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I. Bse,D;eHwe 

B npo~ecce peweHHR MHororenbHYX aa~q KBaHroao~ uexaHHKK HeH3-

dexHo np~XO,llHTCH rrepeXO,llHTb K MO,llenbHYM npe,llCT8BReHHRM, yMeHbW8D~HM 

H3BecniNe BY4HCRHTe.~bHlie TPY.llHOCTH 3TifX 3a.ll84. !Ipw arou B03HKKallT 

BonpOCY BYdopa roa HRH HHOI MO~eRH H CBR3H ee C HCXO,llHOA 38~4elt. 

Uenhll Hacroamelt padoru asnaerca nony4eHwe B pauKax a,D;HadaTH4ecKoro 

llO,llXO,lla/l-4/ T04HYX (de3MO,lleRbHYX) ypaBHeHHit ,llRH ~YHK~HH OTHOCHTenb­

HOfO ,llBH~SHHH KRaCTepOB BXO,llHOfO H BYXO,llHOfO KaH8ROB peaK~HK H,llep­

HOfO CHHT838 cA +f . ., 1[ +cJ... H HBHOe Bhl,lleJieHHe B 3TH X ypaBHeHHHX 

Od'beJ<:TOB, KOTOpHe HeOdXO,llHMO MO,lleRHpOB8Th. Tat<V.M odpa30M, B uepB,YIO 

OTJ:epe;u, TaRliM ORa3HB89TC.II ~RTilllllli.ii :mepr03aB1iC.fliiUlli liOT9Hl.UlM, OH.HCU­

B2.Killill!i BJlli.IIHll9 3aRpllTbtX ItaHMOB.iiiO~e.Jil>HOe ilpe~CTaBJieiDie A1Ul TaROrO llO­
TSH~Hana 38Bepwaer nepexO,ll OT ITOJIHOH 5-TeRbHOit 3a,ll84H R KOHKpeTHOit 

MO,llenH. 

Hccne,D;oaaHHe peaK~HH d + t ~ 71 +- cL B pauKax ra Koro 

llO,llXO,lla CTHMYRHpyeTCR ,ll8BHO CTOHUlSA npoORCIIOA :J.I;eHKH npaKTH'leCKOll 

~eKTHBHOCTK MDOHHOfO KaT8JIH3a CHHTe3a 

,-~-
5JI t- ----d.+ t+~ ~ He(~)T +}l ~ 

ttl-\e t- n +- P- + Q. 

4 1-!e ).l + 'tt 

~~eKTHBHOCTb 3TOR peaK~HH onpe,lleJIReTCR npe~e BCero 3Ha4eHHeM ~S 
BepoRTHOCIV. npHRHll8HHR Me30H8 K reJIHil /"J/. B MHOf04HCReHHYX pa6o­
Tax/5-I;C/, IIOCB.fllli9HHUX 3TO.i:i rrpo6n:eMe ,r.moroTe.JibH~ II MHOrOitaHaJrbHHK 

xapaKrep aroll aa,D;a4H BuHy~aer ynpomarb npe,D;craaneHHR AJIR oneparopos 

CBH3K K8H8ROB, ~eKTHBHYX B3aHMOAeiCTBHI H r.n. 8 pa6oref5/, 

HcnonDaynmeA rpexKaHaJibHYD MoAen& peaK~HH JU - KaranHaa, oneparopu 

CBR3H KaHaROB npHBO,llRT K ,llOITOJIHHTeJihHOMf 3Hepro3aBMCRUleMy B3aHMO­

,D;eltCTBHil B OKOH48TSRbHYX ypaBHeHHHX ~a,ll.lleesa. llapaueTpH 3TOf0 B3aHMO-
~/I'k­

,D;eitCTBHH 4 aCTH4HO H3BReKallTCH ITO.JU"OHKOII ,ll8HHYX ITO pe30H8HCY· . Ne (;J.f • 
0,D;H8KO BY6op BH,lla oneparopOB CBR3H KaHaROB H HX napauerpoB Mozet 

cymecrBeHHO CKa38TbCR Ha OKOH48TeJibHYX ypaBHeHHHX. 3TKM onpe,lleJIReTCH 

HHtepec K H8XO~eHHil ~SKTHBHYX ITOTeH~HaROB Ha OCHOBe T04HYX ypaBHe­
HHit ponHolt Mllororen&Holt a,D;epaolt 3a,lla4H ol -rr ._ 1/t-d.- H BY,D;ene­

HKD'~X C~eCtBeHHHX CBORCTB, KOTOpYe CReAJeT Y4HTYBaTb npH ~Q,lleJ!HpO­
B8HHH. Kpoue TOro, 3TOT ITO,llXO,ll IT03BOJIHR 611 rrpOCJieXHBaTb Ha Ka~OM 

I
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3Tane WO,IlemKpOB8HHA CBA3h H OTJIHqHII WeXAJ MO,IleJihHHMH llO,IlXO,Il8WH H 

T04HOI! 3a,n,aqelt, 

P8CCMOTpeHHe OCHOB8HO Ha o6~e,llHHeHHH TeXHHKH 8AH808THqeCKHX 

pa3noxeHHlt (a ee reowetpHqecKoM acnexte III) c wetDAOM npoeuHpoaaHHR 

'~em6axa H8 OTKpliTli9 KaHan:!l"I3/. TaKolt llOAXO,ll, ll03BOJIHeT HCllOJlh30B8Th 

J!OK8RhHHe 8,li,Ha6aTHqecKH6 npe,li,CT8BR6HHH B ~H3HqeCKH ecteCTBeHHHX 

06JI8CTIIX /!7/, 

B pa6ote ualt,11,eHw ~eKTHBHHe ypaaHeHHII Ha ~YHKUHH uexxnactepHcro 

,li,BHZeHHil H BHqHcneHO HX 8CHMllTOTH4eCKOe llOB6,11,6HHe, 06CfZ,li,6Ha TaKXe 

8CHMllTOTl.fK8 COOTBeTCTBJ'IllllHX llOT6HUHMOB npH pa3B6,11,6HHH KR8CTepoB, 

IlpO,ll,eRaHHHA B paOOTe 8P.8RH3 ll03BORi16T nonyTHO npocne,li,HTh CBi13h 

TQqHHX ypaBH6HHA B 8,li,H868TK4eCKOM npe,li,CT8BR6HHH C nonynRpHoR MO,li,6RhD 

pe30HHPJ'IllllHX rpynn (MPf) /12,14/ • 

2, IlOCTaHOBKa 38,ltaqH 

PaCCMOTpHW CHCTeMy d -rf- K8K CHCTeMy llRTII' 6eCCill1HOBllX q aCTHU 

a oOnactw aHeprHA-28, 37 MaB ~ E ~ -10 MaB, aHeprHa otcqHTHBaet­

cn ot nopora nonHero pa3aana (or pwc.I). 

Pwc.I. 

1'1+ d 

d +i: 

2d•n · 

d +p+2n 

Pacnono zeH we noporoa KaHana a a cHcteue d r t 
Ed =-2,29 UaB- aHeprHII CBII3V. ,11,eAtpoHa (nopor KaHana 

d-t-p -t 2.11 ) , f.-t- =-8,48 UaB - 3HeprHR CBH31t TpHTHH­

nopor KaHana f--t p-r '1l ) , f>. -== Eel + Et- =-10, 77 UaB -

nopor KaHana ef-t- t , Ev = elflle = 3HeprHR CBH3H 
4

He 

(nopor KaHana 'It -rd- ) J G.= Ccf + ft- ..,. Et~~-e. = 17,6 llaB .-

3HeproaH,ll,eneuxe peaKUHH o( 1- t ~ tt+ u.. • 3amtpuoaaHa HCCJ!e­

,li,Yewaa oOnacth aHeprHA, 

2 
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.. 

ilocne Ot,ll,eneHHII UeHtpa MaCC CHCTeMH naTH Ten f8MHJibTOHH8H 

npH iiJHKCHpOBaHHOI! KMCtepH38UifH ae ( e -qMCJIO KRaCTe.,JOB) y,ll,o6-
HO 38llHC8Tb B BH,ll,e 

H = - ~ Xae.- ~ :J a.e -t V . 

3,11,eCb KOOp,li,HH8TH HK06H 'XQe_ 1 !:J Q f BBe,ll,eHH CJie,llyD!liHM 06pa30M: 

I;Lt; 1R~5-3t - H800p llpHBe,ll,eHHHX KOOp,li,HHaT HYKJIOHOB OTHOCHTeRbHO 

"'t Jl-V ueHtpa Mace "caoero" .Knacrepa a KJiactepH3aUHH Cle 
YaeE-IR ( - uaoop npHBe,lleHuwx weXKnactepH~>X KOOp,li,HHat, 

qepe3 \1 0003Haqeua CyMWa BCeX MeXHYKJIOHHHX B38HMO,Il6I!CTBHI!, 

(I) 

38llHCh f8MHRhTOHH8H8 B BH,ll,e (1) COOTBeTCTByet npe,JlCT8BJieHHD 

rYJJII>6epTOBa IIpOCTpaHCTBa COCTOmniH ~ =LL (lp_it.) B KapTe, OTBS'-iaKl!leil 
Kn8CtepH38.UH¥ Qf B BH,ll,e 

(12 = ro~3(t-l)) X L2( IR ~5-3e) . 
(/ Hae. Xae 

(2) 

B HHTepeCJ'Illllel! HaC o6naCTH 3HeprHI! OTKpYTH RHWh ,li,BYXKnactepHHd 

KaHanH peaxUHH ( l = 2), ll03TOMY Be3,ll,e HHJ[€: cly,ll,eM onyCK8Tb B 38llK­

CH HH,IleKc l. , nonaraa ero naBHHM 2, 

l."la. j>;pe:u HCilOnh30BaTh pacc~ceHHe ppoc.;paHcna t.g III e Oa3okl 

JJ : I(C;fja H THllOBHM CJIOeM 't;f_yc:.. "- /:. ( fRx } , TOf,lla npH JID60M Bhl00pe 

OpTOHOpMHpOB8HHOfO 683HC8 J''tJ:(ra, ~a)l B KalK,I!OM CJIOe r;:f~a. , 
38B.I:1C.ali{SM OT :roqKH 083bl )G.f-B" K8K OT napaMetpa, cnpaBe,I!JIHBO 
npe,!!c:raaneHKe 

"o/ ( X) = i=- X: ( ~ o.) \f: ( Xa 1 'd a) . 

3,1leCh 1.jl (X) - llOJIHaa BOJIHOB811 ~YHKUHll CHCteu'l, 

ypaBHeHHD llipe,!!HHrepa 

(~-E)'o/(X)=O, XffR11
• 

Y.I!OBJietsopaDIIlaa 

qepe3 :X~ ( 'Jl") 0603HaqeHH Ko:JlliiJHUli!eHTH f.83JIO :&:eHKII 1f r.o 

noABli!ZHowy rHnh6eptoay penepy { <fj((~cq•). 
<f>YHKUHH {lf1t('X't<1YctH 6yAe:l4 BHOHpan crre~an:bHliM o6pa30!14. 

lli.leHHo, pa306hew cywapHoe aaaHMO,Ile l!ctBHe V "= V ( 1Cq, Yq) 
ua ,11,se qactH: 

V Vixt vell.t 
l')(a 1':1a)= o. (Xa)t· o. (1Cq,';;fa.} 

1 

3 

(3) 

(4) 

(5) 



V (1\.~ rl~ BKRDqaet B ceda B3aHM0~9~CTBHR U9K~Y qactHuaMH 1 

OdM~HII9HHHMH B O~l'OM Knactepe, a v~t-('lCa 1':1al- MaJK,lzy 'l8.CTllll;aMH :13 

pa3HbiX KMCtepoB • nanee 1 Bhl,li;9RHM B V ~~I:- tlaC'Tb 1 3aBHCJlliiYD RHlDb 

OT M9UMCtepHOR KOOp,li;HHRThl ~ll 

V e.H ( \ ~ \2- V e~' ~ 
o. (~11 )'=) 'f().(Xa) r;. (Xa,~o.)ctXo. 

(6) 

VII - v ~t~+ v e.H-
(Xa,'::ln)-::: o.. ( 'Xa, ':In)·- 0.. (':1a) • 

(7) 

lfepea 'l>a. C~o.) odoaHa'ieHa IPYHKI.\Hli ocHoaHoro cocto!IHMH HeaaaHwo.n;e~cTByD­
~wx KnacTepos a KnactepH3al.\HH ~ • Ey.n;eu odoaHaqaTh KnactepH3al.\HD, 

OTBe'-lalO!p.j'D KaHany 0-t- t , dyKBO~ i\ 1 a KaHany 1fT J.._ dyKBOit J.l. 
Tor.11a cP,..t~~}-= ct>cA W~r- npHBe,lleHHe sonHOBhiX ~YHKI.\Hll .n;ellTepH!i H tpH­

THH, a d>)l(x,..).,.cP~~~esonHonaa IPYHKUHH H.n;pa AI lie.:= d.... OnteTHM, '-ITO y 

ll,ll;ep d 1 t 1 
-'~lfe. HeT B03dyliJ!,eHHhiX COCTO!IHHI\ 1 'ITO cymecTBeHHO ynpo-

~aet aHanHa a pauKax c!lJopMynwpoaaHHoro no~xo~a. 

B COOTB8fCTBHe C (5)-(7) TIORHhll\ raMMnbTOHHaH (1) MOKHO 3aTIHcaTb 

B BH,IIe 

W-= [- 11~<- -t v:~~c'j .. ))® I+ H~ (8) 

r.ne .1\ 

Ll'=h"~T -t V(x",':1") 
(9) 

I '\A 

i'nt 
ho.==-~x"'+Vo. (X"). (Io) 

Onepatoplil ~ H H~ .n;eltctBYDT a npoctpaHCtBe ~ , a onepatop ~ 
- B J_!-( IR\J . B coorBeTcTmi;l c Hcnonh ayew111w pafcnoeHKeu npoctpaHCT­

aa ~ onepatop I+~ MOKHO paanoDTb B npllwolt KHTerpan 

\-t ~ -= ) EB H~ C~a) ct~q , (II) 

ue ~~ ~ (':fa) cyTb one pat Oplil B ~c. "' ec rR !a ) . K napaweTpH-

48CKH 38BHCII'r OT TO'IKH da3hl ~n E- c:B"- • OnepaTOphl w~ (';jq) C8MO­

conp!!KeHhl Ha odnactax onpe~eneHHH ~( l-l~l\Jo.J)==~{-,1.".,.) €- r;"-, K cne­

.n;osatenh~, HX COdCTB8HHhl9 ~YHKUKK odpa3yDT optOHOploiHposaHHHI\ da3HC 

B cnoe • ~M8HHO 3TOT da3HC H dy.n;elol HCTionb30BaTb B pa3nOK8HHK 

(J): 

\-\:C':JQ)"If'~(><a,':1Q)= E~ (~)'€~ (Xa,~a) . (12) 
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CodCTB9HHH9 3Ha'i9HHJl c~C~a) npe.n;ctaB.r.JlKJT codol\ tepuhl B fR~c.· 
0TM9THM, '-ITO HanMI.IH9 HenpephiBHOrO CTI9Ktpa J penepHhiX raMHRbTOHHa­

HOB ~~ (~n) Odll3h!Ba9T nOHHMaTb CYMlAY B pa3JlOJ[9HIIIH (J) B odod~eH­
HOM CM!iCne - KaK CYMYMpOaaHl/19 no ,li;HCKpeTHOMY Crt9KTpy H HHTerpMpOBa­

HHe riO HenpephiSHOMy, 

ilO,li;CTaHOBKa npe~~TaBn9HIIIll (3) B ypaBH9HHe llipe~MHrepa (4) 
c y1.1etoM (8)- (12) npwso.n;HT III K s~eunHIDmeilcH CHCTeMe ypasHeHH~ 
Ha KO~HUHeHTH {X~(':Ia)J-= X"(~a.)' 

[- ( ~ .. -r A~ )2 
-r d1c\j { E~ (':Ia.)} + ( V ~H('k.)-E)1]Z('J(\J · il, (IJ) 

r.n;e oneparop /\~ onpe,11enner CBH3HOCth, acco~HHpoBaHHYD c Hcnonb-

ayeMoR reouetp1N9CKOA KOHCTpyK~Hel\/l< Ill 3aAaeTCH deCKOHeqHoMepHoV. 

MaTpHOell 

A"ff"m = < v'Jn \f'G:»>) lf>: ) . 
3.11eCb <· J) odoaHaqeHo cKanHpHoe npowaae~eHMe B Ll.([R"'.xa) 

3, 3~eKTHBHhle ypaBH8HHH 

llccn e,IIOB~'J:\Hl :leCKOHeqH'JWepH oro 1l eKT OpHcro ypaBH9HIIIll (IJ) 
HataJlKHBaeTCH Ha pll~ mepbe3H~X TPYAHOCtelt Ill He BnonHe OTBel.la9T 

l.\9ni!M HaCTOHDtelt padoThl. !103TO)IY Mill BOCTIOnh3yeMCH HeKOTOphiM 
' ' - ' /Tl/ 

(14) 

UUUUillt:lllllt:M Mt:T U,l\0. UjJUt:l\l'I~l UJ:It1lllllil '*' t:llllJO.AO." . I 'lTU UU;jJ:IUJIKT 1Jt1;jAeJti/IT I> 

BKna.n;hl OTKpHThiX Ill 3aKphiThiX TIO 3HeprHK KaHanoB H nonyqi/ITb donee Y.IIOd-

Hiil9 ypaaHeHHH. 1 
B~>~.n;enna B cneKrpe penepH~>~X raMHnbTOHIIIaHoB 1-l a ('J~) HaHHH3wee 

codcraeHHoe qHcno [~ (:-;~) 7 onpe~enHM cneKrpanhH!ie npoeKTophl: 

) i "' t -1 Pa ( 'j"' -= -1-. '1r( ) ( 1-1 o. {'j ") - l ) d t. , 
7i t ':1n 

(!5) 

r,lle KOHTYP r ( \ja) H3odpa)lteH Ha plllc.2 0 ;Iwrerpr.!pyH Ha daae:BQ~ n<;", 
ase.n;eu on epat op 

P" = 5e Pc. (Y .. )ci\j(l. (16) 

nerKo BH,IIen, qro Pc... ~eActByeT B ~ no npaBHny 

Po. F ~ r F(X) te~(X~)':1a)ch~ 'e:(xQ,jR}~<F,If:)te~ (17 ) 

Paanaran npocrpaHctao ~ a oproroHanbHYD cyMMY 

p" ~ + Qa) ' (18 ) ~= 
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fa 
ll(-~1 .. 

Ea 0 

PHc.2 • 

CneKtp penepHoro 
fiUI.IIJibtOHHaHa. 

Q a c: I- Pa. , 
npe,llctaBHM noJIHYD BOJIHOBJ'II cpyHK!.\HL '1}' (X) a BH,Ile 

1V = P~ 1V i Qc.'o/ = < y, \f: > 'e: T QCl1Y. 

(19) 

(20) 

IJpe,li.CtaB JI9HHe (20) OtBe'laet pa3,1l9.119HIID BK.IIa,llOB OTKpliUIX H 36KpliTblX 
B HHrepecyDme~ nac odnactH 3HeprHA KaHaJioB (taK KaK B odeHx KJiac:repH-
38!.\HHX d-t t H 11 + J... a paccuatpHBaeuoa odnactH 3HeprHA oupHr 
TOJibKO O,llHH KaHan). IlpH 3TOM a,llHadatH'I9CK09 npe,llCTaBJieHHe BH,Ila (3) 
OCYllleCTBJIH9TCH TOJibKO Ha OTKpblTblX KaHaJiaX 14 ?(~ :0 ('lJr, \U~ > • 

IlO,IlCTaBJIHH (20) B ypaBH9HHe.llipe,llHHrepa (4) II npoeUHpyH Ha ~4q 
H CV4~ ,nony'IHM cHcreMy J 

< 1-\ ( ((J; X:) 1 'f~) - E A~ - ( t.l (Qa 1J' J 'fa) =' 0 1 (21) 

( Qo WQa.-E)Qa1Y + Q~ H (If~ X~) =0. 

k'ICKJID!.faH ~YHK!.\HD Go. Y H3 cHcteMH (21), nOJIY'Iaeu · ypaBHIIHite ua 
~YHK!.\IID /(~ , KOtopaa OfiHCHBaeT OTHOCHT8.1lbHOe A!HK8HHe K.llaCtepOB 
B KJiaCT9pH36!.\HH a : 

( [f ('e:.'X:) ,lf:> ·t- W(A (EtiO)l.~-E1: =0 . (22) 

3HeprosaBHCilli!Hlt oneparop We.. (E) , y'IHTHBaJllliHA BK.IIa,ll saKpliTblX KaHa­
JIOB, ,lleilc:raye:r a L1

( !R ~ ... ) H 1/.lleer BH.Il 

W~(E) :'X(~ .. )~ <:HQ"(~"HQ"-EJQaiH:x.'e;)/e~>. (23) 

TO eCTb 

lf~ ·We. (E ).'X{~ .. }== Pa ltQa (CVa ~Qa- ET
1
QQ H ~('X. 'fa0

). (24) 

Qnpe,lle.IIHM CBH3HOCTH Ha OTKpliTblX H 38Kpb1TLIX KaH8JiaX, 

A:o ~ < \/~o.lf:, lf:), (25) 

(AGt = < Q" v!1A tf~") GQ ~}e~) . (26) 

H KOBapHaHTHYil npOH3BO.IlHYil 
- Aq Doa. = \l~r.. i- oo • 

6 
(27) 
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TOr,lla H8TPY.IlHO llOKa3aTb 1 'ITO 

< L\jo. ~: 1 ee: >~ ~"'Ao: -t (A:ct- (A: )L. (28) 

ilOJI.b3YilG~ CBOilCTBOM (12) perrepHorc f8.Ml1JlbTOHl1aHa 
I 

ffv {Ya),l1Meer:. 

< ~~~(':J,J~:~~~ >::c £.:(\ja)' (29) 

qro Il03BOJIR9T neperrMCaTb ypaBH8Hl1e (22) B BKAe, aHanorH'IHOM (13): 

I 1l l. o . V e H !. ct )z. J . ~ L- ;v OCt i" £Q (~a)t 0 (~t~)i (A£1. t~{E}-E_ .{c.. (':Jq) == 0. (30) 

IIony'leHHoe ypaaHeHwe (30) 3KBMBanearHo wcxo,llHoMy ypaaHeHMD 

llipe,llwHrepa ( 4), rroCKOJibKY a rrpouecce ero rrony'leHHR av.r,lle He ~!CITOJib­
soaanHcb yr.po~aD~He npe,llnoJio~eHHil, a RHllib crporo onpaa,llaHHble 

npe,llCTaBJieHHil ,llJIH llORH:!V. BORHOBO~ ~YHKI.IH11 "\jr • fl03TOMY 
1 

pa3yMeer­
Cil, nepexo.ll K ypasHeHHD (30) He ycrpaHRer TPY.IlHOCieH MHcrorenbHoA 
3a,ll,a'<H 1 rrocKOJibKY B 3HeprosaBHCil!liHe onepaToph! (23) We.. (E) BXO,IlHT 
MHororenbHaa pesoJibBeHra Gc. ( Q.,. l+~a.- Ef1 Q~ • O.n.HaKo rar<oA 
llOAXO,Il Il03BOJIH8T HBHO Bbl,lleRHTb OdDeKT 1 KOTOpbltl HeOdXO,li,HMO 
un.n:P"!-!!'0~~!!:- ~!-!e~~~2::!!!!::::~;~!! G::c~~!'V}J V'v1a CE) I 

Oneparopbl (23) W,. CE) HMeDT .llOBOJibHO cJiollHb!A BH.Jl, orr,P,;.n.eJISie­
Mbla pe30JI.bB9HTOg Qa.U2r.~11-Ef1 Gla. B ilO,IlllpocrpaHCTBe Qo. ~ • 
CrporKa aHaTtK3 KX aHaRHTH'ieCKHX K aCHMilTOTK'ieCKHX CBOICTB rrpe,llCTaB­
Ril8T COdoa OT,ll,eRbHYD HeTpHBHa.llbHYD 3a,lla4y. 3,1leCb Mbl orpaHH'IHMCH 

heKOtOpliMH 3aMe'iaHHHMI-I, IICXO,Illl H3 Od~HX COOdpaJ:eHHA ,llRJ'I TaKoro 
aaanH3a. 

Acllunrorll'leCKH 1 rrpH donbmMx MeJ:KJiacrepHb!X pacctoRHHilx,pe30R.b-
BeHra Ga (E }== Q .. CGa.lf-Qa- Ef' Q"- rrpe,llCTaBnMa B BH,Ile /IS/ 

Ga (E)I~,_,- p~ (- Ll)(~ 1- V~ct.)-1 f1(-Lljc:.+v:1~)-Ettr~t/3I) 
r.n.e KOHTyp fa K30dpaJ:eH Ha pwc.J. AHaRH3 rpeXT8.1lbHOA CHTya!.\HH, 
npoBe,ll,eHHblA B /!5/, fi03BOJIIleT rrpe,llrrOROJ:Htb CJie~yD!llee CBil36HHOe C 
(31) acHMrrTOTH'IecKoe rroBe,lleHHe VVaCE): 

,_..., ;· ~ 
~ l':J .. I , (We. (£Jx .. )l~") ~~~ .... 

r-1 

(32) 

rAe BeJIH'IHHa c.., Hrpaer pon.b noJIIlPH3yewocrH KJiacrepos. 

AHaJIKTH'IeCKHe no 3HeprHH csoacrsa orreparopa W .. (E) onpe,lleJI!lllT­
cR aHa,'!HTK«ecKHMH c ceoAcraaMH G-11 (E). Oneparop WQ (e) 
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PHc.3. ~IY0 1 
o I • 

Ea IYal 0 
CneKTP onepatopa G~ 

soo6~e rosopa, HeCHMMetpHqeH: 

I"' We. (t:)= ~i, (WalE)- W~(e;J) =- ~~ P~>- W ~ (E)~~Pa (lf:), (33) 

r.l\e ~"' lE)- cKaqoK peaonbBeHTI>I G-a (E) Ha HenpephiBHOM cneKtpe: 

~ (E)~-~ (G-.. (EtiO)- Go.(E-iO)). (34) 
0. .lt ~ 

' 
!Ionbaynch ,1\nR R,ll;pa peaoJibBOHTI>I G-o. (X ,X 1 E) B acHMntotaKe npa 

j\jal ~ 00 npe,I\CTaBneHHeM /
16/ 

.~ Gu (X,X
1

1 E)""' ·f,-)b JIJ'0 (X)~.Jx')t(P2-E)dP+ (35) 
"' l~ul _, oo ~n 

. J> l 

1 1 _j__J3 flfh cx)lfh (x') J(~g·t E~-E}d~,, ,.2.rr . 
"''"' '\lr 

r.n.e 'lo, 'fl. - sonHOBble <PYHKI.\HH KaHaJia noJIHoro paasaJia a KaHana 

gFa cootBeTctseHHo, E;, ·- nopor KaHaJia g , BH,ll;JIIM, qTo 

MHHMaR qacn Wo.. (E) B acHMntotHKe l!:lal~ t:>O ctaHOBHTCR HetpHBHaJ!b-

Holl npv, E~Bt , r.e. taM, r.n.e otKp~>~saerca .n.pyroA KaHaJI peaKI.\HH. 

4. ACJIIMITTOT~18CKHe rpaHJIIqHye ycJIOBHR 

YpaJH9HKR (30) H8 <PYHKI.\KD OTHOCJIIT9RbHOro ,li,BHXeHHH KJI8CTepoB 

'X.0c. f~,,) B KnactepH381.\KK a H906XO,ll;JIIMO CH86,ll;JI!Tb aCKMITTOTK-

qeCKHMK rpaHKqHbiMK ycnoBKRMK. nna paCCMaipHBaeMOA 3a,ll,aqK 3Ta npOI.\9-

,ll;ypa CKnbHO ynpo~eTCR ITO cpaBHeHKD C o6mKM cnyqaeu, ITOCKOnbKY 

otKphltbl nKmh .n.syxKJiactepHble KaHan~>~. rpaHKqHble ycnosKH uoryT 6b1Th 

K3BneqeHbl K3 8CKM9TOTKK ,JI,nH KOMITOHeHT ~a,ll;,ll;9eBa-HKy60BCKoro BOnHOBOA 

<PYHKI.\HK 1V 116 •1 I • !IocKonhKY otKpbiTbl nKmh ,1\ByXKnactepHble KaH8n~>~, 
KpOMe nnOCKOA BORHbl BXO,JI,HOro KaHana 

1V'p=- Ql.\lx;..)eJC-p{itpi\\j),)~.Cp. (36) 

r.n;e ¢>. (X).}=<Pd..q>! - npOH3B9,ll;9Hll9 !})~ COCTO.fiHll.fi .H.n;ep c( H {, 

Pi\ - KMnynhC, conpneHHbiA K ~A (B KaHane o( f t: 0 = J\. ) , B 

8 

) 

l 

aCHMITOTOTHKe' 14' ()() BHe OC06biX HaiTpaBneHKR npKCYTCTBYDT J!Kmb 

cciJepJI[q eCKKe BOJ!Hbl B (R3 ~ 
- f • 

Jc.~l~o.,E)=e;cp{iVE-&al~l)l'3 .. l.co.ja=.\,V· (37) 

3,1\ech Ea =,~i~ _.""'£~<!fa}- nopor xaaan8 a. 
KcxaxavmKe xynoHoscKKe uHcXHTeJIK /16,17/ 

c)l = 1) c .. 1 c P -

TaKKM o6p8aou, .~ 
l(j)).~.J I irE-e.l~l 

'ty('i,p;..)i*oo~/"1-l)~ Cp-t t~C9~,p")e .l':l .. r'ca, <38
) 

a ... A,Y 

r,ll;e fc;~l~a~P~}- COOtBeTCTBYD~He aMITJIHTYAhlo B CKAY OpTOHOpMKpoBaH-

HOCTK 6a3HCa t 'Plj '1~-= < 1jf, l{>~) , qTo IT03BOJIR9T nonyqHTb 

K3 (38) aCKMOTOTKKY ,ll;Jift x_ct;~.('ja.) npK ('do. I -tOo • !IOCKOJibKY t(g(~,'jq) 
- <PYHKI.\KB ocaosHoro cBH38HHoro coctoHHHH on epaTopa H ~ ( 'ja.}, TO 

lp~ (>'a,':1 .. ) i;:l_,oo cPa. Cxa.), (39) 

rAe <:Po. (l<a) - ciJyHKI.\KH OCHOBHOro CBH38HHOrO COCTOBHHH HeB38KMO,li;9ACT-

BYD•KX Knactepos. Tor,ll;8 

"Y 0 ( )- <11/ 100\....... ( c A.. ( ) i(p,.~")-
1\a. ':1a.- 'f)'tal 1y,. 1 ~()<> J pl.YA xJJe cpQ.cxa.)olxq-+ (40) 

") ( ..., ) <'Vf-f, I ~~I I 

-t L ) f t~ (':f.t., 1\ C £ ~ I~J <$,Jl(,)d~ ~· 
~::A,v 

!IOCKOJ!bKY <Pc ()(..~) - ciJYHKI.\KH CBH~aHHbiX COCTOHHHA, OHK JlOK8.1IH30Ba-

HiiiG/ B o6JiaCTU MaJI.biX J.Xe,j; 

¢,c~.a)"""' f'exp{-fiJlx~>l)lxbl-1 (~-t o(i)), (41) 
I ~bl-toa 

IT03TOMY nepBbiR qneH B (40) npK Q:c}) He ,ll;89T BKJJa,l\8 B aCKMITTOTKKY 

npK I ':ia.l _. OQ , t8K KaK no.n;ID~Terpa.lll>HOe BhlpaxeHKe co,ll;epnT npoKa-

Be.JleHKe l'b.dx,.). CJ>v(X,-) • !IpK Q-== /\. B :>ToM cnaraeuou aKcno-

HeHTa BHHOCllTC.fi 38 3HaK KHTerpana; TO ~e npOKCXO,Jl;HT BO BTOpOM 

cnar8euou npK Q -== b • Oct8eTcH paccuoTpeib nepeKpecTHble (a~ iJ) 
qneHbl BO BTOpOM Cnaraeuou (40). H8JIKQK9 MHOXHT9JIH <Po.(~) B no.n;­

IDiTSrpaJI:&HOM BblpaRHKK noK8JIK3yeT HHterpan B o C!naCT K l!lanhiX I )(a I, 
no oaHaq8eT, qyo npH IYr.:J_,oq B cTapmeM nopB,llKe ':1t, no.n: 3H8KOM 

9 



. bet >~Hierpa)Ja MOKHO saMeH>tTh Ha C ba. , rAe C - qacTb opro-

roHaJihHoil MaTpKI..lhl npeodpa3oBaHHJI KOOp.I(HHaT .HKOdH (::Jh-: C00:ta-_5bt;)(Q) ~ 
TaK>UI OClpa30M, B CTapiUeM TIOpJI,D;Ke HW:eeM B KaHaJie 1f-t-~: 

-o ) t= (" £~E-Ev ~~~~~ -1 ~--X 11 (~v 1"" 
1v;.. ~JI,pjiJe li:!vl cP

11
Cx)l}ctx" -t-

~""~"" ( 42) 
: rr.:::-:-1 All 1 

_ " ) 1 lvf-r" c ~~~ AV -lr --
+ F,..)l l'1v. r" c A e IC Y., I J Cj)v (Xy)clxv 

B KaHane cl.-+ t 

rvo t ) r(pA lJ.d - 1 ··~ /\..,.\ ~~~ ""-- r)e. + r, (LI P-)C et.vE-f" 1~"1 (4J) 
I~.~H~ '1 ).,).. \)A' :A A /(. 

-1.(-- .-1 tVE-EJ) (C~'"y,~l -1J·-
\'j;..\ j~)X;,)dX,\ + ~,,(:JA,pJe jc~"~>-~ ¢A(X,~)dXA. 

Bhlpa:a:eHKJI (42), (43) sa.l(avr acHMTITOTH'lecKHe rpaHK'lHhle ycnoBHJI .n;JIJI 

"n"""~""" r.,,.,, ··- "'-----·--·-- .ro usK ... eH"Jl •·JlacrepoB ·r: (L<) ., r--a ............ ,....,vJ uu. "t'JnD.4nM. U.lt1UliMJ.'It::Jl.bH0 ,.... a n "' 1\Q :]Q. 

B ynpyrow: ( Q :o 'A ) KaHane H KaHaJle nepecr poll.KH 

JT t- ~ ')\ -j- J,._ ( Q-=lJ) . 

ITpoenHposaHHe Ha OTKphiThle KaHaJlhl coxpaHHeT e,I(HHCTBeHHhiR repw: 

t ~ ('do.) , Hfpall!lld pOilb :J$!PeKTHBH0fO TIOT8HI..lHaJla B ypaBH8HHH (30) • 
nJ!Jl 3TOfO Tepw:a cpaBHHT8JibHO Jl9fKO MOZ8T 0h1Tb Bhi4HCJ!8Ha aCHMTITOTHKa 

npH l':lc:.l-. ~ • Cor nacHo (12), E~ ( ~o.) ecTb coOcrseHHoe 

4HCJ!O onepar opa H~h~J~ ho-t V ( ><«., ":Jo.) • EyAew: paccw:arpHB:l.Tb orre-

parop he.-:::. -L\x,. -t- V~'l1t'J.a) KaK HeB03MYllidHHhlll. raMHJibTOHHaH
1 

a 

rroreHI..lHaJl Va. C><c., 'i c.) , orrpe.l(eJ!JI eMhlll. <PopuyJiaMH (6), (7),- KaK Boaw:y-

lll8HHe. B KJlaCT8pH3al.lHH -'n+ d.. M8ZKJlaCTepHOe B3aHMO,I(eRcTBKe JIBJIJleTCJI 
dhlc:rpoydiiiBaD!IIHM 

Ve-,.! (- -NJ 
II ( 1' y, ';)I) := 0 I ~.Ill ) ' v N > (J ) l!:}y/-tcX) ' 

a rro:row:y npH I ':Jvl _,DO H 

V"- ex+ (. l.v e11t ( -N\ ( 44) ylX,,~li)=Vv (')(v":Jv)- ,}\¢~~~e(Xul\ ll (X:v'jy)d~-=0 l~;t..,l ltJJJ>O. 
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HanpOTHB 1 B KJfi.CTepH3aUKH d + f- M9ZKJlaCTepHOe B3aKMO.I(e2CTBK9 

CO,Jtep:a:nr KY J!OHOB CKHR 4JleH 

V er-t- ( D.. I -J. ( -N) ,1 . 
_x XA'ji.)= 1:.> Xpp\ -+ 0 IJAI 1 \l'N)O.}Ij,1 j_,OQ, 

ue 'B - npHB8,Jt8HHhlll. 38.PJIA, X\'p - TipHBe,l(eHHaJI Me:a:rrpOTOHHaJI 

KOOp,ltHHa:ra. BeK:rop ':tM E- (R3 
1 C TIOMODlbD flKOd.ll.eBWC MaCCOBWX MaTpHI..l ,..._ ., ,..._ 

npeo6pa30BaHHJI C , 5 • MOKIIO Bhlpa3HTb 48pe3 ::C,;.,.jA 

Xpp 
r- ,.._, = c x .... :!" 5 'j;. , 

Tor,u;a 

v:{.( Y.~,'j~.) ~ B\\jJ\It .&. ;- s ;~ 1-1 
l~bl--.oo I ~.d 

ITpH 3TOM 

VA (Xl\;J>.)\~ BI~S 1 { lc rA +59,..1- 1
- s I¢,Jr.dl1 

)( 
~~~~()q l~AI 

"\c x,_ +s9,J\;txA) -vl)I':J4rjJTc.&. :S~rj-1512-J. 
\';11.l l 1':1Af 

(45) 

IlOCJl8,1tHHI nepeXO.Jt onpaB,JtaH Jl0KaJl.li3aUHei cpA {)(A) B oOJJaCTH 

MaJlHX I X,. l H HOPMHJlOBKoR II d> A Cx:.o~HI = i. • ITpe,JtctaBHM VA. B 
" I BH,Jte V).-:: l':t)o.r 17')\. t f,!te 

17}.= l'j"IV). ,..,_ Bf!C:J: ... ~s~ .... I-1-ISI:t.~, 
\'j)l_, .::><> -/ l':1AI 

(46) 

H Oy,u;eM pacCMaTpHBaTb ~~).~-\ KaK napaw:e:rp MaJIOCTH B03My0leHHJI 

onepatopa ha. • . 
Tor,~;a MeTO,D;aMH :reopHH B03MY!IIeHHi /!8/ .I(J!Jl repw:a [7'. ( ~,\) 

rrpH I~) I _, oe> TIOJIY'IHM 

Eo {\j ) = E - -• 'Bll5rlS 1Fo~ lf\:'o ctl( [ 1-t-oUJ] 
).. A A {'j,_\4 \<2.- fA } 

(47) 

ue t>. - nopor KaHaJla cl-t-t 
h_,. ¢A ~ b. Q> .\ ' 

a xo3CIJII!xuxearw l'o~ , U"0 onpe,lteJlJIIlTCJI coorHomeHHHMH 

1/0 1t.-:. ( cD AI tlA ct> (ll, X.)) ; lTito = (~(I(, X) J lJ.A c/>-\) , (48) 
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~epe3 qp(~, X) oOo3Ha'leHH coOcraeHHHe ~YHKUHK HenpepHBHoro cneKrpa 
onepaTopa h;... ~ 

(h. A - k 1.) cp l k I X:) :: 0 • ( 49) 

)11111 KaHaJia 'Yl + ~ B CKJIY ( 44) aHaJion'l'lHYe BH'lKCJleHKII ( 47) )l.allT 
acKMI1TOTKKY npK I 'jvl--" cXJ , 

tc11 ('::lv) = Ev -t- o(ljyl-jl) , V Jf> 0, (50) 

r.n.e C,; - nopor KaHana 11 + [}... 

5. Call3b c MPr 

oocy.n.KM CBII3b onHcaHHon aHwe cxewY c wo.n.eJibll MPr. KaK nsBecT­
Ho / L/B MO,li.9JIK MPf ,li.JIII BOJIHOBolt qJyHKUKK HCI10Jib3Y9TCII CJie,ll.yllUUd aH3aU 

lf RG-H = ,t}.cp (X) X(y) J = Ql(X)XbJ-tZ(-!)li' fP[d>(xJX(~JJj, 
fP-+ r: (51) 

r.n.e ~ 03Ha'laer aHTKCKMM9TpK3aTOp no BC9M nepecTaHOBKaN P 
llaCTKU_, (-I) p - 3HaK nepectaHOBKK 1 J:' - TOJ1,119CTB9HHall nepectaHOB-
Ka, X,~ -napa MHOfOM9pHYX KOOp,li.KHaT RKOOK, BB9,li.9HHYX

1
KaK B pa3-

,li.9Jie I. B Kallecrae ct (x) BYOKpaDrcs: !IJyHKUKK, wo.n.enKpyll~Ke BHYTPK­
KJiacrepHYe COCTOIIHKIIo ilpK nO,li.CTaHOB'te aH3aUa (~!) B ypaBH9HKe Wpe,li.KH­
repa K nocne.nvDmew nooeuKooaaHHK Ha cf>Cx) nonyqaew K3aectHwe ypaa­
HeHKII MPf 

< cpCx) I H- EL·q Q(xYX ('j)) > = 0 (52 ) 

1w <fiYIIKUKil otHocneJibHoro .n.aneHKII KJiactepoa X ('j) • 

fiepenKW9M ypaBHeHKe (52) B BK.ll9 

{ -D.'j r (Ve"t(x,':1J~(x),cP(x))+ 

-+ ( [-6"tV 114~(xJJcpCy.J,cp(Jc))-EJK(J)+-:0=0, 

(53 ) 

V l~t-r.n.e (X) - B3aKwo.neltctaKs: we•AY qacTKU6MK K3 o.n.Horo KJiacrepa, 
V n!- ( )•

1 
'j) - B3aKMO,II9 ltCTBKII we•.JJ.Y 46CTHU6MK K3 pa3HYX KJiaCTepoB • 

VQ~t--t- V'.,t.=V~ 1J-= <(~-E)LC-I)wltlfcj)()(J'X(.,JJ)~(,..J) 
!hi 

00M9HHY9 'lJleHY, B03HKKall~Ke BCJ19,li.CTBH9 H6JlK'lKII 6HTHCKMMeTpK3atopa 
_,f- • T or.n.a, 9CJ1K £ - cywa 3H9prKlt CBII3K H9B3aHMO.JlePI;:TBYilUIKX 
KJiacrepoa (nopor KaHana), oraeqaDUiaH ~YHKUHH cocroiiHKH cpCx) 
cnpaae,aJIHBY ~opwy illi 
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[- ~::...,. -t V ('llt-(-x:)] ¢tx)-= E.<:f>Cx:)~ < [- 6" tV("tJ cHxJ}:j>(-x)>=c, 

( V e~t:('lC,~)~Cx),qfx)) =- V ~He-,) (corJiaCHO (6)), 

V~\\-tt-=VD - np11woR noteuuwan MPr. 

3TO 1103BOJ1118T nepenHCaTb ypaBH8HH9 (53) B BH.J19 

[- D.':J -t v~H ('j)+E- E] 'X_(';!)+-~ = 0 . (54) 

Otc~.n.a BH.IIHo, qro,c TO'lHOCTh~ ~o oOweHHYX qneHoB ~. ypaBHeHHII MPf 
(54) B03HHKaDT 113 ~eKTHBHOro ypaBH9HHII a~Ha0aTH'l9CKOro 110.11XO~a 

(30) nyrew cJie.n.yDUIHX ynpoUieHKI: 
!. llpeHe0pe•eHH9M CBII3HOCTbD ~00 B KOBapH6HTHOI npOK3BO~HOI 

j)t> ; 
2. Tipe.n.eJibHY» nepexo.n.ow 

npH BW'lHCJ19HHH tepWOB tG ('j) 
Ha ~(.J<:) ; 

j~j ~ ~ no M9KKJlaCTepHOMY paCCTOIIHHD 
H COO'!B9TCTB9HHOlt 361o19HOlt Cf' 0 ('1<, ';1) 

3. OrOpacYBaHwew 3P~eKta saKpYt~x KaHaJioa, npoHBJIIIIlUIHXCs: B BH.n.e 
3HeprosaBHCHUiero noreuuHaJia W (E) H CBII3HOCTK AQ • 

0TCYTCTBR9 06MeHHHX ~9HOB B ypaBH9HHR (30) 06~RCHR9TCR T9M,~TO 
i:~;:~;::,~:;~:::e ~ ~~!!e.~e.!!~'!~~!C'!.~ ~~,!!}'"0}T.P. n!"A.ll_rTAR.neJUH~ (;:>O) .IJUI nonHOR 
BORHOBOI ~YHKUHH ~ IIBnaetCII H8 aH3aUe», a Ctporo .onpaa~aHHYM 
npe~CTaBJleHH9M AJIII TO'lHOrO pemeHHII MHOfOT8JlhHOfO ypaBH9HHII WpeAKHrepa. 
TaKH» oOpasow, ypaaHeHHe (30) 3KBKBaJieHTHO Hcxo.n.Howy ypaBHBHHil 
illpe.JIHHrepa (4). 3TO 1103BOJ1118T H8 3a00THThCft 3apaHee 00 aHTHCHMM9T-
pH'lHOCTH aonHoaoR ~yHKUHK ~ OTHOCHteJibHo nepectaHoBKH HYKJIOHOB, 
oOCKOJihKY 110JlHYI faMHJlhTOHHaH H BCer~a HHBapHaHTeH OTHOCHT9JlhHO 
raKoA nepecraHOBKH. Tew cawww aHTHCHM»eTpH3aUKil wo~o npoBO.IIHTh yse 
nocne pemeHHft ypaaHeHHII Wpe.n.Kurepa. TipaKTI(qeCKH 3TO 03Ha'laer, qro 
B ce oOweH HYe ~eKtY "sanpi!TaHw" B on epat op W {E)+ (A61) l. • 

3aKJID'l9HH9 

Ha OCHOBe pa3BHTOrO 110.JIXOAa no 3KCnepHMeHT6JlhHYM .n.aHHWM / 4/ 
peaKUIIH cA-t- ~ ~ If Ue t n. wo~o 3eJIIHKCHpoaan napawetpw 3HeprosaBHCII­
lllero 110T8HUHaJla W (E.) B tpeXKaHaJlhHOii M0~9JlH peaKUHH M~OHHoro 
KaT6JlH36 / 5/ • 3ro 1103BOJlliT HaM BY'lHCJIHTh KO~HUK8HT npHJIHnaBKII 
UU~ B KOppeKTHOI ~OpY.YJlHPOBKe ~89BCKHX ypaBH8HHI .JIJlll BYXOAHOro 

KaHaJia }H If l+e + ?t • Pesy nuarw 3TH X pac'leroa Oy~yt onyOJIKKoaauw 
B nocne.n.YDIIIHX paOorax. 
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BHHH~HH C.H. H AP· 
MHKpocKoiTHqecKoe paccMoTpeHHe HAepHOH peaK~HH 
d + t ~ n + a B paMKax aAHa6aT~ecKoro 
npeACTaBJieHHH 

P4-88-6J2 

B paMKax aAHa6aT~ecKoro noAXOAa nonyqeHhl 3~eKTHBHhle 
ypaBHeHHH AJIH ~YHK~HH OTHOCHTeJibHOrO ABHXeHHH KJiaCTepoB 
BXOAHOrO H BhlXOAHOrO KaHaJIOB HAepHOH peaK~HH d+t ~ n+a. 
MeTOAOM npoe~posaHHH Ha oTKPhlThle KaHaJ1hl nocTpoeH 3~eK­
THBHhrn 3Hepro3aBHCH~H noTeH~HaJI H H3yqeHa ero acHMnTOTH­
Ka Ha 6oJibmHx MeEKJiacTepHhlX paccToHHHHX. B TepMHHax H3-
BeCTHOH KOOPAHHaTHOH aCHMnTOTHKH MHKpOCKOn~eCKOH BOJIHO­
BOH ~yHK~H CHCTeMbi nHTH Te.JI C~OpMyJIHpOBaHbl aCHM11TOTHqec­
KHe rpaH~Hbie YCJIOBHH AJIH 3~eKTHBHOH CHCTeMhl ypaBHeHHH 
aAHa6aT~ecKoro npeAcTasJieHHH. ITpocJie~eHa CBH3b 3THX ypas 
HeHHH C MOAeJibiD pe30HHpyro~x rpynn. 

Pa6oTa BhmoJIHeHa B lla6opaTopHH TeopeTHqecKOH ~H3HKH 
mum. 
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Vinitsky S.I. et al. P4-88-612 
Microscopic Consideration of d+t ~ n+a 
Nuclear Reaction within the Adiabatic 
Representation 

The effective equations for the cluster relative-motion 
function of the initial and final channels in the nuclear 
reaction d+t ~ n+a are derived within the adiabatic ap­
proach. The effective energy-dependent potential is cons­
tructed by projecting onto the open channels and its asym­
ptotic behaviour at large intercluster distances is stu­
died. The asymptotic boundary conditions for the effective 
system of equations in the adiabatic representation are 
formulated in terms of the known coordinate asymptotics 
of the microscopic wave function of the five-body system. 
The relation of these equations with the resonating group 
model is also considered. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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