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Buisgnenvl 3akonomeprocmu usmeHeHus Quu4ecKUx c8olUCme amomHuIx A0ep, pac-
NONOJNCEHHBIX BOU3U NPOMOHHOU 2paHUYbl CMaburbHocmuy U 3a Hell. 3a YKa3auHot
epanuyell Mo2ym pacnoiazamsCs OMHOCUMENbHO 00N20Jcusywue 10pa, Haxo0suu-
ecsl 8 OCHOBHOM dHepeemuueckom cocmosanuu. IIpomonnsill pacnad maxkux HyKiuoos
He C65A3aH C 3aMemHbIM U3MeHeHUeM CRUHA, d Nepuoo NONYpAcnaca Moxicem 00Cmu-
eams 1 c u bonee. [Ipusvlunoe npedcmasgnenue 06 yMeHbUEHUU NEPUOOA NOTYPACNAOa
U cpeoHell YOenbHOU SHepeUl C8:A3U AMOMHbBIX A0ep No Mepe OmoaieHus om noaA0Chl
cmadunbHLIX s10ep (C MOYHOCBIO 00 YeMHOCMU WU MASUWYHOCMU YUCTA NPOMO-
HO8 U HeUMpOHO8) 8 CHOPOHY NePeSPYyHCeHHOCMU NPOMOHAMU UTU HelMpOHaAMU —
JUWb Yacmuwlil cayyai bonee obwell 3agucumocmu. Bonuzu epanuyvbl HyKIOHHOU
CMaduUIbHOCMU IMA 3A6UCUMOCTIL He ABIAeMCs MOHOMOHHOU (yHKYyuell, KaKk npu-
HAMO cuumams, a OObULe HANOMUHAEM 3amyxarujue KoneOaHus, He CeA3aHHble HU
¢ apgpexmamu cnapusanus unu 3aNOTHEHHOCMU A0EPHLIX 0DONIOYEK, HU C BbICOKOU
onepeuell 6030)JicOeHUsl, HU C OONbUUM CRUHOM A0pa, HU ¢ ‘“‘2enuesoll anomanuei’”.
Dppexm nposasnaemca 0na adep, madjcenee MAcHUA.

Knrouesvie cnosa: ycTOWIMBOCTh aTOMHBIX Sep, Marudeckue sapa, 1ehopMupOBaH-
HBIE sJpa, MEpUOJ ToNlypaciaja, NPOTOHHAS IpaHHUIA CTaOWIBHOCTH, HEHTpPOHHAs
TpaHUIa CTAOWIBHOCTH.

SOME LAWS OF NUCLEAR PHYSICS PROPERTIES OF NUCLIDES NEAR
THE PROTON DRIP-LINE

V.S. Okunev

Bauman Moscow State Technical University, Moscow, Russian Federation
e-mail: okunev@power.bmstu.ru

The paper discusses the revealed regularities in physical change of atomic nuclei
located near the proton drip-line and beyond it. Beyond this drip-line,relatively long-
lived nuclei in their main energy state can be located. Proton decay of such nuclides
does not correlate with a significant spin change, and their half-life can last up
to 1 second or more. The common notion of reducing both a half-life period and
an average binding energy of nucleus bonds, while the distance is increasing from
the stable nucleus line (to an accuracy of the parity or magic number of protons
and neutrons) to the congestion of protons or neutrons, can be considered as a
special case of a more general dependence. Near the drip-line, this dependence is
not a monotonic function, as it is commonly believed, but it more resembles damped
oscillations, which do not correlate with either the pairing effect or nuclear shell
occupations, or high-energy excitation, or with a large nuclear spin and “helium
anomalies”. The effect is manifested itself in nuclei that are heavier than magnesium.
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O0snacTh CyliecTBYWOIIMX aTOMHBIX sifep. IlpuHsTo cuuTarh, 4TO
aTOMHOE€ AP0 CYIUECTBYET, €CIIM CpeAHEe BpEeMsl T €ro >KU3HU IIpe-
BBIIIAET XapaKTEPHOE BPEMsI Tg CHUJIBHOIO (SIEPHOI0) B3aMMOJAEHUCTBUS
(1 > 79 ~ 10723...1072%¢) ¥ ecnu AAPO HE MCIyCKAeT HYKJIOHBI U3
OCHOBHOT'O 3HEPreTHYecKoro cocrosHus. OOIee 4YHuCiIo CyIIECTBYIOIIMX
HyKIuI0B onieHuBaercs B 7,0. .. 7,5 Teic. CoBpeMeHHbIe OMOINOTEKH OIle-
HEHHBIX SJIEPHBIX JTAHHBIX coAepkKaT MHPopManuio o GU3NYECKUX CBOM-
cTBax Oojiee TpexX ThIcAd aroMHBIX sjep. bubmuoreka ENDF/B-VII1 [1]
BKJIFOUAET B ce0st MH(MOPMALIMIO O PaMOAKTUBHBIX pacnagax 3 933 nykiu-
JoB ¢ 3apsigom ot 1 g0 111.

OcobenHocty (yHAAMEHTAIBHONH CTPYKTYphl MaT€pHHM TaKOBBI, YTO
aTOMHBIE A7Ipa CYLIECTBYIOT JIUIIIb B OTHOCUTENIBHO Y3KOM MOJIOCE B KOOp-
JMHATaX YUCIIO IPOTOHOB Z — YUCJIO HEUTPOHOB N WIIM MAacCOBOE YHCIIO
A — 3apsn (puc. 1, a), a crabuibabie (273 sapa) pacrojokKeHBI B elle To-
pazno Gomnee y3koif mosoce (1 < Z < 83; 1 < N < 209), He spustomeiics
HenpepbiBHOH. Tak, B mpHUpojie HE CYIIECTBYET aTOMHBIX SJIEp C 3apsAaoM
43 u 61. Y3kas nonoca CTaOMIBHBIX U OJTOKUBYIIUX sA€p (B KOOpAUHA-
tax Z — N) obpa3oBaHa Bcero Jjuilb 287 HYKIUIaMH, HE paclaBIIMMHCS
710 HACTOAILETO BPEMEHHU, KOTOPHIE €I11€ OCTAIUCh B 36MHOMN KOpE.

[Tonoca cTaOuibHBIX siAep B KoopAMHATax Z — N XapakTepu3yeTcs
YCIIOBUEM 3JIEKTPOSAEPHOIO PABHOBECHS, T.€. PABHOBECHs CHJI, XapakTe-
PU3YIOIIMX ci1aboe, CHIIBHOE U JIEKTPOMAarHUTHOE B3auMoaencTsus. [py-
THUMH CJIOBaMHU, Ui CTAOWIIBHBIX SIZIep XapaKTepHO BIOJHE OMpeaesIeHHOe
otHoureHre N/Z (Ha30BeM €ro ONTUMAIBHBIM), OMPEACIICHHOE TI0 TOMY-
amMnupudeckor ¢popmyne Baiizekkepa

N/Z = 0,98 + 0,015A%3, (1)

CootHomienue (1) BBITIOTHAETCS ¢ TOYHOCTBIO JI0 YETHOCTH unucen N u Z
B sifpe. OHO XapakTepHO U il HanOoJee JONTOKUBYIIHX PaJHOaKTHBHBIX
siiep: aKTUHUIOB, TPAHC- U CYNEPAKTUHUIOB [2].

[IpuHATO CcyMTaTh, YTO BHE TPAHUIl HYKIIOHHOW CTaOMIBHOCTH aTOM-
HBIE s1/Ipa HE CYLIECTBYIOT: paclalaloTcs 3a BPEMsI T ~ Tg C UCITyCKaHUEM
OJTHOTO WJIM HECKOJbKHMX HYKJIOHOB. ['paHuIia HeUTPOHHOW (IIPOTOHHOM)
CTaOWUJILHOCTU HE ONMCHIBAETCS MIAAKON JnHueH (cM. puc. 1, a), 4rto cBs-
3aHO ¢ mposiBIeHueM 3G (HEeKToB crapuBaHus U MarmyHoCTH. KyloHOBCKoe
B3alMO/IECTBUE MPOTOHOB U IMOBBIIIEHUE BEPOSTHOCTH 3aXBaTa 3JIEKTPO-
HOB MPOTOHAMHM sJpa NPU yBeIHueHHH 4uciaa A JenaeT HeBO3MOXKHBIM
CYLIECTBOBAaHUE S/I€P, CUIBHO NEperpyKeHHbIX MPOTOHAaMU. [t jmerkux
s/ep MPOTOHHAsl TPaHHUIA MPOXOAUT JOBOJBHO OJM3KO OT JOJIMHBI CTa-
ounpHOCTU. [loTeHIIMANBHBIN Oapbep, 00yCIIOBIEHHBIN KyJOHOBCKUM B3au-
MOJIEHCTBHEM U OPOUTATHHBIM MOMEHTOM BBUIECTAIOIIETO U3 SApa HYKIIOHA,
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O6nacts Obnacts
HEUTPOHHO-U30BITOUHBIX 250 HEHTPOHHO-H30BITOYHBIX
200  mecymecTByromuX sSI€EP 3 HECYICCTBYIONIX S &
2001 ITonoca u3BecTHBIX &
1501 | cymecTByromIHX i
1 150 anep
100 2
00 100 [ &‘f
O6nactb o O6nacte
S0r HPOTOHHO-M30bITOUHBIX 50 TIPOTOHHO-U30BITOUHBIX
HECYIIECTBYOLIHX SI/IEP - HECYINECTBYIOIMX ANEP
0 20 40 60 VA 0 20 40 60 80 100 Z
a o

Puc. 1. Odnactu cymecTByommx (a) 1 U3BeCTHbIX (0) saep:
I — HeHTpOHHAs TpaHWIA CTAOWIBHOCTH;, 2 — TPOTOHHAs TrpaHUma; 3 — KpuBas
INEKTPOSIEPHOTO PABHOBECHS

MOJKET NPUBECTH K YBEJIUUYEHUIO BPEMEHH T U HECKOJIBKO CABUHYTh I'PaHU-
Iy CyILECTBOBAaHMUsS aTOMHBIX sifiep. I'paHMIbl HYKJIOHHON CTaOWUIBHOCTH,
COOTBETCTBYIOIINE HYJIEBOU SHEPTHH CBSI3U MOCIIEIHEro NpOTOHAa (IIPOTOH-
Hasg rpaHuua €, = 0) nim HeUTpoHa (HEWTpOHHAs rpaHuua &, = 0) B aape,
HEUYeTKHe: B MpejesiaX IPaHull HyKJIOHHOM cTaOUIBHOCTH (B 00JIACTH CY-
LIECTBYIOUIUX si/iep) B KoopAuHaTtax Z — N MOTYyT pacrojararscs sjpa,
JJIsL KOTOPBIX €, < 0 mmm €, < 0.

OKcIIepUMEHTaJIbHbIE JIaHHBIE IO OINPENEICHHUIO I'PAHUL HYKJIOHHOM
CTaOMIIBHOCTH (Ha OCHOBE aHAJIN3a COBPEMEHHBIX Bepcuil (ailnoB oreHeH-
HBIX SJIEPHBIX JaHHBIX [1]) mpencraBieHsl Ha puc. 1, 6. UepHbIMH KpyXK-
KaMU O00O3HAa4eHbl HAauOOJIEE TSKENIbIE M30TOIBlI JIEMEHTOB, HCILYCKalo-
1€ MPOTOHBI AK€ U3 OCHOBHOTO SHEPreTUYECKOTO COCTOSIHUSA. JTH siApa
U ONPEENAIoT TPaHULy MPOTOHHOW cTaOuiIbHOCTU. benble KpyKKH co-
OTBETCTBYIOT slJipaM, MCIIBITHIBAIOIIUM HE TOJBKO NPOTOHHYIO pajHoaK-
TUBHOCTb, HO U JIpyTue BUABI pacnana. YepHbIMU TpeyrojibHUKaMu 000-
3Ha4YeHbl HanboJjee JIETKHE HM30TOIBI AJIEMEHTOB, UCIYCKAIOIUe HEUTpO-
HbI U3 OCHOBHOI'O 3HEPI€TUYECKOIO0 COCTOSHUSA, OIPEACIAIOIINE IPAHUILY
HEUTPOHHOU cTaOUIBHOCTH. bernble TpeyrolbHUKN COOTBETCTBYIOT Han00-
Jiee TsDKENbIM M30TOIaM 3JIEMEHTOB B IPAHUIAX HYKJIOHHOM CTaOMIJIBHO-
CTH, MOJIy4E€HHbIE 3KCIIEPUMEHTANBHO. [ paHuila HEUTPOHHOU CTaOUIBHO-
CTH PACIHOJIOKEHA IJIe-TO BBIIIE 3TUX HYKJIHIOB (COOTBETCTBYET OOJIBLIEMY
yucay N) U 9KCIEPHUMEHTAJIBHO YCTAHOBIIEHA TOJBKO AJIS JIETKUX sIEp
(Z=1...8,10,12,16).

B T0 xe Bpemst mns Hexkotopwix jerkux snep (1H, oHe, sLi, 4Be, 5B,
6C, 7N, 50, oF, 1oNe, 11Na, 1oMg) ¢ XopoIieil TOUHOCTBIO ONPE/ICIICHBI HE
TOJIKO HEUTPOHHAsl IpaHula CTaOUIBLHOCTH, HO U (PU3NYECKUE CBOMCTBA
WX M30TOIOB, HAXOISAIINXCS 32 3TOU rpaHulieit. SnepHo-du3nueckue cBO-
CTBa M30TOIOB I'eJiusl IpUBEIEHBI B Ta0M. 1. 3aMeTHaA CHIIbHAS KOPPeIALus
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3aBHCUMOCTEH CpeaHel yelbHOM SHEPTUH CBS3H (E;), SHEPTUH CBSI3U TO-
CJIETHETO HEWTPOHA (£,,), mepuona nomypacnana (11/2), CliMHa U, OTYaCTH,
BUJA paclaja U MPOCTPAHCTBEHHON YETHOCTH OT MaccoBoro uucia. Kax
U OXKHIAIOCH, BOIU3M ONMTUMAIBHOTO OTHOMIeHHsT N /Z (MPaKTHYECKH ISt
BCEX M3BECTHBIX M30TOMOB TeiHsl) HAOMIOAAETCs SPKO BBIPAKEHHAS 3aBH-
CUMOCTb CBOWMCTB OT MAaru4HOCTH W 4eTHOCTH uucia N. [Ipu uszydeHun
JIETKUX HEHTPOHHO-U30BITOYHBIX SACP YUCHBIMU ObLIIa OTKPBITA “TelIeBast
aHoMays”, Korna €., (SHe) > e.,(SHe), ec,("He) > e.,(°He), puuem s
4eTHBIX yrcen N yaenbHas dHEPrusl CBS3M M MEepUo MOoJypachaaa Bce-
r1a Belle, yeM i HedeTHbIX [3]. Mckmouenue cocrabiser sapo He,
HaxoJsIleecs: 3a HEWTPOHHOM rpaHuuei crabuibHOcTU. CBoiicTBa saep,
PacroNIOKEHHBIX BOJIM3M MPOTOHHOW M HEUTPOHHOM TpaHMIl CTaOMIBHO-
CTH W 32 DTUMH TPAHUIAMH, JOJDKHBI OBITh WICHTHYHBI. DTO TO3BOJIUT
MIPOTHO3MPOBATh CBOMCTBA SIEP, PACHOIOKEHHBIX 32 TPOTOHHOW TpaHH-
el cTabUIbHOCTH.

Ta6muma 1
SlnepHo-¢pu3znyeckue cBOMCTBA N30TONOB IeJIUsl
A | €, MaB | €,, M3B | Kanansr pacnaga* Tya, c* Crmun* | YetHOCTR*
3 2,572 2,8 Sapo ctabunbHO 0,5 +1
4 7,15 20,6 Sapo ctabunpHO 0 +1
5 -0,96 -0,96 n 7,595-10~22 1,5 -1
6 0,99 0,2 I6] 0,8067 0 +1
7 -0,4 -0,5 n 3,038-1021 1,5 -1
8 2,1 0,24 B (84%), v (16%) | 0,1191 (B) 0 +1
9 -0,1 -0,15 n 7,0-10721 0,5 +1
10 -1,0 0,02 n 1,519-10-2¢ 0 +1

*HpI/IBCI[eHHBIe 3ACCh U JaJIeC JAaHHBIC COOTBCTCTBYIOT JaHHBIM W3 6I/I6JII/IOT€KI/I
ENDF/B-VII/1 [1].

BaoJib NpoTOHHOM rpaHuIbI CTAa0UIBLHOCTH. [lonararoT, 4TO NPOTOH-
Hasl rpaHula CTaOMJIBHOCTH JIOCTOBEPHO OIpPEIENI€HA SKCIEPUMEHTaIbHO
JUISL A7ep ¢ 3apsAaoM A0 83 [4], 9To moATBEpKIaeTCs IKCIEPUMEHTATIbHBIMH
naHHbIMU [1]. Bo3moxkHa skcTpanosauus KpuBoil B koopauHarax Z — N
(coeauHsrOmEeN TOYKH, COOTBETCTBYIOLINE OTACIBHBIM HYKJIUAAM), OMpe-
NSO 3Ty IPaHHUILy, B 00JaCTh TSDKENBIX SAep. DKCIEPUMEHTAIBHO M0-
Jy4eHbl HYKJIUJIbI, HAXOASIIUECS 32 TIPOTOHHOW I'paHUIe CTaOMILHOCTH.
Crabunu3anus MPOTOHHOM paJOaKTUBHOCTH 3a CYET JIEKTPOMAarHUTHOTO
B3aMMOJEUCTBUS (KyJOHOBCKUN Oaphep MpHU UCIYCKaHUU MPOTOHA SAPOM)
3aMeTHO yBenuauBaeT Bpems T (10 107% ¢ u Gonee [1]) mo cpaBHEHUIO €O
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BpeMeHeM Tg. Bo3MOXkeH MPOTOHHBIN pacmaja M30MepoB, OHAKO Ha (oHE
(B-tpeBparienuii (3 -pacnana, TOMUHUPYIOIIETO JUIS JIETKUX SIEp, U dJIEK-
TPOHHOTO 3axBaTa — JUIsl TSDKENBIX), (-paclaja U CIOHTAHHOTO JIEJICHUS
TSOKEIBIX A7IEP, BEPOSITHOCTh UCITYCKAHUS MPOTOHA HeBelnKa (oKkoio 1 %).
B T0 ke BpeMst TpOTOHHAs paJHOAKTUBHOCTh MOXKET OKA3aThCs €MHCTBEH-
HBIM KaHAJIOM paciiaja MPOTOHHO-U30BITOUHBIX JIETKUX U CPEIHUX siep. 13
W3BECTHBIX HYKIUIOB 5To Hykmuasl ‘Li, Be, "B, B, 1N, N, 120, MF,
15, 16F 18N, 19Na, 2'Al, 2P, 28C1, 2°CI, 3Cl, 30Ar, 32K, 3K, 34K, *(Ca,
36G¢, 7S¢, 38Sc, 39S, 40V, 41y, 42y, S5Mn, 52Cy, HCu, FGa, PAs, 5 As,
62AS, 63AS, 67BI‘, 68BI’, 69BI‘, 71Rb, 72Rb, 73Rb, 1091) 112CS, 113CS, 1211)1.,
130Ry, 135Th, 40Ho, M1Ho, 45Tm, 155Ta, 156Ta, 161Re, 171 Ay, 1761 [1].
Jis neopMHUPOBAHHBIX SIIEP, JIKAIIUX B HEITOCPEICTBCHHON OIM30-
CTH K IPOTOHHOM TPaHUIIC, KOHKYPUPYIOT MPOIECCHI HCITYCKAHUS TPOTOHOB
U ~y-kBaHTOB. [IpakTHueckn He HAOIIONASTCsl UCITyCKaHUE KOPPEIHpPOBaH-
HOW Mapsl TPOTOHOB M3 OCHOBHOTO YHEPTETHYECKOTO COCTOSHUS siypa. Kak
MIPABHIIO, HAJIMYME B BBIXOAHOM KaHAJIe paciajia JIByX MPOTOHOB — Pe3yiib-
TaT WX MOCIIEAOBATEILHOTO MCIYCKAHMS, CHadala WCXOTHBIM MPOTOHHO-
aKTUBHBIM SIJIPOM, 3aT€M — MPOJYKTOM MPOTOHHOIO pacnaja. Mcmyckanue
JIBYX CHApEHHBIX MMPOTOHOB APOM U3 OCHOBHOTO SHEPreTHUECKOTo COCTO-
sHus, npenckaszanHoe B.M. Tonpnanckum B 19601, ObUl0 0OHApPYKEHO B
2002r. ms anep “°Fe yuensimu Hanmonanssoro nentpa GANIL (®pan-
nus) u Hayunoro mentpa mo ¢usuke Tsokensix noHoB GSI (I'epmanmst)
[5, 6]. Topa3no uamie HAOMIOOAIOT MOCIENOBATENBHOE WM OJHOBPEMEH-
HOE HCIyCKaHHWE JIByX 3alla3bIBalONIUX MPOTOHOB. B HacTosiee Bpems
usBectHO Oosiee 100 (1 -akTMBHBIX sjep, W3ITydarTesedl 3amas/bIBaroIIuX
MPOTOHOB. SIBIIEHHE OAHOBPEMEHHOTO HCITyCKaHUsI JIBYX 3ama3/IbIBAIOIIIX
potoHoB sxpamu 22Al u 2°P (nocne 3 -pacmana) npenckazano Lombaan-
ckuM B 1980 [7], 3KCHEpPHMEHTAILHO MOATBEPKAECHO IS saep 22Al B
1983 r. rpynmoit [[x. Uepnu Ha yckopurene B HarmonanbHol taboparopuu
uM. Jloypenca Kanudopnuiickoro ynusepcutera B bepknu (CLLIA) [8].
JlBurascb BIOJb MPOTOHHOW TPAHUIBI CTAOMIBLHOCTH SAEP MOXKHO
3aMETUTh JIOCTAaTOYHO PE3KUH TEepexo] OT MPOTOHHOH paJHOaKTUBHO-
CTH K «-pacmany Ha (one [-mpeBpamenuii. Hampumep, mis mpoToHHO-
M30BITOYHBIX M30TONOB CYphMBI (Z = 51) xapakTepHbl (-TIpeBpamieHus
OHOTO M3 HPOTOHOB siapa B HelTpoH (193Sb), mpoToHHas paauoaKTUB-
HocTh (~1%) Ha Qone momunmpyromux (3-npespamenuii (1°4Sb, 10°Sb).
[TpoToHHO-U30BITOYHBIE M30TOMBI TeJTypa (Z = 52) XapakTepu3yrTCs
npeobnagaronieil a-akrusHoctoio (1%°Te, 6Te) na pone [S-npespamenuii
(30% mna 97Te, 48,6 % nna '°Te). Dro osmauaer, uto mHykmua %°Te
pacmoiokeH Ha HEKOTOPOM OTAAJICHHH OT MPOTOHHOMN TPaHMIIBI CTaOWIIb-
HOCTH. Ha OCHOBaHMHM 3TOTO MOXKHO CHAENaTh BBIBOJ, YTO MPOTOHHAs
rpaHMiia CTaOWIBHOCTH B KoopauHatax A — Z wiu N — Z He sBIsieTCs
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Puc. 2. TIlepnoasl moaypacnaga NpOTOHHO-AaKTHBHBLIX HYKIuaAoB (100 %), nmaxons-
IIMXCS HA MPOTOHHOI rpaHuIle cTA0UJILHOCTH (o) U 32 Heii (2, o, W)

MOHOTOHHOW (hyHKIIMEH (C TOYHOCTBIO JIO0 4eTHOCTH uucend N u Z), Kak
npeamnonaragock panee. OTKIOHEHHUS] OT MOHOTOHHOM 3aBUCUMOCTH XapaK-
TEPHBI 711 HyKJIUAOB C HYJIEBbIM CTMHOM. CaMblil JIETKUI U3 U3BECTHBIX
uszotonos Hona %1 (Z = 53) B 90,1 % cilyuaeB MCHBITHIBAET (-paclaf,
B 8,91 % cnyuaeB — (-mpeBpaimenus u B 0,91 % ciyyaeB — MpOTOHHYIO
paguoakTuBHOCTB. Crefyrommii mo macce uzoron %1 xapakrepusyercs
IPOTOHHOM paguoakTUBHOCTBIO. Jlna uzorona '%Xe (maubonee nerkuii
u3oton ¢ Z = 54) xapakrepeH a-pacnan (64 %), S-npesparienus (35,9 %)
u ucnyckanue y-kBaHToB (0,1 %). Ucnyckanue a-yacTull kpaiiHe peako
HaOIIoaeTCsl Ul HauOoJee JIETKMX M3 U3BECTHBIX n30TonoB Gapus (11Ba
10~* % ciyuae).

3HayeHUs MEPUOAOB MOJIypacnaja HYKIHA0B, HaXOSAIIMUXCS Ha IPO-
TOHHOM TpaHHIle CTAOMIBHOCTHU U UCIYCKAIOIIUX MPOTOHBI U3 OCHOBHOTO
SHEPreTUYECKOro COCTOSIHUSA, MPEACTaBIeHbl Ha puc. 2. Js jnerkux saep
(Z < 12) cpennee BpeMsi KM3HU IO OTHOIIEHHUIO K MCITYCKAaHHMIO MPOTOHA
OTIpeNeNsieTCsl XapaKTepHbIM BPEMEHEM CUIILHOTO B3aMMOJICHCTBUS C MaJIo
3aMeTHOM cTabuiam3anueil 3a cueT 3MEKTPOMAarHUTHOTO B3aUMOACHCTBUS.
Hcknrouenue cocTaBisieT JUIIb MPOTOHHBIA pacnal saaep 5Be, COCTOSIITIX
U3 JIBYX KJIaCTEPOB CHAPEHHBIX MPOTOHOB, KOTOPBIE YAEPKUBAIOTCS OT pac-
najia €IMHCTBEHHBIM HEUTPOHOM. B cocTaB coceqHMX HEUETHBIX MO YUCITY
Z nyxmuzos (*Li, "B, N, 4F, 1F, ®Na) Bxomut ofuH HecrapeHHsIi 1Ipo-
TOH C OTPUIATEILHON >HEPrUeil CBSA3M, KOTOPBIM M HCIYCKAETCS SAPOM.
BcnencrBue saddexra ciapuBaHus cOCEIHUE YETHBIE 110 YUCTY 7 HYKIIH-
JIbl CTAOWJIBHBI TIO OTHOIIIEHUIO K IPOTOHHOW PaIMOAKTUBHOCTH, T.€. JIEXKAT
BHYTPHU MPOTOHHOW TpaHUIBI CTAOMIBHOCTU. DTH SiAJpa MOTYT HCITYCKaTh
3anasapIBAIONIKME TIPOTOHBI mocie (3T -npespamienuii. boiee Tsokenbie He-
yeTHBIE 10 yncny Z sapa (2*Al u 1p.), 3aMeTHO Gosee JT0NT0KUBYLIHE T10
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OTHOILIEHUIO K MPOTOHHOHN PaJlOaKTUBHOCTU, MOTYT UCITyCKaTh M MIHO-
BEHHBbIE, U 3ala3/IbIBAIOIINE TPOTOHBI.

Kak mpaBuio, 3aBUCUMOCTb CpeIHEll yneIbHOW SHEPTUU CBSI3U £ OT
yrciaa A MPUBOIAT JJS HYKJIHMIOB, PACIOIOKEHHBIX HA KPUBOM 3JIEKTPO-
SIIEPHOTO paBHOBECHSs, TOCTpoeHHON 1o (1). DHeprernyeckas mMoOBEpX-
HOCTh — 3aBUCHUMOCTh BEJIMYHHBI £, OT Yncen A u Z 0e3 ydera 4eTHOCTH
Wi HedeTHocTH yucen N u Z mpexacraieHa B pabore [9]. Makcumym
CpeIHel yaenbHOM SHEPTHH CBA3H € ; PACIOI0XKEH HaJl KPUBOM, IOCTPOEH-
Hoii 110 (1). TTo06HO BBITIISIUT M 3aBHCUMOCTS £ (Z, N). CeueHue Takoii
MOBEPXHOCTHU IJIOCKOCTBhIO 4 = const win N = const UMeeT BUJ Mapa-
6omnel. KagectBenno 3aBucHMOCTh 17 /5(Z, N) NOKHA BBIMIANETH 110700-
HO SHEPreTHUYECKONW MOBEPXHOCTHU (pHUC. 3 s U30TOMOB (TOpa, puc.4, a).
Haubonee nonroxxuByimiue (B TOM YUCIe CTAOWIBHBIE) HYKIUBI PACIOO-
KEHBI HaJl KpuBOH, moctpoeHHou 1o (1). Ilo mepe oTmaneHust oT KpUBOM
B JII00YI0 CTOPOHY mepuon 17/, MOHOTOHHO YMEHBIIAETCS, €CIU HE y4H-
TBHIBaTh 3()(EKTHl CIIAPUBAHUS U 3AIIOJIHEHHOCTH SEPHBIX 000JI0UEK. YUeT
yKa3aHHBIX 3()()EKTOB MPUBOAUT K HATUYHUIO MHOTOYMCICHHBIX JIOKaJb-
HBIX MaKCHMyMOB B 3aBUCUMOCTH nepuona 17, or wucen N, Z wm A
[10, 11]. Bonu3u onTuManbHOro OTHOWICHUss N/Z 3aMETHO HPOSIBISIFOT-
cs1 a¢pdexTrl ciapuBaHus. [lo Mepe oTaaneHus oT KpUBOM, NOCTPOEHHOMN
no (1), oHM Bce MeHee 3aMEeTHBI, U, HAKOHEIl, IS siiep, PacHOI0KEHHBIX
B TpaHUIaX HYKJIOHHOW CTaOWUIBHOCTU AANIEKO OT KPUBOM AIIEKTPOSIEP-
HOTO paBHOBecHs, 3Q(DEKT crapuBanus BooOIe He MposBiseTcs. Dpdekt
3aI0JIHEHHOCTH SJICPHBIX 000JI0YEK MPOSBISIETCS HA TOpa31o OOJBbIIEM OT-
JaJeHUU OT ONTHMAIILHOTO OTHOLIeHHs N/Z, HO 1O Mepe OTHAJICHHS OT
KpHUBOM, mocTtpoeHHoit no (1), Taxxe Bce MmeHee 3ameTeH [11].

3aBHCUMOCTh £4(A, Z), mpuBenenHas B pabdore [9], xapakrepusyer
JUIIb pparMeHT 3aBUCUMOCTH, YaCTHBIN ciayyail. OHa COOTBETCTBYIOT IO-
Joce siiep, PaclojioKEHHONW BHYTPU I'PaHUIl HYKIOHHOW CTaOMIIBHOCTH,
MpUYeM Ha HEKOTOPOM OTAAJICHUHM OT 3TUX TPaHMII, JTUOO JIETKUM Sapam
(Z < 13, cm. puc. 3, puc. 4, a). PazymHO 0XXuaath, 4TO MO Mepe AaJIbHEH-
LIero OTAAJIEHUS OT KPUBOW 3JIEKTPOSIIEPHOTO PaBHOBECHS K MPOTOHHOU
TPaHULE CTAOMIIBHOCTU M 3a Hee Nepuon 1)/, OyAeT CHMKAThCA BILIOTH
710 3HaYE€HMsI Ts ¢ HEOOJbIION cTaOMIM3alel 3JIeKTPOMarHUTHBIM B3au-
MojeiicTBrueM. BOau3u HeHTpOHHOW IpaHUIIbl 3aMETHON CTa0MIIN3alliU He
JOJKHO HAOIIONAThCs BCIEICTBUE HYJIEBOTO AIIEKTPHUECKOTO 3apsijia Heil-
TpOHa.

B HacTosiiee BpeMsi ojiararot, 4T0 MPOTOHHAS IPaHUIA CTAOUIBHOCTH
OIIpesieieHa OT BOIOPOJA 0 MPOTOHHO-U30BITOYHBIX M30TOIOB BHCMYTA,
UCCJIEZIOBAHHUS B 00JIACTH POTOHHO-U30BITOYHBIX SZIEp paCIPOCTPAHEHBI 32
TpaHUIly IPOTOHHOM cTaOMIbHOCTH [4], a HAIMYKe KYJIOHOBCKOTO Oaphepa
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Puc. 3. 3aBucumocts T'12(IN) 1jisi NPOTOHHO-MU3OBLITOYHBIX H30TOMOB HEKOTOPLIX
siiep (MHIEKCOM “p” 0003HAYeHbl HYKJIUAbI, HCIYCKAIOLHe NPOTOHbI U3 OCHOBHOI'O
3HePreTHYECKOro COCTOSTHHS)

YBEIMYHMBAET BPEMs JKM3HH SICPHOM cUCTeMBI € £, < ( 10 3HAYEHMH,
npesbimaromux 1076 ¢ [4].

Peanbnbie 3aBucumoctu. Ilapagokcsl u ux pazpemenue. [lonararor,
YTO BHE I'PaHMI] HyKJIOHHOW CTaOMJIBHOCTH aTOMHBIE S/Jpa paclagatoTcs 3a
T ~ Tg C UCITyCKaHUEM OJIHOTO MJIM HECKOJIbKHX HYKJIOHOB. Ho Tak ju aTo0,
¥ KaKOBa peajbHas 3aBUCUMOCTb 17 /5(N, Z)? Jlns NpOTOHHO-M30BITOYHEIX
M30TONOB HEKOTOPBIX AJIEMEHTOB OHA Mpe/ICTaBlIeHa Ha puc. 3. DTa KapTUHa
OoJee TMOJIHA, TOCKOJIBKY BBIXOIUT 32 MPOTOHHYIO IPAaHUILy CTa0MIBHOCTH.
DTO 03HAuYaeT, YTO MPOTOHHAS TpaHUIlAa CTAOMIBHOCTH MOKa MCCIIe0BaHa
HE IOJIHOCTBIO M TO TOJIBKO JJIsi KpallHE MaJloro 4Mcia siaep (IpOTOHHO-
m36p1TouHbIX M3oTonoB Cl, K, Sc, V, As, Br, Rb, Cs, Ho, Ta).

HefiTponHas v npoToHHAs TPaHUIBI CTAOMIBHOCTU 00pa30BaHbl HECY-
LIECTBYIOUIUMH siApaMU. MOYKHO JIM CUMTATh HECYLIECTBYIOLUM SO, XO-
TS ¥ UCITyCKAlOIIee HYKJIOHBI U3 OCHOBHOTO SHEPTreTHYECKOTO COCTOSHUS,
HO 3a BpeMs T > Tg, Hanpumep, 7 ~ 1077 ¢ umm oxono 1c? dopmaib-
HO MOXHO, (PaKTUYECKU TPYAHO, IOCKOJIbKY HE YOBJIETBOPSET OJHOMY U3
JBYX OIpENENeHUI CYIIECTBOBAHUSA A/ipa. MOXKHO C YBEpEHHOCTBIO YTBEp-
XKJ1aTh, YTO peajibHas PaHULIA CYIIECTBOBAHMS SJIEMEHTOB PacloIoKeHa Ha
OTAAJICHUU OT MPUHUMAEMON B HACTOSAIIEE BPeMsl 3a MPOTOHHYIO TPaAHUILY
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Puc. 4. 3aBucumoctu T'12(IN) 1asi NpOTOHHO-H30GBLITOYHBIX HYKJIMIOB 0e3 ydera
3¢ dexToB cnapuBaHus U MATUYHOCTH:
1l — KpuBas 3MEKTPOANECPHOTO paBHOBecUs; 2 — MPOTOHHAs TpaHMUIA CTAaOMIBHOCTH

(siapa, pacrolioKeHHbIe HAa HEeW M JieBee Hee, UCIYCKAIOT MPOTOHBI U3 OCHOBHOIO
sHepreTmdeckoro coctosHus B 100 % ciydaen)

Ha 3...5, a MoxxeT u Oosiee mpoToHOB. Kpome Toro, Mex 1y peasbHOU rpa-
HUIEH 1 Hanbosee TSXKEIbIMH MPOTOHHO-U30BITOUHBIMHU U30TONIAMU SIACP
pacmnonoxeHa y3kas monoca (GpopManbHO HECYHIECTBYIOMIMX (HCITYCKaro-
IIUX TPOTOHBI JIaXKE U3 OCHOBHOTO HHEPTreTUYECKOTO COCTOSIHHUA), HO OT-
HOCHUTEIFHO JOJTOXHUBYIIUX (IO CPAaBHEHHUIO C W3BECTHBHIMH IMPOTOHHO-
aKTUBHBIMU SIpaMH) IIUPUHON B 3...5, BO3MOXHO U OoJiee MPOTOHOB
(puc. 4,06, 6).

[Ipu ananu3e KPUBBIX, MPEACTABICHHBIX HA PHUC. 3, 3aKOHOMEPHO BO3-
HUKAIOT CJEIYIOIINE BOMPOCHI, KOTOPhIE MOKHO OTHECTH K MapajoKcam.

1. Ecnu Hanu4me KyloHOBCKOTO Oaphepa yBEIMUHUBAET BPpeMs IPOTOHHO-
aKTHBHBIX siziep 10 T > 107% ¢ [4], To KaKk 0OBACHUTH YBEIUYEHHE CPETHETO
BPEMEHHU JKWU3HU HEKOTOpbIX siaep 10 7 ~ 0,1...1,0c. Ilpuuem atu sanpa
npeTeprneBaroT NpoToHHbIN pacnan B 100 % ciaydaeB, a MPOTOHBI UCITyCKa-
FOTCSI U3 OCHOBHOTO YHEPTreTUYECKOrO COCTOSHUSI.

2. Jlpyras 3aKOHOMEPHOCTb CBfi3aHa C yBelIudeHueM nepuona 11/, (1o
OTHOUIICHUIO K UCIYCKaHUIO MPOTOHA) MPOTOHHO-AKTUBHBIX SIZIEp HE 3aBU-
cUMO OT YeTHocTH uncen N u Z.

OOparumMcs K pe3yabraTaM UCCIIeOBaHUN TPOTOHHO-U30BITOUHBIX SIIIEP
Y TIPOTOHHOW TPAHUIIBl CTAOMIBLHOCTH, MOTYYEHHBIM B HAYYHBIX IIEHTPaxX
Bemukoopuranun, ®unnsuauu, IBemmn u CILA, omyOmukoBaHHBIX B
2014t [12]. ABTOpBI padoTh [12] (cM. Takke KOMMEHTapHH K STOU paboTte
B padote [13]) Ha ocHOBE HUccleA0BaHUM (U3HUUECKUX CBONCTB MPOTOHHO-
n30bITOYHBIX H30TOMOB snep Ir, Re, Ta, Lu u Tm, a Taxxe cBONCTB n3oMepa
158mTa ¢ GonbuIol sHepruel Bo3OyKIeHH M CIIMHOM 19, pacrionokeHHO-
ro Ha TMPOTOHHOW TPaHHUIIE CTAOMIBHOCTH, CIEIaH CIEAYIOMIUNA BBIBOJ:
BO3MOYKHO YBEJIMYUTH BpPEeMs NMPOTOHHON pPaAHMOAKTUBHOCTH SIpaMHu, Ha-
XOIAIIMMHCS B CHIIBHO BO30Y>KICHHBIX COCTOSHUSIX M MMEIOIIUMHU aHO-
MaibHO Gonbmoi crnuH. Tak, usomep °*"Ta (co cnmuom 19) ucmyckaer
HECKOJIBKO <Y-KBAaHTOB, MPEBPAIIasiCh B XOPOIIO WU3BECTHBIM (-aKTUBHBIN
(T1j2 = 6-107%c) usomep '**"Ta co cirom 9. B HOBOM m30Mepe '°%"'Ta
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“pabotaeT” pusnyeckuii MpuUHIUN (IIEPEBO SAApa B CHIBHO BO30YXKICH-
HOE COCTOSIHHE), ‘“‘BBIKJIFOUAIONINN MPOTOHHYIO PAAHOAKTHBHOCTD Y CHIIh-
HO BO30Y>KJIECHHBIX H30MEPOB Ha IPaHMIIe IPOTOHHON CTa0MIBHOCTH, a BO3-
MOXHO ¥ 3a Hel [12, 13]. B paccMaTpuBaemMoM citydae UCITYCKAHUIO SIIPOM
IIPOTOHA MPEMATCTBYET HE TOJIBKO KYJOHOBCKHI, HO U LIEHTPOOEKHBIH Oa-
pBEp, OINPENEISIIOIINNCA Pa3HOCThIO CIIMHOB MAaT€pUHCKOIO U JI0UYEPHETO
anep, T.e. “He0O0XOOMMOCTBIO YHOCHTDH BpalareiabHblii MmomeHnt” [12, 13].
B pesynbrare rpaHuLbl SAepHOM YCTOMYUBOCTH — IIPUYEM HE TOJIBKO IIPO-
TOHHOM, HO ¥ HEUTPOHHON — MOTYT OKa3aThbCs Pa3MbBITHIMHU.

OTH OTKPBITHUSA OYEHb BaXKHBI, XOTS BIIOJIHE OYEBUIHBI U HE JAOT OT-
BETa Ha IMOCTaBJIEHHbIE BOMPOCHL. IloueMy OHM OYEBHIHBI, U MOXKHO JIU
OTBETHUTH HA ATU BOIIPOCHI UCXOMS M3 CAMBIX OOLINX COOOPaXEHUH, KOTO-
pble OCHOBaHBI Ha XOPOIIO HM3BECTHBIX (PaKTaX, KACAIOIIMXCS MOJOOHBIX
¢dusndeckux spiaeHui? OOpaTUMcst K TakuM (pakTam.

1. YBenuueHne BpeMeHU POTOHHON PaliOaKTUBHOCTH OOBIYHO 00BsC-
HSIOT HAJIMYHEM MOTEHIIMAIBHOTO KyJIOHOBCKOTO M LIEHTPOOESKHOTO O6aphe-
POB, MPEIMATCTBYIOIMX BBUIETY MPOTOHA 3 siapa [4, 12-14], T.e. crabumnu-
3anuei, B TOM YHCIIe IEKTPOMArHUTHBIM B3aUMOJICHCTBHEM.

2. Cdepuueckyto GpopmMy UMEIOT JUIIH ABAXKbl MarudeCcKue aTOMHBIE
A7Ipa, HAXOASIIMECS B OCHOBHOM HSHEPreTUYECKOM cocTossHMU. OHU Xa-
PaKTEPHU3YIOTCSI HYJEBBIM COOCTBEHHBIM KBaJIPYIOJIBHBIM 3JICKTPUUYECKUM
MoMeHTOM (). OTKIIOHEeHHEe MOMEHTa () OT Hyllsl BEJET K U3MEHEHHUI0 Qop-
MBI siipa. MakcumanbHas qedopMalius siqpa JOCTUraeTest npu |Q| — max
U TpUONHU3UTETHFHO COOTBETCTBYET HAMOJIOBUHY 3alOJTHEHHBIM SAEPHBIM
oOomnoukam. fapa, oTnaseHHbIE OT KPUBOW AJIEKTPOSIEPHOTO PAaBHOBECHUS
(B xoopauHatax 4 — N), B TOM 4ucje MPOTOHHO-U30BITOUHBIE, ne(opMu-
poBansbl. JlepopMupoBaHHbIe siipa, KaK U JIBaX/bl Marudeckue, XapakTe-
PHU3YIOTCS TIOBBIIIEHHON YCTOMYHMBOCTHIO. JleopMUpOBAaHHOE COCTOSIHHE
s/ipa MOXKET OKa3aThCsl Oosiee 3HAUUMBIM (DaKTOPOM CTAOMIM3AIUHU, YeM
3aMoJIHEHHOCTD SIIEPHBIX 00omouek [15].

3.Cpenu OCHOBHBIX NPUYHMH CTAOMIM3AIMM PacHajoB aTOMHBIX S7eEp,
HOBBINIAIOIIMX TIEPUOL 1’1 /2, MOKHO OTMETUTH MCITyCKAHHE Y-KBAHTOB, KO-
TOPBIM MIPUCYILE JEKTPOMArHUTHOE B3aUMOJICHCTBHUE C XapaKTEPHBIM Bpe-
MeHeM Tp_ar ~ 10729 > 74 [16].

4.K omHOI U3 BTOPOCTENEHHBIX IPUYUH CTAOUIU3allMU PacaioB MpU
MaJiOM 3HEPrOBBIJICICHUN OTHOCST OOJIBIIYI0 Pa3HOCTh CIIMHOB MaTE€pPHH-
CKOTO M JouepHero siaep [16].

5.B0mu3K rpaHUll HYKJIOHHOW CTaOMJIBHOCTH MOTYT pacrojiararbCs
rajo-sjpa.

Teopust aTOMHBIX SIIEP C OAHOMIPOTOHHBIM TaJIo yke co3nana [17]. B uc-
CJIEZIOBAHUSX TaNo-si/iep, MPOBEICHHBIX B Pa3HBIX Ja00paTOPHIX MUPA, BbI-
SBJICHbl KaYeCTBEHHO HOBBIE A((EKThI, HE BCTPEUAIOUINECS B OOBIYHBIX
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anpax. Cpeau 3Tux 3¢¢HEeKTOB — HOBBIC TUIBI KOJUIEKTUBHBIX TBUKCHUN
HYKJIOHOB, (hOpMHUPYIOLIUX SAEPHOE Tajo, KOPPESAIUH JIByX HEHUTPOHOB
(IpOTOHOB), BO3MOXKHOCTh CYIIECTBOBAaHHUS IKCTPEMAIIbHO CI1ad0 CBS3aH-
HBIX cucteM (paguycom ~ 100 ¢m) HeOompIIOro yricna HyKJIOHOB. Tak,
agpa MLi ¢ JByXHEHTPOHHBIM rajlo XapaKTepu3yloTcs paguycoM 12 ¢M, a
sapa ?Li (kop 1Li) — 2,5 pm. Tano-sapa MOTYT HMETH CHIILHO 1€ OPMUPO-
BaHHBIN KOp. CBEepXTsKENbIE Aapa, IePErpyKeHHbIE TPOTOHAMHU, MOJIYYHUTh
AKCIIEPUMEHTAIBHO TOPA3/I0 JIeTde, YeM HYKIIUIBI ¢ OJM3KUM K ONTUMAITb-
HOMY OTHOIIeHHEeM uucen N/Z u tem Goee, 4eM HeUTPOHHO-U30BITOUHBIE.
Hanuyue npoTOHHOTO Tafio B COBOKYIHOCTH C PEISITUBUCTCKUM 3P pexTom
YBETTUYCHHSI MACC aTOMHBIX JIEKTPOHOB MOXKET IPUBECTH K 3aMETHOU MH-
TeHCU(UKALIUU [IPOLECCOB AIEKTPOHHOTO 3axXBara.

Ha ocHoBaHWU niepevnCICHHBIX (PAKTOB MPOKOMMEHTUPYEM pe3yibTa-
ThI, IpeJICTaBIeHHBIC Ha puc. 3. [lo Mepe oTHaneHus OT ONTUMAIBHOTO OT-
HomieHust N/Z, yMEHbIIACTCS CPeHsS YACIbHAS SHEPIUS CBS3H €. Sapa
CTAHOBSATCS OoJiee “PHIXJIBIMU. YBEIWYEHUE PACCTOSHUS MEXKIY HYKIIO-
HaMHU BEJIET K MEHBIIEH 3HAYUUMOCTH SEPHOTO (HYKJIOH-HYKJIOHHOTO WJIH
HYKJIOH-KJIACTEPHOI'0) B3aUMOJICHCTBHSI, YMEHBILIECHUIO SIEPHBIX CHUJ B3a-
MMHOTO MPUTSKEHUS] HYKJIOHOB. B cBsA3U ¢ 3TUM 3P PeKThl 3aM0JTHEHHOCTH
anepHbIXx obonouek (N = 8 mns spep 1'F, N = 20 qna 3V, cm. puc.3) u
CHapyBaHUs 3aMETHBI JIUIIb B HEMOCPEICTBEHHON OIM30CTH OT ONTHMAIb-
Horo otHomeHus N/Z (Haubojee TSDKENbIC W CIEAYIONHE 33 HUMHU IO
yucny /N U30TONBI NPUBEICHHBIX HAa pUC. 3 HYKIUI0B). B obmactu, Gnus3-
KOW K MPOTOHHOM I'paHMIle CTaOMIBHOCTH, Ha TPAHUIIE U 32 Hel, 3 PeKThI
CTaOUIM3aIK PaJHOAKTUBHBIX PACIAIOB, CBSA3aHHBIC C 3aIIOJIHEHHOCTHIO
SIIEPHBIX 000JI0YEK U YETHOCTBIO uncia N WM Z HUKAaK HE MPOSBIIAIOTCS,
na u He ToJDkHE [2, 10, 11, 15, 18-20]. Hanpumep, npoTOHHO-U30bITOYHBIN
Marudeckuii o umciy N mzoron acrara ® As?® He BbIIENsETCS JTOKAIBHBIM
MakcuMyMoM 1eprona 1 /, Ha (JOHE COCEIHHMX M30TONOB C HEYETHBIMU YH-
cmamu N (0As?7 62 As?).

XapakTepUCTUKA H30TONOB MPOTOHHO-aKTUBHBIX SIJEP, AJISI KOTOPBIX
HaOmonaeTcs ysenuaenue nepuonga 14 /o ¢ yMeHbIenueM uncna N, npuse-
neHbl B Ta0I. 2. CIMH MaTepUHCKUX U JOYSPHHUX sJIep JTUO0 OMHAKOB, TN00
pasznuyaeTcs He3HAYUTEIbHO. MaTepruHCKHe siipa HAXOASITCS B OCHOBHOM
SHEPTreTUYECKOM COCTOSTHUHU U PACMaJAIOTCs 10 IUHCTBEHHOMY KaHATy —
C UCIyCKaHUEM OJTHOTO TMPOTOHA. B HEKOTOPBIX Cydasx MPH MPOTOHHBIX
pacmnazax MU3MEHsIeTCsa NMPOCTPAaHCTBEHHAs YETHOCTH sifpa. B cuiy 3akoHa
COXpaHEHHUs] YETHOCTH 3TO BO3MOXKHO, €CIIU MPUCYTCTBYET HELEHTPalb-
HOE B3aMMOJICHCTBHE, T.e. IPOTOH HCIycKaeTca u3 nepudepuitHoit yactu
A1Ipa, XapaKTepHU3YIOLIeiicsl HEYETHBIM 3HAU€HUEM OpOUTaIBbHOTO KBAHTO-
BOTO 4Kcha [ (i1 OTHOCUTENBHO JIeTKUX saaep [ = 1). 3aech ke mpuBeIeHbI
3Ha4YeHus [eHTpobexHoro 6apnepa U, ipu | = 1 [16]. Paguycel cpennux u
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JIETKUX S7EP HEBEIIMKH, YTO BO3MOXKHO, €CJIU JJIMHA BOJIHBI IPOTOHA MaJla,
A1po 1e(OpMUPOBAHO WIIH, €CIIU Y AApaA €CTh IPOTOHHOE Tajo.

Tabmuma 2
XapaKkTepuCTHKH U30TONOB MPOTOHHO-AKTHBHLIX siIeP, IJIsl KOTOPBIX HAGIK0IAaeTCA
yBeaudenue nepuona T /o ¢ ymenbmenuem uncia N

MarepuHckoe sApo BT -akTMBHOE NOUEpHEE ANPO
Hyxnun | Oneprus pacnaga E, |Uetnocts | Cniua | Uy, M3B | Hyxnug | YetHocts | Crina
M5B

Bc1 3,193 +1 1 2,6542 273 +1 2,5
Bq1 2,405 -1 0 2,5928 283 +1 0
32K 2,515 -1 0 | 24281 | 3Ar +1 0
3K 1,953 +1 1,5 | 2,3788 | *2Ar +1 0
57Br 1,635 -1 0 1,4836 | 96Se +1 0
68Br 0,560 -1 0 1,4690 | 97Se -1 0
69Br 0,450 -1 0 1,4548 | %8Se +1 0
H2¢s 0,8143 -1 0 1,0533 | 1Xe +1 3,5
H3cs 0,97353 +1 1,5 | 1,0471 | 12Xe +1 0
140Ho 0,93625 -1 0 0,9077 | 3Dy +1 3,5
141Ho 1,17678 -1 3,5 | 0,9034 | M0Dy +1 0

MOXXHO TPEINOIIOKUTh, YTO MOTEHIMAIbHBIN Oapbep, MPEnsTCTBYIO-
Uil BEIIETY TPOTOHA M3 sA7pa U yBenuduparomuil nepuosn 1/, MO OTHO-
IICHUIO K TIPOTOHHOW PaJMOAKTUBHOCTH, MOXET UMETh HE TOJBKO OJIHO-
ropOyro GopMy, HO IIpU HEepexoe 3a NPOTOHHYIO IPAHUILY CTAOMIBHOCTH
U 10 Mepe MPOABIKEHUS 3a Hee, JBYX- WIH TpexropOyro ¢opmy (Takoit
HOTEHLUAN XapakTepeH s jaeneHus anep 2°Pu u 232Th ueittponamu u
CBsI3aH C 000JIOYCUHOI CTPYKTYpOii siep). DTo TpedyeT SIKCIePUMEHTAb-
HOTO TOATBEPKICHHS U MOXKET HAOIIOMAThCSI IPU UCITYCKAHUU HECKOIBKIX
POTOHOB siapoM. [1o Mepe mponBHIKEHUS 3a MPOTOHHYIO TPAHUILY CTAOWITb-
HOCTH YBEJIMYMBACTCS BEPOSTHOCTh CHAaYalla MOCJIEI0BATEIIbHOTO UCITyCKa-
HUS JIByX MPOTOHOB, & 3aTeM — OJHOBPEMEHHOTO. BO3MOXHO, B CBSI3U C
3THM JIByXIIPOTOHHAS PaIMOaKTHBHOCTb C IOCIIEA0BATEIbHBIM UCITYCKAHH-
€M TIPOTOHOB ObLIIa OTKPBITA TOpa3io paHkiie [§], 4eM ¢ OJJHOBPEMEHHBIM
MTHOBEHHBIM UCITyCKaHUEM [5, 6].

IMpu Z < 13 nposiBnsieTcs JIMIIb OAHOIPOTOHHOE Taj0. Beixox BTOpO-
ro IMPOTOHA B Taj0 BEAET K pacralay Kopa 3a BpeMsi ~ Tg. 3aBUCHUMOCTb
T1/2(N) wmn ee,(N) mns mannoro wucna Z (npu Z < 13) 6e3 ydera
3 QEeKTOB criapuBaHHUsS ¥ MAaTMYHOCTH Tpe/ICTaBlIeHa Ha puc. 4, a. ITO co-
OTBETCTBYET OOIICTIPUHATHIM MPEACTABICHUIM [9].
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IIpu Z > 13 3aBUCUMOCTb Kau€CTBEHHO MeHseTcs (puc. 4, 0). B snpax,
PacToNOKEeHHBIX BOMU3M MPOTOHHOW TpaHMIIbI, HAYMHAET (HOPMUPOBATH-
csl IBYXMpOTOHHOE rano. C 3TUM CBsI3aH MEPBBIA JOKATbHBIA MUHHUMYM B
3aBUCUMOCTH T /2(NN') mmn ec,(N). Ilpu ropaso OONBIINX 3HAYCHUAX 2
(Z > 29) moxer oOpa3oBarbCcs Talio, coAepiKaliee ABa U Oojee MpoTo-
HOB. C 3TUM CBs3aH BTOPOH JOKaIbHBIM MUHUMYM (puc. 4, ). KoneGanus
nepuona 1'/, MOTYT IPOJOJDKATBCS, TIOKA HE OyIeT JOCTHIHYTO YCJIOBHUE
T ~ Tg. AHOMaJbHO BBICOKHE MEPHOBI MOJypacnaaa A HEYETHBIX IO
4yUCly Z HYKIUAOB Npu Z > 29 OOBSACHAIOTCS HAJIMYHUEM OJIHOIO He-
CIapEHHOTO MPOTOHA B COCTABE Tajio ¢ ONM3KON K HYNIO OTPHUILATEIbHON
sHepruer cBs3u. B pesynsrare u HaOmMromaercs mapagoKC, CBS3aHHBIA C
yBEJIMYEHUEM Tepuojia Mojypacnasia o OTHOIIEHUIO K IPOTOHHOW aKTHUB-
HOCTH, NIPY YMEHBIIEHUH YUCJIa HEUTPOHOB B MPOTOHHO-AKTUBHBIX sI/Ipax.
Jlpyrumu cioBaMu, GoJjiee JIETKHE M30TOIbI MPOTOHHO-U30BITOYHBIX STEP
KUBYT JIOJIbLIE TSKEJIBIX BHE 3aBUCUMOCTH OT YeTHOCTH uncen N u Z (cMm.
puc. 3, puc. 4,6, 8).

VYKkazaHHOE sIBJICHME HHMKAaK HE CBA3aHO HU ¢ 3ddexramu criapuBaHUsS
WM 3alI0JTHEHHOCTBIO SIIEPHBIX 000JI0UEK, HU C BBICOKOW PHEpruer BO3-
Oy>XJIeHUsI, HU ¢ OOJIBIIUM CIIMHOM Spa, HU C “TeIMeBOM aHOMAJIHEH .
B “renueBoii anomanuu”, HaOMIOMAFOIICHCS U JUIsl IPYTHUX aTOMHBIX SIED,
xopoio 3ameTeH 3 ekt crnapuBaHus HeHTpoHoB. [lapamokc cocrout B
TOM, YTO B OTJIMYME OT “TEIMEBOI aHOMAJUK~ CPETHSsS YyIAeIbHas YHEPTUs
CBAI3M €, M IEpUOM nomypacnana T/, yBeIMYUBAKOTCA MO MEPE OTHAle-
HUS OT KPUBOI PAaBHOBECHS CUJI DJIEKTPOSAECPHOTO B3aUMOACUCTBUSA U HE
3aBUCAT OT 4eTHOCTH umciaa N. Ecnu HeHTpOHHO-M30BITOUHBIE M30TOIBI
renusi, U1 KOTOpbIX ObLIa OOHapykeHa ‘“‘rejueBas aHOMaJus , PacIoiio-
KEHbI OTHOCUTEJIBHO OJIN3KO K KPUBOM PaBHOBECHS CHII 3JIEKTPOSAEPHOTO
B3aUMOJIEHCTBUS (CM. pUC. 1, @), XOTS ¥ JaJIeKH OT ONTHUMAJIBHOTO OTHOIIIE-
Hust N/Z BcneacTBue KpaifHe Majioro 4ucia MpoToHoB (Z = 2) B sape, TO
HYKJIHUJBI (CM. pHcC. 3) pacHoiI0KeHbI TOpa3o Jajbllie OT KPUBOW paBHOBE-
cust, Tae 2pPeKThl criapuBaHUs MPAKTUYECKU HE MPOSBIISIOTCS.

OOHapyx’eHHOEe CBOWCTBO, WM Mapagokc, — (yHIaMEHTAJIbHOE CBOM-
CTBO MaTepuu — SiFiep, PaCHOI0KEHHBIX BOIM3U IPOTOHHON U HEUTPOHHOU
rpaHul cTabuiIbHOCTU. Ero MOXKHO 0OBSCHUTH HadaioM (hOpMHUPOBaHUS
JBYXIPOTOHHOTO Tajo B JIETKUX sIpaX U CHapUBaHUEM MPOTOHOB B CO-
cTaBe 3Toro rajio. [loka HeM3BECTHBI SApa, OKPYKEHHbIE JBYXIPOTOHHBIM
rayio. Bo3moxxHo, B 6osee MOATOKUBYLIMX JIETKMX H30TONaxX MPOTOHHO-
M30BITOYHBIX AJEP CYIIECTBYET SIPKO BBIPAXEHHOE OJTHONPOTOHHOE Tajio U
uaetr GopMUPOBAHUE TBYXIPOTOHHOTO Tajo, T.e. BTOPOI MPOTOH XapakTe-
pHU3yeTcs MEHbIIEH SHEPrueil CBA3M M0 CPABHEHUIO CO CPEIHEH yaenbHOU
SHeprueu cBs3u sAApa Ha OJUH HYKIIOH, HO OOJbIIIeH, 4YeM MPOTOH, 00pa3y-
IOLUI OTHOMPOTOHHOE Tasio. DTH JBa MPOTOHA MO Mepe BBIXOAA BTOPOTO

ISSN 1812-3368. Becranuk MI'TY um. H.O. baymana. Cep. “EcrectBenHble Hayku”. 2015. Ne 5 81



MIPOTOHA U3 SApa B Tajio (110 Mepe YBEIMYEHHS pACCTOSHUS MEKIY BTOPBIM
MIPOTOHOM U HYKJIOHAMH KOpa) Bce Oosiee cONMKAIOTCS 3a CUeT SAEPHOTO
MPUTSHKEHUSI U CTpEeMATCs 00pa30BaTh mapy BeiencTsue addexra cnapusa-
Hus. OIHAKO OKOHYATENBHO Mapa He 00pa3yeTcs, 4TO CBSI3aHO C HAJTMYHUEM
B3aMMHOTO KYJIOHOBCKOTO OTTAJKHBAHHS ATHX JIByX NMPOTOHOB H C sIJIEp-
HBIM TMPUTSDKEHUEM MEXKIY BTOPBIM MPOTOHOM M KOopoM siapa. Ilo mepe
yBEJIMYCHHSI YHCIIa HEUTPOHOB B SIAPE YCHUIIMBACTCSA SACPHOE MPUTSKEHUE
3TOTO0 BTOPOTO MPOTOHA KOPOM, U MPOTOH C OTPHUIIATEIBHON YHEPTHEH CBsI-
3H, COCTABJISIFOIINN OHONPOTOHHOE Tajio, UCITycKaeTcs (cM. puc. 4, 0).

Kak tonmpko umcno N B siipe yMEHbBILAETCs, TOHIKAETCS U SHEPrus
CBSI3M BTOPOTO MPOTOHA C KOPOM, ATOT MPOTOH IOYTH BBIXOAWMT B rajo,
BCE ellle YACP)KUBASICh KOPOM, M, MPUOIIKAICh K IMEPBOMY IMPOTOHY, Ha-
YHHAET yAEPKHBATh €ro OT BBUIETA 32 CUET SACPHBIX CHJ HPUTSKECHUS,
MIPEBOCXOIANINX KyJOHOBCKOE OTTaJKMBaHUE. B pesynbrare sHeprus cBsi3u
MIEPBOT0 MPOTOHA, 00Pa3yIOIIEro OAHOMPOTOHHOE T'aJl0, CTAHOBUTCS MaJlon
MOJIOKUTENBHOM. B 3TOM ciiyuae saapo He ucmyckaet npoTtoH. Eciu paccro-
SIHUE MEX]Iy 9TUMU JByMs POTOHAMH, BBIXOISIIMMU B Talio, OOJIbIle, 4eM
paccTosiHie MEXIy OJHUM U3 HUX (BTOPHIM) U KOpOM sifipa (HEHTpOHOM
WIH TPOTOHOM KOpPa), KYJTOHOBCKOE OTTAJIKHUBAaHHE TOMHHUPYET M JHEp-
THsI CBSI3U MEPBOTO MPOTOHA OTPHUIATEIbHA, XOTS U MaJia 1Mo abCONIOTHOMY
3HA4YCeHHI0. Malioe 1Mo MOAYII0 3HAUEHUE SHEPTUU CBSI3U CTAOWIM3HPYET
IPOIIECC UCITyCKaHMs NPOTOHA (YBEIMYUBAET nepuon 11 /z).

JlanpHeiliniee (M0 CpaBHEHUIO C JaHHBIMU, MPUBEICHHBIMU Ha pUC. 3)
YMEHBIIEHHE YHCIIa HEUTPOHOB B ’TOM MIPOTOHHO-U30BITOUHOM SIZIPE, BUIH-
MO U TO3BOJISIET c(hOPMHUPOBATHCA ABYXIPOTOHHOMY raio. [IpoTons! ramgo
00pa3yloT yCTOMYMBYIO Tapy BCJIEACTBHE B3aUMHOTO SEPHOTO MPUTSHKE-
Hus U 3dexra cnmapuBaHUS U MOTYT MOKUHYTH siipo BMecTe. [lepuos mo-
JTypacrnazia Mo OTHOUICHHIO K UCIYCKAaHUIO OJHOTO MPOTOHA 3HAYUTEIHHO
yBenu4uBaeTcs. B aTom ciydae wiu npu emre OONbIIeM YMEHbIICHUH YH-
Clla HEUTPOHOB B SIIPE MOXKET HAOMIOAATHCS IBYXIIPOTOHHAS PaIHOAKTUB-
HOCTb, XapaKTepU3YyIOIIasics OJHOBPEMEHHBIM (a2 HE MOCIIEA0BATEIbLHBIM)
UCIyCKaHHUEM JBYX MPOTOHOB U3 OCHOBHOTO DHEPTEeTUYECKOTO COCTOSHUS
anpa. IMeHHO Takoe siBieHHE W HaOMIOAANU CrielUuanucThl 3 OpaHiuu u
I'epmManun, OTKpPBHIBILIME MTHOBEHHYIO JIBYXIPOTOHHYIO PaJMOAKTUBHOCTD
[5, 6].

[To mepe nanbHelero yMeHbieHus ynucia N B IPOTOHHO-U30BITOUHBIX
AIpax MOXHO OyaeT HaOMoAaTh rajio, colepskaiiee OoJbIlIee YUCIO Mpo-
TOHOB (y JIETKUX HEUTPOHHO-U3OBITOUHBIX AJIep OOHAPYKEHO OJTHO-, IBYX-
U Jaxe YeThIpexXHeHTpoHHOe raino). Torma HaOmromaeTcsl cTaOHIM3anus
MPOTOHHBIX PACMAZOB 32 CYET B3aUMHOIO SACPHOTO MPHUTIKEHHS IMPO-
TOHOB, COCTaBJIAIOMUX rajgo. B pesynbrare 3aBucumocth nepuona 717 /o
M0 OTHOIICHHWIO K MPOTOHHOM pPaJMOAKTHBHOCTU OT uucia N Oyder He
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MOHOTOHHOM, a MOXOXKeil Ha 3aryxaromue koseOanus. KoneGanus serko
OOBSICHUMBI C TOUKH 3pEHUS CYIIeCTBOBAHUS OJTHO-, IByX- U MHOTOIIPOTOH-
HOTO Trajio y NMPOTOHHO-U30BITOUHBIX SAJEpP, HAXOIAIIMXCS 3a MPOTOHHOU
rpanuneii crabunbHOcTH (CM. puc.4,6). Takue koneOaHUs IpeICKa3bl-
BAIOT M HM3BECTHbIE METOAbI METPHUUECKOrO aHalu3a, MPUMEHEHHBIC IS
uccnenosanus 3apucumoctu T4 /o(Z, N).

HTak, MOXXHO C YBEpEHHOCTbIO YTBEPK/AaTh, UTO MIPUBBIYHOE MPE/CTA-
BIICHHE 00 yMeHbLIEHHH 1teproaa 1 /o ¥ CpeIHEH yAeNnbHOM SHEPTUH CBA3H
€cs (CM. pHC. 4, @) IO Mepe OTJAJICHUS OT MOJIOCHI CTAOUIBHBIX saep (C TOY-
HOCTBIO JI0 YETHOCTH WJIM MarudyHOCTH 4yucesn N u Z) B CTOPOHY Ieperpy-
’KEHHOCTU MPOTOHAMU HMJIM HEHTPOHAMH, XapaKTepU3yeT JIMIIb (hparMeHT
HaCTOAIIECH 3aBUCUMOCTH.

Oco0eHHOCTH NPOTOHHON PAIHOAKTHBHOCTH CBEPXTSIZKEJBIX siiep.
PeasituBucTceKkuil 3 (PeKT yBeJIMYEHHST MACC ATOMHBIX JIEKTPOHOB.
PenaruBucrckuii ekt yBenuueHus macc aTOMHBIX IEKTPOHOB IpPaK-
TUYECKU HE BIHUSET Ha NPOTOHHYIO PaJHMOaKTUBHOCTH sinep ¢ Z < 80,
X0Td npu Z > 59 3aMeTHa o0IIas TEHAECHLUS K YMEHBIICHHIO NepHona
T' /2 (cm. puc. 2). OnHako 5TOT >QPEKT BEAET K HHTEHCH(DHKALMU ITPOLEC-
COB, KOHKYPUPYIOIIUX C IPOTOHHOMN paInOaKTUBHOCTBIO: 3aXBaTa aTOMHBIX
ANIEKTPOHOB MIPOTOHAMH SIpa.

N3BecTHO, YTO 3aKOHOMEPHOCTH B XHMHUYECKHUX CBOMCTBAaX 3JIEMEH-
TOB, XapaKTepHbIE Ui MEePUOANYECKON cucteMbl MeHpeneeBa, Hapylla-
I0TCS Tpu 3apsanax Z > 112 [21, 22]. D10 CBSI3aHO € PEIATUBUCTCKUM
3 eKToM yBeTUUEHHUSI MAaCChl YJICKTPOHOB Ha OpOHMTE aTOMa, B pe3yibTare
yero (IIpU YBEIMYEHUHU YHucia Z) 3JIEKTPOHHOE 00JIaKo CTaHOBUTCS Oosee
IUIOTHBIM U NIpWXKUMaeTcs K aapy. [lepexon aToMOB ¢ HEpelATUBUCTCKU-
MU 3JIEKTPOHAMHU Ha OpOUTE K aToMaM C PENIATUBUCTCKUMHU AJIEKTPOHAMU
IIOCTETEHEH U CTAHOBUTCS 3aMETHBIM Il BHYTPEHHEH 3JIEKTPOHHON 000-
nouku aroma ripu Z ~ 60. [Ipu Z = 112 s¢hexT cTonb BEIUK, YTO 3aMETEH
IS SNIEKTPOHOB BHEIIHEH 000104KK aToma [22], a KHHEeTHYEeCKasi YHEePrus
K -311eKTpOHOB CpaBHMMa C SHEprueil mokos. MoXHO OLEHUTh CKOPOCThb
3THX EKTPOHOB 10 dopmyne v = cv/3 /2. C y4eToM pensiTHBUCTCKOTO
YBEJIMUYCHUS MACCHI TIPU TaKOW CKOPOCTH K -31eKTpoHa OOPOBCKUN pannyc
ero opOUTHI yMEHbINAETCS B 2 pasa.

PensruBuctckuii 3¢p(hekT aTOMHBIX 3JIEKTPOHOB BEAET K YMEHBUICHUIO
KyJIOHOBCKOTO Oapbepa Ha MOBEPXHOCTH aTOMHOTO spa, MPEHSITCTBYIO-
IIET0 UCIyCKaHUIO APOM MPOTOHOB, (¥-YaCTHULl U APYI'MX HOJOKUTEIHHO
3apsHKEHHBIX ()ParMEHTOB, BO3PACTACT BEPOSITHOCTH (-IIpeBpaICHUH, CBS-
3aHHBIX C MEPEXO/I0M HYKJIOHOB fJIpa U3 IMPOTOHHOIO COCTOSIHUS B HEM-
TPOHHOE.

CunbHas nedopMaiysl U BbICOKasl SHEPIHsl BO30YK/I€HUS UCKYCCTBEH-
HO TIOJYYEHHBIX CBEPXTSIKEIBIX MPOTOHHO-U30BITOUHBIX SIJIEP MOTYT IPH-
BECTH K 3aMETHOMY YBEJIMUYEHHIO UX IEepUO/a MoJTypacrnaga, HECMOTps Ha
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0:1M30CTh K IPOTOHHOM IpaHuLie cTabuIbHOCTH. IIpoTOHHBIN pacnax Takux
A71ep MOXKHO TOJIaBUTh (x-PACHaioM U 3JIEKTPOHHBIM 3aXBaTOM, YTO IpUBE-
JE€T K MOCTENIEHHOMY OTJAJICHUIO MPOTOHHOM I'PaHUIIbl CTA0MIIBHOCTH OT
ONTHUMAJIbHOTO OTHOWICHHss N/Z ¢ yBenM4eHHeM MacCOBOrO YMcia. DTO
MOJKET OOJIErYUTh MOJIYyYEHHUE HOBBIX CBEPXTSKEIBIX HJIEMEHTOB, a TAKXKe
HKCIEPUMEHTAIBHOE HCCIIEJOBAHNE UX CBOICTB.

BoiBoabl. 1. AHanu3 ¥ cucTeMaru3anus MMEIOIIEHCS B JINTEPAType
SKCIIEPUMEHTAILHONH MH(OpMaIMK O CBOWCTBAX HYKJIHMJIOB MOKa3alld, YTO
10 MEPE OTAAIEHUS OT KPUBOU 3JIEKTPOSAEPHOTO pAaBHOBECHS (B KOOPAMHA-
tax Z — N) Bce Gosee HapyIIAIOTCs XOPOIIO N3BECTHBIE 3aKOHOMEPHOCTH
B CBOMWCTBaX aTOMHBIX sI/Iep, KOTOpbIE YCTaHOBJEHBI JUIsl OTHOCHUTEIHHO
HeOonbIIoro yucia HykiauaoB (He 6omnee 1000), pacrnonokeHHBIX BOIU3U
3TOM KPHUBOIA.

2. BOnu3u rpaHuibl HyKIOHHOM CTaOMJIBHOCTH HaOIIOJAroTCs 3aTy-
Xalolre OCLIUIALMY Iepruosa Mojypacnana U yaedbHONH SHEPTUU CBSI3U
Kak (yHKIMI 4YuClia MPOTOHOB M HEUTPOHOB. OCHMIIISAIMU MEpHOA IO-
Jypacnaza 3aTyXaroT A0 3HAa4YeHWMH, ONpEAessieMbIX XapaKTEpPHBIM BpeMe-
HEM SJIEPHOTO B3auMOJEHCTBUS. Takue OCHWUISIIMM MOXXHO OTHECTH K
(byHIaMEeHTaJIbHBIM CBOWCTBAM HYKJIUJOB, PACHOJOKEHHBIX BOJIM3M WU
3a paHUIAMU HYKJIOHHOHM cTabmibHOCTH. OCHMIUIALUM HEepUOAa IOIY-
pacriaza U yAeJdbHOM 3HEPruu CBsI3M HEOOBSICHUMBI B paMKaX H3BECTHBIX
TEOPETUYECKUX MOAEJel Aapa M He cBA3aHbl HU ¢ 3(PdeKkToM crapuBa-
HUSI HEHTPOHOB (IIPOTOHOB), HHU C 3aMOJHEHHOCTHIO SACPHBIX 000JOUEK,
HU C BBICOKOW 3Heprueil Bo30yKIeHMsI, HU ¢ OOJBbIIUM CIIMHOM $]Ipa, HU
C SIBJICHUSAMH, NOAOOHBIMU “‘TelreBod aHoOManmuu . DPQPEKT crnapuBaHUSL
HEUTPOHOB (IIPOTOHOB) NPOSABISAETCA JHILIb B TOM, YTO IS AAEp C YETHBIM
YHCIIOM NMPOTOHOB OCHMILIALNH B 3aBUCHMOCTAX 17 /2(N) 1 € (IN') pacmo-
JIOKEHBI Jajbllie OT KPUBOM AIEKTPOSIEPHOTO paBHOBECHUS, YeM AJIS sJep
C HEYETHBIM YHCJIOM IIPOTOHOB.

3. Ocummiauuy nepuosia rnojrypacnana v yJIelnbHON SHEPIUH CBSI3U Kak
(GyHKUIMI 4McIa MPOTOHOB M HEHUTPOHOB MPHUBOASAT K CIEAYIOLIUM sIBIIE-
HUSIM.

3.1. 3a rpanuIei MPOTOHHON CTaOMILHOCTH MOTYT PacIoiaraTbCs OT-
HOCHTEJIBHO JIOJITOXKHBYILME aTOMHBIE A]Jpa CO CPAaBHUTEIBHO HEOOJBIINM
cMHOM (710 3,5), HaXOsIIUeCs] B OCHOBHOM SHEPreTHUECKOM COCTOSIHUU.
[Tepuox momypacmaia Takux siiep MOXKET T0CTUraTh npudnusutensHo 0,1 ¢
u 6onee. [IpoTOHHBIN pacnax HyKJIHIOB HE CBSI3aH C 3aMETHBIM U3MEHEHMU-
€M CITMHA.

3.2.lpu Z > 13 B HENoOcpenCTBEHHOW OIU30CTH OT MTPOTOHHOM I'paHu-
16l CTAOMIIBHOCTH, Cpa3y 3a HeM pacrosiokeHa y3Kas 1ojioca ropaszio 6osee
JOJITO’KUBYIIMX sA7iep. 3a 3TOM MOI0COM ClIelyeT MM0j10ca KOPOTKOKUBYILUX,
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3areM (BO3MOXKHO, TPH Z > 29) — Mooca OTHOCHTEIBHO JOJITOKUBYIIHX
sep 1 T.1I.

[TomyueHHble pe3ynabTraTbl MOTYT OBITh MUCIOJIB30BAHBI KaK MpU pellle-

HUM (DyHJAMEHTAJIBHBIX 3a/1a4, CBA3aHHBIX C CUHTE30M HOBBIX (B IEPBYIO
o4epe/lb CBEPXTSKENbIX) JOJITOKUBYIIMX HYKIUIOB C 3apaHee 3aJaHHbIMU
CBOMCTBaMH, TaK ¥ NPUKIAJHBIX BOIIPOCOB SIIEPHOM DHEPreTHKH, CBSI3aH-
HBIX C pa3pabOTKON KOMITAKTHBIX HCTOYHUKOB SHEPTHH.
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