DACTpefeNeHEe 3apONbINell m3-3a MeIEHHOTO POCTA
CyIMECTBeHHO HCKaskaeTcA AudQysuels mpm mepexofe B 061acTh GOIbIIX PasMepOsB.
Ilast oTux PasMepOB 3aBHECHMOCTE ] (f) He COOTBETCTBYeT CMeI[eHHOH BO BPeMEHH
sasmcmmocTH j, (¢). IIpomecc yCTaHOBIGHHS B HaJKPHTHIECKOH obxactm paccmat-
pmBazcs B [ 1% 20], ogHako BOIPOC O TOM, KaKOX pasMep g, MOMKHO OTOKMECTBATH
¢ HATaTbHM PAa3MepOM 0GpasyIOmerocs 3apofbIia, OCTABANCS HEBHACHEHHHM. ITO
OpEBeI0, B YACTHOCTH, K HEOJHO3HATHOH HHTEDPIPETANME DPe3YIbTaToB THCIEHHEIX
sxcnepumerToB [°].

Cpequ aHAIMTAIECKEX PesyibTaToB Axsf [ (f) MOMKHO BEIIETHTH IPOCTHE 3a-
BHCHMOCTH «PeJaKCaIIOHHEOTO»

I(t)=1lex {1 — exp t—§i} 3)

u «nuddy3noHHOrO» ,
I(t)=Igresp (-——“;—) 3"

TumoB [4 & 12].
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Coornomenuns Buma (3), 6Ge3yciroBHO, CHPABENIMBH Ha G(OJBIIHX BpeMeHax,
HO TePsI0T CMBICH JJIA BPeMeH, CDaBHUMBIX C «MHKYyOalUMOHHEIM BpeMmenem» t,. IIpy-
MEHHMOCTH (3’) OrpaHmYeHa MajbMM BPeMEHaMU, 9TO BUJHO XOTA OB M3 3TOrO, urg
maa t >« us (3') He caemyer nummeitnas sasucuMocTh h=I[¢r (t—const) nommorg
qucia 3aponmbimeil oT Bpemenu. B paGore [!°], wacTo mcnonab3yemoit npu nKHTEPrpeTa-
mam peanbHHX [7] u wmcmemmbix [* ] sxcmepumentos, 3asmcmmoctb I () mpep-
CTaBIeHA B BUAe PAfa, cooTBeTcTByowmeEro (3) u (3’) Ha GONBIIUX U MATBIX Bpeme-
Hax; BpeMs pemakcamum B [1%] t;=8n"2¢. Pemenue ['°] mcnoarsyer mocratoumg
CUNBHEIE NONYIEHHA M ABIAETCA IPUONMKEHHBIM — 9T0 O00CY:KIaeTcA B paa-
neme 2.

Haunbonee ecTecTBeHHNM HOXXONOM K HCCIEIOBAHMIO HECTAIHOHAPHOM HyKiea-
ouu HPefCTaBIAETCA pPellieHue ypaBHeHus (1) B mpenmonokeHun 0 GONBINON Bexm-
aune Gaprepa W /kT >> 1. Taxoe ycioBue ABIAETCA OXHUM U3 OCHOBHBIX B Teo-
pmu HykJIeanmnm (OHO TECHO CBS3aHO C yclIoBueM g, > 1, ompemensomum ¢orkep-
IJIAHKOBCKHA BYJ MCXONHOTO KWHETHYECKOT0 YPABHEHHUS, IO3BOJNAET NOJYYUTH
B B3AMKHYTOM BHfe CTAIMOHAPHOE PeUleHHme W T. I.) X KOCTATOYHO XOPOIIO BHIIOI-
HSETCS B THOMYHEIX SKCIEePHAMEHTANBHHIX CHUTyaluax. [lepBas HONBITKA aCUMITOTH-
YeCKM TOYHOTO PACCMOTPEHUs 3amadu 06 YCTAHOBISHHH CTAIMOHAPHOTO DerKuMa
HyKIeanmu Obila coesiama Baxemummoit [2']. Ommaro ero mogxopn Comepska HOmoj-
HUTEeIbHOEe ITPeJIONOeHne O NJIABHOM M3MEHEHMH IOTOKA IO CPABHEHUIO ¢ (yHK-
nme#r N (g), KOTOPOe OKAa3alI0Ch OMUGOYHbIM. OTO IPHBENO K 3aHMIKEHHOH OleHKe
BPeMeHH DeXaKCalul ty=t/4 U I1e TO3BOJUIO ONPENeNUTh AaHATUTHIECKYI0 Gopmy
saBucumoct [ (¢), ormmuEyio or (3).

ITposenernoe B [*°] acuMnroTHaecku T09HOE paccMoTpeHue ypasueHud (1) mosso-
JUI0 ONHO3HAYHO BHIIEIUTH B MCXOJHOM KMHETHYECKOM yPaBHeHHH AudQy3HOHHYIO
u npeiidoByo 0o6macTH M TOAYYATH AHANUTHYECKYIO 3aBUCUMOCTD

i (8y t)=IcT exp {—exp(—2)}, == t= () . (4)

T

Haganpubiii pasMep 3apofblma g, MOKeT GhITh BeIOpan B muTepBaie A £ g,—
—g, < g, lorox j (gy, t) cHOCHTCA ApefipoBEIM 00pasoM B 061aCTh GOTBIIMX pas-
MepORB g, Tie AHANUTHYECKUH B €r0 3aBUCHMOCTH OT BPEMEHH COXPAHHETCH C yde-
TOM 3ama3fblBaHUA

g

(@) =t (&) +1 (& & ¥ (8 ig)= | £, )

A

T. €. OOTOK j (g, t) omnpemgenxseT cKopocTh HykKaeanuu I (1).
nsa BEY#CIeHWS MHRYOALMOHHOrO BpeMeHHM i, (g) BOCHONb3yeMCH pe3yiabra-
Tom [19]

28, (8 — &4 - { {
tu(go)Z’C{ln—gi(—Az——)——C}, C:S dg<¥~_;?-—-—ﬁ:>. (6)
0
Ilepexonma B (5), (6) ¥ mpemeny g,=g,, HAXOLUM
g
2g3 d

(@) ==x(lnF—20)+ [ £, (7)

0

Tfle WHTETPAT ONpefeNsieTCs B CMEICHe TIaBHOTO 3HadennsA. Hak m caemosamo oma-
JaTh, OKOHYATeNbHEE Pe3yIbTAaTH He COflePKaT «HadaabHhA pasmep» 3apoisma,
B BHOOpe KoToporo mmeerca mpomason. [locaennee BripakeHme MOKHO MPeACTABATH
B 6oNee HATIANHOM BUIe, BBeAd HAPARY ¢ BpeMeHEM POCTa ¢’ HONOKATEIbHOE BPEMS
pacmania sapopsmia ¢ g < gy

g
(g)=] = ®)
0
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C ydeToM acHMITOTHYECKOH MajocTr oTHoureHus A /g, nmeem u3 (6), (7)
’ A A
tﬂ —_— t y —— t” _— =
(&) (g &+ ) + ( &= ) ()

Tlpm KOHKDETHHIX BHUHCIEHHAX (cM. Hmme) dopmyna (9) ymobree, wem (7),
B TexX cJaydafx, KOTJA HHTerpal ﬁdg/g BHIDa;KaeTca uepes 3NeMeHTaPHble (YHKIIHIY.

Ias Toro 9ToGH ABHO OUMpENeTHTH t, (), HEOOXOMUMO KOHKPETH3UPOBATh BHIPA-
JREHEe IS MaKPOCKOIMYeCKOH CKOPocTH pocTa. Bo MEOTEX QM3MIECKHX CATYAIMAX
CKOpOCTb W3MEHEHHWA Pafimyca 3apojsma R OmmCEHBaeTCA ypaBHEHHEM BHIA

L)~ %), 2

re MOKa3aTeldb § OmpelenseTcs XapaKTepOM IOBOAA BeIecTBa K 3apomemry [22].1

Boxee ofmee BHpajkeHme BO3HEKAET IPH ydYeTe NHCKPETHOCTH UHCIA MOJEKYJI
B 3apofBblie (HO IPU COXPAHEHHE MaKDPOCKONIIECKOTO BHIPAYKEHHA NS PabOTH ero
obpazosanmsa). B arom ciysae muoxmrens 1—R, /R B (10) savenserca ma a”'{1—
—exp (—a (1—R,/R))}, rme a=3p/kT, dp — PasHOCTH XUMEIECKUX NOTEHIHATIOB
MeTacTaGmIbHOR W ycToiumBol das. [lmCKPEeTHOCTH yMeHbIIaeT BpeMs pacmama ¢’
7 yBeImYmBaeT BPeMs PocTa &', I MOKHO OREMATE, UTO [IA He CIHMKOM Goabmux R
OTHOCHTeTBHAA POIb MHCKPETHOCTH Malla TasKe B TeX CIydYaAX, KOTfa mapameTp a
HOpALKA eIEHEIE, 4TO KOCBEHHO NONTBepIRmaeTcsA pesymbratamm ['°], a raxsxe
qECICHHEM DKCIEPAMEHTOM (CM. HIIKe).

Il;a onpepereHus RHKYGan@OHHOT0 BpeMeHn ¢, (R) paccMOTPEM HECKOJNBKO HAH -
6oee wACTO BCTPEUAIOMHUXCA MEJHX 3HaZeHmiE 9 B 3akome pocta (10); obmme pe
syabTaTh npmBefeHHl B IIpmioxenmu.

Caywait $=1 Bosmmkaer mpm KEGPY3EOHHOM DONBONE BEINECTBA K 3aPOILIIIY
s (9) nmeeMm

LB =5 () 2(g—1)—F + (- — 1)+ D)

ITpz $=0, dro cooTseTcTByeT CBOGOAHOMONEKYIAPHOMY («GamamCTEICCKOMY»)
TOTBONY BEMIECTBA,

6w,
w7 (12)

—i—tu(R)z‘—i——Z-l-ln(g‘ —1)+1n

Curyanusa 9=-—1 MOKeT BOBHUKHYTH, eCJIX yBeIMUeHME PasMepa 3apOTEINa He

JIMATHPYETCA IOLBOLOM BEIIeCTBA K HEMY, KaK 5TO HMeeT MeCTO IpH KapHmTanmm [24].
B sToMm caydae

1 ' R 6
-;—tn(R)zln(T*~1>+ln LA (13)

Otmernm, 9ro B THnuIEsX curyamuax 6W  /kT 2> 10%, mnocroanras In 6W /kT
8 (11)—(13), mmeromas acEMOTOTHYECKYI0 LPHPONY, AEHCTBUTENBHO ABIAETCH
Gonpmoit. IIpm aToM B BHpaskeHUAX Aad 1~ 1¢, (R) ¢ HOCTATOIHOR TOYHOCTHIO MOMKHO
yaepxuBaTh, momaMo In 6W  /kT, 1ams HeorpaHHIeHHO BO3pAcTa0Iue IPE R —>
cllaraeMsie, UT0 DO3BONAET NPUOIUKEHHO HAATH MEKY0AIUOHHOE BPEMS B TeX CIy-

9aax, KOTHA COOTBETCTBYIOIEEe HHTEIPATsl He MOTYT OHITh ABHO BEMImCIACHE! (cM. IIpm-
JIOJKEHHe).

IKCIePIMEHTANBHO HAOGIIONAeMON BeNHIMHOM OOBIHO ABINAETCA HE CaMa CKO-
¢

pocTh 3apokaenua [, a monHoe wmeno 3apogbmedl n (1) = S I(t')dt'. Nurerpupys

-0

(4), nmeem
n(t) =-<lcrE, (¢7%), (14)

1 Taxme ’Ke COOTHOMEHWS BOSHAKAIOT U B TeX CHTYaIHUAX, KOIJa 3aPONEIII MOMKET OHTH OmH-
CAH HeIpepHBHO WIMEHAMAMCA CKANAPHEM mapaMerpoM mopamka [#].
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rae E, (z) — mnTerpanbHas moxasartenvuas Qyuxuumsa [*°]. Ha Goasmux spemenax
(14) mMeer acHMIOTOTUKY

n(t) =ler(t =t bux=t="t, +17 (15)

(r=0.577 . . . — mocTosiHHaA Oiinrepa), UTO MO3BOJACT CBA3ATH MHKYGAIIIOHHOS
BpeMA #, C YCTaHABIMBAEMbIM M3 SKCIEPHMEHTA (MHIYKIMOHHBIM) BDeMeHeM f,. .
Ilma uanocTpandl TOYHOCTH NOJYYIEHHBIX AHATUTHIECKUX 3aBMCUMOCTEH Ghimo
mpoBefieHO duciIeHHOe pemeHme ypasmenus (1) B obmactm pasmepos 6 < g < 96
IJIS ABYX 3HavueHwmit BeswaumHsl Gapvepa W, /kT=20 (g,=22.2) u W [kT= 3() (g*
=45.9). [lna KpucTamIuTOB B CTEKIAX npamnqec}m OTCYTCTBYIOT lIaHHI:Ie 0 3aBu-
cumoctr R (R) (x0TA oTMEUeHHOe B DKCIePHMEHTaX ciaboe BIMAHUE pa3Mepa Ha
CKOpOCTH pocta mpm R > R, 1[03BOJNSeT IPENHONOMHTH, UTO 3Ta 3aBUCHMOCTH
gamska K (10) ¢ $=0). BcBasu ¢ 3tnM smage-
n [_z"'(I/IL‘T)J n/z HusA (U3NYECKUX IapaMeTpoB BHOHpanmch
COOTBETCTBYIOUIAMHA TePeOXJaKACHHOMY 'Ta-
3y, TIe B3aKOH pOCTa B3apOJBIIla WMMeer
pug  (10), MomumUUPOBAHHBIE C yuerTom
muckpersocTn npu $=0 (cxema YHMCIEHHOTO
9KCIePUMEHTA aHATOTHYIHA ONUCAHHOMH B [28]),

Koukpernsiii Bup sasucmvocte R (R) mpm
sagagHoM D (g,) MOJKET CKasaTbCH Wb

27 Ha BeJMYMHE UHIYKIMOHHOTO BPEMeHH I,
/L ; KOTOpOe, CJefoBaTenbino, ymoGHee pac-

.7 CMAaTPUBATh KaK OJKCIIEPUMEHTANBHO M3Me-

o 7 paemoe. Mcnoabsosanme B JaHHOM CIy-

2L gae ¢opMyns (12) maBaso UPaBUIBHEHK
pe3yJabTaT OAA f,,, B Tpefelax TOYHOCTH
10 %, mecMOTpPA Ha TO, HUTO «IapaMerp
puckpernocTny a=0op/kT 11e GBI MadEBIM,
Pmc. 1. 1. e. coctaBaan 1.8 nmpu W /kT=20 u 1.3
1, 2 — cpaBHeHue 3aBucumocTeit (4) wm (14) npn 1% /kT 30.
e PR 7t U Y e o= PesyanaTm pacueToB INpPeNCTABICHH Ha
puc. 1 (I, II). Tam ke CIVIOIIHBIME JH~
HHUAME IOKA3aHEl TEOPeTHIeCKUe 3aBHCHMOCTH — IpAMasA ] COOTBETCTBYET ABYKpAT-
HOMY JorapupMupoBaHHMIO (4), a KpmBag 2 HpeRcTaBiAeT coboit dyukuuw E; X
X (exp (—z)) B coorercrBum ¢ (14). Bugno, 4To 4mcieHHbIe U AHATUTHIECKHE DPe-
3yNBTATH IPAKTUIECKY COBHOANAIT BCIONY, 3a HCKIIOUEHUEM HeGOJBIIOr0 HAYalIb-
HOTO 9Tala, Ife aCHMITOTHIECKUEe METONLI HeIPUMEeHUMbI U3-3a GOJIbIIMX TPaTHeHTOR
PyHKIUH paciupefeleHUsS U 3aBHCUMOCTH CKOPOCTH HYKJICAUNN OT BPEMEHI, II0-BH-
numomy, Gamme  (37).

2. CpaBHelme C OKCIEPUMMEHTAJIbHbIMUA NaHHbIMII

B coorsercTBME ¢ pesaymbTaTaM;m HPEABIAYILET0 Pasfesa yKaskeM BO3MOKHYIO

CXeMy COTIOCTABIEHMU TEOPUH C DKCIEPUMEHTA bIIHIMU AAHHbIMI O 3aBUCHMOCTH 1 (£).
1) Boigeass nuHeiinyo 4actb n (¢), ompemensieMm, cormacno (15), fer Mty
2) Haxomum n (t,,;) @ ompemexnseMm, coraacuo (14),

© =1 (bx) {0 By (€7)} 7 22 201 (8) (16}

3) B coorserctBum ¢ (14) CTPOMM N, (2).

B ommoit 13 mepBEX paboT MO HECTANWOHAPHON HyKIeauuu B cTexse [5] u3 3a-
BuCEMOCTH n () GBLIA TaKke ompefienera 3aBUCHMOCTD [ (). Briuucisas Benxnuuy ©
o0 ONMCAHHOH BHIIIE CXeMe, CTPoMM 3aBmcuMmocTh [ (f) B cooTseTcTBUEM ¢ (4)
(pme. 2). YaursBas MEIKAR MacmTab rpa¢mkos B [®], uro mpuBomuT K He caMmMKOM
GONBINOH TOYHOCTH OUMPENeNeHHs T, COBIATCHNe TEOPETUUECKUX U DKCIEePUMEHTATb-
HEIX Pe3yIbTATOB MOKHO CIHTATH YIOBIETBOPHTENbHEIM. He 3aBucanum ot Br6Opa ©
ABIAETCS YCIOBHE
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I (t4nz) = LT exp (—exp (—7)) == 0.971¢r,

KOTOpOE TaK:Ke BBIMOJHAETCA C YHOBIETBOPUTENBHOHR TOYHOCTHIO.
Pe3ybTaTsl CPaBHEHUs TeODHH ¢ DKCIepUMEeHTanbHHMH HaHHEME [7] mnpen-
CTABJEHL Ha PUC. 3, THe BPeMd [Jis Pas3iugHbX IPYNN SKCIIEPUMEHTOB IPHBEICHO

1.00 _
oo}
§ 0.75 0.76 r
g 0.50 bt 0
< -
A Q .50
N
0.25 225
| 1 1 L £ 1 I
0 05 10 15 20 25
0 5t 0 15 t, MUH .
und ] t’/fx
Pmc. 2. Pumc. 3.

K OJHOMY MacmTaly ¢ IOMOINBI0 MHOMKMTENH, COBIAJAIOMEro, 00 MHEHHIO ABTOPOB,
¢ tx- lloKazaH TaKKe BOBMOKHHI Pa3Gpoc TEOPETHIECKUX Pe3yIbTATOB, CBA3AHHELR
¢ OrPaHMYEHHOE TOTHOCTHIO OmpefeneRus 7 (f,,,); OPE HTOM IPEAmONAarajoch, ITo
ACUMIITOTHYECKAA 3aBUCUMOCTD 1 (f), a CIeNOBATENBHO, [T M £,,, OLPENENCHN TOYHO.
HabnonaeTcss yHOBIETBOPUTENIBHOE COINIACHEe TEOPHHM U IKCOEPEMEHTa BCIORLY, 32
HACKII0YeHAeM HeGONbIIOr0 HAYANBHOTO 3Tama, e SKCIepPHMeHTaIbHEE TOYKA pac-
DOMOMEHBl HECKOIBKO BHIIIE.

Ncnonssosanroe B [?] mpmbamsxemnoe pelue-
ume Kammesa ['°], KoTopoe MOKHO UpeNCTABUTH
B Bupe I (£)=I¢19, (0, exp (—t/<x)) (8, — smamm-
Tmueckad ToTa-pymrmma [*°]), oGmamaer cyme-
CTBeHHEIM HEJOCTATKOM, CBA3AHHEIM C OTCYTCTBEEM
IHONONHATEILHOTO BPEMEHHGI0 IapaMeTpa, HOMEMO
BPeMeHH DeJaKCaldu ctg. lloclemmee OpE 3TOM
OKA3HIBAETCH KECTKO CBABAHHHM ¢ HHTYKIXOEHEEIM
BpeMeHeM t,,, =(n?/6) tx, KOTOpOe BaBHCHT 0T yC-
ZOBEH JKCIEepEMEHTa (MEHHMAaJIbHOTO Habmiomae-
Moro pasmepa). Tawske orMeTHM, 9TO B COOTBET- Puc. 4.
cteEm ¢ [*°]

L 2
(—1ym -

P (ty) = 2crer 3" T " 2 0.8 e,

=]

910, corsacHo (16), Gomee gem Ha 50 % 3aBHIIaeT 3HaUCHHe BDEMEHW PelaKCALUM <,
BEHIYMCIAEMOT0 IO JKCIEePHMEHTANbHBIM B3HAYEHHAM N (f) & Icr.

Haubonee monpobHO YCTAHOBIESHHE CTAIHOHAPHOTO PEKEMA HYKIEANHWH B CTEK-
Jax pasIMIHOrO COCTaBA H3YIeHO B Pafe pabor asropamm [°]; ymasammas paboTa
BHIOpaHa B CBA3H C TeM, 9TO TIpelcTaBIeHHsH B Hell TEHEOAHEH yIacTOK 3aBUCEMOCTHE
n (t) comepsur mambonsmee wmeno Todex. Hak cumemyer ms rpadura QyHKmuR
E, (¢°%) ma pmc. 1, KA KOCTATOYHO HANESKHOTO OHPEfeNeHES ACEMITOTH r (f) He-
06X0MAMO HCIOIb30BAHEE TOUEK C f—IF,, > 2t (mim, cormacuo (16), ¢ t—fy,; >
> 4n (t,,,) Ich). PesyabraTs cpaBHEHNA NOKasaHsl Ha puc. 4. Beony, sa mexmoue-
HueMm He6OJBIIOr0 HAYAIBHOTO aTama, HabaomaeTcs yHOBIETBOPHTENHHOE COBIA-
HeHHe.

IlpeBheHme DKCIEPEMEHTAIBHEX pesyabTaTos [™ 8] Ham TeopeTHYECKAME
Ha HAYAIBHOM dTame CBA3aHO, MO-BEAUMOMY, Tu00 ¢ HanwImeM 3apOsIlel KOHed-
HOr0 pasMepa B HCXOTHOM COCTOSHMH, ITO W3YIanoCh B [27], mmGo ¢ HammaImeMm
MOTOTHATETbEX pPeTaKCANHOHHEIX IPONECCOB, NPHBOAAMMX K SaBHCAMOCTH OT
BpeMeHH BeIHdY#HH Gapbepa W, /kT. Tlocnemmee TeopeTHIECKH PacCMaTPUBAIOCH
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B ['?], ogmako cpaBHeHme mpefmcTaBiAercA NPeKIEBPeMeHHEIM BBEAY GONBIION or-
HOCHUTEeNbHON NOTPEIIHOCTH IPE M3MEePEeHHAX B 001acTH mPefedbHO MalOd CKopocTH
gapoxfernsa. Cpefnm IPYraX BO3MOKHHX IPUYMH YIOOMAHYTOTO DACXOKIEHHA, mo-
MHMO TeTePOTeHHOCTH, YKayKeM MHOIr0IapaMeTPUYHOCTh IPOoIecca EyKianuu. B sroy
crydae, coriacHo [2*], ma MaxmX BpemeHax MOkeT mpeoOmajmath o6pasoBamHme 3a-
pofBImel 0 3HePreTHYeCKW MeHee BHTOTHEIM TDPAGKTOPHAM, HMEIIIWM, OXHAKO,
MeHbIONEe BPeMeHa YCTAHOBIEHHS.

Brisost

1. Tlonydensl COOTHOIEHMSA, ONpPefeNANINe BEIHIUHY UHAYKIHOHHOTO Bpe-
MeHZ IpPOIecca HYKIeallud N0 MaKPOCKONMIECKIM YPAaBHEHHAM POCTA 3apOMHIma.

2. HaiineRr amaIumTHYeCKHe B3aBHCEMOCTH OT BPEMEHN CKODPOCTH HyKIeammm
¥ dmcaa o6pa3oBABIMXCA 3apOfsmeii. DTH 3aBUCUMOCTH SBIAKTCA IPAKTHYCCKE
TOYHBIMH B PaMKaxX IPEMEEAMOCTH WCXOTHOI'0 KHHETHIECKOTO YPABHEHHSA.

3. HonyuerHble Pe3yabTATH YHOBIETBOPHTENBHO COTNACYIOTCH C W3BECTHHMZ
DKCIePIMEHTAIBHEIMEA NAHHEIMA (32 HMCKIYEHWEM OTHOCHTEIBHO HeGOJBIIOro Ha-
YaNBHOIO BTAala HYKIEaNW®m), UTO MOKeT OHTH MCOOIB30BAHO NIA ONpPeNeTeHAs
BpeMeHN pelaKCalu; ¥ Beawddmesl Koapdmmmenta muddysmm D (g).

ABTop BHpaskaer rayGokyio GumaromapHocts M. M. Qumummany, samevanmsa xo-
TOPOTO CTUMYTMPOBANYU BHIIOIHEHHME HACTOSINEH paGoTHL.

IIpunosxenne
NuxybanmonHOe BpeMA NpW IPOU3BOJHHOM 3aKOHE POCTA 3apOIBILIA

Paccvorpmm B Havame caydait mpousBoxsHOro ¢ B 3axkone pocra (10). Bocmoms-
3yeMcs dopmynoi (7), KOTODYI IepenmmeM B BHIe

R
1 2R2 1 dR dR
L - —+ 22, Ap=n S = . (I
S (R)=In g 2cRg+TO§ = ba=02 ’ Cr=C+In3. (IL1)
Nmeem
R
R B (9141
1 dR__ u{®- Y aem
?§?_§ du(\u_i-l—”%u ) (IL. 2)

e {8} — gpoGmas, a [9] — memasa wactm 9.

Iepexops B cxomAmeiica wacta maTerpana (II. 2) k Geckomeumomy mpemeny, Ha-
xommm [28]

{ R IR 8141
- § S o —motgn (9 + ,,,2 ({8) +m) 2 (RIR,)*™. (L. 3)
Oua Cr w3 (6) m (10) momyamm [28]

Cr=9@2+3)—9(1),

rae ¢ (z) — quramMMa-QyEKOUA, WX ¢ HCIOIB30BAHEEM WBBECTHHX COOTHOLICHMi:
nas ¢ (z) [%°]
[$1+1 ‘
Cr=¢(l —{3)) — ¢ (1) —motg = (9) + ,,Z TR (IL. 4)

Us (I.1), (I 3), (I 4)

T(B) = 7 £ 21—yt — (o)) +

R N A
+ﬁctgﬂ{a}_—{_;}.+(_3¥_2{§.}___f_+ z: (3.3}}+m .

(II. 5)
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B caydae menblx § U3 IOCIENHETO BHPAKEHEUA HMeeM
R \m
$41 9
1 6W R O (R ) -
Th(B) = I g ¥ S — (IT. 6)

m

m=l
yro coorsercrayer (11)—(13).
Ipm yaere puckpeTHOCTE 4MCITa MONEKYJI B 3apOAbime 3akoH pocta (10) mepexo-

IOT B
e a1 —exp[—a (1 — )) (6=0). (L. 7)

Pasnaras sxcmonesTy npm R > R, W COXpaHAA IUMIb ClaraeMie, [alomue pac-
XONAMANACA BRIAN B WHTErpal, HaXOOEM

1 - 6W, a® R a \? R
—T—t,,(R)R;}_u In == ?a.__mj_yea(m) In - (11 8)

R=

O600meHre Ha Caydafi UPOMBBONBHHX. {4 09EBHIHO.

B oramame ot coorromermit (II.5), (II. 6), mMeromux Togrocts 0 (R,/R), TOIHOCTE-
(II. 8) mopankra O (1) (cumtaeM a~1); w3 MOCTOAHHHX BEJIMYMH COXPAHEHO IUIIH-
acuMnToTHUecK: Goabmoe craraemoe Iln 6W  /kT.

Coornomenne tuna(Il.8)mMeeT cMBICA HCIONB30BATH JHIIH HPH HOCTATOIHO XO-
pomeM BHIIONHeHZmM yclosmsa R > R,, Haupmmep, ecnim R mopsgxa pasMepoB 3a—
poIHImIeli, CYMeCTBEHHO HCTOMEAIINUX UCXOTHYI0 fasy (UpH 9TOM f, HOPSNKA «Bpe-
MEHW >KU3HM» MeTacTa0UIBHOIO COCTOSHWA). Y4UeT NHUCKPETHOCTH [JOCTUIaeTCs
OyTeM CJOHIIKOM GOabImmoro orpyGieEms pesyiabraToB mo R, /R. B Tex cayuasx,
KOTjJa 3Ta BeJWYMHA He CIAITKOM Maja (KaK 3TO MMeJO MeCTO A PacCMOTPEHHEIX
SKCIEPHMEHTOB), Ieneco06pasHO NpWMeHATH cooTHomeHma Ttuma (11)—(13) miam
(I1. 5).
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