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1. BBEAEHHE 

B nocneAHee BpeM~ B03pOC HHTepec K TeopeTH4eCKOMY aHanH3Y 
non~pH3a~HH AeHTpOHa B ynpyroM eD -pacce~HHH B CB~3H C nOAro
TOBKOH 3KcnepHMeHTOB no pacce~HH~ nPOAOnbHO non~pHaoaaHHoro 
ny4Ka 3neKTpOHOB C H3MepeHHeM non~pH3a~HH AeATpOHOB OTAa4H ' l-l / 
EcnH ce4eHHe ynpyroro pacce~HH~ 3neKTpOHOB AaeT HH$opMa~H~ 
0 nOBeAeHHH nHWb CYMM~ KBaApaTOB 3neKTpH4eCKOrO H KBaApynOnb
HOrO ~OpM$aKTOpOB AeHTpOHa, TO AaHH~e 0 BeKTOPHOH P H TeH30pHOH 
T2M I M = -2, -1 , ... , +2/ non~pHaa~HH noaaonHnH 6~ B npHH41-1ne 
nony4HTb HH~OpMa~H~ OTAenbHO 0 Ka*AOM H3 3THX ~OpM~aKTOpOB. 
3TO BeCbMa Ba*HO An~ OT6opa Tex HnH HH~X MOAeneA CTpyK~yp~ 
ACHTpOHa , KOTOp~e 4aCTO npeACKa3~Ba~~ 6nH3KOe noBeAeHHe Ce4eHHA 
eD-pacce~HH~, HO npO~Bn~~T npHCY~He HM HHAHBHAyanbH~e oco6eH

HOCTH npH paCCMOTpeHHH OTAenbHO B3~Toro ~OpM$aKTOpa. 4 
TaK, a pa6oTax /1 -9/ 6~no noKaaaHo, 4TO noaeAeHHe P, Tnt aecb

Ma 4YBCTBHTenbHO K a~6opy NN -cHn, y4eTy Me30HH~x o6MeHH~x 
TOKOB, K MeTOAY pen~THBH3a~HH BOnHOBOA $yHK4HH AeATpOHa /B$A/, 
y4eTy pen~THBHCTCKOH KHHeMaTYIKH H T.n. 

ORpOG 1 KOTOJ:)bll1 ~1bl 14GG R~M B ~aGTO.RII.Iei4 pa6oTe , COC T QL1 T 

B B~~aneHHH Toro, KaK T 20 = Pzz h / 2H P. = P, / P xz aaaHC~T OT 
B03MO*H~X npHMeceA 6q-KOMnOHeHT B BOnHOBOH $YHK4HH AeATpOHa. 
B CB~3H C :HHM He06XOAHMO OTMeTHTb, 4TO y4eT 6q -npY!MeCH B 
B$A OKa3~BaeTC~ BeCbMa Ba~H~M npH HHTepnpeTa~YIH 4enoro P~Aa 
npo4eccoa B o6nacTH 6onbWHX nepeAa4 HMnynbca / I0-21 /. TaK, oKaa~
aaeTc~, 4TO npH q2 > 50 $M- 2 ynpyroe eD -pacce~HHe HaXOAHT 
ecTeCTBeHHoe o6o~cHeHY!e B paMKax npeAnono*eHYIA o wecTHKBap
KOBoA npY~MeCH c aepo~THOCTb~ /S-8/% 116 - 211. TaKoe *e 3Ha4eHHe 
npHMeCYI npHXOAHTC~ BBOAHTb npH aHanH3e KyMyn~THBH~X peaK-
4HA /JO ,I 4 / H rny6oKoHeynpyroro eA-pacce~HH~ / IS,I? / . B cneAY~~eM 
pa3Aene M~ npHBeAeM OCHOBH~e npeAnOnO*eHH~ MOAenH, B~4HCnHM 

aap~AOB~A Fe H KBaApynonbH~A FQ ~opM$aKTop~ AeATpoHa, KoTop~e 

noHaAo6~Tc~ HaM np1-1 aHanHae ce4eHH~ eD -pacce~HH~ An~ onpeAene
HH~ napaMeTpOB MOAenH, H nony4HM ~OpMyn~, CB~3~Ba~He non~pH-
3a4H~ T 20 H R c Fe H FQ • 

2. MOAEJlb 

a/ $opM~aKTOP AeATpoHa 

BonHoay~ $YHK4H~ AeATpoHa c y4eToM ero KaapKoaoA CTPYKTYP~ 
ecTeCTBeHHO npeACTaBHTb B BHAe/16,19,20/ 
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3AeCb ¢YHK4HR OTHOCHTenbHOro A8HmeHHR W IM- npoeK4HR CnHHa 
Ae~TpOHal TpeXK8apK08biX KnacTep08 IHyKnOH08I ~n H ~p onpeAen.ReT
CR HyKnoH-HyKnOHHbiMH (NN) CHnaMI-1, TaK 4TO K8apKH pacnpeAeneHbl 
8 o6naCTH noKan1-13a41-11o1 HyKnOH08 lrN- 0,8 ¢MI, HaXOAR~HXCR Ha 
paccTORHHH r ~ r d "' 2 ¢M. BTopo~ 4neH onpeAen.ReTCR wecTHK8ap
K08biMH KOHQHrypa41o1.RMH C K8aHTOBb1Mio1 41-lCnaMH Ae~TpOHa. 0HH noKa
nlo1308aHbl 8 4eHTpanbHO~ o6nacTio1 Ae~TpoHa c paaMepaMI-1 nopRAKa 
Kopa NN-cHn r"' rc "" 1 <i>M. IB AanbHe~weM. Mbl 6yAeM paccMaTpH8aTb 
npocTe~WYIO s6 -KoH¢Hrypa4HIO, T.e. B CYMMe no AOCTaBHM TOnbKO 
OAHH 4neH. 04eHKH 8KnaAa BbiCWHX K$?H¢Hrypa4H~ B QOpMQaKTOP 1.1 nonR
pH3a4H~ Ae~TpoHa Mbl AaAHM HHmel. A - onepaTop aHTHCHMMeTpH3a4HH 
no KsapKaM, npHHaAnema~HM pa3HbiM HyKnoHaM. B pa6oTax /1 6 , 20/ 6b1no 
noKaaaHo, 4TO a cny4ae Hcnonb30BaHHR peanHcTH4eCKHX NN-noTeH-
4Hanos 3¢¢eKTbl aHTHCHMMeTpH3a4HH 8eCbMa Manbl 1.1 AaiOT BKnaA B 
¢0pM¢aKTOP Ae~TpOHa nop.RAKa HeCKOnbKHX np04eHTOB, B TO me 
8peMR sKnaA HHTep¢epeH4HH wecTI-1KBapKosoro 1.1 NN-KaHanos a ¢opM
¢aKTop COCTaBn.ReT yme HeCKOnbKO AeC.RTK08 np04eHTOB. no3TOMY HHme 
Mbl fiyAeM aHani-13HpOBaTb BnH.RHHe Ha nOn.RpH3a4HIO TOnbKO lo1HTep
¢epeH41-1H 6q- 1.1 NN-KaHanoa. 3a6era.R 8nepeA, OTMeTio1M, 4TO snHRHHe 
ee Ha non.RpH3a4HIO Mano. TeM 6onee MOmHo npeHe6pe4b BKnaAOM 
B non.RpH3a4HIO 3¢¢eKTOB aHTHCHMMeTplo13a4Hio1. 3TO AaeT HaM OCHOBa
HHe He ycnomH.RTb BbiKnaAKH 1.1 C CaMOrO Ha4ana HCKni04HTb B QOpMy
ne 11 I onepaTop aHTHCHMMeTpH3aL!HH no K8~..Q~~_M._noi-1HaJlnel!!aW!-1M 
pa3Hb1M HyKnoHaM. B TO me apeMR aHTHCI-1MMeTplo13a41-1.R npH nepecTa
H08Ke caMHX HyKnOH08, ecTeCTBeHHO, 6yAeT Y4TeHa np~-1 nocTpoeHHH 
¢yHK4Hio1 HX OTHOCHTenbHOrO A8Hl!!eHH.R. T.o. 80nHOByiO ¢YHK4HIO Ae~T
POHa fiyAeM aanHCbiBaTb B 8HAe 

121 

rAe ¢YHK41-11-1 <lin , <llpCio1MMeTplo14Hbl no npocTpaHCT8eHHbiM nepeMeHHbiM 
3q-KnaCTep08 lo1 aHTio1Cio1MMeTplo14Hbl no 4BeTOBbiM 

131 

¢yHK4H.R OTHOCio1TenbHoro ABHlKeHH.R HyKnoHoa I 3q-KnacTepoal lo1MeeT 
BHA 

141 

X = :I (1/2ull/2u2111') (1/2 r1l/2r21 OO)lf>u 1r 1 4> u r • 
It ul rlu2r2 2 2 

151 

lf>ur - COio1H-H~OCOHHOBa.R ¢YHK4H.R HyKnoHa. 

2 

BonHOBYIO ¢yHK4HIO 1P6q aanHLUeM B BHAe, KOTOpbl~ AaeT MOAenb pe
nRTHBHCTCKOrO rapMOHH4ecKoro OC4HnnRTopa IMPIOI AnR N -KsapKos, 
a HMeHHO /! 8 •22 /: 

J I . /6/ 

3AeCb .f 1, ••• (N-l -4-KOOPAHHaTbl 11K06H 
nonHbl~ 4-HMnynbc. 

N-KsapKoso~ cHcTeMbl, P -

3neKTPH4eCKH~ ¢opM¢aKTOP Ae~TpoHa 

M M' 
FMM'=<'Pdl :Ie.exp(iqr.)I'Vd >, 

j J J 
171 

rAe e. H r. - COOTBeTCTBeHHO 3apRA 1.1 KOOPAHHaTa j-Toro KBapKa. 
0KOH41Tenb~oe BblpameHHe AnR ¢opM¢aKTopa Ae~TpoHa nocne DRAa 
npeo6paaosaHH~ Ha ocHose BblpameHH~ 11/-/7/ npHo6peTaeT cneAyiO
lJIH~ BHA /! 6 /: 

2 f.:O 2 
FMII'=(C0 F,. +2C 0C1 Fint +C1 F6 q )oMM' + !81 

2 f=2 
+(CoFQ +2CoCJFint )SMM'"'G,.oMM'+GQSMM'• 

/9/ 

" 6 /18/. ¢opM¢aKTop N-KsapKOBOH CHCTeMbl a MPIO 6bln nony4eH B pa oTe . 

2 2 2 -N+ I 2 2; 2 Jl FNq(q)=(l+q /2MNq) exp!-(N-l)q /f4a,(l+q 2M"'q) . /10/ 

3AeCb napaMeTpaMH aaAa4H RanRIOTCR aN= NvNK/ K- OC4HnmnopHbl~ 
napaMeTp/ H Macca M~q.TaK, AnR ¢opM¢aKTopa npoToHa F3q(N=3) 2 
8 pa6oTe /18/ nony4eHbl 3Ha4eHHR napaMeTpos a3 ~ 0, 5 /13Bic/ 
H M3 ~ 1 I3B. TorAa AnR ¢opM¢aKTopa wecTHKBapKoso~ CHCTeMbl 
F. IN= 6/ a6 = 2v2a3 ~ 1 ,4 I13B/c1 2

• 3Ha4eHHe M6q"' 1 ,2 13B 6q . 
nony 4eHo 8 /18/ H3 cpasHeHHR F6 c 3KcnepHMeHTanbHbiMH AaHHbiMH 

2 q 2 2 
npH 6onbWHX q . OTMeTHM, 4TO a npeAene q » MN q ¢opM¢aKTOP 
N-KsapKOBO~ CHCTeMbl Ha4HHaeT 3aBHCeTb OT nepeAaHHOrO HMnynbCa 
q2 CTeneHHbiM o6paaoM; FN (q2) - (q2 )-N+l TaK 1 KaK npeAnHCbiBaeTCR 

. q I I ' 
npasHnaMH KsapKosoro c4eTa 24 • B ypasHeHHH !81 Fe H Fo eCTb 
o6b14Hble 3aPRAOBbl~ H KBaApynonbHbl~ ¢opM<)laKTOpbl Ae~TpOHa: 

00 

2 2 Fe= F3q J(u + w )j0 (qr/2)dr, 
0 

111 I 
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00 2 
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0 
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3

q J (2 uw- w_ )h (qr/2)dr. 
0 '112 

/121 

3neKTP~4eCK~H !lJopM!lJaKTOP Hea:1TpoHa e I 11 I, I 121 Mbl nonolKI1n~ pae
H~M HYfl~. HHTep!lJepeH~I10HH~H ~OpM!lJaKTOp 

~0,2 M , 
Fint =<cllncllp''[l l~eiexp(iqrj)\'P6 q > /13/ 

J 

eo3H11KaeT 113-3a nepeKpbiT~H eonHOBbiX $YHK~11H NN- ~ 6q-KaHa
noe1161. 

npeHe6perafl KBaApaTOM MarH~THOro $OPM~aKTOpa /I •2•22 /, KOTOpbiH 
np11 ManbiX q 2 3Ha411TenbHO MeHbwe cyMM~ F c + F6, a np~ 6onbw~x 

2 . 
MeHbWe F&q, 3ani1WeM CTPYKTypHy~ 4JyHK~I1~ B B~Ae 

/14/ 

6 2 Bee s -KoH$11rypa~~~ c 1 6yAeM onpeAeflHTb 113 ycnoei1H coenaAeHI1fl 
A(q2 ) c 3Kcnep11MeHTanbH~MI1 AaHH~MI1 np11 6onbW11X q2 ,Co- 113 
YCI10BI1fl HOPMI1POB K11 A ( q 2 = 0) = 1 • 

6/ nonflpl13a~l1fl B ynpyroM eD -pacceflHI111 

B 3Kcnepi1MeHTax no 11ccneAoeaH11~ nonflpl13a~l111 AeHTPOHOB OTAa411 
nnaHI1pyeTCH 113MepeHI1e KOMnOHeHT~ TeHsopa nonHPI13a~~l1 T2 0 
= Pzz /..j2, OTHOWeHI1fl R eeKTOpHO~ noilflPI13a~l111 P, K_ T_eH30QHOH 
t' /!/ UcoOeHHOCTb 3TI1X xapaKTepi1CTI1K COCTOI1T B TOM, 4TO OH11 xz • 
He BKI1~4a~T 3aBI1CI1MOCTb OT $OpM$aKTOpOB HYKilOHOB, COCTaBilfl~~I1X 

AeHTPOH, 11 e paMKax o6~4H~x npeACTasneHI1H o AeHTpoHe 11x noee
AeHI1e onpeAeilfleTCfl TOflbKO BOflHOBOH $yHK~11eH OTHOCI1TeilbHOrO 
~11lKeHI1fl HyKilOHOB. B cny4ae lKe npeAnonolKeHI1H o 6q-npi1Mecl1 B 
AeHTpoHe ee BI111HHI1e Ha T 20 11 R oKa3biBaeTcH HeTpi1BI1anbHbiM 
11 Tpe6yeT cne~11ailbHoro aHan11sa. B pa6oTax1I~/ npi1BeAeH~ $op
MYI1~, CBfl3~Ba~~l1e eeKTOpHy~ 11 TeH30pHy~ nOilflPI13a~l111 AeHTpOHa 
c era sapHAOB~M KBaApynonbH~M 11 MarH11TH~M $opM$aKTopaMI1. TaK, 
4T06~ nOilY411Tb B~palKeHI1e Ailfl TeH30pa nonflpl13a~l111, 11CXOA11M 113 
MaTpl1~~ nilOTHOCTI1 

- M M" 
P "M .' = ~ ~ < k ',\ '· 'I'd I H' I kA. 'I'd > • 

"' ,\,\ , M , 1151 

, , mM' , M" * • < k ,\ •• d I H \kA, 'I'd > • 

rAe k,\ (k ',\ ') -11MnyilbC 11 C!}l1pailbHOCTb COOTBeTCTBeHHO Ha4aflbHOrO 
/KOHe4HOrol 3IleKTPOHa, 'I'd - BOflHOBafl $YHK~11fl AeHTpOHa 121, 
H'- raMI1IlbTOH11aH esai1MOAea:1cTBI1fl HaneTa~~ero 3IleKTPOHa c Aea:1T
poHoM. npeHe6perafl MarH11TH~M B3ai1MOAeHCTBI1eM 11 CyMMI1pyH B 1151 
no ,\,\' , nony411M 

4 

p1111 , = 
11
I,, <Yd I Teiexp(iq;i)iYd > 1161 

II' II" 
··<1'd l~ejexp(iCJj)\Yd >*. 

J 
TorAa, cpaeH~Bafl 171 ~ 1161, e~pa3~M MaTp~~Y nnoTHOCT~ 4epe3 
~pM$aKTop~ Ae~TpoHa: 

1171 

Pa3narafl MaTp~~Y nnoTHOCT~ PMM' no c$ep~4ecK~M TeH3opaM r/;1• 
nony4~M TeH30P nonflp~3a~~~ AeHTpoHa: 

Tkq = Sp(prkq)/Sp(p), 1181 

HBnH~~~~cfl c$ep~4ecK~M TeH30POM BToporo paHra. TorAa Aflfl 4acT
Horo cny4afl 

1191 

nOACTaBilflfl 1191 B /18/, 11 11CnOilb3Yfl 181 11 /171, nOilY411M 

1 1 +X 
T 20 

= f2 1 + X /8 
120/ 

AHanor114HO MOlKHO nony411Tb B~PalKeHI1e AflH oTHoweHI1fl R seKTOpHoa:1 
P "Pill nOilflp113a~l111 x K TeH30pHOI1 xz . : 

R 
P, 2~ sin0/2 

=- = (1 +X). 
Pxz 9)1 + 1) sin 2 0/2 

122/ 

2 2 3AeCb 1) = q /4 M d. e - yron pacceHHI1fl 3JleKTPOHa. 
HTaK, T 20 11 R sae11cHT oT B11Aa $opM$aKTopoe Fe, F0 11 F6q • 

no3TOMY 11HTepeCHO npocneAI1Tb 1 KaK Bfll1fl~T oco6eHHOCTI1 noBeAe
HI1fl $opM$aKTopoe 11 eeni1411Ha Cf Ha T 20 11 R, e KaKOH o6nacTI1 
nepeAa4 q2 CfleAyeT OlK11AaTb npOHBileHI1H WeCTI1KBapKOB~X npi1MeCeH. 
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3- 06CYmAEHHE PE3YnbTATOB 

Ce4eHI1e ynpyroro eD -pacce.AHI1.A, 111111 CTPYKTYPHa.A c!>YHK411.A A(q2 ), 
113MepeH~ B WI1POKOR 0611aCTI1 nepeAaHH~X 11Mny11bCOB Bn110Tb AO 
q2 - 200 <llM- 2 125,26/. Hepe11.ATI1BI1CTCKI1e pac4eTbl A (q2 ) c o6bi4HbiM11 
B011HOBbiMI1 <JlYHK411.AMI1 AeRTpOHa / 27 28 / np11 q2 > 1 00 <J>M- 2 npi1BOA.AT 
K pacxomAeHI1~ c 3Kcnepi1MeHTa11bH~MI1 AaHH~MI1 /eM. p11c.1, KPI1B~e 

1 , 2/. Y4eT pe11.ATI1BI1CTCKI1X 3c!>c!>eKTOB, AaHHbiR e pa6oTe /29/, noKa-
3a11 /Kpi1Ba.A 3/, 4TO np11 3TOM pacxOmAeHI1e C 3KCnepi1MeHTa11bH~MI1 
AaHH~MI1 yBe1111411BaeTC.A. 3T0 1 BI1AI1M0 1 CB.A3aHO C TeM, 4TO B~6op 
caMI1X pea1111CTI14eCKI1x NN-noTeH411a11oe npoBOAI1TC.A o6~4HO e pac4e
Te Ha Hepe11.ATI1BI1CTCKoe ypaeHeHI1e A11.A B<llA 11,T.O.,TaKI1e noTeH-
411a11bl 3<1l<lleKT11BHO Y411Tb1Ba~T B03MOmHble pe11.ATI1BI1CTCKI1e nonpaBKI1 
K TeM 111111 11HbiM Ha611~AaeMbiM ee1111411HaM Tl1na <lla3 NN -pacce.AH11.A, 
3<Jl<JleKT11BH~X paAI1YCOB, 3Heprl111 CB.A311, KBaApyn011bHOrO 11 MarHI1THO
ro MOMeHTOB AeRTpOHa 11 T.n. Y4eT me KBapKOBO~ CTPYKTypbl, KaK 
B11AHO 113 PI1C.2 /Kpi1B~e 1,2,3/, n03B011.AeT oni1CaTb Ce4eHI1e 
ynpyroro eD-pacce.AH11.A. 3AeCb A11.A Toro, 4T06bl noKa3aTb BK11aA 
11HTep<J>epeH41111 6q -11 NN -KaHa110B, npi1BeAeHbl pac4eT~ A (q2) KaK 
C n0110mi1Te11bH~M /Kpi1Ba.A 1/, TaK 11 C OTPI14aTe11bH~M /Kpi1Ba.A 2/ 

6 

10·4 

10-5 

10"6 

107 
10-8 

10-9 

2 3 4 5 6 

a q' [''"'I'l 

25 50 75 100 125 150 175 200 225 
q2 [<I>M-2] 

PHc.1. CTpyKTypHaH ¢YHK~HH A(q2 ), pacc~HTaHHaH c nap~cKoil 
BOJIHOBOI1: ¢YHK~HeH p;eHTpoHa/28 / I P, KPHBaH 2, --1, 
C BOJIHOBOH ¢YHK~eJ1: Pellp;a C MflrKHM KOpOM/ 27/ 6e3 y~eTa 
/RSC,KpHeaa 1, ----1 H c y~eTOM IRSC,KpHeaa 3, - · -I 
PeJIHTHBHCTCKHX 3¢qleKTOB. 3KcnepHMeHTaJibHble p;aHHbie B3HTbi 
H3 pa60T/Z5,26/. 

.. 
I1HTep<JlepeH411DHHbiM <J>opMct>aKTopoM. B11AHO, 4To Y4eT 11HTepc)lepeH41111 
113MeH.AeT A(q2 ) e npeAe11ax HeCK011bKI1X AeC.ATKOB npo4eHToe, npl1-
4eM cor11ac11e c 3Kcnepi1MeHTa11bH~M11 p;aHH~MI1 e o611acT11 q

2 
- 25 <llM-

2 

y11y4waeTc.A, ec1111 BK11aA 11HTepc)lepeH41111 e A(q2 ) OTPI14aTe11eH, T.e. 
C 1 = - .j 0,07. np11 3TOM noeeAeHI1e A( q2 ) np11 6o11bw11x nepeAaHHbiX , 
11Mny11bcax ,q2 > 25 <llM- 2, npaKT114eCKI1 He 3aBI1CI1T oT Bbl6opa NN-· 
Cl111. 4To6~ noKa3aTb XapaKTep B1111.AHI1.A pe11.ATI1BI1CTCK11X 3c)lc)leKTOB, 
Mbl np11BOA11M Ha p11c. 2 /Kp11Ba.A 3/ pac4eT A(q2 ), B3.ATbiR 113 pa6o
T~/l6/. 3Aecb pe11.ATI1BI13a411.A NN-c)lyHK411R 6~11a CAe11aHa no pe4enTy 
pa6oT~/29/, a y4eT KBapKOBOR CTpyKTyp~ B~n011HeH TaK, KaK 113-
110meHO BbiWe, np11 3TOM 6q-npi1Mecb B3.ATa paeHoR CI = 7%. CpaeHe
H11e 3Toro pac4eTa c aHa11ori14H~M Hepe11.ATI1BI1CTCKI1M noKa3~eaeT, 
4TO np11 OAHOepeMeHHOM y4eTe 6q-eK11aAa pe11.AT11BI13a411.A NN-cj>yHK-
41111 y11y4waeT cor11ac11e c 3Kcnepi1MeHTa11bHbiM11 AaHHbiMI1. 4~o6bl no
Ka3aTb, B KaK11X npeAe11aX MOmHO eapbi1POBaTb napaMeTp Cj ,Ha 
PI1C.3 AaH pe3y11bTaT pac4eTa A(q2 ) B C11y4ae e~6opa c~ = 8,5%. 

2 
B11AHO, 4TO 11 np11 3TOM 3Ha4eHI111 C1 coxpaH.AeTc.A xopowee cor11a-
c11e c 3Kcnepi1MeHTOM. B 4e11oM aHa11113 pe3y11bTaToe B~411C11eHI1R, 

2 3 4 5 6 7 

:~:l\. 
10~ I 

104 

10-5 

106 

107 

10"8 

10"9 

25 50 75 100 125 150 175 200 225 
q2 ( <!JM-2] 

PHc.2. CTpyKTypHaH ¢YHK~HH A(q2 ), paccqHTaHHaH c yqeTOM 
KBapKOBOf'l CTPYKTYpbl p;eJ1:TpOHa C OTPH~aTeJibHOH HHTept!JepeH
~HeH cl =- vo.u7 I P, RSC, KPHBafl 2' ---1' c noJiolKH-
TeJibHOH cl = v1J.07 I P, RSC, KPHBafl 1' - - - I; c op;Ho-

/2 9/ c -f7l'"7tl'J epeMeHHbiM yqeTOM peJIHTHBHCTCKHX 3¢¢eKTOB 1 =- v v,v• 

/RSC, KPHBaH 3, - · - I. 3KcnepHMeHTanbHbie p;aHHbie 
B3flTbl H3 pa60T / 2 5•26 /. 

7 



8 

10"3 

10·4 

10 

106 

10·7 

10"8 

10"9 

1 2 3 4 5 6 7 

25 50 75 100 125 2150 175 200 225 
q [ CI>M-2] 

PHc. 3. CTPYKTYPHaH lPYHKIJ;HH A(q2 ), pacctJHTaHHCUI c yqeToM 
KBapKOBOH CTpYKTyp~ geHTPOHa C OTpHIJ;aTeiTbHOH HHTep«lJepeH
IJ;HeH c1 =- v'0,085 I P, RSX,~ 'KPHBaH ~--:: / H c yqeTOM 
penHTHBHC TCKHX · 3!W>eKTOB' ~-:-' v 1 = - y' 0,085 I RSC, KPHBaH I , - · -I . 
3KCIIepHMeHTaJibHbie gaHHble B3HTbl H3 pa60T/25,26/, 

np~ee~eHH~x Ha p~c.l ,2,3, noaeonReT c~enaTb B~Bo~ o TOM, 4TO 
3Ha4eH~e BepORTHOCT~ Cy~eCTBOBaH~R WeCT~KBapKOBOH C~CTeM~ CO
CTaBnReT een~4~Hy nopR~Ka C~ = /7-8,5/% ~ cpe~HeKeaipaT~4H~H 
pa~~yc r E q ::: 0, 77 OM, onpe~enReM~H ~3 ycnoe~R F Bq (q ) ~ 1 -
- 1/Srj~q , cornacyeTcR c ~aHH~M~ aHan~aa KyMynRT~BH~~qpegK_ 
LI~H / 14 , rnyfiOKOHeynpyroro eA-pacceRH~~1 5,17/. np~ 3TOM Ba>KHbiM 
OKa3biBaeTcR To, 4TO ~HTep<)>epeHLI11R 6q-i1 NN-KaHanoe ~ y4eT penR
T~B~CTCK~x 3<)><)>eKTOB, ~3MeHRR A(q2) B npe~enax HecKonbK~x ~eCRT
KoB npolleHTOB, ~rpa~T KOHCTPYKT~BHY~ ponb, yny4WaR cornac~e 
C 3KCnepi1MeHTanbHbiM~ ~aHH~M~ B ofinaCT~ q2 = 25 <!>M-2, 

Tenepb nepeH~eM K paccMoTpeH~~ nonRp~3aLI~~ ~eHTPOHa e 
ynpyroM eD-pacceRH~~- npe>K~e ecero pea~MI1pyeM peaynbTaT~ 
pac4eTOB T20 ~ !?., C~enaHH~X B pafioTaX / 29"31 / Ha OCHOBe MO~e
neH, He 11cnonbay~~~x npe~nono>KeH~e o 6q-cTpyKType ~eHTpoHa. 
TaK, B pa6oTe1291 noee~eH11e A(q2 ) np~ 6onbWI1X q2 o6bRCHRnocb 
C nOMO~b~ y4eTa penRT~BI1CTCK~X 3<)><)>eKTOB ~ COOTBeTCTBy~~~M 

o6paaoM no~o6paHHoro 3neKTP~4ecKoro <)>opM<)>aKTopa HeHTpoHa. 
AHanor~4H~M o6paaoM nocTynan~ ~ e pa6oTel30/, r~e eKna~oM pe
nRTI1B~3aLI~~ npeHe6peran~ 11 secb 3<)><)>eKT CBR3WBancR c ponb~ 

q [f3B/cl 

2_0.---_....:::o;:.:.s=------=t:.=-o _ _____::1..:;...5 ---=2:;.::.o_---=2:.;..:.5 _ ____:_3~.o __ 3 ....... 5--, 
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·0.8 
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.... 

·2.0.___-=---~-~-__.._-~--~-..___.....__ _ __.____J 

2 4 6 8 10 12 14 16 18 

PHc.4. TeH30P rronHPH3aiJ;HH T~g· pacctJHTaHH~ c rrap~cKoil 
eonHOBOH «PYHKIJ;Heit geHTpoHa/ I 6e3 _ )TlleTa I P, I<PHBaH 2, 
-- I H ~-- ~eTOM J(l3~pi<;;~oH c TPYKTYP~ C 1 = - v O,fJ'/ 
I P, KPHBaH 5, -- · · · --- I, c eonHOBOH «PYHKIJ;HeH Pefi,ll;a 
c MHI'KHM KopoM 1271 6e3 yqeTa I RSC,KpHBaH I , ---I H c yqe
TOM /RSC, KPHBaH 6, .... I KBapKOBOH CTPYKTYP~ c1 =- v'0,07 
C yqeTOM penHTHBHCTCKHX 3¢¢eKTOB B paMKaX IIOAXOga/ 29 / 
IRSC,KpHBaH 3, -- • --1 H B paMKaX rrogxoga / 9,31/ 
IRSC,KpHBaH 4, -- • • -- I. 

<)>OpM<)>aKTOpa HeHTPOHa. 0~HaKO, KaK M~ y>Ke OTMe4an~, <)>OpMynbl ~nR 
nonRpl13a4~~ T20 ~ R He BKn~4a~T aae~c~MOCTb oT <)>opMQaKTopoe 
HyKnOHOB - no3TOMY BCe YX~~peH~R C <)>OpM<)>aKTOpOM HeHTpOHa, npe~

np~HRT~e ~nR ~HTepnpeTal.ll-111 A(q2) , H~KaK He noen1-1R~T Ha T2o 11 
R- OH~ 6y~yT onpeAenRTbCR TOnbKO NN -eonHoB~M~ <I>YHKLI~RM~/ 1 • 2 • 8 /. 
B ~pyroH pa6oTe 131 / 6~na npe~no>KeHa ceoR eepc~R y4eTa penRT~
B~CTCK~x 3<)><)>eKTOB, Ha OCHOBe KOTOpOH y~anOCb On~CaTb noee~e
HY!e ce4eH~R· eD -pacceRHI1R np~ 6onbWI1X nepe~aHH~x 11Mnynbcax. 
He o6cy>K~aR np~HLI~n~anbH~x paan~4~H B no~xo~ax penRT~B~3aLI~~ 
NN-<)>yHKLI~H B pa6oTax 1291 11 131 1, ocTaHOB~MCR Ha <)>aKT~4eCKOH 

CTOpOHe BOnpoca: K KaK~M ~3MeHeHI1RM np~BO~RT OH~ B paC4eTe 
T20 11 R • .[lnR 3Toro Ha p~c.4 np1-1ee~eM peaynbTaTbl HepenRT~
B~CTCK~x Bbl4~cneH~H T2o /Kpi1Bble 1 , 2/ ~ pac4eTbl T2o B paMKax 
no~xo~a 1291 /Kp~BaR 3/ ~ Ha ocHoee no~xo~a/9 •31 1 /Kp~eaR 4/. 
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1-1 XOTl'l 3H1 MOAe!111 / 9 •29 •30•31 / OA11HaKOBO XOPOWO Oni1CbiBaiOT CTpyK
TypHyiO 41YHK41110 A(q2

) BO Bee~ o6nacTI1 nepeAa4 11Mnynbca, np11 
pac4eTe noBeAei-ll1l'l Tzo 11 R oKa3biBaeTCl'l, 4TO OHI1 npi1BO~f!T K pa3-
!1114H~M pe3y!lbTaTaM. TaK, Tzo .pacc411TaHH~e B pa6oTax 12 •30<11Me!OT 
no ABa HY!lfl: nepB~~ - BCileACTBI1e 113MeHeHI1fl 3HaKa 3aPf!AOBOro 
4IOPM41aKTOpa Ae~TpOHa B 06!1aCTI1 q2 - 25 41M- 2 , CBl'l3aHHOrO C cy
U~eCTBOBaHI1eM oTTa!lKI1BaTe!lbHoro NN -Kopa 1 BTopo~ - 113-3a 3aHy
neHI1fl KBaAPYnO!lbHOrO $OPM41aKTOpa np11 q~ -120 ¢M- 2.no!lf!PI13a411fl, 
B~411C!leHHafl B pa6oTaX/9 ~l/, 11MeeT yme OA11H HY!lb B 06!1aCTI1 
q

2 
- 25 41M- 2 /KP11Bal'l 2/, 0TCYTCTBI1e BTOporo HY!lfl np11 q2 - 120 41M- 2 

06bf!CHl'leTCfl TeM, 4TO B yKa3aHHOM nOAXOAe y4eT pe!lf!TI1BI1CTCK11X 
34141eKTOB Cl1!1bHO CABI1raeT HY!lb KBaApynO!lbHOrO 4IOPM41aKTOpa B CTo
poHy 6o!lbW11X q2 .Anfl cpaBHeHI1fl Ha 3ToM me pl1cyHKe /KPI1B~e 5,6/ 
AaH pac4eT T26 c y4eTOM 6q-npi1Mece~. npl1 3TOM Bee napaMeTp~ 
nony4eHbl 113 aHa!1113a A(q2

). B11AHO, 4TO y4eT 6q-cTpyKTypbl Ae~Tpo-
Ha AaeT cyU~ecTBeHHO Apyro~ XOA noBeAeHI1fl T 20 B o6nacTI1 nepe
AaHHbiX 11Mny!lbCOB 25 41M- 2< q2 < 120 ¢>M- 2 no cpaBHeHI110 c TeM, 
4TO AaiOT paccMoTpeHHble BbiWe MOAe!111, HanoMH.I1M, 4TO np11 11HTep
npeTa41111 caMoro 41oPM41aKTopa Ae~TpoHa 0 c(q2) BK!laA 6q-npi1Mece~ 
oKa3biBaeTcfl onpeAe!lfiiOU111M B o6nacTI1 q 2 Ha411Hal'l c q2 > 25 41M- 2, 

np11 3TOM F6 ~ (q2) yMeHbwaeTCfl C pOCTOM q2 3Ha411Te!lbHO MeA!leHHee, 
4eM Fe (q2) I rG< 3To npi1BOAI1T K TOMY, 4TO M11H11MYM B 3apfiAOBOM 
4IOPM41aKTOpe Ae~TpOHa 3an0!1HfleTCl'l 3a C4eT BK!laAa 6Q-ci1CTeM~, 

caMo me nonomeHI1e M11H11MyMa onpeAe!lf!eTcl'l 11MeHHO pa3MepaMI1 o6-
nacTI1 Ae~CTBI1fl Kopa NN-c11n. ToT me 34141eKT npof!B!lfleTcfl 11 B 41op
MI1POBaH1111 nOBeAeH11l'l '1'20 : 3AeCb OKa3biBaeTCfl, 4TO 01 HYI1b 01 np11 
q2 - 25 41M- 2

, CBl'l3aHHbl~ CO CTPYKTYPO~ Fe (q2 ), 3an0!1HfleTCfl 3a C4eT 
BKilaAa 6q-np11Mec11, B 11Tore Ha6!110AaeTcfl ''nnaTo'' B o6nacTI1 
nepeAa4 11Mny!lbCa 25 ¢1M- 2 <q 2 < 120 41M- 2 Bn!lOTb AO HY!lfl KBaApy-
nO!lbHOro 4IOPM41aKTopa G0 (q2 ). 

2 
4To6bl noKa3aTb 3aBI1C11MocTb T 20 oT C 1 ,Mbl npi1BOA11M Ha p11c,5 

2 /Kp11B~e 1,2,3/ pe3y!lbTaT~ 9ac4eTOB C pa3!1114H~MI1 3Ha4eHI1fiMI1 C1• 

B11AHO, 4TO c yMeHbweH11eM C 1 B xoAe T.,0 noHB!lfleTcfl "npoBan" 
npl1 25 41M-2<q 2 < 120 41M- 2

• npl1 3TOM T2o npOfiB!lfleT BeCbMa Cl1!1b
ry 

HYIO 4YBCTBI1Te!lbHOCTb K 113MeHeH1110 C]. Ha 3TOM me PI1CYHKe AaHbl 
pac4eTbl T20 c y4eToM 11HTep41epeH4110HHbiX $OPM41aKTopoB Ff,:~ 01 •2 

;29 I n 
11 y4eTOM BKilaAa penf!TI1B11CTCKI1X 34141eKTOB . BI1AHO, 4TO 3TI1 
34141eKTbl 113MeHf!IOT noBeAeHI1e T 20 B npeAe!laX Bcero I 1 0-2 o;:t. 

Aanee paccMoTpi1M OTHOWeHI1e R BeKTOPHO~ no!lf!PI13a41111 Px K TeH-
30pHo~ pxz•Ha pl1c,6,7 npi1BeAeHO 3TO OTHOWeH11e B 3aBI1C11MOCTI1 
OT q2 .paCC411TaHHOe B paMKaX paCCMaTpi1BaeM~X HaMI1 MOAe!le~. 
Pac4eT BblnO!lHeH npl1 3Ha4eHI111 yrna paccel'lH11fl 3!1eKTpOHa e ~ 40°, 
TaK me KaK 11 B pa6oTax 13 ,9 1. 0THOWeHI1e R(q2 ) aHanori14HO 
T20 (q2

) He 3aBI1C11T oT 4IOPM41aKTopoB HYK!lOHOB, xapaKTep ero 
noBeAeH11fl onpeAenf!eTCfl TeMI1 me npi1411HaMI1, 4TO 11 B cny4ae T20• 

TaK, Hanpi1Mep, HY!lb OTHoweHI1fl R(q 2 ) np11 q2 - 25 <i>M - 2, B~411C!leH
Horo B paMKaX MOAe!le~, He Y411T~BaiOU111X KBapKOBYIO CTPYKTYPY 
/eM, PI1C,6/, CBfl3aH C Hy!leM 3apf!AOBOro 4IOPM41aKTOpa Ae~TPOHa. 
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q [f3B/c] 

2 .. lJr--0~.5 __ 1..;.....0 __ 1..;...:.5 _ __::2:.:,:.0~_.::.;2.=-5 _---=..:3-;:._0 _-_..:::.3:;::...5 _ _, 

1.6 

1.2 

-1.2 

-16 

-2.0 . ..___-::--_.....__-=--~-~-~-~----'-----'___.J 
2 4 6 8 10 12 14 16 18 

q [!PM~ 
PHc. 5. TeH30p rronHpH3aJ.J;HH T20 ,pacc'-IHTaHHbill c BOJIHOBOH 
¢YHKJ.J;HeH PeHAa C MHrKHM KOPOM/27/ C yl.leTOM KBapKOBOH 

CTPYKTYPbl AeHTpOHa cl =- JO 05 I RSC KPHBa.H I -- I. 
- !_~ -~!!...-,.. ----·--·- -: f •. ! -'~ - ' 
v1 = - V U,V( , .. ..,v, KPHBa.R: L, --- I ; vi = - 1/ U,lll:Sb / ltSC, 
KPHBa.a 3, - • •- I c HHTep¢epeHu;He:H H C I = - J 0,07 
/RSC,KpHBaH 5, ••••• / 6e3 HHTep¢epeHu;HH; c y'-IeTOM 

peJIHTHBHCTCKHX 3qxpeKTOB 129/ C I =- J 0,07 I RSC,KpHBaH 4, 
--·--1. 

np11 Y4eTe KBapKOBO~ CTPYKTyp~ Ae~TpOHa /pl1c,6,7/ 3TOT 11 HyJlb 11 

1134e3aeT, 11 3TO Bbi3BaHO TeM, 4~0 B 3TOM C!ly4ae Q c(q2) TaKme 
He 11MeeT Hyllfl B 3TO~ o6naCTI1 q .Ha1111411e HY!lfl B KBaAPYnOJlbHOM 
4IOPM41aKTOpe np11 q

2 
- 120 41M- 2 npi1BOAI1T K TOMY, 4TO B 41YHK41111 

.2 - Gc(q2) 
R(q )-(l+X)=(l+JS ) 

Go<q2) 

nOfiB!lf!eTCfl pa3pb1B, Yme OTMe4aJlOCb, 4TO KBaAPYnO!lbH~~ 41opM$aKTOp 
B MOAe!111, npeAJlOmeHHO~ B pa6oTaxf9,3l/, He 11MeeT HY!lfl B paCCMaT
PI1BaeMO~ o6raCTI1 nepeAa4 11Mny!lbCa - 3TO npi1BOAI1T K TOMY, 4To 
41YHK411fl R(q ) 11MeeT nnaBHoe noBeAeHI1e /KP11Bafl 4/. 

AHa!1113 pon11 pe!lfiTI1B11cTcKI1x 34141eKTOB c OAHOBpeMeHHbiM y 4eToM 
6q -npi1Mece~ 11 11HTep41epeH41111 6q- 11 NN -KaHanoB /p11c. 7, Kp 11 -
B~e 2, 4, 5/ noKa3biBaeT, 4TO, KaK 11 B C!ly4ae T20• OHa BeCbMa 

II 
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Mano I-13MeHReT R(q~): B npeAenax 110-201%. Cyl!leCTBeHHO~ RB!lReTcR, 
no HaweMy MHeHI-1~, 3aBI-1Ci-1MOCTb ROT Ci lp1-1c.6, KPI-1B~e 1,2,31, 
K~TopaR npoRBnReTcR TeM Ci-11lbHee, 4eM 6onbwe q 2 • TaK, I-13MeHeHI-1e 
C 1 B npeAenax 15 .. 8, 51% I-13MeHReT R I q 2 "' 90 <I>M - 2 I B HeCKO!lbKO 

pa3. 
tlo c1-1x nop np~-1 y4eTe 6q -npi-1Meclo1 Mbl orpaHI-141-1Ba!li-1Cb paccMoT

peHI-1eM TO!lbKO s6 -KoH<t>Hrypal.IHH. B pa6oTe 120 1 paccMaTpl-1sanacb 
4 2 s P -KoH¢lHrypaLIHR 1-1 6bl!lO noKa3aHo, 4TO ¢>opM<!>aKTop Fs4 r 2(q2) 

B 06!1J3C~H q2 < 200 <I>M- 2 BeAeT ce6R npHMepHO TaK >Ke, ~~K 
"' F6~ (q ). "' HMeeT MI-1HHMYM npH q 2 - 200 <t>M- 2• TorAa, BHAHMO, 
C!leAyeT OlKHAaTb, 4TO Ha1-16011ee Ci-11lbHOe B!li-1RHHe BK!laAa g4p2 -KoH
¢>Hrypal.IHI-1 Ha T2o "' R 6yAeT npoRB!lRTbCR B o6nacTI-1 q 2- 200 <!>M-2, 

4 2 2 rAe Fl P (q ) MeHReT 3HaK lnpH 3TOM npeAnonaraeTcR, 4TO 
s4 p2 -Kt)H¢lHrypaLIHR AaeT OCHOBHO~ BK!laA B KaHa!l C Y ~ 01, 

Ec!lH npeAnO!lOlKHTb, 4TO F s
4
r
2
(q2 ) 6yAeT AaBaTb BK!laA KaK 

6q 

B KaHa!l~ C f ~ 0, TaK 1-1 B KaHa!l~ C _f ~ 2, TO TOrAa AO!llKHbl Ha6111o

AaTbCR 1-13MeHeHI-1R B noBeAeHI-11-1 T2o "'R np~-1 MeHbWHX q 2 s o6nacTI-1 

MI-1HI-1Myra KBaAPYn~!lbHoro NN-<t>opM¢laKTopa Ae~TpoHa F0 (q2), T. e. 
npH Q - 120 <i>M- .CfleAOBaTe!lbHO, MO>KHO OlKHAaTb 4TO BK!l~4eHHe 

4 2 , 
8 p -KOH¢!Mrypal.II-1M He M3MeHMT Cyl!leCTBeHH~M o6pa30M noBeAeHHR 
T 20 M R no Kpa~He~ Mepe npH q2 ~ 120 <:>M-2. 
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Puc. 7. To lKe, 'ITO H Ha pHC. 5, TO!lbKO )J,JlH R n px /Pxz . 

4. 3AKiliOYEHHE 

D ::ldKJlrJ4eHl.1e RpaTKO C(j)OpMyilMpyeM OCHOSHble pe3y!lbTdTbl: 
1, npeAnO!lO>KeHMe 0 Cyl!leCTBOBaHHH B Ae~TpOHe C BepORTHOCTb~ 

CI "'17-8,51% WeCTMKBapKOBO~ s6 -KOH¢!Mrypal.IMM C paAMYCOM 
r 

6
q = 0, 77 <I>M no3BO!lReT onHcaTb ce4eHHe ynpyroro eD -pacceRHMR 

npM 60!lbWMX nepeAaHH~X MMny!lbCaX q2.npM 3TOM Ka4eCTBeHHO M3Me

HReTCR noBeAeHMe TeH3opa nonRpM3a4MH T 20 M OTHoweHMR R seK
TOpHo~ nOilRPM3dl.IMM K TeH30pHO~ B o6naCTH nepeAa4 MMny!lbCa 
25 ¢lM-2<q 2 < 120 <J>M - 2• 

2, BK!l~4eHMe B pac4eT pe!lRTMBI-1CTCKMX 3$¢eKTOB B paMKax MOAe!lH 

r /1,3,29/ v POCCa C OAHOBpeMeHH~M y4eTOM 6q-npHMeCeH, a TdK>Ke 

MHTep<t>epeHLIMR 6q-M NN -KaHanoe M3MeHR~T A(q2 ) , T 20 (q2) , R(q2) 
B npeAe!laX 110-20/%, npi-1 3TOM npeAn04THTe!lbH~M OKa3~BaeTCR 
C!ly4a~, KOrAa aMn!lMTYAa npi-1MeCM HMeeT OTPMl.laTe!lbH~~ 3HdK, 

3. 113MepeHI-1R nOilRPM3dl.IMM Ae~TpOHa MOr!ll-1 6~ CilY>KHTb XOpOWMM 
TeCTOM AflR npoeepKH MOAe!le~ Ae~TPOHa, BK!l~4d~lllHX TaKMe TOHKI-1e 
3¢l<l>eKTbl, KaK penRTMBH3al.IMR, BHA ''Kopa'' NN -cHn, 3aPHA He~Tpo-
Ha, 6Q-npMMeCb 1-1 T.A. 

AeTopbl eecbMa npM3HaTeJ1bHbl npo<t>. B.K.IlyKbHHOBY 3a HHTepec 
K pa60Te 1-1 ee 06CY>KAeHMe, HaM npMRTHO Bblpa3MTb 6narOAdPHOCTb 
Il.n.KanTap~, B.A.HHKonaesy "'A.H.TMToey 3a nnoAOTBOPH~e 

AHCKYCCMH, 
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PyKon~cb nocryn~na B ~3AaTenbcK~~ OTAen 
9 asrycra 1983 roAa. 

HET RM OPOBEROB B BAWER BMBRMOTEKE? 

8bl MOlleTe OOJIY'IMTb no OO'ITe nepe'IMCJieHHble HMlle KHMrH, 

eCJIM OHM He 6b1JIM 38K838Hbl paHee. 

A3-11787 

AI ,2-12036 

A1,2-12450 

TPYAW III H~AyHaPOAHO~ WKOnw no He~TPOHHO~ ~3HKe. 
Anywn, 1978. 

TpyAw III H~AYHapoAHoro coa~aHHA no nponop~HOHan~
HWM H APe~~BWM KaMepaM. Ay6Ha, 1978. 

TPYAW VI Bcec003Horo coa~aHHA no ycKOPHTenAM 3apA
*eHHWX 4aCTH~. Ay6Ha, 1978 /2 TOMa/ 

TPYAW V H~AYHapOAHOro ceMMHapa no npo6neMaM ~3HKH 
awcoKHX 3HeprH~. AY6H·a, 1978 

TpyAw XII He*AYHapoAHO~ WKOilW MOI10AWX y4eHwx no ~3HKe 
BWCOKHX 3HeprH~. 0pHMOPCKO, HP6, 1978. 

TPYAW VII Bcecoo3Horo coae~aHHA no ycKopHTenAM 3apA
*eHHWX 4aCTH~, AyfiHa, 1980 /2 TOMa/ 

All-80-13 TPYAW pa604ero coae~aHHA no cHCTeMaM H MeToAaM 
aHanHTH4eCKHX BW4HCneHH~ Ha 3BH H HX npHMeHeHHO 
a TeopeTH4eCKo~ ~3HKe, Ay6Ha, 1979 

A4-80-271 TpyAW He*AYHaPOAHO~ KOH~PeH~HH no npo6neMaM 
HeCKOnbKHX Ten a AAePHO~ ~3HKe. AY6Ha, 1979. 

A4-80-385 TPYAW He*AYHaPOAHO~ WKOilW no CTPYKType AApa. 
An~T~-~~~. -

A2-81-543 TPYAW VI He•AYHaPDAHOro coa~aHHA no n~o6neMaM KBaH
TOBO~ TeOpHH nonA. AnywTa, 1981 

AlO,ll-81-622 TPYAW He*AYHaPOAHoro coa~aHHA no npo6neMaM MaTeMaTH-
4eCKoro MDAenHpoaaHHA a AAepH0-~3H4eCKHX HccneAoaa
HHAX. AY6Ha, 1980 

A1,2-81-728 TPYAW VI He•AYHaPOAHOro ceMHHapa no npo6neMaM ~H3MKH 
BWCOKHX 3HeprH~. Ay6Ha, 1981. 

A17-81-758 TPYAW II He•AYHapOAHOro CHMn03HyMa no H36paHHWM 
npo6neMaM CTaTHCTH4eCKO~ MeXaHHKM. AYfiHa, 1981. 

A1,2-82-27 TPYAW He*AYHapoAHOro CHMnoaHyMa no nonApH3a~HOHHWM 
A&neHHAM B ~H3HKe BWCOKHX 3HeprH~. Ay6Ha, 1981. 

P18-82-117 TPYAW IV coae~HHA no Hcnonb30BaHHD Hoawx AAepHO
~H3H4eCKHX MeTOAOB AnA peweHHA Hay4HO-TeXHH4eCKHX 
H HapoAHOX03A~CTBeHHWX 3aAa4. AYfiHa, 1981. 

A2-82-568 TPYAW COB~aHHA no HCCneAOBaHKAM B o6naCTH 
penATHBHCTCKo~ AAePHO~ ~H3HKH. Ay6Ha, 1982. 

A9-82-664 TPYAW coae~aHHA no KonneKTHBHWM MeTOAaM 
ycKopeHMA. Ay6Ha, 1982. 

AJ,4-82-704 TPYAW IV Me*AyHaPOAHO~ WKOilW no He~TPOHHO~ 
~H3HKe. AY6Ha, 1982. 

3 p. 

6 p. 

7 p. 

5 p. 

3 p. 

8 p. 

3 p. 

3 p. 

; . . 

2 p. 

2 p. 

3 p. 

5 p. 

3 p. 

3 p. 

p. 

3 p. 

5 p. 

00 K. 

00 K. 

40 K. 

00 K. 

00 K. 

QQ K, 

50 K, 

00 K. 

nn ... 

50 K. 

50 K. 

60 K. 

40 K. 

20 K. 

80 K. 

75 K, 

30 K, 

00 K, 

3&K83~ HB YHONRHYTNe KHHrH NOryT 6~Tb Hanpaane~ no a~pecy; 
101000 MocKaa, rnaanot~TaMT, n/R 79 

H3~8TenbCKHH OT~en 06be~HHeHHOrO HHCTHTYT8 R~epH~X HCCne~OB8HHH 



TEMATHqECKHE KATErOPHH llYBnHKAQHR 

OB~E~HHEHHOrO HHCTHTYTA ~PHYX 

HCCJIE~OBAHHR 

TeMaTMKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. Teop~TH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

]. ~H3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

q Yr Ullol 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 

AaHHWX 

11 . Bw4HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12 . XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTW 

1]. TeOpHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. HcnonbaoaaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HC~neAOBaHHH 

8 CMe*HWX o6nacTRX HayKH H TeXHHKH 

19. 6H~H3HKa 


