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PaccmoTpeHbl KONMYeCTBEHHbIE XapaKTEPUCTUKMN MEPBbLIX YAA4YHbIX JIA3E€PHbIX SKCMEPUMEHTOB No hopMuUpoBa-
HUIO TepMosiAePHOIA nna3mbl. [TokazaHo, 4TO reHepauusi HEiTPOHOB, PErUCTPUPYEMbIX B STUX SKCMNEPUMEHTAX,
HEMNOCPEACTBEHHO HE CBsi3aHa C TEPMOsiAepPHbIMU MPOLECCaMun B Jla3epHOli Mia3Me CO CPaBHUTENbHO HU3KON
TemnepaTypoii. PaccMOTpeHbl anbTepHaTUBHbIE MEXaHU3MblI CTUMYASILAN PeakLMM CUHTE3a U MOKa3aHo, H4TO
Hanbonee BepOATHLIE MEXaHU3M reHepauuy HeliTPOHOB 0ByCNOBNEH Npoueccamn hOPMUPOBaHUS KOFEPEHTHBIX
KOPPeNMPOBaHHbIX COCTOSIHWI, BO3BHUKAIOLWMX 33 CHET AEACTBUS yAApHOU BOJIHbI B HEpa3pyLUEHHO YacTu pe-
WETKN MULLEHU WAW NPU OBUKEHUN B Heli MeLJEHHbIX UOHOB, BbINETAlOWMX U3 fa3epHoli naa3mbl. [MokasaHa
L,eNnecoobpasHOCTb NMOBTOPEHMUS! 3TUX IKCMEPUMEHTOB, B KOTOPbIX KPOME reHepaumm HEMTPOHOB CleayeT OXu-
aaTb 6onee 3hheKTUBHYIO reHepaumnio Apyrux NpoLyKTOB siAEPHOro CMHTE3a.
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1. BBEAEHUE

IlepBble ycrelHble SKCIIEPUMEHTHI 110 PEAIASAIIH
sJIEPHOTO CUHTE3a, CTUMYJINPOBAHHOI'O JIA3€PHBIM BO3-
JeiiCcTBUEM Ha MUIIEHb, ObLIN IPOBEJEHBI B KOHIE 60-x
romos mpomnutoro crojerusi [1-3]. B stux sxcnepumen-
TaxX MCIOJIb30BAINCH OJMHOTHBIE KOPOTKUE (JJINTEIh-
nHoctn mopsiaka 1071 ¢) masepHble onTmdeckme mM-
[IyJIbCBI, T€HEPUPYEMbIE MOIIHBIM HEOIUMOBBIM JIA3€-
poM ¢ jyiHON BOJIHBI 1.06 MKM. DHEPIrus KarkKJI0ro u3
nMirysibcoB pocturaa 10 Ik, aro obecreunBaJsio WH-
TeHcuBHOCTD 06MyueHns J ~ 1016 Br/cm?. B To Bpems
TaKue rapaMerpbl ObLIN OJTHUMU U3 JIYUIINX B MUDE.

Taxwue Ja3epHbIe UMITYJIBCHI (POKYCHPOBAJINCH B Ba-
KyyMe JUIMHHOMOKYCHOM JIMH30i Ha ITOBEPXHOCTH MU-
mean LiD, uro mpuBoamio K 0Opa30BaHUIO HECTAIIN-
oHapHOM maa3Mbl. [lebio IKCIIepUMEeHTOB OBLIO 0OHA-
DYy2KeHIe TepMOsiJIEPHBIX HEHTPOHOB, T€HEPUPYEMBIX B
obbeMe ITOH TIa3Mbl CHHXPOHHO C WMITYJIbCOM. Pe-

* E-mail: vivysotskii@gmail.com

645

TUCTpAIs OBICTPHIX HEHTPOHOB IIPOBOJUIACH C HUC-
MMOJIL30BAHUEM CIITHTHUJIISIIIMOHHOTO CIETINKA Ha OCHO-
B€ YHHUKAJBLHOTO [0 CBOUM ITapaMeTpaM KPUCTAJLIA MO-
mactupona (CHz), mmamerpom D = 30 cMm u mimHO
L = 20 cMm, ycTanoBiaeHHOTO Ha paccroganu R = 10 cum
OT 30HBI JEHCTBUS JTa3€PHOTO UMITy/Ibca. [ 9Tux ma-
pPaMeTpoOB TEJIECHBIA yIoJl PErUCTpPalldl HEHTPOHOB CO-
CTaBJISAT

AQ =27 1—L%1.3W.
R? + (D/2)?

Ilo omenke aBTOpOB MTOrOoBas 3MPEKTUBHOCTDL PErH-
CTpaIyy HEHTPOHOB, YIUTHIBAIOMAA FEOMETPHUIO PACIIO-
JIOYKEHUSI JIETEKTOPA U PsiJl JIPYTUX MAPAMETPOB, COOT-
BeTcTBOBaIA 1) ~ 10 %.

Corytacuo ganabiM padot [1,2], npu TakoMm Bo3meii-
CTBUM PErUCTPUPOBAJICH (B CpEIHEM ) OJMH HEATPOH Ha
KaXKJIbIl JIA3€PHBIN UMILYJIbC. DTU JIAHHBIE MHTEPIIPE-
TUPOBAJIUCH KaK IIOJTBEPKICHUE TEPMOsIIEPHOrO MeXar-
Hu3Ma cuaresa (pakTUuecku, Kak mepsas JIeMOHCTPa-
IS UHEPIMOHHOTO JIA3EPHOTO TEPMOSIIEPHOTO CUHTE-
3a) Ha OCHOBE OJIHOI'O M3 TpeX KaHaJsoB (dd)-peaximu,

d+d=He® + n + 3.27 MsB, (1)
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peaim3yeMoro 3a CYeT CTOJKHOBEHUS JEHTPOHOB B Ha-
rperoii mwra3me, obpasyemMoit B 00acTu J1a3epHOTo Ho-
KycCa Ha MOBEPXHOCTH MUIIEHHU.

Ananms, nposenensbiii apropamu pador [1-3], oc-
HOBBIBAJICS Ha CJIEJIYIONIMX XapaKTePUCTUKax oOpasy-

~
~

€MO# IlJIa3Mbl: KOHIIEHTPAIlds HMOHOB JAedTepud ng
~ 102! cM™3, TosmuHa 06IACTH IIA3MBI BO3JIE JIA3€p-
HOro pokyca ro ~ 1072 cM, MaKCHMAJILHAS TeMIIe-
paTypa MOHHOI KoMIOHEHThl miaa3Mbl kT ~ 120 3B
nm kT = 210 3B B 3aBucuMoctu 0T cdepudeckoit
WJIM TJIOCKOM reomerpuu ee pasiera (cum. [3], puc. 10),
BpeMsI CYIECTBOBaHUS ILIA3MBI C TAKOW TeMIepary-
poit 7 &~ 510710 ¢. CpenHexsapaTHYHas CKOPOCTh
JIBUKEHUSI NOHOB JIeWTepHs B IIJIa3Me IIPU MaKCUMAaJIb-
HOi TeMIeparype COOTBETCTBOBAJIA BEJHUIHHE (V)
~ +\/3kT/M =~ 107 cm/c.

[Loma b orepevHOro pasJiera IJIa3Mbl 33 3TO Bpe-
Mg (C YYETOM HAYAJBHOrO cedenus (hOKYCUPOBAHHOIO

~
~

JazepHOro MMIyIbca, So = 7R3 ~ 3 - 1074 cm?) Gpia
paBHOI1

S, ~7((v)T + Ry)? ~6-107* cm?.

CorlacHO 3TUM XapaKTEePUCTUKAM, B 00beMe ILIa3MbI
HaxoauIoch Ny = ngS-xo ~ 6 - 10'° anep neiirepus.

B paGorax [1-3]| mocsie 3aBepIeHnst ONNCAHUS 113~
MBI U €€ aHAJIN3a YTBEPKJIAJIOCH, YTO PE3Y/IbTATHI IKC-
[IEPUMEHTOB COTJIACYIOTCS C JAHHBIMA PACUETOB U IO/
TBEPXKIAIOT OXKUIACMBIH DPE3YJLTAT — PETUCTPAIUIO
HEHTPOHOB, 00pPa3yeMbIX B IMPOIECCE TEPMOsIIEPHOrO
CHHTE3a, CTHMYJUPOBAHHOIO JIA3EPHBIM O0JIyYEHHUEM.
Cuesryer orMeTuTh, 4To B padorax [1-3] 6b110 mposee-
HO OYeHb IOAPOOHOE U KBAJIUDUIMPOBAHHOE UCCIIEI0
BaHUE XaPAKTEPUCTHK JIA3EPHBIX UMITYJILCOB U IIPOIEC-
ca (POPMUPOBAHMUS IJIA3MBI, HO IIOYTH HE PACCMATPUBA-
JIICh OCOBEHHOCTH JIepPHOro cuHTe3a. [IpoBeeM Takoii
AHAJINS.

2. OHEHKHN 9®PEKTNBHOCTU CMHTE3A
I[P JENCTBUU OAMHOYHOI'O
JIABEPHOT'O IMIIVJIBCA

Pacuer mosHoro umncia (dd)-peaknuii ¢ ydacruem
BCEX siJiep JeiiTepus B O00beMe JIA3€PHOM ILIa3Mbl 33
BpeMsl ee CyIIeCTBOBAHUS (& 3HAYUT, W TIOJHOTO UHC-
JIa HEATPOHOB, I'C€HCPHUPYEMBIX IO MEXaHU3My TEPMO-
ANEePHOr0 CUHTE3a B 30HE JICHCTBUS JTa3€PHOIO UMITYJIb-
ca) MOXKHO TIPOBECTH TIPH UCTIOJIb30BAHAY CTAHIAPTHOI

bopMyTBI
NO

neutron

(2)

YUUTBHIBAIONIEH yCPEIHEHHOE 110 MAKCBE/IIOBCKOMY Pac-
[PEJIEJICHUIO IPOU3BEeJICHNe CedeHus peakiuuu o(v) u

~ Vnd(o(v)v)T/2,
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CKOPOCTH yYACTBYIOIIUX B HEH YaCTHUIL. DTO IPOU3BE-
Jenue s caydasi (dd)-peakiun (1) ¢ BBIXOJOM HeHT-
POHOB OIIPEJIEJIFETCs XOPOIIO N3BECTHBIM BLIPAXKEHNEM

([4], to. 2)

~
~

(o(v)V) 4q
18.8

1
~1.3-107%——
(kT)1/3

CM3
(T o

exp

c
B KOTOpOM BejuinHa kT COOTBETCTBYET TeMIIEpaType
ILUIA3MbI B KMJIOYJIEKTPOHBOJIBTAX.

Ecau ydectn, uTo mpocTpaHcTBeHHAs hopMma pas-
JieTa T1a3Mbl ObLTa 0/IM3Ka K ¢hpepUIecKOoi TeOMeTPUN
([3], puc. 2), To, UpuHUMAas ee MOHHYIO TEMIIEPATY-
py paBHoll MakcuMmasbHO#, KT ~ 130 3B, nnsa takoit
koHburypanun [3|, u3 Beipaxkenust (3) HAXOAUM, UTO
(o(v)v) = 5-10730 em? /c. C yderom 310l BeMIUHBI U3
dopmyibl (2) MOXKHO OIPENEUTH CPEHEe KOJIUIECTBO
HEATPOHOB, TeHEPUPYEMBIX B 9KCIepuMeHTax [1,2| mpu
BO3JIelicTBUN Ha MuIeHb LiD omHOTO J1a3€pHOrO MM-
yJIbCa:

N, (4)

cutron = 0.007 HeiiTp. /uMITyIIbC.

U3 sroit OleHKY CreyeT, YTO Jisl TeHepaiyn (He
perucrparuu!) XoTs 66 OHOTO HEHTPOHA, hopMuUpye-
MOTO B PacCMaTPUBAEMOM 3KCHEPUMEHTE B PEaKIUH
(3) HA OCHOBE TEPMOSIEPHOIO MEXaHU3MA, HEOOXOIH-
MO TIOCJIEJIOBaTeIbHOE BO3jeiicTBre okoso 150 1a3ep-
HBIX HUMITYJIbCOB. JTO HE COIVIACYETCsI C pPe3yJibTara-
MU 9KCIEPUMEHTOB [1, 2], B KOTOpBIX st 060CHOBA-
HUSI SKCIIEPUMEHTAIbHON 3P PEKTUBHOCTA PErucTpa-
i N, ~ 1 HeATp./UMILyIbC HEOOXOIUMA TaKast

neutron
addbekTuBHOCTD UX TeHepanuu B peakuuu (1),

N, A (5)

cutron neutron/7 /= 10 HeHTP. /UMILyJIBC,

koropas B 1500 pa3 Gosbirie 1ol 3¢bHEKTUBHOCTH, KO-
TOPYIO CIIOCODEH 00ECIeTUTh TEPMOSIIEPHBII MEXaHU3M
CUHTe3a B yCJIOBUSX KcrepumenTa [1,2].

Ucxomst U3 9TUX ONEHOK OYEBUJHO, YTO HEHTPO-
HBI, PETUCTPUPYEMBIE B 9TUX IKCIEPUMEHTAX, HE MOT-
Ji OBITH 0OPa30BAHBI TOJIBKO 328 CIET MEXAHU3MAa TeP-
MOSIJIEPHOT'O CHHTE3a B 00'beMe IIa3Mbl, GOPMUPYEMOit
[IPU BO3/IEHCTBUY JIA36PHOTO UMITYJIHCA HA IOBEPXHOCTD
vuriern LiD. ¥V nac HeT coMHeHUs B OYeHDb BBICOKOIT
kBasmdUKaIUI aBTOPoB paboT [1-3] 1 B KOPPEKTHOCTH
X U3MEPeHUii, HO Cpa3y BOZHUKAET BOIIPOC: OTKYIA IO~
SIBUJINCH T€ HEHATPOHBI, KOTOPBIE PErMCTPUPOBAJIUCH B
TUX IKCIIEPUMEHTAX !
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OcobeHHOCTN 1 MexaHN3Mbl FreHepauny HEATPOHOB. . .

3. BOBMOXKHBIIT MEXAHI3M I'EHEPAIIN
HENTPOHOB M YCJIOBUSI TEHEPAIITU
JIPYTUX YACTUIL [TPU BO3AENICTBUN

JIABEPHOTO UMIIVJIBCA HA MUIIEHD LiD

Ilo nameMy MHEHUIO, PETHUCTPUPYEMBIE B JKCIIEPU-
MEeHTaX HEHWTPOHBI I'€HEePUPOBAJHUCH B IIPOIECCE HU3-
KosHepreruunbix gnepubix peaknuit (LENR), koropbie
CTUMYJIUPOBAJIACH TOOOYHBIMUA U HEIIOCPEJICTBEHHO HE
CBSI3AHHBIMU C BO3pPACTAHUEM TeMIepaTypbl 3ddekTa-
MM, COITPOBOXKIAIOIINME JAefICTBHE JIA3EPHBIX UMILYJIh-
COB Ha IIOBEPXHOCTb MUIIIEHE.

MoxkHO OTMETHUTD JiBa 6A30BBIX MEXaHW3Ma, KOTO-
pble OCHOBaHBI HA OIHOM U TOM K€ (DU3MIECKOM IIPO-
1ecce U NPUBOISAT K 3(DPEKTUBHOMY sIIEPHOMY CHUHTE-
3y.

IlepBoIit U3 HUX CBS3aH C YAAPHOU BOJIHOM, COIPO-
BOXKJaIOWIe neficTBue Ja3epHOI'O UMILYJIbLCA Ha MU-
1eHb. XOPOIIO U3BECTHO, YTO IPU TAKOM BO3/I€HCTBUU
BCerjila MMeeT MEeCTO IpoIecc abJisIuu, 00yCJIOBJIEH-
HBIIl MHTEHCUBHBIM UMITYJILCHBIM UCIIAPEHUEM OBICTPBIX
MOHOB C TOU YaCTH MOBEPXHOCTHU MUIIEHH, HA KOTOPYIO
JIEHCTBYET JIA3€PHBIA UMITYJIHC. DTO UCIAPEHHUE COMPO-
BOXKJIAETCsI Tlepegadeil MMITyJIbCa Ha MUIIEeHb, ITO IPU-
BOJUT K OOpa30BAHUIO WHTEHCUBHOW YIAPHONU BOJIHEI,
JBUKYIIENCS B IIyOb MUIEHU NEPIEHIUKYIAPHO K ee
[TOBEPXHOCTH.

Dror nporecc (haKTHIECKH COOTBETCTBYET TPUHITH-
Iy paboThI JII0OOTO PEAKTUBHOTO JIBUTATENIsI, YCKOPSI-
€MOr'0 3a CYeT BBIOPOCAa MACChl B IIPOTUBOIIOJIOXKHOM
HamIpaBjieHUH. 1akKOil MeXaHW3M TIeHepaluu YIapHBIX
BOJIH XOPOIIIO n3BecTeH [5-9].

XapakTepHOe yjapHOe IaBJjIeHHe IIPU Takou abisi-
UK Ha OCTABILYIOCH (HEMCIIAPEHHYIO) YACThb MUIICHH
pasuo P =~ 4 -10% aTM 1pnm MHTeHCHBHOCTH J1a3epHO-
ro ummyabca J = 103 Br/cm? [5], uto sxBuBasent-
HO, HAIPUMEpP, CTOJKHOBEHHUIO C MUIIEHBIO MUKPOME-
TeopuTa pa3sMepoM B HECKOJIBKO MUKDPOMETDOB, JIBU-
KyIierocs co ckopocrbio 13 km/c. Ilpu yBenmyenun
WHTEHCUBHOCTH JIA3€PHOIO MMITYJIbCA JIABJICHUE PE3KO
Bospactaet, P oc J7/9 [8,9], mocTuras ruranTcKux 3ma-
yennit P ~ 10%-10° arm npu wunrencusaocTH J

~
~

~ 10'® Br/cm?, cooTBeTcTBYIOMEH JaHHOMY KCIIepH-
MEHTY.

Ckopocrb (GpoHTa TeHepupyeMoil pu abJdnun
YJIAPHOM BOJIHBI TPHU YKA3aHHBIX BBIIMIE MapamMerpax
JIA3€PHOTO UMITYJIECA MOXKET JOCTUTATh WJIA IPEBbI-
mathb 4-8 km/c. [lpu nBuKeHUN yIapHOil BOJIHBI BHYT-
pH JIEOOBIX MATEPUATBHBIX TeJT POUCXOINT OYEeHb PEe3-
KOe Cy2KeHHe ee TepeIHero GppoHTa JI0 pa3Mepa, MUHH-
MaJIbHOE 3HAY€HHEe KOTOPOI'0 COOTBETCTBYET HECKOJIb-
KM HaHOMeTpaM. Takoe «ykpydeHwe» (ppoHTa yraap-
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HOIl BOJIHBI CBA3AHO € T€M, 4TO 60JIee HHTeHCHBHAs (0C-
HOBHAs) 9acTh (DPOHTA YIAPHOIT BOJHBI U3-3a HEJIMHE-
HOCTHU IIPOIIECCA B3aMMOJIEHCTBUS JIBUKETCsI ObICTpEE,
geM MeHee HMHTEHCUBHAS IEePeIH:Asd YacTh (PPOHTA, U
«JIOTOHSIET> €e.

IIpoxoxaenne 3TOi yJAapHON BOJIHBI CKBO3b MU-
IIEeHb, COJICPXKAILYIO JedTepuil W JWTUN, IIPUBOIUT
K odenb OplcTpoMy (mmurensmocthio 10711071 ¢)
VIAPHOMY CZKATHUIO, 8 3aT€M K OBICTPOMY PACTAKEHUIO
U TIocJIe Ty orteit bosee MeIJIEeHHON peTaKCAIN JIOKAJTb-
HOT'O OKPY2KEHHsI KaXKJ0ro U3 aTOMOB JlefiTepus U Jin-
Tusg B cocraBe mumteHu. C TOUYKW 3pEHUS JIUHAMUKHI
MOHOB KPUCTAJIJINIECKON PENIeTKH, 3TO COOTBETCTBY-
eT OjYeHb OBICTPONl WUMITYJILCHOW OOPATUMOI MOTYJIsI-
UK napamerpos (B YaCTHOCTH — YaCTOThI KOJIeOaHuii)
HECTAIIMOHAPHOI'O TapMOHMYECKOTO OCIILISTOPA, Xa-
PaKTepU3yIoIIero KojebareabHoe cocTosHue (BKIIOYAst
onruaeckue GboHoHHbIE MOABI Ha yacTorax 10-15 Tl'n)
KaXKJIOro W3 sijiep Jefirepusi B perreTrke. Takoil 0ueHb
OBICTPBII TPOTIECC HECTAIMOHAPHON MOTYJISIIIAN TTPUBO-
JuT K (Ha3oBoOil CHMHXPOHU3AIUU ONTUIECKUX (DOHOH-
HBIX MOJT U K (POPMUPOBAHUIO KOT€PEHTHOIO KOPPEJIU-
posanmoro cocrosaus (KKC) stux sizep, crencrsuem
9ero SBJISIETCS TeHEePAIUsi COILy TCTBYIOIIMX ITHM COCTO-
SIHUSIM TUTAHTCKUX (DJIYKTyaluil UMITyJIbCA U IHEPIUU
sTux azxep [10-17].

Ocobenno 3pdEKTUBHBIM TaKOH MeXaHU3M WM-
ITyJIBCHON MOJLYJISIIIUU TIAPAMETPOB JIOKAJBHOI'O OCIIHJI-
JIsiTopa OyzeT B 06Ji1acTd, IPUMBIKAOIIEH K 30He (Hop-
MHUPOBAHUS JTa3epHOH m1a3Mbl. B 910t ob1acTu erre 10
[IPUXOJIA YAAPHOHN BOJHBI BO3HUKAIOT MHOTOYMC/IEHHBIE
HaHOTPEIIUHbI, (POPMUPYEMBIE 38 CUYET IOMaIaHUs TY-
J1a OBICTPBIX MOHOB, BBLIECTAIONINX U3 00beMa obpasye-
MOH TIPUITOBEPXHOCTHOH 1ra3mbl. Takoii mporecc aHa-
JIOTMYEH I[POIE/ype PaCTPECKUBAHUSI MeTaJIJIOTUIPU-
noB tuna TiD unn TiH npu ux HaCBIIIEHUN U30TOIIAMEI
Bomopoza. CpaBHUTENHLHO OOJIbINA IMUPUHA ITUX HAa-
HOTDEIVH, 3all0JIHEHHBIX JefiTepreM, OueHb pPe3Ko (B
HECKOJILKO pa3) YBEJIMYMBAET aMILIUTYLY BO3MOXKHOM
MOJIYJISIINY YaCTOTHI KOjIeOaHmit TeHTPOHOB IIPU MOCJIe-
JYIONEM BO3IEHCTBAN HA STy HAHOTPEIUHY yIapHON
BOJIHBL. EIlle OMHUM IOJ00HBIM CJIEJICTBUEM JIeHCTBUS
VIapPHON BOJIHBI SIBJIETCS OBICTPOE «PACKDBITHE» TEX
HAHOTPEIINH, KOTOPBIE 70 9TOTO €Ile He CPOPMUPOBaA-
JINCh, HO OBLIM B OYEHDb HAIIPSI?KEHHOM COCTOSIHUM U3-38,
BHYTPEHHEr'O JaBJIeHUd JCHTPOHOB, IIOIIABUINX B MEXK-
JIOy3JIMe PEIIeTKN MUIIEHH.

WNmenno Takue ycyioBusi OBICTPOI MOJIYJISATIAN SKBU-
BAJIEHTHOT'O OCHUJIJISITOPA TPeOytoTcs jjist 3D PeKTUB-
woro dopmupoBanust KKC stux mefirpoHoB.

B pa6orax [10-17] 6b110 MOKa3aHO, YTO LPU TAKOM
UMITYJIbCHOW MOJIYJISIIIUN ITaPaMeTPOB HECTAIMOHAPHO-
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o OCIHUJIATOPa aMILIATYIAa (IIYKTyaluii KHHETHIe-
CKOM 9HEPrum YacTUIlpl (B 9aCTHOCTH [IPOTOHA) MOXKET
JIOCTUTATh BeJmduHbl 0 E.,.» B uHTepBaje 10-30 k3B
JaxkKe B CHIydae KPHUCTAJIUIECKON PEITeTKU, HAXOIs-
mieiicss pu KOMHATHON Temiiepatype. OueHb nHTEpEC-
HO, ITO TIPU STOM CPEJIHsST KUHETUIECKAs SHEPT U ITUX
a1ep MaJIOl U MaJIo
OTJINYATHCS OT TEIJIOBOHM SHEPrUU KOHICHCUPOBAHHOMN
MutieHu!

MOZKEeT OCTaBaTbCAd HEU3MEHHO

BakHO OTMETHTH, UTO BO BCEX C/Iy4Yasix B TAKUX
KKC ruranrckue diykryanuu sHeprum OyIyT CyIiie-
CTBOBATH AHOMAJILHO OOJIBIIOE BPEMS Otcorr, KOTOPOE
HA MHOI'O HOPSJIKOB IIPEBBIMIAET JJIUTEIHLHOCTH BO3-
MOYKHBIX HEKOPPEJUPOBAHHBIX (DIYKTYAIUN Oty pcorr,
€CJIM ee OIEHWBATH Ha OCHOBE <«OOBIYHOrO» COOTHO-
meHust HeomnpeieneHHocreil leiizenbepra Otypcorr =
~ h/20F.

Bosmoxknocts cymecrBoBanust taknx KKC 0Obuia
obocHOBaHa B caMOM o0mieM Buze (Iyisi pasHBIX I1ap
POU3BOJILHBIX JMHAMUYECKAX TepeMeHHbix A u B)
emme B 1930 roxy mesaBucumo [IIpenuarepom u Pobepr-
conoM [18,19] na ocHoBaHnK OOIIUX IPABUII KBAHTOBOMN
MeXaHuKH. B obiieM cirydae 3T COOTHOIEHUs XapaK-
TEPU3YIOTCsi 0DODIEHHBIMU COOTHOIIIEHUSIMU HEOTIPE 16~
JIEHHOCTEH JIJIsl TUCHIePCHii STUX TIEPEMEHHBIX C YIEeTOM
SIBHOTO BUa ux oneparopos A, B, C:

_ [([AB])|?
oA0B = (5A)2(5B)2 Z m,
o0 ={(C = (C)?), rap= % (6)
g = AB ; BA) _ ayB), frapl < 1.

B wacrHOCTH, /711 TAPBI MEPEMEHHBIX «KOOD/IHA~
Ta—IyJIbC» ITO COCTOSTHAE XaPAKTEPU3YETCS IIPUHITUIIH-
AJIBHO OTJIMIHBIM OT COOTHOITIEHUS HEOIIPE 1€/ IEHHOCTEH
Teitzenbepra coornomenuem Illpemnmarepa —Pobeprco-

opdx > h/2\/1 —r2 = hG/2, (7)

B kotopom 0 < |r] < 1m 1 < G < oo — coorBer-
CTBEHHO KO3 DUIMEHT KOppeadanuu u KodD UIIEHT
3 HEKTUBHOCTH KOPPEIAIUU. DTU KOIDDUIUEHTHI Xa-

Ha

pakTepu3yeT CTeleHb CUH(A3HOCTH U B3aMMHOU KOD-
PEeJINPOBAHHOCTY PA3HBIX COOCTBEHHBIX COCTOSIHUI Jac-
TUIBI B CYHNEPIO3UIMOHHOM KBAHTOBOM COCTOSHUU (B
9aCTHOCTH, CHH(DAZHOCTHU KOJIEOATEIBHBIX MO, JIeATPO-
Ha B IPOCTPAHCTBE MEXK/IY COCEIHUMHU ATOMAMU JIMTUS
B pelleTke).

JlJ1st HeKOppeMpoBaHHBIX cocTosiHmii 1 = 0 u G =
= 1, a aya KoppesupoBaHHblx — |r| — 1 u G > 1.
XapaKkTepuCTUKU ITUX COCTOSHUII U BO3MOXKHOCTH UX
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[IPUMEHEHUs U3y4ajuch BO MHOrMX paforax (B dact-
HOCTH, B GOJBIIMX 0030PHBIX cTaThsx [20,21]).

[IpuHIMNIMAIBHOE OTIMYUE TIPOLIECCa B3AMMOIEHCT-
BUsl YACTUI] C OYEHb OGOJBITUMU (DIYKTYAIUAMA UM-
mysibca (a coreoBaTesbHO, U (DIYKTyalUsIMU KUHETHU-
YeCcKOoi SHepI‘I/II/I) OT B3aMMOJIENCTBUS YaCTHUIL C aHAJIO-
PUYHO 110 BeJIMYMHE, HO PealibHOll (He BUPTYaJIbHOI!)
KUHETHYECKOI 3Heprueil COCTOUT B TOM, UTO YACTHIILI
¢ BUPTyaJbHOH SHEprmeil He MOIYT, HAIPHMEp, pea-
JIN30BATh 9HJIOIHEPIETHIECKNAE PEAKINN, BO3OYXKIAThH
(MOHUBUPOBATH) APYTUE ATOMBI HJIM [€HEPUPOBATH TOP-
MO3HOE U3JIydeHue, OCKOJIbKY B TAKHX IIPOIECccax Mpo-
HCXONUT HeobpaTumast MOTEPsl SHEPTUH, UTO MPHUHIU-
MUIAJTBHO 3AIPEIEH0 ISt BUPTYAJbHBIX (DIIyKTyaImii
SHEPI'MH, CBA3AHHBIX C €€ HEOIPEIeJIEHHOCTHIO M OOIIAM
3aKOHOM COXPAHEHUsI SHEPTUU, KOTOPBINA OYIET BBITIOJ-
HSATBHCS TIOCTIE 3aBEPIIeHNs (DIIyKTyaIyn.

C Apyroii CTOPOHBI, TAKUE JACTHIILI MOT'YT «HACIIOJIb-
30BaTh» GOJNBIIYIO (DIIYKTYAIMIO UMITYJIbCA dP U, COOT-
BETCTBEHHO, (DIIyKTYAIIUIO BUPTYAJIbHON KAHETUIECKOTH
suweprun 0E = (0p)?/2M npu KKC nns, mampumep,
IIPOXOKIEHUS] CKBO3b NOTEHIMAJIBHBI 6apbep 1 ocIe-
JIIOIIEr0 CTUMYJIMPOBAHMSA SIIECPHBIX UJIA XUMUIECKUX
PEaKIMM, €CJIU THU IIPOIECCH OYJIYT COOTBETCTBOBATH
9K309HEPTETHICCKUM PEAKIIHSIM.

DTOT MeXaHW3M, PeaIn3yeMbIil 3a CUeT HMILYJIbC-
HOH MOJIyJISIIMU [APAMETPOB JIOKAJIBHBIX IapMOHIYe-
CKHMX OCIMJIIATOPOB TIPY BO3JEHCTBAN Ha HUX yJapHOIL
BOJIHBI, YCIIEITHO OGOCHOBBIBAET PE3YJIBTATHI IKCIICPH-
MEHTOB 110 I'eHepaIyy aabda-g9acTuIl IpH BO3AeHCTBII
MAJIBIX 110 AMILIHTYJIE BBICOKOIACTOTHBIX TEMIIEPATY P-
HBIX BOJIH, TEHEPUPYEMBIX IIDH KABUTAIUA CTPYH BOJIBI,
Ha yJaJIeHHble OT Kapuraropa muinenn TiD [22,23].

Hpyroit mexanu3m peasusanuu peakiuu (1) cesazan
¢ aJibrepHATUBHBIM MeTos10M (pbopmuposanust KKC npu
ydIeTe B3aUMOJIENCTBUS IBUKYIINUXCS NOHOB C ATOMaMU
pererkn. OH 0OYCJIOBJIEH T€M, YTO B SKCIIEPHMEHTaX
[1,2] MHOrO GBICTPBIX MOHOB JIA3€PHOM IJIA3MBI IPH ee
pacimupenun OyjyT JIBUTAThCA B IVIyOb Hepas3pyIllleH-
HOIt KpucTasmieckoit pemrerku LiH B pexxume kana-
smpoBaHust. B paborax [16,17] 6b110 1I0KA3aHO, 9TO IPH
ITOXO0KEM JIBU2KEHUU CPABHUTEJIBHO MEJJIEHHBIX IIPOTO-
HOB B [IEPUOIMIECKOM I10JI€ PEIIETKN KPUCTAJLIIA JINTUS
odeHb ObICTPO (HA MHTEpBAaJe, PABHOM 3—4 IEepUOIaM
perieTkn) Gyzner dbopmuposaThest aHasgornunoe KKC
JBUKYIIENCS JaCTUIIBI ¢ KOIDDUIIMEHTOM KOPPEJIAIuT
1 —|r| < 1078, wemy cooTBercTBYIOT KO3bbuImenT
spbexTusrocTH Koppessmuu G > 10* u Bospacranue
aMIIATYIbl DJIYKTYalud HEPIUU B HOIEepPedHoM (10
OTHOIIEHHIO K [IPOJIOJILHOMY JIBHUKEHHUIO) HAIIPABJICHIN
JI0 BEJINIUHBI
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0
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4

z/a,

Puc. 1. ®opmupoBaHme KOrepeHTHOro KOppesivpoBaHHOIO Co-

CTOSIHUSI MPY ABUXXEHUU MPOTOHOB C ONTUMAbLHOW 3Hepruei

450-500 3B B kpucTtanne nuTusi B pe>xnume NAOCKOCTHOrO Ka-

HaNMpOBaHWsi B HanpasneHnn z (a. — NPOAOAbHbIN NepuoA
peLeTKn NuTus)

(@)
10000

8000
6000
4000

2000

6
v/afw)

Puc. 2. 3aBucumocts ycpenHeHHoro koadpdpuumerTa adppex-
TUBHOCTU KOPPEAALNM OT CKOPOCTU MPOTOHA B KOHLE TPETLErO
nepuoga pewweTtkn auTus [16]

_ (dp)? G2 G*R?
T oM T 8M(0x)2 T 2Ma2

SE > 40 k3B,

(8)
Ha MHOTO IOPSIIKOB IIPEBBIIAIONIEH SHEPIUIO IPOIOJIb-
HOTO TIOCTYIATEIbHOrO JBuKenus (puc. 1). 3mece M —
Macca MPOTOHA, G, =~ 20T ~ 2 A — MeXIJIOCKOCTHOE
PACCTOSIHUE B PEIIETKE.

~
~

DTOT MeXaHU3M aBTOMOJEIHLHOIO (POPMUPOBAHUS
KKC 6ymer BBIIOJTHATBCS JJjIs T€X HOHOB, KOTOPbIE
JBUXKYTCS B TIEPUOIUIECKOM II0JI€ PEITETKHA CO CKOPOC-
TAMH, OIM3KUMA K BEJIMIUHE Vopy X 20, (W), obecredn-
BAIOIEel CHHXPOHU3AIUIO COOCTBEHHBIX COCTOSHUM IO~
MIEPEIHOr0 KBAHTOBAHHOTO JIBUYKEHNS TaCTHUILI B KaHAa-
Jie [16]. 3aech (w) — cpepugas gacrora KoebaHuii noHa
MEXKJIy TJIOCKOCTSIMU TIPU KAHAJIMPOBAHUHT B yCPETHEH-
HOM ITOTEHIIHAJIE CTEHOK KaHaJa.
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3aBUCHMOCTh YCPEIHEHHON 110 BPEMEHU BeJIMINHbBI
(G) or cKOpPOCTH IPOTOHOB IIPEJICTABJIECHA HA PUC. 2.
Buo, uro ouens Gosbmioe snadenue (G) peanusyer-
csl B MHTepBaJie CKopocTeil, papHoM npumepno 10 % or
ONITHUMAJIbHOM CKOPOCTH ISl JIAHHOI'O KPHUCTAJIIOrPa-
duteckoro HampapeHns. TaKux JaCTUIL ¢ SHEPTUEH B
HECKOJIBKO COTEH 3JIEKTPOHBOJIBT JIOCTATOYHO MHOI'O HA
XBOCTE MaKCBEJIJIOBCKOT'O PACIpPe/IeJIeHNsI HOHOB Jla3ep-
HOIT IJIa3MBI B 9KCIIepuMeHTax Tuna [1,2].

Dror ke mexanuzM (popmuposanne KKC npu nsu-
JKEHUW WOHA, B TIEPUOMIECKOM II0JI€ PEIeTKU WU B
HoJie KJacTepa U3 HECKOJbKHUX ATOMOB) OY€Hb XOPOIIO
00'bsICHSIET PE3YIHTATHI MHOTOUHUCICHHBIX KCIIEPUMEH-
TOB, POBOJIMMBIX B HECKOJIbKHUX Jiaboparopusix CIITA
(Louisiana Accelerator Center (Lafayette), Physical
Department of North Texas University (Deuton) u
NASA MFES Center in Huntsville) ¢ ncrnonbs3oBamnn-
€M IIyYKa YCKOPEHHBIX ITPOTOHOB C IE€PECTPAMBAEMOI
sueprueit £ < 500 3B u a1Byx Tunos mwuireneii — TBep-
JOTEeIbLHON MUIIIEHN B BIJIE TOHKOHN (hoIbri (TOJIHLHHOfI
OKOJIO 1 MM) U3 JINTUS U MUIIEHN B BU/IE HACBHIIEHHBIX
NApOB TOTO YK€ JINTH, IIPUBOAAIINIX K 3(PPEKTUBHOMY
siiepHOMy cuHTedy (moapobHocTu cM. B pabore [16]).

Oba paccMOTPEHHBIX BBIIIE MEXAHU3Ma COOTBETCT-
BYIOT OIIPEJIEJIEHUIO <«sJIEPHBIE PeakIuu IIPU HU3KOM
sueprun», win LENR, mockosnbky He TpebyroT HArpesa
WM peasibHOro (He BUPTYAJIbHOIO 3a cYeT (DIIyKTya-
nuit) yekopenusi uactur. OHM Tak:Ke XOPOIIO 0BOCHO-
BBIBAIOT OJHBI 3anper [15,17] Ha peasusanuio Tex
KAHAJIOB SIJIEPHBIX PEaKINii, KOTOPBIE MOCJe CJIASHUS
MCXOJIHBIX YACTHI] BEIYT K OOPA30BAHUIO PAJIMOAKTUB-
HBIX COCTABHBIX siJiep. DTOT 3alpeT HaOIIOMAeTCs BO
Bcex 6€3 MCKJIIOUEHUS YCIENHbIX IKCIEPUMEHTAX TPH
HU3KOI 9QHEpru, M ero HeBO3MO2KHO O6']3HCHI/IT]), eCJIn
UCIIOJIb30BATH [IJIsI €r0 000CHOBAHUS CTAHIAPTHLIE Me-
TOJIbI OUTUMU3AIUY PEAKIUil IpKU HU3KOMH sHeprun (Ha-
npuMep, 3a CYeT AHOMAJBLHOIO 3KPAHUDPOBAHUS TIOJIS
SA/Ipa WK 3 CUYeT MUKHOSIEPHBIX 3D PEKTOB TP OYEHD
CHJILHOM C2KATUH MUIIECHHN ).

Bousee Toro, ananus skcnepumentos [1, 2] mozsos-
eT 00'bSICHUTD TaKKe CPABHUTEJILHO CJIadyIo (Ha ypOoBHE
N? ~ 10 HeitTp. /umMitysbe) 3¢bdEKTUBHOCTE reHe-
panuu HEHTPOHOB, KOTOpPAasl HAOJIONAIACH B STUX IKC-
[IEPUMEHTaX. DTO CBA3AHO C TE€M, YTO HEHTPOHHBIN Ka-
nau (dd)-peaxtmn d+ d = He® +n, ecim cBs3pIBaTh €ro

eutron

¢ popmuposannem takux KKC, okasbiBaeTcss Ha MHOTO
HOPsIZKOB MeHee BeposaTHbiM [11,13], yem ajbrepHaTus-
HBI 1 6oJiee OBICTPBIN «IIPOTOHHBINY KAHAJ

d+d=T+p+4.03 MsB. (9)

D70 CBsI3aHO Kak ¢o crernuduKoii (JIMTeIbHOCTHIO)
peakmuii, CTUMYJIMPOBAHHBIX BUPTYAJIBHBIMU (DJIYKTY-
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aruaMA HEPTUU, TaK U C BO3MOXKHBIM ITPOSIBJICHUEM
adpdekra Onnenreiimepa — Puimmiica [24], cesa3anHo-
ro C B3aUMHOW IIPOCTPAHCTBEHHON IepeopueHTallnen
JEeNTPOHOB Ilepe/] UX B3auMOIEHCTBUEM, BELYIIIUM K pe-
aknuu 3axBara (4) 6e3 oOpazoBaHUsl COCTABHOIO siji-
pa He?.

Cremyer cienaTh ele OJHO 3aMEYaHUEe IO ITOBOLY
JIa3ePHBIX IKCHEPUMEHTOB KoHIIa 60-X rogoB. OHO cBs-
3aHO C TeM ODCTOSITEILCTBOM, UTO IIPU UCIIOJIH30BAHUN
murtenn LiD 6oJbItyio BEpOSTHOCTD UMEIOT ajbTepHa-
TUBHBIE PeaKIINN C yIaCTHEM HU30TOIOB JINTUS

Li% + d = Be® — 2He* + 22.37 M>sB,

10
Li® +d=Li" +p+5.03 MsB, (10)

JOYEPHUMHI HPOIYKTAMH KOTODPBLIX SABJISIOTCH  aJlb-
¢a-9acTUIBl M IPOTOHBI, KOTOPBIE TAKXKe JIOJKHBI
PEruCTPUPOBATLC B OOJIBIIOM KOJMYECTBE B ITUX
JIA3EPHBIX IKCIEpUMeHTax. HeKoTopble M3 yCIenTHbIX
1 3hPEKTUBHLIX 3KCIEPUMEHTOB, B KOTOPBIX TaKHe
U3MEPEHNsT OBLIM CIEJAHBl JJisd OJN3KUX PeakIuil ¢
y9acTUeM JIATHS W IIPOTOHOB, PACCMOTPEHBI B paboTe
[16]. Peasmsanus peaxumii (10) u obuapyKenue ux
IPOJIYKTOB TaKKe MOTYT OBITH IPOBEIEHBI II0 CXEMe,
paccMOTpeHHOM B 3TO# pabore.

K coxasieHnio, aBTOpbI JIa3€PHBIX KCIEPUMEHTOB
[1,2] me mpoBOMMIIM KOHTPOJBHBIX U3MEPEHUH JAPYTHUX
HOTEHINAILHO BO3MOXKHBIX JIOUEPHUX IPOLYKTOB 3TUX
peaxiii (IPOTOHOB U aJbda-YacTHIl) C IIOMOIIbIO, Ha~
IPUMEp, TPEKOBBIX JIETEKTOPOB, W 3TH OCOGEHHOCTH
OCTAJIICH HEUCCJIETOBAHHBIMA W HE3aMETCHHBIM.

4. SAKJIIOYEHUE

Anayiuz nepBbIX YIAYHBIX SKCIIEPUMEHTOB 0 CO3/1a-
HUIO M WCCJIEOBAHUS TEPMOSIEPHON IJIa3Mbl IPU 00-
sgydenuu murienn LiD ¢ moMoIpio ja3epHbIX UMITYIIb-
COB TIOKA3bIBAET, YTO HAMOOJIEe BEPOSITHBIN MEXaHU3M
reHepannu HeATPOHOB OBLT CBA3aH HE C TIPSIMON peasin-
3aIeil TEPMOsIIEPHOTO CHHTE3a, a ¢ (DOPMHUPOBAHUEM
KOTE€PEHTHBIX KOPPEJMPOBAHHBIX COCTOSHUI B 0ObeMe
MWIIIEHU 33 CYeT JefiCTBHUS YIapHOI BOJIHBI WA IIPU
JBUYKEHUH OOPA30BABIINXCHA HOHOB B HEPA3PYIIEHHON
YaCTU PENeTKH MUIIEHH.

Ilonyaenmbie pe3yabTaThl 0OOCHOBBIBAIOT BO3MOXK-
HOCTBb aJIbTEPHATUBHBIX PEAKIUl IIPU JIA3ePHOM MOJIe-
JINPOBAHUY TEPMOSIIEPHOIO CUHTE3a U IIOKA3BIBAIOT I1€e-
J1ecooOpa3HOCTDh OoJiee JeTaTbHOTO U3YIEeHHS W TIOBTO-
PEHUsI 5TOr0 U AHAJOTUYHBIX YKCIIEPUMEHTOB C IIEJIBIO
[TOUCKA, JIPYTUX BO3MOXKHBIX IIPOIyKTOB sIIEPHOTO CUH-
Te3a 1O TOH ke meromuke [1,2] ¢ momMompIO BO3MEl-
CTBUsI OJIHOHAIIPABJIEHHBIX OJIMHOYHBIX WJIA TIOBTOPSIIO-
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IUXCsl JIA3€PHBIX MMITYJIbCOB. O4YeHb BaXXHO, YTO Ta-
KU€ WCCJIeJOBAHUsI MOTYT IIPOBOJIUTHCS B HEDOJIBIIMX
JIabopaTOpUAX W OHM HE TPEOYIOT OUEHDL CJIOXKHOTO,
YHUKAJILHOTO U JOPOrOCTOSIINEro 000pyI0BaHUs, KOTO-
poe B HACTOMAINEe BPEMs CYIIECTBYET TOJHLKO B HEKO-
TOPBIX MHUPOBBIX IEHTPAX, 3aHUMAIONINXCS PEIIeHuEM
I00AJIBHBIX TIPOOJIEM WHEPIMOHHOTO TEPMOSIEPHOTO
CcHUHTe3a C 00si3aTe/IbHBIM BCECTOPOHHUM CXKATHEM MU-
IIIEHU 33 CYeT CHHXPOHW30BAHHOI'O BO BPEMEHH BO3Ieli-
CTBUS JIA3€PHBIX UMITYJIbCOB, T€HEPUPYEMBIX MHOTTMHI
JIECSITKAME CBEPXMOIIHBIX JIA3€POB. YCIIENIHbIE IKCIIe-
PUMEHTBI 110 PeajM3alliy siIEPHOTO cuHTe3a [22, 23],
[IPOBEJIEHHBIE C UCIIOJIH30BAHNEM TEILIOBLIX BOJIH, (DOP-
MHUPYEMBbBIX B IIPOCTOI KABUTAIIMOHHON YCTAHOBKE Ha OC-
HOBE CTPYH BOJIbI, OATBEPXKIAIOT 3(PGMEKTUBHOCTD Ta-
KUX HCCJICJIOBAHUIA.

Eie osuH BBIBOJ M3 IIPOBEJEHHOIO BBIINIE AHAJIN-
3a OTHOCHTCS K HEOOXOIMMOCTH OIPEIEJICHHON Iepe-
OIIEHKH POJIH 1 3P PEKTUBHOCTH SIIEPHBIX PEAKIUil IIPU
HU3KOW SHEPIrUM [JIsi PeIleHUsl COBPEMEHHBIX 3aJa4
smepHoit Texuaosioruu. OYEBHUIHO, UTO JJIA yCIIEITHO-
rO peIeHns TaKUX 33/a9 TaKyKe HeOOXOIUMO yIUTHI-
BaTb HE TOJIbKO KOHKPETHOE BSaI/H\/IOLLeI‘/JICTBI/Ie MeXK/J1y
mapoil pacCMaTPUBAEMBIX YACTHI], KAK 9TO UMEET Me-
CTO B s7IepHOil (pu3MKe BHICOKUX SHEPIHil, HO U B IIOJI-
HOI Mepe aHaJU3UPOBAThL BJIMAHUE OKPYXKaIOIeil cpe-
bl Ha 3 DEKTUBHOCTD ITUX IIpOTieccoB. B ompenesen-
HOHM CTeIeHW 3Ta CHUTyAlWs AHAJOTAYIHA XOPOIIO U3-
BectHOMY 3dderTy MeccbHayspa, B KOTOPOM IIPOIIECC
reHepalliyd PEKOPJIHBIX II0 IapaMeTpaM PE30HAHCHBIX
JINHUY TaMMa-U3JIy9€HUsI CBSI3aH KaK C BHYTPUS ICPHbI-
MU IIPOIIECCaMU, TAK U CO CBOHCTBAMU OKPYKaIOIIen
CpeJIbI.

JINTEPATYPA

. H.T. Bacos, C. /1. 3axapos, II. I'. Kptokog, FO. B. Ce-
narckuit, C. B. Yekanun, [Ipenpuar OUAH Ne63
(1968).

H. T. Bacos, C. /1. 3axapos, II. I'. Kptoxkos, IO. B. Ce-
narckwuii, C. B. Yekanun, [Iucema B 2K9TD 8, 26
(1968).

H. I Bacos, C. [I. 3axapos, O. H. Kpoxus,
II. T. Kpwoxkos, 0. B. Cenarckuii, E. JI. Tropus,
A. U. ®enocumon, C. B. Hekanun, M. ¢. Illenes,
K9 Nel, 4 (1971).

M. M. Backo, Qusauueckue ocHo6bl UHEPUUANDHOL0
mepmosdeprozo cunmesa, UTID, Mocksa (2008).



MITP, Tom 158, Beim. 4 (10), 2020

OcobeHHOCTN 1 MexaHN3Mbl FreHepauny HEATPOHOB. . .

5.

10.

11.

12.

13.

14.

H. Bypmonckuit, A. FO. Tonwunos, A. T'. Jleonos,
K. H. Maxkapos, . C. Tumodees, B. H. IOda,
BAHT, cep. Tepmosinepusrii cunres 36(2), 8 (2013).

. C. . Auucumos, A. M. TIpoxopos, B. E. ®opros,

YOH 142, 395 (1984).

. B. E. ®oproB, Quaukra svicokuxr naommocmets snep-

euu, @usmaraur, Mocksa (2013), §4.3.

. P. Mulser and D. Bauer, High Power Laser-Matter

Interaction, Springer, Berlin (2010).
P. Mora, Phys. Fluids 25, 1051 (1982).

B. U. Beiconkuii, C. B. Amamenko, 2KT® 80, 23
(2010).

V. I. Vysotskii and M. V. Vysotskyy, Eur. Phys. J.
A 49, 99 (2013).

V. I. Vysotskii, S. V. Adamenko, and M. V. Vysots-
kyy, Ann. Nucl. Energy 62, 618 (2013).

V. I. Vysotskii and M. V. Vysotskyy, Current Sci.
108, 524 (2015).

B. N. Bricoukwnii, M. B. Beiconknii, 2K9T®D 152, 234
(2017).

651

15

16.

17.

18.

19.

20.

21.

22.

23.

24

. V. I. Vysotskii and M. V. Vysotskyy, RENSIT 9, 21
(2017).

B. U. Beicorknit, M. B. Breicorkuit, C. Bapramydun,
KITD 154, 560 (2018).

S. Bartalucci, V. I. Vysotskii, and M. V. Vysotsky,
Phys. Rev. Accel. and Beams 22, 054503 (2019).

E. Schrédinger, Ber. Kgl. Akad. Wiss. 24, 296 (1930).
H. P. Robertson, Phys. Rev. A 35, 667 (1930).

B. B. Homonos, B. 1. Maubko, Tpyasr PMTAH 183,
71 (1987).

B. B. lononos, A. B. Kiimmogs, B. I. Manbko, Tpynast
OUTAH 200, 56 (1991).

A. A. Kopuaumnosa, B. 1. Beicouknii, FO. A. Camox-
HUKOB, V. D. Biacosa, C. H. laiimamaka u ap., n-
>keHepHas dusuka Ne5, 13 (2018).

A. A. Kornilova, V. I. Vysotskii, T. Krit, M. V. Vy-
sotskyy, and S. N. Gaydamaka, J. Surf. Invest.: X-ray,
Synchrotron and Neutron Techn. 14, 117 (2020).

. V. L. Vysotskii, Infinite Energy 18(108), 30 (2013).



