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BBegeHH.e 

llnR o6b~CH9HHR noBe.[leHHR 

pacceRHHR. npH 6onbUJHX. ::meprHmc 

S -<jla30BbiX C.[lBHrOB HyKnOH-HyKnOHHOrO 

"' 300 M aB), cBolicTB HaCbiUJeHHR ggep-

' HbiX CHn H. T • .[l. npHXOAHTCR BBOAHTb B noTeHUHane B38HMO.[l9HCTBHR TaK 

HasbmaeMyiO TBepgyiO cepgueBHHY ( 6ecKoHeqHbiii Kop). MHoroqHcne_HHbie. 

.. I 11 
HccneAoBaHHR , npoBe.[leHHbie B nocnegHee BpeMR, noKasanH, qTo noBege-

' HH9 noTeHUHana Ha ManbiX paCCTORHHsiX cyUJeCTB9HHO BnHR9T Ha CBOHCTBa 

Ill 
ManoHyKnOHHbiX CHCTeM. CornaCHO pa60T8M , OTTanKHB8IOUJH9 CHnbi ,[l810T 

·' 

38M9THblll BKnag B aneprHIO OCHOBHOrO COCTORHHR1 B aneKTpOMarHHT!Ibiii: ·<jJ~pM_. ·: 

<jlopM~aKTOp, 'B. gy6neTHYIO AnHHY nd -pacceRHHR H T.A. Ho pacqeTbi c 

. TBepgoii: ~epgUeBHHOii: CTanKHB8IOTCR C 6onbUIHMH TpyAHOCTRMH1 KOTOpbl9 . . 

· B03HHKaiOT npH pemeHHH ypaBHeHHR illpegHHrepa MeTogaMH _MaT~MaTHqecKoli 

<jJH3HKH~ 

npHMbie M9TOllbl MaTeMaTHqei::KOii: <jJH3HKH no3B6nRIDT CBO,[lHTb sagaqy 

. . 6 . 6 .!-..!-. /2,31 
Tpex H onee Ten K peUieHHIO CHCT9Mbl 0 biKHOB9HHbiX ,[lH't''t'epeHUHanbHbiX. , . Ml . . ... 

.' 'anre6paHqecKHX n HHTerpanbHbiX ypaBHeHHii • 3To nocTHraeTcR _nyTeM 

pa:;~no~~HHR BOnHOBOll <jlyHKUi:!H CHCT9Mbl 'I' no 'co6CTB9!II_IbiM cj:JyHKUHRM 

I' 

cl> n BCnOMoraTenbHOii: sanaqH. nonyqeHH.bi9 ypaB!I9HHSI MOryT 6biTb peUI9Hbl;. 
! • '. • 

imcneHHO Ha COBpeMeHHbiX aneKTpOHHO-BblqHCnHTenbHbiX MaUIH!IaX ( 3BM ). 
' · . 

. Ho nnst aToro cHaqana HaAo BbJqHcnHTb Koa¢<jJHuHeHTbi 
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W nm = J d P ~ n V ~ m ' (1) 

cMewliBalOIIlHe OJlHO ypaaHeHHe c · npyrHM. EcnH noTe HuH an aaaHMoneAcTBHH 

v· . HMeeT TBepnylO cepnueBHHY ( CMo pH Co 1) 1 TO HHTerpan ( 1) paCXOJlHTC_H, 

H TeM C8MhlM nepeXOJl OT ypaBHeHHH llJpeJlHHrepa K CHCTeMe ypaBHeHHA Te-. . . 
psreT CMCbin 

v -vr.op 

0 q J 

PMc. 1 

floTeHUHan B38HMOJlefiCTBHH COCTOHT H3 JlBYX 'I8CTeti V =V + V . 
1 · Kop rnan 

V - Taepnasr cepnueBHHa H V - rnanKast qacTb noTeHuHana; 
Kop • rnan . · 

rne 

B 
. /5/ 

pa6oTe , pa3BHT YJl06HbiH · CfiOC06 pGWeHHSI CHCTeMbl JlH¢¢epeHUHanb-

HbiX H HHTerpO-JlH¢¢epeHUHanbHbiX ypaBH~HHti, HeCKOnbKO H3MeHeHHbiH H yeo-, 

~:~epweHcTaoaaHHbiX aapHaHT sToro MeTona noaaonsteT npeononeTb ·abiWeynoMst":" 

HYTYIO TpynH~CTb. B nepaoM paanene paccM'lTPMBalOTCst MeTOilbi cHnbHOfi cast-
. /2,6/ . . . . /3/ 

3H KaHanoB o . a BO BTOpOM - MeTOil rapMOHH'IeCKHX ¢yHKUHti • 

ITpennaraeMbiii MeTOJl MOJKe.T 6biTb McnonbaoaaH KaK nnst 3anaq pac-. 

CestHHSI 1 TaK H Jlnst 38Jl8'I Ha CBSI38HHhle c6cTOSIHHSI H Jlnst fiOTeHUHanoa, HMe

lOIIlHX OC06eHHOCTb B Hyne. 
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· .... 
l• Y'I~T TBepgoi! cepnueBHHhJ B MeTone. 

CHnhHOH CBH3H KaHanOB 

C . TPYllHOCTHMH no yq~Ty TBepnoro Kopa Mhl cTanKHBaeMCH Y*e B aa

naqe Tpex Ten. noaToMy nnH. npocToTbJ Bee paccy*neHHH 6yneM npoBOllHTh · '. " 

nnn aToPo cnyqan. 06o6meHHe Ha cnyqafl c '!HcnoM Ten 6onee Tpex nenaeT

cg · aHanorH'IHbJM cnoco6oM. 

EyneM ncnonbaoBaTb KoopnHHaTbi .HKo6H ( R ~, p ,., ) • Torna ypaBHe

HHe llJpe/JHHrepa AnH. CHCTeMbl Tpex '!8CTHil 0 • B:38HMOlleHCTBYIOlliHX Me)f{/JY 

co6ofi rrapHbiMH noTeHnnanaMn, nocne ncKniO'!eHHH neHTpa HRepitHH MO)f{HO 

rrpencTaBHTb B cneny10meM BHne: 

[ T.. + h + v -E l 1J1 = 0 , · i f. j f. k = 1, 2, 3, 
. R 1 .fk 1 

(2)' 

rne 

h =[ T 
j k .. 

pjk 
+ v,k r. j ,;. k = 1 ,2, 3 ( 3) 

llBYX'I8CTH'IHbiH raMHnbTOHH8H H 

(v v ) i 1 1'_Lk v 1 = 1j + 11.: , 'F 'F 1,2, 3 

PeweRHH ypaBHeHHH nnH aanaqn nByx Ten 

( 5) 

6yneM C'!HT8Tb. H3BeCTHbiMHo 

HaM .aeo6xonHMo pernHTb ypaBHeime ( 2) c onpeneneRHhiMH rpaHH'IHhiMH 

ycnOBHHMHt c<jlopMynHpOB8HHbiMH HH)f{e. 
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.,.-

'.•-- a) Ha<JHeM c. npocToro qacTHoro cnyqasr, ·Korna noTeHuHan B3aHMo-

- ·,r. 

nell:cTBHst llBYX 'laCTHU (nnsr onpeneneHHOCTH nepBOll: ·.H· BTOpoll:) 9CTb 6ec

. KoHe<JHasr srMa, T.e. ·ypaBaeiiite ( S). HM~eT To,1~Ko· n~cKpeT~biR cneKTp;': ' 

H.TpeTbst 'laCTHUa nanaeT. Ha STy 'cno~Hyro' CHCTeMy. TpeTbH <JaCTHUa 

B3aHMonell:cor'ByeT C nepBbiMH llByMsr 'laCTHUaMH C ITOTeHUHanaMI. V 
13 

= 
KOP rnan . Kop rnan · 

= V 
13 

+ V 
13 

H V 
23 

= V 
23 

+ V 
23 0 KOTOpbie HMeiDT COOTBeTCTBeHHO 

6ecKoHe'IHYID cepnueBHHy npH p 13 '£_a 13 H p 23 '£_ a 23 ( CM. p~c. '1) 1 

H rnanKasr qacT& noTeHuHana ynoBneTBopsreT ycnoBHro: 

II 

00 

J d I v p !J !J 
(p )j 2 <oo, i~j=l,2,3., 

1 J . .. ' 
( 6) 

all 

TaK KaK .. c'no~Hasr" <JaCTHUa B npouecce paccesrHHsr Mo~eT Ton&Ko 

B036y~llaTbCst, TO ypaBH9HHe lilpenHHrepa Hy~HO pemaTb CO cnenyrolUHMH 

rpaHII'IHbiMH yCnOBHstMH: 

... 
w-.f 

R 
3
->oo L

3 
M

3 

f -1-¢ (ji )[8 f3 f (k R
3
)+F h (k R )lY (&_), R n 12 n 3 L 3 n 3 n L M L n 3 3 L M R 

n 
3
= 1 

3 
3 3 3 3 3 3 3 3 

1 rne 

w-o 
R -> 0 

3 

1 ... . 
Fn L M =---JdR3dp12Yt M ¢*n fL V 3 1{1 

3 3·3 k 3 3 3 3 
n3 

( 7) 

( 8) 

/aMnnHTYllbi paccesrHHst B Ka~oM KaHane, 

UHSIMH EeccenSI cnenyroiUHM o6pa3oM: 

f h /7 I ,~, . 
H CBSI3aHbl C 't'YHK-

L3 L3 

fL =k R i (k ,R) =<-2
1 rrk ,R ) 112 JL. +-~ (k ;R ),· 

3 n 3 3 L 3 n 3 3 n 3 3 
3 2 

n
3 

3 

g =- k R n (k R ) = (-If 3 
( ...,\.. rr k R ) liz J ( (k , ·R ) , 

L 3 n 3 3 L 3 n 3 3 t.. n 3 3 - L +..1.) n 3 3. 
3 2 

h =g +if ' 
L3 L3 L3 
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H 

m +m +m 
1 ' 2 3 

3aMeTHM, qTo Koraa rroTeauuan HMeeT 6ecKoaeqayro cepaueBHHy, 

TO BOnHOB8H ~yHKUHH aonmHa yaoBneTBOpHTb aorronHHTenbHhlM rpaHHqHhlM 

y_cnOBHHM 

V 'I' == 0 ~ rrpH 
23 

V 'I' == 0, · rrpH 
13 ' 

o:<p < a 
- 23 23 

( 8) 

0 < p < a 
- 13 13 

lJT06bi nerKO 6bin0 yaoBn9TBOpHTb rpaHHqHbiM ycnOBHHM ( 7), pe

,W9HH9 yao6ao HCKaTb B BHae cneayromero,pasnomeHHH: 

X L3 M 3 (R ) ' .. 
n3 3 cp (/ }Y (~). 

R , n 3 12 L 3 M 3 R 
3 3 

' 
( 10) 

n3 

TioacTaBnHH ( 10) B ( 2) H yMHomaH cneBa Ha cp n* H Yt M , rrony-
3 3 3 

qaeM 6eCKOHeqHyiD CHCTeMy o6biKHOB9HHbiX AH<!J<jlepeHUHanbHbiX ypaBH9HHli 

( 11) 
' 

rae 

W , , , (R ) = fd n=t dp... Y* -1.* v Y , , -~. , : 
n L M 1n L M 3 R 12 L M 'f' n 3 L M 'f'n 
33 3 3 3 3 3 3 3 3' 3 3 3 

(12) 

,, 

Terrepb HaM H906XOAHMO ycTpaHHTb CHHrynHpHOCTH B (12), CBH38H-. 

Hbi9 C yq~TOM OTTanKHBaromeli cepaueBHHbi B ITOT9HUHane B38HMoi:teHCTBHH 
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(V K_op.) • nnR STOrO IT~perrnmeM rrpaByro qaCTb ypaBHeHHR (11) B.cne-

llYIDWeM BHlle: 

L M . 
J 3 3 (R )=(dn diJ Y* ¢* (V +V )'I' 

n 
3 

3 · R 
3 

12 L 3 M 3 n 
3 

. 13 2 3 
( 13} 

H BOCTIOnb3yeMCR CBOHCTBOM KB8llp8THqHOH HHTerpnpyeMOCTH ljlyHKUHH . . , 
--+ . -+ -+ -+ 

I (R , ,P. )=V (p )'l'(R ,[t )= V (p ) 'V(R ,(a
1
R + h p .... )) 

' 3 13 13 13 3 12 13 13 3 . . 3 1 13 

H 

-+ -+ -+ .-+ 

I (R ,-p >=V (p )'l'(R ,(l >= V ( p )'l'(R ,(a R +b p )) 
2 3 23 23 23 3 12 23 23 3 2 3 2 23 . 

COOTBeTCTBeHHO ITO rrepeMeHHOH p 
13 

H p
23 

(B. qeM HeTpyllHO y6ellHTbCSI 0 

HCITOnb3yR ycnOBHR (6) H. (9)}, rlle ITOCTORHHbie a 1 , h_ 1 , a 2 H h 2 

MO)I{HQ H8HTH, HCITOnb3YR CBR3b Me)l{llY KOOpllHH8T8MH :f!Ko6H ( (R 1 , p J k) , . 

i ~ j ~ k = 1 , 2, 3 ) • 

0oSTOMy ll/IR H I 2 crrpaBellnHBhi cnellyromne pa3'nO)I{eHnR: 

~ ... )- ~ 
I (R 3' P 13 - e m 1 
. 1 13 13 

... ... 
I 2 (R3 , , P ) = ~ 

23 e 
23m23 l 

rlle 

... 
... p 

Q o ( R ) <ll (p ) Yo · · ( ....:._u_ ) 
L m 1 3 1 13 L m 

13 13 13 13 p 13 

... 
Q (R ) <ll (p ) \f 

£23 m23l 3 l 23. 23 m23 

... 

... 
·P 

(~>. 
p 23 . 

.... .... 
Q (R ) = f d p Y* <ll* I (R , ; ) , e 13 m 13 1 I 3 '. 13 e 13 m 13 I I 3 13 

... .... 
Q t (R) = fdp

23 
Ye <ll * I (R ... · ) 

e2f'~3 1 
m J 2 3, p 23 • 

23 23 

( 14) 

( 15) 

<IJ
1 

( J I- rronHhlll Ha6op H3BeCTHhiX ljlyHKUHH. 3aMeTHM, qTo B KaqeCTBe rronHOI'O 

8 
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.• 

H86~pa, <I> 1 ( p 1a) H <I> J (p 2a) H906XOAHMO 6paTb <jlyHKUHH1 OpTOHOpMHpOB8HHbl9 

cooTB9TCTBea:a:o B o6naCTH oT p - a 
1~ ' 1a 

AO oo ~ 

"'TO o6ecne'qHB89T BblllOnH9HH9 rpaHH"'HbiX ycnOBHif ( 9) • 

.I1cnonh3YSI (.14) H ( 15),, nepenHweM ( 13) B cneayroweM BHae: 

rnaa 
Y <1> Jd ... Y* e m 1 p 1a e m 

1a 1a 1a Ia 

<I>* v 'II+ 
1 1a 

( 16) 
rna a 

Y,; <~> Jdp n <~>* v w 1. 
L2am2a J 2a L2am2a J '2a 

3aecb noll 3H8KOM HHTerpana OCT89TCSI· TOnbKO rna)lK8SI,"'8CTb noTeH

, UHanoB H TeM C8MbiM CHHM810TCSI TPYll.IIOCTH 6eCKOH9"1HOH cepJlU9BH.IIblo 

nollCTaBnSISI ( 10) B ( 16) H ( 16) B ( Jl) 0 Mbl nony"'HM CHCTeMy HHTerpo

llH<!J<jlepeHUHanb.IIbiX ypaBH9HH:il:. Tenepb npHBe)leM cnoco6 pemeHHSI T8KHX 

LaMa· 
TaK KaK J. n ":" KBaapaTH"'HO HHTerpHpyeMaSI <jlyHKUHSI no R 3 

a 
o6ecne"'HB89TCSI T9M, "'TO rp;, (p ) o • <I> 

1 
( p

1
·a ) H <I>J (p 2 a ) 

' a 12 
(9TO 

CTp9MSITCSI K HynJO COOTB9TCTB9HHO.npH 

TO cnpaBellnHBo cneayromee pasno~eHHe 

rae 

g 

p ->oo 
12 

• p }a ... 00 

( 17) 

( 18) 

) . 



EcnH rrepenHcaTb cHc~eMy ( 11) B HHTerpanbHOii !jJopMe : 

. . 
L M • (+) . ' L ,M 

Xn3 3(R3) =Bn -fL(kn ,R3)+JdR; G (R3;R;>Jn3 3 
3 . 3/:J 3 3 3 

(R ~ ) , . (19) 

r~e 

.(f+\R 
3

; R; ) = 

II pH R
3
:>R;, __ kl f (k ;R')h (kn ;·R) 

n L3 n3 3 L 3 3 3 
. 3 

_,_kl fL ( kn; -R 3) hL (k ; R' ) IIpH R; ><R 3 , n 3 3 3 n3 3 
- 3 

!jJyHKUHSI fpHHa, T0 0 HCIIOnb3Y51 pa3JIO>K9HHe ( 17) 0 pemeHHe CHCT9Mbl ( 11) 

H aMIInHTY~Y pacceSIHHSI (8) IIOnyq~M B BH~e: 

r~e 

L M . n 3L3 M 3 ., 
X3 3=8 f +l:A n3L3 

n 3 . n af3 L 3 a a X a 

F - ~ A n 3 L 3 M 3 ., n3 L 3 
nLM-..w F 

3 3 3 a a a 

'"n L 
X 3 3 

(+) . 

= Jd R ' G ( R ; R ' ) <1> <R ' ) , 3' 3. 3 a. 3 a 

F n3 L3 
a 

1 
=-- fdR f <1> (R ) k ·. 3 L3 a 3 

n3 

H3B9CTllbi9 !jJyHKUHH. 

10 

··! 

( 20) . 

'!I: 

·'>'. 

+ j ~· • 

( 21) 

~t 
~ 
¥ 

I 
!. 
I>, 

1 
~ 

{ 
r: 
~-. 

·'\j 
· .. ··~ 

I 

J 
./.' 
·J 

'!, 
'i'. 

\ 

··:..:.... 

ri 
~~ 
~l 

~t 
f~ 
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(\ 

TaKHM o6paaoM, Mbi nony.<~HnH peweaHe ypaBHeHH51 ( 2) c rpaHH'IHbiMH 

ycnoBH51MH ( 7) H ( 8), noaBonmoume BbipaaHTb aM~nHTYJlbi pacce5~HH51 ( 8) 
n 3L3 Ms 

A . ·qepea : HeH3BaCTHbie KOHCT8HTbl 
a • CHcTeMa anre6paH'IeCKHX 

ypaBHeHHti. Ha 9TH KoacpcpHUHaHTbl nonyqaeTC51 nyTeM ITOL1CT8HOBKH ( 16) H 

(20) B ( 18). Hony'laHHyiO 6eCKOHa'IHyiO CHCTeMy MO)KHO pewaTb MaTOJlOM 

peJlyKUHH (aaMeHoii 6eCKOHalJH~ii· CHCTaMbl KOHa'IHOii); KoopeKTHOCTb T8KOii 
. . . /5/ 

npoueaypbi 6bma paccMoTpeaa B pa6oTe • 

6) Tenepb paccMoTpHM o6mHii cny~ati TpexqacTH'IHoro pacce51HH51, 

KOI'Jla OTKpb!Tbl BCe. KaHanbi~ 

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

->2+(1+3) n 
( 22) 

... 3 + (1 + 2) m 

... 1 +2+3 IV. 

3JleCb CK06KH .06'baJlHH5110T '18CTHUb11 o6pa3yiOWHe CB5138HHYIO CHCTeMy 

. ' ( CnO)KH851 '18CTHU8) • 3aMeTHM 1 'ITO BXOJlHbiM KaHan oM MO)KaT 6b!Tb n1060Ji 

.H3 KaHanOB B npaBoti: '18CTH, B 38BHCHMOCTH OT rpaHH'IHbiX ycnoBHii 38Jl8'1H; 

KpoMe TOI'O,· CnO)KHbie '18CTHUbl MOI'YT HMaTb B036y)KJleHHbie COCT051HH51 1 

ITOSTOMY K8)KJlbiti: H3 KaaanoB ( I ' n ' m HMeeT noaKaaanbi · aeynpyroro 

paccegaHg. 

B aToM cnyqae KpoMe TpyaaocTeti: Ha-aa TBepaoti: cepaueBHHbi B03HHKa

eT pgJl TpyJlHOCTeti:, CB513aHHbiX C OITHCaHH51MH KaHanOB nepepacnpeaeneHH51 

H KaHana pa3Bana. MOJlHtPHKaUH51 MeTOJla CHnbHOit CB513H KaHanoB. ( ycTpaag-
. . . . /~ 

10mag aTH TpyaaocTH) 6bma pa3BHTa B pa6oTe • IT osToMy 3Jlecb Mbi 

BKpaTUe H3nO)KHM HJlaiO 9TOI'O MaTOJla H OCHOBHOe BHHMaHHe yaenHM ycTpa-

11 
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HeHHIO TpyllHOCTeii TBepnoft cepllJteBHHbl B noTeHUHane llBYX'IaCTH'IHOrO B3a-

HMOileiiCTBHSio 
. ~ 

· IlycTh noTeHuHanbi V lJ TaKOBbl1 'ITO Ka)I(JlaSI napa 'laCTHU MO)I{eT 

o6pa3oBaTb nHWb KOHe'IHOe 'IHCnO CBSI3 aHHbiX COCTOSIHHft II k C KBaHTOBbi-

MH'IHCnaMH nk ,rue nk=i,2,.:.,ak,i~k~i=·1,2,3 (B nk BKnro-

'leHbi BCe KBaH'l'OBbie 'IHCna, xapaKTepH3Y!OlliHe CHCTeMy llBYX Ten) o KpoMe 

Toro Ka)I{Ablii noTeHUHan V lJ ( i ~· j = 1,2, 3.) HMeeT COOTBeTC;BeHHO 6ec-

KOHe'IHYIO cepnueBHHy npH p lJ ~· a,J ( i~j-=1,2,3).B aToM cny'lae TPYilHOCTH 

KOpa B03HHKa!OT yme B 3alla'le llBYX Ten (npH peweHHH ypaBHeHHSI (5)). 
. . /~ 

3Ta TPYilHOCTh npeononeHa B pa6oTe EpaKHepa • 

HaM Heo6xonHMo pewHTh ypaBHeHHe ( 2) · c rpaHH'IHbiMH ycnoBHSIMH, 

COOTBeTCTBY.!OlliHMH peaKUHH ( 22), Toeo 

. a, 
\}1--;-+ .:£ :£ - 1- YL ¢ (p )[8 J +F hi. ],i=1,2 ,3.(23) 

R ... oo !..M n ;,1 R 1M1 n1 Jk nlfJLl LtMl nl 1 . 
1 , 1 1 1 

w- :£ :£ _i_.yL M Ye m [Jd£ FL3 M/12m12(f)h (R )he ( p ) ] 
R

3
-> 00 L Mem Rp 3 31212 L3 12 

12 

H 

3 3 12 12 3 12 

\}1-> 0,' i = 1,2,3 
R

1
·_,; 0 

V
1

J w = o:, npH '0 ~ p 1J < a 1 J , 

( 24) 

( 25) 

rne F L 
1 

M 
1 

n 
1 

- aMnnHTyna paccestHHSJ npstMoro KaHana H KaHana c nepe-
L Me m . 

pacnpeneneHHeM 'laCTHU H F 3 3 12 1 ~£)- aMnnHTyna ,paccestHHSJ KaHana 

pa3Bana ( TpoftHbiX CTOnKHOBeHHii) • 

PeweHHe 6yneM HcKaTh B cne.nyromeM BHne: 

3 

\}1 = :£ 
1= 1 

• 

. a! . ->, -> -> -> 
:£ X <R, )¢ (pjk )+ X(R , p ) • 

n = 1 n 1 n 1 . . 3 12 
1 

12 

'~ 

(26) 

I 
! 

1 
l 

'; ~ 



OTMeTMM, 'ITO Bbipa>KeHne ( 26) He smmleTCSI paano>KeHMeM 'I' no 

nonHoMy Ha6opy. 3To nMIIIb YJl06HQe npeJlCTaBneHMe BOnHOBOli ljlyHKUMM,, 

.KoTopoe noaaonSieT nerKo yaoaneTBOpHTh rpaHM'IHbiM ycnoBMSIM aaaaqn. 

fpaHMqHb!e ycnOBHSI (23) B KaHanax (1, •ll, ffi) 6yaeM HanaraTb COOTBeT-... 
CTBeHHO Ha ljlyHKUMM )( (R 1 ) , a rpaHM'IHb!e ycnoBMSI ( 24) 

~1 
B KaHane 

IV - Ha ljlyHKUMlO X ( R 3 , f/12 ) • 3aMeTMM, 'ITO am1 KaHana IV ... B o6meM 

. cnyqae Bee Ha60pbl KOOpJlMHaT (R 1 , ~ k )' 8KBMBaneHTHblo 

llOJlCTaBnSISI ( 26) B ( 2.) , Y:MHO>KaSI cneBa Ha ljl;y:HKUHM * y * ¢ n1 M L M ' 
1 1 

:.HHTerpHpySI no COOTBeTCTBYIOIUMM nepeMeHHbiM 0 nony'IMM CHCTeMy aauen-

b.: neHHbiX MHTerpO-JlH!jlljlepeHUManhH~IX ypaBHeHHif Ha HeMaBeCTHbie ljlyHKUHH 

X. n 1 
X. 

.. 
( 27) 

rae 
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3 
L3M3f 12ml2 -v X+ ~ J - 123 

1= 1 

a 
~1 

n1 =1 

M1 . L'tMi 

c/l ·~1i2 [T L -v~]x • 
0 1 °1 1 °1 

v = <V + V + V ) • 
123• 12 13 23 

( 28) 

nocTynag TSK. )l{e ,KaK H BbiWe { CM. (l6)) 1 Mbl MO)I{eM ycTpaHHTb 

. TpyllHOCTH 6eCKOHe<JHOft cepnueBHHbl B. Bbipa)l{eHHSIX ( 28) • 3aTeM1 8H8JIOrH'l.;.. 

HO HCITOJlb3YSI p83JlO)I{eHH9 

L1 M1 n1L1M1. • . J (R
1
)= I. Af3 lf>f3<RJ,t=l,2,3. 

n 1 {3
1 

1 1 ( 29) 

L 3 M3f12m12(R )=.' ~ J 3'pl2 . 
L 3Ml12m12m (R )If> (p ), 

A \ "'y 3 II 12 yv , 
xv 

M0)1{9M nony<JHTb peweHH9 CHCTeMbl ( 27) H aMITJlHTYllbl paCC9SIHH.SI B BHll9 

. ~ 
)(L1M1(R1)=8n1{3fL1M1 + {31 

n1 

.. n1 L1 M1. "'L1 na 

Af31 xf3. 

= I. 
o/ k k 2 L 3 f 12 yv 

L3 M 3f l ,m12 L3 f12 

Ayir o/ yv 

F = ~ A n 1 L.1 M 1 

L1M1n1 {3 {31 1 ' 

L 1 n1 

F {31 

F LaM3~i"1?(.( ) = ~ 
yv 

L3M3fl2..,;12 F L3f 12 (£ ), 
Ayv yv 

14 
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. f' ,. 
} . . , 

rae 

(32) 

.. L1 "1 1 d R f R ) . F =-·- r <~~ < , 1=1,2.3,· {3
1 

k . · 1 L 1 a 1 
n1 (33) 

F ~f 12 
= -

1- JdR d f (R )f ( ')<ll (R ) <ll ( ) 
yv k k 1 p 12 L 1 f . p 12 y 3 II p 12 ' 

1 2 $ 12 

H3BeCTllbie !jlyUKUHH H 

G<+l(·R . ·, .R' ' ) 1 d G1+1{R R').G1+1( ' ) (34). 
p pl2 =-·-2 • J f: E-• 3; 3 f: pl2;pl2 - · 3 12 3 

771 
• 

/9/ 
!jlynKunn fpnna • · 

Hcnonh3YH nony'iennhie pemennn ( 30), pa3no>Kenne ( 29) n Bbipa>Kenne 

(28), Mo>Kno nony'iHTh anre6panqecKne ypaanennn na nenGaecTnbie Koa!jl!jln-
. , n1L1M1 L3M3fd"12 

uneUTbi pa3JIO>Kennn A ~ n A 
tJ 1 yv 

2. MeTon rapMonnqecKnx dJynKgnii 

OcTanoBHMCH eme na onnoM cnoco6e pemennn Gana'l:H Mnornx Ten, 

y.:;-nTbiBaromeM 6onee nocnenoaaTenhno To>KaecTaennocTh 'l:acTnu. B aToM 
/3/ ' . 

ITOilXOAe HCITOJlh3YIDTCH ITOJllla~ CHCTeMa ~yliKUHH ( rapMOHH'ieCKHe ilOJlH-

liOMbi) 1 KOTOpaH MaKCHM8JlhllbiM o6pa30M. Y'iHTbiBaeT CHMMeTpHID 381l8'iH. 

15 



•; 

/10/ 
· .B n~cnennee BpeMH 9THMH, M9TO)l8MH 6bm C)lenaH pHJl paC'I~TOB 

',·.,t 

• 'CBOliC'TB CHCT9Mbl Tpex H '19Tbip9X Ten. 

B aToM cnyqae perneHHe' yp~BHemiH llJpenHHrepa ( 2) nHrneTcH · B BHne: 

'l' = ~ X KV (p) U. ( 0 
5

) '. 

2 KV p 
(35) 

KV 

Ha I{oa<jlqmuHeHTbi paano:lKeHHH x K v nonyqaeTCH cnenyrornaH. cHcTeMa 

.. ypaBHeHHli: 

2 

d
2 

i d (K+2) +K
2]x (p)=~ WKvK'v'XK'v" (--+--d -~ KV K'v' f . dp 2 p p p . 

(36) 

rne 

W ·, ,(p)=-·~fd0 6 u* (V +V +V )u,, 
K V K V 'h 2 · KV 12 13 23 K V 

(37) 

H UK V ( 0 ) - UOnHaH'. CHCT9M8 yrnOBb1X <jlyHKUHli. 

Korna B noTeHuHane aaaHMOilelicTBHH ~~ (i;ij=l,2,3) HMeeTCH 

.·. 

TB9pll8H cepllU9BHH8 0 HHTerpanbi (37) paCXOilHTCH H H9UOCp91lCTB9HHO ypaB- c. 

H9HH9 ( 36) Henb3H pelliHTho OoaTOMY npaByiO '18CTb ( 36) nepeUHili9M 

·a cneJlyrorneM BHJle: 

Jkv(p~=- ~~ JdOe 0 ~v(V12+Vl3+V23)'l'= 

2m ·. rnall 
=-·-2-· JdO e0:v [ ~ Ye m lilt (p 12) JdP12 Yf* m lilt (P12) V 12 'l' + · 

1i e m •. . 12 12 . 1 2 12 
12 12 . .. 
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.. 

'· 
t 
I· r • 

i 
I I 

! 
i 

.,-,' 

\ 

+ 

· .. 

rnall 
:£ Y ~ ( > fd p Y* ell* < > V · · e . m J p13 13 e m J p 13 13 e m J . 13 13 13 13 

13 13 

'I'+ 

I rnall 

+ :£ Y n m ell~ (p23) Jd p23Y! m ell* 
[. 23 23 .. [. 23 23 k 

(p ) v 'I']. 
23 23 e m k 

23 23 

Tenepb~ . Hcnonh3YH paanomeRHe 

l I (p) = 
KV 

Kv 
A ell (p >, 

a a 
:£ 
a 

(38) 

(39) 

MO)KeM nepei:tTH OT CHCTeMbl ypaBHeRHil: (36) K CHCTeMe anre6paH'IeCKHX 
Kv · 

ypaBReRHi:t Ra ReHaBeCTRbie Koac!>c!>HuHeRTbl paanomealm A a· . H nony'IHTb 

BOnROBYIO c!>yRKUHIO H aMnnHTYllY pacceSIHHSI 'Iepe3 9TH Koac!>c!>HUHeRTbl TaK 

me, KaK B npellbillYilleM paa.11ene. 

B aaKnro'IeRHe aBTOpbi 6naro.llapSIT B.H.3axapbeBa, A.M.THTOBa, 

IO.M.<I>eRHRa, B.n.lliMoRHRa aa noneaRbie llHCKyccHH, cBSiaaRHbie c TeMoit 

)laHROi:t pa60Tblo 
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