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1. BBe,n;eirne 

. ~JUI onncann.a, peaKn;H:li, n,nyin;HX 'Iepe3 cTaMIO o6pa3onann.a cocTannoro 

.a,n.pa 
X1 + Xf ~ x; ~ Xa + x~ (1) 

( nanpHMep,. )J,JI.a peaKTI;HH CHHTe3a d + t ~ 5 He* ~ a+ n ) Mo2KeT 6hlTh :He.:. 

no.Jlh30nana Mo,n.e.Jlh ,TPex,cn.a3aHHhiX Kananon [1, 2]. B nacTO.am:e:li pa6oTe 

npe)J,JiaraeTc.a anropHTM · )J.Jl.H nenocpe,n.cTnennoro pemenn.a 3a,n.a'In pacce

.ami.a B paMKax paccMaTp:rinaeMO:li MO,D.MHj a TaiOKe • )J,JI.fl BOCCTaHOB.JleHH.fl 

napaMeTpon Mo,n.e.JlH no .sK~nepnMeHTMhHhiM ,n.aiiHhiM ce'Ienn:li peaKn;nn n 

ynpyroro pacce.ann.a. 
'(• 

2. IlocTaHOBKa sa,n;aqn 

B paccMaTpHBaeMO:li pe30HaHCHO:li MO,D.em~ 'Iaq'H~b:i . X 1' Xi, x;' X a' X~ 
C'IHTaiOTCH 6eccTpyKTYJlHbiMll. raMll.JlbTOHHaH h, OTIHCbiBaiO'm:n:li peaKTI;HIO. 

(1), ,n.e:liCTBY~ ~a BO.JlHOBJIO <I>JHKTI;HIO U = { U1 1 U2 1 Ua} . 

... , ( ht.· B12 0 ) •: 
. h = B21 h2 .. B23 , . , 

· 0 Ba2··'ha ·.· 
(2) 

.'1 • ' ,. . • . . . . . . . . . . . .' 

r,n.e h1 = - 2~1 ~r~ +V1(r1) + >.11 ha = - 2~3 ~~~ -f Va{ra)'+ >.a,--:- oneplnophi 
sneprnn B Kananax) n 3. OnepaTOp h2 eCTh onepaTop JMHO:lKen'n.a na KOH

CTaHTY A2, npe,n.cTaB.Jl.HIOm:JIO co6o:li co6CTBeHHOe 3Ha'IeHHe 3aTpaBO'IHOrO 

COCTO.HHH.fl COCTaBHOrO .a,n.pa x;. OnepaTOpbi Bl2 = Bii. n Ba2 = B:Jj ocym:e
CTB.JlHIOT cn.a3h Kananon H cno,n..aTc.a K yMHo:lKennro na iieKOTOpbie <l:iynKn;nn 

{3¢(rt) n 'YX(rs) [2] ·· . .. 
, . , ' ~/ ~- . , ·;.·.I~ ,·:; • 

(B12~2)(r1) = f3u2¢(rt), (Ba2u2)(rs) =:=",Yu2x(rs), {3) 

11¢11 = llxll ~ 'i~··I1pe,n.no.Jiaraeri:.a, 'ITO ¢(rt) H, xCrs)'cy~ecTnellliO.OT.JlH'I-:- . 

Hhi oT ny.Jl.a n ~6.ITacni ,n.e:licTBII.a .a,n.epn.illc cn.Jl, ·r.n.e·no3Mo:lKno o6pa3ona

nne KOMnayn,n.a x;, a l¢(rt)l2 n lx{~3)j2 <l>aKTn'IeCKIInpe,n.craB.Jl.aiOT co6o:li 

OTHOCllTe.JlbHhie nepo.aTHOCTll peaKIJ,ll:li xl +Xi .::..t x; n x; ~ X a + X~ 
cooTneTcTBeHHO [2]. Benn'InHhl {3 H 'Y nMeiDT cmiCJI nnrencnnnoCTH B3an

Mo,n.e:liCTBHH ( KOHCTaHThl CB.fl3ll ), npHBO,D..Hm:ero K STllM peaKIJ,llHM1 a HX 

pa3MepHOCTb conna,n.aeT c pa3MepHOCThiO sneprnn .• 

Ohti:iilt~i~ t;~-:nil'JT I 
~ ·na~~JW1 HCCJ~~a~l~ll 
~. 6&1SJl~!OTSKA ..----... _.... 



8neprmi OTC'IRTbiBaeTca OT nopora 1-ro KaHaJia).1 = 0, >.3.- ecTh nopor 
· 3-ro KaHaJia. B )l.aJibHeiimeM 6y.n.eM C'IRTaTh >.3 < >.1. 

3a.n.a'Ia pacceamm c raMRJihTOHRaHOM (2) hU = EU 3annchiBaeTca B 
BR)l.e . ' 

{ 

· (ht - E)u~+) + {3u~c/> = 0 

,B(~l+), c/>h + (>.2- E)u2 + ,Y(u~+), x)a = 0 

/U2X + (h3 - E)u~+) = 0 

(4) 

C rpaHR'IHbiMR ycJIOBIIaMH • .J 

u<+) (r ) -+ eik1r1 + fueik,r, r -+ 00 
1 1, T! ' 1 ' 

... " 

U(+)(r)-+ /3Jeik3T3 T '-+ 00 
3 3 r 3 l 3 1 

k1 = ..j2mtE, . k3 = )2m3(E- >.3). 
\ 

Pemenne ( 4) MOLKeT 6biTh 3anncaHO 'Iepe3 <PYHKU.MR rpn~a g~ +) (E) ~ ('E _:_ 

h1 + io)-1 n g~+>(E) = (E- h3 + io)-1 : 

{ 

u~+) = 1/J~i) + f3u2g~+)cf> 
. . . ' (+) ) 
. U _ · . /3(1/>o, ,4> 1 · 

2 - E-.\2-f32(gi+>q,,q,),-'Y2(g~+>x,x)3, 
· u~+> = 'YU2Y~+>x • ·· · 

(5} 

.,,(+) h h .,,(+) E·1·(+) -r)l.e 'f'Ol 3 - COCTOHHRe pacceaHRH )l.JIH 1 3, 1 3'f'Ol 3 = '1-'013" 
' · Kopenh 3HaMeHaTeJIH u2 n}m KoMnn'eKCH~M ;Ha'IeHRH 'sneprnn E ecTh 

pe30HaHC (2] . 
. c·, .. l1CTIOJib3YH aCRMTITOTR'IeCKHfi BR)l. a.n.pa <lJyHKU.Hfi rpuHa g~j}, (r1, r~) U 

(+) . I . . ; .'. ;. 

Y3,k3 (r3, r3) 
'· 

(+)( I) m,eik'"·'·(-)*(k I 1) Yt,k
1 

r1, r1 -+ -:- 21r ~'f'ot 1r1 Tt, ~1 .' 
( +) ( . 1 ) m eik3r3 .t,(-)* (k I 1 ) 

Y3,k
3 

r3, r3 -+ -~--;:;-'f'o3 3r3 T3, r3 , 

Tt-+00,. 

r3-+ oo, 

)l.JIH aMTIJIHTY.D. pacceaHHH fu U peaKI1.HH fat TIOJiy'IaiOTCH BblpruKEmn.fl 
(+) . ( ) . 

J (k kl) _ J(Ol) !!!!. (1/>01 (kl).bl)i(bb'l/>o] (k't))! 
11 1, 1 - - 27r E-,\2-(gi+lb1,bt)i -(g~+lb3,b3)3' 

f 
· (k kl) =_!!!a. (1/>~t>(kl),bt)t(b3,1/>~~l(k'3 ))3 

31 1 • 3 27r E.:..,\2-(gi+)b"bt)i -(!71+Jb3,b3)3' 

bi = {3¢, b3 = 'YX, 
k'1 = k1r1lrt, k~ = k3rslr3, 

:~ .. ;:.;.t· :.:r ~ 2· 
., 

(6) 

(7) 

I 
I: 
il 
I. 

,. 

r.n.e f(ot) - noreHU.HaJibHaa aMnJinTy.n.a. CooTBeTCTBenno, ynpyroe ce'Ienne 
' . . ' ' " ,. 

n ce'Ienne peaKu.nn eCTh 

I 1
2 m1k3l 2 . 

dael = fn . dowl ': dar = m3kt fad doi<3: . 

ECJin BBeCTH <PYHKU.RR ~;(E), r;(E), i = 1, 3 

~;(E) = Re (g~+)b;, b;);, r;(E) = -2 Im (g~+)b;, b;);, 
ER(E) = >.2 + ~t(E) + ~3(E), r(E) = rt(E)+ r3(E) 

(8) 

(9) 

H BOCTIOJib30BaTbCH cneKTpaJibHbiM pa3JIOLKenneM_ onepaTOpOB rpnna g; ( E + 
i0), <lJyHKU.RR ~;(E), r;(E) MOLKHO npe)l.CTaBRTbB BR)l.e . . 

1 

r;(E) =2m;~ fs2 dk1 l('I/J~t>(k;k1),b;)l2, r~n) = 1(1/J~n>,MI2 , 
- 1 100 r;(.\) . r\n) 

~;(E) - 27rP d). E-.\ +:En E-'£(n)l 
A;: " 

(10) 

r.n.e 1/J~n), h;1/J~n) = Ejn)1/J~n) - COCTOHHRH, npnHa)l.JleLKaiU.Re )l.RCKpeTHOMY 

cneKTpy. 
Orcro.n.a noJiy'IaeM wm' noJinoro ce'Ienna peaKn;nn B~paLKenne 

1r. • r1(E)r3(E) 
ar = k~ (E-:- ER(E))2 -t:r(E)2 14 · 

> ); .,, "' ·-

(11) 

TaKRM o6pa3oM', )l.Jii ~o.iiY'Je'lnia 3aBHCHMOCTH. ce'IeHHH peaKU.HR. OT 9He'p
ruu B. 'paMK.ax 'p~~ciia~piinaeMOii' MO)l.eJIH )l.OCTaTo<iH:o. 3HaTh .ii.eiiCTBHTeJih
HYIO H ~mHMJro 'Iaci-u (g~+)bi;.b;)i, a )l.JI.fi ynpyroro Ce'Ienri'i!;'KpOMe:Toro, He
o6XO)l.HMO 3HaTh enie H. aMJ1.iniTy.n.y pacce.Hnnsf(Ol) ,ri,.mi TIOTeiiri,mi.i:ia Vi(rt)· 

. ' - ~. ~ r ,i ~ :· • ; • . - • ' - - ••• • ~ - ' , , J • • , , - , , 

3. MeTop; pemeHIDI np~Moit.3a~~~ · 
Be.rili''InHM (g~+)bil Mi npe.n.craBJiaiOTco6oii HHTerp~bi pemennii c~o~BeT

c;Byron::~nx · o.n.:HoKana.Jri.Iihlx ~ yparmennii ··III pe.n.unrepa c' HOO,l1;HOpo.n.nocThiO 
b;, y)l.oBJieTBOp~ron:iriX rpaHH'IHbiM yCJIO~HaM; ene.n.yiOmHM'.H3. acnMTI~OTUK 
<PYHKI1.Hii rpuna (6);' c '<P~iri,Heii. b; no KOOp)l.RHaTe'ri: ·,[Yla~ npoC~OThl',6y
.n.eM paccMaTpnBaTh CJiy'mii · ,ri,eiicrBHTeJihHbiX c¢epn'IecKn · cnMMerlni~:Hicr 
'¢opM:<l)aKTopoB b;.Y'IHTbi~aa Bbi6p~nyro yrJioByro 3aBHCHMOCTh b;, BKJia)l. B 

- •,·,, . ·; '. 

3 
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(gJ+lb;/b;); 6;.IJ.YT ~anaTh pernenng c MoMeHToMl; = 0, i = 1, 3. CooTneTcTny-
. roiqHe ~n¢¢epen:u;na.nhHhie ypannenn.H na KOHe'IHOM <:iTpe3Ke r; E [0, Jl;,ma~] 

c npn6JimiceHHbiMn rpaHH'IHbiMH yCJIOBH.HMH na npanoM xoun:e, noJiy'leHHbi
MII nyTeM ClliHBaHH.ll JIOra(>HcPMH~eCKllX DpOH3BO~HbiX C aCHMTITOTH'leCKHMU 
perneHU.liMII, IIMeiOT Bli~ 

r~e 

'1/J~' + (k~- 2m;Vi(r;))'lj;; = I;(r;),. 
'1/J;(O) = 0, 
t/J' .p\a•)' . 
:!:..1.1 - .!..l.--.-1 . 0 

..Pi ri=Ri,ma~ - ..P}a.t) ri=lli,maz' 

I;(r;) rv r;b;(r;), fooo drif(r;) = 1. 

\)KOH'laTeJibHO, BblpiDKeHII.ll ~g (g~+)b;, b;) eCTb 

(12) 

(+). roo 
(g1 ; b1,bth = 2mt{3~ lo. drt'l/Jtft, 

(+) - 2 roo 
(g3 ba, ba)a = 2ma'Y ln dra'l/J3fa. 

. 0 
(13) 

AcnMnTOTII'lecxnM pernenneM ~g (12} ~IBJI.HeTc.H 

{ L 
'1/J!as)(r;) = eik;r;. 

llpn naxo)K~ennilnpn6~n2Kennoro peme~ria (l2) ~ocTaTO'IHo a¢¢exTn
. nen II3BeCTHhifi MeTo~ TpexTO'le'IHOfi nporoHKII. IIo'pg~oK TpexTo'Ie'IHOfi an
npoxcn~a~nn. COCTaBJI.He~ O(h~), h; - mar'pa3~~CTHOfi ceTI_m rio r;, II09TOMY 

,_ ,· .·; ·' ·. . ' . : t ' 

. JpaHII'IHbie YCJIOBH.ll CTaBIIJiliCb C TeM )Ke IIOp.li~KOMaiiiipOKCIIMaD;Hll, a HH-
J TerpaJib~ (13) Bbl~~~a:rr;l~:i,- c:rro~orn:hiD npaB~Jia CnMpcona~ Bbi'l~CJiliTMb-
. nag cxel\m nogno~me~ npono~HTb. pac'IeT npn x6-Mn3uixcnhi'x 3Ha'Ienn.flx k;, 
'ITO neo6xo~HMO ~g OTbiCKaHII.ll KOpnefi BblpiDK~Hll.ll Z- ).2 - (g1 (z)b;, b;}t
(gt(z)b;, b;) 3 , onpe~eJI.HIOrn:nx·IIOJIO)KeHIIe pe30HaHCOB B KOMIIJieKCHOfi IIJIOC-
KOCTII aneprnn [2]. . . ·. · . · .. · ' 

,lJ,Jm 'IHCJieHHOfi nponepKII .TO'IHOCTII .CXeMbl 6hiJI liCIIOJib30B~H cP,OPM
¢aKTOpJ(r) = 2JJ[I-'r, ( ~~- y~o6cTBa B~.HTa:~py~a.H uop~mponxa, ), ~JI.ll 

·· KOTOpOrO JierKO IIOJIY'IllTb aHa.JlliTII'leCKOe BblpiDKenne (gJ, J), g ,- cPYHKD;ll.ll 
.· :rpnna .'Iacrnn;hi c MoMeHTOM 0 n noTen:u;nanhnofi zMe 'np.HM:oyroJih~ofi ¢op

. Mhi.·llapaMeTpbi .HMhi.n 3Ha'lenne J..L np_H:~eP.e~hi B Ta6~. III, c3Iy'lall xau·a.na 
. l L B Ta6Jin:u;e I npono~nTc.H ucCJie~ona,nne, IJ3Men~u~.H ~eiicTBHTefh~~~- ja

crn fl. = Re (gJ, J) B ganucnMOCTH OT npanofi rpannn;hi OTpe3Ka ~. na 

4 

' 
r; 
i 

II 
'I 

I 

I 
~ 

1~'1' 
.\ 

l 

Ta6mm;a I a. 3amiCRMOCTb BhP:JRCJieHHbiX 3Ha'leHRii !l = Re (gl, I} OT .Rmax npR 

<i>RKCRpOBaHHOM mare CeTKll h = 0.000125 . . . .. . . 
- -
k Rmax = 1.2 Rmax = 1.3 Rmax.= 1.4 R.inax = 1.5 Rmax = 1.6 
0.2 -8.92166 -8.92174 -8.92177 -8.92179 -8.92179 
0.5 -3.47452 -3.47452 -3.47452 -3.47452 -3.47452 
1.0. -0.76228 -0.76224 -0.76223 . ~0.76223 -0:76223 
2.0 0.17969 0.17971 0.17971 0.17971' 0.17971. 

. 

3.0 0.33957 0.33957 0.33956 0.33956 0.33956 
4.0 0.36487 0.36486 0.36486 0.36486 0.36486 

Ta6nm~;a I b. BenR'IRHa !l , Bbi'IRCJienna.H Ha ~oCJie,ZJ;OBaTeJibHOCTR B,ZJ;Boe cryiiJ;a

-IOIIJ;HXC.H CeTOK npn<l>HKCHpOBaHHOM 3Ha'lemm Rmax = 1.6 
h ·= o.ooo5 · h/2 

- flaB·,"', k h/4 u 
0.2 -8.922475 "8.921927 -8.921790 4.000 -8.921746 
0.5 -3.474204 -3.474458_. -3.474521 .4.001 -3.474542 
1.0 -0.762025 -0.762184 -0.762224 3.999 -0.762234 
2.0 0.179772 0.179726 0.179715 4.000 0.1797.11 
3.0 0.339586 0.339567 0.339563 4.000 0.339561 
4.0 0.364866 0.364858 0.364856 3.999 0.364856 

. ' \ ~ 

' l f -. '- . 

KOTopoM pernaeTC.H ypannenne, a .TaK)Ke na noCJie~onaTeJibHOCTn ·n~noe cry-
m:arorn:nxc.H ceTo~ c rnaro~ · h npu '¢nxcnponannoM · ~na'IeHn~ "Rmax ·~ '1.6 'ii 
_cpannenne CO 3Ha~eH~eM 'fl.,' .IIOJI,Y'le~HbiM II3. aHaJIHTII.'leCKOrO BbipffiKeini.H. 
Ta~ )Ke npnno~.HTC.ll 'g~a'Ienn.H o~liornenufi' : . · · · · · ' · · 

a= (l:l.h- l:l.h/2)/(l:l.h/2-:- l:l.h/4), 

l:l.h- 3Ha'leHne fl., Bhi'IIICJiennoe na c~i~e~ ritar~M h. 0 riopa~xe cxo~~~~ocTn 
CBH~eTeJibCTBYIOT 3Ha'leHll.ll 3.999 < a.< 4.001, 'ITO COOTBeTCTByeT .0(h2

). 
. '·'···---· ',i~~ ~. ,, "',.' .· •.. \:, \_>,_·'·. - ' _.;. ,-: 

To'IHOCTh Bhi'IHCJiennfi c 'IeThipbM.ll nepnhiMH 3HaKaMu ycTananJinnaeTC.ll 
npn R.nax 2: l.S,·h ~ 0.00025. ' · ' ·' . '. :: . 

TaxnM o6pa30M, Bhi'IHCJI.ll.ll npn ~efiCTBIITeJihHhiX aneprugx ·E ~MH'IHHhi 
. (g~+) (E)b;, b;); u ~ COOTBeTCTBHll c (9) <i>YHKD;llll r;(E), l:l.;(E),Mbl noJiy'IaeM 

corJiacno (11) Ce'leHue peaKD;lill. KpoMe TOro, Mhl IIOJiy'Iae~ B03MQ)KHOCTb 
HafiTII KOpHII 3HaMeHaTeJI.i aMIIJIHTY~hi u2 B BblpiDKeHIIli (5) npn KOMIIJieKC
HbiX aHepru.Hx, n, :Kax CJie.IJ.YeT n3 (7), noJiroca aMnJinTy~ pacce.Hnn.H, B03-
Hnxaiomne H3-3a cB.H3II xana.non (3). 8-rn xopnn MoryT 6hiTh nafi~eHhi, na
npn:Mep, c TIOMOllJbiO HbiOTOHOBCKOfi HTepa~mi:Huofi ~i>o:u;e,njpbl: 

,il;JI.H Ce'IeHH.ll ynpyroro pacce.HHll.ll (1), KpOMe r;(E); fl.;(E) , Tpe6yeTC.ll 
3HaTb ¢a30Bbie C~Bnru ~1 JIJill 9JieMeHThl S(Ol)_MaTplii~bl s,\0 1) = exp (2ic5f~ 1 )), 

5 



o6yCJIOMeHHbie .n,efiCTBlleM JJOKaJihHOrO IIOTeHIJ.llaJia lit (rt) B KaHaJie 1. Ilpn 

.MaJibiX 3Heprnax E OTHOCllTeJJbHO 110p0ra KaHana 1 OCHOBHOit BKJJa.n, .n,aeT 

pacceimne C MOMeHTOM l1 =i 0, 1103TOM)' )l.a.nee Mbl 6y.n,eM yqJITbiBaTb TOJJhKO 

S-BOJIHy. · 
. (01) 

O.n,Hofi n3 B03MO)K.HOCTefi BbiqnCJieHna S0 aBJiaeTca perneHne ypaBHe-

Him (12) (,c Hynenofi i£paJ3ofi qacTbJO ). AcnMIITOTnqecKnil nn~ perneHna n 

3TOM CJiyqae eCTh 

tP(as) = i(e-iktrt _ SaOl)eikt':t). 
2 . 

flpii 3TOM perneHiie COOTBeTCTByro:m;ero pa3HOCTHOrO ypaBHeHII51 y.n,06HO HOp

MllpOBaTh TaKnM o6pa3oM;· qTo6hi rpaHn~Hoe yCJionne·;IIim r ='= R 1 ;,.= He 
. (01) . . . .. ' 

3annceJJo OT S0 : 

t/J(rt) = iJ(r)N, . . N = t/J(Rt,max)· 

<l>ynKIJ.lla y y.n,oBJieTnopaeT ypanHeHnJO 3a.zi.aqn (12) n rpaHnqHhiM yCJionnaM 
. i • ,. . '. ;··:;.:·, 

y(O) ='= 0, y(Rt,max) = 1. 

Ilpanaa rpaHnu.a Rt max .!I,OJJ)I{Ha 6hiTb Bhi6paHa .!I,OCTaToqHO 60JibiiiOil, qTo-
. . I ',·'., :.: i •• •!: •. ' · • 'f , ,c , 

.6hi HRll r 2 Rt,max 1\W)KHO 6hiJIO BOCIIOJih30BaThCa acnMIITOTII'IecKnM pe-

~e~n~l\I'. 'ljl(as) .. Torlia 'sa01
> n, COOTB~~T~~~HO, iiopMnponoqiJaa KOHCTaHTa 

·N H~xo.n.~~ca n3 y~o~na pa~~Hcrna n~~apli~r:rnqecKnx IIpcnl3no,tiiihlx:l:ipn 
r = Rmax .. -:.. . . ,. ... . 

' .i.(as)1 i. \' 

'I --'~'-1 J!, r=_Rt,ma., - 'ljJ(O;•) r=_Rt,m?."''. N = 1/J(as)(Rt,max)· (14) 
~- '·>:. ~-. ( 

;.·.. :3¢'<£~KT~BHOCTh 'cxeMhl IIpo.n,eM<mCTpHpOB!iHa niK:lKe Ha IIpnMepe IIOTeH

'u.ua.ria ~h) = -V0 exp(-K1h),'ina KOToporo'n3:BecTHo aH:a.nnTnqecKoe 
perneHue [4] ·> : · : 

. ''' ',. i • ;, _, ~! ~; ; ; • 

J± ,;;(~ti• r(l~ is}J'f;.(pe-!!¥), 
. s =-·~· p = .2{2!Ti'i"VQ ' . 

• • 11:1 , II: I 

.. ·_'ljl(k, r) =Hi-- Sf+), 
. «··S.:.... (··~)-2is ql+is)J;,(p): 

" ' - 2 r{l-is)J.:.;.{p)' 

(15) 

' . . ~· . ·- , . ' . ,· ' . . : . . - . \ ~ ' 

. J' :.. rar.tMa-<j>yHKIJ.na, J11 - · <l>YHKu.na' BecceJJa~ 
B paccMaTpnnaeMol\I .JnCJieH~ol\I IIpnMepenciio.Jih3ona.nnch CJie)JyiDIII;lle 

' • - '"'.'• ' . • •. 1".: '. , ....• 

: 3HaqeHna IIap1l:MeT~o~: . 

ffit = 1, lit= 250, Kt = 12.02 

6 

.. 
v 

ll' 
;~ 

' 

~~J 
•., 

Ta6mn:~;a II a. 1Il~3br pacce»Hn» -oa01>, no.rryqeBHbre npn nciiOJih3onaHnn MeTO.IJ;a 
npOI'<>HKn ,Wra aK:crroHeHIJ;HMbHOro noTeHiJ;naJia ,II,Jia nocire,n;onaTe.ill.HoCTn { R;;,=} 
( h = 0.00025 ) . ' . 
k Rmax = 1.2 · Rmax = 1.3 Rmax = 1.4 Rmax = 1.5 R.nax = 1.6' 
0.2 0.052584 0.052581 0.052580 0.052580 '0.052580 
0.5 0.13121 0.13120 0.13120 0.13120 0.13120 ,. 
1.0 0.26067 0.26066 0.26066 0.26066 .. 0.26065 
2.0 0.50827 0.50826 0.50826' 0.50826' 0.50826 
3.0 0.73387 0.73387 0.73387. ·o.73387 0.73387 

·. 

4.0 0.93392 0.93392 0.93392 ·o.93392 ,•. 0.93392 

Ta6JiniJ;a II b. IDMbr. ~~ce»Hna '~oa01l, nhiqnCJiemii.re ·l!a IIOCJI~onamrrhHOCTn 
B.IJ;BOe cryiiJ;aJOIIJ;HXC»CeTOK rrpn <PnKcnpoiiaHHOM 3Ha<leHnB R;,;,_~ 1.6 
k h= 0.001 hi'i h/4 .• 

' (}' 
.. 

Oaa' ' 

0.2 0.0525786 0.0525796 4.000 0.0525798 . 
0.5 0.131198 0.131200 4.000 0.131200 
1.0 0.260648~·. '0:260653 4.000 0.260654; 
2.0 0.508247 0.508257 4.000 0.508260 
3.0 0.733855 0.733868 3.999 0.733872 

~ . ( : 

4.0 . 0.9338~~--- 0.933910 3.999 0.933917 
. \ ')_ 

' B Ta6JIH~e II a npe.n,CTaBJI~H~ 3a~~Cll~~CTb B~~qH;bl c5a~~r ~T 3Ha~~Hll51 
Rt,max: l-b.Ta6JIHIJ.hi c.rre.n.yeT, q'J'o npn yKa3aHHOM mare ceTKRH11Th_ BepHbiX 

3H:aKOB IIOJiyqaeTca npn ~ 2 1-.5: ' . .. . · , . · ; 
' · B Ta6nu~e · JI h IIpono.n,nTca ·ncc.i:Ie.n,onanne H3MeHeHna nennqHHhi .c5a01

) 

Ha nocne.n,onaTeJihHOCTn n.n.noe cry:m;aro:m;nxca cerro~· Jipn <j>nKcnponaHHOM 
< } ' ' • • ' • • ~ '· - < ~ • • l • ' , 

3HaqeHllll Rmax = 1.6, aTaK*e IIpHBO.!I,11TC51 3HaqeHll51 <j>a3, BhlqHCJieHHhlX 

c IIOMOriJ;~JO aH:a.nnTn~ec'ioro ,BbipaiKeHllH (15); TaM )Ke::U:aHO 3HaqeHne ne

JJJiqJIHbl a- = (c5h - c5h/2)/(c5h/2 - c5h/4)· KaK nn.n,Ho n3' Ta6nn~, 3HaqeHna 

u ~ 4.00 cnH.n,eTeJJhCTBy~.o nopa.n,Ke,cx:o.n,HMOCTII O(h2). .. . , .... ·. . 
B. Ta6JJnu.e II c' npHBO.!I,51TC51 3HaqeHII51 BOJJHOBbDc <j>yuill;~Ifi ''ljJ;. n:b~<iHCJIE!H-

: · HhiX Ha .noCJie.n,onaTeJihHocTn n.n,Boe c~aiO'~~a -~eTa~· npn• <Pn'KcHpoBaH

HOM 3HaqeHnn nMnyJJhCa:k1 =, {, .~· cpanminaroTca.'.co:31Ia~eHna~n/'6.ne
.II.YIOIIJ.IIMII n3 a~a.nHTnqecK!Jroi~~P~.e1I~a. {15): CxoroJ~o~ ;~a~!!?cT~~ro 
:pemeuim,· KaK CJie.n.yeT ~3 Ta6JIIIIJ.hi; TaK*enMeeTnTopoilm'ip.H:U,o-K 1J 'ccioT-

~' •• • ' • • • ' ' • ' '. ' ' ' • ' - > '·. "-. ~ .. ' ~ .- - .-" - ; ··-.' 

BeTCTBIIII C · IIOp11.!I,KOM. CXO.!I,llMOCTll MeTO.n,a · _nporOHKII.. . 
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Ta6.rrn~ II c. ,IT,e:ll:cTBIITeJibHrui ,~IaCTh BOJIHOBhiX cPYJ;IKn:ll:!i '1/J npii r1 E [0, 1.6], 
Bbi'IIICJieHBhiX Ha DOCJie,Il;OBaTeJibHOCTII B,nBOe cry~aiO~IDcCfl CeTOK' npii cPBKCR-
poBaHHOM 3Ha<JeHIIII IIMnyJibca k1 = 1 . . . 

r h = 0.001 h/2 h/4 (j '1/Ja.u 
0.16 -0.119775 -0.119777 -0.119778 4.000 -0.119778 

0.32 0.0420385 0.0420342 0.0420331' 4.000 0.0420328 

0.48 0.206401 0.206396 0.206395 4.000 0.206395 

0.64 0.357032 0.357027 0.357026 '4.000 0.357025 

0.80 0.496090 0.496086 0.496085 ,4.000 0.496084 

0.96 0.621954 0.621950 0.621949 • 4.000 0.621949 

1.12 0.731832 0.731828 0.731827 4.000 0.731827 

1.28 0.822998 0.822994 0.822994 4.000 0.822993 

1.44 0.893137 . 0.893134 0.893133 4.000 0.893133 

1.60 0.940460 0.940458 0.940457 4.000 0.940457 

4. BoccTaHOBJieHHe rrapaMeTpoB Mo,n;eJIH no ,n;aHHhiM 

pacce.amrn 

Mbl 6y,n;eM npe,n;noJiaraTh, 'ITO TIOTeH~~bl vl 'Va ·n'¢opM¢aKTOpbl rjJ' 
x B (2--:-3) .aBJI.aiOTc.a sa,n;aHHhiMH ¢ynKn.n.aMH, saBnC.aiii.HMH OT neKOToporo 
pasyMnoro 'lHCJia napaMeTpOB A0 • Ilpncoe,IJ;HHHB.K HHM napaMeTphi (3, (, >.2, 

:M::brnoJiy'lnM o6III.ee 'lnCJio napaMeTpoB Mo,n;enn (2),(3) A = {(3, ,, >.2, Ao}. 
HasoBeM nanJiy'lmHM na6opoM napaMeTpOB A, onncbmaiOIII.HM·9KcnepnMeH

TaJihHhie. ,n;aHHhie { ( a~~cn, Ei), ( a~;cn, Ej)} TaKofi na6op A*, npn KOTOpOM neo-

Tpnn.aTe.rn,IIa.a ¢yiiKtiH.a x2 ;, 

'x2 (A) = L (a~~;cn)- aei(Ei,A))~ +2: (a~;Kc~) ~ ar(Ej,Ajr, 
' . i.' i, 

, xa paKTepnsyroiii.a.a Mepy cpe,n;miK:Ba,n;paTH'lHoro yKJionenn.a { (a~~ en, Ei), 
( a~jcn, Ei)} OT pemenn.a sa,n;a'lH ( 4) c na6opoM A, nMeeT MHHHMYM· Boo6III.e 

rOBOp.a, ¢ynKn.IUI X2 MO)KeT HMeTb,HeCKOJibKO JiOKaJihHhiX MHHHMYMOB npH 
) pasmi'lHhiX na6opax 'A, H. ,IJ;JIH ·. npe,n;llo-lTeHH.H KaKoro-im6o. ll3 . HHX ,IJ;OJI)K

· · na 6h~T~. npnB.iie'leHa. neKOTopa.a .iionoJIHHTeJI:bna.a nn¢opMan.n.a ( ycTOfi
'lnBocTb K .B03MYIII.eHH.HM 9KCnepHMeHTaJibHbiX ,IJ;aHHhiX, · COOTBeTCTBHe 3.Ha-

'leHHfi napaMeTpOB ¢nsn'leCKOMY CMhiCJIY sa,n;a'ln, noJIO)Kenne noJIIOCOB S
MaTpHll;bi H T. ,IJ;. ) . 

,1J,JI.a HaxO)K,IJ;eHH.H MHHliMyMa X2 MO)KeT 6hiTb npHMeHeH MeTO,IJ; JIHHea-

pnsan.nn, peannsoBaHHhiii nporpaMMOfi FUMILI [3]. 
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Ta6Jinn;a III. 3ap:aHHbie n BOCCTaHoBJieHHhie 3Ha'IeHIUI napaMeTpOB JVIflnOTeHD;n~ 
aJIOB (16), C B03~yiD;eHHbiMli n HeB03MYID;~~HbiMR '~KCnepiiMeHTarrbHbif.m", JiaH
HbiMH. 3Ha'JeHHfl QJHKCHpOBaHHbiX napaMeTpO~-:- a1 ~·0.1,J.It = Jl2·~10,'nopor 
KaHaJia 3 A3 = -293.705, MacChi m1 = 1,m3 = 0:66724 . , . ,; . ··' 

B03MyiD;eHIIe, % Vo {3 'Y .X2 x2 
- 120.000 0.20000 2.0000 1.0000 -
0 120.00004 0.19999997 2.0000167 1.0000005 4.9e-08 
1 119.791 0.19.874 2.0237 0.9962 6.5e-03 
5 118.975 0.19273 2.0999 0.9835 0.15 
10 118.135 0.18537 2.1776 0.9716 0.55 

CHMMeTpii'IHrui MaTpiin;a omiifioK JVIH BOCCTaHoBJieHHhrX napaMeTpoB 6e3 B03MY-
ID;eHIIH 

I Vo f3h {3-y . .X2 

Vo 0.1292 

f3h 1.243e-04 6.352e-06 
{3-y 3.996e-03 -3.407e-06 2.273e-04 
.X2 -6.123e-05 1.005e-05 -8.437e-06 4.986e-05 

LJ:rrcJieHHbift rrp:rrMep 

B Ka'leCTBe 'lnCJiennoro npnMepa ,IJ;JI.a onncamwro anropnTMa B~CcTaHo
BJienn.a napaMeTpOB nO Ce'leHH51M 6biJI paCCMOTpeH CJiy'lafi noTeHn.HaJIOB 

Vj) VJ B BH,IJ;e np5IMOyroJibHhiX 51M II 9KCnOHeHn.HaJihHO .3aTyxaiOIII.IIX ¢opM
¢aKTOpOB ft','/3~ ·IJpii 9TOM·Bhi6ope y,n;aeTC51 naiiTn pemenne (4), Bbipa)Kaio-
In.eecg 'lepes'sJier.mnTapHhie ¢ynKI\HII; 1, , ,; . 

~=.:_VoO(at-;-;~t), Va::::: .. o;> .... 
It (r!) = 2t.Lt e~il•;•; .. I~(ra)' ~ 2jLae-pira~· . 

' . ____ ,(_,~_, '~ ,,'' ··-~ --~- ~ : 

~ ! •• \, 

KonKpeTHhie 'sna'leHII51 napaMeTpdB npnBe)l.eHhi B Ta6JIIIn.e Ill,, TaM )Ke 

,IJ;aHhi 3Ha'leHli.H BOCCTaHOBJieHHbiX napaMeTpOB no 3Ha'leHH51M Ce'leHnfi, CJie
,IJ;yiOili;HX ns anaJIIITH'leCKoro pememl51. B Ka'leCTBe "sKcnepnMeHTaJihHhrx" 
,n;annhix 6panoch 20 sna'lennfi ce'leniiii (10 - ynpyr~~:~ ·1o'D Cfleynpynix), 

noJiy'leHHh!~:ns TO'lHOro.;pemenmi.npn 91I~WII~x E ;=;: 0.50,. (0.15),).<'85, a 
TaK)Ke B03My{u;enHhl~ 3Ha'leHII51, noJiy<jenn'hie n3M:e8enneM To.:JJioro pemenim 
na'i, 5 ~II 10 ~po~eHTOB. kaK ,BII,IJ;HO, ~3 f~6Jinil,hj Jit~;'Jiaiil\eHHbill'Mn,nnMyM 
X2 OTHOCIITeJihHO ycTOfi'liiB K MaJibiM B03Myiii.eHII51M Ce'leHIIfi { ( a~i;cn, Ei), 
(a;;cn' Ej)} . 

Bhi6op B Ka'leCTBe BapbupyeMhiX nepeMeHHhiX · {(3 /1, (3(, .\2, Vo} nosBo
JI5IeT HeCKOJihKO yMeHhiDHTb KOppeJinpoBaHHOCTb Me)K,IJ;y napaMeTpaMH no 
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Puc .. 1. 3aBHCIII.;IOCTb oT aaeprnn ceqeanii peaxn;nn ( eneBa ) n ynpyroro pacceR
HllR )VIR napaMeTpOB

1 
llCDOJib30BaHHbiX B 'liiCJieHBOM DpiiMepe, CDJIOIIIBaR JlllHllR. 

flyBKTllpHaR JlllHllR - COOTBeTCTBYIOIIJ,lle yaBTapBbie rpaHlJI(bi )VIR Ce'leHBii 

::l \\ .\. ·. . ': \\ -. 
12~ . . ... 

1M . . . \ i s.o \\ . 

o8t \ \ . I \ I 
. 0.6 . ---...... 

0.4 
/"' -~- ~ ..:~-- ~--~--=: . 

2.0 ',/ 

0.2 '~- . 

' '\ 

1 

. ..J 4.0 '\ J 
00 1 ~ 00 _._l __ 

. 0.2 0.4 0.6 0.8 1.1J:: 1.2 1.4 1.6 1.8 2.0 . 0.5 1.0 E 1.5 2.0 2.5 

cpaBaemno c Bhi6opoM {,8, "f, A2, Vo}. 

5. 3aKJIIO"'IeHHe 

'IIpe.n,cTaBJieHHhiii a.n:ropHTM pemeuna: 3a.n,a'lH paccea:una: c TpeMa: cBa:3aH

HhiMH Kana.n:aMH MmKeT 6biTh npHMeHeH K o6pa60TKe 9KCTiepHMeHTaJihHhlX 

.n,aHHhlX peaKI(HH d + t -t 5 He* -t a + n ,II,JI» BOCCTaHOBJiemm. napaMeTpOB 
a:.n,epHOrO B3aHMO,II,eiicTBll}l B paMKax MO)l,eJIU {2), He06XO)l,HMhiX ,II,Jl}l TipOBe-

. ,ri,eHH}l Bhl'lHCJieHHfiK09¢q>HI(HeHTa npHJIIITiiJ.HHa MIOOHa K reJIHIO. [1, 2]. 
ABTOp 6Jiaro.n,apnT 11. B. AMnpxau(ma, C. 11. Bnunn;Koro H 11. B. IIy3hi

HHHa 3a TIOJie3Hhle 3aMe'laHJI». H_ TIOMep:a<:Ky ,II,aHHOfi pa60Thl. 
!. 

r' 
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