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2. Quantum theory of bremsstrahlung emission of photons in nuclear processes

Pedepar:

1. Incepranis npucsBsyeHa po3po6lii HOBOI KBAHTOBOI T€OPii BUIIPOMiHIOBAHHS TaJIbMiBHUX (DOTOHIB y S1€pPHUX
Ipolecax Ta METOJaM KBaHTOBOI MEXaHIKU B OIMCI ANE€PHYUX 3iTKHEHD i po3mnaiB. Teopilo BUIIPOMIHIOBAaHHSA
($OTOHIB po3BUHYTO [0 asnbda-posnany chepuyHUx Ta 1epOpPMOBAHUX sLiep, PO3NAiB siIep 3 BUIbOTOM IIPOTOHIB,
PO3CisSIHHS IPOTOHIB Ta ITOHIB Ha sipax, CIIOHTAHHOTO Ta MOTPifHOro noAiny sigep. Lis Teopis € HalbiIbI TOYHOIO B
ONMCi eKCIIEpUMEHTAJIbHO]I iH(OopMallii BUIPOMiHIOBaHHS (POTOHIB y PeaKlisx, BKa3aHUX Bulle. BoHa Briepiie
103BOJIsI€ BUBYATHU Aedopmallii sep y posnagax yepes aHasli3 eKClIepUMeHTaIbHUX CIIEKTPiB (OTOHIB, AMHAMIKY Ta
reOMEeTPilo BUJIbOTY PParMeHTiB y NOTpiiHOMY NoAisi sipep. Teopist eAMHUM YMHOM ONMCY€E HEKOTePEHTHE Ta
KOTE€pPEHTHE, €JIEKTPUYHE Ta MarHiTHE BUIIPOMIHIOBAaHHS, BKJII0Ya€ aHOMAJIbHI MarHiTHi MOMEHTU HYKJIOHIB Yy AJpax.
[IpoBeseHO nepLi AOCiIKEHHS] BUIIPOMIHIOBaHHSI rajIbMiBHUX (POTOHIB [IpY PO3CisSiHHI MiOHIB (Y IIyYKax) Ha sipax.

BcTaHOBJIEHO, 1110 BUITPOMiHIOBaHHS (POTOHIB BUCOKHMX €Hepriil, cQOpMOBaHe 32 PaXyHOK S[lepHOi YaCTUHU



MOTEHIIialy, BHOCUTb iCTOTHUI BHECOK Y TIOBHUI CHEKTP (IO JO3BOJISIE BUBYATU €KCIIEPUMEHTAIbHO
HEKYJIOHiIBCbKY B3a€MOJIiI0 yepes aHasli3 POTOHiB). [I71 pO3CisHHSI IPOTOHIB Ta MiOHIB Ha SApax Teopis BU3Havyae
IapaMeTpHu sIepHOI B3aeMOJIii 3 aHasli3y CIIeKTpiB BUIPOMiHIOBaHHs. [100y10BaHO HOBUI METO/, 6araTopa3oBUX
BHYTpIilIHiX BinouTTiB (BBB) #s1 onucy o4HOMIpPHOrO TYHEJIIOBAHHY Iif] 6ap'e€poM 3arajibHoi (popmu Ta
NIPOXOPKEHHS HaJl HUM 3 HaJIBUCOKOIO TOYHICTIO. MeTom bBB MOBHICTIO BUKOPUCTOBYE TECTU KBAHTOBOI MEXaHIKU
(Ha BigMiHY Bif, iHIIMX METO/IB) IJ1s1 OLiHKY KOPEKTHOCTI Ta TOYHOCTI po3paxyHKiB. Metoz BBB cyTTeBO nokpainye
OIIMC €KCIIEPMMEHTAJIbHUX JAHUX BUJIbOTY NIPOTOHA 3 s,Apa, albda-po3najy, aabda-3axoIaeHHs, J03BOJISIE
BMBYATH IMIMOOKO Mindap'epHi Ta HaybGap epHi npouecH, 3nuTT. [Ipu onuci anpda-posnany Ta 06epHEHOT0 IPOLEeCy
anbda-3axonseHHs y popmanizmi EBB Brepie B equHOMY mixo[i 06'eqHaHi TyHeI0BaHHS Kpi3b 6ap’ep Ta
ocuuMJIsILii BO BHYTPILIHINM 06s1acTi siapa. Ajie Takuil TOYHUI aHaiTUYHUI PO3B’SI30K (OTPUMAaHUI BIEpllle) BKII0Yae
1Ie OAVH I0LATKOBUI HOBUI MHOXHUK, 1J0 OIMCY€E IPOCTOPOBUI PO3INOLiI alb(a-dyaCTUHKU y MEXax s1pa (11oro
He OyJ10 B migxoni 'amoBa 10 Bu3HaYeHHs NepioiB HaMiBpo3nazis njis anbda-poananis). Ha npuknani ansda-
3axOIyIeHHs gapamu 44Ca OLiHEHO POJIb BCiX LIUX IIPOLECIB IPpY BU3HAYE€HHI MIMOBIPHOCTI iCHYBaHHS CKJIafE€HOTO
sapa. 3a gonomoror metona BBB oTpumMaHo po3B'si3KM IPOHUKHOCTI 3 TECTaMU 1151 6ap'epiB y 3aiauax KBAHTOBO]
KOCMOJIOTi, ie iCHYIOTh OOME>XKeHHS KBa3iKiIaCUYHUX MeTOoiB. [T06y0BaHO HOBUI METOJ, ONIUCY TYHEIOBAHHS Y
I10J1i IOTeHIjany AlbOpexTa 3 IUCUNIATUBHOIO KOMIIOHEHTOIO, 1110 BU3HAYAEThCS yepes nakeTu. [IpoaHanizoBaHo

BJIACTUBOCTI BILJIMBY JMCUANIATUBHUX CUJI HA TYHEJIIOBAHHS Y 3aXOIJIEHHI ajibda-4aCTUHKU A1pom 44Ca.

2. The thesis is devoted to construction of a new quantum theory of emission of bremsstrahlung photons in
nuclear processes, and methods of quantum mechanics for nuclear collisions and decay. The theory of
bremsstrahlung photons is developed for alpha-decay of spherical and deformed nuclei, nuclear decay with
emission of protons, scattering of protons and pi-mesons on nuclei, spontaneous and ternary fission of nuclei. This
theory is the most accurate in the description of experimental information of photons in the reactions above. It
allows to study the deformation of nuclei in decays through analysis of experimental bremsstrahlung, dynamics of
emission of fragments in the ternary fission. The theory in unified way describes incoherent and coherent, electric
and magnetic bremsstrahlung, including the anomalous magnetic moments of nucleons in nuclei. It connects the
bremsstrahlung spectra with parameters of nuclear interactions and mechanisms in reactions. The first
investigation of bremsstrahlung in scattering of pions (in beams) on the nuclei has been performed. It is
established that the bremsstrahlung of high-energy photons, formed due to nuclear part of potential, makes a
significant contribution to the full spectrum. A new high precision method of multiple internal reflections (MIR) is
constructed to describe a one-dimensional tunneling under a barrier of arbitrary shape and propagation above it.
Unlike other methods, the method MIR fully uses tests of quantum mechanics, which control correctness,
accuracy of calculations. The method MIR improves essentially description of experimental data for proton
emission from nuclei, alpha-decay, alpha-capture. The method is accurate in study of deep sub-barrier and above-
barrier processes, fusion. Using it, penetrabilities with tests are obtained for barriers used in problems of quantum
cosmology, where there are limitations of quasi-classical methods. This method for the first time describes in
unified way the oscillations in the internal spatial region inside nucleus and tunneling in the problems of alpha-
decay and alpha-capture, new factors have own physical interpretation. A new quantum-mechanical method of
tunneling for the Albrecht potential with dissipative term defined via packets is constructed. Influence of
dissipative forces on tunneling in alpha-capture by 44Ca is analyzed.
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