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BBE,liEHj.iE 

B HaCTOR~ee epeMR w~poKo o6cy~Aa~TCR eonpoc~ np~MeHeH~R 
KBaHTOBOH XpOMOA~HaM~K~ /KX,ll/ K ~3y4eH~~ 3KCKn~3~BH~X npo~ec
COB. 3TO CT~Myn~poeaHO rnaBHbiM o6pa30M pe3ynbTaTaM~ pa60T / 1/, 
rAe fi~nO yCTaHOBneHO, 4TO np~ 60nbW~X 3Ha4eH~RX nepeAa4 ~M
nynbca Q2 noeeAeH~e ¢opM<)laKTopoe 3neMeHTapH~x 4aCT~4 onpe
AenReTCR MexaH~3MOM ~ecTKoro nepepacceRH~R KeapKoe 121. HHa4e 
roeopR, onpeAenR~aR ponb np~ 6onbWHX nepeAa4ax np~HaAne~~T 
AHHaM~Ke B3a~MOAeHCTBHH Ha MaflWX paCCTORH~RX. HMeHHO 3TO 
n03BOnHnO np~MeHHTb K pac4eTy ¢opM¢aKTOPOB TeOfH~ B03My~eH~R, 
ocHOBaHHY~ Ha acHMnToT~4eCKOH ceo6oAe KX,ll. B11 6~n~, e 4acT
HOCT~, nony4eH~ ¢opMynbl AnR 3neKTPOMa rH~THbiX ¢opM¢aKTOpOB 
HyKnOHa ~ TT -Me30Ha. C T04HOCTb~ AO norapH¢MH4eCKOrO ¢aKTOpa 
OH~ coenan~ c npeAcKa3aH~eM npae~n KeapKoeoro c4eTa / 2,3 / . 

0AHaKO 3KCTpanonR4~R 3THX ¢opMyn B o6naCTb yMepeHH~X 3Ha4e
HHH Q 2 np~BOAHT K RBHOMY Hecornac~~ c 3KcnepHMeHTanbHbiM~ AaH
H~MH. 8 np~H4~ne Hecornac~e MO~HO OTHeCT~ Ha C4eT aCHMnTOT~-
4eCKOrO xapaKTepa ¢opMyn MexaH~3Ma ~ecTKoro nepepacceRH~R. 
,l\eACTB~TenbHO, np~ 3KCnepHMeHTanbH~X 3Ha4eHHRX nepeAa4 BeCb
Ma O~YTHMO Ha nOBeAeH~~ ¢opM¢aKTOpOB MO~eT CKa3aTbCR Bn~RH~e 
30H~ KOH¢aAHMeHTa. nocKOnbKY 3¢11leKT~ KOH¢aAHMeHTa He yKnaA~
ea~TCR e paMKH KX,ll Teop~H B03My~eH~R, non~TaTbCR y4eCTb ~x 
e HaCTOR~ee epeMR MO~Ho n~wb ¢eHOMeHonorH4eCKH. TaK, e pa6o
Te141 npeAnO~eH nOAXOA, ecTeCTBeHH~M o6pa30M MOAen~py~~~H 
B03AeHCTB~e KOH¢aHHMeHTa Ha nOBeAeH~e ¢opM¢aKTOpa TT-Me30Ha. 
npH 3TOM 6~no AOCT~rHyTo xopowee cornac~e c 3KcnepHMeHTanbH~MH 
AaHHbiM~. 

B HacTOR~eA cTaTbe npeAnaraeTcR ¢eHoMeHonor~4ecK~H AYanbH~H 
nOAXOA K eonpocy 0 ¢opMit>aKTOpax HyKnOHa np~ yMepeHHbiX Q 2 . 
noAXOA n03BOnReT Ha eA~HOH OCHOBe paccMOTpeTb KaK ynpyr~e 
¢opM¢aKTOpbl, TaK ~ ¢opM¢aKTOp~ 3neKTpocna6oro pe30HaHCHOrO 
po~AeH~R 6ap~oHoB Ha HyKnoHe. TaKoH ocHosoA cn~aT npas~na 
CYMM, aHanor~4Hble 6nyM-r~nMaHOBCK~M /7/, B03H~KaiO~~e B paMKaX 
onpeAeneHHbiX AOny~eH~A e KX,ll np~ y4eTe cTeneHHbiX no m 2/Q 2 
~ p ~/Q 2 3¢11leKTOB I m - Macca HYKnOHa, p T- cpeAH~H none
pe4H~A ~MnynbC KBapKa B HyKnOHe/. nocneAH~e HaM~ y4TeH~ ¢eHo
MeHOnor~4eCK~. B ~3BeCTHOA Mepe ~X MO~HO paccMaTp~BaTb KaK 
npORBneH~e KOH¢aAHMeHTa. 
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B § 1 Mbl o5cy.QIIIM I-1CXOAHble .QJlfl Hawero paccMOTpeHI-1fl pe3YJlbTaTbl 

pa5or151. 3areM sse,QeM ¢eHOMeHonorl-1~ecKy~ cKeRni-1Hrosy~ nepeMeH-

HY~ (, Y41-1Tb1Bal0li\Y~ KOHe4HbiW pa3Mep HYKJ10Hl!l /T.e. PT /, Ill 

nony4111M "noKant>Hble" npae111na cyMM. 8 §2 Ha HX OCHOBe Mbl c¢op

MYfll-1pyeM MeTO,Q pac4e1a CTPYKTYPHbiX <)lyHKUIII.::i /¢opM¢aKTOpos/ pe-

30HaHCHoro po>K,qeHIII.A 6api-10HOB s nenToH-HYI<IlOHHblX B3ai-1MO.Qe.::ic;:r

BI-1.AX. M, HaKOHeU, B §3 paCC~IIITaeM Tpi-1 KOHKPBTHblX npouecca 

Ill CpaBHJ.1M nony4eHHble pe3yJlbTaTbl C 3KCnep!-1MCHTa11bHbiMI-1 ,QaHHbiMI-1. 

-§-1. ~ - CK£tlJU1HrGBMl nEPEMEHHAfl H nPABHJlA CYMM 

·oc-Hosa ,qnR noH!-1MaHI-1.A .~:~yanbHOCTI-1 6nyMa-rl-1nMaHa 
171 

s paMKax 

-1<-X,£\ 6blna HaRAeHa s pa6orax 
151 

s ¢opMe ypaEHeHI-IR 

1 DO M2 
fd~/;n·F(/;,G2)=A.(-Q2)+ :£B k(Q2)'(n~2)k' /1.11 
0 n k= 1 n, Q 

BblTeKa~ll\ero 1-13 CTaH,QapTHOrO aHaJ1!-13a Ha CBeTOBOM KOHyce. CMbiCJl 

BXO,Q.All\1-iX B Hero Be11!-14111H CIJe,Qy~IIIW. F(~Q2 ) - HeCIIIHrneTHafl 4aCTb 

O,QHOW 113 CTPYKTYPHbiX <)lyHKUIIIW: F 2 , xF l l-111111 xF 3 .3TO ¢1113111-

4eCKIIIe, 3KCnepii!MeHTaiJbHO 1113Mep.Ae.Mble CTpyKTYPHble !]JyHK4111111, B OT

J11114111e OT TeopeTIII4eCKIIIX F 8 laHa110rH 5nyM-riiiJ1MaHOBCKIIIX CKew

J11;1HrOBbiX -KpHBbiX /7/ I ,MoMeHTbl KoropbiX 

1 
An(Q2) = JdU"Fs(~,Q2) 

0 
11.21 

Bbl4HCJ1fi~TCA a KX,Q c T04HOCTb~ AO noraplll(j)MH4ecK!-1X no Q2 
nonpa

BOK. TaKOe nplllfiiJH>KeHIIIe COOTBeTCTByeT y4eTy B BIIIJ1bCOHOBCKIIIX 

pa3IJO>KeHIII.AX TOJlbKO BKJ1a,Qa onepaTOpOB TBIIICTa 2. ,[\o5aBJlflfl BKJla,Qbl 

oneparopOB BbiCWIIIX TBIIICTOB, T. e. CTeneHHble no 1/Q 2 nonpaBKI-1, 

OTBe4a~li\He 6eCKOHe4HOI:i CYMMe B 11. 1/, no11y4aeM <)liii3H4eCKI-1e 

crpyKTYPHble <)lyHKUIIIIII F. Macwra6 creneHHbiX nonpasoK M 0 onpe

,Qen.AeTCR HaH6011bWIIIM 1113 xapaKTepHblX a,QpOHHbiX Macwra6os. TaKOBbiM, 

no-BIII.QIIIMOMy, .ABIJ.AeTC.A M 0-~- pT /Rc- pa.QIIIYC KOH¢aRHMeHra, 
c 

p =0,4 r3Bic - cpe.QHIIIR nonepe4Hb!R !-1Mnynbc KsapKal. Macwra6 

MJccbl HyKnoHa M 0 -m y4TeH c noMOU\biO sse,QeHI-i.A 1;-cKewniiiHra 

c nepeMeHHOI:i 

I; = Q 2 l(v + V v 2 + Q 2) m • 11.31 

.£\nfl Ko3¢¢1-1UI-!eHTOB P.AAa B n,k s pa6orax 
151 

,QaHa oueHKa 

IB k (Q 2 ) I A (Q2) I - 1 nplll 11~6b1X n, k, Q 2 . nepeni-!CbiBafl I 1 • 1 I 
n, n 

2 
.... 

~w~ 

0.2 1 1k 

0.1 ~+ ~-
a 6 

0.5 
PHc.2. npo¢111111-1 J10KaiJIII3YIOli\IIIX 

n011111HOMOB. 

( 
PH~. H11n10crpau111.A AYa11b

HocrH: cnnowHafl KpHBa.A -

<)liiiT 3KCnepiiiMCHTaJ1bHbiX 

,QaHHbiX (SLAC), nyHKTHp-

Ha.A - TCOpeTIII4CCK~.A CTpyK

TypHafl ¢yHKUI-1.A F . 

B BH,Qe 

1 00 M2 

Jdi;/;"(F(/;,Q2) -Fs(I;,Q2)) =An(Q2) :£ ,(n-f-) /1.41 
0 k= 1 Q 

nony4111M cep11110 npas111n cyMM (SR): 

1 
JdU0 (F(~,Q2 )-F 8 (i;,Q2 ))"' 0 np111 

2 
n<Q --2 . /1.51 

t'm Mo 

06pe3aH!IIe ~m Ha HIII>KHeM npe,qe11e HaMH see,qeHo, 4T06bl orpa3111Tb 

<)laKT HacTyn11eHIIIR paHHero cKe.::inHHra no ~ np11 I;< I; m IHepe3o

HaHcHa.A o611acTbl. no ¢opMe 3anHcH H no CM~c11y SR /1.5/ aHa-

110riii4Hbl XOpOWO 1113BCCTHbiM npaBI111aM CYMM npH KOHC4HOI:i 3HeprHIII 

(FESR), KaK H nocne,QHHe, OHH B~pa>KaiOT CBOHCTBO r11o6a11bHOI:i 

,qyaJ1bHOCTH: B pe30HaHCHOH 66nacTI1 r11a,QKa.A aCHMnTOTI14CCKa.A 

1TeopeTI14CCKa~/ KPHBa.A F 8 ycpe,QH.ACT <)li13114CCKYIO OCU111111HPYIOli\YIO 

eoKpyr Hee ¢YHKU1110 F /p11c. 1 I. OcHOBbiBa.Acb Ha SR/1.5/, MO>KHO 

,QaTb o6'b.ACHCHHC 11110Ka11bHOHII ,qyaJ1bHOCTI1, T.e. paeeHCTBY 3TI1X 

3 



$yHK~H~ B oKpeCTHOCTH OTAenbHOro pe3oHaHca. Ae~cTBHTenbHO, 

nocTpOHM noKanH3Y~~H~ nonHHOM P, o6naAa~~H~ c xopoweM T04-
HOCTb~ CBOMCTBOM /pHc.2a/ 

P<el~>,_)= ~ a
0

,;
0 ,.eC;-.;+)e(e_-,;),.;_>,+, 

n 
rAe G+ - npeAenw OXBaTa pe30HaHCHOro nHKa. nocKOnbKY K Kam-
AOMY cnaraeMOMY nonHHOMa npHMeHHMbl SR/1.5/, MOmHO 3anr-1CaTb 

1 
c 

f de P<eie+' ,;_)(F(.;,Q 2) -F 8 (.;,Q2)) = f d((F <.;.o 2)-F 8 (,;,02)) =-0.. 
Gm .; /1.6/ 

+ 
noKanbHO-AyanbHaH ~HTepnpeTa~~H AaHHOrO COOTHOWeH~H 04eB~AHa. 

AnH npaKT~4eCK~X ~eneM $OpMynbl /1.6/, OAHaKO, MaJlO np~rOAHW. 
no Mepe yMeHbweH~H Q 2 Bbrcw~e cTeneH~ noKan~3y~~ero non~HOMa 
p AOnmHbl OT6paCbiBaTbCH, T. K. AnH H~X nepecTaiOT BblnOnHHTbCH 
SR/1.5/. J.13-3a :noro P Ha4~HaeT pacnnbrBaTbCH, ~ npas11na cyMM 
/1 . 6/ TepH~T CMWCn. XopoweM T04HOCH1 OT SR/1.6/ MOmHO om~AaTb 
TOnbKO np11 Q 2 »M~. 

B HacTOH~eM pa6oTe Mbl nonbrTan~cb pacw~pi1Tb o6nacTb np~MeH~
MOCT~ /1.5/, /1.6/. rnaBHbiM BOnpoc np~ 3TOM- y4eT B CTpyK-
TYPHWX $yHK~~Hx F 8 cTeneHHI;>IX nonpasoK 6onbworo MacwTa6a 
Mo-p T. nepeXOA K $OpMani13MY .; -cKeMJl~Hra ~ nepeMeHHOM ' 
rio3eon11n y4ecTb cTeneHHbre nonpaBK~ MacwTa6a Maccbl MI1WeH~ m 151. 

no aHanorl1~ C 3TI1M Ha OCHOBe BBeAeHI1H HOBOM CKeMn~HrOBOM ne
peMeHHO~ { MOmHo HaAeHTbCH y4eCTb nonpasK~ MacwTa6a M0 • B oT-
1111411e OT npeAbiAY~eM, TaKaH 3aAa4a B HaCTOH~ee BpeMH CTporo pe
WeHa 6b1Tb He MomeT, nocKonbKY pe4b 11AeT o6 y4eTa 3$$eKTOB 6onb
w~x pacCTOHH~M, HaXOAH~eMCH BO B3a~MOCBH3~ C npo6neMOM YAepmaHHH 
KBapKOB. no3TOMY paccMaTp~saeMy~ 3aAa4y cneAyeT OTHeCTI1 K npeA
MeTy $eHoMeHonor~~. 

B Ka4eCTBe HOBOM $eHoMeHonor~4ecKOM cKeMn~HrosoM nepeMeHHOM, 
Y4~TbiBa~ll.leH KOHe4HbiM pa3Mep HYKnOHa (p T ~ 0), Mbl Bb1611paeM cne

AY~lJ.ly~: 

·2 2 4 
- 2 2 PT "22 PT p T 
(=(Q +PT+ )/(v+yv +Q )m=G(1+-+0(-)). 

1+Q2jp~ Q2 Q4 
/1.7/ 

HeTPYAHO.nposep~Tb, 4TO np~ noACTaHoBKe TaKoM nepeMeHHOH 
B SR/1.5/ y4~TbrBa~TCH cTeneHHble nonpaBKI1 MacwTa6a -P T, npa-
s~nbHO socnpo~3BOAHlll~e. xapaKTep cTeneHHoro /no 1/Q 2 I PRAa 
B I 1 • 1 I. B caMOM Aene 161 ' pa3nom~M F see: Q2 ) no CTeneHHM 
P iiQ 2 , ~cnonb3YH I 1 . 7 I: 

2 
s (- Q 2 s( 2.. P T F.;, )=F .;,QJ+-t 

Q2 

4 
...... 

4 8 
2) PT) aF <G",Q + oc-4 ' 

Q a' 
/1.8/ 

11 Bb14~Cn~M MOMeHTbl 

1 - 2 1 2 
fd,.;nF 8 (,,Q )= JdanF 8 (,,Q ) 
0 0 

p2 1 p4 
- (n+1) ~ f dU nF 

8 
(.;, Q

2
) + 0( -f-). 

Q 0 Q 

/1.9/ 

BTopo~. 4neH nony4eH nocne ~HTerp~posaH~H no 4aCTHM. Bo3Bpa~a

HCb C y4eTOM 3TOro B ,/1 . 5/ K ~HTerp~poBaHI1~ no G, HaXOA~M 
1 p2 p4 

fd'Gn(F(e;Ql-F 8(,;,Q 2 ))=An(l-(n+1)-T +0(-T )), /1.10/ 
0 . Q2 Q4 

4TO cornacyeTCH c I 1. 1 I ~ nOATBepmAaeT TeM caMbiM BblwecKa3aHHoe 
jn- 3aB~CI1MOCTb B /1.1/ OTpameHa TOnbKO Ka4eCTBeHHO/. oonee 
TOrO, BKnaA onepaTOpOB TBI1CTa 4 T04HO COOTBe~CTByeT pe3ynbTaTy, 
nony4eHHOMY a/5/ Ha ocHOBe KXA. Mbl npeAnonom~M, 4TO BBeAeH~eM 
nepeMeHHOM (/1.7/ B SR/1.5/ HaM YAanocb y4eCTb nonpasK~ 
60J1bWOro MaCwTa6a ~ p T• a Hey4TeHHbiM~ OCTan~Cb, B03MOmHO, 
n~wb nonpaBK~ MacwTa6a JL«PT. TorAa nopHAOK SR/1.5/ n 

Q2 
orpaH~4eH ycnoe~eM n < --r, KOTopoe AOnycKaeT ropa3AO 6onb-

Jl. Q2 
w~e 3Ha4eHI1H n no cpaeHeH~~ c n < -:2, ~Meew~M MecTo np~ 

PT 
~cnonb30BaHI1~ e/1.3/. KaK cneACTBI1e 3Toro Mbl om~AaeM yny4weH~H 
noKanbHbiX CBOMCTB SR T~na /1 .6/ co cKeHJl~Hroeo~ nepeMeHHO~ 
e/1.7/. B 3TOM CJ1y4ae yCJlOB~eM ~X np~MeHr-1MOCT~ 6yAeT yme 
Q2»/L2 . 

0TMeT~M, 4TO np~ ~HTerp~pOBaH~~ no OKpeCTHOCT~ OTAe11bHOrO 
pe30HaHca B SR/1.6/ npeAnOJlaraeTCH COOTBeTCTBHe B HOpM~pOBKaX 
$opM$aKTopa eo36YmAeHI1H pe3oHaHca 11 CTPYKTYPHOM $YHK~~~ F 8 . 
Mbl np~BeAeM np~Mep MOAe11~ 181, e KOTopoM F 8 o6naAaeT TaKI1M 
CBOMCTBOM, OAHaKO B 06lJ.leM C11y4ae TaKOe COOTBeTCTB~e npeACTaB
JlHeTCH He060CHOBaHHbiM. Ha paCCMOTpeHHOM BbiWe OCHOBe MOmHO 
no11y4~Tb npae1111a CYMM, Y4~Tb1Ba~ll.ll1e HBHbiM o6pa30M B03MOlKHOe 
pa3n~4He e HOPM~poeKax $0PM$aKTopoe ~ Fs. J.1cnOJ1b3yeM B /1.6/ 
noKa11~3Y~~~H no11~HOM c npo$~11eM, yKa3aHHbiM Ha p~c.26. B CI111Y 
y30CT~ 11HOpMI1pOB04HOr011 n~Ka BbiCOTOH 1/z, pacnOJlOmeHHOrO Ha
npOT~B eepw~Hbl pe3oHaHca, a TaKme np~H~MaR eo BH~MaH~e rnaA
KOCTb F 8 

, 3an~weM 

1 ~~ ~ -2 
f d.; Pz (.;!.; + , G _) F ( G, Q ) 

{_ 
f d[Fs(i,Q2). /1.11/ 

e m l+ 
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PHc.3.aHarpaMMa pesoHaHcHo

ro pom,qeHHR 6apHOHa R * 
11 napTOHHblt:1 pe1.1enT ee sw-

4HCileHHR. 

3n1M npaBHJlOM CyMM Mbl 1-1 BOC

nOilb3yeMCR fiilR Bbi4HCJleHI1.fl 

$OpM$aKTOpOB 3JleKTpOCJla6oro 

sos5ym,qeHI1R pesoHaHcos. Cpas

HeHHe pe3yilbTaTOB TaKI1X pac-

4eTOB C 3KCnepi1MeHTaJlbHblMI1 

,qaHHbiMI1 MO>KeT CI1Y>KI1Tb OfiHI1M 

113 Kpi1Tepl1eB cnpase,qni1BOCTI1 

SR/1.11/. no,q4epKHeM, 4TO HOPMI1-

pOB04HYIO KOHCTaHTY Z Mbl 5y,qeM 

C411TaTh YHI1BepcanhHO~ AilR scex 

pe30HaHCOB, 

§2. METOA PAC4ETA PE30HAHCH~X nPOUECCOB 

C¢opMy1111pyeM HCXOAR 113 SR /1.11/ AYailbHbl~ MeTOA pact.~eTa 
CTPYKTYPHbiX ¢YtiKI.Ikl~ pe3oHaHcHoro pom,qeHI1R 6api10HOB a nenToH

HYKilOHHhiX ssaHMo,qe~cTBI1RX /p11c. 3/. B npv.6m1meH1111 Hyneso~ wvt

PI1Hhl cjJI13H4eCKVIe CTpYKTYPHble ¢YHK1..1HI1 F a OKpecTHOCTH pesoHaHca R* 
MaCCbl :JT!R !IIMeiOT BI1A 

2 -R 2 
F1(v,Q) =W 1 (Q )o(v-vR), 

( 
2 -R 2 ( 

F 2, 3 v,Q ) = W2, 3 (Q )o v-vR 
v /2.1/ 

2m 

<m2 2 2 .R 
r,qe v R = (Jn R-Ill +Q )/2m, W i - HCKOMble CTpyKTypHb1e CIJYHK-

1.11111 npo1..1ecca pom,qeHHR pesoHaHca R*. TaKaR 3an11cb cooTseTcTsy

eT TOMy, 4TO $113114eCKaR CTpyKTypHaR ¢YHK1..111R B JleBO~ 4aCTIII 

SR/1.11/ npe,qnonaraeTcR 411CTo pesoHaHCHOH /He co,Qepmi1T ¢oHa/. 

3TO B CBOIO 04epe,qb OTBe4aeT 113BeCTHOH ,QBYXKOMnOHeHTHO~ MO,qe1111 

A[lfl aMnJ111TYA~I pacceRHI1fl, r,qe COBOKynHOCTI1 HeCI1H rileTHbiX pe,qmes

CKIIIX TpaeKTOPI-1H conocTaBJlfleTC.R pe30HaHcHafl 4aCTb aMnJ111TYAbl, 

8 HaweM cny4ae 3KB~t~saneHTOM HeCI1HrneTHbiX TpaeKTOpl1i1 fiBil.ReTC.R 

HeC!-1HrileTHa.R /saneHTHafl/ TeopeTI14eCKaR CTpyKTypHafl ¢YHK1..111R F ~ 
no,qcTaBJlflfl /2.1/ B /1.11/ 11 Y411Tb1Bafl CBOi1CTBa JlOKaJli-13YIOllte-

ro noJlHHOMa Pz , nony411M 

LCQ2 ) 

W~(Q2 ) =Z :fi(Q
2

) ~I d;if'iFi
8 ce,Q 2

). /2.2/ 
{+ (Q 2) 

6 
... 

. - :-- 2 
r,qe ai = (1, 0,1) ; { ± := ~(v± , Q ) ; 

:JT! ~ - m 2 +Q 2 ; :JT! ± = )){ R ± ~:Jr! • 
v± = !5m 

L\)R - WI1PHHa OXBaTa pe30HaHCHOrO n1-1Ka /cso60AHbiH napaMeTp, 

orpaH!-14eHHbiH paccTOfiHHeM ,qo 6n11mat:1wero pesoHaHca/. 

2 2 2 2 2 2 2 
-~ 

1 
(Q 2) = .2_ -~ 

3 
(Q 2) = Q H(Q ) (H(Q ) + 4m ) (p T+ Q ) 

4m2 4m2[(p~+Q2)2 +p~] 
./2.3/ 

2m(p 2+Q2) j 
j_

2
(Q ~ = T ; H(Q2)=Q2+4m2+ Q4 + 4m2Q 2. 

(p~+Q2)2+ P';. 

CTpyKTypHwe ¢YHKQI-11-1 F 8 
'anHweM a s11,qe cyMMW no napi.IHanbHblM 

cTpyKTypHbiM ¢YHKQHfiM F ~iv 3JleMeHTapHbiX nepexo,QOB eaneHTHbiX 

KBapKOB qi-> q f: 

s ~ 2 s(V) - 2 
Fk(I;,Q )= _:£ Fif(k)(I;,Q ), 

1-> r 
/2.4/ 

r,qe Y4TeHbl TOJlbKO nepeXOAbl, npi1BOA1'lUII-1e K KBapKOBOMy COCTBBY 

paccMaTpi1BaeMoro pesoHaHca. AnR V-A TOKOB KsapKOBbiX nepexo,qos 

. - V A 
1 if = q r Y.ll (C if + c if Y 5) q i /2.5/ 

A V I C if , C If - aKc!llanbHble 1-1 eeKTOpHble KOHcTaHTbl CBR311/ MO>KHO 

nOilY41-1Tb npaBHJla COOTBeTCTBI-1R Me>KAY napi.II-1BilbHbiMH CTPYKTYPHbiMI-1 

¢YHKI..II-1fiMH F ~~V) 11 <I>YHKI.IHfiMH pacnpe,qeneHHfl ¢ i Ha4aJlbHbJX 

BaneHTHblX KBapKOB B HYKilOHe. Mbl 3ani1WeM 3TH npaB!-1Jla B CHMBOJlH-

4eCKOM BI-1Ae: 

F s( V) = a iC ~7) ( r~. 1 /: (;; 2 ) 
If (k) k k 't' i c,' /2.6/ 

3,qecb 

if V 2 " A2 V A 
a k = (C if + C if ) (o lk + 0 2k ) - 2C if C iC 0 sk /2.7/ 

- CTPYKTYPHble ¢YHK1..11-11-1 T04e4HOrO KsapKa; 7] - COKpaUieHHafl CI-1M

BOilH4eCKafl 3anHCb 6JlOKOB ¢0PMYI1, He 3BBHCRUIHX OT napaMeTpOB 

V-A nepexo,qa /2.5/. TaKOBa CTpyKTypa KaK CTpOri1X ¢0PMYI1 pa-

6oTw/9l, TaK 11 06bl4HbiX napTOHHbiX/W~B KOHKpeTHbiX Bb1411CJleHI1fiX 

BOCnOJlb3yeMCR napTOHHbiMI-1 ¢opMyJlaMH, np!-1MeHRfl CKeHJ111HrOBYIO nepe

MeHHYIO (n:&h 3To n03BOJl~T np11 He3Ha4!-1TeJlbHO~ noTepe B TQ4-

HOCTH CyUieCTBeHHO ynpOCTHTb pac4eT. 
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noAcTae11e 12. fl e SRI2.2I, nony411M 

-R 2 if R 2 
w k ( Q ) =. 2r a k D i(k) (Q I m ± , p T) • 

1-+ 
12.81 

~ (Q2) 
·a 2 - -" - 2 

D i (k) (Q ) = z s: k (Q ~ - f d ~ 1) k (¢ i I~' Q ) 
~+ cri> 

12.91 

HeTPYAHO B11AeTb, 4TO Mbl npi1WI111 K napTOHOnOAOOHOH KapTI1He 
pe30HaHCHOrO pom,[\eHI1.R 6api10HOB: pacce.RHI1e npOI1CX0,[\11T Ha T04e4-
HOM KBapKe-napTOHe, nocne 4ero npOB3ai1MO,[\eHCTBOBaBW11H KBapK 
peKOM011HI1pyeT C ABYMR KBapKaMI1-cneKTaTopaMI1 B 3a,(\aHHWH 6apl1oH
HbiH pe30HaHc. Ponb (j>yHK~1111 pacnpeAeileHI1R napToHoe 3AeCb 11rpa
eT KBapKOBbiH (j>aKTOp D i . 3To 11HTerpailbHbiH o6pa3 12,91 (j>yHK
~1111 pacnpe,[\eneHI1R eaneHTHoro KeapKa i -TI1na. KoHTponb 3a 
npo~eCCOM peKOM611Ha~l111 OCy~eCTBfl.ReTC.R BXOAR~11MI1 B 0 1 MaCCOH 
pe3oHaHca m :R 1-1 WI1P11HOH ero oxBaTa Llm . B Dr 3anomeHa 11 rl1no
TeTI14ecKa.R 11H¢opMa411R 0 OOilbWHX paCCTORH11.RX l3aBI1C11MOCTb OT 
PT I. Hnn~cTpa~11ei1 K cKa3aHHOMY cnymHT pl1c.3, KOTOpbli1 AaeT 

TaKme Hari1.R,[\HbiH pe~enT Bbi411CIIeHI1.R CTpyKTYPHbiX (j>yHK~I1H pe3o-
HaHCHbiX npo~eccoe wk . 

06paTI1M BHI1MaHI1e Ha TO, 4TO B 113IIOmeHHOM HaMI1 ,(\yanbHOM noA
XOAe ac11MnToT11Ka (j>opM(j>aKTopoe (Q 2 ... oo) onpeAei1RSTCR noBe,[\eHI1eM 
KeapKoBbiX pacnpe,[\eneHI1i1 ¢ 1 e npe,(\ene x-+ 1, T. e. TaKoi1 KoH-
(j>l1rypa~l1ei1 KBapKOB, KOr,[\a OA11H 113 H11X HeceT eecb 11Mnyi1bC HyK
IIOHa. CneAOBaTei1bHo, e aci1MnToTI1Ke AYaiibHbli1 noAXOA npi1BOA11T 
K MeXaHI13My (j>ei1HMaHa lUI, 

np11 wcnonb3oBaH1111 (j>opMyn 12.81, 12.91 B o6nacTI1 Manblx 
Q

2 
C-pT)

2 
6YA.e.M npoi13BOAI1T b 3aMeHy Q 2 Ha Q 2+ p ~ so ecex ¢

1 
(Q2 .~). 

Aeno e TOM, 4To rn~OHbl BHYTPI1 HyKnoHa e c11ny npi1H~I1na Heonpe
AeneHHOCTI1 He MoryT 11MeTb Hyneeo~ 11Mnynbc, cpeAHee ero 3Ha4e~ 
Hl1e paBHO pT~~JaKI1M o6pasoM, so scex KXA esai1MOAei1cTBI1RX, 

conL 2 
np11 BOAR~Hx K HapyweHI1~ cKei1n~-tH ra I K Q -saBI1C11MOCTI1 e ¢ 1 I, 
rn~OHbl yYacTBY~T c 11MnynbCOM Q + pT, a He Q. HMeHHO 3TO 
,[\aeT OCHOBaH11e ,[\Il.R yKa3aHHOH 3aMeHbl. no cy~eCTBY OHa .RBIIReTC.R 
npORBI1eHI1eM 113BeCTHOro 3(j>(j>eKTa 11 BbiMOpami1BaHI1.R11 KBapK-ri1~0HHOH 
KOHCTaHTbl CB.R311, 

§3. KOHKPETHbiE nPOL.\ECCbl. 
PAC4ET H CPABHEHHE C 3KCnEPHMEHTAJlbHbiMH AAHHbJMH 

Pacc4~-tTaeM e paMKax 113nomeHHoro noAXOAa HeCKOI1bKo Ha116onee 
11HTepeCHbiX ynpyrHx 11 Kea311ynpyrwx npo~eccoe nenToH-HYKI10HHoro 
pacce.RHI1R. PesynbTaTbl pacYeToe cpaBHI1M c 3Kcnepi1MeHTai1bHWMI1 
,(\aHHbiMI1. 

8 

-

(l 
\I 

' 
"' I 

1 
~ 

'l 

j, 
j 

1. npemAe scero o6paTHMC.R K cna6biM Fv,M,A 11 3I1eKTpoMarHI1T
HbiM GE,M (j>OpM(j>aKTOpaM HYKIIOHOB. Bbln11WeM 11X CB.R3b C BBe,[\eHHbiM11 
BbiWe pe30HaHCHbiMI1 CTpyKTypHbiMH (j>yHK~H.RMI1: 

- 3J[, 2 2 Q2 2 
W2 (Q ) = 2m(GEp + 4m2 GMp )I r' /3.11 

- Q2 GJI. 2 2 2)1 W 2 (Q ) = 2m(F v + - 2 F M r, 
4m 13.21 

r,[\e r=1+Q
2

14m 2 . nonbiTaeMC.R npO,[\BI1HYTbC.R ,[\0 Q 2 BniiOTb ,[\0 0. 
np11 3TOM 6y~M np11H11MaTb BO BHI1MaHHe CIIe,[\y~~He, XOPOWO YCTaHOB
I1eHHble B 3Toi1 o6nacTI1 ceoi1cTea (j>opM(j>aKTopoe HyKnoHa. Bo-nepBbiX, 
MacwTa6Hbli1 saKoH AI1.R 3neKTPOMarHHTHbiX (j>opM(j>aKTopoe: 

G E = GM I JL = GM I JL , G E = 0 , p p p n n n 13.31 

r,(\e J.Lp= 2,79 , J.Ln =-1,91 - MarHHTHble MOMeHTbl npOTOHa 11 HeHTpOHa 
COOTBeTCTBeHHO. 

Bo-eTopblx, coxpaHeHI1e eeKTOpHoro TOKa ICBTI. H3 nocneAHero, 
B 4aCTHOCTI1, Cile,(\yeT 

F =FP -F 0 

V,M 1,2 1,2 13.41 

3AeCb 

F 2 = (G M - GE )I r, /3.51 
Q2 

F =(G + --GM)Ir. 13.61 
1 E 4m2 

CooTHOWeHI1R 13.31, 13.41 HecyT AOnOIIHI1TenbHY~ HH(j>opMa~l1~ 
0 noBe,[\eHI111 (j>OpM(j>aKTOpOB B 30He KOH(j>aHHMeHTa (Q 2 -p T) 2 • 
_ HcnOI1b3YR 13.31-13.61, Bblpa311M HCKOMble (j>OpM(j>aKTOpbl yepe3 
W~JI, 11 W~JI., 13.11 C y4eTOM CBOHCTBa 13.31 npi1B0,(\11T K CO-
OTHOWeHI110 

----1 -3JI, 2 r.; 3J[. 
rW 2 e S(Q ) V W 2 

G Ep= 1 + ll2 Q 2f4m2 
p 

13.71 

Hs 13.31, 13.41 11 13.71 HaXOA11M 

llp -J.Ln -1 ~ F = G = p (Q 2 ) W 3Ji, M 
1 Ep M • 13.81 
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Q2 
( )--+ 1 

2 
-:M. 

llp-lln 4m2 GE =Pv(Q )yW2 ' F = P v /3.9/ 

r,qe 

p M(Q 2) S(Q2) ' -'---- /3.10/ 

rQ2 ) 

1 + ~(ll p-ll n S{Q2). 
P vCQ 2)= /3.11/ 

T 

no,qcTaBnfl.fl /3.8/, /3.9/ B /3.2/, onpe,qen~M aKc~anbH~A $OpM$aK
TOp: 

FA =Jew ~JJ. -t(Q2) w ;JI·) /2m. /3.12/ 

r,qe 

2 
2 2 Q 2) t(Q ) = 2m(Pv +--PM 

4m 2 
/3.13/ 

Bxo,qRmHe a /3.7/-/3.8/ pesoHaHcH~e CTpyKTYPHble <!JYHKL.\~~ nerKo 
B~4MCnfi~TC.fl Ha OCHOBe pacCMOTpeHHOrO HaMM ,qyanbHOro no,qxo,qa. 
Hx BMA cne,qy~~~A: 

- 3JJ. 2 i 2 "" 0 d (Q 2 
1 
m ) W =~e 1 D2 (QIIII±,pT)= 2 ±•PT • /3.14/ 

I 

w CJJ, = 4 cos 2 e c n g CQ 2 1 m1: , P T ) . /3.15/ 

3,qecb e! - sapR,q KBapKa i -Taro apoMaTa; e c - yron Ka6~66o; 
m_= 0 j m+=1 ,23 r3B /OXBaT HYKJlOHHOrO nHKa BnJlOTb ,(10 1-ro HyK
DOHHOrO pe30HaHca/. 

A.nR Bb14McneHJ.1R D~ Mbl socno.nbsyeMCR ,qsyM.R sapHaHTaMH KBap-
KOBbiX pacnpe,qe.neHHA: nepBbiA COOTBeTCTByeT Mo,qe.nH/ npe,q.nolKeHHOi1 
a 181, BTOpoA - KXA napaMeTp~3al.\~J.1 oypaca-reMepca 121 • 

nepBbli1 BapHaHT ~HTepeceH TeM, 4TO ~3 yc.nOBHfl HOpM~pOBK~ $QpM
¢aKTOpa OE(O) =1 y,qaeTCR nony4J.1Tb pasyMHoe 3Ha4eHHe cpe,qHero 
nonepe4Horo HMnynbca KBapKa a HyK.noHe. CooTBeTCTBY~~ee ypasHe
HHe ~MeeT BHA 

D ~ (Q 
2 

=0 I m ± ' p T) = 2m . /3.16/ 

10 
..... 

•• 

.. 

J, 

I.Z 

1-1 

"' --. -.... 
0 ....... 

·I 0 
+ 
~ 

~-· ";: I '\. T ~(I) 
J: 
~ _, 

-~ 
(Z) 

It 16 Zo Z~ ZB 

Qz (r• B/<)2 

PHc.4. MarHHTH~A ¢opM¢aKTOp npoTo
Ha: T04KH - 3KCnepMM8HTa.nbH~e ,qaH
H~e112~ KpJ.1B~e COOTBeTCTBY~T KBap
KOBbiM pacnpe,qeneHJ.1.flM: l - oypa Ca
reMepca 1121,· 2 - MO,qenH /8/, 

IF;. I 

H·-

2.0 

1.6 

0 .2 I. 1.2 

Q\r;.B;c/ 

PHc.5. AKc~anbH~A HyK
.noHHbiA <!JOpM(jlaKTOp: T04-
KJ.1 - 3KcnepHMeHTanbH~e 

,qaHHble 1131, KpHBble I csep
xy BHH3/ COOTB8TCTBY~T 
K8apKos~M pacnpe,qeneHH.RM 
Eiypaca-reMepca 1121, 
Mo,qenH 181 11 pesy.nbTaTy 
AHno.nbHoA ¢opMy.nbl. 

0TKy,qa npl-1 yKa3aHHbiX Bbltue m ± noJly4aeM p 2T = 0, 168 r3B 2, 4TO 
COr.nacyeTCfl C ~Me~~J.1MJ.1Cfl 8 JlHTepaType Ol.\eHKaM~/5/, no,q4epKHeM, 
4TO 8 TaKOM BapHaHTe HOPMHpOB04Hafl KOHCTaHTa Z=l, npM 3TI'IX 
3Ha4eHH.AX napaMeTpos Ha pl1c. 4, 5 nocTpoeHbl KPHBbre A!l.R Ha1-16o.nee 
HHTepecHblX sem141-1H GMp ( 1 + 0,71· Q2) /11 P, FA. KaK BHAHD, KPHBble 
xopotuo cor.nacy~TC.R c 3KcnepHMeHTanbHbiMH ,qaHHblMH 113,14/. 

nepeXOA.R 1<0 BTOpOMY BapHaHTY pacnpe,qeJleHHi1 BaJleHTHbiX KBap
KOB 112• /: 

1] 1 {s)-1 ( ) 
2 X 1]2 s 

¢. (x, Q ) = 
2 

(! -x) 
I B{1J1 (s); 1Jz(Q ) +1) 

/3.17/ 

Q2 Qa 2 2 
s = ln(ln 2 /ln-

2
-), Q o= 1,8 r3B , A= 0,3 r3B , 

A A 
r,qe 

1Jt (s) = 0,7- 0,176·s, 1J 2 (s) = 2,6 + 0,8 • s, 

no.ny4J.1M 3aMKHYTbJe aHaJ1J.1TH48CKHe B~palKeHH.fl ,(\Jl.fl KBapKOBOrO ¢aKTO
pa D~. no,qcTaBHB /3.17/ a /2.9/, nerKo Haxo,qHM 
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ng(Q2\m+,p )=z~ (Q2) Bl:7J1,7J2+1)-B! (7]1+1, 7]2+1) 
- T 2 ::--:---:-:;-;~+ _____ _ 

B(!7
1
,7J

2
+1) -13.181 

3,Qec b B (a, {3) - HenonHa.R 6eTa-<!>YHKLII'I.R 3~nepa. no,QCTaBJl.R.R Te-

nepb 13. 1 ~I s 13. 7 I, 13. 141, nony4aeM HCKOMble Bblpa>KeHH.R ,Qn.R HYK

noHHbiX $OpM$aKTOpOB. 0TMeTHM, 4TO B ,QaHHOM BapHaHTe Y>Ke He y,Qa

eTC.R COrnaCOBaTb C 3KCnepHMeHTaJlbHbiMH ,QaHHbiMH YCJlOBH.R 13.161 
H z = 1. Xopowee cornacHe ,QOCTHraeTC.R npH z = 1 , 44 H p T = 0,165. 

COOTBeTCTBYIO!I\He 3TOMY KPHBble npHBe,QeHbl Ha PHC. 4, 5. 

Henocpe,QCTBeHHO H3 13.181 MO>KHO onpe,QenHTb aCHMnTOTHKY <!>opM

<!>aKTopa HyKnoHa B KXA, OTBe4aiO!I\YIO MexaHH3MY ¢e~HMaHa 1 11~6onee 

T04Hbl~ pesynbTaT ocHosaH Ha H3BeCTHOM e KXA noporoeoM nose,QeHHH 

1151 r(Q 2) 2 4CF 
CTPYKTypHoi1 <!>YHKL!HH F 8 

--. (1 -x) , r(Q ) = const + -b-s 
X41 

(b=11-2/3nr,CF=4/3, nr- 4Hcno apoMaToe).' _no,QcTasn.R.R 3TH 

Bblpa~<eHH.R B 12.91 H npHHHMa.R BO BHHMaHHe, 4TO ~ + - 1, Haxo
- 2 

,QHM H3 aCHMnTOTH4eCKO~ Ol..leHKH HHTerpana Q ... ~ 

G(Q 2) e 
Q2_.~ 

2CF 
- --ln ln Q2 · ln Q 2 

b 13. 191 

KaK H cne,Qoeano o>KH,QaTb, nony4aeM 6biCTpoe, xapaKTepHoe ,Qn.R cy

,QaKoscKoro <!>OPM<!>aKTOpa 1 161, y6biBaHHe C POCTOM Q 2 • 3TO MO>KeT 03-

Ha4aTb, 4TO aCHMnTOTHKa <!>opM$aKTOpa onpe,Qen.ReTC.R He MeXaHH3MOM 

<!>e~HMaHa, a MexaHH3MOM >KecTKoro nepepacce.RHH.R. nocne,QHH~ ,QaeT 

nHWb cTeneHHoe cna,QaHHe ,Qn.R <!>opM<!>aKTopa. B o6nacTH me yMepeHHbiX 

Q 2 BKna,Q MexaHH3Ma mecTKoro nepepacce.RHH.R no HeHssecTHbiM HaM 

npH4HHaM no,QaBneH * , H CHTYai..IH.R MeH.ReTC.R Ha o6paTHYIO. 
++ 

2. Mbl pacc41-!TanH nonHoe ce4eHI-!e npo1..1ecca po>K,QeHI-I.R !'!. (1232)-

l-!3o6apbl: 

v+p __.,.,.+ + 1'!.++(1232). 

CooTBeTcTBYIO!I\1-le KPHBble ,QJl.R .QBYX eap1-1aHTOB KsapKOBbiX pacnpe,Qene-

HH~ npHBe,QeHbl Ha PI-IC. (;_. 0HH nony4eHbl np1-1 3Ha4eHH.RX p T H Z, 

Ha~,QeHHbiX e n. 1 • Wl-lpi-IHa oxsaTa n1-1Ka H3o6apbl f:..m = 168 M3B. 3Kcne

PHMeHTanbHble ,QaHHble B3.RTbl H3 'pa60T /1? I, 

3. HaMH Ha~,QeHbl TaK>Ke Ol..leHKI-1 nonHbiX ce4eHI-!~ po>K,QeHI-!.R 04apo

BaHHbiX 6api-IOHOB B peaKL!I-I.RX 

* B npoTI-!BHOM cny4ae B03HI-IKHeT ynoM.RHyToe eo sse,QeHI-11-1 pasHo

rnacHe C 3KCnepi-!MeHTaJlbHbiMH ,QaHHbiMH. 

12 .. 

' I' 

' 

4. 
I 

I 
I 

V+P ... JL + ct+ (2420) • 

v + n ... JL- + c; (2260) . 

npi-!Be,QeM 3,QeCb TOJlbKO 3Ha4eHH.R BbiCOT nnaTO: 

+ -39 2 I f:..m = 200 M3B/, a (C 0 ) = 1, 9x 1 0 CM 

ace;+) = 0,7x1o-39 cM 2 I f:..m = 170 M3B/. 

BbiXO,Q ce4eHHIA. e pe>KHM Hacblll\eHI-I.R npoHcxo,QI-IT np~t~ Ev -677 r3B. 

no,Q4epKHeM, 4TO 3TH Ol..leHKI-1 .RBJl.RIOTC.R BeCbMa rpy6biMH, TaK KaK Mbl 

He npHHHMaJlH BO BHHMaHHe MaCCbl T.RlKeJlbiX C -KeapKOB. 

N 
z: 
<.J 

00 
~ 

I 
0 -)( 

'() 

(.II 

1.2 

t.O 
0.8 

0.6 

O.t, 

0.2 

0 
0.1 

• BE B C 
• F'tJAL 15

1 

• AWL 

tO tOO 

£CflB> 

PHc.6. nonHoe ce4eHHe peaKL!HH -v+ P->JL- +1'!.++(1232): 

KpHBble COOTBeTCTByiOT KBapKOBbiM pacnpe,QeneHH.RM: 

1 - oypaca-reMepca ' 121 , 2 - MO,QeJlH/8/., 

3AKn104EHHE 

I-1TaK, Mbl pacCMOTpenH $eHOMeHOJlOrH4eCKH~ ,QyanbHbiM nO,QXO,Q 

K OnHCaHHIO pe30HaHCHbiX npOI..IeCCOB npH yMepeHHbiX 3Ha4eHH.RX Q 2 

no,QXO,Q npHBen K Harn.R,QHO~ napTOHOnO,Q06Hoi1 KapTHHe pe30HaHCHbiX 

npOI..IeCCOB, ,QaiO!I\eA npOCTOA pe1..1enT Bbi4HCneHH.R COOTBeTCTBYIO!I\HX 

CTpyKTypHbiX <!>YHK1..1Hi1. KOHKpeTHble pac4eTbl noKasanH, 4TO nony-

4eHHble TaKHM o6pa30M pesynbTaTbl xopowo cornacyiOTC.R c 3KcnepH

MeHTanbHbiMI-1 ,QaHHbiMH, no,Q4epKHeM, 4TO L!eHTpaJlbHbiM nyHKTOM npH 

$OpMynHpOBKe no,QXO,Qa .RBHJlOCb BBe,QeHI-!e HOBO~ CKeMJlHHrOBO~ ne

peMeHHO~, <!>eHOMeHonorH4eCKH Y4HTbiBaiO!I\e~ HeKoTOPble 3$$eKTbl 

KoH<!>aV.HMeHTa /Hani-!4He y KeapKOB nonepe4Horo HMnynbcal. 
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PaccMaTp~BaB ynpyr~e ~ KBas~ynpyr~e mopM~aKTOP~ HYKnOHa, 
2 -

HaM YAanocb npoABHHYTbCfl no Q snrtOTb AO 0. 3To 6btllO 6bl He-
BOSMO>KHO np~ ~CnO!lb30BaHHI-1 6nyM-rHnMaHOBCKJ..1X npaa~n CYMM ! 7! , 

paBHO KaK ~ npH ~CnOnbSOBaH~I-1 B npaBHnax CYMM /1.5/ 06W4HOH 
nepeMeHHOH e 151

• B TOM ~ APYrOt-1 CJ1y4ae ¢opM¢aKTopw OKa3bi-
BaiOTCR C~HrynflpHbiMI-1 npl-1 Q2 

= 0. 
BosMO>KHble np~nomeH~R paccMOTpeHHoro HaMI-1 AYanbHoro noAXOAa, 

pasyMeeTcR, He orpaH~4eH~ TpeMfl np~MepaM~ a §3. BMecTe c TeM 
HY>KHO OTMeTV!Tb cneAYIO~ee. B Ka4eCTBe Ha4anbHOrO aAPOHa B AYanb
HOM nO,(\XOAe He MO>KeT 6biT b Bbt6paH n1060A, !ianpHMep, 1T -MeSOH. 
AnR nOCJleAHero OTCYTCTByeT ,qyaJlbHOe COOTBeTCTB~e Me>KAY ABYMR 
era CTPYKTYPHbiMH ¢YHK~~RM~ ~ eA~HCTBeHHbiM 3neKTpH4eCK~M ¢opM
cflaKTopoM 15/, KpoMe Toro, noAXOA s ~snomeHHoA sepcHH He .RBJlR
eTcfl KOppeKTHbiM np~MeHHTeJlbHO K npo~eccaM pO>KAeH~fl 6apHOHOB 
c HOBbiM~ apoMaTaMH (c, b, t, .. ·.). Mbl npeHe6peranl-1 Ha!1~4~eM KBap
KOBbiX Mace, KOTOpble BeCbMa Cy~eCTBeHbl 8 AaHHOM CJ1y4ae. 0AHaKO 
HX y4eT He npeACTaBm=teT, Ha HaW B3rJlfl,(\, OC06bJX TPYAHOCTeH. 

;LVlR 3Toro Heo6xo.Q~Mo BKJ1104iHb 8 paccMoTpeHI'!e pesynbTaTbl non
Hero ctJopMam13Ma .; -cKeAm-IHra 191 

ABTop 6naro,qap~T n.c.~caesa, A.B.Pa,qiOWKHHa, A.B.CHAOPOBa 
sa MHOr04HCJleHHble CTHMYJlHPYIO~~e o6cy>KAeHHfl, A.M. PanopTHpeHKO 
sa noMo~b 8 pac4eTax Ha 38M, a TaK>Ke npHSHaTeneH C.A.oyHRTo
ay, n.~.nan~AYCY, H.5.CKa4KOBY sa ~HTepec K pa6oTe. 
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PyKon~cb nocTynHna s ~3.QaTenbcK~H OTAeJl 
11 HIDnR 1980 roAa. 
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TEMATWIECKHE KATErOPHH llYBJOO(AUHR 

OBnE~EHHOrO HHCTHTYTA ~PHYX 
HCCflE~OBAHHR 

HH.neKc TeM&TJIKa 

1. 3Kcnep~MeHTanbHaR ~3HKa S~COKHX 3HeprHH 

2. TeopeTH4ecKaR ~3HKa e~coKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR $H3HKa 

4. TeopeTH4ecKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~3HKa TR*en~X HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AeTOMaTH3a~HR oEpa6oTKH 3KcnepHMeHTanbH~x 
AaHH~x 

11. B~4HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

1h. HccneAOBaHHR TBep~x Ten H *HAKOCTeH 
RAepH~MM MeTOAaMM 

15. 3KcnepHMeHTanbHaR ¢M3HKa RAePH~x peaK~HH 
npH HH3KHX 3HeprHRX 

16. Ao3HMeTPHR H ~3HKa 3a~T~ 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb3oeaHHe pe3ynbTaToe H MeTOAOB 
~YHAaMeHTanbH~X ¢M3H4eCKHX HCCneAOBaHHH 
B CMe*H~X OfinaCTRX HayKH H TeXHHKH 


