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1. BBEAEHHE 

HccneAoBaH~e c~HrynHpH~x noTeH~~anoe np~TH~eH~H e HepenHT~

B~CTCKO~ KBaHTOBO~ MeXaH~Ke CBH3aHO C PHAOM cepbe3H~X TPYAHO
CTe~ I 1-5/. Bo-nepeblx, 3TO - npo6neMa "naAeHio1H Ha ~eHTp", 3aKni0-
4aiO~aHCH B OTCYTCTBio1~ KOHe4HOrO OCHOBHOrO COCTOHH~H paCCMaTp~
eaeMO~ CBH3aHHO~ C~CTeM~, 4TO HBnHeTCH Henp~eMneMbiM C $~3~4e
CKO~ T04Kio1 3peH~H. A eo-eTop~x - 3aB~C~MOCTb $~3~4eCK~x een~4~H, 

Hanplo1Mep A~CKpeTHbiX YPOBHe~ 3Hepr~~. OT npo~3BOnbHO~ noCTOHHHO~. 
3Tio1 ABe npo6neMbl TeCHO CBH3aHbl, ~, KaK 6yAeT noKa3aHO B AaHHO~ 
pa6oTe, npaBio1nbHOe peweH~e OAHO~ lo13 H~X aBTOMaT~4eCK~ pewaeT 
lo1 APYryiO. 

C MaTeMaTio14eCKO~ T04K~ 3peH~H ypaeHeH~e WpeA~Hrepa c perynHp
HbiMI-1 noTeH~Io1anaM~ cy~eCTBeHHO OTn~4aeTCH OT ypaeHeHio1H illpeA~Hre

pa c c~HrynHpH~M~ noTeH~Io1anaM~/6,7/. B nepeoM cny4ae onepaTop 
WpeAio1Hrepa, HBnHHCb 3PM~TOBbiM ~ OAHoepeMeHHo caMoconpH~eHHbiM, 
nplo1BOA~T K nonHOMY Ha6opy KBaApaT~4HO ~HTerp~pyeMbiX C06CTBeHHbiX 
$YHK~Io1~. Bo eTopoM ~e cny4ae onepaTOP WpeAio1Hrepa, $opManbHO 3a
AaHHbl~ KaK 3PM~TOBbl~, y~e He HBnHeTcH caMoconpH~eHHbiM. Co6cTeeH-
ULIO fh\IL.JVIfiAI .. -h"-..""*''""..,. ,.-,..n. .... 'V ... ,...,.,,,,.,":, tt-..h-n nne1 nr"\n\IIIOLJIACI nr\nUI"'\r-r\ 
··-·- '9'.1''''"""'''' ......... ~ ..... -.~ ..... _ ... _,...1 .. 11"'"'''-"'' ....... _._,....- ,...., .... ··~-·.~ ·-······ ............... .... 

Ha6opa HaAO $~KC~POBaTb $a3y, TO ecTb ac~MnTOT~4eCKOe noBeAeH~e 
eonHoeo~ $YHK~~~ e6n~3~ oco6o~ T04K~ /~n~, KaK roeopHT MaTeMa
T~K~, pacw~p~Tb onepaTop AD caMoconpH~eHHoro/, 4TO CBH3aHo c rpa
H~4HbiM ycnoe~eM B Hyne, Bb160p KOTOpOrO HeOAH03Ha4eH/1,4~,7/. 

AoonpeAenHH, TaK~M o6pa30M, ypaeHeH~e WpeA~Hrepa c c~HrynHp
HbiM noTeH~~anoM rpaH~4HbiM ycnoe~eM e Hyne, nony4aeM peweHio1H, 
xapaKTep~3yeMble, KaK y~e roeop1o1nocb e~we, PHAOM He$~3~4ecK~x 
oco6eHHOCTe~. 

3T~ TPYAHOCTI-1 nbiTafl~Cb pew~Tb nyTeM o6pe3aH~H C~HrynHpHoro 
e Hyne noTeH~~ana Ha Manblx paccTOHH~HX. Ae~cTe~TenbHo, c~HrynHp
HOCTb TaKara POAa noTeH~~aflOB BnnOTb AO 04eHb Man~X pacCTOHH~~ 
HBnHeTcH ~Aean~3a~~e~. Bo ecex peanbHbiX cny4aHx noTeH~~an~ co 
CTeneHHO~ OC06eHHOCTbiO B Hyne TeM ~n~ ~HbiM cnoco60M MOA~$~~~PYIOT
CH np1o1 r40. Hoe TO epeMH, KaK AflH perynHpHbiX noTeH~~anoe pe
weH~H He 3aB~CHT OT Toro, KaK~M cnoco6oM AaHHble noTeH~~anbl MOA~

$~~~PYIOTCH Ha ManbiX paCCTOHH~HX, o6pe3aH~e C~HrynHpHOrO nOTeH
~~ana cy~ecTeeHHo en~HeT Ha nony4eHH~e peweH~H. Bee $~3~4ecK~e 
Ben~4~Hbl B 3TOM cny4ae 3aB~CHT He TOflbKO OT paA~yca o6pe3aH~H, 

HO ~ OT TOro, KaK~M cnoco6oM OH ycTpeMflHeTCH K HYfliO /1,4,6/. 
PeweHio1e npo6neM~ c~HrynHpHbiX noTeH~~anoe cneAyeT ~cKaTb 

B paMKaX 0606~eH~H noTeH~~aflbHO~ Teop~~. KaKOB~M HBflHeTCH KBa3~

noTeH~~anbHbl~ noAXOA e KBaHToeo~ Teop~~ .no[l!l/8- ~11. KaK 6yAeT 
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noKa3aHO B AaHHOH pa6oTe, penHT~B~CTCK~H xapaKTep KBa3~noTeH
LI~anbHbiX ypaeHeH~H noaeonHeT ecTecTBeHHbiM o6paaoM Y4~Tb1BaTb 
~3MeHeH~e noBeAeH~H C~HrynHpHbiX noTeHI.I~anOB Ha ManbiX paCCTOHH~
HX l6ea KaK~x-n~6o AOnonH~TenbHbiX npeAnonomeH~HI. Keaa~noTeH
LI~anbHble peweH~H no3TOMY He 3aB~CHT OT np0~3BOnbHOH nOCTOHHHOH, 
a B BblpameH~~ AnH A~CKpeTHOrO cneKTpa OTCYTCTByeT npo6neMa 
11naAeH~H Ha 1.1eHTp 11

• 

B OT n~4~e OT pa6oT11•41, B KOTOPbiX npo6neMa ''naAeH~H Ha 
1.1eHTP11 nOAP06HO ~ccneAOBanaCb B KOOPA~HaTHOM npocTpaHCTBe, 
e AaHHOH pa6oTe c caMoro Ha4ana npeAnaraeTcH ~cnonbaoeaTb ~M
nynbcHoe npeAcTaeneH~e. KaK oKaaanocb, paccMoTpeH~e 3aAa4~ e ~M
nynbCHOM npeACTaeneH~~ o6naAaeT PHAOM npe~My~eCTB no cpaBHeH~~ 
C KOOPA~HaTHbiM npeACTaeneH~eM. 0AH~M ~3 H~X HBnHeTCH HanH4He 
B HBHOM BHAe rpaH~4HbiX ycnoB~H B Hyne ~ Ha 6eCKOHe4HOCT~, KOTO
PbiM AOnmHbl YAOBneTBOPHTb peweH~H COOTBeTCTBY~~HX ypaBHeHHH, B TO 
epeMH KaK B KOOPA~HaTHOM npocTpaHCTBe rpaHH4Hble ycnOBHH 3aAaHbl 
B HeHBHOM BHAe. 

Heo6XOA~MO OTMeT~Tb TaKme, 4TO npo6neMa CHHrynHpHbiX noTeH
LI~anoB B KBaHTOBOH MeXaHHKe HH B KOeH Mepe He HBnHeTCH aKaAeMH-
4eCKOH IXOTH H aKaAeMH4eCK~e npo6neMbl Tpe6y~T CBOero peweHHHI, 
TaK KaK MHOrHe KOHKpeTHble 3aAa4~ $H3HKH TBepAOrO Tena, aTOMHOH 
~ HAePHOH $~3~KH CBOAHTCH K peweH~~ COOTBeTCTBY~~HX ypaBHeHHH 
C CHHrynHpHbiMH, BnnoTb AO AOCTaT04HO ManbiX paCCTOHHHH, noTeH-
1.1HaJlaMH/1V: 

HacToH~aH pa6oTa nocTpoeHa cneAY~~HM o6paaoM. B paaAene 2 
npo6neMa "naAeHHH Ha 1.1eHTP11 Cd>OPMYnHPOBaHa B HMnYnbCHOM noen
CTaeneHH~ e cny4ae CHHrynHpHoro noTeHI.IHana npHTHmeHHH U(r)=-Ar-~ 
B paaAene 3 AnH Toro me CHHrynHpHoro noTeHLIHana npHTHmeHHH no
ny4eHa KBa3HnOTeH1.1HanbHaH 3aAa4a lliTypMa-nHYBHnnH B HMnynbCHOM 
npocTpaHcTee. B pa3Aene 4 AnH peweHHH KBa3HnoTeH1.1HanbHoro ypae
HeH~H npHMeHHeTCH acHMnTOTH4eCKHH o6o~eHHbiH BK6-MeTOA IMeTOA 
3TanoHHoro ypaeHeH~HI. C ero noM~b~ nony4eH AHCKpeTHbiH cneKTP 
np~ n~6blx 3Hepr~Hx CBH3H. B nHTOM paaAene H3y4eHbl YllbTpapenHTH
BHCTCK~H H HepenHTHB~CTCKHH npeAenbl KBa3HnOTeH1.1HanbHbiX ypaeHe
H~H H HX peweHHH, a TaKme npoBOA~TCH o6cymAeHHe nony4eHHbiX pe-
3ynbTaTOB. 

2. <llOPMYm1POBKA nP06nEMbl "nA,LIEHH.fl HA UEHTP" 
B HMnYnbCHOM nPE,LICTABnEHHH 

C$opMyn~pyeM npo6neMy "naAeHHH Ha 1.1eHTP11 e HMnynbcHOM npeA
cTaeneHH~. AnH 3Toro paCCMOTpHM ypaeHeHHe nHnnMaHa-lliBHHrepa 
A11H nollHOH aMnnHTYAbl pacceHHHH ABYX CKanHpHbiX 4aCTHLI OAHHaKOBO~ 
MaCCbl m, 3aAaHHOH BHe 3HepreTH4eCKOH noeepXHOCTH: 

Ill 

2 

rAe ~i· - COOTBeTCTBeHHO Ha4anbHbiH H KOHe4HbiH HMnynbCbl B CHC
TeMe LleHTpa Mace. 3HepreTH4ecKaH noeepxHOCTb onpeAenHeTCH yc
noeHeM p2. p•2. k 2. noTeHI.IHan U [(p -p') 2] c caMoro Ha4ana 
Bbl6paH noKanbHbiM, TO eCTb 3aBHCH~HM TOnbKO OT pa3HOCTH "(p -p ') 

2
; 

k2- 3HepreTH4eCKHH napaMeTp IHMnynbc Ha 3HepreTH4eCKOH noeepx
HOCTHI, npH4eM noApaayMeeaeTcH, 4TO K k2 A06aeneHa 6ecKoHe4HO 
ManaH MHHMaH Bei1H4HHa, TO eCTb k2

-o k 2+ i0. 
Cl>yHKI.IHH U [ (p -~ ') 2] HBnHeTCH $ypbe-npeo6pa3oBaHHeM noTeH-

I.IHanbHOH $yHK1.1HH U ( r): 

U [(;- ;') 2]. ( ~U( r) e -i(p -p') -;. 
(2rr)3 

121 

PaanaraH Aanee aMnllHTYAY H noTeHI.IHan no naPI.IHanbHbiM eonHaM 

00 

T (p,p '). - 1- ~ (2P + 1) fp(p,p ') Pp (pp '), 
4rrpp 'V-o · 

U[(p -p') 2 ·1 = - 1- I (2f + 1) Up (p,p ') Pp (pp'). 
4rrpp • e.o 

131 

rAe p "'p /I p 1 , nony4HM AllH napi.IHanbHbiX aMnm1TYA cneAY~~ee ypae
HeHHe: 

.. Up(p.~ f f(q,p) 
fp(p,p') .. Uf (p,p')+ £ dq ~2-'!2 

B KOTOPOM 

00 

Uy(p,p'). ,/pp' ( dr rU(r) Jp+ 1/ 2(rp)Jp+ 1/ 2{rp') · 
0 

!41 

!51 

AnH CHHrynHpHoro e Hyne noTeHI.IHana U ( r) = A r-2 cooTHoweHHe I 51 
MOmHO npeACTaBHTb B BHAe /14/ 

.r + 1 P + 1 1 
U.(p,p')• _A_IO(p-p')~ +0(p'-p)71, Ref>-3. !61 

' 2P + 1 p P 

B 3TOM cny4ae HHTerpanbHoe ypaeHeHHe /41 nyTeM ABYXKpaTHoro 
AH$$epeHI.IHPOBaHHH MOmHO 3aMeHHTb Ha 3KBHBa1leHTHY~ eMy 3aAa4y 
WTypMa-nHyaHnnH. 2 2 2 3aAa4a 0 CBH3aHHbiX COCTOHHHHX (A -o -A, k -o k 3 -K < 0) CBOAHTCH 
K OTGpaCbiBaHH~ HeOAHOPOAHOrO 41leHa B /41. nepenHWeM nony4eHHOe 
TaKHM CnOCofiOM AH~epeHI.IHallbHOe ypaBHeHHe C COOTBeTCTBY~~HMH 

-1 rpaHH4HbiMH YCilOBHHMH B 6eapa3MepHbiX HMnyllbCHbiX nepeMeHHbiX X=PID , 
fr (p) = re ( x), a TaKme c 6eapaaMepHbiM 3HepreTH4eCKHM napaMeTpoM 
E2-K2/m216eapaaMepHbiH HMnynbc Ha 3HepreTH4eCKOH noeepxHOCTH/: 
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d 2rr (x) 
+l-

r cr + 1) A 
+ lfr(x)-0, 171 

dx2 x2 (x2+ E2) 

fr(x) _ /+~ f p (x) -P !81 X • 
X-+0 X-+OQ 

TaK~M o6pa3oM, ~CXOAHOe ~HTerpanbHoe ypasHeH~e /4/, on~c~sa~ee 
S3a~MOAe~CTS~e ASYX CKanRpH~X 4aCT~i..l OA~HaKOSO~ Mace~ m, KOrAa 
noTeHI..I~an s KOOPA~HaTHOM npeAcTasneH~~ paseH U(r)=-Ar-2 , cso
A~TCR K A~¢¢epeHI..I~anbHOMY ypasHeH~~ /7/ C COOTSeTCTSy~~~M~ rpa
H~4H~M~ ycnOS~RM~ /8/. 

0THOC~TenbHO ypasHeH~R /7/ 3aMeT~M, 4TO OHO CosnaAaeT, KaK 
3Toro ~ cneAosano o~~AaTb, c OAHOMepH~M ypasHeH~eM WpeA~Hrepa 
S ~MnynbCHOM npeACTasneH~~ AnR noTeHI..\~ana, ~Me~~ero S KOOPA~HaT
HOM npeAcTasneH~~ SYIA U(r) = -Ar-2. HanoMHYIM TaK~e, 4TO A - 6e3-
pa3MepHaR KOHCTaHTa CSR3~. 

nerKO noKa3aTb, 4TO ASa n~He~HO He3aSYICYIM~X peweHYIR ypasHe
H~R /7/ Sblpa~a~TCR 4epe3 rY~nepreoMeTPY14ecKY!e <I>YHKI..\1-1~, npY14eM 
OAHO 1-13 HYIX YAOBneTBOpReT rpaHY14HOMY ycnOSI-1~ 8 Hyne, HO AnR 
Taro, 4T06bl 3aAa4a /7/-/8/ Y!Mena peweH~e, Heo6xoA~Mo AOOnpeAe
n~Tb rpaH~4HOe ycnOBYie Ha 6eCKOHe4HOCTY1 /a KOOPAYIHaTHOM npocT
paHCTSe 8 Hyne/, 4TO, ecTeCTSeHHO, RBnReTCR HeOAH03Ha4HO~ npo-
1..\eAYPOH. ~eno S TOM, 4TO aCYIMnTOT~Ka T04HOrO peweHYIR ypasHeHYIR 
17 I s npeAenax Manblx x onpeAenReTcR l..\eHTpo6e>KHbiM 4neHOM, no3To
MY 1-13 ABYX nYIHe~HO He3aSYICY1MbiX OeWeHYIH 8 OKOeCTHOCT~ HynR scernrl 
MO~HO OAH03Ha4HbiM o6pa30M Bb16paTb peweHYie, COOTSeTCTBy~ee Bblnl-1-
caHHOMY rpaHY14HOMY ycnos~~ a Hyne /8/. CosceM no-ApyroMy o6cTo~T 
Aeno c rpaH~4H~M ycnos~eM Ha 6ecKoHe4HOCT~. B 3TOM cny4ae o6a 
peweHYIR Aa~T OAY!HaKOSbiH BKnaA S aC~MnTOT~KY T04HOrO peweHYIR: 

f(x)~x- 112sin{ JA-(e+1/2) 2 fnx +Bpl, 191 
X-+OQ 

rAe B r - npo~asonbHbiH napaMeTp, He 3as~CR~~~ OT x. Ac~MnToT~Ka 

/9/ RBHO OTn~4aeTCR OT aC~MnTOT~KI-1 Ha 6eCKOHe4HOCT~ /8/, 0Ha MO
~eT 6~Tb ~cnonb30SaHa a Ka4eCTBe Hosoro rpaH~4Horo ycnoa~R. 
Han~4~e a /9/ npo~asonbHoro ¢aKTopa Bf ~ o6ycnoan~aaeT 3aBYIC~
MOCTb $Y13~4eCK~X Ben~4~H /Hanp~Mep ypOBHe~ 3Hepr~~~ OT np0~3-
BOnbHOH noCTORHHOH. Ecn~ Tenepb B Ka4eCTBe 3TOH npo~3BOnbHOH 
nocTORHHOH Bb16paTb OA~H ~3 yposHeH A~CKPeTHoro cneKTpa, Hanpi-1-
Mep HyneSOH, TO peweH~e 3aAa4~ /7/-/8/ MO~HO B~pa3Y1Tb ¢opMynoH 

n=0,±1,±2, ... , /10/ 

CTRM~: so-neps~x, KaK 3To y~e yKa3~sanocb s~we, Han~4~eM npo~3-

sonbHO~ nocTORHHO~ E0 p, so-sTop~x, HeaHan~T~4ecKo~ 3as~c~MOCTb~ 
ypOSHe~ 3Hepr~~ OT KOHCTaHT~ CSR3~ A /cy~eCTSeHHaR OCo6eHHOCTb 
np~ A .. ( f + 1/2) 2 I, s-TpeTb~X, Han~4~eM nocneAosaTenbHOCT~ ypos
He~ C n > 0, YXOAR~e~ Ha 6eCKOHe4HOCTb /"naAeH~e Ha 1..\eHTp"/, TO 
eCTb OTCYTCTS~eM KOHe4HOrO OCHOSHOrO COCTORH~R, ~, HaKOHel..\, 
s-4eTsepTbiX, s npeAene E .. 0 npo~cxoA~T cry~eH~e 3HepreT~4eCK~x 

ypOSHe~, 4TO, KaK ~3SeCTHO, CSR3aHO CO Cn~WKOM MeAneHH~M cnaAa
H~eM noTeHI..I~ana Ha 6onbw~x paccToRH~Rx. 

CneAoSaTenbHo, caMe no ce6e HepenRT~s~cTcKoe ypasHeH~e n~nn
MaHa-Ws~Hrepa /~n~ ypasHeH~e WpeA~Hrepa/ He np~cnoco6neHo AnR 
~ccneAOSaH~R c~HrynRpHbiX noTeHI..I~anos, s 4acTHOCT~ noTeHI..I~ana 
U(r)=-Ar-2 , 6e3 KaK~x-n~6o AononH~TenbHbiX npeAnono~eH~~. KaK 
y~e OTMe4anocb, c~HrynRpHocTb TaKara POAa noTeHI..I~anos s Hyne 
RsnReTcR ~Aean~3a1..1~e~ ~ He ~MeeT MecTa s peanbHOM M~pe. Ecn~ ~e 
KaK~M-n~6o cnoco6oM y4eCTb ~3MeHeH~e noseAeH~R c~HrynRpHoro no
TeHI..I~ana Ha ManbiX paccTORH~Rx, Hanp~Mep ssecT~ s Teop~~ 6e3pa3-
MepHbl~ o6pe3a~~~~ ¢aKTOP (m r 0 ), TO S Sblpa~eH~~ AnR A~CKpeTHbiX 
yposHe~ 3Hepr~~ nORSnReTCR OCHOSHOe COCTORH~e C~CTeMbl, 3Hepr~R 

KOTOpOrO KOHe4Ha, HO np~ 3TOM cy~eCTSeHHO 3aS~C~T OT (m r 0) /1,
4•151

. 

TaK~M o6pa3oM, sseAeH~e s Teop~~ o6pe3a~~ero ¢aKTopa He pe
w~T npo6neM~, TaK KaK see ¢~3~4ecK~e sen~4~H~ cy~ecTseHHO 3as~
CRT He TOnbKO OT era sen~4~Hbl, HO ~ OT TOre, KaK~M cnoco6oM 
OH yCTpeMnReTCR K Hyn~. 

3. "nA~EHI1E HA L\EHTP" 
B KBA311nOTEHL\11AnbHO~ <I>OPMYni1POBKE 

Ksa3~noTeHI..\YianbHOe ypasHeH~e noryHosa-Tasxen~A3e AnR nonHO~ 
aMnn~TYAbl pacceRH~R ABYX CKanRPHbiX 4aCTY11..\ OA~HaKOBOH MaCC~ m, 
3an~CaHHOe SHe 3HepreT~4eCKOH nosepXHOCT~, ~MeeT S~A I 8-10,13,14/ 

-+-+ -+-+2 dq 
T(p,p') = V[(p -p') 1 + (--===

,, q 2+ m2 

V[(p-qj 2
] T(ii,p') 

k2- q2 
/11/ 

3 ~ ~, ~ 

V[(p -p')2] = 1_d_r_ V(r)e-l(P-P) r 
(2rr) 3 

/12/ 

3AeCb ~ , p' - COOTBeTCTSeHHO Ha4anbH~H ~ KOHe4H~~ ~MnynbC~ 
B C~CTeMe 1..\eHTpa Mace, 3HepreT~4eCKaR nosepXHOCTb onpeAenReTCR 
ycnos~eM p2= p'~ k2, a 3Hepr~R s c~cTeMe 1..\eHTpa Mace Tenepb 

pasHa W = ,: k 2+ m2. 
Ksa3~noTeHI..I~anbHoe ypasHeH~e /11/ oTn~4aeTcR oT ypasHeH~R 

n~nmo~aHa-ws~Hrepa /1 I HaJli14YieM penRTI1811CTCKOrO KOPHR ,; q 2+ m2 

S nOA~HTerpanbHOM S~pa~eH~~. 4TO RSnReTCR cneACTSI1eM penRT~SYICT-
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CKoro xapaKTepa KBa3HnoTeH4HanbHoro ypaeHeHH~. KeaaHnoTeH4Han 
V [ (p -p ') 2

1 , KaK H noTeH4Han e /2/, Bb16paH noKanbHbiM. 3.Qecb >Ke 
cne,QyeT OTMeTHTb, 4To BBH.QY paanH4Horo Bb16opa ~ypbe-npeo6paaoea
H~t~l:i e /12/ He pa6oTax 113· 14· 161 Keaa~t~noTeH4Hany V(r)=gr-2Ha /14/ 
COOTBeTCTBYeT 3KBI-1BaneHTHbiH eMy KBa3HnOTeH4Han 11 KynOHOBCKOrO 
BH.Qa" V(r),. gr-1 pafioT/16,14,17/. 

Paanara~ .Qanee aMnnHTYAY H KBa3HnoTeH4Han no nap4HanbHbiM 
BonHaM aHanorH4Ho /3/, nonY4HM ,Qn~ nap4HanbHbiX aMnnHTYA cne,QyiO
lllee ypaeHeH~t~e: 

/13/ 

B KOTOPOM 

/14/ 

PaccMOTP~t~M Tenepb CHHryn~pHbiH e Hyne KBa3HnoTeH4Han V(r) = gr-2. 
Ha-aa HanH4H~ pen~Tit!BHCTCKOro KOpH~ B KBa3HnoTeH4HanbHOM ypae
HeHHH /13/ KOHCTaHTa CB~3H g B ,QaHHOM cny4ae HMeeT pa3MePHOCTb 
MaCCbl m, B OTnH4He OT Hepen~THBit!CTCKOH fieapaaMepHOH KOHCTaHTbl 
ce~aH A. B Hepen~THBHCTCKOM npe,Qene, KaK 3TO 6y,QeT noKa3aHo H~t~>Ke, 
g nepexo,Q~t~T e A .. gm-1. 

no,QcTaen~~ .Qanee V(r),. gr-2 e /14/, nony4~t~M npe,QcTaeneHHe /6/ 
C 3aMeHOH A Ha g. no3TOMY lt!CXO,QHOe HHTerpanbHOe ypaeHeHHe /1~/ 
aaMeH~eTc~ Ha 3KBHeaneHTHYIO eMy aa,Qa4y WTypMa-nHyeHnn~, aHanorH4-
Ho TOMy, KaK 3TO fiblnO B cny4ae ypaBHeH~t~~ nHnnMaHa-WBHHrepa. 

3a,Qa4a 0 CB~3aHHbiX COCTO~HH~X ( g-+ -g, k 2_. k2 ;;;-K2 <0) B fiea
pa3MepHbiX HMnynbCHbiX nepeMeHHbiX X= pm-1, fe(P) = ff (x) c 6eapaa
MepHbiMH napaMeTpaMH A= gm- 1 , E2 ,K 2/m2 eblrn~,QHT cne.QYIOLIIHM o6paaoM: 

/15/ 

/16/ 

3,Qecb 3HepreTH4eCKHI:i napaMeTp /6eapaaMepHbiH HMnynbc Ha 3Hepre
TH4eCKol:i noeepXHOCTH/ E 2 E-(0,1], TO eCTb H3MeH~eTc~ OT Hyn~ ,QO 
e,QHHH4bl, B OTnH4He OT Hepen~THBHCTCKOro cny4a~, KOr,Qa OH H3Me
H~eTC~ nO,QOfiHO fie3pa3MepHo~ HMnynbCHO~ nepeMeHHO~ X OT Hyn~ 

,QO 6eCKOHe4HOCTI-1. nonHa~ 3HeprH~ Tenepb lt!MeeT BH,Q w- 2m,/ 1- E2' 
a 3HeprH~ CB~3H 

/17/ 

6 

TaKHM o6paaoM, KBa3HnoTeH4HanbHoe ypaeHeHHe /15/, ,QononHeHHoe 
COOTBeTCTBYIOliiHMH rpaHH4HbiMH ycnOBH~MH /16/, aHanorH4HO Hepen~TH
BHCTCKOMY ypaeHeHHIO /7/ OnHCbleaeT 3a,Qa4y 0 CB~3aHHbiX COCTO~HH~X 
Ha CHHryn~pHOM noTeH4Hane npHT~>KeHH~ U(r)=-Ar- 2. no3TOMY B03HH
KaeT HHTepecHa~ aa,Qa4a cpaeHeHH~ cneKTPa aa,Qa4 WTypMa-nHyBHnn~ 
/7/-/8/ c /15/-/16/. 

npe>K,Qe 4eM nepeXO,QHTb K peweHHIO ypaBHeHH~ /15/, yMeCTHO C,Qe
naTb cne.QYIOlllee 3BPHCTH4ecKoe aaMe4aHHe. KaK Y>Ke OTMe4anocb, ,QaH
Hoe ypaeHeHHe OTnH4aeTC~ OT COOTBeTCTBYIOlllero eMy ypaeHeHH~ nHnn-

MaHa -WeHHrepa HanH41-1eM pen~THBHCTCKOrO KOPH~ J 1+ X 2 , BCne,QCTBHe 
4ero acHMnTOTHKa 3TOrO ypaBHeHI-1~ B Hyne H Ha fieCKOHe4HOCTH, 
B OTnH4He OT ypaeHeHH~ n~t~nnMaHa-WBHHrepa /7/, onpe,Qen~eTC~ TOnb
KO 4eHTpofie>KHbiM 4neHOM 1-1 COOTBeTCTByeT ofiOHM rpaH~t~4HbiM ycnOBH~M 

/16/. no3TOMY KBa3HnoTeH4HanbHble peweHH~ He ,QOn>KHbl 3aBHCeTb OT 
npOH3BOnbHO~ nOCTO~HHO~. 

4. PEWEHHE KBA3HnOTEHUHAnbHOrO YPABHEHHH 

Kea3HnOTeH4HanbHOe ypaeHeHHe /15/, COOTBeTCTBYIOlllee CHHryn~p
HOMy noTeH4Hany npHT~>KeHH~ U(r)=-Ar- 2 , He no,Q,QaeTc~ T04HOMY pe
weHHIO. no3TOMy B 4en~x npHfinH>KeHHOrO peweHH~ ,QaHHOrO ypaBHeHH~ 
npHMeHHM acHMnTOTH4eCKH~ no ceoe~ npHpo,Qe o6o6111eHHbl~ BK6-MeTo,Q 
/MeTO,Q 3TanOHHOrO ypaeHeHH~/. Ero OCHOBHa~ H,Qe~ 3aKn104aeTC~ 
o rn~ou~u~~ nAvY nn~nn~~~TPM~HO on~H~KOBbiX YDaBHeHH~. OeWeHH~ 

;,Q~~~; ~~ HH;-~3Ta~OHHOrO ypaBHeH~~/ H3BeCTHbl T04HO, a peweHI-1~ 
HCXO,QHoro ypaeHeH~t~~ onpe,QeneHHbiM o6paaoM Bblpa>KaiOTc~ 4epea pewe
HH~ eb16paHHoro 3TanoHHoro. KeaaHnoTeH4HanbHoe ypaeHeHHe /15/ 
,Qn~ s -eonHbl Hccne,Qoeanocb e 1 14,161 Ha ocHoee paanH4HbiX 3TanoHHbiX 
ypaeHeH~t~~ e paMKax o6o6111eHHoro BK6-MeTO,Qa. B .QaHHO~ pa6oTe e 4e
n~x nonHOTbl paCCMOTpeHH~ KpaTKO nOBTOPHM OCHOBHble 3Tanbl HCCne
,QOBaHH~ KBa3HnOTeH4HanbHOrO ypaBHeHH~ /15/ B paMKaX Ofi06llleHHOro 

I 171 BK6-MeTo,Qa Ha ocHoee 3TanoHHoro ypaeHeHH~, npe,Qno>KeHHoro B . 
An~ 3Toro ebln~t~weM KBa3HnoTeH4HanbHYIO KpaeeyiO 3a,Qa4y /15/-/16/ 

B BH,Qe 

1 
y(x) = 

(1+ x2) 1/2 (x~E2) 

/18/ 

/19/ 

B cooTBeTCTBHH c ofillleH cxeMo~ o6o6llleHHoro BK6-MeTo,Qa e Ka4ecT
ee 3TanOHHOrO no OTHOWeHHIO K HCXO,QHOMY KBa3HnoTeH4HanbHOMY ypae
HeHHIO /18/ Bbl6epeM ypaBHeHHe cne,Qy10111ero BH,Qa: 

7 



d
2
0(a) + 1- f(f+l) + Al'(a) I C(a) =0, 

da2 a 2 
/20/ 

rAe 

1 
l'(a)= a2(1+a) /21/ 

3TanOHHble c)lyHK1.1111-1 Q(a)=f(P+1)a- 2 1-1 f'(a) npH6nH3HTenbHO TaK 
>Ke 3aBHCRT OT a, KaK q(x) = e ( e + 1) x- 2 1-1 y(x) 3aBHCRT OT x. EAHH
CTBeHHOe OTnH4He 3aKn~4aeTCR B TOM, 4TO f'(a) o6naAaeT perynRPHO~ 
OC06eHHOCTb~ B Hyne (a=0), B TO BpeMR KaK y(X) o6naAaeT perynRpHO~ 
oco6eHHOCTb~ B Hyne (X=0) TOnbKO npi-1 E2=0,4TO 1-1 npeAonpeAenReT, 
KaK 6yAeT noKa3aHo HH>Ke, xopowy~ T04HOCTb o6o6~eHH~x BK6-npH6nH
>KeHH~ c 3TanoHHO~ c!>YHKLIHe~ /21/ a npeAene Man~x E2 /HepenRTHBHcT
CKH~ npeAen/. 

PeweHHe /18/ MO>KHO cneAY~~HM o6pasoM Bbipa3HTb 4epes peweHHe 
3T anoHHoro ypasHeHHR I 171: 

fr(x) = ( ~; )-1/2 C (a), a=a(x). /22/ 

Aanee Heo6xOAHMO Ha~TH RBH~~ BHA saaHCHMOCTHa oT x. B Hyne
BOM npH6nH>KeHHI-1 ypaBHeHHe AnR onpeAeneHHR 3TO~ 3aBI1CI1MOCTI1 CBO
AHTCR K KBaApaTypaM /17/: 

a3 1/2 x 3 112 r I' (r) dr = r y (t)dt. /23/ 
a X 

8~611paR B Ka4eCTBe 3KBI1BaneHTH~X T04eK T04K11 Ha 6eCKOHe4HOCTI1 
x'3 =a(x

3
) =a

3 
=oo, nony411M OKOH4aTenbHO 

a (x, E)= sh- 2 !.1.!ll(x, E) I, 
2 

rAe 

00 dt 
lll(x,E)= J (l+t2)ll4 (t2-.;E~1!2 

/24/ 

125/ 

OTKYAa cneAyeT, 4TO a{O,E) = const, a (x,E)x::;ooX+ IV-I. TaK11M o6pa30M, 
a Ha 6eCKOHe4HOCTI1 aHanorH4Ha X, 11 n03TOMY aCI1MnTOT11KI1 f'(a (X)) 

1-1 y(x) a 3TOM npeAene coanaAa~T. 
Aaa nHHe~Ho He3aBI1C11M~x peweHHR 3TanoHHoro ypaaHeHI1R /20/ 

a~pa>Ka~TCR 4epes rl1nepreoMeTPH4eCKHe c)lyHKLI1111/18~no3TOMY, Y411T~
BaR /22/, nony411M 

8 

J 

') 
J 

f 1(x)=( ~~ )- 1/2 aa F(f+a, -P-a*; 2a; -aL 

rAe a"' a (x, E) 11 onpeAenReTCR /29/-/30/, 

a = ..!.. + ..!.. i ,; A- (P + 112) 2 . 
2 2 

/26/ 

/27/ 

04eBHAHO, 4TO aTopoe peweHHe nony4aeTCR 1-13 nepaoro a pe3ynbTaTe 
3aMeHbl a ~ a*. 

06~ee peWeHHe 11CXOAHOro ypaBHeHI1R HMeeT BHA 

f(x) = A
1 

f
1
(x) + !A

2 
f
2
(x). 

noACTaBnRR AaHHOe peweHI1e B rpaH114HOe ycnOBI1e B Hyne /16/, 
nony411M 

·A f (0) + •A f (0) = 0 . 
1 1 2 2 

/28/ 

/29/ 

AnR Taro 4T06bl YAOBneTBOPI1Tb rpaHI14HOMY ycnOBI-1~ Ha 6eCKOHe4-
HOCTI1, He06XOA11MO BblnOnHHTb aHanHTI14eCKOe npOAOn>KeHHe rHnepreo
MeTpl14eCKHX PRAOB /26/ B o6naCTb 6onbW11X X, TaK KaK a(X) -X+ K. 'l. 

k~oo 

BBI1AY Taro, 4TO napaMeTp~ rHnepreoMeTpH4eCKI1X PRAOB pa3nl14a~TCR 

Ha 1.1en~e 411Cna, aHani1TH4eCKOe npOAOn>KeHHe MO>KHO OCy~eCTBI1Tb C no
M~b~ XOPOWO 113BeCTHbiX PRAOB /18.~ noACTaBnRR Aanee TaK11M cnoco60M 
=~=.~~~T!"!'~e~~~~ :;~~~~~::~~::::::::., ::5~cc ;;c~c::~~c /28/ g ltJOi-iYi~nvc; iC 
nOBHe Ha 6eCKOHe4HOCTI1 /16/, nony4HM BTOpoe ypaaHeH11e AnR K03c)l
c)li-il.IHeHTOB !A 1 1-1 A2: 

' A1M(a) + ·A2 M(a*) = 0, 

rAe aaeAeHo cneAY~~ee o6o3Ha4eHI1e: 

M(a) =I'C2a) I'(2f+ 1) II'Cf+ a) I'(f+ 1+a). 

/30/ 

/31/ 

KoM6HHI1PYR ABa COOTHOWeHI1R /29/ 11 /30/, nony4HM OKOH4aTenbHO 
cneKTP 11CXOAHO~ KBa3HnOTeHL111anbHO~ Kpaeao~ 3aAa411 /16/-/16/: 

M(a) sh-az* I ~ lll(O, E) I F(f +a*, -f-a; 2a*; -sh- 2 I ~ lll(O, E) I)= 
/32/ 

=M(a*) sh- 2a!..!..!ll(O,E)! FU+a, -f-a*; 2a; ...:sh- 2 !..!..!ll(O,E) 1), 
2 2 

rAe M(a) H a 3aAa~TCR COOTHOWeHI1RMH /31/ 11 /27/ COOTBeTCTBeHHO, 
a lfl(Q,E) onpeAenReTCR COOTHOWeHHeM /25/ B T04Ke 

dt 1 1 1 1 1 3 2,. 
lllco.E)= r I I'"' -2 sc-4.-2)F(-4.-2:-4:1-E J./33/ 

o(1+t2)14(t2+E2J12 9 



5. HEPEJUIH1BHCTCKHI1 H YJlbTPAPEJl.IHHBHCTCKHI1 nPE.QEJlbl 
KBA3HnOTEHUHAJlbHbiX YPABH EHHI1 

C y4eTOM Bb16opa 3T aJlOHHO~ !I>YHKLVH1 r (a) =a - 2 ( 1 +a) - 1 04eBHA
HO, 4TO cneKTP 1321 HCXOAHO~ Kpaeeo~ 3aAa4H 1151-1161 npHrOAeH 
,.., AJlfl paccMoTpeHHfl ynbTpapellfiTHBHCTCKoro npeAena (E 2=- 1). .Qpyro~ 
cnoco6 noJly4eHHfl YJlbTpapeJlf!THBHCTCKOrO npeAeJla 3aKJ1~4aeTCfl B TOM, 
4T06bl C CaMOrO Ha4aJla B HCXOAHOM KBa3HnoTeH~HaJlbHOM ypaBHeHHH 
1151-1161 nono>KHTb E2,. 1 1-1, Aanee, TaKHM cnoco6oM nony4eHHOMY 
HCXOAHOMY ypaeHeHH~ nOA06paTb COOTBeTCTBY~~ee eMy 3TaJlOHHOe 
ypaBHeHHe. 3THM 3aMe4aHHeM MO>KHO 3aKOH4HTb 06CY>KAeHHe YJlbTpa
peJlfiTHBHCTCKOro npeAena nony4eHHoro cneKTpa 1321. 

PaccMOTPHM Tenepb 6onee ea>KHbl~ eonpoc o HepeJlf!THBHCTCKOM 
npeAeJle (E2~0) cneKTpaJlbHoro ycJlOBHfl 1331 lcna6ocBfl3aHHble co
CTOfiHHfll. B 3TOM npeAeJle rHnepreoMeTpH4eCKH~ PfiA 1331 pacxoAHT
Cfl, H n03TOMY AJlfl aHaJlHTH4eCKoro npOAOJl>KeHHfl CJleAyeT BOCnOJlb30-
BaTbCfl CJleAY~Ule~ !I>OPMYJl0~/18/: 

rAe 7Jn•2t/J(n+1)-t/J(n+l/2)-t/J (n+l/4) 119~0cTaBJlflfl AaJlee e 3TOM 
Bblpa>KeHHH TOJlbKO JlOrapH!I>MH4eCKH B03pacTa~He 4JleHbl, noJly4HM AJlfl 
~~.E) aCHMnTOTH4eCKOe npeACTaBJleHHe 

~(O,E) -fnE+ K.'L, E .. o. 1351 

noACTaBJlflfl 3aTeM AaHHOe npeACTaBJleHHe 1351 B Bblpa>KeHHe AJlfl ap
ryMeHTa rHnepreoMeTpH4eCKHX PfiAOB, BXOAfi~HX B 1321, noJly4HM 

sh- 2 !1.. ~ (0, E) I = 4E + O(E 2), E ~ 0. 
2 

1361 

BcneACTBHe 3Toro, npeHe6perafl e cneKTpallbHOM ycnoeHH 1321 rHnep
reoMeTpH4eCKHMH PfiAaMH lnonarafl HX paBHbiMH eAHHH~e B npeAeJle 
E ~ 0 I, nony4HM oKOH4aTeJlbHO, 4TO o6o6uteHHbl~ BK6-cneKTP 1321 

B HepeJlfiTHBHCTCKOM npeAeJle (E~O)HMeeT BHA 

E I M(a) I 
oe· exp -======;;- ' 

,1 >.-(f + 112) 2 

n .. 0,1,2, ..• , 

1371 

1381 

rAe a H M(a) onpeAeJlfi~TCfl !I>OpMyJlaMH 1271 H 1311 COOTBeTCTBeH
HO. 

10 

HepeJlf!THBHCTCKH~ cneKTP 1371-1381 e ABYX ea>KHbiX nyHKTax oT
JlH4aeTcfl oT cooTBeTc'fBY~~ero eMy cneKTpa I 1 01. Bo-nepBbiX, e 3TOM 
cneKTpe HeT 3aBHCHMQCTH OT npOH3BOJlbHO~ nOCTOfiHHO~, TaK KaK Hy
JleBO~ ypoBeHb B AaHHOM CJly4ae HMeeT BnOJlHe KOHKpeTHOe 3Ha4eHHe 
1381, B TO epeMfl KaK B cneKTpe 1101 OH npOH3BOJleH. Bo-BTOPbiX, 
OTCYTCTBHeM B 1371 nOCJleAOBaTeJlbHOCTH ypoBHeH C n<O*, YXOAfl~e~ 

Ha 6eCKOHe4HOCTb, 4T0 fiBJlfleTCfl CJleACTBHeM cnpaBeAJlHBOCTH Hepe
JlfiTHBHCTCKOrO npH6JlH>KeHHfl (E2~0).no3TOMY cneKTp 1371-1381, BOT
JlH4He oT cneKTpa 11 O/, xapaKTepH3YeTcfl HaJlH4HeM KoHe4Horo 11oc
HOBHoro11 COCTOfiHHfl Eof 1381, TO eCTb B HeM OTCYTCTByeT np06JleMa 
11naAeHHfl Ha ~eHTp 11 • 

C APYrOH CTOPOHbl, cneKTP 1371-1381 TaK >Ke, KaK H cneKTpaJlb
HOe YCJlOBHe 1101, xapaKTepH3yeTCfl HeaHaJlHTH4eCKO~ 3aBHCHMOCTb~ 
YPOBHe~ 3HeprHH OT KOHCTaHTbl CBfi3H, a TaK>Ke cry~eHHeM 3Hepre
TH4eCKHX ypoeHe~ B npeAeJle E~O. 4TO H CJleAOBaJlo O>KHAaTb. 

1-13 Bb1WeCKa3aHHOrO BbiTeKaeT, 4TO HepeJlf!THBHCTCKH~ npeAeJl 
1371-1381 KBa3HnOTeHUHaJlbHOrO cneKTpa 1321 cy~eCTBeHHO OTJlH4a
eTCfl OT HepeJlf!THBHCTCKOrO cneKTpa 1101. 06bf!CHeHHe 3TOMY MO>KHO 
Ha~TH, aHaJlH3HPYfl noseAeHHe KBa3HnOTeH~HaJla Ha MaJlbiX H 60JlbWHX 
paCCTOfiHHfiX 120,21/. 

CooTeeTCTBHe Me>KAY KBa3HnoTeH~HaJlOM V(r) 1-1 noTeH~HaJloM 
e ypaeHeHHH WpeAHHrepa U(r) npo~e ecero MO>KHO ycTaHoBHTb c no
MO~b~ KBa3HnoTeH~HaJlbHOrO ypaeHeHHfl AJlfl nap~HaJlbHO~ BOJlHOBO~ 

<I>YHK~HH Uf(r) B KOOPAHHaTHOM npocTpaHCTBe: 

d2
uo(r) "'" ., 

----..,·,...· -· + l k - t1 tt :4:.L... I uf ( r) = V ( r) r dr' Ke ( r, r ') ue ( r'), 
dr2 r 2 o 

B pe3yJlbTaTe Hepenfln1BHCTCKoro nepexoAa m ... oo I E ... 0, 6oJlbWHe 
paccTOfiHHfll nony4aeM 

ID-+oo, 

a ypaeHeHHe 1391 nepeXOAHT e ypaeHeHHe WpeAHHrepa 

1391 

1401 

1411 

*nocJleAOBaTeJlbHOCTb YPOBHeH C n <0 COOTBeTCTByeT nocJleAo
BaTeJlbHOCTH ypOBHeH C n>O B cneKTpe 1101 H3-3a 3HaKa MHHYC 
B 3KCnOHeHTe 1371 no CpaBHeHH~ C 3KCnOHeHTO~ 1101. ,l\eJlO B TOM, 
4TO 3HaK MHHYC MO>KHO 6b1Jl0 6bl HanHCaTb H B 3KCnOHeHTe 1101, TOrAa 
nOCJleAOBaTeJlbHOCTH ypOBHe~, YXOAfi~HX Ha 6eCKOHe4HOCTb, COOTBeT
CTBOBaJlH 6bl OTPH~aTeJlbHble n (n < 0). 
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d
2
ur(r) I 2 f(f+l) !u (r)=m- 1 V(r)uy(r) -- + k- p /42/ 

C noTeH~~anoM, ~Me~~~M 8 KOOPA~HaTHOM npeACTaaneH~~ B~A 

U(r) = m- 1 V(r) = -,\r-2, A= gm- 1• /43/ 

CooTHOWeH~e /43/ ycTaHaan~aaeT COOTBeTCTB~e Me~AY noTeH~~anoM, 
CTOR~~M 8 KBa3~noTeH~~anbHOM ypaaHeH~~ /KBa3~nOTeH~~anoM/ V(~= 
= -gr-2, ~ noTeH~~anoM a ypaaHeH~~ WpeA~Hrepa U(r)" 

TaK~M o6pasoM, a pesynbTaTe nepexoAa K HepenRT~B~CTCKOMY npe
Aeny npo~CXOA~T TOnbKO 11 KOHe4HaR nepeHOpM~pOBKa 11 ~CXOAHOi:i KOH
CTaHTbl caRs~ g /nepexoA oT g .. ,\ = gm- 1 I, a a 6espasMepHbiX aen~-
4~Hax ~MeeTCR nonHOe COOTBeTCTB~e Me>KAY KBa3~noTeH~~anoM V(r) 
~ noTeH~~anoM U(r) Ha 6onbw~x paccToRH~RX. 

CoaceM no-ApyroMy o6cTo~T Aeno c noaeAeH~eM Kaas~noTeH~~ana 
Ha ManbiX paccTORH~Rx. Hs KBas~noTeH~~anbHoi1 Teop~~ ~saecTHo, 

4TO KBas~nOTeH~~anbHble ypaaHeH~R 11 pa3Ma3b1Ba~T 11 BOnHOBY~ <)lyHK~~~ 
a o6nacT~ Manblx paccTORH~i:i. Ecn~, Hanp~Mep, a <)lopMyne /40/ 
nepei:IT~ K npeAeny ManbiX paccToRH~i1 (m .. o)~. TO nony4~M I r ~ r' 

KOHe4Hbl/ 

Kp (r, r') "'Pn 
r+ r' 
r=7 

/44/ 

nTw-y.n.~ RLA.n.t-tn UTn 'lT() Rnnn nPlArTRLATPnh._.n 11 n;:::t-=-M~"=lhiR.::.PT 11 Rnn .... nRvtn 

<)lyHK~~~ B KBa3~noTeH~~anbHOM ypaBHeH~~ /39/ no o6naCT~ paA~YCOM 
nOPRAKa KOMnTOHOBCKOi1 An~Hbl BOnHbl 4aCT~~bl (- m-l). 

04eB~AHO, 4TO 11 pa3Ma3biBaH~e 11 BOnHOBOi1 <)lyHKLI~~ no o6naCT~ 
ManbiX paCCTORH~i1 npo~CXOAHT ~3-3a Han~4~R B KBa3~noTeH~~anbHbiX 
ypaaHeH~Rx, Hanp~Mep a ypaaHeH~~ AnR nonHoA aonHoaoi:\ <)lyHK~~~ 

\lit (1) : 

(~+k2 ) uk(r)=rm 2 -~)-t12 [V(r) u;(r)l, 

V(r) = I d 3q V(q2) eiqr', 

/45/ 

~HTerpanbHoro onepaTopa (m 2 -~)-l.:~onpeAenR~~ero penRT~B~CTCKoe 
wpeA~HrepoacKoe "APO~aH~e" 4aCT~~bl 1 2~ xapaKTepHoe AnR acex penR
T~B~CTCK~X ypaBHeH~i1, AOnycKa~~~X 06bi4Hyn ~HTepnpeTa~~~ aonHOBOi1 
<)lyHK~~~. 

TaKoe "pasMa3biBaH~e" sonHoaoi1 <)lyHKl.l~l-1 I-13MeHReT noaeAeHI-1e 
noTeH~~ana B npeAene ManbiX paccTORHI-1i1, 4TO 3KB~aaneHTHO ero 
perynRPI-13a~l-1~ Ha Manblx paCCTORH~RX. KaK ~3BeCTHO, CI-1HrynRpHble 
annoTb AO HynR noTeH~I-1anbl RBnR~TcR 1-1Aeanl-13al.l~ei1 1-1 He I-1Me~T MecTa 

*,[\nR npocToTbl AOCTaTo4HO orpaH~4~TbCR S-aonHoi:i. 
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a peanbHOM M~pe. B KOHKpeTHbiX 3aAa4aX TaKoro poAa noTeH~~anbl 

AOn~Hbl 6b1Tb MOA~<Il~l.I~POBaHbl a npeAene Manblx paccTORH~i1. K co~a
neH~~. KaK y~e oTMe4anocb paHee, perynRp~sa~~R c~HrynRpHoro 
noTeH~~ana, paccMoTpeHHoro a AaHHoi1 pa6oTe, a HepenRT~a~cTcKoi1 
Teop~~ He pewaeT npo6neMbl, TaK KaK ace <)l~3H4eCK~e aen~4~Hbl saa~
CRT He TOnbKO OT paA~yca o6pe3aHHR, HO ~ OT cnoco6a yCTpeMneH~R 
ero K Hyn~, TO ecTb npo6neMa c~HrynRPHbiX noTeH~Hanoa np~TR~eHHR 
8 HepenRT~BHCTCKOi:i Teop~~ He ~MeeT peweH~R. 

B cny4ae ~e ~cnonbsoaaHHR penRT~B~CTcKoro ypaaHeHHR AnR 
c~HrynRpHbiX noTeH4~anoa np~TR~eH~R caMo Kaas~noTeH~~anbHoe 
ypaBHeHHe MOAH<!J~l.I~PYeT nOBeAeHHe noTeHl.IHanoB Ha ManbiX paCCTOR
HHRX. Mo~HO CKa3aTb, 4TO npOHCXOA~T "perynRPI-13a~HR nocpeACTBOM 
penRTHBH3al.IH~ 11 HCCneAOBaHHR C~HrynRpHbiX noTeH~HanOB npHTR~eH~R 
B paMKaX KBa3HnOTeH~HanbHOrO nOAXOAa. 

C APYroi:\ CTOPOHbl, penRTHBHCTCKHi1 KOpeHb Jl+X2 B KBa3HnOTeH
~HanbHOM ypaaHeHI-11-1 /15/ 1-13MeHReT aCHMnTOTHKy T04HbiX peWeHHi:\ 
8 COOTBeTCTBI-11-1 C rpaHH4HbiMH ycnOBHRMI-1 /16/, B TO BpeMR KaK aCHMn
TOTHKa HepenRTHBHCTCKOrO ypaBHeHHR /7/ npOTHBOpe4Hna rpaHH4HOMy 
ycnOBI-1~ /16/ Ha 6eCKOHe4HOCTH /Hnl-1 B Hyne B KOOPAHHaTHOM npOCT
paHCTBe/. B HepenRTHB~CTCKOM cny4ae Heo6XOAHMO Y4HTbiBaTb o6a 
nHHei:IHO He3aBHC~MbiX peweHHR B OKpeCTHOCTI-1 6eCKOHe4HOCTH, no3TQ
MY onepaTop nHnnMaHa-WBHHrepa /7/ RBnReTCR He CaMOCOnpR~eHHbiM 
/~HAeKc Ae<)leKTa n a 1/, 1-1 B pesynbTaTe paCWHpeH~R onepaTopa AO 
CaMOCOnpR>KeHHOrO B peweHHRX nORBnReTCR 3aBHCHMOCTb OT npOH3BOnb
HOi1 nOCTORHHOi1. 8 penRTHBHCTCKOM >Ke cny4ae COOTBeTCTBHe rpaHI-14-
.... LIV \lrnnDIAI~ :"3r'IAI".I"TI""\TI.tU-.~.a T,....tii.J,......,.,... ,...,...,,,.....,,,, .. .,.. ....................... - ..... - .-..-••--••-••••-··-··· .,--·--·••• __ ..... , ........ ,, ...... ,, ,...,-,,,_ • ..., ..., ............... ,,.,,, ,,....,oJ~v,,n...,., VMrtv.,;tna..,nv 

Bb16paTb peweHHR, perynRpHble a Hyne, a rnaaHoe - Ha 6ecKoHe4HOCT~. 
no3TOMY KaaaHnoTeHl.IHanbHbiA onepaTop /15/ c caMoro Ha4ana RanR
eTCR caMoconpR~eHHbiM /HHAeKc Ae<)leKTa n = 0 I ,1-1, KaK cneACTBHe, 
KBa3HnoTeHL.1HanbHble peweHHR He 3aBHCRT OT npOI-13BOnbHbiX nOCTORH
HbiX /eM. /37/-/38//. 

AaTop BblpamaeT 6naroAaPHOCTb A.H.TaaxenHA3e, A.T.<IlHnHnnoay, 
B.r.KaAbiWeacKoMy, B.A.MaTaeeay, A.A.Xenawa1-1n1-1 1-1 H.6.CKa4KOBY 
aa HHTepec K pa6oTe 1-1 none3Hble aaMe4aHHR. 
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roroxHH B.lli. P2-83-352 
"flap;eHHe Ha u;eHTp 11 B KBa3HilOTeHIJ;HaJlbHOH TeOpHH 

llccnep;yeTCH KBa3HilOTeHu;HaJibHOe ypaBHeHHe ,!J;nH BOnHOBOH 
~YHKIJ;HH B HMnynbCHOM npOCTpaHCTBe B cnyqae CHHrynHpHoro noTeH-

-2 u;Hana npHTHJKeHHH U(r) ""-Ar . lloKa3aHo, qTo ,ll;HCKpeTHhiH cneKTp 
B HepenHTHBHCTCKOM npep;ene He 3aBHCHT OT ilpOH3BOnbHOH ilOCTOHH
HOH H B HeM OTCYTCTByeT npo6neMa "nap;eHHH Ha u;eHTp 11

• 3TH 
pe3ynbTaTbl HBnHIDTCH cnep;CTBHeM CaMOCOilpHJKeHHOCTH KBa3HilOTeH
IJ;HaJlbHOrO onepaTopa /HH,ll;eKc p;e~eKTa n = 0 I, B oTnHqHe oT 
onepaTopa JlHnnMaHa-lliBHHrepa /HHp;eKc p;e~eKTa n = 1 I. 

Pa6oTa BbinOnHeHa B Jla6opaTopHH TeopeTHqeCKOH ~H3HKH 0J15IH. 

Gogokhiya V.Sh. P2-83-352 
"Collapse onto Scattering Centre" in Quasipotential Theory 

Quasipotential equation for the wave function in the 
momentum representation is investigated for the case of sin
gular attractive potential U(r)=-Ar- 2. It is shown, that disc
rete energy spectrum in the nonrelativistic limit do not 
depend on an arbitrary constant and there appears no collapse 
onto scattering centre. These results are a consequence of 
self-adjointness of quasipotential operator in the momentum 
representation /"deficiency-index" n- 0 I in the comparison 
with Lippman-Swinger operator /"deficiency-index" n .. 1 I. 

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