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. O~J;~oii no oa~J;a'l B onpe;:~eneHnn. CTPYKTYPbi nerKmc. H~J;ep ( 130 u:. 13 N) HBnHeTC,:R J'leT 

COCTOHHHU c BbiCOKOlJe~a~HMII KOHqmryp~HliMII ~ onucaimu HAep 1p- o6ono'!Kn;. \· . . 
B npeiJ;biiiY~nx pa6oTax [1] tlTa oa~J;a'la paccMai'pusanacb c y'leToM 2p - o6ono~nm B 

. : . . I 

oc~nnnHTOpHoM noTe~uane. 8ToT no~J;XOIJ; nMeeT onpe~J;eneHHb!e npeUMy~ecTsa, csxoaHHble 

c y~o6cTBOM B aHal!UTU'leCKUX pac'!eTax, BOOMO~HOCTbK> OTIJ;eJieHUH iJ;BuiKeHUH ~eHTpa Mace 

U T.IJ;. . · . , . · , . . ·-
0~J;HaKO Ha tlTOM ITyTU Mbl .CTal!KUBBeMCH C npo6neMOU ormca.mlir aCUMnTOTU'leCKOrO 

nose~J;erum soJmosqii <JlyHK~uu. ,I(eno s TOM, _'!To ~c~nmrTopHbiU. noTe~naii xoporno onucbl

. saeT sHyTpeHHOCTb H~J;pa, HO He nepu<Jlepuro • .IJ:= TOro · '!To6bl onucaTb nose;:~eHUe BOl!Hosoii 

IPYHK~UU H~ nepu<Jlepuu, Heo6XOIJ;UMO oa,~eHUTb OC~UllliHTOpHbiH noTe~an 6ecKOHe'lHOU 

rny6uHbi H~ 6onee peanucTU'lecKuii noie~a.'l KoHe.ffioii rJIY6HHb! •. B · Ka'leCTBe TaKoro no

TeH~uana Mbl, BbiGupaeM peanucTn'llibrii noTeH~uan BY1J;ca c CaKcoHa • 
. IIpaBUllbHaJI aCIIMllTOTUKa BOliHOBO~ IPYHK~UU HBl!HeTCH O'leHb Ba~HOH II= pac'!eTa npx

MbiX 'x~J;epHbiX peaK~ull, r~J;e OCHOBHYK> pOllb" HrpaeT, no~~~~HUe, BO~OBbiX <JlyHK~ ~aHMo-
IJ;eUCTBYK>~UX xgep Ha UX noBepXHOCTU. ' . . . . I . · 

' ·. KpoMe Toro, perneHue tlTOro Bonpoca HeuocpeiJ;CTBeHHO CBHOlUrO c HiJ;~pHbiMU acTp<><Jluou-
; . . ' . . . . 

'!eCKUMU npo~eccaMU, KOTOpbie onpegeliHK>TCH aCHMllTOTU'leCKUM llOBegeHUeM. paiJ;UanbHbiX 
BOliHOBbiX IPYHK~ll. . :· . . . . . . • . ' 

Ecnu B OC~UllliHTOpHOM noTeH~uane. 2p - CO.CTOHHUe . c. nono~uTel!bHOU tlHeprlieii OCT a-

. eTCH B CBHOaHHOM. C~CT,OHHUII,_ IIOCKOllbKY! llOTeH~IlanbHaH HMa 6ecKoHe'lHO .rny6oxax, TO.• 

B JI~e · KOHe'!Hoii rny6Imbl, KaKUM ~=e'I'cJI. noTe~an BY1J;ca - CaKcoHa, · 2p - cocToxH:ue 

npegcTaBnJieT co6oii Hag6apbepm.lii p~OHaHC [2, 3]. H~iiTU BOliHOBYIO <I>YHKII;R~ TaKorci co
CTOJIHHH,peinill!·\~6:br'lHOe ypasH~HUe illp.e;:~u_Hrepa, HeY1J;aeT6r. _8Ta.riap;"a'la 6blna perneiia c 

' noM:o~bro Me Toga paano~eHnH ~o '<JlyHKII;IDrM ill TYPM~ - Jlnysun~JI. · . • • / · 
, • 06~ax TeopUH paono~eHUH no <JlYHKII;UHM illTypMa- Jluysun= 6blna paopa6oTaHa IJ;aBHO 

[4,, 5, 6] u JIBIDxeTCH o6o6~e.HneM pa3no~eHUH B pxg <l>ypbe. IIpUMepbf o6o6~eHHH aToii 
Teopuu npuM:eHnTellbHo· K·-3aga'laM aToMHoii u agepHoii <JluonKH npuse!];eHbi s oooope [7]ll . .· ', . -.\ ' ' .. '· \, 

CCbll!KaX B HeM. 

D;enh HacToa~eii . pa6oTbi · - nonJ'IHTb pagltanbHble BOliHOBble q,y:Hi~ult · s noTeH~ane 
BY1J;ca ~. CaKcoHau'npu~eHUTb Rx gna aHanuoa aKcnepuMeHTanbHb!X ga.HH:b!X .. 

1 MeT OJ\ ;paako:>KeHHil no. ~YHKQHJIM m TypMa -. JlHy

BHJIJIJI AJI.B pemeHHJI yp~BHeHHJI illp~J\HHrepa c no-
;,eon;:H~oM ·BYJ\ca ~ .Caxco.H:a· .. 

B pa6(>T;ix [1] :B Ka'lecTae pagnanbHLix og~o'lac'ru'lHhiX sonHoBblx IPYHK~uii ucnoni.Oosanucb 
oc~unnaTopHb!e so~oBbi(! 1 

q,jrm.n;uu c b = L663 <JlM. IIpu TaKoM GHa.qeHUu o-CII;HllnHTop-. • 

Horo rrapaMeTpa, nonarrui: aHeprmo CBHOII HeiiTpOHa Ha lp- o6ono'!Ke Ec~.(1p) ~= xgpa 13C 
pasHoii -4.94 7 MaB, nony'l~M gna BHepruu. CBHOH. HeiiipoHa ii:a 2p - o6onO'!Ke B aTOll ~e 
oc~~naTop~oii .mle /!Jcs:(2p) = 25.016 MaB. IIpuTaKOM riono~nTellbHOM oHa'lem aHepr~ 
csimu 2p - cocToHHUe ocTaeTCH CBHOaHHhfM no - oa 6ecKoHe'!Hoii I;liY6HHbi·oc~TopHoii 

• \· ' - i, - " ' '. 

:~.~~~~~~:i;0n 
"' ~ \_/1;-..J'crJC < I >~\.' "'' ·. ' 4. ~.,~ .... hi~~Jv-r.:H'; ,;, 
.-~·.... '~-JP.'Itool,...--· 
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JIMbl. B .liMe KOHe'Iltoii rny6:inn.I, K~osoli, .I!Blli!eTc.ll noTeHI~nan B~ca - CaKcoHa,· pewnTh 
ypasHeHl!e illp~KHrepa p;ri.ll2p- cocTO.IIHII.II o6bi'IHbiM cnoco6oM: He ~aeTC.II. 3Ta npo6neMa 
6htlia peweHa C IIOMOim>~ pannoJKeHli.II BOJIHOBOR 4!yHK~ll 2p- COCTO.IImf.ll B .!!p;pe 13C no q,yH
~li.IIM illTypMa- JliiYBII.'lli.II [7, 8]. Cnep;y.!!l'ITIIM pa6oTaM, BbliillweM ypasHeHlm illTypMa- · 
JlnyBIIJIJI.II Ha C06CTBeHHbie ::ma~eHIDi a:,;lj li co6CTBe~bie q,yHK~ll 'f'nlj(r): . 

' [ 1i? ( cP' • 1(1 + 1)) ' ' : '•' ' . ] ' . ' ' ·. ' 
~2Jl dr2~~- oi-Vs.o.+VKyn.fO:nt~V(r) 'f'ntj(r)=~orj'f'ntj(r),. (I) 

rp;e Jl ~ :M:acca HyKJIOHaj /n j - op6HTaJibmm H no~ MOMeHT¥ HYKJIOH~ COOTBeTCTBeHHOj n. 
- rnasHoe KBaHTOBOe 'Ilteno,'yKanbiBaeT KoJIIMecToo ynnoB B pa~a.'!l>Hoii BOJIHoBoi'I q,yHK~ 
ll CBll13aHO CO cneKTpOCKOIIH'!eCKliM rJiaBHbiM KBaHTOBbiM .'IllCJIOM nc. cnep;yi<>wl!M o6panoM: 

nc = n +1; Vs.o. n VKyn.·- CIIHH- op6HTanbm.rifn'KynoHoBCKnR rroTe~nanbi, · cooTBeT
cTaeH'Iio;,V(r) < 0, T.e .. V(r)- noTeH~nan npHT.IIlKeHll.ll- noTeH~nan B~ca -·CaKcoHa; Eor; 
:_ ·q,nKcnpoBaHHoe o'l'pHI:(aTeJibRoe 'Incno. IToTpe6yeM, '!Tofu.r q,yHK~ 'f'nr;(r)- ~oBJieTso
p.!!na cn~y!OwHM rpaHII~hw · ycrro:Sn.IIM: · 

\ 

. 'f'nlj(rY.:-t 0 np~ ,' r. :-> 0 n r :-> 00 .· 
' .• ' ' ·. .. . . '. i . .· ,· ' ' '' ·. ,• 
E= a:or; =· 1 n. Eor/ .IIBJI.IIeTC.II co6cTBeHHbL'\f ·::ma'!eHneM ypaBHeHWI illpep;nHrepa;, Torp;a 
( n = 0) n cocTOJIHll!I ypaBHeHn.ll illpep;nHrepa- 6~eT xiepBOii co6cTBeHlioii_ q,yHKnneii :Jap;a'!n · 

·'illTypMa- Jl~KJIJIJ!, T.e. 'f'otj(r) - ofibi'IltaJI 4!n:Jn'IeCKaJI BOJIHOBaJI 4lyHK~IIH. 
ITpii qmKcripoBamn.i:x :JHa'!e~x l _n j c p~cToM a: noTeHniiaJibHaJI -~Ma CTaHOBHTCJI 

rrry6.JKe,.ll>ecmiUO)l;()6paTb TaK~e Cl:nlj, ~~o6:bz aReprn.H n- ro'ypo~H.II COBIIaJia c Eor;, TO no
Jiy'IeHHaJI TaKHM o6paooM OOJiiiOBaJI 4YHKIIllJl 6~eT co6CTBeHHOR 4!YHK~IIeU 'f'nlj( r) :Jap;R'Ill 
ill TypMa: JlnYBKJIJIJI. Co6cTBeHHbie 'Iilcna O:niJ o6pany10~ 6ecKOIIe'Iltyi<> nocrrep;oBaTerrbHOCTb. 
norrolKnT'eJibHhlx p;ncKpeTHDIX .'Incerr, ~oBrreTB~pJIRJwnx :ycn~Bnro: ·. · · · , . 

f. 

Ctolj < Cl:IIj < 0:2/j < .'._.0:~-I,Ij < Cl:n,l < ··· 

II IIpll n _:-> oo,·~nlj :-> 6o: ll::J apMliTOBOCTll;~.llllb;~HllRH~::Ja)l;~'III ffiTypMa- JluyBKmlx 

cnep;yeT, 'ITO q,yHK~ ~nl~(r) opToroHaJibHbic aecoM V(r) npn q,uKcnpoBaHHbiX l,j R.Eo1;. 

' ' ' f" 'f'n'I;V(r)<p~lj(r)dr = -Cn•n (2) 

' ' ' . ' ' \ 
)l;pyrue MaTeMaTn'IecKne acneKTbi paccMaTpnBae:Moro MeTop;a ( BOnpocbi ::JHaKooiipe~J;eneH-
HocTn co6cTBeHHbiX. '!llcerr, nonk~Tbi ll: cxo;o;~ocTn ·panrroJKemi.!! npu r. ~ oo' ). nop;po6Ho · 
paCCMRTpllBaiOTC.IIBp~60T~[7,18]; ·.,·· • , , • . 

liTaK, yPaBHeH:ne illTypMa -. JlnyBIIJIJIJI nop;o6Ho ypasHeHRIO illpe;o;KHrepa, Ho aHepr:uH 
E01; no.IIBJI.IIeTC.II KaK', q,HKcnpo~aHBDiii napaM~Tp :J~;IJ;a'IH, ~j:;HHaKOBbiR )J;JI.II Bcex O:nlJ: (In j · 
4!IIKcnpoBaHbi, an npliHliMaeT oRa<ieHliJ! · · 0, 1, 2; 3; .:., n- 1, n, n +.1, ... ), 11. BOJIHOBbie 41YH
x:nun 'f'nt;( r) npH n =f 0 He ~JIJIIOTC.II qmOll'!ecxHMH. Crr~yeT TaKlKe nop;'IepKeyTI>, <iTo· B 

\ 

' 

2 

I 

l 

-:·,.. 

/ 

/' \ 

DpOTRBOIIOrrOlKHOCTb ypas~eHmo illpe;o;nHrepa oa;o;a'Ja IDTypM.;,- J!ByBliJIJI.II He HMee'l' He-· 
npepbiBH<iro·cneKTPa H panno:.KeHlle no q,ymm;nB:M 'f'nt;(r) np~CTaBJI.IIeT co6oi )l;HCKpeTHDiii 
p.!!;IJ; 4!YHK~ll. . . ' . / 

IToCKOJibKY co6cTBeHHble q,ym~ 'f'nt;(r) ::Ja;IJ;a'Ill illTypMa -' JlnyBliJIJI.II nrraHnpyeTC.IInc
noJib::loBaTb )J;rul aHamma BKCIIepHMeiiTalri.m= )J;aHHbiX, To ~06Ho npe;o;cTaBl!Tb 'f'nt;(r) B 
aHarrliT.I.I'IeCKOM Bnie • .D:= BToii ~ellll HaMH.·IIcno~oBaH MO)l;H~oBaHHblii KBatJliKnacCll:
'!ecKri MeTo;o; pac'!eTa CBll13aHHbiX cocToJIHnii, panpa6oTaHHDill B pa6oTax [9, 10] H npl!Me
HeHmm )l;ll.ll aHaJIRT.I.I'Iecroii. ::JanKCll: BOJIHOBbDC If>~ Xnt;(r) ypaBHeHWI illp~nmepa co. 
cq,epn:q:ecKn - CHMMeTp~ rroTe~oM By;o;ca - CaKcoila [11, 12). 

BonHOBYI<> q,ymrimo MOJKHo npe;o;cTimUTb B cie;o;y!()weM __ B~;o;e: · 

., , · ( -S2
) 

'f'nl;(r) =-Nnt;(S r·•e~p -2 ~ .. (S), 

,, 
(3) 

' . . / 

r;o;e N,.r; -.HopMripooo'IHDiii MHolKl!Terrb, H,.(S)- D:ommoM 3pMl1Ta, a S(r)- Koppeull:pyiO-: 
waJI q,ym~rur,nooBOlll!lOwaH Y'JeCTh KOHe'IHOCTb ucnoJib::lyeMoro noTe~.ana V(r). . 

B Ka'IecTBe yPaBHeHll.ll cpasHeHIIi Bbi6npaeTC.II ypasHeHIIe rapMoHli'!ecx:oro oc~Topa 

~~· 
/ dS~ + (2n + 1 - S2)~ = o . ,: 

·,, 
(4) 

·u.~orryqae.;C.IIl!HTerpalibHoe cooTHOUreHl!e ;IJ;JIJI onp~erreHll.ll S(r) [9, 10): 
,.- /.' \ . , ' , ~ . - ./ . ~ 

., 
s ' . ' 

· .. 1.ffn+l(2n +.1 - u~)! du = l·~e)ae 
.. ~ 2n+l .. ·" .. ,_ · .. ' r.c .. ' '· 

(5) 

r;o;e 

'p(r) = 
2Jl . ' ' h2(~nlj:_ ?nr;V(r))- Vs.o. :.:_ VKyn. _ (1 +2~)2 . r 

(6) 

aaanor DsaDIIKliRCCll'!eaoro l!Mnyllbca, r1'- Hal!MeKbwnR KOpe~ ypmeHrur p(r) ~ 0.' 
B OTll.I.I'Ine o'l' pa(joTbi [8] Mbi onp~eJI.IIllll q,~:qmo S(r) KaK B [13]: · 

, . 
. ~ ' !, . " .. ~ 

\' 

s(r) = j+ kE, AtTker b-aa- b), • .(7) . 
\' ·, k=l . . 

2 _km~z 1 
,· , ((2j+l)k7r) · 

At~ kmaz + 1f; S(rj)cos 2kmaz + 2 ' 
(8) 

__ a+b+.b'-:a (.(2j+l)1r)·. 
r1- -2- 2 cos 2k +2 ' . max 

(9) 

... 
' - \ 

/ 
3 

\ ~ 
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n~ea. n(e}- MHOro'Illea' tie6hime:sa CTenemr k,' a,= rl(.En~;)n b = rz(E~Ij) 'l'o.U.n ~013()-

poTa, KOTopbie onp~eruuoTCJI nn YJ>'aaaeHWI : · ' · · · ·· · 

E ' . , . ·liz (.1 1 z . 
nlj- ani;V(r)- Vs.o.-,- VK~JL..:..- + 2) ,_:_: 

, . 2Jl rZ ' -: 0, (10) 

kmo:t: - MaKCHMam.Hoe 'illCliO pannoJKeHW!,HaMH 6hlll0 IIDJI'l'O paBin.lM k.,. • .., :, 30 J:ln11 ~OCTHlKe-· 
HHJl aeo6xo~HMOH paaHOMepHOC'l'll. . . . . ' ·. . . . .· ·. · . . . . '. · 

. llcnollb3yJl co6CTBeHH!.Ie cp~ oap;a'ill ffiTypMa:.. JlnyBnmill: ipnlj B Ka'IeCTBC nOJIHoH 
cncTeMhi, paCCMOTpHM MeTO~ pemeHHJI ypaBHeHHJI illpep;liHrepa 

) . ~. . . 

[
1i2.Jl 1i21i2l(l+1)' · .. ·']'. \'· .. 

.c..2J2 + 22-.-.-2- + Vs.o. + VKyJI:+ V(r) Xnli(r) = lpn~;Xnlj(r) . 
.Jlr JLJl r. , ., ; .. 

I • • ' • • 

(11) 

c rpaHli'!HhiMR yrnoBIIJIMH Xnli .;;.;.· 0 npn r -> 0 u r, :--> co. 
.. PaonmKHM Xnr;(r)'no cpyBK~~ cPnlj{r) :, • •· 

' • ' \ '!'' ' .1 

00 . 

Xnl;(r) ~ L dn'lj<pn•lj(r) I (12) 
·n'=O ·,. ~ 

I . . , , . . . . . . . . . . 
no~cTaBHM BTO paonoJKeHUe ByplmaeHUe illpep;HHI'epa (11 ), npu6aaHM n Bbi'ITeM anli V ( r ), 1 • 

JMHOlKIIM CJieBa aa <pnl;(r)V(r) n, npoHH'l'erpnporum uo r, nony'Ill.eM · · ' 
,. . '.. ;\ 

.·• (E- Eolj)dnu+ f dn•1;(1-on•lj)j <pn~;V2(r)<pn'I;dr = 0 • . {13) 
,·· .~ ·:·: ·n'=O· .· _, : .. • , -' 

Mhl uoliJ'Illl1~ . 6e~KoHe'IHy~ cucTeMy . ypaaae:Hn:H; 'IT06hl pemu.fh eTy cucTeMy, aeo6xo

~Mo b6peOaTL C~OBRHlle _npn KaKOM -~ TO. cpmtCHpO~QM JJ~ 'f9rp;a~, lffi, Y~BUH . 
· paopeiUHMOC'l'H eTou cucTeM&,_ nOJiy'IaeM npn6JIUJKeliHI,le co6c'l':aeHliLle OH~'I«(HUJI E~flu 

.·. M . · ' ... (M) 
· Ko~eHT& dnlj> T.e. co6CTBeHHI,le cpyHK~H Xnlj. 

. YBemt'WBaJI _'WCJio ~neaoB pannolKeHW! M, npnxop;HM _Bee 6JIUJKe K TO'IHOMJ. oaa'IeHmO 

· E:l,;"'", .IJ;~~ MeTop; peiUeHHJI ypaaHeHHJI illpet~HHI'ep~ xopow T~M, 'ITo.noJIY'IeHHt.l~ 1 

apu6~eHHLie co6cT:aeH!Ii.Ie OHa'I~ · E~Ajl onpep;eneau c uo6&TKoM n cnpaaep;liHB& co-
OTHoiUeHHJI' !14, 15] . · , , . , . ·, . . • ' . , i ' ., . . , 

E<~1 > i<~+I) > £.<M+2) > ... > E . + e . 
\ nlJ -·, nl~ - . - \ - nlJ, . ' 

1• E. (M) ··=;,..,.. i:: M 
1m nlj = LnJj + <;;,., · . --o:· 00 1 

/ \ ':: } 

rp;e Enlj -.. TO'IHOe C?6CTBeHHOe OHa'IeHUe, a e::. OIUH6Kn, cruroB.HHLie. c TO'IHOCTLD ~cneHJn,oc. 
pacqe'l'oB. 

( ( 
• 

(, ·, 

,Tr 
.; ! 

~-: 

· .IJ;n11 aaxoJKp;e~Illl co6~TBeHHI,lX oaa'I~:anii E~·~~ x~eni'oB J,;~l 6wi DpHMenen ~e-
Top;, pacCMOTpemn.rii: B pa6oTe [16]. . ' : .. ' , · . ' 

B&meuoooJKeiDn.m MeTO;l; Dpm.teaHeTCll ;l;liJl BI,l'IHCJieWm pap;uam.HLOC o;:.;no'IacTli'IHLIX 
BOliHOBLIX cpyBK~ 2p- cocToJIHU:ii B Jl;l;pax 13C u 13 N xa:K ~ aeii:"l'pi>aoB; Tax n AliJl npoTo
aoB. ,Il;liJl pacCMaTpUBaeMLIX UOTe~a.;JOB :OMeeM . cnep;yl<>lJlU~ Bi.palKem: DOT~ Bmca' 
- Caxcoaa . .. · ' · · 

' i 

Y(r)= ~vo{l'+expr~~)f
1 

CUHU - op6:UTli.JILHOe IIDa.uiW;l;elicTBUC 

\ 
\• ' -· 1 d . 
I l'S.o. =,. · (ii'.·l) · --V(r), .. . ·· rdr · . 

(14) 

.. · (15) 

ll;liJl npoTOHOB Heo6xop;UMO ;l;~6a.sHTL '..mea, OnHCI.lBaJOIIUIR ~ltOH~BCKO~ ~a:n~.m)l;eBCTBUe 

-vK;,.(r.); (Z,- 1 J~2 ·12%,.-!UjJ. r<Ro, 
\- r , -~ 

/ ' : , . 1,. r ?: Ro. 
.(16) 

' ' " .. . 1 

Pa~~;~c _HAPII: Oiq>ep;eJIJleTCJl KRK Ro = r0 A 3,. · 
/ / 

{ 

l, ' 

«70 = · ~(z+ 1), 

j = l+ ~. 

' . ' 1' 
J'= l.-2· 

(17) 

B ;CJIY'I'ae JI~a 13C B ia'IeC'l'Be DapaMeTpoB.noTem~nanoB 6LDUI IIDJIT& mia~e~, nmi)"''ea
HI,le Pa.Hee Dpxi uccnep;oBa.HUH ynpyroro pacceJIHUJl :meiTpo:noB [17]n peaxtum 13Ce He, o) 12C 
[1,8]: pap;uyc aeiiTpoaa ~ npoToHa r:; =::: r~ = 1.46 cpM; p;ucpcpyonocTLUOTe~ami ;J;Jill neii:-

\Tpoaa an =0.67 cpM, a ~~;iiJl npOO.oaa aP = 0.87 cpM; napB.MeTp p;nix cimH- op6nTa.~r~ 
IIDmwop;eiicTBliJI ,. = 0.263 · · : , cp:u:l. Thy6UHa DoTe~a.'la Vo Dol(6npaJiacL Ta.KUM o6poooM, 

('IT06& IIOJIY'IIITL 9KCnepliMeHTaJiLaoe 3Ha'leaue Op;Ho~aCTli'IHOH 9HeprHH CBJII3H, '9TO TaK Ba-: 
nLIBaeMLrii: Me.J:op; nop;roaxu • rny6UHf.l: JlMhi (WDP - well- depth prescription) . .D;li1l aelhpoaa 

, ,B nci; =: lp! ~ coCTOllHltll E:~t~": =: e;;;TP· ;= -4.947 MeB, coo~BeTCTByDlJle .. e lJHa'leHUe 

rny6IIHI,lixOTe~ana VOBdiT~. ~ a2~3.MeB, .aWJ~Dp~TOllaB 1p~ -r~CTOJl:anii E~:r· = ~17.0. 
< MaB u v;,IIP<>T: = 50.7 MeB. llpn Bl.l'IUCJieHUU neihpoHHOH BoliHOBOH cp~ 2p!.- AJIJl p;O:. 

• • ' j • / • • • • 2 
' · ' ' (Af) (M I) · . · ' 

CTHlKeHHJI cxop;HMOCTH DO anepr~ IE11f- E11!- I S 0.1_MaB 'IliClJO 'L~HoB pa:molKeHHJI. 

6Wro' BOliTO "pllBm.w M = 30. ; 

~~ .. 

tl 
' 

5. 
- \ 
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'••"i 

' 18 E; M:eV 

~-:::'----------'------------~ 
0 30 

Puc. L_ fJ?'a'l.eu'u.z E~;:-!> J.u neumpo~~oiL 60A'K~6~1Z ¢yn~uu 
' 7" ' ' 

Ha'pHc.1 npu~~eiteHhi3Ha'leHHll .. .Et!>, B~~~crreHHue npH p~~ nH~~eHIDIX Af. IlpH 
,' ' . ', _, . _Pi . '. . ' . I . . ' 

· M = 30 6blno llOJIY'fCHO nHa'IeHHe ECB. = (ncli = 2p!) = 8.1 MaB., 3na'IeHIDI xoocfKim~enTOB 
'' ·, ' ' . • • ·.·· 2 ' ·, j • ' ' • 

dn11 gJll[ BOJIHOBOH «flyHKliHH Xnl (r) = Xu!(r) llpH!JeAeHl>l B Ta6min;e 1..• .. ' . 
2 - . •' ' ' • J .• 2 . • .• :. ' ' • :· ' 

' '9 TaKHMH lKC napa~reTpaMII ll:JIJI HCHTpOHHmi _.aMu ( r;; = 1.4&f>M, ' an I= ·o:67 $M, 
Vosewrp. = 32.3MaB) ahi'IllcrrJiliHcb norrnoah!e ipynxnHH Ip! H 2p! - cocTo.llmm: · 

'. : ' ' ' '. 2 : 2 . . . • 
BbiliH llOrry'ICHbl C.'IClJ:JIO!qHC-3Ha'ICHll:.llj:\1Ill [!HepmH: camm: Ecs_(lp!) =' -7.1 MaB H npH 

• ' '. \ • • < • • ' ' ) 2 . ' • 

M = 30 Ecs.(2p~) = .7.9 MaR 3Ha'ICHII:.II Koa«P«P~CHTOB dnt'! gJll[ BOJIHOBOH lflYHKnHH 2p! ~ 
2 ' . -.1 ' . . . . _2 i• ' . ' .. • 2 ' · cocTo.liHllll nplille'AeHU B Ta6m111e. L · · , . , • ·_ .· , · · , , ·, , . 

IlpoToHHUe;BOJIHOBbie «flYHKn~ gn.11 .!!gpa 13Csbi'IHCJll[JIHCb nPH CJiegyto~ 3Ha~eHWIX 
napa.MCTiioa 'uoT!!H~ana Byg'ca ~,c¥coa'a (CM. aume): r{;_ =:= 1".46 «ffu,·aP = 0.87 !flu, V[ = -· 
50,7MaB. J(n.11 aneprmi CB.II3H n<;>nyqn:mi:_, Ecs.(Ipn = E::::"' = -17.0 MaB, Ecio.(2p~) = 
5.617 MaB, Ecs.(1pV =,-14.077 MaB, ECB.(2pV = 7.021 MaB. 3Ha'IeHH.II KOO~eHTOB 
dntj IJ;Jll[ llpOTOHHbiX BO::IHOBbiX «flYHK11HH_2pj - COCTO.IIHHii: (j = ~' ~) npH11eACHl>l B Ta6mnw L 

· C aHaJIOI'H'IHl>lMH nna•rcnuiDm napaMeTp~B ~oTe~anoB (rij =· r~,;, L46 !flu, a":= 0.67 
. $M, a'~' = 0.87 $M; · ~'> = 0.263 ·. tf!~12 ) Bbi'IHcli.IIn~ch OIJ:HO'IacTH'IHUe 'BOJIHOBble «flYHKliHH ~~:= 
.~~~~Pa ~3N. 3Iia'I~HH.II Vo nog6upa..Jri-!:i/c noMO~hiO MeTo~J:a WDP: IJ;li.II llpOTOHOB ECB:(Ipl) = 

' ':" •. • ·. : -' ' .: •' . ', . . . 2 

-1.943 MaB, 'ITO Jl,aCT VJ' = 3l.S60 MaB;,gJll[ HCHTpOHOB Eca_(1p'!f== ..:..20,324 MaB H 
. ( ·' ' . . ... ' 2 • . . 

VoB<IiTp, = 51.042 MaR :IIpn,a~ nua'IeiDmx napaMeTpoB llOT~aJIOB nonyqae:M: IJ;Jll[ 
npoToH<iB Eca.(2p!) = 9.457 MaB, ECB (1pi!.) = .:_4.002 MaB H E ... (2p!) ~ 9.498 MaB; Wm 

', 2 '·-- . . • ·' 2 ' 2 

Heii:Tponoa ECB.(2pD = 3.727 MaB, ECB_(1pl) = -16.848 MaB, Eca.(2pi) = 5.272 MaB .. ·. 
. ' - 2.' . • . ' 2 

I 

c' 
t 

CooTBCTCTBYIO~e nHa'IeHIDI dnti ;l,li.II npoToniu.rx II ueiiTpOHHbiX BOliHOBbiX «flyuxi.IHi 2pj .-
cocio1nui_i!_ ~liBCIJ:cHhi B Ta6ir. 2. · 

Ta6mu~a I. 3ua'!eHH.II K~~HTOB pannoJKeHH.II dnti'il.Jll[ BOJIHOBhiX <P~ 2pj-
. cocTo.IIHHii: 8 .llgpe 13C · · · · 

I I : ue~Tpo~ 3 ·I . n~oTo~u · 3 I· 
n 1 =" I 1 =, 1 =,. -I 1 =.,. -_ 

0 .67484 .62902 .44953 .42371 
2 ·.62089 .66097 .78523 ;.80861' 
3 -.29481' -.30443 -.32782 -.31903 
4 .18248 .18642 . 19029 .18045 . 
5 -.12831· -.13067 .-.13004 -.12195 
6 .09306. .09446. .09191: .08520 ' 
7 -~.069!}7 -.07078 -.06733 -.06168 
8 .05489 .. 05548 ·.05236 .04773 
9 ~.04343 -.04381 -.04074 ~.03684 

10 .03521 . . 03550 .03283 ;02957 
11 -.02874 -.02895 -.02655 ~:02380 
.12 .02375 .02391 .02184 .01952 
13 -.01974' -.01987 --:01801 -.01610 
14 .01651 .01661 .01506 .01339 
15 -'.01386 ~.01395 .• ~.01262 -.01119 
16 .01166 .01174 .01059 :oo938 
17 -.00984 -.00990 -.00892 -.'00790 
18 .00829 .00834 .00751. .00663 
i9 -.00699 -.00704 -.00633 -:oo559 
20 ';00587 .00591 '.00531 .00468 
21 -.00491 -.00495 .:.00445 -.00392 

' 22 .00408 . 00412 ,;00370. .. 00326 . 

23 :-.00337 -.00340 -.00305 -.00269 
24 .. 00275 .00277 ·.00249 _.00219 
25 -.00221 -:60223 -.00200 -.00176 
26 . 00174 .. 00176 · .. 00158 .00139 1 . 

27 -.00132 :~.00134 -.00120 --.00106: 
28 .00096 '.00097 .00087 .00077 
29 -.00064 -.00064 c.00058 -.00051 
30 :ooo36 .00037 .00033 .00029 



., 

-- . ; ' : .. 

'Th6~a 2. 3Ha'leHIDI K~e;T~B paa!Jo:>:B:eHRx dntj )l;IDI BOllHOBhlX q,ym:~ 2pj.-
. . · cocrOmmi B .B:p;pe 13 N -

'r 

r: I : Heihpo~- '1·-· nporo~ 'I 
n J=t IJ=! J=t IJ=~ 
0 .72887 .67510 '.42743 -.40531 
2 .56876 .61966 :.80017 .82088 
3 ,-.27859 -.29441 -.32651 -.31685 
4 .17526 .18331 -:18711 .17695 
5 -.12416 -.12953 :.12701 -.11878 
6 .09063 .09430: .08919 .08245 
7 ".06853 -.07112 -.06492 -.05928 
8 .05389 .05591' .05034. .04574 
9 I ~.04278 -.04432 -.03899 -.03513 
10 .03473' .03598 .03136 .02814 
11 -.0284(1 -.02941 -.02529 c.02258 
12 ·.02349 .02432 .. 02077 .01848· 
13 -.01954 -.02024 ~:01715 -.01522 
14 .01635 -;01693 .01428 .01~63 
15 ~.01374' ~.01423 -.01195 -.01055 

> 
16 .01156 .01198 ..:01002 .00883 
17 -.00975 -.01011 -.00844 -.00743 
18 .0082i .00852 :oo1o9 .00624. 
19 -.00692 -.00719 I ~.00598 ~.00525 
20 .00581 ' .00603' .oo5oi .00440 
21 c.00487 -.00506 ~.00420 ::..00368 

'22 .00404 .00420 . ;00349 .00306 
23 -.00334 -.00347 -.00288 -.00252' 
24 . . 00272 ,.00283 .00235 .00206 
25 -.00219 -.00228 -.00189 -.00166 
26 .00172 .00179 .00149 .00130 
27 -.00131 c.00136 -.00113 -.00099 
28 .00095' .00099; .00082 .00072. 
29 .~.00063 -.00066 -.00055 -~00048 

30 .00036 . 00037 .oooa1- .00027-

2 · AcHMIITO'l'Hqec:rcoe· noBe~eHIIe pap;H~bHLJX: BOJIH_o

BLJX f)yHIC~HH H WBpHHa pe30HaHCHOro 2pj~ ~OCTO
JIHHJI 

,Il;IDI O)l;HO'lacTH'IHhlX BOllHOBhoc ~ <:Eca.( nclj) < 0 (p;IDI cocro~ c'nc = 1 wm n = 0) 
acmnrroTR'lecxn:e HopMHpOBO'llW:e_ x~eHThl_AHK [19, 20] orrpep;emrercJt cneAyxoUVJM. 

/' 

8 . 

I 

o6panoM :· 

p;rur IIpOTOHOJ;l -
i 

'P~Ik)Jr;>:Rf= = /foljlL",I+t(2kpr), 

_rp;e lV - q,ymn:nm Yt;TT~Kepa, 17 - Kya~HOBCKI!ll mipa.uerp, . . - ··. 
- ; ,_.. I ~ 

.,; 

•· 1 

· . · (z. -1)e2 (11~(.4-l))." 
. -11 = r, · · 2Ef:/j · . 

E/;; c eiieprxui orp;erreHmi rrpoTOHa,.l>p_· er? BO;:IHOBoii_ BCKTop 

.(? p'· ' 1 

( . K-p = -Jl A(A-J) • E{;j )·" 
. 1i2 

JL~(A-t) ~ npnBep;eHHaJI I.ta~~a rr}wTo~oro KaHa:ra, · 

' . JI~(A-tJ = mp(A -1) 
:A 

-- ·! 

mp =:938MeB. 

. . . ;' . . ' 

,IJ;mr HCIITPOHOB•f] = 0 II W0 ,1+i(2knr) = h1(knr), Torp;a · 
. . • . 2 • •/ 

,.,..-"'C"- \. 

<P9/j(r)Jr;>:R~~ '= b~1jh1(k·,:.r), 
/ 

rp;e ht • !jl)'HKl\Hll raHKemi,. 

'· kn ~ (2JIA(A-J)E01~) t 
. ' ' .. 112 

' ' 

(18) 

(19) 

,,.,! (20) 

/ ,. ' 

(21)' 

(22) 

(23) 

E;{lj · aHepr1rn oTp;eJICHIHI ¥CI!Tpmm, J(4(A-I). -npnBe;J;eHHaJI :Macca m•I"rrpo~oro KaHa.-ra,. 
. . . \ . '. ·, · .. - . 

(4-1) 
j1.4(A-l) = mn··--A-. 1Hn = 9391ft~B. (24) 

· R~ (R;:,,) -.paccr;;amre; na'lrim;_n c Koroporo riporoHnh!e (ir.e1ri-poHHhle) o;tHO'IaCTII'I-
Hhle BOliHOBhiC !jlyHKD;Im'n;rraBHO BhiXOi\liT Ha acmmTOTIIKy, no <PopMy:raM (18) I! (22). , 

,IJ;rra a;tpa 13C 6i.mn noay'leHhl c:rep;yiO~ne mra'reHrrn ARK ;taa lp1 • cocTollHIIii: 

/];:IJI HCllTpOHOB -, b~Jl. = 2.097, b0n1· 1 = 3.202; . 
.. \ 2 . . 2 

.~· 

9 

·- \• 



"// 

/1,~ DpOTOHO~ ...:_t'at! ,;, 9.217, i'at~ ::= 13~100; 
.......- ~ -

. . i •. . ! • . . 

.IJ:= BOJIHOBhiX <f>YHKcilli 2pj - COCTO~ yHa'!einrn aaepririi CBJIDH rrono~nTellbHhi, E~a.( nclj. == 
21j) > 0. B <ITO~ ccy:qae acmmTOTH'IeCKOe Bbtpa)KeHJi~ 'IJ,JIH TaKl~ <P~IIHH npn 60JibWHX. 
r HMeeT BH/1, (21) : 

. . ' -. _: . : r; . 
x~11 (r):::::: 2sin(kpr-:- 77ln2kpr-- + 81), 

. . . 2 
. - · s, = ~r-9r(l +1 + i 11 ); (25) 

iJ,IDr ae:ii:TpOHOB 77 = 0 H kp oa.MeHHeTcH ~a kn. · 
AHK onpeiJ,eJIJieTcx. Ha Bbtpa)Kemm · 

Xitj(r)lr<!~fm = bitpsin(kpr ~~7]ln2kpr- l;+ 6i), 

· " ·c )I b" ··2 · (k. 1r)· Xuj r r<!Rfm. =. llj Sin nT .-. 2 .. · (26) 

.IJ:= rronyqeliHbric Bi.rwe OOJIHOB~x <PyHi~ 2pj - · cocToH~ rrony'IeHht cne11,yx>~He 3Ha-
'I~mm AHK: . . . . . . . . . .. 

· iJ,lll! He:ii:TpOHOB-::- b~1 '1 ,;,., '-.:.0.274(R;,',. = 5.649 · 4IM.), 
' .-.. . ' 2 ., : ,_ 

b~1 ~ = -:0.277(R;,',. = 5.576 (f>M.); 
2. • :. ; ) ~- " • ·, ' 

/J,llll npoToHOB:_ bi1f= -:-0.281(R~ = 5.658 4IM.); 
. ... . · .. 

1{1 ~ = -:0.301(RP.,;, = 5.773 <PM.). 
. 2 .. ·: ·. : _. ' 

·Ha pHc. 2. npHBeiJ,e:ira ae:ii:i-poHHax BOJIHOBasr.<PJHKIIHH 2p!- cocToHHWr c OCIIHJinHpyiO~HM 
. . : . - . . . . . . 2 . :· 

XBOCTOM COrJiaCHO·BNpa.KeHHIO (26). .Jl:nH CpaBHeHW! Ha aT(>M )ICe pHCJHKe IIyHKTHpHOH 
~ . ' • ~-- • . • *". 

• 

l 
I 

i 

l 
t 

I 
i 

l 

xpHBOi nPmseAeHa OCIIHJlliHTopii~ BOliHOBall <P~_. 2p:- cocTo~. 

. Puc. · 2. Heftmpountu soAnostu ffjy~~us. 2p1 '-.; coc~osnus -
• _CnAOU"'tu 7>pU8tu 11. oc~~opnu 80Ano8tu

2

ffjyn1'0~tU 2p ~co-
. cmo.l-nus - nyn'l'o:mu.pnu iepu.stu. · ' 

C nonyqe~ Ta.KliiM o6pa30M BOliHOBhlMH <I>YHKIIHM 2p;.- COCTOmmH 6t.DIJi ~-, · 
cnem.t .. · ~eKBll.ll(laTJI'IHWe :· • paiJ,DyClol . · . . . . 

. • - . • . 1. 

. 2 . t::.. ( '"" 2 2 . ·a· ) • < r:nti > - Jo · r X.uj(r) r •. 
·. ' . .· 

·(27) 

IIOJIY'IeHht. CJieAYIO~e o~eHKB: 

iJ,JIH HeHTpOHOB- < ~ilt >h:: 14.5 4IM, ; 

2 . 1. • .• 

<r11i >•= 14.5 <PM! 

.. IJ,lll! DpOTOHOB...: < r;1, >f= 14.1 <PM ; 
, .. I . . ·-... 

-: 

< rit• >f= 1~.7 <P~; .. _ . . .. 

·IIpHBeiJ,eM Tax)Ke cpeiJ,HeKBaiJ,paT~e pa~J,HYchi Wa 1p; - cocTOJIHBii:: 
. ' ' 

-~iJ,lll! HeH~pOHOB- < ~~l·>f= 3.4 <PM.,. 
• . • 2. ,... 

·. < r~1 ~ ::-~=:= 3.2 4IM.j 



'-

'. ', 

': _,. . • " 1 ' 

WiJI HpOTOHOB--: < r~11 >>= 2.8 cpllll, 
···- - 'r 2 .< : ~ • 

2 .. ·1 . . ' 
<r01! >•= 2.8 cpllll. , 

'' ~ 

. . Bon:bume :ma'!e:Hwr cpep;HeKBa)lpaTli'IHl>Di: paiiBYc~:;; ·~.;.BaJOT , Ha BruKHOCTb ncno=O

: na.IWx cooTBeTCTBYJO~HX BOliHOBbiX cpym:~ B mmKooHepreTH'!ecrnx llt>o~eccaxi K xaxO: 

.B~ OTHOCJITCII ~ HeKOTOphie acTpo<fnroir'!ecKHe ni>o~ecw •. B p!ID~eJie 4 Ha ~a'!eCTBeHHOM 
ypoBHe paccMaTpHBaeTCII npHMel{eHHe TIOJIY'leHHhiX_ Hali/IH BoliHOBLoc cpym:~ K, JI)IepHhillll 

peax~ B BBell)lax. . . . 
. · llocKollbKY eHeprmi 2p; c cocTommii: noJIO)KHT~Hhi, To iaxne cocToJIHHJI npep;cTanmnoT 

co6oii: Ha)l6apbepHhie prooHaHChi [2]. ·ollpep;eJieHHe BHeprHH Epe3. B:·umpHHhi r TaKHX proo
HaHCOB_ "- )IOBOllbHO Henp_ocTaJI Ba)la'!a (22, 23) ~ · . . . • . . , . . . . , ~ 

B npe)ICTaBJIJieMOH pa6oTe onp~eJIHM 9Hepi'm Epe3. H nmpmzy r pro(JHBHCHoro COCTOJI
Hwr Kax noll10C MaTp:ffi:J;hl pacceJIHHJI Sz( k) B. 'leTnepToM KBa)lpaHTe KOM11JieKcHoi nnocKocTH 
k (24, 25] . .IJ;= ·· HaxD)K)IeHHJI Sz( k) 6Y)IeM paccMaTpHBaTb Ba)la'Iy. o pacceJIHHn 'IacTruihl. B 

. ripJIMoyrollbHOH noTe~allbH9H JIMe;KoTopas: BaMeHaeT ncnoni.ayeMhrii: BhiWe noTe~an 
BY)Ica- CaxcoHa. B aToM CJiy'lae )IJIJI MaTp~ paccej{HHJI nonY'laeTca· peweHHe, npep;cTaBH

MO~ B aHMHTH'!eCKOM BuAe, 'ITO llOOBOJIJieT'C)IeJiaTb aHaJIHTH're~KOe HpO)IOJI)KeHHe MaTpH~ • 
paccej{HHJI Sz(k}~ o6nacTb KoMnneKCHbiX BHa'leHHi k.· .· . . . · , • 

fuHMo6p!IDOM, _B ~aepacceJimUt:'laCT~B npliMO)'!OllbHOH JIMe:. 

V(R) = .. . . 
• .{· . ..c.Vo, r < R, . 

· ;. .· .. · 0, . r>R 
(28) \ 

r11e Vo- .rny6~a (Vo > 0) n R~ wnp~; ~. Bhipa)KeHHe )IIDr M~TP~ pa~cej{HHJI S1(k) 
·. HMeeT BH)I"' , 

. . k2" . k2 
B)lecb 0 = v0 + , 

S
1
(k);, e::.2ikR{ -:-1)zDz(koR) + ik. 

· · ·.. . ··· · Dz(koR) -'ik' · 

Vo = ~v;· . . 
1i . o. 

·--~ .... 

(29) 

Dz(k~R) = [i;(kor)r +' iz(k0 r)] .·.· •. 
iz(kor)r · lr=R; (30) 

• , . _.., -~ • - . -. . . .. r . • , . . ~ , J . ':"' 

j;(kor) = <li•~7•1 , jz(kor) - c<PepH'IeCKail ~~ Becce=.,Hpn l = l HMeeM: 

··'-L--. • ' . 2 . • : ] _.. . . 1. (koR) :._ 1 • 
DI(koR) -= R [1- (koR)ctg(koR) (31)· 

I - •- --, . • 

,lJ;JIJI CBJIBaHHhiX COCTOmUm MaTp~a pacceJIHHJI o6p~aeTCII B Hyn:b, T.e. HMeeM ypaBHeHHe 

-J 

T ' 

I 
j 

i 
.~1 ~ 

l 
I 

" 

-;--

' . !'. ·,\ 

DI(k~R) +'ik~. = 0, 
'< ·(32) 

r)le 

·k · ·= J2
1' E ·. '= it>' 

~· n2 . CB. J 

- . . ; 

{33) 
~..-: -· 

T .K; Eca . . < . 0. · ,IJ;na · ko. noliY'!aellll BhipalKeHHe k~ = .vo .+ k~ = vo - K
2

, ko 
)leHCTB111TellbHOe '!HcOO np'n Vo >'!Eca.l· . . 
·' · YprumeHHe (32) npHBO)IHTca i 'ypaiiHeHHIO-

../v0 -.K2 _ 

(k0 R)2 + {1 + ~>R)(k0Rctg(k0R)- 1) '= 0 .. · (:34) 

3a~aB· :JHa'!eHHJI Vo 1i: Eca. 1m eTor~ ypaBHeHHJI,MOlKHO. onj>ep;enHTb wnpmzy ID>Ihi R. 
. .IJ;m;: prooH~~Horo cocToaHHa S1(k) n.~eeT ~nonroc'i'4- oM KBa)lp<iHT~, T.e. HMeeM ypa-

BHeHne: ... ~... _ , 

· Dt(koR)- ikp••· ';:= 0, 

r~e kpe~. = kRe ~ ik1m (k!ie > 0, k1m .> 0). 

:_ 

....... ,I 

' r)le 

.. I 

k0R = x .+ iy, · x = R;JPcos( ~ ), 
. '.·· . ~· 
y = R,jjisin(- ), 
. . . . ' .2 

L, 

i 

P = V( Vo + k'j(. ..:. k]m)2.+ 4k'i!.k]m 
' ·· · ' . 2kR~klm . . 

. tgt/J= ( +P p ·)· 
. tlo Re- lm 

.·· DtCkoR) =: Dt(x +iy) ,;Df"(x,y) +iD{m(x,i;), 
··- ;--· . . - . 

r)le ,.· 

6._ 

I?~·(x,~)= .!.!(x:- !?)ZRe + 2xyZim . . 
. . R . z2 + z2 .. . -1], 

Re Im . 

Dim(x,y) = .!_[-c-(x
2

- Y
2
)ZRe +2xyZim]· 

. · . R . Z'k, + Z1m ·. ' 

/ 

(35). 

(36) 

·,. 

(37~ 

(38)' 



j 

. 
- , ( cos(2x) + ch(2y) ). . · .. · ·. . . 

ZRe = 1- sin2 ( 2x)+ sh2 ( 2y) (,rsm(2x) + ysh(2y), 

( 
cos(2x)+ch(2y)) ': . . . ' 

Z1m = . 2 ( ) h2 ( 2 ) (xsh(2y)- ysm(2x)). sm 2x + s y .. ' · · 
; - ~ ~/ ' ' .. 

YpasaeHHf!.(35) npHBO~TCRK cncTe~e lm.~yx yprumemrii: 

· D~"(x, y)::- k1m = 0,;.. 
'/ 

Dfm(x,y) -kRe = 0. 
_ _./-'I 

.'v{ 

'KoMIIlleKc~ oaaqemiHM kp ... OTBe'l_aiOT KOMIL'IeKcHLie oaa'leHHH eaepnm W: 

' i ' 
w: ~ Ep~•- ::- 2r ~ 

: • ' n.2 2 . • 2 •·• ': . 2n2 .·. ·. . 
' ·. Ep.-.. = 2(kRe.,.. kl':'), r ~ .-. -. kRekim: 

. ' Jl ··.' ' ·. ., . Jl ,. '.' . 

06paTHOe npeo6paooB~(! H;w p;aeT: 

/ 

. ;kh. ·~.:2IVE~.-.:+ c~F+Epe.j, ·, 

. 11 ·. r .. 
kim = n_2 [ E~.,; ~ (2 )2 - Epe,.J· 

(39) 

(40) 

(41) 

(42) 

'(43) 

. ·• . TaimM o6paooM, oap;aBaH Vo, R, Ep.~.i MOJKHO r;op;o6p\I-TL OHa~e~e r, yp;(;BlleTBOp~~ee 
yPaBHeHllHM (40) c'yqeToM cooTiwmemrii (36- 39 H-43). . · · · • · 

' -- . -- ' . 
cha CXeMa. 6h!mi: npHMeHeHa l!;liR HeiiTpoHHLIX OI!;HO'laCTH'lHhiX 1pi - If 2p! - COCTOHmrii:, 

xp;pa 13C •.. :·.' '' ·. ··· ... . ,: • .. ·,· ,'.·'· 
2 

.·..:...•·.-,_:·· ·, 

3ap;aa Vo ~ V0Reiir: = 32.345 MaBH-~cs. = ~;tr· = -4.947 MaB, 1m ypaaaem (34) 
. . : . ',/ 2 ·' - ' .·. . •, 

onpep;eJIHeM llilfPHHY liMLI R·= 5.155 !{>M. 3ap;a.Bax Terrepb aaeprmo EP••· ;,Ec...(2p!) ·= 8.1 · 
/ . . .· . ' . . ·' - 2 . 

MaB (Vo = 32.345 MaB, R = 5.155 !{>M ),noily'laeM p;nx. mnpHHLI prooaaacaoro cocTOHHllH' 
.. · .. r =. 8.1 MaB. IIHTepecao O~MeT~Tl:; COBna'p;eHHe lliHpHHLI co OHa'le~eM aaeprHH prooHaHca.; 

· Tairnu o6paooM, 2p1.- cocToxHHe npep;cTaBJIHeT. co6oli pacnap;ruo~eecH KBa:mcT~o-
" . . -~ 2 . . .. . . . ,. 

·HapHoe COCTOHHHe, BpeMH lKHOHH KOTOporo MOJ!KHO_OJ:le~Tb 1m Pll;BeHCTBa 

" 
n. . 

.T= :r; '(44)'' 

BhlneTaio~· npH pacnap;e 2p1 - cocToJIHiu! aeiiTpoa p;Ol1'.Kea, B i:Ipl'qiilliiie, yxo~Th !Ia 
. : .• ~ . 2 •' .. ' ~ ' . . ., 

· 6ecxo:a:e.:aocT&, n Torp;a 11p;po 13C rrepelip;eT B Hp;po 12C. Taxoe nOJioJKeHHe npoTHBOpe'IHlli>. 

\,. 

-~,. 

14 
' -~; . 

>.,,., 

·/''. 

r~ 

~1 

... 

r 
!~ 

6hl: A:-. cTa6~aocTH Hp;pa 13C. ITocxollhxy. B aameli cxeMe aeli~poHHoe 2p1 - cocToHHHe 

e~Tb COCT~HaH 'lRcTb OCHOBHOrO COCToJIH:Itir H~pa 13C,.TO Mhl npep;nOJiaXaeM .. 'lTO DpOHCXQ
p;HT pacnap; 3Toro COCTOHHrui BHyTpH Hp;pa 13C. flpH 3TOM Mexlimrou pacnap;a CJiep;yio~
lliHpOKoe prooaaac'aoe 2p! - · cocToHHHe pacnap;aeTCH BeyTpi.t Hp;pa, aeliTpoa ~epacceH:Ba-

2. - - . . • . 

eTCH Ha OCTaTO'lHOH ap;epHOH CHCTeMe, nepep;aeT eH <JacTb CBOeH aaeprHH H ID.ntyllbCa, 'ITO; 

B CBOIO O<tepep;b, MOJKeT nplfllEicTH K' nepexop;y qac-r'HJ:lhl 1m OCTaTO'lHOH Hp;epHOH CHCTeMJ>i 
. aa 2p! ~ o6oJio'lKy. BooMOJKHOCTb.Taxoro MexaHlmMa 6hiJia paccMoTpeaa nPH lmyqeHHH 2 . . . . ,. 

poJKp;eHHH lliHpOKHx.proOHaHCOB B. Hp;epHhiX peaK~ [26]. .. 

3 
. ' . \ ' 

AHaJIH3 axcnepHMeHTaJibHhiX ~aHHhiX. <l>e&oMe&o-
. ' ·v - ·- . ~- ~- - . .... , 

norH'IeCKHH y'leT o6MeBBhiX Me30BHhlx. TOKOB~. 
·~ . . . . ~ I 

B p;aHHoM paop;ene npoaa~HpyeM axcnepm.ieHTallbHLie. p;aHHLie.B paMKax TMMO, oil.MeHHB 

pap;Han&HLie OCillfJIJIHTopHhle BOJIHOBHe !f>YHKI~HH aa BOllll:oable <f>yax~,Bhl"mCJieHHLie B pe-, · 
~CTH'l~cxoM m)T~HJ:lH:Me Byp;ca- Caxcoaa. ITpu Taxoli oaMeae epaay BOOHHKaeT npo6neMa, . 

· CBHOaHHaH C·Bhll!;eJieHHeM ~HJKeHHH J:leHTpa Mace. B noTeHJ:llfallbHOH HM:e KOHe'liloH rny6HHLI •. · 
Ho nocxolihxy BoJIHOBhle <f>YHKIIHH noTeHJ:llfana Byp;Ca. ~ Caxcoaa u oc~Topaoli Mop;eJIH 

'p;JIH 1p- cocTommsr B 11p;pax c A= l3 Blic&Ma cxoJKH [17], Bimap; 2p·- c~cTo.I!HHJ[ aroHa'llfTe
JieH p;JIH OnHCaHHH cneKTpOCKOnlf'leCKHX xapaKTepH~THK Hp;ep, 6yp;~M nmm.raTb; 'ITO OaMeS:a 
OCillfliJIHTOpHLIX aOJIHOBhiX !{>yaKillfli H~ 6onee TO~~ .. He HllJIJ!eTCH CJIHiliKOM rpy60H If C· 
!{>lmlf'leCKOH TO'IKH. Ope~ ·OllpaB.llaHHa; ,Urui ~3JIH3ll · axc'ixepH:MeHTa.m.in.lx p;aHHhiX '~cnom..--

. oye~CH co~TBeTCTByx>Uuwu BblpaJKeHllHMH 1m [1]. · \ 

2 
FL 

·" 
. · Puc: 9. IIpoooAb'Kbi-IL F£(q) !fiopM.fPa'X:mop ynpy2o2o pac~_ez'Ktu 3Ae'X:mpo_'K08 

Ka zope ' 13C. KpU81U 1 - pac"'embl 8 TllMO c . 80A'K08biMU fP'JI'K""IUMU, 
8bl"'ucAe'K'Ki.wu . 8 nome'KtfUaAe Byoca • Ca'X:co~a, ~q~u8az · t -' p~c"'embl c 
OCtfUAJUmOp'K~U _6_oA'K06biM.U fPY'K'II:'II,IUM.U . 

I / 
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~-lla'pac.3 .. npt!AcTaBJieHbl proyn~>TaT& pac'IeTos <llopM<IlaiTopos paccemmn aneKTpo:aos 
B paMKaX THMO c oc~TopHbiMl! BOJIHOBbiMR <llYHK~·- KpRBaJI 2 uc BOJIHOBbiMR 
<llYHK~;Bbl'IRCJieHHblMR B IIOTe~aJie Byp;ca- Cuco:aa- KpRBM 1, aHa'IeHRJI Koocf>- . 
~eHTOB K?HcJnn'yp~o!moro cMem~.np~eHbl s [1]. CpasHeRRe ~~ KpRBbiX 
p;eMOHCTpapyeT BJIRJIRRe acHMIITOTR'!eCKOro·no~eRRJI pap;RaJibRblX Op;RO'IacTR'IRblX BOJI~ 
:aoBblX 4lymD;l!il Ha proyJibT~~bl pac'IeTOB. KpRBOi 1 coo~TCTBYJOT CJiep;yiomae aiia'IeRRJI · 
MarRRTRblX.MOMeHTOB H logft: /J"C = 0.848, JJ13N. = 2.0.312 nlogft= 3.675. . 

.KpRBOi 2- JJ13c = 0.1)99, JJ13N = ..:..o.2I9 n logft = 3.656 [1]~ Cpa.BHeHD:e aT:ux ~
noKaabiBa.(:T, 'ITO pac'!eTbl , HCII<liTbBYJOiliRe ~JIHOBble <llYHK~ c IlpaBHJibHOH aCHMIITOTHKo:ii:, 
UpRBOIJ;JIT K proyJibTaTaM, KOTOpble 6JIH:lKe K ·. llKCII~pHMeHTaJibHhiM p;aRHbiM. · . . 

· B p;alib:aeimeM: 6blJia npep;npHRJITa ·noiiblTKa ~ noMom~IO sapn~ K~~eHTOB KOH
q>nryp~o:aRoro cMemRBa:alrn IIOJIY'fiiTb npll'~MJieMoe oiiH~rume op;:HospeM:eRRo n <llopM<Ilu
Topos aJieKTpo:aRoro paccelnm:n, 11 MarRRTRioc MOMeHTOB n'log ft. B· :aacTonw;ei pa6oTe, s 
OTJiii'IRe OT (!); BToro cp;eJiaTb :ae yjl;aJIOCb. Ilpn HeiiJIOXOM OIIHCaRRH IIOIIepe'IRoro <J>opM<IlaK~ 
Topa He yp;aeTCJI OIIHCaTb IIpO,ci:OJibH~H <llopM<IlaKTOp, a p;JIJI ~aXRHTHblXMOMeHT~B H log ft 

. IIOJIY'IaiOTCJIHeiipHeMJie:i.W:e aHa'!eRRJI. Mbi ocTa:Hoimirn:cb Ha proyJti,TaTax, KOTOpble npHBe~ r 

p;eHbl Ha plic. 4. · IllTp:uxoiuill.m:KPHBbiMH. CocTOJIHHJI n cooTBeTCTBYIOmHe Kooq,<pH~H~HTbl 
KOH<J>Hryp~HORROro CMeillnBaHRJI npaseli~Hbl HB Ta6a. 3 .. ffiTp:UXO!i~M KpHsbll>{ COOTBeT-~

. CTBYJOT · TeopeTR'IecKRe aHa'IeRRJI MarHHTRblX MOMeHTi>B · H log ft, · KOTOpble cosn~p;aiOT -~ 
aKcriepRMeHTMbm.Thm: JJ•3c ~ 0.102; JJ•3N ~ .:..o.322 n logft = 3.667,-

.... 

·r 

Puc . ..f. Honepe'I.'H.blit Fj.(q) tfi~p:W,rfta!Cmop JM 13C(e,e)13C(g.~.). lllm]JUxo~ 
6ble·lcpu6ble - pac"'emw 6 THMO c BOIL'H.O.BWMU fPY'H.'IC'IfiUM.u, ·6w<iuc.!leu'H.WMU 
6. nomen~Uai!C. Byoca - Ca!Ccoua npu 3ua'I.CUUSX 'IC03fPfPU~Ue1tmo6_ 'ICOUfPU~. 
aypa~uo'1tnozo cM.eiu~6a1tus --~ · ma6'!. 9. Cn11own~e 7CJIU6ble '.: pac"temw c 

y'l.emoM. M.e3onuinx o6M.euublX m~;coB (eM.. me 'ICc,;,) · -· . • · · 

~;;.:........,--:" .. 

• I ' ..-:-
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. Ta6n~a 3 3Ha~eHHJI .KoocMm:qlleHTOB KOHfj)nryp~ORROro CMeillRBaHHJI 

· CocTOJIHHJI f1 I.;OCTOJIRRJI a 
(Os)

4
(lp)

9
[444l](Os)22P 0.400 (O_s)4 (lp)8(3p)1 (4441)(01)22P -~0.77 

(Os)
4
(1p)

9
(4432](ll)22P -0.585 (Os)4(lp)8 (3p)1 [4441](20)22S -0.108 

(Os)
4
(Ip)

9
(4432]{ll)24P · 0.263 · (Os)4(Ip)8(3p)1[4432](01)22P. -0.155 

(Os)
4
(1p)

9
(4432](ll)24D. 0.040 (Os)4 (1p)8 (3p)1[4432](12)24D 0.106 

(Os )4
(Ip)

9
(4333](00)22 S 0.212 • (Os )4(lp)8 (3p)1[4333](20)22S -0.574 

Ilep·ex~~Hble IlliO:rHOCTH II pap;na.:n,lrn:e MaTllliJ:Ibl IlliOTHOCTll DpRBe;J;eHbl Ha pHC' 5. B 6. 
3Ha'!eRRJI '!RCeJI BaiiOJIHeRRJI IIp~eHbl_B Ta6n. 4. 

~a 4. IIpoToRRble n :aeiTpowe '!Irena aanoJIHeRRJI ·. 

Ilop;o60JIO~ll 'IIpoTOHbl HeiiTpoHbl 

. - (lp)~ 2.9905 3.5163 
. (Ip)I 0.6532 l.ll75 

(2p)I . 0.3292 0~3248 . 
. (2ph . 0.0271 . 0.0414 

H3 Ta6JI. 1. enep;yeT, 'ITO E,af= o:382, aIm [I] E. a~= 0.275 .. To ecTb npn y'IeTe 
DpaBHJibiiOH aCHMIITOTHKH pap;llaJibHOH BOJIHOBOH <llYHK~IHI BK~ap; 2p- o6oJIO"'KH BOBpacTaeT. 

' Ha pac. 3. BR~(), 'ITO llKCIIepRMeHTa.JibHble 3Ha'!eHUJI IIpop;OllbHoro II nonepe'IRor() <~lop~ 
·:M<IlaKTopos He oiiHCblBaiOTCJI xpnBbiMR npn q ~ 1.8 <llM-1: Mbl npe;~;ncmmKHJIIr,' 'ITO npn 
BHa'I~RWIX nepep;aBaeMbiX HMIIYJibros q ~ 1.8 · $M-I Ha Jip;epHbl~ <llopM<IlaKTOpbianeKTpOH~. 
Horo pacceJIRRJI p;OJI:lKHbl OKaBblBaTl• BJIHJIRUe Me:JOHHble o6MeHHble TOKII .. 

Xopomo HBBeCTHo, 'ITO npncyTcTBHe MrooHoB B ~ucTeMe BBaiiMogencTBYIOmnx Hyrmo
HOB o6yCnOBJIHBaeTcJI TeM, 'ITO Jip;epHble c~ 06RllaHbl CBOUM nponcxo~p;eHUeM MeBO~blM 
o6~eHaM. B aMIIJIHTyp;y eA -. pac~enu1~ npn 6o:U.mux: q p;(>JI:lKHbl IJ:aBaTb sima~ He TOJibKo 
npoJ:~eccbl pacceJIRRJI aJieKTpoHa Ha HYKJIOHax np;pa, Ho u Ha Haxop;nmiiXCJI B np;pe Mroouax. 
B CHCTeMe noK()JI CBJIBaHRblX naoHa II HYKJioHa so BHemHeM aneKTpoMarHUTHOM imne; Coa~J:a-

·. :~ sae14o~ aneKTpORRbiM TOKoM, RMeeM [27]: . · . . 
· IIliOTHOCTb noJIHoro aapnp;a: _ . . -- . ;--

:p = PN+ p;, 

r~epl'f. -:~OTHOCT,!> aap_JIAa :ajrx:JioHaH_p,. - ITJIOTHOCTb B<pJip;a IIHOHa; IIOJIHbl_H TOK j .= 
JN+ J"+J.,N,rp;eJN- HYKliORRblii: ToK; J"J_ IIHORRbl~ TOK, J,.N- IJ;OIIOJIRRTeJibHblH TOK IIROH_ 
- :ayKnoRRorQ.__BBRHMop;eicTBHJI. _ . . . . 

.. ·II pH UCCJI!!AOBaHHR BmutHwr ~eKTOB o6MeHHOro TOK_a Ha.<llopM~TOpbl .aJieKTpOH
Horo pac~eJIRRJI 06brmo paccMaTpRBaiOT 06MeRRble TOKII [28), o6yCJIOBJielfllble CJI~lliRMR 
Op;ROIIHOHHbiMR p;RarpaMMaMH: 

·1) ·· "napHo~" p;narpaMMoi HJIH p;aarpaMMoi TRIIa "ipblJibJI 'Iaii:Kn" (see gull); Korp;a', 
• IIpORCXOp;RT <lloTopoxp;eRRe aapJI:lKeRRoro IIHo~a Ha op;uoM :aytmolle, KOTopLiii aaTeM norno-. \ . . . - . ~. . . 

maeTcn p;pyrHM BYKno:aoM; · 

/ 
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_ _: _____ Re'ltrpolll>l 

" JJPOl'OKI>I 

.to -a) 

0 
,-/_ 

··' 
2 ' 3-

Q <tm.l> 
,.-

.. -------.--ueitrpom.l 

-----'--nporolll>l 

6) 

.,_ 

0 3 
Q (fnit) 

- ':"' __:_-"- Heitrpom.l 

-o-----· nparoui.r ' 

. B) 

3' 

'Q (fuil) 

------- Heitrpo~ 
----nparolll>l 

·z) 

....::.:.... 

·Puc. 5. l!epexoo'H.we nAOm'H.ocm; Di~;>(q) rs TllMO c BJdC·CQJCCOHOBCJCUMu BOA· 

'H.OrsbiMu fPY"'"TftUMu: a) - 3ap'ioorsble • D~>(q) u D~(q); '6) ·_ cnu'H.orsbie ~~ D~{~>(q) u • · · 
D~{~(q); B)· cnu'H.orswe • Di{~>(q) u D~{~(q); z) • "o'll.rse"murs'll.ble -~ D~~~)(q) u D~[it>(q) 

--

18 

'-,:;.-~-

4 

3 

2 

-:· 

--'----~ 

-.-- DpOtOIIIol 

a)· 

R, fm 

4 . ·s ·6 1 s 9 

..... ·, 

------- Heilrpom.l 

DpOtOIIIol" 6) 

Dp<m>JW, 

.c) BJ 

to · IS. 20' 

R,fm 

Heilrpom.l 
Dp<m>IDI 

z) 

--

/ 

Puc. 6; PatluaAb'H.bJe Mamputfbl MO~'H.ocmu Pi~;>(r). C.t~. o6o-
3Ha"e'H.us puc.: 5 · · 

19 
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2). rmomroi IIOliiOCHOR AJ~arpru:woi, xorga cl>oTOH IIOrliO~ae~Cl! oap~eHHhlM ImOHOM, 
xoTopbtM o6MemmaiOTCl! gBa H)'ino:aa~ - ' ' · · · / 

3TH gBe·g:o:arpaMMhiOIIpe;tlerunoT IIO~ TOX O;tiHOimOHHOrO o6MeHa J..,. -lfuOTHOCTb 

o6MeHHorb oap.«ga p..,, cooTBeTCTBytO~a.s: aTOMY Toxy, HMeeT nop.«gox Jl,f-1.no Macce :By~ 
xno:aa H IIO ~e OHR'ID:Telii>HO MeHbtue IIJIOTHOCTH oap.«ga HYXJIOHa. Ilo 3TOR npR'i:o:He_J 
HM o6:&l'll10·npe:ae6pera.IOT. TaxHM o6paooM, B pacCMaTpHBaeMoi TpaxToBxe mi:oHH&e o&

MeHH&y TOXH M'oryT MOAJI~OBlloTb mmib nonepe'!Hhle ci>opM:cl>axTopN. Ho aHa.mro gaHHbDC 
• <meXTpoini:oro pacceJrima :aa .11gpax' 4He :o: 6Li, B:&mOJmeHH:bli_ B pa6oTe (29], noxaoa.n:,.'!To' 

oap.!!;tiOB:ble IIJIOTHOCTH O;tiHOimOHHOrO o6Me:aa,'BO.!!T:ble B HHJKaimeM IIOp.!!gxe C He:aym~BbtM 
ilxnagoM (30] ,gonlKHl>l npoJIBJij[TbCl! np:o: o:aa<i'~HIDIX nepegaBaeMoro :HMIIYlii>Ca q R: 3 ·. cl>M-

1
• 

B :aaumx yaC'IeTax o6MeHHhte Mroo!IHble Tox:o: Y'mTNBaJIHCb ci>e:aoMe:aonorll:'lecxHM nyTeM: 

B npogom.m.rii: :o:. nonepe'!Hbrii: ci>opMCpaxTopl.x anex'rpoHHoropacce.!!HH.!! ~ go6a.BliJilm, co
oTBeTCTBeHHo, oap.«goBhli D;:,~·(q) ll: TOXOB:ble n:~·(q) MrooHH:ble IIJIOTHOCTH B napaMeTpli:-

OOBaHHOM. B:O:ge, YMJiOlKeHH:ble Ha ci>opMcl>aKTOp:bl:ImOHa . 
' ' / 

•·- z.-
F .. (q) = (1-12 r 1

, _,A.,,;, 0.735 TaB. 
. . " 

llapaMeTp:bl MroOHH:&DC IIllOTHOCTeH Bapbll:pO~allli:Cb TaK~ ·:o6paooM, 'IT06:bl IIO~Tb .. 
xopowee ormcaHHe axcnep:HMeHT!im,m.ix npogOllbHhlX. H. nonepe'!HhlX cl>opMcl>RXTOpOB ynpy~ 
roro pacce.!!HH.!! ane:KTpOHOB. Proym.TaTN pac'!eTOB np:o:BegeH:bl :aa pnc; \3. cnnowHhlMH Jm~ 
Hll11M:o:. CooTBeTCTBytO~:o:e·aTHM nmmJIM Meoome IIJIOTHOCTH np:HBeileHhl :aap:o:c 7. 

...... ' - ' ' - ·' ~ -

0. 
0.5 
0.3 
0.1 
o I . 1 

,1. 

~ 

6), 

Puce 7. Me30HHble o6.ueitnble.n.tomnocmu: a)- 3apziJoBaJf- D;:,~•(qf u 6)

mo~OBaJC - D:~•(q). 

\:. ' 

.. · 
20 '; 

·;,, 

,, 

BNJm IIOny'lem,;~ cn~~e OHa'!emtl[· napaMeTpoB gll.!! Mro~B:HhlX mroi:aocTei: 
• •• ' /.. • ' > ' • ' 

-
. -· - { Co8in(ky), · . 'q 50.425 ci>~-1 , ·- -· 

zar ~ . 0 1. . 2 3 ' \ _ "i' - - ~· 
Dm••(q) ·= · aL +-a_ Ly· .. + aLy2 + aLy-3 0.425_ · "-M-1 < ·q < 2.AA..M.;;.1 

· . · C1e-Y, _ ' •. - q > 2.4<fiw-1 . · 

rge 
~ .\ 

Co = 0.435, k = 10. 782; C1 '= ,:_;11.152; 
-a&,= 0.466, af = -0.212, .-· af = -0.004, - af = 0.005; 

D;:,~'(q) = { af y + f!f y2 -f- af y3; 
.· _-· CTe-Y, _ 

-' ogecb af;., -0:188, ar = 0.118, ar = -0.011; 

CT ~1239.~56; y = {W/' ' b =1.822 4>M-1. 
a) 

a) 
0.3 

R, fm 
-~ 4 s · ·s- 7 8 9 

6) 

.0 4- 5.6'7 8 9 

·. R, fm 

·-

q .::; 3.104ct>w-1 

q > 3.104ct>w_-1 

-,· 

... 

Puc. 8. PaouaAbnble Me3onnhie n.tomnocmu;-a) - 3apziJotHu - p ••• (r), 6) 
·mo1I:06aJC - Pcur( r) . . . 
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Ha pnc. 8 npHBe~~;eHbl pa;t;ua;rhHbie M~OHHhiC nrroTHOCTn, xoTopbie npe;t;cT~rraroT«flypbe 
- o6pa3biOT D';;,~'(q) II D;:,~•(q): , -. ·-

. - (. ) . 2 j D. me• • ( )- 2d . , 
Pzar r ""<:; _ xar Jo qr q _q, ~-

( ) , 2 j. •nm•• . 'c ) 2d 
P"}'r r = :; _cur )I qr q_ q. 

KoHe'D!o; 6blao 6bi UHTepecHo no;ry"'liTh -MeaoHHbiC o6MeHHbie mroTHOCTII .Ha ocHoBe 

J,lli~pOCKOllii'IeCKliX llO;t;XO;t;OB [27] C BOJIHOBbiMII «flyHK~;,III, Bbl'IllCJieHHbiMII B llOTC~llaliC 
By;t;ca ~ CaKcoHa, n cpanHnTh c nonyqeHHhrMR_lJa~>m «fleHoMeHorroriNecxuMn nrroTHocTa~>m. 
Ho :nom! npocTaa aai\a'Ia II Tpe6yeT.OT;t;eJibHoro paccMoTpemm. ' . 

C BOJIHOBhll>nt ¢YHKnnHMII-~ Ta6rr._3. 6wm Bhr'III~eHbl cnexi-pocxonW!ecx~e-«flaKTOpbi·~ 
(C<t>) oTilerrCHUH. H)'KJIOHa OT Hp;pa.13C. 8To llOOBOITIIJIO.ITOnj"IIITb 3Ha'ICHllH COOTBCTCTByro-
ID;llX BCpiiiuHHhiX KOHCTaHT.(BK) • . ' .. 

3Ha'IeHua BK; • C<t> n AHK 'npuneli;eHbi B Ta6rr. 5. ',I(na cpaBHCHIIH npiiBC]J;CHhi aHa 'lee 

. HUH BK, norryqeHHhie B_ p;pyrux pa6oTax. H:l Ta6rr. 5 crre11yeT, 'ITO aHa'ICHIIC BK OTi\CJICHIIH 
HeHTpoHa B 1p!- cocTOJIHIIII ~T:Jii\pa 13C o'ICHb·6~K() K proynhTaTaM i\pyrux pa6oT. A 

. 2 . '· ' ' .. - . -

3Ha'ICH1IH'BK OT]J;eJICHHJI 1pj- TipOTOHa 3Ha'III_Teill,Ho npeBOCXOi\IIT 3HR'ICHI!li:, IIOJiy:'ICHHbiC B 

npep;hli\Yrnux pa6oTax. 'ITo xacaeTcJI BKoTi\CJICHIIJI HyxrroHo:B'n 2pi ~ cocToJIHIIJix, To oHII . 
" HC3HR'IliTCJibHbi;' HO He Hynesble.' . , '. 

. Ta.6JlliD;a' 5. 3Ha'IeHUH KBa;t;paTOB MOi\YliCH BK illiH BliPTY~bHoro pacria11a A -=.-B .f. PC n) _ 
-

.ffi\pO .ffp;po J'BTB nc j s(l=lJj .. b(I::I)j . ... , !Gf,~:l;l2 - -" 
A a· ,, Ham . [32) ·[31) 

~- '' . '. .. pac'!eT 

r3c 12C o+o 1 t 0.617 2.09674 0.44094 0.41 0.39±Q.2 
.. 2 0.030 -0.27400 0.00037 . - -. 2 

·,- 'I - '. 
12B i+1 •1 3 1.369 13.10038 38.18830' 19.0 -

2 
~-

0.004. -0.30088 . 0.00006. - -.. 2 
' • 

1' 1 0.218 9.21732 3.01469 0:139 "-

2 r ·o.oo9 -0.28099 0.00011 -· 
;; - .-

____;____· ___ _:_ 

B aaKmo'IeHIIe oTMcTnM cne,o;yrorn;ee: 

• Heo6xoilnMhi·il~hHCHIIIHe-nccnC>~~BaHllH c ~KJIIO'ICHHC~ nee~ BOOMOlimhi~ co~To~ii: KOH-. 

qrurypan;nn (Os )4 (1p)8(~p)\. 

napa.'deTpbi.noTe~Ha.'Ia Byp;ca- CaxcoHa ,o;rra nl.NuCJieHxlli pai\IIaJibHhiX BoJIHOBhiX ¢YH

K~ 1p- li 2p ~ o6o~O'ICK C..'ICi\OBaJICl 6hl TIOi\6IIpaTb·II3 llOi\rOiiKu K 3KCIICpl!MeHTaJibHbiM 

i\RHHbiM,_a HC 6pa~b «fl~cupOBRHHmm, KaK B npegcT~C~X Bbt'Ill~CHIIJIX. . • 
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. 8T~ ~O~JibHO Tpy;t;OCMKaH 3a;t;a~a H Tpe6y~T 60JibiiiOrO BpCMCHII ~~CTa ,IJ;ruK~_Ha COBp~ 
MeHHhix cyrrep8BM. Op;HaKo peiiieHne aToi, B np~e Texlm'Iec:Koii:,npofirrCMbi nooBOJiliJIO 

· 6bi TIOCTaBHTb nepe;t; BKCTICpiiMCHTaTopaMII aa;t;a'zy llOH~Ka 2p- COCTOJIHIIJI B JI;J;pax 13C u 13 N · 
, c no~o'rn;biO p~aK~Bhi6n~ (e,en), e,ep), (p,2p) ~ (p:pn). . .. · _ . 

. I . 

. 4 Ponb Jl~ep 13C H 13 N ~ acTpOclm:3H'IeCKHX. npon;ec..: 
cax· 

06CY;J;liM npiiMeHCHHC HCCJICi\YC~ BOJIHOBbiX lf~YHK~ B HCKOTO~biX aCTpocflimli'IeCKllX npfr. 
i(eccax. MexaHII3M JI~epH!>lX peaK~ B_ anrop;ax onpCi\~eTca nonep;eHHeM BOJIHoBhix ¢YH
·x~ B3RliMO;J;CHCTB)'IOID;llX .111\ep Ha Ticpn«flepiiii. 8THM li onp~CJIJICTCH. CliJibHaH 3aBIICIIMOCTb 

CC'ICHIIH peaK~ OT acmmTOTH.jCCKOro llOBCi\CHUH BO.'IHOBbiX ¢YHK~· .Hi\pa 13C II 13 N
nrpaiOT O'ICHh B<UKHyro pollb B pa3JIII'IHbiX acTpo¢llall:'IeCKux npon;~ccax, Tiur.llX,KaK Cl{O 
-: ~n, S '_ npon;eccbi ,II APJ7IIe •. IIpCi\CTaBJIJieT HHTcpec m;clle;t;?BRTh pOllb aTux JIIJ;cp B 
npon;eccax anro;t;Horo H)'KJICOCHHTC3a p;JIJI BCTBn xpacllhiX'rnraHT<,>B c MaJibiM cop;epxaHUeM 
MCTa.'IJIO!f [33]: _ . . . < . 

TaK:lice 6biJI~ 6bl HHTepeCHo nccnep;oBaT_I: 1:\CIIO'IKY lii\CPHhiX npeBp'a.rn;eHIIii:, ' 

· .. , 

·, . 
12C(NrY~N(p+, v)13C(a,n)160 

' ' \. (45) 

c Hanmull' BOJIHOBbiMli (pYHKqiiJIMa' ,ll;ml Jii\ep IJC n 13 N. 
Mbi noxruKeM, ~To ~cnollb3oBaHHe HoBhiX nolllionbiX ¢yHxn;n:i iiJIJI ;Tn .11~ep ,o;aeT Heoxn· : ' _ 

IJ;aHIIHc proyJibTaTbl, KOTOpble MoryT II~BJIUHTb Ha Bbl60p MCXaHII3Ma peaK~ B OBC31J;~ ,. . . . . . .. '. 

YCJIOBIIJIX. . ' • . . . ' 

· · ,I(JIJI npl1Mepa Mbi pacCMoTpiiM pea:K:u,mo ~3C(a, n)160, KOTopaa nrpaeT HCKJIIO~TcllhHyro 
poni B 3nrop;ax onpCi\erreHHoro Kllacca [33]. IIpelKHlili MO,IJ;errb .HIJ;pa 13C p;aeT .HaM cpCi\He- _ 

KBap;paTll'llli.m pa,o;nyc Rrv ~ 3.382 fJIM •. Op;:Haxo ecnii'Mhl ncnollb3yeM Mop;eill. c yqeToM 2p-
· o6ono'!Kn.,T? c yqeToM aciiMTIToTn'IeCKoro IIOBCi\eHIIJI :Mbl 'nony-iHM>'ITO · · R2v ~ 14.479 «flM. 

_,· .ffCHo, 'ITOnpn 3BC3i\HbiX TCMllep'aTypax B3~01J;CHCTB)'IOID;HC JI,IJ;Pa HC o6JiaiJ;aiOT aHeyrneif,-. 

,lJ;OCTaTO'DIOH gn'x !JPCOIJ;OJICHUH KYllOHOBCKoro 6apbCpa, IIOOTOMY 3BrogHi.Je peaKD;lm npOXOIJ;liT _ 

cia C'lt:T ~o,o;oop~HhiX' ~exTon: Tor,o;a oTimiiiCHHe npoHIIIJ;aeMocTeii B aTux finyx Cllj"Iaax 
paBHo no nop.11:i\KY BCJIII"'llHbb: , · 

, , : I -\ 
W2p . (2 (R2p ' . ) 
W

1
v .:= exp fi ln,, J2ma(U- E)dr , . _ (46) 

- ~,o;eC. ma - Macca , E ~ _kT - KIIHcmecK~ aHeprllH a- 'JRCTli14bl, U = §f · M3B • IJIM. 

xyooHoncxlrii 6apbCp ;t;JIH JI,IJ;epa 13C n a 'IacTli14bl, T - ::JBeti;t;Haa TcMnepaTypa, k c 60JibD;Ma-
. HOBCKaH KOHCTaHT~ { CM. pRC. _9 ) ' 
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i 

·I 

ProyllhTaTbt Bbt'IHCJiemrii 1 W,;' flll.!I :JBrofiHbtX TeMnepaTyp T = 108 K n I09 K npefl-: 
.. CTaBJieHhi B Ta6liHI.l;e 6. 

5' u 
. 4 

3 
2 

_:.._:_u" 
:"
~-----. __ .:u,. 
.Ri> - R20 

'' 
E !jiM 

~~f ' 

Puc. 9. Ky~toxoBc~uiJ. 6apbep dii.E ~3C u a v.ac~u~~~, rJ ~-M3B 

Ta6JIH~a .6 ... ' 

'' 

; ' 

Ha OCHOBe aTOI'O . MLI :Ja.KliiD'I~~,· 'ITO HapJiiiY C llOliiOCHbtM MexaHH:JMOM MOMeT pearrn• 
. :JOBaTbCJI H TpeyrollhHbtii MeXaHH:JM pe~ 13C( a, n )160 ( c~. pnc. 10. ). Harire npe)"lnom:}: 
:lKeHHe COCTOHT. B TOM, 'IT~. p~a.K~ c yqaCTH~M JI)"Iep 13C n .13 N M?I'YT R)"ITH 'Iepro npJIMoe 
B:JanMO)"IencTBm!. c eyxrroH~M B crra6ocBJI::laHHoM cocT~JIHHH ( B flaHHOM crryq,;,e c IiyJmoHoM 
B 2p - <:ocTomi:nn ). · ·· ·· · · · · 

't "· ·t •t · •u : fJa: / 

n 
....... i 

.a· · n· 

·.0 ,, 
~; ·0 

J >... • .---: 

Puc. 10 . . llo.moi:m"u - 1; u mpeYzOA.bHhifL -· 2, Mexa~U3Mbl pea!C'quiJ. . 

·~ 

... -.. 

' 

. -
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