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VIIK 539.16
IPA «<HOBOM ®U3BUKUN»

[pirankosa C./I.
Hayunsiii pykoBoaurens — Kupos .., cT. npenogasarens

B 2016 roay ¢usudeckas obmecTBeHHOCTh oTMedaeT 120-netue co aHA
OTKPBITUS PaTUOaKTUBHOCTU bekkepeneM. DTO OTKPBITHE MPUBENO K CO3/IaHUIO
«HOBOW» siIepHON (PU3MKM, KOTOpas craja (yHAaAMEHTAIbHOM OCHOBOH JUIs
MPAKTUYECKOIO  MCIOJIb30BaHUSl  SIIGPHOM  SHepruu. 3HAHWE  3aKOHOB
PAIMOAKTUBHOIO pacraja IO3BOJUIO CO3/1aTh SJEPHOE OPYKHE, ATOMHBIE
PEaKTOpPhl, yCTAHOBKU TEPMOSIIEPHOTO CUHTE3a U JP.

OTtkpbiTe anbha-, 6eTa- U ramma-u3IydeHHs] MPUBENIO K OOHApYKEHUIO
YeTBIpEX THIIOB pachaza: ambda-pacmaj, Oera-pacman (B Tpéx Bumax B u -
pacrajioB , JIEKTPOHHOTO 3axBara ), K30MEPHOIO Mepexojia (raMmma-pacnan) u
CIIOHTAHHOTO JICJICHHUSI.

B konue 20-ro Beka HaydaliCsl aKTUBHBINA CHHTE3 «IK30THUYECKUX SIIEPY,
OBLITM OTKPBHITHI HOBBIC «IK30THYECKHE» THUIIBL pacmana. Ho duro ke coloi
NPEACTABIAIOT ATU TaK Ha3bIBaEMbIE «BK30THUecKue» sapa? Kakxumu
cBolicTBaMu OHU oOjanaroT? KakoBa 11eib u3yueHus sijaepHoil Mmarepun? B uém
3aKJIIOYAETCS CYIIHOCTh «IK30TUYECKHX» THUIOB pacmaja U 4YeM OHH
XapaKTepU3yrTcs?

CornacHo [l] 3K30TMYECKMMM Ha3bIBAIOT siApa, KOTOPbIE HAXOASATCA B
HKCTPEMAJILHOM COCTOSIHMM; HMMEIOT OOJIBIION yrjoBOM MOMEHT (MHBIMU
CIOBaMH «O€IIEHO» BpaualoOUIUecs s1pa), BBICOKYIO SHEPIHIO0 BO30YKICHUS
(«ropsiume» snpa), CUILHOAE(POPMUPOBAHHBIC sA7Ipa, HEUTPOHOU3OBITOUHBIEC H
IPOTOHOU30BITOYHBIE AJIPA, CBEPXTSLKENBIE SApa € YKUCIOM IpoToHOB Z>110.
Jlnst  oOpa3oBaHus IK30THUECKHX SJEP HWCIOIB3YIOTCS Pa3IMYHBIC THUIIBI
SIICPHBIX PEAKNUM B IMUPOKOM JUANA30HE SHEPTrUi HAJETAIOIIMX YaCTHII.
N3ydyeHrne CBOWCTB SIIEPHOM MATEPUU B IKCTPEMAIIBHBIX COCTOSIHHUSX JAET HAM
nH(OPMAITUIO O CBOMCTBAX MHUKPOMHUPA, MO3BOJIIET MOJICIUPOBATH MPOIIECCHI,
IIPOUCXOIAIINE BO BeeneHHOM.

Kak yxe ynoMmuHanoch paHee, B IOCJEAHHE JBa ACCATUIETHUS ObLIU
OTKPBITHI HOBBIE THUIIBI Paclajia UCKYCCTBEHHBIX M30TOIOB, KOTOPHIE M3-3a UX
PEIKOCTH HA3BIBAIOT «IK30TUYECKUMMY». BbIsI0 0OHAPYKEHO, YTO B TEX CIIydasX,
xoraa sHeprus B-pacnazna (Qpy IpeBBIIACT SHEPIUIO CBSA3M HEWTpoHa (B,),
nporona (B,) wmm a-gactuuel (B,) B nodepHeM snape (IpoIyKTe pacraza)
BO3HHMKAET BO3MOKHOCTBH CJIOKHOTO PAJMOAKTUBHOIO IMPEBPALICHUS: SIAPO —
MPOIYKT P-pacmana, KOTOpsIid 00pasyercs B B30y kaéHHOM cocTosiHuu (E*>B,,
B, mm B,) u nanee HeMeUIEHHO BBIOPACHIBAET «3ala3/bIBaIOIIUI» HEUTPOH,
MPOTOH WJIU O-YACTHILY.
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Cormacao [2], waumHas ¢ 50-x r0m0B, (PU3MKH TOCTEIIEHHO
OpuOIKaIUCh K OTKPBITHIO TPOTOHHOM paJuoakTHMBHOCTH siaep (T.e.
CaMOIIPOU3BOJILHOMY pacnaay HEHUTPOHOAS(UIUTHBIX SAep C HCIyCKaHHUEM
OPOTOHA, KOTOPBIK MyTEM TYHHENBHOrO J(P¢ekra MPOHUKAT CKBO3b
KYJIOHOBCKUH 3JIEKTpOCTaTHUeCKUil Oaphep). UToObl smpo, Haxopsmieecs B
OCHOBHOM  COCTOSIHUM MOTJIO CaMONPOMU3BOJBHO HCIYCKaTh IPOTOH,
HEOOXOAMMO, YTOOBI BJHEpPrus OTACJIEHUWA MPOTOHAa OT sapa - ObLIa
NOJIOKUATENbHOW. K coXaneHWro Takux sOep B 3€MHBIX YCIOBUSIX HE
CYILIECTBYET, OITOMY MX HEOOXOAUMO OBLIO CO3AaTh HCKYCCTBEHHO.

Hcnyckanne nNpoTOHOB U3 OCHOBHOTO COCTOSIHUSA siipa OblI0 0OHAPYKEHO
JUTSl MHOTHUX $IJIEP, PACIIOI0KEHHBIX BOJIM3HM TPAHULIBI TPOTOHHOM CTAOUILHOCTH
(B,=0). MsimyyareniMu npoOTOHOB M3 OCHOBHOTO COCTOSIHMSA SABIAIOTCA sApa
By (T1/2=85 mc), '°Cs (T1/2=958 mc), '"Tm (T1/2=1050 mc) u ap.

JUis  SKCHEpUMEHTANIbHOTO HAOMIOACHHUS NPOTOHHOTO pacmana ObLIo
UCCIIEIOBAHO OOJIBIIOE YKCIO0 N30TONOB. C 3TOM 1ENbI0 pa3Iu4HbIe CTA0UIbHBIE
U30TOMBI OT 3pbusa (Z=68) mo Bucmyrta (Z=83) 00ay4anuch yCKOPECHHBIMH
ronamu °Ni u “"Mo. B peaknuu, Uaymend ¢ o0pa3oBaHWEM COCTABHOTO sijIpa
"*Hf B SHepreTHueckoM CIEKTpe BBUICTAIONIMX HYACTHIl, OblNa OGHAPYKEHaA
MOHOXpoMaThueckass JIMHHUs ¢ 3Hepruei 1.19 M»sB. AHanu3 pe3ynbTaToB
HKCIIEpUMEHTa MOKa3aj, 4YTO HaOMI0oJaeMyl0 JIMHHUIO CIEAyeT MPUITHCATh
pacray u30Tona ' Lu ¢ HCIyCKaHHEeM MPOTOHA U3 OCHOBHOTO COCTOSHHS SIAPA.

CerogHsa u3BecTHO cBblE 30 M30TONOB, MCIYCKAIOIIMX IPOTOHBI W3
OCHOBHOTO COCTOSIHUA siAep ¢ Z>50 ot 10551 bi (o) 1777,

N3yuenne kaHajoB pacnaia sAep BOJM3M TpaHUIBl  HPOTOHHOU
CTaOMJIBHOCTH OOHAPYKUBAET PSAJl MHTEPECHBIX 3aKOHOMEPHOCTEH:

1. BeisiBiieHBI cilydyau, Korja oba Jerdyaliux U30Tomna JaHHOTO 3JIEMEHTa
ABJIISIOTCA M3nmydaTesssMu opotoros (0 Lu, ' Tm).

2. BoisBneH cnmyuail, korna nerdaimmii wsotonm 'l sBIseTCA o
M3JTydaTeseM, B TO BpeMs Kak OoJiee TsKeNblil H30Ton ' 1 HCIyCKaeT MpOTOHBI
U3 OCHOBHOT'Q COCTOSIHHSI.

YMeHsbIIeHne HEPTUN OTAEJCHHS MPOTOHA MPHU MPOJBHKEHUU B 00JIACTh
IPOTOHOU3OBITOYHBIX M30TOIOB JIENAET BO3MOXKHBIM PAJIMOAKTHUBHBIE pacHabl
C UCIYCKaHUEM 3amna3JbpIBaolinX NpoToHOB. McxoaHoe a1po B pe3yibTaTe P+-
pacnajga wid e-3axBara npeBpamaerca B saapo (Z-1,N+1). Ecau sHeprus
B030yknenus E* snpa (Z-1,N+1) Ooublie sHEpruu OTAeIeHUS POTOHA By, TO
OTKPBIT KaHajJ pacnajaa BoO30YyXKIEeHHOro coctosHus sapa (Z-1,N+1) c
UCITyCKaHUeM MpoToHa. B Hacrosimiee BpeMs u3BeCTHO cBbimie 70 [+-
PaaOaKTUBHBIX SAEP, U3TyUYaTeNel 3ana3ablBaloIInX TPOTOHOB.

B 1960 Tonpmanckuii B.M. TeopeTmyecku mpeackaszanl JIBYNPOTOHHYIO
palvOaKTUBHOCTh: BBIOpAchIBAHWE SIIPOM JIBYX IPOTOHOB CO CIIAPEHHBIMU
cnuHamu. BriepBrie ona Habmoganace B 1970. Ceituac n3BecTeH ABYIPOTOHHBIN
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pacriaj; B3Oy XIEHHOTo cocTosHus siapa ‘O (7.77 M»aB), o6pasoBasiierocs B
peakuuu “N(p,y).

Hcenyckanue e HEMTPOHA MOKET IIPOMCXOJIUTH B LIETNIOYKE pacmnaaa, Koraa
SHEprusi BO30YX ACHUS TOUEPHETO siipa MPEBbIIIAET SHEPTUIO CBA3M HEUTPOHA.
[Ipn 3TOM MaccoBOE€ YHMCIO YMEHbIIAETCs Ha eAuHULy. B Hacrosmee Bpems
u3BeCTHO cBbime 150 saep wu3mydarenedl 3ama3/blBalOIIMX HEUTPOHOB.
BeposiTHOCTh McTycKaHus 3ama3blBalOIMX HEUTPOHOB P, 3aBUCUT OT cTeneHU
3aceneHusa B sape (Z+1,N-1) cocrosiHuii Bblllle HEHTpPOHHOTO mopora B, u
KOHKYPEHIIMU MEX]y paclaiaMHi 3TUX COCTOSIHUM C UCITyCKaHHUEM HEUTPOHOB U
y-kBaHTOB. OuUeHb peAKO HAOIIOJAETCs M JBYHEUTPOHHAs PaJuOaKTUBHOCTb.

CTouT OTMETHUTh, YTO U JBYHEHTPOHHASI PAJUOAKTUBHOCTH — HE MPEIEH: Y
siIep, CUIBHO OGOTaIICHHBIX HEHTPOHAMH, TAKHX, Kak ' Li, ''B, Habmomgaercs
pacnaz ¢ BeuieTOM 2, 3 U jnaxe 4-x HeiitpoHoB! McmyckaHue oJHOTO, IBYX U
Tpex 3ara3bIBAIONINX HeITPOHOB HAGMIOAANOCH IPH B-pacmaze sapa ' Li.

Hcnyckanue 3ama3fbIBAlOIIUX 0-4acTUI] HAOIMIOAAETCA CPEIu MPUPOTHBIX
PaIMOAKTUBHBIX H30TONOB  Po*m *'*Po*. TIoCKONBKY y 3THX H30TOIOB HE
TOJILKO BO30YXAEHHOE, HO W OCHOBHOE COCTOSIHHE sIIep OKa3bIBaeTCs O
aKTUBHBIM, TO O-pacmaj 3/lech Bceraa cieayeT 3a B-pacmamoM u oOpa3oBaHHE
BO30Y>KIEHHBIX MPOAYKTOB [-pacmaja NpOsBISICTCS JUIIbL B TOM, YTO Y O-
YacTHI] TOT/a OKa3bIBaeTcsl OoJblliasi SHEpPrusi, a Crajo ObITb, U OOJBIION
npoOer. I[loaTomMy Takue 3ama3ibIBAIOIIME O-YACTHUIIBI TOJYYMUIIM Ha3BAHHE
JUTMHHOTIPOOEKHBIX. Haubonee pKUe IpUMEPbI UCITyCKaHHUSI
JUTMHHOTIPOOEKHBIX 0-4aCTHII, 3ala3/(bIBaHHE KOTOPBIX LETUKOM OMpeesieTcs
JUIMTEIIbHOCTBIO TPEAIIECTBYIONIETO  fB-pacnafa, HaOMoAaroTcs Uil JErKUX
siaep, Hanpumep, 'Li, °B, *’Na, 2*Al, B KOTOpBIX BBICOTA 3IEKTPOCTATUIECKOTO
KYJIOHOBCKOT'O Oapbepa HEBEJIUKa.

B 1984 Obuta oTkpbITa KiIacTepHas paguloakTHBHOCTH (OT aHri. cluster -
rpo3/ib, pOM), KOTOpash XapaKTEPU3yEeTCS CAaMOIPOM3BOJBHBIM HCITYCKAHMS
AIpaMH SIIEPHBIX (PparMeHTOB (KJIacTepOB) TSKENEe, YeM O-4acTHUIIa.

B HacTosIIee BpeMs IKCIIEPHMEHTAIBHO 00HApYKeHO 25 siep oT ' 'Ba 110
*'Am (mo4TH Bee OHH — TKEINbIE), HCITYCKAIOUMX U3 OCHOBHBIX COCTOSHUIA
kractepsl Tuma ' 'C, 0, **Ne, *Ne, *Mg, **Mg, **Si u **Si. IIpu stom >Heprun
OTHOCUTENBHOTO JIBM)KEHHSI BBUICTAIOIIETO KJIacTepa M JOYEpPHEro sapa
MEHSIOTCS OT 28 10 94.

B Hacrosimee Bpemsi MpOJOJDKAIOTCS HCCIAEAOBAHUS PA3IMYHBIX BHUJIOB
PaIMOAKTUBHOCTU aTOMHBIX sziep. OcoObIii MHTEpPEC MPOSBISIETCS K U3YYECHUIO
IPOTOHHOTO pacmnaja sAep, MOCKOJIbKY B 3TOM Ciy4yae yAaeTcsl MOJYyYHTb
YHUKaJIbHYI0 HHPOPMALIMIO O CTPYKTYPE SAEP, JISKALUX 32 TpeieaMy TPaHull
HYKJIOHHON yCTOMYMBOCTH SIEP.

braronapss OTKpBITHIO 3K30THYECKUX SAEp, CIEIaHHOMY Ha Iy4dKax
penATUBUCTCKUX siaep B bepknm, simepHas ¢(us3mka ocTtaeTcs Ha IMEpPEIOBOM
¢GpoHTE Hccaea0BaHn MUKPOMHUPA.
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NCCIEAOBAHUE BJIMAHUA DJJIEKTPOMAT'HUTHOTI'O
N3JYYEHUSA MOBUJIBHOI'O TEJIE@OHA
HA OPT’TAHU3M YEJIOBEKA

bopucesuu A.O
Hayunsiit pykoBoautens: Kyaun B.U. x.¢.-M.H., nonient, Tokapckas B.B.

Kaxnpiii geHb Mbl, HE 3alyMbIBasiCh, MOJb3YEMCS TOCTHKECHUSIMU HAay4YHO-
TEXHUYECKOTO MPOrpecca: YTIOKUM Oelbe, KUISATUM 3JIEKTPUUYECKUNA YaiHUK,
pasorpeBaecM B CBY-meun 3aBTpak, o0eq W YXKHH, BKIIOYAEM CTHUPAIbHYIO
MaIluHy | TbIIecoc, (JOHOM B JoMe paboTaeT TENEBHU30p, a emie GeH, MUKCep,
kKo¢eBapka u T.4. YTO yK TOBOPUTH O MEPCOHATHHOM KOMIbIOTEpPE (TIAHIIETE)
1 MOOWJIEHOM Tesie(pOHE — C HUMH Hallle TTIOKOJICHUE HEePa3IydHO !

A 3amyMbIBaeMcsi JIM MbI: Kak B3aHUMOJCIHCTBYIOT HAIll OpPraHuU3M U BCE
nepeunciennbie npuOopei?  [lo manueiM BO3 (BcemupHoii opraHuzamuu
3IpaBOOXPAHEHUsI) BO3JECHCTBUE OBITOBBIX MPUOOPOB HA OPraHU3M YeJIOBEKa
JIOCTATOYHO OUIYTHUMO.

HauGomnpiasgs TUIOTHOCTB [MOTOKAa MOIIHOCTH JISKUT Ha TakOM OBITOBOM
npubope kak CBY. Opnako, HukTOo He monbzyercs CBY mocratouHo posroe
BpEMS U HE CUJUT BILIOTHYIO MPUXKABIIKCH K HEH, B TO BpeMsl KaK MHOTHE JIFOAU
CHOCOOHBI yacaMu, B JO0OM CHUTyallud WIM TOBOPUTh MO MOOUIBHOMY
TenedoHy UM BXOJIUTH Yepe3 Hero Ha Internet- mopTanbl, CailiThl, YaThl.

Heo0xonuMocTh yBeNIWYUTh COOCTBEHHBIN AMANa3oH 3HAHUM U 00paTUTh
BHUMAaHHE JIIOACH Ha MPOoOIeMbl MOIb30BaHUS MOOUIIBHON CBS3bI0, BEIPAOOTATh
OpaBWia, TO3BOJSIONIME YMEHBUIUTh BpEd, M ONPEHCIMIM s  Hac
aKTyaJIbHOCTb BHIOPAHHOU TEMBI:

Hccneoosanue  eruanus  21eKMpoOMASHUMHO20 — U3LYYEHU  MOOUTbHO2O
menegona Ha opeaHusM 4enosexa.

Lens:

V3HAmMb O MeXaHu3me U NOCle0CmeUsX 8030eUcCmeus 31eKMmpOMASHUMHO20
usmydyeHuss u evlpabomamv NPAGUNA  NOJb306AHUS MOOUNLHOU  CEA3bI0,
no360Js10Wue YMEeHbUUMb OAHHBLIL 8PeO.

DNEeKTPOMarHUTHbIE BOJHBI, BO30YKAAIOTCS Pa3IUYHBIMU H3JIyHYarOIIUMU
00beKTaMu, — 3apsDKEHHBIMUA YaCTUIIAMH, aTOMaMU, MOJIEKYJIaMH, aHTEHHAMU U





