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OBIIAST XAPAKTEPUCTHKA PABOTBI

Juccepranuonnas paboTa IOCBSIIEHa HCCIeJOBaHUIO 0COOEHHOCTeH KO-
TepeHTHOM TUCCOIMAIMH B SEPHOMN dMyIIbCHH Aapa *C, CAMTAIOIIETOCS OIHIM
U3 KIIFOYEBBIX 3JIEMEHTOB B aHallM3e CTPYKTYPHBIX OcOOeHHOCTeil smepHoil Ma-
Tepuy BONU3M I'PaHULBI IPOTOHHON cTa0mimbHOCTH [1-3]. OHa sBiIseTCsS pa3sBU-
THeM HemaBHuX pabot corpyanudectBa BEKKEPEJIb ma myknorporne OV
I10 M3yYeHHUIO KIACTePHOM CTPYKTYpHI sxep Be, Be [4] u B [5]. OO0myueHne
CTOTKH OBLTO BBHITOJHEHO BO BTOPHYHOM ITyuke HykioTpona OMSIN B 2006 r.,
chOopMHUPOBaHHOM BO ()parMeHTaIVy NEePBUYHBIX SIEp C ¢ smeprueit 1.2 4
I'sB.

Braromapss pekopAHOMY IIPOCTPaHCTBEHHOMY pa3pelIeHMIO IIPU PEerucT-
palyu 3apsHKEHHBIX 9acTHIl, cocTaBisitonieMy 0.5 MKM, METOJ SOepHON HMYIIb-
cum obecredrBaeT MOJHOE HaOmoneHUue aHcaMOniell (parMeHTOB peNsITUBUCT-
ckux sipep. CTpyKTypa 0-KJIaCTepHBIX COCTOSHUN psiia JIETKUX SAep yXKe uccie-
JOBaJIaCh JOCTATOYHO JETalIbHO IIPH PENATHBUCTCKOH (parMeHTanuu B suep-
HOHM 5MYJbCHU. YHHKaJIbHBIE BO3MOXXHOCTH 3TOTO METOJa B HACHTU(MUKAIAU
PENATUBUCTCKUX (parMEeHTOB IO3BOJIMIX HCCIEOBATh KIaCTEPU3AIAI0 H30TO-
o *’Li, "Be u °B Ha ocHoBe nefiTpoHOB, TpuTOHOB ¥ sxep ~He. HanGombmas
[IOJIHOTa aHaM3a JOCTHUraercs I COOBITUM KOTepeHTHOH IucCOoLuaIuy, He
COTIPOBOXKIAIOIIUXCS 00pa3oBaHueM (HparMeHTOB MHUIIEHN U POXXACHHEM Me30-
HOB, IONyYHMBIIMX HanMeHOBaHME «Oenble» 3Be3nbl. Ilpm BceM dToM smepHas
OMYJIbCHUS COXPaHsIeT UCKIIIOYHUTENIFHOE II0JIOKEHHEe B OTHOIIEHUH IIpobiieM pe-
JISITUBUCTCKOM ()parMeHTalluy, IIOCKOJIBKY APYTHe MeTOIbl He MOTYT IpHOIH-
3UTHCS K MONOOHBIM HaONFONEHUSIM. YKa3aHHBIN DKCIEPUMEHTAIIbHBI METO.
[TO3BOJIIET HE TOJIBKO pellaTh aKTyaJbHBIe MPOOIEeMBl W3YYEeHUS CTPYKTYpPHI
SIIEPHOI MaTepuy PeNITUBUCTCKOM (parMeHTalluu, HO U OOHApyXUTh HOBBIE
SIBJICHUS] B (M3HUKE PENSITUBHUCTCKAX KIACTEPHBIX CHUCTEM - Siiep C U30BITKOM
IIPOTOHOB.

AKTyaJIbHOCTh HCCEPTANMOHHONH pPaGoThl. 3HAUNTENbHbIE YCWINSI Ha
COBpEMEHHOM »JdTane (HU3UKU aTOMHOIO spa COCPEIOTOYCHBl Ha H3yYeHMH
CTPYKTYpHI M MEXaHH3MOB B3aMMOJENCTBHS paJnoaKTHBHEIX snuep. CoznaHue
IIyYKOB TaKHX Sep MO3BOJSIET Pa3sHOOOPasUTh UCCIIEINOBaHMUs KIACTEpHBIX aH-
cambieif, BO3HUKAOMUX NpU UX ¢parMeHtanuy. HyKnoHHBIE KOppeisiluu B
uzotonax oT Li 1o C ¢ 3amoimHeHueM p-000JI04KY MPOSBILSIIOTCS B KIIaCTepU3a-
MM HyKJIOHOB B Jierdaiiliue snpa ¥ HyKJIOHHBIE Haphl. IIpencraBnsgercs, 4To
SBOJIFOLIMS TEOPETUYECKOTO OIMCAHUS CTPYKTYpHI SAEpHOM MaTepuu COCTOUT B
mepexojie OT KIacTepHOH KapTHHEL B Cllydae sjpa Li K o6onoyedyHoMy omuca-
uuto. CUHEL sep U, Kak IIPaBUIO, MarHUTHEIE TUITOJIBHBIE M SJIEKTPUIECKUe
KBaJ[pyIIOJIbHBIE MOMEHTBEI MX OCHOBHBIX COCTOSHUI CIENYIOT IpeACKa3aHUsIM
006051049eYHON MOZENH O 3allOJHEHHH HEHTPOHHOHW M IIPOTOHHOU p-000JIOUKH.
Cy1ecTByIOT yCIEIIHbIE OIIMCAaHUA 3THX [TapaMeTPOB U B KIACTEPHBIX MOZETIIX.
ITpu xnactepusaluy HeOOJBIIKE TPYIIbl HYKJIOHOB, COOTBETCTBYIOIIHE JIET-
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YadImuM spam ‘He, *He, *H u *H, BelyT cels Kak IeNIOCTHBIE OO0pa3oBaHMd,
YTO, MPEXIE BCEro, IPOSBISETCS B MaJof PHEPIHH OTAEICHUS KIacTepoB,
MeHbIIel, 4YeM OTHeNeHue OTAENbHBIX HyKJIOHOB. TakmM oOpasom, mii p-
000104euHBIX fep 000I0YeyHasl B KIacTepHas KapTHHA SBIISIFOTCS B3aMMOIO-
MOJNHAIOIMUMH. SIfpa, ¢ 3amonHsomelics p-000N04K0i ¥ BBIpaKEHHBIMU KJla-
CTepPHBIMH OCOOEHHOCTSMH, UTPAIOT POJb «JI1a00paTOpHil» IUIL MPOBEPKA MOJe-
Jel ONKCBIBAIOIIUX CTPYKTYpY sifiep. B 4acTHOCTH, CTPYKTYpHI U3 KIacTepHOM
OCHOBHI H CITa00CBA3aHHBIX BHEIIHUX HYKJIOHOB B COCENHHX sinpax B u °C Mo-
I'yT UMETh MarHUTHBIE MOMEHTHI OTJIMYHbIE OT MpeICcKa3aHuii 000104eyHON MO-
Jenu. Sapa Ha rpaHMNax cTaOHMIBHOCTH IIO3BOJISIOT U3ydath 3G deKTr HapyIe-
HUS H3OCHI/IHOBOI/I cuMMeTpuH. VIX cuiibHas H30TOMMYECKas aCUMMETpHs Tpeody-
€T BKIIIOYECHUSI He TaK H HyKJ‘IOHOB KakK aneMeHTOB KJIACTEpHOM CTPYKTYpBI
snep. CBoeoOpasue CTPYKTYpH! saep ’B 1 °C BosmoxHO OlpefensaeT CleHapui
Y CKOPOCTb IIPOTEKaHMs KIIIOUEBBIX IIPOLECCOB HYKIIEOCHHTE3A.

Ilesbl0 IuccepTAMOHHON PalGoThI SBISETCS M3BICYCHHE CBEIECHUH O
KIIaCTEPHOM CTPYKType U BO30YKASHHBIX COCTOSHUAX MAOU3yIeHHOIO A/Ipa °C
U KCCJIeOBaHUU AVHAMUKHU MPOIecca KOTepPEeHTHON MUCCOLUAldU °C — 3°He,
CTaBIIeH [eHTPaIbHOM IPO6IIeMOol TaHHOTO UCCIIeIOBAHHUSL.

Puc. 1. Cxemarmysas 1uarpaMma nepexoza °C — 3°He

HayyHasi HOBH3HA M 3HAYHMOCTb JMCCEPTAIMOHHON paGorbl. He-
cMOTpsl Ha Goitee qu IIOJIBEKa, NMpPOIIEAIINE CO BPEMEHU OTKPBITHSI, U B Ha-
CTOsIIIIee BpeMs SOpo °C ocraercs MaJIOM3Y4EHHBIM. DTO OOCTOSTENLCTBO CBS-
3aHO ¢ 0CO0OU CIOXKHOCTBIO HCCIIEHOBAHUS HEHTPOHONEPHUIUTHEIX SAEp IMPH
HU3KUX DHEPrusax. PersTuBHCTCKas (parMeHTanus sapa °C, olpparomeecs Ha
BO3MOXXHOCTH MeTOJia SIAEPHON dMyJIbCHH, KaYeCTBEHHO PacIIupsieT BO3MOXKHO-
CTH UCCJIEIOBAHUS €I0 KIIaCTePHBIX 0COOEHHOCTEH.

Cunraercs, 9TO B LIEJIOM XapaKTEPUCTHKY SApa °C OTIPEIETISIOTCS CBS3BIO
OcHOBEI 'Be ¢ rapoif BHEIIHUX NPOTOHOB. [103TOMY U1 KOTEpPEHTHOH IUCCO-
mpanun supa C ClIefyeT OXHiaTh JTMIMPOBAHMS KaHanos °B + p (mopor 1.3
MsB), "Be + 2p (1.4 MaB), a Taxke KaHAIOB, CBS3aHHBIX C QUCCOLHALAEN OC-
HOBEI 'Be (cBrie 3 MaB). B mocnenseM ciydae MOXKHO OXHIATh CXOICTBA C
yKe yCTaHOBJICHHON TOIIOJIOTHeH QUCCOLMAUU AAEP "Beu °B.
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KageCTBEHHO HOBOM 0COBEHHOCTHIO I 5pa *C CTAHOBHTCS BO3MOXKHEIM
3acelieHHe paHee He HaOJIOMAaBIIEerocs COCTOSHUS Hal rmoporoM 16 MbB, co-
cTosiIee U3 TPeX KIacTepoB - saep ~He. DTO MOXKET IPOUCXOAHUTH B pe3yipTaTe
BUAPTyaJIbHOM IeperpyNNnupoBKYA HEUTpOHA M3 0-4aCTUYHOrO Kiactepa B ¢op-
MUpYIOIIHMHCS KlacTep *He (puc. 1). O6Hapyxenue mepexona sapa 'C B 3°He
MOrio OBl yKa3aTb Ha IPHMECh COCTOSH¥S 3 He B OCHOBHOM COCTOSHHH °C.
OKcnepuMeHTalbHas OIEHKAa BEpPOSTHOCTH BO3HUKHOBEHHUS KOHQUTYpaIiu
3°He B KOTepEeHTHO! IUCCOLMAaliU Anpa °’C yKakeT Ha ee BeC B BOJHOBOU
(YHKIIMYA OCHOBHOTO COCTOSIHUSA °C. Dra BenuunHa IIpeACTaBieT LEeHHOCTh IpU
BBIYHCIIEHMM MarHUTHOTO MoMeHTa *C Ha 0CHOBE KJIaCTEPHBIX BOJTHOBBIX (YHK-
muii. TeM caMbIM IIPOSBUTCS POJE IIyOOKO CBS3aHHBIX KIIACTEPHBIX COCTOSHUN
B OCHOBHBIX COCTOSIHHSIX SIZIED.

HayyHo-npakTHyeckas NeHHOCTb PafoThbl COCTOUT B IOATBEPKICHUN
(hopMUpOBaHUS BTOPHYIHOTO ITyYKa C JOMHHHPOBAHUEM PENSITHBUCTCKOTO H30-
toma °C Ha Hyki1oTpore OV 1 monydernu 0030pHOY MH(pOPMaNUK 10 3apsi-
JOBOII TOIOJIOTMH ¥ KMHEMAaTUYECKUM XapaKTepHCTHUKaM (parMeHTOB B IEepH-
(epryecKkoif AUCCOMAIIN M30TOIIa °C. Pe3ynbTaThl HCCIIENOBAHUS BHOCST HO-
BBI{ BKJIaJ| B IIPEICTABIECHHUS O CTPYKTYPe OJHOIO U3 KIIFOYEBHIX SAep Ha rpaHu-
[Ie IPOTOHHOM CTaOMIBHOCTH M PACIIMPSIOT OCHOBY IUIS IIPOBENEHUSI HUCCIEMO-
BaHUH ¢ PENATUBUCICKIMHU PafHOaKTHBHEIMHU sipaMu Ha HykioTpone OV u
IpyTUX yckopuTensx snep. OHU CTaHOBSITCS IPOMEXXYTOYHBIM HTAIlOM K HCCIe-
JOBAHMIO CTPYKTYDHI CieAyromux smep 'C u °N | a BCiex 3a HEMH - HECBSI-
3aHHBIX AJEP 6Be, 7B, sCu'N.

JImunbnid Baaa auccepranTa IIpu uccnenoBanuy B3auMOIEHCTBHM S~
pa °C B 5MyIbCHH HEOGXOMMMO GBLITO TIPEOONETh IBE MIPaKTHIECKUE MPOOIEMBL.
BO-TIepBHIX, 3T0 JOMUHHPOBAHKE B COPMUPOBAHHOM Iyuke szep ~He, mMero-
IEX Ty K€ MATHUTHYIO JX€CTKOCTb, Kak # ~C. DTOT (haKTOp Pe3KO YCIOKHUI
CKaHMPOBAHME M OTPaHMYMII UCIIONIB30BaHHBIA NoToK siaep ~C BenuuuHoi 2000
cienos (smep ‘He nopsnxa 20000 crenoB). TpeboBaHue mprEeMIEMOTO YPOBHS
CTaTHCTHKM WX B3aUMOIEWCTBUH clenano HeoOXOAMMBIM MHONHBIA IIPOCMOTP
00JTy4eHHBIX CII0eB 3MyJIbCHU. Ha 5ToM sTame quccepTaHT y4acTBOBAJ B IIOUCKE
B3aUMOJEHCTBUH W KOOPIUHHUPOBAI PabOTy IO HAKOIUIEHHWIO WX CTaTHCTHKU.
Bo-BTOpEIX, HE00X0UMO OBLIO YOEIUTECS B JOMUHUPOBAHHY AP °C nap Bo3-
MOYHBIM BKJIAZIOM APYTHX H30TOIIOB, B ocoberroct: ''C, koTopsIe MOrIH 651
OBITH 3axBadeHH! Ipu 00TydeHur. CpaBHUTENBHBIN aHaTU3 0COOEHHOCTEH auc-
COLMAIMY HCCIIETYeMOro HM30TOMa YIiepoJa M COCeNHHUX sep IO3BOIMI pe-
LIUTH U 3Ty IpobiteMy. Takum 06pa3oM, peleHrue MeTOIUIECKUX M QU3MIECKIX
3a/1a4 OKazajach CBS3aHHBIM. JluccepTaHTOM OBLI BBIMOJNHEH HEOOXOMUMBIM
00BpeM U3MepeHuH Ha MUKPOCKOIIaX U BBIIIOIHEH ITOCIIe Ty IOINH aHaI3.

OcHOBHBIE [0JI03K€HUS, BLIHOCHMbIe aBTOPOM HA 3aLIHTY, COCTOAT B
CIIeIYIOLIEM.
1. [loxaszarenbcTBO OONyHeHHUS sSAEpHAas SMYJBCHUS PETATHBHCT-
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CKUMH SApaMu °C.

2. PacnpepneneHue 110 BEPOSTHOCTSIM KaHAJIOB KOT'€PEHTHON IucC-
COIMAITNH PENSTUBUCTKUX sIEp sSapa °C 1 HabIIONEHIe HOBOTO
KaHajla KOTepeHTHON AUCCOIMAlNY B TPH SApa He.

3. OnpezneneHnue BKIana KOMIOHEHTHI 3°He B ocHOBHOE coCTOS-
aus sppa °C.

4. Ormpenenenue SnepHOro IU(MPAKIHOHHOTO B3aUMOJEHCTBUS
KaK MeXaHM3Ma KOTepeHTHO! TUCCOoIUaIiy pa °C.

5. TlomyueHue yka3zaHMI Ha BO3MOXKHOCTEH CYIIIECTBOBAHHUS PE30-
HAHCHOTO COCTOsTHES B cucTeMe 2°He B6mm3M mopora o6paso-
BaHMS.

AnpoGanus paGorel. OCHOBHEIE Pe3ynbTaThH PabOTHI OBLIM HpecTaBiIe-
HBI COMCKATEJIEM JINYHO HA CIIEAYIONMX KOH()EpEeHIUIX U CoBelanusix - «Pro-
gress in High-Energy Physics and Nuclear Safety», fnta, Yxpauna, 2008;
«Relativistic Nuclear Physics: from Hundreds MeV to TeV» Cnoakus, Crapa
JlecHa, 2009; «Ceccus-koHbpepeHINs CeKInn SAepHoN Gu3nKku otaenenus ¢u-
snyeckux Hayk PAH » UTO®, Mocksa, Poccus, 2009; «Hadrons Structure and
QCD: from Low to High energies», I'atunna, Poccus, 2010; «XX International
‘Baldin Seminar on High Energy Physics Problems «Relativistic Nuclear Physics
and Quantum Chromodynamics» Hdy6ua, Poccus, 2010, a ¢ ero coaBTopCcTBOM
Ha «2" Workshop on «State of the Art in Nuclear Cluster Physics» Bprocces,
Benbrus, 2010; «The 21% European Conference on Few-Body Problems in
Physicsy», Canamanxka. Mcnianus, 2010.

Iyoankannu. [To marepuanaM guccepTaIiy OyOIMKOBaHO 6 ITeUaTHBIX
paboT, IpUBEAEHHBIX B CIUCKE JHATEPATypsl (B TOM dHUCIe, B pedepupyeMbIX
Hay4HBIX JXypHalax).

Crpykrypa U 06beM padoThl. JliccepTarnysi COCTOUT U3 BBEJECHUS, TPEX
IJIaB, 3aKIIOYCHNUs, MPUIOKEHUS U CIIHCKa JHTeparypsl, colepxxamiero 45 Ha-
uMeHoBaHuil. Pabora m3noxeHa Ha 88 crpaHuIlaX MAIIMHOIKCHOIO TEKCTa,
BKIIIOYAIOMUX 46 pUCYHKOB, 9 Tabmun u 14 Mukpodororpaduit B3auMoaeict-
BHUH PeNATUBUCTCKUX SIIEP C sIIpaMy GOTOIMYITBCHH.

KPATKOE COAEPKAHUE JUCCEPTAIIMNA

Bo Beegenun aeTcs OnMCaHUE M3BECTHBIX CTPYKTYPHBIX OCOOESHHOCTEH
sapa Cu MepCIIeKTUBHEIE BOIIPOCH! ero panpHelero uccaenosanus (B.1). Ha
ocuose maunbix cotpyxuudectsa BEKKEPEJIb npencrasieH 0630p 3apsioBoi
TOIIOJIOTMH KOT€PEHTHON NHCCOLYALAU COCeJHUX H30TOIOB — 10’“B, 7’9Be, 8B,
10.1L12¢ i 2N (B.2). DT0T 0630p OMICHIBAET HOIXO/BI K HCCIIENOBAHHMIO H CO3/1a-
€T OCHOBY AJIS CpPaBHUTENBHOr0 aHajlu3a usydgaemoro sapa. Ha artoit ocHoBe
c(hOpMyNIHpPOBaH IJIaH MCCIeA0BaHUs, KOTOPOMY ClefyeT JajlbHelIee U3I0xKe-
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Hue (B.3).

B I'nage I npencrapiieH nepBUYHEIA aHANIN3 O0IydYEeHUS SIepHOH SMyIIb-
cuu Bo BropruHoM Iyuke C — He. B nccnenoBaHusx ¢ UCIONB30BaHUEM SMYJIb-
CuH, OOJIyH4eHHO! BO BTOPHYHBIX ITydKaxX, HEOOXOOMMO OOECIIEUHUTH IPOCTOTY
HUICHTUQUKAIIY u3ydaeMsIX spep. O6cykmaroTes 0co0eHHOCTH JaHHOTO 00Ty~
gernus (§1.1). C 2002 r. corpymamuectBoM BEKKEPEJIb Bexmytcs o6mydeHus
SJIepHOM 3MYJIbCUU B BIIEPBBIE CO3/aBaeMbIX Ha HyknoTpoHe OMSIN myuxax
JIETKUX SIIEp, B TOM HHCIE PaIroOaKTHBHBIX. [ hopMHpOBaHMsS BTOPUYHBIX
ITyYKOB PAOUOAKTUBHBIX SIEP HCIIONB3YIOTCS MAarHUTOOITHYECKHE KaHabl
TPaHCIIOPTHPOBKY B 3aJ BHIBEIEHHBIX IIyYKOB. TeM caMBIM BO3HHKAIOT BO3-
MOXHOCTH aKTyaJBHEIX ¥ OPUTMHAIBHBIX SKCIEPUMEHTOB II0 SEpHOU (H3UKe.
K Hawamy HacTosiueii pabOTHI 3MyJIECHOHHBIE CTONKK OOJIydYeHBI B IIydYKax pe-
JNATHBHCTCKUX m30TomoB ~*Be u *'*''B. Musuueckuit ananms sTux 06iIydeHmui,
IpeACTaBIeHHBI BO BBemeHuy, nman OCHOBY Uil HOBBIX 0OIydeHuit B Gonee
CIIOXKHBIX BTOPUYHBIX ITydKaX HEUTPOHONE)UIUTHEIX M30TONOB YTIIEPOa,
hopMEpyeMBIX npu (parMeHTalMKM yCKOpeHHHX agep ~C. HeycrpammMoit
IIPHMECHIO TIPH MaTHHTHOM cemaparuy u3otona *C ABIsoTcs sapa “He, mMero-
IF€ TO XK€ OTHOLIECHME 3apsAfa Z, K MacCOBOMY YHCIy Ap, 9TO U °C. Onnaxo,
6rmaromapst 9-xpatHO Ooiblell yIaeNbHOH HOHM3auy saep ~C MO CpaBHEHHMIO C
poHm3aImelt pensTHBAcTCKAX “He ciemsl “He MOXHO OTGPOCHTH IIPH Hadailb-
HOM CKaHHPOBAHUU ITyUKOBBIX CIEIOB, BOLIEIIINX B 3MYIJIBCHIO.

Onwucas NepBUYHBIA ITOMCK U OTOOp COOBITHH, OIpeJelieHHe CpeaHEero
nmpobera A, 3apsanoBelii coctaB myuka (§1.2). s mowcka B3auMOMAEHCTBHN B
9MYJIBCHOHHBIX CIOSX HCIIONb30Baiuch Mukpockonsl MBU-9. ITouck Bepmun
B3aMMOJICHCTBUH OCYIIECTBIICA IIPOCISKUBAHUEM IIEPBUYHBIX CilemoB. Jlms
oTOopa 3TUX CIIEIOB 3MYJIbCHI CKAaHUPOBAIACH CO CTOPOHBI BXO/a IIyYKa, 3aTeM
oToOpaHHBIE IIyYKOBBIE CIIEIBl NIPOCMATPHBAIOTCS OT BXOJA B IUIACTHHKY IO
B3aUMOJIEHCTBUA WX BBIXOZa U3 cios. IIpocnexxuBanue o ciemaMm JaeT BO3-
MOXXHOCTb 3apeTrUCTpHpPOBaTh BCe TUIBI B3aUMOJEHCTBUS 0€3 NUCKPHMIHAINH,
YTO [O3BOJISET OINpEeIeUTh CpelHHe [UIMHEI Ipobera siiep A C IpHeMIIEeMOit
TOYHOCTBIO.

OTHolIeHNe UHTEHCUBHOCTEN s1iep Z,y, > 2 U Z,, = 2 COCTaBIIIO IPHUMEPHO
0.1. OT0T dakTOp OmpeReTUI ATUTEIFHOCTh OOIYHIEeHMUSI, COCTABHUBIIYIO OKOJIO
100 uuxnoB , KaK CIEACTBHE, CTATUCTUKY. llouepkHeM ele pas, 9To ZaHHOE
o0JlydeHre HOCHUJIO ONBITHBIM Xapaxrep, W IPH ero NMpOoBelCeHHU OBLIO BaXKHO
136exKaTh mepeobiIydeHns My Ibcuu supamu ~He. Kpome Toro, 65110 oGHapy-
’KEHO IIPUCYTCTBHE YacTUI] C Z, = 1 B IPUMEPHO PaBHOM COOTHOIIECHHUH C S[-
paMu ¢ 3apsafgaMu Zy, > 2.

Ha npocmoTpenHo#t pinuHe Tpekos 253.7 M 6pu10 0OHapyxeHO 1746 He-
ynpyrux B3aumopeiictBui (B ocHOBHOM suep C), 9To JaeT cpenHuit mpober
AMCC) = 14.5 £ 0.5 cm. M3-3a TOTO, YTO CpeH OTOOPAHHBIX TPEKOB JOMHHHPY-
JOT TpekH sifep ~C, MOXKHO CIMTATh ITO 3HAUCHHe A ABIIAETCS OLEHKOM HMEHHO

ux Hpo6era. OHO cOOTBETCTBHE 061].(6171 KapTUHE CceueHuH HEYIIPyroro B3amMo-
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JIefCTBUA JIETKUX sIIep cO cinaboi cBa3bio KiactepoB. [danHble Mo A(A), Kak u
JlaHHbIE 10 CEYeHUSM HEeyNPYTHX B3aNMOAEHCTBHUII JIETKUX Sep, YKa3bIBaloT Ha
T0, 4T0 571po *C He MMeeT yBeIMUIeHHOTo pa3Mepa.

IUI TOACTPOMKM IPOIeRyphl M3MEPEeHHS MHOTOKPATHOTO KyJIOHOBCKOTO pac-
3
— 3°He.

3
IpucyrcTBre B cocTaBe Iydka suep ~He oKa3aloch IOJE3HBIM HJS JO-
cessaus (§1.3). DToT MeTO SABIAETCS BaXHBIM IS UACHTH(UKAIMK coORITHH C
< 0.45
2

TIOJTHUTENTFHON IIPOBEPKU IIPaBUIBHOCTH HaCTpOﬁKH IIy4YKa 4, B TO XX€ BpEM,

P
<
04—

d

035

4 )

3
": \“ He
03— B 5
0.25— N % ;
! Y : 7\
02— : | SN/ N\
) 3
“I SRRK \
0.15— :: \ \
’
01 i . S \
l" 3 \
0-05 — l"’ 2 :x SRR
‘l R )(: X
adl ] *
0

8 9
Puc. 2. Pacnpeserienne U3MEPEHHBIX BEIHIME pPC LIS clenos suep “He u3 coctapa

ppc, GeV
nyuxa (‘He, 3alITpEXOBAHHAS THCTOIPaMMa) H OJHO3APSIHBIX (ParMEHTOB «GENBIX» 3BE3N
UL IeUTPOHOB (d) U s1ep ‘He

Y>Zg=5+1ud4+1+1(p) (oTKpHITAI rHCTOrpaMMa); YKa3aHbl OKHIAEMBIE PaCIIpe/eTIeHNS

Pacripenienenue 1o usMepeHHbIM 3HaueHUAM pPe it 30 snep He, npous-
BOJIBHO BBIOPaHHBIX M3 COCTaBa BTOPHYHOIO ITy4YKa, NPEACTaBIeHO Ha pHC. 2.
I'mcrorpamMma COOTBETCTBYET HOPMMPOBaHHOMY PaclpeleleHUI0 BeTHYHHEI
pBe st nByX3apsAmHBIX 9acTHIl IIEPBUYHOTO IIydKa. DTO paclpeleneHre X0opo-

III0 OIIMCHIBAeTCs eNUHCTBEHHOH (yHKImel ['aycca cpegHuM 3HaUeHHEM <PPCrye
= (5.1 £ 0.1) I'sB mpu cpenHeKBaIpaTHIHOM OTKIOHEHUH oy = 0.8 I'3B. Cpen-

Hee 3HaYeHHe PaBHO PPy, ONM3KO K OXKHJABIIEMyCs UIs suep ~He 3HAYCHHIO
5.4 T5B (a1 “He — 7.2 T5B). MOXHO 3aKIFOYKTH, 9TO B IOTOKe sizep He B
chOpMHPOBAHHOM IydKe JOMHHHpYeT u30Tom ~He. 3HaueHHe Oy, SBIAETCS
IpEeMIeMBIM JUIS paszenenus usotonos He u “He, B 0COGEHHOCTH, BHYTpH
KOppEeNUpPOBaHHBIX TPYIIIL.

6

[IpencraBieHa 3apsfoBas TOMOJNOTHS IMepudeprudeckoil (parMeHTanum
sgpa °C (§1.4). Cpennm HaiIeHHBIX COGBITHIA mMeeTcs 167 «Gelsix» 3Be3 —



COOBITHI KOTePEHTHO! AMCCOLMAINY sfep C 3apsimamu Z, = Zg. VX pacmpe-
JIeJIEHHe TI0 3apsIOBBIM KOHGUTypamusiM ¢ » Zg = 4 — 7 TIpefcTaBleHo B Tab-
mune 1. Jlnsg cpaBHeHWs MpUBeeHa CTATHCTHKa COOBITHH C 00pa3zoBaHueM
(parMeHToB MUIIICHH.

Tabnuua 1. Pactipenenenue gucna «6ensixy 38e31 Ny VLI IEPBUYHBIX CIEIOB C 3a-
psimaMu Zp; 10 3apsIOBBIM KOHQHTYpamaM ) Zs

Zg
XZx 6151413 2T1] N
7(Zy=1) -1 -T2 1
6 (Zy=6) -7 -T-T1 ] 15
6 (Zy = 6) I T I e e T
6 (Zy=6) - -T-1-T3-1 16
6 N R I R
6 N e T T )
6 S -T-11 -3 2
6 ST -7 -1 147 28
6 S -T-1-T2127 24
6 - -T-1-17-T6] 6
5 (Zy=5) S -Tu] -] -1 2
5(Zy=5) S -T-T1 -2 3
5 B S I I I - )
5 * - T- - [ 3 -
5 * ST -T-T21] 3
4 (Zy=4) S -T-T-T1 2] -
4 (Zy=4) - - T2 -
4 - -T-Tt1 2] 5

OcHOBHast BETBb COOBITHI KOTEPEHTHON AMCCOMalyy npencrapieHa 108
«6ensIMIy 3Be31aMH C  Zg = 6, UTO CIEA0BATO OXXUIATh NPY JOMUHUPOBAHUU
A1ep yriepoja cpey MHOT03apsiIHbIX YacTHIl IIydKa IPH HPUHATHIX YCIOBHIX
otbopa. Cpenmu MHOrooOpasus KaHaloB (parMeHTalMu Hauboiee IEHHBIMU
11 HACTOSIIEro MCCIeNOBaHus SBIAIOTCS KaHaJbl, COOTBETCTBYIOLINE KaHalIaM
mucconyanyy smpa *C ¢ caMBIME HU3KEME TToporamu °B + p u 'Be + 2p, a Tak-
ke KaHan gucconuarnuu 3He, sBnsronmiics 3K30THMYECKUM IS JAaHHOIO HeH-
TpoHOeduuuTHOrO sipa. CoOBITHA B IIOCIEOHEM KaHajle MOTYT CUHUTAThCS
KaHIuaTaMU IJI1 KOT€PEeHTHON AUCCOLUalAU °C > 3*He ¢ noporoMm 16 M»B.
ITprumepsl cOOBITHH TaKOro THIA B3aUMOAEHCTBUI IpencTaBieHbl Ha (oTorpa-
¢uax I1.1, 1.2 u I1.3 npunoxenus. OTMedaeTcs IPHOIU3UTEILHOE PaBEHCTBO
CTaTHCTHKY B 3TUX KaHaJax.

B «bensix» 3Besnmax mzoromsl C, Be u B pasgensiuce mo 3apsnoBBIM

7



KOH(QUTYpaIisiM BTOPUYHBIX (ParMeHTOB ) Zg W MOCTENYIOLINM HU3MEPEHISIM
3apsA/I0B NIEPBUYHBIX CIIEN0B Zy. 3apsanbl aiep Mydka Z, U GparMeHToB Zg > 2
OIpEeeIUTUCH MTOICIETOM ILIOTHOCTH O-3JeKTPoHOB Nj Ha ciefjax. Pesymbprars
OIpefieNieH sl 3apsAA0B IEepPBUYHEBIX SIep U (parMeHTOB U3 COOBITHN KOrepeHT-
HO# nuccommanmy ) Zg =5+ 1u4+ 1+ 1 HO3BOIIIOT 3aKIFOYHUTH, UTO BCE CO-
OBITHS 00pa3oBaHkl AapaMu Z, = 6 (puc. 3). Jlnsg u3MepeHHBIX 3apsoB dpar-
MEHTOB HaOJIIOZaeTCsl OXKUIaeMOe CMEIIIeHUe 110 OTHOLICHUIO K pacipeereHUIo
JUIS si7iep IydKa.

0 10 20 30 40
NS

Puc. 3. Pacupeznenenus gucna 8-31eKTpoHOB N Ha 1 MM JUTHHBI IS CIIEIOB IIydYKO-

BBIX 9acTHIl (OTKpHITas THCTOIpaMMa) M PENSTHBHCTCKUX (DparMeHTOB ¢ 3apsmamu Zg > 2
(3amTpUXOBaHHAS THCTOTPaMMa) B «OembiXy 3Be3max p Zg =5+ 1ud+1+1

Biaromaps OTCYTCTBMIO CTAabHIIBHBIX H30TOIOB B H *Be, cobbrtus ¢
¢parmMenTaMu ¢ 3apsaiaMu Zg = 5 U 4 ¥ AASHTUQUIMPOBAHHBIMY 3apsiiaMu Zy, =
6, MOTYT OBITH Cpa3y MHTEPIPETUPOBAHBI KaK ‘C-B+ pu Be + 2p. Pe3yne-
TaT uaeHTHGUKamy GparMeHToB Z; = 1 W3 3TO¥ Ipynnbl COOBITHI METOOM
MHOT'OKPAaTHOT'O PacCesIHUS IpeICTaBlIeH Ha puc. 2 (He 3allTpUXOBaHHas THCTO-
rpamma). Pacopenenenue umeet pPory = (1.5 £0.1) I'sB u oy = 0.4 I'3B, uT0
COOTBEeTCTBYeT IpoToHaM. [1o cymecTBy, MAEHTUGUKAIMS B JaHHBIX CIIydJasx He
SBISIETCS HEeOOXOIVMOMW, M 3T MPOTOHBI CIIyXKaT Uil TECTHPOBAHMS U Kanuob-
poBku. TakuMm obOpazoM, mpoliefypa U3MepeHHss MHOTOKPaTHOTO PacCesHUs pe-
JATUBUCTCKUX M30TONOB H elne pa3 moaTBepKAaeT MpaBUNBHOCTEH (GopMupoBa-
HUS NepBUYHOrO Iyuka. C Ipyroi CTOpPOHBI, OHA PACIINPsIET OCHOBY VISl UIEH-
tudukanuu snep He, poxneHHsx npu nuccormanuu suep C.

AHany3 TaHHBIX TaONUIEl | CBUAETENBCTBYET O JOMUHUPOBAaHUY MHOXeE-
CTBEHHBIX KaHaNoB ¢parmentanuu 2He + 2H u He + 4H. B cioygae sopa °C co-
OBITHSI C TAaKOH TOIOJIOrHER TOJDKHBI BO3HHUKATH IIPU KOIEPEHTHOU Iuccollua-
IMH S7pa-0CHOBEI 'Be. MX COOTHOIIGHHE COOTBETCTBYET CIy4ar0 KOrepeHTHOM
JCCOLMAIIH IIY4IKOBOTO siapa 'Be. KpoMe TOTro, IpHCYTCTBYIOT B3aHMOZEHCT-

Bus ¢ pasBanoM sigpa C Ha Li + 3H, 9To Takke oxumaeTcs IpH  IHUCCO-
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JIMCCOIHATAN SIpa-0CHOBH 'Be. ClellyeT OTMETHTh 00pasoBaHme mecTH «Oe-
neix» 383 C — 6H, muxpodororpadum mpuMepoB Takux COOBITHH TaxoKe
npuBefieHs! B IpuioxeHus (puc. I1.6, I1.7) (tabn. I.1). B coyuasx wzoromos
10IL2C coBBITHS Takoro THIA TPeGYIOT OJHOBPEMEHHEIX PA3BAliOB ABYX I
Tpex KmactepoB ‘He. CBs3aHHBIE C IPEOJONEHHEM OYEHb BEICOKHX IIOPOIOB,
OHM IIPaKTHYECKH He MOINH ObI IpoTeKaTh 6e3 obpa3oBaHusi (parMeHTOB MU-
meny. HanpoTus, cxoXkre IpoLeccsl, CBsI3aHHbIe ¢ Pa3sBajloM TOJIBKO Haphl Kila-
crepoB He, Habmromamucek s «OenbIx» 3Be3] 'Be — 4H u °B — 5H. Taxum
00pa3oM, CTaTUCTHKA MHOXECTBEHHBIX COOBITHI ) Zg = 6 He IPOTUBOPEUHUT BEI-
BOJTY O IOMHHMPOBaHHMM H30TONA *C B COCTaBe IydYKa M yKa3hIBAeT Ha IpPEHe6-
PEXUMO MalbIii BKJIaJ COCELHMX U30TOIOB YIIIepoa.

He+4H
27% 'Be+2p

"Be+2p
18%

2He+2H 3 °He
23% 15%
Puc. 4. [IpOIEHTHOE COOTHONIEHHE OCHOBHBIX KAHATIOB TMCCOMMAIMH sapa *C B COBHI-

THSX ¢ (pparMeHTanuell MuIneHH (cieBa) i B «6elbIXy 3Be3nax (Cupasa)

CootHommenue coObITUE Ny 11 Ny IUIs1 TPYIIIEL COOBITHI ) Zg = 6, mpen-
CTaBIICHO Ha KpyroBoii nuarpamme (puc. 4). IIpuOnusutensHOe paBEeHCTBO JI0-
Jel KaHaJoB B 00OMX CIIydasiX ONpPEAeseTcs] «XOJOIHBIM» MEXaHH3MOM, 000uX
THUIIOB TepudeprIecKoll (pparMeHTalyH, IPOTEKAOIel Tpd MUHAMAaTIBHOMN Iie-
penade Bo30YXXIEHUS CIIEKTaTOpaM. 3aMeTHOE OTIIMYUE NPOSBIIETCS TONBKO B
3-gactiyHOM KaHaie ) Zg = 2 + 2 + 2, Ero mons pe3ko BospacTtaeT mpu oTOope
«OenbIx» 3Be31 - ¢ 4 % B caydae HaIM4YUSI (PparMeHTOB MHUIIEHH H0 15 % mus
«Oenprx» 3Be3x. Takum 0Opa3oM, KOTepeHTHBIH MeXaHu3M OKasbIBaeTcs Golee
a¢hdexTuBHBIM IS 3acenenus coctosuuit 3He. Chopmynuposan BeiBox (§1.5),
0 TOM, YTO COBOKYITHOCTh JAHHBIX [0 U3MEPEHUIO 3apsANO0B IIyYKOBBIX CJIEIOB,
3apsIOBOY TOIOJIOTUU (PParMeHTOB B MepUGEPHUUECKUX CTOJKHOBEHUIX SNep
yI7Ieposia, a TakKe 10 HIeHTHUKAINY PEISTHBUCTCKUX H30TONOB “He yKasbl-
BaeT Ha TO, YTO B ITyUKe, UCIIOIH30BAHHOM JUISI OOIyHUEeHHUS SMYIbCUU, JOMUHU-
pyioT uMeHHO siapa C. Takum 06pasoM, HOMyYeHO TOATBEpKACHHE TOro, UTO
Ha Hykiotpore OVISIV BriepBEIe yCIEIIHO pellieHa 3a1ada Co3IaHus IIydKa sJep
°C. O61yueHHbIe B 5TOM IIyUKe CIIOH SIEPHOM SMYIBCHH MOTYT CILyKUTh SKCIIe-
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PMMEHTATBHOM OCHOBOM I U3yUeHHs B3auMoelicTauii sipa *C.

T'naga II mocBsIIeHa UCCIeNOBaHUIO KaHalaM KOT€PEHTHOU UCCOUallan
smep °C ¢ OTHeNneHreM npoToHoB. PparMeHTs! PeNSTUBHCTCKOTO s/pa BhLIETa-
IOT B y3KOM IIepeflHeM KOHyCe, YTOll pacTBOpa KOTOPOTO MOXeT OBITH MpHOIH-
3UTEIBHO OIEHEH II0 popMye <0;> = <sin 05> = P¢/Py, rume Pr — cpemuuit um-
nynsc @epMu-IBIDKEHUS HYKIOHOB B A1pe cHapsne, a Py — uMImynsc Ha Hy-
KIOH snpa-cHapsna. Ilpum ummynsce snapa-cHapsga 2.0 4 I'sB/c u ®epmu-
uMnynsce Pr = 200 MaB/c <0g5> pasen 0.1 (wmu 6°). ViHTepec BBI3BIBAIOT YITIO-
BEIE pacIpeleNieHus PeNITUBICTCKAX ()ParMEeHTOB U MX YIJIOBBIE KOPPEIIIUH
(§1IL.1). VisMepenus yTJIOB BBUIETA BTOPUYHBIX YaCTHIl IPOU3BOIAMINCE KOOPIH-
HaTHBIM MeTofoM. M3MepeHre KOOpAWHAT TOYeK TPEKOB IPOBOIIIIOCH IIOCIHE-
IOBaTENbHO B OJHOM HAaIpaBIICHHUHM (ClIeBa HalpaBO K OT MOBEPXHOCTH CIOS K
CTEeKJIy) II0 XOAy IIy4YKa Ha4yWHas C IePBUYHOTO TpeKa U Jaee JJIs BCeX TPeKOB
parmenToB oHOBpeMerHo. Ha Tpeke mepsuaroro syipa *C i Tpekax pparMeH-
TOB U3MEPSUIUCH IO 6 TpoeK (X,y,z) koopauHat Todek. lllar uamepenuit cocras-
11 200 MKM, Ipu oOIe# JIuHe TpeKa, UCIIoNIB3yeMoi il u3MepeHus 1.2 MM.
Ilpennonaras MMHEHRHYIO 3aBUCUMOCTS (y=a,X+by i Z=a,X+b,) KOOpIUHAT TOUEK
TpeKa, METOIOM HauMEHBIIHX KBaJpaToOB HaXOIUIUCH KOI(QOHUIMEHTH a U b
aNIPOKCUMUPYIOUIETo IOJMHOMA II€PBOM CTENeHH 3aBHCHMOCTEH KOOPAMHAT
z(x), y(x). Ilo HalineHHEIM KO3 dHUIUEHTAM ay, &,, OPENENIIUCh YIIbl (0, §)
s Tpeka saapa “C u TpekoB ¢parMeHToB. Ha puc. 5 mpuseneH npumep BoccTa-
HOBJICHHBIX HAIPABIICHHUIl BhUTETA (YIIOB 0, () (parMeHToB B mporeccax ~C —
B + p (puc. 5 (), °C — "Be + 2p (puc. 5 (6)) u 'C — 3°He (puc. 5 (B)) 10 u3-
MEpEHHBIM KOOPAMHATAM TO4YeK Ha TpeKax.

[Ipu ompeneneHuU BENWYMH YTJIOB 3KCIEPUMEHTANbHBIE TOYKH, INOIY-
YeHHBle NIPYU U3MEPEHHUIX allpOKCHMHUPOBAIUCH [TOJIMHOMOM IIEPBOM CTENIEHH.
KosdpdunreHTs! monuHOMa OIpeesuiich [0 MeTOAy HauMEeHBIIINX KBaJ(paToB.
Ha puc. 6 npuBefieHB! pacipenenesys BeIMIuH OTKIOHeHNH Ay, Az KoopAuHAT
3KCIIEPUMEHTAIBHBIX TOYEK OT COOTBETCTBYIOIIMX KOOpPAMHAT TOYEK, OIpere-
JSIEMBIX alllpOKCHMUPYIOIIAMU NoNuHOMaMu (y=a,x+b, u z=a,x+b,). IIpu 3Ha-
qeHsIX <Ay> U <Az> OIM3KUX K HYNIO, 3Ha4eHUS BENUYNH CpeIHeKBaJpaThye-
CKHX OTKJIOHEHMH III BRIOOPKH 13 42 M3MepeHHBIX TPEeKOB (parMeHToB COCTa-
BUJIH csAy=(1.14iO.013)><10'l MKM, Gx,=(6.6+0.18)x10" mxm. Pas6poc Benuaun
Ay n Az otnudaercs, npubnusuTensHO B 10 pas, HO He IpeBhIIIaeT Oonee YeM B
2 - 3 paza TONIIUHY U3MepsAeMOro Tpeka. Pasnuaue oOBsACHICTCS TeM, 9TO [IpU
M3MEpeHUH KOOPAUHAT TOUeK TPEKOB Z-KOOPAHHATA OIIpe/esieTCs] MeHee TOUHO.

IIpencraBnenue ocoGeHHOCTeH (parMeHTali, OCHOBAHHOE Ha M3Mepe-
HUAX HOJNSAPHBIX YTJIOB O BbLIeTa ()parMeHTOB, HENOCTATOYHO YHUBEPCAIBEHO
IUI CpaBHEHMS SKCIIEPUMEHTANBHBIX JaHHBIX IIPH Pa3UYHbIX, ITyCTh U OIU3KUX
3HayeHWs X dHepruil. bonee yHUBepCaIbHBIM ABIAETCS CpaBHEHHE pe3yJIbTaTOB
TI0 BEJIMYMHAM ITOIIEPEIHEIX NMILYJIECOB (parMeHTOB

PT:AfrP() sin 6 (1)
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Puc. 5. [Ipumep BOoCCTaHOBIEHHBIX HaIpaBJICHUH BbUIETa (YITIOB @, () hparMeHTOB 00-
pasyromuxcs B Ipoleccax a) ‘C-'B+ p; 06) °C - Be+ 2p u B) °C — 3°He
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Puc. 6. Pacnpenenenus BenuumH OTKIOHEHHH Ay (cneBa), Az (cmpaBa) KOOpAHHAT
9KCIIEPUMEHTAIBHBIX TOYEK OT COOTBETCTBYIOINMX KOOPIMHAT TOYEK, ONpPEACIHSIEMBIX all-

IIPOKCHMUPYIOIMMH TIOMHOMAMH

OueBuHO, 4TO HawbOoIbllee 3HAYEHWE HMeeT paspelleHwe o yriy 0,
pacrpezielieHHe 0 KOTOPOMY «IIPIDKaTo» K Hymro. Ilpm aHanmse pacrpenene-
Huii Pr 0-KiacTepHBIX siep DpenmonaraeTcs, 9To Bee GparMeHTHI ¢ 3apanaoM Zg
=2 sBsmotcs u3oTornoM ‘He, uto HanGomee BeposTHO. [ToCKONBKY 3HadeHus Pr
CKJIaJIBIBAIOTCS. M3 MIMITYJIBCOB, IONydaeMbIX GparMeHTaMu TIpU paclaje sapa-
CHApsJa W CYMMApHOTO MMITY/IbCa OTHadH, MOMY4aeMOT0 MPH CTONKHOBEHMH C
muireHso (3¢dext «bounce offyy), To MoXkHO nepeiiti k Pr B c. II. M. CHCTEMBI
N o-(pparMeHTOB COITIACHO

* Pr
Pr =Pn _27\? @)

Paccmotpenue kKoppensnuit Mex,ly 4aCTUI[aMM, COCTaBILIOIVMY MHOIO-
YacTUYHbIe KOHEYHbIE COCTOSHHUS SEPHBIX PeaKIWil MpU BBICOKUX 3HEPIHsX,
HO3BOJISIET YCTAHOBUTEH 3aKOHOMEPHOCTH HCCIEeLyeMBIX IIPOILECCOB U OCYIIECT-
BHUTH BBIOOP MEXXIy MHOTOYWCIEHHBIMH MOJIEIBHEIME IIOJX0/IaMt, KOTOpbIe He-
PEIKO IPUBOIAT K yIOBIETBOPUTEIFHOMY ONKCAHHIO OJHOYACTHYHEIX paclpe-
TIeTIeHHH.

OHeprus Bo30YKIEHHUS CUCTEMbI (HParMeHTOB MOXKET OBITh IIPHOIFIKEHHO
OIpefelieHa KaK pasHUIa MEXIy HHBapHaHTHOH Maccoil (parMeHTHpyomen
CHCTEeMbl ¥ Maccod IepBHYHOIO sIpa K COCTaBIIeT BEIHUYUHY IOpsAnKa He-
cronbkux MaB Ha HykimoH dparmenta Q = M’ - M, re M — Macca OCHOBHOTO
COCTOSIHMSL Siipa, COOTBETCTBYIOIIETO 3apsily U BeCy aHaJIM3HPYeMOil CHCTEMEI,
M’ - uHBapuaHTHas Macca CHCTeMsI (parMentoB M2 = (ZPJ-)2 =>(P; ‘Py), a Pix
- 4-AMITyJIBCHI ()parMeHTOB i U k.

B nmanHOM wuccrenoBaHWM SHeprus Bo30yxaeHus Q ompezpensnach Kak
¢ysxmus yria packpeitas Q(®). HampsiMylo B 3KCIEpHMEHTE H3MEDSINCH
TOJIBKO KOOPJIMHATE TOYEK TPEKOB JUISI BOCCTAHOBIECHUS NPsAMBIX. T.K. Q H3Me-
psieTcst KOCBEHHO, IS OIpeeeHUs abCONIOTHON U OTHOCUTENIBHOM HOrPeIHO-
CTH He0OXOMMO BOCIIONIB30BATECS CIEAYIOIMMY COOTHOIEHISIMH (3)
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2 2
AQ(®) = (d—Q(ca)-A@) 2Q(®) = (i—ln(Q(@)))-A@)
de Q) 3

I'ne A® abcomroTHas KBaJpaTHYHas ONMIMOKa KOCBEHHOTO M3MEPEHHS CO-
OTBETCTBYIOLIETO yIJIa PACKPHITHS (ParMEeHTOB, BHIYHCICHHAS TaKHM )K€ CIIO-
coboM.

Kanans: °C — °B + p u Be + 2p uMeroT HauGonee HU3KHE noporu 1.3 u
1.43 MaB u cocraBisioT oxono 30 % CTaTHCTHKY COOBITUM KOTepEeHTHOM auc-
coImanuy ¢ y Zg = 6. YIioBble pacipeesieHus GparMeHTOB B 3THX KaHalax, a
TaKXe yTJIOBBIE KOPPEJLIIKU (PParMEeHTOB, COAEPXKAT CBEIEHHS CBA3M BHEUIHUX
TPOTOHOB M X TaphI B sape ~C. V3-3a HOBU3HBI HCCIIENOBAHMS sapa C, mpes-
CTaBJIAeT MHTEpEeC AaKe Ha MaJloi CTATHCTHKE BBIIBHUTH IO IapaMeTpaM yTJIo-
BBIX paclipeznienieHnit ocoberHocTH ero cTpykryps! (§11.2). Ha puc. 7 mpencras-
TeHBl paclpeneneHys N0 MOIIPHOMY YUy 0 pelsITUBHCTCKHX (QparMeHToB B,
Be u p. Ha ux ocHOBe B Ta0Jl. 2 IpUBEAEHBI IPOCTHIE OLEHKHU ISl IIOIIEPEYHOTO
umnynsca Pt B mpubmmkennn Pr = AgPosin®.

=
P -
18 Be

|

——

0 20 40 0 80 100
0, x 10° rad

Puc. 7. Pacnpenenenus no nojspHoMy YIily 6 pensATHBHCICKHX (parMeHTOB ¢ 3aps-
JaMH B «OenbIx» 3Be3fax y Zg=5+1ud+1+1

Tabmuma 2. IlapameTpe! pacnpeieieHHM IONEPEYHOro MMIyIbca Pt IepemaHHOTo
dparmentam B cobertasx *C—*B+p, *C—"Be+p a raroke ast cobsrruit *B—Be+p 13 paGoThL.

*B+p Be +2p "Be+p

<P1“*> MbB/c 217+36 207 + 24 97 +13
6 <P;“*> MaB/c 130 + 26 115+ 17 64

<P#> MbsB/c 77+ 14 749 66+ 12
o <P{#>MbsB/c 51£10 446 58
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Ta6muna 3. ITapameTpsl pacnpeaenennn CYMMAPHOTO HOIEpETHOTO MMIYIIECa YPr
IepeJaHHOTO CHCTEME B COOBITHSX C—>8B+p, Cc—’ Be+p a Taxke mis coObITmit SB—"Be+p.

B+p Be+2p "Be+p
Y'Pr MaB/c 246 + 44 280 £ 53 95+ 15
o YPrMsB/c 165 £ 31 191 £ 37 73
<P;> M>B/c 76 £ 12 76+ 7 62+11
o <P1 > MbB/c 469 43 +5 54.2

Pacnipenenenue cyMMBI [OIEPEYHBIX HMITYJIBCOB CHCTEMBI ()ParMEHTOB
Pr (P, Py) (unu monHblA mepenaHHBIA MMITYJBC) OTpaKaeT MEXaHU3M Kore-
peHTHOM’ nnccounauym B rtabmn. I1.3 npeacTaBieHb CpeHAE 3HAYCHUS <Pr(®B +
p>u <P('Be + 2p)> u cooTBeTcIByIOIHME 6. MOXHO 3aKIFOUMTh, 4TO 062
pacrpesieneHus HaxoxaTcs B 00JacTy, KOTOpas XapaKkTepHa JUId siuepHol au-
¢bpaknvoHHOM aucconuanyy. BenwyumHa IONEPEeYHOr0 MMITYJIBCA CHUCTEMEI
(bparMeHTOB OIpeeNsIeTcs pacCesHUEM AApa OCHOBEI 'Be, MIMEIOIIAM GOJBIIYIO
BEpPOSTHOCTH, €M PACCEsHHE IIPOTOHA.

INockoneky 3HadeHus Bexropa Pr (P, Py) ckuanpiBaroTcs U3 HMITYNIBbCOB,
HoNy4aeMbIx (parMeHTaMu [PHU paciajie sapa-cHapsaa U CyMMapHOr0 UMILYJIb-
ca OTHauH, IOJy4YaeMoro Ip¥ CTOJKHOBEHHMH ¢ MUIIeHBI0 (3ddexr «bounce
off»), TO ero BEKTOPHBIM BEIMHMTAHHEM MOXKHO IepeiiTi k Py’ hparMeHToB B ux
cucreMe IeHTpa Macc. COOTBETCTBYIOIIUE CpelHIE 3HAUCHUs U O, IPUBEACH-
Hble B Tabx. 3, yKka3pIBaloT Ha He3HAYUTEIBHOCTD TaKoH Koppekiuu. Takum 06-
Pa3s0M, BEIIMUMHE! CPETHUX MONEPEeIHEIX MMITYIhCoB <Pp > IPOTOHOB B KaHATAX
*B + p u "Be + 2p B npenenax ommGok pasl = 70 MaB/c. DTa BelMunHA IpH-
GIM3UTENEHO COBIIAAET C MMITyIbCaMy B Ciyuasx ‘Be — *Be +n u B — "Be +
P Y COOTBETCTBYET HEpPEJSITUBUCTCKOMY IBVDKEHUIO BHEIITHETO HyKJIOHA.

[IpuBeneHHEIe HEpreTHYECKUe CIeKTphl Q KaHana °C— "Be +2, yKas3bl-
BAIOT HA BO3MOHYIO JFICCOLMAIIIIO IO KackagHoMy Kamany °C — *B’ (— 'Be
+p) +p. Koppen;nmﬂ o aBI/IMy’I‘aJIBHOMy YTIY €pBes 06Hapy>KeHHa;1 B Kore-
peHTHO# aucconmanuu °B — 'Be + p, 0OTCyTCTBYeT, 1 passan uzorona C ompe-
JelseTcs SAepHBIM TU(GPaKIINOHHEIM pacCessHUeM Ha TSDKeNbIX sipax U3 cocTa-
Ba amyiscu (§11.3-5).

TJIABA III nocBsinena u3ydeHuio obpasosanus coctostauit 3°He - meH-
TpaJBHO# mpoGJieMe HacTosIIero uccienoBanus. B Tabu. 1.1 ormedaercst o6pa-
30BaHHEe 16 «OeNBIX» 3Be3]], UMEIOMMUX KOHeuHble cocrosHus 3He. Bepost-
HOCTh JWCCOLMAIAY II0 3TOMY KaHaly CpaBHHMAa C BEpOSTHOCTHIO Hambolee
OKHJABINUXCS KaHaloB aucconmanmy. OOpamaer Ha cebs BHUMaHWE 3HAYH-
TeJbHBIN BeC KaHalla C BEICOKHAM II0POIOM °C — 3°He (15.88 MaB), cpaBHUMBIit
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C KaHaJlaMH{ OTHAEJIeHHWs OOHOTO WIM IIaphl HYKJIOHOB, UMEIOMIMMU Hambonee
uuskue noporu auccormanuu (1.30 u 1.43 M»sB). D10 00CTOSTENECTBO MOXKET
YKa3bIBaTh Ha 3aMETHYIO IPUMECh BUPTYaIbHOM KOMIIOHEHTHI 3°He B CTPYKTY-
pe ocHOBHOTO cocTostHUA spa C.

Nev
8} ——— ¢parmeHTH He _l_
-------- 3°He /—\
6F — — “He / \
fo\
/ \
ar preo / \
é / \
; / \
o2 e l /// \
g

0o 2 ) 6 8 10
pBec, B

Puc. 8. Pacnpenenerue U3MepEHHBIX BEIHYMH PPc U ABYX3apsAHBIX (HParMeHTOB H3
«Bemsix» 38e31 3He H M3 MOTHOCTHIO HICHTHHIMPOBAHHEX cobbTHiA 3°He (Toueunast ruc-
TorpaMMa); IIyHKTHPOM YCIIOBHO IIPEICTAaBICHO OXKHIAEMOe pacipeeNerue s *He

Kanubposounsie uzmepenus pPeye 30 ciemoB IMydKOBBIX sIep *He, mpen-
craBinennsle B I'mase I, u usmepenus pPey. 75 cienos He, BEITIOTHEHHBIE METO-
ZioM MHOTOKDATHOTO PaCCesHiA, MO3BOJISIFOT CAenaTh Oojee Hale)XHOU UIOCHTH-
¢buKanuro coOBITHH °C — 3°He. VaMepeHus y[anoch BBIIONHUTE TONBKO Ha 22
cnenax He us «Genbix» 3Be3n (puc. 8). Ilonydeno cpemnee 3HaveHue pPcipe> =
(4.9 £ 0.3) I'sB npu o3, = 0.9 ['3B, 9T0 COOTBETCTBYET pe3ybTaTaM KanudpoB-
KH Ha sipax myuka “He. J[ons parMeHToB, KOTOphIE MOXHO OBLIO GHI Ompesie-
JUTH KaK sa1apa *He, sBIIAeTCS He3HAIMTETHHOM 110 CPaBHEHHIO C *He.

B kadecTBe IOIONHHUTENBHOI'O TeCTa B 3MYJBCHM, OOJydeHHOH B cMe-
manHoM myuke Be — '°C — >N ¢ tem xe HMITyJT5COM HA HYKIOH, H3MEpCHEI Be-
m4auHBl pPeye Ha 23 cnenax He B «Oenbrx» 3Be3max C - 2He + 2H. I/Icnonb-
30BaJIMCh COOBITHS AHCCOIMALIUAN 9epe3s OCHOBHOE COCTOSHME 0" snpa *Be, pac-
IaJ{ KOTOPOTO IPOKCXO/INT Ha ABa sapa ‘He [6].

Omnpenenenne pPc BceX (parMeHTOB yAAIOCTh BEITOIHUTE TONBKO B TPEX
«6enprx» 3Be3nax 3He (puc. 8). IlomydeHHbIe 3HaueHNUs MO3BOJSIOT MHTEpIIpe-
THUPOBATh 3TU 22 COOBITHS KaK TpoitHOoe 0Opa3oBaHue sAep *He. VuTeprperaris
a1uX cobbruit kak '’C — 3°He + 1 ManoBeposiTHa, Tak KaK B 5TOM CIIydae Io-
TpeGoBanack GbI MOAM(UKALILL He OJHOTO, a Iapsl Kiactepos “He ¢ mpeogore-
HHeM mopora Kak MuHuMYM 37 MbaB npu TpeGoBaHNU NepruepruIecKoro B3au-
MojeiicTBus 6e3 o6pasoBanus GpparMeHTOB MulneHH. MukpodoTorpapuu IByX
U3 UAECHTU(DUIAPOBAHHBIX COOBITHH °C — 3’He mpexcraBieHsl Ha puc. 111 u
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puc. I1.2 npunoxxenus, a Takxe Ha puc [1.3 npuseneH npumep coOBITHS, B KOTO-
POM yaJoCh UNEHTU(GHUIUPOBATE TOJNBKO OJMH U3 TPEX IeJIUeBBIX (parMeHTOB.

OcCHOBHasI 9acTh CTATUCTHUKM IO MOJSIPHOMY yIiay Oy, ¢pparmentoB He
CKOHIIEHTPHPOBaHa B KoHyce Oy, < 107 pax (§II1.2). Pacmpenenerue mo a3umMy-
TAIFHOMY YTIIy MEeXIy (parMeHTaMu &y (puc. I11.4) He yka3siBaeT Ha 3hPeKTHI
ACHMMETpHH. YTIOBEIE M3MEPEHHUS CIENOB ITO3BOJISIOT JUIS KaXKIOr0 aHCaMOILT
3°He HONYYHTb HEMOCPENCTBEHHO CBA3aHHbIE C HUMH 3HAYEHHS €r0 IONHOM
SHEepruu Q(3°He) mam Mmaccoit 3°He M IONHOTO MOMNEPEUHOTO HMMIIYJhCA
P1(3°He).

Pacnpesenenne 1o sHepruy cucrems Q(3°He), mpecTaBiIeHHOe OrpaHi-
4eHO B OCHOBHOM o61actsio Q(3°He) < 40 MaB, rie cpe/iHee 3HaueHHe COCTaB-
et <Q(3*He)> = (12 + 2) MsB npu ¢ =8 MsB. Pacmpe/ienenye 110 IOIHOMY
TepeaHHOMY HMITyJIECY JUIs KOH(urypamuy 3°He HaXoIuTcs B 06IacTH suep-
HOM IuGpakIMOHHON muccormanyy. Ero mapameTpbl HMEIOT He 3Ha4deHHs
<P1(3°He)> = (335 + 79) MaB/c nipu ¢ =294 MaB/c.

3HaunTeNBHAT BepOSTHOCTS mporecca “C — 3°He menaet ero sdpexTus-
HBIM MCTOYHHKOM cocrosiHuit 2°He B6mm3u mopora (§I11.3). Ilpex e Beero, HH-
Tepec MpeCTaBieT IIOUCK aHAJIOTOB paclajia sapa Be U3 OCHOBHOIO COCTOS-
uust 07 B ciextpe Q(2°He). Pacripeienenue o yrity pasieTa B mape hparMeHTOB
®,p pencTaBieHo Ha puc. 9. OcHOBHas ero 4acth, COOTBeTCTBYIomas 30 ma-
pam 2He omucriBaeTcs pacnpeznenernueM ['aycca ¢ mapamerpamu <@,u> = (46 *
3)107 pax 1 6 = 16 '10” paa. CooTBeTCTBYyIOImEe pacHpeIeeH e 10 SHEPTHH
Q(2°He) orpanmyeHo B OCHOBHOM dacti obnactsio Q(2°He) < 20 MaB. Dra xe
0CcO00EHHOCTE — 00pa3oBaHue Y3KUX Iap — MPOSBISETCS TakKe B PacIpeielleHuI
110 a3UMYTATBHOMY YTy MEXIY DParMeHTaMH € jy. B CHCTEME LEHTpa Macc B
«0enpIx» 3Be3ax ’C—3°He. Pacnipepenenue i cCOOBITHIHA, COZepKAIUX Y3KUe
[apbl, POSIBISET XapaKTEePHYIO KOPPEILILHIO B 00JIaCTH MaJbIX U OOJBIINX YT-
JIOB 8*2He-

OnHOBpeMeHHO, Oiaroapsi MPEeBOCXOJHOMY IIPOCTPAHCTBEHHOMY paspe-
IIEHUIO 3MYJBCHOHHOIO METONa, HabIIoJaroTcs BoceMb y3kux Iap 2He, yron
pasiera KOTOPHIX orpasmdes @y, < 107 pax (puc. I11.8). DTH maps! BEIIENAOT-
cst B 0coGyo IpyIILy co cpeasnyM 3HadenueM @ (2°He) = (6 + 1)x10” pan npu ¢
= 3 pan. Pacmpenenenue 3Tux nap IO 3HEPruM Q(23He) “MeeT cpeHee 3Hade-
Hus <Q(2°He)> = (142 + 35) xoB mpu 6 = 100 x3B. Takum 06pazoM, HeCMOTpS
Ha HEBBICOKYIO CTAaTHCTHKY, JaHHOE paclpelelieHHe yKa3blBaeT Ha HHTPHUIYIO-
L{yF0 BO3MOXKHOCTB CYIIECTBOBAHHS PE30HAHCHOrO cocTosHus 2°He mpaxTude-
CKM HaJl CaMBIM MacCOBBIM ITIOPOTOM 2°He.
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counts

[ I

0 50 700 750

200,
0, X107 rad
Puc. 9. PacnpeneneHue 1o mapHOMY yriay ®Oape, MEXIY (parMeHTaMu B «OenbIX»
3pesfax C — 3He; muans — Gut dynxuueii [aycca

counts

0 10 20 30 40 50 60 70 80 90 _ 100
e x10° rad

Puc. 10. CymmapHOe pacipeneneHue o TapHoMy YTy @ope, MEXXIY PEISITHBUCTCKH-
Mu siapamu GpparmMenTamu He B coOBITHAX B—2He+Hc oOpa3oBaHueM (HparMeHToB A1pa
MHUIIEHH WIH ME30HOB H B «GelsIx» 3Besmax 'C — 3°He; myHKTHpOM yKasaH BKIanx «Ge-
JIBIX» 3BE3]

JInst IPOBEPKH BO3MOYKHOTO CYIIECTBOBAHHS pe3oHaHca B cucreMe 2°He
MPOBOIUTCS aHAIM3 JaHHBIX COTpyAHMYecTBa bekkepens 58 — 2He + H. Hns
ycueHus 3¢dexra oOpa3oBaHus y3KUX Iap 2°He B sTOM KaHame oTOupanuch
B3aMMOJEHCTBHS COMPOBOXKIaeMble pparMeHTaMy spa MUIICHH WM Me30Ha-
mu. [Ipu TakoM ycrnoBHH IIPOHCXORUT d3(P(EKTUBHBIH OTOOP COOBITHH ¢ BBHIOBI-
BaHMeM HelTpoHa u3 Kkiactepa “He B syipe °B B pesysibrate Heympyroro B3au-
mozeiictus. Torma pacmpenenerne O(2°He) mms sapa °B mpuobpeTaer BHI
CXOXHH ¢ puC. 9 W MPOSBISETCS O0T- OTHETbHAas TIpynma y3KAX Map ¢
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napamerpamu <O(2°He)> = (4.5 £ 0.5) '10™ pax mpu ¢ 1.5107 pax, coorserct-
BYIOIIUMHE CIIydaio B «6esix» 38e3fax 'C — 3°He, omucanHoMy Bbime. CyM-
MapHOe paclpejieNieHle 110 IapHOMY YIiIy ®,y., MEXIy PETSATUBUCTCKAMH SM-
pamu dparmentamu He B cobtusx °B — 2He + H ¢ o6pasoBanmem ¢bparmen-
TOB s/Ipa MEIIEHH MM ME30HOB I B «Benbx» 3Be3nax 'C — 3°He mpejcraBieH-
Hoe Ha puc. 10, ycunuBaeT ykazaHue Ha CyIIeCTBOBaHHE OKOJIOIOPOTOBOTO pe-
3onanca 2°He. Bonee Toro, BOHHMKAeT BOIPOC O HPHUPOJE LIMPOKOTO IHKA C
MaKcHMyMOM B paifore ®(2°He) = (40 — 50)10™ pax. Koneuro, oTa BaxHasi Ha-
XOZIKa 3aCIIyKUBaeT IPOBEPKY ¥ U3yUCHUS Ha 3HAYUTENHHO OOJbINe CTaTUCTH-
ke. OIHAM U3 ee TEXHUYECKH Ooliee IIPOCTHIX BAPHAHTOB MOXKET OKa3aThCsl CO-
OBITHS IHUCCOLMAIIAN "Be — 2°He ¢ Boi6buBanuem HEeHTpoHa B 00pa3oBaHUEM
(bparMeHTOB sapa MUIIEHH WX Me30HOB. TakuM o0pa3zoM, smepHas IMyJIbCHU,
06IyueHHas PeATHBHCTCKAMH sApaMu *C, pOSBISeT ceGs Kak 3dpeKTHBHBI
FICTOYHHK «IIHPOKOIIOIOCHOTOY IIOHCKa Pe30HaHCOB B cucTeme 2°He, mo3Bo-
JISIOIIET0 COPUEHTHUPOBATh KCCICHOBAaHMS BO3MOXXHO OIHOTO M3 KIFOUEBBIX
IIPOIIECCOB SJEPHON acCTPOPU3UKH.

B BAK/IIOYEHUMU cdopMynupoBaHEl OCHOBHEIE Pe3YJIBTAThl DUCCEP-
TaIIMOHHOH pabOTEI, KOTOPBIE COCTOST B CIEAYIOIIEM

1. SInepHas SMyIbCHs OGIydeHa B IyUKe PENISTHBUCICKHX simep ~C, BIep-
Bble cHOPMHpPOBAHHOM Ha Hykiotpore OVISIM mpu dparmentaruu sep °C ¢
sueprueit 1.2 4 I'3B/c. loMuHUpOBaHHE B Iy4Ke CPEAU BTOPUYHBIX JIETKHUX
silep UMEHHO M30TOoIIa °C mopTBepKIaeTCs H3MEPEHISMI HOHM3AIMN saep BTO-
PUYHOTO Iy9Ka, OCOOEHHOCTSIMHU 3apsOBOM TOIOJIOTHH WX (parMeHTaIlVd, a
TaKoKe U3MEPEHHSIMH HMITYIhCOB CONPOBOXKIAIOIIHNX sep ~He.

2. VI3ydeHo pacripeesieHue 10 BEPOITHOCTSIM KaHAJIOB KOTePEHTHOH JTUC-
COIMAIMA PENATHBUCTKUX simep fupa “C, KOTOpOe BIHCHIBAETCSA B JAHHBIE I
Ooee JErKUX HEUTPOHOMEGHUIMTHEIX sAfep ¢ JoOaBIeHHWEM JBYX WM OIHOTO
1IpOTOHOB. OCOBEHHOCTHIO MHCCOIHMAIMY Apa *C SBISETCS HOBBIA KaHAN KOTe-
DEHTHO# TUCCOLMAIEY B TpH siapa “He.

3. BeposTHOCTh KaHaa KOTepeHTHON AMUCCOIMAINY ¢ BEICOKAM IIOPOTOM
33He, coctaBngeT 14 %, 9TO MPUONU3UTENHHO COBIAJACT CO 3HAYCHUAMHU IS
KaHAJIOB C OT/IeJIeHHEM OJHOTO KU Maphl HyKJIOHOB, UMEFOIIIM HU3KHE TOPOTH.
OT0 HabMOeHNe yKa3bIBaeT Ha 3HAUUTENbHBIN BKJIaJ KOMIIOHEHTHI 3°He B oc-
HOBHOE COCTOSIHYA szpa *C.

4. DU3MYECKMM MEXaHH3MOM KOTePEeHTHOM MHCCOIHalyy supa 'C sBiIs-
eTcs smepHOoe MUQPaKIMOHHOE B3aMMOZEHCTBHE, YTO YCTAHOBIEHO Ha OCHOBE
U3MEPEHUH IOJHBIX MMOIEPEeYHBIX HMILYJIBCOB (HECKONbKO coT MbaB/c), mepe-
JAaHHBIX aHcaMOJIsIM (parMeHTOB B KaHaNaX C OTJEJICHHEM HyKJIOHOB M KaHaie
3°He.

5. B xanane °C — 3°He, oGHapy>KeHBI KOpPETUpOBaHHEIE Taphl, COCTOS-
LUX U3 SIEp 2°He ¢ OTHOCHTENBHBIMI yriaMu pasiera Jo 107 paz. D10 Ha-

6J'IIO)1€HI/I€ YKa3bplBa€T Ha BO3MOXHOCTH CyIlI€CTBOBaHUsI
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PE30HAHCHOTO COCTOSHMA B cucTeMe 2 He BOMM3M mopora 06pa3oOBaHMs U BbI-
IBUraeT MpobieMy ero moucka npu sHepruu pacnana (142 + 35) kaB.

Juccepranuio 3aBepiiaeT ATiaac Makpodororpaduii B3auMoneicTBuil
pensTUBHUCTCKUX snep “C ¢ smpamu HOTOIMYIBCHE. 3akada JAHHOTO IPHIOKeE-
HHSI COCTOUT B HaITIAIHON JEMOHCTPAIMY MONHOTHI U JJOKa3aTeNbHOI0 XapaKTe-
pa HabmoneHuit B aMmynscun. Ha pucynkax 11, 12 u 13 npencraBieHs! IpuMepsl
00Cy K IaBIINXCS [IPOLIECCOB.

Puc. 11. CoGriTre (parmMeHTaIN ‘C—B+ p tuna «6enasy 38e3na. Ha dororpaduu
OTMeueHE] BepliiHa B3aumozeicTBus (I.V.) B CTpys OCKOIKOB spa CHapsga, COCTOSIIas U3
MacCHBHOTO OCKOJIKa (SB) u npotona (H)

% : B ST

R e - gl e & * AP Lt
Puc. 12. Co6ritrie pparmentamuu “C — 'Be + 2p tuna «Genasy 3Be3na. Ha pororpa-
¥y oTMeueHs! BepiinHa B3aumoaercTus (I.V.), xoTopas momaina o MapKUPOBOYHYIO CET-
Ky, H CTPYS OCKOJIKOB SIPa CHapsiIa, COCTOAIIAs U3 MacCHBHOTO ockoinka ('Be) u IByX mpo-

Tonos (H)
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Puc. 13. Makpodotorpadus «Genoity 335! °C — 3°He mpu sHepruu 1.2 4 I'sB. Ha
BepxHell gortorpadun BunHa Bepmuna guccormanui (1.V.) u cTpys GparMeHTOB B y3KOM KO-
Hyce; [IPU IPOABIKEHHH BIONb CTPYH Pa3sIMyalOTCA TPH penaTHBUCTCKMX (parMenta (He)
(umwxusas Gortorpadus)
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