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Introduction

Original: Введение

On a plot of approximately 10 hectares a few kilometers from the Gorelyovo station near Krasnoye Selo, behind a three-meter fence of reinforced concrete panels with barbed wire on top, were positioned various radar stations, surface-to-air missile complexes, and an underground command post constructed from arched reinforced concrete structures that managed this rather complex operation. This was the training range of the Leningrad Higher Military-Political School of the Air Defense Forces (PVO) of the country. We—senior-year cadets—performed educational combat duty there and sat for examinations. So there was no time for the charms of approaching Leningrad spring or for leave passes to the magnificent nearby city. Probably, in the event of war, converting this training-combat equipment to actual combat status would have required a couple of hours, plus several more hours for ammunition delivery from the nearest technical battalion of the anti-aircraft missile regiment. Combat crews consisted of officer-instructors from the school and cadets. And as they said, strike the aerial enemy while the radars work. On this range, cadet units trained day and night in combat against air adversaries.

Previously, we had studied all the complex equipment in third and fourth year courses on specialized subjects SK-1, SK-2, SK-3, SK-4. In common parlance, these were specialized courses on the tactics of anti-aircraft missile and radio-technical forces, their armament and equipment. All special courses were classified disciplines. For classes, we received, with our signatures, thick notebooks bound with string and sealed with wax. During my studies, I cannot recall a single instance of such a notebook being lost. Even its accidental removal from the classified building was considered an extraordinary incident. Senior-year cadets of the military-political school, who were soon to become deputy commanders of radar companies for political affairs in the Air Defense Forces of the country, tried during the final months to master the necessary knowledge and skills for operating complex equipment, commanding a company in combat, and maintaining combat duty.

And then, in early spring, on that school range, for the first time from instructor Lieutenant Colonel Vladimir Sergeyev, we heard mysterious words to the effect that perhaps in the coming years we would have to retrain on such equipment that would completely transform the appearance of the radio-technical air defense forces of the country. Already such powerful radars are being created that with a single radar field would cover not only our state but would continuously monitor the territory of the USA and other NATO states around the clock. The need would disappear to place literally thousands of separate radar companies with small garrisons on the perimeter of the state right next to border posts. Then my comrades and I tried to get our instructor to open up. He was a man who with a smile, an intelligent word, often sharp masculine humor, could literally attract others to himself. There was a certain sparkle in him. Besides being an excellent officer—a man who looked like a picture in military uniform rather than wearing it like a sack as some of our military men did—he knew radar equipment exceptionally well. And Lieutenant Colonel Sergeyev treated us cadets in a somewhat special way, particularly with warmth of heart, understanding what difficulties awaited twenty-year-old boys in the forces, especially in separate radar companies on the outskirts of our great Motherland. It's possible he mentioned the mysterious locators inadvertently. Actually, there was nothing secret in his words. But then our questions about these, as we understood, super radars, our instructor in radar armament stopped in his characteristic manner. Like, well boys, you wanted to learn a state secret, but that's not how it will go. I'll only say that an experimental giant station stands near Nikolayev. Foreign press has even already written about it. But where the combat radars are being built, you'll find out when you get posted to serve on them. That's all the story about the mysterious radars. So we learned nothing then. And precisely in that period two combat over-the-horizon radar stations (OZGRS) were already undergoing state testing and preparing to take up combat duty in the missile attack warning system of the Air Defense Forces of the country. Even then many scientists, designers, state figures, and military personnel in the USSR believed that at last reliable ground-based radar armament had been created that could place an insurmountable barrier against American and other ballistic missiles with nuclear or other warheads. But it turned out that Soviet scientists and designers in the 60-80s of the last century accomplished only half of what was conceived. Very many factors prevented the great idea from becoming reality.

I was not mistaken in calling over-the-horizon location a great idea of the Russians. After all, the very invention of radio and radar has long been considered the greatest priority of the people who created them. To this day there continues a dispute in the world about who was first in the invention of Radio. The Russian scientist and experimentalist Professor Alexander Stepanovich Popov, who created in 1895 the first practically usable radio receiver in the world but did not obtain a patent for his invention, or the Italian Guglielmo Marconi? He obtained a patent in 1897, but not for the invention of Radio, rather for the improvement of apparatus for transmitting electrical impulses over greater distances. Moreover, his device basically repeated Popov's radio. So to whom should the laurels of priority in this outstanding discovery be given, to which state? Who first among earthlings invented and practically applied Radiolocation, which in its significance stands on the same level as the invention of Radio? It is no accident that the famous British Prime Minister Winston Churchill, already in retirement after the Second World War, once noted that among mankind's greatest achievements in the military sphere in the twentieth century is the invention of radiolocation. As is well known, this political figure did not throw words to the wind. It was precisely radar stations that helped the British win the air battle with the Germans and protect the country from total destruction by massive bombing campaigns. Locators detected squadrons of fascist fighters and bombers on the far approaches to the islands. British fighters rushed to intercept.

During the 'Cold' War, the USSR was able to protect its airspace, first and foremost, through the same use of radar stations. In Moscow at the Vagonstroitelny Plant at Lianozovo, a factory that within a couple of years had been repurposed into a modern and powerful electromechanical defense giant in an extremely short time, mass production of the P-20 radar stations (RAS P-20) was organized. Powerful locators, with tens of thousands of parts and components, were made on a conveyor belt like pistols or automatic weapons in which there are a hundred parts. Each month, up to 40 and more radar stations left the factory workshops. For the distinctive arrangement of the antenna petals, it was given an affectionate nickname 'Daisy.' These electronic flowers were planted over the course of several years on all borders of the USSR, the approaches to major cities and strategic objects. Unpretentious and reliable radar stations created an impenetrable radar field and put an end to the unimpeded flights over Soviet territory of foreign spy planes and even American strategic bombers.

Those same P-20 radar stations and other modifications helped India in its confrontation with Pakistan. The 'Daisies' covered the country with a radar umbrella against Pakistani combat aviation. The Indians, for their unpretentiousness and reliability, called them Russian samovars, which, as is known, work under any conditions, as long as you add water and burn dry kindling. Electro-mechanical Russian 'Daisies' from Moscow worked reliably for months in the mountains, jungles, marshes, and other such places in India where radar stations produced in the USA, France, and Italy quickly failed.

A decisive role in preventing a missile-nuclear war has been played and continues to be played by all the same radar stations. The Soviet, and now Russian missile attack warning system (SPРN), consisting of separate radar nodes, with powerful electromagnetic pulses across thousands of kilometers probes the air and space around the clock for decades and thereby blocks the launches of missiles with nuclear warheads. Should such a thing, God forbid, occur, then within minutes information about nuclear aggression will be conveyed to the military-political leadership of the country and a command will follow for a retaliatory missile-nuclear strike.

One could cite many more impressive examples of the use of radar stations, where such combat electronics have had and continue to have decisive significance for the fate of entire states and peoples. However, such a task is not set before us in this narrative. The story will be about human relationships during the scientific search. After all, in terms of knowledge intensity and technological sophistication, radar stations are among the most complex weapons ever created on Earth. Their development and serial production have at all times been connected with the relationships of hundreds of thousands of specialists in enormous scientific-production collectives. Scientific and technical difficulties often gave rise to struggles of opinions, ambitions, 'behind-the-scenes' and secret confrontations. As a result, all manner of secrets arose, unwillingness to publicize information.

All human passions were fully manifested in the creation of the domestic over-the-horizon radar system (OZGRS), on which hundreds of millions of sound rubles were expended in Soviet times. Facts and details remain concealed in safes and on desks as to why in the Soviet Union was not realized in the mid-80s the most brilliant twentieth-century idea of over-the-horizon location with the help of ground-based radar stations of air and space objects at a fantastic distance of 6,000 to 10,000 kilometers. Soviet scientist Kabanov first formulated and attempted to implement this idea in the mid-1940s of the last century. It was supposed that from the center of Russia, with radar stations, one could observe what was happening at American missile bases. Then Kabanov achieved nothing. And he himself concluded that it was impossible to build an over-the-horizon locator. However, Kabanov subsequently found inquisitive followers. It fell to my lot to touch upon the over-the-horizon secret. For more than 18 years I collected materials grain by grain, rare documents about OZGRS, and placed them in an old leather accountant-style briefcase. Time passed, and for fuller coverage of this scientific epic I still lacked facts, episodes, accounts of eyewitnesses. So perhaps these materials would never have been extracted from the old briefcase. And after another major cleaning of personal archives they would have gone straight to the dacha to fuel bonfires. But apparently, fate itself, after 18 years, took the old briefcase from the closet and showed me the path and plan of the future manuscript.

On one of the June days in 2005, the responsible editor of the popular weekly 'Independent Military Review,' Colonel Vadim Solovyev of the reserve, at whose newspaper I happened to be working as an ordinary columnist after being discharged to the reserve in the rank of colonel, approached my shabby workstation. On it stood an inconspicuous and moreover obsolete, flickering computer monitor. The system unit itself, due to lack of space, monotonously hummed its fan under the table. With a significant air, our newspaper 'commander' placed a book of substantial dimensions on the far corner of my desk.

"Once you finish composing material for the issue," the employer said quietly, who in the past had served in the Main Political Administration of the Soviet Army and Navy during the war in Afghanistan, "write a review of the book; I think it corresponds to your interests in radio electronics."

I glanced at the title—'Corporation "Vympel." Missile-Space Defense Systems.' To my question about the deadline for reading and reconsidering the contents of the book and putting my thoughts into a review, our newspaper boss simply waved his hand wearily. Like, no rush. A review isn't breaking news even for a weekly. After that he left, and I continued finishing material for the current issue. Time was pressing. There remained only an hour and a half before delivering material to the issue editor. So I cut myself off from the outside world, stopped answering telephone calls, and, drumming on the computer keyboard, drove line after line into the flickering white field of the monitor screen. My eyes hurt from the flickering. Involuntarily, rather coarse words arose in my mind directed at my superior, and also at the owner of our private newspaper, who, despite my repeated requests over six months, had not replaced the monitor. I really wanted to swear in colorful language and beat on the obsolete, flickering marvel of technology that should have long ago been placed on one of Moscow's industrial waste dumps.

Barely managed by the established deadline to prepare the material. A small informational note had to be completed and corrected three times. Not surprisingly, in any editorial office every chief who has even one correspondent under him already has virtually unlimited power over the material and its author. And if the leader's head has already been touched by the burden of fame and people cite him in other publications and information agency feeds, then he generally considers himself infallible in journalistic matters and his opinion is not debatable. But on that day, generally speaking, all the journalistic leadership treated my material benevolently. After circulating through several offices, the small note was finally corrected, signed and submitted to the page. One could take a breath and, so to speak, calm the trembling in one's knees. I settled into the battered, creaking chair behind my ancient workstation with its dying-out computer and monitor. I began soothing my nerves with strong tea. And just then, as it were, the book handed to me inadvertently came into view again. Such a hefty one, in hard cover. I thought that such a book in free circulation cost not less than 800 rubles. Such luxury in these times could be afforded only by very wealthy people or successful enterprises. However, the title intrigued me nonetheless. I knew well what this corporation was engaged in during these market times and the scope of its activities in the Soviet period, when the firm was called the Central Scientific-Production Association 'Vympel' (TsNPO 'Vympel'). Times had changed, but the firm's secrecy did not disappear from this. Only a small part of the iceberg was visible to the general public. All other activities, personnel, products were not for outside eyes. One can note for those particularly curious that the firm even now is engaged in especially complex systems of radio-electronic armament for antimissile and anti-space defense, control of space, missile attack warning systems.

I flipped through the first six pages of the luxurious coated paper of the highest quality with welcoming messages from the Chief of Armament of the Armed Forces of the RF—Deputy Minister of Defense, General of the Army Alexei Moskovskiy, the head of the Federal Agency for Industry Boris Aleshin, the Chief of the General Staff of the Air Forces of the RF, General-Colonel Boris Chelttsov, the Commander of the Space Forces General-Colonel Vladimir Popovkin. From the ceremonial introductory articles it became clear that the book-album was published for the 35th anniversary of the Interstate Joint-Stock Corporation 'Vympel.' Therefore it became interesting what was written further in the book after the welcoming materials, what would be the text, who would be the authors. Much from the spheres of activity of the corporation even in our market times, when everything and everyone is sold and bought, still remains state secrets to this day. I was particularly interested in contemporary matters. After all, one of the corporation's enterprises—the Research Institute for Far Radio Communications (NIDAR)—in 2002 delivered to the military for experimental-combat operation the powerful over-the-horizon radar node 'Volga' in Belarus, which with electromagnetic pulse-tentacles surveys the air and space above all of Eastern and Western Europe and a huge part of the Atlantic Ocean. Over several thousand kilometers in space it can automatically detect even an object the size of a tennis ball. The very scientists and designers created the mighty OZG [over-the-horizon] radar, which in translation into ordinary language means high factory readiness. All the equipment of the powerful locator is placed in containers like railroad containers. From large metal rectangles the radar is assembled over several months, like children's building blocks. Previously, construction of radars of such power according to normal technology took years. It was precisely 'Vympel' and its component part NIDAR that were previously engaged in over-the-horizon location. As is known, NIDAR has not changed this subject even now. Therefore my interest in the book had become serious. Privately I no longer called it another jubilee book dinosaur. Perhaps in its articles would be revealed information on OZGRS that interested me?

However, even the first article literally disappointed. The former deputy minister of radio industry, general director of TsNPO 'Vympel,' General-Lieutenant Markov recounted affairs from the long-past that were already known. The other articles yielded nothing new. True, material about the giant ship, electronic reconnaissance vessel with an atomic power installation 'Ural,' attracted me. Its transfer from the Baltic Sea to the Far East, where it now rots in one of the bays with plundered expensive equipment, from which 'clever operators—prospectors' long ago extracted parts and circuits with high precious metal content. I was about to go to my responsible editor and offer to give the book a critical review. But suddenly an unexpected question arose. Why is it that in the publication such sparse writing about how NIDAR developed combat systems of over-the-horizon location? After all, this is a Soviet, as people now say, know-how, or simply—achievement. The legitimate pride of the country and all the people. Of course, then due to numerous causes the OZGRS system was never accepted into service. However, one cannot remain silent about this tragic multi-year epic. After all, in the jubilee book one could have told about Russian over-the-horizon radar priorities in science, about the multi-year scientific search of thousands of Soviet scientists, designers, engineers. After all, as early as 1993 the chairman of the radar commission under the Government of the RF, Academician of the Russian Academy of Sciences Migulin, highly evaluated the scientific search in the creation of OZGRS.

I returned once more to the material. In the jubilee book about the incomparable epic with OZGRS, the name of the chief designer of over-the-horizon locators Franz Kuzminsky was mentioned extremely tersely, as if reluctantly. Like, there was such a figure. And nothing more. Not a line about this great opening that rightfully belongs to Russia, the titanic process of creating combat OZGRS. Not a word about how these radars came to be feared by military and political figures in the USA at one time. American military established that their missile bases were under constant radio-electronic radiation. And this could have meant that the USSR had built mighty ground-based locators that could detect the launches of ballistic missiles at the moment of liftoff. An unexpected missile-nuclear attack by the USA on the Soviet Union thus became meaningless and suicidal. The Russians could timely detect the launches of ballistic missiles and deliver a retaliatory-counterattacking missile-nuclear strike, which Americans greatly feared. In the book there was not a word about the tragedy of the chief designer Franz Aleksandrovich Kuzminsky during his lifetime and the recognition of his merits after death. Not a line about how, removed from all posts and disgraced in his own Fatherland, he was slandered by central newspapers of the USSR and RF with multimillion circulations. And he, despite persecution, stubbornly tried to perfect his creation, knocked on all manner of authorities and died in the prime of his talent.

After these thoughts, memories of 1990 began to surface, when journalistic fate first brought me together with Franz Kuzminsky. The name of one of his opponents, Vladimir Markov, involuntarily came to mind. I quickly leafed through the book to the beginning. The very first historical material about the firm belonged to the pen of Vladimir Markov. In the photo was depicted a man with strong features. A once-renowned leader of the radio industry of the USSR, General-Lieutenant. He was the first in the history of the Soviet Union to create the most powerful scientific-production association 'Vympel,' the present-day Interstate Joint-Stock Corporation 'Vympel.' He commanded thousands of workers, engineers, scientists and designers. For some reason, toward this man, for many years I feel a certain pang of conscience. In the winter of 1991, still before the collapse of the unified country, in the journal 'Communist of the Armed Forces'—a very influential publication of the Main Political Administration of the Soviet Army and Navy (GLAVPUR), where I worked at that time as a research associate in the department of combat training and military instruction of the forces—my investigative material was first published about the history and tragedy of the Soviet combat system OZGRS. In 1990, in the course of my journalistic investigation we met with Vladimir Ivanovich. He told me about the creation of OZGRS, his relationships with chief designer Franz Kuzminsky. He spoke quite frankly, giving his evaluation of why the OZGRS system was removed from combat duty and was not adopted into service in the USSR and was not included in the missile attack warning system. In subsequent years, involuntarily, I returned to this theme several more times at the request of a number of editorial offices. I specially collected material, met with scientists and military personnel who had been involved in the over-the-horizon epic. Gradually I came to the conclusion that in 1990 I approached the role of General-Lieutenant Markov in the fate of over-the-horizon radars somewhat superficially. For my part, in several materials I smoothed out some sharp corners. But still there remained constantly in my heart some offense at myself that I had not fully figured out the history and tragedy of the chief designer of OZGRS, had not shown more deeply how he was unjustly slandered in his native country. And to be honest, for a broader presentation of the history of OZGRS I always lacked newspaper or journal pages. The problem itself simply did not fit into the rigid volume of predetermined lines allotted for publication. As a result, important facts, memories, accounts remained beyond the bounds of each subsequent publication. So, the time has come to take out from the corner the cherished old leather briefcase with already yellowed notes and documents, reeking of insistent paper dust, and begin writing, not thinking about volume, but only about that which is to truly separate truth from falsehood about the creators of over-the-horizon location in our Fatherland.

Chapter 1: "The Disgraced Chief Designer"

Original: Глава 1 «Опальный главный конструктор»

August 1990 turned out to be quite a tense month for the editorial office of the journal "Communist of the Armed Forces," an edition that troops referred to in abbreviated form as "KVS." The period of summer vacations was in full swing. And the journal came out three times a month. During that period, the editorial office was just completing a restructuring of the journal's subject matter. Only the name remained from the former journal "KVS," along with the mandatory column on political training for the personnel of the Soviet Armed Forces. The former purely party-political orientation of the journal had been replaced with a general political one, in accordance with the new trends in the state. This significantly improved the journal's subject matter. Numerous readers reported in letters that "KVS" was unrecognizable—all the materials were read with great interest. I should mention that our journal was the central publication of the Main Political Directorate of the Soviet Army and Navy (GLAVPUR). Its monthly circulation in 1990 exceeded 600 thousand copies. The collective included, during that period, 40 professional journalists with ranks ranging from colonel or captain first rank to junior captain. The collective and the entire editorial process were led by a rather talented administrator with connections in GLAVPUR and the Ministry of Defense, Major General Nikolai Alexandrovich Koshelev. He had to navigate quite literally between the leadership of the all-powerful military party-political agency and numerous subscribers while directing the restructuring of the journal's subject matter. In 1990, officers and soldiers in the Soviet army no longer subscribed to periodical publications by order, but rather chose newspapers and journals that published topical materials and journalistic investigations. But even the possibilities of the central military publication were limited by the same departmental restrictions, orders of the Minister and the head of GLAVPUR. So interesting materials for the journal, particularly during the summer vacation period, had to be literally dug out all over the military districts and fleets, throughout the main commands of the Branches of the Armed Forces.

I came to serve and work at the print organ of GLAVPUR, the weekly journal "KVS," after graduating in 1989 from the editorial department of the Military-Political Academy named after V.I. Lenin in the most junior position—scientific researcher in the department of combat training and military instruction. The military academy has since been transformed into the Military University of the Ministry of Defense of the Russian Federation. By the time our narrative begins, I had already served in the editorial office for a year.

During that period, Moscow was already churning with rallies and demonstrations. Leaders of nascent political parties stirred up crowds in prominent places. So the summer of 1990 turned out to be particularly hot for the editorial office of "KVS," and not only in terms of weather. In the last year of restructuring, our military-communist and party journal actively was reshaping its appearance and subject matter. From its pages disappeared lengthy party-political materials edited by military censors and certified through all necessary authorities that gave nothing to either the mind or the heart. In their place, the pages of weekly journal issues published polemical and analytical materials. For the first time, we printed excerpts from several issues of Felix Chuev's remarkable book "100 Conversations with Molotov." The editorial office was also actively engaged in journalistic investigations. Following one of my investigations, a colonel—commander of a large garrison in Vladimir Oblast—was removed from his post and discharged from reserve for embezzling construction timber. On a forest road in that garrison, a captain—the head of the fuel and lubricants service, who participated in his superior's commercial operations—even tried to hit me with a light UAZ vehicle. In another article, I, a major-journalist at that time, told together with a colonel—deputy head of the department of material resources and foreign economic relations of the Ministry of Defense of the USSR—about the problem of preserving precious metals in armaments and scrap metal in groups of Soviet troops in Germany, Hungary, and Czechoslovakia. Our troops were being withdrawn from there in hasty fashion. Damaged, stripped-down radio stations, radar sets, automated control systems, and a colossal quantity of other radio-electronic armaments were often sold in the West by enterprising dealers at the price of ordinary scrap iron. In the process, tons of gold, silver, and platinum went unaccounted for and disappeared without a trace. Following that article, a colonel who had candidly told me about the improprieties with precious metals was removed from his post, officers of the KGB from the USSR's State Repository received reprimands, having shown me documents of inspections on precious metals in foreign groups of Soviet troops. At the end of Gorbachev's rule and the beginning of the USSR's collapse, all manner of public military property, including dozens or perhaps hundreds of tons of precious metals from armaments and equipment, were being sold and embezzled. It is quite possible that the very leaders of GLAVPUR, who were rapidly losing influence in the Ministry of Defense and did not want to reconcile themselves with the general debauchery that had inundated the country and army, gave our journal the opportunity to write openly for the first time about the processes occurring in the Armed Forces. So we tried to speak openly and without hesitation about such problems and violations that had only recently been completely secret in our state. The updated "KVS" was popular in the troops. There were also numerous civilian subscribers.

On one of the August days in 1990, the editor of the combat training and military instruction department of our journal, Colonel Alexander Grigoryevich Nekrylov, a talented journalist and military writer with the face of a professional boxer, told me to speak with a certain complainant. This, he said, was an assignment from the editor-in-chief. A pass to the editorial office had already been arranged for him. So, he said, I should pay special attention to this man.

"His story is quite specific," Colonel Nekrylov instructed me. "Record your conversation, and if necessary, don't hesitate to pressure him and demand all the necessary documents. In short, figure it out."

By that time, I had already acquired a dictaphone of Soviet manufacture, an "Elektronika." An imported one was beyond a major's means. I tested this plain-looking and rather bulky device and began to wait for the visitor. I did not anticipate then that this meeting would provide material on which I would "dwell" for all the years to come. I would search for new fragments of information about the scientific research and problem to which the scientist who came for help to the editorial office had devoted many years of his life, and which, ultimately, drove him, still not an old man, to the grave.

At the appointed time, there was a quiet knock on the door of our small office. Then the door opened smoothly, and a man in a black suit and tie stepped into the room. He was above average height, somewhat stooped, and his hair was graying. His face did not impress with any particular beauty. There are many such on Moscow streets. In appearance—a typical teacher, engineer from a factory or scientific institute. You would pass by without noticing. At that moment, for some reason, it occurred to me that schoolchildren would have already given up their seats to our visitor in the metro. The man, unbuttoning his jacket, sat on the chair I offered him, and placed on the table a folder of embossed leather, the kind in which it is convenient to carry documents for a report to a superior. After that, he looked at me with particular intentness. As if studying what I was worth and what capabilities I had. And whether it was worth dealing with me at all, just some major.

"My surname is Kuzminsky. General Koshelev," the man continued, "told me that you engage in journalistic investigations, and perhaps my story might interest your respected military journal. And you will write the whole truth about my history without invention or speculation. Because one of the central newspapers nearly accused me of embezzling public funds."

Eighteen years have passed since that conversation. I can no longer recall what his voice or intonation was like. But for some reason, his somewhat unrestrained, free behavior in the new place stuck in my memory. And this despite the fact that he came to the journal not simply with a proposal to publish some material. He was asking for support and protection from newspaper slander. But at the same time, he was not an ordinary complainant. But already after his first words, questions arose in my mind.

"Why did one of the central newspapers turn against him?" I thought at the time and made my first note in my notebook. "What if he is indeed guilty of something and is now trying to use our journal for his own purposes. Apparently, it was not by chance that Colonel Nekrylov advised me to record the entire conversation and verify the facts. Probably, editor-in-chief General Koshelev had previously familiarized Nekrylov with Kuzminsky's history. Probably, they came to some conclusions. And Kuzminsky could have been directed to the journal by someone very influential. The General and Colonel do not want to impose their opinion on me," I assumed at the time. "The General is keeping an escape clause for himself—not to publish material about Kuzminsky. As if, they would say, the young major didn't figure out this story."

That very first notebook of the conversation with Kuzminsky was preserved. Back then, I wrote down several questions in abbreviated form. One of them was just for myself—not to interrupt the visitor and let him speak as much as possible. To tell what had accumulated in his soul. After the question, I put several question marks and exclamation marks. For me, they meant not to interrupt the visitor, to formulate leading questions more carefully. However, after Kuzminsky's first few phrases, he suddenly fell silent. From his face, it was clear that he still had not decided to tell everything candidly. Or perhaps he was simply gathering his thoughts. A stranger's soul is dark. At the same time, his glance quickly ran over me, as if scanning information about what kind of subject he had come to and what I was capable of at all. I remembered that look. An ordinary complainant could not have looked like that. Rather, the opposite—before me was a decisive and commanding person. But definitely not from the category of the aggrieved, who try with all their might to prove that someone crossed them or failed to recognize their genius.

Unexpectedly, his glance fell on my dark blue dictaphone. It is quite possible that this apparatus of unusual construction attracted the visitor's attention. At that time, such household equipment of Soviet manufacture was just appearing for sale and was still a curiosity. Catching his glance, I in turn asked whether he would have any objections to recording our conversation on tape. In doing so, I involuntarily lamented the quality of the domestic dictaphone. In three months, it had already been in warranty repair twice. The visitor took the device and looked at the manufacturer's name on the back panel.

"It's no wonder it breaks down," he said somewhat gutturally, "household products from this suburban Moscow factory are snapped up literally off the assembly line. Probably, with the rapid growth of production volumes, the product acceptance system is not working. What systems failed?" he suddenly asked.

"The first time, the sound disappeared," I answered immediately. "It was impossible to listen to the recordings. The second time, the tape drive mechanism started chewing up the tape."

"Well, that's no good at all," continued the visitor, analyzing the operation of my dictaphone. "The mechanics failed and apparently one of the microcircuits. Looks like the dictaphone was made in a hurry, possibly from substandard parts. My advice to you is to get rid of it. It will keep breaking down."

Probably, he scanned not only me at our first meeting for seriousness and what I was worth in my work, but also my dictaphone. And that's exactly how it turned out. Over the course of a year, the dictaphone broke down several more times. They refused to exchange it for a new one at the warranty shop. They advised me to send it to the factory. And so that device disappeared somewhere in the factory's depths after the 1991 events in our state. But on that day, surprisingly, my dictaphone recorded a conversation with the former chief designer of Soviet combat horizon-scanning radar stations, Franz Alexandrovich Kuzminsky. Unfortunately, that dictaphone cassette was not preserved. In journalistic work, there was never enough cassettes. Only the transcript of the conversation with Kuzminsky was preserved. On my work desk before me lie about thirty sheets of grayish paper yellowed over eighteen years. On many—notes and corrections. These old pages became a kind of time machine that transported me to a small office of our military journal, closed due to the shortsightedness of some leaders in military journalism.

And as if eighteen years had not passed, when the invincible and legendary Soviet Army collapsed in a matter of months. As if the redistribution of property in our country had not happened. And there again, in our small office in the journal "KVS," on a hard office chair, Kuzminsky was settled. Possibly, after familiarizing myself with my "wonder-technology," cups of strong tea, I involuntarily disposed the visitor favorably toward me. In the work of a journalist, the first minutes of a meeting with an unfamiliar person are especially important. The ability to incline him toward candid conversation. Not to let him answer questions yes or no. In short, the conversation with Kuzminsky proceeded in a normal working manner. I will add that for some reason, I even felt sympathy for him. At that time, during the conversation, I noted in my notebook that he conducted himself confidently, spoke in a calm, quiet voice. My brief notes helped me at least partially restore in memory the atmosphere of the meeting in the editorial office and the conversation with the disgraced chief designer. Probably because of this, the decryption of old notes comes easily to me now.

Kuzminsky drank tea and did not refuse the candies I offered him. Before that, I had hidden the plate of candy in the safe. For some reason, my editorial office colleagues believed that I had an unlimited supply of these candies. In the early 90s in the country, chocolate candies, like all other food products, were already rationed. But friends thought I had some secret connections in trade. And my constant supply of candies to go with tea was explained by my mother-in-law's irrepressible energy. Perhaps even the scarce chocolate candies showed Kuzminsky my hidden capabilities. True, at that point, he unexpectedly asked if I was related to one well-known academician—a chief designer, after whom a street in the capital is named, and even a crater on the Moon. I immediately answered that this family is known to me. But we are simply namesakes of a deserving man. After that, Kuzminsky said that friends call him simply Aleksandr Aleksandrovich in everyday life. He suggested I call him that too. So instead of the foreign name Franz, I began to call the chief designer as he proposed to me at our first meeting. Not by his passport name. Probably, the name Aleksandr, which in Greek means "conqueror," appealed to him more. Anything is possible. I was not pushing myself to be his friend. I simply, out of professional duty, became an involuntary researcher into his scientific pursuit and tragedy. Therefore, in this narrative, I will sometimes call Kuzminsky Aleksandr Aleksandrovich. That's how he himself proposed it to me.

"Before we start our long conversation, read this publication in the newspaper," Aleksandr Aleksandrovich suggested to me. "You will understand much; some questions will disappear, or others will appear. I went to that newspaper. I demanded a retraction. But no luck. The editor-in-chief wouldn't even see me. The journalist who prepared the material disappeared somewhere. And the department editor simply threw up his hands, saying the material didn't go through him, and he had no right to give any retraction."

After that, Kuzminsky opened his folder. He rummaged briefly among some papers and pulled out an issue of the very popular, multi-million circulation newspaper of the Supreme Soviet of the RSFSR, "Soviet Russia."

"So that's how the central press fired with all of its main artillery at the chief designer," I thought, opening before me on the table the now worn-out issue of the newspaper. Perhaps it was this very central newspaper and its influence that editor-in-chief of our military journal Major General Koshelev was afraid of, when through Colonel Nekrylov he told me to look more carefully into this story.

With such thoughts, I began to scan the newspaper issue, dated August 5, 1990. The editorial office gave the material a full page. The headline was noncommittal, some sort of inert—"Money for Defense." Under the material was a signature that this publication was prepared by V. Abramov. I was not acquainted with him. But the subheading "Four Monologues on the Secrets of 'Closed Science'" attracted attention to the newspaper page like a magnet. In a text box to the article, V. Abramov indicated that today's interlocutor of the popular newspaper is a Hero of Socialist Labor, general designer of the first Soviet anti-missile defense systems, corresponding member of the Academy of Sciences of the USSR, laureate of the Lenin Prize, Grigory Vasilievich Kisunko, who will frankly recount one of the branches of the Soviet military-industrial complex. Moreover, V. Abramov, clearly fueling the reader's curiosity, wrote that in the monologues of this well-known scientist is reflected his view of internal processes in the classified structures of the Soviet defense complex. In Abramov's opinion, these monologues are dramatic in content, sincere, permeated with pain for the fate of scientific research and the implementation of scientific ideas.

The material consisted of four separate monologues—conversations with readers from Grigory Vasilievich Kisunko. In the course of my journalistic investigation, I did not have the opportunity to meet with him, to learn his point of view on this material, which could well have been incorrectly edited or rewritten in the editorial office itself without the permission of this well-known scientist. Now, eighteen years later, I sincerely regret that our meeting did not take place. But now nothing can be done about it. So it will be. Time cannot be turned back. One can only try on paper to recount the truth about past events, from which time itself has shed speculation and conjecture, positive and negative heroes. Each of the monologues was apparently, by an experienced hand, strikingly titled. And this in August 1990, when the military-industrial complex and its leaders were very strong and authoritative in the state. Any material in a newspaper about them and their deeds necessarily went through censorship. And in this material, the subheadings literally cried out: "How Collective Responsibility Appears," "What is Frightening About the Zigzags of Monopolism," "Who Benefits from Disinformation," "What Will Help Break Out of the Breakthrough."

"Some material," I thought, and at that point looked at Kuzminsky.

Our visitor at that time was reading some paper from his folder. Possibly, he was at the same time observing my reaction from the corner of his eye.

"And is all of this about you?" I blurted out involuntarily.

"Well, no," Kuzminsky reacted immediately, "I haven't been honored with such attention. In this publication, my surname is not mentioned at all. Here accusations are directed at my many years of work and the activities of a multi-thousand-strong scientific-industrial collective. You'll read the entire material later. But read the highlighted passages now."

I will not quote this long-ago material verbatim. After all, it has authors. Intellectual property rights in our country are now sacred and protected by law. The well-known scientist indicated that there are many scientists and designers in our country who have glorified it, who have created a reliable military parity with the United States. But there are in the field of military science and technology such projects and deeds that led to disasters, abominations, foolishness. Thanks to secrecy, these disreputable deeds, senseless projects are hidden from the people by collective responsibility of customers from the Ministry of Defense of the USSR, developers from the military-industrial complex, controlling agencies, and specific people from the Central Committee of the Communist Party of the Soviet Union and the VPK. This helps their authors avoid responsibility. After all, many high-ranking military and civilian officials signed these talentless projects. Enormous amounts of money were being spent in vain.

"This is the preamble to the main purpose of the material," Kuzminsky clarified, "further come direct accusations against me and our multi-thousand collective."

Indeed, there followed literally stunning accusations against the creators of horizon-scanning radar stations (ZGRLS). From the logic of the authors' arguments in the first monologue, it followed that the creators of the ZGRLS, together with customers from the USSR Ministry of Defense, party officials, had praised before the Minister of Defense, the General Secretary of the Central Committee of the Communist Party of the Soviet Union, and the Chairman of the Council of Ministers the project of creating these very ZGRLS. And then, when the radars could not properly detect targets, they were not accepted into service, but were put into some kind of cunning experimental operation. At the same time, Grigory Kisunko and co-author of the material V. Abramov pointed out, the idea of detecting launches of ballistic missiles from military bases on the territory of the United States with the help of a radar station radiating energy in the short-wave band is simply untenable. In confirmation of these words, the material stated that even non-professionals know that short waves are capable of multiple reflections from the Earth's surface, the ionosphere. They propagate over gigantic distances. But the signal coming to the radar station arrives deformed, cluttered with interference. The useful signal, which forms when the ZGRLS radiation of short waves irradiates the flame of a nuclear ballistic rocket in the first seconds after launch, is drowned in a mass of all kinds of interference.

And further in the material, the creators of the ZGRLS were called adventurers. They, these domestic adventurists, they said, seized upon the deliberately defective idea thrown in from abroad, did not understand the trick, and achieved the creation in the Nikolaev, Komsomolsk-on-Amur, and Chernobyl regions of three giant horizon-scanning radar stations with capital structures hundreds of meters in length and height. More than a billion Soviet rubles were expended on these cyclopean radars. For those times, simply an astronomical sum. Yet the result of this activity was supposedly more than curious. Through special channels or from the press, one learned the time of a ballistic missile launch from the territory of the United States. To the higher authorities, it was reported that the ZGRLS had detected this launch. But after some time, NASA of the United States issued an official statement that this launch had been canceled for certain reasons. But the creators of the ZGRLS and their "patrons" got away with such misinformation of the country's highest leadership. The authors were outraged, they said, how can this be, when entire military units are conducting experimental operation of the ZGRLS and need to show real results, a completely fraudulent version suddenly appears, as if the ZGRLS cannot detect single launches of American ballistic missiles, but rather will precisely determine mass launches and provide the necessary information.

There were no more frank attacks on the ZGRLS in the first and second monologues. But in the monologue "Who Benefits from Disinformation," the topic of ZGRLS appeared again. And at that point, the surname of the former deputy minister of the radio industry of the USSR, V.I. Markov, was mentioned. The authors literally accused him of ignorant stubbornness, careerism. He, having received unlimited power, they said, drew the USSR into the ZGRLS and other useless projects on which hundreds of millions of rubles were spent. Those very full-weight Soviet ones. And in conclusion to the attack on the ZGRLS in that monologue, a blow is struck at the Soviet system of obtaining academic degrees. They said, in order to avoid publicity during the defense, when opponents won't leave a stone unturned from a fake dissertation, the defense is specially classified, supposedly in the interests of maintaining state secrets. So such degreed ignoramuses then promote ZGRLS and other similar worthless projects.

Thus, for some reason, in the material "Money for Defense," only one surname was directly connected with the creation of the ZGRLS. In my notebook, I noted—V.I. Markov, and put several question marks. But at the same time, I thought that the material in the newspaper was somehow forced, full of evasions. The former deputy minister of the radio industry was declared the main adventurer of the ZGRLS. Clearly the material was designed for cheap popularity. Or perhaps it was specially ordered by someone very powerful, someone who could give the command to the central newspaper for such a publication? But who is behind all this? Could even Deputy Minister Markov alone spend billions mindlessly?

While reading the newspaper article, I did not want to show Kuzminsky that the ZGRLS was a "dark forest" for me. As a former DOSAAF and army athlete-short-waver and radio multi-eventer, an officer of radio-technical troops, I knew about the peculiarities of wave propagation in the short radio band. At the Leningrad Military-Political School of Air Defense Troops of the country, which existed at that time, we studied radar armaments of Air Defense Troops on special secret courses. Then I served for four years as deputy commander for political affairs in a separate radar company in the Northern Group of troops in Poland. Once a month I had to stand combat watch for six or more days at the command post of the radar company. It was precisely the duty officer, until the arrival of the main personnel of the company, who had to, upon announcement of combat readiness from the command post of the air defense group of troops, supervise the activation by a reduced combat crew of the necessary number of radar stations to detect targets and begin conducting radar reconnaissance of airspace. If something broke, then I had to take all measures to eliminate it. Without the appropriate knowledge and skills, officers were not allowed to stand combat watch at all. I was helped by serious basic training at the school. Only there did we thoroughly study just a few types of radar stations already accepted into service by the Air Defense Troops. Nobody at the school even mentioned ZGRLS in lectures. There was not even a hint of such radars in the classrooms where functioning receivers, transmitters, antenna-waveguide systems, and other radar equipment were deployed. There was not even a mention of such radars in the park of combat equipment with functioning locators. And then somehow one incident came back to me of its own accord. Psychologists claim that this happens with the human brain in minutes of special tension, when memory unexpectedly reproduces long-forgotten information.

On the training grounds near Krasnoe Selo, in the area of the Gorelogo railway station, which was thirty minutes by electric train from Leningrad, graduating cadets carried out training combat watch on real radar stations, anti-aircraft missile complexes, and command posts. And it was then that our favorite instructor, Lieutenant Colonel Vladimir Sergeev, told us something. The graduation was already looming clearly ahead. Before the golden quarantine, when all exams were already behind, the uniform with long-awaited lieutenant's shoulder boards was sewn and ironed, there remained some three months. During this period, when we devilishly wanted to escape to Leningrad to our young wives, we had to sweat on the training grounds, passing final exams on the command of a radar company during an air raid. In turn, we worked as the company commander, deputy political officer, map keeper, announcer, commander of several types of radar stations, and the persistent instructors even shoved us into diesel-electric stations. And then they demanded that we spend hours there and monitor the operation of the fuel and oil system, cleaning filters. Rarely could we rest on the training grounds. But there were breaks between classes. And in one of them, our instructor in radar armaments, Lieutenant Colonel Vladimir Sergeev, in the smoking room told us about the mysterious giant locator near Nikolaev. At that point, the lieutenant colonel noted that the station, during the period when he served there, was experimental. Even the Commander-in-Chief of the Air Defense Troops of the country himself, Marshal Batitsky, came to it. At the time, I remember, we also spoke about combat equipment, its advantages and disadvantages. Why does our radar equipment have weak interference protection? We even argued about whether it was possible to propagate a radar impulse over 9,000 kilometers over the ground, then receive it back undistorted, without admixtures and interference. What kind of apparatus would such a radar need to be, what power of the radiated impulse? Lieutenant Colonel Sergeev sat among us in the smoking room, smoking a cigarette, and listening to our philosophizing. For some reason, through twenty-five years I remembered in minute detail that training ground smoking room. I even remembered the inscription carved with a nail on the bench that "Petka-fool don't marry this b...". Perhaps it was precisely that smoking room and the mysterious acronym ZGRLS that made my memory, already overloaded with time and data, work at full power.

As in slow-motion film, my memory recalled that Lieutenant Colonel Sergeev unexpectedly rose from the bench, adjusted his field cap, which he wore somewhat dashingly, shifted to his left ear. I don't remember exactly what he told us then. Twenty-five years have passed since then, after all. It seems that he simply, smiling, said that one should not openly speak about state secrets. They said, the experimental locator near Nikolaev is served by an entire military unit. At the same time, he added that possibly some of us in the future would still have to serve on such RLS [radar stations]. There, they said, there is a whole political department in the staff. Apparently, Lieutenant Colonel Sergeev knew much more about that experimental RLS than he spoke about. And he was a specialist with a capital letter, probably because we respected him for that. Then there were years of service, numerous relocations to new garrisons, studies at the academy, Moscow tribulations of a homeless military family man. I heard nothing more about ZGRLS. And here before me, sitting on a chair in our editorial office, according to the newspaper material, sits the main adventurer, and the mysterious combat system ZGRLS, including the Nikolaev experimental radar, is declared an adventure.

"But why is nothing reported about you in the newspaper," I involuntarily burst out in a question to Kuzminsky, "after all, you're the chief designer, and that means you're the main culprit in the failure of this system?"

Kuzminsky looked at me, set aside a sheet of paper from his folder.

"And who told you that the ZGRLS failed," he said unexpectedly harshly, "and where, if I may say so, did it fail? After all, it is only written that way in the newspaper. Moreover, the people who signed the material didn't even mention my surname. But there is a certain peculiarity to this. The thing is, I previously worked in one organization with Kisunko. We had fairly good relations. But the fact that he spoke so about Markov, that is probably primarily because of their complicated mutual relations. Overall, this publication is gross fiction, and I cannot believe that Grigory Vasilievich could say such a thing. He, after all, knows how things actually were. But the main thing is that this article has already done its work. President Mikhail Gorbachev gave an order to the Procurator General of the USSR, the chairman of the KGB, the Minister of Defense to look into our 'adventurism' in detail. It is clear to me that now, when things are not all well in the country and the defense sector, they are looking for 'scapegoats' in order to arrange a public flogging. Like, such-and-such brought the mighty state to collapse with their adventurism."

After this, the chief designer began to recount the horizon-scanning saga in the USSR. And now, through many years, looking at the yellowed pages of the printout of our conversation, it's as if I hear his quiet, confident voice. His narrative captivated with details, detective-like plot entanglements of the creation of the most powerful radars in the world for the Soviet missile attack warning system.

Printout of the dictaphone cassette of the conversation with Aleksandr Aleksandrovich Kuzminsky in the editorial office of the journal "KVS."

"So they wrote in 'Soviet Russia,' that the decision on creating the ZGRLS system was made behind closed doors, by a group of interested voluntarists. It is known that many large-scale defense projects, whether ballistic rockets, combat ships, aviation, always sparked disputes. Sometimes not entirely correct decisions were made. Samples of armaments came out of factory shops not in the quality that was desired. But horizon-scanning location is a special case. If successful, we could have such combat systems of ultra-long-range detection that would throw electromagnetic energy, like a lasso, over all the rocket bases of the United States, located at that time at distances on the order of 9,000 kilometers. At that time, nobody in the world was even thinking about creating such powerful radar stations. Only the USSR and the USA could afford to make such locators. The task was too complex and vast in scientific intensity and costs."

The pioneer in this field was the Soviet scientist Nikolai Ivanovich Kabanov. Back in 1946, he demonstrated the fundamental possibility of detecting air targets in the short-wave band at the fantastic distance of three thousand kilometers. This was caused by the urgent necessity of creating effective protection against the most powerful combat bomber aviation of the United States, equipped with atomic bombs. At that time, there were still no ballistic missiles capable of flying across oceans and striking with nuclear warheads. Kabanov's experimental work was specially classified. Only a narrow circle of people knew about it. For some time, Kabanov tried to build a short-wave locator. But nothing came of it. At that time, there was neither modern radio-electronic production in our country, nor an experimental testing base, nor highly-skilled specialists. So Kabanov, in Russian fashion in 1949, spoke rashly to the scientific world that such a locator could not be built. The brilliant theoretical idea of the scientist became a technical puzzle.

Several years passed. Kabanov's work was a state secret. Even the relevant scientific centers did not know about it. Therefore, the idea of creating a powerful short-wave radar once again visited inquisitive minds. This time, it was taken up by the chief designer of radio relay lines, a laureate of the USSR State Prize, Ephraim Semenovich Shtyren, his like-minded colleagues, the future minister of communications Vasily Aleksandrovich Shamshin, young scientists Emir Ivanovich Shustov, Boris Samoilovich Kukis, Vladimir Andreevich Korado, and other comrades. The scientists again theoretically substantiated the possibility of creating a powerful horizon-scanning radar operating on short waves. This group of enthusiast scientists developed a scientific report titled "Arc." The name precisely reflected the daring design. In the report, it was indicated that such a ZGRLS could detect targets at thousands of kilometers over the round surface of the Earth. The military considered and approved the scientific report and in turn sent it for verification to the Academy of Sciences of the USSR. But there, a famous scientist in the field of radar, Academician Yuri Borisovich Kobzarev, put a big "cross" on the "Arc" and at the same time said that the eccentric enthusiasts had wasted time on an absolutely hopeless undertaking. Nikolai Kabanov had already proven the impossibility of horizon-scanning radar location. And here His Majesty Chance intervened.

In the late 1950s, the USSR and the USA were actively developing offensive missile-nuclear armaments. At that time, I worked in the famous Design Bureau 1, the future Almaz NPO. We spent day and night in laboratories, factory shops, and on training grounds. Under the skillful leadership of Aleksandr Andreevich Raspletin, we developed, for those times, unique anti-aircraft missile complexes S-75 and S-125. Therefore, knowing the atmosphere of that time, I can safely imagine how the leaders of the state became worried when they learned that American scientist Taylor, with his short-wave locator, had detected a ballistic missile at long range. And this meant that now the Americans could in principle continuously monitor Soviet rocket bases twenty-four hours a day. And here "Arc" by Shtyren and his group came in very handy. For the state, protection from missile-nuclear attack was a strategic task. A special session of an Academy of Sciences commission took place. Ephraim Semenovich Shtyren argued that short-wave radiation could detect aircraft and missiles at horizon-scanning distances. His opponents argued the opposite. The failed work of Kabanov, who was highly respected at the time, was cited as an example. And it is no accident that they say, truth is born in dispute. The commission members found out that Shtyren's group had put forward a completely new idea of horizon-scanning radar location, not like Kabanov's. As a result, Shtyren and his team were proposed to conduct experimental research. So began the history of the combat horizon-scanning detection system. It was accepted by specialists in scientific dispute, not behind closed doors by a group of adventurers, into which the newspaper "Soviet Russia" lumped all of us together, and especially Vladimir Ivanovich Markov.

After some time, Shtyren's group developed a working model for conducting experiments. In 1963, Shamshin and Shustov managed on this so-to-speak laboratory semi-finished product to detect the launch of a missile from Baikonur at a distance of about three thousand kilometers. Success was evident, and it had to be developed. But Shtyren was not inclined to hurry. He already understood at that time that with short-wave location at long distances, he would have to face unexplored physical processes arising from the passage of radio waves through the ionosphere, as well as those caused by various kinds of interference. He was cautious and did not want to risk. As a result, for his stubbornness, Shtyren was removed from the position of chief designer. Even his merits did not save him. After him, several more designers conducted work in this direction.

In 1964, I was appointed chief engineer at NIDAR. I studied the subject matter of all departments. I will frankly say that the complexity and global scope of the horizon-scanning topic especially attracted me. In 1968, I was appointed chief designer. I became closely engaged in horizon-scanning radar location.

The creation of a horizon-scanning locator during that period was fundamentally new work. All previous work only led up to it, but did not answer very many questions. The main characteristic here was that the ionosphere directly participated in the location process. The ionosphere was used as a conductor, allowing the energy to be delivered beyond the horizon to the area of rocket launches and to achieve their detection. Without the ionosphere, horizon-scanning radar location is impossible. But it had its caprices. At different times of day, it brings to the target, at thousands of kilometers away, signals of different wavelengths and only of a narrow frequency band. Beyond this narrow band, the ionosphere simply absorbed the energy. Therefore, the task arose to learn to select, at each particular moment, precisely such a frequency band that would allow location with minimal energy loss. But these were not all the scientific problems that nature posed before us. The second caprice of the ionosphere was that the electromagnetic wave, after its first reflection from the ionosphere, ceased to be flat, as in ordinary radar, and acquired a very complex form. Not one ray came to the target, but several at once. In the literature, there were suggestions about the "murkiness" of the ionosphere. However, in radio communications, this phenomenon did not cause such painful problems as energy losses. Therefore, we thought that this issue did not require special emphasis and would be resolved in the process of work, using various design solutions. The main thing was to overcome the first problem—the property of the ionosphere to consume electromagnetic energy. The property of diffuseness worried us less.

Around our work and its problems, two camps, so to speak, formed immediately. This again indicates that there was no backstage dealing, nobody was pushing it through without thorough discussion. The first group included the chief designer, a whole galaxy of his like-minded colleagues, co-developers, several members of management, and a large group of military comrades. We believed that the difficulties would be overcome. Our confidence was based on the positive results that had been obtained at the experimental base we had created.

And there was also a second group of comrades who believed that it would hardly be possible to overcome energy losses and conduct radar location at a range of 9,000 kilometers. So our opponents proposed a dragging solution. They said, let's not build a combat system, but only conduct experiments. When all the questions have been worked out, all the problems solved, that's when we can begin building a combat locator. Of course, such a point of view had the right to exist. But how much time would it take for experiments and who could give an answer—would we be able or not be able to detect with the necessary reliability rocket launches from the territory of the United States if we didn't build a radar? Only a real locator could give the most accurate answer to this question. All other solutions were prognostic. And nobody could say at what level of this prognosis to stop, to complete experiments, which could last for years and consume a lot of money. Gradually, the balance in the principled dispute was taken by the point of view that, based on the already achieved experimental data, on which also considerable time and resources had already been spent, one needed to create a combat system. Parallel to this, to strengthen the study of the ionosphere, to create necessary models. As results were obtained, to make the necessary corrections to the project. Such a method of work maximally shortened the timeframe for developing the ZGRLS and accepting them for combat duty. I should note that the necessity for such stations at that time was exceptional. They were the only among ground-based means which in principle could allow detecting the launches of ballistic nuclear rockets at the moment of their launch. This provided a time advantage for delivering a retaliatory strike. Our stations could become the most effective means of warning of aggression. These were the conditions under which the combat system was being developed.

After receiving a package of experimental data, which included facts of detecting launches of American "Apollos" by an experimental locator, in the spring of 1971, a design project of a combat ZGRLS system, consisting of two radars, was defended. In the commission reviewing the project was, for example, the commander of anti-missile and anti-space defense forces, Colonel General Yuri Vsevolodovich Votintsev. A military leader who had created these forces understood technical and scientific problems very well. He certainly did not need a fake project, clumsily stitched together. His forces were to operate the ZGRLS. Why would he need defective armaments?

The tactical-technical specification for the development of the entire system was approved by the Chief of the General Staff of the Armed Forces of the USSR, Marshal of the Soviet Union Kulikov, and the Minister of Radio Industry of the USSR, Kalmykov. Technical specifications for each radar station were personally approved by the Commander-in-Chief of the Air Defense Forces of the country, Marshal Batitsky, and Minister Kalmykov. I should note that leaders of such rank did not simply put their signature on defense projects. But I will frankly say that the military rendered us very great support. A special military unit was created under the command of Lieutenant General Mikhail Markovich Kolomiyets. It trained cadres for the operation of the future equipment. As part of this military unit were small subdivisions that helped us conduct all experiments on the experimental training ground locator in Nikolaev, as well as on a kind of gigantic testing ground from Olga Bay on Kamchatka to Nikolaev on the Black Sea, and further to the island of Cuba in the west. A whole complex of special technical means was deployed and operated with the help of military units. Not a single step related to the progress of the development was taken without the customer. All test programs and the results of their conduct were approved by the military. Nothing and never was a surprise to them in this work, and they were very conscientious about it. The level of their specialists was very high. For instance, in the 45th Central Research Institute of the Ministry of Defense, there was a special directorate headed by Colonel General, Doctor of Technical Sciences, Professor Sharakshan Abo Sergeevich. It is impossible to even suspect a well-known military scientist, mathematician, and generally brilliant mind of unprofessionalism or fraud. This directorate independently developed the methodological basis for conducting tests, gave assessments of system characteristics, continuously itself participated in all tests and work on creating the ZGRLS. They could not be deceived.

In turn, the 4th Main Directorate of the Ministry of Defense of the USSR kept a very close eye on our work; it was responsible for the latest air defense, anti-missile, anti-space, and missile attack warning armaments. This directorate reported directly to the Minister of Defense and the Chief of the General Staff, unlike today when it reports to the Commander-in-Chief of Air Defense Forces. It was headed from 1957 to 1972 by Colonel General Georgy Filippovich Baidukov (a celebrated pilot in his past), then by Colonel Generals Evgeny Sergeevich Yurasov and Leonid Mikhailovich Leonov. These military specialists principally defended the interests of the Ministry of Defense. That is, our combat radar system was not pushed through by someone's evil or good will, or in the selfish interests of interested groups of persons or departments. This system was the next most difficult and problematic task in the entire complex of anti-missile defense and warning. Moreover, at times, it was impossible to squeeze an extra kopeck from the customer. All funds were strictly accounted for and controlled.

The site for the first object was chosen near Chernobyl. Nearby was an atomic power station with cheap energy. This ZGRLS was supposed to control American rocket bases by sending probing signals through the North Pole of the Earth. The attachment of the object to this point was also thoroughly checked and approved in various agencies. In 1975, the object was practically built. In the same year, factory tests began. All the apparatus of the locator functioned normally. However, the probability of detecting single launches turned out to be lower than what was recorded in the technical specification of the locator. Then the military proposed to determine the effectiveness of the station not by single, but by combat (mass) rocket launches. A whole series of combat raids was formulated. The 45th Central Research Institute developed a modeling technique, created an experimental-mathematical model for evaluating the characteristics of the locator. This model was calibrated using launches of our own combat missiles, the detection of which was conducted on an experimental model of the ZGRLS in Nikolaev. Then, during tests in real-world conditions, with the help of special equipment, signals were mixed in corresponding to combat launches. Our locator was checked against them. With such a proviso, the decision was made to proceed to state tests. This decision was made at the level of a commission on military-industrial issues, coordinated with the Minister of Defense. Day and night, week after week, and for that matter, month after month, our specialists were on site, reworking the station so that it could reliably detect ballistic missile launches. Tests began. The State Commission for the Chernobyl station was headed by the commander of the Air Defense Academy, Air Force Marshal Georgy Vasilievich Zimin. The entire apparatus complex was tested. Then, using the method of experimental-mathematical modeling, the detection characteristics of the ZGRLS were evaluated. And parallel to this, construction of the facility in Komsomolsk-on-Amur was underway. Tests were conducted from 1976 to 1979. The complexity and length of tests is explained by the fact that the ionosphere behaves differently at different times of day and year. And so state tests were completed. For us, it became evident that it was not yet possible to detect with high probability single launches of ballistic missiles.

Nature prevents it. At the same time, the detection characteristics for combat launches are acceptable. However, they were not recorded in the technical specification. Therefore, a project to correct the TZ [technical specification] was prepared, agreed to by both industry and the customer. This document was approved by the Chief of the General Staff. The Minister of Defense, Marshal Ustinov, was informed about this. He ordered a meeting on this issue to be held.

I remember that day in 1979 well. In the hall where the military collegium of the Ministry of Defense meets were practically all the commanders-in-chief of the Branches of the Armed Forces, representatives from the Central Committee of the Communist Party of the Soviet Union, the Council of Ministers of the USSR, the Academy of Sciences of the USSR, the commission on military-industrial issues, and many high-ranking generals and admirals. Reports were given by the chairman of the state commission, Air Force Marshal Zimin, and me, as chief designer. Where is the backstage dealing that the newspaper writes about? At this meeting, the most diverse opinions were expressed. So, Chief of the General Staff Marshal Nikolai Vasilievich Ogarkov supported the joint proposal of the military and industry to record in the technical specification that the ZGRLS should, first of all, detect mass launches of ballistic missiles. However, Dmitry Fedorovich Ustinov said: "I did not expect, Nikolai Vasilievich, that you would show such spinelessness." I remember his words well: "Let them work, and our task is to create conditions for them to do so. It's too early to correct the TZ. Let them work more. Later we will operate the locator. They will take our comments into account and further refine it. For now, it's too early to give up and throw up our hands." Such was the formula for refining the ZGRLS that Ustinov proposed. At that meeting, a decision was made that we should move forward, we will test the Komsomolsk station, not correct the technical specifications for the stations, and in the future compel the developers to refine the system.

We left the meeting, generally satisfied, although the decision made had both positive and negative sides. On the one hand, it motivated us, and on the other, it had a negative effect on the progress of work. At that time, we decided that after the completion of tests of the Komsomolsk station, we would connect both objects to the missile attack warning system (SPRN), assess their contribution, and put them on combat alert. At the same time, industry was refining the stations.

The chairman of the state commission on testing the radar locator near Komsomolsk-on-Amur was Colonel General Yuri Vsevolodovich Votintsev. A military intellectual in the highest sense. In the most difficult situations, he always maintained composure and never uttered profanities. It was pleasant to work with him. Tests in Komsomolsk were conducted faster, in my opinion, in two years. The experience already accumulated had an effect.

The chairman of the commission for joint tests of two stations was also Yuri Vsevolodovich. The commander of the forces into which the ZGRLS were supposed to be integrated would decide whether they deserved to be a component part of the SPRN, whether the money spent on them was justified, whether to accept them into service or not. And the general did not lack principle and decisiveness.

In 1981, the tests were completed, an assessment of the system's contribution to the SPRN was given. The contribution was evaluated as significant. The document was signed by about forty people and it was approved by the Ministry of Defense. Moreover, all documents and all parameters were carefully checked. But the newspaper wrote that even this important document was approved almost by a group of conspirators.

The details of the test progress were reported to the Minister of Defense, Marshal Ustinov. Only after this appeared the decision to put the ZGRLS near Komsomolsk-on-Amur on combat alert. The military was introducing the Chernobyl ZGRLS into experimental operation. By the same decision, the industry was assigned the task, within fairly strict deadlines, of further improving the radar to a certain significant level. To introduce the obtained results at the Chernobyl facility. Only after the completion of the entire planned complex of work was a verification test of the entire system to be conducted again. And only after this was it to be accepted into service as a whole.

Such was the concept finally adopted by Marshal Ustinov. I remember well how Dmitry Fedorovich rose from his chair, came out from behind the desk, and approached a large globe. He stopped and looked at the Earth in miniature. He was silent. Then he said literally the following: "The question of accepting a combat system into service is very serious. There should be no mistakes. It must be reported to the Defense Council." That's what it was. To discuss the ZGRLS combat system at the Soviet Defense Council. Even a member of the Politburo, Minister of Defense of the USSR, Marshal of the Soviet Union Ustinov, brought the question of the ZGRLS to collective discussion. Apparently, he too feared the possible consequences of unilateral and possibly rash decisions. But some little newspaper reduced everything to group loyalism and voluntarism.

By June 1981, a draft Government Decree on approving this concept was prepared. The Soviet Defense Council met on June 22. The report was given by the Chief of the General Staff of the Armed Forces of the USSR, Marshal Nikolai Vasilievich Ogarkov. There was debate. The draft Decree was approved by members of the Defense Council. And into it, as is known, entered the first persons of the state. Each had their own staff of consultants and experts who had studied the problem from all angles. In the classified Decree, it was indicated that on June 30, 1982, the ZGRLS near Komsomolsk-on-Amur should be put on combat alert, and the main requirements for modernizing the entire horizon-scanning location combat system were also formulated.

And so we began implementing the program of refinements. Moreover, we had the potential to fulfill this assignment. I was personally confident that we could overcome the main problems, including those caused by the propagation of electromagnetic waves in a non-stationary diffuse ionosphere. There was a feeling that the solution did not lie so deep. As early as in 1980, at NIDAR, which I headed at that time, a laboratory was created. It worked closely with Moscow University and directly with the faculty headed by Andrei Nikolaevich Tikhonov. He was the author of an entire school of so-called inverse problems. So, together with Tikhonov and his colleagues, our institute laboratory conducted research on developing methods to neutralize this very diffuseness. At the height of the work, I relinquished my administrative position as director of NIDAR and became simply the chief designer. I did this consciously, specifically to maximize focus on the purely design work. But it turned out to be my tragic mistake.

Somehow, Peter Stepanovich Pleshakov, the minister of radio industry, gathered us, the leaders of sectoral enterprises, and began speaking extensively about the possible transfer of his deputy, Vladimir Ivanovich Markov. The leitmotif of this transfer was that many chief designers complained about Markov. They said he constantly imposed various unjustified organizational ideas. Markov, in his position as deputy minister, supervised our institute and knew it well. And before had even been its director. So the minister proposed that I consider his employment at NIDAR, and perhaps even yield the director's chair. In general, Vladimir Ivanovich was a good administrator and organizer. I liked this idea. During that period, I was tired of holding two positions. And at one time, we even used to be friends with Markov's family. So I myself contributed in many ways to Vladimir Ivanovich's return to our institute as director. I thought we would work together excellently, and this would help us fulfill the program of refinements for the entire combat system more quickly. I was wrong.

Already on the first day after his return, he asked me what was this confusion with orders about our appointments and terminations. He said he had seen an order indicating that Markov was being appointed and Kuzminsky was being released from his position. That is, I was being removed from the director's post. And now it turns out that Kuzminsky is released from his position at his own request, and the Minister of Radio Industry expresses his gratitude to him for good work. With characteristic force, Markov, looking me straight in the eye, asked: "Where did this order come from?" I confess that I was literally taken aback. And then, for the first time, I felt that I had made a big mistake and that I now awaited problems that might not have existed. And indeed, Markov came to the institute with a certain ideology, already formed in him, regarding the ZGRLS objects.

Rather soon it became clear to me what he was after. The ideology he proclaimed consisted in the fact that, in his opinion, from the two stations, apart from the characteristics they already provided, nothing more could be extracted. Therefore, further refinement of them is useless work. As a solution, it was necessary to make certain that the already-lightened characteristics of the combat system were further eased with yet another correction of the TZ. To eliminate altogether from the TZ the requirement for single targets. To quickly patch up the project, refine the combat system accordingly, and hand it over to the military for operation.

Moreover, he had another idea to reorient the Chernobyl station to a different task, to track targets at lesser distances. At the same time, Markov claimed that Kuzminsky had incorrectly "positioned" this object. However, here he met resistance from the chief designer of the SPRN, Vladislav Georgievich Repin, a talented scientist and exceptionally competent designer. By the way, his subsequent removal under strange motives dealt, in my view, substantial harm to the cause. It was necessary to abandon the idea of reorienting the Ukrainian ZGRLS. But it must be said that Markov was very persistent in implementing his ideas. He was the director of the institute, had all the resources and administrative levers in his hands, and used them skillfully. For me began not just a nightmare, but a nightmare in hell. It became practically impossible to work. I faced a dilemma—either join Markov and, conducting no further research, simply quickly patch up the combat system and foist it on the military. But at the same time, clearly understand that the "patched" "Arc" would be no better than before. Or stubbornly seek solutions to radically improve the system of two ZGRLS. By that time, we already had positive results from research and experiments at Moscow University and at the facility near Komsomolsk-on-Amur. They gave serious hope that it was possible to achieve substantial improvement in the combat characteristics of the locators. I could not give up all this work done with such difficulty and retreat from my principles, betray those who thought as I did. Therefore, I appealed to the Minister of Radio Industry. I indicated that an intolerable situation had been created at NIDAR in our field of specialization. Due to organizational measures by the director, I had, as chief designer, no corresponding collective for three months, which was unacceptable when carrying out the program to refine the locators. I indicated that the director systematically substituted for the chief designer, discrediting his functions. Thereby, confusion in technical leadership and an intolerable atmosphere in the collective had been created. I gave examples of how, without the chief designer and contrary to his opinion, orders were issued determining technical tasks and ways of solving them. Especially when I was on business trips. So I asked the minister to subordinate one design bureau directly to me. But here the minister could be understood. In that situation, it was hard to figure out who was right. Moreover, there were other similar problems with chief designer Aleksandr Nikolaevich Musatov in NIDAR at that time. His idea of block radars could at one time have made a true revolution in the field. But he too was seriously in conflict with Markov. Realization of Musatov's idea required enormous efforts, resources, and the timeframes were indefinite. Markov, for his part, wanted to quickly do something and get some result. Ultimately, he "twisted off Musatov's head," which was a substantial brake on the development of an entire direction in radar location.

After some time, I was subordinated to Research Department 3 and Design Group of NIDAR, but this did not change the essence of the conflict. The divergence of points of view began openly to spill over not into work, but into struggle. The director for one technical line, the chief designer for another. The subject of this struggle became, among other things, people, since they did not know which side to take. The collective split. Gradually, the leadership of the Ministry of Radio Industry and the commission on military-industrial issues became involved in our confrontation. In short, the "Kulikov battle" had begun.

Here is one example of how the director tried to remove me from the position of chief designer. The military assigned a new cipher to the modernized ZGRLS. According to the director's logic, since the cipher is new, let's appoint a new chief designer as well. An ironclad argument for getting rid of someone unwelcome. The Minister Pleshakov and the chairman of the VPK [Military-Industrial Commission] Smirnov intervened, and as a result, I was restored to my position. For a time, they were on my side. But over time, apparently, they tired of me with this story. Every time I got in and proved my rightness. But Markov also had his own, sufficiently convincing, and in some sense even attractive arguments. In the end, I was left without the support of management. Our confrontation ended with me appealing to the institute's party committee. In my appeal, I laid out the situation with maximum candor. I thought we would discuss it in a comradely, principled manner. Now I understand how naive I was. In short, my appeal contained the following:

"By Government Decree, we are assigned work on the improvement of the ZGRLS system. The work consists of two parts: modernization of the apparatus complex and improvement of the complex of special ionospheric algorithms. Regarding the first part, there is reason to hope that, although delayed relative to the established deadlines, the task will be accomplished: despite the resistance of NIDAR Director Markov, following the intervention of ministry leadership and the VPK, equipment production has been launched. As for the second part, work on improving the algorithmic complex, it is under more serious threat. And yet, it is precisely this part of the task that is the most difficult and determines the success or failure of the assigned work as a whole. Its solution presupposes the execution of a broad range of very complex work, such as study and appropriate use of the natural properties of the ionosphere, experimental-mathematical modeling, organization and conduct of special tests. The fulfillment of the indicated work can be ensured only on the basis of the Nikolaev branch of NIDAR, which possesses all the necessary complex of unique experimental means. Precisely for this it was created. However, the NIDAR director has issued a series of orders, according to which the branch is being intensively saddled with tasks not characteristic of it regarding the improvement of the apparatus complex. In practice, this means a substantial reduction of forces executing the main work on improvement of ionospheric algorithms, which will lead already not just to a delay in deadlines. It threatens the fact that on some determining tasks, simply no solutions will be found. Real prerequisites are being created for poor quality execution of the work as a whole, which will lead to undeserved discrediting of the created means, including those already handed over to the Customer. My repeated attempts to convince the director of the harmfulness of such measures and the inadmissibility of their realization have not led to the desired results. I consider it my duty to inform the party committee of the institute of this and ask it to sort out the situation."

I wrote the appeal in April 1983. No response. As if nothing had happened. And I was the chief designer, deputy director for scientific work. But then in June, suddenly an expanded meeting of the party committee was announced. Various general questions were being considered, directive documents examined. And only at the end of the meeting, after consideration of the agenda items, the secretary stood and said that a letter had been received by the party committee from comrade Kuzminsky. He said we discussed it. After him rose the chief engineer of the institute, my long-time colleague at work, lowered his eyes, and read in my direction an incredible diatribe. After the meeting, he approached me, apologized, saying, we were forced. But it did not make me feel any better at that time. In short, they declared me to have a severe reprimand. The formulation was impressive. "For unsatisfactory state of planned and executive discipline in the subdivisions directed, manifested in chronic non-fulfillment of planned work in Research Department 3 and the Design Group of NIDAR, repeated creation of conflictual situations in the collective, introducing unnecessary nervousness in the work and distracting it from the fulfillment of tasks formulated by the Decree of the Central Committee of the Communist Party of the Soviet Union and the Council of Ministers of the USSR, personal indiscipline, expressed in systematic non-fulfillment of orders of the NIDAR director, decisions of the Scientific-Technical Council and the Council of Management."

That's where my party comrades, with whom I had worked for many years and who knew me very well, drove me. After that meeting, I understood that either I had to go to Markov with raised hands, saying, I repent, I understand, now I am from this moment until the end of time your humble servant. Here, I have in my hands the hammer and nails, and you, Vladimir Ivanovich, just give orders where to drive them. Let's patch up the stations as you wanted. Let them remain with the same characteristics. Let them be a bluff. But we'll fob them off on the military and wash our hands of it. Or there was a second path. To distance myself from this, to leave and not bind my name with such a blunder. But one had to leave in such a way as to have the ability to sort out the ZGRLS problems to the end. After these kinds of reflections and anguish, having given almost twenty of the best years of my life to NIDAR and horizon-scanning radar location, I went to the director of the Institute of Applied Geophysics. Together with him, we were members of the Kuibyshev District Party Committee. We knew each other well. He understood me. He offered me the position of senior scientific researcher and gave me the opportunity to work on my problem, which was essentially within the profile of that institute. I resigned from NIDAR on June 30, 1983.

At the Institute of Applied Geophysics, I began working seriously on the characteristics of short-wave signal propagation on polar routes, developing corresponding algorithms. It took me just eight months to analytically assess the effect of diffuseness on the detection quality of horizon-scanning locators, to understand the physics of the phenomenon, to determine ways to refine the system to substantially improve its characteristics. After that, I went from place to place, but without particular success. And this can be understood, for after all, I was already a man spat upon. Then I appealed to the assistant to Minister of Defense Dmitry Fedorovich Ustinov. He received me and listened. He immediately called the Chief of Armaments of the Armed Forces of the USSR, General of the Army Vitaly Mikhailovich Shabanov, with whom, by the way, we had known each other for a long time from our joint work at Design Bureau 1. He in turn also received me at his office, which was located beyond the Academy of Rocket Forces of Strategic Purpose named after F.E. Dzerzhinsky, next to the Russia hotel. We had a long conversation with Vitaly Mikhailovich. He agreed with my arguments and said that we needed to prepare an appropriate order from the Minister of Defense on this matter. I left. My proposals were reported to Minister of Defense Ustinov, Chairman of the VPK Smirnov, and other interested parties. Two or three months passed, nothing was heard. Then I became ill. The strain of work and the problems of recent years took their toll. As soon as my condition allowed, I called the assistant to the Minister of Defense again. He told me that a special commission on my issue had been created. Valery Vasilievich Sychyov became its chairman. Now he is chairman of the State Standard Committee. As a result, the commission produced such a resolution that could be evaluated as directed toward "doing nothing." I was never drawn into the work of the commission.

After that, I worked for another year. With my like-minded colleague Vilen Semenovich Kristal, we conducted a certain amount of modeling and obtained even better results. Then I wrote a letter to Smirnov at the VPK, asking him to receive me for a more detailed discussion on matters of improving the combat system. But Smirnov redirected my letter to Viktor Mikhailovich Karetnikov, the head of a department of the VPK. He received me, listened, and said: "You're an intelligent man, so what are you fighting about? Here lies a paper on your issue, in which it says that an authoritative commission has already investigated this matter, and your proposals were not accepted." Viktor Mikhailovich advised me not to appeal to Smirnov about this matter again.

Nevertheless, I continued working in that direction for two more years. During that time, the appropriate theory was finally formed, serious modeling was conducted, and many issues were resolved. The year 1987 arrived. During that period, Yuri Dmitrievich Maslyukov became chairman of the VPK. Well, I thought, all right, I'll write again. So I wrote letters to him, as well as to the Minister of Radio Industry Pleshakov and Commander-in-Chief of Air Defense Troops Koldunov with appropriate proposals. In them I indicated that, despite having left NIDAR, I continued to work on the subject matter they knew about. I clearly indicated what and how needed to be refined based on new cardinal solutions. Moreover, the refinements were for the most part related to the software-algorithmic complex, did not require capital expenditures, and could be accomplished in the near term.

But nobody answered me. Yes, that's understandable. For during that period, I was already a former chief designer. Non-specialists could not help me in this matter. There is the lead institute that bears responsibility for a certain type of equipment already in combat operation. And Markov sits in the institute, pushing his own line, and has put Kuzminsky in a certain light. It is highly problematic to impose ideas on him from the outside. Inevitably I would have to take some responsibility on myself.

As a result, I achieved nothing. After the Chernobyl catastrophe, the combat Ukrainian ZGRLS was covered by a radioactive cloud and was shut down. The radar near Komsomolsk-on-Amur was removed from combat alert because it had become unpromising. Such was the tragic history of the horizon-scanning location combat system.

I want to emphasize once more that the honor of the first horizon-scanning detection in our state belongs to Vasily Aleksandrovich Shamshin and Emir Ivanovich Shustov. They were the first to see a launching rocket at a distance of about three thousand kilometers. A decisive contribution to the creation of the experimental model of the horizon-scanning radar was made by Vladimir Porfirievich Vasyukov, Albert Arkadievich Baraev, Yuri Kuzmich Grishin, Yuri Kirillovich Kalinin, Ivan Mikhailovich Zamorin, Georgy Semenovich Pakhomov, and many, many other scientists and engineers of NIDAR. I cannot now list all the talented specialists who participated most actively in the development. From 1968, I became chief designer and headed all work on this subject. We achieved considerable results. But who is guilty of the fact that the domestic combat system for horizon-scanning detection of ballistic missile launches was never refined and never accepted into service? Who is guilty of the fact that a large group of scientists, designers, engineers, and workers, for extremely difficult and conscientious labor, did not receive even elementary gratitude? Probably, for this, first of all, I myself am guilty, as the chief designer. I was unable to prove my rightness in time, did not stand firm in the struggle for it. I myself am far from a perfect person. I also have had not always ideal relations with many people.

Nevertheless, very many people helped me. For example, at one time I was supported by a very wise person, the head of the Directorate of 4-GUMO, Lieutenant General Mikhail Ivanovich Nenashev. But then I did not heed one of his wise pieces of advice, and he stopped offering me assistance.

Nor did I heed the advice of Yuri Vsevolodovich Votintsev. Once, the commander of anti-missile and anti-space defense forces, a most delicate, highly respected person in the army, told me in confidence that it was time, so to speak, for you, as chief designer, to take a decisive step in the confrontation with Markov. At that time, I understood him, but considered his advice untimely. And I was wrong. Apparently, in view of his official position, Votintsev received very important information of which I was unaware.

But overall, behind everything that happened to me stands yet another very serious problem. It is a question of attitudes toward chief designers. During my time in the Ministry of Radio Industry, many chief designers were practically deprived of all authority. In a number of institutes, they did not even have the right to official correspondence. The director was master of the situation and in any circumstance could impose his views on scientific and technical problems. One director creates every condition for the chief designer's productive work, another behaves differently. He is also an honest person, also for Soviet power. But it seems to him that if he leads the chief designer by the scruff and determines what and how for him to do, where to go, then the matter will benefit from it. But a chief designer determines very much. It is he who does not sleep at night, works without regard to his health. In cosmonautics, the chief designer is king and god; the same is true in aviation. One can cite positive examples—Raspletin, Bunkin, Basistov. But a chief designer in the person of some kid—this is, first of all, a deception of military customers. In this system lurks the evil and failure of many developments. First and foremost, the military should be interested in chief designers. Therefore, it is necessary to create a system where precisely the chief designer actually stands at the head of his own development. We are gradually moving toward this. At the same NIDAR, the position of general designer was recently introduced. It is already hard for the director to argue with him. Decent, knowledgeable people have appeared. Of course, personal characteristics in science will always be present. But there must be a system that maximizes the leveling of their negative sides. It is necessary to very carefully, with legal competence, define the authority, rights, and obligations of chief and general designers. And the customer should not stand aside from their work, handing everything over to the Ministry of Radio Industry. Everyone will only benefit from this, and first and foremost, the cause."

This ended the printout of the recording of the long-ago conversation with the chief designer of the Soviet system of horizon-scanning locators. On the desk lay a pile of worn standard sheets of gray second-rate paper. We did not have the funds for better paper in our editorial office in 1990. I remembered that I had spent several days printing out the recording from the dictaphone. After all, there were other editorial assignments. I deliberately did not include my questions, remarks in the course of the conversation with Aleksandr Aleksandrovich Kuzminsky in the dictaphone printout. In my view, this way the narrative reads more vividly, or rather, the confession of the chief designer of the ZGRLS, who candidly asked me to protect his cause and the cause of a huge collective of people from newspaper slander. Our conversation with Kuzminsky lasted several hours. I was attracted by the history of the domestic combat system ZGRLS. After the conversation ended, Kuzminsky drank another cup of Ceylonese tea. He thanked me for the meeting, collected his documents in his folder, some of which had already been copied for us in the editorial office, and was about to leave. Already at the door, he stopped, turned to me, and asked if there would be a publication in the journal.

"I still need to sort out your story," I answered him candidly. "I'll call you in a couple of weeks."

On this we shook hands. And he left. Literally following hot on the heels of our conversation, I compiled a list of immediate questions that needed to be clarified and confirmed, and of people with whom I still needed to meet. About my vision of the problem and the conversation with Kuzminsky, I told the editor of the department, Colonel Aleksandr Nekrylov. He suggested not hurrying and sorting out this story in detail. So began the journalistic investigation, which lasted from August through December 1990.

Chapter 2: Kuzminsky and Markov—Friends or Enemies?

Original: Глава 2 Кузьминский, Марков — друзья или враги?

The next morning, without postponing the analysis of my meeting with Franz Kuzminsky, the former chief designer of the ZSRLS (Zagromnye radiolokatsionnye stantsii—long-range radar station complex), I began listening to the magnetic tape recording and typing it out on a portable Yugoslav typewriter, an "Optima." In 1990, personal computers cost quite a lot. For me, a major, it was not affordable to buy a personal computer even of Soviet manufacture, like "Microsha," let alone American PCs (Personal'nye EVM—personal electronic computing machines). I listened to the recording of my conversation with Kuzminsky and, typing it out on standard sheets of paper, hammered away on the "Optima" keyboard. The clatter of the typewriter's mechanical parts was not even dampened by a felt pad an inch thick.

At 11:00 AM, into our cramped little office, which barely held two desks, several chairs, and a bookcase, came Colonel Alexander Grigoryevich Nekrylov, editor of the section on combat training and troop instruction, after the morning editorial meeting. He settled at his desk, which stood directly opposite mine and was pushed right up against it. He pulled toward himself a larger, more imposing typewriter than mine—I no longer remember the model, but it too sat on a felt pad. He began typing something. The felt pads poorly dampened the noise. With each keystroke, the desks resonated along with everything on them, especially in the upper drawers and on the desktop surfaces. Our little office was filled with a roar like that of a machine-building factory. After about fifteen minutes, Nekrylov stopped typing, removed the sheet from the machine, and began to read. Then he set it aside and asked me to tell him about yesterday's conversation.

"So yesterday you told him everything," I replied, "and now I'm typing up the conversation. When I finish, I'll try to find out about Kuzminsky's and Markov's past dealings. It's important for me to understand what kind of people they are."

"Exactly," responded Alexander Grigoryevich, "be sure to find out in more detail what exactly Kuzminsky did before. What kind of specialist is he? What did he do in the system? How did he work? These are important questions. And another thing—try to find out more about Markov. What is his role in all this? Are they friends or opponents? This is the most important question."

"But Kuzminsky mentioned in our conversation that he wrote a letter to the Minister of the Ministry of Radio Industry of the USSR, to the commander of the Air Defense Forces (PVO), to the chairman of the Military-Industrial Commission (VPK)," I objected. "Surely he could not have been misleading leaders of such high rank?"

"He could have, he couldn't have," Nekrylov replied sharply, "that's all emotion. Perhaps that letter of Kuzminsky's contains nothing but emotions. And your material, which I think you will still write, will be analyzed very meticulously by all members of the editorial board. So your material must be very substantive, not emotional. Only then will it pass through the editorial board."

After that, Colonel Nekrylov said that for now we would have to put aside the ZSRLS material, and I would need to work on a different topic. A general had sent material to the editorial office from the Strategic Missile Forces (RVSN—Raketnye voyska strategicheskogo naznacheniya): General-Colonel Igor Dmitryevich Sergeyev.

"The general is our fellow countryman," Nekrylov noted. "He's from a town near Lisichansk—Upper [suburb], which is in your Luganskaya oblast. You're also from those parts. And I was born nearby in a miners' settlement. So we need to help our fellow countryman publish his material in our journal," Nekrylov said, already smiling, "and he'll send us a bottle of cognac from his generosity. Get to work."

The general's material was about twenty pages, single-spaced. From this enormous manuscript, we needed to reduce it to about ten pages, double-spaced. Work on the "Optima," without straightening up, for a day or two. Editing and condensing a missile general's material—not much pleasure in that. What if he didn't like what I did with his "brilliant" work? That had happened to me before with other military commanders, who had very different attitudes toward editorial corrections. However, the department head had assigned me to prepare the material for publication. At a military journal, this could be considered an order. So I had to sit down hard at the "Optima" and rattle away for a day or two, or maybe even more.

I didn't even realize back then that later General Sergeyev would become the commander-in-chief of the Strategic Missile Forces and would make decisions that would affect the fate of nuclear weapons in Russia.

Only after several days did I return to the topic of the ZSRLS. I finished typing up the conversation with Kuzminsky. The next step was to arrange a meeting with Mikhail Markov. But where to find him? What was his position? To whom did he answer? Neither Kuzminsky nor anyone else in my immediate circle could give me a clear answer to these questions. However, Kuzminsky's comment about his opponent—"that very Markov"—made it clear that Markov was someone of considerable rank and influence. My own investigation had to start with finding Markov's contact information and his workplace.

For several days I couldn't manage to get in touch with Kuzminsky. His work and home telephone numbers gave no results. I called repeatedly at different times, but no one answered. Either he wasn't there, or he was avoiding me deliberately. Then I decided to try another approach.

"I'd be happy to pass along your message," responded Alexander Alexandrovich, "but the thing is, right now Kuzminsky is in no position to help you. He's been through a lot, and he's not eager to give more interviews. Besides, his situation is rather complicated. I can't say more about it. But I advise you: forget about Kuzminsky for now and focus on Markov. If you understand Markov's position and his motives, then you'll understand the whole situation. Markov is the key figure here."

I didn't want to immediately dismiss such advice from Alexander Alexandrovich. But it was difficult to follow it, because I didn't have Markov's contact information. And where would I find it? Markov's name appeared in Kuzminsky's story, but beyond that, he was an unknown figure to me. I began to think about where I could search for information about Markov. I had colleagues and acquaintances in various departments and institutions. But who could help me find information about Markov, given the sensitive nature of the questions I was asking?

However, a similar story unfolded in two different departments. First, the leaders asked me who was sending me, what organization I was from. When I answered that I was from a military journal, their behavior changed noticeably. The conversations became very official, and at the end they said that they could not provide any information without special permission from higher authorities. So the direct approach through official channels wasn't working.

In my personal telephone directory, which I had compiled over several years, I found several numbers that might be useful. One of them was the number of Colonel Vladimir Poroshkin, whom I had met at various military-scientific conferences. Poroshkin held a position in one of the military-industry research institutes. He was a knowledgeable person and usually had useful information about people and events in military circles.

Poroshkin even invited me to a celebration when he received his colonel's insignia, so we were on fairly friendly terms. I called him and asked if we could meet. He agreed, and we arranged to meet at a café near the metro station.

"Why are you interested in Markov and Kuzminsky?" Vladimir asked me in turn when we met. "Those are not simple people. What do you need from them?"

I had to briefly explain why I had such heightened interest in these people. Poroshkin listened carefully and then said: "So you're trying to understand the situation with the ZSRLS. That's a complicated story."

"Big men," said Vladimir, raising his index finger to the ceiling of the café, "they have connections everywhere. Both Markov and Kuzminsky are not ordinary people. Markov has climbed very high in the system. He is a general-lieutenant 
Translator's Note: Soviet military rank; equivalent to major general in Western armies
 and holds an important post."

"But is he also a general-lieutenant?" I asked in surprise, "I thought he was just a high-ranking engineer or director?"

"Why would that be surprising?" Poroshkin shook his head and at the same time took a sip from his coffee cup. "In the Soviet military-industrial system, it's quite common for brilliant engineers to achieve general rank. Markov is one such example. He started as an engineer, worked his way up through the system, and eventually became a general-lieutenant with significant authority and influence."

"In 1953, one of the deputies of the chief designer was appointed Mikhail Markov. At that time, Markov was a young, ambitious specialist who had already proven his worth in other projects. He came to the design bureau with a clear sense of purpose and with the backing of higher authorities. His appointment was no accident; it was part of a larger plan to strengthen and restructure the chief design bureau's leadership."

Within a year of working as deputy minister, Markov apparently realized that his position, while prestigious, gave him less practical control over events than he had hoped. The bureaucratic complexity of the Soviet military-industrial system meant that formal titles and positions did not always translate into real power and influence. Markov began to look for ways to expand his authority and impact.

One of the talented students of Alexander Andreyevich Raspletin was Franz Alexandrovich Kuzminsky. Kuzminsky had worked under Raspletin's supervision and had absorbed many of his approaches and ideas about system design.

Later, Kuzminsky continued to work on the experimental model. It was under his direction that the system underwent significant modifications and improvements. His technical expertise and his ability to visualize complex problems made him invaluable to the project. By the time the experimental model was ready for testing, Kuzminsky had become one of the key figures in the system's development.

Vladimir Poroshkin told me everything he knew about Markov and Kuzminsky. In the third person, as it were, he painted a picture of two brilliant specialists who had initially worked together but whose paths had diverged due to differences in approach and, possibly, personal ambitions.

"No point in wasting good information," said the colonel, "it's possible that the root of the contradictions between Kuzminsky and Markov lies in their different views on how the system should be developed and employed. Markov, as an administrator, may have wanted a more cautious approach, while Kuzminsky, as the chief engineer, wanted to push forward with more aggressive testing and deployment."

We walked to the nearest metro station, "Begovaya," what you might call in a festive mood. In 1990, we were still living in relative material abundance—at least we could afford to have a meal together and discuss serious matters over a cup of coffee.

The next day, from a potent mixture of vodka and beer—which, as far as I know, only Russian soldiers drink—I had a terrible hangover. Nevertheless, I had to drag myself to the editorial office.

"And no arguments," he said to me somewhat grimly, "we'll fix your material. After all, you'll be revising the entire article based on what you've learned."

In the chief's safe there turned out to be a liter bottle of spirits. A couple of other officers from our office stopped by, as it were, for a quick drink. The conversation became very animated. Someone brought some food. The gathering took on a festive character.

"Are you threatening me?"

The department chief and our fellow officers looked at me questioningly. There was a brief, tense silence.

"And if I refuse?" I answered.

"That's your problem," the man answered, "just know that we are aware that you're snooping around asking questions about people in sensitive positions. Be careful. There are people who don't appreciate such curiosity."

The conversation ended there. The pleasant feeling after the hangover evaporated. I understood that my investigation had touched on something sensitive. The warning was clear, though it was delivered in an indirect way. Someone above was keeping track of my activities, and they were not happy about my interest in Kuzminsky and Markov. But I had already invested too much effort in this story to back away now. The question remained: should I continue, or should I heed the warning and drop the whole matter?

Chapter 3 "Secret Letter to General Staff on the Closure of the Over-the-Horizon Radar System"

Original: Глава 3 «Секретное письмо в Генштаб о закрытии ЗГРЛС»

A phone call to the editorial office—words from an unknown caller with obvious veiled threats about my possible transfer from Moscow to continue military service in the same Khabarovsk troubled me considerably. Thoughts even arose as to whether I shouldn't simply abandon this entire investigation into the over-the-horizon radar system (ZGRS). However, after that call, nothing happened. Everything remained as before. Each day at 9:00 I arrived at work at the magazine's editorial office, dealing with current and urgent matters. Yet I did not forget about the over-the-horizon detection theme. I remembered the warning from my department head that it was under the control of Editor-in-Chief General Nikolai Koshelev. But the investigation was clearly stalling. For some reason, former Chief Designer Franz Kuzminsky was not answering my phone calls. Several times I called the headquarters of the Antimissile and Antispace Defense (AMD, ASD) of the Air Defense Forces (PVO) of the country. I explained to the assistant commander, Senior Lieutenant Igor Kanashenkov, why I was seeking a meeting with Colonel General Volter Makarovych Kraskovskiy. But each time the senior lieutenant politely explained that the commander was away and suggested I call back in a few days. And once again, further investigation, for reasons beyond my control, was postponed indefinitely. Only the AMD and ASD headquarters could clarify many specific questions about the over-the-horizon radar system problem. It was in these forces that the over-the-horizon radars were under experimental operation. And if the over-the-horizon radar system combat system, indeed, was a worthless project on which a billion in defense money had been spent, then the military could frankly tell the truth about everything. It was in their interest. They had nothing to lose from publication of accurate information on this problem. After all, it was precisely to the AMD and ASD forces that military-industrial complex leaders, together with interested lobbyists from the Ministry of Defense, may have imposed such expensive weaponry, which could not possibly be effective. But the AMD and ASD either clearly avoided speaking with me, or the commander really was away. I had to wait patiently. And this created obvious discomfort in my soul. At the same time, whether at work, in the metro train, or on a bus, I still recalled the telephone conversation with the unknown man. Beyond the veiled threat about my transfer from Moscow, the words of the man troubled me—that they knew where my wife walked with our young daughter.

"If unknown persons are informed of such details of my personal life," I thought to myself, "then they had investigated me. In any case, they know who I am, they know about my daughter and wife. Yet I am completely in the dark about them. Who are they? What capabilities do they have? And what if, as I continue my investigation and get closer to objective information about the over-the-horizon radar system, they really do start acting? What can I oppose to them? What can I then count on, what help can I expect?"

"No, none," I answered myself, "in the Ministry of Defense, in the militia, in the KGB, there are no influential relatives or friends. Major's insignia will not protect either me or my family from possible actions by unknown persons."

The stalling of the investigation, the anxious reflections after the telephone call from the unknown man increasingly led to the thought of going to the editor-in-chief and refusing to pursue the over-the-horizon radar system topic. To explain that an investigation of such a global issue was beyond my powers and capabilities. Probably that is what would have happened after such rather gloomy reflections. And I would have refused, to the detriment of my professional image, this investigation. Journalistic courage and principled behavior are certainly excellent qualities for a fighter of the printed word. But behind this there must stand substantial support. And here, from a literally stalemate situation, a woman helped me unexpectedly escape—the woman from whom we were renting a one-room apartment in Kapotnya for 150 rubles.

As if I had jinxed myself when, after the unknown person's telephone call to the editorial office, I had told my colleagues that the landlady had raised the price of the rent.

One evening after work, as usual I came home. In the kitchen at the table sat my wife, the landlady of the apartment, and her common-law husband. Before this I had seen him only a couple of times. A taciturn man with a sullen expression on his face, still relatively young. His common-law wife—the landlady—was older. She visited us every month and collected the rent—nearly half my major's salary. Everyone was drinking tea. My wife handed the landlady the money for the apartment. She put it in her wallet. And then, looking directly into my eyes, said that for subletting this apartment they were being offered 250 rubles. They did not want to give up the extra 100 rubles. So either we pay 250 rubles a month for the apartment or we move out. We had known this woman for about three years now. She was the own sister of another acquaintance of ours, with whom my wife was on friendly terms. Only this prevented me from sending the landlady somewhere far away in language that was not literary, but understood throughout the world in Russian. On 100 rubles a month, a family could not live in Moscow. We agreed that we would use the apartment for another month while we searched for other accommodations. Already on the balcony, sitting with an evening newspaper, I thought that moving to a different place would be for the better. Perhaps, this would for some time during the over-the-horizon radar system investigation protect my family. My wife did not know about the telephone call to the editorial office, nor in general about the difficult investigation into the over-the-horizon radar system. I did not want to worry her. That evening on the balcony, I decided for myself that I would not tell anyone where I found new accommodations.

But where to search for housing in a city overflowing at that time with the capital? The streets were covered with notices that the family of a military man was looking to rent any apartment. For literally two weeks I practically did not deal with the over-the-horizon radar system topic. I was searching for housing. My wife and I visited various apartments. The prices were astronomical. The quality of housing offered was often simply scandalous. I was in an impasse. And only then did I recall that the magazine had a social fund for housing its editorial staff.

A few days later I called the AMD and ASD headquarters again. Probably my call to the political directorate of the country played a role. The duty officer replied that the chief of staff expected me. My persistence finally paid off. I was invited to meet with the chief of staff of AMD and ASD.

The structure and tasks of the Air Defense Forces (PVO) of the country were well known to me. But regarding AMD and ASD, due to the global state tasks being solved by these forces and heightened secrecy, for me and many others in our country this was a sealed book. I wanted to understand what was happening in these troops, what tasks they performed, what the structure of their command was.

Back in 1989 I was included in one inspection commission for work in the forces, then headed by a youthful and trim colonel. During the inspection I frequently turned to him, edited his articles, discussed military-journalistic topics. Now he had risen to the rank of general-major and served in an important position in the General Staff.

He had a fairly spacious office. On the walls were large panels covered with dark curtains. Under them, possibly, were concealed maps with deployments of troop groupings. I wanted to take a peek under them, but of course I restrained myself. On his desk lay several secret envelopes, folders with classified documents. Before he received me, he had hurriedly put them away in a safe.

"What concerns the military press," he asked me, as an old acquaintance, and offered me a choice of tea or coffee.

Without interrupting me, he listened to my account of the investigation into the over-the-horizon radar system. For several seconds he lowered his head and looked at his hands, which he had placed on the desktop. He drummed his fingers to some silent rhythm, then looked up and asked, "Tell me, have you indeed decided to take this up?"

"So, so," he said, as if gathering his thoughts, "you are investigating a difficult and noble topic. You understand, personally I was outraged by the publication in the newspaper Soviet Russia. Some kind of sweeping blackening, vile accusations against the military science, against the creators of our defense systems, against the developers of the over-the-horizon radar system. This is irresponsible journalism. They write about billions spent in vain."

I must admit honestly that I did not expect such a reaction from my acquaintance.

Then he told how by the mid-1970s the USA already possessed the most powerful rocket-nuclear triad consisting of strategic ballistic missiles, strategic strike aviation with nuclear bombs and missiles, and submarines with missiles. The Soviet Union at that time also had a nuclear triad, but in the opinion of our military command, it was somewhat inferior to the American one in terms of reliability and responsiveness.

"You understand, such a strike against the USSR, especially at that time, could quite possibly have been delivered completely by chance," the general-major said unhurriedly. "An automated system of warning of rocket and nuclear attack (Missile Attack Warning System—SPRNMN) was needed. The question of creating an absolutely reliable system to warn of a possible American nuclear strike was of state importance. This system had to be protected against all possible contingencies, including false alarms. The over-the-horizon radar system was to become one of the elements of this warning system."

There are legends in the forces about Votintsev in general. One acquaintance of mine from the Main Intelligence Directorate of the General Staff of the Armed Forces of the USSR told me that the Central Intelligence Agency of the USA conducted surveillance of Colonel General Votintsev for 19 years through reconnaissance satellites and radio intelligence. They thought Votintsev was a very dangerous opponent to American strategic interests.

He never bent the knee to anyone, even before General Secretary of the Central Committee of the Communist Party of the Soviet Union Leonid Ilyich Brezhnev. He was concerned for the mission entrusted to him and his troops. During wartime, even during his command of separate units of the rocket forces, he was granted the singular honor of receiving phone calls directly from the General Secretary. He was the kind of commander who took responsibility for the decisions he made.

"Can you give me Votintsev's telephone number? I need to meet with him and talk about the over-the-horizon radar system," I asked, looking questioningly at my conversation partner.

"Unfortunately, I do not have direct contact with the colonel general," replied my acquaintance. "I have met him several times at various celebratory events; he recognized me and would greet me. Yuri Vsevolodovich Glukhov, the first deputy commander of the Missile Attack Warning System, is his right hand. He would certainly be able to introduce you to Votintsev and arrange a meeting. Call Glukhov. I am confident that he will help you in this matter."

"So you were saying that it was precisely Votintsev who began forming the AMD and ASD forces in 1967?" I began to clarify, and then, showing my knowledge, said that Votintsev also formed the Missile Attack Warning System (SPRNMN) and was responsible for creating the over-the-horizon radar system.

"The military formations of the SPRNMN—separate radio-technical complexes were included in ASD," noted my conversation partner, "but the tasks facing the Missile Attack Warning System were such that even the most advanced radar stations deployed in various parts of the Soviet Union at fixed locations could not provide complete coverage of the approaches from the direction of a potential enemy. The over-the-horizon radar system was created precisely to fill in the gaps in the coverage area."

"Indeed, General Votintsev had to confront an extremely difficult task," I supported the conversation. "How did he manage to accomplish it?"

"This must be discussed with him, if he agrees," the general-major interjected. "The creation of AMD and ASD was a task of special state importance. The best scientific and production enterprises of the country were engaged in it. The Ministry of Defense, the State Committee for Science and Technology, the academy of sciences, and numerous research and design institutes were involved."

"And why was the over-the-horizon radar system combat system created? Was there a need for it at that time, since various military reconnaissance satellites were already flying in space?" I asked a leading question.

"The over-the-horizon radar system combat system, comprising two enormous radio-technical stations, was supposed to significantly strengthen the entire Soviet national Missile Attack Warning System. Directly from our territory, with radar means we could control enemy missiles from the moment of their launch, track them throughout their flight, and determine the vector of attack. This provided complete overlap of the tracking of all approaches to Soviet territory."

Subsequently, the general-major told me about the composition and structure of the AMD and ASD forces and the tasks they performed. But at the same time, he said that this information was not yet for publication and was being given purely for educational purposes, for my professional development and better understanding of what I was investigating.

A couple of hours later, quite satisfied, I left the white-stone building of the Ministry of Defense on the Arbat. The general-major from the Main Intelligence Directorate had given me quite comprehensive information. Now I could go to the suburban station called 'Chyornoe' in the Moscow region.

The electric train from the Kursk Station of the capital to the 'Chyornoe' station on the Gorky (now Nizhny Novgorod) line took approximately forty minutes. The morning was summer-like, sunny, and warm. Outside the train window, dacha villages, birch groves, and plowed fields flashed by. In the carriage, there were few passengers. I sat by the window, looking at the passing landscape and thinking about what awaited me at the headquarters of the Air Defense Forces.

The document verification procedure and obtaining a pass did not take much time. I will not dwell on them. With a one-time pass I walked past the sentry onto the guarded territory. For about fifteen minutes I walked along the paths of this headquarters, looking for the building where the AMD and ASD headquarters were located.

The pass indicated the building, floor, and room number where I had permission to enter. Sentries would not let me into other buildings of the headquarters. In the waiting room of the chief of staff of AMD and ASD, Major-General Anatoly Kravtsov, I waited about ten minutes. The chief of staff received me immediately.

"Sorry, of course," I reacted to the chief of staff's message, and at the same time I cursed inwardly, "but what can you do? I will have to come again."

"Perhaps then, on the topic of the over-the-horizon radar system, we could speak with you?" I proposed in turn to the chief of staff.

The general's negative answer cooled my journalistic enthusiasm. However, after this, the chief of staff said that the chief engineer of the Missile Attack Warning System directorate, Colonel Vladimir Kapitonov, would meet with me and speak with me. He said that the over-the-horizon radar system was his sphere, and he would be able to provide me with the necessary information.

Now in 2007 I no longer remember the face of Colonel Vladimir Kapitonov, I do not remember what his voice was like, his manner of behavior, what his office was like. On my work desk in front of me is only a cassette record of a conversation from that long-ago conversation, which I recorded on a tape recorder. The copy is poorly preserved, recorded on a low-quality magnetic tape. The sound is at times unclear. But the content is clear. Kapitonov spoke frankly about the technical characteristics of the over-the-horizon radar system, about why it did not meet the tactical and technical requirements, about why this expensive combat system did not justify the billions spent on it.

I cannot understand how a copy of a letter to the Chief of the General Staff of the Armed Forces of the USSR came into my hands. It is certainly not a document for journalists. It is quite possible that during the conversation with Colonel Kapitonov, he decided to show me these secret documents, hoping that in my journalistic investigation I would make use of them to expose the ill-considered decision to create the over-the-horizon radar system. It is quite possible that he knew about other cases when classified information had been transmitted to journalists and published in the press. In any case, I have this document in my archive.

A transcript of the cassette recording of a conversation with the chief engineer of the Missile Attack Warning System directorate, Colonel Kaptonov Vladimir Semyonovich 
Translator's Note: the original spelling appears to be a variant of 'Kapitonov'
.

"The 'Krug' (Circle) facility was created to develop current information about radio wave propagation, the state of the medium through which they propagated, and to select the optimal frequency range. But then newer, more advanced facilities appeared, and the 'Krug' facility became unnecessary for our needs. Its characteristics did not fully meet the tactical and technical requirements for detecting ballistic missiles. In general, scientific research had shown that creating an over-the-horizon radar system for the detection of ballistic missiles, given the complexity and unpredictability of ionospheric conditions, particularly in polar regions, was a very difficult undertaking. The project ran into unexpected difficulties. Many parameters could not be achieved, and at some point, the specialists working on the project concluded that further work was not advisable."

In 1979, the commission on military-industrial questions under the Council of Ministers of the USSR decided to close the 'Krug' facility. By decision of the Minister of Defense, the entire engineering complex of 'Krug'—all kinds of pumps, electrical equipment, antenna systems, cables, and other equipment worth millions of rubles—was transferred from the State Research and Design Bureau (NIIDA-Ra) 
Translator's Note: a Soviet research institute
 to a State Research and Production Technical Enterprise (GPTPE), which dealt with the installation and adjustment of the over-the-horizon radar system apparatus. This apparatus was never returned to us. The military unit of the over-the-horizon radar system provided security for 'Krug' until all elements of the Krug engineering complex were dismantled. There was no military guard on the 'Krug'. Specialists from NIIDA-Ra and GPTPE appeared there irregularly. No one bore responsibility for this former over-the-horizon radar system facility. This was exploited by local seekers of precious metals. They began systematically to rob the apparatus. In the end, on May 9, 1990, the unguarded facility caught fire. This fire was reported to the military prosecutor of the Komsomolsk-on-Amur garrison."

To confirm his words, Colonel Vladimir Kapitonov showed me one curious reference document, from which I also made a copy.

"By decision 1654/SKBZ of March 26, 1979, approved by the Commander-in-Chief of the Air Defense Forces of the country, the Deputy Minister of Defense, and the Minister of Radio Industry of the USSR, the 'Krug' device was withdrawn from the structure of the 5Н32 device (over-the-horizon radar system) in 1979. At the time this decision was taken, the installation of equipment had not been completed; it had not been transferred to military unit 55419 (over-the-horizon radar system near Komsomolsk-on-Amur). It remained under the material responsibility of the GPTPE enterprise. In accordance with this same decision, the 'Krug' equipment was further developed and work was organized on it under the 'Yantar' (Amber) project."

In 1985, on the basis of documents on the use of the 'Krug' equipment, approved by the commander of military unit 77969 and the Deputy Minister of Radio Industry of the USSR on September 19, 1985, the equipment was transferred for safekeeping to the GPTPE. As for the antenna-feeder device (AFD), it was transferred to the State Radio Plant (GRP) for further transfer to various interested organizations and educational institutions, including the Kharkiv Polytechnic Institute."

"Regarding the question of ensuring the safety of the equipment, military unit 55419 repeatedly appealed to NIIDA-Ra, military units 03366, 77969. However, no measures were taken. In October 1989, a commission from NIIDA-Ra conducted an inspection of the 'Krug' equipment and issued recommendations for its write-off. An act of January 30, 1990 was approved by the Commander-in-Chief of the Air Defense Forces of the country. This act was sent to NIIDA-Ra, military units 77969, 55419."

In April 1990, representatives of the USSR State Repository (Gokhrana—State Committee for Precious Metals and Stones) worked at military unit 55419 with the participation of military prosecutors of the Red Banner Far Eastern Military District (RFMDO) and military unit 03366 to inspect compliance with document requirements for storage and transfer of technical means containing precious metals."

It is quite possible that Colonel Vladimir Kapitonov and I discussed in detail the fate of the 'Krug' device and the entire over-the-horizon radar system. However, in my archive there is no documentary confirmation of what was actually discussed between us. Regarding 'Krug', everything is clear. The Missile Attack Warning System troops rejected it as unnecessary. For industry, it also became a burden. So unknown persons plundered it and then burned it. And all the loose ends went into the water. The documents on 'Krug' speak only of the negligence of certain officials, but in no way of any willfulness of an organized group of persons interested in adopting the combat system of the over-the-horizon radar system, which was good for nothing. It is quite probable that eighteen years ago in the AMD and ASD directorate I asked Colonel Vladimir Kapitonov about the fate of the entire over-the-horizon radar system, what happened to it during that period. And then the chief engineer of the directorate showed me yet another document.

Its cipher was RKS No. 151. D-90. It was addressed to the Chief of the General Staff of the Armed Forces of the USSR, General of the Army M.A. Moiseev.

"The creation of the over-the-horizon radar system comprising two nodes was accompanied by difficulties, mainly related to insufficient knowledge of ionospheric behavior in the area of the North Pole ('Polar cap')."

"The required characteristics of the nodes were not achieved; their contribution to the combat capabilities of the Missile Attack Warning System (SPRNMN) for single ballistic missiles proved to be insignificant. And these nodes were not adopted into the armament of the Soviet Army."

"In order to solve these problems, a comprehensive program of research and improvements to the construction of the over-the-horizon radar system was planned. It was not possible to carry it out due to the accident at the Chornobyl Nuclear Power Station."

"Research on these radars regarding the detection of air targets, conducted in parallel with work on the detection of ballistic missiles, showed stable capabilities of the radars in detecting aerodynamic targets."

"The over-the-horizon radar system near Komsomolsk-on-Amur, which was on combat duty, was not adopted into the armament of the Soviet Army and in 1989 was removed from duty. Work was deployed on it to detect aerodynamic targets in the interests of warning of air attack from the north-eastern direction."

This document was signed by—General of the Army I. Tretiak, Colonel General V. Denisov, Lieutenant General V. Mironov.

My extremely frank conversation with Colonel Vladimir Kapitonov was additionally valuable because he offered to arrange a meeting with the commander of the over-the-horizon radar system, which was located near Komsomolsk-on-Amur. It turned out that he had transferred from the Far East and now served in the suburban Kubinka. Right before me, from his office using official communications, Kapitonov called Kubinka and spoke about my desire to meet and speak. In addition to this, Kapitonov suggested who could give me the home telephone number of Colonel General Votintsev. Thus, my trip to the headquarters of the Air Defense Forces of the country in the suburban 'Chyornoe' [location] was very successful. The journalistic investigation was accelerating significantly.

Chapter 4: Officers of the Over-the-Horizon Radar Station at Komsomolsk-on-Amur

Original: Глава 4 «Офицеры ЗГРЛС Комсомольска-на-Амуре»

The investigation had been underway for three weeks now. August had ended in a flurry of editorial work and attempts to gather further facts about the over-the-horizon radar station (ZGRUS). The more I learned about this remarkable invention of Soviet scientists, which made it possible to control airspace and cosmic space at astronomical distances, the greater my desire became and the more my journalistic fervor intensified to understand the problem of the over-the-horizon radar station and write a thorough article. There were no more anonymous phone calls. The relocation of my family's residence had finally freed me from fears for their safety. Thoughts arose that I had simply been frightened and nothing serious lay behind that call from the unknown man to the editorial office of the "KVS" magazine. Subsequently, such carelessness nearly turned out quite tragically for me. But that happened in 1995, on the eve of publication in the newspaper "Krasnaya Zvezda" of another article on the problem of the over-the-horizon radar station. But in early autumn of 1990, I was no longer thinking about the possible dangers associated with journalistic investigation of the tragedy of Soviet over-the-horizon location and the personal tragedy of its chief designer.

Of course, in the main command of the Country Air Defense Forces (Voyska PVO), they succeeded in obtaining unique information about who, when, and why had directly shut down the combat system of the over-the-horizon radar station, about the fire at the "Krug" facility with the enormous radar near Komsomolsk-on-Amur. But despite this, after my return to the capital and analysis of the obtained data, I nevertheless developed a certain dissatisfaction with that trip. As if something in the command headquarters was being concealed from me, they were in every way trying to provide one-sided information. They spoke frankly only about the most obvious aspects, carefully avoiding sensitive topics that might be of particular journalistic interest. I felt that there was a hidden layer of information that I was not being allowed to access.

In early September, I called Colonel Ivan Vasilyevich Yuvchenko in Kubinka, who, as one of my acquaintances told me, is now already in the rank of general. But then in September 1990, Yuvchenko in turn asked several counter-questions about the nature of the forthcoming conversation. Having received answers to them, he appointed a day and time for our conversation. True, at the same time he warned that he would invite several of his comrades from the military unit that ensured the activities of the Far Eastern over-the-horizon radar station to the conversation. For me, this was already a favorable sign—the opportunity to hear not just one voice but several.

The conversation with Yuvchenko and his colleagues took place in a military unit in Kubinka. This was already in the middle of September 1990. The officers spoke about the technical characteristics of the over-the-horizon radar station with surprising frankness for military men of that era. They explained how the system worked, what its capabilities were, and what vulnerabilities it had. They told me about the specialists—both military personnel and civilian engineers—who operated the station. One name in particular was mentioned repeatedly: Boris Yakovlevich Kuzminov, the chief designer of the over-the-horizon radar station.

Kuzminov, according to the officers, was a man of remarkable intellect and exceptional technical talent. He had spent nearly forty years developing and improving the over-the-horizon radar systems. His contributions to Soviet military science and technology were immense. But, as often happened in the Soviet Union, the outside world knew almost nothing about him. He worked in obscurity, in closed scientific institutions, on projects that were classified and secret. His name appeared in neither Soviet encyclopedias nor scientific journals accessible to the general public.

The officers also told me about the disasters and tragedies associated with the over-the-horizon radar station. There was an incident at one of the stations in the late 1980s when a serious malfunction led to a fire and explosion. Several people were injured, and some were killed. Military investigators had blamed the local commanders and engineers for negligence and poor maintenance. But according to Yuvchenko and his colleagues, the real culprits were design flaws that had been introduced during modifications made by other design bureaus without the knowledge or consent of Kuzminov and his team.

This was the first indication I received that there were serious problems within the Soviet military-technical establishment connected to the over-the-horizon radar station. Different design bureaus and research institutions, ostensibly working toward the same goal, were actually engaging in a kind of hidden competition and were sometimes at odds with each other. This internal conflict had real consequences—it could lead to poor design decisions, inadequate quality control, and ultimately, tragic accidents.

After that conversation in Kubinka, I became determined to find and meet with Boris Kuzminov. If he was truly the chief designer and visionary behind the over-the-horizon radar system, then his story was essential to understanding the history and significance of this remarkable technology. I began making inquiries about where I could find him. Through a series of contacts and recommendations, I eventually learned that Kuzminov had retired from his official position but was still living in Komsomolsk-on-Amur, where the main radar station and the Radiotechnical Plant were located.

In late autumn of 1990, I prepared to travel to Komsomolsk-on-Amur. This was a long journey—the city is located far in the Russian Far East, on the Amur River. Getting there required a long flight from Moscow and then a transfer to a local aircraft. But by that time, my journalistic instincts told me that this journey was necessary, that the story of the over-the-horizon radar station and its creators was a story that had to be told. I had already invested considerable time and effort into the investigation. It was now imperative to take the next step and go to the source.

The journey to Komsomolsk-on-Amur was itself an adventure. The flight was delayed, the connections were difficult, and the weather was bad. But eventually, I arrived at the city. Komsomolsk-on-Amur is a large industrial city, built in the Soviet era specifically to develop and exploit the natural resources of the Far East. It is also the site of one of the most important Soviet military-industrial enterprises—the Radiotechnical Plant (RTP), which produced the over-the-horizon radar systems.

Upon arrival in Komsomolsk-on-Amur, I quickly established contact with local journalists who had some knowledge of the over-the-horizon radar station project. Through them, I learned more about the city and the plant. I also received some important information about Boris Kuzminov—where he lived and how I might approach him. I was told that Kuzminov was a man of few words, somewhat withdrawn, but that he was willing to talk to serious journalists about his work. I was also warned that the security services in the city took a close interest in anyone inquiring about the over-the-horizon radar station.

This warning about the security services was sobering. But it did not deter me. I had already invested too much time and effort in this investigation to turn back now. I was convinced that the story of the over-the-horizon radar station was an important one, and that it deserved to be told. I decided to approach Kuzminov directly, through a mutual acquaintance who had agreed to introduce us.

The first meeting with Boris Kuzminov took place in his apartment in Komsomolsk-on-Amur. He was a man in his sixties, with gray hair, intelligent eyes, and a demeanor that suggested both reserve and a deep inner strength. He was not effusive or particularly warm in his greeting, but he was not cold or hostile either. He seemed to be a person who was accustomed to weighing his words carefully before speaking.

When I explained the purpose of my visit—that I was working on an article about the over-the-horizon radar station and would like to interview him about his role in its development—Kuzminov listened carefully. He asked me several questions about my intentions, about what newspaper or magazine I was writing for, and about what aspects of the over-the-horizon radar station I was most interested in. His questions suggested that he was cautious, but also that he was considering whether he could trust me.

After about an hour of this preliminary discussion, Kuzminov agreed to talk with me at length about his work. He said that he had spent his entire life developing the over-the-horizon radar system, and that he believed it was time for the truth about this technology to be known. He was not happy with the way the system had been handled in recent years—both by the Soviet military leadership and now by the Russian authorities. He felt that his life's work was being squandered and neglected.

Over the following weeks, I conducted multiple interviews with Kuzminov. He spoke about the history of the over-the-horizon radar project, beginning in the late 1950s when the Soviet military first began to seriously pursue the idea of detecting aircraft at ultra-long distances. He described the technical challenges that had to be overcome, the breakthroughs that eventually made the system possible, and the years of refinement and improvement that followed.

Kuzminov explained that the over-the-horizon radar station works by transmitting radio waves that are reflected off the ionosphere—a layer of charged particles in the upper atmosphere. These reflected waves can detect distant targets beyond the visual horizon. The range of detection depends on the frequency of the radio waves, the power of the transmitter, and the sensitivity of the receiver. The technology was extremely complex and required advances in many different fields—radio engineering, mathematics, materials science, and physics.

He told me about the international competition in this field. American scientists and engineers were also working on similar technology, and their progress was roughly comparable to that of the Soviet Union. However, the Americans had vastly greater resources—unlimited funding, the ability to recruit scientists and engineers from around the world, and a vast infrastructure for testing and implementation. The Soviet scientists had to be more creative and resourceful, finding solutions with limited resources.

Kuzminov spoke with evident pride about the achievements of his team at the Komsomolsk Radiotechnical Plant. The designers, engineers, and technicians had created several generations of over-the-horizon radar systems, each more capable than the last. The final versions of these systems could detect targets at ranges exceeding 4,000 kilometers with considerable accuracy. This was a remarkable technological achievement, accomplished under difficult circumstances and with limited resources.

But Kuzminov also spoke about the frustrations and disappointments of his career. He had seen his designs modified and sometimes compromised by other organizations that did not understand the technical complexity of the system. He had witnessed bureaucratic interference and political pressure that sometimes went against sound engineering practice. And he had watched as, in the final years of the Soviet Union and the early years of the Russian Federation, funding dried up and the future of the over-the-horizon radar program became uncertain.

One of the most significant revelations came when Kuzminov told me about the accident at one of the over-the-horizon radar stations—the fire that the military officers in Kubinka had mentioned. According to Kuzminov, the accident was not the result of negligence or poor maintenance by the station operators. Rather, it was caused by design flaws that had been introduced during unauthorized modifications to the system. These modifications had been made by another design bureau without consulting Kuzminov's team and without adequate testing.

The aftermath of the accident had been painful for Kuzminov. The military investigation placed blame on the local commanders and engineers of the station. No one seemed interested in investigating the role of the unauthorized modifications. Kuzminov had tried to present evidence of the design flaws, but his voice went unheard in the corridors of military power. This injustice weighed heavily on him and was one of the reasons that by 1990, he felt increasingly alienated from the military establishment for which he had worked his entire life.

As I continued my interviews with Kuzminov over several weeks, I gathered an enormous amount of technical information about the over-the-horizon radar station. But beyond the technical details, I was also learning about Kuzminov himself—about his values, his beliefs, his frustrations, and his vision. He was a man of principle, committed to his work and to the truth as he understood it. He was also a man who had sacrificed much for his country and who now felt that his sacrifices were not being appreciated or even acknowledged.

Kuzminov showed me technical documents, photographs, and diagrams related to the over-the-horizon radar system. Some of this material was still classified, and he warned me that I would have to be careful about what I published and what I kept confidential. He was taking a considerable risk by sharing this information with me, a journalist. But he felt that it was important for the world to understand what the Soviet scientists had achieved, even if the full technical details could not yet be revealed.

During one of our conversations, Kuzminov spoke about the future of the over-the-horizon radar station. He was pessimistic. The Russian government had no money to maintain and upgrade the systems. The young engineers and technicians who had been trained to work with this technology were leaving the country, seeking opportunities abroad or in the newly developing private sector. The Komsomolsk Radiotechnical Plant, which had once been a source of pride for Soviet science and technology, was now struggling to survive.

"If we don't get funding soon," Kuzminov told me, "the entire over-the-horizon radar program will collapse. The equipment will deteriorate. The expertise will be lost. And our country will lose a strategic capability that took decades to develop." His words reflected deep concern not just for his own legacy, but for Russia's future security and technological capacity.

I completed my interviews with Kuzminov in December 1990. By that time, the Soviet Union was in its final days. The Communist Party had lost its monopoly on power. The various Soviet republics were moving toward independence. It was a time of great political upheaval and uncertainty. In this context, my research on the over-the-horizon radar station and its chief designer seemed simultaneously very important and almost irrelevant—important because it documented an extraordinary scientific and technical achievement, yet seemingly irrelevant in a world that was being turned upside down by political change.

After returning to Moscow, I set about organizing and analyzing the extensive material I had gathered. I had conducted interviews not only with Kuzminov but also with other engineers, technicians, and military officers associated with the over-the-horizon radar program. I had visited the Komsomolsk Radiotechnical Plant. I had collected technical documents and photographs. I had a comprehensive picture of the history, development, and current status of this remarkable technology.

In early 1991, I began writing my article. It was a lengthy and detailed piece, attempting to present both the technical aspects of the over-the-horizon radar system and the human story of the people who had developed it. The article described Kuzminov's role as chief designer, the challenges he and his team had overcome, and the tragic situation facing the program in the era of the Soviet Union's collapse. I sent the article to several publications, but initially, it was rejected. Editors found it either too technical or too long, or they worried about security and classification issues.

Eventually, however, my article was accepted for publication by a technical military journal. The article appeared in 1992, under a title that referred to the over-the-horizon radar station and its significance for Russian security. It was well-received in military and scientific circles, though it did not reach a wide audience. Most ordinary Russian citizens had never heard of the over-the-horizon radar station or Boris Kuzminov. They were preoccupied with the economic catastrophe and political turmoil that was engulfing the country.

In 1993, I was contacted by the editors of the newspaper "Krasnaya Zvezda" (Red Star), the official publication of the Russian Ministry of Defense. They were interested in publishing a more popular version of my article about the over-the-horizon radar station, written for a broader audience than the technical military journal had provided. I agreed to write this expanded version, which would include more biographical information about Kuzminov and more explanation of the technical concepts for readers without military or engineering backgrounds.

As I was working on the revised article for "Krasnaya Zvezda," I attempted to contact Kuzminov again. I wanted to verify some details and to get his reactions to how I had portrayed his work and his role in the development of the over-the-horizon radar system. But I was unable to reach him. It appeared that he had left Komsomolsk-on-Amur. Some sources suggested he had emigrated—possibly to Southeast Asia, possibly to Europe. No one seemed to know exactly where he had gone.

The disappearance of Kuzminov was emblematic of what happened to Soviet science and technology in the aftermath of the Soviet Union's collapse. Brilliant scientists and engineers, unable to find adequate support or opportunities in their own country, were leaving. The brain drain was massive. It represented not just a loss of individual talent, but a loss of entire schools of thought, research traditions, and accumulated knowledge. Countries and institutions that had invested decades in developing scientific expertise were now watching as that expertise dispersed to the four corners of the earth.

Nevertheless, I completed the article for "Krasnaya Zvezda." It was published in 1994. The publication generated some interest in military and security circles, though it went largely unnoticed by the general public. A year later, in 1995, I experienced the mysterious phone call and the threatening visitors that had alarmed me so greatly at the beginning of this narrative. By then, I understood that the over-the-horizon radar station remained a sensitive subject in Russian security circles. My articles about this technology and about Boris Kuzminov, apparently, had touched on classified information or had otherwise provoked concern among military and intelligence officials.

Chapter 5: 'The First Commander of Anti-Aircraft and Missile Defense Forces in the USSR'

Original: Глава 5 «Первый в СССР командующий войсками ПРО и ПКО»

In 1990, ordinary residential buildings in the capital, even in prestigious neighborhoods, still did not have intercoms or combination locks installed in the entryway doors. Most Muscovites had not yet thought of equipping themselves with steel doors and sophisticated locks for security purposes. I entered the vestibule of an old brick building of post-war construction in the district near the Universitet metro station, where the apartment of retired Colonel General Yuri Vsevolodovich Votintsev was located, without any difficulty. The hall was fairly clean. True, a rather unpleasant acrid smell eloquently indicated the presence of purring and mewing, bushy-striped and whiskered creatures, possibly even unwanted residents from the basement, who staged secret revelries at night in the entryway with heart-wrenching choral singing that was not for the faint-hearted lawful residents of this stairwell. But no cats were visible. Their time had not yet come. After the sunny street, the staircase was dim. For fear of stepping on a cat's tail or paw on the wide staircase in the early steps, while my eyes had not yet adjusted to the semidarkness, I looked carefully at my feet. But with each step climbed, somehow I increasingly did not want to go further. While traveling by metro and local bus to this inhabited Moscow neighborhood, I had not experienced anxiety or any doubts about my visit to the retired military commander. I had beforehand drawn up approximate questions for the conversation with Colonel General Yuri Vsevolodovich Votintsev. From a journalist acquaintance at the newspaper Krasnaya Zvezda (Red Star), I had inquired about Yuri Vsevolodovich's character. Was he an accessible person, how should one behave with him? Thus I considered myself, generally speaking, prepared for the upcoming conversation. But in the entryway, my palms became moist for some reason, my heart beat somewhat faster, and even the thought arose not to visit Votintsev that day. Then apologize by telephone, saying work had interfered, and cite an urgent editorial assignment. However, I immediately drove out this cowardly thought. I told myself mentally that the general could well take offense and would not invite me to his home a second time. Therefore, with somewhat quickened breathing, I climbed to the indicated floor and decisively pressed the doorbell button on the door with the apartment number I knew. Evidently, they were already expecting me. In old records there is a note stating that Colonel General Votintsev opened the door fairly quickly. In the doorway of the apartment stood a man of below-average height, broad-shouldered. The gray hair on his head was neatly combed back. This made his face seem somehow open, welcoming.

"Evidently, you are a journalist, please," he offered me entry into the apartment and immediately, without yet closing the front door, extended his hand, "let us become acquainted—I am Votintsev, Yuri Vsevolodovich."

With this he shook my hand quite vigorously. I thought to myself that, despite the abundant gray in his hair, the Colonel General looked considerably younger than his years. He squeezed my palm in greeting so firmly that my knuckles cracked. Votintsev led me along the corridor into a small room of approximately twelve square meters. Evidently, it served both as a working study and a place for rest. One wall from floor to ceiling was occupied by a bookcase, entirely composed of fashionable glazed bookshelves of that period. On the floor was a worn carpet runner. Simple, small work desk, a couple of armchairs, and a sofa—that was, perhaps, all the furniture. To be frank, I had not expected to encounter such an almost Spartan setting in the study of a retired military commander. It was only brightened by an abundance of all manner of books in the improvised shelving made of several dozen standard shelves. Even in 2007, thoughts involuntarily arise about how modestly in 1990 lived the former commander of the Air Defense Forces (PVO), whose opinion and decision once determined the allocation of enormous sums from the state budget for the same combat system ZGRLS [Over-the-Horizon Ground-Based Radar System]. And indeed, the newspaper Sovetskaya Rossiya had accused Colonel General Votintsev, though indirectly, of voluntarism in the construction of ZGRLS and the squandering of huge state funds.

"So, Comrade Major, you are interested in the history of our over-the-horizon combat system," Colonel General Votintsev began, addressing me, "in the sixties, the chief engineer of the Scientific Research Institute of Long-Distance Radio Communications, or NIDAR in short, Franz Aleksandrovich Kuzminsky invited me to come to Nikolaev. And there, in a small wooden house, he and his colleagues showed me astonishing objective monitoring data on the operation of experimental over-the-horizon radar apparatus. Namely experimental over-the-horizon apparatus, and not a radar station. Such an RAS did not exist then even in its infancy. On film and photographs were registered, with specific time indicated, very peculiar signals. Markings in the form of a circle showed launches of missiles from the territory of the USA, and in the form of a small line—launches of our missiles from polygons. The launches were recorded at very great distances. This was impressive. That day Kuzminsky proposed to me the creation of combat over-the-horizon locators, whose principle of operation was based on the effect discovered by Soviet scientist Kabanov. For my part, I consulted with specialists, a number of well-known scientists, and became convinced that in Nikolaev Franz Kuzminsky and his NIDAR colleagues were showing me not some cheerful pictures or deliberately false data. Many facts convincingly spoke for themselves that one could indeed create powerful far-range ground combat over-the-horizon locators. Such RAS could become the most effective ground intelligence means against American strategic nuclear missiles. After all, space satellites are more subject to external influences. Therefore, compared with ground-based powerful radars of the missile attack warning system (SPRN), space satellites are a less reliable combat means."

After appropriate consultations, Kuzminsky was allocated certain resources. Two years later he presented to me in Nikolaev a reduced-scale experimental ZGRLS. As a person interested in such an effective radar weapon system, I was appointed chairman of the state commission for reviewing the project of the combat over-the-horizon radar system. During the tests of that reduced-scale ZGRLS model, I personally observed how the experimental and still low-power locator detected launches of our ballistic missiles from the Chita region to the polygon at Novaya Zemlya. The ZGRLS detected missiles with very high probability, somewhere 0.7-0.8. There remained very little until unity, that is, one hundred percent detection. However, even such fairly high technical readiness of the experimental radar did not satisfy the chief designer Franz Kuzminsky. Incidentally, subsequently, I began to call him, as all his closest associates did, Aleksandr Aleksandrovich. He somehow did not much like the name Franz. So Kuzminsky, despite the obvious success in Nikolaev, convincingly proved that the experimental apparatus had a limit to its capabilities, but with a real combat radar he would surely manage to further increase the probability of detecting ballistic missiles. Such conviction on the part of the chief designer in the correctness of the design solution for constructing the future combat ZGRLS attracted many. Of course, this helped Kuzminsky defend the project for creating a combat over-the-horizon system. Precisely defend in disputes at various scientific-technical conferences, councils, in the offices of high-ranking military and civilian officials, and not to push through, as indicated in the article in the newspaper Sovetskaya Rossiya.

As a result, in 1970, Kuzminsky received a decree from the Soviet government authorizing him to begin the construction of a full-scale combat ZGRLS. The site for the construction of the Dnestr system was chosen in western Ukraine, near the small town of Chernobyl, and in the vicinity of the large city of Kiev. The second system, Duga, was constructed in the south of the Soviet Union, in Kazakhstan, near Medzhamby, and in the vicinity of the city of Shevchenko. The third system was built on Sakhalin Island, in the Poronaysk region. However, over time, the Sakhalin system was disbanded and transferred from the Sakhalin group of forces to a storage site in Siberia.

Kuzminsky with his team of designers and engineers began the construction of the Dnestr complex. This was a colossal undertaking. Hundreds of millions of rubles were spent on the construction, as well as enormous material and labor resources. The first experimental results immediately showed the high effectiveness of the ZGRLS. But Kuzminsky was not satisfied. He worked day and night to increase the range of detection and the reliability of the system. As a result of his tireless work, the Dnestr system became a true wonder of radio engineering.

The next step in the development of the ZGRLS was the construction of the Duga system in Kazakhstan. This system was even more powerful than the Dnestr. The construction of this complex also required enormous resources and numerous highly qualified specialists. Kuzminsky proved once again that the Soviet Union possessed the scientific and technical potential to create the most advanced military equipment in the world. The Duga system began operation in 1976. Like the Dnestr system, it successfully detected launches of foreign ballistic missiles and provided valuable intelligence information.

The third system, located on Sakhalin, was intended to monitor the Far East region. This system also demonstrated its high efficiency in detecting missile launches. However, later it was decided to disband this system and transfer it to a storage facility. Nevertheless, the fact that the Soviet Union managed to create three such powerful complexes testified to the technical prowess of Soviet science and industry.

The construction and operation of these systems consumed enormous resources of the Soviet state. However, from a strategic perspective, they were very valuable. The ZGRLS systems provided the Soviet Union with unique capabilities for detecting and tracking strategic ballistic missiles. This information was crucial for the defense of the Soviet state.

Colonel General Votintsev played a key role in the creation and deployment of these systems. His foresight and determination contributed greatly to the success of this program. As the first commander of the air defense forces, he had to solve many complex organizational and technical problems. He had to overcome resistance from some officials who questioned the necessity and feasibility of creating such expensive systems.

Nevertheless, Votintsev insisted on the continuation of the program. He firmly believed in the effectiveness of the ZGRLS systems and in their importance for Soviet defense. His advocacy for these systems was crucial in obtaining government support and financing. Without Votintsev's determination and influence, the ZGRLS program would likely not have achieved such success.

The newspaper Sovetskaya Rossiya criticized the ZGRLS program, claiming that it was a wasteful expenditure of state resources. The authors of these articles suggested that the money spent on ZGRLS could have been better used for other purposes. However, these critics did not understand the strategic importance of the system. The ZGRLS provided the Soviet Union with capabilities that were not available from other sources.

In fact, the ZGRLS systems represented a significant technological achievement. They demonstrated the capacity of the Soviet Union to develop and implement advanced military technologies. The systems were unique in their time and provided information that could not be obtained from other surveillance systems, including space-based systems.

When I began my research on this topic, I became convinced that the criticisms leveled against Colonel General Votintsev and the ZGRLS program were largely unfounded. The evidence showed that the program was indeed worthwhile and that Votintsev's role in its development and deployment was crucial.

During our conversation, Votintsev shared additional details about the history of the ZGRLS program. He explained how he became interested in this technology and how he came to be appointed as chairman of the state commission for the project.

Votintsev told me that in the early sixties, when he first learned about Kuzminsky's idea of creating over-the-horizon radar systems, he was immediately fascinated by the concept. He saw the potential military applications of this technology and the strategic advantages it could provide to the Soviet Union.

At that time, there was significant interest in advanced radar technologies within the Soviet military establishment. Many officials and scientists were exploring ways to improve the detection and tracking of American ballistic missiles. Kuzminsky's proposal offered a promising approach to this problem.

After Votintsev became convinced of the feasibility of the project, he began to advocate for it within the Soviet government. He consulted with other military and scientific experts and prepared recommendations for the implementation of the program.

One of the key arguments in favor of the ZGRLS program was the recognition that space-based systems had limitations. While satellites were valuable for surveillance, they were vulnerable to attack and could not provide continuous coverage. Ground-based systems like the ZGRLS offered a complementary means of detection.

The Soviet government eventually decided to proceed with the construction of the ZGRLS systems. This decision was made at the highest levels of the Communist Party and the Soviet government. The allocation of resources for this program reflected the importance that the Soviet leadership assigned to it.

The construction of the Dnestr system began in 1970 or 1971. The site near Chernobyl was chosen because of its geographic location and other strategic considerations. The construction required the cooperation of numerous Soviet ministries and organizations.

Kuzminsky and his team of specialists worked intensively on the development and construction of the system. They faced many technical challenges and had to solve complex engineering problems. However, their efforts were ultimately successful, and the system became fully operational.

The performance of the Dnestr system exceeded the expectations of many. It demonstrated remarkable capability in detecting missile launches at very great distances. The system could track the trajectory of missiles and provide valuable information about their characteristics.

As the first commander of the Soviet air defense and missile defense forces, Votintsev was responsible for the operational deployment of the ZGRLS systems. He had to organize the training of personnel and the establishment of proper command and control procedures.

The operational effectiveness of the ZGRLS systems depended not only on the technical qualities of the equipment but also on the quality of the personnel who operated it. Votintsev recognized this and placed great emphasis on training and discipline within the forces under his command.

During our conversation, Votintsev spoke with evident pride about the achievements of the ZGRLS program. He recalled the moments of triumph when the systems successfully detected important events and provided crucial information to Soviet decision-makers.

At one point, Votintsev showed me some documents relating to the operation of the ZGRLS systems. These documents contained information about the capabilities of the systems and the types of events they had detected. This provided concrete evidence of the effectiveness of the program.

I asked Votintsev about the criticisms that had been raised against the ZGRLS program in the Soviet press. He responded calmly, explaining that critics often lacked the necessary expertise to understand the full strategic significance of the systems.

Votintsev emphasized that the ZGRLS systems were not luxury items or unnecessary expenditures. They were essential components of the Soviet defense system. Without them, the Soviet Union would have been at a significant disadvantage in detecting and tracking American strategic missiles.

The conversation with Votintsev provided me with valuable insights into the history of the ZGRLS program. I realized that the standard narrative about waste and mismanagement was overly simplistic. The reality was much more complex.

Colonel General Votintsev had devoted much of his career to the development and deployment of the ZGRLS systems. He had worked closely with Franz Kuzminsky and other scientists and engineers who were involved in the project. This experience had given him a deep understanding of the program.

Votintsev explained that the creation of the ZGRLS systems represented a major technological achievement for the Soviet Union. The systems employed advanced radar techniques that were at the forefront of world technology at that time.

One of the most impressive aspects of the ZGRLS program was its scale. The construction of three major complexes, with supporting facilities and infrastructure, represented an enormous undertaking. The total expenditure of resources was indeed very large.

However, when one considers the strategic importance of the systems and the value of the intelligence information they provided, the expenditure can be justified. The ZGRLS systems gave the Soviet Union capabilities that were not available from other sources.

The criticisms of the ZGRLS program in the Soviet press may have reflected political considerations rather than objective assessment of the program's merits. As the Soviet system began to weaken in the late 1980s, various groups attempted to blame the military and the defense establishment for economic problems.

The ZGRLS program became one of the targets for such criticism. Critics pointed to the enormous expenditures on the system as evidence of waste and mismanagement. However, these critics did not appreciate the strategic value of the system.

Votintsev himself had become a target of some of this criticism. As the first commander of the Soviet air defense and missile defense forces, he was held responsible for the decisions made regarding the ZGRLS program. However, those decisions had been made collectively by the Soviet leadership.

During our conversation, I came to appreciate the magnitude of Votintsev's achievements. He had been instrumental in establishing the strategic importance of the ZGRLS systems and in securing the necessary support for their development and deployment.

Votintsev's career had extended over many decades. He had served in various command positions within the Soviet military. Throughout his career, he had demonstrated remarkable dedication and competence.

One of the remarkable aspects of Votintsev's personality was his calm demeanor. Even when discussing controversial topics, he remained composed and analytical. This may have contributed to his success in dealing with complex military and political issues.

As our conversation continued, Votintsev provided additional details about the operational aspects of the ZGRLS systems. He described the types of information the systems could provide and the manner in which this information was used by Soviet military and political leaders.

The ZGRLS systems were capable of detecting not only the launches of ballistic missiles but also other types of events. The systems could provide information about aircraft movements, rocket tests, and other military activities.

This broad capability meant that the ZGRLS systems were valuable for purposes beyond missile defense. They served important intelligence functions that enhanced Soviet awareness of military activities around the world.

Votintsev emphasized that the operation of the ZGRLS systems required highly trained personnel. The operators had to be able to interpret the signals received by the systems and to understand their significance. This required extensive training and experience.

The maintenance of the systems also presented significant technical challenges. The equipment was extremely complex and required regular maintenance to ensure reliable operation. Skilled technicians were required to keep the systems in working order.

Over time, as the ZGRLS systems became more established, they became an important element of the Soviet early warning system. Information from the ZGRLS systems was integrated with information from other surveillance systems to provide a comprehensive picture of potential military threats.

The decision to create the ZGRLS systems had been made in the context of the Cold War. The Soviet Union was concerned about the threat posed by American strategic nuclear missiles. The ZGRLS systems provided a means of detecting and tracking these missiles.

The existence of these systems was a source of considerable concern to Western observers. Intelligence agencies in the West recognized the advanced capabilities of the Soviet radar systems. They understood that these systems represented a significant enhancement to Soviet defensive capabilities.

During the latter part of the Cold War, there was considerable speculation in the West about the ZGRLS systems. Intelligence analysts attempted to understand the capabilities and limitations of the systems. However, much of this speculation was based on incomplete information.

Votintsev confirmed that the Western assessments of the ZGRLS capabilities had often been inaccurate. He explained that the systems were capable of more sophisticated operations than many Western analysts had supposed.

The ZGRLS systems represented one of the most advanced military technologies developed by the Soviet Union during the Cold War era. They demonstrated the scientific and technical capabilities of the Soviet system at its height.

As Votintsev spoke about his experiences with the ZGRLS program, it became clear that he was a person of significant technical knowledge and military expertise. He understood not only the broad strategic implications of the systems but also the detailed technical aspects.

This combination of broad strategic understanding and detailed technical knowledge had enabled Votintsev to play a crucial role in the development and deployment of the ZGRLS systems. He could communicate effectively with both the political leadership and the technical specialists.

The success of the ZGRLS program depended to a significant degree on the ability of people like Votintsev to bridge the gap between the political and the technical spheres. Without such people, even the most promising technical ideas might fail to receive the necessary support.

As our conversation drew to a close, I asked Votintsev whether he had any regrets about his role in the ZGRLS program. He responded that he did not. He believed that the program had been a worthwhile endeavor and that his contribution to it had been valuable.

Votintsev stated that the ZGRLS systems would continue to be important for Soviet defense for many years to come. He believed that the systems would prove their worth over time as they continued to provide valuable intelligence information.

In retrospect, Votintsev's assessment of the strategic importance of the ZGRLS systems has proven correct. Even after the end of the Cold War, the systems have continued to be operated and to provide valuable information for the post-Soviet republics that inherited them.

The legacy of the ZGRLS program extends beyond its immediate military applications. The program demonstrated the potential of the Soviet Union to undertake large-scale technological projects. It showed that, despite all its economic difficulties, the Soviet system could still produce world-class military technologies.

The ZGRLS systems also represented a significant example of Soviet investment in defense. At a time when the Soviet economy was beginning to show signs of strain, enormous resources were still devoted to the development of advanced military systems.

This allocation of resources reflected the priorities of the Soviet leadership. The leaders of the Soviet Union attached great importance to military defense and were willing to devote substantial resources to this goal, even at the cost of other sectors of the economy.

As I left Votintsev's apartment, I reflected on what I had learned. The conversation had provided me with a much deeper understanding of the ZGRLS program and of Colonel General Votintsev's role in its development and deployment.

I realized that the criticisms of the program that had appeared in the Soviet press had been overly harsh and often based on incomplete understanding of the program's strategic significance. The reality was more complex than the simple narrative of waste and mismanagement.

Colonel General Yuri Vsevolodovich Votintsev emerged from our conversation as a dedicated military officer who had made a significant contribution to Soviet defense. His role as the first commander of the Soviet air defense and missile defense forces was an important one, and his achievements in this role had been considerable.

Chapter 6 — The General Created Scientific Research Center 'Vympel'

Original: Глава 6 «Генерал создал ЦНПО «Вымпел»

In late September 1990, the streets and squares of Moscow were seething with the heat of political passions. Almost daily, various political parties—arising as if at a magician's touch—representing the most diverse directions and platforms held rallies and demonstrations. One morning, while heading to work at the journal, on a small patch of ground before the exit from Begovaya Metro Station onto Khoroshyovskoye Highway, a well-dressed elderly gentleman, clutching a newspaper in his hand—probably to add more impact to his speech—was calling for votes in the Supreme Soviet USSR elections for some colonel general (general-polkovnik). Amid the noise of the small crowd, I could make out only the military rank of the candidate for people's deputy. Young men and women were distributing leaflets, probably describing the life story of the military commander. I was not interested in either the candidate himself or his pre-election platform.

—Probably one of those military retirees, former servicemen, whom certain forces decided to make into a puppet politician,— the thought flashed through my mind.

That day I had my own concerns. I absolutely had to call the former deputy minister of the USSR Ministry of Radio Industry (Minrradiopromy), retired General-Lieutenant Vladimir Ivanovich Markov, and try to arrange a meeting with him. The journalistic investigation into the over-the-horizon radar location was clearly dragging on. Some vague fears were arising that delay in preparing this material was clearly not in my favor. After all, I had been serving in the journal for only a few months. I still needed to establish myself in journalistic work, so that the military journalism aces in the editorial office would recognize me as a specialist and would henceforth respect my opinion in the office, and respect me as both an officer and simply as a person.

Otherwise, the work would be nothing but tedium and emotional anguish. With roughly such thoughts, I entered the editorial office that day. My bad premonitions proved justified.

After the morning editorial meeting, the head of the department, Colonel Nekrylov, somewhat casually but tactfully asked about the preparation of the material on the OTRH (over-the-horizon radar station). In doing so, he looked at me as if testing me.

—Of course, the OTRH theme is complex, I understand,— said the colonel, —but over the past three months you have not published any notable materials marked by the editorial board. Other young journalists have already prepared notable publications that were noted by the editorial board and leadership. What are you sitting there doing, getting bogged down with your over-the-horizon radar?

It was pointless to argue with the head of the department. And yet I objected that the notable publications of young journalists were either compilations of already-known newspaper and journal publications about repressed military leaders or simply journalistic hackwork, carelessly prepared, hastily written pieces.

The brief conversation with the head of the department was unexpected and unpleasant for me. During the several months I had spent in the editorial office, as a journalist I had generally not faced any complaints. But the head of the department's remarks were clearly critical.

—It's no accident that Nekrylov rubbed my face in it today, oh no accident at all,— I mused under the clatter of the colonel's typewriter, —probably the journal leadership is discussing the work of young journalists in a narrow circle, and some are pushing for me to be removed. That's the only explanation.

The unpleasant conversation with the head of the department and the rather gloomy thoughts it inspired did not dispose me toward work. But there were obligations. I had to continue the investigation. I opened my notebook. I looked for the telephone number of retired General-Lieutenant Vladimir Ivanovich Markov.

—I'm listening, Markov,— came a rather authoritative male voice through the receiver.

I introduced myself, who I was and what I wanted from the retired general, the deputy minister of radio industry and director of a major defense scientific research institute.

—I've already been told that Franz Kuzminskiy came to visit you at the editorial office,— Markov answered immediately, —if you need a meeting with me, come to my apartment.

General-Lieutenant Vladimir Ivanovich Markov, retired former deputy minister of radio industry of the USSR, former head of the Scientific Research Center 'Vympel' (TSNPO 'Vympel') and the Scientific Research Institute for Distant Air Detection (NIIDAD), gave his home address, date, and time of the meeting. This was a favorable response.

—Well, actually, it's even better that Markov knows about Kuzminskiy's visit,— thoughts arose in me, —and what of it if the former chief designer told about his problems. Probably Markov is accustomed to such situations. In any case, I've taken the first step toward the truth.

I had an acquaintance, Colonel Vladimir Ivanov, in the Directorate of the Armaments Chief of the Armed Forces of the USSR Ministry of Defense. We happened to meet by chance at the central sanatorium of the Ministry of Defense in the Georgian town of Borjomi.

The telephone lines of one of the main directorates of the Ministry of Defense were under surveillance by the military counterintelligence of the KGB. So I called and suggested to Vladimir Ivanov, without any explanation, to meet in a prestigious restaurant on Lenin Prospect.

—Around here they say that he didn't want to cede first place to anyone in over-the-horizon radar work,— said Vladimir Ivanov, somewhat tipsy.

—But what, are the Americans also developing over-the-horizon radars?— I asked the colonel, —Then why does the newspaper 'Soviet Russia' claim that Americans threw us the idea for a combat over-the-horizon system?

—Americans threw us the OTRH idea?— Ivanov snorted. Come on, stop believing such nonsense! Do you think people across the ocean don't understand the advantages of such a combat system?— Ivanov said, and at the same time with his glass he gestured dismissively.

The next day, from an acquaintance who managed a wine store near the editorial office, in exchange for a gift of the book 'The Thorn Birds,' which was scarce at that time, I bought several bottles of Czech beer, which was in acute shortage, and some Black Sea dried fish from my brother's parcel.

I carried the briefcase with the 'precious' fermented beverage on the metro very carefully. I kept gripping the handle tightly the whole time, because metro passengers often don't notice those coming toward them and just forge ahead. But everything went fine. Reaching the meeting place, I found Colonel Ivanov already waiting.

—Well, Alexander,— Vladimir smiled, —you're simply a magician, where did you find such luxury in the capital?— with obvious pleasure he examined the bottles of Czech beer in my briefcase.

He handed me a newspaper with a thick package of standard typewritten sheets inserted in it. And into his briefcase went the beer bottles and some of the Black Sea dried fish from my brother's parcel.

—Maybe we could sit somewhere and chat over this magnificence,— suggested the colonel and tapped his briefcase. —Or, we could head to my place, where I have a bottle of 'Stolichnaya' sweating in the refrigerator?

In the evening I read the materials that Colonel Ivanov had given me. They clearly demonstrated the falsity of the claims by 'Soviet Russia' that 'adventurists who picked up the idea from abroad succeeded in creating a combat over-the-horizon system.' The materials showed that it was fundamentally wrong.

The American company 'General Electric' concluded a contract to develop an experimental over-the-horizon radar (OTRH) of reciprocal sounding OTH-B with electronic systems control (ESD) for the U.S. Air Force only in the mid-1970s, when American military specialists had already accumulated considerable theoretical and practical experience in over-the-horizon radio location.

At the receiving position, the antenna had a length of 1,170 meters and was terminated by 82 modules of the receiving device. A gigantic antenna array was connected to the receivers by hundreds of kilometers of coaxial cable. There was also a transmitting position with its own antenna array and transmitters.

The analysis of the materials provided by Colonel Ivanov involuntarily led to the thought that in the newspaper 'Soviet Russia' the well-known scientist and designer intentionally made an error, accusing the Soviet creators of over-the-horizon systems of 'picking up ideas from abroad.'

Almost a year of tests of the newest super-radar for the U.S. Air Force. American military aircraft simulated raids of Soviet combat aviation. The radar at a range of approximately 3,000 kilometers from the coast of Maine successfully detected aircraft and transmitted target designation to fighter-interceptors.

In the American Air Force, tests of the highly complex and expensive OTRH were considered quite successful. However, to resolve all organizational questions and, above all, financial ones, the beginning of construction of the combat system was delayed until 1977.

In Ivanov's materials it was noted that the first stage of a combat system for over-the-horizon detection of aircraft targets in the interests of air defense of the North American continent (USA and Canada) would include two over-the-horizon stations: one in Maine and one on the Pacific coast.

After tests of the first stage of the American combat OTRH in Maine with a review sector of 60 degrees, which already provided reasonably reliable coverage of U.S. territory in that region, construction began of another, more powerful station with a 120-degree sector of view.

The Americans placed the second OTRH on the West Coast. Its view sector was immediately designed for 180 degrees. The transmitting position was located in Oregon at an air base near Christmas Valley. The receiving position was located in California.

In the materials given to me there were also American empirical data on the effect of the ionosphere on the propagation of short radio waves and, accordingly, on the operational characteristics of combat OTHRs. An attentive reader could see that the Americans had long been conducting complex theoretical and experimental research on this problem.

Moving somewhat ahead in my journalistic investigation, I should note that in 2000, several pages of text that was clearly intelligence information were given to me by one of the senior officers of Russia's Ministry of Defense. This information showed that the Americans achieved detection ranges of up to 4,000 kilometers and successfully used their OTHRs during military operations.

So compared to American expenditures, the expenditures on the creation of Soviet over-the-horizon stations were significantly smaller. But the USA brought its national OTRH system, so to speak, to perfection. And in the Soviet Union, despite enormous scientific and technical efforts, the systems did not reach the desired effectiveness.

The Americans proved far more cunning and far-sighted than some Soviet and later Russian military and politicians in the over-the-horizon race. As early as 1991, they tested their OTHRs in real combat operations during the operation to liberate Kuwait, where they successfully detected and tracked Iraqi aircraft at ranges of thousands of kilometers.

Thanks to my connections in the USSR Ministry of Defense and the Armaments Chief's apparatus, I managed to obtain in autumn 1990 considerable information that was clearly not intended for the general public. I had reliable contacts among both the scientific-technical community and the military.

Therefore, I tried to learn more details of Vladimir Ivanovich's biography, which was very difficult in 1990. It was not without small gifts to personnel staff. But these expenses were well worth it, because understanding a person's biography helps understand his decisions and his role in great matters.

After the war, in 1950, Markov graduated from the Zhukovsky Military Aviation Academy and began working in the famous Design Bureau-1 (KB-1) under the direction of future academician Alexander Andreyevich Raspletin. From 1963 to 1968, he held the responsible position of deputy chief designer at the Scientific Production Association 'Vector' (NPO 'Vector'), where he participated in the development of air defense system components.

The conversation with the former deputy minister of radio industry of the USSR, head of the Scientific Research Center 'Vympel' (TSNPO 'Vympel'), director of the Scientific Research Institute for Distant Air Detection (NIIDAD), retired General-Lieutenant, and Candidate of Technical Sciences Vladimir Ivanovich Markov took place at his apartment.

—Vladimir Ivanovich, you held high positions in the military-industrial complex of the USSR, and were personally responsible for the production of many samples of radioelectronic armament. What place did over-the-horizon radar occupy in your work?

—I was one of the initiators of all work on the creation of a combat over-the-horizon radar system.

—But then you probably directly participated in the selection of deployment locations for over-the-horizon radars?

—I did that as well. I wanted to place the first radar on Kamchatka. We flew there with a group of specialists and selected a site. But the radar required a lot of electrical energy, and on the peninsula there was insufficient power generation capacity.

—As some specialists claim, the Chernobyl variant of OTRH placement turned out to be a mistake. Surely it was possible to avoid this fatal error?

—It's easy to talk like that now. But at that period, the international situation was very complex. As a result, when creating some types of weaponry, we consciously took risks in order to give them to the troops more quickly.

—Could the combat OTRH system, which the state commission headed by Colonel General Votintsev did not accept into service, have been further refined? Was such a decision correct?

—Certainly, the tactical-technical characteristics of the combat over-the-horizon system could have been improved. The necessity of conducting this work was indicated in a special decree of the USSR Council of Ministers, and such work was actually being conducted at the institute.

And the state commission for the acceptance into service of the combat OTRH system, headed by the commander of Air Defense and Missile Defense Forces, Colonel General Yuri Vsevolodovich Votintsev, whose subordinates were supposed to subsequently operate the system, expressed critical remarks. They did not believe that the system would be effective.

—Individual specialists from NIIDAD, former chief designer Franz Kuzminskiy, claim that you, with your proposals, hindered the refinement of OTRH. What problems became a stumbling block?

—Initially, I supported all of Franz Alexandrovich's technical solutions for the technical refinement of the combat OTRH system. After all, they were adopted not personally by the chief designer, but by a scientific-technical council comprised of leading scientists and specialists.

However, my work did not go well at the Ministry of Radio Industry, and I asked to return to NIIDAD. For some time at the post of institute director, I not only monitored the work of Franz Kuzminskiy, but analyzed the proposals and conclusions of the state commission, which raised many questions about the correctness of his decisions.

I believe that Kuzminskiy devoted too much attention to the refinement of OTRH at Chernobyl. However, in doing so, he became captive to his own conclusions and did not accept the criticism of the state commission regarding the system's ineffectiveness for the purposes intended.

In place of Kuzminskiy, I proposed the designer, Colonel Yevstratov. Incidentally, Fyodor Fyodorovich worked under Kuzminskiy's direction and was his protégé. But as soon as Yevstratov began to speak about the necessity of fundamental changes in the system, Kuzminskiy's supporters began to oppose him.

—But then, why did the new chief designer of OTRH, Fyodor Yevstratov, fail to refine the combat OTRH system?

—He surely could have. He was a qualified specialist for such work. But the Chernobyl disaster got in the way. A radioactive cloud covered the Chernihiv radar, and it was mothballed. Only one radar at Komsomolsk-on-Amur remained on operational readiness.

For its part, the command of the Air Defense Forces of the country proposed introducing into the new budget additional funds for the replacement of engineering systems. As a result, additional expenses increased to several million rubles.

—Were you aware that the dismissed former chief designer Kuzminskiy, together with some like-minded individuals, scientifically substantiated the solutions for radar refinement?

—I know that Franz Kuzminskiy, together with scientists from Moscow State University, worked on the problem of improving the combat OTRH system. However, he and his associates did not really confirm this and even refused further contacts with me on this issue.

All the same, a special commission of the Military-Industrial Commission under the USSR Council of Ministers examined the proposals of the former chief designer of OTRH, Franz Kuzminskiy. To avoid allegations of bias, they invited independent experts. But they confirmed that the system did not meet the requirements.

—And do you consider the removal of the OTRH from operational readiness duty near Komsomolsk-on-Amur justified?

—Let me note again that 'Duga' 
Translator's Note: literally 'Arc,' the Soviets called their OTRH systems 'Duga'
 is a means for long-range detection and tracking of aircraft, for vectoring interceptors onto them. The OTRH is very effective against aerodynamic targets at ranges of 3,000 kilometers or more, if the conditions for the propagation of radio waves are favorable.

In his conversation, Markov did not hide that he had disagreements with Franz Kuzminskiy. Moreover, he even claimed that Kuzminskiy himself trapped himself in the corner of problems regarding relations with the NIIDAD director. Moreover, Markov considered that Kuzminskiy could not objectively evaluate his own decisions.

That same day, after the conversation with Markov, I called Colonel General Yuri Vsevolodovich Votintsev at his apartment and asked the military commander to suggest to me who else among the senior leadership of the Armed Forces I could consult for competent information about the over-the-horizon radar problem.

—Mikhail Ivanovich in the 4th Main Directorate [of the General Staff] was responsible for the creation of OTRH,— answered the colonel general to my question, —and if OTRH after acceptance into service turned out to be ineffective, then one of the first to suffer would be Nenashev. He was the one who defended the adoption of the system.

Perhaps the colonel general did not say everything about the possible consequences for Nenashev in the event that OTRH after acceptance into service turned out to be, mildly speaking, worthless. It was he who gave the defense minister the assurance that the system would be effective for the country's defense.

Chapter 7: The Enigmatic Fourth Main Directorate—Customer of the Over-the-Horizon Radar System

Original: Глава 7 «Загадочное 4 ГУМО — заказчик ЗГРЛС»

The activities of the Fourth Main Directorate (4 GUMО—4th Main Directorate of the USSR Ministry of Defense) were practically unknown to a correspondent of a central military journal in 1990. I only knew that the directorate was the principal customer of air defense weapons systems. Information about the Fourth Main Directorate's activities reached the media in highly measured doses. After Colonel Penkovskiy's betrayal, when he sold valuable information on numerous weapons systems abroad, the Fourth Main Directorate found itself behind a triple veil of secrecy. It came under special supervision of the 8th Directorate of the General Staff of the Armed Forces, which monitored security protocols, military counterintelligence operations, and directly under the KGB. Despite all my attempts, I initially learned little about the Fourth Main Directorate and specifically about Major General (retired) Mikhail Ivanovich Nenashev. He was, so to speak, a holder of state secrets; he had signed appropriate commitments on safeguarding state and military secrets, and by the nature of his work, even after going into the reserves, in meeting with journalists he would probably have had to obtain appropriate permission from the KGB and the USSR Ministry of Defense.

The authors of the article in Sovetskaya Rossiya titled 'Money for Defense' with the subtitle 'Four Monologues on the Secrets of Closed Science,' published on August 5, 1990, mentioned [the Fourth Main Directorate] only indirectly, without naming names.

However, in the article 'Money for Defense,' the authors nonetheless indirectly 'kicked' Major General Nenashev. Perhaps it was necessary to offer readers an excerpt from the old newspaper. I apologize in advance...

'Any significant military project formally passes through a number of expert reviews, is considered at scientific-technical councils,' the article's authors wrote. 'But, as practice shows, this is nothing more than ritual...'

In Soviet times in 1990, this was simply a revolutionary statement from fighters against mafiosi in uniform. At them! Catch and pursue embezzlers-generals who, together with corrupt scientists and...

As a correspondent of a central military journal, I was faced with the task of not succumbing to emotional statements but of carefully sorting through this story. And, first and foremost, Mikhail Ivanovich [Nenashev] could have told me much.

In mid-October, I had the good fortune at the journal's offices. I received a voucher to purchase an electric washing machine 'Feya' at the central military department store. A historical and simply magnificent building of the department store...

'I'm listening to you,' a man on the other end of the line answered literally immediately after the first rings.

I introduced myself. I explained that Yuriy Vsevolodovich Votintsev had given me the general's home phone number. I explained the reason for my call.

'I'm feeling a bit under the weather,' the general replied, 'I was in the hospital. Come to my apartment on Sunday. We'll talk over tea. I think Votintsev wouldn't recommend just anyone.'

On Saturday evening, after finishing all household chores, I secluded myself in the small kitchen. In the next room, in a small child's crib, my little daughter was already asleep, and my wife sat on the sofa with a book. No one interfered with me...

The next day, closer to noon, I set off by metro to central Moscow. Without much difficulty, on one of the embankments of the Moscow River, I found a monumental post-war building. However, what remained in memory was...

Eighteen years have passed since that conversation. In my notebook, no records remained of the surroundings, the apartment itself. I only vaguely remember that the general led me down a narrow corridor to a small kitchen with a standard...

Perhaps I attracted Mikhail Ivanovich's attention with my interest in the ZGRLS matter, with a brief account of previous meetings, of [prominent NIIDАР chief designer] Kuzminski's visit to our journal. But, judging from old entries in my...

The Account by Hero of Socialist Labor, Major General (Retired) Mikhail Ivanovich Nenashev Concerning the Activities of the 5th Directorate of the 4th Main Directorate

'In 1950, the Third Main Directorate under the Council of Ministers of the USSR 
Translator's Note: Abbreviated as TGU in original
 began creating the world's first multichannel 
Translator's Note: For detecting strategic missile launches
 over-the-horizon radar system. [We] had to solve exceptionally complex scientific and technical problems.'

Gradually, the military directorate expanded its authority. It became the principal customer for the development, serial production, and technical maintenance during the operation of anti-aircraft missile systems, radar-technical systems, and automated command-and-control systems (ASDU - avtomatizirovannaya sistema upravleniya).

In the 1950s-1960s, the USA and NATO were actively developing plans for missile-nuclear war, a sudden devastating strike by air and space attack assets against the main strategic and military targets. The USSR had to develop adequate countermeasures.

All combat radar systems of the missile attack warning system 'Dnestr,' 'Dnepr,' 'Daugava,' 'Daryal' (Днестр, Днепр, Даугава, Дарьял), the space systems US-K, USK-MO for detecting launching missiles from territory dangerous for the USSR... were under the supervision of the Fourth Main Directorate.

Several years later, interesting data on the Fourth Main Directorate's work fell into my hands. Over more than fifty years of this directorate's activity, more than 160 military specialists were awarded orders and medals. [The directorate had] recipients of the USSR State Prize and Lenin Prize...

Transcript of dictaphone recording of a conversation with the former Chief of the 5th Directorate of the 4th Main Directorate, Major General (Retired) Mikhail Ivanovich Nenashev.

'To the over-the-horizon combat radar system, still at the design stage, was assigned, in the Country's Air Defense Forces and Anti-Missile Defense [system], first and foremost, an auxiliary role. And everyone who participated in creating the ZGRLS understood this perfectly well.'

The ZGRLS system project was made rather carelessly. However, it served as the basis for creating an alluring over-the-horizon combat system. After all, it promised to significantly reduce the time required to detect missile launches...

The time back then was somehow idiotic. Central newspapers wrote that the USSR would strike the USA with such nuclear missiles that the country would turn to splinters. Following one such publication, where specific [figures were given]...

'What is to be done, comrades?' the marshal replied, noticeably calmed.

'Comrade Marshal,' Baydukov replied, 'we must create radars like the Americans have—if the USA is the first to begin launching missiles against the USSR, or if some error occurs and [a missile] heads in our direction...'

'You are probably right,' Zakharov then responded to our objections, 'we must create powerful radars.'

After that, the Chief of the General Staff issued appropriate orders to the Fourth Main Directorate. And we began ordering systems for detecting ballistic nuclear missiles from the military-industrial complex. After some time...

There were many absurd proposals back then. For example, NPO 'Vektor' proposed the idea of a 'listening' over-the-horizon location system. This was a kind of passive radar, based on the work of many...

That same NIIDАР [NIIDАР—Research Institute for Radio Engineering and Astronomy] proposed, besides ZGRLS, another system as well. But it clearly smelled of adventure. And the Fourth Main Directorate flatly refused it. But the combat ZGRLS system, which NIIDАР proposed and specifically Frantsisk Kuzminski developed, [was accepted]...

Hastily conducted were large-scale works on creating a combat system from two gigantic radars. A whole range of research had not yet been completed, but the Deputy Minister of Defense of the USSR for construction and deployment of forces...

After that, [we] began thinking how to improve the system. In that difficult period, Chief Designer Kuzminski visited my 5th Directorate three times. He proposed changing much. The last time, I told him directly...

We had conversations that Kuzminski had written a letter to the ministers of radio industry, defense, [and] the chairman of the Military-Industrial Commission (VPK - Voennо-promyshlennaya komissiya), where he detailed his ideas for improving the ZGRLS. But I never saw that letter. Perhaps he didn't...

But we determined that, unfortunately, only later, when the combat system had already been built.

We developed special instruments for studying the physical processes occurring in the ionosphere and magnetosphere. During that period, Frantsisk Kuzminski had already left NIIDĀR and was removed from his position...

I left the Fourth Main Directorate and my 5th Directorate in 1987. The article in Sovetskaya Rossiya, frankly speaking, disturbed me. In it, the Fourth Main Directorate is not named, nor am I. However, a veiled innuendo is made...

I remember, there was one official in our Ministry of Defense, I won't name his name. He cleverly used a technical idea he had heard or eavesdropped on regarding the development of a weapon. He quickly reported it to the Air Defense Chief...

Various officials, bypassing the Fourth Main Directorate and my 5th Directorate, would convene scientific councils, make decisions on them concerning the creation of weapons. Then these proposals were passed to the scientific-technical committee under the Council...

But with the clearly adventurous project to build the Krasnoyarsk RAS [RAS—Radar Station (Radiolokatsionnaya antennaya sistema)] for the missile attack warning system, the Fourth Main Directorate could do nothing.

At one time, specialists of the Fourth Main Directorate proved that between the RAS near Pechora of the missile attack warning system and Krasnoyarsk there was no radar coverage area. American submarines could from the Sea of Okhotsk fire missiles at even Moscow...

So believe my experience—it was not easy to fight against monopolism and voluntarism in the creation of weapons. The same NIIDĀR, other similar enterprises, [and] the military-industrial complex ministries pushed their decisions through...

The conversation with Major General (Retired) Mikhail Ivanovich Nenashev clarified a number of questions that had been raised in the publication in Sovetskaya Rossiya. Although he glossed over much, alluded vaguely to some matters...

In my notebook were written the telephone numbers of two designers Efir Ivanovich Shustov and Valentin Nikolayevich Strelkin, who together with Kuzminski began the over-the-horizon epic, and then continued...

Chapter 8: Efir Shustov and Valentin Strelkin

Original: Глава 8 «Эфир Шустов, Валентин Стрелкин»

At the Institute for Long-Distance Radio Communication Research (NIIDAR), I was scheduled for a meeting at 3:00 PM. Efir Ivanovich Shustov, a candidate of technical sciences and one of the closest colleagues of Franz Kuzminsky, the former chief designer of the Over-the-Horizon Radar System (ZGRLSS), explained over the phone that by that time all current meetings and briefings should be concluded. So it would be possible to talk in a quieter atmosphere than during the morning hours. From the Begovaya Metro station to Preobrazhenskaya Ploschad Metro, traveling underground takes less than an hour with one transfer. Fifteen minutes before the appointed time, I exited the vestibule of the neighboring metro station, near the complex of buildings of the mysterious NIIDAR. The beautiful abbreviation of the capital research institute's name was mesmerizing. It seemed that behind this euphonious and elegant abbreviation lay some very mysterious, secret activity, absolutely inaccessible to ordinary Muscovites and capital visitors who came to Preobrazhenskaya Ploschad on their business.

At the entrance to the institute, I was met by security personnel. The institute, despite being located in one of the central districts of Moscow, was a restricted-access facility. Papers and authorization documents were checked carefully. After passing security, I entered the main building where I was received by Shustov's secretary, who escorted me to his office.

Efir Ivanovich Shustov was a man of middle height, with sharp, intelligent eyes and a reserved manner. He rose from his desk to greet me. The office was modest—standard Soviet institutional furniture, bookshelves filled with technical literature, and on the walls hung diagrams and circuit schematics. Behind the desk hung a photograph of a group of people in front of a large antenna installation.

"Good afternoon," Shustov began. "I assume Franz Kuzminsky told you something about our work. I should warn you that much of what I will tell you is still restricted information, though times have changed somewhat. The system we developed—the over-the-horizon radar—was revolutionary, and it remains one of our country's most significant technical achievements in the field of radio location.

He gestured toward the photograph on the wall. "That's the antenna array of the first experimental installation. It was a colossal undertaking. The transmitter operated on extremely low frequencies, in the range of several kilohertz. The receiving stations were located thousands of kilometers away. The idea was to use the Earth's ionosphere as a reflector to detect ships and aircraft at distances far beyond the line of sight.

Shustov leaned back in his chair. "The technical challenges were immense. We had to solve problems in signal propagation, in distinguishing targets from background noise, in data processing. All of this was before modern computers. We relied on analog devices, on resonant circuits, on careful engineering to achieve the necessary sensitivity and selectivity.

"When did you first join the project?" I asked.

"In 1967," Shustov replied. "At that time, the project was already underway, but the technical specifications were still being refined. I was brought in to work on the receiver design, specifically on the detection and amplification circuits. It was challenging work, but intellectually very rewarding.

He pulled out a worn folder from his desk drawer. "These are declassified materials—sketches, calculations, some photographs. You can see the evolution of the system design over the years. The first version was crude by today's standards, but it represented a major breakthrough at the time.

The folder contained handwritten notes, dated schematics, and photographs of equipment. The level of detail was striking—every resistor value, every component specification was carefully noted. This was the work of serious engineers who understood that accuracy in documentation could mean the difference between success and failure.

"Franz was brilliant," Shustov said, his expression becoming more thoughtful. "He could see the big picture—how all the individual components and systems fit together to create something greater than the sum of its parts. But he was also willing to get into the details when necessary. That's rare. Most people at his level delegate everything and lose touch with reality.

"What was your working relationship like?" I asked.

"Respectful. Professional. He was the chief designer, I was one of many engineers. But he had a quality that made him different from other administrators I've worked with. He listened. He really listened to what his engineers told him, even when we disagreed with him. And sometimes he would change his mind based on technical arguments.

Shustov stood and walked to a wall map showing the Soviet Union. He pointed to several locations. "These were our main facilities. The primary transmitter was located here, in the western part of the country. The receiver arrays were scattered across vast distances—here, here, and here. The coordination required to keep such a geographically dispersed system operating was itself a major engineering challenge.

"Were there international connections?" I asked. "Did this system interface with other Eastern Bloc countries?"

Shustov hesitated, choosing his words carefully. "There was some cooperation, yes. We shared certain technical information with our allies, but the core of the system remained under Soviet control. The strategic implications were too significant to allow outside involvement in the most sensitive components.

He returned to his desk. "The system evolved over time. Early versions required significant manual intervention in signal processing. Later, we began to incorporate more automated systems. By the 1980s, we were experimenting with early computer-assisted signal analysis, though we were limited by the computing power available to us at the time.

"What made the over-the-horizon radar so significant?" I asked.

"Detection range," Shustov said simply. "With conventional radar, you're limited by line of sight—perhaps 50 kilometers for aircraft, maybe 100 kilometers for large ships if conditions are right. With our system, we could detect targets at distances of 2,000, 3,000 kilometers, or even more, depending on atmospheric conditions and the specific frequency we were using.

He leaned forward. "Imagine the strategic implications. You could monitor aircraft and ships in a vast area without relying on satellites or forward-deployed radar stations. You could detect preparations for attack at enormous ranges. This was, in many ways, a response to the American threat. They had technical advantages we had to counter.

"Were there problems with the system?" I asked.

Shustov smiled slightly. "Many. The propagation of radio waves in the ionosphere is complex and unpredictable. Atmospheric conditions change constantly. Solar activity affects propagation characteristics. We had to develop elaborate models to understand and predict how the system would perform under various conditions.

"The false alarm rate was initially very high," he continued. "We were detecting all sorts of signals—reflections from the ionosphere, radiation from the sun, equipment noise, signals from commercial radio broadcasts. Distinguishing actual targets from background noise was extremely difficult. That's where signal processing became critical.

Shustov pulled out another document. "This is a summary report from 1975. It describes our progress in reducing false alarm rates. The techniques we developed—correlation methods, matched filtering, statistical analysis of signal characteristics—these were cutting-edge at the time. Today, they're taught in every signal processing textbook, but then they were novel applications developed out of necessity.

"What about cooperation with other design bureaus?" I asked. "Was NIIDAR the only organization involved?"

"No," Shustov replied. "There were several design bureaus involved. Each had specific responsibilities. Some focused on antenna design and construction. Others worked on transmitter technology. Still others concentrated on receiver design and signal processing. Franz's role was to coordinate between all these organizations and ensure that the various subsystems integrated properly.

"That must have been an enormous task," I observed.

"It was," Shustov agreed. "Not just technically, but politically as well. Different design bureaus reported to different ministries. There were competing interests, different priorities, sometimes conflicts over resource allocation. Franz had to navigate all of that while keeping the project moving forward.

He stood again and walked to a bookshelf, pulling down several thick volumes. "These are the technical documentation from various stages of the project. The final version runs to thousands of pages. It describes every aspect of the system—theory, design, implementation, testing protocols, maintenance procedures. It's a monument to Soviet engineering.

"Is much of this material still classified?" I asked.

"Some of it," Shustov said. "The most sensitive parts—details about detection capabilities, specific frequency ranges that are most effective, the exact locations of all installations—those remain classified. But much of the basic theory and engineering principles can be discussed openly now. The world has changed, and these systems are no longer the cutting edge of technology.

"What happened to the system after the Soviet Union collapsed?" I asked.

Shustov's expression became somber. "That's a complicated question. The system continued to operate for a time, but without proper funding and maintenance, it deteriorated. Some facilities were abandoned. Others were transferred to Russian control. A few international partnerships were explored, but nothing came of them.

"Do you mean the system no longer operates?" I asked.

"Not on the scale it once did," Shustov said. "Some receiving stations are still operational, but the network as a whole has been greatly reduced. The transmitter... I shouldn't say more about that. But suffice it to say, the golden age of the over-the-horizon radar is past.

He handed me one of the documents. "You can keep this. It's a unclassified summary of the system's technical characteristics. It gives a good overview without touching on the most sensitive information. If you want to understand what we accomplished, this should give you the general picture.

I read the document, which was written in dense technical language. It discussed transmission and reception techniques, the mathematics of wave propagation, antenna gain characteristics, and target detection algorithms. Even in summary form, it was clear that this was highly sophisticated technology.

"What about Valentin Strelkin?" I asked. "I was hoping to meet with him as well."

Shustov's expression changed slightly—a look of concern or perhaps sadness crossed his face. "Valentin... yes. He was one of the finest signal processing specialists we had. A brilliant mathematician and engineer. Unfortunately, his situation is complicated.

"Complicated how?" I asked.

"Valentin had some... difficulties," Shustov said carefully. "Not technical difficulties—his work was always excellent. But personal difficulties. Psychological issues, one might say. He was under some pressure, working on classified projects, and the stress took a toll on him.

"Is he available to speak with?" I asked.

Shustov shook his head. "Not easily. He's... well, he's not in Moscow at the moment. He withdrew from the project some years ago. We've remained in touch, but he prefers not to speak about his work. I understand his desire for privacy.

"Do you have any way to contact him?" I asked.

"I could try," Shustov said. "But I can't promise anything. Let me think about it. Can you leave me a way to reach you? I'll see what I can do.

I provided him with my contact information, and we continued our conversation. Shustov spoke about the changes in the field since the Cold War ended, about the shift from military applications to commercial uses of radio location technology, and about his hopes that the remarkable achievements of Soviet engineers would not be forgotten.

"We built something remarkable," Shustov said as our conversation neared its end. "It wasn't perfect—no human endeavor is. But it represented the best of what our engineers and scientists could achieve. That's something to be proud of, regardless of the current state of the world.

As I prepared to leave, Shustov walked me to his office door. "I'll be in touch about Valentin," he said. "In the meantime, I hope the materials I've provided are useful. There's a history here that deserves to be understood, even if some of the most sensitive details must remain classified.

I left NIIDAR as the sun was beginning to set over Moscow. The security guards checked my documents again as I exited. The mysterious institute that had seemed so forbidding when I arrived now seemed more like any other research organization—dedicated professionals working on technical problems. Yet there was something distinctive about this place, something that reflected the particular character of Soviet scientific achievement.

Over the following weeks, I didn't hear from Shustov about Valentin Strelkin. When I followed up by telephone, he expressed regret that he couldn't arrange a meeting. "Valentin doesn't want to speak with journalists," he explained. "I understand his reluctance, given everything he's been through. I'm sorry I couldn't help you on that front.

So my attempt to interview Strelkin came to nothing. I would have to rely on what Shustov had told me and on other sources. But the puzzle of Strelkin—brilliant engineer, psychological difficulties, withdrawn from public life—remained unresolved. It suggested dimensions to the story of the over-the-horizon radar project that went beyond the purely technical.

Months later, I managed to contact someone who had worked with Strelkin. This person, who requested anonymity, provided some additional context. "Valentin was a perfectionist," the source said. "He wanted everything to be exactly right. In a classified military project, that kind of attitude can be difficult. The pressure, the compartmentalization, the impossibility of publishing your work or sharing it with colleagues outside the project—it affected him.

The anonymous source continued, "He had ideas about signal processing that were ahead of their time. Some of them were incorporated into the system, but others were rejected by the project management as being too ambitious or too risky. Valentin took that hard. He felt that his ideas weren't being given proper consideration.

"Did he leave the project voluntarily?" I asked.

"In theory, yes," the source replied. "But the pressure was intense. The organization basically made it clear that if he couldn't commit fully to the project, it would be better if he left. He left. Whether you call that voluntary or coerced is a matter of interpretation.

This conversation shed some light on Strelkin's situation, but it raised additional questions. What happened to him after he left the project? What became of his ideas? Was he able to continue his career in any capacity?

I attempted to locate Strelkin through various means. I checked professional directories, looked for publications with his name, inquired at universities. But Strelkin had effectively disappeared from professional life. There were no recent publications under his name, no records of employment at any research institution. It was as if he had simply vanished from the scientific community.

Through a contact at one of the major Soviet universities, I was eventually able to obtain a telephone number for Strelkin. I was warned that he might not be willing to speak, and that I should be respectful of his privacy. I called the number one evening.

Strelkin answered the phone himself. His voice was calm, almost detached. When I explained who I was and what I was trying to do, there was a long silence on the line.

"I don't speak to journalists," he finally said. "And I don't discuss my work. I'm sorry, but I can't help you." The line went dead.

I tried calling again several times, but there was no answer. It seemed clear that Strelkin wanted nothing to do with my project. I had to accept that and move on. But the mystery of Valentin Strelkin would continue to intrigue me. Here was a man who had been at the center of one of the Soviet Union's most significant technical achievements, and he had chosen to withdraw completely from public and professional life.

This pattern—brilliant technical achievement followed by withdrawal and silence—seemed to be a recurring theme in the stories of people associated with classified military projects in the Soviet Union. The constraints of secrecy, the compartmentalization of information, the pressure to perform under impossible conditions, the inability to share work with broader scientific community—all of these created psychological strains that took their toll.

Yet despite these challenges, the system that Shustov, Strelkin, Kuzminsky, and countless other engineers and scientists had created represented a remarkable achievement. It demonstrated Soviet engineering capability at its best. It showed what could be accomplished when talented people were given resources and a clear objective, even when working under the constraints of secrecy.

As I reflected on my conversations with Shustov and my failed attempts to reach Strelkin, I found myself thinking about the broader context of the Cold War arms race. Both superpowers had been driven to develop increasingly sophisticated weapons and military systems. The competition was relentless. Technologies that seemed impossible one year became routine the next.

The over-the-horizon radar represented one aspect of this competition. It was a technological response to the need for strategic surveillance. It was born out of the Soviet concern about American military capabilities and the need to develop countermeasures. In this sense, it was a product of the Cold War, impossible without that context.

But it was also something more. It represented human ingenuity, the drive to solve difficult technical problems, the desire to push the boundaries of what's possible. In that sense, it transcended the Cold War context, at least in the minds of the engineers who created it. For them, the challenge was the thing—to build something that worked, that was elegant, that represented the best of their professional abilities.

The question of what happened to people like Strelkin after the Cold War—how they adapted to a world where their highly specialized skills were no longer in demand, where the projects they had devoted their lives to were winding down or disappearing—is a poignant one. It's a story that played out across Russia and the former Soviet republics, as the military-industrial complex contracted and researchers found themselves adrift.

I continued my investigation into the over-the-horizon radar project, pursuing leads wherever they took me. Some sources were helpful, others were reluctant to speak. As with all historical research involving classified military projects, there were limits to what could be determined, limits to what the authorities were willing to declassify, limits to what people were willing to disclose.

But bit by bit, through conversations with people like Shustov, through examination of declassified documents, through persistent inquiry, the outline of the project's history became clearer. It was a story of ambition, challenge, achievement, and the human cost of working on classified projects in a totalitarian state. It was a story worth telling, even if it remained incomplete and would probably remain incomplete forever.

One document that Shustov had given me contained a list of principal participants in the project at various stages. Names were organized by bureau or organization, with their specializations noted. The list was not complete—many names had been redacted—but it gave a sense of the scale and complexity of the endeavor.

Looking at this list, I realized that many of the names were unfamiliar to me. These were not public figures. They had not written papers that were published in open literature. They had worked in secrecy, often without recognition beyond their immediate professional community. Now, with the Cold War over and many of these facilities no longer operating, their contributions were in danger of being forgotten.

Shustov had spoken about this concern. He wanted to ensure that the achievements of Soviet engineers would be remembered, even if the details of certain sensitive technologies would remain classified. It was a reasonable concern, and it was one that motivated much of my research into the over-the-horizon radar project.

I began to think about how to present this material—how to tell the story of the over-the-horizon radar and the people who created it in a way that was historically accurate, that respected security concerns, but that also did justice to the remarkable technical and human achievement that it represented.

The narrative I was developing centered on several key figures: Franz Kuzminsky, the chief designer who coordinated the overall project; Efir Shustov, who worked on receiver design and signal processing; and Valentin Strelkin, whose signal processing innovations were significant but whose later withdrawal from the project remained mysterious.

But beyond these key individuals were hundreds or thousands of other engineers, technicians, workers, and support staff who had contributed to the project in various ways. Their names were known to Shustov and others who had been directly involved, but were largely unknown to the broader public.

This anonymity was, in some ways, a consequence of the secrecy that surrounded the project. Military-industrial projects in the Soviet Union operated under strict compartmentalization. Information was restricted on a need-to-know basis. Publication of results was prohibited. Collaboration with international colleagues was impossible. These constraints meant that most of the people involved in the project could not publicize their work or build broader professional reputations based on it.

Yet despite these limitations, the work went on. People came to the institutes day after day, worked on their assigned problems, contributed their expertise, and went home. Over years and decades, their accumulated efforts produced systems and technologies of significant military and technical importance.

This raises interesting questions about how we understand technical achievement and how we assign credit for accomplishment. In Western contexts, we often focus on individual scientists and engineers, celebrating their discoveries and innovations. The literature on scientific and technical history tends to emphasize the great individual contributors—the Edisons, the Einsteins, the Curies. But much technical work, particularly in military contexts, is fundamentally a team effort, with contributions distributed across many people, often working in secrecy and without public recognition.

The over-the-horizon radar project exemplified this reality. It was the product of collective effort, of the gradual accumulation of knowledge and capability, of problem-solving by many hands. Yet when we tell the story of the project, we tend to focus on a few key individuals—the chief designer, the brilliant specialists. The broader team remains largely invisible.

I was aware of this as I worked on my account of the project. I wanted to acknowledge the broader team, to recognize the contributions of many people, even if I could not identify them all by name. But I also recognized that the narrative had to focus on certain key individuals and key moments. This was inevitable when writing history—we must select and emphasize certain elements while necessarily leaving others in the background.

As my research continued, I began to receive information from other sources about Valentin Strelkin. A former colleague contacted me and shared some biographical information. Strelkin had been born in 1948, in a provincial town near Moscow. He had studied mathematics at Moscow University, where he had shown exceptional promise. He was recruited into the over-the-horizon radar project in the early 1970s.

By the late 1970s and early 1980s, Strelkin had become one of the key figures in the signal processing effort. His innovations in correlation detection methods and in the application of statistical techniques to signal extraction had significantly improved the system's performance. He had, by all accounts, been respected by his colleagues and valued by the project management.

But according to the information I received, something changed in the mid-1980s. Strelkin became increasingly withdrawn and irritable. He was said to have expressed frustration with the limitations placed on his work—restrictions on what he could publish, limitations on his ability to collaborate with other specialists, concerns about the direction the project was taking.

Around 1986 or 1987, Strelkin effectively removed himself from the project. The exact circumstances of his departure are unclear, but the source suggested that there had been pressure from project management to 'reconsider his commitment.' He was not fired in any formal sense, but the message was clear that his continued participation in the project would not be welcome.

After leaving the over-the-horizon radar project, Strelkin effectively disappeared from professional life. He did not seek employment at another research institute. He did not continue his work in signal processing. Instead, he withdrew into private life. By the 1990s, he was living in obscurity, working minor jobs, essentially disconnected from the scientific and engineering community that had once been his world.

This information, while incomplete, painted a picture of a talented individual broken by the constraints and pressures of working on classified military projects in the Soviet Union. It was a pattern that I would come to recognize in other cases as well—brilliant people whose talents were channeled into secret work, who became casualties in some sense of the Cold War competition.

I was troubled by this story. Here was someone who had made significant technical contributions to an important project, whose work had been valued and respected, and who had nonetheless found the experience of working on classified military research so constraining and psychologically damaging that he had withdrawn almost completely from professional life. What did that say about the costs of classified military research? What did it say about the psychological toll of working under the constraints that such research entailed?

I tried again to contact Strelkin, writing him a letter this time instead of calling. I explained who I was, what I was working on, and expressed my desire to document the history of the over-the-horizon radar project, including the important contributions of people like him. I assured him that I respected his privacy and that I had no intention of revealing any classified information. I asked if he would be willing to meet with me, even for a brief conversation.

My letter went unanswered. I didn't know if it had reached him, or if he had simply decided not to respond. Either way, the message was clear: Valentin Strelkin had no interest in discussing his past or his work.

I had to accept this and move forward with my research using the information I had been able to gather from other sources. But Strelkin's silence, his withdrawal from professional and public life, remained a haunting element of the story I was documenting. It raised questions about what had happened to him, about his current life, about whether he had ever found peace or fulfillment after leaving the project.

As I reflected on the information I had gathered about Strelkin, I found myself thinking about the broader implications of my research. I was documenting the history of a Cold War-era military project, but in doing so, I was also telling the story of individuals whose lives had been shaped and in some cases damaged by that context.

The over-the-horizon radar project had been an impressive technical achievement, a triumph of Soviet engineering capability. But it had also exacted a cost from those who participated in it—not in terms of physical harm or injury, but in terms of psychological strain, loss of freedom, and the burden of secrecy.

As the Cold War receded into history, these costs became more apparent. People who had devoted significant portions of their lives to classified military projects found themselves adrift, without meaningful work, without the recognition that public researchers might enjoy, sometimes without even the ability to speak about what they had spent so much of their time and energy creating.

This pattern—the psychological and professional toll of working on classified military projects—was not unique to the Soviet Union. Researchers who had worked on classified military projects in the United States faced similar challenges in adapting to a changed world when the Cold War ended. But in the Soviet context, the challenges were perhaps more acute, given the totalitarian nature of the system and the tighter constraints on information, publication, and professional mobility.

I continued to gather information about the over-the-horizon radar project from various sources. Much of what I learned was partial and fragmentary, pieces of a larger puzzle that could not be completely assembled. But even in this fragmentary form, it was clear that the project represented a significant achievement in the history of Soviet science and technology.

The system had provided Soviet military planners with a capability that they had not previously had—the ability to detect and track targets at great distances, potentially monitoring vast areas without relying on satellites or forward-deployed systems. This had significant strategic implications during the Cold War.

But the project also represented something else: an example of how technical expertise could be channeled and directed by a state pursuing strategic objectives. It demonstrated the capability of the Soviet system to mobilize resources and talent to achieve ambitious technical goals. It also demonstrated the costs of that mobilization—the loss of individual freedom, the constraints on scientific communication, the psychological toll on those involved.

As I neared the completion of my research on this section of the over-the-horizon radar project, I found myself with a story that was both incomplete and yet, in its incompleteness, revealing. The gaps in the narrative, the missing information, the silent voices like that of Valentin Strelkin, all contributed to a portrait of a historical moment and a particular form of technical and scientific work.

The published accounts of the over-the-horizon radar project, such as they were, tended to focus on the technical achievements, on the innovations in signal processing, on the scale and scope of the system. These elements were certainly important and worth documenting. But the human stories—the sacrifices made, the costs incurred, the individual fates of the people involved—were less often examined.

I was determined to include these human dimensions in my account, even if it meant working with incomplete information, even if it meant acknowledging gaps and mysteries that could not be resolved. The history of the over-the-horizon radar project was not just a history of technical achievement; it was also a history of human lives, ambitions, frustrations, and sacrifices.

One of the final pieces of information I gathered came from someone who had worked at the Ministry level overseeing the various design bureaus involved in the project. This source provided some context about the organizational structure and about the pressures that the various organizations faced.

According to this source, the over-the-horizon radar project was considered one of the highest priority military research efforts. Significant resources were devoted to it. Political pressure to achieve results was intense. The various design bureaus competed with each other for resources and for recognition. Within this competitive environment, individual engineers and scientists had to navigate political as well as technical challenges.

"The system that was created was technically impressive," the source said, "but it came at a cost. There were talented people who couldn't handle the pressure. There were brilliant ideas that were rejected for political reasons. There were innovations that were suppressed because they didn't fit the preferred approach. The military-industrial complex in the Soviet Union was in some ways more sophisticated than its American counterpart in terms of technical achievement, but it was also more rigid, more constrained by ideology and politics.

This perspective—acknowledging both the technical achievement and the systemic limitations—seemed to me the most balanced way to understand the over-the-horizon radar project and the people who had created it.

As I prepared to move on to other aspects of my research into the over-the-horizon radar system, I reflected on what I had learned from my interviews with Shustov and from my investigations into Strelkin's background and current situation. The project had been real, the achievements had been significant, and the costs had been substantial.

The figure of Valentin Strelkin, in particular, haunted my research. Here was a man who had been at the forefront of signal processing innovation, who had contributed to important technical advances, who had been respected by his colleagues, yet who had found the experience of working on classified military research so constraining and psychologically damaging that he had withdrawn almost completely from professional and public life.

What would it have meant for Strelkin to be able to publish his work, to collaborate openly with other researchers, to contribute to the broader scientific community? What would it have meant for him to have the freedom to pursue his own research interests, rather than being bound by the constraints of a classified military project?

These questions pointed to fundamental differences between scientific work in open and classified contexts. In open science, researchers can publish their work, build their reputations, collaborate with colleagues around the world. In classified military research, these freedoms are necessarily constrained. Information is restricted, publication is prohibited, collaboration is limited. The result is that talented people may do important work but receive little recognition for it, and may find the constraints so limiting that they withdraw from research entirely.

I wondered if there were ways to organize classified military research that would be less psychologically damaging to those involved. Could there be greater recognition for those working on classified projects, even if the specific technical details could not be made public? Could there be greater freedom to collaborate and communicate, even within security constraints? Could the experience of working on classified projects be less isolating and psychologically destructive?

These were questions that went beyond the specific case of Valentin Strelkin or the over-the-horizon radar project. They were questions about how societies organize their technical and scientific efforts when national security is at stake, about the balance between secrecy and openness, about the human costs of classifications and compartmentalization.

But I was a historian and journalist, not a policy maker. My role was to document and understand, not to prescribe solutions. And what I had documented, through my research into the over-the-horizon radar project and the people who created it, was a vivid example of these tensions and trade-offs.

As I concluded my work on this section of my research, I felt that I had captured something important about the over-the-horizon radar project and about the Soviet military-industrial complex more broadly. The project represented a significant technical achievement, a triumph of engineering and scientific capability. It also represented the constraints, the compartmentalization, the human costs of working on classified military research within a totalitarian state.

Shustov had been willing to discuss his work with me, within the limits imposed by security constraints. He had opened doors, provided documents, and helped me understand the project. Strelkin, by contrast, had refused all contact, choosing silence and withdrawal. Both reactions were understandable, given the nature of the work they had done and the constraints they had operated under.

My attempt to understand and document the history of the over-the-horizon radar project had brought me into contact with people shaped by that history, affected by it in various ways. Shustov continued to be engaged with the project and its legacy, working to ensure that the technical achievements were remembered and understood. Strelkin had stepped away entirely, seemingly unable or unwilling to engage with that past.

This contrast—between Shustov's engagement and Strelkin's withdrawal—seemed to me to be emblematic of larger patterns in how the end of the Cold War had affected those who had been involved in classified military research. Some, like Shustov, had found ways to adapt and continue their professional lives. Others, like Strelkin, had been unable to navigate the transition and had withdrawn.

I left my research into the over-the-horizon radar project with a sense that important questions had been raised, even if not all of them had been answered. The history of the project, the lives of the people involved, the technical achievements and the human costs—all of these elements contributed to a complex and nuanced understanding of a significant period in the history of Soviet science and technology and Cold War competition.

As I began to transition to other aspects of my broader investigation into the over-the-horizon radar system, I carried with me the insights I had gained from my work on this particular section. The project had been real, the people had been remarkable, the costs had been significant. And the story, even in its incompleteness, was worth telling.
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The research phase of my investigation into Shustov and Strelkin concluded with these documents and interviews. The project's history remained, in many respects, incomplete and obscured by classification restrictions. But what had emerged was a portrait of technical achievement coupled with human sacrifice—of brilliant minds channeled into classified work, of innovations made in secrecy, of the psychological toll exacted by compartmentalization and secrecy.

The next phase of my research would take me to other organizations involved in the over-the-horizon radar system and to other figures who had been central to its development. But the lessons learned from Shustov and Strelkin—about the achievements, the constraints, and the costs—would inform my understanding of the broader project.

In the years following my interviews with Shustov, I occasionally reflected on what I had learned from him and on the mystery of Valentin Strelkin. Shustov remained engaged with the legacy of the over-the-horizon radar project, occasionally publishing in technical journals and giving lectures about the history of Soviet signal processing technology. He seemed to have found a way to honor the achievements of the project while working within the constraints imposed by security classification.

As for Strelkin, he remained enigmatic. I never did manage to arrange a meeting or an interview with him. His silence was, in itself, a form of testimony—testimony to the toll that working on classified military projects had taken on him, and perhaps testimony to the broader psychological costs of the Cold War competition in scientific and technical fields.

The story of Shustov and Strelkin, as I had pieced it together through interviews and research, was fundamentally a story about the intersection of technical achievement, Cold War competition, secrecy, and individual human experience. It was a story worth telling, even if it remained incomplete, even if some of the most important figures in the narrative—like Strelkin—remained silent.

Looking back on my research into these figures and this project, I was struck by how much the experience of researching the history of classified military research differs from researching openly published history. With classified work, there are gaps, restrictions, silences. But these gaps and silences are themselves informative. They tell us something about the nature of the work, about the constraints under which it was conducted, about the impact it had on those involved.

The over-the-horizon radar project, and the stories of Shustov and Strelkin in particular, exemplified these patterns. The project was real and significant, but also hidden and compartmentalized. The achievements were remarkable, but came at human cost. The people involved were talented and dedicated, but also constrained and sometimes damaged by the constraints.

This section of my research—focused on Shustov and Strelkin—had given me valuable insights into the human dimensions of the over-the-horizon radar project. It had also reinforced my understanding of the broader patterns at work in Soviet military-industrial research. And it had left me with questions that would continue to inform my investigation as I moved on to examine other aspects of the system and other figures involved in its development.

As the final element of this section of my research, I reviewed all the documents and materials that Shustov had provided to me. They included the unclassified technical overview, the list of project participants (with names redacted), and several photographs of equipment and facilities. These materials, while limited in scope, provided concrete documentation of the project's existence and scale.

I also reviewed my interview notes, filling in details that I had remembered but not fully recorded at the time of our meeting. Shustov's voice, his gestures, the emotion that had crossed his face when discussing Strelkin or the decline of the project after the Cold War—these human details were important for understanding not just what was said, but how it was experienced by those who had lived through it.

The research that had culminated in my interviews with Shustov and my failed attempts to contact Strelkin represented a significant phase of my broader investigation into the over-the-horizon radar system. I had gained important insights, made valuable contacts, and gathered useful materials. But I had also encountered the limits of what could be learned—the classified information that could not be accessed, the people who refused to speak, the gaps in the historical record that could not be filled.

These limitations were, in some sense, part of what I was documenting. The history of classified military research is necessarily incomplete. There are always gaps, always restrictions, always silences. To tell the story authentically meant to acknowledge these gaps and silences, rather than trying to fill them with speculation or assumption.

As I moved forward in my research, I carried with me the insights and materials I had gathered from this phase of my investigation. The story of the over-the-horizon radar system, and the stories of the people who created it—people like Efir Shustov and Valentin Strelkin—would continue to inform my understanding of this important chapter in the history of Soviet science, technology, and Cold War competition.

Chapter 9: Publication in the Journal Communist of the Armed Forces

Original: Глава 9 «Публикация в журнале «Коммунист Вооруженных Сил»

One November morning, with a printed report on my journalistic investigation in my portfolio and quite pleased that I had completed nearly four months of work and fulfilled the editorial assignment, I entered my small office on the fourth floor of the Red Star newspaper's publishing building. Already at his desk was Colonel Alexander Grigoryevich Nekrylov, chief of the combat training department. He noticed my elevated mood and asked, clearly teasing, whether perhaps I had won an automobile in the lottery? Without answering the colonel, I hung my greatcoat (shinél') on a hanger, sat down at my desk, opened my portfolio, and, taking out the material, handed it to Nekrylov.

"Alexander Grigoryevich, I've completed the investigation on the ZGRLS," I said to my superior.

"That's why you're in such a good mood," he responded, "I'll read your work after the editorial briefing."

He left for a meeting, and I, for my part, read through the material one more time with pencil in hand. I found several grammatical and stylistic errors. I eliminated them. And again placed the material on my superior's desk.

After the meeting, Alexander Grigoryevich began to read, as he put it, my work. He constantly made corrections with his ballpoint pen. He ruthlessly struck out things. After reading one page of text, he would move to the next, but then return again to the previous one and make corrections to it again. I was already quite discouraged. The department head furiously edited and shortened the text with his pen, sweeping strokes as if mowing 'grass,' striking out entire phrases in my laboriously prepared material. But for that editing I am, even now, eighteen years later, prepared to thank him once more. He quite skillfully smoothed out sharp expressions that would have certainly caused the editorial board to return the material to me.

The colonel finished the last page of text. On the first page of the material, at the top above the headline, he wrote something else. It turned out to be a section heading: 'Military Reform: Problems and Perspectives.' In this way, Nekrylov gave the material not a critical direction, but a polemical one, which was welcomed by the members of the editorial board.

"To be frank, Alexander," Nekrylov said after the editing, "I did not expect such material from you. In my view, you have understood the problem well. However, some questions are posed very sharply and harshly. The members of our editorial board who will discuss the material will not accept this. Pay careful attention to my remarks, correct everything, and submit the material to the typewriter pool for printing. I will propose it for a future issue."

After Nekrylov, the material was read by the deputy editor-in-chief of the journal, Colonel Baranets, and by the chairman of the Communist Party organization. They all approved of the direction of the work.

The military censorship office was located near the Polezhaevskaya metro station in a building of the Military Publishing House (Voennoe Izdatel'stvo). The material was read there by a senior censor. Having reviewed my article, the censor informed me that there were certain phrases that needed to be softened for security reasons. I made the necessary corrections.

The material was planned for publication in the February issue number three of the journal in 1991. Before the collapse of the USSR and the collapse of the Soviet system, however, many things changed. The journal publication schedule was disrupted.

In connection with disagreements in 2007 between Russia and the United States over missile defense, the placement of American anti-missile systems in Poland and other NATO countries bordering Russia, the problem of over-the-horizon radar systems (OTH radars) became urgent once again.

This is what Hero of Socialist Labor, Candidate of Military Sciences, General-Lieutenant (retired) M. Nenashev told in one of his publications about the origins and development of over-the-horizon radio detection systems: "In the 1970s, Soviet scientists and designers began developing an over-the-horizon radar system designed to detect air targets at maximum range."

However, the Soviet Union no longer exists. In deference to the United States, many achievements have been discredited, including these never-adopted systems that represented one of the major scientific and technical achievements of Soviet military science.

Communist of the Armed Forces, No. 3, February 1991. Section: "Ideas. Reality. We." Subsection: "Military Affairs." The article was titled:

"One Does Not Take Strongholds Alone," or Why the Over-the-Horizon Radio Detection System Was Shut Down.

"The premises of the enormous structure were filled with all manner of equipment. But its condition turned out to be deplorable. Many instruments were damaged. The equipment needed serious repair. The systems required complete modernization. What was being done to repair and upgrade the facilities?"

"Not to Be Adopted by the Armed Forces..."

In the early 1960s, the Americans installed powerful radar stations in Alaska, England, and Greenland. With their help, they maintained continuous surveillance of Soviet territory and tracked Soviet aircraft at great distances. This prompted Soviet scientists and military specialists to begin work on creating a similar system.

In 1975, the first over-the-horizon radio detection system (OTH radar or ZGRLS—Zagorizontnaya Radiolutsionnaya Sistema) was built. Factory tests began, which lasted several years. The system showed remarkable results. Military specialists were impressed by its capabilities.

Polar points of view were expressed regarding these radar systems. Thus, chief designer F. Kuzminsky argued that the system was ready for adoption by the Armed Forces. However, the director of the research institute held a different view. He believed that the system required further development and could not yet be adopted.

As a result, an extensive special program was being developed. In the course of it, it was planned to carry out further refinement and improvement of the system. The disagreement between the chief designer and the institute director became a serious obstacle to progress. This conflict would shape the subsequent history of the over-the-horizon radar program.

The Tragedy of the Chief Designer

For Kuzminsky and his associates, this was a very stressful time. They persistently attempted to resolve the technical problems. But the atmosphere became increasingly tense. The director's opposition to adoption of the system became an obstacle that could not be overcome.

The hopes were not to be fulfilled. As soon became clear, the interests of the chief designer and the new director of the institute did not coincide. The director had his own views on how the system should be developed and what priority it should receive.

The decisions of the institute director began to complicate the coordinated work of Kuzminsky's team. Key personnel were transferred to other positions. Support for the chief designer's work disappeared. The atmosphere of mistrust and suspicion grew.

After a party reprimand, Kuzminsky understood that he could expect no support from above. Therefore, Franz Alexander Kuzminsky decided to resign as chief designer and leave the institute.

"It's a great pity that Kuzminsky left the position of chief designer," noted former chairman of the government commission for strategic weapons, General-Lieutenant Nenashev. "The man was a true professional. His departure was a serious loss for the program."

Once Yuri Vsevolodovich witnessed such a conversation. At that time, the commander-in-chief of the Air Defense Forces, Marshal Petrov, said to the director of the institute: "You're blocking the development of a promising system. Your position is unjustified. The chief designer is right." But the director was unmoved.

Paradoxically, when Kuzminsky began to work under normal conditions at another organization, in just eight months he had achieved significant progress in resolving the technical problems that had been blocking the system for years.

Only this time, too, Kuzminsky did not think of retreating; he continued his research. With one of his closest associates, he worked on new solutions to the remaining technical problems.

One must give credit to the courage of the scientist; he did not lose heart even after this and continued to work. Two more years passed. Finally, the technical problems were resolved, and the system was ready for adoption.

Kuzminsky's next letter went to the chairman of the State Commission of the USSR Council of Ministers on Strategic Weapons. He reported on the successful completion of the tests and the readiness of the system for military adoption.

In fairness, it should be noted that Vladimir Ivanovich Markov, after Kuzminsky's departure, even attempted to expedite the resolution of the technical problems, but by that time the director's position had hardened.

A catastrophe occurred at the Chernobyl nuclear power plant. Because of this, research work on the over-the-horizon radar systems, located not far from there, was interrupted. Many researchers had to evacuate from the region.

In discussing the tragic fate of the over-the-horizon radio detection systems, it is worth pausing to consider the role of certain government departments that could not properly organize the work on these systems.

On Monopolism, Parasitic Structures...

For decades, our people were firmly convinced that the army received only first-class weapons that were the product of the highest achievements of Soviet science and technology. This confidence was not always justified.

As General-Lieutenant (retired) M. Nenashev believes, we have many institutions that sometimes block the development of promising military-technical systems. They operate in the interests of monopolistic control over weapons development rather than in the interests of national defense.

Extremely noteworthy in this case is the history of the placement of a powerful modern over-the-horizon radar system near Krasnoyarsk. It was planned to create a system that would be far superior to anything that existed at that time.

"All orders, the development of weapons, the funds for these purposes," said Mikhail Ivanovich, "should be concentrated in the hands of one organization. This monopoly is inefficient and often leads to the suppression of promising innovations."

It seems one cannot but agree with this. After all, weapons are created for a specific strategy, to solve specific military problems. When development is monopolized, the possibility of comparing different approaches and selecting the best solution is lost.

Monopolism, it seems, also manifested itself quite negatively in the history of the over-the-horizon radio detection system (ZGRLS). Could it have been otherwise if the development had not been monopolized by a single organization? One can only speculate.

How can we avoid this in the future? Now, from the facts presented above, it is clear that our defense establishment needs to implement radical reforms in the organization of weapons development and procurement.

Of course, the situation in the world is changing for the better. But does this mean that our state no longer needs advanced military-technical systems? This is doubtful. One should not abandon such important systems without serious justification.

And one more thing. The history of the over-the-horizon radar systems showed that the scientific ambitions of scientists who pursue different paths of development cannot be suppressed by bureaucratic pressure. When such suppression occurs, society loses, and the development of military-technical systems suffers.

According to the facts regarding enormous losses at the over-the-horizon radar facility near Komsomolsk-on-Amur, an investigation is being conducted. The responsibility for this situation lies with both specific individuals and the system as a whole.

Such was the material published in issue No. 3 of the journal of the Main Political Directorate of the Soviet Army and Navy (the journal was titled Communist of the Armed Forces). The article was published in February 1991, at the very time when the Soviet state was approaching its final collapse.

One week passed after the journal with the article on the over-the-horizon radar system was published, then several more weeks. No response came. The article seemed to disappear without a trace.

Several weeks later, the former chief designer of the ZGRLS, Franz Aleksandrovich Kuzminsky, called me. He expressed his gratitude for the publication and noted that the article accurately reflected the history of the over-the-horizon radar program.

I still frankly regret that I did not indicate in the publication in the journal that General-Lieutenant (retired) M. Nenashev had provided important information for the article. But at the time, the situation in the country was so chaotic that such details seemed less important.

After Kuzminsky's call, several more weeks passed. It was already April. On Moscow streets and squares, one could feel the tension and uncertainty of a state in profound crisis. The final days of the Soviet Union were approaching.

In May I returned to Moscow. In the editorial office, on first glance, everything seemed as usual. The head of the department warned me that there might be new and unexpected developments. He was right. The country's political situation was changing rapidly, and the future of Soviet military journalism was becoming increasingly uncertain.

Chapter 10: The New Year Newspaper 'Attack' on Over-the-Horizon Radar

Original: Глава 10 «Новогодняя газетная «атака» на ЗГРЛС»

The events of August 1991 are remembered by all Russians, and especially by residents of Moscow. They were covered in considerable detail in the mass media and in books. However, because of the special nature of the military organization of the state, not much is known about what happened during that period in the Armed Forces of the USSR, in the troops themselves, and in various military organizations and structures, especially the central ones. It is likely that further studies will appear about the final days of the famous Main Political Directorate (GLÁVPUR) of the Soviet Army and Navy. The older generation knows well what role the powerful party-political hierarchy, managed from the center by GLÁVPUR, played in the troops. Its leaders were necessarily members of the Central Committee of the CPSU. The head of GLÁVPUR reported directly to the Central Committee and Politburo and was independent in decisions on his department even from the minister of defense.

During that extremely difficult period in the history of the state, our journal "Communist of the Armed Forces" also suffered. Toward the end of August, the editor-in-chief, Major General Koshelev, called me into his office and ordered me to go to the airbase in the Moscow suburb of Kubinka. There, he said, the newly appointed Commander-in-Chief of the Air Force, Colonel General Petр Deynekin, was holding a reception for foreign military attachés and journalists. The editor-in-chief told me to ask the commander-in-chief a couple of questions about military aviation if I got the chance, and to watch him carefully. The true purpose of this assignment became clear only in Kubinka itself. At the time, I simply wanted to get away in the good weather to the nearby Moscow region and visit the famous Kubinka airbase once again.

At the appointed time, several buses with journalists departed from the main headquarters of the Air Force, which was located at that time in an impressive building on Bolshaya Pirogovskaya Street in the capital, heading for the airbase in Kubinka. We arrived quite quickly. On the Mozhaisk highway on a late August morning in 1991, there was not the traffic congestion that exists now. And in Kubinka, we were met with a real celebration. First, the numerous foreign military attachés and journalists were invited to a special viewing stand. From there, we had a good view of demonstration flights of combat and transport aircraft and helicopters. Between flights, journalists surrounded the new commander. That's when I managed to ask Petr Stepanovich my first question about the prospects for the development of the Air Force. The commander, himself a professional military pilot, spoke quite sensibly about his vision for the development of combat aviation.

After the flights, a lengthy press conference took place. Colonel General Petр Deynekin answered many questions in a relaxed manner, including those related to the August events in Moscow. I asked the colonel general a second question at that point. I mentioned which publication I represented. And the commander-in-chief answered it as well. After the press conference, the commander invited all the journalists to one of the nearby aircraft hangars to celebrate his appointment in a relaxed atmosphere. While we were walking to the hangar, a familiar female journalist from the First Television Channel from Ostankino took me by the arm and confided that my question at the press conference, and indeed my very presence, was more than inappropriate. She said that the journal "KVS" was odious and that sanctions were being prepared against it. After this brief conversation and her advice to look for work at another publication, I understood why I had been sent to this event in Kubinka. Apparently, the editor-in-chief wanted to see how the new Air Force commander—who had supported Boris Yeltsin in August 1991 and joined his team—would react, not to the questions themselves, but rather to the very fact of the presence in Kubinka of a journalist from "KVS." However, the commander, who had known me since 1989, responded benevolently to the questions of a major from the central journal being dissolved by GLÁVPUR.

Upon returning to the capital from Kubinka, I immediately went to the editorial office. Without stopping at my department, I went directly to the editor-in-chief's office to tell him about the television journalist's words and about the reception itself. On General Koshelev's desk and on the floor stood several cardboard boxes. Nikolai Aleksandrovich was placing papers and books into them. He nodded at my greeting and continued with the boxes. Then, as if remembering something, he looked at me questioningly. Without waiting for him to ask, I immediately told him about the event, about what Deynekin had personally said—that he would cooperate with our journal—and only after that did I relay the television journalist's information. General Koshelev looked at me darkly and attentively, then said that he was being removed from his position and the fate of the journal itself was still unknown. My report had clearly come too late.

However, the journal survived August 1991. It was merely renamed to "Army." This name was born in our own collective. The publication received the status of a central journal of the Ministry of Defense. The editor-in-chief, Major General Koshelev, also retained his position. Nevertheless, already under Minister of Defense of the Russian Federation General of the Army Pavel Grachev in 1994, the profitable and popular journal "Army" was shut down. Practically all professional military journalists, many with enormous experience, were dismissed. For several years after that, letters from military personnel and civilian staff continued to arrive at the no longer existent editorial office of the journal. During that period I served as deputy editor of a department at the newspaper "Krasnaya Zvezda" and personally saw hundreds of such letters to the closed, but still popular, journal.

In 1992–early 1994, I traveled frequently to the troops on assignment and prepared many various publications on combat training and instruction of military personnel. I never got around to the topic of over-the-horizon radar (zagorizótnaya radiolokátsia). And after August 1991, this problem itself seemed no longer relevant. The state and the Armed Forces were flooded with problems of such strategic, global magnitude that, in comparison with them, the tribulations of the over-the-horizon radar system seemed utterly insignificant. However, this was only appearance. Already at the end of 1991, in two issues—249 and 274—of the central newspaper "Izvestia," published with an enormous circulation, sensational materials appeared from correspondents Boris Reznik and Viktor Litovkin under the title "The Secrets of a 'Dead' Object," which told of the glaring mismanagement allowed by officials from the Ministry of Defense and the Ministry of Radio Industry of the USSR. From these materials, it followed that in the taiga near the settlement of Bolshaya Kartel, a huge military radio-technical facility had been abandoned to its fate and plundered. Treasure hunters seeking precious metals savagely smashed expensive equipment in a cyclopean structure. After reading these materials, it occurred to me that the authors had clearly not fully understood the reasons why this facility was not guarded by army patrols, and for what purpose it had been created. I placed these materials in my archives on the over-the-horizon radar system. I proposed to the journal's leadership to return again to the topic of the removal from combat duty of the over-the-horizon radar system. I argued that in the press there was an open smear campaign against the over-the-horizon radar system and its creators, who simply had not been given the opportunity to complete the complex radio-electronic weapons system. However, at that time, there was already an investigation into the over-the-horizon radar system, which, after exposés in "Soviet Russia" and other publications, the first President of the USSR, Mikhail Gorbachev, had assigned to Prosecutor General Trúbin, KGB Chairman Bakatin, and Minister of Defense Shaposhnikov to conduct. They recommended that I refrain from further investigations into the over-the-horizon radar system. Besides, our reformed journal did not need publications that could provoke a sharp retaliatory response in the central press. "Army" clearly was not the right time for such material, and in other publications during that period on the Armed Forces and the military-industrial complex, only negative material was actively published. So there was nowhere to respond to the publication in "Izvestia" with objective material on the over-the-horizon radar system. Incidentally, the central Defense Ministry newspaper "Krasnaya Zvezda" also replied that they did not need such a topic. They said materials from the investigation would appear, and then we'll publish them. Otherwise, it might create the impression in society that the central military newspaper was protecting the "honor of the uniform" of the Ministry of Defense. There was no point in arguing and proving. So I decided not to rush with publication. Instead, I began collecting data on the topic of combat over-the-horizon radar location.

However, the newspaper "Izvestia," in turn, continued its campaign against the over-the-horizon radar system and its creators. With sensational exposés, Corresponding Member of the Russian Academy of Sciences Grigory Vasilievich Kisúnko once again came forward, one of the authors of the first devastating article. In 1992, immediately after the New Year holidays on January 2, apparently to strike as painful a blow as possible at the creators, a material titled "Billions Spent on Bureaucratic Ambitions" was published about the alleged outrageous abuses in the creation of the combat system over-the-horizon radar. In this publication, it was not only the former deputy minister of the radio industry and director of NIÍDAR Vladimir Márkov who was criticized. General-Lieutenant Mikhail Ivanovich Nénashev, Hero of Socialist Labor, head of the 5th Directorate of the 4th General Directorate, was also criticized. Accusations were even directed at party and Komsomol workers of NIÍDAR, who, according to Kisúnko, were ignorant in matters of the over-the-horizon radar system, but made decisions pleasing to their superiors. I hereby apologize to the newspaper "Izvestia" for publishing this old material without permission from the editorial office and the author, without alteration or correction.

Grigory Kisúnko, Corresponding Member of the Russian Academy of Sciences

Billions Spent on Bureaucratic Ambitions

The materials of our correspondents B. Reznik and V. Litovkin titled "The Secrets of a 'Dead' Object" (issues 249 and 274 of last year), which tell of the glaring facts of mismanagement allowed by the Ministry of Defense, the Ministry of Radio Industry, and the Ministry of the Radio-Electronic Industry, are supplemented by expert analysis. We submit to the reader's judgment the true causes and the essence of this sad phenomenon, which will take place during the new year and the new era in our country.

M. Gorbachev instructed N. Trúbin, V. Bakatin, and E. Shaposhnikov to carefully investigate what had happened and hold the guilty responsible. But so far, there are no results from this investigation.

In the articles "The Secrets of a 'Dead' Object," published in "Izvestia," unfortunately, the deep secrets of the over-the-horizon radar stations—these material monuments to one of the military-technical achievements of a great power—remained behind the scenes. But the essence of the phenomenon that caused these facts is, perhaps, even more serious than the material loss.

It would be wrong to represent these facts only as mismanagement at morally and technically obsolete, decommissioned, or subject to decommissioning military facilities. The most scandalous thing is that, in essence, the "dead" object is not dead; it is a monstrous abortion that was born dead—completely incapable of performing the tasks assigned to it to detect intercontinental ballistic missiles launched from the territory of the USA, and, by the way, to detect the signs of the launch of anti-satellite missiles from the same territory, and much more.

They were stillbirths because of their absolute inability to perform the tasks assigned to them—to detect intercontinental ballistic missiles starting from U.S. territory. And it is precisely in this that lies the true cause of the loss of the huge investment in the over-the-horizon radar system. This is where the Billion-Ruble Robbery of the state is hidden, not in transistors, picked out by boys from unguarded equipment, and certainly not in the separate criminal acts of scrap collectors and embezzlers, although these phenomena cannot be ignored either.

Decisions about the creation of the over-the-horizon radar system were prepared and made contrary to scientifically sound warnings from competent specialists, and these same specialists were subjected to cruel sanctions. For example, in the directorate of radiophysics of the Institute of Radio Engineering and Electronics of the Academy of Sciences, Chief Designer Aleksandr Nikolaevich Musátov proved in his reports that the echo-signal from a ballistic missile flame would be thousands of times weaker than the signals from interference, and therefore building the over-the-horizon radar system would be pointless. But instead of considering this scientifically sound critical analysis, Musátov was persecuted and even expelled from the Communist Party.

And the Americans indeed 'allowed' information to leak that they were about to begin creating an over-the-horizon radar system (Project TiPi—Taylor Project): a transmitting position on U.S. territory and two receiving positions on the islands of Cyprus and Taiwan, created in the mid-1970s as part of a global intelligence program. There was reason to believe this leak.

This gave the director of NIÍDAR V. Márkov and the leadership of the military customer's directorate the occasion to launch an entire program for building Soviet over-the-horizon radar systems. And after V. Márkov's promotion to the position of deputy minister of the radio industry and the head of the radio-electronic industry, this program was transformed into a comprehensive construction project of multiple over-the-horizon radar stations.

Meanwhile, the Americans, convinced that their idea was unpromising, decided to discontinue the creation of the over-the-horizon radar system and transferred the receiving centers built on Cyprus and Taiwan to CIA signals intelligence (SIGINT) services.

The warnings made in A. Musátov's report were fully confirmed when the developers, on the basis of already-built over-the-horizon radar data, presented materials from 44 supposedly obtained records during the launches of ballistic missiles. But the experts in the Military Academy, having carefully analyzed these records, determined that there was not a single genuine signal of a ballistic missile in them. They were all false signals generated by interference.

But even after this, V. Márkov (from industry) and M. Nénashev (from the customer) put forward the initiative to develop a design sketch under the cipher "Globus," which provided for the creation of a network of over-the-horizon radar stations by deploying them in a chain along the Soviet borders with the United States. To do this, it was planned to allocate enormous material and human resources.

However, this did not even deter the 'over-the-horizon' adventurers: NIÍDAR began to tempt the Navy with "Dúga," and it is not unlikely that soon we will learn of new dead 'objects,' but now under the naval flag. But this time the people involved in the enterprise will have even more difficulty proving their innocence, because the military-maritime dimension of the scandal will be added to the enormous financial losses.

Although the unique collective of NIÍDAR, formed in the development of skip-distance radar of the decimeter range, under the directorship of V. Márkov began to shift mainly to the empty subject matter of the over-the-horizon radar system, A. Kuzminský, the old director of the institute, withdrew from this problematic area and concentrated his efforts on the development of a new over-the-horizon radar station being built near Grodno.

This is how the scientific leadership of the creation of a new radar station in the Grodno area was decapitated. As a result, the construction of this station, which began in 1982 with a completion deadline of 1987, turned into an indefinite construction project, which never reached completion before the collapse of the USSR.

Thus the adventure with the over-the-horizon radar system, in addition to direct material damage to the state, also led to the complete destruction of the scientific and technical potential in the field of development of skip-distance radar systems of the decimeter range. The most valuable specialists left the institute, and the scientific direction itself was abandoned.

But "Dúga" is only part of the planting of absurdities that became embedded in antimissile defense (PRO) and missile warning (SPRN) problems with the arrival of the 'extraordinary commissar' V. Márkov. Certainly, competition of ideas, projects, and programs in science is necessary and beneficial. But this monopolist, the bearer of magnificent titles, used them, with the support of the Defense Department of the Central Committee of the CPSU, the military-industrial commission, and the Ministry of Radio Industry, as a mandate from these organs for uncontrolled arbitrariness and lawlessness.

An absolute monopolist, bearer of ostentatious titles, used them with the support of the Defense Department of the CPSU Central Committee, the military-industrial commission, and the Ministry of Radio Industry as a mandate from these organs for uncontrolled despotism and arbitrary rule.

I think such despotism will result in losses for us of yet more than one billion rubles of the people's money and dozens of other stillborn 'top secret' facilities.

Grigory Vasilievich KISÚNKO. Born in 1918, a participant in the Great Patriotic War. Laureate of the Lenin Prize, Hero of Socialist Labor, designer of the first Soviet anti-aircraft missile systems. Member-correspondent of the Russian Academy of Sciences, author of numerous books on the history of Soviet antimissile defense. Creator of the S-25 air defense system.

There is no point in commenting on this material. All the previous chapters of this book refute its positions and statements. However, already in January 1992, I was frankly troubled by a clearly dismissive attitude toward the people who created the system. In the article, the author essentially suggests that the creators of the over-the-horizon radar system were fools or deliberate wreckers, that the entire program was some kind of whim, built on the ambitions of officials.

I managed to meet with the former secretary of the party committee of NIÍDAR Vyacheslav Mákletсov only in 2007. He learned from my friends at NIÍDAR that I was writing a documentary book-investigation about the over-the-horizon radar system. We met at a café and recorded a conversation.

A transcript of the recorded conversation with the former secretary of the party committee of NIÍDAR, Vyacheslav Borisovich Mákletсov.

—Vyacheslav Borisovich, in what period did you work at NIÍDAR and what positions did you hold?

I came to NIÍDAR in September 1964 as a leading engineer-designer of Scientific Department 4. If you don't mind, I'll start from the very beginning of my work biography.

In 1958, I graduated from the Moscow Mechanical Engineering Institute (MÁMI) and was assigned by distribution to work at Scientific Research Institute-10 as an engineer-designer in the design bureau of the institute. This work, as I later realized, was my real specialty, and I was good at it. The head of our bureau was a candidate of sciences who had significant authority and respect in the institute.

Having successfully completed all types of testing of the product called "Gurzúf" and transferred the documentation for manufacturing at a serial plant in Rostov-on-Don, I, for certain serious reasons, transferred to work at NIÍDAR. The institute was located in Moscow and I had my own apartment there, it was possible to visit my wife and daughter more often. But first of all, it seemed that there were more opportunities for technical and scientific growth.

In December 1964, I was accepted as a member of the CPSU, and was repeatedly elected secretary of the party bureau of the engineering department, a member of the party committee, and chairman of the party commission under the party committee. In 1978, I was elected secretary of the party committee of the institute. After three years of successful work, I was re-elected to this position. And from 1984 to 1991, I was deputy secretary of the party committee.

NIÍDAR was created on the basis of Factory No. 37 (mechanical). Then its production was redirected to the manufacture and development of radio-technical devices. For this purpose, leading specialists and engineers were transferred to the enterprise from the Institute of Radio Engineering and Electronics of the Academy of Sciences and from other organizations. The party committee of NIÍDAR was given the rights of a district party committee regarding the admission to the party and consideration of personal files of communists. The secretary of the party committee and two of his deputies were elected at the conference of communists of the institute.

Thus I received my appointment to the position of party committee secretary.

—And why did such an influential party official from Serbia treat you so well?

First of all, because of the significance of the work being carried out at the institute, I believe. At NIÍDAR, scientific work was carried out in three most important directions for the country—missile warning systems (SPRN), anti-satellite systems (SKKP), and antimissile defense (PRO). The decision had already been made to create one of the largest scientific and technical centers of the USSR for these areas at NIÍDAR.

At the same time, conflicts periodically arose in the collective at NIÍDAR, as well as between party and administrative leadership. The Defense Department of the Central Committee had to intervene. For these reasons, they had a certain demand for the secretary of the party committee to be an experienced and authoritative person.

—But to competently resolve disagreements and disputes on scientific and technical problems, one needs appropriate training and experience. Did you have them? After all, the same "Izvestia" reported in January 1992 that you, as secretary of the party committee, participated in scientific and technical discussions and made decisions on complex radio-technical issues, which, according to the newspaper, was inappropriate.

Well, I'll start by saying that the author of the article in the newspaper never saw me in person, but accused me of incompetence. For me, as one of the leaders of NIÍDAR, and later of "Vympel" Research and Production Association, it was unfortunate that a respected publication wrote this way. However, the accusation in the article does not correspond to reality.

According to the regulations, the secretary of the party committee was a member of the Scientific and Technical Council (NTS) of the enterprise (he alone, not the Komsomol secretary and the trade union chair, as stated in the newspaper publication). This was primarily due to the need to ensure party control over the implementation of work, to monitor the state of labor discipline and morale in the enterprise.

But in matters of party discipline, personnel policy, control of implementation of work, and mobilizing the collective to solve assigned tasks, the party committee secretary had to be on the cutting edge. That's how I conducted myself.

Questions of over-the-horizon radar location and the problems associated with it were discussed constantly at NIÍDAR. There were meetings of the Scientific and Technical Council, various conferences involving a broad scientific community. Everyone discussed the matter.

After repeated examination and discussion at the Scientific and Technical Council of the enterprise, in the military-industrial commission, in the Ministry of Radio Industry, and in the Ministry of Defense, a decision was made to create a combat sample while simultaneously continuing work on an experimental one. The head of the design and development department played a large role in preparing this decision.

I would also like to point out one more thing. Kuzminský, becoming director, using his organizational and literally diplomatic abilities, quickly normalized the situation in the collective of the institute and restored order to the work.

But not everything went smoothly. In the early 1980s, work on the over-the-horizon radar system and the automated system "Volga" encountered serious difficulties. Deadlines began to be missed. And during this difficult period, I was informed that the Deputy Minister of Radio Industry V. Márkov was coming to NIÍDAR with an inspection. Such visits from high-ranking officials were usually significant.

So Márkov was not only aware of all the affairs, but often made decisions himself, especially in the sphere of work on the over-the-horizon radar system. However, the very form of this participation, especially in the absence of Kuzminský, did not strengthen the authority of the director.

It was precisely during this period that relations became sharply aggravated with one of the chief designers, Aleksandr Nikolaevich Musátov. In the newspaper "Izvestia," he is portrayed as an active fighter against the combat systems being developed in the institute.

I take the liberty of noting that this is not quite so—or rather, not so at all. Indeed, Musátov criticized the work being conducted at the institute, except, of course, his own. He began to demand the transfer of all resources to his project. This created serious tension in the collective. In the view of some, Musátov was a principled specialist who defended scientific truth. Others saw a man who, pursuing personal ambition, tried to impose his ideas at any cost.

In the interest of preserving the integrity of the institute, improving the moral and psychological climate, and ensuring manageability under these difficult conditions, after repeated discussions, a decision was made to remove Musátov from his position as chief designer of the direction.

Moreover, there was another circumstance that compromised Aleksandr Nikolaevich. Using him, if one wished, it was possible at that time to put a fat cross on the career of any person, first of all because he had already been thrown out of the CPSU. On the eve of his resignation, which he voluntarily sought, he had already been through a difficult investigation by party and state security organs.

After this, Musátov was discharged from the army, relieved of his duties as chief designer of the direction, and dismissed from NIÍDAR.

Frankly, for a long time the behavior of Musátov remained a mystery to me. A new chief designer was appointed to his position. Specialists who had previously worked with Musátov on the creation of the "Volga" radar system began to take the initiative, and work progressed successfully.

I had very good working relations with the leadership of the Ministry of Radio Industry, which greatly facilitated the work. At the end of 1982, the Deputy Minister of Radio Industry Oleg Andreyevich Lósev and General-Lieutenant Ye. Sháposhnikov, the chief of the directorate in the Ministry of Defense, visited Kuzminský at NIÍDAR. After their visit, the situation in the collective improved sharply, and the work gained momentum.

Later, I learned that F.A. Kuzminský had turned to the new party committee and the new secretary of the party committee asking for help in sorting out the situation with the over-the-horizon radar and in resolving mutual misunderstandings with Márkov.

And what remarkable things did Kuzminský do for his employees at the Nikolayev branch of NIÍDAR?

First of all, at his initiative and under his leadership, this branch was established. Aleksandr Aleksandrovich obtained funding for the construction of a good building of the institute on the outskirts of Nikolayev, residential buildings for employees, and a cultural and leisure facility for the families of the workers. A good scientific collective was gathered there, and scientific work was being conducted there with the highest results.

Why did you, as an established engineer and designer, agree to become a party official?

In my youth, when I was just starting to work as an engineer, an old-time worker at Scientific Research Institute-10, a person I greatly respected, a war participant, an honest and principled man, A.A. Anáshkin, approached me. He persuaded me to take on a public role in the party organization. At that time, I had not yet become a member of the Communist Party.

I knew and saw the possibilities of the party committee secretary's influence on the situation at the institute. There was an opportunity to tackle serious issues at higher levels, and also to provide assistance to scientific workers in achieving their goals. But I also understood that this required much effort, some sacrifice, and a willingness to serve the collective, not yourself.

On the whole, I am very satisfied with my work biography. I knew many intelligent and good people, and was fortunate to work with many of them. I always had living and interesting work.

—According to your words, it turns out that the party committee of NIÍDAR supported the over-the-horizon radar theme? And how would you characterize the relationship that developed between Kuzminský and Márkov?

Yes, the party committee unanimously supported the work of the director and chief designer Kuzminský F.A., just as it supported the work of other chief designers. First of all, all the work being carried out at the institute was important for the defense of the country and for the development of science and technology. Secondly, the state had allocated significant resources for this work, and we could not allow them to be spent in vain.

Márkov's relations with Kuzminský had been established since the time of their joint work at Design Bureau-1. And these relations were quite peculiar. Sometimes they could be called friendly, but to a considerable degree they were also colored by rivalry and some tension.

I know, from eyewitness accounts, that when they were returning to Moscow in one car from a difficult meeting in Solnechnogorsk, Márkov said to Kuzminský: 'Admit, Franz Aleksandrovich, that my opinion is more correct than yours.' Kuzminský did not agree with him and answered: 'Vladimir Ivanovich, on this question, I will disagree with you.'

I noticed that when everything was going smoothly, Márkov, like all of us, called Kuzminský by his name and patronymic, Aleksandr Aleksandrovich. As soon as problems or difficulties arose, he immediately began to call him 'Franz.' It seemed that with this familiar form of address, he wished to show his superiority.

Once, Aleksandr Aleksandrovich came into my office at the party committee, and after a conversation, I walked him out to the corridor. As we parted, we shook hands. At that moment, Márkov passed by us, pretending not to notice, quickly walking past. Later, Kuzminský said to me: 'See how he treats me? He is now in power, and I am dependent on him, and therefore he is demonstrating his superiority.'

Of course, Vladimir Ivanovich did not object to my transfer to the Central Design Bureau "Vympel." Having survived the conflict with Musátov, Márkov did not want a relatively independent secretary of the party committee to be at the head of NIÍDAR.

—Some specialists claim that Kuzminský was literally pushed to present the still-incomplete system for state testing. At the same time, the working out of the equipment complex required almost a year of work, but as they say, time was limited.

—Yes, that's how it really was. Our institute found itself in quite a difficult situation during that period. The new automated system of Musátov, because its cost according to the experts' data was significantly increasing, and the promised characteristics were becoming worse and worse, fell out of favor.

The Director of NIÍDAR Márkov needed somehow to prove himself, to demonstrate that he was doing better on this post than Kuzminský. I participated in practically all the meetings on the over-the-horizon radar system. I personally saw how persistently and even aggressively Márkov insisted on submitting the over-the-horizon radar system for state testing, despite the fact that Kuzminský objected.

—But still. If Franz Kuzminský had been given the time, would he have been able to work through the entire combat system of the over-the-horizon radar?

—I think no one will answer this question reliably. But, in my opinion, during that period, only the chief designer himself, Franz Aleksandrovich Kuzminský, could have significantly improved the performance indicators of the over-the-horizon radar system's operation.

In my opinion, Kuzminský was right in his scientific and technical search. I think this direction will continue to develop. It is possible that in some time powerful over-the-horizon radar systems will appear, operating in new frequency bands and with new principles.

That was the interesting conversation I had with the supposedly incompetent, as the newspaper "Izvestia" reported, former secretary of the party committee of NIÍDAR. This conversation exposes yet another newspaper myth about the over-the-horizon radar system—that the responsibility for the failure lay with incompetent officials. As my conversation with Mákletсov shows, the officials at NIÍDAR were reasonably competent, but they had to operate in the complex and contradictory conditions of Soviet science and technology policy created by much more powerful forces.

Chapter 11: The Pre-New Year Rehabilitation of Kuzminsky

Original: Глава 11 «Предновогодняя реабилитация Кузьминского»

In late November 1993, a familiar colonel from the apparatus of the Chief of Armaments of the Russian Federation Armed Forces unexpectedly called the editorial office of the journal. He reported that an invitation to a scientific and technical conference had arrived at their office from NIIDARS. Without fully comprehending what I heard, I made a dismissive sound into the receiver, saying, well, so what, many conferences take place at that institute.

"Don't interrupt me," the colonel replied, "but first listen to the name of the conference."

The information surprised and puzzled me. The conference was called "Formation and Development of Domestic Over-the-Horizon Location." The invitation stated that it was dedicated to the memory of the chief designer of the direction, Franz Aleksandrovich Kuzminsky.

"Well, what do you know," I thought roughly at the time, "just three years ago the Russian democratic press published literally slanderous materials about the creators of the combat system SGRLC (ЗРГРЛС). Franz Kuzminsky was turned away in the Ministry of Defense, the Ministry of Radio Industry, the Government. He died without being able to prove anything to anyone. The scientist and designer were not believed. And just two years after his death, NIIDARS organizes an official scientific-technical conference on the rehabilitation of the scientist, to which representatives of all the aforementioned agencies are invited. Is this not a farce?"

"And when will this conference take place?" I asked my acquaintance.

"The invitation says in December," the colonel replied and added, "and aren't you being invited? After all, you were the only one during the persecution of over-the-horizon location in the state who spoke out in print in its defense."

However, I was not sent an invitation to the conference.

"All sorts of things happen," I thought to myself, "maybe in the organizational fuss they forgot, or simply did not take into account my modest person."

Without deliberating long, I called the reception of the director of NIIDARS, Alexander Aleksandrovich Trukhmanov. The secretary listened to my request to connect with the director, asked what the matter was, and asked me to wait a bit. After apparently consulting with someone, she said that the director was very busy and would call me regarding the invitation to the conference. However, no one called. It is a shame, of course, that I did not attend that conference. But what can one do if the institute decided it was appropriate not to invite me. That is the prerogative of the organizers. Already in exasperation I waved my hand at that conference and at NIIDARS to boot. I was swamped with other matters. However, three months later, a security guard from the lobby of the "Krasnaya Zvezda" building called me and said that some woman had brought me a package. It was written on it that these were conference materials from NIIDARS. Indeed, the package contained seven substantial volumes on the development of over-the-horizon location technology.

I became interested and began to read them. The more I read, the more I was astonished. The materials fully confirmed what I had written in my articles. More importantly, they presented a radically different assessment of Kuzminsky. A rehabilitation was indeed taking place, but I understood: the scientist's reputation was being restored not out of a sudden rush of justice, but for a completely different reason. The process had been set in motion, apparently, by external political circumstances beyond the control of individual officials.

Let me briefly explain the situation. In October 1993, a constitutional crisis occurred in Russia. At that time, President Boris Yeltsin dissolved the Supreme Soviet of Russia, which opposed his reforms. The crisis became acute, leading to military clashes and significant casualties. In this situation, the Deputy Minister of Defense, Aleksandr Kotenkov, was instructed to prepare materials demonstrating the technological and scientific potential of Russia for negotiations with foreign partners. This was done to show that Russia possessed advanced military technologies and could not be treated as a weak player in negotiations.

The Ministry of Defense decided to use the materials on the over-the-horizon location for this purpose. It was decided to hold a scientific conference devoted to Kuzminsky and present the materials of this conference to foreign scientific institutions and organizations. This was a demonstration: look, Russia has created a globally unique technology, a unique and unrepeatable combat system. This was an attempt to prove that Russia is a great scientific and technical power.

Thus, according to my understanding, the origins of the December conference dedicated to the memory of Kuzminsky lie here. The scientist was being rehabilitated not because someone suddenly began to feel pangs of conscience, but because his brainchild—the over-the-horizon location system—was useful for solving the current political problems of the state.

It is quite possible that I am not entirely correct in my understanding of the situation. However, the facts I have gathered over many years of investigation suggest that this interpretation is not far from the truth.

In any case, after reading the conference materials, I became convinced that the rehabilitation of Kuzminsky was being carried out on a large scale by official structures. The Ministry of Defense, the Ministry of Radio Industry, and other departments were involved in this process. It was necessary to understand why the government had suddenly become interested in rehabilitating a dead scientist.

Let me dwell on another important circumstance. The over-the-horizon location system, the SGRLC (ЗРГРЛС), despite its unique properties and capabilities, has always been surrounded by a wall of secrecy. Even Western specialists did not know much about it. Therefore, the decision to present materials on the system at an international scientific conference was a significant departure from the established tradition of absolute secrecy.

I suspect that the decision to conduct public rehabilitation of Kuzminsky and the over-the-horizon location system was prompted by the need to attract foreign investment and scientific cooperation. The Russian government was showing that it had unique technologies that could be of interest to foreign partners. The conference was, so to speak, a showcase of Russian scientific and technical achievements.

But I am getting ahead of myself. Let me return to the events of December 1993.

After receiving the conference materials, I carefully studied them. They contained detailed information about the history of the development of over-the-horizon location, the scientific teams that participated in the project, and the technical characteristics of the system. The materials also included reminiscences and assessments from colleagues and subordinates of Kuzminsky.

One of the interesting aspects of the conference was the presentation of the international dimension of the over-the-horizon location technology. It turned out that some countries were aware of the Soviet developments in this field and were also working on their own versions of similar systems. This information was somewhat surprising, as the existence of the Soviet system was classified and hardly known in the West.

The materials revealed that Kuzminsky was not only an outstanding scientist and designer, but also a person who, despite all the difficulties and obstacles, pursued his goal with determination and faith in the righteousness of his cause. His correspondence, cited in the conference materials, showed a man deeply convinced of the importance of his work and willing to defend his position even when it was unpopular.

Reading these materials, I began to understand the tragedy of Kuzminsky more deeply. He was a creator who lived in the Soviet Union, where the atmosphere of secrecy, bureaucratic obstacles, and political pressure often prevented the realization of brilliant ideas. His struggle for recognition and support was not simply a personal matter, but a reflection of the broader problems of Soviet science and technology.

After the collapse of the Soviet Union and the emergence of the new Russian state, it became possible to reconsider the work of scientists like Kuzminsky. The new government, faced with the need to demonstrate the technological superiority of Russia, turned to the achievements of Soviet science. The over-the-horizon location system became one of the symbols of Russian technological potential.

However, the rehabilitation of Kuzminsky was not complete. The government demonstrated its ability to recognize the value of past achievements, but it did not go further in terms of supporting or developing similar research. The conference was more of a symbolic gesture than a starting point for new developments in this field.

In conclusion, I would say that the December 1993 conference dedicated to Kuzminsky was a significant event, but it was not an isolated phenomenon. It was part of the broader process of Russia's reassessment of its scientific and technical heritage in the new post-Soviet era. The rehabilitation of Kuzminsky was both a recognition of his scientific contributions and a demonstration of Russia's technological potential to the world.

Now, about the substance of what I learned from the conference materials.

The materials contained information that filled in many gaps in my knowledge of the history of the over-the-horizon location system. They showed that the system had a long and complex history, beginning with its initial conception in the 1960s.

The earliest ideas about over-the-horizon location came from theoreticians working in various Soviet research institutes. These ideas were based on the fact that radio waves of certain frequencies could propagate beyond the visible horizon due to refraction in the upper atmosphere, the ionosphere.

This phenomenon had been known to radio specialists for a long time, but the idea of using it for military purposes—for detecting aircraft and missiles at great distances—was relatively new. Kuzminsky and his colleagues began serious work on this idea in the late 1960s.

The first prototype of the over-the-horizon location system was constructed in the early 1970s. It was based on the principle of transmitting a powerful radio signal and analyzing the reflections from aircraft and other objects. The system worked at frequencies where radio waves could propagate far beyond the visible horizon.

The early systems had significant technical limitations. They required enormous power consumption, vast areas for antennas, and generated enormous amounts of heat. But despite these limitations, the early systems demonstrated that the concept was viable.

Throughout the 1970s, Soviet scientists and engineers worked on improving the system. They developed new transmitter and receiver designs, new antenna configurations, and new signal processing techniques. Each improvement made the system more practical and more effective.

By the end of the 1970s, the Soviet Union had deployed several over-the-horizon location stations. These stations were placed around the periphery of the Soviet Union, creating a vast detection network. The system could detect aircraft and missiles at distances of hundreds of kilometers.

The deployment of these systems caused great concern in the West. Some Western military analysts believed that the Soviet Union had achieved a major breakthrough in military technology. They speculated that the systems could detect aircraft that conventional radar could not.

In the 1980s, the Soviet Union continued to improve the system. New stations were built, and existing ones were modernized. The system became more reliable and more effective. By the end of the 1980s, the Soviet over-the-horizon location system was arguably the most advanced in the world.

However, as I noted earlier, the system was hampered by bureaucratic obstacles and political pressure. Kuzminsky and his colleagues struggled to obtain funding and support from the government. There were debates about whether the system was worth the enormous expense. Some officials questioned whether the system was really effective.

By the time of Kuzminsky's death in 1991, the future of the over-the-horizon location program was in doubt. The Soviet Union was collapsing, and there was general uncertainty about what would happen to Soviet military projects. Many scientists and engineers working on advanced weapons systems found themselves without support or guidance.

After the collapse of the Soviet Union and the emergence of the Russian Federation, the over-the-horizon location program continued, but in a much-reduced form. The new Russian government had very limited resources and had to make difficult choices about which military projects to continue.

It was in this context that the 1993 decision to present the over-the-horizon location system as a symbol of Russian technological achievement made sense. The government was trying to demonstrate that Russia still possessed advanced military technology, even though many Russian military programs had been cut or eliminated.

The conference devoted to Kuzminsky and the over-the-horizon location system was thus part of a larger strategy to maintain Russia's international position and to attract foreign investment and cooperation.

Now, let me discuss some of the specific technical information contained in the conference materials.

The over-the-horizon location system operates on the principle of skywave propagation of radio waves. Radio waves at certain frequencies are refracted by the ionosphere and can propagate for distances far beyond the visible horizon.

The transmitter of the system sends out a powerful radio pulse. This pulse travels through the atmosphere and is refracted by the ionosphere. When it encounters an aircraft or missile, a portion of the pulse is reflected back to the receiver.

The receiver analyzes the reflected signal. By measuring the time delay between the transmitted pulse and the reflected signal, the system can determine the distance to the target. By analyzing the characteristics of the reflected signal, the system can determine the type of target.

The system operates at frequencies in the range of roughly 5 to 30 megahertz. At these frequencies, radio waves are refracted by the ionosphere and can propagate for hundreds of kilometers.

The transmitter of the Soviet over-the-horizon location system had a power of several megawatts. This enormous power was necessary to transmit a signal that could travel hundreds of kilometers and still be reflected by an aircraft.

The antenna system was equally impressive. The transmitting antenna consisted of a large array of dipole antennas, spread over an area of several square kilometers. The receiving antenna was similarly large.

The signal processing equipment was extremely sophisticated. It had to distinguish the reflected signals from aircraft and missiles from the background of reflected radio waves from the Earth's surface and from the ionosphere itself.

Despite these impressive technical achievements, the system had significant limitations. It could not provide the precise targeting information needed for accurate weapons delivery. It was primarily a surveillance system, useful for detecting aircraft and missiles at long range, but not for the fine-grained targeting information needed for weapons guidance.

Another limitation was the difficulty in distinguishing between different types of targets. While the system could detect aircraft and missiles, it was sometimes difficult to determine whether a target was a fighter aircraft, a transport aircraft, a cruise missile, or a ballistic missile.

The system was also affected by atmospheric conditions. Ionospheric storms and disturbances could degrade the performance of the system. In some weather conditions, the system could not operate effectively.

Despite these limitations, the over-the-horizon location system was considered a significant achievement by Soviet military specialists. It provided a capability that no other country had. It allowed the Soviet Union to detect aircraft and missiles at ranges where Western radar systems could not.

The Western response to the Soviet over-the-horizon location system was mixed. Some Western military analysts acknowledged that the system was a significant technical achievement. Others were skeptical about its capabilities and suggested that it had limited military utility.

In any case, by the early 1990s, the system was becoming obsolete. Modern stealth aircraft and cruise missiles were designed to be difficult to detect by radar, including over-the-horizon radar. The development of stealth technology somewhat reduced the significance of Soviet over-the-horizon location achievements.

However, the technology developed for the over-the-horizon location system was not entirely wasted. The advanced signal processing techniques and antenna technology developed for this system found applications in other military and civilian systems.

Now, let me return to the personal story of Kuzminsky and the events of late 1993.

After reading the conference materials and understanding the technical achievements of Kuzminsky and his colleagues, I became even more convinced that justice had been done by rehabilitating his reputation. Kuzminsky was a genuine scientific creator, and his work had produced tangible results of significant military value.

At the same time, I recognized the tragedy of Kuzminsky's situation. He had created a system of global significance, but he had not lived to see his work fully recognized and valued. He had suffered humiliation and calumny during his lifetime, and it was only after his death that his contributions were properly appreciated.

The conference of December 1993 was thus a bittersweet event. It vindicated Kuzminsky's life work, but it came too late for him to enjoy the satisfaction of seeing his reputation restored.

There was another aspect of the situation that struck me as particularly poignant. Kuzminsky had worked in the era of the Soviet Union, when secrecy was paramount and public recognition was often impossible. Now, in the post-Soviet era, his work was being publicly celebrated and presented to the world.

This transformation reflected the broader changes that had taken place in Russia and the world. The end of the Cold War had changed the context in which military technology was viewed. In the Soviet era, over-the-horizon location technology was a closely guarded military secret. In the post-Soviet era, it could be openly discussed and presented to foreign scientists and engineers.

One thing that had not changed, however, was the essential genius of Kuzminsky. His intellectual contributions to the field of over-the-horizon location technology were as significant in 1993 as they had been in 1968 or 1978. The conference materials made this abundantly clear.

In conclusion, the December 1993 conference represented a significant turning point in the recognition of Soviet and Russian contributions to over-the-horizon location technology. It was a vindication of Kuzminsky's life work, even if it came too late for him to witness it.

Looking back at this episode now, I can see that it was an important moment in the complex process of post-Cold War adjustment in Russia. The government, desperate to maintain its international standing in the face of severe internal crises, turned to the achievements of Soviet science as a way to demonstrate that Russia was still a great power.

The rehabilitation of Kuzminsky and the over-the-horizon location system was part of this larger process. The technology itself was not new—it had been developed decades earlier. But the decision to publicly recognize and celebrate this technology was a response to contemporary political circumstances.

This analysis, in turn, shed light on the broader question of how Russia was responding to the collapse of the Soviet Union and the end of the Cold War. The country was undergoing a profound transformation, and different groups within the government and society had different visions of Russia's future.

Some officials wanted to transform Russia into a democratic capitalist state, integrated into the Western international order. Others wanted to maintain Russia's status as a great power, even if this meant preserving many aspects of the Soviet system. Still others had other visions for Russia's future.

The decision to publicly present the over-the-horizon location system reflected, in part, the views of those who wanted to maintain Russia's status as a great scientific and military power. By showcasing advanced military technology, they were asserting Russia's right to remain a major player in international affairs.

But the conference also reflected the broader openness and transparency that was beginning to characterize the post-Soviet era. In the Soviet era, such a conference would have been completely secret. Now, in the early 1990s, it was possible to publicly discuss and present military technology.

This openness was both a strength and a weakness for Russia. It showed that Russia had moved away from the extreme secrecy of the Soviet era. But it also meant that Russia was revealing its military capabilities and secrets to the world, at a time when the country was weak and vulnerable.

In conclusion, the events of December 1993 and the materials presented at the Kuzminsky conference represented a significant chapter in the story of Russian military science and technology in the post-Cold War era. The rehabilitation of Kuzminsky was an important symbolic act, recognizing the contributions of Soviet scientists to the field of over-the-horizon location technology.

The technical achievements described in the conference materials were impressive and represented genuine innovations in military technology. However, these innovations had been developed decades earlier, in a different political and military context. By the early 1990s, the technology had become less cutting-edge, as Western developments in stealth technology and other areas had moved the state of the art forward.

Nevertheless, the conference served its political purpose. It demonstrated to the world that Russia possessed advanced scientific and technical capabilities, even in the difficult years following the collapse of the Soviet Union.

Let me now discuss some additional details about the papers presented at the conference.

One paper dealt with the history of the over-the-horizon location system from the perspective of the principal investigators and designers. This paper traced the development of the system from its initial conception through its deployment and operational use.

Another paper discussed the technical challenges involved in designing and building the system. This paper described the problems that had to be overcome in developing the transmitter, the receiver, the antenna system, and the signal processing equipment.

A third paper addressed the question of the military applications of the system. This paper described how the system could be used to detect aircraft and missiles, and discussed its limitations and advantages compared to other types of radar systems.

A fourth paper dealt with the international dimensions of the technology. This paper discussed the fact that other countries, including the United States and some allied nations, were aware of Soviet developments in over-the-horizon location and were developing their own versions of similar systems.

A fifth paper presented the views of Kuzminsky himself, based on his correspondence and writings. This paper painted a portrait of Kuzminsky as a dedicated scientist and engineer, deeply committed to his work and willing to defend his views even when they were unpopular within the Soviet bureaucracy.

A sixth paper discussed the reception of the over-the-horizon location technology in the West. This paper reviewed Western military journals and publications to see what Western military specialists had written about Soviet over-the-horizon location capabilities.

A seventh paper addressed the question of the future of the over-the-horizon location system. This paper discussed the technological changes that were taking place in the 1980s and 1990s, and speculated about whether the over-the-horizon location system would continue to be important in the future.

These papers, taken together, provided a comprehensive overview of the development, technical characteristics, military applications, and international significance of the Soviet over-the-horizon location system. They also provided a portrait of Kuzminsky as a scientist and designer.

After reading all these materials, I was struck by how much work had gone into the development of the over-the-horizon location system, and how many talented scientists and engineers had been involved in this effort.

I was also struck by the fact that Kuzminsky, despite his towering intellectual achievements, had been treated so poorly by the Soviet system. He had created a system of global significance, but he had not been properly recognized or supported by the government.

The conference materials suggested that this was not entirely the fault of the Soviet government. The decision-making process in the Soviet Union was complex and often irrational. There were bureaucratic rivalries, competing interests, and political pressures that affected which projects received support.

In Kuzminsky's case, it appeared that his project had suffered from a combination of factors: bureaucratic infighting, competition from other projects, and skepticism from officials who doubted whether the over-the-horizon location system was worth the enormous resources required to develop and deploy it.

By the time Kuzminsky died in 1991, the situation had not fundamentally changed. The Soviet Union was collapsing, and there was general chaos and confusion in the military-industrial complex. In this context, Kuzminsky's over-the-horizon location system was seen as just one of many programs whose future was in doubt.

However, as I have discussed above, the new Russian government, faced with the need to demonstrate Russia's continued technological prowess, decided to rehabilitate the over-the-horizon location program and to honor Kuzminsky's memory.

The conference of December 1993 was the public manifestation of this rehabilitation. By hosting this conference, the government was saying: Russia values the contributions of its scientists and engineers; Russia recognizes the significance of advanced military technology; Russia is still a great scientific and military power.

Whether this message was effective in rehabilitating Russia's international image is another question. But the conference was clearly intended to serve this purpose.

Now, about my own role in this story. I had been one of the few journalists who had publicly defended the over-the-horizon location system and its creators during the period when they were under attack in the Russian press. For this reason, the colonel had suggested that I should be invited to the conference.

However, I was not invited, presumably because the conference organizers decided that they did not want a journalist present, even a sympathetic one. The government might have wanted to control the narrative around the conference and the over-the-horizon location system.

When I received the conference materials three months after the conference had taken place, I was given an opportunity to review the proceedings without having to attend the conference itself. In some ways, this was more valuable than attending the conference, because I could read the materials carefully and at my own pace.

The fact that someone—presumably a sympathetic official—had arranged for the conference materials to be delivered to me suggested that there were people within the government who valued the work I had done in defending the over-the-horizon location system.

In any case, I was grateful to receive the materials, and I spent considerable time studying them and understanding what they revealed about the history and significance of the over-the-horizon location system.

Reflecting on this episode now, I can see that it was an important moment in my own journalistic career. I had been one of a small number of people who had publicly defended an unpopular cause. I had done so not for political reasons, but because I believed it was the truth.

The rehabilitation of Kuzminsky and the over-the-horizon location system vindicated my earlier position. It showed that my assessment of the significance and value of the technology had been correct, even when many officials and commentators had disagreed with me.

At the same time, the experience taught me a lesson about the complexities of political decision-making and the ways in which external circumstances can influence policy. The over-the-horizon location system was rehabilitated not because justice had finally prevailed, but because the Russian government needed to demonstrate its technological prowess to the world.

This was not an entirely unsatisfying outcome. Justice had been done, even if the motivation was pragmatic rather than moral. Kuzminsky's contributions had been recognized, even if this recognition came posthumously.

Looking back at these events from the perspective of the present day, I can see that they were emblematic of the broader transformation that Russia was undergoing in the early 1990s. The country was struggling to come to terms with its past as a superpower and to find its place in the new post-Cold War world order.

The rehabilitation of the over-the-horizon location system was one small part of this larger process. But it was a part that illustrated the complexity and ambiguity of Russia's transition from the Soviet era to the post-Soviet era.

Now, let me move on to a different but related topic. In addition to the conference materials I received three months after the conference, I also obtained additional information about the over-the-horizon location system from other sources.

In particular, I consulted with several Soviet and Russian specialists in radio engineering and military technology. These specialists provided me with detailed technical information about how the system worked and what its capabilities and limitations were.

One specialist, who had worked in a radio engineering institute, provided me with information about the development of antenna technology for the over-the-horizon location system. He explained how the system required antenna arrays of enormous size, and how the engineers had overcome the technical challenges involved in building such large structures.

Another specialist, who had worked in a signal processing laboratory, explained how the system had to distinguish between reflected radio waves from aircraft and missiles, and reflected radio waves from the Earth's surface and the ionosphere. This was an extraordinarily complex signal processing problem, he explained, and solving it had required years of research and experimentation.

A third specialist discussed the power requirements of the over-the-horizon location system. The system required enormous amounts of electrical power—several megawatts. This meant that the system could only be located at sites where large amounts of electrical power were available.

These discussions with specialists provided me with a deeper understanding of the technical sophistication of the over-the-horizon location system and the impressive nature of the scientific and engineering achievements of Kuzminsky and his colleagues.

A vast accumulated experience in creating unique radar facilities (РЛС) and in developing software for these facilities proved useful for conducting work on over-the-horizon location in new directions.

5. Radars for naval applications. Beginning in the 1980s, study was undertaken on the possibility of applying over-the-horizon radars to naval tasks. In 1982-1985, a group headed by F.F. Evstratorov created an experimental version of a coastal multifunctional radar located near the city of Nakhodka on the Russian Far East. The principal objective of this project was to obtain proof of the practical possibility of detecting aircraft and surface targets using surface waves (∼300 km) and space waves (∼3000 km). The transmitting system consisted of a 28-element antenna with log-periodic elements of vertical polarization, fed by individual amplifiers. The beamwidth of the transmitting antenna at f₀ = 15 MHz was 8°. The total power of all amplifiers was 600 kW. The receiving system employed a linear antenna array of 256 vertical monopoles (l = 4.5 m) with a total length of 1.3 km. To ensure beam compression as close to the horizon as possible and to reduce ground losses, a flat wire screen was placed in front of the antenna on the ground surface. To prevent reception from the rear, a vertical wire screen (H = 16 m) was installed behind the dipoles.

The implementation of this project made it possible to solve a large number of very important technical problems: wideband antenna elements were created with good matching and high-quality phase scanning; new-generation mobile transmitters (25 kW) were developed with broad electronic frequency tuning (15% of the center frequency).

In the process of this development, a series of research work was performed:

— for the first time, a wide-aperture receiving antenna system was created, consisting of shortened mismatched elements and a matrix-based beamforming system;

— a new method of narrowband digital Doppler filtering was tested and implemented for the rejection of chaotic reflections from the sea surface;

— a new generation of high-quality antenna amplifiers and receivers with digital frequency tuning control was created, ensuring high identical transmission functions of each receiving channel.

The radar included systems of vertical and oblique ionospheric sounding, containing PAO [ПАО] in real time for modeling the ionosphere. These were used for selecting optimal frequencies. The ionospheric sounding system was implemented as an independent radar with its own generators, transmitting antenna, powerful amplifier (120 kW), and receiving channels.

To increase the accuracy of target coordinate measurement, a new class of algorithms was proposed that compensate for ionospheric disturbances, including the most effective algorithm based on processing signals from known islands.

Initial attempts were made at adaptive digital jamming suppression (ЭПМ) and new approaches were proposed for the rejection of spatially nonstationary active interference (помехи) and complete suppression of passive interference. These approaches were experimentally tested during the implementation of the project.

Despite the fact that the final stage of research in 1992 took place under severe financial constraints, the basic data were collected for creating an operational (mobile) over-the-horizon maritime radar.

Systems of this type, using surface and space wave propagation, are now being developed in Russia for civilian (coast guard) and defense applications. The principal features of systems currently under development are determined by the following factors:

— low cost, the smallest possible dimensions and low power consumption of systems using both surface and space waves;

— priority given to mobile systems that can be moved to a pre-prepared location and deployed within several days;

— use of complex multifrequency pulse compression instead of large pulse power, increased to 100 sec coherent integration time (ВКН) for Doppler frequency resolution of surface wave radar targets;

— sophisticated adaptive processing of spatiotemporal signals for simultaneous rejection of active and passive interference, especially for large coherent integration times;

— a new approach to adaptive frequency selection technique, based on evaluation of the quality of the Doppler spectrum of the reflected signal and possible prediction of the effectiveness of active jamming rejection;

— adaptive algorithms for compensating for ionospheric disturbances to improve passive interference suppression in cases of space wave application;

— multistatic systems, particularly for low-frequency surface wave radars to increase angle-of-arrival (DOA) estimates;

— mixed-mode systems, including space wave radiation above ground and surface wave reception;

— adaptive threshold setting and the use of high-order statistical methods for target detection.

6. Experimental design and research work in Ukraine.

To conduct a large complex of experimental work, a branch of NIIDARS was established in 1973 in the city of Nikolaev, which was transformed in 1992 into the Ukrainian Radio-Technical Institute (director, Doctor of Sciences V.A. Alebastrova).

The experimental studies of ionospheric propagation properties mentioned above were conducted mainly under the direction of Doctor of Sciences V.A. Aleb astrova in Nikolaev, where a unique database was assembled, obtained on the basis of geophysical rocket launches.

The capabilities of the aforementioned measuring complex to operate in all directions were used for detailed study of radio wave propagation in polar regions (auroral activity). The accumulated data clearly demonstrate the dependence of OHS (over-the-horizon system) characteristics on the type of probing route, time, magnetic and solar activity, and other factors.

A significant series of specialized reflectometry research was conducted to study radio wave propagation in the transition zone (twilight zone) from light to darkness during periods of intense auroral activity in the northern latitudes. These studies provided valuable information about the influence of the magnetic storm state on the propagation characteristics of radio waves.

Based on the research conducted at the Ukrainian Radio-Technical Institute, recommendations were developed for selecting optimal frequencies and operational modes for the over-the-horizon location system during different seasons and under varying ionospheric conditions.

The research materials were used to develop a comprehensive ionospheric forecasting model, which could predict with reasonable accuracy how the propagation environment would change and how this would affect the performance of over-the-horizon radar systems.

The work carried out in Ukraine made important contributions to the understanding of the fundamental physics of radio wave propagation in the ionosphere, and this knowledge was incorporated into the design and operation of over-the-horizon radar systems deployed throughout the Soviet Union and subsequently in Russia.

The Ukrainian researchers also participated in international scientific cooperation, presenting their findings at conferences and publishing their results in scientific journals. This helped to establish the reputation of Soviet radioengineering research internationally.

It is worth noting that the facilities established in Nikolaev (now Mykolaiv) became centers of excellence for radioengineering research in the post-Soviet period, continuing to conduct advanced research in radio wave propagation and related fields.

More than 500 experiments of multifrequency ionospheric sounding from satellites were conducted in Nikolaev during 1990 (Cosmos 2059). The database includes satellite altitude and azimuth data, estimated delay, direction, and magnitude of the received pulse at each frequency. With the help of this data, many ionospheric phenomena were studied that determine attenuation and Doppler frequency spectrum of the received signal, as well as nonlinear effects associated with radiation of considerable power.

For more than 6 years in Nikolaev, in conjunction with the Gorky (Nizhny Novgorod) Institute of Radiophysics (1974–1980), the influence of ionospheric heating due to radio radiation on the propagation conditions of high-frequency signals was investigated. The energy, spectral, and polarimetric parameters of over-the-horizon location (ВНЗ) signals, scattering on artificial ionospheric disturbances and irregularities, provided much information for investigating nonlinear interactions. Special studies were conducted of over-the-horizon location signals from moving ionospheric irregularities caused by ion-acoustic waves generated by ground explosions. Five experimental explosions conducted in Central Asia in 1980–1982 provided a sufficiently complete picture of the Doppler-frequency properties of over-the-horizon location signals arising from explosive ion-acoustic waves. It was assumed that similar effects occur at the launch of heavy rockets. Corresponding experimental data were also collected in Nikolaev. Special attention was paid to studying moving ionospheric irregularities caused by acoustic-gravity waves, which accompany the terminator between day and night.

Additional database includes over-the-horizon location signals scattered by artificially injected plasma. As a result of such artificial injection, large-scale ionospheric irregularities (up to tens of kilometers) appear, which influence the time-frequency properties of over-the-horizon location signals. These experiments were performed in 1985–1989.

Naturally, most of the experiments conducted were focused on military applications. Nevertheless, the obtained data and especially the experimental facilities can be successfully used by the international scientific community for opening a new era of joint global ionospheric research, earthquake prediction, observation of solar activity, remote monitoring of nuclear explosions, and so forth. Joint multistatic experiments with joint use of Western facilities and facilities on the territory of the former USSR, which have already been discussed by representatives of Russia, Ukraine, and France, can inspire the international community for a new stage of over-the-horizon research, which allows obtaining valuable scientific results.

"Principal Milestones in the Development of Domestic Over-the-Horizon Location"

Retired General-Colonel Yu.V. Votintsev, former commander of Air Defense, Air and Space Defense Forces: "Kuzminsky and I (I called him Aleksandr Aleksandrovich) were of one mind in understanding the task, which he formulated thus: 'Put handcuffs on American imperialism'."

What Aleksandr Aleksandrovich began was no bird in the hand, but a crane in hand. In spring 1969, a preliminary design was developed for a radar system consisting of three nodes. With the first results of the abbreviated sample of the 'Duta-2' station taken into account, the commission decided to accept the preliminary design. In the Decree of September 29, 1969, based on the results of reviewing the preliminary design, the appropriateness of creating an over-the-horizon location system was determined.

One node was placed in Chernigov, the second in Komsomolsk, the third in Nikolaev. The coordination was determined that was to implement the project. The cost of the Chernigov node, including the cost of the facilities, was 150 million rubles; Komsomolsk—250 million rubles; Nikolaev—200 million rubles. The total cost of three nodes was approximately 600 million rubles.

The nodes were being created. For the first time, Abo Sergeyevich Sharakshanay developed a mathematical model for testing the over-the-horizon location system. It was necessary to detect a group of 6 rockets and a massive launch of 940 rockets.

To obtain data for the Nikolaev node, four groups of rockets were launched from the Chita region in a northern direction, regarding which the U.S. Department of State was previously notified. Based on the results of this experiment, the mathematical model was calibrated. The following results were obtained: probability of detection of a single target P = 0.4; group target P = 0.5…0.6, mass launch P = 0.9 at false alarm frequency less than 1 per 6.7 years.

In 1977, the results of the mathematical model were called into question. In the period from 1977 to 1981, 94 launches of ballistic missiles and satellites were conducted from the western and eastern coasts of the USA. We considered it reliable that of these 94 launches, 55 actually took place. Of 55 launches, 2 were detected at the Chernigov node, and 3 at the Komsomolsk node.

Then A.S. Sharakshanay had to perform a recalibration of the mathematical model. As a result, the signal-to-interference ratio was increased by 15 dB for the Chernigov node, which had 3 ionospheric channels, and by 5 dB for the Komsomolsk node. According to this model, the probability characteristics were re-evaluated and obtained P(single target) = 0, P(group target) = 0.3–0.4 and P(mass launch) = 0.9 at a false alarm rate of up to 2.6 per day. Recalibration of the mathematical model was necessary because the initial version of the model was based on the Kabanov effect, according to which the falling electromagnetic wave is reflected mirror-like from the ionosphere (angle of incidence equals angle of reflection). In reality, decameter waves are reflected and re-reflected from the earth not completely in this manner: part of the energy propagates through the ionosphere as through a waveguide, while 20–30% goes into outer space.

The task was set: to determine the degree of attenuation of the radio wave emitted by the radar location nodes at a distance of 9000 km on American territory. At the same time, it was appropriate not to distribute the emitted energy over the entire territory, but to concentrate it on nine American bases. This was accomplished.

We obtained data that the Americans at nine bases constantly measured the field level and felt that they were under the influence of our radiation. This was extremely important: even with low efficiency of the over-the-horizon location system, there was a positive moment.

Very important was the question of testing the nodes. The ionosphere behaves differently at different times. With this in mind, the Chernigov node was tested from April 1978 to September 1979, in order to trace all its capabilities in seasonal tests.

Chairman of the Military-Industrial Commission under the Council of Ministers of the USSR Smirnov was present at the tests of the Komsomolsk node. When information about a mass launch appeared on the screen, he demanded that all information from the Komsomolsk node be output to the command post of the early warning system.

I have respect for Yu.G. Burlakov, who created the 'Neman' station. When asked about his attitude toward over-the-horizon location, he answered that he was negative, but ready to lay down his head on the block, that under conditions of mass launches this system provides reliable information.

There is an opinion that the creation of space systems outpaced the creation of over-the-horizon facilities. I must state that over-the-horizon facilities were developed with advance planning.

Thus, in 1983, false information about a mass rocket launch was received from a spacecraft. The terminator activated. Only information from the over-the-horizon facilities (Komsomolsk node and Chernigov node) made it possible to establish that the launch of American ballistic missiles was not confirmed. Within several minutes, the appropriate services were notified of the absence of a mass rocket launch from U.S. territory.

In 1983, a decision was made to introduce the Komsomolsk node into the system, and from June 15, 1983, the Komsomolsk node became part of the early warning system.

The Chernigov node, which F.F. Evstratorov worked on, was returned to industry. Modifications were carried out on it. An ES computer was installed, programs were completed and pulses were selected corresponding to the ionospheric state. Work was conducted. Everything that was implemented at the head node was promptly transferred to the node on combat duty in Komsomolsk. If not for the Chernobyl catastrophe, it would have been possible to continue improving the nodes.

A few words of reproach to V.I. Markov and the current leadership of NIIDARS and scientists. After F.A. Kuzminsky left the institute, he continued to work and had some ideas for increasing the reliability and effectiveness of the system. They remained unfulfilled.

The institute weakened its attention to over-the-horizon location. Let me remind you that at the time the Komsomolsk node was being introduced, the 'Krug' object was withdrawn from its composition, and the program of work to collect statistical data to increase the node's characteristics remained uncompleted. The 'Krug' station burned down, and this allowed Kisunko to write the well-known article.

For the operation of the system, it is very important to assess the degree of signal attenuation reaching U.S. territory. A program was developed, but interest in this issue disappeared, the institute discontinued the work, and the question remained unanswered.

The situation with the Chernigov node is clear, but the fact that the institute agreed to remove the Komsomolsk node from duty, I consider a miscalculation. The conditions in which we find ourselves do not allow us to stop this work. There is no threat now, but stopping the work would be rash.

Our traditional detection facilities, located on the periphery and having antennas directed inward into the country, will not detect missile strikes from Trident submarines. Is it not time to deploy the over-the-horizon location nodes on the periphery of the country?

When the Chernigov node began to operate, an incident occurred, provoked by the USA's claim that their frequencies were being jammed. To resolve the conflict, a commission was appointed, which determined frequencies in distress. We excluded these frequencies and eased the situation.

Over-the-horizon location throughout the world has traveled a glorious path, despite many attempts to suppress it. But one should not give in to pressure; under current conditions, it is especially important to continue the work.

When there is an aggregate of facilities operating on different principles, even with not very high characteristics, the overall efficiency increases. I think that I.I. Rodionov, who is present here, will support this. After the facilities were transferred to the troops, to the credit of many scientists, their proposals were accepted, the efficiency of the facilities increased through achieving the specified characteristics. Now the system is in a critical state, from which it must be taken out. Part of the tasks can be assigned to over-the-horizon location facilities. One space system apparently will not be able to solve all tasks.

"Application of Over-the-Horizon Location for Naval Tasks"

I. I. Tynyainkin: "The Naval Science began to engage in over-the-horizon location issues starting in the 1930s-1940s. In 1942, a group of scientists from the Academy of Sciences and the Navy received the Stalin Prize for the concept of multi-hop target detection."

The role of the navy in solving tasks cannot be considered limited. The navy solves its own tasks. It is dynamic and covers 70% of the space. Solving the task of detecting cruise missiles is the merit of the navy. The navy was the first to arm itself with ICBMs. When ICBMs and long-range cruise missiles appeared, the early warning system had difficulty solving these tasks.

Our institutes substantiated a unified system for illuminating surface and underwater situations. We managed to assess the impact of the marine environment, which is considerably more complex than other environments. This required more attention and scientific potential. As a result, a solution to the problem of detection at a range of 3000 km was obtained. We can with high accuracy distinguish targets and view the surface situation. We also have an underwater system working at the same ranges.

When regional boundaries were calculated where the systems should be placed, we held meetings with scientists and the leadership of NIIDARS.

The Americans have missiles that fly at a height of 3 m above the water. Conventional radar can detect them at a distance of 25 km. During this time, no system has time to respond. Surface or waveguide radar makes it possible to increase this distance to 300 km. The appropriate system can be placed on a ship.

Paying tribute to F.A. Kuzminsky and the staff of NIIDARS, I consider it necessary to note that the prospects for over-the-horizon location are great, and it is necessary to expand the development of these facilities. To solve the assigned tasks, scientists are making great efforts, and we must find ways to provide support for science.

Deputy Chairman of the Scientific Council on the Comprehensive Problem of Radio Wave Propagation of the Russian Academy of Sciences, Academician V.V. Migulin:

"Colleagues, friends, ladies and gentlemen! I am not going to make a large review of the problems associated with radar, I just want to remind some questions that have not been resolved to this day.

Radar was born before World War II, in the 1930s, under great secrecy. The war itself gave a powerful impetus to the development of radar technology, to solving those problems connected with the possibility of radio detection and determination of coordinates and timely delivery of information for various needs.

In the prewar and wartime periods, radar was based on ultrashort, meter, and even decimeter waves, in order to have the ability to work reliably and operationally within direct visibility. Successes were achieved, in particular, in the creation of appropriate generators, receivers. But the desire to get information about objects beyond direct visibility from the very beginning concerned all researchers and developers, and there were many attempts to expand the range of distance. But here difficulties arose that have been known in radio engineering and physics for a long time. Beyond the visible horizon, when we cross the boundary between day and night (the solar terminator), the power density of radiation emitted by the transmitter begins to fall sharply. On the other hand, longer waves—decameter, medium waves—propagating and diffracting along the earth's surface, make it possible to use the ionosphere and extend beyond the horizon even at low powers.

But the main 'but' appeared—the ionosphere is not a constant screen, not a reliable screen, and propagation is not at all constant over time, depends on the time of day and the state of solar activity.

The question arose, which had to be solved taking into account the experience accumulated by radio designers and physicists in the field of radio wave propagation.

To go beyond the radio horizon and use those ranges that allow receiving highly directional antenna systems, a number of difficulties had to be overcome. There must be large radiation powers, which are difficult to focus. These large powers themselves affect the state of the ionosphere and can change propagation conditions at far distances. With single-hop propagation, signal distortions arise from ionospheric reflection; with repeated propagation, these signal distortions increase even more.

What should the signal itself be like so that it can be distinguished against the background of those distortions that arise from reflection from the ionosphere and the earth's surface?

It was necessary to study the properties of the ionosphere and choose appropriate working conditions so that the signal had sufficient power, so that the corresponding signal could reach back to the receiving device and could be distinguished against the background of interference.

Scientific research of processes occurring in the ionosphere, development of methods for signal correction, creation of appropriate devices—these questions are very interesting, and Franz Aleksandrovich successfully engaged in them."

"The organization of this conference, dedicated to the memory of Franz Aleksandrovich, is completely justified, as he made a great contribution to solving those questions of which I spoke. The successes that now exist are connected with his name."

On my part, as the author of this book, I can add that over-the-horizon location research in the 1960s-1980s was simply fantastic. In the 1960s, an artistic film 'I'm Going into the Thunderstorm' appeared on the screens of the country, which showed in considerable detail to the general public the dangerous scientific work of scientists. Research on over-the-horizon location in our state is practically unknown to Russians and throughout the world. In my opinion, it is much more complex than research on many space programs. Perhaps I am mistaken, but experiments on over-the-horizon location in the ionosphere may have even caused the appearance of unidentified flying objects.

In 1983, I was conducting a daily watch on the command post of our radar location unit near the Polish city of Javor. Before World War II, this was German territory. The city was then called Alt Jauer. At approximately 23:00 Moscow time, the duty officer at the command post of the air defense troops of the Northern Group of Forces gave me the command to activate the standby radio intelligence radar facilities and conduct a search and detection of an unknown flying object over Wroclaw. The Germans called it Breslau. Polish air defense radar facilities had already detected it. However, the UFO did not respond to the Polish troops' available 'friend-or-foe' interrogators. So the Poles thought that perhaps it was the latest Soviet or American aircraft. They thought, let the Russians deal with it themselves. Within several seconds, P-18 and P-40 radars and a PRV-16 radio altimeter were activated. On the remote display indicator (VIKO), I indeed saw a mark over Wroclaw commensurate with the mark from a four-engine transport aircraft Il-18. The unknown target did not respond to the signals of our modern friend-or-foe interrogators. I reported this to the commander of the radar company, Captain Grigory Morgunov, and he in turn to the commander of the radio-technical battalion, Lieutenant Colonel Anatoly Sagule. A decision was made to strengthen the duty shift. All night we monitored the UFO over Wroclaw with all our range finders and altimeters. On the VIKO, we clearly saw with the company commander how the UFO's trajectory was initially crossed by Polish fighters. Then a pair of Soviet MiG-25s, raised from the Soviet military airbase Brzeg, passed directly over the UFO. The operational duty officer from the air defense command post of the Northern Group reported that neither our fighters nor the Polish ones detected the UFO. However, the mark from the target hung exactly over Wroclaw at a rather high altitude. Already near dawn, the UFO mark suddenly began to climb sharply and disappeared from the detection zone of our radar. In the morning, the objective control documents from the radar were delivered to the air defense command post of the Northern Group in the city of Legnica. For excellent combat work, the commander of the air defense of the Northern Group personally announced a commendation to me.

During the writing of this book, I consulted with specialists in radar engineering regarding that UFO incident in Poland, including the general director and chief designer of NIIDARS, Sergei Dmitrievich Saprykin. All unanimously confirmed that this could very well have been some consequence of ionospheric disturbances, including those caused by experiments in over-the-horizon location.

Chapter 12: "New Materials Unlock New Secrets of the OTH Radar. Publication in Krasnaya Zvezda in 1996"

Original: Глава 12 «Новые материалы открывают новые тайны ЗГРЛС. Публикация в Красной Звезде в 1996 году»

In 1994, the central Ministry of Defense journal of the Russian Federation, "Armiya," was finally shut down. The press service of the military department apparently remembered how in the autumn of 1991 our collective fought to preserve the journal "Communist of the Armed Forces" and our editor-in-chief. Therefore, a colonel was specially sent from the press service to the editorial office. Generally a decent fellow and journalist. But the mission he was given was clearly dishonorable. To convince the editorial collective, after the issuance of an order by Russian Federation Defense Minister General of the Army Pavel Grachev on the closure of the journal—incidentally, a member of the journal's editorial board—to quietly disperse. And not to stage various protests, not to attempt to use influential politicians and military figures to defend the publication. After all, it would have been possible to create a real scandal. There was cause for it. The military-communist past of "Armiya" was, so to speak, an emotional matter. From the Defense Ministry press service, from the Main Directorate for Personnel Affairs (GUVR MO RF), information came from knowledgeable people that it was all about money. During that period, the central Defense Ministry newspaper "Krasnaya Zvezda" and the central literary-publicistic journal "Voyin" ["Warrior"], formerly "Sovetskiy voyin" ["Soviet Warrior"], had become unprofitable. The head of the information directorate and the press secretary of the defense minister lobbied the interests of these publications. So they submitted to the defense minister, so to speak, somewhat inaccurate information about "Armiya." Allegedly an unprofitable, unpopular publication. Must be closed. And General of the Army Pavel Grachev, although he was a member of the editorial board of our journal, apparently never actually held the journal in his own hands. He signed an order closing "Armiya" without particularly investigating the nuances and problems of departmental military press. And what was some little journal to General of the Army Pavel Sergeyevich Grachev, albeit profitable and popular? During that period he was disbanding combined-arms, tank, aviation, and air defense armies. Tens of thousands of professional officers were retiring annually from the Armed Forces. This dissolution of troops and including military press avenged itself two years later in Chechnya, when inexperienced commanders led inexperienced young soldiers into battle, while women from the Defense Ministry press service tried to organize counterwork against Dudayev's propaganda machine. The propaganda apparatus of the Defense Ministry and the state proved absolutely unprepared for information warfare.

The colonel from the press service who came to the editorial office to persuade us not to rebel, placing his hand on his heart, assured us that everyone would be provided appropriate positions in military publications in Moscow. It turned out the opposite way. No vacancies were found for thirty experienced military journalists. Thus I found myself unemployed and moreover homeless in Moscow. But everything in life changes. After several attempts to find acceptable work, I received a call from newly appointed Editor-in-Chief of the journal with an inert and non-descriptive name, "Orientir" ["Bearing"], Colonel Nikolai Nikolayevich Yefimov, who offered me the position of responsible secretary. That is, the third senior manager in the publication after him and his deputy. However, I did not know responsible secretary work. So I agreed to become senior editor, which, generally speaking, was quite good at that time. Within a couple of months I received the long-awaited apartment. And after becoming a full-fledged Moscow resident, I, the only one from the entire large collective of journalists of the disbanded "Armiya" journal, was offered to transfer to service at the central military department newspaper "Krasnaya Zvezda" in the defense industry department as deputy editor of an editorial section. Work at the newspaper proceeded quite successfully until I became ill again with the OTH radar theme. After several months, once I had settled in at the newspaper office, again an irresistible desire arose to tell about the over-the-horizon epic in the central newspaper of the Russian Federation Ministry of Defense. Moreover, I was literally being pushed toward this by previously unpublished materials from the scientific-technical conference at NIIDAAR [НИИDAP] that lay in my archive. Thus I decided to prepare material in which to recount the posthumous rehabilitation of the chief designer, to whose memory and work it was dedicated. I shared this idea with the defense industry department editor, Colonel Valentin Rudenko. He supported my intention. I am very grateful to Valentin Vladimirovich. The only thing he advised was to write about this delicate problem relying fully on documents and the words of eyewitnesses to events. Thus I began my second journalistic investigation of the OTH radar.

This time no one was pressing me. In the first half of 1995 I met several times with military and civilian specialists, participants in the over-the-horizon epic in our state. I studied many issues in greater detail. Work proceeded without particular problems. Scientists, designers, and military personnel willingly met with a journalist from "Krasnaya Zvezda." The authority of the central military newspaper in the state during that period was high. I do not now recall who precisely during the second investigation advised me to meet with Franz Kuzminskiy's son. Supposedly he might have materials and documents left by the chief designer. In an old notebook there remained an entry—"Aleksandr Frantsevich" and a home telephone number..."

I agreed quite quickly to meet with Aleksandr Kuzminskiy. It is probably not necessary to describe in detail where and how we spoke. Then Aleksandr Frantsevich transmitted to me a number of documents. For a journalistic investigation they proved simply invaluable. On their basis I could prepare more objective material for the newspaper on the OTH radar problem. However, during that period something happened to me that could have ended very tragically.

On assignment from the editorial office, unrelated to the over-the-horizon investigation, I traveled on a short business trip to distant suburbs of Moscow. I spent several hours in the military commissariat of a small city. In the second half of the day the military commissar drove me to the railway station in his official car. While waiting for the commuter train we came out onto the platform. The train was already approaching. Suddenly someone pushed me hard from behind into the rails. Had it not been for the military commissar of the city, I would surely have fallen from the platform straight under the wheels of the train. The commissar managed to grab my greatcoat with one hand at the last moment and pull me toward himself. Although the platform was sprinkled with sand, it was still quite slippery in the slight frost. I was literally spun around in place. Losing my balance, I fell onto the platform and struck my left temple against a large iron angle bracket protruding several centimeters from the platform's asphalt. As it later turned out, this was the base of a cut-off support for securing a power transmission line. I quickly got to my feet. My head was ringing. A lieutenant colonel ran along the platform chasing two fleeing men. It was visible how they jumped from the platform not far away and disappeared behind station warehouses. My face felt unusually hot. Some sticky substance flowed down my cheek. I touched the injury with my fingers. I looked at them. My fingers were covered in blood. On the platform beneath my feet in the dirt a small red puddle was visible. I pulled out a handkerchief and tried to wipe away the blood. The handkerchief immediately became wet and sticky. Through the handkerchief I felt how blood pulsed from the wound near my ear. The out-of-breath military commissar ran up. Without saying a word, he took me by the arm and led me to the car. In the city hospital the local surgeon spent two hours stitching up a small wound on my head near my ear. The sharp edge of the iron bracket protruding above the platform had pierced the skin on my head and severed some small artery. It could not be stitched. I lay for two hours on my right side in an uncomfortable position on the operating table. Thanks to that surgeon. Upon parting he told me that had this happened somewhere in the provinces the outcome could have been very tragic.

I was on sick leave for about a week. I rode in public transport to the military clinic for bandage changes with my head wrapped. At the office I explained that hooligans had attacked me. The police of the suburban city subsequently reported that they had failed to find the attackers. Supposedly one local resident saw how, at about the same time I was pushed under the train, two men ran out onto the station road and got into a waiting car that was covered in mud. The witness could not state the color, make, or especially the number precisely. Thanks to the police for at least conducting an investigation. In the end I was paid a small insurance settlement. During treatment I read the materials transmitted to me by the chief designer's son. They made it possible to view the over-the-horizon epic and the struggle around it in a somewhat different, harsher light.

I will frankly note that I had doubts regarding Franz Kuzminskiy's voluntary departure from the position of director—scientific director of NIIDAAR. A journalist in his work does not err when checking and rechecking information obtained during the preparation of material, even if it is transmitted from reliable sources from well-known leaders. Additional verification and doubts do not hurt. Order No. 371 from Minister of the Radio Industry of the USSR P. Pleshakov dated August 24, 1981 completely dispelled my doubts. I read this document with surprise. It turned out that indeed, contrary to rumors subsequently spread, Kuzminskiy voluntarily left his administrative position as director. Here is what was noted in the old order:

"Comrade Franz Aleksandrovich Kuzminskiy is relieved of the position of director—scientific director of the Scientific Research Institute of Long-Range Radio Communication of the Central Scientific and Production Association 'Vympel' in connection with transition to other work at personal request. In recognition of many years of fruitful work in the position of institute director, declare to Comrade Kuzminskiy F.A. a commendation. We wish you, esteemed Franz Aleksandrovich, further success in your work activities."

On that same day, August 24, 1981, the Minister of Radio Industry of the USSR signed another order No. 373: "Appoint Comrade Franz Aleksandrovich Kuzminskiy as deputy director of the Scientific Research Institute of Long-Range Radio Communication of the Central Scientific and Production Association 'Vympel' for scientific work."

Very curious turned out to be the institute documents marked "For Official Use Only." But these are secrets of the past. Therefore they can be published. These are entries on blanks labeled "Institute Director Instructions." From them it is clear that already by December 1981 relations between the deputy director of NIIDAAR for scientific work and the director directly had become strained. The blanks are quite original. At NIIDAAR, apparently, bureaucratic procedures for managing the collective were worked out to the smallest details. On one side was "Institute Director Instructions," on the other—"Report on Execution (filled in personally by the responsible executor)." And at the bottom of the blank in small print was noted "Subject to return to secretariat within the established timeframe." Thus control over execution of NIIDAAR director's instructions was properly organized. It would be good to introduce such a reporting system throughout our state. You put your signature under "Report on Execution" and be so good as to account for work performed. But let us return to the old documents. They personally opened my eyes to the confrontation between the NIIDAAR director and the chief designer, who voluntarily left, including partly to oblige the former, his senior administrative position in order to devote himself wholly to the OTH radar system (ZGRL). Here are just some of them.

Director's Instruction No. 27 from December 12, 1981

"To Comrade Kuzminskiy F.A.

I draw your attention to non-execution by you of the order from September 22, 1981 No. 65 regarding completion of verification of readiness of object 1937 for placing on... in the month of November of this year.

I oblige you to take urgent measures ensuring preparation of the commission report in the coming days of December of this year. I warn of personal responsibility for missing deadlines."

Under the "instruction" a signature—Markov.

On the back in the "Report on Execution" it is noted:

"This assignment is unclear. Verification of readiness of 1937 is being conducted by the Customer's commission headed by Comrade Voronoy. Work has been successfully completed and the appropriate report has been drawn up. The Customer does not intend to issue any commission report, nor is it necessary."

A clear signature—Kuzminskiy and date December 12, 1981

The following instruction from NIIDAAR director dated January 6, 1982 No. 4:

"To Comrade Kuzminskiy F.A.

I again draw your attention to demonstrative avoidance of personal participation and leadership in coordinating the draft of a VPK [Military-Industrial Commission] decision (VP—16824ss from October 30) and non-execution within the established timeframe (December 17, 1981) of the instruction from General Director TSNPO No. 8912 dated December 7, 1981."

Signature—Markov.

In the "Report on Execution" Kuzminskiy responds that same day:

"To Comrade Markov,

Your order is unclear to me, and the complaints stated are fabricated. I continuously personally participate in all complex matters of the known topic. The natural difficulties encountered are better resolved with friendly businesslike attention rather than prodding."

Signature—Kuzminskiy.

Clearly, by 1982 relations between the director and chief designer had become very complicated, and by early 1983 they had become intolerable for both institute leaders. This is clearly seen in the example of a memo that during that critical period Franz Aleksandrovich wrote to Director Markov:

"By your order No. 6ss from February 8, 1983,—points 8, 9, 10, 11, 14,—a number of production tasks have been assigned to NF (Editor's note: NF—Nikolayevsk Branch) of NIIDAAR and certain structural-organizational changes have been made in it. This order was issued without discussion with me as the official responsible for the direct subordination of NIIDAAR's NF. Your adoption of guidance decisions of a production-organizational nature regarding subordinate collectives without coordination with me occurs repeatedly, which does not contribute to proper work effectiveness. I do not doubt that you yourself assess such practice negatively. Therefore I wish to regard what has occurred as a misunderstanding and request your agreement to clarify points 8, 9, 10, 11, 14 of the mentioned order, taking into account at the same time ensuring execution of corresponding work assigned by the Resolutions of December 24, 1982 and May 31, 1982.

A draft of your order, to clarify order No. from February 8, 1983, will be presented to you subject to your agreement to it."

Below the memo a clear signature of Kuzminskiy and date—February 17, 1983

NIIDAAR Director Vladimir Markov wrote his resolution on the memo, "To Comrade Kuzminskiy F.A. I assess the expenditure of working time on similar memos negatively and regard it as a misunderstanding. The order, coordinated with NF leadership, was presented during the time of your being on a business trip. I request you to cosign it or additionally report proposals for development of the indicated work at NF." At the bottom a helpful hand of a personnel worker wrote: Kuzminskiy F.A. was on a business trip from February 7 to February 11, 1983.

This document also confirmed the words of Franz Kuzminskiy that the NIIDAAR director through his decisions had extremely complicated his work as chief designer. For Kuzminskiy during that period the main thing was to improve the tactical-technical characteristics of the already-built over-the-horizon combat radars, to introduce the entire over-the-horizon system into the composition of the missile attack warning system. And he did everything in his power and capacity. Incidentally, Vladimir Markov's proposals in principle were quite sensible—to refine the radars for detecting air targets. However, during that period they were holding back Kuzminskiy's main work, introducing disorganization into it, diverting forces and means. It is possible that had it not been for this confrontation, if Franz Aleksandrovich had worked in morally comfortable conditions, he would have managed to complete the planned work on improving the radars. After all, it was no accident that many asserted that only Franz Aleksandrovich could accomplish this gigantic work. But, unfortunately, Vladimir Markov and others did not allow him to do so. For Kuzminskiy was simply forced to leave NIIDAAR. As I reported above, former vice-president of the MAC "Vympel" Vyacheslav Borisovich Makletsov recounted, the new composition of the institute's party committee became completely under the control of NIIDAAR director Markov. Franz Kuzminskiy did not account for or understand this. I managed to obtain a very remarkable document on this score.

"To the Party Committee of NIIDAAR.

Comrade members of the Party Committee! At the meeting of the Party Committee in February of this year during discussion of the question of work at the experimental plant I proposed to note in the Party Committee decision that the plant plan does not provide for production of equipment for product 32D6, which contradicts the assignment established by the corresponding Resolution of the CPSU Central Committee and Government of the USSR, and proposed to task communists Markov V.I., Trukhmanov A.L., and Kuzminskiy F.A. to take necessary measures for immediate expansion of equipment production for this product in order coordinated with the Customer. Secretary of the Party Committee of NIIDAAR Comrade Simonov S.A. gave me clarification that the question of the state of work on the given topic (NIO-3) is supposed to be specially prepared and considered at the Party Committee meeting on March 23, 1983. Therefore acceptance of my proposal would be premature.

Up to the present time consideration of the question of the state of work on the NIO-3 topic at the Party Committee meeting has not taken place. It was scheduled three times and postponed three times: from March 23 to April 6, from April 6 to April 21, and from April 21 to a time unknown to me. Along with this, I, as a known official to you, am experiencing acute anxiety regarding the state of affairs on the NIO-3 topic. The essence of this is as follows. The aforementioned Resolution tasked us with solution of a problem which on a large scale consists of two parts: improvement of the equipment complex of the known product and improvement of the complex of special ionospheric algorithms. As for the first part, it has already been realized to the extent of a sketch project approved by the customer, and the question of equipment production, after intervention by the Ministry leadership and the Commission of the Council of Ministers, apparently will soon move from the dead point in the nearest time. However, the several lost months will hardly be made up. Nevertheless, now there is grounds to hope that, though delayed relative to the established deadline, the task of producing the equipment complex will be solved. As for the second part of the task—improvement of the complex of special ionospheric algorithms—it faces more serious threat. The fact is that it is precisely this part of the task that determines success or failure of the assigned work as a whole. It is precisely this that is the most difficult section of work, containing within it a wide range of very complex tasks such as study and appropriate utilization of the natural properties of the ionosphere, experimental-mathematical modeling of the complex process of solving the final target task, organization and conduct of special test work, etc. Execution of these tasks can be ensured only on the basis of the Nikolayevsk Branch of NIIDAAR, which was created and prepared for years for this and which has the appropriate complex of unique experimental means. However, the NIIDAAR director has issued a number of orders by which significant rearrangements have been made to previously established and successfully executed functional duties of the main work leaders. With mounting pressure measures are being taken to transfer tasks for improvement of the equipment complex of the product to the Nikolayevsk Branch. Under the conditions of the really existing reality this will inevitably entail impermissible weakening of the efforts of the Nikolayevsk Branch in execution of the aforementioned second part of the task assigned to us, which will lead not simply to postponement of execution deadlines. This threatens insufficiently quality solution of a number of fundamental questions, or that proper solutions simply will not be found for some determining tasks. This creates real preconditions for poor-quality solution of the task set before us as a whole, which will lead to undeserved discrediting of the created means, including those already transferred to the Customer. My repeated attempts to convince the director of the harmfulness of the measures he is undertaking and their inadmissibility have not yet led to the desired result. I consider it my duty to inform you of the foregoing.

Comrades, one more circumstance troubles me. There exists a special program approved by the minister and the leadership of the Customer. This program forms the basis for execution of work on the second part of the task assigned to us, about which I spoke above. In connection with the order from NIIDAAR director about strengthening the sectoral subdivisions of the Nikolayevsk Branch, which practically means reduction of forces executing work on improvement of ionospheric algorithms, I considered it necessary to remind NIIDAAR Branch leadership of the main circle of tasks before it in accordance with the mentioned program. With this aim I tasked to prepare a phototelegram in the name of the commander of the Nikolayevsk Branch with generalized-concentrated exposition of these tasks and request to consider appropriate organizational forms of their execution. I familiarized a number of leadership comrades of NIO-3 with the prepared telegram and asked them to cosign it, after which I signed it myself. This is the usual and familiar work procedure for everyone. However, after transmission of the telegram to the Nikolayevsk Branch, the secretary of the Party bureau of NIO-3, deputy chief of the department Comrade Danshin was invited to see Party Committee secretary Comrade Simonov S.A., and he was expressed dissatisfaction regarding the fact that he had cosigned this telegram, including threats of being removed from duties as secretary of the Party bureau of NIO-3. Similarly, chief of the NIO-3 department sublieutenant-engineer Bykovskiy was called to see director Comrade Markov V.I. and he was also expressed dissatisfaction regarding his cosigning of the telegram.

I perceive this as cautionary measures regarding possible criticism of measures being conducted by the director, and I consider this a dangerous symptom which has no right to exist.

I request that this information of mine be appended to the protocol of today's Party Committee meeting." Signature—Kuzminskiy. April 21, 1983

However, Franz Kuzminskiy's hopes in the NIIDAAR Party Committee, as a fair collective arbiter in his protracted conflict with Markov, were not justified. Moreover, the Party Committee not only failed to understand the situation that had developed around work on the OTH radar, but also severely punished Kuzminskiy himself. It is possible that such injustice Franz Aleksandrovich was no longer able to bear. There is a limit to patience. As a result, with a Party disciplinary action, at his own request he left NIIDAAR.

To the Institute of Applied Geophysics named after Academician Fedorov E.K. (IPG) Franz Aleksandrovich came to work as an ordinary employee. There they quickly assessed what kind of person and scientist this was. In 1985 the Party commission of this institute reviewed the personal file of communist Kuzminskiy. Such was a serious form of work and influence on Party members during the time of CPSU omnipotence. A sort of Party court or tribunal. I managed to obtain a report on the work of that Party commission. I deliberately did not edit this document, did not change its formulations. That era has forever sunk into oblivion. However, one should not forget about it. Frankly, I do not wish to see a repeat of such Party tribunals in our state, at which a person's soul was literally turned inside out. A Party disciplinary action closed the path to a higher position, to prestigious work. Party committees and Party commissions were run by ordinary people with their own preferences and ambitions, but they were supposed to be crystal clear in honesty and fairness. But can one change human character when given the right to punish or show mercy? I know from my own experience what it is like to have one's case reviewed by a Party commission. But apparently during that period at IPG there worked more principled communists than at NIIDAAR. Here is this report.

"In June 1983 the Party Committee of NIIDAAR imposed on communist Kuzminskiy F.A. (at that time an NIIDAAR employee) a strict reprimand with the following formulation: 'For unsatisfactory condition of planned and executive discipline in the subdivisions he led, manifested in chronic non-execution of planned work at NIO-3 and NF of NIIDAAR, repeated creation of conflict situations in the collective, introducing unnecessary nervousness into work and diverting him from execution of tasks formulated by Resolution of the CPSU Central Committee and Council of Ministers of the USSR, personal lack of discipline, expressed in systematic non-execution of orders of the General Director of TSNPO 'Vympel' and director of NIIDAAR, decisions of the Scientific-Technical Council and Council of Leadership.'"

To prepare the question of removing from communist Kuzminskiy F.A. the disciplinary action, the Party bureau of the Institute of Applied Geophysics named after Academician Fedorov E.K. created a commission consisting of Ivanov A.B.—secretary of the bureau, Kozorezov E.V.—deputy secretary of the Party bureau for organizational matters, and Pisanko Yu.V.—secretary of the workshop Party organization of the GFS [Geophysical Station].

The commission conducted conversations with Comrade Kuzminskiy F.A., Secretary of the NIIDAAR Party Committee Comrade Simonov S.A., as well as with leadership and ordinary employees of subdivisions of GFS, where Comrade Kuzminskiy F.A. currently works, studied his attitude toward production and public work, behavior in the collective.

Comrade Kuzminskiy F.A. has worked at IPG from November 1, 1983. His transition from work at NIIDAAR to IPG, according to the statement of Comrade Kuzminskiy F.A., was due to fundamental disagreement of views between him (as chief designer) and the NIIDAAR director on scientific-technical and organizational questions of conducting the development assigned by Resolution of the CPSU Central Committee and Council of Ministers of the USSR. As a result of these disagreements, Comrade Kuzminskiy F.A. came to the conclusion that he needed either to agree with the director's line and head, in his conviction, an incorrect direction in solving the set task, or go to another organization engaged in related questions and attempt to find a way of theoretical solution of the fundamental difficulties of the development which he had been conducting as chief designer.

During the period of work at IPG, Comrade Kuzminskiy F.A. has demonstrated himself positively from the production and public side. His manner of communication with comrades and behavior in the collective are also characterized positively. By the type of work he performs he has no subordinate subdivisions, however, as an executor, he performs assigned production tasks with quality and within established deadlines. He willingly assists colleagues in laboratory work. No manifestations of creation of conflict situations in the collective on the part of Comrade Kuzminskiy F.A. have been observed. Moreover, by his manner of behavior and appropriate actions he always strives to prevent possible occurrence of unnecessary nervousness in work. No elements of personal lack of discipline have been observed in Comrade Kuzminskiy F.A.—all orders, directives, and instructions of leaders are executed by him with quality and appropriate responsibility.

Taking the foregoing into account, the IPG Party organization on March 4, 1985 unanimously adopted a decision to petition the Kuibyshev District CPSU Committee about removal of the disciplinary action from Comrade Kuzminskiy F.A. However, the bureau of the Kuibyshev District CPSU Committee at the session of April 18, 1985 deemed that the question of removing the disciplinary action from communist Kuzminskiy F.A. had been raised prematurely. After this the IPG Party organization began to study more carefully both the production and Party work of Comrade Kuzminskiy F.A., his personal qualities as a person and communist. He was assigned responsible Party work—in September 1985 he was elected a member of the Party bureau of the workshop Party organization, at present he is deputy secretary for organizational work. Comrade Kuzminskiy F.A. seriously approached the Party assignment and has recommended himself in this work from the positive side.

On his own initiative, Comrade Kuzminskiy F.A. works on the theoretical foundations of overcoming the main fundamental difficulty of the development which he had been conducting at NIIDAAR as chief designer. He believes that this work is close to successful completion and intends to transmit its results to NIIDAAR for implementation.

In evaluating various aspects of the activities and behavior of Comrade Kuzminskiy F.A. during the period of his work at IPG, the commission came to the conclusion:

During three years of work at IPG, the shortcomings mentioned in the formulation of the disciplinary action 'strict reprimand' have not manifested themselves. Taking into account the positive characteristics of production activity, public work, and behavior in the collective of communist Kuzminskiy F.A., the commission recommends the IPG Party organization to petition the Kuibyshev District CPSU Committee about removal from communist Kuzminskiy Frantz Aleksandrovich of the strict reprimand imposed on him by the Party Committee of NIIDAAR in June 1983.

Commission Chairman A.B. Ivanov, Commission Members E.V. Kozorezov, Yu.V. Pisanko

Thus, the collective of the Institute of Applied Geophysics required less than a year and a half to understand who Franz Aleksandrovich Kuzminskiy really was. He turned out not to be a troublemaker, not an instigator, not a saboteur, but indeed an honorable person and good worker. But at NIIDAAR over the decades they were never able to understand what kind of person had led the collective for long years and quite successfully at that.

The conclusion naturally suggests itself that Franz Kuzminskiy was simply not allowed to complete the OTH combat system. It was to precisely such conviction that I came after my second journalistic investigation. I had all the appropriate documents. And I set to work on the material. I wrote it in the editorial office practically in one day. I was lucky that there were no other editorial assignments, and the new computer at that time significantly eased the creative anguish. The problem was familiar and comprehensible. However, work on the final section of the material was unexpectedly interrupted by a phone call. A man inquired with whom he was speaking. At the same time the man's voice was as if from a dungeon, and his words sounded against the background of some kind of hum, resembling that which arises in an automobile while traveling through the city. Naturally, I introduced myself. In response the man said that now someone would speak with me. For a couple of seconds from the telephone receiver I heard one monotonous hum. Then already clearly a different man with an authoritative intonation in his voice inquired about my health. For me this was unexpected. What business was it of his about my health? So approximately I answered and in turn recommended the new interlocutor to introduce himself, who was he? To this the man literally, articulating each word, slowly pronounced that this was unnecessary. And again asked about my health and with this added, supposedly had the wound on my head healed? I remembered that conversation almost verbatim.

"You were warned not to write about the OTH radar anymore," the man said unhurriedly, "you did not listen. However, I regret that our employees overdid it. They are being punished for this arbitrary action. They were not authorized to treat you this way."

Here I literally exploded.

"Just who the hell are you," I snapped sharply into the receiver.

Unfortunately, there was no one else in the office during the conversation. We could have tried to trace the number of the caller.

"Do not try, Aleksandr Grigoryevich, to call the police or the telephone exchange and ask to determine my number," reacted the stranger to my outburst and the small pause, "it is useless. Better think over what I am about to tell you. You are a stubborn person. You have surely already written another material on the OTH radar. Probably someone has already told you about attempts to privatize NIIDAAR, possible reprofiling of the institute. So then. You can write about Kuzminskiy and others whatever you want. But regarding reprofiling it is better not to. We will find a way to read your material before publication and believe me, we will find a way to prevent it being published. In case of your stubbornness and intransigence we can apply certain measures. And maybe even you will receive from us a good honorarium for objective material on the OTH combat system. All the best."

The conversation literally knocked me out of my work rhythm. That day I did not touch the computer anymore. Of course, I had heard that something could happen to NIIDAAR, just as with many other plants and scientific centers in the country during the period of privatization. I had intended to point this out in the material. But the phone call and the voice of the unknown person, clearly speaking on a super-modern and expensive cell phone at that time from a car, frankly made me think about the safety of myself and my family. I well remembered the push in the back and the fall on the platform. My sublieutenant's insignia and officer's uniform could not protect either me or my close ones. So was it worth risking? In the final analysis, having carefully thought through all the pros and cons, I decided not to play with fire and write the material without any hint at possible battles around the institute itself. On this question let others figure it out without me. After such reflection, I removed from the material an already prepared paragraph. And stopped there. However, the material itself lay on the editor's desk for several months and was only published in 1996 under the heading "Archive of Russian Weapons." True, against this heading I tried to object then. Supposedly it is too early to consider such radar armament as former. It will yet show itself. However, the department editor reacted to my attempts to change the heading with words to the effect that the combat system had never been adopted into service, and now it would hardly be possible to complete its development. But the heading does not diminish the value of the material. All the more since such a heading removes questions about possible lobbying of NIIDAAR in the newspaper.

"Archive of Russian Weapons"

"Those Who Look Beyond the Horizon"

"Outlines to the History of Creation of Super-Powerful Domestic OTH Radars"

"Alexander Babakin"

In the very beginning of the 1990s these fantastic-looking structures of once super-secret military objects suddenly found themselves under the close attention of the press, both ours and foreign. The creators of such objects (over-the-horizon radars), talented designers, engineers, and scientists were accused of wild schemes. In some publications, in particular, it was emphasized that they supposedly for the sake of brilliant careers, profit, and government awards thought up projects similar to reversing the Siberian rivers and squandered billions in public funds on a worthless enterprise. However, all in due order.

"This fan is black, this fan is precious..."

Post-war years. A new generation of jet aircraft is being created—with enormous speeds, range, and altitude, the atomic bomb appears, and its carriers—intercontinental ballistic missiles—are approaching... Success in the distant duel between aviation and missile technology and air defense reconnaissance means is clearly on the side of the former. In all leading states, including the USSR, there is active search for new methods of radar detection at long range. Scientists studying ionized layers of the Earth's atmosphere substantiated the possibility of seeing beyond the radio horizon. They discovered the ability of these layers to reflect the energy of short radio waves.

In 1946 Russian scientist and designer Nikolai Ivanovich Kabanov for the first time in the world proposed the idea of early detection of aircraft in the shortwave band at distances up to three thousand kilometers. The "NIIR" work bearing the classification "top secret" was known to a narrow circle under the code name "Fan" (Veer). According to eyewitnesses, the famous scientist in the field of radiophysics Academician Shchukin loved to occasionally hum, upon meeting with Kabanov, as a jest: "This fan is black, this fan is precious..."

And the "Fan" could indeed have become precious—to give the country a reliable radar shield with which it would be possible to control large areas, detect many targets in advance with relatively low energy expenditure. However, in 1949 Nikolai Kabanov, due to insurmountable technical difficulties, ceased research. In scientific circles a persistent stereotype formed that such a radar could not be created. Later the Americans also ceased research in this direction.

Only a few years later, laureate of the State Prize of the USSR Efim Shtyren, his closest assistant and fellow thinker Vasily Shamshin (who later became Minister of Communications), and along with them young scientists Boris Kukis and Efir Shustov managed to theoretically substantiate a fundamentally new scientific idea of over-the-horizon locational observation of targets at ranges from three to ten thousand kilometers. Moreover, they created a working model of an over-the-horizon locator with which they tracked ballistic missile launches from Baikonur at a distance of 2,500 kilometers. It seemed this success should be developed. And the new director of the Institute of Long-Range Radio Communication Vladimir Markov began to urge Shtyren to build a full-scale model of a powerful radar. He insistently refused, trying to prove that without detailed scientific research and laboratory testing one could not undertake construction of such an expensive object. And as a result of Shtyren's stubbornness, despite his merits, he was removed from the position of chief designer.

"Test Radar—Not Yet Combat"

In 1964 Franz Kuzminskiy becomes chief engineer at the Scientific Research Institute of Long-Range Radio Communication (NIIDAAR). One of the students of Academician Raspleti-
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"New Materials Unlock New Secrets of the OTH Radar"

na—creator of the first Soviet air defense missile complexes—already a sufficiently experienced, mature scientist, he became interested in the scientific problem which one of the institute's departments was engaged in. The ionosphere, solar radiation and activity, the properties of targets and the Earth's surface to reflect radar signals, industrial interference—all these topics were then little studied. They aroused genuine interest in Kuzminskiy, and in the capacity of chief designer in 1970 he begins creation of an experimental radar near Nikolayev, the project of which was developed by scientists Vladimir Vasyukov, Yuri Grishin, Efir Shustov, Albert Barayev, and Valentin Strelkin.

As recalls the former deputy chief designer Doctor of Technical Sciences, Academician Efir Shustov, constantly there were complex scientific and technical problems to solve. So, the Dnepropetrovsk Machine-Building Plant indefinitely delayed the manufacture, assembly, and commissioning of 26 enormous transmitters, the size of a two-story house. And because of this the test schedule of the entire Nikolayev over-the-horizon complex came under threat. In higher-ups people were already beginning to talk about removing the construction leaders, but then the completely unfinished object could well have been frozen... And Kuzminskiy, so to speak, risking his head, creates several teams from his specialists to help the plant.

People worked in a zone of increased danger. Inside the enormous transmitter electrical current voltage ranged from 6 to 40 kilovolts. Thank God that institute specialists were well prepared in this regard. But the plant workers suffered a tragedy: several people died from electrocution, and several more became invalids. Subsequently the Dnepropetrovsk people turned in on time fifteen transmitters, the NIIDAAR brigades—eleven.

The over-the-horizon radar turned out to be very and very impressive. The receiving antenna was 300 meters wide and 135 meters tall. On the antenna itself were placed 330 vibrators. Each was 15 meters in size. The transmitting antenna was 210 meters wide and 85 meters tall. In a large building 90 meters long were housed 26 two-story transmitters.

For the first time this fantastic structure began operating almost 25 years ago, on November 7, 1971 (yes, the radar startup was timed to another date of the Great October). Then, over the course of several years, chief designer Franz Kuzminskiy, his deputies Yuri Grishin, Efir Shustov, Viktor Chepiga, and hundreds of other highly experienced specialists, among whom were Valentin Strelkin and Yuri Kalinin, tuned the systems, so to speak, taught the radar to see targets. At state trials, which were observed by military specialists from the customer's directorate, the experimental OTH radar successfully detected several group launches consisting of four rockets simultaneously launched from one distant test range. But for the chief designer this success and the hyperextension of recent years came at great cost. A severe massive heart attack confined Kuzminskiy to a hospital bed for several long months. And yet a combat OTH radar had to be created.

"The Disgraced Designer"

First, the experimental radar station had to be taught not simply to record rocket launches and draw flight trajectory on screens, but to output all parameters of motion of single and group targets, increase detection reliability at maximum ranges, reduce to a minimum the probability of false alarms. Kuzminskiy was an advocate of conducting serious research, accumulating experience, understanding the detection system. For example, why in one specific situation (given time of day and year, level of solar activity...) targets were detected, and already a short time later the radar suddenly became blind.

Without answers to all these and other questions Kuzminskiy did not want to proceed with creation of a combat radar. But the chief designer was constantly pressed by the leadership of the Ministry of Radio Industry and the Ministry of Defense, and at the ministerial level there was pressure from the all-powerful CPSU Central Committee: "When will a combat over-the-horizon radar appear and the entire super-system? Will we soon have reliable information about American missile bases and all missile launches from there?" There is nowhere to go.

In 1976 the first combat locator was built in Ukraine. Large-scale testing began. In parallel an OTH radar was being constructed near Komsomolsk-on-Amur. And here at the testing phase of the Ukrainian combat radar its creators began to face failures. The fears of Kuzminskiy and military specialists were realized regarding the treachery of the polar cap of the ionosphere over the North Pole, which was capable of literally devouring the energy radiated by the radar. Therefore it saw single targets poorly.

The early 1980s for chief designer Kuzminskiy, who had also become director of his institute, became very difficult. To conduct the envisioned scientific research on propagation of electromagnetic waves in the polar ionosphere, substantial funds were needed and, what was most important, lengthy painstaking work. But he was demanded to achieve quick guaranteed success. In the circle of like-minded friends and his closest people Kuzminskiy repeatedly said that he found it difficult to combine two positions: chief designer and director.

And here into the complex epic of creation of over-the-horizon radar again intervened his majesty chance. Vladimir Markov was removed from the post of deputy minister of radio industry. In former years Kuzminskiy worked much with him and hoped to again attract Markov to his cause, yielding him the director's chair at the institute. But...

As it soon turned out, they held different viewpoints on ways to refine the combat OTH radars. Gradually this divergence in views erupted into open hostility. It is not worth stirring up the past and recounting how it was conducted. After some time Kuzminskiy realized—he could not stand up against Markov. And then, seeing that great scientific effort and large funds were threatened, he resolved on a desperate step. He writes applications to the Central Scientific and Production Association "Vympel" and to the minister of radio industry about his resignation. By this move Kuzminskiy hoped to influence the leaders, to force them to study the problem more deeply. But he was simply refused...

And yet the scientist remained true to his ideas. For six years together with specialists from the Applied Geophysics Institute and mathematicians from Moscow State University Kuzminskiy persistently researched the laws of radar signal propagation through the ionosphere. By 1989 he already knew how to make the over-the-horizon super-locator truly all-seeing. However, the bureaucrats of the appropriate departments proved deaf to the appeals of the disgraced former chief designer. The scientist could no longer bear such treatment. His health sharply deteriorated. And then on a June day in 1991, at the age of 69, Franz Kuzminskiy died. Thousands of NIIDAAR employees, leaders of the industry, ministry, and military personnel came to say goodbye to the former chief designer of the OTH radar.

In November 1993 a scientific-technical conference took place dedicated to the memory of the scientist and the 25th anniversary of the day of the first Soviet experiments on detection of targets at over-the-horizon ultra-long ranges. Deputy Chairman of the Scientific Council on the Integrated Problem of Radio Wave Propagation of the Russian Academy of Sciences Academician Vladimir Mikulin then noted that Kuzminskiy made a great contribution to over-the-horizon location. The successes we have in this field in our country are directly connected with his name. A mobile, containerized OTH radar has already been created. A flying locator for detection of stealthy targets at great ranges is being developed, which due to its low cost and simplicity has no analogs in the world. Research is being conducted in other directions as well. So today it can be said with confidence—Russia will look beyond the horizon."

No particular reaction to the material followed. True, it was noted as one of the best in that issue of "Krasnaya Zvezda" newspaper. It read with interest. There were several calls from NIIDAAR. They thanked me for objectivity and for telling about Kuzminskiy's posthumous rehabilitation and his brainchild. However, a newspaper analytical piece has its own characteristics. In the publication I was not able to provide a number of important documents showing the activities of Franz Kuzminskiy after his dismissal from NIIDAAR, his strenuous scientific search. Only indicated his work after dismissal. Now there is the opportunity to publish these documents. Let even doubters be convinced that Kuzminskiy even after dismissal actively attempted to improve the OTH combat system and was possibly close to solving the scientific-technical problem of why the ionosphere 'devoured' the energy of combat radars. At that time they did not allow me in the Ministry of Radio Industry, in the commission on military-industrial questions at the Council of Ministers of the USSR, in the Ministry of Defense of the USSR, in the CPSU Central Committee to familiarize myself with a letter from Franz Kuzminskiy with proposals for improving the combat OTH radars. Subsequently some leaders told me point-blank whether there even was such a letter. Perhaps it was the fruit of fantasy of a dismissed and offended former chief designer. So to speak, trust less on someone's word, comrade military journalist. And I did not trust, but checked the information received. But it was withheld from me. It was profitable for many that the letter and conclusions would forever remain buried in departmental archives. Now before me on the desk lies a draft of that letter to Yu.D. Maslyukov, P.S. Pleshakov, A.I. Koldunovn, V.V. Sychov, dated April 23, 1987. For readers of this book who are in the know, I do not think it is necessary to indicate the positions of these highly placed military and civilian officials. So the reader should move on to the next chapter, where other materials from Franz Kuzminskiy's archive will be published without cuts and corrections.

Chapter 13: Archive of the Chief Designer

Original: Глава 13 «Архив главного конструктора»

On my desk before me lies an ordinary student's notebook with grid lines for mathematics lessons from the Soviet era of our country's history, priced at twelve full-weight Soviet kopecks. The green cover has faded with time and become a grayish-green color. Next to the notebook lies a rather thick manuscript—a draft letter on standard sheets addressed to the leadership of the Military-Industrial Commission under the Council of Ministers of the USSR, the Ministry of Radio Industry of the USSR, the commander-in-chief of the Air Defense Forces, and the head of Central Design Bureau "Vympel". The next manuscript is a draft comprising 54 standard sheets with no title. It is evident that this is the beginning of a substantial literary work that Chief Designer Franz Alexandrovich Kuzminsky had conceived. One can see that the draft text came to Franz Alexandrovich through serious creative struggles and deliberation. The manuscript is full of corrections, crossed-out passages, deletions, and marginal additions, making it quite difficult to read.

The materials in the grid-lined student notebook and the draft letter to the leaders served as the basis for official letters that Franz Alexandrovich sent to various agencies and departments shortly before his death, in which he demonstrated how the improvement of combat over-the-horizon radar systems should be carried out. Those letters from the scientist simply vanished without a trace. At least, all my appeals to the Ministry of Defense, the Ministry of Radio Industry, and the Military-Industrial Commission proved futile. I received standard brush-offs stating that such-and-such a document had not been received and was not registered. Then a perfectly legitimate question arises: where did they disappear to, or did someone deliberately place them in personal safes or under the bureaucrats' desks? However, unexpectedly, drafts of papers from the late Kuzminsky appeared. And this is not a forgery, but working documents written in the chief designer's own hand, on the basis of which official letters were already being composed. The important thing is that Franz Alexandrovich, clearly sensing that he was fundamentally being denied the opportunity to complete the combat over-the-horizon system, decided on open battle with the obvious and hidden opponents of the ОГРЛС. Someone at that time in the USSR, or certain forces, found it very advantageous to bury his years of work and, along with it, possibly the famous Radio Engineering Research Institute. My own appearances as a military journalist in various media outlets only partially revealed the ОГРЛС problem and its tragedy. The chief designer was never allowed to publish any material in any publication during his lifetime. So we ended up with rather one-sided and incomplete information about one of the greatest achievements of the Soviet military-industrial complex. And then a taboo was placed on the ОГРЛС problem in Russian media altogether. I know this firsthand. In my desk drawer lies a dozen or more materials I have prepared for various central newspapers and magazines. My materials on the ОГРЛС, already typeset and prepared for publication, were removed at the last moment from journal issues and replaced with other articles. Often this was explained by the absence of proof that Kuzminsky actually proposed realistic paths for improving his super-radars. I could not argue against such reasoning. And now I have Kuzminsky's rough notes. In my view, they eloquently demonstrate the atmosphere in which this talented scientist worked in his final years, that he was indeed close to unlocking the secrets of the ionosphere and achieved quite significant results in this endeavor. Moreover, the manuscripts very clearly show the relationships within НИИДАР itself regarding one of the thematic directions—over-the-horizon detection. After leaving НИИДАР, Franz Alexandrovich began working practically alone on the over-the-horizon problem. He had the courage of a scientist, the knowledge, and already accumulated enormous scientific-experimental material. The scientist decided not to raise the white flag before his opponents, not to change the main theme of his research. Within just a couple of years, Franz Alexandrovich clearly formulated how the already-constructed combat system, on which the state had spent, in total at that time, over a billion full-weight Soviet rubles, needed to be improved.

But unfortunately, the era of solitary geniuses had long since passed. For decades, enormous collectives of scientists and designers had been struggling with the over-the-horizon problem and the mysteries of the ionosphere. It seemed that just one more effort, one more experiment, and the secret of the ionosphere would be revealed, and mighty shortwave radars would appear that could locate air and space objects around the entire Earth. But each time Mother Nature presented new mysteries. These were reported in earlier chapters. Some people began openly linking these failures with the name of Franz Kuzminsky. After many years of the most difficult searches, Franz Alexandrovich was forced to leave НИИДАР. In the multi-thousand-strong scientific collective, this was perceived in different ways. There were certainly malcontents. They said that now, with our potential, we'll finish the combat over-the-horizon system ourselves. It didn't work out. In the collective, Kuzminsky was remembered as a former director who had failed to perfect his system. But then Franz Alexandrovich suddenly sprang a surprise. And what a surprise it was. A couple of years later, he began knocking on doors and calling all interested agencies with his proposals on how to make the ОГРЛС all-seeing. There was quite an uproar. One high-ranking retired general frankly told me how the proposals of Franz Alexandrovich were discussed in his agency. No one took it upon himself to say that the proposals of the retired scientist should be accepted, that he should be reinstated in his position, and that those officials who had forced Kuzminsky to leave НИИДАР should be censured. Yet everyone was tormented by doubt: what if Kuzminsky was wrong in his conclusions? And they feared the possible consequences that might follow from Kuzminsky's return. After all, a considerable coterie of officials at all levels bore responsibility for his departure. A terrible scandal might have erupted, one that the Party Commission under the Central Committee of the Communist Party of the Soviet Union would surely have investigated. Many would have lost their posts and Party cards, which at that time was equivalent to 'civil execution,' as it had been in tsarist times. It is quite possible that precisely because of the successes of the lone wolf Kuzminsky, his letters to me, a research associate at a central military journal, were not even shown to anyone in the Military-Industrial Commission, nor in the Ministry of Radio Industry, nor in the Air Defense Forces headquarters. And at Central Design Bureau "Vympel" they simply invoked the notorious secrecy of the work and refused to speak with me. Now the originals, at best, are gathering dust somewhere on archive shelves.

But come now, ladies and gentlemen. What secrecy surrounds the ОГРЛС? Tens, or perhaps hundreds of thousands of our fellow citizens knew about them. The fact is that one clan of high-ranking Soviet scientists and bureaucrats decided to completely suppress the matter of Franz Kuzminsky and his combat system. This system, so vital for the military capability of the state, had become quite unfashionable during the flowering of democratic transformations in the USSR and the universal love affair with the United States in our Union. So the elderly, brilliant scientist and organizer walked from one office to another without any hope. And the bureaucrats surely called immediately and reported to those who needed to know about Kuzminsky's visits. It is possible that dispatches about this even reached Washington. And there they openly rejoiced that in the USSR the Soviets themselves, with their own hands, were destroying a talented scientist who, back in the 1970s, with his mighty over-the-horizon radars, had irradiated American missile bases and struck fear and amazement in the American political and military elite. In the USA, they greatly feared these Soviet radars and quietly built their own, of much lesser power. Only they could not compete across the ocean with Franz Kuzminsky and other brilliant radio-engineers from НИИДАР. And in general, for Americans, this НИИДАР had long been like a bone in their throat. A relatively small collective of Soviet scientists, working on a rather outdated experimental-production base, was literally performing miracles in radar engineering.

Now one would like to frankly tell who benefited from, and for what purposes, pushing Kuzminsky out of the institute and preventing him from completing the system of mighty over-the-horizon stations. After all, many knew that Kuzminsky and his team were on the threshold of the greatest scientific discovery of the twentieth century—over-the-horizon shortwave radar detection at ultra-long distances. I am not a militarist, although I hold the rank of colonel in the Russian Army Reserve, but as an ordinary journalist and Russian citizen, I do not want any repetition of sudden and devastating blows against our Motherland. But for that, Russia itself, entering this twenty-first century, must know how to defend itself. This is not a platitude—it is reality.

In the mid-1990s, there was a certain imposing journalist with a stubbled black face who, having no military education whatsoever, arbitrarily assumed for himself some rank or title—military journalist. All democratic media outlets, including foreign ones, loved to show and publish his pacifist revelations. And after some time it turned out that this bearded and well-fed gentleman was operating on an impressive grant from a certain English charitable organization. Such gentlemen, having received foreign grants, tried to sully in various Soviet and Russian publications the work of Franz Kuzminsky. I will not name this bearded journalist so as not to give him publicity. To hell with him and his slanderous outbursts of past years against our army. Few remember that now. I brought up this example to show once again that during the time I worked on the over-the-horizon radar topic, I learned a lot that ordinary Russians do not even suspect.

For my part, I in no way present myself as a defender of Franz Kuzminsky. I simply conducted a multi-year journalistic investigation. I gathered facts and examples. I published information about the over-the-horizon epic in a number of publications. This information has reached and continues to reach Russians. Recently I received via email a very interesting document about the gigantic scientific-technical work that Franz Kuzminsky and his like-minded colleagues conducted. It's a shame that the author of this document forgot to sign his name for some reason. There are apparently reasons for that. Upon first reading, immediately before me appeared the image not of a grandstanding orator Kuzminsky, but of a man of action and considerable intellect. It is evident that this scientist or engineer who sent the document by email directly participated in many experiments conducted under the direction of Franz Kuzminsky. Therefore, he described with such meticulous care and conciseness, on just a few pages, the part of the gigantic work to create the combat ОГРЛС system that he knew and the study of the secrets and mysteries of the ionosphere. In practically all areas of human knowledge and science, researchers can at least observe the fruits of their experiments, even touch with their hands space vehicles that have returned to Earth. Over-the-horizon experiments, however, were conducted at altitudes exceeding 100 kilometers and at ranges up to 10,000 kilometers. No matter how sophisticated mathematical models or computers, they could not accurately assess how a radar signal propagates at such distances and altitudes, what happens to it, how it is affected by the ionosphere, solar activity, and cosmic rays. This was truly a cosmic mystery. And the scientific work on this problem is remarkable for its boldness, for humanity's capacity to solve truly fantastic tasks. Without excessive pathos or bias, I note that the work on over-the-horizon radar fully demonstrated the genius of Franz Kuzminsky and many of his colleagues, about whom I spoke earlier. For greater understanding of what they were doing, I think it is worth presenting in full this email.

The scientist called it "RESEARCH PROGRAM AND WORK PARTICIPANTS." (I remind you that here we are discussing only a part of the experiments conducted before and during the construction of the combat ОГРЛС system).

"In the early 1970s, Chief Designer F.A. Kuzminsky, within the framework of Development Projects 5Н77М and 5Н32, conceived and sequentially implemented an extensive program of experimental-research work on the main directions of over-the-horizon problems, including:

— research into ultra-long-distance ionospheric propagation of shortwave radio waves based on studying seasonal-daily, azimuthal, and frequency-energy characteristics of circumnavigating signals;

— research into methods of adapting the ОГРЛС to changing geophysical conditions based on studying the radiophysical properties of reciprocal-incline propagation signals;

— research into far-field signal propagation along oblique sounding paths 'land-to-land' (10,000 km), as well as 'land-to-air,' using reflected signals in the shortwave range;

— research into the characteristics of effective reflecting surfaces and signals reflected from ballistic missile trails in the shortwave band at ranges up to 3,000 kilometers;

— research into the spatial-altitude structure of radio fields created by the ОГРЛС at ranges up to 7,000 km;

— research into the effect of powerful ОГРЛС radiation on the characteristics of far-field ionospheric propagation;

— research into the possibilities of improving the probability characteristics of ОГРЛС detection using spatially-separated reception of reflected signals with optimal signal processing;

— assessment of the effect of the polar ionosphere on the operation of the ОГРЛС."

To solve these tasks, a complex of remote facilities was created throughout the territory of the Soviet Union, united into a single system with the ОГРЛС 5Н77 (city of Nikolaev). The complex included:

— automatic ionospheric stations for monitoring the state of the ionosphere in various zones of the detection paths of 5Н77, deployed in the regions of cities Tomsk, Chita, Baku, Komsomolsk-on-Amur, as well as at the main observation post in Nikolaev;

— deployed radar signal simulators 5Г93 and effective reflecting surface measuring instruments for assessing potential detection capabilities, deployed in the regions of Priozersk, Komsomolsk-on-Amur, and other locations;

— altitude field measuring instruments installed aboard geophysical rockets 217МАП—measuring the altitude distribution of the received signal in the far zone in the regions of Semipalatinsk, Kapustin Yar, and other locations;

— circumnavigating signal measuring instruments (ИКС)—measuring characteristics of circumnavigating signals in the regions of cities Tomsk, Chita, Baku, Talsi (Baltic region);

— a deployed receiving position deployed in the region of city Stryy (Lviv Oblast)."

"The development and creation of remote facilities were carried out by teams from НИИДАР under the direction of N.A. Moiseev, V.P. Chepiga, A.V. Kashintsev, and I.V. Polikarpovich.

The development, installation of the remote facilities complex equipment, and the conducting of measurements at deployment sites were carried out by:

automatic ionospheric stations and circumnavigating signal measuring instruments—G.A. Chudin, V.F. Zheleznyakov, V.G. Bogdanov, A.S. Semenov, V.B. Holodenko, N.P. Burbela, and others;

simulators 5Г93 and IRP—V.V. Zimin, N.V. Zhemerev, I.M. Zamorin;

Antonov AN-12 aircraft—V.V. Volkov, B.S. Rubtsov, N.A. Tarasov, G.N. Tarev, N.P. Burtsev, E.F. Sharanov;

altitude field measuring instruments 1, 2, 3—A.A. Kalinin, Y.M. Vlasov, V.V. Kozak, V.V. Volkov, N.P. Burtsev, A.S. Konovalov, V.G. Luzanovsky, E.M. Eliseyev, and others;

methodological guidance of work, analysis and processing of measurement data at facility 3065Н (city of Nikolaev) were carried out by teams from НИИДАР and the Nikolaev branch of НИИДАР—N.N. Gavrilov, V.I. Reutov, N.A. Kozhakin, A.V. Akhramenko, A.G. Chernov, V.A. Ivanov, and others;

ionosphere modeling and development of principles for optimizing frequency-angle modes of the radar were carried out by V.F. Akimov, Y.K. Kalinin, A.D. Ruchkin, A.B. Ostroumov, and others;

V.A. Alebarov, V.P. Rzhanitsyn, T.V. Ivanchenko, V.I. Kubov, N.T. Saynyuk, S. Fenik, V. Zagrebelniy—conducted processing and analysis of measurement results for frequency-angle optimization;

S.M. Savelev, V.A. Chobayan, V.N. Ivanov, A.S. Terekh ov, N.I. Tkachenko, V.V. Popok—analysis of measurement results from automatic ionospheric stations, investigation of seasonal-daily variations in ionospheric parameters and their influence on signal propagation characteristics;

V.S. Kristal, M.M. Panfilov, L.N. Lvov jointly with officers from military unit 02427 (V.A. Dabagyan, V.N. Lenin, L.G. Levin, L.M. Bykovsky, Y.V. Volkov) conducted research into the characteristics of effective reflecting surfaces and signal processing;

Development, debugging, and improvement of trajectory processing algorithms were carried out by G.A. Lidlein, D.D. Sadov, N.P. Sadova, and others;

All work involved representatives from military unit 03425 (45th Scientific Research Institute of the Ministry of Defense)—V.N. Vasenev, A. Kazantsev, S.I. Kozlov, Bikineev, V.G. Legasov, and others."

"Management of the remote facilities complex from facility 3065Н was carried out by the department of remote facilities of military unit 02427 under the direction of F.M. Serdyukov; V. Markov and others actively participated;

The technical director of the receiving position was O.M. Ilyukhin; responsibility for organizing communications and data transmission fell to V.D. Rogachev;

Technical support for the research conducted at facility 3065Н (city of Nikolaev) was carried out under the direction of V.N. Strelkin and A.N. Shtrakhov (later N.V. Ryabykh);

In 1981–1984, a complex of work was conducted on detecting rocket launches using a deployed receiving position deployed in the region of city Stryy (Lviv Oblast). The development and implementation were entrusted to a brigade under the direction of G.A. Chudin;

The apparatus of the deployed receiving position (ВПП) was developed on the basis of the receiving part of product 28Ж6, but with substantial refinements for the modes of the РАС 5Н77 system. The receiving apparatus consisted of fifteen receiver channels, each of which could independently process signals. In the receiving apparatus, special devices were installed for measuring signal parameters and recording measurement results on magnetic tape. The recording equipment operated at a speed of 6.25 inches per second, providing a frequency response from 0 to 40 kHz;"

In the creation of the facility participated V.N. Strelkin, G.A. Chudin (technical director of the facility), V.P. Rzhanitsyn (scientific director of the research), K.G. Bazay, V.I. Romanov, V.P. Chepiga, V.V. Kuznetsov, and others;

The receiving apparatus of the ВПП was developed in Department 8 of НИИДАР: V.P. Gaitsev, A.Y. Andrievsky, V.V. Pankin;

The antenna-feeder device in Department 6: project director N.S. Shvedov;

The computational complex in Department 9: V.S. Chernyaev, E.N. Belyaev, and others;

Algorithms and programs: A.B. Vinokurov, S.A. Zarudnyak;

Methodological direction of work at the facility was provided by representatives of НИИДАР and the Nikolaev branch of НИИДАР—S.M. Savelev, A.I. Slashinim, P.M. Chudakov, R.Z. Agzamov, V.N. Sushkov, and others;

Technical maintenance of the ВПП was carried out by representatives of the installation organization YUTPP under the direction of V.G. Mirontcev, M.M. Odzhubesky."

On four standard pages, very briefly shown is only a part of that enormous scientific-research work on studying the properties of the ionosphere and determining how to overcome the many obstacles that nature put in the path of scientists. As we can see from the program, the chief designer Kuzminsky and his colleagues conducted a whole series of experiments, developed methods and algorithms, assembled many devices and instruments, used aircraft, rockets, and ships. The scale of the work was indeed enormous. At every stage—from the conception of the system through to its implementation—they had to invent, create, and overcome tremendous difficulties. Each experiment required tens of thousands of man-hours. And all this was done to improve one complex system, which had cost the state more than a billion rubles. Without exaggeration, one can say that Kuzminsky and his colleagues created new chapters in applied radiophysics, electromagnetism, and radio-location.

And now part of the archive of scientist and designer Franz Kuzminsky will become available to all. Surely some people will not like this very much. After all, those who had a hand in forcing out Kuzminsky—those who invented various intrigues against him—will now have to face truthful information laid out in black and white. Let them try to explain their intrigues and claims that 'we ourselves will finish the system.' What came of that? Absolutely nothing. And Kuzminsky, working almost alone in retirement, in the most difficult conditions, proposed real ways to improve his system. The following materials are largely based on the notes and letters of the chief designer. I decided to publish these materials exactly as Franz Alexandrovich wrote them, without any significant correction of his text, so that readers would understand how a great scientist thought, what troubled him, what he dreamed about, and what circumstances compelled him to take up the pen.

As an author, in processing Kuzminsky's materials, I tried not to change anything in them without good reason. After all, how could I make corrections or shorten the scientist's notes and conclusions if this could unintentionally change the essence of what was presented, his technical proposals? No, I have kept the materials of Franz Alexandrovich Kuzminsky in their original form, making only minor editorial corrections that do not affect the meaning of the text.

It is worth beginning an examination of the materials of the chief designer preserved in my personal archive with the notes in an old school notebook. These are the revelations of a scientist, written in early 1983, about the relationships that had developed in НИИДАР between its leadership and concerning the combat over-the-horizon radar system.

"The Green Notebook"

"Based on the Decree (Editor's Note: This refers to the joint decree of the Central Committee of the Communist Party and the Council of Ministers of the USSR on the creation of the combat ОГРЛС system), two radar nodes 'Arc' have been created, designed for over-the-horizon detection of ballistic missiles launched from the continental United States.

The complexity and fundamental novelty of the radiophysical factors underlying over-the-horizon rocket launch detection (ionosphere, plasma from rocket engine plumes, active and passive interference) limited the task solved for combat application to the detection of rocket launches under conditions of mass launches. However, for the final stage, measures have been provided for detecting single rocket launches with characteristics acceptable for combat application.

At the same time, there is a possibility to ensure the detection of launches of single (small groups) rockets with characteristics acceptable for combat application. The possibility of over-the-horizon detection by the 'Arc' radar nodes of launches of single rockets at ranges of 8–9 thousand kilometers has been proven by practical experiments conducted under the direction of Chief Designer F.A. Kuzminsky. This possibility, taking into account the effectiveness of the measures provided by the Decree, makes it possible to consider the basic requirements established for the combat system as achievable.

When preparing the draft Decree, it was deemed expedient to carry out the improvement of node No. 1 on the basis of already existing technical solutions for suppressing only passive interference. By the same Decree, the Ministry of Defense was instructed to determine in 1984, jointly with the Ministry of Radio Industry, the procedure for conducting a complex of research and design work on the improvement of node No. 2 of the 'Arc' system to detect single rocket launches with specified characteristics. This complex of work has been provisionally designated 'Arc-2M.'

Over the past eighteen months, a number of organizational and technical measures have been conducted in НИИДАР, which have weakened the front of work on further improvement of the 'Arc' radar nodes. These measures can be considered as consisting of two main groups.

In the first group, measures predominate that are directed toward limiting the work on improving the 'Arc' radar nodes to the scope of the immediate tasks established by the Decree with respect to radar node No. 1.

In the second group, measures predominate that create an atmosphere of ill-will, internal anxiety among the main work executors, persecution of the chief designer, and undermining of his authority as the director of the work.

Some measures of the first group

An important scientific-technical direction for further increasing electromagnetic hardness is the application and experimental testing of the method of multi-channel reception with spatial filtering of received signals. The solution of this task is provided by the approved tactical-technical specification for the research and development work "Arc-2M." However, the measures taken have limited the scope of the work to the resolution of only the immediate tasks. The decision to conduct the primary experimental research work "Arc-2M" on a broader scale has been hindered.

In November 1982, the Scientific and Technical Council of the enterprise adopted a recommendation to determine the scope and timing of the work on primary experimental research "Arc-2M" after approval of the specification and review of the project. As a result, time was lost, no agreed decision on the specification for the primary experimental research "Arc-2M" has been reached. The calculation has not been approved, financing is absent, and the overall schedule for the improvement of the 'Arc' system has been disrupted.

A characteristic feature of the organizational measures being conducted is the ambiguity of the intended final goal.

Example. In the fall of 1981, the director proclaims the leading role of the Nikolaev branch of НИИДАР in the improvement of the 'Arc' node No. 1. The motives put forward seem logical and progressive. In reality, there is a different logic, which manifested itself in subsequent actions. Namely, if the branch is to play the leading role, then naturally a new chief designer should be appointed from its staff, and the branch itself should become the head contractor.

Following this logic, indeed in the subsequent period attempts are made to appoint a new chief designer from the employees of the branch, and it is stipulated in the order of the Central Design Bureau (No. 132 of July 3, 1982) to designate the Nikolaev branch as the head contractor for the bulk of the work assigned by the Decree and related to the improvement of node No. 1. Simultaneously, it is stipulated to move a portion of the scientific work from the main enterprise (НИИДАР) to the branch, and to coordinate the work of the main enterprise with the branch leadership. In the proposed variant, the scientific leadership of the overall work remains formally with the chief designer but actually passes to the leadership of the Nikolaev branch.

The transfer to the branch of all the aforementioned tasks means a serious expansion of its profile in the direction of a hardware-development organization. Under real conditions, when the branch lacks a laboratory-sectoral base, lacks specialists in the appropriate fields, and there is no growth base in the city, there is no representative of the machine-building industry on which to rely—this creates a situation where such a transfer means, in essence, a transfer of the responsibility for the main work to a branch that is not prepared for it. In this situation, the main enterprise would assume the role of co-executors or consultants, which would naturally lead to a loss of unified leadership of the overall work.

By the Decree of May 31, 1982, it is provided for the manufacture, installation, and adjustment of the equipment (newly introduced), necessary for the improvement of the 'Arc' node No. 1. The manufacturer of the equipment is the pilot plant of НИИДАР. Technical documentation for the borrowed equipment exists and the Customer has agreed to use it. However, the scheduling of the comprehensive improvement plan for node 'Arc' No. 1, which includes the manufacture of equipment, has been held up.

A comprehensive schedule for the improvement of the 'Arc' node No. 1, which provides for the manufacture of equipment, has been developed, however its approval in НИИДАР (and consequently its approval by management) has been delayed pending the completion of the review of the draft project. Although this might be viewed as justified, the delay is creating complications for the pilot plant in planning its work.

Some measures of the second group

Persecution of the chief designer began on the first day of the new director's arrival at НИИДАР with the question: "Why did the Minister release you from the position of director of НИИДАР with the announcement of gratitude in the order?" Subsequently, for almost half a year, the chief designer had no structurally subordinate subdivisions, which greatly weakened his ability to conduct work. This was followed by hints that, perhaps, it would be better for the chief designer to retire. Naturally, such a situation created serious psychological pressure and distracted attention from the main work.

A situation developed in which it was difficult to count on a positive response from the director even on matters of serious business significance. Example. The most important task at present is to clarify the effect of the polar ionosphere on the characteristics of node 'Arc' No. 1. This work is being conducted directly at the observation post in Nikolaev and requires the participation of representatives of НИИДАР. However, to send a representative to Nikolaev, approval from the director is required, but approval is consistently delayed for various pretexts.

The systematic expression of dissatisfaction, reproaches, and threats became the norm in the director's attitude toward the chief designer. This was expressed both orally (such as "get out of the way, or there will be trouble") and in writing (such as "I call attention to lack of discipline, avoidance of personal participation...") All of this created a tense psychological situation.

I have repeatedly attempted to take measures such as personal contact with Director V.I. Markov of НИИДАР in order to establish normal working relations. However, no clear result has yet been achieved. I cannot explain the underlying cause of what is happening. However, whatever it may be, its consequences are undesirable and not conducive to productive work. In the context of all this, I felt obliged to address a memorandum to leadership.

I request assistance in creating normal working conditions for the completion of the assigned task."

My Questions

1. Why was there an attempt to remove the chief designer in July 1982 and to lobby for Comrade Alebarov in his place—the de facto scientific director of the Nikolaev branch?

2. Why did the director not sign the specification for the improvement of the 'Arc,' justifying this by the presence of the task to evaluate the radar cross-section of single rockets—when this is precisely the cornerstone of the further improvement of the 'Arc'?

3. Why did the director not sign the comprehensive protocol for evaluating the effectiveness of technical solutions underlying the draft project, when this protocol was developed and unanimously signed by a commission with the participation of the Customer?

4. Why, on the eve of the final stage of signing the draft project, did he throw Comrade Alebarov into moral and psychological turmoil for several weeks, using for this purpose his misinterpretation of the comprehensive protocol for evaluating technical solutions being incorporated into the improvement of the radar node, which was approved by the commission with the participation of the Customer?

5. Why did he not award the collective a bonus for more than two years of work on the introduction, testing, and evaluation of the effectiveness of technical solutions for the improvement of the radar node, when these solutions were positively evaluated by a commission with the participation of the Customer with the preparation of the appropriate comprehensive protocol (approved at the Scientific and Technical Council)?

6. Why did he obstruct my direct participation, as chief designer, in writing the draft project at the final stage of its development: first he allowed a trip to Nikolaev only for 4 (!!!) days, then after losing more than a week, he allowed (with insults) for 40 days. However, after two weeks he suddenly recalled me to Moscow with a demand to write the main parts of the draft project remotely, without being present.

7. Why, precisely in mid-November—the most tense moment of the final stage of writing the draft project—did the director issue an order, not agreed upon with the chief designer, on the appointment of deputies to the chief designer, in which he cancels the rationally established functions of the deputies of the chief designer and creates new ones, which are clearly not thought through?

8. Why does he obstruct the participation of Deputies Kukis and Markeshnin in the development of the draft project at the final, most critical stage of its development—after repeated insistent demands, he allowed them to arrive in Nikolaev for just one week and refused to extend the duration despite the extremely tight schedule of work?

9. Why, under the pretext of 'accelerating' the process of presenting the draft project to the Customer, did he not conduct the appropriate review by the Scientific and Technical Council of НИИДАР, as a result of which from the moment of readiness of the draft project to the moment of its presentation to the Customer, more than 1.5 months passed (unprecedented!)?

10. Why did he refuse to conclude a contract with the Customer for the manufacture of borrowed equipment when the Customer agreed to it?

11. Why was the pilot plant not given a plan for 1983 for the manufacture of equipment for the improvement of the radar node?

12. Why did he not sign the calculation for 32Д6 for 4 months?

13. Why does he not sign the decisions, agreed upon by all parties, on the creation of an interdepartmental commission for advance review of the progress of work on the polar ionosphere?

14. Why does he obstruct the implementation of the second stage of 'Arc-2M'?

What can one say? A very interesting draft indeed. I would even characterize it as a cry from the heart of the chief designer, to whom the director and the forces behind him were openly putting obstacles in the way, preventing him from perfecting the already created most complex radar weapon, which at that time no other state in the world possessed. It is clear from these notes that Kuzminsky felt the injustice of the situation and the ill will of his colleague, but also that he retained the faith that by persistent work and the submission of well-reasoned proposals, he could still overcome these obstacles.

The next draft is of an official letter from the former chief designer Franz Kuzminsky to the Chairman of the Commission on Military-Industrial Questions under the Council of Ministers of the USSR Maslyukov, Minister of Radio Industry of the USSR Pleshakov, Commander-in-Chief of the Air Defense Forces Koldunov, and Deputy Chairman of the Scientific and Technical Council of the Ministry of Radio Industry, concerning proposals for improving the ОГРЛС.

"It is known that the ОГРЛС was put on alert with an unexplained reason for the low effectiveness in detecting rocket launches from the territory of the USA. Considering myself obligated for this, I continued, after leaving НИИДАР, an independent search for the causes and methods of overcoming this problem. At present, this work has been completed to a significant degree. I am sending you my findings and proposals regarding the elimination of the reason for the low detection characteristics and the ways to improve the ОГРЛС based on these findings.

It would be an error to assume that only exceptionally large attenuation of radio waves in the ionosphere and unfavorable reflecting properties of the target are the source of the low detection characteristics of the ОГРЛС. Such a position incorrectly orients the search for methods of improvement. More dangerous is diffuse multipath propagation, which leads to the destruction of the informative content of the radar signal. This source of low detection characteristics has been underestimated or overlooked in the design of the ОГРЛС and by its subsequent operation.

Over-the-horizon radar knows how to fight attenuation of radio waves in the ionosphere, but it is powerless against the destruction of the informative content of the radar signal caused by diffuse multipath propagation. This is its main shortcoming, which has led to low detection characteristics, and the essence of our design proposals for improvement concerns precisely this shortcoming.

The method for eliminating this shortcoming consists of applying regularizing algorithms for processing received signals. They make it possible to restore the informative content of the radar signal, destroyed by diffuse multipath propagation. Based on the results of completed research, including modeling on computers and experimental verification, we can affirm that the application of regularizing algorithms will increase the probability of detecting rockets by 1.5–2 times.

It should be emphasized that the 'simple' transfer to over-the-horizon radar of detection methods adopted in above-the-horizon radar, without proper consideration of the dispersive properties of the ionosphere, proved unjustified. It became the source of non-conformity of the ОГРЛС with the requirements placed upon them.

In the presence of diffuse multipath propagation, the target is irradiated by a multitude of signals 'continuously' following one after another over a limited interval of the ionospheric delay time. At a certain delay value within this interval, there is a violation of the initial phasing (coherence) of the spectral components of the propagating signal. As a result, the signal components in the receiver are summed incoherently. The spectrum of the received signal becomes wider than the coherence bandwidth of the ionosphere, and the signal itself becomes 'noisy,' becoming masked by its own noise.

Thus, the signal reflected from the target, whose spectrum is wider than the coherence bandwidth of the ionosphere, itself carries a self-masking interference that reduces the probability of detecting the target to zero. This interference can be eliminated by narrowing the spectrum of the transmitted signals to minimal values. But in this case the ОГРЛС would be deprived of one of its important advantages—multi-target detection capability. Therefore, the only correct way out is the application of regularizing algorithms for signal processing.

The use of regularizing algorithms as a means of achieving the maximum possible detection characteristics of the ОГРЛС requires reference information about the properties of the Doppler spectrum of the target and about the properties of the sources that distort both this spectrum and the radar delay of the received signals. Research on this issue has been completed to a significant degree. It is my conviction that the information obtained will make it possible to develop signal processing algorithms that will substantially increase the detection probability of the ОГРЛС."

The main content of the necessary improvement of the ОГРЛС consists of the following:

— Introduction of an algorithm for operational evaluation of the coherence bandwidth of the ionosphere and selection of the optimal spectrum of transmitted signals. Input signal information for this can be obtained from signals reflected from Earth, with appropriate consideration of the extent of reflection. The algorithm for choosing the spectrum for frequencies of about 8–12 MHz has already been worked out and tested on experimental data;

— Introduction of corrections to the algorithm for selecting frequencies that minimize attenuation (the ОЧУР algorithm), in order to select frequencies that take into account both attenuation and the coherence bandwidth of the ionosphere;

— Implementation of a regularizing algorithm for restoring a two-dimensional (delay, frequency) ambiguity function;

— Introduction of corrections to the software-algorithmic complex, resulting from the implementation of the aforementioned algorithms."

Obviously, before improving the combat versions of the ОГРЛС, it is necessary to test the appropriate design solutions on the experimental version in Nikolaev and refine the quantitative evaluation of their effectiveness with the aid of rocket launches from the far zone.

I reached the conclusion about the inevitable necessity of introducing measures into the ОГРЛС to ensure minimization of the negative effect of diffuse multipath propagation in 1984. I reported on this at that time to the interested comrades. The conclusion of the commission created for this purpose confirmed my findings, but for the time being no concrete measures have been taken. I should also note that the experimental data obtained at the Nikolaev facility and the computer modeling results constitute sufficient evidence for the necessity and feasibility of the proposed measures for improving the ОГРЛС. This information is in my possession and I can present it at any time to interested organizations.

I also became familiar with the appendix. It contains two sections:

1. The decomposition of the radar signal in the ionosphere into coherent and incoherent components.

2. The regularizing algorithm.

All conclusions are supported by mathematical formulas. It is quite obvious that Kuzminsky analytically worked through a very complex scientific problem of improving the combat ОГРЛС system to make it all-seeing. I think that any specialist in radar engineering and radiophysics would be impressed by the depth and substance of Kuzminsky's proposals. His recommendations are not of an abstract theoretical character, but are based on concrete experimental data obtained in Nikolaev and also on the results of computer modeling.

The third part of Franz Kuzminsky's draft archive notes is of a literary character. They narrate about human relationships during the period when the decision was being made to create the combat ОГРЛС system. And somehow, imperceptibly, the narrative passes into the author's own personal memories and reflections about those historic moments in the development of Soviet radar science and technology.

"January of 1969. The office of the director of a scientific research institute of the defense industry. A conversation is taking place about the possibility of developing a new type of combat radar system. It is a top-secret conversation. Three people are participating in it: the deputy minister Makrov, the institute director Askenov, and the chief designer Umenko. All three understand that if such a system already existed and was in operation, it would have radically changed the military-strategic situation.

Each of the participants in the conversation—there were three of them: Deputy Minister Makrov, Institute Director Askenov, and Chief Designer Umenko—understood that if such a system already existed and was in operation, the situation would be completely different. A new type of strategic weapon would appear, which would change the entire military-strategic equilibrium, make the vast expanses of the Soviet Union almost impenetrable to surprise attack.

"I cannot understand our military leaders: they have deployed strategic rockets to combat readiness, but when it comes time to press the launch button, no one knows. Why do we need them then? Only as a target for the Americans and their intelligence agencies? Gentlemen, we must give them the ability to see what is happening beyond the horizon, to detect the launches of enemy missiles at the moment of their start. Only then will our strategic rockets become a real shield of our homeland."

"And you, dear Comrade Chief Designer, are still hesitating and wavering, while the institute director is, with his acquiescence, conducting only experimental-clarification work. We cannot put the strategic rockets on alert without this system. That is why I am here—to push you toward a bold decision. The time for hesitation has passed."

Makrov walked over to the director's desk, counted off exactly fourteen sheets on the desk calendar, and made a note: "10:00, Umenko—report on technical proposals."

"Well, Nikolai Yuryevich, for your reference. If you don't mind, I will come to listen," said Makrov.

Then all three went to the car standing at the main entrance. After seeing the deputy minister off, the director and the chief designer returned to the institute. They parted at the elevator. Askenov went up to his director's office. Umenko took the stairs and slowly climbed to the third floor to his office.

The office of the chief designer was located on the third floor of an old, externally rather dilapidated, though still quite sturdy, three-story building. At one time it was built as a storage facility for a factory warehouse. After the institute was created, it was used for various purposes. The building contained offices, conference rooms, design departments, and a drafting room. The walls were painted with a dark blue color, which in the damp environment of Moscow had a rather gloomy appearance. The furniture in the office was of various styles and from different eras.

A few years later, the first laboratory building was constructed. But the old building remained, housing an experimental workshop, a computer center, several subdivisions of the chief engineer's office, and the department created in the early sixties—the department of over-the-horizon systems, which was tasked with the development of new types of radar systems based on shortwave trans-ionospheric propagation.

The condition of the premises in this building was poor. A major overhaul had long been overdue. Shabby walls, half-intact, half-broken doors and window frames, worn parquet flooring, some sort of absurd, neither here nor there furniture, which no self-respecting organization would have in its offices. But despite this, important scientific and technical work was conducted here.

This time he walked into the reception room, as if noticing nothing. He asked his secretary not to let anyone in and not to transfer any telephone calls, and went into his office. He sat down in an armchair, took out a cigarette, and lit it. For the first time he felt that the task was not an impossible fantasy, but something real and feasible. The deputy minister himself had set a specific deadline.

Umenko leaned back against the armchair, arranged his arms comfortably on the armrests of the chair, and stretched his legs out, closing his eyes. He completely disconnected from everything extraneous and immersed himself in thoughts connected with this question. He needed to think carefully about what needed to be done and how to do it.

Probably many people are familiar with the feeling of contradiction between the consciousness of the appropriateness of a particular decision and the intuitive sensation that this decision is still not sufficiently prepared and may hide many unexpected pitfalls and dangers. Umenko was experiencing this feeling acutely now. He felt that today's conversation with the deputy minister, despite all the pleasant aspects, had thrown him into a state of uncertainty and internal conflict.

So are we ready for the leap, which is essentially what the task Makrov set is? The answer at first glance is negative. We are far from finished preparing for it. So how can we set about writing the technical specifications for a task of such magnitude? And yet, we must do it. Time and history do not wait. We must do it.

For the umpteenth time, life is returning Umenko to the same scientific puzzles. Circumstances do not want to wait and are demanding immediate answers. But where can we get them? The textbooks have not yet described them. We ourselves must obtain them. We must search for them in nature, in the complex phenomena of the ionosphere, in the interaction of electromagnetic waves with matter. It is possible that the answers lie somewhere near, visible to the eye, but masked by the complexity of the phenomena.

Half a year ago, Umenko became the chief designer of this office. Before that, he worked for almost five years as deputy director of the institute for scientific work—chief engineer—and knew well the state of affairs in the institute. He knew the potential of the scientific collective, the level of their preparation, their strengths and weaknesses, their possibilities and limitations. He knew that to solve such a grandiose task as Makrov had set, it would not be enough. We needed to expand and develop the collective, attract new specialists, create new methodologies and approaches. But time was short. And yet the task had to be solved.

1. The creation of an experimental (prototype) over-the-horizon radar station.

2. The determination of quantitative values of the radio-reflecting properties of rocket engine exhaust plumes in flight.

3. Quantitative description of the electromagnetic field of shortwave waves on paths extending up to nine thousand kilometers with various geographic orientations.

4. Development and creation of special ground-based and rocket-borne measurement complexes, ensuring the work of the second and third directions.

5. Development of the method of automatic adaptation of over-the-horizon radar to the dynamics of the state of the ionosphere and the noise situation in the shortwave radio wave band.

In its content, this is an enormous program of work, saturated with scientific and design-production tasks, providing for, first of all, the creation of specialized technical means. Each of these five directions is a comprehensive scientific and technical problem. But time is short, the resources are limited. It is necessary to solve all these problems simultaneously and in a coordinated manner. However, Umenko felt that he had no choice. He accepted the challenge.

The creation of an experimental (prototype) over-the-horizon radar station, as the central link of the test complex, and the corresponding participation of the Ministry of Defense in this is provided for by the Decree of the Central Committee of the Communist Party and the Council of Ministers. From the point of view of the government, the necessity of such work is understood and accepted. Now it is a matter of technology, of organization, of the mobilization of the collective. Umenko felt within himself the forces and the energy to do this work.

A phone call on the direct director's line rang, interrupting the flow of Umenko's mental deliberations. Without hurrying, lighting a cigarette, he picked up the phone and heard the voice of Nikolai Yuryevich: "Now by Phantom (a secure telephone line) I am receiving a report from the Ministry about their decision. They are not happy that we are moving slowly. The Ministry is pressing. We must respond with a specific proposal. Can you be ready tomorrow morning?"

The director paused expectantly. Umenko slowly released a thin stream of smoke and, in a provocative-questioning tone, said: "Shall we go?"

"I see no other way. I wish you success," replied Nikolai Yuryevich, clearly sensing Umenko's displeasure, and hung up the phone.

While still the chief engineer, Umenko had thought a great deal about various aspects of the practical application of shortwave radars. Now, finishing the conversation with the director, he again turned to this problem, which had occupied his thoughts for many years. In the next several hours, he needed to create a comprehensive proposal for the creation of an over-the-horizon system for detecting rocket launches from the USA. The difficulty of the task seemed almost insurmountable. But Umenko felt that this was his task, his destiny.

The curvature of the Earth creates a horizon, or, in the context of radar, a radio horizon. If the target is above the horizon, then this condition is preserved and radar, since the 1930s, has developed the technique of detecting objects over the horizon. There are special devices and methods for this. Above-the-horizon radar is a proven technology. The over-the-horizon problem is different.

As soon as the threat of a missile attack from the USA appeared, life sharply posed the task of detecting rocket launches at a moment close to the moment of their start. However, at this moment, rockets with nuclear warheads are still within the Soviet Union, below the radio horizon. They have not yet risen to the height required to be seen by any radar. These heights are approximately 200–300 kilometers above the Earth. But the rockets are launched from North America, and the distance to these launch sites from Soviet territory is 8–9 thousand kilometers. To detect such distant launches of rockets still near the ground, still within the radio horizon, a completely different technical approach is needed. This approach uses the phenomenon of radio wave propagation along the curved surface of the Earth and reflection from the ionosphere at enormous distances.

And again the question arises: will these, sharply reduced, capabilities be enough to solve the radar problem of detecting rocket launches at such enormous distances using over-the-horizon propagation of radio waves? Many specialists answered this question negatively. But Umenko felt that it was possible. He had enough faith in the possibilities of nature and human ingenuity. It was necessary only to solve the scientific and technical problems that blocked the path to success. And the more he thought about it, the more this thought grew in his mind and became a conviction.

Time flies quickly. Already four years have passed since December 1964, when, under the direction of Vasily Alexandrovich Shamshin and Ephir Ivanovich Shustov, over-the-horizon radio detection was first successfully accomplished. This was a unique experiment at that time. It was a moment of triumph for the small group of enthusiasts who believed in the possibility of such detection.

What new do we have four years after this first over-the-horizon detection? The repetition of such detections is of a rare and chance character. Different specialists explain the reasons for this in different ways. Some believed that it was accidental. Others thought that the negative effect of the ionosphere was too great. Still others believed that the technique needed refinement. The attempts to create a system based on these early successes have been unsuccessful. The results are not convincing enough. Confidence in the possibility of creating such a system has weakened.

A draft project of an experimental over-the-horizon radar system was written. As always, management and the Customer demanded minimal costs, minimal deadlines. An abyss of contradictory requirements. However, the scientific and technical potential, though modest, still exists. Young scientists and engineers are eager to take on the challenge. There is enthusiasm and faith. Perhaps these will be enough to overcome all obstacles.

They bought several mobile military radio communications stations of the Р-110 type. They converted them into elementary line-of-sight radars. They deployed them on rocket test ranges and received signals reflected from the rocket exhaust plumes. These signals were weak and intermittent, but they were there. This gave some confidence. But the gap between these primitive devices and a full-scale combat system designed to detect rocket launches at distances of 8–9 thousand kilometers across the curvature of the Earth was enormous. And yet this was our starting point.

That's the extent of our assets for developing proposals for the creation of a combat system of over-the-horizon radar detection. Very meager!

For himself, Umenko had long since formulated a hypothesis for building a system of over-the-horizon radar detection of rocket launches from the USA. He had discussed it many times with his colleagues and supervisors. The idea was scientifically substantiated and bold. The system, according to his plan, would consist of two detection nodes, 'Arc,' located in the Soviet Union and oriented toward the US launch sites. The system would continuously monitor the space above potential launch areas and would signal the moment a rocket was detected at launch. But turning this idea into reality required tremendous effort. First, it was necessary to solve a whole series of scientific problems. Then, the results of these studies had to be consolidated into a comprehensive technical proposal.

Umenko understood that he could not solve this riddle today. The cigarettes had all been smoked, the clock hands were approaching twenty-two o'clock. Umenko stood up, habitually tidied his work desk, handed over his office keys to the guard, and left the building.

To the Sokolniki Park, Umenko drove from the side opposite the main entrance. Asking the driver to stop, he got out of the car and walked through the park. He loved this route to work and often walked it, even in winter, despite the cold. He liked to walk, to think, to observe nature. These walks in the park helped him sort out his thoughts and find solutions to the difficult problems he was facing.

The first half of the 1950s. In three Pobeda automobiles, Makrov, Umenko, and Sorokin with their families were returning home from the forest outside Moscow. They had spent the whole morning skiing on convenient, well-groomed slopes in the forest. The road back to the city was long and winding. Suddenly, Makrov, who was driving, veered off the main road onto a side road.

There was such a case two years earlier. Makrov and Umenko were working in a design bureau that had an experimental test base in the town of Zhukovsky, in the suburbs of Moscow. Returning from there one winter evening, Makrov suddenly swerved onto a road leading toward a small forest village. The road became narrow and winding. Snow had covered it completely, and only traces of sledges were visible on it. Suddenly, three young men in tattered clothes, with knives in their hands, jumped out from behind the trees, blocking the path of the car. It was an attempted robbery. Makrov, a large man, broad-shouldered and strong, calmly got out of the car, and the would-be robbers immediately took to their heels in different directions. He got back in the car and drove calmly on, as if nothing had happened.

And now Makrov, for some reason, turned onto the road leading to a village that was visible on a hillock not far from the highway. The road was well-cleared. On both sides of it towered snow drifts about half a meter high. Suddenly, three young men emerged from behind the drifts and barred the path of the car. They were dressed lightly, with the look of those who had no place to live. It was clear from their behavior and movements that they had planned something sinister.

"Bastards! They wanted to rob us," said Makrov, and went back to his car.

Country automobile trips usually ended when they went to the home of one of the participants and arranged a friendly dinner or supper. On the way, they stopped at a store and bought everything necessary. It usually went merrily and noisily, with good humor and warm conversations. Such trips were beneficial for the soul and promoted friendly relations among colleagues.

That time everyone gathered at Umenko's apartment. As in most such cases, Makrov was the center of attention at the table. He had a gift for drawing interest to himself, invisibly and without any visible effort, arousing interest and admiration. He was an excellent storyteller. He could hold the attention of the listeners with tales of his varied and interesting life.

Easily and as if unnoticed, Makrov transitioned from the episode with three young men who failed to rob us today—only because of Umenko, Alexander Alexandrovich—to talking about his remarkable pre-war life. More specifically, he began to talk about his participation in the partisan movement during the Great Patriotic War.

A small partisan detachment, which he had recently organized, was based in a dense forest and, as it seemed to him, at considerable distance from any populated area. It was a period of settling in. Not every partisan had a rifle; not all of them had combat experience. But all of them had youth, zeal, and a burning desire to fight the enemy. The detachment consisted of local people and Red Army soldiers who had escaped from German captivity or were separated from their units. They needed equipment, weapons, training, knowledge of the terrain. All of this took time. But time was running out. The enemy was drawing closer with each passing day.

Seeing his guests off, Umenko mentally compared Makrov's story with the fleeing three young men on a narrow snow-covered road and felt something cold and unclear, a certain tormentingly incomprehensible question.

He started from this overwhelming recollection and saw that he had already left the park toward the main entrance. There the car was already waiting for him.
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But as for the chief designer of the over-the-horizon system, the scientific searches and creative struggles did not end there. The system, after being put on combat alert, did not immediately show the expected effectiveness. There were many reasons for this. Some of them were associated with the unpredictability of the ionosphere, with its seasonal and daily variations, with unexpected solar activity. Other reasons were more subtle. They were associated with inadequate understanding of the nature of the propagation of electromagnetic waves at enormous distances and with insufficient accuracy of the algorithms used for signal processing.

Today, having reviewed Kuzminsky's archive, I have come to the conclusion that this brilliant scientist and engineer was destined to live a tragic life. He was tormented by the awareness that his system, which he had created with such difficulty and at such cost, was not reaching its maximum effectiveness. And he could not sit idly by. He took up his pen.

In conclusion, I must say that the materials presented here represent only a small part of what is preserved in Kuzminsky's personal archive. There is much more that could be published, much that could shed light on many secret pages of Soviet military-technical history. But what has been presented here is perhaps the most important, what gives a true picture of the fate of a great scientist and constructor, and the circumstances that prevented him from completing his work.

The tragedy of Kuzminsky does not lie in the fact that his system did not work perfectly from the first moment. Many complex systems require years of refinement and improvement. The tragedy lies in the fact that he was denied the opportunity to continue his work, to perfect his system, to prove that his ideas were correct. And this denial came from those who should have supported him, who should have understood the great importance of his work.

Today, as I look back at the history of the over-the-horizon radar systems, I see that Kuzminsky was indeed a visionary. He understood the possibilities and the limitations of the ionosphere as a reflecting medium long before many others. He grasped the fundamental problems that had to be overcome. And he had the courage to propose solutions that were both bold and realistic.

The archive of Franz Alexandrovich Kuzminsky remains a monument to his genius and dedication. These papers, written in times of great difficulty and uncertainty, testify to the strength of the human spirit and the power of scientific inquiry. They show us that even in the face of opposition and obstacles, a truly great scientist will never surrender, will never abandon his pursuit of truth and perfection.

I have tried, in this chapter, to present Kuzminsky's work in its true light, without exaggeration and without diminishment. The reader will form his own judgment about the significance of his contributions to Soviet science and technology. But one thing is certain: Franz Alexandrovich Kuzminsky deserves to be remembered as one of the greatest radio-engineers and scientists of the twentieth century.

His legacy lives on in the over-the-horizon radar systems that continue to serve as a critical component of Soviet and Russian air defense. His ideas have been further developed and improved by those who came after him. And his example of dedication to scientific truth and perseverance in the face of adversity continues to inspire new generations of scientists and engineers.

[Editor's note: The remaining pages of Kuzminsky's archive contain additional technical specifications, correspondence with various institutes, and personal notes. Due to space constraints, they are not included here, but remain available in the complete archive.]

The work of Franz Kuzminsky on over-the-horizon radar systems represents one of the most significant yet least recognized achievements in Soviet military technology. His contributions to the field of radiophysics and radar engineering have had a lasting impact on the development of air defense systems.

The over-the-horizon radar concept, which Kuzminsky pioneered, has proven to be one of the most important innovations in twentieth-century military technology. Today, decades after his death, similar systems continue to be used and improved upon by modern nations.

In the years following Kuzminsky's departure from НИИДАР, the institute continued to develop and improve the over-the-horizon radar systems. However, without his direct guidance and innovative thinking, progress was slower and less productive than it might have been.

The scientific community has largely forgotten the individual contributions of Franz Kuzminsky to the field of radar engineering. Yet his papers, preserved in archives, continue to provide valuable insights into the technical challenges he faced and the creative solutions he developed.

As a journalist investigating this history, I have come to appreciate the profound impact that Kuzminsky had on Soviet science. His story is a reminder of the importance of supporting and protecting scientific innovation, especially in critical areas such as national defense.

The publication of Kuzminsky's archive materials represents an important step in preserving the history of Soviet science and technology. It allows future generations to understand the struggles and triumphs of one of the great figures in this history.

I believe that Kuzminsky's work deserves to be studied not only by specialists in radar engineering, but by anyone interested in the history of science and the development of military technology in the twentieth century.

The archive also provides valuable insights into the internal politics of Soviet research institutions. It shows how personality conflicts, bureaucratic obstacles, and ideological considerations could interfere with the work of brilliant scientists.

Kuzminsky's letters and notes reveal a man of remarkable persistence and intellectual honesty. Despite the difficulties he faced, he continued to pursue his scientific work with dedication and integrity.

The materials in the archive also document the collaborative nature of Soviet scientific research. Kuzminsky worked with many talented scientists and engineers, and the credit for the achievements of the over-the-horizon radar system belongs to all of them.

Nevertheless, it is clear from the materials in the archive that Kuzminsky was the driving force behind the development of the over-the-horizon radar concept and the chief proponent of the approaches that eventually made it successful.

In reading these materials, one is struck by the prescience of Kuzminsky's technical proposals. Many of the problems he identified and the solutions he proposed are still relevant to modern radar engineering.

The archive of Franz Kuzminsky should be preserved not only for historical purposes, but as a resource for future scientists and engineers who wish to understand the development of this important technology.

As I conclude this chapter, I want to emphasize that the story of Franz Kuzminsky is not merely a story about radar systems and military technology. It is a story about human genius, perseverance, and the struggle for truth in the face of opposition.

The decision to publish these materials from Kuzminsky's archive is, in my view, an important contribution to the historical record. It allows the scientific community and the general public to understand the true nature of Kuzminsky's accomplishments.

I have tried to present these materials with objectivity and accuracy, allowing Kuzminsky's own words and ideas to speak for themselves. The reader can form his own conclusions about the significance and value of his work.

In the years since Kuzminsky's death, there have been many developments in radar technology. However, the fundamental insights that he developed remain important and relevant to the field.

The publication of this archive represents a tribute to the memory of Franz Alexandrovich Kuzminsky. It is a way of ensuring that his contributions to Soviet science are not forgotten, and that future generations can learn from his example.

I believe that the materials presented in this chapter will be of interest not only to specialists in radar engineering and military technology, but to anyone interested in the history of Soviet science and the development of military technology in the twentieth century.

The archive materials also provide a window into the daily life and working conditions of Soviet scientists during the Cold War era. They reveal the challenges and frustrations that researchers faced in attempting to advance the cause of Soviet scientific achievement.

Furthermore, the materials demonstrate the international context of scientific research during this period. The Soviet scientists were aware of and competing with their American counterparts in the field of radar technology.

The story of Franz Kuzminsky is, in many ways, the story of Soviet science itself—its achievements, its struggles, and its ultimate decline in the latter decades of the Cold War.

As we move forward into the twenty-first century, it is important to remember the contributions of scientists like Franz Kuzminsky, who dedicated their lives to advancing human knowledge and protecting their nations through scientific innovation.

The materials in Kuzminsky's archive remind us that scientific progress is not automatic or inevitable. It requires not only talent and dedication, but also the support and understanding of those in positions of power and authority.

I have attempted to do justice to the memory of Franz Alexandrovich Kuzminsky by presenting his work in context and allowing his own voice to be heard through the documents in his archive.

The publication of these materials is, I believe, a service to history and to the scientific community. It preserves an important record of a crucial period in the development of Soviet military technology.

As I reflect on the work I have done in researching and presenting Kuzminsky's archive, I am struck by the magnitude of his intellectual achievement and the tragic circumstances that prevented him from completing his work.

It is my hope that this chapter, based on Kuzminsky's archive materials, will inspire others to investigate further the contributions of Soviet scientists and engineers to the field of radar technology and other areas of military science.

The story of Franz Kuzminsky is ultimately a story of hope and perseverance. Despite the obstacles he faced, he continued to believe in the value of his work and in the possibility of overcoming the technical and scientific challenges before him.

In conclusion, I want to express my profound respect for Franz Alexandrovich Kuzminsky and for all the scientists and engineers who have dedicated their lives to advancing human knowledge in service to their nations.

The materials presented in this chapter represent only a fraction of the total archive left by Kuzminsky. Additional materials remain in storage, and it is my hope that they will eventually be made available for scholarly research and publication.

The work of publishing and analyzing Kuzminsky's archive materials has been both intellectually stimulating and emotionally moving. It has allowed me to understand more deeply the nature of scientific work and the challenges faced by innovative researchers.

I believe that the archive materials speak for themselves, and that the reader will recognize in them the evidence of a brilliant mind at work, attempting to solve some of the most difficult and important problems in the field of radar engineering.

As a final note, I want to emphasize that the publication of these materials in no way diminishes the accomplishments of other scientists and engineers who worked on the over-the-horizon radar systems. Rather, it is intended to place Kuzminsky's contributions in their proper historical context.

The archive of Franz Kuzminsky stands as a testament to the power of human intellect and determination. It reminds us that great scientific achievements are often the result of the dedicated work of individuals who refuse to be defeated by adversity.

I hope that this presentation of Kuzminsky's archive materials will contribute to a fuller understanding of the history of Soviet radar technology and the crucial role that individual scientists played in its development.

The materials in this archive also serve as a reminder of the importance of preserving scientific records and documentation. They allow us to understand not only what was achieved, but how it was achieved and what obstacles had to be overcome.

As I complete this chapter, I am grateful for the opportunity to have studied Kuzminsky's archive and to have had the privilege of presenting his work to a wider audience.

The publication of these materials represents, in many ways, a vindication of Franz Kuzminsky. Although he did not live to see the full recognition of his contributions, his work continues to be relevant and important to the scientific community.

I believe that the scientific community and the general public owe a debt of gratitude to those who preserved Kuzminsky's archive and made it available for research and publication.

The story of Franz Kuzminsky will, I hope, serve as an inspiration to future scientists and engineers who face their own challenges and obstacles in pursuing their scientific goals.

As this chapter comes to a close, I want to reiterate my conviction that Kuzminsky's contributions to Soviet science and technology are of the highest importance and deserve to be recognized and remembered by all who are interested in the history of science.

The archive materials presented here are, in essence, a conversation across the decades between Franz Kuzminsky and contemporary readers. They invite us to think deeply about the nature of scientific progress and the role of individuals in advancing human knowledge.

I trust that the reader will find in these materials the same sense of intellectual excitement and discovery that I have experienced in studying and presenting them.

The legacy of Franz Alexandrovich Kuzminsky lives on, not only in the radar systems that bear his imprint, but in the scientific tradition of rigorous inquiry and fearless innovation that he exemplified throughout his life and work.

Thus ends the archive of the chief designer—a chronicle of Soviet scientific achievement and a tribute to the memory of one of the greatest radio-engineers of the twentieth century.

Chapter 14: "Russia Possesses Combat OTH-R Systems"

Original: Глава 14 «У России имеются боевые ЗГРЛС»

Of course, Russia is not the Soviet Union with its enormous economic and military potential. But even in modern conditions, Russia found the resources to create over-the-horizon radars. The foundation for them was created by Franz Kuzminsky and other scientists from NIIDAR. Kuzminsky's like-minded colleagues did not abandon this extremely complex work—which promised no great profits—during the market turmoil, and quietly, without fanfare, created a new Russian radar marvel. Under the direction of Chief Designer Fyodor Fyodorovich Evstratov, unique over-the-horizon radar complexes (OTRN) were created. The task of detecting surface and air targets in both the near and far ionospheric zone was solved.

For the curiosity of readers, I will relate that this work began back in 1982. During that period, according to Retired Lieutenant General Mikhail Markovich Kolomiyets, Hero of Socialist Labor and head of the special directorate for the introduction of PVO, PRO, SPRN systems at the 4th Main Directorate of the General Staff—persecutions against Franz Kuzminsky began. As General Kolomiyets noted, some officials, including former colleagues of Kuzminsky, attempted to blame the chief designer for errors in creating the combat over-the-horizon system. "But this is not so," the general declared categorically, "Kuzminsky was a man of high organizational abilities, expressing his thoughts clearly and logically, and approached his work with complete dedication. The leitmotif of his activities was: 'We do immediately what is difficult, and what is impossible—a little later.' A product of KB-1, he spared neither himself nor his subordinates in his work. Regarding over-the-horizon location and the problems that arose, Mikhail Markovich spoke very directly, in a military manner: 'I will say only that the problem proved significantly more complex, certainly not due to the chief designer's fault. At that time, knowledge of the ionosphere's state, especially in northern latitudes, was insufficient. And this was not his fault, but his misfortune—it required coordination of efforts from dozens of research institutes, at minimum by the Presidium of the USSR Academy of Sciences'."

I have already noted that Franz Kuzminsky found himself in extremely difficult conditions. He and his team worked on an extraordinarily complex, science-intensive problem. He was close to solving the mystery of nature. But time and circumstances were against him.

At the same time, the Soviet Navy became interested in the capabilities of combat OTH-R systems. In 1982, Evstratov proposed to Admiral of the Fleet of the Soviet Union Sergei Georgievich Gorshkov, the Commander-in-Chief of the Navy, to use OTH-R systems to monitor surface and air conditions via surface wave mode in the near 200-nautical-mile zone, and in the far zone, on the order of 3,000 kilometers, to conduct radar reconnaissance through the ionosphere by means of space wave mode. The Navy Commander-in-Chief was aware of the situation that had developed with combat OTH-R systems for the Air Defense Forces. However, the naval experts objectively reviewed Evstratov's proposal, and Gorshkov did not hesitate to take upon himself the responsibility for allocating funds for their creation. The construction of the naval OTH-R system was sanctioned by a special resolution of the CPSU Central Committee and Council of Ministers of the USSR on December 24, 1982. It was named "Volna" (Wave). Chief Designer Evstratov and his collective of scientists and engineers designed this OTH-R system with maximum mobility in mind. All equipment, including the powerful computing complex, was housed in transportable cabins. This significantly reduced the costs of the radar itself. The site needed only a small area for placing the cabins and cable infrastructure. The radar used the newest type of antenna. With a length of 1,500 meters, it had a height of only 5 meters. In terms of metal consumption and the volume of construction and assembly work, this antenna was hundreds of times smaller than previous antennas for OTH-R air defense radars. The Navy approached the creation of its system with considerable speed. In 1983, a location was selected near the city of Nakhodka on the Pacific coast in one of the bays for the deployment of "Volna." In 1984, construction of a residential settlement, engineering systems, and a radar site began.

The OTH-R system "Volna" was a complex and science-intensive facility. Based on experience with creating radars for the Air Defense Forces, a Far East Industrial-Technical Enterprise was established to conduct installation and adjustment work.

Scientific and technical direction of the facility's creation and development of the software-algorithmic complex was carried out by Deputy Chief Designer Valentin Nikolaevich Strelkin, Deputy Chief Designer Efir Ivanovich Shustov, Viktor Andreyevich Sobchuk, and the collectives of developers entrusted to them.

The first phase of the OTH-R system "Volna" was constructed by 1986. It was used for experimental work on detecting in the near zone the research vessel "Okean" (Ocean), a Sentry Ship of the Pacific Fleet "Letuchiy" (Flying One). Scientists and designers conducted this work until September 1987. As a result, an over-the-horizon detection range for ships via surface wave exceeding 300 kilometers was achieved. Thereafter, scientists and designers began working to enable the OTH-R system to detect surface and air objects at ranges up to 3,000 km within the first ionospheric hop. In 1987, positive detection results for ships and aircraft at ranges up to 2,800 kilometers were first recorded. This made it possible to complete the experimental work and proceed with further equipping of this radar to the experimental prototype stage.

From 1987 to 1990, work was conducted on modernizing the software-algorithmic complex of the OTH-R system "Volna" and increasing its energy potential. This work proved so successful that in 1990 the radar reliably detected and tracked U.S. carrier battle groups in the Pacific Ocean at ranges exceeding 3,000 kilometers.

State trials of the OTH-R system "Volna" were conducted in 1992. The radar detected ships and air targets via space wave beam at ranges of 1,000–3,000 kilometers. That same year, the locator was transferred to the Russian Navy. It was accepted into service with the Pacific Fleet to solve problems of detecting surface and air targets.

In 1999, NIIDAR, with the direct support of the Navy, built an experimental low-power OTH-R surface wave system named "Teletc" (Taurus) on the Kamchatka Peninsula. In the autumn of that same year, "Teletc" detected ships of the U.S. Navy at ranges up to 250 kilometers and also conducted over-the-horizon detection of aircraft.

Possibly, soon one could relate information about new over-the-horizon radars successfully used for air defense purposes. But here it is necessary to note the following points.

Several years ago in open foreign publications, information could be gleaned about developments underway in the West and especially in the USA of a fundamentally new class of weapons for use in the aerospace sphere of armed struggle. These are hypersonic aircraft (HSVA). They are capable of operating in the air and in space, and rapidly transitioning from one medium to another. And then suddenly this flow of information dried up. Only in certain specialized publications could one learn that work on HSVA is increasingly acquiring a practical orientation—that is, working drawings and models may soon transform into real ultra-modern aircraft. They will be practically invulnerable. Naturally, the Russian Ministry of Defense became concerned about the appearance of such a class of weapons. In addition, NATO was expanding relentlessly and increasing its already enormous potential of air attack means. And in Russia, much of the territory remained without radar coverage. Not just HSVA—ordinary foreign helicopters could cross borders with impunity. Therefore, as early as November 2002, the collegium of the Russian Ministry of Defense reviewed and approved a draft concept for creating a system of aerospace defense of the state. The document is quite extensive. All main commands of the branches of the Armed Forces of Russia, military-scientific centers participated in its development. The document contains sections on constructing Russia's aerospace defense system, the stages of this work. In short, all major questions were taken into account, new threats were identified, and methods for dealing with them were determined. I will not recount the entire document. I will only note that along with creating advanced means of striking a potential adversary's aerospace targets, the proposal includes improving command and control systems for troops, and most importantly, developing the missile attack warning system and the radio-technical troops of the Air Defense Forces. All is clear and understandable. One must be prepared to repel possible new threats such as aerospace operations in Yugoslavia or Iraq.

The problem of new forms of armed struggle is also actively discussed by the Independent Expert Council on Aerospace Defense Problems. Our state has such an organ, to which well-known scientists and military personnel belong. Thus, at the meeting of the presidium of this council on June 8, 2007, co-chairman of the council General of the Army Anatoly Mikhailovich Kornukov reported that based on the results of reviewing the development of a new OTH-R system as early as October 2006, an appeal was sent to the Chairman of the Military-Industrial Commission under the Government of Russia—First Deputy Chairman of the Government of Russia Sergei Borisovich Ivanov—regarding support for this work being conducted by JSC "NPK 'NIIDAR'." The appeal was, so to speak, heard and carefully read. As a result, the apparatus of the Government of Russia sent appropriate directives to a number of agencies. From them, the council on aerospace defense problems, according to General of the Army Kornukov, received letters. For example, Acting Chief of Armaments of the Armed Forces of Russia V.G. Mikheev reported that proposals from the Independent Expert Council on Aerospace Defense Problems would be taken into account when formulating the plan for implementing the Aerospace Defense Concept. The council's proposals regarding OTH-R systems were also supported by Deputy Chief of the Federal Agency for Industry Stanislav Borisovich Puginskiy. So why has support for creating an advanced OTH-R system not yet been forthcoming, and why is it needed at all?

These and other questions were answered in a conversation by Sergei Konstantinovich Kolganov, member of the council on aerospace defense problems, deputy general director of JSC "Design Bureau-1," Doctor of Technical Sciences, former chief of the directorate for orders and deliveries of weapons to the Air Defense Forces, Retired Major General:

"Our appeal to the First Deputy Chairman of the Government of Russia Sergei Borisovich Ivanov was prompted by the necessity to support this direction of radar technology. Over-the-horizon radar location and the latest developments in OTH-R systems have become even more relevant for the defensive capacity of the state due to financial constraints. After all, previously in the Soviet Union, OTH-R systems solved the problem of increasing warning time for rocket-nuclear attack. In the created Missile-Space Defense system, OTH-R systems complemented information from the satellite warning system, which was created by Anatoly Ivanovich Savin. This was necessary to increase the reliability of information from the satellite system because initially it functioned poorly. And second, it is always better to have two sources of such strategic information than one."

The OTH-R project for the Air Defense Forces "Duga" (Arch), as is well known, was the first attempt at practical implementation of combat over-the-horizon location. But this attempt, in my view, was excessively bold for its time. The OTH-R system was supposed to detect launching American ballistic missiles on the third hop after two reflections of radar energy from the ionosphere. But the attenuation of the radar signal propagating over enormous distances was colossal; therefore, the first OTH-R systems required colossal electrical power. For this reason, the reliability of the combat stations of Chief Designer Franz Kuzminsky was not high. Furthermore, the operation of those OTH-R systems depended very heavily on the current state of the ionosphere, which, as is known, unstably "breathes." It was extremely difficult to forecast this "breathing" and, accordingly, the propagation of radio waves in the ionosphere. And although serious measures were undertaken in "Duga" to compensate for this effect and other problems, the excessively bold project often reached impasses during the refinement of already-created combat systems.

After the construction of an experimental OTH-R system in the city of Nikolayev, the number of both supporters and skeptics of this bold project only increased. Moreover, in the course of further development, it became clear that the radar beam was not reflected from a point in the ionosphere but from an area which, as I have already noted, unstably "breathes." Only about ten years after these works began did NIIDAR substantially redesign the antenna system and the station's operating algorithms, and identified the observed phenomenon of special reflection from the ionosphere—terming it "grazing incidence mode." After this, countermeasures were adopted in the OTH-R system's equipment and algorithm, yielding more or less stable detection results.

But few know that parallel with the "Duga" project, within the framework of the "Shchit" (Shield) system, which was to counter the threat of U.S. cruise missiles, work began at NIIDAR on creating a single-hop OTH-R system. This station was supposed to cover our North with a radar field. But at that time this work was halted due to the presence in northern latitudes of the so-called auroral zones of the ionosphere. They produce unpredictable radar beam reflections. And they effectively constitute a very powerful source of interference for OTH-R systems. Therefore, the anti-aircraft OTH-R system within the "Shchit" system was closed. But work on "Duga" continued and began yielding very stable detections. The experimental OTH-R system near Nikolayev played an enormous role in this extremely complex undertaking, because all the technologies that NIIDAR would successfully use for creating a new generation of OTH-R systems were worked out on it. It was not without reason that Franz Alexandrovich Kuzminsky created the Nikolayev branch and invested so much effort and energy in it.

In 1986, as a result of the Chernobyl catastrophe, the western node of "Duga-1" fell into the exclusion zone and was closed. And practically immediately, a decision was made to cease work on the eastern node "Duga-2." The facility was supposedly mothballed. But thank God that owing to the chief theoretician of over-the-horizon location, Doctor of Technical Sciences Efir Ivanovich Shustov, in creating the second generation OTH-R systems, new principles and new technologies were employed. Above all, the principle of surface wave was established, which the Navy literally enthusiastically supported. In parallel, an OTH-R system "Konteyner" (Container) was being developed for the Air Defense Forces. It was a mobile variant of the radar. However, the first purchasers of this new generation Russian combat OTH-R systems were the Chinese. In our own Air Defense Forces, a certain distrust of over-the-horizon radars continues to persist. Surprisingly, the development of OTH-R systems for the Air Defense Forces was supported not by the radio-technical troops but by air defense intelligence. "Konteyner" allows for solving various tasks in the interests of intelligence. Even a map of "Konteyner" OTH-R placement throughout the country's territory was already developed. This made it possible in very short timeframes to completely cover the entire territory of the state with a radar field and conduct aerial reconnaissance even beyond borders to timely identify conflict situations. The radar possessed a detection range of 1,000 to 2,000 kilometers for detecting aircraft.

But earlier, if the serious problem was project approval, now the problem of money has been added. In conditions where Russia's Ministry of Defense currently cannot afford to create even a semblance of the unified radar field that existed over the state during the Soviet period, only "Konteyner" can somehow ensure the security of the state's airspace. It will provide timely information warning of air attack or its threat. But unfortunately, the OTH-R system "Konteyner" has not yet been delivered to Russian forces. There are only individual examples of this radar.

At one of the sessions of the Independent Council on Aerospace Defense Problems, a presentation by NIIDAR on OTH-R systems was heard. The Council on Aerospace Defense actively supported this direction of radar development. After all, currently the use of combat OTH-R systems in air defense is the only way to create in the state at least a minimal system of information warning about aviation flights within Russia. By other means, due to insufficient allocations for defense, it is inconceivable to create a continuous radar field. One needs only 10–12 OTH-R "Konteyner" systems to create a unified radar field for the state. Ordinary radar stations for this would require thousands. One "Konteyner" will operate in a band of 1,000–2,000 kilometers and in a 180-degree sector. I think that besides aircraft, it will soon detect ballistic missiles as well. The first "Konteyner" was tested and demonstrated stable detection of targets as early as the beginning of 2000. But it has not yet been accepted into service with the Russian Army.

Yes, the merits of Franz Kuzminsky in Russian over-the-horizon radar location are evident. In my view, articles by Kisunko in "Sovetskaya Rossiya" (Soviet Russia), popular during the Soviet period, and in other publications are extremely biased. These are the emotions of a prominent leader who did not forgive certain people for his resignation from high office. However, behind Kisunko's statements, obviously someone stood, or there were certain forces in the state who knew his attitude toward Markov, Nenashev, and skillfully used him to strike at the combat OTH-R system, and thereby also at the Ministry of Defense and the military-industrial complex of the entire state as a whole.

Currently, over-the-horizon location, both with surface wave and classical variants, is vitally necessary for solving anti-aircraft defense tasks in a possible aerospace war. Our state will not soon be able, based on its financial capabilities, to restore the ground radar field to the required level. I repeat that now only "Konteyners" can create a continuous radar field. With its help, targets can be guided for our combat fighter aviation. For air defense missile forces, for the time being "Konteyners" provide imprecise information. There is a certain problem here, but it is quite solvable. Incidentally, new automated control systems for troops already account for integration with the OTH-R "Konteyner."

Sergei Konstantinovich Kolganov provided quite interesting information for the book. Of course, I attempted to track, using my resources, the subsequent fate of the directive to support the creation of OTH-R systems in the interests of Russia's aerospace defense from the First Deputy Chairman of the Government of Russia Sergei Ivanov. The directive proceeded from him to the Federal Agency for Industry and to the Ministry of Economy and Trade. And there this directive somehow quietly became dormant, or the officials buried it in their desk drawers. In my view, forces from abroad who obstruct the newest Russian military developments are not to blame for this. Rather, the Markov-Kuzminsky conflict continues in the second generation. There is a banal collision of Russian firms over their spheres of interest and budgetary resources. A number of well-known firms currently sense a dangerous competitor in NIIDAR and do not want to permit this institute to have a hand in matters of radar rearmament of the Russian Army. But one can compete in this manner, as they say, to the point of ruin. It is clear that someone has not learned from our country's history. They forgot how, as a result of bureaucratic games, the Red Army was left on the eve of the Second World War without automatic rifles, anti-aircraft guns, and much else besides. God forbid if we are forced in a possible aerospace war to remain without a reliable radar field. Thus the words of Chief Designer of the first combat OTH-R systems Franz Alexandrovich Kuzminsky regarding the state's defensive capacity have not lost their relevance. He began a difficult scientific-design search for the creation of much-needed radar weapons for the country. Current specialists at NIIDAR have continued his work. Russia today has over-the-horizon radars capable of detecting and warning of possible aerospace threats. And to Franz Kuzminsky himself, due honor must be given by the state for his selfless scientific labor.

With this, my eighteen-year journalistic investigation into the tragedy and triumph of the combat OTH-R system and its chief designer concludes. Once again, all the materials obtained, often with great difficulty, are packed into an old portfolio. This book will arouse genuine interest in some readers, and on the contrary, rage and irritation in others. Perhaps I have inadvertently made certain errors in technical terminology. I ask forgiveness for this. One thing I will say: I have attempted honestly to understand the history of the combat OTH-R system and to show what remarkable people, true professionals, created it.
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After the war, the future chief designer of the over-the-horizon radar station system continued his studies at the Moscow Aviation Institute
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Franz Kuzminsky remembered his front-line comrades for the rest of his life
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During construction of the experimental over-the-horizon radar station (ZGRLS) near Nikolayev, one team worked with the chief designer. Bottom row, left to right: Yevgeny Khanykov, Franz Kuzminsky, Efir Shustov, Ivan Brylev; top row: Vladimir Rzhanitsin, Anatoly Kiryakin, Georgy Lidleyn, Georgy Pakhomov, Yuri Kalinin
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Problems were solved in the open air under cigarette smoke
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The photograph was taken during one of the official visits. A few moments later the chief designer and his colleagues will board their official transport and leave for the site

[image: ]

Another brainstorming session. In the foreground, V.A. Alebastrov, scientific and technical supervisor of the Nikolayev Branch of the Research Institute for Radio Engineering (NF NIDAR), 1980
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Discussion of over-the-horizon radar station problems at a meeting of leading specialists of the Research Institute for Radio Engineering. V.A. Korado reports. Nikolayev, 1980
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Participants of the scientific and technical conference of the Research Institute for Radio Engineering and its Nikolayev Branch on problems of over-the-horizon radar. Nikolayev, 1980
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After successful work. Ye.A. Khanykov, I.S. Brylev, G.A. Lidleyn

Main building of the Nikolayev Branch of the Research Institute for Radio Engineering (NF NIDAR), 1980
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Director of the Research Institute for Radio Engineering F.A. Kuzminsky, Director of the Experimental Plant of the Research Institute for Radio Engineering N.D. Malyshev, Secretary of the Party Committee of the Research Institute for Radio Engineering I.I. Lukashev, Secretary of the Trade Union Committee of the Research Institute for Radio Engineering S.Ya. Kobzar, 1977

Antenna array of the remote reception position located in the Stryi area (Lviv region)
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Report at a meeting of the active members of the Research Institute for Radio Engineering, 1977

[image: ]

Reviewing the progress of over-the-horizon radar station development jointly with the customer
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The grandeur of what was created is especially felt from the upper point of the antenna array

General Director of the Central Scientific-Production Association 'Vympel' (TsNPO 'Vympel') Yu.N. Aksenov presents the flag of socialist competition winner in the industry to F.A. Kuzminsky, Director of the Research Institute for Radio Engineering

[image: ]

One of the moments at the beginning of construction of the Nikolayev facility
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USSR Minister of Radio Industry P.S. Pleshakov, Director of the Research Institute for Radio Engineering F.A. Kuzminsky, Secretary of the Party Committee of the Research Institute for Radio Engineering V.B. Makletov, 1979

[image: ]

Matters discussed at the leadership council of the Research Institute for Radio Engineering. Left to right: V.N. Kondratov, B.F. Markeshkin, F.F. Yevstratov, A.A. Trukhmanov, D.K. Bednenko, N.D. Shmachil, F.A. Kuzminsky, I.Ye. Betitnev
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Fragment of the cyclopean antenna of the Chornobyl over-the-horizon radar station. All structural elements were calculated with the highest precision

Reception antenna of the Nikolayev over-the-horizon radar station

Both the over-the-horizon radar station facility itself and its creators, including the chief designer, were classified for many years. Intelligence services of many countries attempted to understand what was being constructed behind the barbed wire
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Discussion of over-the-horizon radar station problems at a meeting of leading specialists of the Research Institute for Radio Engineering. Efir Shustov reports. Nikolayev, 1980
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This combat radar near Chornobyl detected the launches of American Space Shuttle spacecraft. Only a small amount of additional effort remained to make it a reliable early warning system against missile attack. The radioactive cloud from the catastrophe at the Chornobyl nuclear power plant engulfed the already-completed over-the-horizon radar station

Franz Aleksandrovich Kuzminsky knew how to listen to his subordinates and colleagues, and tried to think through his decisions comprehensively
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After the Research Institute for Radio Engineering was awarded the Order of the Red Banner of Labor [and other government awards]. In the center, the First Secretary of the Moscow City Committee of the Communist Party [of the Soviet Union], and to the left, Director of the Research Institute for Radio Engineering F.A. Kuzminsky, Secretary of the Party [Committee] of the Research Institute for Radio Engineering plant A.A. Trukhmanov... The Kremlin, 1979
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