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KaK H3BeCTHO, HH!pOpMaum1, H3BneKaeMaSI H3 onbITOB no. HyKn0H-HYK

noH_H0MY eacceSIHHI0, He nonH0CTblO xapaKTep_H3yeT B3aHMOJleficTBHe Me::>Kay 

. HyKnoHaMH. 3To o6cTOSITenbCTBO CBSI38H0 C TeM, 'ITO B SKcnepHM eHTax H3-

MepSIIOTCSI cpa3bl pacceSIHHSI H napaMeTpbl CMellIHBaHHSI, T.e. BenH'IHHbI, CBSI-

38HHbie C aMnnHTyaofi pacceSIHHSI Ha MaCCOBOH nosepxH,o_CTH. 3cpcpeKTbl BHe

M8CC0B0CTH MoryT npoSIBHTbCSI T0nbK0 B CHCTeMax, C0CT0SillIHX H3 'IHCna 

'18CTHU n :::. 3. ITpocTefillIHM npoueccoM TaKoro poaa SIBnSieTCSI T0pM03H0e 

H3ny11eHHe B pacceSIHHH HyKn0H0B HyKnoHaMH. OaHaKO H3-3a ManocTH ce-

11eHHSI H cno::>KH0CTH aHanH3a B HaCT0Sill!ee speMSI 0TCyTCTBYlOT· H_aae)KHbie 

cseaeHHSI 06 aMnnnTyae sToro npouecca, nosToMy anSI r.13r1eHHSI BHeMacco

soro noseaeHHSI 2-HyKnOHHOH aMnmITYllbl Mb! c ,Heo6xollHMOCTblO npHX0llHM 

K nccneaosaHHIO CBOHCTB 3-HyKnOHHblX CHCTeM. 

OJlHOH H3 B03M0)KHbIX nDCT8H0B0K 381l8'IH H3y11eHHSI 9!p!p9KTOB BHe

M8CC0B0CTH SIBnSieTCSI cneayJOmaSI: paccMaTpHBaeTCSI C0B0KynH0CTb ~peanH

CTH'IeCKHX"' HyKn0H'.'"HyKn0HHb!X noTeHUHanos, no K0T0pb!M_ CTp0SITCSI 2-qac-

TH'IHbie - MaTpllllbl BHe MaCCOBOH nosepXHDCTH. C STHMH t -MaTpH-

uaMH pe111a10TCSI ypaBHeHHSI cf>aaaeesa H Bbl'IHCnSIIOTCSI Ha6moaaeMbie xapaK

TepllCTHKH 3-HyKnOHHbIX CHCTeM. 
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B llaHHOH pa5oTe rrpoBO/ll!nCH pac<IeT sneKTpOMaI'HllTHblX Il cna5hIX 

cpopMcpaKTOpOB 
3 He U 

3H C llBYMH 'peannCTl!'IeCKilMil"' IIOTeHunanaMn. 

nByxqaCTl!'!HaH t -MaTpl!Ua BHe MaCCOBOH IIOBepXHOCTl! CTpol!nacb B COOT-
/I/ . 

BeTCTBl!l! c rrpoueaypoii:, Oill!CaHHOil: B pa5oTax • KpoMe sneKTpoMaI'Hl!THblX 

l! cna5bJX cpopMq>aKTOPOB, Bbl'Il!CnHnacb Ilpl!Mecb COCTOS!Hl!SI CMell!aHHOH Cl!M-
3 

MeTpl!l! p s, ' a TaK)Ke SHeprl!H CBH31I H B IIOTeHUl!ane ( 2). 

PacqeT. cpopMq>aKTOpOB C IIOTeHUl!anoM ( 2) IIpOBO/lllnCH B 2, Bapl!aHTax: 

C yqeTOM l! 5ea yqeTa KynOHOBCKOI'O B38JJMOJleil:cTBJJSI B 3He • Y<IeT Kyno-

u 

5 
x/ HOBCKOI'O B38l!MO/leHCTBIISI ocymecTBnHnCH cne/lyIOIJil!M rrpn nl!)KeHHbIM 

3 
crroco5oM: TaK KaK npoTOHbl B He B3al!MO/leil:cTBYIOT B Cl!HrneTHOM coc-

. . 
TOS!Hlll!, TO KynoHOBCKOe OTTanKl!BaHl!e llOn)KHO Ilpl!BeCTl! K yMeHbll!eHl!IO 

rny5HHhI Cl!HrneTHoro rroTeHUl!ana ( 2-). Bb16npanocb TaKoe · uaMeueirne rny-

5HHhI cnurneTHoro rroTeHunana, 'IT06b1 BocrrponaBo/ll!nocb sKcrrepHMeHTanbHoe 

3Ha'!eHl!e KynoHOBCKOil: SH_eprIIl!, paBHoe 0, 76 M SB • 
. . ·. ,, . _·,,. .. . . . . ' /2/ 

ITepBblll peanl!CTl!'IeCKIIl! IIOTeHul!an - STO IIOTeHunan Mopae 

OIIl!CbJB8IOIJIH:ii
0 

35 l - l! j 5 O _: lp83bi HyKno~-HYKll~HHoro pacceHHIISI B l!l!Tep-

sane O - 400 MsB: s. t s. t 
T - TO r_-r 0 -2 - -~--;;-, s. t s,t. 

8
s,t 

V = V [ e o ·- 2e 0 I. I 0 ( 1) 

Ta5miua rrapaMeTpoB IIOTeHuIIana ( 1) 

V (Mev) T ( fm) a
0

(fm)_ a (fm) p - (f_m) 

CIInrneT 61,99 0,9365 0,3957 -23, 678±..0,028 2,44±..0, 11 

TpIIrmeT 119,49 0,8668 0,3408 5,397±..0,011 1,727±..0,013 

a II p - anl!Ha paccemrna l! scpcpeKTHBHbIH paaHyc. 

xi MaTeMaTl!'IeCKH KOppeKTHaH IlOCT8HOBKa 38/l8'Il! y<IeTa KJJJOIIOB
CKOI'O B38llMO/leil:cTBl!SI B aaaaqe 3 Ten /l8Ha B pa6oTe/4/. 

4 

-..;; 
' 

1-
1 -, 

' .·+ . . ~ I 

! 

I 

C noTenmrnnoM ( 1) B pa5oTe [ l c 1 Bbi'Il!CnHnacb SHeprl!H CBSl3l! 

Hllpa 3 H , 0Kaaas1.11aS1cH p11mwil: 9,12 MsB. 
,_ . /3/ 

BTopoii: "'peanl!CTl!'IeCKllii"' noTeHul!an Oill!CbJBaeT 

cpaabI pacceHHl!H B l!HTepBane 0 300 Ms~: 

V s,·t 

11 

-•µ :;,t T 

s, t e 1 
= A - -

l T 

+'As, t 
2 

-µs,t T 

e 2 

r 

Ta5nIIua napaMeTpoB rroTeHul!ana ·(2) 

35 - l! 
1 1s 0 

( 2) 

A .\ µ/Im-I )µ
2 

(fm-'1) ·a (Im)· p (fm) 
I 2 

Cl!HrneT -2,64 7,39 1,55 3, 11 -23,3 2,8 

Tpl!nneT -3,22 7,39 1,55 3, 11 . 5~45 1,8 

3Heprirn CBH3l! Hllpa ·3 H , pacc<Il!TaHHaH c noTeHuHanoM ( 2), oKaaanacb 

pa BROM 8,56 M aB. 

HH)Ke IIpHBO/ll!TCSI Ta5nl!U8 paCC'IIITaHHblX ... C noTeHUl!anaMl!. ( 1) l! ( 2) 

"body" - cpopMq>aKTOpOB _ F oc ( q 2 ) l! FLC ( q 2 ) B Bapl!aHTe 5ea yqeTa 

KynoHOBCKOI'O B3al!MOJleil:CTBl!H. ( OnpeaeneHl!e Benl!'Il!H F (q2) l! F ( q2) 
/ 5 / OC LC 

MO)KHO Hail:TII, Harrpl!Mep, B pa5oTe ) • 

. 2 . 
Ha Ta5nl!Ubl Bl!llHO, 'ITO Ilpl! q ·> 2 cpopMcpaKTOpbI, paCC'Il!TaHHbJe 

C noTeHul!anoM V.
1 

t l!llYT 3aMeTHO BbJl.lle SKCIIepl!MeHTanbHblX aHa'!eHl!lio 

TeH/leHUl!SI K 38BbJl.lleHHbIM aHa'!eHl!SIM cpopMq>aKTOpOB 5bma o5Hapy)KeHa 

" 5 /7/ T TaK)Ke B pacqeTax C noTeHUIIanOM rrpHMoyronbHOl! S!Mhl B pa oTe • aK 

KaK IIOTeHUl!an VI , TeM He MeHee, OIIl!CbJBaeT SKcnepl!MeHTanbHbJe 

Benl!'Il!Hbl Ha MaCCOBOH rroBepxHOCTl! llO 400 MsB, He05XOlll!MO caenaTb 

aaKn10<IeHue o HeKoppeKTHOM noBeaennu rroTeHul!ana V (k , k ' ) 
I 

BHe MaCCOBOM noBepXHOCTl! Ilpl! 5onbllll!X aHa'!eHl!SIX k l! k, 
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Ta6nnua I 

TeopnH 8KcrrepnMeHT 
/6/ 

q2 (Em -2) 
v, v11 

Foe FLC F oc FLC Foe FLC 

1 0,7573 0,7104 0,6964 0,6483 O, 73 l:!:,O, 237 0,649::!:_0,077 

1,5 0,6746 0,6229 0,5901 0,5346 0,4 79,±.0,098 0,481.:!:.0,026 

2 0,6043 .0,5473 0,5036 0,4456 0,422,±_0,054 . 0,396::!:_0,016 

3 0,5440 0,4487 0,3738 0,3180 0,380::t.0,064 0,293::!:_0,026 

4 0,4018 0,3179 0,2829 0,2324 0,314::!:_0,059 0,219,±_0,028 

5 0,3139 0,2353 0,2173 o, 1729. o, 145::t.0,031 o, 134::!:_0,015 

6 0,2752 0, 1975 0, 1690 0, 1305 

7 0,2238 0,,1524 

8 o, 1850 o, 1208 

9 o, 1534 0,0957 0,0843 0,0593 

IO 0, 12.78 0,0765 0,0678 0,0461 

TaKHM o6pa30M, BHllHO, 'ITO cpaBHeHHe paCC'IHT8HHhlX cfiopM$aKTOpOB, 

C 9KCIIepHMeHT8nhHO rrony'leHHbIMH MO)KeT 6b!Tb aor.onHHTenhHblM KpHTe

pueM, Cy)KaIOIIlH~ Knacc HCIIOnhGyeMblX ,, peanHCTH'leCKHX" ITOTeHunanoB. 
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B Ta6n. 2. rrp1rneaeHbl paCC'IHTaHHbie H <e1KCIIep11MeHTanhHble 3Ha'leHHSI 
) . 

cpeaHeKB81lP8TH'IHhlX paa11ycOB H/lep Jn H 
3 He, Bee COCTOHHIISI 

' 2 ., • .. 2 d V " 
cMelllaHHO_ii CHMMeTpHH p s , = J ( ifr + 'I' ) ' aKCIWllhHblll MaTpH'I-

HhIH sneMeHT I rd 12 JlmI /3 - pacrraaa 3 H ➔ 3He + .e- + ';'., 

H 9HeprHSI CBH3H J H 

Ta6nnua 2 

TeopHH 8Kcrre pH Me HT 

v, V11 

b. ( l m2 ) 10,24 11,24 11, 10::!:_0,58 

--
Rm 3He(fm) 1,48 1, 70 1, 74::!:_0,05 

-
R

3
H (fm) 

m 
1,52 1, 71 .1, 7.:!:.0,05 

PS, 4,7% 2% 

I J ~ 1
2 2,63 2,83 2,84,±_0,06 

E (Mev) 9, 12 8,56 
3H 

8,48,, 

3aech BenH'IHHa b. 4R 2 -R 2 +3r 2 = 4R 2 
3 -R 2

3 BBelleHa llnH 
LC OC PC C He C H 

Toro, 'IT06bl HCKnIO'IHTh H~ Bb!pa)KeHHii JlnH 38PHllOBbIX paanycoB 3He 

H 3 H 

R2 
C 3 He 

R 2 
C 3H 

R2 
LC 

+ r 2 
PC 

R2 
oc 

2 + r 
. PC 

1 r2 +~ 
2 NC 

+ 2t 
2 

NC 
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aapSI.OOBhiii 'patiIIyc iieiiTpoHa rNC 

aKcrrepnMeHTa;- r 2 · = 0,672 lm 2 
PC 

, K0Topb1ii rrnoxo orrpenem1eTcS1 II3 
/8/ 

- aapSinOBbiii panIIyc rrpoToHa-

l1Taic, peweHIIe ypaBHeHIIii 4>anneeaa c rro.TeHimanoM V11 rro::rnonSieT HaiiTII· 

BOnHOBYIO q>yHKUIIIO CB-Sl38HHOrO COCTOSIHIISI 3-HyKnOHHOH CIICTeMb! 1 H8II6onee 

nonHO OIIIICb!BBIOWYIO xapaKTepIICTIIKII Sinep 3 He II 3 H 

KaK y:»<e OTMe'lanOCb Bb!We, onIIH BapIIaHT paC'leTa a.neKTpII'leCKoro 

qiopMq>aKTOpa sinpa 3 H; ( c IIOTeHuIIan~M VII ) IIpOBOJmncSI c I!pII-

6nII)K0HHb!M y-qeTOM KynoHOBCKoro B3aIIMoneiiCTBIISI. Ha pIICYHKe naeTCSI 
3H 3He 

oTHoweHIIe aapsinoBbIX q>_opMq>aKTopoB F c I F c B rrpenrrono)KeHIIII, 'ITO 

aapSinOBb!H q>opMq>aKTOp HeiiTpoHa paBeH ·Hynro, B 9TOM cny11ae 

3 H 3 He 
F / F 

C c. 
F IF 

__ OC LC 

Ha pIICyHKa BIIJlHO, 'ITO y'leT KynoHOBCKoro B38IIMoneiiCTBIISI yny-qwaeT co

rnacIIe C 9KCI!epIIM0HT8JlbHb!MII nliHHb!MII. 

PaccMoTpIIM- Terrepb peaKUIIII )3 - pacrrana II µ -aaxBBTa µ -+ 3He ➔ 

-➔ 3 H +_ V. J(aK ll3BeCTHO, BepoSITHOCTll 9TIIX rrpoueccoB orrpenenSIIOTCSI 

aHa'leHIISIM n q>epMHeBCKOro I J l I 2 II raMoB-TennepoBcKoro I J-;; 1
2 

MaTpII'IHb!X aneMeHTOB H BenH'IHH8MII KOHCT8HT cna5oro B38IIMoneiiCTBIISI -

g , g ' g - • B f3 - pacrrane TPHTIISI Bb!IIOntrneTCSI ycnoBIIe 
A •V P 

q 2"' O , rroaToMy I f 1 12 = l. KpoMe Toro, na-aa ycnoBHSI q2"' 0 aeposiT-

HOCTb f3 -pacrrana rrpaKTH'leCKH He 38BHCHT OT KOHCTaHThl HaaeneHHOro 

nceanocKanSipHoro aaanMoneiicTBHSI 

nanaM 3H, ➔ 3He , n ➔ p n 140 

nnSI MaTpH'IHoro aneMeHTa I f ;;. 12 B 

g.p • KoM6HHHpySI naHHb!e IIO -{3 -pac-
• /9/ 

➔ 14N , 8BTOpbl pa60Tbl Hawnn 

f3 - pacnane 3 H aHa-qeHne, paB-

Hoe 2,84±.0,06. IlpII 9TOM 3Ha'leHHSI nnsi KOHCT8HT g A H g V OK838JIHCb 

cnenyromnMn: 

8 

r 

2.2 

2.0 

1.8 

/.6 

f.4 

1.2 

f.O 
( 2 j 

"· 
s 6 7 /) 

q,?. ( 1-2) 
Pnc. 1 

CrrnowHaSI KpHB8SI - OTHOWeHHe <popM<paKTOpOB F 3 H (q 2 ) /·F 3He ( q 2 ) 

C y-qeTOM KynOHOBCKOrO B3aIIMO/l0HCTBHSI, IIYHKTHpHaSI KpHBaSI -
TO )Ke OTHOWemie 6ea y'leTa KynOHOBCKoro B38IIMonerrcTBHSI. 

9 
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-49 3 
g v = ( 1,404:!:,0,004). 10 apr.cM , 

rg -lg J2"' 
A V 

1,545:!:, 0,028. 

I ➔ 12 KaK BII/lHO II3 Ta6n. 2, pac'leT MaTpII'IHOro aneMeHTa .f u C IIcrronb-

aoBaHIIeM rroTeHUIIana V 1 rrpIIBOllIIT K aHa'leHIIIO 2,63, pac'leT c rro

TeHuIIanoM (2) JlaeT 3Ha'leHne 2,83, 'ITO HaXOllIITCR a·xopoweM cornacIIII 

C 3KcrrepIIMeHTanbHbIM 3Ha'leHIIeM, McXO)lR II3 3Toro o6CTORTenbCTBa, 

a TaK>Ke II3 Toro ifiaKTa, 'ITO aneKTpoMarHIITHbie ¢opM¢aKTOpbI rrpII ManbIX 

q 2 RBnRIOTCR rnallKIIMII ¢YHKUIIRMII q 2 , ecTeCTBeHHO rrpe)lrrono>KIITh, 

'ITO 3H.a'leHIIR aKcIIanbHOro II BeKTOpHoro MaTplI'lHbIX aneMeHTOB rrpII 

q 2 = 0,273 fm-2 TaK>Ke xopowo 6yJlyT BbI'IIICnRTbcR, ecnII rronbao-

BaTbCR rroTeHuIIanoM (2). 8To 03H8'laeT, 'ITO C 6onbWOfi Ha)le>KHOCTblO 

Mb! MO>KeM II3Bne'lb II3 3KcrrepIIMeHTa no_µ -aaxBaTy Ha 3He 

llCB)lOCKangpHOfi KOHCTaHTbl g p cna6oro B3aIIMO)lefiCTBIIR. 

BenII'IIIHY 

Bocrronb30B8BWIICb cpe)lHIIM 3KC11epIIMeHTanbHbIM 3Ha'leHIIeM Be

pORTHOCTII µ. -aaxBaTa Ha 3 He B KaHane µ. - -r3 He · ➔ 3H + v , paBHOM 
. -1 . 

1468:!:,40 CeK , JlnR rrceB)lOCKanRpHOfi KOHCTaHTbl Hafi)leM: 

_gp_ 

gA 
5,33 , 

'ITO HaXOllHTCR B COOTBeTCTBIIII c peaynbTaTaMII pac'leTa pa6oThl 
/10/ 

pliaHTe, B KOTOpOM IICITOnb30Banacb aapIIaUIIOHHag BOnHoBaR ¢yHKUIIH 

B ·Ba-

rayccoBCKoro TIIrra, a rrpIIMecb S ' - COCTORHIIR rrpIIHIIM anacb paBHOfi 2%. 

TaKIIM o6paaoM, pactJeTbl C noKanbHbIM llOTeHuIIanoM ( 2) ll03BOnRIOT 

rrocne)loBaTenbHo II 6ea JlOllonHII~enbHbIX rrpe)lrrono>KeHIIfi orr~caTb MHorIIe 

CBOfiCTBa 3-HyKnOHHbIX CIICTeM. CneJlyeT_ OTMeTHTb TaK>Ke, 'ITO TpIIrrneT

Hblll: rroTeHuIIan ( 2) sIBnsieTCR a¢¢eKTIIBHbIM llOT8HUIIanoM B TOM CMbICne, 

'ITO OH a¢¢eKTIIBHO Y'IIITbIBaeT CMeWIIBaHIIe ( II3-38 TeH30pHoro B38HMO-

)leficTBIIR) TpIIrrneTHOfi s - II D -BOnH. 8To 03HaqaeT, . <J;TO aji<peKTIIB-

10 

\ 
· Hoe orrIIcaHIIe rrpIIMecefi BbICWIIX KoH¢1IrypauIIfi rrpII pac'leTe paccMoTpeHHbI:l! 

BbIWe a¢cpeKTOB RBnReTCR JlOCTaTO'lHbIM ( 'lero Morno 6bI He 6b!Tb llpII pac

CMOTpeHIIII, HarrpIIMep, rrapuIIanbHbIX ce'leHIIfi ¢oTopacmerrneHIIR 3 He ) • 

ABTopbI Bb1pa>Ka10T 6riaroJlapHoCTb B.H. E¢nMoay, IO.A. CIIMOHOBY 

II A.M. EaJlanRH aa IIHTepec K pa6oTe II rroneaHoe 06cy>KJleH1Ie peaynb

TaToB, 
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