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Refueling the Magic Furnace:
Kilonova 2017 Rewrites the Story of Element Origins

Barry Wood

University of Houston

Abstract For more than half a century, we have understood element creation in the stars—described in Marcus
Chown’s colorful image as “the magic furnace.” From 1958 until 2017, supernova explosions were thought to
be the primary site of element creation above Iron, No. 26 on the Periodic Table. This assumption was radically
overturned with the August 17, 2017, arrival of signals from a catastrophic collision of neutron stars. This paper
traces the history of element-creation science leading to the striking discoveries attending “Kilonova 2017 that
now call for a rewriting of the nucleosynthesis chapter of Big History.
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Introduction
Pangea had recently broken up . . . North America and
Europe were slowly drifting apart

. the Himalayas had not yet appeared . . . tropical
jungles harbored enormous predatory dinosaurs that
would roam the earth for another 65 million years . . .
mammals the size of housecats kept to the shadows . .
. squirrel-sized primates cowered in caves . . .
Then. ..

an explosion of monumental proportions

Vibrations radiated out in all directions, traveling at
300,000 kilometers (186,000 miles) per second. One
hundred and thirty million years later, on August 17,
2017, a unique signal reached Earth, detected by
three recently constructed gravitational wave (GW)
detectors in Italy, Louisiana, and Washington State.'

Beginning at 24 Hertz, it gradually rose over 100
seconds to several hundred Hertz—indicating the
inspiraling of two massive bodies about to detonate
in a cataclysmic collision. Following 3,000 cycles, the
GW signal came to an abrupt end at 12:41:04.4 UTC
(Coordinated Universal Time). Almost immediately
(1.74 seconds later) a two-second gamma-ray burst
was detected by the orbiting Fermi Gamma-ray Space
Telescope (FGST) launched in 2008. Computers went
to work, triangulating from signals milliseconds apart
to identify a multi-moon sized region in the sky. Within
aminute FGST had identified a range and region in the
sky, narrowing the search to 100 galaxies. Alerts went
out around the world. Every active astronomy team
tuned in on the event, receiving signals that would
eventually be combined into a minute-by-minute
record of a neutron star collision—designated by its
gravity waves and date of observance as GW170817.
By year’s end, this had become the most thoroughly
documented astronomical event in history.

The simultaneous arrival of gravity waves and
gamma rays from a source 130 million light years
away confirmed the velocity of gravity waves as
equal to the speed of light. But gravity waves and

I would like to thank the anonymous reviewers, both physicists,
who provided corrections, valuable suggestions, and additional
references to strengthen the article.
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Refueling the Magic Furnace

gamma rays are invisible, while humans are attuned
to visible light, images, photographs constructed from
the electromagnetic spectrum. Following a systematic
search through the “90% confidence region,” aided
by comparisons with archival records, four Carnegie
astronomers using the Swope Campanas Observatory
in Chile located the light signal in NGC 4993, a
distant galaxy known since John Herschel discovered
it in 1789. The source, identified 10.9 hours after the
event, was officially designated Swope Supernova
Survey 2017a (SSS 2017a).? The account of this
search is itself a dramatic story. The area of interest
was viewable only from the southern hemisphere,
thus eliminating northern observatories from direct
viewing. Obscured by sunlight, observations were
delayed for 10.9 hours until the southern hemisphere
rotated into night—a delay that heightened anticipation
of an optical record unique in astronomical history.
The electromagnetic record ranged from visible light
to infrared, allowing for precise spectral analysis.
Five more teams provided primary observational
platforms; seventy observatories around the world
tuned in, with thousands of astronomers following
this event, recognizing that this conjunction of gravity
waves, gamma rays, and visible light had just ushered
in a new era of “multi-messenger” astronomy.?

A Unique Moment in Science

As we look over the past two or three centuries,
a handful of significant events have changed our
understanding of the universe and provided a new
beginning in the unfolding narrative of scientific
discovery. Some reside in publications whose full
significance has unfolded over decades, like Darwin’s
Origin of Species (1859) or Einstein’s Special Theory
of Relativity (1905). Others consist of a landmark
discovery: James Hutton’s 1794 recognition of “deep
time” visible in the geological unconformity at Siccar
Point; Edwin Hubble’s 1929 observations of distant
galaxies retreating according to a systematic constant.
More recently, teams of scientists seeking precise
confirmation for signals from deep space, detected
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by the Holmdel Horn Antenna in 1965, discovered
it when the Cosmic Microwave Background (CMB),
was finally photographed by the Cosmic Background
Explorer (COBE). The image made news around the
world in 1990.

Astronomers have long awaited direct evidence of
gravity waves proposed by Einstein’s work. Indirect
evidence of gravitational waves from orbital-period
variations in a pulsar binary date to 1970 and won a
Nobel Prize in physics in 1993. But direct evidence
was long delayed. The physics of theoretical cosmic
events led to predictions of neutron-star collisions
decades ago, though as Li-Xin Li and Bohdan
Paczynski (1988) recognized, a mathematical model
“can provide only an order-of-magnitude estimate
of peak luminosity and the timescale of the transient
event that is likely to follow a violent merger of two
neutron stars.” It is notable that Li and Paczinski did
not mention gravity waves or gamma rays in 1988,
focusing instead on light—our primary window into
the universe for centuries—an indication of how the
dominant technology of light-gathering telescopes
limited the kind of evidence available for analysis.

Detecting gravity waves required inventing a
device capable of measuring space-time perturbations
smaller than the width of an atomic nucleus. The whole
forty-year story from idea to invention is told by Jenna
Levin in Black Hole Blues and Other Songs from
Outer Space (2017), along with the way this enormous
project was intertwined with the lives and ambitions
of its inventors. The instrument was imagined and
designed in the 1970s, but development was halting,
at times stopped, though eventually completed with
massive funding; in the end, it was the most highly
funded project in the history of astronomy. Two
detectors eventually came online in Washington State
and Louisiana, with a third in Italy, and gravity waves
were detected four times from 2015 until early 2017.
These were thought to be collisions of black holes or
perhaps the swallowing of a massive star by a black
hole. For the success of their decades-long project, a
Nobel Prize was awarded to three long-term principals,
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the limit for prize sharing, though many contributed to
its design, and development engaged more than 1000
researchers. Deciding who should receive the award
veered toward political conflict: at least four were
deserving of the prize, but the decision was simplified
by the March 2017 death of physicist co-founder
Ronald Dever at the age
of 85. Rainer Weiss, Kip \\\NIUANINWT
Thorpe, and Barry Barish \\iRNHRERY
thus shared the Nobel &

Prize in physics, awarded
in October 2017. Weiss,
who set forth the key
design for the detector
in a paper in 1972,
generously commented,
“we’re symbols for the
much bigger group of
people who made it
happen,” and Barish
added, “I have somewhat
ambivalent feelings
about the recognition
of individuals when so
much of this was a team
effort.”” The Prize,
announced early in
October 2017, provided
a capstone for one of
the most ambitious
projects in  physics.

BREAKTHROUGH
of the YEAR

The catalog of New World . |
plants pp. 1535 & 1624

Barry Wood

science.® Nothing has approached the flood of scientific
publication attending this announcement, including
advanced papers and more than 100 article preprints.
Press releases appeared from dozens of news agencies
and universities. Six letters appeared in the leading
British publication, Nature; eight in the flagship
AAAS weekly, Science,
I——— With 32 in a special issue
i of The Astronomical
B Journal  Letters;  the
lead article (149 pages)
coordinating observations
from 70 observatories
was coauthored by 4,000
| astronomers from 900
institutions.’ The 22
December 2017 issue
of Science hailed this
“cosmic convergence”
of neutron stars as the
breakthrough story of
the year, marking the
announcement with six
more research papers.?

$15
22 DECEMBER 2017

The Significance for Big
History

One of the biggest
| problems for teachers of
Big History is deciding
what is important enough

By this time Kilonova cyyer of Science Magazine, December 22, 2017, depicting the for inporporatipn into our
2017 had demonstrated josating laser-like pulsar beams and inspiraling neutron stars COSMIC narratives. Even

gravitational waves leading to merger.
once again; its dramatic
announcement would soon follow.

The discovery and coordination of data was
kept under wraps for three months until its official
announcement in mid-November 2017, at which
point a term for a neutron-star collision, “kilonova,”
proposed by B. D. Metzger et al (2012), suddenly
achieved common currency in the vocabulary of

Volume II Number 3 Fall 2018

a fraction of what we

know may be too much.
Beginning with astronomy, our territory ranges through
physics, chemistry, biology, ecology, anthropology,
sociology, psychology, and a welter of historical and
cultural strands most of us are still sifting for their
significance. Our goal is to explore and construct a
continuous narrative that links Cosmos, Earth, Life,
Humanity, and Culture, but the separate silos of our
disciplines lure us toward our specialties. Astronomers
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feel comfortable up to the creation of Earth and the
Hadean era; geologists focus on of rocks, mountains,
and plate tectonics; historians find significance in
the Holocene—from the Agricultural Revolution to
the Internet. None of us are quite sure how to weight
the Anthropocene chapter, which is so central for the
present human situation that it threatens to overwhelm
the preceding 13.8-billion-year narrative.

Here we are easily influenced by the enthusiasm
of specialists who observe these events. A neutron
star merger has an exotic appeal for astronomers
because it is so rare, but just how do infinitesimal
gravity waves attending relatively rare events in far-
away galaxies concern us? Or, if they occur closer
to home somewhere in our own galaxy, should they
be part of the big story? Pretelescopic sightings of
nearby supernovae (1054, 1572, 1604) indicate these
as sporadic, sometimes centuries apart, but more
thorough sky surveys now suggest one or two in
our galaxy every century. In contrast, a Milky Way
neutron-star collision is estimated to occur once every
10,000 years. We are therefore far more likely to find
them elsewhere. But gravity waves seem distant,
especially when we learn that the August 17, 2017,
collision produce vibrations in our own space-time
framework one thousandth the width of a proton. Our
technological ability to measure perturbations this
fine seems more significant than the perturbations
themselves!

But, the optical data attending this event is another
story. In the hours following the collision, a shower of
heavy elements appeared. Most reports have mentioned
gold and platinum—elements that hold particular
significance for humans—but these are the tip of the
iceberg or, in a more relevant metaphor, the top drawer
of the mineral cabinet. The total of heavy elements
observed added up to an estimated 16,000 Earth
masses. We now recognize that neutron star collisions
produce more than half of the sixty-six elements above
Iron, number 26 on the Periodic Table. This moves
the significance of this event to the mainstream of the
Big History story. Element creation is a fundamental
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chapter that falls between the emergence of Time,
Space, Matter, and Energy when everything started
up and the later combining of elements on a well-
placed planet to form chemical molecules, and life.
Thus positioned, the creation of the elements is an
intermediate story of monumental importance. But
with the magnificent fireworks of Kilonova 2017, we
now recognize that this central chapter has long been
incomplete, or regarded as complete when in fact the
final episode was understood imperfectly. For this, we
need to look at the story of element fusion in the stars
as it unfolded over the previous eighty years.

The Fusion of Hydrogen to Iron in the Stars

The creation of the elements is a lynchpin chapter in
Big History. It presents a sequence of material creativity
before the much more complex innovations at the
molecular, cellular, and organic levels. It also provides
an arena for exploring a primary idea—the astonishing
and unpredictable properties that appear as particles
are added; for instance, as we move from element 78 to
79 to 80 (platinum to gold to mercury), from brilliant
shiny minerals to a dull and viscous liquid poisonous
to life. There is hardly any better illustration of the
unifying theme of emergence. Yet the story is hardly
known. My big history course, Cosmic Narratives,
attracts students from roughly 25 majors, including
the major sciences. On questioning chemistry majors,
I am always surprised that this story is not routinely
covered in their classes. The reason is simple; our
institutionalized silo separation of knowledge defines
the creation of elements as irrelevant. This is well
illustrated in a standard undergraduate chemistry text
that includes a four-page section on nuclear reactors
and fusion in the laboratory from “bombardment
using particle accelerators,” noting the role of fusion
in the hydrogen bomb. The origin of the elements is
treated—tentatively and anthropically—in a single
sentence: “It is now believed that the energy of stars,
including our sun, where extremely high temperatures
exist, derives from nuclear fusion.” This astonishing
reduction of stellar nucleosynthesis in a chemistry
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text of 1030 pages shows professional chemists
overlooking the multidisciplinary connections of
their subject, disinterest in relating creative events at
cosmic scale to human life, and a focus primarily on
technological applications.

The fact is the story of element creation in the stars,
by itself, constitutes a liberal education in the midst of
astronomy, physics, and chemistry, a point where the
structure of narrative from the humanities provides an
organizing principle for the sciences.'” We are, after
all, made of elemental materials forged billions of
years ago in the stars. In this light, the contribution of
Kilonova 2017 enters the picture. We need to review
the story, noting the contribution of this singular event
to rewriting this crucial chapter of Big History.

In an early myth, the stars were lights shining

UH INSTITUTE FOR ASTRONOM

KILONOVA

Gravity Waves and the
Originof Heavy Metals

The storyof gravity waves from neutron stars,

¥ « FRONTIERS OF ASTRONOMY COMMUNITY EVENT

with Ken Chambers
" Pan-STARRS Director

I'l'hursday. 16 November 2017
730pm

UH Manoa Art Auditorium

Open to the Public, Free Admission,

Campus Parking 5600
L wwwifa hawail edu

Pan-STARRS

s @@ s“.s‘ :II :I‘

Poster for the astronomical community event sponsored
by the Panoramic Survey Telescope and Rapid Response
System (Pan-STARRS) at the University of Hawaii on the
evening before the Kilonova 2017 announcement. Note the
elements (highlighted) created by the merger.
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through tiny holes in the celestial sphere. An ancient
cosmic narrative has the sun-god Helios driving a
fiery chariot across the sky; the Egyptians named him
Ra, the Hindus Surya, the Romans Sol. The idea of
the Sun’s warmth as simple combustion persisted until
the eighteenth century when the extended age of the
Earth suggested by geologists made clear that a Sun
consuming fuel like wood or coal would have long ago
burned out. In the early twentieth century, radioactivity
was considered, but this was associated with heavy
elements like uranium and thorium whose abundance
was insufficient to fuel the Sun for millions of years.
A conceptual breakthrough came with Sir Arthur
Eddington’s classic study, The Internal Constitution
of the Stars (1926) where he suggested that the source
of the Sun’s heat was the “annihilation of matter,” an
insight derived from Einstein’s equivalency of matter
and energy, though Eddington had no idea how the
conversion might occur.

Clarification came over the next three decades
as a new generation of physicists worked out the
principles of nuclear fusion. The first attempt came
with a seminar paper by Fred Hoyle, “The Synthesis
of the Elements from Hydrogen,” presented at the
Royal Astronomical Society meeting on November 8,
1946."" Hoyle’s theory that synthesis occurred in stars
was indeed a conceptual breakthrough; as Margaret
Burbidge, who heard the paper, remarks, this was “a
time when the current theory was that the elements
were created primordially by the coagulation of
neutrons just after the birth of the Universe.”"> Hoyle
was persuasive in presenting his new view, asserting
that “our first object of finding a place in the universe
where the elements may be synthesized has been
achieved.””® Paralleling the development of particle
accelerators,'* a generation of young physicists began
a theoretical exploration of nuclear fusion, the idea of
bombarding atomic nuclei with particles and working
out how difficult barriers might be overcome. It was
known that the electron shell preserves considerable
space inside the atom that presents front-line stopping
power; in addition, the enormous repellent force of
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positively charged protons in the atomic nucleus
presents withering firepower against anything but a
direct high-velocity frontal attack. Overcoming these,
it was realized, would require impacts of electrically
neutral neutrons and protons at enormous velocities
attainable only with temperatures in the order of
millions of degrees. Theory based on well-developed
laws of physics held that a dead on collision with an
atomic nucleus was more likely for a neutron while
very difficult for a proton, but construction of a more
complex nucleus depended on the addition of both
protons and neutrons. Precise pathways would take
much exploration.

A conceptual breakthrough had come with Harold
Urey’s 1932 discovery of a rare and heavy isotope of
hydrogen consisting of one proton and one neutron
which he called “deuterium,” conveniently designated
as (°D)." Building on this, Charles Critchfield, who
had studied under the Russian astronomer George
Gamow, recognized that deuterium was a possible
intermediate step in what eventually was called the
proton-proton process, each step of which would result
in some matter converted to energy.'® The process is
easy to follow:

'"H +'H yields?D + energy: a neutrino and a
positron (e+) combine with a regular electron
(e-) and are radiated as a gamma ray

D +'H yields *H + energy: a gamma ray
The end product, *H, is incomplete helium
missing one neutron, thus requiring another
step;

SH + °H yields *H (Helium) + 'H + 'H
(which can begin the process again)

While Critchfield developed the proton-proton (or
p-p) process, Hans Bethe, a Jewish physicist who
fled from Germany to United States in 1933, met and
worked with George Gamow. Known for his ability
to work out nuclear reactions on paper, Bethe made
a name for himself publishing papers on nuclear
processes. His expertise was soon recognized, leading
to his appointment in 1939 to the theory division at
Los Alamos, New Mexico, in charge of developing
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a nuclear bomb. Following the development of the
atomic (fission) bomb, tested in 1945, attention
turned to fusion, the result being the Hydrogen Bomb,
successfully tested in 1948.

The H-Bomb proved that the proton-proton process
worked, and the continuous radial heat of the Sun
verified it. This triggered a new era in physics: if
hydrogen could be fused to helium, perhaps helium
nuclei could be fused to higher elements. An obvious
process would lead to carbon (C):

“He + “He + “H might yield >C

The fusion of 2C from three *He nuclei looked simple
on paper, though the probability of a simultaneous
collision and fusion of three nuclei seemed impossibly
low. But a two-step process through Beryllium (Be)
looked promising:

“He + “He would yield *Be + a gamma ray

’Be + “He would yield '*C + a gamma ray

Once a pathway to '2C had been developed, a
more complex 6-step “carbon-carbon” (c-c) process
proposed by Bethe would yield Nitrogen (N) and
Oxygen (O) and multiple pathways to other elements.
This series of ad hoc processes pointed the way to
a comprehensive methodology while incidentally
generating the four primary elements of life—H, C,
N, and O.

In the 1950s, a remarkably talented team came
together: husband-and-wife astronomers Geoffrey
and Margaret Burbidge, the experimental physicist
William Fowler, and the British theoretical physicist
Fred Hoyle, well known for his off-handed invention
of the term “big bang.” Over several months, they
worked out a multitude of nuclear processes that
might account for the fusion of elements in the
Periodic Table. The result was a landmark 103-page
paper published in The Physical Review (1957).'7 Six
decades later, the paper is so famous among physicists
that it is known from its authors as B-squared-FH
(B2FH). While they attempted to work out processes
that would create all elements in the entire Periodic
Table, they recognized a barrier at iron 26. Fusion
of the lower elements resulted in energy emission;
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elements above iron 26 required an infusion of energy.
They could guess at steps for heavy-element fusion
but could only speculate about the precise source of
the needed energy.

The Hydrogen-Helium Mystery and the Big Bang

Up until the B*FH paper, a long-term presence
of foundational hydrogen was assumed, especially
among astronomers such as Fred Hoyle who held
steadfastly to the idea of an eternal universe. But
George Gamow, Carl-Friedrich von Weizsacker, and
Charles Critchfield—a generation of physicists of
remarkable skill and intuition—saw things differently.
Hydrogen provided a foundation for stellar fusion,
but its origin was a mystery, emphasized by massive
amounts available for star making. Related to this was
the inordinate amount of helium across the universe
which far exceeded what was deemed possible from
stellar nucleosynthesis. In 1964 Fred Hoyle and Roger
Taylor noted that synthesis of that much helium in
stars would have led to galaxy brightness far in excess
of what was observed. Their paper on the “mystery
of cosmic helium abundance” asserted that “helium
production in ordinary stars is inadequate to explain”
the helium abundance observed. To assume hydrogen
and helium as unexamined givens was too simple
and lacked an empirical foundation. The conviction
grew that there must be another process—indeed,
another site—where hydrogen and helium in massive
quantities came into existence. Hoyle and Taylor
suggested a “radiation origin” for these foundational
elements.'®

We now know that the “radiation-origin” was
the big bang, but from the 1940s until 1960s, the
big bang remained a theory that took a back seat
to the more widely held steady-state cosmology.
In 1948 the theory of the big bang along with the
mathematics of big-bang nucleosynthesis took
shape at the hands of George Gamow and his former
student Ralph Alpher."” Later in the year, Alpher and
Robert Herman published a brief note in Nature that
included a general prediction of a remnant cosmic
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microwave background (CMB), including an estimate
of its temperature at 5 K (five degrees above zero on
the Kelvin scale), remarkably close to the present
measurement of 3 K.2° Alpher and Herman continued
to explore the idea of a big bang, but no one else took
particular note, and Fred Hoyle, who had derisively
coined the term, stubbornly resisted the idea; thus it
remained controversial until 1965 when Arno Penzias
and Robert Wilson accidently discovered the CMB as
a puzzling signal from deep space.”’ When it finally
took hold, it made its debut in 1967 as a “primeval
fireball” in Scientific American>  Once serious
consideration and mathematical reconstruction of the
big bang began later in the 1970s, the pure energy
that necessarily prevailed at the moment it all began
(time zero) became the focus of attention. Einstein’s
equivalency of energy and matter in his celebrated E
= mc? equation meant that hydrogen had precipitated
from a precursor, an incredibly dense and hot energy
field that underwent rapid expansion and density
decline. As the theory developed, it seemed clear from
the known laws of physics and the effects of falling heat
and density that energy would precipitate as various
particles, including hydrogen nuclei, and following
intermediate production of deuterium and tritium,
helium nuclei would fuse as long as temperature
remained high enough. The result was an expanding
cloud of debris consisting almost entirely of hydrogen
and helium.? Simple application of physical laws
indicated that this was a temporary endpoint; fusion
of helium into higher elements required temperatures
in excess of 100 million degrees that were no longer
available as big-bang material continued to expand.
Inordinate amounts of hydrogen and helium as
the primary material of early stars now made sense,
and still do: excluding the still-elusive dark matter,
these two make up 99% of all ordinary matter even
today.* Further fusion in the stars and processes that
burned (or cooked, baked, or broiled) the first twenty-
six elements had already been worked out, but in the
real world of the early universe, sites for element
cooking would not be available for several hundred
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million years and would depend on the formation of
the earliest stars.

Building on a foundation of hydrogen and helium,
the earliest stars took over the narrative. Star centers
provide an environment where the pressure of
gravity sends temperature soaring beyond the crucial
100-million-degree mark, allowing the cooking of
helium to higher and heavier elements that will in
turn sink to the center of the star. There, further fusion
drives fusion up the Periodic Table. The p-p and c-c
processes already described were then understood
as steps in the evolution of stars in which they
gradually developed an onion-like structure with
the heaviest elements undergoing fusion at the core.
Thus understood, the evolution of the elements was
virtually inseparable from the life history of stars. By
the end of the 1970s, fusion had settled into a two-
chapter narrative; the creation of H and He during the
big bang; and the fusion of beryllium 3 to iron 26 at
the centers of very large stars. This was clear. What
was not clear was how nucleosynthesis could bypass
the iron 26 barrier. Where would the needed energy
come from?

The answer was tentatively proposed as early as the
1950s: a site so catastrophic that unimaginable energy
would be available. Physicists nursed an intuition
that stellar explosions might be the place, especially
since the spectra from remnants of such explosions
indicated the presence of heavier elements. But
decisive proof was missing: heavier elements could
have been present before the source star exploded.
Until stellar explosions could be observed in real time,
a possible third chapter in element fusion was theory
not yet established as fact.

Supernova Fusion

Supernova explosions are a relatively rare event
in the Milky Way. Speculation has identified the
star that allegedly foretold the assassination of
Julius Caesar (44 BCE) as a supernova, but celestial
signs accompanying human events are common in
mythology from Europe to India and China. In the
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context of science, multiple sightings are needed for
verification. Until the late 20th century three verifiable
Milky Way supernovas were known by their remnants.
The 1054 explosion that created the Crab Nebula, was
described by the Chinese as a “guest-star”; it was seen
also by the Babylonians, and, as a petroglyph at Chaco
Canyon suggests, possibly by Native Americans.?
When Tycho Brahe’s saw a supernova in 1572, he
said he was “amazed . . . astonished and stupefied.”
Kepler observed one visible for a year in 1604; known
as “Kepler’s star” it was the most recent one until
the twentieth century. For all of these, observations
were limited to a light source so intense that it was
visible even during daylight hours for several weeks
or months, but these occurred too far in the past for
reliable analysis. Waiting for one was discouraging
because the Milky Way average seemed to run about
one supernova every 250 years. From the limited
timespan of human observation, this is a very long
time, though there was little doubt about supernovas on
a cosmic scale. Assuming that the Milky Way average
applies to the estimated 350 billion large galaxies, the
universe experiences 300 supernovas every second,
possibly more: the Pinwheel Galaxy 20 million light
years away has experienced an astonishing frequency
of three supernovas since 1994, and 7 trillion dwarf
galaxies would add to any estimate, raising it closer to
Marcus Choun’s suggested total of 1000 supernovas
every second. * Their importance in the overall
narrative of cosmic history cannot be ignored.
Fortuitously, a supernova that could be studied with
modern astronomical methods was observed in 1987
in a nearby dwarf galaxy, the Large Magellanic Cloud,
at a distance of 168,000 light years. Prior to this event,
no one was quite sure about the demise of stars. In
1961, Alan Broms admitted that “what brings it [the
end of a star] about we do not know, though we do
assume it is some condition which upsets the balanced
state of the star’s interior.”?” By the late twentieth
century the physics of core collapse had been worked
out with some variation dependent on the size of the
star.?® Stars in the size range of the Sun last billions of

Page 8



years, slowly fusing hydrogen to helium, and perhaps
a few of the lower elements. But in larger stars of
nine or more solar masses, fusion continues until
an energy barrier at iron 26 causes a material pileup
that increases until fuel runs out. As long as fusion
continues, the production of energy at the stellar core
provides upward pressure against the downward force
of gravity, but once fusion stops, gravity takes over. The
atomic structure of the iron core cannot withstand the
pressure; the electron shells break up; the vast interior
space of the atoms is eliminated, and a catastrophic
gravitational collapse ensues, with inward velocity
approaching 70,000 kilometers (45,000 miles) per
second. In a microsecond, a stellar core the size of the
earth is reduced to the size of Manhattan or Singapore.
This collapse is so violent, with energy and heat
produced at such enormous levels, that a rebound and
supernova explosion follows, with debris ejected into
space at an estimated ten percent the speed of light—
approximately 30,000 km (18,000 miles) per second.
Prior to the 1987 supernova, precisely what might
happen during the demise of a star was little more than
speculation. Broms admitted that “we are doing much
guessing about these last stages and final endings
of the star careers,” but he made an intuitive guess:
“It may well be that within them the heavy elements
are formed by higher temperature transmutations.”?
Writing about the same time, Norman Berrill was
more committal: with the explosion of a red giant
star as a supernova, it “adds to the space outside, so
that stardust now consists of the whole range of the
elements in roughly the proportions we are familiar
with on earth.”®® By 1983 Nigel Calder could say
quite confidently, “more massive stars [than the sun]
come to a dramatic end in a supernova explosion that
manufactures heavy elements and flings many of
them out into space.”! But qualifications appeared in
the late 20™ century that limited supernova fusion to
elements from hydrogen 1 to zinc 30.* The problem
arose from the enormous velocity of supernova
expansion; as John and Mary Gribbon point out, “the
normal pattern of light and dark lines in the spectrum
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get smeared out by huge Doppler shifts into broad
bands of light and dark.”?® Precise identification of
specific heavy elements is thus problematic. In 2003,
a Carnegie Symposium on the Origin and Evolution
of the Elements was attended by more than 130
scientists. Every phase of the process was examined;
a collection of papers was produced by Cambridge
University Press. Notably, the production location of
the heaviest elements could not yet be determined; as
Bernard Pagel confirmed in the conference summary,
the r-process is basic to heavy element fusion, but he
acknowledged that “many mysteries” remain, adding
that “there is no certainty as to where it occurs (italics
added).”**

Despite uncertainty among astrophysicists, the
much-repeated popular view that every element above
iron has a supernova origin has prevailed. This idea
has been passed on like a baton for half a century;
the list of well-known scientists and cosmologists
who repeated it is rather astonishing: Preston Cloud,
Carl Sagan, Timothy Ferris, Alan Guth, Neil de Grass
Tyson, Eric Chaisson, and John Hands.** Big History
presentations, including the McGraw Hill textbook,
repeat this view.’® As recently as the May 2, 2017,
publication of Quarks to Culture, Tyler Volk could
write, “Upon explosion, supernovas disperse their
created products outward. The result is approximately
eighty types of stable nuclei, a number based on how
many protons each contains.”’ The long life of this
tenuous assumption is easy to explain: no additional
site for fusion was known; the universe contained
all 92 elements; therefore, supernovas must be the
site where all the heavy elements were born. The
assumption thus became conventional wisdom that
brought to completion a three-part narrative for the
creation of the elements: (1) hydrogen 1 and helium 2
creation during the big bang; (2) lithium 3 to iron 26
fusion at the centers of large stars; and (3) nickel 27 to
uranium 92 during supernova explosions.

Neutron Star Merger and Element Fusion
And so the story stood, but the science story
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is usually tentative, rarely complete. Writing in
2010, B. D. Metzger et al anticipated gravity waves
from a collision of neutron stars, along with an
electromagnetic display from heavy-element fusion.*®
When it happened on August 17, 2017, a fourth and
corrective chapter was written and the dramatic term
“kilonova” moved to center stage—the name referring
to luminescence a thousand (ki/o) or more times greater
than any other cosmic event. Gamma-ray bursts that
had been detected over several decades showed that
black-hole creation and black-hole-neutron-star (BH-
NS) collisions may have occurred, but the Kilonova
2017 event was a NS-NS collision, the first observed

in real time. As objects too small to be observed even
through the most powerful telescope, neutron stars
are known from rapid light pulses flashed across
the universe—from which they derive their name as
“pulsars.” As a neutron star rotates, pulses are sent out
like lighthouse beams visible if sent in the direction
of the earth; their frequency—up to several hundred
times per second—tells us that neutron stars have
preserved the angular momentum of their much larger
originals and thus spin at unimaginable velocities.*

Neutron stars are downtown-city-size supernova
cinders. Typically 8 to 12 miles in diameter, they
contain protons and electrons compressed so densely
into neutrons that all interior space has been eliminated;
they are so weighty and solid that a teaspoon full would
weigh up to a billion tons, a potful would outweigh a
mountain—within Earth’s gravitational system. Their
gravitational force on any common object would result
in distortion and stretching, or what Nigel Calder once
called “spaghettification.”® Their density dictates
masses akin to sun-like stars: estimates have put the
two observed on August 17 at 1.6 and 1.1 times the
mass of the Sun. They were nothing less than cosmic
bombs waiting for ignition.

Given the frequency of supernova explosions over
10 to 12 billion years, millions of neutron-stars may
be wandering through the Milky Way, every other
galaxy, and possibly intergalactic space. Survival
of astronomical objects for 10 + billion years is
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not unusual; the space between stars is so great—
thousands or millions of times their diameters—that
stellar collisions are rare, even when galaxies merge.
Statistically, even close encounters of neutron stars
are rare. Analysis indicates the two detected almost
certainly originated in the same galaxy, NGC 4993.#!
Precisely how two of these leftover cinders from
widely separate events found each other is beyond
discovery—the odds are miniscule—but once
together, they formed a binary system that may have
spun for millions of years until orbital decay doomed
them to catastrophic collision. Estimates place
neutron star mergers at several magnitudes fewer than
supernovas, but the vastness of the universe assures
regular occurrences.

The detection of gravity waves increasing from
24 Hertz to several hundred over just 100 seconds
provided a first-time record of inspiraling neutron
stars in a tightening orbit at breakneck speed, dozens
of rotations per second. The 1.7 second silence
marked the final death plunge and collision at close to
the speed of light signaled by the two-second gamma-
ray burst. Astrophysical theory suggests that the
bulk of material from merging neutron stars totaling
more than three solar masses will disappear into a
black hole; meanwhile a starburst of radiation equal
to billions of stars signaled an explosion of material
blasted into surrounding space at 20 to 30% the speed
of light—40,000 to 50,000 miles per second. Spectral
analysis indicated rapid nucleosynthesis that peaked
during the first day. Fusion may have retraced
fundamental pathways (the p-p and c-c processes,
etc.) with new pathways made possible by kilonova
conditions.

Colliding neutron stars provide a unique site for
fusion different from supernovas—a neutron-rich
environment for building higher elements with heat
the engine driving particle collisions. As neutrons
are propelled into the nuclei of unstable isotopes,
nuclear decay provides a countervailing force: dozens
of isotopes have half-lives of microseconds, making
sustained nuclear construction tenuous. But the rapid
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Artist depiction of neutron-star collision.
* Note gravitational waves on the
background matrix, laser-like pulsar
. beams, and gold and heavy element ejecta.
Acknowledgements:  National  Science .
- Foundation (NSF) / Laser Interferometer S5
--Gravitational Wave Observatory (LIGO) / &
Sonoma State University / A. Simonnet. i

neutron process (r-process) explored in detail in B2’FH any source capable of supplying a large neutron flux
bypasses this difficulty. Interestingly, the B°’FH team on a short time-scale of order 10-100 sec, would meet
recognized the need for “a large flux of neutrons . . . the requirements.” Sixty years before any idea of
available in a short period of time,” adding that “the a kilonova existed and the first one was observed,
precise source of the neutrons is not important. . . . the B?FH theorists defined the precise environment
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needed for heavy-element nucleosynthesis.

Forced tunneling of neutrons into nuclei faster
than they can decay builds isotopes by the hundreds
while beta decay turns some neutrons into protons.
The resulting presence of both neutrons and protons
allows for conversion of the nucleus to the next
element on the Periodic Table. An unremitting barrage
of neutrons thus provides a foundation for a sequential
fusion of stable nuclei that effectively carve a pathway
through radioactive decay, leading to the fusion of
roughly half the heavy elements on the Periodic
Table.** Spectral analysis shows an estimated 16,000
earth masses of higher elements created, including
the lanthanide sequence of rare-earth elements, with
gold and platinum estimated at four earth masses—a
mineral display of unfathomable wealth.*® As we
look at treasured necklaces and rings of gold, we are
looking at the fabulous riches of ancient kilonovas.

Conclusion

In retrospect, the first step of hydrogen-
helium creation was missing from Fred Hoyle’s 1946
paper: he thought the big bang was a mistake and
never accepted it, even after the Cosmic Background
Explorer (COBE) sent back an image of the Cosmic
Microwave Background (CMB). His paper was
heavily mathematical and focused on hydrogen-
helium fusion in what he called “the helium zone.” But
he was essentially right in recognizing stars as places
where element evolution occurs. A brilliant generation
of physicists continued his work, recognizing that
the conditions required for constructing higher and
heavier elements varied enormously—so much so that
a single site for element building was impossible. The
task of sorting through the possibilities has taken three
quarters of a century and eventually depended on the
construction of more powerful instruments that could
bring observations of distant events down to earth.
Our earliest observations through the Mount Wilson
and Palomar telescopes were limited to the narrow
range of visible light; the gravitational waves from
Kilonova 2017 perturbed the space-time framework
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where we reside one-thousandth of the width of a
proton. We have indeed come a long way since the
Greek story of a fiery chariot driven across the sky
by the sun-god Helios and the belief that stars were
lights flickering from a celestial dome. Now we know
that the fusion of the whole range of elements has
required four distinctively different environments, all
of them occurring in unearthly places during events
that are truly catastrophic. The kilonova chapter of the
element-building story appears to complete the other
three, though there remain puzzles and pathways not
entirely sorted out. New atom smashers will increase
understanding of heavy-element nucleosynthesis. One
day we may have to write another chapter.

For those engaged in Big History, this merger
of neutron stars and the resulting kilonova have
completed the story of nucleosynthesis. The
generation of the elements has profound importance
for subsequent history, but this is easily passed over as
if unimportant. Thus we read in a brief history of the
universe by a prominent astrophysicist that “rapidly
evolving massive stars are responsible for producing
most of the heavy elements, such as carbon, oxygen,
and silicon, from which we are made.”*® The added
italics highlight the compression and virtual loss of the
larger narrative that adds significance to the element
creation story. It seems endemic to the sciences
to confine observation to disciplinary silos, thus
losing the most relevant connections that justify the
investigation of cosmic history and provide meaning
for discoveries. It is the role and task of Big History to
bridge these academic silos—to see, understand, and
communicate the unifying narrative that makes sense
of the fragmentary knowledge of discipline-defined
knowledge.

From ninety-two elements, a virtually infinite range
of chemical molecules have been built—in space,
and more profusely in the congenial environments
of Earth. Somewhere around four billion years
ago, clusters of molecules, activated by continuous
energy flows, acquired identity and pattern retention
sufficient to maintain themselves and reproduce, and
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the nearly interminable era of single-celled life was
set in motion. Cells, we now know, are constructed
from up to 100 trillion atoms, and when linked up to
form living organisms, we must multiply by hundreds
of trillions more. Ultimately, though, such life, from
trilobites to tarantulas, plankton to primates, is built
on the foundation of the elements—Iife’s emergent
skills, motivations, thoughts, and imaginings firmly
nested within the mysterious properties of the
elements themselves. And while the elements basic to
life are clustered in the lower twenty six, our creative
energies have found uses for virtually all the others.
What would life be without silver, gold, and platinum?
Kilonova 2017 has indeed moved us a giant step
closer to what Thomas Berry called the New Story—a
captivating narrative of cosmic history.*’
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AHHOTaLUSA.

[IpencraBienue o ToM, 4To B OrpKaiiiee BpeMst Hac KIeT Hekasi « CHHTYJSIPHOCTBY, CTaJlo B IOCIIEIHEE BpeMs
JIOCTATOYHO MOMYJISIPHBIM, IPEXkKE BCEro Oyaroaaps AeSITEIbHOCTH TEXHUUYECKoro qupekropa Google B obnactu
TexHuyeckoro odyuenusi Paiimonna Kyprseiina u ero kuure The Singularity Is Near (2005). ITokazano, uto
MaTeMaTU4EeCKUI aHaIU3 IPUBOAMMOIO UM psifia COOBITUI, HAUMHAIOLIETOCS ¢ BOSHUKHOBEHHUS Halel ["amakTuku
U 3akaHuymBaromierocs pacmmdpoBkord koma JHK, neiicTBUTET HO TPAKTUYECKH HACATHHO OIKCHIBACTCS
(neusBecTHOM camoMy Kypiieilny) kpaitHe mpocToil MareMaTHueckoil (yHKIMEH ¢ CUHTYISIPHOCTbIO B pailoHe
2029 r. TlokazaHo Taxxe, yTo cocraBieHHbIH B Hadase 2000-x (coBepuieHHO He3zaBucHMO OT Kypiieiina)
poccuiikum ¢puznukoM A. JI. [laHOBBIM aHAJTOTMYHBIN BpEMEHHOM psiJ] (HAUMHAIOIIUICS C BOSHUKHOBEHHUSI )KU3HU
Ha 3eMJie M 3aKaH4YMBAIOIIUNCA MH(POPMAIIMOHHON pEeBOIIOLIMEN) TaKkKe MPAKTUUYECKU HJI€aJIbHO OMHMCHIBAETCS
(ne ucnons3zoBanHoi A. J[. IlanHoBoM) maremaTtnueckoil (yHKIuel (KpaiiHe CXOJHOW C BBIIEYIOMSIHYTOMH) C
CUHTYJSIpHOCTBIO B paiioHe 2027 1. [lokazaHo, uTo 3Ta (pyHKIMS TakKe Ype3BbIYANTHO CXO/IHA C YpaBHEHHUEM,
oTKphITEIM B 1960 1. X. pon depcrepom, mokazaBIIuM B CBOEH 3HAMEHUTOM cTaThe B JKypHaJie Science, 4To OHa
MIPAKTUYECKH HIE€AJIbHO OINKCHIBAET JIWHAMUKY YHMCIEHHOCTH HACENIEHUS U XapaKTepU3yeTcss MaTeMaTu4yecKon
CUHTYJSIPHOCTBIO B pairioHe 2027 1. Bce 3TO TOBOpUT O HaIWYUHM JOCTATOYHO CTPOTUX TJI00ATBHBIX
MaKpO3BOJIIOIMOHHBIX 3aKOHOMEPHOCTEN, KOTOPhIE MOTYT YIUBUTEIHLHO TOYHO OMHUCHIBATHCS KpailHe MPOCTHIMU
MaTeMaTu4ecKuMu (QYyHKIUsIMHU. BmecTe ¢ TeM NMpoaeMOHCTPUPOBAHO, YTO B pailoHE TOUYKM CUHTYISPHOCTU
HeT ocHoBaHMs Bcien 3a Kypupeisiom oxujgarb HEBUAAHHOTO (HA MHOTO MOPSJIKOB) YCKOPEHHUS TEMIIOB
TEXHOJIOTMUYECKOTO Pa3BUTHS; UMEIOTCSI OOJIbIINE OCHOBAHUSI MHTEPIPETUPOBATH ATY TOUKY KaK MHJIMKATOP 30HBI
neperuoda, mocie NPoxXoKAeHUS KOTOPOH TEMITbI II00aIbHOM 3BOIIOLIMY OyAyT CHCTEMaTUYECKU B JI0JITOCPOYHON
MEPCIIEKTUBE 3aMeJISAThCS.

BBenenune

Bompoc 0 «cuHTynsipHOCTHY TII00anbHOM (WK Aaxke
Bonbioit) uctopun obcyxnaercs B mociegHee Bpems
OYCHb aKTUBHO (cM., Hampumep: Hazapersn 2013,
2014,2015a,20156; Eden etal. 2012; Shanahan 2015;
Callaghan 2017; Nazaretyan 2015, 2016, 2017, 2018).

1. HccnenoBanue BBINONHEHO Mpu mojaepxke Poccuiickoro
¢donna QyHnameHTanbHBIX HccienoBaHuil (mpoext Ne 17-06-

DTOT BOMpOC ObUT CleNaH OCOOEHHO MOMYJISPHBIM
Oomaromapss ycunusm P. Kyprpeiina, TexHHYECKOTO
JUpEeKTopa B 0OJAaCTH MaIIMHHOTO OOy4YeHHus U
00pabOTKM ecTeCTBEHHOro si3blka Kommanuu (Goo-
gle, u B ocobeHHoctu Onaromapsi ero kuure 71he
Singularity Is Near (2005), HO Takke H uepe3

00464).
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Cuneynapnocmo XXI 6exa 6 konmekcme bonbwioti ucmopuu: mamemamuiecKuii aHaiu3

co3nanue uM YHuBepcuteTa Cunryssipaocta (2009),
akTuBHyr0 PR-kammanuio m T.11. B cdepe bomwmmoit
UCTOpUKM® BHUMaHUEe K mpobiieme CHHTYISIPHOCTH
ObUIO TPUBJIEUYEHO Onarojapsi OESTEIBHOCTH TaKUX
CIIEIMAJTUCTOB B 3TOM oOsactu, kak A. I1. Hazapersn
(2005, 2009, 2013, 2014, 2015a, 20156; banamosa u
ap. 2017; Nazaretyan 2005, 2015, 2016, 2017, 2018),
A.J1.ITano(2004,2005,2006,2008;Panov2005,2011,
2017) u I'. JI. Caykc (Snooks 2005). B nepcriektuBe
bonbmioir uctopumn «runoreza CHUHTYJISIPHOCTH
MOXKET TPEJCTAaBISITh OMPEICICHHBIN HHTEpec, Tak
KaK OHa BpO/Ie Mpe/ylaraeT «HayyHO 0OOCHOBAHHYIO»
NaTUPOBKY «JleBaTolr moporoBoil Bexu bombioi
ucropun» (Big History Threshold 9).° Opnako
nornpoOyemM TMpexae Bcero pa3zoOpaTbcs, MOTYT U
MaTeMaTH4ecKHe pacueTsl AaThl CHHTYISIPHOCTH HaM
JEHCTBUTENHHO TOMOYb BBISIBUTH J1aTy HACTYIUICHUS
O4YepeIHON MOPOTroBOi Bexu BoJibIIoi HCTOPUU.
Bpemennoit psaa Kypuseitia — Moauca wun
MaTeMaTH4yecKasi CHHIYJISIPHOCTH

P. KypuBeiin oJHUM U3 IEPBBIX PACIIONOKHIII ITaBHbIE
MaKpO3BOJIOIMOHHBIE CABUTH 3HAYUTENbHOMN
gactu bonbuioil uctopuu BAONB THNEPOOTMUECKON
KpHUBOI, KOTOpasi MOKET OBbITh OMKCAaHA ypaBHEHHUEM
C MaTeMaTHYeCKOW CHHTYJsIpHOCThI0.* Hampumep,

2 HamoMHHUM, YTO IO OIpeAeTIeHUI0 MexX TyHapOoIHON accoLu-
auuu bonbiioi ncropuy, CyTh boabLIONH UCTOPUU 3aKIHOUAETCS
B «CTPEMJICHWHU MOHSITHh MHTETPUPOBaHHYIO HcTopHio Kocmoca,
3emun, XKuszuu u YeroBeuecTBa ¢ MCIIOIL30BAaHUEM HaJIEKHBIX
SMIIMPHYCCKUX JaHHBIX M HAy4HbIX MeTon0B» (Big History seeks
to understand the integrated history of the Cosmos, Earth, Life,
and Humanity, using the best available empirical evidence and
scholarly methods — https://bighistory.org/).

3 O moHATHH «IMOPOTOBHIX BexX bombmoit mcropum» (Big
History Thresholds) cwm.: Christian 2008. Crowut, BUANMO, TO-
SICHUTb, YTO B KadecTBE 5-il moporoBoil Bexu bonbioil ucro-
pun JI. Kpuctnan paccmarpmBaeT BO3HUKHOBEHHE JKHM3HHU, O-i
— QHTPOIIOTCHE3 W BOSHUKHOBEHHE «KOJUICKTUBHOTO O0yYCHHS
(collective learning), 7-i#f — HCONMUTHUECKYIO PEBOIIOIHIO, a 8-
— TII00ATBHYIO MOICPHHU3ALINIO TTOCIETHIUX BEKOB, 0COOCHHO aK-
TBHO TIpoTekBITyio B XIX—XX BB. (Modern Revolution).

4 HpH‘{I/IHLI TOTO, MOYEMY MBI Ha3bIBA€M 3TOT BpeMeHHOﬁ psaa
«psLtaoM KypuBeﬁna — MOZ[I/IC&)) CTaHYT NOHATHbBI HCECKOJIBKO
HUWXKC.

Journal of Big History

Ha c. 18 cBoero Oectcemnepa The Singularity is
Near (Kurzweil 2005) oH mpHUBOIUT CIEIYIONIYIO
nuarpammy (cm. Puc. 1)°.

Opnako, Kak 3T0 HM ynuBHUTeNbHO, Kypuseiln, no-
BUJUMOMY, HE 3aMETHII, YTO KPHUBasi, IPeCTaBICHHAs
Ha 3TOM PHUCYHKE, SBISIETCS TUIIEPOOINYECKON, U YTO
OHa OIMCHIBACTCS YpaBHEHUEM, UMEIONIMNM CaMylo
HACTOSAIIYI0 MAaTeMaTHYECKYIO CUHTYJISIPHOCTH (OoJiee
TOrO 3HaueHWe 3ToW cuHryssipHoctu, 2029 ron, He
TaK JaJeKo OT TOro, YTO MPEACKA3bIBACTCS CaMHM
Kypugeitnom). DTo 00bACHsAETCS, MPEXIE BCETO,
HEKOTOPBIMH MaTEMaTHYECKUMHU HETOYHOCTSIMH, Xa-
paKTEepHBIMHU AJIsi TeXHHYecKoro aupekropa Google
(IOCTaTOYHO YMOMSIHYTh, YTO OH YHOPHO HA3bIBAET
r00anpHBI  TATTEPH  YCKOPEHHS  DBOIIOLUU
«IKCIIOHECHITUATBHBIMY, HE 00pallias BHUMaHHsI Ha TO,
YTO JKCIOHEHIMANbHAs (QYHKIUS HE MMEeT KaKoW-
100 CUHTYJISIPHOCTH).

B cBere 3TOr0 HE MOXKET HE BBI3BaTh HEKOTOPOTO
yAUBIEHUSI TO 00CTOSTENbCTBO, uTO caM Kypuseiin
3HAaeT O MOHSATUU MaTEMaTUYECKOW CHHTYISIPHOCTU
nu Oojee WIM MeEHEE TOYHO OIIMCBIBAET E€rO.
JlelicTBUTENbHO, Ha CcTpaHulax 22-23  CBOEro
OecTcemiepa OH J1aeT JIOBOJIBHO TOYHOE OIHMCAaHHE
MOHSTHS «MaTeMaTHUYeCKasi CHHTYJISIPHOCTBY:

“ Singularity - 3TO aHIVIMHCKOE CIIOBO,
O3HAuaIlee yHUKAIbHOE B  CBOEM
pone coObiTHE ¢ KpaliHE OCOOCHHBIMH
MOCJIE/ICTBUSIMU. DTO CJIOBO HCIOIb3YETCS

MaTEMaTHUKaMH JUIA 0003HaYEHHST
3HAUCHHA, KOTOPOC IPCBOCXOIHUT Jr000e
KOHCYHOC OT'paHHUYCHHUC, TakKocC KaK

B3PBIBOOOPA3HBIN POCT BETMYHHBL, KOTOPBIH
BO3HHMKAeT TPH JEICHUH KOHCTAHTHI Ha
NepeMEHHYI0, 3Ha4eHHE KOTOpOW BCe
Oonbine mpuOIMKaeTcs K Hymo. Takas

5 CoOCTBEHHO TOBOPSI, NPOTOTHIT 3TOTO Tpaduka (HO B JBOK-
HOH Jiorapu(MUUECKOH NIKajIe) MOXXHO HATH Ha C. 5 B omy0Onu-
xoBaHHOM P. Kypugeiinom B 2001 rogy scce “3axkoH Bo3pacraro-
mieit otmaum» (Kurzweil 2001: 5).
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Linear Plot
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. THBIA oTcueT BpeMeHu 10 CuHryispHocTy’ coriacHo P. LBEIT
Puc 1. “O6pa oTCcUe eMe oC octr” cornacHo P. K e

Ucrtounuk: Kurzweil 2005: 18.

MaTemMaThueckass (yHKIMS HUKOTJAa HE
JIOCTUTAeT OECKOHEUHOTO 3HAYeHHUs, TaK
KaKk JIeJICHUE Ha HOJIb MaTeMaTU4YEeCKU
«HEOIPEIECICHO» (910 HEBO3MOXKHO
BBIYUCTUTH). HO 3HaueHne y mpeBOCXOIUT
m000i BO3MOXKHBI KOHEUHBIM Mpenesn
(mpubnuxkaeTcss K OECKOHEUYHOCTH), KOT/a
3HaMeHaTesb X CTPEMUTCS K HyJt0” (p. 22—
23).

Volume II Number 3  Fall 2018

Bosee Toro, Ha ¢. 23 OH COIPOBOXKAAET CBOE ONUCAHUE
MOHSTHSI «MaTeMaTH4ecKas CUHTYJISIPHOCTbY BIIOJIHE
aJICKBaTHBIM WJLTIOCTpHUpYIONUM Tpadukom (cm. Puc.
2).

Opnako, TpENCTaBUB  JOCTATOYHO  aJE€KBATHOE
OIHCaHue TOHSITUS «MareMaTuyeckas
CUHTYJISIDHOCTB»,  Kypupein, TmoXoxke, TepseT
MHTEPEC K 3TOMY MOHSATHUIO — BHE3AITHO NEPEKIII0Yasch
HAa HCMOJb30BAaHUE TEPMHUHA «CUHTYJISIPHOCTH)
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A Mathematical Singularity Linear Piot

T

x

\_\,_\____1_

- - < = = £

A mathematical singularity: As x approaches zero (from
right to left), 1/x (or y) approaches infinity.

Puc. 2. [Ipumep MaTeMaTH4ecKkoil CHHTYJISIPHOCTH (B HATYpaJbHOM MaciiTade)

Ucrounuk: Kurzweil 2005: 23.

actpodusukamu (p. 23).

Onna w3 3arafouHbIX Bemiedl B kHure Kypriseiina
3aKJIIOYAaeTCsd B TOM, YTO OH, ITOXO)XKE, HE 3aMETHII,
yTo ¢dopMa THMEPOOJIMUECKOW KpPUBOM Ha €ro

rpaduke «MaremaTuueckas CUHTYJISIPHOCTB)»
(ctp. 23 xknurm Kypuseitma, cm. Puc. 2 BrbIme)
MPUHIMIIAATIBHO ~ MJIEHTHYHAa  (XOTSA, KOHEYHO,

noBepHyta Ha 180 TpamycoB) ¢ ¢opMol KpuUBOH
Ha ero rpaduxke «OOpaTHBII OTCYET BpEeMEHU
no CunrynspHoctu» (cTp. 18 TOH ke KHHUTH, CM.
Boiie Puc. 1). bonee Toro, kak Mbl YBUIUM HIKE,

Journal of Big History

MareMaThyeckas MOJIEIIb, oOecrnieunBaroas
HaWJay4dllyl anmnpoKCUMAIMK KPUBOM THHA TOM,
4yTO0 M300paxeHa Ha Puc. 1, B OCHOBHOM HJEHTHYHA
runepOomueckor PyHKINH, MOKa3aHHOM Ha Puc 2, T.e.
y =k / x. Takum oOpazom, eciiu 061 Kyprpeiin cuenan
MIPOCTOM MaTeMaTUYECKUI aHAJIU3 BPEMEHHOTO psiia
Ha cBoeM Puc. 1, oH OBl Hamien, 4To €ro Jydilie
BCEr0 OIKCHIBAET MAaTEMATHUYECKOE YPABHEHUE TOTO
camMoro THUIa, YTO OH H300pakaeT Ha cBoeM Puc.
2 (c TOM OYeHb HEOOJIBIION pa3HHUIICH YTO Yy HAC
B YHUCJIUTENE YpaBHEHMsI OKa3aJloch ObI «2», a He
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«1»).° Bonee Toro, oH OOHAPYXHJI OBbI, YTO 3HAYCHUC
MaTeMaTU4eCKoi CUHTYISIPHOCTHU ypaBHEHUS,
Jy4Ille BCEro OMHCHIBAIOIIETO KPUBYIO Ha rpaduke
«O0patHbIii oTcuer BpeMeHU 10 CHHTYISAPHOCTHY
Kypugeiina (cm. Beime Puc. 1), coorBerctByer 2029
rojay, 4TO HE TakK CUJIbHO oTiauyaercs oT 2045 rona,
MPEIJI0KEHHOT0O UM B €ro KHHUre, M 4YTO MPOCTO
WJICHTUYHO C JaToH, mpemioxeHHon Kypusenmom
coBceM HenmaBHO (cM. Ranj 2016)’.

IIpeooOpa3zoBanne [lanoBa

Mexy Tem, To, 4To He ObLT0 caenaHo P. Kypuseiinom
B 2005 romy, Obuto cnmemano B 2003 romy A. Jl.
[MTanoBbiM®. [laHOB mMpOaHAIM3UPOBAT JIOCTATOYHO
MMOXO0XKUH BPEMEHHOU psij (MOCTPOEHHBIHN, BIIPOYEM,
Ha COBEPILIEHHO JPYTMX HCTOYHUKAX) W TPHUIIEN
K OYeHb MOXOXHMM BBIBOJIAaM, HO B ropasjuo Ooiee
npoaBuHyTol ¢dopme. OueHb BakHO, UYTO OH
coBepiua mmar (k koropomy Kypisein Obl1 oueHb
OJIM30K, HO KOTOpPBIH OH (DaKTUYECKH HE clesan),
KoTopelii  mo3Bonun IlaHoBy chemath — aHanu3
paccMaTpuBaeMOro BpPEMEHHOr0 psga ropaszio
0osee mpo3pavHbIM, OJIarofaps 4eMy OH CMOT TOYHO

6 A mpu HECKOJIBKO HHOM PacdeTe, 4eM TOT YTO MbI IPUMEHUM
HIDKE, B 3HAMEHATeJIe 3TOr0 YPaBHEHUS OKKETCsl YHUCIIO0, C1abo
OTAMYUMOE OT «1» UK Jake mpocTo paBHoeE «1» (cM. [Tpunoxke-
Hue 2).

7  TouHee, 3TO AaTa, KOrAa, COMIACHO MOCIEIHEMY IPOTHO3Y
Kypngeiina, moan ctaHyT 6€CCMEPTHBIMH, YTO BIIOJIHE MOYKHO
paccMaTpuBaThCsl KaK CBOETO pOJa CHHTYISIPHOCTH (@ Takxke
B KayecTBE JOBOJBHO BEPOSTHOTO KaHAWJaTa Ha JleBsATyro
MMOPOTOBYI0 BeXy bomnbmioit wucTopum) — make €CIH MBI
JICHCTBUTENIIFHO HMMEEM €TI0 C paJuKaJbHBIM yBEIWIECHHEM
OKHJTaeMOW  TMPOJOJDKUTENFHOCTH JKM3HM YeJoBeKa  (WIIH
mocTyenioBeka?), a He ¢ GeccMepTHeM KaK TaKOBBIM, TIOCKOIIBKY
9TO BCE pPaBHO OyIeT O3Ha4aTh HM3MECHEHHE OMOIOTHYECKOI
MPUPOJBI JIIOACH, YTO HE MOXKET HE IMOBIHMATH HA XOJ
YEJIOBEUECKOI NCTOPUH CAMBIM IpAMaTHIHBIM 00pa3oM.

8 Ero omucanHble HWKe pacyeTsl OBbLIM  BIEpBBIC
npexacraBieHsl B HosiOpe 2003 roma Ha AKageMHYECKOM
cemMuHape ['ocyaapcTBEHHOTO aCTPOHOMUYECKOTO MHCTHTYTa B
Mockse (Nazaretyan 2005: 69) u BociencTBuu OITyOIMKOBa-
HeI B ero crarbsax ([Tanos 2004, 2005, 2006; Panov 2005, 2011,
2017) u monorpaduu (ITanos 2008: 19-40).

Volume II Number 3  Fall 2018

A. B. Kopomaes

paccuuTaTh AaTy CUHTYJISPHOCTH.
B cBoeit kaure 2005 rona Kypuseis oTi10KuiI o ocu
OpAMHAT CBOMX JUAarpamMM «BpeMs Jis CJeIyIOIIero
COOBITHUS», YTO, HAa MOW B3I, CYIIECTBEHHO
3aTpyIHUIO uX uHTepnperanuio. C Ipyroi CTOPOHHI,
B cBoeM acce 2001 roma Ha cTp. 5 mpu aHanuze
auarpaMmbl C aHaJOTHYHBIM BpPEMEHHBIM PSAOM
(MCTOYHUK KOTOpPOTO, KCTaTW, HE OBUI yKa3aH)
Kypuseiin Hagas roBOpUTh 00 YCKOPEHUH «CKOPOCTH
caura napanurm» (paradigm shift rate) (Kurzweil
2001: 5), HO (YTO TOBOJIBHO THUIIWYHO Jjisi [ JTaBHOTO
umxeHepa Google) moutu cpazy ke MEePeKITHOUHIICS
Ha Jpyryro Temy. Bmecte ¢ Tem TO, uTO OBLIO
HE00X0IUMO JJIs TOT0, YTOOBI CAENaTh €T0 AUarpaMMbl
ropa3zo 0Oojee TMOHSATHBIMHU, 3aKIIOYAIOCh B TOM,
9TOOBl OTJIOKHUTH 1O OCH OpAMHAT HE «BpeMs J0
CJIETYIOIIETO COOBITHS, @ UMEHHO «CKOPOCTh CJIBUTA
napajaurm», Kak 3t1o caenan [lanos. [[elicTBUTENBHO,
9TOOBl MpeoOpa3oBaTh BpeMs [0 CIEAYIOLIETO
«MapaiIiTMalbHOTO CIBUTA» B CKOPOCTh CJIBUTa
napajgurM, Hy’Ho ObUIO cAenaTh JOBOJBHO MPOCTYIO
BelIb: B3ATh OJIMH TOJ U Pa3JeUTh €ro Ha BpeMs J10
CIIEYIOIIET0 CABUTA MapagurM; B Pe3yJbTaTe, MbI
MOJTyYHM YHUCIIO MapaJurManbHbIX CABUTOB B TOM, TO
€CTh UMEHHO «CKOPOCTh cIIBUTA mapaaurmy». Kak Mol
y>Ke TOBOPHIIH, 3TO He ObL10 caenano Kypieitinom, HO
ObU10 cenaHo [TaHOBBIM, MOTYYUBIIMM B Pe3yJIbTaTe
cnenytromue rpaduku (cMm. Puc.3).

I'padux 3a pucynka 3 ONHCHIBAET YCKOPEHHE
r7100ambHOM CKOPOCTH MAaKpOABOJIOLMKA HAuMHAs C
4 MUJIMAPIOB JIET 10 HACTOAIIETO BPEMEHH, TOTJa
Kak JIeBbI rpaduk (3b) onmmchIBaeT 3TO IS YeIOBe-
yeckod yactu bompmioir Mcrtopuun. 3ametum cpasy,
yto KpuBas 3a [laHoBa sBisieTcs 3epKalbHBIM OTO-
Opaxenuem rpaduka «OOpaTHBIN OTCYET BpEMEHH J10
cunrynspHocti» Kypiseiina (cm. Puc. 4).

Opnako maTemaTtuyeckas HMHTepHperanus rpaduxa
[lanoBa HaMHOTO MpOIIe M HArIsIIHEE. 3aMeTuM,
yto cam [laHOB 00O3Hauyan mepeMeHHYI0, HaHECEH-
HYI0 TI0O OCH OpAMHAT ero rpadukoB kak «Yacroty
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norapuMUIECKOH IIKae

($a3zoBbIX mepexoqoB B Toa». OIHAKO COBEPIICHHO
OUYEBHUTHO, YTO «a30BbIii mepexoa» [laHnosa sBusieTCS
CMHOHUMOM «caBura napaaurm» Kypieina, Torna
KaK «9acToTa (a3oBBIX MEPEXO0B B IO/ OMHICHIBACT
HMEHHO «CKOPOCTb TMapaJurMajibHbIX CIBHUIOB)»
WIK TEMIIbl TJ00AJIBHOTO MaKpPO3IBOIIOIMOHHOTO
Pa3BHUTHUS/TEMITBI  POCTa TJIOOATBLHOW  CIIOKHOCTH.
D10 mpeoOpa3oBaHWE 3HAYUTEIHHO YIPOIIAET TOY-
HO€ ONpPEACIICHUE KapTUHBI YCKOPEHHS TEMIIOB
rJI00aTFHOTO MaKPOABOIIOIIMOHHOTO PA3BUTHSL.

Volume II Number 3  Fall 2018

Puc. 5. IlepBas Bepcust KypiBemnickoro rpaguka « O0paTHbIN OTCUET BpeMeHU 10 CHHTYJISIPHOCTH» B TBOMHOU
Hcrounuk: Kurzweil 2005: 17.

Bpemennoii  psjg Moauca:
(popMasbHBII aHAIN3

Hmxe MBI mpoBeneM MaTeMaTUYECKMM —aHaIu3
BpemeHHoro psana Kypuseiia — Moauca no nuHun,
npeioxkeHHo IlaHOBBIM (XOTS M ¢ HEKOTOPBIMHU

HAIIUMHU MOAU(DUKALUSAMHI).

Kypuseiiia —

B nononHeHume K - KypLBEHJIOBCKOMY Trpaduky
«O0patHbIil oTcyeT BpeMeHU 10 CHHIYJISIPHOCTH
B OJIMHApHOMU norapupMUUEcKOM LIKaje
npexncraBieHHod Bbimie Ha Puc. 1, Kypuseiin
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nyONHMKyeT JBE Ipyrue BEPCHH JTOTO rpaduka B
JBOMHOM orapudmudeckoit mkamne (cM. Puc. 5 u 6).

Canonical Milestones
Logarithmic Plot
: " Eartr
s
Frutmuliceldor 48\ Cambrian Explosion
sl flower g plants
First mammais.

Time Before Presenl (years)

Puc. 6. Btopas Bepcusi KypuBeiliickoro rpaduka
«OOpartsbiii oTcueT BpeMeHH A0 CHHIYISIPHOCTH»
(«Kanonwnueckue Bexw», Canonical Milestones) B

JBOMHOM JIorapu(PMUIECKO IIKaie
Uctounnk: Kurzweil 2005: 20.

XOoTs BpPEMEHHOW  psjJ, TMPEACTaBICHHbIA  Ha
PUCYHKe 5, MpEeICTaBIAETCS MHE HECKOJbKO Ooiee
000CHOBAaHHBIM, YeM TOT, KOTOPBIM MpPEICTaBIECH Ha
pPHUCYHKE 6, sl peuIi MpoaHaIn3upoBaTh BPEMEHHON
psAl Ha pucyHke 6 mo ciuenyronieil nmpuumse. Jlemo
B TOM, YTO MCTOYHMK JAHHBIX IS pUC. 5 ocTaercs
MHE COBEpILEHHO HESICHBIM; CJIEOBATENbHO, S HE
BIDKY CIoco0a BOCCTAHOBUTH COOTBETCTBYIOIIUN
BPEMEHHOM PSiJI 10 TEX IeTale, KOTOpble HEOOXOAUMBI
uis ero (GopMaibHOTO MaTeMaTHYEeCKOro aHalu3a.
Ho takux mnpobOireM HET C HCTOYHUKOM JIaHHBIX
st Puc. 6, mockonbky Kypupeilsn ykaspiBaeT ero
COBEPILEHHO 4YeTKO. JTo cTaThs Teomopa Mojauca
«IIpenensr cnoxxkHocTy U u3mMeHnenus» (Modis 2003),
MOJTOTOBJICHHAsT B CBOIO OYepeb HAa OCHOBE €ro
MpebIIyIIel cTaTbu, OMyOINKOBAHHON B U3BECTHOM

HaydyHOM XypHane Technological Forecasting and
Social Change (Modis 2002). K cuacteio, Moauc

Journal of Big History

nyONIMKyeT Bce HEOOXOAMMBIC JaHHBIE B CBOHMX
CTaThsX IO CBOEMY BPEMEHHOMY psjy, 4YTO JaeT
BO3MOYXHOCTh €0 MaTeMaTHUECKU aHaIHM3UPOBATh.
Mpbl HayHEeM Halll aHajdW3 C BBIIICYIOMSHYTOTO
npeoOpa3oBaHus, T.e. 3aMCHHM  «BpeMs  JIO
CIIEAYIOIIETO  COOBITHS»  HAa  «HHTEHCHBHOCTD
napaurMaibHbIX CIIBUTOB) ~ «4acToTy
(ha3oBBIX TEPEXOJIOB» ~ «CKOPOCTh TII00AILHOTO
MaKpPOABOJOIHOHHOTO Pa3BUTHS» ~ «CKOPOCTh POCTA
rII00ANBHOW  CIIOKHOCTH». Pe3ynbraT  BBITJISIUT
crneayronm oopazom (cMm. Puc.7?).

C wucnoibp30BaHUEM K€ TOM TEXHUKH, KOTOpas
obuta mpumeneHa P. Kypiseitiom mpu moctpoeHuun
cBoero rpaduka «OOpaTHBII OTCYET BpPEMEHHU 10
Cunrynspaocti» (cMm. Bbime Puc. 1), Mbl moayyum
JUIS  aHAJIM3MPYEeMOTO0 HaMH BPEMEHHOTO pAna
cnenyronuii rpaduk (cm. Puc. 8'7).

Ha Puc. 9 nerko yBuieTb, uTo 0 uH rpaduK sBISETCS
3epKaJIbHBIM OTpaskeHueM Jpyroro (cm. Puc. 9).

Xopouio BUIHO, 4TO KpuBass Ha puc.7 (= puc. 9a)
MPAKTUYECKH UICHTHYHA C THUIIEPOOTNYECKON KpUBOI
Ha pHC. 2, WUIIOCTPUPYIOLIEH MaTEMaTHYECKYIO
(YHKIHIO ¢ CHHTYJISIPHOCTBIO.

Ha cnenyrorieM mare OTI0KHM [0 OCH aOCIIUCC BpEeMs
10 CHUHTYISPHOCTH, a 1O OCH OpPAMHAT CKOPOCTh
I00abHONH ~ MaKpOABOMIONUU  (YKCIO  (ha30BBIX
NIEPEXOJI0B B €MHUILY BPEMEHH) U BBIYMCIHM AATy
CHUHTYJISIPHOCTH, TOJY4YHB (METOIOM HAaMMEHBIINX
KBaJpaToB) TaKyl0 THIEpPOOIUYECKYI0 KpPUBYIO,
KOTOpast HanboJiee TOYHO OMHCHIBACT AHATU3UPYEMBII
HaMHM BPEMEHHOU psi. PesynpraTel 3TOro aHamusa
npencraBieHsl Ha Puc. 10 (kak yxe yrmoMHHAJIOCh
BBIIIIE, HAIIl MATEMAaTUYECKUI aHAIIN3 ONPEACIIIII 1aTy
CUHTYJISIPHOCTH JUIsl TOI'0 BPEMEHHOT O psifa Kak 2029
I. H. 3.). Hike TOT ke camblii rpaduK MpecTaBieH B
IBOWHOM orapudmudeckoii mkane (cM. Puc. 11).

9  Cwm. Beiie Puc. 6.
10 Cwm. Brime Puc. 6.
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Tenepb MpoaHaIN3upPyeM
MOJTyYeHHBIE HaMH PE3yJIbTaThl.
Kak ™Mbl BHUIMM, BpEeMEHHOU
pan  Momuca — Kypuseina
c Ype3BbIYaliHO BBICOKOM
TOYHOCTBIO  OINMCHIBAETCS  C
ITOMOIIIBIO MaTreMaTHIeCKON
byukmuun tHma 'y = k / x,
AMEIOIIEH OTKPOBEHHO
BBIPOKEHHYIO MaTeMaTHYECKYIO
CUHTYISIPHOCTb, KOTOPYIO
Kypugeiin BITOJIHE TOYHO
OXapaKTePHU30BaI Ha
cTpaHuiax 22-23 ero KHUTHU
— K YIUBICHHIO, HE OOpaTuB
BHMMAaHHE Ha €€ PEJIEBaHTHOCTH

TUISE MaTeMaTU4eCKOro
OTMHUCAHUSA BPEMEHHOTO
pana «O0parHbIit OTCYET

BPEMEHH [0 CHHTYISIPHOCTHY,
MPEJICTAaBJICHHOTO MM BCEro 3a
HECKOIIbKO CTpPaHUI[ JO0 3TOTO
(ctp. 17-20). JleiicTBUTENBHO,
HaIlla CTEMEHHass perpeccus
Ul paccMaTpuUBaeMOro HaMu
KypLIBEHJIOBCKOTO  BPEMEHHOTO
psana «O0parHbIit OTCYET
BPEMEHH JI0 CHUHTYISPHOCTH
orpenenuia cienymoiiee
HaWTy4Ile MOJXOISIIIIEEe
ypaBHEHHE, OTHCHIBAIOIIICE
3TOT BPEMEHHOH psI C MOYTH
uaeanbHOi TouHOCTRIO (R? =

0.999(M).
2,054

(1)

E
X

IIe y — 3TO CKOPOCTh pOCTa
100aTbHON CITIO)KHOCTH (YHCIIO
(ha30BBIX MMEPEXOAOB 32 EAUHUILY
BpEMEHH), X — BpemMs [0
Cunrynsprocty, a 2,054 u 1,003
— KOHCTAHTBHI.
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Puc. 10. /Tuarpamma paccenBanus (C JiorapuMUIECKOM IIKATION 110 OCH OPANHAT) JIJIsl TOUEK (pa30BBIX MEPEX0JI0B
3 cnucka Monuca — Kypupeitsia ¢ mo0aBieHHON JTHHUEH CTENeHHOW perpeccuu ¢ aaroid CUHTYISIPHOCTH,
UIEeHTU(OUIIMPOBAHHON METOI0M HaUMEHBIIINX KBaApaToB B paiioHe 2029 . H.3.
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Puc. 11. Jluarpamma paccenBanus (8 JJBOMHOM norapudmuueckoii mkaie) mis
Touek (pa3oBbIX Mepexo 0B u3 crucka Moauca — Kypieiina ¢ Hano)xeHHON TUHHEH
CTeNeHHOU perpeccuu ¢ aatoi CUHTYISIPHOCTH, UASHTUPHUIIMPOBAHHONW METOIOM
HaWMEHBIINUX KBaJpaToB B parioHe 2029 1. H.3.
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OTMeTuM, 4YTO TIOKa3aTellb CTENCHb 3HAMEHATEIs
(1,003) aump B NpeHEOPEKMMO MaJIOW CTEICHH

OTIIMJaeTcsa OT «I» (HOJ'IHOCTBIO B IIpcaciiax
HOI’”peH_IHOCTI/I); TaKHUM 06pa30M, HUMCIOTCA BCC
OCHOBaHMHA HUCII0JB30BAaTh 9TO YPaBHCHUC B

cleIyIoIel yIpoIeHHOH GopMme:
_ 2,054 )

]
x

I7ie J— 3TO CKOPOCTb POCTa TI00aNbHON CIOXKHOCTH
(uncio (a3oBBIX MEPEXOJI0B 3a €AUHHUILY BPEMEHH),
x — Bpems 10 CuHrynsapHocTH, a 2,054 — KoHCTaHTa.

Taxkum 00pa3oM, OKa3bIBAETCS, YTO BPEMEHHOH PsiI
Monauca— KypiBeitina MOXKET ¢ yIUBUTEIHHO BEICOKOH
TOYHOCTBIO MAaTEMaTHYECKH OIMHMCAH TIPHU TTOMOIIH
TOH caMOM TPOCTON TrunepooIndYecKoi (QyHKIUH,

kotopyro Kypupeisn mnpeacraBisieT Ha CTpaHHIAX
22-23 cBOEH KHHMIM — C TOM JIMIIb Pa3HUIEH, 4TO
B 3HAMEHATelle NPAaBOM YacTH JTOTO YpaBHEHUS
Haxoautcs 2 (a ve 1)1,

IKCNOHEHUMATbHAS U runepoonyeckas
(hopMyJibI 171002JILHOTO YCKOPEHUS

Oco00 CTOUT MOJUYEPKHYTh, YTO NMPOBEICHHBIN HAMU
aHaJM3 JOCTaTOYHO CTPOTO JEMOHCTPHUPYET, UTO
MaTTepH YCKOPEHHS pOCTa TII00ATbHOM CIO0KHOCTH,
MPOCJIEeKUBAEMbIIl BO BpeMEHHOM psine Moauca —
Kypugeiina, ssnsercs HE skcioHeHIIManbHBIM (Kak 3TO

11 Wnu, Tounee, 2,054. BmecTe ¢ TeM OTMETHUM, YTO MOJICYECThI
A. A. ®omuna (2018) mokas3bIBarOT, YTO €CIIM IIPH pacuere
P TIOMOIIY TAHHOM MOJIEH B Ka4eCTBE ¢ OpaTh HE MOMCHT .
HayaJia Iepro/ia 1o KOTOPOMY BBIUMCIISICTCS IPOU3BOJIHAS, & €r0
cepelrHy, TO 3HaUeHUe apaMeTpa B 3HaMEHAaTes e OKa3blBaeTCs
ommke ckopee K 1. yeM k 2.

1.E+00

§ . 1.E-01

=5
¥ S 1.E-02
O m
S 8 1.E-03 y = 2.054x%9%
’§ g .R .=0'.999.
33 1.E-04 y = 7E-06e-1E-0%x
8 2 1E-05 R? = 0.2755
O x
S 2

] -
E 3 1.E-06 N
2 & 1.Eo07
£ § \
<] 1.E-08
23 A
S 1.E-09 ...._r--

1E'1O T T T T .--,
o1 2 3 4 5 6 7 8 9 10
Mnppg net o CUHIryNnapHOCTH
a)

< 1.E+00 T T
E.E 1.E-01 y = 2.054x 1003
T o R? =0.999
§ o L.E-02 4 | |
,; §E 1.E-03 y = 7E_06871E7[}9x _
2
2 S 1Eo04 R%=0.2755
2 2
S 2 1.E05 —
O x
= 3 1.E-06
® 9
5 o 1.E-07
o ©
2 € 1E08
™
g S 1E09
sz
S 1.E-10 t
= = = = =
o - o o -
=] o o =]
o S S o
< k= ]
o o
< o
o
Yucno nert go CuHrynapHoctu <
b)

Puc. 12. /lmarpamma paccemBaHmsi i TOYeK (ha30BBIX TMepexojoB W3 crnucka Momuca — Kypuseiina c
HAJIOXEHHBIMU JIMHUAMHU CTENICHHOW/TUNEPOOTNIECKON M AKCITOHEHIINATBHON PETPECCUH: a) C TIoTapru(PpMUIEeCKOn
IIKAJION TI0 OCH OpAHHAT; b) B NBOMHOI Jorapudmrueckoit mkaie. CIJIONIHBIE PETPECCHOHHBIC TUHUH ObLIN
CT€HEepPHUPOBAHbI YKCIMOHEHIIUATHHOW MOJENbI0, TPOAEMOHCTPUPOBABIICH (METOAOM HAMMEHBIIUX KBaJIpaToB)
HaWJIy4Iliee COOTBETCTBUE IMITUPUUECKUM OIICHKAM, TyHKTUPHBIC JIMHUU — TUIIEPOOIMYECKUM YPAaBHEHHUEM.
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yTBepkaaeT KypIBeii), a TUIepIKCIIOHCHIIMATbHBIM,
WJIH, €CM OBITh 00Jiee TOYHBIMH, THIIEPOOTUICCKUM
(cm. Puc. 12).

CToUT BCHOMHHUTH, YTO TMPU  HCHOJIH30BAHUU
Jorapu(MHUUEcKOd  IMIKalbl 1O OCH  OpAMHAT
SKCIIOHEHIIMANbHAS KpHUBas BBITJIAIUT KakK MpsiMas
nuHUS (B TO BpeMs Kak TurmepOonuyeckas JHUHUS
BBITJISIIUT MOX0KEH Ha HKCIOCHIIMATBHYIO KPHUBYIO).
C npyroii CTOpPOHBI, B JBOHWHOU Jorapu(pMUUECKOU
HIKajie runepooaudeckas KpuBasi BBITJISAIUT KakK
npsiMasi TUHUS, B TO BpeMsl KaK SKCIIOHEHIIMAbHas
KpUBasi OKa3bIBaeTCSd IOXOKEH Ha TMepeBEepHYTYIO
HKCIIOHEHIMANBHYI0 THHUIO. Takum obpazom, Puc. 12
nokasbiBaeT, uto P. KypiiBeitn He BIIoIHE TIpaB, Korjaa
YTBEPKIAET, 4TO TN100aIbHOE MaKpOAIBOIIOLMOHHOE
pasBuTHe YCKOPSTIOCH HKCIIOHEHIIMATIBHO,
JEMOHCTPHPYSI, UTO ITO YCKOPEHHE OBbLIIO OTHIOJb HE
HKCIIOHEHIIMATBHBIM, a TUIIEPOOTMYECKUM.

®opmya YCKOpeHHUs rJ100aJ1bHOT0
MAaKPOIBOJIIOLHOHHOI0 pa3BUTHA
1o BpeMenHomy psay Moauca — Kypuseiia

UroObl crenath paccMaTpUBaeMyl0 HaMU MOJEINb
yCKOpeHuss Oojiee TOHATHOM, UWMEET CMBICI
MPOM3BECTH HEOOIbIIOE MpeoOpa3oBaHUe ypaBHEHUS
(2). HamomHMM, 4TO 3TO ypaBHEHHUE MPEACTaBIsET
co00i HEMHOTO YMPOIIEHHYI0 BEPCUIO YpaBHEHHS
(1),  ucCmONB30BaHHOTO NS TE€HEPUPOBAHUS
runepOoIMYecKuX KpUBBIX Ha Puc. 12; ¥ BBINISANT
OHO CIIeJYIOIKUM 00pa3oMm:

2,054

Tox (2)

rmle Yy —  9TO  CKOpPOCTh  TJI00aJbHOTO
MaKpO3BOJIIOIMOHHOTO Pa3BUTHs / TEMIBI pPOCTa
r100ambHOM  CIOKHOCTH, X — OTO Bpems J0
CunrynapHocty, a 2,054 — KOHCTaHTa.

Koneuno, x (Bpemst 10 CHHTYISPHOCTH) HA MOMEHT
BpEMEHU [ paBHSIETCA t* — t, tae t* 3TO jJara
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Cunrynspaoctu. Takum 06pazom,

x=t*-t
C yderoM JaHHOTO OOCTOSITENBCTBA ypaBHEHHE (2)
MOJKET OBITh MEPENUCaHO CIEIYIONINM 00pazoM:

2,054
rac y - 9TO CKOpPOCTb r100aJIbHOTO

MaKpO3BOJIOIMOHHOTO Pa3BUTHs / TEMIBI POCTa
r7100anbHOM CI0KHOCTU Ha MOMEHT BPEMEHH f, 1* —
310 nara CUHTYIspHOCTH, a 2,054 — KOHCTaHTAa.
Hakonern, BCOMHHMM, YTO PETrpPEeCCHOHHBINA aHaIH3
TpaHcPOPMUPOBAHHOTO BpEeMEHHOTO psana Moauca —
Kypugeiina ¢ ucnonp3oBaHHEM METOIa HAUMEHBIIINX
KBaJIpaTOB TMO3BOJHMJ HaM HJAEHTU(DUPOBATH ATy
cunryisgpHoctu kak 2029 r. H.. C yueToMm 3TOro
o0cTosITensCTBA ypaBHEHHE (3) MOKET OBITh 3aMHUCaAHO
CIeyIOIUM 00pa3oMm:
__ 2,054
Yt = S020-1 4)

[Ipu 5TOM, KOHEUHO, B OOIIIEM BHJIC 3T MOJICTh UMEET
CHEAYIOLIUN BUA:

Ve =

c
t -t (5)

rae C u t* — KOHCTaHTEL.

Hecmotpss Ha HeOonbmioe ympoimieHue (B BHIE
OKpYIJICHUSI TIOKa3aTeisi CTENCHH B 3HaMeHaTese
no 1), ypaBHenue (4) reHepupyeT Takue KpPHBBIEC,
KOTOpBIE IEMOHCTPUPYIOT YPE3BbIYAHO BBICOKOE (R?
= 0,999(!)) cooTBeTCTBHE AMIIUPUYECCKUM OIICHKAM
naTTepHa THIepOOMYECKOr0 YCKOPEHHS POCTa
I00aNBbHOM CII0KHOCTH (cM. HIbke Puc. 13—15).

KpuBasi, creHepupoBaHHas JTHM YPE3BBIYAIHO
NPOCTBIM  YPaBHCHUEM, OIUCHIBACT HEOXKUIAHHO
TOYHBIM 00pa3oM TATTEPH THUIEPOOIUICCKOTO
YCKOPEHUs TEMIIOB TUTAHETAPHOTO
MaKpOABOJIOIMOHHOTO Pa3BUTUS HA MPOTSHKCHUU
MUJUTHAPIOB JeT (cM. Puc. 13).
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Puc. 13. Koppemsiius Mexx 1y SMIUPUISCKUMH OIICHKaMH TEMIIOB POCTA INI00aIbHOM CIIOKHOCTH U TEOPETUUECKOM
KPUBOH, Cr€eHEPUPOBAHHOM rUIEPOOINYECKMM ypaBHeHueM y, = 2,054/(2029-1), 10 mapn o H.5. — 2000 . 1.3, €

norapu(MUUECKOM IIKAJION MO0 OCH OpANHAT

Onnako ecau Mbl paccMoTpuM  Puc. 13 «mon
yBEJIMYEHUEM» [UJIsl TOTO, YTOOBI JIydllle YBHIETh
MOCNEIHUE JIBa MUIJUIMApa JIET, Mbl YBHJUM, YTO
ypaBHeHUe (4), HECMOTps Ha CBOIO UPE3BBIYANHYIO
MPOCTOTY, OKAa3bIBAETCS CIIOCOOHBIM YpE3BBIYAIHO
TOYHO OMHCATh TUIIEPOOTHMUECKOH YCKOPEHHE TEMITOB
TJIAHETAPHOTO MAaKPOIBOJIOIMOHHOTO PAa3BUTHS W B
aToM Macitabe BpeMenu (cM. Puc. 14).

Eciu  wMbl  mompoOyeM — paccMOTpeTbh  «IOJ
yBEJIMYEHUEM» U ITOT TpaQuK — YTOOBI YBHIETH
Ooree JETAIbHO YCKOpEHHUe rJ100aBEHOTO
MaKpO3BOJIIOIMOHHOTO Pa3BUTHS 32 MOCJIETHUE COTHU
ThICSY JIeT bonbmioi UCTOpUHM (UTO COOTBETCTBYET
JIOUCTOPUU U HUCTOPUHU YEJIOBEYECTBA), Mbl YBHJIUM
CTOJb K€ YAMBHUTEIHBHO TOYHOE COOTBETCTBHUE

Volume II Number 3  Fall 2018

MEeXay TUnepOOINYecKor JIHHHUEH, TeHepHpyeMon
ypaBHEeHUEM (4) U SMIIUPUYECKUM OLIEHKAMH TEMIIOB
pocTa riaobansHO# ciioxHOCTH (cM. Puc. 15).

W, nakownet, eciau Mbl cOKycUpyeMcs Ha MTOCIEIHIX
THICSYEIICTUSX COIMaIbHON (Da3wl bosbioit ncropum,
MBI YBUJIUM, YTO M Ha 3TOM YYacTKE TO k€ camoe
ypaBHEHHUE OIHUCHIBAECT TUIIEPOOTHUECKOE YCKOPEHUE
rJI00aTFHOTO  MaKPOAIBOJIIOIMOHHOTO  Pa3BUTHS B
BBICIIIEH cTeneHu TouHo (cM. Puc. 16).

[TomuepkHeMm eliie pa3, YTo KpUBas, yAUBUTEILHO TOYHO
OTMCHIBAIONIAS YCKOPEHHE YeIOBEYECKOW HCTOPUU
nocine 10 Teic. 10 H.3. (Puc. 16), u kpuBas, CTOJb
K€ TOYHO OIMCHIBAIONIAsl YCKOPEHHE TUIaHETapHOTO
MaKpO3BOJIOIMOHHOTO Pa3BUTHSA IO TOSBICHUS
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Puc. 14. Koppensuus MexX 1y SMIUPUIECKUMHE OIIEHKAMH TEMITOB POCTA INI00AIBHON CII0’KHOCTH M TEOPETHUECKOM
KPUBOM, CTEHEPUPOBAHHOM TUNEPOOTMIECKUM ypaBHeHueM y, = 2,054/(2029-t), 2 mipa 1o H.9. — 2 200 000 r. 1o

H.3., C JIOTapU(PMUUECKON MIKAION M0 OCH OpJUHAT

yenoseka (Puc. 14), crenepupoBaHa OIHUM U TEM K€
ypaBHEHHEM — IIPOCTEHIINM ypaBHEHHEM (4).

Kaxk MbI BUIUM, TpOCTOE TUTIEPOOTMYECKOE ypaBHEHUE
y, = 2.054/(2029-t) onmceiBaeT HaOIOAABIIEECS 10
CaMoro TMOCIEIHEr0 BpPEMEHU YCKOPEHHE TEMIIOB
rI00amTbHOTO  MAaKpOABOIIOLMOHHOTO  Pa3BUTHUS

Journal of Big History

YAUBUTEIIBHO TOYHBIM 00pa3oM /Uil BCEX OCHOBHBIX
3p TI100aJIbHON UCTOPHUH.

Cob6ctBeHHOro  roBopsi, Mmozens (4)  uMmeer
JOCTaTOYHO  TMPOCTOM  «(PUBUYECKUH  CMBICIY.
JleficTBUTENBHO, MOICYUTAEM CKOPOCTh II100aILHOTO
MaKpO3BOJIOIMOHHOTO  pPa3BUTHs MPUMEPHO 3a
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Puc. 15. Koppemnsmus Mexay SMIUPUIECKUMH OLIEHKAMU TEMITOB POCTa IN1I00abHOM CII0KHOCTH  TEOPETHIECKON
KPMBOH, CTeHEPUPOBAHHON IUNEPOOINYECKUM ypaBHEHUeM Y, = 2,054/(2029-t), 400 000 r. 1o H.3. — 2000 . H.9.,

C JIorapu(pMUUECKOH IIKAIOH 10 OCHU OpAMHAT

200 ner no CunrynspHoctu (T.e. okoino 1829 r.),
MOJIB3YSICh ellle O0sIee YIPOILEHbIM BUJIOM YPaBHEHUS
4) (v, = 2/(2029 - 1)): y,q,, = 2/(2029-1829) = 2/200
= 1/100. MpI TakuM 00pa3oM MOIy4aeM cielyroIuit
pesynbrar: «okono 1800 r. xapakrepHas CKpOCTb
r100albHOTO  MAaKpOABOJIOLMOHHOTO  Pa3BUTHS
COCTaBJIsJIa MHOpPsiAKa OJHOro (a3oBOro Iepexoja

Journal of Big History

(tuna IlpomeinuienHoi pesosonuu) 3a 100 ger» —
T.€. I100aIbHOE MaKPOABOIIOIIMOHHOE PA3BUTHUE IILJIO
B MaciiTade BEKOB.

Tor xe camblii TOACYET MJII BPEMEHHOW TOYKH

npumepHo 3a 2000 ser no CuHrymspHocTH (= 110
HACTOSILEro BpeMEeHH) — oKojio 1 . H.3., B pailoHe
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OLEeHKMU

Puc. 16. Koppensnus Mex 1y SMIMPUIECKIMHA OIIECHKAMH TEMITOB POCTa IIT00aThHOHN CII0KHOCTH M TEOPETUIECKON KPUBOA,
CreHEPUPOBAHHOM TUIIEPOOINYECKUM ypaBHeHHEM y, = 2,054/(2029-t), 10 000 r. mo H.3. — 2000 r. H.3., C HaTypaIbHOM
LIKaJIoN 0 00erUM 0CsIM
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29 r. mact cuexyromui pesynbrar: y,, = 2/(2029-29)
= 2/2000 = 1/1000 — Takum 00pa3oM, B 3Ty IMOXY
MaKpOdIBOIIOIMOHHBIE  (pa30BbIE Mepexonabl (THIla
¢dazoBoro mepexoma OceBOro BpeMEHH) HMEIH
TEHJICHIIUIO TIPOUCXOIUTh B MacIITa0e OJTMH TIEPEXO]]
3a TBICSTUEJIETHE, T.€. B MacITade ThicsueneThii. Takum
oOpasoM, B paiioHe 18 TBHIC. 10 H.3. MBI OOHAPYKUM,
YTO TUTAHETApPHOE MAaKpPOABOIIOIMOHHOE DPAa3BUTHE
IIIJIO B MacIITa0de AeCITKOB ThICSAY JeT, 0k010 200 ThIC.
JIET JI0 HACTOSAIIEr0 BPEMEHHW — B MaciiTade COTeH
TBHICSY JIET (OKOJI0 OHOTO (ha30BOTO TMEPEX0/1a 3a CTO
TBICSY JIET), OKOJIO 2 MJIH JIET Ha3aJ — B MacimTade
MHJUIHOHOB JIET, 0K0J10 20 MJIH JIET Ha3a— B MaciuTade
JIECATKOB MHJUIMOHOB J1eT, 0k0j10 200 MIH JeT Hazal
— B MacmTabe COTeH MUJIJIMOHOB JIET, a OKOJO 2
MJIPJT JIET HA3aJl — B MaciTabe MUJUIHAPIOB JIET (T.€.,
OKOJIO OJTHOTO TIJIAHETAPHOTO MAaKPOIBOJIOIMOHHOTO
(dazoBoro mepexoaa 3a MwwuMapa Jet). Jpyrumum
CIIOBaMH, C KaXIbIM YMEHBIIEHHEM BPEMEHHU 0
HacTosIero MoMeHnTa (= 10 «CHHTYJISSpHOCTHY) Ha
nopsiiok (¢ 2 mupA siet Hazan g0 200 MutH JleT Hazaj,
¢ 200 mau mer Hazaxm o 20 muH et Hazam, ¢ 20
MJIH JIET Ha3aJ /10 2 MJIH JIET Ha3aJl, W T.A.) TEeMIIbI
JI00AJTPHOTO MaKPOJBOJIOIMOHHOTO Pa3BHTHS  (~
TEMITbl POCTa TJIO0ATBHOW CIIOKHOCTH) BCSKHU pa3
YBEIMYUBAJIUCh UIMEHHO Ha MOpsAaokK. M nudHO MHE
TaKOW TMAaTTepH YCKOPEHHs TPEJCTABISAETCS OYCHD
MMOX0XKHUM Ha PeasIbHO HAOIFOJaBITUIACS.
3/1ech TaK)Ke€ CTOUT BCIIOMHHUTH, YTO aJIreOpandecKoe
ypaBHEHHUE THIIA
_C
Ye = op (5)

MOJKET PacCMaTpPUBATHCS KaK PEIICHUE CIIETYIONIETO
mudGepeHIMaIBHOTO YPaBHEHHUS:

dy _ y®

de C’ (6)
(cm., Hampumep, Korotayev, Malkov, Khaltourina
2006a: 118-120).

Taxum obOpazom,

bopmyna yCKOpEeHHUs,

Journal of Big History

nmoapasymeBaeMasi ypaBHeHHEeM (4) MOXeT OBbITh
BBIpa)KEHA CIICTYIOIIUM 00pa3oMm:

2
D Y L 0.5y2 )
dt 2.054
BepOansHo ob1mias hopmyia yCKOpeHus IiIaHeTapHOU
MaKpO3BOJIIOIUHU, KOTOPasi CTOJIb TOYHO OMHCHIBAET
pAI «CKaukoB [B ypoBHe] croskHOCTH»'? Momuca —
Kyprugeiina nmpu nomoiu ypasaenuit (4) / (5), Mmoxer
ObITb  chopMyNHpOBaHa CIEAYIOIIMM  00pazoM:
“yBEeNTMYEHUE TEMIIOBMAKPOIBOIIOIIMOHHOTOPA3BUTHS
B a DPa3 COMPOBOXKIAETCS YBEIMUYEHUEM CKOPOCTHU
pocta (T.e. yCKOPEHHsI) TEMIIOB MaKPO3BOIOLIMOHHOTO
pa3BUTHS B @’ pa3; TaK, JABYKPATHOE yBEIHMUYCHUE
TEMITOB MAaKpO3BOJIIOIMOHHOTO Pa3BUTHS B TEHICHIINN
COTMPOBOXAAETCA UYETHIPEXKPATHBIM  yBEIMYECHUEM

CKOpocTH  pocta (T.e.  yCKOpEHHUs)  TEMIIOB
MaKpO3BOJIIOIMOHHOTO Pa3BUTHUSA; JIECATUKpPATHOE
yBeIHUYEHUE TEMIIOB MaKpO3BOJIIOIHOHHOTO

Pa3BUTHS B TEHACHITUU COMTPOBOXKIACTCS CTOKPATHBIM
YCKOPEHHUEM pPOCTa TEMIIOB MaKpOAIBOJIOIMOHHOTO
pa3BUTHS; U T.A. ... .

Teneps uCHoyib3yeM Ty K€ CaMyK METOAMKY IS
(hopMabHOTO aHAJIM3a BPEMEHHOTO Psijia rI100aabHbIX
MaKpOAIBOIIOIMOHHBIX ~ «(a30BBIX TEPEXOI0B» /
«OnochepHbIX PEeBOIONNITY, UACHTHOUIIMPOBAHHOTO
A. JI. ITanoBeiM (ITanoB 2004, 2005, 2006, 2008;
2005a, 2005b; Panov 2005, 2011, 2017).

OpnHako Tpexae, YeM Mbl MPOBEIEM 3TOT aHaJu3,
MIpeJICTaBIsIeTCS 1enecoo0pa3HbIM pa3obpaTh
HECKOJIBKO CYIIIeCTBEHHBIX MOMEHTOB.

Bpemennsie psaasl T. Moauca — P. Kypuseitia u
A. JI. IlanoBa:

BHELIHU CPABHUTEIbHBIN aHAJIN3

T. Momuc u A. /1. [TaHOB mpoBeny MACHTU(DUKAIUIO
CBOHUX BPEMEHHBIX PSAAOB MOJHOCTHIO HE3aBHCUMO

12 HWwmenHo Tak (He Oe3 HEKOTOPHIX OCHOBAaHWI) Ha3bIBacT
T. Monuc (Modis 2002, 2003) To, uro A. /. [lanoB 0003Ha4aeT
KakK «OnocQepHbIC PEBOTIOIHMI WIH «(Pa30BbIe ICPEXOIBI».
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apyr ot npyra. Kak cBUIETENbCTBYET MOE€ JMYHOE
ob6menue kak ¢ A. JI. ITanoBeiM, Tak 1 T. Moaucom, HU
OJIMH U3 HUX Ja)Ke HE I0Ta IIBAJICS, YTO B IPAKTUIECKHU
TO JKe camoe Bpems'® Ha Japyrom KoHiie EBporb
JpyToi 4YenoBeK 3aHuMalcs UAeHTU(UKAIEeH oueHb
noxoxero BpemeHHoro psga (A. [[. [TanoB pabotain
u pabortaet B Mockse, a T. Moauc — B JKenese). Kak
Mbl YBUJMM HW)XKE, OHU OIMUPAIUCh Ha COBEPIICHHO
pa3nuyYHble HMCTOYHUKH; M HEYAUBUTEIBHO, 4YTO
MOJlyYeHHbIE HMMH BpPEMEHHBIE pPSAIbl OKa3alluCh
COBCEM HE€ UJACHTUYHBIMHU.

JletictBurensHo, BpemeHnHo# psia T. Moauca (Modis
2003), KOTOPBIH CTOUT 32 KyPIBEHIOBCKUM rpad koM
«Kanonnueckue Bexu» (Kurzweil 2005: 20), BRI AT
cleayromuM 00pa3oM (MbI BOCIIPOM3BOJIUM €T0 HUKE
B TOM BHJIE, KaKk OH OblI omyOnukoBaH MoaucoMm B
CBOEM 3CCe B HAYYHO-TIOMYJISIPHOM KypHamne Futurist
(Modis 2003), Takx kKak WMEHHO Ha 3Ty BEPCHIO
pana onupanca P. Kypusein npu cosmaHuu ero
rpaduka ¥ MMEHHO 3Ta Bepcusi psjaa Oblia BHIIIE
MpOaHAIM3UPOBAHA MaTEMaTHUYECKH; Mbl, OJIHAKO,
BpEMSI OT BPEMEHH YTOUYHSIEM HEKOTOpPbIE JETaH IO
0ojee akaJeMUYECKOMY OMNHMCAHMUIO JIaHHOTO psAna
n3 ctatbu T. Moauca, omyonukoBanHo B 2002 T.

B Hay4yHOM XypHane Technological Forecasting &
Social Change (Modis 2002)):

(1) Bo3aukHOBeHHE MIIeYHOTO Ty TH, MTEPBBIE 3BE3IbI
— 10 mnpp ner Hazam. '

(2) Bo3HukHOBeHUME )XU3HU Ha 3emite, POpMHUPOBAHHE
ConHeyHOM CHUCTEMBI W 3€MJIH, ApEeBHEUIINE
CKaJbl — 4 MIIpJ JIET Ha3a/l.

3) [TosiBnenue 9BKapHOTOB, n300peTeHUE

13 T. Mogawuc BriepBBIe TPEACTABIII CBOHM pe3ynbTaThl B 2002
B cBoell craThe B KypHane Technological Forecasting and
Social Change (3ty crateio A. J[. IlaHOB mpodYnTan TONBKO
B Maprte 2018 roma, mocie TOro, Kak oHa OblIa TIOCIaHA MHOM
[TanoBy), B TO Bpems kak emie B 2003 roxy IlanoB mpeacTaBui
CBOM pe3yibTaThl B MOCKBE Ha ceMHuHape ['ocynapcTBEHHOTO
ACTPOHOMHYECKOTO HHCTHTYTA.

14 CobcrBenHo roBopsi, Moauc HaunHaeT ¢ bonbIioro B3psiBa,
Ho Kypuseiin BrojgHe 000OCHOBaHHO NPEANIOYMTAECT HAYaTh C
¢dopmupoBanust Mile4HOTO IyTH.
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MOJIOBOTO Pa3MHOXKEHHS (MHKPOOpPTaHU3MaMH),
aTMochepHbIi KHUCJIOPO/I, JpeBHEUIITNE
(bOTOCUHTE3UPYIOIIUE PACTEHHSI, BOSBHUKHOBEHHE
TEKTOHUKU TUTUT — 2 MIIPA JIET Ha3a/l.

(4) TlepBpie MHOTOKJIETOYHBIC, TYOKH, BOIOPOCIIH,
MPOTUCTHI — / MIIPA JIET Ha3a/l.

(%) KemOpuiickuit B3pbIB/0€CII03BOHOYHBIE/
MO3BOHOYHBIE, PACTEHUS KOJIOHH3UPYIOT CYIIY,
NepBble  JEepeBbs,  PENTUIUH, HACEKOMBIE,
ampubun — 430 MITH JeT Ha3al.

(6) IlepBble MIieKONMMUTAIONINE, TIE€PBHIE MTHIIHI,
TepBbI€ TUHO3aBPbI — 2/ () MIJIH JIET Ha3a1.

(7) IlepBble MOKPBHITOCEMEHHBIE, PEBHENUIITHE OCTATKI
IIBETKOBBIX pacTeHUi — /39 MIIH JIET Ha3a1l.

(8) IlepBbIe mprMaThI / CTOJTKHOBEHHE C aCTEPOUIOM /
mass extinction (including dinosaurs) — 54,6 muH
JIET Ha3al.

(9) IlepBbie YenmoBeKOoOOpa3HbIE OOE3bSIHBI, TIEPBBIC
TOMHUHHUOEI — 28,5 MJIH €T Ha3al.

(10) ITepBbIii OpaHTyTaH, MPOKOHCYJI — /6,5 MITH JIeT
Haza.

(11) PacxoxaeHre MpeIKoB IMTUMIIAH3Ee W YeIOBEKa,
camblil paHHUE CBUIETEIHCTBA MPSIMOXOXKICHUS Y
TOMHHHUL — 5,/ MJIH JIET Ha3a..

(12) ITepBbie kameHHbIe opyaust, Homo erectus — 2,2
MJIH JIET Ha3aj.

(13) BosuuknoBenue Homo sapiens — 555 000 ner
Haza.

(14) Homectuxarus orus /| Homo heidelbergensis —
325 000 net Hazaz.

(15) Pacxoxnenme tumoB uyenoBeueckor JIHK —
200 000 net Ha3az.

(16) Jlromu coBpeMEHHOTO BHJA / JpEBHEHIINE
norpebenust — 105 700 net Haza.

(17) HackanpHOE MCKYCCTBO, MMPOTONMUCHEMO — 35 800
JIET Ha3al.

(18) Texnomnorus noOkiBanus orus — 19200 years ago.

(19) Nosinenue 3emuenenusi — 11000 years ago®.

15 DBonee mnomyssipHas Bepcusi INPE3CHTALMH PE3YJIbTaTOB
Mopauca (Modis 2003) comepskuT siBHyI0 onedarky (yKa3blBas
19 200 net Ha3ax Kak JaTy Havaaa HEOJIUTHUECKON PEBOIIOIMHN).
Ora oreyaTka OTCYTCTBYyeT B Oojiee akaJeMHUYecCKOW BEpCHUHU
npe3eHTanuy pesynbraroB Moauca (Modis 2002), Ha KoTOpYyIO
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(20) H3oOperenme koyieca / MHCHbMO / JIpEBHHE
uMriepun / Oonpinre muBWiIM3anuu / Erumer /
Meconotamus — 4 907 net Ha3am.

(21)  Jlemokpartus/ropoja-rocyaapcTBa  /IpeBHUE
rpeku/bynna [= OceBoe Bpemsi| — 2 437 neT Ha3a.

(22) N3o6peTeHue HYJIA B AECITUIHOTO HCUUCIICHUS,
nmajgeHue Puma, uciamckue 3aBoeBaHusA — [ 440
JIeT Ha3al.

(23) Peneccanc (kHuTOTEYaTaHWE) / OTKPBITHE
Hosoro Cgera / HayuHbIi MeTON — 539 neT Ha3al,

(24) IIpombimneHHass  peBojonus  (MapoBOM
JIBUTATENh )/ TIOJUTHYECKHE PEBOIIOLINN
(®pannmst, CIIA) — 225 net Haza.

(25) CoBpemenHas (pusuka / paauo / dJIEKTPHUIECTBO /
aBTOMOOMIIb / asporuian — /00 neT Ha3al.

(26) Hemmdposka ctpykrypsl JIHK / m3o0perenue
Tpansuctopa / snaepHas sHeprus / II Mwuposas
BoWiHa / xomomHas BoiHa / CnyTHHK — 50 ner
Haza.

(27) NHTepHeT / pacmimpoBKa TeHOMa 4YejioBeKa — 5
JIeT Ha3al.

* Ommemum, umo cam Moouc énoine scHo 3aseisen,

umo «Hacmosujee epems npupagrusaemcs 30ecs k 2000 e.

1.2.» (Modis 2003: 31). JledicTBHTETLHO, 3TO UMEET BHE

BCSIKOTO COMHEHHSI CMBICII 110 OTHOIICHHIO K «BEXaM»

(24)—(27) wu3 cnucka Momnca — Kypmgeitna. C apyroit

CTOPOHBI, HMEIOTCSI HEKOTOPbIE OCHOBAHHSI TIPEATIOINAraTh,

4to MoOJHC HaYax COCTaBISITH TEPBbIe BAPHAHTBI CBOETO

cmucka 3a Heckonbko Jer g0 2000 roma m, mo BceH

BHJIUMOCTH, He TIpuBeN B cBoel myoOnmkanuu 2003 roma

HEKOTOpHIE CTapble JATHPOBKU «BEX» B COOTBETCTBHE

C HOBOM YCIOBHOM JaTOM «HACTOSAILUEIO BPEMEHU,

yctaHoBieHHOM Ha Touky 2000 r. H.3. WHauye TpyaHO

MTOHSTH JATUPOBKHU UM BeX (20), (21) u (23).

T. Moauc (Modis 2002: 393—401) maet ciemyromuii
CIIMCOK HAy4YHBIX MyOJUKaIllMi, Ha KOTOpbhIE OH
OMUpaJics MPU HICHTU(PHUKAIMKA CBOETO BPEMEHHOTO
psana: Barrow, Silk 1980; Burenhult 1993; Heidmann
1989; Johanson, Edgar 1996; Sagan 1989; Schopf
199116,

MBI B JaHHOM CJTy4dac€ u OImnpacMcCs.

16 K sromy on rtaxxke poGasmsier creHn “Timeline of the
Universe” AMEpHKaHCKOTO My3esi €CTECTBEHHOH HCTOpHH
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A. JI. ITaHOB 1TpH1 HICHTU(PUKAIIMHA CBOCTO BPEMEHHOTO
psiia onupaics Ha aOCONIOTHO JAPYTHE IMyOTUKAIIH'’
(cm. Tabmumy 1):

Kak Mbl BUAMM, HET HM OJHOM MyOJMKAIMH, Ha
KOTOPYIO OMUPATUCH ObI 0HOBpeMeHHO u T. Mouc
(Modis2002,2003),u A. 1. ITanog (2004, 2005), koria
OHU COCTABJISITU CBOM CIUCKH «KAHOHUYECKHX BeX /
6uochepHbIX peBoOIHI» . CITUCKU UCTIOIh30BAaHHBIX
MMHU HCTOYHHMKOB paznuuarorcss Ha 100%. bonee
TOTO, OHM B OCHOBHOM OIIMPAJIUCh HAa HCTOYHUKH,
MpUHAJISKANINE K Pa3HbIM HAYYHBIM TPaJULIUSM.
HevictBuTenbHo, Moauc omnupancs UCKIHOYUTEIbHO

(American Museum of Natural History, Central Park West at
79th Street, New York), Encyclopedia Britannica (6e3 TOYHBIX
6ubmmorpanIecKux CCHUTOK Ha KOHKPETHBIE CTaThh), “‘the web
site of the Educational Resources in Astronomy and Planetary
Science (ERAPS), University of Arizona” (6e3 yka3zaHHs TOYHOTO
URL), “Private communication, Paul D. Boyer, Biochemist.
Nobel Prize 1997. Dec 27, 2000” u “a timeline for major events
in the history of life on earth as given by David R. Nelson,
Department of Biochemistry at the University of Memphis,
Tennessee” (http://drnelson.utmem.edu/evolution2.html).

17 Tlo kpaiiHeli Mepe IpH COCTABICHUU CBOETO IIEPBOTO CITUCKA
«}azoBbIX Nepexo0B/0MOCchHEpHBIX PEBONIOLMI» HA PYCCKOM
s3pike (ITanoB 2004, 2005). OTMeTHMm, 4TO TPH HOATOTOBKE
IMyOJIMKAMY CBOUX PE3yJIbTaTOB HA aHTIMHCKOM si3bike [laHoB
(Panov 2005) noGaBmi K CBOCW MOYTH IMOTHOCTHIO PYCCKOS-
3bIYHON OuOnmuorpaduu 8 myOnMKanuii Ha AHIIMHCKOM SI3BIKE
(Begun 2003, Carrol 1988; Jones 1994; Nazaretian 2003; A.H.
1975; A.P. 1975; J.B.W. 1975; TK. 1975) u 1 nybmukamuro Ha
HeMenKoM si3bike (Jaspers 1955). Henb3st HOTHOCTHEO HCKITIOUUTH
TOTO, YTO 3TO MOIJIO KAaK-TO MOBJIHATH Ha AaTHPOBKY [laHOBBIM
HEKOTOPBIX U3 er0 «OM0C(hEpHBIX PEBOMIOLHI (ICHCTBUTEIBHO,
MOKHO HalTH HEKOTOpHIE [0UeHb, BIIPOUEM, HEOOIIbIINE | pa3iu-
YMs B JATHPOBKaX Mex 1y myommkanusvu 2005 roma Ha pycckom
[[TaroB 2005] u anmmiickom [Panov 2005] si3eike). OT™MeTHM
TaKXe, YTO 3TH aHIJIOSA3BIYHBIC MyOJIMKAIMK BKJIIOYAIOT B ceOs
4eTwIpe cTathl U3 Encyclopedia Britanica, 9To clienano CIMCcOK
HCTOYHUKOB B aHIIIOSA3BIYHON cTathe [lanoBa (Panov 2005) yxe
HE CTOJIb a0COJIIOTHO OTJIMYHBIM OT MOJHMCOBCKOTO CITHCKa, Kak
9TO HAOJSNAIOCH JUIs pycckosi3baHoi crarbu (ITanos 2005) (Tak
kak Monuc takxe Bkitouna Encyclopedia Britanica B criicox
CBOUX HCTOYHHMKOB). [103TOMY «UISi YUCTOTBI HKCIIEPUMEHTa»
MBI PELIMIN ISl HALIMX BBIYUCIICHUI ONMPAThCs HA TAaHOBCKUH
CHHMCOK «(a30BbIX IepexoJoB / OnocepHBIX PEBOIIOLUI,
IIpecTaBiIeHHBIH B ero pycckosisbianoi (ITanos 2005), a He
anrnosseraHoi (Panov 2005) crarse.
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(ha30BbIX MEPEX00B / «CKaYKOB
CJI0)KHOCTHY, OMYOJIMKOBAHHOTO
B Modis 2002, 2003

HMcToyHuky, HCIONB30BaHHBIC
T. Monaucom s
UACHTU(DUKAITIH CcIIMCKa

Hcrounuky, ucrnonb3oBanubeie A. /. [laHoBbIM 115
uaeHTUPUKAIMN chUcKa (Da3oBBIX TEpexoqoB /
«OUOC(EePHBIX PEBOMIOIHIN, OMyOIMKOBAaHHOTO B
MEePBON MOJHOCTHIO aKaJIEMUYECKON MyOIuKaluu
ero pe3yinbTaroB (ITanos 2005)

(1) Barrow, Silk 1980;

(2) Burenhult 1993;

(3) Heidmann 1989;

(4) Johanson, Edgar 1996;

(5) Sagan 1989; (6) Schopf 1991;
K oatomy cmucky T. Moauc
no0aBJIsieT:

(7) “Timeline of the Universe”
(American Museum of Natural

79th Street, New York),
(8) Encyclopedia Britannica,
(9) “the web site of the Educa-

and Planetary Science (ERAPS),
University of Arizona”, (10)
“Private communication, Paul
D. Boyer, Biochemist. Nobel
Prize 1997. Dec 27, 20007,

(11) “a timeline for major events
in the history of life on earth as
given by David R. Nelson, De-
partment of Biochemistry at the
University of Memphis, Ten-
nessee” (http://drnelson.utmem.
edu/evolution2.html)

History, Central Park West at

tional Resources in Astronomy

PaboThl pOCCHICKUX YUYEHBIX, ONMyOJWKOBAHHBIC
Ha PYCCKOM SI3BIKE:

(1) bopuckosckuii 1970, (2) bopuckoBckuii 1974a,
(3) bopuckosckuit 19746, (4) bopuckoBckuit
1978; (5) HpsikonoB 1994; (6) ®enonkun 2003;
(7) T'amamos 2001; (8) Kanuma 1996; (9) Kemnep;
(10) Jlomatun 1983; (11) MyparoB, Baxpamees
1974; (12) Hazapetsn 2004; (13) Po3anoB 1986;
(14) Pozanog 2003; (15) Po3zanos, 3aBap3un 1997;
(16) Ianmep 1973; (17) 3aBap3un 2003; (18)
3aiines 2001.

PaboThl 3amajiHbIX YYEHBIX, TEPEBEJICHHBIC Ha
DVCCKHU SI3BIK:

(1) Awntucepu, Peanme 2001; (2) buran 2004;
(3) Kappoan 1992, (4) Koappon 1993a, (5) Kappon
19936; (6) ®oymu 1990; (7) Acmepc 1991;
(8) Kpunr, ypma 2004; (9) Bonr 2003.

OpurvHaJIbHBIE TyOJWKAIIMU 3aIlaIHbIX YYCHBIX
Ha aHTJIUHACKOM SI3BIKE:

(1) Alvarez et al. 1980; (2) Orgel 1998; (3) Wood
1992.

Tabauna 1. ConocTaBiaeHUe UCTOYHUKOB, HCTIOJb30BaHHBIX T. Moaucom (Modis 2002,
2003) u A. /1. ITanoBbim (2005) 11t cocTaBIeHHs UX CHMCKOB «()a30BBIX MEPEX0I0B»
/ «6rochepHBIX PEBONIONHI / «KAHOHMUYECKUX BEX» / «IBOIIOIMOHHBIX MTOBOPOTHBIX
TOYEK» / «CKAYKOB CIIOXKHOCTH
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Ha pa0OTHI 3aMmajHbIX YYEHBIX, OMyOJIMKOBAaHHBIE HA
AHTIIMICKOM s13bIKe'S. B pasuTenbHOM KOHTpacTe ¢
3THM, 13 30 NCTOYHHUKOB, UCIIOJIH30BaHHBIX [1aHOBBIM
(2005), 18 mpencTaBasArOT COO0M pabOTH POCCUHCKHUX
ucclieioBaTeNeii, omyONuKOBaHHBIX B Poccum Ha
PYCCKOM s3bIKE; 9 — 3TO PabOTHI 3aMaJHBIX YUYCHBIX,
NIepEeBE/ICHHBIC Ha PYCCKUH SI3BIK M OIyOJIMKOBAaHHBIE
B Poccum; u nume 3 — 3T0 OpUTHHAIBHBIE PaOOTHI
3aIaJIHbIX UCCIIeIOBATENICH Ha aHTJIMHCKOM SI3BIKE.

B cBeTe 3TOTO0 Bpsijl I Y KOTO-TO BBI3OBET Y/IMBIICHUE

TO, YTO TAHOBCKHMU CIUCOK (Da30BBIX TEPEXOI0B

(ITaroB 2005: 124—127) okazancs HU B KOEM ClTydae

HE MJICHTUYHBIM MOJIMCOBCKOMY'’:

«0. Bo3HukHoBenue xu3Hu Ha 3emite - okono 4 x 10° ner
Hazan (Orgel 1998; Po3anos, 3aBap3un 1997; Po3anos
2003; denonknn 2003). XKXu3up Bo3HUKaeT B (popme
MIPUMHUTHBHBIX 0€3bAICPHBIX OTHOKIETOYHBIX OPTaHH3-
MOB - TIPOKapruOTOB (M, BO3SMOXHO, BUpycoB [["ammumos,
2001]). ITociie BOSHUKHOBEHUS )KU3HU, TPHOIHU3UTEIHHO
B T€UEHHUE 2 - 2,5 MIIpJ. JET 3BOJIIOLMS IPOTEKaa, Mo-
BHIUMOMY, 0€3 CyIIeCTBEHHBIX TIOTPSICEHUH, TIPH ATOM
TJIaBHBIM CHUCTEMOOOpasytonmmM (akropom Ouocheps
ObLTa TIpoKaproTHas (ayHa. DTO BHIHO, B YACTHOCTH,
10 MOHOTOHHOMY POCTY CKOPOCTH OTIIOKEHHSI TOPIOYNX
HCKOTIaeMBIX (CEIMMEHTOTeHE3) BILIOTH JI0 IOCTH)KECHUS
makcumyma 2,0 - 1,5 mapa. aer nHazan [Jlomarus,
1983]. Onnako 3a701r0 10 KOHIA MPOKAPUOTHOM 3PbI
BO3HUKIIM TIEPBBIE 3BKApUOTHI W, BO3MOXKHO, ke
MIPUMHUTHBHBIE MHOTOKJIETOYHBIE OpraHnu3MEbI [Po3aHoB,
2003; deponxun, 2003]. CnenuanbHO OTMEYaeTCs
[@enonkuH, 2003], 4TO 3BKapUOTHI HE UTPAJIH 3aMETHOU
POITH B TII00aTBHBIX ONOXUMUYECKHX ITUKIIaX BIIOTH JI0
KHCIIOPOTHOTO KpH3Kca okojo 1,5 mip. et Hazaf (CM.
HWXKe). DBKapuoTHas (ayHa Ha (oHE MPOKAPHOTHOU

18 Bmpouewm, omua u3 ero ucroynnkoB (Heidmann 1989)
TIPEJCTaBIseT COOOH IMepeBoJ Ha AHTIIMUCKUN S3BIK KHUTH,
M3HAYaJIBHO OMyOIMKOBAaHHOM Ha (PpaHITy3CKOM.

19 OrMmernM, uTo B Tex ciydvasx, korma A. [[. [Taros (2005)
YKa3bIBa€T BpPEMEHHbIE HWHTEpBalbl, a HE TOYHBIE JaThl,
MBI Ul CBOMX pAacueTOB HCIOJIB30BAIU CPEAHHUE 3HAUYEHUS
COOTBETCTBYIOIIMX HHTEpBajioB; Hanpumep, Ilanos (2005)
B KauecTBe Jarhl «OuocepHoi peBomonmu 5» («Hawano
HeoreHa») 25-20 ¢ 10° et Ha3a/, B TO BpeMsl KaK MbI [l CBOMX
pacueToB HCIOJb3YyEM CpPEAHEE 3HAYEHHE COOTBETCTBYIOIIErO
uHTepBaia (T.e. 22,5 « 10 ner Hazax).

Journal of Big History

cyliecTBoBaia B (popMe H30BITOYHOTO BHYTPEHHETO
pa3zHo00pasusl.

1. Kucnopoguelii Kpu3UC HIM HEONPOTEPO30iiCcCKas
peBomormst - 1,5 x 10° ner nasan [Demonkun, 2003;
Jlomarun, 1983; Po3anos, 2003; 3aBap3un, 2003]. Lu-
aHoOakTepuu o000raTwiv NEepBOHAYAIBHO BOCCTaHO-
BUTENBHYIO aTMocdepy 3eMiH KHCIOPOAOM, KOTOPBIH
ObUI CHJIBHBIM SIIOM JJIs1 QHadpPOOHBIX MPOKApUOTOB.
AHa3poOHbIe OPraHU3MBbI CTalId BHIMUPATh, YTO BUJHO, B
YaCTHOCTH, 110 PE3KOMY 3aMEJIJICHUIO CeANMEHTOreHe3a
B 3TOT nepuon [Jlomatun, 1983; Po3anos, 3aBap3uH,
1997]. KucnoponHblii KpU3HC - TUIHUYHBIM OpuUMep
9HJI03K30I'€HHOTO KpH3HMCa W TEPBBIM TII00aIbHBIA
9KOJIOTHYECKUI Kpu3nuc B ucropuu 3emnn. Ha cmeny
aHad’pOOHBIM  NPOKApUOTaM  MPULUIH  adpoOHBIC
(OpMBI JKH3HHU, KOTOPBIC NMPEICTABICHbBI B OCHOBHOM
KaK OJIHOKJICTOYHBIMH, TaK M MHOTOKJIETOYHBIMU
skBaproTtamMu. Ilo pasHBIM JaHHBIM 3TO COOBITHE
umeno mecto ot 2,0 go 1,0 mupa. ner Hazan, HO Ipu
9TOM (aKTHYECKH MMEIOTCSI B BHUAY pasHble (ha3bl
sToro mepexona. OT NHMKa PEBOJIOUMU HAC OTHCINSET
MpUOIM3UTENHHO 1,5 MITpT JTeT.

2. KemOpuiickuii B3pbiB - 590 - 510 x 10° et nazan [Kemnep,
1975; Pozanos, 1986; Kappon, 1992]. B teueHue
HECKOJIbKMX JECATKOB MMJUTMOHOB JIET BO3HHUKAIOT
MPAKTUYECKH BCE COBPEMCHHBIC (DHIOTCHETHUECKHUE
CTBOJIBI MHOTOKJIETOYHBIX, BKJIIOYasi MO3BOHOYHBIX
[Kappou, 1992, c. 37]. KemOpuiickuii B3pbIB COBIIaaeT
C HayaJoM Maneo30iickoil »pbl. B TeueHue maneozos
KM3Hb MOCTEINIEHHO BBIXOAMJIA Ha CYyIIy W OCBauBaja
ee. Yxe B keMOpuu OOHapy>KeHbl NEPBBIC MOIBITKU
BBIX0/1a 0ECTI03BOHOYHBIX Ha cymry [DemonkuH, 2003].
[Taneo3oiickast 3pa 3aKaHYMBAETCSl TOCIOJICTBOM Ha
CylIe 3E€MHOBOJHBIX, YpPE3BbIYANHO pPa3HOOOpa3HBIX
u yacto rurantckux [Koappon, 1992], cpemu pac-
TCHMH - XBOIIM, IUIAyHBI W MANOPOTHUKH. 3a He-
CKOJIBKO JICCSITKOB MWJIJIMOHOB JIET JO OKOHYaHHS
MaJie0305 BO3HMUKAIOT IEPBBIC  MPECMBIKAIOIINECS
(n30bITOYHOE pa3HOOOpa3ue), KOTOpbIE CTaHOBATCS
cucTeMoo0pazyonmM (GakTopoM cleayromei (assl
Pa3BUTHS IIAHETAPHONW CHCTEMBI.

3. Hauano ME3030MCKOM 3pBbL, peBOTIOLUS
npecMbIkaroruxcs - 235 x 10 et nazan [Kappor, 1992;
Myparos, Baxpamees, 1974; Kappo:n, 1993a |. Bue3anHo
n OBICTPO BBIMHUPAIOT TPAKTHYECKH BCE OTPSIIBI
naneo3oickux 3eMHOBOAHBIX [Kappoin, 1992, c. 192],
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JIUJIEPCTBO Ha CyIIE MEPEeXOAUT K MPECMBIKAIOLIINMCS
— CHayaja 3BEpOINOJOOHBIM U 3BEpO3yOBIM sIEpaMm,
notoM K guHo3zaBpaMm [Koappon, 1993a ]. B wmupe
pacTeHHi HAYMHAIOT TOCIOJICTBOBATH T'OJIOCEMSHHBIC
(XBOliHBIC, THHKOBBIE M [1p.). YK€ B CEpeauHe
Me303051 MOSIBJISIIOTCS TEPBBIE MIICKONUTAIOIIUE, HO
B DKOCHUCTEMax OHH WIPAIOT MOJYUHEHHYIO POJb
(130BITOYHOE MHOTOOOpa3ue).

Hauano KaitHO30MCKOM 3pHL, peBoIIOLUs
miekonuraromux - 66 x 10° nmer wazanm [Llanuep,
1973; Kappomn, 1993a; 19936 ]. IlomHOCTBIO BBIMHpA-
10T AMHO3aBPHI, Ha CyIIE - THTAaHTCKUN BCIUIECK Pa3HO-
00pasusi MIJICKOITUTAIOLINX, B BO3AYyXE T'OCHOACTBYIOT
NTHILBI, CPEAN PACTEHUI IOJIOCEMSHHBIC BBITCCHSIOTCS
MOKPBITOCEMSIHHBIMU (LIBETKOBBIMU). [Ipenmnonoxenue
O TOM, 4YTO BBIMHpPAHHE JMHO3aBPOB BBI3BAHO
UCKITIOYUTEIBHO MOCJICACTBUSIMHY MTaJICHUSI THTAHTCKOTO
MeTeopuTa, oOpa3oBasiero kparep Ynkymnyo [Alvares,
1980; Kpunr, dypna, 2004], BbI3bIBAaCT CEPbE3HYIO
KPHUTHUKY, TaK KaK BBIMUPaHHE JMHO3aBPOB [UINIOCH | -2
MJIH JIET, a IbIJIb ¥ Ca’ka MOTJIM JACPKaThCs B aTMOchepe
MaKCUMyM Heckolbko MecsaueB [Koappon, 1993a |,
IpU 3TOM JJTUTEBHBIX TJI00aTIbHBIX KINMATHYEeCKUX
W3MEHEHUH HE OTMEYaeTcsl.

5. Havano Heorena - 25 - 20 x 10° et nazan [[1lanuep, 1973;

Kappour, 19936 ; buran, 2004 ] —conpoBoxaaeTcs pe3KuM
oOHoBJIeHHeM (ayHbl Ha TeppuTopun EBpormsr; diopa
u dayHa mpuoOpeTaIOT MPAKTUYECKH COBPEMEHHBIHN
Buj. BO3HMKAIOT TOMHHOHMIBI - YEIOBEKOOOpa3HbIC
00€3bsIHBI, MPUYEM 3TO COOBITHE HMMEET XapakTep
CHJIbHEHILIETO 3BOJIIOLIMOHHOTO B3pbiBa. Mexay 22 u 17
MJIH. JIeT Hazajq Adpuky Hacemsun He MeHee 14 poaoB
TOMHHOMJIOB, YTO COCTaBIISICT ACCATKU BUAOB [buraw,
2004] (mHOTO OOJIBIIIE, UEM celJac).

6. Hagano gerBepTryHOTrO TIepuojia (aHTponoreH) - 4,4 x

10° net nasasn [buran, 2004; ®oynu, 1990; Wood, 1992].
[lepBBle MPUMUTHBHBIE IO (TOMUHHIBI) OTICIISIOTCS
OT 00€3bIHONOMO0HBIX  (romMuHOHMIOB). I[lom0OHO
Havally HEOreHa, Hauaio aHTPOIOTeHa COTIPOBOXK/IaTI0Ch
BCIUIeCKOM pa3zHooOpasus Homo [Wood, 1992]. [lanee
CJIeyeT HECKOJIbKO COOBITHH, WMEIOIINX, BO3MOXHO,
HE CTOJBKO OWOJOTMYECKHUH, CKOJIBKO COLMAbHBIN
xapakrep (CM. 0OCyXIeHHe B KOHIIE JIaHHOTO
paznena). Ilepwompl pasnuuaroTcs TO  XapakTepy
0o0paboTKM Opynud Tpyda JIOJABMH KaMEHHOTO
Beka. CymecTByromasi TPaauIlysi, OTpaKEHHAas U B
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SHUMKJIIONEANSX, BBIJCISACT MOCIE0BATEILHOCTD I0X
Onpysaii - [lenns - Amens - MycTbe.

7. OnnyBaii, naneonutuueckas pesostorust - 2,0 - 1,6 x 109

net Hazan [bopuckosckuii, 1974a |. [losiBneHue nepBbIX
O4YeHb Tpy00 00pabOTaHHBIX KaMEHHBIX OpYAUH TpyAa
- TaKk Ha3bIBAEMbIX YONIEPOB. [ ajeuHble KyIbTYpBHI,
Homo habilis.

. Mlems - 0,7 - 0,6 x 10° ner Hasan [BoprckoBckuid,

1978]. OBnageHue OrHeM, TOMOPOBUIHBIE OPYAMS C
MOTIEPEYHBIM JIe3BUEM (KIIUBEpHI), TpyOble pyOwnIia.
OcHOBHOI HOCHUTENB KYIBTYpBI - Homo erectus.

9. Amiens - 0,4 x 10° ner Hazaz [Bopuckosckuii 1970] - xa-

paxkTepu3yeTcss CTaHAAPTU3MPOBAHHBIMU OBAJIbHBIMHU,
TPEYTOJIbHBIMH, KPYTJIBIMHU U IPYTUMHA CHMMETPHYHBIMH
pyOounamu. OCHOBHOW TPEICTaBUTENb IO-TIPEKHEMY
Homo erectus. Ha ¢one amenbckoll KyabTyphl MOSIB-
nsetcs Heannepraien (Homo sapiens neandertalensis)
[bopuckoscuii 1970] u okosmo 160 Teic. JneT Hazax -
Homo sapiens sapiens wiu odeHb Onu3Kkuil Bu [BoHT,
2003]. OpHako, MO-BUAMMOMY, HU TOT, HU APYrou HE
UTpaloT IOKa CYIIECTBEHHOHW pOJIM B IUIAHETAPHOU
cucreMe (M30BITOUHOE pa3HOOOpasue).

10.MycTtbe(KyabTypHAs pEeBOIIOIMS HEaHAepTaIbIEB) - 150

- 100 TeIC. et Hazaxn [Hazapetsn, 2004; bopuckoBcKui,
19746 . JlunepoM TuTaHETapHOW CHUCTEMBI CTAHOBHUTCS
HeaHaepTainen. KaMeHHbIe U KOCTSHBIC OPYAHS TOHKOH
00paboTKH - ckpediia, OCTPOKOHEYHHKH, CBEPIIa, HOXHU.
Kunuma u3 kocteld MaMOHTa W IIKYp. 3aXOpOHEHHE
MEpTBBIX (NIPUMHUTHBHBIE penuruu). Homo sapiens
sapiens MO-TIPE)KHEMY HE MMEET CYIIECTBEHHOTO
3HauYeHHUs B IIaHeTapHou cucteme [Hazapetsn, 2004].
BepxHenaneonutudeckas peBOJOLMsA (KyJIbTypHast
peBomoninsl KpoMaHboHIIEB) - 40 ThIC. NeT Ha3an [Ha-
3apetsin,2004; [psikoHoB, 1995]. Beimuparotr Heanaep-
TaJbLbl, HOCUTEJEM KyJIbTYPbl CTAHOBUTCSI YEJIOBEK CO-
BpeMmeHHoro Buia Homo sapiens sapiens. MHOrokpaTHO
BO3pOCiia IPOIYKTUBHOCTh MCIIOIb30BAHUS KAMEHHOTO
CBIPbS, 3aMETHO YCOBEPILCHCTBOBAJIMCH 3HAKOBBIC
CHUCTEMbl KOMMYHHUKAIMM. 3HAUUTEIbHOC pa3BUTHE
OXOTHHYbEH aBTOMATHKU (KOIMb, JIOBYILKH), IIMPOKOE
pacnpocTpaHeHHEe UCKyCcCTBa (HAaCKaJIbHbBIE PUCYHKN).

12. Heonutuueckas peBomouus - 12 - 9 Teic. JeT Ha3ax

[Hazapetsn, 2004; IpsxonoB, 1995]. B koH1e BepxHETo
MaJIeOJIUTa PA3BUTHE OXOTHUYBUX TEXHOJIOTHUH IIPUBEIIO
K UCTPEOJICHUIO MOIYJISIIIUN U TIETTBIX BUIOB )KHBOTHBIX,
YTO TOAOPBAJIO MHUIIEBBIE PECYPCHI MAJCOTUTUIECKOTO
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o0IIecTBa ¥ MPUBEJIO K Y)KECTOUECHUIO MEXIUIEMEHHON
KOHKypeHIuH. OTBETOM Ha KpU3HC OBUT IEepexo]
OT TpHUCBaWBArOIIEr0 (0XO0Ta, COOUPATENBCTBO) K
MIPOU3BOAIIEMY (3eMIleieNlne, CKOTOBOJICTBO) XO3sii-
CTBY M CMEHa HOPMAaTWBHOTO TE€HOIHJA 3a4aTOYHBIMU
(hopmamu KOJUIEKTUBHOW 3Kcrutyatanuu [HazapersH,
2004]. Yxe B HEONUTE MOSBISIIOTCS MPEAKUA TOPOAOB,
takue kak Yartam-Xroroka (VII-VI T1BIC. 10 H.3.),
Wepuxon (VII ThIC. 10 H.3.) [[psiKOHOB, 1995]. OnHaKo
Ha ITOM JTalle OHU eIle He SBISIOTCS CYIIeCTBEHHBIM
cucreMooOpasyronm (aktopom [/IpskoHOB, 1995].

13. T'oponckas peBoonus, Ha4Yajao ApeBHEro mupa - I'V-

III TeICc. mO H.3. [Hazapetsn, 2004; [psxkonos, 1995].
MaccoBoe pacrpoCTpaHEHHE KPYITHBIX YeIOBEYECKHIX
arJoMeparuii, BOSHUKHOBEHHE TMChMEHHOCTH, TIEPBBIX
MPaBOBBIX JIOKYMEHTOB, HACTOAIICH OOpOKpaTHu
W KIACCOBOTO  OOINECTBa, IIOSBICHHE pPEMecel.
PeBomrorist  mocnezoBana  3a  pacHpoOCTpaHEHHEM
OpOH30BBIX OpYAHH, AeMOTpapUIECKHM B3PHIBOM U
000CTpeHHeM KOHKYPEHITHH 3a II0JJ0POTHBIE 3EMITH.

14. KenesHslii Bek, s11oxa UMIepuii, peBoironus OceBoro

BpeMeHu-800-500neTnon.3. [Acnepc, 1991;Hazapersn,
2004; IpsikonoB., 1995; 3aiiues, 2001]. BosnukHOBeHHE
TEXHOJIOTUU ToNydeHus xene3a okoio 1000 - 900 ner
JI0 H.3. TIPUBEJO K TOMY, YTO OPYXKHE CTajl0 HAaMHOTO
Oonee nemieBbIM, JIETKUM, 3()()EeKTUBHBIM, a BOWHBI -
Oosiee KpoBONPOJIUTHBIMH. OTBETOM Ha 3TOT KPH3HC
TEXHOIYMaHUTapHOro OajaHca ObUIO, BO-IEPBBIX,
00bEeJMHEHNE MEJIKUX TOCYIapcTB B Oojee KpyIHBIC
00pa3zoBaHusl - UMIIEPHH, U, BO-BTOPHIX, ABTOPUTAPHOE
MHU(OJIOTHYECKOE MBIIUIEHHE CTAJI0 BBITECHATHCS
JUYHOCTHBIM. JIMYHOCTH Hayama BOCIPUHUMATHCS
KaK CyBEPEHHBIII HOCHUTEIb MOPAJIbHOrO BBIOOpA. DTO
MIPUBEIIO K IPAKTUYECKU OAHOBPEMEHHOMY IOSIBIICHHIO
B Pa3HbIX MecTax 3eMJIM MBICIUTECH U MOJIKOBO/LEB
HOBOTO THNA - 3apaTycTpa, HyJEWCKHEe IPOPOKH,
Coxkpat, bynna, Kondyunit [fAcnepe, 1991] u np. - u x
KyJbTYPHOMY B3pBIBY aHTHUHOCTH [3aiiues, 2001].

15. Tmbenp npeBHEro MHpa, HA4Yall0 CPEIHEBEKOBBS

- 400 - 630 rr. (3mech m manee HOBOH 3pbl) [[psKo-
HOB, 1995]. Havano nepexona st yCJIOBHO CBSI3bIBAIO C
JesTenbHOCThI0 CBATOrOo ABrycTHHAa U OCYKACHUEM
nenarnanctea Ha Kapdarenckom cobope B 417 r.,
YTO O3HAYaJO KOHEI 3JUTMHUCTHUYECKON (unocopun
[Antucepu, Peanme, 2001], a xonHen mnepexoma - C
JIeSTeNFHOCTRI0 TIpopoka Myxammena (570 - 632).
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OcHOBHOE coJiepKaHuE MEPexo/ia COCTOUT B KPHU3HCE
n tubemn Pumckoit mmmnepun ([peBHero wmmupa) c
MOCJICYIONIMM ~ PaclpOCTpaHeHUEM  (eoTabHbBIX
TOCY/IapCTB M KHSDKECTB I0J] BETyIIeH POIBI0 MUPOBBIX
TOTAJHUTApHBIX PENUTUi (HO, KOHEYHO, HE CBOJIUTCS
TOIILKO K 3TOMY).

16. IlepBas npomsbinieHHas peBosronus - 1450 - 1550 rr.

[Kanuua, 1996; Hazapersin, 2004; JIpsikonoB, 1995].
B tepmunONorun Y. J/IpskoHOBA - Havano CTaOWIBHO-
aOCOJIOTHCTCKOTO  TOCTCPEeIHEBEKOBbsl [ /IbsIKOHOB,
1995]. Bo3HUKHOBEHUE MPOMBILIIIEHHOT'O IPOU3BOICTBA
(MaHyhaKTyphl), BeIHKHE TeorpauuecKue OTKPHITHSA,
BO3HUKHOBCHHE KHHMIONEUAaTaHUS W  KYJBTYPHBIHA
MIEPEBOPOT HOBOI'O BPEMEHH.

17. Bropas nmpombinuieHHass peBomouus - 1830 - 1840

rr. [Kanuma, 1996; Ibsxonos, 1995]. Bo3HukHOBe-
HUE MEXaHM3MPOBAHHOI'O IPOM3BOJCTBA, 3I0Xa Tapa
u snekrpuuectBa. Hawano riobanmzaumu B oOmacTu
nH(popMmarun - B 1831 1. u3obpeten tenerpad. B kyib-
TYpHOH 00nacTh HaumHaeT (OPMUPOBATHCS YCTONUH-
BOE HEraTMBHOE OTHOLICHHE K BOWHE KaK K CPEACTBY
penreHus noauTudeckux Bornpocos (JI. Toncroii u mp.).

18. Mudopmanmonnas pesomrormst - 1950 1. [Kanwma,

1996; Hazapetsn, 2004; Hesikonos, 1995]. Ilepexon
MTPOMBINIUICHHO PAa3BUTHIX CTPaH BIIOCTHH/Y CTPHAIHHYIO
AMOXY, KOT/1a OOJbIas 4acTh HACEJCHHS 3aHATa HE B
MaTepUaIbHOM IIPOU3BOJICTBE, a B Cepe 00CITy)KUBaHUS
u B mepepaboTke wuH(popMmaruu. PacmpoctpaHeHue
KOMITBIOTEPOB U ABTOMAaTHU3UPOBAHHBIX 0a3
JaHHBIX. BOWHBI MEXIy NPOMBINUICHHO Pa3BUTHIMU
Cylep/iep:kaBaMi  BBITECHSIIOTCS. B BHPTYAJIbHYIO
o0nacte, mnpuHUMas (GOpMy  XOIIOJHOW  BOMHBI
(M3MeHeHne YPOBHS TEXHOTYMaHUTAPHOTO OajaHca).

19. Kpuszuc u pacman coUUaIUCTHYECKOrO Jareps,

nH(popMaImoHHas riodamusamus - 1991 r. Pacnag mu-
POBOHM CHCTEMBI TOTATUTAPHOU TJIAHOBOH 3KOHOMHMKH,
pe3Koe CHIDKEHHE YPOBHS TJIO00AIBHOTO BOEHHOTO
MIPOTUBOCTOSIHHSI,  CTAHOBJICHHWE  MHPOBOH  CeTH
WHTepHeT, 03HavaroIiee 3aBeplieHne HHPOpMaIMOHHON
rinoOanu3anuu. JlaHHBIE COOBITHS TOKAa OTHIOAL HE
BCEI/Ia TPAKTYIOTCS KaK PEBOJIOIMS, HO, Kak Oyzaer
BH/THO, TI0O HEKOTOPBIM YHCTO (hOPMaTbHBIM MPU3HAKAM
OHH UMEIOT TOT K€ CTaTyC, 4To 1 npeapiayme» (I[lano
2005: 124-127).

OTMeTuM, 4YTO TOCHEAHSAs Touka JaHHBIX (19)
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OTCYTCTBYeT Ha TPUBOIUMBIX HUXKE Trpadukax, HO
OHa OblJa WCIOJIb30BaHA JUISi OIICHKH CKOPOCTH
[100aTFHOTO MAaKpPOJBOIOIIMOHHOTO PAa3BUTHUS JIJIS
TOUYKH JTaHHBIX (18).

B cBere BBIICONMCAHHOTO paauKaJIbHOTO pa3inuus
B MCTOYHHMKOBEIX 0azax Moauca u HaHOBa, a TaKXKeC
ITOJTHOM HC3aBUCHUMOCTH  IIPOBOAUBIIUXCS HUMHN
HUCCIEI0OBAHUM ApYT OT Apyra, BpAad JIX MOXKET BbI3BATb
YAUBIICHUC TO, UTO MAaHOBCKUM CIIHUCOK ((6I/IOC(1)epHBIX
pCBOHIOHHﬁ)) OYCHb 3HAYUTCIIbHO OTIIMYACTCS OT psAaa
«KaHOHUYECKHMX Bex» Moauca — KypuBerIa:

1) cnucoxk Moauca — Kypuseitna comgepxut 27

“KaHOHUYECKUX BEX’, B TO BPEMs KaK MaHOBCKHUU
psg  Bkmowaer gumb 20 «OmocdepHbIX
peBomonmiiy. Takum o00pa3zoMm, Kak MHHHUMYM
7 Bex Moauca — Kypupeilla He UMEIOT HUKaKHUX
napasuieneit B pany [lanosa.

2) Ectp mumib oiHa «BeXay, 11 KOTOpoid 1 Moauc, u

[TaHOB UMEIOT MOJHOCTHIO UJICHTUYHBIE HA3BaHUE
u patupoBky (Monuc — Kypugeiin 2 = [Tanos 0).
Nmeercs Takke oqHa Bexa (Moauc — Kypiseiin 26
= [lanos 18), kotopyto Moauc u [1laHoB naTupyrot

Psn Moauca — Kypugeitina

Psin [Tanosa (2005)

(6) IlepBble MJIEKONMUTAIKOIIME, TICPBHIC MTHIIHI,
nepBble AMHO3aBPbI — 2/ () MJIH JIeT Ha3a.

(7) IlepBble MOKPBLITOCEMEHHbIE, IPECBHEUIINE
OCTaTKH IIBETKOBBIX pacTeHU — /39 MJIH JIET Ha3a.
(8) IlepBble mnpumarbl / CTOJIKHOBEHHE C
actepouioM / mass extinction (including dinosaurs)
— 54,6 MulH n1eT Ha3axl.

(9) IlepBble uesiOBeKOOOpa3Hble 00€3bSHBI,
nepBble TOMUHUBI — 28,5 MJIH JIeT Ha3a/.

(10) ITepBrblit OpaHryTaH, NpOKOHCYN — /6,5 MIH
JIET Ha3a.

(11) Pacxoxkaenue nmpeaKoB INMIIAH3e U Yel0Be-
Ka, CaMbIil paHHUE CBUACTEIIbCTBA MPSIMOXO0XKICHUS
y TOMUHM] — 5,/ MJIH JIET Ha3a.l.

(12) IlepBble KaMeHHBbIe Opyaus, Homo erectus —
2,2 MIIH JIET Ha3am,.

(13) BosuukuoBenue Homo sapiens — 555 000 net
Haza.

(14) JomecTuxanusi orusi / Homo heidelbergensis
— 325 000 net Hazan.

(15) Pacxoxkaenne TunoB 4desnoBedveckoii JJTHK —
200 000 net nazan.

(3) Hauyaso Mme3030iickoil 3pbl, PEBOJIOIMS
MIpECMBIKAIOIUXCS — 235 man 1em nHazao.

(4) Hauyano KkaiiHO30iicKOl 3pbl, PEBOJIOIMS
MJIEKOTIUTAIOIINX — 66 MIH Iem HA3A0.

(5) Hauano neorena — 25—2( MiH JIeT Ha3aI.

(6) Hagano yerBepT4HOroO nepuoja (aHTPOIOreH) —
4,4 MuIH J1eT Ha3a..

(7) OnnyBait, naneonutuyeckas pesotonus — 2,0—1,6
MJIH JIET Ha3a/.

(8) Lllemms — 600—700 moic. nem naszao.

(9) Amrens — 400 moic. et Ha3aI.

Ta6auua 2. Koppensauus mexay cnrckamu (a3oBbIx nepexonoB Moauca u [Tanosa it nepuoaa mexay 400

MJIH JieT Ha3ax u 150 TeIc. JeT Ha3an
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1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

1.E-06

1.E=U/

1.E-08

(uncno dazosbix Nnepexonos B roa)
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CKopocTb MaKpPO32BONMIOLUMNOHHOIO passuUTUA

1.E-10

Puc. 17. JIluarpamma paccenBaHus TO4YeK (a3oBbIX MepexooB [laHoBa ¢ HamoKeHHOW JIMHUEH CTENEeHHOUN perpeccuu (c
JorapuQpMUIECKPH IKaJION 0 OCH OPANHAT) — AJIsl ONPEAEICHHON METOI0M HAaUMEHBIINX KBapaTOB AaThl CHHTYISIPHOCTH

=2027 r. u.n.
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OJIMHAKOBO, HO KOTOPOW OHM JTalOT COBEPIICHHO
pa3IuYHbIC HA3BAHMS.

3) HNmeercs HECKOIBKO BeX, KOTOpbIM Moauc wu
IlaHoB HarOT OTHAJEHHO CXOAHBIE Ha3BaHUA U
MIPUMEPHO (HO HE B TOYHOCTH ) CXO/THBIE TATUPOBKHU
(manpumep, Moauc — Kypuseiin 23 =~ [lanos 16;
Moauc — Kypugeitn 19 = IlanoB 12; Moauc —
Kypugeiin 17 = I1anos 11; Moauc — Kypugeiin 9 =
[TanoB 5). B ognom ciyqae Moauc u IlanoB natot

A. B. Kopomaes

JIaTEL.

4) C npyroit CTOpOHBI, Ui OYEHb 3HAYUTEIbHBIX
OTPE3KOB PAaCCMATPUBACMBIX PSIOB KOPPEISIUS
MEXJy HUMHU BBITJSAUT KpailHe yJaJeHHOM.
Hanpuwmep, nis nepuona mexxy 400 MitH neT Ha3zaq
u 150 ThIC. J€T Ha3aJ 3Ta KOPPESIUs BBITIAIUT
cnenyromum obpazom (cM. Tabnuiy 2):

onHoOM u Toi xe Bexe (Moauc — Kypusein 5 ~ Kak ™Mbl BHAUM, 09 O4YEHL OOJIBIIOW YacTH
[TaHoB 2) 0/IMHAKOBOE HAa3BaHKE, HO OYECHB Pa3HbIE IIaHeTapHol  uctopun  (Mexnay — KemOpuiickum
1E-1 IHHQ;&M&WOHH&Q pesonrou,nn]
g 1 E-24 "rﬂap, 3nex1’pmqec1'ao]
= 1E31 1- anpuMpeBomoupm :
g ; [opopckan pes.
od Ocesan pesomol.uqﬂ
-m v[l_-leonwmuecxan pes |
o 1,E-44
& |Elepxnenaneonumqecuaﬂ pes. |"
O E.s5- Amenb
H -‘
LIJennb
2 1E6- =
x |Onaysam| ﬂl_-le"raepqubu'a nepmon(mmmhnbl)]
I
m 1E-7
: § [Heo reH (npumaTb:ﬂi
Meaoaom
1,E-97 [Heonpmepoaoucnaﬂ pesomouym]‘-,.
|Bosunxnosenme KiSHM ]
1,E-104 s
it ALk A L B | B | it A A A
° 8 8 S S 2 g S 8 S
o Qo o o ] o o Qo
o =] e o =] o o
= o o Q o o
=) o =] (=] o
=] =] o (=]
° 8 8
Bpema go CuHrynapHoctu, ner e

Puc. 18. /Ilnarpamma pacceuBanusi Touek (ha3oBbix rnepexo 0B [TaHOBa ¢ HAIOKEHHOM JIMHUEH CTETIEHHOW perpeccuu (B
JIBOMHOI JTorapu(pMUUECcKOil IIKae) — 71 OIpeAeNIeHHONH METO/IOM HaMMEHBIINX KBaaApaToB naTel CHHTYIspHOCTH = 2027

T. H.O.
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B3PBIBOM M BO3HUKHOBEHHEM Homo sapiens sapiens)
KOPpEJSIUUS MEXIAY JBYMs pPSJaMH  BBITJISIAUT
peasibHO cnaboi; BIOJMHE OYEBUAHO, YTO pEyb
UJET O COBEPIIEHHO HE3aBHUCUMO COCTaBIIEHHBIX (U
JIOCTATOYHO OTJIMYHBIX JIPYT OT ApPYyTra) CIHCKaX.

Bpemennoit psax A. /I. IlanoBa: ¢opMaabHbIH
aHaAJIN3

Tenepp, mociae TOro kKak Mbl YK€ 3HAaeM BCE€ 3TO,
npoananuzupyeMpsaallanoBaTeMkecaMbIMCIIOCOO0M,
KaK Mbl NPOAHAJIU3UPOBAIU BhIIEe psig Moauca —
Kypugeina. Pe3ynbpTaTel 3TOro aHammsa BBIISIAT
cienyromumM oopazom (cM. Puc 17).

B nBoitHOI norapu@Muueckoi IiKajie COOTBETCTBUE
MEXIy cTeneHHoH mojensio y = 1,886/x"' (roe x
0003HaYaeTcss YUCio JIeT 10 ToUkH CHHTYISIPHOCTH,
OTIpeieIEHHOW METOI0OM HaUMEHBIINX KBAJJPaTOB KaK
2027 r. H.3.) ¥ AMIUpHUYECKUMHU olleHKamu [laHoBa
BBITUISLIUT CAEAYIOMMUM oopa3om (cm. Puc. 18).

CoOCTBEHHO TOBOps, 5, KOHEYHO, OXHAAN, YTO
ypaBHEHHE, JIydllle BCEro OIKCHIBAIOIIEE DS
[TanoBa, OyneT BBIMISACTH JIOCTATOYHO TOXOXKUM
Ha ypaBHEHHE, KOTOPO€ MbI BBIIIE TMOTYYUIH MJIs
pana Moauca — Kypugeitna; HO, YECTHO CKaxy, S HE
oxuan, uto oHo okaxercs JJO TAKOM CTEIEHU
[TIOXOXHNUM (B 0COOEHHOCTH, €ClIi HWMETh B
BUJly TO 0OCTOsITENbCTBO, uTO0 Monuc u IlaHoB
npu UACHTU(DUKAIME CBOMX PSIOB OMHPAINCHh HA

a0COIOTHO pa3Hble UCTOYHUKH, U TIOTYYSHHBIE MU B
UTOTE CIUCKU (DAa30BBIX MEPEXOI0B OKA3aIUCh OUEHBb
3aMETHO OTJIMYAIOIIUMHUCA JPYT OT JApyTa).
Opnako TOJy4YeHHbIE HAMHU B PE3yJIbTAaTe HAIIero
aHallM3a JIaHHBIX PSJIOB ypaBHEHHUS OKa3aJuCh
IMPEJIEJIBHO cxogabiMu (3T0 0COOEHHO BIIEUYATIISIET,
NpUHMMAass BO BHHUMaHHE TO OOCTOSTENbCTBO,
yro HU Moauc, Hu [laHOB He mpeanpuHUMAIN
MOTBITOK ~ aNMpPOKCUMHUPOBATH CBOM  PSABl  MpHU
nomouy ypaBHenust (10), a moToMy HX HHKaK
HeNb3s TO0/03pEeBaThb B TMOMBITKAX «IOJOTHATH)»
CBOM psiIbI TOJ 3TO ypaBHeHHE). JlelcTBUTENBHO,
B HEYIpPOIIEHHOM BHJE CTENEHHOE YypaBHEHUE,
Jy4lle BCEro OMHCHIBAIOIINE MPOCICKUBAEMBIN B
pane Monuca — KypiBeilsia marrepH yCKOpPEHUs
IUTAHETapHOTO  MaKPOASBOJIOIMOHHOTO — Pa3BUTHS,
BBITJISIIUT CIEAYIOMMUM OO0pa3oM (CM. TakKe BBIIIE
Puc. 10).
2,054
Y = @ozo—pyroos )

rJ1e, HAIIOMHHM, ) 3TO CKOPOCTh MAKPOIBOIIOIIMOHHOTO
pazBuTusi  (M3Mepsemas Kak  49ucio  (a3oBBIX
MepeXoJI0B 3a €IUHMIYy BpemeHu), a 2029 (r. H.3.)
— Touyka CHHTYJSIPHOCTH, OIpEIeICHHAass METOJIO0M
HAaMMEHBIIIUX KBA/IPATOB.

B To Xe camoe BpeMs CTENEeHHOE YpaBHEHHE,
JydIlle BCErO OIMCHIBAIOIICE NATTEPH YCKOPEHUS
TUTAHETAPHOTO ~ MaKpOAIBOJIIOIIMOHHOTO  Pa3BUTHS,
npocnexuBaembiid B psane [lanosa (2005), BeIrsianT
cienyromuM 00pa3om (cM. Takxke Boie Puc. 18):

CrenenHoe ypaBHeHue Ttuna (10),

Haubonee touHo | CtenmenHoe ypaBHeHue tumna (/0), Hambomee
MaTeMaTUYeCcKH onucbiBawoniee psaa Moauca — Kypiseitna

TOYHO MAaTEMaTUYECKU ONMCHIBAIOLIEE Psf
ITanoBa

2,054

Y = 2029-0)1003 * (8), R? = 0,9989

1,886
(2027—t)101 °

y:

(9), R* = 0,9991

Monuca — Kypugeiina u psg [lanosa

Tab6auna 3. ConocraBnenue ypaBHeHuid tumna (10), HauOojee TOYHO MaTEMaTUYECKH OIUCHIBAIOIINX PSIT
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_ 1,886

" (2027-t)L01 9)
B o0mem BHIe COOTBETCTBYIONIEE ypaBHECHUE
BBITJISIIUT CIEAYIOIIUM 00pa3oMm:

. C

YT wop (10)

OT0 ypaBHeHHe uMeeT Tpu napametpa — C, *, u f.
W, xak MBI BHIENH, BCe TPU MapaMeTpa OKa3allucCh
yIAUBHUTEIHHO OMU3KUMH, Kak ais psaa Kypuseiina —
Mogauca, Tak u 11 psaa [lanosa.

DopMyJibl yCKOpEeHHS T100aJIbHOT0
MAaKPO3BOJIIOLHOHHOI0 Pa3BUTHA

B psiaax Moauca — Kypuseiisiia u IlanoBa:
CPaBHHUTE/IbHbIN aHAIN3

JleiicTBuTEnbHO, cpaBHEHME ypaBHeHuMH Tuna (10),
HanOoliee TOYHO MATEeMATUYECKH OMHUCHIBAIOIINX
JBA COOTBETCTBYIOIMX psla, JaeT CleAyolue
pe3yabTatel (cMm. Tabam. 3).

CoOcTBeHHO TOBOpsi, Ha MeHs Hamboyiee CHIIbHOE
BIICYATIICHUE IPOU3BEIIO JaXKe HE TO 0OCTOSTEIBCTBO,
YTO 3HAUYEHUE TapameTrpa CHHTYJsSIpHOCTH  (1*)
s 00euX perpeccuil 0Ka3ajoch CTOJb OJIM3KUM
(paszHuiia Bcero B 1Ba rogal). Ha mens maxe Oosnbiee
BII€YATJIEHUE IPOU3BEIO TO, UTO 3HAUEHUE [T0KA3aTeNs
cTerneHu 3 B 00euX Cirydasx 0Ka3ajJoch CTOJb OJIM3KHM
K «1», 4TO, MEX1y MPOYHM, ITO3BOJIAET elle OObIIe
YOPOCTUTh U TaK YK€ OYEHb IPOCTOE CTEINEHHOE
ypaBHeHnue (10)

c
Ve = (tx—t)B (10)
10 eme Oosee  MPOCTOro  TrUnepOOIUYECKOro
ypaBHeHus (5):
_C

Haxe Tpernit mnapamerp ypaBHenus (10), C,
OKa3bIBAETCsl OUEHb OJIM3KUM B YPaBHEHUSX JJIS psla
Moguca — Kypugeitna (C = 2,1) u psaga [Tanosa (C =
1,9).
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Oco0oro yrnmoMruHaHUS 3aCITyKUBAET UCKITIOYUTEIHHO
BBICOKAsl  KOppENslUs  MEXIYy TEOPETUYECKUM
KPUBBIMH, T€HEPUPYEMBIMH YPEBBIYAIHO MPOCTHIMU
ypaBHeHHsMH Tuna (5), W AMIOUPUYECKUMU
orieHkamu, kak Moauca — Kypupeiina, Tak u [lanosa.
[IpumenutensHo k psay Moauca — Kypigseina
ypaBHenue (5) ommcbiBaeT 99,89% Bcell Bapuanuu
CKOpPOCTH  TJI00AJbHOTO  MaKPO3BOIIOIMOHHOTO
pa3BUTHA HA MPOTSHKEHUH HECKOJIBKUX MUJUIMAPAOB
JIET, B TO BpeMs Kak Juid psiia [lanHoBa 3T0 coOTBETCTBHE
coctaBisieT 99,91% — ¢ qpyroii CTOpOHBI, IpeiebHas
OMM30CTh 3HaueHWit R’ gus  o0eux perpeccuii
(pa3HHIIa MEXAY HHUMH COCTaBIIIE€T BCEro JIMIIb
0.02%!) BoneuatiseT u cama 1o cede (MOAUYEPKHY e1ie
pas, 4To TaHHOE OOCTOATEIHCTBO BBITISIIUT OCOOEHHO
BIIEYATIISAIONIE B BULy TOT0, 4TO HU Mojuc, uu [lanoB
HE TMBITAINCH aNMpPOKCHMPOBATH CBOM PSAbl MpHU
nomMoiny ypaBaenui tumna (5) wu (10)).2°

W koHEeYHO ke, He BBI3bIBAET HUKAKOTO YIUBJICHHUS TO,
yto nuddepeHIanbHoe ypaBHEHHE OMUCHIBAOIIEE
YCKOpEHHE TEMIIOB pocTa TI00albHON CIOXKHOCTU
B psage IlanoBa oka3biBaeTcs KpailHE CXOIHBIM
c (dopMmynoil yCKOpEHHS TEMIIOB TIJI00AIBHOTO
MaKpO3BOJIIOIMOHHOTO pa3BUTHS 11 psaga Moguca —
Kypugeiina.

JlecTBUTENBHO, KaK MBI YK€ YIIOMUHAIIN, UMEIOTCS
JOCTaTOYHBIE OCHOBAHUS YIIPOCTUTDH ypaBHEHHUE (9)
1,886

- (2027-t)101° 9)

JI0 TIPOCTOTO rurepooandeckoro Bapuanta (11)
19
©2027-t (11)
Kak MBI TOMHUM, Takoe anreOpandeckoe ypaBHEHUE
MOJKET PacCMaTPUBATHCS KaK PEIICHUE CIIETYIOIIETO

20 Otmeuy, uto B crarbe C.B. Iupens (2018) o6ocHOBBIBaOT-
csl yTBEpIKIAEHHs, uTo (pOpMyJIbl, OnuchIBatomue psiasl Mozauca
— Kypugeitia u [laHoBa, O HOCTPOEGHUIO MMEIOT MOKA3aTelslb
crereHd B = 1 U B CHIy IPaKTUYECKH MOJHOTO COBIAJICHUS Ha-
YaJIbHOM M JIBYX KOHEYHBIX TOUCK HE MOTJIM CYILIECTBEHHO Pa30ii-
THUCB JIpYT C JPYTOM, @ HeOOJIbIINE PA3IHYKs 3HAYCHUN YUCIINTE-
7151 OOBSICHSIFOTCS Pa3HBIM KOJIMUECTBOM (a30BBIX IIEPEXOIOB.
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mudepeHInanTbHOTOo ypaBHEHUS, KOTOpOe
OKa3bIBACTCS KpPaltHE CXOJHBIM C TEM, YTO MBI BBIIIIE
noayuusu s psaga Moauca — Kypugeiina:

2
LS o ~ 0,5y2.

dt 1,9 (12)
Takum oOpa3zom, oOmas QopMymna ycKopeHUs
TEMIIOB r7100aJIEHOTO MaKpOABOIOIIHOHHOTO

pa3BUTHA, CTOJIb TOYHO OMMCHIBAIONIAS MMAHOBCKYIO
cepuro  «OUOC(hEPHBIX PEBOJIOLUI» OKA3bIBACTCS
MPAKTUYECKH MJICHTUYHOM TOM, 4yTOo OblIa HaMu
oOHapy»xeHa BbIlIe 1 psaa Moauca — Kypuseiina:
«yBEIMYEHUE TEMIIOBMAKPOIBOIIOIIMOHHOTO Pa3BUTHS
B a pPa3 COMPOBOXKIAETCS YBEIMUYEHUEM CKOPOCTHU
pocta (T.e. yCKOPEHHs1) TEMIIOB MaKPO3BOIOLIMOHHOTO
pa3BUTHS B @’ pa3; TaK, JIBYKPATHOE YyBEIHMUYCHUE
TEMITOB MAaKpO3BOJIIOIMOHHOTO Pa3BUTHS B TEHICHIIUN
COTMPOBOXAAETCA UYETHIPEXKPATHBIM  yBEIMYECHUEM

CKOpocTH  pocta (T.e.  yCKOpEHHUs)  TEMIIOB
MaKpO3BOJIIOIMOHHOTO Pa3BUTHUSA; JIECATUKpPATHOE
yBeIHUYEHUE TEMIIOB MaKpO3BOJIIOIHOHHOTO

Pa3BUTHA B TCHACHIUU COIMPOBOKIACTCA CTOKPATHBIM
YCKOPCHUCM POCTa TEMIIOB MAKPO3BOJIOLOUOHHOI'O
Pa3sBUTHA; U T.AO. ... ».

Hamot#i B3rJ1s1]1, BCE 9TO TOBOPUT O HAIMYHH JJOCTATOYHO
CTPOTHX rI100aTbHBIX MaKpOIBOJFOIIHOHHBIX
3aKOHOMEPHOCTEH (OMHCHIBAIOIIUX POCT CIOKHOCTH
Ha HallleHd IUTAHETE HO TPOTSHKCHUHM HECKOJIBKHX
MUWITHAPIOB JIET ), KOTOPBIE MOTYT YAIMBUTEIBHO TOYHO
OIUCHIBAThCS KpalHE MPOCTHIMA MaTeMaTHYeCKUMH
GyHKIHASIMU.

YausureinbHoe oTKpbITHE XaiiHIA (poH DepcTepa

31ech MpeACTaBISAETCS YMECTHBIM BCIIOMHHUTH O TOM,
gyto B 1960 r. X. dpon Depcrep, I1. Mopa u JI. Amuot
onmyOJIMKOBaIM B JKypHaJIe Science cooOmieHue 00
YAUBUTENHLHOM OTKpbITUH (von Foerster, Mora, and
Amiot 1960). Onu nokazanu, yto Mexay 1 u 1958 .
H.3. TUHAMUKA YHCIEHHOCTHU HApOJAOHACEICHHUS MUPa
(N) MoxeT OBITh ¢ HEOOBIYaiTHO BBICOKOW TOYHO CTHIO

Journal of Big History

OMKCaHa TPU TIOMOIIU CIIEAYIOUIEr0 MOPa3UTENHHO
MIPOCTOTO YPABHEHHUS:
C

ﬁﬂzzz;;j;fﬁa’

(13)

e N, 9T0 HaceleHue MUpa B MOMEHT BpeMenw £, a C
M t* 3TO KOHCTAHTHI, MPH ITOM ¢* COOTBETCTBYET TakK
Ha3bIBa€MOH ,,IeMOrpapuUecKOil CHHTYJISIPHOCTH ..
[Tapamerep ¢* Obu1 omeHen X. ¢on dDepcrepom u
ero koyuteraMu kak 2026,87, 4TO COOTBETCTBYET
13 Hos106pst 2026 T.; 9TO, KCTATH, MPEIOCTABUIO UM
BO3MOJKHOCTbH JIaTh CBOCH CTAaThe MPEeIbHO OPOCKOe
HazBanue «Konern cera: IlsatHuna, 13 HosOps 2026
r. or PoxnmecrBa XpucrtoBa» (von Foerster, Mora,
Amiot 1960); ogHako mo3xe ObLJIO MOKa3aHo, UYTO 3Ta
TEHJICHIIUS TTPOCIICKUBATIACH KAKOE-TO BpEMS U IOCIe
1958 1. (cm., Hanpumep: Kammma 1999; Kopotaes u
ap. 2010), a ¢ ApyTroii CTOPOHBI, YTO TA KE TCHICHIINS
MPOCIICKUBACTCS M B TEUYCHUE MHOTHX THICSUCICTUN
1o H.9. (Kamuma 1996, 1999; IToanazos 2000, 2001,
2002; Koporae 2006, 2010a; KoporaeB, Mamnkos,
Xantypuna 2005a, 2007; Kapitza 1996, 2003 ; Kremer
1993; Tsirel 2004; Korotayev, Malkov, Khaltourina
2006a,2006b). bonee Toro, M. Kpemep (Kremer 1993)
YTBEPXKIAACT, UYTO ITA TEHACHIUS TPOCICKHUBACTCS C
1 000 000 ner Hazan, a C. I1. Karuma (1996, 1999)
Jake HacTauBall HA TOM, YTO €€ MOYKHO TPOCJICIHTD,
HaunHas npuMepHo ¢ 4 000 000 r. 10 H.3.

TpyaHo He 3aMeTUTh, UTO ATTEPH YCKOPEHUS TEMIIOB
pocTa YHCIEHHOCTH HacelleHUsI MUpPa, 00HAPYKEHHBIN
eme B 1960 1. X. ¢pon depcrepoM B SIMIUPHUUECKUX
JAHHBIX 110 IMHAMUKE YUCIIEHHOCTH HACEJICHUS 3eMITn
Mexay 1 m 1958 rr H.3., OKa3bIBaeTCsA MPAKTUYECKHU
UJCHTUYHBIM TOMY TMAaTTEPHY YCKOPEHHSI TEMIIOB
r100amTbHOTO  MAKPOSBOIIOIMOHHOTO — Pa3BUTHS,
KOTOPBI MBI BBIIIE OOHAPYXWJIK BO BpPEMEHHBIX
psgax kak Moauca — Kypuseiina, Tak u [lanoBa (u
Kak OyJleT MOoKa3aHO B MPUJIOKEHUU K ITOU CTaThe,
JAaHHOE 00CTOSTENHCTBO, IO BCEil BUUMOCTH, COBCEM
He ciayyaiiHo). Oco00 OTMETHM, 4YTO CTeleHHas
perpeccust Uig BCeX TpeX PAIOB Jajia 3HAuYCHHE
MoKazaTelsl CTerneHu 3, kpaitHe omuskoe k «1» (1,003
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g

s psana Momuca — Kypuseina, 1,01 ms
psana Ilanosa, u 0,99 y X. don depcrepa mist
JTUHAMHKYU YUCJICHHOCTH HACENIEHUS MHUpPa).
3000 «
Opnako u oOHapy)keHHasi KpaiHsis OJIM30CTh
3HaueHWil mnapamerpa f* (a 3TO HMEHHO
3HayeHue TOYkH CHHTYISPHOCTH) TaKXke He
MOJKET HE BIEYATIHUTH (CTEMEHHAsI PErpeccus
JIaeT B Ka4eCTBE TOUKHU CUHTYJIsApHOCTH 2029 T
s psiga Moauca — Kypuseiina, 2027 1. — st
psana [lanoBa, u B TouHOCTH TOT k€ 2027 I. 1151
psana poun Depcrepa’’).
MBI y3xe TOBOPUIIH BBIIIIE, YTO, KaK U B CIIy4yae
¢ ypaBHenusmu (8) u (9), B ypaBHEHHUH

2000 «

1000 o

dbon Depcrepa (13) 3HAUYeHHWE CTENECHU B .

sHamenatene (0,99) okaspiBaercs
cab0 OTIMYHBIM OT «l», 4YTO, Kak ykKe
npemiaranock C. por Xepuepom (von Hoerner 1975)
u C. I1. Kanune#t (1992, 1999), ero nenecoodbpa3Ho
UCTIOJIB30BATh B CIIEIYIOIIEM YIIPOIIICHHOM BHUJIC:

_C (14)
Cpx
KaK MBI BUIUM, HOqueHHOC
B peSyJIbTaTe 3TOTI'O ypaBHeHHe OKa3bIBACTCsA
ITOJTHOCTBIO NACHTUYHbBIM BBH_HCHpI/IBeI[eHHOMy

ypaBHeHHIO (5), KOTOpOEe O0Ka3aloch CIOCOOHBIM
OMUCAaTh C YPE3BBIYAWHO BBICOKOH TOYHOCTBHIO
OOIIMII TATTepH YCKOPEHHs TEMIIOB TIJI00aIbHOTO
MaKpO3BOJIIOIIMOHHOTO Pa3BUTHsI B TEYCHUE Kak

21  OtMeTuM, 4YTO CTENEHHAs perpeccusi, AaBlIas JaHHOE
3HaYeHUE MapaMeTpa CHUHTYISIPHOCTH Ui psAfa 3HA4YeHUil
YHUCIIEHHOCTH HACEJICHHsl MHpa, ObUla paccuuTaHa Oosee 4em
3a 50 ner ;o Toro, Kak ObLIa paccUMTaHa perpeccus, JaBIuas
TO e caMoe 3HadeHue mapamerpa * juia psga Ilanosa
(coOcTBeHHO TOBOpS, IiepBasi perpeccusi OblIa paccuUTaHa
elie TOrjaa, Korja aBTOp STOH CTaThU eIle JIaKe POJHICH).
Tem He MeHee, sl HE CKJIIOHEH CIIUIIKOM CEPhE3HO OTHOCUTCS K
CTOJIb MTOPAa3UTEIIFHOMY COBIIQJICHHMIO 3HAYCHUH Tapamerpa t*,
MOJIyYEHHBIX Pa3HBIMH CTEIEHHBIMU PErpeCCUsSMU ATl PA3HBIX
BPEMEHHBIX PSAAOB B COBEPLICHHO pa3HbIE TOABI, s CKIOHEH
IpearnoiaraTb, 4YTo pedb 3/1€Ch BCE-TAKU B OUCHb 3HAYUTEIBHON
CTETICHM HJIET O COBIaJeHNH. B 1o0oM cityyae, Kak Mbl YBUAUM
HU)KE, HET HMKAKUX OCHOBAaHUI 0XKMIATh YTO-TO MOXOXKEE Ha
«KOHell cBeTa» B mATHHLYY 13 HOs0ps 2026 roma ot Poxnectsa
Xpucrosa...
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CTOJIb 1000

1200 1400 1600 1800 2000

Puc. 19. Koppensuuss Mexay -HSMIUPUYECCKUMHU
OLIEHKAMH JIOJITOCPOYHOM JAMHAMUKHU YHCICHHOCTHU
HaceneHuss Mupa (B MunoHax ven., 1000—-1970 rr.)
Y KpUBOH, reHepupyeMoi ypaBHeHHEM GoH DepcTepa

(15)

[NPUMEYAHMUE: wuyepHble MapKepbl COOTBETCTBYIOT
SMIHUPUIECKIM OIIEHKAM YHCICHHOCTH HACEJICHHs MHUpa,
cnenanabpiM Mak-OBean u Jxoyrncom (McEvedy, Jones
1978) s 1000-1950 rr., m SMIHPUISCKUM OIICHKAM
Otnena mapomonaceneranss OOH (UN Population Divi-
sion 2018) msa meprona ¢ 1950 r. mo 1970 1. Cepas kpu-
Basg creHepupoBaHa ypaBHeHuem ¢on Depcrepa (15).
dopmanbHBIe XapaKTePUCTUKH 3TOW KOPPEISIIINH TaKOBHI:
r=0,998; R*=0,996; p=9,4 x 107 = 1 x 106,

MUHUMYM mnocienHux 4 mapna jer. OTMeTuM, 4To
ypaBHeHue (14) oka3zamoch CHOCOOHBIM OIHCATh
TPeHI JAWHAMUKHU YHUCICHHOCTH HACEJICHHUS MHpa
(Bru1oTh M0 Havyana 1970-X IT.) ¢ TakoH ke MpeaeTbHO
BBICOKOH TOYHOCTBIO, C KakoW ypaBHeHHE (5)
0Ka3aJ0Ch CIOCOOHBIM OMHCATh YCKOPEHHE TEMIIOB
pocTa riIo0anbHOM CIOKHOCTH (Kak MUHHMYM 3a 3a
nocneanue4 mupanet). [I[pumeHuTensHO K ypaBHEHUIO
(5) 21O y)e OBUIO MPOAEMOHCTPUPOBAHHOTO BHIIIIE.
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Tak 4TO HWKE UMEET CMBICI MPOJEMOHCTPUPOBATH
910 17151 ypaBHeHUs (hoH Depcrepa (14).

Bo3smem ypaBuenue (14). Temepp 3aMeHHM Tam
t* ma 2027 (3TO TPOCTO pe3yJbTaT OKPYTISHUS
nonydeHHoro (o DepcrepoM 3HAUYEHHUS TOUYKHU
cunryaspraocta, 2026,87), a C — na 215000.> Dto
JacT HaM BapuaHT ypaBHeHus (pon depcrepa — pou
Xenepa — Kanuiipl ¢ onpeneneHHbIMU TapaMeTpaMu

215000

£2027 1 (15)
Oo01ee COBITIaJIEHHE KpHUBOH, ONHUCBIBAEMO
ypaBHeHueM (pon Pepcrepa, U Hanbosee AeTaIbHOro
psiga SMIUPUYECKUX OIEHOK BBITJISIUT CIEAYIOIIUM
obpazom (cm. Puc. 19).
Kak MbI BUIMM, U Ha camMoM Jieie ypaBHeHHE (14)
OKa3bIBaeTCsl  CIIOCOOHBIM  OMHUCAaTh  JIUHAMUKY
YCKOPEHHsI pOCTa YHUCIEHHOCTH HACEJICHHs MHpa
(BruioTh 70 Havanma 1970-x TromOB) TaKUM  JKe
YAUBUTEIHFHO TOYHBIM 00pa3oM, KakKUM ypaBHEHUE
(5) cnoco6HO omucaTh OOIIUI MATTEPH TII00ATBHOTO
MaKpO3BOJIIOIMOHHOTO YCKOpPEHHs 3a mocienHue 4
MUJIAAP/IA JIET.

B koHTekcte bBonbmiold HCTOPUM OUYEHb Ba)KHBIM
MPEICTABISIETCS TO 0OCTOATENBCTBO, YTO YPAaBHEHUE
(5), omuckIBarolee YCKOPEHHE TEMITOB TIIOOATBHOTO
MaKpOAIBOJIOIMOHHOTO YCKOPEHUST W  YpaBHECHHUE
(14), omuceiBaroliee pOCT YUCICHHOCTH HACEICHHS
3eMiIM, OKa3bIBAIOTCS IOJHOCTHIO WJICHTHYHBIMHU.
Bosiee Toro, sMmHMpHUecKME W MaTeMaTHYECKUI
aHaJIM3 TIOKA3bIBAET, YTO MEKAY HHUMH CYIIECTBYET
OYEHb TITyOOKasi B3AUMOCBSI3b, M YTO OHU OMUCHIBAIOT
JIBE CTOPOHBI OTHOTO Tiporiecca (cM. [Ipunokenue k
JTAHHOM CTaThe).

0 dbopmye YCKOpeHus rJ100aJIbHOT0
IBOJIIOIHOHHOTO PA3BUTHS

YecTHO cKaxe, 9TO Y MEHs1 ObLITH CEPhE3HbIC COMHEHUS,

22 OTMeTuM, YTO BCE€ BBIYHUCIEHHUS TNPUBOAATCA HIDKE B
MUJUTMOHAX 4YesioBeK. OTMETUM TakXke, YTO MCIOJIb30BAaHHOE
HaMu 3HadeHue mnapameTpa C HECKOJbKO OTJIMYAeTCsl OT
3HAYCHUS, HCIOJIb30BaBIIerocst X. o depcrepom.

Journal of Big History

KOT/Ia sI BIIEPBBIE BCTpPETWIICS C pacueTtamu [laHoBa
u Moauca (M s He yOUBJIEH, 4TO y OOJIBIIMHCTBA
HMCTOPUKOB BO3HUKAIOT OYCHb ITOXOKHUE COMHEHHSI,
KOrJla OHU BHUIAT 3TU PAOOTHI). Y MEHs BO3HHUKIIO
MHOT'O BO3Pa)K€HHUI OTHOCUTEIIBHO TOYHOCTH MHOTHX
OIMMCAHNM HMX «KAHOHUYECKHX BEX», OTHOCHUTEIHLHO
aJICKBaTHOCTH MX OTOOpa M M TOYHOCTH JaTHUPOBOK.
YecTHO CKaxy, 4TO S HAYal CEPbEe3HO OTHOCHUTHCS
K pacuetamMm Momauca u IlaHOBa, TONMBKO KoOrma s
caM TpOaHaJU3UpPOBal JBa COOTBETCTBYIOIIUX
BPEMEHHBIX DPsiia, UICHTU(DHUIIMPOBAHHBIX (KaK MBI
BH/JICJTH BBIIIIE) TOJTHOCTHIO HE3aBUCUMO JIPYT OT ApyTa
JIBYMSI pa3HBIMH UCCJICI0OBATEIISIMH, UCTIOIB3YIOIUMHA
COBEPIICHHO pa3Hble HWCTOYHUKH. I[Ipu 3TOM 4
aHAJTM3UPOBAT HMX IPH IOMOIIM MaTeMaTHYECKOU
MOJIENIA, KOTOpas He TMPHUMEHSIACh K WX aHAIHU3y
HU MoaucoMm, Hu [1aHOBBIM, 1 OOHAPYKUJI, YTO OHH
OMHCBIBAIOTCA HEOOBIYHO TOYHBIM 00pa3OoM IOYTH
WJIEHTUYHOM MaTeMaTHYECKON THMNepOOIMUeCKOn
¢ynknmen. Ha Mo#t  B3rmsam, dTo  3acTaBiseT
npeanojaraTh 0OBEKTUBHOE HAJIUYHME JIOBOJBHO
MPOCTOMN TUNEePOOTMIECKOM 3aKOHOMEPHOCTH
YCKOPEHHUsI  TJI00AJBHOTO  MaKpOA3BOJIOIMOHHOTO
pa3BuTHsA, HaOMOZaeMoro Ha 3emiie B TEUYCHHE
MOCJIETHUX 4 MWUIHAPAOB JET. DTO BIEYATIICHHUE
cTtajo eme Ooyee CHIBHBIM, KOTJIa YpaBHEHHE,
OMHCHIBAIOIIEE KAPTHHY YCKOPCHHMs IIJIaHETapHOU
MakKkpodBOIOIIMA B psagax Momauca — Kypuseiina
n IlaHoBa, oOKa3ajgoCh MOJHOCTBIO HMIAEHTHYHBIM
ypaBHEHUI0, HaliieHHOMY ele B 1960 rony XaitHiiem
o depcTepoM, IMOKa3aBIIEMy YKe€ TOrJaa, 4YTO
OHO CITOCOOHO ¢ HEOOBIYaHOM TOYHOCTHIO ONHCATH
TJI00ABHBIN MTATTEPH YCKOPEHHUS POCTA YUCICHHOCTH
HaceseHus: 3emau Mexay 1 u 1958 rr.

V MeHs ObUTHM OCHOBAHHUS OXKHIAATh, YTO INIAHCTAPHOC
MAKpO3BOJOOUOHHOC YCKOPCHUC 3a IIOCICIHUC
4 MWIMapJa JIET MOXET OBITH OIKMCAHO CIHNHBIM
FI/IHep6OJ'II/I‘leCKI/IM YPaBHCHUCM C JOCTATOYHO
BBICOKOH TOYHOCTBIO, Tak KaKk  [IpCAbIAYLIUC
HCCIICAOBAaHMUA IIOKa3ajlkd, 4YTO H OnoJioruyeckas
n conualibHasA SBOJIOOUA MOTYT  OIIMCbhIBATHCA
C JO0CTAaTO4YHO BBICOKOH TOYHOCTBIO IpOCTBIMU
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TUNIEPOOIMIECKUMH  YPABHEHUAMH®, HO, TOJDKEH
CKa3aThb, UTO U s OBLI YAMBIIEH, KOTJA 1 OOHAPYKHIL,
4TO MaKpO3BOJIIOIMOHHOE YCKOpEHUe 3a
nocneaHre 4 MUUTHApAA JIET OMHCHIBACTCS €IMHBIM
TUMEepOOTNYECKIM YpaBHEHHEM C TaKOW BBICOKON
TOYHOCTBIO.

Ha wmo#i B3mmsin, Bce 3TO 3acTaBisieT IMpeanojaraTh
CYIIECTBOBAaHHE JOCTATOYHO CTPOTHX TII00ATBHBIX
MaKpPOIBOJOIIHOHHBIX 3aKOHOMEPHOCTEH
(ONMCHIBAIOMIMX ~ POCT  TJIO0ATBHOW  CIIOXHOCTH
Ha TPOTSDKEHHWH HECKOJBKHX MWIIHAPAOB JIET),
KOTOPBIE MOTYT OBITh HEOXXMJAHHO TOYHO OITHUCAHBI
MIPU TTOMOIIH TPENETBHO MPOCTHIX MAaTEMAaTHYECKUX
GyHKIMHA, WU B TOM YHUCIIE HAJWM4YUE CICIYIOUICH
muddepeHnmanbHo  HOPMYIIBI YCKOPEHUSI TEMIIOB

pocTa (y) rio0ambHOM CIOKHOCTH:

dy _y*

a ¢’ (6)
rae C mpencraBisieT coOOl mapaMerp CIeAyIOIEero
TrUNepOOINYECKOr0 ypaBHEHUS:

.

Ye = p )

rae t* — 570 nata CUHTYISPHOCTH.
Taxxke OTHIOb HE OE3BIHTEPECHBIM IMPEICTABISAETCS
TO 00CTOSITENIbCTBO, YTO JIaThl CUHTYJISIPHOCTH ISt
BceX Tpex (OYeHb Ppa3NUYHBIX) PACCMOTPEHHBIX
HAMU BpPEMEHHBIX PSJAOB OKa3alUCh MNPAKTUYECKU
naeHTHIHbIME (2029 1. 1151 psima Monca— Kypueiina
n 2027 r. nus psaaoB [lanosa u pon depcrepa).

23 Mapxkos, Koporaes 2007, 2008a, 20086, 20088, 2009a,
20096; Mapko, Anrncumon, Koporaes 2010, 2011; Koporaes
2007, 201006; Koportaes, Mapkos 2006; Koporaes, Komapoga,
Xanrtypuna 2007; Koporaes, Mainkos, Xantypuna 20056; Kopo-
taes, Xanrypuna 2009; Korotayev 2005, 2006a, 2006b, 2007a,
2007b, 2008, 2009, 2012, 2013; Korotayev, Khaltourina 2006;
Khaktourina et al. 2006; Korotayev, Malkov, Khaltourina 2006a,
2006b; Markov, Korotayev 2007, 2008, 2009; Markov, Anisimov,
Korotayev 2010; Korotayev, S. Malkov 2012; Korotayev,
Markov 2014, 2015; Grinin, Markov, Korotayev 2013, 2014;
2015; Korotayev, A. Malkov 2016; Korotayev, Zinkina 2017.
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K HHTepIpeTanuu CHHIYyJSIDHOCTH.
Mecto Cunryasipuoctu B bBoabmoil mcropum u
IJ1002JIbHOI YBOJTIOIIHHA

Ho Hackombko cepbe3HO MBI JOKHBI OTHOCHUTHCS K
«TPENICKa3aHUI0» CUHTYJISIPHOCTH, COMEP KAIIEeMyCs
B TaKUX MaTeMaTH4YeCKux mojaessix? Creayer 1u HaMm
BMecTe ¢ Kypupeisiom AEHCTBUTENBHO OXKUIATh,
4yTO THe-To B parioHe 2029 roma mbl OyJaeM HUMETh
JIEJI0 C YCKOPEHHUEM TJI00ATBHOTO TEXHOJIOTHUECKOTO
poCTa Ha HECKOJBKO MOPSIAKOB (UTO, IEHCTBUTEIBHO,
BBITEKAET W3 ypaBHEHUs (4), eciau MOHUMATh €ro
OykBajgbHO*)?

Hampumep, ™MoXeM JM MBI HCHOIB30BATH TO
00CTOSITENILCTBO, YTO Hall aHanu3 psaa Moauca —
Kypugeiina BoisiBun CUHTYIspHOCTH B paiioHe 2029
I. KaK yKa3aHue Ha TO, YTO B pailoHE 3TOro BpeMEHU
HaM clielyeT 0KUIaTh Hadajao «/[eBsiToil moporoBoun
Bexu bomnwmmoit ucropun» (Big History Threshold 9)?
OTMeTHM, YTO HEKOTOpPHIEC CIEIUATUCTHI B 00JIaCTH
Bosbiioli MCTOpUM CKJIOHHBI OTHOCUTHCS K TaKUM
«MaTeMaTU4ecku OOOCHOBAaHHBIMY» IPEJICKA3aHUSIM
COBEpIIEHHO cepbe3Ho. Hanbonee u3BecTeH U3 HUX
A.TI.HazapersH. B cBoeli cTaTbe C CHMITOMAaTUYECKUM
3arojloBKoM «Merauctopuss W ee  ‘‘3aragodHas
CUHTYJISIPHOCTH » B BeIylleM kypHajie Poccuiickoii
aKaJeMUH HayK OH yTBEP)KIAET CIeAYIOLIee:
“ConHeyHasi cuctemMa o0Opa3oBajach OKOJIO
4,6 Mipa JIeT Ha3ald, a camble MEpBbIE
MPU3HAKY )KU3HU Ha 3eMJie HACUUTHIBAIOT J10
4 mipa net. Takum o6pa3om, Hala raHeTa
cTaja OJIHOW U3 (BEpOATHO, MHOYKECTBA)
TOYEK, Ha  KOTOPBHIX  JIOKaJIM30BaJIacCh
nocieayromas 3BoJiolns MeTarajJakTHKU.
XoTsi ee YCKOpEHHE 3aMEYeHO JaBHO,
B IociefHee  BpeMsi  OOHapyXHJIOCh
HOBOE 0OCTOSITENICTBO.  ABCTpaJUilCKUi
SKOHOMHMCT U  HCTOpUK-riodamuct I
Cuaykc, poccuiickuii ¢uzuk A.Jl. [laHoB u
amepukaHckuii martematuk P.  Kypnsein

24 Dro nenaet, Harpumep, A. I1. Hazapersn (2015a, 20156;
Nazaretyan 2015, 2016, 2017, 2018).
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HE3aBUCHMO, 0 Pa3HBIM HCTOYHHKAM U C
UCIIOJIb30BaHUEM Pa3HOTO MaTEMaTHYECKOTO
amrmapara COITOCTaBUIIH BpPEMEHHbBIE
UHTEPBAJIBI MEXIy r7100aTbHBIMA
(ha3oBBIMH TIepexoJaMu B OHOJOTHUECKOMH,
NPaCONMATBHON M COLMAIBHOW DBOJFOIMA
(ITanoB 2005, 2008; Kurzweil 2005;
Snooks 1996; BaiinGepr 1977). Pacuets
MIOKa3bIBAIOT, YTO IEPHOIBI COKpAIIAIHCh
10 CTPOro yOBIBAaKOIIEH T€OMETPHUYECKON
NPOTPECCUH, TO €CTh YCKOPEHHUE DBOJFOIMU
Ha 3emiie CIeloBallo JIorapu(GMUIECKOMY
3akony”’ (Hazapetsa 2015: 759).

Hanee A. I1. Hazapersan yTBepxaaeT:
“IKCTPAIOIUPOBAB JIMHUIO TUIIEPOOTHMUECKOTO
yYCKOpeHus B OyayIiee, UCCIeI0BaTeNy MPUIILITH
K €JMHOYLITHOMY H eIle 0oJiee MOKUPYIoIeMy
BBIBOJY: OKOJIO cepeaunbl XXI B. oOHa
yrupaeTcss B TOUYKY (uHaIBHONW (OOJIBIION)
cunrynspHoctd. KpuBas 3aBopaunmBaeTr B
BEPTHKAJb, TO €CTh CKOPOCTh IBOJIOIMOHHOTO
mporecca CTpeMHUTCs K OECKOHEYHOCTH, a
MHTEpBANIbI MEXTy (Pa3oBbIMU MEpexoiaMu
— k Hymo” (Hazapetsn 2015: 761; cm. Takxke
Nazaretyan 2017: 32).

Kak wmbr BuguMm, A. II. Hazapersn wucnosb3yer
MaTeMaTu4eckue pacueTbl™ aathl CHHTYISPHOCTH
r00anbHOM  HBONIOIMOHHOW — TUNEpPOOBl s
Mpe/cKka3aHus BO3MOXKHOM JaThl TOro, 4YTO B

25 Tlo Bceli BUIUMOCTH, p€Ub HJIET O MATEMaTUUECKHUX pacyeTax
A. JI. ITanoBa, tak kak I'. Cuykc u P. Kypuseiin, ynomunaemsie
Hazaperssnom B mnepBoil mutare Hapsay c I[laHOBBIM, Takux
pacuetoB He npoBoawiId. OTMeTUM, BiipoueM, uto A. JI. [Tanos
MOJIb30BANICSL JUII CBOMX pAcUeTOB HE THUICPOOITHYCCKOM,
a JIOTapU(PMHUYCCKOW MOJNCIBI0, a «IKCTPAMOJSAIUN JIHHUU
rUrepOOIMIecKOro YCKopeHus B Oyaymiee» mo psuy IlanoBa
JI0 MEH$, HaCKOJIbKO MHE HM3BECTHO, HHUKEM HE MPOBOAUIIOCH
(Bpreynomsiny TeIi nepenoc Kypuseitiom 1atel CHHTYJISIPHOCTH
Ha 2029 roJ, BIpoueM, MOXKET CBUIETEILCTBOBATH O TOM, UTO KTO-
TO U3 coTpyaHukoB KypliBeiisia Bce-Taku MpoOBE aHAIU3 pslia
Momuca — Kypuseiiia ¢ HCIOIB30BaHUEM THIECPOOINICCKOM
MOJICJIH, HO O ITyOJIMKAIMK PE3yJIBTaTOB 3TOTO aHAJIM3a MHE He-
WU3BECTHO).

Journal of Big History

TEPMHUHOJIOTUU OCHOBOTIOJIOKHUKA Bonbmoit
ucropun /1. Kpuctunana (Christian 2008) MOHO OBLITO
Obl Ha3BaTh «JleBsATON mMoOporoBoil Bexou bosbImoi
ucropun» (Big History Threshold 9)** (kotopas,
cormacHo HaszapersiHy OyneT cyuiecTBeHHO Oolee
3HAYMMOU, ueM npeamecTByromue Bexu 7 (“ArpapHas
pesomonusa”) and 8  (“MoxepHusariioHHas
pesoJrorust ’).?’

OmHako  MalOT  JUM pacyeThl,  NPOJETaHHBIC
A. JI. IlanoBeim B 2003—2005 rr. uam HaMHu BBIIIE
B OTOH CTaThe, JICHCTBUTEIBHBIE OCHOBAHUS
OKHJIaTh CHHTYJISIPHOCTH/HACTYTIICHUS

9-i1 moporoBoit Bexu bombiioit ucropuu mexay 2029
u 2050 rr.? Kak, HaBepHOE, YK€ MOHATHO, 51 CKJIOHEH
JaTh HAa ATOT BOIPOC OJHO3HAYHO OTPHUIATEIHHBINA
OTBET.

CoO6CTBEHHO TOBOPSA, KaK Mbl MOTJIM BUIETh, JaHHAs
CTaThbs MpEACTaBIseT cOoO0OM MO Bcel BUIUMOCTH
MIEPBYIO MOIMBITKY B SIBHOM BHUJIE€ «IKCTPANOIUPOBATH
JIMHUIO TUIEPOOTHYECKOTO YCKOPEHUsI B Oy aytiee»?t.
Xots A. TI. HazaperssH u yTBepkmaer oOpaTHOE,
1o100Has MOTbITKA He peanpruHuManach /{. CHykcom
(Snooks 1996), koTopbIit HE TBITAJICS BEIYUCIIATH KAKHE
Obl TO HU OBLJIO MaTeMaTHYECKHE CHHTYJSPHOCTH.
Hukakux ¢popmManbHBIX TOMBITOK «3KCTPANIOIUPOBATH
JUHUIO THUMEpOOTUYECKOr0 YCKOPEHUS B OyIylee»
C HCMOJb30BAaHUEM KaKUX-THOO MaTeMaTHYeCKUX

26 HamomHuM, 4TO B KauecTBe 5-i moporosoii Bexu bonbImoit
ucropuu JI. Kpuctunan paccmatpuBaeT BOZHUKHOBEHUE YKH3HHU,
6-if — aHTpomoreHe3 W BO3HMKHOBEHHE «KOJUIEKTUBHOI'O
obyuenust» (collective learning), 7-it — HEOIUTHYECKYIO PEBO-
JIONUI0, a 8- — MI00ambHYI0 MOACPHU3AILNIO MOCIEIHUX Be-
KOB, 0COOCHHO akTUBHO npoTekBiyo B XIX—XX BB. (Modern
Revolution).

27 Tloxpatineit mepe, A. I1. HazapeTssH muImeT o «3aBepIiaromnemM
(a30BOM TIepexojie, COMOCTABUM 10 3HAUCHHIO C TOSIBICHUEM
xm3am» (Hazapersa 2015: 761).

28  JlemoHCTpUpysT BMecCTE C TEM, 4YTO OOHapy)KHBacMas
CHUHTYJIIDHOCTB ~ JIOJDKHA CKOpEe CIIY)KUTh HHIUKATOPOM
nieperuoa, mocJe KOTOPOTO TEMIIBI I00aIbHOTO
MaKpOAIBOJIOIMOHHOTO PAa3BUTUS HAYHYT CHUCTEMATHYCCKH B
JIOJITOCPOYHOU TIEPCIICKTUBE 3aMEIIISThCS.
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METOJIOB He mnpeanpunumanock P. Kypuseitnom —
yKe XOTsl Obl IOTOMY, 4YTO OH JI0 CUX IOp yYBEpEH B
TOM, YTO OH UMEET JIEJIO C SKCIIOHEHIUAIbHBIM, a He
runepooIndeckuM yckopeHueMm. Takum o0pasom,
€/1Ba JIM HU €JICHCTBEHHBIM (JI0 HAC) UCCIIeIOBATENEM,

OpCaAIIpUHABIINM IIOIIBITKY MaTEMaTHYCCKH
pacCuuTatb BpPEMA CHHIYJBEIPHOCTH I JIMHUH
YCKOPCHUA nnaHeTapHoﬁ JSBOJJIFOIMH,  ABJACTCA

A. JI. ITanog (2004, 2005, 2006, 2008; Panov 2005,
2011, 2017) — XOTS1 ¢ HEKOTOPBIMH OTOBOPKaMH 3TO
MOKHO Tak)Ke CKa3aTh PO OTHOILIEHUSX 3TO MOXKHO
ckazatb ipo C. H. I'punuenko (2001, 2004, 2006, 2007
u ap.), T. Moauca (Modis 2002, 2003) u JI. JlelTyapa
(LePoire 2013, 2015).

Wcnonw3oBannas [laHoBeIM MeToamMka pacuera
CHHTYISIPHOCTH  CYIIECTBEHHO  OTJMYajach OT
«OKCTPANOJUPOBAHUSL  JIMHUHM  TUNEPOOINYECKOTO
ycKkopeHus B Oyaymiee» (3To ckopee Ta camas
METOJIMKa, KOTopas Oblla HCIOJIb30BaHA HaMH, a
He [laHOBBIM); OTHAKO HET COMHEHUH B TOM, YTO
A. JI. ITanOoBBIM ObLTa IPUMEHEHA HE MEHEE CTporas
MeToAuKa pacdyera BpemMeHH  CHHTYISPHOCTH
IUIaHeTapHOW  sBomonuu. Ho  kakoBel  ObLIH
pe3ynbTatel 3THX pacuetoB? [locne Toro, kak [lanos
MIPUMEHMII CBOIO METOMKY MaTEMaTHYECKOTO aHaI13a
K CBOEMY BpPEMEHHOMY psAy, HAaUMHAIOIMIEMYCS C
¢dazoBoro nepexona 0 («Bo3HHKHOBEHHE KU3HU Ha
3emiie») U 3aKaHYHUBAIOIIEMYyCs Ha (ha30BOM Mepexoie
19 («Kpusuc u pacrnaj COMMaIUCTUYECKOTO Jiareps,
nH(popmarmoHHas TIo0anu3amnusa»), OH OOHAPYKHUI,
YTO TOYKA CHUHTYJSIPHOCTH AJIsL €M0 BPEMEHHOTO psja
HAXOJUTCs BOBCE HE «OKO0JI0 cepequHbl X X1 Bekay, kak
ato yTBepkaaet Hazapersn (2015: 761), anpuxonures
Ha 2004 . m.5. (1)¥ (ITanos 2005: 130; Panov 2005:
222). Ilpu stom A. I1. Hazapetsn naxe, KaxxeTcs, HE

29 Mexay HpodyrM, 3TO OYEHb OJIM3KO K CHHTYJISIPHOCTH
2005 roja, KOTOPYIO MBI paHee OOHAPYKHIIH ITPH aHAJIM3E psiia
nmaHHbIX A. Mbamucona (Maddison 2001) mo muposomy BBIIT
3a 1-1973 rr. (Koporaes, Mankos, Xantypuna 2005a, 20050,
2007, 2008; Korotayev, Malkov, Khaltourina 2006a, 2006b) u
KOTOPYIO €l1Ie paHbllle B JaHHBIX 110 MUpoBoMY BBIT 0OHapyxun
P. Taarenepa (Taagepera 1976).
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3aMeTuJI, 4YTO BCKope mocie oOHapykeHus [1laHoBbIM
toukn CunrynspHoctu [laHOB 3aHsiics M3ydeHHEM
MOCTCUHTYJISIPHOTO Pa3BUTHS UeNloBeuecTBa (M BOOOIIIE
BOIIPOCOM O TMOCTCHHTYJISIPHBIX IUBWJIM3AIMAX) U
TECHO CBS3aHHBIM C 3TUM BOIIPOCOM O TI00ATHHOM
3aMeJJICHUN TEMIIOB HAYYHO-TEXHUUYECKOTO
nporpecca (ITanos 2009, 2013; Panov 2011, 2017).

Kaknumert /1. JIeITyap, “npocnexxuBaemsbie B bonbiioi
WCTOPUU TEHJICHIIUU K YCKOPSIOIIUMCS U3MEHEHUSIM
Y POCTY CJIOKHOCTH U CBSI3aHHAS C HUMU TE€HACHIINSA K
YCKOPEHHOMY POCTY MOTPEOICHUS SHEPTUU HE MOTYT
MIPOJOIKATHCS 10 OECKOHEYHOCTH. MBI UCClieIoBalIN
MpPU3HAKKA TOTEHIMATBFHOTO 3aMEJUICHUs TEMIIOB
W3MEHEHUN B IKOHOMUKE, TEXHOJIOTUU U COLUATBHON
cdepe. DTo He O3HAYAET, YTO UBMEHEHUS IPEKPATATCS,
MIPOCTO TEMIIbl U3MEHEHHH yKe He OyAyT YCKOPATHCA.
dakTHUeCcKH, K TOYKe Mepernda B JOTHCTHYECKOM
KpUBOIl 00yuyeHHs Oblla celaHa TOJNBKO IMOJIOBHHA
OTKpbITHH. [TOCKONBKY B UCTOPUM KH3HU, YEJIOBEKA
U TEXHOJOTMYECKOW IMBWIM3AIMK OBLIO TpHU
OCHOBHBIX 9Tana’, MPOomOIKECHHUE JIOTUCTHYESCKOU
KpHBO#i mipenonaraeT eie Tpu ¢aser’'. Hanpasienue
pa3BUTHS TEXHOJOTHI yKa3blBaeT Ha CIETYIOIINN
9Tam, BKJIOYas YCOBEPIICHCTBOBAHHBIE TEXHOJIOTHUU
U3MEHEHUs TPHUPOABI  YeJIOBeKa  MOCPEACTBOM
YCOBEPIIEHCTBOBAHHBIX OMOTEXHOJIOTUI u
KOMITBIOTEPHOU HHTerpanuu ... CIUIKoM ObIcTpoe
M3MEHEHHe He Bceria Xoporio. OHO MPUBOIUT K TOMY,
9T0 3(PPEKTUBHOCTH CUCTEM MAJAET, TOTOMY YTO MBI
MMEeM MaJlo JONTrOCpPOYHBIX okumanuit» (LePoire
2013: 115-116). B kadectBe BaKHBIX (aKTOPOB
HAYaBIIErOCSd 3aMEIUICHHs TEMIIOB TJ100aJbHOTO
Makpo3BoroIMoHHor0 pa3Butus Jlellyap HasbiBaeT
«pocT ce0eCTOMMOCTH TPOU3BOAMMON SHEPIHH,
OTpaHUYEHHBbIE TPUPOIHBIE PECYPChl, CHIKEHUE

30 Peub maer o Tpex 3Tamax, CBA3aHHBIX C BOSHUKHOBEHHUEM H
9BOIOLMEN KHU3HU, BOZHUKHOBEHHEM M 3BOJIOIMEH UElIOBEKa,
a TaKKe BO3HMKHOBEHMEM H DBOJIOLUEN TEXHOIOTHYECKON
IUBUIM3AUK (TIPH 3TOM TPAaHHUIBI MEXKAY 3THMH 3TalaMu
MIPUOIN3UTEEHO COOTBETCTBYIOT [ToporoBeiM Bexam bombrmoit
uctopun Ne 5, 6 u 8).

31 W, takum obGpasom, euie Tpu Iloporoseie Bexu bosnbroi
HUCTOPHU.
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TEMIOB (YHIAMEHTAILHBIX OTKPHITUH B 001acTH
bu3nYecKUX HayK M HEOOXOJIUMOCTh WHBECTHIIUN B
oxpaHy okpysKkaroriei cpeas»’? (LePoire 2013: 109).

OtmeruMm Taxke, uto T. Moauc (Modis 2002, 2003,
2005, 2012) Toxke HHTEpPIPETUPYET MaKCHUMAaIbHOE
YCKOpPEHHE TEMIIOB POCTa TJIOOAIBHOW CJIOKHOCTH,
BbIsSIBIIsieMoe UM B paiione 2000 1. H.3., UMEHHO KakK
TOYKYy Tieperu0a, 1mocjae KOTOpOW OH IMPOTHO3HPYET
HapacTalolee CHIWKEHHUE TEMIIOB pOCTa TII00aThbHOM
cnoxxkHoctd.  CoOCTBEHHO  TOBOps,  HauOoiee
paHHsS W3BECTHAas MHE IIONBITKA MaTeMaTHYeCKH
BBISIBUTh MaTEMaTUYECKYIO CHHTYJSIPHOCTh B PSIYy
COOBITHI  IJIAHETAPHOW  DBOJIIOLHUHU>?,  KOTOpBIE
Moauc Obl Ha3Bal «KAHOHHMYECKHMH BEXaMH,
owia mpennpuHaTa B 2001 . (T.e. Bcero 3a rox Ao
MyJUKalMyd OCHOBoIojararome craten T. Mopauca
B Technological Forecasting and Social Change)
C. H. I'punuenko (cm. I'puruenko 2001; cM. Takxke:
I'punyenko 2006, 2007, 2015; I'punuenxo, [lanosa
2017; lamoBa, I'punuenko 2017; Grinchenko 2006,
2011; Grinchenko, Shchapova 2010, 2016, 2017);
TOYKa CHHTYJSPHOCTH ObUIA WM MaTeMaTHYECKH
ompenenena* kak 1981 r. H.3.,, B TO BpeMs Kak
MOCJIENYIOMUKA  Tepuoa  ObUI  MHTEPIPETHPOBAH
C. H. I'pyuH4YeHKO TOYHO TaK ke, Kak U Moaucom —
KaK TIEPHO/T IEPHO/T TIPOTPECCUPYIOMIETO 3aMe IJICHHUS
«CKOPOCTH MAaKpOIBOJOIUNY. OTMETHM, YTO 3TO

32 O cBs3u MEXAy pOCTOM HHBECTHUIIUH B OXPaHy OKPY>KatolIei
Cpe.Ibl U CHIYKEHHEM TEMIIOB 3KOHOMUYECKOTO POCTa CM. TaKKe,
nanpumep: Koporaes, boxxeBonbsaoB 2010.

33  Otmerum, 9TO HamboJee paHHSS W3BETHAs HAM ITOIBITKA
MaTEMaTH4eCKH BBIIBUTH CHHTYJSIPHOCTh HAa OCHOBE JIAHHBIX
M0 YeNoBecKoil mcTopmm Obuta TpeanpuHATa eme B 1909 r
I. Amamcom, KOTOpEI 0OHApPYXUI ee B paiione 1921 roxa mpu
OJTHOM CTIOCO0€ TTOJICUETOB, a IPU BTOPOM CITOCO0E ITOICICTOB —
B paifore 2025 roma (Adams 1969 [1909]: 308) — uTo, KOHEUHO,
COBCEM HE JIaJeKO OT JeMorpaduaeckoi cHHTYIsipHOCTH 2027
rofa, ooHapyxxenHoit X. pon @epcrepom B 1960 r., a Takxke OT
TaHeTapHOU cuHTyIsIpHOCTH 2027 TO/Ma, 0OHAPYKEHHOH HAMHU
BBIIIIE BO BpeMEeHHOM psizie [TaHoBa. ..

34 Hapmo 3ameruTb, YTO ISt BBIYMCICHUSI CHHIYJISIPHOCTH
no cBouMm JjgaHHbiM  C. H. T'puHYEHKO HCIIOJIB30BAI
METOJIMKY, CYLIECTBEHHO OTJIMYHYIO OT HCIIOJIb30BAHHOW Kak
A. J1. [TaHOBBIM, TaK U HAMH.

Journal of Big History

XOpOIIIO KOPpeIUpyeT ¢ uJAeHTU(DHUKAIMe HaMu
1973 roaa xak TOYKH meperuoda, mocjae KBaJapaTuIHo-
rUnepOOTMYEeCKUI TPEH T YCKOPEHHUS POCTa MUPOBOTO
BBII navan MeHATBCS Ha MPSIMO MPOTUBOMOJIOKHBIN
TPEHJ K 3aMEIJICHHIO pOCTa JTOr0 IOKa3aTes
(KoporaeB 2006; KoporaeB, MankoB, XanTypuHa
2007; Kopotaes u ap. 2010; Koporae, boxxeBonbHOB
2010; AxaeB u nap. 2014; CapoBHuuuii u 1p.
2014; KoporaeB, bumtora 2016; Korotayev 2006).
Bce »93T0 XOpomo TOATBEPKIAETCS PaACTYIIUM
00bEMOM JTaHHBIX, CBHJICTEIBCTBYIOIIMX O HaJae
JOJITOCPOYHOM TEHJEHIIMW K 3aMEIJICHUIO TEMIIOB
HayYHO-TEXHUYECKOTO M SKOHOMHUYECKOTO pocTa (CM.,
Hanpumep: KposimoB 1999, 2002, 2007; ITanos 2009,
2013; AxkaeB 2010; KoporaeB, MankoB, XantypuHa
2007; KopotaeB, boxeposbHoB, 2010; KopoTtaes u
ap. 2010; Koporaes, bumrora 2016; Huebner 2005;
Khaltourina, Korotayev 2007; Maddison 2007; Modis
2002,2005,2012; Gordon 2012; Teulings and Baldwin
2014; Piketty 2014; LePoire 2005, 2009, 2013, 2015,
2016; Korotayev, Bilyuga 2016; Summers 2016;
Cervellati, Sunde, Zimmermann 2017; Taylor, Tyers
2017; Jones 2018; Popovi¢ 2018 etc.).

WTak, HACKOJIBKO CEpbe3HO MbI JOKHBI OTHOCUTHCS
K «TIpeICKa3aHUIO» CUHTYJISIPHOCTH, COJEPKAIIeMYCs
B THUMNEPOOTUYECKMX MATEMaTHUYECKUX MOJENSIX
rio6ansHOTro pa3BuTus? Mnu —crenyer iv Ham BMecTe
¢ Kypugeiinom oxuaate, 4To r71e-10 B paitone 2029
roja Mbl OyJeM peajbHO UMETh JEN0 C YCKOPEHHEM
rJ100aTFHOTO TEXHOJIOTHYECKOT0 pOCTa Ha HECKOIBKO
MOPSAIKOB  (YTO, JEHCTBUTENBHO, BBITEKAET U3
ypaBHeHUs (4), i MOHUMATh €ro OYKBaJIbHO)?

Kax YK€ IIOHATHO, A CKIOHCH JaTb Ha O3TOT
BOIIpOC OJHO3HAYHO OTpI/II_IaTeJ'IBHHﬁ otBer. I B
3aKJIIOYCHUC IIPUBEAY CIIC OAUH apIr'yMCHT B ITIOJIb3Y
JAaHHOI'O OTpHUHOATCIIbBHOI'O OTBCTA. Ha wmoii B3TJI4 1,
OTpI/II_IaTeJ'IBHHﬁ OTBET Ha OTOT BOIIPOC BBITCKACT,
HallpuMep, U3 U3BCCTHBIX HAM OMITMPHYCCKUX TaHHBIX

35 W uMeHHO 3TO, KaKk Mbl MOMHHM, [EJaeT, HalpuMep,
A. I1. Hazapersa (2015a, 20156; Nazaretyan 2015, 2016, 2017,
2018).
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M0 JWHAMUKE YHCIEHHOCTH HacelleHus Mupa u
YCTaHOBJICHHBIX K HACTOSAIIEMY BpEMEHU MEXaHU3MOB
sToi auHamuku. Kak ™Mbl momMHUM, Qopmyna
TUMEepOOTNYECKOr0 POCTa YUCICHHOCTH HaceleHUs
3emnu, OTKpeITags XaiHiem ¢oH Depcrepom,
UACHTUYHA POpMYJIe YCKOPEHHSI TEMITOB II100aIbHOTO
MaKpO3BOJIIOIMOHHOTO Pa3BUTHSI, MPOCIEKUBAEMOTO
B psagax Moauca — Kypugseina u IlaHoBa, u oHa
XapaKTepu3yeTcs mapameTpoM CHHTYIsIpHOCTH (2027
. H.3.), KOTOPBII MPOCTO MACHTUYEH Ui (HOpMYIIbI
yckopeHus B psny IlaHoBa u MMeeT pa3HHUILy BCETro
quimb B 2 rojga s psaa Momuca — Kypigeitna.
OnHaKo KaKoBBl OCHOBaHMS OKUAATh, YTO K MATHUIIE
13 HOs6ps 2026 TOMA TEMITBI MPUPOCTA HACEICHUS
MHpa YBEIHMYMBATHCS HAa HECKOJBKO MOPSAKOB, Kak
3TO nojipazymeBaeT ypaBHeHue pon @epcrepa? OTBeT
Ha 3TOT BOIMPOC OYEHb siceH. HeT abCcoMoTHO HUKaKUX
OCHOBAHMH 3TOT0 0XKUJATh. JIeHCTBUTEIBHO, KaK MbI
MoKa3ajl JOBOJBHO JIaBHO, «korga ¢oH depcrep u
€ro KOJUIeTH JaBaiu cBoeil ctatbe (von Foerster,
Mora, Amiot, 1960) sHameHnuToe HazBanue “CyaHBINA
NeHb: TaTHUNa, 13 HosOps 2026 1., OHM BOBCE HE
UMeNH B BHUJY, YTO HaceJleHHe 3eMJIH B 3TOT JIeHb
JNEHUCTBUTENIFHO MOXXET CTaThb OECKOHEUHBIM (XOTs
“3cXaTosornyeckne’” BBIBOABI M3 THIEPOOIMUECKUX
Mozeneir pocra Mup-CucteMbl 0e3 KakuX-IH0O
JIOCTATOYHBIX HA TO OCHOBAHUI [EJaroTCs 10 CHX
nop (Hampumep (Johansen, Sornette 2001)). 13 stoii
CTaTbU, CKOpee, BHITEKA MPSIMO MPOTUBOIOJIOXKHBII
MPOTHO3 — HaOIOaBIIKMCS BIUIOTH 10 1960 1. Ha
MPOTSKEHUH MHOTUX BEKOB THIEPOOTUYECKUIl POCT
MHPOBOTO HAaceJeHHs] JOHKEH HCHBITaTh B Camble
Onmuxaifiiie ToAbpl paJuKalbHYI TpaHchopMalnio
M CMEHHUTHhCS Ha MPHUHIMIHAAIBHO WHOM THI
nemorpaduueckoit MakponuHaMuku. OTMETUM, YTO
ATOT MPOTHO3 CTall OJeCTAIEe OMPaBIbIBATHCS BCETO
JIUIIb Yepe3 HECKOIBbKO JIET MOcJie My OIMKaIlUU CTaThU
¢don depcrepa u ero komier (KoporaeB, Mankos,
Xantypuna, 2007, ¢. 14-22). Mup-Cuctema Hayana
CBOM BBIX0J U3 pexknMa ¢ oboctpernem» (Koporaes,
Mankos, Xantypuna 2008: 99; cm. Takxke: KopoTtaes,
Xanrypuna 2009; 3unbkuna u np. 2016; 3uHbkuHa,
Kopotaes 2017; Korotayev 2008: 154).

Volume II Number 3  Fall 2018

A. B. Kopomaes

HeicTBuTenbHo, HadmHas ¢ Hadama 1970-x 1T
KpHBas poCTa YHCICHHOCTH HACEJCHHUsS MHpa CTajia
Bce OOJIbIIE OTKJIOHATHCA OT THNEPOOTHMUECKON
tpaektopuu (cp. Puc. 191 20) (cm., Hanmpumep, Kanuia
1999; Kopotaes, MankoB, Xantypuna 2005a, 2007;
Kopotaes 2015, 2016; Kapitza 2003, 2006, 2010; Livi-
Bacci 2012; Korotayev, Malkov, Khaltourina 2006a,
2006b; Korotayev, Goldstone, Zinkina 2015; Grinin,
Korotayev 2015), m 3a mociienHue IeCATHICTHS
OHA TIPHMHSUIA OTPEACIICHHO JIOTUCTUYECKYIO (opMy
— TEHJCHIMS K THUIEPOOIUYECKOMY YCKOPEHHUIO
CMEHWJACh Ha TEHACHIMIO K JIOTHCTHYECKOMY
3amenaenenuto (cm. Puc. 20).

B HEKOTOpBIX OTHOIIEHUSAX BIIOJHE MOXKHO CKa3aTh,
yto X. ¢oH DepcTep OTKPBUT CHHTYJISPHOCTH
I00anbHOW  AeMorpadUuecKord HMCTOPUH; MOXKHO
CKazarbh, YTO OH OOHAPYXKHUJI, YTO yejoBeueckas Mup-
Cucrema npuOIMKaIach K CHHTYJIIPHOMY TTEPHOIY B
CBOEH MCTOPHUH, KOT/1a TEHCHITUS TUITEPOOTNIECKOTO
YCKOpPEHHUs, KOTOPOM OHa cjeJoBajla  MHOTO
TBICSYENEeTHH (a, TO MHEHHUIO HEKOTOPBIX, Jaxke
HECKOJIbKO MUWJUITMOHOB JIieT), OyaeT 3aMeHeHa Ha
MIPOTHBOMOJIOXKHBIA TPEH K 3aMejieHuto. MmMeHHo
4yepe3 JTOT CHUHTYJSPHBIA IMEpUOJ MBI celdac u
npoxoauM. Ilpomecchl W MeXaHW3MBI JTaHHOTO
pa3BoOpOTa TPEHJIOB K HACTOSIIEMY BPEMEHH OYCHB
TIIATEIHHO M3YYEHBI’® U U3BECTHBI KaK «TI100aabHBIN
nemorpaduueckuii mepexon» (Kamuma 1999, 2007,
[Tonnmazo 2001, 2017; Pomanuyk, Mensenena
2009; Koporae 2015; Kapitza 2003, 2006, 2010;
Korotayev, Goldstone, Zinkina 2015; Podlazov
2017). Ilpu sTOM 0cO0OO€ BHUMaHHE 371€Ch CTOHT
o0paTUTh Ha TO OOCTOATENHCTBO, YTO B Ciydae ¢
I00aNBHON JAeMoTpaduuecKOr IBOIIOIUEH TIEPexX0/T
OT TUTIEPOOTUIECKOTO YCKOPEHUS K JIOTHCTHYECKOMY
3aMeJIJICHUIO HavaJICs 3a HECKOJIBKO JIECITHUICTUI 10

36 Cwm., nanpumep; Bummnesckuii 1976, 2005; Kopotaes,
MaskoB, Xantypuna 2005a, 2007; Pumamesckas u ap. 2012;
Kopotaes 2015; ITomnazos 2017; Chesnais 1992; Caldwell et al.
2006; Khaltorina et al. 2006; Korotayev, Malkov, Khaltourina
2006a, 2006b; Korotayev 2009; Gould 2009; Dyson 2010; Reher
2011; Livi-Bacci 2012; Choi 2016; Podlazov 2017.
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Puc. 20. /lnunamMuka 9ucIeHHOCTH HaceJIeHUs MUupa (MJIp1), SMIIHpUUYecKue orieHkr OT/iena HapoJoHACETICHUS
OOH 3a 1950-2015 rr. co cpenaum mporuozom a0 2100 r.

Uctounnk: UN Population Division 2018.

natbl CHHTYJISIPHOCTH, MATEMaTHUECKH BEIYUCIICHHOMN
X. ¢on depcrepom.

Ha wmoit B3IV A, UMCHOTCA OCHOBAHUA YTBCPKAATH,
qTo 3aMCAJICHUC CKOpOCTHU r100aIBLHOTO
MaKpO3BOJOOHUOHHOTO Pa3BUTHA TaKXKC YKE
Ha4dyaJloOCb — M HA4YaJIOCh OHO TaK XK€ 3a HCCKOJIBKO
,HGCHTI/IJ'ICTI/Iﬁ a0 TOH TOUKH CHUHTYJIAPHOCTHU, KOTOPYHO
MOKHO MAaTEeMaTHYECKH BBIIBUTH B TIJI00AJBHBIX

Journal of Big History

SBOJIIOIMOHHBIX pAnax Moauca — Kypuseina u
ITanosa?’.

3akiouenue

Umax, npoeedennvlii Hamu amaiu3 no36oJsem

npednoxzaeamb Hanauyue  0OCMAamoyHo cmpocux

37 Kcraru, BmoiHE BO3MOXKHO, YTO HayaloCch OHO B TO
KE caMoe BpeMs, KaKk W Hayayio BbIXxoga Mup-Cuctemsl w3
JeMorpaU4ecKkoro pexuma ¢ 00OoCTpeHneM (T.e. B Hadae
1970-x rr.) (cM., Hanpumep: Koporaes, boxxeBonbsaos 2010).
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27100aIbHBIX MAKPOIBONIOYUOHHBIX 3AKOHOMEPHOCH el
(OnuUCHIBAOWUX IBONIOYUIO CLONCHOCMU HA Hawell
niaweme 3a NOCHeOHUE HECKOIbKO MULIUAPOOS
Jem),  KOTOpblE  MOTYT  YIMBUTEIBHO  TOUYHO
OTHCHIBATHCA KpaiiHe MPOCTHIMU MaTeMaTH4eCKUMU
byHkusIMu. BMecTe ¢ TeM 3TOT aHanHu3 3acTaBlsieT
MperoaraTb, 4YT0 B pallOHEe TOUKH CUHTYISPHOCTH
HET OcCHOBaHMA Bcien 3a Kypuseilniom o0xuaath
HEBUJAHHOTO (HA MHOTO TOPSIIKOB) YCKOpEHUs
TEMIIOB TEXHOJOTMYECKOTO pa3BUTHUS; HUMEIOTCS
00JbIlIMEe OCHOBAaHUS HWHTEPIPETHUPOBATH ATy TOUKY
KaK MHAMKATOp 30HBI Meperuda, mocie mpoxXoKIeHus
KOTOPOH TeMmbl TIOOANbHON 3BOMIOIUU  OymayT
CUCTEeMAaTU4YE€CKH B JOITOCPOYHON MEPCHEKTHBE
3aMeISIThCS.

Mpunoxenns®

Ipunoxenne 1. O  B3aUMOCBSA3M  MeXKAYy
(opmy.Jioii yBesimueHUs IVIAHETAPHOM CJI0KHOCTH
U ypaBHeHHEM  THUNepPOOIHYECKOr0  pocTa
YHCJIEHHOCTH HaceJIeHus 3eMJIn

Kak ™Mbl Mormm  BuAeTh  Bblle, Qopmyna
YCKOpEHUsI pocTa IUIaHETapHON CcIoXXKHOCTH /
r7100aTbHOTO MAaKpPO3BOJIIOIMOHHOTO paszBUTHUS (5)
oKazajach NPAKTHUYECKU HICHTUYHON YPABHEHUIO
TUMEepOOTNYECKOr0 POCTa YUCICHHOCTH HaCeleHUs
3emnu (14). JlelicTBUTENBHO, ypaBHEHUE YCKOPEHUS
pocTa MIaHETapHOW CcIOKHOCTH B psae I[lanosa
BBITJISIIUT CIAEAYIOUIUM 00pa3oM (cp. Bbliie GopMmyity
(11)):
__ G

Yt = J027— (16)
Herpyano Buzaeth, uto 3Ta dopMynia MpakKTUYECKU
uaeHTudHa OTKpeiToMy X. (o Depcropom ere
B 1960 romy 3akoHy THIEpOOJIMUECKOTO pOCTa
YUCJICHHOCTH HaceJeHus: 3eMiu (cp. BbIlie GopMyTy

(15)):

38 Xouy BbIpasuts cBoto Omarogaprocts C. I'. Illynsruny u
A. A. ®omMuny 3a nomoiip ¢ coaepxkaumucs B [IpunoxeHusx
1 u 2 MaTeMaTHYEeCKUMU pacyeTaMH.
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_ G
t ™ 2027-t° (15)
Kak Mb1 BUJUM, PA3JIMYAIOTCA 3TH YPABHCHUS TOJIBKO
3HaueHusAMu napamerpa C B 3HaMEHATENE.

Mexy TeM 3TOT HaTTepH YCKOPEHHs HE BIIOJIHE
TpuBHaseH. [Ipy 3TOM Ba)KHO OTMETUTD, YTO, HECMOTPS
Ha CYLIECTBEHHOE CXOJCTBO, IMAaTTEPH YCKOPEHUs
TEMITOB TUTAHETAPHOW SBOJIONNH (TIPOCIC)KHUBAECMBII
B psagax I[lanoBa m Moauca — Kypigeiina) 3ameTHO
OTJIMYAETCs OT MaTTepHa, OTKpbITOro pon depcrepom
MPUMEHUTEIBHO K POCTY HACEJICHUs] MHUpA.

Hleno B ToMm, uto y ypaBHenus (16) — ato TEMIIbI
pOoCTa rI00aIbHOM CI0KHOCTH, TodTOMY y = C /2027t
OIUCHIBAET HE POCT INI0OATBHOM CIOKHOCTH, & POCT
TEMIIOB yBenmuueHnuss ri100adbHON  CIIOKHOCTH.
A 3Haumrt, y ypaBHeHus (16) cCOOTBETCTByeT HeE
yucinenHoctu Hacenenus (N) ypaBHenus (15), a
TEMIIAM pocta 4YHCIEHHOCTH HacCEeJIEHUs; IpHU
STOM YpaBHEHHMS, OIHUCHIBAIOIINE POCT YHCIECHHOCTU
Hacenenuss 3emun  (N), JI0CTaToO4HO  3aMETHO
OTJIMYAIOTCS OT ypPaBHEHUH OMKUCHIBAIOLIUX TUHAMUKY
TEMIIOB pocra stoit unciaennoctu (dN/dt).
JleficTBUTETLHO, KaK MBI TTOMHUM, ajreOpandyeckue
ypaBHEHHUS TUIIA

_c
Ve = )
SIBJISTFOTCS peIICHUSIMU muddepeHranTbHOro
yYpaBHEHHUsI THUTIA
dy _ y?
dt C’ (6)

Taxum 06pa3om, eciIi YUCICHHOCTH HACEICHUS 3eMIIH
pacrer no 3akony N = C /t*-t (14), To Temmbl pocTa
€r0 YUCIHHOCTH OYIyT MEHATHCS 110 COBCEM JIPYTOMY

3aKOHY:
dN _ N?

dt r (17)

C npyroii croponsl, noocmasnssi N = C/t* —t e dN/dt
= N*/C, nony4yaem
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Ypasnenus,

onucvlearouue
anobanvrol croxchocmu (n) (Mo psmxy

Vpaeﬂeﬂuﬂ, onucsledrowue pocm
YUCAEeHHOCMU HAceneHus 3emiu

pocm

cnoxcocmu |/
HaceJeHUs

YHUCJIICHHOCTH

[TanoBa) (N) (no psaoy ¢pon @epcmepa —
Kanuywi)
VYpaBHeHUs pocTa TI00aTbHON .
cnoxkHoctn / umcneHHoctn| Ny = A — C; - In(2027 —t), (19) N, = m . (15)
HaCeJICHUS
Vpasnenus VeenuyeHus:
TEMIIOB pocma 2no6anvHoll Y = dn _ _ & ] (11) i C, (18)
dt 2027—-t

dt  (2027—t)2

Ta6a. 4. ConocTaBiaeHue 3aKOHOB POCTa TIIO0ATBHOM / TJITAHETAPHOUW CJIOKHOCTH M YBEIIMUEHUS YUCICHHOCTH

HaceJICHHS 3eMITH

d_N — ( )2. C = c? . — ¢
T e () AN (A -
Takum o6pazom, ecnu YUCIIEHHOCTD nacenenus

3emum pactet o [IPOCTOMY runepOonnueckomy
3aKOHY

— Cz
Ne = 2027 » (15)
to TEMIIbl pocra ero uunciaeHHocTd OyayT
YBEJIMYHUBATHCS no KBAJIPATUYHOMY
runepOoIMUeCKOMY 3aKOHY:
dN C,
dt  (2027-t)? (18)
CpaBHUM 3TO Tenepb C YpaBHEHUSMH,

OINMUCBHIBAIOLIMMH  POCT  TJI00AIBbHOM/TIIIaHETapHOM
cnoxuoctu. Benen 3a @omunbim (2018) u [TanoBsiM
(2004, 2005) o06o3HauMM YpOBEHb TIJI0OANBHOM
CIIOYKHOCTH Kak 7.* [IpH TaKOM 101X0/1€ MHOTOKPATHO
YIOMHUHABILASICS BBIIIE MEPEMEHHAs y MOXET OBITh
3anucana kak dn/dt. Kak MbI MOMHMM, TEMITbI pOCTa

39 [Ilpum 3TOM YpOBEHb IUIAHETAPHOW CIIOKHOCTH Ha JAaHHBIA
MOMEHT BPEMEHH OyAeT MCUUCISATHCS 4YHCIOM (1) MpOMCIIe/-
LIMX JI0 JaHHOTO MOMEHTA BPEMEHH «ON0C(EpHBIX PEBOIIOLUI
(o ITanoBy — @OMHHY) NN «CKa4KOB CIIOKHOCTHY / complexity
Jjumps (o Monucy) (Mcxozst n3 JOMYIIEHHUS], YTO KaKIbIH «cKa-
YOK CJIO)KHOCTH») 100aBIISIET K TEKYIIEMY /1 €I OJI1H ITOPSI0K/
YPOBEHbB CII0KHOCTH.

Journal of Big History

IUIaHeTapHOH cinoxkHocTH (y = dn/dt) yBenuuuBanuch
B psny I[TanoBa* mo 3akoHY, 3aMETHO OTIIMYHOMY OT
YPaBHEHMS, OIIMCHIBAIOILETO JMHAMUKY POCTA TEMIIOB
yBEJIUYEHUS YUCICHHOCTH HaceneHus 3emn (18):

_dn Cy
y__

dt ~ 2027-t (11)
[Tpu aToM pemenue aqudepeHIraIbHOTO YpaBHEHUS
(11) maer cnenyrommii pe3yabTar:

n,=A4-0C, In(2027 - t), (19)
rae A — koHcranra’!,

Takum oOpa3om, maHeTapHas CJI0KHOCTH (7) pacTer
M0 CYIIECTBEHHO JIPYTOMY 3aKOHY, YeM YHCICHHOCTb

40 Bmupouewm, B psimy Moanca — Kypiiseiina OHH YBETHIHNBAINCH
IO TOMY K€ CaMOMY 3aKOHY (TIpH HECKOJIBKO IPYTHX 3HAYCHUIX
apaMeTpoB Cl u r*).

41 Mexny npounM, npozenanHsie A. A. ®omunbM (2018)
pacueThl MO3BOJSIIOT YCTAHOBUTH 3HAUCHHE STOW KOHCTAHTHI
st psina [lanoBa. OHa oOkasbIBacTCs paBHOW BenndwmHEe In7/
Ina, tme 7 — 3T0 BpeMs CYIIECTBOBAaHHUS >KU3HU Ha 3emiie
(KoTOpOE MOXKET OBITH MPUMEPHO OLICHCHO KakK 4 MIIpH JIeT), a
0 — 3TO «KOX(P(UIMEHT YCKOPCHHUS HUCTOPUYCCKOTO BPEMCHH,
MTOKA3BIBAIOIIHIA, BO CKOJIBKO pa3 KakJas MOCICIyOIas 3moxa
kopoue npenpinymei» (Ilanos 2005: 128) (moxpobHee 0 ko3¢-
¢unuenre o cM. Hwke). [Tonpoduee cm. [Ipunoxenue 2.
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Hacenenus mupa (N) (cm. Tabmn. 4):

Kak ™Mbl BHIUM, YHCICHHOCTh HACEJICHUS 3eMITH
(N) pocma (mo nHawama 1970-x rr.) O MPOCTOMY
runepbonmyeckomy 3akony (N, = C/t* — t), a
IUTAHETapHasl ~ CIIO)KHOCTh  yBEIMYMBAlIach IO
Jorapu(pMUIECKU-TUIIEPOOTMIECKOMY 3aKOHY (n, =
const — C-In(t*—t)).

Kpome TOro, TeMmnel pocta YMCICHHOCTH HaceleHUs
mupa (dN/dt) mensmch (1o Havama 1970-x rr.) 1o
KBAJIPATUYHO-runep6ommueckomy 3akony (dN/dt
= C/(t*~t)?), a TeMIIbI POCTa ITAHETAPHOU CIIOKHOCTH
Mensuiucb 1o [TPOCTOMY  runepboiaumdeckomy
3akony (dn/dt = C/t*—t).

Tem He MeHee, ocTaeTcsi BONPOC — CIy4yaitHO JIH TO,
yto TEMIIbI pocTa rnobaibHON CIIOKHOCTH B PsIjie
[Tanosa (dn/dt) u uncnennocTs HaceneHus 3emiu (N)
BIUIOTH 110 Hadayna 1970-x rogoB pociu Mo OJHOMY
v ToMmy ke 3akony: X = C/2027-t? Ormerum, 4TO
npoBeacHHble A. A. ®omuubiM (2018) pacueTs
MOKA3bIBAIOT, YTO 3TO COBCEM HE CITyYalHO.

HetvictBurensHo, A. A. ®omun (2018) oOpamraer
BHHMaHHE Ha TO, YTO HA MPOTSHKEHUU COLUATHHON
hazs Bonpioi HUCTOpHUH/YHUBEPCATHHON
SBOJIIOIMK HaceJIeHUE 3eMJIM MEXKIYy Ka)Joul mapou
O6uochepHbIX PEBOMIOLNN YBETUYUBAIOCH TPUMEPHO
B OJHO M TO K€ 4Yucio pa3 (rae-to mopsanka 2,8).
OTMeTHM, YTO 3TO COBCEM HE IUIOXO COTJIacyeTcs
CO  MHOTUMH  MaTeMaTHYeCKUMH  MOJEISIMHU
TUMEepOOTNYECKOr0 POCTa YUCICHHOCTH HaceleHUs
3emin*?, paccMaTpUBAIOIIMM €r0 Kak CJIEACTBHUE
(GYHKIIMOHUPOBAaHUS MEXaHHW3Ma  MOJIOKUTEIBHON
oOpaTHOM  CBSI3M  BTOPOTO  TOpSAKA  MEXKIY
neMorpauueckuM pOCTOM U TEXHOJOTUYECKUM

42  Cwm., "anpumep: Ioxmazos 2000, 2001, 2002; Koporaes,
MautkoB, Xantypuna 2005a, 20056, 2007, 2008; Taagepera 1976;
Kremer 1993; Tsirel 2004; Korotayev, Malkov, Khaltourina
2006a; Korotayev, S. Malkov 2012; Korotayev 2012, 2013;
Korotayev, A. Malkov 2016; Grinin, Markov, Korotayev 2013,
2014, 2015.
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pa3BUTHEM, KOTJa TEXHOJIOTMYECKOe pa3BUTHE
(HauOonee sApKO MPOSIBISABIICECS HMEHHO B BHUIE
«OnochepHbIX PEBOTIOIUIN THUIIA HEOTUTHIECKOM UITN
MIPOMBIIIIEHHOH ) 3HAYUTENIBHO YCKOPSIIO TEMITBI pOCTa
HACEJeHUs, KOTOpBI (B CHIIy NEHCTBUS MpPUHIUIA
«geM Oonple Jrofel, TeM Oosblne u300peTaneiiy)
4yepe3 MEXaHU3Mbl KOJNIEKTUBHOTO O0y4EHHUS yCKOPSLIT
HACTyIUICHHE KaXJIOW ClIeayromieil «onochepHoi
peBomonMK» (Kak MpaBUIIO, COOTBETCTBOBAILIEH
HOBOMY TEXHOJIOTHUYECKOMY TpopbiBYy). [lpu sToM
A. A. ®omun (2018) mocraroyHo yOeaUTETHHO
MOKA3bIBAET MAaTEMaTUYECKH, YTO «ECIH HMEeeTcCs
TUMEePOOTNYECKHI POCT KOJIUYECTBA SBOIOIIMOHHBIX
equHUI] (0000IEHHOEe Ha3BaHWUE HAPOJOHACEICHUS
Ha cllydail 1 OMOJIOTUYECKOM IBOIIIOINN), TO IPUPOCT
qyclia 3TUX €IWHUI[ B OJHO U TO € KOIUYECTBO
pa3 o OylneT MpPUBOIUTH K TOMY, UYTO MPOMEXKYTKU
BPEMEHH MEXJTy MOMEHTaMH 3TUX MPUPOCTOB OyayT
COKpaIaThCsi B TOYHO TAaKOE€ K€ KOJIUYECTBO pa3 oy
— TO €CTh, €CIH MEXKIY OMochepHbIMU PEBOTIOLUAMU
HAaceJIeHHe B CPEHEM YBEIUYHMBAeTCs B 0O pa3, TO U
MIPOMEXYTKH BPEMEHH MEKTy KaxI0H Mmocleayomen
napoi 6moc(epHBIX PEBOIOINI OyIeT COKpAIIAThCS
B o pa3 (OTMeTuM, YTO MOCHEIHSS O 3TO HUYTO
nHOe, Kak To, 4To A. JI. [TanoB (2005: 128) Ha3piBaeT
«k03((PUIIMEHTOM  YCKOpPEHUS  HCTOPUYECKOTO
BPEMEHH, MOKa3bIBAIOIINM, BO CKOJIBKO pa3 KaKas
nocreayroas smoxa*? kopode npeapiaymiei»). [pu
3TOM npoBeJeHHble A. A. @OMUHBIM SMIIUPUYECKUE
pacueTbl TOJTBEPAWUIH, YTO CpeJHee 3HAuYeHUe
YBEJIMUEHUS HACEJIEHUs Mexay OunochepHbIMU
PEBOIIIOLUSMH IPUMEPHO PABHO CPEAHEMY 3HAUCHUIO
YKOpauyuBaHUS BpEeMEHH Mexay OunochepHbIMU
peBomonusaMu. Pacuerst @oMrHa MOKA3bIBAIOT, UTO U
TO, U IPYyroe 3Hau€HUE PacIoiaraloTcsl B HHTEpBale
2,5-2,8, 4YTO JOCTATOYHO OJIM3KO 3HAYEHHUIO
KodaUIMEHTa 0, HSMIUPUYECKH PACCUUTAHHOMY
[TanoBbIM (2,67, cM., Hantpumep: [Tanos 2005: 130).

VYxKe U3 TOro, 4To CpelHee 3HAYeHHE YBEIHUEHUS
HACeNeHUs MeXIy OHOCHEpHBIMU PEBOIIOLUIMU
MIPUMEPHO PaBHO CpeIHEMY 3HAYCHHIO YKOPAUNBaHUS

43  T.e. IPOMEKYTOK MEXKIY «OMOCHEPHBIMU PEBOIIOLUIMID/
«cKaukamy ciaokHocTH». — ALK,
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BPEMEHU MEXIy OHOCPEpHBIMH PEBOJIOLHUSIMHU
BBITEKAET, YTO TEMITBI POCTa INIOOAIBHOW CIIOXKHOCTH
(dn/dt) TOMmKHBIOBITH TPOIIOPITMOHATILHBI YN CIICHHOCTH
Hacenenuss 3emumm (N), a 3HauuT, uro N um dn/dt
JIOJDKHBI PACTH 110 OJJHOMY 3aKOHY. J[eHCTBHUTENBHO,
ecimi N yBENIMYHIIOC B 0O Pa3, TO PACCTOSIHUE [0
creayromelr  OnocepHOl  PEBOIIONUHM  JOJKHO
COKpaTHThCS B 0 pa3. Ho ckopocTk pocTa riio0anbHOM
cnoxxHocTu (dn/dt) MBI paccuMThIBaeéM Kak pa3 Kak
«1» neneHHy Ha YHCIIO JIeT MeXIy OnochepHbIMH
PEBOJIOIMSIMHU (YTO U JJACT HAM «YHCII0 OMOCHEPHBIX
peBOJIONMIA B TO»). TakuM 00pa3oM, COKpalieHue
BPEMEHU MEXIy OuochepHBIMH pPEBOIOLUSIMU
B 0 pa3 IO OIpPEICIICHUIO O3HA4YaeT YBEIUYCHUE
WHTEHCUBHOCTH TJIO0ATBHOW MakpodBosronuu (dn/
dt) B o pa3. A 3HauwWT, 4TO ecnu yBenndeHue N B o
pa3 COMPOBOXKIACTCS COKPAIICHHEM BPEMEHH MEKIY
OrocqepHBIMU PEBOITIOIUSMHE B 0L Pa3, a COKpaIleHHE
BPEMEHHU MEKIY OMOCEPHBIMU PEBOITIOIUSIMH B 0L Pa3
O3Ha4yaeT yBEIMYCHUE HHTEHCHBHOCTH TJIOOAIBHOM
MakposBotonuu (dn/dt) B a pa3, To yBenudenue N B
0. pa3 IOJDKHO COMPOBOXKIAThCS yBennueHneM dn/dt B
o pas, 4To 3Ha4uT 4yTo N mpornopiuoHanbHo dn/dt, u
OHH PACTYT 110 OJJHOMY 3aKOHY

[Tokaxem 510 Temepb Oonee dopmansHO. [Ipexne
BCETO OTMETHM, YTO TMpEACTAaBICHUE KOJIMYECTBA
HBOJIIOIIMOHHBIX €IUHUI] B BUJIE CYMM BO3pPACTAIOIINX

reOMeTpPUUYECKOi u/unu apudmeTHuuecKoit
Mporpeccuit, a MpUOIMKEHUS K TOUKE CHHTYJIIPHOCTH
B BHJE CYMMbl YOBIBalOme reoMeTpuuecKon

MPOTPECCUN WUHTEPBAIOB BPEMEHU MEXTy (ha30BBIMHU
nepexoJaMy BIIEPBbIE OBLIO CcHOPMYyJIUPOBAHO B
onnoi u3 padot C. B. Iupens (2009). Onnako, BBUIY
BEChMa C)KAaTOTO0 M HEHATJISIHOTO H3JIOKEHUS ITHX
NPEJCTaBIICHUI B YIOMSHYTOW CTaThe IPOBEIEM
nHOe OoJiee HAMNIATHOE JIOKA3aTeNbCTBO. Tak Kak
JBYDKEHUE OT OJHOM OMOC(EepHON PEBOJIOIHMH JI0
JPYTOi COMPOBOXKIACTCS POCTOM HaceneHus N B o
pa3 u yBeIMYECHUEM WHJIEKCa TTI00aTbHON CIIOKHOCTH
N Ha OJIHY €IMHUILY ITOJTy4aeM:

Journal of Big History

N=k-a" (20)
rae k — koapuImueHT nponopIHOHATEHOCTH MEXKITLY
Nwuon*

Tak kak
— CZ
G = 2027~ (15)
MOJTyYaeM:
on G
= 2027t (21)
Otcrona:
. Y = _C
Tl = &%) = I (2027—t) ’ (22)
C
In(l) +1In (@) = In (;2-), (23)
24
In(k) + nln (@) = In (ﬁ) , 24)
C
n= ln(zozi—t)_]n () (25)
In (« )
Huddepenumpys Beipakenue (25), mosydaem:
dn _ 1 1
dt  In(a) 2027—-t° (26)
17001
n __c,
dt  2027-t’ (11)

rae C, = 1/In(a).*

Takum 06p2130M MBI AHAJIWUTHYCCKHU I10JIydacM, 4YTO
eciim Hacenenne (N) pacter runepOOJIMYECKH T10
3akony N, = C /2027-t, a MexX Ly MHIEKCOM ITTI00aIbHOM
CJIOKHOCTH (N) ¥ YHCICHHOCTHIO HACEJCHHUS 3eMIIn
(N) cymectByer cootHormenne N = k-0, TO TeMITbI
pocta riobanpHO# cnoxHocTH (dn/dt) Oymyt pactu
Mo TOMy ke rumnepOosmdeckomy 3akoHy (dn/dt =

44  OrmernMm, uto mpoBeneHHas A. A. ®@omuabpM (2018)
OMIIUPUYECKasl — [POBEpKa MOJATBEpIWIA  HAIMYHE  ITOH
HETPUBUAILHOI 3aBUCHMOCTH.

45 OtMeTMM MeXIy MpPOYMM, 4YTO IPOBEJCHHBIE HaMU
pacueTsl, NO3BOJIMIN HAM YCTAaHOBUTh aHAIUTHYECKU 3HAYCHUE
napametpa C, B ypapHenuu (11).
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C,/2027-t), 4TO M YUCIEHHOCTH HACENEHHS 3EMJIH.

Urak, MIPOBECHHbBIE pacueTsl 3aCTaBISIOT
MpEAnoiaraTh, Y7o T0 00CTOATENbCTBO, uTO TEMIIBI
pocta 1o0ansHO ciokHOCTH B psae [lanora (dn/
dt) m umcnenHocte Hacenenus 3emun (N) BIUIOTH
10 Hadana 1970-X roJioB pocii MO OJJHOMY M TOMY
ke 3akony (x, = C/2027-t), sBusercs OTHIOb
HE CIy4alHOCTBIO, a TIPOSBICHHEM JOCTATOYHO
IyOOKOM 3akoHOMepHOCTH. TakuMm oOpa3oM, Ha
conyanbHOM (a3ze yHUBEpPCaIbHON W TIIOOATHHOU
HCTOPUH TUIIEPOOIMYECKUI POCT TEMIIOB YBEIHUCHUS
100aNbHON CIOKHOCTH U THMEPOOIHUECKH pOCT
YUCIEHHOCTH HACeJNeHHUs 3eMJIM  OKa3bIBAIOTCS
JBYMsI TECHEHIIINM 00pa30M CBS3aHHBIMU CTOPOHAMU
€IMHOTO Tpoliecca.

IIpuioxenne 2.

O HeKOTOpPHIX 3aKOHOMEPHOCTAX YCKOpPEHHSs
TEMIIOB  TIJIO0AJILHOIO  MAaKPO3BOJIOLHOHHOIO
pa3BuTHs. Jl0N0JIHATEIbHBIE PacyeThl

Kak Obuto mokazano A. JI. IlanoBeIM*, s
MOCTPOEHHOTO UM psifia «OMoChEpHBIX PEBOIIOIHID
HaOMI0/1aeTCs CleayIollee COOTHOIIICHHE:
— g% T

by =0 — > 27)
«rae o> 1 - k03PPUIHUEHT YCKOPEHHUS HCTOPHUIECKOTO
BPEMEHH, MOKAa3bIBAIOIINN, BO CKOJBKO pa3 KakJas
MOCJIEYIONIAst A1o0Xa Kopoue npenbiaymei, T 3agaer
JUIUTEIBHOCTh BCErO OIMCBIBAEMOIO IMPOMEXKYTKA
BpeMeHu*’, n - HOMEp PEBOJIOIKH, a t*- HEKOTOPBII
MOMEHT BpEMEHHU, KOTOPBI MOKHO Ha3BaTh MOMEHTOM
cunarymsipuoctn» ([TanoB 2005: 128). Otmerum,
YTO, KaK Mbl IIOKa3ajly BbIIIE, N TaKXe BIIOJIHE
MO>KHO MHTEPHPETUPOBATh KaK UHIEKC T100anbHON
CJIOKHOCTH.

46 Cw., mHampumep: [1anos 2004, 2005, 2008; Panov 2005.

47 Kak yxe yHnoMuUHaIOCh BbIIE, I BIOJHE MOXHO
paccMaTpuBaTh Kak BpPeMs CyNIECTBOBAHMS KM3HU Ha 3emiie 1
MIPUPaBHUBATE K 4 MIIPI (JIET).
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Jlnst nanprewmmx pacaeroB A. [1. ITanos (2005: 129)
npeoOpasyeT ypaBHeHHE (27) CleayomuM 00pa3oM:

lg(t™ — t,,) = 1g(T) —n-lg(a) . (28)
Opnako A. A. ®omun (2018) moka3bIBaeT, 4YTO
Uil JanbHedmero  aHanusza  moaenu  [lanoBa
Jy4lle MCHOJb30BaTh HECKOJIBKO JPYroil BapHaHT
npeoOpaszoBanust ypaBHeHus (27):

In(t* —t,) =In(T) —n-In(a) . (29)
JeiictBurensHo, ypaBHeHUE (29) MoOXeT OBITh
MIEPETHUCAHO CIEAYIOLIUM 00pa3oM:

n-ln (a) = In(T) — In(t* — t,) , (30)
__ In(T) 1

- * G
" In(a) In(a) In(t tn) (31)
n,=A—C;-In(t*—1t), (19)
rae A = In(T)/In(a), a C, = 1/In(a).
B T0 )€ camoe BpeMsa, Kak Mbl I[IOMHUM,

anredpandeckoe ypasHeHue (19) sBisercs pemeHuemM
cienyroriero qudGepeHInaTLHOTO YPABHCHHUS

dn  C4

dac  t'—t (11)
Takum 00pazoM, MbI TIOJTy4aeM T€ CaMble YPaBHEHUS
(19)u (11), koTOpBIE OBLTH MOTYyUEHBI HAMU HECKOJIBKO

HWHBIM IIYTEM.

OtMmerumM, uto no pacueram A. JI. [laHoBa 3HaueHue
rnapameTpa o 0Ka3ajioch paBHbIM 2,67, 4T0, KaK 3aMETHII
cam [laHOB, sBNsETCS KpaiiHe OJIM3KUM YHUCICHHOMY
3HauYeHMIO ynciaae(2,718...), M Hellb3s HCKIIH0YaTh, 4TO
«KOX(PPUIUEHT YCKOPEHHSI UCTOPUIECKOTO BPEMEHM)
OKaKETCs, IEHCTBUTENLHO, CTOIb OIM3KUM K YHCITY €,
910 mapameTp o B ypaBaHeHusx (11), (31) u (0) moxxno
3aMEHUTH Ha €. B 3ToM ciydae, Habop ypaBHEHUH,
OTHCHIBAIOIINX TUTIEPOOINYECKOE YCKOPEHUE TEMIIOB
rI100amTkHOTO  MAaKpOABOIIOLMOHHOTO  Pa3BUTHUS
OKa3bIBaCTCSI OCOOCHHO DJICTAaHTHBIM TI0 CBOCH
npoctote. JleHcTBUTENBHO, C Y4€TOM TOrO, 4TO B
ypaBHEHUU
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n,=A—C,-In(2027 —t), (19)
A =1In(T)/In(a), a C, = 1/In(a), moxcTaBss € BMECTO
0L, IOJTyYaeM:

n, =In (T) —In(2027 — t), (32)
C y4eToM TOro, 4TO B yPABHEHUU

dn (4

dt 2027t (11)
C, = /In(a), noncTapiss € BMECTO 0., OJTy4aeM:

dn _ 1

dt ~ 2027-t’ (33)
Kpowme Toro, ypaBHeHne*

N=k-a" (20)
IIPU TIOJICTAHOBKE € BMECTO 0. IPUOOpeTaeT B

N=k-e" (34)
U3 YEro BHITEKAET, YTO

n =In(N) —In(k) , (35)

B pesynbrate, HaOOp ypaBHEHH, OINUCHIBAIOIINX
runepOoINYecKoe YCKOPEHHE TEMIIOB INI00aJIbHOIO
MaKpOdSBOJIIOLIMOHHOTO  Pa3BUTUS  OKa3bIBAETCsA
JIEACTBUTEIBHO AIETAHTHBIM 110 CBOEH IPOCTOTE:

n, = In (T) — In(2027 — t), (32)
dn 1

dt  2027-t (33)
N=k-e", (34)
n=In(N)—In(k), (35)

rae, HAIIOMHUM, N 0003HA4YaeT HHIEKC II00aJbHOM
CIOXHOCTH, T — BpeMsi CyLIECTBOBAHUS U3HHU Ha
3emie (~4 mipa niet), a N — YHCIIEHHOCTh HAaceNeHUs
3emnu.

OpHako, KOHEYHO, TPYAHO HE COIJIaCUThCS C A.
J. IManoBeim (2005: 130) B TOM, YTO «BOIpPOC O
TOM, €CTh JIM B [TOM, YTO 3HaueHHE KOd(duimenra
o ONHM3KO 3HAYCHUIO YHUCIA €,] TIIYyOOKHH CMBICI,
OCTaeTCsI OTKPBITHIMY . . .

48 OtMmeTuM, uto noacuetsl A. A. @omuna (2018) mokas3sIBaiorT,
YTO eCIIU MPH pacueTe Mpu MoMoInu ypaBHeHus (11) B kauecTe
t OpaTh HE MOMEHT HauaJia IIepHo/ia MO0 KOTOPOMY BBIUUCIISIETCS
NPOU3BOJIHAS, & €ro CEpe/uMHy, TO 3HayeHue mapamerpa C,
oKasbIBaeTcst OJvKe ckopee K 1, yem K 2.
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Abstract: The idea that in the near future we should expect “the Singularity” has become quite popular recently,
primarily thanks to the activities of Google technical director in the field of machine training Raymond Kurzweil
and his book The Singularity Is Near (2005). It is shown that the mathematical analysis of the series of events
(described by Kurzweil in his famous book), which starts with the emergence of our Galaxy and ends with the
decoding of the DNA code, is indeed ideally described by an extremely simple mathematical function (not known
to Kurzweil himself) with a singularity in the region of 2029. It is also shown that, a similar time series (beginning
with the onset of life on Earth and ending with the information revolution — composed by the Russian physicist
Alexander Panov completely independently of Kurzweil) is also practically perfectly described by a mathematical
function (very similar to the above and not used by Panov) with a singularity in the region of 2027. It is shown
that this function is also extremely similar to the equation discovered in 1960 by Heinz von Foerster and published
in his famous article in the journal “Science” — this function almost perfectly describes the dynamics of the
world population and is characterized by a mathematical singularity in the region of 2027. All this indicates the
existence of sufficiently rigorous global macroevolutionary regularities (describing the evolution of complexity
on our planet for a few billion of years), which can be surprisingly accurately described by extremely simple
mathematical functions. At the same time it is demonstrated that in the region of the singularity point there is
no reason, after Kurzweil, to expect an unprecedented (many orders of magnitude) acceleration of the rates of
technological development. There are more grounds for interpreting this point as an indication of an inflection
point, after which the pace of global evolution will begin to slow down systematically in the long term.
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Introduction

The issue of the Global History singularity (or
even the Big History singularity) is being discussed
rather actively nowadays (see, e.g., Eden et al. 2012;
Shanahan 2015; Callaghan 2017; Nazaretyan 2015a,
2016, 2017, 2018). This subject has been made
especially popular by Raymond Kurzweil, Google
technical director in the field of machine training, first
of all with his book The Singularity Is Near (2005),
but also with such activities as the establishment of
the Singularity University (2009) and so on. To the

field of the Big History the issue of the Singularity
has been brought by such Big Historians as Graeme
Donald Snooks (2005), Alexander Panov (2004,
2005a, 2005b, 2005¢, 2006, 2008, 2011, 2017), and
Akop Nazaretyan (2005a, 2005b, 2009, 2013, 2014,
2015a, 2015b, 2016, 2017, 2018). In the Big History
perspective the “Singularity Hypothesis” might
be of some interest, as it virtually suggests a rather
exact dating of the onset of Big History Threshold 9
(around 2045 CE). However, let us find out if those
calculations of the Singularity timing can indeed be
used to identify the possible date of the nearest Big

1 This research has been supported by the Russian Foundation for Basic Research [Project # 17-06-00476].
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History threshold.

Kurzweil — Modis Time Series and Mathematical
Singularity

Raymond Kurzweil was one of the first to arrange the
major evolutionary shifts of a very significant part of
the Big History along the hyperbolic curve that can
be described by an equation with a mathematical
singularity. For example, at page 18 of his bestseller
The Singularity is Near (2006) he reproduces the
following figure (see Fig. 1)

However, rather surprisingly, Kurzweil does not
appear to have recognized that the curve represented
at this figure is hyperbolic, and that it is described
by a an equation possessing a true mathematical
singularity (what is more the value of this singularity,
2029, is not so far from the one professed by
Kurzweil himself). This appears to be explained
first of all by some mathematical inaccuracies of the
Google technical director (suffice to mention that he
consistently calls the global evolution acceleration
pattern “exponential” without paying attention to the
point that the exponential function does not have any
singularity).

Against this background, it appears a bit surprising
that Kurzweil himself does know about the notion of
mathematical singularity and describes it more or less
accurately. Indeed, at pages 22-23 of his bestseller he
provides a fairly accurate description of the concept of
“mathematical singularity”:

“To put the concept of Singularity into further
perspective, let’s explore the history of the word itself.
‘Singularity’ is an English word meaning a unique event
with, well, singular implications. The word was adopted
by mathematicians to denote a value that transcends any
finite limitation, such as the explosion of magnitude that

2 Actually, a protype of this figure (but in a double
logarithmic scale) was reproduced by Kurzweil already in
2001 in his essay “The Law of Accelerating Returns” at page 5.
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results when dividing a constant by a number that gets
closer and closer to zero. Such a mathematical function
never actually achieves an infinite value, since dividing
by zero is mathematically ‘undefined’ (impossible to
calculate). But the value of y exceeds any possible finite
limit (approaches infinity) as the divisor x approaches
zero” (p. 22-23).

What is more, he supplies his description of the
concept of “mathematical singularity” at page 23 with
a rather appropriate illustrating diagram (see Fig. 2).

However, having provided his fairly adequate
description of the “mathematical singularity” concept,
Kurzweil appears to be loosing any interest in this
concept — suddenly switching to the use of the term
“singularity” by astrophysicists (p. 23).

One of the most enigmatic things in Kurzweil’s book
is that he manages not to notice that the shape of
the hyperbolic curve at his figure “A mathematical
singularity” (page 23 of Kurzweil’s book, see Fig. 2
on page 74) is fundamentally identical (though, of
course, rotated 180 degrees) with the one of the curve
of his figure “Countdown to Singularity” (page 18 of
the same book, see Fig. 1 on page 73). What is more, as
we will see below, the mathematical model providing
the best-fit approximation of the curve of the type
seen in Fig. 1 is basically identical with the hyperbolic
function displayed in Fig. 2, that is y = k/x. Thus, if
Kurzweil had done a basic mathematical analysis of
the time series in his Fig. 1, he would have found that
it is best described by a mathematical equation of the
type he features in his Fig. 2 (with such a really slight
difference that we would have “2” rather than “1” in
the equation’s numerator®). What is more, he would
have discovered that the mathematical singularity
of the best-fit equation describing Kurzweil’s
“Countdown to Singularity” curve is 2029, which is
not so much different from 2045, suggested by him

3 And with a slightly different calculation mode than
the one that we will apply below, the denominator of this
equation will be a number that is slightly different from “1”.
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Fig. 1. “Countdown to Singularity” according to Raymond Kurzweil

Source: Kurzweil 2005: 18.

in his book, and that is simply identical with the date
proposed by Kurzweil most recently (Ranj 2016)*

4 To be more exact, this is the date, when according to
the most recent Kurzweil forecast, the humans will become
immortal, which still can well be considered as a sort of
singularity (as well as a rather valid candidate for the
possible dating for Threshold 9 of the Big History) — even
if we actually deal with the radical increase in the human
(or posthuman?) life expectancy rather than with the
immortality per se, as this would still imply the change of
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Panov’s transformation

Another amazing thing is that what was not done by
Kurzweil in 2005, was done in 2003 by Alexander
Panov®. Panov analyzed an essentilly similar time

the biological nature of the humans, which cannot but affect
the course of the human history in a rather dramatic way.

5 His calculations described below were first presented
in November 2003 at the Academic Seminar of the State
Astronomic Institute in Moscow (Nazaretyan 2005: 69)
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A Mathematical Singularity Linear Piot

Engineer) almost immediately
switched to another theme.

il

However, what was necessary to
make his diagrams much more
intelligible was to plot at Y-axis

not “Time to Next Event”, but
just “Paradigm Shift Rate” — just
as was done by Panov. Indeed,

to transform the time to next
paradigm shift into paradigm
shift rate one needed to do a rather

simple thing — to take one year
and to devide it by time to next
paradigm shift; this will yield

3

e ey

€ =

Fig. 2. A Mathematical Singularity
Source: Kurzweil 2005: 23.

series taken from entirely different sources but arrived
at very similar conclusions, but in a much more
advanced form. It is very important that he made a
step (to which Kurzweil was very close but which
he did not make actually) that allowed him to make
the analysis of the time series in question much more
transparent and to identify the singularity date in a
rigorous way.

In his 2005 book Kurweil plotted at the Y-axis of his
diagrams “time to next event”, which hindered for
him their interpretation in a rather significant way. In
his 2001 essay at page 5 while analyzing a diagram
with a similar time series (whose source, incidentally,
was not indicated), Kurzweil began speaking about
the acceleration of “paradigm shift rate” (Kurzweil
2001: 5), but (as is rather typical for the Google Chief
and subsequently published in his articles (Panov 2004,

2005a, 2005b, 2006, 2011, 2017) and monograph (Panov
2008).
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e

A mathematical singularity: As x approaches zero (from
right to left), 1/x (or y) approaches infinity.

number of paradigm shifts per
year, that is just a “Paradigm Shift
Rate”. As we have already said,
this was not done by Kurzweil but
was done by Panov who obtained
the following graphs as a result
(see Fig. 3).

At Figure 3 the right-hand

diagrame (3) depicts the
acceleration of the global macroevolution rate starting
from 4 billion BP, whereas the left-hand diagram (3b)
describes this for the human part of the Big History®.
Note immediately that Panov’s curve 3a is a mirror
image of Kurzweil’s “Countdown to Singularity”
graph (see Fig. 4).

However, the mathematical interpretation of Panov’s
graph is much easier and more straightforward. Note
that Panov himself denoted the variable plotted at
Y-axis as “Frequency of the phase transitions per

6 Note that the left-hand diagram was only presented by
Panov at the Academic Seminar of the State Astronomic Institute
in November 2003, whereas in his printed works he only
reproduces the right-hand diagram, using another visualization
of the global macrodevelopment acceleration for the whole of the
global history since 4 billion BP. On the other hand, the left-hand
diagram was reproduced in print by Akop Nazaretyan (2015a:
357;2018: 31) with reference to Panov.
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Fig. 3. The dynamics of the global macrodevelopment rate according to Panov (source: Nazaretyan 2018: 31, Fig.

3).

year”. However, it is quite clear that Panov’s “phase
transition” is a synonym of Kurzweil’s “paradigm
shift”, whereas “frequency of the phase transitions
per year” describes just “paradigm shift rate”, or
global evolutionary macrodevelopment rate. This
transformation makes it much easier to detect
rigorously the pattern of acceleration of the global
macrodevelopment rate.

Modis — Kurzweil time series: a mathematical
analysis

Below we will perform a mathematical analysis of
Kurzweil’s time series along the lines suggested by
Panov (though with some modifications of ours).

In addition to Kurzweil’s “Countdown to Singularity”

graph in single logarithmic scale presented above at
Fig. 1, Kurzweil publishes two other versions of this

Volume II Number 3  Fall 2018

graph in double logarithmic scale (see Figs. 5 and 6).

Though the time series presented in Fig. 5 looks for me
a bit more convincing than the one presented in Fig. 6,
I have decided to analyze the time series in Fig. 6 due
to the following reason. The point is that the source
of data for Fig. 5 remains entirely obscure; hence, [
do not see any way to reconstruct the respective time
series in such a detail that is necessary for its formal
mathematical analysis. There are no such problems
with the source of data for Fig. 6, as Kurzweil indicates
it very clearly. This is a paper by Theodore Modis “The
Limits of Complexity and Change” (2003) prepared
in its turn on the basis of his earlier article published
in the Technological Forecasting and Social Change
(2002). Fortunately, Modis provides all the necessary
dates in his articles, which makes it perfectly possible
to analyze this time series mathematically.
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Fig. 4. Comparison between Kurzweil’s “Countdown
to Singularity” and Panov’s graphic depiction of
the dynamics of the “frequency of global phase
transitions” (= global macroevolution rate)

We will start our analysis with the abovementioned
transformation, i.e. replace “time to next event” with
“paradigm shift rate” ~ “phase transition rate” ~
“macrodevelopment rate”. The result looks as follows

Journal of Big History

Countdown to Singularity

Logarthmic Plol

Fig. 5. The first log-log version of Kurzweil’s “Countdown to
Singularity” graph
Source: Kurzweil 2005: 17.

Canonical Milestones

Time Before Presenl (years

Fig. 6. The second log-log version of Kurzweil’s
“Countdown to Singularity” graph (= “Canonical
Milestones™) Source: Kurzweil 2005: 20.

(see Fig. 7).’

Applying the same technique (“Countdown to

7 See Fig. 6 above.
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Singularity”) as the one used by Kurweil for Fig. 1, we
would obtain for this time series the following graph

(see Fig. 8):8

image of the other

(see Fig. 9):
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See Fig. 6 above

At figure 9 we can see that one figure is an exact mirror
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It can be clearly seen that the curve in Fig. 7 (= Fig.
9a) is virtually the same as the hyperbolic one in
Fig. 2 representing the mathematical singularity. At
the next step let the X-axis represent the time before
the singularity (whereas the Y-axis will represent the
macrodevelopment rate) —and calculate the singularity

Andrey Korotayev

date by getting such a hyperbolic curve that would
describe our time series in the most accurate way. The
results of this analysis are presented in Fig. 10 (as has
been mentioned above, our mathematical analysis has
identified the Singularity date for this time series as

2029 CE).
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Fig. 10. Scatterplot of the phase transition points from the Modis — Kurzweil list with the fitted power-law
regression line (with a logarithmic scale for the Y-axis) — for the Singularity date identified as 2029 CE with the

least squares method.
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Below the same figure is presented in the double logarithmic scale (see Fig. 11).
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Fig. 11. Scatterplot of the phase transition points from the Modis — Kurzweil list with the fitted power-law
regression line (double logarithmic scale) — for the Singularity date identified as 2029 CE with the least squares

method.

Let us now analyze the results. As we see, Kurzweil
time series is described precisely with a mathematical
function of a type y k/x having an explicite
mathematical singularity that was decribed by Kurzweil
at pages 22-23 of his book — surprisingly without
understing of its relevance for the mathematical
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description of the “Countdown to Singularity” time
series presented by him just a few pages before (pp.
17-20). Indeed our power-law regression of the last
“Countdown to Singularity” time series has identified
the following best fit equation describing this time
series in an almost ideally accurate (R* = 0.999!) way:
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2,054

Y = 51,003 ° (1)
where y is the global macrodevelopment rate, x is the
time remaing till the singularity, and 2.054 and 1.003
are constants.

Note that the denominator’s exponent (1.003) turns
out to be only negligibly different from 1 (well within
the error margins); hence, there are all grounds to use
this equation in the following simplified form:
2,054
Com )
where y is the global macrodevelopment rate, x is the
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time remaing before the Singularity, and 2.054 is a
constant.

Thus we find out that the Kurweil data series is the best
described mathematically just by a simple hyperbolic
function of that very type that he presents at pages 22—
23, with the only difference that it has 2 (rather than 1)
in the numerator.’

Exponential and hyperbolic
global acceleration: a comparison
Let us stress again that the mathematical analysis
demonstrates rather rigorously that the development
acceleration pattern within Kurzweil’s series is
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Fig. 12. Scatterplot of the phase transition points from the Modis — Kurzweil list with fitted power-law/hyperbolic
and exponential regression lines: a) with a logarithmic scale for the Y-axis; b) double logarithmic scale. Solid
curves have been generated by the best-fit exponential model, whereas dashed curves have been generated by the

hyperbolic equation.
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9  Or, to be exact, 2.054.
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NOT exponential (as is claimed by Kurzweil), but
hyperexponential, or, to be more exact, hyperbolic
(see Fig. 12).

Let us recollect that, with a logarithmic scale for the
Y-axis, an exponential curve looks like a straight line
(whereas a hyperbolic line looks like an exponential
curve). On the other hand, in double logarithmic scale
the hyperbolic curve looks like a straight line, whereas
the exponential curve looks like aninversed exponential
line. Thus, Fig. 12 demonstrates how wrong Kurzweil
is when he claims that the megaevoluton has followed
the exponential acceleration pattern, indicating that
this pattern was not exponential but hyperbolic.

Formula of acceleration of the global
macroevolutionary development in the Modis —
Kurzweil time series

To make the model more transparent, it makes sence
to make a small transformation of Eq. (2). Let us
recollect that this is a slightly simplified version of Eq.
(1) that was used to generate the hyperbolic curves at
Fig. 12 above, and it looks as follows:
2,054
ST 2)

where y is the global macrodevelopment rate, x is the
time remaing before the singularity, and 2.054 is a
constant.

Of course, x (the time remaining till the singularity)
at the monment of time ¢ equals ¢* — ¢, where ¢* is the
time of singularity. Thus,

xX=t*-t
Hence, Eq. (2) can be re-written in the following way:
2,054
Ve = 3)

where y, is the global macrodevelopment rate at time
t, t* is the time of singularity, and 2.054 is a constant.
Finally, let us recollect that our least squares analysis
of the transformed Modis — Kurzweil series has
identified the singularity date as 2029 CE. Thus, Eq.
(3) can be further re-written in the following way:
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2,054

Yt = Z0z0-¢ (4)
Of course, in a more general form it should be written
as follows:

_ C
yt _ t —t (5)

where C and #* are constants.

Equation (4) generates curves that demonstrate an
extremely accurate fit with empirical estimates and
that are presented in fugures 13—15 below.

The curve generated by this extremely simple equation
describes in an unusually accurate way the planetary
macroevolution acceleration pattern at the scale of
billions of years (see Fig. 13).

However, if we “zoom in” Fig. 13 to see in more detail
the recent two billions of years, we will see that Eq. (4),
notwithstanding its extreme simplicity, turns out to be
as capable to describe rather accurately the planetary
macroevolution acceleration pattern (see Fig. 14).

If we zoom in further — to see in some detail the global
macroevelutionary development acceleration during
the last hundreds of thousands of years of Big History
(corresponding to the pre-history and history of the
humankind) we will see a similarly astonishingly
close fit between the curve generated by model (4) and
the empirical estimates of the global macroevolution
rate (see Fig. 15).

Finally, if we concentrate on the last millennia of the
“human history” phase of the Big History, we will see
that the same equation describes them as accurately
(see Fig. 16).

I would stress again that the curve accurately
describing the acceleration of human history after 10
BCE (Fig. 16) and the curve as accurately describing
the acceleration of planetary macroevolution before
the appearance of humans have been generated by the
same equation — the simplest Eq. (4).
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Fig. 13. Fit between the empirical estimates of the macrodevelopment rate and the theoretical curve generated by
the hyperbolic equation y, = 2.054/(2029-t), 10 billion BCE — 2000 CE, with a logarithmic scale for the Y-axis

As we see, a very simple hyperbolic equation y, =
2.054/(2029 — ¢) describes the general pattern of the
macrodevelopment rate acceleration observed up until
recently in an extremely accurate way for all the main
eras.

In fact, Model (4) has arather straightforward “physical
sense”. Indeed, let us calculate the macroevolution
rate around 200 years before the “Singularity” (that is
around 1829) using this equation in a further simplified
form (y,=2/(2029~1)):y 4,,=2/(2029 - 1829) =2/200 =

Volume II Number 3  Fall 2018

1/100. Thus, we arrive at the following result: “around
1800 CE a typical rate of global macroevolution was
about one macroevolutionary shift (e.g., Industrial
Revolution) per century” — that is macroevolution
around that time proceeded at the scale of centuries.

The same calculations for the time point about 2000
years before the Singularity (= before present) —
around 1 CE in 29 CE would yield the following
result: y,o = 2/(2029-29) = 2/2000 = 1/1000 — that is
macroevolutionary shifts (e.g. Axial Age revolution)
tended to happen at the scale of one per mellenium
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the hyperbolic equation y = 2.054/(2029-t), 2 billion — 2 200 000 BCE, with a logarithmic scale for the Y-axis

and the evolution proceeded at that time at the scale
of millennia. On the other hand, around 18 000 BCE
we would find that planetary macroevolution occurred
at the scale of tens of thousands of years, around
200 000 years before present (BP) — at the scale of
hundreds thousands of years (around one global phase
transition per 100 thousand years), around 2 million
BP — at the scale of millions of years, around 20
million BP — at the scale of tens of millions of years,
around 200 million BP — at the scale of hundreds of

Journal of Big History

millions of years, and around 2 billion BP — at the
scale of billions of years (that is, approximately one
planetary macroevolutionary phase transition per one
billion of years). In other words, with every decrease
of the time to present (= to the “Singulrity”’) by an
order of magnitude (from 2 billion BP to 200 million
BP, from 200 million BP to 20 million BP, from 20
million BP to 2 million BP, etc.) the rate of global
macroevolutionary development every time also
increased just by an order of magnitude. And for me
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such an acceleration pattern makes a perfect sense.

Note that algebraic equation of the type
_C
Ve = o p 5)
can be regarded as solution of the following differential

equation:

dy _y*

dt ¢, (6)
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(see, e.g., Korotayev, Malkov, Khaltourina 2006a:
118-120).

Thus, the acceleration pattern implied by Eq. (4) can
be spelled out as follows:

dy _ y* 2

2 ogw 0¥ (7)
Verbally, the overall pattern of acceleration of
planetary macroevolution that describes so accurately
the Modis — Kurzweil series of “complexity jumps”
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with model (4) / (5) can be spelled out as follows:
“the increase in macroevolutionary development
rate a times is accompanied by @’ increase in the
acceleration speed of this development rate; thus, a
twofold increase in macroevolutionary development
rate tends to be accompanied by a fourfold increase
in the acceleration speed of this development rate; an
increase in macroevolutionary development rate 10
times tended to accompanied by 100 times increase in
the acceleration speed of this development rate; and

Journal of Big History

soon...”.

Now, let us apply a similar methodology to analyze
mathematically the series of global macroevolutionary
“phase transition”/ “biospheric revolutions” compiled
by Alexander Panov (2005a, 2005b; see also Panov
2008, 2011, 2017)

However, before we do this I would like to analyze a
few points.
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Time series of Panov and Modis — Kurzweil:
an external comparative analysis

Alexander Panov and Theodore Modis compiled
their time series entirely independently of each other.
As suggest my personal communications with both
Panov and Modis, none of them knew that at almost
the same time' in another part of Europe another
person compiled a similar time series (Alexander
Panov worked in Moscow, whereas Theodore Modis
worked in Geneva). As we will see below, they relied
on entirely different sources and the resultant time
series turned out to be very far from being identical.
Indeed the Modis time series (2003) standing behind
Kurzweil’s “Canonical Milestones” graph (Kurzweil
2005: 20) looks as follows — we reproduce below
this time series as it was published in Modis’ essay
in the Futurist (2003), as it is this version of Modis’
series that is reproduced by Kurzweil and that has
been analyzed mathematically above; however, we
sometimes use fuller versions of the description of
some Modis “milestones” from his 2002 article in the
Technological Forecasting & Social Change:

(1) Origin of Milky Way, first stars — 70
billion years ago."

(2) Origin of life on Earth, formation of the
solar system and the Earth, oldest rocks —

4 billion years ago.
(3) First eukaryotes, invention of sex (by
microorganisms),  atmospheric  oxygen,

oldest photosynthetic plants, plate tectonics
established — 2 billion years ago.

10 Modis first presented his results in an article in
Technological Forecasting and Social Change (that Panov
only read in March 2018 after it was sent to him by me) in
2002, whereas Panov first presented his results next year at
the Academic Seminar of the State Astronomic Institute in
Moscow.

11 Actually, Modis starts with the “Big Bang”; however,
Kurzweil, quite reasonably, prefers to start with the origins
of the Milky Way.
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(4) First multicelluar life (sponges, seaweeds,
protozoans) — / billion years ago.

(5) Cambrian  explosion/invertebrates/
vertebrates, plants colonize land, first trees,
reptiles, insects, amphibians — 430 million
years ago.

(6) First mammals, first birds, first dinosaurs
— 210 million years ago.

(7) First flowering plants, oldest angiosperm
fossil — 139 million years ago.

(8) First primates/asteroid collision/mass
extinction (including dinosaurs) — 54.6
million years ago.

(9) First hominids, first humanoids — 28.5
million years ago.

(10) First orangutan, origin of proconsul —
16.5 million years ago.

(11) Chimpanzees and humans diverge,
earliest hominid bipedalism — 5./ million
years ago.

(12) First stone tools, first humans, Homo
erectus — 2.2 million years ago.

(13) Emergence of Homo sapiens — 555,000
years ago.

(14)  Domestication of fire/
heidelbergensis — 325,000 years ago.
(15) Differentiation of human DNA types —
200,000 years ago.

(16) Emergence of ‘“modern humans”/
earliest burial of the dead — 105,700 years
ago.

(17) Rock art/ptotowriting — 35,800 years
ago.

(18) Techniques for starting fire — 79,200
years ago.

(19) Invention of agriculture — 77,000 years
ago'.

Homo

12 A more popular version of Modis presentation (2003)
appears to contain a misprint indicating 19,200 years ago
as the date of the invention of agriculture. This misprint
is absent from the more academic version of Modis
presentation (2002), on which we rely at this point.
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(20) Discovery of the wheel/writing/
archaic empires/large civilizations/Egypt/
Mesopotamia — 4,907 years ago

(21) Democracy/city states/Greeks/Buddha
[~ Axial Age] — 2,437 years ago.

(22) Zero and decimals invented, Rome falls,
Moslem conquest — 1,440 years ago.

(23) Renaissance (printing press)/discovery
of New World/the scientific method — 539
years ago

(24) Industrial revolution (steam engine)/
political revolutions (French, USA) — 225
years ago.

(25) Modern  physics/radio/electricity/
automobile/airplane — 100 years ago.

(26) DNA structure described/transistor
invented/nuclear energy/ WWII/Cold War/
Sputnik — 50 years ago.

(27) Internet/human genome sequenced — 5
years ago.

* Note that Modis himself maintains rather
explicitely that ‘“present time is taken as
yvear 2000 (Modis 2003: 31). Indeed, this
makes good sense for “milestones” (24)—(27)
above. However, there are some indications
that Modis compiled first versions of his
milestone list a few years before 2000, and
appears not to have adjusted a few datings to
the 2000 present point in his 2003 publication.
Otherwise it is difficult to understand his
datings of milstones (20), (21), and (23).

Modis (2002: 393—401) indicates the following list of
sources he consulted to compile the time series above:
Barrow, Silk 1980; Burenhult 1993; Heidmann 1989;
Johanson, Edgar 1996; Sagan 1989; Schopf1991; to this
Modis also adds “Timeline of the Universe” (American
Museum of Natural History, Central Park West at 79th
Street, New York), Encyclopedia Britannica'?, “the web
site of the Educational Resources in Astronomy and

13 Without providing any exect references.
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Planetary Science (ERAPS), University of Arizona”'",
“Private communication, Paul D. Boyer, Biochemist.
Nobel Prize 1997. Dec 27, 20007, “a timeline for
major events in the history of life on earth as given by
David R. Nelson, Department of Biochemistry at the
University of Memphis, Tennessee” (http://drnelson.
utmem.edu/evolution2.html)

Panov relied on entirely different sources'® (see Table
1). As we see, there was not a single source consulted
by both Modis (2002, 2003) and Panov (2005a) when
they compiled their series of “canonical milestones /
biospheric revolutions.” Their reference lists are 100%
different. What is more, they mostly relied on sources
belonging to different scientific traditions.

Indeed, Modis relied exclusively on the works of
Western scientists published in English.'® In a striking
contrast with this, out of 30 references consulted by
Panov (2005a), 18 are works of Russian scientists
published in Russia; 9 are works of Western scientists

14 Without providing its URL.

15 At least when preparing his first list of “phase
transitions/biospheric revolutions” in Russian (Panov
2004, 2005a). Note that when preparing the publication of
his results in English Panov (2005b) added to his originally
overwhelmingly Russian bibliography 8 references in
English (Begun 2003, Carrol 1988; Jones 1994; Nazaretian
2003; A.H. 1975; A.P. 1975; J.B.W. 1975; T.K. 1975) and
1 reference in German (Jaspers 1955). One cannot exclude
that this might have affected some of Panov’s datings of
some of his “biospheric revolutions” (there are indeed
some slight difference in datings between Panov 2005a
and Panov 2005b). Note that these new references included
four articles in Encyclopedia Britanica, which made the
list of sources in Panov 2005b not as perfectly different for
Modis’ list as the list of sources in Panov 2005a (because
Modis also lists Encyclopedia Britanica among his list
of sources). So for the sake of “the purity of experiment”
we decided to rely for our calculations on Panov’s list of
“phase transitions” provided in his original publication
of his results in Russian (2005a) rather than in English
(2005b).

16 Though one of his sources (Heidmann 1989) is a translation
into English of a book originally written in French.
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“complexity jumps”

Table 1. Comparison of sources used by Modis (2002, 2003) and Panov (2005a) for the compilation of their
lists of phase transitions / “biospheric revolutions” / “canonical milestones” / “evolutionary turning points” /

Sources consulted by Theodore Modis for the
compilation of his phase transition list published in
Modis 2002, 2003

Sources consulted by Alexander Panov for the compilation
of his phase transition list published in Panov 2005a

(1) Barrow, Silk 1980;

(2) Burenhult 1993;

(3) Heidmann 1989;

(4) Johanson, Edgar 1996;

(5) Sagan 1989; (6) Schopf 1991;

to this Modis also adds

(7) “Timeline of the Universe” (American Museum
of Natural History, Central Park West at 79th Street,
New York),

(8) Encyclopedia Britannica,

(9) “the web site of the Educational Resources
in Astronomy and Planetary Science (ERAPS),
University of Arizona”, (10) “Private communication,
Paul D. Boyer, Biochemist. Nobel Prize 1997. Dec
27, 20007,

(11) “a timeline for major events in the history of life
on earth as given by David R. Nelson, Department
of Biochemistry at the University of Memphis,
Tennessee” (http://drnelson.utmem.edu/evolution?2.
html)

Works by Russian scientists published in Russian:

(1) Boriskovsky 1970, (2) Boriskovsky 1974a,

(3) Boriskovsky 1974b, (4) Boriskovsky 1978; (5)
Diakonov 1994; (6) Fedonkin, 2003; (7) Galimov 2001;
(8) Kapitza 1996b; (9) Keller 1975; (10) Lopatin 1983;
(11) Muratov, Vahrameev 1974; (12) Nazaretian 2004;
(13) Rozanov, 1986; (14) Rozanov 2003; (15) Rozanov,
Zavarzin 1997; (16) Shantser 1973; (17) Zavarzin 2003;
(18) Zaytsev 2001.

Works by Western scientists translated into Russian:

(1) Antiseri, Reale 2001; (2) Begun 2004; (3) Carrol
1992, (4) Carrol 1993a, (5) Carrol 1993b; (6) Foley 1990;
(7) Jaspers 1991; (8) Kring, Durda 2004; (9) Wong 2003.

Original publications of the works of Western scientists
in English:
(1) Alvarez et al. 1980; (2) Orgel 1998; (3) Wood 1992.

translated into Russian; and just 3 references are
original works of Western scientists in English.

Against this background, it is hardly surprising that
Panov’s list of phase transitions (2005a: 124-127;
2005b: 221) has turned out to be very far from identical
with the one of Modis'”:

17 The description of Panov’s phase transitions/ “biospheric
revolutions” have been taken from 2005 Panov’s presentation
of his findings in English (Panov 2005b: 221); however, the
datings of those phase transitions are from the earlier Russian
version (Panov 2005a); I indicate explicitely the difference
between those datings when it is observed. Note that for our
calculation below we have used the datings from Panov 2005a
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“0. The origin of life — 4 - 10° years ago. The biosphere
after its appearance was represented by nucleusless
procaryotes and existed the first 2-2.5 billion years
without any great shocks.

1. Neoproterozoic revolution (Oxygen crisis) — 1.5 -
10° years ago. Cyanobacteria had enriched the
atmosphere by oxygen that was a strong poison
for anaerobic procaryotes. Anaerobic procaryotes

(not Panov 2005b). In cases when Panov 2005a indicated time
ranges rather than exact time points, we have used middle values
for our calculations — for example, Panov (2005a) indicates as
the date of his “biospheric revolution 5” (“Hominoid revolution/
The beginning of the Neogene period”) 25-20 ¢ 10° years ago,
whereas for our calculations we use the intermediate value for
this time range (22.5 ¢ 10° years ago).
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started to die out and anaerobic procaryote
fauna was changed by an aerobic eucaryote and
multicellular one.

2. Cambrian explosion (The beginning of Paleozoic era) —
590-510 - 10° years ago's. All the modern phyla of
metazoa (including vertebrates) appeared during a
few of tens of million years. During the Paleozoic
era the terra firma was populated by life.

3. Reptiles revolution (The beginning of Mesozoic era) —
235 - 10° years ago. Almost all paleozoic Amphibia
died out. Reptiles became the leader of the evolution
on the terra firma.

4. Mammalia revolution (The beginning of the Cenozoic
era) — 66- 10° years ago. Dinosaurs died out.
Mammalia animals became the leader of the
evolution on the terra firma.

5. Hominoid revolution (The beginning of the Neogene
period) — 25-20 - 10° years ago'’. A big evolution
explosion of Hominoidae (apes). There were 14
genera of hominoidae between 22 and 17 millions
years ago — much more than now. The flora and
fauna became contemporary.

6. The beginning of Quaternary period (Anthropogene)
— 4.4 - 10° years ago®. The first primitive Homo
genus (hominidae) separated from hominoidae.

7. Palaeolithic revolution —2.0-1.6 - 10° years ago*'. Homo
habilis, the first stone implements.

8. The beginning of Chelles period — 0.7-0.6 - 10° years
ago®. Fire, Homo erectus.

9. The beginning of Acheulean period — 0.4 - 10° years
ago. Standardized symmetric stone implements.

10. The culture revolution of neanderthaler (Mustier
culture) — 150-100 - 10° years ago. Homo sapiens
neandertalensis. Fine stone implements, burial of
deadmen (a sign of primitive religions).

11. The Upper Palaeolithic revolution — 40 - 10° years
ago. Homo sapiens sapiens became the leader
of cultural evolution. Development of advanced
hunter instruments — spears, snares. Imitative art is
widespread.

18 570 - 10° years ago according to Panov 2005b.
19 24- 10° years ago according to Panov 2005b.

20 4-5 - 10° years ago according to Panov 2005b.
21 2-1.5 - 10° years ago according to Panov 2005b.
22 0.7  10° years ago according to Panov 2005b.
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12. Neolithic revolution — 12-9 - 10° years ago.
Appropriative economy [foraging] had been
replaced by productive economy [food production].

13. Urban revolution (the beginning of the Ancient world)
—4000-3000 B.C. Appearance of state formations,
written language and the first legal documents.

14. Imperial antiquity, Iron age, the revolution of the
Axial time — 800-500 B.C.”. The appearance of
a new type of state formations — empires, and a
culture revolution. New kinds of thinkers such as
Zaratushtra, Socrates, Budda, and others.

15. The beginning of the Middle Ages — 400-630 CE.*
Disintegration of Western Roman Empire,
widespread Christianity and Islam, domination of
feudal economy.

16. The beginning of the New Time [Modern Period],
the first industrial revolution — 1450-1550 CE?*
Appearing of manufacture, printing of books, the
New time culture revolution etc.

17. The second industrial revolution (steam and electricity)
—1830-1840%. Appearance of mechanized industry,
the beginning of globalization in the information
field (telegraph was invented in 1831), etc.

18. Information revolution, the beginning of the
postindustrial epoch — 1950. The main part of
population of industrial countries work in the field
of information production and utilization or in the
service field, not in the material production”.

In his Russian 2005 publication (Panov 2005a: 127),
Panov adds to these “Phase Transition 19. Crisis
and Collapse of the Communist Block, Information
Globalization — 1991 CE”. The respective datapoint
is not found in diagrams below, but it has been used
to estimate the macroevolutinary development rate for
the previous datapoint (#18).

Against the background of the above discussed radical
difference in the source base of Modis and Panov and
the total independence of their research activities, it is
hardly surprising to see that Panov’s list of “biospheric
revolutions” differs from the Modis — Kurzweil series

23 750 B.C. according to Panov 2005b.
24 A.D. 500 according to Panov 2005b.
25 A.D. 1500 according to Panov 2005b.
26 1830 according to Panov 2005b.
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of “canonical milestones” in many rather significant
ways:

1) Modis — Kurzweil list contains 27 “canonical
milestones”, whereas Panov’s series only
includes 20 “biospheric revolutions”. Thus, at
least 7 Modis — Kurzweil milestones have no
parallels in the Panov series.

2) There is just one “milestone” for which both Modis
and Panov have more or less exactly the same
name and date (Modis — Kurzweil 2 = Panov
0). There is also one milestone (Modis —
Kurzweil 26 = Panov 18), to which Modis and
Panov give the same date, while giving to it
totally different names.

3) There are a few milestones to which Modis and
Panov give distantly similar names and roughly
(but not exactly) similar dates (for example,
Modis — Kurzweil 23 = Panov 16; Modis —
Kurzweil 19 = Panov 12; Modis — Kurzweil 17
~ Panov 11; Modis — Kurzweil 9 = Panov 5).
In one case Modis and Panov give to the same
milestone (Modis — Kurzweil 5 ~ Panov 2) the
same name, but rather different dates.

4) However, for very substantial parts of those series
the correlation beween them looks very distant
indeed. For example, for the period between
400 million years ago and 150,000 years ago
this correlation looks as follows (see Table 2
on the next page)

As one can see for a major part of the planetary history
(between the Cambrian explosion and the formation
of Homo sapiens sapiens) the correlation between
the two series is really weak; they look as really
independent (and rather different) series.

Panov time series: a mathematical analysis
Now, knowing all this, let us analyze Panov’s time

series the same way we have analyzed above the
Modis — Kurzweil list of “canonical milestones”. The
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results of such an analysis look as follows (see Fig. 17
below).

In the double logarithmic scale the fit between the
power-lower model y = 1,886/x%! (where x denotes
number of years before the singularity point defined as
2027 CE) and the empirical estimates of Panov look
as follows (see Fig. 18 below),

Actually, I expected that the equation best describing
the Panov series should look fairly similar to the one
best describing the Modis — Kurzweil one; but, to tell
the truth, I did not expect that they would look SO
SIMILAR (especially, keeping in mind that Modis
and Panov relied on totally different sources, and that
the resultant lists of “canonical milestones” were very
far from being identical).

However, the resultant equations turned out to be
EXTREMELY similar (this is especially striking
taking into consideration the point that neither Modis,
nor Panov tried to approximate their time series with
Eq. (10)). Indeed, in the unsimplified form the power-
law equation best describing the acceleration pattern
in the Modis — Kurzweil series looks as follows (see
Fig. 10 above):

2,054

" (2029-t)1,003 (8)
where, letusrecollect, yisthe global macrodevelopment
rate (number of phase transitions per a unit of time),
and 2029 CE is the best-fit singularity point estimate.

In the meantime, the power-law equation best
describing the acceleration pattern in the Panov
(2005a) series looks as follows (see Fig. 18 above):
1,886
 (2027—-p)101 " )
In general form, the respective equation looks as
follows:

. B
Y =w—or" (10)
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years ago and 150,000 years ago

Table 2. Correlation between the phase transition lists of Modis and Panov for the period between 400 million

Modis — Kurzweil series

Panov (2005a) series

(6) First mammals, first birds, first dinosaurs —
210 million years ago.

(7) First flowering plants, oldest angiosperm
fossil — 139 million years ago.

(8) First primates/asteroid collision/mass
extinction (including dinosaurs) — 54.6 million
years ago.
(9) First hominids, first humanoids — 28.5 million
years ago.

(10) First orangutan, origin of proconsul — /6.5
million years ago.

(11) Chimpanzees and humans diverge, earliest
hominid bipedalism — 5.1 million years ago.

(12) First stone tools, first humans, Homo erectus
— 2.2 million years ago.

(13) Emergence of Homo sapiens — 555,000
years ago.

(14) Domestication of fire / Homo heidelbergensis
— 325,000 years ago.

(15) Differentiation of human DNA types —
200,000 years ago.

(3) Reptiles revolution (The beginning of Mesozoic
era) — 235 million years ago.

(4) Mammalia revolution (The beginning of the
Cenozoic era). Dinosaurs died out. Mammalia
animals became the leader of the evolution on the
terra firma. — 66 million years ago.-

(5) Hominoid revolution (The beginning of the
Neogene period). A big evolution explosion of
Hominoidae (apes) — 22.5 million years ago.

(6) The beginning of Quaternary period
(Anthropogene) / The first primitive Homo genus
(hominidae) separated from hominoidae — 4.4 million
years ago.

(7) Palaeolithic revolution / Homo habilis, the first
stone implements — .8 million years ago.

(8) The beginning of Chelles period — 650,000
years ago. Fire, Homo erectus.

(9) The beginning of Acheulean period.
Standardized symmetric stone implements.— 400,000
years ago.

This equation has 3 parameters — C, *, and . Note
that all the three parameters turn out to be extremely
close for both Modis — Kurzweil and Panov.

Formulas of the acceleration of global
macroevolutionary development

in Panov amd Modis — Kurzweil series:
a comparison

Indeed, the comparison of the best-fit power-law
equations for both series yields the following results
(see Table 3 on page 97).

Actually, for me the most impressive result was not

even that the singularity (¢*) parameters for both
regressions have turned out to be so close (just 2 year

Journal of Big History

difference!). For me, an even more impressive point
is that exponent  in both cases has turned out to be
so close to 1, which, incidentally, allows to reduce an
already very simple power-law Eq. (10)

. C
Y= w-0F" (10)
to an even simpler hyperbolic Eq. (5):
_C
Ve = (5)

Even the third parameter in Eq. (10) also turns our to
very similar for both Modis — Kurzweil (C = 2.1) and
Panov (C=1.9).

A special remark should be said about the extremely
close fit that theoretical curves generated by the
extremely simple equations of (5) type demonstrate
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Fig. 17. Scatterplot of the phase transition points from Panov’s list with the fitted power-law regression line (with
a logarithmic scale for the Y-axis) — for the Singularity date identified as 2027 CE with the least squares method.

with both Modis — Kurzweil and Panov series. With
respect to Modis — Kurzweil Eq. (5) describes 99,89%
of all the variation of planetary macroevolution
development rate in the period of a few billion of years,
whereas for Panov this fit reaches whopping 99,91% —
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on the other hand, the extreme closeness of R? values
for both regressions (just a 0.02% difference!) is rather
impressive in itself (I would stress again that this looks
especially impressive taking into consideration the
fact that neither Modis, nor Panov tried to approximate
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Table 3.

best fit with the Modis — Kurzweil series

The power-law equation of type (10) demonstrating the

The power-law equation of type (10) demonstrating
the best fit with the Panov series

. 2,054
Y = Zozo—proes > (8), R?=10.9989

1,886

Y= ozr—pwor - (9), R2=0.9991

their time series with equations (5) or (10)).

Needless to say, that the differential acceleration
pattern for Panov also turns out to be very close to
Modis — Kurzweil.

Indeed, as we have already mentioned, there are
sufficient grounds to simplify Eq. (9)

_ 1,886
Y= (2027—-t)101 ° )
to the simple hyperbolic version (11)
19
T 2027-t (1D

As we remember, such an algebraic equation can be
regarded as a solution of the following differential
equation that is very similar to the one that we obtained
above for the Modis — Kurzweil series:

dy _ y* _ 7

g g Ay (12)
Thus, the overall pattern of acceleration of planetary
macroevolution that describes so accurately the
Panov series of “biospheric revolutions” turns out
to be virtually identical with the one that we have
detected above for the Modis — Kurzweil series:
“the increase in macroevolutionary development
rate a times is accompanied by «* increase in the
acceleration speed of this development rate; thus, a
twofold increase in macroevolutionary development
rate tends to be accompanied by a fourfold increase
in the acceleration speed of this development rate; an
increase in macroevolutionary development rate 10
times tended to accompanied by 100 times increase in
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the acceleration speed of this development rate; and
soon...”.

To my mind, all these indicate the existence of
sufficiently rigorous global macroevolutionary
regularities (describing the evolution of complexity
on our planet for a few billion of years), which can be
surprisingly accurately described by extremely simple
mathematical functions.

A striking discovery of Heinz von Foerster

It appears appropriate to recollect at this point that in
their famous article published in the journal Science
in 1960 von Foerster, Mora, and Amiot presented their
results of the analysis of the world population growth
pattern. They showed that between 1 and 1958 CE the
world with population (N) dynamics can be described
in an extremely accurate way with the following
astonishingly simple equation:

=— >
B il (13)
where N, is the world population at time 7, and C and
t* are constants, with #* corresponding to the so called
,demographic singularity*. Parameter * was estimated
by von Foerster and his colleagues as 2026.87, which
corresponds to November 13, 2026; this made it
possible for them to supply their article with a public-
relations masterpiece title — ,,Doomsday: Friday, 13
November, A.D. 2026 (von Foerster, Mora, Amiot
1960). Note that von Foerster and his colleagues
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detected the hyperbolic pattern of world population
growth for 1 CE —1958 CE; later it was shown that this
pattern continued for a few years after 1958, and also
that it can be traced for many millennia BCE (Kapitza
1996a, 1996b, 1999; Kremer 1993; Tsirel 2004;
Podlazov 2000, 2001, 2002; Korotayev, Malkov,
Khaltourina 2006a, 2006b). In fact Kremer (1993)
claims that this pattern is traced since 1 000 000 BP,
whereas Kapitza (1996a, 1996b, 2003, 2006, 2010)
even insists that it can be found since 4 000 000 BP.

It is difficult not to see that the world population
growth acceleration pattern detected by von Foerster
in the empirical data on the world population
dynamics between 1 and 1958 turns out to be virtually
identical with the one that has been detected above
with respect to both Modis — Kurzweil and Panov
series describing the planetary macroevolutionary
development acceleration. Note that the power-law
regression has yielded for all the three series the value
of exponent B being extremely close to 1 (1.003 for
the Modis — Kurzweil series, 1.01 for Panov, and 0.99
for von Foerster).

However, the resultant proximity of parameter #* (that
is just the singularity time point) estimates is also
really impressive (the power-law regression suggests
2029 for the Modis — Kurzweil series, 2027 for Panov
series, and just the same 2027 for von Foerster series?’).
We have already mentioned that, as was the case with
equations (8) and (9) above, in von Foerster’s Eq. (13)

27 Note that the power-law regression that produced this
value for the world populations series had been performed
more than 50 years before a similar regression produced
the same value of #* for the Panov series (actually, the first
regression was performed before the birth of the author
of the present article). Still I would not take too seriously
such astonishingly similar values of #* parameter produced
by different power-law regressions for very different time
series in very different years; of course, there is a very high
degree of coincidence here. In any case, as we will see
below, there are no grounds at all to expect anything like
Doomsday on Friday, November 13, A.D. 2026...

Journal of Big History

the denominator’s exponent (0.99) turns out to be
only negligibly different from 1, and as was already
suggested by von Hoerner (1975) and Kapitza (1992,
1999), it can be written more succinctly as

e (14)

t¥*—t

As we see the resultant equation turns out to be
entirely identical with Eq. (5) above that described so
accurately the overall planetary macrodevelopment
acceleration pattern since at list 4 billion years ago.
Note that Eq. (14) has turned out to be as capable
to describe in an extremely accurate way the world
population dynamics (up to the early 1970s), as
Eq. (5) is capable to describe the overall pattern of
macredevopment acceleration (at least between
4 billion BCE and the present). We will show just an
example of such a fit.

t

Let us take Eq. (14). Now replace #* with 2027 (that
is the result of just rounding of von Foester’s number,
2026.87), and replace C with 215000.%® This gives us
a version of von Foerster — von Hoerner — Kapitza Eq.
(14) with certain parameters:

N, = 215000 . (5]

2027 —t

The overall correlation between the curve generated
by von Foersters equation and the most detailed series
of empirical estimates looks as follows (see Fig. 19).

As we see, indeed, Eq. (14) has turned out to be as
capable to describe in an extremely accurate way the
world population dynamics (up to the early 1970s),
as Eq. (5) is capable to describe the overall pattern of
global macredevopment acceleration.

In the Big History context it is definitely of great
significance that Eq. (5) describing the global
acceleration of the macroevolutionary development
rates and Eq. (14) describing the world population

28 Note that all the calculations below of the world
population are conducted in millions. Note also that the
value of parameter C used by us is a bit different from the
one used by von Foerster.

Page 100



growth are entirely identical. What is more, both
empirical and mathematical analyses indicate that
there a rather deep substantial connection between
those two equations, that they describe two different
aspects of the same global macroevolutionary process
(see Appendix 1 below).

On the formula of acceleration of the global
evolutionary development

I must say that I had serious doubts when I first got
across calculations of Panov and Modis (and I am not
surprised that most historians get very similar doubts
when they see their works). I have lots of complaints
regarding the accuracy of many of their descriptions
of their “canonical milestones”, their selection,
and their datings. I have only started taking their
calcualtions seriously, when I analyzed myself the two
respective time series compiled (as we 455

Andrey Korotayev

years could be described by a single hyperbolic
equation quite accurately, because our earlier research
found that both biological and social macroevolution
could be described by rather similar simple hyperbolic
equations (Korotayev 2005, 2006a, 2006b, 2007a,
2007b,2008,2009,2012,2013; Korotayev, Khaltourina
2006; Khaktourina et al. 2006; Korotayev, Malkov,
Khaltourina 2006a, 2006b; Markov, Korotayev 2007,
2008, 2009; Markov, Anisimov, Korotayev 2010;
Korotayev, S. Malkov 2012; Korotayev, Markov
2014, 2015; Grinin, Markov, Korotayev 2013, 2014;
2015; Korotayev, A. Malkov 2016; Zinkina, Shulgin,
Korotayev 2016; Korotayev, Zinkina 2017), but I

Fig. 19. Correlation between Empirical Estimates of
World Population (in millions, 1000 — 1970) and the
Curve

Generated by von Foerster‘s Equation (15)

have seen above) entirely independently
by two independenly working scientists
using entirely different sources with a
mathematical model not applied to their
analysis either by Modis or by Panov,
and found out that they are described in
an extremely accurate way by an almost
identical ~ mathematical  hyperbolic
function — suggesting the actual
presence of a rather simple hyperbolic
planetary macroevolution acceleration
pattern observed in the Earth for the
last 4 billion years. This impression
became even stronger when the equation
describing the planetary macroevolution
acceleration pattern turned out to be
identical with the equation that was 5

3000

2000

1000 «

found by Heinz von Foerster in 1960 to 1000
describe in an extremely accurate way

the global population growth acceleration pattern
between 1 and 1958 CE.

I had some grounds to expect that the planetary
macroevolutionary acceleration in the last 4 billion
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1200 1400 1600 1800 2000
NOTE: black markers correspond to empirical

estimates of the world population by McEvedy and
Jones (1978) for 1000-1950 and UN Population
Division (2018) for 1950-1970. The grey curve has
been generated by von Foerster‘s Eq. (15). R*>=0.996.
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must say that even I was really astonished to find such
a close fit.

To my mind, all these indicate the existence of
sufficiently rigorous global macroevolutionary
regularities (describing the evolution of complexity
on our planet for a few billion of years), which can be
surprisingly accurately described by extremely simple
mathematical functions, as well as the presence of
a global planetary macroevolutionary development
acceleration pattern described by a very simple
equation:

y _ y*

dt €y (6)
where C| is a parameter in the following hyperbolic
equation:

_ G
Ye = vp (5)

where ¢* is the singularity date.

It is also not without interest that the singularity
dates in all the three (rather different) cases under
consideration have turned out to be almost entirely
identical (2029 CE for Modis — Kurzweil, and 2027
CE for both Panov and von Foerster).

Toward the Singularity interpretation.
The place of the Singularity in the Big History
and global evolution

But how seriously should we take the prediction of
“singularity” contained in such mathematical models?
Should we really expect with Kurzweil that around
2029 we should deal with a few order of magnitude
acceleration of the technological growth (indeed,
predicted by Eq. (4) if we take it literally??)?

I do not think so. This is suggested, for example,
by the empirical data on the world population

29 This is done, for example, by Nazaretyan (2015a,
2018).
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dynamics. As we remember, the global population
growth acceleration pattern discovered by Heinz von
Foerster is identical with planetary macroevolutionary
acceleration patterns of Modis — Kurzweil and Panov,
and it is characterized by the singularity parameter
(2027 CE) that is simply identical for Panov and
has just 2 year difference with Modis — Kurzweil.
However, what are the grounds to expect that by
Friday, November 13, A.D. 2026 the world population
growth rate will increase by a few orders of magnitude
as is implied by von Foerster equation? The answer
to this question is very clear. There are no grounds to
expect this at all. Indeed, as we showed quite time ago,
“von Foerster and his colleagues did not imply that the
world population on [November 13, A.D. 2026] could
actually become infinite. The real implication was that
the world population growth pattern that was followed
for many centuries prior to 1960 was about to come
to an end and be transformed into a radically different
pattern. Note that this prediction began to be fulfilled
only in a few years after the “Doomsday” paper was
published” (Korotayev 2008: 154).

Indeed, starting from the early 1970s the world
population growth curve began to diverge more
and more from the almost ideal hyperbolic shape it
had before (see Figs. 19 and 20) (see, e.g., Kapitza
2003, 2006, 2007, 2010; Livi-Bacci 2012; Korotayev,
Malkov, Khaltourina 2006a, 2006b; Korotayev,
Goldstone, Zinkina 2015; Grinin, Korotayev 2015;
UN Population Division 2018), and in recent decades
it has been taken more and more clearly logistic chape
— the trend towards hyperbolic acceleration has been
clearly replaced with the logistic slow-down (see Fig.
20).

In some respect, it may be said that von Foerster did
discover the singularity of the human demographic
history; it may be said that he detected that the human
World System was approaching the singular period in
its history when the hyperbolic accelerating trend that
it had been following for a few millennia (and even
a few millions of years according to some) would
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be replaced with an opposite decelerating trend. The
process of this trend reversal has been studied very
thoroughly by now (see, e.g., Vishnevsky 1976, 2005;
Chesnais 1992; Caldwell et al. 2006; Khaltorina et al.
2006; Korotayev, Malkov, Khaltourina 2006a, 2006b;
Korotayev 2009; Gould 2009; Dyson 2010; Reher
2011; Livi-Bacci 2012; Choi 2016; Podlazov 2017)
and is known as the “global demographic transition”
(Kapitza 1999, 2003, 2006, 2010; Podlazov 2017).
Note that in case of global demographic evolution
the transition from the hyperbolic acceleration to
logistic deceleration started a few decades before
the singularity point mathematically detected by von
Foerster.

12

Andrey Korotayev

There are all grounds to maintain that the deceleration
of planetary macroevolutionary development has also
already begun — and it started a few decades before
the singularity time points detected both in Modis —
Kurzweil and Panov.

So, how seriously should we take the prediction of
“singularity” contained in hyperbolic mathematical
models? For example, could we really use the point

Fig. 20. World population dynamics (billions),
empirical estimates of the UN Population Division for
19502015 with its middle forecast till 2100

Source: UN Population Division 2018.
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that our analysis of the Modis — Kurzweil time series
reveals a singularity around 2029 CE as an indication
to expect that around this time the transition to Big
History Threshold 9 could actually start?

Notethatsomebighistorians take such “mathematically
grounded” predictions rather seriously. The most
prominent among them is Akop Nazaretyan. In his
article with a symptomatic title “Megahistory and Its
Mysterious Singularity” in the Russian Academy of
Sciences flagship journal he maintains the following:

“The solar system formed about 4.6 billion years
ago, and the very first signs of life on Earth date
back to 4 billion years. Thus, our planet became one
of the (most likely, numerous) points on which the
subsequent evolution of the metagalaxy was localized.
Although its acceleration was noted long ago, a
new circumstance has been discovered of late. The
Australianeconomistand global historian G.D. Snooks,
the Russian physicist A.D. Panov, and the American
mathematician R. Kurzweil compared independently,
proceeding from different sources and using different
mathematical apparatuses, the time intervals between
global phase transitions in biological, presocial, and
social evolutions (Panov 2005a, 2008; Kurzweil
2005; Snooks 1996; Weinberg 1977). Calculations
show that these periods decreased according to a
strictly decreasing geometrical progression; in other
words, the acceleration of evolution on the Earth
followed a logarithmic law” (Nazaretyan 2015: 356).
Furthermore, in his article in the recent issue of the
Journal of Globalization Studies he goes on to claim
that:

“having extrapolated the hyperbolic curve into
the future, the researchers have come to a nearly
unanimous (ignoring the individual interpretations)
and even more striking result: around the mid 21*
century, the hyperbole turns into a vertical. That is, the
speed of the evolutionary processes tends to infinity,
and the time intervals between new phase transitions
vanish” (Nazaretyan 2017: 32; see also Nazaretyan
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2015a: 357).

As we see, Nazaretyan does use the mathematical
calculations of the singularity point for the global
evolutionary hyperbola to predict the possible timing
of Threshold 9 (that according to him should be
much more profound than preceding Thresholds
7 (“Agricultural Revolution”) and 8 (“Modern
Revolution”).

However, do the calculations presented by Panov
in 2003-2005, or by us above, really give grounds
to expect “the Singularity”/onset of Big History
Threshold 9 between 2029 and 2050 CE? I do not
think so.

In fact, as we can see, our paper appears to be the
first attempt to “extrapolate the line of the hyperbolic
acceleration to the future’. Contra Nazaretyan, such
an attempt was not undertaken by Donald Snooks
(1996), who did not try to calculate any mathematical
singularities. No formal attempts to “extrapolate the
line of the hyperbolic acceleration to the future” using
any mathematical techniques have been undertaken
by Ray Kurzweil — at least because he seems to be
still sure that he is dealing with exponential (but
not hyperbolic) acceleration. Thus, almost the only
person who (before us) has conducted any attempts
to calculate mathematically the singularity time for
the line of the acceleration of the planetary evolution
appears to be Alexander Panov (2005a, 2005b) —
though in some respects this can be also said about
Sergey Grinchenko (2001, 2004, 2006a, 2006b etc.),
Theodore Modis (2002, 2003), and David LePoire
(2013, 2015).

Panov’s technique was somehow different from
the “extrapolation of the line of the hyperbolic
acceleration to the future” (this was rather the

30 While demonstrating that the resultant singularity
should be interpreted as an indication of an inflection
point, after which the pace of global evolution will begin
to slow down systematically in the long term.
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technique applied by us), but, no doubt, Panov has
applied a rather rigorous mathematical technique to
identify the Singularity of the planetary evolution.
But what was the result of these calculations? After
Panov applied his mathematical analysis to the time
series starting from Phase Transition 0 (Emergence
of the life on the Earth, =~ 4 billion BP) to Phase
Transition 19 (“Crisis and collapse of the Communist
Block, information globalization™), he found that the
mathematical singularity point for this time series is
in no way situated somewhere “around the mid 21*
century” as is claimed by Nazaretyan, but in 2004
CE?! (Panov 2005a: 130; 2005b: 222). Nazaretyan
has even happened to miss that soon after detecting
this singularity point, Panov got involved in the
study of the processes of the slow-down of the global
technological-scientific growth (Panov 2009, 2013).

As LePoire puts it, “Big History trends of accelerating
change and complexity with related increases in
energy use may not be sustainable. The indications
of potential slowdown in the rate of change in
economies, technology, and social response were
investigated. This is not to say that change will stop,
just the rate of change will not accelerate. In fact,
at the inflection point in a logistic learning curve
only half of the discoveries have been made. Since
there were three major phases in life, human, and
technological civilization®, the continuation of the
logistic curve would suggest three more phases®.
The direction of the development of technologies
points to the next phase including enhanced human
technology through advanced biotech and computer
integration... A rapid change is not necessarily good.

31 Incidentally, this is very close to the singularity of
2005 CE that we detected earliear for Maddison (2001)
series of the world GDP estimates (Korotayev, Malkov,
Khaltourina 2006a, 2006b; Korotayev, Malkov 2016),
and that was detected even much earlier for the same date
by Rein Taagepera (1976) in the world GDP estimates
available to him by that time.

32 This roughly corresponds to Big History Threshoholds
5, 6, and 8.

33 And, thus, at least three more Big History Thresholds.
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It tends to push systems away from efficiency because
there are little long-term expectations...” (LePoire
2013: 115-116). As major factors of the starting
deceleration LePoire names “higher costs of energy
and limited natural resources, the diminished rate of
fundamental discovery in physical sciences, and the
need for investment in environmental maintenance”
(LePoire 2013: 109).

NotethatModis(2002,2003,2005,2012)alsointerprete
the maximum acceleration of the complexity growth
rate that he detects around 2000 CE as an inflexion
point after which we will deal with the deceleration
of the global complexity growth rate. In fact, the
earliest known to me attempt to detect mathematically
a singularity in a series of what Modis would call
“canonical milestones” of planetary evolution** was
undertaken in 2001 (thus, just a year before Modis’
seminal article in the 7echnological Forecasting
and Social Change) by Sergey Grinchenko (see
Grinchenko 2001; see also Grinchenko 2004, 2006a,
2006b; 2007, 2011, 2015; Grinchenko, Shchapova
2010, 2016, 2017a, 2017b; Shchapova, Grinchenko
2017); the singularity point was detected by him
mathematically® as 1981 CE, whereas the subsequent
period was interpreted by Grinchenko as a period of
deceleration of the “metaevolution rate”. Note that
this correlates very well with our detection of 1973
CE as an inflection point, after which the hyperbolic
acceleration of the world population growth (as well

34 The earliest attempt to detect mathematically the
singularity on the basis of data from the human history
seems to have been undertaken in 1909 by Henry Adams
who found it for year 1921 according to one version of
calculations, and, according to the second version of his
calculatons — for 2025 CE (Adams 1969 [1909]: 308) —
incidentally not so far at all from 2027 CE detected by

Heinz von Foerster in 1960, and by us in the Panov series

just above...

35 Note that for the detection of the singularity in his series
Grinchenko applied a methodology that was somehow
different from the methodologies used either by Panov or
by me above.
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as the quadratic hyperbolic acceleration of the world
GDP growth) started to be replaced in the long term
by the opposite deceleration trend (Korotayev 2006a;
Korotayev et al. 2010; Korotayev, Bogevolnov
2010; Akaev et al. 2014; Sadovnichy et al. 2014;
Korotayev, Bilyuga 2016). This is well supported by
the growing body of evidence suggesting the start
of the long term deceleration of the global techo-
scientific and economic growth rates in the recent
decades (see, e.g., Krylov 1999, 2002, 2007; Huebner
2005, Khaltourina, Korotayev 2007; Maddison 2007,
Korotayev, Bogevolnov, 2010; Korotayev et al. 2010;
Modis 2002, 2005, 2012; Akaev 2010; Gordon 2012;
Teulings and Baldwin 2014; Piketty 2014; LePoire
2005, 2009, 2013, 2015; Korotayev, Bilyuga 2016;
Popovi¢ 2018 etc.).

Conclusion

Thustheanalysisaboveappearstoindicate the existence
of sufficiently rigorous global macroevolutionary
regularities (describing the evolution of complexity
on our planet for a few billion of years), which can
be surprisingly accurately described by extremely
simple mathematical functions. At the same time this
analysis suggests that in the region of the singularity
point there is no reason, after Kurzweil, to expect
an unprecedented (many orders of magnitude)
acceleration of the rates of technological development.
There are more grounds for interpreting this point as
an indication of an inflection point, after which the
pace of global evolution will begin to slow down
systematically in the long term.

Appendices*®

Appendix 1. Relationship between the pattern of
the planetary complexity growth and the equation
of the world population hyperbolic growth

36 1would like to express my deep gratitude to Sergey Shulgin
and Alexey Fomin for their invaluable help with the calculations
contained in Appendices 1 and 2.
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As we could see above, the pattern of the acceleration
of the planetary complexity growth (5) has turned out
to be virtually identical with the equation discovered by
von Foerster et al. (1960) to describe almost perfectly
the hyperbolic growth of the global population (14).
Indeed, as regards the Panov series, the equation
describing the acceleration of the planetary complexity
growth looks as follows (cf. formula (11) above):
_ G
Yt = S027-¢ (16)
It 1s not difficult to see that this formula is virtually
identical with the law of the hyperbolic growth of the
Earth population discovered by von Foerster well in
1960 (see Eq. (15) above and below):
— C2
Ne = 2027—¢t (15)
It is easy to see that these two equations only differ with
respect to the value of parameter C in the enumerator.

Note, however, that this acceleration pattern is not
trivial at all. In the meantime, it appears important to
notethat, notwithstanging some fundamental similarity,
the pattern of the planetary macroevolutionary
acceleration (that can be traced in the Panov and
Modis — Kurzweil series) differs substantially from
the pattern discovered by von Foerster with respect to
the world population growth.

The point is that y of Eq. (16) is the global complexity
growth rate, that is why equation y = C /2027~ does
not describe the growth of the global complexity;
it describe precisely the increase in the global
complexity growth rate. And, that is why y of Eq. (16)
does not correspond to the world population (V) of Eq.
(15); it corresponds to the world population growth
rate; whereas the equation describing the growth of
the world population (N) differs substantially from
the equation describing the dynamics of the world
population growth rate (dN/dt).

Indeed, as we remember, algebraic equation of type
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_C
Ve = =t (5)
can be regarded as the solution of differential equation
of type

dy _y*

kG (6)
Thus, if the world population grows according to the
following law: N = C,/r*-t (14), its growth rate will
follow a rather different law:

dN _ N?

& (17)
On the other hand, substituting N with C/t* —t in dN/
dt = N*/C we get

dN C c? C

— = )2' — = ==
dt =t (t*-0)2" (AT
Thus, the world population grows®” following the

simple hyperbolic law

C:2

2027-t (15)
whereas the world population growth rate increases
following the quadratic hyperbolic law:

dN C,

dt  (2027-t)%° (18)
Compare this now with equations describing the
growth of global complexity. Let us (with Fomin
(2018) and Panov (2004, 2005a, 2005b)) denote global
complexity level as n.*® With such an approach, the
abovementioned variable y may be denoted as dn/dt.
As we remember, the global complexity growth rate
(v = dn/df) increases in the Panov series® following
the law that is substantially different from the equation
describing the dynamics of the world population
growth rate (18):

N, =

37 Or, to be more exact, it grew this way till the early 1970s.

38 Note that within this perspective the level of planetary
complexity at a given time will be calculated by the number
(n) of “biospheric revolutions” (according to Panov — Fomin)
or “complexity jumps” (according to Modis) — based on the
assumption that every “complexity jump” adds to the present n
one more level of complexity.

39 Note, however, that within the Modis — Kurzweil series the
global complexity growth rate increases following the same law
(with a slightly different values of parameters C, and *).
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dn (4

Y =3t = 2027-¢ (11)

Note that the solution of differential Eq. (11) looks as
follows:

n,=A-—C,-In(2027 - ¢t), (19)
where A4 is a constant®.

Thus, the growth of planetary complexity (n) follows
the law that is rather different from the one followed by
the world population () growth (see Table 4 above).

As we see, the world population (N) grew (until
the early 1970s) following a simple hyperbolic law
(N, = C/r* — 1), whereas the global complexity was
increasing following a logarithmic hyperbolic law (n,
= const — C'In(* — 1)).

On the other hand, the world population growth rate
(dN/dt) changed (until the early 1970s) following
a QUADRATIC hyperbolic law (dN/dt = C/(t*—t)?),
whereas the global complexity growth rate was
increasing following a SIMPLE hyperbolic law (dn/
dt = C/t*—t).

Nevertheless, the question remains — is this a
coincidence that (until the early 1970s) the global
complexity growth RATE (dn/dt) in the Panov series
and the world population (N) were increasing following
the same law: x, = C/2027—¢? Note that calculations
performed by Alexey Fomin (2018) suggest that this
might not be a mere coincidence.

Indeed, Alexey Fomin (2018) brings our attention
to the point that during the social phase of the Big
History / Universal Evolution, the population of the

40 Incidentally, the calculations performed by Alexander Fomin
(2018) allow to identify the value of this constant for the Panov
series. It turns to be equal to In7/Ina, where 7 is the period of the
existence of life on the Earth (that can be estimated as ~ 4 billion
years), and a is “a coefficient of acceleration of historical time”
(Panov 2005a: 128) / “a coefficient of reduction of the duration of
each subsequent evolution phase” (Panov 2005b: 222). For more
detail on the coefficient a see below (in particular, Appendix 2).
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Equations

describing
complexity (n) growth (for the Panov

the global | Eguations describing the world

population (N) growth (for the von

population

series) Foerster — Kapitza series)
Growth of global C
complexity ~ /  world | ne =A4—C;-In(2027 —t), (19) = —2027: i (15)
population
Increase in the growth rates . C dN &
of global complexity/ world | ¥y = —— = 202;—t : an | 27 = (2027—1)2 (13)

world population growth, on the other.

Table 4. Comparison between equations describing the planetary complexity growth, on the one hand, and the

Earth between each pair of “biospheric revolutions”
increased about the same number of times (somewhere
around 2.8). It should be noted that this is not in
bad agreement with many mathematical models of
hyperbolic growth of the world poulation*, as such
models tend to consider the hyperbolic growth of
the world population as a result of the functioning
of the positive feedback mechanism of the second
order between demographic growth and technological
development, when technological development
(most vividly manifested precisely as “biospheric
revolutions” — e.g., the Neolithic Revolution, or the
Industrial Revolution) significantly accelerated the
growth rate of the population, which (by virtue of the
principle “the more people, the more inventors”*?)

41 See, e.g., Korotayev, Malkov, Khaltourina 2006a, 2006b;
Taagepera 1976; Kremer 1993; Podlazov 2000, 2001, 2002;
Tsirel 2004; Korotayev, Malkov, Khaltourina 2006a; Korotayev,
S. Malkov 2012; Korotayev 2012, 2013; Korotayev, A. Malkov
2016; Grinin, Markov, Korotayev 2013, 2014, 2015.

42 As Kremer puts it, “high population spurs technological
change because it increases the number of potential inventors...
In a larger population there will be proportionally more people
lucky or smart enough to come up with new ideas” (Kremer
1993: 685-686). Kremer rightly notes that“this implication
flows naturally from the nonrivalry of technology....The cost
of inventing a new technology is independent of the number of
people who use it. Thus, holding constant the share of resources
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through collective learning mechanisms accelerated
onset of each successive “biospheric revolution” (that
usually corresponded to a new major technological
breakthrough). Moreover, Fomin (2018) convincingly
demonstrates mathematically that “if there is a
hyperbolic growth in the number of evolutionary units
(the generalized name of the population for the case of
both biological and social evolution), then the increase
in the number of these units in the same number of
times a will lead to the fact that the time intervals
between the moments of these increments will be
reduced in exactly the same number of times «” — that
is, if between the biospheric revolutions the population
on average increases by a factor of a, then (against
the background of hyperbolic growth of the world
population) the intervals between each subsequent pair
of biospheric revolutions will be reduced by a factor
of a (it appears appropriate to recollect at this point
that this coefficient a is nothing else but what Panov
(2005a: 128) denotes as “a coefficient of acceleration
of historical time” (Panov 2005a: 128) / “a coefficient
of reduction of the duration of each subsequent

devoted to research, an increase in population leads to an
increase in technological change” (Kremer 1993: 681). Note that
we are dealing here with a mechanism that is actually identical
with what David Christian denotes as “collective learning” effect
(Christian 2005).
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evolution phase*” (Panov 2005b: 222)). At the same
time, Fomin’s empirical calculations confirm that the
average value of the increase in population between
biospheric revolutions is approximately equal to the
average value of the shortening of the time periods
between biospheric revolutions. Fomin’s calculations
show that both values are located within the interval
2.5-2.8, which is close enough to the value of a,
empirically calculated by Panov (2,67, see, e.g., Panov
2005a: 130; 2005 b: 222).

Already from the fact that the average value of the
population increase between biospheric revolutions
is approximately equal to the average value of the
shortening of time between biospheric revolutions,
it follows that the growth rate of global complexity
(dn/dt) should be proportional to the population of
the Earth (N), and therefore N and dn/dt must grow
according to one law. Indeed, if N has increased by
a factor of a, then the distance to the next biospheric
revolution must be reduced by a factor of a too. But
we calculate the growth rate of global complexity (dn/
dr) just as “1” divided by the number of years between
biospheric revolutions (which gives us “the number of
biospheric revolutions per year”). Thus, the reduction
of time between biospheric revolutions by a factor of
o means by definition that the intensity of the global
macroevolution rate (dn/df) should increase by the
same factor of a. This means that if the increase of
N by a factor of a is accompanied by a reduction in
the time between biospheric revolutions by a factor
of a, and the reduction of the time between biosphere
revolutions by a factor a increases the intensity of the
global macroevolution (dn/df) by a factor a, then the
increase of N by o times should be accompanied by an
increase in dn/dt by a factor of @, which means that N
is proportional to dn/dt, and they grow according to
one law.

Now, let us demonstrate this more formally. Since the
movement from one biospheric revolution to another

43  That is a period between “biospheric revolutions” /
“complexity jumps”. — A.K.
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is accompanied by an increase in population N by
a factor of a and an increase in the index of global
complexity n by one unit, we obtain:

N=k-a", (20)
where £ is a coefficient of proportionality between N
and o".*

Taking into account that

— CZ
Ny = 2027—% (15)
we arrive at:
. n —_— C2
ke-a® = 2027t " 21)

This implies the following:

In(k - a™) = In (205;—r) ’ (22)

Ca
2027-t

In(k) +In (@™ = In ( ) ,(23)

In(k) +nin () = In (52=) . 24)

m( C2 )—1n (k)

—_ 2027—-t

= In (@) ‘ (25)
Differentiating expression (25), we obtain:

dn 1 1

dt  In(x) 2027-¢’ (26)
or

an _ ¢,

dt  2027-t, (11)

where C, = 1/In(a).*

Thus, we obtain analytically that if the world
population (N) grows hyperbolically according to the
law N, = C, / 2027 — t, whereas the ratio N = k-o" is
observed between the index of global complexity (7)

44 Note that an empirical test performed by Alexey Fomin
(2018) supported the hypothesis of the presence of this non-
trivial relationship.

45 Note that, among other things, our calculations allow us to
establish analytically the value of the parameter C, in Eq. (11).
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and the population of the Earth (), then the global
complexity growth rate (dn/df) will increase according
to the same hyperbolic law (x = C / 2027 — ¢) as the
population of the Earth.

So, the calculations suggest that the fact that, up to
the beginning of the 1970s, the world population (V)
and the global complexity increase RATE (dn/df)
in the Panov series grew following the same law (x,
= C /2027 — f), is by no means a coincidence; it is
rather a manifestation of a fairly deep pattern of the
global evolution. Thus, in the social phase of universal
and global history, the hyperbolic growth of the rate
of increase in global complexity and the hyperbolic
growth of the Earth’s population are two closely
related aspects of a single process.

Appendix 2.

On some patterns on global macroevolutionary
acceleration.

Additional calculations

As has been shown by Alexander Panov*, for his
series of “biospheric revolutions” one can observe the
following regularity:

— * T

=t =% @7)

where “the coefficient @ > 1 is a coefficient of
reduction of the duration of each subsequent evolution
phase comparing with the corresponding preceding
one. T is a duration of the whole period of time under
consideration*’, n is a number of phase transition, and
r* is the limit of the geometrical progression {z } and r*
may be called as singularity of the evolution” (Panov
2005b: 222; see also Panov 2005a: 128). Note that, as
we have shown above, n can also be well interpreted
as a global complexity index.
For further calculations, Panov (2005a: 129; 2005b:

46 See, e.g., Panov 2005a, 2005b.

47 As mentioned above, T can be considered as the time of
existence of life on Earth and equated to = 4 billion (years).
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222) transforms Eq. (27) along the following lines:

Ig(t" —t,) =1g(T) —n-lg(a) . (28)
However, Alexey Fomin (2018) shows that for a
further analysis of the Panov model it is better to use a
slightly different version of the transformation of Eq.
(27):

In(t* —t,) =In(T) —n-In(a) . (29)
Indeed, Eq. (29) can be rewritten as follows:
n-In(a) = In(T) — In(t* —¢,), (30)
. 1¢ S , oC
T In(@) In(a) In(t" = tn) (31

n,=A—Cy-In(t* —t), (19)
where 4 = In(T)/In(a), a C, = 1/In(a).

At the same time, as we recall, the algebraic equation
(19) is a solution of the following differential equation:
dn  C
dt  t'—t (11)
Thus, we obtain the same equations (19) and (11),
which were obtained by us earlier in a somewhat
different way.

Note that Panov’s calculations indicate that the value
of a equals 2,67, which, as Panov notes, turns out to
very close to the numeric value of the mathematical
constant e / Euler’s number (2,718...), and one cannot
exclude the “coefficient of acceleration of historical
time” could turn out to be actually so close to Euler’s
number that the parameter o in equations (11), (31)
and (20) may be replaced with e. In this case, the set
of equations describing the hyperbolic acceleration of
global macroevolutionary development rate appears
particularly elegant in its simplicity. Indeed, taking
into consideration the point that in the equation

n, = A—C,-1n(2027 — t) , (19)

A = In(T)/In(a), and C, = 1/In(a), when substituting e,
instead of a, we arrive at

Page 110



n; =In(T) —In(2027 — t) . (32)
Taking into account the point that in the equation
dn (4
dc  t'-t’ (11)

C, = 1/In(a), when substituting e, instead of a, we
arrive at®®
dn 1

dt  2027-t (33)
In addition, the equation

N=k-a", (20)
when substituting e, instead of a looks as follows:

N=k-e", (34)
from which it follows that

n = In(N) — In(k). (35)

As a result,” the set of equations describing the
hyperbolic acceleration of the global maroevolutionary
development rate turns out to be especially elegantly
simple:

n, =In(T) —1In(2027 —t) . (32)
dn 1

dt  2027-t (33)

N=k-e", (34)

n = In(N) — In(k). (35)

where, let us recollect, » denotes the global complexity
index, 7 is the period of the existence of the life on
the Earth (~4 billion years), N is the world population,

48 Note that Fomin’s (2018) calculations indicate that if,
in calculating with the help of Eq. (11), t is taken not as the
moment of the beginning of the period by which the derivative is
calculated, but as its middle, then the value of the parameter C,
turns out to be closer to 1 rather than to 2.

49 Note that equation 33 is virtually identical with the one
presented by Kurzweil (2005: 23) in his graphic explanation of
the notion of mathematical singularity (see Fig. 2 above).
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and £ is a constant.

However, it appears difficult not to agree with
Alexander Panov (2005a: 130) that “the question
whether the point [that the value of coefficient a is so
close to e] has any deep sense remains open”...
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RESUMO

A grande histdria ¢ um novo campo disciplinar académico que estuda o passado em todas as suas possiveis es-
calas. Sua abordagem ¢ histdrica, mas reune disciplinas da cosmologia a geologia, da biologia evoluciondria a
historia humana. A partir de “O que ¢ historia?” de E.H. Carr, este ensaio descreve a evolucdo da grande historia,
e em particular, sua relacdo com a Historia como disciplina. Descreve em que consiste a nova disciplina e aquilo
em que pode se tornar. Argumenta que a grande historia pode ajudar a ultrapassar a fragmentacao caracteristica
da educacdo e pesquisa modernas em todas as disciplinas. Fazendo-o, pode propor algo como uma narrativa de

origens moderna e global, baseada na melhor produgao cientifica moderna possivel.

Como erram aqueles que estudam mapas de
regides antes mesmo de terem aprendido pre-
cisamente a relagdo entre o Universo como um
todo e suas partes , e a relagdo dessas partes en-
tre si e delas com o conjunto, ndo estdo menos
enganados aqueles que pensam que podem en-
tender historias particulares antes que tenham
ponderado sobre a ordem e a sequéncia da his-
toria universal e de todos os tempos, como se
estivessem postas sobre uma mesa.'

A Grande historia representa uma tentativa naquilo
que E. O. Wilson chamou de “consiliéncia”, um
retorno ao objetivo de se alcangar uma compreensao
unificada da realidade, em lugar das visdes
fragmentadas que dominam a moderna educagdo e
pesquisa académica.”? Ainda que possa parecer algo
novo, a consiliéncia como objetivo ¢ algo antigo. E
mesmo em seus formatos modernos, a grande historia
tem estado ao nosso redor por pelo menos um quarto
de século. Assim, a publicagdo desse primeiro nimero
do Journal of Big History oferece a oportunidade ideal
para inventariarmos aquilo de que ja dispomos sobre
0 assunto.

Esse artigo consiste de um relato pessoal sobre esse
campo de estudo. Concebe a grande historia como a
formamoderna de um projeto antigo. Sou historiador de
formacao, de modo que meu relato pde foco na relagao

entre a grande historia e a Histéria como disciplina.
Reflete a perspectiva de um historiador formado no
mundo de lingua inglesa, e destaca a relagdo entre
a grande historia e a pesquisa historica anglofona.
Mas ndo somente com essa pesquisa historica
anglofona, porque os debates que levanto tiveram
suas contrapartes € ecos em muitas outras tradigoes
de investigacao histérica. Nem me disponho a focar
somente a pesquisa histérica como ¢ normalmente
entendida no ambiente académico, porque a grande
historia enxerga a historia humana como parte de um
passado muito mais amplo que inclui aquele passado
estudado pelos bidlogos, paleontdlogos, geodlogos e
cosmologos. Unindo diferentes perspectivas, escalas
e diferentes disciplinas académicas, todas tentando
compreender as raizes mais profundas do mundo
de hoje, a grande historia pode transformar nosso
entendimento do que ¢ “historia”.

Entretanto, para captar a riqueza e o alcance desse
vibrante novo campo de investigacdao, formacgdo e
ensino, nos precisaremos, em ultima instancia, das
perspectivas de macro-historiadores treinados em
muitas outras disciplinas. Espero que esse ensaio possa
encorajar esses estudiosos a oferecer suas perspectivas
a respeito da historia e da natureza da grande historia.

Journal of Big History  Volume Il Number 3 Fall 2018



O que ¢ a Grande Historia?

A evolucio dos estudos historicos no século
XX

Historiadores hao de reconhecer que o titulo
desse artigo remete a um ensaio classico, estudado
pela maioria dos estudantes de historia anglofonos.
Foi escrito em 1961 por E. H. Carr, um historiador
sovietdlogo de origem inglesa. O livro de Carr
surgiu a partir de uma série de palestras ministradas
em Cambridge no ano de 1961, em honra de
George Macaulay Trevelyan, um historiador que,
diferentemente de Carr, via a histéria como disciplina
literaria e bastante distinta das ciéncias. Como
historiador dedicado ao estudo da Russia e da Unido
Soviética, Carr levou a sério a insisténcia marxista
de que a historia deveria ser considerada um ramo
da ciéncia, e essa ideia influenciou o meu proprio
pensamento sobre a historia uma vez que eu, também,
me engajei no campo da historia russa como estudante
de pos-graduacao no inicio da década de 1970.

Em O que é Historia?, Carr acompanha a evolugdo
da disciplina historica na Inglaterra no inicio do
século XX. De certa forma, sua narrativa aponta para
uma tendéncia sustentada de afastamento em relagao
a um realismo confiante, ao positivismo e mesmo ao
universalismo de muitos pensadores histéricos do
século XIX, em direcdo a crescentes fragmentacao e
ceticismo. Comeca citando a visdao confiante de Lorde
Acton acerca da investigagao historica ao final dos anos
1890, quando Acton esteve a frente da primeira edi¢ao
da Cambridge Modern History. Acton via a Cambridge
Modern History como uma “...oportunidade tnica de
registrar...a plenitude do conhecimento que o século
XIX esta prestes a legar...”. E ainda dizia: “Nao
teremos uma historia definitiva nessa geragao [mas]...
toda informagao esta agora ao alcance, ¢ todo problema
encontra-se passivel de solug¢do.” * A visdo de Acton a
respeito da historia é confiante, positivista e otimista,
e assume que a historia é parte de um projeto maior
de expansdo do conhecimento humano em geral. Sua
visdo de histéria é também ampla. Ele assume que
historiadores deveriam almejar algum tipo de “historia
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universal”, muito embora ele pareca ter desejado se
referir com essa frase nao a uma espécie precoce de
grande historia, mas a algo mais proximo de uma
“historia mundial” ou “histéria global” moderna.
Acton definiu a histdria universal como “aquela que
difere da histéria combinada de todos os paises.”

No inicio do século XX, os estudos historicos na
Inglaterra passaram por uma mudanga profunda,
e, na ocasido em que Carr escrevia, a disciplina
estava mais fraturada e menos segura de si mesma.
Essas mudangas eram parte de um movimento mais
geral que afetava muitas disciplinas académicas, das
humanidades as ciéncias naturais, na medida em que a
especializacdo e a profissionalizacao fragmentavam os
estudos em compartimentos cada vez menores, cada
um deles oferecendo sua propria e circunscrita visao
de mundo. A especializagdo mostrou-se uma estratégia
de pesquisa profunda, mas que s6 foi alcangada por
meio da ruptura de lacos ancestrais entre os campos
do conhecimento, deixando-os progressivamente
isolados uns dos outros. A no¢do de um mundo
unitario de conhecimento, fosse amalgamado pelas
cosmologias religiosas como a da cristandade, fosse
pela pratica cientifica — a visdo por tras da tentativa
de Alexander von Humboldt de escrever uma
historia cientifica universal em seu “Kosmos” — foi
abandonada °. Nas disciplinas de humanidades, como
a Historia, que careciam de algum tipo de paradigma
unificador tal como o das ciéncias naturais na era de
Darwin, de Maxwell e de Einstein, a especializagao
também solapou o confiante realismo epistemoldgico
de Acton.®

Carr identifica algumas dessas mudangas ao citar a
introducao da segunda edicdo da Cambridge Modern
History, escrita por George Clark em 1957, mais de
meio século apos os pronunciamentos confiantes de
Acton. Apds citar as esperangas de Acton por uma
“historia definitiva”, Clark escreve:

Historiadores de uma geragao posterior nao
anseiam por tal prospecto. Eles esperam
que seu trabalho seja sempre suplantado...
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A tarefa de exploragdo parece nao ter fim, e
alguns estudiosos impacientes se refugiam
no ceticismo, ou, considerando que toda
avaliacdo histérica envolve pessoas ¢
pontos de vista, na doutrina que diz que
tudo € tao bom quanto qualquer outra coisa,
e que nao ha verdade histdrica “objetiva.””’

A perda de confianga em uma epistemologia
realista ou naturalista em disciplinas como a Historia,
aprofundou o hiato entre as ‘“duas culturas”, das
ciéncias e das humanidades, algo que tanto aborrecia
C. P. Snow em uma famosa palestra ministrada em
1959 8. O hiato era particularmente amplo no mundo
anglofono, porque o inglés, diferentemente de muitas
outras linguas académicas, limita o termo ‘“ciéncia”
as ciéncias naturais. Em inglés, a mera ideia de
uma “ciéncia historica” comegou a parecer absurda.
No tempo de Carr, os estudos historicos perderam
confianga tanto em sua natureza ““cientifica” quanto na
epistemologia realista que ainda sustentava a pesquisa
nas ciéncias naturais.

O ceticismo e a fragmentacao intelectual minaram
a antiga esperan¢a de que a Histéria fosse capaz
de empoderar-nos, ajudando-nos a ter um melhor
entendimento do presente, e abalaram a confianca no
valor da pesquisa historica. Enquanto se tornavam
progressivamente mais isolados de outras disciplinas
e mesmo uns dos outros, os historiadores esposaram
visdes cada vez mais fragmentadas acerca do
passado, da natureza e dos objetivos da Historia. Esse
sentido crescente de fragmentagdao foi a contraparte
académica do que Durkheim designou por anomia,
a perda do senso de coeréncia e de significado, uma
ideia que Carr descreve em uma nota de rodapé como
“a condi¢dao de um individuo isolado da... sociedade”
°. A anomia académica surge do crescente isolamento
dos estudiosos uns dos outros, ¢ deles em relagdo a um
mundo unificado de conhecimento. A unica for¢a que
parcialmente mitigou o crescente senso de isolamento
académico foi o nacionalismo. Ainda que tribais
pela sua propria natureza, as historias nacionais, que
florescem desde o século XIX, fornecem algum senso
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de coesdo para historiadores trabalhando no ambito de
tradigOes historiograficas nacionais.

A posicao pessoal de Carr situa-se entre o realismo
cientifico robusto de Acton e o relativismo hesitante
de Clark. Ele explora brilhantemente a complexa
dialética entre a historia como verdade, e a histoéria
como narrativas que contamos sobre o passado. Ele
leva a verdade e a ciéncia a sério, porque acredita
que a Historia, como a ciéncia, € como a verdade em
geral, tem um propoésito: o de nos empoderar. Ela nos
empodera através da expansao de nosso entendimento
do presente, e o faz através de plotar o presente no
passado. “A funcao do historiador ndo ¢ nem o amor ao
passado nem sua emancipagdo pessoal em relacdo ao
passado, mas domina-lo e entendé-lo como chave para
a compreensdo do presente.”'® Por consequéncia, os
mapas do passado criados pelos historiadores tinham
de ser bons mapas. Como boa ciéncia, eles precisavam
nos dar uma melhor no¢ao do mundo real. Carr entao,
como Marx, era um realista filosofico, ao nao enxergar
qualquer distancia fundamental entre as humanidades
e as ciéncias naturais. “Cientistas, cientistas sociais,
e historiadores estdo engajados em diferentes ramos
de um mesmo estudo: o estudo do homem e de seu
ambiente, dos efeitos do homem sobre seu ambiente ¢
de seu ambiente sobre o0 homem. O objetivo de estudo
¢ 0 mesmo: aumentar o entendimento humano sobre
o ambiente, e por sua vez, o seu dominio sobre ele.”!!

Por outro lado, Carr entendeu mais claramente
que Acton que o passado ndo esta 14 simplesmente
esperando para ser descoberto, “como um peixe na
bandejado peixeiro” '?. A Historia consiste de narrativas
construidas pelos historiadores sobre o passado, € o
modo pelo qual construimos essas narrativas muda
na medida em que nosso mundo € nossos propositos
se modificam. Precisamos de rigor empirico para nos
aproximar da verdade acerca do passado, mas nesse
processo de narrar sobre o passado, precisamos da
habilidade dos contadores de historias, incluindo o
que Carr chamou de “entendimento imaginativo”, a
habilidade de compreender e ter empatia com aqueles
que viveram no passado.”* Nesse sentido, Carr foi
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influenciado por um dos grandes filosofos ingleses
da Historia, R. G. Collingwood, ainda que tenha
alertado a respeito de sua énfase no papel empatico
do historiador que, se levado muito longe, poderia
resultar em extremo ceticismo 4.

Particularmente influente no pensamento de Carr
foi o equilibrio dialético marxista entre ciéncia e
ativismo. Marx insistiu na existéncia de um passado
objetivo. Mas fazer algo a partir desse passado
consiste em tarefa criativa, ¢ a maneira pela qual
nos aproximamos desse passado depende de quem
somos, ¢ do momento presente em particular, no qual
escrevemos e estudamos. E essa a dialética que Marx
descreve em uma famosa passagem de O dezoito de
Brumario de Luis Bonaparte:

Os homens fazem sua propria historia, mas
ndo a fazem da maneira que desejam; eles
ndo afazem em circunstancias de sua propria
escolha, mas em circunstancias diretamente
encontradas, dadas e transmitidas do
passado. A tradicdo de todas as geragdes
mortas pesa como um pesadelo sobre as
mentes dos vivos.'?

Historiadores também ““fazem sua propria historia”,
mas o fazem “sob circunstincias diretamente
encontradas, dadas e transmitidas desde o passado”.
O que fazem a respeito do passado depende do tempo
e do lugar em que escrevem. Mas as narrativas que
constroem sobre o passado podem, por sua vez,
influenciar aqueles passados que serdo investigados
por futuros historiadores. Na condi¢do de ativista,
Marx entendeu bem que o modo pelo qual descrevemos
o passado pode moldar o futuro. Em verdade, ele
desejou que seu proprio relato sobre a evolucdao do
capitalismo tivesse um profundo impacto no futuro,
tal como de fato veio a ocorrer.

Entdo, como Marx, Carr entendeu o complexo e
delicado equilibrio entre a histéria como verdade e
a historia como narrativa. A histdria ¢, segundo Carr,
em uma passagem familiar a muitos estudantes de
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historia, “um processo continuo de interacao entre o
historiador e [os] fatos, um incessante didlogo entre o
passado ¢ o presente” *. Como a memoria, a historia,
nao invoca o passado, e sim, o recria.

Mas, que passado? Carr comprometeu-se ainda mais
que Acton em ampliar o escopo da pesquisa historica.
Ele era, acima de tudo, um historiador russologo,
disposto a demonstrar a significancia de historias que
foram negligenciadas por historiadores angloéfonos.
Admirador de Joseph Needham, insistiu também na
importancia da historia chinesa, ¢ das historias de
muitas partes do mundo para além da Europa.

Mas, ainda que o passado para Carr seja amplo,
ele ndo ¢ profundo. Demonstra pouco interesse na
pré-historia humana ou nas historias da biosfera e do
Universo. E isso talvez seja surpreendente, dado seu
interesse em Marx, que via a histéria como parte de
um continuo de conhecimentos que incluia todas as
ciéncias. Em verdade, Marx, como von Humboldt,
foi um macro-historiador a frente de seu tempo. Mas
Carr escreveu numa era de fragmentagdo académica,
e uma ideia de historia universal ndo estava no seu
radar, ou no radar de qualquer historiador anglofono
de sua geracdo. Curiosamente, contudo, estava no
radar de historiadores da Unido Soviética, pais sobre
cuja historia Carr mais escreveu, porque a heranca
marxista da URSS assegurou que a ideia de historia
“universal” e “geral” nunca perdesse integralmente
seu senso inclusivo. Essa € a razdo pela qual, hoje,
ha uma florescente escola russa de pesquisa macro-
historica, liderada por académicos como Andrey
Korotayev e Leonid Grinin.

Em 2001, David Cannadine organizou uma
coletanea de ensaios chamada O que é Historia hoje?
baseada em uma conferéncia em homenagem aos
quarenta anos da obra de Carr '7. Muito mudou desde
que Carr escreveu. A disciplina historica se tornou
ainda mais fragmentada, tanto em contetdo quanto
em epistemologia, € muito menos segura de si. A
visdo universalista de Marx, de von Humboldt ou de
H. G. Wells, parecia ter desaparecido por completo,

Page 124



sobrevivendo tdo somente nas modalidades limitadas
das historias nacionais. Muita da mudanca evidente
na coletdnea organizada por Cannadine reflete a
proliferagdao deuniversidades, estudantes, historiadores
e sub-disciplinas histéricas do Pos-Guerra. Tratou-se
de um fendmeno mundial, de modo que tendéncias
similares podem ser encontradas, com variagdes, em
muitas diferentes tradi¢des historiogréficas.

A coletanea de Cannadine ndo se referia mais a uma
disciplina unificada, de modo que era apropriado que
contasse com multiplos autores. Mais historiadores e
mais estudantes pareceram significar uma crescente
diversidade de ideias a respeito de conteudo,
significado e propdsito da pesquisa historica. Cada
capitulo se referia a um diferente tipo de histéria, de
modo que nos aparecem com titulos como “O que ¢ a
Historia Social hoje?”, “O que ¢ a Historia Intelectual
hoje?”, “O que ¢ a Historia Cultural hoje?”. A auséncia
de “O que ¢ a Historia das mulheres hoje?” e “O que
¢ a Historia ambiental hoje?” ¢ marcante, ainda que
Cannadine insista que seu livro reflete tdo somente
uma pequena fracdo das subdisciplinas nas quais a
Historia hoje estéa dividida.

A fragmentacdo foi acompanhada por crescente
ceticismoacercadaobjetividade e danatureza cientifica
da disciplina. De fato, a maioria dos historiadores
continuou a abordar os detalhes de suas pesquisas com
um empirismo robusto e realista, a ponto de muitos
terem caricaturizado a disciplina como nada mais que
um catalogo de fatos. Mas, ao passo que o circulo de
perguntas se ampliou, a confian¢a dos historiadores
pareceu murchar, € poucos seguiram confortaveis com
a ideia de estudos historicos como parte de um sistema
maior de conhecimento e significado. Historiadores se
tornaram cada vez mais isolados de outras disciplinas
(o declinio da historia econdmica ¢ um exemplo
impactante desse processo), € mesmo uns dos outros,
e qualquer consenso acerca da natureza e objetivos
da Histéria parecia ter evaporado. Em um ensaio
introdutorio, Richard Evans destacou o crescente foco
na era pos-moderna no papel subjetivo e criativo do
historiador, e em seu lugar como contador de histoérias.
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Essa abordagem foi sintetizada pela obra classica de
Hayden White, de 1973, Meta-historia: a imaginagdo
historica na Europa do Século XIX, focada quase que
integralmente nos aspectos literarios da produgdo
historiografica, em vez de na verdade reclamada por
essa producdo. A produgdo historiografica parecia
ter se fragmentado em multiplas e incomensuraveis
narrativas sobre o passado, cada qual representando
uma perspectiva particular, e nenhuma delas confiante
em suas alegacdes de portadoras de verdade historica.
Historiadores pareceram tomados de um profundo
ceticismo em relacdo as grandes narrativas ou
metanarrativas, postura que Jean-Francois Lyotard
viu como elemento definidor do pensamento pos-
moderno.'®

Ainda, n3o obstante os tremores parcamente
registrados no sismégrafo da coletanea de Cannadine,
por volta do ano 2000, a ideia a respeito de uma nova
forma de histéria universal ja ecoava nas margens da
pesquisa historiografica. A Historia Mundial florescia
nos Estados Unidos, contava com uma bem fundada
organizacao académica e um periodico bem sucedido
(The Journal of World History), ¢ era ensinada em
um crescente nimero de universidades e escolas. Mas
varios académicos aquela altura ja se aventuravam em
ir além da Historia Mundial. Comegavam a explorar
a possibilidade de uma genuina historia universal que
incorporasse todo o passado, incluindo os passados
da biosfera e de todo o Universo. Por volta do ano
de 2001, eu j& ensinava grande historia havia doze
anos, mas eu era apenas um componente de uma
pequena, porém vigorosa, comunidade de académicos
movendo-se na mesma dire¢do. Eric Chaisson ja
ensinava versoes da grande historia para astronomos
por mais de vinte anos, ¢ grande historia era ensinada
em Amsterda por Fred Spier e Joop Gouldsblom, em
Dallas por John Mears, em San Rafael por Cynthia
Stokes Brown, em Melbourne por Tom Griffiths e
Graeme Davidson, entre outras partes do mundo. A
grande histodria infiltrou-se numa disciplina que olhava
numa dire¢do oposta.
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Hoje, quinze anos apds a coletanea organizada por
Cannadine, a grande historia segue sendo marginal,
mas comega a chacoalhar a disciplina historiografica."
E.merge uma literatura que prova que a grande historia
pode ser escrita com rigor e precisdao, € pode trazer
insights novos e transformadores sobre o passado.?
Grande histéria vem sendo ensinada com sucesso
em varias universidades, na maior parte em paises
anglofonos, e mesmo aqueles departamentos de
Historia que ndo oferecem cursos nessa abordagem,
frequentemente incluem discussdes macro-historicas
em seus seminarios. Existem varios MOOCs (Massive
Open Online Courses) sobre a grande historia. Conta
com uma associacdo académica (a IBHA), que ja
realizou trés grandes conferéncias, e agora, com
uma revista. A Macquarie University fundou o Big
History Institute, que organizou duas conferéncias
de pesquisa. Grande historia tem sido ainda ensinada
em centenas de escolas secundarias, principalmente
nos Estados Unidos e na Austrélia, por meio do “Big
History Project”, um curso gratuito e online, langcado
em 2011 e financiado por Bill Gates.

O que parecia ha apenas algumas décadas uma
abordagem historiografica arcaica, irrealista e perversa
comega a parecer uma forma poderosa, rigorosa e
mesmo transformadora de pesquisa moderna, que
pode reconectar o ensino e a pesquisa historiografica
mais uma vez com outras disciplinas tanto no campo
das humanidades quanto das ciéncias.

Por que o retorno a uma Historia Universal?
O que aconteceu?

Algumas das mudancas cruciais aconteceram
no ambito da propria disciplina historica. Sempre
houve uns poucos estudiosos, como H. G. Wells ou
Arnold Toynbee, que mantiveram viva a visdo de
um entendimento mais amplo do passado. Mas a
pesquisa especializada também langou base para uma
compreensdo mais extensa do passado, por meio da
geracdo de um volume colossal de produgdo nova,
abordando assuntos, regides e épocas ignorados
por uma geracdo anterior de historiadores. Felipe
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Fernandez-Armesto, um historiador mundial com
interessantes extraordinariamente amplos, referiu-se a
isso em um capitulo na citada coletanea de Cannadine:

“historiadores escavam cada vez mais
profundamente, em sulcos cada vez
mais estreitos, ¢ em solo cada vez mais
ressecado, até que os sulcos colapsam e
eles sdo enterrados sob sua propria aridez.
Entretanto, por outro lado, sempre que
alguém consegue achar seu caminho para
a superficie, ha tanto mais daquele campo
para investigar, tanto trabalho novo e
enriquecedor, que pode mudar perspectivas
ou ampliar estruturas de comparagdo.”*!

Mas muitas das mudancas que permitiram um
retorno da Histéria Universal ocorreram para além da
disciplina historica, e particularmente, no campo das
ciéncias naturais, que sempre foram mais amistosas
em relagdo a ideia de consiliéncia do que foram as
humanidades %°. O fisico quantico Erwin Schrodinger
Jj& havia antecipado novas formas de unificacdo
académica em um livro escrito ao fim da Segunda
Grande Guerra, sobre a natureza da vida:

Herdamos de nossos antepassados o
anseio vivido por um conhecimento
unificado e abarcante. O proprio nome
dado as instituigoes dedicadas ao mais alto
aprendizado nos lembra de que, desde a
Antiguidade a ao longo de muitos séculos,
a dimensao universal foi a Unica a receber
crédito integral...Sentimos claramente que
sO agora comegamos a reunir material
confiavel para amalgamar a soma total do
que ¢é conhecido.””

Nas ciéncias naturais, como nas humanidades,
estudos especializados produziram, por muitas
décadas, uma vasta safra de novas informagdes e ideias.
Igualmente importante foi a emergéncia de ideias
acerca de um paradigma novo e unificador. As mais
importantes entre elas sdo a cosmologia do Big Bang,
a tectonica de placas e a sintese moderna darwiniana.
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Os novos paradigmas estavam parcamente visiveis
enquanto Carr escreveu. O ADN foi descoberto na
propria instituicdo que abrigava Carr, a Universidade
de Cambridge, em 1953, mas o significado completo
da descoberta s6 se tornaria evidente uma ou duas
décadas depois. As descobertas que consolidariam
o tectonismo de placas e a cosmologia do Big
Bang ainda estariam alguns anos a frente. Por volta
de 1970, contudo, os novos paradigmas ja eram
capazes de encorajar esperangas de uma unificacao
do conhecimento, pelo menos nas ciéncias naturais.
Alguns cientistas comecavam a falar de “Grandes
Teorias Unificadas”.

Particularmente impactante ¢ o fato de que os
novos paradigmas cientificos eram historicos em
sua natureza. Foi-se o universo estatico de Newton,
substituido por um universo que operava de acordo
com leis historicas e evolucionarias. E. H. Carr estava
consciente acerca de uma ‘“virada historica” nas
ciéncias naturais e de sua significancia para a Historia,
ainda que seus insights viessem a ser ignorados pela
maior parte dos historiadores pelos cinquenta anos
seguintes, ou quase. A ciéncia, escreveu Carr:

passou por uma profunda revolugdo...O
que Lyell fez pela geologia e Darwin pela
biologia foi agora feito pela astronomia,
que se torna uma ciéncia a respeito de
como o Universo se tornou o que ele €...0
historiador tem alguma desculpa em sentir-
se mais em casa no mundo da ciéncia de
hoje do que poderia sentir-se ha cem anos.”

No mundo anglo-saxao, a cosmologia do Big Bang
encorajou astronomos com Carl Sagan a recontar a
historia do Universo, enquanto o tectonismo de placas
encorajou gedlogos como Preston Cloud a escrever
novas historias sobre o planeta Terra.”> O fato era que
muitos cientistas naturais estavam diante do mesmo
trabalho confuso que os historiadores — tentando
reconstruir um passado desaparecido a partir de
pistas aleatdrias que esse passado legou ao presente.
A virada historica nas ciéncias naturais trouxe o0s
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métodos dos cientistas para mais proximo do método
dos historiadores. Experimentos controlados sobre a
origem da vida na Terra ou sobre a Revolugcdo Russa
estavam fora de questdo. Em vez disso, descobriu-se
que muitas disciplinas cientificas deparavam-se com
o mesmo desafio metodoldgico que os historiadores:
o de coletar o maior numero de pistas do passado
que pudessem — desde luzes estrelares antiquissimas,
a cristais de zircdo e trilobitas fosseis — e usa-las
para reconstruir um relato plausivel e significativo
do passado. Esse era um territorio familiar para os
historiadores. Evidéncias falsificacionistas definitivas,
defendidas por Karl Popper, raramente estavam
disponiveis, e outras competéncias mais difusas, tais
como o reconhecimento de padrdes ou sugestoes
baseadas numa prolongada familiaridade com
determinado campo de estudo, adquirem relevancia
crescente nas ciéncias naturais tanto quanto nas
humanidades.*

Particularmente importante para a emergéncia
das formas modernas de historia universal foi o
desenvolvimento das técnicas de datagao radiométrica
capazes de prover um firme arcabouco cronologico
para narrativas a respeito de um passado profundo.?’
Quando H. G. Wells tentou a elaboracdo de uma
historia universal logo apos a Primeira Grande Guerra,
as partes dessa narrativa que se referiam a um passado
mais remoto ficaram frouxas porque, como Wells
admitiu, toda a sua datacdo absoluta requeria registros
escritos, e ele ndo podia oferecer qualquer desses para
qualquer tempo anterior a Primeira Olimpiada (776
a.C).”® Geologos do século XIX aprenderam como
reconstruir cronologias relativas através do estudo da
deposi¢ao de rochas antigas, mas nenhum deles era
capaz de dizer quando a explosdo cambriana ocorreu
nem quando a Terra se formou.

Tudo isso mudou com a emergéncia das técnicas de
datagdo radiométrica nos anos 1950. Em 1953, Claire
Paterson utilizou a meia-vida do uranio em meteoritos
para determinar que a Terra tinha 4,56 bilhdes de
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anos. Essa datagdo mantém-se até hoje. Quando Carr
escreveu em 1961, a datacao radiométrica estava
apenas comecando a transformar o pensamento de
arquedlogos e pré-historiadores. Em 1962, na gruta de
Kenniff em South Queensland, John Mulvaney usou
técnicas radiométricas para demonstrar que humanos
viveram na Australia desde antes do fim da ultima
era glacial, e em algumas décadas seguintes, as datas
mais antigas para a colonizagao humana na Australia
seriam recuadas ainda mais, para entre cinquenta
mil ou talvez sessenta mil anos atras.” Como Colin
Renfrew escreveu:

..0 desenvolvimento de métodos de datacao
radiométrica...permitiu a construgao de
uma cronologia para a pré-historia em todas
as partes do mundo. Ela foi, alids, uma
cronologia livre de quaisquer suposicoes a
respeito de relagdes ou de desenvolvimentos
culturais, e que poderia ser aplicada tanto
a sociedades agrafas como aquelas que
dispunham de registros escritos. Ser pré-
histérico nao significava mais ser ahistorico
em um sentido cronolédgico.*

A seu tempo, técnicas radiométricas e outras formas
de datacdo tornaram possivel construir cronologias
rigorosas remontando as origens do Universo. Pela
primeira vez, era possivel contar a historia universal
baseada em uma cronologia robusta.

Algumas dessas mudancas acabaram por ser
registradas na coletanea de ensaios organizada por
David Cannadine. Em seu ultimo capitulo, Felipe
Fernandez-Armesto argumenta que a Historia ampliou
seu escopo, especializacdo apds especializacdo, e
agora precisa abragar as ciéncias naturais: “a Historia
nao pode mais permanecer encampada em uma das
‘duas culturas’. Seres humanos s3o obviamente
parte do continuum animal” *'. Em 1998, o grande
historiador mundial William H. McNeill argumentou
que os historiadores precisam engastar a historia da
humanidade em uma histdria da biosfera e mesmo do
Universo como um todo:
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Seres humanos, ao que parece, pertencem ao
Universo e compartilham de seu carater instavel
e evolutivo... O que ocorre entre seres humanos e
0 que acontece entre as estrelas parece ser parte de
uma narrativa grande e evolutiva, que caracteriza a
espontanea emergéncia da complexidade que gera
novas formas de comportamento a cada nivel de
organizacao, dos quarks e leptons mais minusculos
as galaxias, das longas cadeias de carbono aos
organismos vivos e a biosfera, e da biosfera aos
universos simbolicos do significado sob os quais os
seres humanos vivem e labutam.”

Em seus ultimos anos, McNeill tornou-se
crescentemente interessado na ideia de uma grande
historia, vendo-a como uma extensdo natural de sua
propria visdo ampliada da Historia. E como seu filho,
John, escreveu: “era a coisa que mais lhe entusiasmava
(além dos netos).”

O que é a Grande Historia?
Entio, o que ¢ a grande historia?

Na parte final desse ensaio, eu gostaria de explorar
varias descri¢des sobrepostas do que a ¢ grande historia
e do que ela poderia ser. Essas sao reflexdes pessoais,
e algumas delas sdo especulativas. Mas eu espero
que possam interessar mesmo aqueles que sdo menos
persuadidos por elas do que eu propriamente sou. E
torco ainda para que possa encorajar uma discussao
mais ampliada sobre a grande histéria e sobre seu
futuro. Meus pensamentos estdo organizados, de
forma lassa, em um espectro que vai do polo “verdade”
na dialética da historia de Carr ao polo “contacao de
historias™.

O objetivo da grande historia, tal como o de todo
bom conhecimento, ¢ nos empoderar por meio
de ajudar no entendimento a respeito do mundo
em que vivemos. A grande histéria nos empodera
ajudando em um melhor entendimento do mundo em
que vivermos. Como toda forma de Historia, a grande
histéria empodera-nos primeiramente ao plotar o
presente no passado, de modo a nos auxiliar em um
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melhor entendimento a respeito de como o mundo de
hoje se tornou o que ele é. Essa afirmacao a respeito do
proposito da historia assume um entendimento realista
ou naturalista do conhecimento. Como criaturas
evoluidas, interagimos com o ambiente com algum
grau de sucesso, € esse sucesso pressupde que nds
(como organismos vivos) somos capazes de obter um
conhecimento real, ainda que limitado, desse mesmo
ambiente. Ainda que conscientes a respeito dos limites
desse conhecimento, a grande historia, como a ciéncia
em geral, resiste as formas extremas de ceticismo e
de relativismo. Constroi-se sobre as mesmas bases
realista e naturalista da boa ciéncia, e tem 0 seu mesmo
objetivo final, que ¢ o empoderamento.

A grande histéoria é universal. Mas, se o
entendimento do passado pode nos empoderar, nao
deveriamos tentar compreender todo o passado? O
que distingue a grande histéria mais decisivamente
em relacdo a outras formas de estudo historico ¢ sua
tentativa de compreender o passado como um todo.
Aspira ao entendimento universal da historia. A grande
historia nao € hostil ao estudo histérico especializado.
Pelo contrério, ela ¢ totalmente dependente do rico
manancial da pesquisa especializada. Mas ela tenta
reunir as descobertas provenientes da pesquisa
especializada em uma ampla visdo unificadora,
da mesma forma que milhdes de mapas locais se
conectam para formar um unico mapa mundi. Esses
objetivos ambiciosos significam que a grande historia
nada contra a corrente da fragmentacao intelectual que
estruturou muito da pesquisa no século XX. A grande
historia objetiva a consiliéncia, naquilo que Alexander
von Humboldt uma vez chamou de “Louco frenesi...
de representar num unico trabalho todo o mundo
material.”**

Muitas consequéncias interessantes fluem da
ambicdo universalista da grande histéria. Ela nao
reconhece barreiras disciplinares ao conhecimento
historico. Presume a existéncia de uma vasta gama
de disciplinas historicamente orientadas, todas
elas vinculadas entre si pelo mesmo projeto: o de
reconstituir como nosso mundo se tornou o que ele €.
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De fato, fico imaginando se ndo seremos capazes um
dia de ver um rearranjo dos campi universitarios, de
modo que, ao invés de estarem localizadas as ciéncias
em um lado, e noutro as humanidades, se possa
encontrar uma zona dedicada as “ciéncias historicas”,
na qual estejam astronomos, gedlogos, bidlogos
evolucionarios, neurocientistas e historiadores, todos
trabalhando juntos.

Essas aspiragdes universais da grande historia
significam que ela ira acolher todas as areas do
conhecimento que tenham produzido relatos sobre o
passado que sejam rigorosos e baseados em evidéncia,
e toda disciplina cujos insights possam iluminar o
passado. Isso significa que, no momento, faz sentido
tragarum limite entre tudo que ocorreu exatamente apos
o Big Bang — um passado que pode ser reconstruido
com evidéncia aos borbotdes —e tudo que precede o Big
Bang, territorio sobre o qual ha bastante especulagao
interessante, mas ndo, até o momento, uma narrativa
firme e fundada em evidéncia. Isso pode mudar, ¢ claro,
e sendo o caso, a propria narrativa macro-historica
ira se expandir para incorporar, talvez, evidéncia
em favor de um multiverso ou da teoria das cordas.
Mudangas similares podem ocorrer em outras partes
da narrativa macro-histérica, a medida que biologos
prospectam a origem da vida na Terra, ou astronomos
procuram por vida em outros sistemas estelares, ou a
medida que neurocientistas € psicologos comecarem
a compreender o dificil problema representado pela
consciéncia, ou historiadores obtiverem um melhor
entendimento do papel da religido e da ciéncia na
histéria humana em multiplas escalas.

Com essas qualificagdes, a grande historia almeja
um entendimento compreensivo da historia, o que
seria o equivalente intelectual de um mapa mundi
do passado. Como tal, a grande historia pode ajudar-
nos a ver ndo apenas as maiores nagdes € 0s oceanos
do passado, mas também os vinculos e sinergias
que conectam diferentes ‘“continentes académicos”,
regides e ilhas em um Unico mundo de conhecimento.
Sua perspectiva ampla também encoraja-nos ao
movimento por entre multiplas escalas, aquelas do
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Universo em si, dos humanos, das células individuais,
nas quais milhdes de reacdes precisamente calibradas
ocorrem a cada segundo. A grande historia encoraja-
nos a ligar os pontos no tempo e no espaco, a olhar
para as sinergias que vinculam entidades dispares,
disciplinas e escalas. Académicos russos como
Andrey Korotayev tém sido particularmente ativos na
importante tarefa de procurar por padroes matematicos
na evolucao da complexidade em multiplas escalas.

Focando as redes de ideias que vinculam as
disciplinas, a grande historia pode nos ajudar a superar
as formas mais extremas de ceticismo caracteristicas
de grande parte da pesquisa académica do século
XX, particularmente nas humanidades. Nas maos de
Durkheim, a ideia de anomia referia-se a falta de um
sentido claro de lugar ou de significado, uma condi¢ao
de desabrigo intelectual na qual o proprio mundo tem
pouco sentido e os individuos comegam a se sentir
isolados a ponto de contemplar o suicidio. A extrema
fragmentacao da pesquisa académica do século XX
permitiu um grande progresso intelectual, disciplina a
disciplina. Mas o fez ao custo de isolar as disciplinas
umas das outras, o que limitou as possibilidades para
uma visdo ampla e unificada, e para mecanismos
de verificagdo de verdade entre as disciplinas.
Particularmente nas humanidades, o isolamento
intelectual gerou formas académicas de anomia que
minaram a confianca em quaisquer alegacdes acerca
da capacidade de geragdo de significado ou de uma
compreensdo mais geral da realidade. O ceticismo
pos-moderno compartilhado por tantos estudiosos nas
humanidades ao final do século XX foi um corretivo
util para formas superconfiantes de positivismo.
Mas, quando levado aos extremos, criou um senso
fragmentado de realidade que pode ser profundamente
desempoderador, intelectual e eticamente. Alguns o
viram como o equivalente académico ao suicidio.

A grande historia retorna, com a devida modéstia
cientifica, ao antigo projeto de tentar montar mapas
unificados da realidade. Quebrando as parti¢des
entre disciplinas, a grande histoéria pode ajudar
a re-estabelecer uma relacdo mais equilibrada
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entre os estudos especializados e ideias amplas e
paradigmaticas.

A grande historia é colaborativa e coletiva. A
narrativa macro-historica ¢ montada como um vasto
mosaico, usando pecas de muitos diferentes paises,
¢pocas e disciplinas académicas. Todo estudo ¢
colaborativo. Mas o extraordinario alcance da grande
historia coloca a colaboracdo no coragcdo da nova
disciplina. Uma narrativa macro-histérica rica e
confiavel ndo serd o produto de mentes académicas
individuais, mas a criacdo conjunta de milhdes de
mentes.

A colaboragdo académica extrema, necessaria
para se escrever a grande historia, deve encorajar
o repensar acerca daquilo que entendemos por
expertise. A especializacdo encorajou a nogao de que,
se vocé afunila o horizonte de indagagdes o suficiente,
académicos individuais podem alcancar a maestria
em um campo. Eles se tornam experts. Essa visao foi
sempre ingénua porque os experts mais verticalizados
em seu estudo se apropriardo de insights e de
paradigmas vindos de fora de seu campo de expertise.
Mas a extraordindria amplitude da grande histéria
significa que, muito embora ela va se construir a partir
dos insights de experts, ela ird também requerer muitas
outras habilidades académicas, nem todas valorizadas
nesse mundo atual de conhecimento fragmentado. A
grande historia requer, acima de tudo, uma habilidade
em compreender e entdo conectar a producdo de
muitos académicos de diferentes disciplinas. Ela
demanda amplitude tanto quanto profundidade, bem
como um olhar aguc¢ado para sinergias inesperadas
entre disciplinas. E requer ainda a habilidade de
sintonizar as diferentes frequéncias intelectuais de
multiplas disciplinas. Macro-historiadores precisardo
ser tradutores interdisciplinares, sensiveis as subitas
nuances na forma pela qual diferentes disciplinas se
utilizam de conceitos similares, termos e métodos.
E ainda fardo perguntas interdisciplinares profundas.
Existem ideias que funcionam bem transversalmente
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a muitas disciplinas, da cosmologia a biologia e a
historia, ideias como as de “regimes” e de “Goldilocks
conditions” ¥ descritas por Fred Spier, ou as taxas de
“densidade de energia livre” que estdo no centro do
trabalho de Eric Chaisson? Pode a ideia de entropia,
que representa um poderoso papel da fisica, iluminar
nosso entendimento da historia humana? Pode o
maquindrio molecular em nivel atémico explorado
hoje em dia por nanobidlogos sugerir novas formas
de gerenciar fluxos de energia no mundo atual? *°.
Existem mecanismos universais (talvez alguma forma
de darwinismo universal) que explique o aparecimento
de entidades progressivamente complexas a despeito
da segunda lei da termodinamica?

Ao focar ndao apenas as ilhas individuais e
continentes dos estudos modernos, mas também as
muitas ligagdes entre eles, a grande historia pode
prover um novo tipo de arcabougo para a investigagao
e o pensamento interdisciplinares. Pesquisadores
familiarizados com o mapa mundi do passado proprio
da grande histéria irdo naturalmente buscar ideias
e métodos Uteis para além das disciplinas nas quais
sdo especialistas. Pesquisa transdisciplinar tornar-
se-a particularmente importante a medida que mais e
mais problemas, da mudanca climatica ao estudo do
cancer ou das crises financeiras, comecem a depender
dos achados e insights provenientes de multiplas
disciplinas. Em verdade, o proprio sucesso da pesquisa
no ambito das disciplinas explica porque cada vez
mais e mais problemas importantes e interessantes
agora repousam no espaco entre as disciplinas. Ao
passo que a pesquisa interdisciplinar se torna mais e
mais importante, a grande historia pode oferecer um
novo modelo de expertise académica, que demanda
amplitude do conhecimento e atengdo para sinergias
interdisciplinares inesperadas.

A jovem disciplina da grande historia tem também
mostrado que a colaboragdo intelectual ¢ uma
caracteristica distinta de nossa espécie, Homo sapiens.
Ainda que muitos tragos evolucionarios nos definam
como uma espécie, nossa criatividade tecnoldgica
parece ter sido consolidada pela evolugdo de uma
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forma particularmente poderosa de linguagem, que
nos permite trocar ideias e insights com tal precisao
e volume que comecam a se acumular na memoria
coletiva. Nao sabemos de qualquer outra espécie em
que o conhecimento aprendido se acumula através de
multiplas geracdes de modo que geragdes posteriores
conhecam nao somente coisas diferentes, mas mais
coisas que a geragao passada. E essa diferenca
tem se mostrado transformadora. A acumulagdo de
informacao aprendida por milhdes de individuos
através de multiplas geragdes explica nosso crescente
controle sobre recursos e fluxos de energia na biosfera.
Essa tendéncia acelerada moldou muito da histéria
humana, e culmina hoje em nos tornar a mais poderosa
forca de mudanca na biosfera. Em meus trabalhos,
descrevi essa capacidade de compartilhar e acumular
informacao como “aprendizado coletivo”. Deu a nos,
humanos, ndo apenas um crescente controle sobre os
fluxos de energia e recursos no meio ambiente, mas
também um progressivo insight acerca do mundo e do
Universo em que habitamos. A ciéncia moderna, tal
como as modernas religioes e literaturas, sao criagoes
de milhoes de individuos, trabalhando no ambito de
redes compartilhadas de conhecimento. Em apenas
um século, a esfera da mente humana, ou a noosfera,
como designou Vernadsky, tornou-se uma forga de
mudanga planetaria.’’

Minha convicg¢ao pessoal esta em que a ideia de
“aprendizado coletivo” nos oferece um paradigma
que pode estruturar nosso entendimento da histéria
humana e da natureza distinta de nossa espécie. A
histéria humana ¢ movida pelo aprendizado coletivo
da mesma maneira que a historia dos organismos
vivos ¢ movida pela selecdo natural. Se essa ideia
for amplamente correta, ela ilustra a capacidade da
grande histéria em esclarecer problemas profundos
através de nos ajudar a veé-los contra um pano de
fundo excepcionalmente amplo, como parte de um
mapa mundi do conhecimento moderno.

A Grande historia é uma narrativa. Até aqui
discuti a natureza da verdade que pode ser reclamada
pela grande historia, e sua capacidade de sinergizar
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pesquisas interdisciplinares e colaborativas. Mas, ¢
claro, a grande historia também conta uma estoria.
Ela emerge, como Carr escreveu a respeito de toda
historia, a partir de um “infindavel didlogo entre
presente e passado”. Seus dois polos sdo o passado
como um todo, e os historiadores que observam
esse passado a partir de uma posigao privilegiada no
presente. Como a historia em geral, a grande historia
¢ de fato o produto de historiadores que constroem a
narrativa macro-histdrica. Isso quer dizer, ¢ claro, que
a grande histdria estd evoluindo e ird evoluir, como
todas as narrativas, a medida que for contada por
diferentes narradores, escrita em diferentes contextos,
e com diferentes preocupagoes.

A grande historia é uma narrativa de origens.
Mas devido as suas ambigdes universalistas, ela nao
¢ somente apenas uma estéria qualquer acerca do
passado. Suas ambi¢des universais significam que
ela compartilha muito com as narrativas de origens
tradicionais. Até onde sabemos, todas as comunidades
humanas tentaram construir relatos unificados a
respeito da origem do todo que nos rodeia. E nesse
sentido que emprego a ideia de “narrativas de origens”.
Elas tentam consolidar e passar adiante tudo o que
¢ conhecido em uma dada comunidade a respeito
de como nosso mundo se tornou o que ¢é. Elas sao
extraordinariamente poderosas se forem acreditadas,
se soarem como verdadeiras aqueles que as ouvem
e as recontam, independentemente de tratarmos de
comunidades de coletores do mundo paleolitico, ou de
grandes tradicoes filosoficas e religiosas das maiores
civilizagdes mundiais, do confucionismo ao budismo,
até as tradi¢cdes do mundo asteca, da cristandade e do
isla. Sao também poderosas porque compartilhadas
pele maioria dos membros de uma dada comunidade,
que aprendem os rudimentos de suas narrativas de
origens enquanto criangas, € entao internalizam essas
estorias ao longo de muitos anos de educagdo, com
crescente detalhe ¢ sofisticacdo. Até onde sabemos,
narrativas de origem sdo encontradas nonticleo de todas
as formas de educacgdo. Elas proveram conhecimento
fundacional em seminarios ¢ universidades, e também
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nas ricas tradi¢des orais passadas pelos ancidos em
todas as comunidades de cacadores-coletores.

A luz dessa discussdo é evidente que a nocdo de
anomia durkheimiana também pode ser entendida
como o estado mental daqueles que carecem de acesso
a narrativas de origens criveis, ricas e acreditadas.
Anomia intelectual ¢ um estado de desmapeamento e
de falta de significado. Curiosamente, esse ¢ o estado
intelectual que se torna a norma no século XX, ao passo
que a globalizacdo e a ciéncia moderna golpearam
a confianga nas narrativas de origem tradicionais,
tanto nos centros metropolitanos do mundo quanto
em suas margens coloniais. Em toda parte, sistemas
educacionais modernos e seculares ndo mais
ensinavam no ambito de tradi¢des compartilhadas de
conhecimento fundacional.

Alguns viram no declinio das narrativas de
origem tradicionais algo emocionante e libertador, e
sacramentado nas multiplas e livremente flutuantes
perspectivas deum mundo sem uma narrativaoriginaria
compartilhada. Mas muitos, tanto no mundo colonial
quanto nas patrias metropolitanas, experienciaram, €
continuam a experienciar, um profundo sentimento
de perda. Hoje, nos acostumamos tanto a um mundo
sem ideias estruturantes universais (particularmente
nas humanidades) que se torna facil esquecer o quao
doloroso foi a perda do senso de coeréncia intelectual
que acompanhava a confianca em uma narrativa de
origens. Mas esse sentimento de perda ¢ evidente em
muito da literatura, filosofia e arte do fim do século
XIX e inicio do século XX.

Aqui vao apenas dois exemplos mais ou menos
fortuitos do que quero dizer. Em seu poema de 1851,
“Dover Beach”, Matthew Arnold escreve:

O mar da fé

Esteve um dia também no pleno e curvo
litoral da Terra

Repousava como as dobras de um
brilhante cinto engelhado.

Mas agora s6 ougo

Seu melancolico, longo e retraido rugido,
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Retirando-se ao sabor
Do vento da noite, para as vastas bordas
sombrias
E praias desoladas do mundo.
O poema continua com uma visao terrivel de um
futuro sem coeréncia e significado:

Ah, amor, sejamos francos
Um com o outro! Porque o mundo, que
parece
Estar diante de n6s como uma terra de
sonhos,
Tao variado, tdo belo, tdo novo,
Em verdade nao tem nem jubilo, nem
amor, nem luz,
Nem certeza, nem paz, nem alivio para a
dor;
E aqui estamos como em uma planicie
sombria
Varrida por alarmas confusos de luta e
fuga,
Onde exércitos ignorantes se confrontam
na noite.
“The Second Coming” de W. B. Yeats, escrito em
1919, logo ap6s a Grande Guerra, pareceu concretizar
a visdo apavorante de Arnold sobre o futuro.

Girando e girando no volteio crescente

O falcao ndo pode ouvir o falcoeiro

As coisas desmoronam; o centro nao se
mantém,;

Mera anarquia desenfreada sobre o mundo,

A maré¢ sangrenta incontrolada, e em toda
parte

A cerimonia da inocéncia ¢ afogada;

O poema se encerra com uma famosa e atemorizante
imagem:

Qual tosca besta, chega enfim sua hora,
Rasteja-te a Belém para nascer?
Aespecializagdo,eaperdadasnarrativasunificadoras
tradicionais, foram sintomaticas de um mundo caotico
e incoerente descrito em muito da literatura, da arte e da
filosofia do século XX. Em verdade, frequentemente se
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assume que esse mundo de disciplinas e perspectivas
isoladas e mesmo incomensuraveis ¢ caracteristico
da modernidade em geral. O mundo moderno reuniu
com tal violéncia povos, culturas, religioes e tradigoes
que produziu um sentido crescente de humanidade
enquanto unidade, enquanto simultaneamente minava
a confianca nas visdes unificadoras tradicionais do
mundo. Em O Manifesto Comunista, lemos que na
era burguesa da historia humana: “Todas as relagoes
fixas e cristalizadas, com seu cortejo de arcaicos e
veneraveis preconceitos e opinides, sao varridas, todas
aquelas recém-formadas se tornam antiquadas antes
mesmo que possam se ossificar. Tudo que ¢ solido
desmancha no ar, tudo que ¢ sagrado ¢ profanado...”.
Num livro sobre a modernidade que toma seu titulo
dessa passagem, Marshall Berman afirma que o
mundo moderno criou “uma unidade paradoxal, uma
unidade de desunido; ele nos langa em um redemoinho
de perpétua desintegracdo e renovacgdo, de peleja e
contradi¢do, de ambiguidade e angutstia. Ser moderno
¢ fazer parte de um universo no qual, como Marx

disse: ‘tudo que € solido desmancha no ar’.””*

Mas uma interpretacao diferente também ¢ possivel.
Talvez ao longo de boa parte do século XX, tenhamos
vivido em um tipo de canteiro de obras intelectual,
rodeado pelos escombros de velhas narrativas de
origens, enquanto uma nova narrativa originaria
era construida ao nosso redor, uma histéria para a
humanidade como um todo. A melhor evidéncia para
essaideia ¢ a re-emergéncia das narrativas unificadoras
nos ultimos cinquenta anos. Visto dessa perspectiva, a
grande histdria € o projeto que almeja obter e construir
uma moderna e global narrativa originaria.

Agrande historia é uma narrativa de origens para
0 Antropoceno. Quem sabe, entdo, possamos pensar
na grande historia como a narrativa originaria para o
estranho mundo do século XXI. A grande historia se
funda nas conquistas intelectuais da ciéncia moderna
do século XX, mas também € ela produto de um mundo
globalizado, que ¢ radicalmente diferente daquele
em que viveu E. H. Carr. O conhecimento cientifico
avangou mais rapido que poderiamos imaginar, e
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novas tecnologias como a Internet criaram um mundo
muito mais entrelacado. Mas talvez as mudancas mais
importantes surjam dessa grande aceleracdo, desse
espantoso crescimento da demografia humana, do uso
de energia e do controle sobre 0 meio ambiente, e da
interconexao entre os seres humanos, nesses sessenta
anos desde que Carr escreveu. Nesse breve periodo,
no6s humanos tornamo-nos, coletivamente, a forca
mais importante de mudanca na biosfera, a primeira e
Unica espécie a cumprir esse papel nos quatro bilhdes
de anos de vida na Terra. Esse ¢ um desdobramento
que Carr ndo poderia ter imaginado em 1961. Essa
mudanga espetacular significa que perguntas a respeito
da natureza e da fonte do assombroso poder exercido
coletivamente por sete bilhdes e quatrocentos mil
humanos tém um alcance muito maior do que tinham
no tempo de Carr. Nesse sentido, a grande historia
pode ser pensada como uma narrativa origindria para
a Epoca Antropocénica na historia humana.

Necessitamos da escala ampla da grande historia
para vermos o Antropoceno de modo claro, dado que
ele ndo se configura apenas como um ponto de virada
na moderna histéria mundial, mas como uma fronteira
significativa na historia humana em geral, e mesmo na
histéria do planeta Terra. A maior parte dos estudos
historicos contemporaneos se debruga sobre os tltimos
quinhentos anos. O perigo dessa perspectiva encurtada
estd em normalizar a historia recente, fazendo das
econdmica e socialmente dindmicas sociedades dos
séculos recentes algo tipico na histéria humana em
geral. Elas ndo o sdo. Seu dinamismo ¢ extraordinario
e excepcional. A propria ideia de historia, de mudanga
em longo prazo, ¢ moderna e, como John McNeill
mostrou, a escala da transformacao na era moderna, e
particularmente desde meados do século XX, ¢ de fato
“algo novo sob o sol.”” Em contraste, a maior parte
das pessoas na maior parte das sociedades ao longo
dos ultimos duzentos mil anos viveram suas vidas em
estruturas e ambientes que pareciam relativamente
estaveis, porque a mudanga era tao lenta que ndo podia
ser observada na escala de umas poucas geracoes.

Somente no ambito das vastas escalas da grande
histéria se torna possivel ver com clareza que a
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Epoca Antropocénica é estranha nio apenas na escala
humana, mas também naquela da historia do planeta
Terra. Talvez por essa razao, em um artigo recente, um
grupo de paleontdlogos sugeriu que o Antropoceno
representa uma das trés mais importantes mudangas
na historia da biosfera, juntamente com o surgimento
da vida, quase quatro bilhdes de anos atras, ¢ da
vida multicelular ha seiscentos milhdes de anos .
Nunca antes uma unica espécie dominou a mudanca
na biosfera como os humanos o fazem hoje, e nunca
antes o futuro proximo dependeu, como hoje, de
decisoes, insights e caprichos de uma tunica espécie.
Considerar a estranheza da sociedade moderna ¢ vital
se pretendemos compreendé-la o suficiente para lidar
com as consequéncias globais que provocara no futuro
proximo. Entender o quao estranho o mundo de hoje ¢
talvez nos confira uma consideragdo renovada acerca
dos insights e do entendimento que tiveram nossos
ancestrais, que mantiveram por muitos milénios uma
relacdo muito mais estdvel com a biosfera do que
demonstram as sociedades modernas.

Grande historia é a primeira narrativa de origens
para todos os humanos. Se a grande historia ¢ uma
narrativa de origens, ela ¢ também a primeira narrativa
desse tipo para a humanidade como um todo. Surgindo,
como o fez, em um mundo densamente interconectado,
¢ a primeira construida por, e disponivel a todos os
seres humanos. Enquanto as narrativas tradicionais
tentaram sumarizar o conhecimento de comunidades
ou regides particulares, ou de tradi¢cdes culturais,
essa ¢ a primeira que tenta sintetizar conhecimento
acumulado de todas as partes do mundo. Isso por si s6
sugere a riqueza de informagdo e a espantosa riqueza
de detalhes de uma moderna narrativa de origens.

Narrativas de origem tradicionais proveram uma
visdo unificada para comunidades particulares,
enfatizando as ideias que diferentes povos
compartilharam, tal como as modernas historias
nacionais o fazem, promovendo uma visao unificada
para os estados nacionais a despeito de diferencas
internas em lingua, cultura, religido e etnicidade. De
maneira andloga, a grande historia pode comecar a
gerar uma visdo unificada para a humanidade como
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um todo, a despeito das muitas diferencas entre
regides, nagdes e tradigdes culturais. A construcao e
a disseminacdo de uma narrativa de origens global
podem ajudar a gerar o senso de unidade humana que
sera preciso na medida em que as sociedades humanas
navegarem coletivamente através dos desafios globais
das proximas décadas. Ainda que os tribalismos
culturais e nacionais que dominaram o mundo em
que viveu Carr ainda estejam bem presentes hoje,
ele ficaria surpreso em ver, surgindo pari passu, uma
narrativa de origens para a humanidade como um todo.

Tao interconectado ¢ o mundo de hoje que a ideia
de uma humanidade unificada, com uma historia
propria, tem a relevancia que faltava no tempo de
Carr, quando as mais significativas comunidades
humanas pareciam ser os estados-nagao ou as regioes
culturalmente coesas como o “Ocidente” ou 0 mundo
islamico, ou zonas dominadas por grandes impérios
tradicionais como a China ou a India. Hoje, um sentido
de cidadania global, de pertencimento a comunidade
global da humanidade, ndo ¢ apenas uma questdo
de precisao cientifica (falando em termos genéricos
somos, afinal de contas, uma espécie notavelmente
homogénea, tanto que a categoria, Homo sapiens tem
uma precisao cientifica de que carece a categoria “ser
humano chinés” ou “ser humano norte-americano”).
Consciéncia acerca daquilo que todos os humanos
compartilham ¢ crescentemente uma questdo de
autopreservacao, particularmente num mundo com
armas nucleares. E. H. Carr escreveu O que é Historia?
um ano antes da crise dos misseis em Cuba, quando,
de acordo com o presidente Kennedy, as chances de
uma guerra total nuclear eram de “uma em trés.”¥!

A tentativa de H. G. Wells de escrever uma historia
universal em 1919, quando os horrores da Grande
Guerra ainda estavam vividos em sua mente, foi
motivada por um sentido similar de unidade humana.
A paz, argumentou ele, necessitava de novas maneiras
de pensar. Ela requeria:

...ideias historicas comuns. Sem tais ideias
para manté-los em cooperacao harmonica,
com nada além de tradigdes nacionalistas
estreitas, egoistas e conflitantes, racas e
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povos estdo destinados a vagar em direcao
ao conflito ¢ a destruicdo. Essa verdade,
que era aparente ao grande filosofo Kant
um século ou mais atras...¢ agora clara ao
homem comum.*

Mais recentemente, o grande historiador mundial
norte-americano William McNeill, defendeu com
igual eloquéncia:

A humanidade inteira possui uma
comunalidade a qual historiadores podem
desejar entender tdo firmemente quanto
possam compreender o que vem a unir
quaisquer grupos de menor porte. Em
vez de amplificar conflitos, como uma
historiografia paroquial inevitavelmente o
faz, deve-se esperar de uma histéria mundial
inteligivel que diminua a letalidade dos
encontros entre grupos por meio de cultivar
um sentido de identificacdo individual com
os triunfos e tribulagdes da humanidade
como um todo. Isso, em verdade, me
parece ser o dever moral da profissdo
historiografica em nosso tempo. Precisamos
desenvolver uma historia ecuménica, plena
de espago para a diversidade humana em
toda a sua complexidade.®

Como Wells entendeu, uma historia universal
¢ o veiculo natural para uma histéria unificada da
humanidade porque, diferentemente de historias
nacionais, a grande histéria primeiro encontra os
humanos ndo como tribos belicosas, mas como uma
espécie notoriamente homogénea. E essa ¢ uma
narrativa que pode ser contada agora com crescente
precisdao e confianga, e pode ajudar-nos a entender o
lugar de nossa espécie nao apenas no passado recente,
mas na historia da biosfera, e do Universo inteiro.
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Abstract La Gran Historia es un nuevo campo disciplinario de estudios que se ocupa del pasado en todas las
escalas posibles. Su enfoque es historico, pero vincula las disciplinas de la cosmologia a la geologia con la
biologia evolutiva y la historia humana. Comenzando “;Qué es la Historia?”” de E.H. Carr, este ensayo describe
la evolucion de la Gran Historia y, en particular, su relacion con la disciplina historica. Describe qué es la nueva
disciplina y en qué podria convertirse. Sostiene que la Gran Historia puede ayudar a superar la fragmentacion
caracteristica de la educacion moderna y la erudicion en todas las disciplinas. Al hacerlo, puede desentrafiar algo
asi como una historia de origen moderna y global, basada en lo mejor de la erudicion cientifica moderna.
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Como se equivocan, quienes estudian
los mapas de las regiones antes de haber
aprendido con precision la relacion del
universo entero y sus partes separadas y
comparadas entre si y con el todo, asi como
no estan menos equivocados los que piensan
que pueden entender historias particulares
antes de tener un juicio de orden y secuencia
de toda la historia universal y de todos los
tiempos, expuesta por asi decirlo en una
tabla.'

La Gran Historia representa un intento de lo que
E.O. Wilson ha llamado “Consiliencia”, un retorno al
objetivo de una comprension unificada de la realidad,
en lugar de las visiones fragmentadas que dominan la
educacion moderna y la erudicion.? Aunque parezca
nuevo, el objetivo de la consiliencia es muy antiguo.
E incluso en sus formas modernas, la Gran Historia
ha existido por lo menos durante un cuarto de siglo.
Por lo tanto, la publicacion del primer nimero de The
Journal of Big History ofrece la oportunidad ideal
para realizar un inventario.

Este articulo es una cuenta personal en este campo.
Ve a la Gran Historia como la forma moderna de un

1 Jean Bodin, siglo XVI, citado de Craig Benjamin
“Beginnings and Endings”, en Marnie Hughes-Warrington, ed.,
Palgrave Advances in World Histories, p. 95.

2 E.O. Wilson, Consilience: The Unity of Knowledge,
Londres: Abacus, 1998.

proyecto antiguo. Soy un historiador por formacion,
por lo que mi area de saber se centra en la relacion
de la Gran Historia con la disciplina de la historia.
Refleja la perspectiva de un historiador entrenado
en el mundo de habla inglesa, y se centra en la
relacion de la Gran Historia con la erudicion historica
anglofona. Pero no sélo para la erudicion histérica
anglofona, porque los debates que discuto tenian sus
contrapartidas y ecos en muchas otras tradiciones de
erudicion historica. Tampoco me enfoco solo en la
erudicion histérica como normalmente se entiende
dentro de la academia, porque la Gran Historia ve la
historia humana como parte de un pasado mucho mas
amplio que incluye el pasado estudiado por bidlogos,
paleontdlogos, gedlogos y cosmoélogos. Al vincular
diferentes perspectivas y escalas, y muchas disciplinas
académicas diferentes, todas las cuales intentan
comprender las raices profundas del mundo de hoy, la
Gran Historia puede transformar nuestra comprension
de la “historia”.

Sin embargo, para capturar completamente la
riquezay el alcance de este nuevo y vibrante campo de
investigacion, erudicién y ensefanza, eventualmente
necesitaremos las perspectivas de grandes historiadores
entrenados en muchas otras disciplinas. Espero que
este ensayo pueda alentar a tales académicos a ofrecer
sus perspectivas sobre la historia y la naturaleza de la
Gran Historia.
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La evolucion de la erudicion

historica en el siglo XX:

Los historiadores reconoceran que mi titulo proviene
de un ensayo clasico sobre historia, estudiado por la
mayoriade los graduados de lahistoria de hablainglesa.
Fue escrito en 1961 por E.H. Carr, un historiador de la
Unidén Soviética. El libro de Carr comenz6 como una
serie de conferencias dadas en Cambridge en 1961 en
honor a George Macauley Trevelyan, un historiador
que, a diferencia de Carr, consideraba que la disciplina
de la historia era bastante distinta de las ciencias.
Como historiador de Rusia y la Union Soviética,
Carr tomo en serio la insistencia marxista de que la
historia deberia ser considerada como una rama de la
ciencia, y esa idea influyé en mi propio pensamiento
sobre la historia ya que yo también ingresé al campo
de la historia rusa como un graduado estudiante en la
década de 1970.

En “;Qué es la historia?”, Carr rastrea la evolucion
de la disciplina historica en Inglaterra a principios del
siglo XX. En un nivel, su historia es una tendencia
sostenida que se aleja del realismo confiable, el
positivismo e incluso el universalismo de muchos
pensadores historicos del siglo XIX, hacia una
creciente fragmentacion y escepticismo. El comienza
citando la vision confiable de Lord Acton de la
erudicion historica desde la década de 1890, cuando
Acton presidio la primera edicion de la Cambridge
Modern History. Acton vio en ella “una oportunidad
unica de grabar, ... la plenitud del conocimiento que el
siglo XIX esta a punto de legar ...”. Agregd: “Laultima
historia que no podemos tener en esta generacion
[pero] ... toda la informacion est4 ahora al alcance, y
cada problema se ha convertido en una solucion”.’ La
vision de la historia de Acton es confiable, positivista
y optimista, y asume que la historia es parte del
proyecto mas amplio de aumentar el conocimiento
humano en general. Su vision de la historia también es
amplia. Supuso que los historiadores deberian apuntar

3 E. H. Carr, jqué es historia? Penguin, 1964, ler
publicado en 1961, y entregado en 1961 como George Macaulay
Trevelyan Lectures, Cambridge, 7.
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a algun tipo de ‘“historia universal”, aunque parece
haber entendido que esa frase significa, no una forma
temprana de Gran Historia, sino algo mas cercano a
la “historia mundial” o la “historia global” moderna.
Acton defini6 la historia universal como “aquello
que es distinto de la historia combinada de todos los

paises”.*

A principios del siglo XX, la erudicion histérica
inglesa experimentd una profunda transformacion,
y cuando Carr escribio, la disciplina estaba mas
fracturada y menos segura de si misma. Estos cambios
fueron parte de un cambio radical que afectd a la
mayoria de las disciplinas académicas, desde las
humanidades hasta las ciencias naturales, ya que la
especializacion y la profesionalizacion dividieron a
las becas en compartimentos cada vez mas pequefios,
cada uno ofreciendo su propia vision del mundo. La
especializacion demostro ser una poderosa estrategia
de investigacion, pero se logré cortando los antiguos
vinculos entre los campos del conocimiento, dejandolos
cada vez mas aislados unos de otros. La idea de un
s0lo mundo de conocimiento, ya sea que esté¢ unida
por cosmologias religiosas como la cristiandad o la
erudicion cientifica, la vision que subyace al intento
de Alexander von Humboldt de escribir una historia
universal cientifica en su “Kosmos”, fue abandonada.’
En disciplinas de humanidades como la historia, que
carecian del tipo de ideas paradigmaticas unificadoras
caracteristicas de las ciencias naturales en la época de
Darwin, de Maxwell y de Einstein, la especializacion
también socavo el realismo epistemologico confiable
de Acton.®

Carr capta algunos de estos cambios al citar la
introduccion a la segunda edicion de la Cambridge
Modern History, escrita por George Clark en 1957,

4 Carr, jqué es historia? p. 150.

5 Sobre Humboldt como gran historiador antes de su
tiempo, ver Fred Spier, Big History and the Future of Humanity,
2nd ed., Malden, Mass .: Wiley Blackwell, 2015, pp. 18-21, y
Andrea Wulf, The Invention de la naturaleza: Las aventuras
de Alexander von Humboldt, el héroe de la ciencia perdido,
Londres: John Murray, 2015.

6 Carr, ;jqué es historia? p. 150.
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mas de medio siglo después de las declaraciones de
Acton. Después de citar las esperanzas de Acton de
una “historia definitiva”, Clark escribe:

Los historiadores de wuna generacion
posterior no esperan esa posibilidad.
Esperan que su trabajo sea reemplazado
una y otra vez. ... La exploracion parece
ser interminable, y algunos eruditos
impacientes se refugian en el escepticismo,
o al menos en la doctrina de que, dado
que todos los juicios histéricos involucran
personas y puntos de vista, uno es tan bueno
como otro y no hay una verdad histdrica
“objetiva”.’

La pérdida de confianza en una epistemologia
realista o naturalista en disciplinas como la historia,
amplio el abismo entre las “dos culturas” de las ciencias
y las humanidades que tanto preocupaban a C.P. Snow
en una famosa conferencia pronunciada en 1959.%
El abismo era particularmente amplio en el mundo
de habla inglesa, porque el inglés, a diferencia de la
mayoria de los otros idiomas académicos, limitaba la
palabra “ciencia” a las ciencias naturales. En inglés, la
idea misma de “ciencia historica” comenzé a parecer
absurda. En la época de Carr, la erudicion histérica
habia perdido la confianza tanto en la naturaleza
“cientifica” de la erudicién historica, como en la
epistemologia realista que todavia apuntalaba la
investigacion en las ciencias naturales.

El escepticismo y la fragmentacion intelectual
socavaron la antigua esperanza de que la historia
podria empoderarnos ayudandonos a comprender
mejor el presente y debilitar la confianza en el valor
de la investigacion historica. A medida que se aislaron
cada vez mas de otras disciplinas e incluso entre si,
los historiadores se quedaron con visiones cada vez
mas fragmentadas del pasado y de la naturaleza y
los objetivos de la historia. Esta creciente sensacion

7 Carr, ;qué es historia? pag. 7-8.

8 C. P. Snow, Las dos culturas y la revolucion cientifica
(Cambridge, 1959).
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de fragmentacion fue la contraparte académica de
lo que Durkheim llamé anomie, la pérdida de un
sentido de coherencia y significado, una idea que
Carr mismo resume en una nota al pie como “la
condicion del individuo aislado de ... la sociedad”.’
Académicamente, anomie surgié del aislamiento
cada vez mayor de los académicos tanto unos de
otros como de un mundo unificado de conocimiento.
La unica fuerza que mitigaba parcialmente la
creciente sensacion de aislamiento académico era el
nacionalismo. Aunque tribal por su propia naturaleza,
las historias nacionales, que habian florecido desde
el siglo diecinueve, proporcionaron cierto sentido de
cohesion para los historiadores que trabajan dentro de
las tradiciones historiograficas nacionales.

La propia posicion de Carr cae entre el realismo
cientifico robusto de Acton y el relativismo vacilante
de Clark. El explora brillantemente la compleja
dialéctica entre la historia como verdad, y la historia
como historias que contamos sobre el pasado. Toma
la verdad y la ciencia en serio, porque cree que
la historia, como la ciencia, y como la verdad en
general, tiene un proposito: puede empoderarnos. Nos
fortalece al mejorar nuestra comprension del presente,
y lo realiza haciendo corresponder el presente con
el pasado: “La funcion del historiador no es amar el
pasado ni emanciparse del pasado, sino dominarlo
y comprenderlo como la clave para la comprension
del presente “!°. De ello se desprende que los mapas
del pasado creados por los historiadores deben ser
buenos mapas. Como buena ciencia, tenian que
darnos un mejor control del mundo real. Entonces
Carr, como Marx, era un filésofo realista, y no vio
un abismo fundamental entre las Humanidades y las
Ciencias Naturales.!® “Cientificos, cientificos sociales
e historiadores estan involucrados en diferentes
ramas del mismo estudio: el estudio del hombre y su
entorno, de los efectos del hombre en su entorno y
de su entorno en el hombre. El objeto del estudio es
el mismo: aumentar la comprension y el dominio del

9 Carr, Jqué es historia? pag. 32.
10 Carr, Jqué es historia? pag. 26.
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hombre sobre su entorno”.!!

Por otro lado, Carr entendid mas claramente que
Acton que el pasado no estd simplemente esperando
ser descubierto, “como pescado en el escaparate de
una pescaderia”.!> La historia consiste en historias
sobre el pasado construidas por historiadores, y como
construimos esas historias, de como nuestro mundo
y nuestros propositos cambian. Necesitamos rigor
empirico para llegar a la verdad sobre el pasado,
pero cuando contamos historias sobre el pasado
necesitaremos otras habilidades, incluyendo lo que
Carr llama “comprension imaginativa”, la capacidad
de comprender a quienes vivieron en el pasado.'® En
esto, Carr fue influenciado por uno de los grandes
filésofos ingleses de la historia, R. G. Collingwood,
aunque advirtio que el énfasis de Collingwood en el
papel activo del historiador, si se lo toma demasiado,
podria llevar a un escepticismo extremo.'*

Particularmente influyente en el pensamiento de
Carr fue el equilibrio dialéctico de Marx entre la
ciencia y el activismo. Marx insisti6 en que hay un
pasado objetivo. Pero hacer que algo de ese pasado
sea una tarea creativa, y como lo abordamos depende
de quiénes somos y el presente particular en el que
escribimos y estudiamos. Esta es la dialéctica que Marx
describié en un famoso pasaje del “18*° Brumario de
Luis Napoleon™.

Los hombres hacen su propia historia, pero
no la hacen como quieren; no lo hacen bajo
circunstancias elegidas por ellos mismos,
sino en circunstancias directamente
encontradas, dadas y transmitidas desde
el pasado. La tradicion de todas las
generaciones muertas pesa como una

11 Carr, jqué es historia? pag. 84.
12 Carr, jqué es historia? pag. 23.
13 Carr, ;/Qué es la historia? pag. 24.

14 El trabajo de Collingwood, al igual que el de Carr, era
una opcion basica para los graduados de mi generacion. Su obra
mas importante fue R. G. Collingwood, The Idea of History,
rev. ed., ed. Jan Van der Dussen (Oxford y Nueva York: Oxford
University Press, 1994).
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pesadilla en el cerebro de los vivos."

Los historiadores también “hacen su propia historia”,
pero lo hacen “bajo circunstancias directamente
encontradas, dadas y transmitidas desde el pasado”.
Lo que hacen del pasado depende del tiempo y el lugar
en el que escriben. Pero las historias que construyen
sobre el pasado pueden, a su vez, influir en el pasado
estudiado por los futuros historiadores. Como activista,
Marx entendid bien que la forma en que describimos
el pasado puede moldear el futuro.

Como Marx, Carr entendid el complejo y delicado
equilibrio entre la historia como verdad y la historia
como historia. La historia es, escribido Carr, en un
pasaje familiar para muchos estudiantes de posgrado
en historia: “un proceso continuo de interaccion entre
el historiador y los hechos, un didlogo interminable
entre el presente y el pasado”.'® Al igual que la
memoria, la historia no recuerda el pasado, lo vuelve
a re-crear.

Pero, ;qué pasado? Carr estaba aln mas
comprometido que Acton para ampliar el alcance de
la investigacion historica. Después de todo, era un
historiador de Rusia y estaba ansioso por demostrar
la importancia de las historias que habian sido
descuidadas por los historiadores de habla inglesa.
Como admirador de Joseph Needham, también
insisti6 en la importancia de la historia china y las
historias de muchas otras partes del mundo mas alla
de Europa. Pero, aunque el pasado de Carr es amplio,
no es profundo. Muestra poco interés en la prehistoria
humana o en las historias de la biosfera y el universo. Y
eso tal vez sea sorprendente, dado su interés por Marx,
que veia la historia como parte de un conocimiento
continuo que incluia todas las ciencias. De hecho,
Marx, como von Humboldt, fue un gran historiador
anticipado a su tiempo. Pero Carr escribi6 en una era de
fragmentacion académica, y la Gran Historia no estaba
en su radar, o en el radar de cualquier historiador de

15 Citado de Robert C. Tucker, ed., The Marx-Engels

Reader, 2nd ed. (Nueva York y Londres: W.W. Norton & Co.,
1978), 595.

16  Carr, ;jqué es historia? pag. 30.
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lengua inglesa de su generacion. Sin embargo, estaba
en el radar de los historiadores de la Union Soviética y
China, cuya herencia marxista asegurd que la idea de
la historia “universal” o “general” nunca perdiera por
completo su sentido marxista inclusivo.

En 2001, David Cannadine edité una coleccion de
ensayos llamada What is History Now? ;Qué es la
Historia ahora? basado en una conferencia celebrada
para conmemorar el 40™ aniversario del libro de Carr.!”
Mucho habia cambiado desde que Carr escribio. En
todo caso, la disciplina de la historia se habia vuelto
aun mas fragmentada, tanto en contenido como en
epistemologia, y ain menos segura de si misma. La
vision universalista de Marx o von Humboldt o H.G.
Wells, parecia haberse desvanecido por completo,
sobreviviendo solo en la version reducida de las
historias nacionales. Muchos de los cambios evidentes
enlacoleccion de Cannadinereflejan laproliferacionde
posguerra de universidades, estudiantes universitarios,
historiadores y subdisciplinas histéricas. Este fue un
fenomeno mundial, por lo que las tendencias en la
investigacion historica inglesa se pueden encontrar,
con variaciones, en muchas tradiciones historiograficas
diferentes.

El libro de Cannadine ya no se trataba de una sola
disciplina de historia, por lo que era apropiado que
tuviera multiples autores. Mas historiadores y mas
estudiantes parecian querer comunicar ideas cada
vez mas diversas sobre el contenido, el significado y
el proposito de la erudicion historica. Cada capitulo
trata sobre un tipo diferente de historia, por lo que hay
capitulos llamados: “;Qué es la historia social ahora?”,
“;Qué es la historia intelectual ahora?” Y “;Qué¢ es la
historia cultural ahora?”. La ausencia de “;Qu¢ es la
historia de las mujeres ahora?” O “;Qué es la historia
ambiental ahora?” sorprende, aunque Cannadine
insiste en que su libro refleja s6lo un pequefio namero
de subdisciplinas en las que se dividi6 la historia.

La fragmentacion estuvo acompafiada de un

17 David Cannadine, ed., jQué es historia ahora?
Basingstoke: Palgrave / Macmillan, 2002.
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creciente escepticismo sobre la objetividad y la
naturaleza cientifica de la disciplina. Los historiadores
se aislaron cada vez mas incluso unos de otros, y
cualquier consenso sobre la naturaleza y los objetivos
de la historia parecia haberse evaporado. En un ensayo
introductorio, Richard Evans sefald el creciente
enfoque en la era posmodernista sobre el papel
creativo y subjetivo del historiador y sobre el papel del
historiador como narrador de historias. Este enfoque
fue resumido en el clasico de Hayden White de 1973,
Metahistory: The Imagination Historical in the 19th
Century Europe, que se centrd casi por completo
en los aspectos literarios de la erudicion historica,
en lugar de afirmaciones que de verdad hizo. Las
investigaciones historicas parecen haberse dividido
en historias multiples e inconmensurables sobre el
pasado, cada una representando una perspectiva
particular, y ninguna confiada en sus afirmaciones
sobre la verdad historica. Los historiadores parecen
haber asumido el profundo escepticismo hacia las
grandes narrativas o metarrelatos que Jean-Francois
Lyotard consideraba una caracteristica definitoria del
pensamiento posmoderno.'®

Y sin embargo, ... aunque el cambio apenas se
registro en los diales historiograficos del volumen de
Cannadine, para el afio 2000, la idea de una nueva
forma de historia universal ya estaba sacudiendo las
margenes de la erudicion historica. La historia mundial
estaba floreciendo en los Estados Unidos, tenia una
organizacion académica bien establecida y una revista
exitosa (The Journal of World History), y se ensefiaba
en un numero cada vez mayor de universidades y
escuelas. Pero varios estudiosos ahora se aventuraron
mucho mas alla de la historia mundial. Comenzaron a
explorar la posibilidad de una historia verdaderamente
universal que abarcaria todo el pasado, incluidos los
pasados de la biosfera y el universo entero. Para 2001,
habia ensefiado la Gran Historia durante 12 afios, pero
solo era un miembro de una pequefia pero vigorosa

18  Jean-Frangois Lyotard, La condicion posmoderna: un
informe sobre el conocimiento, transl. Geoff Bennington y Brian
Massumi (Minneapolis: Universidad de Minnesota Press, 1984).
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comunidad de académicos que se movian en la misma
direccion. Eric Chaisson habia estado ensefiando
versiones astrondmicas de la Gran Historia durante
mas de veinte anos, y la Gran Historia se ensefiaba
en Amsterdam por Fred Spier y Joop Goudsblom, en
Dallas por John Mears, en San Francisco por Cynthia
Stokes-Brown, en Melbourne por Tom Griffiths
y Graeme Davidson, y en otros lugares. La Gran
Historia se cold como disciplina histérica que miraba
en la direccion opuesta.

Hoy, quince afios después del volumen de
Cannadine, la Gran Historia sigue siendo marginal,
pero estd comenzando a sacudir la disciplina de la
historia.!” Existe una literatura académica emergente
que demuestra que la Gran Historia puede escribirse
con rigor y precision, y puede producir nuevos
conocimientos transformadores sobre el pasado.”
La Gran Historia se ensefla con éxito en varias
universidades, principalmente en el mundo de habla
inglesa, e incluso los departamentos de historia que
no la ensefian a menudo incluyen discusiones sobre
la Gran Historia en sus seminarios de historiografia.
Hay una asociacion académica (la IBHA), y ahora
una revista de Gran Historia. Gran Historia incluso se
ensefia en muchas escuelas secundarias, a través del

19  Un ejemplo interesante es The History Manifesto, de
Jo Guldi y David Armitage, Cambridge: CUP, 2014, que ofrece
una critica agresiva del cortoplacismo en la literatura historica
contemporanea.

20 A start up list might include Eric Chaisson, Cosmic
Evolution: The Rise of Complexity in Nature, Cambridge, MA:
Harvard University Press, 2001; David Christian, Maps of Time:
An Introduction to Big History, Berkeley, CA: University of
California Press, 2nd ed., 2011; Fred Spier, Big History and the
Future of Humanity, 2nd ed., Malden, MA: Wiley/Blackwell,
2015; Cynthia Stokes Brown, Big History: From the Big Bang
to the Present, 2nd ed., New York: New Press, 2012; a university
text, David Christian, Cynthia Stokes Brown, and Craig
Benjamin, Big History: Between Nothing and Everything, New
York: McGraw-Hill, 2014; anthologies of essays, such as Barry
Rodrique, Leonid Grinin and Andrey Korotayev, eds., From Big
Bang to Galactic Civilizations: A Big History Anthology, Vol.
1, Our Place in the Univere, Delhi: Primus Books, 2015; and
a beautifully illustrated overview, Macquarie University Big
History Institute, Big History, London: DK books, 2016.
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“Big History Project”, un plan de estudios gratuito en
linea lanzado en 2011 y financiado por Bill Gates.

Lo que parecia solo décadas atras, un enfoque
arcaico, irreal y perverso de la erudicion histérica
ahora estd comenzando a parecer una forma poderosa,
rigurosa ¢ incluso transformadora de la erudicion
moderna, que puede volver a conectar la erudicion
histdrica y la ensefianza una vez mas a otras disciplinas
tanto en Humanidades como las otras Ciencias.

JPor qué el regreso a la Historia Universal?
. Qué pasé?

Algunos de los cambios cruciales ocurrieron dentro
de la disciplina histérica. Siempre hubo algunos
académicos, como H.G. Wells o Arnold Toynbee, que
mantuvieron viva la visiéon de una comprension mas
amplia del pasado. Pero la investigacion especializada
también sentd las bases para una vision mas amplia
del pasado, generando una cantidad colosal de nueva
erudicion historica, y abordando temas y regiones y
épocas que habian sido ignoradas por generaciones
anteriores de historiadores. Felipe Fernandez-
Armesto, un historiador mundial con intereses
extraordinariamente amplios, lo describe muy bien en
un capitulo del volumen de Cannadine:

“los historiadores cavan surcos cada vez
mas profundos en un suelo cada vez mas
seco hasta que los surcos colapsan y quedan
sepultados bajo su propia aridez”. Sin
embargo, por otro lado, cada vez que uno sale
del surco, ahora hay mucho mas campo que
estudiar, tanto trabajo nuevo y enriquecedor,
que puede cambiar la perspectiva o ampliar

el marco de comparacion !

Pero muchos de los cambios que permitieron el
retorno a la historia universal ocurrieron mas alla
de la disciplina historica, y particularmente dentro
de las ciencias naturales, que siempre habian sido
mas amistosas que las humanidades a la idea de la

21  Cannadine, ed., ;/Qué es historia ahora? pag. 149.
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consiliencia.?? El fisico cuantico, Erwin Schrodinger,
ya habia anticipado nuevas formas de unificacion
académica en un libro que escribid justo después de
la Segunda Guerra Mundial sobre la naturaleza de la
vida.

Hemos heredado de nuestros antepasados
el profundo anhelo de un conocimiento
unificado y universal. El mismo nombre
dado a las mas altas instituciones de
aprendizaje nos recuerda que, desde la
antigiiedad y durante muchos siglos, el
aspecto universal ha sido el unico al que
se le ha dado todo el crédito. ... Sentimos
claramente que recién ahora estamos
empezando a adquirir material confiable
para soldar juntos la suma total de todo lo
que se conoce en un todo; ...

En las ciencias naturales, como en las humanidades,
la erudicion especializada durante muchas décadas
produjo una gran cantidad de nueva informacién
e ideas. Igualmente importante fue la aparicion de
nuevas ideas paradigmaticas unificadoras. Los mas
importantes fueron la cosmologia del big bang,
la tectonica de las placas y la sintesis darwiniana
moderna. Los nuevos paradigmas apenas eran visibles
cuando Carr escribio. E1 ADN habia sido descubierto
en la propia Universidad de Cambridge, en 1953, pero
el significado completo del descubrimiento volveria
solo en la proxima década o dos. Los descubrimientos
que afianzaron la tectdnica de placas y la cosmologia
del big bang aun se encontraban en el futuro. Para
1970, sin embargo, los nuevos paradigmas ya
alentaban las esperanzas de una nueva unificacion
del conocimiento, al menos en las ciencias naturales.
Algunos cientificos incluso comenzaron a hablar de
“Grandes Teorias Unificadas”.

22 Esta seccion resume y agrega argumentos que presenté
en “El retorno de la historia universal”.

23 Erwin Schrodinger, ;Qué es la vida? CUP, 2000, p. 1
[primer publ. 1944]; Schrodinger también era muy consciente de
las barreras que la especializacion ponia en el camino de tales
ambiciones.
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Particularmente llamativo es el hecho de que los
nuevos paradigmas cientificos eran de naturaleza
historica. Se habia ido el universo estatico de Newton,
reemplazado por un universo que operaba de acuerdo
con las reglas historicas y evolutivas. E.H. Carr era
consciente del “giro histérico” en las ciencias naturales,
y su significado para la historia, aunque sus ideas
serian ignoradas por la mayoria de los historiadores
durante los préximos cincuenta afios mas o menos. La
revista Science escribio:

“habia experimentado una profunda
revolucion ... Lo que Lyell hizo por la geologia y
Darwin por la biologia, se ha hecho ahora para la
astronomia, que se ha convertido en una ciencia de
como el universo lleg6 a ser lo que es ... El historiador
tiene alguna excusa para sentirse mas a gusto en el
mundo de la ciencia de lo que podria haberse sentido
hace cien afios.”*

La cosmologia del big bang alent6 a astronomos
como Carl Sagan a contar la historia del universo,
mientras que la tectonica de placas alentd a gedlogos
como Preston Cloud a escribir nuevas historias del
planeta tierra.”® Resultd que muchos cientificos
naturales estaban en el mismo negocio sucio que los
historiadores, esto es, intentar reconstruir un pasado
desaparecido desde pistas aleatorias. El giro historico
en las ciencias naturales acerco los métodos de los
cientificos a los de los historiadores. Los experimentos
controlados sobre los origenes de la vida en la Tierra
o la Revolucion Rusa estaban fuera de discusion. En
cambio, resultd que muchas disciplinas cientificas
enfrentaban el mismo desafio metodologico que
los historiadores: recolectar tantas pistas del pasado
como pudieran, desde la antigua luz de las estrellas
hasta los cristales de circonio y los trilobites fosiles, y
usarlos para reconstruir plausibles relatos del pasado.
Este era un territorio familiar para los historiadores.

24 Carr, ;Qué es historia? pag. 57.

25  Laserie de television de Carl Sagan, Cosmos, se emitio
por primera vez en 1980; Cosmos, tierra y hombre de Preston
Cloud: Una breve historia del universo, New Haven: Yale
University Press, se publico justo dos afios antes, en 1978.
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Las desaprobaciones preferidas de Karl Popper rara
vez estaban disponibles, y otras habilidades, mas
borrosas, tales como el reconocimiento de patrones o
las corazonadas basadas en la familiaridad prolongada
con un campo dado, adquirieron una relevancia
creciente tanto en las ciencias naturales como en las
humanidades.*

De particular importancia para la aparicion de
las formas modernas de la historia universal fue el
desarrollo de técnicas de datacion radiométrica que
podria proporcionar un esqueleto cronologico firme
para las historias del pasado lejano.?” Cuando H.G.
Wells intenté una historia universal justo después
de la Primera Guerra Mundial, las primeras partes
de su historia se debilitaron porque, como Wells
admitio, todas sus fechas absolutas dependian de los
registros escritos, por lo que no pudo proporcionar
ninguna antes de la Primera Olimpiada (776 A.C.).%
Los geologos del siglo XIX habian aprendido cémo
construir cronologias relativas mediante el estudio de
la estratificacion de rocas antiguas, pero nadie podia
decir cuando ocurrié la explosion del Cambrico o
cuando se formo la Tierra.

Todo esto cambid con la aparicion de las técnicas de
datacion radiométrica en la década de 1950. En 1953,
Claire Paterson utilizé la vida media del uranio en
meteoritos para determinar que la Tierra tenia 4.560
millones de afios. Su fecha se mantiene hasta el dia
de hoy. Cuando Carr escribio en 1961, la datacion
radiométrica apenas comenzaba a transformar el
pensamiento de los arqueo6logos y prehistoriadores.
En 1962, en la cueva Kenniff en S. Queensland,

26  Hay una buena descripcion de las metodologias reales,
en oposicion a las idealizadas, de la ciencia moderna en John
Ziman, Real Science: Qué es y qué significa. CUP, 2000.

27 Véase David Christian, “Historia, complejidad y
revolucion cronométrica”, Revista de Occidente, abril de 2008,
N° 323, 27-57, y David Christian, “Historia y ciencia después
del Revolucion cronométrica “, en Steven J. Dick y Mark L.
Lupisella, eds., Cosmos & Culture: Evolucion cultural en un
contexto cosmico, NASA, 2009, pp. 441-462.

28  H.G. Wells, Outline of History: Being a Plain History of
Life and Mankind, 3rd ed., (New York: Macmillan), 1921, 1102.
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John Mulvaney utilizd técnicas radiométricas para
demostrar que los humanos habian vivido en Australia
desde antes de la ultima edad de hielo, y en sus
proximas décadas, como las primeras fechas para el
asentamiento humano en Australia lo que seria correr
la fecha entre 50.000 y quizas 60.000 afios.” Como
escribe Colin Renfrew:

. el desarrollo de métodos de datacion
radiométrica, ... permitié la construccion
de una cronologia para la prehistoria en
cada parte del mundo. Era, ademas, una
cronologia libre de suposiciones sobre
desarrollos culturales o relaciones, y podria
aplicarse tanto a sociedades sin literatura
como a aquellos con registros escritos. Ser
prehistorico ya no significa ser ahistorico
en un sentido cronolédgico.*

Eventualmente, las técnicas radiométricas y otras
técnicas de datacion permitieron construir cronologias
rigurosas que se remontaban a los origenes del
universo. Por primera vez, ahora es posible contar una
historia universal basada en una cronologia universal
robusta.

Algunos de estos cambios simplemente se
registraron en la coleccion de ensayos de David
Cannadine. En el ultimo capitulo de ese libro, Felipe
Fernandez-Armesto argumentd que la historia habia
ampliado su ambito de aplicacion, especializacion
por especializacion, y ahora es necesario abrazar las
ciencias naturales: “la historia ya no puede permanecer
en uno de los campamentos de las ‘dos culturas’. Los
seres humanos son obviamente parte de la herencia
animal™' En 1998, el gran historiador mundial,
William H. McNeill, argument6 que los historiadores
necesitaban integrar la historia de la humanidad dentro
de la historia de la biosfera e incluso del universo
como un todo:

29  John Mulvaney y Johan Kamminga, Prehistoria de
Australia, Sydney: Allen y Unwin, 1999, 1-2.

30  Colin Renfrew, Prehistoria: La fabricacion de la mente
humana, Londres: Weidenfeld y Nicolson, 2007, 41.

31  Cannadine, jqué es historia ahora? pag. 153.
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Aparentemente, los seres humanos
pertenecen al universo y comparten su
caracter inestable y de evolucion. ...1o que
sucede entre los seres humanos y lo que
sucede entre las estrellas parece ser parte
de una historia grande, que evoluciona con
aparicion espontdnea de complejidad que
genera nuevos tipos de comportamiento
en todos los niveles de organizacion desde
los quarks y leptones mas diminutos hasta
las galaxias, desde las largas cadenas de
carbono hasta los organismos vivos y
la biosfera, y desde la biosfera hasta los
universos simbolicos de significado dentro

del cual los seres humanos viven y trabajan,
32

En sus ultimos anos, McNeill se interesd cada vez
mas en la idea de la Gran Historia, viéndola como
una extension natural de su propia vision amplia de la
historia. Fue, como su hijo, John, quien escribid: “lo
que mas le emociond (aparte de mis nietos)”.?

.Qué es Big History?

Entonces, ;qué es la Gran Historia?

En la parte final de este ensayo me gustaria explorar
varias descripciones superpuestas de lo que es la Gran
Historia y lo que podria ser. Estos son pensamientos
personales, y algunos son especulativos. Pero espero
que les pueda interesar incluso a aquellos que estan
menos persuadidos que yo. Y espero que puedan
alentar una amplia discusion sobre la Gran Historia
y su futuro. Mis pensamientos estan organizados,
vagamente, a lo largo de un espectro que va desde el
final de la “verdad” de la dialéctica de la historia de
Carr hacia el final de la “narracion de historias™.

El objetivo de 1a Gran Historia, como la de todo
buen conocimiento, es capacitarnos ayudandonos

32 William H. McNeill, “Historia y la cosmovision
cientifica”, History and Theory, 37, no. 1 (1998): 12-13.

33 Origenes: Boletin de la Asociacion Internacional de
Big History, 2016, VI.08, p. 7.
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a comprender el mundo en el que vivimos. La Gran
Historia nos fortalece al ayudarnos a comprender
nuestro mundo. Al igual que todas las formas de la
historia, la Gran Historia nos empodera principalmente
mediante el mapeo del presente en el pasado, a fin
de ayudarnos a comprender mejor como el mundo
de hoy llegd a ser como es. Esta afirmacién sobre
el proposito de la historia supone una comprension
realista o naturalista del conocimiento. Como criaturas
evolucionadas, interactuamos con nuestro entorno
con cierto grado de éxito, y ese éxito presupone
que nosotros (como todos los organismos Vivos)
podemos lograr una comprension limitada pero real
de nuestro entorno. Aunque consciente de los limites
del conocimiento, la Gran Historia, como la ciencia
en general, resiste formas extremas de escepticismo
o relativismo. Se basa en los mismos fundamentos
realistas y naturalistas que las buenas ciencias, y tiene
el mismo objetivo final de empoderamiento.

La Gran Historia es universal. Pero si entender
el pasado puede empoderarnos, ;no deberiamos tratar
de comprender fodo el pasado? Lo que distingue a
la Gran Historia mas decisivamente de otras formas
de estudios histdricos, es su intento de comprender
el pasado como un todo. Aspira a una comprension
universal de la historia. La Gran Historia no es hostil
a areas historicas especializadas. Por el contrario, es
completamente dependiente de los ricos materiales
generados por los especialistas. Pero trata de vincular
los hallazgos de especialistas en una vision méas amplia
y unificadora, de la misma forma en que se pueden
conectar millones de mapas locales para formar un
mapa mundial Unico. Estos ambiciosos objetivos
significan que la Gran Historia nada contra la marea de
fragmentacion intelectual que tanta literatura erigié en
el siglo XX. La Gran Historia apunta a la consiliencia,
a lo que Alexander von Humboldt una vez Illam¢ el
“frenesi loco ... de representar en una sola obra todo el
mundo material”.**

34  Andrew Wulf, La invencion de la naturaleza: Las
aventuras de Alexander von Humboldt, el héroe perdido de la
ciencia, Londres: John Murray, 2015.
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Muchas consecuencias interesantes fluyen del
ambicioso universalismo de la Gran Historia. Ella
no reconoce barreras disciplinarias al conocimiento
historico. Supone la existencia de toda una gama de
disciplinas orientadas histéricamente, todas vinculadas
por el mismo proyecto: el de reconstruir como nuestro
mundo llegd a ser tal como es. De hecho, a menudo
me pregunto si no veremos, en algin momento
en el futuro, una reorganizacion de los campus
universitarios, de modo que, en lugar de poner las
ciencias en un extremo y las humanidades en el otro,
se pueda encontrar una zona dedicada a “las ciencias
historicas”, en las que puedes encontrar a astronomos,
gedlogos, bidlogos evolutivos, neurocientificos e
historiadores trabajando juntos.

Las aspiraciones universales de la Gran Historia
significan que abarcara todas las areas de conocimiento
que han generado explicaciones plausibles, rigurosas
y basadas en la evidencia del pasado, y cualquier
disciplina cuyos conocimientos puedan iluminar el
pasado. Esto significa que, en este momento, tiene
sentido trazar una linea entre todo lo que sucedid
justo después del big bang -un pasado que puede
reconstruirse con montones de evidencias- y todo
lo que precedio al big bang, territorio donde hay
muchas cosas interesantes en cuanto a especulacion,
pero hasta el momento se trata de una historia tensa,
no basada en la evidencia. Esto puede cambiar, por
supuesto, en cuyo caso, la historia de la Gran Historia
misma se expandird para incorporar, tal vez, evidencia
de un multiverso o de la teoria de cuerdas. Cambios
similares pueden ocurrir en otras partes de la historia
de la Gran Historia, mientras los bidlogos exploran
los origenes de la vida en la Tierra o los astronomos
buscan vida alrededor de otros sistemas estelares, o
cuando los neurocientificos y psicologos comienzan a
controlar lo ‘duro’ en el tema de la conciencia.

Con estas calificaciones, la Gran Historia apunta a
una comprension integral de la historia, el equivalente
intelectual de un mapa del mundo del pasado. Al
igual que un mapa del mundo, la Gran Historia puede
ayudarnos a ver no sélo las principales naciones y
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océanosdelpasado,sinotambiénlosvinculosysinergias
que conectan diferentes continentes académicos,
regiones ¢ islas en un inico mundo del conocimiento.
La amplia perspectiva de la Gran Historia también nos
alienta a movernos entre multiples escalas, desde las
del universo mismo, a las de los humanos, a las de
las células individuales, dentro de las cuales millones
de reacciones precisamente calibradas ocurren cada
segundo. La Gran Historia nos anima a conectar los
puntos en el tiempo y el espacio, para buscar las
sinergias que vinculan entidades, disciplinas y escalas
dispares.

Al centrarse en las redes de ideas que vinculan
las disciplinas, la Gran Historia puede ayudarnos a
superar las formas mas extremas del caracteristico
escepticismo de gran parte de la erudicion del siglo
XX, particularmente en humanidades. En manos
de Durkheim, la idea de “anomia” se referia a la
ausencia de un sentido claro de lugar o significado,
una condicion de falta de marco intelectual en el que
el mundo mismo tenia poco sentido y los individuos
podian sentirse lo suficientemente aislados como para
contemplar el suicidio. La extrema fragmentacion
de la erudicion del siglo XX permitid un gran
progreso intelectual, disciplina por disciplina. Pero
lo hizo a costa de aislar las disciplinas entre si, y eso
limité las posibilidades tanto para una vision mas
amplia y unificadora como para la verificacion de la
verdad entre las disciplinas. Particularmente en las
humanidades, el aislamiento intelectual generd formas
académicas de anomia que minaban la confianza en
cualquier reclamo para generar significado o para
lograr una comprension provisional de la realidad.
El escepticismo posmoderno compartido por tantos
eruditos en humanidades a finales del siglo XX fue
un correctivo util para las formas de positivismo
demasiado confiadas en si mismas. Pero, cuando se
lleva a los extremos, cre6 un sentido fragmentado de la
realidad que podria ser profundamente desautorizador,
tanto intelectual como éticamente.

La Gran Historia vuelve, con la debida modestia
cientifica, al antiguo proyecto de intentar ensamblar
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mapas unificados de la realidad. Al romper las
divisiones entre disciplinas, la Gran Historia puede
ayudar a restablecer una relacion mas equilibrada
entre la erudicion especializada y las grandes ideas
paradigmaticas.

La Gran Historia es colaborativa y colectiva. La
Gran Historia esta siendo ensamblada, como un vasto
mosaico, utilizando fichas de diferentes paises, €pocas
y disciplinas académicas. Toda su area es colaborativa.
Pero el extraordinario rango de la Gran Historia pone
a la colaboracioén en el corazdn de la nueva disciplina.
Una buena historia de la Gran Historia no sera el
producto de mentes eruditas individuales, sino la
creacion conjunta de miles, quizas millones, de mentes
diferentes.

La colaboracion académica extrema requerida
para escribir una Gran Historia deberia alentar
una reconsideracion de lo que queremos decir con
experiencia. La especializacion alent6 la idea de que,
si se reducia el campo de investigacion lo suficiente,
los académicos individuales podrian lograr el dominio
total de un campo. Se convirtieron en expertos. Este
punto de vista siempre fue ingenuo porque incluso
el mejor de los expertos recurrid a percepciones y
paradigmas fuera de sus campos de experiencia.
Pero la amplitud extraordinaria de la Gran Historia
significa que, si bien se basard en las percepciones
de los expertos, también requerira muchas otras
habilidades académicas, no todas las cuales se valoran
en el mundo fragmentado del conocimiento actual.
La Gran Historia requiere, sobre todo, una habilidad
para comprender y luego vincular la erudicion de
muchos estudiosos de diferentes disciplinas. Exige
amplitud tanto como profundidad. Requiere un ojo
agudo para sinergias inesperadas entre disciplinas.
Y requiere la capacidad de sintonizar las diferentes
frecuencias intelectuales de multiples disciplinas.
Los grandes historiadores tendran que ser traductores
interdisciplinarios, sensibles a los matices sutiles
en la forma en que las diferentes disciplinas usan
conceptos, palabras y métodos similares. Y también
haran preguntas profundas interdisciplinarias. ;Puede
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la idea de entropia, que juega un papel tan poderoso
en la fisica, iluminar nuestra comprension de la
historia humana? ;Pueden las maquinas moleculares
de nivel atdbmico que exploran hoy los nanobiologos
sugerir nuevas formas de gestionar los flujos de
energia en el mundo actual?** ;Existen mecanismos
universales (quizas alguna forma de darwinismo
universal) que expliquen la aparicion de entidades
cada vez mas complejas a pesar de la segunda ley de
la termodinamica?*

Al centrarse no solo en los o6rganos individuales
de la erudicibn moderna, sino también en los
tejidos que los conectan, la Gran Historia puede
proporcionar un nuevo tipo de marco para el
pensamiento e investigacion interdisciplinarios. Los
investigadores que estén familiarizados con el mapa
del pasado de la Gran Historia natural buscaran
naturalmente ideas y métodos utiles que van mas
alla de sus propias disciplinas especializadas. La
investigacion transdisciplinaria cobrara especial
importancia a medida que mas y mas problemas,
desde el cambio climatico hasta el estudio del cancer
o las crisis financieras, comiencen a depender no de
la investigacion dentro de una sola disciplina, sino
de la combinacion de hallazgos y conocimientos de
multiples disciplinas. De hecho, el éxito mismo de
la investigacion dentro de las disciplinas explica por
qué ahora hay cada vez mas problemas interesantes
e importantes entre las disciplinas. A medida que la
investigacion interdisciplinaria se vuelve cada vez
mas importante, la Gran Historia puede ofrecer un
nuevo modelo de buena investigacidon, que se centre
en la amplitud del conocimiento y un buen ojo para las
sinergias interdisciplinarias inesperadas.

La joven disciplina de la Gran Historia también

35 Peter Hoffmann, Lifes Ratchet, es una exploracion
maravillosa de como las maquinas moleculares explotan la
“tormenta molecular” creada por la energia aleatoria de las
moléculas individuales para impulsar la quimica de las células; y
por qué hacerlo no infringe la segunda ley de la termodinamica
porque depende de fuentes adicionales de energia libre,
principalmente suministradas por la molécula de la bateria, el
ATP.
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ha demostrado que la colaboracion intelectual es una
caracteristica distintiva de nuestra especie, homo
sapiens. Aunque muchas caracteristicas evolutivas
nos definen como una especie, nuestra creatividad
tecnoldgica parece haber sido asegurada por la
evolucion de una forma de lenguaje particularmente
poderosa, que nos permite intercambiar ideas y
percepciones con tanta precision y en tal volumen que
comienzan a acumularse en la memoria colectiva. No
conocemos otras especies en las que el conocimiento
aprendido se acumule a través de multiples
generaciones para que las generaciones posteriores
conozcan, no solo cosas diferentes, sino mas cosas
que las generaciones anteriores. Y esta diferencia ha
demostrado ser transformadora. El intercambio de
informacion aprendida entre millones de personas
en multiples generaciones explica nuestro creciente
control sobre los recursos y los flujos de energia de
la biosfera. Esta tendencia sostenida ha formado
gran parte de la historia humana, y ha culminado hoy
en hacernos la fuerza mas poderosa para el cambio
en la biosfera. En mi propio trabajo, describi esta
capacidad para compartir y acumular informacion
como “aprendizaje colectivo”. Nos ha dado a los
humanos no s6lo un mayor control sobre los flujos
de energia y recursos a través del medio ambiente,
sino también una mayor comprension del mundo y
el universo que habitamos. La ciencia moderna, asi
como las religiones y literaturas modernas, son todas
creaciones de millones de individuos que trabajan en
redes de conocimiento compartidas.

Miconviccion personal es que laideade “aprendizaje
colectivo” ofrece una idea paradigmatica que puede
enmarcar nuestra comprension de la historia humana
y de la naturaleza distintiva de nuestra propia especie.
La historia humana esta impulsada por el aprendizaje
colectivo, del mismo modo que la historia de los
organismos vivientes esta impulsada por la seleccion
natural. Si esta idea es ampliamente correcta, ilustra la
capacidad de la Gran Historia para aclarar problemas
profundos al ayudarnos a verlos en un contexto
excepcionalmente amplio, como parte del “mapa
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mundial” del conocimiento moderno.*¢

La Gran Historia es una historia. Hasta ahora,
he discutido la naturaleza de las afirmaciones de
verdad que pueden hacerse a partir de la Gran Historia
y su capacidad para sinergizar la investigacion
colaborativa e interdisciplinaria. Pero, por supuesto,
la Gran Historia también cuenta una historia. Surge,
como Carr escribi6 de toda la historia, de “un didlogo
interminable entre el presente y el pasado”. Sus dos
polos son el pasado como un todo, y los historiadores
que ven ese pasado desde un punto de vista particular
en el presente. Como la historia en general, la Gran
Historia es en gran medida un producto de los
historiadores que estan construyendo la Gran Historia.
Eso significa, por supuesto, que la Gran Historia esta
evolucionando y evolucionando, como todas las
historias, segtin lo cuentan los diferentes escrutadores,
escribiendo en diferentes contextos y con diferentes
preocupaciones.

La Gran Historia es una historia de origen. Pero
debido a susambiciones universalistas, la Gran Historia
no es solo otra historia sobre el pasado. Sus ambiciones
universales significan que la Gran Historia comparte
mucho con las historias de origen tradicionales. Hasta
donde sabemos, todas las comunidades humanas han
tratado de construir informes unificados de los origenes
de todo lo que nos rodea. Este es el sentido en el que
usar¢ la idea de “historias de origen”. Las historias
de origen intentan mantenerse unidas y transmiten
todo lo que se conoce en una comunidad determinada
sobre como nuestro mundo llegd a ser como es. Son
extraordinariamente poderosos si se les cree, si suenan
fieles a los que los escuchan y los repiten, si estamos
hablando de comunidades agricolas del mundo
paleolitico, o las grandes tradiciones filosoficas y
religiosas de las principales civilizaciones mundiales,
desde el confucionismo hasta el budismo, pasando
por las tradiciones del mundo azteca, del cristianismo
y el islam. También son poderosos porque son

36 On the idea of a Nodsphere, see David Christian, “The
Nodsphere,” (January 2017) on https://www.edge.org/, 2017
Annual Question
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compartidas por la mayoria de los miembros de una
comunidad determinada, que aprenden los rudimentos
de sus historias de origen cuando eran nifios, y luego
internalizan esas historias en el transcurso de muchos
anos de educacion, con mayor detalle y sofisticacion.
Hasta donde sabemos, las historias de origen se
pueden encontrar en el centro de todas las formas
de educacion. Han proporcionado conocimiento
fundamental en seminarios y universidades, y también
en las ricas tradiciones orales transmitidas por los
ancianos en todas las comunidades agricolas.

A la luz de esta discusion, es evidente que la nocion
de “anomia” de Durkheim también puede entenderse
como el estado de animo de quienes carecen de acceso
a una historia de origen creible, rica y autorizada. La
anomia intelectual es un estado de ausencia de mapas
y sin sentido. Curiosamente, es el estado intelectual
el que se convirtié en la norma en el siglo XX, ya que
la globalizacion y la ciencia moderna maltrataron la
confianza en las historias de origen tradicional, tanto
en los centros metropolitanos del mundo como en sus
margenes coloniales. En todas partes, los sistemas
educativos seculares modernos dejaron de ensefar
dentro de tradiciones compartidas de conocimiento
fundacional.

Algunos encontraron la decadencia de las historias
de origen tradicional estimulantes y liberadoras, y se
glorificaron en las perspectivas multiples y flotantes
de un mundo sin una historia de origen compartida.
Pero muchos, tanto en el mundo colonial como en el
corazdn metropolitano, experimentaron y continlian
experimentando un profundo sentimiento de pérdida.
Hoy estamos tan acostumbrados a un mundo sin ideas
universales (particularmente en Humanidades), que es
facil olvidar lo doloroso que es perder el sentido de
coherencia intelectual que acompafia a la confianza en
una historia de origen. Pero la sensacion de pérdida es
evidente en gran parte de la literatura, la filosofia y el
arte de finales del siglo XIX y principios del siglo XX.
Aqui hay so6lo dos ejemplos, mas o menos aleatorios,
de lo que quiero decir. En su poema de 1851, “Dover
Beach”, Matthew Arnold escribe:
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El Mar de la Fe

Estaba una vez, también, envolviendo toda
la orilla de la tierra

Como acostada en los pliegues de una faja
brillante enrollada.

Pero ahora so6lo escucho

Su melancolico, largo y abrupto rugido

Retirandose, a la respiracion

Del viento nocturno, por los vastos bordes

Y las tejas desnudas del mundo.

El poema contintia con una aterradora vision de un
futuro dislocado:

Ah, amor, secamos reales

jel uno al otro! para el mundo, que parece

Para mentirnos como una tierra de suefios,

Tan variados, tan hermosos, tan nuevos,

Realmente no tiene alegria, ni amor, ni luz,

Ni certeza, ni paz, ni ayuda para el dolor;

Y estamos aqui como en una llanura
oscura

Barrido con alarmas confusas de lucha y
vuelo,

Donde los ejércitos ignorantes se enfrentan
por la noche.

“La segunda venida” de W.B. Yeats fue escrita
en 1919, justo después de que la Primera Guerra y
pareciera ilustrar la inquietante vision del futuro de
Arnold.

Girando y girando en el giro ensanchado

El halcén no puede oir al cetrero;

Las cosas se desmoronan; el centro no
puede sostenerse;

La mera anarquia se desata sobre el
mundo,

La marea atenuada por la sangre se desata
y en todas partes

La ceremonia de la inocencia esta
ahogada;
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El poema termina con una imagen inquietante y
aterradora:

Qué aspera bestia, su hora llego por fin,
(Te arrastras hacia Belén para nacer?

La especializacion y la pérdida de las narrativas
unificadoras tradicionales eran sintomaticas del mundo
cadtico e incoherente descrito en tanta literatura, arte
y filosofia del siglo XX. De hecho, a menudo se ha
supuesto que este mundo de disciplinas y perspectivas
aisladas, incluso inconmensurables, es caracteristico
de la modernidad en general. El mundo moderno
armé pueblos, culturas, religiones y tradiciones de
manera tan violenta que cre6 una creciente sensacion
de humanidad tunica, al mismo tiempo que socavaba
la confianza en las visiones unificadoras tradicionales
del mundo. En el Manifiesto Comunista, leemos que,
en la era burguesa de la historia humana: “Todas las
relaciones fijas, congeladas rapidamente, con su tren
de antiguos y venerables prejuicios y opiniones,
son barridas, todas las formas nuevas se vuelven
anticuadas antes de que ellas puedan osificarse. Todo
lo que es solido se derrite en el aire, todo lo que es
santo es profanado ... “. En un libro sobre modernidad
que toma su titulo de este pasaje, Marshall Berman
escribe que el mundo moderno ha creado: “una unidad
paraddjica, una unidad de desunion; nos arroja a
todos en una voragine de perpetua desintegracion y
renovacion, de lucha y contradiccion, de ambigiliedad
y angustia. Ser moderno es ser parte de un universo en
el que, como dijo Marx: ‘todo lo solido se derrite en
el aire’”.%’

Pero una interpretacion diferente también es
posible. Tal vez durante gran parte del siglo XX,
hemos vivido en una especie de sitio de construccion
intelectual, rodeado por los restos de historias de
origen mas antiguas, mientras que una nueva historia
de origen se estaba construyendo a nuestro alrededor,
una historia para la humanidad en general. La mejor
evidencia para esta idea es la reaparicion de historias

37  Marshall Berman, 7odo lo que es solido se funde en el
aire: la experiencia de la modernidad, Nueva York: Penguin,
1988 [1° publicado en 1982], p. 15.
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unificadoras en los ultimos cincuenta afios. Visto
desde esta perspectiva, la Gran Historia es el proyecto
para de tratar de desentrafnar y construir una historia
de origen moderna y global.

La Gran Historia es una historia de origen para
la Era del Antropoceno. Tal vez, entonces, podamos
pensar en la Gran Historia como una historia de origen
para el mundo muy extrafio del siglo XXI. La Gran
Historia se basa en los logros intelectuales de la ciencia
moderna en el siglo XX, pero también es el producto de
un mundo globalizado. Este es un mundo radicalmente
diferente al de E.H. Carr. El conocimiento cientifico ha
avanzado mas rapido de lo que podria haber imaginado,
y las nuevas tecnologias como internet han creado un
mundo mucho mas entrelazado que el que ¢l conocia.
Pero quizés los cambios mas importantes surgen de la
gran aceleracion, el asombroso aumento en el nimero
de humanos, el uso de energia humana, el control
humano sobre el medio ambiente y la interconexion
humana, en los sesenta anos transcurridos desde la
publicacion de Carr. En ese breve periodo, los seres
humanos nos hemos convertido colectivamente en la
fuerza individual mas importante para el cambio en
la biosfera, la primera especie Unica que desempefia
ese papel en la historia de la vida en 4 mil millones
de afios en la Tierra. Ese es un resultado que Carr
no pudo haber imaginado en 1961. Estos cambios
espectaculares significan que las preguntas sobre la
naturaleza y la fuente del asombroso poder ejercido
colectivamente por 7 mil millones de seres humanos
son mucho mas grandes que en la época de Carr. En
este sentido, la Gran Historia puede considerarse como
una historia de origen para la Era Antropocénica de la
historia humana.

Necesitaremos la gran escala de la Gran Historia
para ver al Antropoceno claramente, porque no es solo
un punto de inflexién en la historia mundial moderna,
sino un umbral significativo dentro de la historia
humana en su conjunto, e incluso en la historia
de la biosfera. La mayoria de las investigaciones
histéricas contempordneas estudia los ultimos 500
anos. El peligro de esta perspectiva es que puede
normalizar la historia reciente, haciendo que las
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sociedades tecnoldgicas y econdmicamente dindmicas
de los ultimos siglos parezcan tipicas de la historia
humana en general. Pero no lo son. Su dinamismo
es extraordinario y excepcional. La idea misma de
historia, de cambio a largo plazo, es moderna y, como
lo ha demostrado John McNeill, la escala del cambio
en la era moderna, y particularmente desde mediados
del siglo XX, es realmente “algo nuevo bajo el sol”.3®
Por el contrario, la mayoria de las personas en la
mayoria de las sociedades humanas en los ultimos
200,000 afios vivieron vidas cuyas estructuras y sus
alrededores parecian relativamente estables, porque el
cambio fue tan lento que no se pudo observar en la
escala de unas pocas generaciones.

Solo dentro de las amplias escalas de la Gran Historia
es posible ver claramente que la Era del Antropoceno
es extrafiano solo en las escalas humanas, sino también
en las de la historia del planeta tierra. Esta es quizas
la razon por la cual, en un articulo reciente, un grupo
de paleontdlogos sugiere que la Era del Antropoceno
cuenta como uno de los tres cambios mas importantes
en la historia de la biosfera, junto con la aparicion de
la vida, hace casi 4.000 millones de afios, y la vida
multicelular hace 600 millones de afios.*” Nunca antes
una sola especie ha dominado el cambio en la biosfera,
como lo hacemos los humanos hoy en dia, y nunca
antes ha dependido el futuro cercano como lo hace hoy,
en las decisiones, percepciones y caprichos de una sola
especie. Apreciar la extrafieza de la sociedad moderna
es vital si queremos entenderlo lo suficientemente bien
como para enfrentar los desafios globales que plantea
para el futuro cercano. Comprender qué tan extrafio es
el mundo de hoy también puede darnos una apreciacion
renovada de los conocimientos y la comprension de
nuestros antepasados, que mantuvieron a lo largo de
muchos milenios una relacion mucho mas estable
que las sociedades modernas con la biosfera en su

38 Para mas informacion sobre estas afirmaciones, ver
David Christian, “History and Time”, Australian Journal of
Politics and History, Volumen 57, Numero 3, 2011, pp. 353-365,
y John McNeill, Something New under the Sun.

39 Mark Williams, Jan Zalasiewicz, et. al., “The
Anthropocene Biosphere”, The Anthropocene Review. DOI:
10.1177/2053019615591020, 2015, 1-24.
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conjunto.

La Gran Historia es la primera historia de origen
para todos los humanos. Si la Gran Historia es una
historia de origen, también es la primera historia de
origen paralahumanidad en general. Emergiendo como
lo hace en un mundo profundamente interconectado,
es la primera historia de origen construida por, y
disponible para todos los seres humanos. Si bien las
historias de origen tradicionales intentaron resumir el
conocimiento de comunidades o regiones particulares
o tradiciones culturales, esta es la primera historia de
origen que intenta resumir el conocimiento acumulado
de todas partes del mundo. So6lo eso sugiere la riqueza
de la informacion y la asombrosa riqueza de detalles
de una historia de origen moderna.

Las historias de origen tradicional proporcionaban
una vision unificadora para comunidades particulares,
destacando las ideas que compartian las diferentes
personas, asi como las historias nacionales modernas
proporcionaban una vision unificadora para los
estados nacionales a pesar de las diferencias internas
de idioma, cultura, religion y etnia. De manera similar,
la Gran Historia puede comenzar a proporcionar una
vision unificadora para la humanidad como un todo,
a pesar de las muchas diferencias entre regiones,
naciones y tradiciones culturales. La construccion y
diseminacion de una historia de origen global puede
ayudar a generar el sentido de unidad humana que
se necesitard a medida que las sociedades humanas
naveguen colectivamente a través de los desafios
globales de las proximas décadas. Aunque los
tribalismos nacionales y culturales que dominaron el
mundo de Carr todavia estan muy presentes hoy en
dia, se habria sorprendido de ver, surgiendo junto a
ellos, una historia de origen para la humanidad en su
conjunto.

Tan interconectado es el mundo de hoy que la
idea de una humanidad unificada con una historia
propia, tiene una relevancia que carecia en la época
de Carr, cuando las comunidades humanas mas
significativas parecian ser estados nacionales o
regiones culturalmente cohesivas, como “Occidente”
o el mundo musulman, o las zonas dominadas por
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grandes imperios tradicionales como China o la India.
Hoy, un sentido de ciudadania global, de pertenencia
a la comunidad global de la humanidad, no es solo
una cuestion de precision cientifica. (Genéricamente
hablando, somos, después de todo, una especie
notablemente homogénea, de modo que la categoria
homo sapiens tiene una precision cientifica que carece
de la categoria de “ser humano chino” o “ser humano
estadounidense™). La conciencia de lo que comparten
todos los humanos cada vez mas, es una cuestion
de autopreservacion, particularmente en un mundo
con armas nucleares. E.H. Carr escribio “;Qué es
la historia?” Un afio antes de la crisis de los misiles
en Cuba, cuando, segun el presidente Kennedy, las
probabilidades de una guerra nuclear total eran “uno

de cada tres”.*

El intento de H. G. Wells de escribir una historia
universal en 1919, cuando los horrores de la Primera
Gran Guerra aln vivian en su mente, fue impulsado
por una fuerza similar. La paz, argumento, requeria
nuevas formas de pensar. Requeria ideas histéricas
comunes. Sin tales ideas para mantenerse juntos
en una cooperacion armoniosa, frente a tradiciones
nacionalistas estrechas, egoistas y conflictivas,
las razas y los pueblos estan destinados a derivar
al conflicto y la destruccion. Esta verdad, que fue
evidente para ese gran filosofo Kant hace un siglo o
mas. . . ahora es claro para ¢l hombre en la calle."!

Miés  recientemente, el gran  historiador
estadounidense mundial, William McNeill, ha
destacado con igual elocuencia:

La humanidad en su conjunto posee una
caracteristica comun que los historiadores
pueden esperar comprender tan firmemente
cuando puedan comprender lo que une
a cualquier grupo menor. En lugar de
intensificar los conflictos, como lo hace
inevitablemente la historiografia local,
40  Zelikow, P. y Graham Allison. 1999. Essence of

Decision: Explaining the Missile Crisis, 2nd ed., Longman, p.
271.

41  Wells, H.G. 1991. Esquema de la Historia, 3.a ed.,
1921, vi.
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cabe esperar que una historia mundial
inteligible disminuya la letalidad de los
encuentros grupales cultivando un sentido
de identificacion individual con los triunfos
y las tribulaciones de la humanidad en su
conjunto. Esto, de hecho, me parece el
deber moral de la profesion historica en
nuestro tiempo. Necesitamos desarrollar
una historia ecuménica, con mucho espacio
para la diversidad humana en toda su
complejidad.®

Como Wells entendid, una historia universal es
el vehiculo natural para una historia unificada de
la humanidad, porque, a diferencia de las historias
nacionales, la Gran Historia primero encuentra a
los humanos no como tribus enfrentadas, sino como
una sola especie. Y es una historia que ahora, con
creciente precision y confianza, puede ayudarnos a
comprender el lugar de nuestra especie no so6lo en el
pasado reciente, sino en la historia de la biosfera y del
universo entero.

42  William H. McNeill, “Mythistory, o Verdad, mito,
historia e historiadores”, The American Historical Review, vol.
91, No. 1, (febrero de 1986), pp. 1-10, p. 7.
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Review of

Paul Raskin, Journey to Earthland:

The Great Transition to Planetary Civilization,
Boston: Tellus Institute, 2016, ISBN: 978-0-9978376-0-5,

ithout much planning or foresight,
humanity has embarked on a momentous
and potentially dangerous journey, as we have become
the first species in the 4-billlion-year history of planet
earth to dominate change on planet earth. As Paul
Raskin writes: “We are bound together on a precarious
passage to a land unknown and unnamed.” [1] Do we
really understand what we are doing or why, and do
we have any real idea where we are headed? Many
possible destinations are not good. The voyage could
lead to barbaric wars, to ecological, social and moral
degradation, and even, perhaps, to extinction. And if
our voyage ends badly so will the voyages of many
other species. That’s why it’s desperately important
that we have a clearer sense of where we would like to
end up. We need a sketch map of our journey, and that
is what Paul Raskin offers us in Journey to Earthland.
His map shows the paths we need to avoid, but also
points us towards destinations that look good both for
us and our descendants, both human and non-human.
Indeed, its third section offers a wonderful sketch of
a flourishing future world that we hope is somewhere
not too far ahead of us. As Raskin insists, hope itself
is an important virtue on such a dangerous journey.

Big historians will welcome Raskin’s argument that
we are unlikely to find the guidance we need if we
persist in “looking through narrow apertures ... [in a]
world, awash in specialized reports.” What we will
need, instead, is a world whose educational institutions
help us link specialized knowledge within “big
systems, big ideas, and big history, thereby connecting
cosmology and social history to the understanding
of the contemporary condition and underscoring the
problem of the future.” [99] This is why Journey to
Earthland begins with a brief telling of the big history
story. After all, knowing where you are is one key to
good navigation. [99] Paul Raskin’s own career has
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JOURNEY TO
EARTHLAND

The Great Transition
to Planetary Civilization

PAUL RASKIN

long been dedicated to broad, holistic thinking. Trained
as a physicist and a philosopher, he eventually left the
academy in the 1970s, appalled by the Cold War’s
flirtation with catastrophe. In 1976, he founded the
Tellus Institute to conduct trans-disciplinary research
on the complex, dangerous and unpredictable journey
to which humanity is now committed.

Journey to Earthland summarizes the results of a
lifetime’s thinking about the human journey and its
destination. “Earthland” itself represents the linked
and inter-dependent trans-national community of
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humans that is emerging today, though still hard to
see clearly. Raskin insists that the global level of
integration is new and of vast significance, because it
is this ramshackle global community, with its outdated
“zombie ideologies” of consumerism, chauvinism and
never-ending growth [21] and its inner inequalities,
tensions and conflicts, that will take the crucial
navigational decisions in the near future. “The
world-as-a-whole becomes a primary arena for the
contending forms of consciousness that will determine
whether the Planetary Phase will be an era of social
evolution or devolution, environmental restoration or
degradation.” [19]

“Departure”, the first part of Raskin’s book, explores
today’s world and the forces that will shape the near
future. The major forces for change—corporations,
governments, armies, ideologies, and the networks
that flourish in their interstices—have all arisen within
a fragmented world. None seem capable of navigating
or speaking for Earthland as a whole. [31] Can we
hope for the rise of new transformative forces that
can speak for humanity as a whole, perhaps a “Global
Citizens’ Movement” of some kind, formed from
spontaneous movements for change, and the many
transnational organizations that already work towards
a more just and egalitarian world? [32,33]

“Pathway”, the second part of the book, describes
a world in which the technological possibilities seem
vast, but the political technologies are missing. That
world has many possible futures that Paul Raskin
groups within three main pathways: Barbarization,
Conventional Worlds, and Great Transitions. The
bleakest pathways lead to a barbaric, totalitarian world
ofrich fortress zones that use military and technological
power to keep at bay impoverished global majorities;
even bleaker scenarios follow that world towards
breakdown and catastrophe. Conventional World
scenarios are messier, shaped by a chaotic muddling
through, dominated by market forces that can never
really solve the fundamental problem of increasing
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consumption in a world of limited resources. The most
optimistic scenarios envisage a “Great Transition” that
begins with growing pressure towards fundamental
change, driven, perhaps, by emerging “Global
Citizens” Movements” and governmental initiatives
that strengthen already apparent trends. The slowing
of population growth in most affluent countries, if
extended to most of the world, could stabilize and
eventually cut population growth. And the waste
present in modern capitalist economies means there is
plenty of fat that could be cut from modern economies,
perhaps from military or advertising budgets or from
the most egregious forms of consumerism. And many
of the technologies we will need are already here or
in the making. Raskin argues that there are many
trends, visible today, which, if maintained, could lead
towards a sustainable future. To support those trends,
though, we will need greater clarity about the future
and a growing sense of global citizenship, the global
equivalent of the sense of national citizenship that
shaped most peoples’ identities in today’s world. In
an increasingly inter-dependent world, will it be that
much harder to imagine a global community than it
was to imagine the multi-million communities of
modern nation states?

In my view, Part 3 of Journey to Earthland, is the
most successful and powerful part of the book. It
is called “Destination”, and it imagines a complex
journey that arrives at a good destination. It is written
as an imaginary history of the hundred years from
1984 to 2084. Significant change begins with the
formation of a Global Citizens Movement in 2021,
whose power grows during a period of global crisis in
the mid 2020s. For some 20 years, the global citizens’
movement collaborates with governments that work
hesitantly towards greater sustainability. But in the
2040s the alliance breaks down, conservative forces
rally, and there is a period of conflict out of which
there arises a new Commonwealth of Earthland in
2048. Once established this pushes for more radical
reforms. By the late 2050s, “The revolutionary turn
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toward planetary civilization was in full swing.” [75]

Though far from perfect, the world that begins to
be constructed at this point is rich in promise. Values
shift profoundly, stressing the quality of life over
consumption and economic growth, stressing the
importance of equality and sufficiency, an ethos of
“enough for all”, and “enough is enough”. The idea of
global citizenship begins to seem as normal as that of
national citizenship had seemed in the late twentieth
century. And, like traditional nationalisms, the idea of
global citizenship turns out to be compatible with vast
regional and cultural diversity, and distinct patterns
of social and economic organization. Some regions
are organized, like most twentieth century societies,
around markets, though with regulations that steer
market activity towards sustainable and socially
productive goals. Other regions are more collectivist
in their attitudes to economics, and some consist
largely of small, self-sufficient communities. But in all
communities, the idea of ecocentrism, the idea that we
must live with the biosphere rather than in opposition
to it, begins to seem obvious and natural, and with the
global support of GAIA, the “Global Assembly for
Integrated Action”, much of the ecological damage
of the past is slowly undone. A drastic reduction in
wasteful expenditure, including military expenditure
and advertising, means that global levels of material
welfare rise above those of the late twentieth century,
and material wealth is spread much more equally: “in

Journal of Big History — Volume Il Number 3 Fall 2018

Review of Paul Raskin, Journey to Earthland

a typical region, the highest earning 10 percent have
incomes three to five times greater than the poorest
10 percent.” [103] Global populations stabilize at
about 8 billion, Universal health care and education
and guaranteed levels of material security begin to
seem normal, and most people work less hard than in
the past. They are “time affluent”. And they live in a
world in which optimism about the future has largely
replaced the dystopian fears of the late twentieth
century.

A utopian vision? Perhaps. But we have no good
reasons for ruling out such futures, and we already
have many of the technological and intellectual
resources needed to build a better world. Besides,
as Raskin argues so persuasively, imagining a better
world as vividly as we can is itself a vital step towards
building a better future for our descendants. “The
vision of an organic planetary civilization lies before
us as possibility and exigency. We may never reach
that distant shore, but what matters most is imagining
its contours and traveling in its direction.” [113]
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the past dozen years all the sciences relevant
to Big History have advanced, with striking
discoveries in astronomy, geology, biology, and
anthropology. Since the ponderous sequencing of
the human genome, completed in 2001, genetics has
rushed ahead even faster. Referring to the rapidity of
sequencing today, the growing data bank of genetic
analyses, and the astonishing success of sequencing
50,000-year old DNA from Neanderthals and
Denisovans, Adam Rutherford—a former editor of
the British journal Nature who is fully aware of the
progress of genetics—describes the growth of genetic
science and data as “breathtaking.” Accordingly, he
has authored A Brief History of Everyone Who Has
Ever Lived, a chapter in the Grand Narrative begging
to be brought up to date. Working strictly with what
we have learned from genetics, Rutherford lays out
the history of modern humans over the past 100,000
years, thus building on the background of a century of
fossil discoveries. The result is an invigorating read,
difficult at times, but enlightening in its clarification
of mistaken assumptions about genetics in popular
thinking.

We can imagine several roads to our evolutionary past.
We can start with morphology, the gradation between
earlier and later creatures that first led biologists to the
idea of evolution. A version of this might be tracing the
skeleton from mammals through amphibians, reptiles
and fish to its first appearance as a notochord in Pikaia
more that 500 million years ago. Adam Rutherford
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outlines the much longer route through “apes and
monkeys . . . ratty mammals . . . wading sea creatures

. worms and weedy sea plants” to our most ancient
ancestor “locked in a rock at the bottom of the oceans,
inside the hot bubbling tumult of a hydrothermal vent.”
The unifying thread of this four-billion-year narrative
is genes, more precisely, the DNA that assures a kind
of immortality to the stream of life. Early segments
of that journey have been explored by others—Matt
Ridley, Lynn Margulis, Frank Ryan. Rutherford has
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his hands full unpacking the most recent episode in
the history of Homo sapiens.

Genealogy as it is popularly practiced follows limited
and tenuous data. People identify themselves by
regional or national origins: they have an English
background or Mexican heritage. Genealogical
hobbyists in search of long-term continuity are
tracking surnames, a linguistic activity dependent on
reliable recording of paternal identity—and paternal
continuity gets the most attention. But, Rutherford
points out the oversimplification: we have two parents,
four grandparents, eight great-parents, doubling with
each generation. Thirty generations back, around the
year 1450, our 500 million ancestors equal the world’s
population at the time, which has already verged on
the impossible; forty generations back, about the time
of William the Conqueror in the eleventh century, the
mathematics of forty doublings indicates our ancestors
must number more than 2 trillion, twenty times the
estimated 100 billion Homo sapiens who have ever
lived. Clearly, this is impossible: every ancestor must
appear on multiple ancestral lines. Our imaginary
family tree cannot capture this complexity. “Pedigrees
begin to fold in on themselves a few generations back,
and become less arboreal, and more a mesh or weblike.
You can be, and in fact are descended from the same
individual many times over.” An English background
or Mexican heritage disappears in a vast prehistoric
web, a modern version of Indra’s net, illustrated in
the interlaced background of Rutherford’s book cover.
Genetic pathways leap borders and mountains and
the barriers of oceans. Idealized pedigrees disappear
into the history of all previous human life. We are
virtually descended from everyone. Take your pick:
Charlemagne, Cicero, Cleopatra. They are your
ancestors. This is not a paternizing fantasy but a
statistical certainty.

Rutherford’s Brief History attempts to bring order
to this tangled web. The ponderous sequencing of
the human genome completed in 2001, which he
meticulously explains, took years to accomplish; the
result was what he calls “the most wondrous map
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ever produced by humankind.” Today we have a data
base of hundreds of fully sequenced and thousands
of partially sequenced human genomes—the result
of the National Geographic Genome Project which
provides a genomic map for anyone who sends in a
saliva swab. Other companies now provide the same
service, though some imply more precise details
of geography and region than genetics can deliver.
The most unanticipated development has been the
sequencing of DNA from prehistoric bones and teeth
of Neanderthals and Denisovans who died up to
50,000 years ago. It is precisely this penetration of
genetic analysis deep into the past that makes possible
his brief history of everyone who ever lived.

One’s genome consists of a roughly equal mix of
parental DNA; so does the genome of everyone who
ever lived. Rutherford provides a full account of
the process of gene copying and transfer, with apt
analogies for clarification. Through genetic mixing
at every generation—analogous to the reshuffling of
a deck of cards—unlimited variation in offspring is
possible, accounting for the observed differences in
siblings, and in fact the uniqueness of the estimated
107 billion humans who have ever lived. During the
amalgamation of genes at the moment of conception,
chunks of neutral or beneficial genes may be preserved
while detrimental gene combinations may limit,
damage, and over time reduce the efficacy of offspring,
one result being a line of descendants that eventually
goes extinct. Like letters, words, and language that
preserve our stories through time, DNA preserves
our ancestral story, the only caveat being occasional
mistakes at conception where letters are miscopied,
words are altered, or chunks of language are lost.
These changes constitute mutational variations that
become the drivers of evolutionary change.

Rutherford’s analysis brings clarity to ideas and long-
standing misconceptions—the thorny problem of
race, for instance. Homo sapiens originated in Africa
and have lived there for as much as 300,000 years—
time to develop widespread genetic diversity. The few
hundred Homo sapiens who migrated out of Africa

Page 162



Review of Alan Rutherford, A Brief History of Everyone Who Ever Lived

200,000 years later carried a fraction of that genetic
richness, after which mutation and selection developed
differences across all non-African populations,
often quite superficial: variable facial features, hair
texture, body proportions, eye color, and eventually
skin pigmentation—the latter being the feature that
has signified status, class, and caste from Europe to
India in historic times. The fact is that there is far
more diverse genetic variation in the African genome;
there is more variation between Africans than between
Africans and non-Africans, including light skinned
Europeans. Genetically, alleged differences attributed
to race have no scientific validity. Race is a myth;
as Ashley Montague put it long ago, “man’s most
dangerous myth.”

An added footnote: genes operate with a limited
four-part “alphabet” (A, C, G, T); dark skin in Africa
is related to a specifically positioned “G,” which
remained in place in out-of-Africa migrants for a
long time, so that “we can say with confidence that
the Africans who populated southern Europe 50,000
years ago were dark skinned.” The light skin of
Europeans occurred with an “A” substituted for the
“G,” which analysis of prehistoric DNA shows did not
occur until around 8,000 years ago. Simple arithmetic
shows that Europeans were dark-skinned for 84% of
their occupied history, a perspective that renders white
Eurocentric assumptions of superiority ludicrous.

In a revealing account of genome sequencing,
Rutherford unpacks the hazards of genetic research
among Native Americans. In Europe and Asia,
hominid remains may be 40,000+ years old, found
in cave debris among animal remains, and beyond
claims from the living. In the Americas, the remains
of a 12,600-year-old Montana toddler designated
Anzick-1, carefully buried with stone tools and red
ochre looks too much like an ancestral burial of today’s
Native Americans, and Kennewick Man, discovered
on the banks of the Columbia River where he had
been carefully buried 8,600 years ago, was claimed
as “The Ancient One” by the five Federated Tribes of
the Colville Reservation, who regard the ground as
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sacred. Scientists unaccustomed to resistance, with
assumptions that prehistoric genomes were an open
field for investigation, found themselves in a twenty-
year quagmire. The American land was taken from
Native Americans who now tend to see genetic study
as further colonial predation: DNA is considcred part
of the spiritual person. These, along with incidents of
a cavalier approach to scientific research on Native
American DNA samples has resulted in a tenuous and
sometimes hostile relation between tribal traditions
and genetic research, reminding us that genetic study
of identifiable ancestors cannot be undertaken without
full disclosure.

Within the last dozen years we have identified
prehistoric Asians known as Denisovans, their name
taken from a cave in Siberia where a finger bone and
molar were recovered. We know nothing more about
them than the sequencing of their DNA can tell is, but
this tells us that they interbred with modern humans.
Additionally, the popular press has made us aware that
we carry the DNA of Neanderthals. Given their size
as larger than Homo sapiens, hints that they may not
have developed speech, along with their portrayal as
primitive and undeveloped, Neanderthals have been
regarded as a dead-end brutish line that went extinct
at least 30,000 years ago. As such, it was thought,
they would not have been attractive partners for our
more discriminating, rational, and creative species.
We have had to adjust these views in light of evidence
that Neanderthals sewed, made clothes and jewelry,
had the physical structure basic to speech, and perhaps
left rock art in European caves. Still, the presence of
Neanderthal DNA in our own has been attributed to a
chance dalliance somewhere in the dark forests and
distant mists of time past.

Rutherford clarifies the situation by noting that
humans are “horny and mobile.” The introgression
of Neanderthal genes into our own was far more
widespread than a single dalliance. DNA sequencing
of prehistoric remains chronicle at least three
introgressions. Romanian bones indicate a meeting
of Neanderthals and Homo sapiens around 40,000
years ago, but Croatian Neanderthal bones tell us
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that interbreeding occurred also 60,000 years ago,
the time when modern humans were entering Europe.
Even more striking, the DNA of a female Neanderthal
from the Altai Mountains of Siberia who died roughly
50,000 years ago carries modern DNA acquired by
one of her ancestors 50,000 years earlier—100,000
years ago. Conceivably, this introgression may have
occurred much closer to Africa when the earliest waves
of modern humans were crossing into the Arabian
Peninsula or traversing the Eastern Mediterranean
region.

As Rutherford notes, separation of modern
humansfrom Neanderthals occurred approximately
500,000 to 650,000 years ago—not long enough
to preclude successful interbreeding. The world
was clearly “a whole lot more cosmopolitan in the
millennia before we came to be the last representatives
of the genus Homo.” The widespread occurrence of
Neanderthal remnants in modern humans—3 to 4
percent—indicates repeated and widespread inter-
mating. Whenever these groups met, widespread
sexual dalliance occurred. Rutherford adopts a
creative image from the beat poet Edward Sanders:
“clusterfuck: Whenever humans met—sapiens,
Neanderthal, Denisovan—they had sex.” And, in an
interesting corollary, the proportional association
of Neanderthal DNA with X and Y chromosomes
indicates that “the first encounters we had with them
that resulted in procreation were male Neanderthals
with female Homo sapiens.”

Rutherford has delivered a fascinating history. Along
the way he clears away some genetic ideas that have
surfaced that amount to questionable science—the
alleged height gene, addiction gene, transsexual
gene, obesity gene, gay gene—all a return to a form
of primitive analysis not much different from “fate.”
He makes clear that genetics seen as a foundation
for determinism is no better than phrenology, teacup
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reading, or astrology. Genetics may be virtually
absolute in establishing paternity or the identity of
a murderer, but its predictive power for character
is limited. The presence of a gene associated with
Altzeimer’s or any other disease does not mean a
person will contract it. Genetics 1s most useful in
unraveling the past. “The genome is a history book,
and we will not cease from exploring it.” Certainly: as
one more chapter in the grand narrative of the past, the
human genome is the richest of territories.
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