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IlpoBeJ:J:eH aHaJIH3 peaKu;nn nepe3ap51]J;KH 24Mg(t,3 He) B o6JiaCTH Bo36y)K
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qnceJI B paMKax (.n+p+g')-MO]];eJIH. PaCCMOTpeH BKJia]]; pa3JillqHblX KaHaJIOB B 
TOITOJIOrllll peaKD;llH, ou;eHeHO llX BJillSIHHe Ha mnpHHY ll C]];Bllr Ll-ITHKa B llHK
JII03llBHOM ceqeHllll peaKD;llll 24Mg(t, 3 He). 
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1 BBE,il;EHI1E . ' ' ~ ' ' ' 

AHaJIIt:3 )J;aHHb!X O ::iap.!!)J;OB0-06MeHHb!X peaI<I.UrnX, KaK 1rnam1ynpyrnx; TaK conpo~ 
rimi,p;aIOl.l.\IIXC51 Bo::i6y)K)J;emteM 6apIIOHHbIX pe::ioHaHcoB, ira :npoTmKeHmI noc11ep;Hnx 

1 11eT BXO)J;IIT B <iuc110 Han6011ee aKTYa.JibHbIX ::iap;a<i qiimmm npo11:e)KyTo~HbIX :mepruii. 
Ilpn 0TOM Hau6011ee pacnpocTpaHeHHb!MII 51B1151IOTC.!l'. p;aHHble no KBa::iuynpynIM npo
~eccaM, peaI<I~IrnM C BOo6y)K)J;eHIIeM .6.-u::io6apbl, a TaK)Ke'.penepOBCKOrO peOOHaHca. 
Ho )J;a;I(e 0TH, Hau6011ee nop;po6Ho u::iy<ieHHble npo~eccbl, He llOOB01151IOT.BOCCOO)J;aTb 
~e1IOCTHYIO KapTIIHY 51B11eHirn,n_epe::iap51)J;Im HYK110HOB II 11erKI!X IIOHOB Ha 51p;pax. OT
cyTCTBYIOT KIIHeMaTI1'Iec1m ll011Hb!e )J;aHHb!e O ce<iemrnx pa:311:\I'IHb!X npo~eCCOB II <>6 
OTHOCIITeTe11bHOM Birna)J;e pa::imI'IHb!X I<aHaJIOB peaK~IIII. Ha cero)J;H51IIIHIIll )J;eHb OT
CYTCTByeT caMo_cornacoBaHHoe · "MuKpocKomx<iecKoe" omxcamxe · no)J;o6m,ix npo~ec
coB'. B 'IaCTHOCTII, cyll\eCTBYIOl.l.\IIe ITO)J;XO)J;bl He no::iB01151IOT KOppeKTHO OTp;emITb 
mp<peKTbl 51p;epHOlI CTPYKTYPbl OT. MexaHimMa peaK~UII (p, n) npII "npoMe)l(YTO'IHbIX 
imeprirnx. AHamm niJo~ecca cyll\eCTBeHHO yc110lKH.!IIOT K01111eKTHBllb!e Bo::i6y)l(p;e:irn51 
TIIna (.6.N- 1 

)," T.e . .6.-1mo6apa ll11IOC HYK110HHM "p;1,1p1rn". .Il:!!51 npoMe)l<yTO'IHb!X 
0Heprnii: Hep;ocTaTO'IHO IICC1Ie)J;OBaH Bonpoc O nepeHopMI!pOBKe (N N-,- N .6.)-B3aIIMO
ieii:cTBil51 npII nepeXO)J;e OT BaKyyMa K ll)J;py. Jl:a)Ke p51)J; TexHII'IeCI<IIX MOMeHTOB Teo
peTII'IeCI(OrO aHaJIIma OCTaeTC51 no-npe)I<HeMy )J;IICKYCCIIOHHbIM. B HaCT0511.l.\ell pa6oTe 
npep;npIIH51Ta nonbITKa npuMeHemrn )];1151 aHamma peaK~IIII A1 g( t, 3H e) ;-IIpII6mrntemrn 
B<peKTIIBHb!X 'II1Ce11, ycneIIIHO IICIT01lbOOBaBIIIeroc51 paHee )];1151 IIOy'IeHII.ff_ npo~eccoB 
(p,n).11 (3He,t) [l]: PacCMOTpeHO B11irnmie.pa::imI'1Hb!X KaHaJIOB peaKIJ;IIII iiepena
p51)J;KII Ha 1mMeHem1e <pOpMbI II ll0110lI(eHII51 D.~niirrn IIHKlIIOO,IIBHoro C~"'leHIIH H:a Hipax 
(51p;epHOI'O D.-nima)' B cpaBIIeHiiII C qiopuoii II Il0110)J{eH~eM .6.~murn ui'.r;,'11io'::inimoro 
ce<ieHirn pearnurn ne1ie::iapn)J;KlI {la HYK110Hax. IIcc11ep;oBaiibl tlKCKJIIOOIIBHbl~ ClleI(TpbI 
71"- -Me:JOHOB, B paMKUX ( 71" + p + g')-Mo,D;e11II II IIpII6JmJKeHIIII ~-q><peKTIIBHLIX 'II!CeJI .. 

• • • ,., '• • I >" ,... .• 

2 .TOilO.JIOrI1I1 PEAKIJ;I1I1 IlEPE3APJI,il;KI1 
Mg(t,3 He) IlPI1 111\tlfIY.JibCE TPHTI1JI' · 
9715 raB/c 

PeaKriII51 n~pe~ap51)J;KII Mg( t, 3 He) HCC1le)J;OBa11ac1, Ha ycTaHOBKe rHBCJIB8 omrn 
/ [2] npn n~riy111,ce TpHTOHa p = 9.15 raB/c B reoMeTpirn 471". Pe~HCTP~II51 co6b!TIIll 

Be11~c1, iio; yr110M 0 ~. 0°, ± 2°. . . . ' · ·· .. ·. · .. _. . .· · _ • , · .. .: 
· .. 061.1.\ee 'IIIcrio "ngeHTII<pII~IIpoBaHHb!X co6b!THII COCT8l3H110 1691, BK11IO'IM.203 KBa

oiiy~py~nx" [2]: B <'i~6ii: 1 npeACTaB11eHbl )J;~IIHble o(i ocHO~Hhix · TOn~rror'it51x · ce~~HII51 
peaK~IIII (N_, N+)- Tono11orneii: peaK~IIII C'IIITaeTC51 TaKoii aHcaM6111, co6b!THH, KOr)J;a 
peaK~II51 nepe::iap51)J;KII t +24 Mg -+3 He + N _ 71"- + N +P + X conpoBO)l<)J;aeTcn pern
cTpa~neii npO)J;YKTOB )J;~Bo'o6y)l()J;e~1rn° npoBoan;,;;O)J;encTBOBaBIIIHX 51~ep, CO)J;ep)I{all\IIll 

. N:.. 71"7°, - 'IIIC110 ::iaperncTpl!pOBaHHb!X 71"_'."" ~ MeOOHOB II N +P a 'IltC110 ::iep"erncTpnpoimii-·. 
Hb!X npoTOHOB. Tono11orn51 (li-/lp) BK11IO'IaeT B ce651 TaKHe I<aHMbl pearn:~nnnepe~' 
::iap51)J;KII Mg( t,3 He), B: KOTOpb!X perncTpIIpOBMIICb 171"- -Me:JC)H II 1 IIpOTQH; Bcero 
6bl110 o6pa60TaHO 1488 C06b!Tllll. Ha pIIc.1.· npIIBe)J;eHbl TOII0110rIIII ce'leHIIH B oann: 
CIIMOCTII OT cpe)J;Heii nepep;aHHoii 0Heprnn: Q = T(t)-T(3He)·[2]. · · · · 

09-.t . .a.a .... _» . .we,_._'" 1 i,,e·nm~il 
-~~-", 



Ta6n.1. Torronormr •ce'!emrii peaKI:Um nepe;iapJill;Kll Mg( t, ~He). Qcp - <:r'e~HJIJl n~
peµ;aHHM imeprirn. 

N_ N+ 'IUCJIO co 6b!Tllll BepoJITHOCTJ, Qcp(MaB) 
0 0 470(673) 32 ± 1.5% 220 
1 0- 568 38 ± 1.6% 320 
1 1 132 8.9 ±0.8% 520 
0 1 212 14± 1.0% 280 
0 2 52 3.5 ±0.5% 480 

µ;pyrne 3.6% 
Torronornn 

,.Torrononrn (l7r·-, Op). B cJiy'!ae KBaancB0601J;Horo pmK)l;emrn .6.-=06ap1,1 - aTo 
OCHQBHoii KaHaJI n(n,p)A.-peaKJ::um; 

np + nt -> PP + ti.1 -> Pp +.nt + rr; 

:. np11 pmKµ;emm ti. - -n;io6ap1,1 B JIµ;pe-MmneHir i1 

np + n1 ...:..; ti.~ + n1 ...:... Pp + rr; + ni 

; . (1) 

. (2) 

- rrp11 po)Kll;~~lm ti.0-1mo6ap1,1 B JI)l;pe-CHapJI)l;e. I1H)l;Cl(Cl,I p n t 03Ha'!aIOT pmK/];CHile 
ti.-1mo6ap1,1 B ll)l;pe-ciiapll)l;C.II ll)l;pe-MmneHu, COOTBeTCTBeHHO. . . ' 

. ·:rr~oTOIIII'Iecrme COOTHO~CHIIJI /l;Jlll n( n,p) - pearrn;im )l;aIOT. lI30~ITIIHOBb!ll Bee ~Ba
;IlCB0060p;Hc:i~o pmKp;eHIIll ti_ <u;io6~pbl B JI)l;pe-Ml!llieHI!

1
pa~HblII J, ~ ti_O -

0
1I306ap1,1 B 

ll)l;pe-CHapll)l;e,paBHblll 1/9. . . . . . . . 

Cpeµ;m;~ ·oHa'!emre ·nepe1J;aHH011 aHepnm )l;JIJI co61,1Tm1 Tononornu (lrr-, Op) : Qcp 
= 320 MaB. 

Torronor1iJI. (lrr-, lp). lI;iocmrnoBhlH Bee aToro rrpoIIecca B cny'!ae 1rnamrcB060-

AHOro pmK)l;CHilll ti.0u;io6apbl p(n, p )A-peaKIIlUI paaeii 1/3 ITO OTHO[lJCHmO K IIPOIICCcy 
n(n,p)A :PeaicIImI Torronorm1 (lrr-, Op) .. OcHoBHOII KaHaJI KBa3IICBo6oµ;Hm'i. rrepe;ia-
pllll;Kll: . . - . . • :' • : ; . . i '· 

nP + Pt -> Pp + ti.~ -> Pp + rr; + Pt • (3) 

,Il;aHHM _Torronornll OTlllI'!aeTcJI MaKClIMaJibHoii cpe1J;Hei'1 rrepe)l;aHHofr aHeprueii Gcp = 
520 MaB: 8ToT <paKT nooBonJieT cµ;em1.T1, BblBOA, 'ITO B aHca},16ni,co61,1Tm1, oripeµ;e

. lIJl!O~lIX. 3TY TOIIOJIOrl!IO, BXO/];llT, Kl)OMe KBaOI!CB06op;HbIX, ll;pyn;e' KaHan1,1/ Harrp11~ep 
C Boo6y)K)l;CHIICM 6onee TH:iKCllb!X 1mo6ap, a TaIOKe MHOrocTyrreH'!aTb!e rrpoIIeCCb! . 

· Torronormr (Orr-, Op). B cocTaB a-roi'1 Tonononm BxoiiIT rien1,1fr PllA KaHaJIOB. 0)'.l;nH 
. - ' . . . ,.,., ' 

113 HiiX: 

np +Pt-> PP+ ti.~-> PP+ 1r~+ n1 (4) 

- KaHan KBa3l!C~o6o)l;HOrO pm~)l;e~;lll ti. 0-1mo6ap1,r p( n, p )A-peaKIIl!ll C I!OOTOIIIl'IC~l(-ll~ 
BecoM .1/2 ~o OTHOlliCHl!IO K KBa3IICBo6o)l;HOMY rrpoIIeccy pmK)l;eHirn ti_- -11006ap1,1 
p(n,p)A-peaKIIlll! Torronor1m (lrr-, lp). Kpm.1e Toro,B03MmKeH BIWaA KUHaJioB,.oT-. 
pa)KaIOl..l.lll~ ~O;JI~KTl!BHbie a<p<peKTbI BO:J6y:-K)l;eHlrn JI)l;ep,· HarrpnMep, 6eoMeOOHHYIO 
p,a3PJIAKY .6.-1mo6ap1,1: . 

2 

< 

1 

"} 
i 

... , 

np + n1-> PP+ti.1,· ti.,+ Pt.:...; n1+ n1:: (5) 

KaHaJI. KBamrynpyroii rrepe;iap~µ;1c1I 

nP +Pt -> Pp + n1 (6) 

B )l;aHHOII pa6oTe He pacnrnTp1rnaeTcl!. 
Cpeµ;Hee 3Ha'!emre rrepe)l;aHHOII aHeprmr )l;JIJI co61,1Tni'1 )l;aHHOII Torronormi cocTa-

BJIJICT: Qcp = 220 MaB.. · · 

Torrononrn (Orr-, lp). Co61,1T1rn, BXOIJ;lll..l.llle B. )l;amiyro Torronornro, HeB03MO)lrno 
OIII!CaTb KBa3UCB060p;HblM pmK)l;eHI!eM tJ. 0-1mo6ap1,1. 0HII MoryT ,6b!.Tb CJie/];CTBIIeM 

TOJibKO KoimeKTUB~b~X a<p<pefroB rrepeoapllAim. M1,1 IIOJiaraeM, 'ITO ,OCHOBHOll ~Klla)l; 
' . ' . ' . . . . " 

B gaHHYIO TOIIOlIOrUIO BHOCJIT cneµ;yIOl..l.lUe rrpo1Iecc1,1: 

np +, n1 ··~ }P + .6.1, · ti.1 + Pt -> n1 + n1 (7) 

C 6eoMCOOHHM pc13pll)l;Ka ti. - -1mo6ap1,1 C o6pa:30BUHIIeM nn-rrap1,1 tr 

• 0. 0 . ' 
np + Pt ->Pp+ ti. 1 , ti. 1 + n1 -> n1 + n1 (8) 

~ 6eoMeOOHHru! pacipll)l;Ka ti. 0 -no66ap1,1 C o6paooBaHilCM ;n::rrap~~- II~u 3TOM 6blcTp~ii . 
Hel!TpOH rrpII npoxo:,l()l;eHim 'Iepeo' JIµ;po-ocTaTOI( M<:rn,eT' Bbl6l!Tb npoTOH ii, T·aKIIM 
o6pa3oM, npl!BCCTI! K nOJlBlICHIIIO co61,1T11Jl C TOIIOJior11eii (arr-, lp). . . . . 

Cpeµ;Hee OHa'!CHI!C nepeµ;aHHOII 3Heprmr /];Jill .C06hlTlllI )l;aHHOll Tononormr COCTa

BlIJICT: Qcp = 280 MaB.' Oim 6mmKo no Bem1'!nHe 1c ·oiia'!em1ro _Q~P µ;mr TOII~nor~u 

(Orr:- I Op); ll;lIJl KOTOpOII l!CTO<iHIIKOM BIIPTYaJibHbIX rr- MC30HOB JlBlIJleTcH Torronorirn 
(b-, Op) ( n( n, p )6.-peaKIIIlll). Oµ;HaKO BKnaµ; OT 6eoMeOOHHOII nepeoapigim c_ IICTO'I
HIIKOM ·Bl!pTyan1,HJ,IX rr- -MCOOHOB !IO TOrronor1111 (lrr-, lp) (p(n, p)A-peaKIIIrn) C ,ca~ 
MblM 6onbllil!M cp.Cll;H~IM OHa'ICHil~M rrepell;aHHOI; aHepnm C)l;BuraeT· _rronmKem1e·. Gcp 
Torronorinx (Orr-, lp) B CTopoHy Qcp TOIIOJIOI'l!ll ( 1 rr-, lp ): . . .. . . 

PaccM0Tp11M co61,1Tmr; 11MeIOl..l.llle Tononoruro (orr-, 2p). Ilp.e)l;nono)KHM, 'ITO oc:Ho

BH01'i BKnaµ; B µ;aHHYIO TOIIonornro BHOCIIT rrpoIIecc: 

np + Pt ->Pp+ ti.~, 
0 . ., •,' 

6t + Pt -> n1 + Pt , (9) 

C rrocneµ;yroh\11M BbI6irBaH!ICM IIpOTOHa 61,1cTpbl~ HCII;po~oM, Cpeµ;Hee t3Ha'!CHIIC nee 

p~gam~oii a~epnrn ~IIJI co61,rTl!II µ;~H~Oll .Tononormr ~Ka3bIB~CTCJI O'ICH!, 6mIOKl!M K 

Bemr'II~He cp~µ;Heii nepeµ;aHHOII aHep~1111 )l;JIJI Torronoru~1 (1 rr-, lp} u cocTaBnlleT:Qcp 

= 450 MaB. 
8Kcrrep11MCHTaJibHO Ha6JIIO)l;aCMb!e B peaKIIllII Mg( t,3 He) TOIIOJIOrl!II HC l!C'Ieprrbl

BaIOTC.lI rrp1rneµ;eHHblMll B:Ta6n.L 0)'.l;Haim HIDl(C Mhl noµ;po6HO OCTUHOB~MCJI llllllil, 

Ha aHaJIIme Ha116onee Bepol!THOII - Torronorm1 (1 rr-, Op). 

3 , <t>OPMAJIH3M Sct>ct>EKTHBHbIX 'CJHCEJI 
<' , ' u . ' '. ... .. ' ' 

AJIHCJIY'CJAHPEAKQHHITEPE3APHAKH 

8TOT pa.3'ACJI · IIOCBJill.(eH npm,feHeHl!IO MeTO)l;a a<p<peKTl!BHb!X 'Il!CClI )l;llll paccMa

TpmiaJMoro Kpyra: peaKUIIII: M1,~:6yll;~M ~ll<eTCMUTli'IeCKII 0~11paTJ,CJl ~a peoyJI~T~Tbl,~ 

3,: 



' 

norry'leHHbie B pa6o'Ilax [1, 3) npu aHamme ummro::mBHbIX pearcnm1: Bhl6Irnamrn KJia
cTepoB (p,pX), KOTopbie KrrneMaTII'lecrm aHarror11'1Hhl nponeccy (p, n ). Ilpu aToM Mhl , 
6ygeM IICITOJil,::30BaTl, CIICTeMy eµ;rrnIIn 1i=c=l. . . . . 

Crreµ;yJI pa6oTaM [1, 3), ::1amnueM IIHBaprraHTHoe ce'lemre pearcnmr (p,n) B CJieµ;y
IOU{eM mrµ;e: 

· 2E;EA · 1· 1 " 4 (4). .• ·, np . 12 -
da = ,\l/2( 2 Af2) -2 ?J. + l L..,{21r) 5 (P; + PA - Pn - Pi) TB+A;A dPn, 5 NA,mN, A - , 

(10) 
rµ;e cyMMupoBaHlie Beµ;eTCH no rrnaHTOBhlM 'IIICJia~ rri', M; n f. · B ·rrepii"oM 6opHOBCKo'u 
npH6mrncemm MaTpII'IHhlII aneMeHT T-MaTpllllhl IIMeeT mii:i: · ·· · 

A 

T;~A.A =< A{x~-l(fn,i"'NB+A(fi, ... ,r,i)} I LVNA(~,r) I 
j=l 

• (+) - . . 
A{xP (kp, r)Wa,J,M,(fi, ... , r,i)} > . (11) 

. B <f>opMynax (10), (11) 11 µ;anee ucnon1,::1y10TcJI crreµ;y1011{11e 060::1Ha'lemrn: E; = 

(Pl+ m;., )1
1

2 
-aHeprmIHarreTaroll{ero npoToHa c rrMrryni,coM P; u Maccoit mN, EA= 

(P1 +M,1)
1

/
2 

~aHepnrn Jigpa~MIIwemr A, s~A -rrnag.paT 1rnBap1IaHTHo:i'r Mace.bl cucTeMhl 

p+A,' ,\(x, y, z) = (x.- y - z)2 
- 4yz ~rmHetrnTII'lecrrnJI umr Tpeyroni,Hrur <f>YHKllUJI [4), 

P;, PA, Pn uP1 -nM.nyn1,c1,r HaneTaroll{ero npoToHa, perucTprrpyeMoro, Her1:TpoHa II 

HeperrrcTpupyeMux <f>parMeHTOB f = B + 6., cooTBeTcTBeHHo. <Pop.Myna (10) ::1arrII

caHa Ii CIICTeMe neHTpa rrnepnmr p+A. OHa coµ;ep)KIIT BOJIHOBYIO <l>YHKllIIIO 'i'o;J;M; 
Jil];J>a-Mun:ieHir A co 'cmrno~ J II ero npoeKn1re1f M II ripo:<II:IMH KBaHTOBbIMII 'IIICJiaMU 

a, BOJIHo~yro 4>yirnnu10 'i'B+A· He~a6rrroµ;aeMOII C~ICTe~m.f, COCTOlIU{er1: rm JI):lpa B:::A-1 
u 6-u::1b6apbI, IlCKa)KeHHyro BOJIHY npOTOHa xi+) II HeIITPOHa x~ -) , a TaK)Ke 'onepaTop 

VNA ri~pexoµ;a N N-> N 6. II aHTIICIIMMeTprmaTop A. 4>ar(TOp [2(2J; + l)J-1 B <f>op
tr'yne. (10) Bo::1mmaeT 1m-::1a ycpeµ;Hemrn rro rrpoercn1rnM cmma· naµ;aroll{ero npoToHa u . ' - ' . . 
JIµ;pa-MIIWeHJI, T.e. II IIY'IOI( II MUWeHb C'IIITaIOTCJI Henonllp1I::30BaHHl,IMII. 

B pa6oTax [5, 6, 7) norrn::1aHo, '!To o6hl'IHhlII crroco6 y'leTa lI)\'epHux ucrca;rcemrfr 
npII pac'leTe xi+) (x~-l) B paMrrnx OllTII'leCKOII tmµ;emr rrpIIBOJ:IIIT I( ::3aHmKeHHbIM ::3Ha

~eHUJIM TeopeTII'leCKI_IX ce•remn'i, T.IC He Y'llrThlBaeT Brmaµ;a rrponeccoB, CBJI::laHHbIX 
' . . ' . ' ' 

c HeKorepeHTH.bIM rrepepacceJIHireM rrp0To1ia (HerxTpoHa)' Ha HyrcrroHax Hµ;pa-Mnwemr 

A (Hgpa-ocTaTKa B + 6). 8-roT acp<f>ercT MmKHo y'lecT1,, ncrron~::1y; rnay6epoBcKue 
IICKa)l(eHHbie BOJIHU: 

. A., . . . 

xi+>(fp, r) = (21r)- 3
f 2exp(ikp. r) Il[l - r(b - bj)fl(z; - z)]xm(a), .(12) 

. i=1 

A-I . 

x~-l(fn,r),; (21r)_
3

,
2exp(ik,.. r) II [1- r(b- b;)fl(z - z;)]xm(a). {13) 

j=J 

B <f>opMyirax (12H13): b - npunen1,Hm1 nap~MeTp, ij - nepeµ;aHHbrii: u,Mnyni,c, I'(b) 2 · 
<f>YHKllll~ npo<f>ImJI 

r(b) = 2:ik J i<f-..b1ANN(ifJd2q. (14) 

Arhv(ifJ:. aimJIJITYAa NN-pacceJIHillI, Xm(a) - cm~HO;al! <f>yHKlllllI HYKll0Ha co CIIIIH()M 
a u ero rrpoeKnIIeit m, a 'fl( z) - ciyneH~raTM qiyHKllHJI: · · · ·. 

4. 

I 
I 
I 

l 
1 
-~ 

1 
I. 
! 
I 

·' f 

:;;r 

! 

r 

fl(=) = { 1 , npII = ~ 0 
. 0 , npII = < 0 

. . B pa6oTax [5, 7) Ha rrpmrcpe llHKJIIO::lIIBHhlX pcaKnII11 (p,pX) 11ccneµ;oBaHo npir6im

iemre a<f><f>eKTIIBHbIX 'IIICeJI, OTJIII'IaIOU{CeCll OT CTaHp;apTHoro D\VIA ::3aMeHOII OITTII
'ICCKIIX llCKa)l,CHHbIX BOJIH Ha rnay6epoBCKIIC, B ,3TOM npri6nmKeHim, cyll{eCTBCHHO llC

llOJib::3YIOU{CM yCJioBIIe· rroJIHOTbI i,bHe•rn1,1x c~cTo~~rii'r HeperrrcTpIIpyeMux <f>par~reH

ToB, ce'!e:ime pearcnrm A(p,n)B Mmrrno npe;i;cTaBIITb B c:reµ;yroll{eM Bnp;e (ctr. [1, 5, 6, 7) 
Ir CCbIJIKll B HUX): . • 

da,1(p,n).,,B J - d -~cm,; ~ d(J[<I>;~.(Cj))2 aP+r-n+A++(P;,Q) 
. di?n . , (15) 

rp;e [<I>t( Q))2 - 1iMnyn1,cHo<> paerrpc;i;c:reHn<> Hy1moHoB B JIµ;pe A, nprmmrnrowIIx y'la- , 

CTIIC B pcaKnm1 nepc::1apl!µ;Kn. <PyHJ(IUII! mIII)'llbCHoro pacrrpe;J;C'JICHIIJI HYKJIOHOB [<I>t( Q))2. 
JierKO BUpa;KaCTCJI '!Cpe::3 napnIIa!lbHbll' mmy!lhl'Hl,IC pacnpep;~:ICHIIll IIJlOTOHOB [<l>:( Q))2 
II HCIITpOHOB [<I>;~( Q)j2: 

[<I>~(cJ)]2 ~ [<I>j(cJ))2 + ~[<I>;!(Q)J2. (16) 

· rge 1/3 B qJOpMyne · ( 1G )- II;JOTOilll'!l'l"l(IIIJ: BCC(JBOli !\IHQ;l(IIT.Clll, )J;llll pmK):ICHIIll 6 -
rmo6ap1,1 Ha Hcr"tTpoHe. 8qiqicr,TrrBHOl' ,i'rrc:io rrpoToHoB (iieiiTpoHoB), npnHIIMa10~·~1x 

y'laCTIIC B nponecce (p,n), OIIJ>C)J;C'!llll'TCll IIHTl'rpa:I0tl OT IltIIIYJibCHOrO pacrrpe):leJie-

Hill!: 

N7v = j dQ[<I>;~:(CJ))2. (17) 

B npII6mr:,1wH1m rrnocrmx B0:IH a<f>q>cKTIIBHbie 'IIICJia paBHbI N(PTV) = Z (N(PH') = 
N),.rµ,e Z(N)~ 'IIICJIO npoToHoB (HeIITpoHoB) B lIJ:lpc A. Iloµ;po6H1,ri'1 aHamm CBOIICTB 

aq><f>eKTIIBHl,IX •mceJI HyrrnoHOB II rrnacTepoB npoBC;:\CH B UOHorpaq>IIl!X [7, ·SJ II o6-

::30pe [9]: IlpncyTcTB!le 111myn1,ca BHyTpIInp;epHoro HYKJioHa q B _:mcne apryu~TOB 

ce•reHillI nepmapJIµ;rm Ha CBoGoµ;Hotl HyrmoHe dar+,;-n+!!i.+·+(P;;Q)/di?n ·yrm::lUBaeT 
Ha Heo6xop;rrMocT1, y•reTa :J<f><f>er,ToB cxop;n c !\HH'coBoi'r noBcpXH0CTII. BHetiaccoBhre· 

a<f>q>el(Tl,I IIp!IHJITO paCC'IIITbIBaTh B pa!\IJ(i\X 0IIT!lt!allhHOro np1161m;KCH!lll. Op;m1Ko B 

rrccncµ;yeM01°r 06nacT11 aHepr11i"1 T ~ O.G I':JB B:JIIJIH!leM BHcuaccciB1,rx a<f>q>eKTOB Ha 

IIHTerparrbHl,IC CC'IeHIIJI 'MmKHO npeHcGpc'Ih, Il0l"l(O!lhKY l];Jill 11!\IIIYllhCa HaJieTaloll{cro 

HYKJIOHa P; BblIIOJIHJICTCll ycnoBne P; ~ Pi, rn;c Pi - ntrrrynhe <Pcptm. JJ:<>no B TOM, 
'ITO BeJIII'l!IHa B::3aIIMOJ:ICIICTB!lll ::3aB!ICIIT OT IltlIIYllhCOB. HaJie~aIOU{~ro npoTOHa P; 
rr BHYTPIIllµ;cpHoro HYKJIOHa Q KnK (P2 + Q2

), Tai( 'ITO IIHTcrpa.'11,mur rronpaBKa OT 

y'leTa <f>cpMIICBCKOro p;BmKeH!llI HYK!I0H0B 11 !IX CBlI::Ji\HHOCTII HC npeBOCXOJ:IIIT 3 - 5%. 
KpoMe Toro, BHeMaCCOBbIC acpcp·cl(Tl,I 0l(n::lh!BaIOT cni16oc BlllllIHIIC' Ha IIHTCpCC)'IOU{YIO 

Hae A-::3aB!ICIIMOCTh 1m'l'crpnJihHOro CC'ICH!Ill Pl'HKllIIII .4(p, 11 )IJ. ~'rm:::iaHHbIC o6CTO
JITellbCTBa ll0::3BOJIJIIOT BOCII0llh::J0BaTbl'lI np116mDKCHIICU' 

~<!_p+p-n+A+t (.P;, Q) ~ dap+p~n+t,.H (P;, Q = O) _ dap+p-n+t,.++ (P;) I 
dOn ~ dH,. = dH,. free. 

(18) 

B ;)TOM np116JimKCHIIU l'0OTH0WCHIIC ( 15) qJ.l!(TOpl!::3)'CTCll: 

da,l(p,n).,,B _ !\' dap+p- 11 +c,.++ (.P;) I 
dH,. - • dO,. free, (19) 

5 



npu'leM B npn6mI:fiCHlUI <3q>q>eKTIIBHbIX 'IIICeJI Bbrpa;,l(CHI!e ,!:IJill Beml'll!HbI N IIMeeT 
npocTyIO CTpyKTypy: 

, . N :f dQ[it!1'(Q)]
2 = (Z +·~N) j drp(r)J2(b, z) = (Z+ ~N) < J 2 ~-. < · (20) 

• B q>opMyne (20) < /2 >-aq>q>eKTIIBHbIII q>aI(Top i:iorrror.qeHIIfi, p(rj - O,!:IHOHYKJIO~
HaJI IIJIOTHOCTb, HOpMupoBaHHM ycnoBueM J drp(r) =·1,·a /2(b,z)- rrray6ep00Bc!(m'i: 

.q>aKTOp nor1101.qeH11H: . . 

atot - ael 
/2(b,z)=[(l- pNA pNT..:(b,z))(l- atot ael . A A 

nN ~ nN T+(b, z))]A = L L JfP>,.Jb, z), 
Ap=0 An=0 

A A ( A )· · atot . · ael . . . · , 

ffP>.Jb,~f=:= >,.~o>,.~o Ap (1- ;{'T-(b,z)l->,.P( ~NT_(b,zWP, 

( 
A ) tot el 
An (1- a,;tT+(b,z))A->,.n(,;:'T+(b,z)f•n. (21) 

rp;e a;'fS(a~"J,) - nonHoe ce•1ei:iue npoToH (He1hpoH) - HYKJIOHHorn pacceHHirn, a a;',;(a~',.) 
- RHaJIOrll'IHoe ynpyroe CC'fCHIIe. <PyH!(l.(IIII' TOJl!.ql!Hbl T± narn1CbIBaIOTCH B CTaHp;ap: 

' 1;H0II q>opMe:_ · · · · · 

T+(b,z)~Alx, d(~([b2+e1112), 

T_(b, z) = A 1~ d(p([b1 + (2].112). 

(22) 

(23) 

.<l>opMyna (21) npep;cTaBrrHeT co6011 panrrmKeH11e c!>ax,Topa norrror.qemrn no 'll!Crry 
Ap (An) KBaauynpyrux coyp;apemi1IHaneTaIOr.qero npoTOHa (BbIJieTaIOr.qeroHeiiTpcma) 

c iiyxnoHaMu Hp;pa'A(B). OHa nonB~rrneT npep;cTaBIITb aq>q>eKTIIBHbie 'lncrra N_B q>II-
, ' ' -

:Jll'lecKII llCHOM Biip;e: 

_:_ , 1·· . A. A 

N = (Z + -N_)j· di''p(r)" "ff>,_ (b,'z). 3, L.L. pn . 
Ap=O An=0 

(24) 

. OnpegeJIUM n~pil;~laJihHY~ 'CYMMY N VpVn. KaK 

NVp~n = (Z + ~N) jdrp(r) t f: ffpxJb, z). 
. · . _ Ap=_0 An=0 

(24a) 

I(a)Kgan· ·'laCTll'IHM cyMMa (24a) om1cb1BaeT BKrr~g ~ nonHoe _Ce'leHue OT onpe
p;erreHHoii rpynnbl KOHe'IHb!X COCTOllHl!II np;pa n· + 6 .. HanpuMep, N 00 COOTBeT

CTByeT TOMy' 'ITO B penyllbTaTe peaKil;IIII o6pa::30BaJIOCb COCTOJIHUe ( 6N- 1 ) II Hll
KaKIIX p;pyrux Bon6y)I,gem11'i: B-Jip;pe B HeT;·m;m1'111Ha N 10 OTBe'laeT·npoa;e_ccy, xo

rga HaneTator.qm'i HYKJIOH BHa•1ane Bon6yg1m B'.ttp;pe A cocTOJIHlle (lp-lh), II TOJibKO 
noToM, nepenapngI1BU11Icb, o6panoBan· er.qe u ( 6N- 1 )-Bon6y)Kp;em1e. Boo6r.qe, ecnu 

Vp + VN = i, TO aTO 0:JHa'laeT, 'ITO B pea.KD;IUI A(p, n )t.B o6panoBaJIOCb Bon6y)Kgem1e 
(ip - ih) + (6N- 1 ). 
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3apll1!;0Bal! _CllMMeTpllll IlO:JBOJilleT HeCKOJibKO ynpo_CTllTb Bblpa)KCHIIe (21 ), TaK KaK 
Im Hee BbITeKaeT paBeHCTBO ce'leHI!II apN = anN, = aNN ll, cnep;oBaTeJibHo,· BMeCTO 

· p;Byx q>yHKil;IIII To111.q11HbI T± Mo:iKHo BB~CTII op;Hy 
' ,- ,· . .- . ' ' -· ' 

' _T(b) = T_(b, z) + T+(b, z) = A 1: d(p([b2 + (2]112
). (22a) 

B aToM cny'lae B npep;ene 6onbllll!X MaccoBblX 'lucen A ~1 _Mbl nony'laeM xopolllo 
ImBeCTHOe npu6rrmKeHite ax'i:KoHana': · · · · · 

f~k = exp[~(a~~ .:._ a;J;.,)T(b)]'. "(25) 

OTMeTUM, 'ITO rrpu nepexoge OT Bblpa)I,eHIIJI (21) x (25) Mb! llCilOJlb:JOBaJill q>aKT 

crra6oii :JaBllCIIMOCTII ce'lem1i1 apN(Tp) II anN(Tn) OT aHeprmi: Tp(Tn), TaK xax,cTporo • 
roBOpJI,apN(T,,) = anN(Tn) TOllbIW rrpu T,, = Tn. · 

Ecnu Jip;po perucTpupyeTCll B OCHOBHOM COCTOllHlIII, KaK, HarrpnMep, aTO l!MeeT 
MecTo B aKcrrepnMeHTe [10], To B q>aKTopax rrorrror.qeHIIJI (21) u (25) crrep;yeT <pop

MarrbHO IlOlIO)KIITb aiJN.E 0, B :lT0M_ cny'lae q>0pMyJia (20) C00TBeTCTByeT npu6m1-
)KeHIIIO aiiKoHarra µ;mi' OilTII'leCKOiI MOp;eJIJI yrrpyroro pacceJIHIIJI. IIogcTaBJIJIJI Bblpa

)KeHue (25) B q>OpMyny (20),-.npep;cTaBIIM a<p<peKTl!BHbiii <paKTOp rrornor.qeHIIJI < j2 > 
B Ilp1I6JllJ)KeHJIII aIIKOHalla B cnep;yr.qeM Bl!p;e: ' . 

' . ?7r j ~ ! 2 >= :i · .. dbbT(~)e-q~<~>, (26) 

rge a = a~lv p;JIJI aKCKJIIO:JIIBHbIX 11 a ~- a~lv - a;JN gnJI_ IIHKJIIO:Jl!BHbIX peaKa;nii, 
C00TBeTCTBeHH0. MHTerpaJI (26) MmKHO oa;eHIITb MeT0,!:I0M rrepeBarra: 

'j' <f >= [(21r )3nbo]/[Aa2e I T'(bo) I]; (27) 

rµ;e bo-KopeHb ypaBHeHirn: 

T(bo) = a- 1
• (28) 

-IIpu aHeprlIJix:Tp > 0.6 raB BeJI;1~11Ha a Jie)I(IIT B IIHTepBane a :::::20-40 M6apH 

(a~lv :::::40 M6apH, 'ci;JN :=::: 10-20 M6apH). B aT0M crry'lae b0 ~ RA, I T'(b0 ) j::::: 1/(aa), 
rge RA - paµ;nyc Jigpa, a :-gnq>q>y:JHOCTb ero rpam1'a;bl, II np1I611n:;KeHHOe Bbipa)KeHne 
l!;JIJI < j2. > nai:mU1eTCJI I(~I(. . . 

< 12 >::::: (21r )3/2 RAa 
aAe 

(29) 

,Hn_<pop~yJibl (29) cnegyeT, 'ITO Bem1•~1;Ha < j2 >cx-A-.213, cneµ;miaTeJibHo, · A-3aBHCH-

Mcx;i:h N HMeer sim · · 

N ex A", {30) 
1

r~~ a::::: 1/3 p;llll (p,n)A 11 (3Heit)~ p~~KI.\llll [1]. 
> .B Ta6m11-1a:e 2, 3 rrpep;cTaBJieHbl,A II Tp-naBI!CIIMOCTII aq>q>eKTIIBHblX 'IIIcen N..:Mn 

.aTl!X -ra6mra;, It, BIIIJ;H0,,,"!'.TO a<pq>eKTIIBHble 'lllCJia N =- k1A" , rp;e Cl' ecTb MegneH~QC 
pac:Tyr.qan <pyHKD;IIJI Ap II An: Cl'oo = 0,31-AlIJI Noo II Cl'33=0,38 p;11JI.N33. IIpuaTOM 

-PJIA {24) cxop;IITCJI O'leHb 6bICTpo - 0KOJI0 90% IlOJIHoii Belll!'ll!Hbl N C0CTaBJIJieT ero 
'laCTil'IHal! cyMMa N 11• 8TOT "penyrrbTaT <paKTU'leCKII onpaBp;b!BaeT IICil0llb:JyeMoe 
"ii:~u rrp1I6JII1)KeHue Il0lIH0Tbl ii IlO,!:ITBep:;Kp;aeT: crrpaBep;JIIIB0CTb COOTHOU1em1ii (29), 
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(30). 3µ;ec:i, ;,Ke OTMeTIIM, 'ITO HecKoii:i,1m oaB:1,1uieirnoe ::matJem1e 'a33 = 0, 38 µ;m1 
N 33 B0::3HIIKaeT IIn-na Hey'IeTa rrorJJoll.(eHirn fl.- IIno6apbI B Hµ;pe (HarrpuMep, 'yxoµ;a 
fl. -1mo6apbI B KaHan 6e::3Me::30HHOII_pa::3pJIµ;KII). J',IeT ::noro rrorJJOll.(eHirn yMeHbll!aeT 
nHatJem1e a µ;o 0,36. 

Ta6mu~a 2. 8qiqieKTIIBHble 'IIICJJa HYKJJOHOB. N KaK qiyHKUHJI MaccoBoro 'IIICJJa A 
np11 ::mepruu HaJJeTaroll.(ero npoTi>Ha T = 6 rnB. lfa:µ;e1(c "'apt" 0::3H~'IaeT,'ITO npu 
BbI'Il!CJJeHim N pactJeT qiaKTOpOB IIOrJJOll.(eHirn npmmBoµ;nii'cJI B p;;,MKa~ O!ITII'IeCKOH 
Moµ;em1 ynpyroro pacceJimrn._ CMhlcJJ IIHµ;eKcoii "ei_k" 11 "jk" (j,k=0,3) rroµ;po6Ho om1-
caH Bhlllle. Bo Bcex IIOCJieµ;yIOll.(I!X Ta6nnuax u pncyHKax I!CIIOJ!b::3JeTCJI YKa:JaHHM 
CllCTeMa o6onHa'IeHI!ll. B pactJe_Tax lICIIOllb::3JIOTCJI q>aKTOpb! rrorJJoll.(eHirn 6en ytJeTa 
yxoµ;a ll.-IIno6ap:i,1 a (ll.N - N N)-KaHaJI 

A -Nopt Noo N11 N22 N33 , N,ik 
12 1.79 1.69 -2.23 2.32 2.34 2.43 
16 1.79 1.71 2.28 2.40 2.42 2.51 
27 2.66 2.58 3.46 3.65 3.68 3.78 
40 3.07 3.00 4.08 4.33 4.38 4.47 
58 3.38 3.32 4.54 4.85 4.92 5.02 

118 3.90 3.86 5.31 5.69 5.74 5.88 
208 3.35 4.33 5.98 6.43 6.55 ,' 6.63. 

Ta6m1ua 3. 8qiqieKTIIBHhle:'IIIcna N µ;nH Hµ;pa 12G B naB11c11MocT11 oT ::meprim Tp 

Tp(r0B) Nopt Noo N11 N22 N33 N,ik 
1. 1.79 1.69 2.67 2.98 3,06 3.12' 
6 1.79 1.69 2.23 2.32 2.34 2.43 

10 1.83 1.74 2.24 2.33 2.34 2.43 
14 1.83 1.74 2.30 2.40 2.41 2.51 
20 1.93 1.84 2.27 2.33 2.34 2.43 

J];JJH BhI'Il!ClJCHl!JI Tp-::3aBl!CIIMOCTI! BelJII'IIIH N'u < / 2 > Mb! l!CIIOllb::30BaJJl! µ;aHHble 
o Ce'IeHUJIX u}SJv I! u;JN, CIICTeMaTII::3IIpoBaHHble B pa6oTax (11, 12]. Ifo Ta6lJl!UhI 2 

BIIµ;Ho, 'ITO :a paccMaTp1rnaeM01i 06nacTI1 :JHeprnii: T,, -naBucnMOCTI> 0qiqieKTUBHhIX 
'IIICeJJ N cna6rux, "ITO o6ocHOBb!BaeT ::3aKOHHOCTb npu6m1)KeHl!lI 

O'NN(T,,) l'::: O'NN(Tn)• (31)_ 

Ilpu aHanime 0qiqieKTIIBHb!X 'IUCCJJ HYl(JIOHOB II qiaKTOpOB norJJOll,\eHirn l!CIIOJJh;OBa
. Jiac:i, CJJeµ;yIOll.\M napaMeTpimaUIIJI oµ;HOHJKJJOHH01°I IIJIOTHOCTI! p(r). Ilpu A> 20 p(r) 
npeµ;CTaBJIJIJJac:i, B BIIµ;e pacrrpeµ;enemrn Byµ;ca-CaKCOHa: 

. ·.Rl/3 
p(r)=po{l+exp(- A n-i; 

. , 8 a . (32) 

) 

i 

{t 

t 

p 
' I 
1 

rµ;e· a = 0.54qiM, .R,1 ,,;, 1.12.4113 - 0.86A1l,3, a rrpu A < 20ucrroJJb::3oBanoc:i, rrp11-
6JJI1)Keiiue XapTpII µ;JJJI oµ;HO'IaCTii'IHOII IIJJOTHOCTII, pacc'IIITaHHOII_ B OCIJ;IIJIJIJITOpHOM 
o6onotJe'IHOM 6anIIce: 

4 [ . .4 - 4 21 { 2} 
·. p(r) = A(ao1r)3l2 1 + - 6 -(r/ao) exp -(r/a0 ) , (33) 

rµ;e a~ = 1, 6qiM (8, 13). 
TaKIIM o6pa::30M Mhl IIOKa::3aJJU, .'ITO peaKUIIIO rrepenapJIµ;KII Ha Hµ;pe C MaCCOBhIM 

'IIICJIOM A MO,KHO orrncaT:i,,' IIcnonnyJI Bna11MocBH::3b Me,Kµ;y ce'IeHIIJIMll rrep.roapJIµ;Ku 

Ha Hµ;pe n Ha cBo_6oµ;lioM HYKJJoHe: 

du[A(p,n)AB] _Ndu[p+p-+n+.ci.++] I 
, . dfln - dfln free • 

.. 
, (34) 

Oµ;HaKo npn yBemt'IeHim MaccoBoro •mcna A BonHI1KaeT Heo6xoµ;nMocTb y'IeTa 
KaHaJJa 6enMrooHH011 nepenapnµ;Kn. B pa6oTax [l] 6blm1 rrony<ieHhI BhlpalKemrn, ytJi1-
ThIBaIOll.(l!e µ;aHHhIH npouecc, II, COOTBeTCTBYIOI.l.lee Ce'IeHIIe IIMCeT BIIµ;: 

rµ;e 

d2uA(p.n)aB = ll.NdO'p+p-n+t>++(P;,Q) I 
dfl;, dfln . free, 

fl.N = j dP j dQ' j dQcf,(P,Q,Q')[/l>~-l(Q')]2dO'p+p-n+t>~+(P;,Q') 
dP ·-

I G(EA) 1
2 [il>~(Q))2. 

(35) 

(36) 

Cneµ;oBaTeJibHO, 0qiq>eKTIIBHOe 'IIICJJO N µ;onOJJHl!eTClI 'IJieHOM; Y'IIITbIBaIOll.(l!M µ;Byx~ 
cTyneH'IaThIII rrpouecc nepenapHµ;KII c norJIOll.\CHIIeM BIIPTYaJJbHoro' ni'mHa.· T.o~ ce
tJem1e peaxum1 nepenapHµ;Im Ha nµ;pe c ~mccoBbIM 'IIICJJoM A B o6ll.(eM Bnµ;e cornacHo 

[1] llMeeT BIiµ; 

duA(p,n)aB_= (N +ll.N]dO'p+p-n+A++(P;,Q) I ' 
dfln dfln · · free, 

(37) 

N + ll.N = i.1_41/3 + i.2A2/3_ (37a). 

4 OBCY)K,Il;EHME PE3YJihTATOB 

Bbipa,Kemrn (37),(37a) 6blllll npIIMCHCHbl µ;JJlI llCCJJeµ;oBaH!llI peaKUllll neproapHµ;Kll 
Mg( t,3 He). HHKJJI0::311BHOC cc•1em1e pacc'IHThlBaJioch no cpopMyJie 

. du(24 Mg(t,3 He)AX] _ N !F( )du(n + ll-+ p + .ci.-) I (. } 
dfldE - ~f f 3 t , dOdE • fr~., 38 · 

npu 8 = o0, "ITO COOTBeTCTBYCT ycJJOBIIHM ::3KCllepm,!eHTa (2] . 
Ilp11 pactJeTe J'Il!Tb!BaJJClI <I>opM<l>aKTOJJ ( cpyphe-o6pa3 IIHTerpana nepeKpbITil.11° 

BOJJHOBoii q>yHKUIIII TPIITOHa 11 3 He) F(t) = c:xp(-27.736 I t I) Hµ;pa-CHapJIµ;a (l]. 
. 9 
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BbiwemmoJKeHHbIII q>opMaJill::JM 11c11onb::JOBa.':ICH ,lnll pac"!eTOB C0OTBeTCTBY!Oll!IIX ce

"!eHI!ll ciapJip;oBo-ccmpJilKeHHbIX pea1ni11ii: a(n(n,p)) = a(p(p,n)) {1, a(n(t,3 He)) = 
a(p(3 He, t)). PeaKUIIJI nepe::iapnp;rm ayimoHOB nccne~oi:ianacb B pa~mix _rr+p + g'
Mop;emr, c 11cnonb::ioBam1eM Ha6opa OSET napaMeTpoB nepexop;Horo noTeHu1iaira [14). 

B paMKax Bbrwe11::inmKeHHoro cpopMaJIIl::JMa p;nJI peaKumr A1 g( t ,3 He) np11 T=2.25 

TaB n B = 0° 6bm11 nony'leHbI cne~yIOmnc ::JHa'ICHllJI acpcpeKTIIBHhIX '!Ileen: N = 2.8 u 
t::,,.N =0.96. 

Oco6eHHOCTb!O ::lKcnep11MeHTanbHblX p;aHHbIX [2) JIBnJieTC;:;0:J!.W;KHOCTb oueH0K 

m!Wb cpopM cneKTp0B, IIoaTO:!.IY npucpaBHeHim C penyJibTaTm.m p'ac"!eT0il aim.Hop-
'.\ . "" 

MIIpJTCJI Ha MaKCIIMYM pac"!eTH0ro cneKTpa. 

Ha. pnc.2 HaHeceHbI Tonononm aKcnep11MeHTanbHbIX ce'"leiini1 [2) ·11 pe::iynbTaThl 

pac"!eToB. IIonmKemre !::,,.-mum yp;oBneTBop11TenbHo .. coBnap;aeT .c nonoJKemreM cpe

p;Hero :JHa'!eHIIJI nepep;aHHOII ~Hepnm B T~nonomn (Ii-,' Op) Qcp ·= 320 M::iB. B cny
'!ae KBa:JIICB06op;HOll nepe::iapJigKII (1 ),(2) ::lT0T l(aHaJI iiMeeT MaKCl!MaJlbHbilI Bee. 

CMemem1e rronmKemrn cpegHero :JHa'IeHIIJI nepep;aHHOI
0

I ::lHepnm Tofronorni1 (lrr-·, Op) 
B CT0poHy 6onbWIIX Q MOll..:H0 061>1ICHl!Tb .Il0Bb!WCHl!eM BCCa 'rrpouecca nepe:JapJI]J;Kll 

B Jip;pe-cHapJip;t!, conpoBmKgaIOmerocJI 6onbwei1 cpep;Heir rrepegaHH011 aHeprneir n rro

rnomeHIICM MJirKIIX IlIIOH0B l!:J npouccca nepe:Japl!)J;Kll (1) B JI)J;pe-Ml!WeHII. CornacHO 

. (1] BKnag KaHana 6e:JMe::JOHHOII ,nepe:JapngK·u p;nn ngpa· .. 24 Mg'- rrpn p;aHH011 ::iaepnm 

HaneTammero HyKnoHa cocTaBniieT ormno 30%. Ha prrc.2' o6nac'rb 6e::iMe:JOHH01'i rre

pe::iapJigKII 1mo6pa;KeHa KpecTnKa1,,m. Ee pacnono;Kem1e xopowo cornacyeTcl! co cpe

)J;HIIMII nHa"!eHIIJIMII nepep;aHHoir aaepnm B Tonononrnx (Orr-, Op): Qcp = 220 M::iB II 

(orr-,lp): Qcpi= 280 MaB-(5), (7), (8). phpUXOB?II mrn11e1'i lI'.3<:J6p,pKeHO ce"!eHile 
npouecca nepenapl!/lKII n(n,p ). . . . . . • . . . . . 

IIonaraeM, '!To KaHanbr, cooTBCTCTBY!Oll!lle TonmronrnM (Orr-, Op) 11 (Orr-, lp ), 

l!BnJIIOTCll OCHOBHOII npn'IIIHOII cp;B1rri1 11 yw11rJcHl!ll ngepHoro 1::,,.-mma B lIHKn!O:JII

BH0M CC'1:eHIIII B CTOpoHy. MeHbilll!X ,nepep;aHHbIX Q, no. cpaBHeHl!IO_ C nepe::i:tpJI]J;KOll 

Ha 'cBo6o~HOM Hy1cn0He. AHamm ::itta'lem1{1 cpep;Hl!X nepep;aHHbIX aHepniii TOil~norm'i 

(f~-)p), {9cp = 520 M~B) 11.(0;·-, 2p) (Qcp = 450. Ma~) yKa::JbIBaeT; ·Ha ,To,. ~TO 

, KaHanbI peaKUIIII nepenapl!]J;KII, BXO)J;llll!l!e B ::lTII T0il0nonm, BbI:JbIBa!OT ywupemIe 

JI)J;CpHoro 6.-m~a B IIHKnIO:JIIBHOM ce'lemm ·B cTopoHy 6onhwnx nepep;aHHbIX Q H~~ 
PHAY c KaHanaMII rrepe::iapngKII c po;KgemreM 6onee TmKen1,rx n::io6ap 11 perrepoB. Ilpn 

aTOM cpep;aee ::iHa•rem1e ·nepep;aHHOII :meprmr' Qcp = 520 MaB He yp;aeTCJI omrcaT~ 

p;aJKe p;nH Tononormr (lrr-, lp ), B cc"lem1e KOTopm'i cymecTBCHHbill Brmap; p;onJKHa p;a

BaTb rr+ p+g' Mogenb B np116nm1<emm ;:icpcpeKTIIBHbIX "lifren. 8To roBopuT o 6onbll!OM 

BKnap;e B p;aHHYIO TorronorIIIO rmnneKTIIBHbIX rrpoueccoB. 

Ha pnc.3 cneKTpbI npop;onbHoro 11~myn1,ca rr- -MenoHoB TorronoruII ( 1 rr- ,Op), pac

c'!nTaHHbie B paMKax rr + p + g'-Mop;eim p;nn cny<Ian pmKgemrn !::,,. ,:_ -I1no6apbI B Jip;pe

M11weH11 (1 ), cpaBinr:3a10Tcl! c aKc_rrepnMe1d•an1,HbrM11 .I?] ( T0"II<II mi,rpacpnke ). 0MenKilir' 

WTpIIX CO0TBCTCTBYCT yqe-ry o6MeHa TOnbKO rr-Me:JOHOM (cpep;Hee ::JHa"!eHI!C rrpo

p;onbHOII K0Mil0HeHTbI 11Mrryn1,ca rr--MenoH0B cocTaBnl!eT PL,. = 120 MaB/c), cpe

p;11m'i ll!Tpnx -;:ofo.1eH,Ton1,Ko p0-,MenoHoM (cpep;Hee,::iHa"!em1e PLP· = 150 M:1B/c), 

cnnoll!Han - cooTBeTCTBYCT Brmap;y o6oHx MeXaHI1::JM0B-peaKu1m ( cpep;Hee ::JHa"!eHire 

PL = 120 M;:iB/c). Illnpormir ll!Tpnx - cpn~ aKcnepIIMeHTallbHbIX µ;aHHbIX rromrno

MOM "ICTBepToro nopngKa'. lfo' puc.3 B
0

ll/lHO Hamr"!lle µ;ecTpyKTIIBHOll ,IIHiepcpepeHUllll 

Me,Kµ;y Mexaaii::i;_rnMII rr~· I~ p-Me::i~Haoro o6McHoB. , ' 

Ha pnc.4 npeµ;cTaBnCH0 aHnnorll'l,HOC cpaBHCHIIC aKcnepuMeH'rallbHbIX gaHHhlX TO

rronormt (1 rr-:: ,Op) i;,pac"!eTaim, cooTBeTCTBY!Oll!IIMII pmKµ;eHmo·!::,,. 0 ~11no6apbI B .!tApe-
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CHapJige (2) ( 060::iHa"!CHilll Te, ;Ke, '!TO Ha 'pnc.4 ). B ::lT0M cny"!ae TaKa(C Ha6nroµ;aeTCJI 

gecTpyKTl!BHa!I IIHTepcpepeHUllll Me,Kgy BKnaµ;aMI! rr- II p-MC::J0HHbIX MexammM0B rre

pe::iapl!]J;Kll. OTMeTIIM, '!TO cpep;m1e :JHa'ICHIIJI npop;onbHOII KOMIIOHeHTbI nepeµ;aaaoro. 

11Mrrynbca paBHbI, cooiBeTCTBeHHo, PL,. = 265 MaB/c, PLp = 220 MaB/c II PL= · · 
=220 M3B/c: . . . 

TeopeTn"!eCKIIII cneKTp rr- - Me::JOHOB no rrpoµ;onbHbIM IIMnynbcaM, paCC'IIITaH

HbIII p;nH npouecca (1) (pmKµ;eH11e !::,,. - -nno6apbI B Jigpe-MI1ll!eH11),ygoB~eTBopIITCnbHO 

0ilIICb!BaCT ::lKCnepnMCHTaJlbHb!e p;aHHb]C,. OTrmoHemre ::JHa"!eHI!ll ::lKCnepnMeHTaJlbHbIX 

µ;aHHbIX B pa1'i0He I PL I< 50 l\faB/c OT pac"!eTHoro,Bo::iMoarno,11MeeT MeToµ;u"!ecKyro 

rrpnpop;y II JIBnl!CTCJI pe:JynbTaT0M nornomemrn 7r- -Me:J0H0B, llMC!Oll!IIX MaJlblll rrpo

p;onbHbIII IIMrryn1,c 13 061,eMe MI1WeH1I. 8To OTH0CIITCJI npeacp;e' Bcero K rr- -MC:JOHaM,. 

IIMe!Oll!IIM 6oJihIIIllll yron BbmeTa B :::::: 90°. BKnag rrpouecca (2) (pnc.4) (pmKgeHue 

t::,,.0-Il::io6apbI B Hµ;pe~CHapnp;e) B TeopeTII"ICCKmI cneKTp no rrpoµ;onbHbIM IIMnyn~cm.t 

rr- - Me:J0H0B - Kpaime Hll:J.Ol( (puc.3-5) - MeHee 5 %. <f>opMa' crreKTpa rr- -Me::J0H0B 

npouecca (2) µ;aeT ocHoBamre µ;nn rrepeoueHKII pom1 aToi1 µ;11arpaMMbI B rronHoM cneK• 
• I 

Tpe npogonbH0ro 111mynca rr- -MC::J0H0B Tononormr (1 rr- ,Op), IlOCTpOeHHOII C Y'ICTOM 
rrpoueccoB (1) II (2) (pirc.5), · _, _ · · 

· AHannn Moµ;enbHbIX pac"!eToB · (pnc.6). nc)l(a:JbIBaeT µ;oMirnHpyromHii Brmaµ; rrpo

ueccoB BO:J6y;.Kµ;emrn /::,,.-11:Jo6ap1,1 B !I)l.pe-Mu!llemr (S -Moµ;a) II Manblii BKnaµ; S -K0Mno

HeHTbI B cneKTP peaKUIIII. Ponb cpopMcpaKTopa Jigpa-cHapJiga rrpoµ;eM0HCTpilpOBaHa 
Hapnc.7. · ; · · 

lIHTepeCHbIII penynbTaT nony'leH npu cpaBHeHim aKcrrep11MeHTaJibHOro _ II TCO

pCTll'ICCKciro CileKTpOB ITOnHOII ::lHCprmr rr- -Me::J0HOB ::lTOII ace ·Tononormr i(pnc.8 ll 

pnc.9). 8KcnepnMeHTMbHbie µ;aHHbie [2] rro::iBonl!IOT pa6oTaTh mrll!b c cpopMoi1 cneK

Tpa. TeM He MeHee penynbTaTbI pac"!eT0B IIOKa::Jb!BaIOT, '!TO, ::lTOT :.crreKTp HCB0::J

MOlKHO nonH0CTb!O B0CnpOil:JBCCTII B paMKax rr + p + g1-Moµ;em1 II rrp'u6mDKeHim acp

cpeKTIIBHb!X "IIICen .. rr + p + g1-Moµ;enb OIIlICb!B!tCT "!aCTb crreKTpa,.CBJ!:J~HHOro C nepe

::iapll/lKOll 'lepe::i pm;cµ;em1e !::,,.-n::io6apb!. B :lKCnepnMeHTaJlbHOM' cneKTp~ Ha6nIOgaeTCJI 

::JHa"!IITenbHOe ICOnI!"ICCTB0 Ml!rI(I!X rr-'- ·MC:JOHOB,. JIBHO Hepe:JOHaHCHOro npOI!CX0JK)J;e

HlIJI, Hall!ll Bbrnoµ;u o Hepe::ioaaHcH011 rrp11poge' ~rnrKnx,rr--Me::ioaoB ocHOBbIBaIOTCJI 

Ha npeµ;nonmKeHIIII,· '!TO IICT0"!Hll!(OM ;:JTIIX IlIIOHOB ~~ryT cnyamTb. npou'eccbI Kon

neKTIIBH0ro µ;eBon6yJKµ;emrn JigepHoii Ma~epmI,· Hanp!!Mep 'np·oueccbI KorepeHTHoro 

nuoaoo6pa:JoBaHl!l! [15] . ABTopaMU pa60Tbl [15] rrpegnonaraeTCJI; '!TO c pocT0M 

:1HeprmI HaneTa10me11 "!aCTIIUbI yBenu,nrnaeTcJI Bimag ,11;aHHoro .rrpo]lecca B rronHbill 

crreKTp, C BO::JMO)KH~IM yBem1~e:aneM KonnII"leCTBa ~IllrKIIX rr-;MC::JOHOB: )KecTKa!I '!a

CTb crreKTpa JIBnneicn, no"Bll,ll;llM0MY, pe::iyn1,iaToM p;e~o::i6yacµ;eiurn 6onee TJIJKenbIX 
penoHaHC0B. - ·: : ••. , ' . ' 

Ha pnc.8, nmmnatrn pon1, cpopMq>aKTopa Jigpa-cHapnµ;a Ha noBep;eaue aaepreTn

"!ecKoro cneKTpa rr- -MenoHoB, a Tarorrn. BKnap; B TorronornIO (lrr- ,Op) KaHanoB rre-. 

pe::iapJIµ;Kn c pmKµ;emIeM 1::,,.--u::io6apbI B Jigpe-M1Ill!eHII (S-Mop;a) n B Hgpe-cHapJige 

(D-Moga). Ha~pllc.9 paccM0TpCH0 Bm!JIHl!e P- II S- KOMil0HeHT mi ll0Begemre cpopMbI 

cneKTpa. IloKa:JaHo BmrnmIe S-KoMnoHeHTbI i Ha xapaRTep Cf!~RTpa.·, · 

~ ,. ~ ~. " 
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1rlrlrl,-/,,; - 3KcrrepuMeHTanbHhle. ,.o;aHHMe 
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Pnc.9. Pa~qeTHble cneKTphl nonaoA 3Heprnn·nnoHoB 
Tononorm1 .(lTI-,Op) c poi1q::i;em1eM :li-U306ap1,1 B H,npe
caapH,ne JI H,npe-MHllleHJI · B cpaBHeHJIH C 3KCnepn
MeHTanhHbIMlI ,naHHblMH. 

_. -- - p -JWMIIOHeHTa, S+D -MO,D;t.l 
••••• - p -KOMIIOHeHTa, s ~Mo,na 
• • • • • - P -KOMIIOHe1-1Ta, D -Mo,na 

5 -KOMIIOHl?-HTa, S+D ·-MO,D;hI 
trl\il'frtr s -KOMOOHeHTa, s -Mo,na 

s -KOMOOHeHTa; . D -Mo,na 
-lrirldrlc - 3Kcnep11MeHTanhHbie .D,aHHbie 

3AKJIIOqEHHE 

BbIµ;ennM o_cHoBHble nTorn aHamma nap.11µ;oiio-06MeHHoi°1 pearonm Mg( t ,3 He) c 

Bon6y:iKµ;eH11eM t.-nno6apbl. 
1. Ilpouecc nepe3ap.11µ;KII c Bon6y,Kµ;eaneM t.- 1mo6ap1,1 B .11µ;pe .11Bn.11eTc.11 B µ;o

cTaTO"IHOn: Mepe nepmJ>epn•1eCKllM, oµ;HaKO "CTeneHb nepmJ>epWIHOCTll" He Bem1Ka, 
proynbTaTbl pac"IeTOB YKa3blBaIOT Ha HapacTaIOIJ.zyIO ponb HenepmliepH"IeCKIIX npo- · 

ueccoB c pocTOM MaccoBoro "IUcna A. 
2. Ilpn aHamme aKcKnIOGUBHblX cneKTpOB Bbl.l!BneHa BOGpacTaIOll\a.ll c yBenn"Ie

Hl!eM :meprm1 .11µ;pa-cHap.11µ;a pon1, npoueccoB c Boo6y,Kµ;em1eM 6onee T.ll:iK~nblx 1roo-

6ap. . _, _ 
3. CyllleCTBoiiamre nHTepcp~peilurm BIIpTyani.HbIX t.-1roo6ap B IIHKnIOGIIBHblX 

peaKUll.lIX neproap.11µ;KII HanaraeT HeKOTOpblC orpaHII"IeHIIJI Ha llO/lbGOBaHIIe npaB11-
11aMH noµ;c"IcTa 1Inocm1HOBbIX BecoB. cha 1IHTepcpepeiiu1111 IIMCCT panHhlH xapaKTep 
µ;11.11 Ka,Kµ;mi: Im pearcuuii (µ;ccTpy1cT1IBHbI1°I 11m1 IWHC_TpyKTIIBHblit) II np11Boµ;11T K cy-
11\eCTBCHHOMY OTKIIOHCHIIIO BeCOB_ OT penyllbTaTa OUCHOI(! ::JaBIICllllllIX TO/lbKO OT Ha
"IMbHOi°I aHepnm, nepeµ;aHH01°1 :meprnlI II yrna BbmeTa perncTp11pyci.m1i: •mcTl!Ubl. 

cho oKa3LIBaeTcn oco6cHHO Ba;1rnb!M nplI ,rnamme pcaKumi: Ha nµ;pax. 
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4. AHamm 3KC~ep1IMCHTMbHI,!X µ;aHHhlX BhlllBil!I ::JHa"IllT/lbHOe- KOnll"JeCTBO npo
ueccoB, 11MeIOm11x Ko1111eKTIIBHhI11 xapaKTCp. B 1rnc"JeT nplIXO;J;IITcn 6pa~b TaK11e npo
u:ecch!, KaK 6e3MC30HHM nepenap11;:i;1rn II rmrcpl'HTHOe nIIOHoo6panoBam1e. . . 

5. EcTb OCHOBam1c C'Il!TaTb, "ITO OCHOBHhI1Ill llCTO'IHIIKaMII cµ;anra II yur11pemrn 

.11µ;epHoro li.-mma B IIHKIIIOGl!BHOM ce•rcHIIII B l'TOJ)OHY MCHbllil!X nepeµ;aHHhlX' 3Hep
rm'i .11Bri11roTc.11 npou'ecc1,1 6cnl\lenoHHoii nepcn~p11;:i;1m, a a cTopoHy 60111,urnx nepeµ;aH- -

HUX 3Heprm"r aH01Hl/lhHOC no:IO;KCHIIC q.ieµ;Hcro nepcµ;aHHOro llllllYllhCa TOilO/IOrllll 
{br-' lp) II (Orr-' 2p ), a_ TUIOKC 1maa:ro~ ncpcnapnµ;Kn C po;Kµ;CHIIC1_1 6011ee T.lliKeJiblX 
penoHaHCOB. 

AaTop1,1 611aroµ;apHhI II.<t>epHaHµ;ccy µ;e Kopgo6e II C.A.XoponoBy na nnoµ;oTBop
H~e p;11cKycc1111 II IlO/le::JHh!e 3Rl\lC'!aHl!ll. ' 
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