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Yqelihll ceKpeTaph CoBeTa 

~~aT p3HKO-MaTeMaTHllecKHx Hayic ~ 

OEIUAR XAPAKTEPHCTHKA PAEOTbl 

AKTyaJibHOCTb rrpo6JI8Mbl. B HaCTOHIU8,e BpeM~ CTaHOBHTCH 

HCHb!M, l!TO rrpe,ucTaBJI8HH8 06 aT0!1HblX H,Upax KaK O CHCT8Max, 

COCTOHIUHX TOJibKO H3 HYKJIOHOB, orpaHHtJ:8HO. HyKJIOHbl - cpcTaBHbl8 

06'b8KTbl, no COBp8M8HHb!M IIOHHTHHM COCTOHT · H3 KBapKOB, 

B3aHMO,U8llCT,BYIOIUllX M8lK.UY co6ofi Hea6eJI8BbIMH KaJIH6pOBOtJ:Hb!MH 

IIOJIHMH - r JIIOOHaMH. U,ueH o. .CIIOHTaHHOM HapyIIIeHHH KHpaJibHOll 

CllMM8TPHH . Ha KBapKOBOM ypoBH8 IIPIIBO,UHT K . H806XO,UHMOCTH 

cymecTBOBaHHH M830HHb!X IIQJI8ll. CKopee .Bcero HM8HHO 3TH M830Hbl 

reHepHpyIOT CHJibl, CBH3b!BaIOll{H8 HYKJIOHbl B H,Upa. Me30HHbl8 CT8II8HH 

CB060,Ubl ,UOJilKHbl rrpOHBJIHTbCH B H,Upax H H,UepHb!X rrpoueccax Ha· 

OTHOCHT8JlbHO 60Jibll!HX M8lKHYKJIOHHb!X paCCTOHHHHX. 

Ha OTHOCHT8JlbHO MaJibIX HYKJIOH-HYKJIOHHb!X pacc.TOHHHHX H3-3a 

TOlK,U8CTB8HHOCTH KBapKOB HYKJIOHbl TepHIOT CBO~ HH,UHBH,UyaJibHOCTb, 

H Mb! HM88M ,U8JIO C BHpTyaJibHblMH MYJibTHKBapKOBb!MH CHCTeMaMH. 

ECJIH COCTOHHHH TaKOll CHCT8Mbl rrpe,ucTaBHTb B BH,Ue cyrreprro3HUHH. 
. .. 

68CUB8THb!X Tp8XKBapKOBbIX KJiaCTepoB ( HYKJIOHOB, l1-H306ap, N -

pe3oHaHCOB H rrp.), TO Tor.ua MOlKHO roBOpllTb O cymecTBOBaHHH B 
' J ' . 

H,Upax H8HYKJIOHHb!X dapHOHHblX KOMIIOH8HT. TaKnM o6pa30M Mb! 

BM.UHM, l!TO KapTHHa H,Upa ,UOBOJlbHO CJIOlKHa H OTJIHtJ:aeTCH OT 

rrpe,ucTaBJI8HHll Tpa,UHUHOHHOll rrpoTOH-:HefiTpOHHOll MO,U8JIH. 

HeCMOTpH Ha TO, l!TO HYKJIOHHa~ KOMIIOH8HTa ,uaeT OCHOBHOfi 

BKJia,U B IIOJIHYIO HOpMHpOBKY H,U8pHOll BOJIHOBOll qJYHKUHH, MOlK8T. 

OKa3aTbCH, ll,TO B PH.U8 CJiytJ:aeB H8HYKJIOHHbl8 KOMIIOH8HTbl MOryT 

,uaBaTb BKJia,u ( H ,uaJKe ,llOMHHHPYIOIUHll) B Ha6JIIO,Ua8Mbl8 rrpoueccbl. 

ITpii ST~M. l!T06b! IIOJiytJ:aTb ,UOCTOB8PHYIO HHqJOpMaUHIO O H,ll8pHofi 

"SK30THKe", H806XO,UHMO KoppeKTHO YtJ:HTbIBaTb caMH HYK.riOHHbl8 

KOMIIOH8HTbl, a HM8HHO, ,UOJllKHa db!Tb YtJ:TeHa pOJib qiepMH-:.UBHlK8HHH 

HYKJIOHOB, B3aHMo,ueficTBHH HYKJIOHOB B KoHetJ:HOM cocToHHHH .H. ,np. 
. . . 

qaCTO, o,nHaKO, HCCJI8.UOBaHH8 H,nepHb!X peaKUHll IIPH BblCOKHX 

SHeprmix corrpoBOJK.UaeTCH HeorrpaB,llaHO yopomeHHb!M paCCMOTP8HH8M 
. . . 

HYKJIOHHOll tJ:aCTH sa,nairn, KOTOpoe IIPHBO.UHT K HerrpaBHJlbHblM 

Bb!BO.UaM O poJIH ,npyrHX CTeIIeHel CB060,llbl. 
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TaKHM o6pasoM, B B,llepH0:0: ~Il3HKe BhICOKHX SHeprufi npouecc 

IlCCJie,llOBaHUB pasJinqHo:0: "3K30TilKil" OKa3hIBaeTCB TeCHO CBB3aH C 

pacqeTaMu 06blqHo:0: HYKJIOHH0:0: CTPYKTYPhl a.uep., KOTOpbie KOHeqHo 

HMeeroT CBOID "BhICOKOSHepreTuqeciyro" cneun~HKY. 

BcecTOpOHHee IlCCJie,UoBaHue HeHyKJIOHHhIX CTeneHe:0: CB060)lhI B 

aTOMHb!X B,ll_pax pacumpBeT Hamn 3HaHHB 06 YCTp0:0:CTBe B,llep Il, 

O)lHOBpeMeHHO, Il03BOJIBeT rJiy6l!Ce IlOHBTb npupony CHJibHoro 

B3aHMO)le:0:CTBilB SJieMeHTapHhIX qacTHU. 

B HacTomuee BpeMB TeopeTuqecKoe uccJienoBaHue s~~eKTOB 

B,llepHofi CTPYKTYPhl Il HeHyKJIOHHhIX CTeneHe:0: CB060,llhI HMeeT TaKlKe 

oco6yro aKTyaJibHOCTb, B Bil.llY 60Jibilloro qucna KPYDHhIX SKcnepu~ 

MeHTaJibHhIX nporpaMM: KaK ne:0:CTBYIDillilX, TaK Il DJiaHnpyeMhIX. B 

rJiy60KOHeynpyroM pacceBHilil crHP) JieDTOHOB STO, B nepByro oqe

pe,llb, SKcnepnMeHThl, B TOM q~cJie noJiapusaunoHHhie, KOJIJia6opaunfi 

EMC, BCDMS, SLAC; B anpoH-B,llepHhIX KYMYJIBTilBHhlX npoueccax -

SKcnepnMeHThl JJB3 Ol1Hl1, l1T3ID u . np. bOJlbillOH IlHTepec c TOqKu 

speHHB HCCJie,lloBaHHB .B,llepHo:0: "SK30THKil" npencTaBJIBeT npennona

raeMaB nporpaMMa CHJibHOTOqHoro YCKOPHT8JJB CEBAF {CIIIA). 

UeJib pa60ThI. l1CCJ18,llOBaTb s~~eKThI B,llepHo:0: CTPYKTYPhI Il 

H8HYKJIOHHhle CTeneHu CB060,llhI B B,llepHhIX peaKUHBX C 60JibillOH 

nepe,uaqe:0: IlMDYJihCa, a IlMeHHO: 

I. Paspa6oTaTh TeopeTuqecKu:0: nonxon K onucaHuro JienToH

anepHoro I'HP, Il03BOJIBIDillilH caMocorJiacoBaHHO yqeCTb BKJia,llhI KaK 

HYKJIOHHhIX; TaK Il M830HHb!X CTeneHe:0: CB060)lhI. Ha ero OCHOBe 

npoBeCTil aHaJIU3 B.ll8PHhIX npaBUJI CYMM )lJIB 6apUOHHOro sapana Il 

SHepruU-HMDYJibCa Il paccquTaTb BKJia,llhI HYKJIOHHoro Il M830HHoro 

KaHaJIOB B npaBnJia CYMM Il B CTPYKTYPHbie ~YHKUHH { CID) B,llep. 

2. IlpoBeCTil ~eopeTuqecKoe IlCCJie,llOBaHne pOJIIl B,llepHo:0: 

CTPYKTYPhI B .• 'rHP IlOJ1BPil30BaHHb!X J18DTOHOB Ha IlOJIBPil30BaHHhlX 

anpax. 

3. IlpOB8CTil M8TO)lUqecKoe IlCCJ18,llOBaHue IlOBe,lleHHB B,llepHhIX 

. CID B illilPOKOM IlHTepBaJie Il3MeHeHHB MacmTa6HhIX nepeMeHHhIX, .B TOM 

qncJie B6JIH3Il rpaHHUhI 0,llHOHYKJIOHH0:0: KHHeMaTHKil. 

4. J1CCJI8,llOBaTb s~~eKThI B3aHMO,ll8HCTBHB HYKJIOHOB B KOHeq

HOM COCTOBHilil ( BKC) Ha npnMepe peaKUilil SJieKTpopacmenJieHUB 

ne:0:TpoHa 

2 

·., 

HayqHaB HOBH3Ha Il ueHHOCTb pa60Thl. B nuccepTaUHH Bnep

Bbl8, npHM8HHT8JlbHO K onncaHHID rHP JI8DTOHOB Ha B,llpax, , pa3BHT 

- DO)lXO)l, Il03BOJIBIDillHfi , caMocorJiacoBaHHO yqecTb. BKJia,llhI KaK 

HYKJIOHHbIX, TaK H Me30HHb!X CTeneHefi CB060)lhI. BnepBble noJiyqeHO 

Bhipai1wHne .)lJIB aMDJIHTY .llbI rHP JienToHoB Ha a.upax c yqeToM 

M830HHhIX 06MeHHhIX TOKOB. BnepBhle npoBe,lleH BCeCTOpOHHHH 

yeopeTuqecKHfi .aHaJIH3, B.ll8PHhIX npaBHJI CYMM ,llJIB 6apHOHHOro 

sapana H SHeprun-HMDYJihCa. Yc_TaHOBJI8HO B3aHMHOe COKpameHne 

BKJia,llOB nuarpaMM nepeHOpMHpOBKH .H OT)laqu B ·paccMaTpHBaeMhIX 

npaBHJiaX CYMM. ' BnepBbre BhIIlO,/IHeHhI corJiaCOBaHHble qucJieHHble 

pacqeThI BKJia)lOB HYKJIOHHoro _H Me30HHoro 06MeHHOro KaHaJIOB B 

npaBHJia CYMM H B a,riepHbre CID. ·. . 

B nuccepTauuu npoBeneHo TeopeTnqecKoe HccJie,lloBaiiue rHP 

DOJIBPH30BaHHblX JI8DTOHOB Ha DOJIBPH30BaHHhIX- . Jierqafimux · B,llpax 

( 
2
0, 

3
H, 

3
He). B qacTHOCTH, BnepBhie. paccquTaHa cnHHOBaB CID 

nefiTPOHa. H DOKaSaHO~ qTo ee DOBe,lleHHe KpHTHqHo K 

npe,llilOJIOlK8HHID O cymecTBOBaHHH mecTHKBapKOBOfi KOMDOH8HTbl 'B 

BOJIHOBOfi ~YHKUHH ne:0:TpOHa. PacCMOTpeHa B03MOlKHOCTb H3BJieqeHHB 

HH~opMauuu o cnnHoBo:0: CID He:0:Tpotta us naHHhIX rHP Ha anpax. 3TH 

BODpOChI aKTyaJibHbl, IlOCKOJibKY T8CHO CBB3aHhI C illHPOKO 

o6cylKnaeMofi npo6JieMofi "cnnHoBoro Kpnsuca" B I'HP. 

lleTaJibHO HCCJie,llOBaH Bonpoc O KOppeKTHOM yqeTe HYKJIOHHOH 

CTPYKTYPhI anep B peaKUHBX c 60JibillOfi nepenaqefi HMDYJibCa, B TOM 

qncJie npoaHaJiusupoBaHhI pasnuqHbre MeTO.llhI pacqeTa 

~epMH-,llBHlKeHHB HYKJIOHOB B B,llpax H s~~eKTbl BKC Ha npHMepe 

peaKUHH sJieKTpopacmenneHHB nefiTpoHa. 

Ilo)lp06HO paCCMOTp8Hbl B,llepHh!e CID B6JIH3H rpaHHUbI O)lHOHYK

JIOHHOH KHHeMaTHKH. . BnepBbre · npoBe,lleH i:reopeTnqeCKHfi aHaJIH3 

BJIHBHHR 3~~8KTOB BHeMaCCOBOCTH HYKJIOHOB H KXll-SBOJIIDUI'lH Ha CID 

B STOll o6JiaCTH. IloKasaHO, qTo HMeeromueca SKCnepHMeHTaJibHble 

naHHble no CID B KYMYJiflTHBHOfi o6JiaCTH He npOTHBOpeqaT npe,llilOJIO

lK8HHID O qacTnqHQM "pasMopalKI'!BaHHH" UBeTa B MYJibTHirnapKOBhIX 

KOMDOH8HTaX B,llep. 

Anpo6aUHB pa60Tbl. PesyJibTaTbl npe,llCTaBJI8HHhie B )lHCcepTa

UHH H80,llHOKpaTHO )lOKJia,llbIBaJIHCb I'! o6cyJK,llaJIHCb Ha ceMHHapax 

JJa6opaTOPHH TeopeTnqecKOll ~H3HKH H JJa6opaTOPHH ~H3HKH BbICOKHX 
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SHeprHtt OMHM, Ha_ ceMHHapax MA8HM BAH (CO~HSI, B~JirapHSI) H MflID 
AH tJCCP ( PJKelK, tJexocJioBaKHSI), Ha pa6oT.IeM coaemaHHH no 
npeneJibHOH ~parMeHTaUHH Sinep (MT8ID, !986 -r.), Ha MelKnY
HaponirnX ceMHHapax no npo6JieMaM ~HSHKH BblcOKHX sHeprHtt 
(.lly6Ha, !986 H !988 rr. ) , Ha pa6oT.IeM coaemaHHH no HeHYKJIOHHblM 
cTeneHSIM cao6onhl a Hnpax craTT.IHHa, !989 r.>, Ha pa6oqeM 
coaemaHHH no MaJIOT.IaCTH'-IHbIM CHCTeMaM (Xa6apoBCK, !989 r.), Ha 
MeJKnyHaponHOM coaemaHHH KOJIJia6opauHH rMEC (AJIMa~ATa, 
!989 r.), Ha MeJKnyHaponHOll KOH~epeHUHH no peJISITHBHCTCKOfi 
sinepHott ~HSHKe crroJieqeu, BoJirapHSI, !989 r.> H np. 

Ily6JIHKaUHH. PesyJibTaTbl nHccepTaUHH ony6JIHKOBaHbI B 

mecTHanuaTH neT.IaTHb!X pa6oTax. 

06~eM pa60Tbl. nHccepTaUHSI COCTOHT H3 BBeneHHSI, nSITH 
rJiaB. OCHOBHoro conepJKaHHSI, saKJIIDT.IeHHSI, nayx npHJIOJKeHHfi. 06~eM 
nHccepTaUHH - !58 CTpaHHU MamHHOnHCHoro TeKCTa, 29 PHCYHKOB. 
CnHCOK 6H6JIHOrpa~HH coneplKHT !78 HaHMeHOBaHHH. 

conEPJKAHME PAEOTU 
Bo BBeneHHH o60CHOBaHa aKTyaJibHOCTb reMbl nttccepTaUHH, 

C~OPMYJIHPOBaHa ueJib pa6OTbl H KpaTKO H3JlOlKeHO conepJKaHHe 

nHccepTaUHH. 
IIepaaSI rJiaBa nHccepTaUHH nocBSIIl{eHa BBeneHHID B npo6JieMa

THKY rHP JienTOHOB Ha sinpax H HOCHT B OCHOBHOM o6sopHb!H 
xapaKTep. B Heii npoaonHTCSI npenaapttTeJibHoe paccMoTpeHHe rHP 
JienTOHOB Ha Sinpax: B § I onpeneJISIIDTCSI OCHOBHb!e noHSITHSI . H 
o6~eKTbl-HCCJienoaaHHSI, a TaKJKe naeTCSI KpaTKHH o6sop SKCnepH
MeHTaJibHOH_ CHTyaUHH; B § 2 o6cyJKnaroTCSI OCHOBHble noJIOlKeHHSI 
napTOHHOH MoneJIH, O6bl'-IHO HCnOJib3YeMOH nJISI ~H3HT.IeCKOH 

HHTepnpeTaUHH npoueccoa rHP H, HaKoHeu, -B § ·3 o6cyJKnaeTCSI 
KOHBOJIIDUHOHHOe npH6JIHJKeHHe nJISI rHP Ha Sinpax. · rJiaBa OCHOBaHa 
Ha opHrHHaJibHb!X pa6oTax H o6sopax pa3Hb!X aBTOpOB, HCnOJib

syeTCSI TaKJKe MaTepHaJI HamHX pa6oT. 
Bo BTopoii rJiaae pasattaaeTcSI caMocorJiacoaaHHbIH nonxon K 

onHcairnro rHP JienTOHOB Ha Sinpax C yqeToM· Me3OHHb!X O6MeHHb!X 

TOKOB.· 
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Ha OCHOBe HepeJISITHBHCTCKOif penyKUHH ypaBHeHHH nBHlKeHHSI 
Me3OH-HYKJIOHHbIX noJieH noJiyT.IeHbI KaK ypaBHeHHSI, onHCb!Baromtte 

OCHOBHOe COCTOSIHHe Sinpa ( § I), TaK H aMilJlHTyna rHP JienTOHOB 
- Ha STOM Sinpe c yqeTOM Me30HHb!X o6MeHHb!X TOKOB (§ 2). 

B §3 IloJiyT.IeHbl pacT.IeTHble ~OPMYJlbl nJISI Bbl'-IHCJieHHSI 
HYKJIOHHOro • BKJiana B CID Sinep: . A = 2 ( 20) H A » 2. B § 4 
IIoJiyT.IeHbl pacT.IeTHble ~OPMYJlb! nJISI Me30HHb!X 06MeHHb!X nonpaBOK K 
HMnyJibCHOMY npH6JIHJKeHHID. IloKa3aHO, '-ITO BKJian o6MeHHb!X: :.nHa
rpaMM BOCCTaHaBJIHBaeT SHepreTHT.IeCKOe npaBHJIO CYMM nJISI KBapKO
Bb!X pacnpeneJieHHH B Sinpe, KOTopoe HapymaeTCSI B HMIIYJlbCHOM 
rrpH6JIHJKeHHH c HYKJIOHaMH Ha BHeMaCCOBOH noaepXHOCTH. 

B'§ 5· npttaeneHbl ·pesyJibTaTbl '-IHCJieHHb!X pacT.IeTOB HYKJIOHHb!X 
H Me30HHb!X 06MeHHb!X BKJianoa ( npHMep CM. - Ha . PHC. I) B C<I> H B 
SHepreT_HT.IeCKO_e npaBHJIO CYMM nJISI KOHKpeT_Hb!X Sinep: 20 H 

12
C. 

IloKa3aHO, '-ITO, B OTJIHT.IHe OT CTporon TeopHH, B pacT.IeTaX C 
HCnOJib30BaHHeM ~eHOMeHOJIOrHT.IeCKHX HYKJIOH-HYKJIOH~b!X rroTeHUHa
JlOB . 3HepreTHT.IeCKOe npaBHJlO _ CYMM BOCCTaHaBJIHBaeTCSI JlHillb 
qacTH'-IHO, npHMepHO Ha 507.. 

PHC. I. 

BKJianbl Me30HHb!X TOKOB B 

C<I> nefiTpOHa. KpHBble I-3 
BKJianbl w- ,a- ,rr-Me30HOB 
("60HHCKHif IIOTeHUHaJI"); 

0.003 

0.002 

0.001 

0.000 

KpHBaSI 4 cyMMapHbIH BKJian. -0-.001 
0.0 

F2M/D(x) 

0,1 0.2 0.3 
X 

> B §§ 3-5 · MHoroqacTHT.IHaSI sana qa · nJISI ,_ sinpa A » 2 c 
12

c) . 

pemaJiaCb B npH6JIHJKeHHH · - XapTpH, . KOTOpoe He Y'-IHTb!BaeT 
rJiy60KOJleJKall{He .; KBa3HOnHoT.IaCTH'-IHble · ypOBHH, Cyll{eCTBeHHble npii' 

paCCMOTpeHHH rHP Ha sinpax: C CM. pHC. 2, KOpOTKHH niHKTHp). 
OCHOBHOH . aKueHT . snec:6 neJiaJICSI Ha . caMocorJiaCOBaHHOe 
paCCMOTpemrn HYKJIOHHbIX H MeSOHHb!X BKJianoB, TO ecTb HX pac-iieT 
npo'ao;nH.iICSI B: omioM rrjm6JIHJKeHHH. 
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1.4 
Pnc. 2. 

12 

0THOID8Hlle Ci!> F c (x) /F" (x), 1.2 
2 2 , 

paccqHTaHHoe B pasJrnqHhIX 

12c 

- - R(
12

C/Ni-withc>ut flux factor 
-- R( 11'C/N -with flux factor 
····--· Hartree. approximation 

4 - _ BCDMS(''N) 

1
. / 

•-sLAc' I 
♦- EMC 

( . ) I t~ + ·-YI I rrpe.IHIOJIOJK8Hll51X CM. TeKCT • 1.0 ~---'-,-.;. .. __ ,. --- - 1 

3KcrrepnMeHTaJibHhle ,ToqKll: 

EMC, SLAC, BCDMS. I I :J ~ I 0.8 I I I I 
0.0 0.2 0-4 0.6 0.8 

X 

B saKJIJOqeHne § 5 rrepeqncJieHbl OCHOBHble pesyJibTaTbl, 

IIOJiyqeHHble B STOH rJiaBe. 

TpeTb51 rJiaBa IIOCBRmeHa llCCJienoBaHHIO 

CTPYKTYPhl B rHP IIOJI51Pll30BaHHbIX JieIITOHOB 

- sqiqieKTOB .irnepHOH 

Jierqafimnx Rnpax. 

B § I llCCJienoBaH HYKJIOHHbIH 

BKJian B CIIHHOBYIO Ci!> nefiTpOHa g~ C 

yqeTOM CIIHH-op6llTaJibHOH CTPYKTYPhl 

BOJIHOBOH. IPYHKUHH. IloKasaHo, qTo 

BCJiencTBlle necTpyKTllBHOro BKJiana 

0-BOJIHbl BOJIHOBOH IPYHKUllll nefiTpoHa 

B CIIHHOBYIO Ci!>, OTHOIDeHne g~/g: 

(KpllBa51 I Ha pnc •. 3) 3aMeTHO 

OTJinqaeTC51 OT OTHomeHll51 H8IIOJI51-

Ha IIOJI8Pll30BaHHbIX 

!AO f-YRc = g//gt 

2 -

1.20 I 

1.00 ., 

_________ ::::_ 1 

0.80 
0.0 0.2 0.4 0.6 0.8 X 

? 

Piic. 3. 
Pll3aUHOHHbIX Ci!> F~/F:. _ 

B § 2 , rrpoaHaJinsnpoBaHHO rrpaBnJio cyMM :SbepKeita B rHP 

IIOJI8pll30BaHHbIX JieIITOHOB Ha IIOJI8pll30BaHHbIX JierqafilI!llX Hnpax. 

BhlqncJieHbl CIIHH-_o,p6HTaJibII~e _ rronpaBKll K STOMY . rrpaB~~y CYMM ._B 

· CJIY,qae KOM6nHari:im CTPYKTYPHhIX IPYHKUHH. _g
1 

rrpoToHa n ~fiTpoH~ ~' 

sepKaJibHhlX . Hnep-
3
H-

3
He. IloKa3aHo, qTo rrorrpaBKH OT CIIHH..: 

op6HT:~JI~Horo · nBnJKeHH8 · HYKJIOHOB nocTnraroT · -HecKolbKHX rrpo-
-: , , . 1 'I','• '. • ·I, , 

ueHTOB, ll llX .. CJienyeT IIpllHHMaTb BO . BHHMaHHe rrpll . , aHaJIH3e 

sKcrrepnMeHTaJibHhl~ naHHhIX. ·snecb. JKe . paccMoTpeHa B03MOJKHOCTb 
-'' • ' - • ; : ; ' • ~ • • • - ~ 'I' ! ' , ~ ' : • . • -. • ; • 

ll3BJieqeHH8 llHqJOpMaUllll O CIIllHOBOH. C<l> HetiTpO_Ha. ll3 KOM6HHaUHll 

CTPYKTYPHbIX IPYHKUHH gl rrpOTOHa ll 'nettTpOHa ll 'sepKaJibHbIX ~n'ep. 
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' i 
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i 
I 
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( 
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( 
f 

3
H-

3
He. cneJiaH BbIBOn O TOM, qTo B CJiencTBlle 3aMeTHbIX SqJqJeKTOB 

rrepeHOpMllPOBKH HYKJIOHHbIX KOMIIOHeHT B Hnpax 
3
H ll 

3
He, naHHble 

IIO rHP Ha STllX Rnpax 8BJI51IOTC8 MeHee rronxonRmHM llCTOqHllKOM 

llHqJOpMaUllll O CIIllHOBOH HefiTpOHHOH Cil>. qeM KOM6llHllpOBaHHble 

IIPOTOH-nefiTpOHHble naHHble. 

B § 3 rrepeqncJieHbl OCHOBHble pesyJibTaThl rJiaBbI. 

B qeTBepTofi rJiaBe paccMaTpnBaIOTC8 sqiqieKThl qiepMn-nBHJKeHH8 

BHYTPHRnepHb!X HYKJIOHOB ll B3aHMonefiCTBll51 B KOHeqHOM COCT08Hllll 

B peaKUll8X C 60JiblliOll nepenaqefi llMIIYJibCa. 

B § I p'acCMOTpeHbI CJienyromne BOIIpOCbl. Bo-rrepBb!X, yqeT 

peaJIHCTllqecKoro . qiepMll-nBHJKeHll8 CB83aHHblx'' HYKJIOHOB ( B '. MoneJill 

KOrepeHTHbIX qJJIYKTyaunn - IIJIOTHOCTll)' rrpi pacqeTe Ci!> ., Hnpa. 

K<>HKpeTHbie pacqeTbl _ rrpoBeneHbl nJIH Hnep 
12

c . n 
56

Fe; pesy~bTaTbI 

pacqeToB xopomo corJiacy10Tc8 c sKcnepnMeHTOM: EMC-sqiqieKT CcM., 

HarrpnMep, CIIJIOIDHYIO KPHBYIO Ha pnc 2) .. BO-BTOpbIX, rrpencTaBJieHbl 

Ci!> Hnep 
12

c ll 
56Fe B6Jill3ll rpaHHUhi ·- onHOHYKJIOHHOH KllHeMaTHKll, 

rroJiyqeHHble B ,. paSHhIX rronxonax K paccqeTy qiepMn-nBnJKeHH8 

HYKJIOHOB: a) C yqeTOM SqJ(peKTOB BHeMaCCOBOCTll HYKJIOHOB ( B 

MO)leJIH KOrepeHTHbIX qJJIYKTYaUllll . 'rrJIOTHOCTll) · ll 6) 6e3 yqeTa 

SqJ(peKTOB BHeMaCCOBOCTll (06hlqHbIH HepeJI8TllBllCTCKllH pacqeT ll 

pacqeT B KllHeMaTHKe Ha ·cBeTOBOM qJpOHTe C peaJIHCTllqecKHM 

pacrrpeneJieHHeM HYKJIOHOB). PacqeTbl IIOKa3b!BaIOT pa3HOe IIOBeneHHe 

BbICOKOllMilYJibCHbIX · "XBOCTOB" ('x > 1, rne rroia OTCYTCTBYIOT 

SKCIIepnMeHTaJibHble naHHble) Ci!> 51.ziep B STllX nonxonax •. Ilpn' STOM, 

IIOCKOJibKY pacqeTbl, He yqllTbIBaIOmne CB513aHI~OCTll HYKJIOH_OB, He 

OIIllCb!BaIOT EMC-sqiqieKT rrpll x < 1,_ TO neJiaeTC8 3aKJIJOqeHHe O TOM, 
) 

qTo TaKHe rronxonbl 3aBbllliaIOT HnepHyIO Ci!> B KYMYJI8TllBHOH o6JiaCTll. 

JlBa cJienyromnx rraparpaqia < §§ 2, 3) _ rrocBHmeHhl , nccJienoBaHnro 

SqJqJeKTOB BKC B peaKUllll SJieKTpopacmerrJieHll8 nefiTpOHa.' B§ 2 rro

JiyqeHbI OCHOBHble qlOPMYJibI nJI8 ceqeHHH llHKJII03llBHbIX ll SKCKJIIO

. 3llBHbIX peaKUllH C yqeTOM BKC. IloJiyqeHHble Bblpal!CeHH51 ·II03BOJI8IOT 

51BHO BhlneJIHTb SqJ(peKTbl B3aHMonefiCTBll8 B KOHeHHOM COCT08Hllll Ha 
, , . . . 

qJOHe IIJIOCKOBOJIHOB<>ro rrpll6JIHJICeHll8'. B § 3 IIPHBeneHbI pesyJibTaTbI 

qncJieHHbIX pacqeTOB ll BbIBOnbI. 11HKJII03llBHble ll SKCKJII03llBHble (pnc. 

4) ceqeliHHpeaKUHH sJieKTpopacmenJieHH8 J(efiTpoHa paccqnTbIBaIOTC8 

C peaJIHCTHqecKHMll BOJIHOBbIMll IPYHKUll51Mll CllCTeMbI IIPOTOH-HeRTpOH 
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P11c. 4. 3KCKJII03liBHOe ce't!eHlie u3 peaKUliH SJieKTpopac

menJieHliSI .ueil:TpOHa. 3KcnepHMeHTaJibH~e ,llaHHHe CaKJie. 

. IlyHKTHP - nJIOCKOBOJIHOBOe npH6Jil1JKeHl1e; cnJiomHaSI -

_yqeT B3al1MO,lleil:CTBHSI B KOHe't!HOM c'ocTOSIHlili. 

KaK B Ha't!aJibHOM ( .uettTpOH). TaK l1 B KOHe't!HOM ( HenpephIBHHil: 

cneKTp> cocTOSIHHSIX. BoJIHOBHe qiyiIKUHH HenpephIBiloro _cneKTpa 

HaXO,llHJIHCb 't!liCJieHHHM pemeHlieM ypaBHeHHSI llipe,llHHrepa C 

peaJIHCTli't!eCKliM NN-nOTeHu11aJIOM. . . .IloKa3aHO, 't!TO BKJia,ll 

B3aHMO,lleil:CTBliSI HYKJIOHOB B KOHe't!HOM COCTOSIHlili·, no Kpail:Heil: Mepe 

cpaBHHM, a B psi.ue CJiyqaeB l1 npeBOCXO,llliT BKJia,llbl pa3JIH't!HOil: 
11 9K30THKHir. ITOSTOMY ,KoppeKTHhlil: y't!eT BKC He06XO,llliM ·npH 

l13y't!eHHli 9K30TH't!eCKliX KoMnoHeHT B BOJIHOBOil: IPYHKUHli .ueil:TpOHa. 

B § 4.nepe't!HCJieHhI pesyJibTaTbl STOH rJiaBhI. 

B nSITOH rJiaBe ,llHCCepTaUHli paCCMOTpeHbl HeKOTOphle BonpocH 

MYJibTliKBapKOBOR CTPYKTYPhl si,nep B rJiy60KOHeynpyrHX npoueccax. 

B § I o6cyJK,naeTCSI npo6JieMa Bbl,l{eJieHHSI MYJibTHKBapKOBblX 

BblCOKOliMnyJibCHblX KOMnOHeHT H3 8KCnep11MeHTaJibHblX ,llaHHhIX no 

a.upoH-SI,llepHbIM KYMYJISITliBHblM peaKUliSIM. IloKa3aHo, 't!TO B. aHaJI11se 

JienTOH- H a.upoH-SI,llepHhIX npoueccoB npli BhICOKliX 8Hepr11six 

npliHUlinHaJibHO BaJKeH yqeT SI,llepHbIX sqiqieKTOB B HYKJIOHHOM KaHaJie 

C TeM, 't!T06bl •C,lleJiaTb npaBHJibHhle BhIBO,llbl KaK O BKJia.ue MHOro

KBapKOBblX CliCTeM - B Si,llepHyIO BOJIHOBYIO qJYHKUHIO, TaK H · 0 

pacnpe,lleJieHlili B HliX KBapKOB. 

B CJie.uy10meM §· 2 ,llaH TeopeTli't!eCKliil: aHaJIH3 SI,llepHbIX CID F: 

B6Jil13H rpaHliUbl O,llHOHYKJIOHHOil: KliHeMaTHKH (x ~ !). KoHKpeTHble 

8 

J 

.l 

J 

J 

pacqeTbl npoBe,lleHbl ,llJISI SI,llpa 
12

C, npli . aTOM qiepM_li-,llBlil!CeHlie 

HYKJIOHOB Y't!TeHO B MO,lleJili KorepeHTHblX qJJIYKTyau11n nJIOT_HOCTli, 

napaMeTpbl MYJibTliKBapKOBOH KOMnOHeHTbl B3SITbl 113 KYMYJISITliBHblX 

a,npoH-SI,llepHhIX npoueccoB, a Q
2
-3aBl1CliMOCTb CID · onpe,neJISIJiaCb 

't!liCJieHHhIM · pemeHHeM • . 9BOJIIOUliOHHbIX · ypaBHeHliil: JI11naTOBa

AJibTapeJIJil1-ITap11s11. IloKa3~HO, 't!TO sqiqieKThI CBSl3HOCTli HYKJIOHOB H 

KXJl-SBOJIIOUHli . (plic. 5) npliBO,llSIT K CMSir't!eHlilO KBapKOBhIX 

pacnpe.ueJieHliil: . B SI,llpe. B o6JiaCTli 3Ha't!eHliil: x B6Jil13li rpaHliUH 

0,llHOHYKJIOHHOR KliHeMaTliKli BhlnOJIHeHH nporH03lipy10m11e pacqeTH ,llJISI 

6y,nym11x SKcnep11MeHTOB. 

PHC. 5. 

Q
2
-9BOJIIOUliSI CID SI,llpa 

12C C 

ytieTOM sqiqieKTOB BHeMaCCOBOCTH 

HYKJIOHOB l1 MYJibTliKBapKOBhIX 

KOMnoHeHT npli pa3H~X x; lliTpli

XOBKa oTpaJKaeT Heonpe.ueJieH-

12c 2 
F2 (x,Q )· 

~ 
10 -•b-~ 
~-

10•-~. ~ X = 1.05 

~ 
1o~•f~ 

HOCTli B Ha't!aJibHhIX YCJIOBliSIX. 10 -•o 100 200 

Q2(Gev2 /c2
) 

B § 3 Ka't!eCTBeHHO npoaHaJIH3HpOBaH BKJia,n mecT.liKBapKOBOil: 

KOHqJHrypau1111 B cnliHOBYIO CID .ueil:_TpOHa g:. IloKa3aHO, , 't!TO 

noBe,neHHe g: B HeKYMYJISITHBHOil: o6JiaCTH O s _x s .I KPliTH't!HO K 

npe.unoJIOJKeHHIO O cymecTBOBaHHH .meCTliKBapKOBOfi KOMnoHeHTbl B 

BOJIHOBOil: qiyHKUlili .ueil:TpOHa, B OTJili't!lie OT HenoJISIPl13aUliOHHOfi CID 

F~: ,naJKe He6oJiomasi rrpHMeCb MYJibTHKBapKOBOfi KOMITOHeHTbl MOJKeT 

ITPHBeCTli K saMeTHblM Ka't!eCTBeHHbIM sqiqieKTaM B ITOBe,lleHliH 

OTHomeHHSI g:/g: C CM. KPliBYIO 2 Ha pHC. 3). 
B § 4 paccMaTpHBaeTCSI liHTepnpeTaUHSI 8KCrrep11MeHTaJibHblX 

Jl~HHblX B KYMYJISITHBHOR 06Jia9Tli C TO't!Kli speHHSI rHITOTe3bl 0 

cymecTBOBaHlili B aTOMHhIX SI,llpax II COCTOSIHHH co CKpbITblM UBeTOM". 

AHaJil13, l13BJie't!eHHbIX 11;3 SKcrrepHMeHTOB no KYMYJISITHBHHM a,npoH

SIJlepHbIM -peaKUliSIM, MYJibTHKBapKOBHX pacrrpe,neJieHHfi ITOKa3blBaeT, 
. . ' 

't!TO B MYJibTliKBapKOBblX KOMITOHeHTaX SI,llep B03MOJKHO qacTH't!HOe 

pa3MOpalKHB8.HHe UBeTOBblX CTerreHeil: CB060,llHl13-3a KJiaCTepl13aUlili 

9 
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KBapKOB qJJIYKTOHa B UB8THh!e ,nHKBapKH. 

B § 5 rrepeqHcJieHhI pesyJibTaThI rJiaBhl. '· 

B saKJIIOqeHHH rrpHBe,neHhI OCHOBHhie pesyJibTaThI ,nHccepTaUHH. 

B rrpHJIOl!CeHH.fI BhIHeceHhI HeKOTOphie rro,npo6HOCTH pac,:qeTOB. 

B rrpHJIO_l!CeHHH A . rrpoBe,neH aHaJIH3 BKJia,noB , ,nHarpaMM 

rrepeHOpMHPOBKH H OT,naqH B rrpa~HJia CYMM ,nJI.H C<I>. YcTaHOBJieHo 

BSaHMHoe, COKpameHHe STHX BKJia,noB B paccMaTpHBaeMhie rrpaBHJia 

CYMM. · 
B rrpHJIOl!CeHHH B IIPHBe,neHhI OCHOBHhie' qJOPMYJihI ,nJI.H pa,cqeTa 

pa,nHaJibHhIX BOJIHOBhIX qiyHKUHH CHCTeMhI HefiTpOH-IIpOTOH B 

HerrpephIBHOM crreKTpe. 

OCHOBHble pesyJibTaThI ,nHccepTaUHH, BhIL(BHraeMbie Ha samHTY 

I. PaSBHT rro.nxo.n K OIIHCaHHIO, JieIITOH-,.H,nepHoro rHP, IIOSBO

JI.HIOmHtt caMocorJiaCOBaHHO yqecTb BKJia,nhI KaK HYKJIOHHhIX, TaK H 

M830HHhlX CTerreHett CB06o,nhI B .H,npax.: B,rrepBhie IIOJiyqeHO . Bhipal!CeHHe 

,nJI.H aMIIJIHTY.nhI rHP JI8IITOHOB Ha .H,npax C, yqeTOM M830HHhIX 06MeH

HhIX TOKOB. 

2. IlpoBe,neH TeopeTHqecKHH aHaJIH3 .H,nepHhIX rrpaBHJI CYMM ,nJI.H 

6apHOHHor.o · sap.H,na H SHeprHH-HMIIYJibOa. IloKasaHO, qTo SHepre

THqecKoe rrpaBHJIO CYMM, HapymeHHOe B HMIIYJibCHOM IIpH6JIHl!CeHHH 

sqiqie~TaMH, CB.HSaHHOCTH HYKJIOHOB, B' TOqHOCTH BOCCTaHaBJIHBaeTC.fI 

IIPH yqeTe . M830HHhIX 06MeHHhIX ,nHarpaMM. YcTaHOBJieHO BSaHMHOe 

, COKpameHHe . BKJia,noB ,nHarpaMM rrepeHOpMHpOBKH • , H OT,naqH B 

paccMaTpHBaeMhIX rrpaBHJiax CYMM. 

3. BrrepBhie BhIIIOJIH8HhI qifcJieHHhie. pacqeThI BKJia,noB 

HYKJIOHHoro H M830HHOro 06MeHHOro · ·KaHaJIOB B rrpaBH~a CYMM H B 

.H,nepHhie C<I>. IloKasaHO, ; , qTo, B OTJJHqHe OT CTporott' TeopHH, B 

pacqeTax c HCIIOJibSOBaHHeM·qieHoMeHoJiorHqecKHXHYKJIOH-HYKJIOHHhlX 
t ' . - ·". • :f'_.,.--' ' " .. \ 

IIOT8HUHaJIOB SHepreTHqecKoe __ .rrpaBHJIO CYMM BOCCTaHaBJIHBaeTC.fI 

JIHlllb qacTHqHo, rrpHMe.pHo-iii" 507.. 

4. IlpoBe,ne~;;HqecKoe HCCJie,noBaHHe fHP IIOJI.HpHSOBaH

H;hIX ·. Jietrfo~i Ha IIOJI.HpHSOBaHHhIX JierqaHm~X .H,llpax . ( 2D,., .3H, 3
He) • 

IIpoaHaJins'np~BaHO rrpaBUJlO--CNMM-Etre-p1re1m ·n BJIH.fIHHe 9qJqJ8KTOB 
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.H,nepHOH CTPYKTYPhI Ha BeJinqnHy OTHomeHH.fI gA/gv: B peaKUH.fIX rHP. 

PaccqnTaHa CIIHHOBa.H C<I> ,nefiTpOHa H paCCMOTpeHa BOSMOllCHOCTb 

- HSBJieqeHH.fI HHqJOpMaUHH O CIIHHOBOH C<I> HefiTpOHa HS KOM6HHHPOBaH-

HhIX ,naHHhIX .rHP JieIITOHOB, Ha rrpoTOHe H .nefiTpOHe, C yqeTOM 

CTPYKTYPhI IIOCJie,nHero. 

5. IloKasaHO, qTO,IIOBe,neHne CIIHHOBOH C<I> .nettTpOHa KPHTHqHO 

K npe.nrroJiol!CeHHIO O cymecTBOBaHHH. mecTHKBapKOBOfi KOMIIOHeHThI B 

BOJIHOBOH qiyHKUHH ,nefiTpOHa. 

6. PaccqHTaHhI C<I> .H,nep ( 
12c H, 

56
Fe) B MO,neJIH KorepeHTHhIX 

qJJIYKTyauntt .H,nepHOfi IIJIOTHOCTH. IloKaSaHO, qTo MO,neJib xopomo 

OIIHChIBaeT SKCIIepnMeHTaJibHhie ,naHHhie no rHP JieIITOHOB Ha .H,npax 

CEMC-sqiqieKT) H MOl!CeT npnMeH.HTbC.fI npn TeopeTnqecKOM . aHaJinse 

rHP JieIITOHOB Ha .H,npax B mHpOKOtl o6JiaCTH HSMeHeHH.fI x. 

7. IlpoBe,neH cpaBHH,TeJibHhitl aHaJI~3 paSHhIX MeTO,nOB yqeTa 

BKJia,na qiepMH-,nBHl!CeHH.fI HYKJIOHOB B .H,nepHhie C<I>. C,neJiaH BhIBO,n 0 

TOM, qTQ. M8TO,nhI, He OIIHChIBaromne EMC-sqiqieKT B o6JiaCTH x < 1, 

MoryT HCKaSHTb IIOBe,neHHe C<I> H B KYMYJI.HTHBHOH o6JiaCTH (x > 1). 

8. MccJie,noBaHO BJIH.fIHHe BSaHMO,neficTBH.fI HYKJIOHOB B 

KQHeqHQM 'coCTO.fIHHH Ha HHKJIIOSHBHhie H 8KCKJII03HBHhie ceqeHH.fI 

peaKUHH 8Jl8KTpopacmerrJieHH.fI ,neHTPOHa. Ilpn STOM HCIIOJibSOBaJIHCb 

peaJIHCTHqecKHe 'HyKJIOH-HYKJIOHHhie IIOT8HUHaJihI. IloKasaHO, qTQ 

8qlql8KThI BSaHMO,nefiCTBH.fI B KOHeqHOM COCTO.HHHH cpaBHHMhI C 

BKJia,naMH 8K30THqecKHX KOMIIOH8HT (MeSOHHhIX o6MeHHhIX TOKOB, 

i-Hso6ap, MYJibTHKBapKOBhIX KOHqJHrypaunfi, peJI.HTHBHSaUHH H ,np.). 

9. MccJie,noBaH,. BOIIpoc o BhI~eJieHHH BKJiaria MY JlbTHKBapKOBhIX 

KOMIIOHeHT B rJiy6oKOHeyrrpyrHX H KYMYJI.fITHBHhIX rrpoueccax H 

IIOKasaHO, qTQ HHTeprrpeTaUH.fI HMeIOmHXC.fI SKcrrepnMeHTaJibHhIX 

.naHHhIX .norrycKaeT rrpe.nrroJiol!CeHHe o .qacTnqHoM pasMopalKHBaHHH 

UB8TOBhIX CTerreHett CB060,nhI B MYJibTHKBapKOBhIX KOMIIOHeHTaX .H,nep. 

IO. .IIaH TeopeTnqecKHtl aHaJIH3 .H,nepHhIX Cili B6JIH3H rpaliHUhI 

o,nHOHYKJIOHHOtl: KHHeMaTHKH. IloKasaHo; qTQ sqiqieKThI· CB.HSHOCTH 

HYKJIOHOB H , KXJl-SBOJIIOUHH ., rrpHBO,n.HT , , K CM.firqeHHIO KBapKOBhIX 

pacrrpe,neJieHHH B .H,npe. BhIIIOJIHeHhI rrpe.ncKasaTeJibHhie. pacqeThI ,nJI.H 

C<I> yrJiepo,na B KYMYJI.HTHBHOH o6JiaCTH. 
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