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BBEAEHHE 

B HacTofl~ee apeM.R npaKT~4ecK~ BCfl ~H¢opMa~~fl o aaaHMO.Qe~CTBHH 
CTpaHH~X 6apHOHOB C HYKflOHaMH ~3Bfl€KaeTCfl ~3 ,QaHH~X, nony4€HH~X 

npH HCCfl€,QOBaHHH fl.Q€PHbiX CHCT€M . .RCHO, 4TO B TaKO~ CHTya~~H lKena
T€flbHO HCKfl~4~Tb Bfl~flH~e MO,Q€flbH~X npe,QCTaBneH~~ 0 CTpyKType 
rHnepfl.Qep Ha npo~eAYPY ~aane4eHHfl 3neMeHTapHoro r~nepHyKnOHHoro 
aaaHMo.Qe~cTB~fl. H ecn~ .Qnfl rHnepTp~T~fl 3Ta aa.Qa4a npaKT~4eCK~ 
peweHa Ha ocHoae ypaBHeH~~ ¢a.Q.Qeeaa 111 , TO .Qnfl on~caHHfl 4-4ac
T~4H~x r~nep.R,Qep ~H, ~He Ha OCHOB€ ypaBH€HH~ .RKy60BCKOrO 
np~XO,QHTCR np~6eraTb K ynpo~eHHRM 121. 

CnolKHOCTb peweH~R 4-4aCT~4H~x ~HTerpanbH~x ypaaHeH~~ np~ 
OTpH~aTeflbHO~ 3Hepr~~ /np~ nOfl0lK~T€flbHO~ 3HeprHH B03H~Ka~T 
,QOnOnHHT€flbHbl€ TPYAHOCT~/ o6ycnoaneHa ABYMfl o6CTORT€flbCTBaMH. 
Bo-nepB~X, 3TO 60flbWaR pa3M€pHOCTb CHCT€M~ ypaBH€H~~. CBR3aHHaR 
KaK co cn~H-~aocn~Hoao~ cTpyKTypo~ napHbiX NN- ~ AN -noTeH~Hanoa, 
TaK H C 4HCflOM KOMnOH€HT, Ha KOTOp~e C CaMOrO Ha4ana pa36HaaeT
CR nonHaR 4-4aCTH4HaR aonHoBaR ¢YHK~~R. Bo-aTop~x. 3TO cpaBHH
TenbHO 60flbWaR pa3M€PHOCTb KalK,QOrO H3 ypaBH€HH~: nocne OT,Q€fl€HHR 
yrnoa~x nepeMeHH~x HMe~T .Qeno c ~HTerpanbH~M~ ypaaHeH~RM~ .QnR 
HeHaaecTH~x ¢YHK~~~ 3 nepeMeHH~x. B cooTBeTCTBHH c 3T~M~ ABYMR 
o6CTORT€flbCTBaMH pa3BHBa~TCR np~6flHlK€HH~e nO,QXO,Qbl K peWeHH~ 
4-•acTH4H~x ~HTerpanbH~x ypaBHeHH~. TaK, HanpHMep, a pa6oTe 121 

BMt eTa cao6o.QH~x AN-noTeH~~anoa ~cnonbaoaanHCb HeK~e ycpe.QHeH
H~e noTeH~~an~. AHanorH4H~e npo~eAYP~ a KOH~e 60-x ro.QOB npHMe
HRnHcb ,QflR yM€HbW€H~R pa3M€pHOCTH CHCT€M~ ypaBH€HH~ ¢a,Q,Q€€Ba 
a 3-HyKnoHHO~ aa.Qa4e. B 3TOM cny4ae HcnonbaoaaH~e ycpe.QHeHHoro 
nOTeH~~ana npHBO,QHflO npHMepHO K 20-30-npo~eHTHOMY nOHHlKeH~~ 
3Hepr~~ CBR3~ c~cTeM~ no cpaaHeH~~ c T04H~M pac4eToM. 

He npH6eraA K no,Qo6H~M annpoKC~Ma~HflM, paaMepHoCTb 4-4acT~4-
H~x ypaBHeH~~ MOlKHO cy~eCTBeHH~M o6pa30M yMeHbW~Tb, ecn~ BOC
nOnb30BaTbCR KOHe4HOMepHO~ annpOKC~Ma~~e~ HYKflOHHO~ 4aCTM nonHo
ro raM~flbTOH~aHa cHcTeMbl A3N. TaKaR npo~e.Qypa MaTeMaTH4eCKH 
KOppeKTHa e aa.Qa4e A 3He(3 H) -pacceRHHR, ecnM KHHeTH4ecKaR 3Hep
rH.R A -4aCTH~bl He npeBblwaeT 3HeprHH 6nMll<ai1wero nopora, TaK KaK 
B 3TOM Cfly4ae BOflHOBaR ¢J:HK4H.R 4-4aCTM4 KBa,QpaTH4HO HHTerpMpyeMa 
no HyKflOHH~M nepeMeHH~M Sl. 

B §1 Ha OCHOB€ 3TOi1 annpOKCHMa4HM nony4€H~ ypaBHeHH.R ,Qfl.A 
aMnmHYA ynpyroro A 3 He(~) -pacce.RHH.R. 

§2 CO,QeplKHT pe3YflbTaT~ peweHH.R 3THX ypaBHeHHii: Haii,QeHW 
BA(All) , BA(~He) -:meprHH OT.QeneHH.R A-nmepoHa B ocHoBHbiX co-
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' C.TORHHRX (J 77 =0+) rHnepRAep, :mepr~-11-1 B036YlKAeHHbiX COCTORHHM 

(J77 
=1+), AilHHbl 1-1 1 So- <t>a3a A 3He-pacceRHHR. 

B §3 o6cymAaeTCR HaAelKHOCTb Bbi4HCileHHi1. 

§ 1 • nPH6nl1)l{EHHbiE YPABHEHH~ Ail~ AMnilHTYA A 3 He-, A 3 H

PACCE~HI-1~ 

nycTb H=ho+V+hc- nOJlHbiH raMHilbTOHHaH A3N -cHCTeMbl, ho

raMHilbTOHHaH c8o6oAHoro ABHlKeHHR A-rHnepoHa OTHOCHTeilbHO ~eHT

pa Mace 3N -cHcTeMbl, nOilHbiM raMHilbTOHHaH KOTopoii he, 
3 • 

v = }; v"'N'' rAe i -HHAeKc HyKilOHa' VA . -napHbiH AN-noTeH~HaJl. 
i= 1 '-' I aNI 

Cor nacHo pa6oi"e 131 onepaTop nepexoAa A+ (3N) .... A+ (3N) YAOBileT-

sopfleT 4-4aCTI-14HOMy ypaBHeHJ-110 , 

T(z) = T 0 (z) + T 0 (z) (0 0 (z)- ac (z)) T(z) ' /1 .1/ 

rAe z = E + i<, < .... 0 + 0, E-nonHaR 3HeprHR A3N-cHcTeMbl, G0 (z) 

= (h 0- z r 1 ' Cc (z) =tho+ h c- z)-1 • OnepaTop T<' 'YAOBJleTBOpReT ypas

HeHJ-110 

T 0 (z) = V- VC 0(z)T 0 ~z). /1.2/ 

EcnH ~HHeTH4ecKaR 3HeprHRA-4aCTHUb1 MeH,we 3HeprJ.1H nepsoro 

nopora ((3N) .... N' +d), TO cnpaBeAilHBa annpoKCHMa~HR 

h .. hce>,_ }; B(y)ix ><xi. /1.3/ 
c c y y 

y =SH, 3He 

rAe B(0, Xy - cooTseTcTseHHO 3HeprHH CBR3H 1-1 BOilHOBble <IJYHK~MM 

RAeP 3H, 3He. 

npM 3aMeHe /1.3/ M3 /1.1/ CileAYIOT npHfiilHlKeHHble ypaBHeHMR, 

KOTOPble AilR S -sonHOBbiX aMnilHTYA A (3N) -pacceRHHR HMeiOT BHA 

T:(k ',k,z) = T;J(k', k, z) -

- B(y) j. dk" k" 2 T 01(k', k", z)C (k", z)x 
0 (2rr)3 Y 0 

/1 .4/ 

x a 0 (k'1 , z + B(y))T: (k", k, z), 

rAe 

T~J (k', k, z) = {<¢~ k' I T 0 (z) I ¢~k> (4rrt'"
1
dk 'dk, 

T:(k', k, z) = f<¢:k'l. T(z)i¢~k> (4rr)-1 
dk'dk, 

Y = 
3H, 3He, 
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J-+ 
l¢y k> - acMMnTOTM4ecKaR. son HoB a~ <IJ_}'HK~MR A (3N) -cMCTeMbl B co-

CTORHMM C nOilHbiM cnMHOM J =0, 1; k, k' - COOTBeTCTBeHHO MMnynb

Cbl A -4aCTI.,Ubl AO H no~Ile pacceRHHR. noJliOC aMnilMTYAbl T~(k ', k, E) 

npl-1 E =E*<O ,COOTBeTCTByeT CBR3aHHOMY COCTORHI-110 4-6apMOHHOH I 

CMCTeMbl. 

. TaKMM o6pa30M, AilR Bbi41-1CJleHHR 3Hepri-1H CBR3aHHbiX COCTORHYIH 

(J
77 

= Q-f:, 1 +) Heo6XOAMMO peWMTb BCero ABa OAHOMepHbiX ypaBHeHii.A, 

/1 • 2/, /1 •. 4/, BMeCTO CMCTeMbl 1 0 HHTerpaJlbHbiX ypaBHeHMH /e/ 

/B CJly4ae J =0/, 3KBYIBaJleHTHbiX ypaBHeHMRM ~Ky60BCKoro. 

npM cenapa6eJlbHbiX vAN ypasHeHMe /1 .'2/ MMeeT aH,aJlMTM4eCKOe 

peweHHe. AnnpoKCMMa~HR-/1.3/ n03BOI1ReT· HcnOilb30BaTb 3KcnepHMeH

TailbHble 3Ha4eHYIR 3HeprMR CBR3M M peaJlMCTH4eCKMe BOilHOBble <IJYHK

UMM RAeP 3 H, 3 He. 

§2. PE3YilbTATbl Bbi4HCilEHl1~ 

AsTOPbl pa6oTbl 121 Bbi4MCilMilH pa3HOCTb · ~BA = BA (A He)- BA (~H) , 

pewaR T04Hble ypasHeHMR. HM1-1 Mcnonb3osanMcb 4eTblpe Ha6epa 1 7 

(A, B, D, F) TeopeTMKo-nonesblx napaMeTpos Ap- H An -s3aMMOAeRcT-

BMR M ycpeAHeHHble AN-noTeH~Mailbl, HMeiO~Me B cny4ae J =0 BMA 

AilR ~H V~N =VA~ vs = _!_vs + _g_vs 
AN 3 An 3 Ap 

AilR ~He t t 
VAN= VAp' V s lvs 2vs 

AN = 3 Ap + 3 An . 

3TM noTeH~Mailbl .3aMeHRilMCb <~Ja3oso-3KBMBaneHTHbiMH OAH04Jl'eHHbiMM 

cenapafieJlbHbiMM noTeH~MaJlaMM ~Mary4M, KOTOpble M MCnOilb30BailMCb 

asTopaMM pa6oTbl 121 npM pac4eTax. 

AnR onMcaHMR HyKilOHHbiX noACMcTeM OHM npMMeHRilM OAH04IleHHble 

cenapa6enbHble 'NN-noTeHUHaJlbl npMTRlKeHMR C TeH30PHbiM B3aMMOAei1-

CTBMeM M yCe4eHHble HYKilOH-HYKilOHHble t-MaTpM~bl M nOilY4MilM B pa-

6oTe 151 B( 3 H) =7,05 M3B. 

AnR npoaepKM npM6IlMlKeHMR /1.3/ Mbl Bbi4MCilMilM BA(AH), BA(~He) 
/Ta6nM~a 1 I, B3RB Te me AN -noTeHUMailbl M Te 3Ha4eHMR 3HeprMi1 

cBR3M B( 3H) = B(3 He) =7,05 M3B, 4TO M aBTOPbl pa60Tbi 121 •. B Kq4ecTse 

WYHK~'I.1i1 x3H' x SHe 6biilM B3RTbl ¢eHoMeHonorH4eCKHe li>YHK~MM HpBMHra, 

BOCnpOM3BOAR~Me 3KCnepMMeHTailbHble 3Ha4eHMR cpeAHeKBaApaTM4HbiX 

paAMYCOB 

- l,.j 
<re > 3~ = 1,70 WM, 

- l,.j 
<r 2 >

3
% =1,88$M. 
He 

TaKMe BOilHOBble WYHKUMI-1 He y4MTb1BaiOT oTTailKHBaHMe MelKAY HYKiloHaMM 

Ha MaJlbiX paccTORHMRX, KaK H <IJYHKUMM, nOilY4MBWMeCR B pafioTe/ 5/ 

Ha OCHOBe NN-noTeHUMaJlOB 6e3 OTTaJlKMBaHHR. 113 Ta6n. 1 CileAyeT 

YAOBileTBOpHTeilbHOe COrilaCMe HaWMX 3Ha4eHMR ~BACO 3Ha4eHHRMM 

~BAp,a60Tbl /e~ 113 cpaBHeHHR 3HeprHi1 OTAeileHMR 
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TaonmJ;a I 

3HaqeHH51 BA(AH)• BA(AHe), ilB A /M::~B/ npH B(~) = B(3He)= 

=7 '05' M::~B H BOJIHOBbiX <PYHKIJ;HflX llpBHHra ,I:IJI51 fl~ep 3 H. 3He 

Mo~eJib BA(~H) BA(~He) ilBA LlB 121 
A 

B 
D 
F 

3,28 
3,54 
3,50 

3,73 
3,97 
3,72 

0,45 
0',43 
0,22 

BA (A H) = B( A_ H) - B ( 3H) = 9,27 - 7,05 = 2,22 M3B, 

4 4 3 
B A (A He) = B(AHe) - B( He) = 9,70 -7,05 = 2,65 M3B, 

LlB A= 0,43 M3B, 

0,47 
.0,43 
o, 19 

Bbi41<1CJ1eHHbiX B pa6oTe /tJ! np1<1 AN -noT~HL!~<~ane MOAen~<~ D, c Haw~<~MI-1 
pe3YJ1bTaTaMI<1 

BA(~H) ,= 3,54 M3B, BA (~He) = 3,97 M3B, LlB A = 0,43 M3B, 

cneAyeT, 4TO np1-1611~<~>Kew1e. 11.31 nP~<~BOAI<IT K hepecBJ'I3biBaHI<110 A -4ac

T~<~QW Ha 1,32 M3B Alll'l o6o1-1x. r~<~nepRAep: ;H. ~He. np~<~ annpoKC~<~Mal!~<~~<~ 
11.31 He Y41<1TWBaeTCJ'I nOJ10lKI<1TeJ1bHO onpeAeJleHHaR 4aCTb raMI<!Ilb

TOHI<IaHa he, OTBe4aiO~aJ'I HeCBJ'13aHHWM COCTORHI<IRM Tpex HYKilOHOB, 

CneACTB~<~eM 3Toro 1<1 l'IBJll'leTcR nepeCBR3WBaH~<~e, KOTopoe B cny4ae 

MOAen~<~ A npi<!BOA~<~T K B03HI-1KHOBeHI<110 Tpex yposHeH * (J77 =0+) c 3Hep

ri-1RMH 
-0,21 -0,71, -3,85 M3B AllR A+ 3H, 

-1 ,78, -2,93, -5,85 M3B Aill'l A + 3He. 

0AHaKo napaMeTpbl VAN MOAenH A, no-BHAHMOMy, HeyAOBneTBOPHTeilb Hbl, 

TaK KaK OHH 6JlH3KH K napaMeTpaM HYKJlOH-HYKilOHHOrO noTeHQHaJla 

lrn~6HHbl AAN- -20 Cl>M-2,,\NN- -21 Cl>M-2 I 1-1 AaiOT aaBbiWeHHble 3Ha4eHHR 

BA(AH) =0,35 M3B 17( LlBA =1 ,32 M3B 121 I3KcnepHMeHT 18~ BA(~) = 

=0, 13~0, 05 M3B, LlB A =0, 34~0, 07 M3BI. 

TaK KaK Bbi41<1CJ1eHHble HaMH 3Ha4eHHR LlBA 6nH3KH K 3Ha4eH~e~RM LlBN 

nOilY4eHHbiM 1-13 peweHHR T04HbiX ypaBHeHHH, TO HenpepbiBHbiH cneKTp 

HYKllOHHOH nOACI<ICTeMbl He Y41<1TbiBaeTCR B OAHHaKbBOH CTeneHH Alll'l 

OCHOBHWX COCTOJ'IHHH paccMaTpHBaeMbiX rHnepl'!Aep, 8eJ1H4HHa LlBA• no

BHAHMOMY, MaJ104yBCTBHTeJ1bHa K npH6J1H>KeHHIO 11 .31. HcnOJ1b3YR Te >Ke 

* Ol-Men1t.1~ 4To 3Ha4eHHe BA(AH) =2,45 M3B, npHBeAeHHoe a pa-

6oTe /a/, OTHOCHTCJ'I K Bo36Y>KAeHHOMY COCTOJ'IHI-110 rHnep.RApa ~H, J = 0, 

a He K OCHOBHOMy, 

4 

' 

:) 

r\ 
'1 
" 

TaonHu;a 2 

3HaqeHH.H BA(~H) , BA(~He), ilBA /M3B/ npH B(~) = 

=8, 482 M3B, -.BeHe)=7, 718 M3B H BOJIHOBblX <PYHKIJ;HHx 

llpBHHra ~JIH H~ep 8H, 3He 

Mo~enb BA (~H) BA(AHe) ABA 

B 
D 
F 

3,22 3,53 0,31 

3,67 3, 77 o, 10 

4,31 3,39 0,08 

TaonHu;a 3 

3HaqeHHH BA(~H), B A(~He) , fJ.B A/M3B/ npH B( 3H) = 
= B( 3He)=7,05 M3B H peanHCTHqeCKHX BOJIHOBbiX <PYHKIJ;HflX 

H~ep 3H, 3He 

Mo~eJib BA(AH) BA(A_He)· ilBA 

B 3,19 3,74 0,55 

D 2,55 3,04 0,49 

F 3,38 3,15 -0,23 

TaonHu;a 4 

3HaqeHHH BA(AH) , BA(A He) , LlB A /M3B/ npH B(3H) 
=8,482 M3B, ff(3H~ =7,718 M3B H peaJIHCTHqecKHX 

BOJIHOBbiX <PYHKIJ;HHX H~ep an. 3 He 

Mo~eJrb 
4 

BA(AH) 
4 

BA (AHe) LlBA 

B 3,303 3,639 0,336 
D 2,785 3, I 23 0,438 
.F 3,505 3,248 -0,257 

BOJlHOBble Cl>YHKL!HH HpBHHra, Ho 3KcnepHMeHTa11bHble 3Ha4eHHR 3HeprHH 

CBR3H 8(~)=8,482 M3B, B( 3 H~ =7,718 M3B, Mbl OL!eHHJlH BJlHJ'IHHe 

··KynoHoscKOH pa3HOCTH Ec =B(~)-B(3 He) Ha se111141<1HY LlBAITa6n.21. 

AnnpOKCI1MaQI1R I 1 • "3/ ri03B011ReT peani1C'rl14eCKI1 oni1CaTb RAP a 3 ll, 3 He. 

)lnR 3TOrO Mbl nOJld>KI11111 )( =)( =if> , rAe if> - 8 -KoMnOHeHTa BOJl-
SH SHe 00 00 
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00 

0 

-20 

0 
-30 

0 

-40 

0,0 

1g 
0 

o,s 1,0 

E M3B C.ik·.,(J· 
3 

¢as a A He-pacce.Hmur. 

HOBOH ¢1YHKIJ.I:1~ TP~T~.A I P(S) = 
,;0,9045, <r2 >'-h =1,78 ¢1M/, no
ny4eHHa.A B pa6oie 191 ~3 peweH~H 
ypaeHeH~H ¢1aAAeeea c NN~noTeH-
4~anaM~ PeHAa C M.ArK~M KOPOM, 
Pe3y!lbTaT~ 3T~X B~4~cneH~A np~
BeAeH~ e Ta6n.3 ~ 4. H3 Ta6n. 1-4 
cne{.lyeT, 4TO ,y4eT E c yMeHbwaeT 
3Ha4eH~·e ~BA Ha 0, 1-0,3 MaB e 
cny4ae BO!lHOB~X ¢IYHK4~H Tpex
HYKilOHH~X RAep, He Y4~T~Ba~~~X 
NN Kopa, ~ Ha 0,1 MaB ~n~ MeHbwe 
B C!ly4ae pean~CT~4eCK~X BO!lHO
B~X ¢IYHK4~H. H3 Ta6n~4 TaKme 

B, Aa~~eH Ha~6onee 6n~3K~e 
=0,366 MaB ~ BA(KH) =0, 13 

cneAyeT, 4To MOAe!lb F AN -s3a~
MOAeAcTB~R RB!lReTCR Ha~MeHee 

nOAXOA.A~eH A!l.A 06b.ACHeH~.A 3Ha-
4eH~.A ~BA. Hcnonb3YR VAN MOAe!l~ 

K 3Kcnep~MeHTanbHbiM 3Ha4eH~RM ~B A = 
MaB 17< M~ B~4~cn~n~ c~HrneTH~e A!l~H~ 

pacceRH~R 

A 8 (A+ 
3 

H) =4, 56 ¢1M, A 
8 

(A + 3 He) =4, 73 ¢1M 

~ 1 s 0 - ¢1a3y A 3He -pacce.AH~R /p~c. 1 I. np~ Bb14~C!leH~.AX ~cnonb-
30Ba!l~Cb 3Kcnep~MeHTa!lbH~e 3Ha4eH~R b(3 H), B( 3 He) ~ nonaranocb 
X3H =xane=<Poo · 

B TOH me MOAe!l~ HaHAeHbl 3Hepr~~ B036ymAeHHbiX COCTO.AH~H r~nep-
.AAep ~H.~He c J=1 ~ A!l~Hbl pacce.AH~.A: 

At (A+ 3 H)=4,20 ¢1M, At (A+ 3 He )=4,67 ¢1M. 

B cny4ae J =1 cpef.IH~e AN -noTeH4~a!lbl, paBHble 

Ail .A 

Ail .A 

4H 
A 

4 
A He 

VAN= VAn' 

VAN= VAp' 

vt = l..vt + _g_vt 
AN 5 An 5 Ap 

vt =~vt + .?_vt . 
AN 5 Ap 5 An 

3aMeH.A!l~Cb OAH04!leHHbiM~ cenapa6enbHbiM~ noTeH4~anaM~ BMary4~ 
TaK~M me o6pa3oM, KaK ~ npi1'J=O. 

AnR ~ccneAOBaH~R pon~ cn~HOBbiX c~n sseAeM e AN -noTeH4~a!lbl 
napaMeTp * y, xapaKTep~3Y~~~H ~x ~HTeHc~sHocTb VAN= V0 +yV

1 
(oN a'N ). 

3Hepr~~ B036ymAeHH~X COCTO.AH~H r~nep.Af.lep~H.~He, B~4HC!leHHWe npH 
pa3!1H4H~X 3Ha4eHH.AX napaMeTpa ~ np~Bef.leH~ B Ta6n.5.~aK B~f.IHO 

~3 Ta6n.5, Aame 3Ha4~Te!lbH~e eapHa4~H HHTeHC~BHOCT~ CnHHOB~X CH!l 

*.'r =1 ~OOTBeTCTByeT AN-noTeH4~a.rly MOAen~ a: 
'fl 

I 
~ 
ll 
i! 

I 

'j·· \ . 
,, 

~~ 

e AN-noTeH4~ane He no3BO!l.A~T nony4~Tb aKcnep~MeHTa!lbH~X 3Ha4e~~A 
3HeprHH Tp~n!leTH~X ypo~HeH 4-4aCT~4H~X r~nep.Af.lep, 

A 

4H 
A 
4He 
A 

y 

Ta6JJm.J;a 5 

3HeprHH B036~eHHbiX COCTO.HHHH /M9B/, o·r~'lHTaHHbie OT 

9HeprHH OCHOBHbiX COCTO.HHHH r!J:rrep.Hp;ep \H• 'X_He 

0,5 I ,0 I ,5 3KcrrepHMeHT /10/ 

2,970 2,636 2,451 1,04.:!:_0,04 

3,319 2,999 2,829 1~15.:!:_0,04 

§3. 3AKnto4EHHE 

06CYA~M HaAemHOCTb B~4~C!leH~.A 3Hepr~H OCHOBH~X COCTO.AH~H rM
nep.AAep ~H •A4He ~ A!l~H A!3He(~) -pacce.AH~R. 

3Hepr~lil OTAeneH~R BA( A H), BA(\He) ~ pa3HOCTb ~BA• Bbl4~cneHHble 
HaM~ .B 11¢IOI1A~Hr 11 -MOf.le!lH, OKa3a!l~Cb B 2-2,5 pa3a MeHbWe pac
C4~TaHH~X no ypaeHeH~RM /1.2/, /1.4/, 4TO cornacyeTc.A c pe3y!lb
TaTaM~ pa6oTbl/11/; COOTBeTCTBY~~~e AilHHbl pacce.AH~.A OKa3a!l~Cb 
B 2-3 pa3a 60!lbWe HaHAeHH~X ~3 ypaBHeH~H /1 ,2/, /1,4/. 3TO 
COOTBeTCTByeT TOMY ¢JaKTY·, 4TO 11¢IOI1A~Hr 11 -MOAe!lb He aAeKBaTHO Y4~
TbiBaeT a¢1¢1eKTbl MHoroKpaTHoro pacce.AH~R A -4acT~4bl Ha HYK!lOHax. 
B OT!l~4~e OT nony4eHHbiX B 11¢IOI1A~Hr 11 -MOAe!l~ ypaBHeH~.A /1 ,2/, 
/1 .4/ 3KB~saneHTH~ Heo6opeaHHOH c~cTeMe ypaeHeH~A, c¢1opMyn~poeaH
HbiX B paMKaX MeTOAa CM!lbHOH CB.A3~ KaHa!lOB A!l.A 3aAa4~ C raM~IlbTO
H~aHOM H = h 0 + V+ h<;), 4TO no3eon.AeT HaAe.ATbc.A Ha AOCTaTo4HO Kop
peKTH~A y4eT a¢1¢1eKTOB MHoroKpaTHoro AN-pacceRH~R np~ H~3K~x 
3Hepr~Rx A -4aCTH4bl B ~3naraeMoM nOAXOAe. 

PeanbHble 4acT~ A!l~H n3 He(3H)-pacce.AH~R, Bbl4~cneHHble 3T~M 
MeTOf.IOM B pa6oTe 131, YAOB!leTBOPHTe!lbHO cornacy~TC.A C 3KCnep~
MeHTa!lbH~MH AaHH~M~. CneAOBaTe!lbHo, npH6n~meHHe /1.3/, 04eB~AHo, 
6onee np~eMneMoe c ¢1~3H4eCKoA T04K~ 3peH~R, f.l!l.A on~caHHR 
A (3N) -c~cTeM RBnReTcR ~ 6onee HaAelKHbiM, 4eM B 3aAa4e n(3N). 

HaKOHe4, pe3Y!lbTaTbl pac4eTOB 3HeprHH B036ymAeHHbiX COCTO.AHMH 
c J =1 r~nePRAeP ~H. AHe yKa3biBa~T Ha Heo6XOAHMOCTb 4eTblpex4ac
T~4H~X pac4eToB c T04H~MH, a He c ycpef.IHeHH~M~ AN-noTeH4ManaMM. 
KpoMe Taro, He!lb3R, no-eHAMMOMY, MCKI1~4HTb sn~RHMe TeH30PHbiX 
AN-cMn Ha 3HeprHM 3TMX cocTO.AHMH, 
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00 ---- HOBOH ¢1YHKIJ.I::t~ TP~T~R I P(S) = 
,;0,9045, <r2 >'12 =1,78 ¢1M/, no
ny~eHHaR B pa6ote 191 ~3 peweH~H 
ypasHeH~I1 ¢1aAAeesa c NN~noTeH
~~anaM~ Pei1Aa c MRrK~M KopoM. 
Pe3ynbTaT~ 3T~X B~4~cneH~I1 np~
BeAeH~ s Ta6n.3 ~ 4. H3 Ta6n.1-4 
cneAyeT, 4TO ,y4eT E c yMeHbwaeT 
3Ha4eHHe ~BA Ha 0,1-Q,3 M3B s 
C!ly4ae BOflHOBbiX ¢IY11K~~H Tpex
HYKflOHH~X RAep, He Y4~T~Ba~~~~ 
NN Kopa, ~ Ha 0,1 M3B ~n~ MeHbwe 
s cny4ae pean~cT~4eCK~x sonHo
B~x ¢1YHK~~I1. H3 Ta6n~~ TaKme 

0 

-20 

0 
-30 

0 

-itO 

0,0 

lg 
0 

o,s 1,0 

E M3B C.ii.-«· 

¢as a A 3 He-pacceHHIHI. 

B, Aa~~el1 Ha~6onee 6n~3K~e 
=0,366 M3B ~ BA(KH) =0, 13 

cneAyeT, 4TO MOAenb F AN -s3a~
MOAe~cTB~R RBflReTCR Ha~MeHee 

nOAXOAR~e~ AnR o6bRCHeH~R 3Ha-
4eH~R ~BA. Hcnonb3YR VAN MOAen~ 

K 3Kcnep~MeHTanbHbiM 3Ha4eH~RM ~B A = 
M3B 17 ~ MM B~4~cn~n~ c~HrneTH~e Afl~H~ 

pacceRH~R 

A 8 (A+ 3 H) =4,56 ¢1M, A
8

(A + 3 He) =4,73 ¢1M 

~ 1 s 0 - $a3y A 3He -pacceRH~R /p~c. 1 I. np~ Bbl4~cneH~RX ~cnonb-
30Ban~cb 3Kcnep~MeHTanbHble 3Ha4eH~R B (3 H), B( 3 He) ~ nonaranocb 
X3H = X3He= ¢oo · 

8 TOH me MOAen~ HaHAeH~ 3Hepr~~ B036ymAeHHMX COCTORH~~ r~nep
RAep ~H.~He C J=1 ~ Afl~Hbl pacceRH~R: 

At (A+ 3 H)=4,20 <!lM, At (A+ 3 He )=4,67 <!lM. 

B cny4ae J =1 cpeAH~e AN -noTeH~~anbl, paBHble 

AflR 

AflR 

4H 
A 

4 
A He 

VAN= VAn' 

V,\N= VAp' 

vt = l.vt + ~vt 
AN 5 An 5 Ap 

vt =.l..vt + _g_vt 
AN 5 Ap 5 An 

3aMeHRn~cb OAH04neHH~M~ cenapa~enbHMM~ noTeH~~anaM~ RMary4~ 
TaK~M me o6pa3oM, KaK ~ npWJ=O. 

AnR 11ccneAOBaHI1R pon11 cni1HOBbiX Cl1!1 BBeAeM B AN -noTeH~~anbl 
napaMeTp * y, xapaKTep~3Y~~~A ~x 11HTeHc~eHocTb VAN= V0 +yV1 (c;A" a'N ). 
3Hepr~~ B036ymAeHH~X COCTORH~~ r~nepRAep~H,~He, B~411CfleHHWe np~ 
pa3n~4H~X 3Ha4eH~RX napaMeTpa ~ npi1BeAeH~ B Ta6n.5.~aK B11AHO 
113 Ta6n.5, Aame 3Ha411TeflbH~e Bap~a~l1~ ~HTeHC~BHbCT~ cn~HOB~X CI1Jl 

* y =1 c:ooTBeTCTByeT AN-noTeH~I1any MOAenl1 a:, 
-~ 

-

~J~ 

~ 
f 
H 

\I.' 
I• 

s AN-noTeH~I1ane He no3sonR~T nony411Tb 3Kcnepi1MeHTanbHWX 3Ha4e~l1~ 
3Hepr~A Tpl1n!leTH~X ypo~HeA 4-4aCTI14H~X r11nepRAep, 

A 

4H 
A 
4He 
A 

y 

T a6mm;a 5 

3HeprHH B036y~eHHbiX COCTOflHHH /M'3B/., OT~'IHTaHHbie -OT 
'3HeprHH ocHOBHbiX cocTOflHHH r,I·mep.A:p;ep \H, XHe 

0,5 1 ;o I ,5 3KcnepHMeHT /10/ 

2,970 2,636 2,451 1,04.:!:_0,04 

3,319 . 2, 999 2,829 I~ 15.:!:_0,04' 

§3. 3AKnto4EHHE 

06CYA11M HaAemHOCTb B~411CfleHI1R 3Hepr11H OCHOBHWX COCTORH11H rl1-
nepRAep A_H •A4He 11 Afl11H A3He(3n) -pacceRH~R. 

3Hepr~l1 OTAeneH~R BA (}.H), Bl\He) 11 pa3HOCTb ~BA, Bbl411cneHHble 
HaMI1.B 11$0flA11Hr 11 -MOAe!ll1, OKa3afli1Cb B 2-2,5 pa3a MeHbWe pac
C411TaHH~X no ypasHeH~RM /1 .2/, /1 .4/, 4TO cornacyeTCR c pe3ynb
TaTaMI1 pa6oT~/ll/; COOTBeTCTBY~~I1e Afl11H~ pacCeRH~R OKa3afli1Cb 
B 2-3 pa3a 6onbWe HaHAeHH~X 113 ypaBHeH~~ /1 .2/, /1.4/. 3TO 
COOTBeTCTByeT TOMY $aKTy·, 4TO 11$0flA11Hr 11 -MOAenb He aAeKBaTHO Y4~
TbiBaeT s$$eKTbl MHoroKpaTHoro pacceRHI-iR A -4aCTI1~bl Ha HyKnoHax. 
8 OT!l~411e OT nony4eHI:JbiX B 11$0flA11Hr 11 -MOAen~ ypaBHeHI1R /1 .2/, 
/1 ,4/ 3KB~BaneHTH~ He06opeaHHOH C~CTeMe ypasHeH11H, C$OPMYil~POBaH
HbiX B paMKaX MeTOAa C~flbHOH CBR311 KaHaflOB AflR 3aAa411 C raMI1flbTO
H~aHOM H = h 0 + V+ hC:), 4TO no3sanReT HaAeRTbCR Ha AOCTaT04HO Kop
peKTH~A y4eT 3$$eKTOB MHoroKpaTHoro AN-pacceRH~R np~ H~3K~x 
3Hepri1RX A -4acT~~bl s 113naraeMoM nOAXOAe. 

PeanbH~e 4acT~ Afl11H n3He(3H)-pacceRHI1R, B~411CneHH~e 3TI1M 
MeTOAOM B pa6oTe 131, YAOBfleTBOPI1TenbHO cornacy~TCR C 3KCnepi1-
MeHTaflbH~MI1 AaHH~MI1. CneAOBaTe!lbHo, np116n~meH11e /1.3/, 04eB~AHO, 
6onee npl1eMneMoe c $113114eCKoA T04K~ 3peH~R, AnR on11caH11R 
A(3N) -c~cTeM RBnReTcR 11 6onee HaAemHbiM, 4eM s 3aAa4e n(3N). 

HaKOHe~, pe3YflbTaTbl pac4eTOB 3Hepr~A B036ymAeHHbiX COCTORH11H 
C J =1 r11nepRAeP ~H, ~He yKa3biBa~T Ha He06XOA11MOCTb 4eTblpex4ac
TI14H~X pac4eTOB c T04H~M~, a He c ycpeAHeHH~M~ AN-noTeH~11anaM~. 
KpoMe Taro, HenbsR, no-e~A~MoMy, ~cKn~4~Tb sn~RHHe TeH30PHbiX 
AN-c~n Ha sHepr~~ 3TI1X cocTORH~A. 
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BenaeB B. B. , IlyiThnneB B. B. P4-82-:-815 
OrrHCaHHe B3aHMO~eHCTBHH A -qacTHil c TpexHyKnOHHb!MH HAPaMH' 
rrpH HH3KHX 3HeprHHX 

CBOHCTBa CBH3aHHbiX COCTORHHH rHrrepHAep ~H, A_ He H A 3He(3H)
pacceHHHe HCCITeAYIOTCR Ha DCHOBe IIpH6niDICeHHbiX 'IeTb!pextiaCTH'!Hb!X 
ypaBHeHHH, B KatieCTBe BXOAHbiX AaHHblX HCITOITh3yiOTCR cerrapa6enb
Hble AN-rroTeHI~Hanbi, «PasoB03KBHBaneHTHbie rrpH HH3KHx 3HeprHRx 
pasnH'!HbiM BapHaHTaM TeopeTHKo-rroneBbiX IIOTeH~HanoB • BXOAHbiMH 
AaHHbiMH TaKJKe RBITHIOTCR clJeHOMeHOnOrHqeCKHe H 11peanHCTH'!eCKHe11 

/COOTBeTCTB~mHe pemeHHIO ypaBHeHHH ~aAAeeBa C ITOTeH~anoM 
PeHAa C MHrKHM KOpOM/BOITHOBble cPYHK~HH TpexeyKnOHHbiX RAep •. 

Pa6oTa BbmonHeHa B Jla6opaTopHH TeopeTHqecKoH cPH3HKH OIDUI. 

npenpHHT 06bCAHHCHHOro HHCTHTYTa RACPH~X HccneAOBaHH~. Ay6Ha 1982 

Belyaev V.B., Pupyshev V.V. P4-82-815 
Description of theA-Particle Interaction with the Three
Nucleon Nuclei at Low Energies 

Properties of the bound states of hypernuclei A_He and ~H 
and A3He( 3H)-scattering are studied on the basis of approxi
mate 4-particle equations. As an input we used separable AN
potentials phase-equivalent at low energies to different ver
sions of M.M.Nagels, T.A.Rijken and J.J. de Swart field- ' 
theoretical potentials. The input includes also phenomenolo
gical and "realistic" (obtained by solving Faddeev equations 
with the Reid soft-core potential) wave functions of three
nucleon nuclei. 

The investigation has been performed at the Laboratory of 
·Theoretical Physics, JINR. 
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