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KHUPHUI (10KTOpPJIHK JUCCEPTALHUACH AHHOTALMSACH)

Jucceprannst MAaB3yCHHUHT J10JI3ap0JIMIY Ba 3apypaTu. byryHru KyHjaa
XKAXOHJIa SK30THK SAIpOoJiap CTPYKTYpacH XYCYCHSTIAPWHU aHMKIAIl Ba SAPO
MyXHUTHJIard 3Ta-ME30HJAp Ba HYKJIOHJIM PE3OHAHCIAPHUHI XOCCAJIapUHU
ypraHum MacajalapyiHM Xajd KWIHMIIra KaTTa axaMuarT OepuiMokna. Saponaa
OOfJIaHraH 3Ta-ME30HJAp Ba HYKJIOHJIM PE3OHAHCIIAP XAaKHJa MabyMOT OJUII
3aMOHaBU# (pyHAaMEHTaN AP0 (HU3MKACHHUHT IOKOPU YCTYBOPJIM MacajalapuaaH
XxucoOnaHagau. DTa-ME30HJIU SAPOJAPHUHT OOFJAHUII SHEPIHsCH Ba KEHIJIUTH
Xamjia acoCHil MOJAJIApUHUHT MapyaJlaHUII SXTUMOJUIUTH KaOu XYCyCHUSITIapUHU
dakaT OKOpH WIMHM — TEXHUK CaBUSJArd SKCIEPUMEHTIAP OPKAJIM aHUKJIAII
MyMKHH. YOy iyn OuilaH OJIMHTaH SKCHEPUMEHTAI MabIyMOTJIap 3Ta-ME30HIap
Ba HYKJIOHJIM PE30HAHCIAPHUHT SIPO HYKIOHJapu OuWjaH y3apo TabCUpJIALIYB
MEXaHU3MJIAPUHU aHUKJIAIl, MaBXyJ Hazapui OamiopaTiiapHu Ba 3U4 SJIPOBHIA
MOJJIala KApal CUMMETPUSICHHUHI TUKIAHHUII MOJEJUIAPUHM TEKIIMpHUILAA yTa
MYXHAMJIADP.

byryHru kyHaa >kaxoHJa Te3JaTruuiap WYKA HUIIOHWUJA YTKA3UITyBUH
DKCIIEpUMEHTIIAp/la peakuusiap EpUTYBUAHJIMIMHUA O€BOCHUTA AaHMKJIAAWraH
KypwiMaiap MaBxyJ sMac. KymnaHuna€rran KypwiMajiap Ba yJIApHUHT WIMHUI
yCily0JIapy MUKW HUIIOHJIard KeYa€TraH AIpOBUI peakuusiiap Xakuaa TYFpuaH —
TYFPU MabIyMOT OJIMIITa KapaTWIMAarahjauru ca0aliu eTapiu aHUKJIHKAAard
DKCIIEpUMEHTAN  HaTwkaimapra  spummb  Oynmasnau.  Llynunr  yuyH
TE3NATTUWIAPHUHT HMYKW HUIIOHWJA TAJAKUKOT YCYJUIApUHHM WILIA0 YHUKUII,
DK30TUK SApojap CTPYKTYpaCMHM Ba HYKJIOHJIHM pPE30HAHCIAPHUHT SIAPO
MYXUTHUJIAaTH XYCYCUSATIAPUHU VPraHuill Y4YyH ODKCIEPUMEHTaNT KypHIMallapHU
ApaTull,  XamJa  TEJMATTUYHUHT  WYKA  HHUIIOHUAA  peaKUUsIIapHUHT
EpUTYBUAHIIUTUHY aHUKJIAI YCYJUIAPHU MIIIA0 YUKUII Ba YHH amMajra OIIMPHII
y4yH MYVJDKaJUIaHTaH, HYKJIOTPOHHUHI HYp JAacTaCMHU Fala€H KuiIMalauraH
KYpPUJIMaHHU SIpaTUI J1013ap0 BasudanapaaH XucoOIaHaIu.

MamnakatumMuzga SKCIEpUMEHTaNn (PU3MKAHUHT TypJd WYHAIUIIApUHU
PUBOXKIIAHTUPUII Xamaa OyHE MUKEcuAa (pyHIaMEHTaa MyaMMOJApHU XaJl 3THIL
Oyiinya KeHI KaMpOBJIM YOpa-Tai0upIiap amaira olMupuiano, MyaissH HaTUXKaaapra
spuniiMokaa. by Oopana sapo Ba sjaeMeHTap 3appanap (Qu3MKacu HyHaIUIIN
Oyiinua, XycycaH Te3JalITUPYBYM TEXHUKA coXacuja MaBxkya OynraH
MyaMMOJIapHU €UHWIIl Ba yJapHU aMaiu€rra Taa0uK OTHIN, Te3laTruuiapaa
peakiusi E€pUTYBUAHJIMTHUHU aHMUKJIANI YCYJUIAPUHU SIPATHI, SAPO MYXUTHAArd
TypJII ME30HJIap Ba PE30HAHCIAPHUHT XOCCAIAPUHM YPraHWII, SK30THK sApoiap
XYCYCUSTIAPUHYU TAJAKUK KWIHII YIyH 3apyp KypwiMajapHH sipaTtil Oopacupia
Ce3WiapJid  HaTWwKajgapra OJPUIIWITAHIUTHHUA aJoXyJa TabKUJJIalml KEepak.
V36exnucron PecryOnukacuHy sHAZa PUBOMKIAHTHPHIN Oyiinua Xapakatiap
CTPATETUsICH acOCUa aTOM SIAPOCH Ba BJIEMEHTAp 3appajiap PU3UKaCH COXacuJaru
Hazapuil Ba aMalui M3JAHUIIIIAD HATHXKAcUJa WHHOBAIMOH TEXHOJOTHSIIAPHU
KOPUM ATUII OPKAIM 3JIEMEHTap 3appajap MacCalapUHHUHI KEIUO YUKHUILWHU
aHUKJAll Ba KBAaHT XPOMOJMHAMHUKACHJIATM Ha3apuil MOJEIUIAPHU TEKIIMPHII



COXACHHHMHT PHBOKJIAHMII CaMapaJOpiUTMHU OIIUPHIN J0J3ap0 MacaiajapiaH
oupuanp.

V36exucron Pecny6nukacu Ilpesunentununr 2017 iimn 16 despanmaru
[1d-4958-con “Onuii  YKyB MOPTUAAH KEHWHTM TabJUM TU3UMHUHU SHaja
TakoMuutamThpuin Tyrpucuaa” dapmonu, 2010 iun 15 nexabpnaru [1K-1442-
con” V3bekucron PecnyGmukacn  canoatmamHr  2011-2015  iimimapna
PUBOXJIAaHUIII WCTUKOOJapu TyFpucunaa’ ru Ba 2017 #un 17 depanmaru [MK-—
2789-con “Dannap AxaneMusicu GaoausSTH, UIMHI-TAIKUKOT UILJIAPUHU TAIIKHUI
ATUII, OOLIKAPUII Ba MOJMUIAIITUPHUIIHMA $HAJa TAKOMWUIAIITUPHUIL YOopa-
taaOupnapu Tyrpucuna’tu Kapopu xamma maskyp (aonustra Terumim Ooinka
MEBEPUN-XYKYKUH XyXoKaTiapaa Oedruianrad Bazu(aiapHd amalira OIMIMPHUIIIA
yiIoy auccepraius TaIKUKOTH MyaisiH Japakaja Xu3MaT KujaIu.

TagKUKOTHUHT pecny0mnka dan Ba TEXHOJIOTUSIJIAPHU
PUBOKJIAHMIIMHUHT YCTYBOpP HYHAJIMILIAPUTa MOCAMIH. Ma3kyp TaJKUKOT
pecniybnuka (an Ba TexHoJoOrUsiapu puBoxUIaHumHUHT I, «OHepreruka,
DHEPTHUA Ba PECypC TEKAMKOPJIUTHY» YCTYBOp HYHAIHIIIUTA MyBOPUK OakapuiiraH.

JAuccepranus MaB3ycu Oyin4Ya XOPHKHI MIMHN TAAKHUKOTJIAP MIAPXU.
DK30THK AIpOJIap CTPYKTYpPACH, XyCyCaH 3Ta-ME30HIIU AJIPOJIAPHUHT XOCCATIapUHU
TaIKUK KWIHMII OYHnYa WIMHANA TaAKUKOT UILUIAPH TyHEHUHT KATOP €TaKud SApO
TaJIKUKOT MapKasJiapy Ba OJUH YKYB IOpTIapH, KymiaaaH, [ enbMrobl HOMUIaru
ofup WOHJapHM Ypranum Mapkasu (lapmimran, [epmanus), HOmux wunmuii
tagkukoT Mapkasu (FOmux, 'epmanus); Poccus ®annap akamemuscununr [1.H.
JlebeneB Homumm (¢usumka wuHcTHTyTH (MoOckBa, Poccus), bupnamran sapo
TaaKukoTIapu wHCTHTYTH (JlyOHa, Poccus); xankapo Graal xommaGopanmsicu
(I'penodns, dpanmus); Tomac Jxedhepcon Mummi adoparopusich (Heromopt
Heioc, AKIII), bpykxeiteen mumuuii taboparopusicu (bpykxeiisen, AKIII) Ba Jloc-
Anamoc mumamii maboparopusicu (Jloc-Amamoc, AKIII); Ocaka yHUBEpCHTETH
(Ocaxa, SInoHus)ma KeHr KaMPOBJIH WIMHAN-TaIKUKOT UIILIAPHA OJUO OOPHIMOK/IA.

DK30THK SIAPOJIap CTPYKTYpacH XYyCYCUSITIAPUHU Ba SIPO MYXUTHIArHd 3Ta-
ME30HJIM SIAPOJIAp Ba HYKJIOHJW PE30HAHCIAPHUHT XOCCATAPUHU TAJKUK KUJIUII
Oyiinua KaxOoH MUKECHUIa OUp KaToOp WIMHI HaTWXKajdap OJMHTaH, )KyMJlaJaH: Ta-
ME30HJIM SIPOJIADHUHT MAaBXy/JIUTK OamopaT KuiuHTran Ba 1MN-TYKHamryB
’Kapa€HU y4yH COUMIIUII Y3YHJIMTH 8y, - HUHI KUMMaTH S-TYJIKUH SKUHJIAIIyBHIA
xucobmanran (Jloc-Anamoc mumuii naboparopusicu, AKIII), doropeakuusiiapaa
ATa-ME30HJIAPHUHT TYFUJUIIK OYinda nactiaOku MKOOUW HaTWKalap OJUHTaH
(IT.H. Jle6ener Homumarn ®dusuka mHCTUTYTH, Poccus), N*(1535) mykmonmu
PE30HAHC Ba JTAa-ME30HJIAPHUHI SIPOBUA MYXUTAArM XOCCAJIApH YpPraHWJITaH
(Ocaka yHuBepcutetH, SAnoHus), Qoropeakuusgapaa >Ta-ME30HJIAPHUHT
napyajaHuiy Oyiimda curHan onuHrad (I'eabMroJibli HOMUAArd OFUP HMOHJIApHU
Vprauum wmapkasu, [lapmmran, I['epmanusi), 3Ta-ME30HJIAPHUHT  CUHIJIET
KOMITOHEHTAaCH apoMaTd aHUWKJAHTaH Ba JTa-ME30H CTPYyKTypacu Oyiinua
MabJIYMOT OJIMHTaH, Ta-ME30H Ba SIAPOHUHT OOFJIAHTAaH CUCTEMAacH COYMIIUII
Y3YHIIUTHU 3,N-HUHT KMMaTH Ha3apuil Oaxonanrad (Ppanuus, ['epmanus, Poccus
XaNKapo KoJmaboparusicun noupacuaa), (horopeaknusga TYyFUITaH 3Ta-ME30HIA



SAIPOJAPHUHT TapyalaHUIINAAaH XOCHI OYIyBUM Ky(T 3appajiap Kaila KUJIMHTaH
(I.H. JIebeneB nHomuaaru ®usnka MHCTUTYTH, Poccus).

OTa-ME30HJM  SAPOJIApHU  YpraHum  Oyiimua  Kydugaru  yCTYBOpP
HyHanmumuiapaa TaAKUKOTIap o0 OOpWIMOKAA: 3Ta-ME30HIU  SAPOTApHUHT
TapKUOUIaru 1-ME€30H Ba Si;-pE30HAHCIAPUHUHI DHEPreTUK CAaTXW Ba YHHUHT
KEHIVIMTMHUA yn4danr, MN-TabCUpJIAllyB aMIUIMTYJACHHHM AHUKJIALL; sapoJsiapaa
S*N* —NN apaéHHU TaAKUK KWINIIL, SIPOBUN MYXUTHHUHT siIpojia OOFJIaHTaH 3-
ME30H Ba S;;-pE30HAHCH XyCYyCHSATIapura (Maccacu, SIIail BaKTH) TabCHUPUHU
yprauuir; MN-TabCcUpIalyB MOTCHIMATUHY SIIPOBUM MyXUTIArd 1-ME30H Ba Sy;-
PE30HAHCHUHT Maccajapy Y3TrapHIIMHUA XHUcoOra oOjiraH Xojjga aHuKIall; 3Ta-
ME30HJIAPHUHT €HTUJI sIApoJIap/ia XOCHII OYITUIT MMKOHUSATIAPUHHI YPTraHuUIIl.

MyaMMOHHMHI YPraHWITaHJIUK Aapaxxkacu. JlacTinaOku 3Ta-Me30HIH
SAOpOJapHU UW3Nalra OaFvIUIaHTaH JKcnepuMeHT 1988 imnga amepukanuk
omumiap A.M. Chrien Ba Oomkanap TtomoHuaaH (bpykxeliBeH MMM
nabopatopuscu, AKI) amanra ommpwiran, 6ynna 1 A — pX peakusicuga My
Macca ETHIIMOBYMIIMTH CIIEKTPH YPraHWIraH. YIIa JaBpja WITapd CypHIITaH
HazapuAra acocaH KeHrourn S5 - 10 MbdB arpodupma OynraH YyKKMHHHT
MaB)XYJIJTUTH KyTWJITaH. AMMO SKCepUMEHTa OyHIail YYKKU Kaij STUJIMarad Ba
OyHra cabab 1e0, 3Ta-ME30HHUHT OOFIMKJINK XOJATHHUHT XYCYCHI KEHIJIUTHHUHT
KaTTa OYVJIMIIIUTH XaM/Jla KOJIIUK SIIPOHUHT YWFOHIaH XO0JIaT[a KOJUO KETULUIUIU
ned TONUIITaH.

DTa-Me30HJIU SApoJap MapyalaHUIl MaxCyJOTJIapuHU (KOppessiusiaHTaH
7N KypTIMKIap) Kaiij 3THUINra aCOCIAHTaH Ta-ME30HJHU SAPOJAPHU U3IAITHUHT
MyKoOms  (anpTepHatuB) ycynu poccusuiik  onumiap [.A. Cokon Ba
B.A. Tpsacyuyesnap (IT.H. JlebeneB Hommm ®Pusumka HHCTUTYTH, Poccust)
TOMOHHMJIAaH TaBCUSl OTWIraH. Ymly fosara acocianu0, Poccusi ®annap
aKaJeMUsCUHUHT DU3MKa MHCTUTYTH DSJEKTPOH CUHXPOTPOHHHHUHT (HOTOHIIAPH
JacTacuia SKCIEPUMEHT aMmajra OIIMPUIITaH, KOppesusiaHTaH Ky(QTIHKIap
TYFWIMIIUHUHT 0ab3u Oenruwiapu KaWJ STWraH, JIGKUH JTa-sApojap Oyiinda
MabJIyMOT OJIMHMaraH. OTa-MEe30HJIU SIAPOJIAPHUHT MTapyalaHUuIl MaxCyJIOTIapUHU
WOHJAp Ba MPOTOHJAP [JacTacuAa yia4yalml HEMHC OJIMMIIApU TOMOHUJAH
(CempMroOJIBI] HOMUAATH OFMP HMOHJIAPHM YpraHuml Mapkasu Ba FOnmx uIMwuii-
TEKIIUpUII ~ Mapkaszu, ['epMmanus) amainra OLWIMPWITaH, amMMo Yoy
HKCIIEPUMEHTIIAp UKOOUM HaTHUKa OepMaraH.

DONEKTpOH TYIUIaru4uaa JJIEKTPOH-JIa3ep COUMIUIINAAH XOCHUJI OYIyBUH
doTonnap €Epmamuna TYFWIQJAWTaH d3Ta-ME30HJHU SIAPOJIAP XYCYCHUATIAPUHU
yprauuim uMkoHusaTH Xankapo Graal kommaGopanumscu moupacuna (I'peHOOIB,
®paniusi) KYpuirad, JeKWH yii0y Taxpudaiap yTkazuiMaras.

HyknoTpoHHUHT WYKKM HUIIOHWAA 103 OepaguraH peaxkiusIapHUHT
EPUTYBUAHIMTVUHU AHUKJIAIL YYyH JE€IbTa-3JE€KTPOHJIAPHU KYJUIalll UMKOHUSITH
poccusuiuk  ommumiiap A.C. ApremoB Ba Oomkamapuunr (bupnamran sapo
TagKUKOTIapu MWHCTUTYTH, [lyOHa, Poccus) Hazapuil wummma Kypuiras.
DNEKTPOHIAPHU CEJIEKUUS KWIMII YYyH MKKA MarHUTJIM aHAJIM3aTOPHU KYIJlaml



1
FOosaCH TaKJ'H/I(l) STWITaH Ba JCJIbTA-JJICKTPOHJIAPDHU  CCIICKOMWsJIAII  YYYH

VHAYKIUACH B~ 0,6 Tn MarHuT MalJIOHUHM sApaTUII 3apyp OVirad. bupok mry
MaWJJOHHUHT ¥3U JAaCTaHUHT Te3JallMIIUHNA CYCaUTUPpUO 1000puIlra 00 KeJIUIu
MYMKHHJIMTH Ba OOIIKAa TEXHUKAaBUW MyaMMoJiap Ba MypakkaOiaukiap Tydailim
peaKkUMsUIApHUHT  EPUTYBYAHJIMTMHUA AHUKJIAIl YYyH JI€JIbTa-3JIEKTPOHJIApHU
KYJUIaIl FOSCH aMalira OUIMpPHIIMAaraH.

Juccepraums TAAKMKOTHHMHI [JUCCEPTAIMA OakapujiraH WJIMHIi-
TAAKUKOT MYyacCACACHHMHI MJIMHI-TAAKUKOT HILUIAPH pexajapu OujiaH
Oornmukauru. Jlucceprauuss wmm  bupnamraH — aapoBUil  TaAKUKOTIIAP
WHCTUTYTUHUHT WIMHH-TAIKUKOT Ba XaJIKapO XaMKOPJIUK UIUIApH PEeKATTAPUHUHT,
02-1-1087-2005/2017 pakamau «Hykmorponna, SPS Ba SIS18 yckyHamapuaa
PESATUBUCTUK OFUP BAa €HTWJI MOHJIAPHU TAJIKUK KWK (HU3UKACKH» MaB3yCUIArH
WIMHH JIoHuXanapu goupacuja Oaxapuiras.

TagKUKOTHHHI MaKCagH »3K30THK SApOJIap CTPYKTYpacHMHU Ba SAPO
MYXUTHUIArd 3Ta-ME30H Ba HYKIOHJM PE30HAHCIAPHUHT  XOCCAJIAPUHU
HKCIIEPUMEHTAJ aHUKJIAIIaH noopar.

TagKuKoTHUHT Basudaiapu:

HYKJIOTPOHHUHT WYKM HUIIOHUJIAH TYKCOH Tpajaycra SIKHH €KU KHUYUKPOK
Oypuaknap ocTuaa y4uO 4YMKAETraH 3aps/JIaHTaH 3appajapHU Kalj KWJIUIl Ba
TaxJ I KAJTUII YYYH UKKU €JTKaJIM MarHUTCU3 CIIEKTPOMETPHU SIPATHIIL;

WYKA HULIOHJAH TYFpU Oypuakiap ocTuAa OUp BAKTHHUHI y3uaa Kapama
KApIIM TOMOHJAapra y4yuO 4YMKAETraH Xy(pT 3appajlapHu (SHEprusick Ba y4duO
YUKUILI Oypyaru Oyinda KoppeasiuusiaHrad) yirJanl, Xamaa (oH YITHOBIapU YUYH
KA/l KWIKII OypYyarvHu y3rapTupa OJIUIIL;

HYKJIOTPOHHMHT ~ MYKM  HUIIOHMJA (03  OepajguraH  peakiusiap
E¢pUTYBUAHJIUTUHY YITYAIIHUHT YHUBEpPCald Ba KYJUIAaHWIMINIAA KyJjal Oynrad
YCYJUHU UIUTA0 YUKHUIIL;

HYKJIOTPOHHUHT WYKH HUIIOHUIAH aHUKJIAHTaH Oup Oypuak octupa yqaubd
YUKYBUM JICJIbTA-3JICKTPOHJIAPHUA KAl KWIMII Ba CEJICKUUsUIAl  OpKAJIU
PEaKIUSHUHT EPUTYBUYAHIIMTUHU aHUKJIAIl KypWIMACHUHU SPATHUILL.

TagKUKOTHUHT 00bekTH cudaTua UWYKHM HUIIOH  SAPOJAPUHUHT
TE3NMAIITUPUWIITAH siApojiap OwiiaH ¥y3apo TYKHAIIYBHM HaTHIXKACHUZla BYXKYJra
KeJlaurad »kapacHiap, xamjaa ylapia Xocusl OyiaauraH 3K30THK SAPOJapHUHT
XYCYCHUSATIAPH OJUHTaH.

TagKUKOTHUHT NPeAMETHHU HYKJIOTPOHHUHT WYKA HUIIOHUAATH PA- U
dA-peakiusiapy BaKTHAA ro3ara KelaJuraH pPe30HaHC CTPYKTypajiap Ba SK30THK
AIpoJiap TALKHII 3TaJIH.

TagKUKOTHUHI ycy/uiapu. Myku HHUIIOH ycynmu €paaMuia HUIIOHHUHT
yunb kenaéTrad saposiap OuilaH ¥3apo TabCUpPJIANIYBU HATHXKACHAA YHAAH OTUINO
YUKAETraH WKKWIAMYM 3appajap KalJl KWJIWHAIWd. PexanamTupuiran JacTyp
JIOMpacuaari 3Ta -ME30HJIH SIPOJIAPHU U3JIAIll IKCIIEPUMEHTUHUHT IIApOUTH]IA Ba

1
AptemoB A.C., Adanacees C.B., B.C. AndeeB u ap. Cxema 1 pacyeT MarHUTHOTO aHAIU3aTOpa DJIEKTPOHOB IS

HCCIIEIOBAaHUHN 110 PENATHBUCTCKON aTOMHOHN (hr3KKe Ha BHYTPEHHUX MHIICHAX HyKinoTpoHa // ITucema B DUAS. -
2007. -T.4, Ne 3(139). -C.434-442.



TEeruuu peakuusaapu yauyH DST mabiiyMoTinapu Musniagy, ynapra KeMHHYAIHK
unuioB Oepunaau. Mabiym Oup ¢du3ukaBuil kapa€Hiap y4yH OJIMHTAH YHIOy
HKCIIEPUMEHTAT MabJIyMOTIAp KEWMHYAIMK TaXJWil KUIMHUO, MOAEIIAIITHPHUIIT
(GEANT, RQMD Ba Oomka MOJIC/IAIITHPHUIN JacTypjiapud EpaaMuja)
MabJIyMOT/Iapy OMJIaH TaKKOCTaHA/IH.

TagKMKOTHUHT WIMMIA SIHTWJINIM KyHugaruiapaad uoopar:

neuTponmap gacracu dHeprusick 2,1 I@B/Hykiion Oyiran d*c-
TabCUPJAIIYBAA 3Ta-ME30HIH SAPOJAPHUHT XOCHIT OYIUIIN TYIUK KECUMUHUHT
0, = 11+ 8 ub gHrM sKcepuMeHTan KUAMATH OJIMHIAH;

HYKJIOTPOHAA y4uO KenaéTran ASUTPOHJIap JACTACUHUHT Y4 XWJ SHEPTHUSICH
(1,5; 1,9 Ba 2,1 I B/HykioH) yprada KMAMATH y9yH DK30THK YTJIEPO SAPOCUAA
XOCHII oViryBUM S11(1535)-pe3onancHHUHT OOFJIaHUTII DHEPTHUACH
Ey(S11) = (50.3 = 20) M»3B ra tenr 6ynu6, 6y xuiimMat S;1(1535)-pe3oHaHCHHHUHT
napyajaHUIINAAH TYFWIYBYU T p-)KydTiaukiap >3Q¢heKTuB mMaccanapu CIEeKTpuia
KysaTmaran aykku (1484.7 + 20) MbdB/c? KkypcaTrudmmaH XHCOGIAHTaH Ba
9YKKUHUHT KeHraurd (36.1 + 9) MaB/c? ra TeHr SKaHINTH aHHKIAHTAH;

S11(1535)-pe3onancu M-Me30H OWJIaH HYKIOH KYIIWJIMIIA HATH)KAacHIa
naijo0 OVIMIIMHA XucoOra oyiraH XoJa (HyKJIOHHUHT OOFJIaHUII SHEPTUACH Am =
7.3 MaB), 5K30TUK yriiepoJ SApOCUIark 1-ME30HHUHT OOFJIaHUII SHEPTUSACU YUyH
saru Eg(n) = (43 +20) M»B kuiimar onuHras;

HYKIOTpOHHMHT ~°Cu Ba 'Ag WYKM HHUIIOHIAPH YUYH JICIBTA-
AIIEKTPOHJIAPHH YJIYalll OpKaJlW TOMHITAH peakius EPUTYBUAHIUTUA Ba XaKUKHUA
peakiusi EPUTYBYAHJIMTH OpacHAard MPOMOPIUOHATUIMK  KOIPPUITMSHTUHN
AHUKJIOBYM alNTOPUTM Takiu(] HTWIraH Ba y4uO KEITyBYH JCHTPOHJIAPHHUHT
Eq=326+366 M»>B/HyKkJOH sHeprusuiapuia XakukKuili €puTyBUAHJIMKHUHI YpTauya
KpiiMaTH Muc HEmoOHK yayH L.(dCu) = (0,9 0,03) x10* cm™c’ Ba xymym
HUIIOHH yayH L(dAg) = (0,27 £ 0,012) x10* cm™c" kuitmaTmapra TeHriuru
aHWKJIaHTaH;

HYKJIOTPOHHUHT MUKW HUIIOHU Y4yH A(1232)-pe30HaHCUHUHT XOCHJ OV
KECUMHUHU OaxOJNAITHUHT SHTH YCYJIW TaBCUS KWJIMHTaH Ba yduO KejaéTraH
OPOTOHJIAPDHUHT TYpPJW XWJ KHHETHK OSHeprusuiapy yuyH o:;=13,15 mb
(Tpi=1,4 I=B), 0,=10,80 mb (T,,=1,7 I3B), 03=9,86 mb (T,;;=1,9 I3B)
KUAMAaTJIapy OJIMHTaH.

TaaKUKOTHHHT aMaJIMii HATHXKAJIApM Kyluaruiapaad noopar:

HYKJIOTPOHHHUHT TYpJIM WYUK HUIIOHJIAPH Ba TE3NAIITHPUIYBYH SAPOIApU
yUyH peakuus EpUTYyBUYAHIUTHHUA aHUKJIANIHUHT YHHBEpCald YCYJIM HIUIa0
YUKWITaH Ba HYKIOTPOHHMHT WYKH HUIIOHHUIA pYyH OCEpyBUM peakmusiap
EPUTYBUAHJIMTUHY JUArHOCTHKA KWIHILI Y4YyH Maxcyc spuMm yrkasruuin AE-E
JETEKTOPH SIPATUIITaH;

AIPOBUNA MYXHTIA OOFJIaHTaH 1-ME30H Ba HYKJIOHJIH pPE30HAHCIApHUHT
XYCYCHSITIADHHA TAIKUK KWJIHMII Ba SK30THK SAPOJIADHUHT CTPYKTYPACHHU
ypranuil yuyH MmyJpkauianrad ukkd enkanu CKAH kypuimacu Ba yHra MKKU
OOCKUWIN HJIEKTPOHUKA TH3UMU UIUTA0 YMKUJITAH Ba SIPAaTUJITaH;



OpOTOHJIAp Ba  3apsuiv muornapau  (S11(1535)-pe3onancuHUHT
napyajaHUIIMAAH XOCHJI OYIyBUM) KAl KUJIMIIHUHT FOKOPH CaMapajopiurura
SPULIWITAH, YJIAPHUHT HMITYJbCIAapu AWana3oHuaa nuonnap yuyyH ~90% Ba
npoToHyiap yuyH~ 95% kypcarruu onvHrad Ba TOF-TU3MMUHMHT a)KpaTa OJIMILI
pyxcartu ~150 ps KuiiMaTra TeHT SKaHJIUTH aHUKJIaHTaH.

TaagkuKOT  HATHXKAJIAPUHUHT  HIIOHWIWJIMIM  OMpUHYM  Taija
HKCIIEPUMEHTA] MAaBbIYMOTJIAPHUHI KaTTa CTATHUCTHKACU (HYKJIOTPOHHUHT OUp
HeYa WWJUIMK CEaHCHIard MabJIyMoTiap) OwiaH, 3appajapHd Maccacu Oyitnua
AHUKPOK HICHTU(UKAIUSAIANT XaM/la YJIAPHUHT UMITYJIbCIIApU Ba TE3JIHKIAPUHH
KaTTa aHUKIWKIA VIYaHUIIM OWjaH; SKCIEPUMEHTal MabIyMOTiapra HIIUIOB
Oepuiaa Ba Tax M KWIUILIA XaMMa0OIl CTaTUCTUKA YCYJUIApUHU KYJUTall, Xamaa
HAaTWKAJIAPHU  M30XJallga MHKIIO3MB Ba  DKCKJIIO3MB  E€HALIYBIAPHUHT
WIUIATUINIIN  OWJIaH; DJKCIEPUMEHTAA OJIMHTaH MAabIyMOTIAPHUHT 3K30THUK
AIpOJIAPHU TAIKUKHU OYiirua YTKa3uiran OOIIKAa SKCIEPUMEHTIIAp HaTHKalapura
Ba AacOCHMW Hazapuil WIUIAPHUHT XyJocajapura MOC KeJIUIUIMTU —OuiiaH
M30XJIaHAIH.

TagKUKOT HATHKAJIAPUHUHI WJIMHHA Ba aMajJuMi axaMUSATH. TagKuKOT
HATWKAJIADUHUHT WIMUN aXxaMUATH OJMHTaH HaTWXKaJapHUHT 3K30THK sIpojap
CTPYKTYpacH Ba SIAPOBUI MYXWUTIArd 3Ta-ME30H Ba HYKJIOHJIM PE30HAHCIAPHUHT
Xycycusitiapu OVindya MabiyMoTiap Oa3acHMHM TYJIJIUPHINMA Ba TaKOMUJUIAII-
TUPUWILIY; HA3apUi MOJCIUIAPHU SIPATHUIIA BAa HMOH TE3JIATTUWIApUAA DK30THK
AIpOJIApHU M3Jdall Oyiirya SKCHEPUMEHTIApHU amaira OIIMPHUILIA KYJUITAHWIINA
MYMKUHJIUTH OWJIaH OenruiaHaIu.

TagkUKOT HATHOKATApUHUHT aMalliid axaMUATH LIyHAAKW, TakiIu@ STUiraH
peakuusi EpUTWITAHIUTMHHA AaHUKJIAIl YCyJIM Ba YHra spaTWiraH KypuiMa
Te3JaTruujaapia KyWwIaauraH OJKCHEPUMEHTIAP AHUKJIMTMHUHT OLIWILIWATa Ba
sHaJla MyKaMMaJIPOK YCKYHaJapHUHT SPaTUIIUIINTa acoc OViaiu.

TagkKuKoT HATHKAJAPUHUHT  KOPUIl  KWIMHMIOM.  OJTa-ME30HJIH
siapoapiu p,d(*°C)-TyKHaiyBIapaa Xocua GYIHIIN 6Yiinda Gakapuiral Hiiap
acocuza:

HYKJIOTPOHHUHT MYKH HUIIOHUJAH MabiyM Oypuak OCTHAa Y4YHO UYUKYBYH
JenbTa-3eKTporaap  Eépaamuaa  pA-,  dA-  peakIMSUIADUHUHT  XaKUKHi
EpUTYBUAHIIMTHHU AHUKJAIIHUHT YHUBepcan ycyinu Pocccus buprnamran sapo
TaJKUKOTJIAPH MHCTUTYTHHUHI IOKOpPU SHeprusuiap Qusukacu nadopaTtopusicuia
OMp Heua HYKIOTPOH CEaHcliapu JaBpuaa KysutaHwiraH. OJNHMHTraH HaTvKajiap
acocujia bupnamran sapoBuil TAAKUKOTIAPU HHCTUTYTUHUHT XaAJIKAPO XaMKOPJIMK
nactypu goupacuga «Xopui Xynyoei» Homugaru Mwuiuii ¢pusvka Ba sIpOBUN
TexHosorussiap uHcrtutytura (byxapect, Pymunust) ontumauiamiTupuirad sipum
yTrasruuwin AE-E netexktop BapMaHTHHU MILIA0 YMKAPUII YUYH TEXHHK OyropTMa
taii€pnanrad (bupnamran sapo TaaKUKOTIapu WHCTUTYTUHHMHT 2017 itun 14
nekadparu 010-43/545-connu MabJIyMOTHOMACH). NnMuit-TaIKukoT
HaTWXaNapuHUHT Kyutanumy FOkopu sHeprusiap ¢uznkacu 1a60paTOpUSCUHUHAT
HYKJIOTPOHHUAA KYJUlall yuyyH sHTU ApuM yTkazruuin AE-E gerextopHu umiiad
YUKAPUII IMKOHUHU OepraH;
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AenpTa-u3o0apa TYFUIUIIM KECUMHUHH Oaxojlall yCyiad Ba  OJIMHTaH
HAaTWXKaJlap HYKJIOTPOHHUHI WYKU HUIIOHUJA OATa-ME30HIU  SAIPOJAPHUHT
XYCYCUSITIApHH TAJKUK Kuwiniijaa Kyjutanwirad (bupnamran sjupo TaakukoTiaapu
uHcTUTyTHHUHT 2017 #iun 14 pexadbpaaru 010-43/545-coHnn MabIyMOTHOMACH).
NnMuii-TaiKUKOT —~ HaTWKaJIApUHUHT  Kyyuanumu — y49  enkaau  CKAH-3
KYPWIMACHHHU SIPATUILIl UMKOHUHU OepraH;

Ta-Me30HIH  saponaphunr d°C-TabCHprallyBa XOCHI OYIIMIIE TYIHK
KECUMUHUHI KHWMATH, 53K30THUK YIJIEpoJ SAApOCHIAard 3STa-Me30H Ba Sij-
PE30HAHCUHUHI OOFJaHUII JHEPrUsJIADUHUHI AHUKJIAHTaH SIHCM KuiMatTiapu
Poccuss ®anmap akamemmsicu Puszwka WHCTUTYTHIA Hazapwil XucoOiapaa
Kyutanwirad (Poccust ®@annap akanemusich @uznka HHCTUTYTHUHHHT 2017 iun 14
nexadbpaaru 11220-9311-1650-connu mabaymoTHOMacH). MnMuii HaTH>XKagapHUHT
KYJUIAHWIHAIIN 3Ta-ME30HJIM SApoJiap XyCycHsATIapu, 3Ta-Me30H Ba Si;(1535)-
PE30HAHCHUHUHT  SJIp0 MYXUTUJATH XOCCAJAapUHU YypraHuml Oyiinua sHTU
TaJAKUKOTJIApHU peXaallITUPUII HIMKOHUHU O€praH.

TaagkukoT  HATHKAJAPUHUHI  anpodamusich.  Ma3sKyp  TaaKUKOT
HaTwxkanapu 12 ta Xamkapo aHXKyMaHJIap/1a MyXoKaMaziaH yYTKa3uira.

TaakuKOT HATHKAJAPHHUHT JBJOH KWJIMHIaHIMru. [luccepranus
MaB3ycH Gyiinya saMu 23 Ta MIMMIA NIl HAINp KWIMHTAH, IIyTapaaH Y36eKuCToH
PecniyOnukacu Onuii arTecTanusi KOMUCCUSICHHUHT JOKTOPJIMK JHUCCepTalusiapu
aCcOCUM WIMHM HATH>KAJIAPWHU YOII STUIL TaBCUS dTUJITraH WMWK Hampaapaa 11 ta
MaKoJa, IyJIapaaH 8 TaCu XOPUKUN KypHAIUIAp/1a HAIIP 3TUJITAH.

JluccepranMsIHUHT TY3WINIIN Ba XaxMHu. /uccepranusi TapkuOU KHUpUILL,
TyprTa 000, Xynoca Ba (oiganaHwirad anabuérnap pyixarujgadn uoOopar.
JluccepTauustHUHT YMyMUR XaKMH 159 GeTHU TallKui 3Taau.
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JACCEPTAIIUSIHUHI ACOCUM MASMYHHA

Kupum xucMuja nuccepTaiysi MaB3yCHHUHT JOJI3apOJIUry Ba 3apypatTiiurua
acocnab OepwiraH, TaAKUKOTHUHI MakcaJjapu Ba Basudayiapu TaBcu(IaHTaH,
TaJKUKOTHUHT OOBEKTH, TNPEIMETH Ba YCyUlapu paBIIaHJIAIITHPHUITaH,
TaIKUKOTHUHT WJIMHM SHTWJINTA TYIIYHTUPWITaH, OJMHTAaH HaTHKAJTapHUHT
WIIOHWIWJINTH AaCOCJIaHTaH, YJIApHUHT Ha3apuil Ba aMaluid axaMusaTd o4uO0
OepuiraH, HaTH>KAJIAPHUHT amMaljia >KOpUil KWJIMHUILK Ba yJIAPHUHT anpoOanusicu
XamJia JUCCEPTALUSHUHT TapKUOM TYFpUCHIArd KUCKaya MabIyMoT  Oepubd
YTUITaH.

JluccepTanussHUHT «ITa-MEe30HHUHT AP0 OUJIaH OOFJIAHIaAH XOJATHHUHT
XOCHJI OYJIMIIY IIAPTJIAPH Ba YHU TYHEHUHT TYPJIH Te3J1aTTHYJIaApUaa H3JIaln)
ne6 HoMIIaHTaH OMpHHYM 000MIa MYKU HUIIOHJIAp €pAaMHjIa amalira OLIUPUITaH
OKCIIEPUMEHTIAPHUHT YMyMHH Kiaccupukanusacu kentupwirad. Kyrbmanmaran
AIpojiap Jactajapu Ba CTaOWi sAapojapAaH MOOpATHUILIOHIAp EpaaMuia
OakapuiraH SKCIEpUMEHTANl UIUIap KMCKaua TaXJIUI KUJIMHTaH.

DOTa-MEe30HIMU SAPOJIApHUA U3JAlll Ba TAAKUK KWW, SIAPO MYXUTUIATH dTa-
ME30HJIap Ba HYKJIOHJIM PE30HAHCIAPHUHT XYCYCHUSATIAPUHHU YpraHuil Oyiinda
acocWil Hazapuili Ba HKCIIEPUMEHTA] HWIIAp H30XJIAHTaH. TM-ME30H sApOJIapu
XaKUJard  TacaBBYPJIADHUHT  PUBOKJIAHUIIHWIA  TYPTKH  OYIyBYM  SJpO
(bU3MKACHHUHT aipuM MyaMMOJapu KypuO YHMKWITaH, )KyMIIaJaH, CYUIHIINA KepaK
oynran qoi3ap0 macananap canabd YTuiaras:

-N-ME30HIM sApo TapkuOunarun m-me3oH Ba Si11(1535)-pezonancmap yuyn Eg
SHEPIUs CaTXJIapUHH Ba yJAPHUHT | § KEHMIIMKIapUHM YII4all;

-NN TabCHUPIANTYBHUHT aMIUIUTYJaCHHN aHUKJIAII;

-saponapaa S*N* — NN xapaéHUHU YpraHulir

-siipojia OOFJaHraH XoJjarna Oyiaran 1m-mMe3oH Ba S;1(1535)-pesonanciapHUHT
Xycycustiaapura (Maccacu, siiiaii JaBpH) siApo MyXUTHHUHT TAbCUPUHU YpraHUIl,
-SIIpO/ia TAbCUPJIAIIYBYH 3appaiapHUHT (1-Me30H Ba S11(1535)-pe3onancu) macca-
CH VY3rapuilivHA XucoOra onran Xojaa MN-TabCUpJANTyBHUHT TOTEHIIUATUHU
aHUKJIaI,

-KaMHYKJIOHJIA 1)-ME30HJIM SIAPOJIapH, sibHU A<4 OYnraH 1-ME30HJIU SAPOJAPHUHT
XOCHJI OYJTUIIN MUMKOHUSTIIAPUHU TAJTKUK KUJTUIIL.

GSI unmuii mapkasu (['epmanus) wonnap te3narruuuaa, FOmux wuamMui
TagKukoT Mapkasu (['epmanus) KypwiMacuna Ba Graal kommaGopanmscu
(Ppannms) xkypuiamacuaa, xamaa Ocaka yHuBepcutetr (Smonus) HUHT SPring-8
Kypuimacuaa, Poccuss ®@annap akamgemuscuHuHr ®usnka uHctuTyTH (Poccus)
[Taxpa CUHXPOTPOHHUJIA 3TA -ME30HJIU SIAPOJAPHU YpraHUIll UCTUKOOIapu Kypuod
YUKWJITaH.

HuccepranussHUHT «HYKJIOTPOHHMHT MYKHM HUIIOHMIAAH YYHO YHKYBYH
UKKHJIAMYHU 3appajapHu Kaij KWIMIl YCY/UIAPDUHU MILIA0 YUKUID 1e0
HOMJIAHT@H WKKHHYM O000uAa HYKIOTPOHHUHT WYKM  HUIIOHHUJA  JTa-
ME3OHJIUSAIPOTIAPHA H3Jall Ba PEAKIUSHUHT EPUTYBUYAHIUTUHU aHUKJIANl YIyH
spaTWiran yciay0 Ba JKCIepuMeHTan Kypuima Oatadcun TaBcudianran. bapua
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¢duzukaBuil skciepumenTIap bupnamran aapo TaaKUKOTIapu UHCTUTYTH FOKopH
3Heprusuiap (Qusukacu J1adopaTopusCHAa HYKIOTPOHMHUHI HMYKH HUILIOHJIApU
CTaHIMACHIA VYTKa3uiaraH Ba ymly 000 JaBoMHa HMILOHJIAPHM MIIJIATHIL
amMaJIn€TU Ba MUKW HULIOHJIAP CTAHIMSICUHUHT Y31 TaBCU(IIaHAIN.

ABBall TabKUJUIAHTAHAEK, aTOM Ba sApo (U3MKACHAA TE3NATTU4 HYKH
HUIIOHJIAPUHY UILIaTaUraH KYMUWiInK (pU3nuKaBuil SKCIiepuMEHTIapaa (MacaiaH,
Ta-ME30HIM SIPONAPHH HM3MAlIAa), peakums SpuryBuanmurd Lo(em?xc™) mm
HA30paT KWK SXTUEKM maigo OYymamu. Ymly macamaHu Xal KWIMII YYyH,
Aapoiap Jactacu OWiIaH TabCUpiamaéTraH HUIMIOHAAH Y4YHO YUKYBYH JeNbTa-
aNeKTpoHIapaan Qoiganannd, HyKIOTPOHHUHT WYKA HUIIOHHUIATH PEAKIUSHUHT
CpUTYBUYAHJIUTUHNA AQHUKJIAIIHUHT SIHTH YCynu Takiaud Kuwiuarad. [lenbra-
DJICKTPOHJIAPHH KAk KWJIMIIIA, YOy Makcal yayH Maxcyc spatwiran (1l-pacm)
AapuMyTKa3ruuiau AE-E neTekTopuHu KyJuiai TaBChs STHJITaH:

PA 1

1-pacm. AE — E-nerektopaunr cxemacu: 1) AE(Si) nerexropu, 2) S3590-08
PIN doroanoan, 3) Csl(Tl) HoopraHuk CHUHHTHILJISINAOH KPUCTAJIH,
4) neTeKTOPHUHT TI0PATIOMHUHHILINK Kopnycu; PA1 Ba PA2-TabMuHOT Ba
CUTHAJI Kadesiapu

Spatunran mkkn enkamum CKAH kypunmacu, yHHHr napameTrpiiapu Ba
XyCycusATIapu  ajoxuga TaBcHU(uaHrad. YmlOy KypwiMa  3Ta-Me30HIU
STPOJIAPUHUHT TIApYAJAHUIINIAH XOCWI OYIIyBUM Koppensiusuianrad  (7p,pp)
3apsAIM 3appajapHUHT TAAKUKOTH YUYH MYJDKaJJIaHTaH.

Cnexrpomerprk kieM (P1-Ps Ba Kyi-Ks) 180° Gypuak ocTrma courmaérran mp
Ba pp-Ky(DTIUKIApHU TEKIIMPUIL YYYyH MYIDKaJUIaHTaH. Y MKKUTa OuUp XU
enkanapnan (P-enka Ba K-enka) mbopar 6ynmb, Te3NaTrHYHUHT AacTtacu OYitnad
MOC paBHIIIa YHT Ba Yar TOMOHJIAp/a xoiamran (2-pacm).

sappaJjap
aZacracH

2-pacm. Unruiran CKAH 3xcnepuMeHTa] KyPHJIMACHHUHT HKKH €JIKAJIN
BapHAHTH CXeMacCH
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CHnekTpOMETpHUHI HWIUIAIl TNPUHIUMNHN, 3appaHuHr Oepwiran 0asa
y3yHIMrdHu  yuuO yTum Baktu (AT) OylnYa yHMHT TE3JIMTMHH Ba KUHETHK
DHEPTUACHHM, XaMmJla JeTeKTOPHUHT Moanacuna sHeprus axpamumu (E-AFE)
MUKIOpUHH Yadamira acocianran (AT-E-AE unentuduxarys).

bynuMm paBoMuaa mMabliyMOTJIApHM KaiJ STUII Ba WUFUIN 3JIEKTPOHUKACH
tabpudnanaay, CKAH KypuiMacMHMHT ¥ia4aml THU3MMHBA JIE€TEKTOpJIapUHU
KaJIMOpOBKa KWJIMII ajoxuia 0a€H STUIraH.

HuccepranussHuHT « HyKJIOTPOHHMHT MUKW HUIIOHUAA PeaKIUSIIAPHUHT
épUTYBYAHJIMTMHYU JUATHOCTHUKA KWIHII» J1€0 HOMJIaHTaH yuuH4YM 000uaa AE—
E spumyTkazruunm pAeTekTop €pAamMuia HYKJIOTPOHHUHT MYKU HHIIOHH]IA
OYnaéTran peakuUsIHUHT EPUTYBUYAHIATUHU L (CM'2 c'l) AHUKJIAIIHWHT SHTU YCYIU
tabpudaaHaan. Ymoy ycysuiapra Oyarad 3apypar Te3JaTTUHIHUHT WIKU (MIICUMOH
¢ku (oJsbrany) HUIMIOHIAPWHN HILIATHII MOOAWHWA, aTOM Ba sapo (GU3HKACHIA
bu3uKaBUil KapaCHIApHUHT KECUMJIAPUHU YII4Hallja Ba dTa-ME30HJM SIAPOJIAPHU
u3jamaa SAKKoa KypuHaau. AE-E  ngerekrtopu Bakyymid WYKH HHIIOHJIAP
KaMepacHIaHOH y3arrmdu ykura HucOaran 64° kyrGuit Oypuak octuia
VYpHatuiran Oynu0, y HYKJIOTPOH WYKM HUIIOHWHUHT WOHJIAp JlacTacu OwuiiaH
TabCUPJIALTYBUAAH YUYUO YMKAAUTaH JEIbTa-3JICKTPOHIIAPHU KAl KUTaIu.

Bakr Oupnuru maBomuaa Kaij STWITaH MKKWIAMYM 3appajapHUHT COHU
dN/dQ Ba ynmapaunr xocwn O0ynumu nuddepeniuan kecumu do/dQ (0 Oypuaru
ocTtuaa) Oup- oupu Ouian Kyiugaru udoaa opkaian OOFJIaHTaH:

dN .\ _ do
= 0) = L (0) (1)
3-pacMa HHIIOHTa OJUII D TMapaMeTpUHHMHT TypJid KUHMATIapu YUyH, Y4IHO

KeJaéTraH Aapo OWIaH HUIIOH SJEKTPOHUHUHT KYy(PT KyJIOH TabCUpJIAITYBH
CXEMAaCH KypCaTHJITaH.

3-pacM. a) JPKHH YIEKTPOH OWJIaH Y4HO KeJaéTran 3appaHuHr “cod” xkydr
TAaBCHPJIALIYBH; 0) HUIIIOHTA OJIMII ApaMeTPH D HUHT KUHMaTH o1INo
OopuIM OMJIAH, HUILIOH SAAPOCH MIUTHPOKHUAATH TAbCUPJIALLYB

by epnma, Z, Ba Z; — MoC paBMIIia Aacra sSApOJIapH Ba HMIIOH SAPOJIAPHUHHHT
sapsanapu; U Pp — yunO KemaéTraH SIPOHMHT Ba HHUIIOH DJICKTPOHUHHHT
Te3NMUKIapu; O.-SIEKTPOHHUHT y4yuO YMKUII Oypuaru Ba E.— YHUHT JacTaHUHT
SLAPOCH OHMIIAH TABCHPIAIIYBHAAH KSHUHIH KHHeTHK sHeprusicy; y= 1/ (1- p2).

b < b, xonatMaa HMIIOH XYCYCH#l SAPOCHHUHIMAMIOHM Z; TabCUPHHH

>pTHOOpra onmaca xam Oymamu Ba By B mapTuaa >JIEKTPOHHM JacTaBBajl THHY
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Typubau n1e6 xucoOnam MyMKUH. HUIIOH aTOMMHUHT 3J€KTPOHHU yuuO KenaéTran
SAIpo OWIaH TabCUPIIANTYBH/IA, KHHEMATHKA )KUXATHIaH, TY0 MabHO/A O-3JIEKTPOH-
HUHT 0, yun0 yukui Oypuarura OofianraH E. sHeprusra sra 0ynaau:

- (2% —1)cos?8,
Ee Zme}rz —(¥2*-1)cos?8, (2)

YHHUHT KHIMaTH y3ap0o TabCHPIIANTYBHUHT HUIIOHTA oy napametpu (D)
Owtan Kyhugara udo/ia Ovian OOFIaHTaH:

Ee= (Z,)20e e (3)

'SZ bz

OyHaa Z,-yun0 Kena€TraH 3appaHUHT 3apsiay, Me- KIACCUK MIEKTPOHHUHT Maccacu
Ba l-yHUHT paJinyCH.
(2) Ba (3) Hu OupmamTupuod, xamaa do, = 2nbdb HE XHcoOra oymbd, KyHUIaruHu
OJIUIITUMHU3 MYMKHH:

rs smﬂg 'rg dfl
= (T g e 407 (Z) @)

B* cos?8,

6yHza I = 2,82-10%cM — smexTporHuHT KiTaccuk paguycy, 0 < 8, < 90°,
(4) dopmyma OVitmua XxucoOjgaHraH A€AbTA-dJCKTPOHIAD YHKHIIAHUHT
muddepeHnran KeCUMUHN XUCOOIal HaTXKaapy 4-pacMa KeITHPUIITaH.

—B—Ed =0,5 =B/n
«+de+ Ed =1 M3B/H ,

—8—Ed =2 3B/n
——Ed =3,5=B/n +

de/dQ X 107(-25), eM™2/ep

o 10 20 30 a0 s0 &0 70 80

8- Oypuak, rpam.

4-pacMm. Yuub kesaérran aeiirponsnapuunr E4=0,5; 1; 2 u 3,5 I'3B/n
IHEPTHUsJIaAPUAA, 0-3JIeKTPOHJIap uynKumm quddepenuuan kecumu do/dQ,
(em*cp ) uunr 0, 6ypuakra (yuuo KelaéTran 3appaHuHI HMIYJIbC YKHTa
HHCOATAH) OOFJIMKJINTH

Oxopu »sHeprusinap ¢usukacu aadOpaTopusicu HYKJIOTPOHMHHUHT HWYKH
HUIIOHU/A aMaJira OLIUPUIIAJUTraH YKCIIEPUMEHTIAPAAPEAKLINS EPUTWITAHIUTUHA
JUAarHOCTUKAJNAIl YCYJIMHM KyJUlall MMKOHMSTIAPUM MyXOKama KWIMHTaH.
Humonra yun0 xenaérran paedtponsnapHuHr IOkopu »sHeprusiiap Qusukacu
7abopaTopusaACH HYKJIOTPOHUTAa XOC OYiran Typiau BSHeprusuiapu Ey ydyH O-
SIeKTPOHIAPHHHT Xucobnanran sueprusicu E, (0, ~ 64%) kentupuiran (5-pacwm).

15



300

Esnexrpon,
250 KaB

200 |

150 f

100

50

Eaeiitpon,
0 WISB/H
0 1000 2000 3000 4000 5000 6000 7000

S-pacm. [leabTa-3jiekTpoHJap HeprusiciHUHTr HykjJ10TpOHHUHT y4ud
KeJIYyBYH JIeHTPOHJIAPH HepPrusicura (3J1eKTPOHJIAPHUHI HUIIOHIAH Y4nO
unKum 0, ~ 64° Oypuaru y4yH) OOFJIHKJINTHA

AWNTHIII MyMKHHKH, H9KA HAIOHAaH 64° Gypuak octraa yanb amKkaérraH o-
ANIEKTPOHJIAPHUHT AHeprusicu marora E,,,~ 250 koB kuiiMatuaa 4ukubd oyajam.
Kyihinparun 1-xanBanga JI®BD HykioTpoHHna yuuO kena€TraH SApOJapHUHT
Katop wmirdn sHeprusuiapu (I'>B-uykinon™) kuitmati Ba 0,~64° Gypuarnm yuym
xucobaanras dog/ dQ. (cM*cp™) KuiMaTIapy KypcaTHiraH.

1-xanBanu
Humonra yyu0 keaaérrad mpoToHJIAP SHEPTUCUTA IJIEKTPOHJIAP YMKHUIIU
KeCUMHHHHTI OOFIUK/INTH (IPOTOH y4uyH Z, = 1)

do,
d—‘QE,(Xlo-ZSZ%)* 9,65 10,1 11,5 12,9 16’0 28’3

Eq, I'5B/HyKkiion 6 4 2 1,5 1 0,5

“6yHna Zp.- y4uO KeJyBUM 3apPAHUHT 3aPs/Iu.

HyknoTtponaa Te3naTwiran xap X 3appajap Y4YyH, JAeJbTa-3JIeKTPOHIIap
YUKUIIMHUHT AU depeHnran KeCUMUHU OCOHJIMK OWJlaH XucoOjall MYMKHH.
Heitnuk, yun6 xemaérran sgpo cudaruna apron Ar (Z,=18) 6¥ynca, yHna
maddeperuman kecumZp = 18° = 324 xuitMaTHH XHCOOTa OJraH XOJIIA TOMHIA/M.

ynaan keiuH, Mabiym Oyiaran (opmynanap acocuaa WYKA HULIOHJAH
YUKAIUTaH O-3JEKTPOHJIAPHUHT  KyTUJAETraH COHUHU  XUCOOJlall  yCyiu
tacBupianau. Hykinorponuusr uniamn nukiu (T.) BaKTHIA, HYKIOTPOH XalKacu
Oyinab xapakariaaHa€TraH sIpoJiap JacTacH Ba HUIIOHHUHT ¥3apo TahCUPJIANTYBU
HaTIKacuJa WYKW HUILIOHJAH YMKAETTaH O-3JEKTPOHJIAPHUHT KYyTHJIAETraH COHU
Kyinaaru udoaa épaamMuia aHuKIaHaIu:

dN,
dn,

(00) = LTeZ 222 (0), (5)

dig
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6y epna L. — 1K BakTH Oyiinua yprada pUTHITAHIHK

Ymyman oinranaa, dce/dQe(0.) MUKIOpHHM 3KCHEpUMEHTAN aHUKJIAIIHN
amanra ommupca Oymanu, OyHaa ¢akaT HUMIOH KAJTWHIWTH t Ba OUp LUK JTaBpU
JABOMHJIa HUIIOHTA YpWIyBUM siapoiap coHu No HM erapnu gapaxana aHUK
Ha30paT KWIWII Kepak Oynmaam. ByHmait Xomnma, OWTTa KOMIIOHEHTIM WYKU
HUIIOHAAaH Y90 YUKYBYH O-3JIEKTPOHJIAp COHM KyHUarura TeHr Oyiamu:

dﬂ.-g dag

(ee)lc—t -6-10°-N = (0e), (6)

OyH/Ia t — HUIIOH KAJUHIIUTU (F/CMZ), Z;, A; — HUIIIOHHHMHT 3apsAd Ba aTOM
OFUPJINTH.

SApuMyTKa3TUUIN AETeKTOp OunaH YTKa3wiraH Aactiabku Taxkpubanapna,
KQJIHHIATH MOC paBumia 35 mr/cm’Ba 21 mr/cm® 6ymran Gyaran “’Cu Ba''Ag
HUIIOHJIAPU KYJUTaHWITaH. Te3NamTupuirad 1edTponsap sHeprusicu 326 MaB/u
nan 366 M»pB/H raua opanukma OyiraH, JacTaHWHT WHTEHCHUBIIMTU 3ca OHUp
cexyunaa lg=(7+ 7,9)x10°ra Tenr 6yira.

°Cu Ba'’AQ HHIIOHIAPH ydyH OJMHIAH OSKCICPUMEHTAI MabIyMOTIAp
TaXJIWIH, Y4 XUJ TypJH 3appaiapra MOC KellyBuM ydrta aioxunaa — cut 1, cut2 Ba
Cut3 3oHamap MaBXYyUIMTHHU KypcaTtagu. Xap OuTTa 3appanap Typyxura Moc
kenyBun y3 l'aycc (yHKOMsCH MaBxyd OYnuO, yJapHUHT COHMHHM XHCO0O0Ja0
TONUIII MYMKHH, MacajaH, Xap OWp OKCIepUMEHTal OWHIa MaBxXyJ] Oyiraxn
3appajiap COHMHUHT CyMMAaCHHH XUcoOaIn opkaiu (6-pacm).

Ag, E xacta= 342 M>B/HYKIO0H

300

250

E, xanax

200
150
100

50

6-pacm. Jleiitponaapuunr E;=342 MaB/uyHeprusicuia Ag HUIIOHH YIyH
OJIMHI'aH YKCcNepuMeHTa HaTHKajnapHuHr dE - E 6oraukaurn. Ynsukiaap
yuTa 3appaJjiapra Moc KeJJaJiuraH yura cOXaHu a:kpatud typuodam: cut 1 —
JIEKTPOHJIAP, cut 2 — MPOTOHJIApP, cut3 — IeHTPOHJIAP BA YHIAH OFMPPOK
3appaJap

DONEKTPOHJIAPHUHT KYTUIAETraH YWKUIIKM KyWHJaard cXema acocHja
XUCOOJIaHAIH

' Anukuna M.X., Adanacees C.B., Arncumos 10.C.unp. IIporpamMma nccneoBanuii o Gpu3uKe 1)-ME30HHBIX SIEP
Ha HykjoTpoHe JIBD OUAN //TIpenpunt ®PUAH.- Mocksa.-2003.—(c.21).
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1. merekTopra BakT OMPJWTH JaBOMHJA TYMIAETTaH JJICKTPOHJIAPHUHT COHU
Ne/tyam aHUKITAHAIY,

2. 64° Gypuary ocTH/Ia HUIIOHIAH yUHO YHKASTTaH IEKTPOHIAPHIHT YMyMHUIl
cornt dN¢/dQe(0,) Hu, nerexTopHUHr Oypuak akcentaHcu (1,6 x10™ cp)Hu
XHCOOTa OJITaH X0J/1a, XUCOOIaHaIH.

HumonHuHT MabiyMm OYynraH KaIWHIWUTHIA Ba MaTepHaluaa, Xamza
JACTaHWHT MabiIyM HWHTEHCUBIUTH Ny (umn/cek)ma, 0. Oypyak octuma y4dud

YUKaETraH ANEKTPOHIAPHUHT KyTuiaérran conn ¢opmyna(6) OwiaH aHUKIAHAIH.
Tg

lynnan keiiun, Gopmyina (1) Hu uniaTiO Ba ~o. HH ownran xosna (1-xaaBaiaHu

‘g
KapaHr), TE3JaTTUYHHHT ITUKIW BaKTH OyiHWua peaknusHUHT YpTradya EpUTyB-
vaumuruan L (CM'Z-C'l) anukyiaca O0Vnaau. llynnait kb, HyKIOTPOH XaJIKacua
aiimaHaéTraH JICUTPOHIIAp JacTacH OWJIAaH MUKW HHUIIIOHHUHT Y¥3ap0 TabCUPJIALTYBH
HaTWXKacuaa XOCHJ OYiIaauraH O-3JeKTPOHIAPHUHT KyTHJIAETraH YUKHII COHUHU
xuco0ar, sxkcrepuMenTanl MabiayMmotiaap Ne(exp.) Ba ¢opmyna (6) maH onvHraH
Ne(calc.) 6yitnua 2 Ba 3-)kazBauiapa KeJITHPUITaH HaTHKajdapHu OepH.

2-KaaBaJ
Te3amTUPUWIrad J1eiiTPOHJIAP JACTACHHUHT TYPJIM JHEeprusijapuaa
KYMYULIH HYKH HUIIOHAAH YUKUIIHA KyTHIAETIaH JIeKTPOHJAPHUHT COHU

Ag(MeV/n) 326 334 340 342 356
Ne(exp.) | 8,93-10* | 1,02-10° | 0,99-10° | 0,93-10° | 0,87 - 10°
Ne(calc.) | 1.77-108 1,79-10° | 1,68-10° | 1,67-10° | 1,59-10°

3-KaaBal
Te3mamTUpUIran e TPOHJIAP AACTACHHUHT TYPJIM IHEPTUAIAPUAAMHUC HUKHU
HUIIOHU/IAH YUKHIIN KYTHJIAETraH 3JIeKTPOHJIAPHUHT COHH

Cu(Mev/n) 350 352 356 360 366
Ne(exp.) | 434-10* | 3,9-10* | 3,92-10° | 423 -10* | 44-10"
Ne(calc) | 307-10° | 3,0-10° | 2,99-10° | 3,14-10® | 3,08-10°

OnuHran MabliyMOTJIapJaH aWTHII MYMKHHKH, KyTHJIAETTaH 3JEKTPOHJIAp
yukumy  ((6) dopmyna Oyitmua xumcodOnanran) Ne(calc.) HuHr sKcmepuMeHTan
aHMKJIaHTaH AIeKTporIap coHu Ng(exp.)ra HucOatu, OUp XWJl HHUIIOH TypH YIYH
JouMHI y3rapmac Oynaau Ba yuuO Kena€TraH sApOJapHUHT SHEprusicura OOFIuK
smac. By xomatma, *Ag Humonu yuyH ymby HECGAT KyHHAarkra THT:

Kag= Ne(calc.)/ No(exp.) = 1803 + 80 (7
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PeaknussHUHT EpUTYBYAHIWTH WYKA HUIIOHJIAH YHKUIIM  KyTHJIAéTraH
AIIEKTPOHJIAP COHUTA TYFPHU NMPOMOPLMOHAT SKAHIUTU cabadu:

L (calc)/L (exp.) = Ng(calc)/ Ne(exp.) =Kag,

V xonmaa, S-anekTpoHnap OYitnua aHuknanyBun épurypdanmuk L (exp.) Ba dAg —
PEAKLMSICUHUHT XaKUKUI EPUTYBUAHIIUTH ¥3apo Kyiuaa MyHocabaTaa OofjaHTaH
oymaau:

L(dAg) = Kagx L.(exp.) = (1803+ 80)- L(exp.), (8)

Ba amanga Kay k0o3bOHULUUEHTH Te3NaTTUYHMHI y4uO KenaéTraH NeWTpoHIapu
SHEPTUSICHHMHT y3rapHinnra OOFJIMK 3Mac.

Xynau yia kodhpuiuent 2Cu HUmoHHU ydyH OOIlKa KuiiMataa Oyiaau Ba
Oy ep/a peakMSIHUHT EPUTYBYAHIINTH KyHugarura TCHT

L (dCu) = Ky x L (exp.) = (7352 + 220)- L (exp.), (9)

Ba XyIau myHjau, Kcy- xaM Te3NmamTupuiral ASUTPOHNIAp JAaCTaCUHUHT TYpPJIU
SHEprusiiapuaa y3rapmac KuiMatiaa oyiaau.

Macanan, 2 Ba 3 xanBauiapjara MabiymoTiapau uniatuo, dCu peakuuscu
(Eq =360 M»sB/H) yuyH épuryB4ariinkHH (7-pacM) aHuKjaca OYIrau:

L,=(1,18+ 0,12) x10%ecm™c™ (exp.), (10)

=
©

*Ag
} uCu

L, cm2ct (x10%)

-
(2]
——
—_

1.2

._.
~

— 4
——

08

320 330 340 350 360 E, , MeVin 370

7-pacm. AE-E neTeKkTopJIapuaaH 0JIMHTaH IKCIIEPUMEHTAJ MabJIyMoTJIap
Oyiin4a aHUKJIAHTAH ¢PUTYBYAHIMK KHIAMATIAPH, THHU JeJIbTa-
j1ekTpoHaap 6yiinua dAg- Ba dCU- peakuusijiapu y4yH

JlenbTa-onexTponnap Oyitnua anuknanrad L, épurysuanmukan (10 - udona)

Kcu k03 durinentra KymanTupusica, yHaa peakiusiHUHT XaKUKUi EpUTyBYAHIIUTH
TONWIAN:

L (dCu) = Key x L.=(0,9%0,03) x10*° em™c, (11)
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Ymly OynuM gaBoMuaa, JAENbTa-dJIEKTPOHJIAp YCYIM  acOCHIAru
HYKJIOTPOHHUHT WYKM HUIIOHUAATW PEKUUsl EPUTUITAHIUTUHU JAUArHOCTUKA
KWIMIITHUHT KEJITYCH PUBOXKHU OYiKya KaTop Xysocajaap KUIMHTaH.

JuccepTallMsiTHUHT «JTa-Me30HJIU SAAPOJIAP BAa HYKJIOTPOHHMHI WYKH
HUIIOHM SIIPOJIAPUAA TYFWIYBYH IK30THK SIPOJIAPHH HWAEHTH(UKANMUSIIAIT
ycyJuiapw» J1e0 HOMJIAHTaH TYPTUHYM O0OMIa SK30THK SJIPOJIApDHU HM3JIall Ba
YIIAPHUHT XYCYCHUSITIAPUHU TAAKUK KWIMII KeITUpWIrad. HyKJIOTpOHHUHT WYKU
HUIMOHUAru pA, dA — peaknusuiapia, 3Ta-ME30HIU SIPOJAPHU W3JAll yYyH
spatinrad CKAH kypunmacupa, u3nmaHaértran XoaucamapHUHT (3(PQEKTHUHT)
“KyTWJIa€TraH YMKUIIMHA Ba KAl 3TUII caMapaJlOpJIMTUHKA OOILIaHFUY 0axoJialil
MyaMMOCHUHUHI €4uMHU TabpHudanrad. by macananu xan KWIUII YYyH MablyM
Oynran peakuusiHu, MacaiaH, pA-TabCUPJAITYBIaH KEHUH, KOJIUK SAPOAa THHY
xonatgaru  A(1232)-u300apaHUHrT  XOCHJI  OYJIUINMHM — WIUIaTca  OYiiaju.
Kypcatuiaran peakiusaga, HumoH sapocuga A(1232)-uzobapa Xocwi OYuii
JKapa€HU MeXaHU3MJIapuJaH OWpH, ATa-ME30HIM SAPO IMAKJUIAHUIIA WYJIUHUHT
Oapua OockuwiapuHu Takpopiaiau. FOkopuma kypcaTuiaraH MacajlaHU EUuIll
MaKcaJuaa HyKJIOTPOHHHHT MUKW yriiepo] HUIIOHU yuyH A(1232)-pe3oHaHCHHUHT
TYFUJTUIIN KECUMHUHU OaxXOJAlIHUHT SHTM YCYJIM WIUIA0 YUKWITaH Ba HUIIOH
sapocunga A(1232)-pe30HaHCHHUHT WKKH OOCKHWIM XOCHJ OYIuIDKapaéHH ydyH
KMHEMaTUK XucoOJanuiapu  YTKa3wigu. Ymoly ycyjd, HYKH HUIIOHra y4duO
KenaéTraH MPOTOHJAPHUHT (KM JCUTPOHJIAPHUHT) DJHEPTrUsAcH KUKWMaTHura
acocnmann0, TuHY xonartmard A(1232)-uzo0apaHMHT XOCHJI OYIIMINM  TYIUK
KecMMUHHU Oaxomjamra HWMKOH Oepaau. JleapTa-pe3oHaHCHHHT pPA-peakiusiia
TYFWIHIIN TYJIWK KECUMUHHU Oaxouaml, yuyud KernaéTraH MpOTOHJAPHUHT Xap XU
KAHETHK DSHEPTusUIapu Y4YyH, KyHuaard KuimariapHu Oepau: ©;=13.15 mb
(Tpi=1,4 I3B), 0,=10.80 mb (T, =1,7 I3B),05=9.86 mb (T,;=1,9 I3B).
HyKJIOTpOHHUHTI WYKM HMIIOHHUJIArXd pA-TyKHaIIyBIapuaa M-sIpOJIAPHUHT XOCHII
OYIUIIMHWHT TYJIUK KECUMH yIIOy yCys Oyitnda xucobiaHraHaa, cn(pnC) =3,3ub
ra TeHr 0ynu0 yukau. Xucoonanuiap (Takiug KWIMHTAH yCyi Oyitnda) 1-Me30HIu
AAPOJIAp MHapyaJaHUIIWAAH YUKYBUM KYTUJIAETTaH “BOKeaJIap”(mC HUIIIOHU Ba
npotoninap sHeprusicu E,~ 2 I'3B/m yuyn) Y(n'p)~ 133 Bokea/coar KuiiMaTuHn
oepanu.

TypTuHuM OYIMM JaBOMHMAA 3Ta-ME30HJM SAPOJAPHUHI XOCCAJTAPUHU
HYKJIOTPOHHUHT WYKM HUIIOHWAA TAAKUK KWW OVilMda OJIMHTaH HaTHXajap
MyXOKaMa KWJIMHAIA, aCOCHUI XyJiocaiap Ba Kouaanap Tabpuduianrad 6yauo, yiap
acocuzia TaAKUK KHJIMHAETTaH 1-ME30HIU SIIPOJIAPHUHT XYCYyCHUSTIApH XaKuaa cy3
IOPUTHII MYMKHH. Mwucon ydyH, ydauO Kena€TraH 3appajapHUHT SHEPTHUSCH
Oyiinya (OM3HMHT XOJIMMM3IA JEHTPOHIIAP) MN-SIAPOJIAP XOCHIT OYIUIIMHUHT OJIIUN
Ba eTapjuya WIOHWIN KpuTepusicu ned 6Oycaza sghgpexmu aranran. HaBOarmaru
KpuTepHii 10 mM-Me3oHnu sapoaard  S;1(1535)-pe3oHaHCHUHT Ba T1)-ME30HHUHT
Oo2nanuwl IHepausAnapy KypcaTuiaiu.

bup newa imnnap nasomuga KOxopu sHeprusiiap gusukacu nadboparopusicu
HYKJIOTPOHUHUHT WYKH HUIIOHJAp cTaHiusicuna onuHrad (ukku enkanu CKAH
KyprwiMacu €paamuaa) SKCIEPUMEHTAN HATIKalap acocuia, SIpo MyXHTHIIArd
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HyKIOHIN S;1(1535) -pe3oHanc Ba 1-ME30H XapakTEPUCTHKAIAPU  TaXIIUII
kwnHTad. Kyituna S;1(1535) pe3oHancu nmapyalaHUIIMAaH XOCHJ OYIIyBUU T p-
Kyprnukauar SddexTuB Maccamapu cnekTpu Oyinda, yuyuO KenaérraH
JNEUTpOHNIAp MAACTACHMHUHT  TYpJM DSHEPTUJapU Y4yH, OJIMHTAH HaTIbKaiap
KEITUPUJITaH:

-IEUTPOHIApHUHT Oupiamun nactacu sHeprusicdh Eq= 1.5 I'3B/H yuyH 7t p-KyQT-
JMUKHUHT 3QQEKTHB Maccajapu CIEKTpH 4yKKHcH M,y = (1480 £ 18) M>B/c?
XapaKTePHCTHKATa 5ra, YHUHT KeHIJTHTH 3ca 23 MoB/c’ra TeHr (8.a-pacm);

o — 180

s Ed: 1.5 I»B/H
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8-pacm. S;1(1535)-pe3onancu apompacuaa mp-KyPTIMKHUHT 3¢ PeKTUB
MaccaJlapd TAKCMMOTH, Y4U0 Ke1aéTrad e TPOHIAP JACTACH IHEPIrUsCH
1,5 I'B/nykion (a) Ba 1,9 I'yB/nykionaap (0) yuyH

-aliHM y1Ia 4ykKy Jedtponsiap gactacuHuUHr Eg= 1.9 I'sB/H sHeprusicu ydyH
M,p4=(1493 + 4) M>»B/c” Ba kenrmuk 38.3 MaB/c® kuiimMaTnapun kypcatamm (8.6-
pacm);

-nedTpoHsap oupiamuu gactacuHUHT sHeprusicd Eq= 2.1 I'B/H yuyn (1481 + 8.4)
MbB/c? Genruma YyKKH OIMHIAH, YHHHT KeHDHrH oca (47 + 9) MoB/c® ra tenr
oynau (9-pacm).

Integral 504
%2/ ndf 6.339/15
Constant 81.82 + 13.65
Mean 1481+ 8.4
Sigma 47.12+9.23

TH 1
ok

M., - M3B /c?
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9-pacm.Jleiitponaap nacracunuur 2.1 I'B/Hyki0oH 3Heprusicuia TaHjaad
OJIMHTAH XoAucaapHuHT 3¢ PeKTHB Maccagapu cnekTpH, Si;(1535)-
Pe30HAHCHHUHTIAPYAJAHUIITUAAHXOCH OYJIYyBYH (7T P)-KyPTINK yIyH

FOkopua ONMHIraH SKCHEPUMEHTAl MablIyMOTJIAp aCOCHAA,sAapoja OOFIaHraH
S11(1535)-pe3oHaHCHUHT MapyalaHWIIMIaH Xocua OynyBum E(ntp) Huruuam
SHEPrUsUIap TAKCUMOTH MaKCHUMYMH XOJATUHUHT AE-3HEprusBUil CHIDKHUIIUHH,
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opkuH  Sp1(1535)-pe3oHaHCHHMHT 1y MOHAHJA TaKCUMOTH MaKCHUMyMHHUHT
KoWjamuinura HucOataH, Oaxomam amanra omupwian. Skynuga Sip(1535)-
PE30HAHCH yUYyH OJHEPTUSBUN CHIDKHII KUHAMAaTH, yuuO KenmaéTraH JerTpoHIIap
JTACTACHHUHT Y4 XWJI DHEPrusicuaa, Kyhuaarmda Ooyimu:

1. AE =1535 MaB — (1480 + 18) MaB = (55 + 18) MaB Eq4= 1.5 I'3B/H na;

2. AE=1535 M5B — (1493 £ 4) MaB = (42 £4) MaB Eg= 1.9 I'3B/H na;

3. AE=1535 M»sB — (1481 = 8.4) MaB = (54 £ 8.4) MaB E4=2.1 I'3B/H na.

Oueprus OVitmua AE ra cripkull, Xyaad 1y KAdMatra 1-Me30HIIU sIpoja

Oornmanran S;;(1535)-pe3onancn MaccacHHHHT, SPKUH Ba sIpoja OofiiaHMaraH
S11(1535)-pe3onancu Maccacura HUcOaTaH, y3rapraHIMruHKA aHraataan. OJUHTaH
HaTIKanapaaH KypuHuo typranuaek, Eq= 1.5, 1.9 Ba 2.1 I'3B/H sHeprusinapu yuyH
AE xuitmatiapu skuH 0ynn6 yukau, yprada (50.3 £ 20) M»B ra TeHr Ba kelnHrA
XHCO0-KuTOOMapAa Iy yprada KuAMaT oiauHaau. Sq1(1535)-pe3onancunuHr (3ta-
ME30HJIM siipojia OofjaHTaH)’Heprusicu Oyindya AE cwDkdiHM Vadaniiard
XaTOJUKIIAP, T Ba p- CIEKTPOMETpJIapuja 3appajlapHUHT Y4uO YTUIIl BAKTUHU
Yiyann aHUKJIUTH Xamja TecKapy MacallaHd €4MINJIard XaToyapiaH Keiaud 4yukuo,
Oaxomanamu. Sp1(1535)-pe3onaHcu  1-Me30H OWJIaH HYKJIOHHHMHT  SIpOja
OMPUKUIIKM HATHXKACHAA XOCWUJ OYJIUINIMHU Ba HYKJIOHHUHT sapoja OOFJIaHHUIIT
sHeprusick Am = 7.3 M»>B skannuruHu xucobra oaum0, sapojaa OOFIaHTaH 1)-
ME30HHUHT Macca Ae(PEeKTH KUMaTH TOUIIIN:

Am(n) = (50.3 + 20) MaB — 7.3 MaB = (43 + 20) MaB (13)

Ilynmgait k6, Si1(1535)-pesoHaHCHUHT Ba 1)-Me30HHHHT ~C-yriIepo SApocua
Oornanu sHeprusicy (€xku Macca neeKkTH) KyHuaarn KuiMaTiapHu Oepaiu:

Ey(S11) = (50.3 +20) MaB (14)
Eq(n) = (43 £20) M>B (15)

S11(1535)-pe3oHaHCHUHT  TMapyaJaHWIIMIAH  XOCWI  OYIIyBUM T p-
KyQpTIUKHUHT  d(dexTuB  Maccamap  CHEKTpUIArd  YYKKU  KEHIJIUTH,
JEUTPOHJIAPHUHT Y4 XUJI DHEPTusl KUiMatiapu yuyH, yprada ~ (36.1 = 9)M»B Hu
Tamkui Kuiagu. Typnau myammudiap O0axonammura Kypa, KyTuiaérrad OOFIaHMII
DHEPTUACH Ba KEHTTUTH, Moc paBuiga ~10—20 M»B Ba ~30 M»sB 6ynumm kepak.
OnuHraH HaTWKAJIAPHU TAKKOCHANIJaH KYPUHHINNYA, KEHTJIMK KUIMaTh
XaTOJIMKJIIAp JAovpacuaa Oamopar KUiIMHIaH KuiiMaTiapra MyBO(QUK KelraH, JEKUH
OOFJIAHMILI PHEPTUSCU OMPO3 KATTapOK YMKKaH, OyHH JEspJIMK THHY XOJaTAard
S11(1535)-pe3oHaHCHMHT OHWp MHKIOP MMITyJIbCra 3ra OYJIMIIINTH OWIIaH
TYIIYHTUPHUII MyMKHH. By epaa HyKJIOHJIApHUHT sapojaru (GepMu-TaKCHMOTHHU
XaM XucoOra oJiuIl Kepak, JEKUH YHUHT YiIyaHaETran XapakTepucThuKagapra, SbHU
(mp)-KyPTIUKHUHT coumnin Oypyard Ba KOMIIOHCHTJIAPH DHEPTUsUIapu Oyitnmua
KOPpEJSLUICUTa TAbCUPH KyUucH3 1€0 TabKU Il MyMKHH.

[lyaunrAaek, Kydugaru peakmusga 1-ME30HIH SAPOTAPHUHT MYSUTUULU
myauK Kecumuny 0axosail KeITHPUITaH:
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d+C— (A, +..om +p+.., (16)

Nir=1.5 + 2.2x10° HodmacTuk TAabCUPJIAIIYBHUHT TAaKCUMOTHUTA Kypa, CIEKTPO-
MeTpHHHT (hasosuii Gypuarn (Q =~ 8 x 10crep.) oy Ba dC peakuusICH HODIACTHK
TabCUPJIANTYBIAPU KECUMH Cj, = 426 + 22 MOapH JapHH XyUcoOra ojraH XoJjja,
JKapa€HHUHT TYJIUK KECUMU KyHuaaru Kuimataa 6axoiaaHaau.

47 Negg —N
A= 5N

d"C-peakumsicua  ONMHTAH — 9Ta-ME3OHIM SAPOTAP XOCHI OYIIHIIE TYIHK
KECUMUHUHT KHiMaTd, Oomika Mmyauiddiap WIIMAa OJMHTaH MabIyMOTIapra
SXIIH MOC Kenamd, ymapiaa p-C-peakiscd y4yH YTKa3HIraH XucoOmammiap
~ 4 pb xuitmatuau OGepran (IEHTPOHIAPYUYYH TYIUK KECUMHUHT KUIMATH JESIPIH
UKKH OapaBap KaTTa).

Y6y 600HUHT oxupuaa 1y (pakT TabKUIaHAAUKW, OJIMHTAaH HATHXauap 1-
ME30HJIM SIIPOJIapHUA HUJEHTU(PUKALUIAl YCYJIUHHU, TETUIUIN PEeakUsulapHU Ba
HKCIEPUMEHTHU aMajra OLIMpUII [mapouTinapuHu Tyrpu Tannam, CKAH
CIEKTPOMETPUHM KYyiulam OujiaH OeBocuTa OOFNMMKAMp. YOy Kypuiaran Oapua
yopasiap H3iMaHaérraH >(QQEeKTHU Yiayaml, YHUHI KECHMMU KHYKMHA Oynuimra
KapamaclaH, yYHU (OHHUHI KaTTa OKUMHUJAH aXpaTud OJIMII HUMKOHUSTHHU
OepraH.

O &, =11+8ub

XVYJI0CA

“Ora-me30Hau gaposapHuHr 1,5 + 2,1 ['3B/HyKkII0H 3HEprusiap opanuru-
maru p,d(*°C) - TYKHAuIyBIapHAa XOCWI OV/IHIIN’ MaB3yCHIATH MOKTODIIHK
auccepranuscu Oyinuya onub OopwiraH TaaKUKOTiIap Oyiimya Kylugaru
XyJiocanap TaKJIuM STUIaIN:

1. Jleiitponmap mactacu osueprumsicn 2,1 TIsB/mykinonm 6ymran  d'C-
TabCUPJIANTYBAA ATA-ME30HIN SIPOJAPHUHT XOCUJ OYJIUIIN TYIUK KECUMUHHHT
0, = 11+ 8 ub sHrU 3KCIeprUMeHTan KUIAMAaTH OJUHIN.

2. Hyknotponaa yun6 kemaérran aewtponnap pacracuaudr y4a xwi (1,5; 1,9
Ba 2,1 I'@B/HykjoH) sHeprusuiapu ypradya KUHMaTH YYyH DK30THK YIJIEPO]
sapocua xocun OymyBun Si1(1535)-pesonancu OGormanmin sHeprusicd Ey(Sip) =
(503 + 20) M»sB anwukmanrad. By kwiimat Sy;(1535)-pesoHaHcHHUHT
napyajJaHUIIMAAH TYFWIYBYU T p-)Ky(Tiaukiaap >3Q¢GeKTuB mMaccanapu CIEeKTpUaa
Kysatunran aykkn (1484.7 + 20) MsB/c® kypcarruumman xucobnanran 6ymmo,
ayKKHHUHT KeHrmard (36.1 + 9) MoB/c? ra tenr 6yamu. Sy1(1535)-pesonarcu 1-
ME30H OujaH HYKJIOHHMHT OMPHMKHUIIM HATHUXACWJa Maijo OYJIWILIUTH acocuja
(HYKJIOHHUHT O0fiaHul 3Heprusick Am = 7.3 MaB), 5k30TUK yriiepoj apocuiaru
N-ME30HHHHT OOFJIAHUII SHEPTUACH yUyH sHTU KuiiMat omuHau Eg(n) = (43 + 20)
Mb»>B.

3. HykJIOTpOHHUHT ®Cu Ba 47Ag WYKWA HUIIOHJIAPU YUYH O-DJIEKTPOHIAPHU
yauam OpKaJid TONWITAH peakmnus EpUTYBUAHIUTH Ba XaKUKUN peakius
EpPUTYBUAHJIUTH OpPACHUJIaTH TMPOTOINMOHATUTMK KOA(POUIIMEHTUHN aHUKJIOBYU
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NITOPUTM Takiud KUIuHAM. YuuO KemyBuu naeutponnapHuHr Eq= 326+ 366
MbsB/HykioH 3Heprusiapuaa Xakukui EpUTYyBYAHIMKHUHT VpTadya KAWMaTIapu
Muc HUIOHE YayH L(dCu) = (0,9 0,03) x10% cm™-¢c™ Ba kymymm HumoH: yuyH
L. (dAg) = (0,27 £ 0,012) x10* cm™-c™ map anmkTanmm.

4. HykJnOTpOHHUHI WYKH HUIIOHM Y4YyH PA-HOAZJMACTHK TYKHAIIyBiapjaa
xocwn OYiayBun A(1232)-pe30HaHCHMHUHT KECUMHHHU OaxOJIAIIHUHT SIHTH YCYJd
TaBcHsl KWIMHAW. HyKIOTpOHHUHT yuuO Kejaa€TraH MPOTOHJIAPUHUHT TYPJIH XHII
KUHETUK JHEPrUsiiapy Y4YyH JeJIbTa-pe30HAHCH TYFIIIMIIMHUHT TYJIUK KECHUMHU
KuiiMaTinapu onuHad: 61=13,15 mb (T,;=1,4 I'3B), 5,=10,80 mb (T,,=1,7 I'3B),
03=9,86 mb (T,;;=1,9 I»B). HyKIOTpOHHHMHI WYKM HUIIOHMAATU pA-
TYKHaIIyBJIapJa M-sAApO-JIADUHUHT XOCHJ OYJIMIIMHUHT TYJIUK KECUMH Gy, (plzC) =
3,3 ub anuknangm.

5. HyKJIOTpOHHHMHT TypJil WYKW HUIIOHJIAPH Ba TE3MAIITUPUIYBUHU SAPOJIAPH
yU4yH peakuus EpUTYBUYAHIUTHHMA aAHUKJIAIIHUHT YHUBEpCAal YCylu HIad
YUKWIAWA, JACNbTa-dJICKTPOHJAPHUA  CENEKIMsUIalia  HYKJIOTPOHHUHT — MYKU
HUIIOHUAA Py OepyBuM peakuusiap EpUTYBYAHIWTHHHU JUATHOCTHKA KHUJIHII
Y4YH Maxcyc sCaJira apuM yTkasruaiau AE-E neTekTopu KyutaHuiau.

6. SAnpoBuil MyxuTaa OOFJaHTaH 1)-ME30H Ba HYKJIOHJM PE30HAHCIApPHHUHT
XYCYCHSTIAPUHA TaAKUK KWJIHMII Ba SK30THK SAPOJIAPHUHT CTPYKTYPACHHU
yprauum y4uyH mympkamuianrad ukku enkanu CKAH kypunmacu Ba yHra HMKKA
OOCKHUWIN AJEKTPOHUKA TU3UMU UIILIA0 YMKWIIU Ba SIPATUIIIH.

7. Ilporonnmap Ba 3apsamiu nuonmapau  (S11(1535)-pe3oHaHCHUHT
napyajaHUIINAaH XOCWJI OYIIyBUM) Kaill KWJIMIIHUHT, YJIAPHUHT UMIYJbCIapH
nuanaszonuga nuonnap yuyH ~ 90% ra Ba mpotonnap yuyH ~ 95% ra, roxopu
camapazopaurura sputiiid. KypuiMaHuHr xap OuUp €IKaCHMHUHI T'€OMETPHK
akcerrrancu 0 = 6° Ba Q= 35° un tamkun Kuoad. TOF-TH3HMEHEHT akpaTta OJIMIL
pyxcatu ~ 150 ps kuiiMatra TeHr 0yiau.
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BBE/IEHUE (AHHOTAUsl JOKTOPCKOM IMCCEPTALNHN)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbl auccepranum. B Hacrosiee
BpEMsI BO BCEM MHUPE U3YUYEHHUIO CTPYKTYPBI IK30THUECKUX SIAEP U UCCIIEIOBAHUIO
CBOMCTB 3Ta-ME30HOB M HYKJIOHHBIX PE30HAHCOB B SJIEPHOM CpENE YIENAETCS
Oonpiioe BHUMaHue. [lodyuyeHue cBejeHH O CBOMCTBaX 3Ta-ME30HOB U
HYKJIIOHHBIX ~ PE30HAaHCOB, CBS3aHHBIX B  SApE, BXOAUT B  YHUCIO
BBICOKOITPUOPUTETHBIX 3ajad, KOTOPBIMH 3aHUMAETCS COBpPEMEHHAs
dbyHmamMeHTabHAs siaepHas pusuka. M3BecTHO, 9TO TOJIBKO IKCIIEPUMEHTAITBLHBIM
IyTEM BO3MOXHO OIPEICIICHUE TAKUX CBOMCTB 3Ta-ME30HHBIX SAJIEpP, KaK SHEPrusd
CBSI3U M LIMPHUHBI, 4 TAKXKE BEPOSITHOCTA OCHOBHBIX MOJI pacnaaa. B yctaHoBieHUn
MEXaHU3MOB B3aUMOJCHCTBHS OTa-ME30HOB M HYKIOHHBIX PE30HAHCOB C
HYKJIOHAMH SIEP, TPOBEPKE HMMEIOIIUXCSI TEOPETUUYECKUX NPEACKA3aHUUA U
MOJENEN BOCCTAHOBJICHUSI KUPAJIbHON CUMMETPHUM B IUIOTHOM SIIEPHON MaTepuu
MPOCMATPUBAETCS BOCTPEOOBAHHOCTh B U3MEPEHUSX U TMOJYYECHUU TaKUX
CBEJICHUI.

B Hactosmee BpeMs 3KCHEPUMEHTAJBHBIX YCTAHOBOK IO OIPEACIICHUIO
CBETUMOCTH pEAKLM Ha BHYTPEHHEW MHUIIEHU YCKOPUTEJIEH ITPAKTUYECKU HE
CYIIECTBYET M 3aMETHA HE JOCTATOYHAS TOYHOCTH CYIIECTBYIOIIUX YCTAaHOBOK U
METO/IOB, MpUMEHseMBbIX i 3Tux nened. [losTomy pazpaboTka MeTO/I0B
MCCIICIOBAHUS Ha  BHYTPEHHEH  MMIIEHU  YCKOPHUTEIEH, CO3J1aHNE
AKCIIEPUMEHTAIIBHBIX YCTAHOBOK I U3YUYECHUS CTPYKTYPbI SK30THUYECKHUX SICP U
MCCIIEIOBAHUS CBOMCTB 3Ta-ME30HOB M HYKJIOHHBIX PE30HAHCOB B SIZIEPHON Cpene,
a TakKe METOAOB OMNPEAEIEHUS CBETUMOCTH PEAKIMid HA BHYTPEHHEW MHUIICHU
YCKOPHUTENSA U CO3JaHHWEHE BO3MYIIAIOLIECH CaM Iy4OK HYKJIOTPOHA YCTAHOBKHU K
HUM SIBJISIETCSI aKTYaJIbHOM.

B nameit Pecriybnvke 00bllioe BHUMAaHHUE YACNSIETCS PA3BUTHUIO PA3TUYHBIX
HaIpaBJICHU SKCIEPUMEHTAIILHON (PU3MKH W MpOBeeHUI0 (yHIaAMEHTAIbHBIX
MCCIIEIOBAHUM 10 3TUM HANpaBJICHUSM HAa MHUPOBOM ypoBHE. B 3TOM 11I1aHE
yAJIOCh JIOCTUYh 3HAYMMBIX pE3YyJIbTaTOB B sIepHON (usuke u ¢usnke
AJIEMEHTAPHBIX YaCTHIl, B YACTHOCTH: B PEIICHUM CYIIECTBYIOIIUX NpPOoOIeM B
00J1aCTH YCKOPUTEIHHOM TEXHUKH U UX MIPAKTUYECKOM PUMEHEHUH; B pa3paboTKe
M CO3JaHMHU METOJOB ONPEHECICHUS CBETUMOCTH PEAKLMN Ha YCKOPUTENIAX; B
M3YyUYECHUH CBOMCTB PA3JIMYHBIX ME30HOB M HYKJIOHHBIX PE30HAHCOB B SJIEPHOU
cpele; B CO3/IaHMM BOCTPEOOBAHHBIX YCTAHOBOK JUISI MCCIEAOBAHUS CTPYKTYpHI
DK30THYECKUX siaep. B coorBercTBUM co «CTparerneit AEMCTBUM 110 JaJbHEUILIEMY
pazButuio PecniyOonuku VY30ekuctan Ha 2017-2021 rr.», akTyanbHOW 3aaadeit
SBJISIETCS TOBBIMICHHE A(P(HEKTUBHOCTH OTPACIM Ha OCHOBE TEOPETHUYECKUX U
MPAKTUYECKUX UCCIICIOBAHUIN B 00JIACTH aTOMHOTO si/Ipa U (PU3HKU DJIEMEHTaAPHBIX
YaCcTUL[ 3a CYET BHEAPECHUS WHHOBALIMOHHBIX TEXHOJIOTMHA B ONPENECICHUU
mpoOJIeMBbl  MPOUCXOXKACHUS MACChl DJIEMEHTAPHBIX YaCTUI[ W  MPOBEPKE
TEOPETUYECKUX MOJEJIEN KBAHTOBOM XPOMOJAUHAMUKH.

JlanHasi Hay4YHO-HMCCIIEZIOBATeNbCKass paboTa COOTBETCTBYET 3ajavam,
npexycMoTpeHHbIM B Ykasze [Ipesunenra PecnyOnuku Y36ekucran YII-4958 “O
JATbHEHIIIEM COBEPIEHCTBOBAHUM CHCTEMBI MOCIEBY30BCKOTO OOpa30BaHUS™ OT
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16 despans 2017 roaa, B [locranoBnenusix IIpesunenta Pecny6nuku Y30ekucran
No  TII1-1442 «O npuopuTeTax pa3BUTHSA MPOMBIIUICHHOCTH Pecnyonuku
V36ekuctan B 2011-2015 rogax» ot 15 mexkabpss 2010 roma, Ne III1-2789 «O
Mepax MO JajlbHEHIleMy COBEPIICHCTBOBAHUIO NEATEILHOCTH AKaJeMUU HayK,
OpraHu3alluy, YNpaBleHus W (UHAHCUPOBAHUS HAYYHO-HCCIIEIOBATEIHCKON
nearenbHocTH» OT 17d¢eBpans 2017 roma, a Takke B JPYrdX HOPMATHBHO-
MPaBOBBIX JOKYMEHTaX, MPUHATHIX B JaHHOU cepe.

CooTBeTCTBHE HCC/IEI0BAHNS TPUOPUTETHBIM HANIPABJIEHUSM Pa3BUTHA
HAYKH W TexHojorui. JlucceprallmoHHOE WCCIEAOBAaHUE BBIMIOJHEHO B
COOTBETCTBHUH C MPUOPUTETHBIM HAMPABICHUEM Pa3BUTHUS HAYKU W TEXHOJIOTHH B
PecnyOnuke Y3b6exucran |l. «DHepreTrka, sHEPTO - U pecypcocOepekeHne.

O030p MeKTYHAPOAHBIX HAYYHBIX MCCJIE0BAHNIN M0 TeMe JUCCePTAIUH.
HccnenoBanusi Mo M3yYEHUIO CTPYKTYPHI SK30THUECKUX SJ€p, B YACTHOCTH, IO
UCCJICIOBAHUIO CBOMCTB 9Ta-ME30HHBIX siiep MPOBOJATCS B  OOJIBIIMHCTBE
AJIEPHBIX IIEHTpax MUpa, B ToOM yucie B LleHTpe Mo M3y4eHUIo0 TSKEIBIX MOHOB
umenu lenpmronsia  (Hapmmranr, [I'epmanus), Onuxckom — HayyHO-
uccienoBatenbckoM 1eHtpe (HOmmx, I'epmanusi), B ®DU3HYECKOM HHCTHTYTE
umenu II.H.JleGeneBa Pocccuiickoit akamemun Hayk (MockBa, Poccus),
OObeIMHEHHOM HHCTUTYTE SIAepHBIX uccienaoBanuit (Jyona, Poccus), B
MeXIyHapoaHo# kosutabopanuu Graal (I'pero0an, ®panius), B HarmonansHoi
naboparopun Tomaca JIxedepcona (Hemopt Heroc, CIIIA), BpykxeiBeHckoit
HaroHanpHOU ~ jabopatopum  (bpykxeiteen,  CIIIA),  Jloc-Anamocckoii
HaroHaabHOU JabopaTopuun (Jloc-Amamoc, CIIIA) um B yHmBepcutete Ocaku
(Ocaka, Smonus).

[lo wuccnenoBaHHIO OCOOEHHOCTEW CTPYKTYpPbl SK30THYECKUX SIEp U
M3YYCHUIO CBOWMCTB 3Ta-ME30HOB M HYKJIOHHBIX PE30HAHCOB B SIACPHON cpene Ha
MHPOBOM YPOBHE TIOJIYYEH PAJl BAKHBIX PE3yJbTaTOB, B YACTHOCTH: IpeJIcKa3aHa
BO3MOXKHOCTh CYIIIECTBOBAHHSI 1Ta-ME30HHBIX SJIEp W PACCUUTAHBI JIJIMHBI
paccesHus a,y npouecca NN - B3aumonelcTBus B puOaMKeHnu S-BoiHbl (Jloc-
Anamocckas  HamumoHanpHas — jabopatopus, CIIA), mnomydeHbl TIEpBBIC
MOJIOKHUTENIbHBIE PE3YJbTAThI M0 POKIACHUIO T|-ME30HHBIX siIep B (POTOpPEAKIUIX
(Pusnueckuii uacturyt uMm. IL.H. JleGeneBa, Poccus), mcciaemnoBaHbl CBOMCTBA
HYKJIOHHOTO pe3oHaHca N*(1535) u m-me30H0B B snepHoi cpene (OcakWHCKUN
YHUBEPCUTET, SIMOHWS), 3aperHCTPUPOBAHBI CHUTHAIBI OT paclajga T)-ME30HHBIX
saep B ¢oropeakiuax (L[eHTp MO HM3YYCHHIO TSKEIBIX HMOHOB HMCHH
['enbmrombira, ['epManusi), ompesneneHa CHUHIJIETHAs KOMIIOHEHTA 1)-ME30Ha IO
apoMaTy U TOJIy4€HBI JaHHBIE TI0 CTPYKTYpPE 1| ME30Ha, MOTyUYeHbl TEOPETUUECKIE
OLICHKU JJIMHBI PaccesiHUs a,y CBS3aHHOM CHUCTEMBI M-ME30Ha M sapa (B paMKax
MEXIYHAPOIHBIX Koyaboparuii, ®Opanuus, ['epmanus, Poccus), co3ngana
OJTHOTIJICYEBAs] YCTAaHOBKA MO M3YYCHHIO CBOMCTB 3Ta-Me30HOB (OObeaTuHEHHBIN
WHCTUTYT SACPHBIX UCCIACAOBaHMM, Poccus), 3aperucTpiupoBaHbl MapHbIC YaCTHIIBI
OT pacmajia 3Ta-ME30HHBIX SJep, POXKICHHBIX B Qoropeakiusax (Duznyeckwii
unctutyT uM. [1.H. Jle6enera, Poccus).

[To m3yueHuio 3-ME30HHBIX SA€pP BEIYTCS HCCIEAOBAHUSA IO CIEAYIOIINM
byHIaMEHTAIBHBIM HANPABJICHUSAM: U3MEPEHUE DHEPTreTUYECKUX YPOBHEH M UX
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LIMPHH IS 3-ME30HA U S1; -pE30HAHCA B COCTABE 3-ME30HHOTO SAPA; ONMPEIECICHUE
amrutyasl 3N —B3auMopeiicTBus; ucciaeaoBanue npoiecca S*N* —NN B sapax;
U3Y4YCHUE BIUSHUS SAEPHOU Cpellbl Ha XapaKTepUCTUKU (Macca, BpeMs KU3HU) 3-
ME30Ha W Sp1-pE30HAHCa, CBSA3aHHOTO B s/Ipe; OMpeleseHue mnoTeHuuana 3N-
B3aMMOJICHCTBHS C YICTOM M3MEHEHHUS Macchl 3-Me30Ha B S11(1535) — pe3onanca B
AJIEPHOM CpeJie; MCCIEOBAaHUE BO3MOKHOCTH OOpa30BaHUsS 3-ME30HHBIX fJIEp B
JIETKUX SJIpax.

Crenenp M3y4yeHHOCTH NpoOJeMbl. [IepBbIii 3KCIEPUMEHT MO MOUCKY M-
ME30HHBIX sziep ObU1 mpoBeneH B 1988 romy amepukanckumu ydeHsiMu A.M.
Chrien u ap. (bpykxeiBeHckas HanmoHabHas tadopatopusi, CIIIA), koTopsiMu B
peakiuu © A — pX wu3ydancs crnektp Hemocrtarommx macc My. Ha ocHose
Pa3BUTOM TOT/Aa TEOPUHU OKUIAIOCH YBUJIETh NMUKUA ITUPUHOK OKoyio 5 - 10 M»aB.
OpHako HHMKaKoro nukKa OOHapy>KeHO He ObLI0, M MPUYMHOW HTOTO SIBUJIACH
CYILIECTBEHHO OOJbIlIasl IIMpPUHA IHKA, BbI3BAHHAs KAaK COOCTBEHHO IIUPUHOU
CBSI3aHHOT'O COCTOSIHMSI T|-M€30Ha, TaK U BO30YXJAEHUEM OCTATOUYHOTO sApa.

ATnbpTEpHAaTUBHBIN CIMOCOO MOUCKA TM-ME30HHBIX SJE€p MYyTEM PErucTpaluu
OpPOAYKTOB MX pacnaga (koppenupoBaHHbIX 7N map) ObUT NIpesioKeH
poccuiickumu yuyeHbiMu [.A. Cokxonom u B.A. TpscydeBbiMm (DPusznueckuii
unctutyt uMm. [LH. JlebGenera, Poccust) B 1991 roay. Cnenys sToli wmiaee, Ha
(OTOHHOM ITyYKE 3JIEKTPOHHOI'O CHUHXPOTPOHA OBLI TMPOBENEH HKCIEPUMEHT,
MOJYYEHbl HEKOTOPBIE MPU3HAKU MOSBICHUS KOPPEIUPOBAHHBIX Map, HO MO 3Ta-
AJlpaM CBEACHUIN HE MOIYUYECHO.

B nocnenyromue roapl TMOUCK 1)-ME30HHBIX $JI€p HAadald MPOBOIAUTH IO
IPOAyKTaM WX paclaja, HampuMep Ha MOHHOM mydke LleHTpa mo u3yuyeHuro
TSDKENIBIX MOHOB uMeHu ['enbmronbua (Hapmmraar, ['epmanusi) ¥ OpOTOHHOM
nyuke HOnuxckoro HaydHo-uccienoBarenbckoro nenrpa (FOmux, I'epmanust), HO
MOJIOKUTENBHBIX PE3YyJbTAaTOB 3THU JKCIEPUMEHTHl He aanu. Ha siekTpoHHOM
HAKOMHUTEJIE B paMKax MEXKIyHapoaHoi kosutabopanuu Graal (I'peroOub,
@paHuusi) OblIa PacCMOTPEHAa BO3MOXKHOCTb MPOBEJECHUSA 3KCIIEPUMEHTOB I10
U3YYCHUIO CBOMCTB 3Ta-ME30HHBIX sifiep, popMupyembix (OTOHAMH OT AJIEKTPOH-
JIa3epHOTO pacCessHusl C MCMOJIb30BaHWeM ycTaHoBkM Graal, HO oHU He ObLIM
IIPOBEJICHBI.

[Ipu mpoBeneHUN pazIUYHBIX (PU3NYECKUX HKCIIEPUMEHTOB Ha BHYTpPEHHEH
MUILIIEHH HYKJIOTPOHA, ONPEACIICHUE CBETUMOCTU PEAKLHMH SBISIETCS Ba)KHBIM
MOMeHTOM. B Teopetnueckux padorax poccuiickux yueHbix Aprtemoa A.C. u ap.
OblJJa pacCMOTpPEHa BO3MOXKHOCTh TMPUMEHEHHUS JIeNbTa-dJIEKTPOHOB TS
ONPENEIICHNs] CBETUMOCTH PEAKLIHWM HAa BHYTPEHHEW MUILEHH HYKJIOpPOHA. bblna
BBIJIBMHYTA HJes MCIIONB30BAHMS IBYXMAHATHOTO AHAIM3ATOPA’ M JUIS CEJICKIIHH

—3
9JIEKTPOHOB HY)KHO OBLIO CO31aTh MAarHUTHOE Toje ¢ uHaykiuedr B =~ 0,6 To.
JlaHHBIM MPOEKT M3-3a TEXHUYECKUX MPOOJEM U CIOKHOCTEH B MCIOJHCHUHU HE
OBbLT OCYIIECTBIIEH.

1
ApremoBA.C., AdanacreBC.B., B.C. AndeeBuap. Cxema M pacueT MarHMUTHOTO aHAJIM3aToOpa 3JIEKTPOHOB JUIS

WCCIIEJIOBaHMH O PENIITUBUCTCKOW aTOMHOM (M3KMKe Ha BHYTPEHHHX MHIIECHSAX HykioTpoHa // [Tucema B DUAS. -
2007. -T.4, Ne 3(139). -C.434-442.

29



CBsi3b JIHCCEPTAIMOHHOTO MCCJIAEAOBAHUS ¢ IUIAHAMHM  HAY4YHO-
uccjieoBaTeJbckux pador. Pabora BbIMOIHEHA B paMKax MOpoOJIEMHO-
TEMaTUYECKUX IUTAHOB M MEXKIYHAPOAHOro coTpyaHudecTBa (OO0BEAMHEHHOTO
UHCTUTYyTa  SACPHBIX  HWcchlefoBanmid mo  teme  02-1-1087-2005/2017
«MccnenoBanuss 1o (PU3MKE PEIATUBUCTCKUX TSKEIBIX M JIETKUX HMOHOB Ha
Hyxiorposne, SPS u SIS18».

Leabio wucciieoBaHUA SBISETCS BBIICHEHHE OCOOEHHOCTEH CTPYKTYphI
HK30THYECKUX SJEP U H3YyYEHUE CBOMCTB 3Ta-ME30HOB M HYKJIOHHBIX PE30HAHCOB
B SJICPHOM Cpee.

3agauu uccjie 0BaHuUs:

CO3JaTh JIBYXIUIEUEBOW OE3MarHUTHBIM CIIEKTPOMETP JJIA PETUCTpAlUU H
aHajau3a 3apsSKEHHBIX YACTHII, BEUICTAIONIMX U3 BHYTPEHHEH MUILIEHH HYKJIOTPOHA
TOJT yTIIaMU = 90%

U3MEPATH MaPhl 3aPsHKCHHBIX YaCTUIL (KOPPEITMPOBAHHBIC 110 SHEPTUU U YTITY
pasiieta KOMIIOHEHT), OJTHOBPEMEHHO pa3JieTaAIOIIMUECs IPYT OT ApyTa Moj yriaMu
~ 180°, MEHSTb yroJ periCTpaliy IS IPOBEICHAs (POHOBBIX H3MEPCHHUIA;

pa3paboTaTh YHUBEPCAJIbHYI0 U JOCTYIHYIO B HCIOJIHEHUH METOJUKY
U3MEPEHUSI CBETUMOCTH PEAKIINil Ha BHYTPEHHUX MUIICHIX HYKJIOTPOHA;

co37aTh YCTAaHOBKY JJisi OINpPEACIICHUs CBETHUMOCTH pEAKIUN IMyTeM
pPErUCTpallud W CEJICKIIMU JIeNbTa-3JIEKTPOHOB, BBUICTAIOIMIUX W3 BHYTPECHHEU
MUILIEHH HYKJIOTPOHA MO/ ONPEICICHHBIM YTJIOM.

O0bekTOM HMCCIeNOBaHUSL SBISIOTCA  (DU3UYECKHME TPOLECCHl  Ha
BHYTPCHHEH MMIIICHU, TPOUCXOJIANINE TIPU €€ B3aUMOJCHCTBUH C Pa3IMIHBIMU
YCKOPEHHBIMH SIIpaMH HYKJIOTPOHA, a TAKXX€ CBOMCTBA POXKIAIOIIMXCS B HUX
HK30THUYECKHX SIED.

IIpeamerom mcciieqoBaHus SBIsETCS 00pa30BaHUE PE30OHAHCHBIX CTPYKTYP
U DK30THYECKHX sfep B pA- u dA-peakiusx Ha BHYTPEHHEW MMUIIECHU
HYKJIOTPOHA.

MeTtoabl HCCJIeIOBAHMS. Metonom BHYTPEHHUX MHILIEHEN
PETUCTPUPYIOTCS ~ BTOPUYHBIC YACTHUIIBI, BBUICTAIOIIME W3 MHIICHU TPU €€
B3aMMOJICUCTBUM C HAJIETAIOIIMM TYYKOM siiep HYKJIOTpoHa. OcCyliecTBisieTcs
HaOop nanHbiX DST mpu COOTBETCTBYIOMIUX PEAKIIMAX M YCIOBHUSIX AKCIIEPUMEHTA
M0 TIOMCKY 1-ME30HHBIX SIep MO0 HAaMEYEHHOW MporpaMMe W MPOBOJUTHCS HX
nocieayomas 00padboTka. ITH SKCIMEPUMEHTAIBHBIC TaHHBIC, MOJYUYCHHBIE MO
onpeeneHHble PU3NYECKUe MPOLECChl, 3aTeM aHAJIU3UPYIOTCS U CPABHUBAIOTCS C
MOJEIUPOBAHHBIMU  JTaHHBIMHU (GEANT, RQMD wu napyrue mnporpamMMel
MO/ICITUPOBAHUS).

Hayuynass HOBHM3HA HCCJIeIOBAHMS  3aKJIIOYAETCSi B  CIEIYIOLIUX
pe3yJibTarax, MoJyuYeHHbBIX BIIEPBbHIC:

MOJIYYEHO HOBOE HSKCIEPUMEHTAIbHOE 3HAYEHUE ISl TOJHOTO CEYEHUs
06pa3oBaHUs 1)-Me30HHOTO siapa B 07°C- B3amMoeHcTBUM 0, = 11+ 8 pub mpu
SHEpPruu mydka aeutpoHos 2,1 I'3B/uykioH;

onpenesneHa sHeprus cBs3u S11(1535)-pesonanca Ey(Sq;) = (50.3 + 20) MaB
B JK30THYECKOM SJIp€ YIJIEpOJa, B CPEIHEM IO TPEM SHEPIrUsIM HaJIETAOIIUX
nertponos (1,5; 1,9 u 2,1 I'>B/HykioH) HyKI0TpOHA, 3Ta BEIMYMHA BHIYUCIICHA TI0

30



OOHapy)XCHHOMY MHKY B cHekTpe 3((eKTHBHBIX Macc 7 p-mapbl OT pacmaja
S11(1535)-pesonanca Ha ormerke (1484.7 + 20) MaB/c?, muprHa [MKa 0Ka3aI0Ch
pasHoit (36.1 + 9) MaB/c%;

NoTy4eHO HoBoe 3HaueHue Ey(n) = (43 £ 20) MbB i1 sHepruu CBs3u M-
ME30Ha B 9K30THUECKOM SJIpe yIiIepoja ¢ y4eToM Toro, 4to Si;(1535)-pesonanc
MOSIBJISIETCSL B pe3yJIbTaTe CIUSHMS 1-ME30HAa M HYKJIOHA B sJipe (SHEPTUS CBS3U
HykJoHa Am = 7.3 MaB);

MPEJIOKEH aNTOPUTM HaxOXKIAeHHs KO3 (dULMeHTa MPOMOPLUHUOHATEHOCTH
MEXKJy HWCTHHHOW CBETUMOCTBIO M HU3MEPSAEMOM IO JEIbTa-3JEKTPOHAM
CBETUMOCTBIO peakimii s ~CU u''Ag MuIIeHell HyKJIOTPOHA M IOTyYeHO

cpejHee 3HaYeHne HCTHHHOM cBeTuMocTH Lo(dCu) = (0,9 + 0,03) x10% em™c ™ s

menoit mumenn u L (dAg) = (0,27 £ 0,012) x10*° cm™clams cepeGpsiHoii
MUIICHU TIPH SHEPTHUSIX HaNeTaomuX 1eHTpoHoB Ey= 326+366 MaB/nykiioH;

IPEJIOKEH HOBBIM METOJ] OIleHKH ceueHust poxxaeHus A(1232) - pesonanca
JUIS BHYTPEHHEH MMUIICHH HYKJIOTPOHA W JJISI Pa3HBIX KMHETHYECKUX DHEPruid
HaJICTAIOMMX TMPOTOHOB IOJYYEHbl 3HAYCHUS: c1=13,15 mb (T, =14
I'3B),5,=10,80 mb (T,, =1,7 I'3B),55=9,86 mb (T,;=1,9 I'3B).

IIpakTHyeckue pe3yabTaThl HCCAEA0BAHMS 3aKITIOYAIOTCS B CIICIYIOIICM:

pa3paboTaH YHUBEpCAIbHBIH METO ONPEACICHUS CBETUMOCTH PEAKIUi JIJIs
Pa3IMYHBIX BHYTPEHHUX MHIICHEH M TUIIOB YCKOPSEMBIX S My4YKa HYKJIOTPOHA
W CO3JIaH MOIYNpoBOAHUKOBBIN AE-E nerekTop, cnenuanbHO pa3pabOoTaHHBIN s
JIMarHOCTUKH CBETUMOCTH PEAKIIMA Ha BHYTPEHHEH MUIIIEHU HYKJIOTPOHA,;

pa3paborana W  co3maHa JAByxiuiedeBas ycraHoBka CKAH wu
JIBYXCTyIIEHYAaTasl CUCTeMa DJICKTPOHUKH K HEW, MpeaHa3HaueHHAs NI W3y4YeHUs
CTPYKTYPBI 3K30THUCCKUX SJICP U MCCICIOBAHUS CBOMCTB 1)-ME30HOBH HYKIIOHHBIX
PE30HAHCOB, CBSA3AHHBIX B SJACPHOU CpEJe;

JOCTUTHYTa  BBICOKass J(PQPEKTHUBHOCTh PETHCTPAllMd  TPOTOHOB U
3apsOKCHHBIX MHOHOB (0T pacmaga Sip(1535)-pezonHanca) B auama3oHe HX
uMITyTbcoB ~ 90% 17151 MMOHOB M ~ 95% 71 MPOTOHOB U TOTYYEHO Pa3peIicHHE
TOF-cucrems! paBaoe~ 150 ps.

JlocTOBEpHOCTh TMOJIy4eHHBIX Pe3yJabTaTOB OOOCHOBBIBACTCS, NPEKJIEC
BCEro, OOJIBIIONM CTAaTHUCTHKOM SKCIEPUMEHTAIIBHOTO Marepuajia (JaHHbIE 3a
HECKOJIBKO JIET CEaHCOB HYKJIOTpOHA), Oosiee TOYHON uACHTHU(UKAIMEH YacTHIL
0 Macce, a TakKe M3MEPEHHEM HX HUMITYJIbCOB M CKOPOCTEH C OOJIBIIONW TOY-
HOCTBIO; TIPUMEHECHHEM OOIICTIPUHSATHIX CTAaTUCTHUYECKHUX METOAOB 00pabOTKU U
aHaJM3a YKCIICPUMEHTANIBHBIX JaHHBIX, @ TAKXKE HCIOJIb30BAaHMEM KaK WHKITIO-
3MBHOTO, TaK W OKCKJIIO3WBHOTO TIOJIXOJOB K HHTEPIPETAIIMH PE3YJIBTATOB;
COOTBETCTBHEM TIOJYYCHHBIX OSKCICPUMCHTAIBHBIX JIAHHBIX C pPE3yJIbTaTaMH
JIPYTUX SKCIEPUMEHTOB TI0 HMCCIICOBAHUIO JK30THYCCKUX SACP M OCHOBHBIMHU
BBIBOIAMH TEOPETHYECKUX padOT IO UCCIICTOBAHUIO SK30THICCKUX SI/IEP.

HayuyHas u npakTHyecKkasi 3HAYMMOCTh Pe3yJIbTAaTOB HCCJIeIOBAHMSI.

Haydnast  3HaYMMOCTh  pe3yJbTAaTOB  HMCCICIOBAHUS  OINPEACIISICTCS
BOCIIOJITHEHHEM 0a3bl JJAHHBIX MO CTPYKTYPE IK30TUUYECKUX SIIEP U CBOMCTBAM 3Ta-
ME30HOB W HYKJIOHHBIX pE30HAHCOB B SJEPHOM Cpele; BO3MOXKHOCTBHIO
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NPUMEHEHHS B CO3JaHUHM TEOPETUYECKUX MOJeNed U UCIHOJIb30BaHUS  IpU
MPOBEICHUH TOJOOHBIX HKCIIEPUMEHTOB MO TOUCKY 3K30THYECKHUX fAJIep Ha
YCKOPUTEIISAX HOHOB.

[IpakTUueckas 3Ha4UMOCTh PE3yJIbTATOB UCCIICTOBAHUM 3aKII0OYAETCS B TOM,
YTO MPEAJIOKEHHBIM METOJ OINpPEACICHUsS] CBETUMOCTH PpEaKIM M CO3/1aHHas
YCTAaHOBKAa K HEMY SBJISIIOTCA OCHOBAaHMEM IS TIOBBIIEHUS TOYHOCTH
IPOBOJUMBIX 3KCIEPUMEHTOB MO MOUCKY IK30TUUYECKHX SJIep HA YCKOPUTENSIX U
IUIA CO37aHusI 00Jiee COBEPIICHHBIX YCTAHOBOK K HUM

BHenpenue pe3yiabTaToB HcciaegoBaHmii. Ha ocHOBe momy4eHHBIX
PE3YIIBTATOB IO OOPA30BAHMIO 3Ta-ME30HHBIX sinep B p,d(*°C) — coymapeHmsx:

pazpaboTaHHass  yHUBEpcalbHas METOJWKA  ONPEICICHUS  HCTUHHOU
CBETHMOCTHU peaknuii B PA-, dA-peakiusx Mo JIebTa-3JIeKTPOHAM, BBIICTAIOIIIX
MOJl OINpENEJICHHBIM YIJIOM W3 BHYTpEHHEH MuMIEeHH Oblla HCIONb30BaHa B
HECKOJIBKMX CeaHcaX HyKJIoTpoHa JlaGopatopun (QU3MKU BBICOKMX JHEPrUuit
OOBEeIMHEHHOTO HWHCTUTYTa sAlepHbIX wucciuenoBanuii (JIGBD OWSAN). Ilo
MOJIYYCHHBIM pe3yJibTaTaM B COOTBETCTBHUU C MPOrPaMMON MEXKyHApOIHOTO
corpyagauuectsa OMSAM  OblI0 MOATOTOBIEHO TEXHUYECKOE 3aJaHME Ha
U3rOTOBJICHHE ONTUMHU3MPOBAHHOIO BapuaHTa mnouynpoBogHukoBoro AE-E
nerekropa juisi HanmonanbHOro MHCTUTYTa (DU3MKM U SACPHBIX TEXHOJOTUMN
«Xopuit Xynyoeit» (byxapect, Pymbiaus) (IluceMo OO0beIMHEHHOTO WHCTUTYTA
sanepHbix uccnegoBanuii Ne 010-43/545 ot 14 nexabpst 2017 rona). [Ipumenenue
pe3ynbTaTOB  HAyYHBIX  HCCIEAOBAHMW  TO3BOJIWIO  pa3paboTaTh  HOBBIH
MTOYNIPOBOAHUKOBBIN  AE-E  geTexkrop 1 uMCNoOnp30BaHusS Ha HYKJIOTPOHE
JlaGopatopuu (pU3MKU BEICOKUX SHEPIH;

MPEIJIOKEHHBIA METOJ] OLEHKH CEUYCHHMS POXKIACHHS JelIbTa-u300apbl U
MOJTy4YE€HHBIE PEe3ylbTaThl OBLIM HMCIOJIH30BAaHBI B HCCJIEIOBAHUHM CBOMCTB 3Ta-
ME30HHBIX SiZiep Ha BHYTpeHHeW murieHu HykioTpoHa (I[Tucemo OObennHEeHHOTO
UHCTUTYTA sifepHbIX uccienaoBanuii Ne 010-43/545 ot 14 nmexabps 2017 roma).
[IpumeHneHne pe3ynbTaTOB HAYYHBIX HCCIAEAOBAHUM  TO3BOJIMIIO  CO37aTh
TpeximieueByto ycraHoBky CKAH-3;

MOJly4Y€HHOE 3HAaYeHHE MOJIHOTO CeYeHMs 00pa30BaHUs 3Ta-ME30HHOIO sijpa
B 0'C- B3aMMOIEHCTBHHM, ONpEACICHHBIC HOBBIC 3HAYCHHS ODHEPTMH CBSI3H
S11(1535)-pe3oHanca W 93Ta-Me30HA B 3K30THYCCKOM SApe yriepoaa ObuIH
MCIOJIb30BaHbl B TEOPETUUECKUX pacueTrax B @uszmdyeckom Poccuiickoil akageMun
Hayk (ITucemo ®usnueckoro uHcTuTyTa Poccuiickoil akanemun Hayk Ne 11220-
9311-1650 ot 14 nexabps 2017 roma). IlpumeHeHnue pe3yabTaTOB HAyYHBIX
WCCJICIOBAaHWIA TO3BOJWIO TUIAHUPOBAHME HOBBIX JKCIIEPUMEHTOB MO W3YUYCHHIO
CTPYKTYPbI SK30THYECKHUX SIJICP U UCCIICTOBAHUIO CBOMCTB 3Ta-Me30Ha U Sp1(1535)-
pe30HaHca B SJIEpHOM cpee.

Anpobauuss padorbl. Pe3ynbTaThl AaHHBIX MCCIEAOBAaHUN  MPOLUIH
oOcyxieHrne Ha 12 MeXTyHapOaHBIX KOHDEPEHITUSX.

Ony0auKoBaHHOCTH pe3yJbTaToB. [lo Teme auccepTanuu OMyOIMKOBAHbBI
23 HayuyHble paboThl, u3 HUX |1 HaydHBIX cTaTeli B PEKOMEHIAOBAHHBIX JIJIsi
nyOIMKauil OCHOBHBIX HAYYHBIX PE3y/IbTaTOB JOKTOPCKUX auccepTanuii Beiciiei
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aTTeCTallMOHHON Komuccuer PecriyOnnku Y30eKucTaH HayqHbIX W3IaHUSX, U3 HUX
8 B 3apyOeKHBIX KypHaIax.

Crpykrypa m o0bem auccepranmu. Jlucceprauus COCTOUT U3 BBEACHUS,
YeThIpeX TJIaB, 3aKJIIOYEHUs, CIUCKa JuTeparypbl. OOmmii o0beM auccepTaiuu
cocrtapisieT 159 crpanuil.

33



OCHOBHOE COIEP KXAHUE IUCCEPTALINHU

Bo BBemeHMM O0OOCHOBAaHBI aKTYaJbHOCTh W BOCTPEOOBAHHOCTH TEMBbI
nuccepTamuu, chopMyIUpPOBaHbl €M W 3a7a4M, BBISIBICHBI OOBEKT, MPEIMET U
METO/Ibl UCCJIEI0OBAHUS, U3JI0KEHA HAayyHas HOBHM3HA UCCIIEIOBaHUs, 00OCHOBAaHA
JIOCTOBEPHOCTh TOJIYYCHHBIX PE3YJIbTATOB, pACKpbITA UX TEOpeTUYecKas u
MpaKkTUYeCKass 3HAYUMOCTh, MPUBEIACHBI KpATKUE CBEIACHUS O BHEAPECHUU
pe3yabTaTOB U anmpodaruu paboThl, a TAKKE O CTPYKTYpe ITUCCEpTaLlUU.

B nepBoii rnaBe auccepranuu «YcjaoBuss (GoOpMHPOBAHHMSA CBSI3AHHOIO
COCTOSIHMSI 3Ta-Me30Ha € SIAPOM M MX INOHUCK HA Pa3JIMYHBIX YCKOPHTEJISAX
MHMpa» JaHa oOmas KiacCUpUKalusi HKCIEPUMEHTOB, MPOBOIUMBIX C
UCIONIb30BaHMEM  BHYTpPEHHMX  MulneHed.  Jlaercs  kpatkuii  0030p
AKCIIEPUMEHTAJIBHBIX pa0OT C HMCIOJIb30BAHUEM HEMOJSPU30BAHHBIX MYYKOB H
MUIIECHEN U3 CTAOWIBHBIX SI/IEP.

N3n05keHbl OCHOBHBIE TEOPETUYECKUE M SKCIIEPUMEHTAIbHBIE PabOThl IO
IIOMCKY M MCCIIETOBAHUIO T|-ME30HHBIX SACP U U3YUEHUIO CBOWCTB 3Ta-ME30HOB U
HYKJIOHHBIX PE30HAHCOB B siAEpHOM cpene. PaccMoTpeHbl HEKOTOpbIE MPOOIEMbI
AJEPHON (U3MKH, CTUMYJIUPOBABILNE PA3BUTHE MPEACTABICHUN 00 1-ME30HHBIX
Apax, B YACTHOCTH IEPEUYUCIIEHbl aKTyallbHbIE 3aJladd, KOTOpbIE TPEOYIOT
peLIeHus:

-U3MEPEHHUE DHEPreTUYeCKuX ypoBHeW Eyq m mx mmpun I'y 1 n-mesoHa u
S11(1535)-pe3onanca B cocTaBe 1-ME30HHOTO SJIpa;

-onpezaenenne aMruTy bl NN —B3auMoaeicTBus;

-uccienoBanue nporecca S*N* —NN B spax;

-U3y4YEHHE BIMSHUS SJIEPHOU CpeJlbl HAa XapaKTEPUCTHKHU (Macca, BpeMsl )KH3HHU) 1-
Mme3oHa 1 S11(1535) -pe3oHanca, CBI3aHHOTO B sJIpE;

-OlpeAesieHne InoTeHuuana MN-B3aMMOJIEHCTBHS C YY4E€TOM HW3MEHEHHUS MAaccChl
B3aMMOJICHCTBYIOIIMX B siApe yacTuil (n-Me30Ha U S11(1535) - pesonanca);
-MCCIIeIOBAaHUE BO3MOXKHOCTH OOpa30BaHUsI MaJOHYKJIOHHBIX 1-ME30HHBIX SEp,
T.€. 1|-ME30HHBIX sep ¢ A< 4;

PaccMOTpeHBI  MEPCIEKTUBBI  MCCIEAOBAHMM  1-ME30HHBIX  SiAEp C
UCIIOJIb30BAHUEM MYy4YKOB Y-, T-, p- ¥ 0- yacTuil B ['epMaHCKOM SICpHOM LIEHTpE
GIM (Japmmranr, ['epmanus), Pusuueckom wuHcturyTe uM. IL.H. JleGeneBa
(Mocksa, Poccus), OObeTMHEHHOM HHCTHTYTE SJICPHBIX HccienoBanuii (J{yOHa,
Poccus), kommabopamu GRAAL (I'pero0nb, ®pannus), Jlabopatopun uMeHH
Tomaca J[[xedepcona Amepukanckoro MmunucrepctBa sHepretukn (CEBAF,
CIIA), ynuBepcutere Ocaka (KCKK, Ocaka, SAnonust), Hayuno-uccneno-
BaTesibckoM neatpe COSY (FOmux, 'epmanus).

Bo Bropoii rmaBe nuccepraimu «Pa3padoTka MeToI0B PperucTpanuu
BTOPUYHBIX YACTHI, BbLICTAIOIIMX H3 BHYTPEHHell MHIIEHH HYKJOTPOHA»
NOJIPOOHO OMMCHIBAETCSI METOAMKA U 3KCIEPUMEHTAIbHAs YCTaHOBKA MO TMOUCKY
3Ta-ME30HHBIX SJI€p W OINpPEACICHUI0 CBETHMOCTH pEaKLUU Ha BHYTPEHHEH
MUIIEHH HYKJIOTpoHa. Bce (u3uueckue 3KCepUMEHTH MPOBEAEHBl HA CTaHIIUU
BHYTPEHHHX MUIIeHeH HykinoTpoHa JI®BD, u panee omuckiBaeTcs mpoueaypa
UCIIOJIb30BaHUsI MUIIICHEN U camMa CTaHIUSl BHYTPEHHUX MUIICHEH.

34



VYTBep)KaaeTcsi, YT0 BO MHOTUX (DU3MUECKUX SKCIEPUMEHTaX (Harpumep,
OpU TIOUCKE JTa-ME30HHBIX sIep) B AaTOMHOW M sAepHOM (usuke ¢
UCIIOJIb30BAaHUEM BHYTPEHHUX MHUILIEHEN YCKOPUTENS, BOSHUKAET HEOOXOAMMOCTh
OIIepaTHBHOIO KOHTPOJIS CBeTUMOCTH peakiui L(em?, ¢b). JIas peruenns 1aHHoit
3aJaud TPEeAJIaraeTcs HOBBIM METOJ ONpPEJEICHHUS CBETHUMOCTH peaklUuid Ha
BHYTPEHHEN MUIIEHU HYKJIOTPOHA C MMOMOUIBIO JI€IbTA-3JIEKTPOHOB, BBUIETAIOLINX
U3 MUILEHU BO BpPEMs €€ B3aUMOJACWUCTBUS C HAJECTAIOIIMM IydykoMm suep. s
PETUCTPALIMKA  [€NIbTAa-VIEKTPOHOB IPEAJIAraeTcs HCIOJIb30BaTh  CIIELHAIBHO
CO3JaHHBIN JUIsl 3TUX Leneil moaynpoBoAHUKOBBIN AE-E netextop (pucyHok 1).

Puc.1. Cxema AE-E—nerekropa:1-AE(Si) nerexkrop, 2—PIN doroamon S3590-
08, 3—Csl(Tl) neoprannyeckuii CHMHTHLISIHOHHBIN KPUCTAIL, 4—1I0paJie-
BbIi Kopnyc aerekropa; PAl u PA2— ka0eim nMTaHUA ¥ CbeMa CUTHAJIA

OtnenbHO omnmcaHa co3naHHas AByxiuiedeBas ycraHoBka CKAH, ee
napameTpbl U XapaKTEPUCTUKU. DTa YCTAaHOBKA MpeHAa3HAYeHa AJI UCCIIEIOBAaHUS
JBYyXYaCTUYHON KOppessiuu (mp, pp)3apsSKEHHBIX YacTHI[ OT pacnaja TM-Me30H-
HBIX sIZIEp.

Cnexrpomerpudeckas 4actb (P1-Ps u Ki-Ks) cnyxut ansa uccnenoBanus np
1 pp-map, pasnerarommxcs mox yriaom 180°. OHa COCTOMT U3 IBYX OJMHAKOBBIX
wied (P-ruiedo u K-1uieuo), pacnosioxkeHHBIX COOTBETCTBEHHO CJIEBa M CIIpaBa 110
NY4YKYy YCKOPHUTENS (PUCYHOK 2).

Y90 K

Puc.2. Cxema coOpanHoi 3kcniepuMenTaabHOM yctaHoBkM CKAH B
JABYXILIEYEBOM BapHaHTe

[TpuHun  paboOTBI CHEKTPOMETpPA OCHOBAaH Ha M3MEPEHUU CKOPOCTH W
KMHETUYECKOM PHEPTUU YacTUIIBI 10 BpeMeHu mposieta (AT) Ha 3amaHHOM 0aze u
sueproseiienennto (E-AE) B Bemectse nerekropa (AT - E - AE unentudukanms).

Jlanee ommchIBaeTCS JJIEKTPOHUKA IS PETUCTpAIlMM W cOOpa JaHHBIX,
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OTIIETTbHO W3JI0KE€HA KaTMOpPOBKA JCTEKTOPOB W HW3MEPHUTEIHLHON CHUCTEMBI
yctanoBku CKAH.

B Tperbei riaaBe nuccepranvu «{HArHOCTHKA CBETUMOCTH PeaKUUil HA
BHYTPeHHell MHUIIIEHH HYKJIOTPOHAa» OMHUCHIBACTCS HOBBIA METOJ OMNpeeICHUS
cBernmocti peakmmu L. (cM?, ¢') Ha BHYTpeHHeH MHMIIGHH HYKIOTPOHA C
nomoiplo noxynpoogHukoBoro AE—-E nerexktopa. HeoOXonuMOCTh B Takux
METO/IaX OYEBUJIHA MPU MOUCKE ITA-ME3OHHBIX SIEp U MPHU U3MEPEHUH CEYEHUM
(bU3MYEeCKUX TIPOIECCOB B aTOMHOW W SIIEPHON (DM3HMKE, KOTJa HCIOJIb3YIOTCS
BHYTpECHHHE (HUTEBUAHBIC WK (posbroBeie) MuiieHu yckoputens. AE-E getexrop
OB YCTAHOBJIEH B BaKyyMHOW KaMmepe BHYTPEHHHX MHINEHEH MO TOJISPHBIM
yriaoM 64° 0T ocH HOHOIPOBO/IA H PETHCTPHPYET JCIbTa-3CKTPOHbI, BBUICTAOIINE
U3 BHYTPEHHEH MUIIICHU HYKJIOTPOHA MPH €r0 B3aUMOJICUCTBUH C ITyIKOM.

Ywuciio perucTpupyeMbIX B €IMHUIY BpeMEHU BTOpUYHBIX dacTur] dN/dQwu
nuddepeHnranbHoe ceuenne ux poxaenus do/dQ  (mox yriom 0) cBsi3aHBI
CJIEYIOIIUM COOTHOILLIEHUEM:

2 (0)= Lo (0) (1)

Ha PUCYHKC 3 IMpcacTaBjICHa cXeMa IIapHOIO KYJIOHOBCKOI'O
BSaHMO,Z[CP'ICTBI/ISI HaJICTAaromCro sapa € J3JICKTPOHOM MHUIICHH, IIPH PA3JIMYHBIX
SHAYCHUAX IIPHULCIIBHOIO IIapaMcTpa b.

Puc.3. a) «<uucroe» mapHoe B3aUMOACHCTBHE HAJIETAOIIEH YACTHIBI CO
CBOOOJHBIM 3JIEKTPOHOM; 0) B3aUMOACHCTBHE B MPUCYTCTBUU SIIPA MUILIEHH C
yBeJIMYeHHeM 3HAYCHUS NPULeIbLHOro napamerpab

3nech Zy 1 Z; 0003HAYaIOT 3apsAbl AAep My4Ka U MUIIEHH COOTBETCTBEHHO; 3 U Py
— OTO CKOPOCTH HAJIETAIOUIErO siipa M DJIGKTpPOHA MHUILECHH; O.-yron BbLIETA
eKTpoHAa M E.-ero kuHeTuyeckas SHEprusi Mmociie B3auMOICHCTBUS C SIAPOM
nyuka;y= 1/ (1- B°).

B cnyuae b<<b, BiusHHEM MMOJII COOCTBEHHOIO sjipa MHIICHU Z; MOXHO
npeHeopeds U npu Po<<P AIEKTPOH MOXKHO CUUTATH NEPBOHAYATIBLHO MOKOSIIIUMCH.
DJIGKTPOH aToMa MHUIICHH BO  B3aUMOJICUCTBUU C HAJICTAIOIIUM SIAPOM
npuodperaeT sHeprur0 E., KMHEMaTHU4eCKH OJHO3HAYHO CBS3aHHYIO C YTJIOM
BbLIETA O, (0-2JIEKTPOHA):

_ {].rz _leGSZEg
Ee B 2me}.‘z—{}rz—ljcasz€g (2)
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Ee BemuumHa CBsi3aHa C MPUIIETBHBIM TapaMeTpoM B3ammopaencTBus (b)

BBIPAXKCHUCM:
—_ ZQTRQTg
Ee_ (Zp) g2 E (3)
rac Zp—3ap5m HaJICTa}OHleﬁ qaCTHUIIbI, Me-MacCa M TIe-paJuyC KJIACCHYECCKOI'O
3JICKTPOHA.

O6benunss (2) u (3), npu yuetre do, = 2nbdb, nomydaem:

dGe — Zﬂ(Zp)zi sinfg

cos® 8,

'Edl

d6,=(Z,)° =

B* cos? 8,

df}

rie 1o = 2,82-103cm — kimaccmueckuii paauyc dekrpona, a 0 < 6, < 90°.

PesynbraTsl

AJIEKTPOHOB 10 (hopMmyIie (4) nmpuBeIeHbI Ha puc. 4.

EE)

30

25

20

1s

pacuyeToB U PepeHIMATBHOTO CEYEHHUs] BBbIXOZA

—— Ed = 0,5 [36,/H
---#-- Ed =1 raB/n

—®—Ed =2 r=8/n
——Ed = 2,5 [=B/n

*

77

(4)

neJbTa

10

do/dC % 10"(28), em”2ep

o 10 =0

20

=0 40 s0 s0 EL)

9 -¥roJI. rpam.
Puc.4. 3aBucumocts 1udpPpepeHuInaIbLHOr0 ceYeHUs BbIX0AA 6-3J1eKTPOHOB
2, -1 N
do./ d€ (cM™ ¢p™) o1 yria 0. (0OTHOCHTEIBLHO HMITYJILCA HAJIETAIOIIei
YacTUIbI) NPU JHEPrusxX HajeTaux AedTpoHos Eq=0,5; 1; 2 u 3,5 3B/n

Jlanee oOCyxJeHa BO3MOKHOCTh HCIIOJIb30BAaHUS METOJa JUATHOCTUKH
CBETUMOCTH PEAaKUHUM IPUMEHHUTEIBHO K JKCIEPUMEHTaM, IIPOBOJAMMBIX Ha
BHYTpeHHE murneHn HykioTrpona JI®BJ. IIpuBoautcs pacuetHas sHeprusi o-
1ekTpooB E, (0. ~ 64°) npu pasnuuHbIX, XapaKTepHBIX s HyKIOTpoHa JIDGBD
DHEPTUAXHAJIETAIONUX Ha MUILIEHb JEUTPOHOB-Fy (CM.PUCYHOK 5).

Eneirpon,
o (ST

o 1000 3000 aooo 6000 7000

Puc.5. 3aBUCHMOCTD JHEPIrUM [1e/1bTA-3JIEKTPOHOB OT JHEPIrHHU MyYKAa
HAJICTAKOLIMX IeITPOHOB HYKJIOTPOHA NPH YIJie BbLIETA JJICKTPOHOB W3
Mumienu 0,= 64°
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MOXHO 3aMETHTh, YTO SHEPTHSI O-3JIEKTPOHOB IO YIJIOM BBUIETA U3 BHYTPEHHEH
MunieHn B 64° BBIXOJUT HA TUIATO YXe€ NMPU E,ma= 250 k3B.

Huske B TaGmnume | IpUBOASTCS pacdeTHbIe 3HaueHUs doy/ dQe (cM*cp™) mwist
0.~64° u psna pabouyux 3HAYCHUH SHEPTUi I HAJICTAIOIMINX sIIep (FaB-HyKJIOH'l)
HyKJ1I0TpoHa JI®BO.

Taoauna 1
3aBHCUMOCTh CeYeHHUS] BbIXO/A 3JIEKTPOHOB OT HEPruM HAJIETAKIIMX

NPOTOHOB Ha MMHIIEHb (I NPOTOHOB Z, - paBeH 1)
doe
dﬂe,(xlo'ZSZﬁ)* 9,65 10,1 11,5 12,9 16,0 28,3
Eq, ['9B/H 6 4 2 1,5 1 0,5

“31ech Z7- 3apsy HaJeTalomel YacTUIIbI.

JIerko MOKHO pPAacCUUTHIBATH JUISI Pa3HBIX THIIOB HAJCTAIOIINX YaCTHI]
HYKJIOTpOHa  JuddepeHiaibHOe  CE€YEHHE  BBIXOAA  JIETbTa-AJIEKTPOHOB.
JlomycTuM, 4YTO HaleTalomUMHU sapamu  sBisercss Ar (Z, = 18), Torma
nuddepeHnmanbHoe ceueHHe HaX0AUThCS C yUeToM Z7 = 182 = 324 3HaucHUsL

Jlanee omnuchIBaeTCs METOJ pacyeTa OKHUJAEMOro 4Hclia BbIXOJa O-
AJIEKTPOHOB M3 BHYTPEeHHEH MuIneHH. OXHUIaeMoe YHUCIO O- BJEKTPOHOB W3
BHYTPEHHEN MUIIEHU NPHU €€ B3aUMOJICUCTBUM C LUPKYJIUPYIOIIUM ITyYKOM SiAep
3a BpeMsl Lukia ero padotsl (T.) onpenesnsercs BbIpa)XeHUEM

dﬂ.-g dag

. (0) = LTZ = . (0e) ()

rie L, — ycpelHeHHas 32 BPeMsl [TUKJIA CBETHMOCTb.

OKcnepuMeHTaIbHOE ompenenieHne BenuduHbl doe/dQs(0.) B mnpunImIe
MOJKET OBITh OCYIIECTBJICHO, IPU 3TOM HY>KHO JIMIIb C JTOCTATOYHOH TOUYHOCTbHIO
KOHTPOJIMPOBATh TOJIIIMHY MHUILIEHU t U yuciio NoIaJalirxX Ha Hee 3a LUK sep.
B 3TOM citydae 4nciio d-371€KTPOHOB M3 OAHOKOMIIOHEHTHOM BHYTPEHHEN MUILIEHU

OyJeT paBHO:

d?\-g dag

= (Oe)le=t- 56" 10 - N SO (6)

rae t — TOJIIMHA MUIIICHHU (F/CMZ), Zi, A; —3apsi M aTOMHBIN BEC MUILICHH.

B nmepBbIX SKCHEpUMEHTaX C TOJYNPOBOAHUKOBBIM JIETEKTOPOM ObLIH
rcronp30Bansl ~CU i *'Ag mumenn ¢ TommuHoiR35 1 21 Mr/cM” COOTBETCTBEHHO.
DHeprusi yCKOPEHHbIX IEUTPOHOB ObUTa B MHTEpBajie ot 326 MaB/u o 366 MaB/H,
a HHTEHCHUBHOCTB myuka lg= (7+7,9)x10° 3a cexymny.

! AnmkuraM. X AdanacneB C.B., Aancumos 10.C.uzap. [Iporpamma uccienoBanmii 1o Gpusnke 1m-ME30HHBIX SAEP
Ha HykjoTpoHe JIBD OUAN //TIpenpunt ®PUAH.- Mocksa.-2003.—(c.21).
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AHaJIN3 TMOJYYEHHBIX SKCHEPUMEHTAIBHBIX JAHHBIX IS PCu u 47Ag
MUILICHEN TIOKa3bIBaeT TpHU pas3jeibHble 00JacTu yacTuil —Cutl, cut2 u cut3,

COOTBETCTBYIOIIME TPEM THIIAM 4acTHI] (pHC.6).
Ag, EImm =342 MB/r

300

250

E , xanaasi

200
150 [ i 0 CEaNsEnoEsRa g st a i ES Dol
100

50

0|||\\\

300
dE , xananbl

Puc.6. dE — E 3aBHCHMOCTDb 3KCIEPUMEHTAIbTAIBHBIX JAHHBIX 1 AJ
MHUIICHU NPH 3Heprum AedTpoHoB Ey =342 MaB/u. JIunusimu o0BOAATCA TpHU
00J1aCTH, COOTBETCTBYIOLIIE TPEM TUNAM YacTull: CUt 1 — 3j1eKTpoHbI, CUt 2 —

NPOTOHBI, CUt 3 — 1eHTPOHBI U 00JIee TAKeIble YACTHIIbI

JUIs Ka)kKIOM TPYMITBI YacTHIl, JUISI KOTOPOH COOTBETCTBYET CBOSI (DYHKIIHSI
["aycca, MOXHO BBIYHMCIUTh WX KOJUYECTBO, HApPUMEpP, BBIYMCICHUEM CYMMBI
YacTUI] B KaXIOM OJKCIIEpUMEHTaIbHOM OwmHe. Pacder okmmaemMoro BBIXOHA
AJIEKTPOHOB JIEIACTCS 10 CICAYIONEH CXeMe:

1. ompenensercs KOJIMYECTBO AJICKTPOHOB, MOMAJAIONIUX B €AUHUILY BPEMEHHU
B 1eTeKTOP Ne/t,on;

2. BeIUHCIsETCS 00Imee KoanmuecTBO 31eKTpoHOB N(/d(1,(0,), BBLIETAIOIINX 13
mumrenn mox yriooMm 64° ¢ ydaerom yrmosoro axcemranca (1,6 x10™ cp)
JETEKTOpA.

[Tpu M3BECTHOW TOJIIIMHE U MaTepHalie MHUIICHHU, a TAK)KE HHTCHCUBHOCTH ITyYKa
N, (umn/cek), oXkuIaeMOe YHCIO SJEKTPOHOB BBUICTAIONMIMX TMOJ YIJIOM O,

d
onpenensiercs (opmynoit (6). 3arem, wucnonas3ys dopmyny (1) u 3Has d;g
g

(cM.tabimuny 1), MO)KHO ONpEJEIUTh YCPEIHEHHYIO 32 BpEMS LIMKJIa CBETUMOCTb
peakuun  Lo(cm™xc™). TakuM 06pa3oM, cIelaHHBIEC PACYEThI 0XKHIAEMOT0 YHCIA
JIeNbTa-3JIEKTPOHOB M3 BHYTPEHHEM MMHILEHM MpU €€ B3aUMOJEUCTBUU C
UPKYJIUPYIOLIMM ITyYKOM JIEHTPOHOB 110 3KCIIEPUMEHTAIBHBIM JaHHBIM Ne(EXP.)
Tadumnna 2
OxugaemMoe 4K cJI0 3JIEKTPOHOB /I BHYTPEHHel MUILICHU U3 cepedpa npu
Pa3HBIX JHEPTUSIX YCKOPEHHOT0 MYYKa IeTPOHOB

Ag(MeVi/n) 326 334 340 342 356
Ne(exp.) | 893-10* | 1,02-10° | 0,99-10° | 0,93-10° | 0,87 10°
Ne(calc.) 1,77-10° 1,79-10° 1,68-10° 1,67-10° | 1,59-10®
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u o gopmyiie (6) Ne(calc.) mamu pe3ynbTarhl, MpencTaBIeHHbIE B TAOIUIE 2 U
tabmnurie 3.
Taoauna 3
OskugaeMoe YHCJI0 3JIEKTPOHOB /ISl BHYTPEeHHell MUIIIeH! U3 MeId NpH
PAa3HbIX IJHEPTUSIX YCKOPEHHOT'0 My4YKa 1eliTPOHOB

Cu(Mev/n) 350 352 356 360 366
Ne(exp.) | 434-10° | 3,9-10° | 392-10* | 423-10* | 44-10°
Ne(calc.) | 307-10° | 3,0-10° | 299-10° | 3,1410° | 3,0810°

W3 mosy4eHHBIX JaHHBIX MOKHO OTMETHTh, YTO COOTHOIICHHE OXKHIACMOTO
Bbixoaa 3ekTpoHOB Ng(calc.) (Berumcissemoro mo ¢opmyie (6)) Kk KOJIUYSCTBY
3JIEKTPOHOB, OMPECIAEMBIX IKCIICPUMEHTAIBHBIM ITyTeM Ne(EXP.), UIsl OJTHOTO U
TOTO JK€ THIIA MHIIEHH (PAKTHYECKH ITOCTOSHHO M HE 3aBHCHT OT DJHEPrUH
HaJIETAIOWMX siAep. B pgaHHOM ciydae, s YAg MHImIEHH 5TO COOTHOLICHHE

paBHO:
Kag= Ne(calc.)/Ne(exp.) = 1803 £ 80 (7)

HOCKOJII)Ky CBCTHUMOCTDb PCAKIUU IIPAMO IIPOIIOPHOHOHAJIBHA OXHIACMOMY
BBIXOAY 3JICKTPOHOB M3 BHYTpeHHeﬁ MHUIIICHU:

L.(calc)/ L.(exp.) = Ne(calc)/ Ne(exp.) =Kag,

TO MOXKHO HaIlMcaTh, YTO CBETHMOCTh, OIpeeisieMas IO JC/IbTa-3JIEKTPOHAM
L.(exp.), u uctunHas cBeTUMOCTh JAQ — peaKIiu CBsA3aHbI COOTHOIIICHHUEM:

L.(dAQ) = Kag x L.(exp.) = (1803+ 80)- L.(exp.), (8)

u kodppuuueHr Kpy NpakTHdeckHn HE MEHSEeTCs C W3MEHEHUEM DJHEpPIuu
HaJIETAIONINX JEUTPOHOB YCKOPHUTEIIS.
1ot *xe koddduipent mst > CU MHUIICHH OYIeT APYTHM H 31eCh CBETHMOCTB
peakiuu paBHa:
L. (dCu) = Kg, x L, (exp.) = (7352 £ 220)- L.(exp.) (9)

nu Kg-Takke wumeeT (GUKCUPOBAHHOE 3HAYCHUE TIPU  PA3HBIX DHEPTUAX
YCKOPEHHOIO IMy4YKa JIEUTPOHOB.

Hanpumep, monp3ysach OaHHBIMM Tabiuil 2 W 3, MOXHO ONPEACIUTH
ceetuMocThb (puc. 7) mis dCu peakiuu (Eq = 360 MaB/n):

L= (1,18 + 0,12) x10%® cm™c™ (exp.) (10)

Ecimu cBetumocts L (10), onpenenacHHyo 1Mo JebTa-3JeKTPOHAM, YMHOKHTD
Ha ko3P unmeHT K¢y, TO MOTy4YUM UCTUHHYIO CBETUMOCTD PEaKITUU:

L(dCU) = Koy x L= (09% 0,03) x10° owtc™, (12)
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L=

!

mCu

1 ane? (<109
E =]

T~
—

;. MoB/n
ne -
220 320 240 260 260 70

Puc.7. CBeTUMOCTH, ONIpe/eIeHHbIE M0 IKCIEPUMEHTAIbHBIM JTAHHBIM OT
AE-E eTekTopoB, T.e. 1o aeabTa-djiekrponam aiasi dAg- m dCu- peaknmii

Jlanee B gaHHOM TJiaBe cenaH psiJi BHIBOJIOB OTHOCUTEIBHO JabHEHIIIETo
Pa3BUTHSL METO/A JIEIbTa-3JIEKTPOHOB MO JIMATHOCTHKE CBETHMMOCTU PEAKIMi Ha
BHYTPCHHEH MUIIICHH HYKJIOTPOHA.

B uyerBepTOii TIi1aBe guccepTali «JTa-Me30HHbIE siApa M MeETOIbI
WIEHTH(PUKALMN IK30THYECKHX si[Iep, POKAAIOIIMUXCH HA SAPax BHYTpPeHHe
MHIIEHH HYKJIOTPOHA)» MPUBEACHBI PE3YIbTATHI MO TOUCKY YK30THUECKHUX sIIIEp U
UCCIICTIOBAaHHUIO WX CBOMCTB. OMUCHIBAETCS peIIeHne MPoOIeMBbl PEIBAPUTEIHLHON
OLIEHKH DS(PQPEKTUBHOCTH PETHCTPAlM M «OXKHIA€MOTO BBIXOAa» HCKOMBIX
coobithii  (3pdexra) Ha co3manHou ycraHoBke CKAH, xotopas Obuia
npeJHa3HaueHa JJIs TOMCKa 3Ta-ME30HHBIX sjmep B pA, OA - peakuusx Ha
BHYTPEHHEH MUIIIEHH HYKJIOTpoHA. JlJis perieHus: 3Toi mpoOJeMbl mpesiaraercs
UCIIOJIb30BaTh M3BECTHYIO pEaKlMIo, Hampumep oOpa3oBaHHE  IMOKOsIIENcs
A(1232)-u300apsl B sape-ocTaTKe IMociae pA-B3auMozeicTBusA. B ykazaHHoi
peaKkiuu OJMH M3 MEXaHHM3MOB Ipoliecca oOpasoBanus n300apel A(1232) B sape
MUIIIEHU TOBTOPSIET BO BCEX CTAIUAX MYyTH (POPMUPOBAHHS 1-ME30HHOTO Spa.
Jlnst perieHust yKa3aHHOM BBINIE 3a7a4vl ObUT pa3paboTaH HOBBIM METOJ OICHKU
ceueHust poxcaeHuss A(1232)-pezoHaHca Ha BHYTPCHHEH YIJICPOAHON MHMIICHU
HYKJIOTpOHAa M OBUI TPOBENCH KHHEMATUUYECKUW pacueT ABYXCTYIEHYATOTrO
nporiecca obpazoBanus A(1232)-pesonanca B sape MumieHW. JlaHHBIA MeTOn
MO3BOJISIET MO 3HAYEHUIO PHEPTUHM HAJETAIONIMX MPOTOHOB (MU JEHTPOHOB) Ha
BHYTPEHHIOIO MHUIIEHb OLIEHUTh IIOJIHOE CEYeHHE OOpa30BaHMs MOKOSILErocs
A(1232)-pe3onanca. OneHKa MOJTHOTO CEUSHHUS POXKACHHS JIebTa-pe3oHaHcaB pA-
peakiuu A pasHbIX KWHETHYECKHX OJHEPrHil HaJeTAaloIMX MPOTOHOB JaeT
3HayeHus: 6;=13.15 mb (T, =1,4 I'3B), 5,=10.80 mb (T,, =1,7 I'3B), 53=9.86 mb
(Tp3=1,9 I'3B). Ilonnoe ceueHne oOpa3zoBaHUS M-AAEp HAa BHYTPEHHEH MUILICHU
HYKJIOTpOHAa B PA-CTOJKHOBEHHUSX, pAaCCUMTAaHHOE IO JaHHOMY METOY,
MOJYYUIIOCh PABHBIM Gn(pIZC) = 3,3 ub. PacueTsl (M0 mMpeayioKeHHON METOIUKE)
0’KHJAEMOTO BBIXOJA «COOBITHID OT pacriaga 1-Me30HHOTo siapa (st ““C-MuIeHH
¥ 3Heprun npotoHoB E, ~ 2 I'3B/n) natot 3nauenue Y(np) ~ 133 coObiTuii/ uac.

Jlanee B uerBepTOW TJlaBe OOCYXKIAIOTCS TMOJY4YEHHBIE PE3yJbTAaThl IO
WCCJICIOBAHUIO CBOMCTB 3Ta-ME30HHBIX SiZIEp Ha BHYTPEHHEM ITy4YKe HYKJIOTPOHA,
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c(OopMyIUPOBAHbI T€ OCHOBHBIC BBHIBOABI U TOJOXKEHUS, HA OCHOBAHUHU KOTOPBIX
MOXHO TOBOPHUTH O CBOMCTBax HCCIEIYyEeMbIX T1-ME30HHBIX sep. Hampumep,
nopo2osbvlil 3ghdhexm 10 SHEPTUU HAJICTAIONIUX siep (B HAIIEM Cilydyae JICUTPOHOB)
Ha3BaH OJJHUM M3 MPOCTHIX U JOCTATOYHO HAJIEKHBIX KPUTEPUEB BOSHUKHOBEHUS
N-saep.  CreayronM — KpUTEpUEeM  YKasbIiBaeTcsl aHepeus ceasu  S11(1535)-
pEe30HaHca U 1)-MEe30Ha B 1-ME30HHOM siJIpe.

Ha ocHOBe »3KClepUMEHTANbHBIX JaHHBIX, MOJYYEHHBIX Ha CTaHIUU
BHYTpPEHHUX MHuIlIeHel HykiaoTpoHa JIOBD OMAN B TeueHne HECKOIBKHX JET (C
UCIIONIb30BaHWeM  aByxiuiedeBol  yctaHoBkn CKAH) cpeman  aHanus
XapaKTepUCTHK HYKJIOHHOTO pe3oHaHca Si1(1535) u m-me3oHa B anepHOU cpee.
Hwuxe npuBoadTcs MONydeHHBIE pe3yJabTaThl MO crekTpaM 3G (EeKTUBHBIX Macc
Tp-mapbl oT pacmanga Sii(1535)pe3onanca (CBA3aHHOTO B 1)-ME30HHOM SIIpE) ISt
Pa3HbBIX PHEPIUIl HAJIETAIOIIETO IMyYKa JEeHTPOHOB:

-IIpY SHEPruM IMEepBUYHOrO Iydka jaerTpoHoB Eq= 1.5 I'wB/H nmuk B cmnektpe
>(QEKTHBHBIX Macc Tp-IIapbl HMEET XapakTePUCTHKH Mg = (1480 + 18) MaB/c?,
a ec mmprHa pasHa 23 MaB/c® (puc. 8.a);

e — 180°
g Eg 1.5 I'sB/H
=
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EZ3x . . . ;
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Puc.8. Pacupenesnenue 3QpGpeKTUBHON Macchbl TP-Napbl B 00J1aCTH Pe30HAHCA
S11(1535) nast sHeprum HajleTawIero nyyka aeiTpoxHon 1,5 B/ (a) u
1,9 I'3B/u (0)

-TOKE caMoe JIJIsl SHepruu mydyka nedtpoHoB Eq= 1.9 I'sB/H mokaspiBaeT 3HaUCHUS
Mer=(1493 + 4) MaB/c’ u mupuny 38.3 MaB/c? (puc.8.6);

- MPY SHEPTHH HAJIeTAloIIero my4yka nedTpoHoB E4= 2.1 I'5B/H nonydyen nwuk Ha
ormetke (1481 + 8.4) MbB/c?, a ero mupnHa HoNy4HIach paBHoit (47 + 9) MaB/c?
(cm.puc. 9).

Integral 504
¥ 1 ndf 6.339/15
Constant 81.82+ 13.65
Mean 1481+8.4
Sigma 47.12+9.23

g
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CoObITHA

o we  wm wm ww  wo mo
M,pp - M3B/c?
Puc.9.Cnexktp 3¢ peKTuBHBIX Macc 0TOOPAHHBIX COOBITHII (7T P-NIapbl) OT
pacnaaa S;;(1535)-pe3onanca st JHepruM My4Ka aqedTpoHon 2.1
I'3B/nykiion
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Ha ocHOBe mMOMy4YeHHBIX BHINIE JKCIEPUMEHTAIBHBIX JAHHBIX JaHA OIICHKA
sHepreTrueckoro casura AE monokeHus MakcuMyma pacrpeesieHus CyMMapHOH
sHeprun E(mt+p) ot pacmaga cBsa3aHHoro B sape  S11(1535)-pesonanca,
OTHOCHTENIFHO  TOJIOKEHHUS  MaKCHMyMa  aHaJIOTUYHOTO  paclpeaesieHUs
cBobomHoro S;1(1535)-pe3onanca. B utore, mmsa S;1(1535)-pe3onanca BeauunHa
DHEPreTHUECKOTO CIBUTA, ISl TPeX 3HAYCHWA JHEPIHid HAJETAIOMIETO ITydKa
JIEUTPOHOB, MTOJIY4YUJIACh PABHOM:

1. AE=1535 M5B — (1480 = 18) MsB = (55 £ 18) MsB npu Eg= 1.5 ['5B/H;

2. AE=1535M3B — (1493 £4) MaB=(42+4) MsB  1pu Eq= 1.9 I'3B/H;

3. AE=1535 M»sB — (1481 £ 8.4) MaB = (54 + 8.4) MaB npu E4= 2.1 I'3B/n.

Cwmemenue no sHepruu AE o3HauaeT, 4yTo Ha 3Ty BETUYMHY H3MEHUIIACH
macca S;1(1535)-pe3oHaHca, CBSI3aHHOTO B 1)-ME30HHOM SApE IO CPABHEHHIO C
Maccoi CBOOOHOTO M He CBA3aHHOIO B saape  Si11(1535)-pesonanca. Kak BuaHo u3
MOJYYEHHBIX AaHHBIX, s sHepruil Eq= 1.5, 1.9 u 2.1 I'3B/nykion 3nauenus AE
NOJIYYHJIUCh ONMu3KuMU, B cpeareM (50.3 = 20) MsB u 1 nanbHEHIMX pacueToB
oepetcst 3TO cpenHee 3HadeHue. [lorpemHoctu B usmMepenuu AE sHepruu caBura
S11(1535)-pe3onanca (CBSI3aHHOTO B 1-ME30HHOM SPE) OLICHWBACTCS MCXOAS M3
TOYHOCTH M3MEPEHUSI BPEMEHU MPOJIeTa YaCTHUIl B T U P-CIIEKTPOMETPAX, a TAKKE
MOTPEIIHOCTHIO B PEIICHUU OOpAaTHOM 3a7a4H.

VuuteiBast, uyto S13(1535)-pe3oHaHc BO3HHMKAeT B pe3yibTaTre CIUSHUS 1)-
ME€30Ha U HYKJIOHA B SIIPE, U UTO SHEPrus CBA3U HYKJIOHA B siApe Am = 7.3 M»B,
MOJIy4eHO 3HaueHue JedeKkTa Macchl 1-ME30Ha, CBA3aHHOTO B SApE:

Am(n) = (50.3 + 20) MaB — 7.3 MaB = (43 + 20) MaB (13)

Taxum oOpa3om, sHepruu cBs3u (v aedekT macchl) Sq1(1535)-pe3onanca
¥ -Me30Ha B spe “C-yriepoia AAOT CISAYIONIAe SHAUCHHS:

Ey(S11) = (50.3 +£20) M>B (14)
Eq(n) = (43 £20) M>B (15)

[Iupuna nwka B crekTpe 3(PGEeKTUBHBIX MacC 7 p-Mapbl OT pacmajaa
S11(1535)-pezonanca, B cpeaHeM ISl TpeX 3HAYCHUH DHEPrUil JACUTPOHOB,
coctasisieT ~(36.1 £ 9) M»aB. Ilo oneHkam pa3HbIX aBTOPOB, OXKUIAAEMbIE SHEPTUU
CBA3U WU MUpPHUHBI cOoCcTaBisAOT ~10—20 M»aB m ~30 Mb»B, coorBerctBenHo. Kak
BUJHO W3 CPAaBHEHUS TOJYYCHHBIX JAHHBIX, 3HAYCHUE IIMPHHBI B Tpeieiax
OomHrOOK COpa3MEepHO C TMPENCKAa3aHHBIMU BEIMYMHAMHU, HO DHEPrusi CBS3U
NOJTy4aeTcss HEMHOTO OOJIbIe, YTO MOXHO OOBSICHUTh HEKOTOPHIM HMITYJIBCOM,
UMEIOIIErocst y modtu mokosimerocs: Si;(1535)-pe3onanca. 3mech Takxke Cleayer
y4ecTh (epMu-pacnpeiesieHre HyKJIOHOB B siIpe, HO MOKHO yYTBEP)KIATh, YTO €T0
BIIMSHUEC HA M3MEPSEMbIC XapaKTEPHCTHKH, T.C. Ha KOPPEJSNUIO (Tp)-Taphl 1o
YTy pasjieTa u 10 JHEePTUsiM KOMITOHEHT ciiaboe.

Jlanee maetcs OIICHKA MOJHO20 CeueHusi pOodCOeHUsi M-ME30HHOTO sjapa B
peaKIuu:
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d+%Co (Ay), +..>T +p+.. (16)

CooTBeTCTBEHHO pacmpeenennio Nip=1.5 + 2.2x10° Heynpyrux B3anMOICHCTBHIf,
C YYETOM TEJIECHOTO yria cekTpomeTpa (= 8 X 10'3CTep.) U CCUCHUS HEYNPYTHX
B3aUMOJICUCTBUI d?c peakiuu Gij, = 426 + 22 mOapH mis sHepruu 2.1 1B/,
MOJIHOE CCYCHHE MPOIIECCa OIICHUBACTCS CIICTYIONTUM KOJIUYECCTBOM:

o(a) =27 Net “Noon 1148,
Q N,

[TomyueHHOE 3HAUYEHHE MOJHOTO CeueHUsi 00pa30BaHUS ITA-ME30OHHOTO sApa B
d"*C-peaxiii XOpOIIo COrIacyeTcs ¢ AaHHBIMH, MOMyYEHHBIME B PabOTax APYIUX
aBTOPOB, TJie U p-C-peaKIiy pacueTsl JAl0T 3Ha4YeHne ~ 4 b (amst neiiTpoHOB
3HAa4YCHHE MMOJIHOTO CEUSHUS IPUMEPHO BJIBOE OOJIBIIIE).

B koHIIE TJIaBBl KOHCTATUPYETCS TOT (DaKT, YTO IMOJYYCHHBIC PE3YJIbTaThI
HAMpsIMyI0 CBSI3aHbl C TIPABWIbHBIM BBIOOPOM MeETOAA HACHTUPUKALUUA T1)-
ME30HHBIX sI/Iep, BBIOOPOM MOAXOASIIMX pEaKUUid W YCIOBUM MPOBEACHUS
AKCIIEpUMEHTa, ucnoib3oBanueM crnektpomerpa CKAH. Bee atu npunsiteie Mephbl
MO3BOJIWIIM TIPOBECTH HM3MEpPEHHUE MCKOMOTO 3(P¢eKTa, BBIACIUTh €ro B IMOTOKE
0oJib1IoTO (POHA, HECMOTPSI HA €r0 MaJIOe CEYCHUE.
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3AK/IIOYEHUE

[lo pe3ynbraram HCCIEIOBAaHUN, MPOBEACHHBIX 1O TEME JOKTOPCKOMN
mucceprammn  «OGpasoBannesta-me3onnpix saep B p,d(°C) - coymapenmsx B
uHTepBane suepruit 1,5 + 2,1 ['B/HyKII0H», IPEICTaBICHbI CIEAYIONIUE BBIBOIBL:

1. IlomydeHa HOBas DKCIIEPUMEHTajJbHAas OLlEHKa O, = 11+ 8 pb momHoro
cedueHHst 00pa30BaHMs 3Ta-Me30HHOTO siapa B d'°C - B3aHMOCHCTBIN TIPH SHEPI UM
ny4dka qedTpoHoB 2,1 ['3B/HyKIOH.

2. Onpenenena sHeprus cBsa3u Sq11(1535)-pesonanca Ey(S11)=(50.3 +20) M»B
B SIIPE-OCTaTKE YIJIEPO/a, B CPEAHEM 10 TPEM SHEPIHSIM HAJETAIOIIUX JEHTPOHOB
(1,5; 1,9 u 2,1 I'3B/H) HyKJIOTpOHA. DTa BEIMYMHA BRIYHCIICHA TI0 OOHAPYKECHHOMY
nuky Ha oT™Metke (1484.7 + 20) MaB/c’B criektpe (b (heKTHBHBIX Mace 1T p-Iapsl OT
pacmama Si;(1535)-pe3onanca, mmpuHa THMKa OKaszajgoch paBHoW (36.1 + 9)
M>5B/c’. TIomydeHo HOBOE 3HAYCHHUS IS SHEPTHH CBSI3H 1)-ME30HA B SK30THIECKOM
SApe yriaeposa ¢ y4eToM Toro, 4to S;1(1535) HyKIOHHBIN pe30HaHC MOSIBIIAETCS B
pe3ynbTaTe CIUSHUS 1)-ME€30Ha U HYKJIOHA B siJjpe (PHEPrUs CBsI3U HYKJIOHA Am =
7.3 MaB): Ey(n) = (43 +20) M»aB.

3. [IpennoxkeH anropuTM HaxoxJAeHUs KO3 ULHEeHTa MPONOPLUOHATIBHOCTH
MEX/y HCTHHHON CBETUMOCTBIO M HM3MEPSIEMOM MO 0-3JEKTPOHAM CBETUMOCTHU
peakimii 11 “°Cu u “'Ag mumeneii nykinorpona. IlonydeHo cpemHee 3HAUCHHE

rcTHHHON cBetnMoctH L(dCu) = (0,9 0,03) x10% em™ ¢ i Mennoit Mumenn

u L.(dAg) = (0,27 + 0,012) x10%° cm™ ¢ ™ ay1st cepeGpeHHOI MHUIICHH TIPH SHEPTHSIX
HajieTamuXx 1eUTpoHoB Eyg= 326+366 MaB/HyKIIOH.

4. [lpenokeH HOBBIA METOJA OLCHKK ceueHus poxaenus A(1232) -
pe30HaHca i1 BHYTPEHHEM MHIIEHM HYKJIOTPOHA B HEynpyrux pA-
CTOJKHOBeHMsX. [lomydeHo mMOJHOE cedeHHWe POXKICHHs AenbTa-pe3oHaHca s
pa3HBIX KUHETHYECKUX YHEPTHI HAJIETAIONIMX MPOTOHOB HYKJIOTpoHAa: o1= 13.15
mb (T,; = 1,4 I'3B), 6,=10.80 mb (T,, =1,7 I'3B),05=9.86 mb (T,; = 1,9 I'3B).
PaccuntaHHoe MOJIHOE ceuyeHHe O0pa3oBaHUs TM-AJ€p Ha BHYTPEHHEW MHILECHU
HYKJIOTPOHA B PA-CTOJIKHOBEHHAX IOIY4YHIIOCh PABHBIM Oy, (p*°C) = 3,3 pb.

5. Pa3paboTan yHUBEpCaJIbHBI METOJ| OMpEACTICHUsI CBETUMOCTU pPEaKIUM
JUTSL Pa3TUYHBIX BHYTPECHHUX MHUIICHEH W THIIOB YCKOPSIEMBIX sIep ITydKa
HYKJIOTpoHa. [ perucTpanuu AeabTa-31eKTPOHOB, BBIJICTAIONIUX U3 BHYTPEHHEH
MUIIIEHU HYKJIOTpOHA  TOJA ONpENENCHHBIM  YIJIOM, UCIIOJIb30BaH
nosynpoBogHukoBeli  AE-E  gerexktop, cnemuanbHO pa3pabOTaHHBIN st
JUArHOCTUKHU CBETUMOCTH PEAKIINil Ha BHYTPEHHEH MUIIIEHU HYKJIOTPOHA.

6. Pazpaborana u cosmana gByximuiedeBas ~yctaHoBka CKAH wu
JIBYXCTyIIeHYaTasl CUCTeMa JJIEKTPOHUKU K HEW, NMpeaHa3HaueHHas NI U3y4YeHUs
CTPYKTYPBI IK30TUUYECKHX SIJEp W MCCIECNOBAHUS CBOMCTB CBS3aHHBIX B SACPHOMN
cpele  1-MEe30HOBU HYKJIOHHBIX PE30HAHCOB.

7. JocTuranyta BBICOKast 3¢ (PEKTUBHOCTh PETUCTPALMK TMPOTOHOB U
3apsDKEHHBIX TMHOHOB OT pacmana Sp(1535)-pesonanca B Jnuama3oHe uX
uMnysibCcoB ~ 90% g muoHoB M ~ 95% pans nmporoHOB. I'eomerpuyeckuii
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aKcenTaHc Kaxaoro u3 ruied ycranoku CKAH mpm stom cocrasun 0 = 6° u
— A0
¢ = 35". Pazpemienne TOF-cuctemMbl mosyuunoch paBHbIM ~ 150 ps.
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INTRODUCTION (annotation of doctoral dissertation)

The urgency and relevance of the topic of the dissertation. At present time,
the study of the structure of exotic nuclei, which are bound states of various
mesons, and residue nucleus and other interactions is of great interest.Obtaining
information about the properties of the eta-mesons and nucleon resonances bound
in nucleus are among the high-priority tasks of the modern fundamental nuclear
physics studied. It can be determined that binding energy and width of the eta-
meson nuclei, as well as the probabilities of the main decaying modes are possible
experimentally only. Experimental informations which are obtained by that path
are so essantial to determine the mechanisms of interaction of eta-mesons and
nucleon resonances with nucleons of nuclei, on checking the available theoretical
predictions and models for the restoration of chiral symmetry in dense nuclear
matter.

At the present time, there are not practically experimental apparatus for
determining the luminosity of reactions on the internal target of accelerators.
Because of used apparatus and their scientific methods are not able to give
information about nuclear reactions in internal target, a accurit experimental resutls
are not achieved. Therefore, estabilishing research methods on the internal target of
accelerators, creating experimental facilities which are aimed to study exotic nuclei
structure and nucleon resonances in a nuclear medium, as well as creating methods
of determination of the luminosity of reactions on the internal target of the
accelerator and making an apparatus that is aimed to accomplish it and unperturbed
the Nuclotron beam is considered as actual issues.

In our Republic, great attention is paid to the development of theoretical
physics and the conduct of fundamental research on these areas at the world level.
In this respect, significant results have been achieved in nuclear physics and
elementary particle physics. a substantial gained results should be emphasized In
particular: in solving existing problems in the field of accelerator technology and
their practical application; in the development and creation of methods in
determining the luminosity of reactions on accelerators; studying the properties of
various mesons and nucleon resonances in a nuclear medium; in creation of a
necessary installations for studying the structure of exotic nuclear. In accordance
with the "Strategy of actions on further development of the Republic of
Uzbekistan", the actual task is to improve the efficiency of the industry on the
basis of theoretical and practical research in the field of the atomic nucleus and
elementary particle physics by introducing innovative technologies in determining
the problem of the origin of the elementary mass particles and verification of
theoretical models of quantum chromodynamics.

This research work corresponds to the tasks approved in the state normative
Documents, in the Decrees of the Presidentof the Republic of Uzbekistan No. PR-
1443 “On the priorities of industry development of the Republic of Uzbekistan in
2011-2015” of 15 December 2010 and No.PR-2789 “On measures to further
improve the activities of the Academy of Sciences, organization, management and
funding research activities” of 17 February 2017, and the Decree of the President
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of the Republic of Uzbekistan N0.PD-4958 “On the further improvement of the
system of postgraduate education” of 16 February 2017.

Relevance of the research to the priority areas of science and technology
development of the Republic of Uzbekistan.The dissertation research was carried
out in accordance with the priority directions of science and technology
development in the Republic of Uzbekistan Il. "Energy, energy-saving and
resource-management”.

Review of international scientific researches on the theme of the
dissertation.The research on the study of the structure of exotic nuclei, in
particular to investigate the properties of the eta-mesons in the world’s leading
research centers and higher education establishments, particularly, in Helmholtz
science centre of studying heavy ions (Darmstadt, Germany), Yulix science
research centre (Yulix, Germany), the P.N.Lebedev Physical Institute of the
Russian Academy of Sciences (Moscow, Russia), Joint Institute for Nuclear
Research (Dubna, Russia), Graal international collaboration (Grenobl, France),
Tomas Jefferson national laboratory (Newport News, USA), Brookhaven national
laboratory (Brookhaven, USA) and Los Alamos national laboratory (Los-Alamos,
USA), Osaka university (Osaka, Japan) there have already been conducted
scientific researchs.

According to the investigation of features of the structure of exotic nuclei and
eta-mesons and nucleon resonances in a nuclear medium at the world level has
yielded a number of important results including: availability of eta- meson nuclears
has been predicted and nN interaction in the scattering for calculations of
scattering length (a,n) has been calculated in nearing s-walve (Los-Alamos, USA),
the initial positive results in photoreactions brith of eta-mesons have obtained (at
the P.N. Lebedov Physical Institute, Russia), N*(1535) nucleon resonans and the
properties of the eta-mesons in nuclear medium have studied (Osaka University,
Japan), in photoreactions, signals by decaying eta-mesons have taken (Helmholtz
Science Centre of studying heavy ions, Darmstadt, Germany), the aromat of singlet
companent of eta- mesons have determined and information about the structure of
eta-mesons have obtained and scattering length (a,y) of tided system of nuclear
have estimated theoretically (International Collaboration, France, Germany,
Russia,), the couple particles which have formed by decaying a born eta-mesons
nurclear in photoreaction have registered (at the P.N. Lebedov Physical Institute,
Russia).

According to the study of eta-mesons, the following fundamental research is
being conducted in the World: calculating level of energy and its width of n-
meson and Sj;-resonans in eta-mesons nuclear; determining amplitude of mN-
interaction; investigating S*N — NN process in nuclear medium; studying
influence of nuclear medium to features ( mass, time of living) of n-meson and
Sii-resonans linked of nuclear medium; determining the potential of nN-interaction
in nuclear medium; studying the possibilities which are born in light nuclear of
eta- mesons.

Degree of study of the problem. At present, the world's leading research
centers have carried out a large amount of experimental and a number of
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fundamental theoretical works on the search for and study of the properties of eta-
mesic nuclei. The following theoretical and experimental work was performed on
the problems studied in the dissertation work:

The first experiment on the search for n-mesic nuclei was carried out in 1988
at Brookhaven Laboratory (BNL, USA) by Chrien et al. (also see A.M. Chrien A.
et al.), where the spectrum of missing My masses was studied in the T A — pX
reaction. Based on the developed theory, it was expected to see peaks of about 5-
10 MeV in width. However, no clear signal could be detected and a possible reason
for this was an essentially larger width of the peak, caused both by the bound n-
meson itself and by the excitation of the residual nucleus.

An alternative method of searching for m-mesic nuclei by recording the
products of their decay (correlated N pairs) was proposed by G.A. Sokol and
V.A. Tryasuchev (FIAN, Troitsk). Following this idea, an experiment was
performed on a photon beam in the FIAN electron synchrotron, but these
experiments for n-mesic nuclei did not results.

In subsequent years, thesearch for m-mesic nuclei was performed on the
products of their decay, for example, on the ion beam GSI (Darmstadt, Germany)
and the proton beam COSY (Jiilich, Germany), but these experiments did not yield
positive results.

An electron storage facility in Grenoble, France, considered the possibility of
conducting experiments to study the properties of eta-mesic nuclei formed by
photons from electron-laser scattering by using the GRAAL installation.

At the end of 2003, Pfeiffer et al published a paper with experimental data on
the observation of the n-meson bound state in *He studied at the electron microtron
MAMI-B (Mainz, Germany). Narrow peaks in the mass spectrum were observed in
the Mainz experiment in 2004 (binding energy was about 4 MeV for the *He
nucleus, width was about 25 MeV, the peak was observed in the n’p-pair
spectrum) and in COSY experiment in 2009 (binding energy was about 13 MeV
for the Mg nucleus, width was about 10 MeV, the peak was observed in the
missing mass spectrum with simultaneous detection of the *He fragment and = p-
pair).

In all these experiments conducted in various nuclear centers around the
world, a large amount of experimental data has been obtained, but so far many
questions about the characteristics and properties of eta-mesic nuclei and nucleon
resonances in the nuclear medium remain unresolved.

It is important to determine reaction luminosity to carry out various internal
target physical experiments at the Nuclotron. In the theoretical work of A.S.
Artemov' and others (Dubna, Russia) the possibility of using delta-electrons to
determine the luminosity of the reactions on the inner target of the Nucloron was
considered. The idea of using a two-magnet analyzer for electron selection was put
forward. This analyzer should create a magnetic field with an induction of B~0.6

1
AptemoB A.C., Adanacee C.B., B.C. Andeer u ap. Cxema u pacuyeT MarHUTHOTO aHAJIM3aTOpPa DJIEKTPOHOB IS

HCCIIEIOBAaHUHN IO PENIATUBUCT-CKOW aTOMHON (hn3nke Ha BHyTpeHHUX MumeHsx Hykmnorpona // ITucema B DUAS. -
2007. -T.4, Ne 3(139). -C.434-442.
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T for selection delta-electrons emitted from the internal target of the Nuclotron.
This field will be perpendicular to the momentum of the accelerated nuclei in the
Nuclotron, and that would interfer the beam acceleration. Due to technical
problems and the complexity of the implementation of this project has not been
completed. Thus, the problem aimed at determination of the luminosity of the
reactions at the internal target of the Nuclotron is topical and remains unresolved.

Connection of the theme of dissertation with the scientific researches of
the higher educational institution, where the dissertation was conducted. The
work was carried out within the framework of scope of the research and
development problem plans and the JINR international cooperation plans, topic 02-
1-1087-2005 / 2017 “Researches in relativistic heavy and light ions physics at
Nuclotron, SPS and SIS18”.

The aim of the research is to determine the peculiarities of the exotic nuclei
structure and study the properties of eta-mesons and nucleon resonances in nuclear
medium.

The tasks of the research: To achieve the goal, the following tasks are
formulated:

to create a two-arm magnetless spectrometer for detecting and analyzing
charged particles emitted from the internal target of the Nuclotron at angles < 90°;

to measure paired (m p)-particles simultaneously scattered into opposite
directions from the inner target at angles ~ 180°, and to change the detection angle
for background measurements;

to develop a universal and accessible method of measuring the luminosity of
reactions on internal targets of the Nuclotron;

to create an apparatus aimed to determine the luminosity of the reactions by
detecting and selecting the delta-electrons emitted from the internal target of the
Nuclotron at a certain angle;

The objects of the researchare physical processes taking place on the inner
target that occur when it interacts with different accelerated nuclei in the
Nuclotron, as well as the properties of the produced exotic nuclei.

The subjects of the research is the formation of resonant structures and
exotic nuclei in pA and dA-reactions on internal target of the Nuclotron.

The methods of research. By means of the method of internal targets
secondary particles emitted from the target during its interaction with the incident
beam of nuclei are detected. In this case, the physical processes occurring during
the interaction of the nuclei of the beam with the nuclei of the internal targets of
the Nuclotron are studied. For example, according to the research program,
collection of the DST’s containing data corresponding to reactions and
experimental conditions to search for eta-mesic nuclei, their subsequent processing
and analysis of the data obtained. The experimental data obtained under certain
physical processes are then analyzed and compared with the simulated data
(various modeling programs, like GEANT, RQMD ... are used).

The scientific novelty of the research is based on the following results
obtained for the first time:
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New experimental estimations are obtained for the total cross-section for the
eta-mesic nucleus production in the d*2C interaction 0, = 11 + 8 pb at a deuteron
beam energy of 2.1 GeV/nucleon;

Binding energy of the S;;(1535)-resonance E4(Si1) = (50.3 £ 20) MeV in the
exotic nucleus of carbon is determined on the average by three energies of incident
nucleon (1.5, 1.9 and 2.1 GeV/nucleon) of the Nuclotron. This value was
calculated from the detected peak in the effective mass spectrum of the m p-pair
from the decay of the S;;(1535)-resonance at the level (1484.7 + 20) MeV/c?, the
width of the peak turned out to be equal to (36.1 + 9) MeV/c?;

New values are obtained for the n-meson binding energy in the exotic carbon
nucleus under the assumption that the mass defect of the S;;(1535)-resonance is
the result of the fusion of the n-meson and the nucleon in the nucleus (taking into
account that the nucleon binding energy Am = 7.3 MeV): E4(n) = (43 +20) MeV

Calibration algorithm is identified by calculating the proportionality
coefficient between the true and the measured reaction luminosity for &-electron
for the ®Cu and *’Ag targets of the Nuclotron. The mean true luminosity L.(dCu) =
(0.9 £0.03) x 10* cm™ s is obtained for copper target and L.(dAg) = (0.27
+0.012) x 10*® cm™ s for silver target.

A new method is proposed to estimate A(1232) resonance production cross-
section for the internal target of the Nuclotron. An estimation of the delta-
resonance production total cross-section in the pA reaction for different kinetic
energies of the incident protons yielded the values: 6; = 13.15 mb (T, = 1.4 GeV),
o, =10.80 mb (T, = 1.7 GeV), o3 = 9.86 mb (T3 = 1.9 GeV).

Practical results of the researchconsist of the following:

A universal method for the operative determination of the luminosity of
reactions for various internal targets and types of accelerated nuclei of the
Nuclotron beam has been developed. For the selection of delta-electrons, a
semiconductor AE-E detector was developed, specially designed to diagnose the
luminosity of reactions at the internal target of the Nuclotron;

A two-level system of electronics was developed and created for detection
and data collection in a SCAN installation designed for studies of the structure of
exotic nuclei and the properties of n-mesons and nucleon resonances bound in
nuclear medium;

A high efficiency of protons and charged pions (from the S;;(1535)-resonance
decay) detection was achieved in the range of their momenta of ~ 90% for pions
and ~ 95% for protons. The geometric acceptance of each of the system's arms was
0 =6%and ¢ = 35°. The resolution of the TOF system was ~ 150 ps;

The reliability of the research results is based primarily on the large
statistics of the experimental material (data for several years of Nuclotron
sessions), the more accurate identification of particles by mass, and by measuring
their momenta and velocities with higher accuracy; the use of generally accepted
statistical methods for processing and analyzing experimental data, as well as the
use of both inclusive and exclusive approaches to interpreting the results; the
correspondence of the obtained experimental data with the results of other
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experiments and the main conclusions of theoretical work on the study of exotic
nuclei.

Scientific and practical significance of the research results. The results of
the dissertation are important both for fundamental nuclear physics and for testing
theoretical models and approaches in searches for eta-mesic nuclei in pA, dA-
interactions.

The obtained results can also be used in planning and carrying out
experiments, like the one conducted in the HEP Laboratory on similar ion
accelerators, as well as in creating more advanced and adapted installations for
solving physical problems posed on this topic.

Implementation of the research results. On the basis of the results obtained
for the formation of eta-meson nuclei in p,d(**C)-collision:

a universal method for determining the true luminosity of reactions in pA-,
dA-reactions involving delta-electrons emitted at a certain angle from the inner
target was used in several sessions of the Nuclotron at the JINR HEP Laboratory.
According to the results obtained, in accordance with the JINR international
cooperation program, a technical order was prepared for the production of an
optimized version of the semiconductor AE-E detector for the Horia
HulubeiNational Institute of Physics and Nuclear Technology (Bucharest,
Romania) (a letter No. 010-43/545 of the Joint Institute for Nuclear Research dated
14.12.2017). The new detector will be used in subsequent sessions of the
Nuclotron at the JINR HEP Laboratory.

The proposed method for estimating the cross section for the production of a
delta-isobar and all the results obtained in this study were used in subsequent
experiments to find the eta-mesic nuclei on the inner target of the Nuclotron by
using the SCAN installation (a letter No. 010-43/545 of the Joint Institute for
Nuclear Research dated 14.12.2017).The experience gained during use of the two-
arm SCAN installation, technique and experimental data on the search for exotic
nuclei is used when the three-arm SCAN-3 device with a magnet in the third arm is
being developed.

The obtained experimental value of the eta-mesic nucleus production total
cross-section in the d'“C-interaction, the determined binding energy of the
S11(1535)-resonance in the exotic carbon nucleus, new value of the binding energy
of m-meson bound in the residual carbon nucleus,were used in theoretical
calculations and in the planning of new experiments to study the properties of eta-
mesons and nucleon resonances in nuclear medium in the Russian Academy of
Sciences P.N. Lebedev Physics Institute (a letter No. 11220-9311-1650 of the P.N.
Lebedov Physical Institute dated 14.12.2017)

Testing of the research results. The main results of the dissertation were
reported and discussed at 12 international scientific conferences.

Publication of the research results. On the theme of the dissertation 23
scientific papers were published, 11 scientific articles from them 8 in international
scientific journals recommended by the Supreme Attestation Commission of the
Republic of Uzbekistan for publication of the main scientific results of doctoral
dissertations.
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Structure and volume of the dissertation. The dissertation consists of an
introduction, four chapters, conclusion and is printed on 159 pages.
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