B. [. HepopesoB

OOTOAAEPHDIE
PEAKLUU

B OBAACTH
HYKAOHHDbIX
PESOHAHCOB




MUHNCTEPCTBO OBPA3OBAHNA
N HAYKN POCCUNCKOW SEOEPALIMA

denepanbHoe rocygapcTBeHHoe BIoMKeTHOE yupexaeHue Hayku
«MHCTUTYT AgepHbIX uccrnegoBaHun»
Poccuitckon akagemun Hayk

B. . HEQOPE3OB

®OTOAAEPHbLIE PEAKLIUA
B OBJIACTU HYKIOHHbIX
PE3OHAHCOB

Mockea
Hayka obpasoBaHus
2014



VK 539.126
BBK 22.383
H42

Hadanue ocywgecmeneno npu grunancosoii noddepaicke Poccuii-

P H
— ——  ¢K020 POHOA (PYHOAMEHMANLHBIX UCCACO0BAHUIT NO NPOCKMY
MNe 14-02-07008, ne nodneacum npodadice.
Henopezos B. T.
H42 (oTosAepHBIE PeaKUHH B 00JaCTH HYKJIOHHBIX PE30HAHCOB:

moHorpadua. — M. : Hayka obpasosauus, 2014. - 168 c.

ISBN 978-5-904006-05-1

B mactosueii MoHorpadHH HCNONB30BAHLEI B OCHOBHOM MATCPHANLI
MCCAEeN0BaHNl, BLIMONHEHHBIX B jaGopatopun (orosnepHsix peakunii MU
PAH B pamkax MexmyHapopuoit xonmabopaunun GRAAL (GRrenoble
Accelerateur Anneau Laser), OCHOBHYIO 4acTb COCTABNAIOT Pe3yNbTaThl paboT
116 (POTOPOKACHHIO ME3OHOB B 0GNIACTH HEPTHii OT Mopora Ao Heckonbkux 3B,
NOJy4YeHHBIE 34 NOCNeAHHe ABAALATE JIET Ha MYKe MOHOXPOMAaTHYECKUX NOJlsd-
PHM30BaHHBIX (JOTOHOB ¢ 3Heprueit o1 500 mo 2000 MoaB. OcHosHoH ynop cze-
NIAH Ha AHANIM3E IKCTIEPHMEHTANLHBIX PE3Y/IBTATOB C HCIIQIL30BAHHEM pPa3/ivy-
HBIX TeopeTHueckux Mopeneil. OfHa W3 I7aB MOCBALICHA OMHCAHHIO METOAA
0BpAaTHOrO KOMMTOHOBCKOTO PAcCesHHA JIa3epHLIX (JOTOHOB HA 3IEKTPOHAX
BBICOKOIf DHEPrHH B HAKOMHMTE/AX, KOTOPEIH OBIN peand30BaH A H3yHEHH:
doTosnepubix peaxuuit 8 HAP CO PAH (Hosocubupck) ellie B BOCBMHACCATEIX
rojlax NpOLIIOro Beka M 3aTeM OB HCTOL30BaH B Pa3/IMYHBIX HAYHHBIX LEH-
Tpax, BKIovas xonnaGopauun GRAAL, LEGS (CIIA), LEPS (Snonns) u ap.
IMocnenHue rofibl XapaKTEpPH3YHOTCHA CYIUIECTBCHHBIM pacliMpeHHeM TeMaTHKH
dotosnepubix HccnenoBanuil. [1o3ToMy B MOHOrPaQHIO BOULIH TAKKE HOBLIC
TEMBl, B YACTHOCTH, M3Y4CHHE HENHHEHHBIX 3((PEKTOB KBAHTOBOH 3M1EKTPOAH-
HAaMHKM B (DOTOSAEPHBIX Mpolieccax, BKIIOHAA KYJIOHOBCKYIO AHCCOLMALHIO
PeNATHBHCTCKHX ANEP, MYJILTH()PArMEHTALMIO AAep NOJ AeficTBHeM GOTOHOB, a
Taloke (OTOAePHEIE PEAKIIMH HA HMIY/IBCHBIX heMToceKkyHanbIX aasepax. Ilo-
CHeHAs TNaBa MOCBSILICHA ODCY:KOEHHIO HEKOTODBIX HOBBIX KpyNHEIX (oTo-
AIEPHBIX MPOEKTOB, cHOPMHPOBABLINXCA B MOCNEIHHE rOJbI.

ISBN 978-5-904006-05-1
© Hepopezos B.T.,2014
© WJI «Hayka obpazoBanus», 2014

COOEPXKAHMHNE

BBEIEHHE ..o

I'maBa 1 OcHoBHEBIE Ga3bl JaHHBIX 110 (BOTOSIEPHEIM
peakuHsiM 061aCTH HYKIOHHBIX PE3OHAHCOE ................

I'naBa 2 O6paTHOE KOMITOHOBCKOE paccesHHe Ja-
3€PHEIX (JOTOHOB Ha 3JIEKTPOHAX BBICOKOH SHEprum
KaK METOJ MOJy4YEHHUs MOJIAPU30BAHHBIX MOHOXPOMa-
THIECKUE TAMMARBANTOR wuuuimsimsssriims s i

2.1 OCHOBHBIE XapaKTEPHCTHKH Mpoliecca 0GPaTHOro
KOMITOHOBCKOTO PACCETHHS ...vvvvveeneeeererrreeeasnennnnns.

2.2 TlpumeneHHe MeTO/1a 06PATHOrO KOMIITOHOBCKOTO
paccestHus B (OTOSAAEPHBIX SKCIIEPUMEHTAX .................

I'maga 3 VYcranoska GRAAL (GRrenoble Accele-
rateur Anneau Laser)

3.1 AnnapaTtypHoe u porpaMMHoOe oGecredeHHe ........
3.2 (DOHOBBIE YCIOBH c..vcvevecveereieeeceeeresssesereses s

3.3 MoneqHpoRaHHe HM3y4aeMbIX INPOLECCOB M €ro
PONb B MONYYEHHH SKCTIEPUMEHTANBHBIX JAHHBIX .......

3.4 MaeHTudukanus Me30HOB u HYKJIOHOB. OCHOB-
HBIE KpHTepUU 0TOOpa coOBITHI (oTOposKaEHHT Me-
30HOB Ha HYKJIOHE

3

3.5 ANropuTMEI ONpeleIeHHs CEUSHHI W acHMMeT-
PHH peakuMi (OTOPOKIACHHA HEHTPaNbHBIX M 3aps-
JKEHHEBIX TMOHOB Ha HYKJIOHE

I'naga 4 Pe3ynpTars usmepenuii

4.1 TIy4KOBAST ACHMMETPHS ...

(P8 ]



4.2 JuddepeHunansHble MaplUUalbHbIE M IIOJHbBIE

ceyeHUS (POTOPOKACHHUSI MEBOHOB ..ocoveevvrveeerinreassunersns 99
I'naBa 5 HoBble OTOANECPHEIE METOMBI ...ccvvvrrneesrnennees 109
5.1 MEUEHBIE MEBOHBI ...ecveeraiivuerreriureerersisnnnassnsnssseenssns 109

5.2 V3MepeHHe aHU30TPONMM CKOPOCTH CBETa B MH-
POBOM CHCTEME KOOPOHHAT wwissussinwisvavisssssmssmsspesiivin 116

I'naBa 6 @otosnepHsle HCCIEJOBaHHA B 00IaCTH
CPEIHIY W THIMETEIX AMEP wsrssvsmvassusosescssmmmsursmpsasonsasas 118

6.1 O6mue oTaMYus MpoLEccOB (GOTOPOKIECHUA Me-
30HOB Ha CBOOOIHBIX M BHYTPHAOCPHBIX HYKIIOHaX.

A-U300aPa B AAPAX ..ooverrirririrerrerirsensesassssssesassennennenens 119
6.2 ®oTO- B 3NEKTPOJAEICHHE AAEP-aKTHHHIOB IPH
sHepruAX GoToHOB 10 2 9B ..o T 129
I'nasa 7 Henuneiinsie 3 eKTs KBAHTOBOM 31EKTPO-
JAMHAMHKH B (OTOSAEPHBIX MPOLIECCAX .uvvvvrenrirneesrannes 134
7.1 Muorodoronssle o0MeHBL KynoHoBckas aucco-
HESINAE PEATTHERCTCIME NS c cocrmvmmmermmmemesmmmensassonsas 142
7.2 @otosnepHblE 3KCIEPHMEHTHl HA HMMIYILCHBIX
(HEMTOCEKYHIHBIX JA3EPAX «veevrerreerrenirerinassnnnnrsnasssennes 147
I's1aea 8 Hoeele GOTOAOEPHBIE IPOEKTHI ...ooovveveaneanne 152

8.1 IIpoexr ELISe — Electron Ion Scattering — Pacce-
AHHME DJIEKTPOHOB Ha 3K30THYECKHX HECTAOMIIBHBIX

il b O L L NSRS — 133

SBAKITIOUEHHE ...oveevuvvvrrrreressirsassensessesssessessssnereensessessensnnns 159

CITHCOK JIATEPATYPBI «.evvevrrueerrereernessessessesssserassseraeesens 161
4

DoTosAEpHbIE peaKIuu
B 00J1aCTH HYKJIOHHEIX PE30HAHCOB

HccnemoBauus BzauMomelcTBus (hOTOHOB BBICOKOM
SHEPrUM C aTOMHBIMH SAPaMH aKTUBHO BEIYTCsS BO MHOTHX
HayyHbIX IeHTpax EBponsl, Amepuku, Asuu. B Poccuu um
TOXeE yIeNAeTcs NOCTaTo4yHo OGonblioe BHHMaHHe. B HacTo-
AIEH MOHOrpaQyH HCTIONB30BAHEI B OCHOBHOM MAaTePHAIIbI
HCC/IeJOBAHNH, BBINONHEHHBIX B maboparopuu (oTosaep-
HbIX peakuuit VISIM PAH. O1i pabotsl peryaspHo nomyya-
i nonepxKKy Poccuiickoro ¢onaa GpyHraMeHTaIBHEIX He-
cJIeIOBaHMI*.

OCHOBHYIO 4aCTh COCTABISIOT PE3YIBTATH paboT 1o
(OTOPOXKIEHMIO ME30HOB B 0BIaCTH SHEPTHI OT IIOpOra 40
HecKoJbKHX 3B, nonyuennsle 3a nocnequue ABaaLATh JeT
Ha MyYKe MOHOXPOMATHYECKHX MOJSIPH30BAaHHBIX (JOTOHOB
B MexayHaponHoH komnabopauun GRAAL (GRrenoble
Accelerateur Anneau Laser).

Ota komnabopauus 6elna co3gaHa Ha Gaze EBporeii-
Ckoro Hakonurens oanekTpoHoB ESRF ¢ sueprueii
6 I'sB B I'penobne (PpaHums) ¢ ydacTHeM pPOCCHHCKHX
y4eHbIX. B HacTodIee BpemMsi 9KCIIEPUMEHTBI, JUIMBILHECS B
[IOYTH HENPEPLIBHOM pexxume Oosee 20 set, 3aBeplUEHEL.

*Peannsopannsie npoextst POGU: 98-02-22000-HITHH a (thotopoxnenne
TAKENBIX Me30HOB, Tema PICS n 306), 01-02-17235-a (coBmectHo ¢ DpaHuy-
eif) — Hccnenosanue doronorowenus snep B obiact HYKJIOHHBIX pe3o-
HancoB, 04-02-16996-a — Hcenenosanme (oTonornowmenns u poToaeneHHs
anep B obnactu auepruii 150-2000 MaB, 05-07-90329-8 — Hopas PeNSAIHOH-
Hast 0a3a SKCIIEPHMEHTANBHBIX M MOAEBHBIX JAHHBIX TIO (JOTOPOIKIEHHIO
Me30HOB B Muteprer, 08-02-00648-a — HccnenoBane s3auMoneiicTBHs 31a-
Me30HOB ¢ Anpamu, 11-02-00286-a — HMccnenoBaHue saepHBIX MPOLECCOB
TpH. B3aMMOZICHCTBHH CBEPXCHIIBHBIX 3/IEKTPOMArHUTHLIX TOJIEl Na3epHOro
W3Iy4eHHs ¢ BewlecTBoM. 12-02-06118-r, 09-02-06167-r, 06-02-26114-r —
IpOBEACHHE MEXKAYHAPOOHBIX CEMHHApPOB IO JNEKTPOMArHUTHEIM B3aHMO-
nelicteuam anep (EMIN),



B pesyneTate cobpana 6a3a gaHHBIX MO (OTOPOK-
JEeHHIO0 ME30HOB Ha IIPOTOHE, AEHTpOHE W yriepone, Noiy-
yeH OonbII0# 00BeM HOBOH MH(pOPMALMH O CBOHCTBaX HYK-
JIOHHBIX PE30HAHCOB, O MEXaHU3MaX (OTOPONKAEHHs ME30-
HOB B Pe30HAHCHOH 00nacTH 3Heprui. M3y4eHsl Taloke pas-
JAMYHBIE, TJIaBHBIM 00pa3oM, acTpO(pH3MYECKHE IPHIIONKE-
HHS.

IIpuBeneHusle B MOHOrpadHy JaHHBIE 00CYKIAKOTCS C
Y4ETOM BKIaja APYrMX HaydHbIX LICHTPOB B H3y4aeMylo Mpo-
6nemy, smoyas LEGS (Bpykxasen, CILIA), MAMI (Maiin),
ELSA (Bonn, I'epmanus), Spring-8 (Ocaka, Sronus). [pu
5TOM OCHOBHOH YTOp clefaH Ha aHalu3 SKCIIEPHMEHTATbHBIX
pEe3yNbTATOB € HCIOJb30BAHHEM Pa3JIMYHEBIX TEOPETHYECKUX
mogeneil. OnHa K3 IVIaB TOCBSILEHA OTMCAHHIO MeToja obpat-
HOTO KOMITTOHOBCKOTO PacCesHHs JIA3ePHBIX (POTOHOB Ha ek~
TPOHAX BBICOKOH BHEPrHH B HAKOMMTENAX, KOTOPHIA Obul pea-
NH30BaH Ui M3ydeHus QorosmepHsix peakuuit B MAD CO
PAH (HoBocubupck) etie B BOCBMHAECATHIX TOAX MPOIJIOTo
BeKa M 3aTeM OLLI KCIMOJB30BaH B OONBIIMHCTBE YKa3aHHBIX
BBIIIIE HAYYHBIX LEHTPOB, Bimouas komnabopauuio GRAAL.
IMocneanue roapbl XapakTepU3yIOTCs CYILIECTBEHHBIM pacIlinpe-
HHMEM TeMAaTHKH (OTosmepHBIX uccnenoBanuil. [lostomy B Mo-
HOrpa(uio BOLUTH TakKe HOBBIE TEMBI, B YACTHOCTH H3Yy4YeHHE
HeHHENHBIX 3(GQEKTOB KBAHTOBOH 3/IEKTPOJMHAMHKH B (oTo-
SJEPHEIX TPOLIECCAX, BKIOYas KYTOHOBCKYIO IMCCOLMALIMIO
PEATHBHCTCKHX sAfiep, MyJbTH(parMeHTaLuIo aaep moj JeH-
cTBUEM (JOTOHOB, a Talke (POTOANEPHEIE PEAKIIUH HA HMITYJIb-
CHBIX (peMTOCEeKyHHBIX Nasepax. [locnenuss rnaea nocesiie-
Ha OOCYXKIEHHIO HEKOTOPBIX HOBBIX KPYHMHBIX (DOTOAIEPHBIX
NPOEKTOB, CHOPMHPOBABLIMXCSA B TOC/IETHHE TOEL

B. I'. Hedopesos

HHeTHTYT spepHBIX ucciiegoBanuil PAH,
Mockga

BBEJAEHUWUE

B nocnegnue romsl MccnenoBaHus (OTOSHEPHBIX
peakuui B MUpe OBbUIM CKOHIEHTPHPOBAHLI, IIABHBIM 00pa-
30M, Ha H3YYCHHH CIIMHOBOH CTPYKTYpHl HYKIOHOB. Pafora
3Ta BEJCTCs YK€ HEMAJIO JIET, HO TOJIBKO B MOCIECIHHE TOMBI
CTaJ0 BO3MOXHBIM OIHCAaHHE CBOHCTB HYKIOHHBIX pPE30-
HAHCOB B YCIOBHAX «IIOJIHOTO OMbITa», KOTA H3MEPSIOTCA
BCC MONAPH3aLHOHHEIE Ha0/II0AaeMbIe, BKIIKOYAs MOJIApH3a-
LHIO MyYKa, MHIICHH U HYKIOHOB OTAA4H. JTa TPyAoeMKas
pabora ewe naneka oT 3aBepILEHHs, HO HA 3TOM IyTH B II0-
CI€[HHE TOABI IMONYYEHBl BAXKHBIE PE3YNBTATHI, KOTOPHIE
CYLIECTBEHHO NPUOIMKAIOT K MOHHMAHHIO ANEPHOH MaTe-
pHH.

Bosbyxnenne HYKIOHHBIX PE30HAHCOB IIPOHCXOIHUT
B 001acTH 3HEpruil POTOHOB OT MOPOra POKIEHHS ME3OHOB
Ao Heckonbkux I'9B. B aTol obmacTu anuua BonHel GoToHa
CpPaBHMMa C pa3sMepOM HYKIOHA, BCIEJICTBHE 4ero (oTo-
SJCPHBIE peakUHH  ABIAIOTCH 3(Q(EKTHBHEIM CrIOcOG0M
H3Y4EHHUA CTPYKTYPHI Apa HAa YPOBHE HYKIIOHHBIX H ME30H-
HBIX CTeneHeH cBOGOALI. DTO CBA3AHO C TeM, YTO ONEPATOp
3IEKTPOMArHUTHOTO B3aHMOZEHCTBUS JJOCTATOYHO XOPOLIO
H3y4YeH, (OTOHEI CBOGONHO MPOHMKAIOT B AP0 H dPdek-
THBHO B3aHMOJCHCTBYIOT ¢ HYKJIOHaMH. BHocuMBIH npH
3TOM B 5APO YITIOBOH MOMEHT MHHHUMAJIEH 110 CPABHEHHIO C
CHJIBHO B3aHMOJIEHCTBYIOIIHMH YaCTHIIAMHM M MHOKECTBEH-
HOCTb 00pasyrolmXcs NPOAYKTOB PEAKIHH OTHOCHTEJBHO
HeBennKa. Bkiax ynpyroro paccesitus B HOTOSAEPHBIX pe-
AKUHAX MPEHEOPEXRMO Mall 110 CPABHEHHUIO C PeaKI[UsIMU,
[I€ B Ka4€CTBE HAJIETAIOIIMX YAaCTHL[ UCIIOIb3YIOTCS ME30-
HBl, TIPOTOHBI MM TsDKeNble HOHBL [I03TOMY B CeueHHsX
(oTOANEPHBIX peaKNMii OTYETIMBO BBIIENAETCS PE3OHAHC-
Has CTPYKTypa, 00yCIIOBIEHHAs BO3GYKIEHHEM H PacragoM



HYKJIOHHBIX pe30HaHCcOB. C TOYKM 3peHus SNEPHBIX HIIH
HYKJIOHHBIX B3anMojeHcTBHIT (OTOHBI HEe MMEIOT CTPYKTY-
pbl. DTO O3HauyaeT, 4To J0bas ocobeHHOCTH B Hablroaae-
MBIX CEYEHMAX CBA3aHA UMEHHO CO CTPYKTYpOH siapa WIH
HYKJIOHA. }

HHTepec K HCCIENOBaHHIO (OTOANEPHBIX peaKIHH
Ha ITyYkax peajbHbIX W BHPTYalbHBIX (OTOHOB (3/EKTPO-
HOB) NpPOSBIISETCS BO MHOTHX PAa3sBHMTBIX CTPaHaX, BKIIOYAs
CIIA (naboparopus Dxeddepcona), I'epmanuto (yHusep-
curersl Maitnna u BonHa), Snonuto (LleHTp sAepHBIX HC-
cneposanuii B Ocake). B Poccun paboTEI o 3TOH TeMe Be-
aytes B Hosocubupeke (MAD CO PAH), Mockse (PHUAH,
HUSU PAH, HUHUAD MI'Y) u ap. CneagyeT oTMETUTh, YTO
TeMaTHKa (OTOSIEPHBIX MCCIENOBAHUH CYILIECTBEHHO pac-
IIMPHIIACh B TIOCIEHHE TOABI M BKIIOYAET B cebs HE TOJIBKO
TpaJULHOHHBIE DKCIEPUMEHTHl HA IIy4YKaX JJIEKTPOHOB M
(OTOHOB, HO TaK)Ke M HOBBIC HAlpABJIE€HMs, B YaCTHOCTH,
KYJOHOBCKYIO JUCCOLMALMIO PENATHBUCTCKUX saep, doro-
slepHBIe peakiK Ha (eMTOCEKYHIHBIX J1a3epax, pacCesHHe
3IIEKTPOHOB HA BCTPEYHBIX MTy4KaX HeCTaOMIIBHBIX PeNsATH-
BUCTCKHX A€p U Jp.

[Ipenmer HacTosiied MoHOrpaduM OrpaHHYEH B
OCHOBHOM H3y4YeHHMEM HYKJIOHHBIX PE30HAHCOB H HEKOTO-
PbIMH TIPUJIOKCHMSAMH, CBS3aHHBIMH C HCIOJIb30BAHHEM
IIyY4KOB raMMa-KBaHTOB, MOJTYYEHHBIX METOAOM O0paTHOro
KOMITOHOBCKOro paccesHus. IIpu 3TOM OCHOBHOE BHHMa-
HHe YyJeleHO HCCIeNOBaHHIO JeryadluuxX sAnep, riIaBHBIM
obpazoM Bomopoja u aeirtepus. Ilepexon K H3y4eHHIO 0o-
nee TSDKENBIX sSOep SBIACTCA XapaKTEPHOHW 4epToi CoBpe-
MEHHOro 3Tamna (OTOSANEPHBIX HCCIAENOBAHHWA B MHpPE H
npelcTapiser coOOH aKTyaJlbHYIO 3ajady [Ulsi MOCIedyIo-
IIMX HCCIIEAOBaHHIA.

Takue uccnenoBaHus NPOBOAMINMCH W PaHBIE, HO
Gnaronaps CyIECTBEHHOMY Pa3sBHUTHIO 3KCIEPHMEHTAIBHOM
TCXHHKH B MOCIENHHE IOABl, H NPEXKJIe BCEro CO3AAHMIO
NYy4KOB MOHOXPOMATHYECKHX TNOJSIPH30BAHHBIX raMMa-
KBAaHTOB B INMPOKOM [Mala30HE JHEPrHH, 3KCIEPHMMEHTHI
BBIILUIM HA Ka4ECTBEHHO HOBEIH ypoBeHb. K aTomy criemyer
106aBUTE pa3paboTKy MOIAPH3OBAHHBIX MHILEHEH 1 LIHpO-
KOAMepTYPHBIX JETEKTOPOB, a TAKXKE I0SBIEHHE HOBBIX Me-
TOAOB KOMIBIOTEPHOH 00paboTKH HaHHBIX. B pesynsrate
CTaJIo BOSMOXHBIM TIPHOJIMKEHHE K TaK Ha3bIBAEMOMY MOJI-
HOMY OIBITY, KOTZla Bce HabIroaeMble, BKIKOUAs SHEPIHIO,
YTOJl BBUIETA, MOSAPU3aLMI0 (OTOHA, A/pa MHIIEHW M MPO-
AYKTOB PEAKLIHH, H3MEPAIOTCS B IKCIIEPUMEHTE H IIOJIHO-
CTBIO XapaKTepH3YIOT IPOLECC B3aUMOIEHCTBHA (GOTOHA C
SAIPOM.

[IpoBeneHHBIe B TOCHEOHHE TOABI HCCIETIOBAHMS
NO3BOJISIOT CHOPMYTHPOBATH IIPOrpaMMy paboT Ha Mmocie-
Aywowre rofel. Ilpw 3TOM craenyer OTMETHTEH MOSBIEHHE
HOBBIX METOAMYECKHX pa3paboTOK, HaNpHUMeEp, CO3IaHHE
raMMa-HCTOYHHKOB HOBOTO IOKOJEHHs, pa3paboTKy myd-
KOB aHHHTHJIAUMOHHEIX MOHOXPOMaTHYECKHX (DOTOHOB c
3HEpPrHeH B HECKOJBKO COoTeH Mb>B, 06mamaiommx MaisiM
SHEPIreTHYECKHM H YIIOBBIM pazdpocoM. DTO IMO3BOIHT
pewmaTk pan 3ajay Ha HOBOM, Oojee BEICOKOM ypoBHe. K
TaKMM 3a/la4aM MOXKHO OTHECTH H3Y4eHHE HEIMHEHHBIX
3(peKTOB KBAHTOBOIH 3IEKTPOIMHAMHKH B (OTOSAEPHBIX
npoueccax, HCCIEIOBAHHE MEXAHHM3MOB SNEPHBIX BO30OYXkK-
JCHWH B aTOMHBIX MpoleccaX, HanpuMep, B POXKJIEHHH
eteTap, MOUCK 3K30THYECKHX CB3aHHBIX SIEPHBIX COCTOS-
HUH, HalpuMep, 3Ta-ME30HHBIX SIep, H3yYeHHE MYJIb-
TH(ParMEHTALMH S1eP, ¥ MHOTOE JIPYTOeE.



I'naa 1 OcHoBHbIe 6a3b1 faHHBIX 0 doTOSAAEP-
HbIM peaKuHsiM 00/1aCTH HYKJIOHHBIX Pe30HAHCOB

ITo paccMaTpHBaeMoii TeMe MocienHss MOHOrpadus
6p1na omyonukopaHa B 1989 r. [1], ¢ Tex mop nosBHICA Al
0630poB [2—4], Ha Ga3e KOTOPBIX M COCTaBJIEHA HOBas MO-
Horpapus. OHa OMUCHIBaET COBPEMEHHBIE IONAPH3ALHOH-
Hele (OTOSANEPHEIE SKCIIEPHMEHTHI, KOTOPBIE, ECTECTBEHHO,
ONMPAIOTC Ha YK€ anmpoOMpOBAHHBIE PE3YNBTATHI, MOJY-
YeHHbIE paHee. JKCIEPUMEHTAJbHbIE JaHHBIE B CPABHEHUH
C pe3yibTaTaMH TEOPeTHYECKOTO aHalH3a MOXKHO HAHTH B
cBOOOIHOM JOCTyIE Ha caiiTax BallMHITOHCKOro yHHBeEp-
curera (GWU SAID [5]), Yuusepcurera Maiinia (Mainz
MAID [6]), [leTepOyprckoro HHCTHUTYTa SAEpHOH (DUIHKH
(Bonn — Gatchina [7]). B cOOTBETCTBHH €O CIIOKHBILIEHCS
TepMUHONOTHEH PACCMOTPUM OCHOBHBIE OIPENCICHHS HC-
NoJIb3yeMBIX NepeMeHHBIX. OHH MOT'YT BapbHPOBaThCA MJIs
Pa3HBIX IPOLECCOB C YYETOM MMEIOIIHMXCA OKCIIEPHMEH-
TalbHBIX JaHHbIX. B crnydae (OTOpOKIEHMA NHOHOB Ha
HYKJIOHE B COOTBETCTBHH CO CIIOXKHBIIEHCS TEPMHMHOIOTHEN
UCTIONB3YIOTCS CleIYIOIHe BeIHYHHEI [§]: }

MyNbTHIIONBEHOCTE AIEKTPOMarHMTHOTO B3aUMOJICH-
ctBus — (Ej, My, Lis, Si2), rae E u M o3Ha4aloT aj1eKTpuye-
CKMH MM MarHHTHBIH NEPEX0]l, COOTBETCTBEHHO.

Amnnurynel (Fi,...,Fs, Hi,...,Hs,

A1, ..., A6) .
- [Monspu3anuonuble GyHKUMH OTKIMKA (R7, Ry, Rir,
Rrr, Rur, Rrr).

Huddepenuuansueie cevenus — (dor, doi,
dO'LT, dO'TT, o).

[TaTu3Haunsle AUdQepeHIHanbHbIE CEYEHUA —

(dSO', I, do’ = doyr+& dop+€ ,dorr cos2¢ + ...) .
IMonuele ceyenus Qotonornomenus — (or , O
r Orpr , OTr' ---)-
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[Monepeunsle monspu3auuoHHEIe HabMIOgAEMBIE
(do/d2, T, X, P,E, F, G, H, ...),
[Monspuzauus Muiedu ( P, By Pgl
ITonsipu3anus NpoayKToB OTHauu — ( B,/ ,
Fo¥ o B o

IIpaBuna cymm I'epacumora — Jlpemia — XupHa
(GDH) v ap. (Iepu, Yo,Isc, Iz, Iz, «..).

AHAIOIHYHO ONpENeNsIoTCa MepeMeHHble aus (o-
TOPOXKICHHUS IPYTHX, HallpUMep, 3Ta-Me30HOB [2] B cooT-
BETCTBHH ¢ HMEIOUIMMHUCS 3KCIIEPUMEHTAILHBIMU JaHHBIMH.

Mynerunonssocts (Ejx, M) ,

CGLN u amnnutyns coupansnoctu (Fy, ..., Fy Hy,
cessdi):

Henonsapusopanusie nudpepeHumanbHbIe ceyeHus —
(T.TT).

Habaromaemele monepeunoit nonspusauuu — (do/d 2,
L i LB B )

Ilonnere ceuenus — (7,T7").

Kak nokasanu coBpeMeHHBIC HCCIIEI0BAHKSA, CIIEKTp
GapHOHHBIX PE30HAHCOB ABNAETCA GOJEEe CIONKHBIM 110
CPaBHEHHUIO CO CIIEKTPOM BO30YXIEHHBIX Me30H0B. Jloarue
TOABI 3TH CIEKTPLl HE YJIaBalloCh OMHCATh C IOMOILBIO
KBAPKOBOH MOJIEINH, TaK, SHEPTHH BO30YXKIECHHA CIHIIKOM
Majlel U HE COOTBETCTBYIOT 00J1acTH KoHbaiuMenTa. OnHa-
KO B IIOCNEIHHE TOABI CIEKTP BO30Y)KIEHHBIX HYKIOHOB
OMHCaH C JOCTATOYHO BBICOKOH TOYHOCTBIO H MOMKHO IpO-
BECTH JETalbHbIE CPABHEHHA C SKCIEPHMEHTANLHBIMHU JaH-
HeIMH. CBOMCTBa OapHOHHBIX PE30HAHCOB Ha OCHOBE Map-
LHaBHOTO BOJHOBOIO aHAIM3a JOCTATOUHO MOAPOOHO OMHU-
caubl B [9]. Ilpu aToM obcyxaaercs psn npobaem, KOTopsie
(bOpMUPYIOT Ha CEerOAHSIMIHUI JIEHb IPOTPAMMY HCCIIEHOBA-
HUH B 5TOH obnacty. JIns camblX Jerkux spep (MpoToHa M
HEHTPOHA) OCHOBHOH NpoOIeMOH ABNSIOTCA TaK Ha3bIBae-



Mble “missing” (HeAOCTaIOLHE) Pe30HAHCE], KOTOPBIE NMpe/-
CKa3aHBl TEOPHEH, HO KCIEPUMEHTAIEHO He 0OHApYKEHEL.

B kBapkoBbIX MoJensx OONBIIMHCTBO BBICOKO BO3-
OyXKIECHHBIX HYKJIOHHBIX PE30HAHCOB ciado cBA3aHO ¢ N7
KaHaloM, TI03TOMY MX HeNb3s Habmogate B ynpyrom v
paccesHuu. B cimydyae Heynmpyroro paccesHHs ME30HOB Ha
HyKJIoHe TUna N, #N, U Ap. AaHHBIE HMEIOT Mallyl0 CTaTH-
CTHKY H JajJieKd OT IOJHOTO OMNbITa, KOIAa H3BECTHHI BCE
nonspu3aluoHHble  Habmiomaemele. OUEBHIHO, H3y4YeHHE
3TOH MpoOJieMbl COCTABHUT NPOrpaMMy HCCIEIOBaHUH Ha
TEKYILHe ToAbsl. DOTO He HMCKIIOYaeT M IOMCKOBBIX 3amady,
CBSI3aHHBIX, HAIPUMEP, C IK30TUYECKUMH PE30HAHCAMH TH-
na aubapuoH («eCTUKBApPKOBBIM MELIOK») WM IEHTaK-
Bapk (mATHKBapKoBoe oOpasopanue). HecMoTpst Ha MHOrO-
YHClIeHHBIE YKa3aHHsA Pa3HbIX dKCIEPUMEHTAIBHBIX I'PYINI
Ha BO3MOXHOCTB CYIIECTBOBAHUA TAKHX COCTOSHHH, HOCTO-
BEPHBIX JAHHBIX Ha 3TY TeMY IIOKa €llie HET, I03TOMY CChLI-
Kd Ha 3TH pabGoTel MBI 3/1ech He NpHBoAUM. MX MOXKHO
Haiiti, Hanpumep, B [10], rae aHanus sToit npobnemsl, He-
CMOTpst Ha OTCYTCTBHE HaJEXHBIX 3KCIEPHMEHTAIbHBIX
JAaHHBIX, MPOJOIKAETC.

OcHoBHOH 3ajayel Ha CETOAHAIIHHN JeHB OCTaeTCs
MYJIBTHIIONBHEIA aHAIN3 3KCIEPUMEHTAIBHEIX JaHHBIX H
II0JHOE ONMCaHWe CIIMHOBOH CTPYKTYPBI HYKJIOHOB, YeEMY H
MOCBAIIEHO ceifvac OONBUIMHCTBO 3KCINEPHUMEHTAIBHBIX H
TEOpEeTHYECKUX paboT B 3TOH 001acTH QU3MKH. DIEKTpUYe-
CKas U MarHHUTHas TOJISPH3YEMOCTH ONMCHIBAIOT BIHAHHE
CTATHYECKUX 3JEKTPHYECKHX M MarHUTHBIX TI0JIEH Ha Afpa
¥ HYKJIOHBI, HMEIOIIHE BHYTPEHHIOK CTPYKTYpY. [ HyK-
JIOHOB CKaJIIpHBIE U CITMH-3aBHCHMBIE NOISIPH3YEMOCTH MO-
I'yT OBITH U3MEPEHBI B KOMIITOHOBCKOM paccessHMH (OTOHOB
NP SHEPrUsAX HIOKE TIOpora poxIeHHs Me30HOB. OCHOBOH
JUIS TIOHUMAHUS CTPYKTYPBl HYKIOHOB SBIAIOTCA KBapKo-
BBIE MOJIENH, 0630p M0 KOTOPEIM MOKHO HaiTh B [11].
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Cornacuo [12] aMmIMTyy KOMITOHOBCKOIO pacce-
AHUsL GOTOHA Ha HYKJIOHE MOXHO TPEACTaBUTE CIIELYIOLINM
oOpa3om:

f=¢&"¢ filw)+iwo &*x efi(w) (1)

rie & —KaluOpOBOYHO MHBAPHAHTHBIH OMEpaTop 3JIEKTPO-
MarHMTHOTO  IIOJIf, O — CIIMH-OTEPATOp  HYKIOHA,

® —oueprua QoroHa. [Ipu @ = 0 (HM3KO3HepreTHyeckas
TeopeMa)

fi)=(a/ Z/M), f(0)=(ak’/2M>), 2)

roe M — macca, a=¢> /4n = 1/ 137, eZ — anexTpuyeckuii
3apsl; k-aHOMAaNbHBIH MarHUTHBIH MOMEHT HyKioHa. Jluc-
MEPCHOHHBIE COOTHOIIEHHUS MO3BOJISIOT CBA3ATh AMILTHTYLY
paccesHus C MONHBIMH CEYEHUSMHU (DOTOMOTTIOLIEHHS LHP-
KYJISPHO MOJIPH30BAHHBIX (DOTOHOB:

£i(0) = -(a/ Z/ M)+0 21 6o(@’)/d(0’)de’; (3)
£0)=(ok”/2M7 )+ 0 21 Aci(@’)(@’)do’/0’;  (4)
Cio(®) = 632(0) + 612(0), AGi{®) = G32(®) — G12(w). (5)
Orciona cnenyer npasuio cymm Iepacumosa — Jlpenna —
Xupua (cM. 0630p [13]), cBassiBarolee ceyenus GoToro-

rIoleHUs ¢ (GyHAAMEHTANIBHEIMH XapaKTEPUCTHKAMH HYK-
noHa, 0003HaUYEHHEIMH BEILLE:



o

_ 2m? ,[ 0., (@) — 055 (w)a’w.

= 2 ©)

frez
iy
B arom ke 0630pe MpHBEIEHBI NMpaBUla CYMM, BbI-
BeneHuble BrepBele A. M. banguaeiM v I'enn-MaHHOM.
[epBoe onpezenseT CBA3b dIEKTPHUECKOH (&) U MarHUTHOH
(#) monsipusyemMocTeil ¢ MOJHBIM Ce4eHHEM (POTOMOIIIOLIE-
HUSA:

a+ﬁ:—2~;[-§—]20-’;—(qa))dw. (7)

m,

BTopoe OIIPEAECIACT CIHHOBYHO ITONIAPH3YCMOCTD 7Y -

y 1 T O.llz(a))_o-:ifl(w)da). (8)

47* : o’

[IpuBeneHHBIE COOTHOIICHHS MOKa3bIBalOT, YTO (oTO-
AfepHble peaKLUWH NPH SHEPTHH BBIIE MAcChl IHOHA JAI0T
K04 K HM3MEepeHUI0 (yHIAaMEHTAlbHBIX XapaKTEPHCTHK
HyK/I0Ha. Pelennio 3Toif npobreMsl OCBALIEHO 6ONBLUINH-
CTBO COBPEMEHHBIX HKCIEPHMEHTOB.

Cpeny BaKHBIX COBPEMEHHBIX 3aJa4 CIE€IYeT OTMETHTE
HCCIeI0BAaHME KOTEPEHTHOro (POTOPOXKIEHHMS ME30HOB Ha
agpax. B aToM cnydae pOTOHBI OJHOBPEMEHHO B3aHMOMEH-
CTBYIOT CO BCEMH NPOTOHAMH WM HEHTpOHAMHM A]pa, HIH
ero kiactepamu. Takoi Moaxon AaeT JONOJIHHTENLHYIO
HH(OPMALIHIO O CTPYKTYPE AIEP.
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I'nasa 2 OdpaTHoe KOMIITOHOBCKOE paccestHHe Jia-
3epHBIX (POTOHOB HA 3JIEKTPOHAX BBICOKOI JHEPrHH KaK
METOA NOJYYEeHHUs NOJASAPH30BAHHBIX MOHOXPOMATHY e-
CKHX FrAaMMa-KBAHTOB

2.1 OcHOBHbIe XapaKTePHUCTHKH Mpolecca oopat-
HOr0 KOMITOHOBCKOIO paccestHUsI

HuddeperunansHoe ceueHHe o0paTHOr0 KOMITOHOB-
CKOro paccesHHs Ja3epHbIX (OTOHOB Ha 3MEKTPOHAX B Jia-
OoparopHoil cucTeme (I HMIealbHBIX YCIOBHH, Koraa
SMUTTAHC M MONEpPeYHble pa3Mepbl My4yKa 3JeKTPOHOB Gec-
KOHEYHO MaJibl), corjaacHo pacueraM [14, 15] MmoxHO npen-
CTaBUTb BUIIE:

E’g _ 477"'02 K G 1+n" 4;1: |, )
dn l+n K  (1+n7)
roe E. — OHeprust 3NeKkTpoHoB, n = @y, y=EJ/m,,

A=2yw/E., K=1+n+ A, ®— sHeprus nasepHeix $oTo-
HOB; §-yron BblIeTa raMMa-KBaHTa OTHOCHTEIBHO MMITYJIb-
ca 3NeKTPOHA.
DHeprus KOMITOHOBCKMX KBAaHTOB OJHO3HAYHO CBS-
3aHa C YTJIOM paccesHUs:
E =4y —2 —
l+4n°+ 4

(10)
W3 npusepenuslx (opMyn BHAHO, 4TO OoJbluas
4YacTh HHTEHCHBHOCTHM MNy4ka (OTOHOB COCPEIOTOYEHA B
npejenax manoro yrna @ ~ 1/ . JInsg 0ONbIIMHCTBA HMEI0-
IIMXCSA YCTAHOBOK JHEPTHsl JJIEKTPOHOB COCTaBJISET He-
ckonbko 1B, cnenosatensHo, XapakTepHBIH yron He Ipe-
Beiaer 107 pan.
CrexTp raMMa-KBaHTOB OIHCBIBAETCS YPaBHEHUEM:
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