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ilnH !lBYX 'I8CTHU pacCMOTpeHa MOnenb rpaHH'IHbiX ycnOBHll C 38BHCHWefi 

nHHellHO OT 3HeprHH norapH¢MH'IeCKOll ilpOH3BO!lHOH, noK838HO, 'ITO npH COXpa

HeHHH OpToroHanbHOCTH BOnHOBbiX ¢yHKUHll T8K8H MOnenb 3KBHBaneHTH8 BBene

HHJO ilOTeHUHana, 38BHCHWero OT 3HeprHH nHHellHbiM o6pa30M, npe~enbH8H 
¢opMa 3TOrO ilOTeHUHana COOTBeTCTByeT MO~enH rpaHH'IHbiX ycnOBHll C ilOCTD

HHHOll norapH¢MH'IeCKOll npOH3BO~HOll. Ha OCHOBe ypaaHeHHll ¢au~eeaa paCC'IH

TaHa 3HeprHH CBH3H TpeX TOJK!leCTBeHHb!X 6030HOB H onpe~eneHO ee npe~enb- I 

HOe 3Ha'IeHHe. 
Pa6oTa BblnonHeHa B J1a6opaTOpHH HenTpOHHon ¢H3HKH OM 5U1. 

Coo6meHHe 06beAHHeHHoro HHCTHTyTa gnepHblX HCCJieAOBaHHii 
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Integral Equation for the Wave Function of Three 
Identical Particles in the Boundary Condition Model. 
III. The Model with the Energy Dependent Logarithmic 

Derivative. 
The boundary condition model with the linearly energy 

dependent logarithmic derivative has been considered for 
two particles. It is shown that at the wave function ortho
gonality conserned such a model is equivalent to the intro
duction of a potential dependent on the energy in a linear 
way. The limit form of the potential corresponds to the bo
undary condition model with the constant logarithmic deri
vative. The binding energy of three identical bosons has 
been calculation on the basis of the Faddeev equations,and 
the limit value of this er.ergy has been determined. 
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§1. BeeOeHue 

B npeAhiAYII.UIX coo6~eHBJIX /l • 21 ,nn.11 ABYX'IaCTH'IHbiX 

B3aHMO.I{CHCTBBH, onHCbiBaeMbiX MO,I{Cn:biO rpaHB'IHbiX ycno

BBH /M.r .Y./ 6e3 BHCWHero nOTCHUHana, Henocpe.I{CTBCHHO 

H3 TpCX'IaCTB'IHOrO ypaBHCHBJI lllpe.I{BHrepa 6blnH nony'ICHbl 

HHTerpanbHble ypasHeHBJI ( E2, 22) H ( F.2, 28) *, onpe,nen.RJO

~He BOnHOBYJO ciJYHICUHIO CBJI3aHHOrO COCTOJIHHJI C HyneBbiM 

nonHbiM MOMCHTOM Tpex TO)I(.QCCTBCHHbiX 6030HOB, B3aHMO

.QCHCTBYIO~HX TOnbiCO B OTHOCBTCnbHbiX s - COCTOJIHBJIX. B 
pa6oTe /2/ nony'leHo aHanHTB'IeciCoe peweHue ypaBHeHHJI 

( 1':2,22) , 'ITO n03BOnJieT TO'IHbiM o6pa30M CBCCTB ypaBHCHHJI 

( E2, 22) H ( F.2, 28) .l{n.ll ABYX ciJYHICUBjf, O.QHa B 3 ICOTOpblx 

.QBYXMepHa, IC OAUOMCpHOMY HHTerpanbHOMY ypaBHCHHIO ,nn.ll 

O.QHOH ciJyHICIJ,HH, ICOTOpoe MO'lKCT 6b1Tb 3anHCaHO B BHAC 

1dq) _.?_(q.i2dq'IT(q,q'l + V(q,q')]1J(q') =0, 
"o 

r,l{e . y'F 
t/J(q) =e-

1
" 'YR(q) 

/1/ 

JIBHbiH BH.Q .11,nep 'f ( q,q ') B V ( q, q') npBBC.I{CH B pa6oTe /Cl/ , 

rAe ypasHeHHe /1/ peweHo ,nn.1 3Ha'leHHii napaMeTpoa M.r. Y ., 
COOTBCTCTBYJOII.UIX TpHnneTHOMy s - COCTOJIHHIO HCHTpOHa 

H npOTOHa H Onpe,l{en.lleMbiX no 3ICCnepHMCHTanJ.HbiM 3Haqe

HHJIM 3HeprHH CBJI3B ,QCHTOHa B TpHnneTHOH ,nnHHbl np-pac
CCJIHBJI. 

qucneHHoe pewe.Hue ypaBHCHBJI /1/ CBJI3aHo c onpe,ne

neHHbiMH TPY.QHOCTJIMB, o6ycnosneHHbiMH :we,nneHHbiM 3aTy

xaHBeM JI.Qpa V ( q, q') no nepeMCHHOH q' B COOTBCTCTBHB 

*,lJ;anee CCbln:ICB Ha ciJopMynbl pa60T/l, 2/ COOTBCTCTBCHHO 
6YAYT yKalbiBaTJ.CJI KaiC ( El, ... ) u ( E2, ... ) . 
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c (E2.30) -(E2.32) H ( E2.47) -(E2.49) ,'ITO He ll03BOnJieT npaMe

HBTb npBMOH CllOC06 TpaHcilJopMaUHH 6eCKOHe'IHOrO HHTep

sana HHTerpaposaHHB B /1/ B KOHe'IHhlii' c nocne.nyiOIUHM 

acnonL30BaHHeM rayccoscKHX y3nos. )J.ns peweHHB ypasHe

HHB I 1/ B pa6oTe 131 6bln acnonb30BaH MeTo,n, ocHoBaHHbiH 

Ha pa36HeHHH HHTepsana HHTerpHpOBaHHB B /1/ Ha ,nsa 

y'laCTKa - ( 0, q O) H ( q O, "") H Ha BBe,neHHH ,nns BTOpOrO 
v v '" ') ,J. y'laCTKa HOBOH nepeMeHHOH X= q - - q O H ..,opManbHOrO 

seca e -ax . TaKas npoue.nypa .naeT B03MO:>KHOCTb npH 

KOHe'IHbiX a npHMeHHTb CTaH,napTHbiH MeTO,l\ rayCCOBCKHX 

y3nos /so BTopoM y'laCTKe - y3nos .nns seca c -ax /, a 

peweHHe ypaBHeHHB /1/ 6y,neT COOTBeTCTBOBaTb npe,neny 

a -> 0. lJpHMeHeHHe H3RO)f{eHHOrO MeTO,l\a peWeHHB ypaBHeHHJ,l 

/1/ npHBeno K 3HeprHH CBB3H Tpex 6030HOB E 0 = 7, 70M3Bi:\: 
'ITO CHRbHO OTnH'IaeTCB OT 3Ha'leHHB E 0 = 12,7 M3B, nony

'leHHOrO a! 4/ Ha OCHOBe ypaBHeHHH «<»a,n,neesa ,nns TOR )f{e 

Mo.nenLHoi 3a,na'IH H .nns Tex )f{e 3Ha'leHHi. napaMeTpos 

M. r. y. TaKoe 6onbWOe OTRH'IHe He MO)f{eT 6b1Tb o6'bBCHe

HO, H8 HaW B3rns,n, pa3nH'IHeM B MeTo,nax peWeHHB COOT

BeTCTBYIOll\HX ypaBHeHHH, H B03HHKaeT BOllpOC 0 He 3aBHCH

MOM cnoco6e nony'leHHJI yKa3aHHoro Bblwe pe3ynLTaTa, 

'ITO B03MO:>KHO npH BBe,neHHH M. r. y. c 3aBHCBll\eH OT 3Hep

rHH norapH$MH'IeCKOH npOH3BO,l\HOH BOnHOBOH ilJyHKUHH. 

§2. MooeAt. zpaHU'lHMx ycAoeuu c 3aeuc.!lu;eu 
0111 3Hepzuu AOZapUfPMU'leCKOU npOU3600HOU 

Bhlpa)f{eHHB .nns nonyMaccosblx ( El,9) H BHeMacco-

BbiX (El.lO) t -MaTpHU B M.r.Y. 6e3 BHeWHero llOTeHUHa

na 6blnH nony'leHw B pa6oTe /l I Ha ocHose rpaHH'IHbiX 

ycnosai ( El. 6) H ( El. 7) .nns .nsyxqacTH'IHbiX sonHOBbiX 

ilJyHKUBH. IlpH TaKOM no,nxo,ne B ycnOBHH (El.7) norapH$

MH'IeCKYIO npOH3BO.l\HYIO fe MO)f{HO C'IHTaTb B npHHUHlle 

3aBBCJlll\ei oT 3Heprss Z · O.naaKo 3TO npe.nnono)f{eHse npH 

coxpaHeHHB ycnoBBJI ( El.6) npHBO.nBT K To:w:y, 'ITO Bon

HOBble ilJYHKUHH Ha MaCCOBOB llOBepXHOCTH, COOTBeTCTByiO

IUHe pa3nB'IHbiM .B3B'IeCICBM COCTOJIHBJI:W: .l\BYX 'laCTBU, 

OICa3biBaiOTCJI HeOpTOrOHanbHWMH. )J.eiCTBBTe.JU.HO, BBeAeM 

4 

MaC COBble BOnHOBble ilJYHKUHH r/1 k ±) ( r) *, HMeiOIUHe B co

OTBeTC'fBHH c ( El. 8) B o6naCTH r> c BH,n (Z = F= ± iO , F> k ~: 

1/J(±)(r) =j (kr) + iiZF(±\k) h( 1\ry'Z) 
k 0 0 /2/ 

H y,nosneTsopBIOll\He ycnoBHBM (F: 1.6) H ( E l. 7) c 3aBHCBll\eH 

oT 3HeprHH f( E) : 

1/J(±)(r)=O, 
k 

r < c, 

. d ( +) ' ( +) 
cl""d";r!/Jk- (r)Jr=c +O=f0.)[r0 k- (r)]r=c+ 0 . 

/3/ 

/4/ 

113 /2/ H I 4/ Henocpe,ncTBeHHO cne,nyeT Bblpa)f{eHHe .nns 
I +1 

aMnnHTY.l\hl paccesHHB I·' -\k) : 

+ ik< 
( ±) 2 cc 

F (k) =dk ,k,k ± iO)= -----1 coskc-fW) j 0 (kc) I. /5/ 
f(l<:)- ik c 

+ ( +) 
H3BeCTHO, 'ITO sonaoswe ilJYHKUHH t/' k ( r) ,nOR)f{Hbl y,nosneT-

sopsTb COOTHOWeHHIO OpToroHanbHOCTH: 

/ r 2dr t/1 \-) '( r) tf{+; \ r) = ~2 c 2 i 0 ( k) 3 (k - k ' ) , 

0 2k 
/6/ 

r.ne o ( k)- s - 4Ja3a paccesHHB, onpe.nenseMas, cor nacHo 

/5/, Bblpa)f{eHHeM: 

kctgo(k) 
f ( F) + k c tg k c 

k--------. /7/ 
k c - f ( E) tg k c 

IIo,ncTaHOBKa B /6/ Bblpa)f{eHHH /2/ .nns !,&~ ±) ( r) npa y'leTe 

/3/ H /5/ llpHBO,l\HT I< pe3yRLTaTy: 

* )J.anee oy,neM paCCMaTpHBaTb TORbKO OTHOCHTenbHble 
s-COCTOBHHJI H HH,l\eKC e = 0 6y,neM BCIO.l\Y OllYCKaTb. 
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!002 (-)*( (+)( 
r dr 0 k r) 0 k , · r ) 

0 

rr 2iD(kl a(k- k') + --e 
21<2 

ce-ikc-ik'c[ f(E) _ f(E') j 
+ ----------------

(k2 -k'
2

) [ f(E) -ikci[f(F')-ik'cl 
/8/ 

TaKHM o6paJoM, rpaHH'IHble ycJIOBHJI /3/ H /4/HecouMecTu

Mbl C YCJIOBHeM /6/ OpToroHaJILHOCTH MaCCOBblX BOJIHOBblX 

cPYHKUHH. 

~JIJI BblDOJIHeHHJI YCJIOBHJI /6/ He06XO~HMO npe~DOJIO· 
)I(BTL, 'ITO 0(k±)(r) B 06JiaCTH r<c OTJIH'IHa OT HYJIJI H B npo

CTeiiweM CJiy'lae Mo:>KeT 6b1Th npe~cTaBJieHa CJie~YIOUUIM 
o6paJoM: 

0 ~ ±) ( r) = A ± ( k) ~ sh (1 r, r < c . /9/ 

KoHKpe THa.ll JaBHCHMOcTL norapuclJMH'IecKoii npoHJBO~Hoii 
f(E) OT E 

f(E) = f(O) - rc 2E 
/10/ 

C DpOH3BOJILHblM napaMeTpOM y2: 0 o6ecne'IHBaeT BblDOJIHe· 

HHe YCJIOBHJI iJ f/ iJE <;:. 0 , BblTeKaromero H3 DpHHUHDa 

DPH'IHHHOCTH/
6

/, a DpH Bbl6ope \ ± (k) B /9/ B BH~e 

A± (k) 
ce+ikc 

/11/ 
sh(3c [ f(E) ::;-ike] 

6y~eT BblDOJIHeHO YCJIOBHe OpTOrOHaJILHOCTH /6/, eCJIH ~JIJI 
YB /10/ 6y~eT HMeTL MeCTO COOTHOWeHHe 

l Y =- .. -· ·-( sh 2{3c 
2 sh 2 {3c 2 {3-;;- - 1 ) /12/ 

~- BOJIHOBOH cPYHKUBH ~eHTOHa ¢d(r) C 3Heprueii CB.3B 

Ed =a 
2 

B COOTBeTCTBHH C /2/ H /9/ 6y~eM HMeTL: 

6 

.. 

.. 

¢ ( r) = A (a) _!_ sh {Jr , 
d r r < c, /13/ 

-a( r -c) 

¢d(r) =Ne r ' r> c. /14/ 

IlpH f(E), onpe~eJIJieMOH Bblpa)l(eHHeM /10/, Bbl60p A (a) B 

BH~e 

1 
A(a) = N---

sh f3 c 

npuuo~HT K ycnouHJO 

DO 2. ( +) 
fr dr¢d(r)0k (r) =0, 

0 

a H3 ( El.l2) H /10/ cne~yeT 

f ( 0) + y c 2 a 2 + a c = 0 . 

/15/ 

/16/ 

BHeMaccouyro t ·MaTpuuy u ~aJILHeiiweM noJiy'IHM He 

c noMOIULIO MeTo~a. onucaHHoro u /I I, a uue~eM MJI 3Toro 

Ha uemecTBeHHOH OCR 3HeprHB Z = E HeKOTOpblH DOTeHUHaJI, 

~JIJI KOTOporo MaCCOBble BOJIHOBble cPYHKUHH Y~OBJieTBOPJIIOT 

rpaHH'IHOMy ycnouHJO /4/ c f(E) (10), ycnoBHJIM opToro

HaJILHOCTH /6/ H /15/ H COOTBeTCTBeHHO DpH r> c HMeiOT 

BH~ /2/ H /14/, a DpH r < c • /9/ H /13/. TaKHM DOTeH· 

uuanoM .IIBJIJieTc.ll JaBHCJIUUiii oT 3HeprHH E noTeHuuan (E1.17): 

r~e 

V(r,E) =V0 (E)O(c-r)-cV
1
(E)o(r-c), 

2 V0 (E)=f:3 +E, 

2 2 
c V 1 (E) = f3 c c~h f3 c - f ( 0) + y c E • 

/17/ 

/18/ 

/19/ 

~JI onpe~eneaa.11 BHeMaccouoii t- MaTPHUbl t( k, p, Z) Heo6-

XO.IUIMO uuecTH npo~oJI)I(eHHe noTeHUHaJia /17 I Ha KOMnJieKc

HYIO DJIOCKOCTL Z = E ± i< , KOTOpoe onpe~eJIHM CJie~YJOUUIM 
o6pa3oM: 

V ( r, Z) = V ( r, Re Z) V(r,E). /20/ 
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TaKoe npo,Ao~eHue He ssnseTCB aHanuTuqecKHM, TeM He 
MeHee ,AnB t -MaTpHD,LI 6y,AeT HMeTL MeCTO ypaBHeHHe Jlun
nMaHHa-IIIBHHrepa, TaK KaK B HeM nepeMeHHas Z paccMaT

pusaeTcs KaK napaMeTp, HO oHo 6y.AeT onpe,AensTL t -MaT
puuy KaK HeaHanuTuqecKyro lilYHKUHIO Z, qTo o6ycnosneHo 
onpe,AeneHHeM 1201 noTeHuuana I 17 I B KOMnneKcHoil nnoc
KOCTH Z. Cne,AOBaTenLHO, BBO,AHMaJI HaMH MO,AenL HenpHrO,AHa 

MB OllHCaHHJI TaKHX 3~eKTOB HnH ,AnB BLIBO,Aa TaKHX 
COOTHOWeHHH, KOr,Aa B~HYIO ponL HrpaeT aHanHTHqHOCTL 
t -MaTpHULI KaK lilYHKIJ;HH Z . 0,AHaKO B ,AanLHeHWeM MLI 
6y.AeM npuMeHBTb nonyqaeMyiO t -MaTpuuy TOnbKO npu 
peweHHB ypaBHeHHH ~a,A,AeeBa/?~ npH BLIBO,Ae KOTOpLIX He 
HCHOnL3yeTCJI aHanHTHqHOCTb t -MaTpHULI, H B CBJI3H C 
3THM 6y,AyT He06XO,AHMLI 3HaqeHHJI t -MaTpHULI Ha OTpuua
TenLHOH semecTBeHHoil nonyocu Z = F: - 'I u Ha sepxHeM 
u HIDKHeM 6eperax Z = E + iO pa3pe3a B.AOnL f ~mecTBeHHoii: 

nono:>KHTenLHoil nonyocu Z = E > 0. Ycnosue 1201 u BHA 
noTeHuuana 117 I o6ecneqaT BLinonHeHue HeKoTopLix B~HLIX 
COOTHOWeHHH ,AnJI t-MaTpHULI. llo llOBO.AY HCHOnb30BaHHJI 
B ypaBHeHHJIX ~a,A,AeeBa ,AByxqacTHqHLIX t -MaTpHU C "He
HOpManbHLIMH " CBOHCTBaMH DO nepeMeHHOH Z CM. pa6o
TY /B/ H CBJI3aHHYIO C Heii: ,AHCKYCCHIO/Y/. 

)l.nJI noTeHuuana I 17 I- 1201 BHeMaccoBLie sonHOBble 
lilYHKIJ;BB 0 P ( r, Z) , cornacHo/ !0 ~ BMeiOT BHA ( Z = E ± iO) : 

tf; (r,Z) = p
2

- F: j 
0

(pr) + A(p,Z) lsh{-ir, r< c, 
P p 2 + {32 r 

1/; p ( r' z) = j 0 ( pr) + i .Jz t ( v z' p' z) h ( ~) ( r\1 z) ' r > c' 

r,Ae 

A(p,Z) 
c 

sh{3c[f(E)-icyZJ lc2Vl(E)jo(pc) p2-E 
p2 ~ f3 2 

8 

[:32 + E 
+ ---[ cospc- icyZj

0
(pc) ll, 

f32+p2 

1211 

1221 

+ 

1231 

I 

II 

t(yZ, p, Z) 

') 

ce-icyZ 
---~x 

£(F) - icyZ 

x 1L+ F [ cospc- {1ccthf:Jcj 0 (pc) l + c2V1 (E) j 0 (pc) I. 1241 
ri 2 + P2 

JIBHLie BLip~eHBJI 1211 H 1221 ,AnB BHeMaCCOBLIX BOnHOBLIX 
lilYHKUBH ll03BOnBIOT C llOMOJ.Ub10(El.5) onpe,AenHTb t-MaT
puuy: 

t( k ' p, z ) = - ( k 2 
- z ) I

' 2 
) + E 

t-32 2 f·o(k,p)-
+ p 

-(k 2 -Z) sJ,{-3_:__[coskc-pccthpcj
0
(kc) lA(p,Z) + 

t-3 2 + k 2 

+ eicyZ [ coskc- icyZ j
0 

(kc) 1 t(yZ,p, Z)' 

r~e 

c 

1251 

F (k,p) = J r2drj (kr) j (pr). 1261 
0 0 0 

0 

CooTHoweHBJI 1111 u 1121 o6ecnequsaroT opToroHanLHOCTb 
MaCCOBLIX BOJIHOBLIX lilYHKUBH, o·,AHaKO OCTaeTCJI BOllpOC 0 

CBMMeTpuu u YHBTapuocTB t -MaTpHD,LI 125/. B pa6oTe /11/ 

noKa3aHo, qTo 3TH csoilcTBa t -MaTpHD,LI JIBn.IIJOTC.Il cne,A
CTBHeM .ABYX CBOHCTii onepaTopa R(Z)=(H-Zl-;r,Ae H- ,AByx
qacTBqHLIH raMBnLTOHBaH: 

R*(Z) = R(Z*) , 127/ 

R ( z
1 

) - R ( Z 
2
) = ( Z 

1
- Z 

2
) R ( Z 

1
) R ( Z 

2
) , 128/ 
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npuqeM DOCJIC~Hee COOTHOWCHHe H3BCCTHO KaK TO~CCTBO 
runL6epTa. TaK KaK DOTenu;uan 117 I. Beiu;eCTBCHH.blii, TO 

120 I npuso~BT K TOMY, qyo ycnosue 12 7 I BbiDOJIHJie TCJI 
aBTOMaTuqecKB. TmK~eCTBO runL6epTa, B006Iu;e rosopJI, 

ue 6y~eT BMCTL MecTa npu E 1 -/c E 2 • O~uaKo ~JIJI ~oKa-
3aTenLCTBa YHBTapHOCTB t -MaTpBD;bl COOTHOWCHBe 1281 
BCDOJib3yeTCJI npu Z1 =E+it ,Z 2 =E-i£ ,<~0,HOB3TOM 

CJiyqae ~JIJI DOTCHD;Bana 1171, 1201 TO~~CCTBO runb6epTa 

1281 6y~eT cnpase~nBBblM. TaKBM o6paJoM, t -MaTpuu;a 

1251 CBMMeTpuqua u y~osneTBOpJieT ycnosmo yuuTapuocTu: 
- -

t(k, p, F: + iO) - t(k, p, E- i0)=2iyiE t(k,yiE,E+iO)t(yiE,p,E-iO), 

qaCTHblM CJiyqaeM KOTO~OrO JIBJIJICTCJI YHBTapHOCTb aM-
DJIBTY~bl pacceJIHBJI F( ± ( k) 151. 

BBe~eHBe MO~CJIB 1171 B 1201 MO~HO paCCMaTpBBaTL 
KaK HeKOTOpYJO BCDOMOraTeJibHYIO npou;e,nypy, KOTOpaJI no-

3BOJIJICT nonyqBTb DpOCTblM B HarJIJI.l{HblM CDOC060M npe
,nenbHblB CJiyqaii, Kor,na BJaBMO.l{CBCTBBe qacTBD; ODBCblBa

CTCJI M.r .Y. ,[(eiicTBBTeJILHo, ecnu B Bhlp~euuu 1101 y ~· o, 
TO f(F:) ~ const. B B3 1121 cne,nyeT, qyo {3c~ ""·Ilpu 3TBX 

ycJIOBBJIX, cornacuo 1181 u 1191, noTeuu;uanl17 / cosna.naeT 
c npe,neJILHOB 4lopMOB ( El.l8) , ( El.l9) DOTCHu;BaJia (E 1.17), 
Bblpa~eHBJI 1241 B 1251 .l{JIJI t-MaTpBu;bl nepeXO.l{JIT COOT

BCTCTBCHHO B Bblp~eHBJI (EL9) B (El.lO) DpB e =0,, 

a BHCMaCCOBble 41YHKu;BB 1211 B 1221 YAOBJICTBOpJIIOT rpa
BBqublM ycnoBBJIM ( E 16) u ( E 1. 7). TaKBM o6paJoM, Juaqe

BBe y = 0 noJIHOCTLIO cooTBeTcTBYeT M.r .Y. 6eJ suewue

ro DOTeHu;BaJia C DOCTOJIHHOB JIOrapu41MBqecKOB DPOB3BO.l{HOB. 

JaBBCJI~B OT 3HeprBB DOTeHu;BaJI 1171 co,nep~T qe

Tblpe napaMeTpa: c , f( 0) , {3 u y. IlapaMeTp y y,no6uo 

cquTaTb DpOB3BOJibHblM, qyo 6y,neT DpBBO.nBTb, COrJiaCHO 

1101, K paJJIBqHOB JaBBCBMOCTB OT 3HeprBB JIOrapB41MB
qecKOB npouJso.nuoi f( E) • OcTa.n:LHble napaMeTpbl MoryT 

6blTb onpe.neneubl AJIJI KOHKpeTuoro cnyqaJI TpunneTuoro 

np -noTeHu;BaJia B3 COOTHOWCHBJI 1121 B ypaBHeHBJI 116/ 
B B3 Bblp~eHBJI .l{JIJI ,nJIBHbl pacceJIHBJI, CJie.l{}'lOIIJ;ero B3 

17 I. B •a6A. 1 ,nnJI pJJ,na 3Haqeuuii y npuse.neubl napaMeTpbl 
noTeuu;uana 1111 AJIJI TpunneTuoro s-cocTOJIBBJI ueiiTpoua 
B DpOTOHa, COrJiaCOBaHHble C 3KCDepBMeHTa.JibHblMB 3Haqe

BBJIMB 3Hepruu CBJI3B .neiiToua < d = 2,2246 M3BBTpunneT-
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HOB JJ.nHHbl pacceJIHHJI a 1 = 5,414 fP/l 2(npH'IeM B nocneJJ.HeM 

cTon6u.e yKaJaHbl aenH'IHHbl nony'la.JOIIJ,erocJI H3 17 I 34xtleK
THBHoro pa)J.Hyca 1'0 1 , 3KCnepHMeHTanLHOe 3Ha'leHHe KOTO

poro ro 1 = 1, 750 4>. 113 rta6A. 1 • BHJJ.HO, 'ITO Ha6op 

noTeHu.uanoa I 17 I, cooTBeTcTayroiiJ,Hx paJnH'IHblM JHa'leHHJIM 

y;t'O,a TaiOKe M.r.Y. 6e3 BHewHero noTeHu.uanacf=const. 

( y= 0) O,IJ.HHaKOBLIM o6pa30M OllHCLIBaiOT TpHnneTHLie s -<tm.JLI 

np -pacceJIHHJI B o6naCTH 3HeprHH, ,IJ.nJI KOTOPLIX CnpaBe,IJ.JIH

BO npu6niDKeHHe 34xtleKTHBHoro paJJ.Hyca. 

§3. 3Hep2UJI C6JI3U mpex IIIOJKOeCIII6eHHbiX 6030H06 

~nJI llOTeHIJ,Hana 1171 npH y,£ 0 BOnHOBLie clJyHKIJ,HH 1211 
a o6nacTH r < c He o6paiiJ,a.JOTCJI B HynL, T .e. B 3TOM cnyqae 

He BLIDOnHJieTCJI Heo6XO,IJ.HMOe ycnOBHe, npHBO,IJ.JIIIJ,ee K HeO,IJ.

H03Ha\fHOCTH peweHHH ypaaHeHHH <l>aJJ.JJ.eeaa /I:{/. TaKHM o6-

pa30M, 3HeprHJI CBJI3H Tpex TO>KJJ.eCTBeHHLIX 6oJoHoB Eo a 

paccMaTpHaaeMoM qacTHOM cnyqae IHyneaoil nonHLIH yr

noaoil MOMeHT, napHLie B3aHMO,IJ.eHCTBHJI TOnLKO B s -co

CTOJIHHJIXI MO>KeT 6LITL nony'leHa JJ.nJI nro6oro y/= 0 HenocpeJJ.

CTBeHHO H3 ypaaHeHHJI <l>a,IJ.,IJ.eeaa, a pelynLTaT, COOTBeT

CTBYJOIIJ,HH M. r. Y. 6e 3 BHeWHero llOTeHIJ,Hana H C f =con st , 

6y,IJ.eT cne,IJ.OBaTL H3 3KCTpanonJIIJ,HH B TO'IKY )' =0 3Ha'leHHil 

npu y ,t 0. 
YpaaHeHHe <l>aJJ.JJ.eeaa 6Lino peweHo o6LI'IHLIM MeTOJJ.OM 

npH6niDKeHHOH clJaKTOpH3aiJ,HH JJ.BYX'IaCTH'IHOH t - Ma TpHIJ,LI. 

HecllaKTOPHJOBaHHoe cnaraeMoe a .t-MaTpuu.e 1251 co,IJ.ep

>KHT clJyHKU.HIO F o (k, p) 1261, KOTOpyro YJJ.06HO clJaKTOpHJO
BaTL C llOMOIIJ,LIO MeTO,IJ.a liy6uoaa- ranepKHHa /14,15/. ~nJI 
3TOrO He06XO,IJ.HMO BBeCTH llOnHyiO CHCTeMy OpTOHOpMHpo

BaHHLIX clJyHKIJ,HH ¢ n ( r) , onpe,IJ.eneHHLIX B HHTepaane ( 0, c). 

TaKOB CHCTeMOB 6y)J.eT CHCTeMa clJyHKIJ,HH ¢ n ( r) B BH,IJ.e 

DOnHHOMOB CTeneHH n, BLipa>KaiOIIJ,HXCJI qepe3 DOnHHOMLI 

JIK06H: 

( 2n + 3) 1/ 2 ( 0,2) 2r 
¢ n ( r) = P ( - - 1 ) , n '= 0, 1, 2, . . . , 

c 3/2 n c 

a JJ.nJI F (k,p) 1261 6yJJ.eT HMeTL MecTo xopowo CXOJJ.JIIIJ,eecJI 
pa3nO>KeHHe /I 5/ : 

12 

F0 ( I< , p) = 2 M ( k) M ( p ) , 
u n n 

rJJ.e c 

M n ( k) = J r 2 dr j 0 ( k r) ¢ n ( r) 
0 

1291 

B •a6A. 2 ,IJ.nJI ueKoTopLix JHa'leHHH y;t 0 npuae,IJ.eHLI 

3HeprHH CBJI3H E: O' nony'leHHLie Ha OCHOBe ypaBHeHHJI ~a,IJ.
,IJ.eeaa npu y'leTe N cnaraeMLIX a 1291 ( N=l,2) H yKaJaHLI 

3Ha'leHHJI F~o, COOTBeTCTBYIOIIJ,He npeHe6pe>KeHHIO B 1251 
HecllaKTOpHJoaaHHLIM qneHoM c F 0 ( k, p) ( N = 0) . YKaJaHHble 

a ma6A. 2 peJynLTaTbl JJ.nJI y= 0 nonyqeuLI nyTeM napa6oJIH

qecKoil 3KCTpanonJIIJ,HH, 'ITO, eCTeCTBeHHO, CTaBHT BOllpOC 

06 OWH6Ke, CBJI3aHHOB C TaKOH npoiJ,e,IJ.ypo:ii. ~nJI OIJ,eHKH 

3TOH owu6KH 6Lino peweHo ypaaHeHHe <l>aMeeaa c npu6nu

>KeHHOH clJaKTOpH30BaHHOH t -MaTpHU.eH, nony'la.JOIIJ,eBCJI H3 

t - Ma TPHU.LI ( 1<~1. l 0) B M. r. y. npH BLI6paCLIBaHHH qneua 

c F0 ( k,p).'ITO npuaeno K JHa'leHHIO E 0 = 13,21 M3B. Co

nocTaaneHue 3Toro peJynLTaTa c E0 = 14,45 M3B ( y= 0, 
N = o B Jta6A. 2 JJ.aeT aenH'IHHY '\E = 1,24 M3B, KOTopyiO 

MO>KHO paCCMaTpHBaTL KaK OWH6Ky 3KCTpanonJIIJ,HH. llo no

BOJJ.Y BLI'IHcneHHJI Eo c noMOIIJ,LIO ypaaueHHJI <l>aMeeaa He

o6xoJJ.HMO CJJ.enaTL cneJJ.yromee Ja¥e'lauue. B ypaaueuue 

<l>aJJ.JJ.eeaa BXOJJ.HT 3HeprHJI E q = E - ! q 2, no3Towy JJ.nJI Toro 

'IT06LI JaBe,IJ.OMO o6ecne'IHTL CXO,IJ.HMOCTL HeKOTOpLIX HH

TerpanOB, <llaKTH'IeCKH HCDOnLJOaanaCL llpH y;i 0 He t -MaT

pHIJ,a 1251, COOTBeTCTBYJOIIJ,aJI f(f] (10) B V(r,E) 1171, a 

npeJJ.nonaranocL, 'ITO npu F o:.- {1 2 f( E) H V 0 (E) cooTBeT

cTBeHHO llpHHHMa.JOT 3Ha'leHHJI 

f(V) =f(O) +yc2 {:3 2 , V
0
(E)=0, 

'ITO HHKaK He BJIHJieT Ha OpTOrOHan6HOCTL BOJI110BLIX clJYHK

IJ,HH peanLHLIX COCTOJIHHB HeBTpOHa H llpOTOHa H Ha npe-

,IJ.enLHLIH BHJJ. noTeuu.uana V ( r, E) npH y .... 0 • 

§4. 3aKAI0'4eHUe 

PeJynJ.TaTLI, npuaeJJ.eHBWe B •a6A. 1 11 2, IIHTepecuw 

B JJ.BYX OTHOWeHa•x. Bo-nepBWX, 113 •a6A. J •IIJlHO, 'ITO 
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cymecTsye'r u.enblii: Ha6op noTeHIJ.Hanos 1171, KOTOpble co

OTBeTCTBYJOT 3KCDepHMeHTaJILHbiM 3Ha'leHHJIM 3HeprHH CBJI-

3H ,l\eiiTOHa H TpHnneTHOB AJIHHbl pacceJIHHJI H 0,!\HHaKOBbiM 

o6pa30M BOCDpOH3BO,l\JIT TpanneTHbiH JcWleKTHBHbiB pa,l\Hyc. 

)J,nJI 3THX DOTeHIJ.HaJIOB BHeMaCCOBOe DOBe,l\eHHe t - Ma TpHU,bl 

1251 palnH'IHO, H 3TO 06CTOJITenLCTBO DpHBO,l\HT K cymecT

BeHHO paJnH'IHbiM 3Ha'leHHJIM 3HeprHH CBJI3H Tpex 6030HOB 

Eo I •a6A. 21. 0TMeTHM, 'ITO AnJI y= 0,18 6blno nonyqeHo 

F 0 = 20,73 M3B a 6bln o6Hapy)KeH BTopoii: yposeHL c 3Hep

raeii: ~:1 = 2,266 M3B, 'ITO o'leHL xopowo cornacyeTCJI c 
/16 1 F- E peJynLTaTaMa pa6oTbl 1 I , o = 20,64 M3B, 1 = 

= 2,293 M3BI AnJI CTaTH'IecKoro noTeHu,aana npJIMoyroJIL

Hoii 4JopMbl. Bo-sTopblx, JHa'leHae Eo = 9,07 M3B IY = 0, 
~ ~ 2 , •a6A. 21 C y'leTOM OWH6KH 3KCTpaDOJIJIIUIH i'lE = 

1,24 M3B noATBeP*AaeT JHa'leHae E 0 = 7,70 M3B, 
nony'leHHoe B /:l/ npa HenocpeACTBeHHOM peweHHH OAHO

MepHoro ypaBHeHHJI 111. 0THOCHTeJILHO 3TOrO ypaBHeHHJI 

JaMeTHM, 'ITO OHO 0,!\HOJHa'IHO / 2/ H 6e3MO,l\eJILHO Ha Tpex

'laCTH'IHOM ypOBHe, TaK KaK npH ero BbiBO,l\e HCDOJIL3YJOTCJI 

nHWL rpaHH'IHble ycnosaJI ( El.6) a ( F:l.7) AJIJI AByxqacTH'IHbiX 

BOJIHOBbiX 4JyHKU,HB H He BBO.l\HTCJI HHKa:{(HX AODOJIHHTeJIL-

HbiX ycnosaii. . 

liOJILWOe OTJIH'IHe pe3yJILTaTa pa60Tbl / 3 / TaK)Ke OT 3Ha

'leHHJI Eo = 18,4 M3B, nony'leHHoro a pa6oTe /5/ , 

o6'LJICHJleTcJI , Ha Haw B3rJIJIA, cneAyiO~M. Ypas

HeHHJI pa60Tbl /5/ JIBJIJIIOTCJI cllaKTH'IeCKH MO,l\eJILHbiMH 

Tpex'laCTH'IHbiMH ypaBHeHHJIMH. 3TO CBJI3aHO C TeM, 'ITO. 

npa ax BbiBOAe AJIJI npa,l\aHHJI 3THM ypasHeHHJIM OAHOJHaq

HOCTH HCDOJIL3YJOTCJI ,l\ODOJIHHTeJILHble cymeCTBeHHO Tpex

'laCTH'IHble ycnosaJI, He BbiTeKaiO~e Hl xapaKTepa ABYX

'laCTH'IHbiX B3aHMO,l\eBCTBHB H JaKJIJO'IaiO~eCJI B TOM, 'ITO 

TpexqacTH'IHble 4JyHKIJ,HH KaHaJIOB npH 4JHKCHpOBaHHOB 3Hep

raa W0 He3aBHCHMO YAOBJieTBOpJIIOT TeM )Ke rpaHH'IHbiM 

ycnoBHJIM (El.6) a ( El.7) ,'ITO a ABYX'IaCTH'IHble BOJIHOBble 

lilYHKU.HH. YKaJaHHble. ycnoBHJI AJIJI lilYHKIJ.aii: KaHanos ra

paHTHPYJOT BbiDOJIHeHHe COOTHOWeHRi YHRTapHOCTR )J.JIJI Tpex

qacTH'IHblx T-waTpau., 'ITO cymecTseaao yny'llllaeT uo

AenL, OAHaKO BCe lKe COOTBeTCTBYJO~e ypaBHeHH. OCTaiOTC• 

YOAeJILHbiMH a, cne.u.osaTeJILHO, peJyJILTaT Eo = 18,4 M3B 
pa60TW /5/ HeJIL3. C'IHTaTL COOTBeTCTB~M "OyCTOT-

HWM" .U.BYX'IaCTH'IHWM B3aHYOAeiCTBR.M, ODBCW:BaeMWM 

IS 



M.r. Y. 6e3 BHewuero noTeH~uana. .6JIH3Ka:ii pe3yJILTaT 
;~: 0 = 18,5 MaB/ noJiy'leH HaMH npu peweHHH ypaBHeHHJI 
cl>a,!UJ.eeBa C t -MaTpnei/25/, COOTBeTCTBYIOI.QeH llOTeH~Ha
JIY /17/ npa }' = 0,15. B OTHOWeHBB pe3yJibTaTa pa6on.I/S/ 
Mo~o c~enaTb ~onoJIHHTeJibHoe 3aMe'laHHe. Tpex'laCTH'I
Hbli napaMeTp \\ 0 npoH3BOJieH, a Bbl6op W0 < 0 3aBe~oMo 
o6ecne'IBBaeT BblllOJIHeHBe YCJIOBHH YHBTapHOCTB ~JIJI Tpex
qacTB'IHoi T-MaTpnhl. O~Haxo al:>/ paccMoTpeHbl TOJILKo 
3Ha'leHBJI W O · - t d , B He BCCJie~OBaHa 06JiaCTb 3Ha'leHHH 
-( d · \\ () 0, 'ITO Heo6XO~HMO 6biJIO 6bl C~eJiaTb ~JIJI llOJIHO
Tbl B llO~KpenJieHBJI BbiBO~a 0 CJia6oi 3aBBCHMOCTB pe3yJib
TaTOB oT W0 . 

B 3aKJIIO'IeHae aBTOP BblpalKaeT rny6oxy10 6naro~apHOCTb 
B . .6 . .6enJieay, P. BaH BareHBHreHy, IO.A. CaMouoay, 
,n.A. Tiouy B r .WyJib~Y 3a PJI~ BeCbMa noJie3HbiX B llJIO~o
TBOPHbiX ~acxyccai, a TaKlKe U.H.WenoH~eBy a H.IO.Wapa
xoaoi 3a 6oJibWYIO noMOIQb B npoae~eHBB pac'leTOB. 
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Y CJIOBHJI ooMeua 
IlpenpHHThl H C00611\eHHJI OHJIH paCChlflalOTCJI 6ecnnaTHO, Ha OCHOBe 

B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpHJIM, 
6H6flHOTeKaM, Hay'IHhiM rpynnaM H OT.lleflbHhiM yqeHbiM 6onee 50 CTpaH. 

Mhl mKH.llaeM, 'ITO nonyqaTenH H3,!laHHii OHJIH 6Y.llYT caMH npoR8-
nRTb HHHI(Ha THBY B 6ecnna THOH nOChlflKe ny6nHKal(HH B ,!J;y6Hy. B nopJI,!lKe 
,o6MeHa npHHHMalOTCJI Hay'IHble KHHrH, )l(ypHanhl, npenpHHTbi H HHOrO 
BH.lla ny6nnKanHH no TeMaTHKe OHJIH. 

E.llHHCTBeHHhiH BH.ll ny6nHKanHii,KoTophlii HaM npHchlnaTb He cne,Ay
eT ,- 3TO penpHHThl /OTTHCKH CTaTeH, y)l(e ony6nHKOBaHHhiX 8 Hay'IHhiX 
)l(ypHanax/. 

B PR.lle cnyqaea Mhl caMH o6pall\aeMcJI K nonyqa TenRM HaWHX H3.lla
HHH c npoc&6oii 6ecnnaTHo npHcnaTb HaM KaKHe-nH6o KHHrH HnH 
BhlnHCaTb ,!lflJI HaWeH 6H6nHOTeKH Hay'IHhle )l(ypHanhl, H3,IJ;al011\HeCJI 8 HX 
CTpaHax. 

OT,~:~eJibHble 3anpocbl 

H3,IJ;aTeflbCKHB OT,!len e)l(erO,!lHO 8blnonHJieT OKOnO 3 000 OT,!leflbHhiX 
Janpocoa Ha BhiChlnKy npenpHHT08 H coo611\eHHH OHJIH. B TaKHx Ja
npocax cne,!lyeT o6R3aTenbHo yxa3hiBaTb Hij,!leKc JanpaWHBaeMoro 
H3,IJ;aHHJI. 

A,~:~peca 

IIHc&Ma no BceM BonpocaM o6MeHa ny6nHKal(HJIMH, a TaK)I(e Janpo-
Cbi Ha oT.nen&Hhle H3,IJ;aHHJI cne,!lyeT HanpaanJITb no a,!lpecy: 

101000 MocKea, 
FAaBHblil no'llllaM/11, n/JI 79. 
H3oameAbCKui1 omoeA 
06'beOUH€HHOZO UHCIIIUIIIYIIIQ 
JIOepHbiX UCCA€006QHUU. 

A.llpec .llflJI nochlnKH acex ny6nHKanHii B nopJI,!lKe o6MeH~, a Ta]()l(e 
,!l;flH 6ecnnaTHOH nO,!lnHCKH Ha Hay'IHhle )l(ypHanhl: 

101000 MocKea, 
FAaeHblil no'l/llaMIIf, n/JI 79. 
Jlay'IHO-III€XHU'I€CKQJI 6U6AUOIIfeKa 
06'beOUH€HHOZO UHCIIIUIIIYIIIQ 
JIOepHbJX uccAeooeaHuil. 


