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I. BBe.neHHe 

B ,naHHo! pa6oTe npe~araeTCH MeTo,n perneHHff KEaHTOEOMexa

HH~ecKOH 3a,Ua~H pacceRHHff, OCHOBaHHHH Ha npe,ncTaB~eHHH ee KaK 

3a,na~H Ha C06CTBeH!ille 3Ha~emm. K perneHHIO E03HHKaiOlleil: npH STOM 

3a,Ua~H lliTypMa-JIHyBHJI.JIII ITpHM8HR8TCJI HenpepHBHHH aH~Or M8TO,Ua 

HbiOTOHa/I/, KOTOpHH MOEHO OTHeCTH K M8TO,UaM KEa3~HeapH3aUHH 
H HHBapHaHTHOrO norpy~eHHff/2/. 3TOT M8TO,ll CEO,UHT perneHHe sa,naqH 

illTypMa-JIHyEMJIII K pernemno sa,naqH Koum E HeKDTopoM cpyHKUHOH~bHOM 

npocTpaHCTBe nyTeM BBe.nemm .nono~HHTe~bHoro HenpepHEHoro napa

MeTpa i ( o::-t < oc>). MeTo.n ycnernHo npHM8HR~CH npH qJ1cJieHHOM 

perneHHH sa,naq THITa illTypMa-JIHyEHJI.JIII ,UJI1I CHCTeM ,UH~epeHUH~blillX 

ypaEHeHHiJ: llipe,nHHrepa/3/,/4/ H HHTerpo-,nH~epeHUH~bHHX ypaEHe

HHH/5/. 

ITpe~o~eHHHH MeTo.n HJIJIIOCTpHpyeTCH Ha npHMepe .nEyXKaH~bHOil: 

sa,na~H paCCeJIHRH, KOTOpaH CO,Uep~T ECe THITH~HHe OC06eHHOCTH 

MHOroKaH~bHHX 3a,na~: pacceJIHHe C OTKpHTHMH KaH~H,paCC8HHHe 

C ~eTOM 3aKpHTOro KaH~a H pe30HaHCHOe paCCeJIHHe. 06o6meHHe 

paCCMaTpHEaeMoro MeTo,na Ha CJIY~aH MHOrOKaHaJibHHX 3a,Ua~ He EH3H

BaeT npHHUHITR~blillX TPY.llHOCTez. B KaqecTBe npHMepa B pa6oTe 

npREe.neHH pesyJibTaTH ~HcJieHHoro perneHRJI sa.na~R pacceHHRR Ha 

ITOT8HU~ax, E03HRKanmHX E 3a,Ua~e Tpex TeJI C KYJIOHOECKHM E3aRMo

,neACTEHeM, a TaKEe cpaEHeHHe pa3JIH~lillX onpe,neJieHHH KEa3HCTauHo

HapHoro COCTOJIHHH, EHITOJIH8HHOe B paMRax 8,UHHOro ~HCJieHHOro M8TO,na. 
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2. 3anj:i'la pa.CCeJIHKfl KaK 3a.Da '!a Ha COOC'l'EeHHHe 

sHatJeHKfl 

~'Ia paCCeJIHKfl 06H'IHO CEO;D;H'l'Cff K Ha%0~8HHD npH 3~HOM 

sHatJeHHH ::~HeprHH E(£>0)HeTpHEHaJII>HHX pemeHirnt cRcTeMu ;neqJI>epeH

IU!aJII>HHX ypaEH8H~ !Jlpe;nHHrepa 

(i) [d-'- L(L+-i) .J ·' ') r:f (E, fi )= riR:J+2ME--:;;r-V::CR)_y-,U<)-6 VCR)i.CR)= o, 
- f'l- "# ':J jj (I) 

Ci.j)= (t.,IY), 0~ R< = 7 J 

y;noE~eTEOPffnmHX y~OEHD peryARpHOCTH E OC060A TO'!Ke le = 0 
(/+-i) -

!:! (E,jJ=ji(O)=O" i.~t,IY. (2) 

3;necb !1>0 - aqxpeKTHEHM Macca, a ~ (R)- a<fJileKTHEHHe no

TeHUH~ C H3E8CTHbiM aCHMll'l'OTH'I8CKHM llOEe;neHHeM: 

2 
R V. CR) - eonsi np111 

Lj 

R
2V.. CR)~Oli#J) VCR)7 Co-L£t 

~) ::> L( 

npH'IeM 

R -">0" 

npH R.7 oo 
/ 

-v;J( (oo)> ~-.t,iY'-.1(00)-:> ... >1k(oo)> lftcoo) = 0 (3) 

B .J{ -KaHaJibHOA 3a,IJ;i'le pacceJIHKfl C S - OTKpbl'l'.!DIIIl KaHaJiaMIIl 
(V) 

no~A Ha6op pemeHd .h CR) npe;ncraEAReT co6oA nPffMoyro~I>HyD 
MaTpHizy pa3M8pHOCTIIl S X ft , r;ne HOM6P KOMllOH6HTH B8KTOp-C'l'0~6ua 

pemeHd npo6eraeT Pff;D; 3HatJeHHA i = I, 2, •• • ,N, a HH;neKc pemeHKfl 

Y = 1,2, ••• ,5. PemeHHe sa~'IH pacceJIHKfl cocTOH'l' E Haxo.neHIIIH 
A 

MaTplllUbl paCCeJIHM S , KO'l'Opym MOlKHO npe,llCTaBH'l'b E BH,Il8 
/1 A II -i 

s = (j.+-c_T)(i-i-T), <4> 

4 

r;ne 
/1 " 

'T= kNZ- TCE,R). 
1<-+= 

(5) 

" MaTPHllB- TCE,R)onpe;neJJ.R:eTCR acHMnTOTH'IeCKHM noEe;neHHeM peweHHH 
eyL ) }<. CR E OTKPHTbiX KaHa.nax peaKUHH H CER3aHa c HHMH cooTHOUieHHBM 

j\ " " /1 

j "-' Jz - n L 'T (E) R ), < 6 > 
J<._,.oo 

r;ne EEeneHhl o6osHa'!eHRH: 
A (v)} . .! = { j i 7 L-, v = i? 2' ... 7 s J 

/1. A 

l = {jL CkJOS:j t nL = in/k,R )~J J - ;nHarOHaJibHHe 

MaTpHUbJ, 3H6M6HTaMH KOTOpHX JiEJJ.R:DTCff ~YHKUHH PHKKaTH-EecceJJ.R:, 

HOpMHpOEaHHHe aCHMllTOTH'I6CKHMH ycnOEHRMH/
6/ 

JL ckJ?)--v /;;,_sL·n(kR- LJ),nL Ck:R)c-v -:ffi/~s(k,l<-LJ)_ (7) 

7?~= < 7<-'?oo 

B COOTE6TCTEHH C COOTHOW8HHRMH (6) Ill (7) aCHMllTOTHKa pemeHHH E 

OTKpbiTHX KaH~X peaRUHH HMeeT EH;n: 

cv) AC") . CL -v Lx <;'-'c")) 
j r0 SL.n 11·7'\ --+O· 

i. i. ' ,2 t. 7 
?<-.oo 

(8) 

np>~'leM: C.") ) ....- ~ ) 
fJ; = ~ CE S:v + ~ (1.- iV , 

Cll) fi ( k.v )il2 Ai. = S:v +-(i- iv) k 1:iJTW3Efv' (9) 

bv = anct:J t vV , 

r;ne iiv - 9~eMeHT 'T -MaTpHJ.W (5), ~V - CHMEM KpoHeRepa, 

a HMny~bCbl ki E KaHaJiaX onpe;neJJ.R:RJ'l'Cff COOTHOUl6HH6M 

1/2 k, = [ 2ME- '(,. (oo)] . (10) 
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(II) -

<1>H3H'leeKH EeKTOp-eTOJideu !c. (R ), i. = 1, .I{' eOO'I'EeTe'I'Byer 

sa,naqe paeeeaHWI, E KOTopoit E KaH~e L=V npHeyTeTEYIDT KaK 

n~aKXI18Jl, TaR H paeXO,IlliiUaJlCH BOJIH!:< (HOpMHpOEaHH!ie Ha e,IlHHH'lHyll 

aMn~HTY.IlY), a EO Eeex DeTMbHHX Ka.H~X il:)) ~ S 

pacxo~a~Heca BOJIHN. 

- 'I'OJlbKO 

B 3aHpHTHX Ka.H~ i > S aeHMnroTHKa peweHd - sKenoHeH-

UH~bHO saTyxaD!laJI: 

(II) 

cv) r 
j; (R) r0 exp i. -~)<} 

7 
L = S+t, .!Y, 

'df!< = [\C (oo)-2ME]-y~ 

CneUHij}HKa noeTaHOEKH s~aq paeeeRHRH o6ye~oE~ oeo6eHHoerH 

MeTO,IlOE HX peweHRH, KOTOpHe, npH EeeM HX MHOroo6pa3HH, (eM., 

HanpHMep,/7/) eEO,IlliTCR, E KOHe'lHOM HTDre, K pemeHHIO 3ana'lH KOWH 

~ eHeTeMH (I} npH 3~HOM 3Ha'leHHH 3HeprHH L: . .lLilfi 3TOro, 

" 2. KaK npaBHJIO, HeOdXO~MO HaRTH ,;;:, 5 ~He:ll:HO He3aEHeHMHX peweHHI!: 

eHeTeMH (I), noeTpOHTb H3 HHX ~He:ll:Hiie ROMdHHauHH, Y.IlOE~eTED

PflD!lHe aeHMnTOTH'leeKHM ye~OEHHM (8) H, HaROH8U, onpe,ne~Tb H3 

HHX ~3H paeeeaHWI (\ = 5; (E) H napaMeTpu eMeWHEaHHH fLv = 
iiv (E) 

npyroi no~O,Il, nD~'lHEWHt.l Ha3BaHHe Me'I'O,Ila ~30E!iX lj}yHRUHH, 

Tpe6yeT peweHHH s~a'lH KomH ~ eHeTeMH He~He:ll:HHX ypaEHeHH:Il: 

nepEoro nOPfl,IlKa, KO'I'OpYM y,noE~eTEOPfliDT MaTpH'lH!ie 3~eMeHTH 

iy(E,'R) /6/. 

O~aKO npH pe~3aUHH S'I'HX MeTO,IlOE B pa~e e~aeE B03HH

RaiOT BH'lHC~Te~bH!ie Tpy~OC'I'H, eER3aHHHe e HeyeTO:Il:'lHEOe'I'biD peme

HHH E saKpHTHX RaH~, HeodXO,IlHMOe'I'biO aKKYpa'I'HO 3anaEaTb Ha'l~

Hiie ye~oBRH ~ ED~DBHX IPYHKUHA E DKpeeTHoerH oeo6oA TD'lRH ~= 0 , 

6 

a TaK~e npOEO~Tb Bee EH'lHe~eHRH e EHeDKOH TO'lHOeTbiD, oeo6eHHO 

E oo~eTH pe3DHaHeHoro R3MeHeHHH ~3 paeeeaHRH/7/. B 3anaqax 

e noTeHURanaMH, ~MH Ta6~'lHO, 8TH Tpy~oeTH yeyry6nniDTCH, 

H ~ KX npeo~o~eHRH HeOOXO~MO pa3pa6aTHEaTb eneUH~bHHe ~ro

pHTMH (eM., HanpHMep,/8/). 

B npe~raeMOM no~o~e 3ana'la paeeeaHRR ~DPMY~pyeTca KaK 

3~aqa Ha eo6eTEeHHNe 3Ha'leHRH OTHOeHTe~bHO 3HeprHH ~ (eo6eT
(>i) 

EeHHOe 3Ha'leHHe) H EO~OEHX q,yJiKUHI!: .h (R) (eo6eTEeHHHe qJyHKUHH). 

.lLilfi noeTaHOEKH TaKOH sana'lH He06XO~MO 3anaTb 3Ha'leHRH \Pa3 pae
C::V cv) 

eeaHHH 0. E K~OM 1'13 OTKpHTHX KaH~OE, 'lTD onpe~eAaeT aeHM-
t (Y) 

nTD'I'HKY BO~OEHX qJyHKUHi!: fi (R) npH 3~aHHOM 3Ha'leHHH J2= l?mcrx 

H TeM caM!iM lj}HKeHpyeT rpaHH'lHHe ye~OERH (8), (II). 3TH rpaHU'lHHe 

ye~OERH BMeeTe e eHeTeMOH ypaEHeHHH (I} MO~O paeer~'I'pHEaTb KaK 

sa.naqy IliTypMa-JieyEHJLJifl Ha oTpesKe 0.::;: 7< ~ R ?72ax • 

TaKHM o6pa3DM, no epaEHeHHID e T~UHOHHHM no~o~OM, E 

KOTDpOM no 3anaHHOMY 3Ha'leHHID t: onpe~e~ID'I'CH lj}a3H paeeeHHRH 

8; (E) , E npe~raeMDH noeTaHOEKe HeOdXO~O peman odpaTHYIO 

3~aqy: no s~aHHDMY Ha6opy 3Ha'leHi!H ~3 paeeeaHRH &;, onpe

.ne~n 3Ha'leHHe sHeprHH E=E(i\,), Y=1,S H eooTEeTeT-
cv) --

EYD!lHe EDJIHDEHe 'iJyHKUHH /<. ( 1<) , i -==-1, .t.f • C~e,noEaTe~bHD, 

EMeero cPYHKUHOH~bHDA saBHeHMOeTH 0:, = 2\ C£) , KOTopyiO no~aror 
OdH'lHHM M8TO,IlOM, (PHe.Ja) E ,IlaHHOM no~o,ne MH nO~'laeM 3aBHeH

MOe'I'b E =ECS'v), v=i-:g (PHe.Id). IIo~qepKHeM eme pa3, 

'lTD E TaKOH noeTaHOEKe 3~aqa paeeeaHHH HH'leM He OT~'laeTCH OT 

3ana'lH Ha eo6eTEeHH!ie 3Ha'leHRH, H ode OHH MOryT dHTb peweH!i 

o~ H reM ~e enoeo6oM. 
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3. qHCReHHHH MeT08 

~ peaJIH3auRH rrpe~raeMoro rronxo~ B ~HHo~ pa6oTe 

HCIIOJ1b3yeTcn Herrpep~B~ aHaJIOr MeTana HbDTOHa H pa3pa00TaHHaH 

Ha ero ocHoBe Bl:l'IHCJIHTeRI>Haa cxeMa CAMEIV /3/,141. B 3TDH 

CXeMe acRMIITOTH'!eCKHe YCJIOBIDI (8),(!!) llpH 3a8aHHHX 3HatJeHHRX 

~3 paCCeHHHR (9) B OTKp~T~X RaHaRaX anrrpORCHMHpyiOTcn B 80CTa-

TO'IHO y~eHHO~ TO'!Ke R= 'Rmax. KpaeBHMH YCROBHRMH 

(2tl+iY) c•) r _:;! . ~/vc\:J:?)lljCV()R)/ _ 
(jJ CE>ji ) = Ldk' +- i< ' 'j L - o. 

. - - 7<=7<max 
t=i,N ; v= i,S. 

CHCTeMa (!) C rpaHH'I~MH YCROBIDIMH (2),(!2) noonpeneJIHeTcn 

YCJI0Blii8M HDpMHpOBRlll BOJIHOBI:lX ~HKuHH 

(2.}'{-t.N$+1) . cv) - s (v) -

!f (E,j, )= (E,ji ) -0 

(!2) 

(!3) 

B 08HDM lll3 KaHaJIOB peaKUli!H, rne s - HOpMHpyDUJIIi1: ~UHOHaJI. 
CorRacH/

91, 3a8a'!a (!),(2),(!2),(!3) npencTaBJIReT HeJIHHe~Hoe 
~HKUHOHaJII>Hoe ypaBHeHll!e 

!}JUt)= a, cr4> 
(v) .. r em) } 

rne ff= ( E, j;_ (R )) , a onepaTop IJ?= 1 ~ , m = 1. ,f{(S+2)+1 . 

Henpepl:lBHI:lH aHaJior MeTo~ HbiOTOHa CB08li!T peweHHe ypaEHeHHR 

(!4) R pemeHHIO 3a8a'IH Komlll 

::;(;z{t))~~Ct) =---: y; (F£{t))J 

0~ f< (70 > ':/-(O) = Jl 0 , 

(!5) 

rne ~ - nonDRHliiTeJibHI:lH Henpep~BH~ii napaMeTp norpyEeHIDI, OT 
~ (Y) ) 

ROToporo 3aBHMT KOMIIOHeHT~ SReMeHTa :f{f)=cE{t),jL (J?, i) 
I . 

(jl - rrpOH3B08HaH 1>peme onepaTOpi g? , a ;/
0 

- Ha'!MbHOe 

8 

rrpHO.JIHilteHHe K HCKOMDMY pemeHMIO ';[~- ypaEHeHIDI (!4). li3Eecrn/I/, 

'ITO IIpH PlmORHeHHM YCJIOBIDI rJIB.,llKDCTH orrepaTOpa ~ B OKpeCTHOC-
T .¥ C>')>l' ) 

TH HCKDMOro pemeHIDI " =(E ,j,· (!<) crrpaEeMHBO rrpeneJib-

Hoe cooTHomeHHetm II ~* -1 (t)l/ = 0. 
-t~oo 

(!6) 

f·,1eT08 3HJiepa/I/ peureHM 3a.,na'IH (!5) JIBJIHeTcn IIOJIY)llo!CKpeTH~M 
rrpencTaBReHHeM paccMaTpHBaeMoro HenpepHBHoro npouecca H aHaJiorH

tJeH MeT08Y IIpRMI:lX 8JlR pemeHHR ypaBHeHHH B tJaCT~X IIpOH3ED8HI:lxf!O/. 

IIpH ero npHMeHeHMH noJIYnORoca {),f R ~ 7< ma.:c , 0.,; f..<: = 
pa36HBaeTcn TipRMI:lMH t= i k ( i/&1= tc +'T;,u fo = 0, k= 0,1, :2,. ~ - ) , 

napaJIJieJ!bHHMH ocH 0 R (eM • p 11c • 2) • EMH Ha IIPJIMOH f = f k 

( 
cvl cY) 

»3BecTH~ WYHRUHlll Ek =E t,) H jikO<)=f, CR,ik), To 8JlR 

Toro, <~TOOI:l onpene.JIHTb li!X Ha cJieny10111eii rrpRMoii f= fk+i , Heo6xo-

8li!MD: (Y) 

a) pemHTD RpaeByD sa.,na'ly OTHOCli!TeJII>HO ~uli!H ZJ;J< CR) Ha 

0Tpe3Ke o~ R.;;. 1( mc.x 

d
2 ) cv) c.-) cv) 

[dR2 +2ME- L~;1 -1[0?~ uik (12)-~ -v;cR)t}k_CR)=-2Mj,f<~ 
C>') [ { (v) ;\ cv) f* g (v) (!7) 

?J;k (0)=0, dR +-/J£k,R) jV:k U~ )/=-roE ~CEk,R)}uJR~; 
1<= ~rnox. 1!-T?mc:,J<. 

6) Bll'lliiC.JIHTb 3Ha"<JeHHe napaMeTpa (!A 1:! lll3 COOTHO!UeHHR: 
'0 cv) (v) {>-') 

Z::;;-cv)SC~J;k CR)){fAt V:.k CR)-}t.k: CR))+ 
L 'Ji ) [Y) 

+ (!!-k;E S(Ebji.(:) = -S (Et,}i.k: }, 
(!8) 

rne s -HOpMHpymtHlt ~KUHOHaJI (!3); 

B) c IIOMOl!lbiO WOPMYR 
cv) ('') (v) 

Ek.f-1 = E k -t-L:k (U~c? jL~h1 = jt_kCt-Tk)+fi!cTk 2ik J 
(!9) 
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REnffDmMXCH KOH8~H0pa3HOCTHDH annpDRCHMauHefi ~~peHUHanhHHX 

CDOTHO!ll8HHH 

0 _ 0 cv2 cv) cv) 
'Ot t::. (t )=(u(t)' rot f i <..R,-t )= f_-1- (f) Vi c~ t )-,Jc (!2, t) 7 (20) 

onpe.neJmTh HCK0Mbl8 <flyHKUl1H Ha TIPJIMOH f= fk+.J. • ECJIH Ha'lanl>Hhle 
(V) (V) ) 

YCJIOEM (E{O)=EoJ-i (~O)=f<·o (/2) 3a,naHhl, TO HTepaUHOHHHH 

npouecc (17)-{19) MOJKHO nocJie.noEa'l'eJII>HO peanH30Ean .nnR k=O,i,:}, .. 

.no .llOCTH~eHM HeOdXO.UHMOH TO~HOCTH OTipe,neJI8HHR SHeprRR R EOJIHOEHX 

<lJYHKUIDi. CXO,nHMDCTh ,UaHHoro npouecca E CMHCJ!e npe.neJ!l>HOro COOT

HD!ll8HHR (16) paCCMDTpeHa E padoTefii/. 3aMeTRM, 'lTO Ha,nJie~ 
EhldOpOM ,nHHaMH'l8CKOro TiapaMeTpa C(::"'"k / 3/;'/4/ TIPOU8CC CXO~MOC'I'H 
MOlKHO OTITHMH3HpOBaTb. 

TadJIHUa I R PRc.3 HJIJIDCTpHpymT npouecc cxo.nHMOCTH paccMOTpeH

Hoil HTepauHOHHOfi npoue.nyphl ,llnff KOHKpeTHOfi 3a,na'lH paCCeRHHR. 

4. BH'lHCJm'l'eJibHI:Ie 89'l'aJm 

.IlJIR: a~KTHEHI:IX TIOTeHUHanOE, HM9IOOUIX TipH J( 4' 00 aCHMTITO-

THKY <:>= -2n. 

Y (R) =L CnR 
< L fl. =;2_ ? 

rpaHH'lHI:Ie YCJIOEHR (8).(11) MD~O YTO'lHHTh, HCTIOJ!b3YR aCHMTITO-

TR'l9CKHe pa3JI0~8HHR EOJIHOEI:IX <flyHKUHR ) 
<'--(") nJ.dco -2n) LF c:;:-(!1) 
j i (E,k!)=(i+L s ~- SL.n(Ji--;:;+oi + 

f?_-.f_ ~ c::. 
17.:;_ -ti) -2n+1 L (v) (2I) 

+ z_ g ::? . cosJ< - _zr + fr ) g_= k R 
h=1 n ?L l?L /?... L ., L l ~ 

E OTKpi:IThiX KaHaJiaX/4/ H 
~ na U) -~ 

f< (E,R)= exp(-deiR)Z_ an R 
h=O 

(22) 

B 3aKp~'l'hiX KaHaJiax/3/. ilpH 3TOM rpaHH'IH1:19 YCJIOBHR (12) TI03EOJIRDT 

HC~HTb H3 paCCMOTp9HHR aCHMTITO'I'H'l9CKH9 KOHC'I'aHTH, KO'I'Op~e 

3aEHCRT OT HOpMHpOEKH BOJIHOBHX ~HH. 
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ilpH yqeTe 3aKphi'I'Oro KaHana HCTIOJ!h3Y8'I'CH HOpMRpOEKa EOJIHOEOfi 

<lJyHKUHR jJR) E nepEOM 3aKphl'I'OM KaHane i=S+i. / 3/ 
~72 00 

J 
171QX ,21 ,..._. 2 d S == ~~i Cl<)dR+ c f;,+-1 CE,R) R - t = 0 7 <23) 

0 Rmo.x 

r.ne C= }s-r1. CRmax:.)/fs+-1 (EJ?ma:r:) , a <lJyHKUHR JL1 onpe

.neJieHa <fJOPMYJIOH (22). B CJiyqae S OTRPhfTHX RaHaJIOB EM9CTO YCJIO
(v) 

ERR HOpMHpOEKH A = 1. EOJIHOEI:Ie <PYHK~H MOlllliO HOpMRpoEaTI> 
v 

YCJIOER9M 7<mQDC 

S c») ""' Cll) 2 S = [ j 5 (R)-js (£,7<)] dl< = 0 (24) 
~QS 

B TIOCJ19,nH9M OTKPhf'l'OM KaHaJie, 3,necb Q < 'Ras < J? ?na:z:. , a 
""cv) 

<flyHKUHR j(
5 

3a,naHa COO'I'HO!ll9HH9M (21), 3'!'a HOpMHpOEKa REnff9'l'CH 
(Y) 

TipRdJIE~9HH9M YCJIOBHR, H3 KOTOporo t: R ~~ onpe.nenRDTCH 

KaK 3JI9M9H'l'l:l, peaJIH3YIOOUI9 MMH:P!MYM <flyHRUHOHana min. ,C/J ~,jicv)) 
E v-<•-· 

c::x::::a ,) ,r, 

cv) J cv) c--v cv) :l.t lv 
cfJ(E,f" )= [f< CR)-j 1- (F,~)J a". 

r.ne 

(24a) 
*'as 

Kal\ CJ!e.nye'l' H3 <fJOPMYJI (23), (24) H RaK TIOKa3UBa8T OTihlT BUqHCJI8HMV., 

HCTIOJ!l>3Y9MH9 HOpMMpOEO'lHH9 <fJyHKUHOHaJII:I CJiadO 3aEHCHT 0'1' napaMeT-

pOE ~S H J? maoe , 9CJIH 7( ma? J?OtS > > j_ , Y CJIOBH9 HOpMH-

pOEKH (13) C HOpMHpynmKMH <flyHKUHOHanaM:Pl (23), (24) HaPJI.nY C COOT

HO!ll9HH9M (12) MOEHO paCCMaTpHEaTb KaK RH'!'erpaJihHOe rpaHH~H09 YCJID

BHe, EHTIOJIHRDm99 pOJih C'!'adHJIE3Hpymmero <fJYHK~OHaJia/I2/ E CJiyqae 

MaJII:IX k, H dei , KOr,na paCCMa'l'pHEaeMaR 3a,na'la EHp0~9TCH, 
BEe,neHHe HOpMHpOBKH (23), (24) TI03BOJIR9'1' ycne!llHO pemaTl> 3a~'lH 

paCCeRHRR EdJIH3H rpaHH~ KOH'I'HHYYMB, '1'0 9CTb E 0Kp9C'I'HOC'I'R 

k· ~ 0 • dei ~ 0. 
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Ec.Jill 8qxp6KTHBHhiC IIDTeHUHa.Jm fCR) CHCTeMH (I) 3a,IlaHhl Ha 

RHTep:eaJie O<R~ 7( max :e BH.Ile Ta6JIHU, r<pae:eble sa,natJH (17) y.no6Ho 

pernaTb 'IHCJieHHO C IIOMDmbD M6TO,Ila KOH6'1Hb1X pa3HOCT6H Ha C6TKe Y3JIOB, 

BKJIDtJanmea ys~ Ta6JIHU. CooTHorneHRe (IS) arrrrpor<cHMHpyeTCR c 

IIOMOillbD KBa,II;paTYpHHX ~DPMYJI TDrO Xe IIOPff.nr<a TO'IHOCTH, 'ITO H 

KDHetJHopasHDCTHaH arrrrpor<cRManHR rpaHRtJHbiX sa,natJ (I7). TotJHOCTb 

Bbl'IHCJI6HHH saBHCHT OT 3HatJeH>'JH /?as H 7? mox , mara h pa3-

HOCTHOit C6TKH H KOJIH'I6CTBa lJJI6HOB pa3JIOX6Hifit n_J., n2, n 
3 

B 

~OPMYJiaX (21), (22). 
-6 1r 

IIpR YlJeTe lJJieHo:e rropli,llKa R :e acHMIITOTRKe Y.. CR) :e 
lj 

pa3JIOX6HHRX (2I), (22) RMeeT CMbiCJI paCCMaTpRBaTb :eepXHRe rrpe.ne~ 

CYMMHpOBaHHR /21. = 3, /22 = 4, /23 = 6. liRCJI6HHb16 HCCJie.no:eaHHR 

IIDKa3biBaDT, 'ITO IlpH KOH6'1HOpa3HOCTHOH aiiiipOKCHMaUHH IIDpaAKa C/(h2
) 

CXO,nHMOCTb pesyJibTaTOB K:ea.npaTHtJHa OTHDCHT6JibHO ~ , 'ITO COrJia

cyeTCR C 06mHMH OU6HKaMH ~ pa3HOCTHOH 3a,Ila'IH illTypMa~BHJI

na/13/. llpR Bb16ope IJapaMeTpOB Bbi'IHCJIHT6JibHOH CX6Mbl fP~~ = 40, 

f?QS = 20, h =0,025 06ecrretJeHa a6COJIDTH8H TO'lHOCTb Bbl'lHCJI6HHH 

KaK 3HeprRR, TaK H BOJIHOBbiX ~URH <">..::J ro-4 • 

5. llpRMep pactJeTa: 8Ba OTKpb!TbiX KaHaJia 

B KalJeCT:ee HJIJIDCTPanHH OC06eHHOCTeA H B03M03HOCTea H3JiaraeMoro 

M6TO,na paCCMOTpRM .nBYXRaHaJibHyD 3a,Ila'ly paCCeHHHR C aqxpeKTHBHbiMH 

IIOT6HUHaJiaMH 1t ( 'J?), KOTOpble B03HHKaDT B 3a,UatJe TpeX T6JI C 

r<yJIOHOBCKHM B3aHMO,neHCTBRe~I 4/, H aqxpeKTHBHOA MaCCOA ~ , 

COOTB6TCTBYDm6H rrponeccy paCCeHHHH M630aTOMa ,neiTepHH Ha IlpOTOHaX 

(dfU+f ) /I5/. B 8TOM CJIYllae r<apTHHa IIOT6HUMJIOB "( (R) CX6Ma

TH'l6CKH H306paxeHa Ha pMC. 4, pacmeiiJI6HH6 ypo:eHeft B 6,nHHRUaX 

12 

sa,na'lH (e.s.) .tJE =~coo)-~ (co:>o) = 0.027 e.s. 

= I45, 75 aB, a MaTpHua perneHHA J/'~> (7?) rrpR R~ oo rrpR

HHMaeT BH,Il: 

(
.//.> J1.c

2>)"' (J~ Ck/?) o )-('ic~R) o~{t;1 ti2)<
25

> 

x(£);cz) o Jl. c~R) o nlc~J?J (t t . 
j 2. z '"R~DO 21 J2 

fpaHRlJHble yCJIOBHR (8) ~ perneHHH, HOpMRpOBaHHbiX COOTHOrne

HH6M (9), HM6DT BH,n: 

(
}i.(t)) 

<"\..) 
(l) 

J2 J?~oo 
(

Sin (k1 R- ~Jr + B;_) ) 

CL) (.'L LJr X) ' A Sin 1< 7?- - +-
2 :2 2. 2 

cR.) L 
A Sirt (k 7?- _...!!. + 71 

) 
i '1. 2 2 

('-.) 

7(-:;. 00 Sin Ckz7?-'; +~2.) 

(26a) 

(266) 

B pe3yJibTaTe pemeHHH KpaeBbiX 3a,Ila'l (I), (2), (26a) H (I), (2), (266) 

npH pa3JIHlJHbiX :JHatJeHHHX 8; H &', IIOJIYt:faeM saBHCHMOCTH 

) 

(~ L T E, = E(~ H A, = Ai c~) . :3JieMeHTbl -MaTPHUbl 

CBH3aHH C Ha!,neHHbiMH B6.1illtJHHaMH COOTHOffi6HHHMH: 
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~1 = ijs; ) t22 = t;y~ 7 

(J.) k )~ (2 ) k )Y.<> A = t cosO. ( ~;)k A =i ~(I ( :2/k 
2 21. j 2. ., 1. 1.2 .2 i 7 (27) 

np~qeM YH~TapHOCTb ~ -MaTp~UU Heo6XO~MO npe~onaraeT ESTIO~e
H~e paEeHCTEa ~2 =-t2 :i 

Ha p~c.5 npe~cTaEReHs SaEHCRMOCTH E.t_ = E (6;) H 

~ = E ( b;_ ) , a Tai<llte cooTEeTcTEynuHe HM napa.MeTps cMeWHEaHM 

Cz=~t21=8.2CB;_) H ~1 = an.ci:Jfi2==-~f.C8;) 
~ CRJ'iaR paCCeRHM E COCT~HHH C Op6HTaRbHSM MOM8HTOM 2: =0. 

ilpH HaRH'i~H STHX KpHEHX S~aqa paCCeRHHH npH ~aHHOM SHa'ieHHH 

3HeprHH pacceHHHH £: pewaeTCH TipOCTHM reoMeTpH'ieCKHM TIOCTpoe

HHeM. VIS pHC. 5 E~~O TaRllte EHTIORHeHHe . YCROEHH ~ ( s;) = ~ (~) 
npn .mo6oM 3Ha'ieHHH E 

B xapaKTepHOi! TO'iKe ~ =a; = ; HMeeT MeCTO pai!eHCTEO 

cf.£ CJ)=G.:l~) = r . T.e. -tij -7'00 .1<f.:- 00 

O~aRO 3TO He npHEO~T K OC06eHHOCTHM E peweHHHX, TIOCKORbKY TipOH3-

Ee~eHHe t. CoS 8;, 0CTaeTCH npH 3TOM KOHe'iHHM, a COOTEeTCTEyBJ!IIHe 
L-V (V) )~.2 

aMTIRHTY~ E a Tot! TO'iKe paEHH A i = ( k"'f ki . 
06o6meHHe ll3ROllteHHOa npoue~pH Ha c~aa S OTKpSTHX 

KaHaROE O'ieE~HO. B 3TOM C~ae HS peweHM $ KpaeEHX 3a,Ita'i 
y-c~>('R) . V = I,2, ••• , S ~ EeKTop--<IlyHKumt J"i , t = I,2, ••• • N, 

y~OEReTEOPHDmllX rpaHH'iHHM YCROEHHM (2), (8), HaxO~HM S KpHEHX 

Ev =E (8;) H $ nyqKoE napaMeTpoE cMeWHEaHM iLY = ( ( S:,), 
)} =1,2, ••• , S. ilpH <l>HKCHpOBaHHOM lJ Bee KpHEHe (·Cff;,) , 
i =I, 2, ••• , ).) - I, )} + I, ..• , S Kallt,ll;oro nyqim sa:eHCHT TOJlbKO oT 
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~ 

' 

1 

' 

o~oa nepeMeHHo~ §;, . TeM ca.MSM oKassEaeTCH EosMOlKHHM cnpoeKTH

poBaTb MHOrOMepHYD sa,naqy Ha TIROCKOCTb H pernHTb ee npOCTSM 

reOMSTpH'ieCKHM TIOCTpOeHHeM, aHaROrH'iHSM Jl!S06pallteHHOMY Ha pllC. 5. 

3a~'ia o6nerqaeTCH TeM, 'iTO SHa.'ieHHH <Pas B.v saKJilO'leHH E 
X" cv !li: 

npe~enax - 2 .!f. O.y ~ z , TIOCKORbKY rpaHE'iHHe YCROBM (8) He 

'iYECTEJl!TeRbHH K HSMeHeHHD <Pas no MO~JIIO X • 

~pyroA nyTb, He CEHSaHHHK C He06XO~OCTbD Haxo~eHM KpE-

EHX E{frv) H +i_ Cts';;) , cocTOHT E o~oEpeMeHHOM peweHHJll &.2. 
(l)) ) 

KpaeEHX 3a,na'i ~ <t>yHl\UIDl :fi (J? C rpaHH'iHSMH YCROEHHMH (2), 

(8) H S YCROEHHMH HOfMHpOEKH (9). 3HeprHH paCCeRHM t: JlJ 

KOMnoHeHTH pemeHd .J./~ CR) (MH, 'iTO TO lite, napaMeTpH ~)} 
HaXO~TCH npH 3TOM KaK C06CTBeHHoe SHa'ieHHe JlJ C06CTEeHHHe <t>yHl\

UHH EOSHHKmeA Sa,lta'iH lliTYpMa-]HJB~ npH 3a,naHHOM Ha6ope 3Ha-

'ieHHA <Pas bv . EcTeCTBeHHo, 'iTO MHoroMepHaR o6nacTb onpe~eneHM 
nepeMeHHHX <5"v , KO'l'OpaH npe~CTaEMeT HHTepec E Kallt,ll;OM KOHKpeT-

HOM CRJ'iae, ~ORXHa 6HTb sapaiiee sa,naHa. (3TO OC06eHHO y~06HO 

llpH TIOHCKax pesOHaHCOE E MHOrOKaHanbHSX CHCTeMaX). 

6. CpasHeHHe pasnH'iHHX onpeneneHHI peaoHaHca 

B KEaHTOBOft MexaHHKe 

VlsnaraeMsa MeTO~ TIOSBOMeT B paMKax eAHHOK EH'iHCRHTeRLHOA 

CXeMH CpaEHHTb pasnH'iHHe onpe~eneHM peSOHa.HCa E KBaHTOEOA Me

XaHHKe. B Ka'ieCTBe HCCRe~eMOI MO~enH BH6paiia Ta lite CHCTeMa 

noTeHUHanOB Y CT<), 'iTO :e E n.5, HO E cocT~HHH pacceRHHH c 
'J 

Op6HTaRbHHM MOMeHTOM l = 2, E KOTOpOM CyWeCTEyeT mHpOKIDl peao-

HaHC c sHeprHeA Eo~ ro-2 H WHpHHOA r~ s·ro-3 / 4/ (Bee E 

eAHHHUax sa,na'i:e (e.s.), Ie.s. = 5,4•I03 aB). ITocKOJILKY ~<4£ 

15 



TO paccMaTpHEaeMaR s~~a npe~cTaBnHeT co6oA sa~~Y pacceaHHR 

C ~eTOM 3aK~Toro KaHana. Bap!>HpyJI 3Ha~eiD!e 11 , MOlllfO M8HJITl> 

rJIYOHHy aqxpeKTHEHNX noTeHUEa.noE VCR) , a, cJie~oEaTeJII>Ho, H 
':J 

3Ha~eHHJI ~ H r . 
ilOHJITHe pe30HaHca (H.JIE KEa3HCT8UHOHapHoro COCTOJIHHJI) B 

KEaHTOEOH MexaHHKe 6NJIO EEe~eHO nepEOHa~aJil>HO ~ OO~CH8HHJI 

JIEJI8HHR o£. -pacn~/!6/. B 3TOM IIO~O~e KOMWieRCHaJI 3HeprHJI 

KEa3HCT8UHOHapHoro COCTOJIHHJI xapaKTepHsyeTCJI ~YMff IIapaMeTpaMH: 

3HeprHeH ~ H lDHpHHOft pesOHaHca r 
E = Eo- i. ;; (28) 

npyroe OIIpe~eJieHHe CJie~eT H3 TeOpHH paCCeJIHHJI, r~e ITO~ 

aHeprneA pesoHaHca E., noHHMaDT 3Ha~eHHe £= E
0 

, npn ROTopoM 

ce~eHHe paCCeJIHHJI 6 c E) MaKCHMaJil>HO, a EeJIH~HHa r npHHH

MaeTCJI paBHOH lUHpHHe KpHEOH c5(£) Ha IIOJIOEHHe ee ENCOTN. 06a 

3TH onpe~eJieHHJI OT~eHN B ~OPMYJie EpeATa-BHrHepa 

"f (E)"':. (2L+-1)(E~:f+;; ' (29) 

KOTOPaJI cJie~eT ns o6mea ~OpMY.JIN ~ ce~eHHJI 

1 (E)= ~~ (~L+t)sc.r/-SZ. (30) 

B npe~OJI0~8IDIH, ~TO ~3a ~ MOEeT 6NT1> npe~CTaBJISHa B E~e 
L r 

q:-= s;,t - anc"tJ 2(E-Eo) ' (31) 

npH~eM FJ!-t << ! H IIJiaBHo MeHJieTCJI B o6JiaCTH E ~ E 
0 

Ha 

lllHpHHer. 
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06a OIIpe~eJieHHR pe30HaHCHoro COCTOJIHHJI JIEnHilTCJI pa3JIH~HNMH 

anrrpoKCHMaUHJIMH ooJiee oomero onpe~eJieHHJI pesoHaHca, KaR no.JlllCa 

aMIIJIHTY~ paCCeJIHHJI B I<OMIIJISKCHO:lt IIJIOCKOCTH 3HeprHH npH 3Ha~eHHH 

E =Eo- i ;; ' H COEIIaJ[aDT B npe,lleJie r- 0. O.llHaRO IlpH 

noiiNTKe oo~e~HHHTI> 3TH onpe~eJieHHJI npH~ I 0 E03HKKaDT TPY.Il

HOCTH, IIOCKOJII>KY 3Ha~SHHJI £;, H r E ~OpMJJiaX (28) H (29), 

Eooome roEoPJI, pas.JIH~HN. OcooeHHO CHJII>HO aTo pasJIH~He npOJIEJIJieTCJI 

~ lDHpOKHX pe30HaHCOE, T.e. TOr,lla, KOr~ He ENIIOJIHJieTCJI YCJID

EHeF<<i ,T<<E 
MHNMH CJIOEaMH, EOIIpOC COCTOHT E TOM, KaRHM 00pa30M MO~IIO 

paayMHO pacnpocTpaHHTI> ooa orrpe,lleJieHHJI pesoHaHca Ha c~an He 

MaJINX ~ H KaK B 3TOM CJIY~ae YCTaHOEHTl> COOTEeTCTEHe Me~ 
Eo H r B pasHNX onpe,lleJieHHJIX. 

TaRaJI HS06XO,IlHMOCTl> MO~eT E03HKKHYTI>, HaiipHMep, B TOM 

CJIY~ae, KOr~a ~ yTO~HeHHJI xapaKTSpHCTHK pe30HaHCHOro COCTOJIHHJI, 

orrpe,lleJieHHoro nepEoHa~aJII>Ho, KaR pesoHaHc B ce~eHHH pacceJIHHJI, 

XOTJIT IlpHMeHHTl> TSOpHD E03MJrneHHM, pa3EHTyll ~ ENqHCJI8HHJI rrapa

MeTpOE KEa3HCTauHOHapHOrO COCTOJIHHJI (28)/16/. 

C EN~HCJIHTeJII>HOA TO~KH 3peHHJI y~OOHee HM8Tl> ,lleJIO He C orrpe

,lleJieHHJIMH (29) H (31), a Henocpe,llCTEeHHO C EOJIHOBUMH ~HKUHJIMH 

CHCTSMU (I). M3EeCTHO, qTo aMIIJIHTY.Ila ~(R) pemeHHJI B OOJiaCTH 

,lleAQTEHJI rroTeHUHaJIOB lG (R) rrpeEumaeT aMITJIHTy~ pemeHHJI rrpn 

7<~ oo , H Mepa sToro npeEumeHHJI onpe,lleJIJieTCJI mnpHHO:lt pesoHaHca. 

A HM8HHO: ec.JIH perneiD!e h (R) HOpMHpOEa'l'l> yCJIOE.I'IeM 

_h.CR)c--J Sin,(kjR-Z: + S[.(£))~ (32) 

TO B OOJiaCTH ,lle:ltCTEHJI IIOT8HUHaJia ero MOlllfO npe,llCTaEHTl> E EH~e 

kt ~ 
_h.CI?)=- (1'1r) Cfi (1?)7 
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rne P.J Cf2) YJJ.OBJieTEOp!ieT Toti lite eHcTeMe ypaBHeHHti, 'ITO H h (;{>) 11 

yeJIOBHID HOPMli!pOEKH/16/ 

J
J:?o 

!f}U<)dl<= i 
0 1' OTeiDna cJie~eT orrpeneJieHHe ~ : 

T= A I l~ii2C'R)dR. 
(34) 

(35) 

BH60p TO'!Kli! /?
0 

B Ka'!9CTB9 rrpeJJ,eJia HHTerpHpOBaHRff E 3Ha'!HT9Jlb-

HOH CTerreHH rrpOH3EOJ19H. B JJ,aJlbHetimeM MH orrpeJJ,eJlli!M ee KaK rrepBHH 

HYJib pemeHJ'IR: j
1 
(R ):eHe o6JiaCTH JJ.9HCTEM ITOT9HUlffi,Jia ~ ( J?) 

(eM. PHc.6). 

Ha pHc.? rrpH:eenellli rpa.ipzKH E = E { ~ ) rrp:a pa3JIH'!llliX 

3Ha'!9HIII.JIX M . B ca.MOM rpy6oM rrpu0JIHX9HW aHa'!eHHR Eo Iii r 
orrpene~IDTCH ~OPMYJiaMH 

(%) Eo=E 2 , oE 1 T=2 oo · 
o=J 

EOJI99 TO'!lllie 3Ha'!9HHR CJ19~DT H3 ~OpMYJIH (30), eeJIH yqeeTb 

EHpalK9Hii/17/ L .2 

(36) 

L Xci. R. 

~t :::: (2L-1)(2L+i)~L+3} ' ' 37
> _4 

crrpaBeJJ.JIHEOe ~ ITOT9HUl'laT..S. 1/:1.1. (J<) e &CHMITTOTHKOA ~(,t?).......,_cJ](> 
k 

.., i>~""' 
rrpH MB..JlliX HMrryJiocax =(2!1E) V2 (:e HameM eJiyqae/V~6,17-7,67, 
k = 0,35-0,08, c::i. = 9M/2). CJieJJ.YeT OTM9Tli1Tb, 'ITO BeJIH'!Hllli E0 lil 

r , orrpeneJieHHHe H3 WOPMYJI (29) H (31), TaKllte He eo:erranaDT 

M9lKJJ.Y C060I, XOTR (29) RB~9TCH CJ19~TEH9M (31), ITOeKOJlbKY MHO-
L~ 

~TeJ!b K B WOPMYJie ~ ce'!eHHR (29) eJJ.EHraeT MaKCHMJM cet~eHHR, 

a CJ18JJ,OBaTeJibHO, H 3Ha'!eHHe £:0 , E eTOpOHY M8HblliHX 3Ha'!eHHI. 

'19M 3TO CJI9JJ.Y8T H3 (31), 
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lila puc. 7 BHJJ.HO, 'ITO rrpH 60JiblliHX IIIHpHHaX r 3Ha'!9HM ED 
JJ,OBOJibHO eRJibHO aaBHCHT OT CITOC06a OITpeJJ,eJI9HHR p930HaHea. 

Ha puc.8 rrpencTa:eJieHa ~ImHR F=T{Eo) , TaKJKe HJI-

JIIDCTpHpynua.a: aTo yTEeplKJJ.eHHe. Ma 3THX pHCYHIW:e BHJJ.HO, '!To rpy6oe 

OITp9JJ,9J19HH9 p930HaHCa (36} JJ,OeTaTO'!HO pa3YMHO H BO MHOrHX eJiyqaRX 

MOJK9T e~Tb XOpOWHM ITpH6KRX8HH9M. 

3aRJID'!eHHe 

llpeJJ.JiaraeMHti M9TOJJ. IT03BOJIR9T ITOJIY'!aTb ~HlmHOHaJibHH9 3aBH

CHMOCTH HOBOro THITa ~ ITapaMeTpOB MaTpH~ paeceRHHR (TH!la H306pa

lK9HllliX Ha pHC.5.), KOTOpHe MOryT npeJJ,CTaBHTb liHTepec KaK ~ 

~9J19H ITpaKTH'!eeKHX paC'!9TOB, TaK 1i e TO'IKH 3peHHR '!HCTO Teope

TH'!eeKHX HeeJieJJ,OBaHHA. 

B '!aeTHOCTH, H3JiaraeMHH ITOJJ,XOJJ. K 3aJJ,a'!aM paeCeRHHR IT03EO~eT 

HerrocpencTEeHHO onpene~Tb napaMeTpH -(v MaTpH~ peaKUHH T 
6ea ITpHBJ19'!9HRff JJ,OllOJIHHT9JlbHOH ITpOU9JJ.YpR HX EHJJ,9J19HHR Ha KOH9'!HOM 

aTarre EH'!HeJieHl'!H Ha yeJIOEHR yno:eJieT:eopeHHR rpaHH'IHHM ycJIOBHRM (8), 

TIOCKOJibKY OHH C CaMOro Ha'!aJia EKJIID'I9llli E paceMOTpeHHe. 

B 3aJJ,a'!ax paeeeRHHR e y'!9TOM 3aKpRTOro KaHaJia 3 TOT M9TOJJ. 

npeJJ,eTaBJIR9TCH 6oJiee 9CT9eTB9HHRM, '18M o6menpHHRTR9, TIOCKOJlbKY 

B HeM OTKpHTH9 H 3aKpHTRe KaHaJIH peaimHH paBHOITpaBllli H rpaHH'!HRe 

YCJIOEHR B HHX aaJJ,aDTCR 9JJ,HH006pa3HO. 

Oco6oe rrpeHMYIDeeTEO HanaraeMoro MeTona npon:eJIReTCH rrpH 

orrHeaHHH rrpo~ecea peaoHaHeHoro paeeenHHR, Korna ~aa paeeeRHHR 

~ M9HR9TCR E WHpOKOM HHTep:eane 3Ha'!eHHH ITpH H3M9H9HHH 3HeprHu 
II 

paeeeRHHR E :e o'!eHb yaKOM HHTep:ea..ne :e6JIH3H peaOHaHeKoA :mep-

rHH Eo (eM. pRe. 7). B aToM CJIY'!ae, aana:ean aHa'!eHHe ~3H ~ 
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c HeKoropHM maroM, MOlKHo nocTpoHTh KPMBYRl E =E (~) l'l onpe

~e~Th peSOHaHCHYRl 3HeprHRl YCTO~~l'JBO H C BHCOKO~ TO~HOCThRl, 

HaKoHeu, B6~HsH rpaHHUH KDHTHHYYMa, r~e 6o~hmMHCTBO MsBecr-

HHX MeTO~OE perneHRH sana~l'l paCCeRHRff HeyCTOH~l'JBO, npennaraeMaR 

CXeMa ~OKaS~a CBORl 3~eKTl'JBHOCTh KaK Tipl'l perneHl'Jl'l sana~ paCCeH

HRff ( k -7 ~0), TaR l'l npH OTJ:lCKaHl'll'l ~CKpeTHHX ypOBHeii 3HeprHM 

( ~i ~ O) BTI~OTh ~0 sHa'leHl'JH 3HeprHl'l IE I '"'-" ro-4 I 41. 

B saK~~eHMe aBTopL: Bi:lpallaRlT npMsHare~hHOCTh "ll.II.<I>ail:~HY 

sa COTpy~M'IeCTBO l'l C.~.Bl'JHHUKOMy sa o6cy~eHl'JH. 

PyKOIH!Cb nocrymvra n ll3,D;aTeJJhCKlfll OT,IJ;eJI 
JO tmHSI 1976 ro,IJ;a. 
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Ta6~ua I. 

Cxo~MOCTh HTepauzoP~oro npouecca (!7)-(!9) 

k 

0 

4 

8 

!2 

!6 

!9 

20 

2! 

E ro-2 k, 

2,87!8 

2,8738 

2,877! 

2,882! 

2,8856 

.<1k 

!46 

II7 

87,5 

58,3 

29,2 

2,8896 7,29 

2,89!! !,03·10-4 

2,89!! I,97.Io-7 

T,e 

0,050 

0,059 

0,077 

O,III 

0,200 

0,450 

0,999 

!,000 

IlpHBe~eHHI:le 3Ha~emm Be~M~l'lfl Ele, Llk H 'rk coorBercr

BYJOT BO~OBI:lM cliYHKURHM }ile CR) , o~Ha H3 KOTOpHx, hi< CR), 
l'l306pazeHa Ha pll:C,6 ~ C~aH ~YX OTKpl:lTHX KaH~OB llpl'l 3Ha~eHRHX 

tPa3 8; =-!,!282, ~ = ~ ,/'1= 6,!69, l = 0, IlpB h =0,!, 

"l =40 H T =0,05 rrpouecc cxo~TCSi Ha 2! HTepauVIM. HeB.ll3Ka LlL. , 
tna.:x:. 0 '1::: 

xapaKTepMSYRJma.ll npouecc CXO~MOCTl'l, onpe~e~eTC.ll ~OPMY~Oii/3/ 

) 

-2 (v) cv) (Y) LCL+i.) 
Ll,t.= ':7-0:X lz [_hll?,+h)-2}<-kCRn)+Jk (Rn-k)]{p1Ek-Ji2-

~n n 
(Y) l'') I 

- VCP,)1-f..k (R.,)-L V CRn) -lk CRn) 
~~ /.It f#~ ~J )d ::> 

7< ~· = i<n +h n== -;:;n-1, R1 = o R .. R ·~... ? 7 '" ,.. ... .IC • 

3Ha~eHH.ll l:k npHBeneHH B e~HHUax sana~H 
a~eKTHBHa.ll MaCca n2 = !98,4 COOTBeTCTEyeT 
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mejiz 
Cl'JCTeMe dfA- tp 

, r~e 

/!5/ . 



6 

" 

"" 

E,lO-' 
1.5· 

1.0 

•tz "" 

P11c. I. a) 3aEHCHMocn ~ = 8,', (E), KOTOpali cJie.DYeT ns pemeHM 

sa,n;atm ICollill ,IJ.Jiff ypaBHeHRR' (I) • 

6) 3aE!tlCHMOCTb E = E C 8',) , cJie.DYIOUIM H3 perneHM sa,n;atm 

lliTypMa-~JilYE!tlJ!nR ,IJ.Jiff ypaEHeHRR' (I). 

llpHEe~eHHHM TipHMep COOTEeTCTEyeT CJIY~a~ ~ByxKaHaJibHOM 

sana~H pacCeHHRR' C O~HM 3aKp~T~M KaHaJIOM TipH 3Ha~e

HRR'XM =6,I69, L =2, c noTeHURaJia.MH 1[, CR.), E03HlilKaJJ

l!IHMH E sa,na'le pacceHHRR' dft+P /!5 / j 

t 

~.-.-.-.-.-.-.-.-L---R 

PHc. 2. CxeMa nocJie~oEaTeJibHOH peaJIHsauHH HTe~oHHoro npouecca 

(I7)-(I9) E TIJIOCKOCTH (R> -t ) . 
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1-0 

R 

PHc. 3. BoJIHoE~e qiyHKUHH j2h C R) , cooTEeTCTEYIOUU1e nocJie~o:eaTeJI:b
~M HTepauHHM k , npH pemeHHI'I ~EYXKaHaJibHOI sa~a'lH 

paCCMHM ( i ) E C~ae ~YX OTKpHT~X KaHaJIOE. 

'\I 
E >t.E 

V22(GO) 

E < t.E 

V11 (oo) 

R 

PHc. 4. CxeMa eqxpeK'rHEH~x noTeHURaJIOE ~yXKaHaJibHoA sa,na~H paccM

HRR'. C~a.A £> 1£_;(oo) COO'l'EeTCTEyeT ~YM O'l'Kp~'l'l:lM KaHa

JiaM, c~a.A YCoo)>E>lrcoo) - SB.KPHTDMY KaHaJiy. 
22 11. 
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E 

l.S"iz 

PMc, 5. 3aEMCHMOCTM ~ =E(fi;) H E2 = E as: 2~=tcf!)vt~=ut> 
" :>;? i. ~ 2 

E nEYXHaHaRbHOfi sana~e paCCeRHRff C nBJMR OTHpHTHMH KaHa~-

MH, ilp:H sanaHHOtt SHeprHH 1: ~3H ~ H COOTE8TCTBYDmH8 

HM rrapa.MeTpH CM8lllllEaHRff Gl :::::: &2 HaXO,niiTCR ITpOCTHM 

reOM8TpH~8CKHM ITOCTpOeHH8M, 

V(R)=V,. (R) • L(~:l) 

-1 

-21 \ / 
_,I 

PHc, 6. BOJIHOEM liJYHKUHH h(R) , COOTE8TCTEYDmM pe30HaHCy B 

nEYXKaHaRbHOH sana~e paccenHHH dfi+-P E coC'I'MHHH E<AE w 

opelHTaRbHHM MoMeH'I'OM L =2. 3aBHCHMOC'I'H 8';= S'(£) H 

E1 =EC5;) .IUili sToro c.ny~aa nao6pazeHH Ha p11c. I. 
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E, 10-z 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

I 
I 

""'"~ 
6.47~~: . 

6.77 

7.01 

I 
I 
I 

_____.:..-.-. --1 
I 

' 
7.37 : 

0
1 7.67 i 0 I ~ l o 

1 15 I .'\2 206 

\ 
Pnc.?. 3aBHCMMOC'I'H E = E ( fJ;) B nEyXKaHanbHoA sana~e paccenHHH rrpn 

Pnc.B. 

H3M6H8HHH a®JeK'I'HBHOI MaCCH .M B CHC'I'8M8 ypaEH8HHH (I). 

r,1o·' 

0.6 

0.4 

0.21:- t-

.. .. 
U5 

• . 

. 
• 

·- ~mo• 

x --A max 

.. -<~~~ 

1r E. ?J'' 

3aBHCHMOC'rlt r = r CEo l npH pa3.1U1'1HiiX COOCOClax orrpeneJieHRff 

napaNeTpOB peaoHaHca E = ~- i £ . To'IKH e OTBe~aDT 
onpeneJieHIIIl (30), TpeyroJibHHKH A - onpeneJleHHII (35) H 

ycJIDBHil A= A , KpeC'I'HKH X - onpeneJleHHil (36). 
hla:r 
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