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Pa6oTa BbIIIOJIHeHa B Jia6opaTOpirn 1rncpopMau;IIOHHbIX TeXHOJIOrIIti. 

O6'he,IJ,IIH8HHOrO IIHCTIITyTa a,n;epHbIX IICCJie,IJ,OBaHIIH. ,. 

HarIHbIM pyK0B0,ll;HTeJib: KaH,IJ,II,IJ,aT <!)II3IIKO-MaTeMaTH"IeCKIIX 

HayK ITonaHbCKII AneKcaH,n;ep 

Ocp1m;waJibHble 0IIII0HeHTbI: ,IJ,0KTOp <!)II3IIKO-MaTeMaTH"I8CKIIX 

HayK, rrpocpeccop 

CeBaCTh5IHOB JieoHII,IJ, AHTOHOBIIq 

,IJ,OKTOP <!}II3IIKO-MaTeMaTIIqecKIIX 

HayK foHqapoB Cepreii AttaTOJibeBIIq 

Be,z:i;yrn;aa opraHn3au;na: HayqHo-IIccne,n;oBaTeJibCKIIH 

IIHCTIITYT <!)H3IIKII IIM.B.A.<l>oKa 

CIT6fY, r. CaHKT-ITeTep6ypr 

3aiu;IITa ,n;IIccepTaIJ;IIII cocTOIITca d5>> Maa 2007r. B II/ qac. 

Ha 3ace,n;aHIIII ,Il,IICCepTaIJ;IIOHH0rO C0BeTa ,Il;720.001.04 B Jia6opaTOpirn 

IIH<!)OpMau;IIOHHbIX TeXHOJIOrIIti. O6'he,IJ,IIH8HHOro IIHCTIITyTa a,n;epHbIX 

IIccne,n;oBaHIIii no a,n;pecy: r. ,Il;y6Ha MocKOBCKOti. o6nacTII. 

C ,n;nccepTau;neti. M0)KH0 03HaK0MIIThC5I B 6n6nnoTeKe OI15II1. 

ABTOpecpepaT pa30CJiaH «/g» aupe,1,f' 2007r. 
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YqeHhifr ceKpeTapb 

,n;nccepTau;IIOHHOro C0BeTa 0/4.~ 3.M.I1BaHqeHKO 

OBIIJ;A5I XAPAKTEPMCTMKA PABOTbI 

AKTyaJibHOCTh npo6JieMu 

Mo,n;em1p0Bam1e 51,Il,p0-51,IJ,epIIbIX B3aIIM0,Il,8HCTBIIH 5IBJU!eTC5! aKTyaJibH0H 

3a,IJ,a'--!eH, CB.H3aHOH KaK C pemeHIIeM <PYH,IJ,aMCHTaJibHb!X rrpo6Jiel\! 

COBpeMeHHOII Cfl!I3IIKII, TaK II C npIIKJia,IJ,HbIMII IICCJie,IJ,0BamrnMII B o6JiaCTII 

.H,IJ,epH0H 3HepreTIIKII. K TaK0Bb!M M0)KH0 0TUeCTII II3y<IeHHe MexaHH3M0B 

B3aIIM0,IJ,eHCTBH5! .H,Il,ep B o6JiaCTII HII3KIIX 3HeprIIH CT0JIKH0BeHII.H rrop5!,Il,Ka 

,n;ec.HTK0B M3B Ha HYKJI0H rra,n;arow;ero 5!,Il,pa, 3HaHHe K0T0pbIX l\lO)KeT II0M0'--lb 

Bb!6paTb 0IIIIMaJibHbie ycJI0BII5! no 3Hepnrn II C0CTaBy CTaJIKI!BaI0III;lIXC5! 

.H,n;ep ,Il,JI5! rroJiy'--!eHII.H u;erro'--leK cBepXT.H)KeJihIX HYKJIII,Il,OB Ha rpaHnu;e o6JiaCTII 

!IX CTa6IIJibHOCTII II II0IICKa "ocTpOBOB CTa6IIJibHOCTII" 3a rrpe,n;eJiaMII 3TI!X 

rpaHnu; [l]. ITpn npoMe)KyT0'--!HhIX 3HeprII5IX rrop5!,IJ,Ka coTeH M3B/nyKJIOH 

Ba)KHb!M .HBJI5!8TC5! C03,IJ,aHIIe Bbl'--!IICJIIITeJibHbIX nporpaMM M0,Il,8JIIIp0BaIIII5! 

MexaHH3Ma B3aIIM0,LJ,etiCTBII5! 5!,LJ,ep (KaCKa,LJ,HO-IICIIapIITeJibHa.H M0,LJ,eJib [2], 

.H,Il,epua.H M0,Il,eJib KBa3II-MOJieKyJI.HpHOH ,Il,IIHaMIIKII II ,n;p.), pacqeTa ceqem1ti 

pacce5IHIU!, II0JIHb!X ce<IeHIIH peaKu;Hti lI cpparMeHTau;uII 5!,Il,ep, 91'0 B CBOIO 

oqepe,IJ,b Heo6XO,Il,IIMO ,Il,JI.H pa3pa60TKII p.H,IJ,a CIICTeM .H,Il,epH0H 3HepreTilKII, 

BKJIIO'--!a.H 3JI8KTpo-a,n;epHbie ycTaH0BKII lI ycTaH0BKII ,Il,JI5! rrpeo6pa30BaHII.H 

pa,n;IIoaKTIIBHbIX MaTepHaJI0B B pa,n;nau;noHH0 6e30riaCHbie rrpo,n;yKTb!. Tipu 

BbIC0KIIX II CBeXBbIC0KIIX 3Heprll5IX CT0JIKH0B8HII5! a,n;ep CTaB5ITC5! 3a,n;a'--III 

H3y'--leHII5! CBOHCTB 5!,Il,8pHoro Beiu;ecTBa B ycJI0BH5!X CHJibH0ro C)KaTII5! II 

BbIC0K0H TeMrrepaTypbI, BKJIIO'--!a5! II0IICKII cpa30BbIX rrepexo,n;oB HYKJI0H

M830HHOH C0CTaBJI5IIOiu;eti B C0CT05!Hlie KBapK-rJIIO0HH0H MaTepirn II cpa3bl C 

B0CCTaH0BJI8HH0H KIIpaJihH0H CIIMMeTpIIeti ( CM., uarrpIIMep, [3]). 
TeMa rrpe,n;JiaraeM0H ,Il,IICCepTau;IIII 0TH0CIITC5! K M0,Il,8JIIlpoBaHHIO 

rrpou;eccoB B3aIIMO,Il,8HCTBirn .H,Il,ep rrpII rrpoMe)KyT09UblX 3HeprlI5IX 

CT0JIKH0Bemrn. 3,n;ecb B Ka'--!eCTBe 0CH0Bbl II3Y'I8HII5! MexaHII31\Ia 

CT0JIKH0BeHII.H CTaBHTC.H 3a,n;a'--!a IICCJI8,Il,0Bamrn ynpyroro II neyrrpyroro 

pacce.HHII.H a,n;ep, rrpou;eccoB, uaII6oJiee '--IYBCTBIITeJibHhIX K reoMeTpnqecKIIM 

pa3MepaM .H,Il,ep II II0Tenu;IIaJIY IIX B3aIIM0,Il,8HCTBII5!. 11 9T0 60J1ee 

cyiu;ecTBeHH0, 3TII rrpou;eccbI BeCbMa qyBCTBIITeJihHbl K BHyTpeuneti 

CTPYKType a,n;ep (narrpuMep, IIJI0TH0CTII pacrrpe,n;eJieHII5! nyKJI0H0B B 5!,Il,pax) II 

K xapaKTepHbIM CBOHCTBaM HyKJI0H-HYKJI0HHbIX B3aIIM0,n;etiCTBIIll B 5!,Il,8pH0M 

Bem;eCTBe, Kor,n;a B o6JiaCTII rrepeKpbITH5! .H,Il,ep ,Il,0CTIIraeTC5! IIJI0TH0CTb 

BIIJI0Tb ,Il,0 Y,Il,B0eHH0ll HJI0TH0CTII a,n;epnoro Beiu;ecTBa. TaK, 0,Il,HIIM II3 

<PYH,Il,aMeHTaJibHbIX ,Il,0CTII)KeHIIll H0CJI8,Il,Hero BpeMeHII B 3TOH o6JiaCTH 
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51BJI5leTC51 0TKpbITIIe rrp0T51:>KeHHbIX "XBOCTOB" ( rarro) B pacrrpe,LJ,eJiemrnx 

HeHTpOHH0H II rrpoT0HHOH IIJI0TH0CTII JierKIIX pa,LJ,II0aKTIIBHbIX 51,LJ,ep, K0T0pb!e 

,LJ,aJieKo BbrcTyrraIOT 3a rrpe,LJ,eJihI nx xapaKTepHbIX pa,LJ,nycoB R ~A 1/
3 [4]). 

A ,LJ,eTarrhH0e II3Y'-IeHIIe ,ll,IIcpcpepemvraJihHbIX ceqeHIIH yrrpyroro paccemrn51 

arrbcpa-qaCTIIU, II 51,LJ,ep p-o6oJIO'IKII C 51,LJ,paMII rrpIIBeJI0 K Heo6xo,LJ,IIMOCTII 

BB0,[l,IITb 3q)<peKTI1BHb!e HYKJI0H-HyKJI0HHb!e CIIJibI, 3aBUC51ILI,11e OT IIJIOTH0CTl1 

51,LJ,epHOH cpe,LJ,bl u 3Hepr11II CT0JIKH0BeHl151 51,LJ,ep [5, 6]. 
,ll;JI51 II0Jiyqemrn TaKoro po,LJ,a IIHcpOpMaU,IIII 0 CTPYKType 51,LJ,ep H 51,LJ,epuoii 

MaTepIIII Tpe6yeTC51 ,LJ,eTaJibH0e 3Hanne MexaHII3Ma IIX B3aII.t,10,LJ,eHCTBII51 H, 

B rrepBy10 o•repe,LJ,b, II0CTpoenne 51,[1,p0-51,[1,epnbIX 0IITH'!eCKIIX II0TeHU,IIaJI0B, 

a TaK:>Ke MaTer-rnTII'-!eCK0e M0,LJ,eJIHp0BaHIIe ua 3TOH 0CH0Be Ha6JIIO,LJ,aeMbIX 

xapaKTepIICTIIK B3aIIr-10,LJ,eHCTBH51. Ha,LJ,O 0TMeTHTb, 'ITO Tpa,LJ,HU,IIOIIHa51 

0IITII'IeCKa51 M0,IJ.eJib pacce51HH51 HYKJI0H0B H aJibcpa-'IaCTIIU, 51,LJ,paMH, 

K0T0pa51 BB0,[l,IIT MaKp0CK0IIII'IeCKHH MHororrapaMeTpH'IeCKIIH K0MIIJieKCHblH 

rroTeHu,narr B3aHM0,LJ,eiicTBH51 Uapt ( r) = V ( r) + iW ( r), ne crrpaBJI51eTc51 

c TaKoii 3a,LJ,a'Ieii. BoJiee Toro, npn ee o6o6ru;eHHH Ha cJiyqafi 51,LJ,po-

51,LJ,epnoro B3aHMO,LJ,eHCTBII51 0Ha cTaJIKIIBaeTC51 C cepbe3H0H Tpy,LJ,H0CTb!O 

ne0,LJ,H03Ha'IH0CTII rrapaMeTp0B II0TeHU,HaJia. ,l(eJIO B TOM, 'ITO caMa npo6JieMa 

II0IICKa 0IITHMaJibH0ro p51,LJ,a 3Ha'leHIIH rrapaMeTp0B 3a,LJ,a'IH Ha 0CH0Be 

x2- II0,LJ,r0HKII K orpaHII'IeHH0MY na6opy 3KCrrepIIMeHTaJibHbIX ,LJ,aHHb!X 

0TH0CIITC51 K KJiaccy HeKoppeKTH0 II0CTaBJieHHbIX 3a,LJ,a'I II Tpe6yeT ,[l,JI51 CB0ero 

perneHH51 BBe,LJ,emrn, Boo6ru;e r0B0p51, BHeIIIHHX ( cpII3II'IeCKII o6ocnoBaHHbIX) 

orpaHII'IeHIIH Ha npe,LJ,eJibI B03M0)KHbIX II3MeHeHIIH IICK0MbIX cpyHKI~IIH [71. B 
ycJI0BH51X nocTaH0BKH, K0r,LJ,a neo6XO,[l,IIMa no,LJ,r0HKa cpeHOMeHOJIOrII'IeCKHX 

noTenu,naJI0B C 51BH0 He onpe,LJ,eJieHHblMH orpaHH'IeHII51MII IIX cpopMbl 

H o6JiaCTII II3MeneHII51 caMHX napaMeTp0B, II0JiyqaeTC51 p51,[1, pa3Hb!X 

na6opoB napaMeTp0B, K0T0pbie paBH03KBIIBarreHTHbI B CMbICJie noJiy'IeHHbIX 

3Ha'IeHHH x2 [8]. BbIXO,[I, H3 II0JI0:>KeHII51 ecTeCTBeHH0 HCKaTb B II0CTp0eHHH 

MHKp0CK0IIH'IeCKIIX MO,IJ.eJieii B3aIIMO,LJ,eHCTBH51 51,LJ,ep, II0CTp0eHHbIX , Ha 

0CH0Be y:>Ke noJiyqeHHbIX II3 He3aBHCIIMbIX 3KCnepIIMeHT0B ,LJ,aHHbIX, TaKIIX 

KaK cpyHKU,II11 pacnpe,LJ,eJiemrn IIJI0TH0CTl1 51,LJ,ep 11 II0TeHu,11aJibI HYKJI0H

HYKJI0HH0ro B3al1MO,LJ,eHCTBl151. 

B HaCT051ILI,ee BpeM51 IIMeeTC51 ,ll,0CTaT0'IH0 xop0III0 pa3pa6oTanna51 

II0JIYMIIKp0CK0IIII'IeCKa51 M0,LJ,eJib 0IITl1'IeCK0ro IIOTeHu,IIarra. B nett 

Beru;ecTBeHHa51 qacTb paCC'IIITbIBaeTC51 Ha 0CH0Be MIIKpOCKOIIH'!eCKOH 

M0,LJ,emr ,LJ,B0HHOro qJOJI,[1,IIHra (M,ll;<I>) [9, 10], a MHIIMa51 qaCTb W(r) 0CTaeTC51 

cpeHOMeHOJIOrII'IeCKOH II BbI6IIpaeTC51 o6bI'IHO B TIIIIII'IH0H cpopMe BY,LJ,C-
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CaKC0H0BCK0ro II0TeHU,IIaJia C TpeM51 HJIII 6oJiee napaMeTpaMII. TaKl!M 

o6pa30M, Ta qacTb 3a,LJ,a'IH, K0Topa51 CB513aHa C Heo6xO,[l,IIMOCTb!O II0,LJ,r0HKll 

napaMeTp0B MHIIM0ro II0TeHU,Harra, ocTaeTC51 ,[1,0 K0HU,a nepeIIIeIIHOH. 

EcTeCTBeHHO II0flb!TaTbC51 II0CTp0IITb na MIIKpOCKOf!II'IeCKOII 0CH0Be TaK:>Ke 

II MHIIMY!O 'IaCTb II0TeHU,HaJia. 3,LJ,eCb BeCbMa rJiy6oKIIe IICCJie,LJ,oBaHII51 

6b!JIII npoBe,LJ,eHbI B pa6oTax [11] ('!aM )Ke ,IJ.pynre CCblJIKII). O,n;naKO 

l!X npaKTH'IeCKa51 peaJI113au_1rn yn11paeTC51 B 3Ha'IHTeJibHbie TPY,LJ,H0CTI!, 

CB513aHHhle C neo6X0,[1,HMOCTb!O Y'IIITbIBaTb B pac•reTax m1cpopMaU,IIIO 0 Bcex 

,LJ,pyrIIX Kanarrax peaKU,IIii, nanpHMep, o peaKU,II51X rrepe,LJ,a'III HYKJI0H0B 

51,LJ,par-rn, 0 peaKU,II51X cpparMeUTaU,IIII 51,LJ,ep H ,LJ,pynrx. C ,LJ,pyroii CT0p0HbI, 

3,LJ,eCb M0:>KH0 IICII0Jib30BaTb KaK 0CH0BY MHKp0CK0IIII'IeCKY!O Teopmo 

MHoroKpaTnoro ,LJ,HqJpaKu,IIonnoro pacce51HH51 (M,l(P) fJiay6epa II CnTeHKo 

[12, 13], K0Topa51 orrnpaeTC51 Ha BbIC0K03HepreTH'IeCK0e ( 3HKOHaJ!bHOe) 

IIpII6JIH:>KeHHe Te0pHH pacce51HII51 (B9TT), H K0T0pa51 B TaK Ha3bIBaeM0M 

0IITII'IeCK0M npe,LJ,eJie npIIB0,LJ,HT K 51BHbIM Bbipa:>KemrnM ,[l,JI51 cpa3bl, 

aMIIJIHTY,LJ,bI 11 ceqenII51 pacce51HH51. B 3T0M IIJiaHe 0CTaeTC51 C,LJ,eJiaTb 

Heo6xo,LJ,HMblH Illar 11 II0IIbITaTbC51 II0CTp0IITb B paMKax B9TT He T0JibK0 

cpa3y, HO H noTeHu,naJI 51,LJ,p0-51,LJ,epnoro pacce51HII51. A nocK0JibKY ,LJ,JI51 B9TT

cpa3bI II3BeCTH0 KaK ee orrpe,LJ,eJieHIIe •repe3 noTenu,naJI, TaK II Bbipa:>KeHIIe 

ua MIIKp0CK0IIII'I8CK0ll 0CH0Be M,ll;P, TO a,LJ,eKBa'fHblll MHKpOCKOIIH'IeCKIIH 

0llTH'IeCKIIH II0TeHu,IIaJI ,[l,0JI:>KeH C0,LJ,ep:>KaTb II Beru;ecTBenuy10 Il MHIIMYIO 

qaCTb 0,IJ.H0BpeMeHH0. 

PellleHH!O 3T0H aKTyaJibH0H 3a,LJ,a'III - II0CTpoeIIH!O M0,LJ,eJIII 

MIIKp0CK0IIII'IeCK0ro 0IITII'IecKoro II0Tenu,IIaJia 51,[1,p0-51,LJ,epnoro 

B3aIIM0,LJ,eiicTBH51, pa3pa6oTKe rrporpaMMHoro 06ecne•reu1151 ,LJ,JI51 ero 

pac•reTa, a TaK:>Ke 'IIICJieHH0My auarrn3y Ha 3T0H 0CH0Be IIMeIOru;eroc51 

3KCIIepHMeHTaJibH0ro MaTepHaJia, - II0CB51ILI,eua ,LJ,aHHa51 ,LJ,IIccepTau_II51. 

Il;eJm pa6oTbI: 

1. B paMKax MHKpocK0IIII'IecKoii M0,LJ,emr B9TT II0JIY'IHTb Bbipa:>Kemrn 

,[1,Jl51 Beru;ecTBeHJ-I0H II MHIIM0H qacTII 0IITII'IeCK0ro 51,LJ,p0-51,LJ,epnoro 

rroTeJ-Iu_IIaJia. Pa3pa6oTaTb anarrIITII'IecKyIO 6a3y ,LJ,JI51 pacqeTa B9TT- 11 

M,l( <I>-rroTenu,uarroB. 

2. Pa3pa6oTaTb K0MIIJieKC rrporpaMM ,LJ,JI51 BbI'IIICJieHII51 

MIIKp0CK0IIH'IeCK0r0 51,LJ,p0-51,LJ,epnoro II0TeHU,liaJia C yqeT0M 

C0BpeMeHHb!X npe,LJ,CTaBJieHIIH 06 3cpcpeKTIIBHb!X HYKJI0H-HYKJI0HHb!X 
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IIOTemi;mwax B3al1MO,IJ,eHCTBirn. IlpoBeCTII TeCTOBbie paccreTbl C ri;eJibIO 

npoBepK11 ,IJ,OCTOBepHOCTl1, ori;eHKl1 ToqHOCTl1, Bh16opa BbJqucJIIITeJibHbIX 

napaMeTpoB. 

3. Ha 0CH0Be pa3pa6oTaHHOro MeT0,IJ,a 11 K0MIIJieKca 11porpaMM paccq1ITaTb 

MIIKpOCKOIIIJqecKIIe IIOTeHIJ;I1aJibl B3aIIMO,IJ,eHCTBIIH CTa6HJibHbIX 51,IJ,ep II 

'.➔K30TnqecKIIX HeiiTpOHHO-II36bJTOqHbIX 51,IJ,ep co CTa0UJibHb!MlI 51,IJ,paMU. 

BbIIIOJIHIITb qlicJieHHOe lICCJie,IJ,OBaHHe MIIKpOCKOIIUqecKOH MO,IJ,eJIII 51,Il,p0-

51,IJ,epHbIX B3aHMO,IJ,eiicTBnii, o6'be,IJ,IIHEIOIIJ;eti B8Il- II M,II,<D-noTettri;naJibI 

B IIpIIMeHeHIIII K ynpyroMy 11 tteynpyroMy pacceEHIIIO 5!,IJ,ep. 

4. IlyTeM COIIOCTaBJieHirn paccqnTaHHbIX tta6JIIO,IJ,aeMbIX xapaKTepIICTIIK c 

IIMeIOIIJ;IIMIICE 3KCIIepIIMeHTaJibHbIMII ,IJ,aHHbIMl1 11 pacqeTaMII B paMKax 

,IJ,pyrIIX IIO,Il,XO,IJ,OB ori;eHIITb IIpIIMeHIIMOCTb yKa3aHHOH MO,IJ,eJIII ,IJ,JI5I 

0IIIICaHII5I 51,IJ,p0-5!,IJ,epHbIX B3aIIM0,IJ,eHCTBIIH IIplI '.➔Hepnrnx B ,IJ,IIaIIa30He 

10-100 M::iB Ha HYKJIOH HaJieTaIOrri;ero E,IJ,pa. 

HoBH3Ha pa6oThI 

Pa3pa6oTaH HOBbIH MeTO,IJ, IIOCTpOeHI15I MIIKpOCKOIIl1qecKIIX OIITnqecKUX 

noTenri;uaJIOB Ha ocnoBe IIO,IJ,XO,IJ,a, o6'be,IJ,IIHEIOIIJ;ero B8Il II M,II,<D. C,IJ,eJiano 

o6o6rri;enue MIIKpocKom1qecKoti MO,IJ,em1 B paMKax B8TI na cJiyqati 

neynpyroro pacce5IHI15I 5!,IJ,ep. C I1CIIOJib30BaHIIeM pa3pa6oTaHHbIX MeTO,Il,OB 

u KOMIIJieKca nporpaMM BnepBbie npoBe,IJ,eno qncJiennoe IICCJie,IJ,oBanue 

MIIKpOCKOII1JqecKOH MO,IJ,eJIII onTifieCKoro IIOTeHIJ;IIaJia, o6'be,IJ,IIH5IIOIIJ;eti 

M,II,<D II B8Il: paccqrITaHbI MI1KpocKom1qecKIIe noTeHIJ;IIaJihI ,IJ,Botinoro 

q:>OJI,IJ,HHra; paccqnTaHbI na6JIIO,IJ,aeMbie xapaKTepIICTl1KII 51,IJ,pO-E,IJ,epHbIX 

B3aUMO,IJ,etiCTBIIH npu npoMe:>KYTOcIHbIX 3HeprIIEX; npoBe,IJ,eHO cpaBHeHIIe C 
'· 

,IJ,aHHbIMII 3KCnepIIMeHTOB II pacqeTaMII B paMKax ,IJ,pyrux no,IJ,XO,Il,OB. 

IlpaKT:nqecKaH ii;eHH0CTb pa60TbI 

B pe3yJihTaTe qIIcJieHHOro IICCJie,IJ,OBaHII5I npo,IJ,eMOHCTpIIpOBana 

npnMeHIIMOCTb MO,IJ,eJieti MIIKpOCKOIIIIqecKoro OIITIIqecKoro IlOTeHIJ;IIaJia 

,IJ,JIE onncamrn OCHOBHblX xapaKTepUCTIIK 51,IJ,p0-51,IJ,epHbIX B3aUMO,IJ,etiCTBIIH. 

TioKa3ano, qTo paccqIITaHHhie noTeHIJ;IIaJibI 06ecneqIIBaIOT corJiacIIe c 

IIMeIOIIJ;IIMIIC5I 3KCnepIIMeHTaJibHbIMII ,IJ,aHHbIMII. Pa3pa6oTaHHbIH MeTO,Il, 11 

KOMilJieKC rrporpaMM ,IJ,JI5I pacqeTa noTeHIJ;IIaJia ,IJ,BOHHOro q:>OJI,IJ,IIHra, MO)KeT 

6b!Tb IICilOJib30BaH ,IJ,JI5I perneHII5I ,IJ,pyrIIX 3a,IJ,aq. Mo,IJ,eJib npIIMeHIIMa TaK)Ke 
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II ,IJ,JI5I HYKJIOH-51,IJ,epHblX B3aHMO,IJ,etiCTBIIH, nanpIIMep, ,IJ,JI5I MO,IJ,em1p0Bamrn 

yupyroro pacce5IHII5I IIpOTOHOB Ha netiTpOIIHO-II36hITOqHblX I130Tonax reJIII5I. 

Arrpo6aii;:n.H :pa6oThI :n rry6JI:nKaii;:n:n 

OcnOBHbie IIOJIO)KeHirn pa60TbI ,IJ,OKJia,IJ,bIBaJIIICb Ha KOHcpepenri;u5Ix: 56-51 

Me)K,IJ,. Koncp. no npo6Jie1'.rnM 51,IJ,epnoti cneKTpocKOilIIII II cTpyKType 51,IJ,pa 

( 4-9 ceHT5I6p5I 2006r., CapoB); Me)K,IJ,. CIIMn03IIYM no 3K30TIJqecKHM 51,IWaM 

EXON-2006 (XanThr-MancnticK, 17-22 IIIOJI5I 2006r. ); 25th Int. Workshop 

on Nuclear Theory (June 26 - July 1, 2006, Rila Mountains, Bulgaria); 

X Hayqna5I Kottcpepenri;II5I MOJI0,IJ,bIX yqenbIX a cneri;IIaJIIICT0B (,II,y6na, 6-11 

cpeBpaJI5I 2006r.); 17 Me)K,IJ,. BaJI,IJ,IIHCKIIti ceManap no npo6JieMaM cpn3IIKII 

BhICOKIIX :➔nepmti (7 ceHT5I0p5I - 1 oKrn6p5I, ,II,y6na, 2004); na ceMIInapax 

B Jll1T II JI5IP 0115!11. OcnoBHhie pe3yJihTaTbI IICCJie,IJ,oBannti, Jie;>Imni;IIx B 

OCHOBe ,Il,I1CcepTari;1rn, orry6JIIIKOBaHbI B c6opHI1Kax yKa3aHHbIX KOHcpepemi;m1, 

B npenpIIHTax 0115!11 II B )KypnaJiax: "TIIICbMa B 8'LfA5I", "5I,IJ,epnaE cpH3IIKa", 

"l13BeCTIIE PAH". Tio MaTepIIaJiaM ,IJ,IIccepTari;IIII orry6JIIIKOBano 10 pa6oT. 

JinqIIhIH BKJia,ri; aBTopa 

ABTOp ,Il,IICCepTaIJ;IIII B COTpy,IJ,IJIIqecTBe C KOJIJieraMII . II coaBTOpaMII II3 

0115!11 II ,IJ,pymx (poccIIHCKIIX II 3apy6e)KHbIX) nayqnbIX ri;enTpOB yqacTBOBaJI 

B MaTeMaTIIqecKOH IIOCTaHOBKe paCCMOTpeHHbIX B ,IJ,IICCepTari;IIII 3a,IJ,aq, B 

pa3pa6oTKe MeTO,IJ,OB qIIcJiennoro IICCJie,IJ,OBaHIIE, B aHaJIII3e ToqnoCTII II. 

,Il,OCTOBepHOCTH noJiyqaeMbIX cmcJieHHbIX pe3yJihTaTOB, B IIX cpII3nqecKOH 

IIHTepnpeTaIJ;IIII. 

KoMnJieKc nporpaMM ,IJ,JI5I pacqeTa MIIKpocKormqecKoro 51,IJ,p0-51,IJ,epnoro 

IIOTenri;IIaJia M,II,<D C03,IJ,an aBTOpOM. Bee npe,IJ,CTaBJieHHbie B ,Il,lICCepTari;IIII 

qucJieHHbie pe3yJibTaTbl noJiyqeHbl C onpe,IJ,eJrnIOIIJ;IIM BKJia,Il,OM aBTopa B 

pa3pa6oTKY MeTO,IJ,OB II nporpaMM u B npoBe,IJ,enue qucJiennoro anaJIII3a. 

O6'beM :n CTPYKTypa pa6oThI 

,Ii,IIccepTari;rrn COCTOIIT II3 BBe,IJ,eHI15I, 4 rJiaB II 3aKJIIOqemrn, CO,IJ,Cp)KUT 

98 CTpaHIIIJ; MaIIIIIHOIIHCHOro TeKCTa, BKJIIOqa5:1 25 pIICYHKOB, 11 Ta6m1ri; II 

6n6m1orpacpn10 II3 72 HaIIMeHOBaHIIH. 
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CO,ll;EP)KAHHE ,ll;HCCEPTAIJ;HH 

Bo BBe,n,eHHH o6ocHOBb!BaeTC5I aKTYaJibHOCTb HCI10flb30BaHH5I 

MHKpOCKOIIll'IeCKHX MO,IJ,eneti 5I,IJ,p0-5I,D,epHoro B3aIIMO,IJ,eHCTBH5I. IloKa3aHa 

nepcneKTHBHOCTb C03,IJ,aHH5I MaTeMaTWieCKHX Mo,n,eneti IIOCTpoeHH5I 

5!,IJ,p0-5!,IJ,epHbIX IIOTeHIJ,I1aflOB, He HCI10flb3YIOI.IJ,HX cpettoMeHonorWieCKHe 

napaMeTpbI. Onpe,n,eneH Kpyr 3a,n,a<J, K KOTOpbIM MO)KeT 6bITb npHMeHeHa 

MO,IJ,eflb. Ha 3TOH OCHOBe cpopMynupyIOTC5I u,enH pa60TbI H yKa3bIBaeTC5I, B '!eM 

3aKflIO<JaeTC5I HOBH3Ha H Hay<JHO-npaKTH<JeCKa5I 3Ha'IHMOCTb ,Il,HCCepTaIJ,HH. 

B nepBOH rnaBe H3naraeTC5I MHKpOCKOIIH'!eCKa5I MO,IJ,eflb ,Il,fl5I pac'IeTa 

ouTH<JecKoro 5I,l.\p0-5I,D,epnoro n0Tenu,11ana, ofrhe,IJ,HH5IIOI.IJ,a5I !IO,l.\XO,l.\bI B9Il 11 

M,Il;<D. ,Il;B11)KeH11e HaJieTa10rn.ero 51,n,pa c KHHeTH<JecKoti sHepr11eti E B none 

II0TeHIJ,HaJia U 0TIHCbIBaeTC5I ypaBHeHHeM illpe,n,11Hrepa 

n,2 

2
µ .6.w + (E - U(w))w = o, (1) 

r,n,e U ecTb KOMnneKCHhIH ( onT11<JecK11ti) noTeHu,11an U - V + iW, 
µ = m A~1l

2 
- npHBe,).\eHHa5I Macca, m - Ma~ca HYKflOHa, A1, A2 -

aT0MHb!e Beca CTaJIKHBaIOI.IJ,HXC5I 51,IJ,ep, n - TIOCT05IHHa5I IlnaIIKa. 9To 

ypaBHeHire Hemrnetittoe, Il0CKOflbKY IIOTeHIJ,HaJI 3aBHCHT OT 'V. O6br<JHO 

3a,IJ,a<Jy ynporn.aIOT H CBO,IJ,5IT npo6neMy K II0CTp0eHHIO MI1Kp0CKOTil1'!8CK0I'O 

noTeHIJ,HaJia c y<JeT0M n11tteiiHbIX 'rneHoB no HyKnon-HyKnoHHOMY NN

noTeHu,11any V N N' C nocne,n,yIOIII,HM 'IHCfleHHbIM perneHHeM ypaBHeHH5I ( 1) Ha 

6a3e nony<JeHHoro TaKHM o6pa30M noTeHu,11ana U ( r). 
,ll;n5I BeI.IJ,eCTBeHHOH <JaCTH HCKOMOI'0 TI0TeHIJ,HaJia HCI10flb3yeTC5I M0,IJ,eflb 

,IJ,BOHH0I'0 cpon,IJ,HHra (MJ:i:<D) [9],[10]. MHHMYIO <JaCTb TIOTeHIJ,HaJia, a 

TaK)Ke (KaK BapHaHT) H B8I.IJ,8CTB8HHYIO <JaCTb, MO)KHO TIOJI)''IHTb [Al] ll 

MHKpOCKOIIH'I8CKOH B9Il T80pHH pacce5Il!H5I: Uopt = vH + iWH, K0TOpb!H 

a,n,eKBaTHO B0CTipOH3BO,IJ,HT cpa3y MHKpOCKOIIH'I8CKOH TeopHH pacce5IHH5I B e'e 

OI1Tl1'!8CKOM npe,n,ene [12,13]. 
Co<JeTaHue Mo,n,eneit MJ:i:<D ,n,nR Bern.ecTBeHHOH <JaCTH VF n B9Il ,IJ,fl5I 

MHHM0H <JaCTH W H I103B0fl5I8T HCKfllO'IHTb cpeHOM8HOflOrH'I8CKHe napaMeTpbl 

cpopMbI TIOTeHIJ,HaJia, a TaK)Ke nony<JHTb ero 5IBHYIO 3aBHCHMOCTb OT E,Z H 

A B3aHMo,n,eticTBYIOW.HX R,n,ep. ,ll;nR B9Il-noTeHu,nana HMeeM [Al]: 

H nv {''° ( ) ) . ( 2 V (r) = - (
2

1r)2ffNN°'NN lo P1 q P2(q) !N(q Jo qr) q dq (2) 
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------.--

WH (r) = - (
2
:)2a-NN 100 

P1(q) P2(q) fN(q) jo(qr) q2dq. (3) 

3,n,ecb p( q) - cpopMcpaKTOpbl ( cpypbe-o6pa3bl) IIflOTHOCTH TO'l:8'--!Hb!X 

HYKflOHOB R,IJ,ep, a fN(q) - aMnnnTy,n,a NN-pacce5IHH5I. Benn'--IIIHhI a-NN n 

°'NN ecTb ycpe,n,HeHHbre no II30CIIIIHaM R,n,ep nonHoe ce<JettHe NN-pacceRHH5I 

n 0THornettne ,n,eticTBHTeflhttofr K MHHM0H <JaCTH aMIIflHTY,IJ,bI NN-pacce5IHH5I 

BI!epe,n,. 3tta'--!el!H5I 3THX BeflII'IIIH H3B8CTI!bl II3 He3aBIICHMb!X 3KCnepHM8HTOB. 

B paMKax MJ:i: <D BeI.IJ,ecTBeHHbIH noTeHu,IIan VF ( r) cTpoIITC5I KaK 

IIHTerpaJI nepeKpb!TH5I ( (pOJ!,IJ,IIHra) scpcpeKTHBHOI'O HYKJ!OH-HYKflOHHOI'O 

B3aHM0,IJ,eHCTBII5I VNN ( C y<JeTOM cpaKTopa F(p) = C(l +ae-f3P+'YP) BflII5IHH5I 

51,IJ,epHOH cpe,IJ,bI) II pacnpe,n,eneHH5I IIfl0TH0CTII TO'Ie'IHbIX HYKflOHOB B 51,IJ,pe 1 
II 2 P1,2 BH,n,a: 

V(r) = j P1(r1) VNN(s) p2(r2) d3r1d3r2, 

II C0CTOIIT II3 HeCKOflbKHX cnaraeMbIX 

s r+r2-r1. (4) 

VF = VD+ VEX = (½~ + ½t) + (½FJ,X + ½lf.X). (5) 

3,n,ecb vn IIOTeHIJ,HaJI I1p5IMOro cpOfl,Il,IIHra, KaK OH 3a,n,att Bb!pa)KeHIIeM 

( 4), a VEX - noTettu,uan c y<JeTOM HyKnOHHoro o6MeHa. Ka)K,IJ,bIH H3 HHx 

pa36IIBaeTC5I Ha II3ocKan5Iptty10 (IS) H II30BeKTOpHy10 (IV) <JacTII. 

B rnaBe ,n,aHbl MaTeMaTH'--!eCKHe Bb!Kfla,IJ,KH, npHB0,Il,5IIII,IIe TIOTeHIJ,Han 

VF K attaJIHTII<JeCKOMY BII,IJ,y, npIIro,n,HoMy ,D,fl5I ,n,anbttetirnero '--!IIcneHHoro 

HCCfle,IJ,OBaHH5I. TaK, H30CKaJI5IpHbIH Il0T8HIJ,HaJI ½~ IIpIIHHMaeT BH,IJ,: 

D Cg(E) {
00

{ 
VIS(r) = ~ lo P1(q)p2(q) + aiJ1(q)iJ2(q) -

- 'Y [ l?l ( q)p2( q) + Pl ( q)£?2( q)]} v£( q) jo( qr) q2dq, (6) 

Ky,n,a BXO,IJ,5IT cpypbe-o6pa3bl ( cpopMcpaKTOpbI) COOTBeTCTBYIOI.IJ,HX 

IIO,IJ,bIHTerpanbttbIX cpyttKIJ,IIH P1,(2), Pi,(2)e-/JP1
,
2 H Pl,(2)Pl,2· 

IfaoCKaJI5IpHa5I <JaCTb o6MeHHOro IIOT8HIJ,HaJia onpe,n,efl5I8TC5I Bb!pa)KeHH8M 

½~x(r) = j P1(r1,r1 +s)p2(r2,r2 -s) x 

xg(E) F(p) vfc{(s)jo(K(r)s/M) d3r1d3r2. (7) 

7 



3,IJ,eCb p(ra, rb) - CMemaHHa5I O,Il,HO'IaCT}IqHa5I MaTpuu;a II.JIOTHOCTII TO'le'Illb!X 

HYK.JIOHOB, KOTOpyIO arrrrpoKCHMHPYIOT KaK 

p(r,r±s) ~ p(r±;)],(kF(lr±;l)·s), (8) 

r,IJ,e 3,(x) = ~j,(x) = :;?a(sinx - xcosx). l1cKa)KeHue HYK.JIOHHbIX BOJIHOBbIX 

cpyHKD;HH B 5!,IJ,epHOM IIOJie rrpu6JIII)KeHHO Y'IHTbIBaeTC5I C IIOMOiu;b!O 3aMeHbl 

HMIIYJibCa CB060,IJ,HOro ,Il,BH)KeHH5I Ha .JIOKa.JibHbIH HMIIY.JibC 

K(r) = [(2mM/n?) (Ec.m. - V(r) - Vc(r))] 112
, (9) 

r,IJ,e V(r) - rroTenu;uan, KOTOpbIH BKJIIOqaeT rrp5IMYIO VD u o6MennyIO qacTb 

vEx, a M = A1A2/(A1 + A2). KaK BH,IJ,Ho, HMIIY.Jibc K(r) caM 3aBHCIIT oT 

IIOTenu;ua.Jia, T.e. 3a,IJ,aqa (7) 5IBJI5IeTC5I HeJIHHeHHOH. 

ITocJie p5I,IJ,a rrpeo6pa3oBaHHH ,IJ,.JI5I H30CKaJI5IpHOH qacTH o6MeHHoro 

rroTeHu;ua.Jia rronyqaeM ne.JiunettHoe HHTerpaJibHoe ypam1en1Ie: 

V/f,X (r) = 41r C g(E) 100 

G(r, s) vfr{ (s) j 0(K(r)s/M) s2ds, (10) 

r,IJ,e 

G(r,s) 
1 roo 

2
7r2 Jo { h1(q, s) h2(q, s) + o:y1(q, s) Y2(q, s)-

- r' [h1 ( q, s) z2(q, s) + z1 (q, s) h2(q, s )] } Jo(qr) q2dq, (11) 

a Bbrpa)KeHH5I ,IJ,.JI5I h, y, z ,IJ,aHbI B [A2], u K(r) orrpe,IJ,e.JI5IeTC5I (9). 
IT pHBO,Il,5ITC5I Bee Heo6xo,IJ,IIMbie Bbipa)KeHH5I ,IJ,.JI5I Beru;ecTBeHHOH VF qacTII 

M,II:<I>-uoTeHu;uaJra Hap5I,IJ,Y c VH u WH B8IT-rroTenu;uaJiaMH, a TaK)Ke 

3cpcpeKTHBHbre N N-rroTeHu;uaJibI B BH,IJ,e cyMMbI rroTeHu;uaJioB IOKaBbI. 

PacCMOTpeHO o6o6ru;eHHe IIOTeHD;Ha.JIOB Ha cnyqaH Heyrrpyroro 

B3aHMO,IJ,eHCTBH5I, r,IJ,e Bb[qifCJI5IIOTC5I rrepeXO,Il,Hbie IIOTeHD;HaJibl cpO.JI,Il,HHra, 

,Il,Jl5I 'Iero BMeCTO II.JIOTHOCTH 5!,IJ,pa p IIO,Il, HHTerpa.Jibl cpOJI,IJ,HHra BBO,Il,5ITC5I 

rrepexo,IJ,Hbie II.JIOTHOCTH rdp / dr. IT pHBe,IJ,eHbI aHaJIHTHqecKHe Bbipa)KeHH5I 

,IJ,.JI5I H3BeCTHbIX rrapaMeTpH3aD;HH cpyHKD;HH II.JIOTHOCTH. 

BTopa5I rJiaBa IIOCB5IIu;eHa MeTO,IJ,y pacqeTa MHKpOCKOIIHqecKHX 

IIOTeHu;Ha.JIOB. l13.JiaraeTC5I HTepaD;HOHHbIH MeTO,Il, Bblquc.JieHH5I M,D; <lJ 
IIOT8HD;IIa.Jia Ha OCHOBe cpopMy.JI r.JiaBbl 1, ,IJ,aHO OIIHCaHIIe rrporpaMMbl 

DFM-POT, rrpe,IJ,cTaB.JieHbI pe3y.JibTaTbI TeCTOBbIX pacqeTOB [A2]. 
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ITpe,IJ,BapHTe.JibHbIH aHa.JIH3 rroKa3bIBaeT, 'ITO V(r) --+ 0 rrpn r » 2R, 
- 1/3 1/3 

r,LJ.e R ~ A1 + A2 . 8To o6ecrreqnBaeT B03MO)KH0CTb nepexo,IJ,a 

OT no.Jiy6ecKOHeqnbIX HHTepBaJIOB HHTerpHpoBamrn K qncJieHHOMY 

IIHTerpnpoBaHHIO Ha KOHeqHoM OTpe3Ke [Rmin, Rmaxl, Rmin --+ 0, 
qTo IIO,Il,TBep)K,IJ,aeTC5I TeCTOBblMH pacqeTaMH Ha IIOC.Jie,IJ,OBaTe.JibHOCTH 

pacm11p5IIOiu;11XC5I HHTepBa.JIOB HHTerpnpoBamrn. 

PacqeT np5IMoro noTeHu;11ana M,D;<D, a TaK)Ke rroTeHu;HaJioB B811 

CBO,IJ,HTC5I K Bb[qncJieHHIO COOTBeTCTBeHHO HHTerpa.JIOB (6) II (2),(3). 
B pacqeTax 11CIIO.Jib30BaHa paBHOMepHa5I ,Il,11CKpeTHa5I ceTKa C maroM 

h; q11cJieHHOe HHTerpnpoBaHne rrpoBO,Il,H.JIOCb C IIOMOiu;bIO KBa,IJ,paTypHOH 

cpopMy.Jibl CnMIICOHa [14]. 
OcHOBHYIO Tpy,IJ,HOCTb _npe,IJ,CTaB.JI5IeT qnc.JieHHOe pemenne He.JIHHettnoro 

IIHTerpaJibHOro ypaBIIeHH5I ( 9 )-( 11) ,Il,JI5I Bb[qllc.JieHH5I o6MeHHOro IIOTeHD;HaJia. 

B Hamnx pacqeTax ,Il,JI5I pemeHH5I 3Toro ypaBHeHH5I HCIIO.Jib3yeTC5I MeTO,Il, 

IIOC.Jie,IJ,OBaTe.JibHbIX rrp116.JIJ1)KeHHH [14]. 
Ha nepBOM HTepau;110HHOM mare B K\iqecTBe Haqa.JibHOro IIpII6.JIH)KeHH5I 

Vo(Rmin) B cpopMy.Jie (9) 6y,IJ,eM 11CIIOJlb30BaTb IIp5IMOH IIOTeHD;Ha.JI VD(Rmin)
Tioc.Jie rrepBOH HTepau;11n no.JiyqaeM rrp116.JI11)KeHHoe 3HaqeHHe v;_EX (Rmin)
,II:anee, 3TO 3HaqeHHe yToqH5IeTC5I rryTeM IIO,Il,CTaHOBKH Ha Ka)K,IJ,OH k-H 
11Tepau;mr B cpopMyJiy (9) 3Ha'!eHH5I 

Vi(Rmin) = VD(Rmin) + V/~_f (Rmin) (12) 

,Il,O Tex nop, IIOKa He 6y,IJ,eT BbIIIO.JIHeHo HepaBeHCTBO 

vtx (Rmin) - vEf (Rmin) :s: c, c > o. (13) 

TaKHM o6pa3oM, no.JiyqaeM 
0

3HaqeH11e vEx (Rmin)- Terrepb, yq11TbIBa5I, qTo 

VEX (r) 5IBJI5IeTc5I r.Jia,IJ,KOH cpynKu;11ett, T.e. 

VEX (rn) - VEX(rn-1) '.SE:, rn - rn-1 '.SJ, (14) 

rrp11 ,Il,OCTaTO'IHO Ma.JIOM mare paBHOMepHOH ,Il,HCKpeTHOH CeTKH no r 3Haqemrn 

VEX ( r) B ,Il,BYX coce,IJ,HHX TOqKax r n- l H r n 5IBJI5IIOTC5I 6.JIH3KHMH. 8To 

II03BO.JI5IeT B cpopMy.Jie ( 9) ,IJ,.JI5I Ka)K,IJ,Oro c.Jie,IJ,yIOru;ero Y3.Jia ceTKH r n 

11CII0.Jib30BaTb B KaqecTBe Haqa.JibH0ro rrpH6.JIH)K8Hl15I 

Vo(rn) = VD(rn) + VEX (rn-1). (15) 

YTO'IH5I5I 3TO 3HaqeHHe C IIOM0iu;b!O y)Ke 0IIHCaHH0H ,Il,.JI5I Rmin HTepau;HOHHOH 

npou;e,IJ,ypbr, rro.JiyqaeM ,Il,.JI5I Ka)K,IJ,0ro y3.Jia c H0MepoM n 

Vi(rn) = VD(rn) + ½~f (rn) 
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H, B K0He'-IH0M lIT0re, 3Ha'-JeHHe VEX (rn) ,ll;Jl.H KaM,11;oro Y3Jia rn ,ll;lICKpeTHOll 

ceTKH. 

I1Tepau;IIH rrp0,ll;0JI)KaeTC.H ,11;0 BbIIl0JIHeHH.H C00TH0illeHH.H, aHaJI0rH'-IH0ro 

(13). IlpH MaJibIX 3Ha'-IeHH.HX pa,11;Hyca r << R ,ll;JI.H BbIIl0JIHeHH.H C00TH0illeHH.H 

(13) c E = 0.001, KaK rrpaBIIJI0, Tpe6yeTC.H k '.:::'. 20 HTepau;IIi1. ,l..l;Jrn r '.:::'. 
R CX0,ll;lIM0CTb ,ll;0CTHraeTC.H rrpII k '.:::'. 5. ,lJ;JI.H BbI'-IlICJieHII.H rrp0II3B0,ll;HbIX 

B cpopMyJiax ,ll;JI.H JI0KaJibHoro IIMITYJihca <I>epMH kp(r) HCIT0Jib3YIOTC.H 

TpeXT0'-Ie'-IHbie K0He'-IHO-pa3H0CTHbie cpopMyJibl ll3 [15]. 

IlporpaMMa DFM-POT, peaJI1nyroru;a.H rrocTpoeHHe .H,11;po-.H,11;epHoro 

noTeuu;IIaJia Ha ocuoBe M,l..l;<t>, HaIIIICaHa Ha .H3bIKe C++. )J;JI.H npoBepKII 

npaBHJibH0CTH ee pa60Tbl np0B0,ll;IIJI0Cb cpaBHeHIIe paCC'-IIITaHHbIX 

Il0TeHu;HaJI0B C '-IHCJieHHbIMII pe3yJibTaTaMII ,11;pyrIIX aBT0pOB, a TaK)K8 

TeCT0Bbie pac'-JeTbI Ha Il0CJie,11;0BaTeJibH0CT.HX cryru;a10ru;HXC.H ceT0K lI 

paCillIIp.HIOiu;lIXC.H HHTepBaJI0B lIHTerpHp0Baumr [A2]. 

B nporpaMMe rrpe,lJ;YCM0TpeHa B03M0MH0CTb pa6oTbI c cpyHKu;Hei1 

pacrrpe,11;eJieHH.H IlJI0TH0CTII .H,lJ;epH0ll MaTepHH, 3a,11;aHH0ll KaK B 

aHaJIHTH'-IeCK0M BII,ll;e, TaK II B BH,ll;e Ta6JIIID;bI, K0T0p~.H BB0,ll;IITC.H c BlielllHero 

H0CHTeJI.H. PeaJIII30BaHa B03M0MH0CTb pacqeT0B c IICIT0Jib30BaHneM NN
rroTeHD;IIaJI0B ,ll;BYX TIIIl0B, HaII6oJiee npHMeH.HeMbIX B JIHTepaType. 

BpeM.H pac'-IeTa .H,11;po-.H,11;epHoro rroTeHu;HaJia M,l..l;<t> cocTaBJI.HeT, B 

3aBHCHM0CTH OT :rneprHH, aTOMHOll MaCCbl CTaJIKIIBaIOiu;IIXC.H .H,l],ep II 

BbI6paHHbIX rrapaMeTp0B Bbl'-IHCJIHTeJibH0H cxeMbI, OT HeCKOJibKH:X MHHY.T 

,l],JI.H CT0JIKH0BeHHi1 JierKHX .H,ll;ep rrpH HH3KIIX 3Heprrrnx rrop.H,ll;Ka 100 M3B 

,11;0 HeCK0JibKIIX qacoB rrpII 6oJiblllIIX aT0MHblX '-IHCJiax CTMKIIBaIOiu;HXC.H 

.H,ll;ep II 3HeprII.HX CTOJIKHOBeHII.H rrop.H,ll;Ka 1000-1500 M3B Ha I18BM KJiacca 

Pentium - IV. 
B TpeTbeH rJiaBe rrpIIB0,l.l,.HTC.H pe3yJibTaTbI M0,ll;eJIIIpOBaHII.H yrrpyroro II 

Heyrrpyroro pacce.HHII.H .H,ll;ep .H,11;paMII rrpH 3HeprH.HX rrop.H,11;Ka 100 M3? 

Ha HYKJI0H HaJieTa10ru;ero .H,ll;pa C lICII0Jib30BaHH8M II3JIO)KeHH0ll M0,11;8Jil1 

IIOCTpoeHII.H II0TeHD;IIaJI0B. 

PacqeT ,lJ;HcpcpepeHu;IIaJibHbIX ce'-IeHHi1 yrrpyroro pacce.HHII.H 
160 ua .H,ll;pe 

KaJibll;H.H rrpH 3HeprHH 94 M3B / HYKJI0H rrpoB0,l.l,IIJIC.H c HCIIOJib30BanneM 

rroTeHu;HMa, pacc'-IIITaHHoro c rroMOiu;bIO rrporpaMMbI DFM-POT Ha ocHoBe 

MO,ll;eJIH ,ll;B0HH0ro q:>OJI,l],HHra. I1crrOJib30BaJIC.H 3cpcpeKTIIBHOblll rrap!1MCK!1ll 

N N-rroTenu;naJI CDM3Y6 II3 [10], B Ka'-IeCTBe IIJI0TH0CTH pacrrpe,L1,eJieHII.H 

.H,l.l,epH0ll MaTepIIII B .H,ll;pax lICI10Jlb30BaHa CIIMMeTpII30BaHHa.H cpepM!1-

cpy1mu;1rn. 
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Pnc. 1: (a) H (6) rroTem~H8JlhI M,[J:<D H B9IT (rIITpHxn) B cpaBHeHHII 

<pCHOMeHOJiornqccKHM II0TCH~IIaJI0M By,n;ca-CaKCOHa, rrapaMeTpbl K0T0poro rro,n;orHaHbl 

rro,n; 3KcrrepIIMeHT B [16] (crrJIOIIIHhre). (c) ,[J:ncpcpepen~H8JlhHbie ce'I8HIIH yrrpyroro 

paccemmH 160+4°Ca, Etab = 1503 M3B B 0THoIIIemm K pe3epcpop,n;oncKIIM, paccqnTarmhle 

c rroTeH~HanoM By,n;ca - CaKcoua (cmroIIIHbre), MHKporroTeH~HaJI0M U = VF + iiVH 
(IIITpHXII), a TaJOl<e c rrepenopMIIp0BaHHblM II0TeH~IlaJI0M U = VF + i0.88VF (rnTpIIX

IIYHKTHp ). 

Ha pIIC. 1 ( a) II (b) IllTpIIX0BbIMII KpIIBbIMII Il0Ka3aHbI C00TBeTCTBeIUIO 

II0T8Hll;HM M,IJ;<t> vF II II0T8Hll;llaJI B8I1 WH. BH,l.l,HO, 'ITO B o6JiaCT!1 

3KCII0HeHu;HaJibH0ro crra,11;a MIIKp0CK0II!1'-IeCKIIe IIOTeHu;HaJibl corJiacyIOTC.H C 

Ill8CTIII1apa.rvH~TpH'-IeCKHM II0T8Hll;IIM0M By,11;ca-CaKCOHa ( CIIJI0illHbie Kp!IBbie) 

C II0,l],0rHaHHbIMH II0,l], 3KCIIepIIMeHT rrapaMeTpaMII [16]. 

Ha pIIcyHKe 1 ( C) rrpe,11;cTaBJI8HbI 0TH0II18HII.H ,11;11cpcpepeHI~HaJibHbIX 

ceqenIIi1 yrrpyroro pacce.HHII.H K pe3epcpop,11;0BCKOMY, pacc'-IIITaHHbie ,l],JI.H 

MHKpocK0IIII'-IecKoro rroTeHu;nMa U = VF +iWH (IllTpIIxII). PacqeT ceqenIIi1 

rrpoBe,11;eH c HCII0Jib30BaHIIeM rrporpaMMbI ECIS, peMu3y10ru;ei1 MeT0,l.l, 

CB.H3aHHbIX KaHM0B [17]. Ilpn pac'-JeTe aMIIJIHTY,ll;bI 11 ,ll;IIcpcpepenu;HaJibHbIX 

ce•renui1 HCII0Jib30BaJiaCb peJI.HTHBHCTCKa.H KHHeMaTHKa. CorJiaCIIe C 

3KCnepHMeHT0M B paMKax MHKpOCK0ITH'-IeCKoro II0,l],X0,ll;a M0)KH0 YJIY'-IlllIITb 

nyTeM BKJIIO'-I8HH.H cpaKTOpOB, rrepeH0pMHpyroru;nx rJiy6IIHY Beru;eCTB8HHOH 

n/IIJIH MHIIMOH qacTH MIIKpOII0T8Hll;HaJia. Ha pIIC. 1 (c) IllTpnxnyHKTHpHOH 

KpnBoi1 rroKa3aHbI pac'-IeThI c rroTeHu;HM0M B cpopMe U = VF + iNi VF. 
3Ha'-IeHIIe cpaKTopa Ni ,ll;JI.H 4°Ca 0Ka3aJI0cb paBHbIM 0.88. 3Ha'-IeHn.H 

x2 
Ha TO'-IKY rrpn HCI10Jib30BaHHH Ill8CTHIIapaMeTpH'-IeCK0r0 II0TeHD;HMa 
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Pnc. 2: Be~ecTBettttaa qacTh rroTeHI\H8JIOB N,VF(r) yrrpyroro (nITpHXOBhJe KpHBhie) n 

N, ½~~\ r) tteyrrpyroro ( CIIJIOIIIHhie) a).\pO-a)-lepHoro B3aHMO)-leiicTBna, paccquTa1rnaa ).\JIR 

pacccRHHR TR)KCJ!h!X HOHOB 17 0 Ha R).\pax-MHIIICHRX HHKCJIR H I\HPKOHHR rrpH E1ab = 1435 
M3B. N, = 0.6. 

By,IJ;ca-CaKcoHa cocTaBJI5IeT 1.28; B cJiyqae MHKpocKonwrncKoro noTeHI.J,HaJia 

U = VF + iWH 6e3 cBo6o,IJ;HbIX napaMeTpoB noJiyqaeM x2 = 2.02; ,[\JIH 

IIepeHOpM11pOBaHIIOro IIOT8HI,WaJia U = VF+ i0.88VF 11M88M X2 = 1.48. 

ITpoBe,IJ;eHbI aHaJiorHqHbie pacqeTbI M,L.l/D- · 11 B3I1-noTeHU,11aJioB 11 

,IJ;IICpcpepeHU,11aJibHbIX ceqeH110 ynpyroro pacce5IHl15I 160 Ha H,1.1,pax u,npKOHH5I 

If CBl1HU,a, a TaK)Ke ,1],JI5I pacce5IHH5I 170 Ha 5I,1],pax Hl1K8JI5I, U,11pKOHJrn, 

oJioBa n cmrnu,a [Al],[A3]-[A6]. I1oKa3aHo, qTO MHKpocKonHqecKHtt 

IIO,[J;X0,1.1, 06ecneq1rnaeT corJiac11e C 3KCII8p11M8HTaJibHbIMH ,1.1,aHHbIMH 6e3 

HCIIOJib3oBaHH5I cB060,1.1,HbIX napaMeTpoB. 3To corJiac11e yJiyqIIIaeTCR, 

eCJIH BB0,1.1,HTb 0,1.J,IIH HJIH ,[\Ba napaMeTpa, nepeHopMnpyIOILI,HX rny6HHbI 

Beru,ecTB8HH00 l1 MHHMOH qaCTH paccqnTaHHbIX MHKpOCKOIIIfqecKHX 

IIOTeHU,HaJIOB. 

06o6ru,eHHe MeTO,[\a IIOCTpoeHH5I I10T8HU,HaJIOB' M,ll; cI> Ha 

cJiyqatl: Heynpyroro pacce5IHH5I [A 7],[A8] no3BOJIHJIO paccq11TaTb 

,1.1,ncpcpepeHu,HaJibHbie ceqeHH5I Heynpyroro pacce5IHH5I 17 0 Ha pa3m1qHbIX 

H,IJ;pax-M11IIIeHHx npn 3Heprnn 84 M3B Ha HYKJIOH c B036y)K,1.l,eHneM 

B HHX HH3KOJI8)Karu,ero Bparu,aTeJibHOro 2+ -ypoBH5I. HeKOTOpbre H3 

qncJieHHbIX pe3yJibTaTOB npe,1.1,cTaBJI8HbI Ha pHC. 2 H 3. Ha pnc. 2 ,[\JI5I 

5I,IJ;ep-MHIIIeHett HHK8JI5I II CBHHU,a IIITpHXOBbIMH KpHBbIMH TIOKa3aHbI 

noTeHU,11aJibI M,ll;cI>, noJiyqeHHbie B [A3]-[A5] ,1.1,JIH ynpyroro pacce5IHH5I 

B cpopMe NrVF + iNiVF. Ko3cpcpnu,neHTbI nepeHOpMHpOBKH Nr 11 Ni 
IIO,[\OrHaHbI II0,1.1, 3KcnepHM8HTaJibHbie ,1.1,aHHbie [18] no ynpyroMy pacce5IHl1IO. 

Nr = Ni = 0.6 ,1],JI5I 
60Ni; Nr = 0.6 Ni = 0.5 ,1],JI5I 90Zr. CnJIOIIIHbIMH 
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Puc. 3: ,[J:11cpcpepeHI\H8JlhHhie ceqemrn Heyrrpyroro pacceattna 170 Ha R)-lpax HHKeJia 11 

I\HPKOHHR rrp11 Elab = 1435 M3B c rroTenquanoM M,[J:<l>. IlapaMeTp )-lecpopMaq,rn /32 paBcH 

0.4 H 0.14 COOTBeTCTBeHHO ).\JIH 60Ni 11 9ozr. 

KpHBbIMH IIOKa3aHbI nepeX0,1.1,Hbie IIOT8HU,HaJibI, paccqnTaHHbie no cpopMyJiaM 

rnaBbI 1 c noMOILI,bIO nporpaMMbI DFM-POT, onncaHHOtt B rnaBe 2. 

Pnc. 3 ,1.J,8MOHCTpHpyeT COOTBeTCTBYIOILI,118 ,1.1,ncpcpepeHU,HaJibHbie ceqeHH5I 

ueynpyroro pacce5IHH5I 170 Ha 5I,IJ;pax 60 Ni n 90Zr. ITpe,1.1,cTaBJieHHbitt 3,1.1,ecb 

pacqeT c,IJ;eJiaH B paMKax B3I1 [A7],[A8] c napaMeTpoM ,IJ;ecpopMau,nn /32 0.4 

H 0.14 COOTB8TCTB8HHO ,[\JI5I 60Ni H 90Zr. 3KCIIepHM8HTaJibHbI8 ,[\aHHbie B35ITbI· 

H3 [18]. 

1-leTBepTa5I rJiaBa IIOCB5II1J,8Ha MHKpocKorrnqecKOMY auaJIH3Y IIOJIHbIX 

ceqeH110 peaKU,Htt H30TOIIOB H,L\ep 6He n 6Li c 5I,1.J,pOM 28Si npn 3Heprn11 5-50 

M:➔B HYKJIOH. U:eJrb ncc1re,1.1,0BaHHH cocT05IJJa B cpaBHHTeJibHOM qnc1reHHOM 

aHaJIH3e, Ha OCHOBe npe,1.1,cTaBJI8HHoro B nepBOH rJiaBe IIO,[\X0,1],a, pa3JIHqHbIX 

M0,1],eJieti IIJIOTHOCTH pacnpe,1.1,eJieHH5I 5I,1.J,8pH00 MaTepHH B HaJieTaroru,eM 

5I,IJ;pe ,[\JI5I ou,eHKH HX npHM8HHMOCTl1 H BbI6opa TIJIOTHOCTH, II03BOJI5IIOI1J,8H 

a,IJ;eKBaTHO BOCIIpOH3B0,1.J,HTb HM8IOI1J,H8C5I 3KCIIepHM8HTaJibHbie ,1.1,aHHbie. 

Ha pHC. 4 npe,1.1,cTaBJieHa paccqnmHHa5I B [A9],[Al0] 3aBl1CHMOCTb IIOJIHbIX 

ce<reHHH peaKU,HH 6 Li + 28Si OT 3HeprHH B cpaBHeHHH c 3KcnepHM8HTaJibHbIMH 

,IJ;aHHbIMH. ,ll;JIH pac'-.leTa Beru,ecTBeHHOtt '-.laCTH noTeHU,HaJia M,ll;cI> VF 
HCIIOJib30BaJiacb nporpaMMa DFM-POT c napH)KCKHM N N-noTeHU,HaJIOM 

CDM3Y6. MHHMa5I qacTb onTHqecKoro noTeHU,HaJia paccqnTbIBaJiacb B 

paMKax B3I1. Pac'-.leTbI IIOJIHbIX ceqeHHH npOB0,1.1,HJIHCb Ha OCHOBe qncJieHHOro 

13 



200 2500 

-·-·- ' 2000 .......... __ 
. I 0 

~ ,, _§ 1500 E ,, 

I - ,,. .,,_. 
blOOO >--200 ,,_.· .,, ,' 

; ., , 

-400f·· 500 

0 
0 5 10 0 20 40 60 

r, fm E, MeV/A 

PHc. 4: IloJIHbJe ceqeHHR peaKIJ,HH 6Li c a,n;poM 28Si B cpaBHeHHH c 3KCrrepHMeHTaJibHhIMH 

,n;aHHhIMH (crrpaBa). PacqeTbI ce'!eHHii rrpoBe,n;eHhI c IIOMOIIJ,h!O rrporpaMMhI DWUCK4 [19]. 
I1crroJib3JeTca rroTeHIJ,HaJI U = VF +iWH. CneBa rrpe,n;cTaBJieHhI rroTeHIJ,HaJI VF (nITpnx

rryHKTnp: rrpaMaa qacTb VD, nITpnxn: o6MeHHaa qacTb VEX, crrJioIIIHaa: VF = VD+ VEX) 
n rr<JTeHIJ,IIaJI B9Il _WH (rryHKTnp) ,n;na :meprnn E=30 M3B/ A. 

pernemrn ypaBHemrn illpe.n,uHrepa c rroMOIIJ,bIO rrporpaMMbI DWUCK4 [19]. 

Bu.n,Ho, 9TO 3.n,ecb rroJiyqaeTcH xopornee corJiacHe c 3KcrrepuMeHTOM 6e3 

BBe)J,eHH5I rrepeHopMupymrrrux MHO:>KllTeJieu:, T.e. Nr :::C: Nim = l. 
PacqeTbI rroKa3aJIH, 9TO ,D,JI5I cJiyqa5:r 6He+28Si corJiacHe c 3KcrrepHMeHTOM 

o6ecrreqHBaeTC5I He TOJibKO rrepeHOpMHpOBKOU: rJiy61IHbI IIOTeHIIllaJia, HO 

1I BKJII09eHHeM IIOBepXHOCTHOro IIOTeHIIllaJia. lfa TeOpllll Heyrrpyroro 

pacce5IH1I5I ll3BeCTHO, 9TO ceqeHlle B036y:>K.n,eHll5I KOJIJieKTllBHbIX COCT05IH1IH 

5!,D,pa MO:>KHO OIIllCaTb BBe.n,eHHeM rrepeXO)J,HbIX IIOTeHIIllaJIOB B cpopMe 

rrp01I3BO)J,HbIX OT IIOTeHIIllaJIOB yrrpyroro pacce5IH1I5I. TaKllM o6pa30M, 

B pacqeTbI 6bIJill BKJII09eHbI 11 IIOBepXHOCTHbie 11 IIOTeHIIllaJibI B Bll)J,e 

rrpoH3BO,ll,HbIX ( -rdV / dr) OT Harnux MHKpocKorruqecKHX rroTeHIIllaJIOB, TaK 

9TO Terrepb OIITH9eCKlle IIOTeHIIllaJibI rrp1IH5IJI1I Bll)J,: 

- [ F (1) dVF] . [ H (1) dWH] ( . Uopt(r) - NrV -Nr r~ + z NimW -Nimr~ , 17) 

- [ F (1) dVF] . [ F (1) dVF] ( Uopt(r) - NrV -Nr r~ + Z NimV - Nimr~ , 18) 

Ha Puc. 5 ,n;eMOHCTpupymTc5I pe3yJihTaThI BhI91ICJieHHtt:, BhITIOJIHeHHhix ,ll,JI5I 

,n;Byx TllIIOB 5!,IJ;p0-5!,IJ;epHbIX IIOTeHIIllaJIOB. flepBbIH ll3 HllX ( CJieBa) noJiyqeH 

,IJ;JI5I flapu:>KcKoro acpcpeKTHBHoro NN-rroTeHIIHaJia CDM3Y6 c IIJIOTHOCTbIO 

LSSM [20] H,n;pa 6He H Uopt B cpopMe (17). ,ll;pyroti. pacqeT ( crrpaBa) 
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Pnc. 5: Pe3JJibTaT rro,n;roHKII 'leTbJpexrrapaMeTpH'IeCKIIX IIOJIJMIIKpOCKOIIII'!eCKIIX 

!l(YreHI~IIa.JIOB C 11 IICJBepXHOCTHb!MII 11 '!JleHaMU K 3KcrrepnMeHT8..llb!-lb!M ,n;aHHbIM 110 

IIOJIHb!M Ce'!eHIIRM C IICIIOJib30BaHIIeM ,D;BJX pa3Jill'IHblX MIIKpOCKOII!I'leCKIIX MO,LJ,eJieii 

3cpcpeKTIIBHhIX NN-cnn 

BbIIIOJIHen )J,JI5I rrOTeHIIHaJia Uopt B cpopMe (18) c Peti.,n;OBCKHM BDM3Y2 

[10] N N-rroTeHIIllaJIOM u c IIJIOTHOCTbIO FDM (MeTo.n, cpyHKIIHoHaJia 

IIJIOTHOCTH) [21] ,IJ;JI5I 5!,IJ;pa 6He. 3Ha9eHll5I CBo6o,n;HbIX rrapaMeTpOB )J,JI5I cJiyqa5:r 

CDM3Y6: Nr=0.7, NP)=0.4, Nim=0.5, Ni';;;=0.03; )J,JI5I CJiyqa5:r BDM3Y2 

Nr=l, NP)=0.212, N;m=0.3, N;';;;=0.038. Bu,n;Ho, 9TO nyTeM BBe.n,eHH5I 

rrpOH3BO,IJ;HbIX y,n;aeTC5I .n,o6HTbC5I xopornero corJiaCll5I C 3KCrrepHMeHTOM B 

rrepBOM CJ1yqae II Ka9eCTBeHHO orrncaTb 3KCrrepHMeHTaJibHbie .n,aHHbie BO 

BTOpOM. MrrKpOCKOIIff'IeCKIIe OIITll9eCKHe IIOTeHrrrraJibI C IIOBepXHOCTHb!Mll 

qJieHaMII BII)J,a (17),(18) Tpe6ymT )J,aJibHeti.rnero COBepIIIeHCTBOBaHII5I, B 

qacTHOCTII, YB5I3KII N(l)_rrapaMeTpOB C Bepo5ITHOCT5IMII B036y:>K.n,eHH5I 

KOJIJieKTIIBHbIX COCT05IHIIH H,n;ep. 

B 3aKJII09eHlllI rrepeqrrcJieHbI OCHOBHbie pe3yJihTaTbl 1I Bb!BO,IJ;bl, 

rroJiyqeuubre B ,n;nccepTarrurr, ,n;auo rrx KpaTKOe o6cy:>K,n;euue. 

Pe3yJihTaThI, noJiy~eHHhie B ,[l;HCcepTaa;1u1 

• flpe,n;cTaBJieua MIIKpOCKOIIII9eCKa5I MO,IJ;eJib 5I,Il;p0-5I,D;epuoro 

B3aHMo,n;eu:cTBll5I, o6'be)J,HH5IIOIIJ,a5I MO)J,eJill ,IJ;BOU:HOro cpOJI)J,IIHra II 

Bb!COK03HepreTII9eCKOro rrprr6JIH:>KeHll5I. 

• Co3,n;aua coBpel\1eHuaH rrporpaMMa ,IJ;JI5I pacqeTa rroTeurrrrana ,n;Bou:uoro 

cpOJI)J,llHra, ue co,n;ep:>KaIIIa5I cpeHOMeHOJIOrllqecKllX rrapaMeTpOB, 

IIpOBe,n;eHbI TeCTOBbie pacqeTbI )J,JI5I rrpoBepKII ee ,IJ;OCTOBepHOCTII 1I 

OIIeHKll T09HOCT1I. 
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• Ha OCHOBe BblqncJieHHblX MIIKpOCKorrnqecKHX OIITIP-IeCKHX IIOTeHIJ;IIaJIOB 
BH,IJ,a M,lJ/P n B8I1 rrpoBe,IJ,eHo q11cnettuoe nccJie,II,oBanue y11pyroro 
n Heyrrpyroro 51,IJ,p0-51,IJ,eporo pacce5IHH51, c,II,eJiaHbI BbIBO,IJ,bI o 
npnMeHHMOCTH MO,IJ,eJIH K ,II,aHHOMY TIIIIY 3a,II,aq_ 

• Ha OCHOBe pa3pa6oTaHHOro IIO,IJ,XO,IJ,a rrpoBe,IJ,eH q11c.1IeHHblli aIIaJIH3 
IIOJ!Hb!X ceqennu peaKu;nf1 C yqacTHeM '.➔K30TuqecKHX 51,Il,ep, C)_\eJiaHbl 
Bb!BO,ll;bl O B03MO)KHOCTH rrpHMeHeHH51 rrpe,n;JIO)KeHHOH Mo,n;eJIH ,ll;JI51 
TeCTHpOBaHH51 BH,IJ,a cpyHKIJ;HH pacrrpe,n;enemrn IIJIOTHOCTdi 51,ll;ep, 
rrpe,II,JiaraeMblX pa3JIHqHb!MH TeopH5IMH 51,ll;epnou CTPYKTypb!. 
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