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Olill(AR XAPAKTEPHCTHKA PAliOThl 

Ai..:rvanbuocn. npo6neMLI. ffayqemie c!ioTOpo)J(JJ;CHlll' nceBJJ;OCKaIDipHLIX Me30HOB 

»BJ!JleTc» oqeHb HHTepecHoii KJ1acc11qecKoii npo6neMoii c!i11311K11 BhICOKHX :mepmii ua 

npoT»)J(eH1111 MHor11x JieT. CospeMeHHa» JKcnep!!MeHTaJihHa» TexH1ma, rro3son11sma» 

HafipaTb JJ;aHHbie HOBOfO Tllila c ABOHHOH IIOJIJ1p113a1.1neii IIY'!Ka H M11rneu11, llHllI.IHllpOBana 
llHTCHCllBHble TeopeT!l"leCKHe HCCJieJJ;OBaHllll AJill OIIHCaHllSI IIOJIS!p113aQllOHHh!X 

Ha6JIIOJJ;aeMbIX B rrono6HhlX peaK1.111»x. Oco6euHo llHTepecHbI B JTOM rrnaHe peaKQllH 

KOrepeHTHOfO II HeKorepeHTHOfO c!ioTOpO)J(JlCHll» IIHOHOB Ha neiiTpOHe, 113yqeH11e KOTOpb!X 

II03BOJI»eT IIOJIY'lllTb AOCTYII K HHciiOpMal.11111 0 CBOHCTBaX HeiiTpoua, a TaK)J(e IIOHl!Tb 

CBOHCTBa NN B3aHMOJJ;CHCTBHH B rrpocTeiirneH »nepHOH CHCTeMe, KaKOBOH SIBJ!JleTCH 

JJ;eliTpOH. Cy111ecTBy10ll.\llC TeopernqecK11e MOJJ;en11 B :noii o6nacTH (uarrp11Mep, xoporno 

113secTHaJ1 MoJJ;eJih MAMro He s cocToJ1H1111 KOnll"lecTseHHo orr11caTb rrontty10 

conoKyrrHoCTb 11Me1011111xc» JJ;aHHhIX. BoT rroqeMy Heo6XOAl!Mhl AaJibHeiirn11e 11ccneJJ.0BaH11» 

JJ;Jlll AOCTll)J(eHH» ynosneTBop11Tenbuoro orr11caH11» JKcrrep11MeHTaJihHhIX naHHblX. 

Uen1. pa6oTLJ : 

• l13yqeu11e Herron»p1130BaHHblX (IIOJillp1130BaHHb!X) ua6J110JJ;aCMbIX peaKQHll 

• 

• 

- - 0 r d ~ J[ d B 06JiaCTll JHepr11Ji c!ioTOHa OT IIOpora pO)J(JleHllll rtO Me30Ha AO ] 

r3B B llMnyJihCHOM IIpllfiJill)J(CHHH (IA). 

JhyqeHHe BJillSIHll» BbI6opa JJieMCHTapHOH aMIIJlllTYJJ;bI, 3aJJ;aHHOH B 

rrp116JIH)J(eHHll JciiciieKTllBHOfO 11arpam1rnaHa (ELA) H Ha OCHOBe YHl!TapHOH 

H3o6apttoii MOJJ;CJill (MAID), Ha paC'lllTaHHble 3HaqeHllSI Ha6JllOJlaeMblX peaKU:HH. 

TioJJ;TBep)J(,!l;CHlle 3Ha'lllMOCTll cpaBHCHllSI MOJJ;eJihHbIX pac'leToB c 

JKCIICpl!MeHTaJibHhlMll naHHbIMH !IO CIIllHOBblM HafiJllO}laeMbIM, KaK TecTa AJI» 

Bbl6opa 3JICMCHTapHOH H)'KJIOHHOH aMIIJIHT)'Jlbl. 

IlpaKTH'ICCK3H 3H3'111MOCTb nony'leHHblX pC3YJibT3TOB. 

• Pa3pa60TaHHblH ciiopMaJill3M MO)J(eT 6b!Tb IIpHMeHeH JlJISI OIIHCaHllll KorepeHTHOfO 

pO)J(JleHllSI HeiiTpaJibHblX IIllOHOB Ha JJ;eiiTpoHe B Cny'lae BllPTYaJibHblX c!ioTOHOB B 

peaKU:HH ed -1-e' 1C
0 d, rne B03MO)J(H0 OilHCaHHe IIOBe,!leHHll 0606111eHHOfO 

npae1111a cyMM GDH, KaK <liYHKU:Hll s11pryan1.HOCTH c!ioTOHa Q2. 

• BbirronHeHH1r1e 11ccnenosau11» 6ynyT Ba)J(HbIM maroM p,im rrnau11posaH11ll 11 

noHHMaHH» 6ynymHX JKcrrep11MeHToB Ha ycKop11Te1111x MAMI, MIT-Bates H Jlab . 

HayquaH uoeu3ua. 
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Hamero noH11Mam1J1 :meMeHTapHOM HeHTpOHHOH aMnJillTY.Ubl npH OTCYTCTBllll HeHTpOHHOH 

MllllieHll. 

B nepeoii rnaee .uaH KpaTKHH o63op dJopMaJill3Ma 01rncaH1111 peaKu.1111 Ha 

ceo6o,UHOM HYKJIOHe c u.eJibfO BBe,UeHHll MO,UeJill, 11cnoJib'lOBaHHOH B ,[(aJibHeHllleM )J,IDI 

on11caHHll npou.eccoe Ha .ueiiTpoHe. Onpe.uemrn c11cTeMy L\eHTpa Mace (Q.M.) <jioTOH-HYKJIOH 

c OCbfO z, HanpaBJieHHOH B,[(OJlb llMnyJibCa <jioTOHa k ' II OCbfO x B HanpaeneHllll 

MaKCllMllJibHOH JillHeHHOH TIOJillpH3all,llll <jioTOHa, MO)KHO 3a1111caTb .ueyx-qacT11•rnym 

peaKu.11m B s11.ue: 

y(E~ab,k,J.)+N(EN,-k)--+ n(E,, ,ij)+N(E~,-ij), (I) 

r.ue s cKo6KaX 3a,UaHbI :rneprn11 11 11MnyJibC qacTllU., yqacrnym11111x B peaKU.1111 11 A=± 1 
o6o3HaqaeT c1111paJ1bHOCTb nonllp1130BaHHoro c)ioTOna. Henom1pmosaHHoe 

.ump<liepeHU,llaJlbHOe ceqeH11e nepexo.ua 113 HaqaJlbHoro <tioT011-11yKi101111oro cocTOJIHHll \ i) s 

KOHe'lHOe llllOH-HYKJIOHHOe COCTOJ!Hlle \/) 3a,UaeTCll B CllCTeMe Q.M. B Bllfle: 

da =(MN )2

\~\_!_2:IM:::,,-:;_HN(k.q)1
2

• 
(2) 

dO.H 4n-W \kl 4 mm',1. 

r.[(e 
m' ( m) eCTb rrpoeKI.11111 CJlllHa KOHeqHoro (Ha'laJlbHOro) HyKJIOHOB, q II k 

o6o3Haqa!OT TpexMepHbIC HMil)'JlbCbl 1111011a II dJoToHa B CllCTCMC L\.M., COOTBeTCTBeHHO. 

JilHBapl!aHTHall Macca CHCTCMbl 7iN ' w 3a,UaeTCll B na6opaTOpHOH CllCTeMe KaK: 

W = IM 2 +2M E 1
"b '\j 1 N N r 

A MOJIYJlll RCKTOpOR cpoTOlla II IJl!Olla k II q, COOTBeTCTBeHHO 3a,Ua!OTCll KaK: 

q 

W2 -M~ - E'"h, 
- - 'y k = -2w 

~(MN +m,,) 2 ][W 2 -(MN -m,,.)
2

] 

2W 
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(3) 

(4) 

(5) 

y y .,, y .. y 
= .. 

- . .. 
'T·t1•' 

" "' N N N N N "' N ----N N 

(A) (B} (C) 

y " y " y y . 
: p.ro ,. 

N N N "' "' "'" " N N N" " N 

(DJ (E) (F) (G) 

P11c. I: PaccMOTpeHHhie .u11arpaMMbI B KorepeHTHOM <jioTOpOlK,UeH1111 11110Ha Ha HyKJIOHe. 

EopHOBCKlle 'lJieHhI: (a) 11p11Moi% HyKJIOHHhIH noJIWc, (b) nepeKpeCTHhIH HyKJIOHHbIM noJIWc, 

(c) llllOHHbIH llOJilOC, II (d) KOHTaKTHblH qJieH Kponna-Py.uepMaHHa; (e) o6MeH BeKTOpHbIM 

Me30HOM (p II ro); pe30HaHCHbie B036YlKI1CHllll: (f) rrpllMOH II (g) nepeKpeCTHblH. 

Bo BTOpoii rJiaBe 01111caH cliopMaJill3M KorepeHTHOro pOlK,UeHllll llllOHa Ha 

.ueihpoHe ,UJill peaKu,1111: 

y(Er,k,A.)+d(Ed,-k) ~ 1l 0 (E,,.,q)+d(E~,-q) (6) 

rue :meprn11 11 llMllYJibCbI qacTHII J(aHhI s cKo6Kax, A o603HaqaeT u.11pKyn11pny10 

rronJ1pma1.1HIO <jioToHa. C11c11TeMa Q.M. clioTOH-J(empoH 3a,n:aeTCJI c OCblO z B,[(OJib 

narrpaBJICHllJI llMll)'JlbCa clioTOHa k , OCblO y rrapanneJibHOM n,nocKOCTll k x q II OCblO x, 

COOTBeTCTB)'lOIQeM rrpaso-op11eHTllpOBaHHOH CllCllTeMe KOOp,UllHaT. Tor,[(a BbIJieTalOIQllM 

n110H 01111cbrnaeTcll ccliepHqecK11M11 yrnaM11 tjJ , 11 B , c cos B , = q. k. 
" " " 

I1crroJib3Yll CTaH11,apey10 HOpMllpOBK)' COCTOJIHllH qacTllI.I, J(ll<jicliepeHQllaJlbHOe 

ceqeH11e peaKQllll B CllCTeMe l\. M. MO)KeT 6b!Tb 3aIIHCaHO KaK: 

da- E E' 1-1 _ = d d _ q 1 "'""' I __ 

1

2 

dQ.Ho (4n-W )2 - lfl 6 L.-:- T..,dm',,,t(k,q) ' 
,,U 1nu1ndA. 

(7) 

r.ue m~ 11 md 060JHaqa10T rrpoeKU.llM crr11Ha HaqanhHoro M KOHeqHoro .ueiiTpoHa, q 11 f 

- llMIIYJibCbl n110Ha II ctioToHa B CllCTeMe ll,.M., COOTBCTCTBeHHO. I1HBap11aHTHal1 :mepr1111 

CllCTeMbl yd 3a,UaeTCll B BllJJ:e: 

J-, 2 ,-, Wi<l=Er+ k +Md, Er=k, (8) 

=EH,+ ~ij2 + AiI. E", = Jc;2 + M~,' 
rue 111 d II m", o603Ha'laIOT MaCCbI HeHTpaJILHOro llHOHa II ,UeHTpOHa, COOTBeTCTBeHHO. 
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--- --d=-k -p d'=-q 

Pnc. 2. )J,narpaMMHOe npe,a;cTaBJleHHe peaKL\HH rd~ ;r0 dB HMIIYJlbCHOM 1IpH6JJHJKeHHH c 

onpe.aeneHHeM HMIIYJlbCOB B yd l\.M. CHCTeMe. 

AMnnmy.aa paccellHHll KorepeHTHOro «fioTopoJK.QeHHll 

HMIIYJJhCHOM rrpH6JJmKeHHH (IA) 3a,a;aeTCll B BH,a;e: 

;r 0 Ha .aeiiTpoHe B 

r .. , .. ,;.(k,q) = 2 J <~~3 e· .,, (p')t~ (k, pi'q, -p, )0 .. , (p), 
(9) 

r.ae 
tl t y;r o603Ha'!aeT coo:rneTCTBYIOll\YlO 3JleMeHTapHylO aMIIJlllTYAY yN ~ 7iN . 

BeKTopa P; Hp 
1 

o6o3Ha'laJOT HaqaJJbHbIH H KOHe'IHhIH HMrryJJbCbl aKTHBHoro HyKJJOHa B 

,ll,eHTpoHe, ,ll,Jl.!I KOTOpbIX HMeeM p;=p-k/2, 'Pr='P-ii+k/2 H 

p' = p + (k - q) I 2, o6o3Haqaw11.111e OTHOCl!TeJJbHbie HMBYJJbCbl B KOHeqHoM 

COCTOllHHll ,ll,eHTpoHa. 
BpeM11-ynopllAOqeHHbie ,ll,HarpaMMbl np11Hl1Tb1e BO BHl!Mam1e ,lJ,Jl.!I pacqeTa 

aMBJIHTYAhl pacceJIHHll KorepeHTHOro cjiompoJK,a;eHIDI ;r
0 

noKa3aHhI Ha PHc. 3. Beo,a;11 

pa3JIOJKeHl!e no napQHaJlbHhlM BOJIHaM MOJKHO IIOJIY'IHTb cne,a;yJOIL1ee BblpaJKeHl!e )];!Ill 

MaTpl!l\bI pacce11HID1: 

- - i(md+A.)~ 0 e 
T,,,dm'a"- ( k, q) = e • t "'d"';,;. (W1<1 , ,,.o ) 

(10) 

rAe 3JleMeHTbl peAYLIHPOBaHHOH t-MaTpHLlbl llBJllllOTC.11 OCHOBHbIMH BeJIH'll!HaMH AJlll 

onpe)l;eJieHH.11 ce'leHHH H IIOJI.!IpH3aQllOHHblX Ha6JJJ0,11aeMblX. TipH coxpaHeHl!ll '!eTHOCTll 

peAYLIHPOBaHHall t-MaTpHQa no,!lql!H.!leTC.11 COOTHOIIIeHHJO CHMMeTpHH: 

t - (-)l+md+A. t 
-md-m:1-A - mdm:1A. 

(II) 

)J,nll BOJIHOBOH <liYHKQHll ,11eilTpOHa l!CllOJib30BaH o6hI'IHblH aH3aJ~: 

e,,,, (p) = L L (Lm1, Ims I Imd )u1, (p)YLmi. (p)x ... '"o , (12) 

L=0,2mLms 
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r,a;e IIOCJie,a;m1e ,a;ea qJieHa o603HaqalOT CIIllHOBYIO H H30CIIHHOBYIO BOJIHOBbie ljiyHKL\HH, 

COOTBeTCTBeHHO. B )J;HCCepTal\HOHHOH pa6oTe pa,a;HaJibHbie BOJIHOBbie ljiyHKL\HH ,a;eiiTpOHa B 

HaqaJibHOM H KOHeqHoM COCTO.!IHIDIX BbI6paHbl O)J;HHaKOBblMH, OCHOBaHHblMH Ha 

peaJIHCTH'IHOH BbICOKOTO'IHOH Mo.a;enn noTeHQHaJia CD-Bonn. 

)JjJJi 1a,a;amrn 3JleMeHTapHOH aMUJlllTYAbl HCIIOJib30BaHO rrpH6J111){(eHHe 

31}ll}leKTHBHOro Jlarpam1maHa (ELA), KOTOpoe c TeopeTHqecKOH TOqKJI 3peHH.!I .!IBJl.!leTC.11 

xopmno ycTaHOBJJeHHhIM B o6naCTH 3Heprnii nop11,a;Ka Macchi HYKJIOHa. Pa3pa6oTaHHM 

Mo.a;enb BKJIIOqaeT EopHOBCKHe qneHbI (,a;narpaMMbI (A)-(D) Ha Pnc. 2), o6MeHhl 

BeKTOpHbIMH Me3oHaMH, ,a;narpaMMa (E) Ha Pnc. 2, a TaK){(e Bee xoporno ycTaHOBJieHHbJe 

pe30HaHcb1 (qeTbipe 3Be3,a;b1) H3 Ta6nm~bI 3neMeHTapHbIX qaCTHL\ (PDG) c 3Ha'!eHID!MH 

Mace AO 1.7 r3B H C 3Ha'leHIDIMH CIIHHOB AO 3/2: ~ (1232), N(l440), N(l520), ~ (1620), 

N(l650) H ~ (1700) (,a;narpaMMbI (F) H (G) Ha Pnc. 2). 

B Tpen.eu rJiaBe ,a;aeTCll OUHCaHHe <tiopMaJIH'lMa npaBJIJla cyMM repacmmaa­

~eJJJia-xepHa (GDH Sum Rule), ocHOBHbie npHHQHIIbl BbIBOAa 3Toro <liYHAaMeHTaJJbHoro 

1IpaBHJJa cyMM, OCHOBaHHOro Ha 6a30Bb!X rrpHHl\Hllax COBpeMeHHOH TeOpHH, TaKHX K3K 

JiopeHQ H KaJIH6poBoqHall HHBapnaHTHOCTb, 1IpHql!HHOCTb, nepeKpeCTHall CHMMeTpH.11 H 

YHHTapHOCTb. 3To npaBHJJO cyMM ycTaHaBJJl!BaeT CBll3b MeJKAY O,ll,HHM H3 OCHOBHblX 

CTaTH'leCKHX CBOHCTB HyKJIOHa, KaKOBbIM .!IBJilleTC.11 ero aHOMaJibHbIH MarHHTHhlH MOMeHT, c 

,ll,HHaMnqecKHMH CBOHCTBaMH «fioTo-norno11.1eHHll IIOJJllpH30BaHHOl'O «fioToHa 

rroMpH30BaHHbIM HYKJJOHOM (11.apoM) H 3annchrnaeTcll Mll '!aCTHLlbl c Maccoii M, 3ap11,a;oM 

eQ aHOM8JlbHblM M8rHllTHblM MOMeHTOM K H CIIHHOM s B Bl!,ll,e: 

IGDH( . JE a •. - a-- l ' 4 2 2 .e S f,x P(E) ·l·£) 2 
, x) = t - . . =. r. ,,. --

. u : E., .JJ2 . (13) 

P(·l'•'£ '. 
r,a;e a · 'l -, I o6o3HaqaeT noJJHbie ce'!eHIDI <tioTo-nornom:eHl!ll L1HpKyn11pHo 

llOJJllpH30Bal!HHOro <tioToHa Ha MHilleHH co CIIllHOM napanneJJbHblM (aHTH-rrapanneJibHb!M) 

cn11Hy <tioToHa, Ey - 3HeprIDI peanhHoro <tioToHa. AHOMaJihHbIH MarHl!THbIH MOMeHT 

011pe,a;en11eTCll '!epe3 orrepaTop nonHoro MarHHTHoro MOMeHTa '!aCTHQbJ KaK: 

17 = f: (Q - h'.} .9./_1! (14) 
OcHOBbIBallCb Ha H3BeCTHbIX 3HaqeHl!.!IX aHOMaJlbHbIX MarHllTHbIX MOMeHTOB )J;Jl.11 

rrpomHa (Kp = 1.79), HeHTpoHa (K,, = -1.91) H ,a;ei!Tpona (Kd= -0.143), rrpaBnno cyMM GDH 

no3BOJI»eT yCTaHOBl!Tb CJ1e,ll,yJOIL111e 3Haqemrn AJill npHBeAeHHoro Bhlrue l!HTerpana: 

lp=204.8 µb, ln=233.2 µb H l,t=0.65 µb. 3KcnepHMeHTaJJbHall npoBepKa BbIIIOJIHHMOCTH 

noro <jiyH,!laMeHTaJibHOro npaB1ma cyMM )J,onroe BpeM» ocTaBanach HepeweHHOH 3a)J,a'IBH 

113 3a OTCYTCTBH.11 nompH30BaHHbIX nyqKOB cjJOTOHOB • Heo6XO,!ll!MblX 3Heprnil H 

IlO!Illp1130BaHHblX MllIUeHeil, H TOJlbKO B IlOCJie,!IHl!e l'O,!lbl c pa3BHTHeM TeXHHKll 

IIO!IllpH30BaHHbIX ny'IKOB H MHilleHeil IIO.!IBHJJaCb B03M0){(HOCTb cpaBHeHID! pa3JIH'lHbIX 

Mo.aeneil c mMepeHHbIMll 3HaqeHH»Mll HHTerpana GDH, KaK QiyHKQHH 3HepmH peaJJLHoro 

<tiornHa. CTpyKTypa no,a;11HTerpanbHoro BbipaJKeHH» npannna CYllfM GDH npenonaraeT 

BKJllO'leHHe B paCCMOTpeHHe pa3Jill'IHblX • KaHaJIOB peaKQHll ljioTOpO){()J,eHl!.11 

llCOO,!IOCKa!IllpHbIX Me30HOB npH OTHOCHTeJJbHO He60JibIIIHX 3HaqeHH.!IX 3HeprHH cjioTOHa 

nop.!1,!IKa COTeH M3B, qTo ,!leJiaeT oco6eHHO BaJKHblM MO,!leJibHOe OIIHCaHl!e KOrepeHTHOro 
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ilJoTOpOlK)l.eHIDl HeihpanbHOrO IlHOHa, TaIOKe KaK H HeKorepeHTHOe pOlK)l.eHHe TIHOHOB B 

KaHane yd~ 7r N N . Eme Oil.HHM BaiKHbIM n.ocTHlKeHHeM ,IJ,JUl onncaHHll noBen.eHHll 

11meprana GOH KaK ilJyHKQHH :mepm11 ilJoTOHa llBJIJleTCll n.ocTHrnyrne B pa3pa6oTaHHoii 

Mon.enn pacumpeHne o6nacrn onHcaHIDl n.o 600 M3B. 
TaKlKe on11caHa cHTyau,1111 c cymecTByJOlllHMH 3Kcnep11MeHTanbHbIMH )l.aHHbIMH 

no onpen.eneHHJO HHTerpana GOH, KaK <!iYHKU,HH oT 3HepmH peru1bHOro <!ioToHa. 

TipHBe)l.eHbl KpaTKHe CBe)l.eHHll 0 xapaKTepHCTHKaX llOJillpH30BaHHblX llY'IKOB " MHIIleHeii, a 

TaIOKe 06 3KcnepHMeHTa.JlbHbIX ycTaHOBKax n.n11 H3MepeHHll HHTerpaJ1a GOH na 

ycKopnTeJIJlx ELSA (Bonn) H MAMI (Mainz). 
bbJJIH npoBe)l.eHbl cneQHa.JlbHbJe HCCJie)l.OBaHml cTa6HJibHOCTH 'lHCJieHHOro 

HHTerpttpoeaHHll i1.J1J1 ou,eHKH HHTerpana GOH. ,l].JI11 '!HcneHHOii ou,eHKH Heo6xon.HMO HMeTb 

BeJIH'IHHbl (j/' (CY"4 ), KaK ilJYHKQHH 3HeprHH ilJoTOHa B na6. CHCTeMe, n.eTa.JlhHOe OllHCaHHe 

cxeMbI pac'leTa 3THX eeJIH'lHH n.aHo BO BTopoii rnase. Torn.a, cnen.y11 onpen.enettmo 

nmerpana r,lJ.11 (13) " ncnoJIL3Yll xopomo H3BeCTHbJe MeTOll.LT '!HcneHHoro 

HHTerp11poBaHIDl, TaKHe , KaK , HanpHMep, MeTO!l faycca HJIH MeTO)I. CHMllCOHa 

(peanH30BaH11L1e B B11n.e crnHn.apTHLIX nporpaMM 6tt6n110TeK11 CERNLIB) MOlKHO 

ocyll\eCTBHTb 'lHCJieHHbie ou,eHKH. KaK npasttno, TO'lHOCTh '!HcneHHoro 11nTerp11poBaHHll 

)I.Jill onpen.eneHHOro MeTO)l.a 3aBHCHT OT BH)l.a TIO)l.HHTerpanbHOH ilJyHKQHH. B HallleM cnyqae 

oT BhlpalKeHHll aP -O"A B3BerneHHoro c o6paTnoii BeJIH'lHHOH 3HeprHH <!ioToHa Er. Ha 

Pnc. 3 npen.cTasneHhI pe3ynbTaTbl pac'leTOB HHTerpana GOH ll.JIJI Tpex cnyqaeB BhI6opa 

KOJIH'leCTBa Y3JIOB LIJIJI 'lHCJieHHOfO HHTerpnpoBaHHJl. ~CHO BHLIHO HaJIH'!He OCQHJIJlllll,HH 

npH ne6onLlllOM q11cne y3nos (N=I 0), KOTOpLie crnalKHBaJOTCff c pocTOM N. TaKlKe BHLIHO, 

'!TO necrn6HJibHOCTb pe3)'JlbTaTOB 3aMeTHO npollBJilleTCll B o6naCTH 3Hepmii ilJoTOHa Bblllle 

600 M3B, '!TO llBHJIOCb eme OLIHHM LIOBOLIOM ,IJ,JUl orpanH'leHHll o6naCTH HHTerpHpOBaHHll 

npH llOJl)''leHHH OKOH'laTeJihHhlX pe3yJihTaTOB. 
B 'leTBepTOH rnase npHBOLlllTCll H o6cylK)l.aJOTCll OCHOBHbie pe3yJILTaTbl, 

TIOJIY'leHHbie B XOL1e BblllOJIHeHIDl )l.HCcepTaQHOHHOH pa60Tbl. BHa'la.Jle OTIHCaHa 

3aBHCHMOCTb IlOJIHOrO uenoJlllpH30BaHHOro ce'leHHJl peaKQHH yd--'1- 7r
0
d B o6nacTH 

3Heprnii ljJOTOHa OT nopora pOlKLleHIDI TIJIOHa LIO } r3B B cpaBHeHHH C HMe!OlllHMHCll 

JKcnepnMeHTa.JlbHhIMH n.aHHhlMH. Pa'leThI BhITIOJIHeHbl c HcnorrhJOBaHHeM 3JieMeHTapHoii 

aMIIJIHT)'LILI ocHoBaHHnii Ha. MOL1en11x ELA H MAID. ,l1.lill BOJIHOBOH ilJyHKQHH L1eiiTpoHa B 

Ha'!aJibHOM H KOHe'lHOM COCTOllHHllX HCTIOJlh30BaHa Bb!COKOTO'!Hall peanHCTH'lH8ll MOL1eJih 

CD-Bonn noTeH1111ana. 
Ha pHcyHKe 4 oTo6paJKeHa 'lYBCTBHTerrbHOCTb peJynhTaToB pac'leTa rronttoro 

Henon11pH30BaHHoro ce'leHHll K BHLIY 3JieMeHrnpHoro orrepaTopa cjJornpolKL1eHID1 11110Ha c 

HcnoJihJOBaHHeM CD-Bonn 110TeH1111ana L1J1ll BOJIHOBoii <iiYHKQHH L1eiiTpoHa B o6nacTH 

3HeprHH OT rropora pOJKL1eHHll IIHOHa LIO 1 r3B. TiyHKTHpH8ll KpHB8ll COOTBeTcTByeT 

BapHaHTY npH6nHJKeHIDI "oL1eTh1x" (dressed) 3neKTpoMarHHTHhIX MYJibTHnoneii (KorL1a 

aMnn11TyL1a peaKQHH Ha LleiiTpone pacc'!HTbIBaeTcll c yqeTOM 7i N-nepepaccellHHll B 

KOHe'!HOM COCTOllHHH ( 7iN-FSI) LIJlll 3JJeMeHTapHOH aMTIJIHTYLlbl) c HCTIOJlb30B8HHeM 

Mon.enn MAID, rnrn.a KaK mTpHx-nyHKTHpHa11 (cnnomHa11) KpHBLie cooTBeTCTBYJOT 

BapHaHTaM pac'!eTOB B npH6JIHlKeHHH "roJibIX" (bare) (''on.eTbIX") M)'JihTHllOJieii c 

HcnonL30BaHHeM MOLleJIH EJIA. 
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Pttc. 3: 3aBHCHMOCTb 'lHCJieHHblX OQeHOK LIJill HHTerpana r.[(H OT KOJIH'leCTBa 

Y3JIOB HHTerp11poBaHHll c BbI6opoM 3JieMeHrnpnoii aMilJIHTYil.bI B BR.lie MO)l.eJIH EJIA 
(sepxHllll naHenb) 11 B s1111e MOJ:leJIH MAH.[( (HHlKHllll nanenL). 
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PHc. 4: HenonllpH3oBaHHOe IlOJIHOe ce1.1eHHe peaKQHH r d--'1- ;r0 d KOrepeHTHOro 

<!iornpolK.lleHHll IlHOHa Ha 11eiiTpoHe, KaK <iiYHKQHH 3HeprHH <!iorona B na6. CHCTeMe. 

06bHCHeHHll CMblCJia ll)'HKTHpHoii, IIlTpHX-IlYHKTHpHOH H CilJIOIIlHOH KpHBblX 11aHo B 

TeKcTe. 3KcnepHMHeTaJILHb1e 11aHHLie B3l1Tbl 113 pa6oT KOJJJ1a6opau,11H TAPS. 
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06Hapy)l(eHo, qTQ IIOJIHOe ceqeHHe BOCIIpOH3BO.ll;HT KaqecTBeHHO aHaJIOf'HqHoe 

rroaeJJ;emi:e LVUI pa3JIHqHbIX :rneMeHTapHbIX orrepaTOpoa. Mo)l(HO yBHAeTb, qTo rroJIHoe 

ceqeHHe HMeeT IIHK B o6JiaCTll 110 :mepmH <fioTOHa B pa:iioHe 350 MJB BBHJJ;y 

AOMHHaHTHOCTH B030Y)l(.lJ.eHHll MYJibTHIIOIDI Ml+ Ha cso6oAHOM HYKJIOHe, TaK)l(e BHAHO, qTo 

aen11q11Ha IIHKa B03pacTaeT AJill aapHaHTa c "oJJ;eTbIMH" MYJibTHIIOJillMH. Kon11qecTBeHHble 

pa3JIH'IHll Me)l(,ll.y pa3JIHqHJ,JMH aapHaHTaMH JJieMemapHoii aMIIJIHTY.lJ.bl llCHO BH,ll.Hbl Ha 

PHc. 4. HarrpHMep, MO)l(HO OTMeTHTb, qTQ B o6JiaCTH IIHKa HMeeTCll npeBblllleHHe KpHBblX c 

HCIIOJib30BaHHeM MO,ll.eneii MAID H ELA c BKmoqeHHeM FSI Ha,ll. KpHBoii 

cooTBeTcTBYJOlll.eii MO,ll.eJIH ELA fie3 FSI. PaJHHna Me:>KJJ.Y crrrromHoii (dressed ELA) H 

1mp11x-1iyHKTHpHoii (bare ELA) KpHBbIMH IIOKa3bIBaeT J<ficjleKT BJIMllHHll 7i N­

nepepaccel!HHll Ha JrreMeHTapHyJO aMIIJIHTYAY yN ~ ;rN . Hey,ll.osrreTBopHTeJibHOe 

KOJI11qecTBeHHOe OIIHCaHHe JKcnepHMeHTaJibHblX ,ll.aHHblX B OOJiaCTH JHepmii Bblllle 270 
MJB MO:>KeT 6bITb OObllCHeHo HeyqeToM J!)><fieKTOB 7i N-rrepepaccel!Hlfll B rrpoMe:>KyToqHoM 

COCTOllHHH .ll.Jlll JJieMeHTapHoii aMllJIHTY.lJ.bl Ha 11yKJ10He. 

)J,anee OIIHCaHbJ pe3yJibTaTbl no HeIIOJillpH30BaHHOMY Am)1<fiepeHD;HaJibHOMY 

ceqeHHJO, Ha P11c. 5 IIOKa3aHO cpaaHeH11e HMeIOlll.HXCll JKcnepMMeHTaJibHbIX 11.aHHblX c 

pacqeTaMH HeIIOJillpH30BaHHblX ,ll.MljiclJepeHD;HaJibHJ,IX ceqeHMH ,ll.Jlll peaKD;HH Yd~ 1io d 
CneeyeT OTMeTMTb, qTQ np11 JHepMllx MeHbllle o6nacTH pO)l(IJ.eHHll ll.(1232)- pe3oHaHca 

HMCCTCll Hey11.oaJieTBop11TeJibHOe cornacue pacqeTHblX KpHBblX c JKcnepHMeHTaJibHblMH 

11aHHbIMH. 1Ip11q11uoii JToro MOlKeT ObJTb rrpeHe6peJKeuue BKJia,ll.OM 7T N-nepepaccellHMll a 

npoMe:>KyT011HOM COCTOllHHH, KOTOpblH B03pacTaeT rrpu HH3KHX :meprMllX. B 

npOTOBOIIOJIO:>KHOCTb JTOMY MO:>KHO OTMeTMTb BIIOJIHe YAOBJieTBOpl!TeJibHOe cornac11e c 

JKcnepuMeHTarrbHbIMH ,ll.aHHblMH B paiione ll.(1232)- pe3onaHca (H Bbillle). 

I1yHKTHpHa11 Kp11aa11, cooTBeTCTBYJOlll.all Mo11.enu MAID na116onee 6JIM3Ka K 

JKCnepuMeHTaJibHbIM 11.aHHbJM npu MaJiblX yrnax " HH3KHX JHeprMllx, Tor11.a KaK lllTpHX­

II)'HKTHpHall KpHBall. cooTBeTCTBYJOlllaJI MO,ll.enu ELA c "roJibIMH" MYJibTHTIOJillMH 

ua116onee 6JIH3Ka K 11.aHHbIM npu 6oJiblllHX yrnax u JHepm11x Bbnue 220 MJB. PaJH11u;a a 

pe3yJibTarnx c 11crroJib30Bam1eM pa3JIHqHbIX JJieMeHrnpHbIX onepaTopoa 11au6onee JaMeTHa 

npu MaJiblX yrnax pO:>K,ll.eHMll IIHOHa, Tor11a KaK 11011. 6oJiblllHMH yrnaMH TaKall pa3HHI!a 

BHL1Ha TOJlbKO npu HH3KHX JHeprHl!X. )J,onoJIHllTCJlbHb!e JKcnepMMeHTaJibHbJe 11.aHHb!e 11011. 

oqeHb MaJibIMH )'rnaMH (6y11yiu;11e H3MepeHMll) OblJill obi KpaiiHe noJieJHblMH 11.Jlll 

HaCTpOHKH MO)l.eJI:ii. 

Cnen.yIOllJall rpy11na pe3yJibTaTOB OTHOCHTCll K OIIHCaHHIO IIOJIHblX II.BOHHblX 

noJrnpmoBaHHbIX ceqeHuii aP (a··1 ), Korn.a cnuH MHllleHH napanneneH (aHTH-napaJIJieJieH) 

cn11Hy <fioTOHa. KaK BHAHO 113 Puc. 6 o6a ceqeHl!ll aP H a A, 1<aK H 11x pa3HOCTb aP - O"A, 

m1eJOT IIHK B o6JiaCTH JH!!Pf'HH, COOTBeTCTBYIOllJeii B030Y:>KII.eHMIO pe30HaHca ll.(1232). 
KaqecTee1mo ece pacqeTHbie KpHBbie HMeIOT noxo:>Kee noeeJJ.eHHe npH onncaHHH aerrnqHH 

ap, O"A H ap - O"A. PolK)l.eHHe IIHOHOB B noporosoii o6JiaCTH ,ll.OMHHllpyeT B COCTOllHHH 

S·BOJIHbl, TO eCTb TOJibKO npoMeJKyToqHbie COCTOllHMll co CIIHHOM y, MoryT ,ll.aBaTb BKJ!a,ll. B 

ceqeHue O"A. B o6JiaCTH pe30HaHca ll.(1232) co CIIHHOM 3/2 o6e CIIllpaJibHOCTH HMeJOT 
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BKJia,ll., HO asuey Toro, qTo cyiu;ecTBeHeH nepexoA Ml, MO)l(HO noKaJaTb, qTO aP I a A 

1.6, np11 JTOM CIIHpaJILHall pa3HOCTb ceqeHJIH (j"p -aA CTaHOBHTCll OOJILIIIOM H 

IIOJIO)l(MTeJibHOH. Cnen.yeT TaKJKe OTMeTHTb, qTo IIHKH B noaen.eHHH BeJIMqHH O"p , a A H 

HX pa3HOCTH (JP -<YA llOllBJilllOTCll npu JHepm11 clioTOHa B na6. CllCTeMe OKOJIO 330 MJB 

BBHAY 6oJibllloro BKna.11a pe3oHaHca ll.(1232) B JToii o6nacTu, a TaKJKe TO, qTo ypoBeHb 

IIHKOB 6oJibllle B eap11aHrnx MO,ll.eneii MAID H ELA c O,ll.eTbIMll MYJILTllllOJillMH (c yqernM 

trN-FSI), no cpaBHCHHJO c sapnaHTOM Mo,ll.emi: ELA c roJiblMH MYJibTHIIOJillMH (6e3 yqern 

trN-FSI). 

I 
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P11c. 5: Cpaa11eH11e Henon11pu3oaaHHbIX AH!)>clJepem.111anbHblX ceqeHuii KorepeHrnoro 

<fioTOpO)K,ll.CHHJI JT
0 

Ha .!(eiiTpOHe, 3a,ll.aHHbIX, Kai< cjJyHKL\lfll OT yrna pmK)l.eHHll IIHOHa B L\.M. 

CHCTeMe npu llleCTH 3HaqeHHllX 3Hepruu <fioTOHa B Jia6. CHCTeMe. CMb!CJI I<pHBbIX 

cooTBeTcTByeT o6o3HaqeHl!llM Ha P11c. 4.. JKcnep11MeHTaJibHbJe 11.aHHbie nonyqeHLI 

1<onna6opau11eii TAPS. 

)J,nll CIIHHOBOii aCJIMMeTpHH up -aA Bblllle 3HaqeHHH JHeprnu 350 MJB 

11a6JIJO,ll.aJOTC.ll OTPHI.\aTeJibHbie 311aqeulfll e pac'!eTe 110 MO,ll.eJillM MAID 11 ELA c yqeTOM 

7iN-FSI BBHAY CHCTeMaT11qecKOro npeBbllllCHMll 3HaqeHHH O"p no cpaBHCHHIO c a A B 

3TOH o6JiaCTH. 

Ha p11cyH1<e 7 1101<aJaHbI peJyJII.TaTLI pacqeToB oen11q11HLI E-acHMMeTpHH, 

KOTopall onpe,ll.eJIJieTCll OTHOllleHHeM pa3HOCTH BeJiffqJIH (du/dQ)A }I (du!dOf K 

HX cyMMe, I<aK cjJyHKll;HH yrna pOJK.!(eHHll IlHOHa B yd n.M. CHCTeMe. E-acHMMeTpMll 

llBJilleTCll npeKpacHoii HaOJIIO,ll.aeMOH ,ll.Jlll TCCTHpOBaHMll BOJMOlKllbIX cna6ocTeii MO)l.eJIH 

3JieMeHTapHOH aMIIJIHTY.lJ.bl clioTOpOlK)l.eHHll IlHOHa. 
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PHc. 6: PaccqHTaHH1>1e nom1pH3oeaHH1>1e noJJHhle ceqemm (H HX pamocTb) LIJIJI 

KOrepeHTHOfO ljiornpmK11eHID1 IlHOHa Ha 11eliTpOHe, KaK ljiyHKQHll JHeprHH ljJOTOHa B 11a6. 
CHCTeMe. CMhJCJI o6o3HaqeHHll KpHBblX 11aH B TCKCTe. 

3Ta aCHMMeTpHll IlpOllBJllleTCll, KaK HHTepljiepeHQHll MClKLIY aMilJIHTYJ:laMH c 

pa3HbIMH qeTHOCT1>-06MeHHhlMH ceolicTeaMH. KaK BHJ:IHO H3 Puc. 7 E-acHMMeTpHll HMeeT 

rcaqeCTBeHHO IlOXO>Kee noBe]:leHHe ITO yrJiy llJIJI Bcex 3HaqeHHH JHeprHH ljJOTOHa. 

MaKCHMaJJhHoe JHaqeHHe E-acHMMeTpHH, paeHoe et1HHHQe, J:IOCTHraeTcSI npu 3HaqeHHllX 

yrna e= 0° H 180°, KpHBhle J:IOCTHraJOT MHHHMyMa IlpH 3HaqeHHH yrna B= 90°. 
0TpHQaTeJibHble 3HaqeHHll E-aCHMMeTpHH, B OCHOBHOM, o6ycJIOBJleHLI 60Jibl1IHMH 

noJHTHBHLIMH BKJiat1aMH OT eeJiuqHH (da I dQ)P. Tarc>Ke BHJ:IHO H3 PHc. 7, qrn 3Ha'leHHll 

E-aCHMMeTpHH 11yecTBHTeJ11>H1>1 K BHJ:IY JJieMeHTapHoli aMnJJHTYllhl (3aMeTHal! pa3HHQa 

Me>KllY pac'leTHbIMH KpHBhIMH), oco6eHHO B 0611aCTH MHHHM)'Ma. 

Ha pHcyHrce 8 H 9 rrpet1crne11eHhl pe1y111>TaThl pac11eToe ee11J1qHHhl HHTerpanoa 

GDH llJIJI KaHanoe peaKQHH f J ~ 7r
0 d H yd~ 1l N N , cooTBeTcTeeHHo. ~m1 

JJieMeHTapHoro orrepampa lf>ompo>Kt1eHHa Ha HyKJIOHe HCITOJih3oBaHa Mot1eJI1> ELA. llJlll 

3a]:laHIDI BOJIHOBOH ljiyMKQHH LICHTpOHa B Ha'laJJbHOM H KOHC'IHOM COCTOl!HIDIX HCOOJlb30B3H 

Bhlcorc0Toqm1li, peanHCTHqHhJH rroTeHQHan CD-Bonn. Ei,ma uccnet10BaHa 

qyBCTBHTeJJbHOCTb rronyqeHHbIX pe3)'JlbTaTOB K BHJ:IY 3JieMeHTpaHoro oneparnpa. 

B CJiyqae HercorepeHTHoro lf>ornpo>K.!(eHHll llHOHOB )''IHTbIBaJJHCb 

B33HMO,!{CHCTBID! B KOHeqHOM COCTOl!HHH AO Jlf>ljieKTOB nepeoro nopll]:IKa B aMOJIHT)'J:laX 1f 
N- H NN-paccel!HIDI, pac11eT1>1 no KorepeHTHOMY lj>oTopo>Kt1eHHJO nnoHa 61>mH e1>mo11HeH1>1 
B TOJibKO HMllYJibCHOM llpH6JIHlKCHHH. 
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Ha Puc. 8 npet1CTaBJ1eHhl pe3y111>TaTLI pac11ern HHTerpana GDH llJlll KaHana 

rd~ 1(0 d, KaK ljiyHKQHH 3HeprnH ljioTOHa OT nopora pO)!(J:ICHHll IllfOHa 110 600 M3B. 

ITyHKTHpHall, cnJIOWHall 11 wTpHx-nyHKTHpHall KpHeble cooTBeTCTBYIOT Mo11eJ1J1M MAID (c 

)"IeToM 7TN-FSI), ELA (c yqeTOM 7TN-FSI) H M0.!1.eJIH ELA (6e3 y'leTa JTN-FSI). 

CpaBHHBall pe3y111>TaThI pac11eTOB no Mot1em1 MAID c pe3)'JlhTaTaMH, BbinOJIHeHHLIMH c 

HCIIOJib30B3HHeM MO)J,eJlll ELA (c y11eTOM 11 6e3 y'leTa JTN-FSI) MO>KHO OTMeTHTb 

pa3HHQy, oco6eHHO, npH 3Ha'leHHJIX 3HeprHH ljioTOHa Bb!We o6JiaCTH pe30HaHca !i 
(1232). 

Ha P11c. 9 npe11crneneHLI peJyJ11>Tan.1 pac'leTOB BKJIMa B HHTerpan GDH OT 

KaHana peaKQHH yd ~ 1l N N , KaK l}lyHKQHH JHeprnu lf>oToHa OT rropora po>Kt1eHHll 

n110Ha J:IO 350 MJB. HeliTpanbHLIH KaHan (11eeall naHeJih) noKaJbIBaeT, '!TO o6e Mot1eJIH 

(nyHKTHpHall H 11ITpHx-nyHKTHpHall Kp11e1>1e) t1aIOT rroxo>Kee on11caHHe HHTerpaJia GDH, 

KaK cliYHKQHH :meprnH ljioToHa, He6oJJblliOe pa3JIH'IHe LIOCTHraeTCll npH 3HeprHllX 

npee1>1waIOtnHX 300 M3B. TaK>Ke BHLIHO H3 JTOro p11cyHKa, '!TO 60J11>woli noJJOJKHTeJihHhIH 

BKJIM B HHTerpaJI GDH u11,eT oT KaHaJia cliornpo>KJ:1eHHll HeHTpaJILHoro n110Ha, rnrAa KaK 

KaHaJJbl c 3apll>KeHHblMH IlHOHaMH ]:laIOT OTpHQaTeJlbHblH H MeHbIIIHH ITO a6coJIIOTHOH 

eeJIH'IIrne eKJiall B HHTerpan GDH AJIJI AeHTpoHa. 
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Puc. 7: E-aCHMMeTpHll AJlll peaKQHH rd~ 7lo d, K3K <iiYHKQHll yrna po>K)leHHJI OHOHa B 

U.M. CHCTeMe npH 11eBllTH 3Ha'leHHllX JHepnm <tioTOHa B J1a6. CHCTeMe. CMb!CJI o6o3HaqeHHJI 

KpHBblX ]:laH B TeKCTe. 
Ha pucyHKe 10 npeACTaBJICHhI pe3yJ11>TaThl pac'leTOB noJIHoro (KorepeHTHbIH 11 

HeKorepeHTHLIH BJIKallbl) HHTerpaJia GDH B cpae11eHHH c HMeIO!QHMHCll 

JKcrrepHMeHTaJibHblMH AaHHbIMH, B3l1Tb!MH H3 pa6oT rcoJIJia6opau,HH MAMI. 
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PHc. 8: IifHTerpan GOH c BKilll,ll,OM OT KaHana f d ~ n° d , KaK tjiyHKQHll :meprnH 

tjJOTOHa B na6. CHCTeMe. CMblCil o603HaqeHHl! KpHBblX JJ,aH B TeKCTe. 

KaK BHJIHO Ha JTOM PHCYHKe, CllilOIIIHal! KpHBall, COOTBeTCTBYIO!Qal! BapHaHTY pacqeTOB H 

Hcnonb30BaHHeM MoJJ,enH ELA c "ronbIMH" MYilbTHnon11MH (fie3 y11era JZ"N-FSI) HaH6onee 

6JIH3Ka K 3KCe11pHMeHTaJJbHblM TOqKaM. 0JJ,HaKO, B QeJIOM, KOJIH'leCTBeHHOe cornacHe 

MelKJIY npeJJ,CKa3aHHllMH, BbmOnHeHIILJMH, KaK c HCllOJlb30BaHHeM JJieMeHTapHoii 

aMnnHTYJlbI B BHIJ;e MOJJ,enH MAID , TaK H MOJJ,enH ELA, c JKcnepHMeHTOM HeJJ,ocTaTO'IHo 
YJJ.OBneTeopHTenLHo. 

dt7.i'inp 1U·!.:t }pp Ji"{.n')nn 
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PHc. 9: IifHTerpan GOH c BKJiaJJ,OM OT KaHana yd~ nNN , KaK tjiyHKI-lHll JHeprnH tjiomHa 

B na6. CHCTeMe. CMbICn o603Ha'leHHl! KpHBblX JJ,aH B TeKCTe. 

B TafinHQe I npr1BeJJ,eHbI pe3ynbT8TbI pacqeTOB HHTeprana GOH c eepxHHM npeJJ,enoM no 

JHeprnH 4JoToHa, paBHbIM 350 MJB ,!),Jill KorepeHTHoro H HeKorepeHTHoro KaHanoe 

4JoropolKJJ,eHHll IIHOHOB, a TaIOKe HX cyMMa )),Ill! Tpex BapHaHTOB JJleMeTapHOH aMnnHTYJlbl 

Ha HyKnoHe: MOJJ.enH MAID (c yqeTOM JZ"N-FSI), MoJJ,enH ELA (c y11eroM JZ"N-FSI) H 

MOJJ.em1 ELA (6e3 yqera 7Z" N-FSI). CpaBHHBal! pe3ynLTaTbI pa3nHqHL1x eapHaHTOB H3 JTOii 

rafinHQbl, cneJJ,yeT OTMeTHTb, 'ITO, B cny11ae HCllOJlb30BaHHl! JJieMeHTapHOH aMnnHTYJlbl B 

BHJJ,e, JJ.8HHOM MOJJ,enbIO EJ1A c y11eTOM 7Z" N-FSI, KaHanb1 tjioropmKJJ,eHHll 3aplllKeHHbIX 

IIHOHOB, KOTOpble 06ecne111rnaJOT HeraTHBHbIH BKJl!l,Ll B HHTerpan GOH, He peaJIH3YIOTCll. 

ITo JToii 11pH'IHHe BenH'IHHa 11onHoro HHTerpana GOH (158.02 MK6) Mll eapHHTa ELA (c 
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yqeTOM JZ"N-FSI) npeBbllilaeT BeJIWIHHbJ COOTBeTCTBYIOIIJHX HHTepranoB JIJlll BapHaHTOB 

ELA (6e3 yqeTa JZ"N-FSI) H MAID (70.75MK6HI16.43 MK6). 

Ta6nHQa I: BKJiaJJ,bI (,11aHb1 B MK6.) KaHanos }ti ~ Jro d H }ti ~ 1iNN B HHTerpan GOH 

Ha JJ,eiiTpoHe c HHTerpupoBaHHeM JJ.O JHeprnH 350 MJB. 

Model n°d Jronp 1i-pp n+ nn Total 

bare ELA 30.09 109.16 -47.76 -20.74 70.75 

dressed ELA 32.23 125.79 .................. .................. 158.02 

MAID 31.28 122.67 --------- -8.68 I 16.43 

c KOHQellTYaJibHOH TO'IKH 3pemrn KpaiiHe BallrnO BKJllO'IHTb B paccMOTpeHHe BKnaJJ,bl OT 
pa3JIH'IHblX peaKI~HH B eJJ,HHOM 110,!J,XOJJ,e, qro llBJilleTCll B8lKHbIM npeHMyIQeCTBOM, 
peanH30BaHHhIM B JJ,HccepraQHOHHOii pa6oTe. OJJ,HaKo, B 11cnonh30BaHHOM 110,!J,XOJJ.e noKa 

YJJ.aJIOCb BKJllO'IHTb B paCCMOTpeHHe TOJlbKO KorepeHTHOe H HeKorepeHTHOe O,!J,HHO'IHOe 

tjioropOJKL\eHHe nHOHOB c HHTerpHpOB8HHeM L\O M8KCHMaJJbHOnii JHeprttH, paBHOH 350 
MJB. 3roro l!BHO HeJJ,OCTaTQqHo BBHL\Y Heo6XOJJ.HMOCTH o6ecneqeHHll CXO,!J,HMOCTH 

HHTerpana GOH. HallpHMep, TaK Ha3blBaeMbie npoMeJKymqHble nepepaccel!HHll H o6MeHbI 

,!J,BOHHblMH TOKaMH TaKJKe Heo6XO,!J,HMO npHHnTb BO BHHMaHHe, BBHL\Y BaJKHOCTH JTHX 
MexaHH3MOB JIIlll HaCLJIQeHHll HHTerpana GOH. B )J.ononHeHHe K JTOMJ, TaKJKe 
tjJOTO)J.e3HHTerpaQHll )J.eiirpoHa, polK)].eHHe 11apbi llHOHOB, H KorepeHTHOe, a TaKJKe 

HeKorepeHTHoe tjioropoJKJJ,eHHe 17 - Me3oHa L{OillKHbI 6b1Tb BKJ110qeHbI B paccM0Tpem1e. 

Y11eT BblIIIe1Iepe11HcneHHbIX MexaHH3MOB B pa3pa6oraHHLiii IIOJJ.XOL{, HecoMHeHHO, 

3H8qttTeilhHO ynyqIIJHT cornacHe c JKCellpHMeHTaJibHblMH L{aHHblMH. 
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Pttc. 10: BenH'IHHa HHTerpana GOH c BKJI!l,LlaMH or KaHanoe yd~ n°d +71NN, KaK 

!}>yHKQHll OT BepxHero 1IpeJJ,ena HHTerpHpOBaHHll. 3KC1IepHMCHTaJJbHb!e L{aHHbie B3l1Tbl H3 

pa6or Konna6opaQHli A2 H GDH@MAMI. CMbicn o6o3HaqeHHll KpHBhIX L1aH B TeKcTe. 

17 

,I 



• 

B 13KJllO'leHue np11Be,ll,eM OCHOBHbie pe3yJihTaTbl pa60Tbl: 

• 06HapylKeHa cy111ecTBeHHlUI 'IYBCTBHTeJibHOCTb scex HCJIJie,ll,OBaHHb!X 
Ha6mo,ll,aeMbIX K BHLl.Y 3JieMeHTapHoro onepaTOpa, TaKJKe o6HapyJKeHo 
Ka'lecTBeHHOe cornac11e c HMelOlllHMllCll 3KCnep11MeHTaJibHhlMll ,ll,aHHhlMll, 

HecMOTpll Ha npeHe6peJKeHHe npoMeJKyTO'IHhlM 1tN-rrepepaccenmreM 11 
3<l11!1eKTaMH Jl.BYX TeJI [1,2]. 

• 

• 

B cnyqae ,ll,BOHHLIX n01rnp113oBaHHbIX ce1JeH11ii o6HapylKeHo, 'ITO cn11paJibHall 
pa3HOCTL O"p - O"A TaK>Ke 'I)'BCTBHTeJihHa K Bhr6opy Bll,ll,a :meMeHTapHoii 
aMnJIHTYLJ.bI, oco6eHHo npH 3Hepnrnx Bhillle 350 MJB, TaKJKe o6HapyJKeHo, '!To 

MOJ1.en11 MAID » ELA c yqeToM 1T N-Fsr ,ll,alOT oTpmi;aTeJibHLiii BKJia,ll, BBll.Lly 
TOro, 'ITO (jA > (jp B 3TOH o6JiaCTH 3Heprnii cjJOTOHa [3]. 

Ha OCHOBe pa3pa6oTaHHOro B Ll.llCCepTaL{llOHHOH pa6oTe cjJopMaJill3Ma Bbl'lllCJieH 

llHTerpan GDH LJ.Jia peaKL{Hll rd~ n°d OT rropora POlK,ll,eHHH IlHOHa ,ll,O 600 

MJB, o6HapylKeHo, '!To 3Ha1JeHH11 HHTerpana GDH Ll.JIH MO,ll,eneii MAID 11 ELA c 

y'leToM 1T N-Fsr npH6nH3HTemHo pasHbr 30 MK6., Tor,ll,a KaK ,ll,na sapHaHTa 

MO,ll,eJIH ELA 6e3 yqern 1TN-FSI senll'!HHa HHTerpana paBHa 35 MK6., TaKJKe 

o6HapylKeHa 'IYBCTBHTeJI1>HoCTL HHTerpana GDH K BH.!!Y 3JieMeHTapHoii 
aMnJIHTYLl.LI. BKJia.llbl OT KOrepeHTHOro H He1mrepeHTHOro KaHaJIOB (c BepXHl!M 
npe.lleJioM HHTerpHposamrn no 3HeprnH cjlomHa, paBHLIM 350 M3B) 61>1JIH 
rrpocyMMHpOBaHbl II cpaBHeHbl c llMelOlllllMHCH 3KCnep11MeHTaJibHhlMH ,ll,aHHblMH. 
Ha6JI10;:i;aeMoe KOJJll'!ecTBeHHoe Hecorrrac11e MeJK.lly pac'!eTaMH H 
3KCrrepHMeHTaJibHblMll .llaHHbIMH MOJKeT 6b!Tb OfiblICHeHo Hey11eTOM 

npoMeJKYTO'IHOro 7tN-nepepacceHHHH H 3cjlcjJeKTaMH ,ll,Byx Terr B OIIHCaHHH 
peaKL{HH yd~ llOd [3]. 

flpo,ll,eMOHCTpHpOBaHa B03MOJKHOCTb HCIIOJib30BaHHll rrpol{ecca rd~ :rr 0 d KaK 

cjJHnhTpa Mii Bb16opa 3neMeHTapHoro onepampa Ha ocHose mro, '!To 
paCC'IHTaHHLie B paMKax pa3pa6oTaHHOro B Ll.HCcepTaL{HOHHOii pa6oTe 
ljlopMaJIH3Ma, ce11eHH11 11 ac11MMeTpHH, TaKJKe KaK H HHTerpan GDH OKa3aJIHCh 
BeCbMa 'IYBCTBHTeJibHbJMH K Bhlfiopy BH.D;a aMnJIHTYJl.hl pOlKLJ.eHHH Ha ffYKJJOHe [ 1-
3]. 

OcaoeaLre pe1ynLTaThl ,ll,UccepTaQuu OTpameHLI e cJieL1.y10IQux nyonuKaQuux: 

1- E. M. Darwish, N. Akopov and M. El-Zohty , Proceedings of Science for the 

International Conference on High Energy Physics (ICHEP-2010) 185, 21-28 June, 

2010, Paris, France 

2-

3-

E. M. Darwish, N. Akopov and M.A. EI-Zohty, J. At. Mol. Sci. 2 (2011), pp. 

187-202 

M. El-Zohty, H3BECTIUI HAH APMEIDIB, lf>H3HKA, T. 45 N 3, ri;. 155-164 

(2011) 
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UU:tl.m,PU1qlip 

'Lhpl.J.UIJUI9tlDIJ. Uimh'ilUl]ununtFJUI'i1 'i1JntF1!• np.1! tJ.hp.UiphptJ.nuI l; 
uiuluµml.J.UIUUIJl tihqn'i1'i1hp.]l :pnmno'i1tiw'i11! , tJ.hp.2]1.b. mwp.]lb.hp.]l'i1 tlb.nttl l; pmp.O..p. 
l;\J.hp.qpID]p :j_ipqpqm]p 2Ullll hhmmpp.ppp h IllllUUiqurb. ).uhri]lp.: cfurlfurhurqurqpg 

$np0..urpurpurqwh mhJ.ub.]lqurb. pm.n t mwum qntmmqh1 mtlJw1hhp]l b.np riwu' $h2]1 
h p]lpUIJ.u]l qpqhwq]l phhnurgmtintJ., np.p J.upwhmtl l; phhnwgtJ.wo ajimwpqtJ.n11 
tlhbmp1mhb.hp]l b.quipwqp.tiwb. ]lhmhb.ulitJ. IDhuUiqwb. hhmwqnmn1-pJmb.b.hpg: 
Uwub.urtJ.npurui hu, rihJIDpnb.]l tJ.pm ui]lnb.b.hp]l qnhhph'i1m h n~ qnhhp.hb.m 
:pnmnob.tiwb. hhmwqnIDm.tlJ! hwmm.q hhmwppppnqu]mb. l; 'i1hpqUIJmglmttl, pwb.]1-np 

]!tlll.Jl l; mwum mh11hqmp1m'i1 umwb.mt b.h]mpn'i1]1 qurnmgtJ.Uiop]l tluiu]lb., ]lb.~uihu 
b.uih hb.uipwtJ.npnqu]ntb. l; UUlh11®1._ti huiuquib.uit 11h1mpnb.]l b.tiwb. uiuipqmqm.1b. 

tl]l.2mlfw1]lb. hwtlwqwpqmtl NN- tp.nJ.uuiqIJ:hgnt]U]UlU tlhJ.umh]lqtl}!: U]U 

phuiqwtJ.mnmtl mnl.J.w mhumqwh UUIJ:hthhp.}!, oplihmq' pm2 hm1mh]l MAID tlnIJ:htl!• 

]l tJ.li6:uiqp ~hh wuiuihntJ.ht wnqw $np.O..wpmp.wqmh mtlJmthhp]l hhm puihwl.J.wqw'i1 
hwtiui6.ui]b.n1-]!t]Il1-U: UJri uiuitn6:mnml uihhpuidhzm l; mtlJurthhpli hm.uuilJ.1 
hquipurqp.nt]!t]Ulb. Imp qp.urb.gnu.Ihhpfi quinmgmtl: U]U wzJ.uwmuib.pfi J.uhri]lpj! 

qwphtli l; 0..hwq hpui ht hhmh11111 q hpui. 

• rd~ n° d .nb.111qgfi1111mtl phhnuigtJ.wo ajimwplflurthhpfi fitluinquw1fih 

tintnwtJ.npmp1111tip hhmwqnmmtig uifinh]l zhtiw1fihfig tlfih~h 1 ctl;'{ 

:pnmnhfi l;b.hpq]lwifi mfipm.Jpmtl, 
• S111ppmqwh 111uuilJ.1mnUJ:hhpfi wq11hgnt]!t]Wb. hqwpwqpntti}! hwztJ.111pqtJ.wo 

ri]lmwpq1w1b.hpfi tJ.pw l;:J.ihqmfitl i111qp.wb.dliwh tlnmwtJ.npmpJ111tlp (ELA) h 
MAID UUIJ:htli mhuphpntJ., oqmwqnphhtntJ. hpqm rituipmtl q IJ:h]mpnhfi 

wl]_1pmJfi'i1 :J.imhqgfi1111fi tJ.pw CD-Bonn uinUlhhgfiw1g. 
• 'Lml.J.tn'i1ur]]lb. UUIJ:hlJ.1 h wnl.J.111 ip.npO..wpwpwlj_111'i1 mtlJ1111hhpfi tifi2h 

qwmmptJ.wo hurtlhtlmmnt)!t]111U hqwpwqp.nt]UJWU umuignttl}!: 

Unw2fih 111hq111tl qwmwptJ.mo l; n~-phhnwgtJ.wb (phhnwgtJ.1110) 

wtiplll\2wqwl.I h 11li:J.ihph'i1gJi.m1 qmptJ.111ophhpfi hwztJ.111pqJ! utlinb.hhpli 
qnhhphhID :pnmnohtlurh hwtI111p zhtiur1fihfig tlfih~h 1 ctl;-.:{' oqtnwqnp.hhtntl 
ELA tlnqh1g CD-Bonn uinmhhgli111tli qhuipm.ti: Un1112fih whqwtl q111mwptJ.wo l; 

GDH fihmhqp.urtli bUiztJ.wpqmtll! uifinhfi :pnmnohtimh qnhhphb.m (n~ 
qnhhphhm) IJ:huiphp.fi hwtlwp oqmwqnphb.J.Iltl ELA tlUIJ:hIB CD-Bonn 

uinmhb.gpwl]_1 qhuipmtl: StlJmt mzJ.uwmwhpfi !linptlml]_1qtlg hwplj_ l; gb.IJ:tWJl.Iht 
hhmwqnmhtntl ~hqnp uilmb.li qnhhphhm ob.n1._lf]! 11h1mpnb.pg' oqtnwqnp~hl_Iltl 
tJ.lipmmmt :pnmnhhhpJ! fip111q111b. :pnmnhb.hpfi $nlu111phh, op]lhwq' 

ed ~e' tr 0 d, huiwmwl.J. mhhhmJ.Iltl oquiwqnphht tJ.lipmmmt :pnmnh)1 

uiqwmmp1wh tpUigmgfi~ 111umfi6:whl.Ihpg h qwmwpht 1111u nhurlj_gfiw1Ii 
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u'fmuihtfunn]lq hhmUiqnuinqa-Jmhl!: Ujutq]lu]l hhuiUiqnuimp]nthhhp.I! 2mm 

qmp.lmp. pmn ln]lhhh MAMI, MIT-Bates and JLab q]luimijmp.6.hp.]lg utqmutIIlIJ. 
mtlJmthhp.I! hmu4.mhm1m hmtfmp.: 

t.hp.qmJUigtlmcr hh n~-phlmmgtlmcr h phhnmgtlmcr qmtfmp.mJ]lh h 
:q]l:j>hp.hhg]lm1 qmp.tlUicrphhp.I!, jih~UJ hu hUih utq]lhmJ]lh Uiu]ltfhuip.]lmh, E­
mu]ltfhmp.]lmh h GDH ]lhuihqpmll! l;hhp.q]lUIJ]l rr-]1 2htf]lg I!h:qhmtq tf]:ih~h 
llllpnp.Uimnp. hmtlUI4.mp.qnuf 600 Ul;"t{ mp.cthpl!: SUip.p.m4.Uih tq}mh]:i 
:Pmnnb'i.1tfmh hmump. oqmUiqnp.crtlht 1; J:ip.mqmh l;:j>h4.m]ltl tmqpmhct]:imh]l 
tlnuimtJ.np.ntp]nthl!, np.I! gnt]g 1; mmtJ:iu ~p.m1-uJ:itlhtnp.]1mh, ~Ultpmqpmqmh 
J:ihtJ.mp.]lmhtnntp]nthl! h qmp.tlmcrp]:i mu]lifhtnp.]:imh, ]lh~tq hu hmh 312-utq]:ih 
tlin'fuUiq:qhgm.p1mh hqmp.Uiqp.mtll!: 'lh]mp.nh]l mtJ:ipm]]lh :pmhqg]lm1]1 hmlIUip. 
oqtnmqnp.crtJ.h1 1; P.p.UiqUih pmp.6.p. 0:2mmpJUih CD-Bonn tqntnhhg]lmw: 
L.htnmqntntJ.ht 1; hmh mp.:q]nthphhp.]1 qqm]hntp]nthl! mqmtn hmq1nh]1 tJ.pru 
mmp.p.ruqmh tq]lnh]l :j>ntnncrhtfmh otq hp.mmnp.]lg: 

Qrup.qrugrucr :j>np.tfrutJ:iqtl]l uruhumhhhp.m.tf UJ.U1p.qtlh1 1;, np. pn1np. 
:q]ltnmp.q]llllhhP.I! 2mtn qqru1mh hh tnrup.p.Uiqruh otq hp.rutnnp.]1 hqmtntfrutfp: 
L.ruO:m'fu rup.:q]mhphhp.]1 2h11nufl! mmp.php. otqhp.mmnp.hhp.]1 q]lp.mntfruh 

:qhtqpmtf 2llltn tfhcr 1;: 8m1g 1; mp.tJ.mcr hmh, np. yd ~ 7ro d UJ.p.nghul! qrup.nq 1; 

oqmUiqnp.crtJ.ht np.tq hu tnUip.php. tnUip.p.mqmh OUJ. hp.mtnnp.hhp.]1 qui]l~, pruhp. np. 
qtnptlUicrp]:i h mu]ltfhtnp.]lUIJ]l qmh'fumqnt2mqm.tfhhpl! gm19 hh uimtJ:iu 2llltn 
tnUip.php. tup.dfiphfip tntup.p.tuqmh tq}mhp. crntfUih OUJ.UJ1U1tnnp.I! $n'fuhtm 
:qhtqpmtf: 

4:mtnUip.tlUicr hm2tlmp.qhhp.l! hmuhtlmtntlh1 hh hhp.qm1m.tfu Uinqm 
$np.6.mp.Uip.Uiqmh tntlJUithhp.]1 hhtn: J?mhp. np. phhnmgtlmcr qtnp.tlUicrphhp.]1 
hmtfUip. tntblllthhp ~qmh, hUitlhtftutnnt.pJmhhhp.I! qllltnlllp.tlht hh TAPS 
qn1mpnp.mgP.m1P. $np.6.mpmp.UiqUih uitlJm1hhp.]1 IPJ1tl. h n~ phhnUigtlmcr 
qtnp.tJ.mcrphhp.]1 hmtfmp.: Ummgtlh1 t pUitJ.mp.mp hmtlUI6.m1hn1p1m.h 
hmmlJ.muihu ui]lnh]l crhtfmh hhtnm:qmp.6. mhliJmhhhp]l hmtfmp.: 'll]lnh]l 'fu]lutn 
lUillll2 crhtfruh tuhliJmhhhp.]1 hmtfrup.. hqmtntJ.mtf 1; np.n2 $npp 2h11m.tf: 
'l,hp.qUIJWgtlUicr 1; hmh tnmpphp. q]lhhtfmtn]lqmhhp.]1 hmtfmp. phhnmgtlmcr IPJ:itl. h 
:q]l:j>hp.hhgp.m1 qtnp.tlmcrphhp]l qUih'fumqnt2Uiqm.tfhhp.J!: 

b-c{ tlhp2muihu hrup.q 1; h2h1, np hhpqm1rugtln11 tfn:qhtJ:i hhtnUiqm 
qUip.qmgtfmhl! qmphtJ:i 1; hmuhh( hhp.qpmtlh1ntl tf]12]1h 1l N-tlhp.Uigpmtfg h 2 

tfmp.tfh]l l;:j>hlJ.tnl!: I> IJlmgmuh tqhtnp 1; h2hi. np. phhnm1]1h :qp.tnlllp4Jm1hhpl! p.p.hhg]lg 
hhpqUIJmghnttf hh tnhumqmh tfn:qh1hhp]1 mtlhtJ:i JuP.utn utnm.qnttf $npp 
muuitJ:itnnll}hhpp. hmh:qhtq qqm]hntp]mh hhtnhmhpntl: UJ:q tnhuruqhtn]lg :qhjtnpntip. 
uui]lh]l mu]ltfhtnp]lm1]1 mhhpmcth2tn IJlmgm.gJ:i~ ~m$mtfhhpl! qtnpmtfUI:qphh qmp.hnp. 
:qp.tnmpliJUithhp' hh]tnpnh]l tlp.m ui}mhp :pmnncrhtfmh tlhp.mphp.Jllil q]ltnhtJ:iphhp.]1 
Utnntqtfmh hmtfUip h lliJI}UjpuntJ. pmn mm1ntl utnruhm1 hnp tnh11hqm.p1mhhhp. 
hh]mp.nhJ:i tfmu]lh: 
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Resume 

During many past years the subject of presented thesis related to the 
phtoproduction of pseudo-scalar mesons, remians very interesting and classic problem of 
high energy physics. The modern experimental technic allowed to collect the new type 
of data with the double polarisation of the beam and target, then stimulating intensive 
theoretical investigations to describe the polarized observables. Particularly, the studies 
of coherent and incoherent pions photoproduction on deuteron are of special interest, 
because of possible access to the information on neutron features, also opportunities to 
understand the mechanism of NN-interactions into the simplest nuclear system like 
deuteron.The existing theoretical models in this field e.g. well known MAID model are 
not able to achieve the quantitative agreement with the exsiting experimental data. That 

. is why any attempt to construct new approaches with satisfactorily description of data 
are needed. 

The aim of this work can be fromulated as following: study of unpolarized 

(polarized) observables in the reaction f d ~ ;r 0 d in the photon energy range from 

pions threshold up to I Ge V done in the impulse approximation; study of the influence 
of elementary amplitude expression taken in the form of Effective Lagrangian Approach 
(ELA) and in form of MAID model on the calculated observables with the usage of the 
CD-Bonn potential for the deuteron wave function in both cases ; approval of the 
significance of the performed comparison with the exsiting data to test the nucleon 
model. 

Calculation of unpolarized (polarized) total and differential cross sections for 
coherent pion photoproduction channel from threshold till I GeV using ELA model 

with CD-Bonn potential is performed for the first time. Calculation of the GDH integral 
for coherent (incoherent) pion photoproduction channel(s) from threshold till 600 MeV 
using ELA model with CD-Bonn potential is performed for the first time. 

The formalism of this work should be extended to investigate the coherent 
neutral-pion production from the deuteron using virtual photons instead of real ones, 

i.e., ed--*e' n° d, in order to exploit the additional degrees of freedom of virtual 

photons and give a systematic study for this reaction. This investigation will be a crucial 
step to understand upcoming experimental data from MAMI, MIT-Bates and JLab. 

Results for unpolarized and polarized total and differential cross sections as 
well as the spin asymmetry, £-asymmetry and GDH integral are presented, in the energy 
region from ff -threshold up to photon lab-energy of 600 MeV. For the elementary 
pion photoproduction operator, a realistic effective Lagrangian approach has been used 

which displays chiral symmetry, gauge invariance, and crossing symmetry, as well as a 
consistent treatment of the spin-3/2 interaction. For the deuteron wave function, the 
realistic high-precision CD-Bonn potential model was used. The sensitivity of the results 
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to the elementary pion photoproduction operator on the free nucleon has also been 
investigated. 

Within the developed formalism all observables are found to be very sensitive 
to the elementary operator. In many cases the deviation among results obtained using 

different operators is very large. It is shown also that the process yd~ 7ro d can serve as 

a filter for different elementary operators since its cross section and asymmetry 
predictions show very different values when one varies the elementary pion production 
operators employed. 

The performed calculations have been compared with the presently available 
experimental data. Since data for polarized cross sections are not available, the 
compariosn was done for the unpolarized total and differential cross sections with the 
experimental data from TAPS collaboration. We have obtained a satisfactory agreement, 
especially at backward pion angles. At extreme forward pion angles, a small deviation 
has been observed. For polarized total and differential cross sections the predictions at 
various kinematics are provided. 

Finally, we would like to point out that future improvements of the present 
model can be achieved by including intermediate 1T N rescattering and two-body 
effects. In addition, polarization observables constitute more stringent tests for 
theoretical models due to their sensitivity to small amplitudes. At this point, a much 
needed measurement on the deuteron spin asymmetries will certainly provide us with 

an important observable to test our knowledge of the pion photoproduction on the 
neutron process and, hence, to provide us with valuable information on the neutron. 

ft--t·).--~ 
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