
OlinE)];HHEHHhlH HHCTHTYT .Sl)];EPHhlX HCCJIE)];OBAHHH 

C-3 06 

4-2001-95 

Ha npasax p)'KOilHCH 
Y)];K 539.12.01; 539.17.01; 539.172.12/13 

CEMllX 
CeprettCeprees11q 

CIIEKTP MACC YPABHEHI15I EETE-COflIIllTEP A 

11 PElliITI1B11CTCKI1E 3<l><l>EKThI 

B IIPOTOH-):I:EllTPOHHOM PACCE51H1111 

Crreuml.JlhHOCTh: 01.04.16 - <pH3HKa si:,n:pa H 3JieMeHTapHhIX qacTHU 

AsrnpecpepaT ,[IHCcepTaUIUI Ha COHCKaHHe y11eHOH CTeneHH 

KaH,[IH,[laTa <pH3HKO-MaTeMaTH'leCKHX HayK 

,L(y6Ha 200 l 



Pa6oTa BhIII0JIHeHa B Jia6opaTop1rn TeopenrqecKoil: <pH3HK.rr HM. H.H. Eoromo-

6oBa O61,e,n;.uHeHHOro HHCTHTyTa H,n;epHhlX HCCJie,n;oBaHHM. 

Hay-ci:Hbie pyKoao.z:uiTeJIH: 

.!l0KT0p qJH3HKO-MaTeMaTH'feCKHX HayK 

KaH.!lH.!laT <pH3HKO-MaTeMaTH'feCKHX HayK 

Oq>HUHaJibHbie 0IIII0HeHTbI: 

.!l0KT0p <pH3HKO-MaTeMaTH'feCKHX HayK 

KaH,n;.u,n;aT <pH3HKO-MaTeMaT.rr'feCKHX HayK 

Be.D;ymrui: opraHH3an;HH: 

JI.II. KAIITAPh 

C.M . .IIOPKHH 

B.A. KAPMAHOB 

H.II. IO.IIHH 

CaHKT-IleTep6yprcK.rrM rocy ,n;apcTBeHHbIM yH.rrBepc.rrTeT, r. C. -IlcTep6ypr. 

3am.rrTa .!lHCCepTau.u.u C0CT0HTCH " __ " ----- 2001 r. B '-IaC0B Ha 

3ace,n;aH.uu ,n;uccepTaunoHH0ro coBeTa K 720.001.01 B Jia6opaToprrn Teope'I'.u

qecKon <pl1311KH HM. H.H. Eoromo6oBa O6be,n;nHeHHoro HHCTnTyTa H.UCJ)Hhrx 

uccne.uoBaHuu, r. .Ily6Ha, MocKOBCK011 06nacT11. 

C ,n;uccepTauueu M0)KH0 03HaK0MIITbCH B 6116JIUOTeKe O6bemrneHHOro l1HCTU

TyTa H.!lepHbIX UCCJie,n;oBaHUM. 

ABTopeqiepaT pa3ocnaH " __ " _____ 2001 r. 

Y'feHbil1 ceKpeTapb 

,n;uccepTaunoHHoro coBeTa ~ C.H. <DE.IIOTOB 

06'1.1.,fa.H xapm"mepucmu'Ka auccepma4uu. 

AKTyaJihHOCTb TeMbl. IIpoueccbI II0JIHplI30BaHH0r0 rrpOTOH-,llefi:Tpo

HHOro pacceHHlIH HBJIHIOTCH BeCbMa MOIUHbIM lIHCTpyMeHTOM B coapeMeH

HbIX IICCJie,n;oaaHlIHX a,n;pOHHblX B3alIMO,lleIICTBIIII (a qaCTHOCTlI, HYKJIOH

HYKJIOHHblX ClIJI), II o6Jia,llaIOT 6oraTbIMlI B03M~:iKHOCTHMlI rrpHMeHeHHH. 

IIpocTefi:mHe H HaH6onee IIccne.z:IyeMbie II3 3THX peaKuIIfi: - 3TO pacce.sr

HH_e rrpoTOHOB arrepe,ll lIJilI Ha3a,ll, rro,n;pa3,lleJIHIOIUeec.sr Ha lIHKJII03IIBHYIO lI 

3KCKJII03IIBHYIO cpparMeHTaUIIIO II yrrpyroe pacceHHIIe. 0.z:IHa II3 rnaBHhlX 

rrpII'IIIH Hey6hrnaromero lIHTepeca K HlIM - 3TO MHOrO'fIICJieHHhle 3KCIIepII

MeHTaJihHbie II TeopeTlI'-IeCKHe yKa3aHIIHMII Ha B03MO:iKHOCTh rrpHMOrO II3y

'feHHH cTpyKTYPhI .z:IeiiTpoHa a TaKHX rrpoueccax. Mccne,lloBaHIIe rron.srpII3a

UIIOHHhIX na6JIIO,llaeMbIX crroco6HO rrpo.srCHIITh pa3JIII'-IHhie acrreKThl CIIIIH

op6HTaJihHhIX B3alIMO.z:refi:CTBIIH B .z:refi:TpOHe, pOJih HeHyKJI0HHhlX CTeIIeHefi: 

cao6o.z:rhI (.6.-H3o6ap, Me30HHhIX TOKOB II T . .z:r.) lI peJIHTIIBIICTCKIIX 3cpcpeK

TOB B ero BOJIHOBOfi: cpyHKUIIII. IIpe.z:InaraeMhie 3KCrrepIIMeHThI .z:rocTIIraIOT 

y:iKe Toro ypoBHH .z:reTaJihHOCTII, Kor.z:ra CTaHOBIITCH B03MO:iKHOII 'fIICJieHHaH 

peKOHCTPYKUIIH aMIIJIIITY.ll COOTBeTCTBYIOIUIIX rrpoueccoa II3 3KCrrepIIMeH

TaJibHhIX .z:raHHhIX. 

AKTyanhHOCTh IIccne.z:roaanHfi: pD-pacce.srHIIH rro.z:rTaep:iK.z:raeTc.sr TeKyIUII

MH II IIJiaHIIpyeMhIMII 3KCIIepIIMeHTaMII B ae.z:ryIUIIX na6opaTOpIIHX MHpa 

(COSY, RIKEN, Ily6Ha). IloMIIMO y:iKe yrroM.srHyThIX, oHa o6ycnoaneHa II 

6onee rrpaKTII'feCKIIMII rrpII'-IIIHaMII, cpe.z:rII KOTOpbIX Bhl,lleJIHeTCH C03,llaHIIe 

.z:refi:TpOHHhlX TeH30pHbIX IIOJIHpIIMeTpOB, OXBaTbIBaIOIUIIX KaK MO:iKHO 60-

nee IIIIIpOKIIH IIHTepaaJI 3HeprIIii, BIIJIOTh ,llO penHTIIBIICTCKIIX 3Ha'-IeHIIH. 

TaKHe ycTpofi:cTBa MoryT 6b1Th CKOHCTpyIIpoaaHhI Ha ocHoae rrpoueccoa 

pD ➔ n(pp) II pD ➔ Dp, II IIMeIOT aa:iKHoe 3Ha'-IeHIIe .z:rn.sr qpe3BhI'-Iafi:Ho 

IUIIp0KOrO crreKTpa 3a.z:raq, r.z:re He06XO,lllIMO II3MepeHIIe IIOJIHpII3aUIIII .z:refi:T

poHa B KOHe'-IHOM COCTOHHIIII peaKUIIII (HarrpIIMep, II3MepeHIIe T20 B rrpo

uecce pp ➔ D1r+, IICIIOJih3yeMOM rrpII IIccne.z:roaaHIIII N N 1r-CIICTeM, IIJIII a 

HeyrrpyrIIx (D, D')-peaKUII.srx Ha TH:iKeJihlX .sr.z:rpax .z:rn.sr II3y'-IeHII.sr II30CKa

n.srpHhIX rrepexo.z:roa .6..T = 0, .6..S = 1, II MHoroe .z:rpyroe). 

Ilporpecc 3KCIIepIIMeHTaJibHOH 6a3bl II0JIHpII30BaHHhIX IIY'-IKOB qaCTIIU 
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y)Ke rnarHyJI B o6JiaCTh pemITMBIICTCKIIX 3HaqeHIIM ::rneprIIM, II rrpII orrn

caHMM rrpouecCOB C MX yqacTMeM HeM36e)KH0 B03HMKaIOT rrpHHIIMIIIIaJihHbie 

BOIIpOChI O rrpuMeHMMOCTM HepeJUITMBMCTCKOM KapTMHhI. Ifayqem1e pernr

TUBHCTCKHX 3q:>q:>eKTOB B Ha6monaeMhIX BeJinqnHax ( IlX KJiaCCilq:>IIKaIIII5I 

Il orrpeneneHne CTeIIeHM BJIIl5IHil5l Ha pe3yJihTaTbI) 5IBJI.HeTC5! HeOT'hel\rne

MhIM 3TaIIOM IlCCJienoBaHM.H MexaHII3MOB peaKIIHM, II Tpe6yeT IIOCJienona

TeJihHhIX MeTonoB. 8To eTnMyJiupyeT pa3BMTIIe TaKMX eaMoeornaeoBaH

HhIX peJI.HTMBIIeTeKMX rronxonoB, KaK ¢opMaJIM3M BeTe-ConrrMTepa (BC), 

KOTOphIM BKJIIoqaeT B ee6.H KaK MeTOnhr OIIMeaHII.H CB5!3aHHhIX eoeTO.HHIIM 

(B naHHOM enyqae nettTpOHa), TaK M peaKIIMM e MX yqaeTMeM. IloH.HTHO, 

qTo nn.H rrpMJIO)KeHM.H K anpoHHhIM rrpoueceaM TMrra pD-pacee.HHM.H rron

xon BC non)KeH oeHOBhrnaThe.H Ha aneKBaTHOM MonenM HYKJIOH-HYKJIOHHoro 

B3aIIMonetteTBM.H. IIosToMy B ero paMKax MOIIIHhIM IIMrrynhe K pa3BMTIIIO 

rroJiyqaroT 3q:>q:>eKTMBHhie Me30H-HYKJIOHHhie TeOpMM, KOTOphie naroT rrpo

eTyIO KOBapMaHTHYIO rrapaMeTpM3aIIMIO .HnepHhIX eMJI, MeIIOJih3Y5! OTHOeM

TeJihHO Marroe qMeJIO rrapaMeTpOB (Maeeu M KOHeTaHThI eB5!3M Me30HOB, 

rrapaMeTphI o6pe3aHM5!). B MeTonMqeCKOM eMhieJie 3TO BhIBOnMT MX Ha Ka

qeeTBeHHO HOBhIM ypoBeHh rroenenoBaTeJihHO peJI.HTMBMCTCKOro OIIMeaHM.H 

N N-B3aMMonetteTBIIM. TaKMM o6pa3oM, o6pameHMe K rronxony BC oKa3hI

BaeTC.H BeebMa rrnonoTBOpHhIM, HeeMOTp.H Ha ero TeXHMqecKyIO eJIO)KHOeTh, 

a rroeTpOeHMe B ero paMKax KOBapMaHTHhIX Monenett peaKIIMM M pa3pa60TKa 

MeTonoB pae~reTa Ha6nronaeMhIX BeJIMqIIH .HBJI.HeTe.H aKTyanhHOM 3anaqett. 

TaK)Ke enenyeT OTMeTMTh, qTo rronxon BC aKTyarreH He TOJihKO B peJI.HTM

BMeTeKOM .HnepHott q:>M3MKe, Ho M B o6nacTM KXIl rrpn MonenhHOM orrMeaHMM 

erreKTpa Mace Me30HOB KaK eB.H3aHHhIX eoeTO.HHMM qij. 

Uerrh pa6oThI eocTOIIT B pa3pa6oTKe eTporMx MeTonoB M anropMT

MOB qMeJieHHOro peIIIeHM.H ypaBHeHMM BC, KOTOphre II03BOJIMJIII 6h1 enMHhIM 

o6pa30M rronyqMTh aMrrJIMTYnh1 BC He TOJihKO nn.H oeHOBHoro eoeTO.HHM.H 

eMCTeMhI, HO M nrr.H Beex B036y)KneHHhIX, rrpoaHaJIM3HpOBaB TaKMM o6pa-

30M ee 3HepreTMqeeKMM erreKTp. Ba)KHeMIIIMMM 3anaqaMM nMeeepTaIIMM 

TaK)Ke 5IBJI5IIOTe5! i) rroJiyqeHMe Ha oeHOBe pa3pa6oTaHHhIX MeTonoB KOH

KpeTHOro peIIIeHM.H ypaBHeHM.H BC nn.H nettTpOHa, ii) BceeTopoHHee Meerre

noBaHMe pOJIM peJI.HTMBMeTCKMX 3q:>q:>eKTOB (rrorrpaBOK OT JIOpeHII-6yeTa M 
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OT P-BOJIH) B IIOJI5IpII3aIIMOHHhIX Ha6rrronaeMhIX BeJIMqMHax uenoro KJiaeea 

peaKIIMM rrpOTOH-nettTpOHHOrO paeee.HHM.H rrpM rrpoMe)KyToqHhIX M BhleOKMX 

3HeprM.HX, iii) BhIIIOJIHeHMe rrpeneKa3aTeJihHhIX paeqeTOB nn.H IIJiaHMpye

MhIX 3KerrepMMeHTOB. 

HayqHrui HOBM3Ha II npaKT11qecKru1 u;eHHOCTh. B nMeeepTaIIMM rrpen

naraeTe.H BeehMa o6IIIMM MeTon MCenenoBaHH.H erreKTpa Mace errMHOpHbIX 

ypaBHeHnM BC B rreeTHMqHOM rrpM6JIM)KeHMH, ocHOBaHHhIM Ha rrorryqeH

HhIX B pa6oTe HOBhIX 6IIOpToroHaJibHhIX pa3JIO)KeHM5IX noeTaToqHo IIIMpO

KOro KJiaeea .Hnep TaKMX ypaBHeHMM. 8TM MeT0nhr aKTyaJihHhI, B qaeTHO

eTM, nn.H pacqeTOB crreKTpOB Me30HOB KaK eB.H3aHHhIX eoeTO.HHilll KBapK

aHTMKBapK Ha oeHoBe ypaBHeHntt BC e .HnpaMM B3aMMoneiieTBMM, MOTMBH

pOBaHHhIMM KX.II. 

Ha oeHOBe TeXHMKM MaHnerrheTaMa M e MeII0Jih30BaHMeM HenMHaMnqe

eKHX errMHOBhIX eTpyKTYP aMIIJIMTyn peaKIIHM rrpenrraraeTe.H MeTon pae

qeTa IIOJI5IpM3aIIMOHHhIX Ha6nronaeMhIX B npoueeeax paeee.HHM5! IIOJI5IpH30-

BaHHhIX rrpOTOHOB Ha IIOJI5IpM30BaHHhIX" neiITpOHaX. BrrepBbie B paMKax 

KOBapMaHTHOro q:>OpMaJIM3Ma aHaJIM3MpyeTe5! IIOJIHhill Ha6op IIOJI5IpM3aIIH

OHHhIX xapaKTepMeTMK nrr.H BOeeTaHOBJieHM.H aMIIJIHTYnhI yrrpyroro pD
paeee.HHM)! Ha 180° M BJIM5IHHe Ha HMX nnarpaMM e Me30HHhIM o6MeHOM ( Tpe

yrOJihHhIX nMarpaMM). BhrnerreHhI M qMeJieHHO MeenenoBaHhI BKJianhr pen.a

TMBHeTeKMX 3q:>q:>eKTOB (rrorrpaBOK OT JiopeHII-6yeTa Il BKJianoB P-BOJIH) B 

Ha6rrronaeMhre BeJIMqMHhI. IIpoBeneHo neTaJihHOe MeenenoBaHMe rrpoueeea 

rrepe3ap.anKn pD ----+ n(pp) rrpM BhieOKMX 3HeprM.aX M rrpoaHaJIH3MpOBaHa 

B03MO)KHOeTh eo3naHM5I Ha ero oeHOBe neiITpOHHOrO TeH30pHoro IIOJI.apM

MeTpa B KMHeMaTMqeeKHX yeJIOBM.ax IIJiaHMpyeMhIX 3KerrepnMeHTOB. 

Anpo6au;11a pa6oThl. Pe3yrrhTaThr, rrpeneTaBrreHHhie B nMeeepTaIIMM, 

HeonHOKpaTHO noKnanuBaJineh Ha HayqHhIX eeMMHapax Jla6opaTOpMH TeO

peTnqeeKOM q:>M3MKH MM. H.H. Bororrro60Ba (OI15IH), llHeTnTyTa anpoHHOM 

M .anepHoiI q:>M3MKM HeenenoBaTerrheKoro ueHTpa PoeeeHnopq:> (fepMaHmI), 

q:>MJIMaJIOB INFN B. Ilepyn)Ke, PMMe M TpneeTe (HTanmr), q:>M3MqecKoro 

q:>aKyJihTeTa C.-IleTep6ypreKoro roeynapeTBeHHOro yHnBepeMTeTa. OHM 

6bIJIM rrpeneTaBJieHhI M noKnanuBaJIMeh Ha Me)KnyHaponHOM eeMMHape ITO 

rrpo6rreMaM q:>M3MKM BhieOKMX 3HeprMM !SHEPP-XV (Ily6Ha, 2000 r.); Ha 
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Me2K,n;yHapo,n;HhIX c11Mno311yMax "Ilei'ITpoH-97" II "IlettTpOH-99" (Ily6Ha, 

1997 II 1999 rr.); Ha Me2K,n;yHapo,n;HOM pa6oqeM coBeruaHIIII "Progress in 

Current Few-Body Problems" (Ily6Ha, 1997 r.); Ha IlepBOH 11 Il5ITOH KOH

cpepemi:m1x Morro,n;b1x yqeHhIX II cneu11arr11cTOB 0115111 (Ily6Ha, 1997 n 2001 

rr.). 

Ily6rr11:KaIJ;HH. Ilo MaTep11arraM ,n;11ccepTauun ony6mIKOBaHo 13 pa6oT. 

06'beM 11: CTPYKTypa ,n;11:ccepTaIJ;11:H. Il11ccepTaun51 cocTOIIT 113 BBe

,n;eHH5I, qeTbipex rrraB OCHOBHOro co,n;ep:lKaHII5I, 3aKmoqeHH5I II Tpex npIIJIO

)KeHIIH. O6IUIIH ofo,eM ,n;11ccepTaUIIII COCTaBJI5IeT 147 CTpaHIIU, BKJ1IO'Ia5I 2 

Ta6JIIIUbI, 29 pIICYHK0B H CITIICOK UIITIIpOBaHHOH JIIITepaTypbI H3 102 Ha

IIMeHOBaHIIH. 

CoJep'J!Cauue pa6ombi 

Bo BBe,n;eHHH 06cy2K,n;aeTC5I aKTyarrbHOCTb pa60Tbl II MOTIIBaUH5I npo

BO,Il;IIMblX HCCJie,n;oBaHIIH, cpopMyrrnpyeTC5I rrpe,n;MeT II uerrh ,n;11ccepTaUHH, a 

TaK2Ke rrpIIBO,Il;HTC5I ee KpaTKOe co,n;ep2KaHHe. 

IlepmUI rrraaa HMeeT rrpenMyruecTBeHHO BB0,n;HhIH xapaKTep 11 rroCB5I

rueHa ofoopy o6runx rrorro2Kem1tt rro,n;xo,n;a BeTe-Corrrr11Tepa. B Hett cpopMy

rrnpy10TC5I OCHOBHbie IIOH5ITH5I H o6beKTbI cpopMaJIII3Ma BC - ypaBHeHII5I H 

aMIIJIIITy,n;hI BC, 51,n;pa B3aIIMo,n;ettcTBII5I, n Ha rrpnMepe rrpouecca pD ➔ Dp 

H3rraraeTC5I MeTo,n; Bb1qncrreHII5I Ha6rr10,n;aeMbIX BerrnqnH B no,n;xo,n;e BC ( Me

TOLi MaH,n;errbcTaMa). frraBa co,n;ep2KIIT ofoop o6runx TpaHccpopMaUIIOH

HhIX CBOHCTB aMrrmITy,n; BC OTHOCIITeJibHO rrpeo6pa3oBaHIIH JlopeHua, rrpo

CTpaHCTBeHHOH HHBepCHII, o6parueHH5I BpeMeHII 11 rrp. TaK2Ke Ha OCHOBe 

MeTo,n;a CITHH-yrrrOBbIX rapMOHHK npoBO,Il;HTC5I rrapuIIaJibHOe pa3JI02KeHIIe 

rrpoII3BOJihHOH aMrrrr11Ty,n;h1 BC. 

Bo BTOpo:ii rJiaBe pa3BIIBaeTC5I MeTO,n; IICCJie,n;oBaHH5I 3HepreTnqecKoro 

crreKTpa o,n;Hopo.n;HbIX ypaBHeHIIH BC B rrecTHHqHoM rrpn6rrn2KeHHH - Me

TOA 11C4epnblBaHl,1fl, KOTOpbIH II03BOJI5IeT rrorryqaTb co6CTBeHHbie 3HaqeHH5I 

3Hepr11n H cooTBeTCTBYIOIUIIe IIM perneHH5I ypaBHeHHH ( aMnJIHTYLlhI). CyTh 

rrpe,n;rraraeMoro MeTo,n;a 113rraraeTC5I Ha rrpnMepe CKarr5Ip-cKarr5IpHoro ypaB

HeHH5I BC. Ilrr5I 3Toro 51,n;po ypaBHeHH5I BC Mo,n;11¢11unpyeTc5I TaKHM o6pa-

30M, qTo6bI B pe3yJibTaTe rrorryqIITb 3KBIIBaJieHTHOe CHMMeTpHqHoe ypaB-

4 

HeHue <Ppe,n;roJibMa, ,Il;J15I KOTOporo II3BeCTHbI TOqHbie CBOHCTBa crreKTpa pe

rneHIIH u 51,n;pa (n qacTHOCTH, pa3JIO:lKeHue 51,n;pa B p5I,n; furrh6epTa-llbrn1ITa). 

l1cxo,n;51 113 3TIIX CBOHCTB, cpopMyrr11pyeTC5I CTporo o60CHOBaHHbIH q11crreH

HbIII MeTon 1I npHBOll;HTC5I npnMep KOHKpeTHbIX pacqeTOB 3HepreT11qecKoro 

cneKTpa no 3TOMY MeTo,n;y. 3aTeM OCHOBHOH MqTeMaTnqecKHH pe3yJibTaT 

o pa3JIO:lKemrn 51,n;pa ypaBHeHn5I rrorryqaeT o6o6rueHne Ha crryqaf1 crrnHop

crrnHopHoro ypaBHemrn BC B rrecTHII_qHoM rrpu6rrn:lKemrn. Ha ocHOBe pa3-

pa6oTaHHhix MeTO,Il;OB paccMaTpirnaeTC5I rrpOCTeIIllla5I peJI5ITHBHCTCKa5I MO

nem, nettTpoHa - crrnHop-crrnHopHoe ypaBHeHne BC c o6MeHoM cKarr5Ip

HhIM Me30HOM. IlpHBOll;5ITC5I rrorryqeHHbie pe3yJibTaTbI ero pernemrn II aHa

JIH3HpyeTC5I q>II3H'IeCKa5I aneKBaTHOCTb Monerrn Ha rrpHMepax BbrqncrreHH5I 

HeKOTOpbIX Ha6rr10naeMhIX BeJIII'IIIH ( B •raCTHOCTH, C IICIIOJ1b30B3HHeM IIO

rryqeHHOro perneHH5I uccrre,n;yIOTC5I ce•rem1e u TeH3opm151 aHarru3IIJJYIOIUa5I 

crroco6HocTb T20 B peaKUIIH pD ➔ pX). 3nech TaK:lKe orrucbrnaeTC5I pea

JIIICTIIqecKa5I Monerrb nettTpOHa, KOTopa5I (?yneT IICIIOJib30BaHa B rrocrre,n;y

IOIUHX rrraBax. 

B TpeTbe:ii rrraae paccMaTpIIBaIOTC5I peaKunn pacruerrrreHn5I ne11Tpo

Ha rrpoTOHaMII. IlepBa5I ee '-IaCTb co,n;ep:lKIIT aHarrn3 rrpouecca tj)parnreHTa

UIIm pD ➔ pnp IIOJI5IpH30BaHHOro ,n;ettTpOHa rrpOTOHaMII ll;JI5I KIIHel\IaTII'Ie

CKIIX ycrroButt cnHxpoTpoHa COSY. UerrbIO nccrrenoBaHIIR 5IBJI5IeTC5I rrorry

qeHne rrpe,n;cKa3aHIIH nrr51 rrrraHnpyeMhrx 3KcrrepnMeHTOB. B rrpn6rr11:lKemm 

0,Il;HOHYKJIOHHOro o6MeHa BbiqIICJI5IIOTC5I HeIIOJI5IpII30Bi:lHHOe ce•reHIIe, TE'H-

30pHa5I aHarru3upy10rua51 crroco6HocTb T20 11 rrepenaqa rrorr5Ipn3auuII ''D-+p, 

rrpOII3BOll;IITC5I aHaJIIITuqecKoe Bbill;erreHIIe II qncrreHHbIII aHaJIII3 ]JE'JI5ITII

BIICTCKIIX 3q>q>eKTOB, o6ycrrOBJieHHblX BKnanaMn P-BOJIH. BnonnTC5I Ba)K

HOe IIOH5ITIIe BOJlHOBblX cj:>yHKl..(11ii 5eTe-Co11n11Tepa, KOTO]Jbie paccl\IaTIH1-

BaIOTC5I KaK aHaJIOrII HepeJI5ITIIBIICTCKIIX S- II D-KOMIIOHeHT neiiTpOHa, II 

naIOT ,Il;OMIIHIIPYIOIUIIM BKrran BO BCe Ha6rr10,n;aeMbre BeJIH'IHHbI, no aHa

JIIITIIqecKo:ir cpopMe B TO'IHOCTII COBIIa,n;aIOIUIIM C HCpCJI5ITIIBIICTCKIIMII P<'-

3YJibTaTaMII. Bo BTopo:ir qacTII TpeTbe:ir rnanhr rrpononnTC5I TeopcTIFil'CK0l' 

IIccne.n;oBaHne peaKUIIII rrepe3ap5I,n;Kn pD ➔ n(pp) rrp11 MaJibIX nepP,n;,Pmx 

IIMIIYJibCa II MaJibIX 3HeprII5IX B036y2K,n;eHII5I pp-rrapbI, ll;Jl5I npoMe)KyT0'IHbIX 

II BhICOKIIX Ha'laJibHhIX 3Hepr11:ir (Ily6Ha, COSY). Om1chmaeTC5I nnHal\m-
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qecKaa Mo.uerrh paccMaTpIIBaeMott peaKUIIII B no.uxo.ue BC, BbiqIIcrraeTca 

aHaJIIITIIqecKII MaTpIIqHbIH 3JieMeHT npouecca II o6cy)K,UaIOTC5I c.uerraHHbie 

npII6JUI)Kemrn, OCHOBH0e II3 KOTOpbIX - npII6JIII)Kem1e TIJIOCKOH 1 So-BOJIHbI 

,UJI5I KOHeqHOI1 pp-napbI. IlpIIBe.ueHbI pe3yJibTaTbI qIIcJieHHbIX pacqeTOB ce

qeHII5I II TeH30pHott aHaJIII3IIpy10mett cnoco6HocTII T20, IIX aHamn II cono

CTaBrreHIIe C 3KcnepIIMeHTaJibHbIMII .uaHHbIMII. lfa npoBe.UeHHOro pacCMO

TpeHII5I 3TOH peaKUIIII crre.uyeT Ba)KHbIH BbIBO.U O B03MO)KHOCTII IICTIOJib-

30BaHII5I ee B KaqecTBe 6a30BOH ,UJI5I C03,UaHII5I TeH30pHoro .uettTpOHHOro 

TIOJI5IpIIMeTpa ,UJI5I npOMe)KyToqHbIX II BbICOKIIX 3HeprIIH, ,UOCTYTIHbIX Ha 

CIIHxpoTpoHe COSY. 

B qeTBepToii rnaBe npe.ucTaBrreHa TeopeTIIqecKaa Mo,n:errb peaKUIIII 

ynpyroro pD-pacceaHII5I Ha3a.U. B paMKax npII6JIII,KeHII5I O.UHOHYKJIOH

Horo o6MeHa o6cy)K.uaeTC5I pa.u Ha6rr10.uaeMbIX BeJIIIqIIH II3 TIOJIHOro Ha-

6opa: B COOTBeTCTBIIII C pa3pa6aTbIBaeMbIM MeTO,UOM aHaJIII3a B pe3yJib

TaTaX BbJqIICJieHIIH BbI,UeJI5IIOTC5I ,UOMIIHIIpyIOmIIe TIOJIO)KIITeJibH0-3Hepre

TIIqecKIIe BKJia,UbI, IIMeIOmIIe Heperr5ITIIBIICTCKIIe aHarrorII, II peJI5ITIIBIICTC

KIIe 3cpcpeKTbI - nonpaBKII OT nopeHu-6ycTa II BKrra,n:bI P-BOJIH. IlpIIBe,n:eHbI 

aHaJIIITIIqecKIIe II qIICJieHHbie pe3JJibTaTbI, npOII3BO.UIITC5I COTIOCTaBJieHIIe 

C ,UOCTYTIHbIMII 3KCnepIIMeHTaJibHbIMII .uaHHbIMII. O6Hapy)KeHbI Ha6rrIO

.uaeMbie BeJIIIqIIHbI, ,UJI5I KOTOpbIX yqeT perr5ITIIBIICTCKIIX 3cpq:>eKTOB 5IBJI5I

eTC5I oqeHb cymecTBeHHbIM. IlpIIBO,UIITC5I npIIMep IIHTepnpeTaUIIII perr5ITII

BIICTCKIIX nonpaBOK KaK BKJia,UOB OT Me30H006MeHHbIX TOKOB, II3BeCTHbIX 

II3 HepeJI5ITIIBIICTCKOro OTIIICaHII5I. .Ilrra 3TOro BBO,UIITC5I TaK Ha3bIBaeMoe 

np1161111>KeH11e 0,1],HOH 11Tepau,1111 ,UJI5I P-BOJIH, KOTopoe TI03B0JI5IeT 5IBH0 Bbipa-

3IITb 
3 Pt-- II 

1 Pt- -KOMnoHeHThI qepe3 HepenaTIIBIICTCKIIe S- II D-BOJIHbI 

B .uettTpoHe. KoHeqHhrir pe3yJihTaT .urra aMnJIIITY.U npouecca 0Ka3bIBaeTca 

6mI3KIIM K HepeJI5ITIIBIICTCKIIM oueHKaM TOKOB pO,K,UeHII5I N JV-nap. B .no

TI0JIHeHIIe K 0.UHOHYKJI0HH0MY o6MeHy II3yqaeTC5I TaK)Ke BKJia,U B MexaHII3M 

peaKUIIII .UIIarpaMM C o6MeHOM 7r -Me30H0M ( TpeyrOJibHbIX ,UIIarpaMM). Bmi:-

5IHIIe IIX yqeTa Ha qIICJieHHbie pe3JJibTaTbI IICcrre.uyeTC5I ,UJI5I ceqeHII5I, TeH-

30pHOM aHaJIII3IIpy10meir cnoco6HOCTII T20 II nepe,n:aq TI0JI5IpII3aUIIII "'D➔p 

II K-p➔p· O6Hapy)KeHo, qTO TpeyroJibHbie ,UIIarpaMMbI cymeCTBeHH0 yrryq

IIIaIOT corrracIIe C .uaHHbIMII ,UJI5I ceqeHII5I, TOr,Ua KaK II3MeHeHII5I B TIOJI5I-
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PII3aUII0HHblX xapaKTepIICTIIKax, 5IBJI5I5ICb TI03IITIIBHbIMII, ropa3,U0 MeHee 

3HaqIITeJibHbI. 

B 3aKJIJOqeH:Ul'I ccpopMyrrIIpOBaHbl OCHOBHbie pe3JJibTaTbI '.uIIccepTa

UIIII, npe.ucTaBJI5IeMbie K 3aIUIITe. 

Ilpl'IJIO)KeHl'l.sI A, B l'I C co.uep,KaT cnpaBO'l:HbIM MaTepIIaJI II HeK0T0-

pbre TeXHIIqeCKIIe .ueTaJIII. B npIIJI0)KeHIIII A npIIBe,UeHbI KOBapIIaHTHbie 

cpopMbI 3anIICII aMTIJIIITY.U BC; B npIIJIO,KeHIIe B BhmeceHbI HeK0T0pbre rpo

M03.UKIIe KIIHeMaTIIqeCKHe Bbipa,KeHII5I; npHJI0)KeHIIe C co.uep,KHT o6mIIe 

CBe,UeHII5I 0 cnnpaJibHblX BpameHH5IX BnKa. 

Ha 3aw;l'ITY BhI,l(Bl'lra10Tc.si: cne,uyrow;l'le pe3JJibTaThI. 

1. BnepBble Hair.ueHO pa3JI0)KeHHe 5I,Upa cnnHop-cnIIHOpHoro ypaBHeHII5I 

BC no 6nopToroHaJibHOMY 6a3ncy ero pe:u,i:em1ir. Ha 3TOM ocH0Be pa3-

pa6oTaH MeTO,U qIIcrreHHOro aHaJIII3a ypaBHeHH5I BC B rreCTHHqHQM 

npII6JIH,KeHIIII, KOTOpbIM JierK0 o6o6maeTC5I Ha ,U0CTaTOqHO IIIHpOKHM 

Knacc 5I.Uep B3aIIMo,n:eircTBII5I II no3ilorraeT HairTII cneKTP Mace II B0JI

HOBbre cpyHKUHH .UByxqaCTIIqHbIX CB5I3aHHbIX CIICTeM. IlpIIrO,UHOCTb 

MeTo.ua npo.ueM0HCTpIIpOBaHa Ha npnMepe BblqIIcrreHII5I cneKTpa CII

CTeMbI .UBYX CKaJI5IpHbIX qacTIIU. "lIIICJieHHO Bbl5IBJieHa npeeMCTBeH

H0CTb CBOMCTB ypaBHeHH5I BC no OTHOIIIeHHIO K o6hrqHOMY ypaBHe

HHIO IIIpe,UHHrepa, KaK, HarrpIIMep, n05IBJieHIIe KYJI0HOBCKOro Bbipo

)K,UeHH5I B cneKTpe npII npn6JIII)KeHIIII MaCCbI o6MeHHOM qaCTIIUbl K 

HJJIIO. 

2. "llncneHHO IICCJie,U0BaHa npocTeMIIIa5I peJI5ITIIBIICTCKa5I MO,UeJib .ueirT

p0Ha Ha OCH0Be cnIIH0p-CnHHOpHoro ypaBHeHII5I BC co CKaJI5IpHbIM 

B3aIIMo.ueircTBIIeM. IloKa3aHo, qTo norryqeHHbre peIIIeHII5I y.uoBneTB0-

pnTeJihHO onIICbIBaIOT 3ap5I,U0Bble II CTIIIHOBbie TIJIOTHOCTII HJKJI0H0B 

npII MarrbIX IIMnyrrhcax. PaccMOTpeHa peaKUII5I pD -+ pX II Bhr

qIIcneHhr ee ceqeHIIe II TeH30pHaa aHaJIII3IIpyromaa cnoco6HocTh T20 . 

Pe3JJibTaTbI 5IBJI5IIOTC5I caMocorrracoBaHHblMII II .uonycKaIOT npo3paq

HYIO qlII3IIqecKyIO IIHTeprrpeTaumo. 

3. B xo.ue ,n;eTaJibHOrO aHaJIII3a CBOHCTB qncrreHH0ro peIIIeHII5I ypaBHe-
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mm BC co cKarnrpHhIM B3attMo.neiicTBtteM 6bma nccrre.noBaHa cxo

,nnM0CTh nTepaunoHHoro rrpouecca. IloKa3aHo, qTo, HarrpnMep, P
B0JIHhI B .neii:TpOHe M0:lKH0 C xoporneii: T0qHQCTbIO rrorryqIITb KaK pe-

3JJibTaT rrepBoii nTepaunn OT Heperr5ITIIBIICTCKIIX S- II D-BOJIH. Brra

ro.nap5! 3T0MY 0TKphrnaeTC5! B03M0:lKH0CTh llHTeprrpeTaUIIII peJI5ITII

BllCTCKllX P-BOJIH B TepMttHax BKJia,noB, II05IBJI5IIOIIl;llXC5! B HepeJI5ITII

BllCTCKllX rro.nxo.nax OT .n1rnrpaMM TIIrra "KaTacTpoqmqecKIIx", rrap

HhIX T0K0B N NII T . .n. 

4. B paMKax rro.nxo.na BC pa3pa60TaH 06mIIii MeTo.n KrraccIIq>IIKarrnII 

II aHaJitt3a perr5ITIIBIICTCKIIX 3cpcpeKTOB B Ha6rrIO,naeMbIX BeJIIIqnHax 

peaKn;nii:. MeTo.n II03B0JI5IeT n.neHTttcpnunpoBaTh II n3yqnTh no 0T

.nerrhH0CTll BKJia,UbI II0JI0)KIITeJibH0-3HepreTnqeCKIIX K0MII0HeHT II pe

JI5!TllBllCTCKIIe rrorrpaBKII - 3cpcpeKThI rropeHu-6ycTa yqaCTBJIOIIl;IIX B 

peaKUllll COCT05!HllM ll BKJia,llhI 0TpnuaTeJihH0-3HepreTIIqecKIIX B0JIH. 

5. AHaJIIITnqecKH BhI,nerreHbI peJI5ITHBHCTCKHe 3q>q>eKThI B peaKUHH cppar

MeHTaUHH .neii:TpoHa. C yqeT0M KHHeMaTnqecKnx ycrroBnii: rrrraHnpy

eMhIX Ha COSY 3KcrrepnMeHT0B rrpe.ncTaBrreHhI qIIcrreHHhre oueHKII 

3THX 3cpq>eKTOB B ceqeHHll, TeH30pHOM aHaJIH3HpyIOmeii: crroco6HOCTH 

T20 n rrepe,naqe rrorr5Ipn3an;nn 11,D--+p· IloKa3aHo, qTo 3arrrraHnpoBaH

Hhre 3KCrrepnMeHThI M0ryT ,naTb .neTaJibHJIO HHq>OpMaUHIO 06 3cpcpeK

Tax, CB5!3aHHhIX C BhIX0.U0M 3a paMKll HMIIJJibCH0ro rrpn6JIH:lKeHH5!. 

6. IlpoBe,neH perr5ITHBHCTCKHii aHaJIH3 peaKunn rrepe3ap5!,nKH pD ➔ n(pp) 
rrpn MaJihIX rrepe,naqax HMIIJJihCa ll MaJihIX 3HeprH5IX B036y:lK,neHH5! 

pp-rrapbI. Ilpe.ncTaBJieHbI pe3JJibTaTbI qncrreHHhIX pacqeT0B .llllq>q>e

peHUHaJibHhIX ceqeHHM ll TeH30pHOM aHaJIH3HpyIOmeii: crroco6HOCTH 

T20. Ilpe.ncKa3aHa B03M0)KH0CTh ncrrorrh30BaHH5! 3TOM peaKunn B Ka

qecTBe 6a30BOM .llJI5! C03,naHH5! TeH30pHoro .neii:TpOHHoro II0JI5IpHMe

Tpa rrpH rrpoMe)KJT0qHhIX ll BhIC0KHX 3HeprH5IX, ,U0CTJIIHhIX Ha CllH

xpoTp0He COSY, a TaK)Ke ,nrr5! rrorryqeHH5! .norrorrHHTeJihHhIX CBe.ne

HHM 06 3JieMeHTapHOM aMIIJIHTy.ne HJKJIOH-HJKJIOHHOM rrepe3ap5!,UKH. 

7. BrrepBhie rrpoBe.neH IIOJIHhIM aHaJIH3 peJI5ITHBHCTCKHX 3cpcpeKTOB B yrr-
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pyrOl\1 pD-pacce5IHHII Ha 180° B rronxo.ne BC. IlorryqeHhI qHcrreH

Hbie oueHKll 3cpcpeKTOB rropeHu-6ycTa II npyrHX perr5ITIIBHCTCKHX 3q.J

cpeKTOB B ceqeHIIll ll pa3JIIIqHbIX II0JI5IpH3aUII0HIIbIX Ha6JIIO]laeMbIX. 

IloKa3aHO, 'ITO B II0JIH0M tta6ope II0JI5IpH3aUH0HHbIX na6rrIO.naeMbIX, 

rrpenJI0)KeHH0M JlJI51 peK0HCTPYKUHlI aMIIJIHTY..II peaKUIIII, cyrneCTBJIOT 

BCJill'IHHbI, JlJI51 K0T0pbIX Y'ICT perr5ITIIBHCTCKHX rrorrpaB0K nrpaeT 

rrpIIHUIIIIIIaJibH0 Ba)KHYIO p0Jib. ,3To, B qaCTH0CTII, TC tta6rrIO.nae

Mbie, K0T0J)bIC T0)KJlCCTBeHH0 paBHhl HYJIIO B ttepeJI5ITIIBHCTCKHX rro.n

xo.nax, II HX 3KCrrepnMeHTaJibH0e nccrrenoBattne M0)KeT naTb rrp5IM:VIO 

IIHq>OpMaUHIO 0 peJI5ITHBHCTCKHX 3cpcpeKTaX B neii:TpOHe. 

8. Ilpe,ncTaBrreH attarrn3 3cpcpeKTOB IIH0Httoro o6Metta B yrrpyrol\I pD

pacce5IHHH tta3a,n B rro.nxo.ne BC. O6ttapy)Ketto, 'ITO MexamnM o.ntto

rrnottttoro o6Metta nrpaeT BCCbMa cymecTBCHHYIO porrb B orrncamrn 

HCII0JI5IpH30BaHH0r0 ceqeHH51 II cymeCTBCHH0 yrryqrnaeT corrracne C 

naHHbIMII, Tor.na KaK ero BKJia]lbl B norr·51pn3aUH0HHbJe tta6rrIO.nael\IbJe 

0TH0CHTeJihH0 MaJihJ. 
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