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1. B B 9 .u 9 a u e 

flpo6n9Ma OWICHHB!I cTonxaoaeRBA c nepepacnpeJleneaaeM 'IHCTifU 38RBMHeT oco6o9 

nonolKeaae a KBHSToeol! Teopaa pacce!IHR!I, Bo-nepBblx, 3To 38.<18'18 c 'lscnoM Ten (npsu­

nunuatlhaol) 6otlhwHM JlByx. Bo-aTOpbiX, aapJ!Jly c TPYIIHOCTHMB, JtoTOpble Tpe6yeTCH npe­

OJloneTh nps BCCne.UOBBHIIH Heynpyroro pacCe!IHHSI C UOCTO!IHHbiM COCT8BOM '18CTHII, 088 

Cyll!eCTBeHSO OCaOlKHHeTC!I coeepmeaao CU911B8abBhiMH 06CTOHT9nhCTB8MH, 0 KOTOpbiX Mbl 

6y.ueM roaopaTb HH>Ke, 

flpocTellll!BM npaMepoM TaKoro poJla nponeccoa KBn!leTC!I cphiB (noJlXBaT) 'IHCTHIIhl 

npH CTOIIKHOB8HHH, KOTOpbiJ! MOlKHO CXeM8TH'I9CKH Up9JlCT8BIITb THK: 

( I+ 2)+ 3~(1 + 2)+3 

~ 1+(2+3) . 

3.uecb CK06KH 06"b9.UBB!IIOT '18CTHIIbl 0 o6p83YIOWBe CBH38HHYIO CHCTeMy, 

(1) 

B 1950 r. nanMaHOM B !JJaaarepoM
11 

I 6bln npenno>KeH o6mall <j>opManH3M anSI onaca­

HHSI pacceSIHHSI c nepepacnpeneneaueM. 0JlH8KO nony'leHHble ypaBHBHHSI ae MoryT 6b1Tb pewe­

Hbl B9110Cp91!CTBeHBO pa3p860T8HHhiMH B H8CTOruuee BpeMSI MeTOIIHMH/
2

•
31 

(aanpHMep, MBTQ­

IIOM <l>penronhMa). 

t CymeCTBBHHblll nporpecc 6bin JlOCTurayT B pa6oTe <l>a.uneesa
12 1

• B CHCTeMe HHTerpanb­

HbiX ypaBHBHBfi <PallJleBBO llnSI KOMnOHBHT 8MUnHTyllbl 3-'IHCTH'IHOrO p8CC9<1HHSI ycTp811BR ne­

nbll! PJ!Jl npBHIIBnaanbHbiX TPY.UHOCTell, B03HHK81011!HX B nOCT8HOBKe nanMaHa-!JJsaarepa. Me­

TOll <l>an.ueesa .uonycKaeT npocToe o6o6mease aa cnyqal! 6onbmoro qacna qac Tan
131

• OnaaKo 

'IHCneaaoe pemeRBe HHTerpanhHbiX ypasaeaall <l>anneesa npe.acTaBn!leTCll secbMa Tpy.aoeMKoll 

3a.uaqel!x). 

3aa'IBTenbHblll war s pa3BHTRB Teopsa p eaKnan 6bln cnenan nocne noKBneRBH pa6oT 

<l>ew6axa
141

• O'leHb yno6HbiM OKa3anocb pa3naraTb <j>yHKIIHIO N Ten no nonaoMy aa6opy 

x) B 3TOM oTaoweaaa RHTepecea pac'leT pacceSIHHH c y'leToM nepepacnpeneneHB!I B 

npocToii Monena 3- x Ten no MBTOilY <l>anneeaa, npoae.ueHHhlil A.l1 . Ba3eM, B .<P.lleMHHbiM, 

H 11.H. Ky3bMHHbiM. 
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<jlyHKUI'lll N - } Ten a ( KOTOpbie MOf'yT 6b!Tb Hal\L!e!Ibl B paMKaX KaK oll-IIB6yllb XOpOWO pa6o-

Ta lOIUell MOll9JIB), Koa<jl<jlHUBaiiTbl TaKOf'O pa3JIO lK9HH!I KaK <jlyiiKUHB KOOpllBHaT N-on qac-

TBUbl HaXOllSITCS! 113 CI!CTeMbl llH<jl<jlepeHUB a nb!IbiX ypaeHeiiBit, PeweiiBe )1{9 llB<jl<jlepeHllBanbiibiX 

ypaBHSHHli H9CpaBH9HHO npome, '19M HIITerpaJibHb!X, npn 3 TOM 0 npaena, npn6JIH)!(9JIHO o6pbl­

Sa!OT CHC TeMy ( KOTOpall HM99T 6eCKOH 9 '1 HOe 'IHCJIO ypaBIISHHll), 0naaKO yKa3aHHb!ll Me TOll 

He f'OllHTCS! llJI!I OnHCaHHSI paCCS!IIIH!I C II3MeH9HII9M COCTHBa 'IHCTHU, XOT!I pa3JIO)!{eJIII9 ~· N 

no IIOJIHOMY aa6opy OCTaeTCS! cnpaB9llJUIBb!M 0 II CBCTeMa ypaBHSHIIli IIMeeT peweHBe, COOT­

BeTCTBY!OIUee nponeccaM C nepepacnpenene iiBSM 'JaCTBU, 3 TO CB!I3aHO C TaM, 'ITO 6a3IICHbie 

<jlyiiKUIIB MOf'YT 6 biTb B bi6paHbl JIHlllb lllil! Oll!IOf'O COCTaBa 'JaC TBU 0 II Il 3TOM Cny'lae Tpynno 

c<jlopMyniipOBaTb rpaHH'IHbl9 ycnOBHl! BH K03<jl<jlBUH9HT!Ibi9 <jlyHKUHII, COOTB9TCTBY!OWIIe HCIIMnTo­

TI'!Ke C llPYf'HM COCTaBOM 'IHCTHU, HanpnMep, lllil! nponecca , npellCTHBJI SHIIOf'O CX9MOfl ( 1) 0 

np!I pa31I0)!{9HHII nOJIHOll <jlyHKUHII no COCTOl!HHIIM OTBOCIITSIIbiiOf'O llBII)!{9HIIl! 'JaCTHU 1 H 2 

npaKTH'IeCKH HeB03MOlKHO 3aniiCaTb rpHHII'IHOe yCJIOBIIe OTCyTCTBIIl! napl!IIaJibHbiX CXOlll!lliHX-

CH BOnH, COOTBeTCTBY !OlUHX !lBH>K8HHlO qaCTHObi 1 OTHOCHTe nbHO U8HTp8 MSCC CBH3 8HHOA 

napbl ( 2 + 3 ) , nonpo6Hee Ha 3 TOM BOIIpOCe Mbl OCT aHOBBMC II B pa3Jl91Ie 2, 

npennpiiHl!Tbie B pBJle pa6oT
161 

nonbiTKB o6oliTB yKa 3aHHYIO T PYllHOCTb no nyTII BCnOnb-

30BaHHII <jlopMHJIII3Ma npoeKUIIOHHbiX onepaTOpOB (CM, B TOpy!O pa6oTy ¢ew6ax1
4

/ ) HOKa 

Henb3l! C'IHTHTb nonaocTbiO ycnell!H biMII, Mbi He 6yneM 3necb KacaTbc sr 3TIIX pa60T nonpo6-

IIee, OTMSTIIM TOnbK0 0 'IT O pa3JIII'IHbl9 npennaraeMbl9 ypaBHS!!Hl! Jllil! !IpOSKUII OHHbiX O!IepaTO-

p oe O'leiib TpynHo pell!aTb, 

Hy}f{HO OTMeTHTh 1 qTo y'leT a.neHTiftUIOCTH nana10meH qaCTHUW c qacTHU B MH MHUIBHH-

3 alla'la T SCHO CB I!3 HHHH!I C npo6neMOll OIIHCallii!I nepepacnpall9H9HII!I 'H !CTBU (no CyiUeCTBy 

COCTHBII!IST JIII!Ub 'IIICTb nOC!IeUHel\), 3TO nOll'l9pKIISaeT 3HH'I9HH9 06CylKUHeMOf'O BO!IpOCa, 

Yi HTepeCHaSI Bll9l! 6biJia Bb!CKa3aHH B 

6a3IICHbiM IJlYHKUH SIM He nonllyiO <jlyftKU IIIO 

pa6oTe l!esiiHa
15 1

, npe!lnO>KIISill ero pa3naraTb no 

11', a pa3HOCTb q: _<f', rue <!> =e'k•R•¢(p) 
0 0 a 

npe UCTaBJISI9T IIJI OCKY!O EOJIJIY CBl!3aHHbi X na p ( 1 + 2) 0 CB060llHO niillHIO!llHX Ha Tp9Tbl0 'JaC­

TIIUy, OTM e 'leHHan B btllle TpyLUIOCTb npii a TOM ocTaeTC!I, uo, e cnu npe He6p e'Ib ocT aemHM: cn 

B IICHMnTOTBKe ij - ¢ O BOJIHaMB, COOT BOTCTDY!Ollli!MB CB060UHOMy llBIIlKeHHIO nap (1 + 2) 

OTHOCHTenbHO 3, T O MOlKHO UpH6JIII lKeHRO 3aiiiiCaTb rpaHH'IHbl9 yCIIODIIll H p e l!.lB T b 3Hllii'IY 

(uononHBTenbHb ie 3aMe 'IHHIISI no noeony pa60T bi l!eenHa
15 1 

BbiCKa3aHbi e pa3al!ne 2), 

1-IUel! JleBIIHa Ra.BOllBT Ha M biCIIb 0 nOJIH OM Bbi 'IIITaHIIII 113 IJI cPYH KUill! , COOTBS TCTBY!Oilli!X 

8CHMnTOTaqecK OM Y JlBH >K8HH lO rrpO.OyK T OB p e 8KUH H C COCTBBOM l.J8CTHU1 OTnHqHbiM OT T8KOI"01 

nn!l KOTOporo Bbr GpaHbi 6 a3HCIIbte <jlyHKUIIII, B 3 TOM cnyqae rpaHH'!Hbie ycnoeii!I QOPMYliH pyiOT­

Cl! TO'IHO, TaKH l! nOCTaHOBKa eonpoca Tpe6yeT III!q,OpMHUII II 06 ll M niiBT y lle paCCSIIHB!I 9lll9 llO 

peweHB!I 3HllH'IB , 0KH3 b!Ba e T C!I 0 'ITO aMnJIHTylla M OlKS T 6LITb Ha[faeHa nOJl60pOM HHaJIOf' II'UIO 

TOMY 0 KaK npB 'IBCIISIIHOM pell!eHHII 3Hlla 'IH Ha C06CTB9HHbl9 3 HH'I9HIIl! IIOJl6IIpaeTC<! 3 H9pf'lll! 
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ypoass. B paa11ene 4 cpopM)'Illlpye-rcs KpHTepsll npaasnbaOCTH TaKoro abl6opa. KaK n a pa-

6oTe neassa /
5

/ , UOI!y'laJOTCH ypaBB8HHH C RCTO'IBBKaMH (B OTnR'IH8 OT 06bi'IHOrO MeTOJJ.a 

<l>ew6axa ). Y!ccneAoaasae TaJ<Bx ypaaseBHll npencTasnseT MeTOAH'IeCJ<Bll asTepec oco6esso 

B CBeTe IICUOnb30SaBHH HCTO'IHHKOB SMQCTO MBIIMbiX AOOaSOK UOTeHURana, nnst y'leT8 CBH3R 

.QBBHOrO K8Hana C OCT8JlbHbiMK. 

2. CacTeMa caaaassbiX JJ.l'l<jl¢epesAaanbHbiX ypaauesall 11ns peaKnsll 

c nepepacnpeAeneHHeM 'laCTHn 

PaccMOTpHM aaAa'ly 3-x Ten, cxeMaTH'19CKH npeACTaaneaeyJO n (I), Y!cxoAHOe ypanse­

sse lllpenssrepa HMeeT aaa: 

( T I + T 2 + T 3 + V12 + V 1 3 + V 23 ) 'I' = F IJ1' (2) 

rAe TI , V
1

J - onepaTOp KIIH9TH'IeCKOl! 9HeprBH i -OH '18CTRUbi H UOTe nnaan S3aHMOJJ.eliCTBBH 

'laCTBU i H j , nyCTb non!UlH 9SeprBH F B9AOCTaTO'IH8 anst paaaana CHCT9Mbl ll8 TpH 

'!aCTs, CocTOHHHe CHCT9Mbi, KOrl!a CBH3llHH8H napa (I-t- 2) aaxoAHTC H sse o6nacTa aaasMo-

ael!CTBBH C 3, 6yaeM l!a3biB8Tb KBIJ8HOM CB060AHOe JJ.BBlKeBae Uapbi (2,3) OTHOCH-

T 9Hbll0 I KasanoM b By a eM C'IHTaTb (so aa6elKaaae uecymecTneaHbiX a npal!Uanaanb-

HOM OTRomenaa ycnoJKReHHil), 'ITO 'laCTHII:bi I s 3 se cnapaaaJOTCH, B cooTaeTCTSBil c yxa-

38HHbiMR B03MOlKHb!MH pa36aeBHSIMH '1 8CTIIU raMHllbTOHHHH CKCTeMbl MOlKeT 6biTb npeJJ.CTilB­

nea B BRAe Cy MMbi H8B03MyD.l81lHOll 'ISCTB H B03MymeBHll IJ.BOSIKHM o6pa30M /
5

/: 

= H + V 
b b (3) 

Ta(b) - onepaTOp KHB9TH'IeCJ<Oll 9Bepraa IJ.BHlKeHHB neHTpa MaCe OTBOCB'l'9UbHO Tp9Tbefi 

'ISCTHUbl B KaHane a( b) ; ha ( b r raMsnbTOHBSH UllyTpeH!lero JlBHlK9HIIH napbl; V = V +V 
l 3 23 

v z v + v 
b 12 1 3 

JlBHJKesae 'IBCTBn n Kaaane yao6so xapaKTepaaoaaTb n!peMeH~biMH p a = r 
1 

- r 
2 

OTHOCHT8nhHO ABHlK8HHB 'ISCTBn 1 H 2 B BX neHTpa Mace R = IT' 1 r 1 + rr 2 r 2_ r, AsanorB'IHble 
m + m 3 

I 2 

B8KTOpbi B KaHane b K R b 

<l>yHKUHB ljl BCel\ CHCTeMbl MOlKeT 6biTb p83HOlK8Ha K8K IIO nonHOM}' sa6opy C06-
b 

CTB8HHbiX IPYHKnBl\ ¢,p., ( p a )raMHnbTOBHBHll 

C06CTB9HHbiX <jlyHKUHll h 0 

TaK a no nonnoMy aa6opy ¢ lfm ( p b) 

'JI I I< ) = }' J ¢ a•( b)>< q:, ao( b )J'JI ( p ; R) > 
Pa(b)' a(h) lPm trm trm 

(4) 
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fioJl cyMMOl! B up8B oA UCTB ( 4) Cli8J1YfrT nOJ1J>A3YW8B8TI> CyM),()IJ>OBUBe no J1BC1tp41'1'.Bl.IM 

B BBT8rpapO,'>ABB8 no BenpepblBBhiM COIScTa&BBhiW 3K4'l8BBBM h 
• (b) 

CTaBAAJ>TBA11 upOlleAypa
141 

n03BOllsrr nOlf.Y'lBTI> JlliS ~~:oalj>cjlaueBTOB p43110lK9BBll (4), 

11Blf.IIDillBXCs ojlyBKUBilMB R. 
1 

b 1 , CllcTewy casaaaah!X Alllj>cjlepeBilBam.ahiX ypasaeuA • 

.llns pemeBBH TAKol! cacTeMW aeo6XOJ1BWO 38J1ATI> rpaBB'llllole ycnos•• aa< ¢ • 1 b I 'l'{p R )> 
.e .. 

COOTB8TCTBYIOillB8 nOB8J19JlBIO BOIIJIOBOA ¢yHXIlRH ~ CBCT8Mlol upa R 
0 
(b)~ ~ • 31lttelb 

Whl BCTp9'l88WCII C TpyJlBOCTlbiO, X8p8ltTepaoa lllll'l 38J18'l C ll3M8B9BB811l COCT8BA '18C'nllto . 
Paano•eue no ¢

1 
Pm yao6ao lllll'l onacaBBH pacceiiUll B xaaane , BO )"18T1 118upB-

Mep, OTCyTCTBRH nAJ18101llBX BOIIB B X8B&n8 b B Bllll8 rpAKR'IBOrO ycnOBBS BA q,yKXIlRH 

< t/> ,f., I 'I' > ,3ABRC>IWB8 OT R. , npeacTaanHeTCll xpal!ae 888CTitCTBellBhiM, PaanoJKeHRe no 

rp~fm , BallJ>OTirB, nOSBOllli8T llpOCTO c¢OJ>M)'1Uip 0B8Tlb rp8HH'lRhl8 ycnOBBJI B XABAIIQ b 1 RO 

cosepmeaao ae 113BeCTBO, xax a cJlYBKniiiiX < rp
1 

Pm I ~ > , . 38IUIClllllBX OT R • BblJl&n:rn. 

BOnBhl OTROCaTem,aoro AaHJK98HII naphl ( 1 + 2) • 'I&C~Rilhl S; 

11T&K, RCilOllb30B8RR8 p83110llt98Hl! ( 4) 38TJ>YJ1Bl'I9TCH npBCYTCTBR8M B ACHMilTOTU::8 'I' 

OJ1B0Bp8M9BBO Jt888110B H b 

/5 / 
nesaa npe)lnolKJin Bhl'lHT8Tb 113 'I' WIIX.IUIIO ~ 0 cso6oaaoro JlBHllteBBll D8pb1 B 

Jt888ll8 OTBOCBT9llb80 Tp8Tlb9ft '18CTIIIlhl. 0.1lB8XO 9TO 88 yCTpABReT yi834RBYIO Tpyll-

BOCTb B <!>OJ>MYIIIIJ>OBJC8 rp&BR'ISbiX yCllOBBA llJIB CBCT8Mbl yp8BB8HBl!, n01f.Y'l8BBbiX neBJI-

8biM, 89 ll&r'l8, '18M upR pa3liOlK8BBR (4)
1

), 

fipellCT8BJilleTCII 8CT9CTB8H8biM IICJtliiO'IBTlb R3 8CIIMIITOTBKII 'I' nR60 X888ll 

na6o 1<88811 b fioc'rynaM ann sToro cneAyJOJllHM o6pa3oM. PaccMOTPHM ypasaelllle 

{H o l bl-E)cl>01 bl {pR )= I. 1 b l(pR) . (5) 

Bbt6epeM rpa&II'IBht e ycnosas llllll <I> a <j>yHXIliiiO HCTO'IBBKOB T81t 0 'IT06bl 8CHMDT~ 

THK8 <I> COB1181l8118 C '18CTbiO 8CBMnTOTHJtH 'I' ( R p) , COOTB9TCTByiOmel! K8B8ny a (b) 

11cTO'IHHK I s (5) 8eo6xonaM ans Toro, 'IT06bl o6ecne'I8Tlb s acaMnTOTIIIe <ll 
a ( b) 

p83HllllY nOTOXOB ll81l810Jll9li II yXOil!llll8l! BOIIB paBByiO T81tOBOII B K8B8118 a ( b ) <j>yHKil HB 

'!' • B bl'IT8M <ll. (b) 113 "' 
3Ta pa3HOCTb yaosneTsop!leT ypasaeB1110: 

II {II -~a ( b? = F { IJI - <IJ a ( b? - Va ( b) <fl a (b) - I a( b) (6} 

P a3nOlKBM 'I' - "'• 1 b 1 B PHil no rp t'f 'm ' 

b(a) b(a) b(a) b(a) _. 

'1'-~ =I I<P·e .. >< .P·e .. l "'-"' >=I 1¢ ·r .. > X.p .. (R). (7) 
a (b) 1 'e 'm, i m f m a (b) t'l', m , 1 m J m 

fiollCT&BHr.l (7) a (tJ), yMBOJKBM ypasaeaae (6) cnesa 88 <P bpl a)( p \ 11 upoasTerpapyeM no 
I m 

p b I•) • Bocn0lllb3Y8MC!I OJ>TOHOPMBJ>OB8HBOCTbiO ojlyB][IlBl! "'· r .. ' llOJiy'liiM, Y'lBTbfBAH, 'ITO 

h alb) a(b) a(b) 
a ( b)tPtfm = f tfm rp tP m ; 
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(T + •. b(a) b(a)... '<' b(a) b(a){R~) Jb(a)(~) O 
b ( a ) I P - F. ) X p ( R ) + "- K p 'f, .X •p , , + p R - , 

l m 1 'f'm, 1 m 1 m 1 m t II) (8) 

r.Qe 

o(b) a(b}*..., -t- a{b) - .. 

K dm 1 'P 'm ,( R ) e f cp 1 P m ( P \ V a ( b ,< R' p ) cp 1 'f 'm ' ( P ) d P a 1 b ) (9) 

(10) 

CacTeMa na<!xt>epeauaanbKhtX ypaaaeaal\ (8) 6naaJta no CTpyi<Type CBCTeMe, nony'!BJoruelicH 

npB pa:.lnOlK9HHB IJI II OTJIH'l89TC!I OT H99 JII!illb H8JIB'IK9M B (8) <jlyKI<IlHH HCTO'IHHK08 

J ( R) x) • nostBJieHBe HCTO'IHBitOB B YP8.8JI9 HH!IX (8) 06'bltCH!19TCSJ T9M, 'ITO, uanpHMep, 

8 8CHMnT<'>THK9 'I' - <!J a 9CTb TOJibKO fl8CXOA!UllH9CSI BOJIKbl II IICTO'IHHK o6ecne.'IHB89T 

Bblll011H9KBe 38JtOHOB COXp8H9HH!I (yJI9T8101UH9 '18CTHilbl AOillKKbl OTKYAB-HR6yAb 6p8TbCS1), 

Ecna noTeHUBBilbt V a 1 b 1 HMeJOT orpaBB'IeUHbtll panuyc aei1CTBHH
1 

TO <jlyHKilHB 1< 
1 

J H 

J J OTJIB'!Rbl OT ayn11 a KOHe'laoll o6naCTH, CacTeMa (8) npa R ~ ~ nepeXOA HT .8 CBCTeMy 

onaoponabJX pacuerrneKKbiX ypaaf!eaall ( WpenaHrepa), onacbJBaJOmax cso6onaoe llBII lKeaae na­

pbl ( peanbaoe una sap-ryanbf!oe) .B i -oM COCTORHHH OTflOCH T enbao TpeTbell 'IBCTHUht, llnn 

<jlyaJtn:Bll X npocTo c<jlopMynaposaTb rpaHI!'IHhJe ycnosun. Ecna a flepraR E CHCTeMbt He-

.QOCT8TO'IH8 .QJIH B036ylK.Q9HH!I p ap B K8H8Jl8X 8 H b , TO 

p: lk R .. a a 
e a a + A ( 0 • ¢ ) _!_R-:- npl! i ~ 0; P~ 0 , 

lim X 1aPm 
R

0 
... oo 

A.pm 
e -X ~p R 

rrpa i f 0 IIJH! p h~ 0 . 

(II) 

.. R 
b b 

{'"" _e ___ 
npl! i ~ 0 ; g~ 0' b 

R b lim XIPm (R) ~ 
R ·~ ec -xb Rb b B !Pm e 1P npa j f 0 II Ji ll Pf 0. 

(12) 

3. Ypasaeaan nn~ napuaallbf!hJX sona 

~ 

"1 To6bt OTAeJIB T b yrJIOBbte nepeMeHf!bJe , paanolKHM X
1
pm (R) H J

1
pm no maponbtM 

rapMOHHKBM ( OIIYCK8 H HHII9KCbl a, b 

x) Yp8BH9HHH (8) no <jlopMe COBJT8.Q8!0T c CHCT 9MOli ypasaeaall n eBHHll/5 1, HO y nesa-

H8 B <jlyHKUHH HCTO'JHHK8 (10) OTCyTCTayeT B T opoi! '{Jl9H. B pa6o-re nesHHB / 5/ H3 ~· Bbi'IH-

T8JI8Cb ¢YHKUHII cf' 0 • f!BJI!IIODIBHCH peweHH9M OJlHOPOAHOro YPBBH9HH51 (H a -E)¢ o= O,conna-

llBJODiero c (5), ecna nonolKHTb HCTO'IHHK I paaHbtM ayn10, 

7 



f m 
.. X 2 2 

Xlfp., (R) = I ~(R) 
r 

2 
R 

.. 
yf (.R.) 

m 2 R , (18) 

11 aaanorii'IBO nns 1
1 

fm • 

nna X nony~a&N 113 (8) B (18) CBCTeMY: 

2 1 __ d+ 
[-2m dR 2 

f 2 ( f 2 + 1 ) f2 m 2 f 2m 2 t; m; f; m; f
2 

m 
2 ~--=--:-- 1 X ( R ) + I K , .x + 1 • 0 • 

2m R 2 If m 'P, 'f, , If m I 'f m 1 'f' m' If m 
1 1 i em, 

2
m

2 
l 1 1 1 1 1 1 1 

(14) 

rna 

f2m2f;m; R R 
K p •· '( R)~JYf• (,.)Kif m f.',.)lf'.,'(...,-)d{L 1

) 
111 1 1 t l m 1 2 m2 K I 1 1 1 1 2 2 I( R 

(15) 

f2 "'2 - .. 
Jf (R)·Rf~ <-!>1. (R)dO-

t 1 m 1 t
2

m
2 

,.- tt
1

m
1 

R 
\18) 

CBCT&Ma ( 14) BADBCasa nna <jlyBKlUIA X a upencTaaneBBB JI:BASTOahlX 'II!Cen f 1 .111
2 

f
2
m

2
• 

nepeAlleM x upencTaaneBIIJO f f LM , rna L- f 1 + f 2 , a M- upoeJI:DIIB nonaoro woweBTa 
I 2 /8/ 

L • BocnOJihayeMCH nna aToro upeo6paaoaaBII!lNII 

LM LM f 2 m
2 X e I C X 

d f m m f l .,f2m dlml 
I 7 1 2 I 2 

(17) 

LM LM 

1 ~ I c 
1 fl f 2 m m fl "'1 f 2 "'2 

I 2 

\17a) 

f2 m2 f; m; LM L' t..t ' LM 

K f 'f' ,= I Cf P Ct' 'f ' ,K P f 'f'f ' SLL ,SI.H•'• 1 
lmll lml LM l m l'-2m2 lml 2 111 2 1 I 2 1 1 2 

L 'M' 

1oM LM LM 
- l: c, • c •. •f• JC • • "'' • •• 

LM I "'t '2"'2'1 '"1 2m2 lll l 2 1 <1 l 2 
(18) 

' J 

LM 
YMsolKRM (14) sa c. • a upocyNNBpyew no m

1 
m

2 
• 3aweuw K 

Ltm1 L2m2 
no <jlopwyne 

( 18) a, y~BTbiBaa opTorosam.socTb xoa.P.PsnaeaTOB B&KTOpaoro cnozeBBH: 

LLC L 'M' 

l: C• f C • • • S • S • t 1 m1 2 m 2 t 1 m
1 

t
2

m
2 

LL ~M ' 
ml m2 

(19) 

DO/Iy~M CBCT9MY B npencTaaneJIBH nonsoro MOM&STa: 

1 l f 2 (f 2 +1) LM LM LM LM 
[-2;;.-d'R2 + 2 R2 -1 Xlf f (R)+ ~ Kif f d'f' (R)\'f'f'(R)+ J f'f'(R)· 0.(:.!0) 

Ill I 2 1 'f; f ; I 2 I 2 I 2 I I 2 

TaK KaK 'I' - -(f) xose~sa ups R .. 0 , <jlyBKUHB X nonJKsbl oiSpamaTbCH a JIYm. upa R- 0 . 

npa 6om.wHX R CHCTeMa (20) pacnennaeTCa K 11 1-+ 0 npH R .... B 8CIIMDTo-

THKa x BM99T BSn: 
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.I 

f 0 
fT 

l I (i R 2 )ll ll 
Xtf, f 2 • K~ an o a ~ t 'o f If~+ 

l(kaR -~1 
I a 2 

aLM 

(21) 

(22) 

4. Pemeue cacTeMbl 

llyC'r'& saepr&u E IIQJlOCT8TO'lllli JlnR B03f5yJKJl&RilH nap (1 +2) B (2+3), TaK 'ITO . 
sByTpea&ee 

Rllil <P~( b) 

COCTORIIRQ napbl npa f5om.maX R a ( b J OURCbiB89TCH <jJyBKUB9A OCBOBHOrO COCTOH-

• Tu KaR BayTpeaaee cocTORIIRe uap npa 6om.max R onaChiBaeTC>I B JlaK-

HOM cny'llle a sonaol!, non&bll! MOM&HT L CBC'r'9Mbl f5yJleT COBnanaTb C f 
2 

LM 
nn11 'lBCn&IIHOrO pemeiiR>I CRCT&Mbl (20) HYlKHO 3Bil8Tb <j>yKKUBB J tf f ( R) , KOTOpble 

1 2 
onpenen~R <I>Ya~tuaHMR ~(R ,p) a I(R,p) • HcTO'lBIX I(R ,p) B ypasaeaaa (5) yno6ao 

Bblf5paTb B ~TopR30B811BOM BBJl9! 

-- a(b) -
I. < b J( R • P ) • ¢ o ( P ) • ·s a < b J ( R ) • (23) 

Cornacao (5), 3aBRCRMOCTb <I> OT p npa 9TOM TaKJKQ Bblll&nBTCH B BBJlQ MHOlKHTeng: 

(24) 

<l>yaxuaH F R3 (24) ynosneTBOpHeT ypasaeBRJO: 

o(b} - -
( T a f b 1+ < 0 - F.) F ( R) = S ( R ) . (:.!5) 

npR COOTBeTCTByDmeM BbllSOpe S (25) uoJKeT f5b1Tb pemeao aaanaTR'l&CKII, B KB'l&CTBe 

RCTO'llllll<a Sa ( b J cneAyeT B3BTb <j>yHKUII10 0 CTp&MHIUyx>CH K aymo npa f5om.max R , na-

paM&Tphl 9TOA <i>YIIKUIIB lloruKHhl f5b1Tb Bb16paKhl TO, 'lTOf5bl aCRMIITOTRKB ~a ( b ,< R) COB-

nanana c 'I' npa Oom.max Ra(bJ (eM. npanoJKeaae A ). BoauKaeT npof5neMa: nnH 

pem&RIIH CBCT9Mhl (20) 118M HylKBO 3H8Tb BCBMUTOTRKY ljl , a 'lTOf5bl nocn&llKIOIO nony­

'lRTb0 ayliUio pemRTb (20). 

Moli<Bo npe.ano>KRTb cneJlyJOmaA BbiXOil aa nonoJKeHRH, AcaMnTOTRKa B KaHane a (b) 

xapaKT&pR3yeTCR 0/IIIOA KOIICT811TOA-aMnnRTYilOA qa(b}, MOilYJib KOTOpOA orpaKR'l&ll! 
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BbioepeM npo6ay10 aMnnaTyuy Q a , yuonneTnopsnomyJO (26), OnpeuenHM S a , <I> 0 

J b • P emaM (20) H ua iiueM 
b a KpaTepaeM npanHilbHOCTH Bbioopa qa MO>KeT CJlY>KRTb 

COOTHOUieHH.e 

lm =k lqal 2 +kb~!!lqbl 2 • 
a m b \27) 

BBnHiomeecH cnenCTBHeM 3 a x:oua c oxpaHeHHst tiHCIIB 'lBCTH.U R nonHero MOMeHT&. KpoMe Taro, 

e c/UI no q b aal!TH S b <f' b , _I a R pelUHTb (20) , TO Mbl llOnlKHbl n ony'IHTb q" (H3 

8CHMnTOTBKH X ) • 

nocKonbKY oonaCTb onpe)leneHBSI orpBHH'teHa (26), HCKOMbie aMnnaTyJlbl MoryT Ob!Tb 

H8l!UeHbl nocne,I:\-OB8TenbHbiMB HCnbiT8HHIIMH nO)lOOHO no)lOOpy 3 HeprHH npH 'IHCneHHOM peme­

HHB 38)l8'1B HB C06CTBeHH~e 3H B'teHH II. 

5. KouTpollb TO'IHOCTH pac'teTOB 

npa pellleHHH JlH <jl<j>ep eHUHBnbHblX ypaBH9HRII HB 38M O'IBHh none3HblM un11 KOHTpOnSI 

TO'IJHOCTH pacqeTOB HBJ1Sl9TCS1 HCJlOJlb30B8HBe COOTHOIUe HHi-t, CT:HI3biB8J01URX 3HaqeHBH <f:lyHKUHii 

H HX npOH3BO)lHb!X B H8'18ne H KOHUe 0Tpe3K8 HHTerpHpOBBHHSI. nnSI OJlHOpOJlHb!X ypanHeHHii 

(HnH CHCT eM ypanHeHall) T 8KH9 COOTHOllleHHR nony'IBJOTCSI 8H8nOrH'IHO BbiBO!ly <jJopMynhl 

38KOUa COXpaHeHHII nOTOKB. 

YMHO>KHM (20) HB 
LM* LM 

X tP 
1 

p 
2 
cneea, a ypaeaeaae , conpSDKeaaoe ( 20), - ua X·, p P H 

TeM H3 nepnoro BTopoe: 

_ 1 d LM * 

2; "dR <xlp P 
I 2 

_g__ X L M - X L M i X L ... ) + 
dR 1P 1 P

2 
~e/ 2 dR 1P1 P

2 

LM LM* LM LM* LM 

+ ~ K 1 P r 1 ·cr • x r e x ·r · r · - K 1 r r 1 ·r • e · x 1 r r 
1 'f 'e' l 2 I 2 I l 2 

1 
l 2 l 2 l 2 1 2 

I ' 2 

LM* LM 

LM* 

x1·r·r· > + 
1 2 

I 2 

Bblq-

+ X1r • J p • 
l f 2 1 1 { 

-X LM JLM* =O. 
IP

1
e

2 
1r/ 2 

(28) 

npocyMMBpyeM (28) no i p 1 p 2 ( p 1 ' p 2 • L )lOn)i{Hbl YllOBlleTaOpRTb npaeany Tpeyronb-

HHKB ) • Enaro~:~ap11 CHMMeTpHH MaTpHUbl K , 'tneHbl, coAep"'awae Koa<P<!>auueHTbl K L ", 

nponaJlyT: 

dR 
l _j 

tP 1 f
2 

2m 
<f1 +P 2 =L l 

( 
L M* d L M L M d L M* ) 

x1e 1 e2 d"R xd
1

P
2
- xlr

1
e

2
d"Rxlf

1
P

2 
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(28) 

Cy~apawll nOTox ae coxpAHaeTca ssa~y Toro, ~To ~acno ~aCTHU onpe~eneaaoro copTa 

MeaaeTCa np11 pacceHRIIH. 11HTerpgpyu no R 

(30) 

6. CacTeMa BHTerpam.abiX ypasaeaall ~na peaJ<IUlll c nepepacnpe.neneHHeM ~acTHU 

Pacc1.60TpBM 

<jJylliilHB CHCT8MW 

a~a~y (I) pacceRHaa c y~acTReM TPex ~aCTHU. Bbi~TeM aa sonaosoll 
1k" 0 R 

na~aJOmyJO nnocxy10 sonay <I> 
0 

= ¢ ~ ( p 
0 

) e 0 o 

UBSI OCROBHOro CBR38RRoro COCTOHRRSI napw a xaaane 8 • P aanolK.RM 

, r~e ¢:- <!JYRX­

IjlyaxnRJO 'i'- <I> 
0 

no 

UOnROMY aa(Sopy C06CTBeRRWX ljlyRXURll raMIIJlhTORR8R8 H8 ( 3): 

en 
0 

R 
0 

x { :no ( ~o) n- HOMep yposaa napbl a xaaane 8 

¢ 0 
0 

( p ~ ) aenpepbiBRWll cnexTp OTHOCHTenbHOro 
llBRJKeRII g ~8CTHU I R 2 (31) 

tk R __ 
+ JJ a ( f q ) e o o ¢ ( p) d q d k ( 32) 

a a q
0 

a a 

nepBb!ll ~neB B (32} C1Ip8B8 COOTBeTCTByeT CyMMe no llHCKpeTHblM COCTOIIHHSIM OTHOCHT91Ib­

HOro ~BKlKeHHSI ~CTIIU 1 K 2; BTOpoll - p83nOJKeHHIO IIO ~YHKUKHM HX aeupepb!BHOrO 

CliQKTpa. 

Y~KTblBAH TOT ~aKT, ~To acaMnTOTHKa Kaaana nonaocTbJO co~eplK.RTCH so sTopoM 

~neae a npasoll ~acTa (32), paanoJKHM ero no nonaoMY ea5opy co5cTseHHbiX ljlyexuall 

raMIIIIhToaaaaa H b : 
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1 k b R b 
e 

{ 

b -
X </> m ( p b) ; IT - HOMep CBH38HHOrO COCTOHHHH napbl 

db lpb'- aenpepbiBHbJA cneKTp napbl (2+3). 
q b 

Pa3JIOlKenae AJISl ~~-<I' 0 npHMeT BHA: 

~·-<flo = 11' 1 + 11' 2 + IJI 3 

'V, - tk R a -
'i J an ( ka)e a 'lf>nd~a' 

- lk R b -

'1'2 = ~ Jbm(kb) e b bcf.m dkb 

IJI 
3 

- - H::;R -
Jfb(kbqb)e b b</· -;; dkbdqb. 

b 

<l>yHKUHH IJI - <!J O llOA'lH HHeTCS! ypaaHeHHJO: 

(F.- H ) (IJ' - <!' ) = V <I' 
0 a 0 

n oACT8BHM ( 34) B ( 40): 

( E - H a - V a ) IJI l + ( F - H b - V b ) ( IJI 2 + IJI 3 ) = V a q. o • 

-tk R 

(2+3) 

(33) 

(34) 

(35) 

(36) 

(37) 

(40 ) 

(41) 

YMH OlKHM (41) cneaa aa (2;}3 e a ¢~ I Pa ' npoanTerpnpyeM no dR dp a Y'tfHTbiBBR, 

qTO h a <b ~ = (: ¢ ~ 

k 2 
(F-<"--a-)9 (k 

n 2fT' n 

1 - -)--:'fa (k')V 0" ¢ adk'dR dp + 
{ 2rr)3 s a a n s a a a 

+ 
1 -, - Jka Ra+JkbRb a b ( h ~~2 -. - -

--3'i fb 1 (k b )e q· n</>t F-< 1 --2---Vb)d~ b dRadPa + 
( 2rr) t IT b 

+ 
- - lkR-IkR ~' 2 

-_I_Jfh( ~ ' ;q' )e a a b b (F-< h.--~-V )¢a ¢~dk'dq' dR 
( 2 17 

)3 > b r, 2mb b n q b b dpa 

..., -l I ( k -k ) R 
= --3Je 0 a a Va </' na ~ Oadp dR (42) 

( 2 rr) a a 

-1 k R b b 
YMHOX<HM (41) c11 e sa na -- e b ¢ I ph) n nponnTerpnpyeM no dRb dpb 

{2rr )s m 
nony'tf:HM: 

I ' 



k2 
(E-<b--b-)b (k )- ~ 

m 2mb m 

+ffb(k~;q~ 
'ck"' - r > R b 

e b b b k'b2 - - -
------¢ bc/>b ·(E-< ·--- -V )dk' dq' dR dp 

( 2 71 ) m q q 2m~ b b b b 

Y MHOlKH"-d'l !) cnesa na H npOHHTerpHpyeM 110 d J;> b dpb 

k" (E -< b ___ _ 
q 2m 

l(k~ -- -~ ) ;b 
) b ( k " ; q ) - ( h ( j;"" ' ; q' ) __ e ----- V 

b b b b ( 271 )3 b 

-1 k'~; b + 1 k ~ A 
0 

I(, 2 _ 

J 9 s ( k a' ) _e __________ Q b cP 0 ( F - < a - _a_ - V ) d k ' d R b d pb + 
( 2 1T) 3 q s s 2m a a a 

,;u; -tlt" R 

r 0 a b b va b a -
~ (271) ' e ¢<;-<~'o dp bdRb 

(43) 

(4-J) 

113 BlfLl tl ypanHeHI!ii (42), (43), (44) cnenyeT, 'ITO 9
0 

(Ca )l! bm( k-b )HMeJOT IIOiliOCHblll 

BHLl H8 " ~ HepreTHt.t:€CKOfi nonepXHOCTH., ( nyCTb 3HeprHn HeDOC TBTOl.IHB LlnH p83Bana nap): 

npH k ~ 61llf3KHX 
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nPHnO>KEHJ.1E A 

Bb16op ljlyHKURH HCTO'IHRKa S 

Pa:c>no >KRM F (I?) R S( R) no c<j>epaqecxRM rapMOHHXaM: 

fp (R) R 
F ( I? ) = f -R-- Ypm ( lf ) ; lA.l) 

S(R ) .~ }' Sp(R)y (~) 
p R Pm R • (A.:.I) 

<l>yHKUHH y /lOBneTBOp!liOT ypliBHeHHRM: 

1 / P2 (P +I) 
( - 2,; ~ + --~fi2- + < o - F) fp ( R) c S p ( R) . (A.3) 

8 hlp 83HM fp 'lepe3 nHHel1Ho-He3&BRCHMhle peweHRII q OJlHOpOJlHOrO yp&BH9HHH: 
I , 2 

(-..!___L_ + P2(P2+1) 
2mdR2 2mR2 + • o -E)qp(R)=O . 

(A.4) 

n ycTb q ,p 

n H H H e fiM:aHa. 

~ Fl j p ( ~ P); q 2 p = P n p ( k R), rne j p ; n p - c<j>epH'!eCKHe ¢YHKUHH Eecce-

Lln" fr Hl'vre eM: 

R 

fy ~ • 2 p 0.fo 1 p •pd R+ ~ 1 pf r
2

p spdR+ 
fi 

p 
cP g n+ C r 2P . 

1 1 r 2 

noTpo6yeM, 'ITOObl f p (0) = 0. 0TCIOil8 cnenyeT , 'ITO cr.= 0 • EcnH Bbl6paTb 

(A.6) 

S p TBK, 

ttT06 bJ Gpa11cn Heonpeaene JIH blii HHTerpa n OT npO!i3BeaeHHST ~· ~ , Mhl 6ylleM HMeTb fr. 
B 8HDnJlTH4eC KOM nHae. 

Bocnonh3yeMC5! <jlopMynoii (5.52) H3 Ta6nuu r paawTei1Ha lf P hllKHKB 

. p + 1 p+ 1 
Jx ?P(x)dx = x 7.p+ l (x). (A .7) 

l"lle 7. P - 11pOU300JlbH8Sl URnHH/lpR'I8CK85! <jlyHKUHS!, 

B ufic;:>cM cornacHo (A.7) B OHile: 

{ 

p+ l 
/1 p !< npH 

s p = 

0 npu 

Ps;a 

P > a 

(A.8) 

rl oncTaBH " (A.8) B (A .6) , nony 'IH M: 
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.,, { 
k I; 

P+ 1 r··· .. (k.,_, ..... (kR) 
R ie + 1 (k Rl npH R_:S a 

+ 1 + 1 

fe ~A e + Ae 
g1 f npH R5 a (A.9) 

0 
k l; P+ 1 

(h) a ip+ 1 n pH R > e 0 npl! R> a 

p 3/2 
+C 1 k Jp (k R). 

nps 6ollhlllHX R , cornacao ( A.9 1: 

(A.10) 

flpH <jlBKCHp068HHOM 3H8'19HBH 0 KOTOpoe p a3yMH O Sb16paTb paBHbi M nHH9 WHOMY 

e 
paaMepy otlnacTu aaaHMOael!c ·raaSJ 'IBCTBU, B3Meaeaue A p 

mo6y10 Tpe6yeMylO anSI KOHKp9Til b1X 3BaB'I 8CH MUTOTHKY ( p 

H C noaaonSJe T n o n y 'IHTb 
I 

, aanpHMep, (21) 

f!PHnOJKEHHE B 

flony'leUH9 <J>H3H'I9CKOrO pe!lleHHSJ CHCT9Mbl HeOaHOpoaHbiX aH<j><jlepeHUHBnbHbiX 

ypaaaeaul! 

floneaHo npHaecTH aaecb CTaHaapTHylO Itpoueaypy CBeae HBSI 381lB'IH C r pa HH'IHbiMH 

ycnoaHSJMH, aaaaHHbiMB aa pa3HhiX Koauax OTpea Ka HHTerpHpoaaHHR 0 H R " aaaaqe c 
KOHe'-1. 

rpaHH'IHbiMH ycnoBHSJMB a ay ne. 

PaccMOTPHM cHa'lana OltHO H9 01lHOpOaHOe ypaBH9HH e : 

L f. J , (B.l) 

rae L - nHHel!abi l! as<l><!>e peHuaallhHbi l! onepaTop BTOporo nopS!llKa. TaK KBK L ll, e llCTBHTenb-

Hbill onepaTop, a J MOlK9T 6biTb KOMnneKCHOll <jlyHKUHeii, yp8BHeHH9 (B.I) 3KBHBaneHT-

HO CBCTeMe 

L f 
2 

• 1m J 
(B.2) 

06mee pe!lleHf!e (,6.1) paBHO CyM Me 06!llero pe!lleHHSI OltHOpOaHor o ypaBH9HHR: 

L ¢ =0 (B . 3) 

H 'IBCTHOrO pe!ll e HHR (6.1 ). 

JlnR nony 'le HBR o6!llero pe!lleHIISI (6.3) pe!ll8 9M ( a Ha nnTH'I eCKII Hnll 'IHCne HHO) (6.3) 

C llBYM R nBHellHo-He3BBHCII 'v!bi MH rpa H H'lH bJMH yc n OBHS1MH 1 H anpR Mep : 
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1 ) Cl "_: (:) , ''i:-l "": (:) (8.4) 
naaeAayiO KOMt'iHHSnHIO pemeaal! </>1 B <P a C npOB3BOJlbllbiMB KORCT8BT8MH c, B C a 
CKnliAhtsaeM c 'ISCTHbiM peweHBeM (8,2), nony'leHHhiM, aanpuMep, c rpaHH'IBhiM ycnoauew: 

(:t: r:J ' (:j "".- (:) (8.5) 

05wee peweBBe (8.1) ISyaeT: 

f=f 1 +ifa+C 1 <P 1 +C 2 </• 2 o 
(8.8) 

HcKoMoe tPH3B'!ecxoe peweHae nonyqaeM B3 (8.8) Bblt'iopoM KOBCTSHT C 
1 

u C 
2 

• Ecnu 

f aonJKaa o6pamaTbCB a aynb npa R= 0 , C 
2 aonJKaa 5b1Tb paaua ayn10, 8 38A8'18X c 

orpSUR'IeHBOtl o6naCTbiO B38HMOileJ!CTBB!I f I ; f 
2 

; </> I BMeJOT SCBMilTOTH'IeCKHA Bllll: 

f 1 ~A 1 coskR +B sinkR" A,-ts, elkR A 1 +1B 1 -lkR 
I 2 +--2--e ' (8.7) 

f2~A coskR+B2 sinkR" A2-iB2 elk R + A2+~e-1kR 
2 

2 2 (8.8} 

<P 1 = acoskR+ bsinkR" a
2
-ibelk R + a\ib e-lk R 

(B.9) 

rae A 1 ; B 1 ; a , b - B3BeCTBble ll91iCTBHTenbBb18 'IBCna, nony'I89Mb19 npB '!RCneBHHOM 

HBTerpapOBSBBII (8,2), (8,3), 

fpaaaqaoe ycnoaue ua 

50B8BBH OTCyTCTBH!I BOnHhl 

npn 5ofibwax R 38ItniO'ISIOI!leecH, uanpHMep, a Tpe-
-1 k R 

e B ACBMUTOTHKe onpeaen11eT c : 
I 

A 1 - B 2 + a Re C 1 - b lm C 
1 

= 0 

8 1 + A 2 + b Re C 
1 

+ a lm C 
1 

= 0 o 

Auanoraqao MOlKeT 5 biTb nonyqeao peweuae CHCTeMb1 ueoauopOABh1X ypaaaeaall 

BToporo nopllllKB: 

L1 f 1 + I K 1 J f J 
J=l 

s1 (i=1,2, .. on )o 

18 
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JlnH 3Toro HYJKHO nony'IHTb 2n 1ll1Kei!Ko-He3BBHCHMbiX perueHBII OllHOpOAHOII CHCTeMbl 

L, ¢, + ~ K IJ ¢J 0 
J =I (8 . 12) 

C rpaHH'IHbiMH ycnOBHRMH 1 HarrpnMep : 

¢1 0 0 

¢' 0 0 
I 

</2 0 0 H T, JJ.. (8.13) 

¢' 0 0 0 
2 

H t{8CTHoe peWeHHe f 
l HeOAHOpOAHOil CHCTeMhl (8,11 ), 06mee pemeHHe CHCTeMbl (8,11) 

38.nHUleTCH B BHLl9! 

.+C <f>{2n)+f 
2 n 1 1 

(i= 1,2, . .. 2n). (8.14) 

KoaCTBHTbi C 1 • •• C 
2

n orrpeAenRIOTCR 113 2n <I>H3H'!eCKHX rpaHH'IHblX ycnOBHlt, 

8 3BKniO'IeHHe BBTqpbl 6naroABp!!T 8.K. flyKbRHOBB, 11. neTKOBa, 8.6. 6enneaa, 

0, flxaraa,IO.l1, <l>eauaa, B.H. KanuaKHHa 3a rrone3Hhie AHCKyccna, CBH3BHHhie c TeMoli 

ABHHOH pa60Tbl, 
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