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A H H 0 T a U H g 

Pacc'!HT8Hhi s - tiJasbi pacceSIHHSI neiiTpOHOB na .oeiiTponax npH ManhiX sneprHSIX Ba -, 

pHaUHOHHbiM M8TO.OOM C yqeTOM .oecpopM8UHII .08fiTpOHa.B38HMO.Ll8HCTBH8 HyKnOHOB npe.onona -· 

ranocb uenTpanhHbiM, sapSI.LlOBo-HHBapHaHTHbiM H HMeiOWHM o5MeHHhiii xapaKTep. Pa.oHan::..;taSI 

38BllCHMOCTb ITOT8HUHana SI.Ll8pHbiX Clln BhlopaHa B cpopM\3 Kp!IBOH f'aycca, napaMeTpbl KOTOpOfi 

cornaCOB8Hbl C .OBHHb!MH ITO n _, p - B38HMO.Ll8HCTBHIO npH MBnbiX 9HeprHSIX. npH Bb!OOpe npo6-' 

Hb!X cPYHKUllll H8pSI.LlY C .oetiJopM8Ull8ll .oeiiTpOH8 Y'lllTbiBanacb B03MO:>KHOCTb o6pa30B8HHSI .OYO-

neTHOrO COCTOSIHHSI C KB83HTpHTOHHOll pa.oHanbHOll 38BHCHMOCTbiO. 

nony'leHHbl8 3H8'l8HHSI KBBpTeTHOll .OnHHbl paCC8SIHIISI a = 5,8£ H .oy6neTHOit a =0,9f 
4 . c 2 

XOpOWO cornacyiOTCSI C O.OHHM ll3 .LlBYX na6opoB 9KCnepHM8HTanbHbiX 3H8'l8HHH: a 4 =/6,38"!_0,06/ f 

a
2 

= /0,7 't.. 0,3 I l , a s - cp83bl y .LlOBn8TBOp!IT8nbHO COBIT8.Ll8IOT CO 3Ha'leHHSIMll 1 nony'leH-:-

HbiMH KpHCTHBHOM H !aMMeneM H3 anan11sa yrnoBbiX pacrrpe.cieneHHll. paccenHHSI H cornacoBan-

Hb!MH C IlpHB8.08HHbiMH Bb!W8 9KCIT8pHM8HTBnbHb!Mll 3Ha'l.eHHSIMll .OnHH paCC8SIHHSI. 

V.N.Efimov 

LOW-ENERGY NEUTRON-DEUTERON 
SCATTERING 

Abstract 

The S- scattering phases of neutrons on deuterons at low energies have been calculated by using the variational 

method with account of the deuteron deformation. The nucleon interaction was assumed to be central, charge-inva

riant and to have a ch~rge exchange character. The radial dependence of the potential of nuclear forces was chosen 

in the form of the Gaussian curve whose parameters are brought into agreement with the dat~ on n -p interaction at 

low energies. In choosing the probe functions besides the deuteron deformation a possibility of forming a doublet 

state with a quasitriton radial dependence was taken into account. 

The obtained values of the quartet scattering length a 
4 

= 5,8 f and the doublet a 2 = 0,9 f are in good agree

ment with one of the two sets of the experimental values a = (6,38 + 0,06) f, a = (0,7 + 0,3) f, and the s-
. 4 2 

phases coincide satisfactorily with the values obtained by Christian and Gammel from the analysis of the angular dis-

tributions of scattering and brought into agreement with the a\ove experimental values of the scattering lengths. 



t. -8 B e n e H H e 

PaccesiHHe neltTpOHOB Ha net!Tponax HBmieTCH OJJ.IIIIM II3 npocTeltWIIX HJJ.ep!Ib!X .npoueccoB 

C yttaCTII9M 6onee 'i9M JJ.BYX HYKl!OHOB. VJHTepec K TaKIIM npou·eccaM o6ycnoBneH T9M 1 _'iT.O oim 

MOI'YT cny.>KIITb /J.l!H npOB9pKII CB9JJ.9H1Ilt 0 HJJ.epHb!X cunax, nony~eHHblX ·.II3 IICCJ19JJ.OBaH~Jt: CIICTe-
r' . . ' . 

Mbl JJ.BYX HyKl!OIIOB H JJ.l!H nony'i9HHH JJ.OIIOl!HIIT9l!bHOlt IIHcpOpMaUHII 0 B3aHMOJJ.9~CTBIIH .HyimoJIOB. 

8b!110l!H9HO 60l!bW09 'iiiCl!O SKCIIepHM9HTanbHb!X .pa6oT, B · KOTOpb!X II3M9pHnOqb yrJIOBOe pac

. ppeneneHHe neltTponoB, pacceHHbiX na neltTponax B unTepBane _aneprnlt OT' 0 no· 10 M::m. Jla.>Ke 

npH cpaBHHTen'=:no ne6onbrlmx aneprHHX /- 0,5 MaBI yrnonoe pacnpeneneHHe He!I30Tponno: o'r

'i~Tl!HBO npoHBl!H9TCH YB9l!H'i9HH8 C9'i9HHH /J.l!H 6onbWHX yrnoB. C pOCTOM SH9pl'IIH MaKCHMYM B 
. ' 

o6nacTH 6onbWHX yrnoa pacceHHHH CTaHOBHTCH 6onee. pe3KHM H IIOHBl!H9TCH ;ax.>Ke ,MaKCHMyM 

npu Manbrx yrnax. Taxolt xapaxTep yrnoabrx pacnpenen.en~a o6'hHCHHeTCH 6onbWHM panuyqoM 

neltTpona u nanuqueM o6MeHHbiX aepcpeKToB a npouecce pacceHHHH. 

npu ananu3e yrnoBbiX pacnpenenenult o6br'iHO npennonaraeTcH, 'iTO cmm-opouTanbHoe a3au-

MoneltcTaue OTCYTCTByeT u, cneJJ.OB8T9l!bHO, IIOl!Hbllt CIIHII s I{ op6HTanbHb!lt MOMeHT e 
HBl!HIOTCH K.OHCTaHT8Mii JJ.Bii.>K9HHH. B STOM cnyqae C9'i9Hii9 ~npeJJ.9l!H9TCH H860pOM cpa3{f) 8 . ·+ 

, 2S . 1 

B npenenbHOM cnyqae nyneaolt anepruu nellTponoa BBOllHTCH nae nnuHbl pacceHHHH: xaapTeTHaH 

a 4 nnH nonnoro cnnna S = 312 H ny6nE¥1'HaH a
2 

nnH nonnoro cnuHa S = 112. 3TH lll!HHbl 
Ill 

pacceHHHH CBH3aHbi C COOTB9TCTBYIOIUHMH cpa3aMH COO~HOIU9Hii9M I 1 CTp. 198 I : 

1 = lim (k ctl0
) 8 ) , 

2S +1 k ... 0 

I'll9 k - BOl!HOB09 'iiiCl!O HeltTpOHa. 

AnanH3 axcnepHMSHTanbHbrx naHHbiX no pacceHHuro neltTponoa. c anepruea 

cTannax, conep.>Kawux neltTepua, unu Ha ~pTo- H napaneltTepHI! .>npHBOllHT K llBYM B03MO.>KHbiM 
12-41 

Ha6opa·M 3Ha'i9Hiilt lll!HH paCC9HHHH a 
4 

rae f 

a = /6,38 + 0,061 f 
4 -

a 4 = /2,6 :!:.. 0,2/ f 

10 -( 3 CM. 

10,7 :!:.. 0,3/ /Ia/ 

/8,2 :!:.. 0,12/ /16/ 

. )5/ 
¢a30BbiA 8H8l!li3. yrnoBbiX pacnpeneneHIIA 6brn npoaeneH KpuCTIIaHOM I{ raMMeneM I{ 

/6/ . ·' 
AnapoM • VIMH 6brnu nony'ieHbi nBa pa3nH'iHbrx na_6opa cpa3,. yaoaneTBOpHTenbHO o6'bHCHHrowux· 

yrnOBbi9 pacnpeneneHuH. npu STOM s - cpa3bi KpuCTU8H8 H raMM9l!H cornacyro_TCH c lll!HHaMu 

pacceHHHH /la/, a s - cpa3bi Anapa - c nnHHaMu pacceHHHH I 16/. TaxuM o6p~3oM, cyruecTay

roruue axcnepHM9HT8l!bHbie naHHbre ne no3BOnHIOT onno3H8'iHO onpeJ:lenHTb cpa3pi . n - d ·- pac-. 
/ 

C9HHHH. JlnH Olll-l03H8'i!IOI'O onpeneneHHH cpa3 He06XOllliMbi SKCJI9piiM9HTbi C IIOl!Sip!I30BaHHbiM nyqo· 

KOM neltTponoa H nonHpH30BaHHolt neltTepueaoa Muwenbro. Tax xax ·nonyqeHu~ nonHpu3oa.annolt 

MIIIU9HH HBl!H9TCH .O'ieHb Cl!O.>KIIOJt 3anaqeJt, TO llO CHX nop T8KII9 SKC119pHM911'Tbi H9 ocyrueCTB-

neHbi. 

noaTOMY npellCTaBnHeT HIITepec Ha OCHOB9 T90p9TH'i9CKOI'O aHamr3a Bb!OpaTb npaBHl!bllbl9 

3HaqeHHH cpa3 n - d - pacceHHHH. 0CHOBHaH TPYllHOCTb1 B03HIIKarowaH np~ STOM, 3aKnroqaeT--

3 



CSI' B Heo6XO.!lHMOCTII pewaTb yp8BI!eHHe illpe.!lHHfepa .!ln51 CIICTeMbl Tpex IIJKnO!IOB 1 '!TO BeCbM8 

cno>KHO .aame npH HanH'!HH TonbKO ueHTpanbHoro B381IMO.!lelicTmiSI Mem.ay HyKnoHaMu, Y'!eT Ta-

KHX CBOHCTB Sl.!lepHbiX CHn 1 K8K npHMeCb TeH30pHbiX CIIn H H8n!I'!He OTT8nKIIB8TenbHOI'O KOp8 1 

qpe3Bhl'!8liHO ycno>KHSieT 3a.aaqy, Bau.ay &Toro no'!TII no scex pacqeTax no pacceSIHHID HeliTpoHoB 

H8. .aeiiTpOH8X llOTeHuuan B38HMO.!leliCTBHSI Me>K.!lY HyKnOH8MH Bbi61!paeTCSI uel!TpanbllbiM 1 npnqeM 

napaMeTphi noTeHuuana o6hi'!Ho cornacyroTCSI c &KcnepHMeHTanbHhiMII .aaHHhiMH no B3ai!MO.!leii-

CTBHID .aayx HyKnouoa np11 ManhiX sHeprHSIX, CTporo rosopSI 1 B03HIIKaeT aonpoc o npaso-

MepHOCTH HCllOnb30B8HHSI T8KOI'O ¢eHoMeHOnOI'H'!eCKOI'O llOTeHUHana .!lnSI OlliiC8HHSI COC~OSIIIH!i 

CHCT9Mbl Tpex HyKnOHOB, V:I3BeCTI!0 1 !I8llpHM9p1 '!TO 9TOT llOT9HUHan llpi!BO.!lHT K Henpasunb!IOMJ 

'3H8'!el!HID 9!19pi'HH CBSI3H TpHTOHa, 0.!l!I8KO MO>KIIO npe.anonO>KHTb 1 '!TO npH pacceSIHHH Me.!lnea

HblX HeitTpOHOB H8 .aeitTpOH8X 118HOOnee CyllleCTBeH!IbiMH OJ.!lYT a¢¢eKTbl 1 o6ycnoarieHHble CBoli

CTB8MH C8MOI'O .!l9ilTpOH8 (6onbWOli pa3Mep H pbiXnaSI CTpyKTypa) 1 np!IHUIWOM naynH H KOpOTKO

.!leliCTBJIDlllHM xapaKTepoM SI.aepHbiX cHn, HeT oco6biX npH'!HH C'!HTaTb; '!TO TaKHe csolicTsa SI.!lep

HhiX CHn 1 K8K OTT8nKIIB8HHe Ha ManhiX paCCTOSIHHSIX 1 npuMeCb TeH30pHbiX CHn HnH .aeTanbH8SI ¢op

M8 noTeHuuana 6y .!lYT rrrpaTb onpe.aenSirowyro ponb B npouecce n - d -pacceSIHHSI np11 ManbiX 

9Hep!'HSIX, 

O.aHHM H3 Hau6onee '!acTo ucnonb3yeMhiX npH6nu>KeHuli npH paccMOTpenuu n - d -pacceSI-

6 6 
I 11 7 1 8/ . 

UHSI SIBnSieTCSI ecnonS1pH38UHOHHOe npu numeHue 1 cornacHo KOTopoMy npe.anonaraeTCSI 1 '!TO 

a· npouecce pacceSIHHSI .aellTpoH He B03MylUaeTCSI na.aarowuM HeliTpoHoM. B &TOM cnyqae so:IHo

saSI ¢YHKUHSI CHCT9Mhl 38llHCbiB8eTCSI K8K npOH3Be.!leHHe BOnHOBOli ¢yHKUHH OCHOBHOI'O COCTOSIIIHSI 

.aeliTpOH8 H8 ¢yHKUHID 1 OllHCbiB8IDlUJID .!lBH>KeHue ll8.!l8IDlll9I'O HeitTp0118 OTIIOCI!TenbHO ueuTpa 

• < /5 9-12/ 
TSI>KecTH .aeliTpoHa, 3To npn6nnmeHne 6bwo ncnonb30BaHo pSI.!lOM as:ropos 

1 
.anSI pacqeTa 

s -¢a3 n - d -pacceSIHI!SI, 0.!lH8KO 6eCnOnSipH38UI!OHHOe npn6nu>KeHHe .!lnSI .!ly6neTHOI'O COCTOSI- ' 

HHSI Tpy.!lHO OOOCHOB8Tb, JleliCTBHTenbH0 1 ecnn B KBapTeTHOM COCTOSI!lHH npnnimn naynH npenSIT

CTByeT c6nn>KeHHID .!lBYX HeliTpOHOB H8 M8nbie paCCTOSIIIHSI 1 TO B .ay6neTI!OM COCTOSIIIIfl! T8KOI'O 

38llpeTa HeT, 009TOMY B .ay6neTHOM COCTOSIHHH B03MO>KHbl T8KHe KOH¢urypaUI!H 1 KOri:J,a see Tp!I 

HJKnOHa B38HMO.!l9HCTBJIDT Me>K.!lY C060H 1 T,e, ll8.!l8IDlUHli HefiTpOH 6y.aeT CHnbHO .!l,e¢opMHpOB8Tb 

.aeitTpOH, 

:lJ..PYI'HM aeCbM8 a¢¢eKTHBHbiM MeTO.!lOM paC'!eTa n -d -pacCeSIHHSI SIBnSieTCSI B8p1I8UHOHHblll 

/13-16/ . ' . 
MeTO.!l .!lnSI ¢a3 pacCeSIHHSI , 3TOT MeTO.!l .!l8eT B03MO>KHOCTb nyTeM COOTB9TCTBJIDlll9I'O 

Bbi6opa npo6HbiX ¢yHKUHit y'!eCTb .ae¢opM8UifiD .aeliTpOHa .B npouecce pacceSIHHS1 T,e, OTK838Tb

/17-19/ 
CSI OT 6ecnonS1pH38UHOHHOI'O npu6mi>KeHHSI . , 

2. BapnaunoHHbiA MeTO.!l .anSI s -¢a3 n - d -pacceSIHHSI 

npHlllilll9M ll8.!l8IDllleMy HeliTpOHY HH.!leKC 11 HeliTpOHJ H npOTOHy 1 o6pa3yiDlUHM .!leliTpOH, 

cooTBeTCTBeHHO HH.!leKcbi 2 n 3, n aae.aeM cne.ayrowue KOOp.!lHH8Tbi: 

4 y3 ( r - r;)' r =·2 3 
q4 =· _, r4 + ~ (r4 +' r4 ) , 

t 2 3 

4 1 4 4 4 
R =< 3 ( rt + r2 + r3) 

r.ae 1
1 

- pa.auyc-se~Top -ro HyKnoHa, Tor.aa nocne OT.aeneHHSI .!lBH>KeHHSI ueHTpa Mace 

ypaaHeHne Wpe.auHrepa 3annwe-;·cSI B cne.ayroweM sn.ae: 

4 

<' 

,- ~ ' 



2 2 2 2 ' (•) ... ... . ( 2) 
Cv; + v~+ k -kd + W)l¥ (r,q,u)=O, . 

r.ne k
2

= 4MEn I 3h 
2 

k: = 4MEd l3h 
2 

1 M - Macca HyKnoaa; En - 3HepriHI 

aetlTpoaa B na6opaTopaot1 CHcTeMe; Ed - aaeprHSI CBSI3H .a.etlTpoaa ( E =2 1226 Man); S - non-. 
d • 

Hbltl .cnHH CHCT8Mbl 1 npHHHMaiOUlHil 3Ha'IeHHSI 3/2 H 1/2; U - COBOKynHOCTb CnHHOBbiX ·nepeMeH-

HbiX; IV = V ( 12) + V ( 13) + V (23)- noJIHbitl noTeHuHan B3aHMo.netlcTBHSI Tpex HYKJIOHOB 1 yMao

:>KeHHbitl a a 4M I 3h 
2 

V (i k) - noTeauHan aaaHMo.a.etlcTBHSI Me:>K.ny ayKnoaaMH i . H · k · 

Oa npe.nnonaraeTCSI napHbiM 1 ueHTpanbHbiM, aapSI.noao-HHBapHaHTHbiM H o6MeHHoro xapaKTepa: · 

u· r u· r 
V(ik) = U(ik) (w + b P

1
k + m P

1
k + h P1k P1k ) , (2a) 

I' .ne U ( i k) - <jlyHKUHSI paCCTOSIHHSI Me:>KJly i -M H k -M HYKJ10H8MH; 
p u·. p' 

lk ' lk 
- onepaTophi 

nepecTaHOBKH COOTB8TCTB9HHO CnHHOBbiX H npOCTpaHCTB8HHbiX KOOpJliiHaT HyKJlOHOB H k 

W 1 b 1 m 1 h - KOHCTaHTbl 1 Onpe.ll8JlSIIOUlH8 Beca COOTB9TCTBYIOUlHX 06MeHHbiX CHJ1 1 npll'I8M 

w + b +. m + h = 1 •. 

B 
.+. ITI(S) 

OJlHOBbie 'f'YHKUHH T aHTHCHMMeTpH'IHbl OTHOCHT8JlbHO nepecTaHOBKH JlBYX HetlTpo-

HOB H npH q -+ oo npHHHMaiOT CJleJlyiOUliitl 8CHMnTOTH'I8CKHt1 BHJl: 

(3) 

'!'00= v(Y,) (u)(fkctg8 + .. ) a A 2 5 I 

I'Jl8 8 , 8 S - <jla3bl pacceSIHHSI COOTB8TCTB8HHO B COCTOSIHHSIX C nOJlHbiM CnHHOM S = 312 H 
4 2 

s = ~ ; X(s/:z)(u), )( Y.J( u) - cnHHOBbie <f!yHKUHH, cooTBeTcTBYIOUlHe noJIHbiM cmmaM 3/2 II 

}/2 H nocTp08HHbl8 H3 CnHHOBbiX <flyHKUHtl .netlTpOHll H na.naromero HetlTpOHa; 9TH <jlyHKUIIH 

.CHMMeTpH'IHbl no CnHHOBbiM nepeM8HHbiM u· H 
2 

1 = _1_ cp (r ) sin kq 
2..;-;- d kq 

cpd (r) - BOJlHOBaSI <jlyHKUHSI .netlTpOHa, 

u 
3 

g 

(3a) 

.llnSI cucTeMbi Tpex HYKJIOHOB nonaoMy cnnay S = 3 I 2 cooTaeTCTByeT o.naa cnuaoaag <jlyHK-

UHSI ,/
312J(u) 1 CHMM9TpH'IHaSI .llO BC8M CnHHOBbiM nepeM8HHbiM 1 a CllHHy S :; lf:i - JlBe 

JIHHetlao-aeaaaHCHMbiX <jlyHKUHll, B Ka'IecTBe TaKOBbiX Bbi6epeM <jlyHKUHn x ( y, > ( u) 11 x ( y, > ( u) 
l 2 ' 

nepeMeHHbiX JlBYX 

aHTHCIIMM8TpH'IHa 1 a )( (Y,) ( u) - CH~MeTpH'IHa OTHOCIIT9Jlbl!O CniUIOBblX 
2 

HetlTpoHoa. Tor.a.a nonHbie aonHOBbie <flyaKunu .a.nSI s = 3/2 n S = 1/2 

MO:>KHO aanHCaTb CJ18JlYIOUlHM o6pa30M: 

(4) 
ITI(Y,) =· (Y,) -+ -+ ( -+ -+ 
T )( l (U) cp

1 
(r, q) + x/'')(U) cp

2 
(r 1 q) • 

5 



• 

3aMeT!IM
1 

'iTO II3 xapaKTepa noeTpoeHIISI en!IHOBb!X cPYHKUIIii ..; Y,) ( (1) I )(J'f,) ( (1) 
l 

nerKo nony'iHTb 1 'iTO 

x(Y,)(u) .,j3 (Y,) () -ll (Y,)() --X a 12X a. 
2 l :l 

Y'iliTbiBaSI aTo eooTHolllenne 1 onpe.nennM "BnyTpennne" BOJIHOBbie cPYHKUHII y 4 

ene.nyJOlliiiM o6pa3oM: 

•1• =-·(1 -P )(fkctga + g- y ) , 
'I' t :l 4 4 

- (l) 
..I. "' - ..; 3 ( 1 + p ) ( f k ctg a. + g - y ) , 
'+' l 2 l :l • :l 

cp:l 

(:l) 
_,'11 (1 - p )( f k ctg a + g - y ) , 

l:l :l :l 

r.ne P
12 

~ onepaTOp nepeeTSHOBKII KOOp.ll!IHST HeiiTpOHOB 1 II 2. 

II X(Y,)(u) 
:l 

(5) 

(l) (:l) 
y :l II y :l 

(6) 

Eenn Bee y .... 0 npn q-> oo n Bee y - g KoHe'iHbi n nenpepbiBHbi 1 TO II3 (4) 1 

(5)
1 

(6) II (3a) ene.nyeT, 'iTO llOJlHbJe BOJlHOBbJe cPYHKUIIII IJI(S/:z) II IJI (Y,) KOHe'iHb1 1 Henpe-

pbiBHbl 
1 

!IMeJOT He(j6XO.llliMYIO enMMeTp!IIO II np11 q .... 00 npnnnMaJOT HY>KHbiii acnMnToTn'le-

GKIIii BII.ll (3). npe.neTaBneHne BOJlHOBbiX cPYHKUIIfi B BII.lle ( 6) y .ll06HO np!I IICUOJlb30B8HIIII Bapna

UIIOHHOI'O MeTO.ll8 onpe.neneHIISI cP83 paeeeSIHIISI II Y'iliTb!BSeT TO o6CTOSITenbeTBO, 'iTO .lly6neTHOMY 

eoeTOSIHIIIO eOOTBeTeTBYJOT .llBe He38BIICIIMbJe cPYHKUIIII npoeTpaHeTBeHHb!X K00p.ll!IH8T. 

Cne.nyeT 3SMeTIITb, 'iTO B03MO>KHbi paGnH'iHbie ci:JopMynnpoBKII sapHaunonnoro npnnunna .llJlH 

cP83 pacceHHIISI, 'iTO CBSI38H0 e p83Jlli'iHOii HOpM!IpOBKOii aeliMHTOTII'ieeKOI'O BII.ll8 BOJlHOBbiX cPYHK

/13/ 
unA ennolllnoro cneKTpa • Boenonb3yeMCSI BapnaunoHHbiM MeTO.llOM B ci:JopMynnpoBKe Py6nno-

/16/ B8 • npnMeHnTeJlbHO K n - d -paeeeSIHIIIO STOT MeTO.ll eBO.ll!ITeSI K ene.nyiOUleMy: onpe.nenSI-

eTCSI cPYHKUIIOH8Jl 

(•) (t) -> -> (S) (S) 
L =-kctga -''ll(drdqduiJI1* LIJI,, :zs +t . 

{7) 

:l 2 :l :l 
r.ne L "' V.-> + V -> + k - k 4 + ~ eliMBOJl da 03H8'i8eT CYMM!IpOBBH!Ie no BCeM CUIIHOBbiM 

r q (S) 
nepeMeHHbiM, IJI t - npo6Hbie cPYHKUIIII 1 onpe.nenSieMbie Bbipa>KeHIISIMH (4) II ( 6) 1 HO Upli 

ycnoBIIII 1 'iTO cPYHKUIIII Y B8pb1IP1IOTeSI II cP83bl a :ZS + l 3aMeHeHbi na sapbnpyeMbie cPa3bi 

~) . a . Torn a nerKO UOK838Tbl 'ITO cPYHKUIIOHan ( 7) 
:zs+t (S) (t) 

eTaUIIOHapeH OTHOe!ITeJlbHO BapH8UHii 

npo6HbiX cPYHKUIIii IJI II npo6Hb!X cP83 a 
t :zs+z 

(S) 

1 ecnn IJI, Y.llOBJleTBOpSIIOT ypaBHeHHJO 

( t) (2) II a =- a • 8KeTpeM8JlbHOe 3H8'iEiHiie cPYHKUIIOHana ( 7) onpe.nenSieT cPa3y paeceg-
:zs+t :zs+t 

HIISI: 
(S) 

< L > "' k ctgB • 
SKCTp. :ZS + l 

(8) 

Cornacno eTan.napTHOMY MeTo.ny PnTua, B KaqeeTBe BapbnpyeMbiX cPYHKunii y BbJ6npaiOTCH 

neKoTopbie cPYHKunn onpe.nenennoro Bn.na, eo.nepmamne BapbnpyeMble napaMeTpbi c 1 (i = 1, 2, •• ,N). 

Hannyqlllee npn6nnmenne .nnH aKeTpeMan bHoro 3HS'ieHnH cPYHKunana ( 7) .na.nyT Te 

cPYHKUIIH Bbi6paHHOI'O BII.ll8
1 

.llJlSI KOTOpbiX napaMeTpbl C I II lJ ( t) onpe.nenHTCSI H3 CHeTeMbl ypaBHe-

HHii: 

6 
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= 0, (i = 1, 2, .• ,. N ), 

- ( s) a c.. 
a (k ctg a (I) ) 

= 0 

CnenyeT saMeTHTb, qTo B o5meM cnyqae He LIOKasaHo, qTo BapHaUHOHHbiii npHHUHIT Limi c!Jas 

pacceSIHHSI fiBiiSieTCSI npHHU HIT OM MHHHMyMa, K8K 3TO HMeeT MeCTO Lli!SI· 38Llaq H8 CBSI38HHbie COCTO

SIHIISI. 3TO OSI!aqaeT, 'ITO C Ll05aBneHHeM IIOBbiX napaMeTpOB B npo51!biX cPYHKUHSIX CT8UIIOH8pHOe 

3HaqeHHe cPYHKUHOH8i18 (7) He 05SIS8TeilbHO 5y.UeT CTpeMUTbCSI MOIIOTOHHO K TOqHOMY ·SHaqeHHIO 
/20-211 

k ctg 8 • 0LIH8KO - n npeLieilbHOM cnyqae nynenoii sneprHH WnpyxoM H PoseH5eproM 5bi-

no noKasaHo, qTo BapHaUHOHHbiH npnnuun Kona .lli151 LliiHH pacce51HH51 51Bil5leTcSI npHHUHITOM Mmm

MyMa H, cneLIOB8TeilbH0
1 

OH LI8eT BepXIIIOIO oueHKY ToqHOI'O snaqeHHSI LlilliHbl pacceSII!HSI, XoT51 · 

9TO yTBep:>K.UeHne ne pacnpocTpaHReTcR Ha BapHauuoHHbiH · MeTOLl Py5HiloBa, HO u B sTOM cnyqae 

MO:>KHO nonyqHTb Bbipa:>KenHe Llil51 BepxHefi rpaHUUbi LlntUibi pacceRHH51. TaK, Lli151 imapTeTnoil: LliiH-

/22/ 
. lib! a 

4 
n - d -pacce51Hii51 UMeeT MeCTO COOTHOllleHUe 

- 2 
< (a ) .. P = - A + B I C 
- 4 1" • 

(g) 

rae a
4 

- TOqHoe SHaqeime KB8pTeTHOH LliiiiHhl paccesnmH, COOTBeTCTBYIOlllee Bbi5paHHOMY ITOTeH

UH8iiY, A, B H C onpeLienHioTC51 cneLiyiOllliiMU Bhipa:>KeHHHMH: 

.... .... (3/2) (3hJ f 
A=-~.fdrdqdax* (a)(1-~ 2 )fL(l-P12 )X raJ, 

( 10) 

. .... .... (3/:ll (3/2} C ""~ ( dt dq dax* ra)(l-P )(y -g)Lx 1a)(1-P )(Y ,..g), 
. l:l 4 12 4 

I' Lie L, f, g, y 
4 

5hinu onpeLienenhi Bhime. 

/23/ 
CooTHomeHRe , aHanoruqHoe ( 9) H ( 10), nMeeT MecTo H Lli!SI Liy6neTnon. nnHHhi paccesumn • 

PesynoTaThi 

Hau5onee y LI05Hofi ciJopMoll . paLIHanbuon. saBucnMOCTH noTeHuHana SIBll5leTcH saBHCHMOCTb B 

c!JopMe KpRBOfi raycca, nosTOMY B pacqeTaX 5hlll ' HCITOilb30B8ll ITOTeHUH8il B<!4UMOLlefiCTBHSI Me)K

LlY LlBYMH HyKllOHaMH B BHLle 2 ~ 

U(r) = U
0 

exp(->.. r~), 

rLie U =86,4 MsB, .\-•z =1,3S2·10-lScM. 
• 0 . 

3naqel!IISI napaMeTpOB COI'i18COB811hl C LliiHHh!Mii ITO n - p -B3811MOLleitcTBHIO np!i M8ilhiX 9Hepi'HIIX. 

C noTeHuHanoM ( 11) ypaBHeHHe WpeLIHHrepa LlllH LieiiTpona He pemaeTC51 aHanHTHqecKu, OLIHaKo 
/5/ 

HSBeCTHO xopomee npH5iiH:>KeHHOe Bblpa:>KeHRe .llilll BOiiHOB0$1 cPYHKUHH LieltTpOH8 

rLie p = A.r 

2 2 
cP d (p) = 0,02133e -o,c>sp + 0,08582e -o,up 

·0,76p
2 

+ 0,18115e ( 12) 

t - paCCTOHl!lle Me:>KL!Y HeftTpOHOM H npOTOHOM. 05Mel!Hblft Xap8KTep B38HMO--



. .ll9ilCTBIISI HyKnOHOB Y"'T9H BB9.ll9HH9M B 06IU99 Bblp8)1{91!119 ( 2a) .llnSI noT9HUIIana COOTB9TCTByiO

lllHX o6M9Hflhrx on9paTopos. B9ca pa3nii"':HhiX o6M9HHbiX c11n 'onp9.ll9nSIIOTCSI KOHCTBHTBMII w 
1 

b
1 

m
1 
h, 

y .llOBn9TBOpSIIOIUIIMII .llBYM ycnOBIISIM: w+b+m+h=1 1 .W - b + m - h = X 1 

r.ne X - OTHOIU9H119 rny61111 .llByX nOT9HUII8nOB 1 COOTB9TCTBYIOIUIIX BllpTyanbHOMy II CBSI38HHOMY 

COCTOSIHIISIM .ll9ilTpOH8, 8 p8C"'9T8X 6hinO npiiHSITO 3118"1911119 X = 0,69, 

06bi"'HO pacCM8TpiiB810TCSI 06M9HHbl9 Cllnbl Cn9.llYIOIUIIX TllnOB: 

1) H9o6MeHHbl9 Cllnhr: m = h= O, w = ~(1+ x), b=~(1-•x), 

.2) Cun&r MailopaHa: w =b= o, m = ~(1+x) 1 h =~(1-·x), 

3) C11nh1 C9p69pa: w = m = ~ ( 1 + x) , b = h ·= lf.t ( 1-•x) 1 

4) C11nh1 Po39H<}J9nb.na: 1 
w = ~h = ""6(1-.Jx), b=~m !_(1+.3x) •. 

6 

cPyHKUHOHan ( 7) MIIHIIMII311pOBancSI npSIMbiM M9TO.ll0M P11TU8, 8HyTp9HHII9 BOnHOBbl9 <}JyHK

UIIII y 1 no.nne)I{8Illll9 B8pbllpOB8HIII0 1 6hlnll Bbl6paHbl Cn9.llYIOIUIIM o6p830M: 

A &/2 N 3 
+ __ [~ ~ 

4rr n=1p=t 

y4 
y(1) 

2 
y(2) = 

2 

1 A. . 1 2-r=-'~'<l(r)_exp(->..2 2 vrr q q )+ 

M 
2 2 2 2 

bpnexp(-ap>.. r -n>.. q )+~am 
2 2 2 

exp [-...!!!. >.. (r + q ) ] ] 1 

2 m=t 

(13) 

r.ne >.. - napaMeTp noTeHullana ( 11), a 1 =0,03; a 
2 

=0,16; a 3 =0, 76, b pn 11 am - sapbll-

pyeM&Ie K03<}J<}JIIUII9HTbl, n9rKO Bll.ll9Tb 1 'ITO npo6Hble <}JyHKUIIII ( 13) y.llOBneTBOpSIIOT H906XO.llii-

MbiM ycnOBIISIM 1 BbiT9K810IUIIM 113 (6), ,091tCTBIIT9nbHO, np~ q .. oo y .. 0 '· a np11 q .. 0 y - g 

KOH9"1HO, 8 KB8pTeTHOM COCTOSIHIIII 1 cornaCHO (6), BTOpag CYMMa 113 ( 13), CIIMM9Tp11"1118SI no 

KOOp.lliiH8T8M 1 lle"':9389T, 3TO IIM99T M9CTO II .llnSI .ny6n9THOI'O COCTOSIHIISI 1 COOTB9TCTBYIOIU9I'O 

CniiHOBOlt <}J)'liKUIIII, eiiMMeTpii"'HOit no eniiHaM .llBYX H9ilTpOHOB, 0CT8IDIU8SICSI nepsag CyMMa 113 

( 13) .llnSI K8)1{,00I'O <}JIIKCIIpOBaHHOI'O n eo.nep)I{IIT T9 )1{9 C8Mbl9 3KCflOH9HTbl 1 'ITO II BOnHOB8SI 

<}JyHKUIISI .neltTpOHa ( 12) 1 T,e. np9.llCTaBnSI9T co6olt CYMMY COOTB9TCTBYIOIUIIM o6pa30M .ll9<}JopMII

pOB8HHbiX <}JyHKUIIlt .neltTpOHa, TaKOit Bll.ll npo6HOlt <}JyHKUIIII COOTB9TCTBY9T TOMY <}JaKTY 1 'ITO B 

eiiMM9Tp11"1HbiX CniiHOBb!X eoeTOSIHIISIX .llBa HeltTpOHa He MOI'yT 113-38 npiiHUIIfla naynll C6nii311Tb

CSI Ha Manbie paeeTOSIHIISI II fl8.ll810Illlllt HeltTpOH He MO)I{9T 0"19Hb ellnbHO .ll9<}JOpMUpOB8Tb .ll91t

Tp(m, Hao6opOT1 B .ny6neTHOM eOCTOSIHIIH 1 8HTUCHMM9TpH"'HOM no CnUHaM HeitTpOHOB 1 T8KOI'O 3a

np9Ta H9T1 na.naiOIUIIIt HeltTpOH MO)I{9T npOHHKHYTb Brny6b .ll911TpOHa II o6pa30B8Tb KOH<}Jurypa

UHI01 KOI'.ll8 see Tpli HyKnOHa CllnbHO B38UMO.aeltCTBYIOT Me)l{.lly C060it, J.13 ( 6) II (4) BH.llH0 1 

"~":O ~pu HaiUeM Bbr6ope npo6HbiX <}JyHKuua s TaKoM coeTOSIHHII 6y.ayT' cywecTseHHbl 

113 (13), T.e. ¢,.. 11 ¢
2 

.113 (6) 6y.nyT cywecTBeHHO pa3nH"':HbiMH <}JyHKUHSIMH, B 

o6e eyMMbl 

<}JyHKUHIO cp 
BOit.lleT B~OpaSI CyMMa .113. ( 13) 1 UMerOIU8SI •KB83HTpHTOHHYIO" pa.nllanbHYIO 38BIICIIMOCTb, 

1 

B Ta6n11uax 1 n 2 · npnse.neHbl 3Ha"':eHHSI KsapTeTHolt a
4 

II .lly6n9THOit a 
2 

.llniiH pacceSIHIISI 1 

nonyqeHHbie np11 pa3nH'IHOM KOnllq_eCTBe napaMeTpOB B ( 13). npu STOM ,anSI a
2 

np11se.neHbl 

T8K)I{9 3HaqeHHSI 1 COOTBeTCTBYIOIUHe. np9He6p9)1{9HIIIO (see am =0) BTOpOlt CYMMOit B ( 13), 8 

Ta6nHU8X 3, 4 npiiB9.lleHbl 3H8"19HIISI B9pXHIIX rpaHHU .llnHH paceeSIHHSI, paCC"'HT8HHble no M9TO.lly · 

8 
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- ',· 

. . /22 23/ 
llinpyxa n Po3eH6epra ' • S - ¢aabi .anSI aHepr:dl:, 6onblliHX HynSI, npe.acTaaneHbi Ha 

'. . /5/" . 
puc. 1 n 2. TaM :lKe noKa3aHbi s -<Paabi, nony'leHHbie KpncTnaHOM u f'aMMeneM , H3 yrno-

BbiX pacnpe.aeneHnil: n - d - pacceSIHHSI. 

Vf3 Ta6nnu 1 II 2 BH.llH01 'ITO 3Ha'leHHSI :OnHH pacceSIHHSI1 nony'leHHb!e BapnaUIIOHHbiM MeTo

.llOM Py6uni:ma, 6nn3KII K aKcnepnMeHTanbHbiM 3Ha'leHHSIM, onpe.aenSieMbiM cepnefi ( 1a). Ha 3Ha

qenne .ay6n.eTHOil: .annHbi pacceSIHIISI aecbMa cyllleCTaenno annSieT Hannqne BTopofi cyMMbi a 

npo6HOfi tPYHKUIIH ( 13) • BepXHHe OUeHKII .llnHH pacCeSIHHsi ( Ta6nHUbl 3 H 4) 6nH3KH KaK K 3Ha'le

HHSIM1 npuBe.LieHHbiM B Ta6nnuax 1 H 2, TaK H K 9KCnepnMeHTanbHb!M 3Ha'le!Il!SIM (I a). 

Ta6nnua 

3HaqeHHSI KBapTeTHOfi .llnHHhl pacceSIHIISI 
HbiX cnn B 3aBHCHMOCTH oT qncna qneuoa N 

-I3 
a 

4 
( B e.aummax 10 eM) .anSI pa3nH'lHbJX o6Men-

B npo6HOfi tPYHKUHH ( 13). 

N 

2 

3 

8,13 

6,17 

6,45 

06MeHHbie 
n 

9,17 

7,06 

6,71" 

cnnbi 

III IV 

8,64 8,81 

6,89 6,95 6,38 :!:. 0,06 

6,59 6,63 

Ta6nnua 2 
-13 . . 

3naqennSI .ay6neTnofi .anHHbi pacceSIHHSI a (a e.annnuax I 0 eM) .anSI pa3nH 'lHbiX 
o6MeHHbiX cnn a 3aBncnMocTn oT qncna qnenoa 

2 
N n M a npo6non <iJyuKunn ( I3) 

N 

2 

3 

2 

3 

06MeHHbie CHnbi 

II III 

1-il: aapnaHT: am =·0 

_1,75 1,86 1,81 

1,67 1,76 1,72 

1,55 1,64 1,60 

2-A aapuaHT amf.o;. 

1,13 1,20 1,17 

0,99 1,06 1,02 

0,97 1,04 1 ;o1 

IV 
·3KcnepnMeHT 

1,88 

1,78 

1,65 

N 2 0,7:!:. 0,3 

T a 6 n n u a 3 · _
1
3 

3ua'leHHSI aepxnefi rpaHHUbi ( a
4

) r KBapTeTHoA .anHHbi pacceSIHHSI (a e.auunuax 10 eM) 
.anSI paanH'lllbiX o6MeHHblX Clfn B 3~BifCHMOCTll OT 'lHCna 'lneHOB B npo6uofi tPYHKUHH ( 13) 

N 
06MeHHble cunbi 

I II III IV 

1 6,23 6,54 6,39 6,44 
2 5,83 6,00 5,92 5,96 
3 5,75 5,90 5,83 . 5,87 

9 
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• Ta6nRua· 4 
. - . -13 

'3HaqeHRSI B9fJ,XHeA rpaHRUbl . (a 2 Jrp, .lly6neTHOA .llnRHbl pacceSIHRSI ( B 9.llRHRUBX 10 CM) 
.llnSI pa3nRqHbiX _06MeHHbiX Clln B 38BRCRMOCTR OT q11cna qneHOB B npo6HoA 4JyHKURR ( 13) 

.. N 

2 

3 

1. "CTpoeHRe aTOMHOro SI.llpa,. 

06M9HHbl9 CRnbi 

I. II 

0,91 

0,90 
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Pnc. 1. 3aBHCHMOCTb KBapTeTHOlt s -cpasbi 8 4 OT aHeprnn .anSI 
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_________ .., __ _ 9KcrrepnMeHTanbH8SI KpHBaSI> 
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Pnc. 2. 3aBHCHMOCTb .ay6neTHOll s -cpasbi 82 OT 9Heprnn .anSI 
o6MeHHbiX cnn Cep6epa. 

------ aKcrrepnMenTanbHaSI KpHBaSI, 

TeopeTnqeCK8SI KpUB8SI, 


