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Baeaeliue 

B pa6oTe I 
1 
I 6brno KoHcTaTupoaaHo, qTo :JKcnepnMeuTanhHbiM .QaHHbiM 

' ' ' ,, 

0 npolleccax COp6LIHH BO,[!HHOro. napa nnnH.QHblMH MeM6paHaMn, _ npnBe,Qe!IHb!M 

B pa6o~ax 12
-

31
, B~O~He ~~OTB~TCTBYeT CHCTeMa YPaBHeHnfi; '.·1: 

1
• ~=- K~n~~ + 1<.t~ -1<3 n r.,t + ky~ -f 't-n (-fh ~ ' - ~ eta; ' 

2. -= kL fl,~.i- k.t,di 
1 ,,, oti- ' ' 

d~- ', 'I<~ 
3. -= k3'h~J.- <f '3.) 

di- ' '• '. 
at~ ' ' ' 

4. __£= -KLn-~1 + k.ttfi.
1 ct-f' . ' '' 

d~.t' ' •.. ,. ,· __ . 
s. -= -K3W~.t -f Kyt!j. 
-;;.el-f ··-' ' '- ' ' ' 

! :" ., ~ j 

·r 1 J 

3.QeCb 'BBe,Qellbi •cne.QYI01!111e. c 0603H~qe!IHH: /1.{-!/., £/(.[q._ 'KOHL!eHTpallHH ·MOne

KYn BO,[!HHoro •napa; <Je =Fie~ o7 - KOH!leHTPaliHII a,qcop6upoaaHHbiX Mone

KYn BO,[lbl. (e:1 ,2); i!e' -LZ.e] - KOH!leHTpallUH ;'CB060,Qllb!X. (He' 3aHHTblX) 

cop6npy10111nx lleHTpoa ( .e :1 , 2); IPYHKLIIIH S?-n t-t'/ OTo6paJKaeT B03.QeiicTane 

BHemuero 11CTQqHlfKa MoneKyn BO,[lbl Ha lf3MeHeH11e HX KOH!leHTpal!Uli B e,QI1Hlille 

06'beMa 11 B e,QHH11llY BpeMeHn. CncTeMa YPaBHeH11H ( 1) yqHTbiBaeT .nPO!leCcbi 

.QHtPtPY3H11 B·YCpe,QHeHHOM•BI1,Qe 
111 , a noTOMy KOHlleHTpallH11 BCex KOMnoHeHT 

fbYIIKLI11HMH TOnbKO BpeMeH11. 

CI1CTeMa YPaBHeH11H (1) COOTBeTCTBYeT npOCTOMy MexaH113My COP6ll1111; 

k. -
~i +fU.o ---+-t. (~.t fl,to), 

k..t 
(i!J.f/.;.0)-+ ~:f. +fl.t01 

:lf.t+ll.to -!3 (rJ-/UoJ. 

4. (z=~~o)-!:r.t-+~o. 

(2) 

Ben11;uHbi K~ ( i: 1 , 2, 3 , 4 J - MaKpocKopocTn npolleccoa cop6ll~1u. MexaH113M 

(2), _CO,Qei?lKal!111H .QBa Bl1!la~~OP611pyi011111X lleHTPOB (, ~~ ~ 2'.,t), CY:l!1eCTB~~Ho,, 
OTnnqaiOIII11XCH CBOeif aKTH.BHOCTbiO, 11 o6ecnequn -- COOTBeTCTBI1e YPaBHemn'f ( 1) 

C :JKC~e~~M~HTa~b~bL\ill' !l'aH~biM~ pa6oT 12- 31. ll;~ 3TO~ ~Yli1~CTB·e~HO ~n~ ,Q~nb--........... -~- .... 
! !~::.um;tie'tiHi.iS Ks:nrryr I 

~.1-!ym.,u~ ~cc.-re.ao.usd 
GHS.rfr!CTEHA ---· ----.-



Heiimero OTMeTHTb; tJTO 3KCIIepnMeHTbl /
2- 3 / IIPOB~]:Ie.Hbl B TaKHX 'YCJJOBHl!X, 

tJTO BHeillHHii llCTOtJHHK MOJJeKyn BO]:Ibl 'j-n, (-f) o6ecnetJnnaeT paseHcTBO 

an 
---cli'=o~ 

peaJJH3YJOIJieecl! B llHTepBane BpeMeHH IIPOBO]:IliMbiX li3MepeHnii. 

( 3) 

B CBl!3ll C COOTHOilleHneM (3) ~CTeCTBeHHO B03HHKaeT BOIIpoc: 6yneT Jlll 

CliCTe~a ypaBHeHnii ( 1) COOTBeTCTBOBBTb 3KCIIep~MeHTanbHbiM ]:IBHHbiM, ecnn 

B HeKOTOPblii MOMeHT BpeMeHn -f = S llCTOtJHllK MOJJeKYJJ BO]:Ibl 6y]:leT nepeKpbiT, 

T.e. 6y]:leT peaJJH30BbiB3TbCl! paaeHCTBO 

tpnt#= o, '+>s? ;..) ( 4) 

Ha]:lel!Cb, tJ.To COOTBeTCTBYIOIJIHe 3KCnepHMeHTbl 6Y.UYT IIPOBe]:leHbl, rrpoaHaJJII3H

pyeM CHCTeMy ypaBHeHnii ( 1) TIPll YCJJOBllll ( 4) ll IIOilbiTaeMCl! HaiiTH ee peme-
~' ~- . 

HHll. llo Mepe B03MO~HOCTll B ]:IBJJbHeiimeM 6y]:leT Y]:leJJeHO BHHMBHHe pemeHHIO 

CHCTeMbl ypaBHeHnii ('1) ]:IJJll TIPOll3BOJJbHOii, HO 33]:\BHH(),ii l!JYHKUHH lfn/tJ · 
KpoMe Toro, YtJHTbJBall, tJTO B rrpouecce cop6unn BOJ:Il!Horo napa aKTHBHOCTb 

cop6npywmnx· ueHTpos, soo6me rosopl!, Mo~eT H3MeHl!TbCll, 6y]:leM CtJHTaTb.• 

MaKpocKopocTn Kt, <bYHKUH!!MH speMeHn. HaKoHeu·, · TaK~e ecTecTBeHHo B03HH

KaeT BOIIPOC: B03MOJKIIO Jlll IIPOIIHKHOBeHne MOJJeKyn BO]:Ibl tJepe3 CJJOll MeM6pa-· 
' '. /2-3/ 

Hbl, CKa~eM, B YCDOBlll!X ,3KCnepnMeHTOB ; KaKOBbi.MexaHH3Mbl TaKoro 

TIPOIIllKHOBeiiHl! ll KBK.OHO\TIOBDHl!eT Ha Ha6DJO]:IaeMble IIPOUeCCbl COp6UHll? 

Bceii COBOKYTIHOCTH BOTIPOCOB ll npo6neM IIOCHDbHO 6y]:leT Y]:leJJeHo BIIHMBHHe 

B 3TOH pa6oTe •. 

·.}.\' 

,, 

1. llpnBe]:leHne. CllCTeMbl ypaBHeHnii ( 1) K pemeHHIO O]:IHOrO llHTerpaDbHOro 

Tpancuen]:leHTHoro ypasnennl! 

-':.H.~~;' i; 

llepBble HHTerpanW ]:IBHlKeHHll. CllCTeMbl YPBBHeHnii ( 1) , c!JHKCHPOBBHIIble 

B pa6oTe /
1/, llMeJOT BH]:I ~ \ 

-/; 

1. n + 6j+l:!,i = /9-n[f'}d-i- 1 +no+t50t +d"O~, 
0 

l't(O}=no1 6j_(O}=lf"ot1 ~(O)=fi"o,t (-f=S=O)j 

2. 6/.+~t.=~oJ. • 
J 

3. c& +~..t = ~o.,t •. 

,., 
\ ( 5 )-

t' 

B 'cooinomennmc' (5}:..2 'n (5)-3 senntJHHbl "Zot 'Z!o,i '- nonHbie KoHueHTpa-
. } ' ' ' 

UHH BKTHBHbiX UeHTpOB BH]:Ia' r,t H ~.,t. ,llnll ]:laJJbHeiimero cymecTBeHIIO OTMe-· 

I 

I 
I 

l 

1' 

TilTh,. tJTO,, BIIA IHJTerpanoB ]:IBH~ellllll ( 5) He 113MeiiHTCl! ,, eCJJH MBKPOCKOpoc:n 

Ki oKaJKYTC,51 <bYHKUIIliMII npeMeHH. ·B: rrpouecc~ <anamJ3a, cn~~~i\t~J J'P~~I.!eHHii 
( 1 ), nplll'JeM, tJTO TpBHCQJOPMBUIIII ,Pa3bl JII!ITII]:II!Oro· CJJOll ~~e~t6paHbl 'ne IIPOHCXO-· 

J:IIIT · u no:1Hoe 411Cno aKTIIBHbiX cop6upywmux .ue.n'I'poB .. ?"~~~ Zo_t ne H3MeHl!eTCl!. 

Uocne]:IHee 03HatJaeT, 'ITO sn.u ypasueHnll ( 1 J'-.2. -5 :·He· it3~teHHeTCl!. 
C TJOMOll(biO IlliTe rpaJJOB ]:IBHJKei!Hll. ( 5) HOHbiTaeMCll np'e)'ICTBBI!Tb KOHUeHT-, 

paunn scex KOMnoHeHT B BII,Ue .ilJYHKUIIOIIBJ]OB OT KOIIUeiiTPBUlill napoB BO,Ubt' 

IZ (i} . ,llnH noro, cor nacHo '(S) -2, ypaBHeHI!e ( 1) -2 33HIIilleM B Bll;:te 

d6L < ' ' ' ' ' ' ' · .. ' 

-== kt.n(rot-6i.}-K.t.~'J. = d-6- ' (6) 

= Kt,n rot.- (Kt.n+k.t-J~: 
' ' .. ' · .. ,.l 

BBOJ:Ill o6o3Ha'!ei!Hll 

Je1. t#= kj_ (f}nt#+k.~-(#1 dfot(i} ~ ki.(i-}n{-6-)"i!o£. 
., . ;.. .: . . ., ., ·' '" . ·:·,: . . I 

( 7) 
-,;; 

' '•' 

B KOTOPblX OTMeq'eHa· 3aBIICIIMOCTb MaKpOCKOPOCTei'l cop6UIIIl 'oT spe~JeHII, ''ypa~-
HeHne 

,>·;· 

(6) 3annmeM B ,PopMe 
-' . ·' ~ ~ f - ' . 

d6f...=Jeo£ [{;}.~JeJ. {#dj, • ct-6-' ' '' ' 

ypasueHne. , l · ··' 
0]:1HOp0]:1IIOe, .. . otdj_ --JeJ, ({;}tfj_" 

--;;{[-._. 
lfM~~T perueHI!e 

' ' :e. 
(fj{#== Ct. exp[-jJtJ.t.etJd-tJ. 

(8)' 

r, <in· 

CornacHo MeTOJ:IY '·JiarpaH~a. 3aMeiHI51 "~o·~;'ol!IIHYIO c.{ dJyHKUJJei"I spe~IeHII CL(iJ· 

o6mee pemeHHe ypasHeHnll (8) 6y]:leM ncKaTh B sn.ue 
-t .. 

61 (-6} == Ci (f}exf[- /Jert-t?ottj. < 1 o 1 
' 0 ' ' ' 

BwqncnHll npon3BOJ:IHYID · . 

dDt. = .!!.E! exp/:_ ;:e.t. t~'lot·tJ ·~c:<X:J. !fl 
dt ai:·' L o 

ll hO]:ICT3BDllll ee B ypaBHelllle. ( 8 )·, ,Haii]:leM. ' ' · .. -: ~; '. ·~ i ... ' 
~i ~ deoi. (-6)~xf[ j ~f. {-6-'/ a-tJ 

TaKuM· o6pa3oM, 

.. ,-. 

\ ·. 

( 11 ) 



-t . 'l" . 

c.~. t-tl jaeoi(t;ex;;[jae1 t-t'/a~Ja<t- ..;.c.,.~,. 

c;,~ = con.s-t. 

0Tcwna, cornac11o (~OJ H (12), o6mee pewenue ypaBHeHHH (8) 3anuweM 

B ¢opMe· 

-t ~1-t f" . 
6.{ {I}- extf jtJe.1. ti'Jot-tj{ fdeo:t. t'tJeJ?!(~.f.{-t'}a-tJa'l" + ~1 

.J 

3]J.ecb yqTeHo HaqanhHoe ycnoBne II nonoJKeno 

~ {o)= Oof = Co:f.. 

' .~ 

( 1 2) 

(13) 

( 14) 

Ecnn peanH3YeTCH ycnoBIIe (3), T.e. nacwmeHHOCTb BOJ."IH~oro napa non

aeTCH nocToHHHoiJ It =no , To, nonaraH kt = con.st, 113 peweHI!H 
·- /1 I . CHOBa nonyqi!M COOTBeTCTBYIOillee peweHne, HaiJ]."IeHHOe B pa60Te • 

3TOM cnytiae, HanpnMep, KOr}:la BW~OJIHHeTCli YCnOBite ( 4') , a MaKpOCKOPOCTH 

Kt - ¢YHKUHH apeiteHH, peweliHe ( 13 )' HBJIHeTcH :!]JyHKUHOHanoM Konue'nTpal.IIIH 

OB BO,Qbl .IZ {-!/., Cne]J,OBaTenbHO, ]J.nll OKOHqaTenbHO!'O Onpe}."leJieHHli <lJYHKUHH 

'neo6XO}."IHMO HaiJill peweHHe ypaBHeHHli (1)-1. qT06~ ~TO ocy~eCT~~T~, 
enyeT HaiJTn pewe~~e ypaaHeHHH (1)~i. 

CaM BHA ypaaHeHHH (1)-3 H HHTerpan nanJKeHHli (5)-3 l'OBOpli~ 0 TOM, 

peweHne ypaaHeHnH (1)-3 coaepweHno aHanornqno (13). lleAcTB~~enb~o~ 

(5)-3 3TO ypaBHeHne llPHH~MaeT. BH]."I 
. , 

d6j_ Jfoc1-{i}-deJ-{#6i . 
d~ 

b BBe}."I~HW 0603HaqeiJHH: 

· :tr 

Je..z.{#-k3{:6}nt#-fk<tC#, ~o.it!),.;.··k3,{-t}n~#~o.f .. 

. ''~ \ 

(15) YJ."IOBneTBOplleT HaqanbHOMy.ycnOBHID: 

~{.o}= ~.,t. 

(1)-3 

(7') 

( 15) 

( 16 )' 

! 
' 

f 

3Ta ,4JYIIK1.1Hll TaKJKe HBnHeTCH ¢YIIKI.IHOIIanoM ·KOIII.IeHTpal.IHH ,napOB BO}."Ibl ./'t{-6.) 
- CqJiTali B 3TO~l· CMbiC~e· KOII,lleWrp;liHH, . 6_i l_i ~,6:t ~np~,~~~!J~'IIHbiM~ l.f ,Y.qHTbiBali,,, 

nepBble HHTe!'panbl }."IBHJKeHHli ( S j -2 H ( 5 l -3, BH}."IH~; ~q;b ~·n.pe]J,e"n~l;~f ,H K~ll
·ueHTpal.IHH cBo6o]J.HbiX aKTHBHbiX uenTpOB Z!:f.'·H Z.,t :. _ 

IlonbiTaeMCH HaiJTH ¢opManbnoe pememte ypaBHeHHH _( 1) -1 B TOM cnyqae, 

Korna neiJcTBHe BHemnero IICToqHIIKa onpeneneno 3anailiioi1 • <bYHKU:IIeiJ . ~h." c.-tJ, 
B006Ille l'OBOPH,' He COOTBeTCTBYIOillell Tpe6oBaHHliM .(3)"11 (4). llOCKOJibKY KOH

UeHTpal.IIIII' 6i_ II ~- onpe;:teneHbl, ecnii· 3a}:lalla: KOHUeHTPal.IHli' • cfZ (t), ·TO 5: 

ecTeCTBeHHO npi!MeHIITb llHTerpaJI }."IBUJKeiiiili ( 5) -1 • C llOMOillbiO <lJYHKI.IIIH ( 13) 

II ( 1 5) e ro MOJKHo 3 armcaTb B. BU]."Ie 
~~ . -t .. . I 

lt{i-; ~no+ Oo1, -fOo~ +! 'Jn[-tJoti- t5f.- 6.t = 
"1 

· fZo +Dot. -ftf;..J + Jiyz.{-f'}ot-t'-.' 
1 

' .. 

~ c -f . ·. ' (17) 

-expf j~rt7d+J/!"·< t~Jexp[ j:e1 rtJdfJdt' -1:, ~<} -,:, 
. •··.·· ;~, ;~~' ; ··~'!1•£ .. '·~ 

-,- .e Xf f-j~J. t#JdtJ{j:e•.Ht"fexp[f";.: c-tJcd]dr+'¢.,.}. 
' ' ·. - ":J.f,.·.•::. 

YqHTbiBali ijlopMYnbi (7) ll (7')::ncqHTali~.MaKpocKopocTHK£{i/3a]."laHHbiMH <lJyHK

liiiliMil apeMeHH, BH}:IHM, qTO COOTHOWeHHe (17) npe]:ICTaBnHeT co6oiJ HHTerpanb

HOe .TPaHcueHneHTHoe ypaaHenn'e nnH ¢YHK1.1HH · IZ{i;/. ·HennmHe'.oTMeTHTb, qTo 
~ • 'e • ., 

HHTerpanbnoe ypaaHeHne (17) aBTOMaTnqecKn yqnTwaaeT HaqaJibHW~ ycnoBnH: 

ti'{-6)~=-o no +OoJ. +6'?s. '-d01.~(r;,~ ~ f't~ ~ n{p). : 
) t)' 

KaK BH.QHO, pewenne cncTeMbl ypaaHeHniJ ·( 1) CBOAHTCH '.K:pemennw onnoro 

ypaBHeHHH (17). 

2. BapnaHTbl peweHniJ ypaaHennH ( 17) 

( 1.8) 

HaiJTH TOqHoe aHannTnqeCKOe peweHHe TpaHCI.IeHgeHTHO!'O HHTerpaJibHO!'O 

ypa!lHelllili ( 17) noKa He. rrpe}."ICTaBnH.eTCH. B03MOJKHbrM;· .A. noTOMY }."IJili HaXOJK}."Ie

IIHli ~pn6JI~JKeHIIOI'q ;~~eHHli 3TO!'O yp~BHeHHi ~pnMeHHM MeTO}."I H~Tepal(HH 
llHKapa. B nan HoM cnyqae npnMeHeHne 3Toro MeTona anonne npaBoMepHo, '·no

cKonbKY IPYH~liHH Jee{!} nJeoe{-l} ( e =1 ,2) ~o.JKHO cqiiTBTb HenpepWBHblMH 

11· nonoJKHTenbHO onpeneneHHbiMH. ·B mo6.oi1 ,MoMeHT·-~pel\teH'n -f nHTerpanbi, 

BXO}."IliiiiHe B·npaBYIO qaCTb (17), liBnliiOTCli CXO}."IliiiiHMHCH, T.e. orpaHnqeHHbiMH 

aemiqnHarom. 0TMeqeH.Hbie ijlaKTbl H o6ecne'l!HBBIOT CXO}."IHMOCTb MeTO}."Ia'.HHTepaUHH· 

llnKapa:' • 



( 

B · Kat~ecTae "liynesoro" ~pH6mlli<eHitn 1< MeTon:Y hHTepauHii nliJ(apa npH-

MeM cpep;Hee 3HatJeHHe ·. I<OHUeHTPaUHH· /Z, {-t}':·i· 
"c ·' ·, o' ' 'lQ· ' , . ; 
li =..£./ nt-t)oL·( 
. , 'ZO·a . 
.I-' > 

'LJ:; ' ~ ' (19) 

l1HTepBaJI BpeMeHH ;·,· ~ - xapaKTepHoe BpeMH llPOUeCCOB cop6UHH i COOTBeTCTBY

wmee apeMeHaM.llPOBO)J;HMNX H3MepeHHfi~ HyneBOMY npH6JIH~eHHID, (19) MO~eT 

COOTBe~CTBOBaTh p;aa•aapHaHTa:paCCMOTpeHUH. B npOCTeiirneM H3 HHX,MaKpOT 

CI<OpOCTH ' 

1<i = ki = canst j t' = fr(,},1 3, ¥- (20) 
·<"-- •, 

B o6~eM ~e-cnyqae 

ki . lei t-6} ( 21 ) 

MaKpocKopo'cT·~· ~H,BJIHIDTCH·:· jap;aHHbuvm $y'H.KUHHMH apeMenii. Haii,IJ;eM. "nepaoe" 

·llPH6JIH~~HHe. perneHHH ypaBHeHHH' ( 17) B npoCTeiirneM'. CJIYtiae, ytiHTbiBaH 

(19)-(20). 

•,Il~si'·":n.~f.'o\c. noMOII\biD. (19)-(20) BbltlH2JIHM KOIIQeHTpaQ~~ 
llpeJK,IJ;e acero, corna.cHo.(19).:.(20), 

;Jei =<Je1=K[n+kJ1 "Jeo~==Jec~ =~f ii"tot; 
. ,c.' 

o . o- o -vJ 0 o -
de.,t =dt'.,t.. = k; n +k<fl Jeo.~, ="""o.,t = k31'V 2~. 

:·-;: 

6i-~r o;. 

( 22) 

llO,IJ;CTaBJIHH B npaayw tJaCTb Bblpa~eHIIH ( 13) H ( 15) 3HaqeHHH BeJIH'I:JHH ( 2 2) 

II BbltJIICJIHH COOTBeTCTBYIOmHe HHTerpaJibl,_ Haii.QeM 
--1-"· 

· · · ;}e~ · -deli -aeli 
··6iNJ=--~ 11.-e · j+o;,:Le, . . 

Je"' l' ' 1 
(23) 

,..,?..zt# ,.:~ (1-e-'Jt!I"t;_+tio..te-;;e;-t. 
-.:t ; • ' • . ' ( 24) 

.<!JOPMYJibl .(23)-(24) COBna,[laiDT.C.-TeMH,.,KOTOpbl~ Haii,[leHbl B pa6oTe / 1 / npH 

·. BblnOJIHeHHH YCJiOBHH ( 3) II ( 20) • llocne,IJ;Hee .. HeY,IJ;HBHTeJibiiO, nOCI<OJibi<Y yc

JIOBHe (3) 0.3.HaqaeT, 'ITO ~(_#. .no , .· ~ "HYJieBoe" npH6JIII~eHHe ( 19) 

TOI'Aa ,IJ;aeT. 

- L 'l;, ··.·. 
n=- I nodi =no. 

• f'Ql' ' ' 
0 

0 

,(~5) 

,,,· 

3TOT. <lJaKT llO,IJ;tJepKUBaeT KoppeKTHOCTb Bbl6opa .. ''HYJieBOI'O". npii6JIH~eii!IH B BH}:le 

( 19) .u;nn Haxo~p;eaiin o6illero p~rneHHH ypaaHe~uH ( _17) B .;~;BOM npH'6nH~enuu, 
'··: .. '.{ : 

6 

a TaK~e noKa3hiBaeT, tiTo n~IM~HeHue MeTona .HTepauuii lluKapa B nanHoM 
• ' • '•';; -~ ~. • •• ' ' • • • + 

cnyqae BnonHe npaaoMepHo. ,. . ,, , . .,, .• l' . ·'·,, 

Tenepb Mo~no _3anucaTb pernenue ,ypaaHeHHH .. ( 17) B :.nepaoM _npH~nu~eHHH, 

cornacno (19)-(20): . .. . · .. -6· : •·. ..· . , ':;eD-6. 
lt(f}=!Zo -f:/tf,n-(i'}cii1+(tS"o.t-~~~ }{L-e-. f. J-f· 

0 ' -~ 

+ (ao$-~ ~~){L~e-ie.;J. 
• ( 26) 

... 
.-:3- ' . ; 'i : -~ ~.-: 

3,1J;eCb ,IJ;JIH KOHQeiJTpauiifi Oi ,11: ~ IIPIIMeHeHhi cljopMyJibl (23) .:.'( 21) .... EcriiJ" , • 
B HatJaJibHblii MOMeHT Bpet\iellll .KOHUeHTpaUIIH napOB BOJ1bl ,/Z{o):. fzo, a Bl!ernillll"l 

UCTOtJilllK napoB n~peKpbiBri~TCH II- C}n. t-tl 0 rrpii -£.> 0. cornacuo ( 4) • TO 

IIHTcrpan, BXOI1Hmn;·, B npaBY!O qaCTb (26), IICtJe3aeT·:· B:'n'a·~aJibHbii'J MOMeHT 
'',_;,_: • < '•(· {·'' ,; •• ' ,,, > 

apeMeHII KOHUellTpaunu a.[\cop6npoaaHHOfi BO,[\bl 6t!to)= Ooe t~ame acero ~111oro 

MeHbille .• 'aem!tJIIII Je':e/Jfe . C e·-= 1 , 2). ll03TO~!Y BeJIIItJIHibl. 

, . . . floe "_'iec~ .C. ~~ g = ~,..t, 
;;ef 

(27) 

·-· 
T.e •. OTPIIQaTeJibHN. B 3TIIX YCIIOBIIHX eCTeCTBeHHO o.~{iJ\aTb,, 'qTO. KOHUeHTpa-

llHH B0.[\511101'0 napa 6y.[leT xapaKTepH30BaTbCH "nBYCTYneHtJaTbiM" y6biBaHIIeM 

BO BpeMeHil OT JICXO}:lHOH BeJIHtJHHbl . n D ·i '.cnOCKOJibKY · BeJIIItiiiHbi :;;e; l! ,_;e;_ Cy-

11\eCTBeiiHO OTJIHtJa!OTCH • 

Y!MeeT CMblCJI; pa.c'cMo~pe.Tb cnyqafi, I<OI'Aa. peaJIII3YeTCH YCJIOBIIe (3). 

B 3TOM cnyqae I!CTOtJHilK napoa BO}:lbl perynupyeTc'ii · TaK, · <i-ro OCYII\eCTBnneTcH 

COOTIIOlneHHe ... 
·2 i ·~ • ,.) : ' ~ •, .. ., 

.. .. 

nt-1) =no, o:::: to~ 'to. (28) . .... ";·. ·,·· 
i' Ho TOrAa <lJopMyna (26) Hill! HenocpencTBeHHo IIIITerpan·n:l'luJKeHu·n (5)-1 no-

3BOJIHIOT p~IDHTb "o6paTHYIO" ,3a]:latJy ·":: !IaHTI! Bl!}:l ,<lJYH~~.IIH lJ.n.(-rf/ , T~·e. 
, orrpeAen~Th "MOII\HOCTh" ~-2~~~.7;!Ka rr;poa aop;bl, pe'~~;.i~YIOII\ero'-·ycnosne ( 3) .• 
~ . . ' ' ,. ·''' 

•· Yt~HThiBaH ( 28) 11 nn<P<lJepeHUIIPYH no ·apeMelln HHTerpaJI ( 5) -1, Haxon:mt 

~ {~ +dJ.) ~ 9-~Z-(-t} (29) 

3,[leCb I<O!IUeiiTpaU~II ~.A~Op6_!l~·O_BaiiHOH BO)lbl 6_i.· .II 6;i MOJKIIO .Ctii!TaTb. 3aJ1itH

HbiMII tPOPMYJia~ll· ( 23)- ( 24) ,' ~~CKOJihKY npu ~bln~JJHeHH!I. yCJJO·B;Ifl. (ZO) 'n ( 28) 

Hx cneAYeT ct~nTaTh TOtiiibiMH perneHnnMn cooiaeTcTBYIOII\HX ypaaHeHnix. Jlo~mo·
~an ( Z9) Ha. o'6'b,eM Vn..'._.;)<;OTOPhiii ·3aHHMaeT:, aonnHoii''nap, · flar.neM t!'•'xcno ~to:. 
neii a'a,IJ;HHOPO ·napa, ·Bbl}:l.enHeMOI'O HCTOtiHHI(oM B 'e.nnHIIllY . apeMeiin ( "MOII\IIOCTb") :'' 

' .··,· ..... : ',·: ' d: ' 
Q~ti}= Vn-'frn(-f}=Vn.d+(~+d"j}. ,. (30): 

~ ' 

. ECJIH Tenepb Kai<IIM-JIII60 CIIO,C060~ ll3Mepl1Tb, 31latJCIIIIH tPYIII<llllll (j),z.(i),_., TO 

IIO,IJ;CTaiiOBKa B rrpaBY!O tJaCTb ( 30) I!JopMYJI. ( 23)- ( 24) n03BOJIIIT ~poaepiiTb 
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,QOCTOBepH,OCTb YCJIOBHll [ZQ j :: T. e. npe;::inOJIOJKeHUll; 'o He3aBIICIIMOCTH MaKpO- ·: 

CKOpOCTeH cop6UHH OT BpeMeHH. flpn 3TOM, ,KOIIe'!IIO, cne,nyeT yqeCTb, 'ITO 

cTeHKll KOHTe.iiHepa, CO,QepJK~lJiel'O B. ce6e napbJ BO,Qbl, II IIOl'PYJKeHHbJH B Hl!X 

o6pa3ell JIHIIH,QHOH MeM6paHbl, MOPYT a,ncop5nponaTb ( HJIH KOHi:leHCHPOBaTb) MO

neKYJlbl no,nbl~ 'ITO MoJKeT nHecTn n'orpe310cTh ~n · 3:::1}atJeHnll, On-., 
flpe,QC_TaBnl!eT HHTepec 06paTHTb BH.HMaHHe· i1 H a cne,nyJOmee o5eTOl!TeJib

eTBO. EcnH npone,neHa eepull H3MepeHHii npu BhmonHeHH·u ( 3 )' n ( 25) ,nnll Ha-

5opa 3HatJeHHil Ito =not· H nee OHH oeymeeTnneHbJ 3a npoMeJKYTOK npeMeHH 

o,!f-f;:!!E:lla· (o.nuHaKOBbli! .QJill neex IZ-oi, i=1,2, •.. ), a pegynbTaTbl 

H3MepeHHH ,nann BeJIH'IHHbl 61i, '!Zi B • .r.1o~IeHT i-~fO-~ TO cPOPMYJibl (23)-

( 24} onpe,QeJll!T 3aBHeHMOeTb KOHUeHTP~llliH a,neop5HpOBaHH~fi BO,Qbl OT BeJIH'IHH 

/Z.oj .• BenH'IHHbl /Z.oi: .. MOPYT npHIIHM.aTb JIJ06bJe 3HatJeHHll OT ~yJieBOl'O ,QO 

npe,QeJibHO .B03MOJKIIOPO IIPll cPHKeHpOBaHHOH TeMnepaType HaeblmeHHll. ll03TOMY 

_.YeJIOBHO .-M~~IIO OIIYeTH~~ H~,Q~Ke l Y 3THX BeJIH'IH,I,l 'H e'!HTaTb HX HenpepbJB

HO H3MeHliJOl!IHMHell. ToP,na eooTuomeHHll (22) y,no6Hee 3arilica.Y.b a BH.Qe. (ye)w

BHe (3)· H eOOTHOllieHHe (25)): 
;Jeo 6 0 o o 
. '"L = KJ.no+f<.l, iJ£ot.=K£no""Z. 0.t1 

(31) 

#I!J = k3no+k~ • 0 0 ~ ' 

Jeo.,t = K3 fZ.o z::.o.J_. 

;'i 

.SleHO, 'ITO B (31) eo5JIJO,Qe!IO yenOBHe (20). COOTBeTeTBeHHO eyMMa KOH!leHT

pa!lHH (23)-(24) B 3THX yenOBHliX npHMeT BH,Q 

0(~,;) . ~ (no)-f6j(no}= :;:::;; fi-:e,r!f-(K/no+t<J)f:-!Jj'+ . 

. "+tr;,.texp{-:(Kfno+I<J)t[j+ . c
3

2> 

+ KJ n. >=o3-.. {t,- exp[-_(KJ n. -1-Ko/J~.Jj f'6;,~.'Ut>P (t<Jno+':<!}e:j
1 

. . , · ~ :=COn's-f1 Oc( n.~ ,C::: no;,;a..X. 

' 
~ 
l 

"l: 

I· 

i 
! 
I 
I 

j 
j 
l, 

. I 

KaK · ~H.QHO, 3aBHeHMoeTb 6{ng}npH cPHKeH.ponaHHOM 'giiatieHHH ·~ uMeeT enoe- , 

05pa3Hb1H xapaKTep ll, Ppy6o l'OBOpl!, HMeeT ".QBYeTyneH'!aTbJH" BH,Q, 'ITO Ka

qe~TBeHHO (no Kp7:ti!Hei! Mepe} cob~BeTeTBYeT ;i<eii~pH~e~TY CHaGJiJO,nae~biM 
a,neop6uHoH~I~IM. H3oTe.pMaM) • KoppeKTHoe epanHeHH~ ~opMynbJ ( 32) e · 3KerrepH

MeHTOM MOJKHO npoB,eCTll, eenH yqeeTb 3Kenepllll.f~HTaJibHbl~ eBe,QeHl!~ 0 BeJIH.'IH

HaX. Ki' ~ .. en~.nY~mHe ~~ pa50T I 2- 3/. llpH 3TOM ene.nyeT yqec~b' 'ITO n'To-

poi! H. tJeTnepTblil qneHbl n npanoil qaeTu · ( 3.2 ), eKope~ n~~~'o, npeHe5peiKHMO Ma-

JibJ' npH. JIJ050M B03MOlKHOM 3llatJeHHU ·:no . Kolle'IHO' 'Kor.na B 'Ha'laJibHbiH MOMeHT 

BpeMeHH t =0 o5pageu "n.neanbHO" 'llleT, T.e. 6f!{0)=6De=O , TO BTOPOH 

H 'leTnepTwi! qneHbl n (32) noo6me nc'le3aJOT. 

8 

Y,nenHM, TemiPb' HeKoTopoe BHnMaUHe ypa~eHmo:: ( 17 )' B ·ToM' cnyqae; 

KOP.Qa. K£(-f} ~- 3a.QaHHble $YHKUJHI npeMeHn (c~1. (21}). B HynesoM npu6nu..: 

JKeHHH BMeCTO -(22) Cne,nyeT.3anHCaTb: 

'¥!J(#=K!.(.fjii~K.J(Ij; Jeo:t.(-t-} K,t{i}fi~o~ 
' ' ' 1 (33) 

Je.t (# =.K3 {i}li +Kv (!-}! deo,t (6} = K3. t~}lir:oJ.. 
Ecnu B cooTHomeHnl!x ( 33) ij)yHKUliH Kt (fJ 3aMeHHTb na ux cpe,nHne sHa

'leHnll Ki , TCJ nee nonyqeHHble paHee pe3YJibTaTbl noC'npou3ne.nYTCll B .Pop.:.· 

Me.c TOH Jlllllib pa3llll!leil, 'ITO tipOli30fi,QeT 3aMeHa 
/2 3/ 

pa5oT - , a TaKJKe HX onneaHue, npe,nnoJKeHHoe 

() .. _ .. 
f<.t -+-f::t:· Pe3YJibTaTbl 

B pa5o~e 111 , IIOKa3biBaJOT, 

':JTO 'eCJIH UMeeT ·Me'cTO 3aBl!CliMOCTb MaKpOeKOpOCTefJ '*i OT:BpeM~Hll, TO 

B TeX YCJIOBHl!X; B .KOTOpbJX npOl!3BO,QHJIUCb 3KCnepnMeHTbl / 2 - 3 /., 3Ta 3aBl!Cl!

MOCTb npo'lln~naeb. ne'cbMa · cna6o· -' B npe.Jienax omH6oK 3KcnepuMeHTa. llocKoJib

KY KOHKpeTHblii nun IPYHKUnil Ki {t} noKa He H3BecTeH, TO uMeeT CMbiCn 

KPaTKO OCTaHOBl!TbCll Ha CIIOC06e onneaHUH 3KCnepnMeHTaJibHbiX ]:laHHbJX C no

Moiiibld ( 33). llpe~nonaPall, 'ITo' 3anncHMOCTb MaKpo~·KopocTeil · o; npeMenu 5y..: 

,neT nce-TaKn o6HapyJKeHa u Y'lliTbiBall TOJibKO ··qTo: npune}.1eHHbJe ij)aKTbl, ,nnll 

onncaHUll 3KCIIepHMeHTallbHWX .QaHHbiX:MoJKHO npOl!3BeCTH,Pa3JIOJKeHue 4JYHKUliH 

Ki {-6} B Pli.Q Tei!nopa . . 1 ~- '· '-

, • · dk·to) · :1. d.;tKi(oJ-f.:t+··· 
Kz(-1:}-,Kt{o)f d-t:- -t +-;r ct-tJ · .. (34) 

.;:, 

ll OPpaHH'IHTbel! .llBYMll liJlll TpeMl!, BblliHCaHHbiMH 'IJiellaMll. C IIOMOlJibiO (33)-(34) 
.• ' f . - "" 

MOJKHO Bbl'lliCJll!Tb BCe UHTe rpanbl, B~O.Qlll!llle B. BblpaJKe Hllll (_13) , ( 15) ll ( 17) • 

llpu 3TOM MOJKHo nono~HTb Kt{O)= Kf COPJiaeHO (22); npoli3BO,QH~e JKe. 

OT IPYHKUnil K;. {-!} · npu ,.-t =0, KOHe'IHO, cne,nyeT paccMaTpnsaTb B Ka

qecTne njlpaMeTpon. HenmuHe no.nqepKHYTb, 'ITO pagnoJKe Hue ( 3 4) paQnoHaJibHO 

numb B li30TepMnq~cKnx ycnonullx. ~ei!CTBqTeJibHO, ecnn npoQeccw'eop6u~u· 

np~TeKaJOT npu T~Mn~;·aType Tf-!} . ~. KOTopal! liBnl!eTc'll 3a.QaHH~fi IPYHKQnei! 

BpeMeHH, TO OCHOBHOH BKJia,Q BO BpeMeHHYJO 3aBHCliMOCTb MaKpOCKOpOCTei! 

Ki.f!) nueceT cj:JopMyna, AppeHuyca; ; ".noneeKu;·· JKe,. ~Bl!3aHHbJ~ e, .netiJopMa!lllliMH 

nHnn.nHoil MeM5paHbl unu ·ee · <!Ja30.Bb1Mll n'epexoi:laMn n npouecce eop6uuu, cKopee 

BCePoi HeBeJIUKH B ,llaiiHbiX YCJIOBllliX. 

' 
., 

'' 
3. <l>nYKTyarmoliiloe npoHnKHoneuue napon BO.Qbl qepe3 enofi nnn~~HhlX · 

., 

l'OJIOBOK MeM5paHbl 

.Uanee cne,nyeT yqecTb If ,npy.roi! .PaKTOP, KoTopbli! MoJKeT o6ycncn1H.Th no:.. 

l!Bne~u~ ~a~m~fi~~ ga~ucn~IO~-~H MaKpoc~~~~~Te~ co~5~nu, OT npe~e~-~, xoTll 

TaK~Bal! ::B 05l!I~M CJIY'I~e, H~COMH~HHO·~· CY~,e~T~YeT ~· eaMa no ce5e :: C~,C~ol!ime 

9:1 
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CJIO.H, B KOTOPOM pacnaJIOJ!<eH~l: POf?BK~ JIHnH~l~blX MOJie~yJI, cymeCTBeHHO 3aBU

CHT OT TeMnepaTYPbl ,~ CTeneHH ,3anoJIHeHH.H ~KT~BHblX l.l.~;tTPOB MOJJeKYJIUMH BO

,[t;bl. llpH HyJieBOll TeMnepaType no WKaJie KeJibBHHa. POJIOBKUMOJieKYJI JIHIIH,r:t;OB 

MOJKHO cqHTaTb npaKTHqeCKH HenO,r:t;BHJKllblMII (IICKJIIOqa.H, KOHeqHo, KBaHTOBbte 

3 dJ<!JeKTbi), T.e. MoJKHO rosopnTb .. o6'·y.irrax.peweTKn, oT'KOTOPhiX ronoBKn MO

neKYJI npaKTHqeCKH He OTKJIOH.HIOTC.H. Korp;a nOBbiWa~TC.H TeMnepaTypa, TO Ha

paCTaeT II cpep;H.H.H KHHeTHlJeCKa.H; 3Heprn.H·:::roJIOBOK MOJieKY~. JIIIIII!J\OB. 51 CliO, 

qTO npn. p;o.cTaToqHO Bb!COK.oii, TeMnepaType dJJI):'KTYaUHOHHO 6YJ\YT B03HIIKUTb. 

p;OBOJlbHO 6oJibWHe OTKJIOHeHI_J.H •. ro,noBOK MOJieKyJI: OT Y3:IOB peiiieTKII. TaKI!M 

o6pa30M, ecTeCTBeHHO npllH.HTb, 'qTO MelK):lJ ro,JIOBKaMU JIIln,ll,D;HblX MO~eKYJI 6y

p;yT B03HIIKUTb "p;b!pKu'> ,qepe3, }~,OTOpbte MOPYT npOHIIKHYTb. MOJieK)"Jibl BO,D;bl. 

lJHCJIO <!JJIYKTYal.ll!OHHa B<;>gH!1.KaiO~IIX •:p;btpo~~·, z=/ Ha ep;nHHI.IY nosepx-... ' -- . ... 
HOCTII CJIO.H 0 ·s KQTOPOM pacno,noJKe_Hbl POJIOBKI! JIIIIIH,[t;HblX MOJieKYJI, Hall::ll BeCb-

Ma HenpoCTO. ,llJI.H 3TOPO Heo6XO,D;IIMO 6blJIO 6bt npi!BJieqb KHHeTnqeCKYIO Teopmo 
' . ' . '' . . . . . ~ . . ' . ·, . ' ' . '. 

Ha MIIKPOYPOBHe C. y~eTOM. MHOPHX KOppeJI.Hl.II!ll •. CTaJIO. 6btTb, ecm.i B 3.TOM 
• \ •• c • '- ' ' ' • • '- ., • ';! • 

B03HHKHeT Heo6XO,D;I!MOCTb, TaKOll TeMaTI!Ke CJiep;yeT yp;eJII!Tb OC060e BHHMaHHe. 

3p;eCb, JKe orpannqn~C.H,; TeM, · . .;T·O, :sBep;eM 3$$eKTHBIIYIO.;_.~aKP,OCKOPO~Tb: 4 {-/) ;• . 
npOH!!KHOBeHH.H MOJieKyJI BO,D;bl. qepe3 B03HHKaiOI!1l!e ]:(blpKU: 

' - . - '· ~ :: . . 

4tf}=Zjr'-t}s3~F ur· (35) 

BenuqnHa Uif - B~PO.HTHOCTb npo,HuK!I.~.B.~HnH,MoneKYJJ~I ~.JlO~bi qe~e3. o~HY •. ,nbtp

KY B. e,nnH!!l.IY speMeHn; Sj'!''f' - 3$!lleKT!!BHOe ceqeHne <PnYKTYauuoHIIo B03111!

KaiOmeii ',!J;bl~~I!; .tl - KOHUe~~paUI!.H }J;biPOK Ha nosepXHOCTI! MeM6paHbl, .HBJIHIO

maHCH B • o6meM cnyqae lPYHi<Uneii speMeH_u. · Bennq~m~ ···Z!I' , ·. KoHe<:iHo, MOJKeT ... 

cymecTBeHHO 3aBI!CeTb OT 3anOJIHeHI!H. aKTI!BHbiX ·cop6up)"I01!1l!X 'UeHTpOB MOJieKy-' 

JiaMH BO}J;bl • 

YqHiblB~H (35),· ypas~eHI!~ l1l-1 cnep;yeT 3anHcaTb B BI!p;e 

dfl; . . . .. . . .. · . . ' 
-=-K~n~J. +k.:5j-k3n"t.:+K¥~ -11n + 9-ti(#. 
d-6 •. . .,, :. . ' ,. 

(36) 

Bee p;pyrl!e ypaBHeHHH. CI!CTeMbl ( 1) ,'6yp;eM' Cqi!TaTb noKa He 1!3MeHHIOI!1I!MI!CH. 

Ho B · p;onOJIHeH~e c'ucTeMbl ( 1) HeH3.6eJimo' B03HI!KaeT 'ypaBHeHI!~ ,; · 

·an · ·.·. 
~:::..Jftt, 
d-6 

;•'<! ·;/, 

(37) 

B KOTOPOM ~~- KOHUeHTpaUI!H MOJieKYJI BOIJ;bl, npOHI!KIIII!X B nOJIOCTb, rp;e 

pacnOJIOJKe llbl 1 XBOCTbl" MOJieK)"JI JJI!ni!,D;OB. 

llpOCToeypaBHeHHe (37l CTI!MYJII!pyeT Bonpoc: KaKI!M o6pa30M peaJII!3Y-

eTCH rup;po<lJo6HOCTb XBOCTOB JII!nl!p;llb!X MOJieKYJI, I!llb!MI! CJIOBaM~ 0 KaK Be,D;)"T 

ce6H MOJieKYJibl BO,D;bl, ,D;BHraHCb MeJKp;y XBOCTaMI! MOJieKYJI JII!ni!,D;OB? J1CXO,D;H 1!3 

YJKe uMe~meilcH Im<bopMauu'H - KaK 3KcnepnMeHT~JibHoii, TaK' I! .Y.~ope~Hqecl<oii 
( CM. , Han~iiMep, / 4

-
51 11 npm3eii~H~bl~ ~aM CC~IJIK~) , - no~a He npencTaii1~..: 

'C• 
-:_.r': 
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eTCH B03MOJKHbiM ,D;UTb ,0All03llaqHblf! OTBeT Ha 3TOT BOnpoc., OrpaHI!qi!MC.H 3,r:t;~Cb· 

JIIIIIIb HeKOTOPbiMH npe.[lnOJIOJKeHI!HMI!, ;· KOTOpble ~IOPYT _6biTb fiP?BepeHbl, eC[l~! Y. 

npe.[lCTaBIITCll. B03MOJKHOCTb .. 3KCnept!MeHTaJibHO 113~tep.HTb' pacnpep;eneHIIH,. BOAbl. 

B · na6yxa10mnx nHml,nHbtX cTpYKTypax, KoHequo .:·no, cnoH~I. "llpeJK;:(e scero, 

HH<bopMal.II!H ,,.. npnse.[leHnan .. s: pa6oTax :
4 - 51 , no3~a~neT npe,nnonaJKl!Tb ,.,.'JTO. 

' . . -- ·. 
XBOCTbl Jli!Hll,l:lllblX MOHeKYJI COCTOHT·H3 .nOJJHPII30BaHHblX. 3JieMeHTOB uenoqKI!, 

o6Jia,l:laiOmliX BeCbMa MaJiblMII, 110 "01!1YTIIMblMII" 3JieKTpl!qeCKI!MI! ,l:ll!nOJibHblMII MO~ 
' ' ' ... - ' .. ; ,.._ 

MeHTaMI! •. 

ECJII! npHHHTb 3TO npe,[lnOJI<;>JKe!JI!e, TO MOJKHO OlKl!,l:laTb, .qTo ,TIP!!. Tel'mepa

TYPUX T.C:. 7k.f'. xsocTbl MoneKy n,. ronoBKH KOTOPbtX npi!Ha.r~neJKaT .coce,r:t;HI!M 

CJIOHM, pacnoJIOJKUTCH.,TaK, qTo ,D;HnOJibi!He MOMeiiTbl 3JieM€'HTOB 1.1€'UOqK1f B Ka-
. ~ .,_ : : .-. . • ,- '· • ' - ' .._ f . 

KOfi.-TO CTeneiiii KOMUei!CllpyiOT JlPYP p;py,ra, T. e. uenoqKI!. pacnOJIOJKaTCH npaK-

TlltJeCKII tiapaJJJICJibHO ilPYr K APYPY.: no npaBI!JIY: 

r- +•-o--o---+---o-

• 0 • 0 

+ - + r 
(38) 

3,[leci, r:;"":; POJJOBKH MgneKYJI JJI!ni!,D;OB, a 3HUKI! "+", "-" 03HaqaiOT nOJIOJKll-

TeJibHblA,I!JIII OTPI!l.laTeJibllblf! 3JieKTPI!qecKI!ll 3apH,n. YqnTblBaH B3al!MODeficTBI!e 

XBOCTOB Jli!Ul!,[lllblX MOJieKYJI no CXeMe ( 3 8) , ·a TaKJKe ,[II!I10JlbHOe B3alll'·lO,D;eflcT-
, . . ' ' ·' - ~ ·' 

Bl!e POJIOBOK JII!nl!p;HblX MOJieKYJI II COOTBeTCTBYIOI!1lle npOHBJieHH51 CI!JI BaH-;,I:lep-

-BaaJibCa, MOJKHo 3aKniOqi!Tb, qTo n!JI! TL:. TIT' m~nn,niian ~teM6paHa H~~o,r:t;HTCH: 

B KpucTannHqecKoii <!la3e •. Kor.na T;;?::.7icl' , , .~pe,nHH~ KnHeTttqecKaH ~neprnH 

3JJeMeHTOB uenoqKH XBOCTOB Jllii11!,1J;HblX MOJieKYJI npeBbiiiiaeT 3HeprUIO l!X ,[lll

nOJibHblX, CBH3eii. TaKI!M ,~?pa30M; npOH?OH,D;eT. nepexon.'cHa<:iam( B JKIIAKO-; .. 

KPIICTaJIJII!qecKOe COCTOl!HI!e XBOCTOB Jlllni!AHblX MOJieKYJI, a npll JlUJlblleiiiiieM 

,lli;'BbiiiieHIIII ::eM~ep·aTypb;:'c- 's' iKi;dKo~ ~ OiieBI!)lll~ie .Bbi~O,r:t;bl ;•; c,nenaHHbie 113 npiiHH

TO.PO npe,nnonoJKeJIIIH, c_ornacyiOT<;:H c yJKe Ha~JJIO,naeMbiMII <!la30BbiMII nepexo.naMn 

B Jli!IIl!,l:lHbiX CTPYKTYpax ( &;(,11 . , £-c I! il~-J' <ba~bl f7 Cne,l:lOBaTeJibiiO,, HPCA!lO

JIOJKelll!e 0 c.ymeCTBOBaHHII AI!UOJibllbiX MOMeHTOB· Y. .:JJJeMeliTOB uenoqKll XBOt:;TOB 

Jli!IIllilHblX MOJieKyJI MOJK!lO Cqi!TaTb npl!ei\!Jle~biM. Tp~,U,IIO ··~e6e npe]:(CT~~IIT~!;:•~TO 
eCJII! MeJKp;y •!.\enoqKaMI! XBOCTOfl ~I!III!,[lllblX MOJI~KYJ1. 6y~y~ nei!CTBOBaTb ~~JtbKO 

'''L 

CI!Jlbl BaH-p;ep-BaaDbCa, TO.B031li!KHeT C!pjKTypa Bll,l:la (38). 

PacCTOHHI!e MeJK,ny napaMn o6bep;u~eHHblX uenoqeK (xsocT~B) no nopHnKY 
~;::.' . -• ",, • c·~·,; "" . •. •-;- ',' t '.· 

BeJII!qi!Hbl 6JI1!3KO K cpenHeMy paCCTOHIII!IO MeJKAY Uei!TpaMH I!HepUllll COCe,[lllllX 

ronosoK ~ nHniiAHblx MoneK;n. TaKoe pa~c~o~1i·t~~ .cymecTsenHo npeao'~xo;uiT ·~a
paKTepHblii pa:JMep Mone~;,r; ~~nbl. HecMoTpn ua cymecT_sosamte soit,op.o'nHbtx 

CB513eit, KOTOpblMI! xapaKTepH3YeTCH MOJieKYJia BO,D;bl npn B3ai!MO,r:t;eflcTBIIll C . p;py-
·, . - . . -· -\ ,· 

ri!MI! MoneKynaMI!, ee. ,nBuJKeHne MeJK,ny cnapeHHbiMI! ··xsocTaMn m~nunnblX: .~o~eKyn 

MOJKIIO CqliTaTb ,D;OCTaTOqHO C_B060,D;Hb1M, .HOCKOJlbKY ltllnOJibHU!'i nan51pii3oBaH.HOCTb 

3JieMeHTOB UenoqeK cymeCTBe~HO ~KOMheHC~poBaH~~ 3TOT <lJaKT II C~OT~CTCTBY

eT O,D;IIOMY 113 npOHBJieHIIIi r,llil,P0,~0611,0CTII XBO~T~i~ ~;OJieKyJ;. JlliiiiiilOB •· 0)lH3KO, 

, .II 



i<oHeimci'; f'I1APOdlo6HocTh. nonocTel1 cnoeB MeM6paH ,., coAepJKamnx B ce6e'''xBoCTbl · 

JII!llHAHbiX .MOJICKYJI; 3THM He 11CtiepnbJBaeTCH. · JleHCTBI1TeJibHO ;. YtiHTbiBaH CYJ!ICCT

BeHHY~ noJIHp~i6BaHHOCTb ~OJIO~oK'JI11nHAH~i MOJICKYJI, eCTCCTBeHHO•CtiHTaTb, 

tJTO • "apeMH 'JK113HH"- J:toc.TaT-OtiHO: CBOOOAHO ABHlKYulHXCH· MOJieKYJI BOAbl B' nOJIOCTH, 

couepJKamel1 XBOCTbl JIHnHAHblX MOJICKYJI, HeBenHKO; TaKI1C MoJieKYJibll BO,llbl · 3a 

MallbiH npoMCJKYT.OK' apeMeH11 OYAYT ancop611pOBaHbl OAHHM 113 ABYX CJIOCB, co-

-- nepmam11X B.' ce6e f'OJIOBKI1 JIHnHAHbJX· MOJieKYJI; TaKHM o6pa30M'· 11 OCYIUCCTBI1TCH 

Otii1CTKa noJIOCTii XBOCTOB JII1n11AHbiX MOJieKYJI, T. e. npOHBI1TCll f'll)lp0$06HOCTb 

UOJ10CTI1. :}le'TaJlbHO KHileTHKY BOAHHOf't)'·napa H ancop6HpOBaiiHol1 1 BOAbl C yqe

TOM oc66eHHOCTCH CTPYKTYPbl cnoH •J111IJJf,/:IHOH MeM6paHbl 6yneT Yl~ieTb' CMbiCJI 

paccMoTpeT'b, ecnH · 6yneT 113~tepeHo 'pacnpeneneHHe ancop6uposaHHort BOAbl no 

CJlOHM: MeM6-pailb(.·- nplj' 3TO.M cyme'cTiiellicio, tiTOObl- 6biJIIi co6JIJOAellbl' ycJlOBHH'' 

g~cnepi1MCIITOB /Z- 3 / (np:oHHl<HOBCHI1e';;MOJlCKYJI BOAbl TOJlbKO ·opTOf'OHallhHO 

CJlOHM -MeM6paHbl). TaKIIC 3KCnepHMeHTbl, no MeHbllleH Mepe, OTBeTl!T Ha BOnpoC; 

peaJlbHO JII1 f'OBOPI1Tb 0 cPJIYKTYal\HOHHOM npOH11KHOBCH11H 

CJlOH f'OJIOBOK JIHn11AilbiX MOJieKyn? 

MOJieKYJl BOAbl qepe3 

TeM He MeHee, npHlll!Mall noKa, 'ITO ilJnYKTYanHoHHOe npOH11KHOBeHIIC MO

neKYJI BOAbi HMeeT ~lecTo, ;paccMoTpliM sn11lllllle ypasneHIIH (36)-(37-)"Ha· 

Oni1CaHlle npOl\C~COB Cop6U11ll. KoppeKTHOCTb BBCAeHI!H ypaaHeHll~ (36)-(37) 

TI~ATBepni1TCli .·- ecmt 113MeHe'HHal! 11 AOnOJIHeHHal! l!Mll CI1CTeMa ypaBHCHIIH ( 1) 

~oxpaHI1T YIHTef'panbl nsriJKeHllll, aHanof'lltiHble (5); JlnH nposepKI1 3Tof'o'npo-

113Bener.i CYMMHposaime. ypaBHCIIIIH ( 36)- ( 3 7 r. ( 1)- 2 11 ( 1) -3 : ' 

d.- ' .- ' ' ' ' ;, 
-(n +n1 -fff}_ +(lj_)==- Ktn~i. + k.J.~ -k3a~;:+kr'ft _ ;-; h-4-
d~- ._ . < . . .. ·: ._ . . -" . _ . _ . . I 

+ tfn (-t)+ Jfll- + ktn 'Z.t-: k.:. 6i. + K3 n'i.,t- k~ ~ 
,:, 

·' 
.. ~ fj.n {i}, 

:c~;:;-11' "a J'HTe~p-anhHol1 ,q:,opMe 
~-' . -1; ' ·- ,, - ' 

'i' n +izj-f 01-f ~- = I'Jn-t-tJdi 1
-f no +nor +lf"oL + Oo.,t. 

. .;··:o . . -· -- -.- ..• 
(39) 

>'. ... ''< . 

KaK ·H' p~'ite~, 11HACKC "0" y' KOHUe~.;:P~llllj:j o-i-MeiiaeT 11X 3HatJeH11e B MOMCHT 

· i: =:D. C~oTHorn~·n11e. ( 39) n~e-~cTaaill!eT _co6oit ~~Tef'pan ABI1iKeHI1ll, nonHoCTbJO 

aHaJ10f'11tiHblH ( 5 )-1 • HeTPYAH~ Bli;~Tb, 'ITO 11HTCf'pan~J,iisi1JKCHH~ ( 5) -2 

U C 5) -3 C~Xpa~l!TC~· 0 nOCKOJlbKY ,Bll; COOTBeTCTBYJOm~x ypaBHCHIIH He li3MC-

B (39), MOJKeT_ObiTb BblpaJKeHa qepe3 IIHJICl!. Ko_HUCIITPBl\11ll _ /tl , BOUJeAIIIBH 

nt# c. no~om~Ki (37): 
-t 

IZI(# =/1tff'}ntf?d-f
1
-l nof. 

.- 0 - _,-- '-.- ', ' 

(40) 
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' :q\; 
noncTi:lBJil!H (40) B (39), 3anHUJeM _ , .... , 

- "If' . I. - , . ' .. . •' -_.- - '" ',. 

lt{-4)= / <f,nJ&Jd-f +no -f IS"o.l + d"'o,3, -6j_ (-6}'-~ {-6)-
. 0. -t . 

· _ /Jtt-6'/nt+Jd-f! (41) • 
<~ ;} 

TaK11M o6pa30M, BMeCTO 11HTCf'paJlbll0f'O TPBHCl\CHAeHTHOf'O ypaBHCH11H -(17) 

B03H11KBCT TaKOBOe ~~~~Ae (~1). noCKOJibKY YPBBHeH11H {1)~2 11 (1)-3 
\:{ 

He II3Meii11JII1 CBOH Bl1,[\ npl! YtieTe cPJIYKTYBl\liOHHOf'O -;;pbHm(~oBe-1!11.51 MOJleKyJI 

BOAbl 'I~P~3 c'.ii0!1 f'~~'IOBOK 'MeM6paHbl, TO perneHIIH 3T~~·'ypaBHC,H11H;. Bblp:iiKeHHble 

qepe3 KoHueHTpauHJO 'tt{f;) :, coxpaHHJOT BI1A ( 13)' 11 ( 1 S)., T. e. ; tre_'c:t.) 
( e = 1 , 2) B ypasHeH11H ( 41)' B~paJKaiOTCH C nOMOfUbiO 3TIIX tDOPMYJI. . 

- , ·PerneHIIe ,.YPBBHeH!tH ( 41) 'no-npeJKHeMy cnenYeT ~CKaT~ ··M~;OAOM 11TePBl\11H 

n11Kapa. B nepso\'1. -~p116~11JKeH1111,·:AJI~- /2.(-6) B npas;~ tJaCTh _( 41) cnenYeT ·• 

nOAC
1

TBBUTb <!JopM'ynbl ( 23)- ( 24 r .: CCJII1 Kt =Cons~ • HJII1 !llopMYJibl ( 13) 11 ( 15) 

c ytJeToM (33) •. Ecn11 11CTOtJH.11K napos BOAbi -nepeKpbiT 119-n.t#s;,/nt~=no> o , 
T~ .. I'Z(i) 6yneT y6biBaTb · ne TOJibl<o 3~ ctJeT HapacTaHIIH Ko~ueH~PBU11i1 fJi!Cr), 
HO II 3a CtieT _ ilJJ1YKTYBl\110HHOf'O npOHIIKHOBeHIIH napo!-l BOAbl qepe~ CJIOH JlllllHA

HblX f'OJIOBOK MeM6paHbl, 'ITO 11 YtiiiTbiBaeT nOCJieAH11H 'IJ'!eH B npaBOif_ tiBCTlf ( 41). 

TOJibKO 3KCnepi1MeHT; KOHetJHO, 11 MOJKeT nposepi1Tb ,[l~~TOBepHOCTb 9TOf'O 
1.' •• i' ., > • • • ,:'-. ' ""~ • ~ • ' ~],_!.., : ~. \ 

.. ,. '~. \_ 

..) ilJaKTa. \ •' .. ,.:..; ··: 

t;)· l; 

3aKJIIOtJeH11e )' 

KoppeKTHOCTI1 PBA11, He06XOAIIMO.OTMeTI1Tb, 'ITO CI1CTeMa YPBBHeH11H (1), 

B CIIJ!Y HeJ111HeHHOCTI1 BTOPOf'O nopHAKa, 11MCCT ABa Ha6opa perneHI!H / 6 /. 

B ABHHOH pa60Te paCCMOTpeH 11 npl!MeHeH Jllllllb OAIIH ll3 3TI1X Ha-60p
1

~~·: 3TO 

CBH33HO C TCM, tJTO,l!MeHHO 3TOT;Ha6op peUJCH11H,OKB3BJICH B AOCTBTOtJHO XO

POIIIeM cooTaeTcTBI1H c ~a,HHbiM~ '~K'~n~~~MeH~os I 2 _3\t:.: Ecn11 ~~~ ~anhHei1rnl1e 
3KCnepi1MeHTbl nOKBJKYT HeAOCTBTOtJHOCTb 3TOf'O Ha6opa peUJeHIIH, TO B0311IIKHeT 

.. ' • • .. !•' 

neo6XOAIIMOCTb IIBHTII II BTOPOH Ha6op pernell 11M. np~ 3
1

~0M 3aBe
1

AOMO HCHo' .·''ITO 

B KOM611HBl\1110 ABYX. Ha6opoB peUJeH11H,. COf'JIBCHO /
6

/ '· OCHOBHOH BKJI3A BHeceT 

YJKe paCCMOTpeHHbiH 3AeCb Ha6op p~rn'eHUH: -11 ilJI1311tJeC~ll'if, ~~b;CJI, 11 CYIUeCTBeH

IIOCTb.'BKJiana 'sToporo Ha6opa :perne11m1 MoJKeT BbiHcHIITb ·Tonl,'Ko · Komit~ecTaenHoe 
CpaBHCH11e· 'c· 3KCnepl!MeHTa'JibllbiMI1 naHHbiM11. \ ·-~"- :.-}rr ~:t.JUf...; ···.~~.--

nocKOJibKY CTIIMY.riiiPY~IUIIX .3KCnepl!MeHT.aJibllblX' .QBHIIblX' noKa· ite'T, '11MeeT 
'· ' •. ···-1{) ' •. , ' ' . ' ' • •.· •. '' ' ' 

CMbiCJI Jllflllb OTMeTIITb'cnoco6· HBXOJKACHIIH BTOPOf'O'Ha6opa·peUJeH11H; YtiiiTbiBBIO-

IUHH cneuiiilJI1KY CliCTeMii yp'aaHeinlii 'B 'HCXO!lHOM BHAe ; { 1 i 11, B ee HSMeHeHIIOM 

11 AOnOJ!HeHHOM Bl!Ae -C nOMOJUbiD ypasHeH11H (36)-(37) / 11HTef'pim~'Hble ypasue.:: 

llHH ( 17) II ( 41) HafineHbl C llOMOJUbiO nepBOf'O •liHTerpana i{a'HJKCH11H ( 5) -1 

II TBKOBOf'O B 'BI1Ae (39). BTOPOH. Ha6op' perneH11H ,M,OlKHO non'ytii1Tb; ecn11 11Hble 

HHTef'pBJibHble ypaBHeH11H BbiBeCTll HenocpeACTBeHHO 113 ypaBHeH11H (1)-1 
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·n (36). 0CTUHOBHMC5! HMeHHO Ha ypaBHeHHH (36},, TaK KaK :>:PUBHeHne ( J}:c1 

5!BII5!eTC5! qaCTHbiM cnyqaeM ypaBHeHH5! (36) ( 4 _ 0) • , 
CHOBa II~HMeHHM MeTO,ll; Bapnau;nn IIOCT05!HHOH ilarpaHJKa. Op;llbpop;HOe 

ypasHeHne, COOTBeTCTBYIOI!Iee (36), nMeeT Blip;: 
· dn · · ·- '.\\ ·,. 
--:j"==-K.f.n:~.i-K3ft~.;.-ffn=-n tjl(-t), 
.d , .... , . . . •' (42) 

. . ' l 

'((-!! . ~f~.i +K;~.~,+.Xf::- ··-., 
; ' . ~. 

3p;ecb 

MeHn. 

~, p;anee, ~~HTbi~a.eT.~~.. qTO MaKpOCK~pOCTH /f£. H , .i;e. 
<llopMaJihHOe pe~enne. ypasnen~.b.J 42) oqesnp;Ho: 

- tPYIIKlll~H spe-

.- - - J fl't!1oH' .-- ' 
nt#=c-e o . 

(43)-

CqnTaH Timepb IIOCT05!HHYIO c «l>YHKu;neii speMeHn, 3arrmrieM rrpou3sop;HYIO! 
--{; . . 1. ,,. . ';-· 

. _an-,_-. etA -I r,Pt-t-1d-t · · __ .- _ 
. ._:='.__!::..eo - n, y:;r-6J. Hn· 
ot-6 at-!- ·. 

ITo~~TUBII5!5!" (44) B ypaB~~Hne (36), Haiip;eM 
' ~ i•'---

' ;'1\i: •·. •<' .,,,-,---, ,;·:: ·- .. . /r,Pt-t-Jd-6-'. ' 
C{-6)=/{K.tti1tfi.ttJ+K'If~tfit<t1+ fJ-n.to/eo d?:'- +Co. 

0 

C no~ornbiO (43) n (45) 3arrnrneM $opMarrbHOe perneHHe ypasHeHH5! (36): 
'(; 

. . . T: -{; flft-t'Jdi 1 

·.n{-6} ,.~xp{-j<tt-t'Jdtf{j'lktf:"Jeo a,~ +·;za}·-
rp;e o603HaqeH'c(' 

!' 

.. ,_,; (l'ti. t 'l'} =· K.:'tt'}~ {'tJ +Kvtt:/_6$_ { t-J+ 'f~ i'l'J 
·. - ' ~· (j ' ;. - .,:, '.,' ' ' •. ': 

. ',;.. Jl::,· -·1 ,., " ,: 

n yqTeHo naqaJibHoe ycnosne 
.. 

n:·, ,,, . ._. •-nfi~0 =n{o)=no=Co . 
. ,' ~':i ' ' .. ;· _; ~· • ·~ . . . ;' ·, ; : ·. i; 

(45)_ 

(46) 

(47) 

,. (48) 

Perne_H_I!5! .. Oe,·;:,ll ,,.-ze YJKe f!Uiip;eHbl H B o6meM, BH,ll;e, .KaK .ilJYHK~HOHUIIbl KOH~eHT~ 

paiJ;HH rrapq)'l BO,ll;bl fZ {t), npep;CTUBJieHbl qJOpMYJIUMH ( 1_3 )~, ( 15), ( 5) -2 

II ( 5)-:-3,. ,TaKIIM o6pa30':I, , CO()TIIOilleHI!e. _ ( 46) . rrpep;CTUBfl~eT . C060H TPUI!C~eH

_p;e_HTHOe HHTerparrbHOe, ypaaHeHI!e. ,ll;Jl5! $YHKllllH n {-If). Upn 3TOM, B OTJIHqne 
·• ' ' • • : • . . . . \ •' • . . • • :· . ' ~ ,, . ' • ' I '· . • ,. ' • •". . ' . • ~ ' ' . ' • . • ! -~ • 

OT-' ypasneHII_ii (1_7), n ,( ~ 1) , ,ypasnenn_e ( 46) ~Mee:r ~·:p;sYDT,aJK!lbiii" ,Tpau_cueH-

p;ellTHbiH Xa~;:tKTep.". 3T? CJ.~CTOHTt:JibCTBO II03B0II5_l~T, Hap;e5!TbC~ i; qTO. Me!QA 

HTepauuii .ITHKapa rrpn: pernennn _ypasneHnH (_46) p;aeT p;ocTaToqHo _:Toquoe vern~:-: 
\'_.", .· ···.·_ '. . . -. . . '' . :-•' ·'. 

H!!e ,YliW B nep~()r:t upi!6~.1111WHI!H. KaK yJKe.,OTMeqaJIOCb pa~ee •.;BKIIU,ll; BTO'(:!Of"O 

(: . . ,. . ~ ' . . • ! ;· .. ~~. : i 

14 

TH XBOCTOB IIIIIIII,ll;HblX MOrreKyrr. llaKOHell, .CYIIIeCTBeHHO' OTMeTHTb, qTo IIPI!MeHe:

HUe ,ll;U$ilJY3IIOIIHblX yp'aauenuii ,ll;JI5! 0IIUC,UHH5! BOiJHI!KUIOIIIHX -pacripep;eneHI!If) ai:lcop-. . . 
6HpOBUHHOii BO,ll;bl ITO CJI05!M HeM6paHbl IIpe}:1CTa.Brr5!eTCll cyry6o .dJeHOMeHOJIOrll-

tJeCKIIM. KaK ·al!p;lio 113 · npeJ1biJ1YI!Ie ro, .' pacrrpep;ene HneM MoneKyn so~bi yrrpasnHeT 

KOHKpeTHUH CTPYKTypa ~JeM6paHbl II CBOJICTBa IIIIIIH,ll;llbiX MOJieKyn. TaK qTo 

rrpencTaBrrHeTcH pau;1;ouan~'Hbi~1 npuMeHnTh .' ypasH'eu·u5! iwtl>IPY3IIIl ii~cne • .Heo6xo

AHMOf'o naKorrneHuH ·-3KcrrepnMeHTaJlhHblX JiaHHhiX "~apannerrbHo" c olmcaH!IeM 

rrpoueccos cop6u;un c. rroMornbiO' ypa~i•e.Hnfi · MaKpoKnHeTiiKn. 3To · ~eo6xo.m1m) 
p;n51 '!'oro, qTo6bi 'pacmui}JposaTb CMbicn: $elloMeHonor!iqecKnx K03ilJ<llnuneHTC>B 

AHIP$Y31IH. 

AsTopbi BbipaJKaiOT 6narop;apHOCTb IO.M.OcTanes'nqy ga rrone3Hbie 

06CYlK.[1eHII5!, B qaCTHOCTII, KUC~IOUI!fe~~ '~pou;eccoS $JIYK:Tyau;I!~HHoro IIPOHIIKHO

Belll!5! MOrreKyn BO,ll;bl tJepe3 CIIOII. rorrOBOK IIIIIIIIJ1HHX MOrreKyn. 

',·• 

. ' ,, 
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