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Abstract. In this paper we studied the elastic scattering of *He ions on nuclei '*N at energies 50 and 60 MeV.
An analysis of the angular distributions is carried out using an optical model of the nucleus and folding models. A
good description of the experimental data in the full range of angles with potentials having the volume integrals of
the real part close to 400-500 MeV fm3. In the measured angular distributions of the elastic scattering there are
clearly visible effects of the nuclear rainbow caused by the refractive properties of a real nuclear potential.
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Annoranusa. B maHHOM paboTe HCCICIOBAHO YIIPYTOC PACCCIHHC HOHOB *He Ha sAapax N pH 3HEprusix 50 u
60 M»B. Anami3 YITIOBBIX PAaCHpeACICHUH MPOBCICH C HCIOIB30BAHHCM ONTHYCCKON MOJCTH Sapa W (DOIIHHT
Mogenu. [ToaydeHo Xopomiee OMUCAHKE SKCIEPHUMEHTAIBHBIX JAHHBIX B MOJTHOM JUAMA30HE YIJIOB C MOTCHIUANIAMH,
HMCIONIMME OOBEMHBIC HMHTETPATHI peanbHOi wacTd BOmm3H 400-500 MsB (m’. B H3MEpEHHBIX YTIOBBIX
pacIpeseacHISIX YIPYTOTO PACCESTHAS OTUCTIMBO BHAHBI 3(D()EKTHI SACPHOH PAAyTH, BRI3BAHHBIC PEPAKIIHOHHBIMHI
CBOMCTBAMH PEATBHOIO AACPHOTO MOTCHINATA.

BBe).IeHl/Ie. AHaJ’IHS JaHHBIX pacCCAHUA 110 ONTHYC CKOU MOACIN ABISICTCA OCHOBHBIM HCTOYHHKOM
vHpOPMAIIMH O MOTCHUHANAX SAPO-LACPHBIX B3aUMOACHCTBHE. M3BECTHO, OgHAKO, YTO A/ CAOMKHBIX
CHapsAa0B ¢ A > 2, TakoW aHau3 SBIACTCA HCOTHO3HAYHBIM. OCOOCHHO CIIOXKHAS CHUTYALHMs BOZHHKACT
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H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

mpu Huskux SHepruwix (E<10MbsB/HyknoH). MHOTOYHCICHHBIC HCCICIOBAHHS —MOKA3aIH, YTO
HECOIHO3HAYHOCTh M3BJICUCHHEIX MAPAMETPOB ACHCTBUTCIBHOMW YacTH SACPHOTO MOTCHIIHAIA MOJKET OBITh
KaK HEMPEPBIBHOU U JUCKPETHOM.

Ecnu rybuna neHCTBUTENBHON YacTH SACPHOTO MOTCHIMATA BENHMKA MO CPABHCHUIO C JHEpPrHeH
Hajeraromei dactuibl (mpu suHeprusix E/nykiaon<l0 M»sB), 1o mpu m10CTarouHO MasibiX MPULETBHBIX
napamMeTpax BO3ACHCTBHS, B CBS3H C BIHSHUCM SACPHOTO MPUTSLKCHHS, YTON OTKIOHEHHS PacCESHHOU
yacTuipl MoxkeT npesbimare 180 rpagycos. B atom cnyuae audpakuroHHas kapTHHA HAOIIOZACTCS BO
BCCM JHAIa30OHE YIVIOB VIJIOBOrO pacnpenencHus. Tem He MeHee, mpu 0o0lice BBICOKHX 3HEPTHIX
MaJAoMas YacTHIA MOXCT OBITh OTPaXKCHA HA VIOJ, HE NPCBBIIANOINNN OMPEACICHHBIA MNpPEACH.
CornacHo KIacCHYCCKOH MEXaHUKE, CCUCHHE B STOH TOYKE JODKHO CTarbk OcCKOHEUHBIM. B kBaHTOBOU
MEXaHHKE, OJHAKO, CCUCHUE KOHCYHO, HO NMPH HE OYCHb CHIBHOM TONIOIICHWH, NOJDKEH HAOMIONaThbes
MAakCHMyM, @ 3aTeM DKCHOHCHIHATBHBIN CIaJ CCUCHHIN HAa OONBIINX yriaX. IToT 3(EKT BOZHUKACT U3-32
MPEIOMIISIOIINX CBOMCTB BCLICCTBCHHOH YACTH SACPHOTO MOTCHIMATA U SBISETCS AHATIOTOM SBICHHS
paxyra B ontuke. BenwumHa W yriosas 3aBUCHMOCTb CEUCHHH HaOMIONACMOHN SACPHOW PagyrH OYCHb
YYBCTBHTEIBHEI K JCHCTBUTEIBHOM YaCTH AJCPHOTO MOTCHIMATA, KaK ObLIIO BIIEPBBIC MOKA3aHO B PpaboTax
[1, 2]. AHamu3 Takux JAHHBIX ¢ UCTIOIb30BAHUEM ONTHUSCKOW MOJCIH TIO3BOJIICT YCTPAHUTD JUCKPETHY O
HCOIHO3HAYHOCTD TITyOHHBI PEATIbHOM YacTH SACPHOTO MOTCHIINATA.

JIutepaTypHBIX JAHHBIX IO YIOPYTOMY paccesiHuio uoHos “He Ha sapax N mpu sHeprusx Bbime 20
M>3B HemHoro. Yrinoesie pacnpeaciacHus ObLTH paHee H3MEPCHBI NpHU sHeprusax 26,3 MaB [3] u 72 MsB
[4] B mepeaneii monychepe paccesuust. dderr saecpHOit paxyru HAOIIOIAICS TOJBKO MPU dHEpruu 72
M>3B. Panee Hamu Oblnm omyONHKOBaHBI PE3yabTaTH U3MEpeHUN yrnpyroro paccesaus Ha 30 u 60 MaB
3HEprui [5] ¢ mpexaBapuUTEIbHBIM aHATU30M B PaMKaxX ONTHIECKON MOJESIH.

Llenbro AaHHO#M PaGOTH ABIAETCA H3yUEHHE YIPYroro paccessus “He Ha sapax N mpu sHeprusx 50
- 60 MbdB. 3mece addexTsl saecpHON pagyrd HAYHHAKOT MPOSBIATHCS OTYCTIMBO. Takue SHEpruu
SBISIOTCSL JOCTATOYHO BEICOKHUMH, YTOOB! M30€KaTh HAUXYIIIUX OCJIOKHCHHUH, CBA3aHHBIX C COCTABHBIMU
AaCpPHBIMH 3 PEKTaMu.

1.9kcnepuMeHTAIbHASL METOAMKA H pe3yJabTaTbl H3MepeHHil. M3MmepeHus npoBoawiavck Ha
BBIBCICHHBIX IMyYKAX HOHOB ~He H30XPOHHOrO IHMKIOTpoHa Y-150M MHcTHTYTA siaepHOM (H3HKM
(Amvater, Kasaxcran). Dmeprus wmonos °"He cocrtasmama 50 m 60 MbdB. B kauecTBe MumeHH
HCTIOIB30BAJICS €CTECTBEHHBIH ra3 a30ta (99,61% ot '*N) naBaenne KoToporo 6110 0k0710 1 arMochepsi.
DodexTUBHAS TONMMHA MHIICHH ObUIa B guamasoHe or 1 10 7 Mr/cM’, B 3aBHCHMOCTH OT yIia
mamepenus. HeompeaeneHHocTs B onieHKe TOMMuHBI HEe Oonee 3%. bonee mompoOHO KOHCTpYKLMSA
MUIICHHU OTUcaHa B padote [6].
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PucyHoOK 1 — DHepreTHYecKuil cliekTp “He, paccesiHHBIX IIPY SHepruu 50 MsB
Ha siipax N OIIEHUBAOTCH 1IOJ oM 30°

B skcnepumenrax ucnonp3oBanack AE-E metomuka perucrpamuy 1 MACHTUQHUKALMN 3apSyKSHHBIX
yactul. PaccesHHBIC YaCTHIBI PETHCTPUPOBATHCH TEICCKONOM, COCTOALIMM H3 JBYX KPEMHHCBBIX
aetekTopoB ¢ tommmuaod 100 mmkporn (AE) u 2 mm (E). OOmee 3HEPreTHUCCKOE pa3peuicHHS
Bapsuposanock ot 400 mo 500 k3B, B 3aBHCHMOCTH OT yIia paccesHus, U ONPEACIATIOCh B OCHOBHOM
PpasdpocoM PHEPTHH B IMYYKE U TOMIHHOW MHIICHH.
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HuddepeHmanbHpie CCUCHUS YIIPYTOTo paccessHus ObLTH M3MEPEHB! B Iuana3oHe yrios oT 10° mo
170° B naGopaTopHOU CHCTEME KOOpPAUHAT. YTJIOBBIC PACOPCACICHUS, KAK BHIHO W3 PUCYHKA |, HMEIOT
JUPPaKITHOHHYIO CTPYKTYPY BILIOTH A0 yrios 60° - 70°. C yBenuucHHEM yIyia HaOMI0JACTCs [MTHPOKHHA
MaKCHMYM, a 3aTe€M chax Oe3 BBIPAKCHHBIX OCIILIIUE. CTaTHCTHYECKUE MOTPEITHOCTH H3MEPEHHBIX
nuddepeHIHATEHBIX ceUcHHUN He mpeBbimany 10%.

2. AHanu3 W oO0cyxaeHHe pe3yJbTaToB. M3MepeHHEIE VYITIOBHIC pacHpeleiCHUs VIPYTOro
paccesHus OBLTH MPOAHANM3HPOBAHBI B paMKaxX ONTHYCCKOM MoJEnH sapa. PacdeTsl mpoOBOAHIHCE ¢
LCHTPATIbHBIM MOTCHUHATIOM 0€3 CTUH-OPOUTATEHOTO B3aMMOACHCTBHL:

Ur) =17 (r)-idagp, LDy ()
/A

[MepBbie [Ba WiICHA OTBCYAKOT 33 AACPHOC B3AUMOJACHCTBHE C MOBCPXHOCTHBIM TIOTJIOIICHHCM.
Pagmansnas 3aBucuvocts f,(r) omuceiBactest Byac-CakconoBekum (opMbaxTopom ¢ pamuycom 7, u

auddyzuoctso a,(1=V, W):
f=[1rexpr—rd”) /)]’

V. — xynmonoBckmii TOTEHIMAT PAaBHOMEPHO 3apsukeHHOM cdeper ¢ pammycom R, . Ilpu r >R,
KYJOHOBCKOE B3aUMOACUCTBHE MEXKAY ABYMS SLAPAMH PABHO
B 2
Ve=Z,Ze Ir,

rae Z,, Z; — 3apsasl HateTaomen gactumsl (p) u Mumenu (t). Bo Bcex Hammx pacueTax HCIOIB30BANOCS:
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R.=1.4"¢cr,=13¢pm.

Teopernueckue pacuersl BomonHsIHch 1o mnporpamme SPI-GENOA [7]. [lapametper OI1
noAOUpaIuCk TakkM o00pa3oM, YTOOBI AOCTUYb HAWIYUIICTO COTJACHS MEXKIY TCOPETHUYSCKHMU U

SKCIICPUMCHTAIPHBIMU YIJIOBBIMU pacupcaACICHUAMU. ABTOMaTHUCCKUI TIOHCK ONTHUMAJIBHBIX
napamMeTpoOB OIl Oponu3BOAUIICA MYTCM MUHHUMHU3AIUU BCIUYUHBI Zz /N MCTOAOM HAaUMCHbBIINX

KBaIpaToB. B kauecTBe MCXOAHBIX OBUIN B34TH MapaMeTpsl MOTCHLOHANA, HNPEATIOKEHHBIC B padote [8].
Jns yMEHbIICHHS HEOJHO3HAYHOCTH MBI CTAPAITUCHh HE VXOIUTh JATCKO OT PSKOMEHIOBAHHBIX 3HAYCHHN
TCOMCTPHUCCKUX TapameTpoB (ry, dp) peampHoro moteHumana. JMma nydmero cornmacus ¢
SKCIICPUMCHTATBHBIMHA JAHHBIMH TIyOHHA MHHMOM dacTH (Wp) JTHIOB HE3HAYHTEIBHO YMCHBIIAIACH.
OxoH4YATEIbHBIE APaMETPHI IOTCHIUAIOB MPUBEACHE! B TA0MULE 1.

Hnsa orpaHudeHHs HEOJHOZHAYHOCTH ONTHUYECKOTO MOTCHLUHANA JOTOTHUTEIBHO OBLT MPOBCACH
aHanmu3 B pamkax ¢oaauar wMoaenu. lloreHiman aBoiiHOW cBepTKH  ((POAAMHT MOTCHIMAT)
PAcCUHTHIBACTCA € YUETOM PACHpEACICHUs SACPHOM MATCpPHHM KAaK HAJCTAIOIICTO fAApa, TaKk U sAapa
MUIICHH € HCIONB30BaHUEM 3(P(EKTUBHOrO MOTCHIMANA HYKIOH-HYKIOHHOTO B3aMMOICHCTBHS (Viy).
Taxm 06pazom, GOIIUHT TOTCHIUAT NPESACTABIACTCS B BHIC:

Ve (r) = Idrl Idrzpp (r)p, (), (1)
rie p, (r)u p,(r,) - IIOTHOCTH SJCPHOM MATCPUM HANCTAIOWIErO sApa W SAPAa MUIICHH,
COOTBETCTBEHHO. ['ayCcCOBO pachpe e IcHHE UIOTHOCTH TSt 000X SAEP ONPEAEIIETC KaK

p(r)= p, exp(=pr’)

>

rac [ KOPPEKTHPYETCsS TakuM o0pa3oM, 4TOObI BOCIPOHU3BECTH SKCICPUMCHTAIBHOC 3HAUCHHUC IS
CPCAHCKBAAPATHIHOTO pamuyca saep ' N=2,58 ¢m u "He=1,91 ¢m [9]. 3maucuus p0 Moryt GhITh
MOJTYYCHBI U3 HUKECICAYIOIIETO YCIOBHS HOPMUPOBKH

I p(ryrdr = A
4z

>

rae A maccoBoe uncno. B pacuerax addekTHBHOES HYKIOH-HYKIOHHOE (Vyy) B3aUMOICHCTBHE Opaioch B
dopme M3Y -B3auMoACHCTBYS, 3aTaHHBIM KaK

v (r) = 7999# ~2134 +J,,(E)S(r)M>B

>

exp(—2.57)
2
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