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IBen Banentun, Bomran Codus, Bopeiiko JInausa. Uctopuuecknii O630p 3/1eKTpodHU3NOIOTHYECKUX METO/I0B
ucciaeaoBanus. TpyIHO NepeoleHUTh 3HaYeHHe Uil (PU3MOJIOrMU HEPBOB, MBI M LIEHTPAJILHON HEPBHOW CHCTEMbI UMEIH

INMEKTPOPUZHOTOTHIECCKHE HCCIACIOBAHUSL.

Bnemee MBICJIb O TOM, YTO B )KUBOTHOM OPraHU3ME€ MPOUCXOOAT KaAKHUE-TO DJICKTPUUYECCKUC SBJICHUS ObL1a BhIcKa3aHa JI.

lanbBanu B 1786 r. OcHOBaHMEM JUIS HEE CIY)KWJI KCIIEPUMEHT, B KOTOpoM ["ayibBaHM HaOMI01a] COKpalieHue Mbiibl. He-
CMOTpS Ha TO, YTO YIIOMSIHYTBIC 37€Ch UCCIICIOBAHMSI, SIBJSIMCH OCHOBOIOJIATAIOIINMH, JIEKTPO(U3HUOJIOTHS KaK CaMOCTOSITe-
JbHAs 00JIaCTh UCCIEIOBaHUsI OOpMIIIACh JIUIIb B cepenune 40-x rogoB XIX B. 61arogaps KJIacCHYECKUM UCCIICIOBAHUAM O.
o bya-Peiimona. O6nazmas xopoiueit moarotoBkoil B ooiact ¢pusmku, J. 10 bya-PeifiMoH 3HAYHTENHFHO YCOBEPIICHCTBOBAI
UEKTPOU3MEPUTEIIBHYIO anapaTtypy, IPOBeJ BeChbMa TOUHBIE IKCIIEPUMEHTHI M YCTAHOBHUII PsJI 3aKOHOMEPHOCTEH, XapaKkTepH-
3YIOIIMX 3JIEKTPUYECKHE SIBJICHHUS B MbIlax u Hepsax. B.}O. Uarosels BriepBbie B MUPOBOM HayKe MPUMEHUIJI TEOPHIO JJIEK-
TPOJIMTHYECKON AUCCOIMAIMA AppeHHuyca sl AEKTPOPHU3HOIOrHH, cHOPMYITHPOBAT HOHHYIO TEOPHIO TIPOUCXOXK ACHHS OHO-
NMEKTPUYECKUX NMOoTeHIMaANOB (1903) 1 npeutokuil KOHACHCATOPHYIO TEOPUIO JIEKTPHYECCKOrO pa3Ipa)kKEeHHs JKUBBIX TKaHEH
(1906). Pestomupys, Hy’>KHO OTMETHTb, YTO, HECMOTPS Ha MPUMUTHBHYIO TEXHHKY HCCIICIOBAHMS, BHIIAIOIMMCS YYCHBIM TOTO

BPEMEHH YJaJIOCh CO3JaTh OCHOBBI COBPEMEHHBIX 3HAHUH B 3TOH 00JIACTH HAYKH.
KiroueBble cJ10Ba. nelipoghusuonozus, s1ekmpogu3suonocuteckie ucciedo8anus, UCMopus d1eKmpoPusuoiocuu.

Introduction. An electrophysiological study was diffi-
cult to overestimate for the physiology of the nerves, mus-
cles and central nervous system. Electrophysiology is the
direction of research in physiology, the subject of whose
interests are electrical phenomena in living structures and it
is the section of physiology that studies the electrical phe-
nomena in the body in its various activities: voluntary and
involuntary induced and spontaneous on the micro and
macro range from research bioelectrical activity mediated
by ionic processes in synapses and the membranes of indi-
vidual cells and fibers, to analysis of the results of printing
registration to assess the integrative functions of the whole
organism. Currently electrophysiology itself is both me-
thodical base of many branches of physiology and psychol-
ogy, and medicine and biophysics'.

The main material. The successes of electrophysiology
throughout its history are inextricably linked with the cur-
rent achievements of physics and technology and improve-
ments in electrical measuring and electroregistration equip-
ment. Any new achievement in this field was immediately
accepted "for service" by electrophysiologists. One example
can be the following fact, referring to the early period of
electrophysiological studies®.

The development of electrophysiology is traced from the
early beginnings represented by the work of the Dutch mi-
croscopist, Jan Swammerdam, in the 17th century through

the first notion of an aqueous transmembrane pore as a sub-
strate of excitability made by Luigi Galvani in late 18th cen-
tury to the invention late in the 20th century of the patch-
clamp technique by Erwin Neher and Bert Sakmann.

For the first time the idea that some electrical phenom-
ena occur in the animal body was expressed by L. Galvani
in 1786. The basis for it was an experiment in which Gal-
vani observed a contraction of the muscle when a two-metal
arc was applied to it and a suitable nerve to it. Galvani's
interpretation of his experience was refuted by A. Volta,
who convincingly showed that the source of electricity was
the contact of two different metals, and not living tissue,
which in this case plays the role of a wet conductor. How-
ever, Galvani soon after confirming his idea made the ex-
perience of applying the sciatic nerve to the abdomen of the
gastrocnemius muscle of the frog and saw that this was of-
ten accompanied by a contraction of the muscle. First elec-
tric potentials arising in the brain in response to stimulation
of a sensory organ R. Caton investigated in 1875 he im-
posed a recording electrode directly on the cerebral cortex
of the animal, the other - on the surface of the brain and cut
using light as a stimulus lamps, observed changes in the
potential difference between the electrodes. Caton also in-
clude the merit of opening an electroencephalogram (EEG)
in the same experiments. By placing both electrodes on in-
tact brain, he discovered the potential difference continuous

! Gary S. Aston-Jones, George R. Siggins Electrophysiology, URL: http://www.acnp.org/g4/GN401000005/
2Del Castillo J, Hime J, Pérez-Acevedo N.A “Short history of electrophysiology and its techniques”, Section III, Electrophysiological
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fluctuations in the absence of stimulation. It was also EEG.
For the first time evoked potentials (EP) in the cerebral cor-
tex recorded by Neminskyy (1913.1925) with a string galva-
nometer. In 1797 the discovery of L. Galvani was confirmed
by the German naturalist A. Humboldt.

In 1837, the Italian physicist and physiologist K. Mat-
teucci discovered the difference in electrical potentials be-
tween the damaged and intact muscle parts. He also showed
that with contraction, the muscle generates an electric cur-
rent that can be the cause of the excitation of another neuro-
muscular drug.

In 1848 the German physiologist E. Dubois-Reymond,
using more advanced means of experimental technique, con-
firmed the existence of a potential difference between the
damaged and undamaged parts of the unexcited muscle or
nerve, and also that the "fault current" decreases upon exci-
tation. This "negative fluctuation" was subsequently called
the "action potential". The work of E. Dubois-Reymond laid
the foundation for modern electrophysiology.

In the history of world electrophysiology, the indisputa-
bly outstanding works of Russian physiologists of contem-
poraries E. Dubois-Reymond and his immediate followers
are not reflected. This fact is difficult to explain by the igno-
rance of the Russian physiologists by the European physi-
ologists, the unknown or unpublished work of these scien-
tists by Russian scientists. In particular, it is impossible to
name unknown works on electrophysiology of the Russian
physiologist Ivan Mikhailovych Sechenov and a number of
his contemporaries. In 1856-59 he worked in the laborato-
ries of I. Miiller (Berlin), E. Dubois-Reymond and F. Hoppe
-Seyler (Berlin), O. Funke (Leipzig), K. Ludwig (Leipzig),
G Helmholtz (Heidelberg)®. There he had a real opportunity
not only to study the achievements of physiology, electro-
physiology of that time, but also to critically evaluate these
achievements. Later, in 1862 .M Sechenov in his book "On
Animal Electricity", advanced arguments against the gener-
ally accepted at the time of the concept of bioelectrogenesis
E. Dubois-Reymond. He also criticizes this criticism in his
lectures "On Animal Electricity" at the Military Medical
Academy, for which he was awarded the Demidov Prize of
the St. Petersburg Academy of Sciences (1863). A feature of
the views of Western European scientists on the causes and
mechanisms of electrical phenomena in living tissues was
that they were based on elementary physical models. At the
same time, living entities and phenomena were identified
with inanimate ones, and the truth of physical prerequisites
was not questioned. These concepts, much simplified in
comparison with reality, about the nature of "living electric-
ity" were called the theory. (On the same fundamentally
incorrect methodological purely physical positions are many
modern electrophysiologists who absolutize the modern
physicochemical models of electrogenesis). Refuse then the
Western physiologists from this deliberately incorrect rigid
installation, and electrophysiology, even without changing
the direction of its development, could get much better re-
sults. But for this it would be necessary either to recognize
the ideas of .M Sechenov about the nature of living elec-
tricity, or at least to use these ideas without specifying the
name of their creator. And the idea of LM Sechenov is sim-
ple and is reflected in the quote from the above-mentioned
book: "The electrical phenomena of muscles and nerves are

the products of their life." It would seem, what is special
about this seemingly insipid phrase? A feature is that, unlike
E. Dubois-Reymond, who "... a number of phenomena
boiled down to the molecular structure of the organ that
produces them ..." .M. Sechenov considered these phenom-
ena "products of life". Although, is it possible to reproach E.
Dubois-Reymond and his contemporaries in that they did
not see the difference between science, physics and life, if
the majority of modern material scientists adhere to the
same purely physical primitive views on the relations of
reality and perceptions of it. Shumovskii's work
(Shumovsky, Medical Gazette, "On Pairelectronic Phenom-
ena in Muscles and Nerves", 1862) on the effect of cooling
on resting currents was published in 1862*.

Later, in 1862 I.M Sechenov in his book "On Animal
Electricity", advanced arguments against the generally ac-
cepted at the time of the concept of bioelectrogenesis E.
Dubois-Reymond®. He also criticizes this criticism in his
lectures "On Animal Electricity" at the Military Medical
Academy, for which he was awarded the Demidov Prize of
the St. Petersburg Academy of Sciences (1863). A feature of
the views of Western European scientists on the causes and
mechanisms of electrical phenomena in living tissues was
that they were based on elementary physical models. At the
same time, living entities and phenomena were identified
with inanimate ones, and the truth of physical prerequisites
was not questioned. These concepts, much simplified in
comparison with reality, about the nature of "living electric-
ity" were called the theory. (On the same fundamentally
incorrect methodological purely physical positions are many
modern electrophysiologists who absolutize the modern
physicochemical models of electrogenesis). Refuse then the
Western physiologists from this deliberately incorrect rigid
installation, and electrophysiology, even without changing
the direction of its development, could get much better re-
sults.

But for this it would be necessary either to recognize the
ideas of LM Sechenov about the nature of living electricity,
or at least to use these ideas without specifying the name of
their creator. And the idea of .M Sechenov is simple and is
reflected in the quote from the above-mentioned book: "The
electrical phenomena of muscles and nerves are the products
of their life." It would seem, what is special about this seem-
ingly insipid phrase? A feature is that, unlike E. Dubois-
Reymond, who "... a number of phenomena boiled down to
the molecular structure of the organ that produces them ..."
LM. Sechenov considered these phenomena "products of
life". Although, is it possible to reproach E. Dubois-
Reymond and his contemporaries in that they did not see the
difference between science, physics and life, if the majority
of modern material scientists adhere to the same purely
physical primitive views on the relations of reality and per-
ceptions of it. Shumovskii's work (Shumovsky, Medical
Gazette, "On Pairelectronic Phenomena in Muscles and
Nerves", 1862) on the effect of cooling on resting currents
was published in 1862.

The first work in Russia, which initiated a purposeful
explanation of the causes and mechanisms of the emergence
and existence of electrical phenomena in living tissues,
should be considered the work of V. Yu. Chagovts - junior
contemporary .M Sechenov.

3 Verkhratsky A, Krishtal O.A, Petersen O.H. “From Galvani to patch clamp: the development of electrophysiology”, Pflugers Arch, 2006,

N. 453(3), P. 233-247.

“Nilius B. “Pfliigers Archiv and the advent of modern electrophysiology. From the first action potential to patch clamp”, Pflugers Arch,

2003, N. 447(3), P. 267-271.
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This was his publication (1896) when he was still a third
-year student of the Military Medical Academy. Subsequent
work was carried out by him in the period from 1898
(dissertation) to 1906 (Essay on Electrical Phenomena on
Living Tissues, Issue II. Electrophysiology of the Nervous
Process, Petersburg), when he was an employee of
LR. Tarkhanova at the Department of Physiology of the
Military Medical Academy.

V.Yu. Chagovets made a follower of the idea of I.
Sechenov described above about the origin of electrical phe-
nomena in living tissues. Through logical reasoning, clothed
in clear mathematical calculations, he theoretically proved
that the ultimate cause of the existence of the difference in
the potentials of living tissue is its metabolism - the central
phenomenon of life. At the same time, the values of electri-
cal phenomena calculated on the basis of the theoretical
model ("fault current") were surprisingly identical with the
experimental data. By the way, V.Yu. Chagovets, who com-
pletely overthrew the views of E. Du Bois-Reymond and his
Western European predecessors and followers, was dedi-
cated to the memory of E. Dubois-Reymond, who two years
earlier had left for another world. We will not find Chagov-
ets in the works of Western scientists, and even in the works
of those who were subsequently nominated as Nobel laure-
ate in the field of electrophysiology®. Another important
achievement of V.Yu. Chagovets in electrophysiology and
physiology in general had a physiological interpretation of
the empirical relationship between the previously
"inexplicable" intensity and the duration of the effect caus-
ing excitation (the Goorweg-Weiss curve). V.Yu. Chagovets
formulated (1906) a more adequate mathematical model
describing these relations, and showed that the dependence
of Goorweg-Weiss is a particular case of his model.

So the model of the relationship between intensity and
duration of exposure, which is of great importance both in
explaining the natural transmission of excitation, and in
explaining the effect of electric current on the body, should
rightly be called the Chagovets-Goorweg-Weiss model. A
few years later in 1909 the French physiologist Louis Lapik
proposed chronaxy as a quantitative point measure of the
excitability of a living object. Significant, but unrecognized
in the West, successes of Russian electrophysiology were
associated with the works of Bronislav Fortunatovich
Verigo (1860-1925), an employee of LR. Tarkhanov in the
Department of Physiology of the Military Medical Acad-
emy. In his thesis ("On the action of a discontinuous and
continuous galvanic current on the nerve (an attempt to ex-
plain the physiological phenomena of an electroton", 1888),
performed partly under the guidance of LM Sechenov in his
laboratory at the University of St. Petersburg, B.F Verigo
laid the foundations of modern ideas about the accommoda-
tion of excitable tissues, the patterns of influence of sub-
threshold effects.

So in 1888 the German physiologist J. Bernstein’
(Julius) invented a differential reotom, a device for studying
the currents that accompany the excitation of living tissue.
With his help, J. Bernstein estimated the time characteristics
of the action potential: the latent period, the rise and fall
time of the action potential. In 1875 the French physiologist

E.J. Marey used a capillary electrometer to record electrical
heart phenomena, and the Russian and Soviet physiologist
A.F. Samoilov in 1908 applied this device to the study of
skeletal muscle. In the seventies of the 19th century LR.
Tarkhanov uses the telephone as a device for detecting the
currents of muscle action in humans and animals, and in
1884 the Russian physiologist N.E. Vvedensky used this
experience in his studies of action potentials.

So, the first work, which initiated a purposeful explana-
tion of the causes and mechanisms of the emergence and
existence of electrical phenomena in living tissues, should
be considered the work of V. Yu. Chagovets, performed in
1896 in the laboratories of Russian physiologists .M.
Sechenov and L.R. Tarkhanov in the Military Medical Acad-
emy and St. Petersburg University.

Later Yu. Bernshtein (1902) formulated the membrane-
ion concept of the electrogenesis of living tissues, and in
1908 the model of bioelectrogenesis of V. Nernst was pub-
lished®. All these ideas were developed by a number of other
scientists (Hodgkin FL, Huxley AF, 1939, 1952, Boyle PJ,
Conway EJ, 1941 and many others) and led to modern rep-
resentations (the Goldman-Hodgkin-Katz model) on the
origin of the rest potential And the action potential in the
cells of excitable tissues.

Significant contribution to the development of electro-
physiology was also made by Russian and Soviet physiolo-
gists Vasiliy Yakovlevich Danilevsky (1852-1939), Daniil
Semenovich Vorontsov (1886-1965), Alexander Borisovich
Kogan (1912-1989), Platon Grigoryevich Kostyuk (1924-
1966), Mikhail Nikolaevich Livanov (1907-1970) and many
others. Under the leadership of D.S. Vorontsov at the Insti-
tute of Animal Physiology started working eminent physi-
ologists Platon G. Kostyuk (1924-2010) and Vasily Skokie
(1932-2003). The work of these scientists associated with
the first use of intracellular electrodes. During the 1952-
1959 P.H. Kostyuk spent a large series of studies of excita-
tion and inhibition in twoneurons (monosynaptic) reflex arc
of the spinal cord. In these electrophysiological study, re-
searchers for the first time in the Soviet Union were used
intracellular microelectrode. In neurophysiology they were
introduced in 1951 in the laboratory of British physiologist
by D. Ekkls, and since 1958 have become the main tool for
removal of intracellular responses of neurons in the central
nervous system and study processes occurring in them. In
conducting this research P.H. Kostyuk received accurate
information relative to the duration of synaptic delay and
single course exciting and inhibitory influences.

These results were summarized in the monograph
"Reflex arc" (1959), which to date is a classic leadership not
only on the physiology of the spinal cord, but the overall
physiology of the neuron. The Presidium of the USSR in
1960 marked the work and the monograph prize of I.P. Pav-
lov. If P.H. Kostyuk more interested in studies of neurons in
the central nervous system, on the advice of D.S Vorontsov
V.L Skok engaged in similar studies of neurons in the pe-
ripheral autonomic nerve ganglia.

This was expected that the most common electrophysio-
logical properties of the central and peripheral neurons are
quite the same and autonomic ganglia neurons advantage

Kornreich B.G. “The patch clamp technique: principles and technical considerations”, J Vet Cardio, 2007, N. 9(1), P. 25-37.
7 Nilius B. “Pfliigers Archiv and the advent of modern electrophysiology. From the first action potential to patch clamp”, Pflugers Arch,

2003, N. 447(3), P. 267-271.

8 Piccolino M. “Animal electricity and the birth of electrophysiology: the legacy of Luigi Galvani”, Brain Res Bull, 1998, N. 46(5), P. 381-

407.
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lies in the fact that they are more accessible and interneuron
connections they minimal®. In 1959 V.I. Skok was first per-
formed intracellular removal of the natural electrical activity
of neurons sympathetic and parasympathetic ganglia with
preserved blood supply and nerve connections to the spinal
cord.

Conclusions. It was found that the excitation of the
nervous centres accompanied by electrical phenomena, then
there is the idea of the ability to use electrophysiological
methods to study the problem of localization of functions in
the brain. This idea was expressed, and tried to justify his
experiments B. F. Verigo (1889) and A. Beck (1890).
Verigo, as if foreseeing the future development of the elec-
trophysiology of the brain, wrote that the electrophysiologi-
cal method of studying the problem of localization can have
a "huge advantage over the other because of its complete
objectivity". The subject of study in electrophysiology is
also the activity of the nervous and other elements of their
constellations, and individual organs and the whole organ-
ism under the action electrical current. Today actually elec-
trophysiology is both methodological basis of many sections
of physiology and psychology, and, in addition, medicine
and Biophysics.

IIBens Banentnn. Bomrtan Codisn, Bopeiiko Jligis. IcTo-
PUYHUI OTsi eJieKTPOo(di3iooriYHuX MeTOAiB AOCJiTKEeHHS.
Bnepuore nymka mpo Te, oo B TBAPHHHOMY OpraHi3Mi BiOyBarOTh-
csl SIKiCh eJIEKTPUYHI sBUINa Oyina BuciosineHa JI. ['ansBani B 1786
p IlincraBoo i Hel CIy)XMB €KCHEpHUMEHT, B skomy [ anbBaHi
cmoctepiraB CKopodeHHs M'a3a. TpaxTyBaHHs, naHe ['anbBadi,
Oyno crmpoctoBaHo A. BombToM, SIKMi IEPEKOHIMBO MIOKA3aB, L0
JDKepelioM eIeKTpHKHM OyB KOHTaKT ABOX pI3HMX MeTaliB, a He
JKHMBa TKAHUHA, SKa B JaHOMY BHIIAJKy IPAa€ POJIb BOJIOTOrO IPOBi-
nHuKa. Hespaxkarouw Ha Te, LIO 3raiaHi TyT AOCIHIDKEHHS, Oynu
OCHOBHHUMH, €IeKTpo(i310JI0Tis K CaMOCTiHA rady3b JOCHTIDKEH-
Hi opopmmiaca nume B cepenusi 40-x pokiB XIX cr. 3aBasku
KIacH4HUM JocuimxeHHaM E. nro Bya-Peiimona. Bonoairoun xopo-
IIOIO ITiATOTOBKOIO B ramysi ¢isuky, ato bya-PeliMon 3HauHO Broc-
KOHAJIMB €JIeKTPOBUMIPIOBAJIbHY amaparypy, MpOBiB TOYHI eKcrie-
PUMEHTH 1 BCTAHOBUB DS/l 3aKOHOMIPHOCTEH, 1110 XapakTepH3ylOTh
€JIEKTPUYHI SBUIA B M'A3aX 1 HEpBaXx.

VYenixu enekTpodiziosiorii npoTarom Beiel ii ictopii Hepo3pu-
BHO TIOB'I3aHi 3 MOTOYHHUMH JOCSTHEHHSMH (Di3UKH 1 TEXHIKH Ta
BIOCKOHAJICHHSIMH €JIeKTPOBHMIPIOBAJIBHOI i €JIEKTPOPEECTPy0Yoi
anapatypu. bBynp-sike HOBe HMOCATHEHHs B LiH ramysi HeraifHo
npuiiManocs "Ha 030poeHHs" enexTpodisionoramu. OqHUM i3 Ipu-
KJIaJ[iB MOX€ CJIyTyBaTH TaKMW (axT, 110 BITHOCUTBHCS JO PaHHBO-
ro mepioay enekrpodizionoriunux pociimkens. Komu IlBeiirrep
noOynysaB MynbTHIDTIKaTOp (1820), a Ammep BimkpuB, sBHIIE
actasii maraitTHo1 ctpinku (1821), ¢unopentiiicekuii ¢pisuxk HoOimi
(1827), 3'enHaBIIM MyJIbTHILUTIKATOP 1 aCTaTHYHY Mapy CTPUIOK 3
JUISTHKOIO TylTy0a i JJanKolo »aOu, BUSIBUB HasBHICTH €IEKTPHIHO-
ro crpyMy. Lleit cTpym BiH Ha3BaB BIACHUM CTPYMOM sxabu'. 3Hau-
HY KUIbKICTh (aKTiB, sSKi JOBOJWIN CIPAaBEUIUBICTh BiIKPUTTS
lanmpBani, otpumas K. Marreyqui (1837-1840), sikuii BUKOpHCTO-
BYBaB y CBOIX JOCHigax SIK MYJbTHIUTIKATOP, TaK i ">KUBUH peoc-
kon".

B.1O. Yarosens ynepuie B cBiTOBIil HayIli 3aCTOCYBaB TEOPil0
CJICKTPONITHYHOT aucorianii Appeniyca s enektpodiziosnorii,
c(hopMyJIIOBaB 10HHY TEOPIIO MOXOPKEHHS OI0CIEKTPUYHHUX TTOTCH-
mianiB (1903) i 3anporoHyBaB KOHICHCATOPHY TEOPIIO CICKTPHY-
HOTO To/ipa3HeHHs xuBHUX TKaHUH (1906). 3a mponosurieio B.1O.
Yarosms 3aBimyBadeM kadexpu isionorii moauan KuiBcskoro
MEJUYHOTo iHCTUTYTY Oyno obpano Jlanmna CemeHoBndya BopoH-

nosa (1886— 1965). 3 1945 no 1956 poxu [1.C.BopoHuoB 3aBiny-
BaB BIIUIOM 3arajbHOi (i310J0riT IHCTUTYTY 1 OJHOYACHO Hpallio-
BaB npodecopom kadenapu ¢izionorii TBapuH 1 JOAUHU. YHpO-
JoBx 1ux pokis JI.C. BOpoHIIOB BijJia€ CBOIO €HEPrito i Belnues-
HUI JOCBIX crpaBi BUXOBaHHS MOJOAMX (pi3i0NIOriB Ta PO3BUTKY
¢isionoriynol Hayku B yHiBepcuTeTi. Ilim #oro kepiBHHLITBOM
BIZIT 3aranbHOi (i3iosorii ctaB OJAHUM i3 TPOBIIHUX LEHTPIB
esexTpodiziornorii He nume B YkpaiHi, ane i B Pansacekomy Coro-
3i. ITin xepiBauntBom JI.C. Boponumosa B IHCTHTYTI (hizionorii
TBapHH PO3MOYMHAIN MPALOBATH BUAATHI (izionoru [Tnaton ['pu-
ropoBuu Koctiok (1924-2010) i Bacunp IBanoBuu Ckok (1932—
2003). Po6oTr 1uX BYEHHX MOB'A3aHi 3 MEPIIMM BHKOPUCTAHHIM
BHYTPIlIHOKJIITHHHUX €JIEKTPoaiB. Ympomosxk 1952-1959 pp.
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