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This monograph presente the reeulte of many years of reeearoh 
on regularities in animal behavior by the oonditioned-reflex method. 
A great deal of attention ie paid to complex conditioned motor reflex- 
ee induced in reeponee to auditory and visual stimuli, taking into ac¬ 
count their spatial localization and the spatial position of the ani¬ 
mal itself. 

Use of various drugs, extirpation and transection at different 
cerebral levels, and X-irradiation enabled the authors to elucidate 
both the dynamics and structure of the forms of motor activity they 
studied. These data are of both theoretical and practical importance. 

This monograph will be of interest to physiologists, neuropath¬ 
ologists, psychologists, psychiatrists, pharmacists, and radiobiolo- 
gists. 
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INTRODUCTION 

Animal movements, which are effected by the skeletal muscles in 
diverse combinations and sequences, as well as animal behavior as a 
whole, are the result of the activity of the higher elements of the 
brain. This motor activity is accessible to direct observation and it 
would seem that the study of cerebral ohysiology should be in a favor¬ 
able position with respect to other branches of physiology that deal 
with the functional trends of various deeply hidden Internal organs. 
However, from its very outset, physiology has been concerned with 
studying the internal activity of the body, which is still one of the 
principal areas of physiological research. Manifest activity and its 
neural mechanisms came under physiological scrutiny substantially la¬ 
ter. As I.P. Pavlov emphasized, this was due primarily to the tendency 
to approach the study of so-called voluntary motor activity and to in¬ 
terpret behavior from the standpoint of suggestive psychology. 

Russian physiology, which was founded by I.M. Sechenov and I.P. 
Pavlov, immediately attacked these problems from a strictly materi¬ 
alistic viewpoint. We believe that, through its structure and neural 
functions, the brain analyzes and synthesizes external activity, gov¬ 
erns the motor activity of the body, and is the highest organ of ani¬ 
mal behavior. Hence, there is a direct need to study the purely phys¬ 
iological aspect of this activity and to determine the mechanisms of 
the most complicated neural processes, utilizing both the various spe¬ 
cific Indices of neural functioning and the external manifestations 
of complex normal behavior. 

Motor reactions play an exceptionally large role in the adap¬ 
tation of animals to their environment. In order to cope success¬ 
fully with the struggle for existence, i.e., to survive, an animal 
must exhibit a definite motor activity, which is necessary, for ex¬ 
ample, in seeking food, procuring shelter, avoiding enemies, and 
propagating the species. This activity is executed in the form of 
the most diverse motor reactions. 

The motor activity of many animals (monkeys, birds, etc.) had 
previously been studied, principally by zoopsychologists and natu¬ 
ralists, but they did not generally explain it from the standpoint 
of reflex theory, permitting anthropomorphic and idealistic inter¬ 
pretations. 

Research on canine behavior by the conditioned-reflex method 
began in the nineteen-thirties. It included the work of K.S. Abu¬ 
ladze (1927), who described an original method and the results of 
its use to study conditioned motor reflexes in a free-movement setup. 
An enormous amount of data on this problem has now been amassed 
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(I. BcritQY, 1932, 193^, 19^7, 1961, etc.; I. Beritov, N. Beburish- 
vili, and M. Tsereteli, 1934; I. Beritov and M. Tsereteli, 1934; I. 
Beritov, M. Tsereteli, and N. Akhmeteii, 1934; V.Ya. Kryazhev, 1932; 
S.A. Raritonov, 1932; M.P. Shtodin, 194?; A.Ye. Khil'chenko, 1950; 

.u and M> steresku“Volanskaya, 1957; E.Sh. Ayrapet'yants, 1959, 
nncn* Krayndler, Yu. Unger, and D. Volanskiy, 1959; N.A. Shustin, 
T «i B.Kh. Gurevich, I96I; L.V. Lobanova and Ye.Ye. Nikulina, 1961; 
L.S. Gambaryan, 1962, and many others). 

In the Soviet Union, the most systematic study of the motor 
activity of free-moving dogs has been made by Academician I.S. Beri¬ 
tov. 

The work of Beritov and many other researchers is characterized 
by the fact that the animal is kept under conditions where its ac¬ 
tivity is strictly regulated by specially selected conditioned and 
unconditioned stimuli; during induction of a conditioned reflex, the 
experimenter often intervenes directly in the course of the experi¬ 
ment, forcing the animal to execute definite motor acts. Strict reg¬ 
ulation of the animal’s behavior naturally makes it possible to ob¬ 
tain more uniform experimental data and facilitates their general¬ 
ization. When using this research technique, however, the motor ac¬ 
tivity characteristic of the animal's behavior under natural condi¬ 
tions is to a considerable extent artificially suppressed. For more 
extensive and thorough study of canine motor activity it was impor¬ 
tant to develop a method with which the animal would be in a situ¬ 
ation that approximated natural circumstances. For this purpose it 
was necessary to isolate the experimenter from the animal, to give 
it complete freedom of movement, and to avoid interfering with its 
behavior in any way other than employing the usual laboratory fac¬ 
tors as unconditioned (alimentary) and conditioned stimuli, but with¬ 
out any physical compulsion. It was also important that this new 
method not differ radically from the research techniques used in 
I.P. Pavlov's laboratory. Development of such a method was under¬ 
taken in 1942 by P.S. Kupalov. 

One of the advantages of the new technique lies in the fact 
that it has made it possible to study complex motor activity whose 
primary and most important component is the type of active movement 
generally referred to as voluntary. Such movements include licking 
an electric bulb, tapping a paw with dynamic gradation. , occupying 
a definite place in the experimental room, etc. The dog makes these 
movements independently, without any compulsion on the part of the 
experimenter, and, as numerous data have shown, they not only have 
known characteristics, but also impart a special character to the 
entire pattern of Induced behavior. One of the features of active 
reaction and Induced behavior is their dependence on the specific 
experimental situation.* In this connection, P.S. Kupalov referred 
to such conditioned motor reactions as "conditioned situational re¬ 
flexes and to the method by which they are induced as the "situ¬ 
ational conditioned-reflex method." 

The difference between the situational conditioned-reflex meth¬ 
od and other motor methods (I.S. Beritashvili, 1934, 1947; L.G. Vo- 
ro2ln»w19^î» 1952; V.P. Protopopov, 1930, 1950; G.V. Skipin, 1951, 
and others) lies in the fact that the animal has its liberty: it 
can move as it wishes, go to any place in the room, etc. A definite 
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behavior pattern is created by making experimental use of two 
specific factors - an unconditioned alimentary stimulus (meat or 
cereal) and the usual conditioned stimulus (e.g., the beat of a 
metronome, the light of a bulb, etc.). This is important, since 
when several unconditioned stimuli are employed, strict physiol¬ 
ogical analysis of the data becomes extremely difficult and often 
impossible, as is known from the body of prior work on the physi¬ 
ology of higher nervous activity. In animal training, for example, 
an unconditioned alimentary stimulus is always supplemented by a 
command, physical compulsion (forcibly keeping the animal in a 
certain place, putting it in some desired pose, etc.), a fright, 
etc. The trainer himself is also a complex and a highly effective 
agent. 

The situational conditioned-reflex method excludes any train¬ 
ing for any direct action on the animal on the part of the experi¬ 
menter. As in the sancretory conditioned-reflex method, the latter 
does not come into direct contact with the animal during the exper¬ 
iment . 

Finally, an important aspect of this method is the gradually 
increasing complexity of the behavior pattern, which makes it pos¬ 
sible both to analyze and study each behavioral element and to ob¬ 
serve how a complicated pattern is built up from simpler individual 
acts. This enables the researcher to draw positive conclusions re¬ 
garding the nervous processes on which the observed motor activity 
is based. 

The situational conditioned-reflex method has been widely used 
for many years in the Physiology Department irneni I.P. Pavlov of 
the Institute of Experimental Medicine, Academy of Medical Sciences 
USSR (IEM AMN SSSR)and is now being employed in other physiology 
laboratories, such as those Prof. Krayndler, Dr. Floru and others 
in Roumania. 

The situational conditioned-reflex method has enabled the work¬ 
ers of the Physiology Department irneni I.P. Pavlov to collect a large 
amount of original experimental data. 

The book here presented for the reader's attention is the first 
attempt of an overall generalization of this material. 

Since the situational conditioned-reflex method and the differ¬ 
ent variants in which it is employed have never been given detailed 
consideration in print, they are paid special attention in this mon¬ 
ograph. We also extensively discuss such topics as the features of 
the induction, reinforcement, alteration, and extinction of situa¬ 
tional reflexes, the specific and general characteristics of volun¬ 
tary and involuntary reactions, and the influence of various factors 
(drugs, X-rays, extirpation of the cerebral vortex, etc.) on canine. 

The authors of this monograph have used both their own experi¬ 
mental data and those of P.S. Kupalov's coworkers (I.A. Alekseev, 
V.K. Fedorov, V.V. Yakovleva, and others), who have conducted in¬ 
vestigations by the situational conditioned-reflex method. 
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We know that our first attempt at the overall generalization 
of data gathered over a long period of time is not free of deficien¬ 
cies and we are therefore quite prepared to gratefully receive 
friendly criticism. 

Manu¬ 
script 
Page FOOTNOTE 
No. 

The term "situation” derives from the Latin word "situs," 
which means "position" or "location." One of the modern 
meanings of tais term is the aggregate of the circum- 
stances or conditions that create a given relationship, 
setting, or state. 



Chapter 1 

FORMATION OF CONDITIONED 
SITUATIONAL REFLEXES 

METHOD 
The investigations described in this monograph were c mducted 

with dogs in a large, specially equipped room 7.5 * 5 m in area. 
It contained two tables bearing standard mechanical feeders (Fig. 
1 and 2) and various devices for applying conditioned stimuli. The 
feeders were not rigidly fastened to the tables, so that they could 
easily be placed on the floor if necessary. In a number of investi¬ 
gations we used an electric feeder, in which the pan-bearing disc 
was rotated by a Selsyn motor. Operation of this feeder was less 
noisy than that of the mechanical feeder. 

The tables differed little from one another in appearance and 
had the following dimensions: table No. 1 - 250 cm long, 100 cm wide, 
and 75 cm high; table No. 2 - 215 cm long, 85 cm wide, and 75 cm high. 
In order to make it easier for the dog to jump onto the table, a 
bench was placed in front of table 1 and a movable stairstep in front 
of table 2 (Fig. 2). 

Three rows of light bulbs in small frosted-glass globes were 
mounted on the ceiling, while Jupiter lights were fastened along 
the wall. This made it possible to vary the illumination of both 
the entire room and individual areas over a wide range, which is 
especially important in taking still and motion pictures. The win¬ 
dows of the room were draped with heavy black cloth so as to ex¬ 
clude the action of such difficult-to-evaluate stimuli as variations 
in the natural illumination. 

During the experiment the investigator stayed in a special 
closet abutting directly on one wall of the room, in which was a 
glass window (4, Fig. 1) 200 x 70 cm in size, through which the 
animal was observed. The window could be completely covered with 
an opaque shade and observations were then made through a small 
hole in the latter. The carpet had a floor 1 m higher than that of 
the room; it contained a control panel, a switchboard (for the il¬ 
luminating devices), rubber bulbs (connected pneumatically to the 
mechanical feeders and the stimulus-application devices), electric 
metronomes, a tone generator (ZG-10), a kymograph, and a table and 
chair for the experimenter. 
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Pig. 1. Diagram of 
experimental room. 
1) Table 1; 2) table 
2; 3) experimenter's 
closet; 4) observa¬ 
tion window; 5) ex¬ 
perimenter's table. 

The conditioned signals were vari¬ 
ous auditory and visual stimuli: a bell, 
a buzzer, a metronome, tones of different 
frequencies and loudnesses, a gurgling 
noise, light (continuous, flashing, and 
reflected), the sight of geometric figures 
(circles, squares, and crosses), etc. The 
devices for applying the conditioned stim¬ 
uli were placed in a definite area of the 
room, but their location could be varied 
in accordance with the purpose of the in¬ 
vestigation. The isolated action of each 
conditioned stimulus generally lasted 3-'5 
sec. The interval between the conditioned 
stimuli ranged from 30 sec to 1-2 min. We 
employed 8-15 conditioned stimuli in each 
experiment. 

In inducing conditioned reflexes, the 
reinforcement was powdered meat biscuits 
moistened with milk or water (1:1), pieces 
of meat, or a mixture of the two. A single 
portion of the powdered biscuits was 15-20 
g, while a single portion of meat was 10-20 
g. A dish of water was always kept on the 
floor of the experimental room. 

The animal was observed during the ex¬ 
periment and the results were recorded in a 
notebook. The position of the experimental 
dog at any moment and thus the path of his 
movement could be precisely determined as 

^ ^ „ a result of the fact that the floor of the 
room was divided into 70 squares (Pig. 1). In the individual experi¬ 
ment the animal's movement was depicted in the form of a continuous 

Pr®Pared diagram of the experimental room. When 
necessary, the kymograph was ustd to record the time for which the 
dog remained at individual points in the room, the latent period of 

an? 1î® reactlon rate. For this purpose, linole- 
um mats fitted with contact plates, which were connected in series 

«an timer and a DC current source, were placed beneath 
he rug in front of the feeders and at certain other points in the 

room. 

a We made extensive use of still and motion-picture photography 
to document the experiment. 

The investigation generally began by inducing the dog to go 
from the door of the experimental room to one of the feeders. At 
the start of the experiment the path from the door to the feeder 
was strewn with pieces of meat. The dog entered the room, picked up 
the. pieces of meat, and thus reached the feeder, the open pan of 
which also contained meat. A "meat trail" was laid 3-5times during 

,!Xp?rlTental day* 0n followlng days the distance between the in- 
flïidUal piece® of meat was increased each time, until finally the 
?nat«.üaS Placed only In the open feeder tray. Then the dog, on enter- 
ing the room, went immediately from the door to the feeder and ate 
his first portion of food. 
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Fixation of the reflex entailing movement from the door to the 
feeder was followed by Induction of a conditioned reflex to the noise 
accompanying the shifting of the pan when the feeder was switched on. 
As soon as the animal ate the first portion of meat In the feeder a 
second was supplied, then a third, etc. After the noise of the feeder 
became a positive stimulus, the pan was shifted only when the animal 
was s~me distance from the feeder.

After fixation of the reflex to the sound of the feeder we be­

gan Induction of a conditioned reflex to one of the usual artificial 
stimuli, such as the light of an electric bulb, the sound of a bell, 
etc. Each conditioned stimulus was first tested for Indifference and 
then conjoined with the noise of the feeder and alimentary reinforce­
ment .

Fixation of the conditioned reflex to some artificial stimulus 
war fo"* lowed by Induction of a reflex to occupation by the dog of a 
definite place In the experimental room. A mat was generally placed 
at the point In question. The conditioned stimulus was then applied 
only when the animal passed over the mat or stopped on It.

As soon as the reflex Involving standing In a definite place 
was fixed we began to Induce positive and negative reflexes to new 
stimuli.

Thus, on completing this part of the Investigation, the first 
component of the animal's Induced conditioned-reflex activity was 
always to go from the door to the feeder, the second was to stand 
on the mat, and the third was to go to the feeder table on the first 
distant (visual or auditory) conditioned stimulus. The animal stop­

ped moving toward the feeder when the Inhibitory conditioned stimu­

lus was applied.

We have described above the system most frequently employed In 
our laboratory for formation of conditioned situational reflexes.
In Individual experiments the reflexes were Induced in a somewhat 
different order.
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■s*.,« hî?iîS* íhe meat trail was sometimes laid only once, but the 2nd, 
ira, nth, etc. portions of food were supplied as soon as the first 
portion was eaten from the feeder pan. 

The ?on<4tloned reflex to a definite position in the room was 
ph S!!i?2alîy d®vel°Ped immediately after formation of the condition¬ 
ed reflex to the noise of the feeder. 

In some investigations the conditioned reflex to the noise of 
^nJre?efv,Wap devel°Ped separately; in these experiments the 

theufeedfi; was conjoined with one of the usual conditioned 
stimuli, such as the sound of a metronome, etc. 

When necessary we induced a new system of reflexes involving 
t»hi1p0rT'Hinent of ^^itioned stimuli from the feeder on the other 

ÎhAJ H pr0î! !ireK for devel0Plng these reflexes were the same as those described above. 

_ . In e special series of experiments the formation of conditioned 
motor reflexes was based on fright. 1006(1 

As was mentioned above, the animal's behavior during each ex- 
fulJy recorded, special attention being paid to the fol- 

¿hTÍhgi-í dlCfS ?f the condltloned-i’eflex reactions: the time for 
^ Qa ?al remalned ln a definite place in the experimental 

o? ?hp " ? “at ne?r a conditioned stimulus, etc.), the latent period 
of the motor reaction, the time required to reach the feeder the time 

nSTlSiî»!6811??; and.îhe tlme required for the anUl to ¿eÊÜrn tS 
its original position. The dog's general behavior during the Ínter¬ 

in dpí»íre?HaPpliCaíÍ0nS 0f the conditioned stimulus wfs aLoíoÜd 
of day?11* The experiment was generally conducted at the same time 

The experimental animals received one daily ration of food at 
U?ïally after the experiments ïere f^ishedi thej 

veterinarian!°dlCally welghed and kept under the observation of a* 

Our investigations were conducted more than 100 dogs. 

VISUAL^TIMULI0^1110^0 SITUATI0NAL ^FLEXES TO AUDITORY AND 

“aa pointfd °nt above, the formation of conditimed situ- 

of ííhem ïn“oîeSde?an SeVeral Stage5i We wU1 now conslder 

the eJPerimfnt» when inducing the animal to move from 
reaction to feeder, all animals exhibit a distinct orientation 
reaction to the experimental setup as the result of their innate ex- 
p oratory reflex. On entering the room, the dog begins to walk or 

îectsaon°i1ty«aS0Ut lt:; ln?Pecting and sniffing the floor and the ob- 
th^nieop^ end 0Pcasl0nally Jumping up onto the tables. Finding 
the pieces of meat arranged on the floor in a straight line from 
eîner?mpnî0i-hhe ff5d®r (fhe meat trail), he eats them. In the first 
the ïîom many additional random movements about 
the room near the trail before he has picked up all the pieces of meat. 
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The number of additional movements gradually becomes smaller and 
tne dog finally goes from the door to the feeder without strayinp: 
from the meat trail, something which the majority of animals accom¬ 
plish on the first experimental day if the trail is laid several 
times. Prom the 2nd or 3rd experimental day onward the distance be¬ 
tween the individual pieces of meat is increased each time and fi¬ 
nally the meat is placed only in the open feeder pan. 

The positive reaction to the sight of the feeder becomes stable 
in most animals after 3-5 days: when the dog enters the room he im- 

goes from the door to the table bearing the feeder and eats 
the first portion of food. At this time a conditioned association is 
formed and stably fixed with both a definite location in the room and 
with the experimental setup as a whole. This is manifested in the fact 
that some animals will run from the vivarium where they are usually 
kept to the experimental room without an attendant. 

The conditioned reflex to the noise of the feeder is formed in 
the following manner. The majority of animals react to the first 
noise made by the feeder when the pan is shifted with a simple ori¬ 
entation reaction and, when they see the meat in the new pan, first 
examine it and then quietly begin to eat it, but others carefully take 
the meat from the pan in their teeth, move away from the feeder, and 
only then eat; some animals exhibit a passive defense reaction, mov¬ 
ing away from the feeder or jumping to the floor and trying to get 
as far as possible from the table, although after a time they again 
Jump onto the table and eat the food. After 5-10 days all animals usu¬ 
ally eat quietly from the other pans. Beginning with the 5th-llth day 
most animals, no matter where in the room at the time, immediately run 
to the table bearing the food-containing pan when they hear the sound 
of the feeder, i.e., the noise of the feeder acquires a signal value 
at this time. 

In producing the conditoned reflex to the first artificial (vis¬ 
ual or auditory) conditioned stimulus, each stimulus is first tested 
for indifference. Its first application generally evokes a pronounced 
orientation reaction: the dog usually turns his head toward the stim¬ 
ulus and looks at it, although he sometimes approaches it. In the 
latter case, if the stimulus is located on the floor, some animals 
will sniff it, paw it, or lick it. In rare cases, the animals runs 
to the feeder on the first application of the stimulus. The stimu¬ 
lus is regarded as indifferent if the dog does not go to the feeder 
table when it is applied. After being tested for indifference, the 
stimulus is conjoined with the noise of the feeder (to which a motor 
reflex involving going to the table has already been developed). 

The dog at first runs to the feeder only when he hears its 
noise, but, after several applications of the conditioned stimulus 
in conjunction with the sound of the feeder and reinforcement with 
food, the animal goes to the feeder when the conditioned stimulus 
around is applied. The conditioned motor reflex is regarded as sta¬ 
ble when the dog runs to the table bearing the feeder as soon as he 
perceives the conditioned stimulus. The rate of formation of the 
first conditioned motor reflex to distant stimuli differs from ani¬ 
mal to animal (Table 1) and varies within wide limits, depending on 
the physical strength of the conditioned stimulus, the individual 
characteristics of the animal's nervous system, and a number of other 
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TABLE 1 

Induction of Positive Motor Conditioned Reflexes 
Involving Going to One Table (from a A.T. Seliva- 
nova's Data) 

6 /l>Kf K . 

7 yiosop . 
8 To<5hk . 
9 PCKC . . 
10 PujkhI 
IIÄM. . 
12 T«psiM 
12 h*h»i . ih riHCKfl* 

H Rapo« . 

Kcncnn acNNOTMoro 21BOHON ilKOBpiR 
II 

M-130 
III 

c; CMT 
2 IV I 

® 2
 o»®

 ^
 o

o
g

 «o 

35 
24 
23 
27 
20 
23 
21 
30 
81 
48 

9 
9 
5 

12 
5 
3 
5 
9 
8 
5 

2 
2 
1 
2 
3 
4 
2 
7 
5 

* 2 

Note: The Roman numerals indicate the 
sequence in which the conditioned re¬ 
flexes were developed, while the Arabic 
numerals indicate the number of appli¬ 
cations . 

1) Dog's name; 2) rate of formation of conditioned reflej 
3) bell; 4) mat; 5) light; 6) Dzhek; 7) Dozor • 8) Tobik: 

?e\RnkSi 10' Ryzhiy; Zban; 12) Tarzan; 13) Dzhim; 1*»] 
id) Baron. 

to; 

Pisklya; 

TABLE 2 

Average Rate of Formation of Conditioned Motor 
Reflexes to Different Stimuli (from M.M. Khana- 
nashvili's Data) 

VcAORHUe pll.ipaMNTC.IIN 

MbOHOK (CH.lbHblA). 
JToh 600 en (cpejncA cm^u) . 
[Cmt 55 am. 
jCmt 150 am. 

9/I»H>KywMcii lurypa (npyr) 

C canoro coccraNaa 
2 PCpNCNC 

ynpoiN^ca 

2-10 
8—20 
20-30 
10—20 
10-20 

5-15 
18-25 
35-60 
25-« 
35-« 

1) Conditioned stimuli;2) with which application reflex; 3) ap¬ 
peared; If) became stable; 5) bell (loud); 6) 600 HZ tone (mod- 

ure^circle) * ^ 55-watt bulb; 8) 150-watt bulb; 9) moving fig- 
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factors, which we will consider in detail somewhat later. Here we 
need only note that the rate of formation of the first conditioned 
reflex generally ranges from 5-25 applications for auditory stimuli, 
from 25-60 applications for visual stimuli using light, and from 35- 

applications for visual stimuli using objects (Table 2). 

During the intervals between the conditioned stimuli the ani¬ 
mals move about the room, sometimes stopping on certain squares, 
but they generally remain near the table bearing the feeder or near 
the conditioned stimuli. 

The conditioned reflex to the animal's position in the exper¬ 
imental room during the interval between applications of the con¬ 
ditioned stimuli is formed in the following manner. The conditioned 
stimulus is at first applied only when the animal accidentally pass¬ 
es over or stops on a definite square; after several applications of 
the conditioned stimulus when the animal is on this square, he begins 
to take up a position on it more and more frequently. The conditioned 
reflex to this location develops more rapidly if a mat is placed on 
this area of the floor. 

As has already been noted over the first 1-1% weeks following 
induction of the conditioned reflex, the dog having Jumped from the 
table to the floor after finishing his food, makes many random move¬ 
ments about the room (Pig. 3), sometimes standing for a few seconds 
on the mat but then leaving it again, walking or running about, and 
often Jumping on the table and approaching the feeder. The trip to 
the table between signals gradually becomes fewer and fewer and fi¬ 
nally cease altogether. The time required for intersignal trips to 
the table to disappear differs in different animals (Fig. 4). When 
the positional reflex is stable, the animal goes to the mat immedi¬ 
ately after he finishes eating, steps on it, and adopts a definite 
pose (standing, sitting, or lying), usually with his head and trunk 
facing the table on which the reinforcement is given for the loca¬ 
tion of the conditioned stimulus. A definite place in the room is 
thus made a positive conditioned agent and the animal actively an 
independently goes to it, assumes a definite (Fig. 5), and remains 
there until the next positive conditioned stimulus is applied. 

Formation of the subsequent (2nd, 3rd, Hh, etc.) conditioned 
reflexes with reinforcement at the same table is carried out in the 
same manner as induction of the first conditioned reflex. These re¬ 
flexes usually develop more rapidly than the first one (see Table 1). 

The latent periods of conditioned reflexes to auditory stimuli 
are generally somewhat shorter than those of reflexes to visual stim¬ 
uli, while the rate of motor reactions to auditory stimuli is higher 
than that of reactions to visual stimuli. As training progresses, 
however, the formation rate of the reflexes (see Table 1), their 
latent periods (Fig. 6), and the rate of the actual motor reactions 
may be uniform in response to conditioned stimuli of differing phy¬ 
sical strength (P.S. Kupalov and V.P. Pravosudov, 1959; N.S. Popov, 
I960, et al.). The latent periods of conditioned reflexes in which 
the animal has been trained for a long time are usually 0.1-1.0 sec; 
The time required to move from the mat to the feeder ranges from 2- 
5 sec, depending on the individual characteristics of the animal's 
higher nervous activity, the rate of his motor reactions, and the 
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Fig. 3. Schematic diagram of movement of dog Sharik about experi¬ 
mental room from moment of entering to moment of reaching mat on 
different experimental days. 
a) Experiment No. 3 reached mat after ^ min 19 sec; b) experiment 
No. 10, reached mat after 2 min 12 sec; c) experiment No. 32, reach 
ed mat after 45 sec. The oblique lines represent the tables and the 
horizontal lines the mat. 

Fig. 4. Rate of disappearance of trips to feeder table between sig¬ 
nals in doge Dzhek (a) and Una (b). The number of experiments is 
shown along the abscissa and the number of trips during each exper¬ 
iment along the ordinate. 
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distance between the mat and the feeder. The eating time Is 5-30 
sec, depending on the amount and type of reinforcement and the ani­

mal's alimentary excitability.

Fig. 5. Position and pose of dog Akkord In experimental room dur­

ing Intervals between applications of conditioned stimuli.

Pig. 6. Change In latent periods of conditioned motor reflexes In 
dog Una as reflexes became stable. The number of applications of 
the conditioned stimulus Is shown along the abscissa and the latent 
period of the conditioned reflex In seconds Is shown along the or­

dinate. 1) bell; 2) light.

The formation of conditioned reflexes Involving going to both 
tables Is a special case of stimulus differentiation, which we will 
consider In greater detail below. Here we need note only the follow­

ing.

We developed differentiation of positive conditioned reflexes 
reinforced at different tables In two ways.

let Variant. Conditioned reflexes reinforced at one table are 
Induced first and only after they become stable are conditioned re­

flexes developed to new, dlffc-rential It stimuli reinforced at the
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other table. 

The conditioned motor reflex involving going to feeder 2 is 
induced in the same manner as the first reflex, i.e., a meat trail 
is laid and a conditioned reflex is then developed to the noise of 
the feeder. The first conditioned motor reflex entailing going to 
the second feeder appears (after H-10 applications of the conjoint 
stimuli) and is fixed more rapidly than the reflex using the first 
feeder. The induction period covers 3-8 experiments. When reflexes 
involving going to the second feeder have been developed, the con¬ 
ditioned stimuli used in forming the reflex entailing going to feed¬ 
er 1 are temporarily no longer employed. When the conditioned re- 
riexes using feeder 2 have become stable, application of the con¬ 
ditioned stimuli reinforced at feeder 1 is resumed. 

When both feeders are used there is at first a disruption of 
differentiation, i.e., the conditioned signals in response to 

which the animal previously went to feeder 1 now caused him to go to 
feeder 2 and vice versa. At the same time, the inhibition of inhibi¬ 
tory differentiated reflexes (if these have been induced) is observed 
over a period of several days and in some cases the animal does not 
stand precisely on the mat. The inhibitory differentiation is soon 

aî?? the animal takes its precise position on the mat, while 
the disruption of feeder differentiation lasts longer. 

2nd Variant. Stimulus differentiation is induced by simultaneous. 
K filformation of conditioned reflexes involving going to 
both tables (feeders). e & ^ e, ^ 

Meat trails are first laid to both tables and reflexes are de- 
veloped to the noise of the feeders. Induction of two conditioned 

t0 dJf£®rent distant (auditory or visual) stimuli reinforced 
at different tables is then begun on the same experimental day. When 
we compared the results of experiments in which differentiation of 
the stimuli associated with different feeders occurred during simul¬ 
taneous induction of conditioned reflexes with those of experiments 
in which the reflexes were developed sequentially, i.e.. in which the 
second reflex was Induced after the first had becime liibl", n was 
found that the stimulus-differentiation reflexes were formed sub- 

Jíoir;!!113' in latter case than ln the former. It was also found 
that the animal s preliminary position in the room, his pose (the 
?ÍIeCÍÍ0n-.ín whlch hls head and trunk faced), and the location of 
hif fíímUli Wffe fjßnificant for proper movement to the correct ta- 
vu V !!r ?PpllCfHf2n of, a conditioned stimulus (P.S. Kupalov, 19^6: 

1955 YlQ58-eMaM 19^;^;K‘-,2^deladZe* 1953i N-1* Kudryashova, 
nfl«hviT'?58iocRM,iSn anashvlli* 1956i p-s* Kupalov and M.M. Khana- 
nashvili, 1958, I960; V.I. Syrenskiy, 1961, 1962; et al). 

MANIFESTATION OF THE "FORCE LAW" 

The first works on the conditioned-reflex activity of animals 
called attention to the fact that such reflexes depend on the phys¬ 
ical strength of the conditioned stimuli applied (G.P. Zeleniy, 1907, 
L.A. Orbeli, 1908; P.S. Kupalov and V.Kh. Gent, 1928; V.V. Rikman, 
1928; L.O. Zevald, 1933; V.K. Fedorov, 1938; L.A. Andreyev, 1938; 
V.K. Krasusskiy, 19^9, 195^; et al.). These investigations, which 
were conducted by the sancretory method, established that there is 
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Record of Experiment on 27/XI 1953, Dog Lis 

1) Niunber of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); 4) latent 

III10* fLdp£dfflh?ner re(le* (sec>; 5) time required for going from 

«nL«? eatlng tlme (sec)i 7) time for 
f1 d4-a/ tahle after eating (sec); 8) time required for 

returning to mat (sec); 9) time for which animal remained on mat (sec). 

a direct relationship between the magnitude of a conditioned alimen¬ 
tary reflex and the physical strength of the conditioned stimuli. 
This gave I.P. Pavlov grounds for formulating the "force law.” 

In 1952 V.M. Kasyanov and A.L. Fruktov investigated the in¬ 
fluence of the force of the conditioned stimulus on the rate of 
motor acts in athletes. They established that the latent period of 
excitation and the time required to run a standard distance are 
shorter when the stimulus is physically strong than when it is weak. 

- , P-3- Kupalov and V.P. Pravosudov (1959) set themselves the task 

arroÜÎÎrmi?in6 h0!?4¡:?e Physical strength of the conditioned stimulus 
affects motor conditioned-reflex activity induced in animals by the 
situational conditioned-reflex method. 

They first induced a conditioned reflex to the sound of the 
feeder in the dog Lis and trained him to remain on a mat placed on 
square 18. They then developed a conditioned reflex to a metronome 
mîth a Pre(*uency of 120 beats per minute and to a "soft noise.” 

sílm,¿li were placed on a shelf on the wall to the 
right and in front of the mat (above squares **2 and ^9). The ohvs- 

ío?LStrenfch^Kf the 120 bpm metronome was 65 db, while that of the 
ür Eâch experiment involved from 10 to 12 applications 
ví t?e stlmulus accompanied by reinforcement at table 
No. !• The distance between the mat and the feeder table was 4.5- 

fhp’iï?ÜÎ!*-the reflex to the metronome had become stable, 
the latent period of the motor reaction was generally 2 sec, the time 

wfl2Ui£e?nt0 rea^«.the feeder table was 3-5 sec, and the eating time 
and ipmf? ‘ Afïer the doS immediately returned to the mat 
a remained on it until the metronome was switched on ( see record 
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Of experiment on 27/XI 1953). 

pUcationCofdthe03tlm”íseXThe latent186 ,pPeared on the 17th ap- 

«o„r6?f tï^noÆ6 “16 Were " "rf^lXer^ VhT a?-™ 
tervals In the reactlonUtn6ththe ?ctlon of the metronome. These in- 
subsequent experiments. Beglmlng wilh^h^llsth11»08^ s??rter ln 
noise, the conditioned reflexes to th?. ..., 17,5th aPPllcatlon of the 
nome were identical. ° s^imulus and to the metro- 

When these condtioned reflexes wer* 
of the dog Lis was made mnrl *ere fixed the motor activity 
barrier (a taut net) was olaced aî^ï h? £he followln8 manner. A 
mat; the dog had to 1umn over •t-hi k ^®^ance of 1.5-2 m from the 
table and returning to the mat The ?rrlfr ^ going to the feeder 
at HO cm. At this height it ?ausIS no ^ler heJght was at flrst set 
reflex activity and the animal readUy Äed oíeíh«d0e'8 oondltloned- 

cm afterSeveryU3rd í”6 ï3"161- hel®ht by 5 
(raised from ïs3™ to éC^crn) thïïr^s In^ncre«»6? W?k “f4® higher 
quired to reach the feeder hohi** ^ s. an ^ncrease in the time re- 
ing (see the record oflhe experiment Vïsm Ï?5ÎÎ? '"at after aa‘- 

Record of ^Pen-nt^n^is/vi 1,5,. Barrier Raised to 
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ãS 
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*8 
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8 
8 
7 

10 
8 

15 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
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3 
4 
4 
3 
5 
4 

10 

18 
20 
20 
20 
16 
15 
15 

2 
2 
3 
1 
1 
I 
1 

10 
28 
57 

7 
35 
90 
58 
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n 

-i 
■ 8 

10 

npNaCMSNNa 

65 
67 
65 
60 
60 
60 

riocue exu 
xoflHT no 
Koiinaie, 
MOHMTCn. 

nwT Boxy H 
TOXbKO SBTCM 

npuracr 
Hcpes Capbep 

h OemHT 
HB KOBpHK 

12 

stimulus; 3) action time of cond?M stimulus; 2) conditioned 
period of condltlone^reflex (Sec) ■'’S?6.?™!'"111“3. (3e0>; 'l) latent 
mat to feeder table (sec)- 6) e«?,ñ„5i. ? raqdlre<l to go from 
table after eating (sec)-'8) time nf time (sec); 7) time spent at 
9) time for whi¿ESai?mal rema^êl on^ef6? t0,reïu™ t° mat (sec); 
12) after eating, th^dog walked abnnrínlS6C)! 10) note: n) n°laa; 
water, and only then Jumped over ^Se^aîïM reíu^el’tfr 

dog 
ing 
ten 

hIS6p£» j!ímperZnK?™mbthrtdhín í“3 Ca3e' Whlle tha 
and returned to the mat, reidily^01^%^^617 after eat‘ 
remained in front of the barrieí wtïkid abou? ííí * nCW he of“ y waa.Kea about the room, urinated. 
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drank water. Jumped back on the table, and faced the barrier; only 
after 5-10 min did he again jump down from the table and finally 
cross the barrier. In other words, after unsuccessful attempts to 
leap the barrier, the dog developed his own general motor stereo¬ 
type for this purpose. 

When the barrier height was first raised to 65 cm at the end 
of the experimental day, the dog approached the barrier In response 
to the condtloned stimulus (noise) but could not cross It; on the 
other hand, he readily jumped over it in response to a stronger aud¬ 
itory stimulus (the metronome). The dog’s behavior was simultaneously 
somewhat altered: he became restless and began to pant. Further re¬ 
search was conducted on this dog after a 2-month interval; the ex¬ 
periments were resumed with a barrier height of 50 cm. The dog read¬ 
ily crossed the barrier both under the action of the conditioned stim¬ 
uli and after eating. When the barrier height was raised to 65 cm the 
motor reaction again began to exhibit a dependence on the strength 
of the conditioned stimuli, i.e., the dog continued to jump over the 
barrier in response to a strong stimulus (the metronome), but he 
could not leap it in response to a weaker stimulus (the noise). 

However, after 4 days of work with the barrier at a height of 
65 cm, the animal began to cross it in response to the noise as well, 
i.e., as training progressed the dependence of the conditioned motor 
reactions on the physical strength of the stimulus disappeared. 

When the height of the barrier was further raised to 85 cm we 
observed the following phenomenom: while at the beginning of the 
experiment, even before the conditioned auditory stimuli were ap¬ 
plied, the dog usually leapt the barrier at once and went to the 
feeder, now he entered the room and began to run along the barrier, 
often whimpering and urinating and only then jumped over It. When 
the height of the barrier to 90 cm, the dog stopped crossing it at 
the very beginning of the experiment, jumping over only under the 
action of the conditioned auditory stimuli. He was unable to leap 
the barrier at this height after eating, i.e.. In returning to the 
mat. Symptoms of disruption of higher nervous activity appeared at 
the same time: the dog became very excited and whimpered. In order 
to keep these disruptions from becoming more severe in subsequent 
experiments one edge of the net was raised and the dog was able to 
return to his initial position after eating without jumping the 
barrier. 

Our results thus indicate "force law" for conditioned-reflex 
activity also extends to conditions where the animal can move freely. 
For example, the significance of the physical strength of the con¬ 
ditioned stimuli is clearly manifested when the barrier is raised 
to a height at which the dog freely crosses it under the action of 
a stronger conditioned auditory stimulus (the metronome) but cannot 
do so under the action of a weaker conditioned stimulus (the noise) 
for when the animal readily crosses the barrier under the action of 
conditioned stimuli but cannot do so when they are not applied (at 
the beginning of the experiment), etc. 

This same dog was used to investigate the influence of varia¬ 
tions in alimentary excitability on the manifestation of the "force 
law." The animal’s alimentary excitability was varied by feeding 
It before the experiment began or by replacing the meat-sugar powder 
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in the feeders with pure meat. In those cases where his alimentary 
excitability was varied by feeding him beforehand, two experiments 
were conducted each day, in the morning and the evening. The eve¬ 
ning experiment was carried out immediately after the animal received 
half his daily portion of food. By way of example, let us consider 
one such investigation on the dog Lis (13/IX 195^). The barrier height 
was 67.5 cm. In the morning experiment (11:50 AM) the dog freely cross¬ 
ed the barrier in response to the conditioned stimuli and quickly re¬ 
turned to the mat after eating. The second experiment was carried 
out at 3:50 PM and the dog was preliminarily fed. At the beginning 
of the experiment there was an increase in the time required for 
the dog to go the feeder in response to a weak conditioned stimulus 
(the noise), while later he was completely unable to Jump the barrier 
when this stimulus was applied. At the same time, he freely crossed 
the barrier in response to a strong auditory stimulus (the metronome; 
see the record of the experiment on 13/IX 195*0. 

3:50 PM. Record of Experiment on 13/IX 195**. 
Barrier Height 67.5 cm. 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); **) latent 
period of conditioned reflex (sec); 5) time required to go from 
mat to feeder table (sec); 6) eating time (sec); 7) time spent at 
table after eating (sec); 8) time required to return to mat (sec); 
9) time for which animal remained on mat (sec); 10) noise; 11) lis¬ 
tened, remained seated on mat; 12) stood up, went to barrier, then 
returned to mat; 13) leapt barrier. Jumped on feeder table, but 
refused to eat. Experiment discontinued. 



Record of Experiment on iVx 195^. Barrier 
Height 95 cm 
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1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); '11 latent 
period of conditioned reflex (sec); 5) time required to go from 
mat to feeder table (sec); 6) eating time (sec); 7) time^pent at 

q)btimpffn£ ?eCi ’ 8) time re9ulred to return to mat (sec); 
9) time for which animal remained on mat (sec); 10) note; 11) noise 
12) experiment terminated; 13) reinforcement with meat. 

Record of Experiment on 15/X 195*1. Barrier 
Height 95 cm 
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Î3 ^ees^e-0nractlr’,d0grg0ing t0 net and the" ^©turning îo'ma' 13) the same, 1*1) ran to barrier, but halted in front of it, ran 
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£íieí toucrawl under it» and whimpered. In view of the 
la.t tnat the dog became restless, whimpered, and began to pant the 

de?erg?azedWaStdiSCOntinUedi 15) relnforcernent wlth meat-sugar pow- 

4-u T^is relationship was even more marked in experiments in which 

shiftecTto ¡;ncondltio¡}ed reinforcement was varied. When we 
at hoi°^Cnnent with meat the dog freely crossed the bar- 

uli and OÍV90 aad4.95 Cm ln resPonse t° the conditioned stim- 
net (seeqthekÍLnrdUn?e!?ht0 the ?at throu^ a Passage made in the net ^see the record of the experiment on IVX 195^). 

'ioar,tIl h?n ?e 3nîn from th® exPeriment of 1H/X 195^ that the dog 
eaai4-f tarrier 95 cm high in both response to both strong and weak 

conditioned stimuli when the reinforcement was with meat. 

moo4- °n the foilowlnS day the meat reinforcement was replaced by 
tio£¡dU£afi£vWoeíi y¡?ich immediatf.ly affected the animal's condi¬ 
tioned-reflex activity. The dog cleared a barrier 95 cm high at the 
beginning^ of the experiment and in response to the first application 
of the meoronome, but he was unable to Jump it in response to two 
thaSm2hent aPPj-icatlons of the noise and a second application of 
the metronome (see the record of the experiment on 15/X 195¾). 

fr2m these exPerlments that both an increase and a 
refllx motor ?xcltability alter the animal's conditioned- 

activity: in one case (when alimentary excitability de- 
creases) the depenuence of the motor reaction on the ohvsical streno-i-h 
of the conditioned stimuli becomes more pronounced, while in the other 
case (when alimentary excitability increases) this dependence disao- 

SfathÀ oheH?2fend5nCf 0f the motor reaction on the physical strength 
tionïd 2?22íil0ned stim!fJ1 was also 9ulte manifest when the condi- 
îîi irandom iSiWere4-applied a8ainst a background of extraneous stim- 
thi mo?ür î0n^* etc-)* Such stimuli generally inhibited 
did Weak condltloned stimulus (noise) and 
did not affect that to the strong stimulus (M-120). 

Under the experimental conditions in question, the animal's 
conditioned-reflex motor activity thus depends on the functional 
state of his cerebral cortex, which is to a substantial extent gov¬ 
erned by the strength of both the conditioned and unconditioned stim- 

M.M. Khananashvili experimentally investigated the manifesta¬ 
tion of the l'or ce law" in visual and auditory stimuli in the fol¬ 
lowing manner. He first developed stable conditioned reflexes in 
the dog Dzhek to an 800 hz tone and to the light of 40, 96, and 150 
watt bulbs. All the bulbs were in a rack that was placed"on the 47th 
square. When these stimuli were applied the dog ran from the mat to 
a stand near table 1, Jumped up on it, and then leapt onto the table 
and went to the feeder to eat. When these reflexes had been fixed it 
was found that, in the overwhelming majority of cases, the trip to 
the feeder had the same latent period and was effected at the same 
rate whether the 40, 96, or 150 watt bulb was lit (see the record of 
the experiment on 13/XI 1956). 
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Record of Experiment rm 137x1 1956. Dog Dzhek 
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Record of Experiment on 25/XI 1956. Dog Dzhek 
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The experimental conditions were then modified: the stand was 
moved to a distance of 1 m from the table, i.e,, the dog now had 
to carry out a more complex motor activity - Jumping from the stand 
to the table. This complication of the task caused an increase in 
the latent period of the conditioned reflexes and in the time re¬ 
quired to reach the feeder in response to weak visual stimuli (see 
the record of the experiment 25/XI 1956). When the stand was moved 
to 120 cm from the table the dog was able to make the Jump only in 
response to a strong visual stimulus (the light of the 150 watt bulb), 
while in response to a weak stimulus (the light of the 40 watt bulb) 
he merely went to the stand, climbed up on it, and then returned to 
the mat. 

Similar results were subsequently obtained with the dog Dzhek 
in response to auditory stimuli of varying physical strengths. 

DIFFERENTIATION OF STIMULI 

Prom the very outset, our laboratory has employed the situa¬ 
tional conditioned-reflex method to study the differentiation, or 
analysis, of conditioned stimuli and we have now amassed a wealth 
of data that enable us to establish regularities in stimulus discrim¬ 
ination under conditions of free motor activity. We investigated dif¬ 
ferent types of conditioned-stimulus differentiation, based both on 
discrimination of positive stimuli reinforced at different tables and 
on opposition of positive (reinforced) and negative (unreinforced) 
stimuli. 

Differentiation of positive stumull located In different areas of 
experimental room and reinforced at different tables 

Differentiation of visual (light) stimuli located in different 
areas of the room and reinforced at different tables was developed 
in the dog Blek, Sharik, and Ruslan (experiments conducted by M.M. 
Khananashvili). 

Positive conditioned reflexes involving going to table 1 were 
initially developed in the dog Blek in response to a bell, a circle, 
and the light of a 55 watt bulb. The bulb was mounted on a rack 
placed on square The dog remained on a mat (square 26) during 
the intervals between applications of the stimuli. After these re¬ 
flexes had become stable induction of a conditioned reflex to the 
light of a 200 watt bulb on the left-hand shelf (above square 36) 
was begun; this stimulus was reinforced at table 2. Differentiation 
of these two light stimuli located in different areas of the room 
and reinforced at different tables was developed in the following 
manner. Only the left-hand stimulus, reinforced at table 2, was ap¬ 
plied during the first six experimental days; at the same time, all 
the conditioned stimuli reinforced at table 1 were discontinued. 
The conditioned reflex to the left-hand stimulus appeared on its 
37th application and became stable on its 54th application. Appll- 
caFTon of all the conditioned stimuli reinforced at table 1 was then 
resumed. The first trial showed that the dog had developed clear dif¬ 
ferentiation of the aforementioned stimuli, as was seen from the fact 
that he always went to table 1 when the 55 watt bulb was lit and to 
table 2 when the 200 watt bulb was lit. Conditioned reflexes to the 
light of a 55 watt bulb (on square 4?) and a circle reinforced at 
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Record of Experiment on 28/V 1957. Dog Ruslan 
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1) Intervals between applications of conditioned stimuli (min); 
2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; 4) action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex (sec); 6) reaction to conditioned stim¬ 
ulus; 7) circle; 8) cross; 9) 55 watt light; 10) ran to table 1, ate, 
returned to mat; 11) the same; 12) remained on mat. 

Record of Experiment on 11/XI 1957. Dog Ruslan 

1) Intervals between applications of conditioned stimuli (min); 
2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; *0 action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex (sec); 6) reaction to conditioned stim¬ 
ulus; 7) sec; 8) 200 watt light; 9) ran to table 2 only in response 
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to sound of feeder; 10) ran to table 2, ate, and returned to mat; 
11) the same. 

table 1, were first Induced in the dog Ruslan; an inhibitory dif¬ 
ferentiation was then formed to a cross (see the record of the ex¬ 
periment on 28/V 1957). 

After the reflexes involving going to feeder 1 were fixed. In¬ 
duction of conditioned reflexes involving going to table 2 was begun. 
For this purpose all the conditioned stimuli reinforced at table 1 
were discontinued for several days and a meat trail was laid to ta¬ 
ble 2. 

Under these conditions the animal still often Jumped onto ta¬ 
ble 1 at the beginning of the experiment and during the intervals 
between applications of the conditioned stimulus (the sound of feeder 
2), but clear movement toward table 2 was observed on the fourth ap¬ 
plication of the sound of feeder 2 and the reflex became stable after 
the 15th application. Induction of a conditioned reflex to the light 
of a 200 watt bulb (square 36) was begun after the conditioned reflex 
to the noise of feeder 2 was fixed. This reflex appeared after the 
78th application of the stimulus (see the record of the experiment on 
1173CI 1957). 

After the reflex involving going to table 2 in response to the 
200 watt bulb became stable, use of the previously induced condi¬ 
tioned reflexes involving going to table 1 was resumed. The first 
experiment with the conditioned stimuli reinforced at the first and 
second tables showed that the dog could distinguish the reinforce¬ 
ment sites of the two stimuli (see the experiment on 12/XI 1957). 
However, in this first instance there were certain changes in the ani¬ 
mal's conditioned-reflex activity: thus, for example, the latent pe¬ 
riods of the conditioned reflexes increased and the reflex to the 
light of the 55 watt bulb was sometimes unstable. These changes were 
observed during the first three experimental days, after conditioned- 
reflex activity was fully restored. 

V.I. Syrenskiy conducted experiments to investigate the dif¬ 
ferentiation of positive auditory stimuli located at different places 
in the experimental room and reinforced at different tables. 

In the dog Una a conditioned reflex was first developed to a 
60 bpm metronome reinforced at table 1 and then to a 120 bpm metro¬ 
nome reinforced at table 2. The conditioned stimuli were not applied 
stereotypically. The conditioned reflex to the 60 bpm metronome ap¬ 
peared after the 30th application, while that to the 120 bpm metro¬ 
nome appeared after the 20th application. 

The data cited thus show that an animal carries out positive 
differentiation of spatially separated conditioned stimuli (visual 
and auditory) reinforced at different tables with comparative ease. 



Differentiation of positive stimuli located at the same place In 
the experimental room but reinforced at different tables 

M.M. Khananashvili and V.I. Syrenskiy investigated the differen¬ 
tiation of positive stimuli located at the same place in the experi¬ 
mental room but reinforced at different tables. 

In experiments on the dog Sharik conditioned visual stimuli 
(various figures) were projected on the same screen, i.e., were 
not spatially separated. After induction of a conditioned reflex 
o a square reinforced at table 1, development of a conditioned re¬ 
flex reinforced at table 2 was begun (M.M. Khananashvili*s experi¬ 
ments). The conditioned reflex to the square was disrupted after one 
application of the circle followed by reinforcement at table 2: the 
animal stopped going to table 1. This reflex was restored after re- 
peated reinforcement of the square at table 1, but it became unsta¬ 
ble and its latent period increased (see the record of the experi- 
ment on 21/1 1955). Sharik was unable to develop stable differenti¬ 
ation of the circle from the square even after 200 reinforcements of 
the former at table 2 and 100 reinforcements of the latter at table 1 
(see the record of the experiment on 7/IV 1955). 

The difficulty Sharik had in differentiating figures located 
reinforced at different tables did not result 

from difficulty in differentiating the shape of objects. This was 

e*Perlments on the dog Ryzhik, in which a circle was 
reinforced by feeding and a square was not reinforced, i.e., inhibi- 
tory differentiation to the square was formed. In this case stable 

of the clrcle i’1’0111 the square occurred after the 
300th application. Similar results were also obtained with other ani- 
ma is • 

. A1^ °f this enables us to assume that the difficulty encountered 
fVr>mh?£lk ln fiff®rentiating different figures resulted principally 
from the spatial location of the conditioned visual stimuli. 

p^OKÏ,?ÏK!S1??tl0^^0nducted by V-1* Syrenskiy (1962) on 8 dogs 
established that differentiation of auditory or visual stimuli ap¬ 
plied at the same place but reinforced at different tables occurs 

în?iff^ulty* The differentiation remained un- 
hp b8 animais after 100 applications of the stimuli to 
Üf error rate was 60-70¾. After 2-3 applications 
aírithfT»vtimUlí 1° ïu differentiated, the animals often began to whine 
ofd^flíflnPp!nÍHt0 the ‘í001’* and scratched at it, so that in a number 
of instances the experiment had to be halted. 

The difficulty encountered by the experimental animals in dif¬ 
ferentiating metronome frequencies of 60 and 120 beats per minute 
was due both to the spational rotation of the conditioned stimuli 
and to the fact that, at these frequencies, the conditioned motor 
reaction could be executed before the stimuli could be distinguished 
(V.I. Syrenskiy, 1961), i.e., the latent period of the conditioned 
reflex was shorter than the interval between the beats of the metro¬ 
nome . 

It should be emphasized that during the initial period of de¬ 
velopment of differentiation of auditory stimuli under the afore- 
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Record of Experiment on 12/XI 1957. Dog Ruslan 
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1) Intervals between applications of conditioned stimuli (min); 
2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; 4) action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex (sec); 6) reaction to conditioned stim¬ 
ulus; 7) light; 8) watts; 9) circle; 10) cross; 11) went to table 2; 
12) the same; 13) went to table 1 only in response to sound of feeder; 
14) went to table 1; 15) remained on mat. 

, mentioned experimental conditions one important factor governing 
s whether the animal reacted by going to one table or the other was 

its pose (the direction in which its head and torso pointed) during 
the intervals between applications of the conditioned stimuli (V.I. 
Syrenskiy, 1962). 

That the difficulty of differentiating positive stimuli applied 
at the same place lies in the spatial location of the stimuli is also 
demonstrated by experiments in which V.I. Syrenskiy and M.M. Khanan- 
ashvili moved the conditioned (dynamics) stimuli closer together. 

In V.I. Syrenskiy's experiments the dynamic stimuli were first 
placed 4.5 m apart. After formation of stable conditio., ¿d reflexes 
to a 120 bpm metronome reinforced at table 1 and a 60 bpm metronome 

, reinforced at table 2, the distance between the dynamic stimuli was 
reduced by 1 m in each succeeding experiment. Positive differenti¬ 
ation of the tables was disrupted when the stimuli were 1.5m apart, 
but conditioned-reflex activity was restored after 4 experiments. 
The experiments were continued for a further two weeks, gradually 
bringing the stimuli closer together. When they were placed on the 
same square (44) the dog was unable to consistently differentiate the 

i frequencies of the 60 and 120 bpm metronomes over the course of 7 
experiments. 
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Record of Experiment on 21/1 1955. Dog Sharik 
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Record of Experiment on 7/IV 1955. Dog Sharik 
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2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; 4) action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex (sec); 6) reaction to conditioned stim¬ 
ulus; 7) circle; 8) square; 9) went to table 2; 10) the same; 11) 
remained in initial position; 12) looked sometimes at table 1 and 
sometimes at table 2, but remained in initial position; 13) went to 
table 2. 

M.M. Khananashvili studied the mechanism of the differentiation 
of two identical but spatially separated auditory stimuli with rein¬ 
forcement of the positive stimulus at feeder 1. In these experiments, 
which were conducted with three dogs, identical dynamic stimuli were 
hung from a wire along one wall of the experimental room, one to the 
left of the dog and the other to the right. Both stimuli were at the 
same distance from the dog's head. A positive conditioned reflex was 
developed to the sounding of a 600 hz tone on the dog's right and in¬ 
hibitory differentiation was developed to the sounding of the same 
tone on his left. After this discrimination was induced, the limit 
of spatial differentiation of the auditory stimuli was studied by mov¬ 
ing them closer together. 

The animal remained on square 25 during the interval between 
the stimuli, usually with his head turned toward the table bearing 
feeder 1. The plane passing through the anteroposterior axis of the 
dog's head and intersecting the location of the feeder where food was 
supplied was perpendicular to the wall on which the dynamic stimuli 
were hung. These experiments showed that differentiation of the tones 
occurred rapidly when the stimuli were separated by the greatest dis¬ 
tance (450 cm). The rate at which differentiation was formed depended 
to a substantial extent on the preliminary fixation of the positive 
reflex. For example, let us consider the experiment with the dog Lama. 
A positive reflex was developed to the sounding of a 600 hz tone on 
the right. After repeated application of this stimulus (168 timer', 
induction of differentiation to the 600 hz tone on the left was begun. 
On the first application of the "left-hand" tone there was a strong 
orientation reaction toward the stimulus, but the dog remained in its 
initial position. One the second application of this tone there was 
an orientation reaction and the dog also went to the feeder (after 
4 sec). The orientation reaction persisted on the 3rd application 
and the dog moved toward the feeder after 2 sec. buF”he stopped half¬ 
way and returned to his usual position. On the 4th application of the 
tone the dog remained in place, turning his head first slightly toward 
the stimulus and then away from it. He again went to the feeder on the 
5th, 6th, and 8tih applications of the left-hand tone but ceased to do 
so from the 9th application onward, although he took several steps to¬ 
ward the feeder in some instances; these abortive movements also 
ceased after the 15th application, i.e., complete differentiation of 
the left-hand 600 hz tone from the right-hand 600 hz tone appeared 
(experiment on 20/VI 1961). 

After this differentiation had become stable, the two dynamic 
stimuli were moved toward the center, i.e., toward the feeder. 

When the distance between the stimuli to 350 cm the reaction 
to the right-hand tone remained unchanged (the dog immediately went 
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to the feeder), while a clear orientation reaction (turning of the 
head) developed in response to the left-hand tone; on the first two 
applications of the latter tone the dog remained in place, while on 
the third application he went to the feeder. Differentiation became 
clear after the iJth application. 

When the distance between the stimuli ;as reduced to 250 cm 
the reaction to the right-hand tone still remained unchanged, but 
the dog sometimes took several steps toward the feeder in response 
to the left-hand tone, although he then stopped or immediately re¬ 
turned to his initial position; after eating, he often stood on 
squares adjacent to the mat rather than on the mat itself and some¬ 
times exhibited unusual motor activity o^ whined. Differentiation 
became clear after the 5th application. 

The distance between the stimuli was reduced to 150 cm after 
restoration of normal activity. This resulted in a disruption of 
the spatial differentiation of the tones and development of changes 
in the animal's behavior. After several applications of the left-hand 
tone the dog became restless, wandered from the mat onto adjacent 
squares, crossed his paws, and whined. These changes were most pro¬ 
nounced during the first three days and then became less marked. 
Complete differentiation of the tones developed after the 17th appli¬ 
cation of the left-hand tone. 

The same disruptions of higher nervous activity were observed 
when the distance between the stimuli was reduced first to 50 cm, 
then to 25 cm, and finally to 10 cm as when it was reduced to 150 
cm. However, these changes also gradually disappeared and normal con¬ 
ditioned-reflex activity was restored. The shorter the distance be¬ 
tween the sound sources, the greater was the number of applications 
required for this to occur. Thus, complete differentiation of the 
left-hand tone from the right-hand tone was observed only after 60 un¬ 
reinforced applications of the ^ormer when the stimuli were separated 
by 25 cm. 

Induction of differentiation followed roughly the same plan in 
the dog Abrek and Ryzhik. The disturbances produced in Abrek by grad¬ 
ual approximation of the stimuli were indistinct and were observed 
only during the first 1-2 days. Severe disruptions of higher nervous 
activity were observed in Ryzhik when the distance between the stim¬ 
uli was reduced to 25 cm: he stopped going to the feeder in response 
to positive stimuli, raced about the room, went to the door, scratched 
at it, and whined. 

It was thus found that the limit of spatial differentiation of 
auditory stimuli (pure tones) by the dogs in our experiments was 10- 
25 cm. 

M.M. Khananashvili's investigations also showed that differenti¬ 
ation of stimuli in close proximity can be employed as a convenient 
procedure for inducing experimental neuroses under free-movement con¬ 
ditions . 
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Record of Experiment on 20/Vi 196I. Dog Lama 
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ft* ?tClÁn6) reactl?n t0 conditioned stimulus; 7) 600 hz 
lent to feeder8 J ?^t0ne ile?); 9) the samei 10) circle; 11) went to feeder, ate; 12) remained on mat; 13) the same. 

cnnndiï?636/!11^68^8^1011 thus demonstrated that differentiation of 
tion of ?he audltory sílmuli» which is based on concentra- 
uli are process> ls hindered when the conditioned stim- 
ÍaÍah wh« d tïe same P°lnt in the experimental room and facili¬ 
tated when they are located at different points. Differentiation be 

increases Both the between the st^m^ to be differentiated 
their nn!14the spatial arrangement of the conditioned stimuli and 
ferentiatlógrate characterlstlcs have a great influence on the dif- 

Forma+ion of Inhibitory differentiation 

^4 AA As Î-8 wel3 kn°wn, formation of inhibitory differentiation 1 e 
differentiation in which one of two stimuli is alway^einfo^ed bv* * 
uqedntondhtl0n?d ftlmulus and the other is not reinforced, is widely 

characterize the analytic and synthetic activity of the cor- 
«f4ali?n?1?Zeri‘ We induced Inhibitory differentiation to various 

VuSUa3*4.audltory* and spatial) for this purpose. The results 
siîufl?4n s!?owed that induction of inhibitory differentiation by the 
situational conditioned-reflex method (P.S. Kupalov, 1946 1950* A 

It7oïe?ï°’ 19,56¿ at al*2 °beyS the same general stimulus-differenti- 
and ofhArSronH?Í4iSh^d sancretory, electrocutaneous-defensive, 
and other conditioned-reflex methods; these laws are widelv known 
from numerous higher investigations conducted by the Pavlovian lab¬ 
oratory (N.I. Leporskiy, 1911; et al.). 
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Our research also established certain characteristics of the 
development of Inhibitory differentiation under conditions of free 
motor activity. 

As an example of the development of inhibitory differentiation 
by the situational conditioned-reflex method, let us discuss the ex¬ 
periment by P.S. Kupalov and M.M. Khananashvili on two dogs in 1958. 

After induction of a conditioned spatial reflex (to square 32) 
and positive conditioned reflexes to a metronome and a 55 watt bulb, 
a conditioned reflex was developed to a circle in the dog Hike, who 
was a very lively, easily excited young female. On the 4th applica¬ 
tion of the circle the dog went to the feeder table and sprang up 
onto it. After the conditioned reflex to the circle became stable, 
induction of differentiation to a cross was begun. The first app’ear- 
ance of the cross produced the same activity as the circle. On the 
17th application of the cross the dog went to the screen and then 
to the table, but did not Jump up onto it and returned to the mat af¬ 
ter several seconds. 

The dog did not leave the mat on the 19th and 20th applications 
of the cross, but another type of activity appeared at this time. The 
animal began to lick her coat and scratch when the cross was shown. 
On subsequent days she jumped up onto the table less and less fre¬ 
quently, remaining on the mat or taking 2-3 steps toward the table, 
immediately stopping, and returning to the mat. On the 45th applica¬ 
tion of the cross the dog merely lay on the mat instead o7~starting 
toward the table. This reaction to the cross was subsequently observed 
on numerous occasions. 

Stable differentiation was formed on the 74th application of the 
cross: the dog had entirely ceased Jumping up onto the table in re¬ 
sponse to the cross, but she instantly ran to the table and sprang up 
onto it in response to the circle. 

Display of the cross did not, however, become an indifferent 
stimulus to the animal. During induction of differentiation it was 
found that the cross caused definite motor activity involving un¬ 
usual, previously unobserved scratching and licking of the coat, 
with the dog sometimes lying on the floor. After differentiation be¬ 
came stable, display of the cross began to cause other forms of motor 
reactions. Thus, on the 82nd application of the cross, we observed 
severe negative activity directed at getting as far as possible from 
the cross and leaving the experimental room (see the record of the 
experiment on 17/X 1955). 

The dog often subsequently ran from the mat to other squares 
and to the door when the cross appeared. This negative motor reac¬ 
tion was frequently accompanied by whining, severe panting, and in¬ 
creased thirst. 

When a new conditioned reflex involving going to table 2 in 
response to a 200 watt bulb was developed and fixed in Rike dur¬ 
ing the course of the experiments, she repeatedly Jumped up onto ta¬ 
bid 2 and licked the empty fe der pan when the cross was displayed, 
i.e., she exhibited a clear alimentary reaction entailing going to 
table 2 (see the record of the experiment on 26/X 1955). 
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A count of the various motor reactions shows that on the 26 
applications of the cross following developments of stable differ- 

this figure, i.e., when the dog no longer Jumped up 
i ln response to the cross, she went from the mat to other 

Hrlinv ? t0 tïe do^r 9 tlmes» went to her water dish and began to 
oJlmeS¿ íUmP!d up on table 2 and be«an t0 iick the empty pan 

nnrl* Tnd*-Üent screen and began to vigorously sniff the cross 
;oî?Qthf instances she took two or three steps toward 

lmm®diately returned to the mat, and lay down on it, 
scratching or beginning to vigorously sniff the floor. 

and 0fJa condltioned spatial reflex to square 32 
anH a nîîîy conditioned reflexes to a light (55 watt bulb), a bell, 
ofdd?ffÍrpí^TÍÍh aJlmentary reinforcement at table 1, development 
SalPwfth îîïî^1?? t04-a Cross was begun in a second dog, Blek, a young male with high alimentary excitability. » -y 6 

fW -iMmÎLÜrOSS aï fí:rst evoked the same reaction as the circle: the 
dog Jumped up onto the table and approached the feeder, although he 

the tîbleehnîVrtiH00d; ?n the 5~ application of the cross he went to 
bb® babJ® but did -i^P UP on it, returning to the mat after the 

oss disappeared. The positive reaction involving going to the table 

rnSï^d^thriLt^Hp the 1:Ltt ^Piicahiou and the dog generally re- 
7at,”e geueraTTy remained in his initial position (on 

went to3^^^1^ t?e lnte^vals between the stimuli, but he sometimes 
nn?ïi i:e‘* cioser to the feeder table, and stood there 
ïemainpd nn0?Kiti0?eduStimulus was applied. It was found that the dog 
remained on the mat when the differential stimulus (the cross) was 
císp^ppVÍ’e* * thÜ condltloned spatial reflex had become more pre¬ 
cise (see the recordsof the experiments 11/11 and 27 III 1957). P 

When a conditioned reflex involving going to table 2 in resnonqp 
doeadur?nC0?hiti0ned stimulus (a 200 watt bulb) was induced in this 
dog during the course of the experiments, it was often found that 

wpn? ïïeiîr°f apPeared he turned froni tbe screen towardtabie 2^ HT Î UP onto It, and licked the empty pan (see the rec- 
ord of the experiment on 27/III 1957). It can be assumed that once 
a new focus of increased excitability had been created in the cSrtex 

focusCati0n °f the differentlal stimulus caused excitation of this 

Other reactions were also observed when the differential stim- 
?PPLled;.thU=> for ««"Pie, whan the cross ¿« Sïspîayed 

the animal often immediately turned its head, sometimes beisan to 
vigorousiy sniff the floor and the mat, went’to oiiher squads °tc 
inhibitorSf«,î?e ÎP0Vem®nts made by the dog Blek in response to*the * 
after fïïationmoîUd45°WS ï?aL°n the 50 aPPiications of the cross 
onthA^Ï?1^^ f dlfferenbiation he shifted from his usual position 
Ad t-ï6 mat. in 6 cases, went to table 2, Jumped up onto it, and lick- 

licked ?an ln 9 îaSeS* Went t0 the rack bearing the lamp ami 

cases.in 12 °a3eS- lay “ - 1" ° 

« ^u^crous investigations have established that differentiation 
onditioned stimuli is based on development of inhibition to the 
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unreinforced stimulus. This interpretation of differentiation holds 
regardless of the nature and localization of the inhibition. The 
gradual development of differentiation, which is manifested in the 
experiments described above in the gradual attenuation and disappear¬ 
ance of the positive reaction directed at reaching the feeder table, 
can be attributed to the gradual development of inhibition to the 
differential stimulus. When the inhibition reaches a definite strength 
there is no positive reaction at all to the differential stimulus; in 
some cases the dog responds to the inhibitory stimulus by lying down 
on the mat, resting his head on his paws, and remaining completely 
motionless. The inhibition obviously originates in the cortical areas 
that perceive the inhibitory stimulus and irradiate to the systems 
that keep the dog sitting on the mat. 

The differential stimulus often caused motor reactions of vary- 
ing complexity: shaking, scratching, going from the normal position 
to the door, running to table 2 and licking the empty feeder tray, 
going to the water dish and drinking, going to the bulb near the 
screen for objective stimuli and licking it, etc. 

Use of the situational conditioned-reflex method thus enabled 

stimuli taln neW data °n the motor tactions evoked by inhibitory 

What is the nervous mechanism of these motor reactions? We be¬ 
lieve that they arise as a result of positive induction from the 

ce^ebr^ cortex that participate in effecting the posi¬ 
tive conditioned reflex and are the first to be inhibited under the 
action of the differential stimulus. 

. 0n basi® of numerous investigations, I.P. Pavlov noted that: 
if a conditioned stimulus that evokes a corresponding conditioned re¬ 

action continues for sometime (minutes) without being further con- 
Joined with an unconditioned stimulus, the cortical cell for this 
stimulus invariably passes into the inhibited state." It is precise- 

if P*L0Cess that occurred in our experiments with differential 
°erbai;n cases the passage of given cortical elements into 

ed fíate as a result of non-reinforcement causes positive 
induction in other cellular elements. Positive cortical induction was 

síbfLnpn?í|ly ln the exPeriments of D.S. Fursikov (1923) and 
loo? Qm !??ted by many authors (Ye.M. Kreps, 1924; P.S. Kupalov, 

a??)í V-V- SlryatSkly> 1926; n:v- ^9; 

th® question of why the motor reaction to the in¬ 
hibitory stimulus, which we have explained as positive induction 

íabÍr21a„dhM^íní%;nV?1VÍng lmnine t0 the J^pïng up oito 
ofthpfwî«-*1 kî faeder tray» etc. This is obviously a result 
of the functional state of the entire cerebral cortex. 

reflexI^VriPf?^1?« ?f a. fyst?m °f Positive and negative conditioned 
reilexes, a definite functional structure is set up in the cortex and 
Íínaf+-íhe c?rtical Points for all the reflexes developed under the 
conditions in question. It can consequently be assumed that inhibi- 

irdn^t?^6]'0?!116 at °ne point in this functional structure has an 
inductive influence on its other points. Actually, after beginning 
induction of a new conditioned reflex (going to table 2), we often 
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observed that the dog Jumped onto table 2 in response to the differ¬ 
ential stimulus. It Is obvious that In these cases the positive Induc¬ 
tion extended to thos cortical cellular elements whose excitability 
was enhanced by development of the new reflex Involving going to ta- 

ÜafïaJrÎÎ! ,e?plal!2 the d°s's moving to Its normal position (the 
£he ^p^Hg of the bulb In response to the Inhibitory stim- 

ulus If the latter was applied when the animal was In an "unusual” 
position. 

The differential stimulus obviously causes Inhibition princi- 
cortical centers of the positive reflex and, through 

negative induction, generates concomitant excitation in the group of 
centers associated with the opposite type of activity. The general 
restlessness and whining we observed in certain animals In such cases 
are an external manifestation of the struggle between the inhibitory 
process induced by the differential stimulus and the concomitant ex¬ 
citation; this poses a difficult problem for some animals. 

Differentiation of conditioned stimuli thus occurs gradually 
when the animal can move freely about the experimental room. The 
number of positive motor reactions to the unreinforced stimulus de- 

S? num5fLof complications increases. Complete differen¬ 
tiation of the conditioned stimuli is manifested in the action of a 
positive reaction (the animal does not go to the feeder table). How- 

th® Reinforced stimulus does not become indifferent after 
mv,ffeuentiftion develoP8» but often causes various motor reactions. 

r?CtSr ?f thfse movements is governed by the functional state 
il cortex at the instant when the inhibitory stimulus 
is appiied. The nervous mechanism of the motor reactions to the In- 

!timUlUS be re8arded as the result of positive induction 
from those areas of the cerebral cortex that are inhibited by the 
differential stimulus. 

^orl< of* P*K. Anokhin (1956) and his colleague established 
ïo^o^U1SpraenîJi0Î inhibitory conditioned reflexes in inevitably ac- 

? ïy a ^ioiogicaiiy negative reaction in the form of a "dif- 
Ifc lS manifested in the dog's yapping, whining, growl- 

iïîf* teafins away from his leash, and so forth under the action of 
the unreinforced stimulus; there are also functional changes in his 

and cardi°vascular systems. P.K. Anokhin (1932) believes 

"diffi?ui?n«^rf°HCSd Stim?}us itself becomes the signal for this 
difficult state. He considers the inhibition of the positive reflex 

£MÍM«Ít^£r?mHSUP?reSSí°n 0f the aiimentary reflex by the negative 
ÍÜ?« that dfyeloPs in response to the unreinforced stimulus. Var- 
J°ua jeaetions to inhibitory stimuli have also been observed 
in work conducted by the motor-defensive method (I.S. Beritov, 1932- 
E.A. Asratyan, 19^11; et al.). t 
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Records of Experiments on 17/X and 26/X 1955. Dog Hike 

1 
UHT»p».1- 
.1U MCWAy 
.IrACTBHCM 
) C.10BI1UX 
p.nap.i*n- 

(j>hn) 

2 
MHr.io 

nptiMtiie* 
mifl 

yc.noBiioro 
p.i3.tpa*ii- 

rejifl 

3 
Vc.lODHbl A 
P»3AP»- 
Mlllt/lfc 

4 
Bpcftm 

AcActbmm 
yc;ionMoro 

pasAP*- 
MHTC.m 

(f**) 

5 
JIjtchthuA 

ncpiiOA 
ycjionnoro 
pc<p.ioKC* 

6 
noneACHiie roÔaKH npa 

AcrtoTnim yc.ioaiioro 
pas^paxcHTe^a 

194 

195 
196 

83 

197 

220 

221 

91 

I 17/X 1955 r. 

193 8 Kpyr 

82 9 Kpecr 

8 Kpyr 

5 

20 

5 
5 

20 

14 26/X 1955 r. 

Kpyr 

» 

Kpecr 

5 

20 

2 

1.5 

1.5 

1 

222 

44 

92 

223 

Kpyr 

MerpoHOM 
15 

Kpecr 

Kpyr 

5 

5 

20 

5 

1 

1 

rioAÖeracT k croJiy I, 
npwraer Ha Hero 10 

„lejiaer uiar k crojiy 1. 
ho ocTanaBAHi-aerca, pea- 
KO nonop-isHBacTca Ha 
)80^ h 6CMHT HaaaA k abb- 
pH. Mepea 40 ceK boj- 
RpaiuaCTCB H» KOBpHK LI 

rioA^eraer k croay I, 
npuraer na Hero 

To »e 12 
> > 

Ctoht na KODDHKe, 
CMoipiir na Kpecr 15 ceK, 
aaxeM yCeracr c KonpHKa 
na ^oKOuue KBaAparu, 
nocKyjiMBaer 13 

noAÖeraer k cro.iy 1, 
npuraer Ha itero 

HoAÖeracT k crony 1, 
npuraer na Hero 

To H<e 
Cmotpht na npecr 3 ceK, l6 

peaKo noBopaMHnaercH k 
crony 2, npu aer hb Hero, 
niiwer nycryio nauiKy 

rioAÖeraer k crony 1, 
npuraer Ha iiero 

CMOrpHT Ha HCTOHHHK 17 
3ByKa, noAOei aer k crony 
1, npuraer Ha Hero 

Cto;*t na KonpitKe 5cmc, l8 
aarcM n/.cr x laniKc c bo- 
Aofl, liter Bony 

rioAÖeracr k crony 1, 
npuraer na ncro 

1) Intervals between applications of conditioned stimuli (min); 
2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; 4) action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex; 6) dog's behavior under action of con¬ 
ditioned stimulus; 7) 17/X 1955; 8) circle; 9) cross; 10) went to ta¬ 
ble 1, jumped up on it; 11) took a step toward table 1 but stopped, 
turned by l8o°, and went back toward door. Returned to mat after 
sec; 12) the same; 13) stood on mat, looked at cross for 15 sec, then 
went from mat to nearby squares and whined; 14) 26/X 1955; 15) metro¬ 
nome; 16) looked at cross for 3 sec, turned abruptly toward table 2, 
jumped up onto it and licked empty tray; 17) looked at sound source, 
went to table 1, and Jumped up onto it; 18) stood on mat for 5 sec, 
then went to water dish and drank. 
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Experiments on 11/11 and 27/III 1957. Dog Blek. 

Hmepaa* 
/IN MC/KAy 

AiActomcm 
yC.IOBMWX 

p.iWa- 
mcktc.icA 

(CtK) 

2 
M MCJIO 

lipHMCHC* 
Nil A 

yc/ioBHoro 
pasApawN- 

Te/i« 

3 
Vc/iobnuA 
pajApJMH* 

TC/lfc 

4 
BpCMfl 

AeftCTRHfl 
yc/iOBHoro 
pasApaxN- 

re/in 
(ce*) 

5 
JUtcmtnuB 

ncpNOA 
yr/toaxoro 
pc$.iCKCi 

<«K) 

noBCAeHHC co6aiui npi 
AcAcraNN yc/ioaNoro 

pasApa«NT«Afl 

i 

i 

1.5 

I 

l 

I MUH 
40 ctK 

40 

40 

40 
40 

.1 

40 

40 

40 

1 

40 

86 

87 

14 

88 

15 

89 

120 

100 

154 
42 

155 

121 

156 

43 

157 

122 

7 
8 Kpyr. 

» 

9 Kpccr 

8 Kpyr 

9 Kpccr 

8 Kpyr 

11/11 

5 

5 

20 

5 

20 

5 

1957 r. 

1 

1 

2 

I627/III 1957 r. 

Cfler 200 ¿mí 5 1 

> 55 » 

Kpyr 
Kpccr 

5 
20 

Kpyr 

Cbct 200 em 

Kpyr 

Kpccr 

5 

5 

5 

20 

1 

I 

1 

Kpyr 

Cbct 200 am 

5 

5 

1 

2 

riojöeraer x crony 1 10 
h npuraer hb Hero 
To Bsc. nocae e.iu ony- . . 

cxaerca hi non h ctiho- -LJ- 
bhtcx hi KBinpar 33 
Cmotpht hi xpccr -I p 

15 ctK, aarcM craHosHrca 
HI KOBpHK 

(loaoeraer x crony x 
npuraer hi Hero; nocne 13 
eau cnycxaerca hi non 
h craHOBHTca na kbia- 
par 33 

Cmotpht hi xpccr 2 cex, 
sarcM Cuerpo noBopaxH-14 
Baerca hi 180“ h ctiho- 
BHTCa HI KOBpHK 

rioaöe aer x crony k 15 
npuraer hi Hero 

noAÓeraer x crony 2 h I9 
npu aer hi Hero 

rioAÖe aer x crony I 
h npu aer hi Hero 
To we 
Cpasy noBopaiHsaer _ 

ronoay x crony 2, nox- ¿V 
xoaht k HCMy, npuraer 
hi Hero, cmotpht ■ ny- 
cryto Mauixy. 

noAÖeraer x crony I, 
npu aer hi Hero 

noACeraer x crony 2 h • 
npu aer hi hc'o 

rionöcraer x crony 1 x 
npuraer hi Hero 

Cpasy oTBopatHBier 
ronoay or xpecra, nox- 21 
xoaht X crony 2 11 bos- 
Bpautaerca na xoopHK 

noAöferaer x crony 1 
h npuraer hi Hero 

noAÖeraer x crony 2 
h npuraer hi Hero 

1) Intervals between applications of conditioned stimuli (sec); 
2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; *0 action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex (sec); 6) dog's behavior under action 
of conditioned stimulus; 7) 11/11 1957; 8) circle; 9) cross; 10) went 
to table 1 and Jumped up onto it; 11) the same. Jumped down to floor 
after eating and stood on square 33; 12) looked at cross for 15 sec 
and remained on mat; 13) went to table. Jumped up on it, Jumped down 
to floor after eating, and stood on square 33; 1¾) looked at cross for 
2 sec, quickly turned by l80°, and remained on mat; 15) went to table 
and Jumped up onto it; 16) 27/III 1957; 17) light; 18) watts; 19) 
went to table 2 and Jumped up onto it; 20) immediately turned his 
head toward table 2, went to it, Jumped up onto it, and inspected 
empty tray; 21) immediately turned his head away from the cross, went 
to table 2, and returned to mat. 
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Moving from the mat (standing on which is a positive condi¬ 
tioned stimulus) to the door and the concomitant whining and the 
panting can be regarded as a reaction completely opposite to that 
evoked by the positive stimulus, i.e., as a negative reaction. It 
was pointed out above that P.K. Anokhin considers the negative re¬ 
action to the inhibitory stimulus to be the result of the "diffi¬ 
cult" state that arises as a result of nonreinforcement of the con¬ 
ditioned alimentary excitation produced; the unreinforced stimulus 
subsequently becomes the signal for this difficult state and evokes 
a "biologically negative reaction" rather than an alimentary reaction. 
Having thus formulated the problem, it can be assumed that the inhib¬ 
itory stimulus must always evoke a "biologically negative reaction." 
It is possible that such a reaction to the inhibitory stimulus ac¬ 
quires a conditioned reflex character in some cases. However, as 
free-mcvement experiments have shown, it is not a dominant reaction; 
there may also be other, in no way "biologically negative" reactions. 
Thus, if the inhibitory stimulus is applied when the animal is on an 
"unusual" square, he sometimes returns to his normal position. This 
response to the inhibitory stimulus must be regarded as biologically 
positive. 

V.I. Syrenskiy's work with conditioned auditory stimuli (1962) 
showed that when differentiation is formed to qualitatively differ¬ 
ent auditory stimuli (positive and inhibitory) located at different 
points in the experimental room, the character of the motor reaction 
is governed by two factors: the location of the stimuli (the spatial 
factor) and their specific characteristics (strength, pitch, frequency, 
etc.). Each of these components acquires conditioned-reflex signifi¬ 
cance during the induction of conditioned reflexes. When conditioned 
stimuli that differ in their specific properties are located at dif¬ 
ferent points in the room the animal's behavior depends on both com¬ 
ponents; when the stimuli are located at the same point their spa¬ 
tial components become identical and the animal's behavior is alter¬ 
nately governed solely by their specific characteristics. 

DIFFERENTIATION OF DIFFERENT SPATIAL AREAS 

Use of the situational conditioned-reflex method made it possible 
to establish the importance of the spatial factor in the complex re¬ 
flex motor activity of animals. Thus, it was demonstrated that the 
area of the experimental room in which the animal is located when the 
Pos^fve conditioned stimuli are applied acquires the properties of a 
positive conditioned agent and, together with the other stimuli, be¬ 
comes one of the factors governing its conditioned motor activity. If 
remaining in a definite area of the experimental room is conjoined with 
application of an inhibitory conditioned stimulus or if the positive 
conditioned reflex is extinguished while the animal is in this area, 
it acquires a negative, inhibitory value (P.S. Kupalov, 1946, 1949, 
1959; V.V. Yakovleva, 1949; O.N. Voyevodina and P.S. Kupalov, 1954; 
L.K. Gordeladze, 1953). » ^ > 

Experimental data indicating the significance of the spatial 
factor in conditioned motor activity were also btained in the inves¬ 
tigations of V.M. Kasyanov (1949), I.M. Apter (1952), I.S. Beritash- 
vili (1953, 1957, 1959), E.Sh. Ayrapet'yants (1959), and others. 
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A further study of the spatial factor or, more precisely, of the 

¡üfHÏa?iSïv,by4WhiCh dlfferent spatial areas are differentiated, was 
(1960)n the lnve8tlgatlons of p*s* Kupalov and M.M. Khananashvili 

These experiments were conducted on the dogs Buyan and Pal'ma. 

Plred,?e the fl00r t0 the animal'/right was used as 
li froñt^r ïhe í stimulus and a 55 watt bulb on a rack placed 

°f îhe feeder (square 6l) was used as the visual stimulus. 
Reinforcement was given from the feeder on table 2. 

nf durong induction of the conditioned reflex to the sound 
«Lip«« JÎ1,000?6* B^yan 3 behavior in the experimental room had an 
" f S. ^Tterí,d!írlng the intervals between the conditioned stim¬ 
uli he rapidly walked or ran about the room without staying in one 

n11 pdpvpt»oif Thf condltloned Stimulus (metronome) was then ap- 
Siífl^p oft ?Í4.times 0nly when the anlmal was accidentally passing over 
liiT2 ^¿ter SeVer?Í con'íunctions of the metronome with the dog's 
1-ni^glmnQthlS^??Ua^e, lfc was f°und bbat he more and more frequently 

di?ïoned stïmiïî°nwhPnS?hare Î* dUring th* lntervaia between the con- 
wpnî When the metronome was subsequently applied the doc 
souare ate ihe .^inforcement, and immediately returned to 
square 28, where he remained until the next application of the metro- 

tïSl'area^hêîr'th/»®?* f th? fl001, (3quare 28 > ‘hus became the spa- 

twee/the conïïtîonednstt0 StSy dUrlng the ^‘«vals be- 

However, in a number of cases the animal did not immediately 
return to square 28 after receiving the reinforcement, but walked 
over various squares for 30-60 sec and only then went to the proper 
square. On one experimental day the metronome was applied when the 
anima! did not return directly to square 28 after eating his portion 
of powdered meat biscuit, but began to wander from square to square. 
The metronome was switched on when the dog passed over square 52. He 
immediately halted and turned his head toward the metronome, i.e., 

Oflentatlon reaction was observed. Despite continued sounding 
e^1?îtronome* a condlti°ned reflex involving going to the feeder 

table did not appear in this case (see the experiments 6/VI 1955). 

The metronome was subsequently applied without alimentary rein¬ 
forcement each time that the dog passed over square 52. As before, 

«¡¡eR!?no£fn?fte ??? reinforced with food when the dog took up a position 
on square 28. Attentuation of the orientation reaction was observed 

hqn! sJcond aPP1Jcation the metronome when the dog was on square 
of'fKo6 d?g then started going to the feeder in response to the sound 
of the metronome when he was on square 52, although no reinforcement 
was given. 

The metronome was subsequently switched on 1 or 2 times during 
a?P®rlrne?bal day when the dog happened to be on square 52. After 

the 13th application of the metronome with the dog on square 52 there 

tul ?ft*-hnCre??e the latent Period of this reaction and it was on 
the loth application that the dog was first observed not to go to 

fe®d®r.at !n» remaining on square 52 for 3 sec; he looked alter¬ 
nately at the feeder and the metronome and then slowly went to square 
28 over squares 53, 5^, 55, ^9, and 35 (experiment on 2/VII 1955) 
Complete differentiation of square 52 from square 28 developed with 
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Record of Experiment on 6/VI 1955. Dog Buyan 

Muni»«- 
JIM MKXy 
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IloflôeracTK xopMyiuKC. 
nocAe can MeavieHHO xo- 9 
amt no paaxhiM ywacTKaa 
KOMHaiU 

» (1) 

2 31 

1 (2) 

2 32 

> 

» 

1 

20 

5 

10 

5 

1 

3 

1 

OpHCHTMpOBOMHaH pC8K' , „ 
UHX —CMOTpilT H3 HCT01- U 
h un sByxa, no ¿ropoHaM. 
Mepea 1 muh ctoht hi 
Knaapare 28 

rioaCcraer k KopsiyiuKe. 
flocae caw xoaht no pas* 11 
HUM yiaCTKaM KOMHaiU 

CiaCaa opiieiiTHpoBoa- 
nan peaKUHB, noaOeraer J 2 
K KOpMyiUKC. rioAKOpM Hi 
ecT. Ctoht y KopiayuiKH 
10 ce* h nanpaB.TneTca 
k Kna.ipary 28 

floaCcraeT k KopuyinKe. 
ilocae eau hact k Kaaapa* 13 
Ty 28 

Note: The number of applications of the metro¬ 
nome when the dog was on square 52 Is shown in 
parentheses . 

1) Intervals between applications of conditioned stimuli (min); 2) 
number of applications of conditionea stimulus; 3) conditioned stim¬ 
ulus; 4) action time of conditioned stimulus (sec); 5) latent period 
of conditioned reflex (sec); 6) dog's behavior under action of con- 
ditioned stimulus; 7) metronome; 8) went to feeder. Stood on square 
2o after eating; 9) went to feeder. Slowly walked through different 
areas of ro ti after eating; 10) Orientation reaction - looked at sound 
source and then to all sides. Stood on square 28 after 1 min; 11) went 
to feeder. Walked through different areas of room after eating; 12) 
weak orientation reaction, went to feeder.Did not eat reinforcement. Re¬ 
mained at feeder for 10 sec and went to square 28; 13) went to feeder. 
Went to square 28 after eating. 

ÎE11Îatî:0^0r the metronorne- This differentiation was mani- 
s ed in the .act that under the action of the same conditioned audi- 

d°6 went to the reeder if he was or: square 28 but d-d not do so if he was on square 52. 

t-hor, KÎfferemtiati?n of a new locat1cn with respect to square 28 was 
then begun. Tne metronome was applied without reinforcement as soon 
as the dog passed over square 62. On the first application of the 
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metronome he immediately went to the feeder, but did not receive 
food and returned to square 28. This reaction was also observed 
on subsequent days when the metronome was switched on with the dog 
on square 62. An increase in the latent period of the trip to the 
feeder was observed on the 10th application of the metronome with the 
dog on square 62. The conditioned reflex involving going to the feeder 
was completely absent from the 11th application onward. At the same 
time, the dog .mmediately went toThe feeder in response to the sound 
of the metronome when he was on square 28. 

The dog's next task consisted in differentiating still another 
area of the room, square 24 from square 28. He stopped going to the 
feeder on the 10th application of the metronome when he was on square 
24. The positive conditioned reflex to the sound of the metronome when 
the dog was on square 28 remained unchanged. 

During the development of differentiation of different areas of 
the room it was found that application of the metronome when the dog 
was in the "negative" areas caused it to move to the "positive" area 
(square 28), i.e., if the dog was on square 52, 62, or 24 he went to 
square 28 when the metronome was switched on; this reaction was at 
first inconsistent and occurred slowly, but as differentiation be¬ 
came fixed the dog quickly left the negative area and went to square 
28. 

I 
Still another phenomenom was observed after induction and fixa¬ 

tion of differentiation of different areas of the experimental room: 
as soon as the dog found himself on a "negative" square he left it 
before the metronome was switched on and went to square 28, i.e., 
being situated in a "negative" area caused the dog to shift to the 
"positive" area. 

Thus, if a conditioned auditory stimulus is reinforced by an 
unconditioned alimentary stimulus when the animal is in a definite 
position in the experimental room and not reinforced when he is in 
any other position, differentiation of these areas can be developed 
in him. The first stage of this differentiation consists of an orien¬ 
tation reaction to application of the conditioned auditory stimulus 
when the dog is not in his normal position in the experimental room. 
After repeated application of the auditory stimulus when the dog is 
in an unusual location, the orientation reaction becomes weaker and 
the second stage of differentiation begins; during this phase the 
animal goes to the feeder both from his normal position and from un¬ 
usual positions. 

The second stage of differentiation is characterized by gene¬ 
ralization of the conditioned spatial reflex, so that the new loca¬ 
tion acquires biological alimentary significance. The third stage 
of differentiation begins after several further applications of the 
metronome without reinforcement when the animal is in an unusual po¬ 
sition; in this phase the same auditory stimulus has a positive ali¬ 
mentary value or a negative value, depending on the animal's loca¬ 
tion. 

I i 
¡ This differentiation is based on the interna.1 inhibition that 

develops in response to the complex stimulus, which incorporates 
auditory and spatial components; however, the spatial factor is of 

! decisive importance in this case. 
* - 40 - 
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Record of Experiment on 2/VII 1955. Dog Buyan 
1 ~ 

Haiepti- 
IM MX4)' 

yr.iaiHwx 
PJWV 

( «IIN) 

3 

2.5 

1.5 

2 
Miicm 

npiiMtNt- 
HH* 

yc.ioii uoro 
l'J»4P0- 
NillTf.'l« 

VruouHuñ 
piiAPnwii- 

TC/lb 

4b 
BptMi 

AcActbn* 
yc.ioiHoro 
poiApi- 
NuiTe.m 

125 

126 

65 

(18) 

127 

128 

MeipoHOM 

8 Cbct 

MerpoHOM 
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5 

10 

5 
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(<•«) 
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riojfieracT k KopMyuiKC. 
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To *e 10 
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HUM yiacTKaM komhptu 
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na MerpoHOM, nepej 3 een 
H.inpaB.mercH k KRaapary 
28 no xBajparaM: 53 — 
54-55-49-35 

rioAÖeracT k KopMyiUKe. 
riocAe PAU cxaHOBHTca 
na KBaApar 28 
To we 

11 

12 

Note: The number of applications of the metro¬ 
nome with the dog on square 52 is shown in 

1) Intervals between applications of conditioned stimuli (min); 2) 
number of applications of conditioned stimulus; 3) conditioned stim¬ 
ulus; 4) action time of conditioned stimulus (sec); 5) latent period 
of conditioned reflex (sec); 6) dog's behavior under action of con¬ 
ditioned stimulus; 7) metronome; 8) light; 9) went to feeder. Went 
to square 28 after eating; 10) the same; 11) went to feeder. Wandered 
through different areas of room after eating; 12) looked alternately 
at feeder and metronome, went to square 28 after 3 sec over squares 
53, 5^, 55, 49, and 35. 

The induction of differentiation of spatial factors has a 
great deal in common with the development of differentiation to 
other stimuli, as studied in I.P. Pavlov's laboratory (1927). 

After induction of differentiation of different areas,appli¬ 
cation of the conditioned auditory stimulus when the animal is in 
a "unusual" position causes him to leave this area of the room. 
P.S. Kupalov (19^9) observed a similiar phenomenon in inducing 
differentiation of two different auditory stimuli; when the dif¬ 
ferential stimulus was applied the dog quickly left the position 
he was occupying and moved to another area of the room. The same 
reaction was observed during differentiation of conditioned visual 
stimuli (P.S. Kupalov and M.M. Khananashvili, 1958). 

In interpreting the nervous mechanism of this process, atten¬ 
tion is merited by the fact that the dog quite often goes from the 
"negative" area of the room to the "positive" area, which has positive 
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servedtbvyrt?hgniflÍKnCe*/This Phenomenon, which has also been ob- 
inrt?th^r aïîh?rs (v*v* Yakovleva, 19^95 L.K. Gordeladze 

among ’the^ondltloned apluafreJîaxês^ndScëf^d ^tlonsh1^ imental conditions. P renexes induced under these exper- 

Record of Experiments on 2/1 1956. Dog Al' ma 
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itlve" and "negative" Ireas SSÍeí ?„ ae?men‘,of sPace "“h "pos- 
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extinction of conditioned reflexes 

ough studyItiÎnî?P?npavlÔÏ"fiî»hned/efleîes was a suiiJeot of thor- 
research on higher nervous activitî01?^1!!!0^ fr0m the outset <>? 
phenomenon, the laws it obevs nn/fhí*16 nervous mechanism of this 
ed reflexes are resLred Saïe'beën ë?,%? ST368 by whlch bonditlon- 
Babkin, 1904; I.Ya Perel^tëve^ lonv ^D^J'8"1' authora (V.P. 
Tolochinov, 1912; E.L. Gorn, iná/êt^lf)f' Plmenov' 1907; f-f- 

ditioned^stimulus^epeated^several'bithC Pf“CeSa by “»I'» con- 

ty an uneonditioned^timulusgraduallyeioseshits ÂtïlÂ^on. 

tlonedUí;otíríSlê«sWÍêíedaítêMêíedyPeS °f extlnctlon of condl- 
or sometimes months with ordinary expe^n^ríí^h^h^r^stM6“3 
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Investlgatlon?USly 1''dUCed «"«“'■“O reflexes. Including the one 

Extinction of conditioned reflexes to visual and auditory 
stimuli by elimination of reinforcement 

sauarïeii7ir«t^e!!ÎÎPîd1P0sitlve conditioned reflexes to a mat on 
anrt 4-4^^ ^att bulb, and a 120 bpm metronome in the doe Al'ma 
and then extinguished the conditioned reflex to the lic-ht evto 

"umuîi “iiLhifhTi13 > • When -W"=«°nebXegan hthe1ohnd tionedKha‘ 
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Record of Experiment on 3/1 1956. Dog Al'ma 
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Note: The Roman numerals indicate the number 
of times the visual stimulus was not reinforced. 

1) Intervals between applications of conditioned stimuli (min); 
2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; 4) action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex (sec); 6) dog’s behavior under action 
of conditioned stimulus; 7) metronome; 8) light; 9) went to feeder; 
10) started toward table and stopped; 11) remained in place. 

V.D. Volkova conducted experiments on the dog Dzhek and Una, 
in whom she developed a stereotype of conditioned reflexes to two 
positive stimuli (a tell and a light) and one differential stimu¬ 
lus (a metronome). Each conditioned stimulus acted for 5 sec. The 
intervals between applications of the stimuli were 1 min. When ex¬ 
tinction was begun, the bell had been applied 1215 times and the 
light 1205 times for Una while for Dzhek the bell had been applied 
1210 times and the light 1201 times. Extinction started with the 
second conditioned reflex in the stereotype, that to the light. 
It was carried out by repeatedly applying the light alone without 
reinforcement (at intervals of 1 min) until this stimulus produced 
no effect at all on three successive applications. 

On the first two or three applications of the unreinforced 
conditioned stimulus the animals, as usual, immediately went to 
the feeder table (the latent period of the reaction in 0.5-1.0 sec) 
however, finding no food, they Jumped back down to the floor and 
returned to the mat. They then often went to the mat to adjacent 
squares or made circling movements on it. After 4-5 nonreinforce¬ 
ments, the latent periods of the conditioned reflexes and the time 
required to go to the feeder table increased; during the intervals 
between applications of the conditioned stimuli the animal fre¬ 
quently lay on or near the mat and sometimes went to the door. 



The reflexes then became unstable and finally disappeared alto¬ 
gether. 

The reflex to the light In Una became unstable on the 11th 
application and was extinguished on the 22nd spplication; in Dzhek 
it became unstable on the 19th application and was extinguished on 
the 2Jlth application. 

After a series of ordinary experiments with the entire stereo¬ 
type being used and the animal displaying normal conditioned-reflex 
activity, the first conditioned reflex in the stereotype, that to 
the bell, was extinguished under the same conditions. The reflex 
to the bell in Una became unstable on the 19th application and was 
extinguished on the 35th application; in Dzhelc it became unstable 
on the 23rd application and was extinguished on the 37th applica¬ 
tion. 

Thus, in both animals the reflex to the light was extinguish¬ 
ed more rapidly than that to the bell, despite the fact that the 
latter was extinguished after the former, i.e., some training had 
occurred. Considering that the condtioned reflexes to the light and 
to the bell in Dzhek and Una were of approximately equal stability, 
this can be attributed to the fact that the extinction rate of con¬ 
ditioned motor reflexes depends on the physical strength of the con¬ 
ditioned stimulus: the stronger the conditioned reflex, the more 
slowly is the reflex to it extinguished. 

The data cited show that the extinction of conditioned situ¬ 
ational reflexes follows the laws discovered in I.P. Pavlov's lab¬ 
oratory for the extinction of conditioned salivary reflexes. Thus, 
it was established that the rapidity and degree of extinction of 
conditioned situational reflexes vary in different animals under 
completely identical experimental conditions (repetition of the 
unreinforced stimulus at uniform intervals, extinction to the same 
depth, etc.). The differing rates and degrees of extinction of con¬ 
ditioned motor reflexes in different animals are dependent on the 
stability of the conditioned reflex, the degree of extinction, the 
physical strength of the conditioned stimuli, the typological char¬ 
acteristics of the animal's nervous system, etc. 

Extinction of the first trip to the feeder table 

In experiments conducted by the sancretory method under cham¬ 
ber conditions V.I. Pavlova (19^9) observed that feeding the ani¬ 
mal before the experiment usually causes some intensification of 
all conditioned reflexes, but produces the greatest increase in 
the effect of the following stimulus (the first one in the exper¬ 
iment). Discontinuation of the preexperimental eating caused a 
disruption of conditioned-reflex activity, which was specifically 
manifested in a decrease in both conditioned and unconditioned sal¬ 
ivation. This disturbance of conditioned-reflex activity lasted 
about two months. 

As was mentioned above, one of the first conditioned situ¬ 
ational conditioned reflexes formed required the animal to go from 
the door of the experimental room to the feeder. Beginning with 
the 3rd-5th experimental day, the majority of the animals went to 



the feeder table immediately on entering the room, where they al¬ 
ways received their first portion of food before the usual condi- 
tioned stimuli were applied. In the experiment of P.S. Kupalov, 
O.N. Voyevodina, and V.D. Volkova an attempt was made to extinguish 
the first trip to the feeder table in animals with stable condi¬ 
tioned situational reflexes. This investigation was conducted on 
four dogs. 

The following conditioned-reflex stereotype was Induced and 
fixed in the dog Smirnyy: on entering the room, he went to feeder 
table 1, ate the first reinforcement. Jumped down to the floor, and 
remained on the mat on square 42. When a positive conditioned stim¬ 
ulus (bell or light) was applied he went to the feeder, ate the re¬ 
inforcement, and returned to the mat; under the action of the inhib¬ 
itory stimulus (metronome) he remained on the mat. The conditioned 
stimuli were applied stereotypically at intervals of 1 min. 

In another dog, Belyy, positive reflexes were developed to 
a metronome and a light and an inhibitory reflex was developed to 
a bell; the mat was placed on square 17 and the reinforcement was 
given at table 2. 

After formation of a stereotype to a positive and two differ¬ 
ential conditioned stimuli, extinction of the first trip to the 
feeder table was begun (after 44 experiments in Smirnyy and 42 
experiments in Belyy). Despite elimination of the first feeding, 
during the first week the animals continued to go from the door of 
the experimental room to the feeder table; however, receiving no 
food, they went to the mat for several seconds and then returned 
to the table. Thus, during the first 2-3 min of the experiment they 
made 3-5 such trips and then went to the mat and sat on it until 
the first conditioned stimulus in the stereotype was applied. Dur- 
ing the first 3-5 days after extinction began there was a decrease 
In the latent period of the conditioned reflex and a slight increase 
in the rate of the motor reactions in response to application of the 
first conditioned stimulus In the stereotype; the animal did not al¬ 
ways return to the mat immediately after eating and intersignal trips 
to the feeder were observed. Conditioned-reflex activity was normal 
on subsequent days. 

Beginning with the second week, the animals went to the ta¬ 
ble on entering the room, but, not receiving food, went to the 
mat and did not again go to the table until the conditioned stim¬ 
ulus was applied. Only on the 42nd day after elimination of the 
first reinforcement did Smirnyy go immediately to the mat rather 
than to the feeder table on entering the experimental room and 
remain quietly seated until the first positive conditioned stimu¬ 
lus was applied. However, the first trip to the feeder was not sta¬ 
bly extinguiSiiSd in Smirnyy even after 526 reinforcements (exper¬ 
imental days). 

The second dog, Belyy, first went directly to the mat on en¬ 
tering the experimental room on the 33rd day after elimination of 
the first feeding, but this reaction was very rarely observed over 
the following 700 experiments. When he entered the room Belyy usu¬ 
ally went to the table, Jumped up onto it, approached the feeder. 
Inspected it for several seconds, sometimes sniffed or licked the 



empty pan, and then Jumped down to the floor and Went to the mat. 
In the rare Instances when Belyy went to the mat Immediately af¬ 
ter entering the room he remained on it for only a few seconds 
and then began to sniff adjacent squares or drank water from his 
dish, looking at the feeder from time to time and finally return¬ 
ing to the mat. 

More complex conditioned-reflex motor activity was developed 
in Boy and Dzhek than in Smirnyy and Belyy. Among the factors in¬ 
volved were the following: 1) in addition to employing 8 positive 
and 3 (rather than 2) differential stimuli in the experiment, pos¬ 
itive differentiation of the tables was induced, i.e., the animal 
received food at table 1 when some positive stimuli were applied 
and at table 2 when others were applied; 2) the stereotype was fix¬ 
ed over a longer period; 3) reinforcement was discontinued at both 
tables rather than Just one. 

The conditioned-reflex activity displayed by Boy and Dzhek 
proceeded in the following manner: on entering the room the animal 
received reinforcement first at table 1 and then at table 2 and 
went to the mat on square 25. The dog went to table 1 when the bell 
was sounded and to table 2 when the metronome was applied. The pos¬ 
itive stimuli a bell and a metronome) were applied from a shelf on 
the wall to the animal's right, while the inhibitory (differential) 
metronome was applied to his left. The conditioned stimuli were ap¬ 
plied stereotypically at intervals of from 10 to 45 sec. 

After the stereotype had been fixed in Boy over 289 experiments 
and in Dzhek over 97 experiments, investigations involving extinction 
of the first trip to both feeders were conducted. 

Elimination of the first portions of food at both tables led 
to a clear change in Boy's conditioned-reflex activity on the first 
day (experiment on 24/X 1957), which was manifested in prolongation 
of the latent periods of the conditioned reflexes to 2 sec (from 
the normal 0.5 sec), disruption of the differentiation of the ta¬ 
bles, deinhibition of the inhibitory differential stimuli, and ap¬ 
pearance of subsequent inhibition. The animals' behavior during 
the intervals between applications of the conditioned stimuli was 
also altered: the dog began to remain on the table for 25-40 sec 
after eating (as compared with the normal 1-3 sec) and did not re¬ 
turn to the mat. 

On the second and third experimental days (experiment of 26/ 
X 1957) the dog went to the feeder tables Immediately on entering 
the room but, finding no food, began to move aimlessly about the 
room, sometimes passing over the mat but not stopping on it. Since 
the conditioned positional reflex was disrupted on these days, the 
stereotypic conditioned stimuli were not applied. 

On the fourth through twelfth experimental days (experiment 
of 14/XI 1957) Boy continued to make an initial trip to the feeder 
tables. His movements about the room were still aimless, but he 
went to the mat a few minutes after the experiment began, which 
made it possible to apply the stereotypic conditioned stimuli. 
These experiments showed that the differential reflexes were dein- 
hibited and then successively inhibited during this period. 



Record of Experiment on 24/X 1957. Dog Boy 
(First day of elimination of first reinforce 
ments at both tables) 
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* Dog went to table 1 but not to table 2 and 
therefore did not receive food. 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) latent period of conditioned reflex (sec); 4) time 
required to to to table (sec); 5) eating time (sec); 6) time re¬ 
quired to return to mat (sec); 7) right-hand metronome; 8) bell; 
9) left-hand metronome. 

Record of Experiment on 26/X 1957. Dog Boy 
(Third day of elimination of first reinforce¬ 
ments at both tables) 

On entering the room the dog first werit to table 2 and then 
to table 1, but, finding no food in the feeders, ho Jumped down 
to the floor and made random movements abouo the room for 8 min 
50 sec, periodically Jumping sometimes onto table 1 and sometimes 
onto table 2. He occasionally passed over the mat but did not stop 
on it. Since the conditioned reflex involving the animal's position 
in the experimental room was clearly disrupted, the stereotypic con¬ 
ditioned stimuli were not applied and the experiment was halted af¬ 
ter 9 min. 
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Elimination of the first feeding thus caused clear and per¬ 
sistent disruptions of conditioned-reflex activity in Boy. The 
first feeding was subsequently resumed (on the 13th day) in or¬ 
der to restore normal behavior. Nevertheless, the dog periodical¬ 
ly exhibited instability of the differential reflexes and subse¬ 
quent inhibition over the following 2 months and 10 days; dis¬ 
ruption of the differentiation of the tables was observed in some 
experiments. It was only midway through the third month that the 
animal's entire induced activity returned to normal. 

Using the same sequence of experiments for the dog Dzhek, 
elimination of the first portion of food also caused material dis¬ 
ruption of higher nervous activity. It is interesting that, in ad¬ 
dition co the changes observed in Boy, Dzhek displayed a pronounced 
stereotype of impatience, i.e., he made rapid circling movements 
about the mat but did not sit on it; the motor reactions during 
the intervals between applications of the conditioned stimuli some¬ 
times had a random character, the dog going to the door, scratch¬ 
ing at it, whining, etc. It was necessary to halt the experiment 
in these cases (experiment of 17, 18, and 21/X 1957). 

It was thus impossible to completely extinguish the first 
trip to the feeder table in any of the four dogs, despite the 
very prolonged period of nonreinforcement for some of them (526 
experiments for Smirnyy and 700 for Belyy); secondly, attempts 
to extinguish the first trip to the feeder led to disruption of 
the induced conditioned-reflex motor activity. 

There arises the question of why it was more difficult to 
extinguish the first trip to the feeder from the other reflexes. 
Let us analyze the data we obtained. Animals with stably developed 
conditioned situational reflexes went from the door of the experi¬ 
mental room to the feeder table only at the beginning of the exper¬ 
iment, immediately on entering the room. During the intervals be¬ 
tween applications of the conditioned stimuli the animal sometimes 
went to the door but never went from it to the feeder table unless 
the positive conditioned stimuli were applied. What was the condi¬ 
tioned stimulus for the first conditioned motor reaction - going to 
the feeder table? It can be assumed that the first feeding reinforced 
a very complex conditioned stimulus extending over a substantial 
period of time (a delayed conditioned after-reflex) and including 
such components as the attendant's entering the vivarium, the ani¬ 
mal's path from the vivarium to the door of the experimental room, 
removal of the leash from the animal's neck, and opening of the 
door of the experimental room. The strongest components of this 
system were apparently the two latter stimuli, removal of the leash 
and opening of the door. 

The strongest stimulus of the complex acting on the animal 
when he entered the experimental room was the sight of the feeder 
from which he always received the first portion of food at the 
beginning of the experiment. The stereotypic motor activity in¬ 
duced under the conditions of the experimental room began with 
the first trip to the feeder table. 

In our experiment the entire chain of conditioned stimuli, 
including the first trip to the feeder table and the subsequent 
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1) Number of applications of conditioned stimulus; 2) conditioned 
stimulu; 3) latent period of conditioned reflex (sec); 4) time re¬ 
quired to go to table (sec); 5) eating time (sec); 6) time required 
to return to mat (sec); 7) dog went first to table 2 and then to 
table 1 but, finding no food in the feeders, Jumped down to the 
floor and made aimless movements about the room for 5 min; after 
6 min he went to the mat and sat quietly on it for 2 min; 8) right- 
hand metronome; 9) bell; 10) left-hand metronome. 

stereotype of conditioned stimuli, was linked into a single func¬ 
tional system in the animal, disruption of one link of which led 
to a change in the entire induced system. These changes were tran¬ 
sient in some animals (Smirnyy, Belyy), while in others (Boy, Dzhek) 
they were manifested in a prolonged disruption of the previously 
developed conditioned-reflex activity. All this apparently depends 
on the individual properties of the animal's nervous system, the 
complexity of the experiment, and the stability of the conditioned 
reflexes. 

Extinction of conditioned reflexes by gradual 
reduction of alimentary-center excitability 

It has long been known that conditioned alimentary reflexes 
are stronger in a hungry animal than in one that is somewhat sati¬ 
ated and that they disappear completely in an animal that is wholly 
replete, so that he refuses food. Hunger, initially developing in 
the subcortex, increases the tonus of the cortex, making Jt capable 
of conditioned-reflex alimentary activity (I.P. Pavlov, 1927; P.S. 
Kupalov, 19^6). 
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"fiSíe: The action time of each stimulus was 5 
sec. The dog remained quietly seated on the 
mat during the action of the differential lefv- 
hand metronome. 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) latent period of conditioned refiex (sec); J) t^e 
required to go to table (sec); 5) eating time (sec), 6) Jime re 
quired to return to mat (sec); 7) bell; 8) right-hand metronome; 
9) left-hand metronome; 10) record of experiment involving anfi 
mal's usual conditioned-reflex activity. 

V.D. Volkova set herself the task of determining how and in 
what sequence the induced conditioned-reflex motor activity of an 
animal is altered when he is gradually satiated by repeated con¬ 
junction of the conditioned stimuli with food on a single experi¬ 

mental day. 

These investigations were conducted on 5 dogs with a stably 
induced system of conditioned reflexes consisting of 8 positive 
and 2 differential stimuli. The conditioned stimuli were applied 
stereotypically. The reinforcement was 15z of powdered meat bis¬ 
cuit wetted with water (1:1) and lOz of mea . 

On the day of the extinction, after an ordinary experiment 
had been conducted, the dog was taken from the room for 3-5 min, 
during which time food was placed in the feeder, and then brought 
back for another experiment; this was repeated until all the in¬ 
duced conditioned motor reflexes had been completely extinguished. 

By way of illustration, let us consider in greater detail the 
extinction of conditioned situational reflexes in the dog Dzhek 
by gradual satiation (Table 3; record of experiment on 18/IX 1961). 



ecord of Experiment on l8/X 1957. Dog Dzhek 
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* Went to door, 
•* Positive differentiation of tables dis¬ 
rupted, i.e., dog went to table 2 In response 
to conditioned stimuli to which a conditioned 
reflex involving going to table 1 had been 
formed, and vice versa. 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) latent period of conditioned reflex (sec); H) time 
required to go to table (sec); 5) eating time (sec); 6) time re¬ 
quired to return to mat (sec); 7) first eating at both tables; 
8) bell; 9) right-hand metronome; 10) left-hand metronome; 11) 
went to door but not to mat. Experiment discontinued. 

V 

It can be seen from Table 3 and the experimental record that 
the extinction of Dzhek's situational conditioned reflexes during 
gradual satiation began with an increase in the latent periods of 
the conditioned reflexes and a decrease in the rate of the motor 
reactions. The reflexes then became unstable and finally were com¬ 
pletely extinguished. In this case it became clear that the condi¬ 
tioned reflexes to the weakes conditioned stimulus (the light) were 
inhibited first, followed by those to the stronger stimuli (the 
bell and the sound of the feeder). The last to be extinguished were 
the reflexes to the natural conditioned alimentary stimuli — the 
sight and odor of the food. After 3-^ consecutive experiments, Dzhek's 
behavior during the intervals between applications of the conditioned 
stimuli was altered: he began to remain on the table after eating, 
did not always go immediately to the mat on Jumping down to the 
floor, began to wander about the room, examining and sniffing the 
floor and the objects on it, went to the door, sometimes Jumped up 
onto table 2, where he had never before received food, etc. 
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Record of Experiment on 21/X 1957. Dog Dzhek 
(Fourth day after discontinuation of first 
feeding) 
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1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) latent period of conditioned reflex (sec); 4) time 
required to go to table (sec); 5) eating time (sec); 6) time re- 
quired to return to mat (sec); 7) bell; 8) right-hand metronome; 
9) left-hand metronome; 10) jumped up onto table but, not receiv¬ 
ing food. Jumped down to floor and moved randomly about room, some- 
times going tw door, scratching at it, and whining or Jumping onto 
tables; the animal then made circling movements about the mat, uri¬ 
nated, deficated, and panted. The experiment was halted. 

These regularities in reflex extinction were also observed 
in the other four dogs (Table H). 

was further found that the alimentary excitability at 
which the conditioned motor reflexes were completely extinguished 
was not always reduced to the null level, since if the same ani¬ 
mals were given food (meat and powdered meat biscuit) outside the 
experimental room after the experiment involving complete extinc- 
tion of the conditioned reflexes, they often ate a certain amount 
of meat (50-100 g). 

Different animals behaved differently in the experimental 
room after complete satiation: Una returned to the mat after eat- 
ing, lay down on it, rested her head on her front paws, and did 
not subsequently react either to application of the usual distant 

nfd stlmuli or t0 the sound of the feeder. This indicates 
that the inhibition apparently irradiated from the alimentary cen¬ 
ter to definite areas of the motor analyzer. 

For other dogs the conditioned stimuli did not always become 

been1eítiLíifhííer»ení the condltioned reflexes had 
animal1 î 'ïïl °ften caused various motor reactions: some 
animals began to sniff the mat or move to adjacent squares or 
went to the water dish and drank when the conditioned stimuli were 
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TABLE 3 

Extracts from Records of Experiments Conducted 
on Dog Dzhek on Day of Extinction of Condi¬ 
tioned Situational Reflexes by Gradual Satia¬ 
tion 

1) Experiment No. on day of extinction; 2) latent periods of con¬ 
ditioned reflexes (sec); 3) time required to go from mat to feeder 
(sec); 4) note; 5) went immediately to feeder table under action 
of bell or light, ate food, and returned to mat. Remained on mat 
under action of metronome. Sat quietly on mat during intervals be¬ 
tween applications of conditioned stimuli. Eating time 10-15 sec; 
6) the same; 7) eating time decreased to 8-12 sec because dog did 
not eat entire portion of powdered meat biscuit in tray. He did 
not always immediately return to the mat after eating. In some 
cases he went to door (for 2-3 sec); 8) the same. Latent periods 
of conditioned reflexes to light and time required to go to table 
Increased; 9) the same as in 5th experiment; 10) reflex to light 
became unstable. Dog ate only meat from feeder. Trips to door be¬ 
came more frequent. Twice drank water from dish. Sometimes sat on 
mat facing away from feeder; 11) conditioned reflex to light ab¬ 
sent. Latent periods of conditioned reflexes to bell increased at 
beginning of experiment and reflexes then became unstable. 



Record of Exporimont on 18 September 1961. 
Dog Duhek (9th Experiment on Day of Extinc¬ 
tion) 
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1) Intervals between applications of conditioned stimuli (min); 
2) number of applications of conditioned stimulus on day of ex¬ 
tinction; 3) conditioned stimulus; 4) action time of conditioned 
stimulus (sec); 5) latent period of conditioned reflex (sec); b) 
dog's behavior under action of conditioned stimulus; 7) bell; 8) 
light; 9) eating time 3 sec. Ate only meat. Stood near feeder for 
4 sec after eating and then Jumped to floor and went to door. 
Stood near door for 12 ’’■ec and then went to mat; 10) remained 
quietly standing on mat. Immediately went to table after 7 sec in 
response to sound of feeder, ate meat, and returned to mat; 11) 
went to feeder, ate. Jumped from table to floor, went to door, 
stood quietly near loor for 5 sec, went to water dish, drank, and 
returned to mat; 12) went very slowly to feeder, ate. Jumped down 
to floor, went to door, scratched at it, and returned to mat af¬ 
ter 38 sec; 13) sat quietly on mat; 14) went slowly to mat, looked 
at food but did not touch it, Jumped from table to floor after 6 
sec, and went to door. Remained near door for 6 sec and then re¬ 
turned to mat; 15) sat quietly on mat for 5 sec. Light was then 
switched off and feeder simultaneously switched on; the dog went 
immediately to the table in response to the sound of the feeder, 
took a piece of meat from the tray, went straight back to mat, 
and only then slowly ate; 16) the same reaction as on the 
application of the bell, i.e., dog went to feeder, only lookp at 
food, immediately Jumped down to floor, went to door, began to 
scratch at it, and whined, this occupying 2 min. The subsequent 
stereotypic stimuli were applied against this background; 17) re¬ 
mained standing at door, whined; lo) remained standing at door 
and scratched at it. Did not react to sound of feeder; 19) 
scratched vigorously at door and barked. Did not react to sound 
of feeder; 20) experiment halted. 



TABLE ¿l 

Rate of Extinction of Conditioned Motor Re¬ 
flexes in Different Dogs 
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•The latent periods of the conditioned re¬ 
flexes to the light and the bell in Una re¬ 
mained at 1 sec until the reflexes were com¬ 
pletely extinguished. 

1) Dog's name; 2) with which application of reinforced conditioned 
stimulus; 3) latent period of conditioned reflex increased; in 
response to bell; 5) in response to light; 6) reflex extinguished; 
7) during which experiment all reflexes were completely extin¬ 
guished; 8) Una; 9) Sputnik; 10) Dzhek; 11) Belyy; 12) Sharik. 

applied. Other animals began to run aimlessly about the room, 
sometimes went to the door and scratched at it, barked and whined 
loudly, and sometimes exhibited frequent urination and defecation. 
The behavior of the animals in the latter group can be said to 
have been neurotic in character. Similar phenomena were observed 
by N.P. Murav'yeva (19*18) in experiments conducted on dogs by the 
secretory conditioned-reflex method when the portion of food given 
the animal was suddenly reduced from 20 to 2 g, as well as by R. 
Ploru and M. Sterescu (1958) in experiments conducted by the situ¬ 
ational conditioned-reflex method when the animal was completely 
satiated. The nervous mechanirm of these motors can apparently be 
regarded as the result of positive induction from the Inhibited 
areas of the cerebral cortex. 

On the 2nd-3rd day after complete extinction of the situa¬ 
tional conditioned reflexes, conditioned-reflex activity returned 
to normal in some animals, while others displayed a slight in¬ 
crease in the latent periods of the conditioned reflexes and a 
decrease in the speed with which they moved to the feeder. At 
this time the animals ate only the meat and did not touch the pow¬ 
dered meat biscuits; all the dogs exhibited a reduced appetite. 

The foregoing shows that gradual satiation, which causes a 
reduction in the functional level of the alimentary center, leads 
to gradual disruption of the animal's entire induced alimentary 
conditioned-reflex motor activity. Overloading of th physiologi¬ 
cal mechanisms that regulate the ratio of conditioned excitation 

- 57 - 



to unconditioned excitation may also occur In this case. R. Floru 
and M. Sterescu (1958) had previously arrived at a similar conclu¬ 
sion. 

The repetition of stereotypic motor activity observed in some 
animals when alimentary excitation was absent or at a very low 
level shows that this activity (at a definite decree of reinforce¬ 
ment) may to some extent be independent of alim ntary excitation; 
the entire experimental setup apparently plays a definite role in 
the active repetition of this induced motor activity (R. Floru 
and M. Sterescu, 1958; R. Floru and M. Sterescu-Volanskaya, 1959; 
I.S. Beritov, 19cl; P.S. Kupalov, 1962; et al.). 

Moreover, investigations involving extinction and reinforce¬ 
ment of conditioned motor reflexes showed that, when necessary, 
3-6 consecutive experiments can be conducted on an animal during 
the same day, i.e., a comparatively large number of conditioned 
stimuli (30-50) can be applied without disrupting the animal’s 
induced conditioned-reflex motor activity. 

Conditioned situational reflexes can thus be extinguished by 
a gradual reduction of alimentary excitability. The reflexes to 
the conditioned stimuli of least physical strengh are inhibited 
first, followed by those to stronger stimuli. After complete sati¬ 
ation, both artificial and natural conditioned reflexes are in- 
hibited. 

Satiation results in overloading of the mechanisms that regu¬ 
late conditioned and unconditioned excitation; in some animals 
this is manifested over the following 1-2 days in a change in 
normal higher nervous activity. 

After complete satiation of some animals with stable reflexes, 
the stimulus furnished by the experimental setup becomes capable 
of independently activating the induced system of conditioned mo¬ 
tor reactions. 

Formation of Conditioned Inhibition 

During development of conditioned salivary reflexes in I.P. 
Pavlov’s laboratory (1909) it was established that, if an indif¬ 
ferent stimulus was conjoined with a conditioned stimulus to which 
a stable conditioned reflex had previously been formed and the 
two stimuli were then no longer conjoined with reinforcement, the 
action of the new agent had two phases. The stimulus had an ac¬ 
tive effect during the first phase and took on the role of an in¬ 
hibitory agent during the second phase. 

There have now been many works devoted to the characteristics 
of the formation of conditioned inhibition in animals (K.N. 
Krzhishkovskiy, 1909; Q.V. Fol'bort, 1912; O.M. Chebotareva, 1913; 
D.S. Fursikov, 1922, and many others). 

In our laboratory, M.M. Khananashvili, V.I. Syrenskiy, and 
V.D. Volkova have induced conditioned inhibition in dogs by the 
situational conditioned-reflex method. 



In M.M. Khansnashvili's experiments, which were conducted on 
the dog Sharik, conditioned inhibition was induced in the follow¬ 
ing manner: after a 60 hz tone had sounded for 5 sec, it was con¬ 
joined with a watt bulb to which a stable conditioned motor re¬ 
flex had previously been developed, their Joint action lasting 15 
sec. This combination of conditioned stimuli was not reinforced. 
The dog remained quietly standing on the mat during the first 
three appUcations of the tone, i.e., it continued to be an in¬ 
different stimulus, and when it was conjoined with the visual 
stimulus the dog went to the feeder in precisely the same manner 
as he had done when the light acted alone. After the 5th applica¬ 
tion of the inhibitory conditioned stimulus, the animal went to 
the feeder when the tone was sounded alone. The trips to the 
feeder became less frequent after the 7th application of the in¬ 
hibitory combination and the conditionecTinhibition became stable 
after the 16th application. 

In V.I. Syrenskiy’s experiments, which were performed on the 
dogs Igrun and Trus, a bell was applied first and, after 3 sec, 
it was conjoined with a crackling noise having a positive signal 
value when applied separately. These stimuli acted simultaneously 
for 10 sec without subsequent reinforcement. Igrun failed to go 
to the table after the second application of these stimuli, while 
13 applications were required for this to occur in Trus. The con¬ 
ditioned inhibition became stable in the first dog after 10 appli¬ 
cations of the conditioned inhibitory stimulus combination and in 
the r-econd dog after applications. 

Conditioned inhibition was induced in Sharik, Belyy, Dzhek, 
Una, and Sputnik in the following manner (experiments performed 
by V.D. Volkovs.). A new stimulus (a 600 hz tone) was applied 5 sec 
after the action of a positive conditioned stimulus (a light) be¬ 
gan and the new agent was then conjoined with the positive condi¬ 
tioned stimulus. This combinaticn of stimuli continued to act for 
15 sec and was not reinforced with food. The conditioned inhibi¬ 
tory stimulus was the second one applied. 

Let us discuss the formation of conditioned inhibition in the 
dog Dzhek in greater detail. He remained quietly on the mat during 
the first two applications of the tone and went to the feeder ta¬ 
ble when the light was conjoined v:ith it (the latent period of 
the reaction being 0.5-1.0 sec). The following reaction was ob¬ 
served on the third application of the conditioned inhibitory 
stimulus: as soon as the tone was applied the dog Jerked forward 
and left t ie mat, but he then abruptly slowed down and returned 
to the mat. When the light was switched on he went to the mat on¬ 
ly after 3 sec. The latent periods of the conditioned reflexes to 
other stimuli were also somewhat prolonged on this day. The re¬ 
flex became unstable between the 6th_ and 17th applications of the 
conditioned inhibitory combination and stable conditioned inhibi¬ 
tion developed after the 18th application (Table 5). 

Figure 7 shows the change in the latent periods of the con¬ 
ditioned motor reflexes of the dogs under investigation under the 
action of the conditioned inhibitory stimulus combination. It can 
be seen from the figure that the rate at which the conditioned in¬ 
hibition appeared and became stable differed in different animals. 
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It proved impossible to obtain stable conditioned Inhibition In 
Belyy even after 50 applications of the conditioned inhibitory 
combination without reinforcement, while in Una conditioned inhi¬ 
bition appeared after the 8th application and became stable after 
the 10th application. 

Pig. 7. Change in latent periods of conditioned motor reflexes in 
dogs Una (a), Sputnik (b), Dzhek (c), Belyy (d), and Sharik (e) 
during formation of conditioned inhibition. The number of applica 
tlons of the conditioned inhibitory stimulus is shown along the 
abscissa and the latent period of the conditioned motor reflex in 
seconds is shown along the ordinate. 

TABLE 5 
Rate of Formation of Conditioned Inhibition 

1) Dog's name; 2) on which application latent period of condi¬ 
tioned reflex increased; 3) on which application conditioned in 
hlbltlon: *0 appeared; 5) became stable; 6) Una; 7) Sputnik; 8) 
Dzhek; 9) Belyy; 10) Sharik. 

Thus, the periods required for formation of conditioned in¬ 
hibition with the animal moving freely about the experimental room 
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were the same as those previously established by the secretory 
method in I.P. Pavlov's laboratory. The difference in the rates 
at which conditioned inhibition was formed in the various animals 
indicates differences in the typological characteristics of their 
higher nervous activity. 

Formation of Delayed Conditioned Reflexes 

It was demonstrated in I.P. Pavlov's laboratory (experiments 
conducted by P.M. Nikiforovskiy) that, if a conditioned reflex to 
a light with reinforcement after 30 sec was first formed and an 
unconditioned stimulus (acid) was then applied after 3 min, a so- 
called delayed conditioned reflex developed, i.e., no saliva was 
produced during the 1st and 2nd minutes and onl> during the 3rd 
minute, before the acl<ï was applied, did saliva appear. AnalysTs 
showed that the delay resulted from development of internal inhi¬ 
bition. 

A number of works by I.P. Pavlov and his students were subse¬ 
quently devoted to research on retardive inhibition (I.V. Zavad¬ 
skiy, 1908; F.S. Grosman, 1909; V.M. Dobrovol'skiy, 1911; N.I. 
Leporskiy, 19II; S.I. Potekhin, 1911; E.L. Gorn, 1912; G.V. Fol'- 
bort, 1912; M.Ya. Bezbokaya, 1913; V.M. Arkhangel'skiy, 1924; 
M.K. Petrova, 1929; V.V. Yakovleva, 1926; P.S. Kupalov. 1926b, 
1929b; A.G. Ivanov-Smolenskiy, 1932; F.P. Mayorov, 1938; D.I. So- 
loveychik, 1940; A.O. Dolin, 1940; et al.). 

We studied the dynamics of the induction of delayed motor 
conditioned reflexes, the efficiency of the delay, and its equili¬ 
bration with the excitation process in 4 dogs. 

In V.D. Volkova's investigations on 2 dogs (Dzhek and Una) a 
system of briefly delayed (by 5 sec) conditioned motor reflexes, 
including both positive (bell and light) and inhibitory (metro¬ 
nome) stimuli, was induced first. After this system of reflexes 
had become stable, a delayed reflex with a lag of 1 min was devel¬ 
oped to one of the stimuli (the light). It must be kept in mind 
that reinforcement was always accompanied by the sound of the 
feeder in our investigations. In forming a delayed conditioned 
reflex with a lag of oO sec to the light, V.D. Volkova was thus 
actually inducing a reflex to a complex stimulus, the light and 
the noise of the feeder. Let us consider the formation of the de¬ 
layed conditioned reflex in the dog Dzhek in greater detail. 

We observed the following changes in Dzhek's induced condi¬ 
tioned-reflex activity after the delay in reinforcement was in¬ 
creased from 5 to 60 sec: as usual, the dog went immediately to 
the table when the light was switched on and approached the 
feeder but, finding no food, he sniffed the tray, scratched at it 
with a paw, and, after 6 sec, jumped down to the floor and re¬ 
turned to the mat. After remaining on the mat for 5 sec, he re¬ 
turned to the feeder and then went back to the mat. After 60 sec, 
he went to the table in response to the noise made when the 
feeder was switched on and received food. 

From the second to the seventh applications of the delayed 
conditioned stimulus, the dog went to the table and, finding no 
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Reoord of Experiment on 4 May 1962. Dog Duhek 
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1) Intervals between applications of conditioned stimuli (min); 
2) number of applications of conditioned stimulus; 3) conditioned 
stimulus; 4) action time of conditioned stimulus (sec); 5) latent 
period of conditioned reflex (sec); 6) dog’s behavior under ac¬ 
tion of conditioned stimulus; 7) bell; 8) light; 9) metronome; 
10) immediately went to feeder; 11) turned head, looked at light, 
but remained on mat. After 60 sec, immediately went to table in 
response to sound of feeder being switched on; 12) stood quietly 
on mat at first, but after *13 sec began to shift paws on mat and 
look at light. After 60 sec, went to table in response to sound 
of feeder; 13) stood quietly on mat; 1*1) went to feeder; 15) 
stood quietly on mat. Went to table in response to sound of 
feeder; 16) looked at light and stood on mat. After 60 sec, went 
to table in response to sound of feeder. 

food in the feeder. Jumped down to the floor and returned to the 
mat. Remaining on the mat, he attentively looked from the feeder 
to the sources of the conditioned stimuli; he sometimes made cir¬ 
cular movements on the mat or shifted his paws. He went to the 
table only when he heard the sound of the feeder. 

Beginning with the 8th application of the delayed stimulus, 
the latent period of the conditioned motor reflex increased to 
l%-3 sec (as against the normal %-l sec); after going to the ta¬ 
ble, the dog usually stood quietly on the mat until the feeder 
was switched on. 
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On the 19th application of the retardive conditioned stimu¬ 
lus, the dog went not to the feeder table but to the door and lay 
down near it, but he returned to the mat after sec. There was 
an increase in the latent period of the reaction to the briefly 
delayed positive conditioned stimulus (the bell), which followed 
the retardive stimulus. The delayed reflex subsequently became un¬ 
stable and was totally extinguished after the 2^tli application; 
when the light was switched on the dog either remained sitting on 
the mat or just barely turned his head toward the lamp, looked at 
it, and sometimes licked his chops, but he did not move from the 
mat until the feeder was switched on (see the experiment on 4 May 
1962). 

Despite 100 conjunctions of the retardive conditioned stimu¬ 
lus with reinforcement, the animal remained on the mat when the 
light was applied and went to the feeder only when he heard it 
being switched on. However, it must be noted that the animal some¬ 
times took up a more active pose 40-50 sec after the light was 
applied: if he were sitting or lying on the mat, he stood up, 
shifted from paw to paw, and began to look from the feeder to the 
sources of the conditioned stimuli. Similar phenomena were ob¬ 
served in the dog Una. 

In O.N. Voyevodina's investigations (1956), which were con¬ 
ducted on the dogs Al'ma and Reni, a conditioned reflex was first 
formed to a metronome with a delay of 5 sec and a delayed condi¬ 
tioned reflex was then induced to a complex sequential stimulus 
consisting of a 250 watt bulb (120 sec for Reni and 150 sec for 
Al'ma), a 10-sec pause (with the light switched off), and the pos¬ 
itive conditioned stimulus (metronome) acting for 5 sec. While 
the first applications of the retardive conditioned stimulus 
caused the dogs to run to the table and Jump up onto it, on sub¬ 
sequent applications they merely went to the table, jumped onto 
the bench, and returned to the mat. Beginning with the 10th-15th 
application of the retardive conditioned stimulus, the animals 
either did not react to the light or took 1-2 steps forward and 
stopped; they went to the table only when the metronome was 
switched on. The reaction to the retardive conditioned stimulus 
subsequently changed: the animals lay down on the mat 20-40 sec 
after the light was switched off and then left the mat and went 
to the feeder only when the light was switched on (after 120-150 
sec) or when the metronome was sounded. 

Analysis of the experimental data thus shows that a dog ex¬ 
hibits a conditioned motor reflex to a retardive conditioned 
stimulus only in response to the component of the stimulus closest 
to the reinforcement. The active phase of the delayed motor re¬ 
flex is manifested in preparation for the execution of the condi¬ 
tioned reflex (the dog gets up from the mat, begins to shift his 
paws, turns his head toward the conditioned and unconditioned 
stimuli, etc.). 

Conflict of Conditioned Reflexes 

It was shown in I.P. Pavlov's laboratory that a so-called 
conflict, the impingement of stimulatory and inhibitory processes, 
is one of the factors capable of causing a disruption of higher 

- 63 - 



nervQiis activity in animals (I.P. Pavlov, 1925; I.P. Razenkov, 
inoo Petrova» !926; L.N. Fedorov, 1928; D.I. Soloveychik, 
1928; V.V. Stroganov, 1928; 1.0. Narbutovich, 1928; I.V. Malkiman, 
193b; et al.). We became interested in conducting similar investi¬ 
gations during the induction of conditioned situational reflexes. 

In investigations conducted on the dogs Akkord and Dzho, 
O.N. Voyevodina developed positive conditioned reflexes (going to 
table 1) to the light of a 200 watt bulb and to a 120 bpm metro¬ 
nome located to the right of the feeder table and two inhibitory 
differentiated reflexes to the light of a 40 watt bulb and to a 
120 bpm metronome differing from the positive metronome in its 
pitch and in its location in the experimental room, being posi¬ 
tioned to the left of the feeder. A total of 8 positive and 6 dif¬ 
ferential conditioned stimuli were applied on each experimental 
?n£*'acting stereotypically (record of experiment on 11 December 
19bJ In investigations conducted by V.D. Volkova on the dogs 
DzheK, Una, Sharik and Sputnik, positive conditioned reflexes 
were induced to a bell and a light and an inhibitory differential 
reflex was induced to a metronome; in Belyy positive conditioned 
reflexes were developed to a metronome and a light and an inhibi¬ 
tory reflex was developed to a bell. A total of 8 positive and 2 
differential conditioned stimuli were applied stereotypically on 
each experimental day. 

After the stereotype of conditioned reflexes became stable, 
three types of experiments involving conflict among basic nervous 
processes were conducted. 

In the first type of experiment the inhibitory conditioned 
stimulus was applied one second after the positive stimulus and 
the two stimuli then acted together for 15 sec. This test was at 
first conducted once in a single experiment and, after 7-10 days, 
was repeated on three consecutive days (once in each experiment). 
The second type of experiment differed from the first only in the 
fact that the differential stimulus was conjoined with the posi¬ 
tive stimulus 0.5 sec after the latter began to act (record of ex¬ 
periment on 12 December 1961). In the third type of experiment 
the inhibitory stimulus was applied first and then conjoined with 
the positive stimulus after one second. None of these stimulus 
combinations were reinforced with food. The intervals between the 
first and second types of conflict experiments were 7-15 days, 
while those between the second and third types were approximately 
one year. 

The latent period of the conditioned motor reaction, i.e., 
the time from application of the conditioned stimulus to the be¬ 
ginning of the motor act, was usually 0.5 sec in all the animals 
investigated. 

The following phenomenon was observed in all the animals as 
a result of the conflict between excitation and inhibition in the 
first type of experiment: the animal immediately went to the 
feeder table when the positive conditioned stimulus was applied; 
application of the inhibitory conditioned stimulus after 1 sec 
(wl\ile the positive stimulus was still acting) did not disrupt 
the course of the conditioned motor reaction already in progress 
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and had no effect on subsequent conditioned reflexes or on the 
animal's general behavior (see the experiment on 15 December 1961, 
witn the dog Akkord). 

Similar rebults were obtained for 5 of 7 animals in the sec¬ 
ond type of experiment, but two dogs (Akkord and Belyy) exhibited 
only a prolongation of the latent period of the conditioned motor 
reflex to 2 sec (see the experiment on Akkord on 12 December 1961). 

The dogs displayed different reactions in the third type of 
experiment, in which the inhibitory conditioned stimulus was ap¬ 
plied first and then conjoined with the positive stimulus after 
one second. Thus, for example, the conflict did not cause any 
changes in higher nervous activity in Dzhek, Una, or Sputnik: they 
remained quietly on the mat when the inhibitory stimulus was ap¬ 
plied and went to the feeder table when the positive stimulus was 
applied, but, finding no food in the feeder, they Jumped from the 
table to the floor and returned to the mat. Sharik also remained 
quietly on the mat when the inhibitory stimulus was applied and 
went to the feeder table when it was conjoined with the positive 
stimulus; he looked at the empty feeder tray for 5 sec and then 
Jumped from the table and went back to the mat. However, after 
standing on the mat for 5 sec, he began to walk around the room 
and whine; he again returned to the mat after 35 sec. The remain¬ 
der of Sharik's conditioned-reflex activity was normal both on 
the day of the conflict and on subsequent days. In Dzhek, Malysh, 
and Akkord, the conflict caused a prolongation of the latent pe¬ 
riod of the conditioned motor reflex (to 2-3 sec) and an increase 
in the time required to reach the feeder table. 

Record of Experiment on 11 December 1961. Dog 
Akkord 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); *0 latent 
period of conditioned reflex (sec); 5) reinforced; 6) dog's behav- 
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ior under action of conditioned stimulus; 7) metronome; 8) light; 
9) yes; 10) no; 11) under action of positive conditioned stimuli 
dog went to table 1, ate food, and returned to mat; remained 
standing on mat under action of inhibitory stimuli. 

Record of Experiment on 12 December 1961. Dog 
Akkord 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); 4) latent 
period of conditioned reflex (sec); 5) reinforced; 6) dog’s behav¬ 
ior under action of conditioned stimulus; 7) metronome; 8) light; 
9) yes; 10) no; 11) went to feeder table after 2 sec, stood on 
table and looked at empty tray for 5 sec, then Jumped down to 
floor and returned to mat. 

Our investigations thus showed that if, in setting up the 
conflict, the inhibitory conditioned stimulus was applied during 
the first 0.5 sec of the action of the positive stimulus, i.e., 
during the latent period of the conditioned motor reflex, the con¬ 
ditioned reflex was not altered; its latent period was occasion¬ 
ally somewhat prolonged. If the inhibitory stimulus began to act 
at the end of the first second, i.e., while the conditioned motor 
reflex was in progress, it affected the course of the reflex. 

If the inhibitory conditioned stimulus was applied first and 
then conjoined with the positive stimulus after one second, the 
conditioned-reflex activity of some dogs remained unchanged, 
others exhibited an increase in the latent period of the condi¬ 
tioned motor reflex and a prolongation of the time required to 
reach the table, and still others displayed increased motor ac¬ 
tivity during the intervals between applications of the condi¬ 
tioned stimuli; only one dog (Belyy) failed to respond to the pos- 
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itive stimulus with a conditioned motor reflex. When the positive 
conditioned stimulus (metronome) was applied while the inhibitory 
stimulus (bell) was acting, Belyy merely turned his head slightly 
and looked toward the feeder, but did not leave the mat (see the 
experiment on April 1963). 

The animals' conditioned-reflex activity proceeded normally 
on subsequent applications of the positive and inhibitory condi¬ 
tioned stimuli (see the experiment on 24 April 1963). 

It can be seen from the data presented that, despite repeated 
conflicts, there were no severe or persistent changes in the 
higher nervous activity of the experimental animals under the 
aforementioned experimental conditions, which can evidently be at¬ 
tributed both to the high lability of the nervous processes in 
the motor analyzer and to the typological characteristics of the 
animals' nervous systems, which were of the "strong" type. 

Record of Experiment on IS December 1961. Dog 
Akkord 

i 
« 

noMSf UM CO01KI npa atlcraM 
ycjioiHoro puApaumna 

Cpaiy no^axaMMCiM 1, 
7 c K cToa/ia na ctom ■ 
CMorpcJia na nycryio aatuay. 
sarcM cnpu hvm m dm a 
Bcraaa aa Koapai 

— ' Aa 
0,6 H«t 
— Aa 
0.6 Htr 
— A* 
0.5 

0.5 
0.6 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); 4) latent 
period of conditioned reflex (sec); 5) reinforced; 6) dog's behav¬ 
ior under action of conditioned stimulus; 7) metronome; 8) light; 
9) yes; 10) no; 11) went ? mediately to table 1, stood on table 
and looked at empty tray for 7 sec, then jumped to floor and re¬ 
turned to mat. 

Modification of Conditioned Reflexes 

In A.T. Selivanova's experiments on the dogs Dzhek and Tobik, 
situational conditioned reflexes were induced to a bell, a metro¬ 
nome, and a light and an inhibitory differentiated reflex was 
formed to a buzzer. The conditioned stimuli were applied stereo- 
typically. After the stereotype had become stable, one of the pos¬ 
itive conditioned reflexes (to the bell) was converted to a nega- 
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Record of Experiment on 24 April 1963. Dog 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); *1) latent 
period of conditioned reflex (sec); 5) reinforced; 6) animal's be¬ 
havior under action of conditioned stimulus; 7) 120 bmp metronome; 
8) light; 9) bell; 10) metronome; 11) yes; 12) no; 13) went to 
feeder, ate, and returned to mat; 1¾) the same; 15) remained qui¬ 
etly on mat; 16) went to feeder; 17) turned head slightly and 
looked from feeder to conditioned stimuli, but did not leave mat. 

tive reflex and the negative reflex (to the buzzer) was converted 
to a positive reflex. 

In Dzhek, the positive conditioned stimulus (the bell) was 
converted to a negative stimulus after 7 unreinforced applica¬ 
tions, while the negative stimulus (the buzzer) was converted to 
a positive stimulus after 19 reinforced applications; the latent 
period of the conditioned reflexes to the buzzer was 3-^ sec be¬ 
tween the 19th and 29th applications (as against the normal 1 sec) 
and 1 sec afFer the 3ffEh application. 

The negative conditioned stimulus was converted to a positive 
stimulus for Tobik after 10 reinforced applications, but complete 
differentiation to the bell could not be induced even by 300 ap¬ 
plications of this stimulus without reinforcement. 

Since it is known that the rate at which a positive condi¬ 
tioned reflex is converted to an inhibitory reflex or an inhibi¬ 
tory reflex is converted to a positive reflex characterizes the 
lability of the nervous processes in the animal in question, it 
can be assumed that the differing rates observed for modification 

- 68 - 



Record of Experiment on 25 April 1963. Fog 
Belyy 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); *0 latent 
period of conditioned reflex (sec); 5) reinforced; 6) animal's be¬ 
havior under action of conditioned stimulus; 7) 120 bpm metronome; 
8) light; 9) bell; 10) yes; 11) no; 12) went immediately to feeder 
table under action of metronome and light; remained quietly on 
mat under action of bell. 

of conditioned situational reflexes in different dogs resulted 
from differences in their type of higher nervous activity. 

The qualitative changes in the significance of the condi¬ 
tioned stimuli (modification) for the animals we investigated did 
not produce any disruptions of higher nervous activity. 

FORMATION OF SITUATIONAL CONDITIONED REFLEXES BASED ON IMITATION 

Imitation plays an important role under the natural condi¬ 
tions of animal life, since it forms the basis for expansion of 
individual experience by learning nonhereditary adaptive reactions 
from other individuals. This process has been studied by many re¬ 
searchers (P.P. Kapterev, I898; L.T. Hobhouse, 1901; A.D. Kinne- 
man, 1902; H.S. Berry, 1906 and I908; E.L. Thorndike, 1911; W. 
Keller, 1930; V.M. Borovskiy, 1936; A.N. Promptov, 19^, 19^7 and 
19^8; G.Z. Roginskiy, 19^5 and 19^8; B.I. Khotin, 19^7; A.G. Pol¬ 
yakova, 1956 and 1958; et al.). 

The Pavlovian conditioned-reflex method has substantially ex¬ 
panded our opportunities for the experimental study of imitation. 
This technique has been employed to study imitation in fish (B.G. 
Voronin, 1957; L.B. Kozarovitskiy, I96I; et al.), birds (N. Popov, 
1927; B.I. Bayandurov, 1928; M. Akhmeteli, 19^0 and 1941; et al.), 
dogs (V.Ya. Kryazhev, 1928, 1940 and 1955; M.P. Shtodin, 1941 and 
1947; et al.), and monkeys (V.Ya. Kryazhev, 1940 and 1955; M.P. 
Shtodin, 1941 and 1947; L.G. Voronin, 194? and 1957; L.G. Voronin 
and G. I. Shirkova, 1948; G.I. Shirkova, 1961; et al.). 
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V.Ya. Kryazhev's Investigations on dogs are of particular 
Interest to us. Kryazhev (1955) showed that the sight of an ali¬ 
mentary action by another animal causes changes in respiration, 
general motor reactions, and salivation; similar reactions are 
displayed to certain components of the act of eating, e.g., the 
sight of a human making chewing movements. It was also established 
that an "observer dog" responds to a protective reaction on the 
part of another animal with motor restlessness, panting, whining, 
humoral changes, etc. 

Kryazhev referred to the reactions produced in response to 
the sight of another animal eating or effecting a protective reac¬ 
tion as natural imitative reflexes. He established that an arti¬ 
ficial conditioned imitative reflex can be Induced by reinforcing 
such natural reflexes with an indifferent stimulus. 

Kryazhev found that natural imitative alimentary and defen¬ 
sive reflexes are difficult to extinguish even when they are not 
reinforced by unconditioned stimuli. According to his data, arti¬ 
ficial conditioned imitative reflexes also have considerable sta¬ 
bility. This author noticed a similarity between natural imitative 
reflexes and first-order reflexes on the one hand and artificial 
imitative reflexes and second-order reflexes on the otner hand. 
At the same time, he considers imitative reflexes to be the re¬ 
sult of a further complication of conditioned-reflex activity. 

Our investigations were intended to establish whether it is 
possible to induce conditioned situational reflexes based on imi¬ 
tation in dogs. 

The first attempt to develop conditioned situational reflexes 
based on imitation was undertaken by O.N. Voyevodina and O.P. 
Yaroslavtseva. The methodological features of these experiments 
reduced to the following. The dog in which the conditioned situa¬ 
tional reflex was to be induced was placed in a special cage in 
the experimental room.* The cage was located in the room in such 
fashion that the animal in it could observe the movements of the 
active dog. In order to systematically follow the course of the 
induction of the conditioned situational reflex, the active animal 
was removed fr m the room at the end of each experiment and the 
passive animal was released from the cage and subjected to an in¬ 
dividual test. 

Conditioned reflexes based on imitation were developed in 
two dogs, Dzhenni and Dzhek; Boy was the active animal. 

The following complex conditioned-reflex activity was induced 
in Boy: on entering the experimental room, the animal went first 
to one feeder and then to the other, where he received the first 
portion of food. He then went to the mat and remained on it, going 
to one of the feeders and receiving food in response to the posi¬ 
tive stimulus. A bell and a 120 bpm mechanical metronome on the 
left side of the room served as the positive stimuli. Boy went to 
feeder 2 in response to the bell and to feeder 1 in response to 
the metronome (see Pig. 1). A 120 bpm metronome on the right side 
of the room served as the negative stimulus and the animal re¬ 
mained on the mat when it was sounded. Each positive stimulus was 
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others were three or more years old. The active animal In the ex¬ 
periments on Dzhek was Dzhul'bars; when the conditioned situa¬ 
tional reflex had been Induced and beconti stable In Dzhek, he 
served as the active animal for the other dogs. 

GRAPHIC NOT 
REPRODUCIBLE 

Pig. 8. Active motor reaction In 
Dzhek, directed at switch 1. 

The setup for the first experiment on Dzhek and Dzhul'bars 
was as follows: the feeder was placed on square 1|6, loudspeaker 1 
on square 3^, loudspeaker 2 on square 24, and the water dish on 
square 20. Dzhek was leashed on table 1, while Dzhul'bars could 
move freely about the room. 

The presence of a passive dog in the experimental room had 
little effect on Dzhul'bars' behavior, essentially causing only a 
slight prolongation of the latent period of the trip to the feeder 
in response to the sound of the metronome, periodic trips to ta¬ 
ble 1, and sniffing of Dzhek. 

After the ninth reinforced application of the metronome, 
Dzhul'bars was taken from the room and Dzhek was unleashed. The 
latter dog moved about the experimental room a great deal, sniffed 
the floor and the objects on it, and sometimes went to the feeder, 
which no longer contained food. On the first application of the 
metronome, he exhibited an orientation reaction and subsequently 
went to the feeder; receiving no reinforcement, he began to 
scratch at it. He did not go to the feeder when the metronome was 
applied a second time. As Table 6 shows, he usually went to the 
feeder in response to the sound of the metronome in subsequent 
test experiments. It can be seen from the table that the metronome 
was tested 19 times during the course of the investigation and 
the dog went to the feeder 14 times. A conditioned motor reflex 
involving going to the feeder in response to the sound of the met¬ 
ronome appeared on the first application of this stimulus and be¬ 
came stable on the sixth application. 

It is of some interest that Dzhek was leashed in the first 
experiment, so that he could not go to the feeder after Dzhul'bars 
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TABLE 6 
Tests with 120 bpm Metronome. Dog Dzhek 
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Mxxy 1, ofixnxau ero, Mpxyucb x xopuynxe ■ 
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6flB«raT«UHaa peaxnxa orcyrcrByer. 
7Co6axa noxouu x xopuynxe. 
8K xopMymxe xc .. 

» » » ...; • * -, 
«Cofiaxa naaoDU x xopMymxe, Mraaxyu b orxpii- 

ryx» aamxy x ofixnxau .. 
1 oCofiaxa noxomu x xopMymxe, uraaxyaa b orxpu* 
ryn aamxy a craaa napanan ee. 

1 iß momcbt Bxanaexaa McrpoxoMa xaxoxxaacb xa 
ciou 1 b ofiamxxuaa pacnoaoxeaxyn «a mm xop- 
Mymxy. Ha asyx MerponoMa npoxoxacaaa ofixnxxBatk 
xopMymxy . 

12ß momcbt Bxanaeaxa McrpoxoMa xaxoxaucb xa 
crom 1. Ha ycJtoaxMl cxrxaa noxomu x xpam ctou, 
nocMorpeu xa xopMymxy, aareM enpurxyaa xa noa x 
noxomaa x «ei.. 
i ïïlepex BxanaexxeM McrpoxoMa fiuaa xa ctou 1. 
Ha a«yx McrpoHOMa noxomaa x xpam ctou, docmot- 
peu xa xopMymxy, ofiaxuucb, enpurxyaa xa noa, 
noxomu k xopMymxe.' . 

1 4Co0axa epaay noxomaa x xopMymxe x uraaxyu 
B OTxpuryn aamxy aa .. 

1 sCnaaau noaBxaacb opHexTxpoBoaxaa peaxaxa, aareM 
cofiaxa npxfiaxaxaacb x xxxaMxxy 1, ofixnxau aro x 
noxomu x .. 

1 «Cofiaxa epaay nomaa x xopMymxe x ofixnxau ae. 
1 TCofiaxa nocMorpeu b cropoxy xopMymxx, aepu 10 cm 
nomu k xei. 
i «flBxraTeabxaa peaxuxx xa noasaueb ........ 
1 «Cxaaaaa bhxhmoí peaxanx «e fiuao, mtcm cofiau 
noxomu X xopMymxe. 

2 oilepex BxanaexxeM MCTpoxoMa xaxoxxaacb xa ctou 1. 
Ha aayx McrpoxoMa noaepxyaacb x xopMymxe, xocmot- 
peaa xa aee, ofiaxuaacb, enpurxyaa co croa a x boro* 
mu X xel. 

2 iB Teeenne 5 crx npxcaymxuaacb, noroM nonxu aoxy 
k epaay *e nomaa x xopMymxe. 

7 Cofiaxa nofieataaa x xopMymxe. 
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1) Sequential number of application of metronome; 2) number of ex 
periments; 3) animal's reaction to sound of metronome; *0 rein¬ 
forcement; 5) weak orientation reaction, dog went to feeder, 
scratched at it, approached loudspeaker 1, sniffed it, returned 
to feeder, and again scratched at it; 6) motor reaction absent; 
7) dog went to feeder; 8) did not go to feeder; 9) dog went to 
feeder, looked into open tray, and sniffed it; 10) dog went to 
feeder, looked into open tray, and began to scratch at it; 11) 
was on table 1 when metronome was switched on, sniffed feeder. 
Continued to sniff feeder in response to sound of metronome; 12; 
was on table 1 when metronome was switched on. Went to edge of 
table in response to conditioned signal, looked at feeder, then 
Jumped to floor and went to it; 13) was on table 1 before metro- 
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nome was switched on. Went to edge of table in response to sound 

1S0ked,fï feeder> licked his chops, jumped to floor, 
feed?^» dog inmediately went to feeder and looked 

iïoLhïrt itr2yi 1,5) fîrst exhlblted orientation reaction, then ap- 
?™S?!ÎLî°UdSpÎaïer 1* sniffed it, and went to feeder; Í6) dog 
füïrtîi îeeder and sniped it; 17) dog looked toward 

ïîntVÎ0 it<.aîîer 10 seci l8) no motor reaction; 19) no 
hi!1?1!! Jeaction at first, dog then went to feeder; 20) was on ta- 
Die 1 before metronome was switched on. Turned toward feeder in 

aound°f metronome, looked at it, licked his chops. 
Jumped down from table, and went to feeder; 21) listened for 5 

23)*20hen Jrank water an«3 went immediately to feeder; 22) none; 

in response to the sound of the metronome. This means that the mo- 
tor analyzer did not play an active part in the formation of the 
conditioned motor reflex in Dzhek. The following stimuli acted on 
Dzhek when he was on the table: Dzhul'bars' going to loudspeaker 1 
and striking it with his paw, the sound of the metronome, the ac¬ 
tive animal s going to the feeder in response to this sound, the 
noise of the feeder, and the act of eating. All these stimuli 
were addressed to the visual and auditory analyzers. It is quite 
natural that, as a result of the periodic repetition of the ac¬ 
tion of these stimuli in the same sequence, corresponding temporal 
associations were formed in Dzhek's cerebral cortex. When the dog 
was unleashed, these associations dictated the functioning of the 
motor analyzer, which was manifested in periodic trips to the 
feetíer during the intersignal pauses and in response to the sound 
of the metronome. Here it is pertinent to recall the investigation 
conducted by O.N. Voyevodina and O.P. Yaroslavtseva, in which the 
passive animal was kept in a cage and could not repeat the move¬ 
ments of the active animal, so that his motor analyzer did not 

directly in the formation of the reaction involving 
going to the feeders. As test experiments showed, such a reaction 
was nevertheless formed in the passive dogs, who periodically fol¬ 
lowed the movements of the active dog with their eyes. All this 
demonstrates that there is a close relationship and interaction 
between the motor analyzer and other analyzers, particularly the 
visual and auditory analyzers. It also indicates that the temporal 
associations formed in these two analyzers can activate the motor 
analyzer on the basis of existing interanalyzer temporal associa¬ 
tions. 

The investigation conducted on Dzhek showed that the feeder 
and loudspeaker 1 became positive alimentary stimuli for this dog 
during the first few experiments. This was manifested both in the 
fact that Dzhek periodically went to the feeder and to loudspeaker 
1 in the control experiments and in his aggression toward Dzhul'¬ 
bars when the latter went to loudspeaker 1 and struck it with his 
paw or when he approached the feeder and ate from it. Thus, at the 
beginning of the second experiment, Dzhek, whose movements were 
no longer restricted, chased Dzhul'bars from the feeder. This re¬ 
action was subsequently observed on numerous occasions. The pas¬ 
sive dog first growled at the active dog in the fifth experiment, 
when the latter struck loudspeaker 1 with his paw. Dzhek subse- 
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quently growled and sometimes barked when Dzhul'bars pawed loud¬ 
speaker 1 (record of experiment 15). In some cases, Dzhek also at 
tacked Dzhul'bars when he executed the active motor reaction (rec 
ord of experiment 15 on 22 February I960). That loudspeaker 1 and 
the feeder acquired the significance of alimentary stimuli for 
Dzhek was also indicated by the fact that he sometimes licked his 
chops while the active dog was striking loudspeaker 1, going to 
the feeder, and eating from it. Similar reactions were also ob¬ 
served in other dogs. 

Record of Experiment No. IS on 22 February 
1960. Doge Dzhek and Dzhul'bars1 
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Experimental setup: the feeder was on square 
55» loudspeaker 1 on square 27, loudspeaker 2 
on square 35, and the water dish on square 19. 
*909 is the sequential number of the rein¬ 
forced application of the metronome for Dzhul'- 
bars. 

1) Time of day; 2) hours; 3) minutes; *0 conditioned stimulus; 5) 
designation; 6) sequential number of application; 7) action time 
(sec); 8) animals’ reactions; 9) reinforcement; 10) animals’ be¬ 
havior after receiving food and during intersignal pauses; 11) 
120 bpm metronome; 12) the same; 13) went to edge of table, looked 
at feeder, licked his chops, and went to feeder; 14) immediately 
went to feeder, looked into open tray; 15) Dzhek went to feeder, 
Dzhul'bars continued to paw loudspeaker; 16) none; 17) Dzhek en¬ 
tered room. Walked about room, sniffed feeder, Jumped up onto ta¬ 
ble 1; 18) walked about room, sniffed floor. Jumped up onto table 
1, and sniffed feeder on this table; 19) Dzhek went from feeder 
to loudspeaker 1, sniffed it, and walked about room. Went to 
square 70 and sniffed floor; 20) left feeder and walked about 
room; 21) Dzhul'bars entered room, went to water dish and drank, 
and then carefully approached loudspeaker 1, as did Dzhek. Dzhul'¬ 
bars turned aside and Dzhek soon moved away. Dzhul'bars returned 
to loudspeaker 1 and began to strike it with his paw. Dzhek went 
to the feeder and stood near it; 22) Dzhul'bars withdrew, returned 
to loudspeaker, and pawed it. Dzhek stood near feeder. Dzhul'bars 
withdrew and then again pawed loudspeaker 1; 23) Dzhul'bars Jumped 
up onto table 1, went to feeder, and ate; 24) 20 g of meat; 25) 
Dzhek remained near feeder, Dzhul'bars became excited, ran to 
door, and tried to leave room; 26) the feeder was transferred to 
table 1. Dzhek immediately Jumped up onto table 1 and stood near 
feeder. Dzhul'bars rapidly and roughly pawed loudspeaker 1. This 
caused it to move to square 35. Dzhul'bars withdrew, walked about, 
went to the door, returned to the loudspeaker, stood and looked at 
Dzhek, and resumed his pawing. Dzhek Jumped down from table and 
attacked Dzhul'bars; 27) Dzhek was tied to front leg of table 2 
and loudspeaker 1 was placed on square 27. Dzhul'bars pawed loud¬ 
speaker 2, cautiously approached loudspeaker 1, and gently pawed 
it; 28) Dzhul'bars ate meat, went to loudspeaker 1 but did not 
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touch it, pawed loudspeaker 2, went to table 1 and then to loud¬ 
speaker 1, and pawed the latter. Dzhek licked his chops; 29) 
Dzhul'bars Jumped up to feeder and ate. Dzhek watched him and 
licked his chops; 30) Dzhul'bars went to feeder and Dzhek watched 
him; 31) Dzhul'bars ate meat, went to loudspeaker 2 and pawed it, 
then went to loudspeaker and carefully touched it with his paw 3 
times; 32) Dzhul'bars ate meat, went twice to loudspeaker 2 and 
pawed it, and went to loudspeaker 1 and pawed it three times; 33) 
Dzhul'bars ate meat and began to paw loudspeaker 1. Dzhek lay 
down and turned away; 3*0 ate meat. Dzhul'bars pawed roughly at 
loudspeaker 1 and moved it to square 28. Dzhek remained lying; 
35) ate meat. Dzhul'bars pawed 3 times at loudspeaker 1 and went 
to feeder, returned, pawed loudspeaker three times more, again 
went to feeder, and again pawed loudspeaker 1; 36) Dzhul'bars ate 
meat, walked about, went to feeder, approached loudspeaker 1, and 
pawed it. Dzhek watched him; 37) Dzhul'bars ate meat, walked 
about, went to loudspeaker 1, and pawed it. Dzhek began to bark; 
38) Dzhul'bars went to feeder, Dzhek watched him; 39) Dzhul'bars 
ate and Dzhek barked; *40) Dzhul'bars walked about room and cau¬ 
tiously approached loudspeaker 1. Dzhek barked vigorously. Dzhul'¬ 
bars gently struck loudspeaker 1 three times with his paw. 

The sound of the metronome, the noise made by the feeder 
when its trays were shifted, and Dzhul'bars pawing at loudspeaker 
1 all became signals for Dzhek to go to the feeder during the ex¬ 
periments conducted with the active dog. During the eighth experi¬ 
ment, Dzhek, who was in the room together with Dzhul'bars, thus 
began to go to the feeder when the active dog pawed loudspeaker 1 
and often remained near it. In such cases, Dzhul'bars did not ap¬ 
proach the feeder, but pawed at the loudspeaker for a long time, 
withdrew, or tried to leave the room. As a result, Dzhek was 
leashed on certain experimental days. If loudspeaker 1 was placed 
comparatively near the tied dog, Dzhul'bars approached it cau¬ 
tiously or pawed loudspeaker 2 (record of experiment 15). Dzhek, 
being leashed, sometimes barked when Dzhul'bars pawed the loud¬ 
speaker or ate the food given him (record of experiment 15). Dzhek 
did not exhibit aggression when the active dog drank water, re¬ 
mained near or even pawed loudspeaker 2, as in experiment 15, 
went to the other objects on the floor, Jumped up onto one of the 
tables, or sniffed the feeder, constantly standing near it. 

A total of 18 experiments were performed on Dzhek, but he 
did not touch loudspeaker 1 in any of them. Nevertheless, when a 
transition was subsequently made to systematic alimentary rein¬ 
forcement of the sound of the metronome, Dzhek actively pawed 
loudspeaker 1. 

Thus, as a result of the fact that he was in the room to¬ 
gether with Dzhul'bars when the latter was executing the induced 
motor activity, Dzhek displayed: a positive reaction to the feeder 
and loudspeaker 1 and conditioned-reflex trips to the feeder in 
response to its noise, the sound of the metronome, and the pawing 
of loudspeaker 1 by the active animal. Despite the fact that the 
passive dog received no reinforcement, his conditioned-reflex 
trips to the feeder in response to the metronome were stably main- 
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Record of Experiment No. 1 on 1 September 
1960. Doge Kaehtanka and Dehek* 
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•Experimental setup: the feeder was on square 
54, loudspeaker 1 on square 25, loudspeaker 2 
on square 27, and the water dish on square 20. 

1) Time of day; 2) hours; 3) minutes; 4) conditioned stimulus; 5) 
designation; 6) sequential number of application; 7) action time 
(sec); 8) animals' reactions; 9) reinforcement; 10) animals' be¬ 
havior after receiving food and during intersignal pauses; 11) 
120 bpm metronome; 12) the same; 13) Dzhek went to feeder; 14) 
Dzhek went to feeder, Kashtanka followed him; 15) 20 g of meat; 
16) Kashtanka entered room, walked about a bit, spent most of her 
time near door. She did not approach the feeder or the loudspeaker; 
17) Dzhek entered room and the two dogs sniffed each other and be¬ 
gan to play. The metronome was applied after 2 sec, whereupon 
Dzhek went to loudspeaker 1 and began to paw it; 18) Dzhek ate 
meat, walked about room, approached loudspeaker 1, and pawed it. 
Kashtanka tried to sniff loudspeaker, but Dzhek drove her off. 
She went to feeder. Dzhek also went to feeder and drove her off, 
then returned to loudspeaker and resumed pawing it. Kashtanka 
watched him; 19) Dzhek ate meat, stood near feeder, went to loud¬ 
speaker 1, and pawed it. Kashtanka watched him; 20) Dzhek ate, ap¬ 
proached Kashtanka, and began to growl. Kashtanka withdrew; 21) 
Dzhek went to loudspeaker 1, Kashtanka approached it nd began to 
paw it. Dogs began to play and Dzhek became so excited that he 
did not react to the next application of the metronome; 22) dogs 
drank water together from dish. Dzhek began to paw loudspeaker 1, 
Kashtanka watched him; 23) Dzhek ate meat, walked about, went to 
loudspeaker, and pawed it 3 times. Kashtanka sniffed floor; 24) 
Dzhek ate meat and dogs began to play. 
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talned (see Table 6).

The results of the experiments on the other adult animals 
were as follows. Word developed a conditioned motor reflex to the 
sound of the feeder and the metronome and sometimes licked his 
chops, growled, and barked while the active dog was pawing loud­

speaker 1 and eating his food from the feeder.

The following reactions were observed In the experiments on 
Dlk: the passive dog licked his chops when Dzhek pawed loudspeaker 
1 £Uid In response to the sound of the metronome and made periodic 
trips to the feeder, attempting to obtain food from It. When the 
noise of the feeder and the sound of the metronome were applied 
In test experiments, Dlk exhibited only an orientation reaction 
and did not go to the feeder, even the former reaction sometimes 
being lacking. This phenomenon can probably be attributed to the 
fact that Dzhek exhibited pronounced aggression Dlk and did not 
permit him to approach either the feeder or loudspeaker 1. It Is 
possible that, as a result, Dlk's positive motor reaction to the 
noise of the feeder and the sound of the metronome was Inhibited 
and did not appear.

The data cited show that none of the three adult dogs devel­

oped an active reaction Involving pawing the loudspeaker and that 
they generally exhibited no motor activity with respect to the 
positive loudspeaker. In contrast to the adult dogs, the young 
^u^lmals displayed active motor reactions.

GRAPHIC NOT 

REPRODUCIBLE
Fig. 9. Zor'ka watches movements 
of active animal from beneath ta­
ble 2.

As can be seen from the record, Kashtomka repeated the active 
reaction Involving pawing loudspeaker 1 In the first experiment.
It Is noteworthy that Dzhek drove off Kashtanka If she approached 
the feeder or loudspeaker 1, yet drank water with her from the 
same dish.

Since Kashtanka had a material Influence on Dzhek's behavior 
and confused him In executing the Induced activity, she was tied 
to one leg of table 2 for a number of subsequent experiments. In
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the third experiment loudspeaker 1 was so arranged that the pas- 
sive dog could come to within 0.5 m of it. The animal made several 
unsuccessful attempts to reach the loudspeaker, sometimes moving 
her paw in front of her as though she were tapping it. In the 
fifth experiment Kashtanka, still leashed, was able to reach loud¬ 
speaker 1. At one point in this experiment, when Dzhek was some 
distance away, Kashtanka took loudspeaker 1 in her teeth, but 
Dzhek attacked her and she Jumped aside with a yelp. Nevertheless, 
as soon as Dzhek went to the feeder In response to the next ap¬ 
plication of the metronome, Kashtanka grasped loudspeaker 1 in 
her teeth, picked it up, dropped it on the floor, and struck It 
with her paw. Dzhek then returned, stood over the loudspeaker, 
and began to growl. Kasntanka subsequently took loudspeaker 1 in 
her teeth on numerous occasions. At the end of this experiment, 
Kashtanka, who remained alone in the room, immediately wen1: to 
the feeder and sniffed it, although she had never received food 
from it. On the first application of the metronome she went to 
the feeder and licked her chops, but, receiving no food, she 
whined, went to the door, and began to scratch at it. On the sec¬ 
ond application of the metronome, she went to the feeder, but 
soon returned to the door and resumed her efforts to leave the 
room. She did not go to the feeder on subsequent applications of 

the metronome. 

Somewhat different data were obtained for two other dogs, 
Zor'ka and Pal'ma. Zor'ka usually stayed under table 2 during the 
first few experiments, from which vantage point she watched Dzhek s 
movements (Pig. 9). From the second experiment onward, she began 
to go to the feeder after Dzhek left it. It was during this same 
experiment that Zor'ka first licked loudspeaker 1 and began to 
lick her chops when Dzhek pawed the loudspeaker. In some cases, 
she went to the feeder while Dzhek was pawing. Pal'ma exhibited a 
similar reaction, but she went to the feeder more frequently in 
response to the sound of the metronome than to Dzhek's pawing at 
the loudspeaker. In experiments without Dzhek present, Zor ka and 
Pal'ma went to the feeder in response to the sound of the metro¬ 
nome and the noise of the feeder. They sometimes went to loud¬ 
speaker 1 and to the feeder and sniffed them during the intersig¬ 
nal pauses. In addition, Zor'ka often stayed near the loudspeaker, 
tilting her head slightly and looking at it. During the thirteenth 
experiment, Zor'ka, who was tied to a leg of table 2, succeeded 
in reaching loudspeaker 1 with great difficulty (by moving the ta¬ 
ble), sniffed it, and then struck it with a paw. This dog dis¬ 
played a distinct positive alimentary reaction to the feeder and 
loudspeaker 1, which was manifested in the fact that, although 
she was substantially weaker than Dzhek, at times she did not per¬ 
mit him to approach either loudspeaker 1 or the feeder. Thus, at 
one point in the eighth experiment, when Dzhek was pawing loud¬ 
speaker 1, Zor'ka struck out at him with a growl. In another case 
she lay between the loudspeaker and the feeder and growled when 
Dzhek approached either of them. 

Pal'ma exhibited periodic trips to loudspeaker 1 and some¬ 
times sniffed it. This reaction was first noted after the first 
application of the metronome. 

Neither Pal'ma nor Zor'ka pawed loudspeaker 1. 
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It must be noted that the passive dogs did not approach the 
differential loudspeaker and displayed no visible reaction In 
casts where the active animal went to this loudspeaker or drank 
water from the dish. The active dogs did not display aggression 
toward the passive dogs if the latter approached the differential 
loudspeaker or drank water. These data indicate that the feeder 
and loudspeaker 1 had a positive alimentary significance for both 
the passive and active animals, while loudspeaker 2, the water 
dish, and the other objects in the experimental room had no such 
significance. 

Comparison of the data obtained in the experiments on adult 
and young dogs shows that imitation was more highly developed In 
the latter than the former. This is in accord with certain of the 
data in the literature (G.Z. Roginskiy, 19^5 and 19^8; B.I. Kho- 
tin, 191*?; et al.). 

Our data indicate that, when a passive animal is learning 
from an active animal, the former does not simply mimic certain 
motor reactions on the part of the latter, but associates them 
with the concrete situation, principally the periodic changes in 
it, so that a situational reflex develops. In the experiments de¬ 
scribed above, the trips to the feeder by the passive animals 
were evoked by the stimuli that generally preceded eating by the 
active animal. These stimuli included the active animal’s pawing 
at loudspeaker 1, the sound of the metronome, this animal's going 
to the feeder, the noise of the latter, and, finally, the act of 
eating. These stimuli acquired a positive signal value for cer¬ 
tain animals, thus causing them to go to the feeder. Thus, for ex¬ 
ample, Pal'ma went to the feeder when Dzhek pawed loudspeaker 1 
and in response to the sound of the metronome and the noise of 
the feeder. This indicates that, in learning from the active ani¬ 
mal, the passive animals developed a motor reflex to the sequen¬ 
tial set of stimuli preceding the act of eating by the active dog. 

It is of great biological significance that the passive ani¬ 
mals did not simply reproduce the motor reaction of the active 
animal, but reproduced it in connection with the changes in the 
environment that dictated the active animal's motor act. If, dur¬ 
ing learning, animals merely mimicked the motor reactions of an¬ 
other animal in isolated form, this would be of little value in 
the struggle for survival. Comparatively few of the motor reac¬ 
tions acquired by animals on the basis of imitation are completely 
new. In our experiments, the reaction involving going to the 
feeder that was reproduced by the passive animals was not new to 
them. Under nonexperimental conditions, dogs quite often have oc¬ 
casion to approach or go to a place where food is located, another 
animal, etc. 

Formation of a new temporal association or a system of such 
associations is generally an important result of imitation. In 
our experiments, temporal associations were formed in the passive 
dogs between the cortical points to which the sight of loudspeaker 
1 and the feeder, the active animal's pawing the loudspeaker, the 
sound of the metronome, and the noise of the feeder were addressed 
and the cortical points that perceived the active animal's eating. 
When the movements of the passive animal were restricted by a cage 
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or a leash, the visual and auditory analyzers participated in the 
formation of the temporal associations; later, after the animal 
was unleashed, these associations resulted in the appearance of 
an adequate motor reaction, this being an example of the close in¬ 
teraction between the visual and auditory analyzers and the motor 
analyzer. In those cases where the passive animal was not re¬ 
stricted at the beginning of the experiment and followed the ac¬ 
tive dog to the feeder, as was sometimes done by the young ani¬ 
mals, the motor and possibly the olfactory analyzers participated 
in forming the system of temporal associations. 

Analysis of our experimental data enables us to assume that 
so-called imitative conditioned reflexes are induced by the same 
mechanism as second-order conditioned reflexes. This can easily 
be seen if we consider that a reflex involving going to the feeder 
in response to the sound of the metronome developed in the passive 
animal. This animal periodically perceived the sound of the metro¬ 
nome, the active animal's trip to the feeder, and the act of his 
eating. Corresponding temporal associations were consequently 
formed in the passive dog's cerebral cortex. This animal received 
conditioned rather than unconditioned reinforcement (the sight of 
the other dog eating rather than food). The act of eating by the 
other animal is a first-order conditioned stimulus, so that re¬ 
flexes induced on this basis to any other stimuli, e.g., the sound 
of the metronome, must be regarded as second-order reflexes. 

The motor reaction involving pawing the loudspeaker is unusu¬ 
al for dogs, this possibly being the reason why only one young 
dog repeated it. It is also possible that this animal sometimes 
made similar movements under natural conditions. The other two 
young animals also exhibited such active motor reactions as lick¬ 
ing and pawing loudspeaker 1, tilting their heads toward it, and 
striking it with a paw. The active dog did not execute reactions 
of this sort, so that they cannot be regarded as the result of 
imitation. Neither can we claim that their appearance in the pas¬ 
sive animals was fortuitous; they were produced by the influence 
of the active dog's behavior. The passive dogs did not exhibit 
such reactions before the experiments conducted Jointly with the 
active animal; loudspeaker 1 was an indifferent stimulus for them 
and they did not approach it. 

Our experimental data thus demonstrate that conditioned situ¬ 
ational reflexes can be induced in dogs on the basis of imitation. 

In conclusion, attention must be called to the fact that imi¬ 
tation, which plays an important role under natural conditions, 
has not yet been the subject of an extensive and probing physio¬ 
logical study. This is one reason why certain complex forms of 
animal behavior are considered to be incomprehensible and some¬ 
times interpreted from the false standpoint of anthropomorphism. 

CONCLUSION 

The experimental data presented above show that, when the ex¬ 
perimental animal can move freely about the room, conditioned as¬ 
sociations are readily and rapidly formed to a definite place 
where food is found and to the entire experimental setup. The rate 
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at which the first conditioned motor reflex is formed to ordinary 
conditioned stimuli differs in different animals, depending on 
the physical strength of the conditioned stimuli applied, the 
amount and nature of the unconditioned stimulus, the functional 
state of the dog’s cerebral cortex, the individual characteristics 
of the dog's nervous system, and a number of other factors. Con¬ 
ditioned motor reflexes induced by the situational conditioned- 
reflex method are distinguished by strength and stability. 

Prom the point where the first conditioned motor reflexes 
are formed, the animal's behavior during the experiment is deter¬ 
mined by the conditioned stimuli. The animal's position in a defi¬ 
nite area of the room and his pose also become positive condi¬ 
tioned agents during the intervals between applications of the 
conditioned stimuli and he voluntarily goes to this area and, 
adopting a definite pose, remains in it until the next positive 
conditioned stimulus is applied. 

Development of the second, third, and subsequent conditioned 
motor reflexes is more rapid as training proceeds. 

The "force law" established by the classical salivary method 
in I.P. Pavlov's laboratory is also fully manifest in studying the 
natural motor activity of animals. In this case, the appearance 
of the "force law" depends to a large extent on the functional 
state of the cerebral cortex, which in turn depends on the ani¬ 
mal's alimentary excitability. A decrease in alimentary excita¬ 
bility promotes manifestation of the "force law," while an in¬ 
crease in excitability masks it. Extraneous stimuli, being ex¬ 
ternal inhibitory factors, readily suppress the motor reaction to 
a weak conditioned stimulus, but have difficulty doing so for a 
strong stimulus. The "force law" may weaken and disappear as 
training proceeds. It is more clearly displayed when the motor ac¬ 
tivity is complicated. 

In studying the differentiation of conditioned stimuli in 
different types of experiments, we established that the course of 
this process depends to a substantial extent on the spatial fac¬ 
tor. 

We made a special study of the differentiation of positive 
stimuli reinforced by food supplied from feeders located in dif¬ 
ferent areas of the experimental room. This method proved to be 
convenient for studying the role of the spatial factor in stimu¬ 
lus differentiation and in the animals' behavior as a whole. It 
was found that differentiation of stimuli located in different 
areas of the experimental room occurred substantially more rapid¬ 
ly than differentiation of the same stimuli when they were located 
in the same area. Moreover, we noticed that gradual approximation 
of the sources of the stimuli to be differentiated could cause 
material disruptions of higher nervous activity, reaching the 
point of neurosis. 

In studying the formation of inhibitory differentiation, we 
demonstrated the significance of positive induction in the devel¬ 
opment of the motor reactions observed in response to the inhibi¬ 
tory stimuli. 
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Both our investigations and those conducted by V.V. Yakov¬ 
leva and other authors made it possible to establish the condi¬ 
tioned-reflex significance of different areas of the experimental 
room. Thus, it was found that the place in the room occupied by 
the animal when the positive conditioned stimuli were applied ac¬ 
quired the character of a positive conditioned agent, while the 
place he occupied when the inhibitory stimuli were applied ac¬ 
quired the character of a negative agent. Different spatial areas 
thus became conditioned stimuli of differing significance and, to¬ 
gether with the other conditioned and unconditioned stimuli, de¬ 
termined the animal's complex motor activity. It was found that 
the differentiation of different spatial areas followed the gen¬ 
eral rules for higher nervous activity established in I.P. Pav¬ 
lov's laboratory. 

The formation and extinction of situational conditioned re¬ 
flexes, the formation of inhibitory differential reflexes and 
conditioned inhibition, the modification of reflexes, and so 
forth also obey the rules previously established in I.P. Pavlov's 
laboratory. 

It was established that the decisive condition In the forma¬ 
tion of complex motor activity in a free-moving animal was the 
spatial factor: the animal's position in the experimental room, 
the location of the food, and the location of the conditioned 
stimuli. Together with the other conditioned and unconditioned 
stimuli, the spatial factor determined the animal's complex motor 
activity. This factor is open to physiological analysis on the 
basis of the general mechanisms of higher nervous activity. 

The conditioned-reflex activity of the free-moving animals 
was governed by the functional state of the cerebral cortex, the 
physical strength of the conditioned stimuli, and the character 
of the unconditioned stimulus. 

The data that have now been amassed enable us to surmise 
that the complex conditioned-reflex motor activity of animals is 
facilitated by very complex, protracted nervous processes linking 
many components. These components, determined by the conditioned 
stimuli applied, the animal's spatial position, his pose, his 
movements, etc., are combined into a highly organized functional 
structure in the higher elements of the brain and, interacting, 
govern the manifest reaction produced. It can be specifically as¬ 
sumed that, through positive induction, inhibition of one focus 
in this functional structure of nervous processes causes excita¬ 
tion of other elements functionally linked to the Inhibited point. 
The movement of an animal from a negative area of the room to an 
area having a positive alimentary significance can serve as a con¬ 
crete example of such nervous activity. 

The foregoing experimental data thus show that, by using the 
conditioned-reflex method and permitting the animal to move freely 
about the experimental room, it is possible to form complex con¬ 
ditioned-reflex motor activity, a process effected on the basis 
of the mechanisms established by I.P. Pavlov and his students and 
followers through the classical salivary method. 
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The situational conditioned-reflex method expanded the on- 

Hf0r experimental study of imitation ïnogs. Empîo;- 
technicîue» we demonstrated that it is sufficient for a 

dog to be present in the experimental room while another animal 
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JhowPth«?dîïi " d ?to« reflexes- The experimental data obtained 
tiois execSed d°fS not slmply repeat mofcor ^ac- 
soeïïfic setun active” animal, but associates them with a 
tion As a result perlodlc changes in the situa- 
reflèx to a passive dog develops a conditioned motor 
stimulus? sequentlal complex of stimuli rather than to a single 

^^alySiS °f.the exPerimental data enables us to assume that 
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With comoarativ^Jahíií? y forraed rapidly and maintained 
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whfrtí0nVenl!!?ff ln reporting the material, an animal in 
basis of0lmlt£i?™d Î^Pk* has been elaborated on the ?£ imitation will be referred to as ’’passive ” 
while the imitated animal will be called "active.”* 
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Chapter 2 

INFLUENCE OF CHANGES IN LOCATION OF CONDITIONED AND UNCONDITIONED 
STIMULI ON SITUATIONAL CONDITIONED REFLEXES 

INFLUENCE OF CHANGES IN LOCATION OF CONDITIONED VISUAL AND AUDI¬ 
TORY STIMULI ON CONDITIONED-REFLEX ACTIVITY 

The following conditioned-reflex activity was induced in 
V.V. Yakovleva's experiments on the dog Ledi. On entering the ex¬ 
perimental room, the dog went to the mat on square 3^. She kept 
her head and torso pointed toward the conditioned stimuli, which 
were usually located on a shelf on the right-hand wall, above 
squares 35 and 28 (see Pig. 1). The dog turned to the left and 
went to table 1 when the 120 bpm metronome was switched on, while 
when the bell was switched on she turned to the right and went to 
table 2. She remained on the mat during the intervals between ap¬ 
plications of the conditioned stimuli. 

In one experiment, the bell and metronome were shifted from 
the right-hand to the left-hand shelf, which was located on the 
opposite wall above squares ^3 and 36. As usual, the dog turned 
to the left when the metronome was applied, but she went to table 
2 rather than to table 1; her conditioned reflex remained un¬ 
changed when the bell was applied. 

Returning the conditioned stimuli to their prior location on 
the following day led to normalization of conditioned-reflex ac¬ 
tivity. 

A similar disruption of higher nervous activity was observed 
in Ledi when the conditioned stimuli were moved to other areas of 
the room. 

N.I. Khudryashova (1955) induced conditioned-reflex activity 
in which the dog went to table 1 and received food in response to 
application of a 120 bpm metronome and went to table 2 and also 
received food in response to application of a bell. The condi¬ 
tioned stimuli were on a shelf to the animal's right. After these 
reflexes had become stable, the position of the conditioned stim¬ 
uli was periodically changed. Only one stimulus was moved in a 
single experiment. The metronome was placed in its usual spot on 
the following day. However, application of either conditioned 
stimulus altered the animal's behavior. The dogs began to remain 
at the tables for longer periods after eating, the time required 
to return to the mat increased, and the latent period of the con¬ 
ditioned reaction was prolonged. In some cases, the animals began 
to whine, ran about the room, and sometimes stopped near the door 
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and attempted to open it. These disturbances were more pronounced 
if the conditioned stimuli were moved behind the animals. The dis¬ 
ruption of higher nervous activity was far more severe the first 
few times the conditioned stimuli were moved, repeated shifting of 
the stimuli having a far less substantial effect. 

V.I. Syrenskiy's experiments showed that the extent to which 
conditioned-reflex activity was disrupted when the conditioned 
stimuli were moved depended on other factors. Differentiation of 
two auditory stimuli reinforced with food at different tables and 
located at equal distances from the latter (on squares M and 51) 
was induced in his investigations. The conditioned-reflex activity 
developed in the animal (Una) consisted in going to table 1 in re¬ 
sponse to a tone and to table 2 in response to a bell. The tone 
source, a loudspeaker, was first shifted after differentiation 
had just been established. The conditioned-reflex reaction to the 
tone was altered when the loudspeaker was moved 80 cm closer to 
table 2: the animal went to table 2 rather than to table 1 (record 
of experiment on 3 November 1959). 

The position of the tone source was changed for a second time 
when the conditioned reflex had become essentially stable (after 
more than 200 reinforcements). In this case, moving the loud¬ 
speaker by the same amount (80 cm) did not disrupt the induced 
conditioned-reflex activity: the dog went immediately to table 1 
(record of experiment on 8 May 1961). 

The position of the conditioned stimulus was then altered to 
a greater extent. In one experiment, the loudspeaker was trans¬ 
ferred from the floor to table 2 and placed next to the feeder. 
The character of the conditioned motor reaction to application of 
the tone nevertheless remained the same: the animal went to table 
1 (experiment on 12 May 1961). Thus, during the period when the 
reflexes were becoming stable, Una exhibited the correct reaction 
to the tone when the conditioned stimulus that produced one re¬ 
flex was placed next to the unconditioned stimulus that evoked 
the other reflex. 

Similar experiments were conducted on the dog Grom. Shifting 
the loudspeaker to a distance of 80 cm from its prior place dur¬ 
ing the initial period of stabilization of the reflexes also 
caused a change in this animal's higher nervous activity. When, 
after the reflexes had become relatively stable, the loudspeaker 
was transferred from the floor to table 2 and placed near the 
feeder, there were no changes in the dog's induced conditioned- 
reflex activity; however, placing the loudspeaker next to the 
feeder, i.e., next to the unconditioned stimulus for the other re¬ 
flex, caused Grom's previously induced activity to be disrupted: 
he did not go to this table. Thus, Grom exhibited the correct re¬ 
action when the loudspeaker was placed a short distance from the 
unconditioned stimulus for the other reflex, but he displayed an 
erroneous motor reaction when the loudspeaker was placed beside 
the feeder, i.e., the positive differentiation of the tables was 
disrupted. 

Changing the location of the conditioned stimuli after the 
conditioned reflexes had become stable thus had absolutely no ef- 
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Change in Conditioned-Reflex Activity after 
Shifting of Conditioned Auditory Stimuli 
(Differentiation of Positive Stimuli). Dog Una 
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Note: The table to which the animal should 
have gone when the stimulus was applied is in¬ 
dicated in parentheses. 

1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) latent period of conditioned reflex (sec); h) time 
required to reach table (sec); 5) dog’s behavior under action of 
conditioned stimulus; 6) extract from record of experiment on 3 
November 1959 (loudspeaker 80 cm from table 2); 7) buzzer (table 
2) ; 8) tone (table 1); 9) went to table 2: 10) extract from record 
of experiment on 8 May 1961 (loudspeaker 80 cm from table 2); 11) 
crackling noise (table 2); 12) ’’squeak" (table 2); 13) "music," 
child's toy (table 1); 14) extract from record of experiment on 
12 May 1961 (loudspeaker on table 2, next to feeder); 15) "boom" 
(table 2); 16) turned head toward stimulus, trod in place, went 
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to table 1; 17) extract from record of experiment on 20 October 
1959 (loudspeaker placed 50 cm closer to table 2); 18) 2^0 bpm 
metronome (table 2); 19) l80 bpm metronome (table 1). 

feet on the character of the conditioned-reflex reaction of the 
first dog (Una), while the reaction of the second dog (Grom) was 
disrupted only when the conditioned stimulus was placed beside 
the unconditioned stimulus for the other reflex. These slight 
differences in the animals’ behavior can apparently be attributed 
to the individual characteristics of their nervous systems. 

The data obtained indicate that the extent to which condi¬ 
tioned-reflex activity is disrupted as a result of relocation of 
the conditioned stimuli depends on the extent to which differen¬ 
tiation has been fixed: changing the location of the conditioned 
stimuli leads to more substantial changes in higher nervous ac¬ 
tivity during the initial period of conditioned-reflex formation 
than after the reflexes have become relatively stable. The sig¬ 
nificance of the temporal associations induced to the spatial re¬ 
lationships of the conditioned stimuli is thus particularly clear 
during the initial period of the formation of conditioned situa¬ 
tional reflexes. Moreover, the greater the extent to which the 
spatial relationships between the conditioned and unconditioned 
stimuli are altered, the more probable is a disruption of higher 
nervous activity and the more substantial it will be when it oc¬ 
curs. Under these conditions, experiments involving shifting of 
the conditioned stimuli by less than 1 m from their prior loca¬ 
tion during the reflex-formation period lead to a change in the 
animal's normal behavior. After the reflexes have become stable, 
higher nervous activity is most frequently disrupted if the 
source of the conditioned stimulus that evokes one reflex is 
brought close to the unconditioned stimulus that produces the 
other reflex. 

It was further found that, if differentiation is induced to 
stimuli of similar character (e.g., metronomes of different fre¬ 
quencies), conditioned-reflex activity is disrupted when the con¬ 
ditioned stimuli are shifted by smaller amounts. Thus, differen¬ 
tiation of a 2^0 bpm metronome reinforced at table 2 and a 180 
bpm metronome reinforced at table 1 was disrupted in Una when the 
sound source (loudspeaker) was moved 50 cm closer to one table or 
the other. Consideration must be given to the fact that, in this 
case, stable differentiation of the conditioned stimuli occurred 
as a result of repeated application (see the experiment on 20 Oc¬ 
tober 1959). 

V.I. Syrenskiy and V.D. Volkova studied the influence of re¬ 
location of the conditioned stimuli after formation of inhibitory 
differentiation. 

In V.D. Volkova's experiments, inhibitory differentiation 
was induced to a metronome, while the positive conditioned stimu¬ 
lus was a bell; the metronome was placed on a shelf to the left 
of the dog and the bell on a shelf to his right. The bell was re¬ 
inforced from feeder 1. The dog remained on square ^2 during the 
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intervals between applications of the conditioned stimuli. In one 
experiment, the differential metronome was transferred from the 
left-hand to the right-hand shelf, beside the positive conditioned 
stimulus (the bell). When the metronome was applied at its new 
location, the dog immediately turned his head toward the feeder 
table, licked his chops, but did not move from the spot, i.e., a 
weak positive reaction was observed (experiment on 31 January 
1959). It must be noted that this test was conducted after the 
stimuli to be differentiated had been applied more than 600 times. 

This same dog had previously been subjected to relocation of 
a conditioned stimulus (experiment on 20 February 1958). The pos¬ 
itive conditioned stimulus, a 200 watt bulb hung from a stand, 
was transferred from square 28 to square 25. The dog normally 
went to table 1 and received food when the 200 watt bulb was 
switched on. When this stimulus was applied at its new location, 
the animal turned his head toward it but remained on the mat. He 
went to the table only in response to the sound of the feeder 
trays being shifted. The conditioned reactions to application of 
the other stimuli were normal. Thus, relocation of a positive 
visual stimulus closer to the "inhibitory zone" led to a change 
in the character of the conditioned motor reaction, which was in¬ 
hibited when the light first acted. 

G.A. Shichko also investigated the influence of shifting of 
conditioned stimuli on higher nervous activity. In his experi¬ 
ments, the feeder was located on the floor and two loudspeakers 
of differing size and shape were placed at some distance from it. 
These loudspeakers supplied sounds of different timbres and 
strengths, but of the same frequency (120 bpm). A positive condi¬ 
tioned reflex was developed to the sound produced by one speaker 
and an inhibitory differential reflex to the sound produced by 
the other. The dog went to the feeder when the positive loud¬ 
speaker was applied and remained on the mat when the negative 
loudspeaker was applied. The positive loudspeaker was switched on 
only when the animal went to it and pawed it several times. On 
one experimental day (7 June 1962), the positive loudspeaker was 
shifted to another area of the room, at a distance of 3 m from 
its usual location. As a result, at the beginning of the experi¬ 
ment the animal went to the negative rather than the positive 
loudspeaker, struck it twice with a paw, and then withdrew. The 
animal then walked about the room for 7 min, went toward the posi¬ 
tive loudspeaker several times, but never stopped near it and did 
not paw it. Only after the positive loudspeaker was returned to 
its prior location was the animal’s normal behavior restored. 

A similar change in the induced activity was observed when 
the loudspeaker was repeatedly moved to a distance of 1-2 m from 
its inicial location. The changes in the animal's behavior then 
gradually became less and less pronounced from experiment to ex¬ 
periment. A point was finally reached where the animal reacted 
properly to the conditioned stimulus even if the loudspeaker was 
suspended at a height of 1 m above the floor (see Fig. 1¾). 

A change in the location of conditioned visual and auditory 
stimuli thus leads to a disruption of conditioned-reflex activity. 
The extent of the disruption depends on the following factors: 
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1) the stability of the reflexes. Relocation of the condi¬ 
tioned stimuli leads to more pronounced disruptions if the condi¬ 
tioned reflexes are not sufficiently stable. At the same time, 
such relocation may not at all affect the animal's behavior if 
the conditioned stimuli have not been applied at least a hundred 
times ; 

2) the amount by which the conditioned stimuli are moved. 
The farther from their initial location the conditioned stimuli 
are shifted, the more probable is a change in conditioned-reflex 
activity and the more severe it will be; 

3) the complexity of the induced conditioned-reflex activity. 
The more complex the animal's activity, the more clearly and se¬ 
verely it is altered when the conditioned stimuli are relocated. 

Change in Conditioned-Reflex Activity after 
Relocation of Conditioned Stimuli (Inhibitory 
Differentiation) 
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1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) latent period of conditioned reflex (sec); 4) dog’s 
behavior under action of conditioned stimulus; 5) notes; 6) ex¬ 
tract from record of experiment on 20 February 1958 (location of 
conditioned stimuli changed); 7) bell; 8) light; 9) went to table; 
10) turned head toward stimulus, looked at it; 11) went to table 
in response to sound of feeder; 12) extract from record of experi¬ 
ment on 31 January 1959. Dog Smirnyy (location of conditioned 
stimuli changed); 13) metronome; Hi) turned head toward table, 
licked chops, stood on mat, and looked at table; 15) extract from 
record of experiment on 7 June 1962. Dog Pal'ma (location of pos¬ 
itive stimulus changed); 16) on entering the room, the dog walked 
about for a short time, sniffing the floor, then went to feeder, 
whence she approached the negative loudspeaker and pawed it twice. 
She withdrew, again went to the feeder, and attempted to climb up 
onto table 2. She went to square 53 and then to the feeder. She 
growled and struck it with a paw. She withdrew and approached the 
positive loudspeaker, but did not touch it. She walked about the 
room, periodically remaining near the feeder and the negative 
loudspeaker. She did not stop near the positive loudspeaker and 
did not attempt to paw it. She went to the positive loudspeaker 
and pawed it; 17) positive stimulus returned to its usual loca¬ 
tion; 18) went to positive loudspeaker and pawed it immediately 
after eating. 

INFLUENCE OF CHANGE IN POSITION OF MAT ON CONDITIONED-REFLEX AC¬ 
TIVITY 

If an unconditioned or conditioned stimulus is applied when 
a dog is accidentally in a definite area of the experimental room 
(on a definite square), the animal will independently go to this 
square after several such applications; if a mat is placed on 
this spot, the dog will stand on it. 

This behavior is dictated by the fact that such areas of the 
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experimental room or a mat placed on any of them acquire condi¬ 
tioned alimentary significance, i.e., become conditioned stimuli. 

In the preceding section we presented data showing that re¬ 
location of the sources of conditioned auditory and visual stimuli 
affects induced conditioned-reflex activity. 

We became interested in determining how changing the location 
of the mat, i.e., one of the stimuli governing the animal's spa¬ 
tial position, affected conditioned-reflex activity. V.V. Yakov¬ 
leva and P.S. Kupalov made the first observations in this direc¬ 
tion. 

It was established that, if the mat was transferred from its 
usual location to some other spot, the normal course of condi¬ 
tioned- re ilex activity was disrupted. 

In an experiment on the dog Ledi, the mat was shifted from 
square 33 to square 19. On entering the experimental room under 
these conditions, the dog went to take up her usual position on 
square 33* After a short time, she moved over to the mat. The 120 
bpm metronome evoked the usual conditioned motor reaction: the 
dog went to table 1. She also went to this table in response to 
the bell, i.e., made an error. During the intervals between appli¬ 
cations of the auditory stimuli, the dog went to her usual posi¬ 
tion and stood there for awhile, went to the mat, and then re¬ 
turned to the conditioned place (square 33)» Toward the end of 
the experiment, she began to go to table 2 in response to the 
bell, i.e., the conditioned reaction was normalized. 

V.I. Syrenskiy's investigations established that conditioned- 
reflex activity was usually not disrupted if the mat was moved to 
a distance of 0.5 m from its usual location (experiment on 10 No¬ 
vember 1959). Definite changes in the animal's behavior appeared 
if the mat was shifted by 1-1.5 m from its usual place (experiment 
on 3 December 1959). 

It can be seen from the latter experiment that, on entering 
the room, the dog went to the mat and stood on it. After remaining 
there for a short time (10 sec), the dog went and stood on the 
portion of the floor where the mat had been previously located; 
after 5 sec, he went to the table and Jumped up onto it. Jumping 
down from the table, the animal returned to the mat, but, remain¬ 
ing there for only a short time, went to the portion of the floor 
where the mat had previously been positioned. He exhibited the 
normal behavior pattern when the positive and inhibitory condi¬ 
tioned stimuli were applied. On the following day, the mat was 
placed in its former location and the dog's conditioned-re^_ex ac¬ 
tivity was normal. Moving the mat over the same distance (1-1.5 m) 
caused similar changes in the behavior of other animals. 

O.N. Voyevodina's investigations were conducted on the dogs 
Al'ma and Reni. The animals' conditioned-reflex activity consisted 
in the following. They went to table 1 and received food in re¬ 
sponse to a 120 bpm metronome on a shelf to their right. Inhibi¬ 
tory differentiation was induced to application of a 120 bpm met¬ 
ronome on a shelf to their left. In addition, a delayed condi- 
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tioned reflex was formed to a complex stimulus consisting of a 
200 watt bulb acting for 1*10 sec and a metronome following it af¬ 
ter a 10-second Interval. The metronome acted for 5 sec. All the 
stimuli wert applied only when the animal was on the mat located 
on square 45. A total of 8 positive, 3 negative, and one retardive 
stimuli were applied in each experiment. 

In one day of experiments on Al'ma, the mat was shifted from 
square 45 to square 39> i.e., 1 m from its usual position (experi¬ 
ment on 15 May 1957). It must be noted that this animal had been 
subjected to experimental neurosis 14 months previously in another 
set of experiments. After the mat had been shifted and the posi¬ 
tive conditioned stimulus applied, the dog jumped down from the 
table, went to square 45 and stood on it for 10 sec, went to the 
mat, walked about it for a short time, and then stood on it. As a 
result of this behavior, the time required for the animal to re¬ 
turn to the mat and stand on it increased to 50 sec. The animal's 
behavior during the intersignal pauses had the same character af¬ 
ter all subsequent applications of the positive conditioned stim¬ 
uli. It must be added that the character of the conditioned motor 
reaction was also altered after the second application of the pos¬ 
itive conditioned stimulus. Thus, when the stimulus was applied, 
the animal did not go immediately to the table, but went first to 
square 45, i.e., the usual location of the mat, and only then to 
the feeder. After the sixth application of the positive metronome, 
the dog went to the door and did not leave it for 10 min, so that 
the experiment had to be discontinued. The mat was placed in its 
usual position on the following day and this led to restoration 
of conditioned-reflex activity. 

The other dog, Reni, whose nervous system was of the weak 
type, had an even more difficult time when the location of the 
mat was changed. She developed severe disruptions of higher ner¬ 
vous activity accompanied by autonomic reactions unusual under the 
experimental conditions in question (hiccuping, vomiting, and defe¬ 
cation). These disturbances continued for several days, even after 
the mat was returned to its usual place. I. Ungher and E. Ciurea 
(1959) observed similar autonomic disturbances when the location 
of the mat was changed during their investigations. Reni's condi¬ 
tioned-reflex activity became normal only after an interval of 
five days. 

In V.I. Syrenskiy's investigations, the mat was transferred 
from its usual place (square 27) to a distance sufficiently great 
that it was outside the animal's field of vision (square 51) when 
he stood in the mat's normal location. The following changes in 
conditioned-reflex activity were noted in this case (experiment 
on 19 November 1959). On entering the room, the animal began to 
move about the floor, sometimes stopping in the vicinity of square 
27, i.e., the usual location of the mat. In several instances, 
the animal stopped on this square and then spontaneously went to 
the table and Jumped onto it. Behavior of this type was observed 
for 4 min, but the animal never attempted to approach the mat. As 
a result, it was decided to modify the experiment. For this pur¬ 
pose, the experimenter entered the room and approached the mat. 
The animal immediately went to him and thus to the mat. When the 
experimenter was certain that the dog had seen the mat and even 
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stood on it, he left the room. The animal remained near the mat 
for a short time, but then went from it to the usual place (square 
27). The dog subsequently made no attempt to return to the mat. 
The character of his behavior was also altered: he began to move 
aimlessly about the room, whine, turn in circles, etc. In order 
to prevent any possible disruption of higher nervous activity, 
the experimenter entered the room and changed the position of the 
mat so that it was at a distance of 1.5 m (squares 39-^6) from 
its usual place. As soon as this had been done, the animal went 
to the mat and stood near it. He went to the table when the posi¬ 
tive stimulus was applied and exhibited the proper motor reactions 
on subsequent applications of the positive and negative condi¬ 
tioned stimuli. During the pauses between applications of the 
stimuli, he stood sometimes on the mat, sometimes on its usual 
location, and sometimes between these two spots. 

It follows from the experiment described above that shifting 
the mat so that it was outside the animal's field of vision when 
he stood in the usual place did not evoke a reaction involving 
going to the mat. The animal at first stood in the usual place 
and then moved aimlessly about the room, went to the door, and 
whined near it. 

The data obtained give us grounds for reaching the following 
conclusion. When a conditioned reflex was formed to a mat always 
located at a definite place in the room, it was produced to a com¬ 
plex stimulus consisting of two components: objective and spatial. 
The animal exhibited the proper conditioned-reflex motor activity 
only if these components acted simultaneously or almost simulta¬ 
neously. Let us clarify this. When the mat was located in its 
usual place, the spatial and objective components of the condi¬ 
tioned stimulus acted simultaneously. If the mat was placed in a 
different position, even directly beside its prior position, the 
excitations produced by the two components did not develop simul¬ 
taneously, one following the other by a certain time interval. 
The greater the interval separating the two excitations, the more 
severe was the disruption of higher nervous activity. The fact 
that, when the mat was shifted from its usual place by only a 
small amount, the animal generally stood on its former location 
and not on the mat itself indicates that the spatial component 
had greater physiological force than the objective component. 
This hypothesis is also supported by the following observation. 
When the mat was shifted by a substantial amount, the animal gen¬ 
erally went to the vicinity of its usual place and made no at¬ 
tempt to stand on the mat. 
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Influence of Change in Mat Location on Condi¬ 
tioned-Reflex Activity 
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1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) action time of conditioned stimulus (sec); *0 latent 
period of conditioned reflex (sec); 5) dog’s behavior under ac¬ 
tion of conditioned stimulus; 6) notes; 7) extract from record of 
experiment on 10 November 1959. Dog Pegiy (mat shifted by 0.5 m); 
8) tone (table 1); 9) metronome (table 2); 10) buzzer; 11) went to 
table 1; 12) stood still; 13) during pause Jumped down from table 
and stood on mat after 6-20 sec; 14) extract from record of ex¬ 
periment on 3 December 1959. Dog Pegiy (mat shifted by 1 m); 15) 
went to mat and stood on it, then moved to spot where mat had pre¬ 
viously been. Went to table from this spot without application of 
conditioned signal. Jumped down from table and returned to mat; 
16) went to square 27, lay down, stood up and went to mat after 
40 sec, went to table 2 without signal, returned to mat, went to 
square 27 after 10 sec, returned to mat after 42 sec; 17) buzzer 
(inhibitory); 18) went to table 2; 19) lay down; 20) went to mat, 
moved to square 27 after 5 sec and lay down, went to table with¬ 
out signal after 90 sec, and returned to mat; 21) lay down on mat; 
22) went to mat, then to door, then to square 27, went to mat af¬ 
ter 120 sec; 23) went to door, whined; 24) extract from record of 
experiment on 15 May 1957. Dog Al’ma (mat shifted from square 45 
to square 39, i.e., by 1 m); 25) metronome (positive); 26) on en¬ 
tering room went to table 1 and Jumped up onto it. Jumped down, 
went to square 45 and then to mat; 27) Jumped down from table, 
went to square 45, then went to mat after short time. Made several 
circles near mat and then stood on it; 28) exhibited similar be¬ 
havior during pause; 29) bulb (pause); 30) went to square 45 and 
then to table 1; 31) stood still; 32) Jumped down from table, went 
to mat and then to square 45, stood on this square for short time, 
then went to mat; 33) Jumped down from table, went to square 45 
and then to mat; 34) similar behavior; 35) Jumped down from table, 
went to door, attempted to open it, lay down near it on floor, 
and remained there for 10 min; 36) extract from record of experi- 
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ment on 19 November 1959. Dog Pegly (mat shifted from square 27 
to square 51, i.e., outside animal's field of view); 37) on enter¬ 
ing room, jumped up onto table 1. Jumped down from table, went to 
water dish, and drank. Went to squares 20-21, remained there 15 
min, again went to water dish and drank. Went to square 27, re¬ 
mained there i40 sec, and ran to table 1 without signal. Jumped 
down from table, went to water dish, then to square 27, and then 
to square 31*, lay down on latter square for 15 sec, then went to 
square 21, remaining there for 40 sec. Then exhibited similar be¬ 
havior for 2 min, moving from one square to another and not at¬ 
tempting to stand on mat. Went to door several times, whining and 
turning in circles; 38) experimenter entered room and went to mat, 
dog following him; 39) experimenter left room, dog remained near 
mat for short time and then went to square 27, remaining in vi¬ 
cinity of this square for 4 min; 40) experimenter again entered 
room and shifted mat to squares 32-39; animal went to mat and 
stood on it; 41) sat on mat; 42) Jumped down from table, went to 
squares 7, 21, and 10, lay down on square 27, and went to mat af¬ 
ter 16 sec; 43) Jumped down from table and immediately went to 
mat; 44) Jumped down from table, went to mat and to table 2 after 
10 sec, returned to mat, and went to door. 

INFLUENCE OF CHANGE IN LOCATION OF FEEDER TABLE ON CONDITIONED- 
REFLEX ACTIVITY 

The first observations in this area were made by P.S. Kupa- 
lov on the dog Nayda, in whom a positive reflex involving going 
to table 1 in response to a metronome was induced. On one experi¬ 
mental day, the table was removed from the room. On entering the 
room, the dog ran to the usual location of the table, sat down, 
prepared herself to Jump, and then turned aside. 
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1) Number of applications of conditioned stimulus; 2) conditioned 
stimulus; 3) latent period of conditioned reflex (sec); 4) dog s 
behavior under action of conditioned stimulus; 5) notes; ex¬ 
tract from record of experiment on 18 August 1962. Dog Una (table 
1 moved from squares 66-68 to squares 42-28); 7) on entering noom 
immediately went to usual location of table, made a shârp turn on 
square 53, and went to table, there eating first portion of food. 
Then Jumped onto table 2 and back to floor. Ran about room, sniff¬ 
ing floor. Jumped onto and down from table 1 and stood on mat. 
Left mat after 5 sec, moved about room, stopping in different 
areas and looking to all sides. Then stood on mat and looked at 
square 38; 8) bell; 9) light; 10) returned to table 1 and 
up onto it. Remained on table, turned head toward prior location 
of table, and approached tray in response to noise of 
moved toward prior location of table 1, turned back toward table 
1 from square 4?, and jumped onto table; 12) turned toward table 
1 and Jumped onto it; 13) the same; 14) walked about room and then 
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stood on mat. Turned head and torso at first toward square and 
then toward square 43 while standing on mat; 15) Jumped down from 
table, went to mat, went to table 1 without signal, returned to 
mat, and again went to table without signal. Again returned to 
mat, but kept head and torso turned toward table 1; 16) Jumped 
down from table, walked about room for short time, then stood on 
mat, with head and torso turned toward table 1; 17) stood on mat, 
turning toward square 40 and then toward square 37. 

V.V. Yakovleva observed similar behavior in the dog Ledi 
when the location of the feeder table was changed. 

Analogous investigations were subsequently conducted by 
other researchers (O.N. Voyevodina, V.D. Volkova, G.A. Shichko, 
and others ). 

The following conditioned-reflex activity was formed in V.D. 
Volkova's investigations on the dog Una. At the beginning of the 
experiment, the* animal entered the room and went to table 1, 
where she received food. Then, Jumping down from the table, she 
went to the mat located on squares 18-25 and did not leave it un¬ 
til the conditioned stimuli were applied. She went to table 1 
when a bell or a light (the positive conditioned stimuli) was 
switched on. 

In one experiment, table 1 was shifted from squares 66-68 to 
squares 42-48 (see Pig. 1). The other experimental conditions 
were as before. On entering the experimental room, the dog ran 
rapidly toward the usual location of table 1, but she slowed down 
abruptly on square 53. She then turned toward the table in its 
new location and ran to it. Jumping up onto the table, she re¬ 
ceived her first portion of food. She did not immediately return 
to the mat after eating. She walked about the room for a short 
time, sniffing the floor and looking about her. She approached 
the mat in some instances, but she never stood on it. This type 
of movement about the room alternated with intersignal trips to 
table 1. On the first application of the conditioned stimulus 
(bell), the dog immediately went to table 1 and Jumped up onto it. 
However, on leaving the table, she first turned her head toward 
the usual location of the table and stood in this position for 
several seconds. Only in response to the sound of the feeder did 
she go to the tray and begin to eat. She returned to the mat af¬ 
ter eating. When the next conditioned stimulus (light) was ap¬ 
plied, she first moved toward the place where the table had pre¬ 
viously been and then, changing direction, she went to table 1 
and Jumped up onto it. The dog's path from the feeder to the table 
was consequently a curved rather than a straight line. However, 
the animal adapted very rapidly to the new situation and began to 
run to the table by the shortest path, i.e., along a straight 
line, on subsequent applications of the conditioned stimuli. At 
the beginning of the experiment, the animal did not immediately 
stand on the mat during the intervals between applications of the 
conditioned stimuli, but walked about it for some time. Having 
taken up a position on the mat, the dog turned first toward the 
usual location of the table and then toward its new location. At 
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the end of the experiment, the animal generally began to move 
toward the new location of the table (experiment on 18 August 
1962). 

It can be seen from the foregoing that changing the location 
of the feeder table led to disruptions of conditioned-reflex ac¬ 
tivity. These disruptions were more substantial at the beginning 
of the experiment, for the most part having disappeared by the 
end of the experiment. 

If the feeder table was returned to Its usual place on the 
following day, the animal’s conditioned-reflex activity proceeded 
without material changes, only an intensification of the orienta¬ 
tion reaction during the pauses between applications of the con¬ 
ditioned stimuli being noted in certain cases. 

In V.D. Volkova's experiments on Sharik, the dog entered the 
room and ran toward the prior location of feeder table 1 so rapid¬ 
ly that he had to turn his body in mid air in order to avoid 
striking his head on the wall. The other changes in his condi¬ 
tioned-reflex activity were the same as those noted in Una. 

Cnanging the location of the feeder table thus led to pro¬ 
longation of the time required for the animal to reach the mat, a 
change in his usual pose on the mat, and disruption of his condi¬ 
tioned motor reflexes. It must be emphasized that all these dis¬ 
ruptions were more pronounced at the beginning of the experiment 
and gradually disappeared toward its end. 

CONCLUSION 

Relocation of the sources of conditioned visual and auditory 
stimuli, the mat, and the feeder table at different distances 
from their usual locations led to marked disruptions of induced 
conditioned-re flex motor activity. These disruptions entailed 
changes in both the animal's conditioned motor reflexes and his 
behavior during the intervals between applications of the condi¬ 
tioned stimuli. 

The extent to which conditioned-reflex activity was disrupted 
was a direct function of: 

1) the strength of the conditioned reflexes; 

2) the amount by which the locations of the conditioned and 
unconditioned stimuli were altered; 

3) the complexity of the induced conditioned-reflex activity; 

4) the individual characteristics of the animal's nervous 
system. 

More substantial disruptions were observed during the initial 
period of conditioned-reflex formation, when the conditioned-re¬ 
flex activity was more complex, when the conditioned stimuli were 
shifted by greater distances from their initial locations, and in 
animals with weak or weakened nervous systems. 
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The data obtained indicate that the central nervous system 
is more sensitive to changes in the spatial relationships of the 
stimuli in an animal's environment. For example, changing the po¬ 
sition of the conditioned stimulus by only 50 cm during formation 
of differentiation leads to a change in higher nervous activity. 

It must be noted that similar data have been obtained by 
other authors in Investigations conducted on various living or¬ 
ganisms under natural conditions. Thus, for example, V.A. Vagner 
(1913) established that a bee cannot find its hive if it has been 
moved by only 50 cm. According to the data of G.Z. Roginskiy 
(19^8), a murre cannot find its egg if it has been moved by 30-50 
cm, etc. 

It follows from the foregoing that animals at different lev¬ 
els of evolutionary development react in similar ways to the spa¬ 
tial relationships of environmental stimuli. 



Chapter 3 

INVOLUNTARY AND VOLUNTARY MOVEMENTS AS COMPONENTS 
OF ANIMAL BEHAVIOR 

It has long been customary to classify the activity of ani¬ 
mals and man as voluntary or involuntary. Many noted physiologists 
have adhered to this division (I.M. Sechenov, 1863, I878, and 
1884; N.0. Kovalevskiy, 1892; I.P. Pavlov, 1933, 1934, and 1935; 
et al.). 

Involuntary reactions are those that regularly appear in re¬ 
sponse to a given stimulus under definite circumstances. As exam¬ 
ples we can cite salivation on stimulation of the oral cavity, 
constriction of the pupils in bright light, Jerking back of an ex¬ 
tremity subjected to severe painful stimulation, etc. Voluntary 
reactions are those that are actively effected by the animal and 
are not responses to a specific stimulus. I.M. Sechenov (1884) 
stated* that voluntary movements are movements learned under the 
influence of vital needs. Essentially the same view was held by 
I.P. Pavlov, who wrote: "It is quite easy for us to execute any 
movement, since we are continually doing so, and all our movements 
are under the Influence of permanent cortical associations; this 
is very rarely the case for the functions we term 'involuntary’."** 
Pavlov regarded movements originating in the cerebral cortex as 
voluntary.*** Examples of voluntary reactions include the dog's 
approaching the mat and standing on it, jumping up on the table 
during the intersignal pauses, so-called random movements, etc. 

Involuntary reactions, in the form of unconditioned reflexes, 
have long been a subject of physiological study. The conditioned- 
reflex method substantially expanded opportunities for experimen¬ 
tal investigation of involuntary movements and opened up new pros¬ 
pects for objective study of voluntary movements. Voluntary move¬ 
ments are associated principally with the activity of the skeletal 
musculature, so that it is readily seen why I.P. Pavlov and his 
students and followers devoted a great deal of attention to study¬ 
ing the motor activity of animals (N.I. Krasnogorskiy, 1911; V.M. 
Arkhangel'skiy, 1922; Yu.P. Frolov, 1924; E. Asratyan, 1934 and 
1935; V.P. Protopopov, 1935 and 1950; Yu. Konorskiy and S. Miller, 
1936; I.S. Rozental', 1936, 1938, and 1940; M.K. Petrova, 1941; 
K.S. Abuladze and I.S. Rozental', 1948; et al.). 

I.P. Pavlov assigned special importance to the work of N.I. 
Krasnogorskiy and of Yu. Konorskiy and S. Miller (1936), whose 
data he used as a basis for an attempt to interpret the physio¬ 
logical mechanism of so-called voluntary movements. Analysis of 
experimental data enabled Pavlov to reach the following conclu- 
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sions: 1) "The cortical motor region is related to voluntary ac¬ 
tivity, continually undergoing successive inhibition and stimula¬ 
tion. The salivary reaction, although its cortical projection 
must be acknowledged, is obviously constructed on a different pat¬ 
tern and is an involuntary activity: we do not control the saliva 
and cannot halt its flow. It must be recognized that the func¬ 
tional characteristics of salivary and motor reactions are totally 
different; the former are involuntary functions, while the latter 
are voluntary. All processes should be weaker in a salivary cor¬ 
tical projection than in a motor projection"»; 2) "...a kines¬ 
thetic cell stimulable by a definite passive movement produces 
this movement when stimulated centrally rather than peripherally"**; 
3) "...the cortical kinesthetic cells may be and actually are 
linked with all the cortical cells that are projections of inter¬ 
nal influences and of the body's internal processes. This is the 
physiological basis for the so-called voluntariness of movements, 
i.e., the fact that they are dictated by total cortical activi¬ 
ty.'1*** These hypotheses advanced by Pavlov are an important con¬ 
tribution to a physiological understanding of the mechanism of in¬ 
voluntary and voluntary movements. 

A great deal of interesting material on the problem of in¬ 
voluntary and voluntary actions has been gathered in connection 
with the study of the higher nervous activity of dogs under free- 
movement conditions. Systematic investigations in this area have 
been conducted in the laboratories of I.S. Beritov (I. Beritov, 
193^a,b,c, 1935, 19^7, 1961. and 1962; I. Beritov, N. Beburish- 
vili, and M. Tsereteli, 193*1; I. Beritov and M. Tsereteli, 193i<; 
et al.), L.G. Voronin (L.G. Voronin, 191»?, 1952, and 1957; L.N. 
Norkina, 1951; N.A. Kokotova, 195^ and 1957; et al.), and P.S. 
Kupalov (P.S. Kupalov, 19*16, 19*18. 19*19, and 1962; V.K. Fedorov, 
19*18 and 1955; V.V. Yakovleva, 19*18 and 1952; et al.). Many inter¬ 
esting data have also been amassed by N.A. Shustin (1959) and cer¬ 
tain other researchers. 

So-called food-procuring reactions involving pressing a lever 
or pedal with a paw have been exgensively studied in L.G. Voronin's 
laboratory. In order to develop such reactions, the experimenter 
takes the animal's paw, presses it on the lever or pedal, and 
gives the animal food.**** An indifferent stimulus is subsequently 
conjoined with pressing on the lever and this leads to induction 
of a conditioned motor reflex. In these investigations, the com¬ 
bination of passive pressure on the lever and an alimentary re¬ 
ward caused the animal to develop a voluntary reaction in the form 
of active repetition of the appropriate motor act. The conjunction 
of an indifferent stimulus with active pressure on the lever re¬ 
sulted in induction of a conditioned motor reflex, so that the 
voluntary movement acquired the character of an involuntary ac¬ 
tion. The technique employed by L.G. Voronin and his colleagues 
thus makes it possible to study voluntary and involuntary reac¬ 
tions simultaneously and to trace the conversion of one type of 
reaction to the other. 

In the laboratories of I.S. Beritov, L.G. Voronin, and other 
researchers, a definite motor reaction was generally induced by 
the experimenter's intervening directly in the animal's behavior. 
For example, in I.S. Beritov's investigations (193*0, a condi- 

110 



tioned motor reflex Involving going to a feeder was developed in 
the following manner. The dog was first forced to lie in a given 
place in the experimental room (on a couch) and then trained to 
go to the feeder, for which purpose he was periodically called to 
it and given food. He was then forcibly led back to the couch. 
After finishing this "preliminary training," an indifferent stim¬ 
ulus was conjoined with going to the feeder, which completed the 
development of the appropriate conditioned motor reflex. 

As has been frequently mentioned above, one feature of our 
investigations* was the fact that the animal was completely iso¬ 
lated from the experimenter during the experiment: conditioned 
behavior was induced on the basis of active rather than passive 
movements. Moreover, the conditioned signal was usually applied 
after the animal had independently carried out the motor reaction 
(standing in a definite pose on the mat, shaking himself, pawing 
a loudspeaker, etc.) and not before. The behavior we induced pro¬ 
ceeds in accordance with the following scheme: R-S-D-P, where R 
is an active motor reaction in the form of shaking, scratching, 
etc., S is the conditioned signal, D is movement toward the 
feeder, and P is eating. In many authors' investigations, motor 
activity proceeded in accordance with the scheme S-R-D-P or S-D-P. 
Conducting investigations with the first procedure ensures better 
conditions for studying involuntary sind voluntary reactions, as 
is rather well shown by the experimental data that we will now 
discuss. 

ACTIVE EXECUTION OF INVOLUNTARY REACTIONS 

Our laboratory studied the active repetition of involuntary 
(shaking, sneezing, and scratching) and voluntary (pressing a rub¬ 
ber bulb, licking a lightbulb, and pawing a loudspeaker) reactions 
by dogs. In a special series of experiments conducted by V.K. 
Fedorov and L.S. Gorshkova, we also determined the characteristics 
of conditioned shaking and scratching reflexes formed by conjoin¬ 
ing an indifferent stimulus with an appropriate unconditioned 
stimulus. 

Active repetition of a shaking reflex was studied by V.V. 
Yakovleva, by R. Floru, and by V.K. Fedorov and L.S. Gorshkova. 

In the experiments of V.V. Yakovleva (P.S. Kupalov, 19^8, 
1958, and 1962; V.V. Yakovleva, 19^8 and 1952), a conditioned re¬ 
flex involving going to the feeder in response to a metronome op¬ 
erating at 120 beats per minute was developed in the dog Ledi. 
During this investigation it was found that, on several days, the 
dog shook herself after eating the first portion of food. This 
reaction was not observed during the remainder of the experiments. 
These fortuitous shakings were subsequently accompanied by appli¬ 
cation of the metronome followed by feeding. The animal conse¬ 
quently began to execute this reaction at the beginning of each 
day, at first only once, after eating the first portion of food, 
but then 3-** times during the experiment. At other times during 
the experiment, she made persistent unsuccessful attempts to 
shake, wagging her head, gnashing her teeth, tossing her head, 
and bouncing several times on her front paws. Ledi began to pant 
after such fruitless attempts and, in some cases, lay down in com¬ 
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píete exhaustion or moved sluggishly about the room, toward the 
door. 

R. Floru obtained similar data in his experiments (1952). 

In the Investigations conducted by V.K. Fedorov and L.S. 
Gorshkova (P.S. Kupalov, 1948; V.K. Fedorov, 1955) on 12 dogs, 
the animal was not isolated from the experimenter and active repe¬ 
tition of the reaction was induced not on the basis of fortuitous 
scratching, but on the basis of scratching purposely evoked by 
the experimenter, who sprinkled water on the animal's coat. The 
experiments were conducted in the following manner. One of the ex¬ 
perimenters sprayed the dog's coat with a fine stream of water, 
while the other gave him bread moistened in milk after he shook 
himself. At the beginning of the investigation, all the animals 
exhibited a defensive reaction to the first experimenter and an 
alimentary reaction to the second. The defensive reaction then 
became positive, so that the dogs not only did not run from the 
experimenter who did the sprinkling, but came up to him when he 
picked up the syringe he used to spray them. The number of shak¬ 
ings caused by the sprinkling subsequently increased by a factor 

1%”3» but active execution of this reaction was rarely ob¬ 
served. There were often incomplete shaking movements, which sub¬ 
stantially exceeded the complete reactions in number even though 
they were not reinforced. Thus, in one experiment, the dog Sharik 
executed 6 complete and 19 Incomplete shakings. It is interesting 
that each complete repetition of this reflex was followed by sev¬ 
eral incomplete ones. For example, Sharik executed 11 incomplete 
shakings after his first complete shaking and 2 and 5 incomplete 
ones after his second and third complete ones, respectively. 

Experimental data indicate that ''Shaking is a complex reac¬ 
tion with voluntary and involuntary components. It begins with 
placement of the legs In a suitable position for supporting the 
torso. This is the voluntary component and the dog can readily 
repeat it. The actual act of shaking, with its sharp, powerful, 
frequent vibratory movements of the head, torso, and cutaneous 
musculature, is an involuntary action and the dog cannot perform 
it without specific unconditioned stimuli that evoke the shaking 
reflex.''* However, if accidentally or purposely evoked shaking is 
reinforced with food, the dogs begin to actively repeat it, as 
our experimental data show. This indicates that even an Involun¬ 
tary reaction is not rigidly fixed and inalterable and that it 
can, under certain conditions, acquire the character of a volun¬ 
tary reaction. 

As V.V. Yakovleva correctly noted (1948, page 108), active 
repetition of the shaking reflex requires great nervous tension. 
This explains the fact that the animal effects the complete ac¬ 
tion comparatively infrequently, yet often repeats its voluntary 
components without visible difficulty. Certain observations made 
on humans also indicate the difficulty of active repetition of an 
involuntary reaction. Thus, I.R. Tarkhanov (1881) reported that a 
subject capable of voluntarily raising his heart rate had a hard 
time doing so and became tired when the experiments were fre¬ 
quently repeated. 
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The experimental data of V.V. Yakovleva, R. Floru, V.K. Fedo¬ 
rov, and L.S. Gorshkova show that active repetition of shaking is 
more readily and frequently effected when the skin is first stimu¬ 
lated by wetting the coat, putting a chain around the animal s 
neck, etc. For example, in V.V. Yakovleva's investigation (1952;, 
the dog's coat was wetted on his muzzle and back before the ex¬ 
periments; this made the shakings particularly strong and they in¬ 
creased markedly in number, reaching as many as 13 in a single 
experiment. When the coat was not preliminarily wetted, the shak¬ 
ings were weaker and were often incomplete, abortive, and Pre" 
ceded by such movements as jumping on the front paws, tossing the 
head, and scratching. 

According to the data of these researchers, some dogs volun¬ 
tarily engaged in autostimulation by scratching, rolling on the 
mat, etc., which facilitated shaking. Thus, one of the dogs in 
the experiments conducted by V.K. Fedorov and L.S. Gorshkova 
rolled on the floor if he was not sprinkled with water and he 
then ''demonstratively shook." 

In analyzing the data cited, it is impossible to overlook 
the fact that the cutaneous stimuli that facilitated shaking were 
addressed to the receptive field of the shaking reflex. They in¬ 
creased the excitability of the cortical projection of the uncon¬ 
ditioned shaking reflex, so that active repetition of this reflex 
became markedly easier. It is for precisely this reason that the 
animals readily and frequently shook after preliminary cutaneous 
stimulation. 

In a special series of investigations, V.K. Fedorov and L.S. 
Gorshkova showed that the shaking reflex is comparatively easily 
Induced and stably maintained in dogs when an indifferent stimulus 
is conjoined with sprinkling of the coat or with feeding. Thus, 
in an investigation conducted in a soundproof chamber with the 
dog Tarzan, only 30 conjoint applications of a bell and wetting 
of the coat were required to develop a strong and stable condi¬ 
tioned shaking reflex. Its stability is indicated by the fact 
that pronounced conditioned shaking was produced in response to 
68 of 70 applications of the bell. In two other animals, a condi¬ 
tioned shaking reaction was induced after and 61 
of an indifferent stimulus in combination with sprinkling of the 
coat and feeding and was then stably maintained. 

These data show that a conditioned shaking reflex evoked by 
a definite conditioned stimulus differs in induction rate, sta- 
bility, and strength from active shaking, which, as was mentioned 
above, develops comparatively slowly, is rarely manifested in com¬ 
plete form, and requires great nervous tension. 

The data obtained in studying sneezing (V.V. Yakovleva, 1952; 
V.K. Fedorov, 1955) are in basic agreement with those gathered in 
investigating shaking. 

In V.V. Yakovleva's investigation, the conditioned alimentary 
stimulus (a metronome) was applied only when the dog was at the 
stimulus site. When the pauses between the conditioned signals 
were lengthened, the animal began to exhibit various motor reac- 

- 113 



tions, including sniffing and sneezing. The act of sneezing was 
reinforced by switching on the metronome and giving the dog food, 

to actively sneeze. The animal was not always 
able to actively repeat the sneezing reflex; in many cases he un¬ 
successfully attempted to sneeze, raising and tossing his head, 
then lowering it and snorting. This indicates that, like shaking, 
active sneezing is a difficult task for a dog's nervous system. 

In the investigation conducted by V.K. Fedorov and L.S. 
Gorshkova, sneezing was induced in the active form on the basis 
of passive sneezing intentionally evoked by an unconditioned (cig¬ 
arette smoke) or conditioned stimulus. Active sneezing was infre¬ 
quently observed and was not consistent. At the same time, the 
animals made numerous "sneeze-like” movements, shaking their heads 
and baring their teeth. Different results were obtained when a 
classical conditioned reflex was induced by conjoining an indif¬ 
ferent stimulus with an unconditioned stimulus. The conditioned 
reflex was readily formed, stable, and quite pronounced. Thus, in 
experiments on the dog Tarzan, a conditioned sneezing reflex ap¬ 
peared on the ninth application of a square while blowing smoke 
at the animal and became stable on the twentieth application. A 
sneezing reflex was also readily developed in the dog Chertenok 
and remained stable for seven years. 

The investigations described above showed that, under certain 
conditions, an involuntary sneezing reaction can take on the char¬ 
acter of a voluntary reaction and be actively executed by the ani¬ 
mal, although not always in its full form. They also indicated 
that, in contrast to active sneezing, conditioned-reflex sneezing 
Induced to a definite stimulus is easily developed and persists 
for prolonged periods. 

Study of the active repetition of a sneezing reflex induced 
by alimentary reinforcement of fortuitous sneezes (V.K. Fedorov, 
1955; R. Floru, 1952) showed that it was readily formed and stably 
maintained. Thus, according to R. Floru's data, the dogs began to 
actively execute the sneezing reflex after it had been reinforced 
with food 5-6 times. According to V.K. Fedorov's data, the dogs 
exhibited both complete sneezes and a large number of incomplete 
sneezes, in which they shook a paw to one side or raised it. 

V.V. Yakovleva's experiments established that dogs execute 
active sneezing more easily than active shaking, while the inves¬ 
tigations conducted by V.K. Fedorov and R. Floru showed that dogs 
have substantially less difficulty in repeating the scratching re¬ 
flex than the shaking reflex. Thus, active execution of the shak¬ 
ing reflex is a substantially more difficult task for the dog's 
nervous system than repetition of the sneezing or particularly 
the scratching reflex. The comparative ease with which an animal 
scratches is due to the fact that this reflex is less complex than 
shaking or sneezing. The scratching reflex consists in taking up 
a definite pose, touching a paw to the skin, and making rapid 
movements with it. These components of the act of scratching are 
voluntary movements and this is obviously why they are easily ef¬ 
fected. However, as an integral reaction under natural conditions, 
scratching is executed by an unconditioned mechanism and has an 
involuntary character. 
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Shaking and sneezing consist of involuntary and voluntary 
components, this being why animals execute the latter readily and 
frequently but perform the entire act comparatively rarely. 

Thus, the investigations conducted by V.V. Yakovleva, R. 
Floru, and V.K. Fedorov and L.S. Gorshkova showed that involuntary 
scratching, sneezing, and shaking under experimental conditions 
can acquire the character of voluntary acts and be actively exe¬ 
cuted by the animal; the ease and consistency with which a given 
reflex is repeated depends on its complexity. 

A special investigation conducted by R. Floru (1952) and in¬ 
volving extirpation of the cutaneous and motor analyzers showed 
that active execution of shaking and scratching reflexes is asso¬ 
ciated principally with cortical activity and that the motor ana¬ 
lyzer plays an important role. Thus, removal of the cutaneous ana¬ 
lyzer caused more frequent appearance of active scratching, while 
repetition of the scratching reflex ceased and could not be re¬ 
stored after extirpation of the motor analyzer. 

ACTIVE EXECUTION OF VOLUNTARY REACTIONS 

The active execution of motor reactions customarily assumed 
to be voluntary has been studied by V.K. Fedorov, I.A. Alekseyeva, 
O.N. Voyevodina, P.S. Kupalov, and G.A. Shichko. 

V.K. Fedorov conducted an investigation on 12 puppies, in 
which he studied a motor reaction involving pressing a paw on a 
rubber bulb. The experiments were carried out on an experimental 
table, with both the animal and the rubber bulbs on it. One of 
the bulbs was connected pneumoelectrically to a light and the 
other to a bell. Pressing a bulb automatically switched on the 
conditioned-signal source connected to it. The animals, moving 
about the table or lying on it, accidentally pressed a bulb, a 
definite conditioned stimulus was consequently applied, and the 
experimenter provided alimentary reinforcement. 

All the puppies first developed a conditioned reflex involv¬ 
ing going to the reinforcement site in response to the conditioned 
stimuli (the light of the lamp and the sound of the electric bell) 
and those motor acts that more frequently led to application of a 
conditioned signal and provision of food then became fixed. The 
dogs consequently exhibited diverse active motor reactions at the 
beginning of the experiment: some animals shifted from paw to paw, 
others periodically lay down on the table, pressing their chest 
and abdomen against it, and still others alternately sat and 
stood. The motor reactions observed were at first directed not at 
the rubber bulb but at the area of the table where the animal was 
most frequently able to activate the conditioned signal. Later, 
as the number of experiments increased, the bulb was differenti¬ 
ated from the other stimuli and the random motor acts were re¬ 
placed by a reaction involving pressing the bulb with a paw. Some 
puppies directed their active motor activity at the bulb from the 
beginning of the experiment, grasping it in their teeth and press¬ 
ing it with their paws. All the animals eventually exhibited an 
active motor reaction involving pressing the bulb with a paw; as 
this reaction became stable, the induced activity proceeded more 
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rapidly and consisted of approaching the bulb, pressing it with a 
paw, going to the reinforcement site in response to the conditioned 
xignal, and eating the food. As a result of the rapid course of 
the .rotnr activity, the duration of the experiments was greatly 
reduced. Thus, for example, one of the puppies required 18 min to 
carry out the usual four cycles of motor activity (pressing the 
bulb, going to the reinforcement site, eating the food, and re¬ 
turning to the bulb) at the beginning of the investigation, a 
time that subsequently decreased to 1% min. The puppies often 
went to the bulb and pressed it even without eating the next por¬ 
tion of food. This indicates that the animals were able to effect 
the motor reaction with comparative ease. 

o 

The portion of V.K. Fedorov's investigation described above 
showed that formation of the reaction involving actively pressing 
a paw on a rubber bulb occurred gradually: a conditioned motor re¬ 
flex was first formed to the conditioned signal, various motor 
acts directed at a definite place appeared, and only then was the 
bulb isolated from the over-all experimental situation and the 
paw-pressing reaction fixed, the other active motor actions being 
extinguished (including sitting and standing, etc.). 

I.A. Alekseyeva (1953), I.A. Alekseyeva and O.N. Voyevodina 
(1953), O.N. Voyevodina and P.S. Kupalov (195*0, and O.N. Voyevo¬ 
dina (1962) studied a voluntary reaction involving licking an 
electric bulb. 

I.A. Alekseyeva conducted her experiments on two dogs, Cher- 
nyavka and Tsezar. A conditioned reflex involving going to the 
feeder in response to a 120 bpm metronome was induced and, after 
it had become stable, a new reflex, the light of an electric bulb, 
was added. The lamp was hung on a stand, which was placed in the 
middle of the room during the experiment. The stimulus-application 
sequence was as follows: the electric light was applied first and 
then replaced by the metronome, which was conjoined with alimen¬ 
tary reinforcement. Chernyavka did not react to the electric bulb 
at the beginning of the investigation, but she then began to re¬ 
main near the stand, look at the bulb, and even paw it. She sub¬ 
sequently touched the bulb with her muzzle and soon began to make 
licking movements in connection with the reinforcement. The dog's 
behavior at this point consisted of the following components: ap¬ 
proaching the stand, licking the bulb, going to the metronome (in 
response to the light), going to the feeder in response to the 
metronome, and eating the food. 

Essentially the same data were obtained for Tsezar as for 
Chernyavka. The most important difference lay in the fact that 
Tsezar began to lick the bulb suddenly. This reaction was first 
noted and immediately reinforced after 8l applications of the 
light and began to appear systematically after 92 applications. 
The animals repeated the licking reaction readily, consistently, 
and frequently. Thus, O.N. Voyevodina, who continued I.A. Alekse- 
yeva's investigations on the same dogs, established that active 
licking of the bulb was stably maintained for more than ten years. 
The ease with which this reaction was repeated is shown by the 
investigation conducted by O.N. Voyevodina and P.S. Kupalov 
(195*0, in which the animal executed the full cycle of motor ac- 

- 116 - 



tivity whose first component was the licking reaction 12 times 
during a single experiment without any noticeable difficulty. 

Of greatest interest in the experiments of I.A. Alekseyeva, 
O. N. Voyevodina, and P.S. Kupalov was the active licking of the 
bulb that appeared spontaneously, without any special interven¬ 
tion on the part of the experimenter. Such active motor acts have 
long been known and were repeatedly noted by I.P. Pavlov. For ex¬ 
ample, in an article entitled "The Physiological Mechanism of So- 
Called Voluntary Movements" he wrote: "A conditioned stimulus is 
a signal that 'substitutes' for an unconditioned stimulus. Thus, 
for example, a dog will go to a bulb and even lick it if it is a 
conditioned alimentary stimulus when lit."* 

Like V.K. Fedorov, I.A. Alekseyeva, O.N. Voyevodina, and 
P. S. Kupalov, G.A. Shichko studied the active repetition of a 
voluntary reaction, the only difference being that he made a more 
detailed investigation of the formation of the active motor act. 

The experiments were conducted on three dogs (Dzhul'bars, 
Dzhek, and Pal'ma) under the following conditions. An electric 
feeder, a water dish, and two loudspeakers were placed on the 
floor of the experimental room; one loudspeaker was subsequently 
converted to a positive stimulus (loudspeaker 1), while the other 
was converted to a differential stimulus (loudspeaker 2). The 
loudspeakers were placed a short distance apart and were 105 x 
X 95 X 80 and 75 x 65 x 1*5 mm in size (Fig. 10). Each of them was 
connected by wires to an electric metronome. The positive and dif 
ferential auditory stimuli were the sound of a 120 bpm metronome. 
The unconditioned alimentary stimuli were powdered meat biscuits 
in the experiments on Dzhul'bars and pieces of meat in the expert 
ments on the other two dogs. Each reinforcement portion was 15-20 
g- 

GRAPHIC NOT 
REPRODUCIBLE 

Fig. 10. View of loudspeakers and 
feeder. 

There was no preliminary induction of 
the feeder in the form previously employed 

a conditioned trip to 
in this method. 
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The site of the feeder and loudspeakers, the noise of the 
feeder, and the sounds of the positive and negative metronomes 
were checked for indifference during the first experiment. A con¬ 
ditioned reflex involving going to the feeder in response to the 
positive metronome was then induced. This reflex was developed on 
the basis of imitation in Dzhek and Pal'ma. After the conditioned 
reflex involving going to the feeder had become stable, a reflex 
was induced to the location of loudspeaker 1. 

In the investigation on Dzhul'bars, the feeder was generally 
on square 5^, loudspeaker 1 on square 3^, loudspeaker 2 on square 
32, and the water dish on square 20. It was established on the 
first day of experimentation that the site of the feeder and loud¬ 
speakers, the noise of the feeder, and the sound of the positive 
and negative metronomes were indifferent stimuli for the dogs. In¬ 
duction of the conditioned reflex involving going to the feeder 
in response to the positive metronome was then begun. The metro¬ 
nome was switched on when the animal was near the feeder and he 
was given reinforcèrent. The first conditioned-reflex trip to the 
feeder was noted on the fourth application of the metronome rein¬ 
forced by powdered meat biscuit and the reflex began to appear 
systematically on the twenty-first application. At the beginning 
of the investigation, when the conditioned reflex to the metronome 
was not adequately stable, Dzhul’bars moved about the room a great 
deal. Jumped up onto the tables, sniffed the floor and the objects 
on it, and often went to the door. Then, as the reflex became 
stable, his general motor activity began to decrease and he spent 
most of his time in the right-hand path of the room, where loud¬ 
speaker 1 was located, and exhibited a positive reacuion to this 
loudspeaker. The latter reaction was manifested in the fact that, 
when he was near the door, Dzhul’bars in some cases went to the 
feeder in response to the sound of the metronome along a curved 
rather than a straight line, passing near loudspeaker 1. This re¬ 
action was first noted on the 59th reinforced application of the 
metronome (9th^ experiment). ThatToudspeaker 1 had ceased to be 
an indifferent stimulus was shown by the fact that the animal ap¬ 
proached it and sometimes watched it during the intersignal pauses. 
He did not approach the differential loudspeaker, but went to the 
feeder in response to the sound of the metronome emanating from 
it. 

After the 95th conjunction of the positive metronome with re¬ 
inforcement with powdered meat biscuit (13th experiment), the 
conditioned reflex involving going to the Feeder was sufficiently 
stable that it was possible to move on to induction of a condi¬ 
tioned reflex to the animal's taking up a position near loudspeaker 
1 (square 34). In order to develop this reflex, the metronome was 
applied only when the dog was on or near square 34. The animal’s 
general motor activity during the intersignal pauses decreased 
after induction of the reflex to the position of loudspeaker 1 be¬ 
gan, the decrease being larger than that observed while the re¬ 
flex involving going to the feeder was becoming stable. At the 
same time, Dzhul'bars began to approach loudspeaker 1 more fre¬ 
quently and, if it was not immediately switched on, remained near 
it. Prom the 108th reinforced application of the metronome onward, 
the conditioned signal was given ouly when the animal had been 
near loudspeaker 1 for 3-lû sec. The dog now remained near the 
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loudspeaker for longer periods, watching It, occasionally lying 
down in front of it, and sometimes attempting to actively manipu¬ 
late it. Thus, Dzhul'bars tilted his head toward loudspeaker 1 
for the first time after the llOtli application. This reaction was 
subsequently observed during the pauses after the 112th, 113th, 
120th, and certain other applications. The dog gently touched the 
positive loudspeaker with his nose after the 129th application 
(17th experiment) and cautiously pushed it with hTs nose after 
the 132nd application (record of experiment 17 on 25 February 
1959). During the pause after the l^th application (19th experi¬ 
ment), the loudspeaker was not switched on for 5 min, despite the 
fact that the animal repeatedly approached it and remained near 
it. During this pause, the dog went to the loudspeaker, cautiously 
put a paw on it, held it there for a short time, and then slowly 
lay down. During the pause after the l^Stli application (19t]i ex¬ 
periment), the dog very carefully placed his left front paw on 
loudspeaker 1. During the 20th experiment (record of experiment 
20 on 10 March 1959), Dzhul’bars made several attempts to touch 
loudspeaker 1 with a paw, sometimes holding his paw over it and 
then letting it drop to the floor. In two cases he struck the 
loudspeaker, in one case he touched it with his paw, and in one 
case he withdrew his paw. The dog approached loudspeaker 2 three 
times, in which case the differential metronome was applied but 
not reinforced. As can be seen from the record of the experiment, 
the dog went to the feeder in response to this stimulus. 

Active motor reactions, in the form of touching or pawing 
loudspeaker 1, were subsequently frequently observed and they 
gradually increased in number. 

Over the next six experiments (21-26), there was an increase 
in the number of active motor reactions involving touching or 
pawing loudspeaker 1. Thus, while the dog touched the loudspeaker 
with his paw only four times during the 20th experiment, he 
touched it seven times during the 25th experiment (l85th-193rd 
applications). Since these active reactions were intentionally un¬ 
reinforced, they were markedly extinguished over the following 
three experiments (27-29)» Thus, Dzhul'bars did not touch the 
loudspeaker at all du-ing the 28th experiment and touched it only 
once during the first half of the 29th experiment. In order to 
avoid permanent extinction of the active motor reaction, rein¬ 
forcement was resumed with the 215th application. As a result, 
the dog again began to touch the loudspeaker on the 2l8th applica¬ 
tion and to strike it with his paw on the 224th application. From 
this point onward, the dog no longer tilted his head toward loud¬ 
speaker 1, made incomplete attempts to touch it, or cautiously 
poked at it with his nose or paw. In the 31st experiment, it was 
found that the dog resumed striking the loucispeaker if the metro¬ 
nome was not switched on in response to his first tap- After the 
32nd experiment (242nd application), the metronome was switched 
on only when Dzhul’bars struck loudspeaker 1 at least 3 times. As 
a result, the animal began to tap the loudspeaker several consecu¬ 
tive times. The dog sometimes rested one or both of his front legs 
on the loudspeaker during the intersignal pauses. He maintained 
this pose until loudspeaker 1 was switched on. If there was a 
great delay in its retardation, he began to paw at it. He did not 
touch the differential loudspeaker. 
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Record of Experiment No. 17 on 25 February 
1959. Dog Dehul'bare 
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Maco-cv 
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1 sBnyuteaa a KOMHary, naar 
aoay. habt a KopMyuiaa, 
npurayaa aacmn 1, croar aa 
40-m KMAparc, nxcr a aop- 
Myuiae, croar nepex XHNaaa- 
aoM 1 

1 ^Mxa, axrr aa 34 • aaax- 
par, orctoxa a Kopuyuiac, atp- 
ayxacb a xaaauaay 1, croar 
napax aaa 

l rCiaxa, noxónaa a xaaaiia- 
ay I, aaaxoaaxa a aaay ro- 
xoay (aoiMoatao oOanxaxa), 
nouixa a aopayuiaa, or aaa a 
xaaaMHay, caoaa axer a roo- 
ayuiaa, uraa a xaaaaaay i, 
croar 

l sCbaxa, cpaay noxouixa a xa- 
aaaaay 1, or aero no0aatexa 
a aopayuiaa, aepayxacb a xa- 
aaaaay, croar, axer a aoo- 
Mvuiaa, 0Tca>xa a xaaaaaay 1, 

15 17 129 1 9Cbaxa, npurayxa aa crox 1, 
noxouixa a aopayuiae, aaran 
a xaaauaay 1, aaaxoaaxa a 
acay roxoay a caorpar aa 
aero, noxaaxa roxoay, croat 
aenoaaaacao, caoaa aaaxoaa¬ 
xa roxoay a caorpar aa xa- 
aaaaa (aaa 6u aampxa a ra- 
aoft nose). Mxar a xaaaaaay 2, 
or acre a aopayuiae, aarea 
a xaaaaaay 1, aa 411 aaax- 
par, acpayxacb a xaaaaaay 1. 
croar, aocayxacb aro aocoa, 
nouixa a aopayuiae, aaraa a 
uaiuac c aoxofl, nkar. B xaxk- 
aeAtuca rpaaesa noxxoxaxa a 
xaaaaaay a aopayuiae. 
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nopouioa 

To To me 

2 oCmjii, nmt aa 56, 26-ft 
K sa j paru, otcwm a aopuyui- 
ae, aa 42-1 aaaapar a a «a- 
aaxaay 2, ocraaoaaaaca aapcx 
aaM, noaoniaa a «aaaaaay 1, 
or aero a aopayuiae, acaaoro 
nocToaaa, oCanxaaa aa, aap- 
ayaacb a aaaaaaay 1, croar 
oaoao a aro 

2 1 Cbcaa, Mfipaaack nox croa 2, 
orçada axer a xaaaaaay 1, 
a croay 2, a AaaaMaay 1, cro¬ 
ar nepex aaM, noaooiaa a aop- 
Myuiac, aaraaayaa a orapw- 
ry» aauiay ac, noxouiaa a ia- 
aaMaay 1, croar napea ana 
h napaoxaraexa nocaarpaaaar 
aa aaro 

2 2 Cia ai, nouiaa aa 52-ft a au¬ 
par, aaraaaa 21-ft, aapayaack 
a aopayoïaa, oOaatxaaa aa, no- 
Aouiaa a aanaanay 1, ocraao- 
anaaca, noxotuaa a aopayaiaa, 
aapayaacb x xaaaMaay 1, cro¬ 
ar nepcA ana, caorpar aa aaro, 
roaaayaa aocoa xaaaaaa, npo- 
xoaxaar croara 

2 3C>aaa, onur npaapamaa 

1) Time of day; 2) hours; 3) minutes; 4) conditioned stimuli; 5) 
type; 6) number of application; 7) action time (sec); 8) dog’s 
reaction; 9) reinforcement; 10) dog's behavior after eating and 
during intersignal pauses; 11) metronome 1; 12) the same; 13) 
went to feeder; 14) powdered meat biscuit; 15) entered room, drank 
water, went to feeder. Jumped up onto table 1, stood on square 40, 
went to feeder, stood in front of loudspeaker 1; 16) ate, went to 
square 3^ and then to feeder, returned to loudspeaker 1 and stood 
in front of it; 17) ate, went to loudspeaker 1, tilted head toward 
it (perhaps sniffing), went to feeder and then to loudspeaker, 
again went to feeder and back to loudspeaker 1, stood still; 18) 
ate, immediately went to loudspeaker 1 and then to feeder, re¬ 
turned to loudspeaker, stood for a while, went to feeder and back 
to loudspeaker 1, stood still; 19) ate. Jumped up onto table 1, 
went to feeder and then to loudspeaker 1, tilted head toward it 
and watched it, raised head, stood immobile, again tilted head 
and looked at loudspeaker (as though frozen in this pose). Went 
to loudspeaker 2, then to feeder, then to loudspeaker 1, then to 
square 4l, returned to loudspeaker 1, stopped, touched it with 
his nose, went to feeder and then to water dish, drank. Then made 
three trips to loudspeaker and feeder; 20) went to squares 56 and 
28, thence to feeder, square 42, and loudspeaker 2, stopped in 
front of latter, went to loudspeaker 1 and then to feeder, stood 
for a short time, sniffed it, returned to loudspeaker 1, and stood 
near it; 21) ate, went beneath table 2 and then to loudspeaker 1, 
table 2, and loudspeaker 1, stood in front of latter, went to 
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« 
í 

?? ed ínt0 ?pen tray» went t0 loudspeaker 1, stood in 
ÎnuïL io1««*®?!? Periodically looked at itj 22) ate, went to 

fc? sqyare ?!» returned to feeder, sniffed it, 
iouÍflÍAaí^díP ^er^1; 8Í°PPed» approached feeder, returned to 
loudspeaker 1, stood in front of it and looked at it, touched it 

tinued1 ^861 ^ remalned standing; 23) ate, experiment discon- 

??g'? behavlor at the end of the investigation re- 
f/0ll0Wi?8: ?0ln8 t0 loudspeaker 1, pawing it no less 

han three t^mes, going to the feeder in response to the positive 
metronome, eating, and returning to the loudspeaker. 

♦-h« SfPerls'ents conducted on Dzhul’bars showed that, during 
“h 8babllizatlon of the conditioned alimentary re¬ 

flex to the sound of the metronome, both this stimulus and the 
loudspeaker from which it emanated acquired positive significance 

f?r P14®0186^ tbls reason that the dog approached loud^ 
_peaker 1 comparatively often and sometimes remained near it. 

ÏSvo^in8 a f68^ îhe lntentional development of a reaction 
8£in8 to loudspeaker 1 and staying near it, the dog be- 

0n íhe loudspeaker and to bring his noseSor 
paw close to it. These incomplete movements gradually culminated 
in cautious touches with his nose or paw. The factor underlying 

sh^LÍnoH™in0VTnÍK díf5?rS from that underlying incomplete 
aîfrf, sneezln8* In the latter case, the animals clearly tried 
a°bJT®ly reproduce the shaking or sneezing reflex and even ex- 

voluntary components of these reactions, but it can be 
assumed that they were unable to complete the acts because of the 

inffUun?n» H3iiabliity^?f cortlcal projection of the correspond- 
1ïî°nedJr?flexes* As for Dzhul’bars, there was no doubt 

íha readLly axecute 8uch voluntary reactions as touching 
ÎÏLÎaïd P S®1* With his nose or Paw‘ It 18 Possible that the in¬ 
complete active movements in the experiments on Dzhul'bars were 

°f^Sn orl®ntatlon reflex. Only this can explain such 
phenomena as the gradual approximation of the dog's paw to the 
loudspeaker, which was followed by rapid withdrawal, or his very 
cautious anã gentle touching of it, which was also followed by 
rapid withdrawal. J 

roust be noted that the dog made incomplete and sometimes, 
complete active movements on numerous occasions (see the record of 
experiment 20)., although they were intentionally not reinforoed at 
rirst. This indicates that the active movements in question were 

fc!?at th®y W€re regularly evoked by the ex- 
perimental situation and the induction and stabilization of the r 

ftî1Sîntary reflex to the sound of the metronome and 
the animal a taking up a position ,near loudspeaker 1. This is also 

an??»*** hJïïv/îîî that fche baBlc results of the investigation oonr‘ 
DÏhekdaSd Paî^mabai,S corre8ponded fco tho8e of the experiments om 

* 1 • .. ' , • ' ‘ f ' r t t 

«.U iAa.wa8 noted above, the conditioned reflex involving going to 
4 enfwe.deí' r®8?0113® to sound of the metronome was Induced ? 
m Dzhek by imitation and subsequently became stable (after the 
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Record of Experiment No. 20 on 10 March 1969 
Dog DuhuVbare 
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1 6 Cotia k a anymeHa ■ KOMaary. 
Dodcxaaa a aopHymm, sa- 
r.iMHyaa a oTxpury» M Mal¬ 
ay ■ otiNioxaaa. Xoait bo 
KoM'iarc (34—48—34—48—44— 
croa 1—34—48—34 as.)- Ocra- 
HOBHaacb oaoao AaaaMaaa 1, 
otiHioxaaa aro, hotom yaapaaa 
no HCMy npaaol aanol. Otoiu- 
aa a cropoay 

1 7C»eaa. MA*mo40—46—34-My 
KBaAparaM, aaaaoaaaa roaoav 
a ;iHHSMHay 1, uouiaa aa 47-1 
asa Apar, ore «ab aaoae, RMt, 
noAouiaa a aopuyiuac, npur- 
ayaa aa croa 1, habt h» *4— 
48—34-ft auAparu. Croat oao¬ 
ao AHKiMaaa 1, aaaaoaaaa a 
aeay roaoay, oraepayaaeb 

Cbeaa. ocraaoaaaack aa 
34 m aaaapatc 

1 3 Habt a xaaaMaay 1, orcaiju 
aa 40-A asaapar. aepayaacb 
a AnaaMaay 1. ocropoxao noA- 
aB.ia aany aaA aau, onvcraaa 
BB aa noa, nouiaa a aopayui- 
ae. BBpayaacb. aaaaoaaaa ro- 
aoBv a AaaaNaay. mabt no 
44—48 » 24-mv aaaAparaN. noA- 
HB.ia aeay» aany aaA Anna- 
MaaoM I, onycraaa et, noAaa- 
aa npanyio aany aaA mm xc 
AHaaMaaoM. nomaa aaopMyui- 
KB. acpajaacb, croar oaoao 
AaaaMaaa I 

Mnco-cy- 
xapaul 
iiopouioa 

2 o Cieaa. habt aa 36-1 aaaA- 
par, orciOAa a AHaaaaay I. 
sbtbm nouiaa aa 48-A aaaApar. 
Bspayaaek a AaaaMaay, no- 
CToaàa. oromaa, aaoni«. aepay- 
aack. noAHima acayin aany aaA 
AaaaMaaoM, ao aro ne aocay- 
aack, orouiaa, aepayaacb a Aa- 
aauaav 1, noAomaa a Aaaa¬ 
Naay 2 

- 123 - 



Continu9d 

•p*ij 
i *rw« 

15 

15 

15 

15 

! 
>i 

47 

50 

53 

55 

Ve««»»« paupiMN«* 

1 1 

MOM 2 

1 1 

po- 

To*t 

Met- 
P®*- 

MOM 2 

j; 

152 

153 

10 

fj 

i! 
10 

10 

■ 

.Ü 
1 H 

Hmt 
K IOp- 
MyfflH 

To xc 

1 4 
Boxnt 
K KOp- 

MytUM 

Hmt I 
KopMyn- 

KC. OT 

MM K X» 
NMMMiy 1 

(loMJMMM €001 KM IMCM MOM 
nMXM M • MfMCNrMJIkMMt MytM 

1 0 

1 5 
Mmcocv 
xapHufi 

nopouioK 

To xt z 

2 2 Or RopMynMM cpaay nonaa 
a xaaaMMKy 1, noxaaaa at- 
■y» «any wax hmm, Mtxaaaao 
craaa onycxatk, mo eaopo 
orxapayaa a* a nocraaaaa aa 
noa. aaaaoHaaa roaoay max 
xmhimnkom 1, nouiaa aa M-ft 
KBixpar. orcioxa a xaaaMaay I, 
nwratrcM noeraaaTk aany aa 
xaaaMaa, ao eaopo orxapayaa 
aa. aacaoabao pa j nocaa atoro 
aaaaoaaaa roaoay a xaaaMB- 
ay 1 

2 2 Cbaaa, axar no 40, 64, 34-My 
aaaxpaTiM. aaaaoaaaa roaoay 
a xaaaMaay I, noxaaaa a ax 
anu aaayn aany, onycraaa. 
nocroMxa oaoao 1 era a caoaa 
noxaaaa ry xa aany Max XB- 
aaMHaoM, onycraaa aaaa noa, 
naxaonnaa roaoay a xaaaMa- 
ay 1, ÿaaeapyar aroraaaaMa, 
noxanaa aeayio aany a ax xa- 
aaMHaoM, ho aro aa aocay aaca. 
Hxer aa 44-1 anaapar, aapay- 
aack a xaaaMaay I, aaaaoaa- 
aa a aaay roaoay, 4>aacapyar 
raauMM. noxanaa a ax xana- 
MaaoM aaayio nory, orxepnyaa. 
axar no 20, 46 a 34-My aaax- 
paraM, croar napax xaaaMM- 
xom 1 

4 Ckaaa, xoxar no aoMaaro, 
noxouiaa a xaaaMaay 1, xo- 
xaf, npaflaaaaaacb a xana» 
MMxy 2 
sHaaaoaaaa roaoay a xana- 

Maay 1, noxaaaa aaayn aany, 
onycraaa, axaraa 16-4, aarax 
aa 40-4 aaaxpani. aaxapxa- 
aacb y xMaaMana 2 
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2 6Or Kopu)Mix* cpaay foauu 
k AHNaxHKy 1. acpayaacb « 
KOpxyUlKC, HMT BOAy, oflaio- 
xaaa AHHaMHR 1, orouiaa, atp- 
Nyaacb, noiapaa mu iaaaxa- 
ao» 1 juay» aany, onycnaa 
Ha noa, ctont 

2 7Cbeaa, ocruoaHaacb * aa 
47-m KBaapara, yaôpaaaca aa 
croa 1, nací k »«puyón, or* 
cma k XHHaMMKy I. aaaxAH 
HaKaoH»A3 roaoay k AH^axi- 
Ky, npuiayaa Ha eroa S’, ao- 
AoajAa k AHHaxHKy 1, caerea 
H OMCHIk OCTOpCXHO IlpHKOCBy* 
■lack a HtMy aanol, ctoht 
cnoKolao 

2 'Ckeaa, ha«t Ha 15-1 kbu* 
par. aaicM Ha 341, A»axAU 
nuTaaatk rpoHyrk AHHaMMK 1, 
ho He KocHyaacb ero, Croat 

2 9Ckeaa, cpaay k AHHaxHKy 1, 
noAHaaaaeay« ,iany »aa hbm, 
ho He KocHyaacb ero, xojurr, 
HaKAOHHAa K AHHaMHKy 1 ro- 
aosy, orouiaa. aepHyaacb, no- 
BTopH.ia no. orouiaa. toakrv- 
aa aeaoA aanol AHHaMMK 1, 
xoAHT, noAomaa k AHHaMHKy 1. 
cMorpHT Ha Hero, aeaol aanol 
noTMHyaa AHHaMMK Ha ceOa. 
CTOHT 

3 °Ckeaa. Onwr npcKPaueR 

1) Time of day; 2) hours; 3) minutes; 4) conditioned stimuli; 5) 
type; 6) number of application; 7) action time (sec); 8) dog's 
reaction; 9) reinforcement; 10) dog's behavior after eating and 
during intersignal pauses; 11) metronome 1; 12) the same; 13) met¬ 
ronome 2; l1!) went to feeder; 15) powdered meat biscuit; 16) dog 
entered room, went to feeder, looked into open tray, and sniffed 
it. Walked about room (squares 34, 48, 34, 48, and 44, table 1, 
and squares 34, 48, and 34). Remained near loudspeaker 1, sniffed 
it, then struck it with right front paw. Withdrew; 17) ate, walked 
over squares 40. 46, and 34, tilted head toward loudspeaker 1, 
went to square 47 and then to water dish, drank, went to feeder, 
jumped up onto table 1, went to squares 34, 48, and 34, stood 
near loudspeaker 1, tilted head toward it, and turned away; 18) 
ate, stayed on square 34; 19) went to loudspeaker 1 and then to 
square 40, returned to loudspeaker 1, carefully rested paw on it 
and then dropped it to floor, went to feeder, returned to loud¬ 
speaker, tilting head toward it, went over squares 44, 48, and 24, 
rested left front paw on loudspeaker 1, dropped it, raised right 
front paw over loudspeaker, went to feeder, returned and stood 
near loudspeaker 1; 20) ate, went to square 36, then to loudspeaker 
1, and then to square 48, returned to loudspeaker, stood awhile, 
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withdrew, returned, raised left front paw over loudspeaker but 
did not touch it, withdrew, returned to loudspeaker 1, went to 
loudspeaker 2; 21) went to feeder and then to loudspeaker 1¡ 22) 
went immediately from feeder to loudspeaker 1, raised left front 
paw over it, slowly began to lower it but soon withdrew it, lower¬ 
ing it to floor, tilted head toward loudspeaker 1, went to square 
64 and then to loudspeaker 1, tried to place paw on loudspeaker 
but soon withdrew it, then tilted head toward loudspeaker 1 sev¬ 
eral times; 23) ate, walked over squares 40, 64, and 34, tilted 
head toward loudspeaker 1, raised left front paw over it, lowered 
paw, stood for about 1 sec, again raised same paw over loudspeaker, 
dropped it to floor, tilted head toward loudspeaker 1, fixed his 
gaze on it, raised left front paw over it but did not touch it. 
Went to square 44, returned to loudspeaker 1, tilted head toward 
it, gazed at it, raised left front paw over loudspeaker, withdrew 
it, went over squares 20, 48, and 34 co stand in front of loud¬ 
speaker 1; 24) ate, walked about room, went to loudspeaker 1, 
walked about, approached loudspeaker 2; 25) tilted head toward 
loudspeaker 1, raised left front paw, left it drop, went to 
squares 40 and 16, remained near loudspeaker 2; 26) went immedi¬ 
ately from feeder to loudspeaker 1, returned to feeder, drank wa¬ 
ter, sniffed loudspeaker 1, withdrew, returned, raised left front 
paw over loudspeaker 1, let paw drop to floor, stood still; 27) 
ate, stood on square 4?, went to table 1, then to feeder, and 
then to loudspeaker 1, twice tilted head toward loudspeaker. 
Jumped up onto table 2, went to loudspeaker 3, very gently touched 
it with a paw, stood quietly; 28) ate, went to square 15 and then 
to square 34, twice attempted to touch loudspeaker 1 but did not 
do so, stood still; 29) ate, went immediately to loudspeaker 1, 
raised left front paw over it but did not touch it, walked about, 
tilted head toward loudspeaker 1, withdrew, returned, repeated 
this process, withdrew, touched loudspeaker 1 with left front paw, 
walked about, went to loudspeaker 1, looked at it, drew it toward 
him with left front paw, stood still; 30) ate, experiment discon¬ 
tinued. 

18th experiment). After thii. reflex had become stable, induction 
of an active reaction involving approaching loudspeaker 1 and re¬ 
maining near it was begun. Hence it can be seen that the investi¬ 
gation conductecTwith Dzhek took essentially the same form as 
that conducted with Dzhul'bars. The only difference lay in the 
method of inducing the conditioned trip to the feeder in response 
to the metronome. 

The experimental setup during the investigation with Dzhek 
was usually as follows: the feeder was on square 54, loudspeaker 
1 on square 27, loudspeaker 2 on square 25, and the water dish on 
square 20. In contrast to Dzhul'bars, Dzhek did not immediately 
react to the metronome when the reflex involving going to the 
feeder was being stabilized. The metronome often failed to cause 
the animal to halt the movement he was making. This movement was 
completed within 1-5 sec after the metronome was applied and only 
then did the dog go to the feeder. Thus, for example, if the sig¬ 
nal was given while the dog was going to the door, he continued 
his movement and turned around to go to the feeder only after 1-2 
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see. If Dzhek was drinking water when the metronome was pitched 
on, he continued drinking for several (up to 5) ^^5?" 
went to the feeder. The latent period of the conditioned reaction 
was 1-5 sec and even as long as 10 sec in isolated cases during 
this period. 

The conditioned reaction involving going to the feeder be¬ 
came stable on the 12th reinforced application of the metronome, 
which made it possible to move on to lnductlol?.?fnan°?!id^yd d 
reflex involving the animal's taking up a P08^10? 
speaker 1. This reflex appeared after ten applications, taking 
the form of comparatively frequent trips to 
the animal did net stay near the loudspeaker at fj1*** ** h 
time, Dzhek exhibited many intersignal trips to the f®Jd®£» "*jich 
were often preceded by a sudden cessation of a movement he had 
already begSn. Thus, in some cases, the dog moved toward loud¬ 
speaker 1 or the water dish, but abruptly ®n?he 
went to the feeder. He occasionally withdrew to 1-5-3 m from 
feeder or gingerly approached loudspeaker 1 and rapidly turned 
back. 

The dote first left the positive loudspeaker and went to the 
feeder during the pause after the B^th reinforced application of 
the metronome. Similar reactions were then fre2uení^times’ 
He also made circling movements about loudspeaker 1, sometimes 
repeating this process 2 or 3 times during an intersignal pause. 
This reaction persisted until the 110th application (31st ^P®^1" 
ment) desoite the fact that it was reinforced only 9 tlines (on 
the M3rd, 51st, 52nd, 77th, 82nd, 85th, 86th, 88th, and 93rd ap¬ 
plications) .“Tn a number of insFances DzheiTcircIed the dilleren- 
tial loudspeaker when his circling of loudspeaker 1 
forced; in this case, the negative metronome was switched on but 
not reinforced. As a result, the dog soon stopped circling lou 
speaker 2. 

After the 82nd application, Dzhek began to remain near loud- 
soeaker 1 substantially more often than before and this reaction 
became consistent after the 96th application. ^J1® 
itive loudspeaker, the dog usually watchedQ^1?2d he itlved in 
zen" in this pose. When the metronome was applied, he s5ayed J;" 
this position for 1-5 sec and only then went to Wh 
Dzhek remained near loudspeaker 1, he often wagged ^a » 
licked his chops, and salivated (the duct of one parotid gland 
had been led out in this dog). 

The development of the active motor reactions (touching and 
cawing the loudspeaker) took a totally different course from that 
observed in Dzhul'bars. The dog first touched ioudspeaker 1 ^lth 
his nose at the beginning of the 28th experiment and made 
first attempt to paw It during the J5rd experiment (126th appllca^ 
tlon; he raised a paw over the loudspeaker, held “ th^ P®81 
tlon for a short time, and then lowered It to the floor). Dth 
cushed loudspeaker 1 with his nose during the pause after tne 
127th application and attempted to lick U after the 139th app 
cation (34th experiment; he looked at the loudspeaker, licking 
his chocs Sid wagging his tail, then tilted his head toward it, 
and made licking movements in the air). He again pushed the lou 
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speaker with his nose during the pause after the 142nd application 
and subsequently repeated this action quite frequently. He first 
licked loudspeaker 1 during the pause after the 155th application. 
This reaction subsequently occurred infrequently. DiKek first cau¬ 
tiously placed a paw on loudspeaker 1 d .ring the pause after the 
l6¿ith application; the metronome was t^en applied and the animal 
reciTved food. During the pause after the 166th application (38th 
experiment), the dog stood for a long time near the positive loüï- 
speaker, wagged his tail, licked his chops, and pushed the loud¬ 
speaker with his nose several times; however, as in previous 
cases, no reinforcement was given. Toward the end of this pause, 
the dog struck the loudspeaker sharply with a paw, in connection 
with which the metronome was switched on and the dog given rein¬ 
forcement. Dzhek thenceforth usually pawed the loudspeaker and 
also pushed it with his nose. The former reaction was always rein¬ 
forced. Fvom the 39th experiment onward, the dog pawed the loud¬ 
speaker 2-4 consecutive times. Reinforcement was given only when 
he struck it at least three times. On the first such occasions, 
the animal sometimes struck the loudspeaker once or twice, with¬ 
drew from it toward the feeder by 0.5-1 m, stopped, and looked at 
the loudspeaker. Since the metronome was not switched on in such 
cases, he returned to the loudspeaker and resumed pawing it. Such 
reactions were very rarely observed after the 40tli experiment. 
Dzhek's conditioned-reflex activity now began to take a very dis¬ 
tinct and rapid course, the latent periods of the trip to the 
feeder in response to the metronome not exceeding 2 sec. Intersig¬ 
nal trips from the loudspeaker to the feeder soon almost complete¬ 
ly disappeared. The dog went for reinforcement only in response 
to the conditioned signal. Even after the conditioned reflex had 
become rather stable, Dzhul'bars still sometimes struck the loud¬ 
speaker only once or twice and then went to the feeder. Toward 
the end of the investigation, Dzhek made comparatively few extra¬ 
neous movements, i.e., movements that were not components of the 
induced activity. As a rule, he immediately returned to loud¬ 
speaker 1, sometimes running, after receiving food, began to paw 
it, went to the feeder in response to the metronome, etc. Like 
Dzhul'bars, Dzhek sometimes placed one or both of his front paws 
on the positive loudspeaker. In a second variant, the free paw 
was suspended in the air, extended under great tension, or peri¬ 
odically used to touch the loudspeaker. In some cases, Dzhek 
placed one paw on loudspeaker 1 and began to press or scratch at 
it. However, striking the loudspeaker remained the typical active 
reaction. 

After the conditioned-reflex motor activity became stable, 
the dog went to the differential loudspeaker extremely rarely, 
looking at it and immediately going to the positive loudspeaker 
when he did so. 

The experiments on Pal'ma yielded essentially the same data 
as those on Dzhek. During the first eight experiments, Pal'ma 
learned by imitation and a conditioned reflex involving going to 
the feeder in response to the sound of the metronome was formed. 

In contrast to the other dogs. Pal'ma exhibited a positive 
reaction to loudspeaker 1 from the very outset: she made periodic 
trips to it, fixed her gaze on it, sniffed it, and even pushed it 
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with her nose. Thus, during the pause after the ninth application, 
which lasted 3 min rather than the usual 1-2 min, the dog moved 
about the room a great deal at first and then went to loudspeaker 
1 and pushed it with her nose. During the next intersignal pause, 
which was prolonged to 5 min, Pal'ma spontaneously attempted to 
got food from the feeder and, when she was unable to do so, began 
to oite its lid; she then whined, withdrew, returned, and roughly 
struck the feeder. During the 12th experiment (20th-26tl applica¬ 
tions), the dog pushed loudspeaker 1 with her nose in EF/ree cases 
and tilted her head toward it and looked at it in four cases. 
Since Pal'ma displayed a positive attitude toward loudspeaker 1 
from the first reinforced applications of the metronome, this be¬ 
ing a result of the prior experiments involving imitation, a con¬ 
ditioned reflex was not induced to the position of the loudspeaker. 
At the same time, in contrast to the experiments on Dzhul'bars and 
Dzhek, Pal'ma was given reinforcement when she tilted her head 
toward loudspeaker 1 and touched or pushed it with her nose. 

The dog sometimes approached loudspeaker 2 at the beginning 
of the investigation, looked at it, and, in one case (after the 
18th application), struck it with a paw. Motor activity directed 
at loudspeaker 2 was never reinforced and the dog consequently 
soon stopped approaching this stimulus. 

Until the 39th application, when Pal'ma was near loudspeaker 
1 she usually looiced at it or attempted to touch it with her nose, 
sometimes being successful in doing so. She then began to paw 
loudsyeaker 1, at first infrequently and then (after the 45th ap¬ 
plication) systematically. In contrast to the other dogs, Pif'ma 
initially pawed in front of the loudspeaker, slightly brushing 
one wall of its housing with her paw or even failing to touch it 
at all. She never rested a paw on the loudspeaker, as Dzhul'bars 
and Dzhek had occasionally done. When near loudspeaker 1, Pal'ma 
often licked her chops or growled at it; she did not go immedi¬ 
ately to the feeder in response to the positive metronome, but 
waited 5-7 sec. She sometimes pawed the loudspeaker once or twice, 
looked at it and listened, then pawed it again, etc. When the ac¬ 
tive motor reaction (pawing the loudspeaker) became stable, the 
animal stopped going to the differential loudspeaker. There was 
also a sharp curtailment of her movements about the experimental 
room. On entering the room, Pal'ma usually went immediately to 
the feeder or the loudspeaker, began to paw it, went for rein¬ 
forcement in response to the sound of the metronome, ate the meat, 
returned to the loudspeaker, resumed pawing it, etc. 

The investigation conducted on Dzhek and Pal'ma confirmed 
the basic results obtained in the experiments on Dzhul'bars. The 
individual peculiarities of the animals' behavior presented no 
obstacle to development of the main reaction, i.e., active paw¬ 
ing of the loudspeaker. 

The experiments on Dzhek rather conclusively showed that the 
site of loudspeaker 1 evoked an alimentary reaction, which was 
manifested in salivation, chop-licking, and tail-wagging. This 
means that both the reinforced conditioned rolmUiUò (the sound of 
the metronome) and its source (the loudspeaker) acquired the ca¬ 
pacity to evoke conditioned alimentary reactions. 
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As our experiments showed, the active j , of the loud- 
spe2iker was not an accidental movement but a gular motor reac­

tion; this Indicate! that new movements can be Induced in an ani­

mal under the Influence of his environment. Striking a loudspeaker 
three times In succession Is naturally a new reaction for a dog, 
since he does not exhibit It under natural circumstances. However, 
we cannot overlook the fact that striking a loudspeaker Is an ac­

tion composed of old, well-mastered movements — raising and lower­

ing of a paw. In Dzhek and particularly In Dzhul'bars, formation 
of the motor act In question began with the raising of a paw; the 
dogs then began to try to lower It In order to touch the loud­

speaker. Only at this Juncture were single taps on the loudspeaker 
observed. That animals can develop new, more complex motor acts 
on the basis of existing movements Is elegantly shown by the fol­

lowing experimental data.

In experiments conducted on Dzhul’bars, Dzhek, and Pal'ma 
after Induction and stabilization of the conditioned motor reac­

tion Involving pawing loudspeaker 1, this loudspeaker was moved 
to new locations. The results of this change In the experimental 
setup were described In the preceding chapter, so that here we 
need note only that the dogs' Induced activity was disrupted at 
the beginning of the experiments. However, after a short "train­

ing period," the animals differentiated the loudspeaker from Its 
usual position, so that It could be placed on any square of the 
floor without markedly affecting their behavior. On some experi­

mental days, the loudspeaker was placed on a table or hung from 
the wall over the floor or a table; the animals pawed It all the 
same. If the loudspeaker was placed on a table. In order to ac­

tively manipulate It and receive reinforcement the animal had to 
execute a more complicated motor act thaui previously, when the 
loudspeaker was on the floor. He now had to first Jump onto the 
table and then paw the loudspeaiker; all three dogs did this (Pig. 
11). The active motor act was even more complex when the loud-

lAPHIC NOT 
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Fig. 11. Dzhek paws loudspeaker 1 
on table 2.

speaker was hung on the wall over a table or the floor. In order 
to begin striking the loudspeaker and thus receive reinforcement.
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the animal had to first go to the loudspeaker, stand on his hind 
legs, and strike it from this position. The dogs successfully 
coped with this task and varied their movements in accordsuice 
with its complexity. If the loudspeaker was close to the floor, 
at a height of about 50 cm, the animals did not stand on their 
hind legs; if the loudspeaker was at a height of about 100 cm, 
the dogs stood on their hind legs, pawed at it with one or both 
of their fron^. paws, and sometimes struck it with their noses 
(Fig. 12). In one case, the loudspeaker was hung so high that

I

MIC NOT
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Fig. 12. Dzhek strikes loud­

speaker 1, which is suspended on 
wall, with his nose.

Dzhek had difficulty reaching it with his paw. He then began to 
jump and down on his hind legs, resting his front legs against 
the wall, and struck the loudspeaker with his nose. These data in­

dicate that active motor reactions change with the situation. If 
the experimental conditions become more complicated, a more com­

plex type of voluntary activity appears. However, no matter how 
complicated voluntary actions may be, they are formed on the basis 
of simple, well-mastered movements.

Thus, the experimental data of G.A. Shichko show that dogs 
can not only readily and actively reproduce voluntary reactions, 
but can also spontaneously employ new, more complex motor acts 
based on simple, well-mastered movements to meet the requirements 
of the experimental situation.

CONCLUSION

The problem of voluntary and Involuntary is a scientific 
problem of great ideological significance and a struggle between 
materialism and idealism has long been waged about it. Idealists 
separate the voluntary from the involuntary and erect an impass­

able barrier between them, regarding the former as the product of 
the activity of a supernatural principle and the latter as the re­

sult of the functioning of the body. An incorrect Interpretation 
of the voluntary served as the basis for the fantastic notion of 
freedom of will, which the idealists needed to defend an old re-
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llgious function, the soul, to support the independence of behav¬ 
ior from the external world, and to refute the materialistic con¬ 
cept of psychic activity. One Russian idealist, N.Ya. Orot (1889), 
stated that the concept of freedom of will contained the idea of 
the will as an internal agent dependent only on itself. Another 
idealist, A.A. Vvedenskiy (1901), frankly declared that a belief 
in free will leads to recognition of the soul as an independent 
principle and of its immortality. He opposed the materialistic 
Sechenovian concept of psychic activity and asserted that materi¬ 
alism could not be proved scientifically and was itself merely a 
belief. 

Many Russian scientists (I.M. Sechenov, S.S. Korsakov, A.A. 
Tokarskiy, and others) supported criticism of the idealistic con¬ 
cept of freedom of will and demonstrated that it was scientifi¬ 
cally indefensible. In opposing the idealists, I.M. Sechenov (I878 
and 1900) asserted that voluntary movements are free of the inter¬ 
vention of the will as an impersonal agent and suggested that the 
meaningless notion of the will be replaced by a scientific con¬ 
cept. He stated that a newborn infant exhibits only involuntary 
movements and that voluntary movements appear during the course 
of development and are learned under the influence of environmen¬ 
tal conditions. 

The idealists, ascribing the voluntary to the supernatural 
soul, which occurs only in man, were forced to deny that voluntary 
movements can occur in amimais. Many idealists, including the du¬ 
alist R. Descartes, affirmed this incorrect view. 

Popular trends in modern bourgeois science (Preudianism, 
gestaltism, and behaviorism) give distorted and oversimplified 
Interpretations of behavior, ascribing exaggeratedly great impor¬ 
tance to inherent mechanisms and denigrating the role of the en¬ 
vironment in the formation of psychic activity. Thus, for example, 
behaviorism attempts to reduce the entire complex diversity of 
higher nervous activity in animals and mam to the primitive "stim¬ 
ulus-reaction" scheme. Prom this standpoint, amimais amd men are 
amimated automatons amd there is no qualitative difference between 
them. Behaviorism hoped to become the laboratory of society (D.B. 
Watson, 1927), but its defective principles led it into a blind 
alley. 

Dialectical materialism, recognizing the reality of the 
voluntary amd involuntary, believes that the difference them is 
relative rather than absolute and struggles both against artifi¬ 
cial separation of the voluntary from the involuntary and against 
unscientific fusion of the two. 

Acknowledgment of the voluntary does not in any way meam 
recognition of the reality of reactions independent of the envi¬ 
ronment. No matter what form a reaction takes, it cannot be ef¬ 
fected spontaneously, without the participation of external fac¬ 
tors, since, as M.V. Lomonosov correctly stated: "No movement can 
be effected naturally in a body if the latter is not set in mo¬ 
tion by some other body."* 

Voluntary and involuntary reactions are not rigidly delimited 
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or separated from one another by an impassable barrier; quite the 
contrary, they are closely related and one can acquire the proper¬ 
ties of the other under definite conditions. This has been quite 
well confirmed by the experimental data presented above. 

One of the special features of involuntary reactions is the 
fact that they represent a regular response on the part of the or¬ 
ganism to definite factors. For example, a shaking reaction regu¬ 
larly appears when the upper surface of the body is irritated and 
a sneezing reaction develops when the nasal mucosa is irritated. 
However, as the investigations of V.K. Fedorov and L.S. Gorshkova, 
R. Floru, and V.V. Yakovleva showed, these involuntary reactions 
can be made voluntary. It was found that, when accidental or pur¬ 
posely evoked shaking or sneezing was systematically r in- 
forced, the animal later began to actively repeat these -étions. 
Active repetition of a reaction is the principal indication that 
it is voluntary, so that there can scarcely be any doubt that 
voluntary execution of involuntary reactions occurred in the ex¬ 
periments conducted by the aforementioned researchers. This also 
indicates that the difference between voluntary and involuntary 
is relative rather than absolute. 

Shaking can be used as an example to illustrate the gen¬ 
eral characteristics of the mechanism oy which involuntary reac¬ 
tions are converted to voluntary reactions, leaving out numerous 
details. When accidental or intentionally evoked shaking was 
conjoined with food, a temporary association developed between <. 
the corresponding cortical points. Since, as I.P. Pavlov repeated¬ 
ly noted, when there is a pathway between a kinesthetic^and an 
alimentary cell excitation can move in both directions ...from 
the kinesthetic cell to the gustatory, or alimentary cell (during 
formation of the pathway) and from the alimentary cell to the 
kinesthetic cell (during alimentary excitation), it can be as¬ 
sumed that, when alimentary excitability was increased, the cor¬ 
tical projection of the shaking act was excited and the ani¬ 
mals consequently went through the appropriate movements. 

The shaking reflex is naturally closely associated with 
the activity of both the cortex and the lower-lying cerebral ele¬ 
ments, but the decisive role in repetition of this reflex is 
played by the cortex, which is the material substrate of indi¬ 
vidually acquired reactions in higher animals. 

Our experimental data enable us to surmise that the excita¬ 
bility of the neural structures governing active repetition of 
the voluntary components of the shaking reflex is higher than 
that of the structures governing the involuntary components of 
this reflex. The validity of this hypothesis is supported by the 
fact that the dogs readily and frequently effected the voluntary 
components of shaking but were frequently unable to carry out 
its involuntary components. Moreover, as V.V. Yakovleva s _xperi- 
ments showed, preliminarily moistening the skin led to a substan¬ 
tial increase in the number of times that active shaking was com¬ 
pleted. It must be added that shaking was facilitated when the 
animal wore a leash on its neck, when it rolled on the mat» etc* 
All this increased the excitability of the cortical projection of 
the shaking reflex, thus facilitating active repetition. 
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The dogs did not repeat the different involuntary reactions 
with equal ease. They carried out scratching comparatively easily 
but had substantially greater difficulty in executing sneezing 
and particularly shaking. This indicates that the excitability 
level varies in the cortical projections of different involuntary 
reactions. 

The experiments of V.K. Fedorov and L.S. Gorshkova force us 
to assume that the active repetition of an unconditioned reflex 
and the conditioned-reflex repetition of the same reaction in re¬ 
sponse to a conditioned stimulus are phenomena that differ some¬ 
what from one smother. Active repetition of shaking and sneezing 
develops comparatively slowly, is rarely displayed in complete 
form, and is subsequently extinguished. Nevertheless, conditioned 
shaking and sneezing reflexes are induced rather easily, are rap¬ 
idly fixed, and persist stably. 

Active repetition of shaking and sneezing imposes a severe 
load on the nervous system, as is indicated by the numerous and 
often unsuccessful attempts to execute these acts. Conditioned 
shaking and sneezing reflexes are readily displayed in response 
to an appropriate conditioned stimulus and do not cause any no¬ 
ticeable strain on the animal's nervous system. 

All this is due to the fact that, like an unconditioned re¬ 
flex, a conditioned reflex is an involuntary reaction regularly 
displayed in response to a positive conditioned stimulus. Active 
execution of an unconditioned reflex is a voluntary reaction in¬ 
dependently repeated by the animal. The activating focus of this 
repetition develops "centrally” (I.P. Pavlov), in the alimentary 
center. The formation of this focus of excitation and the associ¬ 
ated acti/e repetition of the involuntary act are naturally gov¬ 
erned both by the internal state of the body (e.g., hunger) and 
by the environment. However, no environmental stimulus can of it¬ 
self induce active shaking in a dog. In the case of a conditioned 
reflex, an involuntary reaction is displayed in response to a 
stimulus systematically reinforced by an unconditioned stimulus. 

All this indicates that the active execution of an involun¬ 
tary reaction is not identical to the execution of a conditioned 
reflex in response to a definite stimulus. However, the differ¬ 
ence between voluntary and conditioned-reflex repetition of an 
unconditioned reflex is relative. They have much in common, prin¬ 
cipally the fact that they are based on temporal associations. 

Investigations conducted by I.A. Alekseyeva, V.K. Fedorov, 
Änd G.A. Shichko showed that alimentary reinforcement of motor re 
actions usually regarded as voluntary (licking a lamp, pressing a 
rubber bulb, or pawing a loudspeaker) caused the animals to begin 
actively repeating these reactions. As was noted above, the ex¬ 
periments of V.K. Fedorov and L.S. Gorshkova, V.V. Yakovleva, and 
R. Floru showed the same to be true of involuntary reactions 
(shaking, sneezing, and scratching). Thus, there is an area of 
overlap between voluntary and involuntary reactions during their 
active repetition; this is strong confirmation that there is no 
absolute difference between them. This is also supported by the 
fact that an involuntary reaction can be made voluntary, as was 

- 13^ - 



described above, and a voluntary reaction can be made involuntary, 
as can readily be seen from the following data. The trips to the 
feeder during the intersignal pauses were obviously a voluntary 
reaction. However, when the animal made the same trip in response 
to the action of a conditioned stimulus, it was an involuntary 
motor reaction. The dog's moving toward the metronome and remain¬ 
ing near it that occurred in the first part of I.A. Alekseyeva's 
investigation was a voluntary reaction, while the movement in re¬ 
sponse to the electric bulb during the second part of the investi¬ 
gation was an involuntary reaction. The active pressing on a lever 
or pedal in L.G. Voronin's experiments was a voluntary movement 
but, after induction of a conditioned reflex involving pressing 
the pedal only in response to the conditioned stimulus, this move¬ 
ment acquired the character of an involuntary reaction. Finally, 
actively raising a paw, as in I.S. Rozental''s experiments (1936), 
was a voluntary reaction, but raising the same paw in response to 
a painful stimulus was an involuntary reaction. Many such examples 
could be cited, but the above well illustrate that a voluntary 
movement can be effected by an involuntary mechanism and that there 
are no fundamental differences between voluntary and involuntary 
reactions. ''The only differences lie in the greater lability of 
the nervous mechanisms responsible for voluntary acts, in the 
ease with which conditioned associations can be formed and re¬ 
peated, and in the permanent fixation of the latter, especially 
in young animals."* 

There are nonfundamental relative differences between the 
performance of voluntary movements and the active execution of in¬ 
voluntary reactions. "In the first case, the animal immediately 
and consistently executes definite movements as soon as a condi¬ 
tioned pathway has been formed. Alimentary excitation is rapidly 
directed to the cortical motor region, where the requisite motor 
act is formed, then being executed. The existence of a conditioned 
pathway and the presence of alimentary excitation are inadequate 
for repetition of a motor reaction in the latter case; special 
conditions, under which this reaction can be formed and executed 
by the animal's nervous system, are required. This is apparently 
a result of the fact that the cortical motor region contains 
neither a structure that can be termed a center of involuntary 
reactions, such as the shaking reflex, nor the facilities for in¬ 
tegrating all the constituents necessary for execution of the act 
of shaking."** 

G.A. Shichko's investigation indicates that, during adapta¬ 
tion to the environment, more complicated motor acts can be formed 
on the basis of simple, well-mastered voluntary movements. This 
is a strong refutation of the artificial "stimulus-reaction" 
scheme propounded by the behaviorists. 

The active repetition of such reactions as shaking, scratch¬ 
ing, pressing a bulb, pawing a loudspeaker, and so forth is a com¬ 
ponent of the animal's complex behavior and is directed at obtain¬ 
ing food, so that these reactions must be regarded as food-seeking 
motor acts. They differ from natural food-seeking acts (stretching 
out a paw for food, etc.) in the fact that they lead to food only 
under experimental conditions, so that they have an artificial 
character. Under real, nonexperimental conditions, they bear no 
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relationship to the procurement of food. The motor acts considered 
above can consequently be termed artificial food-seeking reactions. 

An animal's behavior consists of voluntary and involuntary 
reactions. Thus, in I.A. Alekseyeva's experiments, going to the 
bulb and licking it are voluntary reactions, while going to the 
metronome in response to the electric light, going to the feeder 
in response to the metronome, eating the food, and the alimentary 
reflexes are all involuntary reactions. In G.A. Shichko's inves¬ 
tigations, going to the loudspeaker and pawing it are voluntary 
movements, while going to the feeler in response to the metronome, 
eating, and the associated unconditioned reflexes (salivation, 
swallowing, etc.) are involuntary reactions. 

All this shows that there is no absolute difference between 
voluntary and involuntary reactions; using the conditioned-reflex 
method, it is possible to strictly govern and control voluntary 
and involuntary reactions and to make the animal active, enabling 
him to spontaneously execute involuntary and voluntary acts. 

Both our investigations and those conducted at other labora¬ 
tories have demonstrated that considering animals as animated au¬ 
tomatons, denying that their behavior contains voluntary movements, 
or ascribing exaggerated importance to such movements does not 
correspond to the true situation. Animals are not automatons; how¬ 
ever, their voluntary activity does not differ so greatly from 
their involuntary activity that we would be Justified in setting 
it up as something independent and designating this "something” 
by a special term. 
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Chapter 4 

EFFECT OF CERTAIN PHARMACOLOGICAL SUBSTANCES ON SITUATION 
AND SECRETORY ALIMENTARY CONDITIONED REFLEXES 

Pharmacological investigations carried out under the direc¬ 
tion of I.P. Pavlov have opened wide prospects for pharmacologists 
and have made it possible to study by means of conditioned re¬ 
flexes the action mechanisms of various substances on the cerebral 
hemispheres. "Chemical substances,” wrote I.P. Pavlov, "represent 
the most delicate analytical methods of physiology..., with the 
aid of chemical agents one can divide and isolate substances which 
can not be divided by any instruments."* 

I.P. Pavlov attached great importance to pharmacological re¬ 
search in the field of higher neural activity, not only because it 
enabled the experimenter to expand the knowledge concerning the ac¬ 
tion mechanism of various substances, but also made it possible to 
modify the course of neural processes, thus facilitating their 
study. 

Pharmacological substances can change the course of condi¬ 
tioned reflex reactions as a result of various causes: impairment 
of entry of a conditioned or unconditioned signal into the cortic¬ 
al part of the analyzer; impairment of the locking function between 
the cortical analyzer zones; change in the tonic effect from sub¬ 
cortical formations, in particular - of the ascending system of 
the reticular formation; changes in the effector link of a condi¬ 
tioned reflex, etc. In employing pharmacological substances, we 
aimed not only to study the character of their action on the cen¬ 
tral nervous system but also to elicit, as much as possible, cer¬ 
tain physiological mechanisms of realization of the motor condi¬ 
tioned reflex reactions. 

The physiologists always paid special attention to substances 
which selectively acted on the central nervous system. 

In the physiological department imeni I.P. Pavlov of the In¬ 
stitute of Experimental Medicine (IEM) investigations have been 
conducted on the action of certain substances which selectively 
influence the reflex control of physiological functions. With this 
in view, one employs the classic Pavlovian salivation method, as 
well as the method of situation conditioned reflexes. 

In the present chapter a particular attention is devoted to 
the data obtained by the method of situation conditioned reflexes. 
These results will be, as much as possible, compared with the 
facts obtained with the secretion method. 
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We investigated substances from various pharmacological 
groups which exert a special effect on the central nervous system: 

1) analgesic preparations of the opium group: dicodide, the- 
codine, lidol (demerol), promedole, morphine; 

2) cholinolytic preparations - aminoalkyls, esters of sub¬ 
stituted acetic and glycolic acids (amisyl, amedine, aprophene, 
diphacyl, lachesine, etc.), atropine and amino alcohols (cyclodol, 
etc . ) ; 

3) adrenergic substances (adrenalin and sympatholytin); 

*0 a tranquilizator of the central nervous system (aminazine). 

EFFECT OF ANALGESIC PREPARATIONS OF THE OPIUM GROUP ON THE SITUA¬ 
TION AND SECRETORY CONDITIONED REFLEXES 

Alkaloids contained within the composition of opium include 
codeine (methylmorphine), the effect of which on the cereoral cor¬ 
tex is considerably less pronounced, as compared with morphine (it 
induces no euphoria, but it exerts a selective depressing effect 
on the cough Tenter). 

Dicodide (dihydrocodeinen), suggested as codeine substitute, 
reduces the excitability of the cough center to a greater extent 
and possesses a strong analgesic action. Thecodine (dihydrooxy- 
codeine), manufactured in our country possesses an even greater 
analgesic action. It is used in the practice of reducing labor 
pain. 

Synthetic preparations, lidol (dolantin or demerol) and prom¬ 
edole, are of considerable practical interest, because they are 
better tolerated by patients (induce no vomiting or constipation), 
do not yield to morphine in their analgesic effect, and do not 
produce in man any phenomena of longing and addiction. 

Investigation of the effect of morphine and its derivatives 
on the course of situation conditioned reflexes was carried out by 
O.N. Voyevodina (195^, 1956) on seven dogs. In four of them, by 
means of the method of situation conditioned reflexes, one prod¬ 
uced positive and negative (differentiations and delay) motor con¬ 
ditioned reflexes to visual, sound, and object-spatial stimuli. In 
the dogs Chernyavka and Tsezar' a complex behavior pattern was 
elaborated, consisting of: 1) a run to the feeding trough, upon 
letting the dog into the experimental chamber; 2) approach of the 
dog to the lamp after the first feeding and after licking the 
lamp; 3) upon lighting the lamp - a run of the dog to the rug; 4) 
the dog stands on the rug for 3-5 seconds, its head turned in the 
direction of the metronome; 5) at the sound of metronome, the dog 
runs to the feeding trough and starts eating. 

In dogs Reni and Alma a simpler activity was elaborated: fol¬ 
lowing its run to the table and eating the first meal, the dog 
stands on the rug, and a conditioned stimulus is switched on; the 
animal responds to a positive stimulus by running to the table, 
Jumping on it and receiving food reinforcement, and to a negative 
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stimulus the dog responds by remaining on the rug. 

On three dogs (Jenny, Inga, Nord) the tests were carried out 
according to the classic salivation method In a soundproof camera, 
where at the metronome's 152 strikes per minute, light, bell and 
buzzer, positive conditioned reflexes were formed, and at the met¬ 
ronome's 120 strikes per minute, a differentiation was elaborated. 

The preparations were administered to the dogs Intramuscular¬ 
ly In the form of 0.01-0.1f-solution, within 30 minutes prior to 
the experiments. The effect of analgesic substances on the higher 
nervous activity was studied In the following doses: 

thecodine. 0.1-0.25-0.05 mg/kg 
licodide. 0.005-0.012-0.025-0.05-0.075-0.1 mg/kg 
lidol. 0.01-0.1-1.0-1.5 mg/kg 
promedole. 0.1-0.25-0.5 mg/kg 
morphine. 0.05-0.1-0.15-0.25 mg/kg 

Following administration of thecodine (0.25-0.5 mg/kg) and 
lidol (1-1.5 mg/kg), the synthetic activity of the cerebral cortex 
became impaired. This was fairly clearly ellcided under conditions 
of free movement of the animal in the experimental chamber: one of 
the first components of motor conditioned reflex activity in the 
dogs dropped out - the animals did not approach the lamp and did 
not lick it, or they did not take their position on the rug; in 
the intervals between the conditioned stimuli the dogs Just walked 
in the room. In all dogs, one observed a 1-2 second delay of the 
latent period of motor conditioned reactions. The animals ceased 
to react to the conditioned stimuli by 3-5 combinations sooner 
than usually. For instance, whereas in norm the animals made 12- 
13 runs to the table, following administration of lidol or theco¬ 
dine, during the 7th-8th employment of the stimulus, the dogs 
turned toward the cfoor and tried to get out of the experimental 
chamber. 

In the same doses, thecodine (0.25-0.5 mg/kg) impaired the 
conditioned reflex activity elaborated according to the salivation 
method, this impairment lasting for a period of 3 days following a 
single administration of the preparation. Within 30 minutes after 
the injection, one observed an increase of latent periods, de¬ 
crease of the level of conditioned positive reflexes on the aver¬ 
age of 501, maintenance of differentiation, and a diminution of 
the unconditioned salivation by 8-10S. On the day following in¬ 
jection, the level of positive conditioned reflexes remained re¬ 
duced, and the differentiation reflex disappeared. During subse¬ 
quent days the conditioned and unconditioned reflexes regained 
their initial level. 

Data, analogous to the afore-mentioned ones, have been ob¬ 
tained in tests with lidol at a 1.5 mg/kg dose. When the adminis¬ 
tered lidol dose was reduced 5-10-fold, the changes in higher 
nervous activity showed a different pattern: the level of positive 
conditioned reflexes rose by 25-^0í, whereas unconditioned saliva¬ 
tion changed little, and the differentiations were retained. On 
the average (based on three experiments), following injection of 
lidol in a 0.01 mg/kg dose, the conditioned reflexes rose under 
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the efi>--t of weak, as well as strong, stimuli: those of a metro- 

T-i-i2?** “ by 171, bell - by J»0*. This fact Indicates 
tnat iiaol In small doses Increases the excitability of cortical 
cells and intensifies their functional capacity. 

Dicodide, in doses of 0.005-0.012 mg/kg, had a stimulating 
effect on the higher nervous system of the animals, analogous to 
lidol in a 0.1 mg/kg dose. 

Upon injection of dicodide in a dose of 0.025-0.05 mg/kg. one 
observed in all animals a considerable increase of the latent pe- 
riod of conditioned secretory activity, reduction of the level of 
positive conditioned reflexes for 3-5 days; one also nct«d the ab- 
sence of a motor alimentary reaction to the action of conditioned 
stimuli, while the differentiation reactions were not impaired. 

Changes in the value of secretory conditioned reflexes, de¬ 
pending on the dose of dicodide, differed in various dogs (Table 

TABLE 7 

Changes in the Value (in %) of Salivary Condi¬ 
tioned Reflexes of Dogs Under the Effect of 
Various Doses of Dicodide 

.. '1 

K«a«K« cq6*m . 

5 Akcihm 
6 Hura . 
7 Hop* . 

• 
2 VM.iimaM 3 CaawfNM 

4 «MM 

OJOS 0.012 0.075 0.017 0.075 OJO 0.1 

43 
34 

•65.5 

31.3 

55.8 52> 
2L3 

54,8 
44 

64.4 
51 
43 

72 
67 
53.1 

1) Name of dog; 2) increase; 3) decrease; 4) 
doses; 5) Jenny; 6) Inga; 7) Nord. 

The above table cites mean data based on 45 applications of 
positive stimuli, following injection of dicodide in above indi¬ 
cated doses. 

Promedole in doses of 0.1 and 0.25 mg/kg, similarly to other 
derivatives of morphine, induced a marked decrease of the level of 
positive conditioned reflexes, without impairment of differentia¬ 
tion. 

Promedole did not impair the course of the unconditioned sec- 
retory reflex and did not reduce its value. On the other hand, 
conditioned reflexes decreased during the day of injection, as 
well as during subsequent 4-8 days, depending on the dose of admin¬ 
istered substance, whereas the differentiation reflexes remained 
Intact. 

In experiments staged within 30 minutes following administra- 
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tion of promedole in a 0.5 mg/kg dose, one observes in addition to 
above cited disturbances, a marked increase of the latent periods 
of conditioned secretion (over 10-fold); the rate of the course of 
the unconditioned reaction did not change. Hence, promedole in 
doses of 0.1-0.5 mg/kg contributed to the lowering of the level of 
positive conditioned reflexes. This reduction of the level of posi¬ 
tive conditioned reflexes took place without impairing the ”law of 
force." Besides, promedole, in above doses, had no effect on the 
course of the unconditioned secretory reflex; hence, it exerted a 
specific effect on the process of excitation of the cortex of the 
large cerebral hemispheres by apparently lowering the excitability 
of the cortex as a whole. This unique property of the preparation 
can be utilized for the characterization of the force of the ex¬ 
citation process of the cerebral cortex. The effect of promedole 
on the conditioned reflexes was also investigated by N.S. Safronov 
(1956), Suy-Bin (1956), G.I. Tsobkallo, N.S. Safronov and V.K. Fe¬ 
dorov (1955). These authors also showed that analgesic prepara¬ 
tions reduce the excitability of the brain. 

On the basis of cited investigations, one can conclude that 
all investigated analgesic substances (thecodlne, dicodide, lidol, 
promodole) in doses, close to therapeutic ones, iniuce a reduction 
of the level of positive conditioned reflexes, without impairing 
differentiation and unconditioned salivation (Table 8). 

TABLE 8 

Doses of Analgesic Substances which Induce Im¬ 
pairments of Conditioned Reflex Activity in Dogs, 
Following Subcutaneous Administration 

I 

HaiMmc npcnapar* 

2 

Tepftncftîu- 
«ecKtie 
AO»M 

, Ao»m. • miiu 

ycn/inaaio-Jt 
utite aoafty- 
Aitrr/tfcnu!l 

npouccc 

® (tJHOHHaa 

yrnttairaiM 5 
yc*ok!iopt+> 
armopayn 

A* a Tr i.aocTa 

acio«aaa) 

7 
NtpyuftOiAN« 
CNtyauiiOB* 

mi« yr/ioaNMt 
IwImhcm 

bTckoamr. 
’amcoAM. 

1 OJlMOX. 
1 1 ripo'ieAOJi. 
1 2Mop$Kft. 

0.1 
0.0s 
1.0 
0.15 - 
0.1 

0^005 
0.01 

0.1 
0.01 
1.0 . 
0.1 

o,»; 

a ' 

1) Name of preparation; 2) therapeutic doses; 3) doses in mg/kg; 
4) increase the stimulating process; 5) inhibit conditioned re¬ 
flex activity; 6) (salivation method); 7) impair the situation 
conditioned reflexes; 8) thecodlne; 9) dicodide; 10) lidol; 11) 
promedole; 12) morphine. 

Under conditions of free movement of the animal in the exper¬ 
imental chamber, lidol and thecodlne in therapeutic doses did not 
impair the elaborated conditioned reflex motor reactions, but they 
did slow up the rate of their course and, hence, affected the mo¬ 
bility of neural processes by rendering them more inert. 

In order to obtain the effect of an Increase of excitability 
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of the cerebral cortex, one should employ lidol and dicodlde In 5- 
10 fold smaller quantities than the therapeutic dose. Under the ef¬ 
fect of lidol (0.01 mg/kg) and dicodide (0.005-0.01 mg/kg) in 
these doses, one observed a shortening of the latent periods of 
conditioned secretory reactions and a rise in the level of posi¬ 
tive conditioned reflexes (to a larger extent it was observed on 
the conditioned reflexes which were physically stronger, than the 
weak ones). No impairment of differentiation was observed under 
these conditions. This fact indicates that, in small doses, lidol 
and dicodide intensify the excitability of cortical cells. 

Following a single administration of these preparations in 
doses exceeding the therapeutic doses 2-5—fold, disturbances of 
conditioned reflex activity were observed for 3 days. These dis¬ 
turbances were characterized by the absence of an alimentary motor 
reaction to conditioned reflexes, longer latent periods, lower 
level of positive conditioned reflexes of the type of a narcotic 
phase, and disappearance of the differentiation reaction. These 
disturbances were caused by a marked reduction of excitability of 
the cerebral cortex and, in particular, by a reduction of the 
cortical presence of the unconditioned secretory reflex; as a re¬ 
sult, one observed a considerable lowering of the level of posi¬ 
tive conditioned reflexes and a decrease of unconditioned secre¬ 
tion (mainly during the first 30 seconds from the start of feed¬ 
ing) . 

When experiments were conducted according to the method of 
situation conditioned reflexes, thecodine and lidol in doses ex¬ 
ceeding therapeutic doses impaired the successive chain of con¬ 
ditioned reflex reactions. For instance, under the effect of theco¬ 
dine (0.25-0.5 mg/kg), the dogs in the majority of cases performed 
stereotype movements; they ran to the lamp and then returned to 
the rug; less frequently, one observed the absence of the first 
component of the complex chain of conditioned reactions: the dogs 
did not approach the lamp and did not lick it; sometimes, all 
of the links of the complex sequence of the chain were absent (the 
dogs did not lick the lamp, did not go to the rug, but Jumped on 
the table without the sounding of the metronome signal. 

Since the investigated substances are morphine derivatives, 
it seemed of interest to compare their action with that of mor¬ 
phine proper. As per the data of O.N. Voyevodina, the injection of 
morphine in doses of 0.05-0.15 mg/kg resulted in an extension of 
the latent period of motor reactions, without impairing the course 
of previously elaborated conditioned reflex activity. Upon in¬ 
crease of the dose to 0.25 mg/kg one observed in the dogs an in¬ 
creased salivation, vomiting, refusal of food. Analogous data on 
the effect of morphine on conditioned reflexes were previously ob¬ 
tained also by other researchers (I.V. Zavadskiy, 1908; S.I. Pote- 
khin, 1911; V.A. Krylov, 1926; V.P. Petropavlovskiy, 1930; I.I. 
Zborovskaya, 1939, et al.). ~ ' 

According to the data of S.I. Potekhin, morphine in the dose 
of 0.0005-0.0025 grams caused a considerable reduction of the val¬ 
ue of secretory conditioned reflexes, while the natural condi¬ 
tioned reflexes reverted to the initial level within 30 minutes, 
and the artificial ones - within 60 minutes. 



The authors attributed the drop in the value of conditioned 
reflexes to the interaction of neural centers, basing their con¬ 
clusions on the general principles of neural physiology, that ex¬ 
citation of one center (emetic center, under the effect of mor¬ 
phine / inhibits the activity of another neural center (alimentary) 

As shown by the experimental investigations of O.N. Voyevo¬ 
dina, the changes of higher nervous activity under the effect of 
morphine derivatives have certain characteristic features. For in¬ 
stance, under the effect of lidol, thecodine and other prepara¬ 
tions, no refusal of food has been noted in all experiments, and 
there was no vomiting, whereas a single administration of these 
preparations has led to disturbances of conditioned reflex activ¬ 
ity for 2 to 8 days. These disturbances are apparently caused, at 
first, by the reduction of excitability of cortical hemispheres - 
the cortical component of the unconditioned alimentary reflex, in 
particular — and then also of the subcortical formations (inhibi¬ 
tion of unconditioned reactions). 

Thus, the investigated analgesic substances exert a triphasic 
effect, depending on the employed preparation dose: 

1) in 0.005-0.01 mg/kg doses, lidol and dicodide lead to an 
intensification of the stimulation process in the cerebral cortex; 

2) in medium doses (close to therapeutic ones), all investi¬ 
gated preparations cause a weakening of the stimulation process, 
without impairment of differentiations or changes in unconditioned 
reactions. Under conditions of free movements of the animals, the 
preparations in these doses do not disturb the structure of elab¬ 
orated consecutive conditioned motor reactions, but only cause a 
delay in their course; 

3) in large doses, exceeding therapeutic ones, a sharp reduc¬ 
tion was observed in the excitability of the cerebral cortex for 
5-8 days, a weakening of differentiation inhibition, and impair¬ 
ment of unconditioned reactions (salivation and complex motor 
acts). When experiments were carried out according to the method 
of situation conditioned reflexes, an impairment was noted in the 
consecutive chain of complex conditioned-reflex motor reactions of 
the animals. 

Various causes may be responsible for disturbances of condi¬ 
tioned reflex activity, regardless of the sites in the reflex arch 
which were subjected to the action of the pharmacological substance 
According to the data of A.V. Val'dman (I960, 1961) and L.N. Sini¬ 
tsyna (1961), analgesic substances do not disturb the conduction 
of afferent impulses along specific pathways to the corresponding 
projection zones of the cortex. Hence, the disturbances of the en¬ 
try of afferent signals to cortical zones of the analyzers cannot 
be the cause of changes in situation conditioned reflexes under 
the effect of analgesics. On the other hand, all analgesics inhib¬ 
ited the reaction of EEC desynchronization, induced by activation 
of the reticular formation with various types of afferent stimuli: 
sound, light, pain, and interoceptive stimuli (L.V. Val’dman, 
1961). Hence, inhibition of conditioned reflexes, induced by anal¬ 
gesics, can be caused by the direct action on the subcortical cer- 



ebral structures, with the result that the tonic influences of the 
ascending system 0f reticular formation are reduced, and this 
leads to the lowering of the general excitability level in the cer¬ 
ebral cortex. The intensification of excitation process following 
administration of small doses of analgesics may also be connected 
with the increase of tonic influences of the reticular formation 
on the cerebral cortex. This mediating action in our opinion dif¬ 
fers from the direct effect of the substance on the cerebral cor¬ 
tex in that the locking function of the cortex is preserved, as 
well as the differentiation of stimuli and the voluntary activity 
of the animals. Large analgesic doses disturb these functions and, 
hence, exert their effect on the cerebral cortex. In cases where 
the unconditioned motor reactions are impaired (under the effect 
of large doses), changes may occur in the effector link of motor 
conditioned reflexes, since the inhibiting effect of analgesics on 
the polysynaptic reflexes is a well established fact (Wikler, 1950) 
as well as their effect on the motor reactions, induced by stimu¬ 
lation of the motor zone of the cortex (A.V. Val'dman, 1958). 

EFFECT OF CH0LIN0LYTIC SUBSTANCES ON SITUATION AND SECRETORY CON¬ 
DITIONED REFLEXES 

The range of practical use of atropine-like and cholinolytic 
substances, in general, is extremely wide, since they possess 
cholinolytic, ganglionblocking, spasmolytic, midriatic, local-an¬ 
esthetic, antisecretory, and other properties. The property of 
atropine-like preparations of relaxing the smooth musculature and 
relieving the spasms of smooth-muscle organs accounts for their 
use in most diverse pathological conditions: bronchial asthma, 
spastic colitis, coronary spasms, gastric ulcer, cholelithiasis, 
urinary calculi and other diseases. 

No less important is the field of practical use of these sub¬ 
stances connected with their unique effect on the central nervous 
system. Cholinolytic preparations have been used since long ago 
for the treatment of Parkinson's syndrome and convulsive states. 
Most recently these preparations found their use as tranquilizers. 
The central action of cholinolytics is used also in surgery for 
the enhancement of the effect of analgesics. 

Hence, in characterizing the pharmacological activity of 
cholinolytic substances in general, of great importance is the 
elicitation of the selectivity of action of a given preparation 
on the central nervous system. 

Some cholinolytic preparations exert a special effect on the 
peripheral cholinoreceptors (salivary glands, intestinal muscles, 
gastric musculature, etc.); others -possess a predominant effect 
on the central nervous system. These differences in the action of 
these substances are utilized by clinicians in the selection of 
a preparation which acts in the desired direction. 

The central activity of cholinolytic preparations was previ¬ 
ously Judged on the basis of their property of checking convul¬ 
sions, tremor, cataleptic state, as well as other serious dis¬ 
turbances of the function of the cerebral cortex caused by chol¬ 
inomimetic substances. Presently available data on the effect of 
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certain cholinolytics on conditioned reflex activity have been ob¬ 
tained mainly on small laboratory animals: mice, rats, rabbits (N. 
Ya. Lukomskaya, 1957; N.V. Savateyev, 1957; A.T. Selivanova, 1958; 
P.P. Denisenko, 1961). On dogs one studied only the effect of the 
following preparations: pentaphene (Ye.K. Rozhkova, 1957), tropa- 
cine (R.Yu. Il’yuchenok, 1957), diphacyl and diazyl (S.S. Krylov, 
1956). 

Our laboratory (experiments of A.T. Selivanova, 1961, 1962) 
investigated the effect on the central nervous system of dogs of 
13 cholinolytic substances (amizyl, amedine, diphacyl, aprophene, 
atropine, lachesine, cyclodol, etc.). Among these preparations 
there were compounds with more pronounced action on the central 
cholinergic synapses — the so-called central cholinolytics (S.V. 
Anichkov, 1958, I960) - and preparations which block the peripher¬ 
al cholinoreceptors. Hence, it was of interest to elicit any dis¬ 
orders of higher neural activity, which might be induced by phar¬ 
macological substances which block various links of the reflex 
arch. 

Studies were conducted on 14 dogs. In four dogs, one elab¬ 
orated positive (to a gurgling sound, metronome 120 strokes per 
minute, light) and negative (metronome 60 strokes per minute) 
secretory conditioned reflexes. In 10 dogs, situation conditioned 
reflexes were elaborated. 

Metronome, gurgling, buzzer and light were positive condit 
tioned stimuli. The stimulator was turned on only when the dog 
stood on the rug after the animal had preliminarily completed the 
voluntary motor reaction — licked the bowl or scratched the rug. 
When the positive stimulator was turned on the dog was supposed to 
Jump on table No. 2, where it received its food reinforcement (20 
grams of cooked meat). The differentiation was elaborated to the 
sound or to the metronome (60 strokes per minute). When these were 
turned on, the dog remained on the rug. The solutions of tested 
preparations were injected subcutaneously. The intervals between 
repeated administrations of the preparations were no less than 10- 
20 days. 

Experiments with the method of situation conditioned reflexes 
showed that amizyl exerted the strongest effect on the behavior of 
animals; in a dose of 0.5 mg/kg is markedly changed the animal’s 
behavior. Within 5-15 minutes following injection of the prépara¬ 
tion the dogs started to whine, became restless, refused food. 
They had dyspnea and muscular weakness (especially of the posteri¬ 
or extremeties), which lasted 4-5 hours. Their pupils were di¬ 
lated; when walking they knocked against various objects in the 
room, tried to hide themselves in dark corners. In this state the 
dogs did not react to stimuli and did not perform voluntary reac¬ 
tions during the entire day of testing. Only one dog (out of five) 
responded four hours later to stimuli; its latent periods of mo¬ 
tor reaction and running time were longer, the differentiation 
reactions were gone, and food was eaten twice slower than under 
normal conditions. 

On the following day the latent periods remained protracted 
and the differentiation was still absent. Only on the third day 
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the indicators of conditioned reflex activity reverted to their 
initial level (Pig. 13). 
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13* Effect of amizyl in 0.5 mg/kg dose on situation condi¬ 
tioned reflexes of dogs, a) Dzhek 28/11 1952, weight 18.5 kr: b) 
Dozor 29.V11, Í953, weight 13.0 kg; c) Tobik 30/VI, 1953, weight 
12.0 kg. Vertical stroke - latent period, to bell; horizontal 
stroke - latent period to the metronome; oblique stroke - latent 
period, to light; black column — latent period, to buzzer (dif¬ 
ferentiation); stroke within a square - running time to the feed- 
trough; white column — time consumed in eating the extra feed* in- 
dicator equals 0; N - norm; arrow - administration of amizyl.’Time 
after injection of substance is marked below. Figures above col¬ 
umns of the latent periods in norm indicate the ordinal number of 
the application of a conditioned stimulus. A) Time, in seconds- B) 
30 minutes; C) one hour. 

Upon administration of'amizyl in a dose of 0.1 mg/kg, the 
following disturbances of higher neural activity were noted: with¬ 
in 15-30 minutes there was complete inhibition of previously per¬ 
formed voluntary motor reactions, the latent periods increased up 
ï? ¡íe £isaPPearance of conditioned reflexes to the metronome and 
light. The dogs were constantly walking about the room, did not 
remain on the rug. For 2-3 hours their work capacity was impaired- 
the animals made approximately half as many runs, as compared to * 
norm. 

On the following day the latent periods were protracted, es¬ 
pecially to light, and following the use of differentiation one 
observed a successive inhibition. In dogs with an elaborated vol¬ 
untary motor reaction one observed a reduction of activity: where¬ 
as prior to administration of the preparation 10 voluntary réac¬ 
tions were performed, there was none within 15-30 minutes after 
the injection, not more than four after 1-2 hours, and six on the 
following day. On the third day the higher nervous activity was 
normal (Fig. Vi). J 
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Fig. I1*. Effect of amizyl in O.I mg/kg dose on the situation con' 
ditioned reflexes of dogs, a) Dzhek 20/IV, 1953, weight 20 kg; b) 
Dozor 7/VIII, 1953, weight 13.6 kg; c) Tobik 8/1, 1953, weight 
12.6 kg. The symbols are the same as in Fig. 13. A) Time, in sec¬ 
onds; B) 30 minutes; C) one hour. 

Upon injection of amizyl in a dose of 0.05 mg/kg, one observed 
for 1-2 hours a lack of differentiation and an increase of the la¬ 
tent period in the reflex to light. Within *1-24 hours the condi¬ 
tioned reflex activity reverted to norm. Amizyl in a dose of 0.01 
mg/kg produced no substantial changes of conditioned reflexes in 
the majority of dogs; only voluntary reactions (licking of the 
bowl or scratching of the rug) were manifested in the animals at 
a lesser rate than usually. Amizyl in very small quantities (0.005 
mg/kg) caused no disturbance of higher nervous activity in the 
majority of dogs, and in excitable animals a particular precision 
of work was noted: intersignal runs disappeared and the differen¬ 
tiation improved. One may assume that the slight attenuation of 
the stimulation process, caused by amizyl, leads to a balancing of 
the neural processes, whereas in the majority of experimental 
dogs, thanks to a marked predominance of the stimulation process, 
one usually observed frequent intersignal runs and incomplete dif¬ 
ferentiation (of 3 differentiations, one was lacking; upon turn- 
ing-on of the negative stimulation, the animals got off the rug, 
but they did not Jump on the table, etc.). 

Thus, on the basis of conducted investigations we may con¬ 
clude that amizyl in small doses (0.005 mg/kg), which still do not 
disturb the course of elaborated motor conditioned reflexes, in¬ 
duces a decrease in the amount and intensity of the voluntary mo¬ 
tor food-seeking reactions. Under the effect of amizyl in large 
doses (0.05-0.1 mg/kg), the second link of complex synthetic motor 
activity becomes disrupted — the dog does not step on the rug, but 
walks about the room or lying down near the rug. At this time, the 
process of inner inhibition suffers - the differentiation is dis¬ 
rupted. With the increase of amizyl dose, a weakening takes place 
of the excitation process and a reduction of functional efficiency 



of the cortical cells (the latent periods increase, the condi¬ 
tioned motor reactions to weak stimuli disappear: first to light, 
then to the metronome and, finally, to all stimuli). The same ef¬ 
fect was noted also following administration of other derivatives 
of glycolic acid - amedine, benzacine, phenylcyclohexylglycolic 
ester of diethylaminoethanol (preparation 1), but the doses are 
much higher. For instance, upon injection of amedine, in all dogs 
one observed disturbances of conditioned reflex activity only at a 
dose of one mg/kg. One noted an increase of latent periods and re¬ 
flex time, as well as disruption of differentiation; on the fol¬ 
lowing day the conditioned reflex activity reverted to the initial 
level. In dogs with a more complex motor activity pattern, more 
serious disturbances have taken place in response to alternating 
positive and negative stimuli (8+ and 8— stimulations in the ex¬ 
periment): dropping out of reflexes during 1-3 hours, consecutive 
inhibition and an ultraparadoxical phase (at a negative metronome 
signal the dogs Jumped on the table; at a positive signal, there 
was no reaction at all). The higher nervous activity, became re¬ 
stored to norm only on the 3rd-ffth day. 

Amedine in a dose of one mg/kg, in addition to above-stated 
disturbances, caused an increase in the time required for the run 
of the animals; also, some conditioned motor reactions to a weak 
stimulus, such as light, disappeared (the animals remained on the 
rug or walked about in the room, instead of Jumping on the table). 
No deviation from norm were observed on the following day. Anal¬ 
ogous effect was produced by tiphen in doses of 0.5-1 mg/kg. 

Aprophene, diphacyl, phenylcyclohexylacetic ester of diethyl- 
(or dimethyl)-aminoethanol (preparations 2 and 3) caused weak dis¬ 
turbances of higher nervous activity, as compared with the prepara¬ 
tions of the previous group. 

Upon administration of these preparations in doses of only 1- 
3 mg/kg, certain disturbances of conditioned reflex activity were 
observed: the latent periods became longer, differentiations were 
disrupted, and there was an increase in the length of time re¬ 
quired for eating and return to the rug. Restoration of higher 
neural activity to the normal level would take place on the 2nd- 
3rd day, depending on the preparation, dose and individual char¬ 
acteristics of each animal (Fig. 15). Further increase of the 
amount of administered substance did not lead to a complete dis¬ 
appearance of the conditioned reflex activity, even at large 
doses. For instance, following injection of diphacyl in a dose of 
10 mg/kg (exceeding the minimum active dose 10-fold), the dogs did 
not manifest even a partial disappearance of conditioned reflexes, 
whereas upon a 5-fold increase of the minimally-active dose of am- 
izyl or amedine, atropine and other preparations, there developed 
in the cerebral cortex of the dogs a supraliminal protective in¬ 
hibition with complete disappearance of the conditioned reaction 
for a period of 2-5 hours following Injection. 

Upon injection of lachexine and atropine In doses of 0.05-0.1 
mgAg, their peripheral effect on the salivary glands of the ani¬ 
mals (dryness of mucosa) was manifested before the disturbances of 
conditioned reflex activity have made their appearance; in their 
character of action the disturbances resembled the effect of am- 
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Pig. 15. Effect of diphacyl In a 1 rag/kg dose on situation condi¬ 
tioned reflexes of dogs, a) Dzhek 13/X, 1953, weight - 20.0 kg; 
b) Dozon 20/VIII, 1953, weight - 13.2 kg; c) Tobik 27/V, 1953, 
weight - 12.4 kg. The symbols are the same as in Pig. 13. A) Time, 
in seconds; B) 30 minutes; C) one hour. 

izyl. The range of active doses was extremely narrow - from 0.1 to 
0.5 mg/kg. Atropine and lachesine in doses of 0.5 mg/kg caused a 
complete disappearance of conditioned reflex motor activity and a 
rejection of food by the animals (Pig. 16). 
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Pig. 16. Effect of atropine in a dose of 0.5 mg/kg on situation 
conditioned reflexes of dogs, a) Dzhek 12/V, 1952, weight - 10 kg; 
b) Dozor 30/XI, 1953, weight - 13 kg; c) Tobik 18/IX, 1952, weight 
- 12 kg. The symbols are the same as in Pig. 13. A) Time, in sec¬ 
onds; B) 30 minutes; C) one hour. 
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It should be noted that In dogs with a weak type of higher 
nervous activity and of a strongly Imbalanced (unrestrained) na¬ 
ture, the Impairment of conditioned reflex activity, following In¬ 
jection of chollnolytic substances, was observed at smaller doses 
and lasted longer than In dogs with a strong and balanced type of 
the nervous system and a satisfactory mobility of neural processes. 
As an example, we cite in Table 9 the doses of dlphacyl and amlzyl 
which Induce minimal disturbances of higher nervous activity In 
dogs possessing various typological characteristics, determined 
according to the abbreviated standard of M.S. Kolesnikov and V.A. 
Troshikhin (1951). 

TABLE 9 

Changes of Higher Nervous Activity in Dogs Under 
the Effect of Various Pharmacological Substances 

r. •• 
K«h<ki 
n6«u Tun BwcuicJt Me pinol 

«taîMknocTi 

3 Aom («r/«*). 
Kapyumouiai 

•weaivn nepaiyn 
J*IT*Jlk«OCTfc 

• MMINO &P><+aU*J 

4 AxnTtJkMCT* 
RipyuwMnl BMclut• 

MpBDOl JKOTtOk- 
MOCTB • ««cos 

•»■MM JMPtlMM 

7 JlXtK 

* PklJKN« 

9 To6nk 

10 Pene 

i i 5K« 

CH.ikNulf. ypapMotemea- 
HUfi, nOXBHMHuA . . L 2, 

Te kc . ) 3.. 
CHAkHufty^ypiBHOMiiieii- 

To Mt . ¿i . . , 

Oia6u> 2 1. 

0.1 

0,05 _ 
0.075“ 
0.01 

Í.0 
1.0 

0.5 
0.25 

0.1 

24 
24 

4S 
72 
72 

24 
4 

24 
4 

24 

1) Name of dog; 2) type of higher nervous activity; 3) dose (mg/kg) 
which impairs higher nervous activity; 1») duration of disturbances 
of higher nervous activity, in hours; 5) amizyl; 6) diphacyl; 7) 
Dzhek; 8) Ryzhiy; 9) Tobik; 10) Reks; 11) Zhan; 12) strong, well- 
balanced, lively; 13) the same; Hi) strong, unbalanced; 15) weak. 

/i \ Cyclodol, 1 ,l-diphenyl-3-(N-peperldyl)-propanol 1 (preparation 
) and l-phenyl-l-(a-thienyl)-3-(N-piperidyl)-propanol 1 (prepara- 

tlon 5) induced disturbances of higher nervous activity in doses of 
1-2 mg/kg. Preparation 5 exerted a weaker and transitory effect. 
Upon its administration in a 2 ml/kg dose, one observed for 30 min¬ 
utes an increase of the latent periods, disruption of differentia¬ 
tions and a slowing up of consumption of the additional food por¬ 
tion. r 

Cyclodol exerted the strongest effect. In a dose of 1 mg/kg 
it induced within an hour after injection a complete inhibition of 
conditioned reflex motor activity, the animals rejecting their 
feed. In some dogs a marked dryness was observed and occasional 
vomiting. Within three hours the differentiations were still ab¬ 
sent and an increase of latent periods to light was observed. The 
conditioned reflex activity became fully restored on the following 
day (Cf. Record of the experiment on 19/X 1956). 

In experiments carried out according to the salivation meth- 
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od, the injection of amizyl in doses of 0.0005-0.005 mg/kg prod¬ 
uced no change in the conditioned and unconditioned secretion 
during the day of injection. During the subsequent two days an in¬ 
crease was observed of conditioned salivation in response to all 
stimuli. 

Following a twofold increase of the dose (0.01 mg/kg), the 
conditioned salivation decreased by 50I-70Ï, whereas unconditioned 
salivation showed no appreciable change. Only after a subsequent 
increase of the amount of injected substance (0.05 mg/kg), a re¬ 
duction was observed of the amount of unconditioned salivation. 

Aprophene (0.5-0.75 mg/kg), as well as amedine (0.01-0.05 
mg/kg), caused a decrease of conditioned reflexes, without chang¬ 
ing the total value of unconditioned salivation, although a reduc¬ 
tion of the amount of unconditioned secretion was observed during 
the first 30 seconds, and its increase during the second 30 sec¬ 
onds after the start of eating - a fact indicating the reduction 
of excitability in the cortical zone of the unconditioned food 
reflex (P.S. Kupalov, 1955b) (Cf. record of experiment of 12/XII 
I960). 

Atropine and lachesine in doses (0.001-0.005 mg/kg and high¬ 
er), within 30 minutes following injection, simultaneously re¬ 
duced the conditioned as well as unconditioned salivation. On the 
following day an Increase of secretion was observed (Cf. record of 
the experiment on 18/IV 1961). 

Diphacyl affected the conditioned reflex activity of dogs in 
higher doses, as compared with other preparations. When diphacyl 
was administered in doses of 0.1-0.2-0.5 mg/kg, no changes in con¬ 
ditioned reflexes were observed; there was only a tendency toward 
unconditioned salivation. Upon injecting this preparation in doses 
of one mg/kg, and higher, the unconditioned salivation was inhib¬ 
ited first (record of experiment on 25/V 1961), and at higher 
doses - the conditioned and unconditioned salivation were inhib¬ 
ited. 

Experiments conducted according to the method of situation 
conditioned reflexes established the fact that, upon administra¬ 
tion of small doses of aminoalkyl esters of substituted glycolic 
acid (amizyl, amedine, preparations 1 and 2), there disappears, in 
the first place, the voluntary food-searching motor reaction, also 
the differentiation, as well as precision, of dog's position on 
the rug are impaired. Next, the latent periods increase and, final¬ 
ly, the motor reactions to conditioned stimuli disappear. Upon in¬ 
jection of large doses (0.1-0.15 mg/kg of amizyl, 0.75-1 mg/kg of 
preparation 1 and 2, 1-1.5 mg/kg of amedine, 0.5 mg/kg of lache¬ 
sine, etc.), the partial or complete disappearance of conditioned 
reflexes is preceded by the emergence of phase states, more fre¬ 
quently in the form of the leveling, paradoxical, and ultrapara- 
doxical phases. One observes an increased exhaustion of the cen¬ 
tral nervous system toward the end of each experiment (the dog 
performs 2-3-fold less runs than in norm). These changes of high¬ 
er neural activity attest to the weakening of inhibitory as well 
as stimulating processes in the cerebral cortex, with subsequent 
reduction of work capacity and the development of protective in¬ 
hibition. 
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Record of the Experiment on 19/X 1956 on the 
Dog Ryzhiy 

1 
Nhcm 

■Mm+m* 
yt.tctMor* 
MUM* Kartjit 

VtJioMM« p*)Apt)nart4a 
JllTtMTNUl 

ntpaoji 
yc4oaaora 
pf^.icRca 

i» bpcua a caayaaas 

» 
698 ê 
604 1 
200 
2261 1 
699 a 
605 * 

3vuuep. . . 

3>orox (äh^.) 
SVMMCP. . . 
MctpOROM . 

°8 
6 

¿T* 
0.6 

> 
2 
2 

T 
2 

6 
» 
4 

T 
i 

10 
15' 
7 

1 
6 

Within 30 minutes following administration of cyclodol in a dose 
of 1 mg/kg: 
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2011 9 
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Within an hour following administration: 
The dog does not react, walks about the room; meat, thrown on the 
floor to the dog, is eaten slowly; the animal rubs snout with the 
paws (dryness of mucous membranes), vomiting. 
Within three hours following administration of the preparation: 

Within 2H 

602 « 
608 • 
202 1 el 
228 1 1 
603 a 
609 • 

SyMMcp. . . 
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1 
I 

the preparation. 

1) Number of applications of the conditioned stimulus; 2) condi¬ 
tioned stimuli; 3) latent period of the conditioned reflex (in 
seconds); 4) time, in seconds; 5) runs; 6) consuming food; 7) re¬ 
turn to the rug; 8) buzzer; 9) metronome; 10) light; 11) bell 
(differentiation). 
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Record of the Experiment on 12/XII i960 on the 
Dog Pisclya 

20 minutes following injection of aprophene in a dose of 
0.75 mg/kg 

53 
61 
27 
16 
54 
62 
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On the following day 

36 
45 
33 
17 
29 
47 
34 
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137 
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60 
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49 
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49 
12 
59 
75 
60 
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155 
153 

81 
46 
30 

174 
154 
161 

45 
30 

.46 

353 
301 
183 

3T9 
184 
310 

» 

I) Number of applications of the conditioned stimulus; 2) condi¬ 
tioned stimulus; 3) delay period of the salivary conditioned re¬ 
flex (seconds); il) value of the conditioned reflex, in scale 
grades (one grade » 0.1 ml) during 20 seconds; 5) value of the 
unconditioned salivary reflex, in scale grades during; 6) the 
first 30 seconds; 7) second 30 seconds; 8) during one minute; 9) 
prior to administration of the preparation; 10) metronome 120; 
II) gurgling sound; 12) light; 13) arithmetical mean. 
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Record of the Experiment on 18/IV 196I. Dog 
Chernysh 
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1) Number of applications of a conditioned stimulus; 2) condi¬ 
tioned stimulus; 3) delay period of the salivary conditioned re¬ 
flex (seconds); 4) value of the conditioned reflex in scale grades 
during 20 seconds; 5) value of the unconditioned salivary reflex 
in scale grades (one grade - 0.1 ml) during; 6) the first 30 sec¬ 
onds; 7) second 30 seconds; 8) one minute; 9) gurgling; 10) metro¬ 
nome; 11) light; 12) arithmetical mean. 
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Record of the Experiment on 25A 1961 on the Dog 
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1) Number of applications of a conditioned stimulus; 2) condi¬ 
tioned stimulus; 3) delay period of the salivary reflex (seconds); 
4) value of the conditioned reflex, in scale grades for 20 sec¬ 
onds; 5) value of the unconditioned reflex in scale grades (one 
grade - 0.1 ml) during: 6) the first 30 seconds; 7) second 30 sec¬ 
onds; 8) one minute; 9) metronome; 10) gurgling; 11) light; 12) 
arithmetical mean. 
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Restoration of the normal course of conditioned reflex activ¬ 
ity is observed toward the 2nd-5th day, depending on the substance, 
dose and nervous system of the animal. 

Using the method of salivary conditioned reflexes, one may 
elicit among cholinolytics some preparations possessing a special 
effect on the central nervous system (central cholinolytics). 
These preparations may include amizyl, amedine and aprophene, be¬ 
cause these substances exert in minimal quantities an effect on 
conditioned reflexes and on the cortical representation of the un¬ 
conditioned reflex, which is expressed in the reduction of saliva¬ 
tion during the first 15 seconds from the start of feeding, and in 
the impairment of differentiation. Also diphacyl can be included 
in the preparations of central action; in its action diphacyl dif¬ 
fers from other preparations, in that it exerts an initial effect 
on subcortical formations (the unconditioned salivation is inhib¬ 
ited in doses which do not affect the innervation of the salivary 
gland and conditioned salivation). 

These data have been obtained by S.S. Krylov (1953). Based on 
his data, the author advanced a hypothesis that the inhibiting ef¬ 
fect of diphacyl on the salivary unconditioned reflex depends on 
its action on the subcortical centers, because, according to the 
data of T.V. Tomilina (1951), diphacyl in a dose of 5 mg/kg had no 
effect on the innervation of the salivary gland. Subsequently, we 
corroborated this hypothesis, when we injected diphacyl directly 
into subcortical formations (reticular formation of the mesenceph¬ 
alon) through cannulae implanted in the brain of animals in whom 
conditioned motor reflexes have been elaborated (A.T. Selivanova 
and N.N. Lazuko, 1961, 1963). 

In employing the method of salivary conditioned reflexes, it 
is impossible to elicit the character of action on the central 
nervous system of substances such as atropine and lachesine, which 
inhibit salivation through their peripheral action on the salivary 
glands. Therefore, the central action of such atropine-like pre¬ 
parations is best to investigate by means of the motor method of 
situation-conditioned reflexes. Experiments based on this method 
showed that atropine and lachesine inhibited the alimentary motor 
conditioned reflexes when one used doses 50-100-fold larger than 
doses which reduced secretion, i.e., exerted peripheral action 
(Table 10). 

In employing the method of conditioned situation reflexes, 
were able to establish minimally-active doses for the higher nerv¬ 
ous activity of the experimental animals, in regard to all inves¬ 
tigated cholinolytic substances, including those affecting the 
salivary glands (Of. Table 10). 

In Table 10, a minimal acting dose is considered a minimal 
dose which in three dogs disrupted differentiation and increased 
the latent periods. 

As shown in this table, the effect of cholinolytics on the 
cerebral cortex activity varies in its strength. This can be 
judged, according to the established doses which disturb the con¬ 
ditioned reflex activity. A comparison of investigated substances 
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TABLE 10 

Minimal Doses of Preparations which Inhibit 
Salivary and Motor Alimentary Conditioned Re¬ 
flexes in Dogs 
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1) Name of preparation; 2) chemical structure; 3) doses (in mg/ktr) 
which impair; 4) situation conditioned reflexes; 5) salivary con- 
ditioned reflexes; 6) salivary unconditioned reflexes; 7) amizyl; 

Preparation; 10) amedine; 11) aprophene; 12) di- 
phacyl, 13) tiphen; 1^1) lachesine; 15) atropine; 16) cyclodol. 

with each other, as to the strength of their central action, is of 
great importance in clinical studies, because it permits the selec¬ 
tion of preparations possessing a good therapeutic effect and dis¬ 
turb only slightly the conditioned reflex activity of animals, or 

e psychic activity of humans. Of all our investigated prepara¬ 
tions, the most promising from the point of view of clinical ap¬ 
plication, and taking into account minimal disturbances of higher 
nervous activity and sufficiently strong central cholinolytic ac¬ 
tion (according to the data of S.V. Anichkov, 1958, 1962; P.P. De- 
nisenko, 3.96°; S.G. Kuznetsov and S.N. Golikov, I960, S.S. Liber¬ 
man, 1956; M.D. Mashkovskiy and S.S. Liberman, 195C, 1957, et al.) 
are, in our opinion, the following preparations: amedine - from 
the investigated derivatives of glycolic acid; diphacyl and apro¬ 
phene — from acetic acid derivatives; preparation 5 — from the 
group of amino alcohols. 

As regards the further synthesis of new compounds, of in¬ 
terest to chemists-synthesists and pharmacologists in the compar¬ 
ison of the strength of central action of these preparations 
(i.e., of doses which affect the conditioned reflex activity) with 
their chemical structure. 

In Soviet and foreign literature these comparisons are widely 
carried out, but not in regard to the strength of the direct ef¬ 
fect of the substance proper, elicited by the method of condi- 
tioned reflexes, but on the basis of other tests which indirectly 
estabiish the strength of central action of these preparations - 
eiimination by cholinolytic preparations of convulsions or tremor 
induced by cholinomimetic substances: nicotine, arecoline, etc. 
(S.V. Anichkov and M.L. Belen'kiy, 1953; Z.I. Vedeneyeva, 1956; S. 

pÒHGOlíkSV^î¡co6;TP'P• Denlsenk°. I960; S.S. Liberman, 1956; Yu.G. 
Fedorchuk, 1958; Lands and Luduena, 1956). 

In comparing the effect of minimal doses of cholinolytic pre- 
Toht!1?!!? ?? ¡;h® hH:her nervous activity of dogs, one can see (Cf. 
Table 10) that the intensity of central action increases: 

4 4-1, uP°n s^bstltution of hydrogen in an acetic acid molecule 
with hydroxyl (to compare preparations amizyl and diphacyl, pre¬ 
parations 1 and 2, amedin and preparation 3), or with the methyl 
group (aprophene); J 

2) upon substitution of methyl radicals in the nitrogen of 
amino ester with the ethyl radicals (compare benzacine and amizyl 
amedine and preparation 1, preparation 3 and 2); 

en). 
3) upon substitution of the oxygen bridge with sulfur (tiph- 
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The central effect of aminoalkyl esters decreases, when one 
phenyl In the molecule of diphenylacetic and diphenylglycolic 
acids is replaced with a cyclohexyl. 

Upon switching to quaternary ammonium bases, the peripheral 
action increases, while the central action is weakened (compare 
lachesine with amizyl). 

The effect of amino alcohols on the higher nervous activity 
as compared with amino esters, derivatives of glycolic acid, is 
much less pronounced (cyclodol, preparations 4 and 5 as compared 
with amizyl, benzacine, preparation 1, amedine) and approaches the 
effect of acetic acid derivatives. 

Under seemingly most negligible changes of the chemical struc¬ 
ture of a preparation, the strength as well as the localization 
and the character of action of the compound undergoes a change. 
For instance, when a hydroxyl in the molecule of glycolic acid is 
replaced with hydrogen, the preparation acquires new pharmacolog¬ 
ical properties, and there is a change in the localization of its 
initial effect on the brain. Diphacyl in small doses affects main¬ 
ly the subcortical formations (A.T. Selivanova and N.N. Lazuko, 
1961, 1963; S.S. Krylov, 1956), whereas amizyl initially affects 
the cerebral cortex. In aprophene (hydrogen is replaced with a 
methyl group), the effect on the cortex and subcortical formations 
is manifested at almost identical doses; although as to intensity 
of action this preparation is closer to diphacyl, and it corre¬ 
sponds more to amizyl in its character of action. 

EFFECT OF ADRENERGIC SUBSTANCES (ADRENALINE AND SYMPATHOLYTIN) ON 
SITUATION AND SECRETORY CONDITIONED REFLEXES 

Investigation of the effect of sympatholytin — a substance 
which blocks the adrenoreactive systems - was carried out by V.V. 
Yakovleva and O.N. Voyevodina by the method of situation condi¬ 
tioned reflexes and the salivation method. Sympatholytin was ad¬ 
ministered per os in doses of 10-15 mg/kg, or intravenously in 
doses of 5-6 mg/kg. The tests were made within 30 minutes and 3 
hours after administration of the preparation. 

Immediately following administration of sympatholytin, sali¬ 
vation takes place, which lasts 20 to 30 minutes. 

In view of the fact the sympatholytin blocks the sympathetic 
innervation of submaxillary and parotid glands, the effect is man¬ 
ifested of a predominant action of n. vagus. 

Sympatholytin, introduced per os or intravenously, stimulated 
the emetic center (vomiting was observed in experimental dogs). 
Following administration of sympatholytin the animals appeared 
sluggish and sometimes refused to eat. 

Intravenous injection of the preparation sometimes caused 
pulse acceleration and dyspnea. 

When the experiments were carried out under conditions of 
free behavior of the animal, the conditioned reflexes and differ- 
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entiations were impaired. An ultraparadoxical phase was observed: 
in response to a negative stimulus the animals ran and Jumped on 
the table, and they did not run in response to a positive stimulus. 
The conditioned reflexes were often absent not only in response to 
weak but also to strong stimuli, and the dogs tried to escape from 
the experimental premises. 

Following administration of sympatholytin, one observed for 
several hours a slowing up of the movements of the animals. On the 
2nd-3rd day the conditioned reflex activity reverted to norm. 

In experiments conducted according to the secretory method, 
the conditioned reflexes in dogs showed a marked decrease within 
three hours following intravenous administration of sympatholytin, 
the weak stimuli exerting a greater effect than the strong ones. 
Differentiations were disrupted. On the following day the values 
of conditioned reflexes increased, but the correlations as to 
strength remained impaired; the differentiations were still fur¬ 
ther impaired. On the 2nd-3rd day, the value of all conditioned 
reflexes dropped; they rose again during the next few days. These 
fluctuations of conditioned reflex activity in the direction of 
a sharp rise alternating with a drop were observed for 6-7 days, 
following which the entire conditioned reflex activity was re¬ 
stored to normal levels. 

Hence, with the use of various investigation methods, anal¬ 
ogous results have been obtained: sympatholytin in the investi¬ 
gated doses impaired the conditioned reflex activity of dogs for 
a period of 3-7 days. Besides, one observed a slowing up of move¬ 
ments, vomiting, sluggishness, and the tendency of animals to es¬ 
cape from the experimental premises. 

Effect of adrenaline (a substance stimulating the adrenoreac- 
tive systems) was investigated by V.D. Volkova (1961) on dogs with 
elaborated situation conditioned reflexes. 

Injection of adrenaline in doses of 0.005-0.15 mg/kg caused 
a shortening of the latent periods of conditioned reflexes and an 
increase in the rate of the movement of animals; the formed stere¬ 
otype of conditioned reflexes was not disturbed. Some of the dogs 
were rather restless in their behavior, drank often, shook and 
scratched themselves. 

Injection of 0.025 mg/kg of adrenaline did not appreciably 
affect the conditioned reflex activity, but the general anxiety of 
the animals showed a marked increase: they would sit down, or get 
up and start walking about the room; their runs to the door be¬ 
came quite frequent, as well as the scratching and shaking move¬ 
ments. In view of the general agitated state of the animals we had 
to at times discontinue the tests. 

Injection of 0.05 mg/kg of adrenaline caused an increase in 
the latent periods of conditioned motor reflexes, and the rate of 
motor reactions decreased; in half of the cases the differentia¬ 
tions were absent. The movements of animals became sluggish, un¬ 
certain, and phenomena of a general motor agitation showed an in¬ 
crease. After the first 4-6 combinations the animals often showed 
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a tendency to go to the door and lie down; they whimpered, showed 
no reaction to the stimuli or to the knocking of the food recep¬ 
tacle. Within 3-4 hours after adrenaline injection the changes in 
higher neryous activity were more clearly manifested than an hour 
after injection, and the excitability to food stimulation de¬ 
creased. On the following day, the dogs often manifested an in¬ 
creased motor activity, and on the 2nd-3rd day the conditioned 
reflex activity did not differ from ñornu“ 

Hence, adrenaline in small doses (0.005-0.15 mg/kg) causes an 
increase in the excitability of cortical cells, and in large doses 

?e°fease- However, the effect of adrenaline, as well as symp- 
atholytin, even in small doses is manifested simultaneously also 
on unconditioned reflexes: shaking, alimentary and vomiting reflex. 
These facts are fully in accord with literary data because, in the 
opinion of many authors, the subcortical formations (of the retic- 

Uwfri.^?rma^ion ^ra^n stem include adrenoreactive systems on 
which the adrenergic substances exert their effect. 

EFFECT OF AMINAZINE ON SITUATION CONDITIONED REFLEXES 

Effect of Amlnazlne on Situation Conditioned Reflexes In Intact 
Dogs 

In connection with the wide clinical use of tranquilizers, in 
particular aminazine, for the treatment of nervous diseases of 
considerable theoretical interest has been the study of its effect 
on the higher nervous activity of-animals. In the I.P. Pavlov Phys¬ 
iological Department, the effect of aminazine was investigated on 
the normal and functionally altered higher nervous activity of 
dogs. We shall dwell in more detail on the results of the amina¬ 
zine effect on the complex conditioned reflex activity, elaborated 
according to the method of situation reflexes. 

The experiments were conducted by V.D. Volkova (I960). M.M. 
Khananashvili (i960) and O.N. Voyevodina (I96I). The following be¬ 
havior pattern has been developed in each dog: return to a defi¬ 
nite place in the room (to the rug) following regular food rein¬ 
forcement, standing on the rug until the stimulator was turned on: 
response to the positive stimulator - running to the correspond¬ 
ing table; upon turning on of the inhibition stimulator - the dog 
remains standing on the rug. In addition, in 7 dogs the differen¬ 
tiation of conditioned stimuli was elaborated, which differed as 
to the location of foo6d reinforcement (from various troughs), i.e.. 
based on spatial differentiation of the reinforcement spot of con¬ 
ditioned stimuli. 

Aminazine was injected subcutaneously once, against a back¬ 
ground of conditioned reflexes and stable differentiations. The 
Í0^1^"? ^°ses were empioyed: 0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 
2.0 and 2.25 mg/kg. Upon injection of aminazine in a dose of 0.1- 

g* the behavior of* animals did not change and the formed 
conditioned motor reactions remained unaltered, or these changes 
were negligible and of transitory nature. When the aminazine dose 
was raised to 1-2 mg/kg, a decrease was observed of the general 
motor activity of the animals, a 3-^-fold increase of the latent 
periods of conditioned motor reactions, and an increase of the 
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running time and of the duration of feeding time, up to 30-60 sec¬ 
onds (in norm - 10-20 seconds). Having finished eating the animals 
remained on the table a few minutes, whereas under normal condi¬ 
tions their reaction was to return to the rug at once. In norm, 
after a positive conditioned stimulus was turned on, the dog would 
go to the rug along the shortest way, whereas following injection 
of 1 mg/kg of aminazine, the initial movement of the dog was often 
not directed toward the feeding trough but to the source of the 
conditioned stimulus, and only then — toward the trough. The dis¬ 
turbances of higher nervous activity of the animals gradually in¬ 
creased. Whereas at the start of the experiment, within 30-50 min¬ 
utes following administration of aminazine, the signal value of 
conditioned stimuli was preserved and the animals ran to the feed¬ 
ing trough, during the second half of the experiment the condi¬ 
tioned reflexes to weak stimuli were completely absent, and after 
2-4 hours they could not be obtained also in response to the ac¬ 
tion of stimuli of medium strength. 

The tested aminazine doses, in all cases where the conditioned 
reflex activity remained intact, did not impair the differentia¬ 
tion of conditioned reflexes; neither was there always observed a 
consecutive inhibition, following the use of an inhibition stimu¬ 
lus. Only in the experiments of O.N. Voyevodina (1961) was a dis¬ 
appearance of differentiations (3 out of 8) observed in those dogs 
which experimentally received a large number (8) of negative stimu- 
X iL • 

On the 2nd-4th day following aminazine administration in 
doses of 1-2 mg/kg, the general motor activity of the animals re¬ 
verted to norm, but disturbances of conditioned reflex activity 
in some animals (Smirnyy and Belyy) were observed for a more pro¬ 
longed period of time (1-2 weeks). 

On the basis of presented data, the following conclusion can 
be made: aminazine induces, first of all, a reduction of the gen¬ 
eral motor activity of the animals. Their movements become slug¬ 
gish, uncertain, inaccurate and retarded; a weakening of the tonus 
of skeletal musculature is noted and the process of mastication 
and swallowing of food is markedly slowed up. 

Under the effect of small doses (0.1-0.5 to 1 mg/kg) the 
structure of the conditioned reflex is preserved, but the entire 
activity proceeds at a lower functional level. With the Increase 
of the aninazine dose (1.5-2.0 mg/kg), a disturbance is observed 
of the very structure of the conditioned reflex which in norm con¬ 
sists of a consecutive chain of complex motor reactions. The im¬ 
pairment of the conditioned reflex structure starts with an inten¬ 
sification of the first alimentary reaction; it is manifested in 
the fact that the initial movement of the animal in response to 
the conditioned stimulation is not in the direction of the place 
of reinforcement - the feeding trough - but to the source of con¬ 
ditioned stimulation. Subsequently, the concluding act of the con¬ 
ditioned reflex — the run to the feeding trough - also disappears 
completely. 

The mechanism of induction of motor activity and weakening of 
skeletal musculature in the animals has been insufficiently clar- 
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ified, Judging by the available literary data. Some authors (Behr- 
end, 1952; Kopera; Armitage, 1951*) are of the opinion that amina- 
zine, in large doses, exerts a direct paralyzing effect on skeletal 
musculature; other authors think that aminazine increases the ef¬ 
fect of curariform substances, but they do not indicate whether 
this action is of peripheral or central nature. M.D. Mashkovskiy 
and V.A. Medvedev (1959) carried out special studies on cats and 
rabbits, in order to ascertain as to what extent is the aminazine- 
induced muscular weakening connected with its curariform effect 
on the neuromuscular synapses. It turned out that even in large 
doses (up to 10 mg/kg), upon intravenous administration, aminazine 
exerted no characteristic curariform effect (no direct inhibiting 
effect of aminazine on the skeletal musculature was observed). On 
the basis of these observations, the authors assume that the weak¬ 
ening of skeletal musculature is connected with the effect of amin¬ 
azine on the higher sections of the nervous system. 

After the effect of aminazine on the higher nervous activity 
of normal animals has been established, a change in the initial 
functional state of the cortex was noted. 

Despite the available experimental investigations and numer¬ 
ous clinical data, the question still remains debatable in regard 
to the action mechanism of aminazine on the nervous system. In 
this connection, the aim of our investigations included, the study 
of the effect of aminazine on situation conditioned reflexes in 
dogs with pathologically altered state of the central nervous sys¬ 
tem which took place following the effect of ionizing radiation on 
the animal, as well as in dogs which have been subjected to cer¬ 
tain brain operations (removal of frontal lobes, removal of the 
cerebellum, or separation of the optic and motor analyzers. 

Effect of Aminazine on Situation Conditioned Reflexes In Dogs Ex¬ 
posed to the Action of Ionizing Radiation 

Observation were conducted on 4 dogs, in whom prior to irra¬ 
diation a complex stereotype has been elaborated of motor condi¬ 
tioned reflex activity to various stimuli. For instance, in the 
dogs Tolstyak, Sharik and Soltan, the conditioned reflex activity 
consisted of the following: following first run to the table and 
eating the reinforcement food portion, the dog stepped on the rug; 
when the positive conditioned stimulus was turned on (metronome), 
the dog started to run and Jumped on table 1, and when the differ¬ 
entiation metronome was turned on the dog remained on the rug. The 
positive and inhibition conditioned stimuli differed from one an¬ 
other merely in their spatial localization in the experimental 
room. 

Prior to irradiation, a stable conditioned reflex activity 
was elaborated in the dogs. However, under the effect of total ir¬ 
radiations in doses of 12-28 r (daily irradiation - 1 r) changes 
of higher nervous activity developed in the animals; these changes 
are described in detail in Chapter 5. 

Here we shall only mention that all dogs exposed to small 
Roentgen doses (12-15-19-28 r) never manifested a refusal of food 
or fatigue during the experiments. However, the process of inner 
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inhibition was impaired for a period of 56-8? days. 

Upon administration of aminazine, following irradiation of 
the dogs, there have been observed, during the compensation stage 
of disturbances of higher nervous activity, substantial and pro¬ 
longed disturbances of situation conditioned reflexes, analogous 
to those observed for 2-4 months following irradiation. For exam¬ 
ple, under the effect of a single injection of aminazine in doses 
of 0.5-1 mg/kg, the dogs did not at once go to the rug after 
their meal; the animals manifested circus movements, which as a 
rule are characteristic of irradiated animals, the differentia¬ 
tions were impaired for 6-12 days and the latent period of the 
conditioned reflex increased by 0.8-2 seconds. 

Within 6-12 days following a single administration of amina¬ 
zine, the conditioned reflex activity of the dog reverted to its 
normal level. Only in the dog Pal'ma, after aminazine administra¬ 
tion, the conditioned reflex activity was impaired for 46 days 
following a single injection of this preparation, mainly as the 
result of disruption of differentiations. 

O.N. Voyevodina also investigated dogs previously subjected 
to a total X-ray irradiation with large doses (100-300 r). After 
the level of conditioned reflex activity in these dogs had re¬ 
verted to norm (within 5 years), the irradiated animals were sub¬ 
cutaneously injected aminazine in doses: 1.0-0.25 mg/kg; 0.5-0.75 
mg/kg; 1.0-1.5 mg/kg; 2 mg/kg; 2.5 mg/kg. 

The most characteristic feature of disturbances observed un¬ 
der these conditions was the emergence of persistent circus move¬ 
ments. The greater the aminazine dose, the more pronounced were 
the circus movements, manifested in various tempi; at a gallop, 
trot, or at a walking pace which changed to a rapid short-step 
run. 

As a result of the appearance of circus movements, the cor¬ 
rect orientation of the animals in the experimental chamber became 
disturbed. Besides, complete cessation of conditioned reflex motor 
activity was noted on the 2nd-4th day following aminazine injec¬ 
tion in a dose of 1-2 mg/kg, and-in some dogs - even upon adminis¬ 
tration of smaller doses (0.2-0.5 mg/kg). 

In these cases, the animals performed during the entire ex¬ 
periment circular movements, which became particularly intensified 
upon inclusion of differentiation conditioned stimuli. Under the 
effect of positive conditioned reflexes the dogs sometimes made 
erroneous runs to the tables. 

It should be pointed out that in healthy animals the injec¬ 
tions of aminazine in a dose of 0.25 mg/kg induced no changes in 
the situation conditioned reflexes. 

Hence, the conducted experiments showed that in irradiated 
dogs, even within 1-5 years following irradiation, the injection 
of aminazine causes disturbances of conditioned reflex activity. 
These disturbances are analogous to those originating directly 
following irradiations, i.e., under the effect of aminazine a pic- 
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ture Is formed of an acute period of disturbances of higher nerv¬ 
ous activity caused by exposure to X-ray radiation. Under the ef¬ 
fect of aminazine, longer disturbances (6-12 days) of conditioned 
reflex motor activity are taking place than in healthy animals (2- 
4 days), and they are observed also at smaller doses. It is char¬ 
acteristic that, whereas in healthy animals an aminazine injection 
almost never Induced a weakening of the processes of inner inhibi¬ 
tion (the differentiation and delayed response), in Irradiated an¬ 
imals aminazine injection, as a rule, caused the disruption of dif¬ 
ferentiation and of the inactive phase of the delayed reflex. 

Hence, the tests carried out on irradiated animals show that 
under the effect of aminazine a disturbance takes place of the 
compensatory mechanisms of cortical activity. 

Effect of Aminazine, Chloral Hydrate and Nembutal on Situation 
Reflexes of Dogs Following Extirpation of Frontal Lobes 

V.I• Syrenskiy (1961) investigated the effect of aminazine, 
chloral hydrate and nembutal on situation conditioned reflexes of 
dogs with extirpated frontal lobes. 

Following lobectomy in dogs, together with other disorders 
there is often observed a pathological increase of motor activity. 
Some authors are inclined to connect this disorder with the dam¬ 
age to the motor zone of the cerebral cortex (Yu.S. Konorskiy, 
1957, et al.); others (Ward, 1948; Turner, 1954) connect it with 
the damage of subcortical formations. V.I. Syrenskiy (I960) also 
observed this fact, which prompted the author to attempt an anal¬ 
ysis of this phenomenon with the use of the method of situation 
conditioned reflexes and the administration of certain pharmacol¬ 
ogical substances. 

There is a current opinion that chloral hydrate acts mainly 
on the cortex of the large hemispheres, nembutal - on the brain 
stem, and aminazine - on the reticular formation. One would there¬ 
fore expect that the use of these substances might help in as¬ 
certaining, as to which parts of the brain are responsible for the 
origin of pathological motor activity, observed after a lobectomy. 

Investigations were carried out on 3 dogs, in whom the fol¬ 
lowing conditioned reflex activity has been elaborated. In the dog 
Chernyy, a positive differentiation of food receptacles 1 and 2 
was elaborated, i.e., when a metronome of 60 strokes per minute 
was turned on, the dog Jumped on table 1 where it received food 
from the receptable, and when the metronome sounded 240 strokes per 
minute, a run was elaborated to receptacle 2. 

In the dogs Uragan and Charlie, a positive dilferentiation 
was elaborated of the food receptacles to a tone (1000 cps), and 
metronome 120 strokes per minute, and an inhibition conditioned 
reflex to a bell. 

Following the development and reinforcement of situation con¬ 
ditioned reflexes, a bilateral removal of the pole of frontal 
lobes was performed. Following lobectomy, the pharmacological sub¬ 
stances were used at intervals of 4-5 days, so as to prevent cu- 
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mulation phenomena. Nembutal was given in a dose of 20 mg per kg 
weight of the animal, chloral hydrate in a dose of 170-200 mg per 
kg body weight, and aminazine was injected subcutaneously in a 
dose of one mg/kg. The experiment was conducted within 1, 24, 48 
hours following administration of the medicinal substance. It 
should be noted that a positive effect from the use of these medic¬ 
inal substances was observed at various periods. Chloral hydrate 
acted in the majority of cases as early as within an hour, nembutal 
- more frequently after 24 hours; aminazine, on the other hand, 
showed no constancy of action. 

In all operated animals, following lobectomy, one observed 
a pathological rise of motor activity at various periods (on the 
2nd, 5th and 7th day). Various manifestations of these motor re¬ 
actions can be divided into two groups: 

1) obsessive changes of position, not connected with condi¬ 
tioned reflex activity: run along the wall, clockwise and counter¬ 
clockwise; 

2) impairment of the normal course of the situation condi¬ 
tioned reflex, manifested in nonsignal runs and Jumps on tables 
and in motor stereotypes. For instance, after standing on the 
rug the animals did not remain on it but started walking in the 
direction of the location of the conditioned sound stimulators; 
after approaching them, it turned around and returned to the rug. 
This shifting of positions was observed forseveral minutes. 

The duration of pathological activity in the dogs varied in 
the dog Chernyy - 32 days, in Charlie - 43 days, in Urgan - 60 
days. 

The results of the use of pharmacological substances were as 
follows. In Uragan - experiment on 25/11 1959 - nembutal was used 
for the first time during the period when the entire activity of 
the animal in the experimental room consisted of a run along the 
walls and nonsignal runs to tables (record of experiment on 24/11 
1959). In response to sound conditioned stimuli, an intensifica¬ 
tion was observed on the first food reaction (movement of the an¬ 
imal to the source of sound). Within 24 hours after the adminis¬ 
tration of nembutal (record of experiment of 26/11 1959) the run¬ 
ning changed to a walking pace; the dog was not moving constantly 
any longer, but having made several circles or Jumps on the tables 
it would stop (often near the rug), following which it would again 
start moving about the room. 

Nembutal was administered to this dog for the second time, 
during the period when obsessive movements along the walls and 
nonsignal runs and Jumping on the tables almost ceased. 

During the pauses betweén conditioned signals the animal did 
not remain on the rug, but began moving in the direction of con¬ 
ditioned stimulators, and back. A positive conditioned reaction 
was noted to the tone and metronome, but differentiation of tables 
was impaired at this stage. Within 24 hours after administration 
of nembutal, the dog began to linger on the rug up to 5 seconds. 
Besides, having started to the location of sound stimulators, the 
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Excerpts from the Records of Experiments on Dog 
Uragan 2VII 1959 (Prior to the Use of Medicinal 
Substances) 

Vc.no» «tuft 
Nif.nt 

ÛÎ 

MetpoHOM 
120 (cTo.i 2) 

MctpOHOM 
120 (cran 2) 

1 0 
Toh 1000 (14 

(CTOJI I) 

1 2 
* Sbohok 

(TOpMOl) 

1 a 
To« 1000/m 

(era* 1) 

'McTpOMOM 
120 (ctoji 2) 

0.5 

0.4 

0.5 

0.4 

0.5 

0.5 

k 

Xipimrp yc.ioiHol 
pCiXIIMM 

il 
20.0 

12.0 

14.0 

12,0 

15,0 

15.0 

(The following 
26/11 1959 \ • 

7 

lUnpiBH.TCN K paupi; 
M;ilTe.1K>, OCT/IIOBIIJICR 
OKO.IO Hero H noOCBCBJI 
k nparoMy cTO.iy (hc- 
npBBH.TBHO) HanpBBN.TCH 
k ycJionnoMy paupaaiH- 
TC.TK>. OCTaHOBHJICB H 
XBHHy.TCfl K CTOJiy 2 

11 

MctpOHOM 
120 (ctoji 2) 

1 0 
Toh 1000/1( 

MctpOHOM 
120 (ctoji 2) 

L* 
3mhok 

(TOpMOB) 

•1 2 

Toh' 1000/1( 
ma 1 

MerpoHOM 
120 (CToa 2) 

0.5 

0.4 

0.5 

0.4 

0.4 

0.6 

6.0 

5.0 

4.0 

4.0 

5.0 

0.5 

HanpaBHJica k ycjioa- 
HOMy paiApaiKHTeaio, 
OCTBIIOBIIJICB HABHHyjICB 
k CTOJiy 2 

11 
HanpaaiiJicfl k ycJioa- 

Hooy pasApaacHTeJi», 
OCTBIIOBIIJICB H ABHHyBCB 
R CTOJiy I 
11 
HanpaBHJica k ycaoa- 

Mouy pa'iApaiKHTCJiio. 
OCTCHOBHACa H ABHNyA- ‘ 
ça k may 1 

1 HanpaBHJica k ycaoa- 
Houy paiApaaiHTCAio, 
OCTBHOBHJICB H ABHHyACB 
k may 1 

day after injec 

1 4 
llanpaniijica k ycJioB- 

Hosiy paiApaaiHTeaio h 
bbtcm noOeaiaa k cto- 
ay t 

1 4 
llanpaBHaca k ycaoB- 

HOMy pa.upaaiHTeaio ■ 
bbtcm r may S 

1 5 
HanpaBHAca k ycaoa- 

ROtiy paiApaiKHTeaio a 
epaay k may 1 . 

'1 4 
HanpaBHJica k ycaoa- 

Houy paJApaacHTtaio ■ 
bbtcm r may 2 

l 4 
HanpaBH.Tca k ycaoB- 

Houy paiApaJKMTca» a 
BBTCM R CTOay 1 

l i 
HanpaBHAca x ycaoa- 

aoMy pasApaiRNTeaio. a* 
AoaoAR Ao Hero, Öchcrt 
k may 2 

3 
Or 

0.5-0 .6 

npHMMtaa* 

B nayac ae- 
npecTanno mb- 

xoAHica a abb- 
jhchiih. nepc- 
Meiaaacfc or * 
ROapHRB K 

yCAOBHOMy 

paiApaacHTca» 
h oCparmo a 
tax paa sa 

pBBOM 

.\ 

;ion of nembutal, 

Or 
0.6-2.0 

17 
Kbk h npcjKA*. 
ncpcMciaacTca 
or Roapaxa 
r ycaoaauM 
pajApaacHTB- ' 
arm Rcnpa- 

puBHO, *ho yaca 
at 6croM. a 

uarou. B aa- 
ROTopux cay* 
aaax saxep- 

MHBBCTca aa 
ROBpHRC 6oaca 

1 MUM 
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1) Conditioned stimulus; 2) latent period of the conditioned re¬ 
flex (seconds); 3) duration of run (seconds); 4) character of con¬ 
ditioned reaction; 5) duration of remaining on the rug (seconds); 
6) footnote; 7) metronome 120 (table 2); 8) started in the direc¬ 
tion of the stimulator, stopped near it and ran to the right table 
(incorrectly), started toward the conditioned stimulator, stopped, 
and started toward table 2; 9) during the pause the animal is in 
constant motion, moving from rug to the conditioned stimulator and 
back, repeating it several times; 10) tone 1000 cps (table 1); 11) 
started for the conditioned stimulator, stopped, and started to¬ 
ward table 2; 12) bell (inhibitor); 13) from; l4) started for the 
conditioned stimulator, and then ran to table 2; 1?) started walk¬ 
ing toward the conditioned stimulus then at once to table 1; 16) 
started toward the conditioned stimulus, did not reach it, and ran 
to table 2; 17) just as before, moves from rug to the conditioned 
stimulators constantly, but not at a run, walking slowly. In some 
cases stops on rug over a minute. 

Excerpt from the Record of l/III 1959 on the Day 
of Chloral Hydrate Administration 

i 
Mctdohom 0,2 

120 (trox 2) 

Toh 1000 m 0,3 
(CTOJI 1) 

MetpoiioM 
120 (ctm 2) 

7' 
Sbohox 

l 
Mct^ohou 

0.6 

0.6 

0.5 

Tom 1000 m 0.4 

6.0 

3.0 

4.0 

6.0 

10,0 

5.0 

2 • ^ 

Hanpaaiuicii k ycjioa- 
Mony paijipaAMTf/iio h 
3JTCM K CTOJiy 1 
6 
HanpaaiiJica k yc.ioa- 

Houy paaapaMsiiTCJiio, a 
or Hero k CToay I 

2 
* HanpaaMAca k yc/ioa- 
noMy paiApaKMTCJio, a 
aatcM k crony 2 

8 
Eokht k crony 2 

ïlanpaat'Ac* k ycaoa- 
MOMy paiap ^iiTeAm, a 
aaTCM k croay I 

e 
EeiMiT a CToay I 

3 
Or 

0,4-0.8 

4 
nepexemaerta 

or Koapnaa 
k ycaoBBoxy 
pajApajKMTcaio 

h oOpatao 

1) Metronome 120 (table 2); 2) started toward the conditioned stim¬ 
ulator, and then to table 1; 3) from 0.¾ to 0.8; 4) moves from rug 
to the conditioned stimulator, and back; 5) tone 1000 cps (table 
1); 6) started toward the conditioned stimulators, and from there 
to table 1; 7) bell; 8) runs to table 2. 

dog did not reach them and turned back. The differentiation of 
tables improved: whereas prior to administration of nembutal, the 
number of errors comprised 75ï, after nembutal administration the 
errors dropped to 20Ï. The inhibition differentiation was im¬ 
paired, nevertheless. 

The use of chloral hydrate did not result in the restoration 
of conditioned reflex activity during the pauses between sound 
stimuli. The differentiation of tables improved slightly (the 
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number of errors decreased from 75% to 50%). Differentiation inhib 
ition remained impaired (Cf. record of the experiment on l/III 
1959). 

Hence, both pharmacological substances contributed to the re¬ 
storation of positive conditioned reflexes to sound stimuli. Re¬ 
storation of inhibition reflexes proceeded less successfully. Be¬ 
sides, nembutal, as contrasted with chloral hydrate, possessed the 
property of interrupting and cutting off the pathological motor 
reactions. 

Aminazine turned out to be close in its effect to nembutal, 
but it differs from it in the sense that in a number of instances 
it proved to be more effective. 

We cite a record of an experiment (of 9/III 1959) carried out 
on the dog Uragan after a bilateral extirpation of frontal lobes, 
followed by administration of aminazine. 

Excerpt from the Record of 9/III 1959. Dog 
Uragan (Aminazine Injected in a Dose of One mg/ 
/kg of Body Weight) 

T 
VcjosmuA XapjKfcf) yc.ioaiioi 

pC’KUft* 

I s 

i! npKMt'iMM 

MetpoHOM 
120 (ctoji 2) 

i r 
Toh 1000 tu, 
(CTM.l) 

1 s 
Smhok ; 

! ¿TOpilOí) 
Ton 1000 «4 

(ctoji 1) 
7 
MctpOHOM 

120 (CTOJI 2) 

Ton 1000 «14 
(CTOJI 1) 

0.5 

0.4 

0.4 

0.5 

0.3 

3.0 

2.0 

2.4 

2.0 

2.2 

HinpiiJiitcTc« K ycioo 
HOMy paijpaaiHTCJiio, 
Tfy K CTOJiy 2 

HanpaBUJica k yc/ioo- 
HOMy paupawiiTejiw, sa- 
TCM k CTOJiy 1 (npaaiuu- 
■®) 

14 
XoAHT no KOMUaTt 

HanpaBHJica k ycjioa- 
HOMy pasapawNTCJiio, 
yTCM K CTOJiy 2 - 

HanpaaiiJica K ycjioa- 
HOMy pasapaiHHTe.iio, sa- 
TCM K CTOJiy 2 
8 Hanpaanjicá x ycjioa- 

HOMy pasApaxiiTcaio. sa- 
TCM X CTOJiy I ' 

Or 
1.0-2.« 

’10 • .- 
Xoant no XON« 
Mara or xoapa- 

xa k ycJioo- 
noMy priApa- 

mhtcaio ■ 
oOpaTHo. Bcra¬ 

sa a KB KOB- - 
pHK. saAcp- 

XHBaCTCH NB 

1) Conditioned stimulus; 2) latent period of the conditioned re¬ 
flex (seconds); 3) duration of a run (seconds); 4) character of 
the conditioned reaction; 5) duration of remaining on the rug 
(seconds); 6) footnote; 7) metronome 120 (table 2); 8) starts in 
the direction of the conditioned stimulator, then back to table 2; 
9) from 1.0 to 2.0; 10) walks in the room from the rug to the con- 
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ditioned stimulator, and back. Standing on the rug, lingers on it 
for a while; 11) tone 1000 cps (table 1); 12) started toward the 
conditioned stimulator, and then - to table 2 (correctly); 13) 
bell (inhibition); 1*0 walks about the room. 

The experiments showed that aminazine contributed to the nor¬ 
malization of pathological motor reactions in every case, nembutal 
- in 3 out of *1 cases, chloral hydrate - in none. All these sub¬ 
stances contributed to a certain extent to the restoration of posi¬ 
tive conditioned reflexes to sound stimuli; restoration of inhibi¬ 
tion reflexes was observed only in 57Ï of cases. 

Inasmuch as it has been established that soporific pharmacol¬ 
ogical substances contributed to the restoration of conditioned 
motor reflexes to sound stimuli, one may assume that the cortical 
and subcortical structures are involved in the pathological activ¬ 
ity. In view of the fact that chloral hydrate, in contrast to nem¬ 
butal and aminazine, is unable to interrupt the pathological motor 
reactions, the hyperactivity which originated following lobectomy 
is apparently realized at the expense of the stem part of the 
brain. 

Effect of Aminazine on Situation Conditioned Reflexes of Dogs 
Following Extirpation of the New Cerebellum 

Morphological and physiological investigations have now es¬ 
tablished definite anatomical and functional ties between the cer¬ 
ebellum and reticular formation. An opinion has been advanced that 
in the regulation of functions of the reticular formation a lead¬ 
ing role belongs to the cerebellum, which through its inhibiting 
and stimulating mechanisms changes the function of reticular forma¬ 
tion in the descending as well as ascending direction (Broadall, 
I960; Morussi, 1957). In order to elicit the functional interrela¬ 
tions of the neocerebellum with the reticular formation, we stud¬ 
ied the effect of small doses of aminazine on the complex situa¬ 
tion conditioned reflexes, prior and after extirpation of the neo¬ 
cerebellum. 

Experiments were carried out on 4 dogs: Bodryy, Dzhek, Tarzan 
and Shmel'ka. Spatial situation conditioned reflexes were elabor¬ 
ated in the experimental animals: to light (lamp of 200 watts) and 
sound stimuli, with a run to tables 1 and 2. 

The effect of aminazine was studied, prior and after the op¬ 
eration. Aminazine was administered in doses of 0.25; 0.5; 1.0 mg/ 
/kg of body weight, in the form of 2.5Ï solution, subcutaneously, 
within 60 minutes prior to the experiment. 

The disturbance of voluntary movements and situation condi¬ 
tioned reflexes, originating after extirpation of the neocerebel¬ 
lum, are described in detail in Chapter 6 ’’Certain Problems of 
Structural Organization of Situation Conditioned Reflexes." 

As soon as the compensation of observed disturbances has been 
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established, we started testing the aminazine effect in above in¬ 
dicated doses. 

The experiments showed that a small dose of 0.25 mg/kg in¬ 
duced in dogs a marked decomposation of voluntary movements; in 
addition, there appeared ataxia, atony, rigidity of the muscles 
of anterior paws. The animals stumbled during their walk, often 
fell, and all their movements became retarded. The rate of reali¬ 
zation of all motor reactions decreased. 

It is to be remembered that in norm this dose of aminazine 
(0.25 mg/kg) did not cause any appreciable disturbances. It is of 
interest that the above dose has led to a marked decompensation of 
conditioned reflex activity. In dogs, on the 5th-12th day the con¬ 
ditioned reflex to light disappeared; it became restored later, 
but with a faulty motor reaction (a run was made not the feeding 
receptacle 1, but to feed 2). There was also observed an impair¬ 
ment of the positive differentiation of sound signals. The motor 
reaction to conditioned sound stimuli, which was elaborated as a 
run to the feeding receptacle 1, was realized by the dogs to the 
feeding trough 2, and vice versa. For instance, Dzhek and Tarzan 
responded to the light and sound signal, and Shmelek to the left 
metronome signal by running to trough 2 (instead of 1), and to 
the sound of a bell, or the left metronome Dzhek and Tarzan ap¬ 
proached trough 1 (instead of 2). Besides, an intensification was 
observed of the first alimentary reaction to every positive signal 
ard a disruption of differentiation. The graph (Fig. 17) shows the 
disruption of inhibition differentiation following administration 
of various doses of aminazine. 

Fig. 17. Disruption of differentiations following administration 
of aminazine to the dog Tarzan, a) Number of differentiations in 
one experiment; b) 0.25 mg/kg; c) norm; d) effect of aminazine; e) 
days of experiments. 

When Inhibition signals were turned on, the animals began 
leaving the rug and Jumping on the tables. 

Large aminazine doses (0.5 and 1 mg/kg) caused a more pro¬ 
nounced manifestation of the above phenomena. 

Hence, administration of aminazine in doses of 0.25; 0.5 and 
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1 mg/kg to dogs with an extirpated neocerebellum, again induce 
during the compensation stage of cortical activity marked disturb¬ 
ances of higher nervous activity, and lead to the appearance of 
certain symptoms, which are usually observed during an acute post¬ 
operative period. The changes in situation conditioned reflexes 
and motor reactions lasted no less than 10-12 days after each in¬ 
jection (in norm 3-5 days). With the increase of dose, the dis¬ 
turbances of higher nervous activity became more pronounced. 

Effect of Amlnazlne on Situation Conditioned Reflexes of Dogs 
Following an Operation of Separation Cortical Analyzers 

M.M. Khananashvili (1957, I960) investigated the effect of 
aminazine on the complex conditioned reflex activity of animals 
following an operation of separation of cortical analyzers (Pig. 
18). As a result of the operation, the associative ties between 
the cortical projection zones became disrupted, but their inter¬ 
action was preserved via subcortical structures. Such animals may 
serve as a model for the study of the role of subcortical forma¬ 
tions in the work of the cortex of the large hemispheres and, 
hence, also for the investigation of the mechanism of action of 
pharmacological substances on the higher nervous activity of the 
brain. 

Fig. 18. Diagram of the 
operation of a complete 
transverse separation of 
the anterior and posterior 
zones of the cortex of the 
large hemispheres. 

The author showed earlier that 
following the above indicated op¬ 
eration, the interaction of separ¬ 
ated analyzers does not disappear, 
and that the complex motor condi¬ 
tioned reflexes to light stimuli 
are retained (M.M. Khananashvili, 
1958). 

The use of aminazine in a 0.5 
mg/kg dose induce in the animals 
substantial changes in conditioned 
reflex activity, close in their na¬ 
ture to changes observed in normal 
animals after an injection of this 
preparation in a 1.0 mg/kg dose. 

Experiments carried out on nor¬ 
mal animals showed that aminazine 
in a dose of 1.0 mg/kg substantial¬ 
ly impairs their conditioned reflex 
activity. At first, its effect is 
manifested in a lengthening of the 
latent period of conditioned re¬ 
flexes, an increase in the time of 

running to the feeding trough and in a weakening of the orienta¬ 
tion reactions during the intervals between conditioned stimuli. 
The observed phenomena point to the inertness of the excitation 
process, which is also attested by the fact that the animals re¬ 
main for some time at the trough after they got through eating. 
The structure of the conditioned reflex remains intact under these 
conditions, and the entire conditioned reflex activity proceeds at 
a lower functional level. 
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íf16 lncrease of aminazine dose, an impairment is ob¬ 
served of the very structure of the conditioned reflex - a reflex 
representing a complex chain of consecutive motor reactions. 

ofJthe functional structure of the conditioned 
reflex starts with an intensification of the first alimentary re- 

strfliffhiW?on*Kheiiniî^al movement of the animal is directed not 
Sthnîgït the location of the reinforcement - the feeding trough 
- but to the source of conditioned stimulation). Subsequently, 
H?!?® a complete dropping out of the concluding act in the con- 
itioned reflex chain: the animal does not go to the feed trough, 

HoLrnm?lnS Und*r ï!?e stand with the conditioned stimulator, or 
J07® at all from the spot where the animal is usually 

standing during the intervals between stimulations. 

The neural mechanism of observed changes consists of a erad- 
c’*' ^c^-tability of the neural structures at the level 

of the cortex of the large hemispheres, since it can be considered 
estadllshed fact that the differentiation of visual stimuli 

in?ma?cSaflgUre?i ^ îîu comPlex motor reaction elaborated in the 
ânimals are realized with the invariable participation of corre- 

?ortJ-cal analyzers. However, this concept of the mechan- 
ism of aminazine action does not yet answer the question, whether 

effA¡ía!¡feS °í higher nervous activity are the result of the direct 
efîeCÎ40f aí,8iven preparation on the cortical cells, or of the 

C?rtl?al ®xcltabillty produced by the initial inhib¬ 
iting effect of aminazine on the subcortical activating system. 

*-ho H?n?lySlS 2f ^inazine effect on the neural processes of 
ï«4-î!lg!!ei\parÎs 0f the braln» carried out by P.S. Kupalov (1958) 
on the basis of experimental data which were obtained by his asso- 

the f0llowlne- of aminazine 
in small doses, the temporary associations, as such, are not im- 
paired, as pointed out in the works of M.M. Khananashvili (1957) 

i1958i* I,A; La|ina (1958), N.A. Kostenetskaya 
(iJSej.N.N. Kudryavtsev (1958), V.D. Volkova (I960), O.N. Voye- 

a??^*P' Murav'yeva (i960). Aminazine affects neiral 
process of the diffuse nature, and especially the processes which 
control the general functional state of the cerebral cortex; amina- 
aîd6-!^81?8 conditioned reflex control of the cortical tonus 

le??S t0 bbe reduction of the value of secretory conditions of 
N KnrtfleX?S (N,A; J°stenetskaya, 1958; N.P. Murav'yeva, I960; N. 
N. Kudryavtseva, 1958; G.N. Tsobkall and V.K. Bolondinskiy, I960). 

In the case of unilateral conditioned reflexes, the use of 
SCes lrradlation of the excitation process (I.A. La- 
Hence* there is reason to assume that aminazine acts 

diffus®» activating mechanism, in which the most important 
ï 10?gS4.to reticular system. This fact has been corrobor- 

electrophysiological investigations of many authors (A.I. 
Shumilina, 1956; V.C. Agafonov, 1956; A.V. Val'dman et al., I960; 

P.*B.‘ B?edlin,l962)b’ R,YU’ I1,yuchenok and M-D‘ Mashkovskiy, 1961; 

In our investigations the animals with separated cortical an¬ 
alyzers proved to be more sensitive to aminazine, than normal dogs. 
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establífhe? previously by M.M. Khananashvili that the 
0f c?ftlcaî analyzers, following disruption of the as- 

connections between them, can be accomplished via sub- 

ebíaí aÎi-ïvï?WayK ?nd subcortical nuclei. This mechanism of cer- 
iaIrtí‘r,aCtlTity¿4.being subordinated in normal animals, assumes the 

ofaneural°lntegratlon? dlSruptlon of the mtracortical mechanism 

Of flmíÍLínf °f ï?ewe animals for the investigation of the effect 
higher nervous activity makes it possible to elic- 

síboort?íííerení to this preparation of cortica? and 
fn™ rí1?*1 of integration of neural processes, and to 
fonL?? ldfa ^Jcernine the greater sensitivity of subcortical 
formation to this preparation. At the same time, the available 
facts permit the assumption that aminazine acts directly also on 
the cerebral cortex (D.A. Biryukov, 1958; L.N. Gavrilova, 1958; 

iqíq.KvSnenvt?íaya* Í,A* Anton°va, 1958; K.V. Stroykova, 
anri9v Yol^°va» 196Ji n-p- Murav'yeva, I960; G.N. Tsobkallo 
and V.K. Bolondinskiy, I960; Malmejac and Plane, 1955 et al. 

Disturbances of cortical functions under the effect of amina- 

^.ar%m0SVle?rly eiiclted d°g8 with a weakened nervous na 
system. Experiments conducted on animals which underwent a brain 

or ware subjected to the action of X-ray, showed that 
an injection of aminazine leads to a marked decomposition of hieh- 

QPr«vAHV¡?USíaCtííltyí the anlmals inanifest disorders usually ob-S 
?r^?Q?irlng-rîhe Phase following intervention - surgical or 

TheSe dis°rders* as well as the Inhibition of motor 
were caused hy small doses of aminazine (0.1-0.2 mfr/kc:) 

which had no such effect on normal animals. * 

Irii faY°n oí, the "oo^loal" effect of aminazine one may cite 
the work of B.S. Bamdas and coauthors (1956) who detected rever- 

cbangf8 ln cortical cells following administration of amina- 
Zlí?e¿-.f1f0Jthe works of I*A* Fedorov and S.E. Shiol' (1956) which 
established the fact that a greater accumulation of aminazine 
takes place in the cortex than in other parts of the brain. There 

ni? îitSrar4 4.îata PointlnE t0 the effect of aminazine on the spi¬ 
nal cord, with approximately the same doses (1-2 mg/kv) which act 
on the subcortical and formations and cerebral cortex of the an- 

ííüíiLÍ«* Y?; klbuzov> P-K- D'yachenko, Yu.I. Shanin, 1955). Hence, 
aminazine affects various parts of the central nervous system; how¬ 
ever, disturbances elicited with the method of situation condi- 
«rroÜ? refle*es attest to the fact that aminazine exerts a greater 
effect on subcortical formations (reticular formation) of the 
brain stem. 

CONCLUSION 

In comparing the above described disturbances of conditioned 

actlylby under the effect of various pharmacological 
preparations, certain general rules can be noted in the effect of 
these substances on situation conditioned reflexes, without dwel¬ 
ling on the peculiarities cited in the course of description of 
the experimental data. p on 01 

In the majority of cases, upon administration to dogs of min- 

175 - 
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imal doses of substances possessing an inhibiting cortical effect 

aPr°Phene» etc.), changes are observed of motor 
conditioned reflexes which develop in a definite consecutive order, 

nKo« 1‘ The.yoluntary food-searching motor reactions undergo a 
change, or disappear entirely. 

or ooohJÍ6 a°tlve Jnner Inhibition weakens; the differentiation 
of conditioned sound or visual stimuli, which are identical in 

^ïs8 t?h U ,?ïe in different places, is impaired and so 
is also the differentiation of tables in regard to the site of 
food reinforcement, etc. 

0f thf /írst tri8ger components of the complex motor 
in the the doS does occupy the initial location 

?4.experlmei?tal roorn “ does not stand on the rug or on a 
definite square). 

.. The lament periods of conditioned reflexes are lengthened, 
“P a disappearance of the response motor reaction to 

ri£ect of.tie stimulator. In the first place, the motor reac- 
tion drops out to weak conditioned stimuli, or to stimuli connec¬ 
ted with the differentiated object ("associated pair"). 

5. At the height of intoxication, there originate as a rule 
phenomena of diffuse cortical inhibition with phase states (equal- 
izing, paradoxical and ultraparadoxical). 

OH»«»™e?aratí0nN whích belonS to various groups (analgesic, 
4buî,exert an effect on the subcortical 

formations in minimally active doses, do not change the voluntary 

H«tn«*-r?aCtí0nf¿ have no effect on the differential inhibition and 
do not impair the structure of the conditioned reflex, although 

°ondJtioned reflex activity proceeds at a lower func¬ 
tional level. Simultaneously with a reduction of the cortical 

rpïïpi îîfrf.J8 a pearly manifested disturbance of unconditioned 
refle* âctivity (the general motor activity, shaking-off reflex, 
alimentary reflex, etc.). With an increase of the administered 
dose, there appear disturbances connected with the effect of the 
preparation on the cerebral cortex: the dogs do not carry out the 
previously elaborated voluntary motor reactions, often do not 

entiatlonhinhibltion°netc.the rU6’ there 1S 8 weakenlne of dl"er- 

Certain substances which block the peripheral effector link 
of the conditioned reflex arch, cause disturbances in the behavior 
of animals only when administered in very large doses. For Jn- 

fía?C!cpthí: cho^nolybic Preparation - lachesine - exerts a oeriph- 
effect on bhe sallvary glands, by inhibiting unconditioned 

salivation in the dose of 0.001-0.005 mg/kg, and impairing the 
situation conditioned reflexes in doses 100-fold larger (0.1-0.5 
mg/kg). Hence, central disorders originate only, upon complete 
elimination of the effector link (injection of lachesine causes 
a marked dryness of mucous membranes and an impairment of vision); 
these disorders have certain urique characteristics which differ 
from the above described in that the conditioned reflexes, as 
such, remain intact: the dog moves toward the table in response to 
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a signal, but does not Jump on the table; if the feeding trough is 
taken off the table, the dog takes the meat out of the trough and 
throws it on the floor, but does not eat it. When these peripheral 
symptoms are eliminated with the use of small quantities of a chol¬ 
inomimetic substance (pilocarpine of carbocholine) which causes no 
change in the conditioned activity of the dogs, the higher nervous 
activity is immediately restored to norm (A.T. Selivanova, 1958). 
This fact once more attests to the fact that the changes in situa¬ 
tion conditioned reflexes, following administration of these sub¬ 
stances, depends on their peripheral action. 

It should be pointed out that, other conditions being equal, 
stronger and more prolonged behavior disturbances are observed in 
dogs with a weak type of nervous system, than in animals of a 
strong type. 

Manu¬ 
script 
Page 
No. 

138 

[Footnote] 

I.P. Pavlov. Polnoye sobraniye sochineniy [I.P. Pavlov. 
Complete Works], 1951, Vol. 2, p. 318. 
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Chapter 5 

EFFECT OF VARIOUS DOSES OF ROENTGEN KAYS ON THE COURSE OF 
SITUATION CONDITIONED REFLEXES FOLLOWING SINGLE 

AND REPEATED TOTAL IRRADIATIONS 
In connection with the wide use of isotopes in atomic energy 

and industry, agriculture and medical practice, the physiologists 
are facing an important task of the thorough investigation of the 
effect of ionizing radiation on the living organism, and in par¬ 
ticular on the higher parts of the central nervous system of man 
and animals. 

In current investigations devoted to the effect of ionizing 
radiation on the activity of higher sections of the brain, the 
functional state of the latter was investigated by means of var¬ 
ious methods: the classic method of secretory conditioned re¬ 
flexes of I.P. Pavlov, the method of motor conditioned reflexes 
(on small animals - rabbits, rats, mice, birds), the method of 
electroencephalography, and by various zoopsychological methods. 
As a result of conducted studies, it has been established that the 
occurring changes of higher nervous activity depended: on the to¬ 
tal irradiation dose, on the irradiation method, on the functional 
state of the cerebral cortex and on the type of higher nervous ac¬ 
tivity (M.I. Nemenov, 1928, 1929, 1932, 1938, 191*1*, 1950; R. Lyman, 
P.S. Kupalov and R. Scholz, 1933; P.S. Kupalov, 1959; P.S. Kupalov 
and A.M. Ushakova, 1931; M.I. Nemenov and V.V. Yakovleva, 1940; 
Ye.I. Bakin, 1946; P.I. Lomonos, 1953, 1955, 1956, 1957; N.N. Liv¬ 
shits, 1953, 1954, 1955, 196d; M.N. Livanov, 1944, 1956, 1957, 
1962; M.N. Livanov et al., 1935, 1958, 1959; L.I. Kotlyarevskiy, 
L.S. Gorsheleva and L.Ye. Khozak, 1956, 1958; P.D. Gorizontov, 
1954, 1955, 1959; Yu.G. Grigor'yev, 1954, 1956, 1958; L.A. Orbeli, 
1955, 1956; A.V. Lebedinskiy, 1955, 1957; A.V. Lebedinskiy et al., 
1958, 1959, I960; P.P. Mayorov et al., 1949; N.Ya. Lipatova et al., 
1957; M.N. Pobedinskiy, 1954; I.A. Piontkovskiy et al., 1957; L.Ye 
Khozak, 1958; D.A. Biryukov, 1957; Yu.G. Grigor'yev, 1958; V. Ye. 
Miklashevskiy, 1959a and b; R.S. Zlatin, 1959; Di Mascio et al., 
1956; Leary and Ruch, 1954, 1955, and many others. 

Despite the fact that there is a large number of works devoted 
to the study of the effect of ionizing radiation on cerebral activ¬ 
ity, there still remains the little investigated problem concern¬ 
ing the effect of this type of energy on the most complex forms of 
the behavior of animals. 

Starting in 1955 and continuing at the present time, investi¬ 
gations are conducted in the Physiological Department im. I.P. 
Pavlov (Institute of Experimental Medicine, AMS USSR) by O.H. Vo- 



yevodina and I.V. Malyukova, devoted to the study of the effect 
of various X-ray doses on situation conditioned reflexes of dogs. 

In the present work we are citing investigation data of ex¬ 
periments conducted on 14 dogs. In all dogs, prior to irradiation, 
one elaborated and reinforced various complex positive and inhib¬ 
iting motor conditioned reflexes, with a run to one or two tables. 
In addition, prior to irradiation, one tested in all animals the 
mobility of their nervous processes, by substituting the stereo¬ 
type of a positive stimulus the differentiation stimulus, and con¬ 
versely — an inhibition stimulus with a positive one, and one also 
tested the force of an inhibition process by lengthening the ac¬ 
tion time of the differentiation stimulus 6-12-fold (in norm 5 
seconds). Prior to irradiation, these tests did not disturb the 
normal course of conditioned reflex motor activity. Neither were 
any changes observed in the course of conditioned reflex activity 
in dogs, when control tests we.’e conducted with simulated irradia¬ 
tion, i.e., when the dogs were brought into the X-ray room, placed 
in a wooden box, and the nois¿ of an X-ray apparatus was switched 
on (O.N. Voyevodina, 1956, ?9b0). 

Following the afore-'icntioned experiments, every dog was 
subjected to total X-ray irradiation under the following condi¬ 
tions: with two RUM-3 apparatus by means of crossed fields, at the 
voltage of 180 kv, 15 ma current, with one or two filters 0.5 mm 
Cu, or 0.5 mm Cu + 1 mm Al, at 80 to 100 cm focal distance. Irra¬ 
diation conditions are shown in Table 11, indicating that various 
dogs received different X-ray doses which, however, did not ex¬ 
ceed 300 r at a single irradiation. Repeated irradiations were car¬ 
ried out during the period when following a previous irradiation 
the conditioned reflex activity became fully restored. In order to 
ascertain the cumulative or compensatory functions of the cerebral 
cortex, repeated irradiations were carried out at various inter¬ 
vals, following the initial X-ray irradiation. 

Prior and after irradiation, the leucocyte count in the pe¬ 
ripheral blood was regularly performed and the changes in body 
weight of the animals were constantly checked. 
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TABLE 11 

Conditions of X-ray Irradiation of Dogs 

i 
Kmwi coCik i 

i. 

I 

b u£ 

Pam «e.njrwM* 

5 Sahir« . 

TlaxbMa . . , 

9 Pan ..., 

11 Boi . . . . 

1 2 Ami . . . , 

1 4 BapcRR . , 

1 5 Mapiul . . . 

1 «Sahirr . . 

1 * Ajmm . . . . 

2 °T«acniR . . . 

2 tlUapiR . . . 

7na«*Ma . . . 

244 

Arropa • . 
2 °Tôjctrr . 

? *4*0# . . . . 

2 ^CoaraR ; . . 

^RROpA . . . 

2 ^UlapRR . 

2 i«CoaraH . . . 

A»ol . . . . 
2 3 

10 

300 

100 

100 

10 

10 

10 

Í0 

10 

« 

1 

I 

1 

350 

300 

300 

100 

100 

70 

70 

40 

30 

8 

28 

19 

15 

15 

12 

12 

12 

8 

8 

7 

3a aoccMk Mccaaca 

* OAMOKparao 

Mcpes 3 wee. M 20 ahcH nocm ncp* 
aoro o6.iy«iekna h Hopes 8 mcc it 
21 AtMb nocae aroporo oCaynoRHR t 

8 OAHOKpatRO 
... .. . .,, . . , 

Ip« pa:a a rcara» 

» k ‘ B '•M l*i 
• . *1 t«;.» • 

y 

¡ -7 I ! % • 
C»(cahcbho (lepes 5 .ier noca« nep- 

aoro oOayHCHtia a aosc 320 p) 
1 3. . • 

CKOAItOBRO -1.¾ 

^ 8 OAHOKparno ' " V"*- 

Ewcahcbiio (Hopes roA nocae oOayi 
HCHHR a AOSC 8 p) 

2 Cwcahobho (nepls 5 aer nocae 
oCayncHUR a Aose 300 p) 

1 SatoAHeano 

2 Ckoahobho (repos toa noca« oflay* 
HeHiia a aosc 8 p) ,-. ^ rw ... . . f j 

> 8 EateAHcaHo- . 

! 2 EjKOAiieBHo (nepes roA noiae o8ay>’ 
HeHiia -a aosc 8 p) . . 

5 Encca'icbho (nepes 37 aho! noca* 
oCayHeiiitn a aosc 15 p) 

iCweANeaRO 

'.-B • ». 
2 5 

EikCAiiemio (nepes 47 A'iefi noca« 
oOayHcniifi b AoJe 12 p) 

1) Dog s name; 2) single dose (in r); 3) summary dose (in r); 
irradiation rhythm; 5) Yadinka; 6) during eight months; 7) Pal'ma; 
Ö) once; 9) Reni; 10) within 3 months and 20 days after the first 
irradiation, and within 6 months and 21 days after the second ir¬ 
radiation; 11) Boy; 12) Dzhek; 13) thrice a week; 14) Barsik; 15) 
Chernyy; 16) Yadinka; 17) daily (within 5 years following first 
irradiation with a dose of 320 r); 18) Al’ma; 19) daily; 20) Tol- 
styak; 21) Sharik; 22) daily (within a year following irradiation 

d?se of 8 r)î 23> J°y; 214) Soltan; 24a) Akkord; 25) daily 
(within 37 days following irradiation with a dose of 15 r). 
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EFFECT OF SINGLE AND REPEATED TOTAL IRRADIATIONS OF DOGS WITH 
DOSES OF 300r-100r ON THE COURSE OF SITUATION CONDITIONED RE¬ 
FLEXES 

On the basis of experiments conducted by O.N. Voyevodina 
with single total irradiation of dogs in 300-100 r doses, the 
following has been ascertained. In all animals, in experiments 
carried out within 30 minutes following irradiation, one observed 
an impairment of previously elaborated conditioned reflex motor 
activity: after eating the first feed, the dogs began a disori¬ 
ented run about the room. Jumped repeatedly on tables, and did not 
once stand on the rug during the entire experiment. Blood samples 
obtained from the animals within 3-5 minutes after the experiments 
(or within ^3-^5 minutes after irradiation) showed an increased 
amount of leucocytes (Tables 12, 13, 1*0 in the peripheral blood. 

On subsequent days the behavior of the dogs underwent a 
change, depending on irradiation dose. For instance, in the dog 
Pal'ma (300 r), of a weak type of higher nervous activity, as 
early as on the second day following irradiation one observed an 
inhibition and rigidity of motor reactions. Following the first 
reinforced feedings (on tables 1 and 2), the dog walked slowly in 
the experimental room, but did not stand on the rug. When the 
positive conditioned stimuli were turned on, the dog showed no ori¬ 
entation reaction (the turn of the head in the direction of the 
conditioned stimulator) or a conditioned motor reflex. 

In experiments on the 6th and 9th days after irradiation, the 
conditioned reflex in Pal'ma was observed only in response to the 
first application of the conditioned stimulator. In these experi¬ 
ments, circus motor reactions appeared for the first time: follow¬ 
ing the first food reinforcement, the dog Jumped off the table and 
started to perform circular movements in the middle of the room, 
walking around the rug or the water bowl. During the experiment 
the dog manifested an increased thirst. 

During the next 20 experimental days the dog carried out only 
the first conditioned reflex reaction, whereas in response to sub¬ 
sequent positive stimuli it remained standing or started to walk 
to the table which did not correspond to the signal value of the 
conditioned stimulus (i.e., a faulty differentiation of the tables 
was observed), or the dog came near the door of the experimental 
room, lay down, and did not react to conditioned stimulation sig¬ 
nals . 

A particularly marked disturbance of synthetic activity of 
the cerebral cortex was manifested in Pal'ma on the 21st day fol¬ 
lowing irradiation, when the number of leucocytes in the periph¬ 
eral blood dropped 7^.955, and the body weight of the animal de¬ 
creased by 4.5?, i.e., when the radiation sickness reached its 
maximum development. On that day the dog refused even the first 
food reinforcements, and during the entire experiment did not re¬ 
act to the signals of positive conditioned stimuli; when the dif¬ 
ferentiation stimulator was turned on, the dog Jumped on the table 
instead of remaining on the rug, i.e., ultraparadoxical associa¬ 
tions originated in the animal in the process of conditioned re¬ 
flex motor activity. This state of higher nervous activity was 
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TABLE 12 

Number of Leucocytes In the Peripheral Blood 
and the Weight of Dog Pal'ma, Prior and After 
Total Single Irradiation with a 300 r Dose 

1 M OfiMta 2 A”* IW* r. * Dec (•'»•••) 
K«..it<icrTi>* ..rtneuMiM 

1 ««* Kpo.H a. apiraot 
M »mu yia 

61 
63 
64 
66 
66 
67 <

<
<

<
<

<
 •

 

11,05 
10,95 
11.0 
10,95 
11,0 
11.5 

10250 
10450 
11000 

.12250 - 
11 750 
|2600 
i 

27 April 1955 the dog was subjected to total irradiation with a 
300 V dose 

66 
69 
70 
71 
73 
78 
74 
75 
76 
77 
71 
79 
90 
•2 
83 
84 
85 
86 
87 
88 
89 
90 
91 
93 
93 
94 
95 
96 

37/1V 
28/lV 
29/IV 
30/1V 
3/V 
4/V 
6/V 
7/V 

10/V 
12,-V 
14/V 
16/V 
1/V! 
4/VI 
7/VI 
9/VI 

ll/VI 
I3/V1 
17/VI 
20/VI 
24/VI 
27/VI 
30/VI 
4/VI I 
6/VI I 

ll/VII 
14/VII 
21/VI1 
2S/V11 
37/VII 

11,25 
11,0 . 
11.15 
11,05 
10.15 
10,0 
10,0 ... 
10.35 . 
10,5 
10,65 
10,5 
10.5 . 
10.75 
10,8 
11,0' 
11,2' , 
11,3. 
!!:? V 
11,25 
H,4 •• 
11.6 
11.2 
11.8 
II 4 
11.5 
11 85 
11.» 
11.35 
W.7 

17750 
14 550 
8100 
9350 
6900 
8500 
6850 
6000 
6200 
4350 
3600 . 
2950 . . 
7000 ‘ 
6000 
6600 
6100 . 
7950 . 
5900 
5950 ■„ 

• 6100 
7250 ’ 
7700 . 

.6300 
6300 
6500 ‘ 
6750 
8550 ., 
6300 .. 
6.750 
7600 - 

V« 

" -.i?. 

Following the summer rest 

99 
102 
104 
105 
107 
108 
109 
112 

114 
115 
116 
117 
120 
123 
127 
130 
132 
136 

3/1X 
6/1X 

10/1X 
13/IX 
17/3 X 
19/1X 
20/1X 
23/IX 

26/1X 
28/1X 
4/X 
7/X 

18/X 
I9/X 
29/X 
4/X I 

12/XI 
19/XI 
1 .* 

11.9 
11,85 
12,0 
11.6 
12,0 
11,95 
12.1 
13.1 

12,0 
12.1 
12,0 
12,0 
11.9 
12,0 
12,0 
11,5 
11.0 
11.1 

7900 
8060 
8250 
7000 
6060 
6650 
7600 
7250 

7000 
7650 
7500 
6850 
6500 
7250 
8800 
6060 
7050 
8300 
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1) Experiment No.; 2) date, year 1955; 3) weight (in kg); *0 num¬ 
ber of leucocytes in one mm* of blood from a marginal aural vein. 

TABLE 13 

Number of Leucocytes in the Peripheral Blood and 
the Weight of Dog Reni, Prior and After Total 
Irradiation with a 100 r Dose 

*1 M onwT« ‘ 2 A»»» ins r. 
• 

3 Bee (• *;) 
Ke.iMMCTi« .irikoumo» 

• 1 mm' KpokN *> xpaciot 
,, •cnw yxt 

631 
632 
633 
634 
635 
636 
637 
639 
640 
641 
642 
644 

9/IV 
12/IV 
14/IV 
16/IV 
23/1V 
25/IV 
26/lV 
4/V 
1/VI 
2/VI 
3/VI 
6/VI 

14.55 
14,65 
14.7 
14.9 
15.0 
14,75 
14,85 
15.150 
16.5 
16.4 
16.5- 
16.4 

14 850 
12 250 
10550 
15750 
15850 
15850 
13450 
15600 
14 200 
14 050 
14050 ' 
13800 » 

7 June the dog was subjected 
dose 

645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
660 
663 

7/VI 
8/VI 
9/VI 

11/VI 
13/VI 
17/VI 
20/VI 
24/VI 
27/VI 
30/VI 
4/VII 
5/VI I 

25/VI I 
29/VII 

to total 

16,35 
16,0 
15.4 
15.2 
14.8 
15.3 
15.2 
15,11 
14.6 
14.8 
14.5 
14.6 
14.3 
14.6 

irradiation with a 100 r 

17750 
12 650 
6700 
9150 
6900 
7 050 
6900 
7850 
8750 
7250 
9300 
9500 
9250 

. 9300 

Following a summer rest 

665 
668 
671 
672 
676 

$ 
681 
682 
683 

3/1X 
5/1X 

10/1X 
13/IX 
16/1X 
20/IX 
22/1X 
23/1X 
24/1X 
26/1X 

15.1 
15.2 
15.3 
15,5 
15.1 
15.0 
14,95 
15.1 
15,0 
14.9 

12300 
12350* 
12 000 
10600 
9 750 
9900 
9900 

10050 
10 ISO 
10900 

27 September the dog was subjected to a second total irradiation 
with a 100 r dose 

684 
685 
686 

27/1X 
28/1X 
29/1X 

14,85 
15,0 
15,0 

II 100 
8250 
6 800 
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The year 1956 

6S7 
659 
691 
69$ 
695 
703 
706 
708 
712 
716 
717 
716 
721 
723 

727 
731 
733 
735 
737 
739 
744 
752 
754 

30/1X 
4/X 
7/X 

13/X 
19/X 
29/X 
4/XI 

12/XI 
19/X I 
1/XI1 
6/XII 

15/X1I 
25/X1I 
27/XII 

•/1 
19/1 
23/1 
26/1 

7/11 
13/11 
22/11 
12/111 
14/111 

14.95 
W.l 
15.1 
15.0 
15.1 
15.1 
14.9 
15.1 
14.95 
15.1 
14.8 
15.0 
13.85 
15.0 

14.0 
15.0 
I4;35 
14.4 
14.6 
14.25 
14.2 
14.6 
14.6 3 * . 

11050 
9750 
7200 
8050 
7000 
9000 
6750 
9500 

10000 
9350 
7500 
7950 
7550 
8000 

10000 
9750 
8850 

13000 
12550 
9150 
9250 

10250 
10800 

16 March the dog was subjected to the third total irradiation with 
a 100 r dose 

The year 1957 

755 
756 
757 
760 
766 
767 
772 
777 
781 
785 
786 
787 
789 
796 
807 
813 
814 
815 

822 
823 
824 

829 
840 
845 
853 
877 
880 
894 
896 
900 
921 
930 
932 
933 

16/111 
17/111 
19/111 

g;¡!¡ 
30/111 
5/1V 

I3/1V 
19/IV 
5/V 
8/V 

14/V 
17/V 
26/V 
25/VI 
5/V1I 
7/V11 

I0/VII 

5/11 
8/11 

12/11 

11/111 
22/111 
30/111 
9/1V 
7/V 

10/V 
8/VI 

11/VI 
17/VI 
15/VI 1 
12/1X 
13/1X 
15/IX 

14.5 
14.3 
14.3 
14.6 
14.5 
14.6 
14.75 
15,0 
15,5 
15.4 
15.2 
15,0 
15.0 
16.2 
15.5 
15,5 • 
15.65 
15.7 

15.7 
15,4 
15.2 

' * ♦ 

15.3 
15.2 
15.3 
15.3 
15,6 
15.4 
15.5 
15.3 
15.4 
15,35 
15,05 
15,0 
15.0 

10750 
9200 
7500 
7150 
7150 
7900 
7250 
9500 
9000 
9750 

10800 
9900 

10400 
10750 
12300 
12 250 
11670 
10150 

9250 
7750 
7 250 

6150 
8750 

10250 
9150 
9050 
9750 
9050 

10600 
10060 
6050 
7750 
7750 

10750 

•The delayed reflex became restored on the 91st day 
following irradiation. 

l8h 



1) Experiment No.; 2) date; 3) weight (in kg); 4) number of leuco¬ 
cytes in 1 mms from a marginal aural vein. 

TABLE Hi 

Number of Leucocytes in the Peripheral Blood and 
the Weight of Dog Boy Prior and After Total Irra¬ 
diation with a 100 r Dose 

1 M enwT* 
2 
A*Tt 1154 r. 

3 
Btc (a vi) 

--- 
Ko.tHirCTBO 

• 1 JMTKPOBK M» KPt«Mi 
•«mm yta 

88 
89 
93 
97 

118 
119 

21/111 
23/111 
28/111 
3/IV 

20/IV 
23/1V 

24.5 
24.7 
24.5 
24.6 
24.5 
24.6 

10500 
11500 ’ 
11 /50 
12000 
12400 .- 
11250 

24 April the dog was subjected to irradiation with a 100 r dose 

130 
121 
122 
124 
125 
127 
J28 
129 
130 
131 
133 
136 
138 
141 
142 
144 
145 
147 
148 
149 
150 
151 

24/IV 
25/IV 
26/IV 
28/IV 
3/V 
5/V 
8/V 

14/V 
15/V 
17/V 
19/V 
24/V 
28/V 

1/VI 
4/VI 

12/VI 
14/VI 
18/VI 
19/VI 
26/VI 
29/VI 
5/VI I 

24.4 
24.6 
24.5 
23.65 
23.6 
23.3 
22.6 
24.5 
24.0 
23.8 
23.9 
24.0 
24.0 
24.4 
24.6 
24.6 
24.6 
24.4 
24,6. 
24.4 
24.6 
25.0 

16750 
13180 
9200 
9100 
6900 
8450 
6260 
6950 
7500 
7150 
9250 
9750 

10750 
11000 
11750 
9750 

10500 
10050 
11760 
10 ISO 
11250 
12 250 

1) Experiment No.; 2) date, 1956; 3) weight (in kg); 4) number of 
leucocytes in one mm5 of blood from a marginal aural vein. 

observed during the first seven months. During the following 5 
months, one observed only in some tests a normal conditioned re¬ 
flex activity of the animal; in the rest, the latent period of 
conditioned reflexes was always longer, and a disturbance was 
often observed of a positive differentiation of the tables. Thus, 
in the dog Pal'ma, which was subjected to a total single irradia¬ 
tion with a 300 r dose during a 12 month period, one observed fol¬ 
lowing irradiation distinct changes in higher nervous activity in 
the form of partial or complete disappearance of conditioned motor 
reflexes, disruption of inhibition differentiations, impairment 
of positive differentiation of tables, the development of phasic 
states in the cerebral cortex and the decrease in the general work 
capacity of the animal (O.N. Voyevodina, 1956). 

In contrast to Pal'ma, the dog Reni, also of a weak type of 

- 185 - 



higher neural activity, was subjected to X-ray irradiation with a 
100 r dose only. Within 30 minutes following irradiation, the dog 
manifested experimentally certain changes in the course of situa¬ 
tion conditioned reflexes, which were similar to those observed 
in the dog Pal'ma. On the 5th and 14th day following irradiation, 
the spatial conditioned reflex became disturbed in Reni (the dog 
di not take up its position on the rug). 

Fig. 19. Impairment of conditioned reflex activity of the dog 
Reni (R) subjected to a single total irradiation with a 100 r dose. 
On the abscissa axis the numbers indicate days up to (JY), during 
(arrow-100 r) and after irradiation; on the ordinate axis: 1) the 
number of retained positive; 2) inhibition stimuli employed in the 
experiment. 

In subsequent experiments, as shown clearly in Fig. 19, the 
conditioned reflex activity of Reni was considerably more dis¬ 
turbed: the conditioned reflexes to positive stimuli became im¬ 
paired, and a regular disruption was observed of the delayed-re- 
sponse conditioned reflex, formed on the light stimulus, which was 
retarded by 120 seconds. In analogy with the dog Pal'ma, there 
were also observed in Reni, following irradiation, an increased 
thirst, easy fatigue and the appearance of circus movements in the 
intervals between the switching on of the conditioned stimuli. 

A comparison of the results obtained on Pal'ma and Reni shows 
that there was no complete parallelism either in the extent of 
changes of conditioned reflex activity, or of body weight, or of 
the amount of leucocytes in the blood. For instance, during the 
first day following irradiation, the conditioned reflex activity 
in Reni was completely disrupted, whereas the leucocyte count was 
higher than in norm (Table 13), and on the 3rd day a maximal re¬ 
duction of the number of leucocytes was observed (by 51.4|) as well 
as of the body weight of the animals (6.09?), whereas a restora¬ 
tion of conditioned reflex activity to the first two stimuli was 
already in progress. 

Despite the fact that in Reni after 3 months, and in Pal'ma 
after 12 months, following irradiation, a complete restoration of 
conditioned reflex motor activity was observed, their leucocyte 
count still remained at a considerably reduced level (3000-4000 
below norm). 

In the third dog. Boy, of the well balanced type of higher 
nervous activity, and similarly exposed to a single 100 r irradia¬ 
tion, one observed shorter (during one month) disruptions of con- 
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ditioned reflex motor activity, than in Renl. It was characteris¬ 
tic in regard to Boy that on the 1st, 2nd, 4th, 5th, 12th, 15th 
and 24th day following irradiation, a complete disappearance was 
noted of the elaborated conditioned reflex motor activity (Pig. 
20). Following the initial food reinforcements on both tables, the 
dog did not take up its position on the rug, but kept on moving in 
a haphazard manner about the room. Jumped repeatedly on the tables, 
approached the door, tried to open it and lay down near the door, 
where it remained until the end of the experiment. The dog did not 
run to the tables in response to the turning-on of positive con¬ 
ditioned stimuli. Only in certain instances, when the differentia¬ 
tion stimulus was turned on, did the dog run and Jump on the 
table, i.e., an ultraparadoxical phase was observed in the activ¬ 
ity of the motor analyzer. In Boy, in contrast to the other two 
dogs (Pal’ma and Reni), the disruption of differential inhibition 
was observed only until the 27th day (following irradiation), as 
well as increased thirst and circus movements which became partic¬ 
ularly intense in response to a differentiation signal. The la¬ 
tent period of conditioned reflexes to stimuli, employed after the 
disrupted differentiation, was 5-10-fold longer. 

Pig. 20. Impairment of conditioned reflex motor activity in the 
dog Boy (B) following total single irradiation with a 100 r dose. 
The symbols are the same as in Pig. 19. 

Thus, on the basis of experimental data concerning the effect 
of total single irradiation of dogs with 100-300 r doses of X-rays, 
it can be concluded that, as early as within 30 minutes following 
irradiation, one observed in all animais spatial disturbances of 
temporary associations (the dogs do not step on the rug) and un¬ 
coordinated movements in the experimental room. 

Subsequently, for a period of 1 to 3 months, as a dose of 
100 r, and up to 12 months at a dose of 300 r, there was a weak¬ 
ening of the excitation process, attested by the lenghtening of 
the period of conditioned motor reflexes, impaired differentia¬ 
tion of the two tables and lower performance efficiency of the 
animals. There was also disturbance of the process of inner in¬ 
hibition, which was manifested in the disruption of differentia¬ 
tions and of the inactive phase of the delayed reflex, in the 
appearance of consecutive inhibition and in intersignal motor re¬ 
actions of the animals. The impairment of differentiation of the 
two tables indicates a weakening of concentration of the excita¬ 
tion process. 

The restoration of conditioned reflexes to positive stimuli 
took place 2-3 days earlier than the restoration of differentia- 
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tion and retardation of the inhibition process. 

The fact of reduction of the number of leucocytes in the pe¬ 
ripheral blood and easy fatigability of experimental animals is in 
accord with the observations on humans. As per literary data, also 
in humans a drop in leucocyte count and easy fatigability sets in 
following irradiation (G.L. Gempel'man, Kh. Lisko, I. Gofman, 195^; 
R.J. Hasterlick and L.D. Marinelli, 1956 et al.). 

It should be underlined that no complete parallelism was ob¬ 
served in our experiments between the gravity of developed dis¬ 
turbances of higher nervous activity and changes in the blood in¬ 
dexes - the reduction of the amount of leucocyte - as well as be¬ 
tween the irradiation dose and the periods of restoration of con¬ 
ditioned reflex motor activity of the animals. For example, in the 
dogs Reni and Boy, exposed to the same dose (100 r), the restora¬ 
tion of conditioned reflex activity occurred at different periods: 
in Reni within 3 months, in Boy within a month. The difference in 
the restoration period of conditioned reflex activity in these 
dogs apparently depends not only on the type of their higher neu¬ 
ral activity (M.I. Nemenov, 192o; P.S. Kupalov et al.. 1931; 
Lomonos, 1953; N.N. Livshits, 1955a; A.A. Grafov, 1958: I.A. Pi- 
ontkovskiy, 1958; L.I. Kotlyarevskiy et al., 1956, 1958; L.S. Gor- 
sheleva, 1958; N.G. Ivanova, 1958 et al.) but also on the complex¬ 
ity of conditioned reflex motor activity of the animal which has 
been elaborated prior to irradiation. In Reni a stereotype delayed 
response reflex and differentiation were elaborated, and in Boy - 
only differentiations. 

Our investigations further demonstrated that the degree of 
disturbance of higher nervous activity in dogs depends also on the 
dose of irradiation. For instance, in Pal'ma and Boy, at an iden¬ 
tical stereotype of elaborated conditioned reflex motor activity, 
the restoration of conditioned reflex motor activity took place at 
different periods, depending on the irradiation dose: in Pal’ma - 
within 12 months, in Boy - within a mcnth following irradiation. 

The next task of our investigation was the study of the ef¬ 
fect of multiple total irradiation on the higher nervous activity 
of animals. Experiments were carried out on Reni. Following com¬ 
plete restoration of its conditioned reflex activity the dog was 
again irradiated with a 100 r dose. 

As a result of the repeated Irradiation (the total dose 
amounted to 200 r), the dog manifested the same disturbances of 
higher nervous activity as during the first irradiation; however, 
these disturbances lasted a longer period of time than after the 
first irradiation (Fig. 21). 

In the experiment conducted within 30 minutes following the 
second irradiation, one observed in Reni an impairment of the de¬ 
layed conditioned reflex, which has been elaborated to the light 
of an electric lamp of 250 w, with a lag of 120 seconds: on the 
15th second of the action of the light stimulus, the dog walked 
off the rug and ran to the table. Jumped on it, and remained stand¬ 
ing there for 10 seconds. In response to the positive stimulus, 
employed after the disturoed delayed reflex, one observed an in- 
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crease of the latent period of the conditioned motor reflex up to 
three seconds (In norm - 1 second) and a 5-10-fold Increase of 

Fig. 21. Changes of conditioned reflex motor activity In the dog 
Renl (R) which has been exposed to a second Irradiation with a 100 
r dose (total dose of the two irradiations - 200 r). The symbols 
are the same as in Fig. 19. 

time required for the return of the dog to the rug. The spatial 
conditioned reflex of standing on the rug became impaired. During 
the first week these disturbances showed a gradual increase. Sim¬ 
ilarly to the first irradiation, the dog manifested circus move¬ 
ment and an increased thirst (the dog drank water up to 6 times 
during the experiment, instead of 1-2 times prior to irradiation). 

Starting on the 10th day following irradiation, and up to the 
l^Sth day, Reni manifested disturbances in the course of positive 
concTTtioned reflexes: lenghthening of the latent period of condi¬ 
tioned reflexes and of the time required for the return of the 
dog to the rug. Symptoms of easy fatigability of the animal were 
noted (during certain experiments only two instead of 12 condi¬ 
tioned reflexes could be employed), following which the dog did 
not take up its standing position on the rug, but lay down near 
the door. In some test an ultraparadoxical reaction was noted. 

Following the second irradiation with a 100 r dose the con¬ 
ditioned reflex motor reaction of the dog Reni was restored only 
on the 146th day, as can be seen in Fig. 21, i.e., 58 days later 
than after-Ehe first irradiation. During 1^5 days following the 
second irradiation, the course of the elaborated conditioned re¬ 
flex motor activity was of a cyclic nature: days of normal condi¬ 
tioned reflex activity alternated with days the motor conditioned 
reflexes were disturbed. Following the second irradiation, the de¬ 
layed reflex also remained disturbed for a longer period of time 
than after the first irradiation. 

It is of interest to point out that the number of leucocytes 
in the blood after the second irradiation decreased to a lesser 
degree than after the first irradiation (Cf. Table 13). During the 
first day following the second irradiation, there was no such 
markedly manifested leucocytosis (11,100), as on the first day 
following the first irradiation (17,750). Hence, also in this case 
we could not elicit any direct parallelism between the indexes of 
changes in conditioned reflex motor activity and the reduction of 
the number of leucocytes in the peripheral blood. 
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Pig. 22. Changes in conditioned reflex motor activity in the dog 
Reni (R) following third irradiation with a 100 r dose (total dose 
300 r). The symbols are the same as in Pig. 19. 

Within 6 months and 21 days after the second irradiation, 
against a background of completely restored conditioned reflex 
activity, the dog Reni was exposed to a third irradiation with a 
100 r dose (total dose of all three irradiations - 300 r). 

Following the third irradiation, the number of leucocytes on 
that day was 10,750; it subsequently decreased at approximately 
the same rate as after the first two irradiations. As regards 
changes of conditioned reflex motor activity, they lasted ^52 
days after the third irradiation, i.e., over 15 months. Figure 22 
clearly shows the changes in conditioned motor reflexes in Reni 
after the third irradiation. 

Hence, following the third irradiation the dog Reni mani¬ 
fested still more prolonged disturbances in the course of condi¬ 
tioned reflex motor activity than after the second and first ir¬ 
radiation. Similarly to the first two irradiations, one observed 
a sharp reduction of the functional efficiency of the cerebral 
cortex, which was expressed in the cyclic character of the course 
of conditioned reflex motor activity, in the emergence of an ultra 
paradoxical phase, in the impairment of the process of inner in¬ 
hibition and in the weakening of the excitation process. However, 
also after the third irradiation, the prolonged disturbances in 
the course of the basic neural process of the cerebral cortex did 
not proceed parallel with the reduction in the amount of leuco¬ 
cytes in the peripheral blood. This is in accord with the findings 
of N.N. Livshits (1955b), who observed disturbances of the sec¬ 
retory alimentary conditioned reflexes without marked changes of 
the blood, following repeated X-ray irradiations of dogs. 

In comparing the result of three irradiations of the dog Reni 
with a 100 r dose (total dose 300 r) with the results of a single 
exposure to an X-ray dose of 300 r (the dog Pal'ma), it can be 
seen that in the first case there are observed more prolonged dis¬ 
turbances of higher nervous activity than in the second case. 

EFFECT OF A SINGLE AND REPEATED TOTAL IRRADIATION OF DOGS IN 10 r- 
1 r DOSES ON THE COURSE OF SITUATION CONDITIONED REFLEXES 

A number of investigators, who studied the effect of small 
doses of ionizing radiation on the human organism, point to the 
fact that during the development of the initial stages of chronic 
radiation sickness one observes, in the first place, changes in 
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the activity of the nervous system (M.Ya. Bel'govskiy, 1951; Ch. 
Berens, 1951} Ye.a. Zhuk, 1957; A.L. Morozov, E.A. Drogichina, M. 
A. Kazakevich, N.I. Ivanov and S.P. Belova, 1957; E.Ya. Oravevskiy 
and N.I. Shapiro, 1958; I.S. Olazunov and P.M. Kireyev, 1958; M.A. 
Kazakevich, 1957. A.V. Kozlova, 195¾} A.V. Lebedinskiy, 1957; M.N. 
Pobedinskiy, 195¾} B.N. Rapoport, 1958 et al.). 

The early complaints of individuals who have had contact with 
ionizing radiation for a number of years are: easy fatigability, 
headache, vertigo, poor sleep, reduced work capacity, and deteri¬ 
oration of memory. The initial clinical symptoms are characterized 
by an Increased excitabality of the peripheral and central nerv¬ 
ous system, manifested in a heightened susceptibility to external 
stimuli. There is also observed an increased lability of the auto¬ 
nomous nervous system, its disfunction and asthenia. In regard to 

, the cardiovascular system, one observes bradycardia, lability of 
arterial pressure in the form of hypotonia or hypertonia, tend¬ 
ency to angiospasms and angioneuroses. Later, disturbances of the 
hemopoietic function appear in the form of a reduced content of 
erythrocytes and neutrophiles, and a relative lymphocytosis with 
eosinopenia and monocytopenia. 

Investigations on animals also point to changes in the struc¬ 
ture and function of the nervous system, as early as within the 
initial stages of their irradiation with small doses. For instance, 
M.A. Aleksandrovskaya (1958a and b) showed that, under the effect 
of irradiation of white rats with 50-150 r doses, there appear in 
the layers III and IV of the cerebral cortex phenomena of turbid 
cellular edema, granularity of the cellular protoplasm, peripher¬ 
al tigrolysis, vacuolization of individual cells and their pykno- 
sis. In the diencephalon and nuclei of the cerebrocranial nerves, 
the cellular vacuolization is still more clearly manifested; even 
a cellular cytolysis is observed. The amount of RNA in the cells 
of layers III and IV of the cerebral cortex increases, following 
irradiation with a 50 r dose, and it decreases sharply when a to¬ 
tal dose of 150 r is used. 

A.G. Khanin (1958) subjected dogs to total irradiation with 
a 15 r dose and induced in them the development of a chronic form 
of radiation disease. On the basis of his morphological studies he 
established the fact that the first stage of the development of 
radiation sickness is characterized by reactive changes of the 
interneuronal synapses, and in the second stage some of the in¬ 
tact synapses are involved in the radiation affliction, while a 
partial restoration of interneuronal begins to take place. The 
third and fourth stage of radiation sickness was accompanied by 
degenerative necrobiotic irreversible synaptic changes. The stud¬ 
ies carried out by Yu.M. Olenov (195C;, N.I. Artyukhina (1959a and 
b) and A.L. Shabadash (1957) also point to structural changes in 
the central nervous system following irradiation of animals with 
snuill doses of ionizing radiation. 

Of particular interest is the study of functional disturb¬ 
ances of cerebral cortex activity following exposure of the organ¬ 
ism to small doses of ionizing radiation. 

M.N. Livanov (1956, 1962) investigated changes in the bio- 
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electric activity of the cerebral cortex in persons subjected (for 
therapeutic purposes) to the action of X-rays in a dose of 25 r. 
It was found that, whereas prior to irradiation the initial back¬ 
ground of activity was low, the bioelectric activity of the cer¬ 
ebral cortex rose following irradiation and conversely, when prior 
to Irradiation the initial background activity was high, the bio¬ 
electric activity decreased after irradiation. The authors thinks 
that ionizing radiation exerts a direct, as well as reflex effect 
on the activity of the nervous system. 

A number of authors, who used the method of motor reflexes of 
L.I. Kotlyarevskiy and the method of secretory conditioned re¬ 
flexes of I.P. Pavlov, demonstrated the effect of small doses of 
ionizing radiation on the conditioned reflex activity of various 
animals. L.I. Kotlyarevskiy, L.S. Gorsheleva and L.Ye. Khozak 
(1956), L.S. Gorsheleva (1958), and L.Ye. Khozak (1958) noted the 
disturbances of differentiations in rats irradiated with small X- 
ray doses (0.5 r, 5 r). L.G. Samoylova (1959a and b), employing an 
irradiation dose of 0.05 r or 0.1 r in rats during daily or alter¬ 
nating days of irradiation, observed (at a total dose of 3-¾ r) a 
disturbance of differentiations and phasic phenomena. 

Other authors (O.P. Makarchenko and R.S. Zlanin, 1959), em¬ 
ploying the classic method of I.P. Pavlov, observed a change in 
conditioned reflex activity of dogs irradiated with a 0.05 r dose 
(daily irradiation). As early as within 1-2 months from the start 
of irradiation, a change in differentiations was observed. Analog¬ 
ous data ere obtained by Ye.S. Meyzerov (1958) on dogs. Ye.M. 
Kobakova and V.A. Troshikhin (1958), in irradiating dogs daily 
with gamma-rays of radioactive cobalt, in a considerably larger 
dose (2-2.5 r), obtained opposite data. 

They found no changes of conditioned salivary reflexes, what¬ 
soever, during the first two years of irradiations (at a total 
dose of 1200 r); only toward the end of the third year of irradia¬ 
tion, when total doses reached 1825 r, a disturbance was observed 
of conditioned reflex activity in the form of cyclic movements, 
and an imbalance of basic neural process with a slight weakening 
of the inhibition process. 

In contrast with the data of Ye.M. Kobakova and V.A. Troshi¬ 
khin, other authors (Kh.Kh. Yarullin, 1958; N.N. Livshits, 1953 et 
al.) showed that, upon irradiation of dogs with 10-15 r doses, one 
observes at a total dose of 30-45-75 r or 135-195 r, disturbances 
of conditioned salivary reflexes in the form of disruption of dif¬ 
ferentiation, the development of phasic states, reduction in the 
value of reflexes, etc. 

Authors who conducted experiments with the use of zoopsycho- 
logical methods do not point to any worsening of wmemorization” or 
a change in behavior reactions in the irradiation of animals with 
fractional doses of X-rays, raised up to fatal dose. For instance, 
Moon et al. (1955), Harlow and Moon et al. (1956) subjected mon¬ 
keys to total X-ray irradiation with a 100 r dose every 35 days 
(up to a fatal exit), at a total dose of 300-1200 r, observed only 
reduction of the appetite, a drop in weight and diminished motor 
activity. 
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On the basis of cited experimental data, obtained with the 
use of various methods, it can be seen that the problem of the ef¬ 
fect on the organism of small doses of ionizing radiation requires 
further study. 

The task of our investigation included a systematic and pro¬ 
longed observation of changes in situation conditioned reflexes of 
dogs following their irradiation with X-rays in small doses equal¬ 
ling 10-1 r. 

Situation and Salivary Conditioned Reflex Changes Under the Effect 
of Repeated Irradiations with a 10 r Dose 

This series of tests was conducted on 5 dogs: on 4 (Al'ma, 
Barsik, Dzhek and Chernyy) - with the method of situation condi¬ 
tioned reflexes, and on 1 (Yadinka) - with the salivary method. 

In the dog Yadinka a system was elaborated of salivary con¬ 
ditioned reflexes to strong and weak stimuli (O.P. Yaroslavtseva, 
1958). Six positive conditioned stimuli and one differentiation, 
at 5-minute intervals, were used in the experiment. The condi¬ 
tioned stimuli were applied for 30 seconds and were then rein¬ 
forced with food (20 grams of a sugar-meat powder moistened with 
water at the ratio of 1:1). The conditioned and unconditioned sa¬ 
livation was recorded on a scale, each grade of which equalled 0.01 

ml. 

In the dogs Barsik, Dzhek and Chernyy monotype conditioned 
motor reflexes were elaborated. Eleven conditioned stimulations 
were employed; of these, 8 positive (to a metronome 120) and 3 
differentiations (to metronome 60). 

In the dog Al'ma a more complex stereotype of conditioned re¬ 
flex activity was developed, to a system consisting of 12 stimula¬ 
tions: of these, 9 positive, 2 differentiations and 1 delayed. The 
only difference was the location of the differentiation metronome 
60 and the positive metronome 120. The delayed reflex was elab¬ 
orated to the light of a 230 w bulb, at a delay of 140 seconds. 
The intervals between the turning-on of the conditioned reflexes 
varied from 5 to 120 seconds. 

Prior tc irradiation, the conditioned reflex motor activity 
of the animals proceeded as follows: the dog entered the experi¬ 
mental room, ran to table 1, Jumped on it and ate the first food 
reinforcement. Usually, after eating, the dog remained on the 
table not longer than 1-2 seconds, it then Jumped off the table 
and returned to the rug (within 2-3 seconds). The dog remained 
standing on the rug until the positive conditioned signal was 
turned on, at the sound of which a positive conditioned reflex - 
a run to the food table - was manifested in all animals. The latent 
period of the conditioned reflex in all dogs did not exceed 0.5-1 
second. Under the effect of differentiation stimulation, the dogs 
usually remained standing on the rug. This type of activity was 
constant and stable in every dog. It did not become impaired when 
control tests with simulated irradiation were carried out, as well 
as during a 6-12-fold prolongation of the action time of differen¬ 
tiation stimuli. These tests also had no effect on the number of 
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leucocytes (O.N. Voyevodina, 1956, 1961; O.P. Yarslavtseva, 1958). 

Prior to Irradiation of the dob .''Vma (experiments of O.N. 
Voyevodina) investigations have been carried out for a period over 
4 years and 1022 experiments were staged; on the dogs Bc.rslk, 
Dzhek and Chernyy (experiments of I.V. Malyukova) the conditioned 
reflex activity was elaborated during a iJ-month period; on the dog 
Yadinka over 1000 experiments were carried out; the dog was irra¬ 
diated 32 times with a 10 r dose of each irradiation (total dose 
320 r); within 5 years following the last irradiation, conducted 
by O.P. Yaroslavskiy (1958), Yadinka was again subjected to irra¬ 
dia-ion (experiments of O.N. Voyevodina). 

The irradiations with a 10 r dose were conducted in two var¬ 
iants: the dogs Al'ma and Yadinka were irradiated dally, and the 
other three dogs were irradiated thrice in seven days (i.e., every 
other day); the dose of a single irradiation in the case of each 
dog was 10 r. Table 11 (page ) cited the conditions and total 
general dose of Irradiations of these dogs. 

In experiments on Al’ma and Yadinka, following repeated daily 
irradiations with a 10 r dose, the following changes in the course 
of conditioned reflex activity were observed: within 30 minutes 
following first irradiation, the dog Al’ma showed no disturbance 
of positive conditioned reflex activity and differentiation inhib¬ 
ition; however, the inactive phase of the delayed reflex became 
impaired. In response to a turned-on light delayed stimulus, the 
dog remained on the rug not 140 seconds, as usual, but only 30 
seconds; after 30 seconds the dog stepped off the rug, ran to the 
table and Jumped on it. It then jumped off the table, but did not 
return to the rug at once; instead, for 60 seconds (as against 2- 
3 seconds in norm) it walked about the room, drank some water, ap¬ 
proached the door, and only then went back to the rug and stayed 
on it until the next positive conditioned signal was turned on. At 
the same time, no change was observed in the latent period of con¬ 
ditioned positive reflexes. Hence, following the first irradia¬ 
tion of Al’ma with a 10 r dose, a definite disturbance was observed 
in the course of the delayed reflex, while the behavior of the dog 
during the intervals between the action of conditioned stimuli 
showed only an insignificant change. Our observed fact of impair¬ 
ment of the delayed conditioned motor reflex under the effect of 
a single irradiation of the dog with a 10 r dose has been experi¬ 
mentally corroborated by Q.M. Ayrapetyants (1958). 

After the second irradiation with a 10 r dose (total dose 20 
r), the conditioned reflex motor activity of the dog Al’ma was dis¬ 
turbed to a greater extent than after the first irradiation. The 
disturbances were manifested not only in the impairment of the in¬ 
active phase of the delayed reflex but also in the disruption of 
differentiations. When differentiation signals were turned on, the 
dog ran to the table at once. Jumped on it, approached the feeding 
trough, but having found no food would Jump off the table and re¬ 
turn to the rug within 1*5-60 seconds. 

Following the third irradiation (total dose 30 r), within 30 
minutes a serious disturbance of conditioned reflex activity was 
observed experimentally In Al'ma: as early as within three appli- 
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cations of the positive stimuli, i.e., prior to the use of the 
delayed stimulus, the dog Jumped off the table, bypassed the rug 
and turned toward the door; it tried to open it, then lay near it 
and remained there for 20 minutes. Similarly to the first few 
days, the dog showed no changes in the latent period of the condi¬ 
tioned reflex. The fact should be particularly stressed that the 
conditioned reflex activity of the dog ceased prior to the use of 
the delayed reflex. As mentioned above, it is precisely the im¬ 
pairment of the delayed reflex which was noted after the first ir¬ 
radiation with a 10 r dose. Of interest is also the fact that at 
the time of above stated disturbances of higher nervous activity 
which have taken place after the third irradiation, the number of 
leucocytes in the dog's blood remained within normal limits (Table 
15). Subsequent experiments with this dog were carried out without 
additional X-ray irradiation. It was found that, even after cessa¬ 
tion of irradiation, the impairment of conditioned reflex activity 
in Al'ma kept increasing for Ik months. For instance, on 2nd, 8th, 
20th, 27th, 30th, ^Oth and 42nd days following irradiation, the 
positive conditioned reflexes of the dog were entirely absent, but 
its first run to the table was preserved. Upon entering the room, 
the dog ran to the table, Jumped on it and ate the first food re¬ 
inforcement, following which it Jumped off the table, walked for 
2-10 minutes about the room performing circus movements, drank 
water often and in large quantities, and then either approached 
the door and lay on the floor (over 20 minutes), or went under the 
table where it usually obtained food before and did not return to 
the rug any more. In some experiments ultraparadoxical phenomena 
were observed, which consisted of the fact that the dog reacted 
with a positive reflex neither to the sound of the positive metro¬ 
nome, nor to the knocking of the feeding trough; however, when the 
differentiation metronome was turned on, the dog would get up, run 
to the table and Jump on it. 

At the same time, starting on the 6th day and up to the 189th 
day following irradiation, one observed in the dog a 2-10-fold pro¬ 
longation of the latent period of the conditioned motor reflex. In 
addition, from the first day and up to the 189th day following ir¬ 
radiation, there was a constant disturbince of the delayed reflex 
and of differentiation inhibition, as well as a decrease of posi¬ 
tive conditioned reflex motor activity. For example, in experi¬ 
ments on the 3rd, 4th, 6th, 9th, 24tli, 26th, 33rd, 54th, 78th, 
126th and 189th days, only 2-6-conditioned stimuli (instead of 12) 
couTcT be successfully employed. During the rest of the time, as 
seen in Fig. 23, the conditioned reflex positive activity proceeded 
in a wave-like manner; at times it approached the normal level, at 
other times it would again show a marked worsening. 

Subsequently, on the 191st day following irradiation, the 
following disturbances of Al'ma*s behavior pattern were noted: a 
10-20-40-fold increase of time required for the dog to return to 
the rug after feeding, also circus movements in a circle in the 
center of the room or around the rug were observed. Often, these 
circus movements increased with the impairment of differentiation. 
Also other reactions were noted: the dog turned with its tail to 
the differentiation stimulator (when it was turned on), or it be¬ 
gan tagging at the rug with its forepaws, or tried to move it to 
another spot; sometimes autonomous reactions were observed: dysp- 
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TABLE 15 

Number of Leucocytes In the Periph¬ 
eral Blood In Dog Al'ma, Prior and 
After Irradiation 

I’M •nwra 2Am IM r. 
Kmmoktm mMmimm 

• ! M ■>«»—t 
, Mint y)u 

1000 
1004 
1011 
1033 

t/lll 
19/111 
23/111 
I2/1V 

• a •• 
14100 
19400 . 
19800 • 
19100 . 

IVIV the dog was subjected to the 
first Irradiation with a 10 r dose 

1023 14/IV 14 250 

15/IV the dog was subjected to sec¬ 
ond irradiation with a 10 r dose 

1024 15/IV 14 500 

16/IV the dog was subjected to third 
irradiation with a 10 r dose (total 
dose for 3 days - 30 r) 

1025 16/IV 15 250 

Irradiation discontinued 

1036 
1037 
1039 
1090 
1099 
1041 
1043 
1047 
1049 
1056 
1057 
1069 
1066 
1070 
107» 
1076 
1078 
1060 

17/1V 
16/IV 
31/IV 
4/V 

10/V 
13/V 
16/V 
36/V 
38/V 
9/VI 

13/VI 
1/VII 

16/VI I 
19/VI 11 
4/1X 
8/X 

17/a 
31/a 

IS BOO 
15780 
14 3S0 
14500 
19350 
14000 
14380 
14100' 
14710 
14 280 
14 SM 
14 380 
11500 
»4000 
18100 
14100 
14000 
14000 

1) No. of experiment; 2) date; 3) 
number of leucocytes in one mm* of 
blood from the marginal aural vein. 

nea, urination, etc. 

A complete restoration of conditioned reflex activity in Al'* 
ma, following the third irradiation, has taken place on the 192nd 
day only. 

During the entire period of impairment of situation condi¬ 
tioned reflex, resulting from a triple irradiation with a total 
dose of 30 r, no changes of the number of leucocytes in the pe¬ 
ripheral blood were observed in Al’ma (Cf. Table 15). 
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Fig. 23. Changes of conditioned reflex motor activity in the dog 
Al'ma (A) following a triple exposure to irradiation with a total 
dose of 30 r (10 r - 3 days). Arrows with figures I-II-III - irra 
diation days. The other symbols are the same as in Fig. 19. 

In the dog Yadinka, under the effect of repeated irradia¬ 
tions conducted within 5 years following the initial irradiations, 
there have been also prolonged disturbances observed in the course 
of secretory alimentary conditioned reflexes. For instance, after 
two irradiations, when the total dose reached 20 r, there was a ( 
rise observed in the level of positive conditioned reflexes (Table 
l6). There seemed to be also an improvement in the inhibition 
process: the secretion response to the differentiation stimulus 
(M-60) was less than the one observed prior to the daily repeated 
irradiations. However, during the following experiments, when the 
total irradiation dose in tne dog Yadinka reached 40 r, a consider¬ 
able reduction was observed of the level of positive conditioned 
reflexes not only to weak but also to strong stimuli. There was 
also an increased secretion to the differentiation stimulus — a 
fact attesting to the weakening not only of the excitation proc¬ 
ess but also of the process of inhibition of the cerebral cortex. 
At the same time, there was no decrease in the value of the un¬ 
conditioned secretory reflex. 

During subsequent experiments, the dog Yadinka was not ex¬ 
posed to additional X-ray irradiation. However, during a period of 
5 months a cyclic course was observed, as well as phasic states 
(equalizing, paradoxical and ultraparadoxical phases), during 
which conditioned salivation proceeded sometimes at a low level, 
at other times — at a high level. It is of interest that after the 
first irradiations, carried out on this dog by O.P. Yaroslavtseva 
(1958), these phenomena were not observed. In experiments con¬ 
ducted by O.N. Voyevodina on the 5th, 8t_h, 14th, 21st^ 34th and 
Bist days after the irradiations have been discontinued, a marked 
impairment of differentiation was observed. The secretion of sa¬ 
liva in response to the differentiation metronome (M-60) reached 
75-80 points on the scale, whereas prior to irradiation it varied 
from 0 to 15 points. As a result of repeated irradiations, during 
some experimental days the secretion to strong positive stimuli 
(bell and metronome) was lower than the secretion value in re¬ 
sponse to a differentiation stimulus. Under these conditions, a 
marked irradiation of the inhibition process along the cerebral 
cortex was taking place. In experiments with responses not only 
to weak but also to strong conditioned stimuli, employed prior and 
after the differentiation stimulus, the conditioned secretion was 

i 

1 

L 
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TABLE 16 

The Value of Conditioned Secretory Reflexes in 
the Dog Yadinka Prior, During and After Irra¬ 
diation 

1 

1 
VCAMNIM 

piMpawiTMM 

3 
eCutrt efl.iyicHiit 

40/ no 10/ letup* k A«» noAP»3 

• 
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m 
A 
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k 
IB 
A 
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4 
X 
k 
•s 
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£ 

t 
a 

•X «S 
f« 

i 
k 
m 
—» 
r> 

i 
k 
« 

4 
B 
k 
m 
9 

t 
k 
9 
9 

Î 
ï 

1 
3 

1 
3 

7 3>ohok 

M-120 

8 Cut 

M-60 

• Cmt 

M-120 

7 3boiok 

50 

60 

31 • 

0-15 

41 

62 

SB 

65 

75 

35 

4 

49 

60 

60 

100 

80 

35 

11 

45 

90 

75 

45 

54 

27 

8 

12 

75 

32 

25 
30 

15 

19 

0 

36 

30 

0 

35 

3 

38 

2 

32 

34 

12 

CO 

21 

70 

20 

40 

35 

30 

65 
32 

70 

30 

50 

11 

28 

85 

50 

75 

43 

75 

55 

10 

30 

21 

52 

20 

30 

20 

26 

94 

15 

19 

8 
20 

15 

13 

48 

9 

12 

0 

13 

18 

9 

63 

25 

80 

12 

3 

0 

13 

50 

30 

10 

0 

45 

15 

32 

60 

30 

27 

19 

43 

25 

40 

75 
27 
• 

24 
55 

so 

Annotation: M-120 - positive metronome; M-60 - 
differentiation, light - an electric bulb of 
JlO w. 

1) Conditioned stimuli; 2) value of conditioned secretory re¬ 
flexes, in points on the scale, during 30 seconds; 3) prior to 
irradiation; 4) total irradiation 40 r, at 10 r, four consecutive 
days; 5) following the discontinuance of irradiation; 6) first 
day; 7) bell; 8) light. 

entirely absent, or appeared *\fter a considerable delay — within 
5-25 seconds, instead of 2-4 seconds in norm). 

There was also observed an explosive course of conditioned 
secretion to a positive metronome, employed prior, as well as aft¬ 
er, the differentiation stimulus - a fact indicating the weakening 
of the force, mobility and stability of the process of inner in¬ 
hibition of the cerebral cortex (P.S. Kupalov, N.A. Kostenetskaya, 

1951). 

A complete restoration of conditioned reflex activity, fol¬ 
lowing repeated irradiation, has taken place in the dog Yadinka 
on the 151st^ day. There was no appreciable reduction of the number 
of leucocytes, following repeated irradiations, although the con¬ 
ditioned reflex activity of the dog was impaired to a greater ex¬ 
tent and for a longer period of time than after the initial irra¬ 
diations carried out by O.P. Yaroslavtseva (1958). 

Experiments of I.V. Malyukova (1959) on the dogs Barsik, 
Dzhek and Chernyy which were exposed to irradiation with a 10 r 
dose for 7—10 days (a total dose of 70—100 r), also established 
that changes of conditioned reflex activity precede the changes 
in the blood. 
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All three dogs (Barslk, Dzhek and Chernyy), following first 
Irradiation with a 10 r dose manifested a disturbance of differ¬ 
entiation and an abundance of Intersignal motor reactions, l.e., 
the dogs performed runs and Jumps on the table, without the sig¬ 
nals of conditioned stimuli. There was also a rise of general mo¬ 
tor activity; the animals often Jumped on the table on which they 
never previously received any food. Besides, soon after the first 
Irradiation, there appeared circus movements, and the time of re¬ 
turn to the rug was lenghtened by 60 to 90 seconds. 

Subsequent irradiation of the dogs was accompanied by more 
pronounced changes in the course of situation conditioned re¬ 
flexes, than after the first irradiation. For instance, in the 
dogs Barsik and Chernyy after 5 irradiations, the experiment was 
accompanied by motor excitation, which changed on the following 
day by motor inhibition, whereas in Dzhek a stronger motor exci¬ 
tation was noted than in Barsik and Chernyy during the experiments 
conducted from the first to the sixth irradiation. 

All subsequent irradiations of these dogs (6th and 7th in 
Barsik, and from the 6th to 10th in Chernyy and Dzïïek) were ac¬ 
companied by a depressive state. 

Hence, as a result of repeated irradiations conducted on al¬ 
ternate days (at a single dose of 10 r and total doses of 70-100 
r), all animals showed a rise in the general motor activity, 
stereotype circus movements, and impaired differentiations. The 
dogs Dzhek and Chernyy refused to react to stimuli after the 5th- 
6th irradiation. In the middle of the experiment (after 6-8 
tests), the dogs got off the rug and walked to the door, tried to 
open it, barked, whimpered, but did not return vO the rug. Refusal 
of performing its conditioned tasks was also observed in Al’ma 
which received only a total of 30 r, but the irradiation was daily 
in this case and its stereotype of conditioned reflex activity was 
more complex than in other dogs (the stereotype was described ear¬ 
lier) . 

For ^-7 months, following irradiation, the dogs Barsik, Dzhek 
and Chernyy manifested a disturbance of differentiations in 50- 
100Ï of cases, while the positive conditioned reflexes remained 
intact. At the same time a change in the number of leucocytes in 
the peripheral blood was observed. For instance, after 3-5 irra¬ 
diations, the dogs showed an increase in the number of leucocytes 
by 2000-3000 over the normal level. Subsequent irradiations re¬ 
sulted in a decrease of the number of leucocytes by 2000-2500 be¬ 
low norm. On the 14th day, following cessation of irradiation, the 
leucocyte level reverted to norm (Table 17), whereas the condi¬ 
tioned reflex motor activity of ail three dogs remained impaired 
for 4-7 months. 

Thus, experiments with irradiations performed on the three 
dogs with a single 10 r dose, thrice within 7 days (total dose 
70-100 r), indicate a disturbance of higher nervous activity of 
the animals following irradiation. The changes of conditioned re¬ 
flex activity are observed as early as within 30 minutes following 
the first irradiation, whereas changes in the leucocyte level in 
the direction of a decrease takes place only after 3-5 irradia¬ 
tions. 
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TABLE 17 

Number of Leucocytes in the Peripheral Blood, 
Prior, During and After Irradiation of the Dogs 
Barslk and Chernyy with a Total Dose of 70 r, 
and the Dog Dzhek - with 100 r. 

• 1 

K^N'ica coOiK 

. • 

2 

Hoput 

Xo.niitrTco /icfliiouMTo» a 1 JfJf* a 
3 a* ap»c*oft atim yaa 

4 a ncpaox aCajrataaa 

1 III V VII IX X-a 

s BapcHK . 

6 MepHwft . 

7 Amck. 

12000-13000 

12000-13000 

13000—H 000 

13500 

13000 

14 000 

15500 

14000 

16 000 

11 000 

15 000 

13 800 

10000 

11000 

12 500 12000 11500 

Continued 

1 • . 
Kaaaaa cofiaa 

. 

• .2" 
Hopiia 

3 ai KpaeaaA atau yaa 

g nocJia npcKpauicima efiayacHHa atpt* wcca*v 

1-i M i-a 

5 BapcHK . 

6 HepMiA. 

7 A*eic. 

12 000-13000 

12 000-13 000 

13000-14000 

12000 

12 200 

13500 

12 400 

12 501 

13 SCO 

12 200 

12100 

13 400 

12000 

. 12500 

14 000 

1) Names of dogs; 2) norm: 3) number of leucocytes in 1 mm* of 
blood from the marginal aural vein; 4) during the irradiation pe¬ 
riod; 5) Barsik; 6) Chernyy; 7) Dzhek; 8) several months after 
discontinuance of irradiation. 

Subsequently, a disturbance of conditioned reflex activity 
was observed in the dogs Barsik, Dzhek and Chernyy for 4-7 months 
following irradiation. In Dzhek there was a complete restoration 
noted of conditioned reflex motor activity within 10 days, in Bar¬ 
sik - within 19 days and in Chernyy - within 16 days, but subse¬ 
quently this activity became impaired again. A cyclic pattern was 
detected in the course of conditioned situation reflexes. Only 
once or twice per month, for a period of 1-2 experimental days, a 
complete restoration of conditioned reflex motor activity to nor¬ 
mal levels was recorded; during the rest of the time the dogs man¬ 
ifested a partial or complete disruption of differentiations, cir¬ 
cus movements, a retarded return to the rug, occasional intersig¬ 
nal motor reactions and increased thirst. The conditioned reflex 
motor activity to positive conditioned stimuli was fully pre¬ 
served. 

Table 18 shows that in the dog Dzhek, following irradiation 
with a total dose of 100 r, the differentiation inhibition was 
restored two months later than in the dogs Barsik and Chernyy, 
which received under the same irradiation conditions only 70 r. 

On the basis of data obtained on 5 dogs, it can be concluded 
that following repeated irradiations there are observed prolonged 
and considerable disturbances of situation, as well as secretory 
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TABLE 18 

Impairment of Differentiation Inhibition 

1 

lUaiM CO0IKI 

2 Kojihwctio coxpanffauiHX'l juiÿ4>cptNti*pMMi 

3* 
*ROpMC 

4 B ncpuax j&xywm 

1 II "H IV 1 V VI VII VIII X 

fiapo» .. 

. 

Mc^nhI ... . 

3 

3 

3 
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0 

0 

0 

0 

ó 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Continued 

2 KOAIt'tCTM C97y»HU»UIH»I» <»<>♦«p«HIfp«—« 
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X-ih'k« coCaxa 

3 
ft 

ftOpM# 
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9 »■ 1 g R«««** 

10 ft lO ftllO ft »•» >■•1 <• t-ft 1 6* 7-ft 
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* Akcr. 
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3 
3 
3 

0 

3 
0 

0 

0 

3 

3 
0 

0 

l 

0 

0 

2 

0 

0 

3 
0 

0 

3 
0 

0 

3 
2 

3 

3 
3 
3 

1) Nanne of dog; 2) number of retained differen¬ 
tiations; 3) in norm; 4) during the irradiation 
period; 5) Barsik; 6) Dzhek; 7) Chernyy; 8) aft¬ 
er discontinuance of irradiation; 9) days; 10) 
months. 

salivary conditioned reflexes. These disturbances are character¬ 
ized, first of all, by disruption of the delayed reflex and dif¬ 
ferentiations, followed by the development of phasic states and 
easy fatigue. 

Hence, repeated irradiations of dogs with 10 r doses lead to 
a weakening of the tonus and performance efficiency of the cere¬ 
bral cortex and to an impairment of the normal correlation of the 
processes of excitation and inhibition, with a predominant im¬ 
pairment of inner inhibition. 

All disturbances of the course of conditioned refle/ motor 
and secretory activity of the dogs take place much earlier than 
changes in the amount of leucocytes in the peripheral blood. 

Together with the disturbance of conditioned situation re¬ 
flexes during the irradiation period, as well as following cessa¬ 
tion of irradiation, an increased motor activity was noted in the 
dogs during the period of 4-6-7 months - circus movements which 
often increased under the effect of differentiation stimuli, nega¬ 
tive reactions made their appearance, and increased thirst was ob¬ 
served. 
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Changes In Conditioned Situation Reflexes Following Single and 
Repeated Irradiations of Dogs with 1 r Dose 

This series of experiments was carried out by O.N. Voyevodina 
on six dogs (Akkord, Dzhoy, Pal'ma, Soltan, Tolstyak, Sharik). 

In the dogs Soltan, Tolstyak and Sharik, prior to irradiation, 
a monotype conditioned reflex motor activity was developed and re¬ 
inforced. Conditioned reflexes were formed to rhythmic alternation 
of the positive metronome, located to the right, and of the dif¬ 
ferentiation metronome located to the left of the dog, the dog 
standing on the rug (square ^6). 

In the dogs Akkord and Dzhoy an additional conditioned reflex 
was formed to the light of a bulb of 150 w, and a differentiation 
to the light of 40 w bulb. 

The conditioned stimuli (8 positive and 6-7 differentiated) 
were used in a definite sequence. In the dog Pal'ma, conditioned 
reflex activity was elaborated at a food reinforcement on two 
tables. At the sound of a metronome, the animal ran to table 1; at 
the sound of a bell - to table 2. Eight positive and three differ¬ 
entiation conditioned stimuli were used in the experiment. 

In all dogs, prior to irradiation, the conditioned reflex 
activity was stable. 

Prior to irradiation, the dogs were tested for the mobility 
of their cortical neural processes (a differentiation stimulus re¬ 
placed the positive stimulus in the system of rhythmic stimuli, 
and vice versa), and for the strength of the inhibition process - 
by prolonging the action of the differentiation stimulus from 5 
seconds to 30-60 seconds. During these tests, no disturbances were 
ever observed in the course of conditioned situation reflexes. 
Neither has ''simulated'' irradiation affected the course of condi¬ 
tioned reflex activity (O.N. Voyevodina, I960, 1961). 

Prior to irradiation, the following number of experiments 
were carried out on the dogs: on Sharik - 176, on Tolstyak - l4l, 
on Soltan - 72, on Akkord - 374, on Dzhoy — 308 and on Pal'ma - 
1119. The dogs were then subjected to total irradiation with Roent¬ 
gen rays. The irradiation conditions are cited in Table 11 (p. 

). 

As a result of conducted experiments (daily irradiation with 
1 r dose), for a period of 7 days, no deviations from norm were ob¬ 
served in Sharik and Soltan in the course of formed conditioned 
reflexes, with the exception of a slight shortening (by 0.2-0.4 
seconds) of the latent period of the conditioned reflex. The dogs 
manifested excessive thirst (they drank water from a bowl 4 times, 
instead of 1-2 times prior to irradiation). 

After the 8th irradiation, there appeared symptoms of dis¬ 
turbed higher neural activity: the dogs did not return to the rug 
immediately; instead, they walked about the room, Jumped on tables 
without any discernible reason, ran to the door. In the intervals, 
between the turning-on of the conditioned stimuli, they performed 
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circus movements in their walk about the room. In Soltan, at this 
irradiation dose (8 r), a disturbance of differentiation inhibi¬ 
tion was observed. Subsequently, in some experiments one observed 
an impairment of 3 differentiations out of 7 (Fig. 2¾). 

Fig. 24. Changes in differentiation following total irradiation of 
dogs. On the abscissa axis - days of experiments following irra¬ 
diation; on the ordinate axis - the number of differentiation sti¬ 
muli, employed in the experiment; a - dog Tolstyak; b - Sharik; 
c - Soltan. Each arrow corresponds to irradiation with an 8 r dose 
(a) and 1 r dose (b and c). 

The dog Sharik (8 r irradiation dose), at the sound of differ¬ 
entiation metronome, remained on the rug, or turned around 180° 
and sometimes rotated around its axis. Analogous changes of behav¬ 
ior were observed also in the dog Tolstyak; in the latter, one out 
of 7 differentiations employed in the experiment was impaired. In 
view of the fact that, following irradiation of the dogs (Soltan, 
Sharik and Tolstyak) with a 8 r dose, deviations were observed in 
the pattern of conditioned situation reflexes, further irradia¬ 
tions were discontinued. It was found that despite the cessation 
of irradiations, further worsening of conditioned reflex activity 
was taking place, manifested mainly in a larger number of disrup¬ 
tions of differentiations and in the impairment of spatial orien¬ 
tation of the dogs under experimental conditions (the dogs did not 
take up their position on the rug). 

For a period of 29-40 days following cessation of irradiation, 
together with aforementioned changes, one observed in the dogs an 
intensification of the orientation reaction to the action of the 
positive metronome; the dogs turned their head in the direction of 
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the stimulator, and only after 3-5 seconds (instead of 0.5 sec¬ 
onds) ran and Jumped on the table, or they approached first the 
wall where the metronome was standing on the shelf, remained with 
their head raised (up to 10 seconds), then ran to the table. 
Jumped on it, and ate. The increase of orientation reaction in the 
dogs was noted only during the period when a disruption of dif¬ 
ferentiation inhibition was observed. 

During the disruption of differentiation inhibition (in Tol- 
styak - for 31 days following irradiation, in Sharik for 28, and 
in Soltan for 38), a consecutive inhibition was taking place, as a 
rule, and it manifested itself in the lengthening of the latent 
period of the conditioned motor reflex - three-fold and over, as 
compared with norm. During this period there was also observed an 
increase in the motor reaction. For instance, when at the sound of 
the differentiation metronome the dogs did not get off the rug, 
they turned away at l80° from the table with food, sometimes 
shifted from one paw to another on the rug, or performed pendulum- 
like head movements, and sometimes they would even spin around on 
the rug. 

Upon a 6-fold prolongation time of the effect of the differ¬ 
entiation metronome (from 5 to 30 seconds), the dogs would get off 
the rug after 8-10 seconds and Jump on the table - a fact indi¬ 
cating a weakening of the inhibition process. When positive metro¬ 
nome was substituted with a differentiation metronome, the dogs 
would also get off the rug and Jump on the table. 

Hence, following irradiation with a total dose of 8 r, all 
investigated dogs manifested a lasting disturbance of the process 
of inner inhibition and a disturbance of the course of conditioned 
situation reflexes. 

As seen in Tables 19, 20 and 21, the number of leucocytes in 
the peripheral blood showed no change during this period. 

Analogous disturbances of the elaborated conditioned reflex 
motor activity, without a change in the amount of leucocytes, were 
obtained on the dogs Akkord and Dzhoy. The difference consisted 
of the fact that the disturbances in the dog Akkord (15 r) and 
Dzhoy (12 r) took place at higher total irradiation doses. In ad¬ 
dition, one observed in these dogs an earlier disturbance of dif¬ 
ferentiation inhibition which had been elaborated in response to a 
light stimulus. Figure 25 shows that, following 8tli irradiation 
(total dose 8 r) in Dzhoy and the 11th irradiation (total dose 11 
r) in Akkord, there was observed a disruption of 1 out of 3 dif¬ 
ferentiations to a light stimulus. Upon further irradiation of 
these dogs, a disruption of two differentiations to a light sti¬ 
mulus has taken place. However, when the total irradiation dose 
reached 12 r in Dzhoy and 15 r in Akkord, one observed in both 
dogs also a disturbance of differentiation to the sound stimulus. 
Analysis of the data (Cf. Fig. 25) shows that, following cessa¬ 
tion of irradiation in the dog Akkord for 26 days and in Dzhoy for 
35 days, the disturbances of differentiations employed in the ex¬ 
periment continued to develop. In Dzhoy on the 10th, 13th and 21st 
days following cessation of irradiation, only 1 out of ïïciiffererP 
tiations remained intact in the experiment. During the period of 
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TABLE 19 

Number of Leucocytes in the Peripheral Blood of 
the Dog Sharlk, Prior, During and After Irra¬ 
diation with an 8 r Dose 

1 M »nur« 2 Ait* losa r. 3 . Koiiitccmo ««ñHtuNTO* • I mm* hp*m 
Ml MplfloA MUM ytt 

159 
165 
170 
169 
173 
174 
175 

16/IV 
24/1V 
8/V 
6/V 

15/V 
16/V 
18/V 

12250 
9500 

10750 
11750 
10250 
9 750 

10500 

19/V the dog was irradiated for the first time 
with an 1 r dose 

176 
176 
180 
182 
183 

19/V 
21/V 
23/V 
26/V 

,27/V 

112» 
9500 

10 750 
9 750 

11750 

Irradiation discontinued 

185 
187 
189 
191 
193 
195 
197 
198 

29/V 
2/VI 
5/VI 

23/V 
27/VI 
2/Vll 

11/V1I 
16/VII 

11750 
10250 
10250 
9250 

10000 
11750 
11050 
10500 

After the summer rest 

200 
206 
207 
211 
214 

. 231 
226 
231 
236 
241 
247 
252 
255 
262 
267 
270 

28/VIII 
4/1X 
5/1X 

10/1X 
14/1X 
24/1X 
30/1X 
6/X* 

12/X 
20/X 
29/X 
5/XI 

I2/X1 
24/X1 

1/XII 
7/X11 

9750 
10250 
9250 

10000 
9750 

10250 
10250 
10500 
9750 
9500 

10250 
9750 

10250 
10750 
10 250 
10000 

1) No. of experiment; 2) date, 1959; 3) number 
of leucocytes in 1 mm* of blood from the mar¬ 
ginal aural vein; 4) irradiation. 
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TABLE 20 

Number of Leucocytes in the Peripheral Blood of 
the Dog Soltan, Prior, During and After Irra¬ 
diation with an 8 r Dose 

1 M «nui* _ _ I Ko.imccTia .irAfcOiimoa ■ 1 .«.w* kpom M) kOMMI • 
2 A»1* l«»r. 1 3 H „»u y»« ., 

* 

16 
20 
26 
36 
40 
49 
54 
63 
69 
72 

29/1 
Î./II ' 

cw, 1 i 
6/1II 

12/111 
31/111 
9/IV 

21/IV 
6/V 

ll/V 

9250 
10000 
10250 

> 11250 
10250 
11000 

' 9750 
10000 ’ 
11250 1 
10250 

12/V the dog irradiated for the first time with 
air dose 

73 
75 
80 

12/V 
U/V 
20/V 

11250 ; V 
4 11 750 (111 oC.ivh. B Aoie 1 p) 
5 12 750 (V1I1 od.iy««. b aose 1 p) (cvMMapnaa 
AOS* 8 p) 

Irradiation discontinued 

«I 
82 
84 
86 
91 
95 
98 
100 
101 
103 

21/V 
22/V 
25/V 
27/V 
4/VI 

26/VI 
2/VII 

ll/VIl 
16/V1I 
28/VIII 

12000 
10750 
11750 
11250 
10000 
10500 
11000 
9600 

13450 
10000 

After the summer rest 

109 
115 
122 
128 
139 
149 
154 
159 
162 
104 
173 

4/1X 
ll/IX 
21/IX 
29/1X 
15/X 
29/X 
5/X1 

I7/X1 
21/XI 
24/XI 
8/XII 

9750 
10750 
9750 

12600 
10500 
10250 
9250 

12 400 
9750 
9500 

10250 

1) No. of experiment; 2) date, 1959; 3) number 
of leucocytes in 1 mm* of blood from the mar¬ 
ginal aural vein; 4) (III irradiations with a 
1 r dose); 5) (VIII irradiations with air 
dose) (total dose 8 r). 
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TABLE 21 

Number of Leucocytes In the Peripheral Blood of 
the Dog Tolstyak, Prior, During and After a Sin¬ 
glo Irradiation with an 8 r Dose 

1 » onuri 2 flan list r. Kc'iivccum .irflkoitNioi • I jim* Hpoaa 
3 hi HpinoA icwu )Xl 

86 
95 

107 
108 
115 
117 
120 
122 
125 
133 
136 
141 

2/V1II 
28/V111 
12/1X 
14/1X 
24/1X 
26/1X 
30/1X 
2/X 
8/X 

17/X 
22/X 
29/X 

-. 10 750 
10750 

‘ 10000 
10500 
9500 
9000 

10750 
9750 
9750 . . 
9250 
9000 
9 750 

30/X the dog was subjected to a single irradia¬ 
tion with an 8 r dose 

142 
144 
145 
148 
ISO 
152 
155 
157 
160 
163 

30/X 
2/X1 
3/XI 
9/XI 

12/XI 
17/XI 
21/XI 
24/XI 
28/XI 
3/XI I 

10500 
10600 
10150 
9750 

10500 
8650 

10250 
10050 
9750 
>0000 

Il î*0- of experiment; 2) date, 1959; 3) „umber 
of leucocytes In 1 mm’ of blood from the mar- 
ginal aural vein. 

impaired differentiation inhibition, followinc; irradiation nnp 
observed a consecutive inhibition. In responsf to a positive sti¬ 
mulus, employed after a disrupted differentiation, one observed 

qulred íor^hft'úrrtoMe^ríg!''31 lenghtenlne the time re- 

ess o^innpr^nhfh^f earller disturbance of the proc- 
to a fiih? hîbitl0n* elaborated in the dogs Akkord and Dzhoy 
0 a light stimulus, as compared with the differentiation inhib- 

^cc^ntTA6^? a S0Un? SîlmUlUS Pronome), has taken place 
fact n? pL?í tha 1fssar Physical force of the sound stimulus. The 
ílaLníi-pH 411 dlsturbance of the differentiation inhibition, 
d¿es which ÎÏ/?SPHnSe ï° a light stirnulus. was elicited also in 
dogs which received no X-ray irradiation, but were subiected t-n 
various surgical interventions on the cerebral cortex in exoeri 
ments, which were carried out also according to ?he Method CfsTt- 
uation conditioned reflexes (M.M. Khananashvili, V.I. Syrenskiy). 

Hence, it can be seen from above presented data that under 
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Fig. 25. Change in the differentiations in the dogs Akkord (A-l) 
and Dzhoy (D-l) irradiated with a dose of 15-i? r (1 r for 12 or 
15 days). On the abscissa axis - days of the experiment, prior, 
during and after irradiation; on the ordinate axis - the number 
of differentiation stimuli employed in the experiment. Each arrow 
corresponds to an irradiation with air dose. 

the effect of small doses (1 r) of X-rays, there take place in 
dogs, possessing a complex background of conditioned reflex motor 
activity, considerable and protracted disturbances of the process 
of conditioned reflex activity, but that the number of leucocytes 
in the peripheral blood undergoes no change. 

In view of the fact that, as pointed out above, the literature 
offers contradictory data concerning the ability of the cerebral 
cortex of summarizing the harmful effect of radiation, or adapting 
itself to repeated irradiations, we carried out experiments with 
repeated irradiation of dogs (in 1 r doses), at various time in¬ 
tervals following the initial irradiation. The repeated irradia¬ 
tions were always carried out after the complete restoration of 
conditioned reflex activity of the dogs. 

This series of experiments was conducted on 6 dogs (Akkord, 
Dzhoy, Pal'ma, Soltan, Tolstyak and Sharik). Pal'ma was subjected 
to a repeated irradiation within 5 years following the first ir¬ 
radiation; Sharik, Tolstyak, Soltan - within a year, and Akkord 
and Dzhoy - within 37-^6 days. The dogs were irradiated daily, 
except off-days, with a single irradiation dose of 1 r (Cf. Table 
11, p. 180). The repeated irradiations continued until the dogs 
have manifested changes of conditioned reflex motor activity, 
analogous to those observed after the first irradiations with 
small doses. 

The results of conducted experiments with repeated irradia¬ 
tions of dogs (at a daily irradiation dose of 1 r) showed that, 
when the dogs are irradiated within 1-5 years from the time of the 
first irradiation, the disturbances of higher nervous activity 
would set in after larger doses (12-15-19-28 r) than the 8 r 
doses employed during the initial irradiation. It has been also 
demonstrated (Cf. Table 22 and Fig. 26) that under the effect of 
repeated irradiations, the process of inner inhibition became dis¬ 
turbed to a greater extent and that it required longer periods for 
its restoration than after the initial irradiation in small doses. 
Upon comparing Fig. 24 and 25 with Fig. 26, it can be seen that. 
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TABLE 22 

Restoration Rate of Differentiation Inhibition 
in Dogs which were Exposed to Initial and Re¬ 
peated Irradiations 

1 KAMHKt CoOlKB 

2 
CyCiMapH.ia .tola npM 
of.iiicM oô.iyacMiiM (t f) 

aeCCtJHOtMMMt 
4k pCMlIMpOMOMHOrO 

tWPIJMtMMO* 
• AMM, npouffAWiiX 

5 hoc*«» 

3 
nCpbM«ll<OM 

•lefin 
MOM 

4 

ntptoro 
06.iyMCHMM 

* 

■tapar* 
afixyataaa 
1_ 

8 Akkopm.. . . . 

9 Axoft .. 

1 0 flaJiMia. 
1 1 Cojitm . ..'• 

1 2 Toacrak.'• • • 

1 3 UlapHR. 

IS 

12 

300 

e 

s 
• 

12 

7 

1« 

12 

IS 

28 

27 

37 

365 

40 

31 

29 

30 

37 
M 

S« 

lit' 

71 

1) Name of dog; 2) summary dose upon total irradiation (in r); 3) 
initial; H) repeated; 5) restoration of differentiation inhibition, 
expressed in days since; 6) the first irradiation; 7) second ir¬ 
radiation; 8) Akkord; 9) Dzhoy; 10) Pal'ma; 11) Soltan, 12) Tol- 
styak; 13) Sharik. 

following a second irradiation and a cessation of irradiations, 
all investigated dogs manifested a larger number of impaired dif¬ 
ferentiations than after the first irradiation. The consecutive 
inhibition was also more pronounced after secondary irradiation, 
as compared with the initial one. For instance, in all dogs there 
was a marked lengthening (by 0.5-1.5 seconds) of the latent peri¬ 
od of the conditioned reflex. In response to a positive stimulus 
which was employed after the differentiation has been found to be 
impaired, the latent period of the conditioned reflex proved to be 
always longer in every experiment. At the same time, one observed 
circus movements and excessive thirst. In a number of tests, the 
dogs manifested, in response to a differentiation stimulus, rhyth¬ 
mic motor reactions in the form of raising and letting down of 
one of the anterior paws. In some experiments, in response to a 
differentiation stimulus, circular circus movements were observed 
in the dogs. The circus movements were of various intensity; they 
were often accompanied by running, at a gallop, at a fast trot, 
or at a gentle trot. Upon impairment of differentiation inhibi¬ 
tion (following repeated irradiation of the dogs), one observed 
also intersignal runs to the tables - phenomena not observed in 
these animals following their initial irradiation. However, all 
these disturbances related only to changes of the process of in¬ 
ner inhibition, whereas the positive conditioned reflex activity, 
in analogy with the results of the first irradiation in small 
doses remained intact. The conditioned reflex activity in all dogs 
following the second irradiation usually became restored to nor¬ 
mal levels within 2-4 months. 

For a more precise solution of the problem concerning the 
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Fig. 26. Impairment of differentiations in the dogs Sharik (Sh), 
Tolstyak (T), Pal'ma (V), Soltan (G), Akkord (A-2) and Dzhoy (D-2) 
subjected to repeated irradiation with a dose of 28, 15, 19, 12, 
10 r (at 1 r daily). On abscissa axis - days, during (a series of 
arrows) and after irradiation (marked with numbers); on the ordi¬ 
nate axis - the number of differentiation stimuli employed in the 
experiment. Two arrows on the right — administration of amlnazine 
in a dose of 1 mg/kg. 

summation of the harmful effect of small doses of ionizing radia¬ 
tion, or adaptation to the X-ray effect on the dogs Akkord and 
Dzhoy, experiments were conducted with repeated irradiation in 
small doses. These dogs were repeatedly irradiated after the con¬ 
ditioned reflex activity following previous irradiation has been 
restored and held (at its normal level) for 10 days. 

It was found, following repeated irradiations of Akkord and 
Dzhoy (1 r daily) that a change in conditioned situation reflexes 
sets in at lower total doses (7-10 r, instead of 12-15 r of the 
first irradiation). Following repeated irradiation even with a 
smaller dose, a more lasting disturbance of the process of inner 
inhibition was observed (Cf. Fig. 26). For instance, in Akkord and 
Dzhoy, the disturbance of differentiation inhibition lasted 36 
days. During the period of disturbance of the process of inner in¬ 
hibition, an extension was observed of the latent period of the 
motor conditioned reflex (up to 1.5 seconds) to a signal employed 
following disturbed differentiation. 

In a number of experiments, the turning on of the differenti- 
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ation stimulus induced in the dogs rhythmic motor reactions, ex¬ 
pressed in raising and lowering one of the paws, or turning the 
head in the directions of the positive and inhibition stimuli. 
Also, intersignal reactions were noted. During the period of im¬ 
pairment of differentiations an increased thirst was observed in 
the dogs. However, none of the dogs refused to perform after re¬ 
peated irradiations with small doses. Besides, neither after the 
first, nor after the second irradiation with small doses, was there 
a reduction of the number of leucocytes in the peripheral blood. 

Based on the above data, one may conclude that, following 
repeated irradiations with small doses (at a single irradiation 
with 1 r), all dogs manifested a more considerable and lasting 
disturbance of the process of inner inhibition of the cerebral 
cortex than after the first irradiation. These data have been 
confirmed by the observations of clinicians, indicating that in 
individuals subjected to the effect of small doses of ionizing 
radiation, the first to be disturbed is the inhibition process in 
the cerebral cortex (V.N. Zvorykin, 1961 et al.). The early dis¬ 
turbances of the process of differentiation inhibition, observed 
in our experiments on dogs, may take place on account of the fact 
that there has been developed in the animals, prior to irradiation, 
a complex conditioned reflex activity to the rhythmic systems of 
alternating positive and negative conditioned stimuli. This type 
of activity, elaborated under conditions of a soundproof camera 
represents a difficult task for the nervous system of dogs, as has 
been demonstrated by the investigations of P.S. Kupalov (1929, 
1933), V.V. Siryatskiy (1926), M.K. Petrova (19^5) and N.P. Murav'- 
yeva (1958). 

On the basis of experimental data obtained on 1** dogs, we may 
conclude that, upon an initial as well as repeated irradiation 
with total dosos of 300, 100, 70, HO, 30, 28, 19, 15, 12, 10, 8 
and 7 r, a rise in general excitability takes place on the first 
day, and after 1-5 days there is a decrease of the general motor 
activity of the animals. 

In our experiments with the use of the method of conditioned 
situation reflexes, it was clearly demonstrated that, as early as 
within 20-30 minutes following irradiation, there takes place first 
of all an impairment of the course of the spatial conditioned re¬ 
flex — the animal's orientation in the experimental chamber (the 
dog does not step on the rug, or it Jumps on another table on 
which the animal has never received any food reinforcement), and 
only later a disturbance sets in of the delayed reflex and of the 
differentiation inhibition. As a result of the impairment of the 
process of inner inhibition, one observes in all investigated dogs 
a consecutive inhibition, as well as the appearance of intersignal 
reactions. With the weakening of the process of inner inhibition 
in the cerebral cortex there appear phasic states (paradoxical and 
ultraparadoxical phases). In addition, the animals manifest a 
number of motor reactions, not present prior to irradiation: cir¬ 
cus movements, rhythmic raising and lowering of one of the extrem¬ 
ities, shaking the head In the direction of the conditioned sti¬ 
muli, an intensified orientation reaction to conditioned stimuli, 
etc . 
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Repeated irradiations of dogs in doses of 100-10-1 r, con¬ 
ducted at various periods following initial irradiations, but aft¬ 
er a complete restoration of conditioned situation reflexes to nor¬ 
mal levels, result in a more lasting and more pronounced disturb¬ 
ance of higher nervous activity of animals, than after the initial 
irradiations. The above cited data permit the conclusion that the 
damaging effect of each successive irradiation, even in small 
doses, might be combined with the previous effect and induce a 
greater impairment of the conditioned situation reflexes. Such a 
conclusion can be also based on the fact that, under the effect of 
pharmacological and physiological experiments conducted against 
the background of normal conditioned reflex activity (restored 
after the irradiations), certain disturbances could be elicited of 
the course of conditioned situation reflexes (even after 1-5 years 
following irradiation), analogous to those which had taken place 
directly following irradiation of the dogs (O.N. Voyevodina, 1956, 
I960, 1961, 1962; P.S. Kupalov, 1959). 

212 



Chapter 6 

CERTAIN PROBLEMS CONCERNING THE STRUCTURAL ORGANIZATION 
OF CONDITIONED SITUATION REFLEXES 

Facts presented in previous chapters convincingly attest to 
the complex functional organization of conditioned situation re¬ 
flexes. As pointed out, even in the case of elaboration of a con¬ 
ditioned reflex, for example, to an "elementary” sound stimulus, 
there is created in the higher parts of the brain a complex sys¬ 
tem of temporary associations, which unifies the work not only of 
the sound and motor but also the visual, cutaneous and other ana¬ 
lyzers, i.e., a functional structure is formed with very complex 
neural processes extended in time and interrelated, which inte¬ 
grate the performance of various analyzers. 

It is naturally of great interest to investigate the problem 
of the structural organization of neural processes which deter¬ 
mine the complex reflex activity, in other words - the problem 
concerning the role of various analyzers in the diverse cerebral 
structures during the course of conditioned situation reflexes. 

The normal course of conditioned situation reflexes is deter¬ 
mined to a considerable extent by the correct spatial orientation 
of the animals. In the physiological department im. I.P. Pavlov 
(Institute of Experimental Medicine), as in the laboratories 
headed by I.S. Beritov (1959, 1961), E.Sh. Ayrapet'yants (I960), 
a number of investigations has been conducted of the neural mech¬ 
anisms of the spatial orientation of animals. 

According to the studies of M.M. Khananashvili, a precise 
spatial orientation of dogs is realized, in the first place, by 
the visual analyzer. When a conditioned motor reflex activity is 
elaborated in dogs and the visual function is temporarily excluded, 
the dog's behavior in the experimental chamber becomes substantial¬ 
ly disturbed - even in cases where the conditioned stimuli have 
been previously employed for an extended period of time. We cite 
below the records of experiments on the dog Rik, prior to the ex¬ 
clusion of its visual function (report of 9/XI 1955), and follow¬ 
ing exclusion of vision (record of 11/XI 1955). 

The cited tests indicated that, following the exclusion of 
the visual analyzer, the dog retains a general, rough spatial ori¬ 
entation. For instance, the animal starts running to the food re¬ 
ceptacle, but is unable to localize it accurately, despite the 
fact that it has eaten previously at this trough hundreds of times. 
Following exclusion of the visual function, the orientation in the 
experimental chamber is realized by means of other analyzers — 
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Record of an Experiment of 9/XI 1955 on the Dog 
Rik 
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1) Interval between stimuli (in minutes); 2) the number of appli¬ 
cations of the conditioned stimulus; 3) conditioned stimulus; 4) 
duration of the isolated action of the conditioned stimulus (in 
seconds); 5) duration of retardation of the conditioned stimulus 
(in seconds); 6) character of reaction to the conditioned sti¬ 
mulus, and animal's behavior during the intervals; 7) light - 55 w 
8) cross (differentiation); 9) circle; 10) metronome; 11) the dog 
runs to the food receptacle; 12) the dog stands on the rug; 13) 
the same reaction. 

labyrinthine, cutaneous, sound, and olfactory analyzers. One can 
see from a cited record of the experiment (11/XI 1955) that the 
dog went from the table 1 directly to the rug, where it made a 90- 
degree turn and approached the steps leading to table 2. Here, 
the dog lifted its front paw, performed a few movements in the air 
until it touched the steps. After that, carefully feeling each 
step, the dog ascended to the table and immediately turned left 
to the food bowl. One can clearly see in the described motor ac¬ 
tivity of the animals the participation of the labyrinthine and 
cutaneous analyzers. 

An analogous behavior of the dogs was observed by A.T. Seli- 
vanova in her experiments with a temporary disturbance of vision 
induced by the dilatation of the pupils with atropiné-like sub¬ 
stances (atropine, lachesine). It is a known fact that the admin¬ 
istration of these preparations cause in dogs a dilatation of 
the pupil lasting from 4 to 24 hours. 

Our investigations demonstrated that the use of sound condi¬ 
tioned stimuli, following exclusion of the visual function, con¬ 
tributes to a correct orientation in space, although at the start 
these stimuli do not ensure a precise orientation of the animals 
(Cf. record of the experiment of 11/XI 1955). 



Record of the Experiment of 11/XI 1955 on the Dog Rlk. 

Within an hour prior to the start of the experiment, both 
eyes of the dog were covered with specially adjusted metal plates. 
When the dog was let in into the experimental room, it immediately 
approached table No. 1; carefully stretching one or the other 
forepaw, it touched the table prop and slowly reached the top of 
the table, turned right and came near the feeding trough where it 
made sniffing movements in search for the open bowl; after looking 
for the bowl for a period of one minute and not finding it, the 
dog descended to the floor, again carefully stretching one paw or 
the other and touching the table prop. It then went to the rug, 
stepped on it, remained there for S seconds only, went to table 
No. 2, carefully ascended it, approached the feeding trough, found 
the open bowl within 30 seconds and ate the pieces of meat in the 
bowl. It got down to the floor and went to the rug; it remained 
standing on the rug until it heard the sound of feed-trough No. 1; 
went to table No. 1, got up on the table, but could not for a 
long period of time find the open meat bowl. Only in response to 
the repeated sound did the dog find it and obtained its food re¬ 
inforcement. After eating, the dog went back to the rug. 

These experiments are in accord with the investigations of 
I.S. Beritov (1953, 1955, 1959); his data led him to the conclu¬ 
sion that the spatial orientation of the animals, following ex¬ 
clusion of the visual function, is effected mainly by the vesti¬ 
bular analyzer. 

For instance, if the animal is placed with its eyes covered 
in a cage and transfer the cage to another corner, at a few me¬ 
ters' distance, feed the dog, and then carry the cage back to its 
original place, the dog would be able within a few minutes to re¬ 
peat this route not only with open eyes but also when a protec¬ 
tive cover is placed on the eyes. 

According to I.S. Beritov, simultaneous exclusion of visual 
and vestibular reception produces a considerable disturbance of 
the spatial orientation of the animals. 

The investigations of A.S. Batuyev (1959, I960) also point to 
the important role of the visual analyzer in the spatial analysis 
in higher mammals. The author established the fact that, following 
bilateral exclusion of the peripheral visual analyzer (by means 
of enucleation) in cats, the animals cease to perform the sighting 
Jump, and that this function of the analyzer is not fully restored 
by the other analyzer. On the other hand, a bilateral exclusion of 
the vestibular analyzer leads only to a transitory disturbance of 
this function. These results were obtained by A.S. Batuyev with 
the aid of the motor alimentary method of conditioned reflexes. 

As shown by the investigations of E.Sh. Ayrapet'yants, A.S. 
Batuyev, V.A. Kislyakov and K. Lebentrau (I960), the spatial ori¬ 
entations, following exclusion of vision in cats and monkeys, are 
restored to a considerable extent by the compensatory mechanisms 
of vestibular as well as proprioceptive analyzers. 

Experiments with the exclusion of the peripheral part of the 
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analyzer convincingly attest to the fact that, although in dogs 
and cats the precise spatial orientation takes place mainly via 
the visual analyzer, the entire complex reflex activity is the re¬ 
sult of a coordinated performance of various analyzers. But the 
question still remains, as to what is the structural, spatial or¬ 
ganization of the neural processes in the central nervous system 
during the realization of conditioned situation reflexes, in other 
words - what is the role of various projection and association 
fields of the large hemispheres, and what is the role of other 
parts of the brain in this complex reflex activity? 

Por an answer to this question, we performed a number of sur¬ 
gical interventions on the cerebral cortex, as well as the cere¬ 
bellum. 

Long time ago a hypothesis has been advanced in physiology 
concerning the special role of the so-called associative fields of 
the cerebral cortex in the most complex unifying neural activity 
(Luciani, 1886; Flechsing, P., 189*4; Demoor, I., 1899, et al.). 
This point of view was frequently subjected to experimental veri¬ 
fication, and in a number of investigations - to sharp criticism 
(L.A. Orbeli, 1908; L.G. Voronin, 19*48); however, it is still ac¬ 
tively supported by a number of physiologists, psychologists and 
clinicians (Pribram, Penfield). In order to study the role of the 
so-called associative field of the cerebral cortex in the elabora¬ 
tion and course of conditioned situation reflexes, we removed in 
dogs the frontal lobes (investigations of V.I. Syrenskiy), as well 
as the parietal lobes and secondary optic fields (investigations 
of M.M. Khananashvili). The surgical removal of the frontal area 
field was performed on both hemispheres; as a result of such an 
operation, also fields No. 6 and M suffered partial damage (the 
cytoarchitectonie designations of the fields of the large hemi¬ 
spheres of the dogs are given according to the chart of M.M. Gure¬ 
vich and G.Kh. Bykhovskaya (1933). 

It was found that following this operation there is observed 
a number of substantial changes in the previously elaborated com¬ 
plex reflex activity. During the first few days after the opera¬ 
tion, the animals are in an inhibited state, but toward the 7th 
day a restoration of conditioned reflex activity takes place.“ün 
the 7th day the dogs react correctly to the signal stimuli; just 
as before the operation, the dogs remain on the rug during the in¬ 
tervals between the conditioned stimuli. However, on the 12th-l*4th 
day after the operation, marked behavioral changes were observed 
in these animals: their motor activity increased, the dogs were 
constantly running about the experimental room, without scarcely 
stopping at their usual place; without any visible cause, they 
Jumped on the table and ran to the feeding trough, and then would 
run along the walls of the room. During the following days, the 
Jumps on the table with the food container, unconnected with the 
signals, became more frequent, and the motor activity continued to 
increase. The increased motor activity was observed also outside 
the experimental room - in the cage and in the street. 

Within about a month after the operation, these disturbances 
began to disappear gradually, and within 2-3 months after the op¬ 
eration the conditioned reflex activity in the process of the ex- 
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périment, as well as the dog's behavior outside the experimental 
room started to revert to norm, i.e., to the preoperation level. 

Hence, according to the data of V.I. Syrenskiy, the behavior 
of experimental dogs, following removal of the frontal area, under¬ 
goes a number of changes which proceed in the following order: 

first period (3-5 days) - general inhibition state; 
second period (4th to 10th day) — temporary restoration of con¬ 

ditioned reflex activTty; this period, taking into account 
subsequent changes, can be regarded as the latent period; 

third period - maximal motor disturbances (11th to 30th day); 
fourth period - gradual attenuation of these cTTsturbances 

(30th to 60th day); 
fifth cTiy - perTod of complete restoration of the function. 

These data lead us to the conclusion that removal of the 
frontal lobes alters the normal course of the motor function of 
the animals. 

Investigations carried out during the last decade in a num¬ 
ber of laboratories point to the important role of frontal areas 
in the normal course of neural processes, not only within the mo¬ 
tor analyzer but also other analyzers. According to the works of 
N.A. Shustin (1959), carried out with the aid of motor-alimentary 
and secretory-alimentary methods of conditioned reflexes, the proc¬ 
esses of inhibition and excitation in the higher parts of the brain 
come weaker after the enucleation of frontal lobes; the excitation 
process is characterized in this case by a rapid exhaustion; the 
basic properties of neural processes — strength, equilibrium and 
mobility — show deterioration. These disturbances last many months. 

Furthermore, as per the data of N.A. Shustin, the enucleation 
of frontal lobes”leads to the disturbance of trace reflexes which 
had been elaborated to visual and sound stimuli. This observation 
is in accord with the investigations of Konorski (Cf. also: Konor- 
ski a. Lawicka, 1959), who demonstrated the role of frontal lobes 
in the normal process of retarded reactions in dogs. As is known, 
Pribram (1955) and Mishkin (1957) in their studies of monkeys, 
also point to the role of frontal lobes in the normal process of 
retarded reactions. 

It is of interest to point out that I.S. Beritov (1961), in 
his analysis of the experiments of Y. Konorski, as well as of A.N. 
Bregadze and other authors, arrives at the conclusion that the 
prefrontal zone, possibly together with the premotor zone, repre¬ 
sents the associative field, in which the labyrinthine and aural 
sensations become integrated into a complete spatial perception, 
or a complete image. 

As mentioned above, the investigations of V.I. Syrenskiy 
pointed to increased motor activity following removal of frontal 
lobes in dogs. Similar changes in motor activity, following enu¬ 
cleation of frontal lobes, were observed also by other authors 
(N.I. Afana'yev, 1913; Kennard, 19^1; N.A. Shustin, 1959, and 
other authors). Afanas'yev as well as Anokhin (19^9) attributes 
these hyperkineses to the elimination of the function of frontal 

217 - 



lobes, whereas Turner (195^), Ward (19^8), Y. Kornoski (1956) et 
al., are of the opinion that these changes are caused by the dam¬ 
age to the adjoining cerebral formations. 

♦"¡at" ^ r\r^enCe * °5tained facts are given a contradictory interpre- 
., . * Possibly due to the fact that in the above stated works 

t?fvs1!?uestlgatlons were carried out on various animal species, 
hra V T eQuse °f different surgical procedures; however, according 
h V:1’ ?yr?nsíly» the decisive cause of observed disturbances is 
due to the Irritation of cerebral tissue. This conclusion is ar¬ 
rived at on the basis of the following facts: 

n tha increased motor activity does not originate immediately 
following the operation, but after a certain period of time. Were 
the elimination of the function of frontal lobes the dominant fac¬ 
tor responsible for these changes, the disturbances would have 
been manifested immediately after the operation, but under no con- 
altlons after a period of normal activity; 

, ,2) the observed periods of change coincide, as to time, with 
the dynamics of degeneration of the neural tissue. It is known 
from literature data that the degenerative process begins during: 
the very first days after a cerebral trauma, but its clear mani- 

19½^1°11 iS observed only toward the 8th-15th day (Kh.A. Khodos, 

As mentioned above, the period of the start of the greatest 
manifestation of motor disturbances, following extirpation of 
frontal lobes, coincides precisely with the 8th-15th day. 

Hence, the degenerative process during the period of its 
greatest development and its accompanying inflammatory and re¬ 
generative phenomena may represent the factors which irritate the 
cerebral structures associated with motor activity. In this con¬ 
nection, the question arises, as to which excitation of the neural 
structures leads to the development of hyperactivity, observed 
after the removal of frontal lobes. This is a difficult question, 
since the frontal lobes are connected via well developed pathways 
with various cerebral structures - with the adjoining cortical 
areas and with various subcortical structures. A number of facts 
obtained by V.I. Syrenskiy permit the assumption that subcortical 
formations play an important role in the increased motor activity 
observed following removal of frontal lobes. * 

As is known, there is a definite group of pharmacological 
substances which, according to a number of investigations, acts 

°n bbe cerebral cortex. One of them, in particular, is 
chloral hydrate. On the other hand, substances such as nembutal 
and aminazine affects mainly the subcortical structures. Taking 
into account the pharmacological data, we investigated the effect 
of chloral hydrate, nembutal and aminazine on the motor activity 
originating after the removal of frontal lobes. It was demonstrated 
that nembutal and aminazine, in contrast to chloral hydrate, check 
the excessive motor activity in dogs with extirpated frontal lobes. 
Thus, it can be assumed that subcortical formations participate in 
the genesis of motor disturbances which are observed followinr the 
removal of frontal lobes. 
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A number of researchers include also the parietal zone in the 
associative parts of the cerebral cortex. An opinion was expressed 
long ago that this zone functions as the highest associative cen¬ 
ter (Demoor, 1899). However, subsequent experiments have not con¬ 
firmed this point of view (L.A. Orbeli, 1908). At present, there 
is no basis whatsoever to ascribe to this zone the highest inte¬ 
grative function. As the same time, certain facts make it possible 
to state that the parietal zone plays a definitive role in the in- 
i^§Ction mechanisms of various cortical analyzers (L.G. Voronin, 
1948; B.F. Sergeyev, 1958; M.M. Khananashvili, 1962). 

This interpretation of the parietal zone corresponds to its 
anatomohist©logical structure. As is known, this zone borders on 
the cortical parts of the cutaneous-motor, aural and optic ana¬ 
lyzers, and its anterior part approaches in its structure to the 
structure of the cutaneous analyzer of the cerebral cortex. 

AH this renders still particularly interesting the problem 
of the role of the parietal zone in the course of the conditioned 
situation reflexes, i.e., the type of reflexes which, as stated 
above, are realized with the participation of various analyzers. 

The effect of the removal of the parietal part of the brain 
on the conditioned situation reflexes has been investigated by 
M1M. Khananashvili (1961, 1962). His investigations showed that, 
as a result of the removal of the parietal part of the brain, a 
number of changes of the function of the optic analyzer take 
place, accompanied by an impairment of the fine differentiation of 
the form of objects, of the retardation of the conditioned reflex 
and of the interaction of the optic and cutaneous analyzers. At 
the same time, no disturbance is observed in the operated animals 
of their positive conditioned reflexes; the correct spatial ori¬ 
entation within the experimental room remains unaltered, and there 
is only a transitory (for 10 days) impairment of the differentia¬ 
tion stimuli, characterized by the difference in their spatial ar¬ 
rangement . 

These disturbances of conditioned reflex activity are more 
strongly expressed if, in addition to the field 7 of the parietal 
zone, one removes also the so-called associative optic fields of 
the cerebral cortex - the fields 18 and 19. But also in this case, 
the animals retain all conditioned reflexes which were formed 
prior to the operation. 

Hence, the results of exclusion of the frontal and parietal 
associative zones of the large hemispheres indicate the definitive 
role of these areas in the realization of conditioned situation 
reflexes. 

We regard the changes taking place after the removal of the 
parietal and frontal zones, as resulting from the disturbance of 
the normal course of neural proce. es in various cortical analyz¬ 
ers. The obtained results also attest to the fact that the associ¬ 
ative areas of the cerebral hemispheres should not be regarded as 
special and sole parts of the brain which accomplish the complex 
synthesis of the work of various analyzers. This function, as 
pointed out also by investigations cited below, requires a coor- 
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dinated performance of various parts of the cerebral hemispheres. 

We investigated also the effect of removal of the cortical 
nucleus of the motor analyzer on the conditioned sicuation re¬ 
flexes (M.M. Khananashvili, 1962). These investigations showed 
that a bilateral removal of the sigmoid gyrus considerably impairs 
the complex conditioned reflex activity of the animals. Following 
an operation, there is a protracted worsening of the analysis of 
optic and sound stimuli, a disturbance of differentiation stimuli 
which are reinforced on various tables, as well as an impairment 
of the spatial conditioned reflex of the location of the dog during 
the intervals between the conditioned stimuli. 

The effect of the removal of the sigmoid gyrus on the optic 
function has been described in detail in our reports in the publi¬ 
cations of M.M. Khananashvili (1959 and 1962); here, we consider 
it essential to dwell on the disturbances observed in regard to 
the spatial orientation of the experimental animals. 

It can be seen in the reports of the experiments on 13/1 and 
19/1 1959 that, prior to the operation of removal of the motor 
zone of the cerebral cortex in the dog Nayda, two visual condi¬ 
tioned object stimuli were reinforced in different parts of the 
room - on various tables. They were stable conditioned reflexes, 
and the dog clearly differentiated the spatial localizations. Aft¬ 
er the operation the dog ceased to differentiate the optic sti¬ 
muli in regard to the localization of their reinforcement, and in 
every case it ran to table 1. Restoration of the spatial differ¬ 
entiation of stimuli was noted only toward the end of the second 
month after the operation. 

Prior to the operation, during the intervals between stimuli, 
the dog remained standing on square No. 26 of the floor of the ex¬ 
perimental room. This conditioned reflex to localization was also 
of a stable nature. After the operation, the dog would stop at 
other squares also, i.e., there was a clearly manifested disturb¬ 
ance of this reflex. 

Investigations of A.S. Batuyev (I960) showed that removal of 
the cortical end of the motor analyzer disturbs the precise evalua¬ 
tion of spatial relations also in cats. A.S. Batuyev interprets 
these results as the sequel of elimination of the proprioceptive 
control of motor reactions. 

Apparently this mechanism plays an important part also in 
the disturbances of spatial conditioned reflexes which we observed 
after removal of the sigmoid gyrus. However, it is our opinion 
that removal of the cortical end of the motor analyzer leads to 
the elimination of one of the principle sources of the afferent 
impulsation which enters the cerebral cortex, namely - the propri¬ 
oceptive impulsation. This leads inevitably to the reduction of 
the cortical tonus, and it is manifested, as pointed out above, to 
a marked weakening of the analyzer function of other projection 
zones of the cortex (for instance, the optic and aural zones). 

This change of the function of cortical analyzers may repre¬ 
sent the leading factor in the disturbance of the precise spatial 
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Record of the Experiment on 13/1 1959. Dog Nayda 

1) Interval between the stimuli (in minutes); 2) the number of ap 
plications of the conditioned stimulus; 3) conditioned stimulus; 
4) duration of action of the conditioned stimulus (in seconds); 
5) duration of retardation of the conditioned reflex (in seconds) 
6) character of the reaction to the conditioned stimulus, and the 
behavior during the intervals; 7) light - 55 w; 8) circle; 9) 
cross; 10) bell; 11) the dog runs to table 1; 12) the same; 13) 
the dog remains in situ. 

Record of the Experiment on 19/1 1959, on the 
4th Day After the Operation. Dog Nayda. 
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Annotation: In view of the motor disturbances, 
the dog does not Jump on tables, and the food 
bowls are placed on the floor. 

1) Bell; 2) light - 55 w; 3) circle; 4) cross; 5) 
the dog walks to the food container; 6) the same. 

orientation of animals. 

It is of interest to note that, according to the investiga¬ 
tions of I.S. Beritov, the temporal zone plays an important part 
in the spatial orientation of animals. I.S. Beritov arrives at 
this conclusion on the basis of his experiments with the removal 
in dogs of the temporal zone of the cerebral cortex. The author 
demonstrated that a dog with damaged temporal lobes, is able with 
the aid of vision to clearly differentiate the location of food 
reinforcement, but with its eyes closed the dog cannot find the 
food reinforcement locus based on labyrinthine stimuli. 
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The obtained facts lead I.S. Beritov to the conclusion that 
the temporal zone plays an important role in the mechanism of 
animals' orientation based on labyrinthine stimuli. In his subse¬ 
quent investigations I.S. Beritov established that this function 
is mainly connected with the anterior parts of the temporal zone 
— the anterior parts of Sylvian sulci. 

Hence, our observations on animals with extirpated parts of 
the cerebral cortex, as well as the studies of other authors, in¬ 
dicate a complex structural organization of conditioned situation 
reflexes, and determine the importance of various zones of the 
large hemispheres in regard to the complex reflex activity. 

At the present time, thanks mainly to the studies of the as¬ 
sociates of L.A. Orbeli, it has been generally accepted that the 
cerebellum exerts a definitive effect on the normal course of con¬ 
ditioned reflex activity (M.N. Livshits, 19^7; A.I. Karamyan, 19^9; 
V.K. Krasusskiy, 1950; A.I. Aleksanyan, 1953, et al.). 

Analogous data have been lately obtained also In other phys¬ 
iological laboratories (R.S. Miukhina, 1952; I.S. Beritov, I960; 
L.S. Gambaryan, 1959, I960; V.V. Fanardzhyan, I960, et al.). 

The results of these investigations are well known, and we 
shall not dwell on them in detail; we shall only point out that 
in the majority of cases the above-mentioned studies were con¬ 
cerned with the effect of the removal of the cerebellum on the 
conditioned reflex activity, elaborated by means of secretory or 
motor-defensive methods. It is therefore natural that the question 
arose on the role of the cerebellum, and first of all the new 
cerebellum, in the complex reflex activity, elaborated according 
to the method of conditioned situation reflexes. The investiga¬ 
tions of I.V. Malyukova dealt with this problem. 

Prior to an operation, the conditioned reflexes were elab¬ 
orated in the dogs with reinforcement on two tables. In the in¬ 
tervals between conditioned stimuli, the animal was placed on a 
certain square. We cite the experimental record of 15/IV 1959 on 
the dog Dzhek, prior to the operation. 

Following elaboration in the dogs of stable conditioned re¬ 
flexes, the new cerebellum was removed. 

As a result of the operation, one observed in the dogs well- 
known cerebellar disturbances - ataxia, atonia and rigidity of 
the muscles. These disturbances became gradually less pronounced 
during the 3-6 weeks following the operation, and after this pe¬ 
riod they became negligible. 

The operation induced a number of serious disturbances in the 
conditioned reflex activity. In dogs one observed an impairment of 
differentiation of conditioned stimuli, as related to food rein¬ 
forcements placed in various locations: the movement (motor reac¬ 
tion) originating in response to the action of the conditioned 
stimulus was often directed not to the food bowl, where the dog 
was supposed to feed In response to a given stimulus, but to an¬ 
other bowl. These faulty reactions were at first of constant na- 
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ture and resembled obsessive reactions. We shall cite an example. 
The dog Dzhek, when the tone of 600 cps was switched on (usually 

Record of the Experiment of 15/IV 1959. Dog 
Dzhek (Prior to the Operation). 
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1) Interval between the action of conditioned stimuli (in seconds); 
2) the number of applications of the conditioned stimulus; 3) con¬ 
ditioned stimulus: *0 duration of action of the conditioned sti¬ 
mulus (in seconds); 5) latent period of the conditionex reflex (in 
seconds); 6) behavior of the dog under the effect of the condi¬ 
tioned stimulus; 7) light; 8) metronome (le t); 9) tone; 10) metro¬ 
nome (right); 11) bell; 12) the dog runs to table ... and jumps on 
it; 13) dog stands on the rug. 

reinforced from the feeding trough No. 1), went to trough No. 2. 
If at this time the food was set at trough 1 (a knock), the dog 
would turn the head to trough 1, would stop at times, but ran nev¬ 
ertheless to table 2, lowered its snout into the empty bowl, re¬ 
mained standing for a few seconds, and would only then walk to 
table 1. In some tests this reaction would remain for 5-8 sound 
signals, despite its constant reinforcement from trough No. 1 
(record of the experiment on 20/VII 1959. The dog Dzhek). 

As a result of the operation, one further observed a con¬ 
siderable increase of the latent period of conditioned reflexes 
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Record of the Experiment on 20/VII 1959. Dog 
Dzhek (Within 6 Weeks After the Operation) 
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1) Interval between the action of conditioned stimuli (in seconds); 
2) number of applications of the conditioned stimulus; 3) condi¬ 
tioned stimulus; 4) behavior of the dog under the effect of the 
conditioned stimulus; 5) duration of action of the conditioned 
stimulus (in seconds); 6) latent period of the conditioned sti¬ 
mulus (in seconds); 7) light; Ö) tone; 9) metronome; 10) the dog 
stands on the rug, looks at the lamp; 11) dog goes to table 2 
(instead of 1), looks into the bowl, then goes to table 1; 12) dog 
goes to table 2 (instead of 1), turns to the sound of the feeding 
trough 1, stands still for 5 seconds, continues moving in the di¬ 
rection of bowl 2, looks for 10 seconds into the empty bowl, walks 
to bowl 1 and receives the food reinforcement; 13) the same erron¬ 
eous motor reaction, then reinforcement at bowl 1; 14) the same 
response; 15) incorrect move in the direction of bowl 1 (instead 
of 2). 

to visual as well as sound stimuli (approximately 10-12-fold as 
compared with the preoperation value), also an impairment of the 
spatial conditioned reflex in regard to the location of the dog 
(on a definite square) during the intervals between conditioned 
stimuli. All above-enumerated disturbances improved slowly and 
were observed for a period of 5-9 months after the operation. 

These experiments clearly attest to the importance of the 
neocerebellum in the course of neural processes which control the 
higher neural activity of animals. 

Recently, thanks to the wide use of the stereotaxic method 
in Investigations of the function of subcortical structures, nu¬ 
merous and substantial facts have been obtained which indicate the 



important role of a whole series of subcortical formations in con¬ 
ditioned reflex activity. Our task does not include a detailed re¬ 
view of these works, especially since we did it in a special publi¬ 
cation (P.S. Kupalov and M.M. Khananashvili, 1963); here, we shall 
only touch upon one problem which is widely discussed now in phys¬ 
iological literature. We speak of the role which is played by the 
reticular formation of the brain in conditioned reflex activity. 

As is known, according to the ideas of a number of research¬ 
ers (Gastaut, 1958; Hernandez-Peon and associates, 1961 et al.), 
the reticular formation of the mesencephalon represents the sub¬ 
stance where the closing of temporary associations is taking 
place. This formation, in the opinion of the authors, plays an 
important and ever leading role in the integrative activity of the 
brain. This concept of the role of the diffuse activating system 
of the mesencephalon was experimentally checked in the investiga¬ 
tions of A. Kreindler, J. Ungher and D. Volanskiy (1959); using 
the method of situation reflexes, as well as the method of elec- 
trocutaneous protective conditioned reflexes, these authors in¬ 
flicted in the dogs a damage to the reticular formation of the 
mesencephalon. 

The activity of experimental animals, upon elaboration of the 
conditioned situation reflexes with the P.S. Kupalov method, was 
as follows. In a large experimental room. In response to certain 
stimuli, the dog would run to a feeding trough where it received 
its food reinforcement. In the intervals between stimulations, the 
dog remained at a strictly defined spot. It was found that, upon 
destruction of certain areas of the reticular formation, of a di¬ 
ameter of 4 mm, bilaterally, one observed motor disturbances - 
pareses — and, following their disappearance, within 3-^ weeks a 
complete restoration of conditioned situation reflexes would take 
place. Toward the end of this period, the preoperation EEG picture 
was also restored . 

These Investigations attest to the fact that the closing of 
temporary connections during the formation of conditioned situa¬ 
tion reflexes cannot be attributed to the function of the retic¬ 
ular formation of the mesencephalon. 

Numerous Investigations of Soviet physiologists (P.K. Ano¬ 
khin, O.S. Adrianov et al.) indicate that this closing does not 
take place during the formation of other, even less complex, con¬ 
ditioned reflexes. 

The facts described in this chapter indicate a complex struc¬ 
tural organization of the conditioned situation reflexes. Various 
cerebral structures take part in the formation of such reflexes, 
and the most complex analysis of external stimuli under these con¬ 
ditions is realized by the large cerebral hemispheres. 
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CONCLUSION 
The strictly objective study of the performance of the brain, 

begun by I.P. Pavlov, has led to the discovery of entirely new 
rules of its activity and has determined the only correct, mate¬ 
rialistic approach to the investigation of Lhis highest form of 
organized matter, and to the creation of a new science of the per¬ 
formance of the brain - the physiology of higher nervous activity. 

As is known, at the basis of ideas and generalizations of 
I.P. Pavlov in regard to the function of the higher centers of the 
brain and, in the first place, the cerebral hemispheres, were his 
studies carried out basically on the salivary gland, which was 
used as a peripheral organ, which reflected in its activity the 
neural processes taking place in the brain. In this connection, 
among the scientists who have a negative attitude to the materi¬ 
alistic teaching of I.P. Pavlov, there is a widespread opinion 
that the facts established in the Pavlovian laboratory character¬ 
ize neural processes which determine the elementary cerebral ac¬ 
tivity, whereas the complex motor activity of animals and man and 
their behavior are not subordinated to the rules established by 
I.P. Pavlov, and they follow their own, special laws of cerebral 
activity, or are a product of supermaterial force - the soul. 

It should be admitted that the absence during a long period 
of time of systematic investigations of complex forms of behavior 
of animals by the method of conditioned reflexes and the insuffi¬ 
ciently complete analysis of the natural motor activity of animals 
from the point of view of the basic rules of higher nervous activ¬ 
ity, contributed to the viability of this concept. 

At the present time we already possess a number of studies 
devoted to the analysis of complex forms of animal behavior from 
the point of view of the general rules of higher nervous activ¬ 
ity. These studies conducted in various physiological laboratories 
convincingly attest to the fact that Pavlovian method of condi¬ 
tioned reflexes makes it possible to investigate also neural proc¬ 
esses which control the natural motor activity of animals. Howev¬ 
er, we still do not have a systematic description of the rules 
governing the formation and course of such activity in a dog, 
i.e., in an animal on which the rules governing the cerebral per¬ 
formance by the method of secretory conditioned reflexes have 
been Investigated. 

The present monograph represents a systematic study of the 
behavior of dogs under conditions of their natural motor activity 
with the use of the method of conditioned situation reflexes. This 
method, developed by P.S. Kupalov in 19^2, enables us to investi¬ 
gate In detail the rules governing the formation and course of com- 
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plex forms of the behavior of animals, to analyze this behavior 
and, thus, to study the neural mechanisms which control this be¬ 
havior. 

Experimental data cited in the monograph show that, under 
free mobility in the experimental room, the animals easily and 
rapidly form conditioned associations with the definite localiza¬ 
tion of the food and with the entire experimental set-up as a 
whole. The rate of formation of the first conditioned motor reflex 
to the usual conditioned stimuli differs in various animals, de¬ 
pending on the functional state of the cerebral cortex, physical 
intensity of the employed conditioned stimuli, the number and qual¬ 
ity of unconditioned stimuli, individual peculiarities of the 
nervous system of the dogs, and a number of other causes. 

The motor conditioned reflexes, elaborated according to the 
method of conditioned situation reflexes, are stable and durable. 
From the moment of formation of the first conditioned motor re¬ 
flexes the animal's behavior during the experiment is determined 
by the conditioned stimuli. In the intervals between the action 
of conditioned stimuli, the location of the animal in a definite 
part of the room and its posture also become positive conditioned 
agents, and the animal actively and voluntarily goes to this 
spot, assumes a definite posture and remains on this spot until 
the next positive conditioned stimulus is turned on. 

With the formation of the second, third and subsequent con¬ 
ditioned motor reflexes, i.e., in the course of training, the con¬ 
ditioned reflexes develop more rapidly. 

The "law of force" established in the laboratory of I.P. Pav¬ 
lov, according to the classical salivary method, is clearly mani¬ 
fested also during investigation of the natural motor activity of 
the animals. Under these conditions, the dependence is elicited of 
the manifestation of this law on the functional state of the cere¬ 
bral cortex which, in its turn, depends in our experiments on the 
alimentary excitability of the animals. For instance, a reduction 
of alimentary excitability contributes to the elicitation of the 
"law of force," while a rise of excitability masks this law. Ex¬ 
traneous stimuli, as factors of external inhibition, inhibit the 
response motor reaction to a weaker conditioned stimulus more eas¬ 
ily, than in the case of a stronger conditioned stimulus. With the 
progress of training, the manifestation of the "law of force" may 
level off and disappear. The "law of force" is more clearly mani¬ 
fested in cases of complicated motor activity. 

Our investigations showed that formation of conditioned sit¬ 
uation reflexes, their extinction, the development of differentia¬ 
tions and conditioned inhibition, reorganization of reflexes, etc., 
are subordinated to the same laws which had been previously es¬ 
tablished in the laboratory of I.P. Pavlov with the aid of the 
classic salivation method. 

During the study of differentiation of conditioned stimuli in 
various experimental variants, it was established that the course 
of this process depends to a considerable extent on the spatial 
factor. 
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A special approach was used in the study of rules governing 
the differentiation of positive stimuli, reinforced from various 
food receptacles located in various parts of the experimental 
room. This method proved to be suitable for further investigation 
of the role of the spatial factor in the differentiation of sti¬ 
muli and in the general behavior of animals. 

In the study of the problem of spatial differentiation of 
sound stimuli situated in various parts of the room, our attention 
was attracted to the fact that serious disturbances of higher 
nervous activity can be induced by gradually reducing the distance 
between the locations of the sources of differentiated stimuli. 
Apparently, this method is suitable for inducing experimental neu¬ 
roses under conditions of the natural activity of animals. 

Our investigation, as well as those of V.V. Yakovleva and 
other authors, made it possible to establish the definite condi¬ 
tioned reflex significance of various parts of the experimental 
room. It was elicited, for Instance, that the part of the room in 
which the animal stands during the turning on, for example, of 
positive conditioned sound stimuli, acquires the property of a 
positive conditioned agent, whereas the part of the room in which 
the animal finds itself during the action of inhibition stimuli 
acquires the property of a negative conditioned agent. Thus, var¬ 
ious spatial segments become conditioned stimuli which differ as 
to their meaning, and these stimulating agents, together with 
other conditioned and unconditioned stimuli control the complex 
motor activity of the animals. It was also found that the differ¬ 
entiation of various spatial segments proceeds according to the 
same general rules of higher neural activity which have been es¬ 
tablished in the laboratory of I.P. Pavlov with the method of 
secretory conditioned reflexes. 

The conditioned reflex which controls the constant position 
of the animals during the intervals between the action of condi¬ 
tioned stimuli requires special attention. It represents one of 
the first conditioned reflexes elaborated in the animals in our 
experiments and is also the initial link, which precedes the re¬ 
action taking place in response to the turning on of each distant 
stimulation; as such, this reflex turns out to be particularly 
susceptible to various functional or surgical disturbances of the 
cerebral hemispheres. 

The importance of the spatial factor as a stimulus, which de¬ 
termines to a considerable degree the animal’s behavior under nor¬ 
mal conditions, is indicated also by the experiments in which one 
shifted the position of the sources of sound and visual condi¬ 
tioned stimuli, as well as the rug on which the animal stayed in 
¡ ne intervals between the action of conditioned stimuli, also the 
shifting of the source of the unconditioned stimulus (food re¬ 
ceptacle) from one spatial segment to another. It has been estab¬ 
lished in these investigations that the above-mentioned changes in 
the e/oerimental set-up affect the normal course of previously 
elaborated conditioned reflex activity, and in a number of cases 
seriously impair it. It turned out that the extent of the disturb¬ 
ance of higher nervous activity depends on the extent of the change 
of location of the sources of conditioned and unconditioned sti- 
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mull, as well as on the stability of formed conditioned reflexes, 
their complexity, and the Individual peculiarities of the nerv¬ 
ous system of the experimental animals. Disturbances of higher 
nervous activity were more pronounced when the conditioned sti¬ 
muli were shifted to a greater distance from their previous loca¬ 
tion, and are less marked when the distance is small. It was fur¬ 
ther elicited that disturbances of higher nervous activity, which 
result from the shifting of conditioned and unconditioned stimuli, 
are more pronounced when the conditioned reflex activity is not 
stably formed, as well as in cases where a complex conditioned re¬ 
flex activity was elaborated in the animals. Our obtained data 
also indicate that disturbances of higher nervous activity, fol¬ 
lowing the shifting of stimuli, are most easily induced in animals 
with a deliberately weakened nervous system and in animals with a 
normally weak type of nervous system. 

All above-stated attests to the high sensitivity of the nerv¬ 
ous system to changes in the spatial arrangements of the circum¬ 
jacent stimuli. 

In our investigation of the behavior of animals in an environ¬ 
ment resembling the natural one, we often observed various forms 
of manifestation of voluntary and involuntary reactions. A satis¬ 
factory solution of this problem is possible only on the basis of 
a materialistic world outlook. Idealism, based on the fantastic 
concept of supernatural forces, proved to be inadequate not only 
for the correct understanding of the physiological essence of the 
voluntary and involuntary but even to make some approach to their 
scientific analysis. The idealists, as is known, separate artifi¬ 
cially the voluntary from the involuntary, and regard the volun¬ 
tary as a product of the activity of the supernatural source - the 
soul. They connect voluntary activity with the antlscientific con¬ 
cepts of free will. Most prominent physiologists-materialists have 
taken a determined stand against such interpretation of the volun¬ 
tary principle. E.M. Sechenov, in his time, criticized the ideal¬ 
istic concept of free will; he stated that voluntary movements in 
humans emerge in the process of their development and represent 
reactions developed under the influence of environmental condi¬ 
tions . 

In acknowledging the voluntary principle, materialism does 
not separate it or tear it away from the involuntary one; it con¬ 
siders that both are determined by the internal and external en¬ 
vironmental medium of the organism. Our investigations cited in 
this monograph attest to the correctness of this concept. 

Involuntary reactions, as is known, are characterized by the 
fact that they are regularly induced by definite stimulations. For 
instance, the shaking-off reaction appears in response to stimula¬ 
tion of the fur and skin, the sneezing reaction - to the stimula¬ 
tion of nasal mucosa, etc. However, as shown by the investigations 
of V.K. Fedorov and L.S. Gorshkova ( V.K. Fedorov, 1955), R. Floru 
(1952) and V.V. Yakovleva (1952), the above-mentioned involuntary 
reactions can be changed to voluntary ones. It suffices to system¬ 
atically reinforce with food occasional or deliberately induced 
shaking-off, sneezing, or other involuntary movements. After a few 
of these combinations, the animals begin to perform these reac- 
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tions actively in a given experimental set up, without any special 
irritation of the skin, nasal mucosa, etc. The active reproduction 
of involuntary reactions by the animals is conditioned by the ex¬ 
perimental set up and by the definite state of the animal. 

Following reinforcement of their accidental movements with 
food, the dogs would start performing them also actively and reg¬ 
ularly. This was demonstrated on the examples of the animals ap¬ 
proaching the rug and standing on it, licking the electric lamp, 
pressing a rubber bulb with the paw and striking the loud speaker 
with the paw. 

Combinations of the neutral stimulus with various motor acts 
would lead to the elaboration of a corresponding conditioned motor 
reflex. A comparison of data obtained during the elaboration of an 
active reproduction by the dogs of motor acts, on the one hand, 
and formation of classic conditioned reflexes to a definite ex¬ 
ternal stimulus, on the other, showed that the differences between 
a voluntary and conditioned reflex reproduction of an uncondi¬ 
tioned reflex are relative, although there is much in common be¬ 
tween them - first of all, the fact that temporary associations 
lie at the base of both processes. 

The relative nature of the difference between these two re¬ 
actions is attested also by the fact that an involuntary reaction 
can be changed into a voluntary one, and a voluntary reaction may 
acquire the character of an involuntary one. This fact again cor¬ 
roborates the correctness of Pavlov's idea when he stated that 
there is only a relative difference between voluntary and involun¬ 
tary reactions. 

As our investigations have demonstrated, most complex motor 
acts are formed on the basis of involuntary as well as on previ¬ 
ously elaborated voluntary reactions. The process of their forma¬ 
tion is realized in accordance with the mechanism of formation of 
temporary associations of various complexity. This convinces us 
once again that it is possible to investigate even the most com¬ 
plex behavior pattern of animals by the method of conditioned re¬ 
flexes . 

In order to elicit the neural mechanisms which control the 
complex motor activity of animals, we extensively employed various 
pharmacological substances. We proceeded on the assumption that 
the action of chemical substances, as stated by I.P. Pavlov, is 
contributing to a precise physiological analysis. With the aid of 
chemical agents it is possible to separate and isolate things 
which no instruments are able to separate. In our investigations 
we also posed and solved certain problems which are of special 
interest to pharmacology. 

We used the following preparations: analgesic substances of 
the opium group: dicodJde, thecodine, lidol, promedole, morphine; 
cholinolytic preparations: amizyl, amedine, apophene, diphacyl, 
lachesine, atropine, etc; adrenergic substances: adrenalin and 
sympatholytin; tranquilizer of the central nervous system - amina- 
zine). They belong to various pharmacological groups, but all of 
them mainly affect the central nervous system. 
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The use of these preparations showed that, upon administra¬ 
tion to animals of minimal doses from the group of cholinolytic 
preparations which, according to literature data, inhibit cortical 
activity, the following disturbances set-in in the course of con¬ 
ditioned situation reflexes: 

a) the food-getting voluntary motor reactions are altered or 
disappear altogether; 

b) the active inner inhibition weakens, the differentiation 
of conditioned sound or optic stimuli, identical in intensity but 
located in various places are disturbed, i.e., there is an impair¬ 
ment of differentiation in regard to the reinforcement locus, etc.; 

c) one of the first trigger components of the complex motor 
reaction drops out (the dog does not occupy the initial location 
in the experimental room — it does not stand on the rug, or on a 
definite square); 

d) there is an increase in the latent periods of conditioned 
reflexes, up to a complete disappearance of the response motor 
reaction to the action of the stimulus. One observes in the first 
place the disappearance of a motor reaction to the action of weak 
conditioned stimuli, or stimuli connected with the differentiated 
one ("associated pair"); 

e) at the height of intoxication, there originate as a rule 
phenomena of diffuse cortical inhibition, with phasic states 
(equalizing, paradoxical and ultraparadoxical phases). 

All this leads to the assumption that the components of con¬ 
ditioned situation reflexes, which are disturbed under the effect 
of cholinolytic preparations, are particularly closely linked with 
the cortical activity and are of cortical origin. 

It was further elicited, that preparations which, according 
to literature data, exert a predominantly inhibiting action on 
subcortical formations (of the group of analgesic, adrenergic and 
tranquilizing substances - aminazine, in particular), in minimal¬ 
ly active doses do not alter the voluntary motor reactions, have 
no effect on the differentiation inhibition and do not impair the 
conditioned reflex structure, although the entire conditioned re¬ 
flex activity proceeds at a lower functional level. Simultaneous¬ 
ly with reduction of the cortical tonus, there is a clearly mani¬ 
fested disturbance of unconditioned reflex activity, the general 
motor activity, the shaking-off, alimentary, and other reflexes. 
With the increase of the amount of administered substances, dis¬ 
turbances emerge which are connected with the direct effect of the 
preparation on the cerebral cortex: the dogs do not manifest the 
previously elaborated voluntary motor reactions, often fail to 
stand on the rug, their differentiation inhibition is weakened, 
etc. 

On the other hand, substances which Inhibit the peripheral 
effector link of the conditioned reflex arch, i.e., exert a periph¬ 
eral effect and do not penetrate the central nervous system through 
the hematoencephalic barrier, induce disturbances in the behavior' 
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of animals only when large doses are administered. 

These investigations, with the use of pharmacological sub¬ 
stances, as well as investigations which involved surgical inter¬ 
ventions in the large cerebral hemispheres, revealed certain facts 
of the structural organization of conditioned situation reflexes. 

For instance, experiments with the removal of various part of 
the cerebral cortex established the fact that the conditioned sit¬ 
uation reflexes are realized as a result of the complex interaction 
of cortical analyzers, as well as of the interprojection parts of 
the cortex. 

Our investigations revealed the special role of the nucleus 
of the motor analyzer of the cerebral cortex during the normal 
course of conditioned situation reflexes, in the analysis of spa¬ 
tial stimuli. 

It was also ascertained that frontal lobes and the parietal 
zone of the large hemispheres, as well as the cerebellum, take 
part in the realization of conditioned situation reflexes; a sur¬ 
gical injury to these structures induces characteristic disturb¬ 
ances of the conditioned situation reflexes. For instance, where¬ 
as, according to previously published investigations of M.M. Kha- 
nanashvili (1962) conducted by the method of conditioned situa¬ 
tion reflexes, the extirpation of the parietal zone leads to im¬ 
pairment of the analysis of the most complex visual conditioned 
stimuli, while the removal of the frontal zone leads, in the first 
place, to the rise of the motor activity of animals, and follow¬ 
ing extirpation of the cerebellum a most clearly manifested dis¬ 
turbance of the spatial analysis of conditioned stimuli takes 
place. 

Investigations with, extirpation of various parts of the cere¬ 
bral hemispheres and cerebellum showed that conditioned situation 
conditioned reflexes represent the function of the higher part of 
the brain and, first of all, of the cerebral cortex. This conclu¬ 
sion has been confirmed in experiments with the use of pharmacol¬ 
ogical substances. As mentioned above, most distinct disturbances 
of conditioned situation reflexes are observed under the effect 
of substances which affect mainly the cerebral cortex. 

At the present time, an extensive use of atomic energy and 
isotopes is taking place in industry, agriculture and medicine; 
hence, an ever-increasing number of people are in contact with 
radiation energy. This renders of particular importance the thor¬ 
ough study of the effect of ionizing radiation on the living or¬ 
ganism. 

Taking account of this circumstance, we employed the method 
of conditioned situation reflexes in the investigation of the ef¬ 
fect of ionizing radiation on the higher parts of the central 
nervous system. 

The unique nature of investigations described in our mono¬ 
graph consists of the fact that the effect has been investigated 
of various X-ray doses on the most complex forms of the behavior 
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of animals. The effect of single, as well as repeated, irradia¬ 
tions was investigated. 

The obtained results indicate that, upon daily irradiation of 
animals with air dose, the symptoms of disturbance of higher 
nervous activity are manifested as early as following 8 irradia¬ 
tions, and these disturbances are maintained for a long period of 
time, even after further irradiation of the animals has been dis¬ 
continued. It is interesting that, in the first place, there is 
a disturbance of the most complex conditioned reflex activity, in¬ 
cluding the activity which requires a precise analysis of spatial 
relations. These disturbances set in prior to changes in the blood 
picture, usually observed upon Irradiation of animals. Thus, Ir¬ 
radiation of animals with an X-ray dose of 1 r has a definite ef¬ 
fect on the central nervous system. 

Even more serious and lasting disturbances of higher neural 
activity were observed in animals following irradiation with 
doses of 10 r, and over. Also in this case the disturbances would 
first appear in the most complex nervous activity. The obtained 
results attest to the particular sensitivity of the higher parts 
of the animal's brain to ionizing radiation. These data can be 
utilized in medical practice for the early diagnosis of radiation 
sickness. 

Hence, the formation and course of complex motor activity is 
determined by a number of factors — the functional level of the 
higher parts of the brain, the intensity of conditioned and uncon¬ 
ditioned stimuli, their spatial arrangement, as well as the spa¬ 
tial arrangement of the animal in the experimental environment, 
etc. All this, together, comprises the situation which determines 
the conditioned reflex activity of animals. Combination of the con¬ 
crete factors of this situation leads to a strictly determined 
regular course and an easily reproduced activity pattern, under 
given identical conditions. Precisely for this reason, our em¬ 
ployed method of investigation of higher nervous activity, which 
takes into account the complex rango of factors affecting the an¬ 
imal in the process of formation of its behavior pattern, has been 
named the method of conditioned situation reflexes. The use of 
this method widened our knowledge of the nervous processes which 
control the behavior of animals; further application of this meth¬ 
od may lead to the elicitation of new, at present still obscure, 
rules which govern the work of the brain. 

All above stated enables us to assert that with the aid of 
the method of conditioned reflexes it is possible to study objec¬ 
tively and analyze the most complex forms of animal behavior. We 
think it essential to underline that our obtained data speak con¬ 
vincingly in favor of the fact that the most complex forms of the 
behavior of animals proceed on the basis of general rules govern¬ 
ing the higher nervous activity - rules, established by I.P. Pav¬ 
lov and his pupils and followers by means of the method of condi¬ 
tioned secretory reflexes. 
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