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11 _ 
B CITeKTpe ~ePHUX BOB6~eHKR O~O~HOHHUe COCTORRRfl C L '" 0 

BbIl(e.n:elUl TeM, 'tJ'r() l'IX rrpllMOe Bos6yQeHlte HS OCHOBHOI'O COCTomntJi H.npa 
nOCpe~OTBOM aneKTpoMarKKTHOI'O BS8BMO~e~CTBHH CKnbHeRillm~ 06paSOM rro
~aBneHO. B npH6nHzeBHH O~oqoTOHHOI'O IlOr~O~eHHa rrpKBe~8HHag BepoHT
HOCTI. ~ -l1epeXo~a o+~,. 0- paBHa HY.IIIJ, odpamae'l'CH: B HYJIl> B aTOM 
lIOO rrpHc5.lIIDlemm H oe'lBlme (e , e ' )- pacoeRJm.ll 0 Bos6~eHHeM 0- - ypoB
Helt. 

TaKHM o6pasoM, .n;.7IJl H3rt8mtfI 0- - COCTomnrn npJiIXO.IUITOJi rrpltBJIeRaTh 
peaKIl;Kl'l, B IWTOPWC OCHOBRyll poJIh HI'paeT OK1IhHOe BSaHMO,l(e~CTB1te. 3a
~OBO-06MeHHUe 0- - peSOHaHOH yxe dunn o6HagyxeHH B ~~ 0 

0sapaxe1iJ.lllMH rmOHaMI!I B 60Jfhmot:\: rpymre jJ,!(ep 0'1' 4 Cs ,l(0 2 1lpb !II . Eon 
YK8SaHIDI, 'ITO OlD! 06,apyxeHH H B (p,n) - peaKIJ;)m rrPK aHeprruoc rrpo
TOHOE Ep =200 MaEi2 • B TOM, 'ITO KacaeTOJi sHeprKft BOsd~eHHff peso
HaBCOB, aKCnepKMeHTaJIJ:JI!.,[e ~aHHHe / 1 ,2/ HeIlJlOXO oor~acYDTC!l: 0 MHoro-
qacneHHHMR TeOpeTaqeORRMH paOqeTaMH / 3-5/ . 

3ROrrepHMeHTaJIhHaff KH~PMaURff 0 0-- COOTOffHKHX B HeaTpaJIhHOM Ka
HaJIe (T .e. C ~ T '" 0 ) ropas,l(o 6e~ee. O'l',l(eJIhHhle 0- - ypoBID! 0 z 
3HeprHffMH Ex = 10, 952 MaB ( T = 0 ) H Ex = 12, 795 MaB 

( T = 1 ) B .H,Iqle 160 6wrn: 06HapyxeHU 0 rroMolIU>lD Heynpyroro paooemrIDl 
rrpoTOHoB 0 E = 65 H 135 MaB. 3TH ~aHHHe 6&nH yorremHO 06~ROHeHU 
TeoPHeil. / 6/ . rIo .n;.7IJl Tex aHepnril. BosdY.lII;l(eIDIR, r~e rrpeWIOJIOlKHTeJIhHO 
paorrOJIOJleH 0- - peSOHaHC, ,l(aHHJie OTOYTOTBYJOT. 

HaH60JIee TIO~O~ HH oTpYMeHToM .n;.7IJl HsyqeHRH 0- - COOTORHHn 
o t. Tz '" 0 B HBOTORlIlee Bp8MIJ JIB.lIReTC!l: (p , p ' )- paooemme rrpH 
3HeprRHX Ep = 100 - 300 MaB. 3Ta peaKUKR xopomo OOBoeHa KaR SK-
OrrePHMeHTaTopaMH, TaR H TeopeTH~~ H O'leHh y~o6Ha .n;.7IJl HsyqeIDIR OllHH
HSOOITKHOBHX Bos6y~eHHA B ~ 7 • C ee rrOMOmDJO y&e nonyqeRa 60ra
TM ImonepHM8HTMI.Haff HHtpMa~ 0 OOOTOmm.RX 0 1.... = 1+ H ~ Tz" 0 
B ~ OT 40Ca ~O 2 8pb 8/. iloaToMY B ,l(BHHOt:\: pa60Te MU pacc~-
TaeM BepoRTHOCTb BOs6yx,neHHR 0- - COCTO~ B ( p . p ' ) - paooeronm 
rrpH E = 200 MaB H 1l0ilHTaeMCR OTBeTHTh Ha BOllpoC 0 BOBMOKHOOTH HX 
OdHBpyxbHRH B ope,IOU!X 101 TFOleJlHX ~. PaO'leTH BHII0JIH8HH .n;.7IJl H.npa 90ZI'. 

CTpYKTypa 0-- OOOT~ paoc~~aob HaMH B rrpHdnEx8HHH 
CJIY'latl.Hoit rpaSIi 0 oerrapadeJlhHHMH OIDIH-.JtHIIOJII.HUMH CRilaMH, P8JmaJI1>mrtl: 
~pMqaRTOp KOTOPHX Bli6paH B ~e fer) a dU/dr ,r~e U -llOTeH
IJ;R8JI By~oa - CaKCOHa. KOTOPHtl. OrmOHBaeT Ope;nHee rrOJIe Jm.P8 : 

Vc~) G) '" 2,1 (;;e~1.)+ a':il.)::c. T U [61~/JJ1.,j )JJ6"2. "t;ji(il..\l. 0)_ ~J1U1
VI r1 '" (""'1. 
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Cenapa6enbHoe OCTaTO~Oe B3aKMO~eAcTEHe HcnonbsyeTCH B KBaSB

'l:aCTl!'mo-4loHOHHoii MQlleJIH smpa (K~). ~ arrnap8T :II Heo6xo,mu.1lie ypaB

n eHIDl ~eTa.m,HO H3JLOlIteHll B od sOpax /9 H 8lleCI. MIl Ha 3TKX BOllPOCax 

OCTaBa.Bl'IKB8TJ)CJ{ He 6Y,lleM. IIapaMeTpLl cpe,llHero nOJlli , c,aPlf})aTem.Ho1'O 

cBepXTBKY'le1'O BSaJIMO~e1tCT1lIDi BSHTU RaMI! H3 pa6o'l'H ro, r,l(8 II!CCJ1e,llO

B8JIHCl> CIIHH-.rtmI0JIl>HIl8 2- - COCTOJIHRH. 

KoHCTaHTll 3iMJeKTHBmDC Clit1I B K<llM - napaMeTpll MJ,lleJIl1l. IDe 8Ha'lemm: 

onpe;n,eJUIIOTCH n o ,naHHIiM 8KCnepliM8HT8, RaK npammO - no lP,ir'I'JIlltM 003

dYJl,lleHWI Tex l'l.Im HlIHX HllepHHX COCTo.Jml!fA rum pe30HaHCO:sl 9 • Ta1<He 

,llaHHHe ,JVLfI COd CTB8HRO 0-- COCTOmnrt!: 'laC'l'lif'IHo-)lHpo'IHo ii rrpapo)lH B 

c pe.n;JIHX H T.fIlteJIllX H,1ij)aX OTCYTCTBym. CirelloOOTem.BO, KOHCTaHTIl CIDm

,ll;IDlOJIbHHX CBJI oe~~~ ( L..O ) rrpnOllHTCH o rrpe,lleJl.fl'l'l> ItOOBe lil'mMll cno

co6ru.m • .l1rui cerrapa6e.m:.HHX MY.IIl>TBlJOJI1>RHX cmr C paItilaJIJiliW>f iPJIMIaR'rOPOI4 

f ( r ) = dU/ dr BIIOJIHe y:J{OB1lB'l'BOp:l!TeJf.bHHM 0K83HBaBTC1I npu6Jm&eHHe, 

cor,a~o KOTOPOt.fj' KOHCTaHTbl OII?~ H ge!~' He 3!lBHC1IT 0 '1' t.fj'JIbTHIIOJIbHOC

TE I . .ECJll! 8'1'0 rrpH6JI:m!eHBe CnpaBe,l.lj}IHBO .H ,JVLfI CImH-M,YJl.bTHllOJI1>HHX
(M

OWl. TO 3H.aqemife ;e~ MOlIIHO 61:1!IO 6u onpe,lleJIHTb no ,1(B.HHHM 0 IIOJIQXe-

HKH M1-peSoHaHoa!B/. C JUlyro1t CTOpoHll. 6JmaocTh 3Heprmt BOa6y~eHJ!ll: 
raMOB-T6JUlepoBCRD1'O H HSOd8paHaJI01'OBOI'O p esoH8HcoB 13 TJDleJIHX· H;Iij)aX 

YRaSHBaeT, 'lTO CmDl-lifSOcrnmo:Brul OOCT8R1I1ml181l eq:q,eK'l'H1Uloro Bsam.ro,lle1t

OTBIDl ~~OHOB B R,lij>e ,ll0JImia 61iTl> npBMapHO TO~ 118 CBJIH, 'ITO It B30cnH

HOBaR • nna B3aKMO,lleiicTBHK BYKnOHOB B K4M 8TO OSHa'lae T , 'lTO 

azJ") ,l(OJIlGia 6 UTb dJmSRa K KOHCTaHT8 HSOBeKTOpHo1'O p;HIIOJIl>HOro 

BS8l!!Mo;n,eAcTBRff ~:4) , KOTOpyJ) WDO on pe,lleJIHTI> n o llamwM 0 E I -pe-

SOHallCe . 1(1.) 
3Tl! .IlB8 cnoco6a onpe,l(eJI8HIDl :ie, lXam' pesym.TaTU, pa3J1H~ 

utrreCll B 1.5 - 3 pasa. PesYJIl.TaTH paC'IeTOB APYl'HX aBT0r.B~ nonyqemme 

o 60JIee p8wmCTH'lecKBMII s@leKTlIBHBMR NN -CBJIaMH /4, ,I ~ 6JmalGl K 
((I.)

HaJImM. eCJllJ MIl RCnOJI:hayeM MeH1>lllHe SHIl'lemur Zf ,T.e. 3H1l'IeHHe 

.z/fiJ =atjfJ. TaRDe lre BHSqeHlIe KOHCjaHTH .HSOB8KTOPflllX CImR

,JI;HIl0Jll,lWX CBJI 6wro lifcnOJIl>SOBaHO B pa60Te I4/ npa aH8JIHSe OOSr.DlIHOC

T8i1: Jm;lteJIelmll: BKna,lla RPYTBJlLHoil: MOllii B coeKTpe Heytlpy!'O pacceJIBHIlX Me,ll 

JIeJmHX 81leKTpoHOB. C 8TRMH ae SHa'l8HJlHM111 (£:~Q)= Z:f) mmOJlHeHa OCHOB

BaH '!aCTI> paC'IeTOB B RacTo~eA pa60Te. B lXanbHe~eM 6~eM HaaUDaTI> 

8TH SRa'leBl'lH ) "6asoBl:iMJ!":II od09HattaTl>;;e:f(1 ~., . 
,Ung: BJi60pa OTHomeBl'lH ROHCTaHT C1?/f#} 1'1 ~:M MODO BOorrOJIl>SO

BSTl>C1I 8Kcnepm.reHTa.l1l>BIDo!B ;o;aHHHMH 0 6 ZSOCR8JIIIPHOM r+ -COCTO.II.lIH1! B 

208pb/15~ TeopeTH~eoKRi BHarrHa 3 TZX AaHHHX TIOKa3aIT/I6~'ITO nOJIo~eHRe g 

BepoHTHOCTl> BOs6y:.;nemtll 3'1'01'0 COCTOJmBR: M:lryT 6YTl> o6'bHcHeHH. JmlIll> ec

D npe,lUlOJIOJmTl>. 'lTO lISocKaJUIpHoe Crnm-CImROB08 BSWlMo;o;e:li:cTBHe ropa3,110 

CJIB6ee 1I30BeKTOpno1'O. B H8CTOJUlleA pa60Te MIl lICnOJIl>SOBa3lH SHaq:eHHe 
'JI 1f(1) _ ,., { ....."") 
~" - v., ~.,. 

2 

A1IH npe,uBapnTem:.noro lta'!eCTBeHHOI'O aim . .'I113U CL8J(1'pt:! o: '.:rO·-)OHO!IlJ.:X 

U- - COC'l'O!!H!r:: llll paCC,mTa'lll OTl'-lIl!Y. R,,':Pa Ea D1 re~rmte liQ.m c.'1Cm'lJ.1CI'O n:l 
na : 

~ rj [OJ ~~ (.Q j ) ] 0 t;.; ) 

~ rj [OJ ~Jc(.n..j ) l.ct'~ (J) 
I'caYJILTlLTIJ nu.C'!CTon nne~cTawwllll 1!2 Dile . i . :.li ·ICCJIe.no;n.1: :ll :ru~ 
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CIl.-'1a OTIUllma OLE o,"lIOHOIIJllJX U-- COCT omm;' RJlPL! 9UZr I!a 1130CICaJIRpl-ry-.o 

("zc . 121 , 6 1 , B1 ) II l! 30DeKTomry-JO (oHc .la2, d:2,n2) COCTaIl.1!ffiJllU'l€ EHew

Hero nOJ:H ~r'[{) ~)j (ll.)Jo (C;.l . C~) .(J ) ) {rpH :l8.3EIlX 31~'Ie Hlmx KOHCTaHT 
~. ) '\1 (10 ) = I 5 ;;; . 0')' .,,(10) . - :;;; • D) .",,(1 D) = '-';;' . .,.,(10) _ 01 ",,'10)
'.. """f u , "- GA..... ' 0;;. ~ 0;.1 ' ~1 '., v~ , ~o - ~ 0'-1 

(iO) (>to) ,... 
3aBl!CHT 9C3Y·:bTnTll OT BeJllrllIHU i:f

1 
• j~Ill! 16a 30Bo:.1 " 3HatfelllD! ~f = dIl'. 

;.1aJ{Cll!.:Y:.1 "l!30BeKTopHo:l " o:-wan:;! OTH.mum ( 3) pnCUCl.'1QJ.,eH rrpn :mepI'ID! 

13030y:-.;:<emm ~- 1:.1 1.:3.1 (mlC. l a2 ) . ::'TO II eOTh HsoBeKTopHYii 0-- pe30HaHc . 

O!l rrpe.:ro TC:.al:iJIe -::- co60~~ KOJIJieKTllnJIOe COCTO.ltlilie; cer.n, .nBYXl{Ba3WIaCTWIHllX 

K O:.;r( OHe::T .n;mn n er o n ODJill f!>0BlW BY.JIa.ll., rroeBI:ll!lUK'!U1Ii! 1%. i BeJrnqeHl1e IWH
~ 

C'!'1l.'iThl ~1 IIPInlO.!U1T K 6h1cTpDr,W B03paCTD.HID~ 3l!eDTIU! 113 0BeKTopaoro U _ 
- p e30Hal'Ct:! ~ mlc. IB2). lJp:{ 3Ha'IeHl1HX Cl ~IO) ~ ~!OI1 p eSOHCl.HC H!.\ee::..~ ... 
'" ::JU :.:<10 . ,, :.:e:'bl!lei ! l;e IW!{CTaJ!'!'H ~i'O) B ,una :;Ju3a fiO cp2.Bl!emrn C elf B1I3h1

:i 
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BaeT oUYCRaHHe pe30HaHCa Ha B~ "" I MaD. YJKe rrpz 3TOM SH8"'le

Hlfl'I KOHCTaHTH HsoBeKTopHoe 0- - cocTomme rrepecTaeT 6HT!> KOJIJIeKTlIB-

HHM, T . e. CTaROBH'l'CfI rrpaltTHtIecIO! tIHC'l'O ;IPlyxKBa3B'i8CTlI'ImIMi ,nam,

HeIDrree oCJIa 6JIeIme B3aHMO,neitcTBRII Ha ero CTPYKTYpe H TIOJIOxeHHH rrpaKTH

'ieCltH He CKaSHBBeTCfI. 3aMeTlIM, '{TO rrpaR'l'H'lecIO! IIplJ JlJl6ux 3Ha'leHIDDC 

~1ff~ 60JIbIDaa 'i8CTl> CBJIH H80BeKTOpHHX n epexo,nOB coope,nOTO"'leH8 Ha 

O,nHOM 0- - COCTO.lIHlJH _ 

CTOJIb xe BHCOJta KO~HTpamm "H30CKSJIJqlHO.A" 0- - CWUl (2) 

( eM. pac I a I - IBI). IIOJIOlIt8Ime il30CK8JIIlPHOro 0- - peaolUUica MaJIo
((#/ x)

'!yBCTBHTeJIbHO K BeJIlf'Dl.Re ROHCTaHT ;;eo, • E1'O C'l'py1t'I'YPQ OKasa
~ 

JIaCb HeKOJIJIeKTHBHOA, B BOJlliOBO:H qJynKI:\IIB .n:OMilHl!pyJOT O,nH8- ,n:Be lJljyx
KBa3B'i8CTlIl'IlWe KOMIlOReHTH. 

EoJIbIDOl! BKJIa,n; B CTPYKTYPY peaOHaHCHHX 0- - COCTOJIJ:llDt (RBK H3o

CKaJlffpHHX, TaR H H30BeKTOpHHX) BHOrurr qaCTlPIHo-~'lHHe KOMIIOHeHTH . 

OTBe~e n epexo,naM C nepeBopoTOM CITHHa M~ O,nHOl{8QTHqHHMH COCTo

RImJ'!MH C 60JIldIlI1M1! 0 p6HTaJIbHIiMR MOMeH'l'aMR . Hanpm.m p, BOJIHOBa/t q,ynKIJ;Wl 

HSOC.KaJISIpHOro 0- - peaom Ulca B 90Zr co,nepmrr,ItBe KOMlIOHeHTH 

(1 g ; J 2 1 h 9/2 )" H (1 f:;/21g7/2 >.' KOTOPlre CK.JUWlB8KJTCfI B Ilaae. PeSOHaHC
HHa OTKrrRK aToro COCTOHHRa H8 BHemHee IlOJIe (2) CBHSaH B rrepByJO OtIe

p e.IU> C 60J1hl11oit BeJllf'D!BO:H coo TBeTc TByJOll\l!X O,nHO'la CTH'mWC MaTJ>K'DWX Me-

MeHTOB. PaO'IeTIl, BWIOJIHeHHlle H8MI'I:.wm 20 8Pb • ,naJ[l'[ aHaJIOI'R'lHlle 

pesYJIbTaTIl. 

CJIe.nyeT OTMeTHTb, 'lTO HCnOJIbSOB8Hl'!e IlpH 1I3yqemm 0 - -OOC

TOi1HlJl cenapa6eJThHoro OC'l'8TO'lHOro B3am.t:l,neltcTBIDI ( I ) JIBJl.fleTG.II oqeHI:. 

CR1lI>HHM yrrpolI\eHHeM. lKe.iIaTeJIbHO m.reTb HeKOTOpyJJ YJlepeHHOCTI> B TOM, 

'fTO XOTR 61l HHTer paJIbHHe 'iePTH CRnOBliX pacnpe.n:eJIeHilA B 3THX paCqeTax 

nepe.n:am.·CfI rrpaBRlIbHO. C 60JIee pewmcTlf'l6CrotMH B3aHMO,l1;eitcTBHm4H ( Ol!-

JIb! SG-II ; KOHT8J<THoe B3IllJMo.n:eDcTBHe C ytieTOM 1i- il P- 06Mel{8 

R ,llJl .) CII.mf-.D;lIDOJII>HHe pe30HaHCbI cllTz = 0 liSY'laJIHCl> B pa60Ta.~/4,5. 13/o 
3,ueCb TaKlKe BH'mCJUtJI8Cb q,YHlW;W l: OTK.lIH.Ka H.JJ;pa lia BHelllHl!e IlOJI.lI 

THII8 (2 ) . (3) • .llnJi H30BeK'l'oplioro 0 - -pe3o~ca ~ pesYJD>TaTHI 

Ka'leCTBeHHO conrr8oymTca C pesYJD>TaTBMH pa60T 4.5,13, XOTR ero snep-

l'mI Bos6YJ1;IteImR B 90Z:r TIo,ny'l8JI80l> Ha 3-4 MaE BLllII6. 'ieM Y HaC npH 
({~) ~ 

~, = a?, • Ha q,oPloIY BSOCKa.7IlIPHOR 4JYHKIlllR OTKlUl.K8 ot{eHb CHJIbHO 

BlIltIIeT lIe Y'lTBIIHaH HaMH TeH30pHM K0Ml10ReRT8 aqxpeK'l'BBHHX NN - cd4/ • 

OSTOMY B ,u8JThHe~eM MN ero 06C~8Tb He 6y,neM. 

X)B paC'IeTax, npe,nC'l'aIlJIeHHNX H8 PRc. I,3H8'leBl!lB :k?/fO) mrurJIOCl> npo

IlOPIlJ!OH8Jl101l0 c:e/10) . 
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PilC. 2. 
Ge'ieHHH B036~eHHH pe30HaHcHHX 0- _ ( Ex = 19 MaD) :II 2- 
( Ex = 8 , 4 MaB) cocTOIIHlII ./J,lU)a 90Zr RBK iJ!.yHru.um yrJI8 
pacceJDnUI G , paOC'DITaHHHe B pa3HllX Ilpz6.im:JtelUl!lX MJI t 

NN - B38HMO,ne!cTBHII; 

_. - • - tNN - BS8ZMOlte!cTBHe co.n:epmrr TOJIbKO U6HTPaJIb

HIle KOMlIOHeHTloI, o6MeHHHo e BIl6.KBaHHe He Y"'lHT.bIB8eT CJI i 

" • ,. .. "" t NN - B8aID40.n:eil:CTBlIe co.n:epJtBT TO.1l bKO U6HTpaJIb

HIle KOMIIOHeHThI. 06MelIHOe BH6HBaHHe Y'lHT.bIB8eTCJI BBe.n:eHHeM 
nC eBltonOTeHUHaJI8; 

- - - - - - - t NN - B3a.KMO,ueAcTBHe co,n;epmrr TOJIbRQ UBHTpa.!Il>

Hlie KOMllOHeHTH, 06MeHHoe BIl6BB8H1!e Y'DITHBBeTCJI TO'IHO ; 

• . • • • . . . . • t NN - B3~.n:eAcTBlIe COltep:lmT ~eHTpa.1fhllHe H 

T6H30PHH6 KOMDOHeHTbI, o6l.!eHHOe Bbl6l!B8HJ!e Y'DiiTHBaeTG.II BBe,n;emreM 
rrCeB,nOIlOT6RUHaJIa ; 

t Im - B3fU!MO,l1;eHCTBHe CO,l(epmrr ll9HTpaIlbHHe II 

TeH30pHHe KOMllOH6HTIl , 06MeHHoe Bbl6HBaHHe Y'IHTHB8eTca TO'IRo. 
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TOT q:a.KT, 'ITO Mli HCrrOJIl>syeM CXeMBTR'le CKOe OCTaTO'IHOe BSaBMo Meli. TO peSYJIbT8T 6y.n9T CMbHO OTJlHlI8TbOJI OT TO'iHOI'O (CM. COOTBeT

,ne.\tcnme » ,llRCRpeTHHi! O~O'IaCTl!qjlHH 6aSHC, BK7.IJO'Ial!lJtKit TOlIl>RO CBlI- CTDYJOUlHe ltPIDlhl9 He PHc . 2). CpaBHeHHe RPKBbIX H8 Pl'lc. 2 n03BonHeT 

3'lHHHe H KBa SHCBfI38Hl:ible COCTOJIHlUl , saMeTHO yrrpomaeT 'IRCJIeHHHe paC'Ie- Tal~e YTBepm,n8Tl> , 'ITO TeHsopHUe KOMITOHeHTH t - BSaHMO,ne!CTBKffI 

NN 

Tli CTp'yKTYPR 11 rrepexo~ nnOTHOCTeR 0- - COCT~ H nOSBonHeT CRnl>HO ~ Ha TeopeTH'IeCKOe Ce'IeHHe (p, p ')-pacceRHHR C Bosd~e~ 
HaM C MmmM8Jll,HliM 'mCJIOM npB6Jll1!termA paCC'mT8Tl> ce'Ie~me (p , p' )-pac

c eRRHR. PaC'IeTH ce'IeHRff npH 3HeprHR n~aromnx rrpoTOHOB Ep = 200 lAs 
MI:i rrpOB9JII1 B TaR H8SIlB8eMOM l!MllYJIbCHOM rrpB'~HJm MeTOM HCKB.

llelUWX BOJlH (IDlMKB), r:yTL ROTOPOro COCTORT B TOM, 'ITO BSaHMo,ne1tcT

DHe Ha.n:eT8lOIJ.(ero Hy1<JIona C HYlt7IOItaMH R;Iijla Bll6npaeTC1I B mme CB06o,n-

HOa: t NN - MBTpHllJi. HIJMIffi y c rrelllHo pa60T8eT ;lWi ~mepJ:'P[ft Ep ;> 100 MaB. 

fIapaMeTpBS8 UW1 tNN -MBT.PHUIl OWl8 BIl6paH8 B mme CYMMIl nOTeHnHMOB 

DRaBH , n apaMeTPil JroTOpmt Ollpe,n~Cl> no aMILJrnTY,ne lryK1IOR-HYIOIOH-

HOro pacceRHHH rrpn SHeprKH 210 MaB 7/, CB060~ tlm-MBTP~ 
DK1IIO'laJIa UCIITpam.HHe lr1 TeHsoplille ROMITOHeHTN (crnm-op6:zTaJIbHoe BS8

IDIIO,nel\CTBRe He .n8eT BK1Ia,na B B036~eHl'le 0- -COCTomnrlI:). \'MSIl pac

cemmlt B nOJIe JI,lijla-MmlIeHH paCC'lRTllB8JmCl> B SaBl'ICHll{eM OT 3HeprHR 

II MaCCOBOro 'llrlCJI8 OITTH'IeCKOM nOTemumne. fIapaMeTpli OITTlrl'IeCltOro nOTeR

11JJMa rrO,nI'OHIlJIRCb no Cj'IeHHD yrrpyroro paCCeJI.HWl npoTonOB S aHWImlH

pyniIei\ cnoc06HOCTlI /Yl • ::xpfJeKTIl 06Me.HHOI'O BH6lJB8IDl1l HYK1l0Ra Y'IBTbI

BaJIHCh TO'IHO - BBe,nemreM HeJI01<8JThHOI'O rr~K"rOpa. B paC'IeT8X ce'Ie

HM HCITOJIbSOBa1IaCh rrporpaMMa 11S paOOT I . B STOlt nporpaMtlle WryT 

61lTl> BCIIOJIbSOBaJW BO.llJ!OBHe ~ npaKTWiecKllf moCiol! gnepHoi! MO,neJm, 

~ 'lera He06xo,nRMO BU'l»CJIHTb COOTBeTCTBYDmHe JIOKanl>lille H HeJIOxalfhlille 

rrepexo;rurue nnOTHOCTH. B Hett T8101te TO'ruO Y'ITeH KaHM 06MeIDIoro 00011

BaITHH HYKlfOHOB H ~~paJIl>lille H TeHsopHHe KCMOOHe~bI t NN -M8Tp~. 

B H8cT0mL1eA pa60Te qK>IMPaKTOP 6W1 llOJIY'ieH cBepTRO~ napaMeTplilSOBaHHO~ 

BHilleOITRCaHHHM OOpaSOM tNN -MaTPR~ C llepexo,nHHMH DJIOTHOCTHMH O~O

qK>HOHHHX B036~eHHHX cocTOHHKA, paCC~TaHRbIMH co BsaHMOnelcTBHeM 

(1 ) Up:H 6aSOBHX SHa'leHRRX KORCTaHT. 

B Ra'ie CTBe rrepBOI'O mara 6~ HCCJIe,nOBaH Bonpoc 0 cnpaBennHBOCTH 

HeKOTOpbIX, 'iaCTO HcnnrrhsyeMHX B paMR8X KITMMB yupomeHH~ ij npB6R:HxeHH~. 

PesyJI~TaTY cooTBeTcTBymmHX pac~eTOB ce~eHRR B036~eHRR HSOBeKTOpHO

1'0 0-- pesOllaHca ( E = 19,05 MsB) RJU)8 90Zr npKBe,neHhl Ha pHC. 2 
x 

(CJIew). B n pocTe1tDeM npl!6JImteHm! tIm - BSaRMO.lleAcTBHe BK1IIlqaeT 

TOJll>KO ueHTpaJIl>lille KOMlIOHeHTli, a aqxpeKTY BH6KB8.lI.iUI He J'DlTEmaIOTC1I. 

l1sBecTHO, 'iTO nOClle.IO!1!D 3ippeKT O'leHb BalleR, HO ere TO'Ililtll Y'leT TPYlIO

eMOK l! 06UKHOBeHHO Hcn~hSYDT npoue.nypy BBe,neHBR n ceB,nonoTeHDRBJI8 . Ha 

Pl'lc. 2. BB,ItHO, 'ITO ,JJ,1UI 'llrlCTO lleHT pMbHore t NN - BSaHMO,nei!cTBIDl T8

KO~ clloco6 Y'IeTa oOMeHHoro BH6KB3HBH naeT peSY~hTaTH, 6nH3KBe K TO'{ 

1lIlM , OCooeRHO ~ yrJIOB e .( roO • .!LIm TeRsopHoA ROMIIOHeHTIl tNl~ -Bsa-

RMO.neHCTBRR ODBcaHHe OOMeHHbIX ~KTOB 13 npH6JIKlleHHH THua n ceBnono

HHeM 0-- COCTORHHM . H8HoOJIee B8MHHM ~eTCfl HSMeHeHHe Ce'IeHHH upH 

tllaJIbIX y r JIax 9 < 50. 

CRJIbHaH S8BHCHMOCTb TeopeTH'IeCKo1'O ce'IeHRR Bosoy~eH:Hn 13 Heyn 

pY1'OM paccemnm npoToHoB OT TeH30pHbIX ROMIJOHeHT t NlI - B3BBMO.lle~

CTBBH HBnHeTCH OTJI:HqaTeJIl>HOA oc06eHHOCTbD 0-- COCTOHHHA • .!LIm ,npy

I'J!!X cmm-.zom~hHIDC coc'l'Cl1UIld!, Harrpl'lMep, .l1,.1IJl COCTOJUUr!it C LT == 2-, 

y~eT ax He TaK BaSeH. 3T0,neMOHcTpnpyeT pHC. 2 (cnp8w), H8 KOTOPOM 

B306paaeHo pacC'G'ITaHHOe B Tex lle upH6JImteHRRX, 'iTo H He pHC. 2 (CJIe-

Ba). Ce'leHHe BOsOYJl,I{eHM COCTOmum 2-c 3HeprBe~ E = 8.4 Mawr) 
13 90Zr • B STOM CJIy'lBe He nOBe,neHl'le ce'{eHRR noon ~ yrJIaMY. CH.1l},

Hee B1IRJDOT npH6JImlteHHR, CBJI3B.H1ible C OOMeHHl:lM BIlI6l'IB8.Hl'leM HYK1IOHOB. 

MOXHO JIl.! 6y,neT OOHapyllrnTh 0-- peSOHaHC B (p, p') - pacceffif.lm? fTpellt

one Bcere, JiCHO, '{TO rrOl'lCKI! CJIe,nyeT BeCTH no,n: MaJIIlMi'I yr~ar.G\. C TeM 

'ITOO~ UO,naBBTb BRJI~ nepeXO~OB C 60Jll>mBMB rrepe,naBaeMUMH MOMeHTaMH. 

TOl',na OCHOBllM ROllKYpeHI.J;WI 6y,neT H,nTH Mel!!.nY rrep exo,nar.m C b 1 = 0 Ii 

4 1 ~ 1, T. e. MellU4Y BOs6YJt,!{eHHeM COCTOIDUla C L'I\ =r+. 2-, r B 0-. 
PaC'IeTJi B uPB6JImtemU! c;ryqaaHoit tlIa31l rrORa3liB8.1OT. 'iTO CHJl~ eTl'lX B09

6y~eHBi\ B oneKTpe 90Zr pacrrpe~eneH8 cne.ny~ 06pasoMfIO, 19,20/: 

B o6JIacTH 3HepI'J.U\ B - 8 -'- 70 MaB HWCO,!VITOJI HSBeCTHlle HS (p, p ')_ 

H (e, e ') - pacceIUmJlX/8, II M1-' If M2 - peSORaHCh! ; llPH EXI? 720 ;\laB 
HaxO.D;ldTCR BHCOR~8JKamM BeTBb M2- p eSOHaHCa, a npH E£21 -'- 25 fAaB -
CmII:I-,l(I1l1OJI1>HIDi (·r paJiCBapCaJIblJHi.i ) E1 T - p8S0HBHC II: BfiCOltOJ[ezantJd 

(o6pasoBaHHHA uepexo,naMB CAl = 2) MI -pe30HaHC. HeROTOpJie H3 STl'lX 

pe30HaH COB - EI T ' BHCOKOJI~ MI) PlMeDT MaJIylO BepoSITHOCTb 

r - nepexo,na B OCHOBHoe cocTomme, HO Bce ORB HlITeHCHBHO B096YJ!,!l!WT

CJl B HeYllpyroM pac c eJIImH 3JleKTpoHoB HS 60JIbIllHe yrJIbi. CJIe.l(yeT ynOMlI

MYTh sms 0 rBraHTCKOM JlHU~hHOM p eSOHaHCe, KOTOp~ Xopomo RRneH B 

(p, p , )-pacceSDUIH llPH upoMellYTO'UlHX 9HepI'IDIX noon MBJIHMH yrJIaMH. Ho 

rJlP pacnOlIOIeH ups SRepnm Ex - 16 MaB H He ,nOJlJleH ,1{aBaTb SaMe'l'JIltl!" 

BK1l8.ll 13 Ce'IeHHe B o6JIaCTH H30BeKTOpHo1'O 0- peSOHaHca ( Ex -19 MaB). 

KaK MY Bl/!.llHM, B TOi! OMaCTl! Ex # r,ne HaxO.llHTCli H30BeKTOp-

fll:rl! O- -peaOHaHC, OCROBHhlMB ero ROJU<,Yp eHTaMH 6y,nyT 2-- COCTOSIHllJI. O,n

HaKO TeHSOpHaJi qaCTb B38l'lMO,neRcTBHH na.na~ero npoToR8 C HYKnOHaMH 

a,npa BU3UB8eT cymecTBeHHo pasHoe nOBe,neHHS ceqeHRA B036yx.neHRR 0- II: 

2- - COCTOJIJrnl!. llPH MaJlbIX yrJI8X • .llJI;l 60JIbJUel! RCHOCTH MbI H906pasHJlB 

) (fl.) 
x fTPH 6asoBbIX SR8'ieHHllX ~t aTO COCTOIDUle PlMeeT M8KC~bHYD 

TeHllBaJIa HenpaBOMO'IHO. ECJIH lle B STOM KaHaJIe COBceM He Y'llrlTliBaTl> 00- cpe~ Bcex 2-- COCTOJiHHft BelfR'IHHY B ( M2, 0+ --. 2-)./1 g. a . 

(, 7 
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I 

COOTBeT CT~e Ce'IeHHH Ha O~OM pKCYH~e (pRC. 3), Tau ze npKBe~eHO 
Ce'IeIDfe B036YJUleHRR: p e30HaHCHOI'O r+- COCTO.RIDISI: C ~x '" 8,9 MaB. 
~ I 
Q 

",.!2.. 
Puc. 3.-" ~ -~ CeqeHRn BOs6ys;neHRR: r+-COCTG

~ 
RHlItJI C Ex '" 8,9 MaB (mTpmc\D ,. -u rryHRTHPRaR KPHBaH), 2--COCTOHHHH 

10 1 / ---
/ C E '" 17,9 MaB ( II,YlffiTHPHaH 

KPBBaH) H O--COCTORHKH C 

Ex '" 19 MaB (CMOmHaH KPHBaH) 
~ 90Zr B saBHCHMOCTM OT 

yr'JI8 pac c eJIHIDI G.
102 

10 20 eO 
IIPM e • 0 

0 

I'IS0BeRTopHHlt 0-- peSOHaHC BOs6yx,v;aeTcH Ha IIOp!mOK HHTeH

cHllHee , 'IeM M2-pesoHaHc, a IIoBe~eHHe ce'leHRR: d (f / dJL (O- ) MIt q)yHK

mm e OK8SHBaeTCH npH M8.lWX yrJIaX 6.1rm!e it nOBe~emm d S /d.n. (1 +). 

'IeM K do / d Q (2-) • IIOSTOMy rrpl'! e .. 0 ° Bos6YJU];aJOTCJI npeZMyllleCT

BeRRO r+ :H 0- - COCTOJIHIDl, 'ITO MOlItHO Bl'U4eT:h Ha PHc. 4 ( BepxH.RlJ 'I8CTl>-J! 

BKJI~ 2--COCT01lHJdt CTaHOBHTCIl SaMeTeH rrpH e ~ sO, T.e. nOMe nep-

BOI'O MaKCHMYMB B Ce'IeHHH BOs6~eHRR: 2-- y poBHR C Ex '" 8 .4 MaB 
(PJ!c. 4, muoum '!aCT},). 

Ha CaNOM ~ene pesOHaHCHHe CTPYKTyPH, CBH38HHHe C Bos6~eHHeM 2-
cocro1llId, 6Yl1YT eIlle MEmee S&!eTHliMH, 1l0 ItpaitHeA Mepe TIO .JtBYM TIplI'Il!

HaM. E HaCTOJIIltH)C paC'IeTax He Y'iHTHBaJIOCl> B1IIDUIl!e Ha CTPYKTJPY 2-
ypoBHeA CIllm-aRTynOJI])HHX CM, KOTopble BEI3HBaDT 60JIee CM])1iWt pa36poc 

M2-cRHH no O~~HOHHHM 2--COCTORHRBM B HHTep»ane aHeprHI 17-20 MaE, 

T.e.~e~ BeprurrHoCTl> BOs6yx,v;eHHSI OTlleJI])HHX O.ItH$HOHHIiX COCTOH

mtA 3.22. BTOpaJI IIplf'mHa - BSaHMOlleAcTB1!e OJtH$~/OCTOIl1Utlt 
C .ltB~HORHbll.G!'. K.ax 1l0M3aJm paC'IeTH B paMK8.X K~ , , aTO 

M /lHMOlleACTmte " paSMHBaeT " cPJJIy BHCOK0JI6ltaIIU!X CIIHH-.InIDOJI])HHX r H 2
- COCTORHRA, pas6paCblBaeT ee TIO HHTepBanY aHeprRH Bos6~eH:HH Ex~ 

yIO MaE. B pesY~bTaTe aTOI'O CIIHH-.InIDOJI])HHe r H 2-- COCTOHHRH rrpl'! 

20 MaB ,It0JlJllW 06paSOrumaT]) CPOH ( p , p ' )-peaxmm. He TaK CPlJIl,HO tPpan.teH

X) ThraHTcm ,lI;ImOJIbHItli peaOHaHC s~ec]) He paCCMaTpRBaeTCH (OM. npe;nH-
JlYIIll!.It a6s an,) • 

H 

Q 

Pl!:C. 4 . "'~ 
1: 

~ 
c: 8=0 0 

CeqeHlle Bos6YE.zteHHR r+ \J 
l; I 

(W'I'PIDCJlYHItTHp) , u 
i0,52-- (IlYHKTHp) H O-- ( CITJIOID
I I

JiUO JIlllilm ) COCT~ H.ztpa 

I90Zr B ( p , p ') -pac-

Icemnm rrpH E '" 200 MaE. 
p i I j 

0,5 
e = 50 

0,2 5 

I I 

I Ii I 
I I 

I 

" II . I 

I:J I::: l :: :I 0 

10 20 Ex,M3B 

TRpy e TCR BHCOKOJIell8Il\HI MI-peSOHaHC / 19/, HO OH paCIIOJIOll\ilH HeCKOJIl>KO 

BHllJ8 HHTepeCYDI\elt Hac 06~aCTH Ex • 

KoRe 'UfO, 'lTo6 b( 6HTl> noCII e~OB8TeJIbJ!lDotlI, MIl ,n0J1lltHJi HC ClIe,nOBaTb 

BJ.IRIlHHe B3aHMOlleAcTBHH C .JtByx4loROIDINMH COCTOJml11IrMH H HB 0--pe30H~C . 
ITOM 9TO He C,IteJIaHO, MOmiO TOJI}'I<O coaaTbCH H8 pesynTaTbI pa60TJ./4/, 

r~e c yqeTOM B3am.t:>~ejkTBKSI 1p -1h R 2p - 2h KO~'ypa~1 6wm 

paCC'U!TaJUl tPj'1UtIlIDI OTKJIlIRa ~ 90Zr Ha BHellIHl'Ie nOJIH Twa (2 ) , (3). 

~parMeHTaIlRJ{ 0- -pesOHaRCa B aTKX paC'IeTax IIOJIY'DUl8Cl> aa6ea, 'IeM 

BblCOROJIezamero M2- H EI-peSOHaHCOB, a aMUnBTY~a ORnOBOA ~YH~ B 

p eSOH8HCHOA o6JracTR H8l'l60JIblllaR .nmt 0-- cocTOHllllA. 

8KcnepHMeBT He .naeT onpell~8RHHX YKasaHHf HS C~eCTBOB8HHe pe

SOHaHCHbIX CTPYRTYP, CBHSaHHHX C B036y~eHHeM CllKH-HSOCnHHOBbIX COCTOH

BRA B He!TP,anbHOM KaHane npa aHeprRRX Bos6~eHBH Ex - 2 0 MaB. B 

{la60Ta /237 «(P.p).. paccemrne, Ep '" 200 MsB, e '" 40 ) 6wra 

Hc ae.nOBBH8 o6JraCT]) 3HeprHR Bos6~eHHR 3 < Ex < 30 MsB ~ 90zr • 

B ceqemm HOllO mI,IU!ll MI - (Ex 9 MaB) H I'lIT'/lHTcm ,lJ;l!II0JIl>HJiA 
( Ex - 16 MsB) peSOHBHCbI. HO rrp!! 60JIee BblCOKItX SHepl'HIDC RCHO 

Blip8lII.eHRbIX pe30HaHCHliX CTPYKTJP HeT. Taltol! xe p esynT8T II0JIY'I.8H B 

ueynpyroM pacce.BHJim nOJIHpH30B8HHllX ITpOTOROB IIplI Ep '" 319 MaB /24/. 

CTOMT , OllH8KO, OTMeTHTb, 'ITO B 1l0ae,ItHeM aKCnepKMeHTe B o6JracTH sHep-

C) 
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rn:a 	8 < Ex < 25 MaB 6wr o6HapyxeH 60JIbmO~ BIOI8,1{ B ce'lelfllle rrepex o

,nOB 	 C rrepeBOpoTOM Cr:IJrna. IIOCKOJIbKY eCTb OCHO~~Tb. 'ITO nm

pIDfa O--peSOHaHCa He 'lepec'lYP BeJIHRa (COr JIaCHO r - 5 MaE) 11 

OR 	 BH.neJIReTCff R8,1{ <PaHOM, MOJt){O rrOIIHTaTbCff 06HSPYDTb erc. yBeJllf'Il!B 
CTaTHCTRKY KBMepelflllA. 

ABTOPH 6JIaro,napHli H.IO. lIIHPRROBOIt sa IJ,eRIDie ROHCYJI1>Tamm no on
THMI'Is aIJ;IDf HCrrOJIbSOBaHlIl:lX rrporpaMM. 
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