
/8/9 :t -t 

e 
COOfi.IHMR + 

06'b8AMHIHHOrO 
MHCTMTYT8 

RABPHbiX 
MCCIIAOBBHMI 

AYfiHa 

Pl5-80-786 

A.A.BhiKOB, O.E.KpapT, IO.B.HaYMOB, B.ci>.fieTpoa, 
B.M.CHraRoB, M.B.CH30B 

fiPOME~YTQqHAH CTPYKTYPA 

B fiPOTOHHMX PE30HAHCAX 

1980 



1. BBEAEH~E 

6 TO speMfJ KSK CTPYKTypa HeV!TpOHHbiX pe30H8HC08 \11HT€HCtiiBHO 

\113y4aeTCfl KSK 3KCnepvtM€HT8TOp8Mt~~, 
TSK \11 TeopeT\11KSMI-1, BOnpoCaM 

CTPYKTYPbl peaoHaHcoe e peaKU.VIRX c npoTOHaMitl YAenAeTcA Mana 

8HI-1MaH\11R. 0CHOBHbl€ YCHilii!A HanpaBJl€Hbl Ha \o1CCI1€AOBSHIII€ CBOi:1CTB 

8H8IlOrOBbiX COCTORH\.11\.1, KOTOPble XOpOWO npOABilfiiOTCR B <!lyHKU,\.•1f'IX 

eoa6ymAeH\11fl ynpyroro H Heynpyroro pacceAHt~~R npoTOHOB 1-1 e peaK­

U.VIIrl (p, y). 0AHSKO B T€X >Ke ¢lYHKU.V1fiX B036ymA€HHfl npH 3Hepn1AX 

npoTOHOB OT 1 AO 5 M3B Ha6n~AaeTCR 6onbwoe 4V1Cno HeaHanoroeblx 

peaoHaHcoe. Hx \11HTeHCV1BHOCTb ~acTo cpaeHHMa c HHTeHcHsHoCTb~ 

aHanoros. 
B nocneAH\.IIe roAbt HaKonneH 6onbwolll 3Kcnep\.IIMeHTailbHbJV! MaTe­

PI-1an o6 3Hepri-1RX, KBSHTOBbiX xapaKT€pi-1CTV!Kax, napu.HailbHbtX WH­

pHH8X HeaHanorOBbiX npoTOHHbiX pe30HaHCOB. 0AHaKO onpeAelleHHbiX 

3aKJ1~4eHH~ 0 CTpyKType 3THX pe30HaHCOB CAenaHO He 6blllO. npeA­

nonara110Cb, 4TO npOTOHHbl€ pe30HaHCbt I'IMeiOT CTaH1CT~4eCK~~ xa• 

paKTep, T8K >Ke 1<8K ~ pe30H8HCbl B peaKU~RX C HeHTpOH8MH It/ 

B To >Ke apeMA oTMe4anocb, 4TO ~MeiOTCR AaHHble, yKa3b1Ba~~~e Ha 

HeCT8T~CT1'14eCKHC1 XapaKTep H€8H8!10rOBbiX npoTOHHbiX pe30H8HCOB / 2 /, 

npAMbiM AOK838T€IlbCT80M H€CT8H1CTH4€CKO~ npHpOAbl HeaHanorOBbiX 

pe3oHaHcoe 6btno 6bt o6Hapy>KeH~~te npoMe)l(yTo4HO~ 
CTPYKTYPbl 131 

B C€4€HHAX pe8KUH~ C npOTOH8MH. npocTeHWHM npOABil€HI-1€M npoMe­

~YT04HO~ CTpyKTYPbl ABilfl€TCR H811H411\€ M8KCHMYMa B pacnpeAeileHHI'I 

KB8AP8TOB npHB€A€HHbiX W~PI'IH p€30H8HCOB 8 38BHCI'IMOCT~ OT 3Hep­

r~ll\ B036y)I(AeHHA • 0AHaKO nonbiTKH H8HTH TaK~€ MaKCHMYMbl B npHee­

A€HHbiX w~p~Hax He yeeH4a!l~~tCb ycnexoM 11 1, 0T4eTili'IBo a pacnpeAe­

neHI'IAX np~B€A€HHbiX npOTOHHbiX WHP~H npORBJlAIOTCR TOJlbKO 8H8110ro­

Bbl€ COCTORHHR • TaKa A )!{€ CI'ITY8UHR Ha61110A8€TCR ~ A11R raMMa-m~­

pHH. 

Cor nacHo 14 1 np0f'o\€)1(YT04HOH CTPYKTypo~ Ha3btaaeTcR HapyweH~e 

npeAnOJ10~€HHH CT8TI'ICTH4€CKOH MOA€1111\ B 110K8Ili'I30B8HHO~ 3HepreTH-

4€CKO~ o6nacT~. OcHoBHbiM npeAnono)l(eHHeM cTaTI'ICTH4ecKo~ MOA€111'1 

AB11R€TCR cny4a~Hoe pacnpeAelleHHe np~BeAeHHbiX WI'IPI'IH yAc pe3o­

HaHcos: 

---.!. ,f 
y, y, , =h a , , 

1\C /\C /\C CC 

rAe ycpeAH€HHe npoBOAI'ITCR no pe3oHaHCaM A ; c 11 c' - KaHa.nbl 

peaKUI'IH. 3TO COOTHOW€HHe MQ)I(€T 6b1Tb npoaepeHO 3KcnepHM€HTa.nb­

HO 1 noCKOilbKY 8 H€KOTOPbiX CilY48RX MQ)I(HO onpeA€Ili'ITb 3HaK Al1R 

OTHOW€HYIR npHB€A€HHb\X WHpY!H ~ ""0 , 
yl.c' 
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8 pa60T€ /3/ onpe,qeneHbl 3HaKI-1 OTHOW€HV1R npV18€,Q€HHbJX Wl-1pi-1H 8 BbiXO.QHOM KaHane .QJlR Cny4aR. Heynpyroro pacCeAHVlR npOTOHOB 4epe3 pe30HaHC 3/2- Ha yp08€Hb 2+. 3n1 OTHOW€HHR HaH,qeHbl ,QflR 6onbworo 41-1cna peaoHaHcos a 49 V , np111 3TOM noKa3aHo, 4TO 8 ,QaHHOM R.QP€ Ha6n~,qaeTCR npoMe~yT04HaR CTpyKTypa,OTfll-14a~~aACR OT aHailOrOBOrO COCTORHHA. MHTepnpeTa~V1V1 npoMemyT04HO~ CTpyK­TYPbl B 131 
He ,qaeTCA. 

8 HaCTOAI.J.IeH pa6oTe npe,qnaraeTCA HOBbJ~ MeTo.Q noVJCKa npoMe­~YT04HbiX CTPYKTYP, OCHOBaHHbl~ Ha aHanl-13€ 3HaKOB B€111-14YIH CMe­ce~ My11bTV1nonbHOCTeH 0 ,qnR raMMa-pacna,qa pe3oHaHcoa. Beni-141-1-Ha VI 3HaK 0 onpe,qenAJOTCR. 1-13 aHanH3a yrnoBbiX pacnpe,qeneHI-11-1 raMMa-nepexo,qoa 8 peaK~I-11-1 (p, y) 4epea pe30HaHc. AHanl-13 3Ha­KOB 0 noKa3biBaeT, 4TO 8 peaK~IIIYI 60 Ni(p, y) 
6 tcu ,qnA 3/2-peaoHaHcoe CYI.J.I€CTBY€T npoMemyT04HaA CTPYKTypa, raMMa-pacna,q pe30HaHCOB xapaKT€PYI3Y€TCR CVlflbHbJMYI MJ -nepexo,qaMYI Ha OCHOB­HO€ COCTORHYI€. 

noABfl€HYie· npOM€»<YT04HOI-1 CTPYKTYPbl YIHTepnpeTV!pyeTCR KaK pac­npe,qeneHH€ CYiflbl r~t~raHTCKOrO pe30HaHca raMosa-Tennepa no peao­HaHCHbiM COCTORHV1RM 6011€€ Cfl0}1(HOi1 CTpyKTYPbl. 

2. METO/l nonYYEHHR o 
Yrnoaoe pacnpe,qeneHVIe npRMbiX raMMa-nepexo,qoa c pe3oHaHca I i Ha H1.13K.Oll€»<ai.J.I€€ COCTORHV!€ l f Bblpa}l(a€TCR 8 8Y!.Q€ pa3flO}I(€HV1R no nonllfHOMaM flemaH,qpa: 

W(e) ~X Ak Pk (cosO). 
k 

,anR peaK~VIYI (p, y) Ha 4€THQ-4€TH0!-1 MVIW€HY! Yl cnVJHa P€30HaHCa I i = 312- MO~Ho nony4V1Tb !6!: 

It 5/2, 

I r 7/2, 

A 2 ~ -0,5.:::!,?~ +0,58 2 

r + o 
0,4-1,558 A = 

2 1 +0 2 

-0.10+! ,188-0,3758 2 

1+82---, 

+0,1428' 

EcnVI V13B€CTHbl cnV1Hbl Ha4aflbHoro J.1 KOH€4Horo COCT0RHltli1 VI V13-M€P€HO 3KCnepV1M€HTanbHO€ 3Ha4€HI-1€ A2 , TO ,QilR nony4€HHR 0 Ha,Qo pewi-1Tb KBa,qpaTHoe ypaaHeHltle. 8 peaynbTaTe nony4a~TCR ,qea aHa-4eHI.1R 0, O,QHO J.13 KOTOPbiX Mano 11 COOTB€TCTBY€T OCH08HOMy BKlla,qy 
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M1 -MyJlbTHnO!lbHOCT~ B nepeXOA, a BTOpoe - B€JlHKO H OTHOC~TCA 

K OCHOBHOMY E2 -nepeXOAY. li13 ¢H3H4€CKV1X coo6pa}f(€HV!III BTOpoe 

3Ha4€HV1€ MO}f(HQ OT6pOCV1Tb, TaK KaK ero HCnOJ1b30BaHV1€ npHBOAVIT 

K HenpaeAonoAo6Ho 6onbWV1M 3Ha4eHI-1fiM B(E2). TaK~ttM o6pasoM no­

!ly4aeM 3H-84€HV!€ 0 C onp€A€Il€HHbiM 3HaKOM • 0TM€THM, 4TO \.1M€€T 

CMbiC!l H€ CaM no ce6e 3HaK 0, a OTHOCV!Te!lbHbl~ 3H8K 0 AJ1A pacna­

A8 pa3!1\.14H~x pesoHaHcos. 

noVI-CK npoMeX<yT04HO~ CTPYKTYPbl 3aK!1104aeTCfl B H3MepeHV1VI. yr­

!lOBbiX pacnpeA€!1€HVIIII raMMa-nep€XOAOB C p€30HaHCOB C onpeAe­

I1€HHbiM Cm1HOM \.1 aHaJl\.13"€ OTHOC\.1T€!1bHbiX 3HaKOB CMeCe!ll i) Aflfl pas­

HbJX pesoHaHcos. Hanl-1-4\tl€ 4eTKoiil KoppenAL\111111 e 3HaKax 8 03Hal.laeT 

CYtl.\€CTBosaHI-fe npoMe)l{yT04Hol-1 CTPYKTYPbl. 

CornacHo CTaT~-tCTvt4eCKO~ TeopV1i-t raMMa-wHp\tiHbl I'y Ailfl nepexo­

AOB c pesoHaHcoe Ha AaHHblili ypoeeHb nOA4\.1HfltO-TCR pacnpeAe.neHt-tiO 

x 2 c OAHO~ CTeneHbiO ceo6oAb!. B TaKOM cny1..1ae Ailfl npHB€A€HHbiX 

WJ.1p\.1H YA, ~ V r. cnpaseAJU-180 HOpMaJ1bHO€ pacnpeAe11€HJ.1€ (a> 0) 

c w~t~p\.1HO~ a .... ...j < l'y > 111 cpeAHYIM 3Ha4eHV1eM 0 .. TaKHM o6pasoM, 

v' I' (E2/ 

B CTaH1CTV14€CK0!-1 TeOpt-tJ.1 B€Jli-14HH8 [j ~ y €CTb cnyl..!aV!HaA 

'J'T'y (Mt) 

B€!11114V1Ha t paBHafl 0THOW€Hitt10 HOpMaJ1bHO pacnpeA€!1€HHbiX 8€!1\.14\IIH 

c napaMeTpaM\.1 a (E2) vt o (Ml}. n-noTHOCTb pacnpeAeneHHR eepo-

fiTHOCTJ.1 AilA S Bbtpa>KaeTcA pacnpeAeneH~-teM KowH: 

w (li) = .!_ 0:-

rr (o:2+82)' 

a~ a(E2) 

a(Ml) 
HasecTHO, 4TO pacnpeAeneHHe Kow~-t npeACTasnAeT co6o~ pacnpe-

AeneHVIe sem'I4V1Hbt 0 "'a tg¢, ecnH eenvt41.1Ha ¢ pasHoeepoF~THa 

a ~HTepsane (-•/2, •/2). 

TaK1.1M o6pasoM, cornacHo cTaTI-1cTI-14ecKo~ TeOpiiiH Ailfl seni-141-1Hbl 

¢ = aiCtg r l..Q] paBHOB€pORTHbl BC€ 3H84€HV1fl 8 I-1HT€PB8!1e 

a 
(-rr/2, rr/Z) · 0TKflOH€HIIIfl OT TaKoro pacnpeAe!leHHR CBHA€T€J1bCTByiOT 

o Ha!liii4HV1 npoMe}f(yT04Hot:1 CTPYKTYPbl. 

3. 3KCnEPHMEHTADbH&lE PE3YDbTATbl 

PesoHaHCbt s 
61 Cu sos6y*AanHCb a peaKU,\.114 60 Ni (p, y )- 61 Cu 

npJ.1 3HeprvtflX npOTOHOB 6 \.1HTepeane OT 1570 AO 1850 K36. npoTOHM 

yGKOPRfllo1Cb 3~€KTpOCTaTH4€CKHM reHepaTopOM na6opaTOPV1H H€~TPOH­

HO~ $H3HKH OH~H. MV!WeHH 60 Ni /95% o6ora~eHHF~/ HMenH TO!l~HY 

10-20 MKr/cM
2 • raMMa-1.13flY4€HIIIe perHCTPHPOBanOCb 'Qe(Li)-AeT€KTO-

POM 06DeMOM 40 cM 3 C 3HepreTYI4eCKHM paspeweHH€M 8 K38 AJ1R- raM-
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Ta5Jmua 1 

PaeprHn pe3oHaHca, CrrHH 
f3B /~3 K3B/ pe3oHaH-

1577 
1588 
1694 
1734 
1757 
1764 
1770 
1783 
1793 
1815 
1835 
1850 

ca 

3/2 
3/2* 
3/2* 
3/2 
5/2 
3/2,/5/2/ 
3/2 

3/2 
3/2,/5/2/ 
3/2 
3/2 

* 3Ha"q6HHH: CllHHOB BnepBbi€ 
6bmH onpeAeJieHbi B pa5oTe 171 . 

Ma-nHHH~ c 3HeprHe~ 7 M3B. 
npH ,qaHHOH 3HeprH~ npOTOHOB 
H3M€P.RilHCb raMMa- cneKTpbl 
no,q· yrnaMH 0°, 30°, 60°, 90° 
K HanpaeneHH~ na,qa~~ero 
ny4Ka. 0pH·3TOM onpe,qen.R­
IlHCb HHT€HCHBHOCTb ny4K8 
npOTOHOB H HHTerpaJlbH8.R 
HHT€HCHBHOCTb raMMa-IlY4€~, 
saperl-lcTpl-lpoeaHHbJX Kpl-lcTan­
noM NaJ (Tl) ,pacnono)f{eHHbiM 
nO,Q yrJlOM 90° K ny4Ky, 4TO 
n03BOil.RI10 HOpMI-lPOBaTb HHTeH­
CI-lBHOCTb KaK Ha 4HCI10 npo­
W€,QWHX npOTOHOB, TaK 1-1 Ha 
4HC110 HCny~eHHbJX 1-13 MHUl€HH 
raMMa-KB8HTOB. 

B yKa3aHHoH o6naCTH 3Hep­
rl-1~ npOTOHOB pacnOJ10)1{€Hbl 
aHanorOBbl€ COCTO.RHI-l.R p

312 
, 

f 5/2 H p 1/2 , ,QSHHbl€ 0 KOTO­
pbiX ony6Ili-1KOBaHbJ H8MI-1 8 pa-
60T€ /2/. noMI-lMO HHX 8 3T0£1 
3Hepr€TI-14€CKO~ 0611aCTH Ha-
6Jl~,QailJ.1Cb pe30H8HCbl C M€Hb­WJ.1MJ.1 raMMa-wHPI-lHaMI-1 171• CnJ.1HbJ 3THX pesoHaHcoe , aa HeKOTOpbiMH J.1CKI1~4eHJ.1.RMI-1, ,QO CHX nop onpe,QeileHbl He 6bl!lH. He 6blJ10 HJ.1KaKI-1X ,QaHHbiX 0 Myilbn1nOilbHbiX CM€C.RX ,Qil.R raMMa-nepeXO,QOB C 3TJ.1X pe-30HaHCOB. 

8 Ta6J1. 1 npJ.1B€,Q€Hbl nO!lY4€HHbl€ HSMH ,QaHHbJ€ 06 3HeprH.RX J.1 cnJIIHax Ha6n~,qaeMbiX pesoHaHcoa. nocne,QHJ.1e onpe,QeneHbl no yrnoBbiM pacnpe,qeneHI-1.RM raMMa-nepexo,Qos c pesoHaHcoa Ha HHmene)f{a~JIIe ypoe­HJ.1 61 Cu. 06pa6oTKa yrnoebrx pacnpe,QeneHJ.1i1 npoJ.13BO.QHJ1aCb cno­co6oM, no,Qpo6Ho onHCaHHbiM a 121 . 
8 Ta6n.2 A8HbJ 3Ha4eHJ.1.R A 2 "' 0 ,Qn.R peaoHaHcos co cnl-lHOM 3/2. 8 Ta6J1J.1~Y BKI1~4€Hbl TaK>Ke ,Q8HHbl6 0 46TbJpex KOMnOH€HTaX TOHKo£1 cTpyKTYPbl aHanorosoro p 312 -peaoHaHca, nony4eHHbJe HBMH paHee /2/. Vl3 T86J1J.1~bl MO)I{HO BJ.1,Q€Tb, 4TO 3HSKI-1 8 B no,qae­IlR~uteM 411CJ1e CI1Y4868 OK83bi88JOTCR O,QI-1H8KOBbiMV1 Afl.R raMMa-nepe­XO,QOB c pasHbiX pesoHaHcos Ha ,qaHHbl~ ypoaeHb. Kat< npas11no, HaH-6onee J.1HTeHCVIBHble nepexO,Qbl c pesoHaHcos - 3To nepexo,Qbl Ha oc-HOBHoe COCTORHJ.1e G1 Cu, ,Qn.R HHX Bee 8 6e3 I-1Cf<Ill04eHI-1R HM€10T 3HaK nnnc. Ha pwcyHKe npHBe.QeHo pacnpeAeneHV~e eenJ.14HH ¢, e~-4J.1cneHHbiX no C!>OpMyne, npHBeAeHHOC1 e paDoTe Ill .Y4TeHbl nepeXOAbl co scex w3y4eHH~x peaoHaHcoe co cnJ.1HOM 3/2- Ha HJ.13Konema~He COCTORHHR 3/2- /27 rBMMa-nepeXOAOB, 3Ha4eHHe 1/a= l ,96/. BHA-
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Pacrrpe,n;eneHHe BeJIHtWHbl <,b""'arct~) a 

AflH pacrraAa 14 pe30HaHCOB 3/2-

B peaKu;aa 6°Ni(p, y) 6 1 Cu AJIJ.l 

Ep= 15 70-1850 K3B Ha HH3KOJie:z:<a­

IUHe 3/2- COCTOHHHH 61Cu. ilyHK­

THpHaH JIHHHH - paBHOMepHoe 

pacnpep;enemte cornacao CTa­

THCTH"Y:ecKoH MOAeJIH. 

HO, 4TO ~MeeTCR pe3KOe 0TJ1H4He OT paBHOMepHOrO pacnpeAeJleHHA 

/nyHKTHpHaR flHHMA/ npe~Ae Bcero 1-13-33 OTCYTCTBHA 0TPH~aTeJ1b­

HblX 3Hal.leHJ.111\ 0. 

TaK\IIM o6pa30M, 3KcnepHMetnanbHbl\.1 pe3y11bTaT Mo»<Ho cQJopMynY~­

poBaTb cnegy~~HM o6pa3oM: 

l. 0THOCit1TeJlbHble $a3b! 0 AI1A pacnaga KOMnoHeHT TOHKOV! CTpyK­

TYPbl aHanorosoro pe30HaHca OAI-1HaKOBbl. nogo6Hbl~ pe3yJlbTaT 6b1Jl 

nonY'-!eH e pa6o-re ' 51 g.nfl Heynpyroro pacceFIHvtFI npoTOHOB. 

Z. ·0THOCV1TeflbHble ct>a3bl 8 Ailfl pacna.Qa peaoHaHcos 3/2 s vtccne­

AYCMOM ,QVIanaaoHe 3Heprl-1\:1 /270 K38/ TaK}!{e OAVIHaKOBbl, I.! TO CBVI.Qe­

T€IlbCTByeT o Hanvt~lllvt npoMe~yTOI.IHOi1 CTPYKTYPbl, pacnpe.QeneHHo~ 

80 BCeM V1CCil€AOBaHHOM ,QV1ana30H€ 3HeprV1~ B036y~,Q€Hvtfl VI H€ npOfiB­

IlA~~e~Cfl no3ToMy s pacnpe.QeneHvtVI I'y· 

4. HHTEPnPETAL\HR nPOME!IYT04HO~ CTPYKTYPbl 

npvtnV1UJ€M 06Hapy~€HHOV, npOM€}1(YTOI.IHOi:1 CTPYKType onpe,QefleHHYIO 

KOH¢vtrypa~V1!0. noKS}!{€M 1 ~TO BCR COBOKynHOCTb .QSHHbiX onbiTa 06bRC­

Hfi€TCR1 €CJ1V1 npeAnOfl0}!{V1Tb, liTO npoMe}!{yTO~HaA CTpyKTypa B03HV1-

KS€T npV1 pacnpe.QeneHvtvt KOH¢vtrypa~vtV1 Tvtna rvtraHTcKoro pe3oHaHca 

raMosa-Tennepa no pe30HaHCaM C 6onee CJlO}!{HO~ CTpyKTypoi:1. 

npe}!{Ae scero Heo6xo.QvtMO o6bf!CHV1Tb pe3Koe pa3JlV11.1V1e s crpyK­

rype Hei:1TpOHHbiX 1-1 npoTOHHbiX peaoHaHcos. 6y.QeM cl.lvtTaTb AI1A npo­

CTOTbl, liTO Hei1TpOHHb1€ pe30HSHCbl - ::HO CTSTVICTH~€CKV1€ pe30HSHCbl 1 

B KOTOpbiX npm-1emyTOI...IHbl€ CTpyKTYPbl H€ npOflBJlFIIOTCR, a npoTOHHt.1e -

pe30Ha~-lCbl C OTHOCVIT€IlbHO npOCTblMVI KOH(j)vtrypaUVIRM!tt, C OCHOBHbiM\1\ 

cso!-1crsaM~i, o6ycnosneHHblMV1 npoMe}l(yT04HbiMvt CTPYKTypaM\11. Cronb 

C\I!JlbHY!O aC\IIMM€Tpvt!O M€}!{.QY Hei1rpoHaMVI H npOTOHaMVI €CT€CTB€HHO 

06DRCHV1Tb CYlJ.l€CTBoBaHV1€M He~1TPOHHOrO lt136btTKa VI 4SCTYI4HO-.Qblp04-

HbiX KOH¢Yirypa~V1i1, KOTOPble np111 3TOM B03H~t~Ka!OT, HanpvtMep, aHa­

norosoe COCTORHV1e, KOTopoe Ha6J110AaeTCfl CP€Alti npOTOHHbiX pe30HaH-

5 



E "' -ne3.' Eyp 
15?? 1586 * 1599 * 1605 * 1620 * 16\ 

xoB Vtl, 

0 ~/2- Az -0,35!0 ,09 O,Iai0,05 o,ro!o,oo 0,22~,06 O,I4'!:o,02 0,2~ a +0, 56!o, IO O,I4±o,03 o,2o:to,or o,ro!o,o2 O,I6!o,OI O,O'i 476 /2- Az -0 t 44"!:0 108 !.0,80:to,I3 -0,5:0 d' +0,054~:8 0,20'!o,I2 ..O,OI 
970 ~v2- A2 -0,26:to,I4 ~.30!0,08 -0, I3:to, II .JJ,09:to,26 f.JJ, IS t -0, I3:to, II .O,I?*-0,07 -0, 03:to, IO ,oo:!:o,22 ~,O'i 1395 1512- Az -0,31~,0? .0,25:to,06 -0 ,12:to. 06 f.o,12:to,14 0 .O,I?*-0,07 :.JJ,12:to,04 o,oo:to,o5 o,oo!o,ro 

1663 ~/2- Az -0,37*.0,12 
0,14 0 +0 58+0,24 

I -0,10 ~,1') 
2089 I/2_1 A2 1-o • 59:to • 22 ~,50:0,08 -0,45:to,02 f.o,50:to,16 0 p 0,!2 o,oo!o,04 -0,03:to,or o,oo±o,ro 
2203 (5/2 >Az 0,05:0,20 de 

f-o,04 0,3 
2357 /2- A2 -0,15:to,21 0,64:0,13 0 +0,20 

f-o,16:to,1o 
0,37.0,15. 

2473 /2-! Az 0,12:to,o9 ~,29:tQ,og o,09±o,ra 
JS o,ra!o,06 0,50:0,10 o,zo!o,ro 

2687 ~/2-i ~2 !+0,33~22 f-o ,09:to ,15 -0 ,16:to ,19 .!1 .o,ao'to,r ~.40:to,1b 
0,045.0,0~ 

* KoMnOHeHTbi TOHKOtf CTPYKTYPhi p 312 -aHaJIOra. 
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Ta6naua 2 

1734 1764 1770 1793 1815 1835 1850 

...0,3I±o,06 f-o,09±o,05 0,37"'...0,04 +0 ,05!.o '12 +0,IO±o,08 ~,30!o,03 

o,sr±o,06 o,rg+...o,o3 +0,02±o,02 +0,23!:o,oe +0,19!1,05 +0,?a±o,I2 

...0,58±o,I? f-o,23±o,!3 -0,62!:o,I3 ...0,25±o,I3 

.o,os±o,ro ro,39±o,04 +<> 'oe:!o '07 -0,14!o,O? 

+<> ,os±o ,I? 

0,!6'!o,18 

-0,04±o,19 ...0,27"'...0,!0 

0,06!0,16 ...o,r4±o,os 

-O,I3!o,22 0,26!o, II -0,09±0,09 

o,3s±o,re +O,os±o,06 +0,32!o,O? 

I 

' I 
~.65!o,40 

+0,22!o,I3 

1-0,I4!:o,u +0,22'!o,I3 

f+o~36±o,09 +0, 12±o ,07 
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COB, npe,QCTa8J1R€T Co6oi1 BXO,QHO€ COCTORHVI€ 1-1111.1 npoMe}l{yTOYHY.IO CTpYKTYPY C KOH$V1rypa~V1e~ 3dPR,QOBO-o6M€HHOro TJ..1na, TO €CTb npOTOHHaR 4aCTV1J.4a - HetfTpOHHa.R AblpKa, CBR38HHbl€ 8 MOM€HT 0+. AHanorH4Horo 3aPR,Qoso-o6MeHHoro soa6y>f<,QeHvtR .Q11R He~rpoHHbiX peaoHaHC08 He cy~ecrsyer. no3TOMY pa3111-14VIe e crpyKrype npo­roHHbiX J.1 Hei1rpoHHblX peaoHaHcos ecrecreeHHO o5bRCHVITb CYll!ecreo­saHV!eM aap.R,QOBO-o6M€HHbiX COCTORHJ.1t1, JlnR npOTOHOB 3TO COCTOR­HVIFI TV!na npOTOHHaR 4aCH11..jS - H€i1TpOHHaA .QbiPK8, CBA3aHHbl€ 8 MOMeHT I, ,Qil.R He~TpOHOB - He~1TpOHHaR 4acrvt~a - nporOHHaR ,QblpKa, CBR3aHHbl€ Tal<))<€ 8 MOM€HT I. 
nocKOilbKY Mbl I-1HTepecyeMCfl raMMa-nepexo,QaMvt HV13KO~ MYllbTVI­nOJlbHOCTH, B 4aCTHOCTV1, Ml -nepeXO,QdMVI, TO MO>f<HO orpaHJ..14J.1Tb­CR paccMorpeHit1eM 4aCTit14Ho-.Qblpo4Hblx eoa6yH<.QeHI-1ill c I"" 1 +. Ocra­T04Hble aaalo1Mo.Qe~crelo1R r1-1na fat•10ea-Tennepa CM€Wio1Bal0r raKJ.1e KOH¢~t~rypal\V11-1 lo1 npV!BO,QfiT K nORBJl€HVIIO KO!lJ1€KTJ.1BHbiX B036y>f<,Q€HI-1~ TJ.1na raMoe-rennepoecKoro r1o1raHTCKoro peaoHaHCao Cy~ecreoeaHvte H€tliTp0HHOrO V136biTKa npV1BO,QJ.1T K p€3KO OTJ11o14ai0!4VIMCR CBOtliCTBaM BXO,QHbJX 3aPR,QOBO-o6M€HHbiX COCTORHI-111 ,QJlFI npOTOHOB V1 He~TpOHOB. 3HepreT.vt4eCKH€ nO!lO>f<€Hio1FI IIi OWbl nepeXO,QOB paCC41-1Tbl8aJ11-1Cb ,QJ1FI C11Y4dR (pn- 1 ) 

1 
+ -so36Y>f<A€Hi-111 8 IS/ /KOHKP€THbl~ paCLl€T ,QJ1R 61

cu nplo18e,QeH 8 
121 I, a AJlR cny4aR (np -l) + -eoa6y)t{,QeHHI1 -a pa6oTe 191 • 

1 .[lnR H€tliTpOHHb!X pe30HaHCOB aapFI,QOBO-o6MeHHbl€ BXOAHbl€ B036y}ff­A€HHR, KaK npdBHJlO, HaXO,QRTCR HV!H<e 3HeprV1H CBR3V1 H€~TPOH8, a CI-1J1bl nep€XO,Q08 OC!la6J1€Hbl 1-13-38 CYll.I€CTBOBaHJ.1R HetliTpOHHOrO J.136biTKa. ,llnR nporoHHbtX pe3oHaHcos CI-1TYai...IYIR o6parHaR. KonneKTJ.1B­Hbltli pe3oHaHc faMoea-Tennepa pacnonomeH e6nW3VI aHanoroeoro co­CTORHVIR; OH BCer,Qa CYll.I€CTByeT 8 .R,Qpax C HeihpOHHbiM vt36biTKOM, VI CYIJlbl nepeXOAOB yB€JlHlmBd"IOTC.R C pOCTOM H€~TPOHHOrO l-136biTKa o Cor nacHo /2/ KOMnOH€HTa 3/2- peaoHaHCa raMosa-Tennepa pacnonome­Ha Ha 300 K38 HVI}ff€ aHanorosoro COCTORHVIR npJ.1 Ep =1600 K38 /E BOJ6. ~ 6,38 M3B/. 
Pac4er npe,QcKa3bleaeT TOJlbKO nono>f<eHI.-1e l(€HTpa TRH<eCTI-1 pe3o­HaHca raMOBa-Tennepao 8 peaJlbHbiX R,Qpax 3Ta KOHffivtrypal..llo1.A pac­npe,QeneHa no COCTORHVIRM 6onee CJ10}ffHOi1 CTPYKTYPbl, 
He,QaBHI-1€ Ha6n~,Q€Hio1R pe30HdHCa raMosa-Tennepa 8 peaK~VIVI (p, n) npvt 3Heprlo1tr~ nporoHOB 100-200 M3B l10,lll noKa3biBSIOT, LITO 8 R,Qpax C A::.. 60 WVIPI1Hbl rat>10B-T€J111€p08CKOrO pe30HdHCa COCTaBJlRIOT 2-3 M38. no3TOMY 8 61 Cti, HanpvtMep, H 00 MHOrvtX ,Qpy-rlo1X R,Qpax peaoHaHc rat-10Ba-Tennepa pacnpe,QeJleH no4Tio1 no ace~ o6nacn1 cylllecrsoeaHH.A HenepeKpbiBaiO!i.iVIXCR nporoH~ibiX peaoHaHcoe. no3TOMY OH He Hd6J1IO,QaeTC.R B pacnpe,QCJ1CHJ.1V1 npH'8€,Q€HHbiX WMPJ.1H, a nPOA8!1R€TCR 8 pacnpe,QCI1CHHitl ¢a3 OTHOW€Hio1~1 Wlt1pJIIH o XapaKrepHo~ 4epTo~ raMos-rennepoacKoro pe3oHaHca e 61 cu .AB!l.R€TCR CJ.1nbHbltli Ml -nepeXO,Q Ha OCHOBHOe C0CTOF!Hio1e o .Qe~CTBI-1-T€JlbHO, TOK KaK pe3oHaHC raMOsa-Tennepa - 3oT0 KOrepeHTHd.A 
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cynepn03!.1U,HR 4aCT!.14HO-AbiP04HbiX B03fiY}I(A€H\IIill ::£ i a i p ;[;
2 

( pn-1 ) 
1 
+, 

OCH08HO€ COCTORHH€ - no4T!tt 4!.1CTO€ OAH04aCT\114HO€ COCTORH\11€ p 312 , 

a 8 onepaTope Ml-nepexoAa H30cKanRpHaR 4aCTb CHilbHO noAaB­

neHa no cpa8H€H\.110 C \11308€KTOpHm'::i, TO A0Jl}I(Hbl Ha6n10AaTbCR C\tiilb­

Hbl€ Mt-nepeXOAbl Ha OCH08HOe COCTORH\118. 

Cor nacHo ou,eHKSM /2/ een\.14\IIHa B(M1) AilR nepexoAa c pe3o­

HaHca faM08a-Tennepa Ha aHanoroeoe cocToRH\IIe cocTa8nReT ~3~~· 

MO}I(HO 0)1(\IIAaTb, 4TO B(Ml) Aflfl nepexoAa c pe3oHaHca faMoea­

Tennepa Ha OCH08HOe COCTORH\IIe 6yAeT Taro )!(€ nOPRAKa, 0AH8KO 

KOH¢Hrypau,HR pe3oHaHca faM08a-Tennepa pacnpeAeneHa no MHorHM 

pe3oHaHcaM cocTaeHoro RAPa. 8 HHTep8ane 3Hepr\IIH npoTOH08 

1577-1850 K30, ltl3y4eHHOM HaMH, Ha6niOAS€TCR 9 pe3oHaHcoe. B o6-

nacTH 2,5 M38, 8 KOTopo~ pacnpeAeneH pe3oHaHc faM08a-Tennepa, 

M0)1(€T HSXOA\IITbCR OKOilO 100 p€30H8HCOB, Hecy~HX CHily 3TOrO 

pe30HaHca. CneAoBaTenbHO, MO)f(Ho O)f(HAaTb AilA KS}I(Aoro pe-

30HaHca 8€11!.14\IIHY B(Ml) = 0,03p: ~ AilR nepeXOAa Ha OCHOBHO€ co­

CTORH\.1€, CpeAHee 3H84€H!tt€ B(Ml) AilA nepeXOAOB Ha OCHOBHOe 

COCTORH\.1€ AilA \113Y4€HHbiX H€8H8IlOrOBbiX p€30H8HC08 paBHO 0,027 tL ~, 

BbiBOAbl 

1. npeAfl0}!(8H M€TOA nm1CKa npoMe>KYT04HbiX CTPYKTYP 8 npoToH­

HbiX pe3oHaHcax. 

2. noKa3aHo, 4TO B npoTOHHbiX P€30HaHcax co CnJ.1HOM 3/2- c 

6 1Cu cy~eCTByeT npOM€)f(YT04H8A CTPYKTypa C xapaKT€PHbiM CHilb-

HbiM M1-nepeXOAOM B OCHOBHOe COCTOAH\.1€. 

3. noKS3aH0 1 4T0 npeAnOJl0}1(€H!tt€ 0 raMoB-T€Ilil€pOBCKOM T\llne 

06Hapy)f(€HHOrO BXOAHOrO COCTOAHHR YAOBJ1€TBOpltiT€IlbHO 06DRCHA€T 

CYI1.\€CTBYIO~Itle 3Kcnep~t~MeHTSJlbHbl€ A8HHble. 
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