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B B e n e H K e· 

8 HaCTOl!ll.lee BpeMl! Anll OUHCaHHll peaKUHJI, COUpOBO:lKAaiOll.lHXCll. H3MeHeHHeM 

COCTaBa CTanKHBaiOll.lHXCll 'laCTHU1 ·WHpOKO HCUOnb3yiOTCll MeTOAbl, OCHOBaHHble Ha 

TeOpHH B03Myll.l6HHJI, TaKoe nono:lKeHKe COBepWeHHO HeynoBneTBOpHTenbH0 1 UOCKOnb­

Ky B OOnbWHHCTBe cnyqaeB B3aHMOAeJ!CTBHe, Bbl3biBaiOll.lee peaKUHIO, Henb3ll C'IK­

TaTb Manb!M, 

npencTaBnlleTcl! aaMaH'IHBbiM HcnonbaoBaTb nnH uayqeHKll peaKuHll c nepe-, 
pacnpeneneHKeM qaCTHU TeXHHKY MHoroKaHanbHOJI CBliSH 1 HHTeHCHBHO paaBHBaiOll.lyi0-

/1/ 
ell nocne n.ol!BneHKll paooT ct>ewoaxa . .lleno B TOM, 'ITO ManocTb noTeHuKanoB, 

OTBeTCTBeHHbiX.3a npouecc, He l!BnlleTCll npHHUHUKanbHO Ba:lKHOJI Anll STOrO MeTo-

na. 

K co:lKaneHKIO, HenocpencTBeHHoe npKMeHeHHe K yitaaaHHoll aanaqe c}JopManKaMa 
' /1-3/ . 

CHnbHOJI CBli3H KaHanoB HaTanKHBaeTCll Ha oonbWHe TpyAHOCTH , nol!CHHM HX 

npH'IHHy. 

B HcxonHoM ypaBHeHKK WpenHHrepa 

(I) 

raMKnbTOi!HaH H BCeJI CHCTeMbl MO:lKeT Ob!Tb npencTaBneH B BHAe paanH'IHbiX 

paaoHeHHJI COOTBeTCTBeHHO paanH'IHOMy COCTaBy c}JparMeHTOB, Ha KOTOpble MO:lKeT 
I 

pa3J3enl!TbCll CHCTeMa: 

+ v • • • H + V • 
b b H T.LI. (2) 
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3aeCb HV· -raMI!nbTOHI!aH CB060.IlHOro OTHOCI!TenbHOro .llBII:lKeHI!ll clJparMeHTOB C 

COCTaBOM "a , a V a -a3ai!MO,llel!c.TBI!e ciJparMeHTOB, np11 6onbWOM R a , xa-

paKTepli3YJOWeM paccTOliHIIe Me:lK.IlY ctJparMeHTaMH B xauanax 

v a IIC'Ie3aeT II 

fim H = Ha = T a + .h a 
R .. oo 

a 

a ' q 
B3ai!MO.Ilel!CTBI!e 

(3) 

rae T a -onepaTop KI!HeTI!'ieCKOl! 3Heprllll OTHOCI!TenbHOrO .llBII:lKeHI!ll clJparMeH-

TOB, a h a -raMHnbTOHI!aH BHyTpeHHero .llBII:lKeHI!ll B clJparMeHTax C C06CTBeHHblMII 

cPYHKUllliMII cpa 
I 

a 
h a cf> I 

a 
(I 

cpa 
I 

( l BKnJOqaeT ace ueo6xO.IlliMbie KBaHTOBble qncna). 

(4) 

BonHoaag cPYHKUHll 'I' , 6naroaapil (3), npno6peTaeT np11 6onbwHx R a Bll.ll! 

flm rp 
I d 

(Ra) </> Ia (pa ) ' = ~ 1/J I 
I 

R .... a 

flm rp I"' b • cf>b --~ I (Rb) I (pb), 

Rb ~oo 
•••• 0 •• 0 •• 0 •••• 0 0 ••• 0 ••••••• 0 

CyMMHpoaaHI!e B (5) Be.lleTCll TOnbKO no OTKpbiTbiM KaHanaM, 

(5) 

a -1/J (R) onHCbiBaiOT 
I 

cPYHKUIIII CB060.IlHOe OTHOCI!TenbHOe .llBII:lKeHHe clJparM.eHTOB. ~pH 6onbWIIX R a 

1/J I ( rr: ) I!MeiOT Bll.ll! BO BXO.IlHOM KaHane - CyMMbl naaaJOwel! BOnHbi, HOpMllpOBaH­

HOl! Ha e,lli!Hli'IHbll! nOTOK, II pacXO.IlliWellcll BOnHbl, BO BCex OCTllnbHblX KaHanax 

¢ 
CO,llep:lKIIT nHWb paCXO.IlliWI!ecg BOnHb!. 

Ecnn pa3nO:lKIITb 'I' a 
B Pll.ll no· nonHOMy Ha6opy cPYHKUlll! cp I , COOTBeTcT-. 

BYIOlllliX KaKOMy-TO onpeaeneHHOMy COCTaBy qaCTIIU , 

'I' .. ~ 1/1 a(;" )</>
1
a 

n a n 

4 

" ,a 
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TO Jlml KOS<iJqmUH9HTOB pa3n0}!{9HHSI r/J a 
n 

nonyqaeM cTaHJlapTHhiM o6paa6M cdr-

naCHO { 1) l {4) CHCT9MY JlH<iJ<PepeHuHan&HblX yp8BH9HHll • 

K nm .. (E -.f 
{7) 

n 

aHanorH'IHYIO CHCT9M9 B 3aJlaqe 6e3 nepepacnpeJleneHHSio TpyJlHOCTb B03HHK89T 

B <!JopMynHpOBKe rpaHII'IHbiX ycnoallll Ha-aa cneJlyiOmero H9COOTB9TCTBIISI, AcHMIITO­

TIIKa qt C0Jl9p}KIIT 1 COr'n8CHO {5), KOMnOH9HTbl, OTBe'!aiO!llH9 pa3nH'IHOMy COCTa­

BY <!JparMeHTOB, o83HCHbl9 }1{9 <lJyHKUIIII, no KOTOpbiM B {6) paanaraeTCSI qt, CO­

OTB9TCTBYIOT K8KOMy-TO OJlHOMy COCT8By "a*', HeH3B9CTH01 K8K B qt , npeJlCT8B­

neHHOll B <!JopMe. {6), 009CII9'111Tb BbinOnHeHII9 rp8HH'IHbiX ycnOBIIll JlnSI KaHanoB C 

COCTaBOM {3</a• 

0TM9TIIM, 'ITO non&ITKH paanaraTb qt OJlHOBpeMeHHO no BC9M oa311CHblM 

HaoopaM npHBOJlliT K CIICT9M8M CnO}KH9lllll11X HHT9r'p0Jlll<iJ<!JepeHill!8nbHbiX ypaBHe­

HIIll Ha-aa HeopToroHanbHOCTH 6aaHcos I cpa I , I cp f3j · npH a e/ f3 xl, 

BoaMO}KHO, 'ITO rny6oKaSI MaTeMaTII'!ecKall npH'IIIHa o6cy}!{Jl8eMoll TpyJlHOCTII· 

38KniO'!a9TCSI B TOM, 'ITO 1{1 soo6me Henb3SI paanaraTb no <!JyHKUIISIM OJlHOro 

6aaHca, T.K. qt ne}KIIT sHe o6nacTII onpeJleneHHll n106oro onepaTopa h a , 
121 

B pa6oTe 6&xn npeJlnO}KeH 'MeTOJl yceqeHHblX aciiMnTOTIIK', B KoTopoM 

no oa3HCHbiM <!JyHKUIISIM paanaraeTCSI He qt , a H9KOTOpall "llcnpasneHH8SI' 

<!JyHKUHll qt - <l>) o6naJl8IO!llall aciiMnTOTIIKOll, COOTB9TCTBYIO!llell nlllllb OJlHOMY co­

CTaBy <!Jpa·rMeHTOB, a HM911HO, TOMy }1{9 1 'ITO II Jlnll Bblop8HIIb!X 6a311CHblX. <IJYHK-

Bee 'nHWHee'), · lp8HH'!Hb!9 ycnOBHll CHCT9Mbl. Jlii<IJ-

<!JepeHUH8nbHblX ypaBH9HHll Jlnll KOs<lJ<iJIIUII9HTOB paanO}K9HIISI qt - cf> <!JopMynllpy­

IOTCSI npOCTO II TO'IHO. 3TO n03BOnllnO OoOliTH yKa38HHyiO Bblllle npHH!lllllllanbiiYIO 

TpyJlHOCTb OIIIIC8HHSI CTOnKHOB9HHll C nepepacnpeJleneHH9M '!aCTIIU B paMKaX 9JliiHOll 

Ill 
TeopHII HJlepu&xx peaKullll 

B .JlaHHoll paooTe yKaaaHH&xll MeTOJl cymecTBeHHo ycosepweHCTBOBaH. BMecTo 

TpyJl09MKOll npoueJlypbl IiocneJlOBaTenbHblX HCIIbiTaHIIll JlnSI HaXO}!{Jl9HHSI ·aMnniiTYJl 
. 121 

paccenHIISI 11 peaKUHII npeJlnl).raeTcH pemaTb npocTyiO cllcTeMy a.rire6paii'!9CKHX 
I . 

ypaBH9HHll, KoHKp9THbl9 paC'I9Tbl B STOM cnyqae H9HaMHOr'O CnO}KH,ee, '19M JlnSI 

onncaHHSI peaKullll 6ea nepepacnpeJleneHIISI. 

xl B qacTHOM cnyqae npo6neM&I y'leTa TO)!<JlecTBeHHOCTII qacTIIU TaKIIe ypas­

HeHHSI yJlaeTCll pellliiTb, HanpHMe}J~ M9TOJlOM MapHOTTa141, 
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Me TOll yceqeHHh!X 8CHMllTOTHK OK83811Cll llO/le3Hb!M If B npHMeHeHHH ·.K CT8pOJI 

rrpo6/leM~ y'!eTa TO)KJleCTBeHHOCTH p8CCeHB8JOLUHXC$1 <i8CTHU If '!8CTHU 1 BXOill!LUHX 

/~/ 0 . 
B COCT8B CIJO)!{HOJI MHWeHH , H ll03BO/ll!eT 3H8'!HTe/lbHO ynpOCTHTb pacqeTbl llO 

. ~/ 
cpasHeHHIO C HCllO/lh3yeMb!M B H8CTOS!lUee BpeMl! MeTOilOM MapHOTT8 . , 3TOT )!{e 

. /5/ 
MeTOil oKa3ancl! secbMa 9cpcpeKTHBHhiM npH o6o6meHHH MeTO!la PoTeH6epra llllll 

. x/ 
onHcaHHll HeynpyrHx npoueccos 

Bo BTOpOM p83Jle/le H31181'810TCSI 06LUHe H.lleH MeTO!l8 yceqeHHb!X 8CHMllTOTHK. 

2. MeTOil yceqeHHhiX acHMllTOTHK 

nocKO/lbKY HCll0/lb30B8HHJO pa31JO)!{eHHJI THlla ( 6) MeWaeT H811H'!He B 

8CHMllTOTHKe '!' KOMllOHeHT C p83/lH'!Hb!M COCT8BOM cpparMeTOB 1 npe!lll81'8eTCSI 

y6p8Tb H3 'l' see KOMllOHeHThl 1 KpOMe 0/lHOJI, nocTpOHM llllll 9T0l'O BCllOMOra-

Te/lbHyJO cpyHKUHIO </> T8KyJO, HallpHMep, '!T06hi: 

flm <ll ~ 0 • 

R a 
.. 00 (8) 

fim <ll =l'im 'l' 
R .. oo Rb ... oo b -/ a 

b 

Bbt'!TeM <ll H3 '!' TOr!la Hosal! cpyHKUHll X 6yJl!;lT yJlo6aa Jl/lll paanolKeHI!lll no 

6aaHcy lcp
1
a.l: 

X .I X a ( R ) cpa 
n a n 

n (9) 

T.K. rpaHH'!HbJe ycnoBHll llllll X a , COOTBeTCTBYIOLUHe K()HKpeTH,OJI cpH3H'!eCKOJI 

38Jl8'le, MO)!{HO 6y !leT ccpopMyllHpOB8Tb llpOCTO H TO'!HO, nocne T01'0 1 K8K X 

6y!leT H8J!JleHa 1 llpH68BHM .K Hell <j) H llOilY'lHM HCKOMYJO 'l' • 

x/ PoTeH6epr npe!l/JO)!{H/1 HcnonbaosaTb B Ka'!eCTBe 6a3Hca co6CTBeHHbte cpyHK­

UHH 38/l8'!H lliTypMa-nHyBH/lllll, Yll06Hbie TeM, 'ITO OHH o6pa3yJOT '!HCTO llHCKpeTHhiJI 

nonHhil! Ha6op H o6ecne'IHB8JOT, no-sH!lHMoMy, B pl!!le cny'!aes 6onee 6hiCTpyro 

CXOilHMOCTb p83/JO)!{eHHJI. 
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_'-:' _____________________________ _ 

Ho, 'ITOO~I nony'IHTb ypaeHeHHll anll X: , HY:lKHO aHaTb ypaeHeHue gnll X • 

HallaeM ero. 

CHa'lana nocTpOHM ypaeHeHue llllll !lJ. CornacHo (5),(8) oyaeM HCKSTb !lJ 

B BH.Il9 CyMMbl 

rae cyMMHpoeaHue no eeaeTCll nuwb no OTKphiThiM KSHanaM. CornacHo (3),. 

(8) ypaBHeHHe llfill ([>{3 npl! OOfibWHX Rf3 llOfi:lKHO nepeXOllHTb B(JI i3E)<IJ {3~0 • 

. 0.UHSKO BO BCel! oonacTH H3MeHeHHll R f3 TSKOe ypaeHeHHe HSM He nO.IlXOllHT: 

onepaTop !1{3 spMHTOB H ooecnequeaeT coxpaHeHue qucna qacTHU, a cornacHo 

(8) cpyHKUHll !lJ {3 MO:lKeT COOTBeTCTBOBSTb HepaBHblM UOTOKSM llfill naaaiOWHX 

H paCXO.llliWHXCll BOnH. K TOMy :lKe <)) llOll:lKHa OhiTb Be3.1le KOHeqHOi!, 'ITOOhl 

,,He McnopTHT; xa . BceM 9TMM ycnoBHSIM MO)KHQ YAOBneTBOpHTb, ecnH BB9CTH B 

ypaeHeHHe llllll - <lJ {3 HeO.IlHOpO.IlHhlil 'lfieH - HCTO'IHHK I , OTnH'IHbli! OT Hynll 

nHWb B oonSCTH B3SHMO.Ilei!CTBHll: 

f3 
- E l <ll {3'"' I 

.Unll napuuanbHbiX rapMOHHK nonyqaeM: 

( 11) 

.. 
R 

Yn (....::.tL). (12) 
Lm, R {3 

+ f(f +1) -E + fl{3) <Ill~ (R{3 ).,.I~~ (RR ). (13) 
2M {3 R ~ L 1-' 

7 



PeweHII8 TaKOI'O ypaBH8HIIH CBO.OIITCH K KBa.opaTypaM; a np11 cneu11a11qHOM BbiOOpe 

I 1~ (R (3) (Hanp11Mep,. B Bll.ll8 0 -<lJyHKUIIII) M0)!{8T Ob!Tb nonyqeHO B aHalliiTII­

qecKOM al!.oe. t.IToohi <I> ohma KoHe'IHoA, Tpe6yeM <I> 1~ (O) = o. Mo)!{HO .oooiiTbCH 

BblllOIIH8HIIli (8) BbiOOpOM noCTOHHHOI'O KOMnll8KCHOI'O MHO)!{IIT8ill! B Ka)!{,llOM nap-, 

UllallbHOM IICTO'IHIIKe. 3TOT MH0)!{HT81lb OKa3biBa8TCli nponopUHOHallbHblM COOTB8TCT-

{3 /2 3/ 
ay10weA napuHanbHOA aMnnHTy.oe pacceHHHH t 1e (eM. ' . ' ) • 

CornacHo . ( i ) H ( H ) n.onyqaeM ypaaHeHIIe .llllll X a , ., 

( H - E) X a = - :£ ( V (3 <I> {3 + I (3 ) a J a 
(3r/a 

Bae·.oeM npoeKUIIOHHbie onepaTopbi P a 11 Q a c 1 - p a 

p a = ~ t 
1em 

I Y em 

.. 
R 

(--a-)rpa 
R I 

a 

.. 
R 

><Y (--a)r/>al, 
fm Ra 1 

( 14) 

(15) 

r.oe cyMMIIpOBaHHe B8.ll8TCH no orpaHH'I8HHOMy 'IHCIIY KaHallOB • .[leACTBYH onepaTo-

paMII p II Q Ha ( 14), nonyqaeM CIICTeMy ypaBH8HIIfi: 

(E -H )PaXa =H QaXa + pa Ja 
l>l> pQ 

(16) 

( ) 
a. a 

E - H QQ Q X 
a a a a 

H Qp P X + Q J 

r.oe a a 
HpQ =P HQ H T • .O. 

YpaaHeHHH ( 16) aKarraaneHTHbi CIICTeMe .oii<P<PepeHuHil.llbHbiX ypaaHeHIIA .OIIH 

napullanbHbiX KOMIIOH8HT )(an =<Yn rpa\Xa>K09#HUII8HTOB pa3Jl0)!{8HIIll (9). !pa-
l tilt tm l · 

HII'IHb18 ycnoBHH Ha X.a ( R a ) , onaro.oapl! 'llcnpaaneHHOMy' aCIIMnTOTII'I8CKOMY .e ... 
noae,ll8HHIO X a = IJI - <I>" , 118I'KO TO'IHO c<lJopMyllllpOBaTb:' OHH COBna.oaiOT C yCIIOBilli-

Mll .llllll 3a.Oa'III 083 nepepacnpe,ll8118HIIH, KOI',lla HM810TCH TOilbKO KaHailbl C COCTa­

BOM <lJpai'M8HTOB a", npHOJllf)!{8HHO MO)!{HO OOOpBaTb TaKyiO CIICTeMy (npeHeopeqb 
II , 

Q X ) , KaK 9TO .oenaeTCH B OObl'IHOM M8TO.ll8 MHOI'OKaHallbHOfi CBH3H. KoppeKT-

8 



HOCTb TaKOi!: npouenypbl MO:>KHO IICC119LlOBaTb MSTOLlOM, 'aHa/IOI'II'lHblM nfli!B9Ll9H-
~/ . . ~ 

HOMY B • 3TOT BOnpoc 6yneT paCCMOTpeH B OTLl9/lbHOi!: pa6oTe ; 

HTaK, IIM99TCSI CIICT9Ma ypaBH9HIIi!: Ll/ISI )(~f 

(17) 

:£ 
{3r::/a,n,f"m" 

t ~, , M ~" "t" nL m nL m t:m + N tfm, 

( I'Ll9 M , N , K -H3B9CTHbl9 t}JyHKUIIH, a cyMMitpOBaHHe no n B9Ll9TCSI no OTKpbr­

TblM KaHanaM f3 .f a) • 0Ha OTIIU'laeTCH OT CIICTSMbl B 3anaqe 6e3 nepepacnpene­

neHHH TO/lbKO HMII'lii9M IICTO'lHIIKOB- B npaBOi!: qaCTit ( 17), OTB9TCTB9HHblX 3a CBH3b 

KaHa/IOB ,_a C LlPYI'IIMII KaHa/laMII. npaana, B HCTO'lHIIKII BXOLlSIT H9113B9CTHbl9 aMn.,. 

lli!Tyllbl t!e,. . nony'la9TCH 3aMKHYTbiJ! Kpyr: 'lT06bl HaJ!TII '!' , Mbl LlO/l:>KHbl pe­

WIITb ( 17), a Ll/IH HenocpellCTBSHHOI'O p9W9HIIH ( 17) Hy:>KHO 3HaTb I ~f , T.e. qt. 

H 3 sToro nono:>KeHI!H HMeeTcH, onHaxo, npocToJ! Bblxon. H3-3a IIHHeJ!Hoi!: 3aBHcH-

f3 {3 
MOCTII I tf OT ltf , H9113B9CTHbl9 aMn/IHTYLlbi BXOLlHT B npaay~ qaCTb ( 17) 

TO:>Ke nHHeJ!Ho. EnaronapH 3TOMY o6cTOHT91lbCTBy1 o6wee peweHHe ( 17) MO:>KeT 

6b!Tb npellCTaB/19HO B BIIL19. cyMMbl o6w9I'O peweHI!SI )( 
0 

OLlHOpOLlHOi!: CIICT9Mbl, 

nony'latoweilcH 113 ( 17), 11 qacTHOI'O peweHHH ( 17): 

X a = X ao .e... .e ... 
+:i tf3.xf3<Ml 
{3-/ a,n,l' n f' In fe'' 

+xf3<NJ 
tf,., 

I'Ll9 )((~!) II )( (N) -qaCTII'lHbl9 peweHHH H90LlHOpOL1Hb!X CIICT9M, 

(18) 

x/ 0TM9THM 3Ll9Cb TO/lbKO, 'ITO CXOLli!MOCTII pa3/IO:>K9HHH (9) 6yllyT COL19i!CT­

BOBaTb. TaKI!9 t}JaKTOpbl·, KaK "'y6b!Ba H119 K03t}JtPIIU119HTOB CM9WI!BaHHH, 6nai'OLlapH qe­

My' Ha Bb!CWH9 ~OCTOSIHII~ 6ylleT 3a6paCb!BaTbC51 MallO qaCTHU; a, Kp-OM9 TOI'O,' TO, 

'ITO nonanaeT Ha BblCWII9 COCTOSIHIIH, nonaB/IH9TCH: BO/IHbl 3KCnOII9HUIIMbHO 3a­

zyxatoT a o6nacTa c 'oTpauaTellbHOi!: sHeprael!:. 
- ~ 

·-
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[--~-
2m 

d 2 
dJi2 + 

a 

f<f+ll_E 
n2 

a 

a 
+ ( tf 

'!-''" 
~"' . 

XM +kKX 
I nH" 

~ 

M ,.t':.,• it.,( 19) 

[--~~- d2 
2m~ a 

+ f(f+ll 

~ 
- E a 

+Elf J X N 
lim 

+ k K X = N 1fm. 
(20) 

~ ct:>yHKUIIH XO, X N, X M Mhl MO)!{eM norryqRTb q~~:cneHHhiM IIHTel"pllpOBaHReM, T.K, B 

•,7~~0TBeTCTByiOIUIIe ypuBHeHIISI HellaBeCTHbie t {3 He BXOASIT. 0cTarrOCb TOITbKO 

~ ~··· ·~' 
onpe.o:enRTb t • 

·"r:: /3/ 
: B aa.o:aqe o6 yqeTe npHHuRna nayn11 npil pacceHHIIII anSI onpe.o:eneHHSI t ~~:c-

nonb3oaanocb TO 06CTOSITerrbCTBO, qTo aMUITIITYAhl B KaHanax C paanRqHhiM COCTa­

BOM qaCTIIU COana.o:anR Apyl" C APYI"OM C TQqHOCTbiO AO 3HaKa, C 11CflOITb30BaHHeM 

aHaqeHRl! X np11 6orrbiUIIX R a 6binll norryqeHbl Bblpa)!{eHHSI AITSI B BRAe 

ITIIHeJlHhlX KOM6HHauHJl OT caMHX )!{e t . 

CIICTeMa an!"e6paHqecKHX ypaaHeHHl! AITSI 

3TH COOTHOIUeHHSI paCCMaTpllaarrRCb KaK 

. B o6meM cnyqae pacceSIHHSI c nepe'-

pacnpe.o:eneHReM qacTIIU TaKOJl MeTOA .o:aeT ITIIlllb ypaaHeHIIS1 0 CBSI3hiBaiOIUIIe aMn­

ITIITYAhl t a B KaHane ,.a" c aMnrrHTy.o:aMH t f3 Cf3r/ a ) . .llnSI nonyqeHHSI oc­

TarrbHbiX ypaBHeHHJl MQ)!{HO UpiiMeHHTb, HanpHMep, MeTOA, allarrOJ:"IIqHhiJl MeTOAy, 

npe.o:rro)!{eHHOMy B.C. rypbSIHOBbiM. no.o:cTaanSieM Hall.o:eHHbie qHcneHHhiM IIHTe!"-

pHpoaaHHeM X 113 ( 18) a (9) 11, np116aarrSIH <!J. nonyqaeM 'l' xax SIBHYIO n~~:-

Hel!HyiD HeOAHOpOAHYIO ¢yHKUIIIO aMITITHTyA. 

Bocrronb3yeMC.II ¢opMynoll, CBH3hiBaJOmelt T -MaTpRUy C BOITHOBOJl ¢yHKUH-

ell qt 

Tf3a f r{l
0
flVf3'l'dr. (21) 

3.o:ecb 0 " <f> {3 -¢yHKUH.II KOHeqHQl"O COCTO.IIIIII.II C COCTaBOM ~·{3 • 

no.o:cTaBIT.II.II B (21) HaJt.o:eHHyiO 'l' , rrorryqaeM CIICTeMy HeOAHOpOAHhiX 

ITIIHeJlHbiX ypaaHeHHl! OTHOCHTerrbHO t {3 

10 
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Cne.ayeT oopaTI!Tb cneullanbHoe BHI!MaHI!e aa TOT cnyqaJ!, Kor.aa Me>K.ay cppar­

MeHTaMII IIM910TCSI .aanbHO.l19l!CTBYIOlllll9 Cllnbl. Ecn11 np11 STOM CTpOIITb BCnOMOra­

TenbHyiO cpyHKUIIIO 1J , y.aoaneTBOpSI!OlllYIO ( 11) 1 TO B X *nlllllHI!e* KOMUOH9HTbl 

B aCI!MnTOTI!Ke OY.llYT OTCeKaTbCSI nlllllb Ha TaKHX OOnbllliiX paCCTOSIHHSIX 1 r.ae Baa­

HMO.llel!CTBII9 M9>K.l1Y cpparMeHTaMI! CTaHOBIITCSI npe:aeope>KIIMO ManbiM. ,Un.!! OnHca­

HHSI· X B STOM cnyqae noTpeoyeTCSI MHOrO 'lnlilHOB B pa3nO>K9HHH ( 9), Bae.aeHHe 

B ypaaHeHI!e .anSI 1J .l1MbHO.l16l!CTBYIOllliiX Clln no3BOnHT yoHpaTb _113 X 

Hl!e' KOMnOH6HTbl annoTb .£10 oonaCTH 1 r.ae CYlll9CTB9HHbl KOpOTKO.l19ltCTBYIOlllll9 

cHnbl. TaKaS! onepaui!H, o.aHaKo, noTpeoyeT onpe.aeneaaoro ycno>Kae_HIISI pac'leToB. 

3. PeaKUHH c 'liiCnOM <bparMeHTOB, oonbllli!M .aayx 

. ' .. 
B cnyqae .aayx cppai"MeHTOB paano>KeHI!e no UlapOBbiM rapMOHHKaM y em ( :a). 

r.ae R .a -paCCTO.!!H119 Me~.ay cpparMeHTaMH, U03BOnHnO annpOKCIIMI!pOBaTb aMUnll~ 
Ty.llbl pacceSIHII.!! p.!!.llOM KOHCTaH~napullanbHbiX aMnni!Ty.£1, 

EcnH KOnll'leCTBO cpparMeHTOB B H9KOTOpbiX KaHanax npeBbiUlaeT 2, TO np·ll 

oa.aaHHOl! SHeprHII IIX BHyTpeHHero COCTOSIHIISI B03MO>KeH HenpepbiBHbll! cneKTp pac­

npe.aeneHIISI SHeprllll M9>K.l1Y pa3nll'lHbiMII Tl!naMII OTHOCI!TenbHOro .l1BII>K9HII.!! eppar­

M9HTOB, TaK
1

.lln.!! Tpex cpparMeHTOB B CIICTeMe U9HTpa Mace OTHOCHTenbHOe .llBII­

>KeHHe OUHCbiBaeTCSI .llBYMSI BeKTOpaMH (aanpi!Mep, BeKTOpOM OTHOCI!TenbHOro pac-

CTOSIHIISI .llBYX cpparMeHTOB II B9KTOpOM paCCTOSIHIISI Tp9Tbero cpparMeHTa OT 

ueHTpa Mace .aayx .apyrax ) H E - E .. ( 
BHyTp.'fj 

1::1 STOM cnyqae paano>KeHHe cpyHKUHII OKa3biBaeTCSI Y.llOOHO npOH3BO.l111Tb He 

no npi!Bbl'lHbiM lllapoabiM rapMOHHKaM Ye m ,a no ooooweHHbiM~M_!!..?~¥"~P~-~M: rap-

/7/ .. ·. · ...... 
MOHH'leCKIIM cpyHKUIISIM Y ( K) , Ecnll paccMaTpHBaTb .aaa B9KTOpa 

1 
"''I •. H .• ( 

1 

KaK HeKOTcipbll! B9KTOp B UleCTHMepHOM npOCTpaHCTBe C KBa.apaTOM MO.aynH: 

(22) 

aaBIICSIUlHM OT paCCTOSIHH.!! Me>K.ay BC9MII TpeMSI 'laCTI!UaMH, TO Y (K) onpe.aenH-

6TCSI Ka~ cpyHKUIISI OCTanbHbiX nHTH KOOp.llHHaT H y.llOBneTBOpSieT ypaBHeHHIO 

-~ ·; 

.. 11 
.t'_.: 

(.'?" 



1:!, 6 p K y(K)( 0 0) 5 ( 1:!, ' + 1:!, 7j) p K y (K)( 0 5 ) c 0 (23) 

rae ( K) -rronHhlll aa6op KB8HT0Bh!X 'IIIC911. DstTb yrnoB n 5 MOI'YT 6hiTb Bh!6-

paHh! pasnii'IHhiM o6pasoM. B cnyqae TO:lK.D;SCTBeHHhiX 'IBCTHU HaH6onee yao6Hh! 

171 
ciJyrrKUIIH, rronyqeHHhie B.B. DycToaanoBh!M H IO.A. CHMOHOBhiM 

0IIIIC8HH9 peaKUIIl! C Tp9Mst ciJparM9HTBMH B OT.D;91lbHhiX KBHM8X MO:lKHO Sipo­

BO.D;IITb Ha OCHOB9 M9TO.D;8 yce'ISHHst 8CHMIITOTHK, 1131IO:lK9HHOI'O B npe.D;h!.D;yLUSM 

pa3.D;9119 . .llllH ST<;>I'O KOMIIOH9HThl BCIIOMOI'8T91lbHOl! cPYHKUHII H HCTO'IHIIKH, COOT­

B9TCTBYIOLUHe 3 cPPBI'M9HTHh!M K8H81laM,1Cil9.D.yeT HCK8Tb B BH.D;9 

...:"'*'l· ... "J.. ~ 

¢3 c~ <IJ(~)(p) y (K) (!} 5); 
(K) 

... ... 
J3 =~ J(~)(p) y(K) (· l) 5)' 

(K) 

me ¢ (p) yaOBII9TBOp!IIOT 8HMOI'H'IHO (13) ypaBH9HHIO 

[ 1 _d_ ( p 5 _d-) 
--,- dp d p p . 

k ( k+4) __ p_2_ -EJit.JtK) =I ~K) (p). 

. (24) 

(25) 

8 cyMMBX (24) cne.o;yeT OCT8BHTb KOH9'IHOe 'IHCIIO 'IIl9HOB, .D;OCTBTO'IHOe 

1IpH .D;8HHOli SH9pi'HH .ll;IIH OIIHC8HHH B Hy:lKHOM 1Ipll6JIH:lK9HIIH 8CHMIITOTII'I9CKOI'O 
•"::..;•·· !!( •• .. 

II0)39.D;9HIIH qi B KBH8118X C TpeMH ciJpai'M9HT8MH, DapU1I8-IlbHhl9 8MIIIIHTY.D;hl 

TpexciJparMeHTHhiX KaHanoB xapaKTepasyiOT aapnay-c ~yrnoBhl!d. pacrrpeaenerraeM 

ciJparMeHTOB TaKllie pacnpeaeneHHe ·aHepraH Me:lK.o;y t ( 11 t . BKJiaa BhiCWHX 
T) 

K rapMOHHK OK83h!B89TCH MBilhlM B CIIIIY 1Ipii'IHH, BHMOf'll'IHhiX T9M, no KOTO-

~~· 
ph!M Mhl OI'p8Hil'IIIB89MCH cyMMHpOBBHH9M no H960JibWOMy 'IHCIIY f 1IpH p83JIO­

lli9HHH no Y fm 

8 OCT81lbHOM T9XHIIKB pBC'I9TOB OCT89TCH H91I3M9HHOl!: 113 qi uapn.o;y C 

¢ 2 ( .D;ByxciJparM9HTHhl9 BCnOMOI'BT91lbHhl9 cPYHKUHH) Bhl'IIIT89TCH cp 3 • ct>yrrK-

UHH X = 'I' - ¢ 2 -<I.> 3 pasnaraeTcSI cornacao ( 9), a as ypaaaeHall ( 21) uaxo-

.D;HM napUHMbHhl9 8MIIIIHTY .D;hl .D;ByX H TpexciJparMeHTHhiX KBHBIIOB , 

12 



3aKiliO'IeHHe 

YITaK, OT HCXOnHoro ypaBHeHUH UJpenuHrepa (1) B 'laCTHhlX npOU3BOnHhlX 

Mbl nepewnu K CHCTeMe 06bJKHOBeHHblX nuclJcjJepeHUUallbHblX ypaBHeHHil: H CHCT9Me 

anre6paU'I9CKUX ypaaHeHUil:. 3TO npUHUUITHallbHO Ba)!(Hblll: war, T.K. OH naeT HaM 

CpaBHHTellbHO npOCTOil: anropUTM peweHHH '1pe3Bbl'lall:HO CllO)!(HOil: aanaqu, np11 KOHK.:_ 

peTHblX pac'leTax Ha MaiuHHe HCITOilb3yeTCH TOT clJaKT,. 'ITO cPYHKUUOHallbHOe npOCT"" 

paHCTBO peweHHil: CUCTeMbl KOHe'IHOrO 'IUCila nuclJclJepeHUHallbHblX ypaBHeHHil: npen­

CTaBnHeT C06oll: o6o6WeHHOe BeKTOpHoe npOCTpaHCTBO KOH9'1HOrO 'IHCila H3MepeHHil:. 

4ucneHHO HaxonuM cPYHnaMeHTallbHYIO CUCTeMy peweHull:, COOTBeTCTBYIOWYIO 6aaa-

cy HeaaBHCUMbiX BeKTOpOB, a aaTeM COCTaBilHeM TaKyiO llUHell:HyiO KOM6HHaUHIO 9THX 

peweHHil:, KOTOpaH ynoBileTBOpHeT Tpe6yeMbiM rpaHH'IHblM YCilOBUHM . .LlllH ypaBHG­

HUl! B qacTHblX npOH3BOnHblX, npocTpaHCTBO peweHUil: 6ecKOH9'1HOMepH01 II TaKoll: npg-
't 

MOll: nyTb UCITOilb30BaTb Henb3H • 
. .. 

Hy*HO OTMeTRTb, 'ITO cymecTsyeT eme onuH MeTon caeneHHl_l aanaqu o 

CT011KHOB9HHHX C nepepacnpeaeneHH9M qacTHU K CHCT9Me n~~:clJclJepeHUH81lbHbiX ypaa­

/8/ 
HeHIIIl:, npenllO)!(eHHOil: 4eHOM II MIITTellbMeHOM • npencTaBilHe.T HHTepec rnaa-

HaH uneH HX M9Tona, aaKiliO'IaiOll.laHCH B IICITOilb30BaHHU .OnHOil: H TOll: )Ke KO-

opniiHaTbl nnH OITHCaHRH KaHallOB C paallH'IHhlM COCTaBOM 'laCTHU. 3TO O'leHb yno6-

HO nnH paC'IeTOB, HO npeHe6pe)KeHHe 'laCTbiO Q '¥ BOilHOBOil: cPYHKUIIH '¥ B Me-

/8/ 
TOAe OKaabJBaeTCH 6onee Tpy6bJM np1161lii)KeHReM, '19M onepaUHH OT6paChlBaHHH 

Ill 
Q -KaHallOB B 06hl'IHOM cPOpMall113Me , 

KpoMe actJclJeKTa BllHHHHH Hey'ITeHHbiX KaHanoa, a 
/8/ 

Q '¥ ( pa6oT.bl ) BXOnHT 

/8/ 1 
'llleHhl, o6oaHa qaeMhl9 0 ( --l, KOTOpbie He Mallbl a o6nacTH, rna paahlrpblaaer 

to 
CH niiHaMHKa npouecca, onpenellHIOll.laH IICKOMhle aMITilHTy nbl pacceHHIIH. 

Bhlpa)KaeM 6nar~napHOCTb Yl.B. AMIIpxaHoay, C.Y!. rpiiWaHOBOil:, B.C. rypbH-

HOBy, Yl. noaawy, B.K nyKbHHOBy, 0. nxaraa, B.B. nycTOB.dllOBy, fi.A. CMopo­

niiHCKOMy, M.o. UJecPT91110 aa IIHTepec K pa6oTe H U9HHble niiCKyCCIIII. 

nPYinO)KEHY!E 

3aMKHyTaH CIICT9Ma ypaBH9HIIIl: nllH 91leMeHTOB T -MaTpiiUhl Morna 6hl 6b1Tb 

nonyqeHa, a npRHUIIne, 11 cnenyiDll.IIIM nyTeM. OnuweM ero nnH nyqwero noHIIMa­

HIIH MeTana. OrpaHII.'IIIMCH Clly'laeM, Korna B03MO)KHbl lliiWb naa COCTaaa clJpar-

MeHTOB: a II b 
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flyeTb I1p11 .llaHHOJI: 3Hepi'KH HMeeTel! m OTKpb!TbiX KaHaJIOB a H n-m 

OTKpb!TbiX KaHanOB ' b ' • Ey.lleM Tenepb IIKeaTb BMIIliHTY.llbi Tax; t aa, tab , t ba , 

t bb' • flepBblll: HH.lleKe a (b) 03HaqaeT HOMep BXO.llHOI'O KaHana e eoeTaBOM a (b), 

a BTOpOll: IIH.lleKe HyMepy.eT K8HaJI 1 KOTOpoMy eooTBeTeTByeT .llaHHa!! aMMKTyJla. 

Bee 3TH aMnnHTY.llhl o6paayroT T- ME!Tpliny ··~aaMepaoeTH ·. n x n : 

T~aa"' ' I T. ab 

I 

mxm I mx(n-ml 1 (ri.1) 
T =I--- - - -.., -I T bb' T ba 

I 

I 

(n-mlxm I (n-m)x(n-m) 

Pew all eKeTeMy ( 17) .llllll X A • Mbl MO:lKeM II pH OOllbWHX R a Bblpa3HTb eornaeHO 

( 18) BMnnKTy .llhl a xaaanax a., B BH.lle lli!Heli:Hb!X KOMOI!HanaJl aMIIliHTY.ll B KaHa­, 
nax b 

11 
• Bb16Rpag IIOelle.llOBBTenbHO B KB'leeTBe BXO.llHbiX Bee ,. ' 

nonyqaeM m 2 ypaaaeaaa: 

' a a !. Faa' 
b b 

t a b + Q aa 

·m KaHaJIOB 
II 

a' 
'• 

. <n~2) 

I'.lle IF I! Q -xoHeTaHThl, onpe.llemieMble aa aei!M.IITOTR'lecxl!x aaaqeaaa X ·• 

PeweHI!sl X , COOTB6TCTBYIOlllH6 pa3liH'lHbiM BXO.IlHbiM KaHallBM 0 CT'pOI!M H3 Oollle­

I'O pell!eHI!SI ( 18) .llOli:lKHbiM BbloOpOM I1pOH3BOllbHbiX KOHCT~T', BXO.llSIWHX B X 0 

Eemi B Ka'leCTBe BXO.llHbiX KBHMOB IIOC!J6.llOBaTellbHO 6paTb n -m KBHMOB 

' " b 1
, TO .llOIIOliHKTellbHO IIOlly'laeM (n- m ) ypaaHeHHJl: 

t ba !. F ba t bb' + Q ba 
b, b, (n.3) 

JJ.nH IIOlly'leHKSI ypaBHSHHJl ( f1 .3) Hy:lKHO pewaTb ( 17) C HeTO'lHI!KaMH, H3MeHSIKllllH­

MKCSI IIpH H3M6HeHHH BXO.llHOI'O KaHana (MeHH6TCH, npaB.lla, TOllbKO N B (17) .H 

(20)). 
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' ' 

' 

·' . ' ' • :. .'J' 

. . 
"~,' .... ",:;.,~" 

,.-· 
. . l 

·.nan'bH9l!WHe .nel!CTBHSI aHaDOJ:'H'IHhl peWeHifiO CHCT9Mbl (17), HO y)Ke:;az:SI ·X b , 

IlonyqaeM ( n -· m) 2 y~aBH9HMJ!:· 

1 bb'.=k Fbb' 1 b'a + Q bb' 
a ·a 

H m ( n - m ) ypaBH9HHJ!: 

' 

(11.4) 

ab 
a k, 

a 

a a + Q ab (!1.5) 

l1T8K, Mbl HM99M n 2 ypaBH.9HHl!; (!1,2)-(!1,5) .llDSI n 2 H9H3B9CTHbiX x/ 

TeopeMa B38HMHOCTH H' YHUTapHOCTb MaTpHD:hl pacceSIHHSI COKpawaeT '!Hcno ae-

• T .· (TonbKO n ( n + 1) 38BHCHMhiX nap8MeTpOB1 onpe.neDSIIOWHX M8Tpan:y 
2 

M9TpOB H3 2 n li SIBDSIIOTCSI H938BHCHM~IMH). 
nap~-
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