OT nepBbIX HAOJIOACHUIT KOCMHUYECKHUX Jy4Yed K Gu3uKe PeJSTHUBUCTCKUX
saep

I1.1. 3apy6un’?
YOG benMHEHHDI HHCTHTYT SIEPHBIX HCCIICI0BAHMIT
?®usnueckuii nncruryr PAH (GHAH)

Uccnenoanua kocmuyeckux Jydeil B Puszmdyeckom uHctutyre AH CCCP npuBenu k
cozmannto Cuuxpodazorpona OWAN. C ostoii mempto B 1953 1. ObUTa OCHOBaHA
Onekrpoduzudeckas nadoparopuss AH CCCP, Bomemmas B cocraB OUSAN B 1956 r. kak
Jlaboparopus BeicOKMX 3Hepruid. [IpeacraBneHpl HaYaNbHBIE BEXH PAa3BUTHS HKCIEPUMEHTOB B
Jlabopatopun Ha Cunxpodazorpone. OTMeUeHBI JIMAEPHI W  KIIOYEBBIE YYaCTHUKH
AKCIIEPUMEHTOB, a TAK)K€ YPOKH U PE3yJIbTaThl, aKTyaJbHbIC B HAIIIM JTHU.

PACS: 29.20.-c, 29.20.D-, 25.75.Dw

YCcKopUTENnu 4acTHIl BBICOKMX 3HEpruil uHorna odpasHo HasbiBaroT «llupamumamu XX
BEKa». OTH KpyNHEHIINEe MHCTPYMEHTHl MO3HAHUSI MUKPOMHpA 3aCily’)KUBAIOT TaKOW BBICOKOM
OLICHKH HE TOJIBKO 3a CBOM BIIEYATIISAIOLINE Pa3MEPBI, HO U 33 3HAUYNUTENIbHBINA UMITYJIbC, KOTOPBIN
JIaJI0 X CO3/laHuE KOJUIEKTUBHOMY TBOPUYECTBY B Hayke M TexHuKe. Haia smoxa mmeer maHc
BOUTH B HUCTOPHUIO YEJIOBEYECTBA, KAK «KYJIBTYPHBIH CIOW CTPOMTENEH CHHXPOTPOHOB». B
OCHOBE JIOJITOJIETUSI YCTAaHOBOK JTOr0 KJIACCa JIEKUT BO3MOKHOCTh MX KayeCTBEHHOI'O
COBEPILIEHCTBOBAHUS 10 Mepe YIIyOJleHUus TMpOBOAMMBIX Ha HUX (yHIaMEHTaJIbHBIX
MCCJIEIOBAaHUM U Pa3BUTHUS MPUKIIATHBIX pa3pabOTOK.

B 2023 r. JlaGopaTtopus ¢usuku BbicOkMX sHepruil umenu B. M. Bekcnepa u A. M.
banmuaa OUAUN ormermna 70-metme cBoero OCHOBaHUS. HECKOIBKUMH TIOKOJIICHUSIMH €€
COTPYIHUKOB M KoJuler B crTpaHax-yyacTHHIax OWMSAUM npoiineH cnaBHBIM M TOJHBIN
npaMartu3ma nnyTb. Ero stanamu cranu nepble 3kcniepuMeHThl Ha CUHXpo(da3oTpoHe 1o pusnke
YaCTHIl, CTAHOBJIEHUE MCCIIEOBAHUH 110 PEIATUBUCTCKON SACPHOM U MOJIIPU3ALMOHHON pu3HKe,
CO3/1aHHE CHENMATU3UPOBAHHOIO CUHXPOTPOHA Ha OCHOBE CBEPXMPOBOAUMOCTH — HykioTpoHa.
C navana 70-X IT. HOJYYMIM Pa3BUTHE OSKCIEPUMEHTHl Ha IEPENOBBIX I'paHUIAX (U3NKU
ayieMeHTapHbIX 4acTul B MHctutyre ¢usuku Beicokux sHepruil (CCCP), HaumonanbHOMN
yckopuTenbHo# Jaboparopun umenu D. Gepmu (CLIA) u EBpornelickoii opranu3anuu saepHbIX
uccienoBannii (LIEPH).

Honrocpounyto nepcnektuBy B JI®BDO otkpeiBaeT peanuzauusa meranpoekra HUKA s
UCCJIEIOBAaHUM KBapK-TJIIOOHHBIX CTENeHeW CBOOOMABI SIEpHOW MaTepuu Ha BBIBEACHHBIX U
BCTPEUHBIX IMYYKaX TSKENBIX PENIATUBUCTCKUX SIIEP U TOJSAPU30BAHHBIX IIPOTOHOB C 3HEPIUEn
Heckosbko I»PB Ha Hykinon. IlostamHoe pa3BuUTHE NpOEKTa pacHIMpseT BO3MOXKHOCTU
HKCIEPUMEHTOB M0 SIEPHOM (U3MKEe W paaMallMOHHOW OMOJIOTHMH, a TaKKe B CMEXHBIX
NpUKIaaHBIX ob0macTsax. BaxueiM sTamoMm npoexkta HUKA B 2023 1. cTtano yckopeHue siaep
KceHoHa 110 3.8 3B Ha HykioH. K HacTosleMy BpeMEHU YCKOPUTENbHBIM Kackaj] BKIKOYAET B
ceOst IIeKTPOHHO-TYYEBOM MCTOYHHK, HOBBIA JIMHEHHBIN yCcKOpUTENb TshKenblXx noHoB HILAC,
HOBBII OycTep Ha OCHOBE CBEPXIPOBOIUMOCTH M HYKIIOTPOH ¢ cucTeMaMH BBIBOJA ITydKa JUIs
skcriepuMenToB JI®BD. Cronp macmTabHOe pa3BHTHE BpsA JIM ObUIO OBl BO3MOXKHO 0€3



MaTEpUaIbHOIO U MHTEUIEKTYaJIbHOIO KaluTalla, HAKOIIJIEHHOTO 32 MPEbIYLINE NECATUIETHUS.
OTOT KamuTaja BKJIIOYAEeT MPUOPUTETHBIE (GU3MYECKHE pe3yNbTaThl, IMOJyYeHHbIE Ha
pa3BUBABILCHCS YCKOPUTEIBHOW M OKCHEpUMEHTaNbHOH 0Oaze. B ero ¢Qynmamente nexar
JOCTHXKEHUS B 001acTH (PUBUKH KOCMUYECKUX JTy4ell COBETCKOIO IEpUoa.

3a opraHu3alMOHHOE «Hayayio orcuera» JI®BD mpunumaercs obpazoBanue B 1953 .
Onektpoduzndeckoit maboparopun Axagemuu Hayk CCCP (D®JIAH) Ha mpaBax MHCTUTYTa B
cocraBe OtaeneHus (HU3NKO-MAaTEMaTHUECKUX HAYK Ul MPOBEICHUS HCCIEIOBAaHUN B 00JIACTH
bu3uKN BBICOKMX SHepruii Ha crtpouBmieMmcs Cunxpodazorpone. DDPJIAH BosrmaBun B.M.
Bekcniep — npu3HaHHBIA TUACp B UCCIEeNOBaHMIX KocMmuueckux jydeid B 30-40-e rr., a Takxke
PYKOBOAMTENb CTPOUTENIBCTBA IEPBBIX CHUHXPOTPOHOB, HA OCHOBE OTKPBHITOIO UM INPHHIUIA
aBTo(azupoBku. B 1956 r. DDJIAH Boma B OUAU kak naGopaTopus ¢ HaMMEHOBaHUEM
JlaGopatopust Beicokux sHepruii (JIBD). DDJIAH 3amenwmna coboit TIC — TexHUYECKYIO
JTUPEKLIUI0 CTPOUTEIbCTBA, KyAa MNpPUHUMAIKCh Oynymme cotpyanuku JIOBD. Ilpu
oobenmuuenun JIBD ¢ JlaGoparopueit ¢usuku yactuir B 2008 1. BEpHYJIOCH IOJHOE
HauMeHoBanue - JIOBD.

OnHUM U3 KIIOYEBBIX MOMEHTOB B BO3HMKHOBEHMM (PU3MKH BBICOKMX SHEpPIHil CTano
HaOmoaenue B 1927 r. 1. B. CkoOenbIbIHBIM CIIEI0B YacTHUI C uMITyJibcamu Boiie 20 MaB/c B
Kamepe BuibcoHa, NOMEIIEHHOW B MarHUT, YyKa3aBlllee Ha KOPIYCKYJSIPHYIO IPUPOIY
KOCMUYeCcKOoH panuanuu. lccrnegoBaHue  KOCMHUYECKMX — JIyded  MPOAOIDKUIOCH — IOJ
pykoBojcTtBoM J[. B. Cxobenbupina B JlaGopatopun atomHoro siipa B @U3NYECKOM HHCTUTYTE
Axanemun Hayk CCCP [1]. [lnst pemieHust GpyHAaMEHTAIbHBIX MpoOieM TpeOOBaIMCh HOBBIC
METOAbI AeTeKTUPOBaHUs. J[1s1 u3ydeHus Npupoibl KOCMUYECKUX JydYel B COCTaB KOMIUIEKCHOU
sxcneaunmu AH CCCP na Dnwbpyce Obu1 npusieueH B.M. Bekcnep, craBmiuii npu3HaHHBIM
crieranicToM 1o cueryrkam [eiirepa. B 1937 r. H.A. Jlo6potus [2] oTmeuan cienyroiiee:

«B.1. Bekcimep n010XKHI HaM O IIPUMEHEHHHM K H3YYECHHIO KOCMHUYECKUX JIydeu
pa3paboTaHHON UM OpUTHHAIBbHOM MeTouKu. OHa COCTOUT B UCMOJIb30BAHUY JIJISI CUETA YACTHUIL
ra3oBbIX TNPONOPLHMOHAIBHBIX YCUJIMTENEH, padoTaromMX IO CXEME COBNAJACHUNA. OTO ndaeT
BO3MO>KHOCTb OIPENEIATh HE TOJBKO YHCIO YAacTHUL, MPOLIEIUIMX YEepe3 ITH CUETUYHUKH, HO U
U3MEPSTHh Cco3/laBaeMyto uMu moHu3anuio. B.M. Bekcnep paGotan ¢ Takoil ycTaHOBKOHW JIeTOM
3TOro rojia Bo BpeMst dKcreAnny Ha Dnsopyc. [lpu 3Tom okazanock, uto Ha BbicoTe 4200 v Haz
YPOBHEM MOpsI MMEIOTCS JIETKO IOTJIOIIAEMBbIE U CUIIBHO MOHM3MpyeMble yacTulpl. Ha ypoBHE
K€ MOpS YHCIIO TAKMX YaCTHIl 3aMETHO MEHbIIIe, YeM Ha BbIcOoTe DibOpyca. HUCIIO X HACTOIBKO
Majio, 4TO 3TU HAONIOJEHUS HE MOTYT OBbITh COIVIACOBaHBI C IMPENIOJIOKEHHEM O HAJIWYUU B
KOCMHUYECKHMX JIy4aX MHTEHCUBHON INpPOTOHHOW KOMIOHEHThl. Kpome Toro, B.M. Bekcinepom
OBLIM TONYYEHBl YKa3aHUS Ha BTOPMYHBIM XapakTep 3TuX yacTull. Ha cymiecTBoBaHue Takux
YaCTHI] PsIJl aBTOPOB yKa3bIBall U paHble. Ho ¢ Takoil 0TUETIUBOCTRIO OHU OBLIM OOHApYXEHbI
BIiepBble. TakuM 00pa3oM, yKe IepBbI€ OIBITHI C MPONOPLUOHATBLHBIMU T'a30BbIMU YCUIUTENAMU
JAJIA OYEHb LICHHbIE Pe3yabTaThl. 1 MOKHO HE COMHEBATbCS, YTO JajJbHEHIIEEe MPUMEHEHHE
9TOM METOAMKH IO3BOJIAT JOCTUTHYTh BECHbMa CYIIECTBEHHBIX YCIIEXOB, KaK IPH H3yYEHUH
TSDKEJIBIX YaCTHIL, TaK U JINBHEW.

HccnenoBanusi KOCMHYECKUX JIyded ObLIM TpomospkeHbl B akcneauiuun OGUAH nHa
[Tamupe, HauaBLIelCSl IO TIOPYUYEHUIO COBETCKOTO PYKOBOACTBAa BecHOM 1944 r. «OTKpbITHE B
xoJie Ilamupckoit sKcneuuuu 3MeKTPOHHO-SIIEPHBIX JTUBHEH U BBISBICHHE SEPHO-KACKaTHOTO
npoliecca Mo3BOJIMIO BCKPBITh MEXaHU3M, MPEACTABISIONINI co00M HayaJllbHOE 3BEHO B IIETH
KOCMHUYECKHX JIyuel, pa3BUBaIOIIUXCS B aTMocdepe. bplio mokazaHo, 4To 3JIEKTPOMAarHUTHBIE
KaCKaJHbIe MPOIECChl, C KOTOPBHIMH 0 3TOTO CBS3bIBAIU CYIIHOCTh IIUPOKUX aTMOC(HEPHBIX
JIMBHEH, SBJSIOTCS JIMILIb BHEIIHUM MPOSBIEHUEM SAEPHBIX B3aHUMOJCHCTBHI, BBI3BIBAEMBIX
YaCTHLIAMH BBICOKOI YHEPTUH, TAKMMH KaK ME30HBI, IPOTOHBI, 00Jiee TsDKENbIe aTOMBL. » [3].



[Mponum mkomy Bekcnepa B [Tamupckoit skcnienuiuu 6yaymme npodeccopa JIBD K.
Toncros, A.JI. Jlro6umos, M.U. [loaroperkuii, BO3rJIaBUBIINE NIEPBbIC HAYYHBIC KOJIICKTHUBBI
Ha Cunxpoda3zoTpoHe. 3amadyl IMOCICBOCHHOTO BOCCTAaHOBICHUS M OOOpPOHBI CTpPaHBI, HE
pacroiaraii K akaJeMH4YecKuM TpaTraMm B cypoBoil oOctaHoBke 40-x rr. Ognako Omaromaps
TOMY OOCTOSITENILCTBY, YTO HEBOGHHBIN XapakTep 3TON 001acTH ObUT HEOUYEBHIEH HAa HAYAJIbHOM
stane, (yHIaMEHTalbHbIE HCCIEAOBAHUA B JTOW 0O0JaCTU MONYYMIH OeCHpeLeIeHTHYIO
nojiepkky B pamkax Atomuoro npoekra CCCP. Cama xe joruka uccieioBaHHs TpeboBaia
71a00paTOPHBIX YCIOBUHM Ui LIeJICHANPABICHHOTO U3YYEHHs POXKIIEHUS YACTHUII, BBISIBICHUS HX
BHYTPEHHEH CTPYKTYpBI, IIOMCKA HEM3BECTHBIX YACTHIl U AHTHYACTHI. DMOXATbHBIH MPHHIIUI
aBrodasupoBku [4], HesaBucumo mnpemiaoxenubii B.M. Bekcaepom B 1944 1. um D.
Maxkmmnanom - B 1945 1. B CIILA, peman npoGieMy co3qaHus YCKOPHTENIEH B KOCMHYECKOM
MaciTade SHEepTuu.

B xonne 40-x rr. mox pykoBoactBoM B. WM. Bekcnepa ObumM CO3MaHBI 3JEKTPOHHBIC
cuHXxpoTpoHbl: Ha 30 MaB it uccnenoBanuii porosaepHsix peaknnii (C-3, «rpoiika») u Ha 250
M5B (C-25) [5,6]. Hucceprauus W.B. UyBwio, mocBsieHHas 00pa30BaHUIO HEHTPOHOB Y-
KBaHTaMmH, ctana nepBoil Ha C-3. Ha C-25 ¢ momomisto siaepHoii smynbeun Unbdopa ObL10
OTKPBITO POXKACHUE T-ME30HOB y-KBaHTamu (puc. 1) [6], Tem cambiM OBLIO MOJOKEHO HAYAIIO
busnMKe HIIEKTPOMATHUTHBIX B3aUMOACHCTBMI aJIpoHOB, OOpa3HO MMEHOBAaBIIEICS TOrAa
«SIJICPHBIMU CBOMCTBaMHU CBeTa». OCHOBHBIMU HAIIPABJICHUSMH CTAJ0 W3Y4YCHHE O0Opa3oBaHUs
3apsSOKCHHBIX U HEUTpPaJbHBIX ME30HOB HAa HYKIIOHAX, MOJspusyeMocTt (AegopMHpyeMOCTH)
HYKJIOHOB B  KOMIITOHOBCKOM  pPacCesHHM Y-KBAaHTOB. B  1memoM, 3KCIIEpUMEHTHI
MIPOJIEMOHCTPUPOBAIIA BO3MOKHOCTh OIMCAHUS aIpOHHON (PM3MKHU HA OCHOBE KBAHTOBOU T€OpUHU
TOJISL.

Ha C-25 naumnanu paGoTy momojbie (hU3MKHU, 3aHSIBIINE BIIOCIEICTBUU JIUTUPYIOIIIE
MO3ULIMM B HayuHbIX LeHTpax: M.U. AnamoBuy, A.M. bannun, A.C. benoycos, b.b. ['oBopkoB,
B.W. T'onppanckuii, A.H. 'opbynos, FO.M. Ano, C.I1. [lenucos, P.M. Jlebenes, M.®. Jluxaues,
B.1. Mopo3s, A.Il. Onyuun, JI.LH. Ctpynos, E.. Tamm, U.B. Uysuno, JI.H. lltapkos. [louru
HABEPHSIKA 3TOT CHUCOK He NMOJIOH. OCBOEHME MHKEKLMU M YCKOPEHUS MEIUIEHHBIX ITPOTOHOB
noTpedoBajo co3anus MoaenbHoro cuuxporpona MKM (pykoBonutenu B.A. [leryxos u JLIL
3MHOBBEB), HA KOTOPOM OBUIH YCKOpeHBI MpoTOoHbI 10 160 MaB (puc. 2). Otmeuas 3T0T ycmex,
B.U. Bekcnep 3aaBui, uro Cunxpodazorpon «Ha Bomare» Touno 3apabotaet. [1ozxxe MKM Obut
nepeseNnal B yCKOpuTelb 31eKTpoHoB C-60 n cioyxun B PHUAH kak HCTOYHUK CUHXPOTPOHHOIO
u3IIydeHus a0 gemonTaxa B 2000-x rr.

B JlaGopatopuu umenu Jloypenca B bepknu (CLLA) nox pykoBoacTBoM O. MakmusuiaHa
co31aBajICs c1ab0(POKYCUPYIOMIUA CHHXPOTPOH I yCKopeHus mpoToHoB 110 6 ['9B. biaromaps
pa3paboTkaMm, KOTOpble BelHMCh B JabopaTopusix moj pykoBoactBom B. M. Bekcnepa u A.JL
MuHIa, COBETCKMM OTBETOM aMepHKaHIaMm crail 3anyck CHHXpo(]a3oTpoHa Ha SHEPruio
npotoHoB 10 I'3B Becnoit 1957 rona (puc. 3 u 4). @usnueckoe 000CHOBAHHE TEXHHUYECKOTO
npoekTa pazpadarsiBasiock B 1950 1. rpynmoit B.U. Bekcnepa, B cocraBe kotopoi Obumn A.M.
bangun, A.A. Konomenckuii, A.I1. Komap, B.B. Muxaiinos, M.C. PaburoBud. CTOUT OTMETHTb,
YTO, ONMMPAsCh Ha CBOM OMNBIT HccienoBaHUM, «(puaHOBUB» BO riaaBe ¢ M. A. MapkoBeiM
HacTauBaJIl Ha DJIEKTPOHHOM BapUaHTE, KOTOPBIM U cocTosicss B 60-X IT. MOJ PYKOBOACTBOM
E. Tamma kak C-25P B otnene ¢usuku Beicokux sHepruit ®UAH B r. Tpounke. B ciyudae
Cunxpodazorpona nmobeauna Touka 3peHHs (PU3MKOB, cBsi3aHHBIX ¢ JlaGoparopueit Ne2 U.B.
KypuaroBa, BRICTYITUBIINX 3a MIPOTOHHBIN BapHaHT. DTOT BHIOOP OMPENETHI HAYYHYIO CYIL0Y
JIBD cmycrss 20 ner: Bo3HMKHOBeHHE Ha 0a3e CuHXpo(dazoTpoHa peNATUBUCTCKON SIEpHOM
buzuKH.

Tax cTapToBana 3moxa MUPHOTO COpEeBHOBaHMs B U3MKEe MUKpOMUpa. Beckope oHa mo3Bonmia
co3naTe Haykorpaabsl U yckoputenbHble neHTpel B CCCP, CIIIA wu 3amagnoit EBpore, yxe



OTKpPBITBIE JUIsI CaMOI0 IIMPOKO MEXIYHAPOAHOIO COTpyIHHYeCTBA. FIX MOXKHO CUMTATh
OOIIMMH BEXaMH IPOrpecca YelI0OBeYecTBa 3a Mpolneamme qecaTuietis. OCeHpIo TOTo e roja
OBbLT 3amyIlleH MepBbIii HCKYCCTBEHHBIN CIyTHUK — «piccola luna russay», coriiacHo ogHOMY H3
ra3eTHBIX 3ar0JIOBKOB 3a pyOexoM, Kak BcrioMuHan A.M. BannuH.

B MockBe 0BT OCBOCHBI TEXHOJIOTHYECKHE M aHATUTUYSCKUE OCHOBBI METO/Ia SIIEPHOU
SMYJIBCHUM B  OTHOUICHUM  PEISTUBUCTCKUX  YaCTHUI], I[TO3BOJIMBLIECTO  BBIMNOJHUTH
OCHOBOTIOJIAraloIIre HAOIIOICHUST PEIATUBUCTCKUX YaCTHIl B BBICOTHBIX OOydeHusx. Ha puc. 5
MIpeACTaBICHa TMPOEKTUBHAs (ororpadus B3aUMOJCHCTBUS spa C THTAHTCKOW HSHEPTrUCH B
SJIEPHOMN SMYJIBLCUU, TPUBEIIIETO K TPAHIMO3HOW MHOXKECTBEHHOCTH BTOPUUHBIX YacTull. Ciebl
B CTpye (parMeHTOB MOTryT OBITH TOJIHOCTBIO pa3penieHbl. [loJHOTA W TOCTOBEPHOCTH
HAOJIO/ICHUST CIICJIOB SIJICPHBIX PEaKIUi, YHUKaIbHOE pa3pelieHHe W THOKOCTh MPUMEHEHUS
3TOr0 METO/Ia OCTAIOTCA HEMPEB30MACHHBIMU U MOHBIHE.

CozaHue  OTEYECTBEHHOM  TOJCTOCIOWHOM  SIIEPHOW  3MYJbCUHM K 3aIyCKY
CunxpohazoTpoHa CTajo OTHPABHBIM MYHKTOM IOJTYYEHHS MEPBBIX (PU3NYECKUX PE3YIbTATOB.
CTouT HamOMHHUTB, YTO 3TO COOBITHE BBI3BIBAJIO COMHEHHUE 3a pyoOexxkom. Tak, HobOeneBckuii
naypeat C. Iloysmi, oTKpbIBIINI T-Me30H, cBsizan cornacue ¢uzukam OUMAH Ha nepeusnanue
ceoero ynmamentanpHoro tpyaa B CCCP ¢ mpemocraBieHneM (OTOIUIACTUHOK, OOBEKTHBHO
MOATBEPXKIAIOIUX ycreX yckoputens. dororpaguu xapakTepHbIX B3aMMOACHCTBUI BOILIU B
pycckoe u3nanue (puc. 6) [7]. AHamu3 NepBBIX OOTYYCHHH IMO3BOHII JIaTh 0030p TOIMOJIOTHUU
AJIEPHBIX 3BE3]l U MPOBECTH YIJIOBbIE M3MepeHus Beixonaamux cienos [8-10]. Ilo nacrosmiee
BpEMsSI COXPAaHSAIOT YHHUKaJIbHOCTb HAOJIOJEHUS IIOJHOTO pa3pylIeHHs siep MHILIEHU U
KOTepeHTHOro 00pa3oBaHUSI ME30HOB B COOBITUSIX, HE COIMPOBOXKIAIOIIUXCS —ClelaMu
dbparmenTaru MutieH. OOIy4eHHs CTOMOK 3MYJIbCUU MPOAOIKAIUCH B 1960 rT. B OTHOIIIEHUHT
VIPYTOro paccesHus Kak KICTOYHUKA UH(POPMAIIMK O CTPYKTYpPE MPOTOHOB.

OTKpbITHE pacmagoB CTPAaHHBIX YACTHI[ B SACPHOW OMYIbCHH, OOJydaBIICWCS B
cTpaTtocdepe, MPUBENIO K CO3JaHUIO MY3bIPhKOBBIX KaMep, OXBAaThIBABILIMX HAa MHOT'O MOPSIKOB
Oonbme 00BeMbI IETEKTUPOBAHUS B MAarHUTHOM ToJie. C ypOBHEM HCCIIEZOBAaHUI U pa3MaxoMm
uHHoBaiii B CIIIA B 3TOM HampaBieHMM HO3BOJIIET O3HakKoMHTbcs HobGeneBckas nexius Jl.
AunbBapena [11]. Pemenunem s JIBD crano coznanue 40 cM my3bIpbKOBOM KaMepbl Ha OCHOBE
CKMKEHHOTO mponaHa. s ee o0aydeHus Obul cOPMHPOBAH BHEIIHUH MYy4YOK T -ME30HOB C
ummynscom 8.3 I'HB/C.

Anamuz 40 Teic. (oTorpaduueckux KaapoB, CAETAaHHBIX Ha ITOM Kamepe, oKaszaics
UCKITIOYHUTENIFHO MPOAYKTUBHBIM (puc. 7-9). ®dnarmanckum pesynprarom JIBD crama
unentuduxamus B 1960 r. Pacnana, He HAGMIOAABIIET0OCS paHee, aHTH-X -THIIEPOHA HA T -ME30H
u antuHeiTpon [12,13]. [Mocnexanuit mposiBuics B 3Be3ne aHHUTWISIIUU (puc. 9). B BeprmHe
0o0pa3oBaHUsl aHTU-X -THIEPOHA MpUCYTCTBYIOT cienbl K, m pacmagoB mapel K -anti-K°
Me30HOB (Tak MHOro «crtpanHoctu» cpasdy!). Cronb sicHO UHTepHperupyeMas Qororpadus
UCIMOJIb30BaTach KaK CHUMBOJI (DM3MKM DJIEMEHTapHbIX uyacTull B m3nanusx OWMSAU. Ilpustho
OTMETHUTH, YTO ITOT KaHAT UIeHTU(HUKaIMK ObUT HCTIONB30BaH HeAaaBHO B dkcniepumenTe ALICE
Ha bosbiioM agpoHOM Kosutaiaepe.

[MpuHnunuaneHeiM  (hakTOpOM ycrexoB crajo mnpusieueHue B.J. Bekcinepom Ha
Cunxpo(a3oTpoH Kak HPOEKTY OOIIEroCyIapCTBEHHOIO 3HAYEHUsS JBYX TPYII BBITYCKHUKOB
¢usmaeckoro dakynpreta MI'Y. OTBedass ckenTukam, OH HacTauBal: “Monojexs MeHsS He
nozasener!” OpHa rpymnmna mpeacTaBieHa B MOJHOM coctaBe Ha Qotorpaduu (puc. 10). Cpenn
COABTOPOB TEPBBIX MyOJIMKAIUNA BCTpeyaeM uMeHa Monoaeix yuensix: E.H. Knagaunkoii, JI.H.
CrpynoBa, D.H. LpiranoBa. B.A. bemskoBa, B.A. Hukutuna, A.B. Hukutuna. MupoBoii
ypoBeHb, Ha KoTopbld Bbimen OWSM, cnocoOctBoBanm BeIOOpYy JyOHBI B 1964 1. st
nposenenus XII Mexaynapoanoit konpepenuun (Pouectepckoit) mo ¢pu3uke BBICOKHX SHEPTHUil.



Jnst pa3BuTHs (U3MKK YACTUL BIUIOTH IO @HTUIPOTOHOB B 1965 r. Obuta mpennoxeHa
koHUenus CuHXpo]a3oTpoHa Kak HCTOYHMKA BTOPHUYHBIX YacCTHUI], T€HEPUPYEMBIX Ha €ro
BHyTpeHHUX MuineHsx [14]. Ilpexae Bcero, TpeOoBajcs pPOCT Ha TPHU-YETHIPE IMOPSIKA
MHTEHCUBHOCTH UHPKYJIUPYIOLIUX MPOTOHOB, YTO O3HA4yalO CO3JaHUE HOBOIO JIMHEWHOIO
YCKOPUTENS IS WHXKEKIUU. BO3HHK MPOEKT CO3MaHHUS MOIIMHOW OCTOHHOW 3alIuThl HAJl
KOJIBIIOM. 3aTeM TpeOOoBaloCh CO3JaHKHE KaHAIOB CEMapUPOBAHHBIX IMYyYKOB BTOPUYHBIX YAaCTHII,
BKJIOUAsl  3JIEKTPOCTAaTHUECKHE cemapaTopbl K-ME30HOB W aHTUIIPOTOHOB, KOTOpPbIE
pasmMemaiuchk B npuctpoeHHoMm kopnyce 1b. HelTponubiii kanan ¢ npoBoakoi yepe3 1b B
KOPITyC BOJIOPOJIHON KaMepbl ObLII peai30BaH MpH (hparMeHTau eI TUBUCTCKUX JIEHTPOHOB.

[IpennoxkenHass mapagurMa oOKasajgach MOILUHBIM CTUMYJIOM 1 pasButus B JIBO
AKCIEPUMEHTAIbHBIX METOJOB, CIEJIaBIIUX BO3MOXKHBIMHM 3KCIIEPUMEHTBI IO PEJIATUBUCTCKON
snepHoit ¢usuke B 70-e rT. B okyce ycunuii okazamochk co3gaHue 2X-METPOBOM MPONAHOBOM,
KCEHOHOBOHM, 1-MeTpoBOM BOJOpPOJHOW M CTpUMMEpHOM Kamep. Pa3BuBanuch MeETO/bI
JJIEKTPOHHBIX KCIEPUMEHTOB - YEPECHKOBCKUE I'a30BbIE€ CYCTUMKH, OPraHUYECKHE IIJIACTUUECKUE
CUUHTHIISTOPBI, MHOTOIIPOBOJIOYHBIE UCKPOBBIE U MPOMOPLMOHAIBHBIE KaMepbl, YePEHKOBCKUE
JETEKTOpPhl ~ MOJHOIO  IOIJIOLIEHWS, HAHOCEKYHIHAass  JJIEKTPOHMKA, COIPSDKEHHE ¢
KoMmnbloTepamMu. TpeboBanoch pa3BUTHE KPUOTCHHBIX MUIICHEW, SIIEPHOM 3JIEKTPOHUKU U
CONpPSDKEHUE C DJIEKTPOHHBIMU BBIYHUCIUTEIBHBIMM MAallMHAMH, KOTOPBIE TOJIBKO CTalu
nosiBisIThbesl. HaBepHsKa 3TOT CIIMCOK HEMOJIOH, U CTOUT 00paTUThCs K rofoBbiM otyetam OVAU
TOT0 MEpUOJaA.

Ha sTom nmyTtu ObutH HE TOJBKO yCIIEXU, HO U pazodapoBanusd. [Ipexae Bcero, He yaanoch
HOJYYUTh OXHJIAEMYI0 MHTEHCHUBHOCTH CENapUpOBaHHBIX IyYKOB. B To ke Bpems pecypchl u
ONBIT YYEHbIX U crneuuanuctoB JIBD mnorpeboBamuch sl NMPECTHKHBIX SKCIEPUMEHTOB B
WNuctutyre (u3MKM  BBICOKMX B3Hepruif, rme B 1967 1. Obul nymeH B paboTy
KECTKO(POKYCUPYIOIINK CHHXPOTPOH Y-70 Ha pPEKOpAHYIO SHEPrHi0 MPOTOHOB K S0-1meTHio
Benukoit OKTA0pbCKOIl conuanucTUyeckod peBoironuu. [losSBUBIIMCE Ha HOBOM TIpaHMIE
(GU3MKM BBICOKMX HHEpPIrHil, 3TOT YCKOPUTENIb MEPEKIIOYM Ha ce0s BHUMAHHE HE TOJBKO
¢u3ukoB Coserckoro Coro3a u crpan-yyactauy OMSUN, vo u LIEPH, u CILA.

VYcyryOun cioxHocTu Oe3BpeMeHHbIH yxoa u3 ku3Hu B 1966 r. B.M. Bekcnepa —
Xapu3MaTHYECKOW JIMYHOCTH, yMeBIIeH OpaTh Ha ce0s OTBETCTBEHHOCTb, PEIIaTh HE TOJBKO
HayYHO-TEXHMUYECKHE, HO U OpraHM3al[MOHHBIE BBI3OBBI OecIpeleleHTHOW cioxHocTtu. U.B.
Yysuio («mpaBasi pyka Bekciepa») Bo3miaBui MHCTUTYT 3KCHEPUMEHTAIbHOW (H3MKH, TIE
y)Ke JEHCTBOBal >KECTKOPOKYCHPYIOUIUH CHHXPOTPOH VY-10, CIYKUBIIUA TPOTOTHIIOM
CepnyxoBckoro yckopurenss Y-70. Bo3Hukiam mpeaniokeHus o moinHoi opueHrtanuu JIBD Ha
pabory B UDPBD ¢ COOTBETCTBYIOUIMMHU pELIEHUSMU B OTHoWEeHMH CuHXpo(a3zoTpoHa H
IJ1aBHOM YacTu KoJjuiektuea JIBD, cBsA3aHHOrO C HUM.

Jlis BbIBOJA CHUTYyallMM W3 KpU3HMCa U COXPAHEHHWS B JEHCTBUM JOpPOro JaBIIETOCS
HAYYHOTO KamuTaja TpeOoBaoCh B CKaTble CPOKH OOHOBUTH MPOrPaMMYy-TIOBECTKY BHYTPEHHUX
skcniepuMeHToB  JIBD. VYcenoBus ompenensnum ¢ OJHOM CTOPOHBI Hay4dHas aKkTyalbHOCTh M
NEePCHEeKTUBHOCTb, a C JApYrod — peanbHble 3aznenbl JIBD u GropkeTHBI KOMIPOMHUCC C
BO3HUKIIMMHU BHEHNIHMMHU oOsi3aTenbcTBamMu. M. A. Mapkos, cmenuBmuii B. 1. Bekciepa Ha
NOCTy akaJeMHuka-cekpetaps Otaenenus sipepHoil ¢pusuku Axanemun Hayk CCCP, BbLABHHYI
Ha nocT aupekTopa JIBD cBoero yuennka A. M. banauna (puc. 11).

Hauas cBoto paboty 8 DUAH no ¢pusnyeckomy obocHoBanuio Cunxpodas3orpoHa, A. M.
banmua Kk TOMy BpEeMEHH TIONydWJI TIpU3HAHWE Kak TEOpPEeTHK B oOmactu  (pusuku
AJIEKTPOMArHUTHBIX B3aUMOJIEHCTBHI afpoHOB U sijep. OH corpyanuyan c¢ JIBD B mowmcke
AIIEKTPOMArHUTHBIX PACHalOB BEKTOPHBIX ME30HOB, YBEHYABIIMUMCS IEPBBHIM HAOIIOJICHUEM (O
— e'e” [15,16]. HecnyuaiiHo, 4TO 3TO HAmpaBIEHHE CTAIO TEMOW IEPBOr0 MEXIYHAPOIHOTO



CeMMHapa 1o mpobieMaM (PU3MKH BBICOKUX IHEPTUH, MPOBEACHHOr0 B ceHTs0pe 1969 r. mox
npeacenareabctBoM A.M. banauna [17]. Co BpemeHeM TemaThKa 3TOro (opyma pacuidpuiach
Ha  MHOXXECTBEHHBIE  MpPOIECCHl, NpPeAeNbHYI0  (parMeHTaluI0  siep, KBaHTOBYIO
xpoMmoruHaMuKy. CeMuHap NpHOOpen cTaTyc KpYyIMHOHW KOH(MEpEeHIHMH CO 3HAYUTEIbHBIM
MEKyHAPOJAHBIM U POCCUACKUM yYaCTHUEM.

OtmpaBHbiMH TiyHKTaMu Juisi A. M. banguna B QopmymupyemMoM ©HM HaydHOM
HANPaBIICHUU W HA3BAaHHOM UM PEIATUBHCTCKAs siiepHas (U3HWKa, CTalld TOJBKO 4YTO
nosiBuBmiviecs B W®BD  npaHHblE, NOpPOAEMOHCTPUPOBABIIKME MacIITaOHO-MHBAPUAHTHOE
MOBEJICHUE MHKIIO3UBHBIX CIIEKTPOB POXKIACHHBIX aapoHOB. C Ipyroil CTOPOHBI, UCCIIECIOBAHUE
r1yO0oKo-Heynpyroro paccesHus 3ekTpoHoB B Ctandopae (CILIA) yka3piBaio Ha TOYEUHO-
noMoOHYI0 (MM TApTOHHYIO) CTPYKTYpPy HYKJIOHOB. Takke B TOJb3y TaKOW KapTHHBI
CBUJICTENLCTBOBAJIAa  CIPABEIJIMBOCTb IpaBMWJI KBapkKoBoro cuera MarBeeBa-MypansHa-
TaBxenua3e s yIpyroro paccessHus aJpoOHOB ¢ OOJIBIIMMU MepeIadaMu UMITYJI5coB [18].

A. M. bannuH npeiioxui pacipocTpaHUTh TUIIOTe3y MacIITaOHOM MHBApUAHTHOCTU Ha
CTOJIKHOBEHHUE PEJIAITUBUCTCKUX sJIep KaK CIEACTBHE TOYEHYHOI'O MEXaHU3Ma B3aUMOJIEHCTBUS
AJIepHBIX HYKJIOHOB. IIpoBepka rumoresbl TpeOoBajla HCCII€OBaHUS OOpa30BaHMs IHMOHOB B
00JacTH TpeAesbHONW (PparMeHTaluu, 4To Mpu dSHepruu okoyio 3 I'BB Ha HykioH TpebGoBaio
BBIXOJIa 33 Ipelebl HYKIOH-HYKIOHHON KruHemaTuku [19]. A.M. Banaun BCrioMuHam KpaTKuii
oOmeH ¢ P. deiitnmanom Bo BpeMs KOH(GEpEHIINH AMEPUKAHCKOTO HHCTUTYTa (pusuku B 1971 1.,
KOTOPBIH 3By4as MpUMEpHO Tak: <« 3Hato, korja nepemeHHas PeifHMaHa MOXKeT OBITh OOJIbILIE
eauHubL.y. OTBeT: «Het, 3T0 HEBO3MOXKHO. .. (1ay3a) ..., a, Hy, KOHEYHO, B siipax!».

B 70-80x rr. ObuM TIPOBEACHBI MCUYEPIIBIBAIOIINE M3MEPEHUS WHKIFO3UBHBIX CIEKTPOB
KyMYJISITUBHBIX QJPOHOB, BKIIOYAas aHTHUIIPOTOHBI, OapHOHHBIX (parmeHTOoB B Tpymme B. C.
CraBunckoro B JIBD u I''A. Jlekcuna B MHCTUTYTE TEOPETHYECKON M SKCIEPUMEHTAIBHOU
¢usukn B MockBe. OHH COCTaBISIOT YHUKAIBHBIM TUIACT (PU3UYECKONW KApPTUHBI MApPTOHHBIX
crerneHel cBoOOBI B siepHOi Marepuu (0030pbl [20-23]) v manu OCHOBY JjIsi Pa3BUTHS O[]
pykoBoacTBoM A.M. banauna npepacraBieHuit 00 aBTOMOIETFHOM ITOBEJICHUN MHOXXECTBEHHOTO

POXACHUS YaCTHULl B CTOJIKHOBCHUAX aJPOHOB U AACP Ha OCHOBC JaHHBIX C ITY3bIPBKOBBIX KaAMEP
[24,25].

Yckopenne Ha CuHXpo(ha3oTpoHe EHTPOHOB, IPUBEIIIEE K OTKPHITHIO KyMYJISTUBHOT'O
sa¢¢ekra, crajgo MNPEeANOChUIKOW Hayalda HOBBIX SKCIEPUMEHTOB MmoJ pykoBoictBoM JI.H.
CrpynoBa u JL.C. Asxrupes 1O U3y4yeHHMIO BOJHOBOM (YHKIMM JeHTpOHa Ha MajbIX
MEXHYKJIOHHBIX PACCTOSHUAX. MHpOBOW YpPOBEHb B HCCIECIOBAHMM CIIMHOBBIX AaCIEKTOB B
CTPYKType JAeHTpoHa ObLI JOCTUTHYT Onarojaapst co3jaHuio B 80-e rojpl MoJ pyKOBOJCTBOM
IO.K. TIununeHnko MCTOYHHMKA MOJIIPU30BAaHHBIX AeWTpoHOB. Ha ero ocHoBe B 90-e rr Obuin
HaYaThl YIKCIIEPUMEHTHI C MOJSIPH30BAHHOI MPOTOHHON MHIIEHBIO, TocTaBieHHOoM 3 DAPhNIA
(Cakue).

BoIBeieHHBIE IYYKH JIETKUX SIEP, MOJIYYEHHBIE OT HJIEKTPOHHO-IYYEBOTO U JIa3€pHOr0
MCTOYHUKOB, MO3BOJIMIIN IPOBECTH 0030pHbBIE UCCIIEIOBAHUS METOJIOM SIAEPHOM SMYJIbCUU B 2-X
METPOBOH MpOIaHOBOM kamepe (puc.12), a Takke B 1-MeTpoBOW My3bIpbKOBOW U CTPUMMEPHOM
kamepax (puc.13). Bee 3aTpoHyThIE TEMbI 3aCTYKUBAIOT OTICIBHBIX PETPOCIIEKTHBHBIX 0030POB.

B nmpakTthyeckoM TIaHE OSKCIEPUMEHTHI IO PEISATUBUCTCKOW sifiepHOH (uU3MKe,
npoBeseHHbIe B 70X IT., JaJIM )KM3HEHHO BAKHBIA MMITYJIBC JJII MOJEPHU3ALMHU U PETYISIPHON
pabotsl Cunxpodazorpona. [Tox pykoBoactsom JL.II. 3uHoBBEBa OBLT 3amyllieH B pabOTy HOBBIN
JIMHENHBIN UHXKEKTOp, a moJ pykoBoAcTBOM M.b McCMHCKOro OCyliecTBiIeH MEIJIEHHbBIN BBIBOT
ny4ka Ha 4 nopsiaka OoJbIIell MHTEHCUBHOCTH, YeM y BHYTpeHHero ny4ka B 60-e rr. Tem caMbiM
3aIlTa HAJ YCKOPHUTEJIEM yTpaTuia aKTyaabHOCTb. MUHHCTP CpEIHEro MAaIllMHOCTPOECHUS



CCCP E.II. CnaBckuit noguepxxan naunuatuBy A.M. banauna o crpoutensctBe HOoBoro 205
KOpIyca BBIBEACHHBIX ITyYKOB, YTO OBLIO OCYIIECTBIEHO Tox pykoBojactBoMm JIL.I. Makapora
(BmociencTBum «iokoMotuB» npoekra Hyknorpon). Umes mo onenke [1.B. Ckobenbubina 20-
JIETHUM pecypc, OTPOMHBIN BaKkyyMHBIM 00beM kamepbl CHHXpo(ha3oTpoHa MOJACpPKHUBAICA B
paboTOCIIOCOOHOM COCTOSIHUHM IO 3aBEpIIEHHUs ero SKCIuryartanuu B koHie 90-x rr. Takum
o0pa3oM, IeJICHANIPABICHHOE COBEPIICHCTBOBAHHE YCKOPUTENA, aKTUBHOE IPOBEACHUE
OKCIIEPUMEHTOB Ha HeM, (OPMYIMPOBAHHE BHIBOJIOB M OOOOIICHWN B3aMMHO MOITATKHBAIN
Ipyr Apyra, MpuBjiekas Bce Oosee MUPOKUIl Kpyr monb3oBareneil. [Ipeacrapnsercs, 4to B 3TOU
TECHOM B3aHMMOCBSI3U KPOETCS CEKPET CTAHOBIICHUS PENIATUBUCTCKON saepHON (U3MKH U ee
BBIXO/Ia HA MUPOBOM YPOBEHb U CO3JIaHUs MPEANOCHUIOK AJisi cTpouTenbeTBa Hykmorpona B 80-
e IT. OroT HayuHo-uctopuueckuii ypoxk B. WM. Bekcnepa u A.M. banguna, ux
MPEIECTBEHHUKOB, COPATHUKOB U IOCJIEI0BaTeNell COXpaHsIeT CBOIO aKTyaldbHOCThb. Ha »TOM
wiatpopme GOPMHUPOBATIOCH YYaCTHE B SKCIIEPUMEHTAX 10 PENSTHBUCTCKON sAepHOH (hu3nke B
BEIYIIMX YCKOPHUTEIBHBIX LIEHTpaX Mupa. PeTpocneKkTuBHBIM B3MIsg Ha ucrtoputo JIOBO
IOYYMTEJIEH U MO Cel JEHb, TaK KaK MO3BOJIAET IPUIIOKUTh U SKCTPAIOIMpPOBaTh CBOETO pojia
cTpeny BpemeHu. dakcumuiie MOYTH 3a0BITHIX CTAaTel M BOCIIOMUHAHHI, HAKaIJIMBaeMbIX Ha
caiite amynbcuonHoro skcrnepumenta bBEKKEPEJIb, Benen 3a uznanusimu OUSN u Untepner,
MO3BOJIAIOT IPOHUKHYTHCS BIOXHOBIIAOMNIEH aTMOC(hepoii EPBBIX MIArOB B 3TOM HAINPaBICHUU U
npociienTh Ha (hakTax Hay4HbIH pocT JIOBDO.

[Tockonbky JI®BO B okyce ouepka, TO aBTOp MO3BOJIHI ceOe HE OCTAHABIMBATHCS HA
3apyOeKHBIX JTamax, BEAYIIUX OTCYET C OTKpHITUA B 1949 r. pensTHBUCTCKUX sICp B
ctparocdepe [26]. Cpenu HuX pasBepTbiBaHue B 70-X IT. HCCIENOBAaHUMN C PENSATUBUCTCKUMU
TsDKEJIBIMU HoHaMU Ha beramake B Jlabopatopuu umenn Jloypenca B bepkiu (CIIA) [27]. Eme
OJIMH KpYNHBIA mmar — ¢uU3MKa PETSITUBUCTCKUX MAaJOHYKJIOHHBIX CHUCTEM, COCTaBUBIIAS
MOBECTKYy cHadaima Ha crnabo ¢okycupyromem CATYPHe (CEA, Cakne, ®panmus),
npooJDKaBinytocs Ha skectkopokycupyromem CATYPH-2 (Jlaboparopuss DAPhNIA-CEA).
PerpociekTBHOE paccMOTpeHHME Tmporpecca dTHX Jabopatopwii Obuto OBl BechbMa
NOY4YUTENbHBIM. MX NIOCTM)KEHUS NpPENCTaBIECHBI M OTMEYEHbl B TpyAax MeXIyHapoIHBIX
cemuHapoB, npeBparuBmmxcs 70-80-xX IT B NpPU3HAHHYIO MEXIYHAPOIHYIO KOH(MEPEHIUIO
(puc. 14). Ham caiit [28], opHeHTHpOBaHHBIA B OCHOBHOM Ha HAYIIHH OSKCIEPUMEHT
BEKKEPEJIb, MoXeT ciy’)kKUTb OTHpPaBHbIM ITYHKTOM B OTEYECTBEHHYIO HCTOPHUIO (PU3UKU
BBICOKMX »SHepruil. Mcropuyeckne wmarepuanbl HaKalUIMBAIOTCA B (DOHOBOM peXHUME BO
n30exaHue yTparbl WK 3a0BeHMs. B MpOTHBHOM ciydyae €cTh pUCK 3a0bITh O BIEYATIISIONIEM
pasBUTHU (PU3MKK MUKpOMHUpa OOJIbIlIe, YEM 3a4acTyl0 Hallld COBPEMEHHUKH 3Ha0T. [TocKonbKy
HEINOCPE/JICTBEHHOE IUTHPOBAHUE 3/I€Ch 3aTPyJHEHO, aBTOpP TOTOB INOMOYb B IOMCKE Kak
LIUTHUPYEMBIX MAaTepUaAJIOB, TAK U MHOTHX JAPYTUX, a TAK)KE 3aMHTEPECOBAH B €T0 IOINOJIHEHUN.
[To oueBHIHBIM HUCTOPUYECKUM IMpHYKMHaM Oosnbluas yacTe paputeroB Ha caiite BEKKEPEJIb
IpeJCTaBIeHa Ha PYCCKOM f3bIKE, a JIaBHUE MyOnIMKanuu 100aBiIsIOTCA MO0 Mepe OOHApyKEHHS.
COopauk anHoTanmii kKoH(pepenuuu B Jyone B 1964 1. HemaBHO 100aBI€H B pazjaen
«papers/books». Uepes 3TOT *ke pa3fen JOCTYIHBI IJ1aBbl T010BbIX oTyeToB JIBD OUSU ¢ 1965
r. YIa4HbIM HCTOYHHUKOM JUISI CAMOCTOSITENIbHBIX IMOUCKOB cayxHUT 0a3a gaHHbX INSPIRE, Ha
KOTOPOH MMEIOTCS MaTepuaibl MexIyHapoaHbIX KOH(EpeHIUil o (U3UKEe BHICOKUX IHEPTHH C
50-x rT.

Astop Onaromapen npod. A.M. ManaxoBy 3a mpuriameHue TpeACTaBUTh JOKIAIbI MO
ciaydaro 65-netust Cunxpodaszorpona B 2022 r. u otkpeiTusg XXV MexayHapoqHOro ceMuHapa
no ¢usmke BeICOKUX HHepruil («banauHckas ocenb - 2023»). JInunas pabora 3apyounoii W.T.
Han caiitoMm BEKKEPEJIb, nawatas no ee uHunmatuBe B 2004 T. M NOpoaoJDKEHHAs IO
HACTOSIIIee BPEMsl, 3aCTyKUBAET UICKPEHHEN MPU3HATEIbHOCTH.
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Puc. 1. TutynbHas crpanuna oryera ®UAH u ¢dotorpadust u3BUIMCTOro cieia m-Me30Ha,
3aXBaYCHHOTO SPOM SMYJIBCHH C OOpa3oBaHWeM ABYX ¢parmeHToB (mipemoctasieno C.I1.
XapaMOBbIM).



Puc. 2. ®ororpadus cuaxporpona MKM (®UAH, 2007 1.).

Puc. 4. Buyrpu 3nanust Cuaxpodazorpona (1957 r.).



Puc. 5. Makpodororpadus B3auMoAeHCTBUS AApa KOCMUYECKOTO TPOUCXOKICHUS B SIA€PHOM
smyibenn (PUAH, nauano 50-x rr, mpenocrasieno I'.. OpoBoii).

Puc. 6. ®otorpadun B3aMMOAEHCTBUI MPOTOHOB, YCKOPeHHBIX Ha CHHXpO(Aa30TpoHE U3
pycckoro u3manust [7].
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Puc. 7. ®otorpadus B my3sIppbKOBOI Kamepe 00pa3oBaHusl = -THIEPOHA PACHaNAONIETocs Ha
napy An (npenoctaBieHo A.A. Ky3HeloBbIM).

/

Puc. 8. ®otorpadust B my3pIpbKOBOM KaMepe PEAKOro COOBITHS - 00pa30BaHHS M paclajioB
napsl A U aHTH-A-rUepoHoB (mpeaoctaBieHo A.A. Ky3HemoBbim).



Puc. 9. ®ororpadus B my3bIppKOBOW Kamepe 00pa3oBaHMs M pacraja aHTH-X -TUIIEPOHA Ha
o o +
AQHTHUHEHTPOH, MPOSIBUBILUICS B 3BE3/l¢ aHHUTWILIIMU U T -Me30H (mpemocraBieHo A.A.

Ky3HenoBbim).

| MOCKOBCKHH 'OPACHA ACHHMHA
| TOCYAAPCTBCHHDIIT YHMBEPCHTC
' wm M B AOMOHOCOBA

—
PHINUECKHII DAKYABTET

Puc. 10. BeimyckHUKH OAHOM U3 ABYX Tpymnn ¢usuueckoro gaxynprera MI'Y npurnameHHbe
B.1. Bekcnepom: E.C. Cokonosa (Ky3uenosa), A.A. Ky3nenos, P.A. Acanos, JI.I'. 3actaBenko,
O.I. bybenes, B.I'. I'putnn, A.®. I'pymun, M.A. lNaabxun, B.I'. 3unos, C.B. Mensens , 1. A.
Casun, B.B. Bummnskos, . C. Cauro, C.A. [denucuk, FO.A. Tposu, B.B. I'marones, A./l.
Kupunnos, A.A. HomodumoB, M.U. ComnoeeB, H.A. Murtun, FO.A. Marynenko, B.C.

CraBunckuii (nmpegocrasieno B.B. ['maronessim).



Puc. 11. M.A. MapkoB u A.M. bannun (dpoto FO.A. Tymanosa).
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Puc. 12. ®ororpadus HeHTpATLHOTO COyIapeHUs Aapa L2ce sHepruei 3.65 I'B Ha HYKIIOH B
simepHoi amynben (npenoctasiena K. JI. ToncToBeim).



Puc. 13. dororpadust neHTpansHoro coymapenus sapa “2C ¢ sueprueii 3.65 5B Ha HYKIOH B
MPOINAaHOBOM My3bIPHKOBOI Kamepe (mpenocraBieHa M. Y. CooBbEBbIM).

Puc. 14. A.Jl. KoBanenko, A.l. ManaxoB u A.M. banaun Ha 3aceganuu MexayHapOAHOTO
ceMuHapa o npobiemam ¢pusuku Beicokux 3uepruii (90-¢ rr., poto FO. A. Tymanoga).



