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1.Introduction: the. earth’s natural oscillating electromagnetic environment .

All life on earth has evolved in a sea of natural low-frequency electromagnetic

» fields. They originate in terrestrial and extraterrestrial sources. Thunderstorm

activity in equatorial zones of the Amazon basin and Central Africa generates ELF
fields with energies measured in billions of coulombs. They exhibit peaks in the ELF
spectrum between 8 and 32 Hz {Schumann resonances, 1957). They are ducted
worldwide between the earth’s surface and the ionosphere at an approximate
height of 100 miles. With a circumference of 41,000 km, the earth may act as a
cavity resonator for this ducted propagation {at the velocity of light - 300,000
km/sec), behaving resonantly at a frequency around 8 Hz. Intensities of Schumann .
fields are weak, with electric components in the range of 0.01 V/m and magnetic
fields of 1-10 nanotesla. Extraterrestrial ELF fields arising in the sun are even
weaker, reaching a maximum at the peak of each 11-year sunspot cycle, with
electric components around 0.001 V/m at 10 Hz. Neither solar nor terrestrial
sources contribute significant amounts of radiofrequency or microwave energy to
the earth’s biosphere, and we may contrast these weak ELF fields with the earth’s
much larger static geomagnetic field, typically around 50 microtesla.

By contrast, steadily increasing use of electric power since the turn of the
century, marking the growth of all industrialized societies, has sharply modified the
electromagnetic environment in the home, in the workplace, and in the outdoors. In
addition to power frequency fields, there is a great and growing use of
radiofrequency and microwave devices, utilizing many octaves of a spectrum that
now reaches from a few cycles/sec to millimeter waves and the far-infrared region.
In places of human occupancy, these artificial fields are usually substantially more
intense than energies in the quite narrow extremely-low-frequency (ELF) spectrum
of the natural Schumann resonances.

2. Changes in the electromagnetic environment attributable to man-made fields.

in U.S. urban environments, typical 60 Hz domestic ambient fields may be in the
range 0.03-0.3 microtesla, but substantially higher near washing machines, hair
dryers, electric shavers, etc., that all produce local fields orders of magnitude
greater than domestic ambients. Although they may substantially e){cee:d ) _
environmental levels produced by electric power transmission and d!st‘nb'utuon
systems, they decay rapidly at short distances from the devices. This is in marked
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contrast to fields in housing near major power lines, where exposure to fields
exceeding 0.3 microtesla is likely for long daily epochs, typically for many years.
Although available epidemiological evidence is inadequate to define a specific
threshold for ambient 50/60 Hz magnetic field levels possibly associated with
adverse health effects, some studies have suggested such a threshold around 0.2
microtesla, based on measurement or calculation (Wartenburg and Savitz, 1993;
Feychting and Ahlbom, 1992).

2.b. The ubiquity of human exposure to artificial electromagnetic fields

Generationi, distribution and use of electric power now exposes essentially
everyone in civilized society to these fields from conception to death. In
consequence, there are inherent difficulties for epidemiologists in identifying
unexposed control populations; and if health risks are associated with these
exposures, so the actual levels of risk have become more difficult to estimate.

2.c. The growth of electric power generation; correlates with health effects?

Generation of electric power per capita in the U.S.A. has grown ten times since
1940, and per capita residential consumption has increased 20 times in the same
period. An emergent conclusion from epidemiological studies is an apparent
relationship between environmental electromagnetic field exposures and certain
malignant diseases: leukemia and lymphoma, brain tumors, male and female breast

.cancer, and malignant melanoma. At the outset, we may note that acute
lymphoblastic leukemia (ALL), the most common form of childhood leukemia, has
increased in incidence by 20% between 1973 and 1991 (Landrigan, 1995), and
there are reported associations with exposure to power line fields (Wertheimer and
Leeper 1979; Feychting and Ahlbom, 1992; Wartenburg and Savitz, 1993).

2.d. Physicists’ assertions vs. the historical record of rising cancer risks

We may also note that preemptive attitudes on the part of certain physical
scientists, published with the imprimateur of the National Academy of Sciences of
" the USA, have led to incorrect assertions that "when respiratory cancers (largely
caused by tobacco use) are subtracted, the remaining death rates have actually
fallen since 1940, especially for leukemia, including childhood leukemia, where the
incidence rate has been constant or declining slightly for the past 25 years"
(Jackson, 1992).

Fallacies in these widely publicized viewpoints need emphasis. Indeed, as pointed
out by Davis et al. {(1994) in studies by the U.S. Department of Health and Human
Services, "recent birth cohorts of Americans aged 20 years and older are
developing higher rates of all forms of cancer compared with those born just before
the turn of the century. Cancer-causing hazards in addition to smoking have been
introduced into the population in the past several decades. The incidence of cancer
not related to smoking estimated in recent generations of men and women is 210%
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and 30% higher, respectively, than it was in persons born in the late 1800s.”

Over the past 15 years, these emergent concerns have focused on this growing
use of electric power throughout the world as a possible vector of adverse health
effects. Research to evaluate possible hazards has followed a dual course, with
epidemiological and laboratory studies proceeding in parallel, but with few options
for coordination.

3. Cancer correlates in children exposed to power line fields, and in adults
occupationally exposed

Approximately 100 peer-reviewed epidemiological studies point increasingly to an
association between 50 and 60 Hz electromagnetic (EM) fields and certain cancers.
Many of these studies have been inconclusive, but the cumulative evidence shows
a consistent correlation between EM fields 'and cancer risks, most frequently for
childhood leukemia, adult leukemia and lymphoma, brain tumours and breast
cancer (male and female). Fig. 7 summarizes representative studies of childhood
residential malignancies from 1979 to 1993 associated with exposures to electric
transmission and distribution lines. Fig. 2 identifies representative studies of
malignancies associated with electrical occupations from 1982 to 1995.

4. The laboratory search for a metric of cumulative tissue dose from environmental
electromagnetic field exposures

Hill (1965) identified a series of attributes to be addressed in evaluating causality
of any association. His emphasis on biological gradient identified the importance of
tissue dose-response; and in the context of possible health effects of environmental
EM field exposures, requires an understanding of a metric for tissue dose. Seeking
a tissue metric for cumulative dose has been the major focus of laboratory research
in the past decade. For until this metric has been established, further
epidemiological studies appear to hold little prospect of major progress.

Whereas calculation of tissue dose for ionizing radiation is simply the product of
product of field intensity and duration of exposure, for these nonionizing fields
there is a far more complex situation involving intermittency of exposure, with ON-
effects and OFF-effects often marking the beginning and end of an exposure
epoch, and little or no biological response in the interim (Byus et al., 1984; Luben
et al., 1994).

5. Bioelectramagnetics; bridging between studies in the physics of matter and the
search for essential bioenergetics of living systems

The emergent field of bioelectromagnetics now offers a bridge between studies
of the physics of matter and the search for essential bioenergetics of living
systems, primarily through collaborative research at the cutting edge of each of
these fields. To sustain this level of joint endeavor, and more importantly, to carry
it forward in a broad vista of future research, mainstream biological science Is



coming to recognize the essential significance of nonequilibrium processes and long

. range interactions. Historically, biology has been steeped in the chemistry of
_equilibrium thermodynamics. Heating and heat exchange have been viewed as as

the essential measure of living processes, and intrinsic thermal energy has been
viewed as setting an immutable threshold for external stimulation. We wili discuss
a broad spectrum of biological phenomena incompatible with this concept. Through
the use of imposed EM fields as tools, it is clear that heating is not the basis of
these phenomena.

5.a. The role of nonequilibrium electrodynamics in biological systems

Over the past decade, remarkable collaborative developments between the
physical and biological sciences have moved these apparently disparate disciplines
toward a single realm of science: Research on nonequilibrium states of matter and
on its nonlinear electrodynamics (Adey and Lawrence, 1984} has gone hand in
hand with a new vista incorporating these concepts at the frontiers of cell and
molecular biology; and in consequence, there is now in prospect a new definition of
living matter in these physical terms. This broad synthesis describes at ever finer
levels an hierarchical sequence of events initiated in biomolecular interactions with

environmental EM fields (Adey, 1992a and b).

5.b. Developments towards a physical biology

Over the past century, the biological and medical sciences have moved
progressively from studies of organs and organ systems to tissues, to cells, and
finally to the chemistry of molecules that form the exquisite fabric of living tissues.
At a new frontier that may be more difficult to comprehend, we discern a biological
organization based in physical processes at the atomic level, rather than in
chemical reactions between biomolecules; and there is evidence that these physical
processes may regulate the products of biochemical reactions (Grissom, 1995).
Physical research over the past 20 years has shed new light on classical models
that have hitherto predicated the organization of matter on essentially random
behaviour of atomic -and subatomic particles. With the emergence of new
knowledge on quasiparticles, solitonic waves and cooperative processes, many of
these earlier postulates have undergone extensive reappraisal (Adey, 1993).

6. Cell membranes as the primary site of interaction with environmental EM fields;
detection, amplification and transduction

Cells in tissue are separated by narrow fluid channels, or ‘gutters’, typically not
more than 150 A° wide, that act as windows on the electrochemical world
surrounding each cell. By reason of their higher electrical conductivity than pathsw
through cell membranes, these channels are preferred pathways for intrinsic and
environmental EM fields in tissue. They are also the site of electrochemical
antennae that protrude as protein strands from within the cell membrane. With the
electron microscope, the cell membrane is seen as a double layer of phospholipid

molecules, the p/lasma membrane, approximately 40 A° thick.

6.a. Tf:le large cell membrane potential; far weaker extracellular tissue components
of environmental fields

A steady membrane potential of approximating 0.1 V exists across this thin
membrane, translating to an enormous electric gradient of 100 kV/cm. Thus, the
cell membrane is in many respects a physical and electric barrier. Since generally
accepted physiological findings have revealed sensitivities to induced tissue electric
gradients from ELF environmental fields and from ELF-modulated RF fields in the
range 107 - 10" V/em, we may anticipate powerful amplification mechanisms
mediating transductive coupling of these weak stimuli from fluid surrounding cells
to the cell interior.

A spectrum of physiological and behavioral sensitivities to induced tissue electric
gradients from ELF environmental and ELF-modulated RF fields in the range 107 -
107 V/cm have been reported, first in the neurobehavioral studies across the
spectrum from marine vertebrates to man, and more recently in laboratory studies
at the cellular level. ;

The level of these sensitivities has raised questions about how detection occurs
in the face of presumably much larger background "noise" generated in the
organism as a whole.

First, none of these sensitivities relate to a brief, punctate stimulus generated by
a single transient event. Effective stimuli are coherent, preesenting a train of
regularly recurring electromagnetic signals that must be present for a certain
minimum duration.

In consequence, these tissue sensitivities to weak oscillating EM fieids have
frequently been found windowed with respect to field frequency, and also in some
cases, to field amplitude. These are highly cooperative processes, modeled
biophysically in a hierarchy of energetic and temporal steps; as for example, from
spin-correlated free radical interactions, to ion parametric resonance phenomena,
and solitonic conduction in transmembrane signalling in phospholipid-receptor
protein domains. By their nature, they are likely to be insensitive to incoherent
oscillations representating the aggregate process of large tissue domains.

6.b. Role of protruding glycoprotein strands in low-level EM field detection

Initial cellular detection of low-level EM fields in fluid surrounding cells is
attributed to glycoprotein strands protruding from the cell interior through the
plasma membrane. They form a strongly negatively charged anionic glycocalyx on
the cell surface. They therefore attract a dense cationic atmosphere of positively
charge ions, principally calcium and hydrogen. Metabolic processes within the cell
raise energy levels above ground states at these electric charge sites (Yahara and
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Edelman, 1972), forming surface "patches” in which adjoining charge sites may all
remain at the same higher energy levels for periods in the millisec range {Schwarz,

1970).
6.c. Signal amplification at cell surfaces and coupling to the cell interior

In this coherent state, weak cell surface electromagnetic fields in cerebral tissue

' can modulate a highly cooperative binding or release of calcium (Bawin et al.,

1975; Blackman et al., 1979, 1985; Lin-Liu and Adey, 1982). This signal
amplification along cell surfaces is followed by transductive coupling of calcium-
mediated signals through the glycoprotein strands to the cell interior. Independent
studies in ltaly, England and the USA have shown that this influx of calcium into
cells is also modulated by weak ELF magnetic fields in & frequency-dependent

manner {Walleczek, 1994).

7. An intracellular enzyme cascade moduiated by ELF and ELF-modulated RF fields

These amplified signals reaching the cell interior elicit enzymatic responses
regulating metabolism, messenger functions and cell growth. They are susceptible
to modulation by imposed EM fields.

(1) in bone cells, hydrolysis of ATP to cAMP by adenylate cyclase initiates a
major energy release and activation of protein kinase messenger enzymes. ELF
magnetic fields modulate this sequence in therapy of ununited fractures (Luben,
1991, Luben et al., 1982).

(2) Messenger protein kinase enzymes in human lymphocytes are deeply but
transiently down-regulated by weak 450 MHz microwave fields, amplitude-
modulated at 16 Hz {Byus et al., 1984). Killing capacity (allogeneic cytotoxicity) of
T lymphocytes targeted against human lymphoma cells is also reduced by 450 MHz
fields in a modulation frequency-dependent fashion (Lyle et al., 1983).

(3) The cell membrane-related enzyme ornithine decarboxylase (ODC] is essential
for cell growth and DNA synthesis, and its activity is high in cancer cells. It is
activated by both ELF and ELF-modulated RF fields (Byus et al., 1987, 1988;
Litovitz et al., 1993). ODC synthesizes highly charged polyamines that are exported
to cell membrane surfaces (Tjandawinatha et al., 1994), where they regulate
activity of the NMDA (glutamate) receptor (McBain and Mayer, 1994), a key
element in the sequence of steps leading to intracelluar synthesis of nitric oxide
{NO) (Bawin et al., 1994).

8. An hierarchical Sequér_tg:e in cell membrane signalling events: an autoregulation
model of EM field sensing at cell surfaces

In summary, the evidence supports a model of sequential interactions _between
ELF- and ELF-modulated RF fields and certain cellular regulatory mechanisms: ODC
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activation leads to polyamine synthesis within cells; highly cationic polyamines are
exp_orte'd. to polyanionic cell surfaces: at cell surfaces, polyamines regulate
excntabx!lty of glutamate receptors; activation of glutamate receptors initiates NO
syptheszs; as a highly diffusible free radical, NO is active in the cell of origin and-in
adja(.:efnt cells, modulating cGMP-dependent processes; and in brain tissue, NO is
sensitive as a free radical to ELF magnetic fields in modulation of patterns of EEG
rhythms, Eyidence for EM bioeffects mediated by free radicals now suggests that
both electric and magnetic fields may be biologically important through quite

separate mechanisms.

9. Free radical mechanisms in biological thresholds

In an historical perspective, growth of knowledge in bioelectromangetics has
occurred in the face of preemptive views on the part of some physical scientists
that athermal effects are in the realm of spurious or pathological science, because
observed sensitivities relate to fields that lack sufficient energy to break chemical
b_onds. This perception that bond rupture represents a benchmark as an essential
first step in biological transduction of electromagnetic fields is countered by
growing theoretical and experimental evidence pointing to free radical mechanisms
as one possible substrate. This model proposes that magnetic fields may interact
with free radicals produced in on-going chemical reactions, rather than inducing
their formation (Grundler et al., 1992; Adey 1993). :

9.a. Sensitivity of free radicals to imposed magnetic fields

Most chemical bonds between atoms consist of paired electrons with opposite
spins. In chemical reactions, the bond breaks, and each atomic partner reclaims its
electron. For a brief lifetime, typically in the nanosecond range, the atom is now a
free radical, with a magnetic field generated by its spinning electron, and thus
susceptible to imposed magnetic fields. McLauchlan (1992) has proposed a role
for free radicals in mediating biomolecular interactions with magnetic fields at 50
and 60 Hz power frequencies, with alterations in the rate and the amount of
product of chemical reactions. For fields around 8 mT, there would be " an
enormous effect of a small magnetic field on a chemical reaction, and the effect
begins at the lowest applied field strength. The all-important interaction has an
energy very much less than the thermal energy of the system, and is effective
ex‘clusively through its influence on the kinetics; this is counter-intuitive to most
scientists.” At the highest level of free radical sensitivity, associated with spin-
mixing between electron and nuclear spins, even very low fields may have
significant effects on radical reactions {(McLauchlan and Steiner, 1991).

9.b. Evidence for biological interactions of magnetic fields with free radicals

In a detailed review, Grissom {1995) has set a perspective on his studies of the
many enzymatic sensitivities to static magnetic fields in the mT-T range. But



evidenice for much higher sensitivities comes from studies of magnetic field
interactions with nitric oxide (NO) mechanisms in brain tissue (Bawin et al., 1994,
1996). Chemical actions of NO in brain tissue appear to involve production of

¢ GMP {cyclic-guanosine monophosphate) from GTP (guanosine triphosphate).

Inhibition of NO synthesis in rat brain hippocampal tissue is associated with
shorter and more stable intervals between successive bursts of rhythmic EEG theta
waves. Conversely, donors of NO and cGMP analogs applied during biockade of
NO synthesis lengthen and destabilize intervals between successive rhythmic wave
bursts. The rate of occurrence of these rhythmic EEG wave bursts is also disrupted
by weak (peak amplitudes, 0.08 and 0.8 mT) 1 Hz sinusoidal magnetic fields,
These field effects depend on NO synthesis. They are consistent with reports of
altered EEG patterns in man and laboratory animals in ELF magnetic fields (Bell et
al., 1992a and b; Lyskov et al., 1993). The pathophysiology of NO links its free
radical molecular configuration to oxidative stress, with a role in Alzheimer’s
disease and in Parkinson’s disease (Holhshouser et al., 1995).

70. Cell growth regulation through intercellular communication: tumour promotion
by joint actions of chemical promoters and EM fields at cell membranes

A possible role for nonionizing EM fields in human cancer has been frequently
denied, based on the simplistic contention that these fields lack sufficient energy to
rupture chemical bonds in nuclear DNA. This incompatibility is not at issue. More
importantly, over the past 20 years, models of tumour formation and supporting
experimental evidence have focused on nuclear regulation of cell division through
signalling sequences initiated at cell membranes. Through cell membrane
amplification, including enzyme activation, signalling energetics in cell nuclei may
be millions of times greater than in initial transductive steps.

10.a. Gap-junction communication

Cells in normal tissue may be considered an organized scciety, “whispering
together” in a faint and private language. They communicate with their neighbours
through chemical stimuli, and through electrical fields far weaker than the huge
electrical barrier of the membrane potential. Gap-junctions, specialized plagues of
protein piace between adjacent cell membranes, provide electrical and chemical
coupling between them (Loewenstein, 1981}.

By contrast, "cancer can be regarded as a rebellion in an orderly society of cells.
Cancer cells neglect their neighbours and grow autonomously over surrounding
cells. Since intercellular communication plays an important role in maintaining an
orderly society, it must be disturbed during the process of carcinogenesis:"
(Yamasaki, 1987, 1990). Disruption of gap-junction communication can lead to
unregulated cell growth (for review, see Adey, 1992b). Experimental evidence
supports a role for EM fields in modulation of this gap-junction communication in
cell {Cain et al., 1993) and animal (McLean et al., 1991) studies of joint actions of
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tumour promoters and fields at cell membranes.
10.b. Multistage carcinogenesis: initiation, promotion and progression

There is a consensus that tumour formation involves at least two steps: an early
step of initiation and a later promotion effect. Initiation involves damage to genetic
stores of DNA in cell nuclei, but the changes are not expressed - a tumour does not
result uniess one or more promoting agents act repeatedly at a later time. Initiation
may be a single event, as in exposure to ionizing radiation or to certain chemicals.
Initiated cells are transformed (mutated). They are cancer cells, but may remain
quiescent if not stimulated by a promoter. Promotion results from agents having
little or no initiating action when tested alone, but markedly enhance tumour yield
when applied repeatedly and intermittently following a low dose of an initiator.
They do not act on nuclear DNA, and many are known to act by binding to
receptors at cell membraiies (Weinstein, 1988).

10.c. Genotoxic carcinogenesis

Deeply rooted in the history of research in carcinogenesis and tumour formation
has been the concept that damage to DNA in cell nuclei is a necessary and
sufficient basis for tumour formation. It describes the essence of models of
genotoxic carcinogenesis, or multistage carcinogenesis, with successive stages of
initiation, promotion and progression.

10.d. Epigenetic (non-genotoxic) carcinogenesis; evidence of electromagnetic filed
actions in tumour formation

New lines of research in tumour formation reflect identification of a growing
number of agents, tumor promoters, that appear to play a causal role in human
cancer, without direct action on DNA stores (Pitot and Dragan, 1991). These
epigenetic models focus on action of tumour promoting agents, many in
association with membrane associated receptors. Experimental evidence from cell
and animal studies supports a model of joint actions of chemical tumour promoters
and EM fields at cell membranes.

10.d. 1. Experimental cell culture cancer models

In cultures of normal parent and mutant daughter fibroblasts grown together (co-
culture) for 28 days, a 60 Hz magnetic field (0.1 mT, 1 h exposure 4 times daily)
increased by 60% (p < 0.001) the number of small tumors (foci) induced by the
phorbol ester tumour promoter TPA (Cain et al., 1993). There was an approximate
doubling of the size and cell density of the foci. Fields alone had no effect,
suggesting that 60 Hz magnetic fields act in conjunction with chemical tumour
promoters to enhance development and expression of the cancerous daughter cells
scattered amongst normal parent cells, a phenomenon define as co-promotion.
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There is also evidence that 60 Hz magnetic fields may act at cancer cell
membranes to inhibit the normal oncostatic influence of hormones. The pineal
hormone melatonin is oncostatic in physiological concentrations (10" M) to
clultures of MCF-7 human breast cancer cells. Melatonin inhibited cell growth about
30% over a 7-day cycle in the presence of an 0.24 uT 60 Hz magnetic field that
simulated a typical environmental background field. However, at a higher 1.1 uT
field level, the oncostatic action of melatonin was completely blocked (Liburdy et
al., 1993).

70.d.2. ELF and microwave co-promotional effects in experimental animal models
of tumour promotion

Szmigielski et al. (1982) noted accelerated development of breast cancers in
susceptible mice exposed to 2.45 GHz microwaves (5 or 15 mW/cm?, 2 h daily, 6
sessions/week from age 6 weeks to age 12 months). Similar accelerations occurred
for skin tumours initiated with benzpyrene.

In an initiation-promotion study of skin cancer in mice initiated with dimethyl
benzanthrene (DMBA), McLean et al. (1991) noted a nonsignificant acceleration in
time to tumour appearance in the presence of a 60 Hz, 2mT magnetic field for 21
weeks.

Loscher et al. (1995) and Mevissen et al. (1995) have reported that DMBA-
treated female rats exposed to 50 Hz magnetic fields for 13 weeks exhibited
enhanced growth of mammary tumours. The magnitude of the co-promoting effect
was linearly related to flux density: flux densities of 50 and 100 uT significantly
enhanced tumour growth, while 0.3 uT was ineffective, and 10 uT induced a
nonsignificant intermediate response.

11. DNA damage and DNA repair; disordered repair mechanisms and the possible
role of long term, low-level EM field exposures in carcinogenesis.

Clinical evidence points to the significance of DNA repair mechanisms in tumour
prevention and tumour initiation. Even the most trivial metabolic intervention, such
as consumption of coffee, is known to produce numerous but transient single-
strand breaks in nuclear DNA that are normally completely repaired in a matter of
hours.

11.1. Clinical studies of DNA repair mechanisms in cancer models

Defects in cloned DNA repair genes has been recently associated with a
predisposition to some cancers and other disorders (Taylor et al., 1994). Moreover,

* free radicals of the oxygen and nitrogen species may act as complete carcinogens,

the outcome depending on interactions between DNA damage, antioxidant levels,
and DNA repair systems (Wiseman et al., 1995). A familial cluster of breast cancer
cases in one generation offers a model in which possible interaction between DNA
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repair prqficiency and exposure to ionizing radiation in childhood support an
hypothesis that a deficiency in repair of X-irradiation DNA damage may increase
susceptibility to breast cancer.

11.2. EMF influences on B-lymphocyte lineage as a factor in acute lymphoblastic
leukemia (ALL} in childhood

The most common form of childhood cancer is acute lymphoblastic leukemia
{ALL). Studies by the Swedish National Institute of Occupational Health have
reported that children chronically exposed to power line magnetic fields exhibit a 3-
fold increase in in incidence of leukemia (Feychting and Ahlbom, . 1992) and similar
data have been reported by others.

Uckun and Luben and their colleagues (1995} present evidence that exposure of

- precursor cells in the B-lymphocyte lineage to 60 Hz, 0.1 mT-magnetic fields

activates the Lyn protein tyrosine kinases, initiating an enzyme cascade that
culminates in activation of the important messengér enzyme protein kinase C
(PKC). PKC has been identified as the mediator of messages initiated by phorbol
ester tumour promoters and leading to unregulated cell division (Nishizuka, 1983,
1984). Activation of the Lyn kinase is sufficient and mandatory for the PKC
response in these B-lineage cells.

The authors conclude that "any participation by EMF in leukemogenesis of B-
lineage ALL is likely to be by influencing survival, proliferation, and/or
differentiation of B-lineage lymphoid cells, rather than by producing the primary
mutational or initiation event”"; and that a delicate growth regulatory balance might
be altered in B-lineage lymphoid cells by EMF-induced activation of Lyn.

72. In a broader perspective: therapeutic applications of nonionizing EM fields at
athermal levels

From its origins in the 1960s, systematic laboratory research in
bioelectromagnetics has been conducted world wide primarily under the aegis of
agencies, public and private, charged with assessment of risks to human health. At
the same time, a far smaller search has been devoted to possible therapeutic
applications.

Hazard research has tested imposed EM fields as exquisitely sensitive tools to
study interactions at cell and molecular levels, ultimately revealing an organization
in living matter based in physical processes at the atomic level. But in a therapeutic
context, an even more important emergent conclusion emphasizes the potential of
imposed EM fields to actively modulate chemical reactions in ongoing physiological
and pharmacological processes. Some of these diagnostic and therapeutic studies
have addressed 1) development of medical imaging systems, based on microwave
scattering; 2) healing of ununited fractures and pseudarthroses, and the healing of
wounds and ulcers; and 3) enhancement of drug action by imposed EM fields.
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12.1. Structural and functional imaging by microwave scattering

Despite spectacular success of separate developments in structural imaging with
CT and MRI scanning, and metabolic imaging with positron emission tomography
{PET), attempts to combine these techniques in a single structural and functional
image have been only moderately successful, lacking either spatial or temporal
resolution, or both. Future developments in microwave scattering techniques may
offer a further option.

Using scattering techniques with a 3.9 GHz field, Larsen and Jacobi {1979) first
successfully imaged the isolated dog kidney, revealing internal cortical structure
related to convoluted tubules, and deeper cortical layers containing glomeruli.

Evidence for existence of functional information attributable to physiological
dieelctric scattering in brain tissue comes from studies of microwave field
scattering in the rat’s head in the course of exposure to light flashes. Kelley et al.,
(1984) detected amplitude-modulation in the scattered signal, strongly correlatede
with simultaneous electrical evoked potentials.

Continuing research by Guo et al. {(1994) may point the way to combining both
techniques, constructing a functional image and giving substance to Sherrington’s
notion of the brain’s myriad functions as "an enchanted loom."

12.2. Use of low-frequency puised magnetic fields in bone and wound healing

In 1993, Bassett reported that more than 250,000 patients with fracture
nonunions, osteonecrosis, osteochondritis dessicans, and chronic refractory
tendinitis had been treated time-varying electric and magnetic fields. Laboratory
studies also suggest a rational basis for speeding recovery of severed nerves, to
control skin flap and graft necrosis, and to limit effects of acute myocardial
ischemia,

12.3. Tailored drugs and tailored EM fields in the future of pharmacotherapy

The late Professor Psyemislav Czerski in Warsaw first predicted (1973) that
microwave fields might serve to enhance the effectiveness of therapeutic
substances, reducing the required dose of efficacious drugs and permitting focal
action at cell and tissue sites.

Studies in France by Mir et al. {1993) show the feasibility of joint drug/EM field
action. Action of the cancer chemotherapy drug bleomycin was enhanced up to
650,000 times at the level required to kill 30% of cells in cultures exposed to 3 to
8 square wave electric pulses at 1000-1700 V/cm at 1 Hz rates. Field action
appears based on cell membrane permeabilization. In a mouse model, partial and
even complete regression was observed in innoculated melanomas, sarcomas, and
in spontaneous mammary carcinomas. Clinical studies in 8 patients with metastatic
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nodes from he_ad-and-nepk squamous cell carcinomas showed slowed growth of
tr‘eated nodes'm comparison with similar untreated nodes, and complete
diappearance in 53% ({18 nodes out of 34). -

For '(ht=T future, this tec?hnique of electrochemotherapy may be the forerunner of
vastly m‘_\proved tt.acl?nllques of drug administration, meeting criteria for specificity of
drug action a’nd diminished toxicity scarcely conceived at this time.

13. Summary and cenclusions; a paradigm shift in biology

Despite its initial role as handmaiden to hazard assessment, bioelectrbfﬁagnetic
resgqrch has independently laid foundations pointing to a quite new un-derstanding
of living matter, based on physical processes at the atomic level, far beyond the
realm of chemical reactions in a biomolecular fabric. Appropriate models describing
these bioeffects are based in nonequilibrium thermodynamics, with nonlinear
electrodynamics at the atomic level as integral features. Tissue heating, modelled in
equilibrium thermodynamics, fails to offer suitable models for an impressive
Spectrum of observed electromagnetic field bioeffects. Indeed, bioelectromagnetic
research appears to have swept beyond immediate goals in hazard research.

. Labor.atory studies have identified cell membranes as probably the major primary
tissue site of interactions with environmental ELF and ELF-modulated RF/microwave
fi.e|ds. They have determined major sequences in the coupling of cell surface
5|gnals to a cascade of high energy enzymatic mechanisms inside cells. Major
effects of these fields have been noted in 1) regulation of the immune system; 2) in
modulation of brain and central nervous system functions, including regulation of
the pineal gland and its hormone melatonin, which regulate the body's 24 h daily
rhythm, and are indirectly involved in other hormonal mechanisms, including normal
oestrogen receptor formation in gthe breast; 3) in regulation of cell growth, through
enzymatic mechanisms mediating DNA synthesis and repair; and 4) in apparently
acting at cell membranes with chemical cancer promoters, or with the body's
intrinsic hormonal mechanisms, as co-factors in tumor formation.

On the one hand, this new laboratory knowledge emphasizes emergence of
bioelectromagnetics as an interdisciplinary field at the frontier of both physical and
life sciences. It holds prospects for major new advances in understanding functions
of the human body in health and disease. On the other, epidemiological studies hve
drawn attention to ELF and ELF-modulated RF fields as possible risk factors in
leukemia, lymphoma, breast tumours, skin melanoma and brain tumours. It is clear
that these studies are merely pointers to much needed information on an exposure
metric for health effects in man. Nevertheless, they emphasize the essential
complexity of tissue effects of nonionizing electromagnetic fields. Unlike ionizing
radiation, the nonionizing metric must take account of profound tissue effects
attributable to intermittency of exposure; and the frequently transient character of
the ensuing biological response. Without much further fundamental research, we

cannot anticipate solutions to this problem of a metric for tissue dose; and the .~ _

success of further epidemiological studies will clearly rest on availabiltiy of such a
metric. :
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Peaome u 3axknoyeHusn; CABHr NapagvrMsi 8 6uonoruu

HecMoTps Ha CBOIO flepBoHa4aibHyio Pofib Kak CPeacTsa OUEHKW ofacHoCTy,
fuoanexTpoMarHuTHble WUCCNefOBaHVA UMEIOT HEe3aBUCUMO 3anoXEHHble OCHOBHI,
ykassisaloliMe Ha AOCTATONHO HOBOE NoHUMaHuWe Xusoit Matepuu, Gasupyoiwumecs Ha
Jusutecknx Npotieccax Ha aTOMHOM YpoBHE, Aanexo 3a chepoit XuMU4eckux peakuwil B
fuoMonexynsapHoit  cTpykrype. CooTBeTCTBYWOWME MOASMM,  OfuchiBaiollne 37U
ouoaddexTsl, OCHOBLIBAIOTCR HA HepaBHOBECHOW TepMOAHAMUKE, C HenuHeldHon
3NeKTpoauHaMukoit Ha aTOMHOM YPOBHE, YTo SBARETCA UX HEOTbeM/IEMbIM CBONCTBOM.
Harpepanwue TkaHu, MoaeNvpyeMoe B pasHOBEEHON TepMopauHamuke, He MoXeT
NPefnoXuTt NPUIroAHLIE MoAeNv ANA  BbIpas3vuTeNbHoro crnekrpa 3adukCUpoBaHHBIX

. 6uoadgektos anekTpoMarHuTHoro nons. Ha camoM npene, GuosnekrpoMarHuTHoe

uccnepoBaHue, okasbiBaeTcs, NowNo panobwie ONuxaniwnx uenein B UCCNeAOBaHUU
onacHoCT.

NaboparopHbie uccnenosatus mnemwbuuwpoaanm KneToqHble MeMOpaHbi Kak, BEPOATHO,
FNaBHOE MEPBUNHOE MECTO BIaUMOKEHCTBUA C OKPYXEIOWMMY MONSMU CBEPXHU3KOR
4acToTbi ¥ NONSIMU PAAUOYACTOTH, MORYNIUPOBaHHLIMY NIONIEM CBEPXHWU3KON 4acToThl. OHM
onpenenvan raaBHbie NOCNENOBATENBHOCTM B CONPSHKEHUM KAETOYHLIX NMOBEPXHOCTHLIX
CUIHAROB C KackafioM .BbICOKO SHEpreTMyHbix GepMEHTHLIX MEXaHU3MOB BHYTPU KJIeToK.
InasHble addexTul 3TUX Nofell Gbiny 3ameyeHbl B 1) perynuposaHmm MMyHHOM CUCTEMb;
2} B MoaynupoBaHuU GyHKUMIA MO3ra W LEHTPaibHOW HEPBHOW CucTeMbl, BKioHas
BO3AEeCTBUE HA 3NMUPU3 U [OPMOHa MeflaToHWHA, KOTopbii perynupyet 24 4acoBoit
CYTOUHBII PUTM XUBOTO OpraHusmMa U KOCBEHHO BOBjeYeH B ApyTue ropmoHalbHbie
MexaHwsMbl. 06pasoBakia DeURTTopos FOPMOHOB 3CTPOreHOB B rpyA: 3) B peryisuum
KNeTOYHOIO0 poCTa, Hepe3d GepMeHTHbie MeXaHU3Mbl, Ofocpeayiole CuHTes #
penapaumio AHK; u 4) 8 AeficTBUM Ha KneTouHble MemMEBpaHb! COBMECTHO C XUMMYECKUMU
KxaHUeporeHaMu, UM ¢ SHAOreHHbIMKU FOPMOHIBHBIMU MBXaHU3MaMu Kak ¢ KodrakTopamu
8 ¢opmupoBaHum onyxonu.

C opHolt CTOPOHE, 3TW HOBHe AabopaTopHbie AaHHLIe MOAYEPXMBAIOT YpesBLINaliHyio
BaXHOCTbL 61O3IEKTPOMArHeTMaMa Kak MeXaMcUMIUIUHapHOM o6nactv Ha CTuike Guavuku 1
HayK o xusHu. Passutue atoli o6nacT obeulaeT HOBbie 3HAYMTENLHLIE OTKPLITUS  [AR
noHuMaHus GyHKUMIA YenoBeYeckoro opraHuama kak B HopMe, Tak v B navosioruu, C
APYTOii CTOPOHLY, 3NMAEMUOJIONMHEcKUe UCCAeNOoBaHus NPUBAEKIU BHUMAHUE K TOARM
CBEPXHU3KMX 4acToT U MOsIM PAArovacToT, MOAYIMPOBAHHLIX CBEPXHU3KUMU HacToTamu,
KaK K BO3MOXHbLIM (hakTopaM pucka B neiikemuu, IMMbOME, ONYXOAW rpyau, KOXHON
MenlaHome u onyxonsx moara. ficHo, 4To 9T paboThl SBAKIOTCA TOALKO CUTHANOM K
TONHBIM  NabopaTOPHLIM  UCCACAOBAHMAM BAVSIHUSL MarHUTHOrO MOMIt Ha 3A0POBLE
venoseka, ﬂpoaep.eﬂnble K H2cTOALWEMY BpemMeHM wuccriepoBaHns nonYepKuBaloT
CNIOXHOCTh TKaHEBbIX 3¢PPeKTOB HENOHUINPYIOWMX ISNEKTPOMarHUTHbLIX noneit, [pu
U3YHEHUU  HEMOHU3VIPYIOLLETO  BNEKTPOMarHUTHOrO Nona (B fPOTUBONOAOXHOCThL
VIOHV3UDYIOLLEH  pagvaumu)  HYKHO  yuYuTbiBate rAy6okue TkaHesbie 3(dexThl,
CBOWCTBEHHLIC NyAbCUPYIOULIEMY (PUTMUNECKOMY) XapakTepy AaHHOrO NORs ¥ 4acto
BCTPEHaAIOWMIACH CKOPOTEYHLIN XapaKrep nocaeayouiero Gmosoruieckoro oTeera, Takmm
obGpa3om, petueHue npobnemsbl onpenenexuss GesonacHbix [03 NS TKAHW ABARETCA
3ajaden AN pancHenwmx Gonee  dyHAAMEHTaNbHbIX WUCCAEROBaHW; u  ycnex
AanbHeRWNX IMUASMMONONNHECKMX nccnenosaniin Oyaer onpepensTLCs Ha 3HaHWM TakuUX

' pos.
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Epidemiology - National Library Medicine Data Base
CHILDHOOD RESIDENTIAL MALIGNANCIES

1979: Wertheimer & Leeper; LEUKEMIA -

{Denver) NERV. SYS.

OR 2.28; C11.97-2.65

- OR 2.48; Cl1.16-2.36

1980: Fuiton et al. (Rhode Island) LEUKEMIA - OR 1.08 (ns)
1986: Tomenius et al. (Sweden) ALL CANC. -OR 2.12;C{ 1.73-2.59

. NERV. 5YS. -
1908: Savitz et al. (Denver); ALL CANC.

NERV.8YS.

OR 3.86; C11.63-8.39
-OR 1.53; C11.04-2.26

- OR 2.04; C11.11-3.76

LEUKEMIA - OR 1.64; Cl10.90-2.63

1993: Wartenburyg & Savitz; LEUKEMIA -

OR 5.3 (Fields > 2 mG,p <0.05)

LYMPHOMA - OR 7.4{Fields>3 mG, p <0.05)
1993: Feychting; LEUKEMIA - RR 2.7; C11.0-6.3 (Fields > 2 mG)
(Sweden) - RR 3.8; C1 1.4-9.3 (Fields > 3 mG)
1993: Fajardo-Gutierrez et al. LEUKEMIA-OR 2.63; Ci 1.26-5.36

(Mexico)..

1993: Olsen et al. (Denmark) ALL CANC.

-OR 5.6;(Fields > 4 mG)

All Exposures were to transmission lines or to distribution lines

Fig. 1

Epidemiology - Occupaticnal Malignancies

Authors Occupation  Disease

1982: Milham  Electrical Leukemia
1983: McDowell Electrical Leukemia
1985: Calie et al. Elec. Eng. Leukemia
1985: Preston-Martin Electr. Glioma
1985: Lin et al.  Electrical Glioma
1987: Thomas  Electronic Glioma
1988: Speers Electrical Glioma
1990: Park et al. Missile >20yr Glioma
<20yr Glioma
1992: Ryan et al. CRT Ops. Glioma
1994; Floderus Railway Breast CA
1994: Theriault LElec. Util. Leukemia
1995; Savitz  Llec. Util. Brain CA

Fig. 2

Risk

PMR 1.37(CI 1.14-2.25)
OR 2.1 (CI 1.3-3.6)
PMR 2.57 (CI 1.11-5.06)
OR 4.3 (CI 1.2-15.6)
OR 2.15 (C1 1.10-4.00)
OR 4.6 (CI 1.9-12.2)
OR 3.94 (Cl1 1.52-10.2)
PMR 8.7 (p< 0.000003)
PMR 1.8 (p< 0.45)

RR 4.1 (CI 1.3-13.2)

RR 4.9 (CI 1.6-11.8)

OR 37.76 (Cl 3.51- 100)
PMR 2.6
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OBY4YEHUE U NAMSATDL
B MONEKYNAPHO-TEHETUMECKOW NEPCNEKTUBE

Aoxrop meaunyuHckux Hayx K.B.AHoxuH

1. BBEREHME

3a nocneaHee fecsiTuneTe HoBble METOAL! uccnefoBanuii rny6oko npeobpasnnmn
Hayky mosre. [MO3UTPOHHO-3MUCCHOHHAs ToMorpadus U GYHKUMOHANbLHLIA AAEepHO-
MarHUTHbIA PE30OHaHC OTKPLYTM BO3MOXHOCTEL Habnioaats 3a paGoToi CTPYKTYp Mo3ra
yenoBeka BO Bpems ncwwmyeckoi pesrenbHoctn (Cohen & Bookheimer, 1994;
LeBihan & Karni, 1995; Roskies, 1995). Hosble Metoam MonekynspHoit 6uonorvum
NO3BONIVAY KNOHUPOBaThL COTHU FEHOB, onpepensiouwme ¢yHaaMeHTanbHbie GYHKLMU
HepBHOM cuctembt (Ortells & Lunt, 1995), Metoabl 6Gnokanb! SKCNpPeccuM FEHOB
aHTucmbicnosbiMi JHK (Albert & Morris, 1994; Hunter et al., 1995; McCarthy et al.,
1983), cnocobbl noayyeHus HanpaBReHHHX MyTauuM Mo OTAENbHbLIM - FeHaM
(Bourtchuladze et al., 1994; Huang et al., 1995; Grant & Silva, 1994), n TpaHcreHHsle
TexHonorvm (Mcinnes & Freimer, 1995; Tully et al., 1984), cranu HOBbiMU
VHCTPYMEHTaMu AN\ U3y4eHUs ponu reHoB B pa3suTuu 1 NOBedeHuN.

Bmecre ¢ Tem, Teopetudeckuit ¢yHaaMEHT, Ha KOTOPOM BO3ZABUraetcs sfaHue
HelipoHayk, HeceT B cebe 4epTul onacHoli HelaBepweHHOCTU. HecMoTpst Ha pocT
yucna IMMMPUYECKMX WCCNenoBaHuit, Mbl BCe ellle He pachonaraeM Teopuen,
KoTopast oTBedana 6bi TpeboBanunio W.M.CeuyeHoBa 0 “HayuHOi ncuxonormu”. Kak

. Bblpaswics HeA@aBHO OAWH W3 uccrenosatenel, “HeiipoHayku 3axnebbiBaiotcst oT

JaHHbLIX 0 TOM, Y70 AenaeT MOo3r, HO QakKTUHECKN NULLeHb! Teopuli O TOM, Kak OH 3TO
nAenaet” (Lewin, 1993). . .

BeaycnosHo, U.M.Ce4eHOB He Mol 3HaTb GonbluMHCTBa $akToB, Tpebyiowmxcs
ons coafanvst NoAo6HoM Teopuu, OQHAKO ero OPUeHTaUMs Ha TO Kakol AoMkHa ObiTh
TakKasi Teopusi - o nporpamma NoCTPOEHUs NCUXONOTUK Kak “NoNOKUTENLHON HayKn”,
yxonsiuen kopHamu B dmamonorvio u OGuonoruio, okasanack ¢yHAaMEHTaNLHO
npaeuntHoli. Bonee Toro, oH GE30WMGOYHO NOHSAN, YTO UCTOKU U CYLHOCTL '3Tol
cBs3U Kpolotcs B dakrte asonoumm. OTok, HepocTaToyHo oGcyxpaaswelics ponv
.M.CeyeHoBa B YyCTaHOBJIGHUM CBS3M MeXAY nNcuxosnoruveilt u IBORIOLMOHHON
6vionorueii, 6yaer NocesileH OAWH U3 TNaBHbLIX pa3fieNioB HacTosWero aoknapa. B
HEeM s CTaBnio 3ajayy Nokasartb, 4To CeyeHOBCKas NporpaMMa co3faHvus “HayqHoi
ncuxonorun”, no cBoeil norudecko cyrtu, Obina BapuaHTOM paaukanbHoM
SBOJHOUMOHHON NPOrpaMmbl.

CeroaHs Mbi MOXEM fy4lle onpeaenutb yCNoBusa ANS BbiNOAHEHUs NonoOHoi
riporpammbl. [ocTpoeHue Guonorudeck anekBaTHOM Teopyn GYHKLMIA MO3ra [ONKHO
oTBeYaTh psay MUHUMANbLHLIX Tpe6oBaHNA:

1. Teopuss nonxHa GbiTe 3BOAIOUMOHHON, OHa OGs3aHa OGbLACHATH Kak Ncwxka u
pas3yM BO3HUKNY B 3BOMIOLMK MU KaK OHU, B CBOIO oYepeAb, BAURAIOT Ha eCTEeCTBEHHbIN
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oT60p U TEMIL! 3BOSIIOLMN.

2. Teopust AONXHAa GbiTb NOCHENOBATENBHO CeNleKUMOoHHOW. OHa [oMmKHa UCKNIoHaTh
NPOBUAEHUMANEHLIE M VHCTPYKUMOHHBIE OBBSCHEHWA BO3HUKHOBEHMA CO3HAHUS M
pelnaTb aTy npobnemy B TepMMHaX COBEPLWEHCTBYIOUWXCA — MEXaHUSMOB
©CTECTBEHHOFO ¥ coMaTu4eckoro orbopa.

3. TeopWs AONXHA AaBaTb OTBET Ha TPY NPoGneMsl “3BONIOLUMOHHOTO LMKIa™:

3.1. Kax mopdonoruyqeckue cyberparthl NoBefieHUs 3aKiaAbiBalOTCA U CO3PEBAIOT
B X04€ 3MBPUOHANTLHOrO Pa3BuUTUA? (Mpobnema 3MBpuoreHe3a NoBEAEHNS)

3.2. Kak nosepeHvne cBs3biBaeT Mopdonornio ¢ anedeperumnanbHbim
BbIXMBaHUMEM, @ OBYYEHWE W3MEHSIET 3TU COOTHOWEHUA? (npobaeMa CTPYKTYPHbIX
OCHOB OBEAEHUSA)

3.3. Kak npuobpeTtaemuie ananTuBHbie MOAudUKaumKn deHOTUNE NpoeLnpyoTCa
Ha 3BONIOUMOHHLIE W3MEHeHus reHotuna? (npobnema MOAEKYNSPHOA reHeTVku
noseaeHus).

4. Teopma ponxHa OGbitb chOpMynMpoBaHa Ha  KOHUENTYaslbHOM s:suxe,
06eCneMMBaloLLEM AOFUYECKYIO NPEEMCTBEHHOCTL (a3 "3BONIOLMOHHOrO umKkna”. 310
03Ha4aEeT, YTo MEX/Y ‘OrmcaruaMu MopdoreHesa cy6cTpaToB NOBEASH!S B PasBuTm,
nx Moamdukaumii fpyu 06yvEHWM U U3MEHEHUA CTPYKTYPHbLIX OCHOB MOBEAEHWAB
dunoreHese NOMKHBI GbiTb NPONOXKEHbE “KOHUEMTYa/lbHbie MOCTBI", MO3BORAOLUME
OCYILECTBAATL TEOPETMHECKME NMEPEXOAbl MexXay 3Tumu obnactamm  (repsoe
TpEeboBaHMNE K KOHUENTYaNbHOMY S3bIKy Teopm).

5. Teopua RONXHa 6biTb BLpaXeHa B TEPMUHAX, COBMECTUMBIX C OMMCAHNEM NCUXUKU
W CO3HaHW\ KaK CBOICTB oOpraHusauMu aKTMBHOCTKM KneTok Mosra (Bropoe
TPeb0BaHME K KOHLIENTYaslbHOMY 3bIKY Teopu).

6. Teopus AODKHA NCTONB3OBATL A3LIK, MO3BOANIOLUMAN U3yHaTh MEXAHU3MbI nepenaqy:
mopdonorndeckmx npeo6pas3oraHMii Mexay 3tafnaMm  “3BOJHOLIMOHHOrO - LWKna
(rpe6oBaHme K UCCIeN0BaTebCKOMY A3bIKY TEOPWN).

KoHeuHo, 3Tu TpebosaHns ovesuaHbl. OfHakKo O4EBUAHO Takke U To, HTo Teopus,
oTBevalolas UM, CerofiHs ocyTtcTeyer. M ecint Mbl coOrnacumcst C YTBEpXAEHUEM
WN.M.CeueHoBa, YTO “Hay4Hasi NCUXONOrusl 1O CBOEMY COMEPXAHWIO HEe MOXeT BbiThb
HUYEM UHBIM, KaK PANAOM YYEHUA O MPOMCXOXKAEHUM MCMXUYECKMX AEATeNLHOCTeR”
(U.M.CeyeHoB, 1952, crp. 258), TO Hawa 3agaya 3aKno4aeTcR B TOM, 4TOGbI
3aBepuwmnTs CeveHOBCKYIO MporpaMMy MOMELIEeHUS CUXONOTAM B KOHTEKCT
6uonoruyecknx NPeACTaBieHWA O pa3BUTUN ¥ 3BONIOLMM MO3ra.

CeronHsi 7 xoTen 6ui 06CYANTL NULL OAMH acnexT 3Toi o6GWwupHoid 3anaum. OH
Kacaevcs cBA3U Tpex npobnem 3BOAILMOHHOIrO umkna. flo MOEMY MHEHUIO
dyHAaGMEHTANIbHLIE 3aKOHOMEPHOCTU 3TOW CBA3W cneflyeT uckatb Ha YpoBHe
MoneKynapHoi reHeTuku. MTNaBHbLIA TE3UC HACTORLIENO BLICTYIUIEHUA COCTaBnsieT
runoTesa, YTo NPOLECcCH Pas3BUTUS MOBEAEHUS, NMPOLECCH o6GyvyeHUus U 3soROLMN
roBefeHUs] CBA3aHbl 4Yepe3 psf  cnelmpuyeckMx MexXaHM3IMOB  3KChpeccum
OrpaHUYEHHbIX CEMENCTB perynsiTopHuiX reHoB. B foknane GyAer roxasaHo, 41O
HEKOTOpbIE U3 3TUX I'EHOB, YHUBEPCANLHLIX AN Pa3BUTUA U oByyeHuUs, yXe U3BECTHbHI.
JlanbHewee wuay4yeHMe 3TUX FE€HOB M MEXaHUW3MOB WX 3KCMpPEeCCUUM CTaHOBUTCS
KNIOMEBOM 3KCHEepUMEHTANLHOM 3aaajeil 3B0NIOLMOHHOM Teopun mMo3ra. ina 3Tofo ei
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noTpebyeTcs UCNonNb3oBaTh WAEM W MOHATUS MONEKYAAPHON TreHeTMku. Takum

06pazoM, §3biK MONEKYNAPHO rEHETMKM OKASHIBAETCH  HEOBXOAUMBIM ans
3aBeplueHns CeuYeHOBCKOM MPOrpamMmbL.

Tenepb 51 Mory oGbenuHUTL 0BAa OCHOBHLIX TE3UCA HAcTOSLLETO poknana. Ero
LieHTpa/ibHaa 3anava - foKasaTh, YTO MpOrpaMMa fOCTPOEHUSI “NCMXONOTMMA Kak
NOROXUTENbHONA Hayku” (M.M.CeyeHos, 1952, cp. 250) Tpebyer uHTerpaumm reopim
QYHKLMA MO3ra ¢ TeopHsiMm  amMOPUOHANLHOIO passutua u  Moppoormieckos

_SBOMOLMM. 3Ta MHTErpaLs OCYLECTBAMA NUlub Yepe3 A3biK QYHOAMEHTNbHBIX

33KOHOMEPHOCTEN TKAHECNIELMPHHECKON PEryNaumm KCNPECCM reHOB B pPasBuTwu,
MoBEAEHMA M 3BONOLUNY.

2. NOCTAHOBKA IPOBJIEM

Kakue npobnembl HeoGXOAMMO pDEWWTL AN YCTAHOBNEHWS CBA3W nporpaMMbl

MOCTPOEHUS “Hay4yHOU rncuxonormu® ¢  GyHaaMeHTa/IbHLIMK 33aKOHOMEpHOCTAMM
MONEKYRApHONA reHeTnkin?

Mpexpe scero Tpeyerca ommcath npoGremy 3mbpuoreHesa cybcrpaToB
BPOXAEHHOro foseaeHusi; Npobnemy pocra U U3MEHeHUs! CBA3E MeXay HelipoHamu
npu oByveHun U npobremMy gpunoreHeTMyeckoro npeo6pasoBaHus CTPOEHUA MO3ra Ha
A3bike perynsaumm akCrnpeccum reHos.

OnHaxo 3T0ro HeRoOCTaToMHO. HEOBXOAMMO OCYIIECTBUTL 3TO ONKUCAHWE B TaKMX
TepMUHax, KoTopule o6ecriewnu Gbl  NIOTUYECKYIO CBS3b MeXy pasButueMm,
obyveHuem v 3sonioLmein (nepsoe TpebosaHie K KOHUENTYalbHOMY Si3biKy Teopum) v
BOBJIEKaNM Bbl NPOLIECCHE €CTECTBEHHOro oT6opa, NPOXOAALLME C Y4aCTUEM NCHXMKU U
noBefieHus (BTopoe TpeboBaHMe K KOHUENTyanbHOMy si3bIKy Teopwy). LpyrvMu
CNOBamK, OnuCaHne npo6nem 3BONIOLUMOHHOrO UMKNIA 3MIMPUYECKAM  SI3LIKOM
KCTPECCUN  TEHOB, COEAVHAACE C KOHUENTYalbHbIM S3LIKOM TEOpuM, AOMKHO
BOCCO3/1aBaTh GEHOMEH aNHreHe3a - NPoLEecca, HauMHaIoWerocs ¢ TpaHgpopMaLWm
AMHEHOTO reHEeTUYECcKOro KOAa 3uroTsl B TPEXMEPHYIO CTPYKTYDY OpraHwaMa,
NPOXOAALIEr0 CKBO3b MHOIME YPOBHU OpraHn3aLmu u NpoeLMpPYIOLLETOCS B KOHEYHOM

cyeTe o6paTHO Ha reHbl, 4Yepes 3NW30AH MOBELEHWA, ONPeaensioUME Xom
€cTecTBeHHoro orbopa.

CywHocTs 3afay, © KOTOpLIMU NPEACTOUT CTONKHYTLCH Taxkoh nporpaMme craHer

ficHee, ecii Mbl paccCMOTPUM HekoTopbie dakThl, NOAYYEHHLIE B NOCAEAHEE BPeMS
MOREKYNAPHOI reHeTUKONA.

2.1. NPOEBJIEMA “HEHPO3BOJIIOLLKNK"

OpHum us Hambonee dyHaaMeHTaNbHBIX OTKPLITUA MOREKYASIPHOW TEHEeTUKM
nocnefHuX ner 6ulio To, 4YTO MpUM CO3AaHUKU “XpaMa WHTeNneKTa” 3BORoLMs
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MnoNL30BaNach, Bbipaxasck cnoBamu XKako6a, “MeTofoM fepesiuloBKu craporo”.
ViHaye roBopsi, B NOCTPOEHUU CTPYKTYP FONOBHOMO MO3ra MJIEKONUTaIOLWMX Y4acTBYyIoT
retbl, GYHKUMM KOTOpLIX Ha Bonee paHHUX 9Tanax Isoiiouvm He Gbinn CBA3AHLI C
HepPBHOW cucTemoit. Pasbepem nuilb HECKONLKO MPUMEPCE STOMO 3BONIOUMOHHOIO

npuHLMNa:

2.1.1. Ons BuOEAeHs MEAMaTopOB B CUHANTUHECKMX OKOHYaHNsIX HeiipoHos
UCTIONB3YIOTCS NPOAYKTH TEX Xe reHoB, KoTopble ob6ecreymBaioT npolecck cexpeLmm

y JPOXOKEN,

Benku, koavpyembie redom SEC1 y papodokedt o6ycnosnusaioT A0CTasKy
CEeKpETOPHLIX My3bipbkoB K Mnaamatudeckoll MemOpane. 3To /vl OAHO 3BEHO
LIenoro CEeKPETOPHOTo KacKada, BK/IIONAIOWEro BE3UKYNIAPHBIA TPaHCMopT M
SHAONNAAMaTMHECKOro peTMKylyma B Komileke Tlonbmxu, a orryAa K
nnasmMaTuyeckoit MmembpaHe unu Bakyonu.

HenasHo romonor SEC1 reHa 6bin o6HapyXeH y. MnekonuTalomx, Okasanoce,
4TO OH crieumdUHECKU aKcnpeccupyeTca B HepBHOW CUCTEME U YTO KOAUPYEMbIM MM
6enokK y4acTByeT B MeXaHM3Max Cekpeumm cuHanTuiecxux sesmkyn.

CeFonH M3BECTHO, NYTO B appecauMmM  CUHanTWYeckux  Besukyn K
npecuHanTMYecKol fnasMaTuieckol mMembpare Bo BpeMs HelipoceKkpewmn urpaiot
KpUTHHYECKYIO pPO/ib AiBa ceMelicTea Genkos - VAMP Genkv (unu CUHaNToOpEeBMHbI),
paclionoXeHHbie Ha CUHaNTUHECKUX MyablpbKax, U CHMHTAKCUHDI, pacnonoxennfue Ha
crieLpdUHECKX Y4acTKax npecuHanTuieckoli memGpatbl. Y Apoxxeil 66Nk HallaeHb!
FOMOAOTYM CMHaNTOGPeBUHOB M CMHTaKCMHOB W OKadanocb, YTOo OHM y4acTBYOT B
npoueccax cekpeumm (Tabn. 1). Kpome Toro, Hekoropoe Bpems faaan 6bino
obHapyxeHo, 4To Secl BsaumoaeiicTeyeT ¢ AByMs Genkamu apoxokelt - Ssol #
Ss02. O6a 3T1 6eska okasanuch POACTBEHHL CEMEeNCTBY CUHTaKCUHOB, Y4acTBYIOLUMX
B CHMHaNTUYECKOM BblieneHue HelipoMeaAnaTopos Y MAEKONUTAIoWMX.

Tabmuua 1. CemelicTBa GesiKoB, PEryIMPYIOLUMX NPOLECCH CeKpeLnn y ApoNoked M HepBHbIX KIeToK
(no Bennet & Sheller, 1993 u Pfeffer, 1994).

Fomonor y Y4acToK TpaHCNOPpTa Fomonor s
Cewmelicrao apoxxeh y ApoXxxe# CUHaANTUYECKOM
OKOHYAHUU
rab YPT1 us 3P 8 Monbxun rab3a
SEC4 u3 Fonbaxu K Membpatie
VAMP BET1/SLY12 us 3P 8 Monbxu VAMP1 wan VAMP2
SEC22/SLY2 u3 9P 8 Noanaxun
SNC1 u SNC2 w3 Fonbaxu K Membpane

CHHTaKCUH SEDS us 3P 8 Monboxu CuHTakcKH A wnu B
PEP12 us Fonbpxm K memtpane

SSO1 4 SS02 ns lonbxm K membpane
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Takum o6pa3om, NocTeneHHo BLIPMCOBLIBAETCH kaptuHa (Tabn.1), 8 cooTBeTCTBMM
C KOTOPOA npoueccel Mem6paHHOrO TpaHcnopra B CEKPETOPHLIX  MyTHX
obecrne4nsaloTcs rpyninoit reHoB, KOTOPLIE KOHCEPBaTHBHbI OT APOXCKEN 10 HEePBHbIX
KneTok mnekonurailoiyux. HekoTopbie M3 STUX FEHOB WUSBECTHbI, OAHAKO MHOMMe
Apyrve SeC reHbl ewe NpejcTouT MAEHTUGMLIMPOBATL, NPUYEM BEChb npenbiaYLIniA
ONbLIT NOACKasbiBaeT, 4To obHapyxeHWe reHoB 3Toli rpynnbl y Apoxokedt Moxer
CYXWTb HagEXHbIM NpeackasaHmeMm ux dyHKMA B KneTkax Moara MIeKONUTaIoWMX.

(cm.: Bennet & Sheller, 1993; Pfeffer, 1994).

1.2. MeHbl cemMeyicTBa, perympyiowero rMpoLecchl aeieHys! Y ApOXOKeli U UBETeHUsT y
pacTeHud, crieupuyeckn IKCrPeccUpPyIoTcs B pasBuBaloelicss Kope GOMbLINX
nonywapui rojoBHOro Mo3sra MIeKkonuTaoLmx.

B HelipoHax cneumduyeckux cnoes KOpbl rONOBHOMO MO3ra MAEKONUTaUMX BO
BpeMs passuTusi oKcnipeccupyetcs reH MEF2. OH kogupyeT TpaHCKpUNLIMOHHLINA
daKTop B Mo3re 4efioBeka M OTHOCUTCA K ceMeiicTBy MADS reHoB - cemeicry
reHoB, TPaHCKPUNLMOHHLIX dakTopoB. Bece oHm umelor obwumin 180-HykneoTUaHLIA
y4acToK, Kovopuit onpepensiet MADS-n0MeH, onocpeaylommii  cBA3biBaHue
perynaropHbix 6enkos ¢ AHK u ux BsauMopeiicTeme ¢ apyrumu Genkamu. HasBaHue
cemeicTea siB/ISeTCSt aKpOHMMOM OT “NlereHsapHoii YeTeepkin” GenkoB-oCHOBaTene:
MCM1 (us Saccharomyces cerevisea), AGAMOUS (ua Arabidopsis thaliana),
DEFICIENS (ua Antirrhinum majus) w SRF (us Homo sapiens). Bce aTv reHw, no-
BUAUMOMY, Yy4acTBYIOT B perynaumm npoueccoB pasBUTUR U KJIETOYHOM
anddepeHumposku. Tak, y apoxokeii ABa Genka atoro cemeiictsa MCM1 u ARGS0
COCTaBnfIOT 4acCTb PEeryssiTopHoro Komsekca, NOAaBnfiowWwero reHsl aHa6onuama wu
MHAYLWPYIOLWEro reHbl katabonuama aprubvHa. MCM1 yyacTeyer Taioke B aKTMBaLn
reHoB APOXOKei B OTBET Ha NosoBkie pepomoHbl. Mpu passuTM uBeToB Y Arabidopsis
n Antirhinum Genku, KoaupyeMbie reHamu 3TOro cemeicTsa, BIaUMOAECTBYIOT
KOMOWHATOpHLIM 00pa3oM, ONPenenss WAeHTMHHOCTL OPraHoB BAONbL Gasa/lbHO-
anvkanbHoi ocu usetka. Y aposodpunpl MEF2-Genku, Koauvpyembie reHamu,
roMonoruyHeiMM  reHam MEF2  yenoBeka, Y4aCTBYIOT B  KOMGUHATOPHbLIX
B3aUMOAENCTBUSX, ONPeAensIoLMX MAEHTUHHOCTL CerMeHTOB TeNa BAONb fepenHe-
2afHelt ocu. HakoHeu, y yenoBeka, SRF reH xoAupyeT TPaHCKPUNLIMOHHbIA daxrop,
3KCNPECCUPYIOLMIACH B HEPBHbLIX KneTkax. OH 3aryckaeT MHAYKUMIO ceMeiicTBa reHoB
HerocpeACTBEeHHOr 0 paHHero oTeeTa, Peryiupylowmx NporpamMMy TPaHCKPUNLMK Npu -
neiictemv GpaKTopoB POCTa, XMMUHECKUX CUTHANOB M HEPOMEAUATOPOB B Npoueccax
pa3BuTURA M NoseneHus. (cm.: Leifer et al,, 1993; Theiben & Saedler, 1995).

1.3. F'oMeoBokcHble reHbl, KOHTPOAMpPYIOWMe GOPMUPOBaHME CErMEeHTOB TyfoBuLLa
6eCro3B80HOYHBIX, ONPEAENsIOT Pa3BUTE OTAEN0B MO3ra MIIEKOTUTAIOLLIMX,

FoMeo6OKCHbBIE FeHBl KOAMPYIOT TPAHCKPUILMOHHLIE (aKTopbl, BbiNONHsIoWMe
pasHoo6pasHbie YHKLUMU B Xxofle PasBMTUA. OHM WMPOKO MPEACTaBAeHH Yy Beex
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2yKapuoT, HO fpeTepneny OGWWMPHYIO PagvauMIio Yy paHHUX MHOTOKNETOHHBIX,
NpeBpaTMBLIMCL B PAA OMEOGOKCHBLIX CeMeNCTB, OBLMX ANs MHOTUX KNaccos
MHOIOKNETO4YHLIX. Y GONbLUMHCTBA XUBOTHLIX rOMEOBOKCHBIE reHbl cneunduuupyloT
CTPYKTYPEl BROSL NEpefHe-3afHell ocu Tena. 3TM reHbl  KnacTepusyloica B
KOMIHIEKCH!, M NO3UUUA FEeHOB BHYTPU KOMITNEKCa KOppenupyeT CO BpeMeHeM UX
aKCMpeccuyu B Pa3BUTUM M 30HOW 3Kolpeccuu BRONL ocu Tena. K uucny Takux
rOMeOTMHECKUMX TEHOB OTHOCSTCS reHbi, BXOAsWME B COCTaB  KOMNNeKca
antennapedia-bithorax - perynsatopHbie reHbl, KOHTPONMpYoLwme pasBuTUe CTPYKTYp
BAONbL nepefHe-safHel ocu y Aposodwnbi (puc 26). Tomonorm aTmx reHos y
NO3BOHOYHbIX, W3BECTHbIE KaKk CeMeWCTBO TFeHoB HOX, aKcnpeccupyeTca B
nepeKpLIBaOLWMXCA OMEHAX CIMHHOIO U ronoBHoro mosra (pus. 1). Wix skcnpeccus
o6HapyXuBaeTcs B 3MOPUOHAILHOM MO3re Millliel 1 YenoBeka U UMeeT BbIPaXEHHYIO
NPUYPOYEHHOCTL K  MOpHONoOrMHECKMM  CerMeHTam  HepBHOM CUCTEMbI.
Hakannusaiowmecs AaHHble CBUAETANbCTBYIOT O TOM, 4TO HOX reHbl KOHTponupylot
dheHoTuNMYeckylo clieluanu3aumio pombomepos. MyTaumu B onpefeneHHbIX reHax
BeAYT K HapylEeHUsIM pasBUTUR WNKU NOSHOMy OTCYTCTBUIO COOTBETCTBYIOLMX
pomMEomep-cneumeuiHbBIX HePBHBIX CTPYKTYP. (cm.: Akam, 1995; Double & Morata,
1994; Krumiauf et al,, 1993; Lewis, 1994).

1.4.. Passutue nepegHero Mo3ra MbiUn KOHTDOMMDYETCH TPaHCKPUNLIAOHHbBIM
PaKkTopoM, rOMOJIOTNHHLIM FeHaM Opranmn3aropa WopLUeBOos JisiryILKA.

B 1924 roay Manronbn u ilnemaH ocylwecTBwin 3KCMEPUMEHT, KOTOPbIM
BnocneacTsuu 6bin yaoctoed Hobenesckoi npemMun. TpaHCIARHTUPYA CMIUHHYIO YOy
6nactonopa oOT OAHOro BwAa TputoHoB (Triturus vulgaris) x nppyromy (Triturus
cristatus) onn oGHapyXnIu To, 4TO BnocneacTsuvn tlinemaH Hassan opraHu3aTtopom -
y4acToK TKaHW, BOBMIEKAOWMIA, WM “OpraHu3yiowmic®, npunexawme  Knevku nns
$OPMUPOBaHMA OCEBLIX CTPYKTYp 3Tu HabalogeHwss nernv 8 OCHOBY TeopuM,
COFNacHO KOTOpOM pasBUTUE ONOCpedyeTcs Yepe3 Kackalbi MEeXKAEeTOHYHbIX
KOMMyHukaumii. Xota cam LlnemaH cuyvtan nouckn MOseKyfbi-OpraHuaaTopa
6GecnepCnekTUBHLIMA, PRl CUFHANBLHLIX MENTUAOB, CeKPETUPYeMbLIX B OpraHusaTope,
6bin BCe Xe HailneH TpaHckKpunuMsa WX FeHoB 3anyckaeTtcsa cneumdudeckumn vis
opraHMaaTopa TpaHCKPUNUMOHHLIMU akTopamn U3 CeMeicTBa roMeocbOKCHbIX TeHOB.
HekoTopbie reHbl 3TUX  TPAHCKPUNUMOHHLIX (akTopoB Obinn  U30NUPOBaHLI U3
opraHmusaTtopa WwnopueBoi narywim Xenopus laevis. OouvH U3 Hux, Xiim-1, nmelowmn
obumit KoHcepBaTUBHLIM AOMeH LIM ¢ redom lin-11 y HeMaTtoaw Caenorhabditis
elegans, obnapaet Takke 92% aMUHOKUCNOTHOM rOMONOruel ¢ reHom Lim 7 Mbilum.

Kak nokasanu HefaBHue akcnepumeHTo LUasnora u BepuHrepa, y Mbileit ator
reH HeobXoauM AR pasBUTUA NEPeRHUX OTAENOB FONOBHOMO Mo3ra. Y sMOpPUOHOB
Lim1”" ¢ nanpasnewHoi MmyTaumeld resa Lim71 oTcyrcTByeT nepeaHuii M cpelHwA
MO3F, HO COXPaHAETCA HOPMANbLHOE pa3BUTHE BCeX HU3NEXALLMX OTAEN0B HEePBHON
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Puc. 1. Ponb roMecboKCHbIX reHoB B QOPMAPOBAHAN MOIra O3BOHOYHBIX 8 aMbpuorerese.
(A) - Carrvranvhbii cpes 18-anesHoro kypuroro amBpuoHa, 8 pomGomepos obosHayeribi rl-r8.

li-Xil - vepenwsie Asuravenstie Hepsel, V, Vi, IX e,
- Ve Vi DBbI  BLXOAST M3 ero Mo
pomboMepst 12, rd 4 16. SaAH 3ra Yepe3

SC. = CMHHOM MO3Tr,

m - cCpefiHni MosrT,

d - npoMexyTouHbii Mosr,

t - nepenrnit Mosr.

(B) - Cxemaruyeckan wimocTpaums obnacreii 3Kcnpecchm reHos cemedictsa Hox-2, Krox-20 u int-2
{romonora FGF) B cOOTHoMIEHUH ¢ noKann3saLmei PomGomMepoB ri-r8,

(c) - K9mnnexc reHoB HOX-2 Multlid MMEET CXOAHYI0 OPraHu3aumMio C KOMIIBKCOM rOMEeOGOKCHbIX
reros Bithorax y Aposocduns: (Us Hull, 1992) '

cuCTeMmbl, Tynosuila U-xeocTa (puc 2a). (DeRobertis, 1995; Finkelstein & Boncinelli, -
:ggg) Pendleton et al., 1993; Spemann & Mangold, 1924; Shawlot & Behringer,

’
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HOPMANbHBIA
®EHOTUN Ubx

MYTALIUSA

Puc. 2. HapyuieHus pasBuTHs npi MyTaLmsax roMeobOKCHbIX TeHOB.

A - OM6GpuoHBI MbILIK C HANPaBAEHHOA MyTaumes romeoBokcHoro rexa Lim.

Crniesa nokasaHs ABa roMO3MIoTHLIX 3MOpuona Lim™", MyraHTHex no reHy Lim1. Cnpasa ambpuoH
aMKoro THna (+/+), poauBMiCA B TOT Xe AeHb. MyTanTHbie 3MODHUOHEI HE HMEIOT CTPYKTYp
ro/IOBHOFO MO3FA, AeXalliyx KNepean OT YUIHOH PaKOBUHBI (CTPENKH), OBHAKO MX TYSIOBMUE M XBOCT
pas3BuTbl HopMasibHO. (A3 Shawlot & Behringer, 1995).

B - HopMmanbHas Apo3oduna nmelowan oAHy napy KPuinbes (PassuBaloLMXCA U3 CerMeHTa T2) u
aposoduna MyTaHTHas o romeoTwieckomy reHy Ultrabithorax, paspHBaiouiasncs ¢ ABYMS napamit
Kpbuibes (43 cermentos T2 n T3). (U3 Tautz, 1996).

1.5. B passuTum rnas HaceKkoMbiX, Pbi6, MJIEKOIUTAIOWMX M PagyXHOM 060Noqku
rnasa 4enoBexa KpUTHHECKYIO POJib MIPaloT FeHbl u3 cemelicTBa TpaHCKPUWILIMOHHbIX
¢axTopoB, oTBevaloWMX 3a MopdoreHes nepupepu4ecknX CEHCOPHLIX OpraHos Yy
Hemaroa.

TeHb! ceMelicTBa Pax 6, KOAVIPYIOLUWME MapHOAOMEHHbIA U [OMEoAOMEHHbI
TPaHCKPUMLMOHHble ¢$akTopbt, KOHCEpBaTUBHLI RO CTPYKTYpe U NOBCEMecTHO
BcTpevaloTcs y Metazoa. OHu oTBe4al0T 32 MOP(OreHes Takux CUMNLHO OTIMHAILLNXCS
OpraHoB 3peHust kKaKk nepudepudeckme CEeHCOpHbIe OpraHbi y MOYBEHHO Hemaroabi
Caenorhabditis elegans, gaceTouHbe rnasa y Apo3o¢ubl, rnasa MoUIIOCKOB, Puib v
ntvu,. Kpome Toro, reHbl ceMeitcTea Pax 6 akcnpeccupyloTcs B CTporo onpeaeneHHbIX
y4acTkax pasBUBaIOLIErOCcs rONIOBHOMG MO3ra Mo3BOHOYHLIX; BO B3POC/IOM MO3re aTa
IKCTIPECCUS CHYXKAETCS, COXPaHSAsch Ha GoNlee HU3KOM YpOBHE NULWb B OfpaHU4eHHOM
KONW4ECTBe 30H, HanpuMep, B Kope Mo3xedka. Myraums 3TmMx reHos Buauaae;r
pasBUTUE aHUPUAMMK Y NenoBeka, MPOSBNSIOWYIOCH B NOMHOM OTCYTCTBUU PafyXHOU
o6onouku. MyTaums aToro xe reHa Small eye nPUBOAMT K HEAOPA3BUTUIO IN1a3 Y KPbiC
M Mbiweil. CosfaHue HarpaBneHHOW 3KTonuueckol akcnpeccuu reHa eyeless B
3ayarkaX pasnuuHbIX UMarHaibHbIX QUCKOB Y Ap030¢uNbl Bbi3bIBAaET Pa3BuTUe Ha ee
KpbiNbsiX, nanax ¥ aHTeHHax MOpQONIOrUYeCcKU UHTAKTHLIX 3IKTONMUHYECKMX rnas ¢

nonHLIMU Ha6opamu ¢oTopelenTopHbIX kneTok (Chalepacis et al., 1993; Halder et al.,
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1985; Hanson & Van Heiningen, 1995; Zhang & Emmons, 1995).

Puc. 3. 3xcnpeccus reqa Pax6 g Moare 13- HEBHOIO amMOpuoHa MbitLm.

Cb - mogxevox; Cfr - pponransran kopa; DT - gopsanssis ranamyc; ET - asnutanamyc
LV - narepanbrbiii xenynodex; Ms - cpenmii mosr; OB - obonsTensHas AyxoBnua

OE - obonsrensHuii snutenuii; Pn - mocT; POA - npeontuyecxas obnacrs; SE - centym
Sc - criHroii Moar; VT - BeHTpanbhblii Tanamyc; 4V - YeTBEpTbili Xeynotex

M3 aTUX NPUMEpPOB CTaHOBUTCA SICHO, YTO eHbi, KOHTPOMMPYIOLME pPaIBUTHE
OpraHoB ¥ o6wero nnaHa CTPOEHUSt Tena MHOrOKNETONYHLIX OpraHW3MOB, ro-
BUAUMOMY Urpanivt KpUTUYECKYIO POJb U B 3BOJTIOLIMM 3TUX CTPYKTYP. BTopoe BaxHoe
OTKpbiTME COCTOMT B TOM, 470 4YacTO 3TU TreHbl ABASIOTCS roMeoGOoKCHbIMU WMnu
FETEPOXPOHHBLIMA  FeHamMu U OTHOCATCRA K cReuvdUHecKuM  MySlbTUreHHbIM
ceMelicTBaM, WieHbl KOTOPbIX KOAMPYIOT TPaHCKPUNUMOHHLIE dakTophl (Akam, 1995:
Guarente et al., 1992; Theiben & Saedler, 1995). B TepmuHax knaccudukaumm reHos
Ha "CenexTopHbie”, KOTOPLIE PEryMPYIOT APYIUe reHbl U “peanmsaTopHbie” KoTopbie B
KOHE4HOM cveTe obecneuusaoT MopdoreHes (Tautz, 1996), ato B flepayio oYepenb
“cenekropHbie” reHbl.

Kakass rnaBHas npobnema ocTaercs HepelleHHO B 3TUX WUCcNneaoBaHUsx?
LleMOHCTPUPYSt MONEKYnsipHoe POACTBO MEXaHM3MOB Pa3BUTUSI U SBONIOLMYU, OHM
ocTaBnsloT 6e3 oTBETa KPUTUHECKMIA BOMPOC O- NPUHLMNAX, KOTOPbE 06YCNOBANBAIOT
NPeemMcTBeHHOCTE GYHKUMA FEHOB B YCIOBUSIX YCMOXHsIOWecs Mopdonoruyeckois
opraHusauMu. B OAHOM U3 nocnenHux 0030pPOB OCHOBHbLIX MpPobGneM Guonorum
pas3suTUsa (cm. Tabn. 2) aToT Bonpoc Gbin chopMynuposaH Tak: “Kakum o6pasoM B
3BOMIOLMY BO3HUKNO MHOXECTBO Pas/yHbIX MNyTeil pasBUTUS, COXPaHSAIOWMX Mpw
3TOM CTOAbKO OGLUMX reHertudeckMx KOMMOHeHToB?" (Barinaga, 1994) CnoxHoctb
aT0# Npo6neMul ellie Gonee BO3PACTaET, €CAN TAKKe yUeCTb, 4TO MeXAY FoMonoruedt
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reHoB, ONPEAESNFIOUMX pPa3BuTUEe BHATOMUHECKUX MPU3HAKOB, W 3BOSIOLMOHHOMN
roMonorveil 3TMX NPU3HAKOB He OOs3aTesbHO CYLLECTBYIOT MNpAMbIE OTHOLWEHWs
(Dickinson, 1995).

Mo3TOMY COBEPLUEHHO OYEBMAHO, YTO OAHOI M3 FNaBHLIX 3aday 3BOJTIOLMOHHON
Teopun Mo3ra A0/MkHO ObiTb ONMCaHWE MPMHLMNOE BOBREYeHUs cemeiicTs reHoeL.
BO3HUKLIMX Ha “[IOHePBHLIX" aTanax SBojloLMY, B passuTue n obecneveHue dyHKuMA
BbICILVX OTAEMOB HEPBHOW CUCTEMbI Y CIOXHOOrPaHUM30BaHHbIX OPraHM3MOB.

Tabmmya 2

BAXHEMIUME HEPELWEHHDIE NPOBNEMbI
BMONOrUn PA3BHTUSA

Yucae Mecro

B cnucke
HepeweHHbie BONPOCH e No. 2
1. KaKoBbl MONneKynsipHble MexaHuaMbl MopdoreHesa? 36 2
2. KakoBa CBSiab MEXAY pasBUTHEM W SBORIOLMEN? 29 11
3. Kak NPOVUCXORUT AeTepMuHauma cyasbil keTok B pasputun? 25 4
4. Kakosa ponb MeXKNeTOYHbIX CUrHanor B passutun? 25 1
5. Kak $opMUpyIoTcs NaTTephbl B PaHHeM amGpuone? 24 8
6. KaK HelipoHb! ycTaHaBNMBaIOT CBOM cneuduieckue cBA3n? 21 6
7. Kak KneTkv 3HalT Korga AeAUTLCA W Koraa rvbHyTh B xoae 17 9
co3AaHUA OPraHoB U TKaHeH?
8. Kak TpackpunumoHHble $pakTopbl KOHTPONUPYIOT 15 4
v depeHUMpPOoBKY TKaHeh?

PeaynsTartl iposefenHoro 8 1994 roay xypranom Science ofipoca 66 BeAywmx chleunanncTos no
6UONOrMYM PasBUTHA O BaxHERLMX NpobaemMax, HepeLeHHbXX B 3TN AucuMvIMHe (Barinaga, 1994,
crp. §62). loxasarenbHo, 4TO XOTA BOMPOC © CBA3M PA3IBUTHA M 3BOMOLIAN 6bu1 BTOpLIM 8 pAAY
HauGonee BaxHux APoGAeM, GH 3aHR NPEANOC/IEAHEE MeCTO 8O BTOPOM CnHCKe « obnacred, rae
oxugaerca Haubonee CyLECTRHHbINA IPOTPECC § nocaeayoUine 5 ner.

OGpaTMcsi Tenepb Ko BTopolt gpyHAAMEHTaNLHOM rpynne ¢$akTos, 0GHapyXeHHbIX
MOSEKYNsIpHOU HelporeHetukoii, OHa AeMOHCTpupyeT, 4To B xoae 3BOMOUMM B
HEpBHOW CUCTEMe, OJHOBPEMEHHO C 9KCMlyaTalmei GYHKLMIA YyXe MMeoLIMXCs
reHoB, NPOMCXOAWNO TaKKE W ApaMarMyeckoe YBeiudeHWe 4ucina HOBbIX [EHOB,
cneunpudecku sKCNpPeccupyIowmxcsi B Mo3are.

+

Ewe nepsble paGoThi MO OUEHKE CAIOXHOCTM cocTasa fom A” PHK B Mo3re
MJIEKOTIMTAIOWMX YCTaHOBWIM, 4TO OHa OrpoMHa W cocTaBsfeT MNovwm 120 MAH.
HYKNEOTUAIOB, MO CPaBHEHWIO, K NpuMepy, ¢ NPMEM3uTenLHO 30 MNH. HyKNeoTUIOB B
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nonu A* PHK nedeHu u nouku (Hahn et al., 1982)° Catkmdd ¢ coTpyaHUKaMu,
cosaas kOHK ©ubGnuoteky M3 Mo3ra B3POCALIX KPLIC, BLMUCAWIM, 4TO U3
npubausutensHo 100 ThiC. rEeHOB COCTaBARMIOWMX FEHOM Kpbicbi, okono 60 ThiC.
3KCMpeCcUpYIoTCH B MO3re, nNpudeM 3KCNpeccus Gonee MOMOBMHbLI W3 HUX
moarocnieumduyHa (Milner & Sutcliffe, 1983; Sutcliffe et al., 1983). NposeaeHHbI
HEABHO aHANW3 TKaHeCNeUMGUUHOCTI KCNPECCUU CyYaliHbiM 06Pa3cM BbIGPaHHBIX
2505 reHo u3 K[HK GubGnuoTekn Mo3sra 4enoBeka Taloke NoKasan, YTo MOSIOBUHA
FeHOB vmeeT Mo3srocnelmdbuyeckyio akcnpeccuio (Zhao et al., 1995). Tot dakT, uTo
MHorue MosrocrneumM@uyeckme reHbi NPeTepneBaloT anbTePHATUBHLIA CRNAMCUHT
(Santama et al., 1995; Uirich et al., 1995; Zacharias et al., 1995), ewe Gonee
yBENMWMBaeT MOJeKynsipHbI peneptyap Mosra. B utore nofiydaetcs, 4To Kak
MUHUMYM KaXAbiii BTOPOD reH B reHOME YefloBeka CBSisaH ¢ oGecneyeHreM Toii W
MHO YHKLIMM HEPBHOI CUCTEMBI. )

U3 npuBeneHHLIx pacyeToB crieqyeT, YTO SBOAIOLMS TEHOMA COBpPEMeHHbIX
MAekonuTalolx B 3HaYuTesSlbHON Mepe onpenensnach MNPoLLecCCOM MeHeTUYECKOro
obecnieveHust YCNOXHSIOWENCS CTPYKTYPHOM opraHusaumm v dyHKLM Moara. 3T1oT
¢GakT npuaaeT coBeplleHHO HeoXWUpaHHbil 06opoT Mbichn Teliapa pe lllapaeHa o
TOM, 4TO “UCTOPUSI XN3HWN €CTh, MO CYLUECTBY, Pa3BUTUE CO3HaHWS, 3aBYaAIMPOBaHHOE
Mopdonorueir” (Teiiap ne llapaeH, 1965, cip. 167). O4eBuaHo, YTo NOGast Teopust
GyHKLUWIA  MO3ra  CTaNkMBaeITCsi Tenepb C HeOGXOAUMOCTLIO  CENIEKUMOHHOTO
OGBLSCHEHUST 3TOF0 “MOJIEKYNSIPHO-TeHeTUYecKoro deHoMeHa YyenoBeka®. BoaHukaeT
KPUTUHECKMIA BONPOC: MNOCPEACTBOM KakMx M3 CBOWX CBOMCTB HepBHasd cucTema
onpepenvna “nelipossonioyHio” - pasBUTUE rEHOMa B HaNPaBREHWA HAKOMNEHVS
reHOB, 3KCNPeCCUpPYIoLLIMXCH B Mo3re?

2.2. NPOBJIEMbl 3BOJJIOUMOHHOro UMKNA

WUHTepecHoe CBOICTBO NpobnieMbl “HERPO3BOAIOLMU" COCTOUT B TOM, YTO OHa
He AIBNAETCH 3anayein oaHoit Nulib Helipobuosiormn. SBOMIOUMOHHAS Teopusl Takke
[OKHA pacWwMpuTL  CBOM  paMku, 4TOObl acCUMWIMPOBATh HOBble  (aKThi
MOREKYnsipHOW HelAporeHeTKU.

PasbepeM nonapoGHee YcCRoBust pelieHus NpobfieMb! “Heipossonioumn®. Mel
3HaeM, 4YTo pesynsTalhl SBOMOLMW  YCTAHABAMBAIOTCH MO  OTHOCUTENLHOMY
YBE/IMMEHMIO HYACTOT [EHOB B  NONYASALUMK, MNOKa3aTernlo,  UCMOAb3YEMOMY
NONYNSIUMOHHOM reHeTUKoN Ans KoHcTaTaumMm dakta 3sosioumn. OAHaKo 3BOMIOLMS,
KaK NpaBwio, He AEACTBYeT HeNOCPEACTBEHHO . Ha YPOBHE FeHOB. PealkHhiM
CpeACTBOM 3BOJHOLMOHHBLIX U3MEHEHUI CIYXWT eCTeCTBEHHbIN 0TGoP, NPOUCXOASILMIA
Ha ypoBHE EHOTUMOB 1 UX B3AMMOOTHOLLEHUI CO cpenoi. IMeHHo B xoae Takoro
otbopa, JMeicTByioulero Ha ¢yHKUMM M CTPYKTYPbi, KOTOpbiE YBEAMNUBAIOT

" Omun U3 aBTopoB aTux paboT HeAABHO NPU3HABanCs, Y70 KOrfa OH BNEpSbe COBULUT 3TH JAHHLE Ha
OfiHoit U3 Kondepenuuii B cepeamHe 70-X Tof0B, erc OKPyXWna CTeHa HENPUSTUA CO CTOPOHbLI
cneuuanucToB no GUOXMMUK HEPBHOM CUCTEMbl, HALEABIUMXCH peilnTb npobneMbi ocHoB obyyenya u
namMaTu nyTeM MaeHTudMKaluu Bcero Heckonskux Kputuyeckux Genkos (B.Kaplan)
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BLDKMBAEMOCTb WM Pa3MHOXEHWe, NpoucXoauT u3MeHeHue 4YacToT reHos B
nonynawan. MNoaToMy, AR NOHVMaHUS MEXaHU3MOB IBOMOLMOHHLIX NMpeoctpa3oBaHUi
Heo6xoauM cBo4 “TpaHCHOPMALMOHHLIX NpPaBUA”, CBA3LIBAIOLMX WN3MEHEHUA B
“NMPOCTPaHCTBE FEHOTWNOB” € W3MEeHeHWsIMW B  “npocTpaHcTBe  ¢deHoTvnos”
(/leBOHTUH, 1978).

B cBoem aHanu3e (puc.4) JleBoHTuH yKasbiBaer, 4TO AN COOTHECEHWs vacTtor
reHoB C peasibHblM NPOLIECCOM ecTecTBeHHOro oT6opa Tpebyerca Habop M3 Yerbipex
TpaHcdOopMaUMOoHHBIX NpaBwi (cM. Takke Sober, 1984; Edelman, 1987). MNepBos (T1)
cBA3biBaeT -aurothl (Gj), 4epes npouecchl 3MOGPUOHANBHOrO pa3BUTUR, C. TeMW
NpvisHakaMu OpraHn3Ma, KoTopbie HeCyT CeneKTMBHbLIe

IIpocmpancmeo
geHOMUNOS

ﬂ 0CIPaHCMEo
pq:enggnunoe

v
P % P,

Puc. 4. Cxema nyreii npeobpa3oBanusi reHoTMna nonmyasuusn or M K 110KO.

{/lesorTn, 1978). CxemMa nokasbiBaeT, KaK IPOUECCH €CTECTBEHHOro oTéopa MoryT 6biTe CBA3aHbI C
UIMEHEHMEM 4acToT reHOB B nonynaumy. Pe3ynprarsi 3BoMouMn TNPOSBASIOTCA B W3IMEHEHMWAX
NpOCTPaHCTBA I'EHOTMNOB, OAHAKD CPEACTBOM 3IBOJHOUMOHHBIX MIMEHEHUI CAYXaT [PoLecch
ECTECTEEHHOr0 o0T60pa, nNpoTexkawiune B npocTpaHcTBe <heHOTHNOB. BepTukanshvie AUHWM
npeAcTaBAfOT npasuna TPAHCHOPMaLHM, HEOBXORUMBIE ANA TOTO, YTOGL CBA3ATH MeHbl C PassuTHeM
un nosepennem. T; obo3snavaer passurve; T, 06¢ yaeT rnoBen n Moanduxaummn B3poCnoro
opraHmsma B ycnosusix orbopa; T, npegcrasnaer dopmmupoBanne ramer; Ts npeacrasnner

¢dopmMupoBaHne  ONIOROTBOPENHOA  SAIMIEKNETKN, [OTOBOH K BCTYNNEHWIO 8  CAERYIOUMA

3BOMOUMOHHBIA LNKA.

<

npevmyllectsa. Bropoe (T2) onpenensietT npeo6pascsanna 3penbix GeHOTUNOB Ha
NPOTSDKEHAM  MHAMBUAYANLHOM  XWM3HM UM CBA3AHO G 3KOMOFMYecKUMM
B3aumoaeiicTBusMM B npouecce Gopbfbi 3a cyllecTsBoBaHWe, CRApUBaHWA W
ectectBeHHoro or6opa. Tpetbe (T3) COOTHOCUT heHOTUNB ¢ 06Pa30BaHUEM NONOCBLIX
K/1eToK, 3aKoHamu pekoMGuHauu WM OPYrumMy 3aBUCUMMOCTAMM, MNPOELPYIOLIAMM
deHoTuN Ha 'reHoOTVNL, Hakonel verBeptoe {T4) onuckiBaer GopmypoBaHue HOBhIX
aurot (Gi) u onpeaensieTcs NpaBUNaMy COPTUPOBKM FEHOB, TakUMMW KakK 3aKOHbI
‘MeHpens u 3akon Xapau-BaiinGepra, rno3sonsiOWMMM, WCXOAS W3 POAUTENLCKUX
reHOTUNOoB, NPEACKa3bLIBaTL FeHOTUNLI CREAYIOUIEro NOKONEHUS.

Takum o6pasomM, Habof npaBun TpaHchopMaumm  obpasyer  3aMKHYTbLIN
“3BOMOLMOHHLIN UMKA", Ero uMHTepecHas OCOGEHHOCTb 3akAioMaeTcsl B TOM, “TO
nonbiTka peleHns. KDXOOW M3 COCTaBNAIoWMX €ro 3afa4 OTchflaeT Hac K
Heo6xoaMMOoCTU pellieHus npenunymew. HelicTBUTENBHO, ANR NOHUMAHWS NPUHUH
V3MeHeHVst H4acToT FeHOB B reHOTWUNMMecKOM NpOCTPaHcTBe Heo6xoauMo onvcaHue
MX BKNana B NOBEAEHWE WHAMBUAYANbHLIX OPraHM3MOB B 3MM304aX ecTeCTBeMHOro
or6opa. OHo, B8 cBOIO ouyepemb, TpefyeT 3HaHWsl SNUreHeTWMECKUX 3aKOHOB,
BKAIOYAIOIWMX [AHHbIE TEHbl B MEXKNETOUHbIe B3aUMOLEICTBUS, KOTOpLIe NEXaT 8
OCHOBE MopdoreHeaa CTPyKTyp, HECyWMX CenekivBHbie npeumyllecTsa. B
ONPeAeneHHoM CMbICHe STOT LIUKA OKa3biBaeTCs “LUMPKYNISPHOM NOBYLWIKOIH" BLIXOA M3
KOTOPO BO3MOXEH TONLKO NP COBOKYNHOM pellieHMn BCeX COCTaBNsioWMX ee
BONPocoB. MuHUMaribHLIl HaGop NPoGneM “UMPKY/TAPHO NOBYWIKU® COCTOMUT Ua:

1. 3aa4M NPOEKLIMM IEHOTUMNOB Ha (EHOTUNLI B XOAE PasBUTUS;
2. 3apa4 cBsI3N GeHOTUNOB € NPUCNOCOBREHHOCTLIO B NpoLieccax oT6opa;
3. 3apa4v npoekumn GeHOTUNOB Ha peaynbLTVpYioue W3MEHEHUs! reHoTUNOB.

Kakoe oTHoWeHWe WMeeT 38Ta UAPKYRspHas noaymxa K npoGnemam
Hepo3BONIOLUMU N 3BORIOLMN CO3HaHUA?

OHa nomellaeT 3Ty NPo6ReMbl BHYTPL 2BOMNOUMOHHOro Wkna. [eiictBuTtensHo,
rnaBHOe CBOVICTBO 3BOMOUMOHHOFO LiMKNa, COCTOMT B TOM, 4TO nio6oit opraH U ero
DYHKUMW, BO3HUKWIME B X04€e GUOROrMHeckoil 3B0NIOLMI, MOTIN CO3AABATLCA TOJIBKO
BHYTPU 3TOro UMkna. Echn mbl rOTOBbBI NPMHATL, YTO NCUXMKA U CO3HAHWE BO3HUKAWN Ha
onpefeneHHoM atane 3IBOMOLMM, KaK CBOMCTBA onpeaeneHHbiXx (eHoTUNoB ¢
onpenenelHbiM 06pa3oM opraHMaoBaHHO Mopdonormeit, To mbl ¢ HeoBXoAMMOCTLIO
OOMKHbt BNMcaTe npobGnemMy MNPOMCXOXOEHVMS pasyma B pamMku npoGnem
3BOHOLMOHHOTO LuuKkAa. OaHako, 4To6bl NOHATL NCUXUKY, KaK CBOMCTBO opraHuaaumm
CTPYKTYP Mo3ra, cllenyeT BHadaie NOHATL Kak 3T CTPYKTYpbl BO3HMKAW B Xohe
Buonornueckoin aBonoLMN. ATo cocTaBRsieT nNpotnemy mMopdonormieckoil aBomoLMn
- OQHY U3 UEeHTpaJibHbiX HepelleHHbIX npobGnem coBpeMenHol Ouwonorum. Ee
peuieHne, B CBOWO ouepedb Tpebyer TeopuM COOTHOoUleHWUs1 SMOPUOHANLHOFO
pa3BnTUA N 3BORICLUN, TEOPUX ONMCHIBaIOLLE! B3aMOAEACTBME 3TUX NpOLECCOB B
reHepauuy cTpykTypbl opraHuamos. HakoHel, peuieHve 3Toll npoGnemMbl He MoXeT
6biTb NOMHLIM, 6CRM He BKAKHYATL NoafagaHue 3TMX CTPYKTYP non AelicTBue
ectecTBeHHoro otéopa B npoiueccax, onpeAenfeMbIX NoBeacHWeM U NCUXUKOA.

Utak, ™Mbl oOKaskiBaeMCA B UMpKYnsipHoit nosyike. Ee napapoKcasibHbiM
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cnefcTsVeM aBAsETCA TO, YTOo npo6nema npoucxoXaeHys ¥ afanTusHbIX GYHKUMA
ncuxukn nepecraeTr GbiTh NpeaMeToM coGCTBEHHO HayK o _Mosre. st Boixoda u3
LHMDKYISIDHOM N0BYLIKK U pelienrs nNpobaemsl HevipoaBonoLm Tpebyetcs efkHas
Teopusi, CBA3LIBAIOLLAA 3MOPHONOIHIo, MOPQONOruIo, QU3NOIOruio MU NCUXONoruio.
Kak Mbl yBUauM HIDKe, BapyaHT Takol riporpamMmMbl 6b6in onucad U.M. CeyeHoBbiM.

3. U.M.CEYEHOB U 3BOJIIOLIMOHHAS TEOPUSA

MHe kaxeTcsi, yTo B oueHke MBaxHa Muxaithosuva CeveHoBa, KaK MbiCAUTENns
or| pOMHOI?'I cMEenocTh ¥ OopuruHanbHOCTH, ellle HeAOoCTATO4HY!d pPonb cbirpano
npusHaHe ero BKnaga B pas3BUTVE SBONIOLMOHHONO MbilbieHusl. OTt4acT 3To
oGycnoBneHo TeM, 4To CamMi NpoLecchl NOBeReHWA U NCUXUKY, SBASABLLKEcA
obvextamy CeyeHoBCkOro aHanusa, AONroe Bpems He BXoaunyu B Kpyr npo6nem
CUHTETUYECKOW TeOpUM IBONIOLINMA.

3.1. SBOJNIOLMOHHAR SNKUCTEMONIOTUA
¥ UCTOPUOTPA®USA 2BONMIOLIMOHHON UAEU

Henb3a ckasaTtb, 4To WrHopupoBaHue ponu noseneHWs ¢ caMoro Havana 6buio
YepTo¥ Teopun ectecTseHHoro otéopa. NpeanoxeHHan B koHue XiX Beka, B ka4yecTse
pasBuUTUA AapsBuHU3Ma, Teopua “opraHu4eckoro. oToopa” (Baldwin, 1895; Morgan,
1896; Osborn, 1897), npupaBana NOBEAEHUIO OFPOMHYIO IBOMIOLMOHHYIO ponb, OHa
craBwia U pelsana 3azady cenekUMoHHOU cuMynauvy naMapKOBCKUX NPUHLANOB
HacnenosaHusl npuobpeTeHHbX npusHakos. OaHako 3Ta rUNoTesa, nNosy4MBLIan
u3BeCcTHOCTb Kak “addexkt BongyvHa®, BMoOcCnencTsMA He 8owWwNa B COCTas
HeofapsuHuama. OTHacT¥, Kak cimtan CUMIICOH, 3TO CAYYWNOCh NOTOMy, YTO OHa
Obina  BbiABMHYTA “HE3AOONr0 A0 MEPEOTKPHITUA MEHAEnU3aMa, pPaauKaibHo
u3MeHuswero  HanpasneHue  Guonorudeckolt  mMbicny®  (Simpson,  1953).
DelicTBuTenbHo, Kak CReACTBME cUHTE3a reHeTuikd M GuomeTpuM “UccnenosaHus
MexXaHM3MOB 3BOnNOUMKM NONasalpT noA enapxuio MNOMYNSALUUOHHON reHeTUku”
(Dobzhansky, 1951, ctp. 16) npudeM ‘npaswWna, OnNpenensioWMEe FeHeTUNECKYIO
CTPYKTYPY NONyAsiMiA, OTAMHAIOTCA OT TeX, KoTopbie O6YCRoBNUBAIOT reHeTuKy
uwHausnayymos” (Dobzhansky, 1951, ctp. 115). B peaynbTate aroro B ABaAUATOM
Beke “GuoMerpuyeckue MccrefoBaHUA MONYALUMOHHON reHeTMKM NpeBpaTwiUCh B
caMocTosiTeNibHylo 06nacTb, OTOPBaHHYIO OT paccMoTpeHust ambpuonorn U
uHAVBUAYanbHoro passutva”® (Gottlieb, 1992, crp. 88) u noyTM HuKTo U3
BblAaloWMXCA SBONIOLMOHUCTOB-TEOPeTHKOB, 3a ucknioyeHvem W.U.LLmanurayseHa
(1982) u YomnwxrToHa (Waddington, 1961), He NpeanpwHss MONLITOK BKNIOYATL
noseneHue u GeHOTUNUYECKYIO MNACTUMHOCTL B RAPC AaPBUHOBCKONM 9BONOLIMOHHOM
Teopum.,
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OnHako ¥ cama Teopus 3BONIOUMM, Kak Nno6an Teopus, Takke 3BOAIOLMOHUPYET
(cM. Hanpumep Tynmun, 1984; Hull, 1988; Depew & Weber, 1994). Ceroaxa mHorve
ncecnenosaTeny NpUMeHNIIOT MAEID ecTecTBEeHHOro oTéopa K NpuHUMNam obyyeHun
(B.b.lsbIpxos, 1988; 1.B.Cumonos, 1993) u k npoueccaM comaTvyeckoro otéopa B
mosre (Edelman, 1987,1992). MNoBenenve paccMaTtpuBaeTcs ¢ OQHOM CTOPOHbL - KaK
OAVH U3 USHTPabHLIX pPE3YNbTaToB 3BONIOLUKM, a C APYroi - kaK 3¢ dekmBHbLIN
2BONIOLMOHHBIA MexaHuam (Matsuda, 1987; McPeek, 1995; Slater & Halliday, 1994).
“OsoniouroHHan anuctemonorus® (Bradie, 1986; Cziko, 1995), unu "yHuBepcanbHbiiA
napsuHuaM™  (Dawkins, 1982) pacnpoctpaHsieT — pelictBue  “anropuTmoB”
ecTecTBeHHOro oT60pa Ha pasnuyHbie Npouecchi: OT MEXaHM3MOB MMMYHUTETa
(Edelman, 1987) no noBeneHus XuBoTHbix (Slater & Halliday, 1994) ot
yenoBeyeckoro wmbilinedua (Munz, 1993; Plotkin, 1994) no xyaoxecTseHHoOro
rs8opyecTsa (M1.B.Cumoros, 1985), ot 3akoHoB MeauLmHbl (Williams, 1991) no Teopuin
obpasoBaxus (Perkinson, 1984), OT pasputua s3bika, KaK afamVIBHOrO “opraHa”
(Pinker & Bloom, 1990; Pinker, 1994) no nporpecca Hayku (Hull, 1988) u asoniouun
yesioBe4eckoi KynbTypol B uenom (Cziko, 1995; Dennet, 1995).

MpuHaTUE YHUBEPCANLHOCTU OTOOPa, KaKk MeXaHusMa pa3BUTUS Pa3nuyHbIX
cucTeM, OVKTYET, B CBOIO Ou4epeab, OCO3HaHWE YCNOBHOCTM TOrO KOHKPEeTHOro
UCTOPUYECKOrO MyTH, KOTOPbiM 3Ta SBOMIOUMOHHAA TEOopwua [OOCTUrAa Hawlero
cosHanua. Mnnioctpaumelt 3TOMy Te3ucy MOryT CRyXuTb MbicfieHHbIE clueHapuu
anbrepHaTUBHLIX NyTel Npuxoaa Hayku K NpUHUMNAGM ecrecTBeHHoro otbopa (Plotkin,
1994). B Hux [lapsuH BbICTYNaer B HECBOWCTBEHHbLIX eMy amivlya WMMYHONOra,
dunocoda Hayku ¥ T.4., KaXAhiA pa3 NpUxoas K OTKPLITUIO NpUHLMNAG ecTecTBeHHOro
ot6opa.

Hanpumep, 8 oaHo# U3 uctopul [apsuH, 6yAy4 He HaTypa/MCTOM, a BecbMa
HabnionarenbHbiM UccneaoBaTeneM NOBEAEHUN XWBOTHBIX, 3aMevyaeY, 410 Npu
afanTauuy K HOBbIM CUTYauMsiM XMUBOTHbIE UCMONL3YIOT penepTyap pasnuuHbix ¢Gopm
noseneHuws. MpuveM Npu oby4eHus, B 3aBUCUMMOCTU OT ONPEAEGNEHHBLIX YCioBuUA
cpenbl, BEPOATHOCTb NOCHEnyOWEro roABASHUA TeX WU  uHbIX aKtoB B
noseneH4YeckomM periepryape uameHsiercs. M BoT BMecTo Toro, 4Tobbl Hanucars KHUrY
“lTpoucxoxneHne BUOOB [YTEM €CTEGTBEHHOro otbopa W  coxpaHeHue
6naronpusTcTeyeMbIX rnopof B8 6Gopbbe 3a Xw3Hb" [lapBuH, co6paB OrpOMHbIN
dakTuveckult  marepuan, nuwer Tpya ‘“flpoucxoxneHne noseneHus  nyTem
BHYTpEHHero otéopa unu coxpaHeHue 6naronpuATCTBYemMbIX NnoBeneH4Yecknx akros B
6opsbe 3a 3anomuHaHve”. POXOAaerci IBONIOLUMOHHAA TEOpUA, KOTOpasa, Nno Bone
MCTOPUYECKOrO cAy4asn, OKasbiBaeTCA COCpefoToYeHHOW Ha nosegeHwu. U nuwb
nocnegylowMe NokoneHua  GuosioroB,  MNbiTalowMecs  pewutb  BONPOC O
“NpouCXOXAEHUM BUAOB”, 3aMeyalT NPUMEHUMOCTE Teopuu noBeneHvYecKoh
3BONIOLUMU K cBoel npobneme.

A npuBen oSTOT aHTacTMHECKMii clueHapuit Nyt Ana  Toro, 4To6hl
NpoAeMOHCTPUpPOBaTb, 4TO CerofHs, Npu ob6palleHus K UCTOpUUM 3BONIOUMOHHLIX
vnelt, notpebHoCTb rny6Xe OCMLICIUTL cofepXaHue W rpaHuusl  AeiCcTBUA

" Yro, KCTATH, BHIFMSAAT HE TAKUM YX W HEBEPOSTHHIM yuuTHiBas rybokuii whrepec Jlapsuna K aTofi
npobReme # ero paHHUe "NoBeeRYecKue” Bepcun IBOMIOLMOHHOM Teopuu {cM. Richards, 1979; Barret et
al., 1987).
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3BOMIOLIMOHHBIX 3aKOHOMEPHOCTel 3acTaBAsIoT HaC PacrnpoCTpaHWTb BHUMaHWe Ha
&urypbl Tex, KTO BNepBbie WCNOML30BaN SBOMIOLMOHHLI noaxol AN pelleHus
npo6nemM, nexaBWWX BHE TPaaWMUMOHHBIX L[OMEHOB 3BOOUNOHHOA GHONIOMMH.
VIMEHHO C 3TMX NO3NLMI CREAYEeT oLeHUBaTb U 3BOIOLIMOHHLIA Noaxoa Ce4eHoBa.

3.2. WU.M.CEYEHOB ¥ UCTOKU IBOJIIOLUOHHON ncuxonoruu

PaccMoTpyuM BHavane ucropudeckuii apryMeHT pornv CeveHoBa B cO3faHWW
3BOMIIOLMOKHOroO Noaxoaa K ncwxvke, MNpocToii aHanus noxaswiBaeT, 4yro CeyeHos Gbin
oiHMM U3 NepBbIX cospeMerHMkoB dapauHa u CneHcepa, KTo NPUHST W UCTIONbL30BanN
8 cBoel paboTe IBOIOLIMOHHYIO rMNoTEe3Y NPOUCXOXKAEHNUS NCYXVKA, 5

3pect cnenyeT BCMIOMHWTBL, YTO NPW BCEW OrpOMHOM nonynsapHocTu fapeuHa u
CneHcepa, UxX uaew o GMONOMMYECcKUX OCHOBAX WHTENNeKTa UMEeNU BecbMa TPYAHLI
NyTe X YMaM coBpeMeHHwKkos. Jawxe Yonnec, CoOTKpbiBaTéNb NpuUHLMNG
ecTecTBeHHOro oréopa, B cepum nuceM ybexaan [apBuHa, YTO UHTENNEKT U MOPanb
He MoryT ObiTe Mpogyktamy 3TOro npouecca. HecMoTpsl Ha kpaiiHe orop4eHHble
3amevatusa JlapevWHa, BbipaXaBlWero Haaexay, “470 Bbl BCe Xe He younu
OKOH4aTensHo Moe W Bawe cobcTeeHHoe AwTR”, Yonnec OO KOHUA XWU3HW Tak W He
OTK3a2aNCA OT CBOEH HeraTMBHOW No3ULWM, KOTOpYIO OH BrOCNEACTEWM ofipeaensn KaK
“Mosi ocoban epecb” (Gould, 1980; ctp. 47).

Ce4eHOB Xe C caMoro Hadana oKa3sancsl roToBbiM K BOCNPUATHIO 3TUX UAei.
OQHON U3 NpU4MH 3TOrO, Kak Mbl YBUOMM HKe, Obifio TO, YTO OHW OKasauch
KOHreéHWanoHbl ero coO6CTEEeHHbIM BINASAM HA COOTHOLUEHUE MCUXUYECKOro W
pusuonormyeckoro.

Koraa B TeopiecTse CeldeHoBa HAcTynun “3BofloLMoHLI nepuon”? TPyaHO TOMHO
OTBETUTL Ha 2TOT BONPOC, OAHAKO HE UCKNIOYEHOD, YTO aTo ciyswnock B 1871 roay, Bo
spemMsa pabordl Ce4deHosa Haa NepesofioM *lMpoucxoxaeHveM 4YenoBeka” .D.apauua.'
Mo «xpaiHeli. Mmepe craten CeveHosa “KOoMy u xax paspabaTbiBars NCUXONOMMIO”,
ony6nukosaHHan 8 Bectivke EBpont B 1873 rofly, yXXe COREPXUT OTHET/IMBLIE YepPThi
SBONIOLMOHHONO MuilineHus. B Hel npucyTCTBYIOT ABE COCTaBHbie 4acTh NporpaMMbi
Hay4HOU NCUXOIOrUMU - “cpaBHUTENLHAA NCUXONONMA” N "aHUMTUYECKAs NCUxonorms®,
KoTopuie panee, B “OneMeHTtax Mbiciv”, OyayT BbiBefeHbl B ¢opMe HeusBGexHbIX
norn4eckux cneacTawi napannenbuoﬁ IBOMIOLMN  CTPOSHUA OPraHn3MoB, WX
Ppusronormm u NCuxmyeckon AesTenbHOCTU.

XoTa Ha TUTYABHOM NUCTE PYCCKOTO flepeBosia SHaYUTCR uMA CeyeHoBa, B AECTBUTERLHOCTH KHUra Sutna
nepesepeHa Mapueit AnexcanppoBHoit Bokosoii, @ MBan MuxalnoBuy, SHaBLUMIA aHIMMIACKKA ASEIK XYXe
HEMEUKOFo 1 ¢paHLYSKOTO, OCYWECTBARR AWlWb Hay4Hyio pefaxuwo nepesoga. Becb nepesog 6bin
ocywecTssieH Tak 6uicTpo, 4To B Amuu u Poccuu *ipoucxoxaenue yesioBeka® suiuuio B ceer 8 1871
Tropy, npaKTMyecku opHoBpeMmeHHO, Kctatw, B usfianwu cnesywowero Tpyaa JlapsuHa, “O BuipaxeHuu
OWYLEHWlk Y YenoBeka W XWBOTHLX” (1872), Gnarofaps nepesosy A.0.Kosanesckoro u rpasiopam
unmocTpaumii K bpemy, npepoctasnenHbix .0.KosanesckuM, pycckuM U3fATensM YAANOCh NobuTe Cpoku
(a:rguqa»;g—s ;)m paGota [lapsuna Gbina oRYGAMKOBAHA Ha PYCCKOM R3biKe paNbllie YeM Ha aNrmUACKOM.

odes, X
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Ho no-HacrositueMy B pPRAOL OCHOBOMONOXHWKOB 3BOJIIOLMOKHOM NCUXORorm
CeyeHoBa BbIABUHYNa ero cenylouias KpynHas paboTa - “OnemMeHTst mbicnn® (1878).
B Helt 3BONIOLMOHHLIA aHanNUa CRyXMT LUeHTpalibHBIM APUEMOM USYYEHUR pPa3BUTUS

yMCTBEHHOIM faestenbHocTU. Ce4veHOB  HauuHaeT 3ToT asams ¢ TOro, 4ro

HeoOXOAUMOCTE NPUHATE “Benukoe y4eHue HapBWHA O “NpOMCXOXAEHWW BWAOS"
CTaBuT HaTypanucTOB B “normyeckyioc HeoGxoQuMoCTb NPM3HaTb B NpUHUMNE W
3BOMOLMIO Neuxm4yeckol aestencHocTn” (U.M.Ce4enoB, 1952, ctp. 298). Nanee oH
NPWBOAUT KPaTKoe ONucaHue 3BONIIOLUMOHHOW Teopun CneHcepa, HasbiBaeMon UM

“fapBMHM3MOM B 06nacTu ncuxuveckux RBneHWiA” u_(Boilenser uetwipe TWNa /

npoueccoB, KOTOPbIM CBOMCTBEHHO 3GONMIOLMOKHOE PasauTue:
1. $pvnoreHes (“npeeMcTEEHHOCTL XMBOFO LIApCTBa B BOCXOASILLEM NOPAAKE™)
2. ambpuoreHea (“UCToOpUA PasBUTUR 3apPOaLILLIA”)
3. oHTOreHe3 nCwxvku ("yMGTBEeHHOE pasBuThe MHAMBUAYANLHOrO YenoBexKa or
POXAEHURA [0 3pEnocTu”)
4. 3BOMIOLMIO IHAHWI (“NPOFPEcCUBHOE Pa3BUTUE 3HAHWI B KYNbTYpHLIX pacax”)

. 3arem CeveHos 060OCHOBLIBAET, Bcniefl 3a CrneHCepoM, CYLLECTBOBaHWE eguHbix
$yHAaMEHTANbHLIX 32KOHOB ANA BCeX 3BOAIOLMOHHLIX Npoueccos.\ [locne sToro oH

usnaraer co6CTBEHHYIO AETAIbHYIO “3BOMMOLMOHHYIO™ TEOPUIO PA3aBUTUSL MbILLIIIEHUR,
rnocnefoBarensHo CTPOSLIYIOCH Ha UCMNONb30BaHUKM 3TUX 32KOHOB.

Buixoss B cgeT aToit pabot CeyveroBa B 1870-e roabl, 3a HECKO/ILKO AET 40 NepBbiX
nybnukalwmit  TPaAMUMOHHO  MNEPeyYncNfeMblX  OCHOBaTenei  SBOMIOLMOHHOMN
ricuxonorunu: PomaHeca (Romanes, 1882, 1884) w MopraHa (Morgan, 1890) B
Aurnvwy;, Dxelimca (James, 1890) u bonayvHa (Baldwin, 1895) B Amepuke; lNpeiiepa
(Preyer, 1882) 8 Mepmanwn, CAYXUT BECKMM WUCTOPUYECKUM apryMeHTOM B Monb3y
nuoHepckoro Bxnaaa CeyeHoBa B Pa3BuTUE aBOMIOLMOHHON MCUXOIOTUN.

3.3. BKJAA U.M.CEMEHOBA B PA3PABOTKY NPOBJIEMbI
J3BONIOUKUOHHOTIO LUKIIA

OnHaxo cerofiHA MHe xoTenock 6bl NpuBAEYbL BHUMaHWE KO BTOPOMY,
opuryHancHoMy BKnagy CeveHosa B 3aBOJIOLMOHHYIO Teopuio. fl xoTen 66l 06cyauTb
TO, KaK WCMonb3oBaHwe Ce4eHOBHIM SBONIOLMOHHON uaew u  co3paHue WM
IBONICLMORHON KOHLIENUMM MHAVMBUAYANbHOIO pasBuUTUA NCUXUKUW U3IMEHUNO NOFNKY
npo6nemMHol cuTyaumm B 061acTu 380/HOLUMOHHOM TEOPUN B LIESIOM.

Ha TepmuHe “noruka npobnemHoli cuUTyaumMu” cneayeT ocTaHOBWUTbCA 0co6o.
Deno B TOM, 4To HK caM CeyeHOB, HU UcCriefoBaTeNy ero TBop4YecTBa cneumansHo He
pas6upanu nocrasiieHHbili Boitle sonpoc. Mo Bcelt BuaMMOCTM 3ro NPoAVKTOBaHO
TEeM, YTO SBOMIOUMOHHaA Teopusi wHTepecoBana Ce4YeHoBa He Kak 7aKkoBas, a Kak
HHCTDYMEHT B pelueHun umM ero cneuuduieckoit NpoGnemsl pasBUTUA MbilieHUS Yy
YenoseKa.

Ho, xaK Mbl 3HaeM U3 UCTOPUK HaykW, 06LeKTUBHOE CofiepXaHue Teopul, TO eCTe
Npo6nembl, NOrMHECKM pelaembie elo, MOrYT CYUleCTBEHHO OT/M4YaThes OT TOro
conepxaHusi, KoTopoe BKiasbiBaeT B TeOpWIo caM aBTop.
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Knaccuiecknm npuMepom aToMy CAYXUT UCTOPUSt CO3AaHVA BOSTHOBOK MeXaHukn.
Kak w3BecTHO, C FMOMOILUBLIO BOAHOBOA MexaHukm llpeavdrep nbiTancs pelwinTs
npo6aemy npuaaHUst KNacCuHECKOM HENPEepbiBHOCTV  KBaHTOBOMEXaHUYECKUM
npoueccam. 3Ty 3afadyy OH, Kak eMY Ka3aiOCb, YCMEWHO Pellw] U pe3ynbTaTom
cTanv YeTuipe 3HameHuThie cTaThy Wpeaudrepa 1926 rona 8 Annalen der Physik, roe
OH W3NOXWT OCHOBHLIE MpUHLMNGLI BONHOBOW MexaHuku. OAHaKO HYepea HekoTopoe
Bpemsi Makc BopH flan BeposiTHocTHOe ucTonkoBavve lWpeavHreposckum patoTtam.
To, 4yto UpeavHrep cuvtan HernpepLIBHEIM PACMPEdENEHNEM 3AEeKTPUHECKOro
3apana, b0 Tenepb MHTEPNPETUPOBAHO Kak BEPOATHOCTL HAXOXAEHUA 3NEKTPOHa B
onpeneneHHo Touke. Takum o6pasom, lpeauHrepoBckasi NcU-BonHa wcHesna,
npeBpaTuBLIMCL B  BEPOATHOCTb HAXOXOEHUS  AVUCKPETHOTO 9SNeKTpoHa B
npocTpaHcTee. CneposatencsHo, MOXHO Cka2aTb, YTO B YpaBHEHWSX BOJIHOBOW
MexaHuku Wipeavnrep pelinn npoGneMy, 0 CyLWECTBOBaAHWA KOTOPOW OH B TO BPEMsl
He nojo3peBan - npo6naeMy BEPOATHOCTU HAXOXOEHWSI SNEKTPOHa B ONpeneNeHHoN
TOYke NpocTpaHcTea. Ho, 3Ta Npobnema Gbina o6GHapyxeHa BOPHOM Nmilib HEKOTOpPOE
Bpems chycTsi, W cam LpeguHrep KOHENHO HUKOTQA He HamepeBasiCsi pelaTh ee B
caoeli pabote'.

Moao6HLIR “06LeKTUBHLIN® aHanv3 NOrM4YecKoro COAEPXaHWS Hay4YHbIX Teopuii
(Popper, 1978) nokaauiBaet, 4T0 TeOPWA YacTo MOTYT pelLaTs Te Npo6aeMel, KoTopbie
He CTaBwi Cam aBTOp. 3To CKpLiTOe COAepXaHWe Teopuit HepPeaKo GTAaHOBUTCH SICHO
NWlL ropasgo No3aiHee.

VIMeHHO ¢ Takmx no3vLMiA  NOTVHECKOTO aHanu3a OGLEKTUBHOrO COAEPXaHWA
TEOPUN A XONY paccmoTpeTh Bkian CeuyeHoBa B pa3sutve NpoGnemHonM cutyauuu B
o6nacTi 3soOUWMOHHON NpoGnembl. Mpu 3TOM A Xo4y NOKa3aTb, YTO M3 CUCTEMb
3BOAIIOLMOHHLIX B3rnanoe CeveHoBa Norudeckn cneayer nocraHoska npoGnem
3BOMOLMOHHOTO WMKna. M3 CeyeHOBCKMX FNpPEACTABNEHUA TakKe BbiTEKaer
paclivpeHne cnucka aTvx NMpobnem, Mo cpaBHEHUIO ¢ pPa3obpanHHO HaMu cXemol
3BONIOUMOHHOTO UMKna JIeBOHTUHaA.

Tpu criepyouix pasfiena BLIAGNSIOT TpW, Ha MOW B3rnsin, HauGonee
NPUHLMNVaNbHBIX Wara CeveHoBa Ha 3TOM NyTu.

3.1. 3BonioynonHoe 060cHOBaHHe B3IaAUMOCBA3H
NCHXHYeCKHX NpoLeccoB, PUIHONOIrHH M MOPPONOrHM

UeHTpanuHasi noautueHas uaes, BOCNPUHATasi COBPEMEHHWKAMW W3 Mbicneii
HapsuHa u Cnercepa 06 3BOMIOLMOHHOM MPOUCXOXAEHWN PasyMma, 3aKnioYanace B
BO3MOXHOCTW TFOHSiTb 4enioBeMeckuid Pa3yM M ero 3BOMOUMIO 4YEPEe3 UayyeHue
noBeaeHWst W VHTe/IeKTa XWBOTHLIX. MMeHHo 8Ta wulest nerna 8 OCHOBY
CpaBHWUTENLHOW Mcuxonorwn, chenasileli oGbLEKTOM CBOEro  MCCNENoBaHUs
nosefeHWe XWBOTHbIX. [epsas d¢yHaaMeHTanbHaa paboTa Mo  CpaBHUTENLHOMN

:m'ana sHameHuToll pasa llipeunrepa, GpoulenHan WM B OTHasHuM No 3Tomy nosody Hunbcy Bopy:
Ecnu 3Tt npoknATble KBaHTOBME CKaYky REACTBUTENbHO COXDaHATCR 8 usuke, A npocTuTL cebe He
cMory, ¥To BooGute CBA3ANCA KOFAA-TO ¢ KBaHTOBO#H Teopuedt! * (/1 Aanwn, 1978, cTp. 303).
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ncuxonorun - kHura PomaHeca “YMCTBEHHbie CROCOGHOCTU XWMBOTHLIX” (Animal
Intelligence, 1882) 3apgyMuiBanacb MMEHHO kak koMmneHayM ¢akTo8s © pa3yme
XVBOTHBIX. B 3TOM Tpyane PomaHec, npuHRBWWIA B KadyecTBe npoobpasa
CPaBHUTENLHOW MCUXOROru  CPaBHUTENIbHYIO aHaTtomMuio, co6Gpan orpomMHoe
Konu4ecTBo ¢akToB O MOBEASHUN MHOMX BUWAOB XMBOTHLIX, packnaccudulMpoBae mx
B COOTBETCTBUM C TPAAULMOHHON 300/0TUHECKO HOMEHKNATYPOR.

B noaxone PomaHeca: 1). CpaBHUTENIbHOM aHaM3e NOBEAEHUA XUBOTHLIX PasHbIX
BMOOB, 2). OpUEHTaUMU Ha oOnucaTesibHbIA Me'ro.u' U 3). Npoekiyn pey3nLTaToB
aHanusa Ha ¢unoreHeTUNECKMe 3aKOHOMEPHOCTH, Obink 3anoXeHsl TpaguuMu
nporpaMMel UCCNeAOoBaHWA, COCTaBUBLLWE 3aTeM OCHOBHOe AApo 3Tonorund. Mexay
upeeli PomaHeca, 4TO CPaBHUTE/bHAR NCUXOAOrMA MOXeT NPUBECTU K NOCTPOEHUIO
3BOJHOUMOHHOW Knaccudukaly, oTnuNalweics o1 KnaccudUKaLMoHHOW CXembl Ha
OCHOBE 4UCTO GU3UYECKOr0 CXOACTBA; BbiCKa3biBaHueM BarHepa, 4TO “MHCTUHKTHE
AIOAYHAIOT CBOE HAa4aso TeM Xe MNyTeMm, KakuUM, COrnacHo y4eHuio JlapeuHa, Bo3HMKAOT
W 3aKperIsIoTCsl 3a BUAOM HOBble Mopdonornyeckue npusHaku® (Barnep, 1902); u
Teaucom JlopeHula, 4TO “riaTrepHbl OBWKEHUIA CRYXAT TakMMU Xe HaneXHbIMU
XapakTepUCTHKaMiM KOHKPeTHbIX rpynn, kak 3yGui, onepexue ‘U npoYve noAotHule
oTAVMUTENbHBIE GU3NYEcKUe XapaKTepUCTUKK, UCTIONib3yeMble B CPaBHUTENbHON
mopgonorum® (Lorenz, 1881, cTp. 3) MOXHO YBUAETE OYEBUAHYIO NPEEeMCTBEHHOCTh.

BmecTe ¢ TeM, 3TONOrusi yHacnefosana oT cpaBHUTenbHON nNcmxonoriu XiX Beka
elle n YeTBepToe Ka4yecTBO, CTaBlliee €e KPUTUYECKUM nenocraTkom. MpakTudecku
HWKTO W3 OCHOBatene’ CcpaBHUTENbHOW ncuxonoruw, anaxe PomaHec Mmeamupl
¢$usnonoruieckoe o6pasoBaHue U HavasBluui CBOIO Kapbepy B xayecTse ¢uanonora )
HEe CTaBUN 3afau COoeAvHEHUs UCCnefoBaHWi NOBEAeHWUA XUBOTHBIX C aHANM3OM
HEepBHLIX MEXaHWaMOB ¥ cyGCTPaToB 3TOFO NOBEAEHUNA. B MONHOM COOTBETCTBUM C
aTOW AOCagHOW TpaguuMmed, STONOrusi, YCTAHOBUB Ype3BbivaifHo BaxHbI ¢akT, 4To
supocneumduydeckoe roeseaeHwe U ncwumNeckue . dyHkuMyn  NOABepXeHb
reHeTU4ECKOMY KOHTPOMIO W BOSHUKAW B XOfle €CTECTBEHHOTO OTGOpa, NpaKkTMHecku
AOAHOCTLIO NPOVrHopUpoBana cam cy6eTpar oT6opa - Mo3r,

Ho, KaK mbl 3HaeM W3 aHanuaa npoLEeCcCoB 9BOAIOUMOHHOrO WMKNa, MONbITKU
YCTAHOBUTL MPSIMYIO CBSI3b MEXAY FeHamMu W OTGOpOM SIBASIIOTCH O4eBUAHbLIM
NIOrMYeckMM HefopasymeHveM. SBONIOLMOHVPYIOT He CaMu NaTTepHbl NoBedeHus, a
cospesalolme B Xxoae SMOpuoreHesa ¢YHKLMOHANLHBIE CUCTEMBI, ChyXalie
CTPYKTYPHOW OCHOBOM Ansl 3Tofo  Bupocreumdudeckoro noseleHuss. MosTomy
Hafiexasl NOCTPOWUTL afeKBaTHYID Teopuio MOBEAEHWURA, MUHYIOWLYIO PpaccMOTpeHue

MpakTuieck# HUKTO W3 OCHoBavefieit CpPaBHUTENbHOH MNCUXONOTWM He NPOBOMWA  HACTOALUMX
SKCTIEPUMeHTOB ¢ MOBEAEHMEM XMBOTHbX. [lpaBna wekoTophle HabrmiogeHus PomaHeca Hocumu
NoyoKCepUMeHTanbHLIA Xapaktep. Hanpumep ofMH pas MM Gbimn cobpanbi KOTH U8 [OMOB RO
nepudepum YUMOAROHCKO! 0GLLUHB, KOTOPDIX OH 3aTEM NPUBE3 CBOUM SKUAIAXEM B UBHTD o6uMHbL. KoTnl
6bUIW BLNYLLEHH B TO BPeMs Kak PomaHec, K pa3ssfieyennio coGpasiieiics Tonnbi, Habmopan, crod Ha
Kpbilue KapeThl, GPOCATCS N KOTHl B NPaBMIbHLX HanpaBienuax (E.Romanes, 1902). KoTul He nposBunu
TIOMKHOTO NOHUMAHUA CUTYaLMm, u Pomaxec He ynomuHaeT 06 3ToM akcnepHMeHTe B CBOUX KHUraxX.

" PoMaHeC BHINONHWA PRA OPUTUHANbHBIX IKCTIEPUMENTOB N0 WCCHIEAOBAHMIO NPUPOAH pednekcos, 3a
KoTophie B BOSpacTe TPUAUATH ofHore rofia Gun BuGpan B Ynewtt Koponesckoro OBuwectsa (Boakes,
1984).
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p .
MexXaH1U3MOB pal3BuUTua u paGOTH MO3ra, UMEIOT MMHUMabHbIe LiIaHehl Ha yenex .

Mexay Tem, 3BONIOUMOHHAA TeOpUSt C CaMOro Havana copepXana B cebe
OCHOBaHus U ANl BTOPOro HarnpaBneHust pa3BUTUS Hay4HOI NCUXONoruKM - NYTW,
cea3piBalowero ncuxonorvio ¢ c¢usmonorveir wu Mopdonorueidi B uMKne
VHAVBUAYASIBHOIO pa3BuTksl. 3TOT NYTh 6bin 3ameydeH Ce4eHOoBLIM.

_ B cBoeil nporpamMmHoit cratbe “KoMy W KaK pa3pabGaTbiBaTbh [cUXonOruio”
CeuyeHOB OTYETAMBO Ha3biBaeT ABa HanpaBneHwsi, 1Mo KOTOpbiM MOXET pa3BuBaTbes

1 HayyHast ncuxonorusi. OQHO U3 HUMX - “CONOCTaBNEHUE KOHKPETHLIX MCUXMHEcKMX

SIBNEHWA Y XMBOTHbLIX U YenoBeka ecTb cpaBHUTenbHast ncuxonorus® (U.M.CeveHos,

1952, cip. 237) - nytb, MO KOTOPOMY, Kak Mbl BWAENW, NOWAET pa3BuUTUe

SBONIOLIMOHHON NMcuxonorum Ha 3anape. “Conocragnelue Xe NCUXMYecKux SIBAEHUA ¢

} HepBHbIMM npoueccamMy ero (Yenoeexka - K.A.) COGCTBEHHOro Tena Kiafer OCHOBY
aHanutu4eckon ncuxonorun” (MU.M.Ceuyenos, 1952, ctp. 237) - nytb, KOTOpbiii

| Ce4eHoB BhLi6upaer B kadecTBe COGCTBEHHON MpOrpaMMbl MOCTPOEHUSE  Hay4HON
NCUXoNOrun.

i 371or 8biGop Ce4eHoBa xopowlO w3BecTteH. OoHako HaM BaxHO o6paTwuTh
BHMMaHWE Ha 1O, 4TO nanee, B “SnemeHTax mblcnn” Ce4eHOB fAaeT 3tomy BbiGopy
\ @BonmoLmoHHoe 06ocHoBaHMe. PaccMOTPUM, Kak OH fieflaet 310 (CM. Takke puc. 5):

] “...€CAK pacnoOXUTE XMBOTHOE WAPCTBO B BOCXOAALLEM NOPAAKE M COROCTABAATH €ro
npepcvasuteneit Apyr ¢ JAPYIOM CO CTOPOHbI NOCTENEHHO YCAOXHSAIOWLEACA MaTepuanbHoi
OPraHU3aLmK, CO CTOPOHL YCAOKHAIOUMXCH (DUSHONROIUYECKUX OTRPABAEHUN U, HaKOHel,, CO CTOPOHLI
YCAOXKHSIOLUMXCA  fICUXM4ECKUX AEATeNLHOCTEI, TO MOAYNAIOTCH TPU NapannesibHbiX paaa, 3BEHbR
KOTOpbX NPeacYasisoT ¢Gasucht NPOrpeccUMBHOTO Pa3’BUTUA BCEX TPEX NPOSABAEHUA XWUBOTHOM
OpraHM4ecKoi XHSHU; U TUNI 3BONIOLIMM BLBICHAETCA TOTAR M3 PACCMATPUBAHWA 3BEeHLEB KAKAOro
psiia B OTAGNBHOCTH (YT0 AAET MPEAMET [UIA CPABHUTENIbHONM aAHATOMHWH, CPABHUTEALHON (BDHUIHONOruY
U cpaBhuTensHoi ncwxonormn - K.A). Ecnit Xe CONOCTaBAATL PYT C ADYTOM COOTBETCTBYIOUMME
3BeHbR BCEX TpexX PAMOB, YO paspeilaeTCil BONPOC O RAPAAAENLHOCTH PasBUTUS MaTepranbHoM

’ OpraHu3aLmMy, TeNecHbIX W NCIAMYECKUX OTNPaBReHKiA (YTo BeaeT K NpobnemMe B3aNMOCBA3N MEXIY
3TUMK NpoueccaMy B oRHOM opraiiaMe - K.A.)".

“OTh TpW CTOPOHN, XapaKTepU3YIoLme XNBOTHbIH OPraHusM, He TONbKO BCErna MAHK BMECTe, Ho M

CTOST BCErja B U3BECTHOM COOTHOLIEHUU APYT C APYIOM, UBMEHSSICH B PAAY XUBOTHLIX NapamiensHo
‘ ApYr DPYTY No CTENEHW CROXHOCTM, PasHOOoOpasus U ONPEAEeNeHHOCTH MX “YaCTHLIX NPOSBAEHWH.

Heo6xoaMMOCTh Takoro COOTHOLEHUS! BBITEKAET YXe U3 TOF0, YO B XWU3HEHHbX axTax, KOTOpbIMM

ofecneyuBaeTcs CyuleCTBOBaHKE OPraHMamoB, BCE TPM CTOPOHBI (OPraHMSauMs, TENECHas XU3Hb M
- NCUXMYECKME AATENbHOCTU) KOONEPUPYIOT KaK akTophl, CNEA0BATENbHO, UX NEATENBHOCTH AOMKHbI
l GbITb Tak WK MHaYe COTNAacoBaHb APYT C APYTOM®.

HeTpynHo BWAETb, Kkak MOCPEACTBOM Takoro aHanvia Ce4eHoB BBOAWUT
3BOJIOUMOHHYIO NOrMKY B Teauc, paHee BLIABMHYTHIA MM B “KoMy M kakK
pa3pabartbiBaTh ACUXONOrnIo™. DaHHbiMu aprymeHTammu neilictBuTencHo
“ycraHaBnUBaeTCcst POACTBO MCUXMHECKMX SIBAEHWI C TaKk Ha3biBaEMbIMM HEPBHBLIMM

. HeapexBaTHOCTL MIHOPUPOBAHUA HEPBHLX CyGcTpaTos NoBefeHMs He Mora He Gpocarscs B MAasa
MHOTUM UCCIeA0BaTENNIM, HAYUHABILUM PaGoTaTh B paMKaX KNAcCUYECKOA 3TOMOMMM. PesynLTaToMm SToi
HEYNOBNETBOPEHHOCTU CTanK B NOCNEHEe BPEMR NONLITKM K CMHTE3y STONOMMM C HeWobuonorved -
“HeiipoaTonorua” (Hoyle, 1984), u a3MBpuosoruel - "passurHitian HeiipoaTonorus” (Stehouwer, 1991).
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npoleccamMu B Tene, akramm 4UcTo comaruyeckumn” (U.M.Ceueros, 1952, ctp. 241).
OHo naer Ce4eHOBY 3BOMIOLMOMHbIE OcHOBaHust TpebosaTe  “nepenartb
aHanuTu4eckyio  pa3paborky ocuxudeckux sBnedmic B pyku  dusnonorum’®
(W.M.CeuenoB, 1952, ctp 249).

NCUXUKA

®U3NONOrust

MOP®ONOrus

IBOJIIOLINA

Puc.5. Ceyenosckui “OpraHusM® u ero 3BoAloums. OpranusM umeer Teno, onpepesetisie
¢uanonorveckue npolieccst n Mcuxuxy. [uarpamma oroGpaxaeT ABa Tuna 3BOMOUNOHHOID
aHanusa. TepBulii COCTOMT B CPaBHUTENILHOM M3IyMeHMu B DunoreHeTH4eckoM psny KaXAaoro H3
YPOBHes# M30AMPOBaHHO OT [ABYX ZAPYruX: CPasHUTENbHOH mopdonoruu (1), CPaBHHTENbHON
Gusmnonormy () u cpasHutensro# ncvxonorm (). CeveHoB ncnonssBan ApyToi NOAXOA - aHanus
BSAUMOOTHOWIEHUI MEXAY YDOBHAMH B OBHOM OpraHnsme B 3NM3083X €ro “IBosousoHHoro”
passurua (IV). U3 cxeMbl MOXHO Taioke BUAETb, 4TO B paMkax Takoro aHannsa npobnemran cHTyauns

COREPXUT HeoBXOAMMOCTE NOCTAHOBKY ABYX NPOGAEM - COOTHOWEHNA NCHXONOTMN U PHINOnOTHH /
mopdonoru U dusnonormn B Xone passATUA ncuxwkn. [llocnesHsa npo6;1eh:a HEOAHOKPATHO

Hasvipanach CeYeHoBbIM, Ho He Bbila BBEAieHa MM B NPOIPaMMY TOCTPOEHHS HAYHHON NCHUXONOMA. |

—

s

MTaK, NEpBLIfi OPUrMHasbHBIN BKnaa CeveHosa B 3BOJIOLUMOHHDIM NOAXOA, COCTOAN
B TOM, 4TO, He OTPULIAS BAXHOCTU CPaBHWUTE/IbHOrO aHasivaa NoBeAeHUS XUBOTHBIX 1
yenoseka, OH BNEpPBble MpWaBasi MCMXONOrMID BCTaTb Ha BTOPOIA NyTb, JIOrMYECcKn
BbiTeKaloWin u3 dakta Guonorudeckoil ssonoumn. 370 ObUT AYTb COeANHEHUs
UCCNenoBaHUA NCUXUKU U NoBEAeHWs ¢ uccienoBalsiMiA MO3ra.

O6paTum Tenepb BHUMaHWUE Ha TO, 410 U3 o6cyXaaemoro Ce4eHoBLIM NONOXEHUS
0 napannenbHoCT M3MeHeHUit Mopdonoruy, ¢GUaVoNOrMYeckon OpraHuaaLun w
FICUXMHECKO AESTENLHOCTY BbITEKAET OQHO MHTEpecHoe cneacTave. Hayas aHanva ¢
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paccMoTpeHusi npeobpasosanuii Ha nNOGOM U3 Tpex yposHell, Mbl HeusbexHo
NPUXOAUM K NOrUYECcKoil He0BX0AUMOCTU onMcaHUa npeoGpasoBaHuii Ha ABYX APYrMX
ocTaBiluxca yposHsax. NonobHas 3aBUCUMOCTL, Kak Mbl BUAEAWU paHee, BLICTYnaer
onHolt U3 Haubonee xapaKTepHbiX YEpT “LMPKYNSpPHOW NOBYLWIKK", nNpusoasiieil
uccnenosatens B Kpyr npo6iieM 3BOMIOLIMOHHONO LMKNa.

OnHako 04eBWUAHO, YTO “NapannefnbHOCTb Pa3BUTUS MaTepuanbHOW opraHMaaLn,
TenecHbiX U nocuwxmdeckux ornpasneHuit” (M.M.CeveHos, 1952, cTp. 299) moxeT 6biTh
BbifBIEHa TOMbKO B AUHAMUKE 3TOrO LKA - B 3NU30AaX 3BOMIOUMOHHOIO PasBUTUS.
CsoviM BTOpLIM TeopeTudeckuM warom CeyeHoB KaK pas u BNUCHIBAET KOoNepaumio
3TUX TPEX CTOPOH MHAMBUAYANbHOTO OpraHMaMa B oOuiMiA NOTOK 3BOAIOLIMOHHOIO
npouecca.

3.2. PazBurue nNcuXuKM KaK 4acTh 3BOJIIOUMOKHOIro npoyecca

Kakyio rnasHyio npo6nemMy pewana paGora "3nemeHTs Muicnu™? OTBET Ha 3TOT
BONPOC KaxeTcA oveBUQHBM. OH AicHO naH camuM CedeHoBbIM: “OCHOBHOIR NpeaMer
STOr0 O4Yepka €CTb YacTHuIl cnydvall pasBUTUA MBILIEHUA Y WUHOMBUAYANbHOrO
vyenosexa® (Cevenos, 1952; crp. 308). [Ana peuleHuss uMmeHHO aTtoli nNpobnemsb
CeyeHoB 1 NpuBNeKaeT IBONIOLIMOHHYIO KoHLeNumio. [pu aToM rnaeHoe TpebosaHue,
KoTopoe oOH npenbsiBnfer K paspabarbiBaemoil UM TEOpUW, 3aKNIOYaeTCH B TOM,
yro6bi BCe 3Tarnsi PasBUTUS MBILLJIEHUS WU NCUXUKMU, OT MITALEHYECTBa A0 B3POCAOro
BO3pacta ONUCLIBANINCL (HUKCUPOBAHHLIM YMCAOM  3BOJIIOUMOHHLIX NpaBua, 3T1o
AOSKHL GRITb NpaBuUNa, BLIBEASHHBIE U3 APYFUX oGnacTeli NeiCTBUS BOAIOLMOHHOM
TEOPUM, HaNpUMep w3 uccnenoBaHUs 3aKOHOMEPHOCTER JBOMIOLIMM XMBOTHOIO
LUapcTsa Win passutuna sapoabila. CeyeHoB 0YeHb TWATeNLHO CREqUT 3a TeM, 4YTobbl
Kax bl pasgen, coaepxatiumii cnenyiowmnin HoBbI War ero Teopun passUTUS NCUXUKA
3aBepwuT ¢pasoit TMNa: “3HaymUT U B 31O 06AACTU ABNIEHUIA HET HUYero, YTo He
noaxoauno 6u nop, obiwyio cxemy asonouun” (CeveHos, 1952, cTp. 360).

Takum o6pa3om, B “OneMeHTax Mbicin® CeueHoB paspaboran nocnenoBaresibHyio
3BONIOLMOHHYIO KOHLIENLUWIO OHTOreHETUHECKOro PassBuTMS MCUXMKK .

Ho Ha moit Barnsn, ara Teopusi, NOMUMO BLINONHEHUS TOW 3adayn, KOTOPYIO
cvaBun nepen Heii cam CeyeHOB, pellaet U ewe ofHy KpaiiHe BaxHYI0 npobnemy.
OHa BNUCHIBAET pPasBUTUE NCUXMKA U ONLITa B CTPYKTYPY 3BOJIOUMOHHOrO LWMKNA.
Npoueccel, paccmaTtpuBaembie Ce4eHOBLIM B €10 TEOPUM 3aHUMAIOT CBOe Jlorudeckoe

OBbiuHo cyuTaeTes (Boakes, 1984; Oppenheim, 1991), Y70 Po/OHAYANILHUKOM 3BOMIOLMOHHONO NOAX0AA
K U3Y4eHUIO PasBUTMA ACHXMKM pebeHka sBAsieTCA Komnera lexxens, wemeuxwit dusuonor Bunbreiim
Mpeiiep. On suinycTn B 1882 rofty pyHaMenTanbhuil Tpya Die Seele des Kinde COAEPXaBIKA 3anuck
CUCTEMATUYECKMX, EXEeIHeBHbIX HAGMOEHU 3a NCUXMYECKUM Pa3BUTHEM, OT PoXAeHUs A0 3 JieT, OHOM
eAMHCTBEHHOIO pebenka - cBoero cOGCTBEHHOD ChiHa., Ho Mbl BURenH, YTo “SneMenTl Mucu” Ceverosa
Gbuu onyBiMKoBaHH PaHbLLe U, KAK CRpaBefnmMBo oTmevaet M.l Apotuesckuii (1985), kapruty ssomoumn
noBefieHun CeyeHOB DEKOHCTPYMPOBAN WCTOAL3YR coflepXaTenbible M JieTanbHbie Habniogewus 3a
peBenkoM, “COUMHITL" KOTOPHIE OH KOHEYHO He MOT.

mecto B ¢dase T2 ssponoumoHHoro umkna (cMm. puc. 4). Mpu aTOM, 6narogaps
VCTNOABL30BAHHON CeyeHOoBRIM CHEHCEPOBCKO CXEMB  SBOSIOLIMN ., passutue
opraHuaMa nepecTaer OuiTh NPOCTON AUHMEN, CBA3LIBAIOWMIA HOBOPOXOEHHOO ©
MOMEHTOM OCTaBAEHUS UM NOTOMCTBa.

“U 30eCb 3BONIOLMA NOMKHA:

1). HAYUHATLCH € PA3BUTUSR CPABHUTENLHO HEBOABILIOrO YHCAA UCXOAHBIX CAUTHBIX GopM,

2). sakmo4arsesi B GoAbllleM ¥ GoablLeM PaciAeHEHUN MX PAAOM C IPYNNUPoBaHHUEM 8
pA3HOOOPAIHLIX HAMPABACHUAX U

3): onpenensTbes B3auMoeCTBMEM ABYX HIMEHYNBLIX HAKTOPOB - NIPUPOXXACHHON OpraHusaumn u
BHEWHKX BAUSHWA.”

STMM KDUTUNECKUM LUArOM 3aMbIKaeTCA LKA  3BOJIOLMOHHLIX MPOLECCOB,
HaYMHaoUWMXCA € “9BONIOLIMM 3apoAuilla Y BLICWIMX XUBOTHLIX (¥YaKk HasbiBaeMmas
VICTOPUA pPasBUTUS 3apoibilia)” U NPOACITKAIOUWMXCS B “SBOHOLIMIO XUBOTHHX dopm”
1 “nporpeccusHoe passuTUE 3HaHWA B KyNbTyPHLIX pacax”. B aTom umukne “passutvie
BCEro NCWXUYECKOr0 COREPXaHUS WHOMBUAYANbLHOFO 4e/ioBeKa... CTaHOBUTCS
noruyeckoil Heob6xoAUMOCTBIO KaK YacTHbii cny4ait Bceobliero pa3sutusa” (CeveHos,
1952 c1p. 304).

OpHaxko, 3apaaum cebe Bonpoc, xakum o6pasom pasBuTUe onbita W NMCUXUKK
MOXET CTaTh YacTbio IBOJIIOLWMOHHOrO UMKNA? Mbl BMAENW, YTO SBOJTIOLIMOHHLIA LIAKA
ONUCHIBaET U3MEHeHUs B pacrnpefeneHuM reHoB B NOnynsuyMM Yyepes uX CBR3b C
npoueccamn Mopdorerneaa. Kax ncvxvka Moxer BCTynath Bo B3auMofelictBue c
3TUM XOAOM IKCNPECCUn reHoB U usMmeHeHuin Mmopdonorum Tena? Sta cBS3b B Teopun
CeyeHoBa AOCTUraeTcs Yepes CUHTE3 BTOPOro Te3nca ¢ NepebiM.

3.3. Cunrea: paszsutTHe NCHXHKH U mo3ra B JBOJIIOUMOHHOM UMKAe

BonoMuuM, 4to nepBblii  Teauc CeYEHOBCKOrO  3BOMIOLMOHHOrO  aHaimsa
yTBEpXKA3ET  NapaiNenbHocTb  U3MEHEeHWn B ncwumyecknx  npoleccax,
dursmonornyeckoii opraHmMsaLmMm U CTPOEHUN Tena B xone 3sonioumn. Bropoii teanc
yTBEpXAaeT, YT0 WHAuBUAYaNbHOE PasBUTME  NCUXMKU npencrtasnser coboid
SBOMOUMOHHLIA npolecc, CoveTaHuMe 3TUX ABYX TE3UCOB BaeT TPeTuil noruyecikuii
MYHKT 3BOMOLMOHHOW Teopun CeveHoBa. JT10 MNMyHKT NO3BOMISET paccmarpuBarb
passuine MbILJIEHUS U NCUXKUKK KakK NPpUNKUHY Mopd)oreHesa B XOA4Ee pa3BUTUSA. Bot
KaK u3naraert 3Ty uaeio CeveHoB:

“...B XusHu Yyenosexka, BO BCe BpemMA ero YMCTBeHHOﬁ 3BOAIOWMU, HE AOMKHO NPOUCXOAMTDL

HWYEr0 WHOTO, KpOMe BO3AECTBMS BHEIHETO MMPA HAa HEPBHO-MICHXUYECKYIO OpraHWU3aumio;
fiocAenHss B CBOMX Peakumsax (a cTano Gbib, U B CTPOEHMM) NODKH MANO-NOMANY U3MEHATLCA, M

** Bonpoc o npuyMHaxX npeanoyTeHus CeyeHoBLIM SBOMOUMORHOK nporpaMmu CrieHcepa nporpamme
Dapsuna TpeByeT oTAenbHOro BHUMATeNbHOro aHanMsa. MHe KaXeTcs, NTO STOT BuGOP, KOTOpHIE no
CerofiHAtHMM CTaHAApTaM 3BOMIOLMOKHON TEOPUU MOXHO Guno Gbl Ha3BaTL KpaliHe HeyfayHbiM, uMeeT
non, coboit rnyboxue OCHOBaHWS, CTaBslMe €ro B Norwdeckoe POJCTBO € COBPEMEHHO# KPUTHMKOR
HECNoCODHOCTU YMUCTBIX anrOPUTMOB ecTecTBeHHolo or1Gopa npepckasbiBath ¢eromet yBenuyeHus
CAOXHOCTU B 3BoAloLMK (Kaufmann, 1993; Lewin, 1993).

45




pesyAbTATOM STUX M3MEHEHWiT Z0J/DKHA ABRATLCA MbLICHL CO Beem pasHoobpasvieM ee 06LeKTOB, ¢ ee
npexoiamu OT KOHKPETHOFo K abCTpakTHOMY, OT ofiiero K YacTHOMY, US MUPa YYBCTBEeHHbIX $HakTos B
061aCTb BHEYYBCTBEHHLIX COSepuatnit u np.”

MHe npeACTaBNseTcs, YT0 MMEHHO B 3TOM TpEeTbeM Teawce W COCTOUT [iaBHasi
YHUKANbHOCTL CTPYKTYPbi 9BOJIIOLWMOHHON NporpamMbl CeyeHoBa U ero BbiaaloLmiAcs
BKNiaA B pa3BvTve 3BOAIOLWMOHHONO NMOAXoA].

Stum  waroM CeuyeHOB noMewaerT oONLIT M MNCUXWMKY B  KOHUenTyanbHoe
MPOCTPAHCTBO SBOJTIOLMOHHOrO LUWKna (puic. 6). Bnarogaps sToMy, € OAHOW CTOPOHLI,
ncuxmyecke Mpouecchl CTAHOBATCH JIOFUYECKMM  YHacTHUKOM  fipucnocoBnenus
opraHMaMa X cpefe. 3T0 co3[aeT OCHOBAHME ANSA NOSIBASHUS] Y HUX afdanTUBHOMN
LEHHOCTU B YCROBUSIX eCTECTBeHHOro oTbopa. C Apyroit cTOpoHbl, ncwxuydeckoe
paszBuTue  pebeHka, COMPOBOXAAOWEECS  MApPaeNbHEMM  U3MEHEHUAMU
PUMONOrN4ECKol 1 CTPYKTYPHO OpraHM3aumK, BLICTYNaeT kak

FEHOTUNMUYECKOE
NMPOCTPAHCTBO

GEHOTUINTNYECKOE
NMPOCTPAHCTBO

OPrAHN3M

CEYEHOBCKAS!
TPUADBA

Puc.6. Passutue ncuxmkn y CeYeHOBCKOrO “OpraHusMa” B 3BOMOUNOHHOM uuxne. Cxema
110Ka3b/BAET, NTO OPraHn3M B8 yCNoBHaX orbopa NPOXOAUT PAA LWaros, 8 xoAe KOTopuix Mopdonorus n
fICUXUKA PASBHBAIOTCSH, YHACTBYA B NPOLOCCAX aRATTALMH,
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NPOLONXKAIOWMICS acriekT MopdoreHeaa U PasBuTvs:

“Henb3s He yKkasaTb Ha Te 0GWMe BbiIBOMb!, K KOTOPbIM HEN3EEXHO NPUBOAST Ha3paHHbie GaKThi.
OHM [1310T, BO-AEpBLIX, BOSMOXHOCTb ONPedenuTb XW3Hb HA BCEX CTYNeHAX ee pasBUTMA Kak
npyUCNOCoBsieHHe OpraHnaMa K YC/IOBUAM CYLLECTBOBaHMS, BO-BTOPbIX, AOKA3LIBAIOT, WTO BHElHWe
8AUAHUS HE TONLKO HEOBXOAWMDI JUTH XN3HW, HO NPEACTaBMOT B TO Xe Bpems dakropsl, CHOCcoGHbIe
W3MEHATL MaTepHabHYI0 OpraHu3aumio i XapakTep XHM3HEHHLIX OTMPaBAeHui. (BLIeNeHo MHOK -
K.A)"

Takvim 06pasoM, BHYTPEHHSIS JlorMka CEeYEHOBCKOTO aHaiM3a NOAHUMAET Hac Ha
cneaypllyio, 6onee BLICOKYIO CTyneHb MOHWMaHUS MPOGsIeM SBOJIIOLIMOHOIO LMKNA.
OHa roKa3biBaeT, Kak Yepe3 NnapannenbHOCTb Nckxuku, Guaronorum n mopdonorum,
ficvxXMYeckue MpoLieccHl MOFYT BAWSITL Ha XoA MOPQONorudeckoll 3BOJIIOLUMW U
onpenenstb PEeHOMEH HellpoaBonioumMM - HakoruleHue Moarocnelmduyeckx reHos.
OHa TakKe ykasbiBaeT Ha MyTu pelueHus npobnem HeMpossonioLmKn. ST nyTH BeayT K
COENUHEHMIO NCUXONIoTMM € UCCNefoBaHusaMU B Puanonorum v Moposioriu.

3.4. 3AZIAYA 3ABEPIIEHMSI CEMEHOBCKOR NPOrPAMMABI

Takum o6pazom, xoTs Ce4yeHoB U He MOr 3HaTb COBPEeMeHHbIX PakToB O TOHKUX
3aKOHOMEPHOCTAX MopdoreHesa, 0 reHeTUKe U 0 HEPBHLIX OCHOBAX MAMSTW, AOrMKa
ero 3BOAICLIMOHHOM nporpammbl 6bina PyHoameHTaibHo BepHoi. OHa npeanonarana
yCTaHOBJIeHUE CBS3el ncuxonormu ¢ duamonorveit u ¢uauonornm ¢ mopdonorueii.
OHa TpeboBana u3y4yeHus! AMHaAMMKK NPEeBpalleHnil Bcex Tpex CTOPoH OpraHU4eckon
XWU3HW B aKTax, KOTOpbiMM 0BecneYMBaeTcs MPUCIoCO6NEHWE OpraHUu3MoB K
okpyxaouwed cpeae. OHa paccMaTpyBana Bce ncvxuyeckoe passuTue 4enoBeka kak
pesynbTaT W Cneacrsve 3TUX B3aMMOLEWCTBUIA M OAHOBPEMEHHO KakK Mpouecc,
uMeloLLmi roA, coboi ameHeHns B mopdonorim u opraHu3alin Mosra.

KoHeuHo f He wumelo BBMAY nNpunMcbiBaTb Ce4eHOBY BCe BbiCKa3aHHLIE
COBpPEMEHHLIM f3LIKOM MAEeM aHanuM3a NPoLEeccoB BBOAIOLMOHHOMO umkna, Mos uens
cocTosnia B APYroM. H xoTen nokasaTtb, YTO €CAU NPUBEAEHHLIA aHanu3 Noru4eckoi
CTPYKTYpbi Ce4eHOBCKOWM WCCNEeAoBaTeNbCkod MporpaMMmbl Npasuied, TO Mbl U
celroiHs CTOMM Mnepepn BOMNPOCAMM, MOCTaBAEHHLIMU 3TOM NPOrpaMMoi, BOMPOCaMU
6e3 oTBETA HA KOTOPLIE Mbl HE MOXEM HAREATLCA HA CO3faHue HaY4YHOM NCUXONOrun.

OpHako nporpamMma CeveHoBa, nporpamMma XIX Bexa, wmena B 3HA4YUTENbHOM
Mepe Joruyecksii xapakrep - oHa He OnMpanach Ha 3KCrepuMEHTANbHLIA MeTod U
He cozepXana fnpoekTa UCC/eloBaHui, Kak cpeacTBa pelleHMs CTOSWMX nNepea Hew
BOMPOCOB. ECAKM Mbi COrNacuMcsi ¢ BONpocamMy, NOAHVMMAEMLIMU B 3TOW nporpamMme,
TO Hawa 3ana4a COCTOMT cerofHs B TOM, 4TOObBl MONbiTaTbCA 3aBeplinTh ee,
UCMONb3ys BECb UMEIOWWICH Y HAC BKCTepUMEHANbHLIN apceHasl, oOT MONEeKyAspHOW
FEHETUKU 1 SMBPUONOrK N0 HERPOBUONOrMN NAMATU U KOFHUTUBHOMW NTCUXOJION VKA.
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4, OBYYEHUE U NAMSATDH
HA MONEKYJIAPHO-FrEHETUYECKOM YPOBHE

“4.1. OBYYEHME KAK 3MMrEHETUMECKUA NPOLECC

Onpenensiowmiz nocrynat CevyeHosa Mpu aHanuise pasBUTUA MBILLNEHUA cocTouT
B TOM, 410 “Mbiciib €O Bcem pa3HooOpa3suem ee ofbektoB, ¢ ee nepexofamu OT
KOHKPETHOro K abcrpakrtHoMy, OT o6Lero K 4acTHOMy” BO3HMKAeT Kak peaynkrar
‘HMNero MHOro, kpome BO3AelCTBUIA BHEIUHEero MuMpa Ha HEPBHO-FICUXMHECKYIO
opraHusaumio” (Cevetos, 1952, cTtp. 308). 310 CBSi3bIBaeT pa3BUTUE MNCUXMKA C
npoLeccaMy o6y4eHUst M NaMATbIO, KaK C “KPAaeyrofbHLIM KaMHEM MCUXUYECKOro
pa3sutus” (CevenoB, 1952, ctp. 314).

C npyroi CTropoHbl, MccnefoBaHus, YuuThiBaioume d¢akr Heilpossonioumn,
obs3aHbl Nokasath, Kak MOBeAeHMe M ONbiT BIMCHLIBAIOT Mopdonornio u paspurme
MO3ra B rnpoiiecchl aaantaumm, oLleHMBaeMbie Ha Becax ecrectBeHHoro otbopa. Onu
JIOJKHbI - TAKKe pacKpbith, KaKk 3TM ¢a3bl 3BOMOUMOHHOrO uUUKNa - pas’sutue W
obyuyeHue - caa3aHbl ¢ reHamu,

Takum obpa3oM, Ans ycnetHoro BorvioweHns CeyeHoOBCKOIA NporpaMmMbl cerofiHs
Heobxoauma Teopust GOpPMUPOBaAHUA HOBOrO ONbITa, KOTOpas ROJIKHA OObLACHATL:
- KaK HOBbI!! OMbLIT BbipacTaeT U3 Npeasiaywero,
-~ KOTOPbI BO3HUK BCieacTane aMOpUOHaNIbHOro passuTus,
- OCHOBAHHOIO Ha npoteccax TkaHecneumpnyeckoid aKcnpeccun reHos,
- U oTpaxaiollero punoreHeTMHECKuUin “onbiT” Buaa.

Takas Teopust [OMXHA oOMMCbiBaTk (OPMMpPOBaHME HOBOIO OfbiTa  Kak
snureHeTmMdeckuit npouecc, T.e. Kak NPOAOSIKEHWE Pa3BUTUS, Bbixoaswee 3a
npeaens gpunoreHeTMHEck 3arnporpaMMMpoBaHbLIX Pamok MopdoreHesa.

[vnoTesa, KOTOPYIO A1 XO4Y BbIABMHYTH B HACTOSILEM floknafe, COCTOUT B TOM, 4TO
nogobHas cBs3b OOy4eHUSt WM pa3BUTUS YCTaHaBNMBAETCA Yepe3  AMHaAMMKY
skenpeccu  GUKCUPOBAHHLIX  HAOOPOB  PErynsiTOpHbIX FeHOB,  KOAMPYIOWMX
TPAHCKPUNUMOHHBIE  dakTopbt K BLINONHAIOWMX GYHKUMM  KOOPAWHUPOBAHHOIO
3anycka MopdOreHeTUHeCKUX MONEKYs, KOTOPbIE U3MEHSIOT CTPYKTYPY KNETOYHbLIX
cBsi3eil moara.

Ecnun sta runoresa npasunsHa, To Npyu o6ydeHMW credyeT oXuaate akTusaumm B
HEPBHbIX KNeTKaxX PEerynsitTopHuLX FeHOB WM MONEKYNsipHbIX Kackafos, paboTasiumx
paxee B Xofie pasBuTus,
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4.2. FEHBI TPAHCKPUNUMUOHHbLIX ®AKTOPOB

Npu pasbope AaHHBIX MONEKYASPHONM HeMpOreHeTUKM Mbl YXe BWOEnMW, 4TO
SBORIOUMS U Pa3BUTUE HEPBHOIN CUCTEMBl B 3HAYMTENLHOW Mepe onpeaensioTcs
gecbMa  CNEUMGUYECKUMU  KNAccaMu  PEryisiTOpPHLIX  FeHOB,  KOAMPYIOLMX
TPaHCKPUNUMOHHE dakTopb!. '

TpaHckpunumoHHble dakTopbl AenaTcs Ha ABa Gonbwux knacca. Mepsolii - 310
o6wwe (Biggin, Tiian, 1989), Gasuchuie (Lillie, Green, 1989) wnu KOHCTUTYTUBHbLIE
(Melton, 1987) TpaHckpunumoHHbie dakropbl. 970 6eriku, KoTopLie CBS3LIBAIOTCA C
KOHCTUTYTUBHBIMUA 3NieMeHTaMmn OHK 1 Heobxoavwmbl anst 6a3ancHoli TpaHcKpunumn
co Bcex npomotepos PHK-nonumepasbl.

Bropoii K1acc TPaHCKPUNUMOHHLIX aKTOpPOB OGLeaMHSIeT 3HauwTenbHo Gonee
obwwmpHyio rpynny Mosnekyn. OHM M3BECTHB NoJ HasBaHueM aktuBupylowmx (Lillie,
Green, 1989), npomotep-cneumdwudteix. (Mitchell, Tiian, 1989) wwm npomotep-
cenextuBHbiX (Busch, Sassone-Corsi, 1990) TpaHCKPUNUMOHHLIX ¢akTopoB. STu
dakTopbl NPEACTaBNAIOT coboli perynAropHbie 6enku, KaXabid M3  KOTOpbiX
CBSI3bIBA€TCH C onpefleneHHbLIMKU nocnefoBatensHOCTAMM (Umc-sneMmertamu) OHK u
NO3TOMY AEWCTBYET NMMLb HAa HABOP FEHOB, HECYLLWX AAHHBIE LMC-3NeMeHTH. C TOYKM
3PEeHUs CBA3M MEXAHU3MOB peryisil 3KCNpeccum reHoB Npu pasBuTumn U obydeHun,
npomoTep-cneumduiHbe TPaHCKPUNUMOHHBIE (aKTopbl NPEACTaBASIOT  0COGLINA
vHTepec, [MOCKONbKy W3BECTHO, 4T0 OHWU obecnewBaloT auddepeHLanbHyio
TpaHckpunuuio redoB (Ruvkin, Finney, 1991; He & Rosenfeld, 1991), perynsiumio
reHos B pa3sutun (Levine, Hoey, 1988; Biggin, Tjian, 1989; Ready, 1989; Okkin,
1990) 1 akTuBaUMIO reHoMa B OTBET Ha 3KCTPaKneTouHbie curdans (Curran, Morgan,
1987; Herlich, Ponta, 1989). MHor1e M3 HMX 3KCNPECCUMPYIOTCR B HEPBHLIX Knerkax
(Sheng, Greenberg, 1990; Morgan, Curran, 1991, 1995).

3 Bcero MHOroo6pasma reHoB TPaHCKPUMNUMOHHBLIX $aKTOpoB Mbl pacCMOTPUM
Nvtlb OOMH KNacc reHOB, KOTOpbIE MHTEPECHbI TeM, YTO YCTaHaBAMBAIOT CBSA3b
9KCTPaK/IETONHbIX CUFHAIOB C 3arnyCKOM FeHeTM4eckuxX nporpaMm knetku. 3ToT knace
FEHOB Ha3bLIBAETCA “HeNoCPEeACTBEHHLIMUA PAaHHUMMK reHaMn”.

4.3. HENOCPERCTBEHHLIE PAHHME FEHbBI
M RBYX®DASHAS PErYASGUUS TPAHCKPUNLLKKN

“HenocpeacTBeHHbie paHHUE reHbl” G6bink BrepBble WASHTMOULMPOBaHH B
KYNbTMBMPYEMBIX KNeTKax BO BpEeMsi M3yyeHUst MEXaHUW3MOB eHOMHOro orvBeTa Ha
NelictBue $HaKTOPOB PocTa, 3anycKaloWMX Npouecchl  KNeTovHoro umkna (Greenberg,
Ziff, 1984; Lau, Nathans, 1985). B xone aTwx uccnenoBaHuit 6bina oOHapyXeHa
rpynna reHoB, TPaHCKPMUMLUMA KOTOPbIX aKTUBMPOBANaCb “epe3 HEeCKONbKO MUHYT
nocne pobasnexust B KynbTypy KieTok $akTopos pocTa. MHAYKUMS X TpaHCKpUnuMn
npoucxoauna HeCMOTPs Ha MoaseneHue MHrMGUTOpOB cuHTe3a 6enka, To ecth
6a3zupoBanack Ha MexaHu3max, 3apaHee roTOBbIX QIR BOCTIPUATAR SKCTPaKNeTOMHbIX
cTuMy”noB. TepBble U3 UAaEHTUOUUMPOBAHHLIX NPOAYKTOB reHoB AaHHOIo ceMeincTBa
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oKasamChk afaepHsiMu Genkamu, cessbiBaoumMucs ¢ OHK u  perynupyiouwmu
TpaHCKpUNUMIO APYrux reHos. 110 3TMM CBOMCTBAM flaHHbLIE TMeHbl 3HAYUTENLHO
HanomMuHanX rpynny “HenocpeacTBeHHbIX paHHUX TreHoB” GakTepuodaros u
aykapuotuieckux [OHK-sBupycos, koTopbie TaKke ObICTPO aKTUBUPYIOTCS  [IpW
ronafaHuk Bupyca B KeTKy, MX TpaHCKpUNums Takke He Tpebyer cuHTesa Genka u
OHW Talke BHLINOMHAIOT QYHKUMKM Perynisiuun aKCrpeccud ApYruxX BUPYCHbIX reHOB
(Grasso et al., 1969; Rakusanova et al., 1971). NoaTtoMy, no aHanorum ¢ BUPYCHbIMMK
reHamu, aTa rpynna 6niCTPO aKTUBMPYIOLLMXCS KNETOYHLIX FEHOB NOJNyYMna HassaHue
“KneTouHbIX HeMedneHHLIX paHHUX reHos” (Lau, Nathans, 1985; Curran, Morgan,
1987). 310 Xe CeMeiCTBO reHoB 4acTo 0603Ha"aeTCs Kak NPOCTO “reHnl NepBUYHOro
oTeera’, “reHnl paHHero orsera” (Herschman, 1989) u “reHsi KOMMETEHTHOCTU". Mt
Gynem B AanbHelWweM Ans KpaTKOCTU Ha3biBaThL UX paHHMMVI reuamu

OnHM U3 nepBbiX B AiaHHOM rpynne 6bi1 MAEHTUOUUMPOBAH U KNOHWPOBAH T'eH C-
fos. Ero cTpyktypa ¥ CBOIiCTBa B HacTosilllee BPeMSi XOPOWO M3Y4YEHbl, 1 OH MOXET
CAYXUTE NPOTOTUIIOM [E€HOB JlaHHOro cemeiictBa. C-fos Obin  NepBoHaYaNnLHoO
obHapyXeH Kak KIeTO4HbIi romonor oOHKoreHa V-fos MblluMHOro  Bupyca
ocreocapkomMst (FBJ-murine osteosarcoma virus). BbiO BHISICHEHO, YTO B KYNbTYpe
KNeToK, He nOABEpraioMXcsi KakuMm-nubo BHEWHUM BO3AENCTBUSIM, 3TOT reH
MpaxTU4ecKu He aKcnpeccupyercs. OfHako yxe Yepes 3-5 MUHYT nocne fleicTeuns Ha
KneTky ¢$akTtopoB pocta HaGnioAaeTCs CUNbHAA aKTUBaLMA TpaHCKpurnuwu c-fos.
VHOYKUMS reHa o4eHb HENpPOAONXUTENbHA, W TPaHCKPMILMA TIPEKPaWAeTes YXe
yepes 30 MuHYT rocnle Havana CTUMynsuMu. MHrMGUTOpPL CuHTe3a Genka He
NOAABASIOT 3TY TpaHCKpUMNuMIo c-fos. Takum oGpasom, $akTopsl pocTa, 3anyckaolme
rpoueccs! KNeroyHoro umkna, axkTUBUPYIOT TPaHCKPUMUMIO reHa, MyTauum unu
HapylleHusi 3KCrpeccuM KOTOPOro BeflyT K KIeTO4HON TpaHchopmaumm u
HEKOHTpoNpyemomy AeNneHUIo KNeToK. 3T0 NpuBeno K APeANoNoXEHUIO, YTo B HOpMe
feH c-fos wrpaer BaxHyi0 pofb B perynsumu Npoueccos KNETOMHOrO pocTa U
nponudepaumu (Muller, 1986). NelicTBUTeNsHO, nochefyoumMe 3KCTIEPUMEHTbI ©
Onokafiolt akcripeccUU C-fos ¢ NOMOWBIO AHTUCMBLICNOBOM PHK wnu  aHtuTen
nokasaiu, YTo ero akTueauus HeoGxouma [N BXOXAEHUS KNETOK B KAETOYHLIA LKA
(Nishikure, Murray, 1987; Riabowol et al., 1988).

Momumo c-fos B nocnegHue rogut GuinU MASHTUGUUMPOBaHHI U MHOrue apyrue -

PaHHue reHsl. HaubGonlee msBecTHH cpeau Hux c-mye, N-myc, L-myc, fos-B, c-jun,
jun-B, jun-D, c-myb, fra-1, fra-2, ets-1, ets-2, krox-20, zif/286, NGFI-B, mKr2, TIS1,
TIS7, TIS8 (Sheng, Greenberg, 1990; Struhl, 1991). B uenoM, K HacTosuiemy
BpeMeHW KAOHUPOBAHO OKOMIO CTAa PaHHUX FEHOB, XOTS /Wb OTAENbHLIE M3 HUX
uccnenosaHb noapo6Ho (Sheng, Greenberg, 1990).

MpoayxkTel GONLWWHCTBA pPaHHUX FEHOB SIBNSHOTCS perynsatopHbiMyu  Genkamu,
KOHTRONUPYIOUWMMI  TPAHCKPUNLIMIO. [eHbl, 3KCMNPEeCCUS KOTOPLIX HaxXOAMTCA Nof
KOHTpONeM paHHUX reHoB, GbliM HA3BaHbLI, MO aHANOrMKM C BUPYCHLIMU CUCTEMaMM,
“No3aHUMK reHaMK”, "reHamu Mo3aHero oTsBera” WUAU “3appexTopHLIMKU® reHamu
(Curran , Morgan, 1987, He, Rosenfeld, 1991). No-suaumomy, aro obiwupHbie
NOnNynsiLMKu reHoB, KoTOpbLIe COAIEPXAT B CBOMX NPOMOTEPHLIX 0GNACTAX PerynsiTopHbie

SNEMEHTHI, chyXaue “peuentopamu” ans NPOAYKTOB paHHUX reHos (Gutman,
Wasylyk, 1991).
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Puc. 7. [OsyxdasHas perynsuma TPaHCKDHNUMW T€HOB B KNeTKe C NOMOWINO NPOAYKTOB “paHHuX
reHoB”, BHeKneToyMble CTUMYAb [FOPMOHbI, aKTOpbl pPOCTa, HEFRPOMOAMATOPbI) MOIYT BHIBATHL
aKTHBALIMIO TPAHCKPUNUMK  “DaHHMX [EHOB”, BKMOYas rewsl c-fos wm c-jun. Bosaeidcrane
SKCTPAK/IETOYHbIX CHIHANIOB Ha NMPOMOTOPH STHUX EHOB OCYIUECTBAAETCS NMOCPEACTBOM HBTODMYHBIX
mecceHAXepoB. Fos, Jun n psp APYTHX GeNKoB STOI0 ceMeicTBa CHHTeIUpyIoTCa B uMToNnnasme u
6bICTPO TPAcnopTHPYIOTCA B AAPO0, TAe MOTYT 06pPA30BLIBATL €TePO- ¥ MOMOANMEDHbIE KOMILIEKCHI.
31m Komnnexchl o6nanalor cneunduyecxoi JJHK-coasbisaloled 8KTHEHOCTEIO U CIOCOGHS! MIMEHSATS
TPAHCKPUIUAIO ADYIVIX FeHOB-MueHed (“nosanux” renos) (Us Curren & Morgan, 1991).

Kak MOXHO BuAeTh, XapaKrTepHol 4eproii AaHHOrO MexaHuaMma perynsumu
TpaHCKPUNLMK fBRSETCA ero AByX$a3HOCTbL - Ha NEePBOA CTaauK IKCTPAKNETOUHbIe
CUrHanbl 3anyckalT akTMBaLMio PaHHUX reHoB, a 3areM Koaupyemble 3TUMU reHamu
TPaHCKPUNLMOHHBIE aKTOPhl M3MEHSIOT 3KCNPEeccuio NO3AHUX rEeHOB, BhLi3biBas
M3MEHEHUA NporpamMM JAeATeNnbHOCTUM KAETKM B XOA€ KIETOYHOro umkna wim
ambdepeHumposm (puc. 7). OAHaKo AaHHbLIA MEeXaHW3M BO3HWK B 3BOIOLMU
AOCTATOYMHO AABHO M HE OrpaHWyuBaeTCA MWL perynsumeil NPOUEccoB pocTa W
fleneHns KNeToK, a wurpaer AOCTaTOYHO YHUBEpPCANbHYI0O pofib B fiepegale
3KCTPaKNETO4YHbIX CUrHaNOB OT MeMGpaHl K reHoMy. Hanpumep, reHbl, roMonoruyHble
cemeicTBY Jun y4acCTBYIOT B perynsumMn reHHLIX Nporpamm 6uocuHTesa aMMHOKUCIOT
y S. cerevisiae (LeGuarente et al., 1992), MNo-suauMmomy, aApesHue 3yKapuoTsl umenu
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oauH ¢akTop, poACTBEHHLIN reny GCN4 S. cerevisiae v CBA3LIBAIOUWICA C yHaCTKOM
ATGACTCAT Ha [IHK. B aBoniouumn S. cerevisiae perynsaums akcnpecun GCN4 nonana
noA NPEeACYSCTBYIoUWIt Pa3BUTLIT MEXaHU3M TPAHCHALUMOHHOrO KOHTPOAS B OTBET
Ha aMuHOKMCNOTHOE ronofaHue. Benes 3a am GCN4-cessbiBaloWMe yHacTku
pacnpocTpalnuwiuck: Ha NpoMOoTopbl FEHOB, YYaCTBYIOUWMX B CMHTE3e aMUHOKUCHOT. Y
BbICILMX OpraHu3aMoB Jun npeTepn’én amMnnudukaumio - u - ausepcudukaumio, AaB
Hayano CeMeicTBY B3aMMOCBA3aHHLIX TPAHCKPUITUMOHHLIX dakTopos. (LeGuarente et
al., 1892). 3to cemelicTBo BKNio4aeT UAM® 3asmcuMble TPaHCKPUNUMOHHLIE $aKTopb
(cemeiictBo ATF unn CREB reHoB) U HekoTopble PoACTBeHHbEe UM Genkn. Kpome
TOrO, 3TN TPAHCKPUMNLIMOHHLIE GaKTOPLl OKA3AIMCh BOBNEYEHHLIMU B Pa3BeTBAEHHYIO
ceTb rerepoauMepHLIX B3auMoaencTBuit ¢ npelcraBuTenbcrBammu cemMelictBa Fos
Yepes 6enkoBbie AOMEHb! “NEMLIMHOBLIX MORHWIA®.

Okono pecsAT™™ ner Hasan Hamm Guina ofbHapyxeHa 3kcnpeccus paga
TPaHCKPUNUMOHHBIX ¢$aKTOPOoB M3 Knacca paHHUX reHoB B pasausa»omeﬁca HepBHON
cucreme ambpuoHoB kpbic (puc. 8). Bto nonoxwuno Hayano, nporpamme

vuccnefoBaHuiA, CTaBUBLLVX LiENb BLIICHUTD BO3MOXHYIO pPOib 3TUX reHOB B PyHKUMAX

HEpBHOM CUCTEMBbI B3POCILIX OPFraHU3MOB W, B HacTHOCTH, B npoleccax obyuenus u
moaudukaumia onbitTa.

Puc. 8. 3xcnpeccun MPHK rena c-fos B TkaHsx u opranax 19-AHeBHOro IMOpHONA Kbickt. TeMHbie
yHacTku - Haubonee BbICOKME YPOBHM SKcipeccun. BUAHO, 4TO BLICOKAA SKCTIpEccHs HabmoaaeTcs B
Mosre, nevexy, nerux u KocTHoM mosre. (K.B.AHOXHH, Heomny6MKoB.)
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4.4. AKTUBALIMSI HENOCPEACTBEHHbLIX PAHHUX FEHOB
B MOGSITE NPU OBYYEHMMU

3a nocneaHus HECKONBKO AGT HAaKOMWACA OGWMMPHLIA MaTepuan [aHHbX 06
aKcnpeccun paHHUX reHoB B Mo3re npu obydeHun (AHoxuH, Cypakos, 1993; Anokhin
et al., 1991; Beck & Fibiger, 1995; Brennan et al., 1992; Calamandrei & Keverne,
1994; Jarvis et al., 1995; Kaczmarek, 1993; Kinney & Routtenberg, 1993; Persico et
al., 1995; Silva & Giese, 1994; Swank & Bernstein, 1994). Ero MoXHO pe3loMUpoBaTte
B BUAC HECKONLKMX MYyHKTOB:

1. B MO3re XMBOTHbIX, HAXOASILUMXCA B “CMOKOUHLIX" YCOBUSIX - BHE ASUCTBUA HOBBIX
$akTopoB cpelbl - TPaHCKPUNUMA PaHHUX TEHOB HAXOAMTCA Ha HW3KOM, 4acTo
He.uekmpyemom YPOBHe.

2. B cutyaumax “HOBU3HLI" w “paccornacosaHua” - NpU HOBLIX BO3AENCTBUAX CPeabl.

YW MCHE3HOBEHUN PaHee NPUBLIYHBIX COBLITUIA, NPy noTepe 3 GEKTUBHOCTU paHee
BLIPaBOTaHHBIX AEUCTBIAIA U NPUBBINEK XMUBOTHOTO - MPOUCXOANT 6HCTDa$| axmsauvm
TPaHCKPUNLMA PaHHUX TEHOB B HEpBHOI cucteme.

3. AKTMBaUMA paHHUX reHOB B MO3re 3aryxaeT no Mepe noTepu HOBUSHL!
BO3AENCTBMA WAU NOCNE OKOHYaHUA BLIPAGOTKA U aBTOMaTU3AUMM HOBOrO HaBbiKa,
Ob6bifieHHas  noBeAeHYeckasl aKTUBHOCTL  XUBOTHbIX, BbIfIONHEHWEe uMmn
aBTOMaTM3MPOBAHHLIX  HABLIKOB, HAHECeHWe 3HaKOMbIX MM BO3AGICTBUI UK
MIOMELLEHNE XNBOTHBIX B MPUBLINHYIO UM CPEfly He MPWBOAST K MHAYKLMN  PaHHX

- TeHOB B HepBHOW cucreme.

4. 374 0CO6EHHOCTU 3KCNPECcCUM PaHHUX reHOB HaGNIoAAIOTCA B MO3re pa3HbiX BUAOB
XUBOTHLIX (MTUL, Mbllueld W KPbIC, KPOAMKOB, Kollek, o6e3bsH) B pa3Hbie CPoKu
NOCTHATaNLHOrO PasBUTUA, OT POXAEHUA A0 B3POCAOro Bo3pacra.

5. Okcnpeccus paHHUX reHOB NpU OGY4YeHUU NPOMCXOAMT B HEPBHLIX KNeTKax.
MaTrepHbl pacnpefeneHU] KNeTOK, 9KCNPECCUPYIoWMX PaHHUE T[eHbt UMeloT
reHepanu3oBaHHLI XapakTep U OXBaTbhiBaioT OOWMUpHLIE paiioHbl Mo3ra (puc. 9).
OnHako KOHKPETHLIE HAboPK KNETOK U CTPYKTYP, BEMOHCTPUPUYIOILMX SKCNPECcCHio,

KOHTPOJ1b

MMNPUHTUHT

Pue. 9. llarrepH pacnipesnenenns HeAPOHOB, sxcripeccupyloutix reH c-fos, B Mosre ubinaenka go
BpEMST UMNPUHTUHIA
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onpeaensoTCA XapakTepoM BO3AECTBUS U 3afnaYaMu oByueHys.

6. AKTMBAUMA TRaHCKpUNUMM HauvHaetcs, No-BMAMMOMY, Cpasy nocne AeTeKLmn
XMBOTHLIM HOBU3HbI. Bbicokue ypoBHU MPHK reHa c-fos 06HapyXu1BaloTCA B HEPBHbLIX
KeTkax yxe Yepes 10-15 MuHyT rnocne ceaHca OAHOKPaTHOro oby4YeHust XMBOTHOrO.
YpoBeHb MPHK c-fos BoaBpallaerca k 6a3anLHOMy cocTosiHvio 4Yepe3 2-3 4aca, a
6enka Yepes 4-5 4yacos rocne UHAYKLAN.

7. Crneumdudeckass Gnokana 9Kcripeccun reHa c-fos 8 mosre rnipu obydeHum
npeaoTepallaeT pa3suTie JONroBpPeMeHHbIX MoaMbuKaLmii NoBeAEHUA.

Takum o06pasoM, “paHHWE reHbl BbICOKOCTIELWMGUYHO W YYBCTBUTENLHO

pearvpyiorT Ha u3MeHeHust BO BHellHel cpefie, aKTMBUPYsSCL B Tex ClydasiX, korpa:

XVUBOTHOE CTa/IKMBAETCSi C HOBLIMW JUISi HEro cuTyauusiMu. To, “TO aKkchpeccust
paHHUX FeHOB B MO3re oTpaXaeT 3Ty CYGbeKTUBHYIO OLeHKY XMBOTHbIM HOBW3HbI
cuMTyauMy nossonsieT cAenaTe BaxHoe 3akiiouveHue. MOXHO npeadnonaratb, 4TO
paHHME TeHbl W SBNSHOTCA TeM KPUTMYECKUM 3BEeHOM, uepe3 Kotopoe
WMHAMBUAYANbHLIA ONBLIT BCTYNaeT BO BaaumolelCTBME C T'eHeTUYECKMM annapaTom
HepBHbIX knerok. HoeusHa U o6y4eHne npy 5TOM BbI3biIBAOT Pe3KCRPEecCcHIo reHos,
perynupoBaBluMX MPOLECCH KneTouHoll anddepeHumpoBku B pa3BuUTUM. VIMeHHO
nopoOHLII KOHTAKT, Kak Mbl BUOenW, NpeackasblBaeT anureHeTnyeckas runortesa
obydeHust, paccmatpuBalollasi npoLecchl POCTa ofnbiTa KaKk  FeHeTUYeCKU
perynvpyemyio peakTMBauuio NPOLeCcCOR Pa3BuTUSA.

4.5. OBYYEHUE M BOJIHA IKCNPECCUU
MOP®OPEIYJIATOPHbIX FEHOB

ECTECTBEHHO BO3HMKAET BOMPOC O TOM, KakoB GMONOrMUECKMil CMBICN 3KCHPEcCum
paHHUX FeHOB B HepBHbIX knetkax npu obyyeHum. OTBET Ha 3TOT BONPOC TECHO
CBS3aH C KNETOMHLIMA (GYHKLMSIMM  PaHHMX FeHOB.

Kak yxe ynomMuHanochb, 3TM reHbl KOAWPYIOT TPaHCKPUMUMOHHBIE (aKTophl,
peryavpylowme akTMBHOCTE 6arapeit “nosfHnx” reHos. HekoTopbie reHb!, Hanpumep,
zif/286 1 mMKr2, koavpyloT TPaHCKPUMNLWMOHHBIE (aKTopbl ¢ MOTMBOM ‘“UMHKOBbBIX
nansies”. OaHako nyile BCero UCCnenoBaHbl NPOAYKTH reHoB cemedictBa fos/jun,
MMelowme “neiiumHoBble MoHUM® U yMacTKM cBsidbiBaHusi ¢ AP-1 aneMmeHtamm OHK
{Penniypacker, 1995). 311 perynatopHbie Genku BXOART B COCTaB TPAHCKPUILMOHHOTO
KOMIUIEKCa, perynmpylolliero MHOTME reHbi, YYacTBYiolWMe, B YaCTHOCTH, B K/IE@TOMHON
nponudepaumm u b depeHLiMpoBKe. Perynsaumst TpaHCKpUNLMM 3TUM KOMIUIEKCOM
OCYWIECTBNSIETCA 3a CHET ero - B3auMOLENMCTBUMR CO CrneumududeckumMm Lmc-
anemenramu JOHK, copepxauwmmy nocnenosatenbHocTk TGACTCA, kotopast
HasbiBaeTcst AP-1 anemeHToMm (Angel et al., 1987; Lee et al, 1987). MNostomy
AaHHLIE  TPaHCKPUNUMOHHbIe dakKTopbl YacTo HasbiBaloY 6enkamu cemelictsa AP-1
(Bohman et al., 1987; Curran, Franza, 1988).

AP-1 aneMeHT npucyTcTByeT B NPOMOTOPHbIX obnactsx GonblIOro yMcna reqos,
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MHOTMe M3 KOTOpPbIX aKTMBMPYIOTCA B OTBET Ha pa3HooOpa3sHble aKCTpakKleroyHule
so3aeicTeus (Sheng, Greenberg, 1990; Gutman, Wasylyk, 1991). K uucny rexos,
colepxawmx AP-1 caltt oTHOCATCSi, HanpuMep, FeHbl NpenpoaHkedannHa, S-100,
HelpopunaMeHTos, TupoavH-rugpokcunass M N-CAM (Prentice et al., 1987,
Lindenbaum et al.,, 1988; Masiakowski, Shooter, 1988; Sonnenberg et al., 19889;
Sheng, Greenberg, 1990).

i

Fexbl mMonexyn N-CAM, otHocsawwmecst K ceMeiicCTBy reHoB MONEKyNn K/IeTouHoM
anresum npeactaeBnsiioT ocobbili  MHTEpec. 3TM reHbl KOAMPYIOT  MONEKYb,
cesiselBaoLLMe KneTkm apyr ¢ apyrom (Muler & Kupta, 1995). Monekynb! kietouHo#
afresun, unu "MopdoperynatopHsie Monekynsl” (Edelman, 1988), akcnpeccupyschk
Ha MOBEpXHOCTM KNETOYHbIX MeMOpaH, pPerynupyioT arperalmio M amcarperaupio
x1eToK B npotleccax passutus (Edelman & Jones, 1995). Bnokafa akcnpeccuun wunum
CBA3biBaHMUSA MONIEKYN K/IeTOYHOMW aare3avm BefeT K HapyweHusiM MopdoreHeTM4ecKux
naTrepHoB B pa3BuTMN.

Fex N-CAM akcnpeccupyetcst B aMOpUoHansHOM v B3pOCNoM Mosare. Mbitum ¢
HanpaBneHHon mytauveinn reda N-CAM umeloT HapylueHHyio MopdOnornio Moasra,
U3MeHeH A rnosepenms U aedekTsl obyuernst (Tomasievich et al., 1993; Cremer et al.,
1995). Bsepenume aututen k OGenkam N-CAM B MO3r XMBOTHbIX HapyliaeT
AONTOBPEMEHHDbIE M3MEHeHUsi NoBefieHus, BbiskiBaeMbie oby4yeHuem (Doyle et al.,
1992; Schmidt, 1995). OcofeHHo MHTepecHo Yo, YTo aHTMTena crnocobHbL! BbI3BaTh Y
XUBOTHLIX aMHE3NIo TONMLKO NPW BBeAeHUW B TeveHue CTPoro ¢GUKCUPOBaHHOro
KpUTUYECKOTo nepuoaa nocne oGydeHns, STOT Nepuos oxBaTbiBaeT uHTepBan ot 6 Ao
8 4acoB nocne obGyyeHusi y kpbic (Doyle et al.,, 1992) u oT 4 g0 6 4acoB y UbIMAAT
(Mileusnic et al., 1995; Scholey et al., 1995), u ToyHO coBrnafjaeT CO BpeMEHEM,
Korga nocne ob6yMeHUs AOMKHLI aKTUBMPOBATLCR “MO3AHME” reHbl - reHbl-MulleHun
DSt NPOAYKTOB paHHUX reHoB. B coBokynHOCTM € Tem, u4to reHs! N-CAM Hecyr B
cBoMx rnipomoTopax AP-1 anemMeHThl, CBA3biBaWOWMECH C TPaHCKPUNUMOHHbIMIA
dbakTopamMm ceMeiicTBa fos/jun, 3TO AAeT Beckue OCHOBaHWA nonaratb, 4TO rexbi- N-
CAM BrliovaloTcsi Npy o6yveHur B Kackasy MONEKyNapHbiX CoObITUA, MHAYLMPYEMbIX
“pPaHHMN” reHamu.

Ecnu ara runoresa npasunbHa, TO Mbl NPUXOAUM K CUTYaLW, ‘Koraa “HoBusHa™ u
paccornacoBaHue B MMeOLLEMCsl onbiTe NMPMBOAAT K aKTuBalMM Kackada “paHHux’
perynsitopHbix reHoB. MNpoaykibl aTUX reHOB MHAYLMPYIOT, B CBOIO ouepefb, BOMHY
askcripeccum  “noafHux”  MOPQOPEryNsTOPHLIX TEeHOB, SIBASIOWMXCS  K/oYeBbIMMK
y4yacTHuKaMy npoueccos MopdoreHe3a npy aMOpuoHantHOM passutuu. [pu atom
OCHOBHbBIE MONEKYNSIPHO-FEHETUHECKME BNIEMENTbI M 3Tanbl 3TOr0 MONEKYSIPHOro
Kackafa OKa3biBalOTCH OAMHAKOBbiMM NPy  oOydyeHuu.. U pasButun. MoxHo
NpeanonoXuTh, NTO Ha YPOBHE PerynsiuiiA  9KCApecCuM [eHOB  MexaHu3Mbi
ANUreHeTMYEeCKX NPOLIECCOB NpU pasBUTMM M 00YYeHUM COCTaBASIOT JorMveckuii
KOHTMHYYM (puc. 10).

Ho TaM, rae MOneKynsipHas reHerMka naMmsiTy CTaBUT TONKY WU Mepexommt K
uUccAenoBaHuio  CleaylolmMx  KOMAOHEHTOB  kackafa, TYo/kkO  HauMHaeTcs
UCMONb3OBaHWe  MOMNEKYNSiPHOA reHeTMkm B NporpamMme,  Npofonxaioulei
CeveHoBckue Tpaguumi. B nono6Hoit nporpamme paclivgpoBKa MONEKYNSPHLIX
3BeHbeB Kackafla He SIBASIeTCR INaBHOM 3afaveil. [naBHoe ans Hee - ycraHoBAeHWe
CBA3M 3TUX MOMNEKYNAPHLIX U3MEHEHWI C noBeieHUeM 1 onbitoM. Oby4eHre U NaMmATL
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~  OBLHOCTb MEXAHU3MOB
OBYYEHUA U PASBUTUR

PA3BUTUE

rpodmveckme
daxropm

OBY4EHME

BHOKIETOUHME

o MecceHnweps
o (Ca , UAM®, [AT)

NPOTeUHKMHASHI
(PKC, PKA)

LIMONHHE

{c-!ﬁ- c+jun)

axcrpeccun
{ "FEHOB-MUIIEHEH " \

(N-CAM, GAP-43)
KOHCONMOALINS MOINOUKALUA
QYHKUNOHASIBH ®
P YHK%OHMBHH

Puc.10. OGupte MONEKY/IAPHBIE MEXaAHUAMB! DaIBUTHA K OOYYeHUs!

NpeAcTaloT B noAo6HOM MoieKynsipHO-reHeTUYEeCKol nepcnekTUBe Kak LeHTpaibHoe
CBRi3yiOllee 3BEHO MEXAY amMBpMOHANLHBIM pa3BUTUEM Wi U3MEHEHVSIMUA NOBEASHUS K
deHoTMIa B aB0AIOUMM, 3BEHO, BKIOYalolLee NMOBELEHME U NCUXVKY B 3BOAIOLMOHHOE
HakornneHue Helipocneiumduiecknx reHos.
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5. SAKJIIOYEHME

Takum o6pa3oM, cerofibs Guonoruyeckas Teopus GYHKLMIA MO3ra C foruydeckoi
HeoOXoAMMOCTBIO [ioJIKHA CTaTb HaM COCTaBHOW 4YacTbio “naketa Teopwid”
9BOJIOLMOHHOTO UMKRa, UMelouwmX ceoeli KoHeuHol 3anadei o6bsacHeHne npotnemsl
nporpeccwauow IBOAICLIMA.

~ CneayeT OT4eTAMBO NPEACTaBAATh, YTO Ha3biBas 3Ty npobnemy, s octasun Ges
paccMOTpeHUst Unu Raxe ynommHaHus MHOrMe U3 ee KapAWHaNbHbIX KOMIOHEHTOB.

Hanpumep, = ,n,axe HE Kacancs BOMpoca O CBA3W MEXAY roBeaeHWeM,
pesynbTaTamMyM ecTecTBEHHOro oTbopa M W3MEHeHUSIMM CTPYKTYpul U (GopMmsl
opraHuamoB B ¢unoreHese - npobnembt mMopdonornueckol asonioumn. PetueHne
[aHHol npo6sieMbl Takke TpeGyeT TeCHOro COTPYAHMYECcTBa TEOpUil 3MOPUOHANLHOF O
pasBUTUS U aAaNTMBHOIO noBedeHWs. M aTo petlieHMe Takke HeBO3MOXHO 6e3
norpyxeHus Teopuii oGy4eHUst U PasBUTHA HA MONEKYJISIPHO-TeHeTUHECKUIA YPOBEeHb -
ypPOBEHb NPOLEeCcCoB PerynisLvi akTMBHOCTA reHoB.

'oBOPS 0 MOAEKYASPHBLIX U3MEHEHUs NPU 00Y4eHUM, 5 NpaKTUYeckU He YoM Han
0 cCaMux nNpMHUMNax obydeHus - NpUHLMNEX, NOMELLAIoWnX MONeKYNapHbLIE NpoLecchl
B anureHeTMHecKUii KOHTEKCT YCAOXHSIOLWEeAC opraHnsawi Mo3ra rpu pocte ofnbliTa.
3T NpyUHUMABL  JOMXHEE ObiTh  BNMcaHbl B KOHUENTyaNbHbLIA s3biK  TEOPUM,
OfCbIBAaEMbIA TepBbiIM ¥ BTOPbIM TPEB0BaHNEM K KOHUENTYa/lbHOMY SI3biKy Teopuu,
Ha KOTOPbLIX s Take He OCTaHABAMBANCH B CErOQHALWHENR nekuun.

MNMocKkonbky 5 HE KMen BO3MOXHOCTA paccMoTpetk 9Tu TpebGoBaHuR, 51 Takke
HaMepeHHO He 3aTparvisan Toi MccnefoBaTentckoil nporpaMmbl - oGWer Teopuu
dyHKumoHanbHbIX cuctem (N.K.AHoxwH, 1973,1977) 1 ee 3BOAIOLMOHHOrO pasaena -
Teopum cuctemorereaa (M.K.AHoxuH, 1948,1949), KoTopble, N0 MOEMy MHEHuIo,
Haubonee vonewiHo oTBeqalnT TPeOOBaHUAM K KOHLIENTYA/IbHOMY H3bIKY Teopuw,
3BOAICLMOHHOMY XapakTepy TeopuM v 3afaqe Teopuu pewnuTe Tpu npobreMb
9BOJHOUMOHHOTO UnKna.

! 7
Mos 3apaba B HacTosieM BbiCTyineHWd Oblia Becbmia CKPOMHOU, E€ MOXHO /
pesiomMpoBath B Bude Trpaduyeckoro M3obpakeHUs Tpex 3TanoB pasBUTUS 1

npo6nemHom curyauum (puc. 11):

1. Mbt wawanu ¢ npo6neMHoll cutyaumM, crasfuleit BompoCk! O CBA3W Mexay
pa3suTheM U obyyenmem (npobnema 1) U CBR3IN Mexay obydeHuem W aeomouueﬁ )
(npoGnema 2). !

2. Haw riepsbiii Teanc coctosn B TOM, MTO aHanuMa B TepMMHaX fnoBeaeHus,
busMonorn win MopdgoROrMM HEAOCTATONeH ANt OfIMCaHKA CYLIHOCTU 3TUX cBAell. 3
MoaToMy Ha STOM 3Tane Mol BBEM B CXEMy MOJIeKYNifipHO-FreHeTU4eckuii ypoBeHb,
fIPUAAB MMEHHO eMy GYHKLMIO OCYLIECTB/IEHAR CBA3M MEXAY PasBuTueM, obyueHnem |
1 aposnioumeli. NMpo6reMHan cUTyaums Takum oGpa3oM U3MeHUNacks - oaHK nNpobnembt
YYpaTUAK Beayliee 3HaueHMs, Apyryie MosiBUMCH BnepBbie. Tak, BMECTo rnpobnem
CBR3W aHaTOMMWYecKol, ¢usmonormeckoil U noselileHveckot ¢as Ha NepBoe MecTo
BoiCTynunY npo6nemsl CBSi3U 3TMX CTaauii Yepea npolecchl PerynsumMm akcnpeccum
reHo (npo6nema 4u-ripo6nema 5 Bo BTopoit npo6neMHOM cuTyaumm).
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|

|

‘ MNpobnemuasn
! cutyaums 1

MpobGnemHan
cnryaums 2

Npobnemkas
cuTyaums 3

1 2
PASBUTUE OBY4EHUE 3Boniouvs
PASBUTHE OBYYEHHE 3sonioums
- - "T E
S
~2 ~3
rensl —» TEHBI
PA3BHUTUE OBYYEHUE 3BOSIOLMA
- - <’T

TEHbBI

T
4
2 ~3
TEHBI

,/ Puc. 11. Cxema noc/ienoBatTensHbix TpaHCGOpmaUmi npobReMHO cutTyaumus B xone aHanusa. Buano,
YTO CMEHa CHTyaumii BeRET K MCHE3HOBEHWIO OAHUX NPO6eM ¥ BOSHUKHOBEHWIO APYTHX.

OnHako camy redbl He BCTynaoT B npouecck ot6opa. lMozTtomy B HOBOi
| Npo6nemHoA cuUTyaLmMu Bo3HVKNA elle ofHa npobnema - npo6nemMa Toro, KaK B Xoae
] VHAVBUAYASIBHON XWU3HWU obyyeHne, 4epe3 ¢uanonornio n mopdonoruo, aoctiraer
' USMEHEHWI B 3KCNPeccyun reHoB B Moare (npobnema 2 Bo BYOpoW npo6aemHoi
cutyaumn). O6paTHas cTopoHa @TOro BONPOCa - KaKk U3MEHEHUR KCMPecCUy MEeHoB,
4epes mMop@onornio u GuUsNoAOrMHecKkylo OpraHu3auMmio, M3MEHSIOT noseseHue M

CTPYKTYPY CyObekTMBHOro onuita?

# nokasan, 470 4YacTb 3T0#1 NpobnemMbl Gbina oyesnaHa U.M.CeyeHoBy, KOTOpbii
BKNIOYMAT u3ydeHWe HEeKOoTOpblX U3 JTUX BONPOCOB B CBOIO Nporpammy “HayqHoi
ncuxosiormn®. pU 3TOM OH COCPEAOTOMWICSH Ha aHanu3e CBA3N MCWXWUKA W

dusnonorum,

reHoB B xope oby4eHus.

OH He MOI Huyero 3HaTb O

M MeHblile BHUMaHWA YyaAenun CcBsau Mexay o¢usnornorveit u
mopgonorvein 8 npouecce obydeHms. KoHeuHo,
CYWeCTBOBaHUN TpeThbei NnpoGnembl - nNpobaeMbl CBA3W MopoRorm ¢ aKcrpeccueil

3. Takum o6pasom, C BBEAEHVWEM MONEKYNSPHO-FeHeTUMECKOro YpOoBHS aHanusa
npo6iemMHan cuTyaumusa 3Ha4uuTeNnsHO TPaHchopMUposanacs. Bo3Huknu HoBbie, paHee
He cyllecTBoBasliivie npobnembl, U3 KOTOPLIX f PAacCMOTPEN B AoKNafle nvillb OOHY.
370 6bin BONPOC O CBS3U MEXAY Pa3BUTMEM U OGY4YEeHVEeM Ha MONeKynspHo-
reHerudeckoM yposHe. Sl npeqioXxwn TuMNoTesy, 4YTo Takas CBSi3b CYUIECTBYET
6a3vpyeTcs Ha BOBAEYEHUM OIHOrO U TOTO Xe MOSMEKYNAPHOro Kackada akKTUBaLMW
reHeTU4eckMx NporpaMm KieTok B MeXaHu3mbl PasButus M obyveHun. SToT xackag !

Ha‘iHaeTca ¢
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aKTuBaunm

paHHMX

reHos wu

npoaosmKaeTcs

aKcnpeccueil

MOPQOPErynaTopHbiIX reHoB. $ NonbiTa/icd MokasaTe 470 uMeoiumecs $akTl He
rpoTNBopeyar AaHHoMY TMPEennonoXeHWIo U CTUMYNUPYIOT AancHeltiue noucku B

3TOoM HanpaBneHnn.

Takum ofpasom,

Jiuteparypa:

HoBaa npobnemHas cutyaums Tpebyer pAobasuth
CeYeHOBCKYIO 3BONIOLMOHHYIO Tpyaly ncuxuka - ¢usuonorusi - mopdonorus \
elle 0AHO 3BEHO - FeHoM. JTo [AononHeHVe NpuaaeT cxeme 3BOSIOUMOHHOIO uMKia
anHamuky. OHo o6beavHser pocT Mosra ¥ POCT onbita B HENpepbiBHbIN
BNUreHeTVYeCKuii  NPoUEcc,

nogTeepxaan mbicne W.M.CeveHoBa o0 Tom,
“pasBUTve BCEro fMCUXMMECKOro COoHEepXaHWA YenoBexa...
HeoBXxoaMMOoCTbIO, Kak 4acTHLIA cnyyait Bceobero passnutvs”.
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COAEPXAHWE ABEHARLUATHU BbiNYCKOB CEYEHOBCKWUX YTEHUH

I-e CeyeHOBGKUE YTEHUA

1 poknag. 25 Hoabps 1963 ., Mockea

A.®eccap (dpanuus) - KoneepreHuus nHGOpMaUmMn Ha KieTkax Kopbl roioBHOro
Mo3ra.

2 poknap. 2 pekabpa 1963 r., Jlenunrpag
F.Benuw (CLUA) - AsoTuctsii o6men n pabora mosra.

2-e Cevenorckue yrenusa (24 pexabps 1964 r., Mockea)
N.K.Auoxuu - Helipodpusnonorus adp@epeHTHOro CUHTe3a Ha YPOBHE KOPbl
rONOBHOIO MO3ra.

3-u Ceyenosckue yreHus (9 despans 1966 r., Mockea)
U.C.Beputaiusunu - 06 06pa3HON NCUXOHEPBHON DEATEALHOCTU XUBOTHbIX.

4-e CeuexoBckue yreHur (3 oktabps 1972 r., Mockea)
B.B.3axycos - O6iive npuHUMNbl ASMCTBUS HEMPOTPONHbLIX BELIeCTR

5-e Ceverosckue utenus (26 Hoabpa 1974 r., Mockaa)
K. Jimunwak (Beurpus) - QaHHbie K B3auMOgencTBUIO camopasapaxeHus u
ryMmopanbHbiX HGakropos.

6-e CeuyenoBckue yrenuna (24 pekabpsa 1976 r., Mockea)
B.H.4Yepuurosckuii - Vipeun M. M.CeueHoBa 0 “TeMHbIX” OLLyLLIIEHUAX U UX
AansHelee pasBuTUe.

7-e CeyenoBckue yteHusa (25 maa 1979 r., Mocksa)

M.H.iuBaHoB, B.A.Makapos - FOpOocTb Pycckoun puaunonoruu.
E.M.Kpenc - O 6uonornyeckoi poav nunngos B agantauum OpraHusmMos K
YCAOBUAM CYyLLIECTBOBAHMS.

8-e CeyeHoBckue yrenus (17 Hoabpsa 1982 r., Mocksa)
H.N.Bextepesa - dusvonorus Mo3ra Yyenoseka. Metoguyeckue nNoaxodp:, Teopus,
npaxkTuka.

9-e CeuyenoBckue yrenus (20 HoaGpsa 1984 1., Mockea)
MN.B.CumonoB - PednexropHan TeoOpusi nOBOLOHUA

10-e CeveHosckue yTeHus (12 sxeaps 1988 r., Mockea)
K.3enuubckm (Monswa) - Naberaxue: pednekc wam cuctema pednekcos?
K.B.Cynakos - MonexkynsipHbie rpaHn OMUHUPYIOWER MOTUBALUN.

11-e CeyeHoBckue uteHus (17 Honbpsa 1992 r., Mockea)
C.Poy3 (Benukobputanus) - MamaTb Kak aHanor “po3eTcKoro” KamHa.
E.H.Cokonoe - BekropHoe KogupOBaHue B HeiAPOHHLIX CeTsX.

12-e CeueHorckue yreHus (25 uioHa 1996 r., Mockea)

P. 3iaam (CLUA) - neKkTpoMariuTHbie B3aMMOOeRCTBUA Ha KNeTOYHbIX MeMbpaHax:
nepecTpoiika crepeoTuna.
K.B.AHoXxuH - OGyyeHue 1 Namate B MONEKYIAPHO-reHeTUYecKol nepcnexkruse.
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