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Bo "tlottr TxaK (BbeTHaM) 

"tl:rrcJieHHOe HCCJie,n;oBaH:rre MO,n;eJieii BOJIHOBOH H KBaHTOBOH cpH3HKH B 
IIOCTaHOBKe o6paTHOH rrapaMeTpHT·IeCKOH cneKTpaJibHOH 3a,n;aqJ1 

B ,rr;:accepTaII;HH rrpe,rr;JioLKeH H T.IMCJieHHO peaJIH30BaH rro,rr;xo,rr; K HCCJie,rr;oBa
HHIO MaTeMaTW-IeCKHX Mo,rr;eJieH BOJIHOBOM H KBaHTOBOH cPM3MKH, KOTOpbre MoryT 
6bITb CBe,n;eHhl K "!aCTH'IHOH 3a,n;aqe IllTypMa-JIHyBHJIJIR Ha KOHe'IHOM HHTepBa
Jie MJIH K 3a,n;aqe ,Il;MCKpeTHOrO HJIH HenpepbIBHOro crreKTpa ,D;JI.H pa,n;HaJibHOro 
ypaBHeHHR Illpe,n;HHrepa. qHCJieHHO HCCJie,rr;OBaHbl xapaKTepMCTMKH cPH3H"IeCKHX 
CHCTeM B paMKax CJie,n;yIOIII;MX MaTeMaTH'leCKMX Mo,n;eJieil:, KOTOphie IIpHBe,n;eHbl K 
o6paTHOil: rrapaMeTpM'IecKoll: crreKTpaJihHOil: 3a,rr;aqe: 1. Mo,n;eJih rpa,n;:aeHTHoro orr
TH"!ecKoro BOJIHOBo,rr;a c aKBH,n;ncTaHTHbIM crreKTpoM BOJIHOBO,D;HhIX MO,rr;. 2. Kop
peKn;H.H rroTeHn;HaJia ,rr;JI£ pac"IeTa cneKTpa MOJieKyJihI Bo,n;opo,n;a. 3. YTO"IHeHMe 
cpe,n;HeKBa,n;paTH"IHoro pa,n;Myca .H,n;pa reJIHR-6. 4. 06paTHaa 3a,n;aqa pacceaHHa 
Ha c¢epH"IeCKH CHMMeTpH"IHblX IIOTeHn;IIaJiax, 3aBHC5IIII;HX OT rrapaMeTpOB. 

06paTHa.H crreKTpaJibHaa 3a,rr;aqa CBO,IJ;HTC51 K 3a,n;aqe MHHIIMH3a:U:HH ITO rrapa
MeTpaM cPYHKII;IIOHana, rrpe,n;cTaBJIRIOIII;ero co6oil: cyMMY KBa,rr;paToB OTKJIOHeHHil: 
3a,rr;aHHbIX xapaKTepHCTHK Mo,n;eJIIIpyeMOil: cPH3M"IeCKOH CMCTeMbI OT HX TeopeTH
qecKIIX 3Ha"IeIIMH. ,Il;Jia Ka)K,IJ;OH HCCJie,rr;yeMoli B ,n;:rrccepTan;IIH MO,n;eJIH COCTaBJieH 
KOHKpeTHblH BH,Il; cPYHK:U:HOHaJia. ,Il;JI.H MHHHMH3a:U:HH cPYHKII;HOHaJia HCIIOJib3YIOT
ca rrpon;e,n;yphI rroKoop,n;nHaTHoro cnycKa H HeJI,rr;epa-MI:I,n;a. ,Il;JI.H penreHHa rrpa
MbIX crreKTpaJibHblX 3a,n;aq MCIIOJib3YIOTC5I HTepan;HOHHbie cxeMbl Ha OCHOBe 0606-
rn;eHHOro HerrpephIBHoro aHaJiora MeTo,rr;a HbroToHa (HAMH). 

Vo Trong Thach (Vietnam) 

Numerical investigation of models of wave and quantum physics in 
the formulation of inverse parametric spectral problem 

In the thesis we have proposed and numerically realized an approach to 
investigate mathematical models of wave and quantum physics, which can be 
reduced to a partial Sturm-Liouville problem on a finite interval or to a problem 
of discrete or continuous spectrum of the radial Schrodinger equation. We have 
investigated numerically the characteristics of physical systems of the following 
mathematical models, which are conducted to inverse parametric spectral problem: 
1. Model of gradient optical waveguide with equidistant spectrum of waveguide 
modes. 2. Correction of potential for computing the spectrum of molecular hydro
gen. 3. Adjustment of the root mean square radius of the nucleus 6 He. 4. Inverse 
scattering problem on parameter-dependent spherically symmetric potentials. 

The inverse spectral problem is reduced to the minimization problem with 
respect to the parameters of the functional, which is formulated by the sum of 
square of deviations between the given values of the characteristics of physical 
systems and the corresponding theoretical ones. Each of the investigated models 
in the thesis was formulated by a specific type of the functional. The functional is 
minimized by methods of the coordinate descent and Nealder-Mead. The direct 
spectral problems have been solved by iterative schemes, which are based on the 
generalized continuous analog of Newton's method (CANM). 



OBIJJ;A.5I XAPAKTEPI1CTI1KA PABOTbI 
B ,n;HccepTar:i;1n1 rrpe,n;Jio)KeH M 'IHCJieHHO peaJIH30BaH rro,n;xo,n; K HCcJie,n;oBa

HHIO MaTeMaTII'!eCKHX Mo,n;eJieit BOJIHOBOH H KBaHTOBOM cPH3HKH, KOTOpbie MoryT 

6bITb CBe,n;eHbI K '!aCTM'!HOH 3a,n;aqe lllTypMa-JfayBHJlJUI Ha KOHe'IHOM MHTepBaJIC 

MJIH rroJiyocH I), 2). B rrocJie,n;HeM cJiyqae sTo 3a,n;a'IH ,n;HcKpeTHoro HJIH Herrpepbrn

Horo crreKTpa ,n;m:r pa,n;HaJibHoro ypaBHeHHR llipe,n;HHrepa 3). 

B "'IaCTH'!HOH 3a,n;a-qe lllTypMa-JfayBHJIJIR ,II;JIR mrnefiHoro ,II;HcPcPepeHr:i;HaJib

Horo ypaBHeHHR 

d2 d 
'PC1\X, y) = [dx 2 + 2p(x) dx + q(x) - Ar(x)]y(x) = 0, a~ x ~ b, (1) 

c rpaHH'!HbIMH ycJIOBH5lMH 

<p(l+i)(A,y) = [di(A,x)dd +!i(A,x)]y(x)I =0, 
X x=x(i) 

(2) 

i = 1, 2; x(l) = a, xC2) = b H ycJIOBHeM HOpMHpOBKH 

b 

'P(4\.\, y) = I [y(x )]2dx - 1 = 0, (3) 
a 

r,n;e A - '!HCJIOBOH rrapaMeTp, p(x), q(x), r(x), di(A, x), fi(A, x) - 3a,n;aHHhie 

cPYHKII;HH, (di(A, x)2 + fi(A, x)2 > 0), Tpe6yeTC5l Bbl'!HCJIHTb co6cTBeHHOe 3Ha

'!eHHe A = A* H cooTBeTcTByroru;ee eMy perneHHe y(x) = y*(x) 3a,n;a'!M (1)-(3) 
HJIH KOHe'IHYIO IIOCJie,II;OBaTeJibHOCTb {A~, y::i(x)}, m = 0, 1, ... , ffimax co6cTBeH

HbIX 3Ha'lemrit A = A~ rr cooTBeTCTByroru;rrx perneHHH y ( x) = y::i ( x). 

,I(JIR pa,n;HaJibHOrO ypaBHeHM5I llipe,n;MHrepa 

d2 L(L + 1) 
[-d 2 + 2ME - 2 - V(x)]y(x) = 0, 0 ~ x < oo, (4) 

x x 

r,n;e M > 0 - rrprrBe,n;eHHaR Macca KBaHTOBofi crrcTeMhI, E - 9HeprHR, L = 
0, 1, 2, ... - op6HTaJibHbIM MOMeHT, v ( x) - IIOTeHJ::i;HaJI B3aHMO,II;eHCTBFI5l, orpaHFI

'!eHHbie HeTpFIBHaJihHbie perneHH5l y(x) - BOJIHOBbie cPYHKII;HFI, y,n;oBJI8TBopmoru;1-ie 

ycJiomno perynRpHOCTH 

y(O) = 0, (5) 

B ,II;HCKpeTHOM crreKTpe E = E(v) (E < 0, v = 0, 1, 2, ... - Brr6pau;MoHHOe '!HCJio) 

HMeIOT 9KCIIOHeHr:i;rraJibHO y6brnaroru;yro aCHMIITOTHKY 

y(x)--+ c'ljJ(x) = cexp(-v-2MEx), x--+ oo, (6) 

r,n;e c - IIOCT05lHHa5l. 

1 lliHJIOB r. E. MaTeMaTH'I6CKHM aHaJIH3. - M.: Cl>FI3MaTrH3. 1961. 437 c. 
2 fJia3MaH H. M. IlpHMbie MeTO,!l;bI Ka'IeCTBeHHoro crreKTpaJibJ:IOro aHaJIFI3a CFIHryJIHpHbIX 

.n;mpc:J?epem.1,HaJibHbIX orrepaTOpOB. - M.: CI>n3MaTrH3. 1963. 338 c. 
3 Jian.n;ay JI. ,I.I;., J1H¢rmrl.l, E. M. KBaHTOBaH MexanHKa. - M.: HayKa. 1974. 752 c. 
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"lfaCTII'IHaa sa,n;aqa ,II;HCKpeTHOro crreKTpa COCTOHT B Bbll:£HCJieHHH KOHel:£HOH 

rrocJie,n;oBaTeJibHOCTH 3Hal:£emrit 9HeprHH E = E(v) H cooTBeTCTByrom;nx BOJIHOBhIX 

cPYHKI.J;HH y(x) = y(v)(x), V = 0, 1, 2, ... , Vmax· 

B HerrpepbIBHOM crreKTpe (E > 0) HeTpHBHaJibHhie BOJIHOBbie cPYHKI.J;HH y(x) 
3a,n;aT.J:H ( 4)-(5) cym;ecTBYIOT ,n;.rrn Bcex 3Haqem1li E II HMeIOT ocn;HJIJIHpyrom;yro 

aCHMIITOTHKY 

y(x)-tAsin(kx- 1
27r +b"L), x-too, (7) 

r,n;e k = V2M E - HMIIYJibc, A - aMIIJIHTy,n;a, b"L = 6L(k) - c}?asa pacceamrn. 

"tfacTwrnaa sa,n;aT.J:a HerrpephrnHoro crreKTpa saKJIIOT.J:aeTCZI B Bbr<-mcneHHH 

,IJ;JIZ! 3a,n;aHHOH KOHeT.J:HOH IIOCJie,n;oBaTeJibHOCTH 3Hal:£eHHH HMIIYJibCa k = ki BOJI

HOBbIX cPYHKI.J;HH y ( x) = y ( ki) x) H COOTBeTCTByIOm;Hx 3HaT.J:eHHH c}?as pacce5IHH5I 

6L = bL(ki), 'l = 1, 2, .. ., imax· 

PaccMaTpHBaIOTCR TaKHe MaTeMaTHT.J:ecKne Mo,n;emr, 3aBHCHMOCTb KOTOpbIX 

OT ,n;orroJIHHTeJibHbIX rrapaMeTpOB j5 = (P1, .. ., Pn) rrpHBO,Il;HT K 3aBHCHMOCTH OT 

3THX rrapaMeTpOB crreKTpaJibHbIX 3a,n;aq (1)-(3), (4)-(6) II (4),(5),(7) H HX peme

HHH. 

Jipeano,J1,a2aemc.R7 "{,ffiO pewe'/iU.R 3ffiUX saaa"{, cyt«eCm6y10m. 
B paMKax paccJ.VraTpnBaeMbIX Mo,n;eJieit TeopeTH'IeCKHe 3Hal:£eHHR n3yqaeMbIX 

xapaKTepI:ICTIIK cPII3Hl:£eCKHX CHCTeM Z!BJIZ!IOTCZ! cPYHKI.J;HOHaJiaMH OT crreKTpaJib

HbIX xapaKTepHCTHK, TO eCTb pemeHI:Iit yKasaHHbIX crreKTpaJibHbIX sa,n;aq 

{ 
{A~(p), y;.(x, p)}, m = 0, 1, .. ., mmaxi sa,n;aqa (1) - (3), 

z(p) = {E(v)(p), y(v)(x,p)}, v = 0, 1, .. ., Vmaxi sa,n;a'-m (4) - (6), 
{ b"L(ki, p), y(ki, x, p)}, i = 1, 2, .. ., imaxi sa,n;aqa ( 4), (5), (7). 

(8) 

TaKHM o6pasoM, ,II;JIR KaJK,n;oit I:IccJie,n;yeMoil: Mo,n;eJII:I B03HHKaeT o6paTHa5I rra

paMeTpwrncKaZ! crreKTpaJibHaR 3a,n;aqa: ITO sa,n;aHHbIM ( 9KCIIepI:IM8HTaJibHbIM IIJIH 

TeCTHpyeMbIM) 3Ha'IeHHZ!M xapaKTepHCTHK cPH3I:Il:£eCKOH CHCTeMbl Tpe6yeTCZ! B ,n;o
rryCTIIMOti o6JiaCTH fl ITapaMeTpOB MO,lJ;eJII:I j5 E fl BOCCTaHOBIITb CIIeKTpaJibHYIO 

sa,n;aqy (To eCTb HaHTII j5 = p*), c IIOMOm;bro KOTOpoti o6ecrre'-mBaeTCZ! MHHHMaJib

HOe OTKJIOHemrn sa,n;aHHbIX 3HaqeHHti xapaKTepHCTHK OT TeopeTIIl:£eCKHX. 

Pememie 9TOti sa,n;aqH MO.JKHO CBeCTII K sa,n;aqe MHHHMH3an;mr ITO rrapaMeT

paM p = (p1, pz, .. ., Pn) E fl cPYHKI.J;HOHaJia KBa,n;paTIIl:£HOrO THIIa 

s 

(9) 

r,n;e fj - 3a,n;aHHbie ( 3KCrrepIIMeHTaJibHbre IIJIH rrpe,n;JiaraeMbie ,D;JIZ! HCCJie,n;oBaHHZ!) 

3Hal:£eHHZ! xapaKTepHCTHK MO,D;eJIIIpyeMOH cPH3Hl:£eCKOM CHCTeMbI, <Pj(z(p) )- cPYHK

I.J;HOHaJibI, COOTBeTCTByrom;He TeopeTnqecKHM 3Hal:£eHHZ!M 9THX xapaKTepHCTHK H 

3aBHCZ!m;IIe OT pemeHHti z(p) (8) rrapaMeTpH30BaHHOH crreKTpaJibHOH sa,n;aqH Ma

TeMaTHl:£€CKOit MO,Il;eJIH, Wj - BeCOBbie K03cPcPIIIJ,HeHThl (wj > 0), s - KOJIIfieCTBO 

3a,n;aHHbIX ,n;aHHbIX. 0THOCIITeJibHbIH MHHHMYM B sa,n;aqe (9) BCer,n;a cym;ecTByeT B 

BbI6paHHOH o6JiaCTH n. ITo ero BeJIHl:£HHe H 6JIH30CTH K a6coJIIOTHOMY 3HaqeHHIO 
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"O" MO:>KHO cy,n;HTb KaK o cooTBeTCTBHH rrapaMeTpnsau;nH crreKTpa.n:bHOH sa,n;a

"IH H BbI6paHHOH o6JiaCTH 0 B MaTeMaTH"IeCKOH MO,Il;eJIH H3y-qaeMOH cPH3H't!eCKOH 

CHCTeMbl, TaK ll 0 TO't!HOCTH orrpe,n;eJieHIDI rrapaMeTpOB Mo,n;eJIH. 

AKTyaJibHOCTb pa6oTbI. 

IIpoBepKa rrpnMeHHMOCTH MaTeMaTH"IeCKOH Mo,n;errn, cl>opMarrnsoBaHHOH B 

BH,n;e ypaBHemrit, saBHC.HII.J;HX OT rrapaMeTpoB, ,n;JIB ormcaHH.H Ha6mo,n;aeMbIX xa

paKTepncTHK nsy-qaeMOH cPH3H"IeCKOH CHCTeMbl .HBJrneTC.H Ba:>KHbIM maroM rrpn 

o6ocHOBaHHH 9Toit Mo,n;eJIH. B ,n;HccepTaI.J;HH 't!HCJieHHO nccJie,n;oBaHhI xapaKTepn

CTHKH cPH3H't!eCKHX CHCTeM B paMKax CJie,n;yrom;HX MaTeMaTH't!eCKHX MO,n;eJieit, KO

TOpble rrpHBe,n;eHbl K o6paTHOH rrapaMeTpH"<IeCKOH crreKTpaJibHOH sa,n;a"<Ie (9): 
1. Mo,z::i;eJib rpa,n;ueHTHoro onTH"lecKoro BOJIHOBo,n;a c 9KBH,Ll;llCTaHT

HbIM cneKTpOM BOJIHOBO,lJ;HblX MO,ll; 4 ), 5). 

3a;n;a-qa KOHCTPYHPOBaHHR OIITH"<IecKoro BOJIHOBo,n;a c 9KBH;n;HCTaHTHbIM crreK

TpoM .HBJI.HeTC.H aKTYaJibHOH, IIOCKOJibKY ,Il;J!R perHCTpau;1m BbIXO,Il;HOro CHrHa.n:a 

TaKoro BOJIHOBO,n;a rrpom;e H3rOTOBHTb paspemarom;yro OIITH'1eCKYIO JIHHeHKy. Tex

HOJIOrH"<IeCKH 9Ta sa,n;aqa pemaeTCR MeTO,Il;OM HMIIJiaHTaD;HH HOHHOro rry't!Ka B BOJI

HOBO,ll;HbIH CJIOH, paCIIOJIO:>KeHHbrH Ha IIO,Il;JIO:>KKe. B pesyJihTaTe o6pasyeTCR BOJI

HOBO,Il;HblH CJIOH c 9KCIIOHeHI:i;HaJibHO H3MeHRIOIIl;HMC.H IIOKa3aTeJieM rrpeJIOMJieHH.H. 

3a,n;a'1a orrpe;n;eJieHH.H crreKTpa BOJIHOBO,:n;Hofi MO,ll;bl ( Ey) .HBJIReTC.H sa,n;aqeit 

II1TypMa-J1nyBHJIJI.H (1~-(3), r,n;e A. = /32 - crreKTpa.JibHhIH rrapaMeTp, p(x) = 
0, r(x) = 1, q(x) = n (x,p) - aCHMMeTpl'.PIHbIH 9KCIIOHeHD;HaJibHbIH rrpoQ:>HJib 

rroKasaTeJIR rrpeJIOMJieHH.H BOJIHOBo,n;a. BeKTop rrapaMeTpoB Mo,n;eJin p = ( d, C:::i.) 
COCTOHT H3 ,n;Byx KOMIIOHeHT: d - BbICOTa HMIIJiaHTHpOBaHHOro CJIO.H, C:::i. - BbICOTa 

SKCIIOHeHI.J;lla.JibHOro pocTa IIOKa3aTeJI.H rrpeJIOMJieHH.H. 

,L(JIR SKBH,ll;llCTaHTHOCTH crreKTpa co6CTBeHHbIX 3Ha't!eHHH /3J (p) (/3~ (p) > 
/3H'P) > /3~ (p) > ". > f3'1v (p) > 0) Tpe6yeTC.H BblIIOJIHeHne CHCTeMbl paBeHCTB 

P1(P) = P2(P) = ... = PN(P), (10) 

r,n;e Pi(P) = f3]_ 1(p) - /3](p), j = 1, 2, ... , N = N(p). 3a,n;a-qa o rrpn6JIH:>KeH-

HOM BbIIIOJIHeHHH CHCTeMbl paBeHCTB (10) CBe,n;eHa K o6paTHOH rrapaMeTpH"IeCKOit 

crreKTpaJibHOit sa,n;aqe (9). 
2. KoppeKn;HH IIOTeHD;llaJia ,ll;JIH pac"leTa cneKTpa MOJieKyJibl BO,lJ;O

po,z::i;a. 

3a,n;a-qa Bb1'1HCJieH:EIH crreKTpa (ypoBHeH SHeprHH ll COOTBeTCTBYIOIIl;HX BOJI

HOBbIX cPYHKD;HH) MOJieKyJibl BO,n;opo,n;a (H2) CJIY:>KHT xopomHM TeCTOM .IJ;JIR KOM

IIbIOTepHbIX rrporpaMM pemeHH.H ypaBHeHH.H IIIpe.z:i;nHrepa B ,n;HcKpeTHOM crreKTpe 

(4)-(6). To"<IHOCTb "<IHCJieHHbIX pesyJibTaTOB orrpe,n;eJIReTc.H HX cpaBHeHHeM c BbICO

KOTO't!HbIMH ;n;aHHhIMH cneKTpocKOIIH"<IecKHX H3MepeHHH ypoBHefi 9HeprnH H 2 6). 

IIo 9THM :>Ke ,n;aHHbIM B pa6oTe 6) BoccTaHOBJieHa noTeHI:i;1rnJihHa.H KPHBaH (To ecTb 

rrpn6JIH:>KeHHO pemeHa o6paTHaH cneKTpaJibHaH sa,n;a"<Ia), npe,n;cTaBJIRrom;aR Ta6-

JIH'1HO sa,n;aHHYIO cPYHKI:i;HIO Ha 0Tpe3Ke 0.4 s x s 10 c HepaBHOMepHbIM maroM. 

MeTo,n; npeo6pasoBaHH.H STOH Ta6JIHD;bl ,)];JIB sa,n;aHHR IIOTeHI:i;naJia v ( x) B KOHKpeT

HOH nporpaMMe saBHCHT OT peaJIH30BaHHOro B Heit aJirOpHTMa pemeHH.H sa.z:i;aqn 

4 MaMc l\I. BBe,n;emrn B TeopHIO onTH'ieCKHX BOJIHOBO,D;OB. - M.: MHp, 1984. 512 c. 
5 MapKyae ,[I;. OIITH'iecKHe BOJIHOBO,D;bI. - M.: MHp, 1974. 574 c. 
6 Sharp T.E. Potential-energy curves for molecular hydrogen and its ions// Atomic Data 

and Nuclear Data Tables. - 1971. - Vol. 2. - Pp. 119-169. 
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( 4 )-( 6), TO"IHOCTh BocnpoH3Be,n;emrn: cneKTpocKonwi:ecKHX ypoBHe:11 ::itteprHH H 2 

TaIOKe 3aBHCHT OT 3TOro M€TO,n;a. 
Bo3HHKaeT 3a,n;a'!a o ITOBhimemrn TO'IHOCTH BocrrpoHsBe,n;emrn sKcrrepHMeH

TaJihHhIX 3Ha'!eHHH ypOBHeii 3HeprHH rrpH sa,n;aHHbIX rrapaMeTpax aJiropHTMa pe
meHH.H sa,n;aqn: (4)-(6) 3a C'IeT KoppeKIJ;HH TIOCTpoeHHOro ITO Ta6Jinu;e IIOT€HIJ;H
aJibHOH KpHBOH IIOTeHu;HaJia v ( x). 0 ,Il;HH H3 IIO,il;XO,ll;OB K pemeHHIO 9TOH sa,n;ai:i:H 
3aKJIIO'Ia€TC.H B rrapaMeTpl:I3au;:rrn IIOT€HIJ;HaJia v ( x) = v ( x' p) H CBe,n;eHHH ee K 
o6paTHOH rrapaMeTpH'-I8CKOH crreKTpaJibHOM sa,n;aqe (9). 

0TM8THM, 'ITO rrpn pemeHHH CTau;HoHapHoro TpexMepHoro ypaBHeHH.H Illpe
,Il;HHrepa MeTo,n;oM J1.B. KaHTopoBH'Ia OHO rrpHBO,IJ;HTC.H K 6ecKOHe'-rnoli cncTeMe 
pa,n;naJihHbIX ypaBnennli. AKTYaJibHOH 5IBJI5IeTc5I sa,n;aqa rrocTpoemrn scpcpeKTHB
HhIX rrpH6JIHLKemr:ti: 9TOM CHCT€Mbl c IIOMOIIJ;bIO CllCTeM He60JibIIIOro 'IHCJia ( O,Il;HO, 
,n;Ba) ypaBHeHHH rrpn ycJIOBHH coxpaHeHH.H acrrMIITOTHK rroTeHu;naJIOB, orrpe,n;e
JIRIOIIJ;HX HerrpepbIBHbIH crreKTp, H BOCIIpOH3Be,n;eHH.H c Heo6xo,n;HMOM TO"'IHOCTbIO 
sa,n;aHHhIX TO'IeK ,n;ncKpeTHoro crreKTpa 7). B u;nTHpyeMoli pa6oTe ,Il;JI.H pemeHH.H 
9TOH sa,n;ai:i:n rrpHM€H.H€TC.5I M€TO,ll; rrpo,n;omKeHH5I no rrapaMeTpy, KOTOpbIM CJiy:arnT 
s¢¢eKTHBHa5I Macca ltl KBaHTOBOH CHCT€Mbl. Ilpe,n;Jio:>KeHHbIH B ,n;nccepTaIJ;llH 
rro,n;xo,n; 5IBJI.HeTC.H pa3BHTH8M 9TOro MeTo,n;a. 

3. °YTO"!HeHHe cpe,n;HeKBa,n;paTH"!Horo pa,n;Hyca a,n;pa reJIHH-6. 
B Mo,n;eJiax a,n;epnoii: cPH3HKH mnpoKo ncrroJibsyeTC.H noTenu;naJI By,n;ca-CaK

coHa, KOTOpbifi HMeeT BH,Il; S) 

x-R 
U(x) = Vo(l + exp(--)t1, 

a 

r,n;e V0 , R, a - rrapaMeTpbr. 

(11) 

,lJ;JI.H rr3yqeHH5I pacce.HHll.H HeliTpOHOH36bITO'IHhIX a,n;ep reJIH.H-6 (6 He) 
BbICOKOH 9HeprHH Ha R,n;pax ymepo,n;a-12 (12C) B pa6oTe 9) HCIIOJib30BaJiaCb 
ho:-Mo,n;eJih, B KOTopoii .H,n;pa 6 He paccMaTpHBaJIHCb KaK KnacTep, cocTaBJieHHhiii 
H3 ,rr,Byx cpparMeHTOB: a,n;pa 4 He H ,n;nHe:fiTpoHa (2n). XapaKTepHCTHKH B3aHMO
,rr,elicTBMa cpparMeHTOB OIIHCbIBaIOTC.H B TepMMHax sa,n;ai:i:n ,ll;HCKpeTHoro crreKTpa 
( 4)-( 6). ,lJ;JIR rrepexo,n;a B CHCTeMy 8,11,IIHHIJ; ha-MO,ll;8JIH B ypaBH8Hllll ( 4) neo6xo
,ll;HMO BhIIIOJIHHTh cne,n;y10rn;rre rro,n;cTaHOBKH: E = ->., 2M = 0.06380480686 -
KOHCTaHTa, Bbipa:>Ka10rn;aac.H qepe3 rrpHBe,n;eHHYIO Macey cpparMeHTOB, 

V(x) = V(x,p) = -2MU(x), (12) 

r,n;e U(x) - rroTenu;rran By,n;ca-CaKcoHa (11), f5 =(Vo, R, a) - BeKTOp rrapaMeTpOB. 
Besy3JIOBa5I BOJIHOBaa cpyHKIJ;H.H rrpeo6pa3oBaHHoro ypaBHeHHR III pe,n;nHrepa ( 4) 
y(o) ( x) ( L = 0), HOpMrrpoBaHHa.H ycnoBHeM 

7 Bn:mrn;KHH C.H., IlJ'3bIHHH H.B., Ily3hn-nrna T.II. IlpocToe acl>cl>eKTHBHOe a,n.Ha6aTH
qecKoe npe,n;cTaBJieHHe B 3a,n;aqe Tpex Ten H Mo,n;enHpoBaHHe nepexo,n;a KBa3HCTan;HoHapHoro 
cocTORHH5I B cna6ocBR3aHHoe ,D;JI5I dtµ-Me3oMoJieKyJibr// 5!,n;epHaa cPH3HKa. - 1992. - T. 55, 
Bbm. 12. - C. 3271-3277. 

8 <I>morre 3. 3a,n.aqrr no KBaHTOBo:it MexaHHKe. - M.: Mnp, 1974. T. 1, 2. 
9 Lukyanov V.K., Zemlyanaya E.V., Lukyanov K.V. Estimation of the breakup cross 

sections in 6 He+12C reaction within high-energy approximation and microscopic optical 
potential// International Journal of Modern Physics E. - 2011. - Vol. 20, No. 9. - Pp. 
2039-2047. 
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00 I y(o)(x) 2dx = 1, (13) 

0 

npe,n;cTaBJUieT cPYHKu;:mo CBH3H cJ?parMeHTOB. CooTBeTCTByrom;ee e:ti: co6cTBeHHoe 
3Ha'!emre A CB5I3aHo c 9Hepnre:ti: pas,n;eJieHHH cJ?parMeHTOB E cooTHOIIIeHHeM A = 
2.25E, a cpe,n;HeKBa,n;paTH'!HhI:ti: pa.n;rryc H,n;pa 6 He BhI'IHCJI5IeTC5I no cJ?opMyJie 

00 1/2 

Rrms = (J y(O)(x)2x2dx) (14) 
0 

IlpH 3Hai:i:eHH:HX napaMeTpOB noTeHI:i;HaJia (11) 

Vo = 28.3, R = 1.45, a = 0.3 (15) 

B IJ;HTHpyeMo:ti: pa6oTe 9) BhI .. mcJieHhI 3Ha'IeHHe E = 0.975, xopoIIIo Bocnpon:sBo
.n;Hm;ee ar<:cnepHMeHTaJibHoe 3Hai:i:eHrre aHeprHH pa3BaJia .H,n;pa 6 He, rr sHa'!eHHe 
Rrms = 2.62. TaM )Ke OTMei:i:eHo, 'ITO paHee 6bIJIO IIOJiyi:i:eHO 3Ha'IeHHe Rrms = 
2.586 .n;pyrHMH aBTOpaMH B paMKax KpynHOMaCIIITa6Ho:ti: o6oJioqei:i:Ho:ti: (LSSM) 
MO,Il;eJIH 51,D;pa. 

CpaBHeHHe H yToi:i:HeHHe TeopeTII'!eCKHX 3Hai:i:eHH:ti: cpe,n;HeKBa,n;paTH"'-IHoro 
pa,n;n:yca Rrms H,n;pa 6 He rrpe,n;cTaBJIHeT HHTepec .n;JI.H pa3BHTH.H Mo,n;eJie:ti: .H,n;pa. 
9Ta sa.n;ai:i:a MO)KeT 6bITb paCCMOTpeHa B nocTaHOBKe o6paTHO:ti: napaMeTpH'IeCKO:ti: 
cneKTpaJihHO:ti: sa,n;aqH (9) B cPH3H'IeCKH ,n;onyCTHMOM OKpeCTHOCTH 0 3Ha'!eHH:ti: na
pa:t11eTpOB (15) noTeHu;HaJia By,n;ca-CaKCOHa (11) c yqeTOM 9Kcrrepn:MeHTaJibHoro 
3Ha'IeHirn 9HeprHH pasBaJia E H.n;pa 6 He H npOBep.HeMbIX 3Ha'-IeHH:ti: Rrms· B paM
Kax ha::-Mo,ri;eJIH ITO BeJiwnrne MHHHMyMa (9) MOfKHO cy,n;HTh 0 TO"IHOCTII Ka:tK,n;oro 
3Ha'IeHH.H Rrms· 

4. 06paTHruI 3a,z:i;aqa pacce5IHJUI Ha c<Pepl'.P-IeCKH CHMMeTpH"CJ:HbIX 

IIOTeHl'.J;Ha.T.Iax, 3aBHC5II.IJ;HX OT rrapaMeTpOB. 

06paTHaH 3a,n;aqa pacce.HHH.H - cPYH.n;aMeHTaJibHa.H 3a,n;a-qa TeopeTH'ieCKO:ti: 
cPH3HKH, pemeHHe KOTOpoli II03BOJI5.£eT ycTaHOBHTb B3aHMo.n;e:ti:CTBHe ¢parMeHTOB 
cPH3H"leCKO:ti: CHCTeMhl ITO 9KCIIepHMeHTaJihHO Ha6Jiro.n;aeMhIM xapaKTepHCTHKaM 
HX paccesrnmi:. 

B paMr<:ax ypaBHeHH5I Illpe,n;n:Hrepa (4) aTa sa.n;ai:i:a o BoccTaHOBJieHHH no
TeHu;n:aJia v ( x) no H3BeCTHhIM aCHMIITOTH'IeCKHM CBOHCTBaM (7) ero pemeHH:ti: 
5IBJIHeTc.H HeKoppeKTHO:ti:, a ycJIOBH5I noJIHOTbI Ha6Jiro,n;aeMoli HHcPOpMau;trn, Heo6-
xo,n;HMhie ,Il;JI.H pa3peIIIHMOCTH sa,n;ai:i:H, npaKTH'IeCKH He BhIIIOJIH.HIOTC.H. 

B OTJIH'!He OT MaTeMaTH'!ecKo:ti: nocTaHOBKH o6paTHo:ti: 3a,n;ai:i:n: KBaHTOBo:ti: 
TeOpHH pacce.HHH.H, ,Il;JI.H KOTOpo:ti: pemeHbI BOIIpOCbI cym;ecTBOBaHH.H H e,n;HHCTBeH
HOCTH peIIIeHH.H (cM., HarrprrMep, rn), CTp. 200-223), rrpe,n;JiaraeTC.H yrrpom;eHHbI:ti: 
BapHaHT, HO 6oJiee rrpH6JIH)KeHHhIH K cPH3H'!eCKOH IIOCTaHOBKe. B 9TO:ti: IIOCTa
HOBKe rrpe,n;rroJiaraeTC.H, "'-ITO IIOTem:i;n:aJI v ( x) B ypaBHeHHH ( 4) ,ll;OIIOJIHHTeJihHO 
3aBHCHT OT rrapaMeTpOB KBaHTOBOll CHCTeMbI. BoccTaHOBHTb noTeHu;HaJI v ( x) B 
paMr<:ax BhI6paHHoro rrapaMeTprrqecKoro ceMe:ti:cTBa V ( x, p), r.n;e p - BeKTop rrapa
MeTpoB H3 3a,ZI;aHHO:ti: 06JiaCTH 0, ITO 3a,n;aHHOMY Ha6opy 3Ha"':IeHHH cPa3 pacCe.HHH.H 

10 :tllap'IeHKO B.A. OrrepaTophr IllTypMa-Jfo:ymrmrn: H nx rrpmmm:eHmr. - KneB: HaYKo
Ba ,l]JrMKa, 1977. 330 c. 

5 



o1 = { OL(ki), i = 1, 2, .. ., m} 03HaqaeT HaHTFI B8KTOp rrapaMeTpOB f'", ,n;mr KOTO

poro ,IJ;OCTHraeTCZI MFIHHMYM cPYHK1IHOHaJia 

m 

<J?(p) = I)c5L(ki) - oL(ki,P))2 , (16) 
i=l 

r,n;e 8L(ki,P) - 3HaqeHFie HaH:,n;eHHOH ¢a3bI pacceZIHFIR B sa,n;aqe (4), (5), (7) c BbI-

6paHHbIM IIOTeHJ:I;FiaJIOM V(x,p), p E n rrpH k = ki FI sa,n;aHHbIM 3Ha'l:emreM L. 
B qacTHOCTFI, rroTeH1IFiaJioM V ( x, p) Mo:tKeT 6hITh o,n;FIH FI3 Mo,n;eJibHhIX rroTeH1IHa

JIOB, rrpHM8HZieMbIX B pa3JIH'-IHbIX pas,n;eJiax KBaHTOBOH MexaHHKH (HaIIpHMep,8l). 
3a,n;aqa MHHHMH3a1IH5I cPYHK1IHOHaJia (16) rrpe,n;cTaBJIReT qacTHbIH CJiy"<IaH: sa,n;a

qrr ( 9). TaKoH: rro,n;xo,n; K perueHHIO o6paTHoH: sa,n;a'IH pacceRHHZI He ZIBJI.HeTCZI cTpo

rFIM, o,n;HaKo, ,n;aeT B03MO:tKHOCTh rrpeo,n;oJieTb Tpy,n;HoCTFI, o6ycJIOBJieHHbie HeKop

peKTHOCTbIO sa,11;a<rn FI orpaHFI'i8HHOCTbIO 8KCIIepFIM8HTaJibHbIX ,n;aHHbIX. 

PaccMoTpeHHhie Mo,n;eJIH, orrHcbrnaeMhie rrp.HMhIMH crreKTpaJibHhIMH sa,n;aqa

MH, perneHHZI KOTOpbIX orrpe,n;eJIZIIOT TeopeTFI'ieCKFie xapaKTepHCTHKFI cPH3FI'ie

CKHX CHCTeM, o6'be,II;FIH8Hbl e,n;HHbIM IIO,ll;XO,II;OM K HX HCCJie,n;oBaHHIO B paMKax 

o6paTHOH rrapaMeTprrqecKoH: crreKTpaJibHOH: sa,n;aqFI. IIapaMeTpH3a1IHZI rrpzi:Moli 

sa,n;aqrr 3aBHCFIT OT M3y'iaeMOH MO,II;eJIH. 0Ha MO:tKeT 6bITb BbIIIOJIHeHa KaK BBe

,n;eHHeM ,II;OIIOJIHHT8JibHbIX rrapaMeTpOB ,n;mr C,II;BHra 'l:aCTH ,ll;HCKpeTHoro crreKTpa 

(HarrpHMep, 11l), TaK H ecTeCTBeHHbIM o6pasoM, Kor,n;a IIOT8H1IHaJibl (K08cPcPFI1IH

eHTbI) rrpZIMOH sa,n;aqFI 3aBHCZIT OT rrapaMeTpOB MO,ll;8JIH. 0,n;HaKo, aHamrTrrqecKoe 

perneHHe crreKTpaJibHbIX sa,n;a'i ,IJ;JI.H 8THX MO,IJ;eJieH: rrpaKTFiqecKH HeB03MO:tKHO. 

IIosToMy Ba:tKHYIO pOJib B TaKoM rro,n;xo,n;e FirpaeT s¢¢eKTFIBHhIH BhI'-IHCJIFITeJih

HbIH arrrrapaT ,IJ;JI.H pac'ieTa TeopeTrrqecKHX xapaKTepHCTHK cPH3HqeCKI:IX CHCTeM, 

BKJIIOqa.H qHCJI8HHOe perueHFie rrp.HMhIX crreKTpaJibHbIX sa,n;aq, H BblqHcJieHHR rra

paMeTpOB MO,Il;€JIFI, o6ecrre'iFIBaIOIIIHX MFIHHMaJibHOe OTKJIOHeHHe TeopeTrrqecKHX 

xapaKTepFICTHK OT sa,n;aHHbIX. 

B ,n;HccepTaIIHM ,n;.rrn perueHHZI crreKTpaJibHhIX sa,n;a'-I (1)-(3), (4)-(6) H (4), 
(5), (7) HCIIOJib3YIOTC5I HTepaIIHOHHhie cxeMbI Ha OCHOBe o6o6IIIeHHOro HerrpepbIB

Horo aHanora MeTo,n;a HbIOTOHa (HAMH) 12) c BbI6opoM HTepaIIHOHHoro rrapa

MeTpa, o6ecrre'iHBaIOIIIero OIITHMaJihHYIO CXO,lJ;FIMOCTb HTepa1IHH B 3aBFICHMOCTFI 

OT HeBZI3KH rrpH6m1:tKeHHoro perneHHZI. C1rnrym1pHhie sa,n;a"IH (4)-(6) H (4), (5), 
(7) arrrrpoKCFIMIIPYIOTCH peryn.HpHbIMH Ha KOHeqHOM HHTepBaJie 0 ::::; x::::; b rryTeM 

rrepeHoca aCHMIITOTFI"ieCKHX YCJIOBHH (6) H (7) B ,II;OCTaTO"IHO y,n;aneHHYIO TO"i

Ky x = b » 1. I1pH6JIH)K8HHaH sa,n;aqa ,Il;FICKpeTHOro CII8KTpa ,n;oorrpe,n;eJIH8TCH 

ycJIOBI:IeM HOpMHpOBKH (3), CKOppeKTHpOBaHHbIM ,II;JIH y"ieTa aCHMIITOTHKH Ha IIO

JIYOCH, a rpaHM'-IHOe YCJIOBI:Ie rrpH x = b HMeeT BH,lJ; (2). I1pII6JIH)K8HHaZI sa,n;a'ia 

pacceZIHH.H cPOPMYJII:IpyeTCZI KaK rpaHH"IHaH sa,n;aqa c H8JIHH8HHbIM rpaHHqHbIM 

ycJIOBHeM rrpH x = b, B KOTOpOM HeH3B€CTHaH <Pasa pacceZIHHZI HCKJIIO"'!eHa. <I>asa 

orrpe,n;eJIZI8TCZI IIOCJie BbI"IHCJieHHZI c IIOMOIJJ;bIO HTepan;rrH: BOJIHOBOH cPYHK1IHH c 

yqeTOM ee aCIIMIITOTHKH. ,Il;JIZI ,IJ;HCKpeTHOH arrrrpOKCHMan;rrn sa,n;aq rrpHM8H5I€TCH 

11 3axapbeB B.H., KocToB H.A, IlJiexaHoB E.B. To'-rno pernaeMbie o,n;Ho- H MnoroKaHaJih
Hhie Mo,n;eJirr (ypoKH KBaHTOBoii HHTYIID;HH I). 9qA5J:. 1990. T. 21, Bhm. 4. C. 914-962. 

12 Ily3hIHHH H.B., AM11pxaHoB H.B., 3eMmrna.H E.B., IIepByrnHH B.H., Ily3LIHirna T.II., 
CTpmK T.A., Jiaxno B.,D;. 06o6iu;eHHhiii HerrpephIBHbiii anaJior MeTo,n;a HbloToHa ,D;JI5I '"IHCJieH
Horo HccJie,n;oBaHII5I HeKOTOpbIX KBaHTOBo-rroJieBhIX Mo,n;eJieii/ / <l>H3HKa sJieMeHTapHbIX '"lacnru; 
H aTOMHoro 5I,D;pa (9qA5I). - 1999. - T. 30, Bhrn. 1. - C. 210-265. 
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pasHOCTHa}l cxeMa c TO'IHOCThIO arrrrpOKCHMan;nn: O(h4), r,n;e h - mar paBHOMep

Ho:H ceTKH. 

Bb16paHHhiil qn:cJieHHhI:H MeTo,n; o6ecrre'lHBaeT ycTo:H'IHBoe pemeHHe rrp}!MhIX 

crreKTpaJibHhIX 3a,n;a'-I ,Il;JI}l mrne:M:HbIX ,n;mpcl;>epeHn;HaJibHhIX ypaBHeHHll BTOporo 

IIOp}l,IJ;Ka c KOHTpOJIHpyeMOH TO'IHOCTblO B ,JJ;OCTaTO'-IHO IDHpOKHX o6JiaCT}lX ,IJ;HC

KpeTHOro H HerrpepbIBHoro crreKTpa. OH JierKo o6o6:u:i;aeTc}l Ha MHoroKaHaJihHhie 

3a,n;aqn ,)J;JI}l CHCTeM ,n;n:cl;>cl;>epeHirHaJihHhIX H HHTerpo-,n;n:cl;>c}?epeHI:i;HaJibHbIX ypaB
HeHHil 12). 

,Il;JI}l pemeHH}l o6paTHOH rrapaMeTpn:qecKOH crreKTpaJibHOH 3a,n;aqn: HCIIOJib-

3YIOTC}l rrpoBepeHHhie aJirOpHTMbI MHHHMH3an;n:n: KJiaccn:qecKH:H MeTO,IJ; IIOKOOp

,IJ;HHaTHOro crrycKa 13) rr coBpeMeHHhr:H MeTO,JJ; Hen,n;epa-Mrr,n;a (HarrpHMep, 14)), He 

Tpe6y10in;He BhI'IHCJieHII}l npOH3BO,D;HhIX cPYHKI:i;HOHaJia. 

Pa3pa6oTKa KOMIIJieKCOB rrporpaMM, peanrr3y10:u:i;rrx anropHTMhI pemeHH}l 

rrocTaBJieHHhIX crreKTpaJibHhIX sa,n;aq, B rrporpaMMHOH cpe,n;e MAPLE }lBJI}leTrn 

aKTyaJihHOH, IIOCKOJihKY BOCITOJimieT HX OTCYTCTBHe B 9TOH cpe,n;e H Il03BOJI}leT 

,IJ;OIIOJIHHTb IlOJib30BaTeJibCKH:H HHTepc}?ell:c COBpeMeHHbIMH cpe,IJ;CTBaMH KOMIIblO

TepHOH aHaJIHTHKH H rpacjJHKH. 

Pa6oThI no TeMe ,r:i;nccepTaI:i;HH BhIIIOJIHeHbI B cooTBeTCTBHH c Hay'IHO-TeMa

TH'-IeCKHMH rrJiaHaMn: Hay-<rno-nccne,n;oBaTeJibCKHx pa6oT OH.HM rrpn rro,lf.J.l;ep)KKe 

P<I><I>I1 (rpaHTbI 09-01-00770-a, 10-01-00467-a, 12-01-00396-a, 13-01-00595-a). 

II;emI H 3a,r:i;a-q1:1 l:ICCJie,JJ;OBaHl:lll. 

Il,eJib ,IJ;HCCepTan;m1: pa3pa60TKa KOMIIJieKCOB rrporpaMM Ha OCHOBe 9c}?c}?eK

THBHbIX Bhl'IHCJIHTeJihHblX cxeM H HCCJie,JJ;OBaHHe c HX IIOMOIJJ;blO MO,Il;eJieli OIITH

qecKoro BOJIHOBO,IJ;a H KBaHTOBhIX CHCTeM, OIIHCbIBaeMbIX crreKTpaJibHhIMH pery

JI.apHbIMH H CHHryJI}lpHbIMH 3a,n;aqaMH IlhypMa- JlHyBIIJIJI.a, 3aBIIC}lIJJ;HMH OT rra

paMeTpOB Mo,r:i;eJiell:, B paMKax o6paTHOli 3a,n;aqn orrpe,n;eJieHH}l rrapaMeTpoB, o6ec

rre'IHBaIOIJJ;HX MHHHMaJibHhie OTKJIOHeHH}l 3a,D;aHHhIX xapaKTepHCTHK cPH3H'leCKHX 

CHCTeM OT TeopeTH'-IeCKHX. 

,l(J1,.71, aocmUDICettUJI, 3ffiOU '4e,/l,U 6'bt.J1,0 tteo6xoauMO peWUffi'b CJ1,eay10'14Ue aaaa-
"iU: 

1. Pa3BHTHe HMerom;ell:c}l rrporpaMMhI 15) qncneHHoro pemeHH}l 3a,n;aqrr 

1llTypMa-J1HyBHJIJI.a (1)-(3). BKJiroqeHHe B rrporpaMMY rrpor:i;e,r:i;yp yTo'-!HeHH.a pas

HOCTHoro perneHH}l Ha IIOCJie,IJ;OBaTeJibHOCTH cry:u:i;a10:o::i;HXC}l ceTOK 16)' a TaK)Ke 

BbI'-IHCJieHH}l Ha'-IaJibHOro 3Ha'-IeHII.H HTepan;HOHHoro rrapaMeTpa ,D;JI.H yMeHbIDeHH.H 

'IHCJia HTepar:i;nli. Pa3pa6oTKa rrporpaMMbI SLIPH4M Ha .H3hIKe cncTeMhI aHaJIHTII

qecKHX BhI'IHCJieHH:H H KOMIIhIOTepHoli aJire6phI MAPLE. BnIIIOJIHeHHe TeCTOBhIX 

pacqeToB rrpHMepoB sa,n;aqn (1)-(3) H 3a,n;aqn ,r:i;ncKpeTHoro crreKTpa ypaBHemrn 

llipe,r:i;mirepa ( 4)-( 6). lfHCJieHHOe IICCJie,r:i;oBaHHe BJIH5IHH.a rrapaMeTpOB BhI'-IHCJIII

TeJihHOH cxeMbI Ha CXO,D;HMOCTb H TO'IHOCTb pe3yJihTaTOB. 

13 Ka.rrHTKHH H.H. "{{HcJleHHhre MeTO.D;bL - M.: HayKa, 1978. 512 c. 
14 MaTeMaTH"leCKHit CHHTe3 orrTH"!eCKHX HaHOCTpyKTyp. °Y"le6. rroco6He/ JloBeil,KHit 

K.Il., CeBaCTMIHOB JI.A., Ilayr<IIITO M.B., BHKeeB O.H. - M.: P'Y,D;H, 2008. 213 c. 
15 Ily3bIHHH H.B., Ily3bIHHHa T.II., CTpmK T.A. SLIPH4- IIporpaMua ,n;mr "!HCJieHHoro 

peIIIeHH5! 3a,n;a"!H IIITypMa-J1HyBHJIJI5!// - Coo6ru,eHH5! OlI5IlI, Pll-87-332, ,D;y6rra. - 1987. 
http://wwwinfo.jinr.ru/programs/jinrlib/slip/ 

16 Map"iyK r. H., Illait,n;ypOB B. B. IlOBbIIIIeHHe TO"!HOCTH pemeHHit pa3HOCTHbIX cxeM. 
- M.: HayKa. 1979. 320 c. 
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2. Paspa6oTKa aJiropHTMa 1'.!HCJieHHoro pemeHH.H sa,n;a"tJ:H pacce.HHIDI (4), (5), 
(7) B IIOCTaHOBKe rpaHH'IHOll 3a,n;a<nr c H8JIIIH8itHbIM rpaHH'!HbIM ycJIOBHeM )J;JI.H 

BOJIHOBOit cPYHKIJ;Hli B ,Il;OCTaTO"l'.J:HO y,n;aJieHHOit TO'!Ke, B KOTOpOM cpasa pacce.HHH.H 

IICKmoqeml7), c rroMOID;hIO HTepau;MoHHOit cxeMhI HhIOTOHa c rrapaMeTpoM. Paspa-

6oTKa rrporpaMMhI SCAPES Ha .H3hIKe MAPLE. BhIIIOJIHeHHe TeCTOBhIX pact.J:eToB 

,il;JI.H t.J:HCJI8HHOro IICCJI8,il;OBaHirn CXO.II;HMOCTH H TOt.J:HOCTH BbI'IIICJIHT8JibHOit rrpo:u;e

,IJYpbI. 

0TM8TIIM, 'ITO ,n;mI peI118HHR peryrrapHbIX II CIIHryrr.HpHbIX sa,n:a'{ lllTypMa

JlHyBIIJIJI.H cy:rn;ecTBYIOT rrpo:u;e,eypbl ycTOiit.J:IIBOro Bblt.J:IICJI8Hli.H CII8KTpaJihHbIX rra

paMeTpOB, OCHOBaHHbie Ha cpa30BOM M8TO,Il;8 13) ( CTp. 282-284), lS), l9). 

06ocHOBaHH8M BhI6opa B ,D;MCCepTan;MM BhI'IHCJIIIT8JibHOit CX8Mbl pemeHH.H 

crreKTpaJihHhIX sa,n;a'l Ha ocHoBe HAMH cJiy)KMT ycToitt.J:IIBOCTh II TO'!HOCTh, o6ec

rret.J:HBaeMhie Ha3Ha'I8HH8M ee rrapaMeTpOB, a TaK)K8 B03MO)KHOCTb Herrocpe,n;CTB8H

Horo HCIIOJib30Bamrn Bbit.J:HCJI8HHbIX BOJIHOBbIX cPYHKII;Mit, HarrpHMep, ,Il;JI.H IIOCTpO

eHII.H crren;HaJibHbIX 6asHCOB p83JIOJK8HII.H pemeHHH sa,n;aq 6oJibllOit pa3MepHO

CTH 20). CxeMy 6e3 rrpIIHII;IITIHaJihHhIX CJIOJKHOCTeft MO)KHO pasBIITh ,n;rr.H cIIcTeM 

ypaBH8HHH, IICIIOJib3Y.H B rrporpaMMaX MaTpII'IHbie orrepan;HII, Tor,n;a KaK cPa30BhIH 

M8TO,il; ,Il;Jl.H CIICT8M rrpe,n;CTaBJI.HeT CJIO)KHOCTb 19) (cTp. 166-173). 
3. Paspa6oTKa Ha .H3hIKe CHCT8MhI MAPLE rrpon;e,eyp MIIHIIMIIsan;IIII cPYHK

II;HOHarra (9) KBa,n;paTH'IHOro Tima, He HCIIOJib3YIOIIJ;IIX Bblt.J:IICJI8HH.H IIpOII3BO,il;HbIX, 

B sa,n;aHHOH o6JiaCTH II3M8H8HM.H rrapaMeTpOB. Ilpon;e,eypbl peaJIII3YIOT: a) M8TO,il; 

IIOKOOp,II;IIHaTHOrO crrycKa lS) ( CTp. 203-207)' M8TO)J;bl O,II;HOMepHOH MIIHHMII3aII;IIII 

- M8TO)J; 30JIOToro C8'!8HH.H 13 ) (cTp. 196-198) H MO,IJ;HcPHKan;HIO MeTo,n;a rrapa6o.TI 

13) (cTp. 198-200); 6) MeTo,n;,n;ecpopMHpoBaHHoro MHororpaHHHKa HeJI,n;epa-MH,n;a 

14) ( CTp. 9-18). 
4. Paspa6oTKa Ha .H3hIKe MAPLE KOMIIJieKca rrporpaMM PIPES ,n;rr.H BhI'IIIC

JieHH.H rrapaMeTpOB MO,il;8JlhHhIX IIOT8HII;IIaJIOB peryJI.HpHOH H CHHryJI.HpHOit sa,n;a'-Ili 

lllTypMa-J1IIym1mrn:, MHHIIMH3Hpyrorn;Hx OTKJIOH8IIII.H 3KCrrepIIM8HTaJibllbIX ,n;aH

HblX OT COOTB8TCTBYIOIIJ;HX TeopeTHqecKIIX B8JIH'IIIH, 3aBIIC.HIII;HX OT co6CTB8HHbIX 

3Hat.J:eHHll II co6CTB8HHhIX cpyHKIJ;HH rrapaMeTpII30BaHHbIX ypaBH8HIIit. 

5. Paspa6oTKa Ha .H3hIKe MAPLE KOMIIJieKca rrporpaMM DISCAPESM c 

BKJIIOt.J:eHIIeM B Hero rrporpaMMhI SCAPES ,Il;JI.H pemeHH.H rrp.HMOH: H o6paTHOli 

sa,n;a'IH pacce.HHII.H Ha ccpepHt.I8CKH CIIMM8TpII'IHbIX IIOT8HII;IIaJiax, 3aBIIC.HIII;IIX OT 

rrapaMeTpoB. 

6. 1-facJieHHOe HCCJI8,Il;OBaHIIe MO,Il;eJieit OIITII'l8CKOro BOJIHOBo,n;a II KBaHTOBOit 

cPII3IIKII, BKJIIO'la.H IIOCTp08HH8 cPYHKII;IIOHaJIOB B sa,n;a-qe ( 9)' 'IIICJI8HH08 HCCJie

,Il;OBaHHe cxo,n;IIMOCTII H ToqHoCTII pesyrrhTaToB. B o6paTHoit rrapaMeTpIIt.IecKoli 

sa,n;aqe pacce.HHII.H '-IIICJI8HH08 IICCJI8,Il;OBaHH8 TO'IHOCTII BOCCTaHOBJI8HH.H rrapaMeT-

17 Huss R., Kalaba R., Vasudevan R. On a boundary value problem for integro-differential 
equations// J. Math. Phys. - 1974. - Vol. 15, No 8. - Pp. 1285-1287. 

18 Bailey P.B., Everitt W.N. and Zettl A. The SLEIGN2 Sturm-Liouville Code// ACM 
Trans. Math. Software. - 2001. - Vol. 21. - Pp. 143-192. 

19 Ka.JIO,!I,)l<epo <D. MeTO,z:i; cpa30BhIX cpynKIJ,Hli B Teopuu noTe1n.1,Ha.Jihnoro pacce}rnmr. -
M.: Mrrp, 1972. 296 c. 

20 Ponomarev L.I., Puzynina T.P., Somov L.N. Non-adiabatic Matrix Elements 
Connecting the Discrete and Continuous Spectra of Two-Centre Problem in Quantum 
Mechanics// J. Phys. B: Atom. l\Iol. Phys. - 1977. - Vol. 10, No 4. - Pp. 1335-1345. 
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poB IIOTeHIJ;HaJia B 3aBHCHMOCTH OT T.JHCJia sa,n;aHHbIX 3HaT.JeHHR cl>a3 pacceHHHH H 
OT BeJIHT.JHHbl myMa, HaKJia,ll;bIBaeMoro Ha 3ap;aHHble 3HaT.JeHHH cPa3. qHCJieHHOe 
HCCJie,n;oBaHHe BJIHHHHH OIIIH60K B sa,n;aHHbIX cPa3ax pacceHHHH Ha co6cTBeHHbie 
3HaT.JeHHH ,ll;HCKpeTHOro crreKTpa. 

HaytJ:HaH HOBH3Ha pa60T1>1. 

1. Pa3BHTHe opHrHHaJibHoro rro,n;xo,n;a K HCCJie,n;oBaHHIO MaTeMaTHT.JeCKHX MO
,n;eJiefi BOJIHOBOR H KBaHTOBOR cPH3HKH, 3aBHCHIIJ;HX OT rrapaMeTpOB, OCHOBaHHOro 
Ha IIOCTaHOBKe o6paTHOR sa,n;aT.JH ,ll;JI5I BbI'C!HCJieHHH rrapaMeTpOB Mo,n;eJiett, o6ecrre
T.JHBaIOIIJ;HX MHHHMaJibHbie OTKJIOHeHHH TeopeTH'C!eCKHX xapaKTepHCTHK cPH3H'C!e
CKHX CHCTeM OT 3a,n;aHHblX. 

2. B o6paTHOii 3a,ZI;aT.Je pacceHHHH Ha ccl>epH'C!eCKH CHMMeTpHT.JHbIX IIOTeHn;H
aJiax, 3aBHCHIIJ;HX OT rrapaMeTpOB, ,ll;JI5I IIp.HMOR 3a,ZI;aT.JH a,rr;aIITHpOBaHa ee IIOCTa
HOBKa KaK rpaHHT.JHOit 3ap;aT.JH c HeJIHHeitHbIM rpaHH"t!HbIM ycJIOBHeM, pemeHHe 
KoTOpott ocym;ecTBJl5IeTcH HTepan;HoHHOR cxeMoit Ha ocHoBe HAMH. 

3. PeaJIH3aIJ;HH Ha e,n;HHOtt ocHOBe HAMH 'C!HCJieHHoro pemeHHH 3a,n;a-q ,n;Hc
KpeTHoro n HerrpephIBHoro crreKTpa ,n;JIH pemeHHH o6paTHOli rrapaMeTpH'C!ecKoit 
crreKTpaJibHofi 3a,n;a'C!H. 

4. HoBbie KOMIIJieKCbI rrporpaMM pemeHHH o6paTHOli rrapaMeTpHT.JecKoli crreK
TpaJihHOtt 3a,n;a'C!H Ha H3bIKe cHcTeMbI MAPLE. 

5. HoBbie pe3yJibTaTbI "CJHCJieHHoro HCCJie,n;oBaHHH Mo,n;eJiett KOHKpeTHbIX cPH-
3H"CJecKHX CHCTeM. 

1IpaKTH"'l0CKaH 3Ha"'IHMOCTb. 

KoMrrJieKCbI rrporpaMM SLIPM [Bl], [B6]-[B9], SLIPH4M [B2], PIPES [B3, 
B4, BlO] n DISCAPESM [B5] c rro,n;po6HbIM orrHcaHHeM H TeCTOBbIMH 3a,ZI;a'C!aMH 
c,n;aHhI B 6H6JIHOTeKy cTaH,n;apTHbIX rrporpaMM OI15Ill JINRLIB. A,n;peca HX pa3-
Mem;eHnfi Ha cafiTax: 
http://wwwinfo.jinr.ru/programs/jinrlib/slipm/index.html 
http://wwwinfo.jinr.ru/programs/jinrlib/sliph4m/index.html 
http://wwwinfo.jinr.ru/programs/jinrlib/pipes/index.html 
http://wwwinfo.jinr.ru/programs / jinrlib / discapesm/index.html 

KoMIIJieKCbI rrporpaMM MO:>KHO HCIIOJib30BaTh ,ll;JI5I "t!HCJieHHoro aHaJIH3a Ma
TeMaTHT.JecKHx MO,ll;eJieii:, rrpHBO,ll;SIIIJ;HX K sa,n;a'C!aM lllTypMa-JIHyBHJIJISI Ha KOHe'C!
HOM 0Tpe3Ke HJIH IIOJIYOCH, KaK ,ll;JISI pemeHHH rrpHMbIX crreKTpaJibHbIX sa,n;aq, TaK 
H 3aµ;a"IH 0 COOTBeTCTBHH Mo,n;eJIH, saBHCHIIJ;eit OT rrapaMeTpOB, Ha6mo,n;aeMbIM 
xapaKTepHCTHKaM H3y"CJaeMOH cPH3HT.JeCKOit CHCTeMbl. 

IIoJio:>KeHHH, BbIHOCHMble Ha sa.ru;HTy. 

1. IIocTaHOBKa o6paTHOtt rrapaMeTpH'C!ecKofi crreKTpaJibHOfi 3aµ;a"CJH ,ll;JI5I Ma
TeMaTH"!ecKoli MO,IJ;eJIH, OIIHCbIBaeMott 3ap;aqett lllTypMa-JIHyBHJIJISI Ha 0Tpe3Ke 
HJIH IIOJIYOCH, 3aBHCHm;ett OT rrapaMeTpOB MO,n;eJIH. 

2. llTepan;HoHHasr cxeMa Ha ocHoBe HAMH pemeHHH sa,n;a"IH pacceHHHH ,D;JI5I 

pa,n;HaJibHOro ypaBHeHHH Illpe,n;HHrepa, OCHOBaHHaSI Ha ee IIOCTaHOBKe KaK rpa
HH'iHOit 3a,n;a'IH c HeJIHHeiiHbIM rpaHH"t!HbIM ycJIOBHeM B TO"t!Ke H3 aCHMIITOTH'C!e
CKOR o6JiaCTH ,ll;JIH BOJIHOBOH: cPYHKIJ;HH. 

3. KoMrrJieKc rrporpaMM Ha H3bIKe CHCTeMbI MAPLE ,ll;JIH pemeHHH o6paTHott 
rrapaMeTpH"lleCKOtt crreKTpaJibHOii sa,n;a'C!H, B KOTOpOM pemeHHe 3ap;a-q ,lJ;HCKpeTHO
ro H HerrpepbIBHOro crreKTpa e,n;HHOo6pasHO peaJIH30BaHO c IIOMOIIJ;bIO HTepan;HOH
HbIX cxeM Ha ocHOBe HAMH. 
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4. LirrcJieHHOe IICCJie,n;oBamre napaMeTpOB Mo,n;eneli onTIIt.IeCKOro BOJIHOBO,n;a 
c 9KBII,lJ;HCTaHTHhIM cneKTpOM BOJIHOBO,lJ;HhIX MO,n;, crreKTpa MOJieKyJihI BO,n;opo,n;a, 
HeliTpOHOH36hITOqHoro .a,n;pa reJIII.a-6 II o6paTHOH 3a,n,aq.a pacceJIHHll Ha c¢epII
qecKH CHMMeTpII"C{HbIX IIOT8HIJ;IIaJiax. 

,ll;oCTOBepHOCTb pe3yJibTaTOB OCHOBaHa Ha BCeCTOpOHHeM TeCTMpOBaHIIH 
pa3pa6oTaHHbIX KOMnJieKCOB nporpaMM, BKJIIOqa5I cpaBH8HII5I pe3yJihTaTOB pact.re
TOB c H3B8CTHbIMH aHaJIIITII"C{eCKIIMII II "C{IICJieHHbIMII pe3yJibTaTaMII, a TaIOKe "C{IIC
JieHHbie npoBepKH CXO,lJ;IIMOCTII II TO"C{HOCTII ,lJ;IICKpeTHbIX pernemrli B 3aBIICIIMOCTII 
OT napaMeTpOB ,lJ;IICKpeTII3aIJ;IIII II IIX cornacoBaHHOCTII c TeopeTIIt.IeCKIIMII oii;eH
KaMH 21 ). IlpII llCCJie,n;oBaHirn KOHKpeTHhIX Mo,n;eJieli TaK)Ke BbIIIOJIHeH t.IHCJieHHblH 
aHaJIII3, ,n;aIOIII;llH ,lJ;OCTOBepHbie oii;eHKII TO"C{HOCTII pe3yJibTaTOB. 

Arrpo6a:u;m1 pa6oTbI. Pe3yJihTaThI ,n;.accepTaIJ;IIII ,n;oKJia,n;hrnaJIIICh M o6cy)K
,n;aJIIICh Ha Me)!(,n;yHapo,n;HhIX II pOCCHHCKIIX KOH¢epeHIJ;H5IX: 

1. "Mathematical Modeling and Computational Physics. MMCP'2009" 
(July 7 -11 2009, LIT JINR, Dubna, Russia). http://mmcp2009.jinr.ru; 

2. "XLVI BcepocculicKa5I KoH¢epett:o;m1 no npo6JieMaM MaTeMaTHKM, IIH¢op
MaTIIKII, cpII3IIKII 11 XIIM:rrn'' (19 - 23 arrpeJI.a 2010, PY,IJ;H, r. MocKBa). 
http://www.conference.sci.pfu.edu.ru/node/47; 

3. "Me)K,n;yHapo,n;Ha.a MOJio,n;e)KHa.a KOHcpepem.i;II.a-IIIKOJia. CoBpeMeHHhie rrpo-
6JieMhI rrpIIKJia,n;Hoif MaTeMaTIIKII II IIHcpopMaTHKII. MPAMCS'2012" 
(22 - 27 aBrycTa 2012, OIT5IH, r. )Jj6tta). http://mpamcs2012.jinr.ru 

Ily6JI11Kan;1111. OcHOBHOe co,n;ep)KaHHe ,n;nccepTaIJ;IIH orry6JIIIKOBaHo B 10 
rreqaTHhIX pa6oTax, 113 HIIX 5 CTaTeli ([Bl]-[B5]) - B M3,lJ;aHIIHX II3 CIIIICKa BAK 

JI11qHbiii BKJia,rt; aBTopa. ABTop ,n;HccepTaIJ;IIM caMocTo.aTeJihHO a,n;anTII
poBaJI Ii pacnrn:p.aJI B03MO)KHOCTM 6a30BhIX rrporpaMM peIIIeHHll 3ap;aq lllTypMa
JlIIyBIIJIJI.H Ha H3hIKe CIICT8Mbl aHaJIIITII"C{eCKIIX BhlqIICJI8Hlill II KOMIIbIOTepHOH aJI

re6pbI MAPLE. OH caMOCTOHTeJihHO pa3pa60TaJI Bh1q11cJIIITeJihHhre cxeMhI II KOM
rrJieKChI nporpaMM peIIIeHIIH o6paTHOH napaMeTpII'-IeCKOH crreKTpaJihHOM 3a,n;a'-III, 
BhIIIOJIHHJI KOMnJieKcHoe TeCTIIpOBaHIIe nporpaMM. OH npoBeJI Bee pacqeThI, OTHO
CHD.J;IIec.a K "C{lICJieHHOMY IICCJie,n;oBaHIIIO rrpe,n;cTaBJI8HHbIX B ,lJ;IICCepTaI.J;IIH MO,n;eJieli 
II oii;eHKe ToqHocTII pe3yJihTaToB. ABTop yqacTBOBaJI B nocTaHOBKe 3a,n;aq II aHa
JIII3e nonyqeHHhIX pe3yJihTaTOB coBMeCTHO c Hayt.IHhIM pyKoBO,n;IITeJieM. 

CTpyKTypa H o6'beM ,LJ;HCCepTan;1111. ,ll;HccepTaIJ;H5I COCTOIIT II3 BBe,n;eHmI, 
Tpex rnaB II 3aKJiroqemrn. CrrHCOK IJ;IITHpoBaHHOH JIIITepaTyphI co,n;ep)KIIT 50 Ha
IIMeHoBaHIIli. 0T,lJ;8JibHbIM CIIIICKOM npe,n;cTaBJI8HbI pa6oTbI aBTOpa no TeMe ,lJ;IIC
cepTaI.i;IIII. IloJIHbIM o6'beM ,lJ;IICCepTaIJ;IIII 137 CTpaHIIIJ; MaIIIHHOnIICHOrO T8KCTa, 
BKJIIO'-la.a 20 pIICYHKOB II 23 Ta6JIHIJ;bI. 

KPATKOE CO,IJ;EP:>KAHHE ,D;ITCCEPTAIJ;HH 

BBe,D;eHHe co,n;ep)KIIT OIIHCaHIIe KJiacca IICCJie,n;yeMbIX MaTeMaTII'-18CKHX MO,n;e
Jieii. ,lJ;aHhI nocTaHOBKM qacTM"C{HhIX cneKTpaJihHhIX sa,n;aq IIlTypMa-J1IIyBIIJIJI.a .a 
sa,n;a'-1 ,n;rrcKpeTHoro H HerrpephIBHoro cneKTpa ,n;m1 pa,n;IIaJihHOro ypaBHemrn llipe
,n;rrHrepa. CcpopMyJIIIpOBaHa o6paTHaH rrapaMeTprrqecKa5I crreKTpaJibHa.a sa,n;aqa 
,ll;JI5I np.aMbIX crreKTpaJibHhIX 3a,n;at.r, 3aBHC5ID.J;IDC OT rrapaMeTpOB, onHCbIBaroo.i;11x 

21 CaMapcKFIH A. A. Teop1rn pa3HOCTHbIX cxeM. - M.: HayKa, 1983. 616 c. 
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Mo,n;emr BOJIHOBOH H KBaHTOBOH ¢H3HKH. 0Ha CBO,II;HTC5I K MHHHMH3aD;HH ITO rra

paMeTpaM B 3a,n;aHHOH o6JiaCTH cPYHKI.J;HOHaJia, xapaKTepH3yrorn;ero OTKJIOHeHH5I 

9KCIIepHMeHTaJibHbIX ,n;aHHbIX OT lIX TeopeTHqeCKHX 3Ha"IeHHH B H3yqaeMblX Ma

TeMaTHqecKHX Mo,n;eJI5IX cPH3HKH. IIpHBe,n;eHhI KOHKpeTHhre Mo,n;eJI:u:, rrpe,n;cTaBJI.H

rorn;J:Ie rrpe,n;MeT J:ICCJie,n;oBaHJ:Iit. PaccMOTpeHhI MeTO,Il;hI "IHCJieHHoro peIIIeHH.H rro

cTaBJieHHhIX 3a,n;aq H BOIIpOCbI pa3pa60TKH Heo6xo,n;HMbIX KOMIIJieKCOB rrporpaMM. 

06cy1K,n;aIOTC.H aKTyaJibHOCTb H HOBH3Ha J:ICCJie,II;OBaHHH, HX rrpaKTHqecKa.H rrpH

MeHIIMOCTb. C¢opMyJIHpoBaHbI IIOJI01K6HH.H, BhIHOCJ:IMhie Ha 3arn;rrTy, ,n;aHo o6oc

HOBaHIIe ,II;OCTOBepHOCTII rroJiyi:ieHHblX pe3yJihTaTOB. 

fJia.Ba 1 rrpe,n;cTaBJI.HeT OITHCaHHe Bbl'-llICJIJ:ITeJihHblX cxeM H KOMIIJieKCOB rrpo

rpaMM ,II;JI.H pemeHH.H o6paTHOit rrapaMeTprrqecKoit crreKTpaJihHoit 3a,n;aqrr, opHeH

THpoBaHHhIX Ha IICCJie,n;oBaHIIe KOHKpeTHhIX Mo,n;eJieit. PaccMoTpeH o6rn;Hit rro,n;xo,n; 

K rrocTpoeHHIO HTepau;IIOHHhIX cxeM Ha ocHoBe HAMH, aJiropIITMhI BhI"IIICJieHJ:I.H 

IITepaD;IIOHHOro rrapaMeTpa B 3aBIICHMOCTH OT II3MeHeHII.H HeB5I3KII rrpH6JIII1KeH

HOro peIIIeHII.H. 06cy)K,Il;aeTC.H MeTO,II;J:IKa ou;eHKH TO"IHOCTJ:I '-IHCJieHHOro peIIIeHII.H 

HeJIIIHeHHOrO cPYHKD;IIOHaJibHOro ypaBHeHH.H, IIOJiyi:ieHHOro c IIOMOIIJ;bIO IITepau;II

OHHOH cxeMhI. Ha ocHoBe o6rn;ero rro,n;xo,n;a paccMoTpeHhI HTepau;:u:oHHhre cxeMbI 

,LJ;JI.H q11cJiemrnro peIIIeI-nrn: 3a,n;aq11 lllTypMa-J111yBHJIJia H 3a,n;aq11 ,n;HcKpeTHoro 

crreKTpa ,n;Jia ypaBHemu1 lllpe,n;HHrepa, rrp1rne,n;eHHoro K 3a,n;aqe lllTypMa-J1IIyBIIJI

JI.H rryTeM rrepeHoca acHMITTOTIIKlI BOJIHOBOH ¢YHKD;HH J:I3 6eCKOHe"IHOCTM B ,n;o
CTaTO"IHO y,n;aJieHHYIO KOHe"IHYIO TOqKy. ,lJ,aHO OIIMCaHMe KOMITJieKca rrporpaMM 

SLIPH4M Ha 5I3hIKe MAPLE ,II;JI.H i:iucJieHHoro peIIIeHH.H 3a,n;ai:irr lllTypMa-J1IIyBIIJI

JI.H. KoMrrJieKc SLIPM MMeeT aHaJiorHqHyro CTpyKTypy. 

3a,n;aqa pacce5IHJ:I5I Ha c¢epHqecKH Cl:IMMeTpH"IHOM IIOT6HD;HaJie CBe,n;eHa K 

rpaHH"IHOH 3a,n;aqe ,II;JI.H ypaBHeHH.H lllpe,n;HHrepa c HeJIHHeHHbIM rpaHHqHbIM ycJIO

Bl:IeM B KOHe"IHOH ,II;OCTaTO"IHO y,n;aJieHHOH TOqKe. ,lJ,JI.H ee ql:IcJieHHOrO perneHM.H 

pa3pa6oTaHa J:ITepau;HoHHa.H cxeMa. <Pa3a pacce.HHH5I rrpH 3a,n;aHHOM 3HaqeHHH HM

rryJihca orrpe,n;eJI.HeTc.H rrocJie BhrqJ:IcJieHH5I BOJIHOBoit cPYHKD;MH. Pa3pa6oTaHHhiit 

aJiropHTM peaJIJ:I30BaH Ha .H3hIKe MAPLE B BH,n;e rrporpaMMhI SOAPES. 

,lJ,JI.H KOMIIJI6KCOB rrporpaMM, rrpe,n;Ha3HaqeHHbIX ,JJ;JI.H pemeHJ:I.H IIp.HMblX 3a

,n;ai:i, rrpHBe,n;eHbl TeCTOBbie rrpHMepbI, HM6IOIIJ;IIe aHaJIMTJ:I"IeCKHe pemeHJ:I.H, rro,n;

TBep1K,n;arorn;:u:e 3a.HBJieHHbie CXO,II;HMOCTb, TOqHOCTb J:I 9¢¢eKTJ:IBHOCTb Bblql:ICJIH

TeJihHhIX cxeM. 

PaccMoTpeHhI KoMrrJieKChI rrporpaMM ,II;JI.H peIIIeHH.H o6paTHhrx rrapaMeTpH

i:iecKHX 3a,n;ai:i, IIOCTpoeHHbIX Ha OCHOBe J:I3BeCTHbIX aJiropJ:ITMOB MHHJ:IMJ:I3aD;J:Il:I 

cPYHKD;J:IOHaJIOB, He J:ICITOJib3YIOIIJ;J:IX rrpOH3BO,II;Hbie (MeTO,II; IIOKOOp,II;J:IHaTHOro crryc

Ka, MeTo,n; HeJI,n;epa-MJ:I,n;a), J:I rrpe,n;cTaBJieHHhIX BhIIIIe KOMrrJieKCOB ,n;Jia perne

HII.H rrp5IMhIX 3a,n;ai:i. IIpe,n;cTaBJieHhI TeCTOBhre paci:ieThI o6paTHoit 3a,n;a'-rn ,n;IIc

KpeTHoro crreKTpa (KoMrrJieKc PIPES) H o6paTHoit 3a,n;ai:iII pacce.HHJ:I.H (KoMrrJieKc 

DISCAPESM) ,II;JI.H pa,n;:u:aJihHOro ypaBHeHM.H Illpe,n;irnrepa c rroTeHu;IIaJioM Mop-

3e, TaK1Ke J:IMerorn;IIX aHaJIJ:ITJ:IqecKJ:Ie perneHH.H. 

BhIIIOJIHeHHhie TeCTOBhie IICCJie,n;oBaHH.H KOMIIJieKCOB rrporpaMM rro,n;TBep1K,n;a

IOT TeopeTHqecKIIe IIOJI01KeHH.H 0 peaJIH30BaHHblX B HIIX BblqJ:ICJIHTeJihHblX cxeMax 

H aJiropHTMax. '.:ho II03BOJI.HeT c,n;eJiaTb BbIBO,II; 0 pa3pa6oTKe Bbl'-IHCJIIITeJibHOro 

HHCTpyMeHTapH5I ,D;JI5I HCCJie,n;oBaHirn KOHKpeTHbIX Mo,n;eJieli BOJIHOBOH ¢H3HKH J:I 

KBaHTOBOH MexaHJ:IKH B paMKaX o6paTHOH rrapaMeTpIIi:iecKoit crreKTpaJibHOH 3a,n;a

"IH. 
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B fJiaBe 2 rrp:rrne,n;eHo -.:nrcJieHHoe HCcJie,n;oBaHHe Tpex Mo,n;eJieii, OTHOC5III!HX

c.a K TeOpHH OIITii'I8CKHX BOJIHOBO)J;OB, MOJI8KYJI5IPHOH <i:>H3HK8 H TeopHH .a,n;pa. I1c

CJI8,Il;OBaHH8 9TIDC MO)J;eJieii BbIIIOJIH8HO B IIOCTaHOBKe o6paTHOH rrapaMeTpH"'-I8CKOii 

3a,z:i;a-.:rn )J;HCKp8THOro CII8KTpa. 

PaccMOTpeHa Mo,n;eJib rpa,n;HeHTHoro orrTH"<IecKoro BOJIHOBo,n;a c acrrM

MeTpH"'-IHbIM 9KCIIOH8Hrt;HaJibHbIM rrpo¢HJI8M IIOKa3aTeJI5I rrpeJIOMJI8HH5I, )J;JI5I KO

TopoH: Tpe6yeTC5I orrpe,n;eJIHTb rrapaMeTpbI, o6ecrreqHBaIOID;He 9KBH)J;HCTaHTHbIH 

crreKTp BOJIHOBO)J;HbIX MO)J;. ,Il;JI5I MO)J;8JIH BOJIHOBO)J;HbIX MO)J;, OIIHCbIBaeMOH 3a,n;a

"'-!8H Ill TypMa-JIHyBHJIJia, rrpo<l:>HJib IIOKa3aTeJia rrpeJIOMJI8HH5I n 2 ( x) HM88T BH)J; 

x 
n2(x) = n}(l - 6(1- exp(d))), 0 ~ x ~ d, 

r,n;e d H b.. - IIOJIO:JKHT8JibHbie rrapaMeTpbI, j5 = ( d, b..). 
rpaHHqHb!e YCJIOBH5! (2) HMeeT BH,Il; 

(17) 

H 5IBJI5IIOTC5I CJie)J;CTBHeM ycJIOBHii paBeHCTBa Jioraprr<l:>MH"'-!eCKHX rrpOH3BO)J;HbIX 

rrprr x = 0 H x = d ,n;JI.a Ey ( x) H 9KCIIOHeHrt;HaJibHO y6nrnaIOID;HX acHMIITOTHK 

(x<O, x>d). 
3Ha'1eHH5I IIOKa3aTeJieii rrpeJIOMJI8HH5I 3a,n;aHbI 22): 

n~ = (1.47) 2 , n} = (1.565)2 , n~ = (1.0)2. 

IlpH6mnKeHHOe peIIIeHHe CHCT8Mbl (10) MO:JKHO CB8CTH K MHHHMH3art;HI'.I cPYHK-

rt;HOHaJia 
N(p) 

<P(p) = I)P1(p) - Pj(P))2 . (18) 
j=2 

,Il;JI5I BbiqIIcJieHH5I 3Ha"'-IeHH.5I cPYHKIJ;HOHaJia (18) rrpH 3a,n;aHHOM BeKTOpe rra

paMeTpOB p HCIIOJih3yeTc.a rrporpaMMa SLIPH4M, peIIIaIOirt;a.a pa3HOCTHYIO 3a

,n;a-qy illTypMa-JirryBHJIJia (1)-(3), r,n;e >. = (32, q(x) = n2(x) (17), p(x) = 0, 
r(x) = 1. B pesyJII>TaTe -.:rncJieHHbIX pac"'-IeTOB 6nmo BbI6paHo 3Ha-.:reHrre d = 37f, 
rrpH KOTOpOM HM8IOTC5I TpH TO"'-IKH crreKTpa. 

MHHHMYM ¢YHKrt;HoHaJia (18) <P(b..) = 0.0025 (,n;e<l:>eKT 8KBH,Il;HCTaHTHOCTH 

DP = ~ = 0.05) rroJiyqeH c rroMOID;bIO KOMIIJieKca PIPES rrprr 6 = 0.181 
B6JIH3H ToqKH 6rr¢ypKawur rro rrapaMeTpy 6. Ha pHc. 1 H3o6paLKeHhI rpa¢rrKH 

rrpo<l:>HJI.a rroKasaTeJI.a rrpeJIOMJI8HH5I ( 17) H co6cTBeHHbIX <l:>YHKrt;Hii E~j) ( x). 
PaccMoTpeHa Mo,n;rr<l:>rrKau;rr.H sKcrroHeHrt;HaJihHOii 3aBHCHMOCTH rrpoqrnJI.a (17) 

B BH)J;8 

n2 (x) = n} ( 1 - 6 ( 1 - exp (~r)) ' 0 ~ x ~ d, (19) 

r,n;e a (0 < C¥ < 1) - rrapaMeTp. 0TM8THM, qTo B OTJirrqrre OT rrpo<l:>rrmr (17) 
d2 

rrpo<l:>HJib (19) HM88T BTOpyro IIpOH3BO)J;HYIO dx2 (n2(x)) < 0, 0 ~ x ~ d. 

22 Refractive Index Database. - http://refractiveindex.infor/. 
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-3 -0.6 

PIIc. 1. Ilpo<l:>IIJib IIOKa3aTemr rrpeJioM
JieHiur (17) II co6cTBeHHbie cPYHKIJ;lUI 

E~i)(x)(j = 0, 1, 2), d = 3n, 6. = 
0.181. 

n1(x) E 

~ d 
no ·························-·····-······· 
4 o.a n2(x 

·2 -0.4 

PIIc. 2. Ilpocj)n:Jih rroKa3aTem1 rrpeJioM
Jiemrn c Mo,n;n:cj:>n:Kau;n:eli ( 19) (a = 
1/3) II co6cTBeHHbie cPYHKIJ;MM E~), 
d = 3n, 6. = 0.4773. 

HaIIJIY"IllIHe pe3yJihTaThI rrnJiyqeHhI IIpH a = 1/3. Bhrqn:cJieHHoe 3Ha"IeHIIe 

.6.min = 0.4773 (MHHHMaJihHOe 3Haqemre cpyHKIJ;lIOHaJia (18) <P(.6.) = 9.4 * 10-12 , 

Dp = 3.10-6 ) ,n;oBOJihHO 6JIH3KO K IIporH03HpyeMoMy 3Ha"!eHIIIO .6. r::::: 0.46. Ha 

pIIC. 2 IIpe,n;cTaBJieHhI rpacpHKII IIpoqmmr IIOKa3aTeJI5I IIpeJIOMJieHII5I (19) H co6-

CTB€HHhIX cpyHKIJ;HH E~j) ( x). 
3a,n;a<-ra 06 yTO"!Hemrn IIOTeHii;IIaJia, OIIHChrnaroui;ero B paMKax pa,n;IIaJibHaro 

ypaBH€HII5I llipe,II;HHrepa crreKTp ypOBHeii 3HeprHH MOJieKyJibl BO,lI;Opo,z:i;a, 
IIpe,n;cTaBJI5I€T HHTepec, IIOCKOJihKY IIOT€Hii;HaJibHa5I KpHBa5I 5IBJI5I€TC5I pe3yJihTa

TOM o6pa6oTKli crreKTpOCKOIIHqecKOH HHcpOpMaIJ;IIH, TO €CTb 3a,n;aHa "IHCJI€HHO. 

B KaqecTBe TecToBoli 3a,n;aqrr ,IJ;JI5I KOMIIJieKca SLIPH4M [B2] B fJiaBe 1 6hIJia 

paCCMOTpeHa 3a,n;a<-rn 0 BbiqHCJI8HlIH ypoBHefi 9Heprrrn H BOJIHOBbIX cPYHKD;HH MO

JieKyJihI BO,Il;Opo,n;a c IICIIOJib30BaHII€M <-rncJieHHO 3a,n;aHHOH: IIOTeH:u;HaJibHOH KpH

BOH, ,Il;Jl5I KOTopofi pelliaJiaCb 3a,n;aqa ee rrpoe:u;IIpOBaHH5I Ha pa3HOCTHYIO C8TKY 

c IIOMOIIJ;hIO HHTepnomr:u;rrn: M 9KCTpaIIOJI5ID;HH. Bo3HIIKaeT IIpo6JieMa KoppeK:u;IIII 

IIOJiyqeHHOro <-flICJieHHO IIOT8HIJ;llaJia c Ii;8Jlbl0 YM€Hblli€Hll5I pa3HOCTH MeLK,n;y Bhl

"!IICJI€HHbIMll ypoBH.HMII 9HeprIIII II 9KCIIeprrMeHTaJihHhIMII. PeaJIII30BaH o,n;HH H3 

B03MO)KHbIX IIO,II;XO,II;OB K peIIIeHIIIO 9TOit rrpo6JI€MhI IIyTeM IIpOCTeitIIIeit rrapaMeT

pII3aD;llll qIICJI8HHOro IIOT8HIJ;HaJia II penreHH5I o6paTHOit IIapaMeTpH<-IeCKOit 3a,n;a

T{li [B3, II. 2.1]. 

3a,n;aqa 06 yToqHeHHH TeopeTnqecKoro 3HaqeHHH cpe,n;HeKBa,z:i;pa
Tlf"IHOro pa,z:i;nyca H,n;pa remu1-6, IICCJI€,II;OBaHHa5I B [B3, II. 2.2], B03HHKJia 

B pe3yJibTaTe cpaBH8HH5I ,II;BYX 3HaqeHIIfi, IIOJIY"!8HHhIX B paMKax pa3JIH"!HbIX MO

,n;eJie:ti: 9Toro .H,n;pa. B KaqecTBe OIIOpHofi 6bIJia BhI6paHa KJiacTepHa.H Mo,n;eJib .H,n;pa, 

H B paMKaX 9TOH MO,II;8JIH BhIIIOJIH5IJIOCb cpaBH€Hll€ ,Il;BYX 3Ha"!eHHfi cpe,n;HeKBa,n;pa

TH<-rnoro pa,n;n:yca. BhIJia ccpopMynrrpoBaHa o6paTHa5I 3a,n;aqa o BhI"IIICJieHHH IIa

paMeTpOB IIOT€HD;HaJia By,n;ca-CaKCOHa, o6ecIIeqIIBaIOni;IIx MHHIIMaJibHOe OTKJIO

H€HH8 cpaBHHBaeMbIX TeopeTII"I8CKIIX 3HaqeHHH cpe,n;HeKBa,n;paTHqHoro pa,n;rryca 

OT BhI"IHCJI8HHbIX, IIpn:qeM napaMeTp, xapaKTepII3YIOIIi;Hfi 9HeprHIO pa3BaJia 5!,Il;

pa, C"!HTaJIC.H TO<-rHhIM II 3a,n;aBaJic.H o,n;n:HaKOBhIM B o6orrx cJiyqa.Hx. IIo BeJIH<-rHHe 

,Il;OCTH:rHyToro MHHHMyMa cpyHKIJ;IIOHaJia ,n;eJiaJIC5I BbIBO,Il; 0 TOqHOCTll TeopeTrrqe

CKOro 3HaqeHM.a cpe,n;HeKBa,n;paTIIqHoro pa,n;Hyca a,n;pa reJrn.a-6. 

Ycrrerrrnoe <-rHcJieHHOe n:ccJie,n;oBaHHe paccMoTpeHHhIX Mo,n;eJieit cpH3HKH H 

IIOJiy<-reHHbie pe3yJibTaTbI CBH,Il;8T€JlbCTBYIOT 06 acpcpeKTHBHOCTH IIpe,n;JIO)K€HHOro 

rro,n;xo,n;a. 
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B rnase 3 Ha ITpHMepe 3a,n;aqH pacce.HHH.H Ha rroTeHIJ;HaJie By,n;ca

CaKcoHa, ITpaMofi H o6paTHOti:, Hcc.rre,n;oBaHa MeTO,lI;HKa perneH~ ITpaMoti: H, oco-

6eHHo, o6paTHOH 3a,rr;a'IH pacce.HHirn Ha IIOT8HD;HaJiax, 3aBHC5Illi;HX OT rrapaMeTpOB. 

Bbr6op rroTeHn;Harra By,rr;ca-CaKCOHa o6'bacmreTca TeM, 'ITO, Bo-rrepBbIX, pernemre 

8THX sa,rr;aq MO)KHO ITOJIY'IHTb TOJibKO 'II:ICJieHHO, I:I, BO-BTOpbIX, 8TOT IIOT8HD;HaJI 

rnHpoKo rrpHMemieTca B Mo,rr;emrx TeopI:II:I a,rr;pa. 

,[(na perneHHa sa,n;aqH pacceaHHa, TO ecTb BhI'II:IcJieHHa ct>asbI pacceaHH.5! 

rrpI:I 3a,D;aHHhIX 3Ha'IeHH5IX I:IMIIYJibCa II rrapaMeTpOB IIOTeHJJ;HaJia, HCIIOJib3yeTC5I 

rrporpaMMa SCAPES, Borne,n;rnaa B KOMIIJieKc DISCAPESM [B5]. BhIIIOJIHeHhI 

'IHCJieHHbie 8KCIIepHMeHTbI ,II;JI.5! I:ICCJie,n;oBaHH.5! 3aBHCHMOCTH cPa3bI OT rrapaMeT

pOB 'IHCJI8HHOit cxeMbI, KOTOpbie ITO,lJ;TBep,n;I:IJIH TeopeTH'IeCKHe on;eHKH TO'-IHOCTH 

'IHCJieHHbIX pesyJibTaTOB. 

Cy:rn;ecTBy10:rn;a.H MaTeMaTII"<IecKaa TeopIIa o6paTHOH: sa,D;a"<IH pacceaHH5I ,n;na 

pa,IJ;I:IaJibHOrO ypaBHeHH.5! Ilipe,D;llHrepa I:IMeeT orpaHll'I8HHYIO rrpaKTH"9:8CKYIO ITpH

M8HllMOCTb H3-3a Tpe6oBaHH.H ITOJIHOTbI aCI:IMITTOTH"t!eCKHX ,D;aHHbIX BOJIHOBbIX 

cPYHKIJ;llfi, a TaK)Ke H3-sa HeKoppeKTHOCTH sa,D;a'IH. PacITpocTpaHeHHe pesynhTa

TOB 8TOfi TeOpHI:I Ha TaK Ha3bIBaeMbie MHOroKaHaJibHbie sa,rr;ac.rn 3aTpy,IJ;HHTeJihHO. 

Ilpe,n;JiaraeMhifi B ,Il;HCCepTaD;HH IIO,D;XO,II; K pemeHHIO o6paTHOH sa,n;aqH B KJiacce ITO

T8HIJ;I:IaJIOB, 3aBHC5I:rrt;HX OT rrapaMeTpOB, II03BOJI5IeT OCJia6HTb 8TH orpaHH"'-Iemrn. 

lI,rr;ea IIO,D;XO,D;a BOCXO,IJ;HT K MeTo,n;aM cPa30BOro aHaJIH3a, pa3BHTOro Ha OCHOBe Teo

pI:IH KBa3HITOTeHIJ;HaJIOB, ,Il;JI.5! o6pa60TKI:I 8KCIIepHMeHTaJihHbIX ,rr,aHHbIX B cPH3HKe 

qacTHIJ;. 

0TMeTHM, 'ITO B sa,n;aqax, paCCMOTpeHHbIX BbIIIIe, ,IT,JI5I MHHHMI:I3aIJ;HH cPYHK

Il;I:IOHaJIOB, OITHCbIBaIOlll;HX OTKJIOHemre sa,rr,aHHbIX xapaKTepHCTHK MO,TI;eJIH OT Bbl

'II:ICJieHHbIX, HCIIOJib30BaJIHCb rrpoCTbie rrpou;e,n;yphI, peaJII:I3YIO:rrt;He Ha 5!3bIKe CH

CT8MbI aHaJIHTH'IeCKHX BhI'II:Ic.rreHrrti: I:I KOMIIhIOTepHofi anre6pbI MAPLE anropHT

MbI IIOKOOp,II;HHaTHOro CITYCKa H O,IT,HOMepHOH MHHHMH3aIJ;HH. 0,rr;HaKo, ITpe,rr,BapH

TeJibHbie pac'IeTbI ITOHCKa MHHHMyMa cPYHKil;HOHaJia B o6paTHOH ITapaMeTpH'Ie

CKOH sa,n;aqe IIOKa3aJIH, "<ITO 06.rraCTb IIpI:IM8HHMOCTH 8THX rrpou;e,n;yp orpaHH'{e

Ha KaK MaJihIMH pa3MepaMH 06.rraCTH II3M8H8HH5I ITapaMeTpOB ITOT8HIJ;HaJia, TaK 

H sa,n;aHHeM ITOpa,rr;Ka CITYCKa ITO KOOp,II;I:IHaTaM, KOTOpbIH Tpe6yeT pamKHpOBaHH.5! 

ITapaMeTpoB ITO sHa'IHMOCTI:I. IIoaToMy ,rr;na MHHHMH3aIJ;HH cPYHKIJ;HOHaJia 6bIJI BhI-

6paH MeTo,n; He.rr,n;epa-MII,rr;a. Tipo:u;e,n;ypa Ha a3hIKe MAPLE, peaJIHsyro:rn;aa 3TOT 

MeTo,rr,, 6hma paspa6oTaHa I:I BKJiroqeHa B KOMIIJieKc ITporpaMM DISCAPESM ,n;.rra 

'II:ICJieHHoro pemeHHa o6paTHOti: rrapaMeTpHqecKoli sa,rr,a'IH pacceaHI:Ia. 

B rnaBe rrpe,rr;cTaBJieHbI 'IHCJieHHbie Hcc.rre,n;oBaHHa BJIH5IHH5I myMa (BepoaT

HOCTHhIX omH6oK), HaJimKeHHoro Ha sa,n;aHHbie cPa3bl pacce5IHH5I, Ha TOqHOCTb 

BOCCTaHOBJieHH.5! napaMeTpOB IIOTeH:u;HaJia. 9TOT )K8 BOIIpoc paccMaTpHBaeTC.5! OT

HOCHT8JibHO BJIH5IHH5I Ha ypoBHH aHeprHH rroTeHu;nana. BhIIIOJIHeHbI 'IHCJieHHhie 

HCCJie,n;oBaHH.5! TO'IHOCTH BOCCTaHOBJieHH.5! rrapaMeTpOB ITOT8HIJ;HaJia B 3aBHCHMO

CTH OT '{lICJia sa,rr;aHHbIX ct>as pacceaHH.5!. 

MccJie,rr;oBamrn rro,rr;TBep,rr;aJIH acl:>¢eKTHBHOCTh paspa6oTaHHhIX anropnTMOB 

H rrporpaMM, B03MO)KHOCTb o6o6:rn;eHH.H rrpe,rr;JIO)K8HHOro rro,n;xo,n;a Ha MHOrOKa

HaJibHbie sa,rr;aqI:I H rrpHMeHeHH.H ITOJiyt-IeHHbIX pesyJibTaTOB B M0,1I;8JI5IX o6pa6oTKH 

3KcrrepHMeHTaJibHhIX ce-.:i:emiti: peaK:u;nti: pacceaHHa. 

B 3aKJII0'3:eHHH ccl:>opMyJIHpoBaHbI ocHOBHbie pesyJihTaTbI ,n;HccepTaIJ;HH. 
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OcHOBHbie pe3yJibTaTbI pa60Tb1: 

1. ,n:aHa IlOCTaHOBKa o6paTHOH rrapaMeTpIIqecKOH crreKTpaJibHOH sa,n;aqII 

,LI;JIH MaTeMaTII':ICCKOM MO,LI;eJIII, OITIICbIBaeMOH sa,n;aqeil: IllTypMa-JinyBIIJIJIH Ha 

0Tpe3Ke IIJIII ITOJIYOCII, 3aBIIC.arn;efi OT rrapaMeTpOB MO,LI;eJIII. 3a,n;aqa COCTOIIT B 

MIIHHMII3aIJ;IIII cJ:>yHKIJ;HOHaJia B 3a,n;aHHOH o6JiaCTII II3MeHeHHH rrapaMeTpOB, KOTO

pblll rrpe,n;cTaBlliieT cyMMY KBa,n;paTOB OTKJIOHeHHH 3a,n;aHHbIX xapaKTepIICTIIK MO

,n;eJIHpyeMOH qmsIIqecKOil: CHCT€Mbl OT HX TeopeTHqecKHX 3HaqeHHfi, HBJIHIOIII;IIX

CH ¢YHKD;IIOHaJiaMH OT peIIIemi:fi COOTBeTCTByIOrn;eli sa,n;aqII lllTypMa-JIHyBHJIJIH. 

,n:rr.a Ka)K,Il;OH HCCJie,n;yeMOH B ,n;HccepTaD;HH MO,Il;€JIH COCTaBJieH KOHKpeTHblll BII,LI; 

cPYHKIJ;IIOHaJia. 

2. Ha ocHoBe HAMH paspa6oTaHa HTepau;HoHHa.a cxeMa peIIIeHH.a 3a,n;aqII 

pacce5IHIIH .n;rr.a pa,n;IIaJihHoro ypaBHemrn Illpe,n;HHrepa. 3a,n:aqa cTaBIITCH KaK rpa

HIIqHaH 3a,n;aqa )J;Jrn: BOJIHOBOIT cPYHKD;HII B )J;OCTaToqHo y,n;aJieHHOH TOqKe c HeJIH

H€HHbIM ycJIOBIIeM, B KOTOpOM HeH3B€CTHaH cJ:>asa pacce.aHIIH IICKJIIOqeHa. <Pasa 

orrpe,n;elliieTCR IlOCJie Bbl'-IIICJI€HIIH BOJIHOBOit cPYHKD;IIII C yqeTOM ee aCHMIITOTIIKH. 

3. Paspa6oTaHhI KOMIIJieKCbI rrporpaMM Ha H3bIKe CIICTeMhI aHaJIHTIIqecKHX 

BhiqHcJieHHfi II KOMIIbIOTepHofi a.rrre6pbI MAPLE )J;JIH peIIIeHHH o6paTHofi rrapa

MeTpH'-IecKofi cneKTpaJibHOit sa,n;aLJ:H. I1pHMbie crreKTpaJibHbie sa,n;aLJ:II peIIIaIOTCH 

c IIOMOrn;bIO HbIOTOHOBCKHX IITepaIJ;HOHHbIX cxeM. ,n:JI.a MHHHMH3aD;HH cj:>yHKIJ;HO

HaJia IICIIOJib3YIDTCH rrpou;e.n;ypbI rroKoop,n;HHaTHoro crrycKa II HeJI,n;epa-Mwi;a. 

4. c IIOMOIII;bIO paspa6oTaHHbIX BblqIICJIIIT€JibHbIX cxeM H KOMIIJI€KCOB rrpo

rpaMM rrpoBe,n;eHO '-IIICJieHHOe HCCJie)J;OBaHIIe rrapaMeTpOB MO,LJ;eJieit CJie,n;y10rn;Hx 

cPII3HqecKHX CIICTeM: 

4.1 BbI'-IIICJieHbI rrapaMeTpbI rpa,n;HeHTHoro OIITIIqecKoro BOJIHOBo,n;a c acIIM

MeTpHqHbIM 9KCIIOH€HD;HaJibHbIM rrpoqrnJieM IIOKa3aTeJIH rrpeJIOMJieHH.a, o6ecrre

qHBaIOrn;IIe rrpII6JIII)KeHHYID 9KBH)J;HCTaHTHOCTb crreKTpa BOJIHOBO,LJ;HhIX Mo,n;. BbI

rroJIHeHa MO)J;HcPHKaIJ;IIH IIPOcPHJIH, o6ecrreLJ:IIBaIOm;aH 6oJiee BhICOKYIO TOqHOCTb 

9KBH,LI;HCTaHTHOCTII crreKTpa. 

4.2 BbIIIOJIHeHa KoppeKD;IIH rroTeHu;HaJia MOJieKyJihI Bo,n;opo,n;a ,LI;JIH rroJiyqe

HHH 6orree BhICOKOH TOqHOCTH BOCITpOII3Be,n;eHIIH 9KCIIepIIM€HTaJibHhIX 3Ha'-IeHHit 

ypoBHeit 9HeprIIH. 

4.3 ITpoBe,n;eHo cpaBHeHHe II yTOLJ:HeHIIe TeopeTHqecKHX sHaqeHHfi cpe,n;He

KBa,n:paTIILJ:Horo pa,n:IIyca H,LI;pa reJIHH-6, Bbl'!HCJieHHhIX .n;pyrHMII aBTOpaMII B .zwyx 

pa3JIH'!HbIX MO)J;eJIHX .a.n;pa. 

4.4 ITpoBe,n;eHo qHcJieHHOe HCCJie,n;oBaHHe o6paTHofi 3a,n;aqH pacceHHIIR Ha 

rroTeHu;IIaJie By.n;ca-CaKcoHa. llccrre,rr,osaHae BKJIIOqaeT ou;eHKY TOqHOCTII BoccTa

HOBJieHIIH rrapaMeTpOB B 3aBIICIIMOCTH OT qIIcJia sa,n;aHHbIX <Pas pacceHHHH II Be

JIHqIIHbI Mo,n;errHpyeMoro rnyMa, HaJIO)KeHHoro Ha HIIX. BbIIIOJIHeHo qIIcJieHHoe 

HCCJie,n;oBaHIIe BJIIIRHHH OIIIII60K B sa,n;aHHbIX <Pasax pacceHHHH Ha co6cTB€HHbie 

3HaLJ:eHHH ,lJ,HCKpeTHOro crreKTpa. 
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