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0 CB~3H Me~AY ynpyrHM pacce~HHeM nHOHOB 
H 3neKTPOHOB Ha TpeXHYKnOHH~X CHCTeMaX 
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AH~epeH~HanbH~e ce4eHH~ "- He ynpyroro pacce~HH~ 
H3MepeH~ npH 3HeprH~X 145, 180 H 195 M38 H cpaBHHBa~TC~ 
C npeACKa3aHH~MH OnTH4eCKOH MOAenH. ~AePHble ¢opM$aKTOp~, 
Hcnonb3yeM~e npH nocTpoeHHH onTH4ecKoro noTeH~Hana, 
H3BneKa~TC~ H3 3KCnepHMeHTanbHO H3BeCTHbiX 3neKTpH4eCKHX 
H MarHHTH~X ¢opM$aKTOpOB C y4eTOM 3~eKTOB Me30HHOro 
o6MeHa a e 3He-pacce~HHH. 

06cy~AaeTC~ B03MO~HOCTb onpeAeneHH~ ~AepHoro MarHHT
HOro paAHyca H3 AaHH~x no ynpyroMy "~ ~e-pacce~~H~. 

Pa6oTa B~nonHeHa 8 na6opaTOPHH ~AePH~X npo6neM 0~~~. 

Coo6IUeHHe 06'beaHHeHHOrO HHCTHTYT8 HaepHbiX HCCneaoB8HHA. lly6H8 1979 

Angelescu T. et al. 1 - 12798 

On the Relationship Between Elastic Scattering 
of Pions and of Electrons onThree- ·Nucleon Systems. 

The differential "- 3He elastic scattering cross sec
tions have been measured at energies 145, 180 and 195 MeV 
and are compared with the predictions of the optical model. 
The nuclear form-factors, which are utilised in constructinc 
the optical potential, are deduced from known experimental 
values of electric and magnetic form-factors, taking into 
account meson exchange effects in e 3He-scattering. 

The possibility is discussed of deriving the nuclear 
magnetic form-factor from the data on elastic "- 3He-scat-
tering. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 
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1. BBEAEH~E 

C Tex nop, KaK no~BHnHcb neps~e 3KcnepHMeHTanbH~e AaHH~e 
no ynpyroMy "± - 3He -pacce~HH~ I l l , HHTepec K HccneAoBaHH~ 
B3aHMOAeHCTBH~ nHOHOB C TpexHyKnOHH~MH CHCTeMaMH ~enpep~B
HO pacTeT. BcneA 3a nocneAYIOU4HMH H3MepeHH~MH 3He(rr- ,rr±)3He -
pacce~HH~~/ no~sHnHcb H3MepeHH~ ce4eHHH ynpyroro pacce~
HH~ 3

H(rr,rr) 3H!3/ H nepe3ap~AKH 3H(rr+,rr 0
) 3He 141 . 0THOCHTenb

Ha~ npOCTOTa ~AePHOH BOnHOBOH $YHK~HH, HanH4He ABYX aHano
roB~X H30CnHHOB~X OCHOBH~X COCTO~HHH H XOpowa~ 3KCnepHMeH
TanbHa~ HH$OpMa~H~ 0 e- 3He H e- 3H pacce~HHH - Bee 3TO 
AenaeT HccneAOBaHHe rr-3He H rr- ~ peaK~HH TaK npHsneKa-
TenbH~M. ~3y4eHHe peaK~HH nHOHOB C TpeXHYKnOHH~MH CHCTeMa
MH MO~eT o6oraTHTb HaWH CBeAeHH~ 0 3aBHC~~HX OT CnHHa 
H H30CnHHa KOMnOHeHTax nHOH-~AePH~X CHn~l H noM04b yCTaHo
BHTb CB~3b Me~AY npo~eccaMH pacce~HH~ 3neKTpOHOB H nHOHOB 
Ha ~APe. 

3a nocneAHHe HeCKOnbKO neT 6~no s~nonHeHo HecKonbKO 
TeopeTH4eCKHx HccneAoBaHHH ynpyroro "±- 3He -pacce~HH~. 
B pac4eTax Hcnonb3osanacb nH6o onTH4ecKa~ ~~. nH6o rnay6e
poscKaR MOAenb lS I , a TaK~e MOAenH, OCHOBaHH~e Ha np~MOM 
cyMMHposaHHH P~Aa · BaTcoHanl. 3TH B~4HcneHH~ noMornH o6a~c
HHTb MHOrHe oco6eHHOCTH ynpyroro pacce~HH~ nHOHOB Ha 3He 
a o6naCTH 1'1 33 peaoHaHca. 6~nH CAenaH~ TaK~e non~TKH s~
~CHHTb 4YBCTBHTenbHOCTb ynpyroro pacce~HH~ nHOHOB Ha 3He 
K pa3nH4H~M AeTan~M BOnHOBOH $yHK~HH. P.Max ~/ CKOHCTpyHpo
san OnTH4eCKHH nOTeH~Han 8 KOOPAHHaTHOM npeACTaBneHHH (C~, 
HCnonb3y~ AJl~ ~Apa iiHe nonyMHKpOCKOnH4eCKy~ BOnHoBy~ $YHK
~H~ 3nnHOTTa-A~eKCOHa All. OH ycTaHOBHn, 4To AH$$epeH~HanbH~e 
ce4eHH~ 4YBCTBHTenbH~ K npHMecH D -cocTo~HH~ npaKTH4eCKH 
TonbKo e o6naCTH MHHHMyMa I(} - 80° I, TOrAa KaK KoMnoHeHTa 
S' -cocTo~HH~ a ~AePHOH sonHoBoH $yHK~HH BnH~eT Ha 4Hcno 
nHOHOB, pacce~HH~X 80 BC~ 3aAH~~ nonyc$epy. noATBepAHnHCb 
6onee paHHHe B~BOA~ 0 TOM~/4TO 6naroAap~ COKpa~eHH~, KOTO-

- 3 poe HMeeT MecTo a onTH4ecKoM noTeH~Hane a cny4ae " ·- He-
pacce~HH~, 3TOT npo~ecc 6onee 4YBCTBHTeneH K AeTan~M ~AePHOH 
sonHosoH $YHK~HH, 4eM npo~ecc "+- ~e-pacce~HH~. 6onee 
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onpeAe/leHHble BbiBOAbl OTHOCHTe/lbHO POilH npHMeCeH 0- H S' -co
CTORHH~ MOr/lH 6bl 6b1Tb CAellaHbl TO/lbKO B TOM C/ly4ae, eC/lH 6bl 
6b1Jla HCnO/lb30BaHa pea/lHCTH4eCKaR RAepHaR BO/lHOBaR $yHK~HR, 
Bb14HC/leHHaR B paMKaX TeOpHH $aAAeeaa. 

P.naHAaynO/yCTpaHH/1 TPYAHOCTH, CBR3aHHble C He06XOAH
MOCTb~ HCnOJlb30BaHHR pea/lHCTH4eCKO~ RAepHO~ BO/lHOBO~ $yHK
~HH, OH H3B/leK 4eTblpe RAePHbiX $QpM$aKTOpa, BXOAR~HX B onTH-
4eCKH~ nOTeH~Hall, H3 3/leKTpH4eCKHX H MarHHTHbiX $OpM$aKTOpOB 
RAep 3He H 3H. nocKO/lbKy 3/leKTpOMarHHTHble $QpM$aKTOpbl B 60/lb
WO~ CTeneHH OTpa>Ka~T CTpyKTypy RAepHO~ BO/lHOBO~ $yHK~HH 1111, 

TO HeyAHBHTe/lbHO, 4TO Bb14HC/leHHR B HMny/lbCHOM npocTpaHCTBe 
(MS) pa60Tbi/10/ AeMOHCTPHPY~T Te >Ke 4epTbl, 4TO H Bbi4HC/leHHR 
B KOOPAHHaTHOM npOCTpaHCTBe iS/. 6onee TOrO, BepORTHO, 6naro
AapR 6onee pea/lHCTH4ecKo~ napaMeTpH3a~HH 3/leMeHTapHo~ 
17 -N aMn/lHTYAbl, OKa3a/lOCb B03MOlKHbiM ycneWHO OnHCaTb TaK>Ke 
H 17_ ,_ ~e -pacceRHHe npH AOBO/lbHO HH3KHX 3HeprHRX IE ~ 
~ 100 M3BI - B TO~ o6JlaCTH, rAe CS' -MOAe/lb He pa6oTaeT 
AOCTaTo4HO xopowo. H, HaKoHe~, P.naHAay npeA/lO>KH/1 Hcno/lb3o
eaTb ynpyroe 17-- 3He-pacceRHHe A/lR onpeAeneHHR MarHHTHoro 
paAHYCa RAPa 3 He H peWHTb TaKHM o6pa30M npo6neMy paCXO>K
AeHHR Me>KAY HeCKO/lbKHMH 3KCnepHMeHTa/lbHbiMH 3Ha4eHHRMH pa
AHYCa, nony4eHHbiMH e 3KcnepHMeHTax no pacceRHH~ 3/leKTPOHOB. 

B 3TO~ pa6oTe Mbl . npeACTaBnReM 3Kcne~HMeHTa/lbHOe 
H TeopeTH4eCKOe HCC/leAOBaHHe ynpyroro rr '-"He-paCCeRHHR 
B pa~OHe ~33-pe30HaHCa. npH 3TOM o6pa~aeM OC060e BHHMaHHe 
Ha 06~He 4epTbl nHOHHOrO H 3/leKTPOHHOrO ynpyroro pacceRHHR 
Ha TpeXHYK/lOHHO~ CHCTeMe H AeTa/lbHO o6CY>KAaeM 3KCnepHMeH
Ta/lbHble H TeopeTH4eCKHe np06JleMbl, CBR3aHHble C H3B/le4eHHeM 
MarHHTHbiX xapaKTepHCTHK RAep H3 pacCeRHHR nHOHOB. 

AH$$epeH~Ha/lbHble ce4eHHR ynpyroro 17-- 3 He-pacceRHHR 
6bi/1H H3MepeHbl npH 3HeprHH nHOHOB B na6opaTOPHO~ CHCTeMe 
KOOPAHHaT T17 Jia6. = 145, 180 H 195 M3B. npeAbiAY~He H3MepeHHR 
B 3HepreTH4eCKO~ 06/laCTH, 6JlH3KO~ K MaKCHMYMY ~ 33- pe3oHaH
ca, 6blllH AOnonHeHbl H3MepeHHRMH npH T = 180 M3B. KpoMe Toro, 
npeAWeCTBy~~He H3MepeHHR /2/, BblnO/lHeHHble npH 3HeprHRX 
T=145 H 195 M3B, 6blllH AOnonHeHbl HOBbiMH AaHHbiMH, TaK 4TO 
Tenepb Ce4eHHR onpeAe/leHbl CO 3Ha4HTe/lbHO MeHbWHMH OWH6KaMH. 
3KcnepHMeHTa/lbHble AaHHble npeACTaeneHbl e pa3Aene 2. 

8 06/laCTH MHHHMyMa AH$$epeH~Ha/lbHble Ce4eHHR 17-- 3He-pac
CeRHHR AOBO/lbHO 4yBCTBHTe/lbHbl K 8apHa~HRM npHMeCH D -8on-
Hbl iS/ H, C/leAOBaTe/lbHO, 4YBCT8HTe/lbHbl TaK>Ke K eapHa~HRM 
RAepHoro MarHHTHoro $QpM$aKTopano/. CneA08aTe/lbHo, MO>KHO 
nonbiTaTbCR Ha~TH 3aBHCHMOCTb OT q

2 
RAepHoro MarHHTHOrO $OpM

$aKTOpa, HCXOAR 1-13 CTeneHH 3an0/1HeHHR MHHHMyMa B 3KCn~pHMeH
Ta/lbHbiX ce4eHHRX 17- - 3 He -pacceRHHR I q - nepeAaHHbl~ HM-
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nynbcl. B 3TOM cocTOHT cyTb npeAJlo>KeHHR P.naHAay. Ha 
npaKTHKe TaKaR npo~eAypa MOrna 6bi,BepORTHO,AaTb TO/lbKO Be/1H-
4HHY RAepHoro MarHHTHoro paAHyca.0AHaKo npH 3TOM 803HHKaeT 
eonpoc - He 6YAYT /lH 3$$eKTbl, KOTOpbiMH 06b14HO npeHe6pera~T 
npH pac4eTax no OnTH4eCKO~ MOAellH, TaK>Ke Aa8aTb 8K/laA 
B 3an0/1HeHHe MHHHMyMa. 8 TaKOM C/ly4ae onpeAelleHHe MarHHT
HOrO paAHyca CTaHOBHTCR HepeanbHbiM. CpeAH 3$$eKTOB TaKoro 
COpTa HaH6onee 8epORTHbiMH RB/lR~TCR nonpa8KH BbiCWHX nopRA
KOB K OnTH4eCKOMy noTeH~Ha/ly IHanpHMep, nonpa8KH K BHpTy
aJlbHbiM RAePHbiM B036Y>KAeHHRMI H npe>KAe ecero - 3$$eKTbl, 
CBR3aHHble C Me30H-06MeHHbiMH TOKaMH. 

0 Be/lH4HHe Me30H-o6MeHHbiX 3$$eKTOB, 8/lHR~HX Ha nHOH
RAePHOe pacceRHHe, npaKTH4eCKH HH4ero He H38eCTHO, H B Ha
WHX pac4eTax Mbl 6yAeM HMH npeHe6peraTb. C APYrO~ CTOPOHbl, 
Me30H-06MeHHble 4/leHbl Ae/la~T 8KJ1aA 8 MarHHTHble $OpM$aKTOpbl 3H 3 
RAep e H H Ha YP08He 10-15%. no HaWeMy MHeHH~, 3/leKTpo-
MarHHTHble BK/laAbl OT Me30HHoro 06MeHa C/leAYeT 8b14HTaTb 1-13 
3KCnepHMeHTa/lbHbiX 3/leKTPH4eCKHX H OC06eHHO MarHHTHbiX $0pM
$aKTOpoe, npe>KAe 4eM HCnO/lb308aTb nOC/leAHHe B OnTH4eCKO~ 
MOAellH. B npoTHBHOM C/ly4ae e HawHx Ha4a/lbHbiX ycno8HRX 6yAeT 
COAep>KaTbCR HH$OpMa~HR 0 npo~ecce, KOTOpaR OTHOCHTCR CKOpee 
K 3/leKTPOH-RAePHOMy, 4eM K nHoH-RAePHOMy pacceRHH~. B pa3-
Aene 3 npOBOAHTCR npo~eAypa 8b14HTaHHR ynOMRHYTOro THna. 
Mb! napaMeTPH3yeM 3/leKTpoMarHHTHbl~ BKilaA oT Me30HHoro o6MeHa 
C nOMO~b~ npOCTbiX $eHOMeHO/lOrH4eCKHX $QpMy/l H 06CYAHM CBO~
CTBa pe3y/lbTHpy~~HX RAePHbiX $opM$aKTopo8 CH/lbHOro B3aHMO
Ae~CTBHR. B pa3Aene 4 paccMaTpH8a~TCR RAePHble $OPM$aKTOPbl 
c nonpaeKaMH Ha 3$$eKTbl Me30HHoro o6MeHa. B pa3Aene 5 pe-
3YilbTaTbl HaWHX pac4eTOB Cpa8HH8a~TCR C 3KCnepHMeHTa/lbHbiMH 
AaHHbiMH. Bb!RCHReTCR 4Y8CT8HTe/lbHOCTb AH$$epeH~Ha/lbHbiX ce-
4eHH~ 17--

3
He-pacceRHHR K 8apHa~HRM 8XOAHbiX AaHHbiX, npH 

3TOM 06CY>KAaeTCR B03MOlKHOCTb onpeAe/leHHR RAepHoro MarHHT
HOro paAHyca. 

2. 3KCnEPHMEHTAnbH~E AAHHME 

Ha CTPHMepHo~ KaMepe, ynpa8nReMo~ c~HHTH/lllR~HOHHbiMH 
C4eT4HKaMH, 6blnH nony4eHbl HOBble AaHHble no ynpyroMy pacceR
HH~ 17--Me3oHoe Ha RAPe 3He npH 3HeprHRX 145,180 ..., 195 M3B. 
H3MepeHHR np080AHilHCb 8 HHTep8a/le yr/108 OT 35 AO 135° 8 
CHCTeMe ~eHTpa Mace. H3MepeHHR 6biJlH 8blnOJ1HeHbl Ha re/1He80~ 
CTPHMepHO~ KaMepe 8biCOKoro Aa8/leHHR, 3KCnOHHpo8aHHO~ 8 ny4Ke 
nHOH08 OT CHHxpo~HK/lOTpoHa OHRH. OnHcaHHe ycTaHOBKH, xapaK
TepHCTHKH ny4Ka, npo~eAYpbl H3MepeHH~ H OT6opa C06b1TH~ AaHbl 
8 HaWHX npeAbiAY~HX pa6oTax /1,2/. 
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M~ coxpaH~n~ w~pHHY ~HTepeana np~ nocTpoeH~~ yrnoe~x 

pacnpeAeneH~a:i paeHoa:i 5°. 6~no nony4eHo 564 co6~T~R np~ 
3HeprH~ 145 M3B, 714 co6~T~a:i np~ 3HeprH~ 180 M3B ~ 975 co-
6~T~a:i ynpyroro pacceRH~R - np~ 3Hepr~~ 195 M3B. nocKOI1bKY 
B np~BeAeHH~X 3KCn03H~~RX CTaT~CT~4ecKaR T04HOCTb B~We, 

4eM e npeA~AY~~x, e TOM 4~cne ~ np~ pacceRH~~ Ha 69nbw~e 
yrn~, TO Mbl 6onee AeTanbHO paccMOTpen~ eonpoc~, ceR3aHHble 
c nonpaeKaM~ K yrnoe~M pacnpeAeneH~RM e A~anaaoHe 6onbw~x 
yrnoe. 

np~ nOCTpoeH~~ yrnOB~X pacnpeAeJleH~a:i M~ npo~3BeJl~ cyM
M~poBaH~e HOB~X AaHH~X C paHee nony4eHHbiM~ HaM~ pe3yJlbTaTa
M~ np~ 3Hepr~Rx 145 /ecero 183 cny4aR/ ~ 198 M3B /ecero 
161 cny4aa:1/. CooTBeTCTBeHHO e OKOH4aTei1bH~e peaynbTaT~ 
eowno 747 cny4aee ynpyroro pacceRH~R np~ 3Hepr~~ 145 M3B, 
714 cny4aee np~ 180 M3B ~ 1136 cny4aee np~ 195 M3B. Hoe~e 
~ npeAbiAY~~e ~3MepeH~R np~ 3Hepr~Rx 145 ~ 195 M3B coena
Aa~T AOCTaT04HO XOpOWO, no3TOMY CyMM~pOBaH~e RBI1ReTCR onpae
AaHHO.:i onepa~~ea:i. nony4eHH~e 3Ha4eH~R A~¢¢epeH~~anbHbiX 

ce4eH~a:i np~ Tpex 3Hepr~Rx np~BeAeHbl e Ta6n. 1 ~ noKaaaHbl 
Ha p~c. 3 ~ ~· 3T~ yrnoe~e pacnpeAeJleH~R HaXOARTCR B AOCTa
T04HO xopoweM cornac~~ c nocneAH~M~ ~3MepeH~RM~, BbmonHeH
HbiM~ ABYMR KOJ111eKT~BaM~ aBTOpOB B o6nacT~ yrilOB 25-60 ° 
~ e o6nacT~ yrnoe 75-135° 13 ·41. 113MepeH~R e~nonHeHbl np~ pac
ceRH~~ n~oHoe Ha 3He np~ OAHO.:i 3Hepr~~ /131 M3B/, a TaK*e 
np~ pacceRH~~ n~OHOB Ha Tp~T~~ np~ HeCKOilbK~X 3Hepr~RX. 

no ~3MepeHH~M A~¢¢epeH~~aJ1bH~M Ce4eH~RM 6~no npoBeAeHO 
~HTerp~poeaH~e C ~CnOJ1b30BaH~eM non~HOMOB ne~aHApa B A~a
na30He yrnoe 0-180°. nony4eHH~e 3Ha4eH~R nonH~x ce4eH~.:i 
ynpyroro pacceRH~R oKaaan~cb paeH~M~: 

39,3+1,4 M6H np~ 145 M3B 
39,2+1,5 M6H np~ 180 M3B 
38, 1+1, 1 M6H np~ 195 M3B. 
3AeCb yKa3aH~ CTaT~CT~4eCK~e ow~6K~, np~ 3TOM OCTaeTCR 

HeonpeAeneHHoa:i ow~6Ka 3KCTpanonR~~~ Ha Man~e ~ 6onbw~e yrn~. 

nony4eHH~e 3Ha4eH~R nonH~X ce4eH~a:i oKaaan~cb HeCKOI1bKo e~

we, 4eM paHee ~3MepeHH~e np~ MeHbWeH CTaT~CT~ Ke /25/. 

3. OnTI14ECKAR MOAEnb 

np~ KOHCTpy~poBaH~~ OnT~4eCKO.:i MOAei1~ 06~4HO HaY~Ha~T 

C 311eMeHTapHO.:i n~oH-HYKnOHHO.:i aMnJ1~TYA~ 
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f(kr, ki ,w(k
0
))=f coul.(k r-ki )+B 0+(t·~)BT+i;.[;i x~rl<Bs +(t.;) B8Ty, 

/3.1/ 

• 

Ta6n~~a 

A~¢$epeH~~anbH~e ce4eH~R ynpyroro "-- 3He-pacceRH~R 
np~ paan~4H~x 3Hepr~Rx 

I'pUI 

35,5 

40,9 

46,2 

51,6 

56,9 

62,1 

67,4 

'72,6 

'17,7 

82,8 

67,8 

92,9 

97,9. 

102,8 

107,7 

Il2,6 

II7,4 

122,2 

127,0 

131,7 

136,4 

141,1 

1-15,7 

150,3 

35,8 

41,3 

46,7 

b2,U 

57,4 

62,7 

145 !JaB 

110/cp 

12,22 

9,6 

7,40 

5,75 

3,38 

2,40 

1,84 

1,14 

1,09 

0,54 

0,62 

0,30 

0,92 

0,90 

0,82 

0,69 

0,46 

0,66 

0,43 

0,37 

0,42 

0,32 

0,16 

0,16 

180 llaB 

13,68 

7,87 

4,94 

2,68 

1,51 

0,79 

1:6/cp 

1,16 

0,89 

0,74 

(),'72 

0,50 

0,45 

0,38 

0,28 

0,3I 

0,21 

0,22 

0,15 

0,27 

0,26 

0,24 

0,21 

0,16 

0,22 

0,17 

0,16 

0,17 

0,13 

0,06 

0,06 

0,96 

0,64 

0,46 

U,31 

0,22 

0,16 
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rpa.n 
67,9 

73,1 

78,3 

83,4 

00,5 

93,5 

98,5 

103,4 

I0€,3 

!!3,1 

117,9 

.i-!2,7 

!2?,4 

132,! 

136,8 

141,4 

14G,C 

I50,G 

36,1 

41,6 

47,0 

52,4 

57,8 

63,1 

68,4 

73,6 

?8,7 

83,9 

!18,9 

94,0 

96,9 

103,9 

108,7 

Il3,6 

II8,4 

npoAonmeH~e Ta6n. 
M6/cp M6/ cp 

O,b6 

0,54 

0,14 

0,25 

0,24 

0,19 

0,21 

0,15 

0,13 

0,20 

0,!4 

0,12 

0,08 

O,C7 

0,15 

0,09 

0,28 

0,14 

195 LlaB 

II,O 

7,33 

4,59 

3,U4 

1,33 

1,04 

0,64 

0,36 

0,38 

0,27 

0,25 

0,13 

O,II 

0,16 

0,10 

0,21 

0,15 

0,13 

0,13 

0,07 

0,09 

0,09 

0,00 

0,00 

0,0? 

0,0? 

0,00 

0,00 

0,07 

0,06 

O,l.!G 

0,08 

0,07 

U,I7 

O,II 

0,63 

0,47 

0,35 

0,27 

0,17 

0,16 

L,l2 

0,09 

O,II 

u,m> 
0,09 

0,07 

0,0? 

0,07 

O,CG 

0,09 

0,07 

• 

rpa,n 
123,1 

127,8 

132,5 

137,1 

141,7 

146,3 

150,8 

155,4 

npoAOnmeHHe Ta6n. 1 

M6/cp M6/cp 
o;u o,OG 
0,17 

0,04 

0;21 

0,13 

0,05 

0,04 

0,16 

0,08 

O,q4 
0,09 

0,07 

0,06 

0,04 

0,16 

KOTOpa~ npeAnonaraeTC~ H3BeCTHOH B CHCTeMe ~eHTpa Mac~ 
nHoHa H HYKnOHa /2 CM/ An~ eenH4HH HMnynbcoe nHoHa k r , 
k1 H 3HeprHH w(k 0 ). 3Aecb t - onepaTop HJocnHHa nHoHa, 
a ; H ; - HYKnOH~~e CnHHOB~e H H30CnHHOB~e MaTpH~~ naynH. 
,llanee ~~ =k1/k1 H vr =kr /k r. M~ HcnonbayeM npocTyiO napaMeT
PHJa~HIO BHe MaCCOBOH noeepXHOCTH: 

... ... ge(k r)gf(ki ) ... .. 
B0 "'80 (kr, k 1 ,w(k 0)) = lbo,f (k 0)----,------Pe (v r· v 

1 
), 

g~(ko) 
/3.2/ 

rAe 

b0 .e (k 0 ) = 3~[(e + 1)(2rr~12 + rtL2 ·'H- f(2fe~;~+r (;
12 

)1 /3.3/ 

eCTb KOM6HHa~H~ nap~HanbH~X "-N aMnnHTYA Ha MaCCOBOH no
BepXHOCTH, 

AHanorH4H~e e~pameHH~ HMeiOT MecTo TaKme An~ B T, 8 
8 

H 8
8

T· 

3aBHCHMOCT~ "-N ... aMnnHTYA~ BHe MaCCOBOH noeepXHOCTH OT 
HMnynbcoe kr H ki 6~na e~6paHa e cenapa6enbHOH ~pMe: 

f 2 2 2 2 2 ~(k)=k /(l+a k) , a - =0,056 CI>M , /3.4/ 

4TO npHeMneMO B paHOHe ~33 1121 no KpaHHeH Mepe An~ 
P-eonH~ e nHoH-HYKnOHHOM pacce~HHH. B HawHx B~4Hcne
HH~x Y4HT~BaiOTC~ nap~HanbH~e aMnnHTYA~ npH f = 0,1 H 2, no
ny4eHH~e Ha ocHoee Ha6opa ct>aa CERN-Tfl/13~ 

0nTH4eCKHH noTeH~Han 

~ ~ ~ ~ 

<Q 'I V(E(Q0 ))i Q> = ·A<Q'OI t(E(Q
0

))iOQ> /3.5/ 

KOHCTPYHPYeTC~ H3 MaTpH~~ "-N pacce~HH~ t(E(Q
0

)), ~AePHOH 
eonHOBOH <I>YHK~HH ocHOBHoro cocTo~HH~ IO> e CHcTeMe ijeHTpa 
Mace nHoH-~APO /M~ o603Ha4aeM ee KaK ACM/. no3TOMy, Hcnonb-
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3Yfl CTaHAapTHYIO TeXHHKY /l 4/, Mbl Bblpa>KaeM Bee KHHeMaTH4eCKHe .... , ...... ..... 
nepeMeHHble B TepMHHaX HMnyilbCa nHOHa Q , Q H Q O B CHCTeMe 
ACM: 

..... .... ...... .... 
-+ Q' K' -+ Q 
kr =1-'(Q',K')(-------------), k. =ll(Q,K)(----- --~--)/3.6a/ 

E17 (Q ') E N(K) 
1 

E17(Q) EN(K) 

r------------------------------------
w(k0) = y'(E

17 
(Q0) +EN (Q0 / •A) 2 -Q~(1- 1/ A) 

2
, /3.66/ 

rAe nonHafl 3Hepr~t~fl n~t~oHa 1-1 HYKilOHa o6o3Ha4eHa 4epe3 E 17 

1-1 EN COOTBeTCTBeHHO,a 

E17(Q) . E N(K) 
/l ( Q ' K) = --r.-=-·~:=:=--===--=-===--=--=--=====--=-..,=--=-=--=--=-·=:=.- • 

V (E 11 (Q)+ EN (K))2 - (Q + ,;))2 
/3.7/ 

Aanee, nycTb A- 41-!CilO HYKilOHOB. Anfl Taro, 4T06bl !-136e-_., 
>KaTb yTOMI-!TeilbHOrO HHTerpHpOBaHI-!fl no 1-!MnyilbCaM HyKilOHa K 

1-1 K B ypaBHeHI-11-1 /3.5/, Mbl 3aMeHfleM "'X B ypaBHeHHfiX /3.6a/ 
3¢¢eKTI-1 BHbiMH 3Ha4eHHfiMI-1 / 10,1l>/: 

-+, 
Keff 

-+ -+ 
Q' A-1-+ -+,... Q A-1 ... -+, 

=- --- + ----(Q-Q ) K =---- ------(Q- Q ) • 
A 2A ' eff :A 2A 

/3.8/ 

~CnOI1b3yfl 3TY yny4WeHHYIO BepC!-110 CTaTI-14eCKOH annpoKCI-!Ma~l-11-1, 

nony4aeM pe3yilbTI-IPYIOIJ.l"~H onTH4eCK"'H noTeH~Han: 

<Q'IV(E(Q
0

))1Q> = V00u 1(Q'-Q)+ ~AW 1 1B0h 0 (q)+i;(~·T)BThT(q) + 

2-+-+-+ ........ 

+ ·A J. [vi x vr J(Bs ashs(q) + 2(t· T)BsTaST hST (q))l. /3.9/ 

Ko3¢¢"1~1-!eHT TpaHc¢opMal.IHI-1 wl ~-!MeeT BHA / 141: 

J
--------------

m(Q')m(Q) 
w = ------------ ---- ' 

1 /l (Q ',K ')1-1 (Q, .K) 

rAe 

m(Q) = E17 (Q)EA (Q)/ (E17 (Q) + E A (Q)) 

"' EA(Q) - nonHafl 3Hepr~t~fl fiApa. 0nT!-14eCK"'i1 noTeHt.~Ha/1 B Bbl
pa>KeHHH /3.9/ fiBilfleTCfl noKa ell.le . onepaTOPOM B H30CnHHOBOM 
npOCTpaHCTBe n"'OHa, cnHHOBOM (i) 1-1 B H30CnHHOBOM cT) 
npOCTpaHCTBe fiApa. np~t~ BbiBOAe ypaBHeHHfl /3.9/ Mbl npHHI-!MaeM, 
4TO J~1;2 H T ~ 1;2. 

10 
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RAepHafl CTPYKTypa BXOAHT B onTH4eCK!-1H noTeH~Ha/1 /3.9/ 
4epe3 4eTblpe ¢opM¢aKTopa ~/ 

hi (q) = < O{JT) I exp(i~ 1 ~n j IO(JT) > I < O(JT) IU i IO(J'I)>, /3.10/ 

3AeCb j = 0, T, S 1-1 ST, a ABe HOPMI-1POB04Hble KOHCTaHTbl (a
0 

=a.f' 1) 

as = < OSJT)IUs IO(JT) >, aST = < O(JT)IUST IO(JT) >, /3.11/ 

rAe U 0 =1, UT=r 3 , fis=a3 1-1 fisT=a
3 

r
3

• 

OnepaTOpbl n s ,nT 1-1 fisT AeHCTBYIOT Ha cnHHOBble 1-1 I-130Cn!-1H0Bble 
npoeK4HH HyKiloHa, o6o3Ha4eHHble HHAeKcoM 11 111 • Ci-1MBOI1 IO(JT) > 
0603Ha4aeT fiAePHble BOilHOBble ¢yHK~HH, B3f1Tble np~t~ MaKCHMailb
HbiX npoeK~HfiX nepeMeHHbiX /T.e. Jz=J 1-1 Tz=T B ypaBHeHHfiX 
/3.10/ 1-1 /3.11//. 

Anfl nonHOTbl cneAyeT ynoMfiHYTb, 4To np~-1 npeo6pa3oBaHHH 
1-13 c~t~cTeMbl 2 CM B ACM 11-N aMnilHTYAa c nepeBopoToM cn~t~Ha 
AaeT TaK>Ke BKilaA B CKailfiPHYIO 4aCTb OnTH4eCKOro noTeH~Haila. 
0AHaKO COOTBeTCTBYIOIJ.lHe 4IleHbl B03Aei1CTBYIOT Ha 77- -3H~pac-
CefiHHe B MHHHMailbHOi:i CTeneHH ~/, H Mbl npeHe6peraeM HMH 
B ypaBHeHHH /3.9/. 

EcnH fiAePHble ¢opM<)>aKTOpbl hj(q) ,j =Q,T,S 1-1 ST 111-16o Bb141-!c
IlfiiOTCfl B HeKOTOPOH fiAePHOH MOAeill-1, 111-160 onpeAeilfiiOTCfl 1-13 
3KCnepi-!MeHTa, TO ypaBHeHI-!e 

-+ -+ 

-+ -+ -+ 1 <Q'Iv(E)IQ><QIT(E) IQQ> d 3Q-
<Q'I T(E)I Q > = < Q'I v(E)IQ >---\9 r ---------=---- -------- --'--=""" 

o o (21Tr · E- E(Q) + i ( m(Q) 

/3.12/ 
Mo>KeT 6b1Tb peweHo AI1fl ni-!OH-fiAePHOH aMn/11-!TYAbl paccef!H"'fl T(E) 
(E = E(Q 0)), 1-1 A1-1¢¢epeHLI"'ai1bHoe ce4eHHe ynpyroro paccefiH"'fl no
Ily4aeTcfl npOCTO B BI-!Ae: 

da -+ <il- = I<Q'IT(E) IQ>I z. /3.13/ 

B Haw1-1x Bb14HCI1eHHfiX TaK>Ke Y41-1Tb1BaiOTCfl KYilOHOBCKHe 3¢¢eKTbl 
C "1CnOI1b30BaHHeM npot.~eAYPbl 1-13 pa60Tbl 1161. 

4. RAEPH~E ¢0PM¢AKTOP~ C nonPABKAMH HA 3¢¢EKT~ 
ME30HHOfO 06MEHA 

B 3TOM pa3Aene Mbl paccMOTPHM 3IleKTpoMarHHTHble CBOHCTBa 
fiAep 

3
He 1-1 

3 
H. AenaeTcfl nonbiTKa H3BI1e4b fiAePHble ¢opM¢aKTo

Pbl 1-13 AaHHbiX no pacCefiHHIO 3IleKTpOHOB, npHH"'Mafl BO BHHMaHHe 
3¢¢eKTbl Me30HHOro 06MeHa B 3IleKTPOH-fiAePHOM paccefiHI-11-1. 
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B OAHO<!>oTOHHOM np1-16m1>KeH1-11-1 ynpyr1-1e ce4eHI-1R e- ~e "' e- 3 H 
AaiOTCR I-13BecTHOH ¢K>PMY110H Po3eH61110Ta 11 11, rAe RAepHaR 
CTPYKTypa xapaKTePI-13yeTCR 4eT~pbMR ¢>opM~aKTopaMio1: 

F3He(q)=~fp(q)+fn(q))ho(q)+! (fp(q)-fn(q))h.r(q)+XaHe (q), 14.11 

F 3H (q)= ?- (f p (q)+ fn (q))ho (q)- ~- (f p (q)- f n (q))hT (q) + x3H (q). I 4. 21 

as 
IL3He0 3He(q)= -2-(llpg iq)+!Lngn(q))hg (q) + 14.31 

asT 
+ --

2
-;-(llp g p(q) -IL ng n(q)hsT+ Y3He (q) • 

as 
IL 3 H G3H (q) = -2--(llp gp (q) + lln gn (q))hs (q) -

14.41 

aST 
- ----(IL g (q) -IL gn(q))hST(q)+Ya (q). 

2 P P n H 

B ypaeHeHI-1RX 14.1-4.41 311eKTPI-14ecKI-1e "' MarHI-1TH~e ¢>opM
~aKTop~ HyKJ1oHa o6o3Ha4eH~ KaK f N (q) "' gN(q). B Haw1-1x pac-
4eTax M~ nplo1HR111-1 C11eAYIO~I-1e 3Ha4eHI-1R MarHI-1TH~X MOMeHTOB 
le RAePH~X MarHeTOHaxl: 

!L p = 2, 792 77 
II =-2 1274 r3He ' 

lln = -1,91299 
IL 3H = 2,9786 

.RAePHble 1-1 HYK110HH~e ¢>opM~aKTOp~ 

14.5al 
14.561 

HOpMa111o130BaH~ yC110BI-1RMI-1: 

F (0) = F (O)=G (O)=G (O)=f (O)=g (O)=g (O)=h .(0) el 
3He 3H 3He 3H p p n J 

j=O,S,T,ST; . · fn(O) =0. 14.61 

06MeH <!>oTOHaMI-1 Me>KAY 311eKTpOHOM 1-1 HyKJ10HOM, CBR3aHH~M B RA
pe, AaeT r11aBH~H BKJ1aA B 311eKTpl-14eCKI-1H 1-1 MarHI-ITH~H ¢>opM~aK

TOP~ 14. 1-4.41. ECJ11-1 6~ 311eKTpoH-RAepHoe pacceRHI-1e w11o 
T011bKO 4epe3 3TOT MexaHI-13M, TO 6~110 6~ B03MO>KHO ycTaHOBI-ITb 
OAH03Ha4Hyl0 cBR3b !'le>KAY ¢><>PM~aKTopaM~o~ hi (q), j=O,T,S ~o~ ST, 
a TaK>Ke 311eKTPOMarHI-1TH~MI-1 ~OpM~aKTOpaMI-1 14. 1-4.41, onpe
Ae11eHH~MI-1 1-13 311eKTpoH-RAePH~X 3KCnep~o~MeHTOB. 0AHaKO MO>KeT 
npOI-130HTI-1 o6MeH ¢loTOHOM Me>KAY 311eKTPOHOM 1-1 Bl-lpTyaJlbH~MI-1 

n1-1oHaM1-1, nepeHocR~I-IMI-1 RAePH~e c~o~11~. CooTBeTcTBy~~o~e 4JleH~ 

o6o3Ha4eH~ KaK X(q) 1-1 Y(q) e ypaeHeH~o~Rx 14. 1-4.41. 
BcneACTBI-Ie coxpaHeH~o~R 3aPRAa A011>KHO ~o~MeTb MecTo paBeH

CTBo X3He(O)= X3H (0) = 0. nocneAHI-1e B~41-1CJ1eHI-1~/17 I, no-BI-1A1-1MOMy, 
yKa3~BaiOT Ha TO, 4TO nonpaBKI-1 Ha Me30HH~I-1 06MeH K 3JleKTpl-1-

12 
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4eCKI-1M ~opM~aKTopaM FaHe(q) 1-1 FaH(q) He3Ha41-1Te11bH~ B pal:ioHe 
2 -2 , X q .S 10 ~M • TaKI-1M o6pa3oM, Mbl npeHe6peraeM 4JleHaMI-1 aHJq) 

1-1 XaH(q) np~o~ HaweM AaJlbHel:iweM paccMoTpeHI-11-1. 
~HaR CI-!Tya~I-IR I-IMeeT MeCTO npl-1 MarHI-ITH~X ~OpM~aKTOpax. 

AnR Toro, 4To6~ o~eHI-ITb een~o~41-1H~ Y3He(O) 1-1 Y3H(O). 

Y
3 

(0)= !L --
2
l_las(IL +!L )+aST(IL -IL )I, 14.6al 

He 3He P n P n 

1 
y3H (0) = !La H- 21as (llp + lln)- a ST (llp-ILn )1, 14.661 

He06XOAI-1MO pa3J10lKI-1Tb BOJlHOByiO ~yHK~I-110 TpeXHYKJlOHHOrO OCHOB
HOrO COCTORHI-1R Ha ee rnaBH~e KOMnOHeHT~: 

_ (S) (S ') (D) 
'I'TTz -PS'I'TTz + PS,'I'TTz +PD'I'TTz" 14.71 

Ha~o~6onee KOppeKTH~e B~41-1CJ1eHI-1R AJ1R Tpex Tell / lS I , OCHOBaHHble 
Ha I-1CnOJ1b30BaHI-11-1 ypaBHeHI-IH ~3AAeeea, AaiOT CJleAYIO~I-Ie BeJ11-141-1Hbl 
AJ1R eecoB COCTORHI-1C1: S(L=O, [3]), S '(L= 0, [21)} 1-1 D(L = 2, [21)}: 

P~ =0,016, P 2 =0,0877. P 2 =1-Ps2,-P
0
2 =0,8963. 

S D S 
14.81 

Aanee I-IMeeT MecTo 

2 4 2 2 2 as =1- 2P0 , aST =-1+-fPs' +-g-P0 • 14.91 

~CnOJ1b3YR BeJli-141-!H~ 14.51 1-1 14.81, M~ noJ1y4aeM 1-13 ypaBHeHI-IH 

14.61 1-1 14.91: 

y 3 (0) =-0.3250 
He 

Y3 (O) = 0,4507 . 
H 

14.101 

TaK~o~M o6pa3oM, BKJ1aAOM 4JleHOB Me30HHoro o6MeHa BPRA 111-1 
MOlKHO npeHe6peraTb npl-1 no11y4eHI-11-1 ~OpM~aKTOPOB hs(q) 1-1 h ST (q) 
1-13 ypaeHeH~o~l:i 14.31 1-1 14.41. 

B nonHOH aHanor~o~l-1 c n~o~oH-RAePH~M pacceRHI-IeM B03HI-1KaiOT 
Ma11~e BKJ1aA~ K RAePH~M MarHI-ITH~M ~OpM~aKTOpaM OT CKaJlRpHOH 
4aCTI-1 aMnJli-ITYA~ e-N- pacceRHI-IR. TaK KaK 3TI-1 4JleHbl B ypae
HeHI-IRX 14.21 1-1 14.31 T04HO He Y4TeH~, TO BeJ11-141-1H~ Y3He(0) 
1-1 Y 3H (0), ypaeHeHI-IR I 4. 101 COAep>KaT TaK>Ke OAHOHYK110HH~e 
BKJ1aA~ 0,0484·(2P0

2/ 3) 1-1 0,0292·(P0
213) COOTBeTCTBeHHO. 

Hawa KOHe4HaR 3aAa4a 3aKJ1104aeTCR B B~pa>KeHI-11-1 RAePH~X 

¢l<>PM~aKTOpoe hj(q) , j=O,T,S 1-1 ST B TepM~o~Hax 3JleKTPI-14eCKI-1X 
1-1 MarHI-ITH~X ¢lopM~aKTOPOB 14. 1-4.41, KOTOp~e MoryT 6~Tb 
I-13BJ1e4eH~ 1-13 AaHH~X no 3JleKTPOHHOMY pacceRHI-110. no3TOMy He
o6XOAI-1MO onpeAeJli-ITb 3aBI-1CI-1MOCTb Me30H-06MeHH~X nonpaBOK 
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oT nepeAaHHoro HMnynbca. EcTecTBeHHo npeAnono*HTb, 4TO 

BKnaA OT Me30HHOrO 06MeHa HaH6onee 3$¢eKTHBeH, KOrAa BHp
TyanbHbiH Me30HHbiH 06MeH HMeeT MeCTO Me*AY ABYM.R HYKnOHaMH, 
pacnono*eHH~MH no4TH e OAHOH T04Ke npocTpaHCTBa. HH~MH 

cnoeaMH, M~ npeAnonaraeM, 4TO nonpaBKH 3a C4eT Me30HHoro 
o6MeHa B KOOPAHHaTHOM npocTpaHCTBe nponop~HOHanbH~ KBaApaTy 
nnOTHOCTH pacnpeAeneHH.R HyKnOHOB B .RApe. npHHHMa.R An.R .RAep-
HOH nnoTHOCTH p(r) npoCTyJO ¢opMy 

1 2; 2 p (r) = --------- exp (-r a ) , 
(a 211 )312 

Mbl 6yAeM HMeTb cneAYIOLIIHe B~pa*eHH.R: 

Y3 (q)=Y3 (O)exp(-a2q2 /8), 
He He 

y3H (q) = y3H (O)exp(-a2q2/8). 

/4. 11 I 

/4. 12a/ 

/4.126/ 

3Aecb Y3He(O) H Y3H (0) onpeAeneH~ e /4.10/, a 3Ha4eHHe 
a = 1 , 486 $M nony4eHo H3 Maccoeoro paAHycaA!I R m = 1 , 78 $M 

An.R CHCTeMbl H3 Tpex HYKnOHOB. CneAyeT 3aMeTHTb, ~o paAHYC 
nonpaeoK 3a C4eT Me30HHoro o6MeHa /4.12/ Re.c.=ay'3/2=1,287 $M 
3Ha4HTenbHO MeHbWe,4eM MaCCOB~H paAHYC. 

HyKnOHH~e $opM$aKTop~ MoryT 6~Tb napaMeTpH3oaaH~ c xopo
we.:i T04HOCT biO /tS/ B BHAe 

2 -2 
fp(q)=gp(q)=g

0
(q) =g(q)=(l+f3q) ; /3=0,0548 

f 0 (q) = 0. 

/4. 13a/ 

/4.136/ 

TorAa pe3ynbTHPYIOLIIHe e~pa*eHH.R An.R .RAePHbJX ¢oPM$aKTopoe 
MOryT 6~Tb nony4eH~ B TaKOM BHAe: 

h0 (q) = (2F 3 (q) + F 3 (q))/3g(q), 
He H 

hT (q)= (2F3He (q)- F3H(q))/g(q), 

ll3HeG3He(q) + ll3HG3 H(q)- Y3He(q)- y 3H ;(q) 
aS h S ( q) = -----------------------------------------, 

(ll p+ ll n ) g(q) 
ll3HeG3He(v--:ll3HG 3H(q)- Y3He(q)t y 3H~q) 

a ST h ST ( q) = ------------------------------------
(llp -lln )g(q) 

/4. 14a/ 

/4.146/ 

/4. 14e/ 

/4. 14r/ 

H3 ypaBHeHHH /4. 1-4.4/, /4.12/ H /4.13/. npe*Ae 4eM o~eHH
BaTb .RAePH~e ¢opM$aKTOP~ H3 /4.14/, He06XOAHMO onpeAenHTb 
HaWH HCXOAH~e 3KCnepHMeHTanbH~e AaHH~e, a HMeHHO - 3neKT-

' 14 
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pH4eCKHe H MarHHTH~e $OpM$aKTOp~ TpeXHyKnOHHOH CHCTeMbl. 
CneAY.R MaKKapTH H AP. 120< M~ napaMeTpH30BanH 4eTbJpe ¢opM
$aKTopa npOCTOH ¢opMynoH 

-A2q2 2 2 -c2q2 
e -Bqe , /4. 15/ 

C nOMOlllbiO KOTOpOH 3KCnepHMeHTanbH~e AaHH~e XOpOWO $HTHpy
IOTC.R B paHOHe q 2 $ 8 $M - 2 • 

B Ta6n. 2 npHBeAeHbl Hcnonb30BaHHbJe aenH4HHbl K03$$H~HeH-
TOB A, B H c. 

Ta6nH~a 2 

napaMeTpH3a~H.R 3neKTpH4eCKHX H MarHHTH~X $OpM$aKTOpOB 

A, $M B, $M C, $M R e(m~ 3N) , $M 

F3He 0,675 0,366 0,836 1 ,88_:!:0 ,05 1201 

G3He 0,654 0,456 0,821 1 ,95_:!:0' 11 
1201 

F3H 0,491 ·o ,490 0,612 1,70_:!:0,05
1211 

G3H 0,490 . 0,491 0,613 1, 70,:to ,05 1211 

An.R $opM$aKTopoa F 3He (q) H G3He(q) K03$$H~HeHT~ ·A,B 
H C 6~nH nony4eH~ MaKKapTH H AP· 120/ H3 HX 3KcnepHMeHTa 
no H3MepeHHJO ynpyroro e- 3He-pacce.RHH.R. OcTaJOLIIHeC.R K03$-
$H~HeHT~ A, B H C ~ nony4HnH H3 eAHHCTBeHHOro 3KcnepHMeH-
Ta no e- 3H -pacce.RHHJO, BbJnOnHeHHoro KonnapAOM H AP. 12 11. 

CpeAHeKBaApaTH4H~e paAHYC~, COOTBeTCTBYIOLIIHe .RAepHOMy, 3neKT
pH4eCKOMy H MarHHTHOMy ¢opM$aKTOpaM, TaK*e npeACTaBneH~ 
a Ta6n. 2. 

B TO apeM.R KaK a coapeMeHH~x 3KcnepHMeHTax 3neKTPH4eCKHe 
¢opM<IJaKTOP~ H3MepeHbl AOBOnbHO XOPOWO, MarHHTHble ¢opM¢aKTOpbl 
H3MepeHbl CO 3Ha4HTenbHOH HeonpeAeneHHOCTbiO. aa*e MarHHTHble 
paAHYC~ Rm(3He), onpeAeneHHbJe J.13 ABYX cyllleCTBYIOLIIJ.1X 3KcnepJ.1-
MeHTOB, AOBOnbHO 3aMeTHO pa3nH4aJOTC.R /6~nJ.1 nony4eHbl BeJ1J.14J.1-
Hbl 1 ,95+0' 11 $M120/ H 1 '74+0 '10 $M 12 11 I. 

B oc"HoaHoM Mbl J.1Cnonb3oaanJ.1 a Bbi4HCJleHJ.1.RX no onTJ.14eCKOH 
MOAeJ1J.1 pe3YJlbTaT~ nocneAHero 3KcnepJ.1MeHTa no H3MepeHHIO Mar-
HJ.1THoro ¢opM¢aKTOpa I20I. Mbl TaK*e HCCJleAOBaJ1J.1, MOryT J1J.1 
AaHH~e no ynpyroMy "--3He-pacce.RHJ.110 6~Tb Hcnonb30BaH~ An.R 
Toro, 4T06bl MO*HO 6bJJ10 CAeJlaT b onpeAeJleHH~H Bbi60p Me*AY 
3TJ.1MH ABYM.R aenJ.14J.1HaMJ.1 paA1o1yca Rm( 3He). 
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1.0 

0.1 

0 

PHc. 1. MarHHTH~e ¢opM$aKTO
P~ RAep 3He H 3H. - - - - _- napa
MeTPH3a~HR 3KCnepHMeHTanbH~X 

AaHH~x 120,211, $opM$aKTop~ 
CHnbHoro B3aHMOAei1cTBHR GaHe(q) 
H GaH (q).- - - -Re.c:=1 ,287 $M. 
-·-·-R = 1,030 $M. e. c. 

8 Ka4eCTBe npoeepKH COCTORTenbHOCTH HaWeH napaMeTpH3a~HH 
Me3oH-o6MeHH~X nonpaeoK /ypaeHeHHe /4.12// M~ npoeenH cpae
HeHHe /pHC , 1/ 3KCnepHMeHTanbH~X MarHHTH~X ¢opM$aKTOpOB 
Gl3H~ (q) H GaH (q) /cnnowHaR nHHHR/ c eenH4HHOH G3He(q)= 
;,; (paHeG 3H e (q)-YgHe(q))/ (p3He- YsHe(O)) H BenH4HHOH GaH(q), , 
onpeAeneHHOH TaKHM ~e o6pa30M, KaK GSHe /nyHKTHpHaR KpH
BaR/. EcnH y6paTb Me30HH~e nonpaBKH, TO ¢opM$aKTOP~ yMeHb
wa~TCR 6onee 6~cTpo c yeenH4eHHeM q 2 , a nono~eHHe MHHH
MyMa 6yAeT ABHraTbCR K MeHbWHM 3Ha4eHHRM BenH4HH q 2• noAo6-
HOe noBeAeHHe HMe~T RAePH~e MarHHTH~e ¢oPM$aKTOp~, B~4HC
neHH~e no TeOpHH $aAAeeea, B KOTOp~e Ta~e BKn~4eH~ 3~eKT~ 
Me30HHOro o6MeHa. $aKTH4eCKH, ecnH paAHYC nonpaeoK AnR YaHJq) . 
H Y3 1;1 (q) HeCKOnbKO yMeHbWHTb /B3RTb a= 1,189 $M B ypaBHe
HHH /4.12/ BMeCTO a= 1,484 $M/, TO $OpM$aKTOp~ GSHe(q) 
H GaH(q) /WTpHx-nyHKTHpHaR KpHBaR/ 04eHb nOXO~H Ha Te, KO
TOp~e 6~nH B~4HcneH~ 6appo3o H XaA~HMHXa3neM 1221 c Hcnonb-

t6 

• 

30BaHHeM MHKPOCKOnH4eCKOH BOnHOBOH $yHK4HI1. CpaBHeHHe y6e
AHTenbHO noKa3~eaeT, 4TO $opM$aKTOPbl hj(q),j=O,T,SH ST AaiOT 
HaM 11 411CTyl011 RAePHYIO HH$OpMa~HIO, H 4TO, HCnOnb3yR HX B on
TH4eCKOM noTeH~Hane, M~ He BHOCHM B Hawy MOAenb HenpaBHnb
HOCTeH npM y4eTe B nHoH-RAepHOM pacceRHHH Me30H-o6MeHH~X 
nonpaBOK 3neKTPOMarHHTHOH npHpOA~ · 

none3HO 113Y411Tb noBeAeHHe nnOTHOCTE~H h j (r), CBR3aHH~X 

npeo6pa30BaHHeM ~ypbe C COOTBeTCTByiO~HMH $OpM$aKTOpaMH 
hj (q). PacnpeAeneHMe nnoTHOCTH MaCCbl h 0 (r) TpexHyKnOHHOH 
CHCTeMbl noKa3aHO Ha PHC. 2. TaM ~e rpa$H4eCKH M306pa~eH~ 
cneAYIO~He eenH4HH~: 

1.5 

M 
I 

E -

1 1 hT(r) 
P (r) = -- + -- - - - - - -- ' 

P 2 6 h
0 

(r) 

P s (r) = j_ + j_ hs (r) 
2 6 h-o (r)- . 

p
11 

(r) =_!__ _ _!__ hT(r) 
2 6 ho (r) 

1.0 
PP (r) 

?nlr) 

2 3 r(fm) 

- Ps (r} 

3 2 3 rlfm) 

PHc. 2 . RAep HaR nn oTHOCTb 11 pacnpeAeneHMe npoTOHOB, HeHT 
poHOB M cnHHa . Pa cnp eAeneHHe p 8 (r) noKa3aHo AnR Tpex 
3Ha4eHM H MarHHT Horo paAHyca: - - --- Rm(3He)= 1 , 95 ~M, - --RJ3 He)= 
= 2,17 $M, -·- · - RmCS He)= 1,73 $M . 
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3AeCb Pp (r), p n (r) 11 p S (r) 0603Ha4aiOT COOTaeTCTaeHHO ae
pO~THOCTb Ha~TI1 npOTOH, He~TpOH 11n11 me 06Hapymi1Tb HYKnOH 
C npoeK~I1e~ cn11Ha, napannenbHO~ ~AePHOMy Cni1HY a ~APe SHe. 
Bepo~THOCTb p s (r) 6blna abi411CneHa An~ Tpex pa3ni14HbiX ae
ni1411H MarHI1THoro paA11yca Rm~H~. MarHI1THble ~opM~aKTOPbl, co
oTaeTcTayiOlJll1e aeni1411HaM Rm(SHe)= 2,17 11 1,73 ~M, 6blnl1 no
ny4eHbl 113 ablpameHI1~ /4. 15/ nyTeM yMHomeHI1~ Ha aeni1411HY 
exp(±~R2q2/6). TaK KaK napaMeTpl13a~l1~ /4.15/ aneKTpl14ecKoro 

11 MarHI1THOrO ~pM~aKTOpoa He ~an~eTC~ cnpaaeAnl1aO~ a pa~oHe 
q2 > 8 ~M-2 , TO aeni1411Hbl, noKa3aHHble Ha PI1C.2,HeAOCTaT04HO 
onp;AeneHbl, cKameM, np11 r ~ 0,7 ~M. Ec~epHoe ocHoaHoe 
COCTO~HI1e COAepmi1T TOnbKO 8 -cOCTO~HI1e, TO aepo~THOCTI1 Pp(r), 
Pn (r) 11 p S (r) AOCT11rHyT nOCTO~HHO~ aeni1411Hbl /3TO TaKme 
noKa3aHo Ha p11c. 2/. 0TKnOHeHI1e Haw11x Pp(r), Pn(r) 11 p 8 (r) 
OT 3TI1X nOCTO~HHbiX cornacyeTC~ C XOPOWO 113aeCTHbiM ~aKTOM /llL , 
4TO pa3nl1411e MemAY h 0(r) 11 hT(r) o6ycnoaneHo rnaaHbiM o6-
pa30M Mano~ npi1MeCbiO S' - -COCTO~HI1~, a TO ape~ KaK 3a pa3-
HI1~y MemAY h S (r) 11 h0 (r) OTaeTCTaeHHb11 npemAe acero, AOaOnbHO 
6onbWI1e KOMnOHeHTbl D-cOCTO~HI1~ ~AepHO~ aonHOBO~ ~YHK~I111. 

5. PE3YflbTAT~ ~ 06CYmAEH~E 

B 3TOM pa3Aene Mbl npeACTaBI1M pe3ynbTaTbl Haw11x pac4eToa 
no onTI14eCKO~ MOAenl1, a TaKme cpaaHI1M 11X C HaWI1MI1 3KCnepH
MeHTanbHbiMI1 AaHHbiMI1. Ha p11c. 3 noKa3aHbl A11~epeH~HanbHble 
ce4eHI1~ ynpyroro pacce~HI1~ " SHe np11 3Heprl111 T = 145 MaB. 
B aepxHe~ 4aCTI1 p11c. 3 noKa3aHo ce4eHI1e /cnnowHa~ Kp11aa~/, 
nony4eHHOe no onTI14ecKo~ MOAenH nyTeM peweHI1~ HHTerpanbHo
r~ypaaH~HI1~ /3.12/ An~ MaTpH~bl nHOH-~AePHOro pacce~HH~ 
<QjT(E)j Q>. 0HO cpaaHHaaeTC~ C pe3ynbTaTaMH Aayx npH6nH
meHHbiX peWeHH~. npe~e6pera~ 3~~eKTOM MHOiOKpaTHOrO pacce~
HH~ /T.e. nonara~ <Q'jT(E)J(h .. <Q'jV(E)jei>/, Mbl nony4aeM 
WTpHx-nyHKTHPHYIO nHHHIO. ~3 cpaBHeHH~ 3THX ABYX KpHBbiX MOmHO 
3aKni04HTb, 4TO a~eKTbl MHoroKpaTHoro pacce~HH~ eamHbl Aame 
An~ TaKoro nerKoro ~APa, · KaK SHe. Apyro~ np116n11meHHbl~ . 
pac4eT 6a3HpyeTC~ Ha ypaaHeHHI1 /3.12/, rAe a ~YHK~HH rpHHa, 
npeACTaaneHHO~ a aHAe 

1 p 
-------- = --------- irr8(E- E(Q)), 
E - E(Q) + i £ E - E (Q) 15.1/ 

Mbl npeHe6peraeM 4neHoM c HHTerpanoM a CMblcne rnaaHoro 3Ha-
4eHH~ /nyHKTHpHa~ nHHH~/. TaK KaK OCTaiOlJla~c~ 4aCTb, CB~3aH
Ha~ c 8-~yHK~He~, onHCblaaeT pacnpocTpaHeHHe nHoHa TonbKO 
Ha Maccoao~ noaepXHOCTH, TO 113 CpaaHeHH~ CnJlOWHO~ H nyHKTHp
HO~ Kpl1ab1X MOmHO 3aKni04HTb, 4TO 4yacTaHTenbHOCTb ynpyroro 
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PHc. 3. Ynpyroe "- SHe-pa cce~HHe npH TJta6 = 145 MaB; aepx-
H~~ 4aCTb pHCYHKa : -·-·-·- np116n11meHHe OAHOKpaTHOro 
pacce~HH~, - - - - pacnpocTpaHeHHe nHoHa Ha Maccoao~ no
aepxHOCTH, ------- - nonHbl~ pe3ynbTaT. HHmH~~ 4aCTb pHcyH
Ka: - ·- ·- h0(q) = h T (q) = h s (q) = h S'l'(q)., ------ R nJ:SHe)= 1 , 95 ~M, 
--- -Rm(!fHe)=2,17 ~M,- x- x -x - Rm(SHe)= 1,73 ~M. 

pacce~HH~ K nHoH-HYKnOHHbiM a~eKTaM aHe Maccoao~ noaepxHo
CTH MHHHManbHa. 3TOT ablaOA cnpaaeAnHa ao ace~ o6naCTI1 
~SS -pe30HaHCa. npOTHaononomHa~ CHTya~H~ Ha6niOAaeTC~ a 
3HepreTH4eCKOM HHTepaane E;a6. ~ 100 MaB. 0AHaKo Aame a o6-
nacTH ~ ss -pe3oHaHca 11 aHeMaccoable11 a~eKTbl AaiOT 3aMeTHbl~ 
aKnaA a nonHOe Ce4eHHe TT SlJ&-a3aHMOAe~cTaH~ H a ce4eHH~ 
peaK~HH nepe3ap~AKH SHe(rr ,rr 0

) SH. npH ab14HCneHI1H 3TI1X Tpex 
KpHabiX ~AePHble ~opM~aKTOPbl hj (q) , j=O,T,S H ST 6blnl1 ablpa-
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>KeHbl B TepM!-iHaX 3JleKTPI-14eCKHX 1-1 MarHI-iTHbiX <l>oPM$aKTOpOB. 
nocneAHI-ie 6bllll-1 napaMeTPI-130BaHbl cor nacHo I 4. 151 1-1 Ta6n. 2 
h .e. Rm(3 He)=1 ,95 ll>MI. 

Ce4eHHe, Bbi41-1CJleHHoe no onTH4ecKoill MOAenH nyTeM T04Horo 
peweHHR HHTerpaJlbHOrO ypaBHeHI-iR 13.121, noKa3aHO 8 Hl-i>KHeM 
4aCTI-1 p1-1c. 3 lcnnowHaR llHH!-iRI 1-1 cpaBHHBaeTCR c 3KcnepHMeH
TaJ1bHbiMH AaHHbiMI-1. noKa3aHbl TaK>Ke pe3yJ1bTaTbl, nOJ1y4eHHble 
aaMeHoill RAepHoro MarHHTHoro paA1-1yca APYrHMH 3Ha4eHI-1RMI-1 
I R m ( 3He)= 1, 73 1-1 2,17 ll>MI. CooTBeTCTBYIOl!IHe MarHI-iTHble lj)opw 
lj)aKTOpbl G3He(q) 6btJ1H Bbi41-1CJ1eHbl cor nacHo npot.~eAype, onHcaHHoi1 
B pa3Aene 4. Bl-1AHO, 4TO 4eM 6onbwe paAHYC Rm( 3He), TeM 6onb
we 3anOJ1HReTCR Ml-iHHMYM B Al-1$1j)epeHI..IHaJ1bHOM Ce4eHI-1H. 6onee 
3aMeTHble H3MeHeHI-1R npO!-iCXOART, eCJll-1 npeHe6pe4b pa3Hl-11..1eH 
Me>KAY 4eTbiPbMR RAePHbiMI-1 lj)opMij)aKTOpaMI-1, T.e. npHHRTb 
h T (q) = h s (q)= hsT(q)=h0 (q). CooTBeTcTBYIOlllaR wTp!-ix-nyHKTHpHaR 
Kp!-iBaR Cyl!leCTBeHHO OTJll-14aeTCR OT T04HOro pe3yJ1bTaTa lcnnow
HaR KpHBaRI np~-1 yrnax () > 70°. 3To cpaBHeHI-ie oTpa>KaeT rnae
HbiM o6pa30M POllb np!-1MeCH -S, -cOCTORHI-iR B RAePHOI71 BOJ1HOBOI7! 
lj)yHKI..Il-11-1, KOTOpaR 4yBCTBI-1TeJ1bHa K h O (q)- hT(q).;, 0 • AHanorl-14-
HbiM 3$$eKT Ha6J110AaJlCR B pa6oTe /18/, rAe 6biJ10 noKa3aHO, 4TO 
KOMnOHeHTbl S' -cOCTORHHR o6yCJ10BJ1HBaiOT pOCT Ce4eHI-1R 8 o6-
JlaCTH 60J1bWI-1X yrJlOB pacceRHI-iR. 

3Kcnepl-1MeHTaJ1bHble AH!l>$epeHI..IHaJ1bHble ce4eHI-1R np~-1 3HeprHRX 
180 1-1 195 M3B 1-1 pe3yJ1bTaTbl pac4eTOB no onTH4ecKoi1 MOAenl-1, 
nony4eHHble np~-1 Rm(3He)=1,73; 1,951-1 2,17 !l>M, noKaaaHbl Ha 
pHC. 4. npe>KAe BCero, OTMeTI-iM pOJlb nonpaBOK, CBR3aHHbiX 
C Me30H-o6MeHHbiMI-1 TOKaMI-1, K RAePHbiM MarHI-iTHbiM lj)OpMij)aKTOpaM. 
np~-1 Bb141-1CJ1eHHI-1 WTPI-1X-nyHKTI-1PHOH Kp!-iBOH Mbl l-1CnOJ1b30BaJll-1 3K
cnep!-1MeHTaJlbHble lj)opMij)aKTOfb1 G3H (q) 1-1 G 3 H(q), ypaeHeHI-ie 
14.151 1-1 Ta6n. 2 IT.e.Rm( He)= ,,95 !l>MI, OAHaKo Mbl nono>Kl-1111-1 
1-LSHe=lln Hila =llp),npeHe6peraR 4JleHaMH YaHe(q) 1-1 YgH(q) 
B ypaeHeHMRX 1~. 14e1M 14. 14rl. AHanorH4HaR npo1..1eAypa 6blna 
npHHRTa p .JlaHAay/10~ KOTOpbiH 11 npeHe6per11 Me30H-06MeHHbiMI-1 
3lj)lj)eKTaMI-1 B 3KcnepMMeHTaJ1bHbiX MarHMTHbiX <PopMij)aKTopax. Ha 
PHC. 4 MO>KHO BHAeTb, 4TO WTpMx-nyHKTMpHaR Kp!-iBaR Jle>KHT 
6nH3KO K pe3yJ1bTaTy co 3Ha4eHMeM RJ3He)= 2,17 !l>M. CneAo
eaTeJlbHO, Me30H-o6MeHHble 3¢$eKTbl BJ11-1RIOT Ha rr- 3He A1-11l>!l>epeH
I..Il-1aJ1bHble Ce4eHHR npHMepHO B TaKHX >Ke MaCWTa6ax, KaK H3Me
HeHHR B paAHYCe Rm( 3 H~ B npeAeJlaX, COBMeCTHMbiX C Cyl!leCT
BYIOllll-iMM 3Kcnepl-1MeHTaJ1bHbiMM AaHHbiMI-1 no e- 3He-pacceRHI-110. 
Y>Ke ynoMHHanocb, 4TO HawM pac4eTbl no onTH4ecKoi1 MOAellM He 
04eHb 4YBCTBMTeJlbHbl K AHana30Hy M3MeHeHHR Me30H-06MeHHbiX 
4JleHoB Y SHe(q) M Y3H (q). Ecn~-1 napaMeTp "a" e ypaeHeHI-iRX 
14.121 H3MeHReTCR OT a=1,486 !l>M AO a =1, 189 ll>M, TO .Ce4eHI-1e 
MeHReTCR TOJlbKO Ha 1-2%. Pa3HHI..Ia Me>KAY CnJlOWHOH M WTPHX-
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P1-1c. 4. Ynpyroe rr- 3He-pacceRHMe np~-1 TJJa6. = 180 M 195 M3B. 
---Rro(3He)=1,95 11>~,-- -RJ3He)=2,17 !l>M,-x-x- RrJ

3
He) = 

= 1 , 73 !l>M, - · .- ·- Rm( He) = 1, 95 !l>M. MeaoH-o6MeHHbiMM 3$$eKTaMI-1 

npeHe6peraeM. 

nyHKTHPHOill KPI-iBbiMI-1 npoRBJlReTcR rnaBHbiM o6paaoM 6naroAaPR 
TOMy, 4TO nOCTORHHble aS 1-1 aST ypaBHeHI-iH 14.14el 1-1 14. 14rl, 
npHHI-1MaiOT pa3J1M4Hble 3Ha4eHMR B 3aBI-1Cl-1MOCTI-1 OT TOrO, BBOART
CR nonpaBKI-1 Ha Me30H-06MeHHble 31j)lj)eKTbl, MJlM >Ke HeT. 

Mbl Mo>KeM aaKJ11041-1Tb, 4TO Ha6niOAaeTcR o6111ee xopowee corna
Cl-ie Me>KAY 3KCnepl-1MeHTaJ1bHbiMM AaHHbiMI-1 1-1 npeACKa3aHI-1RMI-1 onTI-1-
4ecKOI71 MOAelll-1 npl-1 ecex l-1CCJ1eAYeMbiX 3Heprl-1RX,0AHaKO peaJ1bHOe 
onpeAeneHMe RAepHoro MarHI-iTHoro paAI-iyca 1-13 AaHHbiX no nHoH-
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RAePHOMy pacceRHH~ RBnReTCR CKOpee TeopeTH4eCKOH, 4eM 
3KcnepHMeHTanbHOH npooneMoH. 

AnR TOro, 4T06~ peWHTb 
nonpaeKH Ha Me3oH-o6MeHH~e 

3Ty npo6neMy, cneAyeT y4eCTb 
3~eKT~ B MHKPOCKOnH-

4eCKOH MOAenH H O~eHHTb BenH4HHy APYrHx 3~~eKTOB, KOTOp~e 
MOryT BnHRTb Ha 3anonHeHHe MHHHMyMa B Ce4eHHH. HaH6onee ee
PORTHble 3~~eKTbl TaKara BHAa CBR3aHbl C BHpTyanbH~MH RAePH~MH 
eoa6ymAeHHRMH /MexaHH3M HeKorepeHTHoro pacceRHHR/. Hawe 
HccneAOBaHHe rr ±_ 3He ynpyroro pacceRHHR npoAonmaeTCR, 
H BHpTyanbH~e RAePH~e B036ymAeHHR 6YAYT npHHRT~ BO BHHMa
HHe npH B~4HCneHHH C OnTH4eCKHM noTeH~HanoM BTOporo nopRAKa. 
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