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I. BBe,n;emre 

KnaccrrqeCKaR sa,n;a~a KBaHTOBO~ MeXaHHKH 0 eHeTeMe Tpex T8R e KY

ROHOBeKMM B3BHMO,n;eMeTBH8M HM88T p~ BamHliX ~3H~8CKHX ITpHR0~8HHll, 

0,n;mrM H3 HIDC JffiJI.ff8TC.II IIpHM8H8HH8 aTOM CHCT8Mbl KaK MO,n;eRH ,I(, o;yrcaHIUI 

xapait'l'8pHeTJffi COCTO.R:HH~ _M.. -M830MOR8KyR H30TOIIOB BO,n;opo,n;a 1,Z • 
3Ha~emm rroRHo~ aHeprHH c JlJ" R BORHOBble <lJyHRIJ;Hn: lfn.c: ( ~ R) 

pa3.JIWllll:UC )yt.?;) COCTO.R:HHM ))- -M830MOReeyR Hax/TTC.II 113 ypaBH8HI1.1I 

Illpe,IUllii'epa B rnecTHMepHOM rrpocTpaHeTBe (r > R) 3-5" I 
" ( H - En.t' ) tJ!n't' (r)n = o. 

(I. I) 

~eeL R - BeKTop, eoe.n;RH.m<l!IHit ~pa MesoMoReeyJIH a. H 8 e Maeea-

MH M (1... H Me ( Ma. ~ tv1 B ) ; r - B8KTOp' C08.n;RH.m<l!ll!it eepe.n;RHy OT-

pe3Ka R R ,...u--Me soH e Maeeoit rrt,u, • BBe,n;eHbl Be~HHbl ~ 11 rg 
paeeTO.R:HIDI OT ~ep ~ H 8 ,I(O .,U --M830H8, KBaHTOBble ~eRa YL- H 

'[ xapaKT8pH3YJOT ~8HH8 ,U -M830Ha ( n ) B M830MOR8KYR8 H OTHOeH

T8RLH08 ,n;BIDKemre ~ep ( 7: ) • Ey,n;eM paeeMaTpHBaTL ypoBHH aHeprnn Meso

MOReKyR, eOOTBeTeTBYIDmlf8 OeHOBHOMY eoeTO.R:HHID IIO M830HHOMY ,I(BIDK8HHID 

VI. :: 0 • TaKHM o6pa30M ,I(M eoeTO.R:Hlfit C YL-:: 0 H 3a.I(aHHOM ~eTHOeTLIO 

BORHOBa.R: ~ SaBHeHT RHlll:b OT I\BaHTOBIDC ~C8R ?; = ( J 1 If) , j H 

~- B~aT8RLH08 If KORe6aTeRLH08 KBaHTOBbl8 ~eRa COOTB8TCTB8HHO. 

B e,n;HH.l':IWDC e :: it :: 1 onepaTop H HMeeT BH,n; 

" /'o A 

H = Ta. + ha. + 1 I R' (I.2) 

1;;. =- z~ [(vR + ~vr/'+- (1:ae /t.r], 
,... 
h --..Lt.~- _L- .1.. a. - Zm Y' r. t'"P 

ll. a. " 
-1 -1 -~ -1 -1 -1 

M ::: M +- M n ma. :: mp. + M a a. IS ' 

£ = Mg- Ma. 
Mg-rMa 

1 o 'l . :(:s-·r·~ .. ,... . .. -- r· :f'.! . .,, 
•~ • • l f- I • 

I 

5~.' .~:"·""'1t·:.JX '.'!. · 1 
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B HaCTO~ee BpeMH paSBRTU~Ba II~XO~a K ~c~eHHOMY pe'eHHID 
YJ)aBHeHIDI (I.I): BapHaiJ;lWHHH~ LI-S R a,mra6aTHti9CKH~ 13 . C IIO
MO~ID.BapR~OHHHX pact~eTOB IIO~eHH SHatJ:eHHR 3HeprHE: CBRSH OCHOBHHX 
H H9KOTOpUX B030~9HHUX COCTORHH~ ~ -MeSOMO~eey~. 0TM9TRM, tiTO IIPH 
Orrpe~e~eHHH ypOBHefl 3HeprHE: B030~9HHUX COCTO~ TaKHe pact~eTH 
BeCl>Ma C~Ol!tHhl H He Bcer~a a<'WJeKTHBHH, IIOCKO~lty ycrrex B HHX BO MHo
rOM 3aBRCHT OT y~atJ:Horo BUOOpa rrpoOHIDC qJyHKI.Wil. 

ffHTepec K pact~eTaM C BHCOKOi\ TOtiHOCTl>ID ypoBHe~ SHeprHR H BO~o
BHX ~~ Ma60CBil3aHHUX B036~eHHUX COCTORHH~ )A- -MeSO~MeKy~ 
BHsBaH aKcrrepHMeHTBMH no· HsMepenwro cKopocTH HX o6pasoBaHHH 6 I. 
TeopeTHtJ:ecKoe rrpe~CKa3aHHe£esoHaHcHoil saBRc~ocTH cKopocTH o6pasoBa
HIDI MesoMo~eey~ dd;-' H d ;,«- oT TeMrreryzypu 6 I, KoTopoe cor~cyeT
C.fi C IIpoBe~eHHHMH 3KCII9pHM6HTaMK 11-8 , OCHOBaHO Ha npe,u;rro~Ollt8HHH 
0 cymeCTBOBaHHH ypOBHei\ SHeprHR MacJOCB.fiSaHHHX B030~8HHUX COCTORHHi\ 
MeSOMO~eey~. C IIOMOml>ID BapH~OHHIDC pactJ:eTOB·HX IIOKa He ·Y~~OCl> 06Ha
~TJ,, BMecTe c TeM, paspa6oTaHHHe B paMKax a,mra6aTHtJ:ecKoro no~o~a 
BUtiH~Te~HHe CXeMH IIOSBO~ ~~Tl> ypOBHH SHeprHE: BCeX CB.fiSaH
HUX COCTORHHil ~ -MeSOMMeKy~. B TOM tiE:Me 0~ OOHapyllteHU c~adocBa-
38HHHe B036~e?.fi COCTORHH.fi M630MO~eey~ dc{J,<. H df).l. • MNJeeTC.fi XO
pomee cor~ac>re 3 rro~eHHux pesy~TaToB c BapH~OHHHMH pact~eTaMH 
B Tex c~a.fiX, Kor~a noc~e.mme Bmro~eHH. 

IIporpecc B cos~aHHH ~c~eHHIDC cxeM pemeHH.fi ypaBHeHH.fi (I.I) B 
paMKaX a,mraOaTHti6CKOrO M6TO~a OOyC~O~eH paspa60TKOi\ 3~KTHBHUX BW!
ropHTMOB ~C~eHH%~pemeHHR KBaHTOBO-MexaHHtJ:eCKOil sa~atiH ~Byx ey~o-

HOBCKHX neHTpOB )10. • A,J:ura6aTIIti9CK09 IIpe~CTa~eHHe S~a~ TpeX Te~ C 
ey~OHOBCKIIM B3aHMO~eiJCTBH6M OCHOBaHO Ha pas~OllteHHM BO~OBOi\ ~ 
1f" (f}) ypl'\BHaiDI.fi (I.I) ITO HaOopy BO~OBHX qJyHKI.Wii s~atiH ~BYX 

U9HTpOB '/3,9/ 

!fer R) = 2 A--_(r· R) W CR) + ~ S <P c~ k; R)<f'(k;R)JR <r.3). ) .\f)) 'J s .s .s 
J 

IIo~cTaHOBKa aToro pas~ollteHH.fi B ypaBHeHMe (I.I) M noc~e~mue ycpe~e-- ~ HK.fi ITO KOOp~aTBM B6KTOpa r H yr~OBHM rrepeMeHHHM B9KT0pa R ITpH-
BO~T K Oec~OH/e~HO~ CHCTeMe MHTerpo-~~pe~~l>HHX ypaBHeHJ!:M 
( ma. = 1 ) I 9 : 

I"[i· - J(J+1)-Zm~_ ZM +ZME ]J. (R)-
c1Rz. Rz R. ' JV: ~ (I.4) 

ex:> oO oO" _ 2: Q,i.(R)i/R)- z= S u,sCI<>R)js(k,R)dk = o 
J=1 1 .S= 1 0 

2 

I 

I"[dz- J(J~1)-zm?.._ ZM+ZMc ]:J. (k,R} 
d R~ R l R J'lt s 

oO o<:> 
00

" , (k' )dk' -~Us·Ck)R)J(.(R)-~SU.ss'(k,k)R).i.s' )R =1 
j = 1 ~ . '.) s =1 0 

c rpaHli'UlHMH yMOBH.fiMH 

j. (0) = t-m j.. (R)=O, 
~ R~CO t.. (I.5) 

:J.. (k; o) = tim j s ( k, R) = o 
..> R-i>OO 

~ p~~HHX BO~OBHX ilJyHKI:ui~, COOTBeTCTBYJCllliDC SHa'l:eHIDIM t:Jl!' 

ypOBHefl SHeprHE: CB.fiSH. 3~ecl> ~- MarHMTHOe KB8HTOBOe tiHMO. 

CHcTeMa ypaBHeHID! (I.4) rrpe~cTa~eHa B "~ByXKoMrroneHTHo~ qpPJ!e" 

" (1 0) (.XiaJR)) (isa.Ck)<)) 
I= 0 1 > ji (R) = J.ig(R) ) .:i.s{k>R)= is& (k,R) . 

Ko~eHTH ypaBHeHHit (I.4) paccMaTpHBaeMoil cHcTeMU rrpe~cTa~T 
MaTp~ pasMepHOCTH 2x2, HaiipHMep, 

-
" . ( lAiaja.CR) > Uiaj&(R)) 

Uij(R) = Ui.Uja.(R), Uiujg(R) , 

a~eMeHTH KOTOpHX B~alltaiDTC.fi t~epes MaTp~He s~eMeHTH I IZ I H 
T9pMH /Il/ 3~a'lll ~yx Ky~bHOBCKHX U6HTpOB, lfx ac~TOrtJ:eCKHe 
CBOilcTBa rrpH R~ 0 H R-... o0 Hcc~e~OBSHH B pa6oTax 13 (rrpH R-+oo 
Uta fa. (R) ~ 0 ) • 3~ecl> paccMOTpeH oomufl CJij'"'!a~ Ma_ i M B • )J;JJ.li 

o~aKOBHX .smep MO~o rr.e~hH K o~oKo~oHeHT~on SaiTHCH, nocKof>ey I 
IIpH aTOM Uiaja.CR)- Ut~jt (R) , Uta;f(R)- t{IJafR) = 0 3 • 

3a,n;atJ:Y (I.4)-(I.5) CHMBO~eCKH 3arrHm6M B B~e 

[9)
00

+ 5
00

]1 = Al, (I.6) 

Q() 

r~e fl) - ~~pen$~~ orrepaTop, orrpe~e~eHHhlil Ha rro~ocH 
0 !: R. L. oo , a Soo- MHTerpannu~ orrepaTop Ha rro~oc>r 0!:: k < 

<. oo , A =-ZMEJv-
IIpH paspa60TKe ~OpHTMOB H rrporpaMM ~C~eHHoro pemeHH.fi CHCTeMU 

(I.4) Heo6xo~o YtJ:HTHBaTl> pJUJ: oco6eHHocTeil, Bh!TeKaKIIUlX >rs cymecTBa 
caMo~ Hccne~eMo~ sanatiR H crren>r~ Hcrro~syeMoro a,mra6aTRtJ:ecKoro 
rrpe~CT~eHH.fi. 3TH OCOOeHHOCTH COCTO.fiT B C~e~eM: 

3 



a) ~KTHBHHe_ u6TeHUHBJll:l .m!oTew ypaBHemrlt (I.4) BMem n;arrw~ 
;qettcT~A xapaxTep,~Me)tlleHHo BHXO.ItllT Ha acHMIITOTHKy np:a: R-.oo 
I 13 I . 

6') lf:a:CJieHHJd! aH8J.IH3 CXO,D;IiMOCTR 'pa3JIOJKeHRJI (!.3) llpm30,li;I!T K peme.

Hm:l IIOCJie,I(OBB.Te.JIDHOCTe:l! KOHe'lliiDC CRCTeM ypaBHelmit (!.4), 'ID'ICJlO KOTo

pHX B CRCTeMe MOJKeT 6HT1> BenRKO. 

c) ~KTHBHHe IIOTeiD.J,KaJIH CRCTeMH ypaBHelllrlt (I.4) 38,ItaHH B Ji!R,I(e 

Ta6.mm; Ha 60Jll>WOM 'DICJie YSJIOBHX TO'IeK. 

d) YpoBHR 3Hepre CJIB.60CBSI38HHHX B036YJK,IJ;eHllHX OOCTOmmA MeSOMo

Jieicy'JI JmJIRIOTCJI BeJIR'DIHOti IIOpJWtS. IQ-3 OT rJIY6HHH a<lxf!eKTm!HHX IIOTeH-

~BJIOB. 

. B sToA pa6oTe ,n;aHo oiiRcBHRe lJ:BYX BH'DICJIRTeJll>HHX ex eM, Bl<JI1011BI>

IltHX pemeH:He 'IBCTH'IHOit cneKTpa.l!DHOit 3B,It8'DI )tJlJI CHCTeMH (I .4) , CO,I(eplltB.

nteA KOHe'IHOe 'IHCJlO ypaBHelllrlt H aHBJ.IH3 CXO,D;IiMOCTH pa3JIOJK6Hrul (!.3). 
CxeMH OTJ!RtffilOTCJI BH60poM BqxpaKTHBHHX noTe~BJIOB CHCTeMH (I.4), H Ha 

npRMepe BH'D!CJieHRJI ypoBHeft SHepri:e: MeSOMOJI6Icy'JI pd_.u l'l: d )i)A- ,I(eMOH

CTp:e:pyiDTCJI OC06eHHOCTH HX peaJIHSanRH H IIpRMeHeHRJI. 

PaCCM8TpRB8eMHA npHMep OTpalKBeT OTMe'leHHHe BUrne OC06eHHOCTl'l: Me-

30MOJieicy'JIJipHHX pac'leTOB. CIQD;a BXO,li;I!T BH'DICJleRRe X8paKT6pl'l:CTHK K8lt 

OCHOBHHX, TBK H B036~eHHHX COCTOJIHHD. ~ BH'DICJieHRJI SHa'le~ ypo~ 
He:!! 3Heprl'l:R OCHOBHHX JOCTO~ BTHX MeSOMOJieicy'JI paaee 6HJIH npoBe,I(eHH 

BB.p:e:amroHHHe pac-qe.TH S . B crrexTpe MesoMoJiexyJIH dd,u HMeeTcJI' 

CJia6ocBSmaHHHA ypoBeHI> ( J = lt= 1 ) c aHepr:e:e:l! cBJIS:e: "' 2 sB 
(rJIY6E:Ha a<Ixf!exT:e:BHo:l! rroTe~BJI1>HOi! JIMH "" 600 sB)

1 fl I 

2. AmrpOKCHMaJlW! Cm!I'YWHO:l! CIIeKTpBJll>HOit S8,II8'DI (I.4)-(I.5) 

'lfu:CJieHHHA aHBJ.IH3 CXO,D;IiMOCTH p83JIOJKeHHJI (!.3) CBO,li;I!TCJI it pemeHJDJ 

Cl'l:()TeMH (!.4) C rpaHH'IHHMli YCJlOBHJIMR (I.5), B KOTOpoit l'l:H,I(6KOH i., H 

S rrp:mrnMruoT sHa'leHHJI 1, 2, . 0 0 ) N i :e: 1, t, .. 0
, N s cooTBeTcT- · 

reimo ,. npH pasJIR'IHHX £ Jl/,·, Ns J , :e: cpaBHeHm> nC>Jly'leHllHX pesynTaToB. 

TaKHM o6pasOM )tJlJI K8JK,JJ;O:I! 3B,ItaHHOit rrapg { tv;_ 
1 

f'ls, J He06XO,D;IiMO peDm'l'l> 

Cm!I'YJ!Jlpl:!Yll 3B,It8-qy lliTYJNB-.II:e:yBWIJIJI )tJlJI CHCTeMH l'l:HTerpo-,ll;l!qxpapeHIJ;~mJID-
HRX ypaBHeHHA IIpH 0 .!:, R. t.. 00 , 0 f k t.. 00 

• llpH6JII!DiteHHoe peme-

HRe 6yn:eM HCKaTI> B rrpJIMoyrOJ!bHHKe o f R f R"" , 1<.\ f k !: k m • 
llOJIY,li;I!CKpeTHOe IIpe,I(CTBBJ.IeHHe Sa:ztB'IH (I.4)-(I.5) HB BH6paHHO:l! ceTKe 

ysJIOB no k E [ ko( } nOJIY'DIM, BniipOKCHMHpoBBB mr;erpaJIH ITO k: B 

C~TeMe ypaBHelllrlt (!.4) KBa:ztpBTypHHMH clJop.cyJIBMH: t~(k)d K ~ 
~ £ (kct) P ( k,<) 0 b ko1 0 B pesynTaT~ nepeA.n;eM K c:e:c-

TeMe ,11;Hqxpapei$8Jll>HRX ypaBHerurl!: 

4 

"I[g_:- J(J+1)-zrn:_ ZM+Ztv!E v-].Xo(R)-
dR2.. R2 R J t. 

/.1.· tis M< " k i (k R) -iUr:·(R)J.(R)-LLUi/~)R)P(k«)A'cl. s tJI) =O (2.I) 
J:of ) J S=of o(:of 

I
"[d2 _ J(Jt1)-Zm~_ zM +ZHE 'IJ']f. (k R)-

dR2 f<Z R J s ' 

_ .;:: U . ( ko:
1 

R )J.j ( R) -1 i!. [;_,ss' ( kc<, k;, R) P(~) P(k~ )t~ka~t~k~ ~,ct_,R)=Do 
j=1 Sj 5:::1 o{ :1 

3n:eci> A k o1. - mar ceTKH no k , a P( kot. )· - Bee KBan:paTYPHO:Iil clJoPMY-
nu. (B BH'DICJI6HHJIX HCnOJI:bsyeTCJI qopMyJIB CHMllCOHa rrop~ TO'IHOCTH 

O(t.k}) ) • 
llepei!,n;eM K MBTpH'lHHM 060SHa'leHK.RM t )tJlJI KpaTKOCTH l'l:H,I(eKCH ( ] l)

B ,I(BJll>HelrneM onyoxaeM: 

[I(~2+ZME)- V(f~.)].1(R) = O, (2.2) 

rn:e 
~ 

/"o ( UcltR), Ud'(R)) ~ ( J4(~) (~/'-) )0 
V(R) = tr'tR) V''U<) }.(R)= .1((«) :: l (R) N=tf.+ 

" d<l ) ) , } 1/k·fols 
3,I(eci> U (R) - MBTIJii$ noTeH~BJIOB 

;rdd(R)-[J(J+1)-lm~+ .&!1J& .. r+ [t .. (R) 
v - R4 R LJ Lj ' 

" de 
CBJISHBarontKX OOCTOJIHHJI ,I(HOKpeTHoro crreKTpa Sa,I(A'IH .I(BYX U6HTpoB;L{ (R) 

" cd H V ( R )- MaTpHIJJl noTeHI.l;l'IBJIOB, OBSmHBaDill'!X cocToJIHHJI ,ll;HCKpeTHoro 

x HenpepHBHoro onexTpoB san:a'IH n:BYX ueHTpoB: 

"d I' ,. c/ ... 1J c(R):: UisCk~,R)P(kt~.)Ako{ ; U~RJ= U5/kr~., R)o 
,.. cc \ . 

MaTpHUa 'lJ (R) OBJISHBB.eT COCTOJIHHJI HenpepgBHOrO oneKTpa Sa,I(B'IH ,I(ByX 

UeHTpoB 

[rc~R) :: [ J(J:; -Zm\ R.RM ] Css' S,u,i + U,ss,(i<.t,k~,R)P(k)P{knAtil~o 

I'paHlrtnrne YCJlOBHJI (I. 5) saMeHJI!OToJI Ha -j. (o) = 0 

[IiR- F(E,R)}J(R)jR=Rm=O , l?m >> 1 • 
(2.3) 

5 
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~oToplla annpoxcm.mpym yCJIOBlilSI orpallKtlaHHocTH :saRTO~ ](R) 
npR 0 6 R t.. oo R nosBOJIJnOT yqacT:& acRMIITOTHRY BOJm:o:awc \WHKIJ;ld! 
¥pH R_,.oo 

TaKM SaMaHa TaRJKa BHOCRT onm:Cley B pamaHRa RCXO.u;HOM S~'IR,R 
OHa.Mo~eT ClHT:& O~eHeHa nyTaM oPhBH6HHR pameHHi npR pas~ SHa~a
HRJDC Rm • 

3. IIoo'l'aHOB:Ka sa,p;a'IR 

l1ocJie BHnoJIHeHHHX annpoKcHMawrj;j sa,JJ;a'IR (I.4)-(I.5) Haoelxo~o 

HaitTR pemeHRe J E "', J • J pary.JIRpHoM sa,JJ;a'IR lllTYPI!a-.lJRyBwrJI.a: .!WI cRc-

TeMH Z· N :: 2. (II;. +- 14 · tis ) .n;R(MlepaHD;RBJThHHX ypaBHeHRit BToporo no~-
:Ka (2.2) C rprumtiHI:lMH YCJIOBWlMR (2.3) Ha OTpesKa [ O, {(""] • 0TMe-

! ~ ...... J 
THM, ~TO OlliHClKa pemeHHH C; j. npRClJIUeHHOit Sa,JJ;a'IR (2.2)-(2.3) 

saBHCRT oT 'IRCJia ypaBHeHIDl - ZN , BepX:Haro npe.I(eJia RHTerpRpoBaHIDJ: 

- km , mara caTKR no k - Ak R rpamm;I:oi paccMaTpRBaaMoro oTpes
Ka- Rm • 

PaccMOTpRM .I(Ba B~CJIRTaJI:&HHe cxeMH ~ MaTp~ Ko~eHTOB 
Cl1CT6MH (2.2) CII6~Horo BII,JJ;a (cM.pHC_.Ha CTp.I7).B II6pBOM CJiyqae 

J\ G(.o( 11 de +r- r.c.l 
MaTpiD.\a IIOTe~OB 'lf (R}3aiiOJIH6Ha IIOJIHOCT:&Kl, 1f (/?-) R U (R)co.I(ep-' ~ 
~T JIRW:& O.I(Hy CTpoey, a uc( (R) - TOJI:&KO ~OHBJTh. Bo BTOpoM-

MaTpHUa {J (R) CO.I(6PQT nepByiO CTpoey, ne:gBHif CTOJicJe~ R .mtarOHBJTh, 

a OCTBJThHHe 9JieMeHTH HYJI6BH6. EiJle pas HaiiOMHRM, ~TO ~ 9JI6M6HT 

V(R)- MaTpHUa 2x2, a ee pasMepHOCT:& Z N x :uv 
4. MTepaggoHHHit MeTO.It pemeHHH 

3a.I(a~ (2.2)-(2.3) Cly.I(eM paccMaTpRBaT:& KaK HeJIRHeitHoe ~o
HBJThHOe ypaBHeHRe 

1 n ( ) _ _ (, n m /() (z) tp(l) <{fiiJ) 
':f' :c-O t.P- o..r,..,., , 

) 

oTHocHTeJI:&Ho napH z "" {).. J J E R x { cz [~ R..,] ]2J/ {A =- ZM E ) , 
(" ) 

r.Ite KQMIIOHeHTH <f J )' j=1-4 onpe.I(eJieHH cJie,Jzy'IOII!RM oClpasoM: 

<p(
4
tA)) =[I~ ~z.- ()..I+ V(R)) J 1 (R) :: 0, (4 .Ia) 

,rfz)( j ) j ) (4.I8) 
'Y A .;. = ..A(O = 0 I 

) 

Y'(~)(t., J)::: rijR- -1- f (,>., R) J j(R) \ :: 0 (4.Ic) 
R=l?..., ' 

6 

\' 

~eTBepT8R KOMITOHeHTa - YCJIOBHe HOpMHpoBKR BOJm:OBHX ~it 

,,.[4)( 1 - ... 

..,. 
j(R) : 

~ A,J..)=:(j.,:J.)-1=0. (4.Id) 

3.I(ec:& ( J.)) = .f S,..f J.i~ (R) + ji~ (R)]d R . 
£=-1 0 

IIpe.I(IIoJiaraeM, ~TO rrpocToe :~~:soJIHpOBaHHoe pemeHHe ypaBHeHRR (4.I) , 
.,.. ~, -r = ().. 
1 
j ) Cytl16CTByeT ,H HSB6CTHO Ha~aJI:&HOS IIpHcJJIIDKeHRe i!.0 : ()., 0 ) 0 ) 

R 9TOMy pemeHHID. 

,Jl.7m pememm ~OHBJThHOrO mBHe~ t{J(i!.) = 0 IIpllM6HllM He
npepHBHHn aHaJior MeTO.Ita HbKlTOHa 14 -fq . BBe.I(eM HenpepHBHHfi rrapa

MeTp 0 f f, t.. 00 , TaKIDIJ OcJpaSOM, ~TO CIIp8B6.I(JIHBH COOTHOmeHRR: 

cp'(z(t)) ll-i:J =- cp(r.(t)) J i.fo) = il0 • <
4

•
2

) 

3.IteCb Cj) 1 
- rrpo:~~:sBo;n;Ha.H: IJ?peme orrepaTopa rjJ , a 2.'(t) = (). '(.f:), 1 Ci)) = 

= (,U(t)
1 

y(f:)) . 3TOT IIO.I(XO.I( OT,OCHTf.ff R RJiaccy M6TO.I(OB :mma-
pHaTHOro norp~eHRR I f G I. B pacloTe 15 · rroKB.saHo; 'ITO np:~~: BHnoJI-

HeHRR YCJIOBHR rJia.I(KOCTH orrepaTopa Cj) B OKpecTHOCTll llCKOMOrO H30JIH

poBaHH01'0 pemeHHR - z il BIDIOJIIDI6TC.ff IIpe.n;eJI:&HOe COOTHOilleHRe 

.&"m /lil*- ict)ll = 0. (4.3) 
-l:.~oo 

3BOJIIDUHOHHOe ypaBHeHHe (4.2) pemaeTCR MeTO.I\OM 3fiJiepa. ITOJIYOCb 

o f.t t.. 00 pas6HBaeTc.H: Y3JIOBI:lMI1 TO~MH t1: ( k = o, 1,... ) c 

rrepeMeHHHM maroM 
1 1 
-r:;.k = tk + 7:1<.. 

llpouecc pemeHH.ff ypaBH6HRR (4.2) MO~O p8CCM8TpllB8Tb H RaR HTepa~OH

HH:Il npo~ecc. Ha :&al!UI:OM mro'e c HOMepoM k ( i =- -tk ) pemaeTc.H: JIHHefi-

H8R 38.1(8~8 

I:P'(7!.1J Ark -=-lf(2 k.) (4.4) 

I{;_ _, ) ~ 
OTHOCHTe.Jll>HO :~~:Tepall,HOHHOit nonpaBKU A i!.k. = (). ( k.), :i(.fk) = (uk, V~) 
npH H3B6CTHOM npHCl.JIIDKeHHU i!.k. K llCKOMOMY pemeHHID. ~ee H8XO.I(llTC.ff 

HOBOe IIpllcJJIIDKeHRe -l k+ { : ().. k+1, J/::·H ) ~ 
Zk+f = 2\.+?:k·t:.rk::: ().k.+Tk.·,.UK.,Jk.+Tk. 1fk). (4.5) 

eCJIR mar ?: k sa,JJ;aH. ITPH T k. :: 1. HMeeM MeTO.It Hb~ToHa. 
B cJJill3KOfi OKpeCTHOCTll HCROMOrO pemeHRR 3TO 06ecrre'IRBa8T Mll~l 

H6MSKH II7/ 

sk = 1/tf>(z~:.)ll. 
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BH6op 7:k MOJKHO pea,mso~'l;P T~, Q_Q,P-§S_QM_,_ "IJWPI jlTj) _c:ap:l!c_'l'B:_O 6WIO 

BJ:mOJIHeHO Ha :Ka.l[,I(OM mare 15 , B OIIepaTope <j) WIJ{ ypaBHemur (4.!' 

MOJKHO ~e~TD ~Be r~BHHX KOMIIOH6HTU K npe~CTBBHTD ero B ~e 

<P (A;) = ( c~ .. -,d: )1) (4.6), 

' J (j./ :J) - 1 1 

r~e ~ - ~®JepeHnRanHIDJ onepaTop (4.Ia), BRJIKillaxmtKA H rpamrome 
yCJIOBWI (4.I8), (4.Ic). YpaBHemte (4.4) OTHOCHTeJll>HO HTepamiOHimX 

IIOIIpaBOR ( ,U t J Y k ) IIp6~CTaBJIR:6T cicTeMY ypaBHeHd: 

(£) -.A.~:i J vk ~,.Ut 1k =-(:o- Ad JJk, 
- ... - - (4.7) 

Z(:i.bYk)=1-(:ik,:it). _
1 

MaBeCTHO I 19 /. '!:TO o6paTHU:i! orr epa Top r ri(z ,:) J ,lT,liSI 9TOI CHCTeMU cy

meCTBY6T H OrpaHH'leH B ORpeCTHOCTH pemeHHH ~4 , ~T06H yrrpoCTRTD Ha-

Xoz;n:eHRe pemeHHH CRCT6MU (4, 7), IIpe~CTaBHM Yk B mote .. _,. 
v~ =- j,_ ~..u~: tt· 

_,. I 

(4.8) 

r~e 'lt- pemeHRe KpaeBol a~'l:K: 

(~-t\~:I)~ =-Jk. (4.9a!) -
PemHB STY s~a'iY R no~cTaB.1LfDI mpallteHRe wm V'k (4.8) c HenBecT-

:!lli:M ,A). I< BO BTOpoe ypaBH9HH6 CHCT6MU ( 4. 7) 1 IIOJIY'IHM 
~ _, 

' ,;U k :: -l+(j k.,~"'_) ) (4.9~) 
zc1k., v-k> 

WOp.!y~ (4,9), (4,5) COOTBeTCTBYIOT IIpR 't:J: = 1 M6TO,IIy o6paTHHX RTe-
pamr:l! 19 I. IIpn Ak ~ >. "'' , r~e ).. • - TO'lRB crreRTpa onepaTopa 

~ , BOaHHRaeT rrpo6JieMa pemeHIDI IDioxo o6yCJioBJieHHoit s~a'l:R t4.9a). 
~TOOH He CTpOHTD CIIe~aJJl>HHX aJirOpHTMOB ,lT,liSI ee pemeHIDI, pacCMOTpBM 

XOpoi!IO R3BeCTHyiD MO~~ HDlOTOHOBCROro npo~ecca (~.~) 

\P 1(2,) 1>?.1<. =- Cf(i. k) (4-.IQ) 

K'"" ~ 11 •• • , .Z o - S~aHHU:l! 9JieM6HT, B STOM CJIY'l8e BMeCTO tpop.lyJI 

(4.8)-t4.9) rro~aeM: ")_, ~ 
(V-A 0 I ~ =-Jo, (4.IIa) 

,._.. ,....., 
(.V-A

0
I)tt1. ::-(1)-~kJ)jk 

J-tk = 1- cl~r.)t_)- zrioJJ..) 
..... z C1./v·o) 
yk = r;J-k + ftk ~ 

8 

J 
(4.II~) 

<4.uoi 

(l.Trd) 

3~ecD BMecTo IDioxo odyCJioBJieHHoli upH Ak _,. A* aaM'lR (4,9a) Tpe-

6yeTCR pernaTD ~Be R~eBHe s~a"IJR (4,IIa) H (4,IIB) C HeOCo6eHHHM one-
,.. . -~ 

paTopOM ( :c:> - A
0 

I ). IlpR'leM (4.IIa) pemaeTCR o~H pasHa rrepBoM 

mare l!Tepa.unoHHoro npo~ecca (4.II) rrp11 /.. 0 f. >.*. 
llamHoft OCo6eHHOCTniD ~Oll MO~WllRannH ~~eTCH TO, ~TO orrepa

TOp ( ~ - )..
0

] )-I ~ocTaTO'IHO orrpe~eJil!TD Bcero o~ pa3. A aTo TI03BO

JIJieT SHa'lRTeJIDHO CORpaTl!TD C"IJ8TH09 BpeMR 6Jraro~ap.F.t COKpameHl!lO o6mero 

'Il!CJia BH'l:RCJiem, ~To oco6eHHo cymecTBeHHo B CJ!Yllae 60JIDI!Ioro "IJl!CJia 

ypamreHd B CHCTeMe ( 4, Ia), HeKOTOpoe 3aM~eHRe HTe~ TIO CpaBHe

Hl!lO C 06WIHHM HDIDTOHOBCKllM rrpo~eCCOM (4,8)-(4, 9) MOlKHO KOMTI9HCl!po

BaTD BR6opoM Ha~aJinHoro TipH~eHHR, 

5, Pememre R009BOll 3~a'l:R ,Il,!L!! HTepa.miOHHOll IIOIIpa.BRH 

HallOOJiee CJIOXHOH ~aCTDID npH "1Jl!CJI8HHOH peaJIHS~ HTe~IOHHOrO 

npo~ecca (4.II) RBJIReTCH pemeHRe RpaeBHX 3~all (4.IIa,B). PaccMoTprrM 

s~a'IY (4,IIa), Ilpe~CTaBl!M ee B B~e, aHaJIOrn'IHOM (2,2): 

"' .... ~ 

(£J-AI)zt =-J., (5, I) 

r~e 

~d de " Jt " del .A ..!c. -(f) (R.))fJ (R))·-(IdR.z.-lf(R)) -lfcR.)) 
~ - d - " cd "Jz. :.cc (5.2) 

fJ:fCR); p:/'(R) -lf (R) ) lde.z.-U CR) 

IIpii 0 < R l.. R .,_, , a B To"tJEax R = 0 I1 R = R l>< orrepaTop ;/) 

onpe~eJieH ~OPMYJiaMl! (2.3). ~ecD 11 ~e ~eRe k onymeH. 
IIpH peweHHH cl!cTeMbt 6omworo ~HcJia ~t@epe!f!.UiaJIOHb!X ypaBHeHRfi *~ 

BamHO RCTIOJinSOBaTD oco6eHHOCTH ~a'Il!: pa3p~~eHHOCTD MaTPHUN RO~-

~eHTOB CHCT8Mbt (5,I) (eM. pl!C, ), a TBKRe TO OOCTORTeJIDCTBO, ~TO _,. 
RCROMOe pemeHRe zt RBJIR8TCR HTep~OHHOll TIOTipaBKOfi, KOTOpyro ~OC-

TaTO'IHO orrpe~eJil!TD C OTHOCI1TeJIDHO HeBHCOKOH TO'IHOCTDID. ~ CXO~OC

TR HDIDTOHOBCKoro_npo~ecca (4.IO) TBe6yeTCR OTHOCl!TeJIDHa.R TO'IHOCTn 
IIpii BH'lncJieH1111 ?J' ~ ro-I 12 I. 

PaccMoTpHM ~e BH'!:KCJIHTanDHHe cxeMH pemeHRR ypaBHeHRli wm RTe

~OHHHX nonpaBOK, 

*) Hmlte TIOKa3aHO, '!:TO ;D;i1R ~OCTIDlteinm Tpe6yeMO:it TO"IJHOCTH H806XO;r(ID.10 

pemaTD cHcTeMy "" 300 ypaBHeHID'1:. 
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r.ne 

CXeMa (A). MaTp~ ~dd ITOJIHOCT:OJO 3aiTOJIHeHa. 

:Bocrro.7Il>syeMoR pas6IremreM (5.2) ,ItJUI orrepaTopa ~ H nepemmreM 

ypaBHeHHe (5.I) B m.ne: 

(~del_ A I) "V-d=-Jd _~de "V-c, 
( Q'\CC \ r") ';tc ....,C cd ..., d 
<IV- 1\ v =-J. -1) (J 

~~ -J I 

] = { Jc) , lt:: ( ¥c}. 

(5.3) 

.II.mi perueHHR ( 5, 3) HOITOJil>syeM M9TO,It ITOOJI9,ItOBaT9Jll>HIDC npH6JIIDKeHH!l. 

Ha nepBOM mare ( e = I) ITOJiaraeM it c: = 0 H peruaeM KpaeBy!O sa.n;a~: 

( j)dd- A I) ?Jd = -1d. (5.4) 

-d 
Hai1,IteHHOe perueHUe 'lJ ITO,ItOTaBJI.f!eM B ilpaBy!O '!aCT:& BTOpo!'O MaTpU'!HOI'O 

ypaBHeHHR CHeTeMH (5.3) R pemaeM KpaeBYJO sa,n;a~ 

(7fC_ >..:[) iJ-'=-1'- ,t)cd?JJ. (5.5) 

~c 

IloCJie TOI'O, RaK perueHUe 7f Hai!,IteHO, CHOBa ITOBTOp.F!eM pemeHUe Sa,ll;a'i 

(5.4) H (5.5) e T9M OTJIH'l:HeM, 'iTO B llpaBOi1 'l:aeTH rrepBOI'O MaTpH'!HOI'O 
-c -e 

ypaBHeHUR (5,3) eTORT He 7) /.cO :: 0 , a ?J t: -1 , Haii,n;eHHOe rrpK pe ... 
meHRR (5.5). 

1 

TaKHM' o6pasOM ITOJiy'ieH HT9paiJ,HOHHHi! rrponece (no e ) ,ItJUI HaxolK-

,IteHRJl: perueHRR sa,n;a'l:R (5.1), :KOTOpNi1 OIIHC!ffi8.eTC.f! ypaBH9HHRMH 

( "'del "')-J ~d cle-c -, 
.v -A I 7te = -J. -1:; ?J-e-1, ?J(} = o 

(1:/C- A I) v.::: -]'- ;bccl if.~ . 
(5.?a> 

CXO,II;HMOCT:& HTepaiJ;ROHHOI'O llpOIJ;eeca (5.7a) HeeJie,ll;OBaHa 'l:RCJI9HHO. 

Sa,na'ia (4.IIa) pemaeTeJI O.n;RH pas npH k = 0. 
AHaJIOI'H'i!rui1 11BHyTpeHHHii" RTepaiJ;ROHHbil! ITpoi(ece CTpOHTCJI Ha :Kal!C

,II;OM mare 11BHemHero" Hl>IOTOHOBC:KOI'O nponeeea (4.II) R ,ItJUI pemeHUJI Kpae
BOi! sa,n;a'l:R (4.IIB). 

1fi:rCJieHHoe peruemie sa.n;a'l:R (5.4) OCYllleOTBJIJieTCJI e rroMOll.1l>JO MeTo.n;a 

KOHe'!HIDC pasHooTei1. MorroJil>soBaJIRe:& TpexTo'l:e'l:HaJI pasHocTHaJI cxeMa 
1 

I 
~ O(ht) ( h- mar pasHocTHoi! eeTKH) K aJirop:aTM MaTpil:'iHO!l nporoHEl(Z1 • 
1fireJieHHoe pemeiDie CHeTeMH (5.5) JI9I'KO peaJIRsyeTCJI, ITOeROJil>Ky OHS 

eOCTOHT HS ""'· ft/.s H838BROHMHX MaTpil:'!HIDC ypa.BHeHHii (CM. pRe. ) : 

,. d'l. " 1\ c /11,: .. J (5.6) 
[Jcl ,z.- (J.. I+ Vi% (R))] Pf(R) =-.iL·{R)+:;EtJ~<~)l':1(R). 

1<. • 'J J 
i =tit+ 1, .. 'I ,.; J 
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.1 

Ka.l!r,r(aJI Ta.Ita.JI CJ1CTeMa ,ll;BYX ypaBHeiDrli Ta.IOKe perua9TCJI pa3HOCTHHM: M9TO

,II;OM C ITOM01111:>10 aJII'OpHT!f..a IJpOI'OHKH. 

CxeMa (B). B MaTpHIJ;e ff) sanoJIHeHH .n;HaroHaJIJ>, rrepBaJI, eTpOKa H 

rrepB~ cToJI6en. 

1fi:reJieHHHe RCeJie,ll;OBaHHR II0Ka3a..'lli, 'ITO llpK 3aMeHe M8Tpm.!,li a@JeR

TKBHHX IIOTeH~8JIOB (2.2) M8TPRIJ;e~ CIIe~aJil>HOI'O BR.n;a (eM. pRe. ) 

,. 
'U(R):: 

~lR), ~zCR), £{3 (R), ... , ~N (R) 

-{);~ (R}, 4z(R), 0 "'") 0 

tr.H (R), 0 , ~iR), ... , 0 
;.. . . . . . . . . . . . . . .. . .. ;. ... 

(5.8) 

V"dn, o , . o ) ... " V",;11 {R J 
COOOTBeHHHe 3H8'!8HKR IIOJIY"<!9HHO~ 3~8'l:H 'eSH8'!HT8Jil>HO OTJIR'ia!OTeJI OT 

eo6CTB8HHb!X 3H8'!9Hi!ii sa,n;a'IK (2.2) 9 • 3TO II03BOJIJI9T MO,ll;Hqmwrpo-

BaTl> OI!He8HHYJO BWmCJIHT8.7Il>HYJO CX8MY )!;Jill CII9~a.7Il>HHX MaTpiDJ; (5.8), 

paeeMaTpHBrui IIOJIY"<!8HHYJO sa,n;a~ RaK O,II;HO K3 B03MOlKHIDC a,ItRa6ani'!eeKHX 

r;pe,ItCTaBJieHRfl HCXO,ItHO! npo6JieMH. )La.HHM MO,II;H~ I!PRBO,II;HT R IIo

eTpOeHMJO HTepa~OHHOi! rrpone.nypu ~Jl pemeHRR RpaeBRX Sa,ll;8'i OTHOCKTSJIP-

1 HO KTepaiJ;nOHHHX norrpaBOR ~ 

( 1J11 -i.I) lt,e =-.f.1 - :Z: 1>1i lftt-f j V,:., = rJii= 2,3, .• ~11 
,.. •=2. (5. ?K) 

Ct)ii -..\I) '/J;t·e = -.Y. ·- ;(). ?J-.·e. i::: z 3 rJ 

1fi:rcJieHHM peaJIRsanRJI 

JIOI'H'IHO. ( 5 .?a) • 

t " ~ ' J , ... , • 

HTepan:aoHHoro rrponeeca ( 5. 7 6 ) aHa-

IIorrpaB:Ka ~k orrpe.neJIJieTCJI 'l:HeJieHHo,nyTeM saMeHH RHTerpaJioB B 

~pMY~e (4.IIe) COOTBeTCTByromaMR KBa.n;p8TypHHMH ~PMYJiaMR CRMnCOHa, 

ReiiQJil>3yromRMH Y3JIU pa3HOCTHO~ eeT:KR. 

6. HeKoTopue .n;eTaJIR Bli'l:ReJIRTeJil>HoM npone8Y]H 

PaeeMOTpeHHHe B!i'iReJIRTeJIJ>Hue exeMu peax:asoBaHH B m.n;e nporp~ 

Ha JI3HKe ~OpTpaH ,ItJUI 3BM CDC-6500~ 0HK ITp:lrM8HEnHCl> ~ pae'l:eTOB ypoB-

nei! sHeprHH MesoMoJieeyJI K KX BOJIHOBIDC ~ I g • McrroJI:&soBaJIRe:& 

rpaHR'l:HHe · ycJIOBRR J ( o) = 1 ( R.., ) :: 0 • 1fHCJieHHHe HeOJie,n;oBaiDIJI rrpo

.n;eMOHeTpKpOBaJIR .n;oeTaTo'l:Ho oueTpYJO exo,ItHMoeTI> "BeyTpeHHHX" KTepaiJ,HOH

HIDC I!pOIJ;eCeOB (5.7), 0THOCHTeJil>H8Jl TO'iHOeTJ> BH'!MCJI9HRR RT9paiJ,HOHHHX 

rrorrpaBOR 'if 0 , i/1-k "" ro-2 ioeTRraeTcJI sa .n;Be-Tpl:! HTepaiJ,HR no t B 

BH'l:RCJIRT8JIJ>HOi1 e~eMe (A). CXO.n;RMOeTJ> HTepan:ai! (5.71) HeeKOJI:&KO 38Me,n;

~eHHa(.el\10..{"" 3-4). 0.ItHaRO BH'l:HCJIRTeJil>HaJI exeMa (B) eYllleeTBeHHo npollle 
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B peaJmSBIJ;lm H nOSBO.JJJ!6T COKpaTHT::& BpeMSI BJIIIHCJiemdt no CpaBHeHHIO CO 

CX8MO~ (A) B llHTD pas. CXO~OCTI> HDIDTOHOBCKOI'O npo~ecca (4,11) KOHT

poJIHpoBaJJ:aCI> no yM8Hbill6HHIO B6Jm"JJDDIl H8BffSKH 

Sk = W(a.;e I ( ~ h - A k :[) j h k ( Ri ) J, 
L J 

(6.1) 

r.n;e f}h -: KOHe'!Ho-pasHOCTm aHaJIOI' .n;H@lepeHII;I!aJil>H9I'O onepaTopa 1) 
(5.2), G- HOMep ysJia paSHOCTHO~ CeTKH no R, , 

IIp:r.r nocTpoeHHH a.rrrop:r.rTMa ytiTeHo, 'ITO KpaeBh!e sa.n;a'!H (5. 7) pema

roTcsr M8TO.IJ:OM nporoHKH. ~ ero peanHsan;HH rroc.rre.n:oreTe~Ho :r.rcno~syeT

csr HH(j)oP,ManiDJ: B Tpex coce.n:HRX ysJIOBilX TO'!Kax no R : Ri- h , Ri , 
Qi+ h 7 Z 1 I. ::lTo .n:aeT BOSMOlKHOCT:& opraHHsoreT:r, rrporpaMMY TaKHM o6-

pasoM, 'ITO B rrpou;ecce Bll'tJ:HCJie~ B OnepaTHBHO~ ITaMHTH Mammnl HaxO.n;HT

CH nOT8HURaJIH tf(Ri) H npOI'OHO'tJ:Hlle KO~KUH8HTil JIHm:b Tpex coce~ 
TO'tJ:8K pasHOCTHOl ceTKH no R • a OCTaJIDHile Xpa.HHTCH Ha Mai'HHTHO! 

JieHTe. TaKaH opraHHsanKff nporpaMMil nosBOJIHJia yBeJIH'tJ:HT:& 'IHCJIO ysJIOBHX 

TO'tJ:eK, He YB8JIH'tJ:HBM 06'b6Ma onepaTRBHO! naMHTR ::lBM SaJniMaeMOit npo

rpaMMOii, 

B Ta6JIH~e I npzBe.n;eHH HeKOTOpHe BeJIH'tJ:HHH, xapaKTepHs~e cxo

.n;IDJJOCT:b Bll'tJ:HCJIHTe~HO! CX9Mll ( 4, II) • HDIDTOHOBCW npou;ecc CXO.n;HTCSl: 

sa 3-5 HTepall;Hit. BpeMsr, sa.Tpa'!RBaeMoe Ha O.IJ:HY HTepanKID, no cxeMe (B) 
,... 2 MHH. , npH 9TOM 'tJ:HCJIO pemaeMIDC ypaBHe~ ...., 300, a 'tJ:HCJIO yaJIOBilX 

TO'tJ:eK no R. "' -3()0, B Ka'tJ:ecTBe Ha'laJI:&Horo np1ii6JIIDKeHHsr / A0 ) ] 0 1 Rc-

no~soBaJioc:& ".IJ:ByxypOBHeBoe npH6JIIDKeHHe" a.n;Ha6aTH"tJ:ecKoro no.n:xo.n:a 

(~ ypaBH9HM B CHCTeMe (2,2)), HaxOllt,ll;eHHe KOTOpGI'O OITRCaHO B pa6o
Te Z Z I. lllar 7:: k ITpH HaxoJK,IteHHlii Ha'laJIDHoro ITpH6.JIIDKeHM Bll6HpaeTcsr 

HS yc.rro:rum MHHHMyMa H9BffSKlii ( 6, I) , 'ITO nOSBOJISl:eT paCIIIl'IpHT:& 06JiaCT:& 

CXO.IJ:HMOCTH M8TO.IJ:a, ITo Mepe yJiy'lilleHHsr ITpH6JIRmeHH:it K pemeHHID C pOCTOM 

N u;eJiecoo6pasHo 7: k aa.n;aT:& paBHilM I, TO ecT:& peaJIH30BaT:& MeTo.n: 

H:&moHa. 

KpaTKO ocTaHOBKMCH Ha aHaJmse norpemHOCTe!, B03HHKa~ np:r.r 

'tJ:HCJieHHOM pemeHUH (1.6), C'tJ:liiTast CTpyKTYPY MaTp~ K0~9HTOB CliiC

T9Mll ypaBHeHH:it (I. 4) 3a.IJ:aHHO!, B 'ilTY OIIIl'I6Ky, KpOMe norpemHOCTe! an

npOKCHMamm (OM, n, 2) , BXO.n;HT TaiOKe norpemHOCT:b 'tJ:liiCJI8HHOI'O pemeHM 

sa.n;a'tJ:lii (2.2)-(2,3). 
EcJrn: pa3HOCTHH9 C8TKH, Ha KOTOpllX arrnpoKCHMRpymTCSl: ypaBH8HM 

(4.IIa-c): He M9HHIDTCSl: B npou;ecce HTepauHit, TO HT9pauHOHHilii npou;ecc 

(4.II), (4.5) B 6JIH3KOl OKpeCTHOCTH HCKOMOI'O pemeHM npH Lk, = I 

MOlKHO paccMaTpHBaT:& KaK MO.n;H~UffPOBaHHilA M8TO.IJ: H:&mTOHa .IJ:JISl: pemeHHsr 

H9JIHH6HHOii CHCT9Mll aJir96paH"tJ:eCKHX ypaBHeHRA 

~ (~rJ = (~hJ_h-,\hJh)=o,l?h={>-n)hl, (6.2) 
(.:lh,jh)- -1 
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anrrpoKCHMHpyromelit 3a.IJ:a'tJ:Y (2.2)-(2.3) c TO'IHOCT:&ID nopsr.n::Ka O(h~) . 
CymeCTBOBaHRe pemeHHsr CHCT9Mll (6.2) .IJ:JISl: Ca:MOOOITJlfDK9HHOI'O onepaTOpa 

f)h C I'pa.IDI'IHI:lM ycJioimeM (4,Ic), H9 3aBHC~ OT A , CJI8.IJ:Y9T 

H3 723/, 0 TO'tffiOCTH pemeHM 3a,IJ;a'tJ:H (6,2) MO,lUi@lm,l!poBaHHHM M9TO.IJ:OM 

li:&roTOHa M~O CY.IJ:HT:& no B~IHe, .IJ:OCTllrHYTOM B npou;ecce HTepanHft H9-

Bff3Kll SK (6. I), r,IJ;e K - 'tJ:HcJio HTe~ft, a ( J.hK) 1 h)C ) = I . 
B c.n:yqae CXO.IJ:HMOCTH HTepa.xnrl! CIIpa.Be.IJ:JIHBa ou;eHKa /1 a I 

11 r.h~- 2 ~t~c 11 L. cf 8K < 6. 3) 
' I 

r.n:e :2t - pemeHRe ypa.BHeHM (6,2). KpoMe Toro, corJiacHo /I4/, 

.IJ:JISl: co6cTBe:rrnoro sHatreHHsr A *h cymecTBY9T o:o;eHKEi 

1..\h- .Ah,K\ £:: C2 8x, (6.4) 
r.n:e cf '> Cz = COHS.t> 0. 2 

IIpu BH6panuolit pasHOOTHo:fi cxeMe c noPff.!(ROM annpo:rwm.~ O(h ) 
CXO.IJ:HMOCTI> pa3HOCTHOI'O pemeHHH { A i>h, S: ] K ~eru~m t A~ 1 ~ j 
sa,n;a'IH (2,2)-{2,3) .fiBJiff9TCSl: KBa.n:pa.TH'tJ:HOll IIO h Z4 , TO 9CT:& 

Ill."'-i; 11£. c
3

hh > C3=coh.st>o. <6.5) 

Ta.KHM o6pasoM, 

"** ... ( 2. (' ) 1 'A+- >-n,x 1 + n. :1. -Jh,K ll =112•- 2h,Ku < C4 h +-°K )c,?oc6.6) 
2, 

IlocKOJI:&Ky B IIpOB9,IJ;9HHHX B~HCJI9HHSl:X 8K (. '-. h , TO OCHOBHOH .mlJI.fi-

9TCH OlliH6Ka pa3HOCTHOM arrrrpOKCRMaiJ;aH, 

B:!ura.n: B onm:6:rcy anrrpoKcHMarulli sa,n;a'IH (I. 6) BHOOHT rrorpemuocT:r, 

G ( k m ) , o6ycJIOBJI9HHM sa.MeHoft 6ecKOHe'!Horo HHTepBa.rra HHTerp:r.rpore

HHsr k E [O,ooo) KOH9'tJ:HI:lM kE [OJ kh1 ] , B pe3yJI:&TaTe KOTOpoii 

onepaTop [ ~ 00 + S oO J 3a:MeHsreTcsr Ha [:?f.,+ .$ k.,J , a TaKJKe 

norpelliHOCT:& IIOpll;!(Ra 0( A k '•') , BHOCHM'l3JI IIpH arrrrpORClll'~ OII9paTO-

pa £ k.., KBa,D;paTYpnm.m g)Op.zy-JiaMH CHMITCO,a. lfirCJI9HH09 HCCJI9,IJ;OBa.Hli9 

rrorpemHOCTH G ( k..,) npoBe.n;eHo B pa6oTe 19 , TaM iKe OIIHCaH BI:Idop 

~ara A k KBa.IJ:fB'l'Ypmi!X g}OpMYJI, Heo6XO.n;HMO Tai0!\.9 yt!9CT:& OlliH6Ky 

I ((R""'), BHOOHMYfO sa:MeHolit rpa.HR'tffiHX yc.rroBII:fi (I. 5) Ha (2,3). !1BBeoTHO 
251, 'ITO IIPH 3a:M9H9 oneraTopa ~00 

Ha :f)R..; rrpH R ... ~ oa 
HM99TCSl: CXO.n;HMOCT:& perueHH:fi peryJIHPHh!X 3a.IJ:a'l, O.IJ:Ha.K6 CKOpOCT:& CXO

]U~OCTH K pemeHHID CHHI'YJIHPHO:fi 3a.IJ:a'!H orrpe.n;eJIHeTCH CBOHCTBaMH onepa

TOpOB H ~· paccMa.TPKBaeMOro onepaTopa ~oo HeHsBeoTHa. IIoaTot~ 
aHaJm3 3a.BHCHMOCTR onm:6KH pesyJI:&TaTa OT R..., BHrrOJIHsreTcsr 'II-rc-

Jie:rrno. -~ BH60f8 rpa.HH'tffiOM TO'IKR g,.. ITOJ!yt!9Ha. 3a.BHClll'IIOCT:& 
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lilt: 

Tad~ I. Cxo,niD~IocT:r:, BWUICJmTeJil>HO:M cxew ( 4. II) 

MesoMo- k 8k k 
At-Jieey.rra. - E.J,c~a) 

dd)-! 
~ 

0,880xi0-2 0 0,48 2,50 
J= lf= 1 5 O,I4xi0-6 I,9I o;6nxro-2 

pd)-A- 0 O,I8 225,00 0,52826 

J= 7J-= 0 3 0,4xro-7 221,52 0,520IO I - ~ -

llpHM8~aHHe K Ta6JI. I 

::mecl'> k - HOMep HTepa.nm BH~CJmTeJil>Horo rrpou;ecca; 8k- onpe,IJ;eJieHa 
<lJoPMYJIO~ ( 6. 1 _) ; t iv- - 3H8pr'IDI YIJOBH.fi M830MOJI8Ky.JIH Ha k -M mare; 

>. k -=- :tHE 5& - codcTBeHHoe sHa'ieHHe B e.n:mrn:nax sa,IJ;a~ ( 111t.t = t. = 
=e= 1 ); 'tk= I. Pac~eTR rrpoBe,IJ;eHR no cxeMe (B) rrpa J (o) = 1 (R...,):O, 
Rlt\ = 60, N = 84 MJI pdp. H /II = I31 MJI dcl,u. B Ra'i8CTB8 BOJIHo
BHX ~ Ha'iaJI:bHOrO IIpHOJJHlK8HIDI ( k = 0) HCIIOJil>30BaJIHC:b ~, 
IIOJIY'q8HHH8 IIpH pemeHHH rrepmuc ,IJ;ByX ypaBHeHHH ( O,ll;HOrO YJlaBHeHIDI B 
c.nyqae d~ ) B CHCT8M8 (2,2), 

Tad.JIHUB. 2. 3aBHCHMOCT:b SHeprHH YJlOBH.fi - E J 1J oT R m • --
R.,., 

pcl,u dc:l,u 

:J=lJ=O :J= Zf = 1 

20 22I,5I6 I, 393 

40 22I,520 1,908 

60 22I,520 1,906 
-- -------- - -··---~~·· --

llpHM8~8.Hl18 K TaOJI. 2 

- f Jt9' IIpHBe,IJ;eHH B sB, R m - B e,nmn!IJ;aX sa,IJ;a~. 8HepriDI ypoBHeii 
BII~CJieHR rrp:u IV = 84 ,JJ,JIJI MesoMoJieeym pd;.-t H N = I3I MJI 
dd;A. Pac'l:eT rrpoBe,IJ;eH no cxeMe (B) npH ](o):::.J(RWt) = 0 

E = E. (Q..,) • I\alc cJie;zyeT us TaO.JIID.1;1I 2, ,lJ;7I.ll: Bhltru:CJI8Hll.ff aHeprnfr ypoB->:t 
nefi MesoMOJieKy.JI c TO'!HOCT:&IO rropH,IUm 0, I aB ,IJ;OCTaTO'!HO IIOJI04lliT:b R,.,. = 
20. 0TM8TJIM OOJiee cu.JI:&Hy10 saBHCM.MOCT:b E OT R..,.. B CJIY'!ae cJia-
oocB.A:saHHOro COCTO.fiHl:!.ff ] = 7J" = I M830MOJI8KYJihl d ~ 

B pesy.JI:&TaTe '!llCJI8H1lliX HCCJI8,ll;OBaHHfi / 9/ rrapaMeTphl arrnpoKCID\la.-
IJ;IDI HCXO,IJ;Hoi! sa.IJ;a;_m h. , A k , R.., n k...., OhlJill orrpe,IJ;eJie-
HH Ta.KHM o6pa30M, ~TOOhl BH8C8HHM IIpH 3TOM aOCOJIIOTHM IIOrpellJHOCT:b 
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r 

'l, 

0 

3Ha'l:8Hl:!.ff ypOBH.fi 3H8prnn He npeBocxoArul:a 0,1 aB, I13 T8X lK8 COOOpallte-
HIDI Oh!JI Bb!Opan YIJOB8H~ H8B.fi3Kll ( 8 K < C = I0-6). 

llorpemHOCTb G (N) , BHOCMMM arrnpOKCm.miUteft MCXO,ll;HOH 08CKO
H8~HOH CTICT8Mbl Ypa.BH8Imfi (I.4) ROH8'l:HOH (2.2), HM.lK8 aHa.JITI3Upy8TC.fi 
'll1C.JI8HHO. 

7, 1J:I1:CJI8HH08 HCCJI8JJ;OBaHH8 CXO.J&!IMOCTII a.mra6aTII'l:8CROrO W3JIO:Ilt8HH.fi 

AHaJIH3 CXO,ll;HMOCTH pa3JIOjJt8Hll.ff (I. 3) BHIIOJIH8H IJYT8M "'IWJI8HHOrO pe
meHI1JI noc.Jie,IJ;OBaT8Jil>HOCTH sa,IJ;a'! (2.2)-(2.3) .n;JLfi pa3JilllJHHX tf npH 
Bh!6paHHHX h. , A k , f?..,. , K.., ITO CX8M8 (B). B Ta0JIIIIJ;8 3 IIpe,ll;-
CTaBJieHa 3aBUCHMOCT:b sHa'l:eHnfi sneprnfi cB.A:sM E MesoMoJieKy.JI oT 

Tao.mma 3. 3aBHcHMocn sneprHH YIJOBHR 
pemaeMRX ypaBHeHd N . 

'IHc.Jio pdp (J= 7}-: 0) 1J:HCJIO 
nap YJlaBHe-
YJlll.BH8- - EJ!}- (tJ) AEi"C~~ HH:Ii ,V . 
m,.v -t(JI-

COCTO.fiHll.fi I 215,680 I 
,ll;HCKpeT-

3 218,598 2,9I8 4 Hero 
crreKTpa 

6 2I9,II4 0,5I6 8 sa,IJ;a~ 
,IJ;Byx 
IJ;8HTp01f! 9 219,302 0,188 I2 

CocTo.fiHll.fi 27 220,140 0,838 30 
HenpepHB-

49 221,227 I,087 52 nero cneK 
Tpa sa,IJ;a-' ... 
~ ,ll;ByX 7I 22I,447 0,260 74 
IJ;8HTpoB 

84 221,520 0,033 87 

I09 

I3I 

llpl1M8'iaHH8 K Tad.JI. 3 

E :n9- oT 'l:Hc.rra. 

dclu (J-= lf= 1) 

- EJzt (N) Ac,.;=fM-
cCN-tJ 

0,640 

1,392 0,752 

1,522 0,130 

I,562 0,040 

1,678 O,II7 

I,769 0,090 

I,8I2 0,043 

I,824 O,OI2 

I,88I 0,057 

1,906 0,025 

' I 

I 
I 

' 
i 

I 

I 

I 

: 

3na'ieHIDI f::rv- rrpnBe.n;eHR B aB MJI pasJIH'l:Horo 'l:HCJia YJlaBHeHH:M B cnc
TeMe (I.4). JJ COOTB8TCTByeT IIOCJie,ll;OBaTe.JI:bHOMY 3aiiOJIH8HHIO COCTO~ 
Tpex 060JI0"!8K 11 : 111 +1'1~"' vvt II "!aCTH'l:HO '!8TB8pTO~ n = 4 ( COCTO.fiHll.fi 
n-==[11,Vtz.~'~~~J=[300], [2IO], [I20]) ;nHCRpeTHoro cneKTpa n mecTn odoJio
~eR HerrpepHBHoro (11 =[11z.l1il]=[00], [IO], [20], [30}, [OI], [II]) 
CIT8RTpa 3a,IJ;a~ ,ll;BJX IJ;8HTpOB. fv' pas~alOTC.fi ,IWJ: J:: 0 H ,J: 1 , T.K. 
npn J = 1 B codcTBeHHoe sna'l:eHne .IJ;atoT BKJia,n MaTpiitJ:HRe MeMeHTH If.- ·(R) 

( i) =- {fZ·;~ ':,JJ } ) c l'lil-= 1 • Pac'l:eT rrpoBe;u;eH ,ll;JI.fi ny.JieBHX r~-
HH'l:HHX yc.JIOBH:Ii ~(o) .,. ]CR ... ) = o npH R~= 60 ITO cxeMe (B). 
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'!UCJia pemaeMb!X ypromemrlt CHCT8Mb! (2.2), TO BOT:& OT tmCJia y<mTHBa8Mb!X 
B paMoJKeHHn (I. 3) 'cocTomrm1 38,I(atm ,IJ;Byx n;eHTPOB. ITs Ta6.mm;l:I c;re;rr;yeT, 
"'TO BK.Jia,I( ,I(IICRpeTHOrO H H8llp8p,!BHOro Cll8RTpOB 3a,I(atm ,IJ;Byx IJ;8HTpOB B 
::mepr:mo CM3U y<IT8H llp;I ,I(a.HHI1X t/ C TO"'HOCT:&IO "' 0, I aB. Pac"tJ:eT 
OWI npoBe.n;eH no cxeMe (B) , nocRo.ir:&ey sa,n:a"tJ:a ( 2. 2) -(2. 3) c MaTpnu;e:ll: 
TIOT8HIJ;IraJIOB ( 5. 8) c OOJI:&liiOll aoc OJIIOTHOll TO"'HOCT:&IO "" ro-2 sB aTITipoR-
Cl1MI1:pyeT UCXO,I(HYJO 3a,I(a"tJ:Y, RaR CJI8;riY8T II3 TaO~ 4. 0TM8TIIM, ;To 
npoBe.n;eHHoe ncc;re,n;oBaHHe cor;racyeTcR c pesyJI:&TaTatm padoTH 19 , B 

ROTopoii cxo;n;r1MOCT:& paMOllteHIIR (I. 3) /2cc;re,n;oBrurac:& tro [pOJli1YJiaM, 
aHaJIOI'I1'!HID.1 Jl.fl,I(Y Teopun B03MY11!8HHll 26/. Tat! TIIJI1B8,I(eHH 3Ha'!eHIIR 
ypoBHeit aHeprnu Bcex Meso'o'eeyJI, a Ta.IO:\e CpaBHeHne a.n;nadaTU'IeCRHX 
paC'!8TOB C BapHar(IiOHHhllv'IH 5 • 

13 HaCTOmi\88 Bp8MR Ha:fi'r.n;eH peryJIRpHHll CTIOCOO yqeTa BK.Jia,I(a B 3H8p-
rHIO ypoBHR EJ'/J" oTdpomemrux cOCTORHHit .n;ncRpeTHoro [N, 00 ) II 
~I3JIIX COCTOJIID!M H8Tipep1!BHOrO [OJ k o J CTI8RTpOB' sa,n:atm ,IJ;Byx IJ;8HTpOB 

27 • llormsaHo, '!TO oH He npeBHmaeT BeJII1'llffi11 "' 0, I aB ,lJ;JL'I rJIYOO-
rmx H "" 0, 05 aB ,lJ;JL'I CJiaOOCM3aHH1IX YPOBHeii. 

Tao,mma 4. YpoBHH aHeprun EJT.t MesoMoJieRyJI pd.JA H dc{v.. • 

MesoMo- KBaJITOBhle '!HCJia 3HeprnR CBR3H - tJ1J- B aB 
JI8R;yJihl 

CxeMa (A) CxeMa (B) J '[j-

0 0 325,046 325,043 
0 I 35,808 35,8I3 

dd)l I 0 226,605 226,607 
I I I,392 I 393 *) 

' 2 0 86,3I4 86,324 

pd)A-
0 0 22I,5I5 22I,5I6 
I 0 97,357 97,399 

--- -------

llpHM8'!aJIH8 K Ta6JI. 4 

llpH Bhi'!HCJI8HHRX OHJIH IICTIOJI:&30BaHH CJie.n;yromHe 3H8'!8H~ Mace 'IaCTHU 
( B 8,I(HHHIJ;aX MaCChi 3JI8RTpOHa WI € ) H 3H8'!8HH8 R 'J /28/: 

Wlp.= 206,769; Mp= 1836,152; Md= 3670,48I; R!J.= 13,6058 aB. 
CJ~ npnBe.n;eHH c TpeMR n;n[ppaMn nocJie sanRTO~ ~ cpaBHeHIIR cxeM 
(A) H (B), XOTR ,I(OCTHrHYTaR aOCOJIIOTHaR TO'IHOCT:& Bh!'lHCJieHH~ ~ 0,1 
aB, a ~ CJiaOOCM3aHHoro ypOBHR dd,u. ( J :: if = 1 ) "" 0, 05 sB. 
Pac'!eT npoBe.neH rrpn 1 (o) = J ( £...,) =' 0 , R.~ 20, tJ = 84 ~ pd/A
n f/ = I3I ,nJIR dcl,.u • 
*) IIpn RM= 60, E-t1 = -I,906. 
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B paooTe npe.n;cTaBJieHa cxeMa 'IHCJieHHoro pemeHHR '!aCTH'IHO~ sa.n;a'!K 
liiTypMa-JfE.yBHJLJISI ,nJIR CE:CT8M HHTerpo-,n;HqxpspeHIJ,ii!aJI:&HHX ypaBHelid, B03-
HKKa~ IIpR BH'IE:CJieHHH ypOBHe:il: 3HeprHH H BOJIHOBHX ~RIJ;H~ ~ -Meso• 
MOJI€KY~ HSOTOIIOB BO.I(Opo,n;a B a,n;Ha6aTH~9CKOM npe~CTaEJieHHH 3a,I(a'In Tpex 
TeJI. ~CJieHHo Hc6Jie.n;oBaHa cxo.n;HMocT:& a.n;naoaTH~ecRoro pas;romeHHR. 

0co6eHHOCT:& M6TO~a saKJiroq8€TCR B TOM, 'ITO ypoBHH 3HeprHH H BOJI
HOBHe ~ BH'IE:CJIRIDTCR C TO'IHOCT:&IO O~OrO H TOrO ~e llOp~ (6.6). 
A6coJIDTHaR TO'IHOCTb BH'!KCJieHH~ ypoBHe~ sHeprnn ~ocTHraeT BeJIH'IHHH 
~ O,I aB H MO~eT 6NTb llOBHmeHa npn pacliiHpeHHH CHCTeMH ypaBHeHH:il: Bhi-
60poM R,.. , k... n noBHmeHHeM TO'IHOCTH KOHe'!Ho-pasHocTHon BH'IE:CJIH
TeJI:&Ho:B cxeMH. 

B 3aKJID'IeHHe aBTOpN BNpazBIDT OJiaro.n;apHOCTb A.IT.lloHoMapeElf sa 
llOCTaHOBKJ s~a'!H H HHT_epec K pa6oTe, C.M.BlnUIIlKOMY sa MHOrO'!HCJieH
HH8 OOC~8HHR H ll~MO~:& B paOOTe. 
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HET nH nPOBEnOB B BAWEA BHBnHOTEKE? 
8bl MOJCeTe DOJIY'IMTb DO OO'ITe nepe'IMCJieHHble HMJCe KHMrM, 

eCJIM OHM He llbiJIM 38K838Hbl paHee . 
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HeneMKK B.C. M AP· 
PeweHMe CMCTeMW MHTerpo-AM~epeH~ManbHWX ypaBHeHMH, 
B03HMKa~eA npM BW4MCneHMH ypOBHeH 3HeprMH ~ -Me30MOneKyn 
• BAMBGaTM4eCKOM npeAcTaeneHMH aaAa4M Tpex Ten 

P11-82-842 

Op~eHW ABe MTepa~MOHHwe cxeMw 4McneHHoro peweHMR aaAa4M Ha co6cTBeH 
HWe IH84eHMR AnA CHCTeMW 60nbWOrO 4HCna HHTerpO-AM~epeH~ManbHWX ypaBHeHHH, 
KOTopaR B03HMKaeT B aAMa6aTM4eCKOM npeACTaBneHHH KBaHTOBO-MexaHM4eCKOH aa
A84M Tpex Ten c KynoHoBCKHM eaaMMOAe~cTBMeM. HTepa~MOHHWe nonpaBKH onpeAe
nRDTcR C noM~bO peweHHR XOpOWO o6ycnoeneHHWX rpaHM4HWX 3aAa4 AnA CHCTeM 
A~peHUManbHWX ypaeHeHMH. 

PaGoTa ewnonHeHa a na6opaTopMM BW4McnMTenbHOH TeXHHKM H aeTOMaTM3a~MH 
OKRH. 

Coo6~eHHe 06~eAHHeHHoro HHCTHTyTa RAePHWx HccneAOBaHMH AY6Ha 1982 

Helezhik V.S. et al. Pll-82-842 
Numerical Solution of a System of lntegrodifferential 
Equations Arising at the Calculation of ~ -Mesomolecule 
Energy Levels in the Adiabatic Representation· of Three-Body 
Problem 

Two iteration schemes are proposed for the numerical solution of the 
eigenvalue problem for a system of a large number of integrodifferential 
equations, arising from the quantum mechanical three-body problem with 
Coulomb interaction. The iteration corrections are determined by solving 
a set of well conditioned boundary problems for a system of differential 
equations. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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