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B HaCT0JIIII.eit pa6oTe o6cyJK.n:aeTCJI pJI.n: nonpocon, CBJI3amn.Ix c tm
cneHIThIM perneHHeM 3a,naq Ha co6cTBeHIThle 3HaqeHHJI n HMIIJm.CH0M rrpo
CTpaHcTne. O6LiqffO TaKHe 3a,natm B03Hm{aIOT B paMKax peJIJITHBHCTC~ 
Mo.n:eneit TeopeT~ecKoti: q>H3HKH, tmcJieHHoe Hccne.n:onaHHe KOTOpLix cy
mecTBeHHo CJI0~ee II0 cpaBHeHHIO C HepeJIJITHBHCTCKHMH M0,neJIJIMH. 

HarrpHMep, B HepeJIJITHBHCTCKOH IlOTeHIJ;lfaJII,HOH M0.D:eJIH OITHCaHHe 

crreKTpa TJI}I{eJILIX KBapK0HHeB [11 CB0.D:HTCJI K ypanHeHHIO III pe.u;mirepa, 
K0Topoe M0JKeT 6LITI, BLIITHCaH0 KaK n K00p.D:HHaTH0M, TaK H n HMITJJII,CH0M 

npe.n:cTaBJieHHH. IlpH 3T0M K00p.D:HHaTHaJI Il0CTaH0BKa 3a.n:atm JIBJIJieTCJI 
ropa3,no 6onee y.n:o6Hoti: c Toqm 3peHHJI tmcJieHHoro aHaJIH3a. 

C .n:pyroti: CT0p0HLI, peJIJITHBHCTCK0e o6o6meHHe 3TOH Mo.n:em B paMKax 
KX,U [2), Heo6xo.D:HMoe .D:JIJI e.D:HHoo6pa3Horo oITHcaHHJI cneKTpon nerKHX' 
H TJI}I{eJILIX KBapK0HHen, npHB0.D:HT K peJIJITHBHCTCKHM napHaHTaM ypanHe

HHJI III pe.u;mirepa, K0T0pLie B 0CH0BH0M paccMaTpHBaIOTCJl B HMITym.cH0M 
npocTpaHCTBe H He HMeIOT K00p.D:HHaTH0ro aHaJiora. 

·B KaqecTBe 3q>q>eKTHBHoro rroTeHIJ;HaJia MeJKKBapKonoro B3aHtrn.n:eti:
CTBHJI n peJIJITHBHCTCKHX Mo,neJIJIX KX,U o6LiqffO Hcnom.3yIOTCJI Te JKe no

TeHIJ;HaJILI, qTo H B HepeJIJITHBHCTCK0M cnyqae. B qaCTH0CTH, neCbMa no
nyJIJipHLIM JIBJIJieTcJI coqeTaHHe pacTyru;ero V1 H KyJioHoncKoro V d noTeH
IJ;Hanon: 

V(r) = Vi(r) + Va(r). (1) 

O.n:naKo .n:JIJI pJI.n:a noTeHIJ;Hanon BH.D:a ( 1), HHTepecHLix c q>H3~ecKoti: 
Toqm 3peHHJI, nonyqaeMLie 3a.n:atm TepJIIOT CMblCJI H3-3a cHHryJIJipIIoCTH n 
JI,npax HHTerpam.HLix ypanHemrn. B 0CH0BH0M 3T0 CBJI3aH0 C none.n:eHHeM 
II0TeHIJ;HaJia V(r) n HJJie H Ha 6ecKOHeqffOCTH. 

B JIHTepaType [3) o6cyJK.D:aeTCJI pJI.D: crroco6on TaK Ha3LinaeMoit "ne
peHopMHponKH"' HJIH MO.D:Hq>HKaa;HH HCX0.D:HLIX ypanHemrn, ycTpaHJIIOru;eit 
paCX0.D:HM0CTI, HHTerpaJI0B. IlpH 3T0M Hepe.D:K0 cnoco6 MO.D:Hq>HKaII;IIB cn.li-
3aH C K0HKpeTHLIM DH.D:0M Il0TeHIJ;HaJia. 

,Upyroit no.n:xo.n:, 6onee KoppeKTHLiit C MaTeMa~eCKO:tt T0qm 3peHIDI, 
npe.n:rronaraeT M0.D:Hq>HKaIJ;Hro He ypanHeHHJI, a Hcxo.n:noro noTeHIJ;HaJia Ha 
yponHe Koop.D:HHaTHoro npe.n:cTan.rieHHJI, HanpHMep, nyTeM ero annpoK
CHMaa;HH m!KoTopLIMH q>yHKa;HJIMH .. c "xopoIIIHMH" cno:ttcTBaMH. TaKHM 
o6pa3oM, HCXO.D:HLI:tt Il0TeHIJ;HaJI B. ypanHeHHH 3aMeHJieTCJI MO.D:Hq>HD;HpO
namn.IM 

(2) 

cnoitCTBa K0T0poro M0JKH0 HCCJie.n:onaTb Ha npHMepe HepeJIJITHBHCTCK0ro 
ypanneHHJI IIIpe.u;mirepa. lIHcJieHHo pernaJI 3TO ypanHeHHe n Koop.D:HHaT-
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HOM rrpe.n;cTaimemrn c rroT~ImHaJiaMH V(r) n VM(r), Mid MOJiteM cpaBHHTb 

rrony'leHIIlile .n;im n~io cocTomnm (~ ~ 0, 1, 2, ... ) co6cTBeHllble 3Ha'!emur 

En, E;;! H co6cTBeHH.hle <pYHJ{Ulm </>n, <!>':!. 
Mo.n;H<p:mmpoBaHIIlilii: IIOTeHIUiaJI-V M( r) ,l{OJIJReH 6hlTb rro.no6paH TaKHM 

o6pa30M, 'IT06hl yi<a3aHilhle crreKTpam,HI,Je xapaKTepHCTHKH COBIIa,n;aJIH C 

3a,l{aHHoii: TOq}IOCTbIO. € ,Zl;1IJI 3a.l{aHHoro KOHe'!Horo 'IHCJia COCTOJIIDrn N, 
T.e. 

.M 
IEn - En I< c, ll<l>n - </>~II < t, 0::; n::; N. (3) 

HopMa MO}KeT orrpe,neJI.HTbCJI, HarrpHMep, KaK 

' 00 

11</>n(r)- </>~(r)II ~ j(<f>n(r)- </>~(r))2dr. 
0 

0TMeTHM, 'ITO TOJIJ,KO rrpn: BhlIIOJIHeHHH COOTHOIIIel:ll'Iii: ( 3) <I>ypr,e - o6-

pa3 MO.n;H<pIDJ;HpOBaHHoro IIOTeHilll:aJia MO}KeT HCJIOJIJ,30BaTbCJI B KaqecTBe 

arrrrpoKCHMan;mi: HCXO.l{HOro IIOTeIIIUiaJia rrpn perneHHn peJI.HTHBHCTCKHX 
ypaBHemm B HMIIyJibCHOM rrpe.ncTaBJie.EIBH. 

M.ne.a 3aMeHhl HCXO.l{HOro IIOTeHU,EaJia HeKOTOP,hlM rrpn6IDUKeHHeM He 

JIBJI.HeTCJI HOBOii: ( CM., HarrpHMep, [2,3]). O.l{HaKO 'IHCJiemm:e n:crne.n;oBaIUUI 

TO'IHOCTH annpOKCHMaIUm Il3JIOlKeHIIliIM BhlIIIe crroco6oM He IIpOBO.n;HJIHCb. 

H y}I{Ho TaK}Ke OTMeTHTb, 'ITO 3a,namu.1ii: rroT~HLU1an V ( r) MolKHo MO

.n;Hq>Ilil;IlpOBaTb ITO-pa3HOMJ, Il XOTJI ,l{JI.H KaJK,ZJ;OH Il3 MO.n;H<pHKaIUlli 6y.nyT 

BhlII0JIHeHhl 'cooTHOIIIeHHJI (3), B IlMIIJJIJ,CHOM rrp;,ncTaBJieHHH OHH 6y,nyT 

BhlpalKeHI,J -qepe3 pa3Hhle 3JieMeHTapHhle q>yHKn;mi:. Ilpn 3TOM HeKOTOphle 

CIIOC06hl MO.n;H<pn:Ka:rurn: MoryT OKa3aTbCJI 6onee y,no6HhlMH ,l{JI.H 'IHCJieH

Horo nccne,noBaHHJI. Ilo3TOMY u;em,ro .naHHoii: pa60Thl JIBJI.HeTCJI rrpOBe,ne

HHe cpaBHHTem,Horo 'lllcJieHHoro aHaJIH3a TO'!HocTn Han6onee qacTo nc

rrom,3yIOJ.UHXCJI B JIHTepaType crroco6oB annpoKcHMan;mi: KJJIOHOBCKoro n 
JIHHeii:Horo rroTeHIJ;HaJIOB. 

B rrepBhlX .l{BJX pa3,nenax CTaTbH .naeTCJI MaTeMaTH'!eCKaJI IIOCTaHO

BKa 3a,na'!H Ha co6cTBeHHhle 3Ha'!eHHJI .l{JI.H ypaBHeHHJI III pe.n;HHrepa n 

o6cym,naeTCJI 0,l{HO IIOJie3HOe CB0HCTBO crreKTpa 3Toro ypaBHeHIDI ,l{Jl.H pac

CMaTpHBaeMoro KJiacca IIOTeHLU1aJIOB. B TpeTbeM Il '!eTBepTOM, pa3,nenax 

rrpe,nCTaBJieHI,J pe3JJibTaThl HCCJie,noBaHHJI HeKOTOphlX MO.n;Hq>HKaIUlli KJJIO

HOBCKOI'O Il JIHHeii:Horo IIOTeHLU1aJIOB. IIocne.l{Hn:ii:, IIJIThlli pa3,l{eJI IIOCBJI

meH 'IHCJieHHOMY perne.EIHIO peJI.HTHBHCTCKoro ypaBHeHHJI B paMKax O,l{HOH 

Il:3 peJI.HTHBHCTCKHX IIOTeHIJ;n:aJIJ,HI,JX MO,l{eJieH [4] C HCIIOJIJ,30BaHHeM HaH-

6onee y.n;a'!Hoii, Ha Harn B3rJIJl.l{, H3 rrpe,ncTaBJieHHhlx B '!eTBepToM pa3,nene 

2 

, 
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MO.n;HcpHKamni mrneii:Horo noTeHIJ;HaJia. IIony-qeHIU,Ie pe3ym,TaThl rrpHBo

.lL/ITCJI B cpaBHeHHH C pac'!eTaMH .n:pyrn:x aBTOpOB. RpoMe Toro, B 3TOM 

pa3,nene .n:am,1 npn6JIBJRe-HHbie ou;eHltll peJI.HTHBHCTCKOH rrorrpaBKH K cneK

TPY paccMaTpHBaeMoro ypaBIIeIDUI.. 
)],nJI pac'!eTOB HCITOJib30BaJIHCI, pa3pa6oTaHllhle Ha OCHOBe Henpephl-

BHOI'O aHaJiora MeTO,na Hr,roToHa [5] nporpaMMHhie naKeThl SLIPH4 [6] n 

~YSINT(SYSINTM) [7]. B yKa3aHHhlX pa6owx rro,npo6Ho oITHca1rn an

ropHTMhl Il Bhl'IHCJIHTeJIJ,Hhle cxeMhl, RaK Il3BeCTHO, TO'!HOCTb '!HCJleHHhlX 

pe3yJlbTaTOB 3aBHCHT OT RM - 1iapaMeTpa nepexo.n:a oT nony6ecKoHe'l

Horo HHTepBana HHTerpnpOBaHIDI [0, oo) R KOHe'IHOMY oTpe3KY [O, RM], a 

TaKlKe OT h - rnara ,n;ncKpeTHOH ceTKH Ha 3TOM oTpe3Ke. Bo Bcex pac

cMaTpHBaeMhlX HH}Ke cnyqaJIX TO'IHOCTb ITOJJyqeHiililX pe3JJlbTaTOB rrpOBe

pJIJiaCb 'lHCJieHHO Ha IIOCJie.U~BaTeJibHOCTil pacrnn:pmomn:xcJI HHTepBaJIOB 

[0, RM] H nocne.n:oBaTeJlbHOCTH crymaromn:xCJI ceTOK C TeM, 'IT06hl Bhl-

6paHIU,Ie napaMeTpbI h n RM o6ecnelIHBaJIH To'IHOCTh, cooTBeTCTByromyro 

TeopeTH'!eCKHM ou;e1maM ,n;HCKpeTHOH annpoKCHMaUJlli 3THX 3a,na'l B HC

IlOJib3yeMhlX nporpaMMaX. 8TO no,nTBepIB..n:aeT ,UOCToBepHOCTb H TO'IlIOCTb 

nony-qeHHhlX '!HCJielIHhlX p 83YJibTaTOB. 

1 06m;an: nocTaHOBKa sa,ZJ;a"lH 

3a,na-qa na co6cTBeHHhle 3Ha'leHIDI ,UJIJI ypaBHeHHJI Illpe,II,IDITepa B Koop,n;n

HaTHOM npe.n:cTaBneHHH (B cn:cTeMe e.n;HHHIJ; h = c = l) HMeeT cne.nyIOIIlHH 

BH.Zl: [8]: 

[
d2 l(l+l) A 1 dr

2 
+ 2µEn1 - r 2 - 2µV(r) <Pn1(r) = 0. 

3.n:ecr, µ - npHBe.n:eHHaJI Macca ( q>H3Il'!ecKHit napaMeTp MO,nem), En1 -
ypoBHH 3HeprHH cHcTeMhl, n = 0, 1, 2, ... , l = 0, l, 2, ... , V( r) - 3a,naHHhlH 

noTeHIJ;HaJI. B HaCTOJIIIIeii: pa6oTe Mhl 6y,neM ncnoJib30BaTb KynoHoBcKn:ii: 

noTeHIJ;HaJI 
Vc(r) = a.fr (4) 

H pacTyIIIHe IIOTeHIJ;HaJihl BH,Ua 

V1(r) = a'Yr"Y, 'Y > O. (5) 

BBe,neM 6e3pa3MepHhle nepeMeHlffiie 

x = r/ro, M = µ/µo, (6) 
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r.l(e ro - emnnm:a H3MepeHRII .l(mmiiI, µ 0 - emnnm:a H3MepeHIDI 3HeprHH 

( .l(aJiee 6y,n:eM noJiaran, r0µ0 = I ). Tor.l(a ypaBHeHHe lllpe.l(HHI'epa B 

ROOp.l(HHaTHOM npe.l(CTaBJieHHH 6y.l(eT HMeTI, BH,l(: 

[
d

2 
l(l+I) ] 

· dx 2 + 2M€n/ - x2 - 2MV(x) <Pnt(x) = 0, (7) 

r.l(e fn/ = Ent/ µo, V ( x) = V ( rox) / µo. I'palIBlIHide ycJIOBRII H ycJIOBHe 

HOPMHpOBRH onpe,l(eJIJII-OTCJI RaR 

00 

<Pnr(0) = 0, <Pnt( oo) = 0, j ¢;1(x )dx = 1. 

0 

YpaBHeHHe (7) B HMIIJJIJ,CHOM npe.l(CTaBJieHHH IIpHHHMaeT BH.l(! 

00 

[Q(p)- €nrJ<Pni(P) + j dqVr(p,q)<Pnt(q) = 0, 
0 

C JCJIOBHeM HOpMHpOBRH 

3.l(ech 

00 

j ¢;1(P )dp = 1. 
0 

1 2 
Q(p) = 2MP 

(8) 

(9) 

(10) 

<Pnt(P) = [§ J dx91(px)¢n1(x), 
0 

<Pnr(x) = 1§ J dp91(px)¢,,1(p), {11) 
0 

2 Joo . 
Vi(p,q) = ; dxV(x)91(px)91(qx) = 0, (12) 

0 

91 - cl>YHRIUrn PHRRaTH - BecceJIJI 

. sin f (21 + 1)91(() 
90(() = smf,91(() = -(--cos(,91+1(() = ( -91-1((),l > 0, 

0TMeTHM, qTo n;eJlhlii p.H.l( peJIJITHBHCTCRIIX o6o6ru:eHHii ypaBHeHRII 

lllpe.l(HHI'epa OTJIHqaeTCJI OT 3a.l(aqn (9) TOJIJ,RO BH.l(OM cpyHRD;HH Q(p) [9]. 
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2 06 0,IJ;H0M CBOHCTBe cneKTpa ypanHeHHJI 

Illpe,n;HHrepa c pacTymnM H KynoHoBcKHM 

noTeHn;HaJiaMH 

YpaBHeHHe lllpe.zumrepa .l(JIR noTeHII.RaJia (5) MO}IllO 3armcaTh B cpopMe: 

r.l(e 

,.,_, {'.:-,::, 

[ 
d2 c:,· l ( l + 1) • , "/] _ 

dx 2 + 2Mfn/ - x 2 - 2M:-yx <f>111(x) - 0, 

, a"lrJ 
O"-y = -

JLo 

t':-

- 6e3pa3Mepnan Bemi:qnHa. Tiocne MacrIITa6noro npe~gpa3oBaHRII 

I 

._, y = b:1:, b = [2M cr-y] ..,+2 

IIOJiyqaeM 

[ 
d2 l (l + 1 ) "/] 

dy2 + An/ - y2 - Y <Pnl(Y) = ,0, 

r.ue An/ = 2M fni/b2
• 

(13) 

( 14-) 

3aMeqaTeJihHhlM CBoiicTBOM cneKTpa ypaBHemrn ( 7) RBJIReTCJI TOT 

cpaKT, qTo OTHOIIre_rrne 
:rtJI An/ fnl 

Aol = fol 

He 3aBHCHT OT napaMeTpOB 3a.D,a•m M ll fr-y•. 

( 15) 

TI ~ (4),''( OCKOJihKY KJJIOHOBCKHll IIOTeHII.RaJI MOllteT 6hlTh 3a1mcaH B cpopMe 

(5),c I= -1 ll a_1 = n, CKa3aHHOe BhlIIIe OTHOCllTCR HI{ HeMy. 

3To CBOHCTBO RBJIReTCR oco6eHHO Ba}KHhlM rrpH •rncJieHHOM llCCJie.uo

BaHllll crreKTpOB Me30HOB, IIOCKOJlhKY rrpll cpaBHeHHH pacqeTHhlX .uaHHhlX 

C pe3yJihTaTaMll 3KCIIepHMeHTa He06XO,ZUIMO 3HaTh OTHOIIIeHHR Me}l{.uy ypo

flHRMH 3Heprllll B pa3HhlX COCTORHll.HX. ,ll,nn 3Toro npH' Kalli.UOM q>HKCH

ponaHHOM 3Ha•reHllll napaMeTpa ')' .ll,OCTaTO'IHO peIIIHTh ypanHeHne TOJlhKO 

O.l(HH pa3. 

,l],HnaMHKa H3MeHeHHR co6cTDeHHhlX 3Ha<JeHllll An/ 3a.D,a<rn ( 14) B 3a

BHCHMOCTH OT 1 (l = 0, 1,2, n = 0, 1,2,3) rrpe.ucTaBJieHa n Ta6m1ue l. 
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TAEJIMUA 1 

I l I n I , = 0,5 I , = 1 I , = 115 I 2 2 

0 0 1.833 2.338 2.70X 3.000 3.24'2 
1 2.551 4.088 5.856 7.000 8.313 
2 3.051 ,5.521 8.227 11.000 13.737 
3 3.229 6.787 10.732 15.000 19.:383 

1 0 2.300 3.:361 4.251 5.000 5.639 
1 2.854 4.884 6.966 9.000 10.938 
2 3.286 6.208 9.521 13.000 16.496 
3 3.646 7.406 11.969 17.000 22.244 

2 0 2.658 4.248 5.705 7.000 8.141 
1 .;,3.120 5.630 8.311 11.000 l~t609 
2 3.502 6.869 10.796 15.000 19.286 
3 3.833 8.013 13.194 19.000 25.124 

3aMeTMM, qTo JlJIJI IWMfornamrn IIOTemmaJIOB TaK me, KaK n JlJIJI peJIJITll

BllCTCKllX o6o6memrn ypaBHeHllJI Illpe]lllHrepa, ycJIOBlle ( 15) He BhlIIOJI

HJieTCJI. O]lHaKO ll B 3TllX cnyqaJIX OHO MO}KeT 6hlTh rroJie3HO Ilpll Bhl6ope 

naqam,Horo rrpn6JIIDKeHllJI JlJIJI co6cTBeHHoro 3HaqeHllJI. 

3 Mo~Hq>HKa~HJI KYJIOHOBCKoro IlOTeH~HaJia 

KynoHOBCKirn: IIOTemmaJI ( 4) B llMIIJJII,CHO~ rrpencTaBJiemrn: MomeT 6hlTJ, 

3arrn:can B cneny10men cpopMe: 

'H 

Vc(p, q) = ~ 1 dt P1(t) 
271" y - t' 

-1 

p2 + q2 
y = 2pq (16) 

3nec1, P1 - IIOJIBHOM JlemaHnpa. AHam,nnqecKoe Bhlpamernre JlJIJI co6-

cTBeHIIhlX 3Haqemrn: ypaBHeHllJI Illpe]lllHrepa rrpn M = 0,5 MMeeT BMJl 

[8): 

€~1 = 
Q2 

(n + l + 1)2 · 

qncneHHoe pernernre ypaBHeHllJI (9) c rroTemmanoM (16) He rrpen

cTaBJIJieT rrpIDill,MIIMafilHhlX TPYJlHOCTen, CBJI3aHIIhlx C CMHryJIJipHOCTblO 

11npa HHTerpana. OJlHaKo rrpn pernemrn: npyrnx ypaBHemrn B paMKax 

KX.11:, B qacTHOCTM, ypaBHeHMJI lliBMHrepa - .11:aiicoHa (3), MCIIOJib30Barnre 

6 

IIOTemmana (16) rrpHBOJlllT K HeycTpaHllMbIM paCXO,!J,MMOCTJIM MHTerpanoB 

(2). Ilo3TOMY 3,11.ech Mhl paCCMOTpMM BapMaHThl MO]lllq>MKa.lUIB KyJIOHO

BCKOrO IIOTemmana, o6ecrre'IlffiaIOllllle CXO,!J,MMOCTb MHTerpaJIOB B ypaBHe

Hllll lliBMHrepa - .11:aikoHa. IlocKOfilKY rrpaBllfilHOe acMMIITOTH'!eCKOe 

IIOBe]leHlle 3HeprMH KBapKa B 3TOM ypaBHeHMll (3) CBJI3aHO C ycJIOBMeM 

lim V(r) = O, 
r-+0 • 

i~ Mhl 6y,11.eM cTpOllTb MO]lll<p:mmpoBaHHhle IIOTemmaJIJiI c yqeTOM 3TOro Tpe-

6oBaHllJI. Ero BhlIIOJIHeHllJI nerKo ,11.06MTbCJI rryTeM BKJIJOqeHllJI Ii MO,ll.ll

cp:mmpOBaHHhlll rroTemman crreimaJIJ,HhlM o6pa30M Bhl6paHHOli KOHCTaHThl 

CM. II pn 3TOM cnenyeT rrpMIDiMaT1> BO BHIDvrnHHe, qTO B JIMHeliHhlX crreK

TpaJibHhlX 3a,11.aqax (TaKHX, HarrpMMep, KaK ypanHeHHe IIIpeJllllITepa), TaK 

me 1rnK B HeJIMHeHHOM ypaBiteHMll lIIBMHrepa - .11:aiicoHa, c,11.BMr rroTeHilH

ana Ha HeKoTopyIO KOHCTaHTY rrpHBOJlllT K C,11.BMrY crreKTpa Ha TY JKe CaMYIO 

ueJIBqMHY. 

BapnaHT I 

v,M( ) _ exp(-µ1x) - 1 C 
C X - a---'--'--'---- + M' 

X 

CM= 0µ1, (17) 

3,11.ec1> µ
1 

> > 1 - napaMeTp, 3HaqeHMe KOToporo ,n;oJIJKHo rro.n;6npaT1>CJ1 Ta

KMM o6pa30M, qTo6hl ,ll;JIJI 3a,11.aHHoro qncJia. COCTOJIHllli BhlIIOJIHIIJIBCb ycno

BllJI ( 3). B MMIIYJibCHOM rrpe,n;cTaBJieHMH rrpM l = 0 MMeeM: 

M a [ (p + q)2 + µ~ p + q 1 Vc(p,q)=-2 lnl( )2 21-2lnl-l +cMo(p-q). (18) 
p- q + µ1 . p- q 

OTMeTMM, qTO MCIIOJib30BaHMe aHaJIBTH'IeCKOrO BhlpaJKeHllJI BMeCTO cpop

MYJIJil (12) B 3TOM M cJienyI011lllX HMJKe BapMaHTaX cymecTBeHHO coKpamaeT 

BpeMJI cqeTa. 
.11:MHaMHKa M3MeHeHll11 co6cTBeHHhlX 3HaqeHirn: 3a,n;aq (7) M (9) rrpM 

H3MeHeHMH rrapaMeTpa µ1 rrpe,n;cTaBJieHa B Ta6mrue 2 ( a = -1, M = 015). 

Be3,n;e En/= En/ - CM, 
3,n;ec1, M ,n;anee rrapaMeTphl BhlqncJIBTeJibHOH cxeMhl no,n;6MpaJIBCh TaK, 

qTo6hl 06ecrreqnT1> coBrra,n;eHMe pe3JJibTaToB qncJieHHoro perneHllJI 3a,n;aq 

( 7) ll ( 9) C TOqffOCTblO 10-3• TaKMM o6pa30M, pacxoJK.n;eHlle qncJieHHhlX 

pe3yJibTaTOB C aHaJIBTH'IeCKHM perneHMeM CBJI3aHO B 3TOM M cJJeJlYI011lllX 

BapMaHTaX He C rrorpeIIIHOCTJ,10 BhlqnCJieHirn:, a C Bhl6opoM arrrrpOKCMMll-' 

py10mero rroTeHllllaJia. 
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TABJIHUA 2. 

n µ1 fnO (7) fnl (7) fn2 (7) fno (9) fnl (9) fn2 (9) 
0 5 -0.87529 -0.24962 -0.11111 -0.87603 -0.24997 -0.11111 
0 IO -0.95198 -0.24907 -0.11111 -0.95192 -0.24910 -0.11111 
1 5 -0.23400 -0.11098 -0.06247 -0.23490 -0.11100 -0.06247 
I IO -0.24813 -0.11111 -0.06249 -0.24809 -0.11111 -0.06247 
2 5 -0.10631 -0.06238 -0.03741 -0.10629 -0.06240 -0.03742 
2 IO -0.10931 -0.06247 -0.03747 -0.11057 -0.06243 -0.03742 

' 
Bap_HaHT 2. 

Vg1 (x) = o: [exp(-µ1x): exp(-µ2~)] +CM, CM = o:(µ1 -µ2), (19) 

µ1 > > 1 H µ2 < < 1 - napaMeTpld. HMIIym.rnoe npe.ncTaBneHHe noTeH

IU1ana npH l = 0 npHHHMaeT BH.n: 

v,M (p q) = ~ [1n l (p + q)
2 

+µ~I - In l (p + q)
2 + µ~ 1] + CM6(p - q). 

a ' 2 (p - q )2 + µ~ (p - q )2 + µ~ 
(20) 

Pe3ym.TaTIJ pac"leTOB npH o: = -1, M = 015 .naHIJ B Ta6nm:~e 3. 

TABJIHI.J;A 3 

n µ1 µ2 fno (7) fnl (7) fn2 (7) fno (9) fnl (9) fn2 (9) 
0 5 .01 -0.85548 -0.23012 -0.09212 -0.85513 -0.23012 -0.09212 
0 IO .001 -0.94991 -0.24795 -0.10912 -0.94922 -0.24800 -0.10913 
I 5 .01 -0.21462 -0.09218 -0.04436 -0.21463 -0.09213 -0.04432 
I IO .001 -0.24190 -0.10911 -0.06051 -0.24089 -0.10919 -0.06049 

2 5 .01 -0.08765 -0.06237 -0.03157 -0.08769 -0.06213 -0.03150 
2 10 .001 -0.10730 -0.06050 -0.03538 -0.10733 -0.06050 -0.03532 

Bap_HaHT 3 

VJ!(x) = Vi(x) + CM(x), (21) 

{ 

o:/ Xi; 0 $ X < X1 

Vi(x) = - · a/x, x1 $ x $ x2, 
0, X2 < X < 00 

CM(x) = o:/x1,0 $ x $ oo, 

r.ne X1 < X2 - napaMeTpld, KOTOplde no.n6HpalOTCJI TaK, qT06LI )ln.Jl 3a)laH7 

HOI'O l:JHCJia COCTOJIHHii o6ecnel:JHTI, BLIIlOJIHeHHe ycnomrn (3). 
B Ta6~e 4 .naHIJ proym.TaTIJ .nmI noro BH.na noTeHIU1ana npH 

o: = -1,M = 0,5. 

8 

ti 
}; 

. 

TABJIHUA.4 C 

n X1 X2 £no (7) fnJ (7) fn2 (7) tno (9) tnJ (9) in2 (9) 

0 ~:10 IO -0.98889 -0.25000 -0.11111 -0.98889 -0.25000 -0.11111 

0 .01 20 -0.99999 -0.25000 -0.11111 -0.99999 -0.25000 -0.11111 

1 .10 IO -0.24865 -0.11111, 3).06248 -0.24862 -0.11110· -0.06247 

I .01 20 , -0.25000 -0.11111 -0.06249 -0.25000 a0.11111 -0.06249 

2 .Hf \JO -0.11073 -0.06249 -0.03745 -0.11072 -0.06248 -0.03743 

2 .ihl i 20 -0.11111 -0.06250 -0.03749 -0.11110 -0.06250 -0.03748 

Tip1rneJI.eHHhie qHcJieHHLie pe3JJihTaThl neMOHCTpHpyroT 3aBHCHMOCTh 

" perneHHH OT napaMeTpOB annpoKcHMHpyroIUHX noTeHIUiaJIOB H Il03BOJIJllOT . 
oueHHTh HX npHMeHHMOCTh npH perneHHH 3a,naq B HMITym.cHOM npen-

CTaBJieHHH C r1eTOM Tpe6yromei1cJI TO'IHOCTH pacqeTOB. 

BapHaHT 4. PaccMoTpHM eme OJI.HY B03MO.lKHOCTh p'a6oTLI · c KynoHo

ncKHM noTemwanoM B,~ym.cttoM npeJI.cTaBJieHHH. TioTeHJUiaJI (16) npH 

l = 0 MOJKeT 6LITh 3aITHCaH B BH.ne 

(/ 
. 

Q p+q 
Vc(p,q) = -ln 1-1-

211' p - Q, 

,, (22) 

LI.JIJ1 ycTpaHeHHJI oco.6oil TO'lKH (npH p = q) MO.lKHb npeo6pa3oBaTh ypa

uneHHe ( 9) CJieJI.JlOIUHM ofipaaoM: 
() 

RM• 
1 2 J p+q b 

[
2
MP - Eno]</>no(x) + o: dqln l-:-l(</>11o(q)- </>no(p))+ 

0 p q 
c, ,., 

+ o:¢no(P}h(p) = 0, · (23) 

RM 

J p+q 
h(p) = dqln 1-1 = . p-q 

0 

=(RM+ p)ln(RM + p)- (RM - p)ln(RM - p) - 2plnp. (24) 

Tio.npo6Ho 'lHCJieHHoe perneHHe ypaBneHHJI lllpeJI.HHrepa B TaKoM no,nxone 

paccMaTpHBaeTCJI B pa6oTe [10]. AttanorH'lHldH npneM HCilOJih30BaJICJI npH 

perneHHH ypaBHeHHi1 lllBHHrepa-,llailcoHa H ·BeTe-ConnnTepa B pa6oTe 

[11]. 
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4 Mo~Hq>HRanHH paciy~HX IlOTeH:QHaJIOB 
. '., ,; 

• 
O61,prno cpe,mi: pacTymm< Il0TeHIU:1aJI0B BH,ll,a ( 5) B cneKTp0CK0ilHH a.u.po-

H0B npHMeHJUOTCJI mmefun.Ifi ( 1 = 1) H OCUHJIJIJITOpHhlH ( t''= 2) IlOTeH-

UHaJI1,J. . •. , 

OTMeTHM, qTo HCU0JII,3QBaHHe ocuriJIJIJITOpHoro noTeHIU:l~Jia, B 0TJIH

~e OT mmefiHoro, He npe.u,cTaBJIJieT npHHUHIJHaJII,HhlX TPY.ll.HOCTefi,,cBJI-

3aHHI,IX C noCTaHOBKOH 3a.u,aq B HMOJJil,CH0M npoCTpaHcTBe. f.lo3TOMY'~ Ha

~TO.IIIl{eH pa6oTe, X0TJI cpopMJJihl annp0KCHMHpyJOnm:x no:ieHIU:1aJIOB npH-

~- •'aoJUITCJI B o6rueM BH.u,e, qHcJleHHhle ·pe3yJI1,TaThl .u,aHhl .u,JIJI cnyqa11 1 = 1, 
TI pHBe.U.eM co6 cTBeHHI,Ie 3HaqeHHJI ypaBHeHHJI III p~.lUIHrepa npH -y = 

1, a1 = 1, l = 0, M = 0,5, npe.u,CTaBJieHHhle B [8]. ,. ' 

E;o = 2,:138, Eio = 4,088, E;o = 5,521, E;o ~ 6,787, E:o = 7,944, E50 ~' 9,023. 
0 

0 .... PacCMOTpHM HeCK0JII,K0 BapHaHT0B annpoKCHMaUHH ,ll,JIJI Il0TeHIU:laJia (5). 

Bai:>_HaHT I 
v.t(x) = Vi,.(x) + V2,.(x), 

Vi (x)= a {x,. -x1, 0 ~ x < XM 
I' • I' 0, XM ~ X < 00 ' 

V2,.(x) = a,.x1, 0 ~ x < oo, 
,~ 

r.u.e XM - napaMeTp noTeHUHaJia. ~ 

r,J 

(,) 

(25) 

(26) 

(27) 

OTMeTHM, qTQ B qacTH0M CJiyqae npH -y = 1, l = 0 Mhl HMeeM B HM-

nymcH0M npe.u.cTaBJieHHH 

VM (p, q) = Vi(p, q) + V2(P, q), 
·,'J 

(28) 
Iii 

V( )= 2a1 [sin2(0,,5(p+q)xM) _ sin2(0,5(p.:....q)xM)] 
1 p, q ( + )2 ( )2 ' 7r p q p-q (~9)\ 

'tw,,._J 

Vz(p,q) = 0'1XMO(p- q). (30) 

B Ta6JIHUe ,5 npe.u.cTaBJieHhl co6cTBeHHI,Ie 3HaqeHHJI, nonyqeHHhle npH 

-y = 1, l = 0,1,2, 0'1 = 1, M
0
= 0,5. o" 

Jlerno BH.U.eT1,, qTQ .u,JIJI ''ka.m.uoro Ha6opa ( n, l) Bhl~cJieHHhle co6cTBeH

Hhle 3Haqe~ Eni C0Bila.U,alOT C yKa3aHHI,IMH B [8] npH ycJI0BHH XM > fn/· 
T 6 

/':> V 
aKHM 0 pa30M, npaBHJll,HQCTI, pacqeTOB M0JKH0 JierK0 K0HTp0JIHpoBaTI, 

nyTeM Bhl~cnemrn Ha no~ne.u,oBaTemHocTH yBeJIHqlliJaJOn.cm<CR 3Haqemrn 

.. ,,.. 

10 

! 

j 
~ 

\;I 

napaMeTpa XAf. OTMeTHM, qTQ .u,aHHhlH cnoco6 armpoKcHMaUHH Hcxo

.u,Horo noTeHIU:laJia npe.u,cTaBJIJieTCJI HaM HaH6onee y.u,o6HhlM. 

TABJIMUA 5 

n XM fno (7) fnt (7) En2(7) £no (9) fnl (9), fn2{9) 
0 3. 2.31865 3.12290 3.84161 2.31862 3.12285 3.84160 
0 5. 2.33808 3.36075 4.24345" 2,33804 3.36072 4.24343 
0 7. 2.33811 3.36125 4.24818 2,33808 3.36121 4.24815 
0 10. 2.33811 3.36125 4.24818 · 2.33810 3.36124 4.24817 
1 3. 3.15919 4.62245 3.77400 3.15913 4.62213 3.77489 
r 5. 4.08088 4.82777 5.30294 4.08085 4.82776 5.30290 
1 7. 4.08794 4.88435 5.62885 4.08790 4.88431 5.62883 
1 10. 4'.08795 4.88445 5.62971 4.08793 4.88442 5.62968 
2 3. 4.81313 3.88672 4.35192 4.81309 3.88670 4.35190 
2 5. 5.17286 5.37217 6.56140 5.17283 5.37215 6.56132 
2 7. 5 . .51954 6.20067 6.83369 5.51950 6.20066 6.83366 
2 10. 5 . .52056 6.20763 6.86896 5 . .52052 6.20763 6.86893 
3 3. 4.23014 4.65850 5.15077 4.23009 4.65845 5.15075 ,·"', 
3' ' 5. 

,I 
5.62870 6.06615 6.50373 S.62865 6.06613 6.50371 

3 7. 6.74819 7.25408 7.64995 6.74817 7.25407 7.64994 
3 10. 6.78679 8.01273 8.01276 6.78675 7.40562 8.01269 

B~pHaHT 2 
:; 

v,,M(x) =a,.[< 22)exp(-µ1x)- l + µix],. 
µ1 X , 

(31) 

3.u,ec1, µ1 << 1 - napaMeTp. 

IlpH -y = 1, l = 0 HMIIJJII,CHoe rrpe.u.cTaBJieHHe paccMaTpHBaeMoro rro

TeHIU:1aJia rrpHHHMaeT BH,D; 

VM (p, q) = Vi(p, q) + Vz(p, q), {32) 

Vi(P, q) = ai [[In I (P + q)
2 

+ µ~ 1- _21n IP+ q 1] : (33) 
µ~ (p - q )2 + µ~ p - q 

2 
Vz(p, q) = a1- o(p- q). (34) 

µ1 

Pe3yJII,TaT1,1 pacqeT0B rrpH, == 1, a1 = 1, M = 015 rrpe.u.cTaBJieHhl B Ta-

6JIHUe 6. 
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TABJIMUA 6 

n /ll fno (7) fnl (7) £n2{7) £no {9) fnl {9) £n2(9) 
0 0.050 2.28978 3.26822 4.10422 2.28975 3.26820 4.10413 
0 0.001 2.33713 3.35938 4.24528 2.33708 3.35935 4.24525 

l 0.050 3.94074 4.67991 5.36406 3.94070 4.67987 5.36402 
1 0.001 4.08498 3.35938 5.62434 4.08494 3.35933 5.62431 
2 0.050 5.25293 5.87421 6.46686 5.25291 5.87413 6.46683 
2 0.001 5.51514 4.88032 6.86073 5.51509 4.88030 6.86067 

3 0.050 6.38338 6.93001 7.45939 6.38335 6.93007 7.45934 
3 0.001 6.77852 6.20086 · 7.99851 6.77845 6.20082 7.99848 

BapuaHT 3 

v:M( ) = [( 2 )exp(-µ1x) - exp(-µ2x) + (µ1 - µ2)x]'"Y 
'"Y X <T-y 2 2 '·=' 

µ1 - µ2 X 

(35) 
µ1 < < 1 H µ2 > > 1 - rrapaMeTphl. 

Ilpu 'Y = 1, l = 0 HMeeM cne,rzyromee HMIIYJII,CHoe rrpe,ncTaBJieHHe: 

yM (p, q) = V1(P, q) + V2(P, q), {36) 

Vi(p, q) = a1 [1n I (p + q)
2 + µf I - In I (p + q)

2 + µ~ 1] (37) 
µf - µ~ (p - q)2 + µf (p - q)2 + µ~ 

2a1 Vi(p, q) = --8(p - q). {38) 
µ1 + /J,2 

Peaym,TaThl pac"leTOB ,naHI,I B Ta6mm:e 7 (, = 1, a1 = 1, M = 0,5). 

TABJIMUA 7 

n /ll /l2 fnO (7) fnl (7) fn2(7) £no {9) £ni {9) fn2(9) 

0 0.050 5 2.28887 3.26685 4.10253 2.28886 3.26682 4.10250 

0 0.001 10 2.33696 3.33931 4.24216 2.:33694 3.33928 4.24213 

1 0.050 5 3.93885 4.66230 5.36327 3.93880 4.66227 5.36323 

1 0.001 10 4.08339 3.31894 5.62378 4.08335 3.31890 5.62375 

2 0.050 5 5.25137 5.86448 6.46584 5.25133 5.86445 6.46580 

2 0.001 10 5.51381 4.86996 6.85990 5.51378 4:86991 6.85987 

3 0.050 5 6.38244 6.92142 7.45671 6.38241 6.92137 7.45668 

3 0.001 10 6.77680 6.18772 7.99355 6.77678 6.18768 7.99350 

BTopoii H TpeTHH BapHaHThl, XOTJl H o6cyJK,naIOTCJl n JIHTepaType JlO

BOJII,HO qacTo [3,4], rrpe,ncTaBJIJIIOTCJI aaM MeHee y,na"IHJ.1MH no cpaBHeHHIO 

C rrepBhlM C TO"IKH apeHIDI TO"IHOCTH '1HCJieHHJ.1X peaym,TaTOB. 

12 

<: F" ~ 

0 
0 

BapnaHT 4 PaccMoTpHM eme O.n:HH npHeM perneHIDI ypaBHeHHii THna 

lllpe,rurnrepa c JIHHeiiHhlM noTemmanoM. IloJII,aynch TOJK!leCTBOM , 

.) ,.:;:. 

.:~ 1 .. 1 • 1 

I-~= -6~r-1- ;;12• p- qi p- qi 
0 Q39) 

. 0 
MJ.1 MOJKeM Bhlpa3HTh JIHHeHHhlH IIOTe.HIUlaJI 1Iepe3 KYJIOHOBCrurii, ~JIH ripe.n-

CTaBJieHHH KOTOporo, B CBOIO O11epem, HCIIOJih3yeTCH q>OpMyJia (22). T~Koii 

npHeM HCIIOJih3OBaJICH HaMH npH pernemm ypaBHeHHii lliBHHrepa - liaii

COHa H BeTe - CoJIIIHTepa B pa6oTe [11]. )],nn aana1m (9) B 3TOM c.iiy11aP no 

aii:anornn c napHaHTOM 4 npe.llhl.n:yrn.ero paa.nena Mhl nony<raeM cne,rzyrorn.ee 

ypaBHeHHe (l = 0): 

[;~p2 -fno]</>no(p)- ~[I~'+<t>'.:o(P)h+</>:,o(P)l~+</>no(p)IJ] = 0, (40) '· 

C, 

rne 

M 

RM 

J p+q • 
ft(p) = dqln 1-1(</>no(q) - </>no(p)), 

p-q 
0 

h(p) onpe.nenneTCH 'no <pcipMyJie {24). . 
• u 

TaKHM o6paaoM, Mhl nony"IHJIH aa,na11y Ha co6cTBeHHhle 3Ha1JeHIDI 

JlJIH HeJIHHe:iiHoro HHTerpo.n:H<p<pepeHIU1aJihHoro ypanHeHHH. )],JIH 1rncneH

Horo perneHHH 3TOH 3aJlaqJl HCIIOJil,3OBaJICH MO.n:Hq>IDUlpOBaHHJ.1H naKeT Ha 

ocHoBe nporpaMMJ.1 SLIPl [12]. Pe3ym,TaThl npeJlCTaBJieHhl B Ta6JIJ![UP 8 
(RM= 20, a1 = 1, M. = 015). 

YKa3aHHOe B Ta6JIHUe 3Haqem1e p, IIOJiy<IeHHoe no <popMyJie 

.) 
f.h ._ f.h/2 

p= ' 
f.h/2 - fh/4 

~ 

0 

cooTBeTcTByeT O(h2) - TeopeTHqecKoMy nopHMY CXOJlHMOCTH Bhl"IHCJIH

Tem,Hoii cxeMJ.1, peaJIH3OBaHHoii B nporpaMMe SLIPl. 
TABJIMUA 8 

h foo fto £20 

0.004 2.33465 4.08698 5:50375 
0.002 2.33710 4.08743 5.51731 

. 
Q 

0.001 2.33769 4.087.54 5.52068 ~ 

p 4.1 4.0 4.0 

' 13 ~ 
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:;i 

5 qHCJieHHOe pemeHHe o,n;Horo peJIJI'fHBHCT-

CKoro ypaBHeHHJI 
u 

?~ • .., 

\,-✓ 

PacCMOTpHM CJie,uyromee peJIRTHBHCTCKO~ ypaBHeHHe [4]: ·- ; 

.. ~-- oc,0 .. 

' [2✓p2 + m2 - (2m + Eni)]<Pnl(~) = - J dq\li(p,q)<Pnl(q). (41) 
0 

3.uech m~ = 2M - napaMeTp M0,lleJIH, \Ii - JIHHeHHhlll II0TeHIUfaJI, }lJIJI 

rrpeJlCTaBJiemuI K0T0poro HCII0Jih3yeTCJI cpopMa .(25-27). 3aMeTHM, qTQ 

ypaBHerrne (41) CB0}lHTCJI K BHJlY (9), eCJIH BMeCT0 Q(p) HCIIOJlh30BaTh 
,J 

Q(p) = 2{ Jp2 + m2 
- m). 

B Ta6mme 9 npenCTanJieHh! 3Haqemu1 E;!l J €no H E;;-~ ( n = 0, 1) rrpn 

pa3JIHqHhJX 3HaqemuIX napaMe!pa m JlJIR peJIRTHBHCTCK0H 3a}laqn ( 41) H 

}lJIR HepeJIRTIIBHCTCK0ro ypamiemuI Illpe}lHHr~a. B IIOCJie}lHeM rnyqae 

pacqeThl rrpoB0}lHJIHCh KaK B K00p}lHHaTH0M, TaK a B HMIIYJihCHOM rrpe}l

CTaDJieHJm. Ilpn 3T0M JlJIH KoopJlHH.aTHoii cpopMhl ypanHemm Illpe}lHH

repa HCII0Jlh3oBaJICJI HeMOJlHt:plfUHJ)OB,aHHhlll JIHHeiiHhlii rroTemu,i:aJI. Ilapa

MeTphl Bhl'IBCJIHTeJihHOii cxeMhl rron6npaJIHCh _T~KHM o6pa30M, qTOfihl o6ec

rre'IBTh C0BIIa}leIIBe co6CTBeHHhlX 3Ha~ieuaii,·-~IOJiyqaeMh!X rrpH' pemeIIBH 

3a}laq (7) H (9), Jl0 TpeThero 3HaI{a II0CJie 3aIIJITOH. 

TABJU1UA 9 CJ. 

m ENR 
00 E/}-o £1VH 

10 E{t 

0.01 10.888 3.134 18.983. 4.687 

0.10 5.037 2.971 8.807' 1 4.522 ,, 0.50 2.946 2Jjl3 5.150 3.986 

1.00 2.338 2.143 4.088 :-i.554 

2.00 1.856 1.782 3.245 3.033 

3,00 1.621 1.580 3.828 2.718 

.5.00 1.367 l.:J50 2.:rn1 2.337 

" lfa Ta6mu:.l.hl BHJlH0, qTo c yneJIHqeHHeM m 3HaqeHHe E yMemmaeTCH, 

rrpnqeM p0ememUI peJIRTHBHCTCK0r0 H HepeJIRTHBHCTCKOrO ypaBHeHaH CTa

H0BJITCJI 6JIH3KHMH. OTMeTHM, qTo }lJIR n = 1 c6JIIDKeHHe co6CTBeHHhIX 

;maqeHHH C poCT0M m rrpoHCX0}lHT Me}lJieHHee, qeM }lJIR n = o. 

(A, 14 

HeTpy}lHo II0JIY'IlfTh CBJI3h MeJKJlY pemeHif.JIMH { E~R, <t>f:iR} HepeJIR

THBHCTCKoro ypaBHeHHJI ( 9) n pemeHHJIMH { E;j, </>~} peJIHTHBHCTCKoro 
ypaBueHJUI (41). 

RM J dpvR(P)c/>1:(/(p)<f>~(p) 

ENR ER o nl - nl = -=---R-M _____ _ (42) 

j dpc/>1:(t(p)</>;;i(p) 
0 

r,ue 

p2[ 2 ], 
VR(P)= m l- ✓1+zj2/m2+1 VR(P) :2'. 0, 05:p-5:RM. 

TI pHMeHHJI TeopeMy 0 cpe}lHeM, rrpu: n = 0 C00TH0IIIeHHe ( 42) M0.lKHO 

rrepeIIHCaTh B BH.n:e: 

E{;f R - Ef/; = VR(~), 

me O < ~ < RM. OTMenIM, qTO 

min VR = VR(0) = 0, 
[0,PM] 

max VR = VR(PM), 
[0,PM] 

(43) 

AHaJIOI'HqffO/ rrpu: n = 0 M0.lKH0 II0JIY'IBTh CBJI3h co6CTBeHHhix 3Ha'IeHaii 

ypaBHeHJUI ( 41) .IJ.JIR .IJ.Byx 3Ha'IeHaii rrapaMeTpa m: m1 H m2. 

E{/;(m1) - E{/;(m2) = WR(~), (44) 

r.IJ,e 

[ 
m1 + m2 ] w(O = 2{m1 - m2) 1 - / / . 

e+m~+ e+m~ 
TaK KaK rrpH 6oJihIIIHX 3Ha'Ieffi11IX rrapaMeTpa m Ef;fR(m) ~ E{J(m), pa

BeHCTBo ( 44) M0.lKH0 rrepeII.HcaTh n Ba}le: 

E{j;(m1) ~ Et{R(m2) + WR(~). (45) 

IlpH n > 0 paneHCTBa (43),(44) Bh!II0JIHJIIOTCH rrpH6JIIDKemrn. 

CooTHorneHJUI ( 43),( 44) noJie3Hh! JlJIR K0HTpoJIH 'IHCJieHHhix pameTon, 

a TaKJKe .llJIH rrpn6JIIDKemrnii on:eHKH peJIJITHBHCTCKHX 3cpcpeKTOB 6e3 pe-
rneHHJI ypaBHeHJUI ( 41). · 

15 



AnaJiorll'Illhle oueII1UI peJIJITHBIICTCKoii rronpaBKH K crreKTPY MOlKHO 

IlOJIJqJITh H ,ll.JlJI .n.pyrIIX peJIJITHBHCTCKlIX BapHaHTOB ypaBHelillJI lllpe-

J];HHrepa. 
B Ta6JIIIUax lOa-B rrpe.n.cTaBJieHJ,I paccqinaHHJ,Ie HaMH oTHollielillJI 

Enif Eo1 rrpn n = l, 2, 3 H l = 0, 1, 2. LI.JI.JI cpaBHelillJI .n.am,1 pactJen,1 

H3 pa6oThl [13]. IloJiytJeHHJ,Ie HaMH pe3JJihTaThl rro.n.TBeplK.n.a10T c6moo.eHHe 

pellieinrii: peJIJITHBllCTCKOrO ll HepeJIJITHBHCTCKOro ypaBHeHIIH C pOCTOM rra

paMeTpa m. RpoMe Toro, ll3 Ta6JIIIU BHAHO, tJTO B HepeJIJITHBHCTCKOM cJiy

tJae B cnJiy cBoiicTBa (15) OTHOllieHHe Enif Eo1 He 3aBHCHT OT 3HatJelillJI m. 

TABJIIIUA 10a. l = O 

M(M3B) n Enif Eo1(NR) Enif Eo1(R) Enif Eo1(R) [13] 

300 1 1.75 1.69 1.63 

2 2.36 2.22 2.11 

3 2.90 2.68 2.51 

500 1 1.75 1.71 1.67 

2 2.36 2.28 2.18 

3 2.90 2.76 2.62 

1500 1 1.75 1.74 1.72 

2 2.36 2.34 2.30 

3 2.90 2.87 2.80 

TABJIIIUA 106. l = 1 

M(M3B) n Enif Eo1(NR) Enif Eo1(R) Enif Eo1(R) [13] 

300 1 1.45 1.40 1.43 

2 1.85 1.74 1.80 

3 2.20 2.04 2.13 

500 1 1.45 1.42 1.39 

2 1.85 1.82 1.71 

3 2.20 2.14 2.00 

1500 1 1.45 1.44 1.36 

2 1.85 1.83 1.67 

3 2.20 2.17 1.93 
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TABJIMUA lOB. l = 2, 

M(M3B) n Enif Eo1(NR) Enif Eo1(R) En1/Eo1(R) [13] 
300 1 1.33 1.28 1.31 

2 1.62 1.53 l.58 
3 1.89 1.75 1.82 

500 1 1.:33 1.:30 
) 

1.27 
2 1.62 1.56 1.51 
3 1.89 1.80 1.72 

1500 1 1.33 1.32 1.25 
2 1.62 1.60 1.47 
3 1.89 1.86 1.67 

3aKJnoqeHHe 

B pa6oTe rrpe.n.cTaBJieH cnoco6 'lHCJieHHoro HccJie.n.oBaHHH BJIHHHHH arr

rrpoKcHMaUHH IIOTeHUHaJIOB Ha TOlIHOCTh pellieHHH 3a.n.a11 B m.mym,CHOM 

rrpe.n.CTaBJieHHH. IIpoee.n.eHHhlH 'lHCJieHilhlH aHaJIH3 3aBHCHMOCTH perne

HHH ypaBHeHHJI lllpennHrepa OT BH.n.a arrnpOKCHMHpy10ruero ?OTeHUHaJia 

Il03BOJIHeT CJAHTb O rrpHMeHHMOCTH TOH HJIH HHOH MOAHcjHmauHH C ytieTOM 

Tpe6y10meiicH TOtJHOCTH pactJeTOB. 

B KJiacce paccMaTpHBaeMhlX IIOTeHUHaJIOB rroKa3aHa He3aBHCHMOC.Th 

OTHOllieHHH MelK.ll.Y co6CTBeHHhlMH 3HatJeHHJIMH OT napaMeTpOB ypaBHeHHH 

lllpenHHrepa. 

3q>q>eKTIIBHOCTh OMOH H3 rrpe.n.Jio.lKeHHJ,IX MO.ll.Hq>HKaUHii .n.eMoHcTpH

pyeTcJI Ha rrpHMepe perneHHH KOHKpeTHoro peJIHTHBHCTCKOro ypaBHeHHH. 

IIonytJeHIIl,Ie .ll.JIH yKa3aHHoro ypaBHeHHH rrpH6JIIDKeHHJ,Ie oueHKH peJIJITH

BHCTcKoii rronpaBKH K crreKTpy rro3BOJIHIOT, He pernaH ypaeHeHHe, orrpe.n.e

JlllTh BJIHJIHHe peJIHTHBHCTCKHX 3q>q>eKTOB Ha H3MeHeHHe crreKTpa ypaBHe

HHH B 3aBHCHMOCTH OT rrapaMeTpa MO.ll.eJlll. 

ABTop,hl HCKpeHHe rrpH3HaTeJlhHhI,6naro.n.apHI,I rrpoq>. lliH.ll.KoBy E.II. 

3a IIOCTOJIHHOe BHHM<llille K pa6oTe If IlOJle3Hhle 3aMetJaHHH, a TaKJKe Ma

tJaBapHaHH A.A. 3a rrpe.n.oCTaBJieHHJ,Ie MaTepHaJibl .ll.JIH TecTHpoBaHHH. 

Pa6oTa BhIIIOJIHeHa rrpH q>HHaHcoeoti noMep.lKKe P<I><l>M (Ko.n. rrpoeKTa 

94-01-01119). 
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