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Bneae1111e 

B nocJlelllme roabi IIHTeHcunHo pa3BI!BaiOTC~ TaKHe. CTf or11e noaxoaLI 

/1/ 
K peweHIIIO Tip06JieMbl MHOI'I!X TeJI, KBK MeTOll CIIJlbHOH CB~3 I KBHBJIOB 

/2/ " /3/ 
yce'leHHbiX acnMIITOTHK , cMeWI1BUHII~ KOHqmrypaUHII , Eopna-OnneH-

/4/ " /5/ 
reiiMepa , rapMOHU'IeCKIIX <jlyHKUf!ll II ap. 3aMe'laTeJll HO TO, 'ITO liJlH 

3T11X TIOrJXOLIOB He Tpe6yeTC~ BBeaeHII~ napaMeTpa MBIIOCTII, a 118 riOT()HUIIall 

B3aHMoaeilcT!lll~ He HaKnaabinaeTc~ no'ITII HI!KBKIIX orpaHH'Ie~Hii. Ycnex11 Teo-

pHH B 3TOM nanpaBJieHHH B OCHOBHOM CB~38Hbl C pa3BHTfleM MOliiHOii Bbi'IIIC-

JlHTellbHOH TeXHUKH, 1103BOIIH!Ollleii 'IHCJieHHO pelii8Tb CJlOlKHbiE ypaBHeHI!Ho 

faMf!llbTOHHaH aJIH 3aaa'IH N TeJI IIMeeT BUll 

N 

II ~Ti-t~ V 1 j::oll 0 ;.\', 
i:-:-1 I .;:j 

(I) 

rae T i - onepaTop KI!HeTU'IeCKOii 3Heprllll 'IBCTI!Ubl C IIOMep >M 

3a.uaeT B3aUMOJlCliCTBUe qacTitU II j • 

BonuoBall q'yHKUII~ 'I' , onuchiBBIOllla~ onpeaenenHuiii rpouecc pacce~-

nu~, yaonneTiwp~eT ypanueHIIIO llipeannrepa 

H'l'=r'l' (2) 

II rpaHII'IHbiM yCJIOBIIHM B 6eCKOHe'IHOCTII, 

'fl- cfl + paCXOll>lliiBSIC~ BOJIHa. (3) 
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of> -ljlyHK: UISI, OllHCbiBBIOIUBSI HB'IBnbHOe COCTOSIHHe CHCTeMbl 1:10 npo-

uecca pacceSIHHSI 

YpaaHeHHe WpeaHHrepa (2) SIBnSieTCSI ypaaHeHHeM a 'IBCTHhiX npoH3BOil

Hhrx, H Henocpe.nc TBeHHOe perneHHe Bbl3biB8eT H3BeCTHbie TPYilHOCTH. no9TO

MY HCXOilHOe ypt BH8HHe (2) 38M8HSI8TCSI apyl:'HM, B H8KOTOpOM CMbiCne 6nH3-

KHM K ABHHOMY, H T8M CBMbiM BM8CTO CnOlKHOI'O ypaBH8HHSI B 'IBCTHbiX npo

H3BOilHbiX TIOliY'II IOTCSI npy!'He TipOCTbl8 ypaBH8HHSI, KOTOpbre MOlKHO peiliHTb 

'IHCneHHO, 

nnSI 9TOI'O yno6HO CHB'Iana nepeHTH OT ypaBHeHHSI illpenHHI'epa K 9KBH

BaneHTHOH eMy I iecKOH8'1HOH CHCTeMe ypaBH8HHH ( 6eCKOHe'IH8SI CHCTeMa llHijJ

IjlepeHUHBllbHbiX : ·paBHeHHH, 6eCKOHe'IH8SI CHCTeMa anre6paH'IeCKHX ypaBHeHHH, 

CHCTeMa HHTerp l-llHijlljlepeHUHBllbHbiX ypaBHeHHH H T,n,). 06bt'IHO 3TO llOCTH-

raeTCSI pa3nOJKe !HeM ljlyHKllHH BCeH CHCTeMbl ljJ no HeKOTOpOMy nonHOMY 

Ha6opy ¢YHKllHH I¢ n I TaK, HanpHMep, ecnH B Ka'!eCTBe TaKoro nonnoro 

Ha6opa ljlyHKUHH Bbt6epeM BOliHOBbie ljlyHKUHH llBYXUeHTpOBOH 38ll8'1H, TO nony

'188M MeTon Eo· >Ha-OnneHreilMepa, a ecnH Bhr6epeM BOliHOBbte ¢YHKUHH Sill-

pa MHilieHH, TO fiOliY'I88M MeTOD CHllbHOH CBSI3H KBHBliOB H T,n, 0pH llpH6liH

lK8HIIOM perneHHI 6eCKOHe'IH8SI CHCTeMa ypaBH8!1HH 38M8HSieTCSI KOHe'IHOH CHC-

T8MOH ypaBHeH~H 1 H pernenHe ljJ 3TOH CHCTeMbl paCCMBTpHBBeTCSI KBK llpH6-

liHJK811HOe peme. me 6eCKOHe'IHOH CHCT8Mbl ypaBH8HHH HnH HCXOllHOI:'O ypaB

He HH Sl ill penH HI'• !p8, 

OpH 9TOM B03HHKaeT pSin npo6neM, CBSI3aHHLrx c 

J) KOppe CTHOCTb!O 38MeHbl 6eCKOHe'IHOH CHCTeMbl KOII8'1HOH CHCTeMoil; 

2) OUeHK )ll IIOI'pernHOCTH, KOTOpy!O Mbl llOTIYCKBeM, 38M8HSISI TO'! HOe 

pemeHHe tpH6liHlKeHHblM ljJ 

3) yCTOH 'IHBOCTb!O Bbl'IHCllllT8llbHOI:'O npouecca, 

Bbt6Hp8S1 pa3llll'IHble TIOliHhle Ha6opbl ljlyHKUHH I ¢ n I ( BCe 3TH TIOliHbie 

H860pbl llOTilKHJ ,J YllOBli8TBOpS1Tb rpaHH'IIILIM yCliOBHSIM 38ll8'1H), MOJKIIO nony

'IHTb BMecTo y)aBHeHHSI illpenrrHrepa (2) pa3liH'IHhle 6ecKoHe'!Hwe CHCTeMbl 

yp8BH8HHH, Op I CTpOI'OM perneHHH BCe 3TH CHCTeMbl ypaBH8HHH 3KBHB8lleHT

Hbl HCXonuoMy ypaaueHHIO illpearrurepa. OauaKo npH nprr6nHJKeHHOM perneHHH 

3TH CHCT8Mbl I pHBO/:ISIT K pa3l!H'IHhiM pe3yllbT8T8M, 003TOMy llpH perneHHH 

KOHKpeTHbiX 3c 1:18'1 OIITHMBllbHhiH Bbt6op 683HC8 HI'paeT BBlKHYIO pOllb, 
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4, HacKonhKO cymeCTBeHeH npoH3Bon B Bbl5ope CHCT••Mhi { <Pn I , no 

KOTOpOA paanaraeTCR ITOnHaR BOnHOBSR ~YHKUHR • 1 H B KSKOM cny~ae Ka

KBR CHCTeMa ~YHKUHA { <Pn I npellnO~THTenbHee? 

B llBHHoA pa5oTe Mhi o5cyllliM HeKoTopbie acneJCThi e ,Iwenepe~HcneHHhiX 

npo5neM npHMeHHTenhHO K npH5nH)I(eHHbiM MeTOilBM, KOTOp >le WHpOKO HCITOnb-

3YIOTCH B ellHHOA TeOpHH RllepHbiX peaKUHlt, B nepBOM p831ene HCCnellyeTCR 

CXOilHMOCTb MeTOila CHnhHolt CBR3H KaHanoe 
11 1

• Bo B. TOp• >M paallene pac-

121 
CMaTpae.aeTCH CXOilHMOCTb MY A , B TpeTbeM pa31lene J5Cy)l(ll8IOTCR cac-

TeMa HHTerpD-IlH$1JepeHUHanhHbiX ypaBHeHHlt llnR 381l8~H T] >eX Ten H CXOilH

MOCTb HeKOTOpbiX llpyrHX npa5nH)I(eHHhiX MeTOilOB, 

161 
B pa5oTe npoBelleHo HccnelloBaHHe CXOilHMOCTH J1eTolla CIWbHolt 

CBH3H KaHanoB H BhiRBneHbl ~aKTOpbi 1 BnHHIOWH9 Ha CXOilH~ OCTb MeTOila, B 

HaCTOHmelt pa50Te npellnaraeTCR M9TOil 1 KOTOpbilt IT03BOnH< •T HCCnellOBaTb 

KoppeKTHOCTb MHorax npa5nH)I(9HHhiX MeTOilOB c ellHHolt TC 'IKH apeHHH. Kpo-

Me TOro, 3TOT MeTOil MO)I(eT Cny)I(HTb OllHOBp9M9HHO anrOJ HTMOM peWeHHH 

HCCnellyeMhlX ypaeHeHHlt, 'ITO OC05eHHO Yll05HO llnH CHCTe~ HHTerpo-llH<!KPe

peHUHanbHblX ypaeHeHHlt, 

npe)l(lle ~eM nepeltTH K H3nO)I(eHHIO OCHOBHOro MaTep!ana npHBSileM 

171 
HeCKOnbKO TeopeM 1 KOTOpble Hal!llyT npHMeHeHHe npH I OK838TenhCTBe 

CXOilHMOCTH npa5nH)I(eHHblX MeTOilOB, 

PaccMoTpHM ypaeHeHHR 

( 1- U) X·= y , 

( I - Un ) -; n = y , 

rile U H U n - naHeltHble onepaTOphi, oTo5pa)l(aiOWHe 6a -Iaxoeo npocT-

(4) 

(5) 

paHCTBO X B caMoe ce5s, I - TO)I(IleCTBeHHbiA onepaTor B X , y , x E X • 

EylleM C~HTaTb, 'ITO 

II un - u ! I :: t1 n , (6) 

rile !1 n- HeKOTOpaH ITOCTOHHHBH, · 

5 



TeopeMa 1 I E ~nH orrepaTop (I- U ) o6paTHM H 

-I 

L'lniiO-U) II<!, 

To orrepaTop (I -lin ) TaKlKe o6paTHM1 DpH 3TOM, ecnH 

Xn =(l-Un )-I y ripH OAHOM H TOM lKe y , TO 

xn - X II < L'ln II ( l- un )-I II I II X II 0 

-I 
X = ( [- lJ) y ' a 

(7) 

3Ta TeopeMa rapaHTHpyeT cywecTBOBaHHe perneHHSI (5) rrpH mo6oM y , 

ecnH orrepaTop ll, aocTaTO'lHO 6nH30K K lJ 1 Ho 3Ta TeopeMa erne He 

ABeT B03MOlKHOCTH OUeHHTb rrorpeliiHOCTb 1 rrony'la!OlllYIOCS! ripH 36MeHe 

Ha , TaK Ka ( B HepaBeHCTBO (7) BXOAHT HOpMa II x II HeH3BeCTHoro 

TO'IHOI'O pemeHHS! :·paBHeHHS! (4)~ TaKyJO OUeHKY ABeT cneayJO!llaSI 

TeopeMa 2, lpH o6o3Ha'leHHHX, BBeaeHHbiX B rrpeAbiAymeil TeopeMe, 

ecnH i\ n II ( l - ll n 1-
1 II ::_ q < l TO 

11<-'~-11-;;11° 
l - q (8) 

npHBeaeM eu .e OAHY TeopeMy' KOTOpaSI CBSI3aHa c perneHHeM 6eCKOHe'l

HbiX CHCTeM nHHet Hb!X anre6paH'leCKHX ypaBHeHHil no MeTOAY peayKUHHI 

PaccMoTpHM CHCTeMy 

.;; + ~ "+k.;k 
k=l 

i =I, 2, .. o 

(9) 

C 6eCKOHe'lH!olM 'II .CnOM HeH3BeCTHb!X .; ; 

MeToa peay.:uHH 3aKITJO'laeTcSI n TOM, 'ITO pernaJOTCH yce'leHHhle KOHe'l-

Hble CiiCTeMLI 

a i k g k T) i (10) 

EcnH npa m '6oM nocTaTO'lHO 6onbrnoM CHCTBMa (10) HMBBT BAHH-

CTBBHHOe perneHH" npH 38I18HHb!X CB060AHbiX 'liTeHaX 'I; , a rrpH n---."""" 

perneHHe yCe'leHH• >ii CHCTeMbl CTpeMHTCS! no HOp Me B HBKOTOpOM IIpOCTpilH-

6 



CTBe 'IHCnOBbiX nocneaoBaTeTibHOCTeH K peweHHIO CHCTeMbl (9), TO rOBOpS!T, 

'ITO B 9TOM npOCTpaHCTBe MeT0/1 peayKUHH A TIS! CHCTeMbl ( ) ) CXOI1HTCSI, 

Tenepb npeanono*HM, 'ITO 

i. k= l (II) 

Tpe6yeTCSI HaHTH perueHHe CHCTeMbi (9), yaoBneTBOf' IIIOIUee ycnoBHIO 

2 

}; lt;l <~. 
i= I 

(12) 

TeopeMa 3, EcnH npH caenaHHbiX npeanono*eHHSIX cue TeMa (9) HMeeT 

2 
B npOCTpaHCTBe f 

2 
eaHHCTBeHHOe perneHHe npH n106oM I> ; I E P , TO Me-

TOll peAyKUHH ATISI ClfCTeMbl (9) CXOAHTCSI B 9TOM npocTpa! CTBe, 

KaK Y*e OTMe'lanocb, MHOrHe npu6nH*eHHbie MeTOAbi n pH BOA SIT K peme-

HHIO 6eCKOHe'IHOH CHCTeMbl AH<jl<jlepeHUHaTibHbiX ypaBHeHHH u; H CHCTeMbl HH

Terpo-nu<jl<jlepeHUHaTibHbiX ypaaHeHuil. HcnonbaySI Me Ton, np• ·nno*eHHbiil a pa

/8/ 
6oTe , Mbl MO*eM nepeHTH OT 9THX CHCTeM K 6eCKOHe'IIOH CHCTeMe an-

re6paH'IeCKHX ypaBHeHuil. Torna yno6Ho aocnonb30BaTbCSI E LimenpuaeaeHHbi-

MH TeOpeMaMH, 

I. HccnenoaaHue cxonHMOCTH MeTona cHTibHOil CBS!·'" 

KaHaTIOB 

B TeopHH pacceSIHHSI Tpex H 6onee 'laCTHU H B TeopHI MepHLIX peaK-

/ I 
uuA mupoKo ucnonbayeTCSI MeTon cunhHOA CBSI3H KaHanoa • KaK Mbi Y*e 

OTMe'lanH, B 9TOM ljlopManH3Me OT ypaBHeHHH B 'laCTHbiX TII OH3BOAHbiX (2) 

nepeXOJlSIT K 6eCKOHe'IHOll CHCTeMe AH<jlq,epeHUHaTibHbiX ypaB.IeHHJ!: ( eCTIH ra

MHIIbTOHHaH TIOACHCTeMbl HMeeT TOIIbKO llHCKpeTHbiJ!: CTieKTp HTIH K CHCTeMe 

HHTerpo-aucjM!lepeHUHallbHbiX ypaBHeHHJ!: ( eCTIH raMHIIbTOHHaH TIOACHCTeMbl HMe

eT llHCKpeTHbill H HenpepbiBHbiJ!: cneKTp), 

llnSI npOCTOTbi BCe paCCY*AeHHSI H BbiKTia)lKH 6yneM TIJ•OBOAHTb .QTISI OJl

HOMepHOll 38/lB'IH Tpex Ten, 06o6IUeHHe Ha cnyqaJ!: SlllepHbiX peaKUHJ!: 6y.cteT 

o6CY*Jl8TbCSI B KOHUe 9Toro paaaena, 

7 



B KoopaHHaTa:: HKo6H (R • p) H npH N = 3 ypaBHeHHe (2) MOJKHO nepe-

nHca Tb B cneayJOlll€ M BHae 

( 12) 

rae 

raMHnbTOHHaH noac <CTeMbio 

B Ka'leCTBe n :maoro aa6opa <jlyHKUHli 6yaeM 6paTb co6cTBeHHbie <jlyaK-

UHH ypaBHeHHSI 

h ''3 "" :0:: ( .. Tn rP n 
(13) 

KOTOpbie 06hi'IHO nJ •eanonaraJOTCSI H3BeCTHbiMH. 

a) npeanonor HM, 'ITO ypaBHeHHe ( 13) HMeeT TOnbKO aHCKpeTHbiH cneKTp. 

Toraa peweHHe (1:) 6yaeM HCKaTb B BHae 

'I' I X n ( R I l ¢ n ( P23 ) • 
n=l 

(14) 

noaCTaBn>!SI :14) B ( 12), llOlly'laeM 6eCKOHe'IHYJO CHCTeMy ypanHeHHi't 

an>I onpeaeneHH>I qyHKUHH X n ( B I 

rae 

2 

+ kn 
m:...:: l 

W n m ( ll I ) X m (HI), n ~ I ,2, ••• ( 15) 

(16) 

(m t-m ) m 
M .3 ~ l 

m + m + m 
2 3 

8 



CHCTeMy ypaBHeHHil ( 15) 6yneM pernaTh co cneny10rn fMH rpaHH'IHbiMH 

ycnOBHSIMH, 

rne 

1. L!nSI BCeX OTKpb!ThiX KaHanOB ( E > < n , n 

R -+ ~ 
I 

0 

I ,2, ••• 2 ) 

I 
In=--- f sin knRI ~ Wnm(R 1l)(m(R 1 )d R 1 

kn m=l 

aMITnHTYJlS paCC9SIHHSI B KaHane n H f3 - BXOJlHOII KaHal • 

2 • .llnR Bcex 3aKpb!ThiX KaHanoB ( E < ( n ' n =a + I ' a l- 2 ' ' •• ) 

0 . 
Rt ._,(XI 

(17) 

(18) 

TaKHM o6pa3oM, BMecTo ypaBneHH>I B 'IaCTHhiX rrpoH3 IOJlHhiX ( 12) Mhi 

rrony'IHnH 3KBHBaneHTHYIO eMy 6eCKOHe'IHYIO CHCTeMy 06hiKH OBeHHbiX JlH<jJ<j>e

peHUHBnbHhiX ypaBHeHHil, OnnaKo rrpH rrpaKTH'IeCKHX pacqe~ax 6ecKoHe'IHB>I 

CHCTeMa 3aMeH>IeTC51 KOHe'IHOH CHCTeMoi!, 'ITO 3KBHBaneHTE 0 COXpaHeHHIO K0-

He'IHOI'O 'IHCna qneHOB B pa3no~eHHH (14) 

K 

n=l 
X n ( R 1 ) ¢ n ( Pn ) 

( 19) 

B nanhneilrneM ~ paccMaTpHBaeTCSI KaK rrpH6nHmenn~e pernenHe CHC

TeMhi ypaBHeHHH ( 15) HnH KaK rrpH6nHmeHHOe pellieHHe HCX' >JlHOI'O ypaBHeHH>I 

( 12). 

Terrepb UOKaMeM, 'ITO CHCTeMy ( 15) MO~HO pernaTb > IeTOilOM penyKUHH, 

11cnonb3YSI rpaHH'IHbie ycnOBH>I (17) H (18), nepenHllieM C~CTeMy (15) B HH

TerpanbHOH ¢>opMe. 

9 



I, LlnH acex '<TKpbiThiX KaHanoa 

k 

X ~ 
m:-:1 

R 1 

f sin kn u; +sin k
11 

R 1 
0 

W nm( H ; ) X m ( H;) d H 

2, LlnH BCeX : aKpb!ThiX KaHanoB 

-kn R R t 
{ r 1 J !- e 

-1 

kn R 1 

X ~ wnm(R;lxm(H;)dH; 
m= 1 

f I ' 
R 1 

(20) 

~k H :x> -k 11 H~ 
n 

1I e I X 

(21) 

nycTb v 
li 

(pI i .;, . i ~I, 2, 3 . j ~I, 2, .1 ) y AOBneTROpS!eT ycno-

BI!IO I I v lj i z dp I. < 00 rAe a > 0 HeKOTOpOe 'II!Cno. Tor11a, 
a 

)Ke yCnOBI!IO YAOBn< ·TBOpS!eT cPYHKUIISI \I' (HI ) KpoMe Toro, TBK 

x (R 
1
) -.. o , TO cnpaaeAnHBO cneAyJOwee pa3no)KeHHe 

R ~o 
I 

r11e l ¢ 1 ( H I l I - n JnHhiM na6op H3BeCTHbiX cPYHKUHM, 

B -fdH ¢
1
'(H ~ \1 ( H l X ( H l • 

~~ nm I 

noACTaanHH (22) a (20) 11 (21 ), nonyqaeM 

~ Bngn(HI)' n~a1-l,a 1 
j~J I I 

10 
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(22) 

(23) 

(24) 

(25) 



rne 

n I 
f (R l~--1 

i I kn 

Rl 

f sin k R ; + sin kn R 1 0 n (26) 

Rl 

-k R I ""' -k R{ 
"oje n I</>(R',)dll'(27) + e 

noncTaBnHH (24) H (25) B (23), nonyqaeM anre6paH~eCKHe ypaBHeHHH 

nnH onpeneneHHH K03~HUHeHTOB paano~eHHH 

a 
n 

H }; ~ Q ' ~ Q ) 13 c 
i • 1 i nj m 2injm 

(28) 
m= 1 m=a t 1 

rne 

m 

Q I i n j m o.- - f d ll 1 cp 7 ( H 1 ) \l n m( HI ) f j ( R 1 ) , 

(29) 

TaKHM o6paaoM, H3 6ecKoHeqHoil CHCTeMbl nH¢¢epeHUl aJlhHbiX ypaBHeHHil 

( J5) HnH H3 6eCKOHeqHoil CHCTeMbl HHTerpanbHbiX ypaBHeHH il (20) H (2J) 

MW nepewnH K BKBHBaneHTHOH 6eCKOHeqHoil CHCTeMe anre6!aHqeCKHX ypaBHe

HHH (28). no3TOMy, ecnH llOK8)1{eM, qTQ CHCTeMy (28) MOll HO pewaTb MeTOJlOM 

penyKUHH 1 TO OTCIOJl8 6yneT cnenOB8Tb 1 qTQ H CHCTeMy ypl BHeHHil (J5) MO~-

HO pewaTb MeTOJlOM penyKUHH. 

CornacHo TeopeMe 3, ecnH 

a 

m= l j in 
Q 1 inj m \ < N 

(30) 

II 



I Q 2i nj m < 00 ' 

m=l.l + 1 j in 

n " c I < ~ , 
i, n'-- I 

TO ClfCTeMy ypaBHel ai\ (28) MO>KHO pewaTb M8TOilOM penyKUlflf lf peweHae 

6yneT ynoBneTBOpHT, ycnoBa~ 

noKa>KeM, qTo ycnoBae (31) YllOBileTBOpHeTCH. 

UlfH,TO cnpaBelllllfBC pa3/lO>K8Hlfe 

nm, 
A ¢, ( R 

1
), 

rne 

OTC~Ila 

f]\\ (H lgm(H l\ dH ··~IQ 
nm I J I I i 2injm 

2 . 

npoCyMMlfpOBE B llOCil81lH88 paBeHCTBO IIO n , a acnonb3YH 

<jlopMynbi (II .15) a ( 11.20) (eM. rrpano>Ke!me), rronyqaeM 

2 " 
I <"' ~ 

2 
-----] fdH 

(31) 

(32) 

(33) 

L ]Q2injm 
in j m jm 2 

a + k (34) 

HHTerpan 

12 



OCTaeTCSI orpaHH'IeHHOli BenH'IIfHOli, T,e, p m :'::: p , rne ' - HeKOTOpOe 'IIfC-

no H pS!II 

<~ 

jm 2 2 
a i + k 

cxonHTCSI, TO oTc~na cnenyeT cnpasennlfBOCTb ycnoB!fSI (31), AHanorH'IHO 

IIOKa3hiBa~TCSI COOTHOlli8HifSI (30) H (32), 

TaKifM o6paaoM, Mhi noKaaanlf, 'ITO 6ecKOHe'IHY~ Clf.:TeMy ( 28) MO)I{HO 

pell!aTb MeTOIIOM penyKUifH, 00STOMY IIplf IIpaKTif'I8CKifX ~ aC'!eTaX Mhl M0-

)1{8M pell!aTb KOHe'IHYID CHCTeMy ypaBHeH!fli 

_n a a 0 
H + }; }; 

Q 1 injm + 
}; 

Q2 in jm 
)Bm c 

j= I 
i 

m=l m=U+I (35) 

n ~ 1,2, .. 0 i = 1,2, ... a 
) 

n 

B; MO)I{HO paCCMaTpHBaTb KaK IIplf6nH)I{8HHOe peii18Hife 6e,:KOH8'IHOil ClfCTe-

Mhl ypaBH8HifH (28), 

TeopeMa 2 naeT B03MO)I{HOCTb oueHifTb norpell!HOCTb nony'Ia~ll!yrocH 

np11 aaMeHe 

rne 

-I 

Ha 

IIB"-8"11<-'1- B 
-I- q 

< q <I , 

io:.O+ 1 

II, (36) 

j ,m=l (37)' 
0 

a ll oa - 06paTHaH MaTplfUa OllHOpOIIHOf'O ypaBH8HifSI (35), !1CIIOnb3YH He-

paBeHCTBO ( [] ,15) H ( [] ,17), MO)I{HO IIOKa3aTb, 'ITO Ll; a~ 0 

-I 
H a~ oo • KpoMe Toro, npH 0 -4 ('JQ H a -4 oo D0a oc1aeTCH orpaHH'IeH-

Holi, nosToMy np11 o ~ ~ H a~~ , II B ,"- fi," II ~ o, T,e, no'pelliHOCTb CTpe

MifTCH K Hyn~. 

Pell!aH KOHe'IHYID CHCTeMy (35), Mhl nonyqaeM 

pellieHHSI B (24) H (25), Mhl nonyqaeM IIpH6nH)I{8HHhie BOnf OBLie rpyHKUHif 

B Ka)I{IIOM KaHane B rpOpMe 

13 

3TH 



a 

(24) 
i = 1 

H 

a 

L B~ g~(R 1 ), n=U+ l,a+2, ••• 8. 
I > 

(25) 
i = 1 

3To naeT HaM B03MO*HOCTb OU8HHTb norpeWHOCTh B Ka*UOM KaHane 

:up X ( R ) -X 

(38) 

a 

= s •P I L <<-ii" )f + I, B i r I I , n = I ,2, ••• a 

i= 1 i=O+l 

H 

a 

S •P I ~ ( B n- 8" g ~ ~ B g 

i= I 
j 

i=U+l 

I . n=a+l, a+2 •• .8.(39) 

VI cnonb3Y Sl ¢or MY Tib! ( n. 9) H TI,l5), nepenHrneM (38) B cneny10-

IU8M BH/le: 

n - n 2 ° 
(B.-F.) I, 

I o 
i:::.l 

TaK KaK 

a 

lim L 
2 

a ·= i=l a 
i -

lim 

a . ~ 
nony'IHM 

---)\ L IBn 1
2 L 

k 2 , i=O+l i=0+1 a 
n 

)2 L 
n 12 < ~ lim B 

2 i 
I 4 

k U4~ i=V+l 
n 

-n 2 
( B -B ) 4 0 

14 
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2 a 
(40) 



pa 0 0 

a ... oo ( 41) 

AHanorHqHo MO*HO aoKa38Tb H paBeHCTBO (39). 

TaKHM o6paaoM, rrpH6nH*eHHOe perneHHe 6ecKoHeqHoil CHcTeMhi ypaa

HeHHH B Ka*aOM KBHane CXOaHTCE K TOqHoMy paBHOMepHO. ToqHO TBK *e 

MO*HO y6eaHThCE, qTQ ~ CXOaHTCE K ~ paBHOMepHo. 

6) OpearronO*HM, qTo ypaaHeHHe ( 13) HMeeT aHCKpeT!IhiH H HellpepbiB

Hhlli crreKTp, Tor a a BMecTo ( 14) HMeeM cneayiOrnee paano* eHHe 

~=~ Xn(R
1
l¢n(p

23
)+f X (R

1
d¢(p

23
dd (42) 

n=l 

rae s - qHcno aHcKpeTHhiX ypoaHello 

8 STOM cnyqae BMeCTO 6eCKOHeqHQH CHCTeMhl aH4><jlep• lHUH8nhHhiX ypaB

HeHHli rronyqaeM CHCTeMy HHTerpo-aH4><jlepeHUH8nhHhiX ypaB!eHHH: 

n = 1,2, 0 0 0 ; 

2 

[-d-+k 2 ]x(R 1 cl=fd<'W(R 1 ,<,<')x(R 1 <')+~ Wm(R
1
<lX (R

1
l 7 

d R22 < 

rae 

J.13 OUeHOK STHX KOS4><j>HUHeHTOB ( ll.27) ( ll .28) ( CM. IIpHnO*eHHe) 

BHaHO, qTo cjlyHKU HH 

15 

(43) 

(44) 



1 n ( R I ) ~ L w m( Ill ) X m ( II I) + f d < w n ( R I< ) X ( Ill •. ( ) 

J <R 1 <l~ fd< 'w< 11
1 
·'·' 'lx <R • , 'l+ L w <II <lx <R 1 I m m 1 m 

OTnH'IHbl OT HynSI B KOHe'IHOi! o6naCTH HnH 6biCTpO y6biB8lOT IIpH R 1 
4 

H f -t oo • noaTOM ( Mbl MO)KeM paanO)KHTb 3TH <jlyHKU HH B PSI!l <l>ypbe 

n 
(II A 1/J 

1 
(II 

1
) • 

H 

L Bmp!/Jm(II 1)!/JP(c}, 
mp 

l'Ae 1/J i (II 1 ) , 1/J m R 1 ) H 1/J P (<) - IIOnHbil! Ha6op H3BeCTHbiX <jlyHKUHi!. 

noacTaanstst (45) a (43), nony'IHM 

2 

(_d_+_<lx<n 
dR

2 
I 

L A ~ 1/J 
1 

( R 
1 

) , n ~ 1,2, ••• s 

( II ) 1/J (r) • 
I " mp 

TaKHM o6pa3< •M, OT CHCTeMhi HHTerpo-aH<jl<jlepeHUHanbHbiX ypaBHeHHi! 

(45) 

(46) 

Mhi nepewnH K Heo lHOPOAHbiM AH¢<jlepeHUHBnbHbiM ypaBHeHHSIM. To'IHO TBK )Ke 

KBK H Bb!We Mbl M< •)!{eM rrepei!TH OT ypaBHeHHi! ( 46) K HHTel'panbHbiM ypaa-

HeHHSIM, a IIOTOM ~ 6eCKOHe'IHOi! CHCTeMe anre6paH'IeCKHX ypaBHeHHi! HB KD-

a<jl<jJHUHeHThl paanoleHHSI A~ H B mp 

npoaenaB BCE BhiKn8AKH rrpeAblllYIUel'O p83Aena, MO)KHQ ITOKB3BTb, 'ITO 

H B 3TOM cny'Iae H' eeT MeCTO CXOAHMOCTb IIpH6fllf)KeHHOI'O peWeHHSI K TO'IHOMy. 

EcnH Mhl HMEeM aeno c Sl!lepHbiMH peaKUHSIMH, To BMeCTO raMHnbTOHHaHa 

h 23 6yaeT l'BMHTbTOHHBH SIApa MHWeHH !lSI H BMeCTO (13) -

H Sl <l>n E n <I> n • 
( 13') 

16 



Openrrona!"'al! <ll n H3BeCTHblMH, MO)!{HO llOBTOpHTb Bb!Werr >HBeaeHHb!H <jlopMa-

11H3M HB cnyqai\ MepHbiX peaKUHH, 

B aaK11IO'ieHHe aToro paaaena OTMeTHM asa <jlaKTopa, KOTOphie B11Hl!IOT 

Ha CXOAHMOCTb (eM, (fl .9), (fl ,15)), 

OepBbiM <jlaKTOpOM l!B11l!eTCSI CKOpOCTb y6biBaHH ll KO: •<Jl<jlHUHeHTOB W n m 

rrpH n ~~ H m ~•~. 3To 3aBHCHT OT rroaeaeHHll B011HOBhiX <jlyHKUIIH <lln • B 

MeTOAe CH11bHOH CBSI3H KaHa1!0B B Ka'ieCTBe TaKHX <jlyHKUHH 6epyT B011HOBhie 

<jlyHKUHH l!Apa MHWeHH ( OAHO'iaCTH'iHbie COCTOSIHHSI, K01111ei THBHbie COCTOSIHHSI H 

T,a.). 003TOMY Ka)!{AbiH pa3 W n m llO-pa3HOMy 6yaeT yt ;biBaTb llpll .n ~ ~ 

H m oo • 

BTopbiM <jlaKTopoM l!B11l!eTCll TaK Ha3biBaeMbiH rroa6apbepHhiH <jlaKTop 

a~+ k~ 
, KOTOpb!H B03HHKaeT A11SI 3aKpb!TbiX KaHa1IOB H3· 3a HeAOCTaTO'iHOC-

TH ll011HOH 3Hepl"'HH A11SI B036y)!{AeHHSI Bh!CWHX COCTOSIHHH IOACI!CTeMbl 

pa MHWeHH), 3TO 03HaqaeT, 'iTO 'ieM 6011bllie paCCTOSIHHe Me)!{AY ypoBHSIMH 

llOACHCTeMbi, TeM CH11bl!ee B11HSieT llOC1!eAIIHH <jlaKTOp Ha C XOAHMOCTb MeTO-

aa CH11bHOH CBSI3H KaHa1IOB, 

B o6meM cnyqae Ha cKopoCTb CXOAHMOCTH B11HSIIOT o6a <jlaKTopa oaHo-

BpeMeHHO, noaTOMy aHa11H3 B11HSIHHSI Ka)!{AOI"'O <jlaKTOpa CT !IIOBHTCSI C110)!{!1biM, 

2. CxoaHMOCTb MeToaa yce'ieHHhiX acHMITTO~ 'HK (MY A) 

npH OllHCaHHH peaKUHH c nepepacrrpeaeneHHeM qaCTIU B0311HKaeT PSIA 

TPYAHOCTeil. OycTb npH paccel!HHH OTKpbiThi cneayiOmHe Kananhi 

II 

3aeCb CK06KH 06'beAHHSIIOT 'iaCTI!Uhi, o6pa3yiOmHe CBSI3a!IH '10 CI!CTeMy, I -

npl!MOil KaHan 11 II -KaHan c nepepacnpeaeneHHeM qacTH 1. 

(47) 

OcHOBHal! TPYAHOCTb, KoTopal! B03HHKaeT npH pemeHHH ypaBHeHHll Wpe

IUIHI"'epa ( 12 ) C I"'pa HI! 'IHbl Mil yc1IOBI!l!MH ( 4 7), 38K11IO'IaeT·; ll B TOM, 'iTO pa3-

110)!{eHHe (14) CTBHOBHTCSI Heyao6HhiM A11ll OAHOBpeMeHHOI"'O YAOB11eTBOpeHHSI 

17 



rpaHa'IHhiM ycnoBaSI~ B npSIMOM a nepepacnpeneneHHOM KaHane. noaTOMy B 

121 
MY A npennara lTCH MonacjJauaposaHHhiil MeT on paano>KeHaH 

X n ( R 1 ) </> n ( P23 ) ' 
(48) 

rne <ll -BCflOMOraT€1IbHaSI cjJyHKUaS11 a3BeCTHaSI C TO'IHOCTbiO .[10 KOHCTaHTbl 1 

peryngpHaSI B Hyne I OflaChiBaiOmaH aCaMflTOTa'IeCKO€ flOBe.[leHae paCCeSIHHOi! 

BOnHhl B nepepacnpe,teneHHOM KaHane. 3TO npaBe.[leT K TOMY 1 'ITO BMeCTO 

6eCKOHe'IHOH cacTeM >I Ol!HOpOl!HhiX ypaBH€Hai! aMeeM 6ecKOHe'IHYIO cacTeMy 

HeO.[IHOpOl!HhiX ypaBH• !Hail 

d 2 2 
l--+ k lx (R 1= 

dR2 · n n 1 
~ Wnm(R1)Xm(Ril+Jn(RI) 

m=l 
(49) 

I 

rne cjJyHKUaSI 

(50) 

OTna'IHa OT HynSI B ~ OHe'IHOil o6nacTa ana 6hiCTpO y6h1BaeT B 6eCKOHe'IHOC-

Ta. 

nponenaB BCe 1<h1KnanKa npe.[lhi.[lymero paanena, Mb1 MOJKeM nony'IaTb 

cneny10mae anre6paaiecKae ypasHeHaSI 

a 
n 

~ ~ ~ ) 8' 
m o7 B, + Q 1 injm+ Q2 injm J 

j= 1 m=l m=U+l 

rne 

n n 
+ f d R 1 ¢>~ J) c ( R 1) J n( R 1 I . 

3aMeTaM 1 'ITO ( aCTeMa (51) OTna'laeTCSI OT caCTeMbl (28) TOnbKO 

C060l!Hh!M 'lneHOM 
m 

J)i noaTOMy
1 

ecna 

In 

18 

(51) 

(52) 

(53) 



TO ace peaynhT8Tbl npe):lbiAYIUero pa3Aena 6yAyT cnpaaeAnHBl I H AnH CHCTe

Mbl ypaaHeHHll (51) HnH (49), TeM caMbiM 6yAeT AOKa3aHa CXOAHMOCTh MYA. 

J1cnonb3YH cnoco6, npeAnO)I{eHHbill B npHnO)I{eHHH, HeTpyAHO Y 5enHTbCH0 'ITO 

(53) ynoaneTaOpHeTCH, 

3, CHCTeMa HHTerpo-nH<jl<jlepeHUH8nhHb!X ypaaHeH !H 

nng aana'l Tpex Ten 

HecMOTPH Ha To, 'ITO MY A HanHeTCH o'!eHb yno6HhiM n >H npaKTH'IeCKHX 

pac'!eTaX, CKOpOCTb CXOAHMOCTH 3Toro MeTOAa MO)I{eT CyiUeC raeHHO 3aaHCeTb 

oT <jlyHKUHH <ll ( cM, paano)l{eHHe ( 48)), TaKaH aaaHCHMOC1 b ao3HHKaeT npH 

paCCMOTpeHHH TO)KJ:IeCTaeHHbiX '!aCTHU, TaK K8K TIOnH85! aonHC BaH <jlyHKUHH 

non)I{Ha 6b1Tb 8HTHCHMMeTpH30aaHa, 

B 3TOM paanene Mbl XOTHM o6paTHTb aHHMaHHe Ha OAHH CTIOC06 nony

'!eHHH CHCTeMbl HHTerpo-nH<jl<jlepeHUHanhHbiX ypaaHeHHll nnH 3dlla'IH Tpex Ten, 

rne ace K8Hanhl OilHCbiaaJOTCH C enHHOH TO'!KH 3peHHH H KaK' >H-nH60 KaHan 

He ahinenHeTCH, PaccMoTpi!M pacceHHHH co cnenyJOIUIIMII OTK >biTbiMH Kal!ana

MH 

II· 
(54) 

___,.(1+2lt3 Ill 

IV 

3necb CK06KH 06'beAIIHHJOT '!aCTI!Ubi, 06pa3yJOIUHe Ca5!3aHHYJO CIICTeMy, 

3aMeTHM, 'ITO BXOAHbiM KaHanoM MO)I{eT OKa3aThCH nH 6oli 113 KaHanon 

npaaoii 'laC Til (54) (a To aaai!CHT oT rpaHI!'!HbiX ycnoa11li aa lB'lll). KpoMe 

TOr'O, CaH3aHHbie '!aCTHllbl MOr'YT I!MeTb B036y)KJ:I8HHbie COCT lS!HIIH, TI03TOMy 

KalKAbiH KaHan ( I , II ,Ill ) I!MeeT TIOAKaHanbi Heynpyroro pi1CCeS!HIIH, 

KaK ylKe oTMe'!anocb B npenbiAymeM paanene, KalKAbiil KaHan (I, II, Ill l 

yno6HO OTII!Cb!BaTb CBOHMII nepeMeHHb!MH ( H , p ) , no3TOMY ypaBH8HI!e (2) 
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IIpH N = 3 H IIOCne '!CKIIIO'IeHHSI ABHlKeHHSI UeHTpa Mace MOlKHO nepenHCaTb 

B BHAe cneAyiOIIIHX SIKBHBaneHTHbiX ypaaHeHHlt 

( H2 - E ] 'i' = 0 , (55) 

[ H
3 

- E ] 'i' 0 , 

I'Ae 

(56) 

c Aayx'laCTH'IHbiMH J 'aMHIIbTOHHaHaMH 

h = [ T + v l' 23 p23 23 

h =[ T + v 
(57) 

13 p 13 13 

h = [ T + v l. 
12 pl2 12 

PerneHHSI ABYX'IaCTH' HbiX aaAa'l 

' 23 g p ( p 23 ) = ( p g p ( p 23 ) ' (58) 

I 13 cf> t ( p 13 ) = ( t cf> t ( p 13 ) ' (59) 

h 12 </> ( p 12) = ( </> n ( p 12 ) (60) 

6yAeM C'IHTaTb H3ae•:THbiMH. OpeArronoJKHM, 'ITO ypaaHeHHSI (58), (59) H (60) 

HMeiOT AHCKpeTHbil\ > HerrpepbiBHbll\ CIIeKTp. 

20 



4T06bl YllOBIIeTBOpHTb I'p8HH'IHOMY YCIIOBHIO (54) BO ICeX K8H8II8X 0 

yno6Ho HCKaTh PjllleHHe a cnenyJO!lleM aHne: 

f3 
X P ( H 1 ) g P ( Pn ) + 

1
:

1 
X t ( R 2) ¢ t ( p 13 + 

+ 
m=l 

f')le y ( f3, a)- 'IHCIIO CBSI38HHblX COCTOSIHHH COOTBeTCTBeHHOI B CHCTeM8X 

(2+3), (1+3). (1+2). 

noncTaarrSISI (61) B (55), yMHO}!{aSI crreaa Ha !jJyHKUHH I g I , l ¢ 

(61) 

H IIpOHHTei'pHpOB8B ITO COOTBeTCTBY!OlliHM IIepeMeHHb!M 0 IIOJl Y'lHM CHCTeMy 

38UerrrreHHb!X HHTerpo-nH!jJ!jJepeHUH8IlbHblX ypaBHeHHH Ha KOa:jJ!jJHUHeHTbi pa3-

flO}!{eHHSl 

rne 

d2 2 
[ -- + k I ·x , < R 2 l = J , < R

2 
l , , = 1 ,2, ... f3 , 

d R22 

a 

+[H3-E]( ~ Xn(R3l¢n(Przl+fx(R3<l¢>(pl2.)d,) I • 
n=l 

f3 
J t ( R2 ) = .~ 

t =1 

21 

(62) 



a 

J n ( Ra) ~ ,:i. Wnn ,( R,) X n ' ( R 3 ) X 
n = 1 

f3 
+ [ H

2
- E ] :i. X , ( H

2 
l </> t ( p 

13 
) I + f d < W n ( R 

3 
<) X ( R 

3 
< ) , 

t= t 

Ma y 
J(R8 r)3fd<'W(R3 u' x<R 3 <')*---fdp </>*(p <l![H -E] :l J(P(R 1 l~P(pn)+ ' h 2 12 12 1 p• I 

f3 
+[H2-E] L 

k 

t = l 

;:;;.! v=-(E-. 
h 2 

Mo>KHO noKaaaTb, 'ITo 

k < ~ j~ ( E - <) • 
h2 

HBnsr-

IOTCSI KBanpaTH'IHO H !TerpHpyeMblMH tPYHKUHSIMH. noaTOMY HX MO>KHO paano

>KHTb no nonHOMY Ha5opy H3BeCTHb!X tPYHKUHJ!. 
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J P ( H ) = l A i </J, (II ) 
l 1 

J ( H ~ B. .p ( R2 ) , 
t 2 J J 

J ( H ~ <;a </Jo( 11 3 1 • n :l 0 
(64) 

noacTaBRSISI (64) B (62), rronyqaeM BMeCTO CY!CTeMb 3auerrneHHbiX HH

TePpD-AHijJ<jlepeHUHaRbHbie ypaBHeHHll He3auerrneHHble HeOI HOpO/lHble AH<jl<jle

peHUHaRbHbie ypaBHeHHSI, noaTOMY IIOCTyiiaSI TaK lKe, KaK I B rrpeAHAYlllHX 

pa3AeRaX 1 Mbl MOlKeM liORY'lHTb anPe6paH'leCKHe ypaBHeHH' I Ha K031jJ<jlHUHeHThl 

pa3ROlKeHHSI (64) H HCCReAOBaTb IIORy'leHHbie anPe6paH'!eC <He ypaBHeHHSI, 

npoAeRBB BCe BbiKRBAKH rrpeAblllYlller'O p83Aena, MOlK 10 IIOKa38Tb1 'ITO 

H B 3TOM cny"!Be HMeeT MeCTO CXOAHMOCTb I1pH6RHlKeHHOr') pemeHHSI K TO'!-

HOMy, KpoMe TOPO 3aMeTHM 1 'ITO Bbilll8!1pHBeAeHHbiH !10/lX )/1 0 C OllHOH CTO-

p0Hbl 1 !103BORSieT HCCRellOBaTb CXOilHMOCTb MeTOl18 1 a, C ll]'Yr'OH CTOpOHbi 1 5lB

RSieTCSI OllHOBpeMeHHO anPopHTMOM pellleHHSI CHCTeMbl HHTEPpO-!lH<jl<jlepeHUH8!1b

HbiX ypaBHeHHH, 

Bee BhillleiipHBe!leHHble HCCIIellOBaHH5l MOlKHO IIpO!leiif Tb H B TpeX,.!epHOM 

cnyqae, Jln5l KOpOTKOlKHBYlllHX ITOTeHUHaROB 3TOT cny'laii fi ::JHHUHIIHaRbHO He 

OTIIH'laeTCSI OT OAHOMepaoPo, TonbKO <jlopMyRbi cTaHOB5lTCl o'leHb PpOM03KH-

MH, 1103TOMY pe3yRbT8Tbl HCCRei10BaHH5l Mhl 3/leCb He IIpH 10/lHM, 

B 3aKRJO'!eHue 3aMeTHM, 'ITO aaanoPH'!Hble uccneaon lHHSI MOlKHO rrpoae

naTb H JlRSI 3aaaq Ha co6cTBeHHbie 3Ha'!eHH5l, Pa3IIH'!He 6 raeT TonbKO B Ppa-

HH'!HbiX ycnOBY!SIX 3aAB'lH, a BCe <jlaKTOpb1 0 BRH5lJO!llHe Ha C XO/lHMOCTb 1 MOlKHO 

Bbl5lBHTb TO'IHO TaK lKe, KBK H B 11p8Abli1YlllHX pa3aenaX, \HaROr'H'lHO MOlKHO 

" /5, 
ll0K838Tb CXOAHMOCTb MeTOAB r'BpMOHH'leCKHX <jlyHKUHH 1 MeTOAa CMel!IH-

/3/ 
BBHHSI KOH<jlHPypauul! 

B 3aKRJO'leHue aBTOphi 6naPoAapHT E.H. 3axapbena, 0. JlxaPBa, IO,n. 4>e-

HHHa, B.n. )I(HPYHOBB 38 IIORe3Hbl8 AHCKYCCHH 1 CBH3aHHhiE C TeMOH AaHHOH 

pa60Tbi, 
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npH.1I0)1{9HHe } 

3.QeCb Mhl YCTE HOBHM CKOpOCTh y6hiB8HHSI HeKOTOpbiX KOS4$HUHeHTOB 

anre6paH'I9CKHX ypa11H9HHH. 

r.~:~e 

a) nycTh HM9EM ~YHKUHID 

o"~--~-{e iknRI 

kn 

R 

f R 1 f 
R 

I d R ~ 

H II0.1IHhiH Ha6op ~YHI :UHH </> i ( R 1) SIB.1ISI9TCSI pell!eHH9M ypaBH9HHSI 

2 

( __ d- + a ;2 ] </> i ( R I ) 

d R 2 
I 

(n.1) 

(n. 2) 

(n. 3) 

BhiSICHHM rrose.QeHne ,PyHKUHH f ~ ( R rrpH i _. I'X.l H n ___,. oo • nnR 3TOI"O Ha 

( n.3) rro.QeiicTsyeM c nesoii cTopoHhi orrepaTopoM n 

( H ' ) - J) n 

' (n.· 4) 

Y!HTerpnpySI rro qacTs M, rrocne.QHHii 'IIIeH ( n. 4) MO>KHO rreperrncaTh cneayiO

ll!HM o6pa30M: 

2 

J) n d 
</> ( H = </> i (HI) -k

2
r"(R I) • 

d II~ 
(n. 5) 

no.QCT8B.1ISISI (n. 5) 3 (n. 4), rrony'laeM 

R I ) (n. B) 

(n. 7) 

24 



MO)I(HO IIOK838Tb, 'ITO fjlyHKUHSI ~~ 

OCT89TCSI orpaHH'I9HHOR 

fn ] < M, 

rne M - H9KOTOpOe 'IHCIIO. 

~pH BCeX 3H8'19!HSIX H n 

(n. 8) 

Torna paaeHCTBo (n. 6) MO)I(HO rreperrecaTb cnenyiOllHM o6paaoM: 

(n. 9) 

3aMeTHM, 'ITO IlpH k n =a fjlyHKUHSI fin ( R I) y6b!Ba lT IIO a6COIIIOTHOli 

B91IH'IHH9 K8K -
1
- • 3TO BHUHO H3 paB9HCTB8 (n. 1) H :n. 2). 
k n 

6) PaccMoTpHM fjlyHKUHIO 

(n. 10) 

rne 

ll 
. Rl ~ ~ 

I c- kn R I J e k nR 1 + e k nR I J e- k nR;- c -k n R 1 J f'- k 1 R [ I d R ,. • (n • 
0 R 0 

11 ) 
I 

nocTyllaSI TBK )1{9, KBK H Bbilll9, M0)!{9M YCTBHOBHTb r OB9U9HH9 tjlyHKUHH 

~ ~ ( n I l rrpH , rae 

n ( H 
g i I 

a 
2 

+ k 

g ~ ( H 

!i n = [ fJ n v ( R 'I ) cp i ( H , I ) - cp i ( H I ) ] • 

MolKHO rroKaaaTb, 'ITO tjlyHKUHH n ( H, ) rrpH Be ex 'lHa'leHHSIX 

OCTB!OTCSI orpaHH'IeHHbiMH 

25 

(n. 12) 

(n. 13) 

H 



(n. 14) 

r'Ae N - HeKoTopoe '<JHCno, 

Tor-Aa paaeHCTBo (n. 12) MOlKHO nepenacaTb cneAyJOIIlHM o6paaoM: 

(n. 15) 

B) p 8CCMOTpH1! K031jl¢lHUHeHTbl 

(n. 16) 

OycTh, V1; <p 1; l (;_L j, ;~1,2,3, j-1,2,3) yAoaneTaopHeT ycnoBHJO 

f I V t; 1
2 

d p li < , PAe a > 0 HeKoTopoe '<!He no .. H cpyHKUHH 

cpm (p
23

) HBnHeTCH perneHHeM ypaBHe!fHH (13), 

flp<AnOnOlKHM, '<ITO ypaBHeHHe (13) HMeeT TOnbKO AHCKpeT

Hbiil' cneKTp, Torna lbmonHHJOTCH cnenyJOlUHe aepaBeHCTBa 

2 
I W n m( R I ) I < "" ' (n. 17) 

lw (R ll 2 <oo 
' n m 1 

(n. 18) 

npH BCeX tPHKCHpOBall Hb!X R l • 

HeTpynao y6en1 ThCH, '<ITO ljlyHKUHH 

6hrCTpo y6hiBaeT npa p
23 

, flOSTOMy cnpaaennHBO 

cnenyJOmee paanolKeH Ke 

lm ( R1 fiJa) = l A~( R 1 ) cp
0 

(f1J 8 ) , (n. 19) 
n 
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II03TOMY 

lm ( R J' P2a ) ~ ~ W ( R ) ¢ (p23 ) ' nm 1 m 

OTCIOAB 

(n. 20) 

TaK KBK HHTerpan B neBOH 'IBCTH CXOAHTCH 1 TO !IpBBBI 'IBCTb TO*e HB-

0TCIOAB CIIeAy-

eT HepaaeHCTBO (n. 17), AHanorH'IHo MO*Ho rroKaaaTb cnFaBeAnHaocTb He

paaeHcTaa (D, 18), 3aMeTHM, 'ITO paBeHCTBO (D, '20) II02BOIISieT Bbi'IHCIIHTb 

6ecKOHe'IHYIO cyMMY KBBApaTa K03<\J<\JHUHeHTOB w n m ( R I ) I '•CIIH 3BliBHbl <\JyHK-

UHH v 12 I 

Terrepb ycTaHOBHM CKopocTb y6biBBHHH K03<\J<PHUHeHTOB npH n _., H 

m _.,no • npeD,rrOnO:>KHM, 1.JTO V ( R 
2 

, p
23

) ~ [ Y
12 

+ V 
13

] HMeeT H E!CKOIIbKO IIepBb!X 

1IpOH3BOAHbiX IIO p 23 

neperrHweM ypaaHeHHe ( 13) cneAyiOIUHM o6paaoM: 

d 2 
(n. 21) 

p2 
n 

II 

(n. '22) 

__ h_2_ ~ I 

YMHOlKaH nepnoe ypaBHeHHe cneaa Ha </) m 1 BTOpOE HB rP n , Bbi'IH-

TBH BTOpoe ypanHeHHe H3 nepnoro H BBOAH 0603H8'IeHH5! - _,_]- c> ~ ¢ n 

I Pn 
I! 

( f n - ( m ) <bn ¢ m ~ _d __ ( ¢ m <b - ¢ n rf, ) ' 

d (J 2:{ 

Y MHOlK85! cnena 3TO paneHCTBO Ha V ( H 
1 

p
23

) H HHT !rpHpyH IIO p
23 

, 

nonyqaeM 
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(n. 23) 

i = f ( </> ¢ - </> ~ ) v d p 2' 0 nm m n n m .., 
(n. 24) 

r) PaccMoTpH~ · KoacjxpH!lHeHThi 

(n. 25) 

(n. 26) 

H cp(p: 3<) SIBmieTCSI peweHHeM ypaBHeHHSI (13), T,e, ypaBH9HHe 

HMeeT H .[lHCKpeTHblH H Henpepb!BHblH CU9KTp, 

noKalKeM, 'ITO ITH K03<jl<j>H!lHeHTbl yAOBneTBOpS!!OT cnenyiOIUHM HepaBeH-

CTB8M 

(n. 27) 

(n. 28) 

Jlng aToro aocn ::>llbayeMCSI cneAyiOIUHM paanolKeHHeM 

cf>n (p23 )[yl2 + Vl3 = i A:(RI) cf>m(p23) + f B "(R t)cf> (pta') d' • 
rn""l 

(n, 29) 

An(R
1

l=W (R 
1
), 

m nm 
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II03TOMY 

</>n (p23 ) [ Vl2 +VIa)_ ~ Wnm( HI ) </>m (p23) = f IV n ( H <) </> ( P2a <) 0 ' • 
m=l 1 

0TCIOLI8 

TaK KBK HHTePpan B neBOH qaCTH CXOLIHTCSI, TO I1p8!>8SI qaCTb TO)!{e 

SIBnSieTCSI orpaauqeaaoli aenuquaoli, 0TCIOLIB cneayeT aepa3eHCTBo (n. 27), 

Ananoruqno MO)!{HO rroKaaaTb crrpaaeanuaoCTb (n. 28), 
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