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Bae]:lemte 

Cor.n,acno pa6o,TaM 'I 1- 31 , nocB.Hm,e!fH~Il'~ '3KcnepHMeHTaJibHOMY • HCCJie;:toaa-

. HH!O .npoueCCOB COPOLIHH BO,!:l.HHOI"'O napa· JIHnH):{H.biMH MeM6paHaMH, B KatieCTBe H30-

TOnOB MoneKyn Bbl6epeM ~ 0 H ~ 0 ,. B KOTOPbiX BOIWPOA . 11 3aMene~ na 

]:leitTepHH '?J (TaK 'ITO ~ 0 - OfibltiHal! BO]:Ia, a ~.,t {) - "T.HlKeJia.H" 'BO]:Ia) •. 

B pa6oTe 
141 

6biJiil paCCMOTpeHa· ]:IHHaMHKa COP6UHH BO]:Ibl npH YCJIOBH.HX, KOr;:ta 

HaCbi!I\eHHOCTb BO]:Il!HOI"'O napa, B KOTOPbiH norpyJKeH o6pa.3ell Jlll~-k~H·OH. MeM6pa

Hbl, nO]:I]:IeplKUBaeTCl! nOCTO.HHHOH B Teti.eHHe BCero npouecc·a Copfil\Hii ~nJIOTb 

]:10 HaCblll\eHHll ( COPfiliHOHHOr'O paBHOBeCU.H). Ta HJIH'"mia.H HaCblll1ei;HOCT~ BO]:Il!H0-

1"'0 napa, npH 'KOTOPOII npOBO]:Il!TCl! H3MepeHHll; ':B .pa60T.aX .· /J - 3/. ~6oa~~·qa~TCll 
qepe3 ¥! (npll 3TOM no,]:lpa3YMeBaeTCll, 'ITO co·~TO.HH!i!O fit ~OOTBeTCTBY!OT 
qmKcupoaaHHbie TeMnepaTypa T H ';:taanenHe · p ) . · 

. . AHaJIHTUtieCKHe · Bblpa~eHH.H' ):{JI.H' KOHUeHTpaUHH a]:lcop6upoBaHiioH BO,ll;f>l, HaM-

}:IeHHble B pa6oTe 141
;'oKa3aJIUCb B ):{OCTaTOtiHO koppeKTIIOM ~O~TBeTCTBllll 

c 3KcnepHMeHTaJibHbiMH pe3ynbTaTaMH pa6oT /1.- 3 I: 3To o6cTo.HTenbcTBo: :rro3~~-
. ' . 

Jil!eT Ha]:le.HTbC.H, ''ITO o6o6m,enue.paccMoTpeHH.H npoueccoa'cop6tiHH·c noMom,b!O 

ypa~ne.~uil MaKpoKuHeTHKH, npo~e,ziennoro a pa6oTe I 41 ;' ii.acT B03MOlKHocTb · 

TeopeTUtieCKH onHCaTb npouecCbl li30TOrllltieCKOPO 3aMem,eHH.H MOJie~yn Jtt0 Ha 

~.zO npH H3MeHeHHH YCJIOBHH npoTeKaHHli npoueccoB cop6UHH: 

Y1 ( ~o! ~ ~ ('?:JJ.. o) 
i, k = J;..Z,.3, ••• 

( 1 ) 

KalK]:IOMY COCTO.HHH!O BO]:I.HHOPO napa. yt COOTBeTCTByeT.. KOHUeHTpa[IH.H HaCbilll,eH

HOr'O napa ft.ot = CO~ ]:IJill ·()6bltiHOll · BO]:Ibl ll /'1~,:; =·C.On-S"t! }:IJill "T.HJKe-

noli" BO]:Ibi ••. 

B, OCHOBHOM l!MeHHO ~.aCCMOTpeHH!O npouec~OB en ·ll nOCB.Hm,eHa ]:lal!Ha.H pa,-; 

6oTa. HeKOTOpoe BHUMaHUe.,y):leJieHO npOHHKHOBe~H!O MOJieKyJI BO]:Ibl tiepe3 CJIOH 
' . ., .. 

r'OJIOBOK JIHnll]:lllbl~ MOJieKYJI .l':leM6paHbl. Ho XO.Qy li3JIOlKeHHll,· OTMetiae.TCli TaKJKe 

B03MOlKHOCTb Y,tieTa s.aBl!Cl!MOCTeif MaKpOCKOPOCTeil COPfillllll ·aT B?eMeHU. B TOM, 

'ITO MaKpOCKOPOCTll' aoo6m,e rOBOP.H '· .HBJI.HIOTC.H IPYHKUH.HMH apeMeHH' HeT COMHe;

HH.H, nOCKOJibKY COCTO.HHHe JIHnH]:IHOll MeM6paHbl li3MeH.H~TC.H B npo~ecce cop6UUH;: 

O;:tHaKo, npnnnMal! ao alinManiie, tiTO npoueccbi cop6unu .s~cnepHMeHTanhHO uc

cne;:tY!OTCll a H30TepMntiecKnx ycna·an.Hx, ecT~CTaen~o n~1~HTbCJI_·na 'cna6yw 

3aBHCHMOCTb MaKpOCKOPOCTeif COp6UHH OT BpeMeHH • 

. -------... -·-
! IJ:•::.a;,c;!;'ttii.<S gs:ntty'r 1· 
t ""'""';:·l•.,u· 11;;('-,.,."1'\"'!l<!t:!A , ....... ~ ·'l'i- lt;,..H ~\...t;.-o~H:;._...VDniUii.:l 

i 6HSh&rtOTEKA . . _ _.. ._._ 



1. MeXBHH3M·cop6QHOHH0£'0 3BMe~eHHn H30TOTIOB BO,!lhl H COOTBeT~TBYW~an 

CHCTeMB ypBBHeHHft MBKPOKHHeTHKH 

/4/ . . .. 
B pa6oTe 6bmo npuHnTo, 'ITO Ha nosepxnocTH nununnoA MeM6paHbi" 

nponsnnwTcn_ nsa anna cop6upyw~ux _ueHTPOB i!_i u Z.z ~ cy~ecTsen_H:~ ~Tnu

qaw~necn• CBOeft.: BKTHBHOCTbW. i1MeHHO 3TO 06CTOnTeJJbCTBO H TI03BOJIHJIO 3Bni!

CBTb npOCTOft MeXBHH.3M 'c.op6QHH s'o]:lbi:· 

'. k· ... 
1. "Z1 '-fJfoo -:f.(Z.tii.,O), 

( 
. K,_ 

2 • i!.LJI;,o)- ~.1+/U0 
. ..; 

(2) 

3. :Z..z ~~ 0 -Sa (i!.,zfUo), 
'<' ,. : .. . ··.· k .. 

•· (~.t-~o)....:;!! Z.z +fl.:to. 
5,',, 

3necb o6o3HB'leHo: K: - MBKpocKopocTH 'npoueccos cop6unu ( · i =1 ;2 ;3 ,4); 
~ . ·. 

( Ze 1/.:t__O) -. KoMn.neKcbi aKTHBHbiX ueHTpos u MoneKYn sonbi, so3HHKaw~ue . 

HBTIOBepXHOCTH·JI!iTIH,!lHOH MeM6paHbl ( e =1,2). ,[{nn ]:IBJibHeftrnePo,·H36eraH; 

TIYTBHHQbl, . HeJJHiliHe . OTMeTHTb: KOHiieHTPBQHH CB060,!lHbiX (He· 3BHRTbiX) BKTHB-
. ' '. ' . 

HbiX QeHTpOB 6YAY;T 0603HB'IBTbC.H qepe3 ~ H ~ ; COOTBeTCTBeHHO ~~ 

ll 2! D~ 6YAY~ o'6o3HB'IBTb TIOJIHbie. KOHQeHTpBQHH BKTHBHbiX QeHTpOB ·ABYX ''. 

Bli~OB; TIPH 9TOM, eCJJH TPBHC~OpMaQHH ~B9hl JIHTIH,!lHOH MeM6paHhl He TIPOHCXO

]:IHT, TO BeJIH'IHHbl :Z o.f H 2?"o.,t He 3BBHCRT OT BpeMeHH, T: e. RBJI.HWTCR 

TIOCTO.HHHblMH. 

:EcTeCTBeHHO TIPHH.HTb, 'ITO ~JI.H •MOJJeKYJI TnJKe1oA ~O,!lbl ~.,t 0 HB nosepx

HOCTH JlliTIH,!lHOH MeM6paHbl 6YAYT nponBJJHTbCR Te "JKe ~KTHBHbie QeHTpbl, KOTO

Pble copBHPYWT MoneK!Jibl ll,i·o··:· KoHe'IHO' 'MBKp.OCKOPOCTH" cop6tiHH o6bi'IHOA 

BO]:Ibi . kz, nonJKHbi 6biTb /3aMeHeHbi senH'IHHBMH Kf. nnn ~..t 0 , nocKoJJbKY 

BKTHBHOCTb · TBK HB3biBBeMbiX BOAOPO]:IHbiX CBR_3eA ]:IJIR ~ 0 ll 2>.,t0 MOJKeT· Cy

~eCTBeHHO li3MeHHTbCR. ,[{eftCTBHTeJJbHO, ·Mo6HJJbHOCTb BTOMB BOAOPOAB . B MOJJe

Kyne .fi:t. 0 TIPH" ee B3BHMO]:IeftCTBllll C TeMH HJIH HHbiMH BKTHBHbiMH QeHTPBMH 

· cy~eCTBeHHo npesocxcinHT Mo6HJJbHOCTb neATepH.H s -~lOJJeKyn·e·'X5.t 0 a''npoQec

ce-Tex JKe B3BHMO]:IeftcTBHft, TIOCKOJibKY MBCCB neATepHH'npaKTH'!eCKM BQBOe 

npeBOCXO]:IHT MBCCY "BO]:IOPO]:IB. Y:'IHTbiBB.H CKB3BHHOe, MOJKHO" 3BTIHCBTb CTOJ!b lKe 

TIPOCTOH MeXBHH3M ]:IJIR TIPOQeCCOB Cop6QHH. T.HJKeJJOH BO,!lbl·: \'; 

, ,. I . 

1 • ~.i +'JJ-3-_o-+..t (Z1 ~4-o), i ~. -' 

( 
)tl . 

2. ~:f. 'J:)J. o) ~'J, "Z!:f. + 'i:Jdlo. 
. L 

(3) 

. . K' 
3. ~.z + <i)..to ~3 (::z. 5!> o, 

. k' . -.,z, ::Z :;, 
4. {i!.x, ~~ o} _.,. ~;p., -f:'l:>J.. o. 

-,/ -
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B MexaHH3Me ( 3 l nonqepKHyTo, "'ITO cso6onHbte aKTHBHbie uenTpbi ·• Zc · Te JKe ;· 

KOTOpble npORBJIRIOTCH B MeXBII1!3Me ( 2). 
,[{JJH 3BTIIICII MBKPOKHHeTII'!eCKIIX ypaBHeHHH, OTIIICbiB~W~IIX TIPOI.IeCCbl cop6-

UIIII, BBe]:leM CJJeQYIOll\He o6o3Ha'leHIIH:. /1. (i) = ["II.J-o/, /1-/(-6)-'L~ o/ 
KOHI.IeiiTPBUHH: napOB 06bi'!HOH. H TRJKenoA BO,!lhl BHe ci6pa3QB Jlllllll,!lHOft Me~!6paHbl; 

t5'e.Jtl= [r.e.I!J_ q;, of (i)-:=.[i£e ?:J.,zOJ - KOHI.IeHTPBUHii. B,!lCOp6IIpOBBHHhlX; 

MOJJeKYJI 06bi'IHOll- II THJKeiloft BO]:Ibl ( e: =1 , 2) • C noMOll\bW MeXBilli3MOB ( 2)- ( 3 )• 

II TOJibKO 'ITO BBeQeHHhlX o603HB'leHIIH 3BnHIIIeM ypaBHeHHH MBKPOKIIHeTHKH: 

dn ·· ·· · · · 
1.& = -K1nZ.t+K,t,6j_-K3 n-~.J-+Kvdj-.lj!Vr 9-n-(l}, ·· 

~ '' . . ' 

2. ~ --:_1<; nl~~-rl<l_6f. -t<3n!~,i+ ~rro;,-_x;n~+ rfo.t,r-tJ, 
' dfi: .·· : . . . . ' 
3. d~ == K1..n~1 - KJLOJ.., 

d tJj"' , I I I I 
4. -;;{-l -:= K1. 11)~1.- K,j,_ ~ 1 

d6j_ 
5 • ...;._-. = K3 ~~.,i.- K.ut:Fo d-6 7 -J 

I . : 

6. ~= K~ nf~.$-- I<~ o:11 a-t 
7. CL."z1 =-kJfl.~J. + 1<~6j_- Jt:.~n!~J.+kl6f 

d-f :L I 

d~~ . /<. · I I s. __ =- 3 nr." + Kv(}-3,- K3 rz; r.J.- +K~ t:J:1 

~i - ~, 
dft. . 9 •. y_V' n·. 
--;.A/tV) 
ct-t . I . 

10. d~~ 11"1 I 
~ =--.Afn;, 

~ :; 

~.~ .. , t. 

(4) 

.') 

KpoMe sem1'1HH, o6ogHa'!eiiHH "KOTOpbiX OTMe'!ellbl pauee; ·3neci/ ssenein',J :J!P<!JeK

nisi-ibie MBKPOCKOP_OCTI! !lJJJYKTYBUHOIIH0£'0 ·TIPOHIIKIIOBeiiiiH' o6bi'IHOli 'BOJ\bl' ~ . 

H THJKeJIOii sopbl ..r; . .-'l:epe3 ):JJOH POJIOBOK JIIITIII]:IHbiX MOJJeKYJI, nenocp~,!lCTBeHIIO 

conpHKacaiO~nficH c napaMH BOAbi, B KOTOpbie norpyJKen o6pa3eQ ( nonpo6nee 

o CMbiCne 3TH X sennqu~'~ eM. J;·~~~'e) • B cooTBeTcTs;lll c :3~I~M ssenenhi: i<onuenT

paQHH MOJJeKyn 06biqii~A BOAbl /tl 11 MOJJeKYJI THJKeJJOi! BO}J.bl 11/ , npOIIIIKIIIIIX · 

B n,onoCTb, .rne; ~BS~OJIOJKeHbl .,XBOCTbl _ JIIITIH,!lllbiX MOJJeKyJJ ~\ ~yHKQIIII.\:'~n.-"{-6/":. 
11 '1-/v (-6/ _OTPBJKBIOT B03J:l:fiC:T.BHC BlleiiiiiiiX: I~CTO'IHIIKOB -tt 0 .;: II; X) .,f. 0 na·. l''\-' 

KOIII.IeiiTPBI.Illll, 3TI!X MOJJeKYJJ B· nap ax BO,!lbl, .. 110. Bile o6pa3l.la JIIITIII}J.HOll .~leM6pa-
• '• -. ' - ~- • < • ~·.. '· " • --' ~. • ---- .... '. 

~~~:; Bee K~HIU~H'"fP_BI.II~.H. -~OMI_IOI~eiiT! BX9AH~I!e Brcnc:reMY, ~pasnennii,·,( 4 ),,~c~J1JIH
WTCH ycpenH,CIIHl>IMI! no IIPOCTPBIICTBellllbiM nepCMCIIIIbiM II no TeM o6nacTH~! '. 

.B KO;Opbl~ ~~~KBJII130HBII1~1 ;T~ IIJII; ; 11!llbl~. KO~l'l1·0·1l~;;~hl ?~f; TBKII~to~p~~~~;, 
• H .:.. . •. ~ Ji ;,~.~-•·-~;-• ' --.····'·"-"'' 



KOHQeHTpaQHH scex KOMITOHeHT B ypaBHeHHHX .. ( 4 f -HBJHIIOTCH QYHKQHHMH TOJlbKO 

speMeHH. 

Y.z:teJJHM HeKOTOpoe BHHMaHHe CMbiCJJY 3QQeKTHBHblX MaKpOCKOPOCTeii 4 
n 4 . B pa6oTe 

151 
6btn-o Y.z:teneH_o HeMan_o BHHMaHnH npoueccaM Macconepe

Hoca B Jllfllli.[IHbiX MeM6paHaX. ABTOP 3TOH pa60Tbl ~1. HaKaraKI! ITPHWeJJ K BbiBO

LIY ,' qTO TeOpliH ,[lll:t$Y3liOHHbiX npoQeCCOB He MOJK~T npeTeH.[IOBaTb Ha HCttepnbi

BaiOtnee onwcaHwe MacconepeHoca s nnnn.r:~HbiX MeM6paHax. 3To. CBH3aHo co cne

un¢JnKoii CTPYKTYPbl CJJOeB ee MeM6paHbl - B3aHMO,[leHCTBlleM rOJJOBOK MOJJeKyJJ 
. /5/ 

JJHnH.[IOB II IIX XBOCTOB. CTporo roBOpH, KaK OTMeqaeT aBTOp pa60Tbl 
1 

~mJKHO- rosopHTh JJHWh o npo1.1eccax npoHnKHoseHHH Tex nm1 IIHbiX MOJJeKyn, 

aTOMOB HJJH HOHOB qepe3 CJJOH MeM6paHbl. He CJJyqaiiHO IT03TOMY liM BBe,[leHO 

noHHTHe :PH311Ko:..xnMwqecKoro noTe·n.rinana ·: no3BOJJHIOtner6 KJJ~ccwqmunposaT·b 
pa3HOo6pa3l!e Bli.L\OB npOHIIKHOBeHHH qaCTIIQ 1 BKJJIOqalJ npOHBJJeHHH 1i .L\HQcPY3IIO

ro nepeHoca B HeKOTOpbiX 06JJaCTHX CTPYKTYPbl CJJOH MeM6paHbl. 0.z:tHH H3··B,li,[!OB 

npOHHKHOBeHHH qaCTIIQ CBH3biBaeTCH C CYtneCTBOBaHI!eM ITOp IIJJII MIIKPOITOP 

B Jll!ITII,L\HbiX CTPYKTYPaX 1 qepe3 KOTOPble II MOrYT npOHI!KaTb qaCTHI.lbl. ~111KpO

ITOPbl aBTOP CBH3biBaeT C npocTpaHCTBeHHbiM pacnOJJOJKeHI!eM roJJOBOK If XBOCTOB 

JJHOH,[!Hb!X MOJJeK,YJJ. O,L\HaKo YMeCTHO 3.[\eCb nonqepKHYTb, qTo see paco.l'oTpeHI!e 

aBTOP nposeJJ TOJJbKO lla OCHOBe nOHHTHii TepMO,[lHHaMI!Klf
1 

XOTH C era OCHOBHbi

MH - KaqecTBeHHbiMH - BbiBO,[laMH HeJJb3H He cornaCHTbCH •. ·J1MeHHO n03TOMY HMe

eT CMbiCJJ npHBJJeqb nOHHTHe MHKPOnop 1 HO nepel!eCTH e ro I! a YPOBeHb MaKpO-

KHHeTHKH. . . . 
B ,[laHHOM CJJyqae peqb H,[leT. 0 npoHHKHOBeHHI! MOJJeKYJJ ~ 0 HJJ!i ~.,t 0 

qepe3 CJJOH. rOJJOBOK JJHnH.[\HbiX MOJJeK)rJJ •.. ·PeaJJbHO MOJKHO rOBOPHTb He 0 CTaQH

OHapHOM ceqeHHH MHKPOJJOp 1 a 0 ero 3QQeKTHBHOM 3HatteHilH S~ 
1 
KO~opoe 

COQTBeTCTBYeT ycpe,[!HeHHIO no QJJYKTYaUHOHHbiM OTKJJOHeHHHM rOJJOBOK :nHnH,[!HbiX 

MOJJeKyJJ OT ITOJJOJKeHHH paBHOBeCHH. ECTeCTBeHHO, qTO TaKHe OTKJJOHeHHH CBH-

3aHbl C TeMnepaTypoii o6pa3Qa JJHITH,[!H~H MeM6p~Hbl If OKPYJKaiOtneii cpe.[\bl; oripe

,[leJJHIOtneii Cpe,[!HIOIO KHHeTHtteCKYIO 3Heprlfl0 roJJOBOK JJHnlf,L\HbiX MOJJeKyJJ. · CKopee 

BCero1 HMeHHO (jJnyKTYal.llfOiiHble OTKJJOH~·HifH· r'oJJOBOK JJIIITI!.L\HbiX :MOJJeKYJJ If HBJJH

IO'I'Clj OCHOBHbiM '(baKTopoM; ·Onp~.Qe.iuiiOn{uM MaKpoC~OPOCTH npoAHt<HOil~HHll ·J1.:e0 
If ~.,tO;;- Hx MOlKHO 3aOl!CaTb B (jJopMe: •, 

. . ;.. . . I - · .:· .. :· . .: T 

Jf (i} = Zlt-t}s31Y' Ulf, . .J/ r-t/= iEtl-f} ~~ ur:• (5) 

:;._( ·. : '• ' : .,-~ .. ~--· 'j:r 

Benliqlf.Hbl·~ '•, u_¥j -: ~ePOHTHOCTH n~:HHK,H~B~·it~~ ~Qn..~.~t~~·~f~i~~O: .f 
qepeg O.L\HY· 

11
.[\blpKy'' (nopy) B e,L\HHIII.lY BtJeM~HH;. s~" . - 3!lJ4!eK'J"I11t~Oe ce-

·qeHne. !lJ,JJYKTYal.lHOH.Ho B03HHK:i.iol!leii .zi_biPKH; ~ :- K~Hl.leH'rp·7~Hll ~~POK ua ... 

noBepxHOCTH MeM6paHb1 1 HBJJHIOtnaliCH B 06tneM CJJY<Iae !lJYHKI.lneii BpeMeHH; JlCH0
1 

'IT~ BenHqljH~ li'' 6y.z:te~ ~3MeHHTb,CH no Mep:. 3ac~neHHOCTH ·~KT.HBHbiX ~op6n
PYJOIIII!X ·l.leHTpOB ~ TeopeTHqeCKI! 3HaqeHHll aennqlfH, .BXO.L\llllllfX B . COOTHOWeHI!H. ( 5) ·

1 

4-

\ 
J 

.. !!\. 

~ 

'j 

I 
)( 
;I 
I 

MOJKHO HaiiTH Ha OCHUBe QH3HqeCKOii MllKPOKI!HeTHKH 1 Ytt:llTbiBaiDtneii' MHOrHe KOp-

peJJHl.\lflf B .L\BifJKeHI!liX MaKpOMOJJeKYJJ. 3.[\eCb JKe orpaHHtt:l!MCH TeM, q:TO MaKpO-
/ •. : . .. \ . 

CKOPOCTII ..r,lf ,4 6y.[\eM C'll!TaTb 3a.[\aHHbiMH !\JyHKI.lH5U,iH 'apeMeHH. 

·'-, 

2.· nepsble HHTerpaJJbl ,L\BHJKeHHll ypasHeHHii MaKpOKHHeTHKH 

.[{JJH npoaepKU KOppeKTHOCTH 3anHCff ClfCTeMbl ypaaHeHHii , ( 4) CJJe.[\yeT 

HaiiTH nepabte. ~UTe~1Ja!lbl AI!~~eHnH. 0Hn n.oKaJKY; He TOJJhKo OAH03H~tt:HoCTh 
COOTBeTCTBHll 3THX ypasHeHifii C npHHHTbiMH Bblllle MeXaHH3MaMH npoueCCOB 

cop6l.lHH n nponnKuoaeHnH, uo n (jJnKcnpyroT ·fianaucoabte coc>TuomeHHH MeJKAY 

KOHUeHTpaUIIHMlf pa3JJH,HbiX KOMnOHeHT 1 KOTOPbte If BbiHBHT peaJJbllOCTb ypaB

HeHifll (4). npo1!3B~AH CYMMllP~Ba~H~ yp'aaHeHHii''(4):..1, (4)-3, . (4)-S, 
H ( 4) -'9, uaiiAeM nHTerpan J.lBHJKeHMH, !}mK'cnpYIOtnHii 6anauc MoneKyn ·1/.:t 0 

d . ·· ..... ······· 
t# (n + 6]+ 6j +nf)- : ... 

( 6) 

=-Kt.n Z:;t +K.z6j ~/(3rv~.A-. + Kytfi-.J{a·+ Cjtv(i} -1- · 
-·~- ~-, _, '~ .. ,:(. :-·' ~,· . . . . 

f-K.1.n~J_ -Kdtdjf-K3n~J--K'I~ +.X1n-;_ 9-n,(-6/~ 
,.,;._, 

HHTerpHPYH nonyqeHHOe COOTHOWeHMe, 3annmeM: 
. .. -t 

tz+tii +~ +rvf /'tnJ-l-')dt/+no·+O.,t.+tJo.J..+no/· 
0 ·,_ .. 

(7) 

3J,leCb YttTeHbl uaqaJJbHbie YCJJOBHH npn -t =0: 

JZ-(o}. no, dj(o) =Dei, 6j(o)_::_6"o.iJ ~l{o)~ 11-of .. 

TaKHM. o6?a30M, qMcno MO~~.~Y~ 1ft, 0: coxpaHHeT.~~, 
CosepmeHHo-auanorntt:Ho, CKJJaAbiBaH ypasHeHnH 

KaK H ;1\0JJJK.HO 6biTb,. 

(4)-2, (4)-4, (4) -6 

If (4):;-1,0 1 ... Haii;I\eM 6anaHc ,MOJJeKYJJ ~.,z0 

,. ..·. d.(n'+df -f.tfj,, +nftJ' . tj:V(-t~ 
·d-6 .• , .... ,... .. ' . . ,·,· 

( 8) 

,.I 

;;, 

Hnn s iiuTerpa~~Hoii' !llo .. pMe · ·. ·· • . . · 
. . f •. - ·: . . - -t. ,•: ,. ..' ·, ·: . . ' . .. .. : : f· 

:IZ/..+,11"/ +o.f +tzl-·j~(~'}di:' +nf. +11"t.t.+f5"~ +n~1,. 
1.' 0 ....... , ... ·.·~ 

(9) 
i 

. n,1(o)-ht1''oft~(},~,6f~1)6{?o; ·.6D!z{;.~fro}'. n~j: '''"~·:.' ··; .. c ,.,. 

HHTerpaJJ~ A~MJKeHHH, ( 7) _If:._( 9) 1 ,,KaK >~ff.[!HO, xapaK..Tepl!3YIOTCH. naJJilbiM nO;I\06H-: 

eM If npe;I\CTaBJJBIOTCH'cosepmeHHO·He3aBHCIIMbiMII~. 0;1\HaKO 3Ta He33BffCHMOCTb 

J'IBJJHeTC~ K~~y~~~e~CH •. .[{ei%cTB~~-e~~H01 CJJOJKeHI!e ypaBH~Hlfll ( 4) -3, ( 4) -4 
- / . -

s'j 



H ( 4) -7 llPHBOAHT. K cpoTHOWCHHIO 
! ' ~ :' .:, 

'd' .. ' .·· ' 
d-t•(Oi.+ oj +Zt)=o~ ( 10) 

T, e;. HHTerpan ABllli(CHHll, COOTBCTCTBYIOmllil COXpaHeHHIO tilfCHa aKTl!BHbiX UCHT

pOB BHAa 'Zt. B npouecce cop6l(Hll, eCTb 

. / .: ,, .. 

15L + 112 +Zt = Zo.t. ( 11 l, 

CooTHomeHHe ( 11) BbmonHlleTcll' B nw6ou MOMeHT a'peM~'Hii ,''a' ti'a·cTHOCTH, 

II np11 i: =0 :· \< 
' . . ' ' .;·. .J . 

6L (o} +o/roJ +~ (o}= ~o.t. 
'\ t.'·""' 

.., ; ) <!r ( 12) 

_L I / .. 
Ecn11 B MOMCHT _7;' .=0 ~(0)=6D,t>.o, dj(O}=ffOt > 0 , , TO tJIICno .CBOOOA-:, 

H~ ·aKTIIBHbiX _ueHTpoa z
1 

(0} :;l·'Zo.t :• tJTO cymecTaeHHo Anll AaHbHeiiwero. 

11HTerpan ABHlKCHIIll ( 11) B liB HOM BIIAC OT06paJKaeT 11 KOHKYPCHUIIIO'~ MOneKyn 

~ () 11 t:i?>..z.O B npouecce 3aceneHHll cao6oAHbix cop611pywm;;~ ueHTpoa BIIAa 

'1" , KpoMe TOrO, OH llOKa3bii'iaeT, tJTO HHTerpaHbi'ABIIlKCIIHll (7) H (9) Ha 7=-.t . 
CaMOM ACHe CYmeCTBCHHO CBll3aHbl~ ;· ·· 

B llOHHOll aHaHOrllli C IIHTerpaHOM ( 11) MOlKHO HaiiTH HHTerpan ABHlKCHIIll, 

CYMMHPYll ypaBHCHHll -(4)-5 1 .,(4),-6 II<(4)-8:' 
'. '· 

~ (6J_ +rsj +"ZJ-)=o, (13) 

Hnii 

·. I , 

~ +~ +~.t = ~0.£-· (14) 

AHanoriitJHO B ( 12) B HatJaHbHblii MOMCHT BP~~CHII i: =0 aKTHBHble UCHTPbl BH

Aa ~ MoryT 6biTb qacTIItJHo ~aceneHHbiMH,,11HTe~pa~ llBIIJKeHH~ .(.14) cncisa 

llJIIKCHPYCT CYinCCTBCIIHYIO CBll3b IIHTerpaJioB ABIIlKCHIHl (7) II (9), a TaKlKC 

OT06paJKaeT KOHKYPCHUHIO ~0 'u '9:).,t 0 nim •. _3aceminliH aKTHBHbiX. ueHTpOB, 

BHAa Z'.,t' . ·~; ' ; ); , , :_~ . 

TaKIIM · o6pa3oM, YtJHTbiBall HaniitJHe II cMbicn·'liHTerpanos ·ABHJKenml,~ MoJKHo 

3aKHIOtJHTb, tJTO CIICTe.Ma ypaBHCHIIH (.4) BllOHHe KOppeKTHO ·. COOTBCTCTBYCT 

MeXaiiii3MaM llPOUCCCOB ( 2)- ( 3), a ;!iKlKC y~e·T.; tlJnyKTYa~IIO.HHO~~-- llPOHIIKHOBe

HHll MoneKyn 'BOAbl. qepe3 ~HOH rOHOBOK ~HlliiAHWX MO~eKyn_ MCM6pallbl, npH 3TOM 
,:, !.C •·• ' I 

KOPPCKTIIOCTH PaAH CHCAYCT OTMCTl!Tb, tJTO CHCTeMa ypaBHCHHH ( 4) He YtJIITbl-
: ,. ~-"""> ~,: ._ \ • • • • \ .c 

BaeT llOBCACHIIe MOHCKYH BOAbl, 'npOHIIKWHX B llOHOC~b, rAe' pacnonbJKCHbl, XBOC-

Tbl HHllliAHblX MOHeKyn, ,TaKOH TCMaTHKe, CCHH B 3:rOM B03HHKHCT HCOOXOAH

MOCTb t 'CHCAYCT YACHHTb OC060e BHHMaHHe ,· 3ACCb, ·JKe CYJnCCTBCIIIIO OTMCTl!Tb, 

tJTo B Tex YCHOBHliX,. B KOTOPbl; · ~POB~AH~H·~-~ ':iKc'ri~;~~e~Tbi', I 1:. 3 < . "YTetJKa" 
'~ . . ~ -~ 

· MoneKyn BOAbl qepe3 cnciii ronosoK nurini\HbiX Monel<:yri~ necoMHeHno, · KoMnencH..; 

PYeTcll AelicTaHeM anemHero· :itcTotJnm<a ·napoa -~OAbi ,. hocKonbK; 8 npoue'cc~ 
:;_-~!--:" - •• ~ 

6,., 

A 

r 
·; 

I 
~ 

3KcnepHMeHToB coxpaHliiOTCH cocTOHHHll ·yt : ··· KaK .·.6bmo'• OTMeqeuo· · BbiWe, liMen

no paCCMOTPCIIHIO llPOUCCCOB BHAa (1) II OY,[lCT llOCBliJnCIIO B OCIIOBHOM naHb-

·neiimee 113HOJKCH11e. 

3. Bo3MOJKIIble aapuan~bl pemen11D ypaanenun MaKpOKHHeTHKH 

PemeHI!ll ypaBIICilHfl ( 4) MOrYT CYinCCTBCIIIIO II naJKe KatJCCTBCHIIO H3Me

HliTb~ll,•llPII H3MeHeiiHII tPI13lltJCCKHX YCHOBllii, B • ~OTOpbiX llPOTCKaiOT llPOUCCCbl 

cop6uun. no3TOMY llPCJK,!lC BCero HCOOXO}liiMO ,[lOCTaTOtJIIO tJCTKO llJIIKCIIPOBaTb· 

llJH3l!tJCCKHC YCHOBHH (B TOM tJIICne II HaqanbHble), B ~OTOpbiX CHCAYCT paCCMOT

peTb JipOl(CCCbl cop6l(I!JI. ToHbKO B 3TOM cnyqae MOJKIIO HaneliTbCll, tJTO Haii

,[lCilllbJe pCIIICHIIll OYAYT .nOCTaTOtJIIO KOppeKTIIO 'coOTBCTCTBOBaTb :JKCJICpllMCH

TaHbllblM naHIIbJM,, 

PaCCMOTpliM llPOUCf:Cbl; H30TOlllitJCCKOrO. 3aMCJI\CHIIll ~ (} Ha,, ~ 0 B npo

l(CCCe COpOl(lili B "IIACaHbllbiX" YCHOBiiliX. 3Ta "uneaHbiiOCTb" COCTOIIT 

B CHCAYIOJnCM: liCTOtllliiK ·. riapOB 5i::>.,e0 He. noc:raBHH~!. ll~H~Iecelt ~ 0 II nao6o

POT - liCTOtJIIIiK napoB ~0 II~ aiiociiT npuM~ce"ii ~ 0 ; BPCMll 3aMeweHUll na

POB ~ 0 Ha napbl ':Z>.,t 0. II HaO?OPOT B KOIITCllllepe .d:t npeue6pCJKIIMO Mano 

no 'cpaaueJi~JO c xapaKTepllblM BPCMCHCM AOCTJilKCIIHll cop6UUCHIIIOro paBiWBCCIIll 

<l'o , T.e. LJi <:< ~o-, (3ACCb ~ cnenYeT c'lJIITaTb xapaKTepHbJ~t Bpe-

MeHeM npOBOAHMbiX inMepeHHJ1) ; H,CT.OtJHUK · nap~·B ";Z)J' 0 , llanpit,~Iep, liBHliCTC li 

CTOHb MOJnllbJM, ,tJTo' KOIIl(CIITpal(;lelt ··napOB ~0 , •B03HIIKaJOmeii B llPOilCCCC , 

necop6l(Jill c llOBCpXHOCTit HllTIIIAIIOI1 MeM5pallbl, MOlKIIO npeue6pe~b ~(/ cpaBiie:: 

nmo c KoHuenTpauHeii' napoB ~..e 0, T.e. n(-t}.c.<n/(-f} = IZ~ , rne 

I . ~ /Z.O - KOIIUCHTpal(llll HaCbJmeHIIbiX napOB AJ,.t 0 , tJTO COOTBCTCTBYCT COCTOH-

IIHJO f'('JO..z 0). 
nyc;b Tenepb HMeeT MecTo CHTYaUHH, Korna npoueccbi cop5unn h;;eo 

'JiliTIU,[liiOH MCM6paHoii B COCTOHHIIII f"t% 0) 3aBCPIIIIIHJICb, a BHeJUIIllll cpena 

napoB Itt 0 "MrHOBeHIIO" '· 3aMewaeTCH'~IIaC.b:m~HIIbiM napOM ~.,t Oi , KOIIl(CIITPUUIIll 

KOTOporo YAOBneTBOPHCT'YCHOBiiiO '" 

I 

/· . I 
~ = 0 nf = con..-s-t = /Z-0 1 ct.-6 ' ' . . . ( 1 5) 

~:,-_: 

BblllOHIIliiOWCMYCll Ha npOTlllKCIIHli BCero llPOUeCCa Cop6l(IIOIIHOrO 3aMCUieHIIll h.t0 
Ha SO.z. o . To rna nnH npouecca cop6UIIoHHoro 3aMemenull ~ 0 Ha 5().,zO B Ka-

tJCCT)3C HatJaHbHblX YCHOBIIJ1 MOJKIIO llPIIHliTJ:: ~ 

68 (0} =lJ;e' 60~ •. ~ Oe1 
{()}= 0 J .e = .i,:L, 

·'. ' • '·~·····~~"'. --·~- • ,.. ' 0 .·~- '. 

( 16) 
,:·r ·.;:· 

rAe Doe - KonueHTpaUIIH ancop6npoa_aiiHoJ1 non~>~· 1/.r:o··, nocTnrrnaH npcne·nbliOit 

BCHlltJIIIIbl B YCJIOBIIHX f!/( 11.: o}, YtJHT~BaH. "HneanbiiOCTh" Y~H~Bl!I1, ~IOlKI~O, 
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npHHl!Tb, '!TO.,Ha npoTl!JKeHHH •acero ·npouecca 3a~temeHHH BhmoJJHlleTcll paaeu-

• CTBO 

/1, (-{;}= o (-zt.,£tt 12-(i/z. cons-6 ~o}, 

0 6 '-t !Sf:';,. 

_,;' 

( 17) 

B TOJJbKO '!TO ~HKCH~oaannwx ycnoaunx ypaauenHe (4)-3 

~RB~ 

npHIIHMaeT npocTeR-

d61 =- ks,6j_. ..J d=t " '(J8) 

Ono HMeeT peweqHe 

<Y(#- aa.1. e-k..r.-t 
I 

( 18 ' ) 

YJ:IOBJJeTBOPHIOII\ee YCJJOBHHM (16). Koneqno, ecnH MaKpocKopoCTb K..z liBJJHeTCll 

~yHKUHeR BpeMeHH, TO peweHHe ypaaHeiiHll (18) ~anuweTCll B ~OpMe: . -t ~. ' 
· 61 rtj == 6"o.t extf I KJLtt'Jd-tj 

' . 0- ,,, ,.-~-;,''1 

( 19) 

TaimM o6pa30M, ~ :ycnoa-:nx nepex-~):la $?'(/it q'...,)..'1'('j)~ 0} npaKTH'!eCKH ocy-

. ''"' • , .. 1/.r. 0 C TIOBepXIIOCTH o6pa3Ua JIHTIHJ:IH<;>R; . ., meCTBJJl!eTCll TOJibKO ):lecop6UHll 

MeM6paHhi. Hennwne no.u,qep~HYTb 3):1eCb, '!To MaKpocKopocTb .tz TI]:l~liBJille:r::

cn a l!BHOM BHJ:Ie, a 3TO · o'6nerqaeT 3KcnepHMeHTaJJbHoe onpe):lenerme ee 3Ha

T.JeHHll., Qq~Bli):I~O~ peweH~e ypaane'Hlill ( 4 l -5, ·KOTOpoe B ):la~HbiX YCJIOBliliX • 

TipllHHMaeT Bll):l 

:,· 

:,. 

~=-K'I~J di-

coaepwenno .ananorH'!IIO (19): 
·;·· 

6;,{-t;J = io; ex?[-/tyr-t'Jd-t] 
0 

Peweune ( 21 ). TaKJKe YJ:IOBJJeTBOPlle+ HaqaJJbHbiM YCJlOBiiliM, .( 16) ~-

(20) 

.•t' 

,·!' 

( 21) 

npoaHaJ1H3llpyeM Tenepb ypaaHeHlle (4)-4. Cornacno (15), OliO 3aTIHCWBa

eTCll B ~OpMe: 

. , " . . l , I I 

d ~ = KJ. n~ "l.£ ~ KJ- 6j_. 
ct-1: 

' 

not:~cTaBJJllll a npaay10 qacTb ypaBH~HIIll ( 2Z) · 3H~..j-;;~~~~ KoHileHT~a'uHH 

(22) 

~L. 'zc~- 6J. ~ 6f:; 
cornacno HHTerpany miliJi<eHllll ( 11), 3anilweM: 

8' 

\ 
ll 

- ·J 
,\ 

I 
~ 
~ 

. I _)_ : .._ . - ,, . . . :·: 'j. rt:. ~ 
d(Jj_ • I , I r-7 .. ~ -6:')-.K/'(j-;1 . 
-=KJ.no z:.ot-. ~ · 'i. .. ;.t- 'J. .•. cti:. '· •' . 

.,i. ( 23) 

nocKOJibKY KOHUeHTpaUHll ~ YlKe onpe):leJleHa .~OPMYJlaMH .. ( 18 ~ ) .. li ( 19) , . TO'. 

npe):IOCTaBJJl!eTCll B03MOlKHOCTb HaRTH aHaJIIITH'!eCKOe peweHHe .ypaBHeHHll ( 23) , 

sanHcwBal!·ero a BH):Ie:. 

· d61 1 .. · · I .. 
- ~==-Je~(f; +~o-'. d-!: .·· J..:S. . "" 

3riecb aae):leHw o6o3HaqeHHll 

II f.·. II.) 
Je1. _ l'tol<j_ +~, deot= Kt_no(roJ.-61.. 

(24) 

(25) 

ECJJH MaKpOCKOPOCTH /(~ 'liBJiliiOTCll ~yHKUHliMH BpeMeHH, TO TaKOBOR liBJll!eTCll. 

H aeJiH'!HHa Jei (tl. Torda · ot:~ltopot:~noe' ypaauenile 
.. .. . ...... '" . I . ' d6f . . . I 

HMeeT peweHHe 

___.:_=-Je£(#6f. ' ,.,.·at 
. ~ ~ 

61' {I:)= Ct. extf/Je1 {-t'ja-tJ,· 
0 .; 

' .. ( 26) 

(27) 

B KOTOpOM li - TIPOH3BOJlbHall ITOCTOliHHal!. MeTO):IOM BapHaUHI-1 TIOCTOliHHOR -, 

narpaHlKa, Bbi'!HCJillll TIPOH3BOJ:IHYIO. · :;' .. 

dOi.' de · . -e . · .. · .· .. · 
--;;r= d-6-~ -ex?{-/~f{~(tt~J~6f.'~t-!J 

- ·~ . -. ;:.. I 

(28) 

H llO):ICTaBJJllll ee B ypaBHeHHe (24)~ iHaftAeM~: ·:;; ~ t 

•": : ' ··ac'·, . ., ','.. · . ·:i ....•..... -& .. ·· 
cg == deot exj { ~~J.'(-t?f:ii;'} (~9) 

~-: 

0TC10Aa onpe):leJll!eTCll ~YHKUHll . ','' ' ... '--~" 
·.· : .. 1: .·..... ,, . : ~. ,. ' ·. ';.' 

Ctf# = fxo1 (<t'}-eXf[/df!tC~'}a-tJ,ct~ f_-co.£1 

0 ;~t)!.i~; ,,-'~~. . '.:: .~; ' 

(30) 

06mee JihtpaJKeHHe • ypaauenlill ( 24) :ianHcwaaeTcll a ~()p~~€; 

·' 6f'r~/:·.·.-eJ,fj;;;-t~'dij(j;.,J.t~~x;;[f~{~';.a-61a:f:~ 
,: ·; '- ; . =~··· .. '·•.: . •.. . . / ' -1-~~i.}~·· . . ·;" .. 

•; •' ·.: -~ 

( 31 ) 

Cornacno ycnoBHliM ( 16) , AOJJJKHO 6hiTb CoJ. =0. 
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PemeHue ypaaHeHUH (24) B BU)l.e (31) Y~UT~BaeT. npOU3BOnbHYID 3aBUCU

MOCTb MaKpocKopocTeii OT apeMeHu. OnHaKo KOHKpeT~~IH 'BUD T~~uJ(; 3aaucuMoc

Teii .noKa ·He: ycTaHoaneH ~ CnenoaaTenbHO, ecmi· 6yneT o6HapyJKeHa 3KcnepnMeH

TanhHO .3aBUCUMOCTb MaKpOCKOPOCTeii COPOUUU Kt. U k~ OT BpeMeHU, TO. )l.nH 

annpOKCUMai.{UU COOTBeTCTBYIDII\UX 3KCnepuMeHTanhHblX )l.aHHblX C llOMO!IIbiD B~pa

JKeHUH TUna (31) MOJKHO MaKpOCKOPOCTU pa3nOJKifTb, HanpifMep, B PHDbl Teiinopa, 

orpaHU'lUBaHCb MHHUManbHO He06XO)l.UMblM •mcnoM tine HOB. Tor,4a aHanUTI!tieCKll 

MOJKHO Bbl'lUCnUTb BCe UHTerpanbl, BXODHII\Ue B ( 31). llpu 3TOM llPOH3BO)l.Hb!e · 
...J -

no· BpeMeHU OT MaKpOCKOPOCTeii, BXO)l.HII\lle B PH)l.bl Teiinopa ll onpe)l,eneHHble 

B MOMeHT i =0, O'leBll)l.HO, OKaJKYTCH· napaMeTpaMn, KOTOpble tPHKCHpyeT cpaB-
Y - · . ~ ~'\ t • 

HeHne C. 3KCnepuMeHTOM. 

B pa6oTe I~~ 6blno npUHHTO, 'ITO MaKpOCKOPOCTH cop6l.(IHI MoneKyn BO)l.bl 

( /li,O) HB;HIDT~H nOCTOHHHblMU BenU'lliHaMu. HeCMOTPH :Ha 3TO, pemeHliH COO:;

BeTCTBYIDII\liX ypaBHeHHH MaKpOKliHeTHKH OKa3anUCb B YDOBneTBOPliTenbHOM 

cornaCHll C 3KCnepnMeHTanbHblMll )l.BHHbi;;IH •· i1MeHHO noT~~~~-, C'lHTaH v. H £-! 
. .· . - . . . "(, "t-

KOHCTaHTBMll MaKpOCKOpOCTeH, UMeeT CMbiCn Bbl'lliCnliTb tPYHKUUID ( 31) • B 3TOM 

cnyqae BblpaJKeHue (31) CYII\eCTBeHHO ynpo~aeTCH: 
-6 . 

of(~}= e-Je~'lJeo~(-i'Je~.tid-t~ 
·o 

YtiHTbiBaH (25), a TaKJKe <bopMYnY (18'),.BbltincnHM'HHTerpan: 

;"!J (6'}eae~idi' = 1<1 n/,:;Eo~ (eJe~-f:_.i)-
o de~ 

: ~:. 

·Kj~Oo.t. ··(efdt.t-KJ.)£ )·. 
. . 1 

~.f.- kJ - ; 
llO)l.CTaBnHl! BblpaJKeHHe ( 33) B <lJopMyny .: (3.2), :uaii)l.eM: 

'6i'f# 
I I ..., · Ki. no r:.o.J 

ae~ 
/f- e-~r~'l~: Kl m 6;.t (e-~~: \:e-Jef.-6j. 
I" . , ' Je.! -KJ. '· . .. . 

(32) 

(33) 

(34) 

KaK BHDHO, npn i: =0 
I 
~ (0) =0, 'ITO U COOTBeTGTBYeT ( 16). BKna)l, BTOPO-

ro 'lneHa B npaBOH 'laCTll (34) onpe)l,enHeTCH HCXO)l.HOH 3aCeneHHOCTbiD aKTHB

HbiX: cop6npymmux ueiiTp~B ~one~yna~ii/UO. DoJ., T.e •. Toii onpe)l.eneuuoii ae,-

. fV(/I.tO)· . 
Ecnn Tenepb CUTYal.(HH TaKOBa, 'ITO KOHUeHTpal.(HH HaCblll\eHIIOro napa lz.o 

B cocToHHifHX P(I{,_O) YMeHbDJaeTCH unu a npe)l.ene. cTaHoBHTCH panuoii uynm, 

nH'lliHOii, KOTOpaH )l.OCTHrHyTa B COCTOHHllll 

TO liCXO)l.~a~ KOHUe~Tpal.(HH .. aQJ. CTaHeT MBnOH ltnll paBHOii .. Hynm. <I>Op_ManbiiO, 

YCTpeMnHH · C10d· _'· ··: K:·uy~;Q'- 8 (34) , • n6nytiuM, <bopi.1yny; KoTopaH '._rio <bopMe. :con

~a)l.aeT c npuaeneHHb~u a ~a6oTe 141 AnH ~poueccon ~op6i.(u~ ;$£0 : llpu .· 

3TOM. KOHetiHO. cn'enycT yqeCTb HaqanbHble ycnoBliH ( 16) ( BTopoe paaeHCTBO) • 
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T. e. C'li!TaTb 11 B npoueccax COp61.{Hil If., 0, HaqaifbHble KOHUeHTpal.{llll B)l.COp-

6npoBaHIIOH BO)l.bl paBHbiMII HYJIID. 0TCIDAa BIIAHO •. 'ITO, uMeHH'o BTopoii 'lneH 

B (34) OTOOPBlKaei. n~o-uecCbl ~;;~,e~eHmi~~o -~"a~.,tO ·.:a. nepBbiH ''lneH ' 

B (34) COOTBeTCTBYeT npoueccaM 06bl'lHOH Cop6l.(illl, yJKe paCCMOTpeHHbL'I.I B pa:-

6oTe 
141 . Haii)l.eHHble KOII~eHTpal.(l!ll .. ~(-i} II 0/fi) onpe)l.enHIOT ll~ KO:Hi.(eHT ... : 

paumo -~ ({:} , . nocKon~KY I!Me'eT:' ~~e~TO. ~HTerpan DB,mK,eHI!H ( 1'1) •. • 0AHBKO 
".i . . . . 4 ' . ·' . • • 

HeT CMbiCna BblllllCbiBaTb . ee B HBHOM Bll)l.e, i160 llPHMOe 113~tepeHne TBKIIX KOH-

l.(eHTpaUHH npe)l.CTaBnHeTCH BeCbMB TPYAHblM. llMeeT' CMbiCn nO)l,'lepKHYTb 3)l.eCb, 

'ITO Bee nepBbiC lliiTerpanbl.ABilxieHHH,.Hai'JDe·H~~Ie:Bblllle (CM. ~·:·>Z), He 1!3Me

IIHT CBOero BH)l.a, eCnll ~aKpOCKOPOCTI! cop6l.(Uil Kt I ·Kj. ll npOHIIKHOBeHHH :.r, ll :r;. OKBJKYTCH tPYHKI.(IlHMII BpeMeHU. 

B npouecce 3BMell\eliiiH f4_oua ~.,t 0 , . nOCKOnbKY HeiiTpOHbl "pa3nH'la

IOT" 3TH MoneKynbi, H3~ieiienne· K'ouueu.rpaunii ·ancop6Hponanuoit aonbi 
,, '~ . .. -. . ·' .... ~ :;_-

. . ''-K.'-6: . o =~ +0;, =ao.~.e -.J. +aaJ. e-K'f-t 
(35) 

CO BpeMeHeM !Ia noBepxHOCTit MeM6pallbl nacT HPHMYID u'HfPOPMBUliiD, 0 3Ha'leH;IHX 

MaKpocKopocTeil Aecop6unu ~ 0 ~ n KY,, ·.~·. 3To , cy~~CTBeHHO, OTmt'laeTCH oT 

CliTYaUHH, paCCMOTpeHHOii B pa60Te 141, r)l,; B KB'leCTBe Henocpe)l.CTBeHHO 

Ha6nm.ziaeMblX aenn'lHH OKa3 anHCb 

de.t = K.t.n;o + k.t, Je.,Z ·K:J ~ + K~. 
TaKHM o6pa3oM, MOJKHO em.e pa3 BbiBep!ITb 3lla<IeHuH MaKpocKopocTeii. 

·.~·;. 

_PellleiiHe ypaBHeHIIH (4)-6 MOJKH~:iaiiTn.a nonuoii ananoru11 c ypan~e~ 
HHeM (4)-4. Corn~cHo (15), ouo 3anucwnaeTCH B <bopMe: 

cto/ · . · 
:.t k I I -z · · '·. 1 .rl . 

d-t . :3 '!~.r;;.:f,- K__'t,f:I..J,: '. ·; 
i1HTerpan )l.BHJKeiiHH (14) ~d~aohHeT 3anu2~Tb ypaaHeHne 

~J =K;n~ (ro.z~o,::_'ijj2K{Crz'~ 
llpOCTaH neperpynpHpOBKa qneiiOB B (37) )l.BeT 

dtJj. = -;)e,J-oj + Jeo3- . 
1 

• , 'd-6 '' ,· .. 

B YPBBHellllll (38) o6o3Ha~CIIO ... 

. Je.1. =K£~ +kq, I 1( .. ~·-··. ·J 
Jeo,_ = k3 no %: .. ,: :.... 6.i • 

>,. 

(36) 

Cx~ri~;~o:yp~~~eun~- (38i u'(24) ~~a3y no3BOnH~T 3an~caTb 
ypaBHeHIIH (38): 

11.: 

~ ~ 

. (36) 

B Bll.l:le•··' 

(37) 

( 38) . 

(39) 

o6mee. pew'cHue 



. . . ~ ·. . -c•' . . ; ~. 

oj (t) g#ff'J(!.~-(~'Jd:li~(J.z/i"J2i!'!j:.~.·(-c7d-tj~~ (40) 

PerueHne ( 40 l Y.rtOB~eTaopswT HaqanbHbiM ycnoanHM ( 16): 

K~K n paHee, npnHHMaH, 'ITO MaKpocKopocTn 

3annrueM BbipaJKeHne· .. (4o') .a ynpomeHHoii (tJopMe.: 
. • , ·' .• ·.'<' • ,· -6. . ... 

6J, (#=1Fde,,::t/ieo~(-6Jede.£~-6~ 
. 0. 

- UOCTOHHHble. BellH'IHHbl, 

,) ( 41) 

C IIOMOil\blO COOTHOrue'imii (39) ll (21 f HH'terpan; BXO.rtHil\HH B ('41), Bbi'IHCTIH-

eTCH: 
•' "{. . ' . 

oj (-6/ !<~~ ro.t-(i- e~~-t;- ;:~043, (e-1<:'1-6 e_)e..t-fJ. 
;,t : ~ -K.t! (42) 

nonHaH KO~QeHTpaunH MoneKyn ~.,eO. npe.rtcTaBnHeT .co6oii CYMMY 

~- ·: 6'{-t/ = Oj'(ij +~ {#, (43) 

' · I · ,r/ 
B KOTOPOH KOHUeHTpaUHH ancop6HpOBaHHOH TlllKeTIOH BO.rtbl 6j H U.,£ 3a.rtallbl 

4JopMynaMH (34) H (42). CMbiCll BTOporo qneHa B (42) · COBeprueHIIO TOT JKe, 

'ITO H B (34), HO OTHOCHTCll .K cop6upyl01l\HM UeHTpaM BH.rta 2:~ . KO~UeHTpa
UHIO aKTHBHbiX Cop6npylOinHX UilHTPOB ;l'..z..' ·, CornaCHO IiHTerpany • .rtBHJKeHHH. 

( 14) ; MOlKHO C;uhaTb : onpe.rteneHHOH, IIOCKOllbKY fbYHKUHH .. dj (-6) H dj_ (t} . 
3a.rtaHbi f}JopMynaMu (21) n (42). · ·· 

.KoHueHTpauuiO MoneKYn /f4.0 ., n~o~_nKrunx. a !lonoCTb', rne pacnonoJKeHbi 

XBOCTbl lllliiH.rtHbiX MOlleKyn, MOlKHO C'IHTaTb lleH3MeHHIOil\eHCll. JleHCTBHTeilbiiO, 

c yqeToM.(17) ypaaHeHne (~)-9 o6pa~a~TCH a·paaeHcTaa 

dll-t ..,:__ = o1 ~ == con,.s.f: = nt..f. 
d-l: ' . . . · . ., . ~-

CooTBeTCTBeHHo ypaBHeHne (4)-10 

dn/, I I 
__:!:. == )'p n;, • 
t£-!: r 

C yqeTOM ( 15) IlPHHHMaeT BHA 

•.:· 

(44) 

(45) 

CTano 6bi"I,'b, KOHUeHTPaUHll MOneKYll ~.i·o ; IlPOIIliKWHX B IIOilOCTb XBOCTOB 

illliiH.rtHblX MoneKyn, ·HMeeT HPOCTQH BH.rt 
. -b. 

tz,j{#= n~r.x;r-c'}d:t~ (46) 

. 0,. '' ,., 

n . v-,1 . -
. OCKO~bKY BenH'IHHa . ".,AI . liBJllleTCll nonolKHTenbHO orrpeneneHHQH, TO· 3aMeHa 

ee cpenHnM:3Ha'leHneM Jr:,f no3aonHeT 3anncaTb: 

l2 

• 

I j I I 1 n; (i = l'tc.Xt>/1ii· . (47) 

llpoCTOe COOTHOWeHIIe. ( 4 7.)·· IIOKa3biBaeT, 'ITO B rrpou'ecce '1130TOIIII'leCKOrO 3a

MemeHHll MoneKyn h:t, 0 Ha ~.,2.0 KOHUeHTPaUHll ~.,!.0 B llOllOCTH XBOCTOB nH

IlH.rtHblX MOneKyn · (H B .rtanbHeHWHX llOllOCTliX) 6y,QeT HapaCTaTb Co BpeMeHeM. 

HaKOHeU, MOlKHO KOHCTaTHPOBaTb, 'ITO perueHHll CHCTeMbl ypaBHeHdii•(4) 

B 4JHKCIIPOBaiiHblX '3,QeCb 4JH311'l!eCKHX YCnOBHliX HC'l!eprraHbl
0 

XOTll ·4JopMan~HO' 

He paCCMaTpHBanHCb'ypaBHeHIIll (4)-1. H (4)-2. llocne.rtHee He Y.rtHBHTenbHO, 

ecnH IIPHIIliTb BO BIIHMaHue YCnOBIIll ( 15) u· ( 17). Cor naCHO 3THM YCnOBHliM ;· 

ypaBHeHHll. ( 4) -1 11 ( 4) -2 npeapamaiOTCll B anre6pauqeCKHe COOTHOWeHHll; 

HeTPY.rtHO BH.rteTb, 'ITO llO CBOeMy CMbiCny OHH 3KBHBaneHTHbl ·HHTerpanaM 

. .rtBHlKeHIIll ( 7.) , II .. ( 9) , KOTOPble BeCbMa Y.rt06Hbl .rtnll llPHMeHeHHH. B. 'llaCTHOCTll, 

IIIITerpanbl '.rtBIIJKeHHll ( 7) H ( 9 j· 'll03BOlllllOT peUIIITb "o6paTHYIO" 3a,Qaqy, ·T; e. 

Bbi'IHCiliiTb "MOil\HOCTII" IICTO'l!IIHKOB tjti("Tf) II t;-:Vt-t) , BblpaJKall IIX qepe3 Yll\e 

Haii,QeHIIble KOHUeHTPaUHH. 11MeeT CMbiCn OTMeTHTb. eme, 'liTO paCCMOTpeHHe 

o6paTHoro rrpouecca 3aMellleiiHll $V(J!>,.e.O)~ P(~ o} 'He MOJKeT IlPIIHeCTH 'HHKaKOH 

IlPHHQIIIIIIailbiiO -HOBOH Hll!lJOpMaUHH, H60 TaKoe ·paCCMOTpeHHe f}JOpMailbHO CBe

.rteTCll K IlpOCTOH nepeHH.rteKCaUHH COOTBeTCTBYIOIIIHX BeilH'lHH; ''a BH.rt · YJKe HaM-' 

.rteHH~X perueHHH OCTaHeTCll npelKIIHM;' llpH 3TOM, KOHe~HO, 4JH3H'leCKHe ycno: 
/1-3/ 

BHH,' co6niO.rtaeMbie · B 'pa6oTaX· ·• · , .QOnlKHbi coxpaHHTbCll. 

·qTo 'KacaeTCll 3KcrrepiiMeHTanbHoro Ha6niO.QeHnll KOHQeHTpaunii q (7!/ ·· 
n ~~ (-i/ .rtnH MoneKYn ·.~.,!. o , ·cKopee acero, 'c rroMOillbiO HeiiTpoHoB MOlK-

HO·YBH.QeTb B MeM6paHe CYMMY:· 
;·_~ 

ojr-t/' 6i'r-6J+6jr#+nfri!. (48) 

3.QeCb 1 0603HaqaeT "34JIPeKTHBHYIO" KOHUeHTpaUHIO a,QCOp6upoBaHHblX MOne

i<yn.~ 0 c: yqeToM HX IPnYKTYaunoHHoro npoHHKHOBeHHll. BrronHe MoJKeT B03-

HHKHYTb ,TaKall CHTYaUHll, KOr.rta KOHUeHTpaUHll. /Z; , BOWe.rtWall B (48), cy

m;eCTBeHHO 3aByanllpyeT: llPOl!BneHHe , BTOPbiX :'l!ileHOB B npaBblX tiaCTliX ( 34) 

u .. (42). JleficTBI!TenbHO;•.eCTec'l'BeHHo OlKH.rtaTb, 'liTO IPnYKTYaunoHHoe rrpoHHK

HoaeH'ite SO.,t 0 6y.rteT TeM CYilleCTBeHHee, 'l!eM MeHbrue 3aceneHHOCTh aKTHBHbiX 

ueHTPOB Z:e ; Ho .Ha. rrei>aoM 3Tane o6MeHa · ~0 Ha ~..t 0 cao6o.rtHbie cop6u

P,Yl0111He UeHTpbl ·6Y.rtYT ·IIOliBnliTbCll no Mepe :.rtecop6UHH ·~0 ; . 3TO H MOlKeT 

o6ycnosnTh CHHxpoHHOCTb~ u s3aHMHYIO. Ki>MrreacupyeMocTb ( aoo6111e roaopSI, 

: 'f~.~:~q~~) BKna.rt~B /Z~ ~ BTOpbiX 'l!JieHOB B (34) ~ ( 42). 
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3aKmoqeHlte 

Bee ·_npoBe,r:teHHoe 'Bbtllle paccMoTpenlle, a TaKJKe IIH$opMaUIIH. pa6oTbt IS/ 

noKa3wBaiDT, qTO ,r:tnH ,r:tallbllei'imero peanbnoro IICcne,r:toBaHIIH,CBoficTB MeM6paH 

neo6xo,r:t11Mbt 3KcnepiiMeHTanhHbte 113MepeHIIH pacnpe,r:tene1111i1 BO.,r:tbt no cnoHM nll

nn,r:tnofi MeM6paHht. llpll 3TOM npiii!UIIllllallbHO BaJKno na nepBoM 3Tane 3Kcnepn

MeHTallbHO liCClle,r:toBaTb l!Mei!HO OPTOrOHallbHOe npOHliKHOBei!Ue BO}lbl qepe3 

cno11 MeM6pan: -TonbKO B 3TOM cnyqae Ha116onee qeTKO npoHBIITCH "cTynenqa-

TOCTb" pacnpe,r:teneHIIH MOJieKYJI fl.t0 .{tm11 ~..t 0 no en oHM •. Ecn11 T aKne 

113MepeHIIH 6y,r:tyT npoBe,r:teHbl, TO 6y,r:teT IIMeTb CMbiCJI ,r:teTaJIII311POBaTb MIIKpO

KliHeTIIKy DOBe,r:teHliH ,llpOHIIKlllliX MOJieKYJI B pa3JillqHbiX llOJIOCTHX MeM6paH. 

:KpoMe TOrO_>, TaKaH ,r:teTallll3aUliH BbiHBliT 06JiaCTll BHYTPII Jill!lli,[{HOH MeM6paHbl, 

B ~OT~PbiX Henocpe,r:tcTJ-ieHHO IIPIIMelleHa TCOPliH ,r:tlltPtPY3liO!IIIbiX IIPOUCCCOB. 

HaKOHCU, TaKIIC 3KCllCPliMCHTbl BbiHBHT- 06JiaCTll, B KOTOPbiX MOlKCT peaJIII30BaTb-
. ~ 

en Kammnn·pnoe ,r:tBIIJKenne BO,r:tbt nn11 ,r:taJKe ee rll,r:tpo,r:tnHaMnqecKoe Teqenne. 

ri~cne IIPOBC,[{CHIIH 3K~nepiiM.eHTOB B TOJibKO q'fo YIIOMHHYTbiX YCJIOBIIHX 

II ,[{OCTaTOqHO.; ,r:teTallbHOrO TCOpeTnqeCKOrO OllliCaHIIH COOTBeTCTBYIDII\IIX ;3KCne,

PIIMeHTallbllbiX. pC3YllbTaTOB 6y,r:teT HMeTb CMbiCJI. 3KCIICpiiMCHTallbHO ·IICCJIC,[{OBaTb 

npouecc. Ha6yxaHIIH llllllii,[{HOH MeM6paHbl B ·TOM cnyqae, KOr,[(a MOJieKYJibl BO,r:tbl 

6Y.r:tYT npoHIIKaTb B MeM6pany, napannenbHO ee en oHM. l1MeH pe3YllbTaTbt rrpenbt

AYillii~~3KcrrepiiMCHTOB II IIX TCOPCTllqCCKOC BdCDPOII3BC,r:teHIIe, MOJKHO,nOJIY~IITb 

,[{OllOJIIIIITCJibHYID llOllHOUeHHYID IIHtPOPMaUHID II B ,3TOM ,cnyqae. He ll36eJKaTb 3,r:teCb 

3aMeqaHIIH 0 TOM, qTO 113MCpeHIIe pacnpe,r:teJICHIIH, KOIIUCHTpaUIIH B0)'1bl llO .CJIOHM 

-Jillllii,[{HOH MeM6paHhl 6y,r:teT CBH3ai!O C npeO,r:tOJICHIICM CYII\CCTBCHHOH TPYAHO~TII. 

CKopee ncero, ona 6y,r:t~T CBH3a~a c neo6xo',r:tiiMOCTbiD pe<I;JIH3aUIIII napannenb-

HOCTII llOTOKa HCHTPOHOB II CllOCB JIIIllll,[lHOH MCM6paHhl. Manoe OTKJIOHCHIIC OT 

TaKOi'! napaJIJICJibHOCTII, B qaCTHOCTII• 3a cqeT IICKPIIBJieHIIH CaMOH MeM6paHbl, 

llPIIBe,r:teT. K KalKYII\CMYCH "crJialKIIBaHIIID" pacnpe,r:teneHIIH BO,[lbl llO CJIOHM·.MeM6pa

Hhl, a CTaJIO 6hlTb
1 

3aBYaJIIIpYCT Haii60Jiee cymeCTBeHHOe. TeM He MCHee, yqii

ThlBaH ,r:tOCTIIlKCIIIIH 3KCnepiiMCHTaTOPOB 1 npiiMeHHIDII\11~ ManoyrJIOBOC paCCCHHIIe 

HCHTPOHOB, MOJKHO Ha,r:teHTbCH, qTO ·YllOMHHYTbte TPY,l1HOCTII 6Y.r:tYT npeO,r:tOJICIIbl. 

ABTOPbl BbtpaJKaiDT 6naro,r:tapnocT_b IO.M.OcTaHeBIIqy·ga :no.r:t,r:tepx<KY 

,r:taHHOH pa60Tbl II llOJie3Hbte o6CYJK,r:teHnH. 
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