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I. BBe~eHHe 

MsMepe:im:e ITOJIHPH3a.rtW'I ff ·KJioHoB OT,wii:m: B ~oibnix rroJIRpHsa­

imoHHHx 9KCilepHMeHTax rro qJoTOpo~eHHID IDIOHOB Ha HyRJioua:x: ,wi.eT 

HOBHe He38.BHCHMHe CBR:SK ]T)L'I orrpe~eAeHWI aMITAKTy~ rrpo~ecca H 

HBJI.ffeTCH He06XO,ItHMHM 8TaIIOM Ha DYTH ocy~ecTBJieHWI "rroJ!Horo OIIli­

Ta" .[I,2] • Tpa,D;w.u.lOHHHM MeTO~OM H3MepeHWI IlOJI.R:PH38.URH BYKJIO­

HOB cpe~ aHepl'lti1 .l!BJIHeTCH HSMepeHHe yrAOBOA aCHMMeTpHH HX 

pacceHH.WI Ha H,Iij>aX, BH3Ba.HHOA CIJHH-op6HTaJll)HOa KOMIIOHeHTOA a.M­

IIJ.!HTy~ rrpo~ecca [3,4]. EoJ'll>lllHe BeAHi:m:HH ceqeliHA H a.HaJIHSHPYID­

~eli cri:oco6HOCTH, a Ta.Kllte 60J11,IDOe 11'.HCAO 8KCII0PHM0HTa.JU.HWC ,wili­

HHX rro ynpyroMY npo~~ccy 12.c(p,p)12c B o6AacTlI aHepI'HI npo­

TOHOB 40-450 MaB (5-7] ll03BOJI.R:llT ycneillHO HCil0Jll,30BaTD yrAepo~­

HHe pacceHBa.TeJIH B KaqecTBe ajxpeKTHBHHX aHaAH3aTOpoB llOM.PHBa­

rum rrpOTOHOB. IlOJiyqeHHHe CHCT0M8.TH1!0CKHe ,l¥llIHl:le no acixtieKTHBHOI 

aHaAH3HPYD!l0A cnoco6aocTlI HHI<JID3HBHoro npo~ecca 12.ccp-,p)X B 

06AaCTlI aHeprHii: I00-800 MaB cy~eCTB0HHO pacnmpltl1J1[ BOSMOlKHOCTH 

HCIIOJ11,30Ba.HHH yrAepo~x aHaJIHSaTOPOB [8-IOJ .• Ta.KHe llOJIHPHM0T­

pH Halll.IR nm:poKoe npHMeHeHHe B IIpOBe~eHHJII KOppeJlHlll!OHHHX HSMe­

peHd B P-P npo~eccax B paMRaX "noJ!Horo OnHTa" [II] • 
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110 (lllllJll13HPYIOIJ.leii CIIOCOOHOCTH 

ll'IHI O'r HeCKOJl:&KHX .n;eCRTKOB Mera­

l'lllllJOltM OTCYTCTBY!OT' '{TO ,n;o HaC'fO.ffil1ero 

11110 110.11.RPH.MeTpoB Het1TpOHOB Ha oase 

,JUI ~13MepeH.H.ll IIOJlR.PH3a.uHK H8t1TpOROB 

·111 l1CrIOJl:&30BaJlHCb i!ill.n;KOreJIHeBh!e pac­

JlllMel!Ta.x no r,I>oTopolK,Il;eID'!IO Tp~OHHO 

r~mie pacceHBaTe.im: [14-16], rum.7llI3H­

owo H3B8CTHhl H3 qasOBHX aHaJlH30B TIO 

ll1J>Ol<OM HHTepBMe yrJIOB Ii 3HeprIDitl7,I6J. 

J.U!UMH pacce:irna.Te.11.RMH HCIIOJlb30BBJllie yr­

npyl'OI'O KaHaJla pea.KIU1H 12c (;;'ii )I2c 

r.HTeJII:iRO BhlCOIDie sHa-qeHHR A J6 (r.n;e A­

b, o - .n;mWlepeHIJ;lIB.Jl:&HOe ce-qeHHe) - na­

O'!HOCTI:i H3MepeHHR IIOJJ.RpH3a.r.un'I HeliTpOHOB; 

ony0a pacceRHI1.ff Brrepe.n; rrosBoJJ.ReT :as6eJRa.TI:i 

11:oym\cli arurapa.Typhl c 6oJII:illlHM TeJiecHh!M aK-

1111i-r npHeMJleMOii CB8TOC.l{Jlll; 

IpOCTOTa TBep.n;oTeJl:&HhlX yrJiepO.n;HhlX pacceH-. 
llll1 co CJlO>KHOCTblO H3rOTOBJ18HlIR l1 3KCIIJIY8.Ta.mrn 

1y;i;ona.mrn JRH,JJ;I<0Bo.n;opo.n;Hhlx pacceHBaTeJieii OOJII:i!IMX 

onamrn rrpol:(ecca ynpyroro n-1::.,c pacceJil!IDI OJia-. 
aMOlKHOCTb ero Bhl.n;eJieHIDI Ha 'poHe HeynpyrHX rrpo-

OBUXO.IlY q l1CII0Jlb30Ba.IDI8M aKTRBHOro paccrurna.Te.JI.H 

ltoro ClUlllTHJI.JlHTOpa [19] • 

ll!Orl pQOOTe Ha OCHOBe OMP MO.n;eJlll ( opt~cae 
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modef potentLae ) rrpoBe.n;eH cpenoMfiltoJior:a-qecrulli a.Ha.Jll'I3 .n;aHRhlX no 

H30TOTIHtr8CID1 HHBapHaHTHOMY rrpou:eccy . 
12c (p • p) 12

c B HHTepBaJie 

3Heprlii1 HYKJIOHOB E "" ( 9U-350) 11~3B .H yrJIOB pacceRHIDI 8 -" '2JJO H 11ao 

TIOJIY'{eHhJ aH8.Jl.H3HPYKII\a.ff CTIOCOOHOCT:& H .n:H<PI>epeHl:(H8Jl:&HOe cetreHHe 

ynpyroi1 peaKIJ,RH 12c(n, n)12c. 3Ta OOJiaCTb yrJIOB H 3Heprnli .iIB-· 

JIReTC.ff He TOJl:&KO HaHOOJiee H3ytreHHOH c TO'!K.H speIDIR 3KCTiepHMeH­

TaJlbHhlX .n;aJIHhlX' HO H HaHOOJiee 3qxpaltTHBHOi.1 .n;.11.R H3MepeHHR ITOJIRpn-

3B.JJ;HH neliTpoHoB MeTo.n;oM pacceRHIDI Ha 
12

c. 

B u;eJIRX rrpaKTlf'!ecKoro ncrroJl:&30B8.HHR pesyJl:&TaToB aHa.JIHSa rro­

JIYtreHHhle .n;aHHhle rrpe.n;CTaBJieHH IlOJIHHOMHa.Jl.bHOH ~yHKUHeli OT yrJIOB 

H aHeprIDi. 

2. W.eHOM8HOJIOrH'{8C:R.IDi a.H.aJlli3 

OcHoBHoli sa.n;atreli rrpono.n;ru~oro 8.H8.JlH3a OhlJIO: 

- Ha ocHoBe OMP Mo.n;eJIH Ha:liTH TaKYIO napaMeTpH3aIJ.RlO aMIIJIHTy.n; 

rrpol:(ecca 12c (p , p) 12c, RO'l'OpaJI ooecrre'!HBaeT rrp11eMJieMoe orrHca­

HHe :mcrrepHMeHTaJlbHHX .JJ;a.HHHX B HCCJle,nyeMOM .n;Hall8.30He yrJIOB H 

aHeprd; 

- Ha OCHOB8 IIO.JJ;I'OHKH 3KCIIepHMeHTaJlbHhlX .JJ;aHHhlX pac-qeTHhlMH Be-

Jlli'!HH8.MH orrpe.n;eJIHT:& H8H3BeCTHHe rrapaMeTphl MO,JJ;eJll1; 

- HCIIOJ1b3y.ff H30TOIIH'{8CKHe CBOHCTBa .ff,JJ;epmnc aMILJIHTy.n; [20], 

onpe.n;eJIHTb Ha0Jl!O,JJ;a.8Mhle rrpou:ecca 
12c ( n 'n ) l2c. 

AHaJll!l3 rrpono.JJ;HJlcR B aHepro~cHMOit WOPMe .11, Ta.KIDIJ o6pasoM, 

0606111Wl sa.n;a-qy HHTeprroJI.fnuni. ,IJ;aHHHX B peaKIJ,RH ynpyroro p-12
c pac­

ce.llHIDl. OcHOBHOe npe.n;rrOJiolKeIIBe rrpH aToM .3f'll<JIIO'!aJIOCl> B "r.Jla.ltKOM" 

MOHOToHHor;1 noBe.n;emrn: noTeHUaaJIOB OMP c aHepr.11eli, 11To ooecnetra-

1!8.eT Ta.Koe lite rrone,IJ;eHHe napu;HaJibHHX .ff,JJ;epHHx aMITJlH-
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TY'P. c sHeprHeft (1Ul.CTl> 3) H aHa.llOI'H'!HO MeTOJtY "Kpa'?Wmero Jiy'filti 

B 9Hepros8.BHCHMOM cpaSOBOM aH8.llH90 [2I] .. JiBJ1&110Clo OCHOBHHM KPH-

TepHeM 0,11HOSH8.11HOCTH IlOJiy~eHHHX pemeBl'lii. 
' 

06aop JlHT.epaTYPH IIOR8.3HB0.0T, 'll:TO B KCOJ10JtY8001 "odlacTH 

aueprlll HM00TCJI 'lJ.OBOJU>HO o61!lHpHa.H .HHiJioPMa.IlHSI 0 DOTe~e s:it­

pa 12c. B. OCHOBHOM STO o6yc.nOBJ10HO IlPOBepKOI caMOA MO'lJ.8.IH; 

IlOSTO~ MHOI'HM WtCilepHMeHTa.Jll,Hl:IM MHHHM Tpa.ItmlKOBBO COIIYTCTBY-
~ . . . 

ll'l' JIOR8.IU>Hl:l(l 8.H8JIK3H, OCHO:BaHHH0 HS. TOM KJlK DOM BapHallT8 Hepe"t 

JIJmJ!BJicTcRoA OMP (22-33]. ' EoJil>lllllHCTBO Ra mrx: H.cnonao:BSJlll CTall-t 

'lJ.apTmte ~PMS napaMeTpH98.Uld IIOT0HIUIB.JlOB: raycCOBCRyll JL1lH . 

ws (Woods- Saxon ) -napaMST.PHsa.r.tKll, H B IleJIOM xopomo OIIHCHMl.l'l' 

3KCD8p.t!M8HT8Jll,}lll0 'lJ.aHHHS npH yr JW:X plCCSJIHHJI B 06.uacTH nep11oro 

~OBBOro MHHHMYM8.· 
0,u;HaKO OHH He JtB.llT r.na,u;KOl'O H.llK MOllOTOHHOr o IIOB8'lJ.6HBR no-

T0HIJ;lit8J10B OT 8H6pl'HH, 'll:TO MO~ST 6HTl> CBS{SaHO C ynpo~elDIOCT~ll 

ll.IJ)1[M0HJ16MllX ~PM napiMeTpKaal.(aft, Heyi:i:TeHBHMH CKCT8Ma.TJAeCmn.m 
h 

OlllH6KaMH J111MepeBHft H KCIIOJID30BaHll0M H6llOJIHOI. 9RCD0pBM0H'1'8JlJ.HOI 
I 

m@opLml;llll (~CTBO H3 STHX aHaJIH30B KCIIOJIDSym WUIJIHS 

'J!:BY"X. 'TltIIOB: pmme no 8.H8JIHSHpyuneft cnoco6HocTH H ltl!(M>epeHIUI­

aJIDHOMY cei:i:eHHll, KSMepeHHHX npH O,JtHOft H TOI Ee sHepI'JIH ltJIH &RC­

TpallOJDipo:ea.mme K O'lJ.HO! H TOI lite 8H0Pl'lin!I: IIa,U,aDltHX lfYKJ{OIIOB ll 

npouecce ynpyroro !):. 12c pe.cceJIHWI) • KpoMe TO~ , upsl.MOMY cpaB-. 
H0HHl.l pesyJIDTaTOB paaHHX aH8Jlll30B Ilp01IHTCTBJllT MO 

"IWl. H paSHBJI CT0Il0HD y-qeTa peJ.LR:THBHCTCKO! RJlH 

Vis CRASaHHOr O CJI0JtY0T, '11'1'0 HeCMOTpli Ha 60 

, HHX JtJJJl nponecca 12c (p ,p )12c JIORSJU, 

TaTOllHO ~pMB.nmlril B IIJlaHe pememm 

fl 

OTJIH-

xoppeltt 

THO~ RHTepITOWIIUfil 'lJ.aHHHX B HCc.ne,rryeMOM HHTepBa.n.e yrJIOB li 8Hep-

rmi. 

HoBHe rrpeu;liSHOHHHe nsMepeHRH 'lI.HtfxiiepeHIJ;lia.n.nHoro ce'!eHRH li 

a.Ha.Jlli3 sTIDC ;n;amwx B pa.MRaX OMP Mo.n:ejuf rroRasa.n (3I] , '!TO .D:JIR 

yJiy'lllleHWI orrn:caTeJIDHHX CBOICTB MO.D:e.Jlli Heo6xo.nm.10 BBe.ne1-rn:e 60-

Jiee CJIOlKHHX, i:i:eM 3TO HCITOJIDSOBa.JlOCb pa.nee , \lJop!;i pa,nMaJibHOii 38-

BHCHMOCTH IIOTeHu;liaJIOB. 8To IIO.!J:TBepJK.D:a8TCJI pe3yJ1DTaTru.m Teope­

TITTeCKIDC npe;n;CKa.33.HIDi pa3J.lli'llillX JI.D:epnux LIO,UeJic;i: ],JJIBpOCIWIIB­

-qecIGIMH BHF (34) , RBHF [35], Ki.IT [32] , peJLqTHBncTcKm.m i'.lH (36l 

peJlffTHBHCTCKliMH I\BaHTOBO-ITOJieBbli.Jll r.10.neJIJI!iiJI [J?] • 

" \ PesyJibTaThl STliX rrpe,ncKasa.IDl.li, B 1racTHOC'm, Cirrnn ncrro.'II:iso-

Ba.HbI B HOBOM cpeHOMeHOJIOI'H'IeCRO~l a~~•VV [ 0LJ . ')l_\8CCa 12c ( p. P> 
12c IIPH 3HeprIDIX IIPOTOHOB 122, I6U li 20u i.lsb, KOTopu;, ITOK8.3all . 

'ITO II.PHMeHeHHe HeCTaH,D;apTHOll ( 2lWS + MSO) - rrapar.reTpli3aIJ;HU orr­

T1ft1eCKIDC ITOTeHil,lla./lOB Ka.'!0CTBeHHO YJIY'IlllaeT OIIHCaJIBe 3KCIIepm.ien­

TaJI.DHHX ,I:(B.HH.hlX c 60Jll>IllHMM SHa'!eHHR:MII nepeWiHHOro HMny Jll>Ca . 

BMeCTe c TeM, a.Ha.llli3 He KOHT.POJIHpyeT OITHCa.HIDI 3KCIIepHMeHTaJ!b­

HHX ,I:(aHHHX B rrpoMe~yTO'll:HHX ITO 3HeprIDI 06JiaCTJIX H He liCITOJib3yeT 

Herrocpe;n;cTBeHHO .namwe IIO IIOJIHHM HJll1 ITOJIHhlM Heyrrpyrrui1 celfe1rn:.m.1. 

PesyJibTaThl ana.JIHsa (38] yKasHBa!OT Ha MOHOTOHHYIO saBHCliMOCTb 

rrapaMeTpOB 1110.ueJIB OT aHeprHH na..namtmc. HYKJIOHOB, t{TO JIBJIReT­

CSI 6JiarorrpIDITHm.1 ycJIOBHeM .I4JlJI rrpoBe.ueHWI HOBoro :meprosa:eHcli­

Moro aJia.Jlli3a B paMKax a.HaJIOI'Hi:i:HOfr li.Jlli 6.Jlll'3KOi! K Heil rrapar,leTpII-

3awnI ITOT6Hu;liaJIOB c 1\0.IIDIO OIDICa.HIDI BC8X HMeiaJiHXCJI 3RCIIepHMeH­

Ta.JU,HHX .D:8J!Hh!X B HCCJie;u;yeMOM HHTepBa.n.e yrJIOB H 3Heprlii1. 

IlpoBe;n;eHHe rJio6aJI.DHoro OMP aHa.llliSa, ~KJI10'IaRX11ero asocmn10-­

BYIO 3a.BHCHr110CTb IIOTe~a.n.OB, Ra.K 3TO c.neJiaHo )1,JlJI 1mep c 
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I 
A ~ 40 (20,39], 33Tpy,nHeHO H3-3a He,IJ;OCTaTO'Il!Oro KOJllI'I8CTBa. npe­

Uli3HOHHHX JJ;aHH.b!X Will JierKIDC H,IJ;ep' B "!aCTHOCTH, TIO TpOtIHOMY pac­

C8.fIHHf0 . 1lTO KacaeTC.fI Ka'18CTBa 3KCTI8pliM8HTa.JI:OH1IX JJ;a.HH!DC TIO ynpy­

ror.1J paccemurn na ~e 12c, TO 3a HCKJIIO"!eHHeM H3i1iepeHliii rrpxr 

3R8PrH.fIX TIPOTOIIOB 122 MsB [35,40]' 160 MsB (35]' 155 lfaB [28] 

H 2lJCJ lilsB [31,;~2], .n;aIDllie Ol:lJIH noJIYi:reHH: .n;a.BHO, cocpe.n;oToi:reira B 

OCHOBHOM B OOJiaCTH MaJil:lX yrJIOB pacce.f!HWI H '18CT:O li3 HliX HM88T 

3H<l'IHT8Jl:OHH8 CHCTeMaTH'I8CKHe OlllliOKH H3MepemrJ/i[33,41]. 

Y"'Ilmrna.FI CTI8UHCI}}IKY pemaervJOH 3~a'!H II CIITyaI.J;¥JIO c 3KCTiepmv1eR­

Ta.JIDHb!W1 .n;aHHliMII' HOBbl.fr a.HaJll'I3 orpallif'{eH JJ;a.HHl:lMH TIPII MaJil:lX yr­

J.IaX paccemum ' 'ITO TI03BOJl.fI8T Will JIBHOH napa.MeTpH33UlilI a.MIIJllI-
/ 

Ty.n; pa.cce.FIHIIJI Hcnom,soBa.T:o np:aelJIIDKeHIIe s:i-iKORa.Jia. / CM. i:ra.cn 3). 

BapIIa.H.TH sToro npIIOJIIDKel:UiH paHee Ol:l.Jlli :acnom,so:salill B paOoTax 

(42,43] wm a.Ha..Jlli3a. .n;amrnx npou;ecca 12cCp , p)12c npH sHeprn­

.RX TipOTOHOB 14(, .If 300 ii13B. 

3 . oomm1 ffiopMa.JllisM 

Mp.TpIIIJ;a pacce.fIHlI.fI nccJle~eMoro npou;ecca. OIIllCHBa.eTC.fI .n;BYMR 

KOMTIJ18IWHHMJ1 3.MIIJlliTy,n;a.MH ~ .If h , OTB8'13.Kl!WIMH CTIHH-H838.BllCHMO­

My .If CIIIDl-33.BllCHMOMY paccemmro COOTB8TCTB8HHO ( 3 J • 'lleTJ:lpe Be­

JIH'IHHl:l , KOTopue 111oryT Ol:lT:o H3MepeHH (Hs IIliX TOJThKO TPH .fIBJI..fIIOTC.fI 

H83a.BlICHMl:lMH) pea.'ll:!3YIOT ycJIOBlle "IIOJIHOI'O ornna". 8TO: ~cppepeH­

IJ;liaJI:OHOe ce11emrn npou;ecca - 6 ·, napaMeTp noMpHsnwrn: H3 sKcne­

PIIMeHTOB no .n;BOHROMY paccemnrn - p, napaMeTpu UllJl[lfOD!lX IWppeJl.fI­

mlli H3 sKcnepIIMeRTOB no· TpOfiHOMY paccemi.mo A u R [3, 51] • 11Me­

IOTCR cJie.IJYKI11He CB.FI3H wm onpe.n;eJieHlI.fI ru.mJIHTY'A npouecca : 

8 

6= ~ {/g,/ 2
+ lgz I?; 

6· p = t { 1g,1 2- /g2/2} 

6 ( R·cose*- .A·sine*)= Re(B,g~) 

6 ( R·sine* + .A-cose*) = - Im (g,g~) , 

(1) 

r.n;e ~ y.n;o6cTBa BBe.n;eHH HOBl:le HesaBIIcmrrrn rrepe~1em-urn 6• H 8
1 

(8.MIIJllITy~ Bsrun.10.n;ei-icTBHJI 6e3 rrepeBopoTa II c rrepeBopoToM cmma 

COOTB8TCTB8HHO) ; 

g, = 9 + h ga = ~ - h 

(Bee Ha6JftQ.n;aeMue 6' , p , R , .A · H.
1 

aMfIJlHTy.n;u ~ H h onpe.n;eJie-
>t ' 

HH B CHCTeMe u;eHTpa Mace , e - y r oJI pacce.FIHHJI B CUM). 

IIocKOJThKY rrapaMeTpl:l TpoiiHoro pacce.FIHHJI II31.;epR10Tc.rr ·B 11a6opa­

TOpH01'1 CHC TeMe , OH.If Bl:lpa.iii.alOTC.fI i:repes al.lfIJlHTYJUJ {;, fl ga COOTHOllle­

HIDIMH : 

,. { * If} * · ~o.J3o · R(S)= R(S ) cosScose + ~0 si.n6sLn6 -fl(B / · t'°fo* sine 

) (e*){ o e* . e . e*J (0*) ~oPo . "' . -.· .A(G "'.fl cos...,cos t-~0sm SLn + R . ~·p,. s1nv1 _.·. 

r.n;e 

,. '1!. ( 11 p * ,. .. ,, R(e )=(1t6)· cose · Re(g102 )-sin~ Im (B,gz J, , 

.A (S,.)::: ( 1/6 )' (cose* · Im (S1t;;)- sin ett-. Re (g, r,;)) 

- napaMeTpl:l TpofiHoro pacceRHllR B ClUvl : 

6 - yroJI paccemnur B JiaOopaTOpHOM CHCT8M8 , 
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to - .nopeHii;-lIBRTOP CUM, 

~ * - .nopenu-l'f.'3RTop eyRJioHa B CI]1l 

S3o = }1-1/K! 
1 

.13* = J 1- 1/~t12' 
B nepeJIRTHBHCTCI<OM npH6JIIDKeffilli 3TH COOTHOIIleHIDI npHBO.TI:.FIT R TpH-

BH8J[bHHM npeo6pa30B8.HIDIM IlOBOpoTa: 

.A(9) = .Al8")cos(6-S")-R(&*)si.n(e-9 .. ), 

R(9) = R(9*) cos (e-e*)+ .A (&*)sin (S-S*). 

113 CBOilCTB .nopeHJJ;-UIIBapRaHTHOCTH noJIRpH38.W1H c.ne,rr.yeT, 'ITO oc­

T8Jl!:>HH6 ,n:Be na6.n!O,n:a.er.me H3 3I<enepHM6HTOB no TpOfuiOMY pacceHHHIO 

R' u A1 (511 cBH3aHH c napaMeTpaMU R H A c.11e,n:y!O!UHM o6pasoM: 

R'(6) = - fl(6) , .fl 1(S) = R(S). 

.L1o.naoe CC'!CHJl!e ,n:aeTC.ff OilTH1!6CROiI TeopeMOit: 

6'ToT = :sr Im{ ~H (Oo)1 ' 

r.n:e ~ 111-(0')-crnu1-He3aBUCHMaH . a.MITJIHTy,n:a '!HCTO H,n:ep.Horo pacceHHHH 

Bnepe.n:, K - m~ny.n:oc B CI]vl. 

B ocaoEe anamrna .neJKHT nQJIYpeJIRTirnncTcRoe yprumerure lllpe.wrn­

repa .n:JIR 3a,n:a'Il1 pacceJIHWI ti:aCTl:Ui:I:l co crrnHOM I/2 Ha 6eccrmHoBOM 

H,n:pe [44] 

r;ne 

{~2 + K2 -2pV(~)}ll'(+)(K,~)~~=O, 

E 
fl= 1 + E/M 

E'2. - rn2 
K2_ 

- 1+E./M 

-rrp.1me;n;eHHaH Macca, 

-m.my.n:oc B CIJJ·.J, E = ./S - M 

IO 

(2) 

rs - llOJIHAll 9HeprlDi CUM. 

m, M - Macca H;YKJIOHa K JI,IU>a-MmlleHR, 
s 

Xy - )'.t!lyx:ROMIIOH0HTHBJI CDHHO.BaJI qJy~. 

n =C"'-1 • 

B ypaimemm (2) Y'IT0Ha. OT,na-qa H,lij)a, V(i') - llOTeHUKaJI, y,noBJieT-
IVVf 

BOpsimtd YCJlOBHHM: I YI « m , v- « K [ 44] • B Ka'l:ecTBe V BH-

6K,PaeTCH aa.BKC.IIl!td OT m.mym.ca JlORa..11I>1Ilili OIITlf'leCKd IIOTeHin!BJI, 

BRJll>l:lamtd ~eHT:pa.1Il)HHit K cmm-op6HTa.JU,BHe 'iJleHH: 

- ... - -.. ~ v ct, K) = VR ( 'Z,K) + Wi.s (t,K) 54 
- 1-
S=26' 

L - onepa.Top op6KTa.nI.Horo MOMeHTa, 6 - Ma:rpliUJ11 ilayJlll. 

MR &mJIHTY.D;ll pa.cceamt11 HMeeM (45] : 

fl(K'v',l<v)=<x; IF<K,K°'>IX;> 

F(K', K') = - ~5f
2 f di o/:(K~ ?:) V(K, ;z)o/(+)(K, Z), 

(+) 
r~e o/0 - DaJtallllM WlOCKM BOJIHa, ll' - pa.cceJWHa.11 BOJIHa. 

IlpBMewm K paccemmol BOJIHe np111:6Jlmtemie alKoHSJJa 

{+) - - - .[jiK i K ~ i.S{"t) 
~ (K, 'Z)- (21C)a12 e e 

H J;83JUU'a8 pa,wC-B8K'l'OP ;;: H8. nonepe'<!Byll • lipo.IJ;OJll>H;YI> KOMIIO-

~H0HTH -
- - Kt 't = ~ + --::;:-- . l 

I K,I 

( K1 - cpe.u;HHI mmy.lll>c) , noCJie HHTerpJq>OBaHKJi .ItJIR aMIIJIK'l'Y.D;ll 

ii:accemma: B np.1t6.1Demm q/K ~ I nwiy'DIM (46] 

II . 



~ 
F(K,K')= ~(<i 1 K)+6; h(q_ , K) 1 

00 

~ (q,K ) = LK, ~~ d~ jo( q.~ ){ 1 - e 2ixch(2 i. Xi.s )}, 
ooO 

h (~ , K) = K1~Yd!J Jt(q,y)ec?i.Xsh(2iA..,s), 
0 00 

X(y,K)= -f'/K1 ~dz VR ( y , c ,K)) 
co 0 

Xi.s(«j,K) = - f'~ ~d.c Wi.s ( y,r., K)) 

r.n:e K1 =1/2 j K + K'I 

~ = 1K"- K' I - -.... K" K' 
n= li<><K'1I 

\Kl= IK'I = K 

Jou J1 

0 

- cpe,n:HHit HMnyJIDc, 

- rrepe,n:a.HHli~ RMiyYAbC, 

- ROPMaJI.b K IIJlOCKOCTK paccenHIDI, 

- RMilY JIDC B CUM, 

- !Jiy.munm; Eecce~ 1-ro po,n:a, 

(3) 

:X( y,K) - qnsa pacceilHl'!R ~eHTpa.llbHHM noTeHUKa­
AOM, 

XLs(y,K) - tfa3a paccemutff CrmH- opOHTaJIDHHM IlO T6H­
IU!8J1.0M . 

B 1{8.trec,TBe noTeHIJ;lf~OB VR H Wi.s BH6:e:pamc.11 c<I>epia:trecKllI cHMMeTPHtI­

HHe clJYi:oonrn, IDITerpHIXYBa.IDrn B aMIIJIKTYMX ~ H h Be,n:eTCH ITO np:e:-

Ii;eJIDHOMY rrapaMeTpy !:J • p~ 3aBl!CHMOCTb QtITK'!0CKZX no-

re~OB rrapaMeTpH3o:aa.Ha B mme·: 

VR == -vR (K,-z.) - i. WR (K)fw ('t) 

Wi.5= A~ {vi.s(K)~vi.5 ('t) + iWi,s(K)~w.,5 ('t) }. 

- 2't2 exp(-t2/a2) 
VR(K,'t)= {v1Rt.K)· 3a2 ,+ VzR(K)} ,-c3/z a,3 (4) 

exp(-i2/8 2 ) 

fw('t) = Tia/~ Jj3 

A~~ 2cpM2 

12 

r.n:e a H g - sa.BH~e OT HMnyJll>Ca JJ;D:epHHe J;8,IJ;lcy'Cl:l. 

il3 Ml1KPOCKOIIH'l6CKOM TeOpRH CAe.n:yeT, 'ITO cmnr-op6HTaJIDHOe 

B3ruIMO,n:ettcTBHe nporrop~OHaJI:bHO IIOBepXHOCTHOMy ~eHy i ! f('Z)[47], 

r.n:e ~('t)- AO~HalI IIJIOTHOCTb JJ;D:epHo! Ma.TepHH (MSO -napaMeTplI-

3~). B Ka'l6CTB6 _5>('t) HCIIOJu.90Ba.JiaC1> HOpMKpOBaHHa.11 tlJymw;wi 

MO.n:Hif>~poBaRHoro rayccoBcKoro pacnpe,n:eJieHH.11, arrnpoKcm.mpy~ 

3KcnepHMeHTa.Jl.l>HO Ha6A!QltB,6MyD IIJlOTHOCT:& . pacrrpe,n:eAeHlUI 9ap!I,lt0ll 

B n.n:pe 12c (48,49]. 

~(''t) = ,,..312 ,,,
2
i,. "-·"' {1+ (o(/c.>2)'t2 }exp(--z.2/Cl)z), 

(5) 

f d 
~vi.s<-z.) = 9wi.s ('l.) = 't d't _5>(-Z.). 

3HaqeHH.11 rrapaMeTpoBol xc.c:> npe:se,n:eHH B Ta6~.I, aHepre'rl!PlecKa.11 

38.BHCKMOCTb IlOTe~oB rrapaMeTpH90BaHa B B~e: 
(1} <Z) 

V1R = V1R + \{R fnT, 

v = v!,tl + 
2R 2R 

ct> e V2R nT, 

WR"' w~') + W~2'(T-BO) + w~"' ( T-80) 3 ' 

y<O - (2) 
Vi.s = i..s Vi.5 fnT, 

w.<1> - w.t2> fn T (6) 
Wi.s = i.s i.s ' 

Cl. = a(1' + a<2\r-ao) , 
g = gt1> + g'e) ( T- 80), 

r.n:e T - KmieTH1!ecKM aHeprrur ~eTaD!lero :eyKJloHa (MaB) B .ua.60-

paTopHo~ CKCTeMe. Ta.Ka.ff napa.MeTpH~ COOTB6TCTByeT -~Jryqe:mo­

MY B paMKaX CTaH,ItapTHOft OilTH1!6CKOtt MO'A0Jlll aHepreTH1!0CKOM.Y IlOBe­

'A0HHll BeJIH'lKH o6~eMHHx KHTer~oB OT Il0T0HIU!8Jl.OB ,Iµl.11 JJ;D:ep 

13 



I 
40ca, 9Uz~ H 208pg (20,39] (CM. 11.8.CT:&._5) •I 

Yi:ntTl:illSJI KYAOHOBCKOe B38lIMO,ItelcTBHe, IlOJIHBJI a.MIIJll'lTY~ ByK­

~OH-H;n;epHOro pacce.im:wI 98.IDICHBa6TCJi B BB,Ite: 

F (it, K') = FNc ( K, K') + Fe (K1 K'), 

r.ne Fe - np:HBo~ HID!te 8.MIIJllITY~ KYAOHOBCKOro paooemm:R, 

Fc
14 

-8.MIIJ!HTY~ R;AepHoro pacceHKWI. IlpH 3TOM aMDJmTY.ItH ~ H h 

'llICTO H;n;epHoro p:l.CCMHWI (WOPMYJIH 3) np:mmmll'l' BB.lt! 

f 2il'}'<!jSIOH { 2iX • } 
9Nc = i.K 1 ~ ~dlje 1- e ch ( 2Lili..5 ) J0 (<}!I), 

0 

oO r 2il"( l<!jSIOH 2i'X 
hNC = K1 J yd~ 11 (q.y)e e sh (2tXi..s), 

0 

2· 
r.ne MHOl!HT6Jll> e ''lKYAOH o6yCJIOB.11eH KYJIOHOBCKHM BsrulMO,ItelcT-

BKeM (43) • 

IIp:mmMM MaJIOCTE> cmm-opOH'l'aJil,}{Oro IIO'!'eHJ::OD!IJ!B. ( 2Xi.s « I) 

('ITO IlO,ItTB6plll,IJP.0TCJi pe3y.Jll>TaTaMll aH8Jll!9a), H IlO'ACTlUIJ!RJI IlO'!'eH­

~ YR H Wi..s B BHpa:&eBl1I.ll ;n,na qas, noc.110 KHTerPJlpoBaHWI no­

JIY"ll!M µapa111eTpH30BaHHH0 BYJ.l830Hltf.l ;n,1lJi aM11JD!'ey,It I8CCem!HR! 

FNc (K1K1
) = ~Nc(q.,K)+ 6~ h,..c ('J, 1 K), 

"° 2i OH 2iX 
~NC:; iK1~yd~e 'lt<!fll {1-e J jo(~~) I 

0 

.. .z */ f 2 Z°l(rl1<!f11ott+X) 
hNc= t.K cos(e12) ly dye ~i.5 :1 1 (~y), 

2 2« 
}. a ·J' { } 2-tJ( + {.;)Z !f 2 I 

11Lal':D= Sl'KCl)4 Vi.s+i'Nc.s ( 2+3« )axp(-!1)1 

(?)' 

'X (Y°> = { 42x<1> + :t2»exp l-~/a2) -t-tx<a> exp (-y~g2), 

14 

(1) Y1RJ' 
?C = 3.1r K0 4 

(2) { Y1R I/ } _fl __ 
:X. = 3•v2R 23tKa2 ' 

(3) }I 
X =WR-----

,Il.J1ff BH'!HCJfeHIDI Qla3H T{ l<!IJIOH HCIIOJib30BaACH 3Kpa.HHIJOBa.HH!:lli KyJio­

HOBCIGrH IIOT0H.U;lra.Jl, OTBe'!a~ sapH;n;OBOMY pacrrpe.neJieHHro (5): 

V ) - ~z119pa { ezf('l./c:u) - Zd exp(-i2/<A>2)} 
IC~llOH t't - 137 'l. (2+3d)[if' G) • 

B COOTB6TCTBID1 c 3THM' HCIIOJib3yeMoe B KaqecTBe . rt K!fAOH aCHMIITO­

THqecKoe Bl:lpruitemrn KyJIOHOBCKOH WKB - <flasl:l (43] HMeeT BH.n: 

00 2 
l..Agpa }J { o ) dx e'l.f c (x) a. - !f /c.l2 } 

11K!f110H (y)=---- LnK~+ I+ --e .(8) 
137 K Jx.z- 1;}//U>2 2+.3ol 

lj/(,) 

AMrr.7rn:Ty,IJ;li IcyAOHOBCKOro pacce.llll:WI HYKAOHOB Ha TIDKeAOM 6ecc.rnm:o­

BOM ~eHTpe IIPHB0'A6HH B pa6oTe [3J • Yi:mTHBaH sqxpeKTH 3Kpa.HHpo­

Ba..HW'I li HCITOJib3YH 3aPH'AOBOe p:i.crrpe'AeAe:HHe (5), MOJKHO sa.rnrcaTD: 

Fe ( K',K') = ~e t<i,K) T 6nhc cci, K) 

erioK { (ji- l/Z)iJ 
~c ('l-, K) = -~ ~- 4f' 2 F(tJ2

) exp(2ii·Xc) 

15 



- . 1lo K • ji - l./2 . Z • 
hc(~,K)- L 

2 
a t (e*I) F(<J)exp(2L?. ·Xc), 

}A !~ , 2 

(9 ) 
of.ru -z q, 2 o,/ c..:i-

F ( 'l' 2) = { 1 - » r "- + 3ct) } exp ( - 4 ) ' 

r,n;e ,n;onoJIIDi Te.Jll,HO BBe,n;eHH o6o3Ha'!eHRH: 

}' - MarHHTHilli MOMeHT HyRJIOHa B .ff,JJ;epHI:IX Mar He-
TOHax , 

l. - 3ap.ff,JJ; HyKJioHa, 

n = ~ sigpa !!_ - RYJIOHOBCKfili Qru<Top , 
1° 137 K 

F ( q2 ) - RyJIOROBCIUIJl WOPMCfa.KTOP • 

\lla30Billi cirutTop x c. COOTBeTcTByeT CJIY'Iaro paccemlli.>: 8Rpa.H.l'Ip0BaH­

lillM RyJIOHOBCRHM noJieM. B 06.nacTH o'IeH:& M3Jll:lX yrJioB paccemm.rr , 

r,n;e OCHOBHOiii BKJJa,Il; B aMJJ.lIBTY.IJ:b! npouecca o6ycJIOBJleH 60.Jll,Jll)l[MH 

3Ha'!eHHHMH rrpm:i:e.Jll,HOrO rrapar~eTpa H a@eRTaMH 8KpaHHpOEaHlIB MOlit­

HO npeHe6pe%' Xe anrrpORCllMHPY eTCJI TO'llil:lM Bb!pa.JKeHHeM' ITOJIY'IeH­

lillM ,n;Jl.fI H88KprurnpOBa.HJJOro CJIY'IM [ 43] : 

- o I. . s,. } Xe - 1lKy1101-1 == 11
0
{-fn \SLr'l (y))-o.577 . 

JJ.nR 60.Jll,llillX_ yrJIOB pacceJIHHJI , 
0

rrpH KOTOpl:lX .ff,JJ;epHoe B3aHMO,n;e:i1CTBHe 

npeo6.na,n;aeT, B ita'!eCTBe :Xe xrcnoJI:&3oBaJiac:& ycpe,n;HeIDiaJI BeJIH'IH­

Ha (43] : 
00 

- 5 ydy 1hyJ10~ (tj) :X: (!J) :lo (~Y) 
Xe= .,., 

. · ~ ~dy X(Y) :lo(q~) 
0 

r,n;e 11 KynoH l ':0 - BeJIH'IHHa , orrpe,n;eJieHHM Bl:lpa.JKeHHeM ( 8 ) , X(':{J -

- <Ia3a pacceJIHHJI ueHTpaJI:&HllM JI,n;epHl:l~ noTeHIJYia.~oM . B pa6oTe [43} 

16 

31-ffi'IeHHe Xe Bl:l'IHCJIJIJIOC:& B rrp116.JIIDKeHHH ~~ u. 1forrOJI:&3yeuoe B 

Harner.1 aHamrne Bblpa.JKeHHe .x:c cBo6o.n;Ho OT aToro orpaIDI'!eHIDr: 

- .A1B1 + i.A2B2 + 83 
x, = 110 .A, + i.fl2 ' 

2 l 2 2 

{ 
(2) (1) 2( q Cl >} 2 ( ~ d) .fl1 = x + x a 1-~ a exp - 4 , 

q,Zgz 
..A2 = x<3

g
2
exp (-It) ' 

Kqa2 1 q,2a4 
B1 = fn - 2- - - 2-Ei ( - 4 ca2 + c.)2)) ' 

Kq,g2 1 <J.Z !$4 
B2 = En_2_ - -2- Ei (- 4( a.z +U)2)) 1 

\ 

(t) 4 q.2a.2)( _ !.. + ~ qza2 . ±._) 
83 = X a exp (- - 4- 1 z (1 a2+w2)exp ( 4 a2+ea:>2 , 

r,n;e E~ (-x) - HHTerpaJI:&HM aRcrroHeHTa [50] • 

Y cJioBne ,n;JIJI Xe MOJKe'l' C)b!T:& 3a.rrncaHo cJie.IJYKil1ID\1 06pa301.1: 

0 

Xe = fl K~llOH, 

?( c. = Xe 1 

ecJII1 

ecmr 

I ~oK~/lOHI> I icl' 
I T"/o K~llOH I~ j Xe j . 

Ha OCHOBe tIJopr11y JI ( 7) li ( 9) nomrue a.MIJ.7IBTY.IJP! HyKJIOH-JI.n:epHoro 

pacceJIHHJI Bl:l'!HCMJllIC:& '!HCJ16HHO ,n;JIJI KaiK,ll;Oro 3.Ha'I8HHR anep-

rrui: I1 yrJia paccemmR, n Ha HX ocHoBe orrpe,n;eJJ.fIJII1c:& na6JIKJ,n;aer.me 

rrpo~ecca. 

IIoJIHoe Heyrrpyroe ce'!eHHe Bhl'il!CJIRJlOC:& H3 BHpaliteHIDI 

:! 

6inee = ffi' b 2 {en ( 4 ?((
3
') + c - Ei. (-4:x'

3
') }- ~ I h NC \

2 
c:l.Q. ' 

0 

!If z 
r.n:e c - 'II1CJ10 3f1:Jiepa, ~I hwc \ d.n.- MaJIHl1: BKJia.,Il;, ocJyCJIOBJieHHffii 

cmrn-3aBircuuo:t Ror.moneHT
0
oi1 a.MII.i1HTy,n;1:1 paccemiw=r. CJie.n:yR pa6o-

17 



Te (42] • rrpOTOHHHe ;n:a.HHHe ITO 6•nee OHJIH CKOppeKTlipOBaRl:J Ha 

s@leKT rrpOXOl!i,ll;eHIDI Ky.JIOHOBCitoro 6ap:oepa. 

Ilpli aHa.nnse 8KCITe~HMeHTa.JibHHX ;rr,a.HH1:1X IlpaKTll'{eCKOe 3HaqeHJde 

HMeeT Borrpoc, cBJisaHHHli c HeO.I(H03Ha'IHHM orrpe;n:eJieIDieM a.MITJlliTy;n: 

rrpouecca, qTO MOJKeT 6HT:O BH3BaHO: 

- <lJy~a.MeHTa.JIJ,HhlMH Heo.wrosHa~OCTJIMH a.H.a.JIH3a (ncrro~syeMoro 

cI>oPM~3Ma), 

- liCIT0~30BaIDieM HeITOJIHOli 8KCrrepHM6HTaJI:OHOi1 HHcIJOpMaURH (oT­

CYTCTBlieM "rrOJIHOro OITHTa"). 

Hs (I) BH,J'.(HO, 'ITO pe~3~ ycJio~llit ITOJIHOro OITh!Ta IT03BOJ1Ji-

eT orrpe;n:eJIUT:O a.MrrnHTY~ ~ li h c TO~OCT:O!O ;no 06lljero qasoBO­

ro MHOl!UIT6M exp{i.4> (cose*)} • 3Ta <fly~a.MeHTaJI:OHM HeO,J'.(H03Haq­

HOCT:O MOJKeT 6HT:O YCTpa.HeHa. B o6nacTH CaMl:lX MMHX yrJIOB pacceJI-

HIDI, r;n:e a6cOJI!OTHHe qasH aMIIJI.HTy;n: WHKCHPY!OTCJI KYJIOHOBCKHM B3aH-

Mo;n:eitcTBHeM. Hplil yrnax paqceJIHIDI, r;n:e KYJIOHOBCKoe paccemrn:e He 

rrpoJIBJlffeTcJI :aa ypoBHe ~epHoro B Ha6JIIO,Ir,aeMHx, perueHHJI JIBJJJi!OTCJI. 

B006llje rOBOPJI, MHO,r03Ha'll!HM!il <liYHRUIDIMli, H B KaqecTBe KPHTepHJI 

O,J'.(H03Ha.~OCTH liCIT0~3yeTCJI YCJIOBlie rJI.a,IJ;Koro MOHOTOHHOro ITOBe;n:e­

HHJI aMIIJIRTy;n: ([la.3 pacceJiffim) c sHeprRei1 B sHeprosaBHC!ilMOM 

aHa.JIH3e (rrocJie.I(Hee o6ecrreq:ifBaeTcJI :i:rcrro~syeMofi B a.Ha.JIH3e rrapa-

MeTpRs~ei1 ). • • 

BTopofi THIT HeO,J'.(H03Ha.~OCTefi, BH3BaHHHH OTCYTCTBlieM "IlOJIHOrc 

OITHTa~ orrpe;n:eJIJieTcJI: 

- rrpeo6pasoBa.HHJIMH corrpIDKe~ (R) [2I], 
1t If 

gt--g2 g2--S1 

rrpeo6pa30BaHH.ffM!il MmlaMH (M) [2I], 
+te* - ·e* g1 - ga e - Sa - S1 e+ l , 

I8 

r ;n:e t)1 H g2 - a.MITJlUTy~ (l) , e*- yroJI pacceJIHHJI. 3TH rrpeo6pa-

* ... ) 30Ba.H.11H y ;n:oBJieTBOpmoT YCJIOB.lffiM P(cos e = 1) = 0 • Im~ (cos 6 = 1 > 0 • 

OCTaBJIJI!OT 6e3 H3MeHeID1JI .n;i.i:@.)epeHlzy!aJI:OHOe Ce'ieHHe 6 l1 MeHRIOT 

3HaK ITO.JJ.RpM3au;xm P. ITo sTOMY BK.JiroqeHHe B aHaJIHs rroJIHpli3~0HHHX 

;n:aHHb!X ycTpaHJieT TaKHe Heo.I(H03Ha~ocTli. KoM6HH.HpoBaillille rrpeo 6-

pasoBaHHJI ( R M) y'Jr..e HeqyBC TBHTeJI:OHH K rrapaMeTpy IIOJIJIP.1'13~ . HO 

MeHJiroT 3HaK BeJIHqHHH Re9 (cose* = 1) • 113 BHpaJReIDii1 (3) MOiKHO rro­

Ka.3a Tb, 'ITO rrpn OTTaJIKIIBa ro1I1eM xapaRTepe rro TeHLUiaJia VR ("I.) Be.JIB'lli­

Ha Re~ (cos6*'= f) rrpHHID1Ja eT CTp or o rroJIOJKHTeJI:oHHe 3Haqemrn , ':reM 

li ycTpaHJI!OTCJI B aHa.JIH3e HeO,J'.(H03Hf·"..PIOCTli ;n:aHHoro Tl1IIa. 

IIOBTOpHoe rrpnMeHeHHe rrpeo6pa30Bal!lili 1.00ra.r1rn:, II.PHBO;n:J!IIjee 

38.MeHe 
g-P ±iB* 

t 0 1 ·e B2- S2e;: ie* 
' 

1: 

OC Ta.BJllieT 6es H3MeHeHHH rrapaMeTpH 6' , P li Re~(cose~ I), II ;n:Jl.ff 

ycTpa.HeHWI TB.Y..HX H80,i:(h03Ha~OCTeli Heo6xo.n;i.i:Ma TPY,I:\HO,I:(OCTYITHaJI IDI-

WOPMa.I.LWl rro rrapaMeTpaM Tpofurnro paccemlli.ff R H A. HeMnoro-

'lliCJienHHe ;n:aumrn TaRoro T.vma , H3Mepe.HHhle ,I:(.11.ff rrpouec ca 12c (p ,p) 
12c rrp11 sHeprrunc rrpoTonoB 138 H 145 M9B [5IJ. Clh!JIU HCITOJI:030Ba­

HH B a.HaJlli se • 

4. Ilpo~e,nypa rro;n:roHltiI 

11apaMeTpH orrT1ftlec1wro rroTeHI:UiaJia orrpe.n:eJIHmrc:o H3 ycJioBlif: 

Ha.11Jly'iruero cornac11JI pacqeTHblX 3HaqeH.J1ti Ha6Jiro;n:aer,rux c 3Kcrrapm.:eH­

TaJI:OHHr:a 3Ha".J:8HJIBMli .IyTeM BA.J!:OMJ!OBaHHJI 3T.ll;: rrapru.ieTpoB. 

·.:c.TBG KnHTCPHh !IruIJiy rmero COI Jl<.CllJI Bbl6YPaMCl: B.' 



I 
x2 =L.{f.6r.,<E)-6ror(E) ~ + ( Ser(E)-6ee(E~\2 +(Na(E)-f _)

2 + (Np(E)- f .J2J + 
e \ A6rorCE) } .:3.6et(E) J AN6' J ANp ) 

+ L L {(6CE,B)-6<E,e)Ns(e~y +( P(e,e)-P(e,e)'Np(E~)2 ... ( R(e,e -R(e,e) _! ... ( ii(E,e -fl(E,0~)2}' 
e e \ 46'(e,e) / Ap(e,e) / aR(E,e)) Afl(E,e) J 

r,n;e 11epToii OT!ile'leHH 8KCITepHMeHTa.Jll,Hl:H~ BeJIH'lllllli; 6 - ,I(li@JepeR­

u,HaJI:OHOe ce11eH.He , p - ITO.Jl.ffPH3au;IDI (a.RaJIH3HPYKlll1llI CITOCOOHOCT:O), 

R H A - ITapaMeTpH Tpolittoro pacce.mm.ff, N6' H Np - HOpMHpOB01IHl:le 

rrapa.MeTpH, 6roT - ITo~oe ce11eHl'Ie, 6rt H 61nef - ITOMOe yITpyroe 11 

HeyITpyroe ce11eIDUI COOTBeTCTBeHHO. 

HcITOJU,30.Ba.HHHe B aHaJII13e .D;aHHHe ITO .I(liqxpepeHWffiJU>HHM cei:reID1-

RM H ITO~H38.WiOHlrn:e ,n;aRmrn npHBe,n;eHH B Ta OJI. 2. Ha OCHOBa.mrn: 

pa60T (33,41) a6COJIIOTHHe HOpMHpoB011Hhle K08cixllHu,HeHTH i:raCTH ,naH­

HHX 6UJm ITpe,ItBap:aTeJil>HO cKoppeKTHPOBaJill. 0KOH1laTeJI:&HM rwppert­

u;IDI .nammx ITPOBO.D;RJiac:o nyTeM BI~IDi:reHHR B a.HaJ!H3 .D;OITO~TeJI:OHUX 

HopMnpoB011HHx rrapaMeTpoB Np.H N6 , Be.Jm'IBHH KOTOpHx OITpe,n;eJ.tff­

JIHc:o Ha ocH.oBe rtpHTeprur ~y"l:mero cor~cH.ff (MHHRMyM :xz ITPH 

OJKH,nae~.1HX 3Ha11erumx ITapa.MeTpOB I) Ha ITOCJie,n;HeM sTaITe ITpoue.nypH 

ITo.nroHKlll:. 

IIpnBo.D;HMHe B JIHTepaType sKcITepHMeHTaJU,HHe ,naHHHe o6H1IHO co­

ITPOBOlK,II;aIOTCR TOJI:OKO c'l'aTHCTHi:recKIDvlH ourn:6KaMH . TaM r,n;e 3TO 6UJIO 

B03MOlKHO I B ITO~IO 8KCITepHMeHTaJU,HYIO O!llll6Ky MHBHX ITPH HX HC­

ITOJI:030Ba.HH.l1 BKJllO'Ia.JlliC:O CHCTe.MaTH11ecKHe OlliHOKH (HarrpHMep, ITO rrpH­

tIHHe HeTOi:rHOro MOHHTOpHpoBaIDIH rryi:i:Ka [52)). IIorpelliHOCTH, CBfI3aH-

I 

Hble c HeT011mm oITpe,n;eJieH.HeM sHeprnH rryi:rKa , B anaJUI3e ne Y1IHTH­

Ba.Jmc:o. tiacT:O rrpOTOHHb!X .D;8HH.HX (B CJiy11ae UCITOJI:030B8HIDI B H3Me­

peIDUIX TOJICTb!X MHIJ.leHe:ti ' lliHPOitoli KOJIJIHM81UIB ITY'l:Ka H T .,n;.) 6HJia 

CKoppeKTHpOBaHa Ha sQxileKTH HCKa.lKeHllli OT MHOrOKpa. TIJOro KY JIOHOB­

CKOI'O pacceRHHR H Ha'Ia.JibHO:i1 yrJlOBOid pacxo.n;UMOCTU ITyi:rKa (53] • 

iipH 3TOM ou;eID1BaJiaC:O BeJllPlliHa BHOC.11MO~i Itoppeli.UI.J:e:1 OWHOK.11, KOTO­

pa.11 3aTeM BKJIIO'IaJiaC:O B IIO~IO 8Kcnep.1-m1eHTa.n:oHyro OWHOKy. D Jl[QQOM 

CJIYi:rae, B aH.aJIH3e He 6b!JIH HCITOJI:030.Ba.HH Te ,Il;a.HHHe, r,n;e KOppeKu;HR 

COCTa.BHJia OH 6oJiee 30 % OT HCxo,n;noii Be.Jlli1IHHl:l. 

HeKOTOpHe ITpHBe.neHHHe B JIHTepaType 8Kcrrep111v1eHTaJl:OH.He ,n;ru-rH.Ue 

He Ta6yJIHJ;(_OBaJill(OTMe~eHH 3Be3.D;O'IKOH B Ta6JI.2),0~HaKO 0Y.D;Y1IH B3R­

Thl H3 pncyHKa, OHH OHJIH liCIIOJI:o30.Ba.Hhl B aHaJIH3e. ,Il.a.H.HHe ITpli 3Hep­

I'ID1 HyMOHOB BH!lle 200 lvlsB Ka11ecTBeHHO ycTyrraJUI ,n;aHHHM B o6JiaCTli 

sHepr.11li 90 - 200 lvlsB. Tart, HaITpHMep, ,n;amrne ITO M~xJ?epeHu,HaJI:o­

HHM cei:reIDUIM npH sHeprHH E = 200 MsB [31,32] 11 ITO.Jl.ffpHsal.UfOHHHe 

.D;a.HHl:le npH E = 200, 220 MsB [32,25] He Ta6yJIHpO.Ba.HH. ,Uamrue 

IIpH E = 2b9, 3I3 MsB [24] H E = 350 lvlsB [54] co.neplK.llT 00.Jl:OWOii 

BKJia.n; HeyITpyI'.11X rrpou:eccOB, npH 3TOM ,na.HH.He rro ,n;mfxpepeHu;MaJU,rfili,1 

ce'ieH.liRM ITPH E = 2b9 H .G = 313 ;.isB (B03MOlltH.O ITO Tot'~ JK.e ITPH­

'Illlie) He corJiacyIOTCH ,n;pyr c ,n;pyror,1. ,ll.arIBHe ITO rrapaMeTpar.1 Tpoii­

Horo pacceRHHR R H A B sTotl o6JiaCTH sHeprID.r rrpaKTYI'4:ecmi: OTCYT­

BYIOT [24) • 

Jlamurn ITO IIOJIIIHM ce11eH.HRM 6paJIHC:O U3 pa60T ( 55-5b] I ITO ITOJ1-

.H.HM HeyITpyr.11M ce11eIDIBM - .113 padoT (55,59-61]. 13cero B attaJUI3e 

6HJIO ncrroJ11>30Ba.Ho oKoJio 450 sKcrrep.11MeHTaJil>HHX .nammx. IIpoue.nypa 

rro,n;roHKH saKJIIO'laJiac:o B HaXoJK,D;eH!1H JIOKaJU,HOro Mtnrnr,:yr .. ia Qiymaum 

.Xi B npocTpaHCTBe rrapar.1eT:poB (6). 1Ipou;e.nypa no,n;romm 6uJia pa.3-

.neJieHa Ra ,ItBa sTarra. Ha ITe_pBOlil .113 HliX sa.,n;a1ra r.1IDl.ID.1113a.urn: pew:t-
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Jiac:o c IIOMOII\:D!O 3@18KT:aBHOrO aJlrOpHTMa (62] • r;a;e B RatI8CTB8 

Ha<raJI:OHoro rrpHOJll'IJK8HlJJI HCIIOJTh30BaJ1HC:O rrapaMeTp!l IIOTeHJJ;HaJIOB. 

rro.JIY<reHHHe .IVIB H.JJJla 12c B paooTe [35]. Ha BTopo11 3Tarie .IVIB 

yT01ffi8HIDI H CT8THCTH'I8CKOrO aHaJIH3a !IOJIY'l:8IUlliX pemeBIDi HCI10JTh-

30BaJiaC:O rrporparm,1a MINUIL [63] • Harna rrepBa.ff rroIIHTKa onHcan 

Bee 3KCilepHM8HT8Jl:OHH8 ,na.HHHe B HCCJie;a;yeMOH OOJl8.CTH 3Heprlili 

90-350 t.J3B OKa3aJI8C:O C)e3ycnell!ROH H3-38, B u;eJIOM .cJIOlilliOrO IIOBe;a;e­

HlIB aMIIJll'ITY.Il rrpou;ecca c 3HeprHeli. B cM3H c 3THM, rrpou;e;a;ypa 

rro;n;roHKH rrpoBo;n;HJiac:o Kyco<J:Ho-He3aBMCHMO .IVIB ;D;BYX o6JiacTei1 3Hep­

rlili. B rrepBOii: H3 HIDC rroJiaraJlOC:O E ~ 90 - I&5 M3B H E ~ Ib5 -

- 350 M3B - BO BTopoiL CllUIBaID!e rrapaMeTpOB rrpoBo;n;HJioc:o Ha 

rpa.H.Hu;e ;D;BYX ooJiacTeli rrpH 3HeprHH "'Io5 MsB rryTeM BKJiro<reHH.ff 

2 B !JiyHKURIO .x pa3HOCTHHX 'IJ18HOB ITO IIOT8Hu;HaJ1aM' BH'IHCJ18HHHX 

cJieBa H crrpaBa OT rpaHH<rHoro 3Ha<reHIDI. IToJJY<reHHHe ;a;Ba Ha6opa 

pe!lleHHli H me CTaH;D;apTHH8 OTKJIOH8H.H.ff IIpHBe;a;eH!l B TaOJl.I. 

5. 06CYl!\Il:8Hli8 pesyJI:oTaTOB 

,Ilp.HHJITO C<J:HTaT:O, 'ITO HHTerpan:oHHe xapaKTepHCT.HK.H JlytIIIIe OT­

paJKa!OT CHCT8MaTH<J:8CK08 TIOBe;n;eH.He KOMTIJ18KCHHX OTITH<J:8CKHX TIOTeH-

1..J;liaJlOB c 3ReprHeil. <reM HI-J;nHBH;IJ;YaJJ.:oH08 ITOBe;n;emre rrapaMeTpOB TIO -

T8Hu;HaJIOB B pa.MKa.X TOH HJl.H HHOii: cpeHOM8HOJlOrH<r8CKOH MO;D;8Jll'I. B 

T8_,1)MliHaX pa.,n;HaJI:OHHX HHTerpaJlOB OH.H orrpe;n;eJleHH rum 

r;n;e 

~K = 4:Jl \UK ( 't) •z}d:z. 

U1 = ReVR/.A, 

U2 = Im VR/.A, 
- 1/3 

U 3 . = ReWi...s/R , 
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- 1/3 
Ui. = ImWLs/Pt 

H npOJIBJl.ffllT CJI.aOYD 88.BHCKMOCT:O OT Ma.CCOBOrO 'Di!CJI.a A [20,39]. 

IlOCROJll>KY HCIIOJID3yeMaa napaMeTp.e:sarnm JllIHekiHo CB.ff3HBaeT BeJIH'Di!· 

HH ~ I( c napru.1eTJ;aMK MO.IleJllt 

~I= - (VIR + V2R)/12' 

~z"' - WR 

(2/3)'13 ).~ 2 -t-c(. 

~h = - Vi.s' <Al2 • e"' 3« 1 

(2/3)'13 :>..~ 
~it"" -wr...s· wt 

2-t-d.. 

Z+ .3G( 

» &1aJmse omt xenocpe;a;cTBemro orrpe;a;e.neH!i Ha ocHoBe KPHTepIDI Ha­

l!J!Yqmero cor.n.ac:wr. IlOJ.!YiteHHHe .!II3 pasH!ix a.H8JIHiOB KpHBHe no:se.ne­

mm :seJIII1mHH ~ 1< npKBe;a;ellll Ha pHc. I B sami:cm.iocm OT :mepnm 

~llllRX :HyltJLOHOB. 1'aM ze, ;rr,JJR cpamieHWI, rrpIIBe;a;e1~1 pesyJThTaTH 

OMP axa:m.I30B (33,38] ;rr,J1Ji SWla 12c, ;D;Jl.ff H,IJ;ep c A~40 [39] 

upeJJ;cxasarom TeopemqecKBX :,10,IteJieft BHF .III ~H [34;35J. Gpa.BHeHHe 

rzoma1:C.aaeT RB."tiecTBeHHoe cor.nac:ra:e aTHX pesyJll>TaTo:s c pesyJll>TaTa 

M¥t Halllero 8H8Jlliaa. 

B o6JIB.cTH ane_prd BHllle IBO MaB ocHOBHHe TeH;J;eHI:(ID{ IIOBe.D;emtfl 

IIOTetmimJIOB COX.parurll'l'CS!, O,ItHa.RO HMemtPISCS! Ha rpamm;e .IlBYX 06-

JUl.C'l'el paSp!lBH l!'. paSHl:!e l"llKJIOHH RpBllrtt c~eTeJJ.:&CTBYIYl' 0 60Jiee 

CJtO&HOA, qeM STO npe,ItYCMOTpeHO napaMeTp:ra:~ett, \f;YHKUJ!OHBJU,HOI 

samlCWJJOCT.l:I IIOTe~oB OT aHeprmt. B aTol 06.na.CTH aneprd MO­

ryT cymecTBeHHO CRaSH.BaTl>CH *KTH peJlJI'l'HBJl[CTCXOft KIDieMaTRIGI, 

.e: ncn0J11>soBaHHe B sa.ttai:i:e pacceaimH JblpaRo:ecxoro <l>OI>MaJillSMa, RaK 
f 

aTo o;a;e.naHo ,Ir,llR HJwa 40ca [64] , JlBJIJieTCJ{1IIO-BH.lUtMOMY,dOJiee 

llOCJle,ItOBaT8JI.I>HHM. 113-Sa OTCYTCTBIDI ,uammx IIO napaMeT.Ill.M Tpofulo­

ro pacce.IIlilffi: aMIL1llITY,Itli npon;ecca onpe.D;eJlfIVl'CH neo,ltllo3Ba1DIO,R , 

t:IOCHOJIDRY I B KOH91DIOM HTOre npon;e;a;ypa no.nromm 3a.R.'lll1?2JI8.C:O 
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no:e:cKe onpene.neHHoro JIOKaJII>Horo MIDmMYMa ,n;Jlf! cpyHK~ J<.
2 

, B03-

.MOlRHO TalOKe cymecTBOBaHia:e .I{Pyroro, 6oJiee np:e:eMJieMoro peme:ID1Jl :e: 

B p:!.MKaX HCil0Jll>3yeMOI IIapa.MeTpH3aIUill. 

CpaBHeHHe noKa.3l:lBa.eT xopomee cor.nac:e:e BeJllffmH Y2 H Y4 c 

npenc:K.a.3aHH.fiMl' TeopeTH'iemwx MoneJieli, TorM :KaK ,n;Jlf! y, H Ha 
IIOJiy'ieHl:l aa:Bl:llleHlllle pe3yJll>TaTl:l, 3TH pa3.1llI'lltil B OCHOBHOM o6yc­

JlOBJleHl:l pa3HHMH cpopMaMH pa,u;Ka.Jll>HOil aa:BHCHMOCTH pea,iu,Horo ueHT­

paJ!l>HOrO noTeHIJ;IBJlB. Re V R ( 'L) ( 4) • TeopeTH'iecme Mone.n:e: npe,It­

cKa.airaa.m HeCTaHMPTHOe paroiaJll>HOe IIOBeneHHe Re v R ( 't.) B6Jl:e:3H 

'l. :::: O ( 'iTO xapaKTepHo ,n;J1f! 'lJWS (~ou~fe - Woods - Sax son) napa­

MeTpH~ 9TOH BeJlH'UUll:l (38]) ' TOr.l(B. K8.K aHaJIH3 MHHl:lX ~H 

MaJil:lX yrJiaX paccesnm.a: He o6aapylKHBB.eT Taitoro rroBeneHHJI (pHc.2) . 

Ka.'ieCTBeHHO, 9TO MOlKHO 06'hllCHHTl> TeM, 'iTO ~e yrJlli paccenIJ:WI 

xapaKTepHl:l OCHOBHl:lM BRJia,I(OM B aMilJ!HTY'Al:l npouecca napll,RaJll>HHX 

BOJ!H c Bl:lCOKHMH op6HTa.7ll>Hl:lMH MOMeHTaMH JILJIH 60Jll>IIIHMH 3Ha"IeHIDIMH 

np:e:~eJII>Horo napa.MeTpa H , :e:, nocKOJll>KY ocHoBHott BRJia,I( B pacce­

mme MIOT <lll.3l:l x. (H) ( 3) , o6pa3oBa.HHHe nepmJ>epdlio! "Ia.CTI>D ueH­

TpaJII>Horo IIOTeHll,RaJJa VRl't.) • aHaJ!H3 He 'lYBCTBHTeJleH K IlOBene­

IDIIO 9TOH Be.Jlli'll'l'.HI: np:e: MaJll:lX 3Ha"I6HWIX 't. • 

Hao6opoT ' OTB6"IB.llJl166 3a llQJIJipH3alJ,Rll cmm-op6HTa.Jll>HOe BSaH­

MonettcTBHe, xapait'l'ep:e:syeMoe noBepXHOCTHl:lM "!JleHo·• (l/i) (d/d't) 

~('t), O"!e.Hl> tJYBCTBHTe.Jll>HO K ~OMY IlOBeneHHK) JlOKaJl.l>HOI 

.a;nepHO! IIJ!OTHOCTH ~ ('t) • -:BH6op B K8."!6CTBe .f>('t) IlOJiyaMimpH"leC­

Koro sap.a;noBoro pacrrpene.neHWI (5) , KaK JIORa.38.71 aHaJIHs, nosBOJIJl­

eT ycrremHO OIIHC!lBB.Tl> IIOJJH.PHaauHOHHl:le naHHHe. 

OcHoBHl:le pesyJll>TaTl:l nonroHRH np:e:BeneHl:l Ha p:e:c.3-8, :e:s KO­

.ropl:lx BliI,IUiO. 'ITO Ra.'leCTBO OIIHCaIDm MHHl:lX paC'i6THl:lMH 3Ha-

24 

'leHH.IIMR Ha6.11a:>,naeMHX .liBJISieTcJI np:e:eMJieMHM .n;Jlf! 60Jll>lllHHCTBa. axcne­

pHMeHTamHl:lX BeJill:'l'.HH • .IT.a.HHHe Ha PHCJHKaX npneneHH B CKOppeKTH­

poBaHHOM B:e:ne . KaK :s:e:nHO H3 npHBeneHHl:lX B Ta6.11.2 HOPMH.POBO'l'.Hl:lX 

Koa<I$mHeHTOB Np :e: NtJ , 'Ila.CTI> aKcnepHMeHTaJll>Hl:lx MHHl:lX Hyli\nB.­

.nacI> B Ollij'THMOI KOppeKll,RH, 'ITO IlO'ATBepllf,WleTCJI Taiate peayJll>Ta­

Ta.Ml! .I{PYI'HX a.Ha.Jm30B. HecKOJll>KO xyge, 'leM OCTaJil>Hl:le, OilHCl:lBa­

JDTCJI npoToHHl:le noJ1.1IpHSall,ROHHl:le MHHHe IlPH aHepl'l!flX npoTOHOB 

95, 135 MaB (p.11c . 4, 5) ,H Hehpomme namme no nmJ>cI>epeHll,Ra.Jll>HHM 

ce"!eHIDI.M II.PH aHepnm: HehpOHOB 350 MaB (pHc.6.). B nepBOM CJiy­

'ltae, axcnepHMeHTa.Jll>Hl:le 3Ha'leHIDI IlOJJH.PH~ np.11 yrJiaX pacceJI­

mm 9 > 150 , Il0-BH,Il;m401\1Y, CllIJU>HO samzmeHH , 'ITO IIO'ATBep~eTCJI 

pe3yJll>TaTa.MH HesaEHCHM!![X H3MepeHHI . np:e: 9!16PI'Kl'l'._ npoTOHOB 

~ 94 MaB (65] • Bo BTO.POM CJiy'lae naHHYe conepzaT 60JWnol 

~ Heynpyrmc npo~eccoB. 

PesyJll>TaTH a.HBJIH38. CB.J.IneTeJll>CTBYl'.l'l' B ~e.110M o nplilMeHHMOCTH 

(B IJJtaHe OllHcaHWI aKcnepIDlleHTaJWmX ,nammx) B HCCJ10.It.YeMOM itH­

TepBa.Jie yr.110B H aHeprd a!KoH.a.liloHl:lX JinepHHX aMIIJIHTYn (7), no 

.fIBJJJleTCJI xopome:a npennocHJIKOI ,n;Jlf! pac'leTa Ha HX OCHOBe OTCYT­

CTBYDllHX HeaTpoHHHX ,l(B.HHl:lX. )J.ByXMepHl:le pacnpeneJieHWI ITO a.HaJIH-

3H.PYD!lel CIIOC06HOCTH .a;npa 12c B npoueccax 12.c (p,p)12c H 

(2C ( n , n ) 12c rrpHBeneHH Ha PHC. 9, IO B 38.BHCHMOCTH OT .na.6opa­

ropHoro yr.na pacce.mmJI 8.n.ad H aHeprIDI TiaMD!lHX <m.CTHu; E • .lJ.wI 

yno6cTBa B .acno.111>s0Ba.HHH pac"!eTHl:le BeJIH'll:Ull:l ,nHqxJlepe~oro 

le"IeHHil H a.Ha.1J.ll3HPYD!lea cnoco6HOCTli[ B CJiy'iae HeliTpOHOB arrnpoK­

)HMHIJOBaJIHCl> Bl:lpag0HHJIMH : 
5 5 . . 

6 (E ,e) =L: L.at· Ce-o,oat-1. eJ-I (<J>M2), 
\:1 j:1 J 
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I _ - - -

" " i.-t j-1 
.A(E,e)= ~ ~giJ(E-o,os) e , 

r.n:e E - aHepl'Kll Re!rrpOHOB (raB),. 9 - yrOJl pacce.mnIJI B JJa60paTOP!-
o 

HOi!: CKCT6Me (rpl!J(YCH,, .MeBSIQ.'l'CJI. B KHTepBaJle 4 - 200 ) • S,neMeH'l'H 

MaTPID4 alj lit f>tj ;tt.JI.II -,r;ayx o6JiacTe! BHeprd ~ -90 - 185 MaB lit 

E ,..., L85 - 350 MaB nplltBe.n:eim B TaOJl.3-4. OTHOClltTeJ.ll>HWI rrorpem­

HOCT~ rrpK arrri:poKCKMaIJ,lD[ COCTa.BJIHJJ.a B cpe)tHeM 1 % B CJiy'Jae ~ 

K 0.5 % B CJJy11ae 6' • 
c :upa.KTJl'lecKOi TOi:ntllt ape:mtli MOXeT 6HTD·IIOJ1e3HO! IDfii>opM8.11;liU1 

0 ~pe,nn:el aHaJillt3HPJmt6! CIIOC06HOCNI Jim)a. 
12.c IJIH'I: paaHWC aHep­

I'KlIX rra.,tta!WDC lfYKJlOHOB - E. 
Ycpe)tHeHKe rrpOBO~OCD IIO 4JoPMYJle: 

20• 
_ ~ fHB,E)· 6(8,E)d.st 
R(E)==-~20~.~~~~~ 

~ 6'(E,S)dst 

r.n:e 6 - ~qxpepeHIJ;l!aJU>HOe ce-qeime, 

.A - aHaJillt3KPY~ CIIOC06BOCTD , 

dSl. - MeMeHT Te.ileCHOrO yrJJan :e .!AOOpl!.TOpHOli CHO'lelle. 

BeJlR'IliHH A (E) .u,JJJI Hetl.TpOHOB H npoTOHOB rrpHBe.n:eim HA .PHC.13. 

Ta.M Ke .ll.JVi cpaBHeHKR OTJIO&eHH aKcnepHMeHTaJU.HBe 

TID3HO:ft a.HaJI.HSH];>Y~men cnoco6HOCTllt B imRJI103KBHOM 

12c (p , p ) X (I01 • 

a:aa'leJ!llH aiM>eR-
npoqecce 

HaBecTHO,~To cTaTKCTH'!eCKal'I oom:6Ka BeJIK'U!HH noJl.flPHSB.UJilllt lt3· 

MepeHHOH M8'1'0,I\OM pacceJ".IDI.i! IJYK.llOHOB Ha SIJijl8.X c liHlB6CTHHMH aHa­

.Jll!3.1:1.PY ill.\llMK CBO:lic TBa.¥iH orrpe.n:eMeTCH BeJlR"mHO:ft 
.J 1-(pfl)2 ' 

Lip ~ - fl . N 1/2 

r~e .u,JIJ! rrpOCTOTH paCCMOTpeH c.uylJa! "JieBo"-"r.rpaBO" pacce.ill!lVI ' 
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P - 3Ha'ie.HKe IIOJI.fIPKSaJ.Um, N - 'mCJIO pacceJlHlililx .HYMOHOB , 

..A ( ~ E ) - ruI8.IIK3HJ;>Y~ crroco6HocTD sr,n;pa IIPH orrpe.n:eJieHHHx 

aHa.-qe:immc aHepI'lm HYRJIOHOB - E PI yr.na. paccemnm - ~· 0TCJD.D:8. 

Bl'I.lUIO, 'ITO rrpPI cf>l'IKcKpoBa.HHoM 'lll'.CJle na.n:amnnc .HYRJIOHOB oom:6Ka 

rroJIHpH~ nponop.r.ni:oHaJIDHa BeJllitmHe 1/ (11 ..nf) (r;a;e 6 - ~ 

ipepe~Hoe ce'!eHKe paccemnm), KOTOpaH MOXeT CJiylRlITl> OTITHMH-

9al.l;l!OHHHM napaMeTpOM II.PR rrpoexmpo:eamm pa8JlH'!Hblx KOHCTPYKUWi 

IIOJlHpRMeTpoB RyK.JlOHoB. Ha pHc. II,12 rrpl'Ille.n:ew .D:BYXMep.ffile pa.c-

rrpe;a;eJie!ll'!Ji B6J.IlilmH!l .A .J6 JI.M rrpoueccoB I2.c (p , p) 12c PI 

12c(n, ll )12c B 38.BHCHMOCTl'I OT Jta.60paTO.PHOrO yrJJa ~CC6Jnm.ii 
BJia.6 H aHeprHK HYRJIOHOB - E. CpaimeHHe c Toa xe BeJilflnllioa 

;n;JlSi r.rpouecca P(n, n )P ( .PPIC.14) IIORaSHBaeT, 'ITO JIICIIOJ1l>30Ba· 

.HKe yrJiepo,ItHHX paccel'IBaTeJlclt BMeCTO T.Pa.n:HUHOHHIDC l!U!;Il;KOBO;a;opo;a;­

HHX o6ecne'IlmaeT aaa 'i:KT6Jll>HO 60Jiee BYCOKHe 3M '16HH.II $t ../6 H' 

CJIS;D;OBaTeJU.HO , BapHaHT IlOM:pHMeTpa c yrJlepo)l;HHM pacce~Te.JieM 

HBJIR:eTCJI 60.Jiee CB6TOCHJll>HHM • 
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Ta6JI.I 

Ta6JI. 2 

IIO,IUMCI1 K TAE.ill1UAM 

IIapaMeTpbl OITTWI8CKIDC ITOT8H1J;tffi.JIOB. 

3Ha11emm rrapaMeTpOB ITOJJY'l8Hbl ,n:JI.F.I: .D:BYX OcJJJ.aCTeii 8Hepr.IDii 

HyK.JIOHOB: E "'90 - Ib5 MsB (KOJIOHRa 2) H B-lb5 - 350 I1bB 

(KOJIOIIBa 4) ' HX CTaH,ll;apT!ille OTK.JlOH8HJ'1lI rrpIIBe,n:erl1l COOT­

B8TCTB8BHO B KOJIOHKaX 3 M 5. liapar.ieTp!:I v,~' - w~~ rrpMBe-

.n:eHh! B e,n:HHM1.1,ax <JIM3x (I/<.llM ),pa,n:llycu a(I), a( 2 ~ !!/'', 
p(2) 
O M CU B 8,n:HBH$X ~epMi3. 

Hcnom,soBa.HHl:le SKcrrepzMeHTa.rr:&Hlle .n:arrn.ble. 

B rrepBHX ,n:Byx KOJIOHKa.X rr.pMBe,n:erm JIMTepaTypHaR CCb!Y.i.Ka M 

cpe,n:BJrn 8HeprM5I IIY'IKOBOH 'Ia.CTMUH (3B83.Il:O'IKOH OTM81!8Hbl 

HeTa6yJIMp0BaHHble ,n:aHHb!e).KOJIOHRa 3 xapaKTepH3yeT THIT 

IIy'IKOBOii 11aCTHJ.Jµ' KOJlOBKa 4 - THII .n;a1l.BblX (,n:MtJxJ?ep8HWfa.JTh­

HOe ce11eHMe, rroJI.F.1:pH3a.u,WI, ,n:amme no TpotiH011JY paccemmKJ) • 

B IWJIOIIBa.X 5 M 6 rrp.1rne,n:eHbl 3Ha11eHHe tlJYHI<:WllI -l H 1ll1C­

JIO SKcrrepnMeHTaJlbHblX TO'!eK ,n:.,11.lI cepIDi ,n:aB.HHX. B 1<0JI01m.e 

7 npMBe,n:erm sna11emm Hop1;111poB011HI1X rrapa:·.?eTpOB Np H Ns-, 

IIOJIY118HBHX B Hamer,1 aHa.Jrn:se. Te JKe BeJIH'IHB1l, rroJiy11emrne 

B pesy.m:,TaTe rwppem.J;Irn ,n:aHBHx .rwyri1rMM aBTopaMM, rrp.vrne­

,n:eHbl B KOJIOIIB:e b. CoOTB8TCTBYIOll1Ctfl JIMTepaTJpHalI CCbl.1!Ka 

rrpHBe,n:eHa B KOJlOHKe 9. 

Ta.6JI.3 3JieMeHTbl MaTpMUH aij ,n:JI.F.I: pac11eTa. .n:HW.DepeHIJ;l'1EW1I>HOro 

ce11e11nR ~~ (E,ena6) rrpouecca yrrpyroro n -12c pacceRHJIB 

B o6JiacTH sHeprilli E"' 90 - 185 MsB (Bepxmm rraHeJI:o) H -::i/ 

OOJ.IaCTH 8HeprHil E ~ 185 - 350 MsB (HlDKB.mI IIaHeJI:r,) 

YroJI ElJia6 MeHReTCR B HHTepBaJie 0°-20°. 
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TaOJI.4 3JieMeHThl MaT.PHIJJ:l glj wm pac"<IeTa aHaJIH3H.PYKlll.lefr crro-

co6nocTH .A(E,El11a&) rrpo~ecca yrrpyroro n-12c pacce.ff-

HJ/I.ff B OOJiaCTH 3Heprnti E"' 90 - I&5 MsB (Be.PXH.ID! rra­

HeJI:b) H B oOJiaCTH sHeprHi! E -"'I85 - 350 lvlsB (HIDKH.ff.ff 

rra.HeJI:b). YroJI 8JiaO MeIDieTc.ff B HHTepB8Jl.e 4°- 20°. 
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IIOJOmCH K PHCYHKAM 

PJa:c,l oHepreTJll"leCRSH saBHCHMOCTh 06~eMHHX 1/UlTerpaJIOB OT KOMII­

~eRCHOrO ueHTPaJlDHOrO llOTeHIJ;mUlB. (~eBaH llaHeJIL) H KOMIT­

~eKCROrO CIIHH-op6HTa.nDHOro rroTe:mnm.na (cpe,I(HJIR rra.HeJID). 

B npi.Bott naueJJH npHBe.rteHH sHepreTHtJecKHe sa.BHCRMOCTH 

smepHHX pa,ItBYCOB C1 H g • 2aruTpKX:O:samrue OOJiaCTH COOT­

BeTCTByll'l' peay.u.'1'a'1'aM aBBJIJ1sa [39] ;II.JfJI smep 40ca, 9o, 92ir 

:II 208pg • IlyHKTKJ>OM H mTPHXDYHKTHpoM ITOKa.38.Hli M:mtpoCKO­

rnrqecKHe noTe~ H3 TeopeTHtJecKl!X npe.rtcKa.aaHl:l:i! no 

MO,I(e.JI.llM BHF (34] H tl-H (36] • Km,n;paTOM OTM6'16HI:I peay. 

J.Il>TaTH IAH8JIR3a _(38] , xpylltKa..MH - aHaJIHsa (33] .JJ.1lff smpa 

J%. CMonmoft KpHBott noKa.3aH!l pesyJ1DTaTH H.alllero aHa.Jmsa. 

FHc.2 Pa.ItKBJU>HM 3aBHCRMOCT:h KOMIIJieKcHoro uenTpaJU:,Horo noTeH­

UllBJJa (~eBaJI na.HeJl.L) H KOMJIJI6KCHOrO CIIHH-Op6HTaJ.l1,HOrO 

rroTeHUl!a.n.a (npa.BaJI na:ae.JU> ) npz i:aaHHX 3HB.'lemrnx sHe~rd 

l!YKJlOHOB, _ 

PHc.3 ,Il.z<f:i,pepeHI.tWULHOe ce-qemrn n-12.c H p-12.c ynpyroro pacce.!I­

.l'IIDI llpH pas:ma: 3Ha'l0!!RllX: aHepI'HI H;Y'RJIOBOB. 

hrc.4 AH.a.JmsHpy~ cnoco6Hociri. ii-12c H i-12.c ynpyroro pacce­

.f.l'.Hl!H llPH pe.aBHX 3Ba'l0lm.!IX 8HepI'Ji[I !!YKJIOHOB. 3KCD0.PHM0H­

T8.Jll>llH9 TO"<Dal IIPH aueprHH npo'l'OBOB 180 \lsB BS.!ITH HS pa. 

60'1.'H [6J (tirn Ta6yJ1Hpo:Bam1). 

PHc.5 JJ.mixl>epe~oe cnemte n-12.c H p-12.c yupyroro pacoea­

HU (Jl.9:BIUI naHeJU,) K 811ADqpJllQIUI ODOCodJIOC'l'ta pealQIJI 

I2.c(p,p)I2.c (npa.B8J1 II8HeJIJ.) Bp!I pasror..c aJ1a11emmx a11epr.d 

HyUOBOB, 
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PHc.6 .ILH®Jepem.zyraru,Hoe ce'!emrn n-12c H p-12c yrrpyroro pacce­

.fillliR ( JieBaff rraHeJlb) H aHa.Jll'I3HPYIOll1P.H crroco6H0cn peax·1.irn: 

I2c(p,p) 12c (rrpaBaiI IIB.He;u,) rrpH pa3HHX 3Ha'If'IDrnx ::ittcprn'.i 

:eyKJIOHOB. KpHBHe Ha pHcym<e rro.ny'IeHH Ha ocP.0Be BToporo 

Ha.6opg. peIIIemili ( Ta6.n. I). B 06..nacTil ::rneprIDi 180- 220 :.lJ, 

IIOJIRpH3awuJ ,ll;OCTHraeT .HaCHllj8HIIB H 3aT8N y6HBaeT, 'ITO nar­

Jlii,l4HO rrpoffilJliieTC.fI B .n;syxMepHoM pacrrpe.n;e.nerum :noii nc.11,·n1-

HH (pHc.IO). IlyHRTHPOM IIOKa.3aHa (rrpH6.JIIDKeHRO) I10.71Rpli3a ­

I..l,liOHHa.fI KPHBM rrpH aHeprHH rrpoTOHOB 220 MaB. 

PHc ._ 7 YrJioBoe rroBe,nemre rrapaMeTpOB Tpo:!h10ro · pacceRIDUI Dom, , 1-
, II 

IIITefiHa R , A, R • llapaMeTp P · Ha pHc. 7c IIOJIYti:eH 1P "'"'-

llteHHH R"-:::: RcosB + R'. sine, r.n;e S = 45, 2° - ycTallOB.nemior 

8RCIIepHM8HTa.Jil,HHll yro.n [51] • )J.a.HHHe Ha p:11.c .a) H b J co -

OTB8TCTBYIOT ::iRepr.im rrpoTOHOB Ep= 145 M::iB; Ha pHc. c ) a 

d) - ::iHeprlili Ep= I3o, 2 MaB. O.n;rno'I.HaH Toi:ma Ha pHc . 7d 

B3.fITa H3 pa60TH [70). 

Puc . 8 IloJIRoe ( 6T ) H rroJIHoe Heyrrpyroe ce'IeHHe ( 6 Lnee ) 

n-12c H p-12c B3aHMO,n;ei'.tCTBIDi. 0.n;rno'lllali TO'!Ka ( OTMe­

'I8HO KBa.n;paToM) - rroJIHoe yrrpyroe ce'IeHHe n - 12c . 

Plic . 9 • .Il.ByXMepHoe pg.crrpe.n;eJieIDie aHaJIH3H.PYl!ll18~ crroco6HocTH 

A(E ,8.11acl ) B yrrpyr oft peaRI..l,liH 12c( n, n )I2c. 

PHc.IO JI.ByxMepHoe pg.crrpe.n;e.11eHHe a.Ha.JIH3H.PYI001efi crroco6HocTH 

A(E,~.118. 6 ) B yrrpyroil peaRI..l,liH 12c (p, p )I2c. 

PHc.Il JI.ByxMepHoe pacrrpe.n;e.11eime rrapaMeTpa. A./6 (E,8.na6) B 

yrrpyroil pea.Ku;HH 12c (ii , n ) I2c. 

~c.12 .Il.ByXMepHoe pac,,rpe.n;e.nemrn rrap.qMeTpa Al6 (E,6.na6) B yrrpy­

rofi pea.Ku;HH 12c (p , p) 12c. 

4b 

Pnc.13 3HepreTR'I8CKa.fI 3aBHCHMOC'l'b cpe,n:Reti 9W1.lllrnv.pylOIJ.\efi CIIO­

C06HOCTH B yrrpyr Hx rrpoueccax: 12c(p,p) 12c (Kp.H:BaR I) v 
1
2ccii,n)12c (KpHBaR 2) . HpHBe.n;eHa. a@ei<'mBHaH a.HaJLli-

3H.PYl!llIICUI crroco6HocT:o (RpHBaH 3) mil\JII03UBHoro rrpouecca 
1

2c (p ,p )X IT.PH TOJ'llllHHe yr.11epo,n:Horo pucce.1IBa.TeJI.1I 

5-7 CM [IO] • 

Pzc.14 .Il.ByXMepHoe pacrrpe.n;e.11emre rrapaMeTpa A./6' (E,8.11ac) B peaK­

IJ;RH P( ii' ii )P (pg.6oTa [I@ • 
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