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L · IIocTaHOBKa oa;u;aqu.' BKcnepliMeHTrun.uble ;u;auiible no 
Tenn:oi-aM · if>in)uqecKoii a;u;·cop 6~uif ' 

llpo~eccbi, npoTeKaiO'~IIe Ha rpaHII~e paop;ena p;:Byx <J>ao ( TBepp;oe 
TeJio-rao, TBep;n;oe TeJIO-JKHIJ;KOCTb II T_.n~ ), nrpaiOT. cyrqeCTBeHHYIO poJib B 
WllpOKOM Kpyre <f>mm'leCKIIX U XliMII'leCKIIX HBJieHIIH. 3p;ecb, B nepBYJO O'le
pep;b MOJKHO · Ha:JBaTb npo~ecci:..I ap;cop6~uu u • p;ecop6~uu BerqecTBa. Ap;
cop6~IIOHHhie npo~eccbi B MeJK<f>aoHbiX rpaHII~ax MoryT npoTeKaTb Ka.K 
XIIMII'leCKII, _Ta.K H <f>mm'!eCKH [1-5]. Ilpii XIIMWieCKOll cop6I~liii BetqeCTB 
npoHCXOIJ;HT: paopbiB: XliMH'leCKOll -.. CBH:JII: peareH.TOB: H BO:JMOJKHO. o6paoo
BaHUe HOBbiX coep;nHeHIIH Ha noBepXHOCTII cop6npyrorqeii cpegbi (uMeeTCH 
BBnp;y, B OCHOBHm..ii noBepXHOCTb TBepgoro.TeJia npn.agcop6~HH ranoB liJIH 
JKIIIJ;KOCTeii B Heii); Bbip;enHeTCll 6im_~>woe xon:u'!eCTBO TenJIOThi. XapaKTep
Hbie .IJ;JIH xeMocop6~nn· aHeprnn .B:JaxrMogeiicTBHH• Monexyrrhi c noBepxHo
cT~>IO, T.e. ;ennoTbi agcop6~uu, HaxogHTCH .B npegerrax ::: Q >.20 ~ •. Ha 

M01lb . 

-npaxTnKe '!arqe · Bcero. nog TenrroToii agcop 6~Irn. noHHMaiO_T. Tenrro, KOTO-. 
poe Bhip;enHeTCH npn o6paoosa.H:un MOHOCJIOH Ha rioBepxHocTn: 
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(1) 

rge (}.:.: 'goJIH no~'epi:HOCTM, 'noKpbiTOH ap;cop6HpOBRHHbiMII MOJieKyJia.MH • 
. · ,IJ;rrH 'xeMocop6Qil:d, ~~paxTepn:Jyiorqeii~JI'a.aMeTHoii aHeprneii .aKTHB~nn, . 
nepena;u; Tenn~T~c'~~.ra.BiUte;;;. f).Q -~ '2o+i5o·~·~·.:(I)J13Iitlecia51 imcop6uirn· 

... -1·, , ·~:-;,, _.~,.r:, r; ··:· .,., :. ,-~.r't~·-..,~ •.--·· 'I'''; MOJib ··{ ·. ·,~-,,_·; :"~:~•'"· •.. 

no CBOeii np:upoge II MexaHII:JMY a.HaJIOrii'!Ha KOHIJ;eHC~IIH napa Ha llOBep-
. XHOCTH o6panyiO~ei'r6t IIO H~ro ;K'irAKOC,TII II, "iTo. HeMaJIOl3aJKHO, 'ripoiiCXO
IJ;IIT npli' TeMnepaTypax 6JinJKe K ; TQqKe KIIneHHH' ap;cop6aTa npii IJ;aHHOM 
p;aBne:Hnn; )l;1I:H '<I>nmr'ICCKOH a~cop6Qirir li gecop6iinu'c~OIICTB~HHbr He60Jib
WIIe l:mepriiii CBJIDM ap;aToMo'B. c' riosepXHOCTbiO, B curry -<Iero ap;cop6ciiiH 
n p;e.cop6n;nH. o6paTUMbr: 06rraCTb <I>Imn'leCKOH . ap;cop6~irii IIO ri~penap;y 
TennoTDi :Haxo;n;IITcli•s·npene.riax·AQ. ~·_1;5 +·to-• ~ ·. 3KcriepHMeHTaJibHLie 

)., ,-", .. , :.·,,,. -·,"·i·••,,MOllL. ,, ..... ;.·· .. •.. -_._~::-, 

proyJibTaTbi no ,ap;cop6D;IIU ra:JOB Ha llOBepXHOCTll TBepp;biX TeJI OIJ;HO-
. :JHa'!HO no:KanbiBaiDT. p;oBolibHO. pa:JH006panHoe . noBe~eHHe TennoTbi cpii-

• :JII'le~KOH 'a;u;c~p6u;~~ Q. c pocTOM CTeneHri oB-xibnH~~ riOBepXHOCTII 0. 
,IJ;nH rinnrocTp~Hri aTor<> <i)ax~~- ripiiBrip;IiM ~o pa6o~hi [6] ::laimcii~ocT~>. -ie
nrroTb! a:·gccip6~IIn ~ec:r<!on~>Kxix r<i:JoB· oT B~ir'lirHhi aAcop6n;IIn' ~a ~oBep
XHocTn Him6onee ycTOH'IMBoro .K ge~IIApaT~lrii riJmpogi~~ro KpiiCTall~II
'lecKoro ~eoniiTa-wa6aonT~ ( Kpxmhie, II:Jo6paJKeHHhie. Ha p1t~.l, cooTBeT
cTsyiO.:r, .. aJlCop6~HH 1 ~aproHa, 2_:;xit6lopoAa; 3~it:JoTa, 4:._oKir~n yrriepo;u;a 
n 5-p;ByOKIICII yrriepOAa). Il:J piic.1 BII}l;HO, 'ITO rioqT~ BO BCex 6:iyq8sni: xpir
BM TenJIOTbi' a;u;cop6~HH CHa'laJia nagaeT, }l;OCTnraeT MIIHIIMyMa xr' oaTeM 
YBCJIII'l~Bae;CH c pocTbM: B~'IIIH~ a~cop6i(xm.' IIo~o6Hbie .MaKCHMYMbi 
TennoT a;u;cop6~nn- iia6n~;u;~~~. Kp'aMe D;eoJIIITo~; ·~· B P;pyrnx BerqecTsax 
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[3]. ECJIII nap;eH~e TemiOTbi ap;cop6n;~m npiiniicbiBaiOTHeo;o;aopop;HoCTII no
BepXHOCTII, TO yBenii'leHIIe TennoTbi ap;cop~n;uu c,pocToM cTeneHII nanon
HeHIDI noBepXHOCTII 06bi'lHO CBJIOaHO C BOam,iop;eiiCTBUeM (npiiTJI:lKeHIIeM) 
Me:lKp;y ap;cop6IIpOBaHHbiMII MOneKynaMII [1-5;7,8];• 8TOT <JlaKT JIBn.IIeTCJI 
cyiiJ;eCTBeHHbiM u yxaobiBaeT Ha Heo6xoi{IIMOCTh y'leTa BoauMop;eiicTBIIH 
'laCTIID; .B cop6IIpyiOID;eH CIICTeMe npii :TeopeTH'IeCKOM aHamme: 1i UHTep-
npeTaD;liii axcnepiiMeHTanhHbiX p;aHHhiX. ' .·.: 

HecMoTpH Ha·paomi'liiH <JliiniiKO-XIIMJI'lecxoii npnpop;bi Bee ap;cop6n;n
: OHHble npon;eCCbl: cyiD;eCTBeHHO BniiHIOT Ha ;JJ;IIHaMIIKY nepeHoca BeiD;eCTBa 
· (raoa; )Kli;Jl;KO,CTli) [8].· !Ipu :3TOM BOOMO:lKHbl KaK KOilH'IeCTBeHHOe; TaK II Ka-. 

'leCTBeHHOe unMeHeHIIJI cocTaBa.· Ap;cop6npyiOID;M cpep;a cnoco6Ha· axTn
BHO noBniiHTh Ha nuHeHHbiH nepeHoc, cp;enaB nocnei{HIUI HennHeiUIHhiMj·IIPII
BeCTU x caMocornacoBaHHOMY <J>opMIIp(maHuro KOHn;eHTp.an;uoHHbiX npo<J>u-

' neii B CUCTeMe. ap;cop6aT'-ap;cop6eHT If B 'UTOre-K .pe3KOMY 'Bbi6biBaHIIIO 
liO llOTOKa cop6upyiOID;ero: KOMIIOHeHTa. 8To MmKeT. UMeTb npaKTII'lecxoe 
oHa'leHue BO MHorux npiixriap;HbiX oap;a'lax (KaTanima,· B npm~eccax ·O~II~ 
CTKJIII T.p;;);· !Ipu :3TOM noBepXHOCTb a/{cop6eHTa ecTeCTBeHHbiM o6paooM 
ll:J IIOTOKa 11 Bbi60pO'l~O nop;6upaeT11 OTp;enbHYIO KOMUOHeHTy. MHorO'lli~ 
cneHHble axcnepHMeHTarihHhle <J>axThi, B'oc.o6eiriiocTII no ap;cop6n;xm raooB 
li :lKliAKOCTeH Ha n;eonHTaX [7] 1 ,IIOKa:JbiBaiOT; 'ITO B nopbi ,cop 6eHTa MoryT 
npoHiiKa;b a;m.~bl ~nH ~O~exyJibi ';on:b~O oitpep;en:el!a'~ii <Jl~pMbl U paoMepa 

. ( c 'y'leTo~ ~~ir,HpHOCTU ~ no~HpimyeMo.cTn,ap;cop6~ipyeMOliM,Onexynbi)·, nx 
M()neKy~piio~~IIToBoe p;~iicTBJie. ripo.siBnHeTcH ·B p~iiii~Iioii. cTerreHii.'" '· .. 
' .. Ma;eMaTH'le'c:Koe mnl'cal!ue npon;eccoB paimoB~CHOH II :Hep~1BHO~eCHOH 

. cop·6~Hli,BeiD;eCTBa ~pap;u~UOHHO 68:onpy~TCH\ Ha <P'e{ioMe~o~~rii~~~~ux ,Mo
. · A~~i [3,9711 1: . :. ofil!~xo· MHorue iloBecT~bl~ ·Mo~~i~i A ~~.a~M~iu'' ~~·P ()Qun 

BeiD;eCTBa' ilrimpupyroT BO~IIMOgeiicTB~le: 'laCTI~ri '( aTOMOB. min 'MmieKyrr ) .. B 
•aAc6p6riHoHH()ii cn~T~Me. ]:J;en:h~ ,·H.;_~io~~~~f.pa6~ii( ~~·,tH~,Tcx, ~I;y~e,Hne 
p;nJiaimxu n~peHoca r~a: OOA BnJiiiHIWM ." ~Tiii;li~H··:rroB~p~HOCTII11 C ax
TII~H~ro· ~neMeHTa") · npu'y'leT~ ·. Boam.1~p;eiicTm~·.~p;~T~MoB ,;;' ~gcop.6a,Te. 
B. p;aHHOH pa6oTe panBIIBae.;cJI II o6-o6ID;~eic11' ~AIIH~ll OOIJ;XOA K c ohiica-

: , ,.·; . ~- ~, "· ... · ··' ·.· .. - .. ~ ... ,.)s;.·.'..,·,.~ ·.· .... __ , -~ ;; .-~.~."";.::;_ •. ,.-,,,"' ... : ... ~ :,.~' 

HIIIO. npon;eCCOB ,nepeHOCa B O'!KPf>ITOli CIIC':reM~, K?rp;a • aK,7II~~~I.I. ~~eMeHT 
cop6npyei n3, cpep;@ :·~~cTmibi:: H~;o; aK~u~iihi~-,~n~M~HT{J~ .!xP~ID, =:: ·1 
(DC:.. pa:lM:epHOCTb 'aKTHBm)ro, arieM:eHTa). ITOHMMiUOTCSI. nomiM~p,b!, .. Morre
xyna ,[(l!K H p;pyrlle: KB~HO;JJ;~OMepaile clicTeiib!;'ripli D.= 2,_; nonepxH~·C~b 
H npn D,= 3- ipucTaiinhi (s 'lacTHociu:·n;eomiThl) ·u ~pyri!~ m:lpi~cThle 
iena. II pep;n~aeMblii 1t8.Mu' no~xo;o;: rinepi3l,u! .6bln i1cnonb:3ci~~ir ir.ri~ ~~
nnoa irepeHoca rem a B 6;o;HoMepHbiX ~~cop 6upyroui~xbr ~~Ic;~~ll,x .s -pa6o-

• •• •. •. ' • . . ' . . . . r - .•• ' - "· ~ ., . r. '". ! . ' 
Tax[12-18]. Mop;errnpy~ nporieccbl nepe:Hoca nop; mi'IiHHue:M axTii:BHoro :lne-
Meiii~, ~hi ;o~paHII'l~CJI ~ccn~AoBaH~e;d B o6n<l:cTJIX'TOnhK'o. <J>i!;{I~e~x~ii 
ap;cop6n;uli. Tip~ a;o.M B. xaqe<:TBe ~TIIBHoro .aneMeii-fa "Mbi c Ii'~n~xci·xoH-
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KpeTHOro. npimo:lKemur nop;paoyMeBaeM · xpncTannu'leCKIIe n;eonuTbi, · o6na
p;aroiD;ne O,ll;HOpop;HbiMII riopaMU li CTporo ynopH;JJ;O'leHHOH'CTpyKTypoii.;B 
npep;rraraeMOHMOp;enu B JIBHOM BIIp;e KOilii'leCTBeHHO fiyp;yT Y'lTeHbi BOaiiMO~. 
p;eHCTBIIH OCHOBHbiX "<J>ao", · CIICTeMbi ap;cop6aT~a~cop6eHT ·II .KOppenHD;ll
OHHbie.a<Jl<JleKTbi B. CliCTeMe ap;a~OM7ap;aTOM II.a~aTOM-;-aKTIIBiypOBaHHbiH 
xoMnnexc (AK). AHamm 'liiCJieHHbiX peoynhTaToB, npiiBe;JJ;eHHbiX.HII:lKe, no
Ka:JbiBaeT, 'ITO IIX y'leT npUBO)lliT. K cyiD;eCTBeHHO HemiHeHHbiM pe:lKHMaM 

' . ' - . 
<JlopMIIpOBaHIIJI KOHIJ;eHTpaD;IIOHHbiX BOilH.·, ; · - . , , , , :. , 

2. Mop;e~b -BO.~H~OA~HCT~yro~lix.ap;.aT~~oa H ~K~Ji~~p~~~~~~~ 
KOMllJieKCOB 

B OCHOBY no~xop;a K omicaHniO' npo~eccoB ri:epeHc)ca B ap;cop6ll:pyi<;ID;eii 
cp~p;e Mbi ncnonwyeM MOp;enb HmiHra c-. BtlaUMOp;eii~TBIIeM Me)Kp;y 6rrli
:lKaHWliMII cocep;JIMH' II annapaT. KBaHTO~OCTaTIICTII'leCKHX KoppeiJ:HiinoH
HhiX <J>yiixn;~Iii, npuMeHeHHhiii ·:BnepBhle K p;aHHoii Mop;em! ·c.B.TJI6nnxoBb!M 
u B.K.<l>ep;HHIIHhiM B 1968-19~0 rop;bi,[19-25]: .· . . . . ' 

KBaHTOBOCTaTIICTJI'leCKIIIUI a<J><JleKTIU3HbiH raMIInbTOHUaH IIOIIHrOBCKoro 
TIIna p;nH op;Hopop;HOII nepuop;u'lecxoii cTpJKTYPbi (HanpuMep, p;nJI noBep
XHOCTII KpiiCTannu'leCKOr~ n;eonJITaJ, KOTOpaH llOCTaBnJieT IJ;ilJI ap;cop6n
poBaHHbiX aTOMOB IIilll Mi:>neKyrr'onpep;eneHHOe 'liiCJIO n;eHTpOB a~cop6n;un, 
IIMeeT Blip; [21]: , , 

H = '-fJ..'En1 :-eL:nino, .. · (2) . 
1 Uor 

rp;e J-L- nepeHopMupoBaHHhiH xnMII'lecxuii noTeHn;uan cucTeMbi, e:(aB)
a<J><J>exTnBHbiii napaMeTp BOaiiMOp;eHCTBIIJI Me:lKp;y' ap;aTOMaMII (c :> 0 OT
Be'laeT cpnnu'lecxoii ap;cop6n;un·c npuTH)xeHueM, e:< 0- xeMocop6n;IIH) . 
Baep;eHne B (2) xuMn<iecKoro noTeHn;uMa Ji oi:Se<meT oTKphiTm'I cncTeire; 
nepB~e cnaraeMoe y'lnTbiBaeT · aHepreTu'lec~uii ax nap;· oT'p;eJihHbiX ; ap;aTo

MoB, BTopbe~riapbi 6im)Km'Iwux coce;o;eii: CyMMnpoBaHue B (1) Bep;eTCH 
no 6nmKaiiw1IM f,g = 1, 2, : .. ;z cocep;HM, 'nj <JliixcupyeT cocToJIHIIe oaiiH
Toro (n/= 1) H CB06op;Horo (n, ~ 0) aKTIIBHOro n;e:HTp~ mi noBepXHOCTII 
("aKTIIBHbiH aneM~HT"); ,[(nJI Harmi:p;HOCTH Hapuc.2 u;)o6pa:lKeHa peryimp
HM ~op6ilpyroiD;air p;ByMep:Ha:sr cTpyx.rypa~ ii<)p;enupyio~aJJ:: ipncTannW!e
cxyro noBepXHOCTb, rp;e OHaKII ® o6ooHa.faroT ciaHJITbie aKTliBHbleheiiTpbi, 
oHa~l! 0 _:.cBo6oJiHhie'nopbi; ;o;ocTyrrHble p;n.si ap;cop6n;IIu.' ,[(nH Bhl'lncneHIIH 
·paBHOBeCHhiX X.apaKTepliCTIIK ap;copf>n;IIli OCHOBHyro pOJib nrparoT nepBM 
u ~Topa'.R xoppenHn;HoHHble <J>yH:xrinll: < n / > n <: n /n~ > . B .JacTHocTII, 
'< nj > onpe;o;eiDieT' iiil.M 0 ~< n / >= O(po; T, .. : )::_rioKpbiTIIe B TepMIIHax 
a;o;cop6~uu.' B pa6o.re [19] Ha ocHoBe Iicnoi:r:bnoBaHnH TexHnxu xoppenHn;n
aii:Hhlx <i>YHK~tiii' rpii:HaC:.. B ~ronro6oBa-TH6nnKC>Ba 6biira noliY'leHa TO'lHaJI 
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aJII'e6paJMeCKaJI CIICTeMa ypaBHeHIIH ~JUI paBHOBeCHhiX cpe~HUX: < n1 >, 
< n 1n9 >, < nfng; • • • n9P > . B HacTosn~eii pa6oTe BblWeHaoBaHHM 
CllCTeMa ypaBHeHIIH npnMeHeHa ~11.!1 OnHCaHII.!I HepaBHOBeCHOit ;D;JtHaMIIKII 
cop6~ B npocTpaHCTBax c 'IIIC110M JmMepeHIIH D = 1, 2, 3. Qqeal> Ba)KHO, 
'ITO npii BblBO~e 9THX ypaBHeHHH ;D;mi KOpperui~IIOHHblX <l>YHK~IIH paoMep
HOCTb CIICTeMbl II HMII'IIIe BHeWHero 0011.!1 He IIrpruoT HIIKaKoii pomt. ,II;11.11 
To'Uioro yqeTa ~eKTOB xoppe11.!I~IIH B a;o;cop6~IIOHHOii CHCTeMe cy~e
CTBeHHO 1IliWb 'IHC110 611It)KaHWHX coce;o;eii, B::laHMO;o;eiicTBYIO~liX C ;o;aHHblM 
a~aTOMOM. ,II;eHCTBIITe1IbH01 O;D;Hil It Te )Ke <PopMy11bl 6y;o;yT IIC0011b::lOBaHbl 
~miD= 1 (z = 2- 611u)Kaiiwux cocei~u), D = 2 (z = 3,4,6) n D ==' 3 
(z=6,8,···). · · 

. PeweHHe ciicTeMbl ypaBaeanii :0:11.11 · xoppen.!I~IIOHHbiX <PYHK~nit npn 
D 2:: 2 Haxo~II;C.!I npn611mKeHHO c no~o~biO pao11H'IHblX ·annpoKCI:IM~nii, 
a ~JUI cny'IaJI D = 1 oaa . Ha OCHOBe npo~e;o;ypbt TpaHC11.!I~liOHH~H IIH~a
piiaHTHOCTII pewaeTC.!I TO'IHO II npHBO;D;HT K cnep;yiO~eMy. paoHOCTHOMY 
ypaBHeHIIIO (19); . . . . 

· r;o;e 

..T.(k) + ..T.(k-1) + ..T.(k;...2) - f. 

.'.i'o P'.i'o '.i'o - ' 

(k) · f Nt(No- 2Nl + N2) 
<I>o =< nfnk >, p = N,. N [1 + N N ], 

o- 1 1- 2 

f =(p+ 2)<1>0 + N~~N1 -;1 >, · Nm = [1+(apoexp(,8c:)t1t 1
• 

) -:- 1 ' . . 
I' ·,•' 

(3) 

IIpnMeHIIM ypaBHeane (3) ;o;111i :Ja;o;a'Iri KIIH~TIIKncop6uim (xoaxpeTao, ;o;mr 
nonyqeali.!I ~KopocTeii a;o;cop6~nii n ~ecop6Jinn) B KBao~m;o;ao~epablx en~ 
CTeMax H npoae.n;eM aH3JIH3 Ha OCHOBe TeOpii~ a6c<?JIIOTHbl~ CKOpoc~eif peaK
UIIH 8~pnara [26). Bo11ee no;o;po6ao GTa Teopu.!I (TeopnH nepexo~aoro C()
CTO.!IHII.!I) npnMeHIITe1IbHO K no~06Hbl~ npo6li~MaM li::l1102KeHa~ [12]. 3;o;ecb 

. OTMeTHM T011bK01 'ITO UO;IJ;O~HOB~ii TeOpltll 8iipUH~a .!I~mieTCJ! cy~eCTBOBa-
HIIe e~IIaoii :mepreTH'Iecxoii nosepxaocTu, pe111>e<P KOTopoir aaxoAitTC.!I pe
weaiieM xoHxpeTHoii KBaHToBo ,-MexaHn'tecxoii :Ja;o;aqn·~ 6apbepa:Mn, pao'
p;e1I.!IIO~IIMII Ha"'anbHoe II xoaeqaoe cocTo.!Ia'n.!I (eM. puc.3). ·· To :ecTb 'a;o;

. cop6uli.!I npoTexaeT·"'epro cTa~ni<> o6paoosaan.11 aKTnBnposaaaoro cocTo-
.!IHII.!I Me*~Y Mo11e:ey11oii rana II axTnBHbtM ~eHTpoM noBepxHocTn. B paM:Kax 
~ammii Teopnii nepexo;o;Hoe cocTO.!IHIIe-aKTIIB~poBaHHblH KOMnrrexc ( AK) 
paccMaTpliBaeM xax npnMecb, HaxO~.!ILizyiOC.!I B paBHOBecnu c peareHTaMII, 
xapaxTep~myeMyiO ::meprneit a.KTIIB~IIII t:k, cTaTCYMMoii J* u 3Heprueii 
B::lanMop;eiicTBH.!I t:1 • CxopocTb npo~ecca a~cop6~un mm ;o;ecop6~nn npu 
9TOM onpe;o;eJij{eTC.!I 06bl"'HblM o6paooM KaK 'CKOpOCTb nepeXo;o;a KOMn11eKca 
'Iepro noTeaunanbliblii ?apbep. IIpnso;o;nM o6~ue Bbtpa)Keann ;o;nn cKopo-
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cTei'i Vad8 a;o;cop6~uu u vde8 ;o;ecop6~1m, xor;o;a Y'IIIThiBaiOT<:SI B:Ja:irM:o;o;eii
CTBI:I.!I Me)K;o;y. 'taCTII~aMU [27-28]: r 

. ' ~ . :· . .• ,. . . J - • '·{ . . . .. 

·.vads ~ rA<I>(T,t:,il!z,B), Vdes = r!J<I>(T,e.t:t~Z.B),·. ·' (4) 

. :':.:_:j~·i;~;-_p(-/i(e~-:-+£~)), \, ==c • ..::J:exp(.-=~c:d ~ .<
5

> 
r A - . . J, h . ' ' rv - 'J .. h'.:> •. ' 

0 apo .. · . a .JJ,. 

3;o;ecb P,.- ;o;aBrreane a;o;cop6npye~~~ro KOMnoaeHT~: ~1 ~()ToK~,·-~np~;o;enSie-
.Moe yp~aeaneM COCTOSIHUSI P = P(n,.T), J 0 - cTaTIICTII'IeCKM cyMMa · 
q'a~Tli~bi B rauoii'Oti 1<P~ue, jaJ B agcop6a~e; JJo- paBHOBec'aoe ;o;aBneaue, 
OTBe<!aiO~ee :JanorrHeHitiO nosepxaoc~n B, a- Ko3<P<PnuueaT a;o;cop6~mi, 
£0 - :mepfltB: csm:ln _a;o;aToMa c !no~epxa~cTbiO; ;3 ,=•(kB:J)~1 3B-:-\ <t>ya-

. KUIU!. <I>(T, t:, t:1 , z, B). Bb!pa)KaeT . :JaBncnMOCTb cxopc_>cTe{r, a~cop 6unn n ;o;e-
• <_,•. :~-----· · .1to~la. .• c~ ·.·-~,.._.,._ ,~ 1 .:r-:'":,''(7f-l -;.:·· -V' ·~", ,·'!' 

cop,6~JIU OT llOKpbtTII.!I ,noBepXHO(;TII II BK1IIO'taeTB ce6SinapaMeTpbt B:Ja-· 
nMo;o;eiic~an.!I i1 AI(-a~a.f'bM: u c: ~;o;aTo'M-:-.agaTaM:'·;·.;: : ··>, ·~' •· · -

• • " ' •.• < 1 • • ; ... • ;; 

. , .. ;. ·. . . < ;vz, yk . · 
'' •i' <<I>(T; t:i't:t, ":• B);=<D kt .fk":"',; 

·,,.. . . . f'' '''':J.,k.=O .,;· 
; ·'· '' ·c ,. ,~.. (6) 

• •• ...-, • •· ~ < ...-

·~ ~ 

B :ypaiiiiemni · ( 6) ·,Fk.--:7 xopP.enJ_Iuno.HHhie <PYHKUIIII, ~apaK"I:epnnyiO~ue· B~po
.· .!ITabcTi> ·:Jan()rrHel{_II.!I _npo!InB91I!>Horo: a~cop6nu·o~iioro: U:eaTp~ tl: ·ilaxo~~~~ 

HU.!IB 'ero:xoopp;II!f~~~~Pl!Hc_>i'~ c<P~pe H_e M~Jie~,-~~~; E~))';'~ ;.: . :3 ..• ~;o;a TOM~Ii~' 
··a •. c noM:o~:bro napaM~Tpa--!/sirpa)Kaeica.t:mauMo;o;ei'tcTBIIe a;o;aTOMOB c ax:· 
-;HB~pdBaHHi{MII ~o~~~~~S~~ii,:.Y:~· t;~p(;J§t:l,i(: bi_;== -~~-~~ 'e: .. ·,:;~ ·::;;· . <:.~~~ 
}.;·rK()ai<peT:Hoe ~blpa)KeHue:~rr.!I F{B ;o;Byx- n.TpexMepahix c11y'IMX To'-iHo. 

"·····~"'~· '-~"''"'"'~\· . .- .. ~· !'' < .-···-.' %·: '•' ,, ~ ,·~.- ·-.- .''··.··· ': _>'.··· 
onpe~e1IIITb He: y;o;aeTCH;'. ir'. OHO .'::laBucn'T' OT np'lr6mt)KeHIUI. Y"ie·.r·a.· 'imaiiMo-' 

: ~ellCTBU.!I 'a;o;aTOMOB~ IGix"'n B' p~6'o'.rai [12- is], Mil o~p~·HII'IIIsae1_t~~ iiccn~~: 
· g~BaamiM B paMxax :Z.pex rip'Ii6mt)Keami:_ :l·hripi~6m~)K~Hne MorreKyn.Hpaoro 

· no115! · (II MIT); • 2) norrniloMnanbH~e' pac~enneaire (II P '> u 3) Ksa:::mxiiult'te
·cxoJ: np~6~~~~Hne :) (i<::XII).-: .• II pr{ ~TOM 'cJ!e;o;yeT 1'oT~teTUTh:: ~ITO: B; IIMII 
:~:- 't":~_ '''(:.-~-~-- •• ~;-,·. ~.:- ,,,_.,.,.: ~~,.-:;• ..... ~·.· '··:. ,, -·. . •. '··-'····_,.·· J. 

UOliHOCTbiO npeae6peraeM Koppe1ISI~IIOHHbiMII a<P<PeKTaMIIi a B KBa:JUXII~' 
·. ~~~~.cxoii''xi nom!aoM'riani>limi a'nnpo~~uMa~ti:u · " :::_; 
~('\!.~-. ; ~::~ 

,; ... · 

.•':1'c• _ --,. 

.. .. . . . ~ .·. .- ~·s ... !:·. ) 

llpHBO.II.H':f H3 pa6o-f [12-18] Bblpa)KeHmi.WUI, ; -<I>(T,t:; t:11z, B) u ap0 ~ inux_'Tp~ 
npn61}1t)KeH,IJ.!IX; · '"~ .;, . .. .. . , ,. 

1)•IIMII'i 
;•,o, 

· .. 1 1-B .. 
<I>(T;c:,t:},z,B) == B(1+yB)Z, ·-·= 0 exp(z;3eB);. . (8) 

. ' .. ,.... apo . . . 
,· 

''t·. 
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2) KXII ~ , .. • ~~ ,f ·' -- ._..._ 

·«P(T,c:,c:l,z,9) = 9(1 + yr)Z, 
~ ~- r\ , ~ 

1- I';_ 9 · .. · ;:·;:: . · · .. ·.·:·: 
apo =:,~[1:... r + 7-e~p(:-Pc:)r\ (9) 

r = D ~r 1.~29 ,~:.~,V(l ~~~9)2 +J9(~ ..:.0)-exp(p~); 

3) ~p~6JIH:.K.eH~~e ·II\ >\'! "' ~ ·~ 

.. (liD) ' 
. ;,. ... . ~' ,_ 

, · ·· ·.·· · :.,• z'·yk'. j · ·:· .z .k; ,. :. 

«P(T,c:,c:1 1 z,~) =2: J;IF!', .·. Fk ::::.2: Rmf!;,., . 
,., .; ... k=O,,: ·. ·ii •mJ~'·. ••:r:; 

R::,:=:= A~c;:om(l ·-·oy.:.:m? ::~,;,>='[l+(cipoexp(P~m))- 1 r-r, 

rp;e A~, 'cr;- .·.'I~;cno ·pai:n.te~eHin~ ·ii .. co~u;;~~ixil a:p;aTo~to~ im i .no 
m, a H30Tepida a'p;~op6QHH .·ol;·'=. ,'¢(dpo) onpe~~JI.IleTd:' II3 ypaBHeHM.Il 
Fo=< n1 >=9. .·~ . "''." ... ;,,,.;.< '·'~'" ·~·· 

3. Ou:euKa Bhl'lHCJieHH~~:.~ • aKcnep~·M~HTaJihHhiX HGOTepM 
ap;copCiU:HH 

/ ·-"' 
B xa<lec~BC nepBoronpn6ninKC~HH x·onncaHIIIOnepeHoca BC~CCTBa; KaK 

cy~eCTBCHH~ :HepaBIIOBiiciioro ;.H'BneHH.Il, Mbl'~ Ha OCHime Bi;xWCllOJIO)KCHHOro 
nop;xo~a ~omiqecTBeH!ld 'aiiami3npyeM 'op;Hy' ib < OCHOBHbiX· paBHOBCCHbiX 
xapaKTepH~THK Me-K«J>iiniloro cop6~HOiniOro' ~accoo6MCH~.:...ll;j'riiepMy ap;~ 
cop6~Itlt. IInoTepMa ap;cop6linn, ·KaK :np~uiiirio; Bhipa:II<aCT~:3aBIICIIMOCTb' 
M~~p;y KO~It'ICCTB~M. ra:la: IIJIH *1i~xoc;n, :• ilicop6i1po8aiiHbDC 'npii n'OcT~--
-. ~ ''u-'·.r;l J: ··,!- '.! -.,,.. ;~,._.~~ .. ,. ~-.,·.·r-~""'' ,~ ",r• •~ • ·-. • 

.IIHHOll TCMnepaType,· OT paBHOBCCHOrop;aBJICHII.Il: 
' ; )1:'·' -.- .t ;_l f; . \_:_~-- ;,_j··:,.; ~ :.· .··; ·. ~"(\:-~~~:: :- : 

·:.t•9 =r¢(ap0)T·=.¢(aP)T~ .. :,_, 
· ._ ~ :;t;c~·': · ~. y·.:, .:~· ':(_-· ':~·. ~-~.:. :~.;;;·~~.:,j ;1 1 • , .. 

c;l>()pMa. II30TCpMbl ~J;JI.Il, npoii3BOJibHOH ap;cop6upy,ro~ei'Icpe~bl pnpCACJI.Il-' 
e:r<;H aHepmeii: !!3aiiMop;~ii:cT~H1Iap;~ T~Mos i3' cn.cTeM.~ 'ap;c~p t>,ii ~·~:~·p;cop 6e~;:r; 
8To o6cTO.IITCJibCTBO. HBJI.IleTc.ll Han6onye .cy~ecTI~eHHbiM. B.·. Ii:ny'!ieH:Iin ·_ P?:-

. BHOBCCHbiX ap;cop 6~IIOHHbiX ~sonc-iB,: ~~~~OJll>KY" ~ilo ~o3~'orraeT'. u:3· MH~:: 
:.KeCTBa qlaKTOpOB, BJIII.IIIO~l~X : tt~ _ripoT~KaHilli,npol.(eccoB ap;cop6~IIII II 
p;ecop6~nu, aH<unmupoBaTb 'mi~b ~ec~on-~x~.~ Ha jmcA rrpuBep;eHhi Bhl'III- · 
CJICHHhlC c llOMOuihiO TpCX·Bhimeo~IICami:hlx npl16mi'n:(CHllli liDf?TepMbi ra:Ja 
npn panJIII'lHbiX 3Ha'lCHll.IIX napaMeTpa ~OaiiMOACllCTIHI.Il ap;aTOMOB pc;.(11l 
'9:ucneHHbiC proyrrhTaT~, nonyqeHHhr~, B paMKaX IIMII, Ha pixcyH:K~ n:Jo-
6pa~eHbi nyHKTHpHbiMII JIIIHUHMII, B npn6rrxi:.KeHI~e TIP~ 3HaKaMu "+", B 
KXII- cnJIOWHbiMI~ JIIIHU.IIMII .. Pe:lyJibTaTbi, •. npn~e).\eHHbiC · Ha. pnc.4,· no.:. 
Ka:JbiBaiOT, "'TO II30TepMbl ap;cop6~lUI cy~eCTBCHHO MCH!IIOTCH nj:m 60Jib
WUX 3Ha'!CHH.IIX Pc:. To ecTb cnnhHbiC B3aiiMOIJ;CHCTBIIH ~racTIIIJ; npnBOIJ;.IIT 

·6 

) 

) 

K HCOp;H03Ha'lHOll :keJiliHCHHOi'x aaBHCIIMOCTll 0 ~ ¢(ap~)T ·= ¢(aP)T, H 
imoTepM:br .npnH:nMaioT S-o6panHyzo <Pop My. 06~en3BecTHo,. 'ITo .TaxaJI. 
<PopMa' yxanbxBaeT Ha cy~ecTBoimHue paBHoBecnH MC2KAY 1A~YMH. <£~~Mn. 
n: co~~BeT~TByeT. <Pim_oBoMy m!pexofiy. ~ep~oro pop;~ ( Hanpi:rMep,; nepe:io~y. ·. 
2Kitp;KOCTh-nap), rp;e OCHOBHYIO poiTb nrpruoT CUJihl npnT.iJ:2K.~HII.Il MC~p;y . 
MonexyiiaMu., Ecnll npeHe6pe'lh B:laHMop;eii:cTBHHMII, qacTn~ B.ap;cop6aTe .. 
(c ;,;,··er:~·Q),_To~ceBbiWeoruiCaHHbi~:.nl:m§mi.~~H:Wr~P~Bci,~~T'-~·~!Jiep,Me 
Jie:HrMK>pa,·wnpoKo ynoTpe6nHeM:on p;JIH nHTepnpeTa~nu aE:cn~pnMeHTani.: 
HbiX)~aHHbiX (Bqco'6eHHOCTII1 HO;~COJIIIT~M): :: .;.:•;r. -~ .. ~ :. , ... ·;· :c~:·: 

,, 

. . . 

:· ... _ i:; T~:;FTf :..·o 
,.ap(/=.·. 9~';,w 

·)-:;·· 

,r·• 

'?·o.·:,~··~··~·-)__r 

,; (~2)' 

'B Hay'lHOll.JIUTepaType cy~CCTByeT .MHCHIIC, 'ITO ll30TepMbi ~p;cop6~Itlt Ha . 
KpHcTaJIJIH'le~!'IIX ~eonnTax He nMeroT rncTepennca ( S-<?6panHyro q,opMy ), . 
'xapa:K:fepHoro·p;JI.IIIIDOTCpM ap;cop6~IIH Ha aMOpqlHbiX MliKponopHCTbiX a~-.,. 
:cop 6eHTax . [7], · C'InTaeTcH;' .'ITo.:nocKoJibKY ~eomiTbi o6nap;aroT. ynopH'p;o
'leHHon cncTeMoiiBHyTpeHHMxnop (puc.2;HnnrocTpHpyeT Mop;eirb TaKoii: cii:
cTeMbi ),··To ap;c6p6~ll.ll. ranoB II napoB. Ha HIIX .IIBJI.IICTC.!I npoCT<?H; It OllllCbi-

. BaeTcH nnoTepMoii:·JiemMrop'a (nnum)yroii nop;o6Hon niloTepMoii: I Tuna no 
xnaccn<PHKa~HH BpyHayapa [3]).Ilop;TBCp)KIJ;CHHCM Taxoro .MHCHIIH crry)KaT 
:3:KcnepiiMCHTaJibHO nonyqeH~bie B .pa6oTax · [29,30] n:loTepMbi :ap;cop6~n:H ;· · 
ranoi, p;nH· KOTophix c · noMo~hro pHc: 16hxmi npxiBep;eHbi •. ::mBIICIIMOCTII·Te:
nnoT· aACOp6~llll ·oT ~ 3anOJIHeH~:.~ Hai wa6adl1TC; ( CM. ·puc;5jc rp;e. BCJIII'liiHa 
ap;cop6~IIII J£. Bbipa~eHa B rpaMMax B paC'lCT~ Ha 1 r aKTliBitpOBaHHOfO ap;-

. - .. m ·, . . · 1 . ~-, t , , t. . ~ • < - • , , .~ ' ,. - - • • • 1 

cep~~~Ta)., ~~WCII3JIO~CH~()<,q.!!IeHIIe, !i!l ¥0*_l;l~rJI~~p;, ~B:Z.!!e:rc.ll.~C~ COBSCM. 
TO'lHhtM; H30TCpMhl a)wop6~uil'-Ha ':cieon'IiTaX Ha ca:Mo:M ·~ene :MoryT '·nMeT:b' 
B-o6pa:JHhlH xiq)ax.re'p;. it •·Hcnmi:biloBaHne. npn6JIII~CHIUr 'JieHrMropci3ge'cb' 

T H c'trrTaro' ii:e ':Bnol:rlie KOppeKTHbiM:' B :noJib3Y .aTnx:paccy:tKp;eHllH'npiiBOgHM 
CJiegyro~iJ:e 'q><i.KTbi}: ;, · .';:, :• · :i, :., ,(~ 

Bo~nepBhix; op;ecb';lia. MOll BtlrJIH~, 'cy~eCTByeT onpep;eJICHHaJI TOHKOCTh 
\ , i" '·' ~~ . f' \ • ' . '.- ' "- . ' . 

B IIHTepnpeTa~nn p;Byx pe3yJibTaToB, nony'leHHbiX npn nccrrep;oBaHun ap;-
cop6~ll:~ op;~IIX ~ Tex )r{e 'ranoa: Pe:lyJI~Ta;i.x no U3MCHCHIIIO Ten~OTbi ap;~ 
_cop6ri~m ranoB c :Janmilieiin~M (pHc.l) op;~~3Ha'IHO yKanbrBa'~~. c op;H?ii 
~~opo~bi,. ~~: rip~tyTcTBHC ·a(pqieKT'a _B3filiMOAeiicTBiui Me)Kp;'y·ap;cop6npo.:. 
BaHHbi~m MOJICKYJiaMII. c p;pyroii CTOpOHbi~ n36Tepi:rbi''ap;'cop6~iiiiTrioxa-
3biBaiO~IIe CTpCMllTCJibHOe 3,anom~eHite n<?~O.CTU ·.~~OJiliTa (puc. 5), a6-

. corrroTHo ncKnroqaro~ ·BnimHne :Em~ix:MoAeiic'l'Bim='tacTu~ Ha npo~ecc ap;
cop6~nn, To CCTb'aKcnepiiMCHTaJibHbiC pe3yJihTaT~ 'iiix 6:br xopowo onn
'c:b:r:BaroT~1:S p~iax :iiooT~pMbt ·JielirM:ropa:.::: .·B~'npn6Ji':ll)KeHitl1 HeBiJanMo
·~encT:Byro~iixrap;aTOMOB;<.Hann~o. p;Ba HecKopperrnpoBaHHhlx .. pe:JynhTaTa. 
'B ~eHCTBHTCJibHOCTH 6b1cTpaJI ap;cop6xri:tz KaK pan ll o6.113aHaCIIJibHhiM Do~-
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HMO)J;~HCTBIDIM (npHTJDKeHIDIM) 'laCTH:Q B ap;cop6aTe.•liMeHHO fihiCTpoe :Ja
nmmenne Mlixponop :QeorrriTa· MO)KeT: JIBn:JITbCJI, Ha· MOH \ rorn:Jip; ;: npn'lu:tmir 

Toro, '<ITO B npHBep;eHHbiX Ha pnc.5 pe:JynbTaTax Mhl He CMO)KeM <PnKCII

'poBaTb rHCTeproHC H, COOTBeTCTBeHHO~' Ha6mop;aTb'a<P<PeKT:Me)K<I>a:JHOro 
pciBHoBecH.II·.;.:.· · . ·' ,:/, ·:." (·::n--., :c;:: 

·, · BO-BTop:brX; np:H:Me:Wui pe3yn:bTaThi;:non:y'leimhleB pa6oTax·[13.;16] no 

p;ni{a:M:llKe a~cop6:Qlill, HaxO~IIM CJiep;yi<>nzyi<il O)J;HObHa'lHY!O. :JaBIICIIMOCTb 
MaKCnMaJibHoro OHa~eHIIJl '( Hacb!~e!m_;), a)J;COp6:QIIII , () 8'. ( CTeneHII · :JanonHe

HIDI noBepXHOCTH) OT HHTeHCMBHOCTH BnlmMO)J;eHCTBIUI a)J;aTOMOB /3e 11 Bpe

MeHH t, p;ocTII)KeHIDI H'achi~eHIDI .!'J.p;cop6:Qn:H ;o;n:JI Tex )Ke :JHa'leHn:ii /3e (eM. 
pnc.6). IIo aToro pncyHKa HeTpY)J;H:o··B~eTh qTo, Bo-nepBhlx, BoanMo)J;eH

cTBIIe ap;aTOMOB cy~ecTBeHHo Bn:IIJieT Ha npo:Qecc ap;cop6riim, 11 YBen:11-

'lenne napaMeTp~ /3e IIpiiBO)J;IIT; COOTBeTCTBeHHO,• K 6on:~W11M ::3Ha'IE;,HIIJIM 

. ap;cop6:QHH ra:Ja; B6-BTOphiX7':BpeMJI; )J;OCT11)KeHIIJI: MaKCIIMMbHOrO. ::3Ha'le
, .HID! () 8 . CTpeMIITC3IbHO ;ap;aeT C pOCTOM t /3e.: :Ho CaMoe rn:aBHOe, KaK .BII)J;H~ 
: H::3, puc.4, COOTBeTCTBYIO~IIe IIIJOTepMhi )J;11JI aTII~ )Ke :JHa'leHIIH napaMe-i-pa 

/3e HMeiOT S-o6pa:JHYID <PopMy.: ~. , • · · .:. , ·,:;.; ' c :J; ,,. 
.· ., HeKOTOphle, Hep;aBHO .·non:Y"JeHHhle , proyn:bTaT~, no, ;:p;cop6:QIIII; ra:JoB 

Ha :QeOn:IITax · TaK)Ke nop;TBep)K)J;aiOT; cnpaBep;n:IIBOCTb IJTIIX · paccy)Kp;eHIIH; 
B pa6oTax [31,32]•·.no ap;cop6~M· KCeHoia ,.Ha,~eon:u_Te.'NaX, norry~eHhi 
S-o6pa:JHbie KpiiBhle miB:HcriMocTH p;aBnem· OT 'liiCmt MOn:eKyn· B 'nOJIOCTII 

:QeOJIIITa. ABTOphi B aTux Jla6oTax Ta~)Ke CBJIOMBaiO~ s~o6pa:J~yro <PopMy 
,, H:JOTepM 'ap;cop'6:QIIII c B:JaHMO)J;eHCTBIIeM ap;cop 6npoBaHHl>l~ Mon:e:Kyn: ice-
HOHa p;pyr C p;pyroM. ·, ' ·, .: 1 , ~:.· ' .. · .. 

4~ AKfuau~i aJieM~H.:.; H npo~~cc'hi[~ep~lio~a B rao~ft;HHaM:~'Ke 
·c • :_ ., ' •• ~ --·, .... -/', :~ :· • -,. ·'Z<:f ... r ; r 

· Ilepeiip;eM Tenepb K onncaHIIIO npo:QeccoB nepeHoca n npn~~HeHHro,n~.

nY"JeHHhiX-'Bbipa)KeHIIii p;n:JI Va~s. u V~es ·B :Ja):ia'lax Hep,a:BHOBecHoir )J;HH,~~n:im 
COp 6:QIIII .• · ll;eHTpan:bHyro pon:b . Op;eCb 6~eT \rrpa:Tb: ypa_B~e!l:~te · KHHeTII~~ 
COp6:QIIH p;rur MOHOC1IOHHOro llOKphiTIIJI (} (0 ::;_Q::; n. , 

·8(} 
. ·m• = Vads- Vdes• 

. ' : :. ' _.; : "' ·- i . ~ -... . ' 1 :~· . , ··' 1 
, • '. ~ ~ i · . ""; ·.. r ; i : 

KOTOpoe )J;n:JI 6rop;IICCO:QIIaTHBHOll ( O)J;HO:QeHTpOBOll) <I>II:JII'leCKOH a;o;cop6-
:QIIII IIPIIBO)J;IITCJI K Bnror [1S]:. . . • . . " ' , . 

~ · . .;'~1 :-

ao ·. • ··· 1 f3P7 . · · ·· · · · 
= = .. -{-.-. -1}<P(T,e,et,z,O). 
ut· To apo · ,. ., 

', .~ 

~~· (13) 

BBep;eHHhle B (13) napaMeTphi To = w~~ '(r~:--.~"-~:h~·~~(,8£!<)Lu_,./ 
(I = ±- exp(/3eo) ), onpeAen:JIIOTCJI xapaKTepn:cTIIKaMH nepex~p;!l()ro c_o~TO.!l
HIDI (aKTHBIIpOBaHHoro KOMnn:eKca), a~cop6aTa II,TeMnepaTypoH (,!IICTeMhi. 

,8 

,) 

J 

·~-----------
IlapaMeTp · / CBJIOhiBaeT Me)K)J;y . co6on CTa-;cyMMbl M01leKyn:hi · un:u a TOM a . 

B ra:JoBoil: <Pa:Je II a)J;cop6aTe II uueeT pa:JuepHOCTb, o6paTHYIO' KOH:QeH

Tpa~IIIi: Benn'lnHa · 70 nueeT p&'"JuepHocTb·: Bpeue:Hu· ( Ha:JoBe!\t ee ycn:oBHO 

"xuifii'lecKnM'!:; ":capaKTepncTn"'e·cKnt.t" Bpe!>.reHe~~ cop6n;nn). KaK 6Y)l;eT 

BII)J;HO Hli)KC no pe:Jyn:hTaTaM :"'IICJJeHHbiX· aKcnepnMeHTOB, noBep;eHire:pe~ 

ille:Hm'I cnc'reubi ypa:B:HeHiiiY rariogiiHaMnKu ~ · u~ ypasHeHJul ( 8) cyiD;ecTBeHHo 

pa:Jnll'qaeTcJI npn t ::; 'To ·u t >' r 0 ; 'r.e. · B o6nacTn:x, pa:J)J;en:ne~f:hiX nMeHHO 
BpeMeHei{ To:· '(" ·. --· T · ~ ·. 

B'pa6dT'ax[l3-18] nepe:Hoc uo;a;ennpoBancn npon;eccou B o;a;Hotnmue~ 
peHHII D = '1, 'ITO Ha MOIUI B:JrJJJI)J;, He orpaHn~nman: cy~ecTBeHHO <Pumn.:y 

'.JIBneHUJI, no:JB011JieT npoBeCTII A~CTaTo~mo )J;CTa.'IbHhlii aHamm BniiJIHUli re
TeporeHHOCTII Ha pacnpocTpaHeHHe 'ra:Ja, a~cop6;tpye~roro noBepxHocTbiO. 
3)J;ecb Mhl o6o6~aeM onncaHne npo:QeccoBnepeHoca ;a;n:n: D:> ·I. Ilpu aTOM 

npe)Kp;e Bcero· Bbi6epeM a)J;eKBaTHYIO uo;a;enb )J;n:JI annpo:Kcxi~mn;nn ;:~;aBn:eHIIJI
:p:B ra:JoBoii <Patie' mi ociioBe'ypaBHeHnJicocToJIHnn: ·p = P(n;T); X<?po
wuu 'npii6mi:+ieHneM onncaHnJI cocTo~HIIJI cop6npyroiD;ero 'ran a MO)KeT· JIB

n:JITbC.JI 'ypaBHeHne BaH-)J;ep Baan:bca, JIBJJJIIO~eecJI ypaBHeHneu cocTOJIHIIJI 
He T01IbKO ra:JOBOii, HO li · )Kil)J;KOii <l>a:Jhl: 

;.-!- ~:\ ..,-,,/: __ ;a,~~, ~ ;, ;·_:- ,) . ~ 
:::d~ ±. V2)(Y::~_b.) = f!-T .. , t"f 

' 
·"-t······, , . .,.. . 

Mo)KH~- oTMeTu;rh ·TaKi:e. 'ii · Bo:J:Mo)I>HocT'b. 1 ncnonbnoBaHnJI BnpnanbHhlx 
pa::33IO)KeHIIll: . . n ",., • .. __ , .. , " . . . ': 

' ' · ' RT :B ·· C · ·i,.. 
· ,. r. .P=lTtt·v2·+v3+··:; 

.~~~-::-~·-, ~ .. , . :·_·· ":-~ .... n: .n_··:· \·-" ·., ~:--

Heio~opbie, :Hau6on:ee. ynoTpe6n:Jie1th!e ypaBHeiii!JI · cocToJIHnn: 8 <Pnnn"'e-

cKoii ~IIMII~ nepe'Incn6Hhl B patSb'Te, [33].'- Mhl JKe ngecb tSy/{eM c~in,TaTb·, ~TO 
BHe . .;.p;c'op 6eHTa,. ~Ka-Ke~· rieo~IIT;i~' ran ~OA<in~JieT~.JI-IJaKOIIati II)J;ean:bHO~O 
r~a. 0TMe;n~, _'ITO TaKoe" orp~in~~i:~HIIe He. ~~~H~TCJI. ~:tSJI:JaTenhHhi~i ~~' 
'<:nep;o;sa-ienbHo, Mbi.nMeek ypaBHe~ne cocToJIHir.~.'P ~ n'(;;;t)k8T,, rp;e,n
o6'b~M~ru{nn:o.r:HocTb Mori~'Kyn rami.''8 npnnosepXHOCTH~M'cnoe, KOTOphlii 

•. ~ • • -,_ ··-~. , • ; ·• , · _, , ,: · , • - 1; ,, t-. } • ·• -- ·,. • , · •. ·•• -· .•· ·-,. ' ; • ·, r . , • 

II y~mc'rByei;B n~on;ec,ce. ap;cop6n;nn. ,I(rili y~o6c-riCl.'·aH.amioa (Ir'npoBep;e~ 
~~i~ 1'liicn:e~H~X pac<ie-ioB) nH~06XOAIIM~ nepec~II~<,tTh ~a 6~:J·p'a::3~lepHyio 

"'.senii'luHy. Hau6on:~e ec.recTBeHHh11r, Iia itox'i imrrrn)J;','JIBiiJieTc.JI iiopuupo-
• >. . • ' - . • . ' "'" .. , ~-. . • < ' '. • ~ 

BKa KOH:QeHTpa:QIIII n ra:Ja .B ra::loBotr '<Pane c "Koir'n;eHTpan;ueiUI" 'y ' .B nopax 
. ap;cop6~HTil:-BB_e;a;e~neM 6_e~pam.tep~oii ~~mi"'ItHbi , , , · ;;::::: 

,-i~··.····.·-·-·--.:.~·1.._·,: ~·;;:_ :: •:__:.·:·:::; .·.··~~:.~ ; ~~~· 

v=nj. I·~ :. ··;!' 

_:.~:_:-.--~-~.:---.~~-~; .· ·-_-:':' -·: ~·. . .-. -;t.•- .·. _. ·--. : :-'. :·.,~:~ •·• ,,, .• ~ ,. 

.. IlepexOA K 6e:Jpa::3MepHOMY nepeMeHHOMY 'no BpeMeHU, coaepw,a,e'Tc.JI nJlO;-
•. " ' ' . '· .... ' ·.). " ;, ''-'""" •: ' 

CTO: t . 
T = -.. 

· To 
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---- BBP~eali(;"fi~panMepiihtX Be.rru~nH v n r, ncmBo.rruT HaM ucc.rre~oBaTb Boe-
--;nao p;Ba B3a.IIMHO CB.liJaHHhiX, HB.rreamx: ,nepeaoc. Be~eci-Ba II. Me)KcpanHhllr 

cop6qHOHHhiH .Maccoo6MeH. Mhl TCM-·CaMbiM _cor.rra~yeM ;uuam.mK:y,_p;Byx 
npoUCCCOB C, pa:lHhlMH npOCTpaHCTBCHHO-BpCMCHHbiMH- MaCWTa6aMH _ 113-

MCHCHIIH napaMeTpOB (p;nH HarJIH)l;HOCTII npiiBeACH pl~c.7). -~ ; . --
--.:, Teneph, ~To6hl. BbUIBUTh; KaK BJIIIHCT aKTIIBHhliUI ·;}JieMeHT Ha npouecc 
~epeHOCa BC~CCTBa, HC06XO)l;IIMOypaB-;CHIICMKIIHCTIIIm:~?P6~I_Il~ (13) /I.~ 
noJIHIITb mo6ble ypaBHCHIUI raoo- II rup;pop;UHaMIIKH,KOTOpbiC oniiChlBaiO~·,_ 
p;HHaMHKy_ noToKa rana umi )KIJ/I,KOCTII. KaK II B pa6oTax [12-18}, op;ech Mhl · 

- ~ . 
orpaaH~IIMCH ranop;naa...ruKmi: 

av ·ao . -~ ,. ;· a -F a-+(v\i')v = dt::..v,: 
T ; T. · i . ll;;:, 

- (i4) 

• ~: = Vads ~ Vde• = { ~ ~ l}4>(T~ t:, CJ. z B) . 
.. , apo. - - ' '-· 

·~ •'. ""' 

(15) 

~ ~ '1/;(8). 
apo_.•·-:- .. : 

(16) 
'' ~ 

CucTeMa ypaBaeari (14)-(16) .o;o.rr)KH:a 6brT:b ';o;onoiiHeaa aa~anhHbiMII II. 
rpaaH~m.l:':M:u yciioBIIHMII. B ~acTaoc-i-il; B pai:ioTax [12-14) p;.rrH op;HoMep
aoro npouecca D ~ 1 Bbl6upannc:b ci:Iep;yro'~Iie 'Ha~anbHhiC II ~paHll~HhlC 

+ ' ' ; j ' ' I ' ,· '• • ! ' I 1,'- ' • ' , - ,• ~, l ~ ¥ ' •• • • ' YCJIOBIIH: . . . - ' ... , '. ·-- ,, .. . 

v(~,r=O)=O, ··_B(~,r::o)~O,-- o::;~S;1; (.(17)-

. ( ) 8v(i, 7-) : . 
_v ~ ~ 0, r_ ;=:= !:0 \ . .a~.. =,,Q~. 0 < r $ 1. 

:It.· 1 
(1~) 

y CJIOBUH ( 17) OT~~~aroi' , nyci~ii: ~py6e'' ' ( nnu., nyc~oii: .- KOnOHKe" ),':'a ycno

BII~ _{18) B~P3l)KaroT nop;;o;ep:dmBaeMwii: :Ha iop~e Tpy6hl :Him KonoaKn pe-

-)KIIM. , : ; . .c : , _ , ' . ·, ·, "'_ ,~· _· .. _ : .. \_ ' .•.. 

Oinu~TenJ:>Hhlt: . ~epThl aanieii: .- i!op;emr, ypamieanH . :KoTopoii: cOcTa: 
BJIHIOT (14)-(16), IIO cpaBHCH~i(; .. ~ -'xopd~oli::n3~c~-H~IMll,MO~MHMII ;o;Iiila
MHKII cop6uun Be~ec:rBa . naKnroqaroTCH, Iia MOH 'i33rnn~, B' crlep;yroiiieM:: . 

. 1) o~a B H'B~~M Bii;o;ey<luTbiBaeT ~n~uMop;gil·c.r~u~\~ciioBHhix "cpan" cir
c~eMhl ~p;cop6aT~~ir:cop6eaT, _;o··~c;ir~o~~~ecT~~HaJ' y~I;TDlB~eT:K~ppe-
.rrxu~oHHhle ;}<J><J>eKThi M:~:ti'AY a.o;ci~bMa'Mn n 'AK; · . · · · - · · _ _ · · _ .· · .· 

2) npu~op;Ha npn KOHKpeTHOM -~IC.CJI~AO~a~~~~ xipo'~c~~OB:ndp'~I'Ioca'h'Hc-
noJihJOBaHHeM JII06hiX THllOB HJOTepM; -

3)_.rrerKo o6o6~aeTcir Ha Ci:Iy'-raii aep;irccouuaTiiBHmi II p;uccounaTIIBHoii 
ap;cop6unit'-~ p;e~op6ri~nJ . ,, ·.·• '.. . . ,,, " ·~; : :; :t;.; ) ·.. • : 
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1 
! 

J 
' 

'(\ 
i 

L 

1 
'i ~~ 

,. 
' 

5. qHCJieHHb1HaHaJIHI3 p;HHaMHKH nepeHoca raoa_Hap; aKTHBHOH ·;;.,,,,:· , ··,_.. > ..... DO·B~pXHo,c:X.b~. .·.' .· .. • ~·:;' 
' ·~ ' . . '. . ·, ' -"- ~ 

;,; . :B:~~~i~~~~-~}p~p;en~ rip~'~;~~ peoynhT~T~·~~~~x p~~~~;oB:cii
$~~Mhl ypaBHeau:ii (14)-(16) p;Ji.11 <:Jiy'IaH D =:2. Oc:HoBHhi_M:u nap'a.MeTpaMII ·--.. 4· ... c, .... "' 1_., ~· -·~·-- '".:.. • , ~ .... .:.~ •. : ·~ · _:,~-.- .. > ... : ... >·· ·(:i':.~ -.· .. _, .. '-~~::~ . u-:· 
B,.npHBep;eHHhlX BhiWC npii6Jlli)KCHIIHX HBJIHIOTCH: e- aHepriiH BOa.IlMO/I,CII,;, 
.. ·.J.L,,-.-~·-· ~ • .. 1'.1 ·'"--· :./ ~··lJ.~ L~. :.: ;.:_·· .• ~ ·;;·.', ~. .::;, ,··--·:· ..... ,..>""" ~~;-········ ~ ~ , ••• 

c-r:B:u_n ap;aT<?!:-£-ap;aToM, ~ e1 :- aa~pt:IIH.B~aii:Mop;~IICTBIIH- AK:_:ap;~ToM; _3a:c 
MCTII¥, .~TOe )l;OJI)KHa-6:bJ:Tb nony,~eHa ·n:J''xiiaHTOBO:_-MexaHH..fecKoii: .· oap;a~ 
MHOriiX. ~anMrip;eii:~TBY~~II~ .~aCTIIU_:',Op;HaKO, KaK nOKa:laHO B. (34), .e 
MO)KHO 6paTb IIO KanOp~~eTpii~~CKIIX '~MepeHIIH no. no1IH~MY i:Jepenap;y 
Ten~oT_ ap;~~p6uu~. A IIMCHHo:• lei= !:!J.Q.,kd.fNAzn; rp;e. n = 1,2.:_. co-· 
oTBeTCTBeHHO./I.nH -~p;~a-: ~ ~ByxqeHTpoBoilap;cop6qnu Ho r~oBoii cpaohl 
(An •.--:--+ n[A]). B o6nacTn 4>II3n~ec:Koil'ap;cop6unu (eM. panp;en i) HMeeM, 
~TO ,~Ha~eHIIH, nap~eTpa e .. H<lJCO~HTCH, B IIHTepBane0.01 + o.o?r aB. Me-

.- 1;,.· ~- ~ > < • ··- --~ •• ' •• '-• • • ·~~'- ·-- '\ -;~_:;, -~ ~ • 

xop;H no .aToro. B ~ncneHHhlX pac~eTax Mhl orpaau:~u.rrnch oaa~eHIIJIMII 

{Jc:_ ·E[0.0_~_2.8]r~To.coo:.r.B~Tc~~yeT n{>II ~<J.MHaTH:bJ:x .X:eMn~~a~iPax 
T, ~ 300 K_, fJ. ~ 40 aB-1 aKcnepiiMeHTanhHhlM /I.8JIHhlM. B pa6oT_e [34} B 
paMKax. panBnBaeMoro, no;o;xop;a 6hlna npe.o;nmKeHa 'Teoprur. p;ncppaKuriu ·Me
p;ne~HhlX, aneKTpOHOB (,IJ;M8) Ha 0/I,HOpoiaoH no~ep~oc;u npn a8J:t~:qxm 
Ha HCH ap;cop6npoBaHHhlX "'--aCTIIU. Ilpn 9T~M -~JIH ,D;M8 Y:ian~Ch o6';J.Ji~ 
CHHT~ · pHp;_,_ aKCnepn~CHT~HO yc;.~OB1IeJI'~~ cp~T~B ll :BnepBhle ~aHTH 

~' • ' • " • ... • ,. " • --~ ~ .,_- • '· • ,, •• ' " .1; • • • ' 

e~ napaMeTp B3aiiMOJ);CHCTBIIH MC)Kp;y aTOMaMII, HaxOp;H~liMIIcH Ha. COCC-
- . -· _,. . ··-~ --~u-. ;:.··.-. ··. ' "[., . . f•' '-~ • ~ 

.p;HUX aKTIIBHhiX UCHTpax,- Ba)KHCIIillliU napaMCTp,TeOpUII nOBCPXIiOCTHhiX 
HB~CHIIH .. IIapaMeTp. e:; HOJJy.;eH~~ii IIO~~/I.~, ~0. axcnepiiMeHTaJibHhlX . Aroi
H~X ;no ,[(M8, xopoiuo ~ornacye;c~- c ~; ~llif.o;earilM ~o, ~a.J:i~piu.ie•rpn..je
cKnM. uo:MepeHIIHM nepemt~a Tenno;hl ap;~op6unii. Oca~BhlBMC~ Ha ~TliX 
cpaKTax MO)KHO JTBep)K.J];<tTh, ~T~. ~P~A1IO)KCHHidii iJ~ii nop;xri~ · K. p;nHaMnKe 

. ' -~--... ~; ... i , . .., •• "_, '·.-'--- --~~ ·-: !.! 

cop6unn rana npno6p(!TaeT cTaTyc:o6ocaoBaaaoro.B pa6oTe [12} B npu-
6nn)KeHnn JlearMIOpa n~K~~o :cy~~~TBo~iH-He x~aiieiiTpauuoila:bJ:x B01IH 
nepBor~ .n. B;.oporo n~pHp;~a, npu~e~ ~o~abi BTOporo 'nopH~Ka: ueycioil-

' < ~ ••• ''> ..... '. -. • ,' . . - <;,_, < ' ••• ' ': •• ' '. - " ; •• 

~IIBhi, a B011Hhl nepBoro nopn~Ka ycTOH~IIl,;hl_ xi 'pacnpocTpaHHIOTCH no, co-
• oTBeTcTByro~HMxapaKTepHcTIIKa.M 6~ naTyxaHIIn~ To ~c.rl,'y:>K'e B-_~nyqae 
IIOOTepMhl··JleHrMropa HamiUO HeTpiiBIIanbHaH KapTIIH~ pacnp~cTpaHeHtUr 
Ko~~eHTp~oH~ B01IH. IIoaT~MY e~;~c;~eaao ~~nono)KIITh, "~T·o '6e

'oaKTIIBauu:oHHM 4Jno~eCKaH ap;cop6~.c B3~Mop;eHCTB~~~ (B {)onhWHH
. CTB_e C1IY~aeB:-;:npHT5J)K~~eM) ap;aTOMO~ C ~e~OJihiUIIMII a~epr.~~II ~~II 
_ BMCCTC.1C, HCJIIIHCHHOCThiO, ypaBHCHIIH cop6tiun . MoryT . o6ycnoimTh B no-

,;~Ke:p~~~~:~~Cf~~T~~Hb1H x<W~·n, x~>0~c~~u.e!.·n~~~n~irlie: ~~K~ 
Koauea:rpauuo~ cKa~oB. ,_ , .. . . . . "' ,. ·_ _ . , . , .. . , .- " _ 
. ; ; \:f~II<?JCJ!H<?e.pem~~~~. Bhl~_eHa:lBaHHOH, c~~TCM~ ~~n:o npp:B~eHO' ~e~o

.: /I,OM KOHC~HhlX pa:lHOCTCH Ha OCHOBe CXCM, HBHO- HeHBHOrO TIIna [13). Ilpn 
••. -.... ""' ~ .. ~;>.~..__,__,1. • ._.· ,, '- ""-·. - '; ,_ :;· l:_.f.'·· \ ··-'"':~!,.,, •• ' . 
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D £1 6biJIII p81pa6oTa.Hhl~pa:3HOCTHblt{ cxeMbi Ha OCHO~e Henpeph!;{Horo . 
a.Hanora MeToga HbroToHa [35]: B pac:.te.rax M:bi T·ax5Ke ncnonb3oBann pan
HocTHyro .. cxe~y, pa:3pa6oTaHHY~ _ ;rt;nH ~o~ennpoBiiiiim. pacnpocTpaHeHnH 
reTepoq)anHbix xoMnoHeliToB Ii ·,cpe;o;e [36] (proynbiaThl ~nfi · o;rt;HoMepHbrx 
npo~ecc~B no;o;po6Ho :rmnC))KeHbi B pa6oTaX (12-18jif'::JMci.' oifit lie' npii:Bo2 
;rt;HTCH). Pac..JeTbiiiJlll D = 26krii{m,irioririeHbi njm cneg.yroJ:I.~;x 3Haqeiiil.lrx: 

·1) ~apa~eTp~ !m~II~o;o;eii~_T~_{;~ a;o;~i~~-;~~~T:~~' .. ' ' ·· · · - .·. ,_': :::_~;;-

f3i,.E [o.o + 2.5], 
-. .,.f 

· .. 2).napaMeTpa B3aiiMO;rt;eiicTBHH a;o;a-r;oM-AK , , . 
1~'. :·.; .. • ·~ ;~:_,~;"" . ~- .... , :rr:i •_,_ 

, (3~£ =./J(ci -::'c) .E [0.0~ 1.0)..:'_: , , 
, .. A .~,• !" ., 0 ,", < ,> ~ -~ ''"':' ~ ~·- ~ .__,, \i.'"'~: ' ' 

; -r:f~o6J ~~TKO Qbi;rt;eJIH;~ BKJia;rt; xai</ioro nci BbiUreriepeqncneliH:bJ:£ini:pa~ 
~~Tpo~-':fla ;rt;UHaMirKy nepeHoc'a, Bee pacqeTbl:'npoBo;rt;:imnc:b npri O;rt;HHaKo: 
>~hlX nocT6HHHbiX rpaHnqitbrx 3HaqeHnsr}Cli{6:Hije:HTpar:iiin~ra:3a B 'in:loci<oc'in 

cd/6): v(6 :::::o,'e:;,r)·;; C¥1(6',=7)= v6;•'v(6',e~-~·o;';.):::::: a2(6",r)= v6~ 
li vo'::; 0.2. 3HaqeH:il:e' Vo:,; '0.2 Bbl6:iipanocb' Ha OCHOBe';rt;aHHhiX pa60Tbi 

: [13] -~illi OAHOMepHoii ;rt;IIHaMHKII cop6D;nu, r;o;e ~6i,Irin paCCMOTpeHbi CTa~HO~ 
-' -<> ,0 • > •, '• • " '' > ~ ' '• • < \;' j • • <o • ~ • '••, ' 

HapHbie 3HaqeHU.ll IIOKpbiTliJI IIpll 3a;rt;aHHOM paBHOBeCHOM · pacnpep;eJieHIIll 
. ~o:H~eHTpa~Hn r"8na:, T.e.:Kor;o;a -~~ = o:':" . 
· Ha pnc. 7 .··n:P'eAcTaBneHbi pe:lyii:bTaTbJ:'qncrieHHoro''pellleHnH' cucTeMbi 
:ypaBHeHIIH (14r.:_(16r;rt;JI.ll IIHTli'MbMeH~OB BpeMeH:ll: T = 0:2, 0.4; 0.6;.0;8 
~H i.o.- Pe3yiTbTaThi; npe~CTaBiieiiirhie' iia ~pnc.7' 'norryqeHbl· npn q)IIKCIIpo-
BaHHbiX 3Haqe:Hii:H:X '{Jt£ ~:!:::: ·· 0.5, d = Oi z = 4 u · cooTBeTcTIIel!Iio •cne~yro

'"I1.ux 'oHaqeHIIHx · napa.MeTpa 1 Boal1Mo;rt;eiicTBm1 :Me:a<;o;y ·cop 6upyeMbiMII r qa
cTn~a:Mn:·',Bc =; 1.0 ( cneBa);' 1:5 (B cepep;IIHe), 2.0 ( cnp~Ba). Bii;rt;H'o;'qTOfc 
yBennqeHH~M mipaMeTpa {Jc KOH~eHTpaQIIOHHhlii npolpiillb B ra:30BOH q}a:le 

. OT·:K~oH.ieTcil' OT. paBHOMepHoro li. ripHHIIMaeT q)opMj' c:Kaqr(;;, Ai.Janoruq
Hhre xapTHHhl'6:brriii: o6:Hapy~eHbi H npu y:Bennqeriuii (3& IIJiii·z/q)i-IKClipyJI 
IIpH 9TOM ;rt;pyrne n_apaMeTpbi.CliCTeMbr. ThKttM o6panoM, B :'paMKaJC IIC-;, 
CJie~ye:Moii: :Mo;o;eil:Ii; '6;o;lio3iia..J:H6 Iia6niO~aeTcH Bo:lHuKHo:BeHne ·xoH~eHTpa
~noHHh!x BOJIH ripli 'yqeT'e CIIITbHhlx Baim:Mo;o;eiicTBUil.B a;o;cop.6aTe. Cy~e
CTBe:H:Ho,: qTo cxaqxoo6pai:moe'noBe;rt;e:Ime KoHiieHTpa~nii B IIOTOKe. orpaHH
..JeHo cop6rl;nolllibiM BpeMeHHhrM nHTepBanoM>t ::;;. r 0 :·B• o6nacTHX n>:.l.O 

( t ::> io) M:bi 6y;o;e:M; Ii~eTQ p~BHo~wp:Hoe pacnpe;o;eneH:m! v(Z,; r) . rio' sceii 
.·. rioJ3~pxi:rocTn: ThKnM .o6pa.:Jo~,'npHMbie pacqe.fir' ciicTeM:bi · ypaBHeH:uii Iie
paimoBecHo:ii ~niiaMnKli: ~p6~Ii:n noxanhiBaro~;:~To: riepeHoc :ra:loB~ro· no
To~~ Il'?~.aKTIIBHOH IIOBepXHOCTII CTa.HOBIITcH' cyiiieCTBeliHO; HCJlliHCHHbiM, 
H~Pru3H~MepHhlM ~p~·· YBeJIII~e:lhm' napaMeTpC>B 'BnruiMo;rt;enCTl3liH; B ct'Acop

. 6aTe~ ~ Alianno nOny<leiiubix proyrrbTaTOB ~aeT' OCHOiill.HiiH np'e;o;nmio)KnTi>''o 

:12 

-:-> 

- "• ----~, 

cKpbiTOM MexaHit3M'e·q}oJJMIIp.oBaHllH.BOnH xoin:ieHTpa~nii, o6ycnoBJieHHbiH 
BllliHHHeM aKTIIBHOH{nosepXHOCTII. ·' ~-

! :,.....,. 

_.\ S. 3aKJIIO'IeHHe 

B 
1 

;rt;aHH~ll. papoT~. ~6=o6~e~ · IIO)l;~O~ K OIII~~a~l~IO II~?Ue~COB nepeHOCa . 
B OTKpbiTOII CliCTeMe, KOr;rt;a aKTIIBHbiii.aJieMeHT ,cop6npyeT.II3 cpe;rt;bl>qa
CTII~bi, · Ilo;o; aKTb~HhrM aneMeHTOM npu D = 1 ( b ~ pa:3uepHOCTb aKTII
BHoro aJieMeHTa) IIOHIIMaiOTC.ll IIOJIIIMepbi, MOJie'KyJia ,IJ}IK II ;o;pyrue KBa
miO;rt;HOMepHbie. <;UcTeMbi; npn Q =:=;:: ·.2- ,noiepxirocT:b u' npix D = 3-
KpncTaJIJibi ( B qacTHOCTii-; u~~JIIITbi) .11 -~pyrne IIOpiiCTble Tena. Komrqe-· 
CTBeHHo IIccne;o;o'iaH~ ;o;l1H:aM'1{~a:q)QpMnpoBaHI_isr ioH~eHTpa~nii B oTKpbi
Toii cncTeMe no.}oB: q: a;o;cop6aT, Ha o~liolie q-{xcne!IHoro: aHanima pellleHnii 
HeJIIIHeHHbiX ;rt;n~q)~p~H~HaJibHbi~· ypaBHCHIIll ra.:J~;rt;IIHa:miKII II KUHeTIIKII 
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CTII oT KoToporo K~:H~eHTpaundr.B noToK~ i'ieHsreTcH cKa~nmo6pa:3Ho. Ilony
~elilil,ui peOJllbTaTb~ J'rpiii.teH:eiibi ;rt;ITH IIHTepnpeTa~IIII 9KCIIepii11eHTaJibHbiX 
~aHHbiX IIO q}H3Hqe(;KOH a~c;;p6~IIII B KpiiCTaJIJIIPieCKIIX ~eOJIIITaX.-

'. l-·" f~";-. ('."• j.,-.-., ,·-.,--"\f ... ,--~·", ·-. ,.····-.: 
B naxnroqeHlie Bblpa:a;arol · rny6oKyro :. 6naro;o;apHOCTb npoq)eccopy 

B.K.<l>e;rt;HHIIHY 3a o6cy~;o;eii1ie'. -no~T~oBKnr~a;o;aqu n npoq)eccopv 
II.B.IlY;JbiHHHY na pH;rt; D;eiiH~:i{co~eTOB hp1~ ~ir~~nHeHmi qncneHHbiX ax~-
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