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BoamoxHa nu TpaHcdopmauua saep B HUSKoOTeMnepartypHou
nnasme C TOYKU 3pEeHUs 3aKOHOB COXpaHeHus?’

JA. H. Ypyuxoes, /. B. Quaunnos
"POKOM", PHLI "Kypuatopckuit uHcTUTYT , MoOckBa, Poccus

B pa6ome noxazano, ¥mo 603M0¥4CHbl HEKOMOpbie HOBblE KOAAEKNUGHbBIE NPOUECCHl HU3-
Ko3Hepzemuy1eckolu mpancgopmayuu s0ep, KOmopsvie He NPOMUBOPEHaAm uU3GeCmHbviM (yH-
damenmaavnbim 3axonam coxpanenusa. Iloxasano, wmo npu paccmMompenuu Hu3zKo’Hepze-
mu4ecKkux A0epHbiX npoueccos (Kaxk u3gecmubvIX, MaK U HOBbIX), NPOMEKAIOWUX C GAUAHUCM
caabbix e3aumooelicmeuil, He06X00UMO yUumMbIGaANs MAAYI0 N0 CPAGHEHUIO C IHepauel CeA3U
adpa maccy saexkmpona. Obpaueno enumManue Ha mo, ¥mo ycaoguem cmabuasnocmu aopa
no omnouternuro K B-pacnady u K-zaxeamy seasemcsa munumym depexma maccol Ha uzoba-
pax, umo He ecezda coenaodaem ¢ ycaoguemM MUHUMYMA MAccyl A0pa, 4acmo Quzypupyio-

wum 6 aumepamype.

Vcaosue B-ctabuibHOCTH 4a€p

PaccMOTpUM smepHBIE Peakuyy, B KOTOPBIX pas-
pelieHbl ¢1abble B3aMMONEHMCTBYS, 4 UMEHHO [-pac-
rax v K-3axsat

n=p+e +v,, p+e =n+v,,
IJIe Ve — JEKTPOHHOE HEUTPHHO.

CienyeT OTMETHTb, YTO HAIMYUE 3JIEKTPOHHBIX
000JI0YeX IOOITyCKaeT BO3MOXHOCTh K-3axmara —
npolgecca, DPHEPreTUdecku Oosiee BBITOJHOIO, YEM
o3uTpoHHbI B -pacrian. TTosToMy B HadbHEUIIEM
MbI OyIeM paccMaTpUBaTh TOJBKO MPOIECCHI, IPO-
xozsiuire 6e3 oOpasoBaHMsI aHTUYACTHIL {KpoMeE aH-
TUHEUTPHUHO)

22&922ﬂ+““W%+Q» (1)
i J

rae X; u ¥; — sA1pa ¢ COOTBETCTBYIOIIMMY aTOMHBbI-
MU BecaMu A; U 3apsgpamMu Z; (B eIUHULIAX 3apsma
5JICKTPOHA), YAacTHBIM CJIy4aeM KOTOPBIX MOIVT
OBITH cCBOOOIHEIE HEATPOHEI (4 = 1, Z = 0);

k — KOJIMYeCTBO BJSKTPOHOB, 3aHeHCTBOBAHHBIX
B peakIuu, K MOXeT ObITh IOJOXUTENbHO (IpHU
B--pacmane), otpumarensHo (mpu K-3axeare) wim
PAaBHO HYJIO0 (B clOy4Yae TOJBKO CIJIBHBIX B3aUMO-
NeHCcTBUIN).

byneMm cyurtath, 4YTO B OOLIEM Cayyae cpemu suep
X; (unm Y;) MmoryT 66ITh TIOBTOpsItomMecs. M3BecTHO
[1—4], yTo B TakuX Ipoilleccax BHITOJHAIOTCS 3aKO-
HBI COXPAHEHMSI DHEPIUM, MMIIYJIbCa, MOMEHTA HM-
IyJibca, 6apMOHBOTO 3apsiyia (KOJIWYECTBO HyKJIOHOB)

S4=34;, @)
i J

NEKTPHUYECCKOTO 3dapsdaa
SZi+k=%2;, 3)
i j

* Crarbsi MyOIUKyeTCd B HMCKYCCUOHHOM IIOPSAKE.
© Ypyukoes JI. W., ®wmunnos J. B., 2004

JIETITOHHOTIO 3apsiga. 3aMeTHMM, YTO IIpM VYETe cia-
OBIX B3aMMOICHCTBUN YETHOCTH MOXET He coxpa-
HSITBCS.

Brinensiemas asuHeprug (>0 uiaM IoriolaeMmas
0<0 B ypaBHeHMH (1) PACCUUTHIBACTCS CICHYIOUINM
obpazoM:

Q=2 MX;)- 2 M) - kmg , 4)
i J

roe M(X) — wmacca siopa X;
m, — Macca 3MeKTPOHa.
ITo ompeneneHuto sHepruu cBsi3u sgmpa Wi

MX) = (4 —Z) my + Zym, — W, (5)

TIe M, — Macca IMpOTOHA,

m, — Maccad HeUTpoHa.

151 mporneccoB, MAYIIUX TOIBKO 338 CYET CHIb-
HBIX B3AaUMOJECUCTBUH, T. €. C COXpaHEHUEM KOJIM-
4ecTBa HEUTPOHOR M KOJMYECTBa MpoToHOoB (k = 0),
CIIPaBeIJIMBO MOXHO 3amucaTh u3 (4), (5)

0= 2MX)- X M=

i=beg j=end (6)
= XWIH- XWX .
j=end i=beg

TIpu paccMoTpeHUM SIEPHBIX IIPOIIECCOB, HAY-
IM¥X C Yy9acTHeM CJIa0bIX B3aMMOMEHCTBUIM, YIWTHI-
Basl 3aKOH coXpaHeHMs 3apsima (3) u ompeneleHue
SHEpPTUU cBSI3U sipa W (5), HecIoxXHO npeobpaszo-
BaTh (4) B BRIpaXeHHE

0= 20p(;)- Xop(X;), (7)

Jj=end i=beg
rae BBeaeHa GYHKIUS O p Sapa:
CDF =W + Zm .

rne W — sHeprust cessy;
Z — 3apsig ganpa, u

m=m, —m, —m, =782,3 k3B. ®
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Eule ofHOI XapakTepHCTHKON 3Hepruyl grpa,
ABTEPHATUBHON DHEPIUU CBHA3M, SIBISICTCS degexm
Macchl, OIIPENEISIEMbIl COOTHOLICHHEM [6]

Q= YAM(X;)- 2 AM(Y;). 9)
i=beg j=end

Wiz ¢popmyn (7) u (9) creayer, uto cymma (yHK-
muit AM+®p MoXeT ObITh I[IPOINOPLUOHAILHA
A.const (A — aroMmHBII BeC), TAaK KAK BO BCEX pac-
CMaTpUBAEMBIX TIPOIIECCAX COXPAHSETCs KOIUYECTBO
HykinoHoB (2). KoHcraHTa TpOIOPHUOHAIBHOCTH
BbIGHpaeTcs U3 ycaoBms HopMmupoBku AM(12C) = 0.
3aMeTuM, 4TO st GyHKIuY OF3amaHa "ecTeCTBEH-
Has" Hopmuposka ®(ln) = 0. Hecmoxto mnomy-
YUTh, YTO NedeKT MACChl CBSI3aH C SHEPIUSH CBA3U
Wu pyaxuneis O sapa CISOYIOMMUM 00pa3som:

AM = A(my —Myepm)—Pp = Almy, - Maem) =

10
~ZR-W, 1o

[OE Myem ~ 931,5 MaB — atoMHas efUHUIA MaCChl

[7].

J g maccer gnpa u3 (10) u (5) nomyarm
M =Amy o,y — Zm, + AM . (11)

O6patuM BHUMaHUE HA TO, 4YTO JJII IIPOLIECCOB,
HOYLUIUX C Yy9acTHUEM CiabbIX B3aMMONEWCTBUM, BbI-
paxenusi (6) u (9) we coénadarom. 3ameHa nedexra
maccsl (9) maccoit stapa (6) He gBisgeTcs OluOKON
IIPY PACCMOTPEHWH SUTEPHBIX PeakUUil ¢ GOJIbILIEMHU
A3MeHEHHIMY 3SHeprur () WIM IPH OTCYTCTBUU
cabbix B3ammoneiicteuit (K = 0); B 3TOM ciyuae B
(11) MoxHO IpeHedpeys MaJbiM Zi, 110 CPaBHEHUIO
¢ Amg ¢ ;- OOHAKO IPY PACCMOTPEHHH [IPOIIECCOB, B
KOTOPBHIX IHIPOUCXONAT IPEBPAIICHUS € ydacTueM
cJIabpIX B3aMMONECWCTBMI U BbIOCHAEMbBIE WM I[1O-
TIoIAeMEle SHEPIMY MEHbIUE MJIM IIOPSIKA 2HEp-
run saekTpoHa (= 511 x»B), pasiuuusiMu Mexay
n3MeHenueMm pedexkta Maccel AM W M3MEHEHUEM
TOJHOM Maccel sapa M (a TakKe MeXIy SHepruei
cega3u W u Qyukumeit ©p) npeHeOperaTts Heslb3sl.

B xadectBe WLTIOCTpallMM BAXHOCTW BBIUEM3-
JIOKEHHOTO YTOUHEHWS] PACCMOTPUM KJIACCHYCCKYIO
3amavy P-crabuibHOCTH sinep. MzsectHo [1—4], 4T0
goctaroyHoe (HO HE HeOOXOAUWMOE) YCIOBME CTa-
OWIBHOCTH s/Ipa ITO0 OTHOIUEHWKD XK IIpoLieccaM,
ONMChIBAEMBbIM ypaBHeHWeM (1), 3axmiodaercs B
TOM, YTO peaKlys SBJASeTCSS SHAOTEPMUYECKOU
0 < 0. Iporeccsr K-3axsata U f--pacnana ocyuie-
CTBIJISIIOT TIpeBpallleHue SIpa ¢ COXPAHEHUEM KOJIM-
YeCTBO HYKJIOHOB, T. €. MepeMelleHue 1o u3obape
(A = const). CienoBareJbHO, MOCTATOYHBIM YCJIO-
BUEM CTaOIJIBHOCTHM spd IO OTHOIUCHHUIO K Mpo-
teccam K-3axsara u B--pacmama sSIBIASETCS peanu3a-
unas  munumyma Oepexma maccet AM (Z, A)
(Makcumyma GyHRIME ©p), BKIOYAS BCE JIOKATb-
Hble MEHKUMYMbI, Ha u3obape (A = const). OOpaTum
BHHMAHME Ha TO, 9TO PE€Yb MIOET UMEHHO O MUHU-
MyMe Tedexra Macchl AM (Z) (Wi IOJHOU Maccel
aToMa), HO He 0 MUHHUMYyME Macch! sapa M (Z) 1 He

0 MakcuMyMe sHepruu cBsisu W (Z) (B pabortax [3—5]
JOMYIUEeHEl HeTouHOoCTH). Tak kak byHkims AM (Z)
oriyyaerca o1 M (Z) npubaBieHWEM JUHEHHOTO
yrena (11), KayecTBeHHO 5T (QYHKINM UMEIOT
OIMH W TOT X€ BUE, HO MUHUMYMBI M (Z) MoryT
CIBUHYTHCS B CTOPOHY OONBIIMX Z. AHAIOIMYHO
MaKCUMYMEI 2Hepruu cpsizsm W (Z) Ha wm3obapax
MOTYT ObITh CHBUHYTHEI B CTOPOHY MEHBIIMX Z TIO
OTHOLICHHWIO K MakcuMyMmaM oyHkuun Of (£), a
MocIeIHME COBIAAAOT ¢ MUHIMyMamu AM (Z2) (10).

JeiicTBUTENBHO, HECTOXHBIM aHaIM3 0a3bl JaH-
geIX [7] 1o sHeprum cBA3u smep U AedeKTy macc
ITOKa3bIEALT, UTO:

e Bce 0e3 HCKIIOYECHMSI CTAOWIBHBIE W30TOIIBI
peanmusyiorT marumymor AM (Z) v maxcumymor O (Z)
Ha COOTBETCTBYIOLIMX u306apax. 3aMeTHM, 4TO psil
BCTPEUYAIOIMXCS B IIPUPOLE U30TOIIOB, KOTOPbIE HE
PEUIN3YIOT MUHUMYM AM (Z), ABIAIOTCS XOTA M
JONTOXMBYIIMMU, HO HeCTaOWIbHbIMU (TaOIUIIA).
Oco60 crenyeT OTMETUTH BCTPEUANOIINIACS B IIPHUPO-
ne wusoron 189TaM, gBIArOIIMIACS JTOJTOXKMBYIIIUM
(1,2-1015 7eT) M30OMEpHBIM BO3OYKICHHBIM COCTOSI-
HeMm gnpa. Cronp OONBIIOH TIEpUON HOJIypacIana
00psicHSIeTCS OOJIBINIOH Pa3sHOCTHIO CIIMHOB M30MED-
noro (9-) u ocHOBHOro (1+) cocTosHMIL;

e Oonee 30 U30TOIOB, PEATUIVIOIIMX MUHUMYM
M(Z), Hectabunpsl o oTHoureHuo Kk K-zaxsary
(8 pabotax [3,4] — HETOYHOCTH), K HUM OTHOCHT-
cst, Hampumep, 'Ge (11,4 mm.), 7?Se (8,4 mn.),
3As (80,3 mm.), 32Sr (25,6 mm.), 190Pd (3,6 mm.),
U8Te (6 mm.), 251 (59,4 mm.), BlCs (9,7 mm),
I8W (21,6 mn.), 8IW (121,2 mn.), 1%5Au (186,1 nmn.),
20171 (72,9 w);

e OGojee 50 M30TOMOB, peAM3YIONINX MaKCUMYM
SHEPIUHU CBSI3H, ABJSIIOTCH B-aKTUBHBIMU (B pabote
[5] — BeTOYHOCTH), K HUM OTHOCHTCSI, HAIIPUMED,
3P (25,3 mu), 4Sc (3,3 nmH.), ONi (54,6 u),
67Cu (61,83 4), 7?Zn (46,5 4), Y7Pt (19,9 wu),
209Pb(3,3 q).

Hecra0nibHbIe IPHPOIHBIE A30TONBI

! Q ' =] : '
o | 2235 |Bwiess g £3 ) &s
8ggE |gz528s88| 8¢ | %t
3 EZEZ 12913 188%| 55 | EE°C
SO 2EER|EReFuRY ) 21| 25
- 89,3 1311
0K | 0,012 b 89, 10
’ (") 107 1505 | 27710
BCa | 0,187 B 278 | 6107
17 1037
S0y 0.25 B 1017
: o(8") 83 208 | b410
YRb | 27,85 B 283 | 4751010
%71 2.8 B — [ 3,8100
Bed | 12,22 B 36 | 7,7100
In | 95,77 5 496 | 4,4.101
23Te 0,9 " 53 1013
“33.6 1044
138L 0.0 B 2 .1nlt
d 09 (87 66.4 738 | W0>10
T6Lu | 2,59 B 1192 | 3,78.1010
B7Re | 62,6 B 2,66 | 4,35.1010
80Tam | 0,012 » 753 | 1,100
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OO6patuM BHUMaHHE Ha TO, YTO OTCYICTBUE
SJIEKTPOHHBIX 0DojioYek, T. €. Korga K-3axmaT He-
BO3MOXEH, a W3MEHEHME 3apsia sapa B CTOPOHY
YMEHBIIECHUSA 3apsiia MOXET TIPOUCXOINTh TOJIBKO 3a
CYET MO3UTPOHHOIO BT -pacnana, YTo COOTBETCTBYET
sameHe k Ha |k|B (4), ipuBeno OBl K CIBUTY YCJIO-
BUS CTaOUJIBHOCTHU SJIep B CTOPOHY OOIBIIUX Z.

Hamee mpu IocTpoeHUM (HEHOMEHOJOIHYECKOM
Monenu TpaHchopMmauuud spep Mbl OyoeM HcKaTh
KOoMOUHAIUK saep ¢ OJM3KUMU ITOTHBIMU SOSPHBI-
MM DHEPIMSIMM, OTIMYAIOLIMMMCA HA DHEPIUM XU-
MMYEeCKOFo Macirrtaba. B 3ToM ciydae BaxHO y4u-
TBIBATh BBIIMIEYKA3aHHKIE pasIduus Mexnay M, AM,
Wu @ F-

deHoOMeHONOrMUecKas Moaesb

3aganuMcs BOIPOCOM O TOM, SIBISETCS JM Ha-
OiogaeMbell B HAcTOSIIWN IMEPHON IPUPORHBIA
M30TONMHEIA COCTAB OKOHYATEJIbHBIM M PaBHOBEC-
ueiM? M3BeCTHO, YTO 3HEPreTUYECKM BHITOJAHO U3-
MeHeHMe M30TOIIHOIO COCTaBa 3JIEMEHTOB B CTOPOHY
Z—26 Kax 3a cyeT peakuyi sMepHOTo CHHTe3a, Tak
U 3a cYeT peaklui JeJleHUs, KOTOphIe TIPOTEKAaloT B
TIPUPOJIE, COTIPOBOXKAASICH OOIBITUMU U3MCHEHUSIMHU
sHepru. MBI ofpaniaeM BHHUMAaHME Ha IpYyrou
daxkT: B mpenenax Maitoro (B SACpHOM Maclutabe)
9HEPreTUYECKOro MHTepBala BO3MOXHO CYLIECTBO-
BaHKUE OIPOMHOI'0 KOJUYECTBA COCTOSHUI, KOTOPHIE
KpaliHe HepaBHOMEPHO 3aITOIHEHBI B IIPUPOJE.

PaccMOTpMM  TUHOOTETUYECKME  KOJUIEKTWBHBIE
SIIepHBIE TPOIIECCH ¢ YIACTHEM CITa0bhIX B3aMMOIEH~
CTBUIi, yooBIeTBOpsiomue ypapHeHuwo (1). Omnpene-
JIUM MHOXECTBO R simepHbIX aHcaMmbneilr {X;}: ane-
MEHTOM R SABISICTCSI HEKOTOPHIN aHcaMmOnb smep. B
3TOM cliydae TpaHcgopmaius (1) mpescTaBisgeT co-
0ol mepeMeHIeHW MEXIYy IBYMS OJeMEeHTaMMU
MHOXecTBa R. 3agaua MOCTpoeHUS GHEHOMEHOIOIH-
YeCcKOI MOIENW Takoro ipoiliecca TpaHchopMamm,
0e3 paccMOTpPeHMsT MEXaHM3Ma 32TOro IIpollecca,
CBOAUTCS K CIIENYIOIIEMY:

BO MHOXecTBe R aHcamOieidl suep HalTu aH-
camOinu {Y;}, Omakafinmime X HavyanrsHOMy {X;} mo
IIOJTHON 3HEPTUH, TIPH YCIOBUM BEIIOJHEHUS 3aKO-
HOB COXpPaHEHUS:

e OapHOHHOTIO 3apsiia (KOAUYECTBO HYKIOHOB);

e 3JIEKTPUIECKOro 3apsana;

e JIETITOHHOTO 3apsia.

CoxpaHeHKre JIENITOHHOTO 3apsma ClIeayeT u3
OPEANONOXEHUST TIPUMEHUMOCTH ypaBHeHus (1).
HamoMHuM, 4TO HEHATPHUHO VHOCAT Y4CTb BBINEIUB-
meifcs sHepruu (J, OAHAKO MaciuTal SHEeprud B
paccMaTpuBacMOM CIy4ae MOXET OBITH 3HAUUTEIBHO
MCHBIIE, YeM B OOBIYHBIX HEKOJUICKTHBHBIX peak-
WX 34 cYeT c1a0bIX B3aUMOACUCTBUM — B IUITOTE-
TUYECKOM KOJUICKTUBHOM IIpoLECCe HEHUTPUHO MO-
XKeT 00NaaTh JIIOOBIM MaJIbIM MMITYIBCOM.

[lepBas MONMBITKE ITOCTPOSHMA TaKoit heHOMEHO-
JIOTHYECKOH Momenn TpaHcGOpMAIMH SIIep Mpel-
npuaaTta ®. M. llenpkoBeiM (rpymia B. JI. Kys-
HenoBa, OUAN, r. lydua).

AnHcam0nb simep {X;} OymeM oIuchBaTh HaGOpoOM
LEJIBIX IHCEeNT {al- = d, THE a; — KOJMYECTBO dnuep X;
BEeKTOpoM §; OymeM cYuTaTh AaH-

caM0i1b, cocTosiuit U3 ogHoro smpa X;. Ha MHoxe-
CTBe R oIpenesuM HOPMY

B aHcambe;

”‘7“ = ZaiAiqi 5 12)
rae
g; = q(X;) = AM(1H) - % _
N O &
_ 0K g (43

4;

IIe /M OIIpeneyieHo B (8).

TTonp3ysicek maHHBIME TI0 W30TOTIAM [7], HECIOX-
HO YBHEETH, 94T0 ¢ (X)>0 I BceX M3BECTHBIX H30-
TOIOB (B TOM YMCIe ¥ HecTaOWIbHBIX), IIpHYEM
MakcuMyM ¢ (X) nocturaercd Ha S6Fe. Ousnueckuii
CMBICJT BBEACHHON HOPMBI 3aKJIIOYAETCS B TOM, 4TO
3TO €CTh HEOOXOIMMAsI BHEPIUS PasIoXCHUS sSapa
Ha TIPOTOHBI, T. €. PA3TOXEHHUSI SAPa HA COCTAB-
JSIIOIIME ero IPOTOHBI M HEUTPOHBI C IIOCIEIYIO-
KM NPEeBPALICHUEM BCeX HEHTPOHOB B MPOTOHEL

Xi > AiH +(4 - Z)e +
+(A4-Z)v. -0,

Q :; i
®agTUYecKH 3@ HA4yajo orcyeta (HOAb HOPMBI
(12)) BBIOpaH XBasWHEUTPANBLHBIN aHcaMbib, co-

CTOSIIIIVA W3 TIPOTOHOB U 2JIEKTPOHOB.
B rakoif mocraHoBKe 3amada MONEIMPOBAHUSA

CBOIUTCA K IIOMCKY aHcambiei {bl-}s b, GmusKux
mo HopMe (12) K HayalibHOMY {al}sa, T. e.

*H - “5|H <€, & — Majo.

Hecnmox#Ho yoemuThes, 4To Iepexon oT aHcamOis

d K aHCcaMmOmi0 b COOTBETCTBYET CIEHYIOIIEH peak-
LMY BUIA!

Zal,éi_ X, —>Zbi§i, X; +NH1H+ke+kve +0Q, (14)
P i

rae

NH ( -b)Az

KOJIMYECTBO TosBMBIIMXCI (Ny > 0) WIH IOINO-
mweHHBX ( Ny < 0) IpoTOHOB,

k = ;(‘li —b)(4; - Z;) —

15)

(16)

KOJMYecTRO TosgBuBIIMXCA (K > 0) WIM ITOITIONICH-
BbIX (k < 0) 3J1eKTpOHOB,
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Q=% b -a)da —

poigesstemas (Q > 0) mau mormomaemas (Q < 0)
sHeprus. Beenenme HopMbl (13) mo3BossieT cylrecT-
BEHHO VIIPOCTUTH 3amady Iombopa KoMOWHanui
smep, Tak Kak ¢dakTMIecKy Npy Tmoxdope KomMOUHa-

LNM b MOXHO He CIEIUTh 32 COXPAHEHUEM 3JIEK-
TPHUYECKOro ¥ OapMOHHOIC 3apsSmoB, a 3aKOHBI CO-
XpaHeHust OyOyT BBITOTHEHBI B TpaHchOpMarnu
(14) BEIIUCIEHUEM HEOOXOOUMOTO KOJUYECTBA IIPO-
ToHOB (15) 1 a1eKTpoHOB (16).

Ecnu mpelronoXuTh, YTO 3SHEPIUM CBSI3M U,

CJIeTOBATEIbHO, HOPMBL Q) = Hgl “ uQ,= ”52“ IBYX

simep X; 1 X, M3BECTHBI TOYHO U ABIAIOTCH Paliuo-
HaJIbHBIMM 4YMCIaMH, TO oTHolleHwe /0, mpen-
CTABUMO B BHIE OTHOIUEHUS JABYX LEJbIX YUCEI
N,/Nj. Jierko yOeIWThCS, YTO B 3TOM CIy4dae JBe
koMmGuHauu N X; u NpX, UMEIOT pasHvie SHEPTUY,
T. e. Tpa”chopMaima N Xi—>NXo+...(14) Moxer
IIPOUCXONUTh Ge3 m3MeHeHusI sHepru. OIHAKo II0-
JygaeMbIe B 3TOM cirydae KoaddurnueHTs! (T. €. KO-
JIMYECTBO YAcTUIl B aHcaMmOiie) MOTyT OBITH CTOJb
BeJIMKM, YTO JaHHasg TpaHcdhopMmaius He Oyaer
TIpe[CTaBIATh IMpaKTHYecKoro wuHrepeca. Ilpemro-
XeHHBIH IpHUMep WUIIOCTPUPYET JHIIL TeopeTHYe-
CKVIO BO3MOXHOCTb HAaXOXIEHHsS KOMOWHALUU cC
OYeHb ONM3KUMU 3IHepTUsIMH. [IpakTudecku Xe
YMCIIEHHBIN TON00p KOMOMHALIMIA OIpaHWYEH TOYHO-
CTBIO M3MEPEHUS SHePTHHM CBs3U simep (AQ ~ 1 k3B).

IIpu moctpoeHuu Mozenu tpaHcdhopMauuu Ha-
30BeM "3JIEeMEHTAapHBIM aKTOM oOMeHa" — oOMeH
HYKJIOHAMHY BHYTPHM KJIacTepa, COCTOSIIETO M3 HC-
xoaHbX sAep. [lpu sToM M3MeHeHuME SHepruu (Ha
OAUH 3JEeMEHTAapHBIN akT oOMeHa) He IIPEBBILIACT
10+-30 x2B. PacueTHas MOIEIb CONEPXKUT PN Iapa-
METPOB:

JMHAIIa30H PaccMarpuBAEMBIX H3MEHEHW 3Hep-
THi B 3JI6MEHTapHOM aKTe OOMEeHa;

pasMep KJiacrepa 9JeMEHTAPHOIO aKTa 0OMeHa;

KOJIMYECTBO HYKJIOHOB, IEPEMECTHUBUIMXCS MEX-
LIy InpaMy KJjacTepa.

KommgecTBo BO3MOXHBIX CIIOCOOOB, KOTOPBIMU
MOXKHO Pas3ToOXUTh IIEPBOHAYATIBHEBIA KIIACTEP, CO-
nepxaumit N HyKJIOHOB, coctapmsieT ~2V, 1. e. sB-
JISIETCSL CTOJIb OOJIBIIIMM, 9TO PACCMOTPETH BCE KOM-
OuHaLMy He ITIPencTaBisieTcs] BOSMOXHBIM. OnHAKO,
€CIY IIePBBbIX JBA TIapaMeTpa OLEHUTHh M3 SKCIIEPU-
MEHTAJIbHBIX JAHHBIX, TO MOXHO BapbUpPOBATh JIHIIH
OIMH TPETHUl IapaMeTp W CIEIUTh 32 CXOTMMOCTBIO
KOHEYHOTO PE3yihTaTa MOAEIAPOBAHUS. DTOT IOI-
XOJI ITO3BOJISIET CYILECTBEHHO YMEHBIIUTh KOJUYECT-
BO BO3MOXHBIX KoMmOuuanmit mpu obpabotke. ITo-
BUAMMOMY, Pa3yMHO CUMTATh, YTO KOJHUYECTBO yda-
CTHUKOB 3JIEMEHTAapPHOIO aKTa oOMeHa OrpaHUIMBAET-
cs1 OIIDKAMIIIMMI COCElsAMM, T. €. He mpebriiacT 20.
TIpu KojamgecTBe ITIEPEMECTUBIIMXCS HYKIOHOB IO
20—30 u nmanasoHe U3MECHCHUI »Hepruii B ajie-
MeHTapHOoM akTe obmena no 30 xoB mig madans-
HOro aHcaMOJg, cocrosiuiero u3 5—10 H30TOHOB,
oThIcKHBaeTCst nopsanka 104—108 xkomOuHALMIA.

Htoroseiii pesynsTar pacuera QopMUPYETCS YC-
peIHEHWEM BCEX BO3MOXHBIX JICMEHTAPHEIX AKTOB
o6MeHa ¢ YYeTOM HX CTAT-BECOB B COOTBETCTBHH C
HAaYaJbHBIM pacIpenesieHueM snep. Pesynprupyo-
Iee pacipenesicHue sIep ITOKas3hIBAET, KaKWe spa
TOSABWINCh, & KakKWe UCYEe3TH B IPOIECCe TPAHC-
bopMarun.

s onpeneneHust mapaMerpoB GheHOMEHOJOTH-
YeCKOH MOMIENHd, COOTBETCTBYIOUIMX 3SKCIIEPHMEH-
TaJbHBIM JAaHHBIM, MOZEJHUPOBAACH 334ady TpaHC-
dopMmaruy THTAHOBOM (HOABIM B BOJe M TAUIIEPHHE
B atMocdepe aproHa. B sToMm ciyyae, HalpuMep,
Cpeoy 3JIEMEHTApPHBIX aKTOB OOMeHa ¢ MUHHMMAIb-
HBIMM u3MeHeHusaMHu sHepruit [0 < 1 k3B (1. e.
W3MEHEHNST SHEPTUM MEHBIIE TOTHOCTH M3MEpEeHUS
SHEPIuu CBSI3M) ObLIN

48 s 40 16 15 37
22T1+2-18 Ar+8 O—>7 N+17 Cl+

+f§ Ar +gj Cr + o(1 x3B),

2% Ti+2-ngr+éZC—>§6 O+fgS+;’g Ca +

+2 g? Sc + o(1x3B),

23 Ti+4{H>4 3 He+/) K+

+35 Ti+e+o(l xoB),

58 0+22CresB Na+2 H+2 PNy
+128 Ne +fz Si + o(1 x3B).

Bruto 65l omMOKONW paccMaTpHBaTh IPUBENEH-
HbIE 2JIEeMEeHTapHbIe aKThl OOMEHA KaK SOepHBIE pe-
KUY, B KOTOPBIX IIPOMCXOOMT CTOJKHOBCHUE
GOJIBLLIOTO KOJIMYECTBA SIAEP. DTU NPUMEPHI OMUCHI-
BAaIOT MEpPeXoibl M3 OLHOTO COCTOSIHUS B JIPYroe,
TIPAYEM MEXaHUW3M IIepexofid TToKa HesiceH. MoXHO
JIIIG MIPENTONOXUTh, YTO IIPOMCXOIMT HEKOTOPBIA
(BO3MOXHO pe30HAHCHBIN) Iiepexox Omarojaps
BJIVSTHHUIO KAKOT'O-TO HOBOTO BUIA B3aHUMONEHCTBHUIL.

O6patuM BHUMaHue Ha TO, YTO TPU pPeIIeHUH
paccMaTpHBaeMBIX 3a1ad oOpabaTsiBaeTcsl OOMBIIOE
KOJIMYeCTBO KoMOuHarmii — 105—106, a mpusenen-
HbI€ BBHIIE IIPUMEPHI SBISIOTCS JHIIL WIIIOCTpa-
uusiMd, IlomyepkHEM, 4YTO €CIM paccMarpuBaTh
TpaHcdopMaIuy OONBIIOTO KOJUIEKTHBA SIep U JO-
IIYCTUTh B3aUMHOE IMIPEBPAILICHUC IIPOTOHOB M Heii-
TPOHOB, TO YIAETCS OTHICKATH 3JIEMEHTAPHEBIE AKTHI
oOMeHa ¢ JOCTaTOYHO OJU3KMMM SHEPTUSAMH, IIO-
PSIKA XUMUYECKUX 3Hepruit cesizu (~100 sB/atom).
Cnenyer OTMETHTh, YTO M B JKCIEPUMEHTE, U IIPH
MOJEIMPOBAHUM 3JEKTPOB3PHIBA TUTAHOBOM (OJIBIU
B BOJe HE NOYBISIIOTCS DJEMEHTH TSIXelee LHUHKA,
YTO SABIISIETCS XOPOIIMM KAYECTBEHHBIM COBIIANCHM-
€M Pe3yIbTaTORB.

EcrectBeHHO, HEOOXOOMMO TPOBECTH TINATENb-
HOe HCCHelOBaHME MOJENH, CPaBHUBAS SKCIEPU-
MEeHTAJbHEIE PE3yIhTaThl C PE3YJbTaTaMKM MOJEITH-
pOBaHUA TIpM DPA3TMYHBIX ITapamMerpax. Dra pabora
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BEAETCH, HO IIEPBOHAYANBHO HYXKHO OBLIO HAMTH
NIPOBEPIEMbIf  IKCIIEPUMEHTATBHO KayeCTBEHHBIHM
a¢hdeKT, BOHUKAIIMA NPpH YUCICHHOM MOIEIU-
POBaHUH.

W3 aHamuza 1poG BBICTPETOB HA THTAHOBOM
¢donbre 6pU10 3aMeUeHO [8], YTO comepxKaHue BaHa-
IV, SBJSIOMIETrocs OJHOYM M3 OCHOBHBIX IIpHMecei
THUTAHA, B PE3YNbTaTe SKCIIEPUMEHTA YMEHBIIAIOCH.
ITpoBeneHHOE YHCIEHHOE MOMETHPOBAaHME IMOKa3a-
JI0, 4TO IpH TpaHchOopMalldi JOCTATOYHOTO KOMH-
YecTBa BaHAOUS JODKHO HAabNIIONAThCS HCKAXKEHUE
U30TONHOIO COOTHOIIEHMS Xeje3a B CTOPOHY yBe-
ar4eHus uzorora 5'Fe. D10 ABISETCS XapaKTepPHOU
OTJIMYMTEIBHON 4epTOi BaHANMsl, NPUYEM BBIBOI HE
3aBUCeNl OT MApaMeTPOB PacyeTOB. KOJMYSCTBEHHOE
COOTHOUIEHHE M30TOIIOB Xeje3a MEHSUIOCh, HO
Bcerma wu3oTona S/Fe IOSBISUIOCh 3HAYUTEIHHO
GoJble, YeEM B PAaBHOBECHOM IIPHUPOIHOM COOTHO-
menny. Hampumep, mna tpanchopmanuu V + HyO
IIpY PacCMOTPEHUM 3JIeMEHTAPHBIX aKTOB oOMEHa C
KOJTHYECTBOM IIEPEMECTUBINUXCSA HYKJIOHOB no 10 u
¢ sHeprusMu o 20 k3B — Monmens paeTr yseiauye-
HUE colepxXaHue m3orTomna >/ Fe B cocTase ITOJIydae-
moro Fe mo 15 %, Torma Kak IpHUpPOTHOE COmepKa-
Hue usorona >'Fe cocrammser 2,2 %. Ilpu ydere
TpaHcdopmaud Ti IPOUEHT MOJIYYeHHOrO B pe-
3ynpTaTe TpaHcdopmaunmu S/Fe 6ymer MeHbIle
15 %, Tak kak mpu TpaHchopmanuu Ti + H,O Mo-
IeJb HE JdeT MCKaXkeHUst HM30TOITHOIO COCTaBa IMO-
aysaemoro Fe. PaccmarpuBaemast ¢hbeHOMEHOJOTH-
YecKas MOIEeNb He MOXeT IaTh KOJMYECTBEHHOTO
pe3yibTara colepxKaHus o' Fe, oHAKO MOIEIb Kade-
CTBEHHO HA€T yBeJMUYeHHe >/Fe 10 OTHOIUEHMIO K
npuponHoMy coctaBy (2,2 %) HMEHHO 33 CYeT
tpaschopMmanuy V.

IIpoBeneHHEIA 3KCIEPUMEHT IIO 3JXEKTPOB3PHIBY
TUTAHOBOH ¢hOJIBIM B pAcCTBOPE COJE BaHAOUS
(VCl; u NH4VO3) nokaszan u30TOIHBIA cnpur Fe B
cTopoHy yBenudeHuss S'Fe (mo 3,7 + 0,5 %). Dro
CBUIETEIBCTBYET O TOM, YTO MPEIIaraeMblil IIOAXOL
K MOJEAHPOBAHMIO TpaHCchOpMalK 3JIEMEHTOB
IPUHIUTHAILHO BEPEH.

3akmovyeHuve

OcHOBHO! BBIBOI HIaHHOH paboThl COCTOMT B
TOM, YTO BO3MOXHOCTb TMIIOTETUYECKOIO KOJIIEK-
TUBHOTO MpPOLECcCd HUIKOIHEPTETUYECKOM TpaHC-
dopmaluK sIep He MPOTUBOPESYUT (DYHIAMEHTANIb~
HbIM 3aKOHAM COXPaHEeHWUS.

W3 anammsa pelynpTaroB MomenuposBaHust (1
CPAaBHEHUSI C IKCICPHUMEHTATBHBIMU JaHHBIMU)
MOXHO CAEJIaTh BBIBOH, Y4TO (PYHIAMEHTATBHBIE 3a-
KOHBI COXpAaHEHUS IOIYCKAIOT BO3MOXHOCTb CYyIIE-
CTBOBAaHMSI HEKOTOPOIO THIIOTETHYECKOTrO KOJUIEK-
TUBHOTO IIpollecca HU3KO3HEPIEeTUYECKOM TpaHc-
dopMaiuy snep, XapakTepU3yIOUIETOCsS CIeIYIOIH~
MU CBOMCTBAMU:

paccMaTpuMBaeMbld IpPOLECC MOXET HATU IPHU
HeGOIBIINX U3MEHEHUSIX SHEPriuy Ha YIaCTBYIOIIMH
B IIpoLecce aToM, 4 MMEHHO IIpH SHEPIUsIX Mac-
1mrrada XMMUYECKUX SHEPTUU CBSI3U;

KOCBEHHO IIONTBEPXKIAETCS KOJJICKTUBHBIA Xa-
paKTep TMIIOTETHYECKOTO TIpolecca SITepHOM TpaHc-
hopmaruy;

KOCBEHHO MHOATBEPXKIAETCSI BAXKHOCTb POJHU CJIa-
6bIX B3aUMOICHCTBUI B 3TOM mpouecce (6onee TOU-
HO — BaXHOCTh HNPOTOH-HEUTPOHHBIX MpeBpalle-
HUU 3a CYET W3BECTHBIX CJA0BIX WIH KaKUX-TO
HEHM3BECTHBIX B3aWMOICUCTBUI, HE OTHOCSAILMXCS K
CHJIBHBIM).

Iloctpoenue Takoil (GeHOMEHONOTHMYECKOMH MO-
Ienn, faxe Oe3 SICHOrO IIOHUMAHUSI MEXaHH3Ma
Tpa"cbhopMaluy, MO3BOIAET A€7IaTh TIPEABAPUTE/Ib-
HbI€ BBIBOOB! O TOM, KaKU€ 3JEMEHTbI MOIVT ObITh
TIOJIVYEHBI M3 3aIaHHBIX HUCXORHBRIX U, UTO emie 00-
Jiee BAXHO, YTO MOXHO IIBITaThCS Opark B KaYeCTBE
WCXONHBIX BEUIECTB MUIS ITONYYEHMs 3aJaHHBIX IIpO-
IYKTOB?

3aKOHUYEHHBIX TEOpHit, OMMUCHIBAIOINMX NaHHOE
SIBJICHWE, He CYIIECTBYeT. XOTS MEXaHU3M TpaHC-
dopmalum gaep noxKa He ITOHST, MBI IPEAIIoIaraeM,
YTO CYLICCTBYET HEKOTOPBIA KATaIU3aTOp, KOTOPLIH,
oOBeIVHAS AAPa B KJIACTeP, CO3MAET YCIOBUSI PE30-
HaHca M HMHAUMUpyeT obMmeH HykinoHamu. OmHUM
73 BO3MOXHBIX KaHIUAATOB HA pOJIb KaTaJM3aTopa
MBI paccMaTpUBaeM MAarHUTHBI MoHomons XK. Jlo-
maka [9—12]. MarHuTHBIA MOHOIIOND, BBEIEHHBIN
JlourakoMm, TIOMYUHSIETCS YCIOBUIO KBaHTOBAHMS
[lIBunrepa, SBASETCS JEITOHOM, T. €. YYACTHHKOM
3JIEKTPOCHA0bIX B3AMMOJEWCTBUM M MOXET OBITH
TPAKTOBAaH K&K MATHUTHO-BO30YXIEHHOE COCTOSIHUE
HelitpuHo. Tako#i MOHOMOJE" sABIgeTcS 0Oe3Macco-
BoIM (WIM II09TH Oe3MacCOBBbIM), OYeHb JETKUM
(c sHepreTHYecKo¥ TOYKHU 3PEHMS) U MOXET OBITH
POXIEH, HATIpUMEP, NP 3JMeKTPOMATHUTHBIX SBJE-
HUSIX B KOHACHCHPOBAHHBIX cpedax [8].

Aemopui gvipaxcarom enybokyo 61a200apHOCMb

A. b. Kyxyuwkuny, 4sl noaesHsie Kpumuveckue

3aMEeUaHUS NO3BOAUNU CYUCMBEHHO YAYHUUMD
mekcm cmambsi.
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On the possibility of nuclear transformation
in low-temperature plasma from the viewpoint
of conservation laws

L. I. Urutskoev, D. V. Filippov
"RECOM", RRC "Kurchatov Institute”, Moscow, Russia

The potentiality of a hypothetical collective process of low-energy nuclear transformations
is shown to be compatible with the known fundamental conservation laws. The possibility of
such processes was suggested by the results of the experiments on the electric explosion of
metallic foils in liquids. It is also shown, that while considering the nuclear processes —
both known and novel ones — which proceed with participation of weak interactions, one
has to take into account the mass of electron in spite of its smallness in comparison with the
nuclear binding energy. Within the frame of the respectively enhanced accuracy, it is shown
that the condition of nuclear stability with respect to p-decay and K-capture appears to be
the minimum of mass defect on isobars, that not always coincides with the widespread con-

dition of the minimum of nuclear mass.
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