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B B e ll e H n· e 

f1o'ITH BC9 H8IUH 3H8HHSI 0 npHpOll9 Slj]Spl!h!X B38HMO)leil:CTBHfi npH HH3- . 

KHX 9Hepi'HSIX H CTpyKType S!llpa nonyt~eHhl H3 HCCne)]OBaHU,SI Sl)lepl!h!X peaK

UHfi, C M8T9M8TH'IeCKOfi. TO'IKH 3p~HHSI paCCMOTpeHHe, KlllK)]Ofi ·,p~aK&im C 

yt~aCTHeM N Ten CBOllHTCSI K peiUeHHID ypaBHeHHSI illpellHHI'epa - ypaBHe-,, 
HHSI ~ '18CTHh!X npOH3B<;'llHh!X, f1oKa He cymeCTByeT o6~ePO MSTOlla, peiUe-

HHSI aToi'o ypaBHeHnSI, OllHaKo B no9nellHee BpeMSI paapa6oTaH'pS!ll npn6nn~~ 

lKeHHhiX MeTOllOB. TaK, B Teopnn SillepHhiX peaKunfi IUnpoKo ncnonhayeTcSI 

/1-4/ 
4JopManH3M MHOI'OKaHanhHOfi. CBSI3H 1 B peaKUHSIX . C ManoHyKnOHHhiMH 

/5/ 
CHCTeMaMH H8'1HH8IDT npnMeHS!ThCSI ypaBH9HHSI ~a)l)leeBa 

ITepet~ncne.HHhie MeTOilhi noaBOnSIIDT Bhi'IHC~·SITh npn6nnlKeHiih;e aHat~e
HHSI iiapaMeTpoB peaKunfi ( aMnnnTylla pacceSIHHSI, ct>aahi pacceSIHHSI, xapaK.: 

TepHCTHKH pe30H8HCOB H T,Jl,) 1 ncnonb3YSI TS nnn HHhie OI'pa~H'ISHHSI Ha ·, 

BonHoByiD 4>YHKUHID n Ha I'aManhTOHaaH cacTeMhi, EcTeCTBeHHo, 'ITO npeHMY

IUeCTBO HMSIDT 'Te MeTOllhl Bhl'l!iCneHiiSI napaMeTpOB peaKUiili 1 K~TOpb!e Me-
. . ' " . . ·. . I 

Hee BCei'o t~yBCTBiiTenhHhi K CllenaHHhiM npa6nalKeHHSIM, OllHiiM aa TaKHX ·• 
' . . ' . 

MSTOllOB B 38)]8'18X paCCSSIHHSI SIBnSieTCSI BapnaUiiOHHblll MSTOJl, EI'O OTnli'lli-

TSnhHOfi oco6eHHOCThiD 1 no CpaBHSHHID C Bbi~enepe'lliCneHHbiMH MSTOllBMH 1 

i 



5IBn5IeTCSI T0 1 'ITO norpelllHOCTb B. onpeneneHHH Bbl'IHCnSieMb!X napaMeTpOB, 

nponopUHOHanbHa nHIJJb BTopoMy nopSIJi'Ky OT ·caenaHHhiX npH6nH:lKeHHii B aon-

HOBOll lPYHKUHH. r' 

Bee cyiJJeCTByiOIJJHe aapHaUHOHHhie npHHUHllhi MO:lKHO pa3aenHTb aa 

!(Be rpynnhi, B nepayiO rpynny BXO!!SIT BapHaUHOHHhie llpHHU!Illbi 1 OCHOBaH-
. /6 9/' 

Hble Ha !!H$$epeHUilanbHOM ypaBHeHHil lllpe!!HHI"epa 1 
1 BO BTOpyiO - Ha 

' '' 17 8/ ' 
HHTerpanbHOM ypaBHe.HHH JlnnnMaHa-lliBHHI"epa 1 

, 

B " K /6/ apHaUHOHHhlli llpllHUHll OHa npHMeHSinCSI an~ OllHCaHHSI Ill!IpOKOI"O 
/10/ ' ' • ' " 

Kpyra aTOMHhiX 3aaa'l • OaHaKo npH paccMOTpeHHil SI!!epHhiX peaKUill,l 

c y'leTOM Kaaanoa nepepacnpeaeneHHSI,H pa3aana aenocpeacTBeHHoe o6o6IJJe
• /11/ 

· ane MeToaa KoHa BC?Tpe'laeT pSI!! TpyaHocTeH 

B nepaoM pa3aene aaHa apyraSI (cao6oaHaSI oT TPYAHOCTefi) !flopMynH

pOBKa MeTana KoHa B '!flopMe,· yao6aofi anSI HenocpeacTaeHHoro Bhi'IIlcneHHSI 

aMnnnTyll pacceSIHHSI B peaKUHSIX C y'leTOM 'Tpex 'laCTilU 1 KOI"Aa OTKpbiTbl 

ace KaHanhi, 

' 17,8/ ' 
B MeToae lliBHHrepa paccMaTpnaaeTcSI !flyHKUilOHa!l 

<-> (+)'' <-> '(+) <+> 
[F11 l=~'l'r 1Vl<ll 1 ><<ll1 1Vl'l' 1 >/<'Pr !V-VG Vl'l'

1 
>• ( 1 ) 

KOTOpbiH npHBO!!HT K HenHHeHHbiM ypaBHeHHIIM Ha HeH3BeCTHhie napaMeTpbi 

npo6HhiX !flyHKUHfi, 'ITO cHnbHO 3aTpyaHSieT pac'leThi, KpoMe. Toro, anSI onH

caHHII KaHana pa3aana B peaKUHSIX c y'laCTileM Tpex Ten HHTerpanbHhie 

. ypaBHeHilSI JlHllnMaHa-lliBHHI"epa He npHMeHHMhi 1 UOCKOnbKY SI!!pa B HHX nepe
/12/' 

CTaiOT 6b!Tb SI!(paMH fHnh6epTa-lliMHATa ; Bo BTOp~M pa3aene npeana-
! 

raeTCII cnoco6 npeononeHHSI 8THX TpyaaocTefi aa npHMepe 3aaa'IH Tpex Ten. 

B TpeTbeM pa3aene .Mhi o6cy:lKaaeM cnenaHHhifi Bhi6op npo6Hhi?' !fJYHKUHfi, a 

B 'leTBepTOM pa3Aene BapHaUHOHHhie MeTOAhl.' npeano:lKeHHbie B nepBbiX ABYX 

pa3aenax, o6o6IJJaiOTCII Ha cny'lafi CHHrynllpHhiX noTeHunanoa. 

4 

}; 
J 
!I 
·j 

l 
I 
J 

1. BapnauHOHHhifi MeTon KoHa 

PaccMoTpHM 3afla'Iy pacceSIHHSI. c yqacTHeM Tpex) qac: 

KphiThi ace KaHanhi 

'3+0+2) :-> 1+(2+3) 

.. 2+ (1 + 3) 

:-> 3+(1 +2) 

->1+'2+3 

I 

II 

III 

IV 

3aech CK06KH 06'beAHHSIIOT 'la'?THUhi 1 o6pa3yiOIJJHe CBII: 

('cnO:lKHall 'laCTHUa) • 3aMeTHM 1 'ITO BXOAHhiM KaHan oM MO:lKC 

ila KaHanoB B rrpaBofi qaCTH. B SaBilCHMOCTH OT rpaHH'IHhiX 

KpoMe Toro, cno:lKHhie qacTHUhi N!oryT HMeTh B036y:lKaeHHh 

ll08TOMY Ka:lKAblll H3 KaHanoB ( I, n. III) HMeeT noaKaHanhi 

CeSIHHSI, 

CocTOSIHHe CHCTeMh~ OllllChlBaeTCSI BOnHOBOH lPYHKUHeil 

yaoaneTBOpSieT ypasHeHHIO ~peaHarepa 

3 
[ ~ 
I= l 

Tt + ~ 
I< l 

V
11 

l'l'=E'l',. 

rae T.1 ·- onepaTop KHHeTH'IeCKofi_ aHeprnH 'laCTHUhi c. Hm 

3aaaeT B3aHMOAeiiCTBHe qaCTilU i li j 

HaM.· aeo6xoaHMO p~IJJHTh, ypa.BHeHHe l3) c rpaHH'IHhi 

COOTBeTCTBYIOIIlHMH peaKUHH (2) 1 T,e, KOI"Aa B KaHanax( I,] 

TH'IeCKOe 'Bbipa:lKeHHe '!fJyHKUilH . 'l' HMeeT BH!l! 
• al 1 

'l' .... ~ ~ -Y 
R

1
->ooL1 M1 n 1=tH

1 
LIM! 

¢ <i'Ho r. (k' R)+F 
n

1 
Jk n

1
f3L 1 .nii L 1 M 1 

'l' ... 0 • 
R

1 
:-> 0 . 

B KaHane pa3aana 
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>I'IHCnsteMbiX napaMeTpOB 

aHHbiX npn6m:llKeH.nii B Bon

r· 

I MOlKHO p89AenHTb HB 

Hhle llpHHUHllbi 1 , OCl!OBBH
/6,9/' 

~ , BO BTOpyro - HB 

,81 

:sr An~ OllHC8l!HSI illHpOKOro 

•peHHH SIAepHb!X pe~KUH~ 

nenocpeACTBennoe o6o6rue
/ .· 

OT TPYAHOCTeii) ~OpMynn-

?eACTBeHnoro -Bbi'Incnennsr 

qaCT!iU 1 KOrAa OTKpb!Tbl 

I ~YliKUHC>Han 

l!eH3BeCTl!ble napaMeTpb! 

hi, KpoMe; Toro, _Ansr onn

'ex Ten H~Terpanhl!hie 

>CKOnbKY RAp a B. l!HX nepe-
'1,: ' . . I 

BTopoM pa3Aene npeAna

rrpnMepe aaAB'IH Tpex Ten. 

16opnpo6n;I;'C ~Yl!KUHH 1 a 

ClnolKel!Hbie. B nepBbiX ABYX 

lTeHunanoB. 

1. Bapnaunol!l!biii MeTOll Kona 

PacC¥OTpHM aa!la'Iy paccesrnnsr c y'IacTneM Tpex 'IBCTHU• KorAa OT- · 

Kpb!Thi Bee Kananbi 

' 3 + ( 1 + 2 ) ... _1 + ( 2 + 3 ) 

.. 2+0+3) 

... 3+(1 +2) 

... 1 + '2 + 3 

I 

II 

III (2) 

IV 

3AeCb CK06KH o6'beAHliSIIDT 'IB<?THUbi 1 o6paayrorune CBH38Hl!YID CI:ICTeMy 

('cnOlKHBSI 'I8CTHU8), 3aMeTI:IM 1 'ITO BXOAHblM Kanan OM MOlKeT 6b!Tb mo6oii 

H3 KananoB, B npaBOll 'I8CTH, B SaBI:ICHMOCTH OT rpal!H'Illb!X ycnOBI:Ill 38A8'II:I. 

KpoMe Taro, cnolKl!bie 'IaCTHUbi MoryT nMeTh Boa6ylKAeHHbie cocTCHIHHsr, 

noaTOMY KalKAbiii na Kana noB ( I, II, III ) uMeeT noAKananbi neynpyroro pac-. 

cesrnusr. 

CocTOSIHHe cHc.TeMhi onHCbiBaeTCSI BonHoBoi\ tjJyHKunefi . 'I' 

YAOBneTBOpsteT ypaBl!el!I:IID lllpeAI:IHrepa 

a· 
[ :£ 
I"' 1 

T + :£ 
I 

t< j 

v,j ]1JI,E'P 

rAe T; - onepiuop KuneTn'IecKoii_ aneprun 'IaCTI:IUbi c noMepoM· 

38A8eT B381:1MOAeikTBI:Ie 'I8CTHU 1:1 j 

KOTOpasr 

(3) 

HaM 'neo6XOAI:IMO peruHTb: ypa.Bl!CHI:Ie ( 3) c rpal!H'Illb!MH ycnOBI:ISIMI:I, 

cooTBeTc;By~IUHMH peaKUHI:I (2), T.e. KOrAa B Kanana~ (1, II, III) acnMnTo-

(4) 

B Kanane paaBana 
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. 1 . . 
'P- .~.- ~ --Y .. Ye fdcF M u (dhL (k

1
,R

3
)he'<k2 ,p

12
). 

R .,. oo , n R p L 3 M3 12 m 1 2 La ' 3 '1 2m 12 .3 • 12 
3 La"'a Lt2mt2 3 12 

p12 400 

'P _. ---> 0 • (5) 
n 3 ... o 

P12 .... 0 

HnH 

'P --'--+ ~- 1 u (U )F h ( p ) ' 
p .... 00 (K) p2 •(K) 5 (K} (K) 

'P ---> 0 . 
(6) 

p ... 0 

31leCh F L M - aMnnHTYJlhi pacceSIHHSI npSIMoro KaHana H KaHana 
. . . .1 ' .. 1 n .I .. 

c nepepacnpeJleneHHeM 'laCTHU,. F L M p nnn Fe K > - aMnnnTyJlhi pac-
.• 3'3'12ml2 · · · . .... .... 

ceSIHHSI B KaHane pasBana, cooTBeTCTBeHHO, B KOOpJlHHaTax s:I:Ko6n ( R1 , P;k) 

H~ o6o6meHHhiX c!f>epH'IeCKHX KOOPJlHHaTaX 
12 icp~ = R21 +P.Z 'n ) ' ¢ (p ... ) 

• J k 5 n1 l k 

BOnHOBa5! !f>yHKUH5!1 OITHCbiBaiO!IlaSI CBSI3aHHOe COCTOSIHHe JlBYX ( j + k) Ten1 

D I BKniO'!aeT B ce6SI BCe KBaHTOBhie "'HCna COOTBeTCTBYIOIIlHX JlBYX'IaCTH'I

HhiX COCTOSIHUii, HH)leKC {3 CHMBOna KpoHeKepa 8 n {3 3a)laeT BXOJlHOH 
. I, o~' 

KaHan, a I - "'HCno CB5!3ai!HbiX COCT05!HHH B CHCTeMe ( j + k) 1 h H f 
'113/ ~( ) . rij;( 

CBSI3al!hi c !f>yHKUHSIMH EeccenSI H kn =V"i"-!.2-- E-fn. , k 1 =v~-2 1 E-d. 
I II . . I 1i · 

BHil rpaHH'IHhiX ycnoBHil .. ( 4-6) IIOJlCKa3hiBaeT, 'ITO uenecoo6pasHo· 

HCKaTb BOnHOByiO lf>yHKUHIO !3 cne)lyiO!IleM BHJle! 

'P = X I ( R I • ;23) +X II ( R 2 • Pta)+ XIII ( R 3 • 'l
4

2 ) + XIV ( p ' n 5 ) • (7) 

;-

6 

j 
.. 

~I 
~ 

t 
I ., 
i 

l 
l 
I 
'j!. 

I 

I 

';· . faMHnhTOHHaH CHCTeMhi 1 nocne HCKniO'IeiiHSI UeHTpa MaC 

·MmKHO npeJlCTaBHTh --B 'leTbipeX SKBHBaneHTHbiX lf>opMaX :_. 

H T ... + T,.. 
Rl {Jjk 

+ ~ 
I< J 

H4 = [ TP 

• 

+ 1'1 n + ~ 
5 I< j 

v ], 
IJ 

vlj 

=1,2,3. 

TorJla ypaBHeHne (3) MO)I{HO neperrncaTh B BHJle 

IV 

~ 
I~ I 

(H
1 

-E)X
1 

0. 

B )lanhHeii:IIIeM !f>yHKUHH _X 1 ( i =I,II,III,IV)6yJleM HCKa Th. T8 

)laSI H3 HHX o6eciie"'HBana aCHMITTOTH'IeCKOe ITOBe)leHHe 'P . E 

ne, T,e. X 1 ( i =I,II,III) o6ecne'IHT rpaHH"'Hbie ycnoBHil ( 4), a 

'IHT rpaHH'I.iihle ycnOBHSI ( 6) • 

Terre ph BepHeMCSI K Bapn~uuo.HHOMY npHHUHITY. 'PaccMc 

.UHIO lf>yHKUHOHana 

IV 

l=fdV'P
2

(H-E) 'P
1 I d v 'P2 .~ (1_11-:-E)XI 

1=1 

llpH IIpOH3BOnbHOll Bap!i8UHH BOnHOBOH !f>yHKUHH 

'P ... 'P+o'P 
IV 

~ (X. +'0 X I ) ' 
I 

I= I 

OTHOCHTenhHO TO'IHOI'O 3Ha'leHHSI1 YllOBneTBOpSIIO_!Ilei'O ypaBHe: 

7. 



(5) 

(8) ~ 

lRMOPO KaHana H KaHana 

K) , - aMIInHTYJlbl pac

JlHfla TaX .fiK06H (ll1 , ;;k) 

L+Pl2k,n~ ), ¢nl (p~k) 
rHH9 JlBYX ( j + k ) Ten, 

TCTBYIDWHX JlBYX'!aCTH'l

n • {3 3B)laeT BXOJlHOH 
i<., ;· 

119 ( j + k) 1 h H f 

.-(ni)' k 1=/fi( E -f) •, 
'!TO uenecoo6paaHo' 

IV (p ' Q ~ ) • (7) 

{• ;. 

. :· 

: 

, faMHnbTOHHaH CHCT9Mbl 1 nocne HCKniD'l9HHR U9HTpa MaCC CHCT9Mbl 1 . 
·MO)KHO Ilp9JlCTaBHTb B '!9TbipeX 9KBHBaneHTHbiX ljlopMaX 

H 
I 

=[T_, +T,. 
R I pjk 

• 

+ ~ 
I< j 

v 
ll 

] ' =1,2,3. 

TorAa ypaaHeHHe (3) MO)KHO nepeiiHCaTb B BHJle 

IV 

~ (HI -E) XI ':' 0. 
I= I 

(8 ), 

(8) .. 

B )lanbH9Hlli9M ljlyHKUHH .X 
1 

( i =I,II,III,I'V)6yJleM HCKaTb TaK, 'lT06bi Ka)K~ 

Jl8R H3 HHX o6eCII9'1HBana aCHMIITOTH'l9CK09 IIOB9Jl9HH9 W B CB09M KaHa-· 

ne, T,e, X 1 ( i =I,II,III) o6ecne'!HT rpaHH'!Hhie ycnoBHR ( 4), ·a ·X 1v o6ecne

'!HT rpaHli'!Hbi9 ycnOBHSI ( 8), 

Terre ph BepHeMCSI K aapHaUiiOHHOMy npH~UHIIY •• :PaccMoTpHM BapHa-

. UHID ljlyHKUHOHana 

IV 

J d v W2 ~ 
1=1 

I = J d V W
2 

(H-E ) W 1 
( 10) 

IIpH IIpOH3BOnbHOH BapHaUHH BOnHOBOH ljlyHKUHH ,-

( 11 ) 

OTHOCHT9nbHO TO'!HOPO 3H8'19HHSI1 YAOBn9TBOpRID.IU9PO ypaBH9HHID (8) • 

·, 

7 
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a I 
3 
L 

I= I 

3 

+ L 
1=1 

J d iii ., d s ... ('I' 2 
p lk 

a ax -axl 
- I a Pi k 

~\,, 

a.,. ,_ 
--'I' ). - + 

a_p "2 P. :.. .x. 
j k . l k 

a a ' fdp ~ dS _,('!'2 ---aX.-.aX 1 -- '!'2 )R + 
s k - Ri a R I 1 a Rl - 1 ... "" 

+ J dpp 5 d 0 ('I' 
5 2 

a 
ap 

a x 
IV 

a -aX --'I') 
IV ·ap 2. p->·OO 

(12) 

0TMeTIIM 1 'ITO BapnaUIISI BOnHOBOfi <iJyHKUIIII Ha aCIIMllTOTHKe ilp!IBOllltT 

K BapnaUIIII aMnnnTyahi pacceSIHHSI. 
/9/ 

nanbiiJe 5yaeM nocTynaTb no o5rueMy npaBnny • HanpnMep, HaM 

Heo6xoanMo onpeaennTh aMnnnTyahr nepexoaa us oaHoro i:IoaKaHana f3· 1 

B apyrofi noaKaHan -.. {32 • ilpo5Hyro <iJynKUIIIO 'I' 1 Heo5xomtMO Bhr5paTb 

TaKIIM o6pa30M1 'IT05hi OHa IIMena aCHMilTOTIIKY B BHae ( 4) H ( 6) ( HHaeKC 

y CIIMBona KpoHeKepa f3 = {3 1). 

¢yHKUHSt 
. i9! 

'!'2 CTpOHTCSI HCKYCCTBeHHO TaKHM o5pa30M 1 'IT05bi na-

aaroruaSI BOnHa 5hrna B TOM KaHane, aMnnaTyay nepexoaa B KOTOphrfi HaM 

He05XOaHMO HafiTII ({3 = {32 ) • ilocne HenocpeaCTBeHHOfi noacTaHOBKH aCHMilTO

THKII IJI I ' 'l'2 B ( 12) rrony'IIIM 

ai =-4rraF~If32 
LIM I n I 

(13) 

Toraa <iJyHKUIIOHan 

J l . t:l 
f3 I {32 =-4- I + F "'I f3 2 

7T LiM n I I 
(14) 

5yaeT CTaUIIOHapHbiM OTHOCIITenbHO llpOII3BOnbHhiX BapnaUHfi BOnHOBhlX 

<iJYHKUIIfi. 'I' 1 II 'I' 2 

ruefi aMrrnnTyae. 

II ero CTaUHOHapHoe 3Ha'!eHne paBHO COOTBeTCTBYIO-

8 

,.. 
j'1 •. 

~ 

'1 
1 

·I 

I 
I 

I 

I 
~ 
I 
r 
l( 
J 

DnSI HenocpeACTBeHHoro 'npnMeHeHHSI <iJyH.KUHOHana ·( 1· 

yKasaTb cnoco5 Bht5opa npo5HhiX <iJYHKUHfi 'I' 1 n _'I' 2 (linn 

, 05ocHoBaHne c.nenaHHoro Bht5opa npo5HhiX <iJyHKUHfi · nano:au 

pas.nene, s.necb Mhi npHBeAeM numb OKOH'IaTenhHhre pesym 

.·YAOBn~TBOpliTb rpaHH'IHhiM yc~OBIISIM ( 4) H ( 6).. npo6Hhie 

.· 

IICKaTb B BHae 

a. 
_l_ y < P_, H a 

. n 1 L 

X = L L1 <P tf +LA I 
Rl Li _M-1 n i jk nl Ll {31 {31 

LiM I n 1 = t 

__ l_ u · (K) ,.(K) 
> 

XIV = L (0 ) L A 
y X y p2 ( K) 5 y ( K) 

rae 

=LIM; 

_X {3 I 

I (+) 

=:' f d R 1 G ( R 1 , R 1'. )~ {3 1 ( R; ) , l, 

=(K) 

·x 
y J d I d+) ( • ' ) ~ ( ' ) p p,p yP 

II3Be.cT!Ibie <iJyHKUHIIo 

AMnnnT?'ahr pacceSIHIISI orrpeaenSIIOTCSI qepes BBeaeHHI 

<iJopMyne 

rae 

I 

f Ll M I n I 

F( K) 

l 
- {3 I 

L 
y 

~Li ni __ 

Ft:l =- kn
1 fJ I -

l 

n. ·L. M.A 1 1 1 
. {3 I 

(K) = ( K) 

Ay Fy 

= L 1n1 

Ff31 

J fL ( k . R. ) ~t:l d R I 
I n I 1 I" I 

"'(K) 

F y = - -~ Jf . -~y d p • 
K · ( K) 
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a : 
--.. 'l') + a Rl 2 Rl ... oo 

( 12) . 

!a aCHMnTOTHKC npHBOJlHT 

/9/ 
ry • HanpnMep, HaM 

:>JlHOI'O nOJlKaHana . {3• I 

HeOOXOJlliMO Bb!OpaTb 

BHJlC (4) H (6} (HHJlCKC 

·ig; 
o5pa3oM · , '!TOObi na-

pexo)la B KOTOpb!:ll: HaM 

HO:fi.nOJlCTaHOBKH aCHMnTO-

( 13) 

(14) 

aapnaun:ll: aomtoBhiX 

:me: paBHO COOTB9TCTByiO-

nng Henocpe)lCTBCHHOI'O 'npHMCHCH!IR ~yHKUHOHana (14) OCTaCTCR nHWb 

yKa3aTb cnocoo Bbroopa npooabrx ~ynKun:ll: 'l' 1 n 'l' 2 ( unn x /i =I,II,III,IV )) . 

Ooocaoaaane c)lenanHoi'o Bbtoopa npooHbiX ~YHKUH:ll: nano)l{eno a TpeTbeM 

pa3)lene 1 3JlCCb Mbl npHBCJlCM nHWb OKOH'!aTenbHbiC pe3ynbTaTblo l.J:TOObl 

.. yJloan~TBOpHTb I'paHn'!l!biM ycnoanSIM ( 4) n ( 6),. npo6Hhie ~ynKunn YllOOHo 

HCKaTb B BHJle 

I'Jle 

"'(K) ·x y 
f d pI d+) ( p ; p ' ) <I> y ( p ' ) ., 

AMnnHTYilbi pacceSil!HSI onpeJlenRIOTCR '!epe3 BBeJleHHbre aemi'!liHhr no 

(16) 

l 
= --r;; 

I 

"'(K) l 
F y =-:- .--;-. r r . <~>y d p 

( K) 

9 



nocne noncTaHoBKu (15) II (16). B 4JyHKUIIOHan (14) Mbi nony'IIIM 

• .. n 1L 1 M 1 (K) 

J (A {3 I ._A y ) • y = I, 2, .•.. 9 oo , i· :s I,.2, 3 ; ( 17) {3 1 = I, 2, .... , ·oo , 

. nl LIM I (X) 
3Ha'leHHSI HeH3BeCTHbiX Koaq,¢HUIIeHTOB A {3, H Ay · · onpenenmoTCSI 

nyTeM peweHHSI CHCT9Mbl anre6paii'l9CKllX ypaBH9HHil:. 

aJ aJ __ = o, 
lYI Ll :\II 

a A f3
1 

. 

(18) = 0 • {3 I = 1,2, ••• ' 00' ·Y= 1,2, ..••. 00 • 
(K.) • . 

aAY 
. nl Ll Ml 

nocne DOACTaHOBKH Hail:neHHbiX A {3 I. H A(K) B (16) 
y· 

Hail:AGM CTa-

UHOHapHbie 3Ha'leHHSI llMDnliTYA pac·ceSIHHSI, 

BapHaUHOHHbiil: MeTon lliBHHI'epa 

KaK y)!(e OTMe'lanocb, BllPIIBUHOHHbiil: npHHUHri lliBHHI"epa He Hawen 

AOCTllTO'l!IOI'O ·DpHM9H9HHSI BBIIAY TOI'0 1 'ITO OH DpHBOAHT K CnO)!(Hb!M Henu

Heil:Hb!M ypaBH9HHSIM Ha H9H3B9CTHble napaMeTpbl DpOOHblX 4JyHKUHil:. 06o6-

III9HHe ei'O !Ia peaKUHH Tuna (2) CTanKHBaeTCSI C npHHUIIDHaJ;IbHOil: TpyAHOCTbl01 

KOTOpaSI COCTOHT B_ TOM, 'ITO SIApa COOTBeTCTBYIOIIIHX ypaBH9HHil: ·nnnnMaHa-
. . ' /12/ 

llJBUHI'ep_a nepecTaiOT ObiTb. SIApaMH runboepTa-lliMHATa ' ~' 

8Ha'lane Mbl DOKa)!(eM, KaKUM o6pa30M MO)!(HO n6ny'lUTb nnHeil:Hbie 

ypaBH9HHSI (BMeCTO HennHeil:HbiX) • .llnSI 9TOI'O paCCMOTp~M 4JyHKUUOHan 

<-> <+> (-) (+) <+> 
[ F If ] = < 'I' f I v I If! I > + < If! f I v I ~ i. > - < 'I' f I v- v G v 1_'1' I > ' ( 19) 

(+) 
I'Ae tPyHKUHH '1'. i H 

<-> 'I' f yAoBneTBOpSIIOT ypaBH9HHIO nunnMllHfl-llJBUHI'e-

pa, <tlyHKUHOHan ( 19) SIBnSieTCSI CTllUIIO.!JapHbiM DpH npOH3BOnbHbiX BllpHaUU-

(+) <-> -
SIX '{'_ H qt f OTHOCHT9nbHO TO'IHbiX 3H8'19HHII1 YJlOBneTBOpSIIOI!IHX ypaB-

1 

'· 

I 

'l 

I 
l 

! 
\ 
J 
I 
~ ,J 

:\ 
n. 
~ 
1 
j 
f 
~ 

I 
~ ~-, 

·I 
~ 
'~ I . 
il 
I 

·J 

HeHUIO nHnnMaHa-llJBHHI'epa, ·a CTaUHOHapHOe 3Ha'leHue paB 

pacceSIHHSI. 

OnH~Ko,-. nocKonhKY BonHoBa·SI 4JyHKU.HSI 'I' '=A 'I' TaK.)!(e 

ypaBHeHHIO nHnnMaHa-llJBHHI'epa, TO 3Hll'l9HUe nony'leHHOli C 

·aMnnHTYAbl He oyAeT OAH03Ha'IHbiM, 1.faCTO OT aToll H90JlH03 

oaBnSIIOTC.Sl nyTeM 3aM9Hbi 4JyHKUHOHana (19) H_a ( 1) ('ITO U 

H~nHHeil:HbiM. ypaBHeHuSIM). Ho Mbi ·nocTynuM no~npyroMy • .D 

HCDOnb30BaTb tPyHKUIIOH~n B lPOpMe ( 19), HeOOXOAUMO KllKHM . . 
"aopMnpoBaTh" npooHbie tPyHKUHH 'I' • Hau6onee npocTo aT< 

TeM BbiOOpa npooHoil: 4JyHKUHH .cn~AYIOIIIUM o6pa30M! _. 

'I'. =If! ~- At<n "'t<r> 
,(f) l(f) +"" ·a X a 

a 

..... . ,!(f) ,h 
rne ·-¥

1 
< 

0 
- na:naiOmaSI Bonaa II x - usBeCTHbie ..,yHKUH 

. . . a. 
B TpeTbeM paanene). Torna lPYHKuuoaan (19) naeT cTanuol 

3Ha'IHOe 3Ha'leHue aMnnnTyAbi H npHBOAHT K nHHeRHOR CHI 

H'l9CKHX ypaBHeHHR Ha KOa4J4J HUHeHTbl A i (f) : . . a • 

Tenepb paccMOTPHM BTopyiO TpyAHOCTb BapHaUHOHHOI'< 

llJBHHI'epa. Mbi noKa)!(eM, 'ITO ypaBHemle llJpeilHHI'Eipa (3) I 

Jie.HTHbiM o6pasoM npencTi:mHTb B BHAe cHcTeMbi HHTerpo;;.n 

HbiX ypaBHeHllil:, KOTOp~Ie nanee Mbl 38DHW9M B 4JopMe 1' <jlop 

AaiOI!Iefi c ypaBHeHneM nnnnMaHa-illBHIII'epa~ OnHaKO CMb!Cl: 

BXOASIIIIHX B. nony'leHHoe ypaBHeane, 6yneT liHbiM, H yKa3a1 

TaKHM o6pa3oM, 6yneT npeononeua • .linn peanuaau11n onHcaH 

. /3/· 
. AeM. HCKaTb BOnHOBYIO <jlyHKUHIO B BIIAe 

3 

'I';= :£ 
1=1 

at 

:£. 
n i = 1 

,X n 
I 

""""' 4 _, _, 

( R . ) ¢ n ( P • k ) + X ( R 3 • P ,·2 
1 1 I · · 



an ( 14). Mbi nony'IHM •· 

(17) 

(X) 
H -A · . . onpeJlenSIIOTCSI 

y 

' .y,;, 1,2, ••• ' .00 • (18) 

B (16) HafiJlGM CTa-

i Ill mmrepa ae aamen. · 

IBOJlHT K cno>KllbiM aenu-

lp06Hb!X i}JyHKUUfi, 06o6-

npHHUiiiTHa~hiiOll TPYJlHOCThiO, 

:11x. ypaBnenuit ·nunnMana
, .. /12/ . . . ' ... 

IIIJlTa ~ ' ' ' 

ro. nony'IHTh nuaeitllbie 

~MO~P!fM i}JyllKUHOHan 

' ... (+) . (+) ' 

f-\'G .. VI.'~'! >., _(19) 

. . . 
euuro nunnMana-lllBnnr-e-

npoH3BonbHbiX Bapuaun-

1 YJlOBneTBOpSitolUHX ypaB-

... 

HGHIIIO flunnMaHa-llJBHHI'epa, ·a CTaUHOHapHOO 3Ha'IGHUO paBHO aMnnuTyJle 

paccesmu SI, 

0JlHaKo,. nocKOnhKY BOnHoBa·n l}lyHKUHSI 'I' '=A 'I' TaK>Ke yJloBneTBopSieT 

ypaBHGHHIO flunnMaHa-llJBHHI'epa, TO 3Ha'leHue nony'IGf!HOll CTaUHOHapllOll 

aMrrnHTYJlbl He 6yJleT 0Jlll03Ha'lllb!M, L!aCTO OT 9TOll HG0Jlll03Ha'IHOCTH H3-

6imnnioTCSI nyTeM 38MGllbl I}JyHKUHOHana (19) Ha (1) ('ITO U np.HBOJlHT K . . 

aenuaefillbiM. ypaBaeannM). H o Mbi ·nocTynuM no:-JlPYI'OMy. D.nn Tor-o 'IT06hi 

HCITOnbSOBaTh I}JyHKUUOH~n B I}JopMe (19),aeo6XOJlHMO KaKHM~TO CITOC060M 
. . ' 

"aopMupoBaTb" npo6Hbie l}lyaKuuu 'I' , Hau6onee npocTo 9TO CJlenaTh ny-

TeM Bbi6opa npo6aoit i}JyHKUHH cn~JlY!OlUHM o6pa30M: 

(20) 

-I (f) ,!, . ( 6 
I'Jle <1>1 < r > - na:JlaromaSI Bonaa 11 ){ - H3BeCTHhie 't'YHKUHH noJlpO no CM, 

. . . a 
B TpeThGM pa3)lene), TOI'Jla i}JyHKUHOHan (19) JlaeT CT8llliOH8pllOe H OJlllo-

3H8'1HOG 3Ha'leHUe 8MITnHTYJlbl U rrpHBOJlUT. K imaeituoit CliCTeMe ani'e6pa-
. . i (f) 

H'leCKHX ypaBHeauit aa Koai}JI}l HUHe HTbi A a , .. 
Teneph paccMoTpHM BTopyro TpyJlHOCTh Bapuauuonnoi'o npuauuna 

llJBHHI'~pa, Mbi ~oKa>KeM, 'ITO ypaBaenue lllpeAnar-epa (3) M.O>KHO 9KBUBa-.:· · 

.rienTnhiM o6pa3oM npeJlcTaBHTb B BUlle cucTeMhi nnTer-po-Jln$¢epeuuilanb

HhiX ypaBneuuit, KOTop~Ie Jlanee Mbi 3anullleM B l}lopMe1 l}lopMailbHO coBna

Jlaromeit 'c ypaBHGHHGM flunnMal!a-llJBUHI'epa, 0Jll!8KO CMbiCn ane_MGHTOB1 

BXOJl5llllHX B. noiiy'IGHHOe ypaBHGHHG1 6yJlGT liHbiM1 H YK838Hl!a5l TPYJlllOCTh 1 .. 

TaKUM o6pa3oM, 6yJleT npeoJlonena. D.nn peanu3auuu onucannoit cxeMbi 6y-
/3/ 

JlGM HCK8Th BOnHOBYIO i}JyHKUli!O B BHJlG 

3 a! ... ... ... ... 
'P := l l. ,x 0· 

(; R )cpn ( P l k) + X (R 3 ' P 12 ) ' 

1=1 n I= I I 

> 11 

(21) 



l' 

t 
! 
1 
\ t 

r ,, 

:i 

I 
!. 

/, 

no.r:tc.X.aemiS! (21) e (8) J 

/3/ 
rrony'IHM ' 

'',• 

LIM I L 1M L J:.!3Mafi2m12 
T L x. = J . , i = 1,2,3. T L e tfr L M u = J ·. · 

0 1 1 °1 °1 3 12 3'3'12"'12' ., 
(22) 

r.r:te 

2 

Tn L =[-d-+k2 
i 1 d R2· n 

I I 

LI(LI+l) 
---1. 

R2 
I 

·, 

1,2,3 ' 

' . 
. n2 d 2 2 La(la+1) tt2 . d 2 2 f12U,2+1) (23 ) 

T =[--(--+k --· --)+ --(-. -+k -------)1. Lf 2 I · · 2 · · ·. ' 2 2 2 
"'3 12 2M 3 dR

3 
R 3 2f.tt 2 dp 12 . P 12 

H 

L 1 M1 J . 
nl 

ai 
+ .!, 

nl =I 

-> 3 
(p )1-!. 

j k P =I =-fdO; 
I 

dl. Y* ¢* 
lk Ll Ml n I 

M 
I 

--- v tJ. 2 p 

a 
p 

:'£ X. n ¢'n + 
np= 1 P P 

M i ak , M I ~11 
¢ -- T · x. + :'£ ¢ -- T x. + - [ T o ""'" v ] X 

nj M. njLj nj n =I nk M nkLk nk ''tl2 L3LI2 123 ' 
I k k (24) 

LaMaCI2m12 3 aP .M 
J =fdO-> dO ... Y* Y* [v123 X+ I.. I. ¢ _.£_[T L -v ]x. , 

Ra Pt2 LaMa et:f'l2 p=ln=lnP·tt2 np p p· np 
p ' 

v12a = (VI2+ V 1a+ V2a ), v = ( v + v ). 
j lj j k 

HeCMOTpSI, Ha TO, 'ITO rrony'leHHBSI CHCTeMa (22) SIBnSieTCSI cno:a<:HOH 

CaCTeMOH HHTerpo-.r:tH<!J<!JepeHUHanhHbiX ypaBH9HHH, OH!l o6na.r:taeT B8)1{Hb!M 

• . L ~M L3M3C12m 12 \ 
CBOHCTBOM

1 
a HM9HHO 

1 
J 

0 
I I H j· · . · SIBnSIIO,TCSI KB8.r:tp8TH'IHO HH-

1 /3/ . . 
TerpupyeMbiMH <!JyHKUHSIMH , il09TOMY (22 ) MO)KHO rrepeiiHC8Tb B HHTer-

panhHOH <!JopMe C yqeTOM rpaHH'IHblX ycnoBHH (4) .u (6), aanaraeMbiX,Ha 

L iMI if; . 
)( n. H. LaMa el2ml2 

I 

12 

L1 m . : (+) L M · 
X. n I I = 8 n I {3 f L I+ J d R; G ( R ·; ; R; ) J nil I,( R;) 

. 'P <+) 
= f G (R 

La Ma~2"'12 a P,2 ·; 
R' , ) JLaMa~2mi2(R' • , 
.3P12. a •Pt2 

r.r:te · 

1 f ( k 
0 

R ; ) hL ( k R 
1 

) 
Ll I I nl 

Rl > 
(+) 

G (R
1
:R;)= 

k ·.,I 

1 

kn
1 

f ( k;, R 1 ) hL ( k 
0 

R '1 ) , 
L 1 I I I 

R' 
I 

(+) . . 1 (+)' . (+) 
G (R3 p12 :R~p/2 )=--2-. fdc~E (p11i;p1; )GE_E(R 2 

IT I 

/14/ 
¢yHKUHH fpHHa 

ilony'leHHYIO CHCTeMy y.r:to6HO IIpe.r:tCT8BHTb B 6onee KC 

ITO «f>opMe. COBII8.[l8IOIU9M C ypaBHeHHSIMH flHIIIIMaHa-llJBH,HI'eJ 

x=$+ew;. 

3.r:teCb . )( - B9KTOp1 KOMIIOH9HT8MH KOTOpOI'O SIBnSIIOT' 

. Lj M1 ,/. · . ~ 
X. n H, 'I' La~la C12m 12 ; KOMIIOHeHTbl BeKTOpa CO 

I 
.r:taiOJUHM BonHaM. TaK, ecnu qacTnua rra.r:taeT TOnhKO ·B O.r:tH< 

,. 
" <I> .:.. O.r:tHOKOMIIOHeHTHblH BeKTOp, · G - .r:tnaroHanhHaSI Ma~ 

MH KOTOpOH SIBnSieTCSI $yHKUHSI fpnHa B COOTBeTCTByiOJU9M ,. 
W - KBa.r:tpaTH8SI MaTpHU8 1 COCTOSIIU8SI H3 HHTerpo-.r:tn<!J<!JepE 

paTopOB (SIBHblH BH.[l He.Tpy.r:tHO nony'IHT~ H3 (24) ), 

13 



(22) 

l,2,3 I, 

2 . 2 e,2(£,2+l) (23) 
- + k - ------- ) ]. . 
2 .· . 2 2 
12. p 12 

.. M 
x + --· 

1 
[T e ""'"v l x I 

nk '1i2 La 12 '123 

+ v ). 
l k 

(24) 

1 •· (2.2) S!Bn5IeTCSI cnO)I{HOfi:, 

i, alia· o6na.uaeT Ba)I{HhiM 

SIBnHIO,TCSI KBa.opaTli'lHO HH

MO)I{HO.nepeiTHCaTb B HHTer~ 

(4) ,H (6), HanaraeMbiX Ha 

I 
I 
I 

·t 
I 

I 
l 
I 

I 

L 1 m 1 . : (+) L1 M1 · 
Xn =Bn t:~fL +JdR'

1
G (R

1
·;R'1 )J (R') 

I I fJ I . n I ' I 

J
La M ael2m I 2( R , R ' p ' ) • p ' ·) d R ' d ' 

· 3 12 , 8 '. 12 3 p 1 
(25) 

r.ue • 

l f ( k n R; ) hL ( k R 1 ) 1 

k' Ll I I nl .,, 
R > R' 

I I 

l 

(26) 

/14/ 
!lJyHKUHH fpHlla , 

nony'leHHYIO CHCTeMy y.oo6110 npe.UCTaBHTb B 6onee KOMITaKTHOM BH.Ue, 

ITO ljlopMe. COBITa.QaiOIUeM C ypaBJieHHSIMH flHITITMaHa-llJBHHrepa. _ 

"'A""" 
x=<~~+GWx. 

(27) 

3.oeCb ·. X - BeKTOp1 KOMITOHeHTaMH KOTOporo SIBnSIIOTCSI !lJyUKUHH 

" . L1M1 ,, · <lJ )( n H. 'I' L 8 M3 e1:im 12 ; KOMITOUeHThl BeKTOpa 
I 

COOTBeTCTBYIOT na-

.ttaiOIUHM BOnHaM, TaK 1 ecnH 'laCTHUa na.oaeT TOnbKO B O.UUOM KaHane·, TO . .. 
" 

.:.. O.UHOKOMITOHeHTHbill: BeKTOp, · G - .oHaroHanbHaSI MaTpHua, aneMeHTa-

MH KOTOpoll: SIBnSieTCSI !lJyHKUHSI fpHHa B COOTBeTCTBYIOIUeM KaHane (26), 
" . 
W - KBa.opaTHaSI MaTpHUa, COCTOSIIUaSI H3 HHTerpO-.UH!lJ!lJep~HUHanbHhlX ·one-

pa TOpOB ( SIBHbill: BHA HeTpy.UHO nony'IHT~ H3 (24)), 

13 



n 
. u /8,9/ E 

anbllle paccy)l(}leH!HI npoBOIUITcsr no oorueH cxeMe · . • cnH Hac 

HHTepecyeT aMnnHTYilB nepexolla H3 KaHana . i B KaHan f \':, .To Heo6xo-

lliiMO paCCMaTpiiB8Tb llBa ypaBH9HIISI Tllll8 (27) 

"(+) " "' ,, );~+). X. =II> + G W 
I i I 

(28) 

"(-) = ;p + 5 w ~c-> 
xr ' f 

AMnnMTylla paccesrHHSI onpellensreTcsr I.IO cpopMyne 

> = < $ I w I "c+> > • · r X 1 F = < ~(-) I w I ~ 
i f f 

(29) 

Torlla MO)I{f!O uanHcaTh BapHaUIIOHHhiH npHHUMn llnSI onpelleneHHSI aM

nnMTYilhi nepeXOila, KOTOpb!H cpopManhHO IIM99T Bllll 

[F 1=<xc-> IWI¢ >+<~ IWI ~c+> >-<xc->lw-wGwl ~c+> >. 
If f i f i f i 

. f'll9 

,. 

o[F
11

]=0. 

Tipo6Hbi9 cpyHKUIIII Bb!OHpaiOTCSI B cnellyiOIU9M Bllll9! 

n 1·L 1 M i = L 1 ·n i 

Af3 i xfJI 
L 1M; 

X =0n{3f + ~ 
n i i L i 

- ~ 
!/JL3M 3 ft2m 1-; yv 

La M 3 ft2ml2:;; I.af 12' 
A yv yv 

14 

(30) 

(31) 

=LIM i 

X {3; 
= f d R d+ > ( R ; R' ) II> a ( R; ) , . i = 1,2,3 . 

I I I . ~-'I 

Laft2 J·d.R' d- 'G(+>(R ·R·,· '·)"' (R')II> · ifi · = P 2 aP12' s·P12 ..,Y a v yv a t . 

II3B9CTHbl9 cpyHKUIIII. 

Teneph, nocTynasr TO"'Hb TaK )l{e, KaK II B npellbiilYIUel'. 

M0)1{9M nony"'IITb CIICTeMy ani'e6paii"'9CKIIX ypaBHeHHH Ha · He: 
0 iL1M1 · LaMafi2m12 

acpcpiiUIIeHTbi A {3 
1 

. II A yv · · 

TIOilC;t'aBnsrsr 9TH K09cpcpiiUII9HTbl B (30) 1 H8Hil9M CT8UIIOHapH 

aMnnMTYil pacceSIHIISI. 

3. B bi6op npo6HbiX d?YHKUHH 

Yen ex B8pMaUIIOHHbiX llpiiHUIIllOB B 6onblli0H CTeneHI! 3t 

HOI'O BbiOOpa llpOOHbiX cpyHKUIIH. Tipo6Hhl9 cpyHKUIIII llOn)I{Hbi 6 

K TO"'HOH. BOnHOBOH cpyHKUIIII II llOn)I{Hbi ooecne"'HBaTb npaBIIn 

TIIKY BOnHOBOH cpyHKUIIII; 31leCb Mb! 1 IICllOnhsysr pesynbTaTbl ] 

npellnaraeM OllHH cnoco6 Bbioopa npo6HbiX cpyHKUMii, YllOBneT 

Tpe6oBaHIISIM. 

nnsr llpOCTOTbl paCCMOTpiiM llBYX"'aCTII"'HOe s -paccem 

llieHie ypaBHeHIISI llipellMHrepa B CIICTeMe ueH;pa Mace YllOB 

llYIOIUIIM .rpaHII"'HbiM ycnOBIISIM! 

15 



18191 
Ecn .. n 19 · . • aac 

11an f .1 ,To H9o6xo-

(28) 

19 

> ... (29) 

(30) 

(31) 

' . ' ~ 

~i: I =I d Rl d+) (R I ;H;) <f)f31 (R( ) I i = 112,3. 

(32) 

113B9CTHbi9 <iJyHKUIIIIo 

T9n9pb1 nocTynaSI TO'iHb TaK )1{9 1 KaK H B np9t:lbit:lYlll9M paag9n91 Mbi 

M0)1{9M nony'i!ITb CHCT9My anr96paH'i9CKHX ypaBH9liHH Ha H9H3B9CTl!bl9 KO-

n I L I M I . ·A L 3 M 3 f j 2 m 1 2 
a<iJ<PnUH9liTbi A f3 

1 
. H . yv 

fl O.[lCTaBnSISI 9TH K09<lJ<iJHUH9l!Tbl B ( 30), Haiia9M CTaUHOHapl!b19 3lia'ieHHSI 

aMnnHTyg paCC9SIHHSI. 

3. 8bt6op npOOHbiX dJyHKUIIfi 

Ycn9X BapHaUHOHHbiX npHHunnoa B 6onowoit cTen9HII aaBHCHT oT ygaq-

' 
a oro. Bbi6opa npo6HbiX <iJyaKunii:. Tipo6Hbi9 <iJyHKUHH gon*Hbi 6biTb 6nn3KHMH 

K TO'iHOfi, BOnliOBOfi <iJYHKUHH H gon)I{Hbl 009Cll9'i!IBaTb npaB!InoHyiD aCHMITT0-

3 6 
.. /15/ 

THKY BOnHOBOH <iJyHKUIIII; A9Cb Mbl, HCnOnb3YSI p93ynbT8Tbl pa bT 1 

l1P9t:lnara9M Ot:lHH CITOCOO Bb!OOpa npo6Hb!X 4JyHKUHH1 ygoBn9TBOpSIIDlllHX 9THM 

Tp960BaliHSIM. 

.UnSI npoCTOTbi paccMoTpHM ABYX'IaCTII'ili09 s -pacc9SIHH9. Torga p9-
~. 

ID9H~9. ypaBH9HHSI illp9gnar9pa B CHCT9M9 U9liTpa Mace ygoBn9TBOpSI9T cn9-

gyromHM rpaHH'ilib!M ycnOBHSIM! 

15 



cp(r·)- sin k r + F e lkr, ',, 
,.....,. 00 • 

¢ (r)- 0 
(33) 

r __. o · 

l1cnonbayst (.33), ypaBHeH!Ie llipeJlHHI'epa nepennweM B HHTei'panhHO:ii 

!jlopMe 
; 

¢ = .~>in k r + f G V ¢. (34)' 

I'Jle G - !jlyHKUHSI fpnHa, 

n O)lCTaBnSISI cne)lyiOliiSe paanomeHHe 

V(r)¢=!, An<lln (35) 
n 

B (34), ~hi nony'lnM 

"' ¢.= sin k r + !. A n cp n 
(36) 

n 

I'Jle 

"" ¢. ,,. J G ( r, r' ) <ll n (r' ) d r ' 
n 

(37) 

H3BeCTH8Sl !jlyHKUHSl, 

. Ta,KHM o6paaoM, Mbi nony'lnnn peuenT nocTpoeHHSI "npo6Ho:ii !jlyHKUHH.,· 

(S6), HCllO~b3YS1 HeK~TOpbi:ii nonHbi:ii Ha6op, H3BeCTHbiX !jlyHKUH:ii <1J . (paa- . 
, .. ' . n 

nomeHHe ( 35) HI'paeT nHlllb BCilOMOI'aT~nbHYIO ponh). <PyHKUHSt fpHHa B . 

( 37) oo~'cne'IHT BblllOnHeHHe I'paHH"iHb!X ycnOBH:ii ( 33), 
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.. 

Tenepb HeTpyJlHO ·y6eJlHTbCSI1 tiTO c)lenaHHbi:ii Bbioop' n 

(15) H (:h) T8Kllie yJloBneTBOpSleT BbiU!eCK!i38HH,biM Tpe60B 

. . · ( ) J Lt M I'O paCCMOTpHM CHCTeMy ypaBHeHH:ii 22 , TioCKOnbKY ·. .,, 
.· . . ·nl. 

KB8Jlp8TH'IHO HHTei'pHpyeMbie !jlyHKUllll1 TO HX MOlliHO pa3nQ) 

Hbl:ii PSlll, <Pypbe no HeKOTOpoMy nonHOMy Ha6opy II3BeCTHbiX 

·L 1 M1 LJMrni 
J . . . = !. A P. . <llP. 

nl . {31 fJI tJi 

'i =1,2,3, J LaMa &2mt~- £ LaMaC 
- .Ay'v 
yv 

n OJlCTaBnSISI (38) B (25) I Mbl nony'laeM npo6Hbie !jlyHJ 

4, BapnaunoHHbi:ii Me.Tog .rvisr cnHI'ynsrpHbiX noTeJ 

Ecnn B noTeHunane B3anMone.:iicTBHSI nMeeTCSI TBepJlas 

( KOp) 1 TO BapnaUHOHHble MeTOJlh11 pa3BIITbie B nepBb!X JlBY:ll 

UOCpe.z::tCTBeHHO He npnMeHHMbJ, 8TO CBSI38HO C TeM, 'ITO Upll 

MaTpH'IHblX aneMeHTOB CHCTeMa ani'e6paH'IeCKHX ypaBHeHH:ii 

C paCXOJlHMOCTS1MH 1 Bbi3biBaeMbiMH KOpOM, llnsr npstMbiX Me~ 
. . . •' /4/ . . 

HOCTb 6~ma npeononeHa B pa6oTe · • 3necb Mbi noKameM, 

uyx<Ho o6o6maTb BapnaunoHHhie MeTOJlbi Ha aana'IH c Kopow. 

TiyCTb K8lli)lbl:ii UOTeHUnan Vi j ( i=/ j = 1,2,3) HMeeT C001 

KOHe'IHYIO cep.z::tUeBHHy UpH p 1 l:::alj'(i~j=l,2,3) 1 H I'n8JlK8Sl 

na yJloBneTBopsteT ycnoBHIO 

j .p I v (p ) I d p < oo • lj ij lj 
a {j 

Toi'Jla BOnHoBast. !jlyHKUHSI )lonmHa ynoBneTBOpstTb .(Kpo 

ycnoBH:ii ( 4) 1 (5) H· · (6)) · nononHHTen~HOMY .ycnoBHI01 T,e •. 

vjk'P=o 0 :S pi k < a 1 i , i" k 1,2,3. 
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(33) 

JennmeM B HHTerpanhHOfi 

(34)' 

(35) 

(37) 

J09HHH ."npo6HOfi cpyHKUHH.,. 

rHbiX cpyHKUHfi llJ (pa3-
(n 

rib), cl>yHKilHSt fpnHa B 

(33). 

. ~· 
; 

r 

I 

. Tenepb HeTpyl:llio. y6el:lHTbcsr, 'ITo cl:lenaHlihifi Bhi6op npo,6l!hiX, cpyHKUnfi 

(15) n (31) TaK:lKe yl:loBneTBopsreT BhiUiecKasaul!hiM Tpe6oBaHHHM .. .Unsr aTo- · 

ro paCCMOTpHM CHCTeMy ypaBH9HHfi (22). ~OCK~~bKY J LI,MI U J LaMaft2"'J~~ 
.. ·n I . . .. 

KBal:lpaTH'IHO nnTerpapyeMhJe cpyHKUnn, TO nx MO)!{HO pasno)!{HTb B o6o6meu-

Hhifi PM <flypbe no neKoTopoMy nonuoMy ua6opy nsBeCTHhiX cpyHKUHfi 

I1o):lcTaBnsrsr (38) B (25), Mhl nonytiaeM npo6l!hle cpyHKUnn B Bnl:le (31)·. 

4. ·BapnaunoHHhlfi MeTOJ:l n.ri:'sr caurynsrpHhiX noTenunarioB 

·• 

Ecnn B I!OTSHI!Hane B38HM0,[!9I1CTBHSI HMeeTCSI TBep.qag cep.gueBHH8 

( KOp). TO Bapn8UHOHHh19 M8T0Llh1 1 pa3BHThl9 B nepBhiX Jiilyx pas.genax, He

I!OCpe.gCTB9HHO He ilpHMSHHMbi, 3To CBSI38HO C T9M 1 'ITO npn Dhi'IHCneHHH 

MaTpH'IHhiX aneMeHTOB cncTeMa anre6pan'leCKUX ypa,BHeHnfi . CTanKuBaeTCSI 

C paCXOLlHMOCTSIMH 1 Bhl3hiB88MhiMH KOpOM, .QnSI ilpSIMqlX MeTOJ:lOD 9Tll. Tpy.q-
. /4/ ' .. ' 

HOCTb 6~tna npeoi::tonena B pa60Te ' • 3.geCb Mhl I!OK8)!{8M 1 K8KHM 06pa::lOM . 

nymuo o6o6maTb napHaunoHHhie MeTOLlhi ua sal:la'ln c KopoM. 
"; 

I1yCTb K8)!{,[!hifi llOTOHUnan V1 I ( i~ j"' 1,2,3) UMeeT COOTBOTCTBSHHO 6ec

KOH8'1HYIO cep.gueBHHY npn p1 I ::: a1 i' (if j "'1,2,3) 1 U rna.gKaSI 'lac::_Tb I!OTSHUUa

na y.goBneTBOpHeT ycnOBHIO 

r plj 'v (p~~)' dpll <"". (39) 
"ii 

Tor):la BonHoBaSI cpyHKUHSI .non)!{Ha y.goBneTBOpSITb (KpoMe rpaun'IHhi~ 

ycnoBnfi (4), (5) u. · (6)) nononnnTenbHOMY ycnoBnJO, T,e •. 

. 0 ~ pi k < a I I ' i ..f. k 1,2,3. (40) 
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,, . 

T aK KaK vj .k O(p i ~ ) 'P . ·HB11HeTCSI KBa.upaTnqao HHTerpnpyeMoii: .tPYHKUH-. '" "\ . . 
eii: no· nepeMeHHOH p j k ( B qeM HeTpy.UHO yfie.UHTbCSI1 HCll011b3YSI ycnOBHSI · 

· (39) ·n ( 40)), ·To ypaBae.Hne lllpe.unarepa MO>KHO nepennca Th B cne.uyiOmeM . . . . 
~~ I . 

BH.Ue. • " 

(Ta" + TP -E)'I'+ ~ 
I j k J<k 

~ <IJ a ( P · k ) Y 0 · f d Pl k Y t . <IJ * (p k) ~ ~ 'I' • 
f m a , l L jkm jk Ljk a I -

jk !k • . {41) 

3.uecb <IJ a - nonHhiH aa6op H3BeCTHhiX: tPYHKUHH, B ;KaqecTBe nonaor~ 

Ha6opa .<IJ a He06XO.UH.MO 6paTb <iJyHKUHH 1 opTOHOpM1IpOB8HHhie COO.TBeTCTBeH-

HO B o6naCTII OT pI k =.a I j .UO 00 , qTo o6ecneqiiB8eT BhiiionHeHHe ycno-

BIISI (40), 

B aToM ypaBHeHIIII ( 41) co.uep>KIITCSI T01lbKO rna.uKaSI qacTb noTeHUIIa-
- . . .. . , I , ... 

na, noaToMy Tpy.uaocTb 6ecKoaeqaoii: cepnueBIIHhi ¢opM.anhHO npeononeHa. 
. . . • . I . , 

Teneph, noBTOpHSI Bee BhiK118JlKII npe.Uhi.Uynmx paanenoB, Mhi MO)KeM nocT-
~ -L 

pOIITb B8pii8UIIOHHbie llpiiHIIIIllbl Jl11SI 9TOI'O cnyqag, 

\ .. 

B 38K11IOqeHIIe aBTOpbl 6naronapSIT E. H. 3axapbefia, o. nxarBy, 
I . 
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