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1. Electromagnetic Pulse – a Parcel from the Past

1.1.  Introduction 

High-Altitude Electromagnetic pulse (HEMP) addressed in this book is one of the damage effects of nuclear explosion, 

more specifically – high-altitude nuclear explosion, when the nuclear ammunition explodes at the altitude of 30-400 km, i.e. 

in the ionosphere or even in near space (The International Aeronautical Federation has set the altitude of 100 km (a so called 

Karman line) as the border line between atmosphere and space). Obviously, explosion performed at this altitude cannot result 

in serious destruction or people’s death. So why would somebody use it as an affecting tool of war? Affecting what? Why do 

people talk about it after 70 years since the first trial of the nuclear weapon? Let us try to answer these questions and in order 

to do it, we shall need to begin with the history of HEMP discovery. 

1.2. History of HEMP 

The history of HEMP originates from the moment of the first test of the nuclear weapon. 

Fig. 1.1. Delivery of the world’s first nuclear bomb to the testing site 

Fig. 1.2. Hoisting to a tower (left) and preparation of the nuclear explosive mounted on a tower (right) on Trinity range. 

Fig. 1.3. Steel tower with a mounted “gadget” 

Extraction from the book of Vladimir Gurevich
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Unlike other physical phenomena, it was not predicted in advance. It was rather discovered “with the point of the pen”. 

Furthermore, HEMP was not immediately understood and explained upon its discovery, and conclusions of some future 

theories turned out to be erroneous. 

The first nuclear test explosion was performed within the frameworks of the famous ‘Manhattan project’ in USA on The 

Alamogordo range, 200 miles southward from Los-Alamos (New Mexico) on July 16, 1945. The 20 kt explosive (informally 

called “gadget”) made of Pu-239 (Fig. 1.1 and 1.2) was mounted on a steel 33-meter high tower (Fig. 1.3), while the 

administration and data collection center (Fig. 1.4) were located at a safe distance in a protected building.  

 
 

Fig. 1.4. Administration and data collection center  

 

 
Fig. 1.5. Declassified version of “Trinity” project’s report. 
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The word “Trinity” derives from the Latin word “trinitas”. This concept is used in Christian religion to denominate the 

triality of the Lord: the Father, the Son and the Holy Spirit. Thus, Robert Oppenheimer, (Fig. 1.6) the research advisor of the 

project and the manager of Los-Alamos laboratory, gave this name to the project under the influence of the religious poetry 

of John Donne (English poet of the 17th century). 

 
 

Fig. 1.6 Robert Oppenheimer, research advisor of the project (left) and Leslie Groves, two-star general, Director of the 

project (right) near remnants of one of the tower’s supports, dissolved during the explosion.  

 

 
 

Fig. 1.7. Report on Yucca project within Hardtack-1 mission declassified in 1997 
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Simultaneously with this, the Conference of the Three Heads of Government was held in Potsdam. Upon receiving an 

encrypted notice with a coded phrase “Delivery was successful”, the US President Harry S. Truman suddenly saw himself as 

the Ruler of the World and informed J. Stalin that the USA invented a new type of weapon. The reason for such openness was 

clear: it was the USA’s habit to hold negotiations “from a position of strength”. However, this message did not impress Joseph 

Stalin as much as Truman may have expected. Truman could hardly imagine that Stalin had known that the Americans were 

prepared and rushed to test the first nuclear bomb, so he took corresponding measures. 

In 1946, after the test, the Los-Alamos laboratory issued a secret report LA-1012, which remained classified for more 

than 30 years. It was not until May of 1976, when a declassified version of this report (LA-6300-Y, Fig. 1.5) was issued, even 

though some data were deleted. Yet, the initial and general information about HEMP was published in the disclosed version 

of the report. This information was published in Section 7 (Fig. 1.5) and consisted of only several lines. This Section suggested 

that the problems with sensor signal transfer were anticipated based on the theory of Enrico Fermi. Fermi determined that 

nuclear explosion affected by X-ray emission, leads to ionization of air over a large area resulting in a high difference of 

potentials in the atmosphere (similar to lightning discharge). That is why all signal cables were thoroughly shielded and dug 

into the ground. However, despite all preventive measures, many types of data-acquisition equipment were knocked out of 

service during the explosion by a high-voltage pulse. It should be noted that electronic equipment of that time was made of 

vacuum tubes (Fig. 3), i.e. it was rather primitive, unsophisticated and far less sensitive compared to modern micro-processor 

based measuring equipment. 

This was the first ever registered impact of EMP onto electronic equipment.  

Further missions (Crossroads, Sandstone, Greenhouse, Buster-Jangle, Tumbler-Snapper, Ivy, Upshot-Knothole, Castle, 

Teapot, Wigwam and Redwing) involved a series of explosions and allowed to research various aspects of ground surface, 

above-water and underwater nuclear explosions, including EMP registering. Upon explosion, the data-acquisition equipment 

was frequently knocked out of service, thus many parameters of the explosion remained unregistered. This was attributed to 

the inferiority of equipment and its low reliability.  

Similar cases of equipment damage by a powerful electromagnetic pulse field were registered during nuclear weapon 

testing conducted by Great Britain in 1952-1953 (Maralinga range, South Australia). British physics called this phenomenon 

“radio-flash”. A concept similar to what we call electromagnetic pulse today was also used in some early publications of 

Soviet scientists.  

In 1958, US scientists and military experts reverted to EMP research within the Hardtack-1 mission, which involved 35 

nuclear explosions of various types. Some of those explosions were high-altitude explosions. The first high-altitude nuclear 

explosion in USA (Yucca project, Fig. 1.7) was performed using a large air balloon, launched from the Essex aircraft carrier 

(USS Boxer CVS-21), Fig. 1.8. It was a relatively low-capacity (1.7 kt) explosive weighing about 100 kg. In addition to the 

explosive, the air-balloon carried containers with data-acquisition equipment attached to it on a long rope. The total weight 

of equipment carried by the air-balloon was 346 kg. The explosive was demolished 26 km above ground between Eniwetok 

and Bikini atolls on April 28, 1958. This explosion was expected to offer possibilities of using nuclear explosive as a means 

capable of impacting missile and air defense electronic systems. 

  

 
Fig. 1.8. Preparation (left) and launch (top right corner) of the air-balloon with nuclear explosive W-25 attached to it (from 

the deck of Essex aircraft carrier). 

 

In addition to data-acquisition equipment placed in 5 evenly spaced containers under the nuclear explosive, (on the same 

rope) a US-army research laboratory also registered HEMP parameters from two tracking stations located in Wotho and 

Kusale towns (100 and 460 miles from Bikini, respectively). Moreover, two long-range B-36 bombers equipped with data-

acquisition equipment remained in the air at a safe distance from the point of explosion. Initially, the plan was to launch the 

balloon from the ground. However, since even a light breeze could significantly impact such a large air-balloon, a decision 

was taken to re-locate the launch onto a ship. In order to avoid any shift of the balloon and its ballast at the time of launching, 

the ship was supposed to move in the windward direction with the wind’s speed. During the preparation stage, a total number 

of 76 air-balloons with ballast dummies were launched from different locations.  

Hardtack mission involved two additional high-capacity high-altitude nuclear explosions coded as “Teak” and “Orange”. 

For the purpose of the “Teak” project, the thermonuclear explosive W-39 (3.8 Mt) was delivered to the altitude of 77 km 

above ground by a Redstone missile (Fig. 1.9), which started from one of Johnson Atoll’s islands on July 31, 1958. The 

outcome of this nuclear explosion was a powerful EMP, which could not be recorded in the testing area due to failure of data-
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acquisition equipment and errors in preliminary calculations and forecasts performed by Hans Bethe (famous theoretical 

physicist) regarding EMP.  

 

 
Fig. 1.9. Missiles (left to right): Thor, Redstone (USA) and Soviet missile SS-4 Sandal, which were used during the tests to 

deliver nuclear explosives to the altitude of the explosion.  

 

 
Fig. 1.10. Available pages of partially declassified (“sanitized”) ITR-1660 report (some pages have been deleted 

completely) regarding Hardtack-1 mission. 
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Nonetheless, a powerful geomagnetic storm, much stronger than geomagnetic agitations caused by magnetic storms on 

the Sun and some flashes in the sky were registered far away from the explosion epicenter in the observatory of Apia town 

(Upolu island in the Pacific Ocean) – the capital of Samoa, located 3,200 km from Johnson Atoll.  

During the “Orange” project, (August 11, 1958) a nuclear explosive of the same type was delivered by the same missile 

from the same range, but to the altitude of 43 km above ground. Unfortunately, the search of any additional data regarding 

the EMP effect in this project in published or declassified literature was unsuccessful. Some authors claim recurring problems 

with data-acquisition equipment, whereas others suggest that information about this project is still classified. However, 

fragmentary data published in partially declassified (1999), to be more precise – “sanitized” (“sanitized version” is what is 

written on the front page) report ITR-1660 regarding Hardtack-1 in 1959, (Fig. 1.10) suggest that many registered EMP 

parameters appeared to be different from what was expected or what can be derived from the theory. 

In particular, EMP intensity upon a high-altitude explosion was three orders higher compared to ground surface explosion. 

Furthermore, some pieces of measuring equipment (similar to what happened during the very first testing of a nuclear 

explosion) were knocked out of service and all the obtained data were lost.  

Since registered data did not comply with theoretical data, they were simply disregarded until new testing of nuclear 

explosives in 1962 (Fishbowl mission). These tests returned data similar to those obtained during the Hardtack-1 mission, 

which were initially disregarded as seemingly erroneous.  

One of the most renowned projects within this mission was Starfish Prime, which was deployed on July 9, 1962. The 

mid-range missile GRM-17 (“Thor”), Fig. 1.9, delivered a thermonuclear explosive W49 (1,44 Mt) to 1,100 km altitude from 

Johnson Atoll in the Pacific Ocean. Upon detachment, the explosive descended to 400 km, where it was remotely triggered.  

An unexpected outcome of this explosion was registered in Hawaii, located 1,445 km from the explosion epicenter: 

simultaneous failure of 30 lines of street lighting, actuation of multiple alarms and breakages in telephone systems. It took 

several tests, where obtained HEMP parameters did not comply with the theory to understand that there was something wrong 

with the theory. 

 

1.3. The issues of theoretical physics 

 

Arthur Compton from Cambridge University suggested the fundamentals of HEMP theory when studying scattering of 

X-rays on paraffin atoms. In 1923, he found that X-rays scattered in paraffin have higher wave length value compared to those 

falling onto them. Classical electrodynamics of D. Thompson could not explain this phenomenon. A new physical 

phenomenon was discovered: the effect of elastic scattering of a short-wave electromagnetic emission (X-rays and gamma 

rays) on unbound atoms’ electrons, accompanied by elongation of a wave length and emergence of additional unbound 

electrons. In other words, Compton experimentally found that X-rays reflected from electrons act as though they consisted of 

separate particles (Fig. 1.11). Thus, he was the first to affirm Einstein’s theory regarding the existence of light quantum. 

 
Fig. 1.11. Arthur Compton and illustration of his theory in relation to HEMP. 

 

This discovery indirectly affirmed the corpuscular theory of electromagnetic emission, more specifically – light (which 

was earlier rejected by Max Planck and Niels Bohr). In 1927, A. Compton was awarded the Nobel Prize for this discovery. 

During World War II, A. Compton was a key person in the Manhattan project, developing the world’s first nuclear weapon. 

He was the Director of a so-called Metallurgic Laboratory, which produced weapon-grade Plutonium for the first nuclear 

bombs. However, the disputes regarding quantum physics in general, and quantum theory of light in particular, do not subside. 

According to a prominent physicist, Academy Fellow, Yakov Borisovich Zeldovich [1.1], an experimental work suggesting 

that Compton’s theory was incorrect appeared back in 1933. Physicists were confused. New, more thorough work was 

necessary (the first and the best in this list belongs to brothers A.I. and A.I. Alikhanov and L.A. Artsymovich) to restore the 

truth and rehabilitate Compton’s formula.  

Compton’s theory was used to explain experimentally discovered powerful electromagnetic pulses near the ground 

surface during high-altitude nuclear explosions. According to this theory, interaction of powerful X-ray emission, occurring 

upon high-altitude nuclear explosion in the air, with unbound electrons of air atoms leads to the emergence of a large number 

of additional unbound electrons, (Compton’s electrons) captured by the magnetic field of the Earth. This powerful stream of 

electrons rapidly descending towards the Earth’s surface induces electric field upsurge near its surface.  
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However, when using Compton’s effect for theoretical substantiation of HEMP parameters, some false theories were 

implemented. For example, in 1957 Hans A. Bethe, the famous American physicist and Nobel Prize winner (Fig. 1.12) 

published (in a secrete report, which is classified until now) a theory of electromagnetic pulse based on extrapolation of 

experimental data obtained during ground surface trials of nuclear explosives. Nuclear explosions of 1958 and 1962 described 

above showed that the values of electromagnetic field density of EMP during a high-altitude explosion, obtained using Bethe’s 

theory, are 1,000 times lower than actual values.  

In USSR, the HEMP theory was also addressed simultaneously with H. Bethe, but independently from him. While the 

theory of H. Bethe was based on experimental data, obtained during ground surface nuclear explosion, Soviet physicists did 

not have such an opportunity and their calculations were solely theoretical.  

 

 
Fig. 1.12. Founders of HEMP theory: Hans A. Bethe, A.S. Kompaneets, V. Gilinskiy. 

 

The first model was developed by Prof. Alexander Solomonovich Kompaneets, famous Soviet theoretical physicist, 

Doctor of Physics and Mathematics, (Fig. 1.12) representative of Kharkov physics school and a student of its founder – 

worldwide renowned L.D. Landau. Since 1946 and until the last day of his life, A.S. Kompaneets worked at the Institute of 

Chemical Physics of Academy of Science of USSR.  

Due to the beginning of his work under the Soviet Nuclear project, the Council of Ministers of USSR approved a top-

secret Decree No. 973-40ts dated April 30, 1946 “On assistance to the Institute of Chemical Physics of Academy of Science 

of USSR”. One of the sections of this Decree was called “Establishment of a special sector on studying the theory of nuclear 

chain reactions and explosions at the ICP of Academy of Science of USSR”. There were six departments within the Special 

Sector. A.S. Kompaneets was the Head of Theoretical Physics Department. 

The “radio emission of a high-capacity explosion” (today – HEMP) was one of the principal fields of A.S. Kompaneets’s 

activity. He developed a worldwide renowned equation, which was later named after him (Kompaneets’s equation). The 

equation described changes of photon gas emission upon its Compton’s scattering in low-density plasma [1.2]. That was a 

corner stone equation used by physicists all over the world. They used this equation until American physicist Victor Gilinski, 

Head of Physics Department of Rand Corp. (USA) proved [1.3] the erroneousness of Kompaneets’s theory (Fig. 1.13).  

 
 

Fig. 1.13. Introduction to V. Gilinski’s work [3] with criticism of A.S. Kompaneets’s theory. 

 

1.4. People’s Commissariat for Internal Affairs (NKVD) as the primary “designer” of the first Soviet nuclear 

explosive 

 

Long before Americans started testing nuclear explosives, Soviet intelligence of NKVD started looking after any work 

in this field in all the countries, especially – USA and Great Britain. Soviet intelligence operation in the field of nuclear bomb 

was codenamed “Enormoz”. This name was given to the project by the 1st Directorate of NKVD of USSR back in 1941. The 

overall management of the “Enormoz” operation was performed by the Head of the 1st Directorate (foreign intelligence) of 

NKVD-NKGB, 3rd rank Commissioner of homeland security, Pavel Fitin. The operation itself was developed by the Head 

of the 3rd (UK - USA) Department of the 1st Directorate, Commissioner of Homeland Security, Gike Ovakimian, who worked 

as a New-York spymaster until 1941 and involved the cooperation of the Rozenbergs. Major Leonid Kvasnikov, the deputy 

of the New-York spymaster, was appointed to perform the mission. It should be noted that he was one of the founders of 

Soviet scientific and technical intelligence, when he worked as the Head of the 3rd Division of the 3rd Department of the 1st 

Directorate in 1939.  
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While the office of L. Beria was fully involved into “procuring” of nuclear secrets, the Red Army’s Intelligence Service 

(RAIS) has only had poor chances to hear about the nuclear issue. This is evidenced by a secret letter of the Head of the 

Second Directorate of Intelligence Service to the Head of Special Department of Soviet Academy of Science, M. P. 

Yevdokimov (Fig. 1.14).  

 

 
 

Fig. 1.14. Letter of RAIS No. 137955s dated May 7, 1942 to the Special Department of Soviet Academy of Science. In this 

secret letter, Panfilov, Deputy Head of the 2nd Directorate of the Main Intelligence Directorate of the Red Army and 

Commissar General Kiselev, asked the head of the Special Department of the USSR Academy of Sciences Evdokimov 

about the plausibility of reports regarding the possibility of using uranium nuclear fission energy for military purposes and 

about Niels Bohr laboratory in Copenhagen. 

 

The Special Department of Soviet Academy of Science was dealing with defense issues. The background of Mikhail 

Prokopiyevich Yevdokimov, the Head of the Department, was an engineer-metallurgist, so he was not familiar with atomic 

physics. That is why he forwarded the letter to Director of Radium Institute of Academy of Science, Academy Fellow, V.G. 

Khlopin. Two weeks later the Academy Fellow wrote the answer: 

“The Academy of Science does not have any data regarding the work progress of foreign laboratories on the use of 

internal energy released upon uranium fission...Moreover, there were no publications on this issue in scientific literature 

(which we have access to) during the last year. This situation makes me think that the corresponding work is of top 

significance and thus, it is performed in absolute secrecy.” 

Despite the passive attitude of the Intelligence Service and Academy of Science of USSR, the intelligence activity of 

NKVD was successful. In fact, in spite of the extremely difficult defense emergency of USSR during that time, the State 

Defense Committee issued the top secret Resolution No. 2352ts “Regarding uranium handling” in September of that year 

(Fig. 1.15).  

In 1944, the State Defense Committee issued a “Top Secret/ Particular Importance” (ts/pi) Resolution No. GКО-7102 

ts/pi (SDC-7102 top secret/particular importance) regarding extraction and processing of uranium (Fig. 1.16). 

Management of extraction and processing of uranium was again entrusted to L. Beria and his department, including 

creation of a Research and Development Institute within NKVD, i.e. the Institute of Special Metals (InSpecMet of NKVD). 

Two weeks later after the Hiroshima bombing, the State Defense Committee issued the Resolution No. GКО-9887ts/pi 

dated August 20, 1945 (Fig. 1.17). This Resolution stipulated creation of a Special Committee chaired by Lavrentiy Beria, 

which was supposed to be responsible for “management of all activities on the use of uranium’s internal energy”. The 

Committee was granted extraordinary powers and unrestricted financing. The First General Directorate (FGD) of NKVD 

became the executive body of the Special Committee. Two more bodies were established within FGD, i.e. Scientific and 

Research Council (SRC) and Bureau No. 2.  

Department “S”, established as part of P. Sudoplatov’s team (Fig. 1.18) became the operational administration of Bureau 

No. 2. The most important strategic materials, including 200 pages from the “Enormoz” case were transferred to this 

department. 
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Fig. 1.15. Resolution GКО-2352ts to resume work on nuclear energy research in order to build a U-bomb. This top secret 

document of the USSR State Defense Committee (GKO) is entrusted to the USSR Academy of Sciences (academician 

Ioffe) to resume work on nuclear energy; create a special laboratory; develop and create the necessary equipment. Submit 

by April 1, 1943 Report on the possibility of creating a uranium bomb. 

 
Fig. 1.16 a. Extracts from Resolution GКО-7102 ts/pi regarding extraction and processing of uranium. In this top secret 

document of December 8, 1944 under the signature of I. Stalin, the NKVD is charged with organizing all the necessary 

work for the extraction and processing of uranium ores, including the erection of mines and factories in the USSR, the 

creation of a uranium research institute, the purchase abroad of the necessary equipment and technical literature. Separately 

indicated an increase of 50% of the nutritional standards of prisoners working in these mines and factories.  
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Fig. 1.16 b. Continued. Extracts from Resolution GКО-7102 ts/pi regarding extraction and processing of uranium. 

 

 
Fig. 1.17. Extracts from Resolution of the State Defense Committee (GKO) No. GКО-9887ts/pi. In this top secret document 

of August 20, 1945 the USSR GKO decides to organize a special committee to supervise all work on the use of uranium 

atomic energy under the guidance of the NKVD Chairman L. Beria. 
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Fig. 1.18. Top secret Order of NKVD No. 001094 ts/pi signed by L. Beria regarding establishment of Special Department 

“S” as part of NKVD chaired by two-star general P. Sudoplatov for perform special tasks on the uranium problem. 

 

Among other things, it is interesting to review clause 13: “Comrade Beria shall endeavor to organize foreign intelligence 

work to obtain more comprehensive technical and economic information about uranium industry and nuclear bombs. 

Moreover, he is appointed to manage every aspect of intelligence work performed by intelligence agencies in this field.”  

 
 

Fig. 1.19. Resolution of Council of People’s Commissars No. 3117-937ts/pi. In this top secret document, the Council of 

People's Commissars of the USSR decides to create a Directorate of Special Institutions "on Problem No. 1" within the 

structure of the NKVD (Directorate No. 9) and transfer the laboratories "A" and "G" to subordinate this directorate, as well 

as organize new laboratories "B" and "C" in the structure of the NKVD, to use in them imprisoned specialists, as well as 

German specialists, who are subject to isolation from among the prisoners of war. 

 

In December of that year the Resolution of the Council of People’s Commissars No. 3117-937ts/pi stipulated creation 

(again as part of NKVD) of a separate The Ninth Directorate of Special Institutes chaired by a two-star general A. Zaveniagin, 

and further subordination of laboratories and factories dealing with “Problem No. 1” to it (please note that the creation of the 
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nuclear bomb was coded as “problem no. 1” even in the top secret document). Indeed, NKVD became the principal 

implementer of the nuclear project in the USSR (Fig. 1.19). 

Lavrentiy Pavlovich Beria was a disciplined and pro-active performer; he was an excellent administrator so he became 

very involved  in the work. Soviet intelligence has always watched this issue very closely. However, the intensity of their 

work increased significantly after Hiroshima and Nagasaki. The best spies were moved to this job. Yakov Terletsky, Doctor 

of Physics and Mathematics, lieutenant colonel, generalized all the incoming materials and reported during the Scientific 

Research Committee (SRC) meetings. 

Initially, the chairman of SRC was the People’s Commissar in charge of ammunition, one of the first triple Heroes of 

Socialist Labor, two-star general Boris Vannikov, while his deputy (and then the chairman) was Academy Fellow Igor 

Kurchatov, who chaired the SRC till the end of his life. Except for them, the following people were part of SRC: Beria’s 

deputies Vasily Machnyov and Avraamiy Zaveniagin, as well as Academy Fellows Abram Ioffe, Abram Alikhanov, Isaac 

Kikoin, Vitaly Khlopin and Yuliy Khariton.  

 

 
Fig. 1.20. Heads of the USSR’s nuclear project, employees of NKVD: Commissar of Internal Affairs L. Beria; People’s 

Commissar in charge of ammunition B. Vannikov (he was not NKVD’s employee, but he worked with it very closely); 

Head of Directorate of Foreign Intelligence of NKVD P. Fitin; 3rd rank Commissar of Homeland Security (two-star 

general), Deputy of Commissar of Internal Affairs, Head of The Ninth Directorate of NKVD A. Zaveniagin; Head of 

Department “C” of NKVD P. Sudoplatov; Head of Department of Scientific and Technical Intelligence, colonel L. 

Kvasnikov; expert of Department of Scientific and Technical Intelligence, Doctor of Physics and Mathematics, Professor, 

lieutenant colonel Ya. Terletsky.  

 

 
Fig. 1.21а. Top Secret minutes of the Special Committee’s Meeting No. 9. In this top secret order signed by L. Beria dated 

November 30, 1945, the creation of the Engineering and Technical Council for the design and construction of factories and 

special equipment for the use of "intraindustrial resources" (encrypted name for atomic energy) and for the production of 

"product 180" (encrypted name enriched uranium) is ordered. It was ordered to create a Commission to study the effects of 

the use of atomic bombs in Hiroshima and Nagasaki. It is ordered to limit the list of persons allowed to discuss the problem. 
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Fig. 1.21b. Minutes of the Special Committee’s Meeting No. 9. Continued 

 

 
Fig. 1.21c. Appendix to Minutes of the Special Committee’s Meeting No. 9.  

 

Leonid Romanovich Kvasnikov was called off from New-York at the end of 1945 to work on the project. In 1947 he 

chaired scientific and technical intelligence of NKVD and remained in this position till his resignation in 1966, regardless of 

various reforms and re-naming of agencies. Obviously, the Soviet Union was intensively working on the nuclear project, but 

it lagged behind the USA in terms of practical deployment.  

Specialists from almost all the fields of science and industry (provided the issues addressed were within their competence) 

were invited to the meetings of the Special Committee. 
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Among other issues, the Minutes of the Special Committee No. 9 (Fig. 1.21) stipulated that the committee consisting of 

the leading nuclear scientists of the country is expected to analyze all the materials concerning the explosions in Hiroshima 

and Nagasaki.  

In these Minutes, factory 813 means Production Facility “Mayak”, while factory 817 means “Ural Electrochemical Plant”. 

Intelligence officers from NKVD took information from the leading physicists and nuclear experts, including those 

working at the National Laboratory in Los-Alamos, such as Klaus Fuchs, Ted Holl, Morton Sobell and David Greenglass. 

They were contacted by New-York spymasters of NKVD, Alexander Feklisov and Anatoliy Yatskov, as well as by Harry 

Gold and the Cohen couple (recruited US citizens). 

 

 
Fig. 1.22. A page from Soviet intelligence report. This is a top secret document intended for the scientific supervisor of 

works in the field of the atomic problem I. Kurchatov. The document presents technical information obtained by Soviet 

intelligence on the design of the American atomic bomb based on uranium-235. 

 

Robert Oppenheimer, research advisor of the Manhattan project and Director of Los-Alamos laboratory, who 

sympathized to socialists and adhered to left-wing views, was an object of special attention for Soviet intelligence service. 

Grigory Heifets, spymaster of Soviet intelligence acting as a Vice-consul of USSR in San-Francisco, managed to establish a 

close contact with him. Simultaneously, the wife of Vasily Zarubin (Soviet spymaster in New-York), Yelizaveta Zarubina 

(Major of NKVD) got acquainted with Oppenheimer’s wife – Kathrine, who used to be a member of the US Communist party. 

Upon Zarubina’s request, Kathrine convinced the “fathers” of a nuclear bomb – Enrico Fermi and Leo Szilárd – to permit 

some specialists recruited by Soviet intelligence to participate in the Manhattan project. The profusion of Soviet spies around 

the “Manhattan Project” was remarkable. About 200 Soviet intelligence officers worked to collect data about the US nuclear 

bomb. Foreign intelligence involved 14 especially valuable agents, (foreigners) who participated in the US nuclear project 

and made a significant contribution into development of the Soviet nuclear bomb. The list includes renowned physicist Klaus 

Fuchs, the Rozenbergs, (sentenced to death on an electric chair) as well as deep covered agents Leontina and Morris Cohen. 

During the several-year mission Soviet intelligence officers scouted undoubtedly huge amounts of secret documents, which 

consisted of 12,000 pages in aggregate. Soviet scientists who developed a nuclear bomb in a so called “Laboratory No. 2” 
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hardly imagined that all those pieces of information, and sometimes even research findings, (Fig. 1.22) were obtained by 

NKVD. They really thought that those bites of information came from some R&D centers within the country, who worked 

with them on the same problem simultaneously.  

Shortly afterwards, nuclear experts received a rather clear assignment: replicate the US bomb with minimum changes 

and supplements. In order to do this, the Cabinet Council of USSR issued a Decree No. 805-327ts/pi dated April 9, 1946 to 

establish a special engineering department – Constructor Bureau "CB-11" (Fig. 1.23). It is fun to see today how they used 

vague terms, such as “jet engine”, to denominate a nuclear bomb in a top secret document meant to be stored in a special 

folder, or “Plant 550 of the Ministry of agricultural machine-building”, located in a detached village Sarov in Mordovia (since 

1946 the name ‘Ministry of agricultural machine-building’ was assigned to former People’s Commissariat in charge of 

ammunition). By the way, CB-11 was called “facility 550” in many further governmental documents. In fact, the first nuclear 

bomb was denominated in the documents as RDS-1 (meaning “jet engine named after Stalin”). Abbreviation RDS with 

different numbers was used for a long time and was assigned to multiple nuclear explosives developed by CB-11 (today this 

facility is called “All-Russian Research and Development Institute of Experimental Physics"). 

 

 
Fig. 1.23. Decree of the Cabinet Council of USSR of April 9, 1946. In this top secret decree ordered to organize a special 

constructor’s bureau (CB-11) to create "jet engines" (the encrypted name of the atomic bomb) under the guidance of Professor 

Y. Khariton and organize research work on the nuclear explosion at the institute Chemical Physics Academy of Sciences of 

the USSR. 

 

In February of 1947, a Resolution of the Cabinet Council of USSR granted CB-11 a status of a high security facility and 

converted its territory into a closed restricted-access area. The place-name Sarov was excluded from toponyms of the 

Mordovia Autonomous Soviet Socialist Republic and was deleted from all records (it was not mentioned on geographic maps 



21 

 

and open mass media). Later on, this village (today this is a restricted-access area) existed under different fictional names, 

(even in secret documents) such as Base No. 112, Gorky-130, Arzamas-75, Kremlyov, Arzamas-16 and Moscow-300).  

In 1945, simultaneously with intensive intelligence activity performed by NKVD, the office of A. Zaveniagin found 

German specialists (metallurgists, chemists and physicists) and delivered them to the USSR. The list included: Nikolaus Riehl, 

Manfred von Ardenne and others. In total 70 specialists were delivered to the USSR in 1945. This number increased to 300 

people by 1948. Later on A. Zaveniagin was in charge of “German” laboratories. Simultaneously with this, P.Ya. Meshik and 

I.K. Kikoin were responsible for the search of technological equipment, ore reserves and excavated uranium raw material 

over the total territory of Germany controlled by the USSR. In total, 220 tons of uranium compounds (pure metal equivalent) 

were found by mid-1946. In the middle of 1946, a geologic exploration was performed by 320 geologic parties all over the 

USSR. As a result, in addition to the Taboshar uranium field, they started excavation of uranium compounds in the Krivoy 

Rog basin, the Estonia and Transbaikal region. They resumed excavation in Jáchymov (Czech Republic) and started 

development in Saxony in the mines of future SDAG Wismut.  

By 1947, the USSR owned enough resources and scientific data to start building its own nuclear bomb. However, 

technical information stolen from the Americans was sufficient to start this job. That is why L. Beria insisted on simple 

copying of the "Fat Man" – the American bomb dropped on Nagasaki. Outraged Peter Kapitsa (who was involved into the 

nuclear project on the recommendation of I. Kurchatov) wrote a personal letter to J. Stalin, where he challenged Beria’s 

opinion. As a result, P. Kapitsa was dismissed from the project and Beria’s opinion became the law for bomb designers.  

As Yu. B. Khariton (the research supervisor of Soviet nuclear project and chief engineer of a nuclear bomb) confessed: 

“the first Soviet nuclear explosive was built based on American sample.” The Chief of NKVD’s Department “S”, who was 

responsible for procuring information regarding development of nuclear bomb in USA, two-star general P. A. Sudoplatov 

also wrote that “the first Soviet bomb (RDS-1) was a copy of American plutonium bomb dropped on Nagasaki to the smallest 

details.” At the same time, Sudoplatov emphasized that “the design of the first US nuclear bomb was available in USSR 12 

days after the bomb’s assembly.” As Academy Fellow Ya. Zeldovich joked, this bomb was “full drawn” from the Americans. 

Thus, it can truly be said that the first Soviet nuclear bomb was developed (and here “development” means not only 

theoretical development, but all the issues related to construction of new factories, establishment of production of necessary 

parts, ore extraction, etc., as well as procurement of drawings and descriptions of the nuclear bomb) inside the belly of NKVD. 

I.V. Kurchatov had a separate office at NKVD Directorate in Moscow (Lubyanka Street, bldg. 2) to make his work more 

comfortable (Fig. 1.24). 

 

 
Fig. 1.24. Building of NKVD (KGB) Directorate in Lubyanka Street (Moscow) 

 

Of course, we should not belittle the role of the leading Soviet nuclear experts, who participated in building of the first 

nuclear bomb (Fig. 1.25), though it was NKVD’s game and especially its Chairman Lavrentiy Beria.  

Below is what Yu. B. Khariton (research supervisor of the project and Chief engineer of the first Soviet nuclear bomb) 

wrote in his book [1.4]: 

“Beria quickly instilled the necessary amplitude and dynamism to the work. This person, regarded as embodiment of evil 

in the contemporary history of the country, possessed mega-energy and fitness to work simultaneously. Our specialists, 

who interacted with him, could hardly miss his intellect, will and motivation. They become convinced that he was the top 

orchestrator, who can get the job done. Surprisingly, but Beria, who sometimes manifested offensive behavior, could 

(depending on situation) be polite, tactful and just a normal human being.  

The meetings that he chaired were always efficient, business oriented and never exhaustingly long. He was a master 

of unexpected and extraordinary solutions.  

М. A. Sadovskiy found himself at an absolutely different meeting chaired by Beria. There were about 30 people in 

his Kremlin office in Moscow. They discussed preparation of the range for the first thermonuclear explosion. Speakers 

tried to explain, how machines will be located, which facilities need to be built and how as well as which experimental 

animals need to be brought to the field in order to study the outcomes of damage effects. Suddenly, Beria went unhappy 

getting more and more anxious. He was interrupting speakers, changed people that were supposed to report to him, asked 

strange questions, which were difficult to answer. Eventually, he blew up and (according to M. A. Sadovsky) being 



22 

 

completely unsatisfied he shouted: I will do it myself!” Then Beria started talking nonsense. Step by step we understood 

the following from his monologue: he wants the explosion to destroy everything on the range. It had to be frightening! 

When the meeting was over, the participants left depressed. That was the first time, when Mikhail Alexandrovich 

understood that dealing with Beria is not a joke...  

Beria worked quickly, he didn’t neglect site visits and got familiar with the results of performed work personally. 

When we performed our first nuclear explosion, he was the Chairman of the State Commission. Despite his exceptional 

position in the Party and the Government, Beria managed to allocate time for personal communication with people he 

was interested in, even though they didn’t have any official honors or top-notch titles. He met with A.D. Sakharov (PhD 

in Physics and Mathematics at that time) several times as well as with O. A. Lavrentyev (just demobilized sergeant from 

the Far East).  

 

 
Fig. 1.25. Founders of Soviet nuclear physics, whose scientific efforts provided theoretical substantiation and deployment of 

the first Soviet nuclear bomb: Igor Vasiliyevich Kurchatov, Yuliy Borisovich Khariton, Yakov Borisovich Zeldovich, Lev 

Davidovich Landau, Abram Isaacovich Alikhanov, Georgy Nikolayevich Flerov, Konstantin Antonovich Petrzhak, Isaac 

Konstantinovich Kikoin. 

 

Beria demonstrated tolerance and appreciation when he needed any specialist for any work, even though people from his 

department thought that person was suspicious. When the Security Service decided to remove L.V. Altshuhler (who explicitly 

favored genetics and disliked Lysenko) from the site as a security risk, Yu. B. Khariton called directly to Beria and said that 

this employee was very beneficial in his job. The conversation was short and the almighty person asked just one question after 

a long silence: “Do you really need him?” And having received a positive answer he said: “Alright” and hung up. The subject 

was closed.  

According to many veterans of nuclear industry, should this project be under Molotov’s control, it would have been 

difficult to expect any quick success in performing such tremendous work.  

We can treat Beria’s personality differently and there is no doubt that he is guilty of the deaths of millions of innocent 

Soviet people. At the same time, we should admit: his personal drive and organizational abilities, as well as severe reprimands 

during the meetings and far from idle threats to shoot dead in case of failure; thousands of prisoners building plants and 

laboratories for the nuclear project; powerful scientific and technical intelligence, allowed the prevention of perhaps an even 

larger global disaster. Indeed, the fact that USSR tested and built its nuclear bomb much earlier than it was expected in the 

USA and UK (1953-1954), cooled down some American war hawks and allowed to avoid deployment of multiple (totally 13) 

plans of preventive nuclear bombing of the USSR. For example, according to the “Dropshot” plan, 300 nuclear bombs (50 

kilotons each) were supposed to be dropped on 100 large industrial centers of the USSR in order to demolish 85% of its 

industrial and military potential, including 25 bombs onto Moscow; 22 onto Leningrad; 10 onto Sverdlovsk; 8 onto Kiev; 5 

onto Dnepropetrovsk; 2 onto Lvov, etc. In addition to that, the additional plan envisaged dropping of 250,000 tons of ordinary 

bombs. Estimates suggested that roughly 60 million Soviet citizens would have died in the event of such bombing.  

Luckily, those plans were destined to remain on paper. In 1949 (summer), the finished product “501” (coded name of the 

first Soviet nuclear bomb) was dismantled, packed and sent from CB-11 to “training range No. 2” (former name of 

Semipalatinsk nuclear testing range) by a special train. Final elements of the bomb were mounted to its central part during the 

night of August 29 and at 7 a.m. it was successfully blown. The bomb’s capacity equivalent to TNT was 22 kt,  length – 3.7 

m; diameter – 1.5 m; weight – 4.6 tons (Fig. 1.26). Similarly to the American “Trinity” project, the nuclear explosive was 

mounted on a steel tower of the same height (33 meters), Fig. 1.27. 
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Fig. 1.26. Prototype of RDS-1 bomb displayed in All-Russian Research and Development Institute of Experimental Physics 

and Academy Fellow Yu. B. Khariton in 1993.  

 

 
Fig. 1.27. Nuclear explosive RDS-1 and the tower where it was mounted for blasting 

 

 
Fig. 1.28. Headlines of American newspapers with a sensation about USSR’s testing of the nuclear bomb  
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Fig. 1.29. Chirograph of L. Beria to J. Stalin. In this top secret letter from the head of the NKVD, L. Beria, reports to I. 

Stalin on the successful creation and testing of the first Soviet atomic bomb. 

 

 

 
Fig. 1.30. Minutes of the Special Committee’s meeting regarding approval of the draft of Resolution of the Cabinet Council 

of USSR “Regarding testing of a nuclear bomb” signed by L. Beria  
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Upon successful testing of the bomb, L. Beria wrote a gleesome report to Stalin (Fig. 1.29). Afterwards, the Special 

Committee prepared a special Resolution of the Cabinet Council of USSR “Regarding testing of the nuclear bomb” (fig. 1.30). 

The majority of the scientists who engineered the bomb were granted governmental awards. The project supervisor I.V. 

Kurchatov received special laurels from J. Stalin (Fig. 1.31).  

Successful testing of the Soviet nuclear bomb (which was named “Joe-1”, derives from Josef Stalin in the USA) was a 

surprise for Americans and the US newspapers yelled about this sensation at the top of their voices (Fig. 1.28). When awarding 

Kurchatov after successful bomb testing, J. Stalin said: “If we delayed building of the nuclear bomb for 1-1.5 years, we would 

have “tried” its effect on ourselves.” 

 
Fig. 1.31. Extract from Resolution of Cabinet Council of USSR regarding awarding of Kurchatov I. V. for “outstanding 

merits to Soviet Motherland”. This top secret decree of the Council of Ministers of the USSR of October 29, 1949 refers 

about awarding the atomic energy research supervisor I. Kurchatov with a considerable monetary prize, a personal house, a 

dacha, awarding him with honorary titles of the USSR, etc. 

  

1.5 Thermonuclear bomb 

 

Long before RDS-1 testing in 1945, NKVD started obtaining intelligence information about a new type of nuclear bomb 

– a so called “super-bomb” – which was under development in the USA. This lead to establishment of a small research group 

at the Institute of Chemical Physics of Academy of Science of USSR, chaired by Yakov Zeldovich. In the spring of 1948, 

Klaus Fuchs delivered an especially large and detailed file about the super-bomb to Soviet intelligence. To work on this, an 

additional group was formed, (intended to help Zeldovich’s group) lead by Igor Yevgeniyevich Tamm at the Physics Institute 

of Academy of Science of USSR (PIAS) in the summer of 1948. Tamm’s students – Andrey Dmitriyevich Sakharov and 

Vitaliy Lazarevich Ginzburg (Fig. 1.32) – were also part of this group.  

 

 
Fig. 1.32. Founders of the theory of Soviet thermonuclear bomb Academy Fellows: Igor Yevgeniyevich Tamm, Andrey 

Dmitriyevich Sakharov and Vitaliy Lazarevich Ginzburg 

 

After visiting CB-11 and getting familiarized with the design of RDS-1 (fall of 1948), D. Sakharov decided to add a layer 

of light-weight elements into a uranium container surrounding plutonium core. Thus, a scheme was utilized in which fission 

and fusion fuel were "layered", a design known as the “Sloika” (Russian layered cake). A similar design was much earlier 

theorized by Edward Teller in the USA. At the end of August 1946, Teller proposed a new bomb configuration, which he 

dubbed the "Alarm Clock." The scheme alternated spherical layers of fissionable materials and thermonuclear fuel (deuterium, 

tritium and possible their chemical compounds). In September 1947, Edward Teller proposed the application of a new 

thermonuclear fuel in the”Alarm Clock”: lithium-6 deuteride, which was supposed to greatly enhance the production of tritium 

during explosion and thereby substantially increase the thermonuclear combustion efficiency. Still unbeknownst to the 
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American team, in March 1948 in London, Klaus Fuchs provided a Soviet agent with information on the progress of the 

”Classical Super” (Klaus Fuchs departed from Los Alamos on June 15, 1946 but research and development on the hydrogen 

bomb continued on). 

This design was expected to make significant increase in blast capacity. The other participant of the group – V. Ginzburg 

– offered to substitute heavy water (suggested by D. Sakharov) by a promising lithium-6 deuteride (as in” Alarm Clock”). 

In 1949, Directors of PIAS, S.I. Vavilov and Yu. B. Khariton informed L. Beria about a so called Sakharov’s “sloika”, 

so a new R&D plan to build a thermonuclear bomb (RDS-6) during 1949-1950 was approved during the summer meeting of 

CB-11 in 1949. This plan envisaged putting efforts both into Sakharov’s “sloika” – RDS-6s and into “Tube” – RDS-6t (a so-

called project “Classic Super”, stolen in the USA).  

After Harry Truman announced that the USA would start working on a “thermonuclear or super-bomb” (January 31, 

1950) as a response to successful testing of a nuclear bomb in USSR, the Special Committee called a meeting chaired by 

Beria, who resolved to accelerate the efforts on creation of its own super-bomb. In order to implement this solution, a group 

headed by  I. A. Tamm, which consisted of A.D. Sakharov, Yu. A. Romanov and Tamm himself was moved to CB-11 to work 

on RDS-6s (“sloika”). Two members of his group jews: Vitaliy Ginzburg and Yefim Fradkin stayed at PIAS as they faced 

problems with getting access to top-secret jobs. Semen Belenkiy was also not moved, due to health issues.  

The group of Ya. Zeldovich kept on working on foreign “Tube” at the Institute of Chemical Physics of Academy of 

Science of USSR till the end of 1953 (in other words, almost 6 years), when these efforts were recognized as meaningless. 

The Americans drew this conclusion 4 year earlier, based on calculations of American mathematician Stanislav Ulam, who 

proved unfeasibility of the “Classic Super” project using mathematical methods in 1950. Edward Teller (fig. 1.33), American 

physicist, used this conclusion to define new principles of the thermonuclear bomb’s design in 1951. This design of a 

thermonuclear bomb was called Ulam-Teller’s design. Overpressure for hydrogen-3 and deuterium in this design was achieved 

by focusing of reflected radiation after a preliminary blast of small nuclear explosive inside the bomb, rather than by a 

detonation wave caused by the explosion of ordinary chemical explosives.  

On November 1, 1952, the USA tested Ivy Mike (Operation Ivy) – a thermonuclear device equivalent to 10 megatons in 

TNT, based on Ulam-Teller’s principle. The tests were conducted on Elugelab Island, Enewetak Atoll (Marshall Islands in 

the Pacific Ocean). However, “Mike” was not a bomb. 

 

 
Fig. 1.33. The “fathers” of American thermonuclear bomb: Edward Teller, Stanislav Ulam and Richard Garwin. 

 

Fig. 1.34. The world’s first high capacity thermonuclear explosive Ivy Mike based on Ulam-Teller’s principle 

 

It was a huge unit (Fig. 1.34), developed by Richard Garwin. It was as big as a two-storey house and weighed 74 tons. In 

addition to that, it implemented liquefied deuterium in a cryogenic state, so it did not have any chance to become a real 

weapon. 

After this test, the USSR streamed all its efforts to the thermonuclear bomb. Neither Stalin’s death, nor Beria’s arrest 

halted this work. Eventually, on August 12, 1953, the first Soviet thermonuclear bomb was tested in Semipalatinsk. 

 

 
Fig. 1.35. The first Soviet thermonuclear bomb RDS-6s (“sloika”) 

 

Its capacity was “just” 400 kilotons, much more than that of nuclear bombs, but it still fell short compared to American 

“Mike”. Of course, Soviet RDS-6s was a full-fledged bomb (fig. 1.35), rather than a fixed installation. Nonetheless, it did not 

have enough capacity (did not reach even 1 Mt) to comply with the set requirements.  

http://www.atomicarchive.com/Bios/Fuchs.shtml
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A new era in Soviet thermonuclear bomb’s history started at the onset of 1954 due to a situation of 

double dead-end: recognition of hopelessness of American “Tube” on the one hand, and impossibility 

to increase the capacity of Sakharov’s “sloika” on the other. However, in order to establish a new focus 

area, it was necessary to prove hopelessness of the previous two and close both of them, even though a 

vast amount of time and financial resources were wasted. It was not so easily achievable even after 

Stalin’s death and Beria’s arrest and required collective efforts of many scientists, including the 

authority of Academy Fellow Lev Landau.  

The new focus area, justified by D. Sakharov and Ya. Zeldovich, was about exploiting the idea of 

“nuclear crimping”, i.e. use of an auxiliary nuclear bomb to crimp the “sloika”, rather than using the 

ordinary chemical explosive, as was the case with RDS-6s. In fact, this idea was not new and was touched upon in  Ulam-

Teller’s theory. Yet, it still needed to be deployed, and it actually was a new design of CB-11.  

On November 22, 1955, Tu-16 bomber dropped a bomb with a design capacity of 3.6 Megatons over the Semipalatinsk 

range. There were some death losses caused by testing; the radius of destruction reached 350 km; Semipalatinsk itself was 

also damaged.  

 
Fig. 1.36. Resolution of Cabinet Council of USSR No. 142-84ts “Regarding plan of building of nuclear and thermonuclear 

bombs”. In this top secret document of January 22, 1955, a plan for the production in the USSR of atomic and thermonuclear 

bombs and missile charges in 1955 is given.  

 

It was the beginning of the nuclear arms race. The Resolution of Cabinet Council of USSR approved the plan of batch 

building of nuclear bombs in the country (Fig.1.36). Simultaneously, the second nuclear weapon center – Scientific and 

Research Institute 1011 – was established in order to speed up engineering and building of nuclear weapons. The new institute 

immediately received part of CB-11’s work (Fig. 1.37) and the work schedule was established. 

 

 
Fig. 1.37. Extract from the Resolution of Cabinet Council of USSR No. 586-362ts “Regarding measures to set up operation 

and speed up commissioning of R&D Instituted-1011”. In this top secret decree of the Council of Ministers of the USSR dated 

March 24, 1955 refers to the creation of a new research institute No. 1011 to accelerate the production of nuclear and 

thermonuclear weapons. 
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Fig. 1.38. Fishman David Abramovich, the Hero of Socialist Labor, Doctor of Technical Science, Professor, Prize Winner of 

Lenin’s Award and two USSR State Awards, Honored Scientist and Engineer of RSFSR, the first Deputy of Chief Design 

Engineer of CB-11 and R&D Institute-1011 

 

 
Fig. 1.39. Resolution of Cabinet Council of USSR No. 33389-1426ts/pi dated August 9, 1950, signed by J. Stalin and signing 

statement of L. Beria. In this top secret decree of the Council of Ministers of the USSR with I. Stalin's visa states the beginning 

of the development and creation of anti-aircraft missiles with atomic warheads. 

 

The new institute was located in a small town – Snezhinsk – situated at the eastern foot-hills of the middle of the Urals, 

somewhere between Sverdlovsk and Chelyabinsk on the Sinara lake shores. Today, this institute is known as All-Russia R&D 

Institute of Technical Physics (ARRDITP) or Chelyabinsk-70. The area where it is located is called “Closed territorial and 

administrative division Snezhinsk”; there are 60,000 people living in this area. Some top-notch specialists from CB-11 were 

moved to the new institute. For instance, Fishman D. A., the first Deputy of Chief Design Engineer of CB-11 became the first 

Deputy of the Chief Design Engineer of R&D Institute-1011. 
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1.6. Nuclear test explosions 

 

The first high-altitude explosions and the first measurement of their damage effect parameters, including those of HEMP, 

were conducted in USSR during testing of nuclear surface-to-air missile of air defense, developed in compliance with the 

Resolution of the Cabinet Council of USSR No. 33389-1426ts/pi dated August 9, 1950 (Fig. 1.39).  

The first air defense system based on surface-to-air missile (SAM) equipped with nuclear war-head was S-25 “Berkut” 

(“SA-1 Guild” in NATO classification). One of modifications of these air defense systems used a missile type 215 (ZUR-

215), Fig. 1.40, with a nuclear war-head fitted with RDS-9 explosive.  

This nuclear explosive was also used in the battlefield missile system, Frog-3 (2K6) developed by R&D Institute-1 

(Moscow Institute of Thermal Engineering). A missile launcher on an amphibian tank PT-76 was engineered by Artillery 

Central R&D Institute-58. A special war-head 3N14 with 901A4 (RDS-9) explosive was developed by CB-11 for the Frog-5 

missile. Due to restrictions imposed by a nuclear explosive, the war-head featured increased maximum diameter and was 

shaped differently compared to the Frog-3 missile with an external-blast warhead (see Fig. 1.41).  

 

 
 

Fig. 1.40. SAM ZUR-215 type of S-25 air defense system (“Berkut”) 

 

 
Fig. 1.41. Missile launcher of battlefield missile system Frog-3 featuring external-blast warheads (left) and Frog-5 featuring 

nuclear warheads (right). 

 

An explosive with a capacity of 10 kt was fitted into a body (maximum diameter – 540 mm) with cone fairing and a 

truncated cone-shaped tail part. The weight of 3N14 was 503 kg. Due to large over-caliber of the warhead, Frog-5 was 10.6 

m long and its all-up weight was 2.3 tons.  

This technical solution – increased diameter of the warhead (i.e. use of a so called over-caliber warhead) to fit a nuclear 

explosive – was copied from a similar class American missile, Honest John (MGR-1) equipped with a nuclear warhead W7 

(20 kt), Fig. 1.42. 

 
Fig. 1.42. Missile launcher with Honest John (MGR-1) with an over-caliber warhead for nuclear warhead option.  
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Obviously, “borrowing” of military secrets in the USA, both in the field of nuclear ammunition and in the field of missile 

engineering, was so much more efficient and beneficial that it keeps on going in the modern era. For example, it is worth 

mentioning the newest American supersonic missile, engineered by Defense Advanced Research Project Agency – DAPRA 

(US agency developing perspective ammunition). This missile is now being tested both in the USA and in Russia (Fig. 1.43) 

by the Central R&D Institute of Aerospace Defense Forces (CRDIADF), more specifically by its Air-Defense R&D Center 

in Tver town. It is known that modern radar facilities are equipped with recognizing systems based on both target’s Doppler 

features and its so called “radar portrait”. So, this R&D center is busy “drawing the portrait” of the newest American missile, 

which has not been commissioned yet, similar to many other samples of American missiles and military planes.  

 

 
Fig. 1.43. The newest American supersonic missile at the R&D Air-Defense Center of Central R&D Institute of Aerospace 

Defense Forces in Tver town. 

 

As for the above mentioned Frog-3, the author had a chance to study this system and subsequent 9K52 (“Frog-7”) during 

military training when author was a student of Kharkov technical institutes. Later on, author was exposed to them during 

annual military field training at a missile battalion of the 25th division of the land forces named after Chapayev. The shape of 

Frog-3 was rather strange (Fig. 1.44): it featured a two-chamber solid-fuel engine 3ZH6 (like two missiles connected in series). 

This was a single-stage engine, but with two chambers placed one after the other inside a common body. The head chamber 

had a set of tube jets placed in the middle of the body at a certain angle to twist the missile along the axis, when in flight, 

while the tail chamber was equipped with ordinary jets. 

 

 
Fig. 1.44. Unusual shape of Frog-3  

 

In other words, the missile seemingly had two propulsion engines working simultaneously to increase the power. It was 

especially important for a heavier missile with a nuclear warhead. On the other hand, availability of two separate solid-fuel 

propellant sticks required additional pre-launch preparation of the missile in order to reduce scatter of the engine’s parameters 

during its operation, i.e. reduction of circular error probable – CEB (measurement of target accuracy). In order to achieve this, 
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it was necessary to raise the guide member with a missile into a vertical position and then return to a required position based 

on calculations.  

Tube jets in the middle of the missile’s body made it look like a fire ball when it was flying. Though two propellant sticks 

were working simultaneously, their capacity was still low for the start, thus once leaving the guide ways, the missile “sank” 

to about half a meter above the ground and then started its flight from this altitude. No wonder the CEB of this missile was 

up to 2 km with the flying range of up to 32 km.  

Resolution of the Cabinet Council of USSR No. 342-135ts/pi, dated January, 1952 (Fig. 1.45), stipulated beginning of 

construction of plant No. 933. Later on it bore other names, such as: enterprise P. O. Box 17, then enterprise P. O.  Box G-

4146. This plant (contemporary name “Instrument Making Plant”) located in Tryokhgorniy town, Chelyabinsk region (code 

names: “Zlatoust-20”, then “Zlatoust-36”) started building nuclear explosives, engineered by CB-11, including RDS-9. 

 

 
Fig. 1.45. Top secret Resolution of Cabinet Council of USSR No. 342-135ts/pi dated January 24, 1952 signed by I. Stalin, 

refers to the creation of special plants No. 933 for the production of atomic charges and auxiliary equipment. 

 

The first missile launch with a real nuclear explosive was performed from the Kapustin Yar range (official name: The 4th 

State Central Cross-Branch Range of Russian Federation - the 4th CCBR; military unit 15644), located in the northwest part 

of the Astrakhan region, close to a small town called Znamensk (closed territorial and administrative division “CTAD 

Znamensk”). The range was established on May 13, 1946 as a central range for the Ministry of Armed Forces of USSR (former 

name of the Soviet Ministry of Defense) to test the first Soviet ballistic and SA missiles. On February 2, 1956, the missile 

type R-5M (8K51) (SS-3 Shyster in NATO classification) with a nuclear warhead was launched from this range. This missile 

was engineered at the Experimental Design Bureau (EDB) of R&D Institute-88 (today’s name: Central Research and 

Development Institute of Machine Building, Korolyov town, Moscow region) chaired by S. P. Korolyov. Upon heading 1,200 

kilometers eastwards, the missile delivered the warhead to a desert near Arkalyk town (Kazakhstan), where it exploded. The 

capacity of nuclear explosive was about 3 kilotons.  

 

 
Fig. 1.46. Photo of the missile type R-5M (SS-3 Shyster in NATO classification) with a crossed-out ”Top Secret” label 

during pre-launch preparation on Kapustin Yar range. 
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The first high-altitude nuclear explosion code named “ZUR-215” was performed in the USSR on January 19, 1957, (i.e. 

before a similar US test under “Yucca” project in April of 1958) upon blasting of a RDS-9 nuclear explosive with a capacity 

of 10 kt, mounted on SAM 215, (Fig. 1.40) launched from the Kapustin Yar range. 

The purpose of this mission was to study damage effects of high-altitude nuclear explosion onto planes, flying in a tight 

formation (two radio-controlled targets – IL-28 bombers – as well as ground facilities were located 500 m and 1,000 m away 

from the point of explosion).  

The plane’s radar beacon (transponder) was used as a target for missile aiming (the transponder’s signal was caught by 

the SAM aiming system’s radar). The transponder was previously dropped from the plane and was gradually descending on 

a parachute. Upon reaching the transponder, the warhead was blast at the altitude of about 10 km.  

Instruments equipped with telemetry devices for data transfer, placed in 16 special cylinder-shaped containers, were used 

to acquire data of the nuclear explosion’s damage effects. These containers were previously dropped from planes in such a 

way as to have some of them approximately on the explosion’s altitude (at various distances away from it) and some of them 

– on other altitudes. The actual position of containers at the moment of nuclear explosion and position of the explosion point 

itself were determined by photo survey from ground facilities (from 4 directions). Additional ground facilities were established 

to measure parameters of impact wave, light emission, (spectrum, integrated flux and time) as well as direct nuclear radiation. 

Dummy models of wooden buildings were built close to the zero point and in some other locations.  

Both target planes were downed by the explosion: the first plane, flying away from the burst point  caught on fire, the 

other plane, which was flying almost directly towards the impact wave, lost a wing.  

Instruments mounted on these planes did a good job and the data were transferred to the ground via telemetry. Later on, 

these results were used to determine criteria and damage area of planes in case of nuclear explosion.  

Ground observation stations did not register any noticeable impact of the explosion on the wooden buildings and their 

windows.  

Further nuclear tests, conducted on November 1 and November 3 of 1958, (supposed to be carried out at the altitude of 

20-25 km) were a failure due to defects in safety and arming units (SAU) of the warheads. SAU is a system of arming, 

safeguarding (in case of emergencies) and self-destruction. SAU of nuclear warheads features multi-level arming. For 

example, in case of Frog-7A with ground-to-ground missiles (9M21B) equipped with 9N32 warhead, (which author studied) 

the first safeguarding stage is deactivated upon leaving the guide way and detachment of control cable; the second – upon 

reaching design conditions of the on-board power source (ampule battery); the third – upon reaching a certain velocity of the 

missile, (determined by the airstream pressure sensor) and the fourth – upon a signal from the Doppler radar altimeter. Other 

types of missiles may employ different control parameters of SAU’s safeguarding stages. For example, the SAM 215 type 

employs an air pressure transducer, which determines the altitude of a missile. Failures of tests carried out on November 1 

and November 3 of 1958 were a result of fault actuation of these SAU sensors, which lead to warhead explosion at 12 km 

instead of 20–25 km, as designed.  

The next successful high-altitude nuclear explosion was performed after 3 years (mission “Thunderstorm”). This long 

break is attributed to numerous negotiations between the USA and the USSR regarding conclusion of a test-ban treaty, as well 

a temporary unilateral obligation, which either the USA or the USSR accepted from time to time. After a collapse of talks, a 

new high-altitude nuclear explosion was performed above the Kapustin Yar range on September 6, 1961. The target for the 

guiding system’s radar of the SAM 215 type, which carried a nuclear explosive, was represented by a passive corner reflector, 

which was delivered to 20 km altitude (design point of explosion) by an air-balloon. This air-balloon also carried instruments 

containers to measure gamma rays and other parameters of the nuclear explosion. In order to conduct additional measurements 

of γ- and β-emissions, two SAM 207 type missiles (built by Tushinskiy Machine-Building Plant) were launched from an S-

25 system (SA-1 Guild) into the atomic cloud, but they carried measuring instruments instead of explosives in their head 

parts.  

The first tests of EMP-affected radar systems’ efficiency and that of electronic equipment placed into containers were 

carried out during this “Thunderstorm” mission. The tests were performed by tracking the “measuring” of 207 type missiles 

under EMP impact occurring upon nuclear explosion.  

Another successful high-altitude nuclear explosion was performed above the Kapustin Yar range on October 6, 1961 

(“Thunder” mission). This mission was carried out to study the damage effects of a high-altitude nuclear explosion for the 

benefit of Anti-Ballistic Missile Defense (ABM Defense). A middle range R-5M (SS-3 Shyster), Fig. 1.43, raised a nuclear 

explosive with a capacity of 40 kt to about 40 km, where it eventually burst. Four heat-resistant steel spherical containers 

(diam. 50 cm) with data acquisition equipment were used to record the damage effects. The containers were attached directly 

to the missile under special fairing. Upon actuation of separation charges, (after receiving a radio signal at the set time) the 

containers were discharged from the missile, stretching steel ropes with distance sensors mounted 20 m apart. These sensors 

measured the distance of the containers from the burst point (it was 140–150 meters at the moment of explosion). After 

explosion, the containers fell on the ground. Later on they were searched for using special devices. In addition to that, similarly 

to the above mentioned case, two 207 type missiles with data-acquisition equipment were launched into the atomic cloud. 

Similarly to the previous case, both main damage effects of nuclear explosion and EMP impact on electronic equipment placed 

into containers were studied.  

Unlike the USA, all technical reports on the above mentioned tests are still classified in Russia. Thus, it is not possible 

to obtain any new findings regarding HEMP even today.  

Trying to make up for the 3 years which were lost, the USSR carried out a series of additional high-altitude nuclear 

explosions (in addition to “Thunderstorm” and “Thunder”) during 1961–1962 (mission “K” - Kosmos).  
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Similarly to previous tests, missiles were launched from the Kapustin Yar range. However, the blast took place above 

the Sary-Shagan range in Kazakhstan (the State R&D and Testing Range No. 10 of the Ministry of Defense of USSR – 

SRDTR-10; administrative center – Closed territorial and administrative division CTAD Priozyorsk) rather than above 

Kapustin Yar. This means that the missiles with nuclear warheads were flying from the Astrakhan region (Russia) to 

Kazakhstan, literally above the heads of Soviet civilians.  

 

 
 

Fig. 1.47. Placement of R-12 missile (SS-4 Sandal) on a launching cradle 

 

 

 

 

Fig. 1.48. Batch assembly of strategic R-9A (8K75) missiles (SS-8 Sasin) at Kuybyshev plant “Progress”.  
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On October 27, 1961, two middle-range missiles type R-12 (SS-4 Sandal), Fig. 1.47, with low-capacity nuclear 

explosives (1.2 kilotons) were launched from Kapustin Yar. These missiles were engineered at EDB-586 (CB “Yuzhnoye”, 

Dnepropetrovsk) under the direction of Chief Design Engineer M. K. Yangel. These explosives were blast at 150 km above 

ground (mission “K-1”) and 300 km above ground (mission “K-2”), i.e. almost in space. The purpose of these tests was to 

check the effect of space nuclear burst (including HEMP) impact on radio communication equipment and radars; to study 

physical processes accompanying space bursts and check possibility of their detection. 

On October 22, October 28 and November 1 of 1962, three more high-altitude explosions were carried out: “K-3” – at 

290 km; “K-4” – at 150 km and “K-5” – at 59 km. These bursts employed thermonuclear high-capacity explosives (300 

kilotons).  

 

 
 

Fig. 1.49. Map of Kazakhstan with trajectories of SS-4 Sandal (from Kapustin Yar), 207 missiles (from Sary-Shagan) and 

SS-8 Sasin (from Baikonur) launched within “K-3” project 

 

On October 22, the plan envisaged launching of the R-9A (8K75) missile (SS-8 Sasin in NATO classification) in 

addition to SS-4 Sandal and “measuring” 207 type SAM, launched from Sary-Shagan towards it. The missile was engineered 

by EDB-1 of R&D Institute-88 under the direction of S. P. Korolyov, whereas the control system was developed and produced 

by Kharkov Scientific and Production Center “Electropribor” (EDB-692; P. O. Box 67; SPC “Khartron”).  

The batch production of these missiles was set up at Kuybyshev (Samara town) plant “Progress” (now “Missile and Space 

Center “Progress”), Fig. 1.48. 

SS-8 Sasin was expected to start from the Tyura-Tam range (other names: R&D and Testing Range of R&DIP-5; military 

unit 11284; “Taiga” facility; Baikonur) within the framework of the second stage of its flight development tests and to pass 

as close to the burst point as possible (Fig. 1.49).  

The purpose of the test was to look into reliability of radio control equipment, evaluate accuracy of motion 

measurements and determine the impact of a nuclear explosion onto the level of incoming signals (both on on-board and 

ground receivers of missile radio control system). In other words, they researched HEMP impact on a missile’s control system. 

Thus, the test of October 22 served several purposes. Firstly, it was another check of reliability of the nuclear weapon carrier. 

Secondly, it was the check of the explosive itself. Thirdly, there was a need to explore the damage effects of a nuclear 

explosion and its effect on various types of military machinery, including missiles and military satellites. Fourthly, there was 

a need to check fundamentals of ABM Defense system “Taran”, offered by V. N. Chelomey. The system was expected to 

knock down enemy’s missiles by a series of nuclear explosions on their way. The development of the ABM Defense system 

“Taran” was stipulated by the Resolution of the Central Committee of CPSU and the Cabinet Council of USSR dated May 3, 

1963. EDB-52 (chaired by V. N. Chelomey) and the Radio Engineering Institute of Academy of Science of USSR (chaired 

by Academy Fellow A.A. Mints) were appointed as principal engineering organizations. The system was supposed to employ 

long range UR-100 (8K84) missiles, (SS-11 mod. 1 SEGO in NATO classification) with thermonuclear warheads with a 

capacity equal or above 10 Mt. Later on, this project was severely criticized and thus had never been deployed. Calculations, 

offered by Director of Applied Mathematics Institute, Academy Fellow M.V. Keldysh, were among the reasons of failure. 

The calculations suggested that considering the stated specifications of the “Taran” system, it would waste countermissiles 

excessively. For example, in order to intercept 100 “Minuteman” missiles, (American intercontinental ballistic missile) the 

system would need 200 missiles of SS-11 mod. 1 SEGO type. A perspective of blasting hundreds of thermonuclear bombs 

with a capacity of 10 Mt each over your own country did not seem attractive either for scientists or for political elite of the 

country. However, back in 1962, i.e. before even taking a decision regarding development of the “Taran” system, there was 

an attempt to check the principal idea of V. N. Chelomey, whether or not it is possible to intercept long-range missiles by 
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means of high-capacity high-altitude nuclear explosion. That is why the SS-8 Sasin missile was launched to the nuclear 

weapon burst point. But on October 22, the launch was a complete failure. The combustion chamber of the primary stage 

broke down 2.4 seconds after starting and the missile fell down 20 m away from the launching cradle. 

Since the attempt to test interception of strategic missiles failed, another test was carried out a week later, i.e. on October 

28 (K-4). This test was almost an exact copy of the previous one both in terms of its set up, (except for lower design altitude 

of nuclear explosion) and in terms of its results. The missile made it to several dozen meters and the combustion chamber of 

the primary stage broke down. The missile sank and fell down on the launching cradle resulting in severe damage. 

Nonetheless, other parts of the research ended up successfully, since interception of a missile by means of high-altitude nuclear 

explosion was not the only aim of the tests. In addition to studying damage effects of nuclear explosion, the aim of the tests 

was to obtain experimental data regarding geophysical phenomena accompanying high-altitude explosions, particularly, the 

explosions’ impact on the ionosphere. Parameters of artificial van Allen belts occurring in space were also measured. In order 

to do this, “Kosmos-3”, “Kosmos-5” and “Kosmos-7” satellites were launched before the tests. Another objective was to 

determine HEMP impact on radars, radio and cable communication systems. Some investigations were made as part of the 

objective to establish a system of nuclear explosion detection and control. Addressing of all those issues during “K” missions 

required significant ground and satellite observations and measurements to be carried out. For this purpose, a lot of various 

radio-technical aids were used. Up to twenty radar stations featuring various wave length ranges were observing the explosion 

area from different (up to 10) directions. Radio signals of satellites and missiles, scattered through ionized areas, were recorded 

by ground receiving facilities (some of them were duplicated). All permanent observation stations located in different regions 

of the country performed ionospheric observations. Observations of the impact of atmosphere ionization on performance of 

communications equipment of various wave lengths were conducted on specially developed radio waves, capable of passing 

through the ground zero of the nuclear explosion, as well as on multiple permanent radio lines of various lengths. Several 

permanent radar telescopes from various observatories were also involved into observation of space radio emission.  

Additional explosion – “K-5” – was performed on November 1, 1962. The purpose of this explosion was to specify some 

previously obtained data, particularly, those of optical observations and measurements. Actually, development of “K-5” and 

parameters of its impact were close to what has been predicted (based on previous observations performed during “Thunder” 

and “Thunderstorm” missions). However, improved and more sophisticated investigation during “K-5” allowed to expand the 

pool of experimental data regarding explosion development at such altitudes.  

A. N. Shchukin, two-star general, Academy Fellow, Deputy Chairman of the Military-Industrial Commission (MIC) of 

the Cabinet Council of USSR, performed scientific supervision of the whole bunch of full-scale and model experiments, as 

well as theoretic research related to these missions.  

The research findings suggested that high-altitude nuclear explosions were accompanied by electromagnetic pulse (EMP) 

emissions in a broad range of frequencies with amplitude significantly higher than that of ground explosions of the same 

capacity. It was also found that registration of nuclear explosion’s EMP was possible at higher (up to 10,000 kilometers) 

distances from the explosion epicenter. Performed geomagnetic measurements confirmed that an observer located almost 

anywhere on the globe could identify powerful nuclear explosions at 100-150 km altitudes.  

However, it should be admitted that precise and consistent interpretation of many data was found to be more complicated 

than initially assumed, and required development of comprehensive models and calculation methodology for high-altitude 

nuclear explosions.  

Unfortunately, technical reports with the results of tests and measurements of all these explosions are still classified in 

Russia. Some indirect data can be obtained from partially declassified multi-page CIA reports related to these tests (fig. 1.50). 

The label “Top Secret” is crossed out, but the sources of information have been deleted and nuclear explosives are marked 

with “JOE” plus corresponding figures. Missile types are denoted according to American classification (e.g. SS-1, SS-2, etc.). 

The only source of technical information regarding HEMP (studied under “K” project as one of the damage effects of 

nuclear explosion) is represented by a report of the Principal (at that time) of the Central Physical and Technical Institution 

of the Ministry of Defense of Russian Federation (military unit 51105; CR&DI-12; Sergiyev Posad-7; facility “Ferma”; 

Federal State-Owned Enterprise “The 12th Central Research and Development Institute” of the Ministry of Defense of Russian 

Federation), Brigadier General Loborev V. M, which was made up subject to the direction of the USSR authorities during 

“Perestroyka” and “reset” 32 years later after completion of project “K” [1.5], as well as his article co-authored with other 

employees of the same Institute, published 36 years later after completion of project “K” [1.6].  

Both the report [1.5] and the article of V. M. Loborev described the consequences of “K-5” nuclear explosion’s EMP 

impact onto civil infrastructure of Kazakhstan, located within the area of exposure.  

Some interesting factors are worth to be noted:  

CR&DI-12 was founded in 1950 subject to the Directive of the General Staff of the Armed Forces of USSR No. 553343 

dated April 26, 1950. Later on, the Institute became part of the 12th Chief Directorate of the Ministry of Defense of USSR 

(military unit 31600, Moscow, Znamensky Lane, 19) to research the damage effects of nuclear explosion and their impact on 

ammunition, military machinery, buildings and people; elaborate recommendations for armed forces to protect the staff and 

machinery from nuclear weapon effect and to provide scientific and methodological supervision of special weapon testing. 

One of the Institute’s objectives was to provide scientific substantiation of the country’s protection against nuclear attack . 

Looking at the Institute’s building in Sergiyev Posad (Moscow region), the building of its branch office in St.-Petersburg 

(military unit 70170, Novoselskaya Street, 39E) as well as its experimental facilities featuring dozens of test benches, one can 

say that it’s pretty large. 
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Fig.1.51c. Experimental and testing facility of CR&DI-12 (Moscow region) 

 

The following test benches had to do with HEMP: 

• pulse voltage generator PVG-10; 

• simulators of electromagnetic pulse SEMP-B and SEMP-BM; 

• “Arterit” unit intended for testing large-scale military machinery for the impact of powerful electromagnetic 

fields; 

• “Zenith” unit to test military machinery and ammunition for the EMP impact; 

 

 

 
Fig. 1.50. A page from CIA’s report regarding high-altitude nuclear explosions performed in USSR under the “K” 

project. 
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Despite such facilities and resources, there is no word about the Institute’s staff involvement and any significant 

achievements, either on the Institute’s web-site or in scientific literature published in the USSR on the topic of nuclear testing, 

or in declassified documents on the nuclear project published in USSR, or in the memoirs of participants of those events. This 

cannot be explained by mere confidentiality. First of all, this topic was declassified long ago and secondly, employees of other 

scientific institutions (e.g. All-Russian R&D Institute of Experimental Physics from Saratov town) have long been publishing 

the articles on HEMP issues in the open domain [1.7, 1.8]. Publications of the Chief Research Fellow of CR&DI-12, Doctor 

of Engineering Science, Professor, Balyuk Nikolay Vasiliyevich are, perhaps the only exception to this rule. However, most 

of these publications regarding HEMP are not based on original research and development efforts of the Institute. They are 

rather a paraphrase of information previously published in old American reports. One of the typical examples is the book 

[1.9], published in 2013. The major portion of the text and illustrations are just a translation and paraphrase of some American 

30-year old reports. Other examples include his articles in the EMC Technologies Journal co-authored with the Principle of 

CR&DI-12, Rear Admiral Pertsev S. F. and the first Deputy of the Chief of the General Staff of the Military Forces of Russian 

Federation, two-star general Burutin A. G. [1.10, 1.11]. Those are just general arguments and descriptions of equipment 

available at CR&DI-12 that are well known to the specialists in this field. Who will benefit from general arguments of generals 

and admirals, instead of specific recommendations and inventions on how to protect critical infrastructure of the country? 

 

  
 

Fig. 1.51a. Panorama of the main building of CR&DI-12 in Sergiyev Posad (Moscow region) 

 

 
Fig. 1.51b. Branch office of CR&DI-12 in St.-Petersburg 

 

The only reference is made to the participation of the office staff in the Leningrad branch in measuring parameters of one 

of the underwater nuclear test explosions, as well as the above mentioned report and article of the Institute’s Principal Loborev 

V. M. Quite a short list for 68 years, isn’t it? The number of classified thesis papers accessible to a very limited circle of 

employees will hardly justify the existence of the Institute.  

Official literature with research findings regarding HEMP impact on civil infrastructure was published by the Institute 

staff in English. Why? Soviet (and now Russian) civil specialists still lack information regarding HEMP impact on civil 

infrastructure. At the same time, one of the objectives of the Institute upon its foundation was to develop means of protection 

from nuclear weapons, meaning HEMP, for the country. Don't they have enough information to provide to civil specialists in 

the field of electric power industry, communication, water supply, as well as other specialists responsible for the country’s 

infrastructure? 
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Reviewers from CR&DI-12, who review author’s articles from time to time, say that it is prohibited to publish articles 

addressing the necessity to intensify work in the field of protection of civil infrastructure from HEMP and to offer specific 

technical solutions intended to ensure this type of protection. Why? 

It seems that the Institute staff are afraid that civil specialists responsible for the country’s infrastructure will find out 

about this serious problem and eventually ask why nothing has been done in this field in all these years! Eventually, somebody 

will have to answer this question...The Institute responsible for this matter for 68 years now will continue its cotton wool 

existence, while a minimum number of people are aware of the problem.  

But, let us get back to the outcomes of HEMP impact onto civil infrastructure during “K-5” tests. According to data, 

published by V. M. Loborev [1.12] (Fig. 1.52), HEMP impact caused failures in the operation of Air Defense radar located 

about 1,000 km away. Breakdowns of ceramic insulators resulting in short-circuit were observed on 35 kV electric overhead 

power lines. Electromagnetic pulse caused fires due to short-circuit in electric appliances. A power generator was knocked 

out of service at one of power plants; relay protection was triggered resulting in switching the power generator off at another 

power plant. A slow geomagnetic component of HEMP induced a short current pulse with an amplitude of several thousand 

Amps, as well as a long (more than 20 sec) current pulse, rated 4 Amps. This lead to diesel-generator damage and triggering 

of protection devices mounted over a 570 km above-ground telephone line. There is also information about some breakages 

of electronic equipment, occurred at Baikonur Cosmodrome.  

 

 
Fig. 1.52. Damaged electric equipment affected by HEMP during nuclear high-altitude test explosion performed under “K-

5” project in Kazakhstan in 1962 (based on data published in V. M. Loborev’s report presented at EUROEM International 

conference in France in 1994).  

 

The US Nuclear Energy Agency took the advantage of the new policy of Soviet President, M. S. Gorbachyov and 

proclaimed principles of “perestroika”, “reset” and “glasnost” (when the doors of previously well protected Soviet enterprises 

were opened both literally and figuratively, and when financing of many defense projects was seized). The Agency provided 

grant proceeds (in 1992, when the new President B. N. Yeltsin was in power) of $288,500 to prepare a technical report with 

analysis of effects occurred during underwater nuclear explosions, performed by USSR in the Arctic and during high-altitude 

nuclear explosions under the “K” project in Kazakhstan.This job was given to CR&DI-12, as its staff from Leningrad branch 

office were recording and measuring parameters of the Arctic nuclear explosions on the Novaya Zemlya islands (nuclear 

range established subject to Resolution of the Cabinet Council of USSR No. 1559-699ts dated July 1954, Fig. 1.52; other 

names: Facility-700; Range No. 6; Arkhangelsk-55 and Arkhangelsk-56). Whereas the staff from the Headquarter’s (Sergiyev 

Posad) were responsible for high-altitude nuclear explosions performed under the “K” project. In fact, the report presented by 

V. M. Loborev and his article were a result of this job performed at the expense of American grant proceeds. 

 

 
Fig. 1.53. First page (partially) of the Resolution of Cabinet Council of USSR No. 1559-699ts regarding establishment of 

nuclear range on Novaya Zemlya islands.  
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 In 1995, upon finishing work and preparation of the report, (17 paragraphs long) two executives of CR&DI-12 – the 

Principal, two-star general, Professor, V. M. Loborev and the Chief research worker, colonel, Doctor of Technical Science, 

V. M. Kondratyev – were invited to the leading nuclear centers: Lawrence Livermore National Laboratory and Los Alamos 

National Laboratory to lecture on the topic of electromagnetic effects of high-altitude nuclear explosions. Since neither V. 

Loborev, nor V. Kondratyev spoke any English, they were constantly accompanied by two interpreters. V. Kondratyev 

lectured about HEMP history and its recording, since he was a senior specialist in this field and his doctoral thesis was devoted 

to HEMP. He suggested that Soviet scientists registered HEMP (though many sensors were knocked out of service) during 

the very first ground testing back in 1949. This phenomenon was assumed to be used as the means of registration of remote 

nuclear explosions rather than a kind of weapon capable of ruining electronic equipment. Then, V. Kondratyev reported that 

since the USSR did not find any American data about HEMP, scientists thought that that topic was top secret in the United 

States. Later on, it became obvious that there were no such data in the USA. “Then, – Kondratyev said, – when we received 

your data, particularly the EMP formula, we noticed that they were in full compliance with ours and thus, we concluded that 

you took our data from our classified reports. We are familiar with calculation models of Radasky, Baum, and Longmeyer, 

but we couldn’t check them as we didn’t have high-capacity computers like those that you've got in the USA. So, our methods 

were different.” According to V. Kondratyev, the HEMP theory was elaborated in the USSR back in 1961-1962. This was the 

merit of scientists from the Ministry of Communication of the USSR, who analyzed the results of HEMP impact onto 

communications systems. Later, V. Kondratyev listed damages of electric equipment and communication systems occurred 

as a result of high-altitude nuclear explosion in Kazakhstan in 1962 (see fig. 1.49). The question was  how they protected 

communication lines after testing. He answered that subject to the initiative of the Ministry of Communication - aerial wire 

lines were substituted by cables, which ran in the ground. While answering further questions, V. Kondratyev mentioned 

breakages of military diesel generators and substations as a result of pulse overvoltage, as well as about actuation of relay 

protection on power lines. Answering the question about breakages of communication lines during other tests, V. Kondratyev 

mentioned that those breakages occurred during low-altitude explosions. As for breakages of power lines during other tests, 

he said that he was not aware of such data. Answering the question - whether the direction of wires (north – south; west – 

east) influences their susceptibility to breakages, V. Kondratyev said that it definitely does. Following, there was a series of 

questions regarding more general issues of nuclear testing and nuclear safety. Those were addressed by V. Loborev. Most of 

the answers were like this: “I am only the Principal of the Institute and not the President of the country”, “Ask my government, 

not me”... One of the comments from the American side, which was given during one of the discussions is noteworthy: “We 

are not interested in protection of our national power system, since we think that any hurricane can create more serious 

problems in power industry”. This phrase was articulated back in 1995. It is known that today this point of view of the USA 

is no longer shared (except for Dr. Saul Rabinowitz from Electric Power Research Institute).  

 

1.7. The status of HEMP protection 

 

So, what is the situation today? It should be acknowledged that nobody takes any serious steps towards protection of civil 

infrastructure from HEMP, either in Russia, or in any other post-Soviet country. The major institute in this field – CR&DI-

12 – that has both equipment and staff, performs rare tests of some samples of military machines for HEMP resistance, 

ignoring critical types of civil infrastructure, such as power and water supply systems. It looks like this situation is comfortable 

and nobody cares about protecting Russia’s infrastructure from HEMP.  

The only exception is the attitude of the Ministry of Communications, who have always been interested in the HEMP 

impact onto civil communications systems since the onset of experiments with nuclear explosions. Several dissertations and 

reports on this topic emerged a bit later. There are also regulatory materials, e.g. “Provisions for resistance of common 

communication network’s equipment, appliances and devices to IE and HEMP in Russia”, approved by the decision of the 

State Commission for telecommunication of the Ministry of Communications of the Russian Federation No. 143 dated 

31.01.1996 (not available in public domains) and others, as well as a set of Russian standards, such as: State Standard (GOST) 

R 52863-2007; Protection of Information; Protected automated systems; Testing for resistance to intentional powerful 

electromagnetic impacts; General requirements; GOST R 53111–208; Sustainability of operation of communication networks 

for general use.  

Unfortunately, there is nothing similar in the field of electric power industry, which is as important as communication.  

The opposite situation has come about in the USA. They have commercialized this issue and now it represents a well-

functioning business. Dozens of professional consultants who frighten people with HEMP consequences appeared there 

during the last 10-20 years. Dozens of books, hundreds of reports (a list of major reports available in public domain is given 

in the Appendix)  have been published on this topic. Dozens of private and state-owned organizations have received orders to 

conduct research in this field. Below is a non-exhaustive list of them: 

 

- Metatech Corp. 

- Department of Homeland Security (DHS) 

- EMP Commission of Congress 

- North American Electric Reliability Corp. (NERC) 

- Department of Energy 

- Department of Defense (DoD) 

- Critical Infrastructure Partnership Advisory Council (CIPAC)  

- Electric Infrastructure Security Council (EICS) 
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- Defense Science Board (DSB) 

- US Strategic Command (USSTRATCOM) 

- Defense Threat Reduction Agency (DTRA) 

- Defense Logistics Agency (DLA) 

- Air Force Weapons Laboratory 

- FBI 

- Sandia National Laboratories 

- Lawrence Livermore National Laboratory (LINL) 

- Oak Ridge National Laboratory 

- Idaho National Laboratories 

- Los Alamos National Laboratories 

- Martin Marietta Energy Systems, Inc. 

- National Security Telecommunications Advisory Committee 

- Federal Emergency Management Agency (FEMA) 

- National Academy of Science 

- Task Force on National and Homeland Security 

- EMPrimus 

- SARA Inc. 

- Neighborhood of Alternative Homes (NOAH) 

- EMPact America 

- Federal Energy Regulatory Commission (FERC) 

- Electric Power Research Institute (EPRI) 

- NASA 

- U.S. Northern Command (NORTHCOM) 

- SHIELD Act 

- EMP Grid 

- EMP Technology Holding 

- Strategic National Risk Assessment (SNRA) 

- Walpole Fire Department 

 

It appeared that the EMP topic is nothing else than a wonderful "long-playing" tool of "bugging" the State budget. And 

it looks like nobody wants the "bugging" process to be finished by some certain actions aimed at protection of electric power 

supply systems. To support this, let me cite one of the former authorities of the US Ministry of Defense, Dr. Ashton Carter: 

“Army, NAVY and Strategic command continue to think that they need to think about the problem”. Executive Director of 

Task Force on National and Homeland Security, Dr. Peter Vincent Pry, was more specific, when speaking on this topic: “The 

problem is not the technology. We know how to protect against it. It’s not the money, it doesn’t cost that much. The problem 

is the politics. It always seems to be the politics that gets in the way”. 

So, it becomes clear why nothing specific has been done anywhere in the world regarding protection of the infrastructure 

(and the electric power industry, specifically) from HEMP and why all the efforts are limited by multi-page reports about 

investigations, presentations, workshops, conferences and other types of pleasant leisure times in a circle of colleagues. The 

fact is that those multiple "participants of the process" are not interested in finishing the long-term investigation process, but 

prefer to keep the topic "afloat" in order to receive governmental financial proceeds. Author personally aware of the business 

and know the employees of one of such companies in the USA. The company makes hundreds of thousands of US Dollars on 

just frightening the executives of power companies with “bogeyman” about HEMP. Once the contract is concluded, they give 

specialists of power and water-supply companies (far away from HEMP problem) a song and dance about EMP and general 

information, which one can easily procure on the Internet free of charge. 

Considering that there are hundreds of manufacturing companies all over the world that promote expensive (sometimes 

not necessary) HEMP protection aids, which do not always possess the declared features, (who can check?!) one can make a 

conclusion that HEMP is an excellent business today!  

Many authors indirectly support this business as their books are nothing but “bogeyman”, intended to frighten the laymen. 

They do not contain any technically significant information and thus, they are not interesting for specialists. Nonetheless, they 

create an atmosphere of fear and despair in society, while the problem can easily be resolved, provided those responsible for 

the country's infrastructure are willing to do something with it. Unfortunately, it is very common to hear (both in Russia and 

in the USA) that protection of the country and its infrastructure from HEMP is the army’s domain and not of civil specialists. 

On the other hand, army specialists assume that their responsibility is to ensure HEMP protection of military equipment and 

ammunition and not of civil infrastructure. Moreover, they insist that the only efficient protection from electromagnetic pulses 

of a nuclear explosion is represented by the national Air and Missile Defense Systems (ADS and MDS), where more budget 

funds need to be invested. This attitude of Military-Industrial Commission (MIC) representatives becomes clear when 

comparing a relatively low cost of HEMP protection means for the most important elements and systems of the national 

infrastructure with the costs for development and production of an efficient multi-level missile shield, which protects the 

whole country. There is also lack of understanding (or unwillingness to understand) that military aids, such as ADS and MDS, 

are often incapable to ensure protection of the infrastructure from various types of modern nuclear explosive carriers. For 
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example, modern strategic carriers are equipped with rather sophisticated aids to overcome existing and perspective ADS and 

MDS of an enemy.  

Simpler, smaller-size and small-range missiles can be similarly “successful”. These missiles are fitted into standard sea 

containers on ships, near the coast line or even in ports, (Fig. 1.54) and are capable of carrying nuclear charges over hundreds 

of kilometers, while ascending to a dozen kilometer altitudes. They are the sources of EMP invulnerable to any MDS, both 

existing and potentially developed due to their capability of concealed approach to a target, unexpectedness of launch, ultra-

low approach time and changing trajectory during cruising.  

 

 

 
Fig. 1.54. Containers resting on ships and in ports where tactical ballistic nuclear warhead missiles can fit are invulnerable 

to MDS. 

 

The possibility of concealed approach of tactical warhead missiles of a small action radius to a target in order to avoid its 

hitting by MDS, on the one hand, and to take it out of regulation of international treaties, on the other hand, has long been 

known to military specialists and the attempts to develop these systems started immediately upon creation of relatively small 

nuclear warhead missiles. 

For example, in 1961 the US airborne units received "Little John" (MGR-3) missiles, which were equipped with free-

flight missiles capable of carrying nuclear warheads. Light-weight launching units of this system could be delivered by CH-

47 "Chinook" helicopters, both in the pit and on an external lift. 

The Soviet Union quickly appreciated the perspectives of these systems, and based on the Decree of the Council of 

Ministers of USSR No. 135-66ts dated February 5, 1962, it started developing the tactical missile complex "FROG-7" (9K53) 

with 9M21B missiles, (nuclear warhead) and 9M21B1, (thermonuclear warhead) and the launching unit 9P114 represented 

by a light-weight self-propelled platform with a carburetor 45 h. p. engine M-407 from the "Mosckvich" car. Later on several 

modifications of such systems were introduced, which allowed transportation by MI-6 and MI-10 cargo copters. The 

helicopter was expected to deliver the missile with its launching unit behind enemy lines. The rest of the way, where necessary, 
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could be covered on wheels and then it could suddenly strike a missile from a position which the enemy did not think of, 

which converts it from tactical complex into strategic. The efforts of the "FROG-7" development reached the stage of 

experimental samples testing. However, this resulted in many obstacles including high "windage" of a helicopter carrying a 

launching unit and consequently a high drifting rate, as well as inappropriate flying range of fully loaded helicopters. As a 

result, the efforts on development of this complex were stopped in 1965.  

 

 

 
Fig. 1.55. Container-based launching units of missile complexes Club-K (above) and LORA (below). 

 

Modern technological levels made it possible to return to this idea and deploy it successfully. For example, let us take 

Israeli missile system LORA ((LOng Range Attack) manufactured as a container with four missiles (Fig. 1.55). Its shape is 

reminiscent of containers of the Russian system Club-K, with the similar number of missiles 3M54K (SS-N-27 Sizzler in 

NATO classification), (Fig. 1.55).  

Club-K is a Russian container-based missile unit, which can fit into a standard 20- or 40-foot sea container.  

This unit is intended for targeting the above-water and ground targets. The unit can be installed on the coast lines, different 

classes of vessels, railway and truck platforms. The complex can be used with ground launching units as well as sea, rail-way 

and truck platforms. It can use different anti-ship missiles, as well as missiles for hitting ground targets. All the missiles 

included in the complex are cruising, flying at a relatively low altitude of 5-50 m and are not intended to be equipped with 

nuclear warheads, while LORA is equipped with a tactical ballistic missile, which can fly as high as 45 km and can carry a 

high capacity nuclear weapon to a distance of up to 300 km. 

Today, there are hundreds of millions of standard containers circulating all over the world, Fig. 1.50. Who knows which 

of them are just containers and which of them carry missiles... Despite the fact that Israeli LORA is actually the only full-

fledged container system, which can secretly approach to the coast line of a country on a container ship and hit its territory 

with an electro-magnetic pulse, the fact of existence of this system allows to conclude that the statements of MIC 

representatives about efficient protection of advanced MDS against HEMP, and that they should continue to receive additional 

investments are not true, and in fact are a way of deception of a public opinion. In practice an army will not be able to ensure 

efficient protection of power systems of cities and settlements from HEMP and thus, electric engineers should take the leading 

role and take care of such protection.  
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