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[Followirt is a translation of an erticle by
3. rdlimi in the husSian-languaze periodical
Voprosy filosafild fuestions of Philescoy/,
Hco 12, 19‘-2, ppn 57-02_-.7 N

1. i.odern society has reached a phasé in jte development such that
the probvlen of interacticr between society and nature is scquiring a '
rajor irportance foy mankind.

'an has always taken from nature the rezources he required --
enex 1, i aterials, food substances. For a2 long time, he utilised only
an insignificant pertior of his naturzl wealth and ¢could thexrefore we
nature vithout concermdn; himself atout the restcration of its resources.

The present lavel of technic:zl sophistication and the scale of
modern scciety'!s econoric activity permrit only thcse means of utilising
nature which allow the rescnerstion of natural resources. Further soc:lh.
rro;ress and expansion of social activit; is possitle only 4f the pro-
ductivity of nature is increased. Fram a lifa-euppcrting enviromment
and a storehouse of ricies, nature rust becoms the object of a soientif-
icalliy-based econonic activity.

Thus th. transfomation of nature and the means of increasing its

Ko-ductivenesa tecorie one of the central problems in science,
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{7 2. The problem of the transfoimstion of nature is relsted shove ]
all to the energy requirercnts of man,

Yan, as ay other orgamiem, must drew on his enviromment the neces-
sary energy to support lds existence. Not all forme of enerey, howsver,
aye accessible to man. Only ensrgy wideh has been atohd and trans-
farmed by ldwing cup‘swvo in the Yosphere can be directly accepted
by the numn organism. Thus the biosphere is the only channel by which
energy fram zﬂxa ex;v-lromont enters the human body.

In drawing energy fram the biosphere by reans of direct bticlogical
activity, man regfilates the supply of this emergy through socially
orgamized econaric activity, using techrdeal facilities and artificial
’ erergy scurces, Uy his econamic activity, man acts on nature and in-
Creases the supnly of erergy in the livirg matter of the bdosphere, and
rezulates e energy flov into society. As the capacity of artificial
enexrs: scurces increases, mankind will be forced to use the bioaphere
FOTS &Il 7mOTe af & convertar of energy fram artificial sources inte |
totic energy, i.e., into the chemical energy of organic carpounds which
can be adrdtted into the orgamism. In this fashior, artificial energy
sources aid man in increasing the cutput of energy fram the biosphere,
but do not alter his requirements of erergy from tdotic sources and
do oL make man indepsndent of tha biosmhere.

3. BFepulation growth and increased consmption will make mc'usu-y
greater and greater quu’xﬁtiis. o snergy storsd in the Wosphere, In
the next several decades the search for new sources of this energy wil
t:_o:omc ore of the most essential ‘ba?kl of aclence and ‘hlhnolqy Ix_)_J




F'e'"rta:n dorains of the biosrhere this task is even na;v of great impor—t:l
ancs,

Gne ¢ Lol var of sceampls shing this 1ask is the tronsfomaticn of
nature wit. the aim of Irncreasing the enerygy output of the biosphere
ani of tie biosphere's su'ply of energy fomms necessory for man, This
requires interfererce by man v@th the yrowth of living matter on Earth
roreons ol the or’e.-;tion of new fems of argarisms having certain pre-
deterrineq clixacteristics and the population of the globe with these
orranisrs..- iew .orgmtis:ua or new hybrid orperisms willi require new
emiro:rz.-cn;c:;l condi ticns for their own existence. To a sigrificant
nxtert, t.esc corc’ticns will be creatod and raintained tirough constant
or reriodic arﬁficivai' rioddficaticn of the physical state and ochéindoadl
projperties or tie snvirorment. There will ocoame a tine vhen nan-made
natvre and the artilicial devices whick will influence it will Wead
inte a unified wholp, i.aving begun with a transfarration of nature,
ran will ultinctely be obliged to create an essentially new bdosphers
cossisting of tae physical enviromient, the organisms shich populate it,
and artificial devices which have been introduced into mature to control
the physical emviromment anc tliich in great measure create the ’latter.

(' course, another solution of the problem is also logically con~
ceivable: the creation of a system of devices which would be Set up
on the Sarth's surface and vh:ch would corpletely replece the biosphere;
that ig, these devic'es would talke enargy fran external scurces and
oomvert it to forms which eam be utiliged by the human orgaxiam, However,
t‘}_‘ﬁ prectiosl advantages of such a solution are not clesr and, besides,




[fts possitility in principle is very doubtful and requires convincin;j
proof, Indecd, a System of artificial devices to replace the biosphere
vill probably turn out to be more ocmplex and less practicsl than a
bicsphere winich, although re-made by man, is meverthelesa perfected
natirally in the course of a long development end ewoluticn.

dowever, even 17 sucnh a sclution is possidle in printiple and
feasitle on some very high level of technolagy, conditions of 1ife wiil
.maasaitaig‘- bef arehand a recourse :go‘tho first alternative -~ the creation
of a new bioaphero ﬂ:x;ongh the transformmation of the existing one.
Vankind began to avail itself of this possibility on & negligitle
scale many centuries ago, cultivating the sail and sowing plants,
and also by breedirg damestic dmimals. We gy expect that in the next
few decades very effective ways ot transforming the btdosphere will
be fcund, and thet by the end of the century man will contyol the bio-
sphsre on a continental scgzle, if not on a global one.

L. It was pointed out above that the transformation of nature
and the creation of a new biosphere by man can not be achieved linply'
by a modification of the composition and properties of livirg matter.
The sclution of the problem will inevitably require an artificial
trarsformation of the physicsl and geographic aspects of the environ-
ment, as well as & modiiication of geophysical phenmmena in large
aress. Aitaxation of the physical &k geaErephia pe;@ete?s of the
umqumpt and changes in geanwcicell phenanena will be brought about
in the folloving ways: creation of artilicial reservoirs; irrigation
E_duerto; reclamation of awamp tex:rito:ﬁes; elimination or qucu-__j

ation of permanent frost; amelioraticn of soils and enhaneement of

S—— h “.
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ﬁh—dr fertility; increasing the y.lou of forest sreas, particularly -l
in northern regions; charnging the course or lvdroiq'ieﬂ eonditions |
of rivers; charging or redistributing the :l_nnm: of solar cmu into
the biosphers; ocontrol of preeipitation through iﬁteffam with oload
formations, )

5180, ihe enviropment can be altered by introdusing man-made
rew camporemts amto it, such ss artificfel reservoirs, dams, and power—
ful water-pumping installations, underground heaters for werwirg the
soil (on the principle by which swirfacd soil ﬁodvu heat from below),
artificisl sonrces.d 1lizht for influencing forests and other forms
of vegetation by increasirg “.:ho' dxration of daylight, etc.

In the foresesalie future, the surfess of the Earth, the stmosphere,
kydrosphere, anc bosphere will be so full of mn-made devices and
constructions o large sise that the Earth's envelopes will acquire
new dirensicns o reality and will be sbject to special laws yet un-
knawn to us. To predict these laws even in vagws terms is the mvw and
very important task of netursl and earth scisnces. Therefore, sciences
widch deal vith phenmmens on the Barth's surfase uﬂ in the bdlosphere
~=1.¢., gecphysics, geocherdstry, geogrsphky, plant and sninmal ecology,
farestry, etc.~~ face dn the near future a transmmmtation into a complex
of active sciences whose purpose is to transfom nmature in aceordance
with the best interests of mankdnd. This will require philosophical
discoveries of new oriemtations in the naturel scienses and :ln. the
msthadological approash to new kinds of problems.

L_ Certain characteyistiocs o thoe.o new problems can already be | _J
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uestetved ab present. i
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€. In considering the possible rew charscter of sciences hoving
to de vith toe Hzrti's enveleopes, it 18 necessary to peint cut the
Folleton: at the very cuisot: Iram studies of nzture aa it ié, we must
turn o the plannirg of a new and mcre perfect rature which is required
by wankdind., Tence stems ihe primary itask of natural sclences in their
sative scpect: the shilty not only to disalose tie lave of the behavior
of an crla.t:'gng mturd, but also to foresee the laws waich vill govern
a projectad nature wiich .hus not yet been crezted. If we lack ;aeax:s
t0 accarplish such a task, we cannot even begin any substantial trans-
formaticn «f nature. |

it shaould be gilso bane in rind that the accumulation o inosledze
in asciences of the Earth's emvelopes is insufficient for the sdlutior
o the problem, The directicns in which thece sciernces havy developed
in the past were deterrired bty other goals. Yo schieve nev goals, it
is absclutely mscessary to re-arient the earth sciences..

Let us examine this question in rore detail.

jiery physical and chemicsl laws and relaticnships are universal,
or drveriant, in the sensc thet they are smldgditeént of configurations
of ratbar. Such relatdonships cdescribe the mature ' phenaena as such
regardiess of the systcm i iich they take place. The genersl laws of
phrascs and cherdstry reflect or ax:ress just this ¥ind of inveriant
velationshin. ‘Thus, {aor example, no matter whepe tne farmation of
water out of oxygen and hydrogen takes place, for one atam of apyrzen

" {here are always two atams of hydrogen; wherever mechandcal energy ia._j




[

F:Zﬁverted ivte thermisl encr_y, coulets lar is always satisliied, '—I

Lvt these relationshins are by no reans the only kind which cbtains

in ihe wverse of ralter. Ilany relaticnshiys depent nol orl: on the

nature o p enomena t.ey describe, tut alac on the structure anc

or:odzcticr of the syster ¢f ratter In aquestdon, In nzture as well

ag in mechines there ray be specific organd zetional, structural, ana

otrer las Jor examsle, a direct amd inverse lavw in & naric systers)

in addition to rec.anical, physical, and c. e-ical lais, A sreat anotint
N of attertion is ncv bell; devoted tc¢ the studr ¢l such wmsual lgis,

partly by virtue of tie develuwont of cjternetics.
The cererrl law's of natire are wdque, wherecs actual s;stems of
natter have irdivicual »ropertios unique to therselves wilci: serve to
deine ther. Tids distinetdon sters fra- the fact that tie structure
oi such systens and the interactions anon: thedr ca:ponents impose
certain resiricticns on tuc anplicability of natural laws, ara jive
1ize to adciticnal relﬁt;onéhi s btetireer plhienaméra occurrin. in the
svaters. -t is proper te call such relaticonships “structural” or
or anmizaticral”. Ther ~re of ~norrous importance in tcehrolory, hut
ar: no less esserntial to objects and environrents in nature as well,
2 scientific definitiun ol amr real object is in fact deterrsined by
t.3 structuxl and orgardzational relaticnsidos wiich hald in that
. Otject.

iurndig, Sor exarnle, to eophysics, we nust 8ay that this science
docs net consist cliecily o th: applicaticn of the enerel lsvws of

Ipix; sics to the study of phenomena or the suface ami in the drterd or_J




St—tho Larth s but rather of tho 1mst:lgat.ior of atmtum md :—1 K
orgardsational relationships between the geophysdoal phMm. his
is equally applicable to the relatively autonmmq :‘regiona of the
physsao-geosraphical envelops and to the’ globe - a wholo.

w. knw that if ve alter the naturel ohwurilﬁc- ct . giun
territory by, foar u:mpl-, phnum a forest, dryim m., building
artiﬂmal wchr Pessrvoirs or watersheds, chmge tho cloud-fomaﬁon
processes oy ﬂxo precipitation rm, Mty the lnaltall or aooclerau
the malting of snow in sprirgtime, eteo., m win nm-mumy ohamc
t.ho course of goqhwaicd processes and ‘the state ot the physico- °
googr.pm.o errviromont. ‘However, these changes cannot de in any way

) oxpltimd by the physical, chemioal, bdological or othor laws of nature.
Even afier the above h;cpqt.hgﬁsaa;- changes have taken place, these ims,
will rerain the same, but the Mtnwul be diffsrent. This is
beoause there will have been a oha.ngo in the crgmumond relation-
ships betireen phenanent, depending on the constitution ot the -Md
enviromert in vwiich the phenamena are occurring. .

In exactly the same way, if the disiribution of ocodans and dry
land on Barth is altered, the physical laws which govern gecphysical
phenanena on the hﬁh-'a susface ulil rngdn unohnngod At the same
tine, atmospheric cirmn.qg&on, the ice-content of northern seas, ccean
currents, the distribution and eemwestion: of heat in the atmosrhere,
the planet's moisture oycle, etc., will becare oonaiderably du'tmnt..
New nhﬁonlhip' will arise, oncondorcd by the new structure of the
's.n-um surface and not by nodiﬁcation the physiocal 1ae. __J




' f_ "rho ph.m.t as a vhole also has specific structural and ono.m'.'n:—‘
tionad laws which stem fran its division into concentric goocphem
wilch consist of hard subetances, water, and gases, 1t 18 4n the lhub'
of the orgarisational and styuctural relationships between physical
processes in the Barth's tmlml that the real substance of sonp
1169 s and not in the mere application of physics and physiocal lavs.

At the sme tine, it is necessary to paint out enphatic-lly that
the study of such relationshipe is at present the weak ﬁoint._ of goo~
physios. The insdequasy of knowledge in this field mekes 1% impossible
for us to foreses po-ubﬁ changes in cnm ol méd phencrena
which oan taks place after some more OF less extensive .mcdanuﬁcn o
hydro-metecrdlogioal processés or even after an artificial transform-
ation of the physico-gedgrephis imromut.

An intensification of ressarch in this £iddd s Oit;lm necessary
i? & transfomation of nature 4s %o be ashieved. ‘Indeed, in striving’
to achieve such & transfomation ¥e eamnot count on changes in pysical
aid other Kkinde of levst euch changes wre ispessible. The crly means
to such & trenefameticn 18 slteretion of e eonetd tution of mature
==gn alteration vhioch will give rise to the desired new relstionshina
betieen Fhencnena which take [lece after s siferstiom. A deliberete
selection of means to the transfermation of nature will require the
construction of theordies of tnmtm'don and, prodably, m
testirg under natural conditions in large MMIJJJ seleoted.

6. Let us now touch on the Md«&fhmﬁmnm

been considerirg. . o . _J




r_ In natursl vhenoerona, it is rot so mue. the { omm, taken by itself-,_]
of the roverent ol rotter (a given I'om of revement is rarely enccuntered
in a pure state) which is of importunce, as tiw laws of interastion |
ard inter-relztion armong various Terrs of movement (in biolozy, far
exa.nle, the nutual interacticn between the environment and the organism).

Ts eneral noticn has a direct teariny on the problem of the
tranelamaticn o nature.

it vas stoted above that the primary 'goal of a transfomaticn cf
1oture is the refinement and improvenent of e biosphere (or the creation
o a new bicsphere) such that there will be an increased inflow of
usatle enerzy of biogerdc ori;in from nature into society. Xut the btdo-
s-here represents a camplex, campoaite object in which the physieal
ernviromment and livin,K substances are inseparably entwined in a single
syster. The ori:iraticn of prenomena in the biocspiere is not determined
by physieal laws op by tie proderties of biclogical farms of movement,
if t-eSe iwo are consicered saparatel;’ and independent of each cti‘.ﬂe:.;
o basic character of the ticsnhere s that it is governed bty levs
w.ich deserite the interacticn between the physiécal am: blolo ical forms
o’ novement. (n one ianu, iiv.’m ; ratter to a considerakle extent de-
termines the rdcro-clinate and zeophysical conditions in the habitet _
o orcanisms, and on the other hand, it is well known that the sctivity
of orcanismg and the structure of cell sggrezatas depend on shysical
conditicns. 1t Js proacisely these inter-relations which determine
t.e chief feature of t-e biosphere -- the fast that .it is a seli-
tggulatd n; systen, Clcsed logos of interaction between the physical ‘_J
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]:r'x—v:iroment and living substances ux.sdorn; the sz1f-regulation of th;'—l‘
biosphere.

Therefore, the umification of severel branches of geophysics uith
biogeosrsshy and macro-esalogy /orig.: biotsenclogive/ on the basis of
certain nciions of cybernetics represents an important research area in
the develrment oi;_' _.a theory of Mospheric self-regulation and in
establié:w.jm “écientii‘ic sroundword for a practical effort to transfom
nature. m s‘nor.t, it is necessary to creste a new direction in scientif-
ic~ research, which may be called ''biopnysies of nature' or "biogeo-
rhysicsh.

7. The converzi(ns of energy in the hiosphers have long been of
interest to scientists. The blospiiere has the peculiar structural
charactordstic that it is a system of matter whcse caponents, in ad-

@ ticn to prysical cojects, include living substances. These living
substonces irmpart certain oharacter&aﬁcs to emergy phenamena in the
bicaphere; these characteristics rust be studied carefully.

Robert Mgyer, to whar the discovery of the law of conservaticn |
oi enery is due, was the first to note th-t the rres: nce of vepetaticn
on the Zzrth exerts an enormots influence on emergy transfer in nature.

The ferth's vegetaticn is the natural medium throug: which usable
forr.s of energy enter Irom thie bicsohere, and in which this energy is
stcred. .owever, the influence of Livirg substance on Mostheric.emrzy _
processes iz net linited rerell to the storage of extormally-zeneratad
energy. V.l. Vernadsidy, wio has made penstrating studies of the role
ot Livirg substances in piysical and chemical phanceena in mtuwre, _ |
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‘;l-c:“teci, In ettenadng the iceas of Hm'fer and others, that masses of -1
Livin; subctonces not only stere enersy, but also release energy to

t cir immeciate envircrrmont., The appearance and growth of the Eartn's
biocsplere with its living motter, atmosphere, and soils should be
consifsred with respect to enerzy as an emerzerce of a large~scale
process of srodual storage of usable energy in the outer envelope of
the zlimet, and in t’..lrn as a proce:s of a reduction in the “generation®
of nan—usab_le,jr_xc_;b_"-convertdble, forrs of energy on the Earth. Jt i.s in
tits scnse that tie bicsphere can be interpreted as having an entropy-
conserving 'o:; ipe-entropic® character,

Of ccurse, all bicspneric emeryr processes occurring at a given
sament or over periods'of zeodlozical tirme obey the laws of thermo-
dnaries. owever, the conventionsl laws of thermodynsxics are nct
b tuerselves sufficient for a scientific analysis of thes: rocesses. .
The living matter of the biosphere forms the system by means of which
a undque interaction tokes piace between erergy and the (predictive)
informaticn containec in natural ohenamena. We will not dwell on the
detailed nature of this interaction here, but will note that an aug-
rientaion of the principles of tiermodynamics with the notiong ?.f

~in1‘omat1 on theor can yield the logical tools necessary for the eon-

struciion of a comprehensive theor: ¢f ensr.y phenmmens in ntterill_
srstams w.ich include living substances --and, consequently, .jln the
pioa;:here. .

£. We have dealt ciiiefly with the theoretical problems assooiated

lx_:_i_th the zenerzl nroblem of the transfamation of nature. _J




r“ Those sciences whick arc rellatéd to the problcm of the:trans- —1
formation of nature must turr, fram the descripticn of nature and tr‘xe
claszificatim of its rescurces, to the plamin; of nature. Until tle
nr. sant, such a problem was alrost berond the scope of the natural

ard earth sciences; their development w:zs only to a small extent dirvet-
ed to "kat roal. It seers that the irportunce af thecry in the trens-
fomaeati c:z—a.f‘—natui' problem becames very ureat; the cyriteria for the
constreticn of such theory are essentially new, vig., the akility not
only ‘to e:cpl.ain phenm%ena, tul glsc necessarily to nredict with hish
reltabilﬁty the course of tne same phenor:na under new, not yet empiric-
ally~-obs rved conditions., 3cience has very little right to tzke risks
and make mistakes in these questions; it is imnossible to tr; cut ome
meticd of transforming naturse and then to turn to anotier method if the
first fails to work. Therefare, it ;:ls necessary to have a theary of
natural processeas anxi rreranena which will be able to prediet the course
of the l-tter iander natwral conditions which have never befare existed,
and are rerely envigioned. Tiis requires a funcamentally new level of
theoretical sopnistication, which the natural and esrth soiences do nct
vet have, ani which must be imiediately and vizcrously sousht. The

state of theoretical knovledge, in our opinion, sppeers to be the bottle-
neck in the sclution of the transfirmation-of-nature mroblem. Ey this
we do not wish to imply that the deserivtion of resources and the study
of the sevarate components o mture should bo relaxed. _These activitiés
are mcogsm. However, such iw.rk will not be effective if it is not

Eimpmied by the expansion of thearcticsl knowledge built on founda_ﬁjms




e

"v'?ﬁ’z.ch are new iin prineiple. ) -]
Theoretical knowledre extended in ccennection with the rroblem of
Y Aramisoeration of mature must shed licht on the organizational
relatdons between phenorera in the bicsphereo, on the laws of its self-
reulaticr, and on the details of the mechaxﬁ sms of ereryy conversions
wirieh t.%¢ place in it. Such knowledze may be obtsined from a syn-
thesis of comep'i:é develcped in geophysies, seocharistry, zeagradhy,
fnacro~ecolo,n", foreairy, and other sciences, employing at tie same
tine nmedern idexs abont .self-regulatixg and sc.slf-structur:fn': s stems,
In corelusion, it is pecessary to emphasise that philesopiere and
thecreticians woarkdng in ﬂze.natm-al and earth sciences face the task
of sclving grave nethodological problems associated with the dmiop-
ment & new approacheu.to the sollution of the mroblems which are arising,

ard sth the necessity of formulating new scientific oconcepts.
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