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Introduction

From the point of view of the physics of decays and fusion of nuclei, in the general case, nuclear processes are affected by both the environment and external physical factors, including: density and other properties of the medium [START_REF] Ichimaru | Pycnonuclear reactions in dense astrophysical and fusion plasmas[END_REF][START_REF] Tsyganov | Nuclear fusion processes in a medium of conducting crystals[END_REF], pulsed particle flows, corresponding electromagnetic fields [START_REF] Ognev | Influence of a magnetic field on beta processes in a relativistic moderately degenerate plasma[END_REF], and initiation of coherent-correlated states of particle systems [START_REF] Adamenko | Neutronization and protonization of nuclei: two possible ways of the evolution of astrophysical objects and the laboratory electron-nucleus collapse[END_REF].

The physical basis for the influence of electromagnetic fields (EM) on nuclear processes in systems of charged particles and particles with electromagnetic momentum is most clear, since such particles undoubtedly participate in electromagnetic interactions, which can become controlling influences on the system. This concerns, for example, the effect of EM fields on beta processes (see review [START_REF] Ternov | Influence of a strong electromagnetic field on beta decay[END_REF] and works on the effect of synchrotron radiation on the rates of nuclear processes [START_REF] Amaliev | Acceleration of beta transitions by synchrotron radiation[END_REF][START_REF] Kopytin | Endothermic beta decay of nuclei in the field of synchrotron radiation[END_REF]).

Due to the action of factors similar to those listed above, the properties of nuclei evolve during the synthesis of new nuclei both in astrophysical objects (see [START_REF] Kramarovsky Ya | Synthesis of elements in the universe[END_REF][START_REF] Alpher | The origin of chemical elements[END_REF][START_REF] Fowler | Experimental and Theoretical Nuclear Astrophysics; the Quest for the Origin of the Elements: Nobel Lecture[END_REF][START_REF] Daniel | Collapsars as a major source of rprocess elements[END_REF]) and under laboratory conditions [START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF].

In the book [START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF], written on the basis of the work carried out in Proton 21, the processes of fusion collapse in laboratory conditions and in stars have been described in detail for the first time (experiments in the Proton 21 laboratory are also described in [START_REF] Adamenko | Exploring new frontiers in the pulsed power laboratory: Recent progress[END_REF]).

This work is devoted to describing the results of new experimental studies of laboratory processes for electromagnetic control of decays of 90 Sr nuclei.

The most common concept about the effect on nuclear processes is that a noticeable effect on the radioactive decay of nuclei under laboratory conditions can be achieved only by effects with sufficiently high characteristic energies of the control field quanta, which are comparable with the characteristic energies of nuclear processes. Recently, it has been argued that measurements of deviations from the conventional decay of radioactive nuclei due to external factors are always explained by an incomplete analysis of uncertainties with respect to the stability of the measurement technique [START_REF] Pomme | On the recent claims of correlation between radioactive decay rates and space weather[END_REF]. Nevertheless, much attention has always been paid to studies of the influence of even weak EM fields on nuclear processes, both in connection with their scientific and possible practical significance (see, for example, [START_REF] Reiss | Observation of the acceleration by an electromagnetic field of nuclear beta decay[END_REF]). In recent years the experimental results on the significant influence of laser radiation on the radioactive decay rate of cesium nuclei in colloidal solutions have been obtained (see [START_REF] Stepan | Nonlinear quenching of Cesium-137 radioactivity by laser ablation[END_REF][START_REF] Andreev | Detection of the effect of the influence of pulsed laser radiation on the radioactive decay of 137Cs in a colloidal solution of gold. First results[END_REF]). Among the main physical phenomena which are responsible for lifetime changes of particles and their systems, it should be noted: the impulsive nature of external fields and collective accelerations of the medium, coherently correlated states and the effects of coupling of spatial and energy macroand microscales in the system under study (i.e., the connections between chemical and nuclear processes).

The deep connection between chemical and nuclear processes (the energy of which differs by orders of magnitude) has been reflected in many studies that have been carried out over many years: see, for example, review [START_REF] Gol | On the links between nuclear and chemical physics[END_REF], work [START_REF] Vram Khachatryan | MNR -New concept and innovative technology of neutralization of radioactive waste[END_REF] and the study of the relationship between nuclear and electronic magnetic resonances in matter [START_REF] Ignatchenko | Resonant Phenomena in the Region of Combination of Nuclear and Electronic Magnetic Resonance[END_REF]. The influence of collective accelerations on the characteristic times of processes was the basis of the theory of many particles and collective phenomena, created in the works of A. Vlasov [START_REF] Vlasov | Statistical distribution functions[END_REF] and analyzed in relatively recent works on the study of the proton lifetime [START_REF] Muller | Decay of accelerated particles[END_REF][START_REF] Queijeiro | On the decay of an accelerated proton[END_REF].

The electromagnetic fields necessary to influence the characteristic lifetimes of particles in laboratory conditions can be obtained by organizing the processes of EM collapse (see patent [START_REF] Adamenko | Method and device for compressing a substance by impact and plasma cathode therefor[END_REF]) and by using specific systems of inductors (see patents [START_REF] Kryuk | Wireless power transmission device[END_REF][START_REF] Zuzansky | Device for radiation extinction[END_REF]). The patent [START_REF] Adamenko | Method and device for compressing a substance by impact and plasma cathode therefor[END_REF] describes ways to influence the probabilities of nuclear processes using the initiation of electromagnetic collapse in the target and, consequently, coherently correlated states of particle systems. A description of the experimental results on a significant acceleration of nuclear processes (including radioactive decays) by the method described in the patent is given in the book [START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF] and patent [START_REF] Zuzansky | Device for radiation extinction[END_REF].

Theoretical aspects of nuclear processes in coherently correlated states are outlined not only in [START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF], but also in later works [START_REF] Adamenko | Correlated states of interacting particles and the problem of transparency of the Coulomb barrier at low energy in nonstationary systems[END_REF][START_REF] Adamenko | Formation of correlated states and increase in barrier transparency at low particle energy in nonstationary systems with damping and fluctuations[END_REF], and some theoretical models that develop the concepts of the book [START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF] are presented in [START_REF] Adamenko | Control of multiscale systems with constraints. 1. Basic principles of the concept of evolution of systems with varying constraints[END_REF][START_REF] Adamenko | Control of multiscale systems with constraints. 2. Fractal nuclear isomers and clusters[END_REF][START_REF] Adamenko | Control of multiscale systems with constraints. 3. Geometrodynamics of the evolution of systems with varying constraints[END_REF][START_REF] Adamenko | Control of multiscale systems with constraints. 4. Control of the evolution of nuclear systems on the basis of the principle of dynamical harmonization[END_REF].

The first experimental studies on EM control of the decay rates of radioactive nuclei are given in [START_REF] Zuzansky | Device for radiation extinction[END_REF] and [START_REF] Adamenko | Control of multiscale systems with constraints. 4. Control of the evolution of nuclear systems on the basis of the principle of dynamical harmonization[END_REF], and their continuation is published in [START_REF] Adamenko | Application of the Theory of Hyperrandom Phenomena in the Search for Signs of the External Influence on Radioactive Decay and the Possibility of Quantitative Estimates[END_REF][START_REF] Adamenko | Periodic Phenomena in the Rate of Radioactive Decay Under the Action of an Electromagnetic Field[END_REF][START_REF] Yatsyshyn | Observation of the Influence of an Electromagnetic Field on a radioactive decay rate[END_REF]. Such activity may be obviously of practical importance as a way to influence on radioactive wastes. For practice, only the effect is of interest, which leads to a noticeable and practically significant reduction in activity. The theory here is only necessary as a tool for increasing the magnitude of the effect. The results presented in this work are in fact the result of a long search for ways to achieve a practically significant effect. Although this result has been achieved, the lack of theory now diminishes its value because the lack of understanding of the nature of the phenomenon prevents optimal driver designs from being developed. Moreover, practice has shown that it is impossible to create an effective driver and improve it without understanding how it works. For example, as it will be shown below, with the help of the created driver, the noticeable effect for 90 Sr was reached, though as to the decay of 137 Cs, it appeared to be much smaller. Likewise, in our work [START_REF] Yatsyshyn | Observation of the Influence of an Electromagnetic Field on a radioactive decay rate[END_REF] the effect on 137 Cs was investigated, but with a different driver.

The works were carried out in Chornobyl (Ukraine), which is located in the 30-km exclusion zone around the Chornobyl NPP unit 4, and which has a significantly increased level of radioactive contamination of soils. The classic requirement for research that does not fit into the dominant paradigm is the requirement to verify (replicate) the results in independent laboratories. The problem with this is, in our case, due to two reasons. First, the design of the driver is subject to know-how, and secondly, experiments require work with radioactive sources, that sharply narrows the range of possible participants. With this in mind, the work was planned as follows. The driver is operated in our laboratory, the measurements are taken and then the sample is transferred to an independent laboratory in the exclusion zone for measurement. Unfortunately, for organizational reasons (work in the exclusion zone is carried out on a rotational basis), the changes in the sample (in the count rate) occurred earlier than the arrival of the corresponding shift, so the moment of noticeable changes was not documented by the independent laboratory. Further parallel measurements have already been carried out, but at this time no significant changes have been observed.

However, the results obtained as a consequence of many years experimental efforts to develop a method to influence the radioactive decay rate are presented below. The presented experiments are in essence closely related to the observations of the variability of the radioactive decay rate in natural conditions, for example, depending on the season (see [START_REF] Mcduffie | Anomalies in Radioactive Decay Rates: A Bibliography of Measurements and Theory[END_REF] and the literature cited there). In these works, it is stated that there is some external influence on the rate of decay due to unknown cosmophysical factors, i.e., not in controlled laboratory conditions. In contrast, this paper presents the results of laboratory experiments.

It should also be noted that such experiments require regular multi-year, or at least multi-month measurements. Although the presented materials are self-sufficient, the destruction of the Chornobyl laboratories by the russian occupation forces in February 2022 also led to the loss of materials for further measurements on both these and other samples from the planned set of measurements, which is an irreversible loss for these experiments.

Materials and methods

As shown in the Introduction, there are physically grounded ideas that electromagnetic fields can influence the rate of decay, i.e. influence the substance at the nuclear level. In our experiments we have created a device which we will call a driver: a system of inductors of special topology with a unit for current control in this system. Electromagnetic fields generated by the driver can affect the rate of radioactive decay.

Let's review the methodology of the current experiment. Work in this direction began in the laboratory "Proton 23" a few years ago on samples of natural radioactivity. However, the experiments showed that two problems arise when working with low-active samples. First, from such samples the count rate is very low and leads to a decrease of the signal/noise ratio and, consequently, to an increase of the unrecognizability of the results. Secondly, the hypothesis was postulated that the magnitude of the driver effect depends on the activity of the sample and the type of radionuclide. Therefore, further work was organized in the radioactively contaminated Chornobyl exclusion zone. As already mentioned, the ultimate goal of the research was to create a method of reducing the activity of radioactive waste. As an object the samples of natural soil were chosen, which are not radioactive waste, but the activity of which is already sufficient to make measurements and in principle can already be regarded as a future object for decontamination. To begin with, a sample of Chornobyl soil was taken, which on the graphs in figures has the conditional name Bog1-beta. The peculiarity of the radiological situation in Chornobyl today is that the most active radionuclides in the soil are gamma emitter 137 Cs ( 137m Ba) and beta emitter 90 Sr-90 Y, because both strontium and cesium are present in hot particles, which provide (mostly, if we do not consider the subtleties), the activity of the sample. The gamma or beta activity of other radionuclides in samples is a hundred or a thousand times lower.

The reference sample 90 Sr-90 Y was also studied, which has to be a control sample, the properties of which are certified (type 1CO, conditional name Metr1Sr) and whose behavior cannot be influenced by such features of the experiment as soil composition and the possibility of other physical changes in material.

Therefore, two samples were used in the experiment to control 90 Sr-90 Y beta emitters. Gamma radiation from 137 Cs was also monitored. Although both cesium and strontium are in the same sample, they can be considered from the point of view of the experiment as two separate samples. Thus, there are two samples of strontium and one cesium in the work.

Both samples (soil and standard) were placed in the driver and processed several times. This was followed by several months of measurements, which give three independent graphs of variable signals from: a) reference (1CO) 90 Sr-90 Y, b) 90 Sr-90 Y in the soil sample and c) 137 Cs ( 137m Ba) in the soil sample. The presence of three parallel measurements on different samples and different (beta-or gamma-) detectors give indisputable proof of the correctness (realness) of the obtained results. Namely: since the measurements of all samples were performed on the same equipment almost simultaneously (one after the other for several hours), the appearance of changes in one sample and no changes in another means that these are not hardware effects or mechanical changes in the physical condition of the sample. If we look at the graphs in Fig. 1, we can see that noticeable changes are observed only in the sample Bog1-beta. And the small variability compared to the graphs for Metr1Sr and 137Cs-gamma indicates that changes in Bog1-beta are not of a hardware effect.

Uncertainty of results

Standard statistical methods for estimating accuracy have been developed for stationary signals.

As soon as we assume that the measured signal is variable, i.e. that the speed of the controlled process (radioactive decay) is variable, all regulations regarding the method of uncertainty of measuring decay rates cease to be valid because they are designed for stationary scatter with Gaussian distribution. It is up to make measurements and draw conclusions based on the common sense of the experimenter. If the signal is variable, the only way to make accurate estimates is to measure during selected time interval, regular changes within which are neglected. In our case, all points on the graphs are an average of 60-minutes measurements, i.e. an average of 60 points per hour. It should be noted that the uncertainty of the results that interests us is not the standard deviation of one measurement, but the uncertainty of the mean value. The uncertainty of the average of 60 points in our case does not exceed ± 0.4%, in the scale of the figure it is close to the size of the icons and if desired can be reduced by increasing the measurement time to, say, two hours.

The scatter of points on the graph is determined by the behavior of the sample (in our jargon, the sample "breathes"), significantly exceeds the specified accuracy of measurements and therefore no increase in accuracy by increasing the measurement time will not give anything better. More precisely, it will not lead to an increase in accuracy, but to greater averaging. Even for samples of Metr1Sr and 137Cs-gamma, where the changes (moreover, systematic) have already reached 2.5%, this accuracy is enough to state that they also have changes under the influence of the driver.

Results

The results of the experiment are presented in Fig. 1 and Fig. 2. From these figures the following can be seen. The signals from the reference 1CO and 137Cs-gamma samples changed very little during the measurements. In contrast, the signal from Metr1Sr decreased markedly, by almost 25%. Changes are observed throughout the measurement time. This means that the driver definitely affected the sample and this effect persists for five months (see Figure 2). In turn, this means the following.

1. We have a driver that affected the decay rate of 90 Sr-90 Y. And not at the level of a few percent, which critics believe as mistaken, and whose practical meaning was small, but reach up to 25% today. 2. The count rate for the 90 Sr-90 Y system not simply fallen, but has a trend towards further decline. Because if it simply decreased, we would see a graph of falling down, and then, within the estimated uncertainty of 0.4%, the overall trend would have to be horizontal, as for Metr1Sr. Because, with a standard half-life of 30 years, changes due to such a decay over several months are about 0.5% and could not be noticed. 3. It should also be noted that the count rate does not change smoothly, but goes by jumping up and down (experimental points do not lie on a smooth curve): the sample "breathes". In addition, the noticeable effect appeared almost a month after the driver's action. This means that we have exited the nuclear system, it has gradually begun to "breathe" without external influence, and its decay is accelerating or slowing down. And they excited not just each individual nucleus, but the system, i.e. the nuclei do not decay individually, but interact within some association such as "spin-spin" or "spin-lattice" long-range interactions (otherwise there would be no effects of delay after the driver). What is important now is that the curve often jumps upwards, which seems to mean the suspension of processes. However, if observed results are correct, then a noticeable move of the curve up or down means changes in the decay rate. Therefore, the opposite is true: the more the curve goes up (after falling), the faster everything will decay and it will go down again. 4. Fig. 2 shows the results for Bog1-beta on an enlarged scale. It is seen that the decrease in the count rate is continued, which is interpreted as a decrease in the activity of the sample. The results of control measurements in the metrological laboratory are shown also (triangles at the right end of the graph).

In fact, there are also changes in the samples of Metr1Sr and 137Cs-gamma, but only within 2.5-3%, so now, against the background of 25-30% for strontium, we will not consider them. However, in the published results of experiments with the conditional name SOLID-9 [START_REF] Yatsyshyn | Observation of the Influence of an Electromagnetic Field on a radioactive decay rate[END_REF], changes under the influence of the driver were reliably observed within 3%, and it is estimated that this means an acceleration of decay more than twice. The small effect of the driver on Metr1Sr has no good explanation. One of the hypotheses is that this is a sample that is hermetically sealed in a metal container and the driver's electromagnetic field is shielded there.

Discussions, results, problems and prospects

From the given graphs it is possible to draw a conclusion that as a whole count rate of the processed samples decreases in due course. There are opinions [see [START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF][START_REF] Adamenko | Method and device for compressing a substance by impact and plasma cathode therefor[END_REF][START_REF] Adamenko | Control of multiscale systems with constraints. 4. Control of the evolution of nuclear systems on the basis of the principle of dynamical harmonization[END_REF], that under the action of the driver the radioactivity is "neutralized". In this process, the original radioactive nuclei are rapidly transformed into a stable (isomeric) state by changing the internal structure. Such an isomeric state can be metastable and then the system of nuclei (test sample) will eventually move from one state to another. Something similar (non-stationary changes) is observed in our experiments. This situation could be tested on nuclei with a short half-life. We do not have such sources. In [START_REF] Adamenko | Neutronization and protonization of nuclei: two possible ways of the evolution of astrophysical objects and the laboratory electron-nucleus collapse[END_REF][START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF][START_REF] Adamenko | Control of multiscale systems with constraints. 2. Fractal nuclear isomers and clusters[END_REF][START_REF] Adamenko | Control of multiscale systems with constraints. 3. Geometrodynamics of the evolution of systems with varying constraints[END_REF][START_REF] Adamenko | Control of multiscale systems with constraints. 4. Control of the evolution of nuclear systems on the basis of the principle of dynamical harmonization[END_REF][START_REF] Adamenko | Application of the Theory of Hyperrandom Phenomena in the Search for Signs of the External Influence on Radioactive Decay and the Possibility of Quantitative Estimates[END_REF][START_REF] Adamenko | Periodic Phenomena in the Rate of Radioactive Decay Under the Action of an Electromagnetic Field[END_REF][START_REF] Yatsyshyn | Observation of the Influence of an Electromagnetic Field on a radioactive decay rate[END_REF] it is assumed that the nuclei in the radioactive sample interact with each other and are in the so-called coherently correlated state. The driver creates or dramatically enhances the creation of such a state. Radioactive decay in such a system is not random for each nucleus, but synchronized. Signs of such a mechanism can also be found in our data: the impact of the driver begins to manifest itself with a large delay (a month in this case). It seems that the effects of the driver are better manifested in highly active samples (why from experiments with natural samples with extremely low activity, we moved to experiments in the Chornobyl zone, where there were conditions for working with samples of high activity).

In the works of Shadrin [START_REF] Shadrin | On the possibility and ways of influencing the decay rate of radioactive[END_REF] it was observed that when processing a radioactive sample with a very specific driver, for a very short time (fraction of a second) after its action, a spike in the count rate was observed. This paper also argues that to explain the results of the experiment, it is necessary to assume that the nuclei interact with each other. If such an increase in the count rate is a sign of accelerated decay, then after such a "burst" the number of radioactive nuclei in the sample will be lower compared to theoretical decay and the observed count rate will be lower.

A characteristic feature of our results (graphs) is also their high variability, far beyond the uncertainty of the measurement methodology. By analogy with Shadrin [START_REF] Shadrin | On the possibility and ways of influencing the decay rate of radioactive[END_REF], we can conclude that after the action of the driver, the decay rate ceased to be stable. The sample (nuclear system) more or less "self-excites". As can be seen from the graphs, the experiment shows not only a decrease but also an increase in reading speed. If the decay rate remains close to the tabular value (years for 137 Cs), then the "illumination" [START_REF] Stepan | Nonlinear quenching of Cesium-137 radioactivity by laser ablation[END_REF][START_REF] Andreev | Detection of the effect of the influence of pulsed laser radiation on the radioactive decay of 137Cs in a colloidal solution of gold. First results[END_REF] of the excited system of radioactive nuclei at higher speed lasts not a fraction of a second, but months. It is possible that such a variant was observed in [START_REF] Yatsyshyn | Observation of the Influence of an Electromagnetic Field on a radioactive decay rate[END_REF].

Conclusions

A device (driver) for generation of electromagnetic field is created. It is shown that this driver changes the speed of radioactive decay.

A noticeable effect was obtained for 90 Sr and relatively weak for 137 Cs. From the point of view of practical application (the value of changes of 25%) it is possible to expect a success at decontamination of strontium which is quite good too.

The results of experiments with the driver that effectively affected 137 Cs was described in [START_REF] Yatsyshyn | Observation of the Influence of an Electromagnetic Field on a radioactive decay rate[END_REF]. In our next work based on the development of theoretical published in [START_REF]Breakthroughs in Experiment and Theory. Fundamental Theories of Physics. An International Book Series on The Fundamental Theories of Physics: Their Clarification, Development and Application[END_REF] and [START_REF] Adamenko | Control of multiscale systems with constraints. 1. Basic principles of the concept of evolution of systems with varying constraints[END_REF] - [START_REF] Adamenko | Control of multiscale systems with constraints. 4. Control of the evolution of nuclear systems on the basis of the principle of dynamical harmonization[END_REF], general principles for optimizing the parameters of EM drivers for efficient control of nuclear processes in samples with radioactive isotopes will be presented.
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 12 Fig. 1. Changes in count rate from the samples specified in the text. Weak changes in the sample Metr1Sr indicate the reality of changes in the sample Bog1-beta. Similarly, weak changes in the signal from 137Cs-gamma confirm that nothing happened with the sample Bog1-beta (not scattered, not dumped, not poured, not flooded by absorber, etc.).