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BBenenue

B.1. Ilean ucciaenoBaHus

Hacrosimas paboTa mocBsiieHa UCCIEI0BAaHUIO OCOOCHHOCTEH nmepupepudecKux
B3AMMOJICHCTBHII PESTUBHCTCKMX PAIHOAKTHBHBIX sgep 'C B SICPHOH dMYJIbCHH
(519). Ee uenb cOCTOMT B 3KCIEPUMEHTAIBHOM U3yYeHHH KJIACTEPHOW CTPYKTYPHI sjpa
%C, mposBrsiomIeiics B BEPOATHOCTAX OOPA30BAHMS BO3MOXHBIX KOH(HTYpAIHit
(parMeHToB, BKIIOYas HecTaGmIbHbIE siapa “Beu °B [1-8].

KiroueBbIM  aciekToM SAEPHOM CTPYKTYPBI SIBJIIETCS HAJIMYHAE CTEIEHEU
cBO0OO/IBI, B KOTOPHIX BUPTYaJIbHBIE ACCOIMAIIMN HECKOJIBKUX HYKJIOHOB BEIYT ce0sl Kak
COCTaBIISIIOIIME KJacTepbl. HaOmiogaeMpIMU TMPOSIBICHUSMHU KJIACTEPOB, SBIISIOTCS
Jleryaifige sapa, He MMEIOIIHe BO30YKICHHBIX COCTOSHHI — 3T0 sapa “He (a-uacTuiia)
u *He (h, remmon), tputoH () u meiitpor (d). OCOGEHHO OTYETIIMBO KIIACTEPU3ALS
NpOSIBIISIETCST B JICTKUX  SApax, I/Ie pa3HOoOoOpa3we BO3MOXHBIX  HYKIOHHBIX
KoHurypamuii HeBenuko (puc. B.1). Hampumep, moporu OTAeneHHs KIACTEPOB LIS
sanep Be, 6’7Li, 11‘108, 1112C 1 %0 umeror menpimme 3HAYEHUs, YeM JIJIs1 HYKJIOHOB. SIpKo
BBIPOKEHHYIO KJIACTEPHYIO CTPYKTYPY HMEIOT HecTabuibHbIC siapa “Be n “B. B cBoio
odepelib, snpa Be, Li, ®Be u °B BBICTYIIAIOT B KaueCTBE OCHOB B H30TOIaxX Oopa u
yriaepoaa. B 1enom, CTpykTypa JETKHX SAep MPEICTaBISACTCS KaK CyMepro3UIus
CBSI3aHHBIX COCTOSIHUM M3 SJI€P-OCHOB, JIETYAMIINX SAEP-KIACTEPOB M HYKJIOHOB,
COCYIIECTBYIOIINX B JMHAMHYECKOM paBHOBecHU. COOTHOIICHHS 3TUX BUPTYaIbHBIX
KOHUrypauii UMEIOT (yHIaMEHTAIbHOE 3HAuY€HUE, MOCKOJIbKY HUMH OMpeeseTcs
CTPYKTypa OCHOBHOTO W BO30Y>KIEHHBIX COCTOSHHM JIETKUX siaep, camMu (aKThl
CBSI3aHHOCTH KaXKJIOTO U3 HUX, & TAK)KE OCOOCHHOCTH SIIEPHBIX PEAKIU C MX yU4aCTHEM,

B TOM 4HUCJIC peaKuHﬁ HYKJICOCHUHTC3A.
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Puc. B.1. /luarpaMma KiacTepHBIX CTENEHEH cBOOObI B CTAOUIBHBIX U HEUTPOHOIC(UIIUTHBIX
A0pax; yKa3aHbl PACIPOCTPAHECHHOCTHM M30TONOB WM BpPEMEHA JKW3HM M 3HAYCHHUS CIIMHOB H
YETHOCTEH; CBETJIbIE KPYKKH COOTBETCTBYIOT IPOTOHAM, TE€MHbIE - HEWTPOHAM; TEMHBIM (POHOM

BBIJACIJICHDBI KJIACTCPhI

Uccnenoanne knactepuzaluu  sAep TPAAUIIMOHHO paccMaTpUBAeTCsl Kak
npeporatviBa (PU3MKK HUBKUX HHEPruid. DKCIEPUMEHTHI C OBICTPO JIBHUXKYIIUMHCS
alpaMd, B TOM YHCII€ PaJMOAKTUBHBIMH, IO3BOJIIOT OXBaTUTh BCE pa3zHOOOpasue
W30TOTIOB, a TaKXKe OOECIEUYMBAIOT METOAUYECKHE MPEUMYIIECTBA ICTECKTUPOBAHUSI.
Kondurypammonnoe mnepekpbiTHe OCHOBHOTO COCTOSIHUSI HCCIENYeMOTo siapa C
KOHEYHBIMH KJIACTEPHBIMH COCTOSIHUSIMH BBISIBIIIETCS B COCTaBe ()parMeHTOB IPH €T0
JUCCOTIMAITY Ha iepudepun sapa MUIICHH.

[lepexon B pensTUBUCTCKUN MaciuTad 3HEPruu CTOJIKHOBEHUS sep Jeiaer
3 (dEKT CBsI3M KIACTepOB M HYKJIOHOB HECYIIECTBEHHOUN W, Oiaromaps BO3pacTaroiiei

KOJUTUMalMM ~ ()parMeHTOB,  YNpoOIIaeT  ONpeJefieHHe  B3aUMOJICHCTBHM  Kak
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nepudepudeckux. Bmecte ¢ TeM, BO3HUKAIOT CJIIOKHOCTH B MPUMEHEHUHW MarHUTHBIX
CIIEKTPOMETPOB, 3aCTABJIAIOIINE OTPAHUIUTHCS PETUCTpaliell pparMeHToB C 3apsaamMu
ONMM3KMMH K U3y4aeMOMY SIIPY U, Kak pa3BuTue, ogaHoro u3ortoma He u H. IIpu stom
MPOIMYCKAIOTCSl KaHallbl ¢ OoJiee BBICOKOW MHOXKecTBeHHOocThio He m H. UMx ponb
HECOMHEHHO SIBIISIETCS KJIIOYEBOi, XOTS ObI B CHIy TOTO, YTO H30TOIBI “Be u °B He
SBISTIOTCS CBSI3aHHBIME. B ciiydae sgpa “°C PeKOHCTPYKLHS PAacIiagoB HECTAOHIBHBIX
smep °Be u °B  sBIsercs NPUHIMIMAIBHON, a e¢ pPElICHHE B DICKTPOHHBIX
IKCIIEPUMEHTAX TI0Ka HE POCMATPUBACTCH.

Ortor mpoben BocmosHseT MeTon D, obecnedmBaromuii Kak PEKOPIAHOE
npoctpancTBeHHoe paspemieane (0.5 um), Tak M YYBCTBUTENBHOCTH BIUIOTH [0
PESITUBUCTCKHUX YacTull. [loporn neTeKTUpOBaHUs PEIATUBUCTCKUX (PparmMeHTOB B 13
OTCYTCTBYIOT, a TepsieMasi UMH SHEPTHUS B IETEKTOpax MUHUMabHA. KoHeuHO, snepHast
IMYJIBCUSI HE OOecreynmBaeT MUMIYJIbCHOro aHanmu3a. OmHako, Omarofaps pa3BUTHIO
GU3NKKM MaJOHYKJIOHHBIX CHCTEM Ha OCHOBE MATHUTHBIX CIHEKTPOMETPOB U
NMy3BIPPKOBBIX ~KaMep BO3MOXKHO TMpPHBJICUEHUE pPA3HOOOpPA3HBIX CBEACHHHA O
dbparMeHTanMM PETSITUBUCTCKUX siaep. CBeIeHUsT O CTPYKType amcconuanuu B SO

NpEACTABIAIOT HEHHOCTD JJIA INITAHUPOBAHUS SJICKTPOHHBIX OKCIICPUMEHTOB.

B.2. MeToa ucciie1oBaHus

D coxpaHseT TMO3MLMU YHUBEPCAIBHOTO W HEIOPOTrOro JeTeKTopa s
0030pHBIX U TIOUCKOBBIX HCCIIECIOBAHUA B (DM3HMKE IEMEHTAPHBIX YACTHUI] U SACPHOU
¢usuke [9]. Mcnonp3oBaHue 3TON KIACCHUYECKOW METOIMKU Ha MyYKaxX COBPEMEHHBIX
YCKOpHTEJeH ocTaeTcsl BechbMa MpoayKTUBHBIM. B pamkax mpoekra BEKKEPEJIb [10]
Ha HykiotpoHe OSSN npoBenens! o6nyuenus A0 penstuBuctckumu siapamu Be, B, C
u N, B Tom uncne paagnoaktuBHbiME u3otonamu (puc. B.1). [IpoekT, 4acThio KOTOPOTO
ABIIIETCS HACTOSILEE HCCIEOBAaHHE, OPUEHTUPOBAH HA CHUCTEMATHYECKOE H3yueHHUE
KJIACTEPHOW CTPYKTYphl JIETKHX siiep. AHamu3 0OJydeHUH TMO3BOJISIET TOJHO
UCCIIEIOBaTh COCTaB U KMHEMATHUECKHUE XapaKTEPUCTUKU Pa3HOOOpa3HbIX aHcamOei

PEISATUBUCTCKMX  (PparMEeHTOB, BKJIKOYas INIyOOKO CBsA3aHHbIE KOH(UTrypaluu
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knactepoB. HMccnemoBanusi  o0ecneunBalOTCsl  MPOSIBOYHOWM — jaboparopuedt  H
naboparopueil  NPOCMOTPOBBIX M HU3MEPUTENBHBIX  MHUKPOCKOIIOB  CEKTOpa
TOJICTOCIIOMHBIX AepHbIX (poToamynbcuii JIOBD OUAN.

OcHoBaHMEM Il TAKOTO OJIX0/A K SIAEPHOM KJIaCTEpU3aLMM ITOCITY>KUIIU (PaKThI,
YCTAaHOBJICHHBIE B OCHOBOIOJIAralOLIUX HCCIEAOBAHUAX M0 PEIATHUBUCTCKON SAEPHOU
¢usuke. [Ipu sueprum cBeime 1 5B wa Hykinon (1A I'»B) OwictpoTHBIE OONMacTH
(parMeHTalMK HAJETAIOIIEro sApa U MULIEHU Pa3JIeistoTCs, a UMIYJIbCHBIE CIIEKTPBI
(¢parMeHTOB BBIXOJAT HAa ACHMIITOTMYECKOE TIOBEACHHE. TeM caMbIM JOCTUTAeTCs
pPeXUM TpEAeNbHON (parMeHTauu saep, YTO TakKe O3HadyaeT HEW3MEHHOCTh
M30TONNYECKOTO COCTaBa ()parMeHTOB.

CoObITHST TUCCOLMAIUU PENATUBUCTCKUX SJIEP B Y3KHE CTPYH U3 HECKOJIbKUX
(parMeHTOB, B KOTOPBIX TSDKEIOE AIpO0 MHULIEHM M3 cocTaBa 1D He paszpymiaercs
BUJUMBIM 00pa3oM, SIBJISIIOTCS OCOOCHHO LIEHHBIMU JJIs KjacTepHou ¢usuku. Mx mons
COCTaBIISIET HECKOJBKO MPOILIEHTOB OT OOIEro 4mcia HEeyNpyrux B3auMojencTBuil. B
TaKUX COOBITUSIX OTCYTCTBYIOT CJIEJbl MEJICHHBIX ()ParMEHTOB M ME30HOB (puMep Ha
puc. B.2). CrnenoBarenbHO, MPH TAKOM «KacaTEIFHOM» COYIApEHHH SIPO MHIICHH
B3aMMOJEICTBYeT KorepeHTHo. Kpome Toro, 3Ta OCOOEHHOCTb YyKa3blBaeT Ha
MUHUMAaJIBHOCTh BO30YKI€HUS Apa, UCTBITHIBAIOIIETO JUCCOLUALHIO.

[Tockonbky mpu AMCCOLUAIMM KJIACTEpPHbIE KOHPUTypauuud (UKCUPYIOTCS
Clly4aiiHbIM 00pa3oM, paclpeesieHue IO BEPOSTHOCTUM aHcambiell (parMeHTOB
MO3BOJISIET BBIIBUTH MX BKJAJbl B CTPYKTYPY OCHOBHBIX COCTOSIHUI UCCIEYEMBIX SIIIEP.
CrieKTpbl MOJHBIX MOMEPEYHBIX UMIYJIHCOB (DPAarMEHTOB sIep YKa3bIBAIOT HA TO, YTO
JUI. M3YYEHHOT'O pa3HooOpa3usi PEeISITUBUCTCKUX SAEp KOTEPEHTHAs JUCCOLMALUs
BO3HUKACT MPH SIEPHOM JU(PpaKIMOHHOM B3ammMojaercTBuu [11]. DTOT MeXaHU3M He
BHOCUT YIVIOBOM MOMEHT, YTO IO3BOJISIET PACCUMTHIBATH HA OTPaKCHHUE CIIMHOBOMI

CTPYKTYDBI Jiep B KOPPEISALHUSIX YIoB BblIeTa (DParMeHTOB.



Puc. B.2. Mukpodororpadust «OeiabIx 3BE31» ¢ — 2He + 2H.Bepmmna B3aUMOJEUCTBUS —
p p p

IV u Bropuunsie ¢pparmentsl - Hu He.

N3-3a OTCYTCTBUS CJE€IOB CUJIbHOMOHM3UPYIOIIMX YacTHUI] TaKue COOBITHS
KOT€PEHTHON AMCCOLMAIIMN HMEHYIOTCSl «OENbIMU» 3BE3JaMH, YTO TaKXKe OTPa)KaeT
«CpBIB» IUIOTHOCTH WOHU3AIMK B BEPIIMHE B3aUMOACUCTBUS. «CpPBIB» COCTABIISIET
OCHOBHYIO IpO0JeMy JJIsi 3JEKTPOHHBIX METOJIOB, MOCKOJbKY, YeM OOJbIlIe CTENeHb
JUCCOLMAINH, TEM TPyAHEE 3aperucTpupoBaTh coObiThe. HanpoTus, Takue coObITHS B
D Habmrona0TCs HaWTY4YIUM 00pa3oM, a UX pacipesielieHue 1Mo pa3InyHbIM KaHallaM
3apsOHKEHHBIX (PParMEeHTOB, HHTEPIIPETUPYETCS C MCUEPIBIBAIOIIEH TTOTHOTOM.

Pannue nHaOmoneHust «Oeibix» 3Be37 ciaelaHbl B D, 00iydeHHOU siapaMu
12C[12], *°0[13], #Ne [14], °Li [15] u "Li [16] na curxpodazorpore OVSIU B 70—-90e
rojsl. [To mpoekty BEKKEPEJIb ananu3 nepugepruyeckux B3auMOACHCTBUNA BBITIOTHEH
B SID (puc. B.1), koropast obiyuanace Ha Hykinorpore OVSIN siapamu °B [17], 'Be
[18], N [19], °Be [20,21],'B [22], °B [23], °C [24],°C u **N [1-8]. D1u pe3yabraTsI
NO3BOJISIIOT NIPEACTABUTH LIEJIOCTHYIO KapTUHY KJIACTEPU3ALMU LEJIOr0 CEMENCTBA siIep
B Hayayie Tabauubl U30TONMOB. OHU YKa3bIBAIOT Ha TO, YTO KJIACTEPHbIE OCOOEHHOCTH
JIETKUX SIIEP OMPENCISIFOT KapTHHY MX KOTepeHTHOH aucconmanuu [25]. Bmecre ¢ Tem,
0OHAPYKUBAIOTCS COOBITHS AUCCOLUALIMU TTTyOOKO CBSI3aHHBIX KIACTEPHBIX COCTOSHUMH,

HC BO3HHUKAIOIMWEC ITPH SHEPTHUH CTOJIKHOBCHUS B o0iacTu JCCATKOB M»5B Ha HYKIJIOH.
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B.3. [IpumeHeHue si/1epHOii IMYJIbCUH

IIpencraBum ocHoBel Metona S19, mnpumensembie B npoekre BEKKEPEJIb
[26,27], koTOpbIe OymyT MCMONB30BAHBI HPH AHATH3E B3AMMOIEHCTBH sep ' C.
DOMyJIBCHOHHAS Kamepa COOUpaeTcs Kak cTomka cioeB 519 tommmuon 10 550mkm (puc.
B.3), koTopast ipu 00JyYCHUH OPUEHTHUPYETCS JUIMHHOW CTOPOHOM BIOJb BXOJISILETO
nyuka saep. PakTopamu MOJIy4eHUs 3HAYUTETbHONW CTATUCTUKU COOBITUN OKa3bIBAIOTCS
TOJIMHA CTONKH IO TY4KY, KOTOpas BIONb ITHHHON cTopoHbl gocturaet 80 ricm?, u
noyiHast A(G(HEKTUBHOCTh JETEKTUPOBAHMS 3apsDKCHHBIX 4YacTHil. B simepHO# sMynbcuu
coJiepkarcsl B OJIM3KUX KOHIIGHTpAIMIX Kak Tspkenble siapa Ag u Br, tak u sapa H. Ilo
IJIOTHOCTH BOJIOPOJIA SiAEpHAsl dMYJIbCUsl OJIM3KA K >KUJKOBOJOPOAHOW MHUIIEHHU. JTa
0COOEHHOCTH TIO3BOJISIET B OJIMHAKOBBIX YCJIOBUAX U3ydaTh pa3Bajbl AAEp-CHAPSIOB Kak
B pe3yibTaTe IU(PPaKIUOHHOW WM 3JIEKTPOMArHUTHOW IUCCOLMAIIMM Ha TSDKEJIOM
A/Ipe-MHUILIECHH, TAK U B PE3YJIbTATE CTOJIKHOBEHUM C TPOTOHAMM.

[Touck B SID smepHBIX B3aUMOJICHCTBUN 0€3 BBIOOPKH (MM METOJ «II0 CIICITY>),
NPUMEHSBIIMKACA B HacTosiuied paboTe, oOecreuyuBaeT JIOCTATOYHO PABHOMEPHYIO
3¢ (HEKTUBHOCTH OOHAPYKEHHSI BCEX BO3MOXKHBIX THIIOB B3aMMOJICHCTBUMA U MO3BOJISET
ONPENEINTh IJIUHY CBOOOJHOrO mpolera Jjisi ONpeae’IeHHOr0 TUIAa B3aUMOJIECUCTBUS.
DTOT METOJI peanu3yercsl B MPOCIEKUBAHUYN ITyYKOBBIX TPEKOB HCCIECIYEMBIX SAEP OT
MeCTa BXOJla B AMYJIbCHOHHBIN CJION J0 B3aMMOJEUCTBHS JIMOO 10 BHIXOAA Clie[a W3
naHHoro ciost A19. byayun 1OCTaTOYHO TPYJOEMKHM, OH OOECIeYMBAET HAMIIydlllee

Ka4CCTBO U CUCTCMATHUYIHOCTD IIPOCMOTPA.



Puc. B.3. ®ororpadus cios saepHON SMYIbCHU Ha CTEKISHHOM TMOIOKKE W MHKPOCKOTA

MBU-9 ¢ ycranosnennou poroxamepoit HUKOH.

PaccuntanHble € WCMOIB30BAHUEM TPOTPAMM YHCICHHOTO MOJEIUPOBAHMUS
xommuiekca SRIM [28] yaesbHble HOHU3AIMOHHBIE TOTEPH IS siapa —°C [PU SHEPrHE
1.24 1B nna A9 BP-2 npu mnmotaoctn 4 riem® cocraBasior okono 20 MaB/vm.
JlanHOE OOCTOSATENTHCTBO TMO3BOJIAET YTBEPXKIATh, YTO JP(PEKT TOPOMOKEHUS
PENSATUBUCTCKUX YacTHI[ HE KpuUTHYeH. YacThiM © yJAOOHBIM JJisi  aHajmu3a
MPEANOJIOKEHUEM SBISIETCS - COXpaHEeHHWe (parMeHTaMu TEPBUYHOTO HMMITYJhCa Ha
HYKJIOH. TeM cambIM, BO3MOXXHO PacCMOTpPEHHE (parMEHTAIlMM HAa OCHOBE YTJIOBBIX

pacrnpeiefieHul peIITUBUCTCKUX ()parMeHTOB.
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Pacnipenenenue coObITHI MO KaHajgaM B3aMMOJCHCTBHI C Pa3lIUYHBIM COCTABOM
dparMeHTOB C 3apsgamu Zy (WM 3apsaoBas TOIOJIOTHS) SIBJISETCS ICHTPAIbHOU
XapaKTEPUCTUKON (PparMEHTAlUA PEJISTUBUCTCKUX SACp. 3apsabl PETSITUBUCTCKHUX
bparmeHTOB Z;y = 1 u 2 onpeaessitoTcs BU3YabHO, ITOCKOJIBKY HWOHHU3AIUs
onno3apsaubix dactuil (35 - 403epen Ha 100MKM) HAZCKHO OTIMYACTCS OT HOHHU3ALMH
nByx3apsaabix yacTui (80 - 1003epen ma 100 MxmM). Benwuunsr 3apsaoB GparMeHTOB
Zy > 3 ompeAeiAoTCs 1O INIOTHOCTH O AJIEKTpoHOB Ns, MMeEroIield 3aBUCUMOCTH OT
3apsiaa Kak Zfrz.

[TnoTHOCTH ciiena, oOpa3zyemMoro 3apsHKeHHOW PENSITUBUCTCKOM dacTuliei B S0,
HEMOCPE/ICTBEHHO CBS3aHA C TOTEPSMU OHHEpPruu Ha uoHm3anuo. OgHako Ha
o0pa3oBaHKe 3epHa BIOJIb CleAa UJET TOJBKO YacTh TEPSEMOM YacTULEed HHEPTHUHU.
OOpa3yrommecss aTOMHBIE DJIGKTPOHBI MOTYT  CO3/1aBaTh CBOM  COOCTBEHHBIE
OTBETBJICHHBIC CIIEJbI, HA3bIBAEMbIC CeAaMH O-3JIeKTpoHOB. OOpa3oBaHUE CIIEIOB O-
AJIEKTPOHOB MPOUCXOJUT TPU PHEPTUU 3JIeKTpoHa cBhiie S5 k3B. Ilpu moacuere o-
AJIEKTPOHOB BJIOJIb CJIeAa PEISTUBUCTCKOTO siIpa TPHUHSITO YYHUTHIBATH  CIEHIBI,
dbokycupyromumecs: OJJHOBPEMEHHO CO CIIEJOM, KOTOpPBHIE COCTOSAT W3 HE MEHEee YeM
YEeThIpEX 3€peH. ODHEpPrusi TakuxX O-3JEKTPOHOB COCTaBisieT He MeHee 15 k3B.
3aBUCHUMOCTH IIJIOTHOCTH 0-3JeKTPOHOB Ny OT 3apsna siapa Z uMmeeT BUI ONMM3KUN K
3aBHCHMOCTH aZ> + b. JInst KakIoro M3MepHTeNns HPOBOAIIErO CUET d-3ICKTPOHOB,
ko3 dunmeHTsl a u b moxduparoTcs sKcnepuMeHTanbHo. Hanmuue pona oObiuHO HE
BBI3BIBACT CEPBHE3HBIX 3aTPYAHEHUN TPHU PACMO3HABAHWHM U TOJCYETE O-AJIIEKTPOHOB.
TunuyHas JHMHA cliela JoCTaTo4yHas JUisl UACHTU(UKALMKU 3apsiia peSTUBUCTCKOTO
spa TaKUM METOJOM COCTaBIIIeT 2 MM. BBHUAY BO3MOMKHOTO pPas3iudus yCIOBUU
NPOSIBKM OMYJIbCUOHHBIX CJIOEB, B pa3HbIX IUIACTMHKAX WOHU3AIMS Ha TpeKax,
OCTaBJISIEMBIX PEISTUBUCTCKUMH YaCTUIIAMH C OJMHAKOBBIM 3apsI0M MOKET HECKOJIBKO
OTIINYAThCA. 3aTpyaHeHus B mojcdeTe N; BOSHUKAIOT BCIEIACTBUE TOTO, YTO KOTrAa O-
AIIEKTPOHBI PACHOJIOKEHBI OJIM3KO APYT K APYTYy, UMEIOT Pa3InYHYIO0 JJIMHY, HAXOASTCS
Ha Pa3IMYHON TIIyOWMHE W T.JI., YTO MPEOJ0JIEBACTCSA MyTeM NPHUHATHS HabIomaTeaemM

KPpUTEPUCB IIOACUYCTA S-BHCKTPOHOB. HCO6XO,Z[I/IMI>IM n A0CTAaTOYHBIM YCIIOBHUEM
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KOPPEKTHOCTH BBITIOJIHEHUSI 3TOH TMPOLEAYPHl SBISETCS YCIOBUE HEU3MEHHOCTH
pe3ynbTaTOB JJIsl JAHHOTO HAOII01aTeNs C TEUEHUEM BPEMEHH.

[leHHBIM yCIIOBHEM NpU WHTEPIPETAMH «OeNbIX» 3Be3q B D, 001yueHHOH B
CMELIAHHBIX  BTOPUYHBIX  IMYyYKaX, SBISETCA COXPAaHEHHE  PEISITUBUCTCKUMU
(parmMenTamu 3apsaa saep nydka Zy, T. €. Zpr = ) Zyr. OHO NO3BOJISET OTACIUTD B ITy4Ke
BKJIaJ OoJiee JIeTKHUX sifiep ¢ OJNIM3KUM OTHOILIEHHEM 3apsifa K macce. B cimyuae nerkux
HEUTPOHOAECHUUMTHBIX sIIep ONpeleNeHUue 3apsAaoB  Zy 3a4acTyl0  IO3BOJISIET
YCTaHOBUTH UX MAaCCOBBIE YHCIIA.

K ¢parmentam pensTUBUCTCKOTO SiApa OTHOCST CIIEAbl, KOTOPbIE COCPEAOTOUEHBI
B KOHYyCE, OIpaHHYEHHOM yrioM Sinby = Pg/Po, Tae Pr = 0.2 I'3B/C — BenuuuHa,
xapakrepusyomas OepMU-UMIyJIbC HYKIOHOB, a Pp — HUMIIYJIbC Ha HYKIOH Sapa-
cHapsia. Eciam my4yok HampaBisieTcsl mapajulelIbHO IUIOCKOCTH CJIO€B, CIEeAbl BCEX
PENATUBUCTCKUX (PParMEHTOB OCTAIOTCS JOCTATOYHO JI0JIr0 B OAHOM ciioe S13, uTo aaer
BO3MOXXHOCTh JJIsi 3-MEPHOW PEKOHCTPYKIUHU WA K€ MPOCIECKUBAHUS B COCEIHUX
CIOSX. YTJOBOE pa3pelieHue s CJelIOB PEISITUBUCTCKUX (parmenTtoB B S0
cocrasster nopsiaka 107 pa.

WN3mepenuss MONSpHBIX — yIJOB  BbUIeTa (PparMeHTOB O  OKa3bIBaloOTCS
HEJIOCTATOYHBIMU JIJI1 CPABHEHUS JAHHBIX MPU PA3IUMYHBIX 3HAYEHUSX Ha4YaJIbHOU
3Hepruu sAep. bonee yHUBepcalbHBIM SIBISIETCS CpaBHEHHE TI0 BEJIMYMHAM
NOMEPEYHbIX UMITYJIbCOB Pt (QparmMeHTOB ¢ MaccoBbIM uuciIOM Ay COIIACHO
npubmkennto Pt = AgPoSIiNG, 9To COOTBETCTBYET COXPaHEHHIO (parMeHTaAMH
CKOpOCTH TEepBUYHOTO sjpa (Wiam wuMmmyiabca Ha HYKIOH Ppg). OueBuaHo, YTO
HaumOoJIbllIeE 3HAYEHUE MMEET pa3pelieHue M0 TMOJSIPHOMY Yriy o0Opa3oBaHUs
dbparmeHTos 0.

B nHavasibHBIN epUOa UCCIEIOBAHUN C PEIITUBUCTCKUMU SIAPAMHU JJIs1 ONUCAHUS
MHKIIIO3UBHBIX CIIEKTPOB (parMeHTOB Oblla MpeasioKeHa CTATUCTUYECKas MOJEIb
¢parmentarmu [29-31]. B oaroil  Momenmum  pensTHBHCTCKas — (pparMeHTanus
MPEJICTaBISIETCS KaK «OBICTPBIN» TPOIECC, HE 3aBUCSINNNA OT SHEPTUU TIEPBUYHOTO siipa

U OMpeeNsieMblil UMIyJIbcaMu OOpa3yloIuXxcs (HparMeHTOB, KOTOPbIE OHM HMEIU B
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Sape 10 B3aWMOJICHCTBHSI, CYIIECTBYS B BHJIE BHPTYaJIbHBIX KiacTepoB [32].
2

3aBUCUMOCTh JIUCIIEPCUM GF HMIIYJBCHOTO pacnpefeneHus i (¢parMeHra c

MacCOBBbIM 4uciIOM Ag siipa Ag OT AUCIEPCHH UMITYJIBCHOTO paclpeieeHusl HyKJIIOHOB

B JTAHHOM SIIPE 62 ONPEaesieTcs napabommaeckuM 3akoroM Lombaxadep (1).

2 ZAF(AO_AF)

Op =0, (1)

4,-1

Benmnuuna 6o MokeTr OBITh OIleHEHA MO BenuuynHe DepMu UMITylbca Pr Kak

0o = pr/V5 [33]. Cratucruueckas Mojelb, ONHPAMOLAACS TOIBKO HA 3aKOH
COXpaHEHUsI UMITYJIbCa, HE COMEPKUT MPEICTABICHUE O KJIACTEPU3AIMH B SApax, UX
CIIUHOBOM CTPYKTYPE, KOPPEISIHSIX HYKJIOHOB.

CraTrcTHYecKast MOJIEN b UCIIOJIb3YETCs TPHU TUIAHUPOBAHUH YKCIICPUMEHTOB [34],
MO3BOJISIE TIOJYYUTh TPEACKa3aHus 00 YIJIOBBIX W HMMITYJIBCHBIX PaCIpeIesIeHUsIX
oOpa3yromuxcsi (pparMeHTOB. B MarHMTHBIX CHEKTPOMETPAaX HCCICAYIOTCS CIIEKTPHI
IIPOJIOJIBHBIX MMITYJILCOB (DparMeHTOB, a B ciaydae SO - pacmpenencHus: mornepeyHbIx
UMITYJIbCOB, WM, (DaKTUYECKH, WX YrJIOBbIe pacnpenencnus. Kaxmas u3 31X
aIbTepHATHB UMEET CBOKO 00JIaCTh IPUMEHEHHUS.

Pa3BuTre  cratHCcTHYeCKOW ~ MOJETM HA  OCHOBE  TEPMOJUHAMHYECKHUX
MPEACTAaBJICHUH O KJIacTepax B aapax npemioxeHo @. I'. JIernexuHbIM U MPUMEHEHO UM
K OLEHKE NOIM KaHana (parMeHTalHH C OOpa3soBAaHHMEM IIPOMEKYTOYHOTO "Be 1o
OTHOIICHHIO K IPYTMM BO3MOXHBIM KaHanam misi simep Be, ‘B, °C, O [33].
COOTBETCTBYIOIIAsi OLICHKA BEPOSTHOCTH i KaHana 'C — °Be + 2 B Hauem
sKcriepuMenTe coctaBisieT 33.7%. J{ns cpaBHEHUS, OlleHKa BEPOATHOCTH JJiA KaHaja
°Be — °Be +n cocrasmser 30.8% [21].A omenka BeposTHOCTH KaHaza “Be + d mpu
dbparmeHTanuu %8 cocrasnser 16.4%, nputoM, 4TO J0JIS KaHaja 8 5 %Be + X
naercs Ha ypoBHe (18 = 3)% [17]. OnucanHas Mojeidb HE UYyBCTBUTEIBHA K
CYIIECTBOBAaHUIO BO30YXICHHBIX COCTOSHHUN MPOMEXKYTOYHBIX sep-pparMeHToB, a
OLICHKH BBIXOJIa H30TONA "Be IPUBENCHBI IS €ro OCHOBHOTO COCTOSHHSL.

PenstuBuctckue uzoronsl H u He unentuduupyrores B 519 no Benuunnam PRC,

rne P — monselii ummynee, a [3C — ckopocTh sjpa. bmaromaps «KBaHTOBaHUIO»
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UMITYJILCOB (PparMEHTOB WX MaccoBble umcia Ag ompenerstorcs Kak Py PqC/(PofoC).
Bemnumaa PBC ompenenseTcss Mo cpeaHEeMy YTy MHOTOKPATHOTO KYJIOHOBCKOTO
paccesiHusI, OIICHMBaeMOMYy II0 cMemnieHusM ciena |D| ma ywactkax 2-5 cwm.
Heo0xoaumo u3meputs |D| He menee yem B 100 Toukax mis goctrxenus TouHoctu 20-
30% onpenencuust PPC, cpaBanMoii ¢ pasuuueit Ay ot “He u “He. Dot Tpymoemkoii
METO/I HE SBJISETCS PYTMHHOM MpOIEAYpOid, U €ro NPUMEHEHHE OIpPaBIbIBACTCA B
NPUHIIMITHATBHO BaXKHBIX CIIy4asiX JIJIsi OTpaHUYEHHOT0 YKcia ciieoB parmMeHToB. [
KAaHAJIOB, OMPEIEISIEMbIX  O-KJIACTEPHOW  OCHOBOM  SIBJISIETCS  ONpPaBIaHHBIM
MPEANOJI0KEHUEM O COOTBETCTBUU PENSTUBUCTCKOTO (parMeHTta c 3apsaoM Zg = 2
m3oromam “He. Omo MIPOBEPSECTCSI HA OrPAaHUYEHHOM 4YuCie ciieoB He, coyxamux B
KaJyecTBe KaTHOPOBOUHBIX. B peakux cobbitmsax 'C — 3He Tpebyercs pasjeneHne
msoronos “Hen “He.

OHeprus Bo30ykaeHus cucteMbl ¢parmMeHToB Q ompenensiercs Kak pa3HHIA
MeXy UHBapUAHTHOM Maccol (hparmMeHTUpytolel cucteMbl M* 1 Maccoil mepBUYHOTO
sapa M, T. e. Q = M' - M. M ompenensercs Kak CyMMa BCEX NpOHM3BECHHI 4-
uMITyI6coB Py bparmentos M2 = (ZPj)2 =Y (Py-Py). 4umnynbchl P onpenenstorces B
NPUOJIMKEHUU COXpaHEeHUsl (hparMeHTaMu Ha4aJIbHOT'O MMITYJIbCa Ha HYKJIOH.

@dparMeHTanuu SAEp COCTaBa dMYIbCHUU XapPaKTEPU3YIOTCS MHOKECTBEHHOCTHIO
CUJIbHOMOHU3UPYIOLIUX (parMEeHTOB MUIIEHH, BKIIIOYAIOIIEH 0-YaCTHUIbI, MPOTOHBI C
sHeprue Hmwke 26 M»dB u jerkwe suapa otmaun — N, (D-uactuier), a Takxke
HEpEITUBHCTCKHE IMPOTOHBI ¢ 3Hepruei cwwime 26 MaB — ng (g-uactunsr). Kpome
TOTO, COyIAPEHUs SIJEP XapaKTEPU3YIOTCS MHOKECTBEHHOCTBbIO ME30HOB, POKIEHHBIX
BHE KOHyca (parmMeHTanuu — Ng (S-vactuiiel). [1o 3THM mapameTrpamM MOXHO CHIeJaTh
BBIBOJ O XapakTepe B3aWMONEUCTBHS. B COOBITHSX KOTEPEHTHOW HUCCOIUAINH,
KOTOpbIE MPEJICTABIISAIOT OCHOBHOW MHTEpEC IJIs JAHHOTO MCCIEA0BaHUS, OTCYTCTBYIOT

Kak ¢parmenTs! aaep mumenu (N,= 0,Ng= 0), Tak u 3apsokeHHbIe Me30HBI (Ns= 0).

[Tpu mpoBeneHNN SKCIIEPUMEHTOB Ha YCKOPUTENSIX AMYIbLCUOHHAS METO/IHMKA HE
TpeOyeT OONBIIMX 3aTpaT BPEMEHU pabOThl YCKOPHUTENs, KOTOPOE OMpeaelseTcs B

OCHOBHOM XapaKTCPUCTUKAMHA ITy4Ka, HCIIOJIB3YyCMOI'0O JJIA O6Hy‘-IeHI/I$I, u
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O0COOCHHOCTSIMU  Hccaeayemoro — sBieHusi. [Ipumenenwe 1D  ompaBmaHo B
VCCJIEIOBAHMSX, HENOCTWKMMBIX I DJJEKTPOHHBIX METOAOB JE€TEKTHUpOBaHMs. B
OTHOIICHUH MHOKECTBEHHON (parMeHTaluu peNATUBUCTCKUX saep D ocraercs
€IMHCTBEHHBIM CpPEJICTBOM HAOJIIOJIEHUS, 00ECIEUNBAIOIIMM HE TOJIBKO YHUKAJIbHBIE

Ha6J'II-O,Z[CHI/I}I, HO U HCIIOXYIO CTATUCTHUYCCKYIO 00eCIIeUeHHOCTb.

B.4. CTpyKTypHbIe ocobeHHOCTH sixpa °C

Slapo *°C sBisieTcs ©QMHCTBEHHBIM NPUMEPOM YCTOYHMBOH CTPYKTYPHI, B
KOTOPO# yajeHue o-KiaacTepa WM HyKJIOHA BEACT K HECBsI3aHHOMY cOCTOstHHIO. [Topor
00pa3oBaHUs HECBS3aHHOM crcteMbl “°C — 20 + 2p paBer 3.73MbB. 3a HuM crexyer
MOPOT 0 KaHAITy SBeg_s, + 2p - 3.82M5B (puc. B.4). SBeg_s. — ocHOBHOE cocTostaue 0"
HECBA3aHHOTO s7pa "Be ¢ sHeprueit 92 k9B HaJ| TOPOroM passaia Ha 20 U IMHPHHOMH 6
3B (puc. B.5).

VianeHne OXHOTO W3 MPOTOHOB 3 ~°C (mopor 4.01Mb3B) mpuBOmHT K
o0pa3oBaHHIO sipa 9Bg_s,, KOTOPOE PACITa[AeTCsl Ha IIPOTOH 1 SO Be. ng_s, — OCHOBHOE
coctosame 3/2 HecBs3aHHOTO spa "B ¢ sneprueii 0.19M»>B Hax moporom passaia Ha

SBeg_S, + p u mupunoi 0.54x3B (puc. B.6).

~16.5 (M
o +23He
15.0025
"Be+3He
538
5.22 5.1012
Rero. _4.0060
B+p
3.3536 Al 3.8209
8Be+2p
[1.64]
=0 T=

IOC
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Puc. B.4. Jlnarpamma BO30YXICHHBIX COCTOSHHH siapa loC; yKa3aHbl IMMOPOTH JTUCCOIHAIIIN
[35].

3.03 20

-0.0918 J"=0"T=0
200 8Be

Puc. B.5. JlnarpavMma Bo36YKICHHBIX COCTOSIHUI siapa “Be [35].

3361 33
~1.6, oo 1.689
7777777131 + a
OBl ouest
2777 Be+p

Puc. B.6. Jluarpamma Bo30yKI€HHBIX COCTOSHUH siipa °B [35].

1.67 ..., Q2

VA
S S

032
3.09 =
) ssetedSLinp

?

6 -1.3711
Be 4Hc+2p

Puc. B.7. JluarpamMma Bo36yKACHHBIX COCTOSHHUIA sixpa °Be [35].

1
1.49 2

[-0.51]

5. .
Ll -1.69

‘He+p
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Puc. B.8. JlnarpamMma Bo36yKACHHBIX COCTOSHHUIA siapa “Li [35].

[pu ortaeneHuu OT siapa C O-KiacTepa BO3MOXKHO OOpa3OBaHHE pe30OHAHCA
GBeg_S, (mopor 5.1 M»aB), xoTopslii UMeeT 3HEprui0 pacmaga o + 2p 1.37 MaB u
mmmpuny 92 k3B (puc. B.7). Pacriag pesonanca 6Beg_s, Ha PE30HAHC 5Lig_s, (1.7M»5B Han
o + 2p npu mupuHe okojio 1.2 MaB, puc. B.8) Bo3MOkeH TOJBKO 3a CYET IMIMPUHBI
MOCJIEAHEr0, EPEKPhIBAOLIEH 6Beg_s,. [Topor oOpa3oBaHUsI CUCTEMBI oL gs. T pHa0.35
M>»B BbiiiIe 6Beg_s_.

Kpome Toro, m3-3a Majoctu sHepreTmueckoro «okua» (185 k3B) HeBo3moxkeH
pacnan ng_S_ — 5Lig_3, + 0, mopor kotoporo Ha 1.5 M»B BbIllle OCHOBHOTO COCTOSIHUS
°B. [ToaToMy, pe30HaHCHI 6Beg_s, u °Li g.s. JOJDKHBI BO3HHMKATh HEMOCPEICTBEHHO IPH
mucconmanmn siapa ~C.

[lepeunciicHHbIe KAaHATBI OTPAKAIOT OCOOCHHOCTH CTPYKTYpH sgpa ~C, ©
O3TOMY HanOoJiee BEPOIATHBI. TakuM 00pa3oM, HeCTAOUITLHBIE Spa MOTYT COCTABIISITh
ocHOBY smpa ~'C. BMmecre ¢ TeM, NpH PETSTUBHCTCKOH DHEPIHH CTONKHOBEHHS
OTKPBIBAIOTCSI KAHAJTBI M C CYIIIECTBEHHO 00JIee CHIIPHOU CBS3BIO KJIACTEPOB M HYKJIOHOB
— 'Be + °He (15MbB) u 2°He + “He (17 M3B), a Takke KaHalbl, CBSI3AHHBIC C
KJIAQCTEPHOM M HYKJIOHHOW CTPYKTYPOH YK€ siIep Be, ®*He u “He. B 1o xe BpEMsI OHO
camo obOmamaeT BpeMeHeM >ku3HH 19 cek., 4TO ¢ MO3WIMIA HAIIeTo WCCIeAOBAHUS
N03BOJIsIET (DAKTHUECKU OTHECTH €r0 K CTaOMIIBHBIM siapaM. M3ydeHrne MHOKECTBEHHBIX
KOHEYHBIX KOH(UIypaLuil INCCOMMALHH apa 'C OKA3bIBAETCS BO3MOXKHBIM TOIBKO
MeToaoM 0.

SInepHO-acTpOdU3MUECKHIA CHHTE3 H30TOma ~'C MOXET HPOTEKaTh B CMECH
n3ororos “He u “He uepes ob6pasosanme crabuisHOro m3oroma 'Be, ¢ mocmeayomei
KIacTepusanueil B 4etBepky 200 + 2p. Pacmax "°C Bemer Kk 06pa3oBaHHIO CTAGHIBHOTO
u3otona °B, HaGNIOZAEMOr0 B COCTABE KOCMHYECKHX nyuden. TakoW cueHapui
HYKJICOCHHTE3a HE SBISCTCS MPU3HAHHBIM — H30TOMBI "' 'B CUMTAIOTCS MPOIyKTAMH

O00MOapIMPOBKH MOBEPXHOCTH YTIEPOAHBIX 3BE3J BBICOKOIHEPTUYHBIMHU MPOTOHAMH.
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HabmoieHie KaHAOB AMCCOLHAINH siep Ha 'Be +°He moaTBepauT CylecTBOBaHNUE B

10, o
AApeC C BUPTYaJIbHBIX COCTOSAHHNH, CBA3AHHBIX C €0 CUHTC30M.

B.5. [1nan uccienoBanus siapa ¢

[IpakTrueckue 3amadu MCCIENOBaHUS COCTOAT B ciedyromem. [Ipexne Bcero,
crenyer ybeautses B (POPMHPOBAHMM IMydKa HMEHHO H30TONa " C 10 XapaKTepHO:
TOMOJOTHH «OeNbIX» 3Be37. 3aTeéM HeO0OXOIMMO BBIMOJTHUTH H3MEPEHUS YIJIOB
WMCIyCKaHMs (parMeHTOB B OCHOBHBIX KAHANAX KOTEPEHTHOH muccommammy ~C. Ha
ATON OCHOBE CTAHOBUTHCSI BO3MOKHBIM MOJIYYEHHE BBIBOJOB O JUHAMUKE JUCCOLUALIIU
¥ cTpykType sapa °C. PemeHuo 3THX 3a/a4 CIeIyeT H3I0KEHHE STaroB HACTOSIIEro
UCCIIEJOBaHMUS.

B I'nae | mpeicTaBIeHs! yCIOBHS 00IydeH s B CMeranHoM myuke saep N, °C
¥ 'Be, HAKOIUIGHME CTATHCTHKM B3aMMOJCHCTBHIl, 3apsioBas KalMOPOBKA CIIE/OB
ny4yka (pparMeHTOB, 3apsA70Basi TONOJOTUS HAWJEHHBIX <«OEJIbIX» 3BE3/ U PUMEHEHUE
METOJJa MHOTOKPATHOTO paccesHus M1 UIACHTHUPUKAIUM Jierdalmmx (parMeHTOB.
I'maBa |l mocBsiiieHa ONMCAHUIO YIVIOBBIX U3MEPEHUI OCHOBHOI'O KaHajla JUCCOLUALUH,
JTa€TCSl CPABHEHUE CO CTATUCTUYECKOW MOJEIBIO U JAHHBIMU IO SIApaM 9Be, 12C, “N.B
I'nase |l oGcykaaercs PeKOHCTPYKIMS BKIaAa sapa “B H PONb PEAKHX KAHANOB B
maccommamyy  sgpa °C. B 3aKIi0YEHMH CYMMHpPOBAHBI OCHOBHBIE DE3ylbTaThI
SKCIIEPUMEHTATBHOrO HCCIEI0OBAHMS (ParMEHTAIMH DENSATHBHCTCKHX sgep ~C B
anepHoi oTtorpaduueckoit smynbcun. JlaeTcst ciucok onyOIMKOBaHHBIX 11O ATON TeMe

pa60T, KHHT 1 pa60T, JICTIIHX B OCHOBY HCCJIICOOBAHMUS.
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Inasa |. 3apsimoBas Tonosiorusi nepudepunyeckoii pparmenTannu
10
siapa ~ C

§1.1. O6ayuenue 5SID B cMemanHoM myuke u3otonoB Be, C u N

JInst TeHepalum peaaTUBUCTCKUX paanoakTUBHBIX saep B nmpoekte bBEKKEPEJIb
ucrnons3yfotest sapa 'Li, B m YC, mnomyuaemsle Ha J1a3epHOM HCTOYHHKE W
IIOCJIEIOBATEIbHO YCKOPSIEMBIE HA JIMHEMHOM WHXEKTOPE H, 3aTeéM B KOJbLE
HYKJIOTpOHA. YCKOPEHHBIM IIy4OK BBIBOJUTCA HA IIPOU3BOMAILYI0 MMHILECHb W3
momuITHIeHa TonmuHoi 1.5 r/cm®, pacmonoxenHyro B dokyce ®3. C pasButHeM
UCCIIEIOBAHUM IO PEISTUBUCTCKON siepHON (u3nke Ha HykiaoTpone OUSAUN B kopmyce
BbIBeICHHBIX My4ykoB Ne205 co3maHbl MarHUTOONTHYECKHE KaHAJIbl TPAHCIOPTUPOBKH
4acTUI. DTH KaHAIbl MO3BOJIIOT (OPMUPOBATh BTOPWUYHBIE Iydku siaep [34].
OnTumanbHasi SHEPrus YCKOPEHMsI INEpPBUYHBIX sjep, KOoTopas oOecrneuumBaercs U
BTOpUYHBIM siipaM, coctaBisier 1.2ZA I3B. C onHO#l CTOPOHBI, JOCTUTAETCS PEXKUM
MUHUMAQJIBHBIX MOHM3ALMOHHBIX IOTEPH SAEP NPHU NETEKTUPOBAHHMM, a C APYrod —
COXPAHSETCA BO3MOXKHOCTb Celapanuyd BTOPUYHBIX SAEP IO MAarHATHOW KECTKOCTH.
OueBunHO, uTO OOJNE€e MPOMYKTUBHBIM aHalu3 oOnydeHHou D pgemaer Oombliee
oOoraieHue my4ka u3y4aeMbIM HU30TOIOM.

Hcnone3yemsiii B obnyuenusx 10 kanan 1B-3B ummeer mmmny okono 50 M u
BKJIFOUAeT 4 OTKIIOHSIONIMX MarHWTa, a €ro UMITYJIbCHBIN akcenTaHc okoiio 3% (uc.
|.1.). JlmarHoctuka mnpoduias M COCTaBa Iy4yKa OCYIIECTBISIETCS C IMOMOIIBIO
VMOHU3aLMOHHBIX W MPONOPUMOHAIBHBIX KaMep, a TaKkKe CHUHTHUISUUOHHBIX
cueTuynkoB. CxeMa (opMHpOBaHUS IYYKOB BTOPUYHBIX sfep mnpemiokeHa II. A.
PyKosTKMHBIM, KOTOPBIM M OCYIIECTBIISIETCS MX HACTpoMKa. B cocraBe BTOPUYHOIO
Myd4Ka MPUCYTCTBYIOT sfpa C OTHOIIEHHEM 3apsiga K MaccoBoMy uuciy Zo/A, (umu
MarHUTHOW JKECTKOCTBIO), OTIMYatommMcs B mpenenax 3 %. Cemapanusi 3THX siaep

HCBO3MOXHAa B KaHAJIC C HMMIIYJIbCHBIM aKCCIITaHCOM 3 %. Ounn OIHOBPEMCHHO
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OPUCYTCTBYIOT B IIy4ke, 0OO0pa3ys TaK Ha3bIBAEMbIH IYYKOBBIM KOKTEWJIb. ITO

YCIIOKHEHHUE Pa3pelIaeTcs Mpy aHajIu3e y)Ke 00IydeHHBIX cioeB 0.

Quadrupoles
(] [ —

Bend magnets

= = [,

3
Nuclotron
extracted bearn

Puc. 1.1. Cxema xanamoB BII-1 nyuka u 4B, HCHOJIB30BaHHBIX i1 (POPMHUPOBAHUS

BTOPUYHOTO My4yka Ha HyknoTpore OSSN u o0nyuenus 519 [34].
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BmecTe ¢ TeM, CIOXHBI COCTaB ITydKa IIO3BOJISIET B PEATHbHOM BPEMEHH
KOHTPOJUPOBATh KauecTBO HACTPOUKHU o aAMIUTUTYTHOMY CHEKTPY
CIUHTWUISIIIMOHHOTO CYETYHMKA, YCTAHABIMBAEMOTO TIEPEd MECTOM OOJy4YCHHUS.
XapakTepHOl 0COOEHHOCTBIO OKa3bIBAETCS CTETICHb MPUCYTCTBUS SIIEP *He, °Li, ‘Be u
®B, B T0 Bpems kax orcyrctsue -Li, °Be m °B ympolmaer HHTepIpETaLHIO CIEKTpa.
VCIelHy0 Cerapayio paguoakTHBHBIX H30TOMOB 'Be (mepesapsaxa simep 'Li), °B
(pparmentanms “B) u °C (pparmenraumst “°C) MOATBEpPAMI AHAIH3 KOTEPEHTHOM
JTUCCOIMAIIMU  OTUX sfAep. OTOT aHauu3 BKIIOYAT HIACHTU(DHUKAIIMIO 3apsIoB
PESITUBUCTCKHUX (PparMeHTOB Zf > 2,a TakKe MacCOBBIX uucen ¢pparmentoB Heun H. B
YaCTHOCTH, METOJIOM MHOTOKPATHOTO pAaCCEsHUs BBIIIOJIHEHA MPOBEPKA MPUMEPHOTO
COBIIAJICHUS 3HAYCHHS MMITY/IbCA HA HYKIOH IS siapa “C M COMPOBOXIAIOLINX SIS
*He (kpaTHOCTH ZodAg = 2/3,xak u y °C), a Taxxe (parMeHToB auccommanun ‘C —
*He.

[lepBOHAYANBHO IS TEHEpamuH saep ~'C IPeAoNaraioch HCIOIb30BaTh
peakuio mepesapsiaku B — °C. OCHOBHOIT apryMeHT ISl TAKOTO BEIGOPA COCTOSII B
JKEIAHUH YIIPOCTUTh HACHTUDUKAIMIO «OeIbIx» 3Be31 ~C YCIOBHEM UIS MAaCCOBOTO
yucna sapa A, = 10. JlelicTBuTensHO, IpH HACTPOMKE KaHana Ha oOmydeHue O
sIpaMu ! cpenu «OenbIx» 3Be3N Y Zy = 6 Halmo1anach HeOOJIbIas IPUMECh 1P %c
[23]. Onmako u3-3a BKIaga «Gembix» 3Be3n 'Be u °B ¢ 00pasoBaHHEM B KOHYCE
dbparMeHTallii ME30HOB BO3HMKAE€T HEOOXOAMMOCTb TPYJOEMKOIO OMNpeaeIeHUs
3aps0B MyYKOBBIX CJIEIOB KaK COOTBETCTBYIOIMIUX Zy = 6. 3T0 00CTOATENHCTBO PE3KO
cHmKaeT 3GGEeKTUBHOCTH Tepe3apsAku. BMecte ¢ TeM, Xopoias cemapaius U30TOMOB
yriepoaa Ha HykJaoTpoHe OUSUM, moarBepkaeHHAs JaHHBIMU 1O HMX KOTE€PEHTHOU
JIMCCOLMALIAH, YKA3bIBAET HA BO3MOKHOCTH 00aydennii 51D sapamu °C, pOkIeHHBIMH
mpu GparMeHTAIMH PESTHBUCTCKUX sigep ~°C, 9TO MO3BOISET PE3KO YBEIHUHTH
CTaTUCTUKY «OEJIBIX>» 3BE3I.

[Iytem otOopa TPOAYKTOB pEaKIMiA Tepe3apsaku ©  (parMeHTAINH
PEISATHBUCTCKUX sifiep ~-C MOXeT ObITh C(HOPMHUPOBAH BTOPHUHBI ITydOK, COIEPIKALIIHI

spa 12N, %C u 'Be, ¢ KpaTHOCTAMHU 3HaueHus Zy /A, 7/12, 6/10u 4/7,cooTBEeTCTBEHHO.
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CnoxHBII COCTaB IMyyKa, CO37aBas TPYJHOCTU aHaIW3a, MO3BOJISIET B YCIOBHUSIX

CIHUHOTO 06Hy‘{CHI/I}I HN3Y4YUTh JUCCOHANIO TPCX U30TOIIOB.

NGV
400
300 +
200 |-
100 -
0 | | | | | R ——
100 200 300 400 500
Kanan

Puc. |.2. AMIUIMTYAHBIA CIEKTP CO CHUUHTWULIIIMOHHOTO CYETYHMKA, YCTAaHOBJIEHHOTO Ha
MecTe OOJydeHHUs DMYJbCHUOHHON CTONMKHM TpPH HACTPOWKE KaHajla TPAHCIOPTUPOBKU Iy4dKa Ha

cemnaparuio suep 12N; yKa3aHbl TIOJIOKEHH ITMKOB JUIs iAep ¢ 3apsaaaMu Zy = 4, 61 7.

12 10
Bxnag smep ““N mommkeH OBITh Mall 1O OTHOIIEHHWIO K siapaM ~ C, COTJacHO
OTHOIIIEHUIO CEUYCHHUH TMepe3apsakd W (parMEHTAIlMH, COCTABJISAIONMIEMY BEIHYUHY
3
nopsinka 10°. TlosTromy mapameTpbl KaHaJla ONTHMH3UPYIOTCS Ha Cemapalii0 WMEHHO
12 10
N, 9TO HECKOJIbKO CHMXKaeT Aoiio ~ C. M3-3a uMImyasCcHOTO pa3dpoca B KaHAT MOTYT
3 8 9 11 12
npoHukaTth sAnpa “He. Ina cocemuux sagep B, C m ~C ommune Z,/A, ot N
okazbiBaeTcst 0kosio 10%,uro 00ycnaBnuBaeT ux MojaBieHUE BO BTOPUYHOM Myuke. B

obmyuennou A0 unentudukanus saep 12N BosmoxHa cpenu «Oenbix» 3Be3 Y. Zy = 7 ¢
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HOCJIEAYIOIIUM OIPEAEICHUEM ITyYKOBBIX CIEN0B Zy = [/, UTO CIyXHT KPUTEpUEM
NPABHIIBHOCTH HACTPOMKM KaHama. B ciydae JOMHHHpPOBAHHS sgep °C IOCTATOYHO
yOenuThCsl B MaJIOM BKJIaJle COCeNHUX M30TOMOB C MO 3apsSA0BOM TOMOJOTHU <«OEbIX>»
3BE3I.

OTH CcoOOpakeHHsT CTadl OCHOBAaHWEM ISl OOJydeHHUs CTONKU sIIepHOU
SMyJIbCHH B cMetmanHoM myuke siaep N, °C u ‘Be ¢ ummynscom Ha mykion 2 5B/c
(omepruss 1.2ZA I»B) [24, 30]. AMIUIMTYIHBIH CIEKTp CO CHUHTHJUIALMOHHOIO
caetunka (puc.l.2.), yCTaHOBIEHHOT0 Ha MecTe OOJydeHHs, YKa3blBal Ha
npeobaganne nsoronoB “He, 'Be, C, a Takke Ha Manyilo mpuMmech siep N mpu
orcyrerBud °B. Bo BTOPHYHOM IydYKe TaKOrO COCTaBa ObLIa 0OIydeHa cTomka u3 15
cioe 19 BP-2 pasmepamu 10x20cm?, umeBimmmu tommmny 550 Mim. ITposiBKa clioes
BBITIOJTHEHA B XHMMHYECKOH JabopaTopuu cektopa. KoapduimeHTsl ycaaku cIoeB

COCTaBWJIA BEJIMYUHBI OKOJIO 2.7.

§1.2. AHa/M3 cocTaBa my4Ka

N3-3a oObeMa mpocMoTpa U U3MEPEHUH, ONpPEACNSIBIIMXCA CIOKHBIM COCTaBOM
nmy4yka, aHanu3 ObUl BBIMOJHEH B JBa 3Tama. [Ipexae Bcero, Ha OTrpaHUYEHHOM
MaTeprale oOIyueHHs CIe0BaN0 yoeuThes B cenapamuu n3otornos N, °C u 'Be Ha
OCHOBE 3apsI0BOM TOMOJIOTHUU <«OeNbIX» 3Be3l. «benbie» 3Be3/bl, KOTOPhIE COAEepIkKaT
TOJILKO BHU3yaJIbHO ompesenseMbie (pparMeHTbl Zy = 1 U 2, mMO3BOJSIIOT BBIIOJHUTH
KaJIMOPOBOYHBIE M3MEPEHUS IJ MIACHTU(QHUKALUHU 3apsAl0B NEPBHYHBIX CIEN0B Zy, a
y’Ke€ 110 HUM — ()parMeHToB Zg > 2.

[Touck B3aumMoneHCTBUN B BOCBMHU clOsIX SID ObLI MpOBEIEH MPOCIEKUBAHHEM
0e3 BBIOOPKHM TMEPBUYHBIX ClIeJ0B Ha MHKpockonax MBU-9 (puc. B.3). Buauane
IPOCMaTpPUBANIaCh BXOAHAsI 00JIACTh KAXJIOTO CIIOS U (PUKCHPOBAIHUCH BCE BXOJSIINE
ClIe/ibl, BU3YaJIbHO OLICHHBaBIIMECS Kak Z, > 2. IlomyTHO 5Ta mpoueaypa Mmo3BONHIA
NOJIYYUTh paclpeiesieHue BXOAHOro mpoduis mydyka ¢ marom 1 mMm. Acummerpus
NOJly4eHHOTO Tpoduiast OTpakaeT BIWSHWE MArHUTHOTO TOJsSL  TOCJEIHETrO

OTKJIOHSIIOIIIETO MarHUTa Ha UMIYJIbCHBIHN cocTaB szep (puc. 1.3).
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Puc. 1.3. [Ipopunp BTOpUYHOTO MydYka Ha BXOJE B 3MYJIBCHOHHYIO CTONKY. Pacmpenenenus
amst yacTiL ¢ Zor > 2 (kpyr), Zor = 2 (xBagpat) u Zpr = 1 (tpeyrombuuk). [lo ocu aberuce yka3aHsl

HOMEpA SUEEK, COOTBETCTBYIOIINE ary pazoueHus 1 mm.

B wactHOCTH, yncno cnenos B muactunkax Ne 3, 5, 8u 10, g Z, = 1 cocraBuno
1113, 1151 Zy = 2 - 3144 nna Z,, > 3 - 18702a ux otHowenue - 1/3/18 Zy =1 /72, =
2 | Zy > 3).B ciyuae oOmyueHus sapamu °C 510 orHOMeHKE coctaBmio 1/10/1.Takum
o0pa3oM, B HacTOsIIIEM OOJIy4eHHUH, MPOBEICHHOM MPH MAarHUTHOW YKECTKOCTH ITydYKa
na 10% MeHbinedl, Bkiax sigep -He pagdKambHO CHH3HICS, 9YTO PE3KO IMOIHSIIO
CKOPOCTb HAaXOXKIEHHs COOBITUI Zpyr > 3 110 CPABHEHHMIO C °C. V3-3a 60JIBIION pa3HHUIIBI
B MOHHU3AIMN YaCTHI] ITyYKa, TAKWE JaHHBIC CIOXKHO OBUIO OBbI MOTYyYUTh JEKTPOHHBIM

METOJIOM.
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Puc. |1.4. Pacnpenenenus uncina Ney CIEI0B MYyYKOBBIX YACTHIl M BTOPUYHBIX (pParMeHTOB
(MyHKTUpHAS TUHHS) TI0 CPETHEMY YHUCITY O-3JeKTPpOHOB Ha 1 MM ayuHbl Ns B «Oenbix» 3Be3aax 2He +
2H (a), 2Hewu He + 2H §) u B coObiTusiX ¢ pparmentamu Z > 2 (@); pactupenenenue Ny mo Ny ms

BCEX U3MEPEHHBIX COOBITHI (T).

Ha cymmapHo# qiuHe mpocMoTpa NepBUYHBIX clieoB 462.6 M ObLIO HaliJIeHO

3258 Heynpyrux B3auMOJACUCTBUM, B TOM umcie Obuto 330 <Oenbix» 3Be3l,
COJIepKalIX TOJBKO pensiTuBUcTCKUE (Pparmentsl He u H u 27 <©enbix» 3Be3l, B
KOTOPBIX UMEIIUCh (PparMeHThl Zs; > 2 B KOHYce (pparMeHTaIuu, OorpaHuYeHHOM MSTKUM
ycinoBueM Oy < 8. Ha cremax my4koBbIX sijiep, 00pa3oBaBInXx «Oenbie» 38e3/1bl 2He +
2H, 2Heun He + 2H,a takke B «Oenblx» 3Be3ax ¢ (gparmeHTtamMu Zp > 2, Kak

12 o
KaHauaatax B ~“N ObUTH M3MEpPEHBI 3HAUCHUS CPETHEH MIIOTHOCTH O-3JIeKTPOHOB Ny Ha
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1 mm musbl (puc. |.4). HabmogaeTcst cooTBeTCTBHE 3apsAA0Boi Tomosiorun » Zg U N,

YTO MMO3BOJIACT OIIPCACIINTD Zpr KaXXJ10T0 ITYYKOBOTO CJIC/A.

Ta6auma |.1. Pacnpenenenue umcna «Oenbix» 3Be3q Nys MO KaHajgam JAUCCOIMAIINH C

CYMMapHBIM 3apsiioM (pparMeHToB ) Zs = 6, HalIeHHBIX MIPH MTPEIBAPUTEILHOM MTOUCKE.

Kanan 2He+2H | He + 4H |8 + H ‘Be+He | 'Be +2H
Nus 91 14 1 5 3

Tabauua |.2. Pacripenenenne uncna <«Oenbix» 3Be3d Nys M0 KaHaJlaM JHCCOIUAINHA C

CYMMapHBIM 3aps0M (parMeHToB ) Zs = 7/ ¥ U3MEPEHHBIM 3apsI0M IIy4YKOBOro ciena Zyr = 7.

Kanan | '‘Be+3H | B+2H| C+H | 2He+3H He+5H 3He H | ‘Be+He+H
Ny 4 3 1 6 3 2 2

Tem cambiM Oblia BBINOJHEHA KaIUOPOBKA, MO3BOJIMBIIASL OMPENETUTh TEM KeE
METOZOM M 3apsaabl dparMeHToB Z; > 2. CymmapHOe pacmpeneiieHue MO0 ITHM
M3MEPEHHUSM MPEACTAaBICHO Ha pucC. |.4r. DTOT CIIEKTp yKasbIBaeT Ha Hammuue sigep N
B COCTaBe IyuKa.

B Tabn. 1.1 mpuBenmeHo pacmpeneneHHE N0 KaHAlaM JTUCCOITHAITUU «OEIThIX>»
3Be3]1 Nys, U151 KOTOPBIX BBINOJIHACTCS YCIOBUE Zyr = ) Zp ¥ ) Zy = 6. JInd ciyuas Y Zy =
6 Takoe yCIOBHE MPOBEPEHO TOJBKO HA JBYX CJIOSX, IMOCKOJBKY B IOJTHOW MPOBEPKE
HEOOXO0MMOCTH He ObLIo M3-3a qomuHupoBaHus sinep C. Hanbonee BeposTHBINA KaHaT
npeactasieH 91 coObitnem 2He + 2H,u4To u ciemoBano 0XUAATh ST M30TOMA 10¢c.
Kanan He + 4H okazancs mopaBieHHbIM. [leficTBuTensHO, miisg mepudepudecKoin
mucconmanyn ~ C TpeGyeTcs IPeoI0eHHe BRICOKOTO TOPOra pa3Baia 0-KIacTepa.

Pacnpenenenue no 3apsnoBoit Tononoruu 21 HaliieHHBIX COOBITHH ¢ Zy = 7 1
>'Z; = 7, oTBevaromux auccormanun sapa N, mpexcrasieHo B Tabm. |.2. [IpumepHo

MOJIOBUHA COOBITUN COACPKUT (PparMeHT Zg > 2,4TO SIBHO OTIMYAETCS OT CIy4aeB siiep

YN [19] u *°C [1-8].
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Takum o0pazoMm, 3apsgoBast TOMOJOTHS  JUCCOLMALMU  IPEACTABISETCS
HENPOTUBOPEUYMBOM, YTO CTAJ0 OCHOBAHUEM KakK JUIsl YBEJIMUEHUSI CTATUCTUKU <«OEIIbIX>»

12 10,
3Be31 ‘N u = C, Tak ¥ uX JETAILHOrO aHaIn3A.

81.3. 3apsioBast TOMOJIOTHA <OEJIBIX» 3Be3/I

[Tonuplil aHanu3 OCHOBBIBaeTCA Ha ckaHupoBaHuM 12 cioeB u3 15. Ha oOGmieit
IUIMHE TPOCMOTPEHHBIX cieloB Zy > 2, B urore pocrurmer 1088.1 meTpos, ObLIO
HaiiieHo 7241 Heynpyrux B3aUMOJICHCTBUM, Cpelrd KOTOPBIX 0TOoOpano 2699 3BE3n c
CYMMapHBIM 3apsJIOM PEISTHBUCTCKUX (PparMeHTOB XZ; > 2 B KOHyCE (parMeHTaI|H
8°. 13 mux 2091 cobbitie, comepxano ¢pparmentsl mumern (Nig). Ocrampasie 608
COOBITHI COIEPKATTU TOIBKO CIEABI PEISATUBUCTCKUX YACTHI] B YTIIOBOM KOHYCe JI0 O <
11° u He CONPOBOXKAAINCH HH (parMeHTaMH sApa MHUIIEHH, HH POXKICHHBIMH
ME30HaMH, T. €. IPEICTABISUTH cO00H «Oebie» 3Be3bl (Nyg).

IlpoBepka ycnoBust Zy = Y Z; METOJOM cueTa uucia O-31eKTpoHOB Nj
MO3BOJIMJIA YOpaTh W3 CTAaTHCTUKH «OENBIX» 3BE3] COOBITHUSA TEpe3apsIkd WM
TUPaKIIMOHHOTO 00pa3oBaHMs Me30HOB. B cymmapHom pacnpenenenun Ns st
NMYYKOBBIX CJICJIOB HaOromaercss rpynmupoBka cieno (puc. 1.5), mosBosstomiast
IPOBECTH KIACCU(PUKALUIO 10 3apanaMm siuep Zy. Joas usoronos C cocrasuia 40%, N
— 11%, Be — 49%pgaT0 COOTBECTBYET MAHHBIM CO CIUHTHIUIAIIMOHHOTO MOHHUTOPA

myuka. 3HaueHust Ns 11 crnenos ¢ 3apsinom Z,, = 4 coctasmstor 25.2 + 0.1 (RMS-1.3

+0.1),Zy =6-36.6+ 0.1 (RMSL.2+0.1)Z, =7 —48.6+0.2 (RMSL.4 +0.3).
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Puc. 1.5. Pacnpenenenue mo uuciy O-35ekTpoHOB Ny Ha 1 mm criemoB MydKOBBIX YacCTHII,

CO3JIaBIINX «OeJIbIe» 3Be3/1bl; CIJIONIHASA KpHBast —cymMma Tpex pynkuuii ['aycca.
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Puc. |.6. Pactipenenenus no cpepaHeMy 4Mciy JAeibTa o — 3JeKTpoHOB N Ha 1 MM mauHBI
clie/ia My4YKOBBIX YacTHIl B «Oenbix» 3Be3nax 2He + 2H {mtonnas ructporpamMmma, HOpMUpPOBaHa st
ymobcTBa cpaBHeHus), Be + He f(urpuxoBaHHas rucrorpamMma) W BTOPHYHBIX (pparMeHTOB

(MyHKTHpHAs THCTOTPaMMa).
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Takum 00pa3oM, JUIS HCCIEI0BAHMS CTPYKTYPHI sapa °C 6bumn 0ToOpansl 227
«Oenbix» 3Be31 Nys, B KOTOPBIX CyMMapHbId 3apsan Zy = XZ; = 6, pacrpeneincHue
KOTOPBIX IO 3apsJ0BOM TOMOJOTMHM (PparMeHTaluu MpencraBieHo B Tabmuue |.3.
['maBHast 0COOEHHOCTH ATOTO paCIpeIeICHHUsI COCTOUT B IOMUHUPOBaHWHU KaHana 2He +
2H, 4ro u oxwmmanoch mist mzoroma °C. Kamanam ¢ 6omee BBICOKHMH IOPOTaMH
COOTBETCTBYET 3HAUYUTEIBHO MEHbIIAs BeposTHOcTh. Kanan He + 4H oka3zancs
IOIaBIICHHBIM, TOCKOJIBKY UIs IeprbepiuecKoil qucconuammn ~C Tpebyercs pasai o
- KJIacTepa.

B cratucTtuky Bonumm peakue «oenbie» 3Be3/bl Buna (Zy > 2) + He s kotopsix
OBLIO BBINONHEHBI yclnoBue Z, = Y Zy = 6. Pacnpenenenue N; n1a cienos mydka,
mMerolee cpeaHee 3Hadenne <Ng> = 36,C00TBETCTBYeT 3HAUCHISIM s siaep —C (puc.
1.6). O1tu cobbitust ¢ pparmentamu Zy = 4 u 3apsnamu Zy, = 6 HHTEPIPETUPYIOTCS KaK
10¢ — 'Be +°He. Kpome toro, umerorcs 12 kanauaaToB Jyis KaHaia ¥C - *He + ZHe.
HabmonaroTcst «Geibie» 3Be3/Ibl ¢ MOTHbIM paspyienneM C — 6H. [Tociemnnii kana
TpeOyeT pa3Bajia 000MX O-KJIaCTEPOB U MMEET BBICOKUH SHEPreTHUECKUI TOPOT (CBBIIIC
50 MsB).

Dra KapTHHA CYMIECTBEHHO M3MeHseTcs it coObituii £Zr = 6 (Ny), KoTOphIe
COMPOBOXKAAIOTCS PparMeHTamMu MuiieHn. CpaBHEHHE PACHpPEIEICHUs MO TOMOJIOTHH
Nys ¢ BapuanToM it 627 coobitrii Ny yKka3siBaeT Ha «BKIIOYeHUE» KaHana He + 4 B
nocienHeM ciydae (tada. 1.3). Tem cambIM MOATBEPIKIACTCS 3HAYMTEIBHO MCHBIIICE
BO3MYIIIEHHE KIACTEPHOH CTPYKTYphl ~C B «OembiX» 3BE3IaX MO CPABHEHHIO CO
ciydaeM Ni. Takoe ycnoBue BecbMa HENPOCTO OOECIEUUTH B DJIEKTPOHHON METOAMKE.
Kpome Toro, cpaBHEHHE IMOKa3bIBa€T, YTO BEPOSITHOCTH KaHAJIOB (parMeHTAIH 3a
MPENEIIOM «HHUCTON» 202P-KIacTepr3aiii HE CIUIIKOM OTINYAOTCA B ciaydasx Nys 1
Ni¢ (ta6m. 1.3). D10 06CTOSTENBCTBO YKA3HIBACT HA CYILIECTBOBAHHE B CTPYKTYpe —°C

rJIyOOKO CBSI3aHHBIX KJIACTEPHBIX KOHPUTYpAIUi.
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Tabauua |.3. Pacnpenenenue Mo KaHajiaM IHCCOLUMANMKM 4YHCTa <«Oenbix» 3Be3n Nys u

cOOBITHH ¢ (hparMEeHTAMU MUIIICHU WJIH POXKICHHBIMU Me30HaMH Nyf.

Kanan Nus 100% Nt 100%
2He + 2H 186 81.9 361 57.6
He + 4H 12 5.3 160 25.5
3He 12 5.3 15 2.4
6H 9 4.0 30 4.8
Be + He 6 2.6 17 2.7
B+H 1 0.4 12 19
Li + 3H 1 0.4 2 0.3
C+n - - 30 4.8

Hacrpoiiky Ha “°C MOATBEp:KIAeT CPaBHEHHE 3apsIOBOIl TOMOIOTUH «OeNbIX»
3BE3J1, MPHITHCHIBAEMBIX ~C, C aHATOTHYHBIMU JAHHBIMH s n30TonoB “C [24] u M'C
[36]. HauGouee 6mskum orom mist ~°C Mor 65l crath n3otomn 'C. Ananu3 cioes 519,
o6nydeHHsIXx B aekabpe 2013 . BO BTOPHYHOM ITyYKe PEIATHBHCTCKHX siaep —C
Hykiorpona OUSIU, ycremHo mpoaBuraercs B HacTosmee Bpems. Slapa C Takke
poxamick npu (parmentammn smep °C ¢ smeprueii 1.2 I'sB. Ilpu Hactpoiike
KaHaja Ha KpaTHOCTh Zy/A, = 6/11 curnansr B, Be (Be), Li u He B ammmurynHOM
CIIEKTpe MOHHMTOpA pAa3IMYMMbl C1abo M CBA3aHBl ¢ (parMeHTtarmein saep —C.
Oco0eHHO ToKa3aTeNbHBIM MPEACTABISAETCS HCUE3HOBEHUE B ITyuke saep He, T. e. npu
YMEHBIICHHH MATHHTHOM JKECTKOCTH KaHana sapa “He yxe mcuesmn, a “He eme He
MOABHIHCH. Bce 3TH (aKThl yKa3bIBAIOT Ha JOCTATOYHYIO cemapaumuio sep —C,

IMO3BOJIAIOIIYIO HpCHC6pC‘{I> BKJIaIOM APYIUX U30TOIIOB.
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Tabauua |.4. Pacripenenenne mo 3apsaoBbIM KaHajgaM JUCCOLMAIIMU SIIAEP IS <OCIBIX»

3Be3/1, POXKJICHHBIX U30TOMaMu yriiepoaa ¢ sueprueit 1.2ZA I3B.

KaHan C [36] °C [1-8] °C [24]
B+H 6 (5%) 1 (0.4%) 15 (14%)
Be + He 18 (13 %) 6 (2.6 %)
Be + 2H 16 (15%)
3He 25 (17%) 12 (5.3%) 16 (15%)
2He + 2H | 72 (50%) 186 (82%) 24 (23%)
He + 4H 15 (11%) 12 (5.3%) 28 (27%)
Li+ He + H 5 (3%)
Li + 3H 1 (0.4%) 2 (2%)
6H 3 (2%) 9 (4%) 6 (6%)

B mectu nmpockaHupoBaHHBIX CllosAx SO HaiineHo 144 <Genbie» 3BE3bl e 75
= 6. Ux pacnpenenenue Mo 3apsJiIoBbIM COCTOSIHUSIM JaHO B Tabiu. |.4. B Helt Takke
npuBeeHsl gaHHble 1o m3oromaM 'C [1-8] u °C [24]. B omamume or panee
UCCJIEIOBAHHBIX HEUTPOHHO-NE(ULIUTHBIX fAJlep, HAOMIOJAeTCs 3HAYUTEIbHAs OIS
cobsrThii Li + He + H,koTopsie Mormu GbI COOTBETCTBOBATh CTpYKTYpe 'Li + “He +p.
OrcyTeTByIoT cobbitns Be + 2H macrepuas crpykrypa “Be + 2). Bmecre ¢ TeM,
HaGIIIOAeTCs 3HAUMTENbHAS 0I5 coObrThit Be + He.Ctpykrypa 'C npeacrasmsercs
KaK CYIIEPIIO3HIIS KIACTEPHBIX COCTOSHMIA ¢ smpamMmu=ocHoBamu B u 'Be.

B 1menoMm, pacnpeneneHus <«OeNbIX» 3Be3] UMEIOT HWHIWBUAYAJIbHBIA XapaKTep
JUIS KaXKJIOTr0 W3 M30TOIIOB 9C, %C u C u ne MPOTHUBOPEYAT UX MACCOBBIM YHCIIAMM.
OTnuyneM SBISIETCS OIS «OeNbIX» 3Be3[, coAepxaiux ¢pparMeHTsl Zg > 2, KOTopas
cocraBiisieT okoiio 31%, 4%wu 21 % ma U30TOIOB 9C, ¥C u ¢, cooTBeTCTBEHHO.
TakuM 06Pa3oM, OCOOEHHOCTBIO OOIydeHHs sapamMu —C SBIAETCS TOMHHHPOBAHHE

KaHaJIOB KOT'€PEHTHOM JUCCOIMAIINU, COAEPKAIIMX PEIITUBUCTCKUE M30ToMnbl Heu H.
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Tabauua |.5. Cpegnee uncio d-3nexktporHoB <Ng> Ha 100 MKM Ha ciemax MyYKOBBIX sSACp U
PEIATUBUCTCKHUX (parMeHTOB Zf > 2; B CKOOKaxX yKa3aHbl 3HAYCHHS SHEPIHH Ha HYKJIOH (cTos0ma 1) u

RMS(cronouer 3-7); yka3aHsl (haMHIHKA H3MEPHUTEICH.

Oo6nyucHue,
Snpa | Zpe s — 3 4 5 6 7
Hab6imrogareis
viox Be. C. N 2.52+0.01 3.6+£0.01 | 4.89+0.02
2c(1.2A15B) — N ¥ e (0.13 +£0.01) (0.12 +£0.01)[ (0.13 £ 0.02
. 2.37+0.04
Mawmarkyaos K.3. (*°C) C - Li, Be, B 1.8 (0.09 + 0.03) 3.0

2.4+0.04 | 3.06+0.03|] 3.53+0.04

Karra6 PP. (*N) | 12y _,
arragewon P.P. (°N) | *N — Be, B, C (0.15 +0.03)| (0.1 +0.02)] 0.08 +0.03

Kopuerpyua HK. (‘Be) Be s Li 1.67 +0.05
(0.09 + 0.04)
12C (1.ZAT5B) — °C, ITy4yox C 3.3(0.2)
Kpusenkos /1.0 °C_ Be, B 1.4 (0.12) | 2.0(0.12)
21.10
B, C, N 14.0 (1.0)| 16.7 (1.5
1\ (2,17 TB) & (1.0) (19 (2.10)
[Henpuma T.B. N Li,Be, C | 510(2.40)| 6.90(3.20) 11.2(3.1) 15.75 (3.55)
1% (1L2ATsB) %8 | HywoxBe, B, C 13.6(2.1) | 22.1(2.0) 32.8(2.5)
Cranoesa P.JK 88 _ Li, Be 4.0 (1.0) 12.0 (2.0)
9
Be (1.ZAT>B) 12.310.3
ApremenkoB J[.A. Mysox Be (2.3£0.2)

Pe3ynbTathl 3apsnoBbIX U3MEpEeHU Ay o0nydeHuid 1D BO BTOPUYHBIX My4yKax
snep, BbIMOJHEHHBIX ydacTHUKaMu, no npoekty BEKKEPEJIb cenenwst B Tabm. |.5.
Hecmotpst Ha HEkOoTOpbIe pazmuyus 3HAYCHHWN CPEAHEro 4ucia O-a1eKTpoHOB <Nj>,
BenuunHB RMS 1o3BosIst0T naeHTuPUITMPOBATH 3apsbl saep Mydka U B (PparMeHTOB B

npeaciax 1aHHOoro O6J'Iy‘ICHI/IH.

81.4. UnenTudukamnus peJITHBUCTCKUX w3oTonoB H nu He

I[Ipy nOpPOXOXKIEHUU 3apsKEHHOM PEISTUBMCTCKOM YacTULbl yepe3 D
HaIpaBJICHUE €€ clie/la U3MEHSAETCS BCJIEACTBUE MHOTOKPATHOI'O PACCESHUSI YaCTHUIIBI.
M3mepeHne KOOpAMHAT MOCJIEI0BATENbHBIX TOUEK HA TPAEKTOPUH, OTCTOAIINUX APYT OT
JIpyra Ha paccTOSHUU t, TO3BOJSET OMNPEACIUTh CPEIHEE YTJIOBOE OTKIOHEHUS
yactulibl. Cries; BBICTABISAECTCS MapaJUlebHO OCH X, COBMAJAIONIEH C HampaBlICHUEM

ABHIKCHHUA CTOJIMKA MHUKPOCKOIIA Tak, YTOOBI IIpru ICPEMECIICHUKU OH HE BBIXOAWJI H3
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o 3penus. U1, 3aTeM, H3MepAIOTCs CMEIEHMs clieia 10 OTHOLIEHHIO K OCH X. BTopsle
pasHoctH KoopauHAT Di = (Yiuz — Yie1) — Wisr — Vi) = Vi — i1 +Yi = § — S4q paror
nocye0BaTelbHbIE B3aUMHBIE OTKJIOHeHHs Xopa. CpenHee 3HaUEHHE BTOPO Pa3HOCTH
MCKJIIOYAeT OINMOKHU, CBS3aHHBIE C ITyMaMH CTOJIMKA MHKPOCKOINA, Pa3sMepaMH 3epeH,
nepeOKyCHPOBKOIl 1 JUCTOPCHE IMYIILCHH.

CpenHsisa BeluuuHa MOy oTKIoHeHus <|D|> Ha sueiikax JIMHOM t cBA3aHa c

BeJMunHOM PPC BhIpakeHHEM:

Zr- K {?.-'_’
573D

Ppe- )

rae Zy — 3apsan ¢parmenta, P — umnynsc, fC — ckopocth yacTtuipl, K = 28.5 —
KOHCTaHTa paccesuus [27]. ITo Benmuuunam PBC paspenstores n3oronsl H u He. [pu
ompefeNeHud BenuyuHbl PPc  BaxXHBIM TpeOOBaHHWEM SIBISIETCS  JIOCTAaTOYHAsS
CTaTUCTUYECKasl OOECHEUYEHHOCTh HW3MEPEHMH, BBIpAXKAIOIIAACd B HEOOXOAUMOCTH
UCIIOJIb30BAaHUsl TPEKOB JJIMHON OT 2 10 S cM. JlaHHOE 0OCTOSITENBLCTBO HE MO3BOJISET
UCIIOJIb30BaTh UMEIOIIYIOCS CTATUCTUKY B3aMMOJICHCTBHI B MIOJIHOM 00BEME.

CrnenyeT OroBOpUTHCS, UTO ATOT METOA ObLI pa3paboTaH Uil NPUMEHEHUS B
¢u3MKe KOCMHUYECKUX JIydyed il OMpEeAeNiCHUS HHEPrHMH OJHO3APSAHBIX YACTHII,
HauynHas ¢ HeckoibkuXx [ 9B mo mpenemna 50 I'5B. 3atem Meton ObuT pacpocTpaHeH Ha
UACHTU(DUKAIMIO PENATUBUCTCKUX U30TONOB Heu H B cTronkax 59, obiydaBmuxcst Ha
YCKOPUTENSIX BBICOKMX JHEPruii, B TOM uucie Ha cuHxpodasorpone OUSAM npu
umnynbce okono 4[A IsB/c. Ilpaktryeckre BO3MOKHOCTM MAarHUTHOHM cenapariu
PaJMOAaKTUBHBIX SIEp HA HYKIOTPOHE 3aCTAaBJISIIOT OIPAaHUYUTh HayaldbHbIA MMITYJIbC
BenmmunHON 2[A I»B/C, T. e. M0 HIKHEH TpaHUIBl NPUMEHUMOCTH METOAA
MHOTOKPAaTHOTO paccesHus U npepioxkeHHoH ¢opmynbl. Tem He MeHee, 3amaua
KJaccupuKkanuu ciaenoB u3oronoB He u H nmo 6osbiieMy v MEHbIIEMY PACCESTHUIO

pemaeTcs.
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Puc. 1.7. Pacnpenencare He ¢parmentoB mo Bemuumbe <|D|> ma sueiikax t = 600 Mkm.

CrutomniHasi TUCTOTpaMMa COOTBETCTBYET (parMeHTaM, HUIACHTH(HUIIMPOBAHHBIM Kak *He B «Genbx»
sBesgax  °C  — 2'He + 2H. IlyHkTHpHas TECTOrpaMMa OTHOCATCS K  (hparMeHTam,
UACHTU(DUIIMPOBAHHBIX KaK 3He B «GebIx» 3Be31ax ¢ - 2°He +*Heu s JTUCCOIUAIUY SIIEP °C -

3*He.

Omnpenenenre U30TOMHOTO cocTaBa (parmeHToB He mporeneHo Ha 45 crnenax,
IpUHAICKAINX K «OelIbIM» 3Be3/1aM C — 2He + 2p, ¢ - Be + He,lOC — 3He.
Uwucio oToOpaHHBIX 3BE3]T OTPAHUYNBACTCS TPEOOBAHUEM PACIIOIOKEHUIO ITUX CJIE/IOB,
yI0OHOMY HJisi U3MEPEHUsl paccesHus U MUHUMAJIbHOM JJIMHE CJeloB CBbIe 1 cM.
Omnpenenenne BenmuuuH <[D|> m pazgeneHue m3oromnoB He mpoBomuiaock mis sueek t
paBupix 500, 600, 700m 800 mxm. Ha pucynke |.7 mpencraBieH mnpumep
pacnpenenecnus He ¢parmentoB mo BenwuuHe < |D| >, onpeseneHHON Ha syeiike t
paBHoii 600 MkM. ['HcTOrpaMMa, COOTBETCTBYIONIAs u30TONy “He, mimoctpupyer dakt
npeobialanus KaHaia ¥Cc - 2He + 2 HaJl BO3MOXKHBIMU KaHaJIaMH ¥c - 2PHe+ A

wm °C — "He +3He +p +d.
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Puc. |.8. Pacnpenenenue n3mepeHHsix BenmuunH PPc mist omHO- M MBYX3apsaHbIX GparMeHTOB
13 «Gebix» 38e3n °C — 2He + P (*He —crumomHas u p — ToueyHasi THCTOrpaMMa); UIsl CPABHCHHUE

npuBeeHs! 3HaueHns PPe Gpparmentos Heus coGuituii °C — 3°He (nynkrupHas rucrorpamma).

Ha pucysnke 1.8 nokazan npumep pacrpezenenus no BennuuHe PBc B «Oenbix»
3Be3ax (°C — 2He + D, B KOTOPBIX MPOBOINIACH HACHTHGHKALHS GPArMeHTOB ¢ Zy =
1 u Zy = 2 nanabiM MetonoM. [lonydeHHble 3HaueHHs PBC mMo3BOJSIOT pa3ieiuTh
u3zoronsl H u He u cnenate BBIBOA O TOM, UYTO B UX CIy4yalHOM BBIOOPKE OTCYTCTBYET
samerHbIit BK1ax “H (06macTs ot 2 10 4 I'3B) 1 *He. Tak ke puBeaeHO pacipe/ieeHne
o Benmanae PBe s dparmentos m3otoma He B pucconmarmn sinep °C — FHe [24].
Takum oOpa3om, mpuHUMaeTcs, 4To u3oTonsl He u H B cratuctuke «Oenbix» 38e31 C

— 2He + 2Hcootserctsyior ‘Hen p.
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I 78 9 10
PpcI»B

Puc. 1.9. Pacnipesienenne o Bemmanue PBC ¢pparmentos He 3 «Gensix» 3sesn “°C — 3He n

% - Be + He, UIEHTU(DUITMPOBAHHBIX KaK 2’He + “He (cmomHas nMMHUSA) B Kak Be + *He

(IuTprxoBaHHAS THCTOTPaMMa).

Cpenn «Oenbix» 3Be3/1 HaOroxanuchk coositTus Be + Hen 3He ¢m. Tabnumy 1.3),
UMeEIoIue ISl sipa ¢ sHepreTudeckue moporu 15 m 17 M»sB. Unentuduxanus
¢parmenToB He mo mapamerpy PBC (puc. 1.9) moarBepkmaeT MHTEPIPETAITUIO ATHX
cobprtnii kax '‘Be + °He m 2°He + *He u He NIPOTHBOPEUHT MPEATOIOKEHUIO O
JTUCCOIUAIIMM  UMEHHO  sijIep 19C. Bacemenme Takux  COCTOSHUIA TpeOyeT
NEePETPyNIUPOBKH HEUTPOHA M3 0-9aCTUYHOTO KiacTepa B (POPMUPYIOMIMICS KiIacTep
*He. Jlpyras BO3MOKHOCTh COCTOUT B IMPUCYTCTBUM B OCHOBHOM COCTOSIHMM siJIpa °c

.7 3 4
IyGOKO CBSI3aHHBIX KJIACTEPHBIX cocrosiHuii 'Be +°Heun 2°He +*He ¢ Becom 8%.
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Puc. 1.10. Pacnpenenenue oHO W ABYX3apsiAHBIX (PParMEHTOB MO M3MEPECHHBIM 3HAYEHUSIM
PBc, o kanamam dparmentamun: °C — 2'He + 2H, 'Be + *He, ZHe + “He — (8);°B — “He + °He +
H, ‘Be +'H — (7);°C — 3*He, ®B + 'H u simep nyuxa —*He (6); **N — 3He + H — (5)!'B — 2He +H,
Be + H — (4);'Be — “He + *He, He+H — (3);’Li —» He + H — (2);°Li — He + H — (1).

["opusoHTanbHBIC TUHUN COOTBETCTBYIOT RMS pacnipenenennii mo PBC.

Janneie mo cpegHuM 3HaueHusM < PBC > um ux cpeaHeKBaIpaTUIHOMY
paccessauto RMS, nist joctynmHoro paszHoobpasus sjuep, npeactaBiensl Ha Puc. 1.10.
3navyenus <PPC>, mosiy4eHHbIE MPU UMITYJIbCaX OTIAMYHBIX OT 3HaueHus 2A [B/c,
IIPUBEJICHBI K 3TOM BenudyuHe. HecMOTps Ha HEKOTOpbIE M3MEHEHMS OT OJAHOW CEpUH
n3mepenuid PPC k apyroi, MOKHO OTMETUTh BO3MOXKHOCTb pa3/ielieHusl U30TonoB H u
He B kaxxmoit u3 Hux. boiee Toro, namepenus npu 2[A I'3B/c s n3oromnos 8B, ‘culC
XOpOIIIO COTJIACYIOTCS MEXJy C00oiW. DTM JaHHBIE cBeleHbl B Tabiuibl 1.6 u 1.7.
CucreMaTnueckoe HAKOIUICHHE ATHX JAaHHBIX BaXKHO JUIsl TJIAHUPYEMOTO aHaJ3a

auccounanuu B D penaTUBUCTCKUX H30TONOB loB, B u llC, a TaKXKe APYrux, AJIs
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KOTOpBIX wHIeHTU(uKauusg u3otonoB H u He He TombKO YCIOXKHSAETCS, HO H

npUOOpETAET MPUHLIUITUAIIBHBIN XapakKTep.

Ta6auna |.6. ITapamerpsl pacnpeneneHuii I'aycca oHO W OBYX3apsIHBIX (ParMEHTOB IO

3HaueHusiM PBC; B ckoOkax 3HaueHnss RMS; kypcuBOM BbIZIENICHBI 3HAUYEHUS, MPUBEACHHBIC K

umiyascy 2[A I'B/c).
Kanaisr *He “He *He H H *H
+
100 ZHgH A 7.3+0.1 45+0.3 1.3 £0.07
© (0.6+01) | (1.0%0.4) (0.3+0.1)
Be + H
2He +H
8 — 1+0.3(0. 6+0.2 (0. 7+0.2 (0.
B coih 7.1+0.3(0.9)| 4.6+0.2(0.6) 1.7+0.2(0.p)
o 3He 49+0.3 15+0.1
B+p (0.9 +0.1) (0.4+0.2)
5 51+0.1
Mysox He (0.8 +0.1)
N > 3He +H | 10.9(1.1) 7.9(1.0) 5.7 (0.6) 1.8 (0.4) 4.1(0.5)
11 H + 2He
B St 2.0 (0.5) 3.8(0.3) | 55(0.6)
*He +°He
7 P
Be ST H 6.3 (0.7) 4.5 (0.7) 1.5 (0.4) 3.2(0.3)
Li > He + H 2.1(0.5) 3.9(0.6) | 5.6(0.6)
L — He+H | 10.5(1.8) 7.5(0.7) 5.7 (0.6) 1.9 (0.3) 36(0.3) | 51(0.4)

Ta6auna |.7. To xe, yto u B Tabnuna .6 c HopMupoBKOI Ha MaccoBoe yucio Gpparmenta Ay.

Kanan *He “He *He 'H ’H *H
4
g, ;gz :42:2 18+0.1 15401 13401
+ + +
"B +He (0.2+0.1) (0.3+0.1) (0.2 +0.1)
55 _, “He+*He+H 1.8+0.1 1.5+0.1 1.7+0.2
Be +H (0.2) (0.2) (0.5)
o, 3He 1.6 +0.03 15+0.1
°B +H (0.1 £0.03) (0.4 £0.2)
3 1.6 +0.07
Tysox He (0.3 +0.06)
N 3He +H | 1.8(0.2) 2.0(0.3) 1.9 (0.2) 1.8 (0.4) 2.0(0.3)
1 H + 2He
B SorH 2.0(0.5) 1.9(0.3) | 1.8(0.6)
i — He + H 2.1(0.5) 1.9(0.6) | 1.9 (0.6)
*He +°He
7 P
Be— o H 1.6 (0.2) 1.5 (0.2) 1.5 (0.4) 1.6 (0.2)
oL — He+H | 1.8(0.3) 1.9 (0.2) 1.9 (0.2) 1.9 (0.3) 1.8(0.2) | 1.7(0.2)




38

§1.5. Pesrome

Ipu yckopennn smep ~“C no suepruu 1.2A I'sB Ha mykmorpone OWSHU
cpOPMHpPOBAH MyHOK, HACTPOCHHBIN Ha cemapamuio usortorna “N. B 3ToM BToprdHOM
My4YKe, B COCTaB KOTOPOTO OCHOBHOM BKJaA nanu uzoronsl C u Be, o0imydeHna cronka u3
15 cnoeB S13. B pesynbrare mpocMotpa mposiBieHHod 9D Ha anune 1088.1metpon
BCEX CJIEIOB TNEpPBUYHBIX saep HahjgeHo 608 <«©enbix» 3Be3n. Buawane Obuin
UIACHTUGUIIMPOBAHBI 3apsAbl MEPBUYHBIX sEp M Oojee THKENIbIX (parMeHTOB B TEX
COOBITUSIX, KOTOPBIC COMAEpPXKAT TOJIBKO (parMeHThl C BU3YAIHHO ONPEICITUMBIMU
3apsgamMu 11 2, a 3aTeM BO BCEX HAMIEHHBIX «OeibIX» 3Be3/ax. B pe3yibrare ux 07,
otHOocsmasics kK mzoronmy N, cocraBuna 11%, C — 40%, Be — 49%. Unentudukamms
msorora N 10 «GenbiM» 3Be3NaM M MX 3apsoBas TOMOJOTHS, YKAashIBAIOT Ha
PaBUILHOCTh HACTPONUKHU BTOPUYHOIO MyYKa.

3apsioByI0 TOTMONOTUIO 227 <©enmbIX» 3Be3/, CO3JAaHHBIX SApPaMH YIIIEpo.a,
OTJINYAET JTOMUHUPOBAHUE COOBITUHM, COAEPKALIUX TOJBKO (hparMeHThI ¢ 3apsaamMu 1 u
2. Ux BepositHOCTh coctaBuia 96%, npuuem 82% B kanaie C — 2He + 2H,uto
yKasblBaeT Ha H30TOm ~°C, IS KOTOPOTO OXHAAEM OCHOBHOH BKJIAX PACIafoB
HECTAOWIBHBIX sIIEp M pe30oHaHcoB. B «Oempix» 3Besgax C — 2He + 2H
uaeHTuukanus ciydaiiHoil BbeIOOpku (parmentoB H u He pemonctpupyer ux
cootBeTcTBHE “HE 1 P U MOATBEpXKIacT MomyTHOE (OPMUPOBAHUE MmydKa u3oTomna —C.
DTOT pe3ynbTaT OXKHAAeM, IOCKOIbKYy m30Tom 'C Hambomee Omm3ok kK “°N 110
MarHUTHOM >KeCTKOCTU. Takum 00pa3om, 3apsiioBasi TOMOJIOTHS TUCCOITUAIINNA U30TOTIOB
N u C npencrapisercs HENPOTUBOPEYMBOM, a BBIMOJHEHHOE OOIy4YEHUE AMYJIbCUU
UMEIOIUM  TEPCIEKTHBBI  JIETAJIbHOTO aHaim3a, OOECMEeYeHHOTO JIOCTATOYHOMN

. 10
CTAaTUCTUKOMN «OeJIbIX» 3Be3] ~ C.
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I'masa ||. YruioBble pacnpenesienusi pparMeHTOB

§11.1. MeTox n3mMepeHusi yrjioB

B mnacrosmem wuccieqoBaHMM ObUIM  BBIIIOJIHEHBl  YIJIOBBIE  W3MEPEHMS
dparmenTtos B 184 @enbix» 38e371 'C — 20 + 2p. Jlist M3MepeHus YII0B 00pazoBaHHs
PEIATUBUCTCKUX ()ParMEHTOB MCIIOJIb30BaH M3MEPUTENIbHBIN MUKpockon KSM-1 (Puc.
11.1). IIpoueaypa u3aMepeHus yriioB COCTOUT B ClieayroieM. [11acTuHKY 3aKpeIIsioT Ha
CTOoNMMKe MUKpockoma. OHa pa3BopauyuBaeTcsi TakuM o0pa3oM, uTOObI HampaBiCHHE
TpeKa MEePBUYHON YaCTHUIbl COBMNAAaIo0 ¢ 0chbio OX CTOJIMKAa MUKPOCKOIA C TOYHOCTBIO
okoso 0.1-0.2mxm oTkioHeHus Ha 1 MM AJIMHBI Tpeka. Bce u3mepenus npoBoasTcs B
CTaHJAPTHOM TPEXMEPHOW TI'E€OMETPUM B IIPABOCTOPOHHEM JEKAPTOBOM CHUCTEME

KOOpJAUHAT.

Puc. 11.1. Usmeputenbubiii Mukpockorn KSM-1.
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Puc. I1.2. Onpenenenune yrinos BropuyHbIX yactull. OX — HanpaBieHUE NEPBUYHON YaCTHIIBI.

Bce yruisl mpuBeeHbI B CUCTEME KOOPAMUHAT CBSI3aHHOM C IIEPBUYHON YaCTULEH.

Ocp OX cuctembl COBMaiaeT ¢ HaMpaBlICHUEM MPOEKIUU MEPBUYHOTO Clie[a Ha
wiockocth  AMynbcud. Ocb  OZ HampaBieHa OT CTeKIa K MOBEPXHOCTH
NEPIEHIUKYIAPHO IIJIOCKOCTH SMynbcud, ocb OY — Takum 00pa3oMm, 4YTOOBI
HOJTy4MIIach IPAaBOCTOPOHHSS crcteMa koopauHaT (puc. 11.2). 3a Hayano npuHUMaeTCs
KOOpAMHATa BEpIIMHBI  coObITHA. B ommcaHHOW  KOOpPAMHATHOM — cucTeme
MOCJIE0BATEIBHO OMPENEISIOTCS KOOPAMHATHI TOUYEK CIIEA0B MEPBUYHON M BTOPUUHBIX
yactuil. [To n3mMepeHHbIM KoopauHaTam (X, Y, Z) TOUeK Ha Ciielie B BBIYUCISIFOTCS YIJIbI.
[Ipy wu3MepeHusx Ha MHKPOCKONE KOJIMYECTBO H3MEPSEMBbIX TOUEK Ha cjenax
OTIPENIENSIFOTCS KOJIMYECTBOM CIIEIOB M IMTPUEMIIEMOI TOYHOCTH U3MEPEHUil.

B 5Toif cHcTeMe H3MEpPeHHs YIJIOB MPHHATHI ciiemyioutie obo3Hauenus: 0 (0°,
18%) — yron Mexay HampaBieHHeM BBLIETA BTOPHYHON YacCTHIBI M HATIPABICHHEM
neperunoit; y (0°, 360) — yrom mexay ockto Y M IPOEKIHMEH cliefa Ha IUIOCKOCTb
ZOY; ¢ (-18(F, 180) — mmockwmii yron Mexy MOIOKHTEIBHBIM HAMPABICHHEM OCH X 1
npoekuueil caena wa miockocts XOY; o (-18F, 180) — rmyGuuusiii yron mexmy
MOJIOKHUTETIHHBIM HalpaBlieHHeM ocu X W MpOeKIHen cieaa Ha miockoctb XOZ. [lna
nepexojia B CUCTEMY KOOPAHMHAT, CBA3aHHYIO C MEPBUYHOM YACTHIIECH, POU3BOIUTCS

BBIYHCJIICHUC I‘JIY6I/IHHOI‘O yria Og 1 yrjia B INIOCKOCTHU OMYJIbCUHU (Pg IICPBUYHOT'O TPCKaA.
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[lepexon B cucteMy KOOPAMHAT, CBA3aHHYIO C MEPBUYHBIM CIIEJIOM, IPOU3BOJIUTCS IO
bopmynam (3)
x = X[cos@,) [cosg,) + ylcos@,) [sin(g) + ZIsin(a,)
y =—-X[8in(g) + ytos@) 3)
z=-X1[8in(a,) [tos@) — ySin(a,) Sin(g) + Z[cosq,)

Koopaunatel co mTpUXOM, OTHOCSTCS K CHCTEME KOOPIMHAT, CBSI3aHHOM C
MHUKPOCKOIIOM, 0€3 ITpuXa — K CUCTeME KOOpJIUHAT, CBA3AHHON C MEPBUYHBIM SAPOM.
Bripaxxenne (3) npencraisier co0o0ii MOBOPOT CHCTEMBI KOOPIUHAT HA YTOJl 0o BOKPYT
ocu OY u Ha yron ¢g Bokpyr ocu OZ. Beruncnenue yrios ¢, o, 0 u y mpoBoAguTCs Mo

CJICAYHOIIUM COOTHOIICHUSM.

t2(0) :L;y c08(6) = ——

1

Jx2 4yt 4zl

ey)== , cos(y) = ——=
¥ quz +y2 (4)
- * ()= — P
cos(@) W ,  sin(@) m
cos(a) = — , sin{e) = _z

[Ipu m3MepeHUH yIJIOB HEOOXOIUMO YUYHUTHIBATH M3MEPCHHS TIEPBOHAYATLHOM
TOJIIIMHBI 3MYJIBCHOHHOTO CJIOS BCJICACTBHE €ro yCaJKd BO BpeMs NposBku. [lpu
OTIpE/ICTICHUN KOOPAMHAT Z TOYEK CJIEJAO0B YUYUTHIBACTCA KOADOUIIMEHT yCaaKu
smyiabcuu A = hy/h, KoTOpBIi mpeacTaBasieT OO0 OTHOIIEHHUE HAYAIbHOW TOJIIHUHBI
IMYJIILCHOHHOTO CJI0s g K €€ ToymuHe BO BpeMsl POBeACHHS n3MepeHuit h.

N3mepenre KOOpAMHAT TOUYEK TPEKOB MPOBOIUIIOCH MOCIEIOBATEILHO B OJHOM
HanpaBiieHud (ClieBa HAIpaBO M OT IOBEPXHOCTH CJIOSA K CTEKIy) IO XOAy ITydKa
HAa4YMHAs ¢ TIEPBUYHOTO TPEKa U Jajiee NJIsi BCEX TPEKOB (PparMeHTOB OJHOBPEMEHHO.
Ha Tpeke mepBHYHOTO siipa M Tpekax ()parMeHTOB M3MepsuMch mo 6 tpoek (X, Y, 2)
koopauHaT Touek. lllar m3mepenuit coctaBisan 200 MxM, mpu oOIIeH ajuMHE ciena,

UCITIOJIB3yeMOM 1Sl u3Mepenus, 1 Mmm.
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& X, im = e ;
B N <0 1000 - 1000 - 300 g i @~ TRe
S
10C - 10 He 10¢ -1
— 15 - 15"
Z, um’]
B) 121 ‘He
o a, *He
—a———o t - 4H e
— 1002 — 500 B 2‘3'0 500 1000 — 1000
X, um
10 10,
C 10.4 o4
—1%
- 15
Puc. 11.3. Tlpumep BOCCTaHOBICHHBIX HampaBieHHi BbLicTa (0, @) (parMeHTOB,

00pa3yIONIMXCS B «OCIBIX» 3BE3/IaX: a) 10c - 20+ 2p; 0) 10c — 'Be +°Hewn B) 10¢ — *He + ZHe.

IIpennonaras nuHEHHY0 3aBUCUMOCTh (Y = a,X + by u Z = a,X + b,) koopauHat
TOYEK TpeKa, METOJOM HAWMEHBINUX KBaJIPaTOB HAXOIWIMCH KOAPUIMEHTH a u b
ANMpPOKCUMHUPYIOIIETO MOJMHOMA MEePBOM CTENCHH 3aBUCHMMOCTel koopauHaT Z(X), Y(X).
Ilo nHaiineHHBIM Ko3dUIUEHTaM &, &8, Oompele/suIuch yriasl (o, @) A1 CIENoB
My4KOBBIX simep ~'C W BTOpHYHBIX (parmentos. Ha puc. |1.3. mpuBeneHs! mpuMepsl
BOCCTAHOBJICHHBIX HalpaBJieHU# BbuleTa (parMeHTOB (YIJIOB 0, ) B «OENBIX>» 3BE3/1aX
%C - 20 + 2 (a), *°C — Be +°He 6) u *°C — “He + ZHe () mo u3mepenHbIM

KOoOpauHaTaM TOYCK Ha CJICOax.



43

eV
80F
60
60F
a0t
a0f
20F
20F
0 1 1 1 1 1 ] 0 1 1 1 1 |
60 40  -20 0 20 40 60 -60 -40  -20 0 20 40 60
o, x 107 paz. o, x 10°pa.

Puc. |1.4. Pactipenenenus a-4acTHII TIO YIJIaM O, (¢ B «OJTBIX>» 3BE3/1aX c - 20+ 2.

NCV N ev
400f
600}
300}
400}
200}
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3 02 -1 0 1 2 303 2 A 2 3
Ay, 107 pm Az, pM

Puc. 11.5. Pacnpenenenus Beau4nH OTKIOHEHWH AY, AZ KOOpPAMHAT SKCIIEPUMEHTAIbHBIX

TOYCK OT COOTBCTCTBYIOIIUX KOOPAHWHAT TOYCK, ONPCACTIACMBIX aAllIIPOKCUMUPYIOIIUMHU I[MOJIMHOMAMH.

PacrpeneneHus o-4acTUIl 0 yriaM o, ¢ u3 «Gempix» 38e3n C — 20 + 2
npezncraeieHsl Ha puc. |.4. Pactipenenenus rmyourHOTO (00) M TUIOCKOTO () YIIIOB 01

YACTHUIl XapaKTePU3YIOTCS CpeaIHUMHU 3HadeHusIMH <0> = (—0.45 = 0.6)Mpang u <> =
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(0.04 £ 0.6)mpan, 6nM3KUMU K HyJIO. Bemu4nHbI CpeTHEKBAaPATUIHBIX OTKIOHEHUN
paBHbl 6, = (9.5 * 0.5)wmpan, o, = (10.5 % 0.6)mpan, coorBercrBeHHO. Ilo
OTpECNICHUIO BEIMYMHBI YIJIOB O M ( SIBISIOTCS HE3aBUCUMBIMU. B  maHHBIX
MU3MEPEHUIX TAaKXKe HE HAOIIOIaeTCsl KOPPENSIHMA MKy YKa3aHHBIMHA BETUIHHAMU.

[TpubnusutenbHo 95% 3HaueHu U3MepeHU TTyOMHHBIX U IJIOCKUX YIJIOB B
uHTepBane -24 < o, ¢ < 24 wMpaa, XapaKTepU3yeTcs HOPMAIbHBIM 3aKOHOM
pacnpenenenus ¢ napamerpamu (-0.45, 10.3Mpax, (0.03, 10.4Mpaa, COOTBETCTBEHHO.
3HaueHns KpUTEpHs (-KBAApaT IIMpcoHa cocTaBusioT - ¥y = 32 §lpm = 36.4),%% =
29.6 szpm = 33.9) npu umucie cremeHeit cBoboael N,= 24, n,= 22, u ypoBHE
3Haunmoctu ®=0.05.

[Ipu ompeneneHUU BETUYHMH YIJIOB SKCIEPUMEHTAIBHBIE TOUYKH, MOJTYYCHHbBIE
Opu W3MEPEHMSIX, ONKCHIBAJINCh IOJMHOMOM TMepBoil ctemenn. KoaddummeHnTs
MOJIMHOMA OIpPENe/UINCh 10 METOAYy HauMeHbIIMX KBaapaToB. Ha pucynke I1.5.
OpUBEIECHbl  pacmpeleieHuss  BEIWYMH  OTKIOHeHMd Ay, Az  KoopauHaT
IKCIIEPUMEHTAIBHBIX TOYEK OT COOTBETCTBYIOIIUX KOOPAMHAT TOYEK, OMpPEISTSIeMbIX
aNMpPOKCUMUPYIOIUMHU nonuHoMamu (Y = aX + by u z = ax + b,). IIpu 3HaueHusx
<Ay> u <Az> Omu3kux K Hya0 (BepiidHAa COOBITHS), 3HAYCHHUS BEJIUYHMH
CpeIHEKBAIpaTHUECKUX OTKJIOHEHWH it BBIOOpKM #3 184 u3MepeHHBIX TpPEKOB
¢parmenToB coctaBmim o~ (0.08 * 0.003) MmxMm, o, = (0.6 + 0.02) mkm.
Pacnipenenenust BenmuunH AY U AZ MOAYMHSAIOTCS HOPMAaJTbHOMY 3aKOHY C Xsz=26.7
(szpm=30.1),X2Az=31.1 QZKPHTZSS.Z) IpU 4UCIIE CTeneHed cBoOoabl Nyy=19, Ny,=23, u
ypoBHe 3HaunMoctu ®=0.05.

Pa3opoc Benmuun Ay u Az ornuvaercs, npuOiausutenbHo B 10 pa3, HO He
npeBblliaeT Oonee yeM B 2 — 3 pas3a TOJIIMHY HU3MepseMoro ciena. Pasnuume
OOBSCHSIETCS TeM, YTO TPHU W3MEPEHUH KOOPAMHATA Z OMPEAEISeTCS MEHee TOYHO.
[TpuunHa 3akimtoyaeTcsl B IIymMaxX, BO3HUKAIOIIWX MPU BEPTHKAIBHBIX MEPEMEIIECHUSIX
Ty0yca MHKpPOCKOIIA, HATHYUH KO3 PHUIIMEHTA yCaTKu U UCKaKEHUsX Gopmbl ciena (B

OCHOBHOM BEPTHKAJIbHBIX) BO BpeMs IposiBKH ciiosg A3 [37].
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[Ipy 1nvHE Tpeka, HCMIONAb3YEMOM IIPU HU3MEPEHHSIX paBHOW 1 wmwm,
YCTaHOBJICHHAs] TOYHOCTh U3MEPEHHS yIiioB o, ¢ Jexut B uaTepBaie (1.1, 0.2)mpan.
Huwxusis rpaHuMna yka3aHHOTO HMHTEpBaja ONPEACNSETCS HWHCTPYMEHTAIbHBIMU
BO3MOXXHOCTSIMU MHUKpockora KSM—1, pazMepoM 3epHa 3MyJIbCUH, 0a30i U3MEpPEHUS.
Bepxusisi TpaHuIla WHTEpBajla OMNpEACNAeTCS BEIUYMHONW 3G, B pachlpeiesieHuu
k03 dunreHToB b, anmpoKCHMUPYOIIEro MOoJIMHOMA MEPBOM cTeneHu (Z = axX + b,),
OTHECEHHOM K JTMHE n3Mepenus paBHor 1 mm [20].

[lpu ompeneneHWU YIIOB MEXAy IMapamMH CileqoB (WM YIIIOB pasziera) ©
UCIOJIb30Bajach MPOIENypa, MO3BOJAIOMIAs COKPATUTh BKJaJ OMIMOOK, CBSA3aHHBIX C
NepeMeIeHINEeM CTOJIMKa MUKPOCKOIMA B HAMpPAaBJIEHWHU Y, IIYMOB, BOSHHKAIOUINX TIPH
BEPTHUKAJIBHBIX NIEPEMEUICHHUSIX Ty0Oyca MUKPOCKOIA, U UCKAXEHUS CJIe[a, CBI3aHHbBIE C
nedopMaIusaMu TUIACTUHKYA B HAMPABICHUSX Y U Z. J[J1st 5TOT0 BBIUUCISIIMCH U3MEPEHUS
KOOpAMHAT TPeKOB AY = Y, - Y3 U AZ = Z, - z;. Jlanee KOOpAUHATHBIM METOJIOM
OTIpEACIISIICS MOJSPHBIN Yroia OAHOTO Cliea OTHOCUTEIBHO APYroro. YTl pasiiera
nap pparMeHToB O UCTIOIB30BAIKCH JUISI ONIPEICICHNS 3HAUCHU N NTHBAPUAHTHOW MaCChI

ancamOmeil pparMeHToB.

811.2. YrioBble koppeasinuu ¢parMeHTOB

[IpencTaBneHue yriioBbIX XapaKTEPUCTUK «OEIBIX» 3BE3]T ¥Cc - 20 + 2p caemyet
noaxoay I'. M. UepHoBa, B KOTOPOM H3ydYalics BKJIAJl PaciajoB HECTAOMIBLHOTO sjipa
®Be B YTJIOBBIE CTIEKTPBI U KOPPEIISAIHUH O-4aCTHUI] TIPH KOTEPEHTHOW THUCCOIUAITNN 2¢
— 3a [12] u O — 40 [13]. Pacmager °Be m0cTaTOYHO YacTO HAGMIOZAIOTCS IIPH
dbparMeHTalMM  PEISTUBUCTCKUX  SOAEP, MPOSBISIAACH KaK IMapbl  O-9acTHI[ C
HAaWMEHBIIIMMHU YTJIaMH paszjieTa. X peKOHCTPYKIUS CIIYKUT 0OBEKTUBHBIM KPUTEPHUEM
HAOJFOICHUS KJIACTEPHBIX BO30YKJICHHWH BIUIOTH [0 MHUHUMAJIbHBIX. B 3TOM ke
noaxoje (pparMeHTauu °Be — 20 6bLIa BHIABICHA JUUPYIOIIAas pojib PacnagoB ®Be
KaK M3 OCHOBHOTO cocTosiHus O, Tak M CpPaBHUMBIHA BKJIAJ PACNagoB M3 NEPBOTO

+
BO30YXIIeHHOTO cocTosiHus 2 [21]. [Iyis cMCTeMaTHYHOCTH CPAaBHEHHS W MPOBEPKU Ha
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¢u3znyeckux Mmpoleccax KauecTBa M3MEPEHHM IMOJIE3HO NPUMEHUTh TOT K€ IJIaH U B
JAaHHOM CITydJae.

Ha puc. I.6. mpeacraBnensl pacmpeneneHus MO TMOJSIPHOMY YIiy BbuUieTa 0
¢parmentoB H u He. Kak /i onHo3apsaHbIX, TaK U A ABYX3apsIHbIX (pparMeHToB
cpenHsis BenuduHa yriaa Oy e MEHbILE TIPENENBHOTO 3HAYEHHS KOHYCa (hparMeHTaIuu
0 paBHoro 0.1 pagman. CmyomHasi THCTOTpaMMa COOTBETCTBYET JABYX3apsIHBIM
¢parmeHTam; a MyHKTUPHAs THCTOrpaMMa — OJTHO3apsiHbIM (pparmeHTaMm. M3 gaHHBIX,
NpPEJCTAaBICHHBIX Ha PHUCYHKaxX BHUAHO, 4YTO paclpeiesieHue s OJHO3apSIHBIX
¢bparMeHTOB 1IMpe, YeM IS ABYX3apSAHBIX (ParMEeHTOB, T. €. 4eM Jierde (parMeHT-
CIEKTaTOp, TEM OOJIBIIHNI B CPEIHEM YTOJ OTHOCUTEIHHO MEPBUYHOTO SApa-CHApsIa OH

umeeT. [TapameTpel onuceiBaromx ux pacnpenenenuii Penes pasnel gg, = (51 + 3) x
10° pan u 0g,. = (17 £ 1) x 10 pam. DTH BENTHUMHBI COTIACYIOTCS CO 3HAYCHUSAMH
cratuctrueckoit momenu [31,32] g, = 47x 10° pan u gg = 19 x 10° pan s

dparmenros 'H u “He.

Nudopmaruio 0 MexaHu3me oOpa30BaHUS Map O-9aCTHI] HECET CHEKTP HUX
yIJI0B pasznera O, B Hammx nsMepeHusx yroi O,, pasjiera mapsl o-4acTUIl H3MEPSIICS
KaK yroJ OJHOTO M3 TPEKOB MO OTHOIICHUIO KO BTOpOMY. JlaHHBIN cTOCO0 M3MEpeHus
MO3BOJISIET CYIIECTBEHHO TMOBBICUTh TOYHOCTh yria @y, yMEHBIIUB BIHSIHUE
UCKAXEHUNW DSMYJbCHOHHOTO cjiosi B obmactu wu3MmepeHus. Ha pucynke 1.7
IIPEICTABICHO PacIpeneneHne coobThii Gparmentammn C — 20 + 2D 10 BEITHUMHE
OTHOCHUTEIILHO MPOCTPAHCTBEHHOTO yria ® mexmy o—dactunamu. OcoOeHHOCTh 3TOTO
pacmpeneneHuss COCTOMT B (OpPMHpPOBaHHWM JBYX NHKOB. TakuMm 00pa3oB, MapHOE

POKJEHUE O-4ACTULl OKAa3bIBAETCS CUIIBHO KOPPEIMPOBAHHBIM I10 YTy pazieTa O,
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Puc. I1.6. Pacnpenenenue ¢parMeHTOB MO HOJSIPHOMY YINy BbuleTa O oOpasyrommxcs B

10,
«OenpIx» 3Be3nax st kanana - C — 2He + 2H. (mynktupHas iuHus — H, crtomnas muaus — He).
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Puc. 11.7. Pactipenenenns «Genbix» 3837 °C — 2a + 2p (CIUIOMIHAS THCTOrpaMMa) 1 “Be —
20 (myHKTHpHAsI THCTOTpamMMa) MO BelduuyMHE yria ®y,. Ha BcraBke — pacmpeneneHus coObITHIl B

obnactu O,
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Taboauua 11.1. TTapameTpsl pacnpenencHuii OCIBIX» 3BE3[T °c - 2q + pu Be > 2u

COOBITHH IO BEIMYMHE YTJIa pa3jieTa o-4acTUll Oy,

Yron ©, mpan e = 20+ 2p ‘Be — 2u
46+0.2 46 +0.3

0-105 <@>, 1.9+0.2 22402
B Ge, Mpal 30.4+0.9 27.1+0.9
150-45.0 8.2+0.7 57+0.6

COITIaCHO HCCIICOBAHUI0 (parMeHTamuu supa Be — 2a [21], umeercs
OCHOBaHHWE pa3OUTh MMEIOIIYIOCS CTAaTUCTUKY COOBITUM Ha YEThIpEe MHTEpBaiaA MO YIIIy
®2, —3TO «y3Kue» o-napsl B UHTEPBaIE 0 <Op(amow) < 10.5Mpan u «auupokue» — 15.0 <
Ou(ide) < 45.0Mpan. OcranbHble 25% COOBITUI OTHECEHBI K <IIPOMEKYTOYHBIM> I1apaM
10.5 <Onedium) < 15.0Mpan u 6onee mupokuM — 45.0 <Oyenjwide) < 114.0mpan.
OGpasoBaHHe «y3KHX» map O, COOTBETCTBYeT paclagaM suep ~Be M3 OCHOBHOTO
cocrosiuusg O°, a map ®,, — U3 mepBoro Bo3OyxkaeHHOro cocTosHus 2. IlomyueHHblE
JTAHHBIE TAKXKE COTJIACYIOTCSI C DKCIEPUMEHTAIBHBIMUA JTaHHBIMUA M C MPEICKa3aHUSIMU
mozenu KOMMU B padorax [38-40]. B manozacenenHoit 0061acT Op-ediym) AMEETCS
HeOOIBIION MUK, oTpaxkarommii yposeHs 5/2 (2.43 M»dB) simpa °Be. ITapamerpsr
pacnpezieNieHui 1 CTaTUCTHKA COOBITUI B ATHX TpyMIax npuBeaeHa B 1ada. 11.1.

Jlonu coOpiThii B obnactsax ®,u O, cocrapisaor 0.49 + 0.06a 0.51 £ 0.06D0tn
BEJTHUHHBI JEMOHCTPHPYIOT cootBercTBHe BecaM 0 m 2° cocrosuit °Be, mpuHATHIM B
TeopeTudeckux padorax [41,42]. Onu yka3pIBalOT Ha BO3MOYKHOE MPHUCYTCTBUE ITHX
COCTOSIHHI KaK KOMIIOHEHT OCHOBHOTO COCTOSIHHS sipa —C.

Ha pucynke I1.8a npencraBneno pacnpeneneHue mo BEIMYUHE OTHOCUTEIBLHOTO
IPOCTPAHCTBEHHOTro yria mapbl H wactun, B coObITHSIX «Oenbix» 3Be3l1. B Hem
OTCYTCTBYET YyKa3aHWe Ha o0Opa3oBaHHWE Yy3KMX TMap NPOTOHOB B KOTEPEHTHOMN

muccounarmn °C — 20 + 2p.



49

p—
=}
1

0 20 40 60 80 100
®,, x10”pa

Puc. 1.8 a. Pacripenenenue no BenuurHe OTHOCUTEIHHO IPOCTPAHCTBEHHOTO yriia ® Mexy

P-4aCTUIIAMH, B COOBITHAX <«Oenbix» 38e3y -°C — 20 + 2.
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Puc. |1.8 6. Pacnipenernenne «Gembix» 38e31 -C — 20, + 2p 110 SHEPTHH BO3OYKICHHS Qqp map

0-4aCTHIl; Ha BCTaBKE — yBeJIMUEHHOE pacupeneneHue Qxp.
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Puc. 11.9. Pactipenenenue mo BeMMUMHE MOJISPHOTO yIiia 0 a-4acTHUIl U3 «OENBIX» 3BE3]I ¢
— 20 + Zp; HAKJIOHHO 3aIITPUXOBAaHHAsl TUCTOTPAaMMa COOTBETCTBYET 0-4AaCTHUIIAM C Y3KHMHU yIIIaMU
pa3néra u3 obmactu ®,, a BEPTHUKAIBHO 3aIUTPUXOBAaHHAs THUCTOTpaMMa — C BEJIMYMHAMH YTJIOB

pasiera u3 00J1acTH Oy, CIUIONIHAS THCTOTPAaMMa — CyMMapHOE paciipeieieHue.

Benuunna yria smMuccun o-4acTuil 6 OTHOCUTEIHHO HAINpaBIICHUS MEPBUYHOTO
ciena “°C ompenemsieTcs Mo H3MEPEHHIO yIiia OTPYKEHHS ClIea o X YIIa B IIIOCKOCTH
smyiabcun @. Ha puc. 1.9 npeacraBneno pacnpezenenue o-4yacTuil, 00pa3youxcs npu
dparmentanmn °C — 20 + 2p, 1o BenHYMHE MOSIPHOrO yriaa 0. OKHUIAIOCh, YTO
OKCIIEPUMEHTAJIbHOE  pacmlpeielieHne 3HAaueHWd  BenwuuH yriaoB O  Oyner
COOTBETCTBOBaTh pacmupeneicauio Penes (5) ¢ mapamerpom oy = (17.5 £ 0.9)mpan.
Beipaxkenune (5) Ui OLIGHKM 3HAYEHUS TMapaMeTpa o, MOJY4YeHO [0 METOIy
MaKCUMAaIILHOTO TpaBaononoous. Makcumym yukuuu f(0), nocruraercs mpu 6 = o (N
— YHUCJIO 2JIEMEHTOB BbIOOpKH). Hamydiee onvcanue pacnpeneneHus mo yriny 0 maér
CyMMa JBYX pacmpeaeicHuii Penmes ¢ mapamerpamu o= (8.4 £ 0.7)Mpan u Ggo=

(21.5£1.4)mpan.



51

-0?
f(0)=— exp = (5)
N
>0
02 — i=1
2N

Ta6auua |1.2. ITapamerps! pacnpenenenuii Penest 11 a-4acTuil Mo BeJIHMYUHE MOJISPHOTO yIiia

0.
Yron 0, Mpax | og, Mpax | OtHocurensHbIN Bec (%) | YUucio a-yacTui
0-13
51+05 44 88
(®n)
0-80.8
159+15 56 113
(Owsvw)

3HaueHusi yriaoB oOpa3oBaHus o-4acTUl 0O MOXHO  pa3ienuTb 1O
NPUHAJICKHOCTH (-4aCTUIl K OJHOMY M3 MHTEPBAJIOB 3HAYEHUH YTIOB pasiiera O,
(puc. 11.7). CoObiTHs U3 mHTEpBaoB O, U O, ObUTH 00BEAUHEHBI B Oyy. Torma
KKJ0€ U3 paclpeleleHuil Mo BeJIWYUHE MOJSPHOro yriaa 6 mjisg a-4acTull U3 3THUX
TPYIIl  ONMHUCHIBAETCS  COOCTBEHHBIM  pacmpenencHuem  Penes.  [lapamerpsr
pacrpeieneHuid npeacTaBieHsl B Tao0. 1.2,

JUiss TOro JIydiiero OINWCaHUS JAHHBIX U3 JTOr0 paclpeiesieHus Obun
uckmodeHbl 20 a-gactun (10 map). OHM npuHamIeKaT y3KuUM o-mlapam ®,. DTu
COOBITHSI 3aMeyaTeNbHbl TEM, YTO MPEJCTABISAIOT COOOW Clyyau paccesHusl y3KOW o-
napbl Kak Iejoro Ha «oospinue yriabsp» (>13mpan). [Jons Takux COOBITHH COCTaBIIsET
17% ot uymcna B3aUMOJEHCTBUN ¢ MalbiMH yriaamu On,. OHM He NpuHAANEXKAT K
KOMIIOHEeHTe (parMenTanun ~°C, sl KOTOpOil OBUTH ObI XapaKTepHbI 3HadeHHs 0,
CpaBHUMBIE C YTIIOM O, U MOTYT MHTEPIIPETUPOBATHCS KaK 0Opa30BaHHME M PacCesTHUE
sapa °Be Ha TSDKEIOM sape MHUICHH. Slgpo “Be Hepeako OTHOCAT K SICPHBIM
pe3onancaM. OIHAKO B JAHHOM CJIy4ae OHO MPOSIBISET ce0sl Kak AOJTOKUBYIIEE SPO.

9
Panee Takoe HabmoaeHNE OBLIO CAENIAHO I Cay4asi Be.
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Puc. 11.10a. Pacnipenenenre Mo BETUYHMHE OTHOCHUTEIHHOTO a3MMYTAIBHOTO yIiia JJIs map o-
YACTHI[ o, JUIA <«OCNBIX» 3BE3]T ¥c 5 20 + 2p (3amTpuxoBaHHAs T'MCTOrpaMMma) u Be > 20 +n

(rucrorpamMma 6e3 IITPUXOBKH).

JleiicTBHTENBHO, CcpefHmii  mpoder sgpa CB€  COrTacHO  COOTHOLICHHIO
HEOTPENCNEHHOCTH W €ro IMIMPUHE JOJHKCH COCTABJIATH MOPSJIKA HECKOIBKHUX COT
aTOMHBIX pa3MepoB. To ecTh, 3TO mpoOer BIOJIHE pealieH, OJHAKO HEJOCTYMNeH s
u3MepeHns. B 5ToM oTHOmEGHHH spo “Be CTONb K€ PeanbHO, KaK M M0 — ME3OH.
HabaomeHue paccesHWs Y3KMX O-[[ap yKashlBaeT HA paccesHHe sapa Be B
KOTePEeHTHOM auccoruammn —C. C Apyroif CTOPOHbI, OHO YKa3bIBAET HA CYIECTBOBAHME
®Be kak cTpykTypHOTO 31eMeHTa “°C.

XapaKTepUCTUKON 2-9aCTHYHBIX a3UMYTAIbHBIX KOPPETSIUH SBISETCS BETMUNHA
(6) — mapHBIA a3UMYTAIBHBIA YTOJ Yy, MEXKIY BEKTOPAMHU IOTIEPEUYHBIX UMITYJIHCOB

mapbl 0-4acTHL, 00pa3yromuxcs npu Gparmerramun ~C — 2a + 2p.

Yo =arccos;(lﬁﬂj’sf2 / P, sz) (6)
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Puc. 11.106. Pactipenenenue mo BeITUYMHE OTHOCUTEIBHOTO a3UMYTAJIBHOTO yIiia JJIA map a-
YaCTHI Y2, B 00J1aCTH Op IS «OENBIX» 3BE3T 0c — 20 + 2p (3amTpuxoBaHHAs THCTOrPaMMa) U Be

— 20, + n (rucrorpamMmMa 0e3 IITPUXOBKH).

Ney
401

0 20 40 60 80 100 120 140 160 180

YV, Thad
Puc. 11.10B. Pacnipenenenue mo BeIMYUHE OTHOCHTEIHHOTO a3UMYTAJIBHOTO YIIa JUIsl Tap o-
YaCTHIL 2, B 00J1ACTH Oy IS «OCITBIX>» 3BE3]T ¥C - 20 + 2p (3amTpuxoBaHHAs THCTOTPaMMa) U

°Be — 2u + n (rucTorpamMmma Ge3 LITPHXOBKH).
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Ha puc. 11.10a-B mpencTaBiIeHs! pacipeenenns «0ensix» 38e3n C — 20 + 2p
COOBITUH MO BEIMYMHE OTHOCUTEIBHBIX A3UMYTAJIbHBIX YIJIOB B O-MApax o, U IS
«BerbIx» 3Be31 “Be — 20 + N [21]. B HEX MOXHO 3aMETHTh KAa4ECTBEHHbIC PA3IIHUMs
JUIsL COOBITHM C yriaMu pasznéra u3 rpynn Op u 0,+ O.,. Y3kue napsl O, nposBiIsSiOT

SBHYIO KOPPEJSAILUIO U MO0 a3UMYTaIbHOMY YTIIy.

811.3. CpaBHeHHE CO CTATHCTHYECKOH MO/IEJIbIO

[IpencraBnenne ocoOeHHOCTEH (parMeHTaly, OCHOBAHHOE HAa HW3MEPECHHSIX
MOJISIPHBIX yTI0B 0 BhUTeTa (DparMEeHTOB, HEIOCTATOYHO YHUBEPCATIHHO JIJISI CPABHEHUS
OKCIIEPUMEHTAJIbHBIX JAHHBIX TMPU Pa3IUYHBIX 3HAYEHUAX OHEPruil. YTIIJIOBbIE
U3MEPEHUS TIO3BOJISIIOT ¢ OOJBIION TOYHOCTHEO BOCCTAHOBUTH CIIEKTPHI MOMEPEYHBIX
UMITYJIbCOB (PparMeHToB Pt corjiacHo ¢hopmyiie

Pr = Ay Po sino (7)

HaGnrogaembie B JI.c. 3HAYEGHHUS HMMITYJILCOB (parMeHTOB siapa-cHapsiga Pr
CKJIQJIBIBAIOTCA U3 MMITYJIbCOB, MOJTy4YaeMbIX (hparMeHTaMu Mpu pacraie sapa-cHapsaa
¥ UMITyJbCa OTIA4H, IOJy4aeMOTO TPU CTOJKHOBEHUHU C MHIICHBIO (TaK Ha3bIBaCMBbI
s ekt orckoka uiu “bounce off”).

VYrioBeie U3MEpeHHUs, BhIOJHEHHBIE M 184 <Genbix» 3Be3n C - 20 + 2p,
MIO3BOJIAIOT OIICHUTH TONEPEUHbIC UMITYJILCHI ()PArMEHTOB COTJIACHO BBIpakeHHIO (7).
BekropHble CyMMbl KOMIOHEHT MONEPEYHbIX HMITYJIbCOB JAIOT 3HAYEHHUS MOJIHOTO
IEPENAHHOTO MMITYJIbCa Progpp, pacnpenenenue KOTOphIX IpeacTaBiaeHo Ha puc. [1.11.
Pacnipenenenue 3Tux COOBITHII TIO TTOJTHOMY TOMEPEYHOMY UMITYJIbCY P omuchIBaeTcs

pacnpenenenuem Penest ¢ napamerpom ap (20 + 2p) = (160+ 13) MaB/c, snauenne

KOTOPOT'O XapaKTepPHO JJIs TUPaKIMOHHOMN nucconmarym [11].
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Puc. |1.11. Pacripenenenue nmo cyMMapHOMY MOIEPEYHOMY UMIYNbCY Progzp «OenbIx» 3Be31

1%C - 20+ 2.

N,

20
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Puc. 11.12 a. Pacnpenenenue no nonepeyHoMy UMIYJIbCY Pr map o-4acTHil B 00JaCTH Y3KHUX
yIJI0B pasznera On s «OeNbIx» 3Be3] Yc - 20 + Zp (crutomHasi TUCTOTpaMMa) | Be — 20 +n

(MyHKTHpHAS THCTOTPaMMa).
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Puc. 11.12 6. Pacnipenenenue mo nmonepeyHoMy UMIyJIbCy P B 1a00paTOPHOW CHCTEME IMaphl
0-9aCTHI B OGACTH WIIHPOKHX» YIIIOB pasiera Oy i «Gersix» 38e3n ~°C — 2a + 2p (crumommHas

rucrorpamma) i “Be — 20 (ITyHKTHPHAS THCTOIPaMMa).

Ha puc. 1l.12a npexacraBieHo pacnpeneseHue o-4acTUI[ MO IONepeyHOMY
uMIynscy Pr B 1abopaTopHOi cucteme koopauHat. Tak kak B obmactu yrioB 6 no 60
mpan oTHomienue SiN@P)/0 — 1, To popma Pr — crekTpa He OTIMYACTCS OT CiIydas
nosisipHblx yrioB 0. Pacnpenenenust o-dactuny mo Pp B 1abopaTopHOM cucTeMe,
OIMHMCHIBAETCS CyMMOM pacnpenenenuii Penes ¢ mapamerpamu 61(Pr) = (68 £ 6)M»aB/c
u o5(Pr) = (164 £ 10)M»sB/c 1151, COOTBETCTBEHHO, COOBITUI C Y3KUMH yIJIaMH pa3iéTa
On ¥ OCTATBHBIMU YTAAMU O spysvw-

Jl7iss MHTEpTIpeTauy pacrnpeaeneHus o-dyactuil no Pr B maboparopHoii cucteme
BOCTIOJNIb3YEMCsI CTATUCTHYECKUMH TPEACTABICHUSMHU, UCTIONB3YEMBbIMU JIJISi ONTUCAHHSI
¢dparmenTarmmu [12, 13, 14, 33, 43]CorinacHo CTaTHCTUICCKOW MOAEIN (hparMeHTAITHIH,
[31,32] 3aBHCHMOCTD [UCIEPCHH O°F UMITYJIBCHOTO PACIPEACICHHS Ul (parMeHTa ¢
MacCOBBIM YrciIoM Ag sizipa Ag OT TUCTIEPCUN UMITYJILCHOTO paclpeesieHUus] HyKJIOHOB
B JAHHOM SIPE O OIpeaesieTcss mapaboimdeckuM 3akoHoM [ompaxabep (1).

2 2
Bennuuna o F MOXCT OBITH ompcaciicHa U3 3KCIICPUMEHTA KaK KBaJAparT mapamMeTpa - 6
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B Pr — pacnpemenennn mis o-dactur (popmyna (5)). Teoperndeckoe 3HAYCHHE O F
MOJKET OBbITh IoJydeHo u3 cooTHomeHus (1) B kotopom Ar = 4, Ay = 10. B nanHom
Cllydae TIPeAroIaraeM, 9To 0-4acTHIA HCITYCKaeTest sapoM C.

BennunHa 6o MOXeT OBITH OMpeeiicHa W3 COOTHOILICHHS Golp = h/2, the I
ompenensiercss pagnycom siapa R = A 3nauenne pammyca siapa °C moxer 6bITh
B34TO W3 padotsl [44] R = 2.27®epmu. Takum 00pa3oM, MOTYT OBITH OIPEIEIICHBI
3HaYeHus BeuuuH 6o = 93.6 MbB/c, umnynsca ®epmu pr =~ 200 MaB/c u napamerpa
pacnpezenenus Pr ucmyckaembix o-gactui] o(Pr)=153M»aB/c.

[IpeamnomnoxkeHne B paMKax CTAaTHCTHYECKOW MOJEIH OO0 UCIYyCKAaHWU O-9aCTHII
dparMeHTHpYOIMM sEpoM ~°C He MO3BOJSeT OOBSCHHUTH HAGMIOJacMbIil By Pr —
pacripenienieHus o-49acTuil B 1abopaTtopHoi cucteme. Teopetnueckoe 3HadeHue o(Pr) =
153Mb5B/c 6mu3ko k 3Hauenuio oo(Pr)= (164 £ 10)M»sB/c s a-gactuir ¢ O mw+vw-

Eciu o-mapel ¢ y3kumMu yriamu pasnera u3 obnactu O, o0pasyroTcs MpH
dparmenTanun “°C— °Be + D — 20 + 2p uepes ocuoHoe cocrosirune 0 siapa °Be, To
MIPE/IOIOKHUB, 4TO paguyc supa °C paser R = 2.49®epmu [45], monyunm 3HaueHne
napamerpa Pr-pacnpenenenus Penest s a-gactui 69 = 79.2M»aB/c, 9To Takke 0JM3K0
K DKCIIEpUMEHTaIbHOMY 3HadeHHio o1(Pr) = (68 + 6) MaB/c. Eciu orpaHnduThCs
coObiTHsIMH M3 o0jactu ®,, To 3HaueHHe Go(Pr) m3MeHutcs — oo(Pr) = (128 £ 10)
MbB/c.

BbuTO OBI JTOTMYHBIM MPEATOIOKUTH, YTO O-9aCTUIIBI 00Pa3yIOTCs Yepe3 MepBoe
BO30yKIeHHOe cocTosHne 2° sypa °Be. Toraa TeopeTHdeckoe 3HAYCHHE MapaMerpa
Penes mig pacnpenenenus no Pr a-4acTull, HCIyCKaEMbIX ®Be B 2 cocraBnsger o(Pr) =
120 M»aB/c, uto Takke 0HM3KO K dKcrepuMeHTaabHoMy 3Hauenue (62(Pr) = (128 £ 10)
M>5B/c). TakuM oGpa3om, OnucaHuie pacipeaenennii mo Py ¢pparmentamun °C — 20, +
2p B paMKax CTaTHCTHYECKOI MOJICIH, KaK U B ciiydae “Be — 2q, TpeGyeT pa3aeIbHoro

o At + 8
OIIMCaHHWHU pacCiagoB COCTOSHHUUA Ou?2 Aapa Be.
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Puc. 11.12. Pacnipenenenue no mornepeyHoMy MMITYJIbCY Pr B cHUCTeMe LIEHTpa Macc map o-
gacTuL B o0acTsIx On 1 Oy 11s1 «Gensix» 38e31 °C — 20 + 2p (crutoIIHas THUCTOrpaMMa) U Be — 20

+ N (MyHKTHpHAs] THCTOTPaMMa).

3HaueHNEe WMITYJIbCOB B CHCTeME 20-9acCTHI[ MOXKHO TOJNYYUTh ITyTeM
(BbIUMTAHMS) yYETa UMITYJIbCA, MIOTYYaeMOT0 CUCTEMOM NP B3aMMOCHCTBUY:
2
*
PTi = PTi o ZPTi /2 (8)
=1
Pacmpeznenenue a-dyacTuly o nonepeyHoMy UMILyJbCy Pr B cuCTeMe LieHTpa Macce
o-Taphl, onpeaensieMoMy BeipaxkeHueM (8), rae Pr — mornepeuHbi uMmyisc 1-oi (I =
1,2) a-yacTuibl B J1TaOOpaTOpHOM cucTeMe, mpeacTaBieHo Ha puc. 11.12. Cpemnue
snadennst {P;) menbiue, yem (P1) B naGoparoproil cucrteme, W WX mapameTpsl IUIst
cpaBHeHus1 mnpuBeneHo B Tab. 11.3. Cpegnue 3HaueHHMS BEJIMYMH IONEPEUHBIX
12~ 14 16
umnynscoB ans saaep C, N u O mpakTuueckud oauHaKoBbI. Pa3znuna Habmogaetcs

JUISL y3KHX o-Tiap 13 pasaitos “°C — 20 + 2p u “Be — 20, + n.
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Tabauua |1.3. CpaBHeHHE XapaKTEPUCTHK O-9ACTHI], TIOJYUYCHHBIX B SKCIIEPUMEHTaX IO o,

9Be, N, 12C u 0.

0C Be N Zc 65 _,
20+ 2p 20 +nN 3o+ X 20 4o
Py, ATHB/c 2.0 2.0 2.86 4.50 4.50
(P)'/%,M3B/c
On 80+5 74+4
152 +14 | 192 +10 167 +4
Ow 155+ 8 156 + 9

On+ O+ O 192 +9 177 +8

(P3?)*/2,MaB/c
0% 18.1+0.9| 18.0x£0.6
Ow: 118.5+ 3.8 105.7 £+ 3.4

On+0,+0,,: 11594+£7.2 130x9

125+11| 141 +7| 145%3

§11.4. Pe3tome

BrimonnHeHBI M3MEpEHUs] TOJSPHBIX W a3UMYTaIbHBIX YIJIOB (pParMeHToB, a
Tak)Ke HE3aBUCHMbBIE MU3MEpPEHHUs YIIIOB pasieTa (parMeHToB B 184 «Oenbix» 3Be3/1ax
10¢ — 20 + 2p W TIPOBEJICHO UX CPAaBHEHUE C JJAHHBIMU JISl «OE€JIhIX>» 3BE3]] Be — 201,
UTPAIOIIMMH B TAHHOM CJTy4ae pojib pernepa.

Kak u B ciydae “Be, JOMHHHPYIOT O-Hapbl C y3KHMH H IIHPOKHMH YIJIAMH
pasiiera, COOTBETCTBYIOIMMH pacranaM sipa “Be u3z 0" u 2 cocrosHmii ¢ paBHBIME
BepOsTHOCTSIMU. 3apeructpupoBanbl 10 ciydast paccessHUs y3KUX O-TIap Kak IeJI0ro Ha
«OOIBIIINE YTIBI», KOTOPbIE MHTEPIPETUPYIOTCS Kak oOpa3oBaHUE M pacCEsHHE sIep
®Be. KoppeIsiuu o-map o a3suMyTaIbHOMY YLy PasieTa HMEIOT TOT JKe XapaKTep, 4T0
U JUIS Ben OTIPE/ICIITIOTCS B OCHOBHOM pacmnagaMu siJiep ®Beus 0'u 2" cocrosHuii.

PacIpeeneHue 1o MoIHOMY [epeIaHHOMY HMITYIbCY B «Gelbix» 3Be3max —C —
20 + Zp wuMeer mapaMmeTphl XapakTepHble AN AU(PPAKIMOHHOW AHCCOIUAIINH.

Onucanue pacopeiefieHuid M0 TMONEPeYHOMY MMIYJIbCY 0-4acTUIl B paMKax
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CTATUCTUYECKON MOJENH, KaKk U B ClIydae ‘Be, TpeOyeTCs pa3AeIbHOTO OMHCAHUE
pacrajioB COCTOSIHUIM 0'u2" sanpa ®Be.

Takum o00pa3oMm, B YacTh O-TIAp HAKOIUICHHBIN IS ¥C maccus YTIIOBBIX
U3MEPCHUI JICMOHCTPUPYET COOTBETCTBHUE JAHHBIM JIJIS °Be u Moker OBITH

HCIIOJBb30BaH AJIA MPCACTABJICHNA aHaJIM3a B 0oJIee CIIOKHBIX INNEPEMCHHBIX.
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I'maa |l1]. Pacmagbl HecTaOMJIBbHBIX siIeP U PeAKHE COOBITUSA

§111.1. O6pa3oBanue sizep B
B crpykType sapa °C GOIbIIyI0 POib HIpaeT HeCTaOHibHOE sapo Be, 4o
JIEMOHCTPHUpYET pacipenencaue Oy, B auccormamun °C — °Be. Pacmamsl 0CHOBHOTO
COCTOSTHUS +8Beg_s UACHTU(DUIUPYIOTCA TIO TPUHAJICKHOCTH O-9aCTUYHBIX Map K
XapaKTEePHOU 00JIACTH HAMMEHBIINX YTIIOB pasziéra Oy, OTPAaHUYCHHOU MPU UMITYIIHCE
2[A I'3B/c ycnoBueM Oy, < 10.5mpan. OdeBuIHO, YTO TAKOE OIPEACICHHE HE SBIISCTCS
yHUBEpCaNbHBIM. J[JI1  mpencTaBieHUs pacmagoB  MPEUIOKEHO  HCIOIh30BAThH
pacnpeneneHue 0 WHBAPHMAHTHOW Macce aHcaMmOjeil ¢pparMeHToB, OMPENEICHHOE IO
yriaam pasiieTa ¢parMeHTOB B MPUOIMKEHUH COXPAaHEHHUS UMH MPOI0JIBHOTO UMITYJIhCa,
C BBIYETOM MAacChl HadaIbHOTO sijipa. Panee anamus cnexktpoB Qy, mpu (parmeHTariiu
PEISATHBUCTCKUX siep “Be MO3BOJMI HAAEKHO BBIABHTH OOPA3OBAHHE HECBSI3AHHBIX
sizep °Be B OCHOBHOM U TIepPBOM BO30Y:k/IeHHOM cocTostanu [20, 21].
A=4 Py=2.0-A153B/c, m,=3.728 IB
Py= P, A cosa - cosQ
Py,=P, - A-cosa - sin@
P,=P,-A-sina
Prot = \/P? + P? + P? 9)
E,=/P? A2 + m2
Py Pyt Py P+ Py - Py

oy T

®
P Totl ~ P Tot2

Q2o = Jz [m2 + EZ — Progy - Progs * c05(8g,c)] — 2 - mg

Ha puc. |ll.1 npuBexeHo pacrpeneieHne coObiThil kKanama °C — 2a + 2p 1o
3Hepruu Bo30yxaeHust Qy, map 20 u Q,p Tpoek 2o + P ompexnensemoii no opmyie (9).
Kak u B cinyuae ‘Be — 8Beg_s—> 20, 11 68 <OenpIx» 3BE311 B KaHAJe ¢ - 20 + 2p
HAOJTFOAIOTCS O-YaCTUYHBIC TIAphI C yIiIaMu paszieTta O, He npesbimaromumu 10 mpa

(puc. 1.7 .BcraBka) mpu <Op> = (4.6 + 0.2) x 10 pax.
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Puc. |11.1. Pacnipenenenne «Gebix» 38e31 °C — 20 + 2p 110 sHeprun Bo30yxaeHus Qy, map

0-4aCTHUII; Ha BCTaBKe — yBeInueHHoe pacnpenencuue Qy, (a); pacmpenenenue codbrtuii Qo Tpoek 20

+ p; Ha BCTaBKe — yBelnM4IeHHOE pacnpeneneaue Qo (D).

Pacripenencaue Qy, (puc. lll.1 a) mo3BoseT 3aKIFOYHUTD, YTO B ATHX COOBITHSIX
8 _
00pa3oBaIuCh spa Begs, YTO MOATBEPKAAECTC UX CpeIHNUM 3HaueHHeM <> = (63
+ 30) k3B npu RMS paBnom 83 k3B (o BcraBke Ha puc. .1 a).
B cBoto ouepens, pacnpenenenue i Tpoek 2 + p BenuduH Qp (puc. 1111 0)
yKa3blBaeT Ha TO, 4YTO 57 COOBITUH JUCCOIUALINHT ¥c —» 20 + p uz 184
9 _
COIIPOBOXKIAETCS 00pa30BaHUEM HECBsI3aHHOIO snpa B. Cpennee 3HaueHue <Qpp> =
(254 £ 18)x3B u RMS paBaoM 96 k3B (110 BcTaBke Ha puc. 111.1b) 6au3ku k 3HAYSHUAM
SHEPIUM W IIMPHUHBI pacriaja ng_S_ — 8Beg_5, + p. Yerkas Koppemsuus MKy
3HaueHUAMU BeIMYMH Qo M Quep UL JAaHHOM TIPYNNbI COOBITHH yKa3blBaeT Ha
KAaCKaJIHbIM XapakTep mpoiecca °%c - °B - ®Be. B JIBYX Clydasix oOpa3oBaHue 000UX
9 10
IIPOTOHOB YJOBIETBOPSET pacmagy Bgs. TakuM oOpasoMm, B cTpykType saiapa ~ C c
9 8
BeposATHOCTBIO OKoIo (30 % 4) Ymnpossisgercs sapo B, a supo “Be mposBiseT ceds

9
TOJIBKO KaK KOMIIOHEHTa ~B.
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Puc. 111.2. Pacipenenienne o cyMMapHOMY IONEPEYHOMY UMITYIbCy Pragp Tpoek 2o + p u3

pacmajuoB saep 9B, 00pa30BaHHBIX B «OEIBIX» 3BE37aX 0c - 20 + 2p; CIUIONTHAS JIMHUSI — pacyeT 1o

CTaTUCTUYECKOU MOJIEIH.

B monw3y 3TOrO yTBEpKIEHUS CBHIETEILCTBYET PACIPEACICHHUE IO MOJTHOMY
IIONEPEYHOMY UMIYNBCY Pro,p, Tpoek 200 + P U3 «OebIX» 3BE3] %Cc - °B (puc. 111.2).
Jltst rpymmet u3 47 cobbituit (82%) Benmunna Opr(°B) cocraBmser (92 + 15) MaB/c,
4TO COOTBETCTBYeT 3HaueHWio 93 M»sB/C, oxumaeMoMy B CTaTUCTHUYECKOW MOJEIH
[31,32]. B pamMkax 3Tol MOJENIU paauyc OOJACTH HMCITYCKaHWs BHENIHETO MPOTOHA
sapoM °C  paBeH R, = (2.3 =+ 0.4) ®epMu, uTO HE NPOTUBOPEUUT 3HAUCHHIO,
W3BJICUCHHOMY W3 JaHHBIX 10 M3MEPEHUIO0 HEYNMPYTroro CEYCHHsS Ha OCHOBE MOJICTHU
reoMeTprueckoro nepekpbitus [46]. CpaBHeHWEe pachpeesieHus IO  TOJHOMY
HONEPEYHOMY MMIYNbCY Progop «O€bIX» 3BE3] °B + p He BBIABISICT €r0 OTJIHYHS OT

. 10
CiIy4as JUIsl TIOJTHOM CTaTHCTHUKH BCEX YETBEPOK 200 + Zp u3 «Oenbix» 3Be37 ~ C — 20 +

2p (puc. I11.3).
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Puc. |11.3. Paciipenenenue no noaHoMy NOINEPEYHOMY UMITYIbCY Progop «O€NIBIX» 3BE3] B + p
(CILIOLIHAS THCTOIPaMMa) M BCEX 4eTBEPOK 20 + 2p U3 «@enbix» 38e31 “°C — 2a + 2p (IyHKTHpHAs

THCTOTpaMMa).

OueHku Oprgg U R, MOXKHO CpPaBHUTH C NaHHBIMU 110 (PparMEHTALUU sApa % B
simpo °C. K TakuM COOBITHSM OTHECEHBI B3aHMOJICHCTBHS, B KOTOPBIX OOpa3ylOTCS
(dbparMeHThl 7P MUILICHHU, a TSKENbIN (hparMeHT COXpaHSIET 3apsijl IEPBUYHOTO siapa. B
21 B3aMMOIEHCTBUH TAKOTO THIIA HAOJII01aI0Ch He Oosiee OAHOM D- MM §-4acTHIIBI, UYTO
IMO3BOJISIET COMOCTABHTH WX CIIy4asiM BBIOMBAHHS HEHTPOHOB 3 simep ~C siapamu
Bogopona w3 cocraBa D. Ha puc. |ll.4 mnpeacraBneno pacnpenesneHue 1o
IONIEPEYHOMY UMIYIbCY simep “C Proc, KOTOPOMY COOTBETCTBYET Oproc = (224 % 49)
MbB/c. Takum o0pa3oM, crnekTp Proc smep °C oxkasbiBaeTcs CYIIIECTBEHHO OoJiee
KECTKUM, 4YEM CIIEKTDP Progp A1 saep °B. DT0T haKT CBSI3aH ¢ BHIOMBAHHEM HEHTPOHOB,
CYIIIECTBEHHO 0oJiee CWJIHHO CBSI3aHHBIX, YeM BHeENIHWE mpoToHbl. OIleHKa paamyca
obOnacTu BHIOWBaHWS HEUTPOHA MO cTaTHcTHYeckor monenu coctabiser (1.0 £ 0.2)
®epmu. KoHeuHO, 9Ta MOZENb HE YYHTHIBACT KIACTEPU3AIMIO HYKIOHOB B siape °C.
Tem He MeHee, OHA JaeT yKa3aHWE HA TO, YTO MPOCTPAHCTBEHHOE pacmpeneiicHUe

o 10,
HCUTPOHOB B AAPC C sBnsetcsa Ooliee KOMIIAKTHBIM, Y€M paCHpCaACIICHUC ITIPOTOHOB.
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Puc. |11.4. Pacnpenenenue no nonepeyHomMy nuMiyiscy Proc saep °C B peakuu

dbparmeHTaIuu 1%c - °c.

§111.2. Cayuan paccestnus sizep B

Ha puc. 1.5 mpencrasieHo pacnpeneneHue mo yriry oopasoBaHus suep B Oog
(ananor Prayp). Cpennee 3naueHne <Ogg> coctasisgeT 9.2 *+ 0.8mpan npu RMS pasaom
6.2 = 0.6mpan. B pacnpenenenuu Ogg oOpamiaer Ha ceOs BHuMaHue 10 coOwITuii ¢
O > 13 mpang (Przp > 250 MdB/C). B stux cobOblTusix 200 + p COOTBETICTBYIOT
ynomsinyteiMu (I'maBa Il, 8 11.2) paccesHusM Ha «OoibIHe» YIibl Y3KUX O-Tap Kak
nenoro (ceeime 13 mpan). [Ipu uckiarouennn 3tux 10 coOBITHH, cpeaHee 3HAYCHHUE
<09g> ymenbmaercs 10 6.7 + 0.4mpax mpu RMS = (3.1 = 0.3)mpan. Hdonst 3tux
cobwITHil coctaBnsgeT 17% or unciia B3auMOAEHCTBHUI ¢ MajdbiMH yriamu ®,. OHU He
MPUHAIIEKAT K KOMIIOHEHTEe (parMeHTanuy ~ C, Iyisi KOTOPOil ObLIH GBI XapaKTepHBI
3HaueHUs 0, CpaBHUMBIC C YIIIOM ®, U MOTYT HHTEPIPETUPOBATHCS Kak 00pa30BaHUE U
paccesHHe sapa B Ha TspkenoM supe mumend. Jis mpumepa Ha puc. I1.6.
MPEICTABIICHA TPEXMEpPHAs KapTHHA OJHOTO W3 COOBITHH, BOCCTAHOBJICHHAS II0

HN3MCPCHHBIM JJaHHBIM.
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Puc. |11.5. Pacnpenenenue mo yriry uCIyCKaHus siiep B B «Genbix» 3Be3nax °C — 20 + 2p.

Puc. |11.6. 3-MepHas kapTUHA HaMpaBJICHUN BBIJIETA sApa °B (20 + p) Ha GosbIIHE YIIIBI B

«Genbix» 3Be3nax °C — °B + p (cobbrrue Ne 602-04-11).

VMest BpeMst KM3HM HA [[Ba TIOPSIKA MEHbIIEe, 4eM B, sapo “B elme ¢ 60IbmuM
OCHOBAHHMEM OTHOCAT K pe3oHaHcam. CpemHuil mpober spa "B COCTaBISsIET MOpSIKa
pa3mepa aroma. OHAKO, U 3TO HECTAOMIILHOE SIPO, MPEICTaBIIsAI0NIee CO00M siiepHO-
MOJIEKYJIIPHYIO aCCOIMAIINIO U3 TIaphl peabHbIX adb(ha-4acTHI] U TPOTOHA, MPOSBISET

cebs Kak A0CTAaTOYHO JOJrOXXHUBYIICE SAOPO. ®dakT ero paccedaHus IMOATBCPIKAACT
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CyliecTBOBaHHE B KAaK CTPYKTYPHOrO sieMeHTa °C. M3ydeHHe TAKOro paccesHus
JCKUT BHE BO3MOXKHOCTEH Merona SO, KOTOphIA [aeT TOJBKO YyKa3aHWe Ha €ro
cymiectBoBaHue. (OHO OCYIIECTBUMO METOJAMH  AJIEKTPOHHOTO 3KCIEPUMEHTA,
IOCKOJIbKY TPOAYKTHI pachaia “B B IaHHOM CIly4ae BBIXOMAT M3 Iy4Ka M KOHycCa

dparmenTauuy sgpa °C.

8 111.3. OTpaxkeHue siiepHBIX Pe30HAHCOB

Pacnpenenenne yrinoB pasnera O, 111 184 u3sMepeHHBIX COOBITHI O3BOJISAET
OLICHUTD BKJIAJ B AMCCOLHALIIO " C pacianoB pe3oHanca «Li» mo kanamy «’Li g.s» — 0
+ P (puc. 11.7). Ero Bkian u3 aHanu3a pacupeieneHuii o 3Hepruu Bo30yxaeHust Q,p 1
O,p onieHuBaercs Ha ypoBHe 93 coowrtuii (50.5 %).Ha pucynke puc. |11.8 3nauenue mis
JAHHBIX ~ COOBITHM  TIPEACTaBICHHI B  BHUAEC  IMYHKTUPHOM  THUCTOTPAMMBI.
CoOTBEeTCTBYIOIUE 3HAUEHUS YIII0B JiexkatT B obnactu (20 <@, < 45) X 10’ pag.

[Taper ap B unTepBase (20 <Oy, < 45) x 10’ pax (puc. 111.7) rpynmupyrorcs B
obnactu Q,p, OTBEHarOLIEH pacnagam «Li». Cpe/Hee 3HAYEHHE ITOTO PACHPEICICHUS
paBHo (1.8+ 0.1)M»sB u RMS pasnom 0.7 MaB, uto coracyercs ¢ maccoii (1.7 MaB)
n mmpuHoit (1.0 MaB) pesonanca «Li». COracHO raycCHaHy C IapaMeTpaMH
pesonanca (puc. 111.8) okoso 126map op He MPOTHBOPEUAT MPEIITOIOKEHHIO O pacajie
pesonamca «Li g.s» B 25 COOBITHSX KOMOMHALUY (1p1, Op HE IIPOTUBOPEYAT IAPHOMY
POKIEHHIO pe3oHaHcoB « Lix». st mpumepa Ha puc. 1.9, mpexcrapneHa TpexMepHas
KapTHUHA OIHOTO U3 COOBITHII — POYK/ICHHE TAPHBIX PE30HAHCOB « Li», BOCCTAHOBIICHHAs

10 UBMCPCHHBIM NAdHHBIM.
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Puc. I11.7. Pacpenenenne no yriy pasnera ®q Mexay pparmMeHTamMu o U P — CIUIOLIHAs

THCTOrpaMMa; IyHKTUPHAs THCTOrpaMMa — pacnpenenenue 0y, ¢ 00pazoBaHueM °B.
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Puc. 111.8. Pacipenenenue mno sHepruu BO30YXAEHUS Map (parMeHTOB o U P B <«OeibIX»

3Besgax "°C — 2a + 2p. HaKJIOHHO IITPHXOBAHHAS THCTOTPAMMA — Qup B cOOBITHAX C 0Opa30BaHUEM
°B; BEPTHKAJIbHO IITPUXOBaHHAsA TUcTOrpamMma — Qup B COOBITHSX ¢ 00pa3oBaHUEM B ¢ y4acTHEM
BTOPOT0 HPOTOHA; TodeyHass rucrorpamMma — Qup B cOObITHAX Oe3 00pa3zoBaHUs °B; MMYHKTHPHAS
THCTOrpaMMa — BO3MOYKHOE TIOJIOXKEHHE pe3oHanca «Li» mpu ycmosuu (20 <Qgp < 45) x 10’ paxg u

9
0e3 oOpazoBanus “B.
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Puc. 111.9. Hanpasienus Boutera map «Z°Li» (o + p) Ha Goublune yrisl B «Genoii» 3sesae °C

— &Li» — o + p (cobsrrre Ne 602-10-64).
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Puc. [11.10. Pacipenenenus o yriam pasiera Mexiy o-dactuiamu ®p, u mapamu ap Ogp B

«OenpIx» 3Be3/1axX 0 - 20+ 2p.
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Puc. 111.11. Pacnpenencnue 1o sHepruu map o-gactun Qp, M Tpoek 02p Qa2p B <«OECIBIX»

3BE31axX 0C - 20 + 2p.

B pacnpenenenun Q,p (puc. 111.8) nmeercs 3ameTHbIi BKIa 3HAYSHUH, MEHBIINX

0 OTHONIEHUI0 K MakcuMyMmy. CBOMM NPOUCXOXKJIEHHEM OH MOET ObITh, 00s3aH
6

pacnazam pe3oHaHca « Be». B pacnpenenenun tpoek 02p mo Quop mpu yciouu 0 <

O < 20 Mpan u 6e3 obOpa3zoBaHus sapa °B npumepro 34 cobbitust (18.5 %)MoxHO
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OTHeCTH K pacnanam «*Be» puc. [11.11).

NuTepnperanus qoieil CTAaTUCTUKU, CBA3aHHOM C PE30HAHCAMU °Li u °Be, Hocur
OPHUEHTHPOBOYHBIN XapakTep U MOXKET CIYKUThb B KayeCTBE BEPXHUX OLEHOK JUIS
Oyaymmx wuccinegoBanuidl. Heobxomumo mpHUBI€UEHUE JaHHBIX [0 KOT€PEHTHOU
JUACCOLMALNYU  sapa ‘Be B SD, B KOTOPOM 3TH PE30HAHCHI MPOSBATCA C OObIIeH

7
OIpEACIICHHOCTBIO. OI[H&KO HCCIICA0BAHUC Apa Be tonbko IMPOUCXOAUT B HACTOAIICEC

Bpems [47].
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8 111.4. Inccouuanusi riry0oKo CBSI3aHHBIX COCTOSIHHI

CornmacHO pachpeieneHuIo <«OenbIX» 3Be3l IO 3apsAAOBBIM KOH(PHUTYpALUIM
dparmentos LZ; = 6, mpeacrapnenromy B I'nase |, ans syep °C HaGMOAATHCH PEIKHE
cobwiTus B kaHamax He + 4H (5.3%), 3He (5.3%), 6H (4%), Be + He (2)6G@61.
[11.1). HecMoTpss Ha HEOOJBIIYIO CTATHCTHUKY IPEACTABICHHBIX MOJ JHCCOLMALINH,
(dakThl NX HAOIIOEHUS TIOJE3HBI JIJIs1 OLIEHKH POJIU TIIyOOKO CBSI3aHHBIX KOHPUTYpaLuii
B cTpyKTYype ~°C.

s xkananoB 3He u Be + Hemno uzmepennsim PPC ynanock BHIOIHUTE MOTHYIO
uaeHtudukamnuio n3oronos He.Ilpu onpenenenun 3apsaa Takux GparMeHToB ¢ Zy > 2
UCIIOJIb30BAJICSI METOJ cueTa O-3JeKTpPOHOB. [lanee, B IpPENIONOKEHUN COXPaHEHUs
Yyclia HYKJIOHOB 1O M TIOCHE B3aMMOJCHCTBUS (parMeHTy MPUIKCHIBAIOCH
HeJ0CTaroiee MaccoBoe uncio. KoHeuHo, ycioBrue cTaOMIBHOCTH JAaHHOTO s1pa aeT
OIPEIEIEHHOCTb.

B unenTHuUIEpoBaHHBIX cobbTHIX )C — 2°He + “He u °C — Be + *He
ObLTM M3MEpPEHBbl MOJSpHBIE Yyribl obOpazoBaHusi ¢parmeHtoB 0. Pacnpenenenus 6
OIMCBIBAIOTCS pacnpezaeneHneM Pernest (o) ¢ mapaMeTpamMu, IPUBEICHHBIME B Ta0JUIIE
[1.2. TlapameTpsl pacmpeieieHUd 1O TMOMNEPEUHOMY HMITYJIbCYy B KaHaIaX C
OTJICJICHUEM OAMHOYHBIX HYKJIOHOB He, H u nns cpaBHEHMs oKujaemble 3HAYEHUS,
U3BJICUCHHBIE U3 CTATUCTHUUECKON MojenH, npuBeaeHs! B Tadnuue 1.3, J{ns cpaBHeHMs
IPUBEECHBI IapaMeTpbl MOAOOHBIX PACHpPENENICHUH U3 APYTUX padoT MO IPOEKTYy
BEKKEPEJIb [21, 23, 24, 48]./lns cpaBHEHHs TakKXe IMPUBEACHBI MapaMeTpPhI
pacnpeziesieHuii 10 MOJIHOMY MONEPEYHOMY UMIYJbCY ) Pr 0 KaHaliaM JUCCOLUAIUU

snpa ¥cs tabnure 111.4.
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Ta6auna |11.1. Pacnpenenenue no kaHagam IUCCOMMAINN YHUCIIA «OeNbIX» 3Be31 Nys.

Kanan Nus %
He + 4H 12 5.3
3He 12 5.3
6H 9 4.0
Be + He 6 2.6
B+H 1 0.4
Li+ 3H 1 0.4

Tabauua 111.2. [TapameTps! pacnpeneneHuii GparMeHTOB 10 MOJISIPHOMY YTy BbIeTa 0.

<0>, Yucno
Kanan dparmeHT Op, Mpana
Mpan qacTHl]
o "He 11+13| 86%2| 12
2°He + "He .
He | 30+£25| 235+4| 24
L, ‘Be |7.7+19| 6.4+3 6
Be +"He

*He 11.7+2| 9.0+4 6

Ta6auna |11.3. I[TapameTpsl SKCIEpUMEHTAIBHBIX PACIPEICICHHH 10 MTONEPEYHOMY UMITYIIbCY
B KaHaJax C OTJEJICHUEM OJUHOYHBIX HYKIIOHOB Oexp M CPABHHMTEIBHBIC 3HAYEHHS, U3BJICUCHHBIE U3

CTaTUCTHUYECKOU MoJenu (Gpr).

Kanan Przi=1,2, MaBl/c Gexp M3B/c op1, MaB/c
c-B+p 91 +6 39+4 93
%C — 'Be +°He 69 + 12 30 +9 143
N - HC+p 97 + 32 64 + 23 90
Be — "Be(0") 71+8 91 +5 81
Be — "Be(2) 127 + 6 56 + 4 119
°B — Be +p 66 + 12 58 75
°C—°B+p 77 £ 14 51 + 10 76
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Taoauua |11.4. IlapameTphl pactpenescHuil 1Mo MOTHOMY ITONEPEIHOMY HUMITYJIBCY Y Pr M0 KaHajaM

nucconmanun siapa “°C.

Kanan Ney > Pr, MaBl/c RMS, M»B/c
“C— 20+ 2p (Bce co6.) | 184 253 + 14 193 + 10
“C — 2a + 2p (6e3 °B) 127 283 + 18 205 + 13
“C-"B+p 57 185 + 19 142 + 13
Cc - Be +°He 6 133 + 27 65 + 19
%C — “He + ZHe 12 287 + 28 96 + 20

§111.5. Pe3tome

BeinonHeH aHanu3 pacnpeneieHuid 0 WMHBApUAHTHOM Macce TpPOeK M map
10
dbparmenToB u3 184 ©enbix» 38e31 - C — 20 + 2Zp. JIns 57 tpoek 200 + p yCTaHOBIICHO
9
ux obOpa3oBaHue uepe3 pacmansl saep B. PekoHcTpykuus uaeHTU(UKALMS
PENATUBUCTCKOro sapa B BeImonHeHa Brepsbie. Ciydan oOpasoBamms sjaep  Be
10 9 8
IIOJHOCTBIO COOTBETCTBYIOT KackagHoMy mpoueccy - C — "B — "Beys. Caenan BbIBOA
10
0 TOM, 4TO B CTPYKType siipa ~ C ¢ BeposTHOCTHIO 0k0j10 (30 + 4) Ynpossisercs sapo
B 8 + 9
, @ 47Ip0 "Be B OCHOBHOM cocTosiHUM 0" mposiBisieT ce0s TOIbKO KaK KOMIIOHEHTa B.
9
Pacripenenenue mo momepeyHOMY HUMITYJIbCY SIIEp B OMUCHIBAECTCS pacrpeiesieHueM
Penes ¢ mapamerpom (92 + 15) MsB/C. Orta BenmMunHa COOTBETCTBYET CTATUCTHUSCKOMN
10
mozenu. 10 ciaydaes obpasoBanus saep B GparMenTamnuy °C MHTEPIPETUPYIOTCS KaK
9
paccestHue sJipa B Ha TSHKEJIOM Ipe MULLIEHH.
10
«OcraBmasics» CTaTUCTHUKa «Oembix» 3Be3 ~C — 20 + 2Zp MOXET HMEThb
JBOSIKYI0 HMHTEpIpeTanuio. B OCHOBHOM OHa [0JDKHAa COOTBETCTBOBATh paclajgam
10 8
ocHOBBI - 'C B BHJIE A/ipa “Be B cocTosHMH 2" a, KPOME TOTO, OIPEENATHCA PacraiaMu
5| 6
pezonancoB LI u "Be. Uuteprperauus map op U TpOeK 0.2p, KaK CBS3aHHBIX C
5 i 6 .
pezoHaHcamu LI u "B€, HOCUT OpHMEHTHPOBOUHBIM XapakTep U MOXET CIYXUTb B
KayeCTBE BEPXHHUX OLICHOK. /{711 000CHOBAaHHOTO pa3JeNeHus ITUX JA0Je HeoOX0IuMO

psIMOE OIPEEIICHHE MAPaMETPOB ITUX PE30HAHCOB B KOT€PEHTHOM AUCCOLMALIMH SIpa

Be.
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OObHapy>keHbI peKie COOBITUS JUCCOLMAINH, YKa3bIBAIOIINE Ha CYIIIECTBOBAHHE
B sgpe “°C riyGOKO CBSI3aHHBIX KIACTEpHBIX cocrosHuil 'Be + °He n 2°He + *He ¢
Becom 8%. C BeposatHocThi0 4% HaOMIOZANNUCh COOBITHS TOJHOM KOTEPEHTHOM

JMCCOIUALINY SITEP 19C na mects sJiep BOJIOPO/A.

3akioueHue

B mpeacTtaBieHHOM  HMCCIEIOBAaHUM U3Y4Y€Hbl OCOOEHHOCTH  CTPYKTYPBI
PaIMOAKTUBHOTO sapa °C B MPOLIECCAX er0 KOrePeHTHOM AMCCOLUALHMH [IPH SHEPTHH
1.2 I'»B Ha HykioH. OpHUTMHANBHOCTH CHEJIIAHHBIX HAONIONEHUH, UX YHUKaJIbHas
JETANBHOCTh M PEKOPIHOE YIJIOBOE pa3pelieHre 00ecrneueHbl MPUMEHEHUEM SACPHON
OIMYJBCUH HAa BTOPUYHOM MYYKE PEISITUBUCTCKUX siaep HykiaorpoHa OUAN. OcHoBHbIe
BBIBOJIbI COCTOSAT B CIEAYIOIIEM.

1. OGecnieueH MOUCK SIACPHBIX B3aUMOJICUCTBUN Ha JynHe Topsiaka 1088meTpos
B CJIOSIX SIIEPHOU AMYJIbCUH, OOJyICHHON B CMENIAHHOM ITyYKe, PEIISTUBUCTCKUX SIIEP
12N, °C u "Be. CkanmpoBaHme m03BOIMIO 0TOOpath 227 COOBITHI KOTEPEHTHOIM
JMCCOLHAIINA siaep yrmepoga ~°C, He COIPOBOXKIAEMBIX OOPa30BaHHEM (DPArMEHTOB
MUIIEHU U POXKICHUEM ME30HOB.

2. YCTaHOBJIEHO, YTO YMCIO COOBITUI B KaHaje JAUCCOLMALUU C IBYMS sIApaMu
renust U ABYyMS siApaMu Bojopoja cocTaBisitor 82% ot oOmiero 4mciia HalJeHHBIX
COOBITHI KOTEpPeHTHOil muccommanud supa ~°C. JIMZMpOBAaHME 9TOr0 KaHala
COOTBETCTBYeT MPEACTABICHMSM O CTPYKType mn30Toma ~C M MOATBEP)KIAeT
NMPaBHILHOCTB PopMHUpoBanus myuka. Cpean usoronos Heu H, B kanane °C — 2He +
2H mpHCYTCTBYIOT B OCHOBHOM H30TOIBI “He m 'H, 9To MOATBEp).IacTCs METOIOM
UACHTU(UKAITIN TI0 MHOTOKPAaTHOMY KYJIOHOBCKOMY PacCCEsTHUIO.

3. Hna wmaccuBa wu3 184 coOBITHII KOTEPEHTHOM JHUCCOLMAIIUU  SIIEP
%C — 2a + 2pocymecTBICHb! H3MEPEHHS MONSPHBIX M a3HMYTAIbHBIX YIIOB BHUICTA
dbparMeHToB, a TaK’Ke OTHOCUTEILHBIX MMPOCTPAHCTBEHHBIX YIJIOB pasiieTa ()parMeHTOB.

4. VYCTaHOBIEHO, UYTO B pacOpeleiieHud 10 HWHBApUAHTHOM  Macce

npubmu3uTenbHo 60 coObiTHII B KaHasle ABa aib(a U JABAa MPOTOHA COOTBETCTBYIOT
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9 8 10
KacKaJHOMY pacmnafay snapa B depes sapo Be. Takum o6pa3om, B cTpyktype siapa — C ¢
BeposiTHOCTBI0 He MeHee deM (30 + 4) % mposBisiercss HecTabwibHOE sapo °B, a
8 9
HECTAOWJIBHOE SAPO Be MPOSBISIET ce0s TOIBKO KaK KOMIIOHEHTa B. DTOT BBIBOJ
MOATBEPIKAACTCS PACIPEICICHAEM 10 TOIHOMY IONEPEYHOMY HMIYJIbCY siaep B,
KOTOpO€ B OCHOBHOH 4YacTH OIMCHIBAaeTCA pacripeaeiieHueM Penes ¢ mapameTpom
(92 £ 15) MbsB/c, cooTBeTCTBYIOIUM cTaTUCTHYecKOH Mozenu. OOHapykensl 10
. 9

COOBITHIA paccestHUs Aipa B 3a mpeaensl KoHyca (parMeHTaluu.

5. OOnapyxeHbl peAKue COOBITUS JAMCCOLMAINM, YyKa3bIBAIOUIME HA

10, . 7 3

cyiiectBoBanue B sjpe — C MIyOOKO CBS3aHHBIX KJIACTEPHBIX cocTosiHuiM ‘Be +“He u
2°He + “He ¢ Becom mopsiaka 8%. J{ms 4% oT oOIiel CTATHCTHKH HABIIOATHCH
COOBITHS TIONHOM AMCCOMALMK smep 'C Ha IIECTh OJHO3APSAHBIX (DPArMEHTOB W

HEHUTPOHBI.
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baarogapuoctu

B 3akmroueHue aBTOp BBIpaXKAET MCKPEHHIO OJaroJapHOCTb HAyYHBIM
PYKOBOJUTENAM: KaHIUAATY (PU3UKO-MATEMAaTUYECKUX HAyK, CTaplieMy HaydyHOMY
corpyaauky HOODOTU JI®GBD OUAU, ApremenkoBy JleHucy AJieKCaHAPOBUYY H
JOKTOPY (PU3MKO-MaTeMaTUYECKUX HayK, 3aBeqyromeMy kKadempoi obmel (usuky,
Jbxuzakckoro  'ocymapctBennoro Ilemarormueckoro  MHCTHTYyTa — mpodeccopy,
bexmupszaeBy Paxmatmnmne  HypmyponmoBuuy, a Takke JOKTOpY  (PU3HKO-
MaTeMaTHYECKUX HayK, HadYallbHUKY cekTopa HOODTHU JIGBD OUSAU, pykoBOAUTENIO
corpynuuuectBa BEKKEPEJIb 3apy6uny [laBny MropeBudy 3a MOCTaHOBKY 3ajayd,
BCECTOPOHHIOK ITOMOILB U IOAJIEPKKY B €€ BBIIIOJIHEHUH.

ABTOp BbIpakaeT Os1arogapHocTh JlabopanTam Crenbmax ["anune BnaaumupoBHe
u lllep6akoBoit Hune CepreeBHe 3a MX KPOMOTIUBBIM TpyA MNpU CKAHUPOBAHUHU
IMYJIbCHOHHBIX clioeB; Mapeuny Wropio HBanoBuuy 3a oOecriedeHre paOOThI
MuKpockomnoB; yudactHukam corpynnudectBa BEKKEPEJIb:  3apyOunoit Upune
I'ennagueBne, Kopuerpyna Hanexne KoncrantunoBhe, KarrabekoBy Pacymy
Py3ukynoBuuy u PycakoBou Banepuu BukTOpoBHE 3a COTPYITHUUYECTBO B IMPOBEICHHOM
uccienoBanuu; xumuueckod rpynne JI®BD Bo rnaBe ¢ bpagnoBoii Bepoit 3a
XMMHUYECKYI0 00pabOTKy 3MYJIbCHOHHBIX cioeB; PykosTkuny IlaBny AnexkcannpoBuuy
3a (opMupoBaHME BTOPUYHOTO IydyKa JJIs1 OOJYYEHHsS] SMYJbCHH; KOJIJIETaM II0
corpyauudectBy u3z ®UAH um. Jlebenesa kanauaaty (pu3MKo-MaTeMaTHYECKUX HAYK
XapnamoBy Cepreto [letpoBudy u n10KTOpY Pu3nKo-MaTemMaTnueckux Hayk [lomyxuHoi
Haranbe I'eHHabEeBHE 3a IPEIOCTABICHHYIO BaXKHYIO TIOMOILb U KOHCYJIBTALINH.

ABtop Onaromapen HadanbHUKy HOODTU JIGBD OUAN noktopy dusukxo-
MaTeMaTHYECKUX HaykK, mpodeccopy ManaxoBy Anekcanapy lBaHoBU4YY 32 OIAEPKKY
IIPOBEJICHHOIO UCCIIEA0BaHUS.

ABtop Omaromaputr JI®BD OWAN 3a mnpesocTaBiICHHYIO BO3MOXHOCTH
IIPOBEJCHHUSI DKCIIEPUMEHTA.

Bripaxkato camyro cepieuyHyro OJarogapHOCTb MOEH cembe, 3a MOAACPKKY H
MOHMMaHKE Ha MPOTSHKEHUU BCEro BPEMEHH, CBA3aHHOTO C paboTOM HaJl AUcCepTaluen.



