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llJISl JIOHHMaHHSl JipHpO.Qbl .QHJIOJ!bl!Of'O f'Hf'aHTCKOf'O pe30HaHCa 60JibWOH HHT8-

peC npeacTaBJISleT H ccneaosaHHe <j>oTopa ::: weuneHHSl HeMarH'IeCKHX st.nep . CoxpaHSlSl 

06ll!H8 '18pTbl, npH CYWH 8 pe30H8HCy H8 M8f'H'18CKHX Sl.Qpax, f'Hf'8HTCKHH pe30H8HC Ha 

HeMarH'IeC KHX st.npax HMe e T 11 CBOH oco6e HHOC TH. H a 116onee OT'I e TJIHBO 3 TH oco6eH

HOCTH npOSlBJ!SliOTCSl B Sl.Qpax Ip - o6oJIO'IKH. no3 T OMY .Q8T8JibHOMY H3y'leHHIO pe30-

/ 1,2 / 
H8HC8 Ha 3THX Sl.QpaX y.uensteTCSl 60Jibll!Oe BHHM8HI18 

B a>KHoe MeCTo /
3 / B H Ccne.uoaaHHH ,:Je3oHaHca Ha nerKHX supax 38 HHMaeT 

H3y 'leHHe o6paT HOH <j>OTOSl.QepHOH p88KUHH ( p , y) Q6p8TH8Sl peaKUHSl .Qa ·~T B03-

MO>KHOCTb JIO!Iy'IHTb .QOJIOJIHHT8Jib!-IYJO HH<j>OpMaUHIO 0 npHpO.Qe f'Hf'BHTCKOf'O pe30HaH

ca, He.uocT ynHyJO np11 Hccne.uosaHHH npSlMOil p eaKUH H. B o -nep BbiX, c ee noMOlllbJO 

MO>KHO HCCJ18.QOBaTb f'Hf'aHTCKHH pe30H8HC Ha HeCTa6HJ!bHblX Sl.Qpa X, KB K, HanpHMe p, 

8 Be "JIH IS 0 6 n , KOTOpb!e , eCTeCTBeHHO, He MOf'YT b !Tb HCJIOJ!b30B8 Hbl B K8'18CT-

Be MH!lleHeH B npSlMblX <j>oTOSl.QepHblX pe8KUHSlX. llanee MO>KHO CpaBHHTb npOTOHHblH 

K a Han f'HraHTCKoro pe3oHaHca B 3epKa!!bHblX Sl.Qpax , TBKHX KaK 
13 

C -
13 

N , IS N - IS 0 . 

B o -BTOpblX, B o6paTHOH peaKUHH MO>KHO Ha6nJO.Q8Tb rHraHTCKHll p e30H8 HC H HB.Q B03-

6y>K.QeHHblM COCTOSlHHeM, KOTOpb!H TBK>Ke He MQ)K8T 6b!Tb HCCJI8.QOB8H B npSlMOl\ pe-

8KUHH . OaHaKo o6paTHBSl p ea KUHst stBnsteTcst TOJibKO aeTBbJO rHraHTCKoro p e3oHaH-

ca , COOTB8TCTBYJO!llel\ Bb!JieTy npOTOH8 H o6p830B8HHIO .QO'IepHero smpa B OCHOBHOM 

COCTOSlHHH - ( y , p O) o no3 TOMY OHa 6y.QeT 0 T p8)1{8T b '18pT bl BCero PHP8HTCKOPO 

pe30H8HC8 TOJibKO B TOM C Jiyqae , KOP.Qa peaKUHSl ( y , p O) COC T 8BJ!Sl8T OCHOBHYIO 

18 
B8TBb pac naaa . 3TO cnp a B e.QJIHBO .QJ!Sl .QB8)K.Qbl M8PH"'8CKOf'O stapa 0 0 8 T8K>K8 

.QJISl staep c 38MKHYTblMH no.uo6ono"'KBMH
12 

C 
28 

Si H T.a., anH KOT OpblX 11 HMe -
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/3,4/ 
IOTCH JleTBJlbHble pac'leTbl ( HanpHMep, ) • 8 CJ1y'lae >Ke ApyrHX HAep K8pTH-

Ha HHaH - OHa CHJlbHO 3aSHCHT 0 1' CTpyKTypbi H3y'laeMbiX S!Aep . 

B JlBHHOH pa6oTe nposeneH pac'leT npHMOH H o6paTHOH ~OTOHJlepHoA peaKUHH 

HB 3epK8J1bHbiX SIJlpax 
15 

N H 
15 

0 , a TaK>Ke HCcneaosaH pe30HaHc Haa S03-

6y>K)leHHbiM COCTOHHHeM = 3/2- aTH X HAep. B Ka'lecTse o6beK Ta pac'leTa HA-
15 N H 15 0 pa 

Sb16paHbl no TOH npH'IHHe, 'ITO, SO- nepSbiX, S a TOM cnyqae yaa-

e TCH nposeC T!f n ocn enosa TeJ1bH biM pac'leT , Y'IHT bi saJOumA see ~aKTOpbi , sa>KHbie 

JlJ1H onHCaHHH nerKHX HJlep. Bo-sTopbiX, HMeJOTCSI aKcnepHMeHTaJ1bHhie ADHHbie , xo

/5-7 I T SI H He nOJ1Hbie, KaK no HpHMOM, TBK H no o6paTHOl\ peBKUHH • 

PacqeT swnonHeH s paMKax 'laCTH'IHo-awpo'IHoro noaxoaa c y'leToM napHwx 

KOppeJ1HUHH HyKJ10HOS S HJlpe. 0CHOSHbJe nOJ10>KeHHH aToro nOAXOJlB XOpOW O H3-
/8/ 

SeCTHbi , n OaTOMy Mbl He 6yJleM OC T8HB SJ1HSaTbCSI Ha HHX, a CneuH~H'IeCKHe ae-
/9/ TanH pac'leTa 6wnH o6cy>KJleHw paHee s pa6oTe 

§ I. fHraHTCKHM AHnOJ1bHbiM peaoHaHc s HApe 15 N 

I. LlHnonbHbiH rHraHTCKHM peaoHaHc s HJlpe 
15 

N ~OpMHpyeTCH H3 nepexo-

Jl~s n COCTOHHHH (Ip -
2 

, 2 S) , (I}l-
2 

, 1 d) H Is -I • 3TH nepeXOI\bl 06beAH-

HHIOTCSI n 'leTwpe rpynnw S 3aSHCHMOCTH 0 1' CnHHB H H30Cn HHa T o6paao-

naswerOCSI Kna3HCTaUHOHapHOrO COCTOSIHHH. nonHOe Ce'leHHe nornoweHHSI OKa3a-

J10Cb paSHbiM a = 369 M6apH· Man H cneayJOWHM o6paaoM pacnpeaenHJIOCb Me>Kay 

'leTbipbMSI rpynnaMH: 
rT + 

I. I = 3/2 . T = 3/2 (7 = I62 M6apH· Man 

2. I rr = 1/2 + • T = 3/2 a = 68 M6apw ·Man 

I" = 3/2 
+ 

= 80 M6apH 3. . T = 1/2 (7 Man 
TT 

4. I = 112+ • T = 1/2 G = 59 M6apH Man 

nonHoe Ce'leHHe nornoweHHH y - KSaHTOS npHseaeHo Ha pHc.l a . PacqeT Jlll

eT WHpOKHM MaKCHMYM AHnOJlbHbiX nepeXOJlOS, pacnono>KeHHb!M S of>naCTH 01' 20-2! 
/5 ,6 / 

no 25-26 Mas , 'ITO cooTseTCTsyeT 3KcnepHMeHTy • B aTo'-'1 OTHoweHHH CHTy-

Blllf·H B HeMarH'IeCKHX SIApaX no CpBBHeHJfiO C MBrH'IeCKHMH HBMHOrO Jl)''IWe,T.K. 

6naronapSJ 6oraTOH reHeanorH'IeCKOM CTpyKType OCHOBHOro COCTOSIIIH5! >lllpa MI!We

HH na6moaaeTCSI paa6poc rHraHTCKoro pe::lOnanca no 6onbwoMy •mcny cocTOHHHM 

y>Ke s paMKax o6ono'le'IHoro no11xoaa . VI HTerpanbHOe ceqeHHe s o6nacTH 20-26 M a n 
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• 200 M6apH • M"la , 'IT O cocTaanneT 55% nonHoro ce'IeHHSI nornoweHHn; OHO noq

TH Ha 80% COCTOHT H3 nepexonoa H8 COCTOHHHSI C T= 3/2. 

B o6naCTH 3HeprHli no . 20 M3B HaxonHTCH nHrMH-pe3oHaHc, KOTOpbili no'ITH 

nOnHOCTbiD COCT OH T H3 COCTOSIHHH C T = 1 /2. XaocT ce'IeHHSI nornoweHHSI THHeT-

CH no 40 M3B H COCT OHT KaK H3 COCT OSIHHli C T = 1 /2, T8K H COCTOSIHHli C T =3/2. 

Oco6o CT OH T OTMe THTh MaKCHMyM npH 35 M3B, o6ycnoaneHHbiii ao36y>KneHHeM BHyT-

peHHero I s - HyKnoHa. B oTnH'!He OT 6onee nerKHX nnep I p - o6ono'!KH ero 

BKnan B nonHyiD BepOSIT HOCTb Man (nopnnKa 5% OT nonHoli Bep OHTHOCTH ), H OH He 

HrpaeT 3aMeT HOH pOnH. 3 T O npHBOn HT K TOMy, 'ITO B naHHOM cnyqae npaKTH'!eCKH 

He 6yneT Ha6niDnaTbCH KOH¢Hryp8UHOHHOe pacwenneHHe nHnOnbHOPO pe30HaHca, 

CTOnb xapaKTepHoe nnn ocTanhHblX nnep I p - o6ono'IKH . 

2 . Pacnan KB83HCTauHoHa pHbJX cocToHHRli nnpa 
15 

N Ha ypoBHH nnep 
14 

N 
14 /8/ 

H C pacc'IHTbJBan cn B paMKax o6hi'IHOro ¢opM£lnH3Ma npHaeneHHbiX WHPHH 

npH pac'!eTe cxeMbl pacnana Y'IRTbiBanHCb nepexonbt Ha ypOBHH 
14 

N H 
14 c c 

KOH¢HrypaUHeli 1 
'ITO COOTBe T CTByeT Bbtne T y HyKnOHa, HenocpenCTBeHHO 

nornoTHBwero y - KBaHT ( Ha pHc . 2 3TH ypoBHH o6o3Ha'IeHbl cnnowHoll nHHHell), a 

TaK>Ke Ha ypOBHH OTpHU8TenbHOii 'I\!THOC TH C KOH¢ HrypaUHeli 

{nyHKTHpHaSI nHHHH) , 'IT O COOTBeTCTByeT CBOe06pa3HOMY MeXaHH3MY pacnana - HC-

nyCK8HHID p - HyKn OHa 1 HenocpenCT BeHHO He Y'I8C TBOB8BWero B norn oiUeHHH y -

KBaHTa ( cTpSIXHBaHHe) . Y poBHH , noKa3aHHble Ha pHc . 2 WTpHx-nyHKTHpnoii nHHHeii , 

6 
1101 Ip-4 (2 s

2
+2sld+ l d 2

) HMeiDT onee cno>KHYID npHp ony , a HMeHHO c 

He6onbwoli npHMeChiD Konqm rypauHii Ip - 2 • nep eXOnbi H8 ypoBHH T8KOli npHpOnbl 

6ynyT HnTH Tonb KO 3a C'I e T 3Toli npHMecH . BKnan TaKHX nepexonoa Man, nosTo

MY HX n e y'IHT biBanH B pac '!e T e. BonHOBbJe ¢yHKUHH OTPHUaTenhHOli '!eT HOCTH, HC

/ 10/ 
nOnb30B8 HHbie H8 M H, B3SITbl H3 pa60T bl • 

Pacc'!HTannan c x e M a pacn ana npHaeneHa a Ta6nHue 1 H Ha p Hc . 2 . Pacnan 

COC TORHHH C Manb!M Ce 'I eHHeM nornO!UeHHH He y'IHTbiB8n CH. ilonSI OT6poweHHblX ne

pexonoB o'IeHh Ma n a, H HX y 'Ie T n paK TH'IeCKH He H3MeHHT pe3ynhT8Tbt . Pacnan 

nHn onhH btX aoa6 y >Kne HH li B 
15 

N Mo>KeT HnTH no c neJlyiDlllHM aeTBHM: 

1. Y! cnyCK8HHe· npOTOH8 C o6pa30B8HHeM l4 C B CBH38 HHbiX COCTt>SIHH HX -

14 
U ( y, p) • '-!aCTb iD 3 TOli Be nH'IHH bl HBnSieTCH Ce'!eHHe o 6pa30B8HHH C B OC-

HOB HOM COC TOSIHHH - U ( y 1 p O ) 

2 . Yl cnyc Ka HHe npOTOHa C o 6 pa3 0B8 HHeM He B BbiCOKOB036y>KneHHOM COC-

T OSIHHH C nocn e JlyiDlUH M HCHyCK8 HII eM He liTpOH8 U ( y , p D ) • 

5 



3. J.1cnycKaHHe HeliTpOHa C o6pa3oeaHHeM 14 
N e CeSJ3aHHbiX COCTOSIHHSJX -

0 ( y, D ). lfaCTb iO 3 TOll eenH'!HHbl genSJeTCSJ Ce'!eHHe o6pa30BaHHSJ 

HOM COCTOSJHHH - a · ( Y , D
0

) • 

14N e OCHOB-

4. Ylcny::KaHHe HeliTpoHa c o6pa3oaaHHeM 14 N e ebiCOKOB036y>KneHHOM 

COCTOSJHHH, HO .QO nopora Bbine Ta eTOpH'IHOrO HeliTpOHa, H C nocne.QyiOlllHM HCnyc

KaHHeM npOTOHa - a ( y , D p ) . 

5. J.1cnycKaHHe HeliTpoHa c o6pa3oeaHHeM 14 N ebillle nopora HCnyCKaHHS! 

KaK npoToHa, TaK H HeiiTpoHa ( E > I0,6 Mae), c nocneayiOlllHM HcnycKaHHeM on-

Holl H3 3 TH X 'laCTHU 0 ( y, D p ) + a ( y , 2 D ) • 0THOCHTenbHb!H BKnan BeTaeil 

( y, D p) H ( y, 2n) B 3 TOii 06naCTH 3aeHCHT OT aenH'!HHbl npOTOHHb!X H HeliTpOHHb!X lllHpHH 

ypoeHeii3+ ,0 ( E=II,3M:;,e)HI+,I (E= I 3,7 Mae) SJ.Qpa 14 N. OaHaKo ce'!e-

HHe pacnana e s Ty a HepreTH'IeCKYIO o6naCTb gnp a 14 N , KaK eH.QHO H3 Ta6nHUbi I, 

O'leHb Mana. noa TOMy 3 TH KaHanbi He paCC'!HTbiBanHCb OT.QenbHO. no ecell eepo

SITHOCTH, Ce'!eHHe a ( y, 2n) He 6y.QeT npeBbilllaTb nonOBHHbl Ce'!eHHSJ, npHXO.QSJIUe-

rocg Ha sTy a HepreTH'Iect:y:<O o6nacTb gnpa 
14 N • 

J.13 npHee.QeHHbiX B Ta6nHue .QBHHblX MO>KHO C.QenaTb cne.QyiOlllHe BbiBOllbi: 

I • .UHnonbHbie COC TOSJHHSI c T = I / 2, a uenoM, pacnanaiOTCSJ no HeliTpOHHo

My KaHany . npH 3TOM OKOnO O.QHOll TpeTH nepeXO.QOB H.QeT Ha OCHOeHOe COCTOSJHHe 

gnpa 
14 

N . Eonhmag '!aCTb nepexonoa HAeT a CBSJ3aHHhie coc TOSIHHSJ gnep 14 C H 
14 

N • BKnan npoTOHHoro KaHana pacnana c o6pa3oeaHHeM OCHOBHoro c ocTOSJHHSJ 

gnpa 
14 

C Man (. 5% ). 

2. nHrMH-pe30HaHC e paiioHe I5 Maa pacnanaeTCSJ no HeliTpOHHOMY KaHany c 

o6pa3oaaHHeM gnpa 
14 

N a OCHOBHOM COCTOSJHHH. Pe3oHaHC npH 18 Mae pacna

naeT CSJ TaK>Ke no HeliTpOHHoMy KaHany, HO gnpo 
14 N o6pa3yeTCSJ a ao36y>KneHHOM 

COCTOSJHHH ( E = 4- 5 Maa). 

3 • .UHnonbHbie coc.ToSJHHSJ c T = 3 / 2 pacnanaiOTCSJ KaK no npoTOHHoMy KaHa-

ny, TaK H no HeliTpOHHoMy. CooTHomeHHe 3 TH X aeTaeli 1: 1,5. 

a . H eliTpOHHbili KaHan. Ha OCHOeHoe COCTOSJHHe gnpa 14 N nepexonbi 3anpe

meHbi H3-3a npaaHn OT6opa no H3ocnHHy. Eonhmag '!aCTb nepexonoa HneT Ha Bbi

COKOB036y>KneHHbie COCTOSJHHSJ gnpa l4 N , CpenH KOTOpbiX OCHOBHOH BKnan npH

XO.QHTCSJ Ha ypoaeHb 2 +, 1 ( E = 9,2 Maa) . T.K. 3TH ypoaHH gnpa 14 N HaxonSJT

CSI Han noporOM BbineTa npOTOHa, TO B cneK Tpe BbineTeBillHX '!aCTHll 6yneT Ha6mo

naTbCSJ 6onbmag nong eTopH'IHhiX npoToHoa. Ce'!eHHe BbineTa BTOpH'!HbiX npoTo

Hoe O'!eHb aenuKo ( • 100 M6apH Maa) H paaHo ce'!eHHIO nepBH'!HbiX npoToHoe. 
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IS 
TaKHM o6pa30M, nnSI <l>oTopacmenneHHSI N 6yneT eecbMa xapaKTepHbiM pa3-

ean Ha TpH '!aCTHUbi . Oco6eHHOCTbiO cneKTpa BTOpH'IHbiX npoTOHOB SIBnSieTCSI TO, 'ITO 

• 
OH O'leHb Mlli'KHii. 

6 . npoTOHHblli KaHan. EonbWaSI 'laCTb nepexonoe HUeT Ha ypoaenb 2+ ( E = 

7 M3a) Hnpa 
14 

C , SIBnSIIOWHliCH aHanoroM ypoBHSI Hnpa 
14 

N c 3HeprHeii E = 

9 M3e. OnHaKo a oTnH'!He OT nocnenHero OH CB513aH, H no3TOMY nepexonbi Ha He

ro He npHBOUHT K BbJneTy B TOpH'IHbiX '!aCTHU. BbiXon BTOpH'IHbiX '18CTHU no npoTOH-

HOli eeTBH pacnana HeeenHK. 0CHOBHa51 'laCTb nepeXOUOB HUeT B CB5138HHb\e COCTOSI

HHSI , XOTSI Ha OCHOBHOe CO~TOSIHHe S!Upa 
14 

C OnSITb, npHXOUHTCSI ManaS! UOnSI. 

CneKTp nepaH'!HbiX H BTOPH'IHbiX npoTouoe npHeeneu Ha pHc .3. TaM >Ke npo

BOUHTCH C paeHeHHe C 3 KCnepHMeHTOM . KaK BHUHO H3 pHCYHK8, TeOpHSI, B uenOM1 

npaeHnbHO OnHCbiBaeT OCHOBHbie 3HepreTH'IeCKHe rpynnbi npOTOHOB. 

4. Ponb c Tp S!XHeaHHSI a ¢loTopacwenneHHH S!Upa IS N • K aK y>Ke OT Me'!an ocb 

BbiWe, npH paC'IeTe CXeMbl pacnana UHnOnbHbiX COC TOSIHHli S!Upa IS N y'IHTbiBa n aCb 

B03MOlKHOC T b Bbine T a TaK>Ke P - HyKnoHa ( CTpS!XHBaHHe ) • Pac'!eTbiJ> B bmon-

/ 1,11 / 
HeHHbie pauee , noKa3anH , 'ITO e cnyqae HeMarH'!eCKHX Hnep 3 TH ne-

pexonbi HrpaiOT ea>KHYIO ponb. Y'leT TaKoro MexanH3Ma pacna na npHBOUH T K neyM 

OCHOBHbiM 3¢l¢leK T 8M : BO-nepBbiX , - K CMSir'leHHIO CneKTpa BbineTeBWHX '!aCTHU , 'ITO 

CBH38HO C T eM , 'ITO ypOBHH UO'Iepnero HUpa, Ha KOTOp bie HUYT n epeXOUbl. B pe3ynb-

TaTe CTpHXHB8HHSI , pacnonO>KeHbl UOBOnbHO BbiCOKO; BO-BTOpbiX, - K nepepacnpe-

-~To 6bJnO nOKa3aHO/J 1 j' neneuniO ceqeuuii Me>Kny pa3ni!'IHbiMH KaHanaMH pacnana, KaK Q 

Ha npHMepe Hnpa 
14 

C , Korna y 'leT C Tp S!XHBaHHSI npHeen K TOMy, 'ITO Ce'!eHHe 

( y, 2n) yeenH'IHnOCb B 1,5 pa3a 3a C'leT yMe HbWe HHSI Ce '!e HHli ( y, p ) H ( y, n ) 

no cpaeneHHIO co c nyqaeM, Korna c TpS!XHBB HHe ne y'IH T biBa nocb . 

ISN ce'!eHHe ¢>oTopacwenneHHSI no KaHa n y BbineTa P- nyK-

noHa cocTaenSieT oKono 17% OT nonHero. 3To noeonbHO 6onbwa51 eenH'IHHa. OnHaKo 

B AaHHOM cnyqae 38MeTHbiX H3MeHeHHii cneK Tpa HyKnOHOB He npOHCXOUHT. 3TO 

CBH38HO C TeM , 'ITO nepeXOUbl Ha OCHOBHOe COC TO HHHe UO'IepHHX S!Uep Manbi . no-

3 TOMY OCHOBHaSI BeTBb pacnana - nepeXOU Ha B036y>KUeHHbie COC T OSIHHSI. T aK , B 

14 
cny'lae npoTOHHoro KaHana pacnana ypoenH S!Upa C , eo36y>KnaeMbie e peGynb-

Ta T e CTpS!XHBaHHSI, ne>KaT TaM >Ke ( CM . p Hc .2), a HMenno e paiioHe 6 M 3e , rne 

H ypOBHH 1 B036y>KU8eMbie B pe3ynb T a T e 06bi'IHOrO pacnana. n pH 3TOM 3 TH ypOB-

HH OKa3anHCb CB513aHHbiMH . no3 TOMY 3aMeTHbi X H3MeHeHHii HII B cneKTp e npOT0-

11061 HH B KaHanaX pacnana He npOHCXOUHT0 O paana , B paC'!f!Te He y'IH T biB8nHCb 
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ypoBHH, neJKaUlHe B paJ!oHe 8-12 Maa B smpe 

<jlyHKUHH l4 C He paCC'!HTbiBanH, a npanH H3 

14 
C , T,K, Mbl HenocpeACTBeHHO 

/10/ 
pa60Tbl , a AeTaflbHaH HH<jlop-

MaUHH o6 aToJ! o6naCTH oTcyTcTayeT. Y'leT nepeXOAOB a aTy aHepreTH'IeCKYID o6-

fl8CTb npHBeAeT K HeKOTOpOMy AOllOflHHTeflbHOMy CMHI"''!eHHID CneKTpa H nepepacnpe

AeneHHID Ce'leHHA B KaHanax pacnaAa, 0AHaKO H3MeHHTb npHBeAeHHYID CXeMy pac-

naAa OHH He CMoryT, T,K, HX BflH HHHe OCna6neHO 3HepreTH'IeCKHM <lJBKTOpOM, a 

OCHOBHbie nepeXOAbi, neJKamH e a HH3KOneJKameA o6naCTH, yJKe y'ITeHbl, AHanorH'I-

HbiJ! peaynbT8T nony'laeTCH H B HeATpOHHOil BeTBH pacnaAa H3 AHnOflbHblX C ::JCTQ-

HHHA C T = 3/2, Eonee cymecTaeHHO CTpHXHBBHHe npH pac'!eTe cxeMbl p a cnaAa 

COCTOHHHil C T = 1/2, 
/12/ 

5. B r>a6oTe npH pac'!eTe cxe.Mbl pacnaAa HcnonbaoaanHCb TeopeTH'!eCKHe 
14 14 

3Ha'!eHH51 nonoJKeHH51 ypoaHeil smep N H C • CornacoaaHHe ee c aKcnepHMeH-

TanbHOJ!, 'ITO CAenaHo B H8CT051UleJ! pa6oTe, npHBeno K TOMy, 'ITO 'laCTb ypOBHeil 

npHUlflOCb CABHHYTb no 3HeprHH, a 3TO npHBeno K HeKOTOpOMY H3MeHeHHID Ce'le

HHA B pa3nH'!HbiX KaHanax pacnaAa. 0TflH'!He napUH8flbHbiX Ce'!eHHil B 3THX ABYX 

pa6oTax o6ycnoaneHo, rnaBHbiM o6pa3oM, 3THM <jlaKTopoM ( 3TO oco6eHHO KacaeTCH 

peaoHaHca npH 24,4 Maa). 

npH pac'!eTe cneKTpOB npoTOHOB B AaHHOil pa6oTe Y'IHTbiB8flHCb npaKTH'IeCKH 

112 / 
ace nepexoAbi, TOrAa KaK a pa6oTe - nHmh '!aCTb, 3To TaKJKe npHaeno K 

HeKOTOpOil Tp8HC<jJOpMaUHH KpHBOil BbiXOAa, OAH8KO, OCHOBHbJe 3HepreTH'IeCKHe rpyn-

nbl npOTOHOB OCTaflHCb npelKHHMH, 

92. 06paTHbie <jloTosmepHbie peaKUHH 
14 N(p, y) 15 0 H 

14 C ( P , y ) 15 N . 

1. E 1 - nepeXOAbl Ha OCHOBHOe COCT051HH9 smep ISO 
H 15 N. 

Ce'!eHHH np51MOA ( y, p 
0 

) H o6paTHoil ( p, y
0 

) peaKuHA CB5138Hbl MelKAY co-

17/ 6oA npHHUHnoM AeTanhHoro paaHoaecH51. B aKcnepHMeHTanbHOA pa6oTe , a Ko-

TopoA HCCfleAOB8Ha HHTepeCyiDUl851 HaC o6paTHaH peaKUH51, Ha OCHOB8HHH 3TOI"'O 

npHHUHna npoBeAeH nepeC'!eT Ha Ce'leHHe npHMOA, noaTOMy B HaCTOHUleA pa6oTe 

06paTH851 pe8KUH51 06CylKA89TC51 B TepMHH8X np51MOA, 

Ce'!eaue peaKUHH ( y , p 
0

) , npoHHTerpHpoaaHHoe no o6nacTH peaoHaHca, 

paBHO 
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t 
I 

I I 

' 

r 
Po 

o ( r • Po) •u·(y) -r-'---

rile u·( y ) - rronHoe ce"'eHHe nornomeHHH e o6nacTH peaoHaHca, a r .IT -
Po 

OTHOWeHHe WHpHHbl r P IIpOTOHHOro KaHana paCIIaQa pe30HaHCa Ha OCHOeHOe COC-
• 0 

TOHHHe llO"'epHero HQpa K IIOnHOll WHpHHe [' • nonHaH WHpHHa HenHeTCH CyMMOll 

ecex rrapuaanbHbiJ!: wupHH f' • I. f' .1 · 

TaK KaK Mpa 
15 N H IS 0 smnsno TcH aepKanbHbiMH, ce"'eHHH rrornomeHHH 

llHIIOnbHbiX y - KeaHTOe HMH QOnJKHbl 6hiTb OllHHaKOebiMH. 0llHaKO KOrQa raraHTC

KHA pe30HaHC H3y"!aeTCH e o6paTHOll peaKUHH Ha HQpaX C OTnH"!HbiM OT HynH H30-

CIIHHOM1 Ce"!eHHH IIepeXOllOe Ha aepKanbHble Hllpa He .:>6H3aTenbHO llOnlKHbl COeiia-

llaTb. ilellCTeHTenbH0 1 llHIIOnbHble COCTOHHHH, B036yJKQaeMble e IS N H IS 0 

HMeiOT H30CIIHH KaK 1/2, TaK H 3/2. B o6paTHoll peaKUHH 
14 

C (p, y ) IS N TaKJKe 

eoa6yJKQaiOTCSI 3TH o6e rpyiTIIbl COCTOSIHHll, 'ITO CeSI3aHO C TeM, 'ITO H30CIIHH OCHOB

HOro cocTOSIHHH Hllpa 
14 

C paeeH T •l • Ecnu JKe e Ka"!eCTee MHWeHH e3S!Tb 

14 14 IS 
HllPO N, H30CIIHH KoToporo T· 0 , To e peaKUHH N {p,y) 0 6yQyT eoa6yJK-

QaTbCH TOnbKO COCTOSIHHH C T = 1/2, 0TCIOlla SICH01 'ITO C XOllCTeO Ce"!eHHil 6y-

QeT OIIpeQenS!TbCSI OTHOCHTenbHbiM eKnaQOM e raraHTCKHl\ pe30HaHC COCTOSIHHll C 

T = 1/2 H T = 3/2. 

IS 14 
PeaynbTa Tbi pac"!eTa ce"!eHHil N ( y , p 

0
) C H 

eeQeHbi Ha pHc.16 H 1e. KpHeaH ce"!eHHSI ISN ( y, p
0

) 14 C 

IS 0 ( y, p ) l4 N rrpH-
0 

HaiiOMHHaeT KpHeyiO 

nonHoro c e"'eHHH. MaKCHMYMhi o6eHx KpHebiX pacrronoJKeHbi e palloHe 24 M a e. Oll

HaKo aa-aa Toro, 'ITO OTHoweHHe f' P I f' He ecTb nocTOHHHaH eenH"'HHa QnSI ecell 
0 

3HepreTH"'eCKOll o6nacTH, CTpyKTypa o6eHx KpHehiX oTnH"'aeTCSI. 

I SQ ( I< . 
KpaeaSJ ce"!eHHH 1 y , P ) N a6coniOTHO He noxoJKa Ha KpHeyiO nonHoro 

Ce"!eHHSI e o6naCTH raraHTCKOro pe30HaHCa, HO OTpaJKaeT CTpyKTypy IIHrMH-peao-

HaHCa, T,K. OH COCTOHT HCKniO"'HTenbHO H3 COCTOHHHll C T = 1/2, KOTOpble H e 03-

6yJKllaiOTCH e llaHHOM cnyqae. B ce"!eHHH HMeeTCH MaKCHMYM e palloHe 15 Mae. 

HTopoll JKe He6onhwoll MaKCHMYM, pacnonoJKeHHhiil e palloHe 23 Mae, pacnnbieaeT-

CH0 ecnH y"'eCTb WHpHHbl llHIIOllbHblX COCTOSIHHR. 

3KcnepHMeHTanbHble QaHHbie 
17 1 

IIO Ce"!eHHHM o6paTHOll peaKUHH Ha ISQ 

H 15 N e o6nacTH eoa6yJKlleHHH 18,7 - :.!4,6 Mae TaKJKe roeopHT o paanH"'HOM 

xapaKTepe llHIIOnbHbiX peaoHaHcoe. EcnH e HQpe ISN e aToll o6nacTH aHeprHA 

Ce"'eHHe HMeeT HCHO ebipaJKeHHblll MaKCHMyM, TO e Hllpe IS 0 Ha6niOQaeMOe Ce"!e-
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HHe HMeeT rrnaBHbti! BHU, AHanorH'!HaH CHTyauHH Ha6monaeTcH 

H B S!Jlpe 
13c /13/ 

• Pac'!eT Yl3rrH rroKa3a.'l, 'ITO OCHOBHOli MaKCHMYM a ceqe-

HHH rrornoiUeHHH IIpHXOUHTC5l Ha pai!OH E y = 22-28 Maa H o6pa3yeTCH COCTOHHH-

HMH c T = 0/2, 3KcnepHMeHTarrbHOe li3y'!eHHe o6paTHOll peaKUHH 

rrpHBOUHIUei! K B036y)KJleHHbiM COCTOSIHHSIM TOITbKO C T = I /2, He 

12C(p,y) 13N, 

114/ 
06Hapy)f{HITO 

HHKBKOrO MaKCHMyMa B 3TOH o6rrllCTH. 8 TO )f{e BpeMSI Ha6ITJO)laeMbte B peaKUHH 

MBKCHMYMbl XOpOIUO cornacy iOTCSI C paC'!eTOM Yf3ITH UriS! COCTOSIHHH C T = 1/2, 

Ebtno 6bt HHTepecHo npoaecTH neTarrbHOe cpaaHeHHe nony'!eHHbiX pe3yrrbTa

TOB C 3KCIIepHMeHTOM, OC06eHHO C TpyKTyp bl Ce'IeHH H. C TpyKTypa Ce'JeHHSI o6paTHOH 

peaKUHH onpenelH!eTCH UBYMSI cjJaKTopaMH - Ce'IeHHeM nornoiUeHHSJ y - KBBHTOB 

H OTHOWeHHeM WHpHH, npaana, B UBHHOM cnyqae HY)f{Hbl He CBMH Wl!pi!Hbl, a HX 

OTHoweHH e . OnHaKo TPYilHO oueHHTb, c KaKoA TO'IHOCTbJO pacc'!HTbtBaJOTCH 3 TH 

OTHOWeHHSI. 

2, E 1- rrepeXOllbl Ha B036y)f{)leHHOe COCTOSIHHe I = 3/2 
uo HuN 

Hnep 

Yf3ITy'IeHHe JlHIIOITbHblX y - KBaHTOB Ha B036y)f{)leHHbJe COCTOHHHH B o6paT-

/15/ B 12 IB 
HOA peaKUHH Ha6ITKJJlBITOCb BO MHOrHX HJlpax: Be , C , 0 H T, U . 

8 IIpHMOM KaHane 3 TO COOTBeTCTByeT IIOriTOJUeHH!O y 1- KBBHTOB B036y)KJleHHbiM 

COCTOSJHHeM, 3KCIIepHMeHTB ITbHbJe )laHHble IIOK83bJBaJOT, 'ITO rHraHTCKHll pe30HaHC 

Hail B036yJKJleHHbiM COC TOSJHHeM HMeeT IIpHMepHO Ty JKe 3HeprHJO, 'ITO H pe30HBHC 

Hall OCHOBHb!M COCTOHHHeM H CJlBHHyT ITO CpaBHeHH!O C ITOCITe)lHHM Ha 3 HeprHJO 

B036yJKJleHHOrO COC T OHHHSJ, 

fHraHTCKHll pe30HaHC Han COC T OHHHeM I • 3/2 cjJOpMHpyeTCSJ H3 WeCTH rpynrr 

rrepeXOJlOB - B JlOIIOITHeHHe K rpyrrrraM OCHOBHOrO COC T05lHHSJ Jl06aBITSJ!OTCSJ rrepe-

XOJlbt Ha ypoaHH I = 5/2 c H30CrrHHOM T = I / 2 H T = 0 n.. VI HTerpanbHoe ce-

'!eHHe nornomeHHH oKa3bJBaeTcg paBHbJM 334 M6apH • Maa, 'ITO HeMHoro MeHb

we Ce'JeHHH Hail OCHOBHb!M COC TOSJHHeM, Ha JlOIT!O HOBOH rpyiiiibl rrpHXOUHTC5l 35% 

ce '!eHHH, Ce'!eHHe nepexo~os Ha cocTOHHHH c T = 3 / 2 a I, 7 pa3a 6onbwe Ce'IeHHH 

Ha COCTOHHHSJ C T = J/2, nonHoe Ce'IeHHe rrorrrOIUeHHSJ Han COCTOSJHHeM I = 0/2 

npHaeneHo Ha pHc.4a, XoTH aTa aerrH'IHHa H He HMeeT TaKoro JKe cjJH3H'!ecKoro 

CMbiCITa1 KaK Ce'JeHHe norrrOIUeHHSJ OCHOBHbiM COCTOSJHH 8 M 1 HO T eM He MeHee npe)l-
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CTSSJIHeT HHTepeC .QJIH nOHH~SHHH CSO~CTS pe30H8HC8 0 C~OpMHpOBSHHOf'O nepexo

.QSMH C B036Y>KAeHHOf'O COC TOHHHH, TllK >Ke KllK pe30HilHC HilA OCHOBHblM COCTOH-

HHeM, pe30Hil HC HSA COCTORHHeM I = 3/2 HMeeT lliHpOKH~ MllKCHMyM, PllCITOJIO~ 

>KeH OH s HHTepsllne aHeprHA 30-35 M a s. UeHTP T H>KeCTH peaoHilHCil CABH.cryT no 

CpasHeHH !O C pe30HilHCOM HilA OCHOSHblM COCTOHHH eM npHMepHO Hll 6 M as - KllK 

pll3 Hll aHepf'H!O s036y>KAeHHR aTOf' O COC TOHHHR, TllKHM o6pll30M, XOTH B ~OpMHpo

S8HHH pe30illlHCil HilA soa6y>K/leHHb!M COCT OHHHeM 60J1blliYIO ponb Hf'p'l!OT HOBble 

nepeXOAbi c I = 5/2 +, soo6we OTCYTCTSYIOIUHe S pe30HilHCe HilA OCH08Hb!M COC-

TOHHHeM, H, 6onee TOf'O, - OHH s6Hpll!OT S Ce6H OKOJlO ~5% nepeXOAOS , 06IUHe 

CsOACTBil pe30HilHCil OKil31lJlHCb He 31lBHCH!UHMH HH OT TOf'O, nepeXOAbl H3 KllKOf'O 

COCTOHHHH erO ~Op~HpyroT, HH OT TOf' O, KllKifMH COCTOHHH IIMH OH o6pll30SilH, 

B o6paTHO A pellKUiflf 14 C(p ,y) 
15

N npoHBJIHeTCH JIHllib He6oJlbllillH AOJIH rlf-

f'llHTCKoro pe30HilHCil - BeCbMil CJI86brli MllKCHMYM npH a Hepf'li lf ~0 M as (pHC,36), 

B pellKUHif >Ke 
14 N (.p, y) 15 0 aoo6me HeT HlfKilKoro MllKCifMyMa, 
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Ta6i!IIJ.\a I 

rJap!UiailbHHe cet~ e HJl ll cjloropacl!leliJ!enl!ll ll)(pa 15 N B w6apH, M3B) 

-;t- £~ o; o(r, P) o(o,Pn.) o(r,n) s-(r, n-p) o(r,np)+ 
o(o.P.) o(r,n.) J)T IIJ!, o(o, 2n) 

16,6 1,9 0,9 - 1,0 - - 0,9 
18,0 2,5 1,0 - 1,5 - - 1,0 

21,J 20,8 10,4 - 4,6 5,8 - 2,6 

J/2: J/2 2~,4 95,0 J1,7 7,7 18,1 J7,5 - 9,6 

26,2 lJ,4 4,0 1,5 1 J 5 6 1 0 0 7 
J0,6 10,0 1,5 2 ,2 - 2,8 J,5 -
J4,1 10,4 1,J 2,2 - 2~ 7 4,2 -
L..i. 154,0 50,8 1J,6 26 ' !54 4 8 7 1~,8 

12,0 1, 2 1,2 - - - - 1,2 

2J,6 41,5 16,2 0,4 1,6 2J ,J - 0,9 

16~ J I 2 25,4 10,2 1,~ 2,1 0,4 J,1 2,7 0,2 

26,7 5,5 1,8 O,J - J,O 0,4 -
28,0 6,) 0,6 1,9 - 1,2 2 ,6 -

Xi!. 64 7 21 7 4 7 2 0 JO 6 
' 7 

2,J 

1),9 2,0 0 , 2 - 1,8 - - 0, 2 1,8 

17,9 11,0 1,9 - 9,1 - - 1,9 1,) 

19 4 2 2 - - 2 2 - - - 0,4 

21,9 4,0 0,5 - J,J 0,2 - - O,J 
1 + 

1;2 12, 22,8 5,) 1,1 o,1 ),8 O,J - 0,1 1,2 

24,0 8,4 1,4 0,9 5,) 0,8 - - 1,1 

)4 9 19 ) 
1 ' - 7 1 0 6 10 4 0 2 2 2 

1:3 52,2 6,) 1,0 J2,6 1,9 10,4 2,4 8,) 

1),1 2,5 - - 2,5 - - - 2,5 

14,8 4,2 - - 4,2 - - - 4,2 

15' 4 12,6 0,) - 12,) - - O,J 12,2 
) + l 
I 2. 12 16 2 1 8 0 4 - l 4 - - 0 4 1 1 

19 Q 6 1 2 .9 - J 2 - - 0 8 , 0 

22,7 25,2 5,2 0,9 18,0 1,1 - 1,5 6,8 

2),2 9,2 1 , 2 ),1 4,5 0,4 - 0,1 1,6 

)6,5 9,4 2 , 4 J,J 1,0 0,9 1,8 o,8 0,5 

L.'t 71,0 12,4 7,J 47,1 2,4 1 1 8 J,9 29,9 

L )41,9 91,2 26,6 103,2 89,J 26,6 2J,4 )8 1 2 
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PHc.l. HHTerpanbHOe ceqenne nornomeRHst LlHno~~HbiX y - KBBHTOB ( TeopnR). 

B. nonHOe CeYeHHe nornoweHHSI B Slllpe N B 38BHCHMOCTH OT 3HeprHH 

rra.a.aiDmero y - . KBBHTa. KpynHbiM nnaHoM Bbt.O.eneHo ceqenne nHrMH-peao
Hanca. CaeTnbJe npSIMoyronbHHKH - · nepeXOJlbi a COCTORHHR c T"" 1/2, 
aaqepHeHHbie - a cocTOSIHHS! c T ~ 3/2 . 6. Ce'leHHe !j>oTopacmenneHHS! 
<7 ·( y, p O) Rllpa IS N C 06pa30B8HHeM I< C B OC~~BHOM COCTORHHH. I< 

a. Ce'!eHHe !j>oTopacmenneHHR " ( y , p 0 ) Mpa 0 c o6paaoaaHHeM N 
B OCHOBHOM COCTOSIHHH. npSIMbl9 nHHHH - Cel.feHH9 6e3 Y1..f9T8 WHpH~bl KB8-

3HCT8UHOH8pHblX COCTOSIHHit , IlpstMOyronbHltK - TO >K9 C9'lf9HHe, HO C y1.feTOM 

wupHHbi ypoeHell. 
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cflt 

PHc . 2. CxeMa pacnaAa ocHOBHb!X AHnonbHbiX coc TostHHil stApa 
15 N • Y KB>KAoro 

COC TOSIHH 5l yKB38Hbl CllHH H J.l30C11HH, oenH'lHHa Ce'leHHSI nornOllleH!Hl H 

rnaBHblC neTBH pacna aa. 
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PHc. 3 . CneKTP <PoTonpoTOHOB npH pacmenneHHH 5ILIP8 
15 N • fHCTorpaMMa - pe3ynbT8T 

p8C'<eTa. 3KCITepHMeHT8llbH8SI KpHB8SI B3SIT8 H3 pa60Tb/S/ 
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&. 

PH c.4. nHnOnbHbiH rHraHTCKHA pe30H8HC Haa. COCTOSIHHeM I = 3 / 2 RAep 15 N H 

tso • a. Cel.feHHe nornomeHIHI y - KBaHTos. 6. Ceqem.fe <jJoTopacmenneHHSI 
a ( y, p O) SUlpa IS N C o6p830B3HHeM 

1 4 C B OCHOBHOM COC TOHHiili. 

17 


