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I . B IIOJ!ROII CII8K'l'p8 {)- KB8HTOB, JJCIJY1118HHHX B IIpO~ecce B88lDIO,D;8I-

C'l'BlUI TSKeJIHX BOHOB C J'J,lij)8D, MODO BH,IJ;eJDl'rl> H8CKOJiloKO &Hepre'l'JA8CIOJX 

BHT8p:s8JIOB, K8llf.li:OIIY JJS KOTOpHX COIIOCTBBJUm'l' CBOI M8X8HJII8110 OTB8TCTB8H

HHI sa amoco &'l'BX (f- JITiel. fiOJITieHHM axcnepBMeH'l'8JWIM BI$)JII&
Inlll OR88llB88TCJl 1lP88BJill88HO BUBOI ,1Wl BCCJI8,D;OB8HBJl olioiCTB Jl,D;ep, 

,.UCTBYJIIIIIX B peBKitJJB. B CII8KTpe ((- KB8HTOB MOliHO BH,IJ;eJDITlo paape-

meHHYe ,JI.1!0Iql8THH8 JDIHJIJ[, CBJI88HHH8 0 IIepeXO,D;SMB MEm,Jty KOHiql8'l'mDIJI 

JJ,D;8pHYIIDl ypoBHJDIJI, JJ OII8K'l'Jl HepaapemeHHHX 'If - KB8HTOB, IIpOO'l'Jill8IIIIIIX

CJl oor E~,.., I MaB ,11;0 Elf ~ 80 A?· B uepaspemeHHoM cnex'l'pe IJpB aueprH

JlX E~;.;, 2 MaB r.lUIBHHI BJtll8,11; I B oneHBe 6YJ1YT ,D;aBB.TJo TaR uasHB8811He 

CTQ'l'JJO'l'JA8CKJJ8 ({- KB8H'l'H 0 COIIpOBOa,lJ;8DJtH8 pacna;o: KOIIII&y&,D;-COCTOJIJDil. 

fipB auepl'HJIX B6x&SB I2-I5 MaD ua~aeTCJl OTKIOH8HB8 ~PIIY 8KCII8pJJ

M8HT8Jil>HOI'O CII8K'l'pa OT 8KCIIOBeHIU18Jil>HOI, CBJl8aHH08 0 BOS6yJr.D;8HBelf I'H

raHTCKOI'O ,J1.1!IIOJiloHOI'O pe80H8HCQ. 

UOpa80B8HB8 H paoii8,D; KOIIIIQy&,D;-COCTOJIHHH, IIOJITi8HHHX B pe~ 

c Ts&eJIHIOI BOH8101, IIPH sueprHJIX :S IO MaB/HYKJIOH o6JAHo OIIJJCHB811'1' B 

p8llK8.X OTQ'l'JJC'l'JA80KJJX Tecpd. 

llen ,11;8HHOI pa6o'!'il - JJ3JUD8 CT&'l'JJCT:neCIOJX ~- .xyqel, o6pa-
80B8liiiiiiXCJl B IIpO~C08 B88JDI0,11;8ICTBJJJI TSKeJIHX JJOHOB 0 ~, IIOCKO.B

KJ O'f,JlU8D8 BKJ18,11;ll C'f8'1'JJCft118CKIIX r - RB8B'l'OB IIpe,JI;C'1'8BU8'1' co6ol 

B8DJI) U..81Q' .I.IJl D'l'epnpe'l'aJUDI JIO.IJIHX ({- CII8X'l'pOB. 

2. HU:ODII Jtpa'l'ltO OCBOBBY8 fiOpi)'D CT8TJIC'l'JJ118CRO;Ir.l8D, pe-nr-
BUIDI8 • wc.u'1'8.'GJDa XOIIILIUCU TJIII8 f?KoGI.J 2 • G~oGII" • 
A /.I C F • PaoDQ IJ.1Ul& •• ooo'l'OSIIIIJI OT&HC'l'I'leo:mro pu110MOU ou-

pe,JJ;e.u&'l'Oa XOB:XJ'peBQHI 1118Q1 BC .. ~ X'UIWP jli.CJ~Qa B 

ooouetonu o u taao ... o~-'0'. · 

CUnp ({ - JCHHOB, •OIIJiliiiiiiiX B upo~eoce .l8JIOI6JQeJJU JIJQ)& 

A, ollp8.le.ue'f0a ua~ odpa1011: 

a.'\titi:!O:<:?.:'Il·&t~'TYT 

··~~!1\.~.\: ~-, . •, .. ~ .. ~~ li: 
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$_. (clf)=D jtl!f 1 (~·,~)r:; f'rll.t ~y( E1,~ ). fi, f), ~~ ~ ~J· 
(I) 

lr = ~· -ij' 
r.ne -1 (~·, ~·} - pacnpe.n;eJieHHe saceJieHHOcTH ypoBHel SJ.IJ;pa A B sa-

BBCHMOCTJI OT 8H8pi'ml BOS6y3.1(8HH.II ~· Jl yrJIOBOro MOM8HTa -7,;· 
. ~;y(~·,..f;~,Ji) - B9pom'HOCT:& lliOICCJIJI ~TOHOB JIB Ha'ISJO.HOI'O 

COCTOJDWI C 8H9pi'llel BOS6y3.1(8HH.II .f;· H MOM9HTOM {• B KOH8'1H09 {o/.,f): 

GAr ( E;·Ju Et,Ji) = I<Ar ( ~·, ~·; E1 Jt) / G ( ~·, {), (2) 

C ({· ,~·) = Z::::, RAY ( E;·Je'; £i,ll)' (3) 
v::n,~"' 

~~ 

r.ne RAJ onpe.n;eJI.ReT BepoHTHOCT:& BHJieTa HB H.D;Pa A 'laCTJrlUi v HJIH 

B8poSITHOCT~ .IJ;eJieHHSl, 

.I1Jm pa,nli&UHOHHOI'O KB.HaJia 

/?A~ ( ~·, J.·; Et, 1;) = z;? RA II'~ ( £;·, J.·; El Jt) = 
2l+-i f . ) 

~z;? t!r .0, (E~, t~l 5;. (.fiJI )/JA CE;;,J;· ), 
(4) 

'f"'IJQ ,.t. ~ ):',._ r .. _ r:'loT:l'nl"'\~TifrT TrnTT'TTnT~nJ'"I•n.-.c .. \1' ·--··--- \ - ~..,-;_-;;-;..., .... loun~-
-.-.- (I -~ -~- -- ... r----• --••,J._..,,.....,...,_. U ~&.VDt (a ., .. - ... ._..-

HOCT~, fA - IJJIOTHOCT~ ypoBHel B Sl.D;pe A IIpH COOTB9TCTBYJlllli!X E H 

J , f>o (E¥, l--/ ) - P8.IJ;H8IU!OHH8Sl CHJIOB8Sl ~. IIp0IIOPitllO

HSJO.H8Sl cpe~el IIpHBe.n;eHHOI BepoSITHOCTH 8H9RTpoMarHHTBHX nepeXO.IJ;OB 

Mea,JI;y COOTOSIJDIJWH l H I 0 BH6op p8,Itl!altllOHHOI CHJIOBOI <wmanm B 

CYJQeO'l'BeHHol C'l'efi8HH onpe.n;eJI.Re'l' CII8KTp JtlCiij'lii9HBHX ?{ - RBaHTOB. fipSl

MHe sxcnepDeH'l'SJO.HHe .namme OYJ118CTBYJl'l' TOnKO ~ ysKOro .IJ;HanasoHa 

BHepi'JII BOS6Y3.1(eHHSl, fiOS'l'OyY ~ :BH6opa CHJIOBOI ~ IIpHBJieR81l'l' 

~e no ce'leHHHM woTonorJio•eBJtlSI. S'l'a pe~ B OCHOBHOM CBH-

saHa c Bos6~eHBeM rKraHTcxoro .IJ;JtinOJIAHoro pesoBaHca (rnP)~ no

OTpOeHHoro Ha OCHOBHOM COC'l'OSlHJIJI SJ.IJ;pa H B O'l'.IJ;QnBHX Cl.Jiy'i8SlX" / - Ha 

HllSKOJieJ!aiQIIX BO S6YJ!.1(eHBHX COCTOSIHilSlX • 0IDIC8HJ!9 lle r.n;p ~ Si.D;ep, 06Jia

,Jt8DIIiiX 6oniiiBIOI MOM9H'l'8Ml! H 8Hepmel BOS6YQeHHH,OCHOBHB&e'l'CSl Ha pas

H006pa8BHX '1'90~'1'H,9CKHX no.n;xo.n;ax, R8.K ~HOM9HOJIOI'll'l9CKHX, TB.R JI MHK

po0KOIJJI1l9CKIIX1 r-II • fiOCKOnxy MeX8HJ!3M o6paSOB8HJ!Sl ~'l'OHOB, CBSISaH

HHX C paCII8,JJ;OM r.n;p, MOlleT .n;aBaT:& IIpRIIYJ) HH~!M8Itllll 0 .IJ;HH8MJIKe Si.D;9p

IIHX C'l"'JJI(HOB8HHI H ~!Me Si.D;8p, fiOJ!YUDIIi!XCSl B IIpOIJ;90Ce BsaJDIO.IJ;eiCT

BBSl, TO HSy-qemm 8'1'1\! BO!rnOCOB B IIOCJIQ.IJ;H99 ~ IIOCBJmiElHO MHOro pa-

6o'f (Cif. • HaiiplDiep,fii,I2/ H .D;pyrJie pa6o'l'H B/!2/) • 

2 

.. 

.I 

0.IJ;Ha.I<O CTaTHCTH'l9CKJtl9 pac-qeTH BHXO,ll;OB ¥' - KBaHTOB OKB.3HBa!JTCSl 

He CJIHIDKOM -qysCTBHTe~HHMH K H~Jti.IJ;YSJibHHM OC069HHOC'l'SIM Si.D;epHHX B03-

6YE.IJ;eHHA. fiOSTOMy ~ aHanHSa .n;ammx 3KCTiepRM9HT8 TI0~3ymTCSl 6oJiee 

IIpOCTHMH WSHOMeHoJiorz-qecKHMH Mo.n;eJIRMH, ocHoBBHHHMH Ha rHIIOTe3e BpHH

Ka, 3a.KJIJO-qruomeAc.fl B TOM, 'ITO CHJIOBM WyHKIJ;ll:Sl aJieKTpoMarHHTHoro nepexo

.na 3aBHC'T ~D 0'1' 3H9prHH nepexo.n;a H He 3aBHCHT OT SHeprHH B036YE.IJ;e

HH.fl Si.D;9p IS • ~'fMa lite CHJIOBOA iJ)yHKIJ;Jm onpe,n;eJI.fleTC.fl CBOACTBBMl'I CTPYR

TYPhl .fl,Iijla (HanpRMep, yqH'l'HBaeT pacmeTIJieHH:e r,np B .n;eqnp.mpo:eamrnx Sl.IJ;-

pax) H co.n;e~T B cede Kax napaMeTPhl no~ollteHHe H WHPHHY r.nP. 

B HaCTOJ1J119e Bp9MSI (cM.fi2/) HeT O.IJ;HOSHa'lHOCTH B HHTepiip9T8.IJ;HH 

cymeCTBY~ 3KCrrepHMeHTSJibHbiX ,ll;~7 ITO STOMy BOnpocy. 3KCTiepHMeHThl 

no p~HB!~OHHOMY saxsaTy IIpOTOHOB 14 Ka-qecTBeHHo no.IJ;'l'Bepll.IJ;aDT yroa
saHHym KapTHHY: ITOJIOlltSHHe peSOHBHCa OTHOCHTe~HO COCTO.fiHH.fl, Ha KOTO

poM OH ITOCTpOeH, He 38BHCHT OT SHeprHH B036yllt.IJ;eHH.fl, HO W:HPHHa p930-

HaHCa BospacTaeT. HccJie.n;oBaHHe llteCTKJtiX raMMa-nepexo.n;oB B peaKIJ;R.f!X c 

TRllteANMH HOHaMH fi03BO~Sl9T cymeC'l'BeHHO C,IJ;BHHYT~ ITO CpaBHeHHD C peax

I.UlRMR, HHH~HpOBaHHHMH HYKJIOHaMH, .IJ;RariaSOH HCCJie,n;yeMbiX COCTOSIHHA K 

BbiCOKHM SHeprHSIM B036yllt.IJ;eHH.fl H MOMeHTaM, ~ ITOBbiiD8HH.fi Ha.IJ;elltHOCTH Bbl

,n;eJieHH.fl HH~pMB!UU'l 0 CTpyxType Sl.D;pa H onpe,n;e~eHH.fl OTITHMSJibHbiX 3KCII9-

pHMeHTanb!lliX yCJIOBHA BBlltHO JtlCCJie.IJ;OB8TD -qysCTBHTe~HOCT~ TeopeTH-qeCKJtiX 

pac-qeTOB KaCK~OB r - KBaHTOB K Mo.n;e~HHM npe.IUIOJIO.llt9HID!M. B ,IJ;aHHOA 

pa6oTe Mbi H3y-qMH BJIHSIHHe qnp.rn pB,II,Ha.IJ;HOHHOn CHJIOBOA iJ)yHKIJ;JIJI Ha pe3y~

TaThl pac-qeTOB CTieKTpanbHOn HHTeHCHBHOCTH CTaTHCTKq8CKJtlX rBMMa-nepexo

,I\OB • .li.JUI STOro paCCMOTpHM HeCKO~KO pa3JIH'l.HbiX ariiipOKCHMaiJ;lii CHJIOBOA 

WYHKUHH. 

I. Bes yqeTa sos6yllt.IJ;eHH.fl rzraHTCKHX pe30HBHCOB 

f (c.,, f--l)=consr. u 
2, A.nnpoKCHMa.IJ;H.fl ~p.rn I'.IIl' JIOpeHD;eBCKon KpHBOA 

r tlfr 
tEt (~.,, i ~/) = const 0....:~-,z-_-E-z~)-:z+-( Err )2 

3. AnnpoKCHMa.IJ;HJJ I:D:P 6peii:T - IDl.I'HepoBCKUM pe30HaHCOM 
I . 

t(. 'I) t t 
t~:t. Er,L~ =cons (t!'-,-E)z + (r/2 Y· 

4. AnrrpoKCHMa.IJ;HH I:D:P .D;BJ'MSI JiopeHD;eBCKHMH KpHBHMH 

3 

(5) 

(6) 

(?) 



I (.l t _./)- const L{ 2 G~rl; + 
Et l J - .3 ( E/'-E; 2

) 2 + ( c"r /i )2. 

+ '-"ell ) 
(~l-e;_2)2+(.!8F;)2. • (8) 

C~ 4 MOZHO paCCMaTpKBaTL KaK TipH6~HHHft yqeT pac~enneHHR 
r,np B ~9qoPMHPQB8HHHX ~ax C OTHOill9HH9M CRHH nepexo~OB M~ KOMTIO
H9HTBMH r.ItP 2:I. B qop~YJiax (5)-(8) E - liOJIOlteHHe p930HaHCa, r -
ero mHpHHa, HOpMHpOBO~aR liOCTORHHaR orrpe~e.JIR9TCH H3 CpaBH9HHH C 3KC
nepl!M9HTa.JILHHMll: .na.HHJ,lMl! no pB,!UI~OHHbiM D!Hpl'IHaM. 

BBltHOI Be.JIHtmHOI, xapaKT9pH3YDi191 npoqecc SMHCCHH qoTOHOB, RB
M9TCH MH0l!90TB9HH00TL - Cpe~ee 'U!CJIO ({ - KBaHTOB, HCIIyiqeHHHX sa 

0~ KaCKan. ~ orrpe~eJieHHH MHOlt90TB9HHOCTH B OTaTHC~90KHX pac~e
Tax H906XO~O 3HaTL C:yMMapH09 KOJIIA9CTBO ({ - KBaHTOB, T.e. IIOJIH09 
ce~eHHe: 

~ = fr/t!K ~~ (t5~) 1 
(9) 

H ~CJIO KaOKB,II;OB #o ; 

No=~ /1{ ~ (;;·,.7;· Jr=fe!E: ~¥ ({-,J.~·Ei) 1i ), 
~ ~ . (IO) 

--- "0 ------- - - .. 
.a.,u.g ')I -lJCLVU!Jt'.U.""'lt>lU'lt> <:I~Ut>Jlt>tu:tVVl'J4 :J i!Vlnit:IJil )J,V lii:1'UIJU1. li!CiliJC!taHHH "f -
KB8HTOB. MHOJK90TB9HHOCTL /1 paBHa 

!1=f5t/#o. (II) 

06c~ MHOlteCTBeHHoCTH CTaTHOT~ecKHX o - KBaHTOB. B Ta6Jlxqe I 
rrpe~CTaBJieHH pesy.JILTaTH pac~eTOB MHOlt9CTB9HHOCTH ~ - RBBHTOB B Ka

HSJiax 0 pa3JIIAHHM 'U!CJIOM HCII~emmx H9l'l'pOHOB B 3aBHCHMOOTH OT ~a 
pt!,IO!~OHHOI CBJIOBOI ~. H3 BH'U!OJI9HHI CJI9~T, ~TO Ha II9pBHX 
marax pe~, KOr~a 3aCe.JIRDTOH COCTOHHHH, 3H9prHR B036~eHHH KOTO
pux 3Ha~Te.JILHO rrpeBumaeT 3H9prHD OBHSH ~OTHq B ~e, rSMMa-nepexo~ 
HM9DT 9~ MHOlt9CTB9HHOCTL. 8TOT pesy.JILTaT He 3aBHCHT OT ~eTa
JI91 pa0~9TOB (~a paJI;HaqHOHHHX OBJIOBHX ~, nnOTHOCTH ypQBHel H 
T.~.) l! HM99T npooroe 06'LHCH9HH9. B R8HaJiaX C H96o.JILmHM 'U!CJIOM HCIIa

PHJmiHXCH Heitrpo&OB pB,IUI~OHHHI pacna,u; ~epHHX ypoBHel, BO s6yz,u:eHHHX 

li9pBB1lHiiMJII rSMMa-Jiy1UlMH, li0~9H HS-sa KOHRype:Hmm 0 BHJI9TOM ~CTHq, 
li09TOyY KaCKB,IJ; qoTOHOB He M0lt9T paSBHTLCH H SaTyxaeT. 
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Kao~ 2( - KBaHTOB B03HHK8DT, 9CJIH npH ~9B036~eHHK ~a 3a
C9JIHIDTCH COCTORHHH, B KOTOpHX ~~OHHHI KaHa.JI pacn~ ~OMHHHPY9T 
HJIH cpaBHHM c BHJieTOM HeiTpOHOB. YCJIOBHH nJIH aToro cos~aroTCH, KaK 

rrpaBHJIO, Ha TIOCJI9~HHX warax peaKqRH, ROr~a 3HatmT9JILHM ~CTL SHeprHPI 
B036~eHHH YHOCHTCH HCTiapHBIDRMHCH ~aCTHUaMl'l. fpaHRqa 06JiaCTPI, r~e 

rrpeo9¥~aeT SMHCCPIH qoTOHOB, 3aBPIOPIT OT yrJIOBOro MOM9HTa COCTaBHOro 
~pa I • C YBeJIH~eHHeM MOM9HTa BpameHHH 06JiaCTl>, r~e B03HHK8DT KaCKa
~ CTaTHCTPI~9CKl'IX 2( - KBaHTOB1 C~HraeTCH R 6oJiee BHCOKPIM SHeprHHM 
B036~eHHH. KaK CJie~CTBPI9, TipR o6pa30BaHHPI ROMTia~-~a C O~HaRO
BOI SHeprHel B036~9HHH B peaKUHHX C JierKHMR PI T~e.JIHMH PIOHBMH KaC
~ t - KBaHTOB B03HHK8DT Ha 6oJiee paHHHX 3Taiiax (C MeHbliiHM 'U!CJIOM 
HCTiapPIBDIHXCH ~aCTRq) B peaKqRHX1 HHHUlill:pOBaHHHX 6oJiee T~9JIHMH HOHBMH, 
KOTOpHe nepe~aroT ~y B rrpoqecce CJIHHHHH 60Jil>ruHI yrJIOBOI MOM9HT. ~ 
RJI.JiroCTpaURH BHill6CKa3aHHOro B Ta6JIHU9 2 ITpHBe~eHH pesyJILTaTH pac~eTOB 
MH0lt9CTB9HHOCTH CTaTPICTH~9CKPIX 2( - KBaHTOB B KaHaJiax C pa3.1IH~HM 

'U!CJIOM PICTI~9HHHX HeiTpOHOB nJifl CJiyqaeB, KOrAa KOMTia~-CHCTeMa o6pa

syeTCH rrpz He6oJil>DIHX (I< !5) , cpe~HPIX ( I5 ~ I.:!; 30) PI BHCOKPIX ( 30 < I ' 
60) CITHHax. 0TM9THM YB9JIH~eHHe MHOlteCTBeHHOCTH CTaTHCTPI~eCKPIX ~ -
KBaHTOB Ha ~9TB9pTOM mare rrpPI nepexo~e OT Ma.JIHX CITHHOB K BHCOKPIM, 

B peaRURHX C Tfllte.JIHMH PIOHaMPI OCHOBHaH RHqoPM~H 0 TnP H3BJieKa-
9TCH :li3 ITOJIHHX CITeKTpoB 4' - KBaHTOB, CO,IJ;9pllt~X CyMMapHHe BRJia,nH OT 
'!n'~'fiHO"R- WCI1Vill9HHHX Ha BCeX warax peaRURH. 0TRJIOHeHHe qopi!H CITeKTpa 

OT 3KCITOH9Hqll:aJil>HO~ ITpPI 60Jil>illRX 3H9prHRX ~ - KBaHTOB HHTeprrpeTPipY

eTCH KaR rrpoRBJieHHe r.nP. OTMeTHM, ~To .n~e B c.Jiyqae pac~eTOB, He~
THBa~x r~ (MaTp~e BJieMeHTH pa,nHaUROHHHX rrepexo~OB He 3aBHCHT OT 
3HeprHH Ctf ) , ITpOPICXO~T H3M9H9Hl'!e HaRJIOHa ITOJIHOro CTieKTpa. 8TO CBH-
3aHO C TeM 06CTOHTeJILCTBOM, ~TO ~eCTKaR ~CTL CITeKTpa Orrpe~eJIHeTCH B 
OCHOBHOM O - rrepexO~aMll: nepBHX maroB peaKUHPI, ,JJ,JI.R: KOTOpHX cneKTpH 
C~HHYTH B 06JiaCTl> 60Jiee BHCOKPIX SHeprHI qoTOHOB ( ~ ~ 3 V t/ /Q' 

1 
, 

r~e 1; - SHeprHR, COOTBeTIJTBY1Jll(aJ'l MaRCHMaJILHOi\ HHT9HCHBHOCTH CTieKT
pa, tl - 3HeprHH B036~eHHH, C'l - napaMeTp ITJIOTHOCTH ypoBHel), ~TO 
H Tipl!BO,nHT K :R3MeHeHH!l HaKJIOHa TIOJIHOrO CTI6KTpa ({ - KBaHTOB, (8TO 
B~O TaRJKe H3 rrpPIBe~SHHHX B Ta6JIHue I 3Ha~eHHI cpe~ett SHeprRH ty r
RB8HTOB). TaM H6 MeHee pac~eTH 0 TIOCTOHHHHMH MaTpH~ BJieMeHTaMH 
p~~OHHHX nep7XO~OB He Tip3BOJIHIDT o6~HCHRTl> 8KCTI6pHMeHTaJILHO Ha6JI!l
~aeyYD qopMY CITeKTpoB. Y~eT B036~eHHR rnr B rrpoqecce pacrra,na KOMITa
~-~a TI03BOJIHeT TipH COOTB9TCTBym~eM IT0~6ope napaM9TPQB, XapaRTe

pR3~X p930HaHC, ITpH6JIH3HTLCR K SKCTiepHMeHTaJILHHM ~aHHHM. fio aHa

~Orl'!H C ITpOUeCCBMH qoTOITOrJIO~eHHH, B KOTOpHX B036~aeTCH ~TIOJil>HHi\ 
pesOHaHC, ITOCTpo9HHHI Ha OCHOBHOM COCTORHPIH ~. MOEHO ~eHTl>CH H3-
BJI9'U> H3 3TOro OllHCaHHH HHqop.taURIO 0 CTPYKTYP9 .ll'~a TipH BHOOKIX 3Hep-
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Ta6JIHUa I 

MHollteCTBeHHoCTD N 
1$"0 ( 16 y(l-)( 

~- KBaHTOB B peBJUmH 11/c/ 0,r"l? Er 

ripH Er~0 = 77,7 MsB Ha pa3HHX marax B 3aBHC!tlMOCTH OT BH60pa aiiiipOK-

C!tlMauHH pa,n;HauHOHHO~ cHJioBoti <PYHKUHH: I - anrrpoKC!tlMau.HH (5), 6es Y'le-

Ta r.rr;p; 2 - anrrpoKCHMau.HH ( 6); 3 - aiiiipOKC!tlMauHH ( 7) ; B CJIY'lMX 2 H 

3 E = I4,0 MsB, r = 9,5 MsB, c?,;: - cpe.IJ;HM SHep:rHH Y- KB8H-

TOB B MsB Ha COOTBSTCTByro~eM mare peaKURH 

~War I 2 3 4 5 

M I I I 2,I 4,7 
I 

c~ 6,0 5,4 4,6 2,5 I,7 

-
M I I I I,5 3,4 

2 
1,r 9,2 8,4 7,3 4,3 2,3 

-
M I I I 2,0 4,4 

3 
4 7,7 6,d 5,6 2,9 I,8 

T a 6 JI H u a 2 

MHollteCTBeHHocn ,y~ - Kaci<a,na na pa3HHX marax B pearunm: 
1So ( 16 ) 1U-x Ml OJ ><n li- npH E11

0 
= 77,7 MsB. ArrnpoRCHMaiUUI •fxlpMH 

(6), E = I4,95 M:JB, r IO,O MsB 

I'Jl.P 

MJITepBM ~ 
ITO MOMSHTBM ar 

I 2 3 4 5 

0 ~ P(I} ~1S I I I I,04 3,33 
1S $ P(I) $ :30 I I I I,84 3,35 
;,o < P(IJ ${0 I I I 3,24 3,25 

.. 

6 

~ 

;j 

~ 

ir ,, '\ ~ I \ 
~ \ ... \ 

"' 

_,, 
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111-l 

15
':vo'( '~xn)lfi-Er 

£,.0 =77, 1/'t.& 

l119_._l. IIoJIHH! cneKTp z::: H 
Cll9KTPH ~ - KB8HTOB 

Ha pasHHx marax B Je~ 
-tso N'd ( 1''o, xn tu-x Er 

rrpH E~,o = 77,7 MsB. Annpoxcx
MauiDI pa,zntau.HOHHOA CHJIOBOI \WlfR
~ (6J, E= I4,9 MaB, r= 
= 5,0 MsB. 

:rHHX B036YE.IJ;eHHH. Ha pHc. I 
ripHBS.IJ;SHH peay~TaTH pac~eTOB 

CITeRTpoB ~ - KBaHTOB, COOT

BSTCTBYIDIIIRX R8HaJIBM C p83HHM 

~CJIOM HCIT]mSHHHX HeftTpoHOB,H 

ITOJIHHA CITSRTP BCSX ;r - KB8H

TOB. BR.IJ;HO, ~TO lltSCTRaH ~CTL 

CITSKTpa Ollp8.IJ;9JI1I9TC1I r -RB8H

TBMH, BHJISTSBlli!tlMH Ha nepBHX 

marax pe~H. C ]BeJIH~eHHeM 
~CJia HCITymSHHHX H91TpoHOB 

BJIHRHHe I'.llP Ha !flo:INY CITSRTPa 

YMeHLmaeTCH H Ha nocJie.IJ;HHX ma-

rax peaRinm, lUIT'.rrA mf"'"'""'!"~-

HOCTL HCITylliBHHHX ~- JIY'!Sft MaKCHM~Ha, BHCOR03HepreTH~9CRaH ~aCTL 

C!IBKTpa HMOflT aKCITOHBHI(RaJILHH! xapaKTep. 0'lBBH,llHO, ~TO napUR~HHe 

C!!AKTpbi 60JIHe 'l]BCTBHTBJILHH R r.rr;p' 'lSM ITOJIHhle. Ha PHC. 2 ripl'!Be.IJ;eHH 

CllAKTpU O - KBaHTOB, COOTBSTCTBYDQHX rrepBHM TpeM marBM peaRIUm .IJ:JI1I 

paMwmux THrros Pa.nHau.HOHHHX CHJIOBHX cfJYH~il (5)-(8). C YB~elmeM 
'lll•.)Jia HCTIJll(BHHHX HeftTpoHOB CITSRTpH C pa3lillMH Pa.rtHB.UHOHHHMH CHJIOBHMH 

iJ.YHKLUUJMH c6JIHJKaK>TCH. B pac'leTax c PB.nH~OHHoil CHJIOBOI ~eil (_8) 
n mr,n:e cyrreprro 3HURH .IJ;B]X JIOp9HU8BCRMX cflyH~I ( KpHBaH 4) B CII9RTpe 

rrpoiiBJI.IfeTCR TO~KO 6BMIT c MeHLrueA sHepi'Helt pesoHaHCa E2 , rrpHCYTCT

BI!e BTOporo 6BMna C 6o~mef 3H9p:rHeft ~ ripHBO.IlHT JIHJIJl> R HSM9H9Hlm 

HaMOHa B CIT9RTP9. lJT06H BTOpoflt 6BMIT 38M8THO llpo1IBHJIC1I, He06XO.IJ;HMO, 

~T06H IIIHpHHa ID!Ra 6HJia He6o~moflt, 'lTO O~eHL MaJIOBepoa:THO • 0TM9TJIM, 

~TO BO BC9X C~ BHCOK03H9preT:H'l9CRaR ~CTL Cll9RTpOB HBB6oJiee 'l]B

C'TBHT9~Ha R B:HP/ MaTPl!'lHilX. 3JI8M9HTOB 3JI8RTpoMarHJI['l'RHX nepexo~OB. 

IIap8M9TpH (llOJIOlleHJie E Jl Dlllpl!Ha r ) r.rr;p onpe~e.JUJMC$1 BS 

cpB.BHeHJVI peay~TaTOB TeopeT:H'leOKBX pac~eTOB c axcnepD18H'l'8JnBHIOI 

~8.HHHMJI. C}ruleOTBYDIIJI8 3KCR9pJDI8H'l'&m.HHe peS]JIDTaTH H8~0CMTO"'HH ,1WI 

npoBe~eHHH CJICT811aT:H'leCKOI'O 8H&U88 J1 ITOJiy'l8HJ!JI TO"'..IHX saKOH0118pHOO-
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PHc. 2. CneKTJlhl ~ - KBaHTOB 
B pe8.K.Il:HR 

1SoNt/ ( 16 O,xn) 1&6-x Er 
npH E "o = 7?, 7 MsB Ha nepBhiX 
Tpex marax B 3aBHCHMOCTH OT Bhl-
6opa PanHauHOHHO~ CH~OBO~ ~HK
~: I - annpoKCHManRSI (5) Oe3 
l',!U'; 2 - annpOKCHM~SI ( 7} ; 
3 - annpOKCHMa.IU!:SI ( 6) • 4 - an
llpOKCHMSIJ;H.ff (8); £ =l4,9 MsB, 
rr = 5,0 MsB B anrrpQKCHMauHSIX 
(6) H (7)· E 1 = 13 MsB £2. = 
= 16.\8 MsB, r1 = 3,3 MsB.._rz 
~5,2 MsB B annpoKCHMauHH (o). 

Te~. TeM He MiHee SKCIIepHMeH
Thl llOKa3HB8IDT 12/, ~TO lliHp:HHa 

pe30HaHCa, ITOCTJlOeHHOro Ha B03-
6yxmeHHhiX COCTO.IIHHSIX, MHOro 

60~We ruHPHHhl f.nP, llOCTpOeHHO
ro Ha OCHOBHOM COCTOSIHHH, a 
llO~O~eHH.ff pe30HaHCOB He COBITa
,IJ;aiDT ,Iij)P' c ,Iij)yroM. Be~~Ha 

..................... -1"\,Tr~n,..Tf' .... 'T"'I ............ T"\TW.,.,,., T'> 'r'I' ..... TP ..... _,..T ... TrT1P' .,...,..,..,,..TTnTT ... ,..'9"'> 'tltfl"\'1!1',-..'" T9'AI"\!T1T .. T1nrnT 1"\'TTTT,..,T'I,..., ............ r ............................................... ,..., ............................. ..., ............... ~ .................... .t:' ...... ..., ...... .,.._ ...... ..., .................. w ...... ,..., ................... - ... ~ ...... ......, .............. .... 

- .n;Byx M sB. 

MTaR, npoBe,n;eHHble HSMH MeTo~eCKHe pac~eTh! ITOR83hiB8IDT, ~TO HH
RnD3HBHhle ITO~e CITeRTphl 2( - RBaHTOB He ll03BO~T .n;aTn O.n;H03Ha~ 
:e:Hcfx>JNa.u;mo o cfx>PMe H napaMeTpax r:e:raHTCRoro .znmo~Horo pesoHaHca. 
BH.n;HO, ~TO HSH6o~myro ~YBCTBHT~HOCTn R xapaRTep:HCTHRSM r~ HMenT 
Te RaH~, ROTOphiM COOTBeTCTByeT e,IJ;HHH~B.fl MHO~eCTBeHHOCTn. 

3. 06paTHMCSI Tenepn K ROHRpeTHHM SRCnepHMeHT~HhiM pesy~nTaTSM ITO 
'lf - cneRTJlaM, no~eHHHM np:H H3~eHHH B38IDIIO,IJ;e~CTBHSI 

22Ne ( £ = 
=178 MaB) Ha .ff,Iij)ax 1.z~n , "6s-flo , .uzrh • Mcno~soBaHHe pasHhlx M:Hme

Heit .n;aeT B03MO~OCTn CpaBHHTb cpJJNY CITeR"rpa ?f - RBaHTOB ,Ir,liJI COC
TaBHhiX c:HcTeM, CYJIIeCTBeHHo OT~8lOIItPIXC.ff no A • Ha p:Hc. 3-5 no
RSsaHhl CTaTHCTH~eCKHe CIIeKTJlhl o - RBaHTOB, IIPR"l9M Kp:HBhle 2, 3, 4 CO

OTB9TCTBymT Bh!6opy Wllplilli m 5 MaB, I0 MaB :a 15 MaE. 3KC-
nepHMeHTanbHU9 ,IJ;aHHhl9 B3.1ITH R3 15/, O.n;HSRO a6CO~Hhl9 3Ha"l9HHSI He 

llpHBO~C.ff, ll03TOMY ,Ir,li.ff CpaBHSHRSI CIISRTJlhl TeopeTH~eCKHe H 3KCll9pHMeH-
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PHc. 3. CrreKTphl ;>[ - RBaHTOB 
B pe8Ril,HH 

1Z!rn ("'~e_,xn)-HB-x ;V./ 
llpH E Ne = 178 MsB. !SmfBM 
I - pac~aT 6es ~eTa r~; 
KpHBHe ~3, 4 - pac~eThl C 
~eTOM l)J,l:"; WHpHHa r = 5, 
10, 15 MaB cooTBeTCTBeHHo. 

TMnHhle 6~ OTHOp.mp<>BaHhl 

np:H £4' = 4 MaE. 3TO BHOCHT 
HSROTOpyn ,IJ;OIIO~Te~HYD om:e:6-
RY B CpaBH9HH9 paC~STHhiX H 
8RCII6pHM9HTM~HHX B~H.O,n;

HaRO MOlltHO CR83aTn, ~TO ,II,7ISI 
c~ 12~,( 

22
#~1 J(n"6') ~eT 

r~ CYI!l9CTBeHHO y~aeT cor
~80:1!:9 c sKcnepHMeHTOM. B TO 

~e BpeMa ,Ir,li.ff 6o~ee tnae~oit 

CHCT9Mhl f~S" 1/o ( U/'1~, X n y) 
.n;RCKPm.m.HHp<>BaT:& O.n;H03Ha~o 
paC"!eTHhl9 KPHBH9 ORa3HBaeTC.ff 
3aTpy.n;HHTMnHhiM, Ilp:H H3~9HHH 

¥ - cneRTPQB B peaRIJ;HH 
Z3z '!'J, (22;,;eJxn{) onpe,neM-

IOIIlHM ORaSHBaSTC$1 BKJra.n; {( -

RBaHTOB OT OCRO~B ,n;e~eHRSI. 
Ha p:ac.5 ITOR83aHhl pesy~TaTH 

B~C~eHHit ({ - CTISRTPQB ,Ir,li.ff 

c~ cHMMeTpH~oro .n;e~eHHa, 

KOr,n;a CYMMHPynTC.ff CITSRTPH OT 
COCTSBHODO R,np8 H CHMM9Tp~-

PHC. 4. CneRTJlhl r- RBaHTOB 
B pe~ 

16S'I-Io (z~e? xn) 11~-x Ir 
np:H E~~e = 178. 06os:tm~eHHH Te 
&e, ~TO H Ha pHC. 3. 
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PHc. 5. CneRTp ~ - KBaHTOB 
B pea.RUHH 

23Zrh ( 221Ve> xn/) 

npH Elo/e = I78 MaB. 

Hb!X OCKOJIIWB, O,n;HaKO HCHO, '!TO 
B pac~eTax 9THX cneKTpOB Heon
pe,n;eJie!rnocTb cymecTBeHHO yne~
'UmaeTCH. 

Bee 9TO nosBoJIReT YTBe~
.n;aTb, '!TO H3yqeHHe TOJlbKO HHK
JID3KBHHX Cil8RTpOB H8 Aa8T B03-

MOXHOCTH ITOJiyqaTh ,ll;OCTOB8pHJID 
CIT8KTpOCROITH'l8CR~ HHqopMai~ 

0 H.n;pax, yqaCTBYIOli1HX B peaR
UiiR. 

Il09TOMY ~pe3Bbl'lMHO BaJKHbl KaK KOppe~OHHbl8 9KCIT8pllM8HTH, TaR 
R ,ll;8HHbl8 OTHOCRT8JlbHO Ka!!aJIOB pea.RUHR C 8.n;HHR'lHO.I!: MHOlK8CTB8HHOCTbTO 

({ - KB8HTOB, 

ABTOpH 6Jiaronapuu P. Ll • .Il;KOJiocy, B.B.KaManHHy, A.KyrJiepy, 
H.B.KoiiHTHHY, H.C.lX'lTKUHY sa noJiesHHe o6cYJK.l.(eHIDI. 
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3uca3w Ha ynoMIIH}'Tble KHHrH MOryT IR.rr. ~eHW no J~Apecy: 101000 MocJCBa, 
rnasnO'IT&MT, n/11 79. funaTem.cKHil OTlleJI 06U,IUIIIeiDIOro HIICTJITYT& ll.llepHWX HCCni!JlOIWIJII. 

EpmOB C.H., llBaHoBa c.rr. 
HccneAoBaHHe cTaTHCTHqecKHX ~-KBaHToB 
B peaK~HHX C TH~enb~H HOHaMH 

P4-88-642 

HccneAyroTCH cTaTHCTHqecKHe ~-KBaHThl, o6pa3yro~ecH 
B npo~ecce B3aHMOAeHCTBHH TH~enbiX HOHOB C HAPaMH npH 3Hep-i 
rHHX ::;; 1 0 M3B / HyKnoH. IToKa3aHo, qTo HHKJD03HBHhle nonHbie 
cneKTphl ~-KBaHTOB He ll03BOnHIDT nonyqHTb OAH03HaqHyiD HH$Op
Ma~HW o $opMe H nono~eHHH rHraHTCKoro AHnonbHoro pe3oHaH
ca. 

Pa6oTa BhlnOnHeHa B na6opaTOpHH TeopeTHqecKOH $H3HKH 
mum. 

flpenpHHT 061.e.tUDleHHOro HRC'I'IIT)'T& RAepHWX accne.®B&HIIA. ]ly6aa 1988 

ITepeBoA T.ID.AyM6pailc 

Ershov S.N., Ivanova S.P. 
Investigation of Statistical ~-Rays 
in Heavy Ion Induced Reactions 

P4-88-642 

Statistical ~-rays in heavy-ion induced reactions with 
an energy ~ 10 MeV/nucl. are studied. It is shown that to
tal ~-spectra do not permit us to get correct information 
about the form and position of giant dipole resonances. 

·The investigation has·been performed at the Laboratory 
of Theoretical Physics, JINR. 
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