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21 MONOGRAPHIES



˾͔ͯ͘͡Έ͙ͭ͊ͭ ͙ͪͦ͋ͦͭ 

Vͦ ͍ͨͯ͋ͦ͊ͤ͜͟͜͡ ͍470ͫͭ͊ͭͭΎͻ ͯ ͍͙ͨͪͦ͒ͤ͜ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍͙͒͊ͤͤΎͻ ͭ͊ 252ͨͪ͊ͼΎͻ ͊͋ͦ ͔ͭ͊͘ͻ 
ͦͤ͟ͺ͔͔ͪͤͼ͚͜ ͭ͊ ͔͙ͨͪͨͪͤͭ͊ͻΤ

V͒ ͍͙ͦͨͦ͒͊ͫ͜͡Έ ͋͜͡Έ΄ Ύ͟ ͤ͊ 150͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͍͙ͤ͊ͯͦ͟ͻ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύͻ.

Å˴ ͜͡Έͫͭ͟͜Έ ͼ͙͍ͭͯ͊ͤΈ ͼ͙ͯ͟͡ ͪͦ͋ͭ͜ ͊͘ ͔ͭͣͦΌΥ 

4740(Web of science)/ 5226(SCOPUS)/5963(Googlescholar).

Å˱ ͔ͤ͒ͫ͟ ̆ͪ͜΄͊ͼ͙ͯ͟͡ ͪͦ͋ͭ͜ ͊͘ ͔ͭͣͦΌΥ 

h=36(Web of science)/34(SCOPUS)/38(Googlescholar).

Å˭ ͊͒͊ͤͦΌ͔͙ͭͣ͊ͭͦ͟Ό͊͘ͻ͙΅͔ͤͦ18͒ͦͭͦͪͫ͟Έ͙͟ͻͭ 4͊0͙͊ͤ͒͒͊ͭͫ͟Έ͙͟ͻ͙͔͒ͫͪͭ͊ͼ͚͜.

Å˾ ͔͍͚ͦͪͦ͋ͤ͒͊ͤͪͦ͋ͦͭͨ͒͘͜͜͜͜͡ͻ͙͍͙͙͙ͦ͒͒ͦͦͫͭͣͯ͘͡͡͡Ό͍͙͍͙͙͍͙͊ͭͨͦͫͭ͊ͤͦͯͤͤͦ͘͟͟ͻ
͔͔͙͔͍ͫͨͪͣͤͭͨ͟͜͜ ͍͔͙ͪͦͫͭͫͨ͜͡Έ͔ͤ͒ͦͫ͒͗ͤͤ͜͜͡Ύ͊ͯ͘;͊ͫͭΌ˱̒˨˹s ˹͙̂ͪ͊ͤ͟͝Σ˹˹̇̆̅́˱˹s˹
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ˤ͊ͪ΄͍͊ͫΈ͎͍͔͙͔͎ͦͦͯͤͪͫͭͭͯͭ͊͋͊͊ͭ͟͜Έͦͻͤ͜΄͙ͻ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ͍͙ͤ͊ͯͦ͟ͻͼ͔͍ͤͭͪ͜.

Å̂ ͔ͫ͜͟ ͔͙͔ͫͨͪͣͤͭ͊͡Έͤ͒͊ͤ͜͜ΣΎ͋ͯ͟͜ ͙ͤ͜͡ ͜ͼ͚͍͙͙͔ͦ͊ͤ͒͊ͤͣ͒ͦͫ͒͗ͤͤ͜͜͜͡Ύ͙ͣΣ͙͍͊͋ͦͦͭͪͣ͊ͤ͜
ͻ͙ͦ͒ͤ͜ͻΣ͍͔͔͍ͤͫͤͣ͜ ͗ͤ͊ͪͦ͒ͤͯ͋͊͘͜Ύ͔͙ͯ͒ͪͤͻ͙͒͊ͤͻEXFOR,͊ ͍͔͔͙͊ͨͪͦͨͦͤͦ͊ͤͭͦͪͭ͘͜;ͤ͜
ͨ͒͜ͻ͙ͦ͒΄͙͍͙͙͍ͪͦͦͦͪͫͭͦͯ͟͟ΌͭΈͫΎͣ͗ͤ͊ͪͦ͒ͤͦ͜Ό͍ͤ͊ͯͦͦ͟Όͫͨ͜͡ΈͤͦͭͦΌ͙ͨͪ͊ͤ͊͘͜͜͡
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Results of studies have been 
Vpublished in 470scientific papersand252 conference proceedings, abstracts 

and preprints; 

Vpresented on more than 150international scientific conferences.

ÅThe papers of authors have been cited

4740(Web of science)/ 5226(SCOPUS)/5963(Googlescholar).

The Hirsh index of the papers of authors is

h=36(Web of science)/34(SCOPUS)/38(Googlescholar).

ÅTheauthorsweresupervisorsof 18 Doctorof Scienceand40PhDThesis.

ÅThestudieshavebeenstimulatedthe new experimentsand joint researcheswithin KINRNAS
of Ukraine, KIPTof NASof Ukraine, Institute of Electron Physicsof NASof Ukraine, Taras
ShevchenkoNationalUniversityKiev,WarsawUniversityandmanyother internationalresearch
centers.

ÅThe experimental data obtained in our studies are included in the international nuclear
databases.

ÅTheproposedtheoreticalapproachesarewidelyusedby the internationalscientificcommunity
in the analysisof variousnuclearprocesses.



ʎʠʢʣ ʨʦʙʽʪ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʦʚʪʦʨʥʦ. ʇʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʜʘʥʥʷ ʨʦʙʦʪʠ ʘʚʪʦʨʘʤʠ ʙʫʣʦ: 

Åʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʤʘʩʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʫʣʘʤʢʽʚ ʧʦʜʽʣʫ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ ʷʜʝʨ ʟ A<220 ʪʘ 

ʟʥʘʡʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʰʠʨʠʥʠ ʤʘʩʦʚʠʭ ʚʠʭʦʜʽʚ ʫʣʘʤʢʽʚ ʧʦʜʽʣʫ ʪʘ ʰʠʨʠʥʠ ʧʦʜʽʣʫ ʷʜʝʨ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʝʥʝʨʛʽʾ 

ʟʙʫʜʞʝʥʥʷ;

Åʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʘʥʪʠʩʠʤʝʪʨʠʟʦʚʘʥʫʬʦʨʤʫ S-ʤʘʪʨʠʮʽ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʨʽʟʽʚ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ ʷʜʨʘʤʠ, 

ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʜʦʙʨʝ ʦʧʠʩʘʪʠ ʧʝʨʝʨʽʟʠ ʧʨʫʞʥʦʛʦ ʽ ʥʝʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ Ŭ-ʯʘʩʪʠʥʦʢ ʷʜʨʘʤʠ 12C ʽ 24Mg ʜʣʷ ʥʠʟʢʠ 

ʝʥʝʨʛʽʡ;

Åʥʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʽʟʦʪʦʧʽʯʥʠʭʪʘ 

ʽʟʦʙʘʨʠʯʥʠʭ ʝʬʝʢʪʽʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʣʝʛʢʠʭ ʷʜʝʨ ʟʽ ʩʪʘʙʽʣʴʥʠʤʠ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʷʜʨʘʤʠ ʟ ʘʪʦʤʥʠʤʠ ʤʘʩʘʤʠ 3õ18 ʧʨʠ 

ʝʥʝʨʛʽʷʭ 1õ100 ʄʝɺ/ʥʫʢʣʦʥ;

Åʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʟʘʩʪʦʩʦʚʘʥʦ ʥʦʚʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʜʠʧʦʣʴʥʠʭ ʬʦʪʦʥʥʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ 

ʤʘʛʥʽʪʥʠʭ ʧʝʨʝʭʦʜʽʚ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʨʽʟʽʚ ʬʦʪʦʧʦʛʣʠʥʘʥʥʷʪʘ ʫʩʝʨʝʜʥʝʥʠʭ ʩʧʦʩʪʝʨʝʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɔ-ʨʦʟʧʘʜʫ;

Åʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʧʝʨʚʠʥʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʧʦʜʽʣʫ ʚʘʞʢʠʭ ʘʪʦʤʥʠʭ ʷʜʝʨ 

ʪʘ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ, ʚ ʨʘʤʢʘʭ ʷʢʦʾ ʦʧʠʩʘʥʦ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʪʘ ʾʭ ʨʦʟʧʦʜʽʣʠ ʟ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ 

ʚʠʭʦʜʽʚ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʧʦʜʽʣʫ ʷʜʝʨ 235U, 237Np ʽ 239Pu ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʟʦʤʝʨʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʦʪʨʠʤʘʥʽ ʫ ʚʽʜʜʽʣʽ ʷʜʝʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʪʘʢʠʭ ʤʽʰʝʥʝʡ ʥʘ ʤʽʢʨʦʪʨʦʥʽ ʄ-30 ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʋʞʛʦʨʦʜ);

Åʥʘ ʦʩʥʦʚʽ ʜʨʫʛʦʛʦ ɹʦʨʥʽʚʩʴʢʦʛʦʥʘʙʣʠʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʘʤʧʣʽʪʫʜ ʨʦʟʩʽʷʥʥʷ ʽ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʧʨʦʪʦʥʽʚ ʷʜʨʘʤʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʘʷʚʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʧʨʠ ʝʥʝʨʛʽʷʭ 200õ800 ʄʝɺ;

Åʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʃʽʧʤʘʥʘ-ʐʚʽʥʛʝʨʘʜʣʷ ʜʚʦʯʘʩʪʠʥʢʦʚʦʾʢʫʣʦʥʽʚʩʴʢʦʾ ʤʘʪʨʠʮʽ 

ʧʝʨʝʭʦʜʫ ʧʨʠ ʚʽʜ'ʻʤʥʠʭ ʝʥʝʨʛʽʷʭ, ʟʥʘʥʥʷ ʷʢʦʾ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʦʧʠʩʫ ʤʘʣʦʯʘʩʪʠʥʢʦʚʠʭʘʪʦʤʥʠʭ ʽ ʷʜʝʨʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ 

ʥʦʚʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʢʫʣʦʥʽʚʩʢʦʾʤʘʪʨʠʮʽ ʧʝʨʝʭʦʜʫ ʧʨʠ ʝʥʝʨʛʽʷʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʣʠʤ ʪʘ 

ʥʘʧʽʚʮʽʣʠʤʟʥʘʯʝʥʥʷʤ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ɿʦʤʝʨʬʝʣʴʜʘ.

ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʜʦ ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʜʘʥʴ ʙʫʣʦ ʥʘʧʨʘʚʣʝʥʦ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʦ 25 ʨʦʙʽʪ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ 

ʧʨʠʡʥʷʣʠ ʫʯʘʩʪʴ ʫ 2-ʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʟʘʭʠʱʝʥʦ 1 ʢʘʥʜʠʜʘʪʩʴʢʫ ʽ 1 ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʾ.



The cycle of works is secondly nominated. Since the previous nomination of the work, the authors have added:

Å A model for describing the mass-energy distributions of the fragmentation fragments of highly excited nuclei with A <220 

was developed. Dependences of the width of the mass exits of the fragment fragments and of the fission width of the 

nuclei on temperature or excitation energy were found;

Å A new antisymmetric form of the S-matrix was proposed to describe the cross sections of elastic scattering of nucleons by 

nuclei, which made it possible to describe well the cross sections of elastic and inelastic scattering of Ŭ-particles by nuclei 

12C and 24Mg for a number of energies;

Å The significant influence of isotopic and isobaric effects was demonstrated at interaction of light nuclei with stable and 

radioactive nuclei with atomic masses 3 õ18 at energies of 1 õ100 MeV/nucleon on the basis of experimental and 

theoretical studies;

Å A new analytical method for calculating dipole photon functions of electric and magnetic transitions was proposed and 

applied to describe gamma-capture cross sections and averaged observational characteristics of ɔ decay;

Å The model for calculating the distribution of angular moments of the primary fragments of gamma-fission of heavy atomic 

nuclei and the mean values of angular moments is developed, within which angular moments and their distributions from 

isomeric ratios of the outputs of gamma-fission fragments of nuclei 235U, 237Np and 239Pu by braking ɔ-quanta are 

described;

Å On the basis of the second Born approximation, analytical expressions of the scattering amplitudes and polarization 

characteristics of the elastic scattering of protons by nuclei were obtained and compared with available experimental data 

at energies of 200 õ800 MeV;

Å An analytic solution of the Lipman-Schwinger integral equation for a two-particle Coulomb transition matrix with negative 

energies whose knowledge is required for the description of small-particle atomic and nuclear systems, as well as new 

analytic expressions for a three-dimensional Coulomb transition matrix for energies corresponding to an integer and half-

final value of the Zomerfeld parameter.

During this period, 25 papers were sent and published to the leading scientific international journals, the authors of the works

participated in 2 international conferences and were the supervisors of 1 PhD and 1 Habilitation thesis.



ʄʝʪʦʨʁʦʙʦʪʠʻ

Áʚʠʢʦʥʘʥʥʷʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭʜʦʩʣʽʜʞʝʥʴʪʘʦʪʨʠʤʘʥʥʷʥʦʚʠʭʜʘʥʠʭʜʣʷ

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭʧʝʨʝʨʽʟʽʚʧʨʫʞʥʦʛʦʥ̔ʝʧʨʫʞʥʦʛʦʨʦʟʩʽʷʥʥʷʪʘʨʝʘʢʮʽʡʧʝʨʝʜʘʯ

ʧʨʠʚʟʘʻʤʦʜʽʾʣʝʛʢʠʭʷʜʝʨ,

Áʜʝʪʘʣʴʥʝʚʠʟʥʘʯʝʥʥʷʷʜʝʨʥʦ-ʷʜʝʨʥʦʾʚʟʘʻʤʦʜʽʾʚʟʘʣʝʞʥʦʩʪʽʚʽʜʜʝʬʦʨʤʘʮʽʾʪʘ

ʨʦʟʧʦʜʽʣʫʛʫʩʪʠʥʠʷʜʝʨ,ʱʦʟʽʰʪʦʚʭʫʶʪʴʩʷ,

Áʚʠʟʥʘʯʝʥʥʷʭʘʨʘʢʪʝʨʠʩʪʠʢʨʽʟʥʠʭʷʜʝʨʥʠʭʨʝʘʢʮʽʡʟʘʜʦʧʦʤʦʛʦʶʟʥʘʡʜʝʥʦʾ

ʷʜʝʨʥʦ-ʷʜʝʨʥʦʾʚʟʘʻʤʦʜʽʾ,

Áʘʥʘʣʽʟʚʣʘʩʪʠʚʦʩʪʝʡʢʦʣʝʢʪʠʚʥʠʭʟʙʫʜʞʝʥʴʚʷʜʨʘʭʪʘʾ ʭʥʽʡʚʧʣʠʚʥʘʨʽʟʥʽ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʷʜʝʨʥʠʭʨʝʘʢʮʽʡ,

Áʨʦʟʨʦʙʢʘʪʝʦʨʝʪʠʯʥʦʛʦʧʽʜʭʦʜʫʜʣʢ̫ʽʣʴʢʽʩʥʦʛʦʦʧʠʩʫhʠʨʦʢʦʛʦʢʦʣʘ̫ʚʠʱ,ɦʦ

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷʧʨʠʚʟʘʻʤʦʜʽʾʥʫʢʣʦʥʽʚʽʣʝʛʢʠʭʷʜʝʨʧʨʦʤʽʞʥʠʭʝʥʝʨʛʽʡʟ

ʘʪʦʤʥʠʤʠʷʜʨʘʤʠʪʘʧʨʦʚʝʜʝʥʥʷʥʘʡʦʛʦʦʩʥʦʚʽʘʥʘʣʽʟʫʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ

ʜʘʥʠʭ,

Áʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʪʘʪʝʦʨʝʪʠʯʥʽʜʦʩʣʽʜʞʝʥʥʷʚʟʘʻʤʦʜʽʾʬʦʪʦʥʽʚ,ʥʝʡʪʨʦʥʽʚʽ

ʟʘʨʷʜʞʝʥʠʭʯʘʩʪʠʥʦʢʟ̫ ʜʨʘʤʠ,

Áʜʦʩʣʽʜʞʝʥʥʷʫʩʝʨʝʜʥʝʥʠʭʭʘʨʘʢʪʝʨʠʩʪʠʢɔ-ʧʝʨʝʭʦʜʽʚʤʽʞ̫ʜʝʨʥʠʤʠʩʪʘʥʘʤʠ.



The GOAL of the project is

Á the experimental studies of the differential cross sections of elastic and inelastic

heavy-ion scattering and the determination of the nucleus-nucleus interaction from the

data;

Áaccurate evaluations of the nuclear-nuclear interaction with taking into account the

deformation and microscopic distributions of the densities of colliding nuclei;

Á the definition of the characteristics of various nuclear reactions with help of the

obtained nucleus-nucleus interaction;

Á the analysis of the properties of collective excitations in the nuclei and their impact on

various characteristics of nuclear reactions;

Á the development of the theoretical approaches for quantitative description of a wide

range of phenomena in the interaction of nucleons and light nuclei of intermediate

energies with various nuclei and conducting on its basis the analysis of experimental

data;

Áexperimental and theoretical studies of the interaction of photons, neutrons and

charged particles with nuclei;

Á the study of averaged characteristics of ɔ-transitions between nuclear states.



ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʚʠʢʦʥʘʥʽ ʥʘ ʮʠʢʣʦʪʨʦʥʽ ʋ-240 ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ 

ʪʘ ɺʘʨʰʘʚʩʴʢʦʤʫ ʮʠʢʣʦʪʨʦʥʽ C -200P ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʜʝʨ-ʤʽʰʝʥʝʡ 6,7Li,  9Be, 11B, 12,13,14ʉ ʪʘ ʧʫʯʢʽʚ ʽʦʥʽʚ 
3,4He, 10,11ɺ, 12C, 14,15N, 18ʆ ʧʨʠ ʝʥʝʨʛʽʷʭ ʥʘʣʽʪʘʶʯʠʭʽʦʥʽʚ ʚʽʜ 4 ʜʦ 10 ʄʝɺ/ʥʫʢʣʦʥ 

ɺʠʤʽʨʷʥʽʪʘʨʦʟʨʘʭʦʚʘʥʽʜʠʬʝʨʝʥʮʽʘʣʴʥʽʧʝʨʝʨʽʟʠʥʝʧʨʫʞʥʦʛʦ7Li + 11ɺ

ʨʦʟʩʽʷʥʥʷʧʨʠʝʥʝʨʛʽʾɽʣʘʙ.(
11ɺ)= 44 ʄʝɺʜʣʧ̫ʝʨʝʭʦʜʽʚʥʘʟʙʫʜʞʝʥʽʨʽʚʥʽʷʜʝʨ

7Li ʪʘ11ɺ.
ʈʝʘʢʮʽʡʥʘ ʢʘʤʝʨʘ ʪʘ ʩʧʝʢʪʨʦʤʝʪʨʠ 

ʚ ʨʝʘʢʮʽʡʥʽʡ ʢʘʤʝʨʽ ICARE.


